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INPEAUCJIOBHUE

Buxkrop Ilaybeprep ObLT 4eT0BEKOM, KOTOPBIH HECOMHEHHO, ObLT Ha BBICOKOM YPOBHE MOHMMAHUS PEaibHOCTH U
CMBICIIA TOHUMaHuUs oKpyxatorieit [Ipuposs, 4eM O0OJIbIIMHCTBO U3 HAC. Ero BeJIMKUM JapoM ObLIO YMEHHUE JOHECTH,
KaK YHCThIC W "BBICOYAlIINe" SHEPTHH, KOTOPBIC OTBEYAIOT 3a CO3MaHue (GOPM U CTPYKTYp, HE yXKIbIe, KaK
COBpPEMCHHAs HayKa, KOTOPYIO OH MPEUIOKII. VICTOpHUS ero Tparmyeckoi )KU3HU Ha IMYHOM OMBITE, TAK KaK €ro
ITOCTOSIHHO BBICMCHBAJIH, U3-3a (PMHAHCOBBIX MHTEPECOB MOHOIIOIHI U JIIs HAyKH KOTOPOH OH ObLT yrpo3oi. OH ymep
CIIOMJICHHBIM Y€JI0BEKOM, HE YBUJICBIIIHI, PE3yJIETaTOB 3HAHUS KOTOPhIC OH XOTEIT JOHECTH, YTOOBI ObLIT HAPYIIICH
MOIIHBIN MPUHIXAI MaTePUaIbHONW BBITO/IbL. Ero mpopo4ecTBo , 4TO 4eI0BEYECTBO UACT MO IYTH CAMOYHHUYTOXKEHUS,
€CITK He Oy[IyT IPUHSTHI Iard Ui u3MeHeHus. [IpsiMo ceidac Mbl BUJIMM MHOTHE U3 €0 TOYHBIX HPOPOUYECTB, OHH
cOpIBaroTcs, [Ipekie 4eM MbI TOTOBBI IPUHSTH UX BCEPBE3.

[Tay6eprep ymep B 1958 rony.

[Touemy emy OTpeOOBAIOCH TAK MHOTO BPEMEHH, NPEXKAE YeM KHUT'Y ONMYOJIMKOBAJIH, 3TO TaK BAXKHO IS
cnaceHus yenoBeyecTBa? YacTh OTBETa Ha 3TOT BOMPOC JICKHUT B ucTopur. Koraa ABcTpusi Oblia moryiomieHa
Harmerckoit ['epmanneii B 1938 roxny, mpousonuio KyiasTypHOe oObeauaeHne. Bukrop [llaybeprep Obin aBCcTpHiilieM, Kak
u ['mtep, KOTOpHIil yBUAEIH, YTO STOT 3aMedaTebHbIi M300peTarenh MOXKeT OBITh HOJIE3€H CBOEH cTpaHe. Bukrop
npucTynui K padbore Ha TpeTnii peiix, XoTs BeIOOpa y Hero He Ob110. locieBoenHoe oTHomenue k Hemiam, kotopbie
06U B OKpyxeHHH [ utiepa, Obu1o npeasssitoe. [llayoeprep 3To moHnmal.

WM 3aunTtepecoBaiics B 1976 rofy mBEACKUI HH)KEHEP BIOXHOBJIEHHBIN 3HaHUAME, Pynone¢ IlTaiinep, yToOb!
cnactu Buxrop Hlay6eprep mis Oymymiero mokonenus. Lteinep u [llaybeprep ObUTH COBpEeMEHHUKAMH, U XOUETCS
BEPUTH, YTO OHH 00a OBIIIM BIIOXHOBJIEHHbIE aHAJOTHYHBIM HCTOYHHKOM IIIyOOKONH MYAPOCTH M YHHBEPCATbHBIMH
3HAHMSAMH. Y HUX OBIIM IPOAOIDKUTENBHBIE OOCYKICHHS, I HEU3BECTHO, KaK MHOTO TOYEK CONPHUKOCHOBEHHS OHU
Hanuti! DTO KHUra MIBEACKOTO WHKEHEepa OblIa BBITYIIIEHa MaJIBIM THPAXXOM, O0Jiee U3BECTHA €r0 PyKOIHCHOE
u3garenseTBo. S ciprman o Onode Anekcanaepccone B Det Levande Vattnet (Kuua Ha misen. JKusas Bona) B 1979 rony
oT HeKoTopbIX 11IBeIcKO-TOBOPSIIMX OPUTAHCKHX JpY3eil. 51 He YMTaloT MO MIBEICKH, M TIO3TOMY HE MOTY JaTh
"paroHanbHYI0" OlleHKY KHUTH. HO Kak MHOTa ciy4yaeTcs B MyOIMKaIUsX, S UCTIONIh30Bal OOIBIION U CAMBIH Ba)KHBIN
'KyCOK' 3TOI KHUTH, ¥ 9YTO OHA JOJDKHA OBITH MepeBeneHa Ha Pycckuil (AHIMICKHIT) ¥ n3maHa OONBIIAM THPAXKOM.

Mos mpensiymas KHura, otTriedarada B Turnstone, B 1982 mox HazBanmeMm “JKusas Boma”, B KoTopoii eCTh
OCHOBHBIE TTOHATHS Bukropa lllaybeprepa, ero Muccusi. 3To mpekpacHast HeOOJbIIasi KHUTa, MeperedarsiBaIach MsITh
pas3 3TO BBI3BAHO CHJIBHBIM CIIpocoM KHUT 0 Bukrope lllaybeprepe, npakriuueckux uaesix uist padors ¢ [Tpuponoit
BMECTE, a HE IIPOTUB HEE, TaK KaK Mbl B HACTOALLUI MOMEHT JiestaeM. IIOHATHO TO ,4TO IPUIIUIO BPEMsI TEXHOJIOTUI
[TayGeprepa, MHJUIMOHBI JIFOIM MO0 BCEMY MHUPY TIOHUMAIOT, YTO MBI HAXOJMMCS Ha OTTACHOM ITyTH.

DTO CIIyYUIIOCH TOTAA, KOT/A, 5 TOTOBWI K BRIXOAY KHHTY ‘YKuBas Boma” 1o, uto Koarc Komrym oTKpBLT U1 MEHS,
TIOMEHSUIO MO€ OTHOIIEHHE K Xkn3HH. Kommym omuckiBan Tpyns! Bukropa, 3To roBopmi ceiH, Bansrep [aybeprep B
1977,¢ ero momomniplo, st Havaj JTydine moHuMars Teopuio llaydeprepa.

B 1981 nepesoa Komnyma, koTopslif moMor ¢ nepeBogoM ‘““Kusoit Boas!”, cnogBUrHyna MeHsI K HallMCaHUIO
pabot Bukropa I1laybeprepa. DTiM OH XOTel MOKa3arh U JI0Ka3aTh MHOTHE 33/1a4K, OH ITPEABUAEI, U TIOCBITHII BCE
pecypchl v 3Hepruio 6osnee 15 et )ku3HU. ITO — HEOoTrpaHUUYeHHAs 00acTh nccieoBanus, U Komtym oOsi3ancs
MIOBTOPUTH HEKOTOPBIE U3 IKCIICPUMEHTOB. BOJBIIYIO 1 CIIOKHYIO 9aCTh IPOLECCOB B AKCIEPHUMEHTAX JOJDKHBI ObLIH
IIPOBOJUTRCS B TE€UEHHUH Tpex JieT Bansrepom B - [Indaropo-Kemnepckom-cuctemaom Mucruryre B Lauffen B
Paitone 3anbixammepryt (Salzkammergut) Bozne 3anbsudypra.

Bansrep npunsin npeasioxenue, u Cembs [laydeprepa nomorana Kosmymy nosiBUTECS 3TOH KHHTE, pabOTHI 110 JKO-
TEXHOJIOTHH, MaTepHralibl COOCTBEHHOPYYHO HanucaHHble Bukropom IllaybeprepoM B Tpex Tomax, kotopbie Komtym
HepeBen.

Kak untars u mornMars 3Ty KHUTY. B Tekcre Komrym 1 s roBopuM 0 ToM, Kak ycrpoeHs! JKusbie Dneprim. Kak
U371aTenb, S HE X049y, YTOOBI YNTAaTeN HE NPOUYNTAaB KHUT'Y Hadyalll JUCKYTHPOBAaTh 00 3HEPTUH U IBIKCHHUH.

KomnyMm, yoenus MeHs1, 4To BbICIIeE IOHUMaHHE - O BOJIE - KaK Japylolas >KU3Hb - KPOBb 3€MIIH, U KaK Mbl
JIOJDKHBI JIENESTh €€, 1 0 Maruu JIepeBbeB 1 OrnoMacce 3eMJIH - IeHCTBUTENFHO MOTYT OBITh TOJNBKO OLICHEHBI C
HEKOTOpPBIM ITOHNMaHKeM, UTo Takoe 3Heprusl. 3aMeTHM, €CITH BBl YUTAE€TE U OCMBICICHHE TIOHATHI SHEPTHH U
JIBIDKEHUSI (FHEPTHUS 3TO IBIKCHHUE) M OHHU Ka)KyTCs BaM CJIOXKHBIC (HETIOHATHBIE), 5 IPEAJIarai0, He IIePEXOAnTe
K CIICYIOIIEH TIaBe, T0Ka He MOIYYHIIH SICHOCTh B TOHMMaHNH. XOTS BbI BCET]a MOXKETE BEPHYTHCS
K TEOpHUH Ho371Hee. S mpearnonaraio, To 4To, B JF000M CiTydae, 3TO He Ta KHUTa, KOTOPYIO OOJBIIMHCTBO TPOYTET 32
onuH pa3. [locnemmre BIOXHYTh M OKyHYThCsl B QOHTAH MYIPOCTH, 34€Ch U ceidyac, MHOTO pa3. OJuH pa3 MHE TPYIHO
JIaBaJIMCh HAMEKH B IM1aBe 00 SHEPIuy, MoKa s € He mpounTal Ha ke OpKHeHcKuX ocTpoBoB. CONM3bTECH C
[Ipuponoii u ona oxuser!

[ITaybeprep COBOKYIHO C APYTMMH NHOHEPAMH PAANKAIFHOTO MBIIIIEHHS, IIOHUMAJ, YTO CJIOBA HECYT aCCOIHALIHH.
[TosToMy, B LIeNsIX OTYUHTS JIEOAEH OT OOBIYHBIX CJIOBO, KOTOPOE YACTO OKA3bIBAIOTCS HEAOCTATOUHO TOYHBIMHU
MIOHATHSIMU, MHOT/IA CJIO’KHBIE MIPOLIECCHI, MOMEHTHI, HaJI0 Ha3bIBaTh HOBBIM CIIOBOM, YTOOBI WX 00pas3, Jydlle MOHSATS,



OTKPBITh KOHKPETHYIO KOHLECTIIHIO MWK UJIEI0. DTO OCOOCHHO aKTyaJlbHO [UIS TOHKUX YHEPIHHU, KOTOPhIE HECYT
OTBETCTBEHHOCTH 32 B3aUMOJIEHICTBHE BCEX CO3JAHUI M HEBEPOATHOTO 00mnus 1 mionoponus [Ipupoasl. Mbl mbiTanuch He
JieNIaTh NepeKPEeCTHbIE MOHITHUS B TEKCTE, JJIs 3TO €CTh INIOCCApHil B KOHIIE KHUTU.

Bukrop IllayOeprep, moMuMo TOTO, YTO OH ObLI Oe3ynpedHbIM HaOmonaresaeM [Ipupossl, ObLT TakxKe
n3o0perareneM, KOTOpbLil BUIEN, KaK MOXKHO MPAaKTUYEeCKU IPUMEHHUTH €r0 Ui U MIOMEHSTH K JIydIllleMy Halle 00LIecTBO.
Tax sxe, KaKk Apyrue NPOBUILBI CIBIIIANN rapMOHUH BeenenHoit kak "My3biky Cdepsl ", mostomy Buxrop
[ayGeprep BUAeI CUMMETPUU BCETO TBOPEHUS B 30J0TOH IPONOPLUM CaKkpalbHOU reoMeTpun. Eciu Bac myrator
MaTeMaTHYeCKHUe TEPMUHBI, HE CTOUT MX IyraThcsl, OONbINAs YaCTh TEKCTA BaC BIOXHOBHUT U IPUBEAET B BOCTOPL.

OHeprus JKu3HU MOXKET CTaTh KIIOUEBOM TOUKOH I epenUChIBAHUS BCEX HAYUHBIX TPYAOB U PYKOBOJCTB 10 OJIUTUKE
U IUTAaHUPOBAHUIO. YKaXKET, KaK 4eJIOBEUECTBO MOXKET 3aHATh CBOE MECTO B OTBETCTBEHHBIE XPAaHUTEIH OUEHb JAPArOLEHHOTO
LIeHTpa *U3HU BO Bcenennoil. Mbl paccMarpiBaeM 3T0 Kak 00s3aTeNIbHOE YTEHUE ISl TeX, KTO IUIAHUPYET JKUTh B
CJIEIYIOIEM CTOJIETHH. DTO IyTE€BOIUTEIb 10 HOBBIM ThICSUEIETUSIM !

Ak Bapdomnomeit, Bemnoy, centsops 1995 rona.
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1. Kem 06121 BukTtop Illayoeprep?

1.1 Buxmop Lllayb6epzep - Yenosex

Bo Bceli XpOHOJIOTMM HMCTOPHUM YEJIOBEYECTBA OBUIM MEPHOBI PE3KOTO TOBBIIICHUS YPOBHSI 3HAHWI HECKOJIBKUMH
OJIapEeHHBIMU M MPOCBEIIEHHBIMH JIUYHOCTSAMH, YbU YUCHHS U (PUI0co(]uUs NOCTEIEHHO MOBbIIIANAa YPOBEHb YEJIOBEUYECKOIO
co3nanus, bymia, Mucyc Xpucroc u nmpopok Myxammes, Haubosee U3BECTHBIE MPUMEPBI BpEMEH TOro, Kak oauH YenoBek
MOXET IIPOM3BECTH JAIEKO WAyIIHe M3MEHEHHs B CO3HAHMU 4enoBedecTBa. OOBIYHBIE CMEPTHBIC TaK K€ MIPAIOT KU3HEHHO
BaYKHYIO POJIb B 3TOM TPOLIECCE U 3aYaTKU YEIOBEYECKOTO0 CO3HAHMS K BBICIIMM HMCTHHAM BBI3PEBAIOT, B JAHHBIH MOMEHT
BpPEMEHH, YEJIOBEYECTBO B LIEJIOM F'OTOBO UX IMPHUHSATE.

WHorna roBOpsT, 3TO BEJIUKUE YUUTEIs, O HUX FOBOPUIN YueHUKH IIpuponsl u BoxKeCTBEHHOIO MpOSBICHUS, UMM UL
Oymymiero. Ha mepBblif B3DISAA 3TO TOKaKETCs, HE Tak, HO JaNbHEHINNe pPa3MBIIUICHHE CTAHOBUTCS OYEBUIHBIMHU, YTO
OHU KUY UIMEHHO TOIZa, KOIJa OHU JOJDKHBI ObLIM KUTb, HOO B IPOTHBHOM CIy4dae OHM HE CMOIIM Obl IOBIMATH HA
BUJICHUS WIM HA HANpPaBICHUS HEOOXOmMMOe I YNydIISHHs SBOJIOIMK YeJIOBEYeCTBa M Iporpecc B oOmectse. B
OOIBIIMHCTBE CIIy4YaeB yKa3aTelb HAalpaBIeHHs 3a0bUIM M OCTaBWIM O€3 BHUMAaHMS, JIEXKAIIETO B OCHOBE, a OH JIOJDKEH OBITh
BCerJa BIEpeAr, YTO OBl MITH K HOBBIM 3HAHMSAM. MHOTHE TaKkue YeIOBEUYECKHE YICHHUS NMePEeMEIlAINCh C YEIOBEIECTBOM,
MIOJTYYHIIM TIPU3HAHUE 32 WX OOJBLION BKJIAJ TOJIBKO MOCIHE MPUHATHS. DTH HCKIIOYUTEIbHBIE JIFOIN NSHCTBUTEIBHO OBUTH B
IPSIMOM CMBICTIE 3TOTO CJIOBAa IPOBUIALIAMH, HOO OHU BJIaA€Nd OIPOMHBIMH 3HAHUSIMH, YeM HX COBPEMEHHHKHU. [l Takoi
paboTHl HYXHO 00NazaTh OTPOMHOM CaMOOTBEPKEHHOCTBIO M MY)KECTBOM. McTOpHYEeCKH CIOXHIOCH Tak, 4To H Bukrop
[ayGeprep He OBIT UCKIIOYEHHEM, )KU3Hb OblIa yHOpHAas, C KPUTHKOH, TPYIHOCTSIMH, COMHEHHSMH U OIMHOYECTBOM, M BUIS
JAJIeKO  BIIEpEJ pa3BUTHE  dYeJoBeuecTBa.  Kak MHOHEphI, OTKPHIBABIINE  HOBBIE 3€MJIM, OHM  BCTPEYAlOT  MOIIHBIE
COIIPOTUBJICHUEC W HE YyAa4iu, TCX, YbH HHTCPECHI U y6e>1<zlem/m 3aMaCKHpPOBaHbI B HaXO}IﬂLL[CI\/’ICﬂ Yy BJacCTu (I)HHaHCOBOﬁ u
MOJIMTUYECKOMN DITUTHI.

Takue uzBectHble ymbl, kak Konepuuk, Horann Keruep u I'amuneo TManuineid, koTopble OCBATHIIM BCIO CBOIO JKU3Hb K
MIOHUMAaHUIO BCEJICHHON U MOBBIIICHUE YETIOBEYECKOTO CO3HAHMS. B OCHOBHOM OHHM OBUTM pa3pelleHbl TOJIBKO B TEOPUH, UTO
3eMJIs B IEHTPE BpAILLEHUs, IEPCHIEKTUBBl HaJ U3y4eHHEM UX paldoT IpH KU3HU, IIOUTH Bce 0€3 MCKIIOUEHUS! HOBBIE TEOPUH
OBLIM OTBEPTHYTHI, NIEPEX0Aa HE IPOU3OLLIO0, U MOATOMY YIYLIEHO BpeMs, MOXKMHAET IUIOABI CBOEro HeBexkecTBa. OTpuias
UX OTKPBITHE U BKJIaJ, UX KOHELl, B OOJIBIIUHCTBE CIIyyae, >KU3HU B IIOJHON HUILETE M HUIEHCTBE, Kak OyaTo 60oru 3abupaiu y
HUX CaMyr0 MOCJICIHIOK YHIHIO JIUMYHOI'O CYACTbA. Mpuorue wu3 3THX MPOCBCUICHHBIX H}O}ICFI ymupajin B OAWHOYECTBEC,
OTBEPIrHYTHIMU, O€3bI3BECTHBIMU.

Kennep Ob11 foBeeH 10 OaHKPOTCTBA, U, XOTS OIOJDKII Y repliora PereHcOyprckoro 3Ha4YMTENIbHYI0 CyMMY 32 CBOU
YCIIyrH, OH yMep HUIIUM U ObLI IOXOPOHEH B 001Iel Morue 3a npejeaMid OCHOBHOTO K1ag0ula, 160 OH, KaK U ero
COBpEeMEHHHUK ["anuielt, ocMenwics NOIaTHyTh 3HaHUAMH aBTopuTeT Llepksu. I1o ceil neHb HUKTO He 3HAET, IJIe 3aXOPOHEHO
teno Kerutepa. OH obnaan 3HaHUAME, KOTOPBIE MOTYYHII TIOCIIE TIIATEIbHOTO U3yYEeHHUS IBU)KEHHS TUIAHET, CO3/1aJl CBOU
Oonbine Tpyasl, “I'apmonus Beenennoi” (Harmonies Mundi), MexaHu4ecKue Yachl ¢ KaJIeHIapeM, IMOKA3bIBAIOT HE TOJIBKO
BpeMs U JICHb HeJleNH, HO U MOJHYIo Jaty. OKOHYaTeabHO 3aBepIun ero Teoputo B 1618 roxy Jxeiimc n3 AHmmu, 3as1BuB
TO, YTO KOTJIa OH HAIlle] YUCTYI0 TapMOHUYHYIO M IPOIOPLUM BCEX Belel, 4To OOJIbIle HET HEOOXOAUMOCTH UYEJIOBEUECKUM
rxou(umkTam. Tpyn Kerutepa enBa Obin OmmyOIMKOBaH, TYT ke “BCnbIxHyna” TpuanaTHICTHSS BOIHA, TINATEIBHO 3aCIOHSIS U
npsiga Bee ero ycrtisd. OHa Hadaachk B pe3ylibTaTe Tak Ha3bIBaeMoH "pakckoil nedeHecTpanun (- MeHTpanbHOe COOBITHE B
MHULIMUpOBaHuK TpuauaTuieTHei BoiHbl B 21 Mas 1618), mocnanHuku aBcTpuiickoro Mmmnepartopa, OblIv BEIOPOIIICHBI U3
okoH bombuioro 3ana.

Monapt, KOTOpPBI B3sJ1 B My3bIKY, €I0 PE30HAHChI U TAPMOHUKHU Ha HOBBIE BBICOTHI, TaK K€ IOCTPajall, Ta K€ y4acTb

- 3a0BeHHe B BO3pACTe OT 35 /10 MOXOPOH B 00IIIeil MOTHIIE.

Makc [1naHka, KpynHbIi QU3MK, TTOCTABUI OKOHYATEIBHYIO TOUKY MaTEPHAIMCTUYECKOMY MUPOBO33PEHHUIO B KOHIIE 19-r0
BEKa C ero KBaHTOBOH Teopueit, B JJexkadpe 1900 roma, ObLI elie 0JJHUM, KOTOPBIH, XOIUI B IOXMOTBSIX, TOJIOAI, HE OBLIO
MOJJIEPKKH, YMEP B OIMHOYECTBE B MOJIHEHNINIEH HUILETE U XONOJE.

JKuzub Bukropa [llaybeprepa, aHanoru4Ha OCBEIIEHHBIX MPEIIIICCTBCHHUKOB, B CBOCH JKU3HH €r0 TOXKE BCTPEUAIH C
HACMEIIKOH, KJIEBETOH U JIOXKBIO B PE3KOM MPOTUBOCTOSIHUE B UX PA3TUYHBIX opmax. OH ObLI LesieyCTPEeMICHHBIM
YenoBekoM, TOOPOLYLIHBIM U IEAPEIM, 0COOEHHO K MOJIOBIM JIFOASIM, KOTOPBIM OH JaBajl He YEMHBINH HHTEPEC, TOTOMY YTO
OH BHJIET B HUX BO3MOXKHOCTb ISl BO3POXKIEHHS O€30I1acHOro U H300mMiIbHOro Oynymero. Ho s Tex, ubs TOUKa 3peHust Ha
JKH3Hb OH CYMTAaJ OE3BO3BPATHO W3BPAILICHHOW JIyXOBHO M MHTEJICKTYaIbHO, OH OBLIT a0COIIOTHO OECKOMITPOMHCCHBIM,
paccMaTpuBasi UX Kak OPEeMsTCTBUS Ha ITYTH 3BOJIIOLUY YeJIOBEKA U BOCCTAHOBICHHE OKPYXKAIOIIEH cpesibl.

EcrecTBeHHO, y HETO OBUIO MHOTO BParoB B 3TOM JieJie, HO C IPYroi CTOPOHBI, ONpeIeNIeHHbIH O0anaHc Obll JTOCTUTHYT,
O4YEHb MaJION MOAJEPIKKOI U BEPHBIMU APY3bAMH, TaKuX Kak npodeccop Oumnn dopxreiimMep, rHIpoIor ¢ MUPOBOt
penyranueit. pyroit 6611 npodeccop Bepuep Llummepmans, n3 IlIBeiinapun, kKoTopblii omy0OnukoBa cratbu BukTopa B ero
9KOJIOTUYECKH OPHUEHTUPOBAaHHOM KypHaie Tay mexay 1935 u 1937 rr.

Bepuep [lumMepMaHH 4acTo BBICTYyIIA B 000poHE BUKTOpa NPOTUB y3KO MBICIIIIIMX, KOPHICTHBIX HAIaKOB HAYUHBIX
KPYTOB U YKOPEHUBIIEHCS OFOPOKPATHH, KOTOPHIE B OTIEIBHBIX CIIy4asx ObUIM OYeHb HANPSHKEHHBIMU. Yallle, OTKPBITHS
BukTopa MonMHOCTBIO IPOTHUBOPEYAT YCTOSIBLIEHCS TEOpHEH U B UX Oe3ylpeuHoe (yHKIMOHUPOBAHUE U MIPAKTUYECKYIO
pean3anuio, MPeCTaBIAIN CEPhE3HYIO YTPO3y aBTOPUTETY U PEIyTalMIO YYEHBIX U OI0POKPATOB.

EcTb el11e 0ueHb MHOTO TaKHX JIIOZIEH, KOTOpbIE OTAANIU ce0sl LEIUKOM B YIy4IlICHUE CBOUX YEJI0BEUECKUX COOPAThEB.



Bce oHu Oe3 uckiroueHus ObIIM HaJleNIeHbI Ype3BbIYaiiHBIMU NPOHUIATEIEHBIMU U HHTYHTUBHBIMH CIIOCOOHOCTSIMH, KOTOPBIC
OTKPBIBAIOTCS TIEPE/l HUMH B CBEKUX HIEAX, KAKUM 00pa3oM QYHKIHMOHHPYET MHP, AaBas UM IOHATH SBICHUS O CHX TIOP
HEOOBSICHUMBIE U CBOUX COBPEMEHHHUKOB. OHHU OBLIM OCBEJOMIICHBI O IPYTOM U3MEPEHHHU PEalbHOCTH, TO "H3MEpeHHE
MIOHUMaHUA'", KOTOPOE UMEET BECh CMBICIT - TAK XK€, KaK TPETbe U3MEPEHUE JIeNIaeT OHATHBIM ABYMEPHBII MUp.

HexoTopbie U3 3TUX BEIMKHX YUUTEICH POIMINCH C 3TOW CIIOCOOHOCTHIO, B TO BPEMS KaK JPYTUe JOJITO TPHI3JIN TPAHHUT
HayK{ ¥ OTKa3bIBaJIM ce0sl B UEM TO, Ha €10 NPUOOPETEHUH, X YIOPCTBO B IPOCHKMBAHUH HITAHOB U C Pa304yapOBaHUEM
NPUMEHSATH MOIyYeHble 3HaHUs. YacTo 0/10J1eBa€T COMHEHUSI, TEM HEMEHEE OHU MYXXECTBEHHO BBICTOSUIH, PELIUTH
IOCTaBJIEHHYIO cebe 3anady. Eciu xorna-mi6o ObUT HICTUHHBIM IOKa3aTeseM JIMIA, YKa3aHHOTO B CTUXOTBOpeHue Penbspna
Kurunara «Ecimuy!

O, eci THI CIIOKOEH, HE pacTepsH,
Korza TepsroT rojoBeI BOKpYT,

U ecnu TBI cebe ocTacs BEpeH,

Korna B Te0st He BEpUT TydIIHi IPYT,

W ecnm x1ath ymeenb 6e3 BOITHEHbS,

He cranemnis J10)KbI0 OTBEYaTh Ha JIOKB,
He Oynems 3m00eH, cTaB A1 BCeX MUIICHBIO,

Ho u cBaTBIM ce0st HE Ha30BEIIb.

W ecnu THI cBOEH Brajieelb CTPacThIO,
A He TO00I0 BIaCTBYET OHA,
U Gynenrs TBep/ B yAaue U HECUACTHE,
KoTopbIM B CyLITHOCTH 1IeHa OfHA.
W ecnu Tl TOTOB K TOMY, YTO CIIOBO
TBoe B IOBYIIKY NpeBpaIaeT ILIyT,
U, noTtepneB KpylLIeHbE MOXEIIb CHOBA,
Be3 npexHuX cuit - BO30OHOBUTH CBOW TPYA.

W ecnu THI crioco0eH Bce 9TO CTANIOo
TeGe nPUBBIYHBIM BBLIOXKUTH Ha CTOJI,
Bce npourpars 1 BHOBb HayaTh CHayala,
He moxarnes Toro, 4to mpuoopent.

U ecitu MOXeIIIb CepIiie, HEPBBI, HKUITB,
Tak 3aBecTH, YTOOBI BIIEpe/] HECTUCH,
Korza ¢ romamMu u3MeHSIFOT CHIIBI,

1 Tonbko Bons roopur: "Jepxucs!"”

U ecu Mokelib: OBITH B TOJIIIE COOOIO,
IIpu KOpoJIe C HAPOIOM CBSI3b XPAHHTH,
W, yBaxkast MEEHHE JTE000€,
T'naBeI Iepen MOJIBOO HE KIIOHUTb.
U ecnu Gymeib MEpUTh PACCTOSHBS
CekyHIaMH ITycKasich B JANbHUM Oer,
3emMitst - TBO€, MOIf MAJTBIHK JTOCTOSIHBE,
U Gonee TOro, Thi- 4EJIOBEK!

aT0 ipo Bukropa [llay6eprepa.

OH ObLI OJHUM U3 T€X PEIKHX JIOAEH, HCClleoBaTeNb YeTI0BEUECKOM MBICIH U IEATeIbHOCTH, KOTOPBIM BHIOPA MyTh K
cBeTy B Oynymee. [1oaToMy HEM30€XHO, YTO OH TOXKE OyIeT B KOHEYHOM HUTOTe 3aHUMATh CBOE MECTO B sy BEJMKHUX JIIOACH,
XKepTBys co0oii. B nocinenyromnye rofel oH OyneT IPU3HAH OJHUM U3 IIaBHBIM PYKOBOASILUM IOCTYNaToM 21-ro Beka U 3a ero
IpeziesiaMu, KOTOphIe IPUBENH K GyHAaMEHTaIbHBIM caBuram KonepHuka, IponopIyy, B 3HaK IPU3HATEIEHOCTH
yenoBedecTBy IIpuposie ¥ IPUPOTHBIM SHEPIUSIM.

Tam MOryT OBITH OYEHb HEMHOTHE U3 €T0 COBPEMEHHHUKOB KOTOPBIE TOHUMAIOT BHICOKO SHEPreTHUIECKUE
B3alIMO3aBUCHMOCTH, NIPU KOTOPOI1 XKU3HB Ha BCEX €€ yPOBHAX SBIISIETCS 000CHOBAHHOM, HACTOIBKO NIYOOKO, 10 BUAUMOMY,
Kak 1 Jir000e Apyroe cymiecTBo, BUKTOp MOHMMAI CyLHOCTh, YTO )KU3Hb BEIIECTBA CTOJb KM3HEHHO BaXKHO IJISI BCEX
JHM3HEHHBIX NIPOlLIeCCOB - Boza, KOTOpyIo OH paccMarpuBall Kak kpoBb Marepu-3emile, kak c¢3p Jxeiimc JlaBiok, cozparens
"T'unotessl ['en" (I'est - 6oruns 3emnu, dyx 3emin), Buktop Toxke BUIe BCIO 3eMIII0, KAK OPraHU3M U BBIPaXaj 3Ty TOUKY
3peHHUs B CBOMX paHHUX Tpynax 1930-e rozsl.

Buxrop IlTay6eprep pomuics 30 urons 1885 r. B mpuxone Ynpuxcoepr (Ulrichsberg), B Bepxuneit ABcrpuu. On
MIPOUCXOII U3 IPEBHETO POJia JIECHUMINX, KOTOPHIE TIOCBATHIIM BCIO CBOIO JKH3HB MPUPOJONONIB30BAHUIO U YIIPABITHEHUIO
JIECHBIMHU pecypcaMy, OTpakaBIlas MpeJaHHoCTh ux ceMbe B aesuse "Fidus in silvis silenti bus"(:aTsiab) win "Bepa B
tummae Jeca" (BepuM B THIIMHY seca).

ITpoTuB TpaauMyU ceMbU U IPOTHUB BOJIU OTILA, C HOAAEPKKON MaTepu, B BO3pacTe 18 j1eT oH HaoTpe3 OTKa3aics UATH IO
CTOIIaM JIByX CBOHX CTAapIIHMX OpaTheB M YUUTHCS B YHHBEPCHTETE, yBUIIS, KaK ydeOa MOBIHSIA Ha IOHUMaHHUS W MBIIIICHUS
ero Opatbs. Ero HckpeHHee enaHne ObLIO CTaTh JECHUKOM, OCHOBHOI MPHYMHON €ro 0TKa3a ObLIO TO, 9TO OH HE XOTel,
9TOOBI €r0 €CTECTBEHHBIN ITyTh MO3HAHMUS U MBILIJICHHS, IOBPEIAT YUUTEINS - JaAyT JOKHOE MOHIMAHUS OKPY>KAfOLIEro MUpa,
€ro MHEHHE, YTO HX HaydHbIe 3HAHUS IOJTHOCTBIO OTOpBaHEI (0TphIBatoT) OT [Ipuponsl. OH He XOTeN CMOTPETh Ha



OKPY>KaroLlIUii MUP C KEJITOI MeeHO) Ha IM1a3aX, a CBOUM COOCTBEHHBIM SICHBIM B30poM. M0, Kak OH I03Xe Mucai:
“PeSyJ'[LT'dT HEBEPHOI'O 06pa3OBaHI/IH, 3araHss B paMKH MEHTAJIHUTETA, B IIKOJIAaX B HAC IITyHIAT, OTYIUIAIOT, HEAAIOT HEJIOCTHOTO IIOHUMaHU

Mupa, Mbl TepsieM Halll TBOPUECKHUI CO3UIAIONIMI TToTeHInal. JIFon TepSIoT CBOK MHAMBUAYAIBHOCTD, CBOIO CIIOCOOHOCTD BHJIETh BELIM TAKUMH
KaKue€ OHU €CTh, U TEM CaMbIM TEPSIOT CBA3b C HpHpO,I[OI‘;I. Onn 6I)ICTp0 HpI/I6J'II/I)KaIOTC$I K COCTOSAHHUIO PaBHOBECHS HEBO3MOXKXHOI'O B ITPUPOIE, CUIIA
KOTOpasi BBOAUT MX B OOIINI 9KOHOMHYECKHUI KOJLJIAIC, pa3Be CYLIECTBYET paBHOBECHE [UTs HE CTAOMIbHBIX cucTeM. [IpuHIHIBL, Ha

KOTOPBIX OCHOBAHbI HAaIllU JIEWCTBHUS, SABJIAIOTCS HEU3BECTHBIMU ISl OOILEOCTYITHOM HAyKH, MIOCKOJIbKY OHU JICHCTBYIOT B IPEAEIax MapaMeTpoB, HE
CYIIECTBYIOIINX JUIsS 00LIEIOCTYTHOM Hayku. Hama pabora siBiisieTcsl BOIUIONICHHEM Halleil Boiu. D((GeKTom 3Toi paboThI SIBISIETCS TyXOBHOE
TIPOABJICHUE (C IIyLHOﬁ). Korpa rakas pa60'ra JACJIA€TCs NPaBUIIBHO, 3TO IPUHOCUT CYACTHE, HO, KOIJa OCYLICCTBIIACTCA HENIPABUIIBHO, 3TO
HECOMHEHHO, IPUHOCHUT cTpaanus.”

Marp npuHsIa ero NoXkenaHus U IpUpoJHoe uyThE, BUKTOP cTan MiaalM JIeCHUYUM, MHOTO BpEMEHH OH ITPOBOAMI B
yIaJeHHBIX pailoHax JiecCHUYeCcTBa. TaM OH HaOJroal ¥ BOCIIPUHUMAJ JIBH)KEHHSI DHEPTHH PUPOIHBIX SBICHUN B
coOcTBeHHOM aboparopuu [Ipupozbl, oTOMY 4TO B ABCTPHHU B Hayase 3Toro Beka, okosio 1900-1915, tam Oblu Gosnblime
Y4acCTKH JIeca eIl HETPOHYyThIe pyKoil uesoBeka. ITocie Boiinbl B 1914-1918, B koTopoii oH ObLI paHeH, Buktop BepHyscs B
JIECHOE XO35HCTBO, yCTpOMJIC Ha cityxO0y K KHs13t0 Anonbdy 1y [laymOypr-Jlumnmne, Binaaesnblia O0IbIIOT0 OXOTHHYBETO U
JIECHOTO 3anoBeiHuKa B CTHpIIMHTE.

B sTHX paiioHax He ObLJIO BMELIATENLCTBA B 3KOJIOTHYecKoe paBHOBecue [Ipupospl, u TakuMm oOpazoM Bukropy, ynanoch
HaOI0IaTh SIBJIEHUSI, KOTOPbIE CETOHS HEMBICIMMBI, M KOTOPBIE Y)Ke HE IPOUCXOIAT U3-32 OTPOMHOTO YXYALICHUS
OKpyXaroliei cpeabl. VIMEHHO 3/1eCh OH MPHOOpEN 3HAHUSA-IOHUMAaHUE €CTECTBEHHOTO JIBHIKEHHS BOBI, YTO MTPUBEIIO K
CO3JJaHHIO CBOETO MEPBOTO THIPO-JIOTKA, KOTOPBIH OyIeT onucan moapoOHo B miaBe 12. 31ech ke OH BIIEPBBIE CTAll
CBUJIETEJIEM O JIPYT'HX MOJBbEMHBIX DHEPTHX IMPHCYLIMX B BOJE, OAHAXK/Bl B CEPEANHE OUEHb XOJOAHOM 3UMBI, OH coOupacs
niepeOparbest depe3 ObICTPBINA TOPHBII pydel, OH ONeNIT YBHAEB (hOPENb CTOSIIYIO B IOTOKE, OH UCKAJ MPUYUHEI
IIPOM3BO/ICTBA CUJIBI B PEYHOM pyciie Ui pbI0. DTH NOABEMHBIE CHIIBI BHI3BAJIM B FOJIOBE Maccy BOIIPOCOB, IOHSThH Kak:

«Kak cl)opem/l Ha caMOM [JI€JIC ynaeTCs ACPKATHCS Ha OAHOM MECTE - a IIOCJIC 1 BUACHT ACCATKH pBIG B TOM K€ ITOTOKE - BBIIIEC ITO TCYCHHUIO HAXOIUJICA
60 MeTpoBBIl BOJONAJ, TJI€ BOAA PACIBUIIIACH B IIE€HY, TyMaH, HAXOIWIKCh OKOJIO KMJIOMETpa BHU3 10 TeyeHuto? [louemy 310 mpoucxoauso, Kak
TI0JTy4aJIOCh IIOAHUMATHLCS, KaK MOJIHUSA, BBEPX I10 6ypHOMy TIOTOKY py4bs, IIPOTUBOPEYA BCEM 3aKOHAM I‘paBI/ITaHI/H/I? Kak moxeT sTa pI)I6a CTOATH
HETIOABUKHO, JIMIIb IMMOAPYJINBATH ce0sl JIErKUMU JABWKCHUSAMU XBOCTA, INTABHUKOB, B 3TOM JUKOM IIOTOKE, MOU COTPYIAHUKU IIBITAJINCH COUTE TTOTOK
BBIIIC 110 TCYCHHUIO, OHH €IBA MOI' IIOBJIMATH Ha uero? Kakue cuiibl mo3BOIMIN q)openn TIPEOa0JICTh COOCTBEHHBII BeC T€Ja, U B TO K BPEMsI JICTKO 1
6I)ICTpO, TIPEoa0JIETh MacCy BOAHOTO IIOTOKa, BOAa TH)KéJ'IaH, IUIBITE TIPOTHUB Heé? Hoquy BOJa HE 3aME€P3a€T AaxKE€ B MEPUOAbI CUIIBHBIX MOPO30B C
Temneparypoid Huxe -30°C ?»

Bukrop HecOMHEHHO, 00J1a/1a)1 0COOBIM TaJIaHTOM HAOIIOACHUS, IPOHUKAS B CYTh JBI)KEHHUS, BOCIIPUHUMATH
He3aTyMaHEHHBIM OT MpenyOeKACHHH, OH TaKkxkKe pa3padoTal, Tak Ha3bIBAeMBbIM aKTHBHBIM CO3HAHUEM, CIOCOOHOCTBIO BBIATH
3a paMKH IIPOCTOTO BU3yaJbHOTO HAOIIONEHHUS, O TOM, YTO CKPBIBAETCS B AaHHOM sBjieHue. Criocod HaydHsI ero MHOTOMY, U
KaK 3TO CITIOCOOHOCTB MOCTENICHHO Pa3BUBACTCS, OH OOBSICHUII CIIEIYIOLIMM 00pa3oM:

«OCHOBHBIM HanpaBiieHHEeM 1 3a00Toii cembu [1laybeprepa ObUIO COXpaHEHHE JIECOB U TUKHX KMBOTHBIX, M 1a)K€ B PAHHEH IOHOCTH €ro
3aBCTHBIM XKCJIIAaHUEM 6BIJIO, TIOHATH HpI/IpOL[y, U€pe3 TaKOC MOHUMAHUE, YTOOBI l'[pI/I6J'II/I3I/ITI)C$I K I/ICTI/IHG, I/ICTI/IHHa, KOTOPYIO MHE HE CMOIUIM 1aThb
HH B IIKOJIa HUA B LIEPKBHU.

B sTux TIOMCKaX, 51 BO3BpANIaroCh BpEMA OT BPEMEHU, CHOBA B JIEC. S1 mor yacamu CHICTH HA 6epery 1 CMOTPETH HA MPOTECKAIOIITYIO BOAY,

1 HUKOTIa HE YCTaBaJI WU CKydYall. B To BpEMs s €I€ HE 3HAJI, YTO B BOJAC CKPLIBACTCS BEIMYANIINI CEKpET. He 3nan s, 9TO BOJaA OblIa HOCHTEJIEM
JKU3HU WM YP-MCTOYHHUKA °, YTO MbI HA3bIBAEM CO3HAHHEM. Be3 Kakux-1mb0 mpeayOexkIeHuH, s TPOCTO JF0OOBANICA BOIOM, KaK OHA TIPOTEKaa.
OcMeIcienne TIPUILIIO JIMIIB TOABI CIIYCTS, YTO JIA 3aIlyCKa CO3HAaHHUA TCKYIIas BOAA NMPUTATHUBACT (anBneKaeT) Hanie CO3HaHMC KaK MarHuT M
3a0epaeT (OTTArMBaeT) HE3HAYUTEIBHYIO €r0 YacTh, YTO OBl MPOOYIUTH. DTO - CHJIA, KOTOpasi MOXKET IeUCTBOBATH TAK, YTO HEKOTOPHIE JIFOAN
BpPEMCHHO TEPAIOT CO3HAHUEC U HEBOJIBHO 3aChINAIOT.

Co BpeMeHeM s HauaJl urpath ¢ CTAHOM CHIIOHN BOJIBI, 51 TIO3BOJIMII BOJIE 3a0parh (OTTAHYTh) MOE CO3HAHHUE, 51 HE BIIAJIC]l UM HEKOTOPOE
BpeMs. ITocrenenno sTa urpa npesparuiiachb B l"J'IyGOKOG CEPBE3HOC 3aHATUE, TIOTOMY YTO 5 ITOHSJ, YTO MOXKHO OTCOCAUHUTD CcOOCTBEHHOE CO3HAHUE
OT T€JIa U MPUJIIOXKHUTH €TI0 K BOAEC.

KOFI[E‘I Moe COOCTBEHHOE CO3HAaHHE OBLIO B KOHEYHOM CUCTE BO3BpaIlI€HO MHE, TO BOJA AJIA MEHS OTKPbIIa I‘J'Iy6OKO CKPBITYIO HCTHHY B CaMbIX
HeoOBbIYHBIX Bemax. B pesynbrare 3TOro, poauics UCciae0BaTeNb, KOTOPBI MOT HANIPaBIsITh CBOETO CO3HAHHSA Ha ITyTh OTKPBHITHH, TaK 3TO OBLIO.
Takum 00pa3om, 51 ObUT B COCTOSHUM IPOBEPATH BEILM, KOTOPBIE CKPBITHI OT B30pa JAPYTHX JIIOJCH, IIOTOMY YTO OHH HE 3HAIU, YTO YEIIOBEK MOXKET
TNIOChblUIaTh CO3HAHUE B T€ MECTA, II€ IN1a3a HE MOI'YT BUJIETh. l'lpalc'rnkyﬂ 9TO BUACHHUEC C 3aBA3aHHBIMHU IJIa3aMH, s1 B KOHCUHOM HUTOIC pa3pa60'ran
CBA3b C TAUHCTBEHHOM [IpUPOION, 5 OTPATHII MHOTO BPEMSI Y4ach BOCIIPHMHUMATE U OCO3HABATH. *»

O4eHb MHTEPECHO CPABHUTH 3TO C YTBEPIKICHHUEM, B3SITOE M3 PYKOIUCH YPTH ’, PyKOTIUCH ABJISIETCS CHTHAIIOM,
yaeHbsIM, 1 TicbMoM K Jlame [lanuen nanmcannomy BHavane 1920 rogax k ero npyry, Wing (Kpsio), O gyxoBHO#

JKHM3HH, ONTHCAHNs, (PYHKLUH U ATaIbl TyXOBHOTO Pa3BUTHSI.
« [mrecroit cranueii] sBIsieTCs, TO B KOTOPOM CO3/[aHa CHJIa OTIPABILIONIAS Pa3yM HIIM CO3HAHME Cpasy U3 Teja, HalpaBJisisl ero B JII00YIO YacTh
IUIAHCTBI 3EMJIM, YTO XO4YCTCA ITIOCCTUTH, a 3aTEM 06paTI/ITI) B30p K CO3HaHHUIO BCETrO, YTO OH HE BI/I,I[eJ'I.8

IToucTune HUHTCJUICKT, HJIM, Ta YaCTh JKU3HH, YTO BUAUT U 3alTUCBIBACT CBOU Ha6J'IIOI[eHI/ISI, MOXET U HE OCTABJIATH TEJIO U IIYTCHICCTBOBATh HA
OOJIBIIE PACCTOSHHUS, 3AMETUM, TIOAPOOHO PACCMOTPETh U BEPHYTHCS, TOIYUYUTh TOYHYIO KApPTHHY B 1IEJIOM, I[JI€ OHa UMEET MECTO ObITh, TO
4TO OH BHJEJ. JTa MONY4aeTCs P OTPOMHOMN CHIIE, JKEJIAHNH, BOJIU M TIOTPY)KEHUE B MEUTALIHIO.

Bocmpusitre uctrHb BHKTOpa IIpH IIEpeBOe CTATKUBAEMCS C S3BIKOBBIMU IIPOOIEMaMH B HX TIOBCEIHEBHOW peUH,
IIOTOMY KaK JIeJIO JIOXOAUT JI0 Mepe/iady lyXOBHOro o0pa3za B MUPCKOM ciioBe oTorpadus - K COXKaJICHHUIO, 10 CUX T10D
€IMHCTBEHHOE CPENICTBO YEIOBEUECKOTO OOIICHNS - BOSHHKAIOT OTPOMHBIE TPYAHOCTH M3-32 OTPaHMUYEHUS S3bIKa. XOTSI BCE
SI3BIKM HAXOZATCS B IIOCTOSTHHOM Pa3BUTHHU U NE€PEAadH, CJIOB U TEPMHHOB B JJFOOOM MOMEHTE BPEMEHH SBIISIETCS OTpaKeHHEM
TEKYIIETO COCTOSIHUS KOHLIENTYaIbHOTO 0CO3HAaHMUs. TakuM 00pa3oM /sl TeX, KTo "Brepeau" CBOero BpeMEeHH, BOOOIIE rOBOps
KOHIICIITYyaJTbHOM OCHOBBI SI3bIKa HEe 0053aTEFHO PacpOCTPaHIETCs Ha YETKOE U HEIBYCMBICICHHOE 00bsCHEHHE HOBBIX
MOHATHH, 111 KOTOPBIX MPUEMJIMMbI HOBBIE CJI0Ba, BO3MOYKHO, IPUETCA NPUAYMaTh, HE TEPsIsl CMBICIIOBYIO Harpys3Ky.
[To3TOMy BO MHOTHX CIIy4asiX, KOIZa OH ITOJIXOIMJ K OTIMCAHMIO PA3IMYHBIX sBJICHUH, BUKTOp HCHOIb3yeT HEOOBIYHYIO
TEPMHUHOJIOTHIO (U3UKH, XUMUH WX OHOJIOTUH U T. 1., @ €r0 COOCTBEHHBIMH CIOBaMH. B 3ToM eMy oueHb moMoranu
CTPYKTYPBI U3 HEMELIKOTO SI3bIKa, YTO oOyierdaeT (OpMHUpPOBaHNE HOBBIX MOHITHI Yepe3 aJINTUBHEIE CYIECTBUTEIbHEIE.
Hecmotpss Ha 3TO 1 M3-3a OTCYTCTBUS MOAXOASIIEH TEXHUUECKOH TEPMUHOJIOTHH, UX HHTEPIIPETALUs U IOHUMaHUE T10-
MIpeXKHEMY WHOTa KpaifHe CII0)KHA, B CBOWX IMHCAHUSIX OH OTKPBITO MPHU3HABAJCS, "Maino kTo noiiMer Beicumii Cmpic! Muorue



JIIO/TH, 3aMeuy, TIOTy4aT OIpe/IeeHHbIe HamMEkn. "

B nonbITKe 4eTKOro OOBSICHEHHUS CBOMX HCCIIEOBAHUM, YTOOBI TO3HAKOMUTBCS C UX TEPMHHOJIOTHEH. 3aMETHM, B CBOMX
TPYyZaxX MCIOJB3YeT UMb Kak MHAUKATOPBI B O0CY)KJICHUU TEMBI U IOITOMY HE BCETIa MOXKHO MOHSATH OYKBaJIbHO.

Bona, neca, nmpuponHble SHEPTUI U UX IEPEPOKACHNE €ro CHIBHO Oecriokory. B HanieM HBIHENTHEM MOHUMaHHU
Belllei, MOXKHO CYMTATh OJHUM K3 nepBbix B Mupe "Greenies", n-p Puuapna Cankr-bap6 Beiikepa, ocHoBaress 'Jlroau
Hepesbs" B 1922 roxy, npyr Bukropa.

BukTop OBLT 11e1eyCTPEMIICHHBIM 1 C OTPOMHBIN TIOTEHIINAIIOM, TI0 MHEHHIO MHOTHX OKPYKafOIIHX, MM OBLIH CIETaHbl
OrpOMHOE KOJIMYECTBO 3amuceid. Bpems oT BpeMeHH, B COCTOSHIM MOI00HO TPaHCY, OH YacaMH MHCcall Ha CBOCH TIe4aTHON
MallvHKe, He HMes TIPEJCTABICHHUsI O TOM, YTO OH HaIlical, OKOHYHB IHCaTh, YUTal Bech TeKc. OH roToB OBUI MOCTaBHUTH BCE,
YTO OH BUJEJ, YTO HEM30EKHO MPOMU30I/IET, €CIIM MBI HE UCIIPABUM Halll ITyTh U HE H3MEHUB BECh HAIll IOAXO]] K OKPYKAFOIIEH
cpelie, Kak TeXHOJIOTMYECKU M KOHLENTyallbHO. Bece pasinuHble KpU3HChl, KOTOPBIE CETO/IHS OXBaTWJIN Y€JI0BEYECTBO, OH
npeasuen eme B 1930 romy. OTBedast Ha BOIPOC O TOUHOCTH €T0 MpeCKa3aHui, OH OTBETHJI O4€Hb IIPOCTO, CKasas, uTo,
"It uesToBeKa, KOTOPhIH OyleT sKuTh B OymymieM depe3 100 eT, HacTosIee HM MPEACTABISET HA Yero yiuBuTeasHoro” '

B koHnne 1920-x B pe3ysasrare ycreuHoro (yHKIMOHUPOBAHUS CIUIaBHOTO JIoTKa Bukropa B Creupnunre,
npodeccop Oumnnn Popxrelimep MOMPOCHI aBCTPUIICKOE IPABUTENBCTBO PACCIEIOBATh HEOOBIYHYIO TeOpHIo BukTopa.
bnaronaps ux corpynnudectBy, @opxreiiMep MOCTENEHHO MTO3HAI UCTHUHY Hel BukTopa, B KOHEYHOM UTOre HacTanWBas Ha To,
4yT00bI BUKTOp NpeacTaBuil Bce CBOM OTKPHITUSI Ha Oymare, TOBOPHJI, 4YTOObI TeOpuH BukTopa cranu oblie H3BECTHBIMH,

1 4pe3BBIYaiiHO IIeHHbIMU. DopXreiiMep Mmo3Ke MpU3Hajcs, YTO OH ObUT paJi yXoay Ha MEHCHUIO, IIOTOMY 4TO OH ceifuac OyneT
OCBOOOXK/ICH OT YHH3HUTEJIFHOTO 3aHATHS TOBOPUTH CBOMM CTYACHTaM, TO YTO OH MX YYUT MYCOpY, JaBajl 3HaHHs KOTOPbIC HE
CTOSIT BBIEZICHHOT'O SIiil1a, BTEYEHUH COPOKA ISTh JIET.

IMpu coxneiictuu npodeccopa Bunbrensma DxcHepa, npe3uaeHTa Apctpuiickoil akagemun Hayka u nzobperarens
anekrpockomna Exner, Tpyxn Bukropa llay6eprepa, o3arnasneHHbiid "TypOylIeHTHOCTE", B KOTOPOM TOBOPUTCS O TOPMOXKEHHUH,
TIPUHIIMIIE ISHCTBUS BUXPEW U UX CBS3b C TEMIIEPATYPOH BOJbI, ObLI OTIIPABJICH Ha redarh U B OnOnuoreyHslil GpoHp
ABcTpuiickoit akagemun Hayk 1 saBaps 1930. D10 OBLIO CENAaHO HE TOJBKO ISt MEpP MPEIOCTOPOKHOCTH COXPAHHOCTH
TeopHuH JBIKeHus Bosbl Bukropa Illaybeprepa, Ho u coxpanenus aist Oynymiero. [Toquepkusas ero 3Hauenue, @opxrelimep
TIPEAIPHHSIT YCHIIUSL, YTOOBI He OBUTH yTEepsIHBI TPYAbl BUKTOpa, TOTOMY KaK THAPOJIOTHYECKHX MUD He ObLT K HUM TOTOB.
Hayka ruapaBiyka cHadasia JOJDKHA H3MEHUTh CBOM IIEHHOCTH 1 00pa3 MBIIIUICHHUS pa3pyIlaloniie KOHICIIUH, TIPEKIE YeM,
OymyT npuHATHI Becepbe3. Eme 1o 1974 roaa, Obl10 onyOarkoBaHO oOpariieHue cbiHoM Bukropa, Bansrepom [laybeprepom.

dopxreiiMep U3MEHHUI CBOM B3IVIAbI, U CIICIUII 32 TEM, YTO HOBAaTOPCKHE TeOpUU BUKTOpa, BIMsSHUE TeMIeparypbl
Ha JIBU)KEHHE BOAbI, Obutn onyOnukoBanbl B 1930-31 B cepuu crareit B Die Wasserwirtschaft (Boansiii sxxypHan, nmpo
ynpasienue Bomer), aBcTpuiickuit xxypHa mmo ruapoiorun. GopxreiiMep mokaszai BCEM, YTO HACTOSIINN yISHBIH TOIKEeH
MpUHUMATh OIMOKK. OH MPOAEMOHCTPUPOBAI YECTHOCTh M CMUPEHHE, UICKPEHHEE TPHU3HABA aKaJleMHYECKHE UeH ObLIH
HETpaBeJbHBIMU U YTO HbIHEIIHNE TOHUMAaHUE U3MEHMJIIA X, YTO CYIIECTBYET APYroi B3IV Ha MPOLECCH! U BEIIH.

Ilens Bukropa Obl1a Bceraa crapaThesi BOCHIPUHUMATD U3MEHSIONIYIOCS PEalbHOCTH, YTO OH BUJIEN, Kak (usnueckne
wumo3un. OH yTBepKIai, U BIIOJHE CIPABEAINBO, YTO MO OOJBIIOMY CUETY MBI, YeJIOBEUECKUE CYILECTBA KpaiHe
TIOBEPXHOCTHBI, UIIEM U TOJIBKO BUJIUM MPSMBIE CBSA3U MEXTy IPUYUHOMN U CIEICTBUEM, B TO BpeMsl KaK IIPUPOAA BCeraa
JBIKETCS KocBeHHO. Ho Xy»ke 3Toro, B HallleM HE3HAHUHU HEBUAMMBIX SIBIIEHHH, MBI OepeM BO BHUMAHKE TOJIBKO PE3YNIbTaT,
BCE SIBJICHUS B3aHMOCBSI3aHbI, HE 3aMeuast 3Ty OIIMOKY, YTO B AEHCTBUTEIILHOCTH CTAHOBUTCS IIPUYMHON JJIs TAJIbHEHWIIEro
pe3yabsrara B 0ECKOHEUHYIO LIeb MPUYHMH U MOCIeACTBUN. B 3TO cBs3n BUKTOp KOMMEHTHPOBA: « Hame nonumanue He
COIVIACYIOTCS C TEM, YTO JICHCTBUTENILHO MBI BUZMM. [T1a3a coBeplIeHHbIE, TPUPOIHbIE OpraHbl. [lodyuyaeMmoe H300paxkeHue, 3TO MPOsBICHUE
peaKuHﬁ. Hcnonp3oBanue HCKYCCTBCHHOI'0O ONITHYCCKOrO amrmapara - (bOTOaHHapaT, HC MOT'YT JaTh MOJIHYIO KapTHUHY, MOXHO TOJIBKO ITOJTY4YUTH
KpyroBo# ceemkoii (3D). I'1a3 npaBblii 1 JI€BbId, HAM MPEUIAraT OJHOBPEMEHHBIE CIIai/ibl, IPH COBMEIIEHHUH TOJIy4aeM MPABUIBHYIO KAPTUHKY.

Ham B3 sBisieTcs Gecco3HaTeIbHBIM, aBTOMAaTHUECKUM IPOLIECCOM IIPpeoOpa3oBaHms, B KOTOPOM HEraTHBHBIH 00pa3 - kak ororpaduyueckuit
HETaTuB - TO €CTh LECJIb, IPEBPAIACTCS B TO‘IHI)II\//I, KaK IIBCTHBIC CHaﬁHLI. O[[HaKO Hame MBIIJICHUE, HA CaMOM I€JI€ YUCTO I/IHI[I/IBPIL[yaHLHBIﬁ,
CO3HATEIIbHBIH IIponecc u CJICA0BaTEIbHO, PISy‘[aeMLIﬁ. Ecnu name MBIIIIJICHUE, 4TOOBI JAOCTHYb TAKOI'O K€ COBEPIICHCTBA, KaK HaIlIC€ 3pE€HUE, TO MbI
JOJIZKHBI H3BMCHHUTD HAIIl 061:)8.3 MBIIUICHUSA U HAYYUTHCSI BUAETh PEAJIbHOCTh, HE KaK PE3YIIbTaT, a KaK PpEaKIHnIo. HOJ’Iy‘ICHHHﬁ 06pa3 3aKIII049acTCsAa
B BOCHIPUATHUH IPABUJIBHYIO PEAKIUIO, AJIA 3TOrO IMEPEN IIIa30M MOXKHO ITOKa3aTh HaM IMOJIOKUTECIIBHBIC, OH TOJDKEH CHavalia npeo6pa3OBaTb
OTpULATENIbHBIC U OIPEIEIICHHBIM 00pa30M JJOJIKEH JIOMATh TO, YTO OH 3aNUChIBAeT. To, YTO MbI BUAUM, SIBIISIETCS NIEPEBEPHYTOM KapTHHOW. Harn
MO3T 06pabaThIBaET MOMYYEHHOE H300PAKEHHE, H JACT HAM 00pas. *»

Hamr npsimoit nenxudeckuii moxo/1 K TOHUMaHUIO U UCCIIEOBAHHIO IPUPOIHBIX SIBICHUI, Hallle YKOPEHUBIIIEECS HAyYHO
MaTepHaINCTHIECKOE MHEHHE, TOIBKO TO YTO MOKHO (PU3NUECKH U3MEPHUTD, MIPEACTABISIET HCTHHHYIO PEaIbHOCTD, TIPHBEIIO K
Bce 0oJIblei U 0oJIbIIeH MyTaHUIIe U HEOOXOIUMOCThIO pa3paboTKK Oosee u GoJiee CI0KHBIX TEOPHUH, OOBSICHSIOINX
pasnu4HbIe sBJIeHHA Gu3ndeckoro mupa. Hame 6omnbiioe yrymeHne 3To Haile IOJIHOE PaBHOAYIINE U HAIl OTKA3 B3STh B PYKH
(yHI1TaMEHTaJIbHBIE OCHOBHBIE SHEPreTHYECKUE 3aKOHBL. [10100HO OTpHILIAaHHIO, YIOMSIHYTOMY BBIIIE, 3TH SHEPTUU
JIOKa3bIBAIOT €051 TOJIBKO KOCBEHHO, MaTepUaIbHbBIE KOHCTPYKIIMH 000I0UYKH MaTepUAIbHOTO MUPa, OBIBILIEE CO3UIAOLIEe
OTpaKE€HHE MX COOTBETCTBYIOIIMX QYHKIHUI. TO 4TO MBI BOCIIPUMHUTE KaK OCHOBY (PU3NYECKOW peanbHOCTH - PeajbHOCTb, K
KOTOPOMW MBI IIPHUITUCAIIN 3aKOHBI - €CTh TOJIBKO MMOJI0OBUHA VICTHHHBI, IS ICHCTBYIONIMX B HUX, KOTOPbIE 00Pa30BbIBAIOT,
BEJIMYMHBI, COTNIACYIOTCS C BEJIMKUM BHYTPEHHUM 3aKOHOM 3HEPreTHUECKOH B3aMMO3aBUCUMOCTH, KOTOPBIH OyneT
o0cyxaaThcst oee pacKphITO B IaBax 3 ¥ 4, U, 0 B3aMMHOM B3aUMOJACHCTBHUU, BUKTOp muca:

«IIpupona He UCTIONB3YET KECTKUE 3aKOHBI, a TOJIbKO PUTMHUYHBIC, B3aUMHBIE Ipouecchl. [Ipupona s cBOero pasBUTHs HE UCIIOIb3YET HU OJUH U3
3aKOHOB IIPAUAYMAHHBIX XUMUKaAMU WA (I)I/ISI/IKaMI/I. Hpnpoz[a HCKJIKOYaCT BECh OrOHb B MPUHIMUIIC I HEJICYCTPEMIICHHOI'O pOCTa, IIO3TOMY BCE
COBPEMEHHBIC MAIIMHBI HECCTECCTBCHHBI U ITOCTPOCHBI B JIOXKHBIX MPEACTABICHUSA O IIPUPOAHBIX ITpoLEcCax. Hpnpozla HUCIOJIB3YET I celst
OuoarHAMUYECcKyto OpMy JBMKEHHS, ITyTeM KOTOPhIM 00eCIeunBaeTCs MOsBICHHE OHoIornueckoi xusHu. E€ 1enpio sBisieTcst Yp-noToMCTBO
HaWBBICIICC U3 yCJ'IOBPIP’I MaTE€pUuu Mo NPOUCXOXKICHUIO, YCTYIIA€T CBIPBIO, YTO ITO3BOJIUT cebe OBOJIIOOUOHHO CTapuI€, WX YHUCICHHO Gosnblie
TIOAPACTAOIIETO IMTOKOJIECHHUSA, BOSMOXKHOCTHU ITIOCTOTHHOI'O pa3sBUBAThCs, 160 6e3 ;moboro pocTa U yBEIIMUCHUSA 3a11aCOB SHEPTUU HE OBLIO ObI
9BOJIOIMHY WM Pa3BUTHS. DTO MPUBOIUT HPEKAE BCEro K Kpaxy TaKk Ha3bIBAEMOMY 3aKOHY COXPAHEHUS SHEPIHH, U B CICACTBHU 3aKOHA BCEMHPHOTO



TATOTEHUS, U BCE APYTUE€ JOTMbI TEPSAIOT HIOGy}O pallMOHAJIBHYIO WJIN NPAKTUYECKYIO OCHOBY. 13))

[To MHeHuto Bukropa 3amaapie Hayku 1 00pa30BaHUs B LIEJIOM OCTABIIAIOT JKeNaTh Jrydinero. Hama nuBummsanus
cTpajziaer oT OIM30PYKOTO M30JMPOBAHHOTO YMa, OTJEIIbHBIN KpaTKuil 0030p, KOTOPHI NPe0TBPaTHIl, CHHTE3 TOTO, YTO
HaOmonancs: «CeronHsmHss HayKa CYUTAETCS CIIUIIKOM NPUMUTHBHOM, JEHCTBUTEIBHO MOXHO CKa3aTh, YTO 3HAHHS HayKU
Ha CJIMIIKOM HU3KOM ypoBHE. OHa 10 CHX MOp HE OCMENIIIACh TOCTATOYHO JAJIEKO YIIIyOUThCS B 00IAacTh SHEPTETUKH, U
€€ OTHOILIEHHE OCTAETCS YUCTO MATEPHATUCTHUECKUM. [0 3TOM mpUYnHE MBI HAXOAUMCSI U IO CEH I€Hb OCTAEMCsI Ha OTHOM
Mmecre. [To Bcelt BepoITHOCTH, 3TO pa3BUTHE OBLIO HEOOXOAMMO, U JOJDKHA BOCIIPUHUMATHCS YEIOBEYECTBOM KaK €Ile OfHa
ommboyHas ucturHa.? M

be3 COMHEHUS, CYIIECTBYET OIIPEACICHHOE IIPAaBUIIO 06yquI/Ie MOJIOOBIX mo;:[eﬁ Xopouro pa60TaTL, METOA BBEPX-BHU3, OHU JOJIKHBI ITOHATH
4yepes CTpajlaHusl [ICHHOCTh MX XJieba HacyiiHoro. To ecTh, BMECTO TOrO 4TOOBI ABUTAThCs BIIEPE]l, OHU HIYT B 0OpaTHOM HaIlpaBJICHUH Bce Oonee
YCOBEPILICHCTBYIOT U YIIy4IIAIOT METO/bI pa3pyliatoiue ApmxeHne. 0o Tonbpko TakuM 00pa3oM MOKET MPOIBETATh 00YUYEHUE CETOTHILIIHUM
CTapbIM MPUHIUNAM. ' »

B ominurie oT cCOBpeMeHHO!N Hayku, BUKTOp BHeIN, BOJIO U IyX, K&K OCHOBHBIC IIPHYMHHBI CHIIBI (HU3NYECKOTO
cymecTBoBaHusA. OHU pacKpBIBAIOT ce0sl MOCPEICTBOM Pa3IMYHBIX HU3IIMX U BBICOKHX BEJIMYHMH SHEPIHH MPHHAIISKAIIUX K
4 ¥ 5 MpOCTPaHCTBEHHBIM YPOBHSIM, T. €. 4Yepe3 3TU Oojiee TOHKHE, He MPOCTPAHCTBEHHbIE W3MEPEHHs OBITHSI, KOTOPbIC
MIPUCYTCTBYIOT, HO HE BOCIIPUHUMAIOTCSL B TPEXMEPHOM MHpE, K KOTOPOMY MbI IPUBBIKIH. W3 npupoaHoro agupa, KOTopsIid
obnaaer oueHb BHICOKOM 9aCTOTOM U (GOPMHUPYIOIINM MOTEHIMAIOM, STH TaK Ha3bIBaeMbIe "BO3ZMOXKHOCTH", KOTOPEIE, B
CBOIO OY€peab YPE3BbIUAITHO UyBCTBUTEIbHBI U HEYCTOMUUBEI B COCTOSIHHE SHEPIEeTUYECKOTO PABHOBECHS, XKAET IPABO
CTHMYJI U TIOBOJ ITPOSIBUTH ce0sl. B BO3MOXXHOCTH YIOMSHYTH O HHX, BHICIIMX ¥ TOTOMY MOIITHEE U TITyOOKO
CTPYKTYpPUPOBaHHBIX U3MEPEHHUH PeaIbHOCTH, COOCTBEHHOE NMOHMMaHKHE BUKTOpa MX TOIKHO OBITH 6 ypoBHEH ( 6
M3MEPEHHH), T/I€ MHKAICYIALM ¥ TOHUMAaHUE U3 JAHHOTO MOHATHS WK SIBJICHUS KaK OZHOBPEMEHHO, TaK U MOJHOE,
nenoctHoe. Bo3mokHo 310, HasbiBaercs u3mepenueM 'JIOBPATBCS 10 CYTU' unu yucras npasaa, KpUcTajabHas ICHOCTh
IIPO3PavYHOCTb, TOJIHOE TOHUMaHKE 1IETbHOCTH, JIMILICHHAS BCcell HEYBEPEHHOCTH U HESICHOCTEH.

C 1930-1933 Buxkrop Lllaybeprep pa3paboran CHCTEMBI ISl pETEHEPAIMH BOBI M TIPOU3BOJICTBA BRICOKOKAYECTBECHHOM
MTUTHEBOW BOJIBI, JUISl KOTOPBIX MMPUMEHSIOTCS maTeHThl 1934 rona. (cM. puc. 15,2). D10 10BOJIBHO IPOMO3/IKUIN MPOTOTHII,
OBLTH 3aTeM SHICBUIHBIC YCTPOMCTBA, KOTOPhIC OBUIM HAMHOTO MEHbIIIe U Topasnio 6osee 3¢ dextupnbl. [Ipu npoBeaeHn
HCTIBITAHUS B CBOUX AKCTPEMAJIbHBIX YCIOBUIX, 3aMETHM, OHU Pa3BHIIM TaKyO MOIIb BHYTPEHHETO BCAChIBaHHs (pa3psKeHUE),
YTO Aake IUIOTHAS PTYTh (MPeNeNbHO IUIOTHAS MOJIEKYIISIpHAsl CTPYKTYpa) ObliIa He B COCTOSIHUH BBIAEPKUBATH OTPOMHBIE
CHJTBI BCachIBaHUsSI U IIPOCadrBajach B BOLY, IPOXOAAIIyIo jerko. HecMoTpst Ha To, 4TO mpousoluia yreuka, OHa Morja
MIPOU30UTH TOJIBKO IPU OYEHB BBICOKOM pa3psuKeHUH, 3¢ (eKTa BakyyMa, KOTOPBIH OTCYTCTBOBAJ IIPU HOPMANBHBIX YCIOBHAX
9KCILTyaTalllH, IPaBUTEIHCTBO HHPOPMHUPOBAJIO, YEPE3 CBOETO KOHCYNIBTaHTa npogdeccopa JAUpHHT, 4TO 0OIECTBEHHOCTh HE
MOXET IO/IBEPraThCsl ONACHOCTH OTPAaBICHUS PTYThIO. AKIIEHTHPOBAaB BHUMaHMs Ha yTEUKy PTYTH, BCE JallpHelIIee
WCIIOJIb30BaHUE MAILIUH YIS pereHepaluy 1 MPOU3BOACTBA POJAHUKOBON BOJBI U CYIIEP - JUCTHIUIMPOBAHHOW BOABI OBLIO
3amnpenieHo. JleficTButensHOCTH MaluHbl Bukropa I1laybeprepa, BUIUMO, KOTO TO 3aCTpomiv (00UAe ) B BBICHIMX SUISTOHAX
BJIACTH, OHU Y HEro ObUIN KOH()UCKOBAHbBI U YHHYTOXKEHBI aBCTPUHCKOM MOJIUIUEH.

OH ObUT 6eTbMOM Ha I1a3y ISl HAyYHO-TOCYIapCTBEHHBIX YUPEKICHUH, Noro 6oposics BUkTop 4To0bl COXpaHUTh
Peitn u JlyHaii oT nmoyHOTO Kpaxa, MpoCHJI KCIOIb30BaTh €ro TEXHOJIOTHIO Ha MPAaKTUKE, eMy oTKa3aiu. B Hauane 1932 roxy on
HAIMCaJl CTaThio 0 peabunurtanuu JyHast moJpoOHO OMUCHIBAas MEPBI, YTO HEOOXOAUMO MPEANPHHSATH IS TOTO, YTOOBI
BOCCTaHOBUTB OTY BEJMKOJICITHYIO PEKY, KaK OHa Oblia JaBHBIM-JIAaBHO. DTa CTaThsl OblIa BKIIIOYCHA B KAYECTBE OTACIBHOM
miaBel nipo "JlyHait", uccnenoBarenbckol opranuzanueid MexayHapoanoii Hynaiickoit Komuccun, cocrosieit u3
IIpeAICTaBUTENCH OT Pa3IMYHBIX CONpPENENIbHBIX CTPaH e npoxoaut JlyHaii.

Korna yMHOBHHKH C yacoM 0OHAPYKMIIM YTO BaXKHBIN JT0KIax BukTopa ObUT BKIIIOUEH B 3Ty paboTy, BECh TUPax ObLI
U3BSIT, YHUUTOKEH U niepensaanbl B OkTa0pe 1932 6e3 ockopOisiorieii cratbu BukTopa, 6e3 yuera pacxoIoB Ha H3bSITHE
OpHUTHHAIIBHBIX MyOIUKauid, 310 coctapuio 6onee 100 000 mmIIMHIOB - 04eHb OolblIas CyMMa B TO BpeMs. Bee ato
MIPOM3OIIIO B 3HAYMTEIILHON CTEIICHN U3-3a JICHCTBUI HETPUMHUPUMOTO aHTaroHucra Jlokropa Dpenbeprepa, KOTOPbIi
npecienoBai Bukropa [llaybeprepa Besne, rie OH HOSBISUICS. DTO B KOHEYHOM UTOTE CIIPOBOLIMPOBAIIO PE3KUM OTBET OT
Buxkropa lllaybeprepa B 0CHOBHOM B (hOopMe ITHUCEMa, COAEPIKALIEero JBAALATh IEBIATH BOIIPOCH! KOTOPbIE HIKE MPEACTABICHBL:

«3HaeTe M BbI, 4TO Hepel OOIbIINM COOpaHHEM YHHBEPCHTETCKUX MPO(eCcCOpOB B ayTUTOPUH TEXHUUECKOTO YHHBEPCHTETA
CeNbCKOXO3SHCTBEHHBIX HayK, mpod. DopxreiiMepy yaanoch IpoJeMOHCTPUPOBAThH Ha HOCKE, YTO TEMIIEPATypa BOABI UIPAaeT He TOJIBKO BAXKHYIO, HO
Ha cCaMOM JI€JI€ ITIaBHYIO POJIb B IBUKCHUE BOI[I)I?
3Haere 11 Bbl, uTO 1pod. Dopiierimep mpocuin MeHs OryOIMKoBaTh MOM HaOmMoeHus B xkypHaie "BoxHoe XossiictBo" (Wasserwirtschaft) u

410 caM npodeccop caeamt, 4ToObl MO CTaThU ObLIN OIMyOIMKOBaHBI?

3HaeTe JIM Bbl, YTO MH)XXEHEPhI peuHbIX oT/enoB BeHsl, JInHua, [Iparapra u bperenna, ruiporeXHUKy B JlaHIUre U B APyrux MEcTax
moTpeboBali HEMELICHHO yOpaTh CTaThl U3 )KypHaja, B IPOTHBHOM CIydae OHH OMHIHATbHO PACTOPTHYT MOAMUCKY Ha 3TOT HaydHblii sxypHan?

3HaeTe Ji Bbl, 4To Oosiee 100 yueHBIX JOrOBOPHIIMCH HE JIOMYCTUTh MEHS Ha FOCYIapCTBEHHYIO CITYXO0y U C/IeNaTh BCE YTO Obl MEHsI YBOIMIN?

3HaeTe Jn BbI, YTO IIpHU CO)IGﬁCTBPIH TIOMOIIIHUKA CEKpETapsi, HHIKECHEPA KoGepa, s BBICKA3aJl CBOKO FTOTOBHOCTH OOBICHUTH NPUHIUAIIBL Moe
CHUCTEMBI PETYIINPOBAHUS PEK Hy6J'II/I‘IHO B TEXHUYECKOM YHUBEPCUTETE CEJIbCKOXO3SIICTBEHHBIX Haqu

3HaeTe 1 BBI, UTO 3Ta JICKOUA OblIa OTMEHEHA B TIOCIETHIOI0 MUHYTY PEKTOPOM, TOKTOPOM OHB6pI/IXOM?

3naere 1 Bel uTo myOau4HO 3asBuUI podeccop B NPUCYTCTBUU CBUAETENEH, YTO 3TO COOBITHE 3aTMUT BECH IIEPUOJL €TO MPENOJaBATENIBCKOTO
cTaka U ero Kak pekropa?

3naere 1 Bbl, uto DenepanbHblil aBcTpHiickuil JecHol JenapramenT nomwkeH Obut 3arutatuth 5 000 (aBeTp. mmnnaros ) 3a 1000
HeoOpaboTaHHOrO Jieca (Jlecomarepuara), Koraa st Obul B COCTOSHHMU JIOKA3aTh, YTO 51 MOTY TPAHCIIOPTUPOBATh 3TOT JIeC Ha paccrosiHue 30
KM JUKHUM, HEITIOKOPHBIM ITOTOKOM BOJBI IIPOCTO C IIOMOLIBIO TEMIIEPATYP U TO, YTO KOMIICTEHTHBIC OPraHbl ObUIN HE B COCTOSTHUU CIUIABUTH OIVH
10T Jieca Aaxe Ha 50 MeTpos?

3Haere 11 BBbI, UTO Balla CTarbsa CO31aCT OOIBIIE TPYAHOCTHU AJIA MEHS B HEMEIIKOM ITaTEHTHOM BEJOMCTBE, IIOTOMY YTO MEHS IMMO-BUAUMOMY
CUHTAKT JDKCIIOM U MOILIEHHUKOM?

3uaete a1 BBI, YTO A BCTYIIAJI B IIEPETOBOPHI C CAMBIMHA pa3H006pa3H1>1M1/1 HWHOCTPAHHBIMHA MI/IHHCTpaMPI " 4TO Ka)K,HBIﬁ pa3 nmeperoBopul
BCeT/Ia MPEPHIBAINCH B MOCIEIHIOI MUHYTY U3-3a TOIYYSHHUS! HETOCTOBEpHOM nHpopmarmn?

3Haere 11 Bbl, 4TO 51 ObUT Mpurtaien Ero BennyectBom koponém Bonrapuu, i 4to TaM Toke AHATOrHYHbIC KICBETHHYECKHE MaTepUaIbl



ObLTH TTOCTaHbl 13 BeHb?

3HaeTe 1M BbI, 4TO I'-H BepHep L{luMMepMaHH Tak jke HEOJHOKPATHO JIaBajl MOHSATh, YTO HU KOTa M HU 4ero o0IIero He OyIeT HMeTh CO

MHOI?» '¢

Uro 65! TO HU ObLIO MbIcH Bukropa IllayGeprepa B ABCTpHH, CIOBOM €r0 CIIOCOOHOCTH U BBICKA3bIBaHUS,
cozeprKamuecs B ero nocieaneit kaure, Ham becempicnernnstii Tpya - ucrounnk Becemuproro Kpusuca ', Buaumo,
JIOCTUIIIM JIPYTUX Yl B ToM ymcie u Anonbda ['utnepa. B To Bpems, korna oTHoIIeHUst Mexy ABctpueil u 'epmanueit
OBLTH Ha PEKOPAHO HU3KOM ypoBHE, Bukrop Illaybeprep ObUT BEI3BaH Ha ayMUEHIIMIO ¢ peiixckaHiyiepoM B bepiuH.
[IpensapurensHas pabora Oblila OpraHU30BaHa U BCE JOKYMEHTHI O)OPMIIEHBI B T€UEHHE OJJHOTO JHA. Brpyr Bukrop
[Tay6eprep yexan B bepnuH Ha BcTpedy ¢ [HTIIEpOM, KOTOPBIH BCTPETHII €T0 TEIUIO, KAK 3eMJISIKa, TOBOPSI MY, YTO OH M3y4HI
BCE OTYETHI 0 paboTe BukTopa TmarensHo U ObLT 04eHb BIEYATIICH TEM, YTO OH y3HAII.

Tpuanare MUHYT OBUTH BEIIETIEHBI IUIsl OOCYKIEHNUS, B KOTOPBIX 1pod. Maxkcy IInanky ObU10 IpeyioxkeHO MPUHSTH
ydJacTHe B Ka4eCTBE HAyYHOTO PYKOBOIUTEISI HE3a10JIr0 JI0 €ro rpy0oro CHATHS CO CBOETO M0CTA, KaK TaifHOrO COBETHUKA
(urmuona). DToT 0OMEH MHEHHMSMHU B KOHEUHOM HTore nponospkaics 1,30 vaca, B Teuenue koroporo [1laydeprep oObsicHMI
pa3pyLIUTEeNbHOE ASHCTBHE COBPEMEHHON TEXHOJIOTHH U ee Hen30exHble nocueactsusi. OH CONOCTaBHII 3TO CO BCEMHU
IIpolieccaMy €CTECTBEHHOI'O JIBIJKEHHS M TEMIIEPATyphbl, ’)KU3HEHHO BaXKHbIE CBSI3U MEX/Y 1€PEBBEB, BOJIbI M IIOJOPOAUS
I0YB, IEWCTBUTEIHHO BCE, YTO OH CUHUTAI IOJDKHO OBITH TIIATEIbHO TIOHUMATHCS M TIPAKTHKOBATHCS C LIENBIO CO3MAaHHS
YCTOMYIMBOTO U >KM3HECIIOCOOHOT0 00IIeCTRa.

Korna Bukrop 3akoH4mn cBou o0bscHeHus, Maxkc [TnaHk, KOTOpBIH MOJIYai, CIPOCHIM O €r0 MHEHHUH O MPHUPOIHON
Teopuu Bukropa. Ero oTBeT GbUI 3aMeUaTENbHBIM M YTBEPAUTENLHBIM, TO «UTO y HayKH, HET HU 4ero obiero ¢ [Ipuponoi» .

OcTaHOBHMCSI HA MHHYTKY, YTOOBI IIPHHSATH Y9aCTHE B 3TOM YAUBUTEILHOM MpUEME, TO YTO BHUKTOp mpearan 4eTeipex
JICTHUI I1aH, TaK Ha3bIBAEMBIU T1aH [epHuHra TO, YTO 32 KOPOTKHUII CPOK MOKHO IOCTENEHHO MOJ0PBaTh U B KOHEUHOM CYETE,
YHHYTOXHTBH Ononoruyeckue Gpouapl [epmanun. B pesynbrare Tpetuid peiix mpoauTes UMb OKOJIO AECATH, a He kKak 1000
ner. (Buxrop He nanex B cBoel onenke!) Bo Bpems nepBoii yactu oOcyxaenus, [ utiep Obl1 3HTY3UaCTOM, HO OH CTall
B3BOJIHOBaH T€M, YTO OH TOJIBKO YTO YCJIbIIIAJTI U MPHUKa3aJl CBOUM TCXHUICCKHUM U 3KOHOMUYCCKUM COBETHHUKAM, rocriogam
Kennepy u Busyxny, uroOsl onu o6cynunu ¢ laybeprepom uto MOkHO czenarh. Kak Tonbko ABeph 3aKpbLIach 3TH JIBa
YeJoBeKa MoTpedoBaM 3HaTh, Kak BUKTOp ynoCTOMIICS TakoH YyecTu, U OHU OyAyT CIpalIuBaTh €ro Kak UM IOCTYIaTh B
IIEPBYIO O4epe/ib. Bo3MyIeHHBIN 1 CBUpENbI CHUCXOUTEIBHBIM BHIIOM, OH OTBEeTHII: "Uepe3 Ty xke ABepb Yepe3 KOTOPYIO 5
TOJIBKO 4TO BhIIIEN"! Bus, 4TO €ro uien He MPUHSATHI, OCTaBUII UX HEJJOYMEHUH, OH BEPHYJICS B CBOH OTEJIb U yeXaj B
ABgcrputo crenyronmM yrpo. Kerep u BustyxH, Bce ke, MOTy4HIIM pEBaHII MTOCIIe AHIILTIOCA (HAaCHIBCTBEHHOE BKIIOYEHNE
AscTpru B coctas pammcrckoii lepmannn) 13 mapra 1938 rona.

B Bene B TOM ke rofy, OH I 4aii ¢ Muccuc Manawm [IpumaBecn, n3BectHast purypa B BeicIieM odmecTse, Bukrop
W3BUHUJICS TOBOPSL, YTO €My HaJI0 OTIYYUThCS B TEUEHHE OKOJIO JBA/ILIATH MUHYT JJIsl PyTHHHOTO MEAUIIMHCKOTO OCMOTpa ero
paH MOJyYEHHBIX B MepBOi MUpOBOIi BoliHE B OMu3iexkaiieii YHUBEPCUTETCKOM KIMHUKY B BeHe, 11 OIICHKHU ero TpaB Ha
oJlyueHne BOeHHOH neHcuu. Korjja oH He BepHyIcs B CpoOK U Tak Ipybo ocraBuMm muccuc Manam [lpumasecu, oHa npunia B
SIPOCTB M OTIIPABUIIACh HA €TO MOMCKU. Bo3MylieHHast, OHa MOILIa TyAa, T€ OH XU, U CKa3ajia ero eHe, Ha 4TO JKeHa
OTBETWJIA, YTO OH HE BEPHYJCS M UTO 3TO HE MIOX0XKE Ha HEro, 4TOOBI BECTH ceOsl TaKUM 00pa3oM, 3aTeM OHa OTIPABHIIACH B
KIMHUKY. [IpoOuBLIHCH K AupeKTOpY, podeccopy Ilomsiy, KoToporo oHa XOpouIo 3Hasa, OHA OTKa3aaack MOKUIATH
3aBejieHHe, I0Ka He OTHIIYT BHKTOpa M B KOHEUHOM MTOre OH ObUI HalJIeH 3ape3epBUPOBAHHBIM - B OTICIICHUI
CyMacUIeAmMX. AHrelbl-XpaHUTeNnd BukTopa DoMKHBI OBITH O4€Hb OOUTENBHBIMH, K00, HECMOTPS Ha €TO CTATyC MEPCOHBI
HOH-TpaT B TpeTbeM peiixe, eMy Kak-TO BCET/a yIaBajJoCh BBIKUTb.

Hecmotpss Ha HOBBIM TOPSAOK Tocie AHIUIIOCA W IaMOKJIOB M€Y BHCSIIIMN HaJ TOJIOBOM, 3aKaJICHHBIM Ha HEyAaun
1 C HEYKPOTHMBIM MY>KECTBOM M YMOM HHM IPEKpallias HU Ha MUHYTY, BUKTOpP CIIOKOHHO IPOAOIIKa CBOM UCCIIEIOBAHMS.
Ero rmaBHBIM cTpeMiIeHHEM OBUIM HCCIIEAOBAHUS SIBJICHUI U B3aMOCBS3€H, KOTOphIe ero uHTepecoBain. OH 0O0HapyXuBa
3¢ EeKThI, TO, 4TO-TO paboTajIo, OH OTMEYaN ATOT (DAKT, a 3aTeM CaHIICs 3a ciieayoumid mpoekT. OH HUKOTIA He ObLT OYCHb
3aWHTEPECOBaH B KOMMEPLUAIN3AIMYA CBOUX OTKPBITHH.

Kak Bcerna oH npecienoBai cocoObl TeHepaliy SHEPTHH C BOAOH Yepe3 B3anMOJEHCTBHE ONONHSIONIMX APYT APYTa, a
HaNpOTHB, pa3IuyHble (HJOPMBI SHEPTHH, TO €CTh TEIUIO U XOJIOJ, AIEKTPUYECTBO U MArHETH3M, H LIEHTPOOEKHBIE U
LEHTPOCTPEMHUTEINBHbIE (JBHKEHHE K LIEHTPY), 00a acleKTa KOTOPbIe B COBOKYITHOCTH CO3JAI0T SIUHCTBO, LIEIOCTHOCTD Yepe3
UX CHHTE3, B3aUMHbIE B3aUMOJICHCTBHsL. BUKTOP BHIET, YTO BCaChIBaHUS M JABJICHUS MOTYT ObITh CKOHCTPYHPOBAHbI
PaBHOCHIILHBIM (QHAJIOTMYHBIM) 00pa30M Ha OZHOM OCH, 4TOOBI IPOU3BOUTH MOUIHBINA ABMXKYIIUH d3Qdekt. B 1936 rony on
YCIIEIIHO UX MPUMEHSET B BBIJAHHOM ITaTEHTE Ha BO3AYLIHYIO TYpOHHY, KOTOpas IIOCTPOEHA Ha UCIIOIb30BaHUH
LeHTpocTpeMuressHoro "KoMmpeccopa" u Hape3HOH LIeHTpaIbHON BBIXJIOHOM TpyOs! (aBcTpuiickuil mareHT Ne. 145141). 3a
STHM TOCJIEA0BANIM JAbHEHIINE aTeHTHBIE 3asIBKH, B KOTOPBIX 3Ta KOHUENIUS OblIa yiydilleHa. XOTS B IOCIIEACTBUU
Bce cliesibl OOJBIIMHCTBO U/ei ObUIN yTpaueHbl, IPUOOPHI B ATHX NMATEHTaX OMHCAHHBIC MO3KE ObUIM HE TOJBKO B COCTOSHUU
peoOpa3oBaTh MOPCKYIO BOLY B IPECHYIO BOY, HO TaKXKe MOTYT OBITh IIPHMEHEHBI B BO3AYLIHBIX CYAaX, SHEPTETUUSCKHX
YCT@HOBKaX U B IMOJBOAHBIX JoaKax. ONMH N3 MHOTHUX CIIy4aeB, Korna BuUKTOp cran )kepTBoil 00MaHa U ero ujaeu Obuin
y3ypIupoBaHbl. B 1okyMeHTax, AaTupoBaHHbIX 1941 T., OH omnHChIBaET, Kak mpodeccop DpHCT XeHHKEIb, YCIICIIHBIN
JU3aifHep NepBOro peakTHBHOTO camonera (riepBblit monetr 27 asrycra 1939 - puc. 1.1),
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Fig. 1.1 First Jet Aircraft (Heinkel)



He3aKkoHHO noiyuwi PopMy u3 npeaBapuTeabHOH 3asBKy BukTopa n3 IlarentHoro Beomcta B bepnune uepes cBoux
MAaTeHTHBIX PEruCcTparopos, Jlemana - XapeHca.
TmarensHo M3yunB ux, XelHKeNb 3aTeM
BBIPA3UII CBOIO HE 3aMHTEPECOBAHHOCTH B HUX,
HO TYT e Oblla OpraHu30BaHa CEeKpeTHas
IporpamMMa UCCIEIOBaHUMN, HCTIONB3YS ATy
MH(OPMAIIHIO B U3MEHEHHOM BHUJIE, YTOOBI
IIOBBICUTH CKOPOCTb CBOETO UCTPEOUTENS Ha
1000 km/4, ckopee Bcero, 9To mpoekt He-280.
Hapymienue koHGUIEHINAIEHOCTH 3asiBKH
BukTopa 0510 YroioBHO Hakaszyemo. XKemas
n30exarp apecTa u Jyis TOro, 4To0bl
IIPOJIOJKATh UCIIOJIb30BATh HE3aKOHHO
MOJTyYCHHbIC IaHHBIE, XCHHKEIbh OOMaHHBIM
IIyTEM IIBITAJICS 3aIITEPUTh HCTIOIB30BaHNE
rateHToB Bukropa: npeoOpa3oBhIBaTH MOPCKYIO
BOJIBI B MPECHYIO BOMY, IPUMEHEHSTH K
JIBATATEISIM CAMOJICTOB U ITOJBOJHBIX JONOK, Oe3
€ro yJacTtus - Tonbko ¢ HuM. [Ipomomxkain ceon
TaifHbIe SKCIIEPUMEHTHI, HO 0e3 YCIIEIIHO 13-32
OTCYTCTBHS HaJJIeXKAIIero MOHUMAaHUS,
"XelHkenp", ¢ OTCYTCTBHEM ITHYECKHAX
IIPUHLHIOB, UCKaJl COTPYIHUYIECTBO ¢ BUKkTOpOM
B IIpOeKTe. XOTsl HEKOTOPBIE PEKOMEHIAINHI
JlaBajl B KOHEYHOM CYETE CTaj0 U3BECTHO O
¢axrax Hapymenus, Bukrop nepecran
COTPYIHUYATD, U TAIbHEHIIIE KOHTAKThI
MPEeKPaTUINCh. VICToNb3ys CBOIO HACTOWYIMBOCTD
00MaH M coxpansist BCE MPU3HATEIBHOCTD 32
c000i1, 3aMeTHM, YIOPHBIE UCCIEIOBAHMS
XelHKens, KOTOpbIE, Kak MIPSIMOE CIIEICTBHE
[IpUMEHEHHs TeopuH BukTopa, HaKoHeI|
3aBEPIIMJIOCH 3HAYUTEIBHBIM YIydllIeHHEeM
Typ6uH. B cBete sToro Bukrop Ilaybeprep, B
KOMIIAaHWH C IPYTUMH, TAKUMH Kak cop OpaHK
YuTTiI, u300perareis aHIUHCKOTO PpeaKTHBHOTO
JIBUTATEIISI, MOXKET TaK)Ke PacCMaTPUBATHCS B
KauecTBE PaHHETO BKJIaJa B CYILECTBYIOLIHE
peaxkTHUBHBIE IBUTATENH. J{eHCTBUTENBHO, C
TOYKH 3pEHHS IPOSKTUPOBAHUS JIETaTEIbHBIX
anmaparoB, OH Ja)ke 3asIBJISUL, YTO JUISL TOTO,
9T00BI YCIENTHO Pa3BUBATh U CTPOUTH OBICTPO
JIETAOIIHEe, CBEPX3BYKOBbIE CAMOJIETHI, HaJI0
CKOIIAPOBATh TeJeCHbIE (POPMBI TITyOOKOBOAHBIX
pw10. Ceromust "O0MOapAMPOBIIMKU-HEBUIUMKH"
OUYCHb AIMUTHPYIOT 3TH (hopMmbl (puc. 1,2).

B 1939 rogy nuuHble UccaeI0BaHUS
BukTopa mpakTH9ecKy MOAOIUIH K KOHILY, BCe
MarepHabl, HEOOXOAUMOE eMy BpeMs,
ACCUTHOBaHHBIE Ha BOGHHOE IIPOU3BOACTBO. B
1941 roxy, oH ObLI BBI3BaH MapIIajoM aBHALU
OpHCT VaeT 00CymuTh pacTyIInii KpU3UC
IIPOM3BO/ICTBA SHEPTUH U CPENICTBA €€ PEICHNSI.
IMTomerenus ObLIN BIIOCTIEACTBUY BBIACTICHBI
0KO0JI0 AyrcOypra Ha UCCIIEIOBaHHS U
pa3pabOTKH, KOTOPBIE HU K Y€MY OT YacTH U3-3a
CcMepTH YeTa ¥ 0TYacTH IMIOTOMY, 4TO OOMOHIII
coro3HUKH B 1942 rogy. B 1943, necmoTps Ha
MOTEPIO TPYIOCHOCOOHOCTH Ha BOWHE OT paH U
Bo3pacte 58 net, Bukropy Ob110 00BSIBICHO, YTO
OH TIPUTOJCH IS JCHCTBUTEIBHON BOSHHOU
ciyx0e u 0611 BBenieH B Badden-CC, non &
MPHHYKICHHEM. OH HONAN NIO7L KOHTPOIE Fig. 1.2 Stealth bomber and flat fish
I'enpuxa ['mMMIepa, KOTOPBIA BBIHYIHII €T0 K .

HayYHBIM HCCJIEIOBaHHUM II0 Pa3pabOTKe HOBOTO CEKPETHOTO Opykus. [IpH ycioBuy, ¢ MOAXOAsIIeM xmibe B 3aMke [1leHOpyH,
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HEeIOoAANEeKy OT KOHLIEHTPAIIMOHHOTrO Jarepsi MayTxay3eH ¢ HOMOILbIO PadOUX CHJI 3aKJII0YEHHBIX HHXEHEPOB, BUKTOpY
YIPOXKAaJIN €T0 KU3HBIO, €CIIM OH HE MOAYMHUTLCS MPUKa3y, BEITOIHATH HccienoBanus. HecMoTps Ha 9TH yrpo3sl, Buktop
TOIHYJI HOTOH U oTpeboBai oT koManoBanuss CC abcoaroTHOE IIPaBo BEIOOpa €My HyXKHBIX Pa3IM4HBIX HHXKeHepoB. Kpome
TOTO, OH MOTPeOOBa, YTOOBI JTFOOOH TEXHUK KOTOPOTO OH BBIOEPET J0JKEH OB MOKHHYTH JIAreph, UX JOJKHBI XOPOILIO
KOPMHUTb, [IEPEOJIETh B HOPMAJIbHYIO I'PAXIAHCKYIO OJIEAKY U IIPOXKUBATH B KBAPTUPE, B IPOTUBHOM CIIydae OHH OyayT
HCTIPOAYKTUBHBIMU. On 06"I>HCH$[J'I, JITOAX, KOTOPBIC XKUBYT B CTPAXe 3a CBOXO XXU3Hb U IO 6OJ'IBIHI/IM OMOIHMOHAJIbHBIM
CTpECCOM HE MOryT paboTaTh HU MOCIEA0BATENbHO, HU TBOpUYECKHU. YauBuTenbHo CC contacunach U Ho3ToMy Bukrop
BBIOPAJIM TZIe-TO MEXIY ABAALATHIO U TPUILATHIO HH)KCHEPOB, MACTEPOB U PEMECICHHUKOB U3 MayTxay3eHa, KOTOpbIe MOIIH
HaXOAUTHCS B PA3IMYHBIX JIOMaX PAJOM C 3aBOJOM.

Korna Bce onu Obmu coOpanbl. BukTop mpusBai ux padoTaTh Tak XOPOIIO, KaK OHM MOTYT, KaK HU KOTJa, IIPU MOIBITKE K
OercTBy B MPOTHBHOM CITy4ae €ro U HX BceX yObIoT. OHU MPUCTYIIIIN K paboTe C SHTY3Ma3MOM U, He IOHUMas, 9To BukTop
IIBITAJICS IOHECTU CYTh, OHU BCE-TAKHU BBINOJIHSIIN HHCTPYKIUY TOYHO. [[BE€ MAIIUHbI ObLIX B KOHEYHOM CUETE ObLIU
MMOCTPOCHBI, O/IHA Ha3biBaeTcs "Pe-mynbcatop (moBTopsomuii uMmyibebl) Repulsator” u apyras "Repulsine", 4To akTHBHOM
cuiI0i B HUX ObLIa oTa4a cTpyu (oTckok cTpyH) (Kak B TypOune Ilentona). O0e MalIMHBI HCHOJIB3YIOT CUITY YIZIOTHEHUS -
HMIUTO3HH, KOTOPasi ropaszio 0ojiee MOIIHAs, YeM B3pPBIB. XOTS OTH YCTPOHCTBa OyIyT pacCMOTpEHBI Oojee oapoOHO B
miaBe 21, TouHO# HH(OPMAIMY O HUX MOTYYUTh TPYAHO, TOTOMY YTO TIOCIIC OKOHYAHHS BOMHBI BCS CBEPXCEKPETHAS
nHdopmarys OblTa KOH(PHCKOBAaHA 1 BHIBE3EHA M0 COIO3HUKAM - PYCCKHMH, (paHIly3aMH, aHIIMYaHAMH ¥ aMEPHUKaHLAMH - 1
CIIeIOBATENFHO, OOJBbINE HE JOCTYIHA LIS ITUPOKOI 00IIecTBeHHOCTH. He cylecTByeT Takke H CIIeIOB NaTeHTOB BrkTopa
BOEHHOTO BPEMEHH, KOTOPBIE, COITIACHO CBOEMY OOBIKHOBEHHUIO OH HaBEPHSKA MOaBall.

C ompeneneHHON ToUkH 3peHusi, Bukropa [llaybeprepa MOXHO CUMTATh BE3yHYMKOM, IOTOMY YTO BMECTE CO CBOEH
KOMaHJIOH MHXEHEPOB B KOHIIE BOWHBI, OH Obl1 HanpasneH CC B aepeBHto JleoHmTeiiH B BepxHioro ABCTpHUIO U3-3a
6ombapaupoBku Bensl, BriocneacTBuu, B Mae 1945 oHa momnana noj BIUsSHUE U OKKYITMPOBaHHA aMEPUKAHCKUMH BOMCKAMH.
B Jleonmreiine Bukrop OblT apecToBaH Ha AEBSITH MECALEB, AMEPHKAHIIBI ABaXKAbI OOBICKUBAIIM €T0 KBAPTUPY U BEIH
HapyXHOE HAOIOIEHHE TI0 TIEPUMETPY. ITO OBLIO CIENIAaHO YACTHYHO JUIsi cOopa MH(GOPMAITUH, €T0 AOTIPAILIUBAIIH, XOTS JUIs
HETo 3TO ObLIO JIy4IIUM 00pa3oM, BO BpeMsi BOMHBI HCCIIel0BaHUS B ""BEICIIEH" aTOMHOI sHepruu B MayTtxayseHe u
JleonmTeiiHe U TaKke C MENIbI0 MpeAoTBpanieHus ero noxumenns Pycckumu. [lonTeepkaenne 3ToMy MOKHO HATH B TUCHME
BukTop Hamican Hemerkomy Musuctpy o6oporst ®paniy Mosedy [Itpaycy, 28 despans 1956 roma. B nem ou
pacckasbIBaeT, Kak MOCIeiHee YCTPOMCTBO, HaJl KOTOPOM OH paboTait ObUIO U3BATO TOJBKO Yepe3 HECKOJIBKO JHEH Mocie ero
YCIEIIHOIO MOoJeTa aMEPUKAaHCKUMU Pa3BeAUMKaMU, KOTOPbIE, Ka3al10Ch, OUEHb XOPOILIO HHGOPMHUPOBAHEI 00 ITOM.
Hawnbonee BaxkHbIE CBEACHUS IOCTAINCH PYCCKUM, ITOCIe 00bICKa KBapTUPHI B BeHe nocie yxona oxu e€ B3opBainu. Kax
TOJbKO BUKTOpP OBUI TIIATENHHO "MIPOUHCTPYKTHPOBAH", €My OYEBUIHO, YTPOXKAJIH HOBBIMU apeCcTaMH, OH ObLIT HE HACTOJIBKO
DIyTI, 4TOOBI IPOJOJDKATh CBOU MCCIIEOBAHUS OTKPHITO B 3TOH oOnacty. KpoMme BpeMeHH, 3aTpayuBaeMoro Ha JOIPOC B 3TOT
MIEpUOJI 3aKIIIOUEHHUSI, BUKTOp - PaKTHUECKH MOJTHOCTHIO HUIIUH - 3T0 OBUIO BpeMs ISl pa3MbIIIICHUH U IIepeolleHKa CBOETO
Oymy1ero.

Cpagy ke mocJe BOHHBI UK KaTOCTPOPHIESCKU HE XBATOJIO, M MHOTHE JIFOAW Hepoenaa. Koraa oH ObUT B KOHEYHOM
cuete 0CBOOOXK/IEH, OH Iocenuics B 3abLdypre B KoHue 1946 roga, oH Hayasl UCIONB30BaTh HAa IIPAKTUKE CBOUX OOIIUPHbIE
3HAHWS JUIS CEJILCKOTO XO3SICTBA M CHCTEM KYJIFTUBHPOBaHUS. B corpynanuectBe ¢ @paniem Po3endeprepom (1 kak
oOcyxaercs fajnee B miaBe 19), OH MOT IPOAEMOHCTPUPOBATh, YTO 3HAUUTEILHOE YBEIMUEHUE IPOU3BOAUTEIBHOCTH MOXKET
OBITh JJOCTUTHYTO C TIOMOIIIBIO 3HAHHUH, KOTOpbIE OH MPpHOOpen B bonrapuu 10 BoiHbL. Bee npoasrkeHus B 3Toi oOnacTu
BITOCIIEIICTBUU OyIyT OJIOKMPOBAHBI IIPU TIOMOIIN KOPPYMITUPOBAHHBIX NOIUTHKOB B 1949 rony, Buktop BepHyrcs K cBoMM
HCCIIEeA0BaHUEM UMILTO3HH, SHEPTHU U ABV)KEHUS BOJBI, TIHITAETCS C €70 OTPaHMYCHHBIMU CPEACTBAMH, BEPHYTHCS K €ro Oolee
pPaHHUM HCCIIEAOBAHMSM, KyTIbMUHAIMEH B HAYTHOM MCCIICIOBAHUS U 3AIUTE CBOCH TEOPUH Ha €CTECTBEHHBIN- IPHUPOTHBIHA
notok Bofsl B llITyTrapre B TexHuueckom yHuBepceurete B 1952 rogy noa pykoBoactBoM mpodeccopa ®@panna [Tonens,
KOTOpBIe OyIyT paccCMOTpEHBI OoJiee oaApoOHO Briase 14.

C OBITIIMBBIM YMOM H LIENeyCTPEMIEHHOCTEI0, BUKTOp nponomkan paboTaTh Hal CBOUMH Pa3INYHBIMH YCTPOHCTBAMH.
Anouc Kokanu (Kokaly) 6siBimii karpan B Badden-CC, uznaarens )KypHana UMIDIO3WH, TTOCBATIICHBIH Teopun Bukropa
[ay6eprepa, KOTOPOMY YAAIOCH IO OKOJIBHBIM ITyTSIM HAXOAUTH CPEACTBA [UIS 3aKYIKH MaTepPHANIOB AJIS UCCIIEIOBAaHUI
Bukropa B 3amke 11leHOpYyH, CIIpOCHII €10, MoYeMy OH Tak MHOTO paboTaeT, BHUKTOp OTBETHII eMy: «Sl nomKeH AaTh HCTOUHUK
DHEPruu TéM, KTO 6y;[eT 3alMUIIATh UK COXPAHUTD KU3Hb, KOTOpBIﬁ MIPOU3BOAUT SHEPIUIO, TaK ACHICBO, ACIIEBIIC Y€M NCIICHUEC AICP (aTOMHaﬂ
JHEpreTHKa) OyAeT He TOIBKO HEIKOHOMHYHOMN, HO M CMELIHOMH. DTO 33/1a4a, KOTOPYIO s IOCTaBHII cebe B TO HEMHOTO€, YTO )KH3Hb MHE OTMEPHIIA.» 19

ITpoayKT 3TOro MOCIEAHETO JUYHOTO YCUIIHS CTal AOMAIHUI reHepaTop 3HEpruu, NpuBesieH Ha puc. 1.3 aub,

KOTOPBIH MOCTPOCH Ha BeChMa OTpaHMUYCHHBIE COOCTBEHHBIC CPEACTBA NeHCHOHEpa BukTopa u pesynsrare rpyooi, mpocToi
KOHCTPYKIIUH, He QYHKIHOHHUPOBAJa, KaK OH HAJesyICs, KaK BEISICHHIIOCH, 3Ta MAIIHA ObUTa HEYIauyHbIH KOMIPOMHUCC
MCOXKIY FCOMCTpI/Ieﬁ )51 MCXaHHKOﬁ, KakK OpraHusMm. 3T0 6bIJ'la HECHACTIIMBas KyJIbMUHALWA )KU3HU 3TOI'O0 COBEPIICHHOI'O
3aMedaTeIbHOrO YeI0BEeKa.

Bynyuu npocsemennsivM, Buxrop Illaybeprep ObL1 3TaIoHOM, JIMYHAS HEIPUKOCHOBEHHOCTD, YECTHOCTb U
OTBETCTBEHHOCTb. Ero cIIoBO B JII0OOM Jierie Beeraa ObLIO €ro CYThIO, JaXKe eCIIH OH ObUT B KOHSYHOM HTOTE B MIPOUTPHIIIE.
OH He TepnuT oOMaHa WM 3aKYJIMCHOM Urpsl, B TI000M U3 TeX, C KeM OH padoTai jubo B KauecTBe paboToAaTeIs WU
pabOTHUKA. DTO YacTO CO3/aBAJI0 OTPOMHBIE TPYAHOCTH ISl HETO, KaK Pe3yNbTaT OH IIOHEC 3HAYUTEINIbHBIC JIMYHBIE TIOTEPH.
OH He ObLI NpeIpUHUMATENIEM, PABHO KaK OH HE MMEJI HM KaKOTO0 MHTEepeca K KOMMEPUYECKOM KCIITyaTallud CBOUX
n300peTeHni B LENAX JTMYHOTO 00OTaIleHNS.



Puc.1.3a JIomaniauii reHepaTop MOLUIHOCTH (JHEPTUH) Pucl.36

Ero raBHBIM jxellaHueM ObLIO TO, YTOOBI 00ECIICYNTh HACTOSIIEE U Oy/IyIlee TOKOJICHUS C BO3MOXKHOCTBIO B
IUTaHe 3HaHUH U MAIllMH, C KOTOPBIMH BO3BECTHUTD U MOIEP>KUBATH 30JI0TOH BEK NMpOLBETaHUs, MUpa U rapMoHuu. Ero
IJTaBHOW MPOOJIEeMOH Beera ObUTO HANTH YECTHBIX M OECKOPBICTHBIX JIFONCH, 4TOOBI IOMOUB B pa3paboTKe U
MIPOM3BOJCTBE PA3INYHBIX AlaPaTOB, HEOOXOMUMBIX IS AOCTH)KEHHUS 9TOr0. Bo MHOTHX cliydasix ero JoBepre ObUIO K
COXAJICHHUIO HEYMECTHO, KaK MOKa3bIBAIOT BBIIEPKKH U3 MUcbMa 4 ¢eBpais 1958 npyry, Hekomy muctepy 'P', uepes 7,5
Mecsna Bukrop ymep.

((OT MCHJ BCCTa Tpe6013ann IpeaOCTaBUTH JOKa3aTCIbCTBA. Bcesikwmit pas, Korjaa s 3To Aejajil, MECHA l"paGI/IJII/I 0 TaKoi CTCIICHU, YTO HU YEM
JIPYTHM HE MOT 3aHMMaThCsl, KpOMe KaK Mo4arh emle pas. B geBpansckom Homepe Weltgewissen Bl CMOXKETE TIPOYHUTATh, YTO 3TH alIapaTsl,
KOTOpbIE aBCTpHIICKasi TOCYIapCTBCHHAS IONUNKS U3bsUIA y MEHS, B HACTOAIIEE BpeMs IPOU3BOAATCS B [epMaHUU ¢ OTPOMHBIM yCIIEXOM. DTO
CIIy4aloch CO MHO# JiBeHaaUaTh pas. Kakaplii pa3, Korjia s 4TO-TO U3TOTOBIISUI, BCE, UTO s ONyYall, ObUIO 00BEAKaMH, a OOJIbILIAs YacTh MPUOBLIH
OCTaBajlaCh APYIrUM. Wnn anmnapaTt HAKorjga He ObLT 06Hap0u03aﬂ, XOT4 s OIJIaYUBaJl BCC TOTOBOPECHHBIC IUIATCKU HA pa3pa6(m<y BHOCJ’IC,I[CTBHH oT
MeHs1 TpeOOBaJIM KPYITHBIE CyMMBI, KOTOPBIH JISKAJIU TAJIEKO 32 MpeeinaMu MOeH IIaTeecnoCOOHOCTH, U MAIIMHbI KOTOPBIE S U30 BCEX CHJI
TIBITAJICA ITIOCTPOUTH OBUIHM U3BSATHI B KAYECTBE OIUIATHI. 3aTeM MOSBUIICS prHHLIﬁ HeMeHKHﬁ TIPOMBIIIJIEHHUK CO CBOUMH HAayYHBIMH
KOHCYJIbTaHTaMH. On HCCJIEA0BaJ NPOLECC U HAIIC €ro 3aKOHOMEPHOCTD. BpraSI/IB TOTOBHOCTDH NPUCTYIUTH K U3rOTOBJICHUIO U OLIEHKHU Pacxo10B
" TO, YTO HAAO MPOCTO MOAOKAATH U TIOCMOTPETh. Bcé 9TO, ITYCThIE 06CHIaHI/I}I, OH HC BBIIIOJTHHUIT 06GIJ_IaHHOI‘O.

Ter[epL NPEACTAaBUTEIIN aMEPUKAHCKOI'O IIPABUTEIILCTBA IMTOABUIINCE. OHH TOXE XOTAT BUJACTHh U OLICHUTH BCE CHa4daJa, a ImoToM, TOJIBKO ITOTOM OHH
OyILyT CUMTATh, YTO MOXHO C/IeNIaTh. Sl MPOCUII IPEeIBAPUTENBHYIO JOTOBOPEHHOCTh, KOTOPBIE OBl BCTYIHILY B CHIILY, KaK TOJBKO 5 JOKQXKY, YTO 51 MOTY
JIOOUTHCS 3HAUUTEIHEHO YBEJIMYEHHE BBIXOJHON MOIHOCTH. DTO OBUIO OTBEPrHYTO. S epBEIi BUAEI TO, UTO IIEPErOBOPHI H PE3yNIbTaT UX BCETAa
GBI TOT JKE CAMBIM.

Ipodeccopa TakixKe XOTAT CHaYala, YBUICTh, OLCHHUTH U 3aTeM B3Th Bce cebe. Jloporoit apyr “P”., 51 ceiiyac HAXOKyCh B COCTOSHUH, TIE BCE
OHHU MOT'YT IIOIIEJIOBATH Moé MECTO, I'T€ 3aKaHYHUBaACTCA MO} TT03BOHOYHUK. S cTap U CEPbE3HO 6osteH. Moeit CHHHCTBCHHOﬁ 3a60TOi TEINEPh CTajla
3aboTa 0 Bcex JETAX U3 GC,I[HLIX CCMCﬁ, KOTOPBIC CTAJIKUBAKOTCA C yKaCHBIM 6y£lyH.ICM. Ecnu s OTKpO10, BCE 9TO, OHO 6y,£leT TOJIBKO 3aMaJlYyuBaThCs,
TIOTOMY 4YTO OHAa HE TOJIBKO BKIIIOYACT B ce6${ BC€ HAYYHOC IIPEACTABIICHUC, HO U YUCHUA HepKBI/I. Bces B1acTh MONMUTHKH PYXHET pa3oM, KaK TOJIBKO
HCTHUHA MTPOSIBUTHCA U TO, YTO COBPEMCHHAS HayKa SBIISICTCS (baKTH‘ICCKH BO36yI[HTeJ'IeM paka.

$1 HamepeH BEpHYThCSA B JIEC €lIe pa3, YTOObI TaM CIIOKOMHO yMepeTh. Best Hayka u Bce e€ mpuxiedaTenu He YTO HHOe, KaK rPyIia BOPOB,
KOTOpPBIC ITOCTABJIICHBI KAK MAPUOHECTKH U JOJDKHBI TAHIIEBATh HE3aBUCUMO OT HACTPOSA UX XOPOIIO 3aMaCKUPOBAHHBIX paGOBna;[enLueB , YTO OHHU
CKaKyT TO U OyIyT oHHM menath? 2 »

3TO MHCHMO, CKOpee BCero, nucajock st Anorca PeHHepa B cBeTe TOro, YTO 03HAMEHOBAJIO OKOHYaHUE
KaracTpo(uuecKyto TaBy xu3Hu Bukropa [llaybeprepa, maBy, KoTopast Ha4anach ¢ OOJIBIIIX HAJIEKA, OKOHUHTh pealH3alHio
BCEro TOTO, YTO OH CTPEMMUJICS B CBOEH KHU3HU Peann3oBarh.



Bomnpocs! k Hayke

OHEPTUA

Yto ke JepIKUT 3eMITIO, TUIABAIOIIEH B MPOCTPAHCTBE?
ITo4eMy OCb CTOUT BEPTHKAIBHO, KOT/Ia OHA BPAIIACTCSI U3 CTOPOHBI B CTOPOHY?
Yro Takoe Temmeparypa? Uro Takoe Temio? Yro Takoe xomoxa?
Yro Takoe sHeprus?

Uro Takoe nap?

Uro Takoe ucnapeHue?

Yro Takoe pacTBopeHHE?

Yto Takoe coeaUHECHHE?

Yro Takoe BIUTHIBAHHE?

YTO JISKUT B OCHOBE ITUX MPOIECCOB?

T

MATHETU3M
A TloyeMy MarHWTHbIC CUIIOBBIC JIMHUI UIYT (paboTaroT) ¢ fora Ha ceBep?
A Tlouemy 3emiis BpaliaeTcs ¢ 3amaja Ha BOCTOK?
COJIHLIE
A YeM CIIy)XUT COJIHIIE, KAK HOCUTETb CBETa U TEIIa, €CIIH, 0 MHEHHIO HAIlIMX YYEHBIX, OKpYy)Kalolee
MMPOCTPAHCTBO 3TO BaKyyM?
A Tlouemy raspl KOHICHCHPYIOTCS C YMEHBIICHUEM TEMIIEPATyPhI?
A Tlodemy HeT BpallleHHsI, TIOTOKA, OTHEHHBIX ra30B B KocMoce BOokpyr CoJIHIIa, ¢ penoiaraeMon
Temieparypoi caeiire 6000 ° C?
A Tlodemy cBeT U TEIUIO B TPOIIMKAX OoJiee pa3MbITO U Ha momocax cBeT ComnHIa 6osiee HHTEHCHBHBIH,
a JIy4UCTOro TeIla MeHble?
ATMOCOEPA
A Tloyemy Ha 3emiie TEIUIO MOAHUMACT BO3IYX?
A Tlouyemy Tak XOJOXHO HA BEPLIMHAX I'Op, OHU e Ommke k ComHiry?
A TloyeMy B HaIIMX JOMAax TeILIEE IO IOTOIKOM H XOJIOJHO Ha ITOJTY, KOTZa UCIOJIB3YeTCsl HCKYCCTBEHHBIH
UCTOYHHK Teria?
A Tlogemy MpaMoOp IO ACHCTBUEM TEILIA PACIIUPSACTCS, H HE COMPHKACASICh HU C YeM CHOBA OXJIAXIACTCS
Jlaet ycaaky?

NCITAPEHU A
A TlowyeMy IMyCTBIHH TaK MEPTBBIL, HECMOTPS Ha TO, YTO HA HUX MHOTO Teruia?
A TloveMy BlaXHbIC YePETTMYHBIC KPBIIIN BBICBIXAIOT OT KAPHU3a K KOHBKY?
BOIA
[Touemy rpyHTOBBIE BOJIbI B CT€HE OAHUMAIOTCS BBIILIE IIOBEPXHOCTHU 3EMJITH?
IMouemy mepeBbs HE THUIOT TTOJ] BOJIOH, a HA MMOBEPXHOCTH (Ha OTKPBITOM BO3IyXe) Bceraa?
[Touemy 60s1b1110i1 00BEM BOAIBI ITPOXOIUT YePeE3 CIOKHOE PYCIIO TOPHBIX peK?
[Touemy Boga mymnbCUPYET U ABIIIAT?
YT0 moMoraeT rpyHTOBBIM BOJIaM, POITHUKAM, OCTaBaThCsI Ha CKIIOHAX rop?
ITouemy, XosomHast BOAA CTAHOBHUTLCS IUIOTHEE U TSDKeJee, Kak el yaaeTcs TOJHUMATHCS BBEpX ?
[MoveMy pomTHHUKHM YacTO BO3HUKAIOT Ha BBICOTE PSJIOM C TIMKOM TOPEI?

- = > = - -

PEKI

[MoueMy y pek TEKyIIHUX C 3amajia — Ha — BOCTOK ylI0OpeHbI CBOU Oepera?

ITouemy y pek TEKyIIMX ¢ BOCTOKA — Ha — 3aIlaJl HACTOJIBKO OecIIoqHbI 6epera?

[Mouemy y pek TEKyIIHX C 0ra — Ha — ceBep Oepera IJI0I0POIHBI TOJIBKO C OHOM CTOPOHBI?

ITouemy peku TeKyIHe C I0Ta Ha CeBep, BIAJAIOT B XOJIOAHbIE MOPsI?

[Touemy pexu pacmIupsiroTCs B IEIbTaX U YCThSIX ?

ITouemy ¢opesnb CTOUT Ha MecTe B ObICTPOM OypHOM IOTOKE, KaK 110 MAHOBEHHUIO BOJILEOHOI mamouku?

I

MOPA

[Touemy Boza Ha moJrocax Ha JHe Teruiee?

ITouemy ocBellleHHas! CONHIIEM ITOBEPXHOCTH HA MOJTIOCAX TaK MPOHU3IBAIONIE XOIOJHbI?
[Touemy He mogHUMaeETCs TeIUIas, JErKast, BOJAA CHU3Y - BBEPX K IIOBEPXHOCTH MOps?
ITouemy Temmeparypa BOJbI Ha SKBaTOpe Termee?

[Toyemy Tak MPOUCXOIUT, YTO OHA CTAHOBUTHCS XOJIOJHEE C YBEIUYCHUEM IITyOHHBI?
[Toyemy oHa OIATH HarpeBaeTcs MO NOrPaHUYHBIM ciloeM oT +4 © C?

[MoveMy KHU3HB HIDKE ITOW TPAaHUIBI CIIOS HAYMHAETCS 3aHOBO?

[Touemy cozpepskaHue COJM B MOpEe MEHseTCs1?

[Touemy cenpap MUTPHPYET HA CEBEP B 3UMHEE BpeMsi?

[Touemy riryOOKOBOIHBIE PHIOBI CBETATCS?

- - - - - > - -



CTOPOHY U ACPIKAT €ro MMyTh 3a ThICAYN KUJIOMETpa HaJd ropaMyd U JO0JIMHAMU B BBIBEPHYTBIM
TEMIIePaTypPHOM T'PaJIUCHTE 0e3 MEXaHHUYECKOM moMoIu?

KPOBb
A TloueMy XOJTOTHOKPOBHBIE KMBOTHBIE SIBIISIFOTCSI HOCUTEIJISIMH s1J1a MIPOBOLUPYIOIIHE JINXOPaIKy?
A Tlouemy xosoqHas Tuxopaaka (03H00) BCTpeyaeTcs B TPOIHUKaxX?
A Tlouemy Térutas muxopajka (Korna KHIAeT B )kap) BCTpeuaeTcs Ha ceBepe?
A Yro Takoe nuxopajka (3xxap, 03H00) B 1H000M ciydae?
A

HO‘{CMy Halla TeMIieparypa Tejia CHHKaCeTCsa HUXKE HOPMBI ITPHU BOCXO0XKACHHUH HAa I'OPY U INOBLIIIACTCA
BBIIIIE HOPMBI, KOTJIa MBI CITycKaemcs?

[ouemy cepaue ObeTcs B rpyau?

KT0 maet 3T0ii MblIIIIe UMITYIIbChI IS IBMKEHUS?

I'ne HaxoquTHCS IBUraTeNb AJIs 3TOro Hacoca?

[Movemy KpOBb HUPKYIUPYET B HAIIUX KPOBEHOCHBIX COCYHaX?

[Toyemy IBITUICHOK TIOSBIISIETCS B SIHLIE B XKUJIKOCTH, CHadaia 0e3 cep/ua’?

[Tovemy MBI IBIIINM, THEM H HOYBIO, KOTJIa CIIUM, M Ja)Ke KOT/a MOJIHOCTEI0 0e3 CO3HAHMs?

- = > - -

JIEPEBBSI
A Tlodemy epeBbs pacTylIre Ha CBETy MMEIOT TOJICTYIO KOPY, @ B TSHU TOHKYIO?
A Tne HaXOAUTHCS CEPLE PACTEHH?

[13 "Ham beccmpicnennstit Tpyn]

He nmes MPU3HATCJIIBHOCTD U MOAACPIKKU CO CTOPOHBI IPABUTEIILCTBA UIINA KOro-i0o B ABCTpI/II/I, B KOHII€ KOHIIOB K HEMY
O6paTI/IJ'II/ICI> AMCPUKAHIIbI, KOTOPBIC BbIPA3UJIA SHTY3Ua3M 1 3aMHTCPECCOBAHHOCTD B PA3BUTHU €0 TCOPUHU I/IMHJ’IO3I/II/I,
BI/IKTOp JAyMaJl, YTO HAKOHCI-TO KTO TO O6paTI/IJII/I BHHUMAaHUC, AMepI/IKa OBlIa TaKast MoOIIHas CTpaHa ¢ OTPOMHBIM
NpeANPUHUMATEIIBCKUM IMOTCHIUAJIOM. OH 0BT K 9TOMY BpPpEMCHHU NOBOJIBHO pa3ApaXCH Ha IMOBCACHUC eBponeI‘/iueB u TO,
YTO OH MOCTPAaaj OT UX PyK, U B pasroBope ¢ Anouc Kokaiinu, BUKTOp HECKOIBKO 037100J€HO BBICKA3bIBA:

" AMepHKaHCKHI caMOJIeTOCTPOUTEIbHBIH KOHCOPIIMYM NPEI0KII MHE 3,5 MIIH. I0JUIApOB, aHAJIOTHYHOE NPeUIOKEeHHE OBUIO CAENaHO
Kananoit. "'

"EBporie 9T0 He HyKHO, TaK YTO Terneph oHa Oyzere npuodperars, y AMEpUKHU B Tpu goporo!" 2

Bce 910 cOBUTOCE?, Kak MBI BUAMM, HUYETO U HU KOTZIa HE BEPHYIOCh B EBpoIy, HM B OCTaIbHOIH MUP B 9TOM OTHOLICHHH,
9T0 ObLIa OoJbIast HOTEPS U HECYaCThe [Vl YelloBeyecTBa B 1ienoM. Ho npeskae ueM nepeiTu K 3ToMy IOocIeTHeMY
TParn4eckoMy U304y ¥ HOJYINTh HEKOTOPOE IpeacTaBlieHne o cdepe MBIIUIeHNsT BUkTopa, paccMOTpUM M IPECTaBUTh
€ro HeroCpeACTBEHHO LUTHPOBAaHUH B3AThI 13 ero kHuru Ham 6eccmbiciennsiii Tpyn (cm. ctp. 14). 3xecs oH nmoctaBui psiz
BOIPOCOB, CBSI3aHHBIX C SIBICHUSAMH, KOTOPBIE, BUAMMO, HEOBLIIM 0 KOHIIA HCCIIEI0BaHbI B TO BpeMsi. C MOMEHTA IyOJIMKaluK
B 1933 roay, MHOTHE U3 HUX MOTYT TaKKe JIaTh OTBET, HO HE TaK IOJIHO, KaK Obl OH caM, M3-3a €ro MHOTo B3IVIs1/1a Ha
YKH3HEHHBIE MTPOIECChl. XOTS MPEICTaBICHHBIC 3/1€Ch T10]I CBOMMH OPHTHHAJIBHBIMU 3ar0JIOBKAaMH, OHU HE B TOH ke
I0CJIe/IOBAaTEIbHOCTH, KaK IepBbIe MMCbMEHHbIEC MYOIUKAIUY, HO ObUIM OPraHU30BaHbl B COOTBETCTBHH C IIPEIMETOM H OoJiee
WM MEHEE B MOPSJIKE, B KOTOPOM HEKOTOPBIC U3 HUX OyIyT ONHCHIBATHCS B 3TOW KHHTE.

1.2 Ymo cnyuunoce 6 Amepuxe

Ipexxae uem NpUCTYNUTH K 3TOH MOCIEIHEeH U MaueBHOH IMaBe B xku3HU Bukropa [llaydeprepa, st xotesn Obl 3asIBUTH B
caMoM Haualle, 4TO 3HaYUTEeNbHBIE U MOAAoMIeiics MPOBEpKe MOAPOOHOCTH 3TOTO MEPHO/a, OYEHb TPYAHO YCTAHOBUTE, B
OCHOBHOM II0TOMY, YTO BCE€ 3aMHTEPECOBAHHBIE CTOPOHBI IOCTAPAIUCh UCKIIOUUTH ortacke, kpome Kapia I'epxiaiimepa
(Gerchsheimer), ¢ koTopbIM 51 00CYX1aJ 3TO ZBa AHSA. B 110001 MMetomumiics 00béMe HHPOPMAITUH 10 3TOM Tpareuu, €CTh
MHOTO IIPOTHBOPEUUBBIX 3asIBJICHUMN, TOJIKOBAaHUH U CPOK KOTOPBIN 37 €T ciycTs mocnie coObITUM, pa3rajaTh TO, YTO UMEHHO
TIPOU30IIJIO B TOT NEPUOI, YCUIIUA U1 BCEX 3aMHTCPCCOBAHHBIX JIMII, HCYJaYHbI U BECbMa HpOGﬂeMaTI/I‘{HBI. Ha moit B3ITI1 B
KOHEYHOM UTOI'e HEPaJIOCTHBIE 1e)1a, OOBSICHAETCS INIaBHBIM 00pa30M COBOKYIIHBIM HEI0pa3yMEHUEM, 3201y XK ICHUEM U
HEAOCTAaTOYHBIM Pa3bsICHCHUEM C O6GI/IX CTOPOH, KOTOPBLIC B KOHCYHOM UTOI'C 3aBEPUINIIMCH ITOJIHBIM KpaxoM, HE TOJIBKO B
0O0ILIEHUH, HO BO B3aIMHOM HE JI0BepUU. Tpu OCHOBHBIX (paKTOpa, KOTOpBIE IPUBEIH K 3TOMY ObLIM, Bo-nIepBbIX, TPYAHOCTH B
TOYHOM OIMCAHUM Ha COBPEMEHHOM si3bIke Teopuu Bukropa Illay6eprepa, uToObl Apyrue MOIIM IOHATh, KAKUE€ UMEHHO
CHJIBI, JIBHJKEHMS U SHEPI'HH, ObLIM BOBJIEUYEHBI B MPOLIECCH SKOHOMHUUECKOTO U TIOJIMTHYECKOro Kpaxa. VX neMoHcTpanus B
CBOMX CaMbIX JIEMEHTAPHBIX (hOpPMax, paCKpyIHBaHUE LIEHTPOCTPEMUTEIBHOTO BUXPS, popMa, KoTopast oOpasyeTcs Npu
CIIMBE BOJIBI B CTOYHYIO TPyOy, ObliIa COYTEHA CIMIIKOM MPOCTOM U CIHMIIKOM 3HAKOMBIM SIBIICHUEM IS JIIOOOTO HCCIIEJOBAHUSL.
3T0 BBI3BAIO POCT CKENTULM3MA U HEOBEPUS B CIIPABEIUBOCTb TeOpUH Bukropa. Bropas npuunHa cBsi3aHa ¢ peBHOCTHBIM
oTHoIIeHneM Bukropa u Banprepa oT BO3MOXXHOTO XHIIEHHS M UCIIONB30BaHNe HACH UMIUIO3HH, PE3YIBTaTOM MHOTHX
HeyIadHbIX IONBITOK BukTopa, kak pacckasan r-H "P" BbleynoMsaHYTOM IUCbMeE. TpeTbuM (HakTopoM CTao OTCYTCTBUE
paboyero mpoToTHIA.

IToxa paHo ckuabIBaTh CO cueTOB yuacTre npasurenbeTBa CoenuHenHbix Lltaros B 1958, uHMIIMAaTOpPOM B 3TOM zeie
obu1 Kapn epxuraiimep. Poquncs B 1903 rony B 3HaTtHOM ceMbe B Bropidypre, baBapust, B monogoctu ['epxmaiiMep mpoBoanI
MHOTO BPEMEHH B OKPECTHBIX JIecax M Hallel OOIHH sI3bIK B TIOHUMAHUE TPHUPOJIBI, 3HaUeHUE U (DYHKIUH JAEPEBHEB M BOMBI



O4eHb [I0XOXKa Ha TO, 4To roBopu Buxrop Ilaybeprep. B 310l KoHKpeTHOH o0nacty y I'epxuraiimepa 1 Bukropa, moxosxe,
66110 MHOTO 0011er0. [Tokunas ['epmanuto B 1922 rony, ['epxiaiimep nocienoBa 3a BHITOJHBIM NpeaiaokeHneM. [1o
KOHTPAKTY C IIpaBUTEIbCTBOM Mekcuku ¢ 1926 no 1935 ro oH noxHUMAaI MEKCHKAHCKOE CETbCKOE XO3IHCTBO U OHO HA4ajIo
BBIPAIIMBAThH aHaHACHl M OaHaHbl. OH TaKke pa3padoTal U 3allyCTHII CUCTEMY HOIadH IIMTHEBOH BOIBI ISl BCETO roposia
MexuKko U co3/1ajl MEKCUKaHCKYIO JOPOXHYIO TOJIMIHIO, KOTOPas O]l €0 PyKOBOACTBOM CTajla U3BECTHA CBOEH
HenozakynHocThlo. Jlanee nepeexan B Texace B 1937 roay, riie OH jKEHUIICS, MOXKET [10Ka3aThCs, YTO OH MO3XKE CTall
y4acTBOBaTh B KOHTppa3BeabIBaTeNbHON AesrensbHocTu CIIA Bo Bpems Bropoii MupoBoii BOIHEI, CKOpee BCEro, B arCHTCTBE
CIC (Kopmyc Kontppassenxu). C koHua BoiHbI B 1945 roay mo 1950 rox on ctaHoBUTHCS MiaBHbIM B ynpasineHun CIIA u
OTBEUaeT 3a IPAXKJAHCKOE UMYLIECTBO, JIOTHCTHKY, TPAHCIIOPT U MIPOXKKUBAHUE HA OKKYIIUPOBAHHON TEPPUTOPUH
aMEpUKAHCKOH apMuu, U B 3TOH poJIM OBbLT CaMbIM BIMATEIbHBIM MPasKAaHCKUM YET0BEKOM B AMEPUKAHCKON 30HE.
Bosspamasics k CILIA B 1950 roxy, oH co3mai cBOil COOCTBEHHBIH OM3HEC TI0 M3TOTOBJIECHHUIO METAIlIA H KOMIIOHEHTOB,
KOTOPBIE MIPOU3BOATCS B OOJIBILIOM KONUYECTBE 110 KOHTpakTy [yt HACA u U3 KOTOpO#i OH yIlIed B OTCTaBKYy B Bo3pacTe 81
rona.

B nepsble roapl nocie ero Bo3ppauieHus B AMepuky B 1950 rogy, I'epxiaiiMep IOCTENEHHO 3aBell TECHYIO JpYyxOy C
PoGepTom JloHHEpOM, OBIBIINM BiaaeneneM JJoHHep MeTauTypruueckoro 3apoaa B @unanenshuu, O0IbIIon u
npouseTaroleil komnanuy. OueHb NaTPUOTHYEH, BEll IIOCTOSHHYIO BOMHY IPOTUB MOAPBIBHOM JEATEIbHOCTH B
Coenunennbix lTarax, JlonHep B koHeuHoM utore yiuen B Konopano-Crpunre, mtar Konopamo, oueHb 60TaThlil 4eI0BeK
(;mmuHOE cocrosHue Iepxmaiimepa 1958 romy oxono 400 muH. osn. CIIA). OH Takxke ObUI UCTIONHUTEIBHBIM TUPEKTOPOM
®onna JJonHep, 01aroTBOPUTEIBHON OPraHU3alliK, CO3JaHHON ero oTioM B @unanenshun B cepenune 1940-x romos, GoHx
HCCIIeIOBaHMs paka, KoTopslid B 1950-x u 1960-X rofax BBIAEISI IPaHTHI HA 00pa30BaTEIbHBIC U IPyrHe 0JIaroTBOPUTEIIBHBIC
MEpPONPUATHS.

Ha nporspkennn MHOTHX J1eT ['epXximaiiMep cTaHOBHTCS Bee Ooliee pa3oyapOBaHHBIM C UCTIOIH30BAHHEM TEXHOJIOTHI
B3PBIBHBIX CHII JIJIsl BRIPAOOTKHU DIICKTPOIHEpPruu u AmwxkeHus. [Ipoananusuposas cutyauuto ¢ Bepuepom ¢on bpayHowm,
9T00BI 3aBOEBATh MPOCTPAHCTBO PAKETAMH C IBUTAaTeISIMA OCHOBAaHHBIMH Ha B3PBIBE, 3TOT BOIPOC OH 00Cyx1ai ¢ hoH
Bpaynom B HACA, I'epxuialimep nocTeneHHO MpUILEN K YOSXKICHUIO, YTO HEOOXOANMBI IPyTHe albTePHATUBHBIC CHCTEMbI
TSTH KOTOPBIE TTO3BOJIAT PEIIUTH IPOOIEMBI YIIPABIIIEMOTO MOJIETa U OTKPBITH MyTh K 0e30macHOMY U 3 (HEeKTUBHOMY
OCBOEHHIO KocMoca. B xoze ux kpennymei apyx0sl, [epxiaiiMep yacTo BeICKa3bIBaeT 3TH B3siAbl Pobepty HoHHEpy,
MIPUBJIEKas] HHTEPEC TOCIIEAHET0 B 00bE/ICHUE CHII, U KaK OHU MOTYT OBITh UCIOJIb30BaHbl. B koHIIEe 1957 3TH yOexneHus
I'epxiaiimep crai 0ojee KOHKPETU3UPOBaHbIM, IpounTaB o0 Buxrope Ilaybeprep v UMILIO3UM B HEMELKOM U3JIaHUU - CKOpEe
Bcero, Oykiere Jleononsaa bpangmrerrepa "Mmmosus BMecto B3peiBa', omyonukoBanHoM B 1956 roxy, xots I'epxmraiimep
HeE HNOAEPKUBaJl TEOPUU KOTOpble Bukrop pa3pabarsiBail.

ITpu 31011 Gonee onpenenenHoit nudopmarmu B pykax I'epxiraiiMep ¢ BOCTOprom nocBstw JJoHHepa ¢ uaesiMu

Buxkropa IllayGeprepa, moToMy 4To, JEHCTBUTENIBHO, €0 TEOPUH ObLIM JOCTOMHBI JeTalbHOIO u3ydeHus. Kpome Toro, it
yIep>KaHUs IPEBOCXOICTBA AMEPHKH Kak MHUPOBOH JIEp)KaBbl, BaYKHO, YTO N300peTeHHe Takoro ¢popmara J0JDKHBI OBITH
paspabotansl B CoequHeHHbIX [llTarax, a He B m000# apyro# ctpane. Cornaniasich ¢ 3tuM, JJorHep npocut [epxmaiimepa
IpeAIPUHATL MEPHI Ul HEMEATIEHHOI noe3aku B ABcrputo. Kpome Toro, mpodero, 1 HEMHOro paszapaxas Iepxiaiimepa,
JloHHep Takke HaCTOsUI Ha TOM, YTO OH OyJIeT B CONPOBOXKICHUH CBOETO (PMHAHCOBOTO COBeTHHKA, Hopmana J{ogna, KoTopblit
JIoJDKeH ObLI ObITh BBEJEH B 00llee IpecTaBleHue sKkcneaumu. Yenosek B Hadane 60-x, Hopman Honn kpyrusics B
(DMHAHCOBBIX M HHBECTHIMOHHBIX Kpyrax B Hplo-opke B IOMKHOCTH HA@XKHOTO (PHHAHCOBOIO KOHCYNETaHTa JIOHHEpa, ero
¢dbupmMa KOTOPOH OH PyKOBOIMI 3a Npeplrylue 10 JeT uian OKoJIo TOro, KOTopas MpUBeNa K ApYKOe Mex Iy IByMs
MyXK9MHaMH. JIo1 ObIT TaKke aBTOPOM CIIEICTBEHHBIX PACCIECIOBAHUM, TPOBEIEHHOTO OT MMEHH KOHIpecca B (PUHAHCOBBIX
CTPYKTYpax, aiIMUHHCTPATUBHBIX MPOLEIYP, HATOTOOOIOKEHHS U T. [I., KaK FOPUANIECKHX, TAK 1 MOIICHHHYECKUX ISHCTBHH,
13 Pa3IMYHbIX aMEPUKAHCKUX (QOHIOB M OPTaHU3aLUH.

Mo cnoBam I'epxmraiiMepa, 9To HCCIeIOBaHNE, XOTS 3aBEPIIMIOCH U IPH moaaepkke Konrpecca, He ObUIO OIMyOIMKOBaHO,
motoMy Kak otuet JloHHepa, u cBs3u [epximaiiMep ¢ ero Ou3Hec 3HaKOMCTBY, XapaiibaoM B. ToTTeHOM (HEKOTOPBIE CBE/ICHHS
yTBepkIatoT, uto ['epxiaiimep gakruuecku padoran Ha ToTreHa), coocTBeHHUK Bamuurton Pa6oTsl mo Metamry
(Washington Iron Works Inc.), B Illepmane, mtat Texac. On npeamnonoxuin ToTTeHy, YTO JUTEHHOE MPOU3BOICTBO,
W3TOTOBJICHUE TPYO U pabOTHI TOYHOTO MAIMHOCTPOEHHS OyIeT HIealbHBIM MECTOM IS Pa3padOTKH M THPa>KHPOBAHUS
ycTpoiicTB Bukropa. nTepec TorTeHa ObUI TYT K€ MPOSBIICH, M OH COITIACHIICS, YTOOBI HCIIOIb30BAIUCEH €T0 OMEIIEHHUS.

Bce 310 6bUT0 OprannzoBano, I'epxmraiimep u loma coodurunu Bukropy o cBoem npezacrosiiem Buzute. [Tonetr Bo @pankdypt
B cepeauHe anpeis 1958 roga, oHU COLUTH U B3SJIM TaM aBTOMOOMIIb C BOJAMTENIEM OTNpaBmINCh B JIuHn Ha JlyHae, re sKui
Buxrop.

ITocne 3HakoMcTBa, Ha koTopoM Banstep LllayOeprep Taxxke npucyTcrBoBal, ['epxinaiimep Hauan 0ObSCHATH LEIb CBOETO
Bu3uTa. [0BOps Mo HeMelkH ¢ OaBapCKUM akLeHToM, I'epxmaiimep ckasan Bukropy, "CrapuHa” Tak OH CTal ero Ha3bIBarTh,
4TO Aajiblie obpamaics Tak sxe Pobept JloHHep, aMepuKaHCKU (PUHAHCUCT 3aMHTEPECOBAH B OBICTPOM Pa3BUTUU U
NPAKTHYECKOI peanu3anny Teopur BUKTOpa OCHOBAaHHOW Ha MMILIO3MH, JUIS 3TUX 1eJIeld TOTOBBI ObUIM NPEIOCTABUTH MTOYTH
HEeorpaHUYEHHbIE CpeCTBa. I epxinaiiMep pacckasblBall, YTO B TO BpeMs koria oHu nocemanu [layGeprepos, oH ka3aics, B
COCTOSIHUM HOBBIIICHHON TPEBOTH O IIMHOHAXKE U HAOMIONCHUH, 1aXKe B BhIPaXkall 00€CIOKOCHHOCTD 0 MOBOJLY JIMYHOCTEH
U HaJIM9ue HeMEIKOTo modepa U THa, KOTOPHIH OBLT OCTaBIIeH Ha ynuIle. BemoMuHam o ero 9-MecsMHOM JoTpoce ’
HaOJII0ZICHUU aMEpUKaHCKOH pa3Beakoi B 1945/46ronax, xorga Bansrep IlayGeprep Taxoke ObUI IOABEPTHYT A0MIpOCy, Bukrop
OBLIT YBEpeH, YTO OHH Bce elle CIeIAT U BEIPa3ui Nybokoe OecriokoiicTBo [epxmaiimepy. Ha sto I'epxmraiimep 3acMestics, u B
TO K€ BpeMs NPEIJIoKUIL, y3HaTh. B nepenneit uactu noma Illay6eprepoB Haxonuics TeneoH, OH IO3BOHUI B YTOJIOBHBII
PO3BICK aBCTPUICKOM MONMUAIIU. DTO TMPOU3BEN0 TAPAHTHIO TOTO, YTO HU BukTop, HU Bansrep He HAXOAUIUCH MO
HaOmoneHreM, Bukrop Bee emie Oecriokomics. Xopollo 3HaKOM ¢ aMEPUKAHCKUMH CIIELICITyK0aMu, KaK ObIBIIMI



agmuHucTpaTop codbcTBennoctu CIIA, I'epxmaiimep cBsizaincs ¢ oraenenueM OBP B 'epmanuu, npogeMoHCTpHUPOBAB TEM
caMBIM ONU3KOE 3HAKOMCTBO C pa3BeAKoi. [epxmmaliMep caM MPU3HAET, UTO B PETPOCIIEKTHUBE 3THMH OTarMMH HAMEPEHHUSAMH,
BepOsITHEE, ClIeNIall CKOpee BCEro Ul IPOBEPKU U NMOATBEpKAeHNs ofo3penuil [llaybeprepos, ueM pa3BesTh UX.

Bce 310 mpoucxoauiio B To BpeMsi, kKoraa BUKTop ObLT BOBJICYECH B MPABOBOM CIIOp B 3aIbLOYPrCKOM PalilOHHOM CYJIE,
YTOOBI BOCCTAHOBUTH HEKOTOPBIE MAILIMHBI, KOTOPBIE eMy nopy4ui CebacTbsiH XypHepy, Ipodeccop MeXaHUUeCKOi
HHKEHEPHH B 3anbL0ypre U3 NOJIUTEXHUYECKOH MIKOIbI, MOCTPOSHHBIX A HEro. DTH yCTPOHCTBa ObIIM JasbHEHIIee
pa3BUTHE TOMAIIHUX-TEHEPATOPOB MOIIHOCTH (PHEPruM) NMoka3aHbl Ha puc. 1.3a u 1.3b, koTopsie, 10 BUAMMOMY, pa30pBaIUChH
IpY IEPBOM BKIIOUCHUH. M3-3a IPENSATCTBUI WK NIEPETSHKEK CIIUpaliel OCHOBHOM TPyObl, B HUX CO34aJIOCh CHIILHOE
JIaBJICHUE, BMECTO O)KHUAEMOT0 BCAChIBAaHUS, B pE3yJIbTaTe OHU B30PBAJIUCH. TpH NepeaeslaHHbIe MOJIENH, I0-BUANMOMY,
IIOCTPOEHBI C UCTIOJIL30BAHUEM KJlallaHa cOpoca JaBiIeHHs, OJHa 13 KOTOPHIX Y BUKTOpY, ABE Apyrue Moaenu ObUId OT/AaHbI B
BHJIE KOMIIEHCALIMH PacXoioB XypHepy.

B xone neperosopos ¢ [lay6eprepamu craino sicio I'epxaiimep u Jloma, 4To OHU OBLIM HE TOJIBKO CTOPOHHUKAMH,
3aMHTEPECOBAHHBIMU B Pa3BUTHUH TEOPUH UMILIO3HU BHKTOpa. A psii IpyruX OpraHU3anyid, B TOM YHCIIE HEKOTOPHIE
LIBeUI[apCKUE UHTEPECHI, TAaKKe B IMPOLECCE EPEroBOPOB [yisl yCTporcTB Bukropa. XKenas mocraBui kpecT Ha Jit060M
COpeBHOBaHUU (KOHKypeHTax), ['epxiaiimep yrorian Bukropa 3aBepeHUsIME O TOM, KaK TOPa3Io Mpolie ObUTO ObI MOIYYHUTh
OounbIne cyMMbl ieHer Ha uccnenoBanuii B CoenuHennbix LlTarax, yem B EBpone, rie Tak MHOTO ellie MpeACcTOUT HalpaBUTh
cuIl Ha BoccraHoBienue. [IpuBoas npumepsl [epxiaiimep u Jlom, 3arem npocunu Bukropa nprexats B AMEpPHKY, 4TOOBI
3aBepIIUTH pabOTy CBOEH JKH3HH, YKa3bIBasl Ha TO, YTO HCTOPUUSCKH AMeEpHKa He pa3 MoKas3aja, 4TO OHa TOTOBA IPHHATH
ujeu cuurasiimecs yronnieckumu B EBponie. Kpome Toro Bukrop u Basnsrep paboTanu Haj pelieHueM mpo0ieMbl, pelieHne
KOTOPBIX, HECMOTPS HA MHOTOYHCIICHHBIE UCCIIEIOBAHMS TAaBHO OCTAINCh HEPELICHHBIMH, 8 HUMEHHO ITPOH3BOJICTBO
(reHepaiuio) cBOOOIHON SHEPTHH.

®dHHAHCHPOBAHUE TAKHX UCCIICOBAHHI U pa3paboTOK MpeCTaBIseT HeKoTophie pobiembl B CoennHeHHbIX [lTarax,
OJIHAKO, Ha 3TOT pa3 ONEPaTHBHO HEOOJIBIION NPOTOTHUI OB YCIICIIIHO MMOCTPOEH, TO Cpasy ke OyAeT co3naH
HCCIieIoBaTeNbCKUi (POHII, B KOTOPOM MUJLTMOHBI CBOOOTHBIX OT 00JIa)KeHHUs (OFOIKETHBIX) A0JUIAPOB MOTYT OBITH
WHBECTUPOBaHbI. [ epxiaiiMep 3ateM 0OBSIBIII, YTO TaM ObLiIa TOTOBA HHKEHEPHAst MacTepckas B Texace M TOTOBA U XKelaeT
pa3BHBaTh M CTPOUTH MAIIMHEI BUKTOpA.

Ero untepec npoOyauics, Bukrop nonpocuin Bpemsi, 4T00bI paccMOTpeTh UX npemaioxkenus. Ilocne Buktop u Bansrep
00Cy)IaH MPEIJIOKEHUS] MEXK]Ly COOO0# U C HE OXOTOH cortacuiicss BUKTOp, IOTOMY YTO OH JIEHCTBUTEIBHO HE XOTEN
nokuaats ABcTputo, Bukrop 3arem nan npeapapurensHoe comtacue. [1o mcuxonornyeckum 1aBieHuEM U CiIyXaM
KOHKYPEHTOB U OMAacasich B yCICIIHOE 3aBEPILECHUS UX Y)Ke MPEIBAPUTEIBHBIX MeperoBopoB ¢ lllaybeprepamu, Ha cieayroIuii
nenb Tomn npemioxun Bukropy $ 15,000 B aBaHCOBBIN IIIaTEeX 32 €r0 HEKOTOPYIO HHPOPMAIIUIO O MOJICISX, CyMMY, YTO
Bukrop panee npocui1, 4ToObI 3am1atuTh XypHepy. [IpennpuHuMas 3TOT 1ar, 3aMeTHM, T0-BUIUMOMY JlOI1 IPEBBICHI CBOU
MIOJITHOMOYHSI, TOTOMY YTO OH He 00Jiajial CpeiCcTBaMHU JUIs IpeiBapuTeNbHOTo aBaHca. [lepcnexTuBa Bukropa, uTo oHI
TBEpAO HAMEpEHBI Pa3BUBATh UMIUIO3UIO B AMEpUKe, M €My HUYETro He Mpeajiaraiy NOAIUChIBaTh, IOKa OHU HE BEPHYIHUCH,
I'epxmraiimep u Jlonn nocnermiu o6patao B CILIA aist neperosopos ¢ PoGeprom JloHHEPOM U 3aBepIIEHHs CO3/IaHUs
MexaHu3MoB. [IpocTo 1o orse3aa, Bukrop npenynpenut ux o ToM, 4To:

"$] He SIBISIOCH HU TEXHOJIOTOM, HH HH)KEHEPOM, BCE, UTO sl IOHUMAO HPHHIMIL. 5] MOTY TOJIBKO COIIACHTHCS NMPUHATH YCIOBUS COONIOICHHE
OIPE/ICTICHHBIX YCIOBHIl, TaK KaK sl HE O4CHb XOPOLIO CeOst UyBCTBYIO (PM3MUECKH, H s HE TyMAIO, YTO 51 JCHCTBUTEIBHO FOTOB Ha TKEIOE
nyremectaue ">,

0O3a004eHHOCTh BUKTOpa B 3TOM OTHOIIEHUH OblJIa 000CHOBAaHHA, €ro (PM3UYECKOE COCTOSIHUE B TO BpeMs OBbLIO
He xopomuM. [ToMuMo cTpagannii oT SM(pHU3EMEI I OOTEHOTO CEpALIA - PE3YIIBTAT €ro IOTyIEHHOTO OIbITa B BOCHHOE
BpEMEHs, PEBIIYIIeii 3MMO MPUHSUT OTPOMHBIC TTOCIIC/ACTBYS, OH MOHUMAJ M YyBCTBOBAJ, YTO Y HETO OCTAJIOCh MaJO
BpEMEHH, YTOOBI JKUTh. B 0TBeT Ha 3T0 OBLITO Cpazy ke NMpeIokeHo BUKTOpY, eTo JOIDKEeH COMPOBOXKAATH aBCTPUHCKHIA Bpad,
B KOTOPOM OH OBII yBEpEH M KTO OyZeT yXaKHBaTh 32 HUM, BCE PacXo[bl OIUIAYMBAIOT aMepuKaHIbl. Ha 3To mpeioxenue
BukTop 00pasoBajics, ¥ B KOHEYHOM UTOTE BKJIIOYUTH B 3aKOHHBIE TIPaBa COMPOBOXK/IAIOIIET0 CBOETO ChIHA, JOKTOp Bansrep
Jlyn6.

Uepes neckoipko el B nome Jonuepa B Konopamo-Copunre, I'epxmaiimep u Jlonn npenocTaBuim HOMHEBIA OTYET O
coObITHsIX B ABcTpuu. Conammasch ¢ TeM, YTOObI pa3pelinTh OIUIaTy npeaiokeHHyo Jloanom B noiaHoM oobeme, JloHHED
TaKkKe XOTeN JOOUTHCS, YTOOBI OKYNHJINCH €r0 MHBECTUIIMH U TTOTIPOCHII CBOETO a/IBOKATa, COCTABUTh KOHTPAKT VIS
BO3MOXHOTO moanucanne Bukropom. CyTh 3TOro 10oropopa TpedoBaiock npusHarh Bukropom B nomyderus 15000 gomnapos
CIIIA, xoTopbie OyayT BhIIIa4Y€HBI B ICHEKHOH (popMe B KaueCTBe MEPBOHAYAIBHOTO B3HOCA Ha npuobpereHue JJoHHepa,
koHcopiyMma Jlogna u ['epxmmaiiMepa Bcex COOTBETCTBYIOIIMX JaHHBIX, KOHCTPYKIMH, Y€PTEK H MOJIEIIH, CBS3aHHBIE C
teopueit Nmruto3un Bukropa. B 1o e Bpems Bansrep Ilaybeprep Takke moayuut g0 $ 5000 CIIIA.

Bepnysuruck B EBporty B Hauane mas, [epxmaiimep u J{oan moexanu B JIuHIE B 6€7I0M JIByX MECTHOM CIHIOPTHBHOM
aBToMoOune Mercedes, kotopslii ['epxmaiimep kymun no npubsTuy B ['epmanuto. Haiins HezgopoBoro Bukropa, korna onu
TIpUOBLIN, OHU TIOJHSUTM €TI0 ¥ OpraHu30BajH ero nepeos B bax-Mnub. 3necs Buxrop ObuT pHKpeETUIeH K BUIUIE HEOaIeko
0T TOpoja, I7ie OHU MOIVIM OBl CIEIUTH 32 HUM, IIOKa €T0 370POBhE YIIYUIIAeTCsl, & TAKXKE IMPELOTBPATUTD JII00bIE AaNbHEHIIe
KOHTAKTBHI ¢ BOSMOXKHBIMH KOHKypeHTamu. [IepBbIM Ha 1OBECTKe THS OBLI JOTOBOP. B HEM roBopmiiock, 4to npeOsIBaHue
Bukropa B CIIIA Oyner Tonbko B TeueHue 3 Mecsues, 1 uto Bansrep [llayGeprep, pu3uk nu MaTeMaTuk, 10IKEH ObLT
COINPOBOYXKIATh CBOETO OTIA M MOKHO OBIIIO OCTaBUTD Ha TOJ B LIEJISIX OKa3aHMs MOMOIIY B HAyYHOW MHTEPIpeTaluy naeit
BukTopa [U1st KOTOPBIX YacTO HE UCIOJb3yeTcs HayuHast TepMuHoiorus. Emie onHo Heo6xoauMoe ycnosue, uto Bukrop naer



paspelieHre Ha BCIO HEOOX0 UMY HH(OPMAIIHIO U YCTPOHCTBA, HEOOXOIUMBIE JIs YCTICIIHOW peanu3aiuu riaHa "[Ipoekr
Wmmnnosus", uroOsl onu Obin ornpanieHbl B Coenunennbie [ltate. [Ipexae yeM aaTh coriacue Ha MOAIKMCaHKE JI0TOBOPA,
3aMETHM, OroBapuBaeTcs, 4yTo OnmM3kuil npyr Bukropa Anouc Pennep u upe3BbIuaiiHO ofpapeHHBIi ciecapb KOTOPbIH
W3TOTOBJISUT HEKOTOPBIE U3 YCTpoicTB BukTopa, nomkHs! OynyT BeiBe3eHbl B CoenunenHble LIITaTsl, 4TOOB COTPYAHMYATH C
BuxkTopoM B coznanuu Mojeieil. 3apmnara PeHHepy B 9Toi CBsI3U 10KHA OblIa OBbITh BelIUIadeHa JIOHHEPOM WU
METaJUTypru4ecKuM 3aBoioM Bamnarron. CornacuBuiich ¢ TpeOoBaHUSIMA BUKTOpa, B EPBOI 4acTH J0TOBOPA HACTAMBAIOT
Ha [OJIHOH ceKpeTHOCTH, oT Bukropa u Bansrepa Tpe6oBanocs To, UTO OHU JAOKHBI ObLIM B aJIbHEHIIEM HOIEPKUBATh
IHOJIHYIO CEKPETHOCTH, ObLT MOANMCaH 9 Masl.

Bo Bpemst oxxunanus BeI3IOpOBiIeHUs] BUKTOpa, BOCCTAHOBUTH JJOCTATOYHO /IS ITYTEIIECTBUS | JIy4lle
03HAKOMUTBCS ¢ ero uaesmu. [epxmarimep u Jloan npopoinkaroT neperoBopsl ¢ Bukropom u Banbrepom exeHeBHO
pasroBapuBainu cHayasa ¢ Bukropom yrpom u Bansrepom naéM. XoTs yTBepkaanock, uto Buas Bukropa u Bansrepa no
OTAENBHOCTH, ObLIO IpeJHaMEPEHHbIM, ropasio 6oliee BeposTHEE, ObUIO CBSI3aHO C TEM, UTO 340p0oBbe BukTop ObLI0
Jy4Ille B yTPEHHUE Yachl U TO, YTO He OBLIO JJOCTATOYHOTO MPOCTpaHCTBa B Mepcenece Oolee IBYX YeIOBEK HE YIOOHO.

B ux yrpeHHHX pa3roBopax A0 M [OCJe 3aBTpaka, BUKTOp MONbITAICS paccKka3aTh BCE O €r0 TEOPUH UMIUIO3HU U
KaK OHHM MOTYT OBITh peali30BaHbl IPaKTHUECKH, [ epXImaiiMep IpU3HaeT To, 4TO OH OBUT OYEHb BIIEYATIEH C IMUPOKUMU
3HaHUAMHU BHKTOpa 0 JIeCHOM X0351iicTBE M BOJHBIX pecypcax, XOTs U He IOHUMAET €ro NogpoOHOro 00bsICHEHHE UMILUIO3UH.
Bo BTopoii NOJIOBHHE HS BHUMAHUE JIBYX aMepHKaHIle oOpaiaercst K Banbrepy, KOTOpbIH, CChIIAACH Ha XOPOIINE 3HAHUS 110
(bu3HKe, B OCHOBHOM pa3pabOTaHHBIE Ha €ro ASSITENFHOCTD B CBA3M ¢ "3eeHbIM (POHTOM", IBIDKEHHE KOTOPOTO HAYaI0Ch C
Bukropom B Hauase 1950 oTKpBITHS OONBIIOTO JIECOBOCCTAHOBUTEIBHOTO MaciiTada. Takum oOpazom ['epxmaiimep u Joan
MOCTETICHHO TIOYYHITH OoJiee KOHKPETHOE TpeAcTaBiIeHne o ToM, 4to Lllaydeprepsl MoryT mpemioxuts. B Moux 6ecenax
I'epx1aiimep, rOBOpHII, YTO, TIO €r0 MHEHUIO BansTep He 3HaJl 1 MHOTOTO He IIOHMMAJl B TEOPHH CBOETO OTIA.

Xots epxiraiiMmep OTHOCHTEIBLHO XOPOIIO pa3dupascs B 00Ieii KOHIETIIMH UMILIO3HH, a TAKKe UMe OoJee rTybokoe
MMOHUMaHUE MPUPOAHBIX MPOIIECCOB, KHU3Hb JJonna ObLIa MOCBSIIEHA (’pI/lHchaM u naBectuuusaM. [loatomy doan ObLI
HenpodeccHoHAIOM B XOJIe 3TUX 00CYX/ICHHI U HE B COCTOSIHUHM ITPUHUMATH Kakue-1100 3 ekTUBHbBIC NeHCTBYS, HE
noylarasick Ha MHeHue I'epxiaiimep Kak 1o CylecTBy 1 000CHOBaHHOCTh uaeu Bukropa. TakuM oO6pa3oM, UX poib
MIOCTETICHHO 00paTHTh BCILITE ¢ [epxXiaiiMepoM, OH MOTy4yri OoJiee IIIaBeHCTBYIOLIEe MOJI0KeHHe. B HeKoTophIx
OTHOIICHUSX, 3aMeTuM Jloan urpan Gosee BaxHy posb B ooecnieuennu [1laydeprepos B Amepuke, yem ['epxmaiimep. Ero
CIIOKOWHBIHN, OTKPOBEHHBII M UCKPEHHUH XapakTep BaoxHOBWII [layGeprepoB yBepeHHOCTBIO M 3TO OBLIO IO CYIIECTBY U3-3a
HETO, YTO OHU B KOHIIE KOHIIOB CONIACHIIUCh B aMEPUKAHCKYIO Ipemtoauto. [IpuMepHo uepes TpH HeJeIu ePEeroBOpoB U
OIIYIICHUC YITYYIICHUS 340POBbA, BI/IKTOp, HAKOHCI] COITIaCHUJICA ITO€XaTb, HO BHOBb KATCTOPUYCCKHU 3aABUTH, YTO:

"TONBKO OIHO JIENO 3TO TIATENBHO pa3odparses. U BCE 9To meno He 6oree TpeX MECSIIEB, TOILKO TPH MECSIIA U HE OHOrO AHs Gobiie "*!

B nauasne utonst Bukropy u Banbsrepy ObUI0 IPEIIOKEHO 3al0JIHUTh BCEOOBEMIIIOLIYIO AaHKETY C LIEIbIO [OIy4eHHs BU3 B
Coenunennsle LlItatel. Bekope nocne atoro 17 urons, 3a 10 qHel 1o UX 0The31a, OHU IPUOBUIH B AMEPUKAHCKOE KOHCYIbCTBO
B 3anbL0ypre 3a NoayuyeHue HeoOXOUMMBIX BU3 IITAMIIOB B nacnopte. Uepes 10 MUHYT nocie UX NpuObITUs, UX HacnopTra
ObLTH BO3BpaIIeHs! nM. [loxany pyku nocie ¢popMansHOCTeH, OHH OBLTH 3aBEPIICHEL, TYT KOHCYI ITO3PaBUI UX C
yeTblpexyieTHel Bu3oil. I Bukrop u Banbsrep Hamuu B 3Ty ¢pa3y BecbMa TPEBOXKHOMN, BOIIPEKU NIEPBOHAYAIbHBIM
COTJIAIICHUSIM, B KOTOpoM Bansrep nomxeH 0b1Th B CoenmHeHHBIX [lITaTax Tonbko ouH rof, ¥ BUKTOp B TeUeHHE BCeTo Tpex
MECALEB, TO TENEPh OKA3alI0Ch, UYTO UX MPUCYTCTBUE TpebyeTcs B TeueHue dyeThipex jaeT. Ha 3Toil panneil ctaguu nena, 1o
00Cy’KIanoch MPORODKEHNE X MpeOBIBaHNS He MOXKET HH B KOSl Mepe OTpa3HuThC Ha TOM, 9TO OBLIO HA CaMOM Iele,
IUIAHUPYEMBIM B TO BpEMs, IOTOMY 4YTO BaJIIOTa YAaCTO BBLAAETCS TOJABKO TEM y KOO BU3bI Ha 4eThIpe roga. Tpesora

[Tay6eprepoB, a Tak *e OCHOBaHHE C UX TOUKH 3PCHUS H3-3a MX OTPAHHIECHHOTO OIbITa IMyTEIEeCTBU MOCIe BOHHBI, H
IIO3TOMY OCHOBAaHHI OECIIOKOUTHCS HE OBLIO.

C 18 urons sToro roga Ha npockOy ['epxiaiimepa u 3a ero cuet, Banbrep npuctynui coduparb BMECTE BCE MPOTOTHUIIBI,
paboune MOsIeNH, JOKYMEHTHI, IPOEKTHI, YePTEXKH, IATEHTHI, B JI000H GopMe, KOoTopast Kak OH JyMall, OyIeT MaTephajioM s
HCCICA0BAaHUA U PA3BUTHA SKOHOMUYECCKOI'O U MMOJIMTUYCCKOTO MEPEBOPOTA. Onn 6I:IJ'II/I B KOHCYHOM HUTOI'C YITAKOBAHBI B
KOpPOOKH U SIIIUKU W HAMPABJISUTHCH 110 MOPIO B Bammurron Ha Meraninueckoe nmpoussozactso Uuk B Texace, rne Bukrop
JOJDKEH OBbLI M3rOTOBUTH ycTpoiicTsa. Ilepen orpesnom B @pankdypre mpuodpen HeoOxonuMble aBuaduiIeTsl, Iepxiraiimep
nocosetoBa [1laydeprepam ocTaBUTh BCE TPAAUIIUOHHYIO aBCTPUHCKYIO OJICK/TY, 'HAIIMOHAIBHBIA KOCTIOM, Y MYXXUYHH — 3TO
«TpaxTeH»', 'KOKaHble IUTaHBl ' M T. 1., MOCKOJIbKY OHU OyIyT He MOAXOIAIIMMHU A1 KinMmaTa B Texace. B neransix
HOpMaJIbHAs! OJIE’K/1a TTO3BOJIUT TAKXKe X JUCKPETHONW M HE3aMETHON MHTETrPAIlN B AaMEPUKAHCKYIO JKH3Hb.

25 utonst Buxrop, Bansrep u gokrop JIyn6 u3 Jlunna Bo @paukdypt npudsiin Ha noesae. TaM OHM BCTPETHIIH
I'epxaiimepa u Jlonna, koTopble IPUOBUIH [Ba THS Ha3aj, ¥ ObLIM IOCEIESHB! IPUHAUICKAINN aMepUKAHIIaM OTeNe Ha HOYb.
B 10 gacoB Bedepa CIeQyIOLIEro IHS Bce MATEPO cenu Ha peiic AMepukanckue Apuanunuu (Pan American Airways) u Obuiu
JOCTaBJIeHbI 0€3 OCTaHOBKHU B HL}O-I710p|<, CPaBHUTEJIBHO Ha HU3KOW BBICOTE, 3Ur3aroo0pasHeiid oset ot 11 1o 13 yacos B
3aBHCUMOCTHU OT BCTPEYHOIO BETPA, 32 KOTOPbI BHKTOp, B €ro 60J1€3HEHHOM COCTOSHUM 3[0POBbs ObLI Obl U3HYpPHUTEIbHbIN
niepeneroM. 3nech Joan pasmectun [llaybeprepos u n-p Jlynba Ha naBa-Tpu JHA B YHHUBEpPCUTETCKOM KityOe Ha 1 3aman 54-

s ctput, Jomn ObLT WwieHOM KiTyba, ¢ TeM 9TOOBI O3BOJINTE BukTopy onpaButhcs ot goiroro nepenera. Ha ciaemyrommit
JieHb, a BukTop octaincs B cBoell koMHaTe, Banbrep nouen Ha 03HAKOMJIEHUE U ObLI IPUIIALIEH HA BEPXHEN 3Tax 34aHus
Owmmnaiip-Creiit. Ha 30 nroHs 6bU1 IpoBeeH MaJeHbKUI MPa3IHUK B YECTh CEMbBJIECIT TPETUH JIeHb pokaeHus Bukropa.
Panee 3asBuB, 4TO 0ONBLION OaHKET COCTOUTHCA B MX YecTh B Toprosoii manare CILA, I'epxmaiimep oTkazaics

Ha OCHOBaHWHU TOTo, uTo JloHHEp OBl H30eran aro00i Takoil pekiiamMbl (OTIacKN).



Korna npumiio Bpems orwsesna B Texac 1 utons [loma, KOTOPBIH 10 CUX MOP ObUT UX HOCTOSHHBIM CITyTHUKOM, 110 BCEH
BUIMMOCTH He OyIIeT UX COMpOBOXKIaTh. B GecrieunoMm pasroBope ['epxiaiimepa, Banbrep y3Han, uto o gomkeH ObITh
yBoiseH [lonHepom. Jlofia caMoro TOJIbKO MOCTABUIIU B U3BECTHOCTH 00 3TOM IPUMEPHO Uepe3 TPU HEAENIH N0CiIe IPUOBITUS
[Tay6eprepos B Texac. [Tpuunnbl yBonbHeHMs JlO/ITy HE M3BECTHBI, HO ra3eTHas ctaThs oT 21 aBrycra 1959 rozaa B GroiiereHe
Tenerpag Konopamo-CrnpuHre ecth 0T4ET 0 Hcke poTuB JJoHHepa, B koTopoM Joma xoten BeicyauTh $ 100,000 B kadecTBe
KOMIICHCAIIMH 32 He3aKOHHOE yBoJIbHEeHHE. He 3Has 0 CBOeM MpencTosieM yBOIbHEeHNH, [0 NPUCTYIIIN K 0(OPMIICHHIO
nmmurpanuu Pennepa u ero xensl B Coequnennble 1IITaTsl, kKak 3T0 IPEeAyCMOTPEHO B KOHTPAKTE, OANUCAHHBIM B JIuHIe.
B 3701t pabote oH, BUANMO, IIPOCKII IOMOLIM IPOTALMTh OYepeb B BHICIIMX AIIETIOHAX BIACTH B IIETIX YCKOPEHUS BOIIPOCa,
a He JaJlpHelIMi Iporpecc CAeNaH Ha MPOEKT JI0 IolydeHue npuoslan PeHnep. DTo 3aHAI0 3HAUUTENILHO OOJIBILIE BPEMEHH,
YeM OXKHJIAJIOCh, U3-3a BOSHUKIINX ONPEETIEHHBIX PA3INUHbIX HapyLIEHUH, 4YTO IPUBENO K 3a/iepKKe NpudbITus PenHepa B
Texac 1o 3 ceHTAOpS.

ITepen nocaaxoii B camoner Amepukanckue Apuanunuu (Puc.1.4), Bukrop,
Basbrep, n-p Jlyn6 u ['epxiaiimMep 3ateM BbuieTeNn 6e3 MOCAJIKU HOH-
cron B Jlamnac. Korna onu nponerany HaJ cepelMHON 3anaHbIX
rocyaapcTB, BUKTOp MUMOJIETHO TIOCMOTpEN  HA YHBUIBIA ONMMKaWIIAi
Oe3necHOll nei3axx HaxoAdIIeiics CHU3Y, KOTOPBIN ObLT yCEsH 34eCh U TaM
CKBa)XKMHAMH W BHICOKMMH BOZOHATIOPHBIMHU OAITHSIMH, BCE B CKBAKMHAX

BBICOKHX BOJIOHAIOPHBIX OANIHX, BCE 3TO BBI3BANO HEro0BaHue: "Kakoit B
9TOM cMBICIT? C OHOJIOTHYECKOM TOUKH 3PSHUSI TO, YTO TaM 3TO YMHUPAIOIIUE 3EMJIH.
Bona. [TouBa, eciu oHa, 3eMiIsl, Takas cyxasi, Kak ropsiaast immra! Bel He npencrasisere
HU MaJeiIero noHsTus, 4To Takoe Bona! Bona mpruHauie:)KUT BHYTPEHHUM CIIOSIM
3emin, a He MOBEPXHOCTH. YUTO B 3THX BOJOHAINOPHBIC OAlIHAX YK€ HE BOJa, OHA
orxennas!>"

IIpuexas B Jlamnac onu BcTpetmnu cemslo I'epxmaiimep u B. Xapansna. Tot
€Ha 1 IIPHEXaJld B PECTOPaH, YTOOBI IOECTh U OTHOXHYTH OT

MyTeIecTBHUA. B 0)kKHAaHUM pelIeHns] B OTHOILICHUH X OKOHYATEJIbHOIO
pasmemenus, [llaybeprepsl u o-p JIynb mpoBer qBa WiIH TPH JHS B MOTENe
B lllepmane, npexae ueM koMdpopTHO ycTpouthesi 'y Xapanbaa TorteHa, B
KPYITHOM C KOHAWIIMOHEPAMHU PaH4o JJOMe C 0aCeHHOM OKOJIO 3 MHJIb OT
ropoza. PekoMeHI0Bal, YTOOBI OHU OTJOXHYITH U aKKINUMaTH3UPOBAIUCH B
OXHIaHWUU npuesa Pennepa, 3neck oHM OBIIIM 00€CTIeueHbl BCeM
HEOOXOIUMBIM, BKITFOUas Tee(OH, ToBapa U MAIMHBI 1 I0dep BO3UBIIHX
HX B TOPOJ, KOTjia 3T0 HeoOoxoaumo (puc. 1,5).

e 3a nepBble TPU HEJENIH B
Fig. 1.4 oxusaHuu puObITUS Pennepa, [epxiaiimep npomoykan v mbITalics

MOTY9IHTH OoJiee TiTyOokoe moHnMaHue uaed Bukropa. Kak yxxe ynmoMuHanock paHee, OJHaKO, SI3bIK M TEPMUHOJIOTHS,

UCTIONb3yeMble BUKTOpOM 71 ONMCaHUs TMHAMUAKI UMIUIO3UH M (QYHKIIMOHUPOBAHUS
~ €ro MaIlMHbI OBUTH OYEeHb TPYIHBI ISl IOHUMAHUsI, B KAKOM-IMO0 KOHKPETHOM
_ obpase. Kpome Toro, Bukrop noctossHHO roBOpHII TO, YTOOBI IIOHATH BCE
. 9TO MPABHIBHO HEOOXOAMMO, YTOOBI AEHCTBYIONAs MAIIHHA JOIDKHA OBITh H3yUeHA.
DTOro He CIy4msIochk. BajbTep MO-BUAMMOMY HE HUCIIONB30Baj BOOOIE B JIIOOOM U3
3THX 00BSICHEHHH OO0, TOTOMY YTO B TO BPEMsI OH TOKE OBbLIT HEOCTATOYHO 3HAKOM C
TEOpUsIMU OTLA U UX peanu3anueil. B pesynsrare I'epxiaiimep oOHapyxu1 onucaHue
nporieccoB Bukropom uMIuio3uu u €€ Beiciieil popMbl aTOMHON 3HEPrUU Bce Ooee He
HOHATHBIM, 3TO OblIa abpakagabpoil Kak oH omnucal e€ MHe, ckasan I'epxiaiimep.
CranoBuTcs Bce 0oiiee pa3ipakeHHBIM U Pa304apOBaHKE B CBSI3H C JEJIOM, OH B KOHIIE
KOHIIOB IIPHIIIIH K BEIBOLY, uTo Lllaybeprepam Hedero ObLIO IMpeIoXHUTh. Y BukTopa
ke ObLIIM IIPOOIEeMBI, OTIIMYAIONIAsCs IpUpoAa. B coueTanuu ¢ TpyqHoCTAMU
obmienns ero unen I'epxmmaiMep, H30IAIHS O MASIIAM COJHIEM H OOMIMPHOCTD
Texaca, u Ge31elicTBUE CBSI3aHHbIE C HE NPUOBITHEM, PeHHEpa, CHU3UIOChH
MICHXOJIOTHYECKOe U pru3nueckoe cocrosiane Bukropa. [To coery ['epxmaiimepa u ¢
comacus Jokropa Jlyn6a, Buktop ObL1 epeBesicH B KIMHUKY okoio 1llepmana s
HabmoneHusi. OCTaBasCh OKOJIO YETHIPEX Helelb, BUANMO, OH CKa3all, YTO YyBCTBYET
ce0st Tyuie nocne gedeHus. Koneunoii Toukoii crana uzomsuus Bukropa,
3aKITI0Yalach B YBEIMUCHUH €T0 JKEJIAaHHWe BEPHYTHCS K CBOCH €CTECTBEHHOU cpene
obutanusa B ABcTprio. OmHOI NOMHOTYHHOI HOYBIO B aBIYCTE, CTOS BEUepHEH mpoxiane, Bukrop ckasan Bambrepy:

Viktor Schauberger embarks for Dallas

% 1.5 On the ranch outside Sherman

"ThI HE PENCTABIISACID, KAK XOPOIIO, MPONUTHUCH OOCHUKOM 10 €BPOIEICKOM MOYBE ellie pa3, sl 4yBCTBOBaJ ceOst 00s3aHHBIM IpUEXaTh B AMEPHUKY, HE
CMOTPSI Ha MOE 37I0pPOBbE U BO3pacT. YTo Gl 3TO HU OBLIO, YTO sl MOT CJEIATh, s CYMTAIO, YTO s ITO caea."

Bynyuu cepbe3HO BCTPEBOXKEHHBIM (PM3MUECKUM COCTOSHHEM Bukropa, Bansrep npemioxun miaH padoT, KOTOPbIH OH
npeacrasui [epxinaiimepy 9 aBrycra. B Hém Banbsrep npeanoxus, 4To Kak TOJIbKO BUKTOPY cTaHeT Jiydiie, 4To0bI
IyTEIIECTBOBATh, OH U BanbTep OJDKHBI 3aT€M BEpHYThCS B ABCTpHIO, rie Bukrop Oyaer npogomkars paboTars B
KauecTBe KOHCYIbTaHTa. [lociie Garomnoay4Horo rnepesiera ero ¥ otia, Bajsrep 3aTeM BepHETCS B AMEPUKY CO CBOEH
ceMbeil Ha rofi B cTaTyce HaOIoaTeN s TOJIbKO A1l HAOMIOAEHHUS 32 Pa3BUTHEM UMIUIO3UHHBIX YCTPOHCTBA. DTO MPEATIOKEHUE



OBbLJIO OTBEPrHYTO OueBHAHO ['epXiaiiMep, KOTOPHI HE B COCTOSHUU caM OLieHUTh uH(opmarwmio IlayGeprepa, oH caenan
(rHAHCOBBIE BIOKEHHUS B IPOEKT, TEM BPEMEHEM BBIpa3wi OECIIOKOWCTBO pocTy HexoBepue JJoHHEpa.

PacCTPOCHHBII, YCIIBIAB 9TO H BCTPEBOXKMIICS yCIexoM peanpustus JlonHep 3atem Bouteten B Horo-Mopke B
Hammonansnyto Atomuyto HMccnenoBarensckyto nadoparoputo B bpykxeitBeHck, JIOHr-AlineHa, TPUCTYHII K TIOUCKY Hay4YHBIX
9KCIEPTOB JaTh OLIEHKY TeOpuH Bukropa u ero HoBoi (opMoii aTOMHO# SHEpTUH. B 00CYyKA€HUSIX, COCTOSBIIMXCS B TEUCHHE
CIEAYIOLMX Tpex AHeH ¢ 15 - 17 aBrycre KynbMUHALMEN CTall0 MMCbMEHHOE comallenue, yeayr Opuk A. bepraepa, pogom u3
repMaHiH KOOPMHATOPOM U INIAaBOM KOMaH bl MH)KEHEPOB-KOHCTPYKTOPOB paboTaromux Hall mpoektoM Kocmorpom
(Cosmotron ObL1 yCKOpHUTEIEM 3apsHKEHHBIX YaCTHIL), C COXpaHEHHEM pabodero Mecra, Mex Iy HUMH. (Mcronb3yeTes st
HCCIICAOBAaHUA aTOMHOU CTPYKTYPBI U AACPHBIX YaCTUL, KOCMOTPOHE IPOTOH (I/IOHI/ISOB&HHOT‘O Boaopoua) YCKOpsICA NI CHHXpOCl)O30TpOH, KOTOpL]ﬁ
TIOCTPOEH U UCIIONIB3YET OOIBIION TOpOI/II[&.TILHI;IfI DJIEKTPOMArHuT Ui CO3JaHUsI CUIIBHBIX JJICKTPUYUCCKUX U MAarHUTHBIX monei. 1o
OBLIH HEOOXOAUMO, YTOOBI HATIPABIIATE M YCKOPATH YacTHIB! 10 dHeprun 3 000 000 000 snekrpor-BonsT (3 I'9B) B paMKkax HOATOTOBKH
K ITOCJIEAYIOMIETO0 CTOJIKHOBEHUS C aTOMHBIMU siApaMi, OEHUBAJIN ITIOBEACHUE PACCEIHHBIX SAACPHBIX ‘{aCTI/ILI.) BepHep, BUCI Ce6$[ HEC TOJIBKO
SAEPHBIM-(QU3UKOM, OH OBUI JOCTATOYHO XOPOILO 3HAKOM C TEPMUHOJIOTHEH 1 OCHOBAMH SIIEPHON (HM3UKH, YTOOBI UMETh
BO3MOXKHOCTB IIEPEBOIUTH U MEpeaBaTh Jr00yro HH(POpMaIIO B Hay4HOIt onieHke, yto [llayGeprepbl Moy mpeasioxkuTs. B
KaKOI-TO MOMEHT BO BpPEMsl 3TUX IIEPErOBOPOB, NO-BUIUMOMY boepHep roBopuil, 4To OyJIeT CO37[aH MHOTO MHJUIMOHHBIN
Hay4YHO-HCCIIEI0BATENILCKUN IIEHTP B APU30HE JJIsl UMIUIO3UH, BO3MOXKHO, OBLI caM B Kypce ¢ IutaHaMmu. bepHep
OUYEBHJTHO YHOMSIHYI 3TO B pasroBope ¢ [llaybeprepamu, KOTOpbIE, Ka)XETCsl, HENPABUJIBHO MOHSIM KaK (aKT, XOTs OH
yxke 01 yBosieH Kak ['epxmraiimep u Jlonnep. 3aBepuuB coramenusi, Jlonnep BepHysncs B Konopano-Crnpunre Ha
cnenyromuii eHs. C 3TOro MOMEHTa OH Hayajl 3aHUMAaThCsl BOIIPOCOM YCKOPEHHUS, JOCTUTHYB CBOETO IIUKa B HaJaje-
cepeivHe CeHTIOpA.

20 aBrycra, IpuMEpHO 4epe3 ceMb Hezelb rmocie ux npuobitus B Texac, ['epxmaiimep nopyuui Illaybeprepam Hamucarsb
CBOM COOCTBEHHBIE OTAENBHBIE JOKJIAIB O HMILIO3HH, B TO 5K€ BpeMs OOBSBIII, UTO pellaromas KoHepeHIs J0JbKHa OyaeT
COCTOATHCS Yepe3 TpHU Helen. BUKTOp cka3all, YTO OH JIOJDKEH HalMCaTh CBOM JIOKJIAJIBI ITO0 €r0 COOCTBEHHBIMH CIIOBAMH,
HE3aBHCHMO OT TOTO, YTO 32 KOHIIEIIHS WM TEPMHUHBI KOTOPBIE OH HCIIONb3yeT MOTYT HJIM HE MOTYT OBITh NIPaBUIIBHBIMH,
MOTOMY 4TO JIt00ast '>KeM4y)KHHAa MyAPOCTH" — CYyTh, COAEPKaHUEM BCe paBHO OyaeT m3BiedeHa (moHsTa). OTHpaBiIeHHbIH Ha
[MourtoBsiit suk 28, [llepman, mrar Texac, coobmaer Bukrop [lay6eprep Obu1 anpecoBansl r-H Dpuk. A. bepHepy, B
HarmonanbHyto aroMHyr0 HaydHo-Hccren0BarenbeKkyo 1abopaToputo, bpykxeliBeH, ANTOH, mTar HLm-ﬁopK. Ilon
3aroJ0BKOM, KPOME TOTO, OBLIO yKa3aHOo, YTO UX JOKJIa] ObUI paspeleH r-H PobepT JlIoHHEpOM U ero MpeCcTaBUTeNeM, I-

H Kapn ['epxmaitmepoM, B COOTBETCTBHH C COTTAINIIEHHEM, cocTaBieHHOTo 15, 16 u 17 aBrycra 1958 B Bpykxeiiercke. B
[IuceMeHHOM BHE 3TH JOKIIAIBI 3aHsUH 1o BpeMeHH okoio 10 aueit ¢ 20 mo 31 aBrycra, BansTep ocHOBHOM agpecoBain

W MHTEPIIPETHPOBAJ N3BECTHBIE (DAKTHI QU3HKHU, OJUH 12-CTpaHUYHBIN TOKIan 00CYKISHHUS Pa3IMIHBIX aclIeKTOB O1o-
MarHuTHBIX ocedd. [locne okoHUaHus OHU ObLIM COOpaHbI Ha €XEAHEBHOM 00CyxJIeHnU [ epXinaiiMepoM, KOTOPBIHA HAIPaBHII
ux onucanue boepHepy A nepeBoja 1 niepeiadd HayqHOM OLIEHKH.

ITo BceMmy, kaxkeTcsl, 4To OoJbInas yacTh obmeHns Mexay 1layoeprepamu u I'epxiaiiMep HOCHIIO HOBEPXHOCTHBII
XapakTep, C MaJlo BEPOSITHOCTHBIMHU PEATbHBIMH PAa3bICHEHUAMH O XapaKTEPHBIX 0COOCHHOCTSIX, MPOEKTAX U IIPOrpaMMax.
Hanee, TakuM 00pa3oM JiepiKkajics MOaJIbIIe B HE BEJICHUH (HE BHUKAs), TSPIICHUE M TEPIUMOCTH B OTHOIICHUSX MEXIY
00CHMH CTOPOHAMH CTaJIM OYCHb HAIPSDKEHHBIMH | epxuraiimMep, CBS3M CTaHOBUTCS BCe OoJiee KpaTKuMu 1 Goiee
ornaneHHBIM. [T03TOMy OBIIO OBI BIOJHE BEpOSTHBIM, 4To 11layOepreps! He OBLIN MOJHOCTBHIO IPOHMH(MOPMUPOBAHBI O TOM,
KTO Ha caMoM Jele 0bul bepHep U MpUIIn K yOeKIEHHIO, YTO OH ObLI JUPEKTOPOM IPOEKTa KOCMOTPOH. TakuM oOpazom
ommMOO0YHO HAZESICh Ha BEICOKUH 1ocT B HanmoHaEHOM aTOMHOM Hay9HO-HCCIIeIOBaTeNbCKOIT Tadoparopuu. beprep
HEen30eKHO cTasla KPOHIITEIHOM COSMHSIONINHI NepeIHIi Kpail SIepHBIX UCCIICOBAHMIT U, KaK CICACTBHE OIIHO0YHO
MPEICTABICHHBIM TPENCTaBUTENIEM PH MOAIEPIKKE MPABUTENBCTBA U 3HAN TOCYIaPCTBEHHBIE TallHBI. B pesyinbrare
[Tay6epreps! NPUILTH K YOSKACHUIO, 4T0 bepHep ObUT 9KCIEpPTOM II0 BCEM BOIPOCAaM, KacaroIUMCs SHEPreTHKH. B
HEKOTOPBIX CITyJasix B X0[e 00CYKICHHs, Ha KOTOPOM s IPUCYTCTBOBAJ, Bansrep 1llaybeprep mpu3Hai, 4To B mpolecce
HOJITOTOBKU CBOMX JOKJIAI0B, OCEHIIIO UX, YTO MOIJIa OBITH MPOM3BE/IcHa O0MOA ITyTeM B3pHIBA (MMILIO3HH), KOTOpast Oyzret
10 BEJIMYMHBI O0JIee MOIITHOM, YeM BojopoaHas 6omoOa. [Ipeamnonaras, uto bepHep Obu1 Gosiee BIUSATEIBHBIM, YeM OH OBbLIT Ha
camoM pene, Bukrop n Bansrep yoesxnany, 9To Bcs HHGOPMALHSL, KOTOPYIO OHH IIPEIOCTABIIOT €My, JOJDKHA OBITH IIepejaHa
HETIOCPEIICTBEHHO B AMEPHKAHCKOE MPABUTEIILCTBO M BOCHHBIM.

KopoOxku u siiuky oTrpasieHbl u3 EBporisl ¢ Tem BpemeHeM npuObut B Lllepman, B Ha3HAUSHHBIH JIeHb B Hadalie
ceHTs0ps OblIa co3BaHa KoH(pepeHus. B Hem npunsimn yyactue Bukrop, Bansrep, Jlopmep, bephep u, BosamoxxkHo, Pennep.
OT0 nepBoe U3 Tpex 3aceJaHuii, TOra ke COCTOsUIOCh Ha paHuo TorteHa panom c r. Hlepman. Ilon pykoBonctsom Jlonuepa,
OHO OBIIO MPOBEAEHO IIaBHBIM 00pa3oM it bepHepa, KOTOpBIi 3as1BUII, YTO MPOEKT MIMIIIO3Us Teneph KM3HEHHO BayKHOE
HaIpaBlieHHe, TaK Kak uaeu Bukropa ObUTH 71a00paTOpPHO YCTAHOBIEHBI, YTO B COOTBETCTBHU C BHOBB YCTaHOBIEHHBIMHU
(daxramu GU3MKH, a UMEHHO (DYHKIIMOHATIBHON TMHAMUKY MUMILIO3UH. [IOHATHS SHEPTrUM CONIACHO C MPOLECCaMy IPHPOABI
MOTYT OBITh peaJin30BaHbl. B 3Tol cBsi3u bepHep Buen pelieHne SHepreTHYECKOM MpoOIeMbl JIeKalleld B MPaBUIbHON
uHTepIperanuu ypaBHeHne Makca [Tinanka E= hv (Jns Beisoga Gopmynst [Tnanka B 1900 romy caenan mpenonokeHue O TOM, 9TO
DJIEKTPOMAarHuTHOE U3JTYUYECHHUE UCITYCKACTCs B BUIAEC OTACIIBHBIX HOpI.IP[P’I DHEPrun (KBaHTOB), BEJINYMHA KOTOPBIX CBsA3aHA C YacTOTOM U3IIyUCHUSA
BbIpakeHueM: Koa(puiueHT nponopuuoHaabHOCTH . BIOCIEACTBUY Ha3Basu nmoctosiHHou [Inanka, . = 1.054 - 10-27 spr-c.),
copmynuposanHas B 1900 roxy, 1 ®punpuxa XaceHopis - Ansbepra DitHwreiiHa E = mc?. (PopMyIibl UIst 3NEKTPOMarHUTHOR Maccsl ) .
OtkpeITHE BassTepa MCTHHHAS HHTEPIPETAINH C° HOSCHI, KAKHM 00pa3oM IIPHPOA SHEPIUH ObLIM HAKOIUIEHH! H IOITOMY B
HacTosALIee BpeMs OTTOJI0CKaMH MaTeMaTHYecKie U pu3ndeckue OCHOBBI, B IpoekTe MMIIIo3ust MoxxeT pa3BUBaThCs (CM.
KOpOOKaX JaHHEIX 03aTTaBIeHHEIH "co3Bydns (rapmorns) Mexay E = hv, E = mc? u Kermepa TpeTHii 3aK0H IBHKEHHS
wiaHet ", ¢.24). DTo HEe yCTaHOBJICHO, TETIEPh MOXKEM 3TO c/ieNaTh. BUukTop u Banbkrep Torna ckazaiu, 4To UCIOJIb3YIOT



YeThIpex JICTHUH Nepuoa A uccnenoBaHuil. Jueprus Obina npoodnemoii Ne 1w CIIA u e€ perneHue TpelyeT Bce yCHIMs, B
9acTHOCTH, OT Bukropa, n Bansrep, notpedyercst ux mpucyrcTBrue B AMEpUKe B TeUeHHE BOCEMH JIeT. C 3TUM yTBEPKACHUEM
0JTy4aj10Ch, 4To Bukropa u Banrtepa , UX BU3bI O YETBIPEX JICTHEM NPEObIBAHUY, UX PAHHUE MOA03PEHUS ObLIH
MOATBEP>KAEHBI. UTOOBI OBITH CHIPaBEAIMBEIM, CYIIECTBYET BO3MOXKHOCTD, YTO OCTABAaThCS TaKOM UIMHHBIM HEPHOL
HEPBOHAYAILHO HE MPEAyCMaTpUBAJICS, HO IPEBPATHIICS B HEOOXOIUMOCTD, IPEAOCTABUTh B PE3yIlIbTaTe ropaszo ooiee
nonnyr nHpopmanmto [laydeprepam. Bukrop Obl1 IiTy0OKO MOTPSCEH 3TUM 3asBICHHEM, OTYACTU B CBS3H C IIEPCIEKTUBON 8-
JIETHETO IPeObIBaHUS B UyXOH CTpaHe N30IUPOBAHHBIM B OOILEHUY, HO YTO O0Jiee BaXKHO Ha OFPOMHOM JDKU, 0OMaHa, UX
nonpocty ooManysu (passenu). (( CCblnka U3 nNpedblayLlero Tekcta p.24))

Cossyyusi mexdy E =hv u E = mc2 u mpembezo 3akoHa dsuxeHus nnaHem Kenmepa

B pasbsicHeHuM Bbilwe ynoMsiHyToro ypasHeHus Nnaxka E = hv unn hf oTHocutca k ero 3akoHy nsnyyeHus,
rOBOPUTCS, YTO: "OHeprus cyLecTByeT TONbKO B BUAE KOMMNeKca 13 uenbix Yucen. CymmapHoe AencTBme aHeprum
BCerga uenoe 4ymcno KkpatHoe h "(noctynart kKBaHTOBOM Teopuu). B 3TOM ypaBHEHUN SHEPTUM ANEKTPOMArHUTHOroO
nanyyeHnsa E npogykT yHMBepcanbHbIX U dhyH4aMeHTanbHbIX r3ndecknx KoHcTaHT h = (6.62 x 10-34 Ox
/cek -, noctosiHHas NnaHka) pa3 yacTtoTbl F unu V, kotopble MOryT ObiTb TONBKO MCMYCKAKTCA UM NOMMOLLATCS
HEeKOTOPON MacCOW UMK KBaHTaMW. OTO NPUBOOUT K KOHLIENLMUMN SHEPreTU4eckon NepuoamyHoCTbI0 (MMMYbLCOB),
KOTopas MOXET ObITb NO-pasHOMY MHTEPMNPETMPOBATLCS Kak NPOAOMbHO NYNbCUPYIOLLMIA, LMKITUYECKUA,
BpaLllatenbHble, BUHTOBOW Miv BoNHOOOpasHou dhopMbl ABWxKeHWs, MNprpoaa BelpasnTb cebs dmsmdeckm
N UCKIIOYUTENBHO Yepes CBOWMCTBA LEeNnoro Yicna unm cosgaHns AUCKPETHbIX MHAMBUAYanbHOCTEN , aTOMOB,
AepeBbs, Nogdei u T.4. AHanorMyHoe ypaBHeHue XaceHopns -OiHWTelHa E = mc? cTosiwee ¢ Apyroi CTOPOHbI,
4yTO 3Heprus E 370 npousBedeHWe Maccbl m M CKOPOCTW CBETa B KBagpaTte. Tak Kak anekTpoMarHuTHoe
N3ry4eHne MOXET NPOSIBNATLCS B ANCKPETHBIX KBAHTOB, KaK U BbILLE, TO KBaApaT CKOPOCTU
CBeTa Kak (hakTop 3reKTPOMarH1MTHOroO N3fy4YeHus, KOTopoe, COrfacHO TeEOPUN OTHOCUTENBHOCTU NpeanonaraeTcs
HEN3MEHHOW KOHCTaHTON, AOIMKHO ObITb Takke UHTEPMNPETUPYIOTCS C TOMKU 3pEHUS NePUOaUYHOCTM - LienbiX
yncen n nx obpatHele, nocnegHss obpaTHO NPONOPLIMOHAIBHO W, CrEAOBATENBHO, UCTUHHBLIX FAPMOHMK NEPBOTO.
B cneactsue atoro, ecnu, kak yteepxxgan Banstep LLaybeprep B To Bpems, U3nyyeHne pacnpocTpaHseTcs B
MPOCTPAHCTBE HE NMHENHO, a NO cnupanu, To abconTHas CKOPOCTb CBETA, TO €CTb KOMOUHMPOBAHHbIE
cnuparnbHble U nocTynaTtenbHble (paguansHas) CKOPOCTEN, MPU KOTOPbIX CBET NPOXOAUT BAOSb 3a4aHHON
TpaekTopun B NPOCTPAHCTBE, AOIMKHbI MEHSTBCS B 3aBMCUMOCTU OT YacCTOThl, €ro CKOPOCTb Byay4u
NPOAYKTOM YrfOBOrO YCKOPEHUS U CNnparnbHOro paguyca OeNCTBUS.

[oka3aTtenbcTBa B 060CHOBaHME 3TOro CnmpanbHOro ABmxXeHus Obiny npomaseaeHsl NPodeccopom
®enukc IpeHradT Ha Puandeckuin pakynesret BeHckoro yHusepcuteta B 1949 rogy yepes npouecc, N3BeCTHbIN
Kak gpotodpope3. OTmeyeHHble B Pmanyeckom xypHane Asctpumn (Acta Physica Austriaca) (1. 4,1950 n
Vol. 5,1951), noBegeHue enBa 3aMeTHbIX YacTUL, MaTePUN 1 ra3oBbiX YACTUL, 3aKIMOYEHHbIX B CTEKNSAHHbIE
TpYy6KM GbINn obHapyXeHbl NPY OCBELLEHUN KOHLEHTPUPOBAHHLIM Ty4OM CBETa Pa3nnyHbIMU YacToTaMu.
HabntogeHus atoro sBneHns Obinm caenaHbl B YCNOBUAX U3MEHSIIOLLEroca OT BbICOKOTO AABIEHMS K BbICOKOMY
Bakyymy (paspaxeHnuto) (30 atm o 1 x 10-6 mm pT.cT. [Hg = pTyTb]) 1 ObIN CAENaH BbIBOA, YTO, MOCKOSbKY
cnuparnbHble ABMXeHUs Habnogaemblx YacTul 6bino BbI3BaHO CBETOBbLIM Sy4OM, YacTULbl AOMKHbI Bbinn BbiTh
MOABW>KHBIMM MO TOMY Xe NyTu, kKak cnupanb ceeTa (fig.1.6). bbino Takke yCTaHOBMNEHO, YTO CBET NPUTArMBAET U
OTTasIKMBAaET, YTO B TO Xe caMoe BPeMs, Tak Kak HeKoTopble
YacTuMUbl Bpallanucb No cnvpanu oT UCTOYMHMKA CBeTa, Apyrue,
Takue Kak xnopodunn, Bpallasch ABUranunch K Hemy.
MamepeHusamMmM Takke yCTaHOBMEHO, YTO Habnogaemble YacTuubl
BpaLLanuck no opbute 650 pa3 B cekyHAy Npu BpaLeH no
ceoen ocn B 4000 Nepu, 3bdeKT BO3MOXKEH NULLIL MOTOMY;,
paccyuTaHHble 3HEPrnM y4acTByoLLME, NO-BUAVNMOMY HaAENEHbI
aHTUrpaBmUTaLMOHHBIMK CBOWCTBA, OHW Gbinu B 70 pa3 6onee
MOLLIHbIE, YeM rpaBuTaums. B cooTBeTcTBUM C pegakuuen
Bankstepa LWayGeprepa NnponsBoAHbI OT CTaHAAPTHOW (OU3UKM,
rae aHeprus E B popme pabotel W ecTb npounsseneHne M maccbl
Ha a n npon3BegeHne Ha yckopeHust S nepemelleHus, T.e. W or E
= mas, W unu E = ToxxgecTBeHHO, kKBagpaTy CKOPOCTM cBeTa c?
MOXET ObITb MPUPaBHEHO?, KaK, NN 6onee KOHKPETHO, Kak
YITIOBOE YCKOpEHMe rw? yMHOXeHHOe Ha paauyca r. [Insi kaxxgoro
noeopoTa Ha 360 °, ANMHHOBOMHOBOW, HN3KWE YacToThl
N3ry4eHunsl, NO3STOMY ONMUCLIBAET LUMPOKUIA (6onbLUMIA pagnyc) u,
Taknm obpasom bonblue (MeaneHHee yrnoBoe YCKopeHue)
cnuparnu, Yem KOPOTKME BOSIHbI, TEM BbILLE YACTOThbl U3nydYeHus. B

“% | & Spiralling particles of fine matter CBSI131 C 9TMM abCOMOTHOM CKOPOCTU CBETA, Tak Kak CBET
e the '""”?“ife of If_:ght —aprocess called  onemewaeTcs Biepea BOOMb OCK MO JAHHOMY MYTH 3TO XE
idiophoresia’. paccTosiHue He ABRSeTCH NOCTOSAHHBLIM, HO, KaK yKa3aHo BblLLe,
ABMSETCHA pasnMyHbIM NPoM3BedeHNEM B3aMMHOCTM CNNPanbHbIX PaaMycoB I YMHOXEHHOE Ha yrioBoe
ycKkopeHue rw?, [InuHa BosHbl TakuM 06pa3om, CTaHOBUTCS NGO cnnpanbHOM U OCEeBOi HanpumMep,
mexay yrnom 360 ° n yactoton 360 ° BpalleHuii B TeHeHNe onpegeneHHoro nepnoaa Bpemeru. Noatomy Ha




ONVHHOBOMHOBBIX U KOPOTKOBOJTHOBbLIX YAaCTOTax NPOXoAsT pasHoe BpeMsl Ha OonpeaerieHHOM PacCTOSHUW.
OTO MOXeT Takke HabnoaaTbCs B 3HAYUTENbHBLIX Pa3NNUYUSAX B UISMEPEHUAX CKOPOCTU CBETa, MOXHO HaWUTU

B pa3nuyHbIX y4ebHMKax, OTNMYaETCa TEM, YTO YACTOThl CBETA N3MEPEHHbIE BbINM HE3HAYMTENBLHO HO Apyrue. B
Bonee LWMPOKOM CMbICIE Macca m AaHHbIX drieMeHTapHbIX YacTuL, aTOMOB U T.4., UMK ero UMMynbLC, N03ToMy
MOXET CUMTaTbCH 3aBUCSLLEM OT ero XapakTepHOM CKOPOCTU BpaLLeHMsl, KOTOpas B CBOK odepedb, OH NPoM3BOAUT
BbIOPOC SHEPrMM UM KBaHTaMU, 3TO paguyc AEACTBUS U YIITOBOE YCKOPEHMWE; XECTKUIA pagnyc, Tem

ObICTpee yrnoBoe yCKoOpeHne n NepruognyHocTb (YactoTta), 6onee MOLLHbIN SHEPreTUYECKUIA

acbdhekT n BonbLuasa Macchbl, 1 HA060POT. ATO B3aUMHOCTM ByayT TakkKe 0ObACHATD, No4YeEMy

n3MepeHHast MIHTEHCUBHOCTb SHEPIUN KOCMUYECKOro N3NYyYeHNs, HanpyMep, Bbille, YeM Y PEHTIEHOBCKUX Ny4en,
pagmyc cnupanm KOCMUYECKUX Nydeln 3Ha4YMTeNbHO MEHbLLE, U MOSTOMY €€ KUHETUYECKas SHeprus
nocTynarenbHas 1 CKOPOCTU CoOpasMepHO BhbiLe. B MMNI0O3MBHOM BUXPEBOM ABWXEHUS, rae paauyc AencTBus
MOCTOSIHHO CyXXaeTcs, yBennunBaeTCcs yrnoBoe YyCKOpeHue W, crnegoBaTtenbHo, yBennyeHne aHepreTuyeckoro
acbhekTa OyaeT aBTomaTtudeckum. BropbiM dhakTopom 34ecb MOXET ObiTb CBsid3aHbl C MOBTOPHOW MHTEpnpeTauum
Banestepa Laybeprepa nepecdopmynupoBka capa Mcaaka HetoToHa 1 TpeTuii 3akoH ABMkeHUs nnaHeT Kennepa.
B nepBoHauansHoi hopMynmpoekoi MoxaHHeca Kennepa yTeepxaaert, 4to ksaapat opbuTansHoro nepuoaa

T nponopunoHanbHa Kyby paguyca opbuTsl a. B Buae:

/ T,.\
l\.__T_;,fl

MprHuMas neprogpbl U pagnychbl BCEX MaHET BO BHUMaHWE, cpeaHee 3HadeHne gns T2/a3 coctasnser
2,987 773 813, KoTopas, KaXeTcs, CBA3aHa CO 3Ha4YeHusMu 13 29 pa3paboTaHHbIX Ha puc. 3,4 (cTp. 45).
B ypaBHeHue HbloToHa Ans rpaBUTaLMOHHOIO NPUTSXKEHUST MeXAY ABYX HEOECHbIX Ten
(1) mv* _ GMm
r FE
roe G = 6,67 x 10-11 N.m2/kg2 = rpaBuTaumoHHas noctosHHas (koHcTaHTa); M = macca ConHua; m = macca
OaHHOW NNaHeTbl, I = pagnanbHoe paccTtosiine oT ConHua, v = cpeaHasa opbuTanebHas ckopocThb MnaHeTsbl.

CornacHo nHTepnpetaumm Banstepa LayGeprepa, M MoXeT nmetb 3HayeHue oT 1 1 Tak kak G siBnsieTcs
MOCTOSIHHOW, TO 3TO NPOCTO MHOXMWTENb U, CrefoBaTeNibHO, MOXET ObIThb yaaneHbl U3 ypaBHeHUs1 6e3 HapyLleHui
OeNCTBUI Ha ypaBHeHWs. Takum ob6pa3om, ypaBHeHme (1) Bbille, CTAHOBUTCSA

Rmv_m:@B)rFf_m:_#rA°_m:
r r r - mv? r m

- (5)%“" :J%T'i = (6) ° = 1 = constant

Ecnu r paBHble no gnvHe oo 1 acTpoHoMuyeckon eguHnubl (1 a.e. = pacctosHnio mexay ConHuem n 3emnen),

N cpeaHsis opbutanbHas ckopocTb 3emnn = 29.799 328 85 km / cek, nonydyaem rv?= 888. Vcnonb3oBaHue 888 kak
rMnepbonNnYeckyto NOCTOSTHHYIO, MOXHO paccymTaTth Nobyto opbuTanbHy CKOPOCTb U paguychbl NaHET N HAaHECTU
Ha NPsIMOYronbHyto runepbony. KombrHMpoBaHHbIE KOHLENUUK, YTO CBET MyTeLLeCcTBOBas Unu cnvpansHO opouty
BOKPYr CBOEW OCK pacnpocTpaHeHus n ynpoweHne Tpetuin 3akoHa Kennepa, noatomy moxem obecneyntb OCHOBY
Ons onpegeneHus hakTM4yeckon CKOpoCTU N paguyca gencTeune noboro anekTpoMarHMTHOroO U3ny4yeHus, Ha aToT
pa3 paguyc OeNCTBUSE HaCTHOCTM YacTOTOM MOXET ObITb onpeaeneHa, To pagnycbl U OakTUYECKOM CKOPOCTb
cnvpanu gormkHa obiTe onpegenseMbiMy Ang Bcex Apyrnx dopmM 3NEKTPOMArHUTHOIO U3nyyYeHnsi. IMeHHo ata
COrnacoBaHHOCTb, YTO, BO3MOXHO, MPW YCIIOBUN "3BYK ...0CHOBAaMNOMoraroLmi NpUHLMMN, Ha

KOTOPOM ... mpoucxogut ".

Korza Bukrop cTai 0)HBIEHHO BO3MYILATHCS, YTO B IEPBOHAYAIBHON JOTOBOPEHHOCTH OH OYIET TOJBKO IIPH HEOOXOHMMOCTH
peObIBaHUS B TEUEHHE TPEX MECALIEB, €My CKa3alli, YTO €My JaeTcs JBa JHS, YTOObI IPUBBIKHYThH K 3TOH MBICIIH, IOTOMY YTO
BukTopy He yeM ObLIO xKepTBOBaTh. JIOHHEp 3aKpBUT KOH()EPEHIIUIO U BCe MPUCYTCTBYIOIINE YeXalld B CBOMX MAIMHAX, 32
uckmoueHneM Bukropa u Bansrepa, koTopsie octanuce. Bropas koHdepeHus, KoTopas Oblla 3aIulaHIpOBaHa BCKOpE MOCie
MIEPBOiA, COCTOSIIACH B OCHOBHOM MacTepckoi MeTaumypriuyeckoro Ipou3BOIACTBa BallMHITOH B KOTOPOW OBUTH pa3MelieHbI
SIIIAKY OTHPaBleHHbIe U3 ABCTprH. HeKOTOphIM paboTHHKAM OBLIO MPHKa3aHO Pa300paTh Hanbosee BaXKHbIE MPOTOTHITHI, a
HMMEHHO: OJIUH nocTpoeHHbIi XypHep (Thurner), yeii eHTpaIbHBII AIEMEHT ObLIT OTHOW OTJIMBKOM, COCTOSINEH U3 HECKOJIBKUX
00opoToB-TpyOsI (prc.1.3a u 6). Kak cBuaerens, Yonrep ckasai, Kak 3T0 ObUIO CII0KHO U3TOTOBUTH, 00paboTarh, Ha
MeTaI000pabaThIBAIOIINX CTAaHKaX, BUKTOp HU 4ero He oTBeTHII. To BpeMs Kak HEKOTOPbIE IIPOAOIKAIH OCMOTD,
PaBHOAYIIHBIE K 3TOMY cOOBITHIO, BukTOpy 1 Bansrepy OblI0 MpeaioxkeHo NpOHTH B Oim3iIexauit ohuc st JeTalbHOTO
o0cyxaeHus npoekra. Y Bukropa u Bansrepa OblsIo MHOTO BOITPOCOB, BBITEKAKOIIMX M3 MPEIBIAYILETO COBEIIAHHS U B
CPOYHOM TIOPSIZIKE IPOCHITH MPEACTABUTD JAOMOIHUTENEHYIO HHQOPMAIMIO U pa3bsicHeHH. OT HX BONPOCOB OTMAXHYIIHCH,

U MM CKa3aJli, 4YTO 3TO OTBETHI OyAyT Ha ciieyronield koHpeperuun. Ha oOpaTHOM myTH 1o KBapTupam, BukTop npusHaics
Banbrepy, uTo oH coOMpaeTcsi HacTauBaTh Ha TOM, YTO €My HaJo BEPHYTHCS B ABCTPHIO MOCIHIE MIPOXOXKACHNS 00rOBOPEHHBIX
TpEX MecslEeB, B IPOTUBHOM ciiydae OH Oynet Monuarb. Korna [epxmaiiMep nosiBuiics Ha cienyromuil eHb Buktop cpasy
COOOIIHI eMy, UTO, TOCKOIBKY OHH HAapyLIMIN CBOE COTIAllleHHe C HUM, OH Oy[eT MO4aTh U He OyleT COTPYIHUYATh B TOM
IIPOEKTE.



OkxkoJio Tpex gHeil mocie 2-ro 3acenanus, Bukrop BepHyincs B OonbHHUILY, Bonbrep B conpoBokaenue 'epximaiimep Ha
noe3nky B Konmopamo-CripuHre ajist pemaroiiei Tpetbeit Berpeue ¢ JJoHHepoM 1 pyKoBomuTeIssMH Boctounoit HedTsHOM
KoMInaHuy U Kommanuu MarucTpanbHbIX JIMHUH. Y4acTHe UX HayYHBIX PyKOBOAUTENEH, OHU IIPpUWIETENH cleluanbHo u3 Heto-
MeKcHKO /171 COBEIIaHUs, KOTOPOE COCTOUTCS Haceayromuii qenb. Xots [epxiiaiimep ocrancs ¢ JJonHepom, Bansrep 6bu1
pa3mMeleH B OnuziexaiieM orene, [ epxiaiimep eMy npenoctaBuil CBOM UMIOPTHBIN Oenblii Mepceznec, 4To0bl 100paThes
1o Bcrpeun B Otenb bpoamyp B nepBoit monoBuHe AHs. Berpeua cocrosiiack B 3allIaHUPOBAaHHOE BPEMsi, HO Oe3 ydacTust
Bansrepa. Bmecrto 3Toro oH, BUIMMO, M0eXall B BEpXHIOIO YyacTh 3HaMeHuToro nuka Ilaiik (okono 14000¢yToB), Bo3Bpaiasch
OTTYyZa TOJbKO B KoHIle aAHs. Korna oH B koHIIe KOHIOB puObL1 B OTens bpoamyp I'epxmaiivep Obul o4ty B GEIIEHCTBE,
HOTOMY 4TO ydacTue BonTepa OBUIO pelnraronyM 3Ha4eHne T ycIexa KoH(pepeHINH, KOTopast B eT0 OTCYTCTBHE IOTEpIIeIIo
nonHoe ¢uacko. TpeOyst 00bICHEHUH, T0-BUAMMOMY Banbrep OTBETHII, UYTO OH MPOCTO 3a0bUI. DTO TOJIBKO IOUIMIO Maciia
B Orous ['epxmaiimep, moromy 4ro Banbsrep ObUT yMHBIM YEJIOBEKOM M €r0 HETIOCEIEHHE MOIJIO OBITh HE CIy4ailHOCTBIO.
ITouemy Banbrep czenall 3To HUKOIa Mbl He y3HaeM. MoxeT ObITb, €T0 MOTUBUPOBAJIO JKelaHue Bukropa, 1 oH yaepxai
TEOOYIO TOTIOHUTENBEHYI0 HHQOPMAIIHIO O MMIUTO3UITHON sIIepHOi sHepruu. He3aBucHMO OT NPUYHHBL, OH (h)aKTHIECKH
copBau Bech NPOoeKT. JJoHHep ObLI Tak K€ B IPOCTH U IOCJIE pa3roBopa ¢ I'epximaiiMepoM pelun oTIpaBUTh JOMOK

[ayGeprepoB cpa3y mocie MoANMUCaHUS KOHTPAKTa, OPYIHII CBOEMY aJJBOKATy, MUCTepy Poccy, 4ToOBI OH cocTaBHI
OKOHYATENNbHBIM KOHTPAKT JUIl HeMeaneHHoro noanucanus llaydeprepom.

Uepes nBa ust 13 ceHTA0ps B 0KOJIO S yacoB Beuepa, Bukrop u Bansrep Obutn coOpansl ['epXiaiiMepoM Ha 4Y€TBEPTOM
Y 3aKIIFOYUTEIHHOM 3aCelaHnH, KOTOPOe cocTosiochk B oduce TorreHHa. Xotst TOTTEH MOCMOTpEN MpavdHO M3-3a CTOJA,
Honuep cuzen 3a cTonukoM B cepeaune komHaTsl. Korga Bukrop Bomien, eMy ykaszanu Ha kpecio Hanpotus [loHHepa,
ocranbpHas KoMnanusl, [epxmaiimep, ropuct JJoHHepa 1 Bansrep crosut B iyOuHe KOMHATHI, JJOHHEp 3aTeM Ioamucan
JOKyMEHT Tiepell BUKTOpoM U mepeaan ero 3010Toe rnepo uis noanucanus Bukropy. JlokymeHTsl 3a0pan ['epxiuaiimep
pOTSAHYN BUKTOPY M OO0, YTO OBIJIO IPUHATO PEIICHNE Pa3pPENInTh €r0 BO3BpAIleHHE B ABCTPHIO, €ANHCTBEHHOE
YCJIOBUE B TOM, YTO OH JOJDKEH IOIMUCHIBAET 3TOT A0KyMeHT. CHavana Bukrop konedancs, HOTOMY YTO OH ObLI HamUCaH
Ha aHDIMICKOM SI3bIKE, OH HE MOT HM IIPOYMTAaTh, HU NMOHATH. [ TIsHy Ha Banbrepa 3a moMoIibo, TyT BCIIBIXHYIA Iepenaika
mexay Bansrepom u I'epxmaiiMep, Banbrep HacTanBai, 4To JOKYMEHT JIOJDKEH OBITh MEPEBEACH Ha HEMEIKHI S3bIK, 4TO Obl
BukTop 3Ha1, 4TO OH IOMKEH MOANKCaTh. | epXimaiiMep ctai KpaifHe pa3ipakeH Ha 3TO U MpuKasail Bansrepy Mom4ars.
3aTeM OH MOBEepHYJIcs K BUKTOpY U 3aBEpUII €T0, YTO OH MOXKET HE BOJIHOBAThCS JOKYMEHT HE ONIACEH, OANHUCATh JOKYMEHT
HETIPOYUTAHHBIM, C €T0 MOANMCAHUEM BCE €ro JkeNlaHus OyIyT BRIIONHEHBI. B 3ToT MoMeHT ['epximaiimep Hanomuun JloHHEpeE,
YTO OHU JOJDKHBI OBITH B a3POINOPTY Yepe3 AECIATh MUHYT, 1ocie yero Bansrep norpedosai, 4To0bl cogepskanue "norosopa”
ClIeyeT 1o KpaitHel Mepe nepeBectd BUKTOpY B YCTHO# (popme. B 3T0 BpeMsi B COCTOSIHUM MOJYIICUXMYECKOTO Mapaiiya
POXKIaeTCs €ro OTYasHUe, YTOOBI BEPHYThCS IOMOH U, 4TOOBI 3aKOHUUTH BCE 3TO Jieso ObicTpee, Buxrop ckasan BansTepy, uto
OH XOYEeT MOANMUCAThH COIIAIICHHE HE3aBHCHMO YTO B HEM coaepikutcs. Bansrep oOpatuics k epxiuaiimMep 3a konuen
JOKYMEHTA, C TeM YTOOBI OH MOT' IPOBEPUTH, HA CKOJIKO OH CMOI, YTOUHUTh OCHOBHbIE MOMEHTB! YCTHOT'O IIEPEBOAA.

He u3BecTHO, Kak Ha caMOM Jieie CBOOOHOE JIM BJIaJiell aHIIMHCKUM s13bikoM Bansrep. B Jlonnone B 1951 roay, 3ametum,

oH Obu1 npurianied Puaapmaom Cankt bap6 beiikepoM tst 4TeHWs JIEKIMIA U TPOBENICHUsI dKcIepruMeHTOB B Jlopuectep Xomt
(Dorchester Hotel), B kOTOpoM NpH IOJTHOM AUIIOMAaTUUECKOM KOpIIyce ObUIO CKa3aHo, uTo coObITust CankT-bap6 beiikep
Ha3BaJ BECbMa yCIEIIHBIM. 3aMeTuM B AHIK Bansrep ynran ekunu B KemOpumke, bupmuareme u Oxedopre, a Taxke
BOCIIOJNIb30BAJICS BO3MOXKHOCTBIO, YTOOBI moceTuTh Yunbsima JlopeHca bparra (HobGenesckas npemust o ¢usuke 1915 3a ero
PEHTIEHOBCKOTO MCCIICIOBAHMUS KPUCTAJUTHUECKON CTPYKTYphI) U capa [xeiimca Uensuka (Hobenesckas npemus o (usnke
1935 . 1932 ero oTkpbITUE HEWTPOHA). Buaumo, ObUIM HEKOTOPBIE TPYJHOCTH B XO/I€ OOIIEHHsI OOMEHA UX MHEHUSIMU, XOTS
00a bparr u YaaBrk MOIIIH TaKxe TOBOPUTH MO HEMEIKHiL. Bce 3T0 MPOM30IIII0 OKOJIO CEMH JIET Ha3ajl, MOJIy4aeTcsl, YT
Banbrep B TOT meproa CBOOOIHO MOT M3BSICHUTHCS Ha CTAPOM aHIIIUICKOM, B 9TOM HE OBLIO COMHEHUH.

310 TpeboBaHue B TOKyMEHTE, BBI3BAJIO emle Ooiblre criopoB. Korna oH, HakoHel], OOBSICHII €My, IT0-HeMelKd, BHUKTop
ObICTpO moAnHcalt. M TOMbKO MO3XKe, €ro 0CEHWIO, YTO OH MPOJIAJl CBOIO JYIITY, MOAIUCHIO Y HETO OTHSUTH BECh YM, BCIO €TO
JKH3Hb - BCE, K YeMy OH CTpeMHTCs. Sl M3yums1 3TOT JIOKYMEHT CaM U 3TO COCTOSIHUE COBEPILIEHHO HEABYCMBICIEHHOE, YTO HE
TOJBKO BCE MONeN BuKTOpa, 3CKU3BI, MPOTOTHITHL, TOKIAAbl U JPYTHUE MaTePHAbI, CTAIH COOCTBEHHOCTHIO KOHCOPIINYMa
Jounepa u ['epxinaiiMepa, HO ¥ To, 4To BukTOpa 00s13aH ObUT MOJTYATh PO BCE, YTO CBA3AHHOE C UMILJIO3UH B MOCIEIYIOIINI
nepron. Kpome Toro, mro0ble ganbHEHIINe TOHIATHS WM WAEH, KOTOPBIE OH MOXKET pa3BHBAaTh B OyIyILEM TaKkXKe JTOKHEI
OynyT npuHajuiexars JJonHepy u I'epxuaiimepy, 1 HM IPH KaKUX 00CTOATENHCTBAX OH HE MOT BCE 0OCYKIaTh T€ WX
WHbIE WM KaKue-HUOYIb, emE ¢ KeM TO.

XoTs Ha NepBBIi B3I 9TO IPUHYAUTENbHbIE AHCTBHS aMEPUKAHIIEB MOXKET IIOKa3aThCs IPEAOCYIUTENbHbBIM,
OHM MOT'YT OJMHAKOBO XOPOIIO yTBEPXKIaTh, UTO, U3PACX0/I0BAIN 3HAUUTEIbHbBIE CYMMBI Ha 3TOM IIPEINPHUITUH, OHU 110
KpaiiHell Mepe XOTelIM BOCCTAHOBUTh HEKOTOPBIE YaCTUYHbIE IIOTEPU 110 IOPUAUUECKH IPUOOpeTast BIaIeHUs, HaCIemysl,
ammapatsl BukTopa, B kKauecTBe 3aj0ra. 9T0, HECOMHEHHO, OBIIIO CAENTaHO C IEIbI0 HCIOIB30BAaHUS UX B KOMMEPUYECKUX
LeJSIX B HEKOTOPOM poze B OyaymeM. Kakum o6pa3zom 310 6bUI0 JOCTUTHYTO, HECMOTPS Ha 3TO, YTOOBI Y3aKOHUTh TaKOE
nprodpeTeHue, He0OXOAUMO, TOANUCAHNS BBIILIEYKA3aHHOTO JOKYMEHTa, BUKTOpOM JIMYHO HepeaaeT CBOU IpaBa.

ITnageBHBIM pe3ylbTaTOM BCETO 3TOrO, SIBISIETCS TO, YTO BCE MOAENU BUKTOpa, IPOTOTUIIBL, YEPTEXKHU, IOAPOOHBIE

MHCTPYKIUHY, BKJII0Yast IepBOHAYANIBHBIN fokIa] npodeccopa Ilomnens npeanonaraercs, TOT, KOTOPIA Ha3bIBaJICS
"oTpuULaTeNnbHOE TpeHue" ObLT NeHCTBUTEIBHO CTal BlaJieHneM KoHcopunyMa JJonnepa- [epxmaiimepa. Uto 3ToT HoKia ObuT
(axkTHUeCKH HEOTHEMIIEMOM YaCcThIO 3TOrO MPOEKTa MOATBEPIKAACTCS YIOMUHAHUEM Bukropa k Hell B OZIHOM U3 CBOUX
nokianoB B boepaepe ot 23/24 aBrycra 1958.

Beuepom 17 cenrsops Buxropy u Bansrepy ckaszanu, 4To0bl cOOpannuch Kak MOXHO ckopee K 5:45 yrpa. OHu Obuti
TOTOBBI ¥ XJIaJIM, HO HUKTO He nosBuiics 1o 8.30. [epxmiaiiMep npocnain. B 6onblioii crienke OHU yexaiii B a3poriopT,
Buxkropy npenocrasumu apromoouiis TorreHa B Illepmane. Banbrep nponomkun myreniecTsre ¢ I'epxiaiimep, KOTOpbI
HAIOMHWJI €My, €Il€ pa3 PO yCIOBHs, MPELYCMOTPEHHBIX B MIOCJIEAHEM COMTIALICHUE, TOANNUCaHHOEe ¢ JJOHHepOM, a UMEHHO,



YTO BCE AaJbHEHIINE UCCIIEA0BaHNE UMIIO3UH U UMILIO3UBHOTO YCTPOHCTBA B OyayIieM ObUIM OrpaHUYEHbl aMEPUKaHCKUMHU
BOCHHBIMU. Jlpyrumu cinoBaMu, B EBporie, oTell 1 CbIH BBIHYK/JICHbI XpaHUTh ITOJIHOE MOJYAHUE HA 3Ty TEMY M CBA3aHHBIX C
HEH MpoeKTax.

B cBs3u ¢ no3qHuM BbIe3ioM, BukTop n Bansrep nmpuObUT B a3ponopTt BCero 3a BOCEMb MUHYT J10 BblieTa B Hpto-
Vopxk. [Tprexas Ty/a HECKOJBKO YaCOB CIyCTsI, OHH MEPECENH B CAMOJIET i nojieTen Bo dpankypT yepes JIOH/IOH, Tie OHH
OBbLIIM BBIHYKJICHBI COBEPILHUTH aBapUIHYIO TocaaKy. YenoBek BCeraa, OTBEUaeT 3a CBOM CJIOBA MM MOINHUCKHIBAs BCETIa
KOHEUHBII pe3yabTaT OTpaykaeTcsl TOJIbKO Ha ceOsi, Ha 00paTHOM ITyTH B camoJieTe Bukrop nosepHysncs k Bansrepy 1 Bbipasui
DIyOOKYIO Ie4aib ¥ ero BHYTPEHHIO 00Jb YN, TOBOPHUII CI0BA O TOM, UTO;

"5 Gosblie He BIIACI0 CBOMM COOCTBEHHBIM yMOM. S ke HE BIIAJEI0 CBOMM MBICIISAM. B KOHEYHOM cuete, s Cielal, TO 9TO Y MEHsI HUYero He
ocranocs. 5 yenosek 6e3 Oymyuero."

Ocrapisis @pankdypT Ha moe3Jie yepe3 HECKOIbKO YacoB, OHH MpuObLTH B JIuHI[ B 20 ceHTAOps OKoJIO moayHouu. Bo
BTOPO#i moJioBUHE JHS 25 centTsiopst 1958 roaa, narte aHei mocne npubbiTHs Aomoit B JIunie, Bukrop [lay6eprep, kKoTopsiii
BCIO CBOIO JKH3Hb TaK TPYIHO OOPOJICS HCLETUTh OKPYKAIOLIYIO Cpely M YIy4dIIUTh IOJ0KEHNE YeTI0BEIECTBA, YMEP
CIIOMJICHHBIM YEJIOBEKOM.

"OHH Ha3BIBAIOT MEHS cymacHIe M. Haae}ocs, YTO OHU IIPaBBbIL. HpH 9TOM HE CTaHET OOJIbIIE UIIH MEHBIIIE OIHUM JOypaKOM Ha 3TOM 3eMIIe.
Ho ecnm s IIpaB, a HayKa HE IIpaBa, TO MYCTh FOCHO,I[I; bor CMUITYETCS Ha{ YeJI0BEYECTBOM! 28

BukTtop Lay6eprep - 30 noHsa 1885 - 25 ceHTabps 1958.
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1. nepeBox C. Mapriaka
3anoseab “Ecian”

O, ecnu Thl CIIOKOEH, HE PacTepsiH,

Korna TepsoT ronoBkl BOKPYT,

U eciu THI cebe ocTaics BepeH,

Korna B Te0s1 He BEpHT JIydIIHi JPYT,

W ecnu >kpaTh ymeenis O0e3 BOIHEHbBS,

He cranenis JI0KbI0 OTBEYATh HA JIOXKb,

He Gyneuib 3100eH, cTaB Ui BCEX MUIICHBIO,
Ho u cBATBIM cebsl HE Ha30BEIb, -

W ecnu ThI CBOEH Bi1ajieenb CTPACThIO,

A He TOOOIO BIACTBYET OHA,

W Oynewb TBEpA B yaue U B HECUACTBE,
KoTopbIM B CyIIHOCTH IIeHA OfHA,

W eciu TBI TOTOB K TOMY, YTO CJIOBO

TBoe B JIOBYILIKY IpeBpaIiaeT IIyT,

U, moteprnieB KpyIIeHbE, MOKEIIb CHOBA -
be3 mpeskHuX CHUII - BO30OOHOBIISITE CBOM TPYA.

U eciu ThI CII0OCOOEH BCE, UTO CTAJIO
TeOe NPUBBIYHBIM, BBUIOXKHTH Ha CTOI,
Bce npourpars 1 BHOBb Ha4aTh CHAavaja,
He noxarnes Toro, 4to npuodpel,

W ecnm MOXKeNIb, CepALie, HEPBBI, KUIIbI
Tak 3aBecTn, 4TOObI BIIEPE/I HECTHCE,
Korza ¢ ronaMu H3MEHSIOT CHIIBI

U Tonbko BOJIs TOBOPUT: "epikKuCh!" -

U ecin Moxels ObITH B TOJIIE COOOIO,
IIpu xopose ¢ HapoaOM CBSI3b XPAaHUTh
U, yBaxkast MHEHHE J11000€,

I'maBbI nepes MOJIBOIO HE KJIOHUTD,

W ecnu Oynemib MEpUTb PACCTOSHBE
CexyHamu, IycKasch B JaJbHHUN Oer, -
3emiIs - TBOE, MO MaJIbuUK, TOCTOSHBE,
U Gonee Toro, THI - YEIOBEK!

Ecau

O, eci pa3yM COXPaHUTh CyMEeIIb,
Korzna Bokpyr 6e3ymue U 10Xb,



IToBepuTh B IpaBOTY CBOIO - HOCMECIIB,
W My»ecTBO MPU3HATH BUHY - Hali/IEIIIb,
W ecnu Oynenib XKUTh, HE OTBEYAs

Ha kneBety apyseii 00umoii 31101,
Topstmuit B30p Bpara racuThb, BCTpeyasi,
VYnbIOKO# 7133 ¥ peuu MpsiMOTOM,

U ecii cMOKeIIb H30e:KaTh COMHEHBS,
B TymaHe yM BO3JBHTHYB LieIb-MasK..

Penpsipn Kurmmar (1865-1936)
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2 OHEPI'UA

2.1 3nepausn ce2o0ns

bnarorosenuem HaﬁmonaeM MUP BOKPYT HAaC CETOAHS, BE3IC OUCBUAHBI TPU3HAKU YXYAIICHUS U CUMIITOMBI



BBIPOXKACHU . Mg1 0XBaueHBI 06’LC}II/IHGHI/ICM B3aNMMOCBA3aHHBIX KPU3UCOB, KPU3HCOB B OG.]'IaCTI/l OHEPIreTUKH, KPU3HCHI B
100aJbHOM BOJHOM OajlaHce, KPU3KC B CENIbCKOM XO3SICTBE U, YTO XYXKe Bcero, KpusucoM B camoit [Tpupone. Kyna 6b1 Mbl HU
IIOCMOTpEIH, AeNa UAYT He TaK XOPOIIo, Kak Obl MBI XOTEIM B 3TO BepUTh. Hucxosias crupais pacnaja, BO3pacTaeT ¢
YIPOXKAIOIIEH CKOPOCTHIO, C HECKOJIBKHX, €CIIH HE MOCNIENyeT Kakoe-T100 AeHCTBYIOINE KOHKPETHBIE MPEIOKEHHS HIIH
JEeHCTBUS OCYIIECTBIIOMUE €€ 0CTaHOBKY. Be€ 3T0 BhI3bIBaeT Bompoc: mMest Hayky, Opocaroliuil CBET Ha BECh Halll
XBaJICHHBIH TEXHUYECKHI Iporpecc, rae-To oHa rpyoo ommonacs?

Eciu Obl Hayka Obl1a B TapMOHUH C IPUPOJOH, €CIIM YYEHbIE ICHCTBUTENILHO IIOHUMAJIM BHYTPEHHIOIO paboTy
IMpuponsl, ecnu cama Hayka paboTaia B COOTBETCTBUM C 3aKOHAMH MPUPOIbI, MbI ObI 00s1a1a)id OOMIMEM BCETO, YTO HY)KHO,
SHEprueil, NpofoBOILCTBUEM, BOLOH, TOTO UTO y Hac HET! B camoM zerne, Hayka MeHee U MEHEe YCIIEIlHa, YeM OHa
yTBeprkaaeT. OHa He cMOIIa IPUHSTH K CBEJCHUIO OecuucIeHHble HaMeKu [Ipupoibl U yKa3aHui, Kak Bce JODKHO OBITH
CZICNIaHO, ¥ BMECTO ATOTO MPUHSLIIAa IIPOTHBOIIOIOKHOE HAMIPABICHUE MyTH. DTOT MOAXOA UCKPEHHE BO3paXkaThb (YIOPHO
COIPATUBILITLCS) U HEYCTAHHBIMU YCUIMSMH MHOTHX JIIOZIEH O YIy4IlIEHUIO YCIOBUI B LIEJIOM.

[Mocnennus AeATENEHOCTD MEXKITYHAPOIHOM IPYIIIBI 3aMHTEPECOBAHHBIX YUSHBIX CO BCEX KOHTUHEHTOB 36MHOTO
h1apa, SBJISeTCS JOCTAaTOUHBIM JI0Ka3aTeabcTBOM 3Toro. Ilox arunoit BcemupHoll koMuccuu o okpykaromeil cpese u
Pa3BUTHIO TIOJI PYKOBOJICTBOM T-Ha ['py Xapnem Bpynarnanm, ObiBiiero npembep-MuHACTpa HopBeruu, 5T yueHsie
MTOJITIMITCh CBOMM BPEMEHEM U 3HAHUSAMM U HaBBIKAMHU JUIS TIATEIbHON OLEHKH HBIHEITHETO COCTOSIHUS MUPa, KOTOpast
3aBepINMIIACH B COCTABJIEHUH MOAPOOHOTO JOKIaAa, o3amiasieHHbM ""Hamme obmee Oymymee" .

MpinuieHre OONBIIMHCTBA YYSHBIX, 3aMETHM, ObLJIO OKpAIIeHO 0oiee MEXaHHCTHISCKUH OIXO K >Ku3HH - Deus Ex
Machina ("0or 13 MammHBL" )- 4TO HE 03HAYACT, YTO BCE YCTAHOBJICHHBIC (DAKTHI HAYKH W KPOTIOTIHMBBIHA TPY/I MOCBSAIICHHBIH
HCCIIE0BaHMSIM, KOTOPBIE OBUTH MPOBEICHEI, SIBJSIFOTCS HEJEHCTBUTENFHBIMHI, HO TIPEIIONIOKUM, YTO HX HHTEPIPETALHS
Morua ObITh UHasl. Ha ceroqusmumii 1eHb TaM OBLIO CIMIIKOM MHOTO YAEJICHO BHIMAHUS aHAJM3Y, CTPEMJICHHE K MEJIoYaM,
Pa3BHTHE CIIEIHAIBEHON TEPMUHOJIOTHH, HEMOHATHBIX Pa3IMYHBIX HAYIHBIX AUCIHUILIHH, HE TOBOPS YXKE O OCTaIHLHOM
YCJIOBEUCCTBC MOAYUHATHCA AUKTATy HAYKH, KOTOpas CTajia HCIOrpeIInMbIM HOBBIM Borom.

ITo cnoBam Bukropa IllayGeprepa, KOTOpBIi cunTal HAyKy, CIMIIKOM HHU3KOH OKTaBO# U, Oarogapsi CBOeMy 4HUCTO
MaTepUATUCTUUECKOMY NTOAXOY, TpeHeOperasi OCHOBHOM 3HEPreTH4ecKoi 06a3bl 11 BceX (DM3MUECKUX MPOSBICHHUH,
norepsiia u3 Buay eauoe nenoe. [lpodeccop Jaeun Cycyku, BbIIAONIHICA OUOJIOT, OMH pa3 3asiBUJI, YTO UMEIOTCS 110
KpaiiHell Mepe, IBaAlaTh OTpacieil B OM0IOruy, B Kax 101 U3 KOTOPOit ObUT CBOM COOCTBEHHBIN JKaproOH, HE B COCTOSHUU
KOTE€PEHTHO 001IaThes ¢ ApyruMH. OTAeNBHO YyBCTBYET ce0sl HE3HAUUTENBHBIM B JIMIIE BCETO 3TO OTPOMHOTO MacCHBa
Hay4HOH 5KCIIEPTU3bl, OUH 3aMETHJI CPEAU 3HAKOMBIX, KOIJ[a CTAJIKHUBACHICS ¢ BO3BBIIIAIOIIETOCS 3aHUEM [10-BUIUMOMY, BCE
— 3HAIOUINX, "Hay4yHOE yupexaeHue".

IMoTpsiceHHbIH 3TON HEMOHATHOI CII0KHOCTBIO U B YOSKJEHUU TOTO, YTO JII000€ IOHUMAaHUE OyJIET HEBO3MOXKHO,
0O0IIIECTBEHHOCTb B IIEJIOM OTKa3aJ0Ch OT CBOETO 3I0POBbsI U OyIYILIETO, IPEAOCTaBUB KOHTPOJIb BEPXOBHBIX JKpelaM Hayku. Y
Bukropa [llayGeprepa, 3aMeTiM, ObLUTH Jpyrue MbICIIH:

“BONBUINHCTBO CYUTAIOT, YTO BCE TPYAHO MOHMMAEMOE (CIOKHO MTOCTHIAeMOe) JOJDKHO OBITh OYeHb IIyOOKHM. DTO HeNpaBHIbHO. To 4TO TPYyIHO
TOHATB, 3TO TO, YTO HECO3PENIO, HESICHO M YaCTO JIOKHO. Bbicoualimas MyIpocTh IIPOCTa U IIPOXOAHT Y€pe3 MO3T MPSMO B cepaue.”

Takum 00pa3oM, Kak UCIIONB30BaTh, BECh 3TOT aHAJM3, €CJIM B KOHEYHOM MTOTE HUYETO HE HAMJEHO B CHHTE3e, Onaroaaps
KOTOPOMY BCE HUCCIIEIOBAHHS MOTYT OBITh 3 QEKTUBHO pean3oBaHbl? HecOMHEHHO CylecTByeT BceoObeMittolas (00UIpHAs )
JOCTATOYHO TOJTHAS, Iake H30BITOYHAS TOAPOOHAs, HO TO, YTO ceifyac pelaroniee 3HaueH!e ISl Hallero BEDKUBAHUS Ha ITOH
IUTaHETE, YTO BCE 5TO OIPOMHBIH 3amac 3HaHUH JOJDKEH OBITh COIIACOBAH U MPUMEHUM Ha npakTuke. Hayka, oTHIONb HE
TOJIBKO B 9TOM BHHOBATa yApy4alomleM MojoxeHue jel. [lonnTrka 1 BIacTh Takke UTPAIOT BAKHYIO, KOHTPOJIHPYIOLIYIO POJIb.
CrpemJieHue K MPUOBUIN U BIACTH ISl CBOETO COOCTBEHHOTO 0J1ara, B COYETaHWU C HEOOXOAMMBIMU CUCTEMaMH KOHTPOJIS,
BBITECHSIIOT MAacChl YeJIOBEUECTBA B COCTOSHHE MTOYTH MOIHOM 3aBUCUMOCTH JUTSI BCEr0 HEOOXOIMMOTO B MOMCKAX MPOTYKTOB
IUTaHUs, SHEPTUH, 300POBbS U BCEX APYIHX NOTpeOHOCTEH >KU3Hb. VICKyCcCTBEHHBIE TOCTABKH (IPOLYKTOB), MHOTAA IOMOTaeT
KIMMaTHYEeCKOe HEMIOCTOSHCTBO, Ne(QHIUT B TOBapax, o0ecnedrnBacT MpoIoDKeHHe 3ToH 3aBucuMocTH. [1o cnoBam Buxropa
[May6eprepa, "Kanuran uHTEpEeCyeTCS TOIBKO MPOIBETAHHEM JIe(EKTHBIX SKOHOMHUK" U HE MOXKET OBITh HUKAKUX COMHEHHH,
YTO HKOHOMHYECKas CHCTEMA B PE3yJIbTaTe STOH MaHUITYIISIMU a0COTIOTHO HeecTeCTBeHHA. YTo B Hell HET HEIOCTAaTKOB
CErOHsI, CTPAJAHKS U JIUIICHNUS, 1B COOBITHS, KOTOPbIC YBEIMIUBACTCSI BO BCeM Mupe. JIFOIU OTYassHHO COBEPIICHCTBYIOTCS
U BA3HYT B TPsICUHE TIOJ KPOBOM Mpaka, 6e3 Oyaymiero. He TonbKko poauTeny 0T4asHHO 00eCIOKOSHBI BEBDKUBAHUEM CBOHX
JIeTei, HO ¥ UX JCTH BUJSIT CBOE OY/IyIee C OTPOMHBIM YHBIHHEM.

To BpeMst Kak MHJTHOHBI HAIIIUX COOTEYECTBEHHUKOB YETOBEUSCKUX CYIIIECTB YMHUPAIOT OT JKYTKOTO TOJI0/Ia, MBI
©XKETHEBHO MMOJTy4aeM U3BECTHUS O Tpy0oi, MOPOil HEMOHATHON, HECTIPABEINIMBOCTH B PACIPENEIICHUH TPOIOBOIbCTBHSA,
u3 "rop Macen", "rop 3epHa", Bce U3 KOTOPBIX SIBIAIOTCS PE3YAbTaTOM TPY/a, PhIHOK OTKPBIT JUIS BCEX CIIOCO0 MaHUITYIISAIMU.
JIronm oOpeMeHeHbl OrPOMHBIMU JIONTaMH U UTIOTEKaMH, KPEIUTaMH, IPOLEHTHBIE TUIATEXKH U T. II.; B 3HAYUTEINHHOM CTEeH!
13-32 yIepiKaHUs BCEX CHCTEM, KOTOPBIC MOTYT IPEIOCTaBUTh MM HE3aBUCUMOCTb. B caMOM Jiene ecTh MHOTO CITy4aeB, Korna
3HAYHUTENbHBIE YITyUIICHHS B IIPOM3BOJICTBE SHEPTHH, YIIYUIIEHHE H IPOAYKTHBHOCTD CEILCKOTO XO3SHCTBA, YTOOBI HAa3BaTh
HECKOJIbKO, KOTOPBIE OBbLIN MOJIABJICHBI B HHTEPECaX KOPIMOPATHBHBIX HHTEPECOB TEX, YbH MPUPOAHBIC TYMAHHBIC YYBCTBA
OBLIH M3BpALICHBI B IOTOHE 32 BIIACTHIO U HAKUBOM MaTepHAaIbHOTO J0CTaTKa.

HesaBucuMocTb, TO , IOCIEHEE, YTO ITH COMHUTEIBHBIC JIMIA U Mera-On3Hec (m1o0anpHast puHaHCcOBas Madus)
JKeJTaeT AapoBaTh YEIOBEUECTBY, TIOCKOJIBKY UX OKOHUATEILHOE TOCIIOACTBO OyleT TakuM 0Opa3oM motepsiHa. HezaBucumMere
JIFOIM CBOOOIHBIE JTIOMY U OECKOHTPOIBHBI. HabnroaeHne H3BeCTHOTO pyccKoro nucarelist U gpuitocoda, rpada JIssa
Huxkonaesuua Toscroro (1828-1910), 3mech oueHb MHOTO TOYEK ITOCTABJICHBI HaJ 'I':

"MLICHI/I, KOTOPBIC JAOT BAXKHOEC IMOHUMAHHUE BCErAa IMPOCTHI. Bce mou mbicin MOryT OBITH CKa3aHbI TAKMMU clioBaMu: "Tak Kak



Oro tak mpocto! ",

Ha nepennem kpae 3Toi G0pbObI SBIISIETCS KOHTPOJIb HAJl SHEPreTHYeCKUMHU cucteMamu. Hacrosinee miaueBHoe
COCTOSIHUE TUIaHEThI, HAaIll €MHCTBEHHBIN JI0M, B 3TOH OrPOMHOM BCEJIEHHOH, B HACTOSAIIEE BPEMsI IOCTHUIIIA TAKOTO OMTACHOTO
COCTOSIHUE, YTO JUISl HAIllero COOCTBEHHOI'O BEIKMBAHUS MBI IIPOCTO HE MOXEM JIOIYCTUTh NPOAOKEHNUE, HBIHEIITHUX METOI0B
9KCIUTyaTaluy SHeprud. Eciy Mbl He IpHIeM K IPpYroi TOUKe 3peHNs CYTH, €CIIH HayKa He IPUMET 0o0Jiee OTKPBITHIH ’
YHUBEPCAJIbHBIN IOAX0J K IOHATUIO CaMOI SHEPIUU U MOMMET, 4TO ecTh OoJee MUPOKUE BO3MOXKHOCTH, YEM T€, YTO MOXKHO
YBHAETH WIIH MOMIYaTh, TO MBI OyIE€M MPOIOIDKATh ABUTATHCS O ITyTH MPAYHOTO 3a0BEHUSL.

Bcto cBoto xxu3Hp Bukrop llaybeprep crpemMuiics ynydmuTh )KHU3Hb CBOUX TOBapHILEH Jrofael 1 60posics, BRICKa3bIBaI
MHOTO 3aMeYaHui, padoTai, OMiIcs ¢ akaJeMUUeCKIMH KpyraMi. HecMOTps Ha MOCTOSTHHOE, HEOCBEJOMIICHHOCTD OCYKICHHH
HayKOH, €ro MJeH 3TO — TPOIla, KOTOopasi HapylIaeT >KU3HEHHO Ba)KHOE 3HAUCHHE JUIS HBIHEITHETO COCTOSIHUS MUpPa, U UX
NEeHCTBUSX CTAHOBATCS BCE OoJiee OUEBHIHBIMY, KOTIa YeJIOBEK MOCTEIICHHO MPUXOINUT K TOHIMAHHUIO ITPOLIECCOB €0
MBILJICHNS. ¥ SHEPTETHYECKHX MPOLECCOB, KOTOPhIE OH ONMUChIBAaeT. DTa KHUra Oyaer onuckiBaTh uaen Buxropa IllayGeprepa
1 IPaKTHYECKUE JEMOHCTPALMH TS TTOMydeHus (TeHepalyi) SHEPTUH, YAyJIIeHHe KayecTBa BOABI U MOBBIICHUS
IIPOYKTUBHOCTH CEJICKOTO XO3sCTBA B MHTEPECAX BCETO YEIOBEUECTRA.

2.2 Omuocumenvnvie (63aumocea3anHvle) IHEPUU

[Mpexxae uem paccMaTpuBaTh BOIIPOC 00 SHEPTeTHKE U HAIIHM NPENCTABICHUS O HEil, ClieTlaeM HECKOIBKO CPaBHEHUI,
YTOOBI MOJTYYUTh BElIM B nepcriekTrse. Cremyromye npuMeps! IpeiHa3Ha4eHbl, YTOObI 10Ka3aTh, CKOJIBKO MOTpediieHne
SHEPruH HaIlIeH TEeXHUYECKOH IMBUITU3AIIMH MTOIYYEHBI TIOJHOCTHIO U3 TapMoHuu ¢ [Ipupomoii (cM. puc. 2.1).

(KoruecTBO 9HEPTHH JUTS YEIOBEYECKOro CYLIeCTBa TPEOYIOIerocs Uil BEDKUBAHKS B TEUCHUE OHOro rona B cpexteM 1000 kumoBarT-
gacoB (kBt / 4). CormacHo pacueram Banprep IllayGeprepa uenoBeueckoe BpeMst paboTaeT Ha OTHOCHTEIBHO HE3HAYUTEILHOM YPOBEHb DHEPTHHU KaK
JNIEKTpUYECKas laMIo4ka, a uMeHHo 100 BT. 1000 kBT1/4 Tarke cpefHee KOIMYeCTBO SHEPTUH, nosydaemoii o ColHIIA B TOJ] HA KBaJApaTHBIH
MeTp IOBepXHOCTH 3eMiH. ClleoBaTeNIbHO, TEOPETHUSCKH BCE YEIOBEUECTBY JUIS KU3HU HY)KHO ClIeIaTh, 9TO BCTaTh Ha KBaJPaTHEINA METp U
MOJIYYHUTH CBOIO dHepruio oT Comuna. Ecii 061 B cOCTOSHUY IIpeoOpa30BaTh 9Ty SHEPIHIO HETIOCPEICTBEHHO, TO TOA0BAas IOTPEOHOCTH B YHEPTHH
OyIeT IpegocTaToqHo. DTO KOIMYECTBO SHEPTUH, 3aMETUM, CBsI3aHa ¢ yrnoTpebnenueM B muiry 260 kr MonexyispHoro kuciopozna (O:) B rox,

41O paBHO 29.659 rp KHcnOposa B Yac. DTO KOJIMYECTBO SHEPIUU U KUCIOPOAA, MOTPEOIIEeMOe YEIOBEKOM IS OAAep)KaHUs (DyHKIMH OpraHu3ma,
BOCHPOH3BOACTBA, TBOPYECTBO U HHTEIIICKTYaIbHYIO PA0OTY (MBICIUTENbHbIE IPOLECCHI) B TEUEHUE 1IEI0T0 TOfa.

Cpennuii pacxon OeH3MHA aBTOMOOMIIB C 1,6 JINT. IBUTATENS, 3aMETHM, COCTaBIIsAeT B cpeHeM oT 10-11 6ensuna Ha 100 kM. Bansrep Illay6eprep
MOJICYMTA, YTO sl ImyTerecTBus Ha paccrosiuue 1000 kM Tpedyet pacxona suepruu B 1000 kB1/4. I1oaTOMYy, YTOOBI BHIIEIUTH CMELIHOM
Mmexanndecknit KITJ{, KOTOpBIH MBI 10 CHX ITOP CYMENH JOCTUYb, KOTOPBIM MBI, II0-BUANMOMY TaK TOPAUMCS, aBTOMOOMIIb ImyTentecTBys Ha 1000
KM pa3pyLINTENILHO HOTPeOIsieT (YHHUTOKAET) TAKOE JKe KOJINYECTBO YHEPTUH 32 HECKOJIBKO YacOB, TAKOE KOJIUYECTBO KOTOPOE YeNIOBEK HCIIOIb3YeT
ropaszo 0ornee S5KOHOMHYHOH MPOLYKTUBHO IIENbI ToA. ABTOMOOHIIB, 3aMETHM, HE yMaro, YTO OH 4TO TO BOCHPOM3BOAUT U SBILICTCS YeM TO
TBOPYECKHM (YTO TO co3aaer) . OH He MMeeT HU OHOI U3 3Tux crnocodHocteil. [IpupasauBas 1000 kM 3751 C TOIOBOH AESATEIBHOCTHIO OTHOTO
YesioBeKa, MoyJaeM OUeHb ILI0X0€ PHEPIreTHYECKOe OTHOLICHHE.

Ee pa3, konuuecTBoO KUCIOPO/ia, UCTIONb3yeMOr0O YeJIOBEKOM B rof xu3HU 260 kr. Exymuii aBromoOmis npu ckopocty 50 KM B 4ac norpediser
22.25 KI. KHCJIOpOZA B 4ac, 4To NpuMepHO B 750 pa3 Gonblue, HeoOxoxuMoro denoBeky. [1oaToMy, Kofa MBI paJOCTHO €1eM BMECTe B HaIlIHX
aBTOMOOMJISIX, MBI HEOCO3HAHHO YHHUTOXAeM 750 KI. KMCIIOpo/a IMPUIOJHOTO [Is JibixaHus. Pabora ABUraress, 3aMeTUM, 3TO HE BBIJIOX XOPOLIIETO,
YHCTOTO YITIEKHCIIOra ra3a (IBYOKUCH YIVIEpOZia) M BOJBI, KaK JIeJIaeéM MBI,  OHU BEIOPACHIBAIOT BPEJHBIX CMECH SITOBHTHIX I'a30B.

IIpu myremecTBue OAMHHANATH YaCOB, H3PACXOLYSTCs TAKOE KOJIMYECTBO KUCIOPOa, KOTOPOIO XBaTHIIO ObI OTHOMY YeJIOBEKY Ha ONUH
roa. Ilo cnoBam Hay4HO TeneBu3MOHHOU mporpammbl "KBant " (11.0x1s10ps1.89), ObLIO MOACUYNUTAHO, YTO €CTh B HacTosALIee BpeMs 450 MAIITMOHOB
TPaHCHOPTHBIX CPEJCTB, HCIOIb3yeMBIX BO BceM Mupe. Eciu yMHOXUTE 3Ty 1udpy Ha750, MBI oirydaeM moTpedneHus Kuciopoaa pasaoro 337 500
000 000 yenoek, 0koO 67,5 yMHOXKEM Ha HbIHELIHEE HACEICHUS MUPA. MBI BBIHYK/ICHbI IPU3HATH, TAKMM 00Pa30M, YTO OTHOLICHUS MEXLY
HAIIMMHU TEXHOJIOTUSIMHU U UCIIONIB30BaHUS €€ SHEPTUH AHaMeTPaIbHO IIPOTHBOIOIOKHBI, KOTOpBIE poucxonst B [Ipupone.

B ABctpanuu, Hanpumep, KOJIMYECTBO KUCIOPOLa, TOTPEOIISIEMOro €)KEroHO Yepe3 CKMIaHue HCKOIIaeMOro TOILIMBA IJIs Liesel
MIPOMBIIIICHHOCTH M SHEPreTHKU paBHa 214 465 670 TonH MonekyaspHoro kuciopoaa (O2) [undpsr 1977 rona). IIpu pacxoxne 0,26 TorH O2 B rox Ha
YeJI0BeKa, 3TOr0 I0OCTAaTOYHO, YToObI obecreunTs 824 868 073 *kuBBIX oz BTeueHnu | rofa. B mpoTHBOMONIOKHOCTH ITOMY, KOJIUYECTBO
KHCJIOpOJIa, MOTPeOIsieMoro HaceieHneM ABCTpalnK 3a TOT ke nepuox cocrasisieT 4 290 000 toun Oo, coctasiser 0,02 ot BepxHell epBoii 1U(pEI.

Ho rze e poxnaercs Ham kucinopon? Ha ocHOBaHMY KaHAICKHX AAHHBIX HU(P AT XBOIHBIX IECOB, KOMTHYECTBO TeKTapOB, HEOOXOIUMBIX
JUISL IPOU3BOJICTBA IOCTATOYHOIO KOJIMYIECTBA KUCIOPO/Ia, YTOOBI YIOBICTBOPHUTH BhINIe KOMOHMHHPOBAHHBIH CIIPOC Ha YPOBEHB IIPOU3BOCTBA
B 10,0619 Touns! ¢ rexrapa O2 =21 740 990 ra, wm 217 410 kM2, Dror palioH sBISIETCS. He3HAUUTENFHO MEHbIIe, 4eM Besl BennkoOpuranus = 229

523 kv2. B ABCTpanuu MPOXKUBAET OKOJIO 17 MUIUTMOHOB, B TO BpeMsi Kak HaceseHrne BeankoOpuTannu cocTaBisieT 0koio 60 MULTHOHOB.
DKCTpanoiaupoBaHHbIe (IPOIOKUTEIBHOIO 10 BPEMEHH) BO BCEM MHUPE B OTHOLIEHHUH JUIs OOILEro MUPOBOTO MOTPEOICHUS KMCIIOpO/ia U CKopeiiliee
ucTpeldIeHHE JIECOB B MUPE, KAPTUHA CTAHOBUTCS COBEPIICHHO Y)KACHOM.

Puc. 2.1 sHeprusi, moTpebieHNe KUCIOpoaa M MPOU3BOACTBA

Jns1 mostydeHus HeKOTOporo HaMéKa Ha BO3MOXKHYIO BETHYMHY INI00AIBHOTO MOTPEOIEHNS KHCIOPOAa, HAIIpUMep, U
CIPOBOLIMPOBATH HEKOTOPYIO 3aHHTEPECOBAHHOCTD B 9TOM BOIIPOCE, 5 KCHOJIB30BaN IIU(PHI Ha pUC. 2,1 B KaueCTBE OCHOBBI
ans pacdera’. 51 He yTBepK/al0, BRICOKYIO CTEHEHb TOYHOCTH, 3aMETHM, HOCKOJIBKY €CTh TaK MHOTO HEPEMEHHBIX JAHHBIX 1
NIepeMEeHHBIX, KOTOPbIe MHE Hen3BeCcTHEL. Kak Obl TO HU OBLIO, TI0 MOUM pacueTaM roioBasi OTPEOHOCTH B KHCIOPOZE BO BCEM
MHpe MOXKeT ObITh 38 496 255 232 TOHH, KOTOPBIE MOTYT OBITH CIIETKA 3aHW)KEHBL. J[JIsl yIOBIETBOPEHHMS STOTO CIIpoca
noTpebyeTcs 061acTh 300POBBIX HPOAYKTHBHBIX J1€COB B pasMepe 38 259 432 km?. D1o cocrapiuser 28,3% OT ofulei miomam
B MHpE, KOTOPAst COCTABJSET 135 MUIITHOHOB KM, TOT/Ia KaK MBI 3HAEM, JIECA B HACTOSIIIEE BPEMS yHUITOKAIOTCS OBICTPBIMH




TeMnaMu. bonee BhICOKas CKOPOCTh €XerofHoro noTpedieHus O, eCTeCTBEHHO, MOTPEOYIOT COpa3MEpHO OOJbIICH TIONIa K
JIECOB ISl ONONHEHUs Kuciaopoaa. C Opyroit CTOPOHEBL, 3TO TaKXkKe BEPOSITHO, YTO TOUKA, YK€ TOCTHUTHYTA, KOTna
CYILLECTBYIOLIEH IO JIECOB U PACTUTENEHOCTH HEAOCTATOYHbL, YTOOBI KOMIIEHCUPOBATh TO, YTO B HACTOALIEE BPEMs
MOTpeOIIsieTCs, TEM CaMbIM CO3/1aBast ISHUIMT KUCIOPO/a.

XoTs1 00BIYHO HPE/IIONIAraeTCs, YTO UMerolIeecs 6acceiiH KUCI0PoJa HACTOIBKO BEJIUK, YTO MOXKET OBITh IOUTH
HeucueprnaeMbIM (atMocdepa Bkitouaet B ceost 20-21% ot oOiiero o6beMa aTMOc(hEpHBIX ra30B), STO MOKET ObITh
OIIPOBEPTHYTO, YTO, XOTSI OTHOCUTEIIbHAS JIOJS 3THX Ia30B OCTAIOTCSA TEMHU XK€, UX (haKTHUECKas BLICOTA aTMOCHEPhI MOXET
CHMXATbCs. JIpyriMH CIIOBaMH, KOT/Ia IIEPBOHAYATIBHO OLEHUBAJIOCH OOMIINE MOJIEKYJIIPHOTO KUCIOPOa BOSMOXKHO, TOCTUT
BBICOTBI, CKaxeM, 100 kM, HO U3-3a €ro OBICTPOrO U HEECTECTBEHHO UPE3MEPHOI0 NOTPEOICHUE, €0 BEICOTA MOXKET ObITH
ceifyac cyIecTBEHHO yMEHBIIICHA, B MaHepe Cxoxkell ¢ ocylleHneM Beapa. Jist Tex, KTo KUBET B BOZE Ha JIHE BeJpa,
3aMETHM, Ka3aJ0Ch Obl HUKAKMX U3MEHEHUI B KOJMYECTBE UMEIOIIETOCs BOAHOTO pecypca (KUCIOpoAaa) HeT, 10 TeX Hop, MoKa
BeZlpo He omycTomuThesa! OcTaBasich Ha Bce BpeMs INIyOOKO MOTPY>KEHHBIMHU JI0 3TOT0 KaTacTPO(UUECKOro COOBITHS, MBI HE
oOpairaeM BHUMaHHS HA MEJUIEHHYIO CMEPTh, YTO HEM30exHO MoaxoauT. [ToaToMy ects Gobias He0OOIUMOTCH IS TOYHOTO
aynuTa OCTaTOYHOIo OacceiiHa KMCIOpoa B ocleIHee BpeMs, ObLIH NpepUHATEI? ECu HET, TO, BO3MOXKHO, CIIEAyeT
03BYYHTH BOIIPOC OOIIECTBEHHOCTH, YKa3bIBask Ha HEKOTOPYIO aKTYaJbHOCTb.

Ecnu Terepb paccMOTPETh 3HAMEHUTOE ypaBHEHUE XaceHopist -Diinurreina 1y suepruu (E = mc?), B koTopoit
KOJM4eCcTBO dHepruu E B maHHOM crcTeMe SBISETCs MPOU3BEICHNE MacChl M Ha CKOPOCTB CBETa B KBaJpare, To B 1 rpaMm
HequdhepeHIMPOBAHHON MaTepHH XPAaHUTHCS SHEPTUH 25 MHJUTHOHOB KUJIOBATT-4acoB (pHC. 2,2).9T0 UMeeT 3HaYeHHE HE TO,
YTO I'PaMM BEILECTBA. ITO MOXKET OBITh YEIOBEUECKON IIIOTHIO, KOBED, IEPEBO, BO BCEM TOM, UTO MBI BEIOEPEM, HO B OTOM
HE3HAYUTENbHBIE TPAMM 3TOT0, Ka3aJI0Ch OB COCPEIOTOUSHA OTPOMHOE H HEIPOIIOPLIUOHAIIBHO OOJIBIIOE KOJTUIECTBO
SHEPrHH. JTO 03HAYAET, YTO OTHOCHTEIHHO OMHOTO 06beMa 1 cM® Bombl comepxutcst 25 MiH. KB1/4 snepruu. Kak Bukrop
[TayGeprep oaHaXIbI CKa3al:

" BonbIast 3HEPrys 3aKIIF0UeHA B KaX/I0H KaIule YUCTOH XOpoIlel POXHUKOBOI BOZBI, OOJBIIE YeM MOXET IIPOU3BECTH CPEIHUX Pa3MepPOB
cydecTByomas 3neKTpocTanmus. *"

MLI, HC 3Ha€M, KaK U3BJICYbC e u IMPEBPATUTD B MOJIC3HYIO pa60Ty, IIOTOMY YTO HaM HE yJaJIOCh CACIaTh THIATCIbHOC
HCCJICAOBAaHUEC IPUPOIHBIX SHEPICTHUCCKUX ITPOLICCCOB. Harmm nonbITku BBIITYCTUTB 3TOT OFpOMHbIﬁ IMOTCHIHMAJI SHCPTUH
gepe3 paCHICIUICHHUA aTOMa, Y€pe3 pa3pyLICHNUEC IIPUPOAHBIX, PE30HAHCHBIX CUCTCM (aTOMOB), TOJIBKO CO34aJI1 CMEPTCIbHOC
Hacjaeaue 1Jis 6y}1yIlII/IX HOKOHGHHﬁ, HE TOJIBKO I YE€JIOBEUCCTBA, HO 1 MHOXXCCTBO APYIUX JKMBBIX CYIICCTB, CYIIICCTBOBAHUC
KOTOPBIX 3aBUCUT OT HALLIETO COOCTBEHHOTO CylICCTBOBAHU.

Puc. 2,2 Conep:xanue snepruu B 1 r BelecTsa

XaceHopis -DWHIITEIHA, ypaBHEHUE SHEPTUU: E =mc2
= Macca (Kr) X CKopocTh (M/CeK) CBET 2

TTostomy E rpamm =M x ¢’
=0,001 krx (2,997 924 58 x 10%)
=0,001 x 8,987 551 787 x 10"
=8,987 551 787 x 10"

OKBUBAJIEHTHOCTH MACChl U SHEPTUU TPaMMOB IpoTuB [k =8,987 551 787 x 104 ]

IpeoGpasoBaHue JHKOYIEH SIEKTPOH-BOJIBT (eV) =8,987 551 787x10"] x 6,24 x 10"V
ITostomy E rpamm = 5,608 232 315 x 10V

KoHBepTHpYeM B KAIOBaTT-4acoB (KBT-9): E pamm = 5,608 232 315x 10°%eV x 4.45 x 10°kWh
ITosTomy E rpamm = 24,956,633.8 kBtu

OxpyriuM nudps! IloaTomy 3Hepreruyeckasi HeHHOCTh 1 rpamm Bemecrsa = 25,000,000 kBt/4
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Fig. 2.4Cyab60HOCHbIN BbIGOP
2.3 Pokoeoit éb1oop

B Hamem pacnopsipkeHHH ecTb, IBe cucTeMbl. Ham mpeacTaBiieH ceroHs 4pe3BbIYaiiHO CyIbOOHOCHBIH BEIOOP. MbI
MOYKEM BBIOpaTh JKM3Hb MM HAIlle MTOTHOE 3a0BeHUE. PaccMOTpHM 9BOIOIMOHHBIA yTh Kak 0oJiee TUTENbHBII epHO.
BpeMeHH (puc. 2.4), TaM ObUTH J1Ba OMHOBPEMEHHBIX COOBITHS, KOTOPBIE H3HAYAJILHO PUACPKUBAIIICH U MTPOUCXOIIIIN ITOUYTH
MapauIeIbHBIMU MYTAMH, TaK Kak JIesTeIbHOCTh YeJIOBEUECTBA B 3HAYUTEIIBHON CTEIIeHH ObLIO B TApMOHKH ¢ TIpHpooid. [1o
Mepe pOCTa HaceJIeHUs U HayYHO TEXHHUYECKOro nporpecca MoCTeNneHHo, 3TH JBa IIyTH Ha4aju pacXoAuThes. B nociennue
150 et wmu OKOJIO TOTO, pa3BUTHE U MPUMEHEHNE TEXHOJIOTHIA YCKOPWIINCH HEMMOBEPHO, B PE3yJIBTATe YETO PacXOXK/ICHHE
CTaJIo BeChMa JJpaMaTHUECKUM, U ropaso OoJiee TOHKHE SHEPreTHUECKUE CUCTEMbI IIPUPO/IbI ObIIIM NIEpErpy>KeHbl OT
HETIPephIBHOTO OECIOIIAIHOTO HATHCKA, MEXaHUCTHIECKOH TEXHOIOTHEHN,C HEMOCPEACTBEHHBIM ITOCIIECTBIEM IS BCEX HAC.

Pocrymas BBepX, oTpaxkaeT X0/ €CTECTBEHHOH IBOJIIOIUH OT MMPOCTOTO K BCE OOJiee CIIOKHOMY, 3/1aHHUs BhILIe, Ootee
Pa3BUTHI CUCTEMBI U BUABL, HA OCHOBE Npensaymux. OH 0003HayaeT MyTh yBENHMYeHUs pasHooOpasus. OTciona cinemnyer,
KpHBasi yBEIMYECHUS IPUPOAHOTO KAIUTala, IPOLEHTHI HA OCHOBE 3I0POBOI SKOHOMHKH 3BOJIIOLIUH U PA3BUTHS HOBBIX (HopM
JKM3HU NOAXOASAIINX ISl YAy4IIEeHHUs! YCIOBUM, IOCIEIHSASN POXKIAET SKOJIOTUUECKHIE HUIIH ISl 9TUX HOBBIX (OPM KHU3HH, TaK
YTO HE MPOHUCXOIUT MOTEPH IJIs JATbHEHUIIIET0 TBOPYECKOTO BhIpakeHUs. B cymep-sxoHommaeckoii cucteme [Ipupons, B
KOTOPOM HHUYETO He TepseTCsl, CBOM 3aMHTEPECOBAHHbIN NPOGHIUT IPEACTABIIOT Pa3IMuHbIe IJI0bI, CEMEHA, 3¢pPHOBBIE,
OpEexH M T. 1., JapOBaHHOE JUIS KU3HeoOecnedeHus: popM KHU3HH, CYLIECTBYIOIIEH B HACTOSIIEM B JIIOOOH JaHHBIH MOMEHT.
3TO eCTeCTBEHHBIN Croco0 paboTaeT, ¥ MbI TaK e JOJDKHBI JICHCTBOBATh, IOCKOJIBKY, KaK 3asiBiisil Bukrop:

"HaunGonee ecrectBennas [Ipuponuas ciuctema sIBISETCS BCEria Hanbonee TEXHUISCKH COBEPILICHHA U TOIBKO 3Ta CHCTEMa, SKOHOMUYESCKH
JKU3HECIOCOOHA 1 Ioirocpoyuna” °.

IMpuponnstit 100% 6a30Bblii KanuTa - MUHEPAJIbHBIE U IPYTUX PECYPChl 3EMIIH - JOMKHBI ObITh HENPUKOCHOBEHHBL. J{71s
Havasio 3Boonud, [Ipupona yBenmamBaeT cBoH kanuTan, ckaxkeM, Ha 10%, IIo TeMIaM pocTa, IBIKEHUS, Pa3BUTHS HOBBIX
¢dopM xu3HU. [103TOMY MBI JOJDKHBI HAYYUTHCS JKUTh 3a CUET M3IMIIKOB Ha NpoleHThl [Tpuposasl ot € coOCTBEHHOTO
KaIiTaa, 9T0, BEpOATHO, BIOJIHE JOCTATOYHO JUI HAmMX HyX 1. [Ipu Takoi cucreme, cTabHIBHOCTE OyIeT TONBKO
BO3pacTarTh, HOCKOIIBKY YBEJIIMUCHUE Pa3HOOOpa3ys, 03Ha4aeT 00JIee YBEPEHHO CTOSTh HA HOrax (TBEpAO CTOSTh HA HOTax), Tak
CKa3aTh, ¥ €CIIM OJJHA HOTA CITyJaifHO MPOMaiET, BCA CHCTEMa OCTAHETCS IeNoi (He pa3pyIINThCs).

ITpupoHBIe CHCTEMEL, ¥ HUKOT/A He OBLIH, IBHO yCTOWYMBBIME. CpeqHsis TMHUS Ha puc. 2.4, ¢ IPYTOi CTOPOHHI,
npencrasisiet codoit 100% sddextuBHOCTS. [10 BUANMOMY HICaTbHOE, 3aMETHM, MOJKET OBITH, €Ille HEe PELIEHHAs, IOTOMY
9TO 3TO KaK XOXKIEHHE 1o Kpyry. Kak B paBHOMEpHOM yCIOBUH, OHA U He OOJIBIIE, TIOTOMY YTO OHA U He MEHbIIe, paBHa. OHa
IpocTo cToUT Ha Mecte. [Ipuposa, He UcHonb3yeT U ceds ennHooOpasne, a e€ TIIaBHas [elb ITOCTOSHHOE H3MEHEHHE U
mpeoOpa3oBaHMs BBEPX — IBOIIOIHS BHAOB.



IIyTb, KOTOPBIH MBI O CUX TOP BBIOAEM, 9TO HIDKHSISA KPUBAs, ABJISAETCS T€M IIyTEM, KOTOPBII HE TOJIBKO UCIIOIb3YeT
SHEPTHIO B YPE3BBIYAIHO PACTOUUTENHHO U HEYCTOMUYMBO, a TaK e YHHUTOXKAET Bce IKOC(HEPHI O JKECTKIMH, HE
qyBCTBUTEILHBIMI HOIaMH SKOHOMUKU. [ 71e Koria To mpolBeTan BBICOKUIA Jiec, OoraThlii B pa3InyHbIX B3aUMO3aBUCHMBIX
BUJIOB AEPEBBLEB U KHUBOTHBIX, TEIIEPh €CTh TOJIBKO MOHOKYJIETYPHBI, SKOJIOTHYECKHE IyCTHIHY equHo00pasust. [e xuBbie
U3rOpOJY, PACTYILUE B TUKOH JKU3HHU, KOIIA-TO OKPYXKAJIK BHICOKO IPOU3BOAUTEIbHBIE B 3HAUUTEILHON CTENIEHH OPraHUYECKU
YIIPaBISIEMBIX TOJIEH, B HACTOALIEE BPEMS €CTh OTPOMHBIE 00yBaeMble BETPOM aKpbl OTKPBITOH 3€MJIH, B KOTOPOM TOJIBKO
OJIMH BUJI CEIbCKOX035HCTBEHHBIX KYyNBTYp BbIpAIlUBaeTCsl O0€3 NEPUOIUUECKOr0O IOBTOPEHHUS, HOAMUPAETC UCKYCCTBEHHBIMU
yIOOPEHUsIMHU, KOTOPBIE B KOHEUHOM CUETE pa3pyllatoT Mo4By. I10YTH exXeAHEBHO MBI CIBIIINM, YTO OAUH BUJ WM APYroH
HAXOJUTCSI O YIPO30H BEIMUPAHUS WU yXKe CTall TAKAM, YTO COKpAIlleHHe Pa3HOOOpa3Hsl CTOJb KU3HEHHO BaXKHOMU JULL
37I0pPOBbS U CYILIECTBOBAHUS BCETO HA 3TOH ILIaHeTe.

OTO0 yCKOpEeHHe KPUBOil BHU3, KPYTH3HA CITyCKa, YBEJIMYMBAETCS B HOT'Y C PACIIMPEHHEM IPUMEHEHHS HAIllX HE
€CTECTBEHHBIX YHEPIUTHUECKUX cucMeM. COBEPIICHHO HE3aBUCUMO OT UX JJOKa3aTeIbCTB B HEI(P(HEKTUBHOCTH, MBI
HCIIOJNB3yeM CHCTEMBI, 3arPSI3HSAEM CaM BO3/IyX, KOTOPBIM MBI JbIIHM. PazroBop B 1970-x romoB Mexay Bamsrepom
Iay6eprepom u a-p @punem Kopreracra, pykoBoauTeaeM OTAeNa UCCIENOBaHUM U pa3BuTus Mercedes-Benz, okasai, 4to
HanOoIbIIAas JOCTUTHYTas 9PPEKTHBHOCTH IO CHX TIOP, UX CAMOTO CIIOXKHOTO JIBHTATEN, cocTaBmiIa Juinb 13% ot obmero
oObema 3arpar sHepruu. Jpyrumu cioBamu, eciu 100-eauHHI SHEPTUH, TIEPBOHAYAIIBHO BXOAUT B TaKHE MAIIMHBL, KOTOpast
MIPOU3BOAMUT IOJIC3HYIO SHEPTHIO IS IBIKEHUS BIepe]l cocTaBisieT Bcero 13%, ocTanbHOE TepsieTcs uepe3 0TBOJ TeIlIa.
Eciu Takoit aBTOMOOHIIb ObLT OBl OM3HECOM, OH 0YE€Hb OBICTPO OOAHKPOTHUTCSL.

A Koxolf OHM3HEC MBI CO3lalH, @ UMEHHO (HOpMa TEXHOJIOTUH YKPEIUIIeT U CIIOCOOCTBYIOT STOMCTHYECKUMH HHTEPECAMH,
KOTOpBIE MOTPEOISIOT SHEPIHIO Yepe3 MACCOBYIO SKCILTyaTalHIO He BO30OHOBIIEMBIX pecypcoB. [Ipomomkars HCIOIb30BaHNE
TaKHUX TEXHOJIOTHI HEM30€KHO MPUBENIET HAC B COCTOSIHUE HECTAOMIBHOCTH, OaHKPOTCTBA, OCCIIOpsAKa, YXYALICHUE, H3HOCA,
pacnanga U B KOHEYHOM UTore cMepTH. Ecim coGmronaTh BCE, YTO MPOUCXOIUT BOKPYT HAC, BCE OTH BELIH IMPOUCXOMSAT, U BCE
IIOTOMY, YTO MBI Ha CaMOM JIeJI€ 3aK/II0YEHBI B 9HEPTeTHYECKYIO CHCTEMK, KOTOpasi CIOCOOCTBYET CaMOyHUUTOXKEHUIO. B
HaIlleM HbIHEITHEH MEXaHUCTHIECKON CHCcTeMe, MHBECTHIMH B pasmepe $ 100 ymerbmraetcs 10 13 MpOAyKTHBHBIX JOJUTAPOB.
PennHBecTHPOBAB (BIOXKHB) B TyXe cUcTeMy ¢ 3¢ hekTuBHOCTBIO 13% , 9111 $ 13 momyumm toneko 1,69 nomnapa, mst
JaJbHEHIIEro NCIONb30BaHMU.

Ho Mmbl, J1ton1, BHICOKOMEPHBI, HAXOASACh Ha BEICOKOM YPOBEHb XKHU3HU Ha 3TOMH IIaHETe, JienaeM BCE, YUTOObl YHUUTOXKUTD
caMy OCHOBY Hallero cymectBoBanus. Eciu Oe3uncieHHOe KOMHUECTBO PA3IUIHBIX BUIOB U BHICOKO PA3BUTHIX CYIIECTB,
IPEICTABIISIONNX KX bl JIEMEHT KU3HHU, PACCMAaTPUBATh KaK Kydy CYXOro IIECKa, U BEICOKO Pa3BUTOIO B BUJE
4eJ0BEeYeCTBa CUAAIIEr0 Ha CaMOi BepXyIIke Ky4ud. M korna HU3KOypOBHEBBIC JJIEMEHTHI YOpaTh U3 HIDKHEH 4acTH,
J00bIBaHUEM HE(TH, 10OBIBAHUEM YIS, COCTOSIHUEM JIECOB, YPE3MEPHBIM BbIJIOBOM PbIOBI, TO HEU30EKHO IPOU30HIET TO, UTO
OTHOCHTEJIbHO MaJICHBKHE 3€pHA '"'4eJI0BEYEeCKOro" MecKa, 3TH YpE3BbIYaHO MATKUE U YSI3BUMBIE CYILIECTBA CHJIAILUE Ha
BEpIIHHE, TOJDKHBI HAYaTh OIyCKaThCs, TAK KaK HIDKHHUE TIECYMHKH, B KAYECTBE PA3JIMYHbBIX OAJECPIKEK, IIOCTEIIEHHO U
HEYMOJIUMO YHUUTOXAIOTCSL. DTO U3BECTHBIH (haKT, uyTo 3arpsi3HeHas Boja (Boja HU3KOe KauecTBa) OyJeT MoiepKUBaTh
TOJILKO HE OJIaropojiHbIe copTa PhI0 (PHIObI-MaaibIMKH). To e caMoe OTHOCUTCS U K HaM. Eciii MbI T03BOJIUM
MPUPOIHOMY KalUTally OKPY)KAIOIeH cpelbl yXyaIaThesl, Halll COOCTBEHHBIN YeI0BeYEeCKUi KanuTaa 00ecLieHuBaeTCs
copa3MepHo.

Hcnonp30BaTh 34€Ch CI0BA BHICOKOE Ka4eCTBO (HEXEIU rapMOHUS), 10 BUIUMOMY, 00Jiee COOTBETCTBYIOIAsI BETMUMHA
Ba)kKHA M UMeeT Oonbioe 3HaueHue. [eiicrBurensHo, no MHeHuto ["amneo u Moranny Kerutepy, Tonbko [Ipupona MoxeT ObITh
3aJlyMaHa Ha s3bIKe MaTeMaTUKK U B KadecTBe rapMOHUU. B npupoze HeT 1ByX MICHTUYHBIX Bemel. Kak ormedanocs paHee,
BepinHa [Ipupos! SBISIETCS TEM, YTO NOCTOSIHHBIE U3MEHEHHS M PeoOpa3oBaHys, U €€ TIIaBHBII 3aKOH [JIACUT, YTO
[IOBTOPEHUE UCHTUUHOCTEH 3anpeleHo. 1 + 1, cienoBaresbHo, HE HOIY4uM 2, IOTOMY YTO HET ABYX NPUPOIHBIX CUCTEM
TIOJTHOCTBIO UACHTUYHBIX U IIO3TOMY HE MOXKET 6BITB IoJry4€Ha cymma.

IToBropenue GyneT 03Ha4YaTh IOBTOPEHUE SHEPIUTUIECKOTO MM SMIMPUYECKOTO IPOliecca, KOTOPBL y:ke MPOU30IIEN,
3a paHee B KOTOPBIX HET HOBBIX Pa3pabOTOK, IOMYCTUMO Ja)Ke CaMOe He3HAYMTENIbHOE U3MEHEHHE. M IeHTUYHbIe TOBTOPEHMS
[O3TOMY SHEPTUTUYECKH PACTOUUTENBHBL, IPUPOJA HE CO3AAET OTXO0N0B! B 3BONIOIIMOHHOM CMBICHE, 3TO COBEPLIEHHO
OYEBU/IHO, HUUYETO HE MOIYyYUTHCS OT IPOCTOrO MOBTOPEHUs. UTO-TO MOXKHO IMOIYYHUTh TOJIBKO B IPOTPecce, JOCTUTHYTH B
pa3paboTKe HOBOTO MPOLECCa WIIM CUCTEMBI, 1aXKe HE3HAYUTENIbHO HO JIPYToil.

Celiuac, s pacckasall 0 HEKOTOPBIX TEXHHUYECKUX acleKTaX, JaBaiiTe IOCMOTPUM Ha BOIIPOC SHEPTUU € IPYroi TOUKH
3penus. Bukrop Lllaybeprep yacto TOBOPHII, YTO MBI, JIFOIH CIIETIBI, YTO MBI YPE3BBIYAHO MOBEPXHOCTHBIE CYIIECTBA,
KOTOpBIE CMOTPST, HO HUKOIIAa HE BUJAT. BOIBIIMHCTBO HAC BUAAT COCPEAOTOUMBIIUCH HAa BOIPOCE pe3yTara (IOIydeHHOM
a¢dekre) ToIbKOo, a He Ha NTy0OoKyro 3KkcnepTH3y. Onupasich Ha BHEITHHUE MPOSBICHHES, TOJILKO U BCETO, YTO MbI HAOIIOIaeM
MBI CUHTAaeM 3TO IPaBeNbHBIM. MBI OepeM omrroouHsIi a3 dexT st u3ydenns (nena). Beé, 9o MbI BocpiHIMaeM, B
NBIDKCHHUE, BCE BHEIIHUE MPOSIBIICHUS 3TO "ofiexka", siBNsieTcss BTOpUYHBIMHU 3 exToM. OCHOBHYIO MIPHYUHY MBI HUKOT/IA HE
BuauM. OCHOBHOM NMPUYMHOMN SBIISETCS SHEPTUSL.

2.4 A umo makoe Inepzun?

KaxkoBa cymHocTs sHepruu? I'ne Mbl HaYUMHaeM UCKaTh OTBET Ha 3TOT U3BEUYHBIN BONPOC? YAUBUTENBHO, HO HECMOTPS Ha
BCE HayJIHBIEC HCCIIETOBAHNUS, HUKTO, HE MOXET IPHIyMaTh B c(QOPMYIHpOBaTh OKOHUYATENbHEIH 0TBeT! Bee MBI 3HaeM,
CYILECTBYIOT CIIOCOOBI, B KOTOPBIX SHEPTHsl NPOsBILieTCs. MBI BUIUM, YTO SHEPrHs Y4acTBYET B IOTOKE BOJBI. MBI BUIMM, YTO
SHEprusi, CBA3aHHA C CO3/IaHueM 00J1aka. DHeprusl akTHBHA B OCH3MHOBOM JIBUTaTelIe MPH cropanuu 6ensuHa. Ho uto ato? B



yeM e€ cyTb? UTo 3T0 BhIcHIMI (BO3BBILICHHBIH) POLIECC, KOTOPBII BCEIIa, TECHO CBSI3aHO C JABHKEHUEM?

YecTHBIN QU3NK OTBETUT, MBI HE 3HAEM. MBI MOTIH OBI TAKKE CIIPOCUTH €MUCKOIA WK CBALIEHHUKA, OH OTBETHT, YTO
9TO JyX WM BEIIECTBO Ayxa? XOTS MOTYT OBITh BBIJIBUHYTHl MHOTHE BEPCHH, B KOHEYHOM CUETE OHH TaKXKe MOTYT OBITh
BBIHY>KI€HbI KOHEYHOM CYEeT€e IPU3HATH CBOE HEBEXKECTBO. MOXKHO YTBEPXKIATh TO, YTO HA3BIBAIOT SHEPIHEl yUEeHBIH U
CBALIEHHUK JyXOM IO CyTH 3TO TOoe camoe. E€ nmponcxoxaeHne, 0cTaeTcs 3araJkou.

HOCKOJ'[LKy MbI HE MOXEM YBUAETH DOHCPTUIO, A JIMIIb e€ BHeIIHEE TMPOSABJICHUE, eé TIPOUCXOKACHHUC MOXKCT JIC)KATH B
peanbHOCTH 32 MpejieiiaMy HAIINX YyBCTB. MOXET OBbITh, SHEPTHs CO3/IACTCsI KyJIbMUHAIMEH XKenaHui, YTOOBI MO3BOJHUTH cede
BCC BO3BMOXXHOCTHU IS ITOJTYUCHUS HOBOT'O OIIbITA. XOTS €CTh MHOTO OYEHb BBICOKHX SHGPFHﬁ, KOTOPBIC HayKa 3HACT U
(haKTUUESCKH M3MEpPUIIa, €CTh TAKXKe BHIBI SHEPIHH, O KOTOPBIX MBI 3HAEM, HO KOTOPBIE OPOCAIOT BBI30B BCEM HAyYHBIM Kpyram
KOJIMYECTBEHHOW OICHKOM U n3mMepeHussM. OHH CIMIIIKOM TOHKHE ¥ HE MOTYT ObITh OOHAPY)KSHBI Ja)Ke CAMBIMHU CIIOKHBIMHU
Hay4HBIE HHCTPYMEHTaMH (IIpHOOpamu).

XoTs HayKa JI0JDKHA MPU3HATH UX CYILIECTBOBAHMUE, [UISl YYEHBIX TaK JK€ U YEJIOBEK 3ara/ika, Hayka He MOXKET TOUHO
W3MEPUTH PA3JIMYHBIE YETIOBEUECKUE YHEPTHH, TAKHE KaK MBICIIH, YKeJIaHHs, JF0O0Bb, BOCTOPT, HEHABUCTH, THEB U T.1., BCE U3
KOTOPBIX UCXOMIAT U3 YEIIOBEUSCKON IICUXUKU U MOTHUBALIUH IS JCHCTBUIA. XOTs HayKa MOXET OBITh B COCTOSTHHU OOHAPYKHUTh
aKTHBHOCTH MO3Ta, CBSI3aHHBIX C 3TUMHU SIBIICHHSMH, HE MOXET PEaJbHO OLCHUTH UX COOCTBEHHBIE MOIIIHOCTH, pa3Mep,
9aCTOTHI WK KOJICOATeIbHOE COCTOSIHUE, HA X MICTHHHOTO MecTa MpoucxXokaAeHus. Kak HemarepuanbHas (popMa SHEpTH,
BBITEKAIOIINX U3 JIPYTHX-TIOCKACTEH - (HU3MUECKUX MycTOT, KOTOphix Bukrop [llaydeprep B 60pbbe TpeboBa 3a1eiicTBOBAThH
(Y4HTBIBATH) B COOTBETCTBHIH C 3aKOHOM COXPAHEHHUS SHEPTHH, TOITOMY OHH YIOOHO MPOUTHOPUPOBAHBL. JTO MIOTOMY, YTO OHH
HE COOTBETCTBYIOT, HE SBJISFOTCS BHIUMCIIIEMBIMH 110 3HAMEHHUTOMY YpaBHEHHIO XaceHopiis -DiiHiiTeitHa (puc. 2.1) u ero
BBIBOJI, 3aKOH coxpaHeHus sHepruu. Kak xommentuposan H.H. Tlpaiic, Yaiikxem npodeccop noruxu B Oxcdopae (OKypran
Xub6ept, 1949):

"MBI TOJDKHBI CIETaTh BEIBOJ, I JyMalo, 9TO HET MECTa TeJICIaTHH B MATCPHATICTHIECKON BCENeHHOU. TenenaTus ABseTCs TeM, YTO He MOXKET
IIPOU30MTH CO BCEM H, €CIIH MaTepHAINCTHIECKasl TeopHsi Obuta BepHa. Ecin 910 npomsoiinet. Torna 4Tto-To Cepbe3HO HE B MOPSIIIKE C
MaTepuaIiCTUUeCcKOll Teopuel, H ¢ BeICHHBIMU MOITYyYeHHBIMH MHOTOUHCIEHHBIMU (DaKTaMH, KOTOpbIE MOTYT IOAIBEPAUTH ITO. "

I'ere Toxe TOBOPHUJI yYCHBIM!

"Bce, 4TO BBI HE MOXKETE PAaCCUUTATh, BBl lyMAETE, UTO ITO HE PEasIbHO."

Uro0bI 3TO cenaTh B €ro MpaBUIIbHON TepcreKTHBe, c3p Yuibsam [pos (1811-1896), npodeccop akcniepuMeHTaILHON
¢dunocodun B yausepcurtere JIOHI0HA, TOBOPHIT:

"Hayka He TOJDKHA UMETh HU XKeJIAHHUH, HH IIPEApacCyIKOB, HCTHHA JOJDKHA ObITh €€ eANHCTBEHHOI IeNblo."
OH npeacKa3bIBall, YTO "... 5TOT [eHb He 32 TOPAMHU, KOT/IA OH HACTYIIUT, IPUETCS NPU3HATHCS, YTO "CHIIBI" KOTOPbIE MBI 3HAEM, BCETO JIUILL

(beHOMeHaHI)HOG TPOSBJIICHUE PCAJIbHOCTH, MBI HUYETO HE 3HAEM O, TEX CHUJIaX KOTOPBIC OBLITH U3BECTHBI C [LpeBHeﬁmne BpEMCHA U - UM

HOKJIOHSIHCH. *"

Oro npeHeOpexeHne HeMaTeprualIbHON SHEPTUH, WM SHEPTHHU JKU3HU, Ybs KOJIOCCaIbHAsA cHjla (MOIIb) (BJIAacTh) IaBHO
IpHU3HAHA B OoJiee paHHUX KY/IbTypax JIoeH Io- pazHoMy 3ByuuT - kak [{u (Un), Ka, IIpana, Mana, Archeus (nepsoe Archeus—
JKM3HEHHOE Hayallo, IPOHU3BIBAIOIIEE BCE TEJI0, YIPABIISIONIEE TMTAHUEM, [IEPeBAPUBAHUEM UM U CONTPOTHUBIICHUE 00J1e3HAM; BTopoe Duumvirat
— Hayayo pasyMHOE, MM COGCTBEHHO JyIlIa, UMEIOIIEE MECTO HE B MO3TY, a B JKelyike U nedenu.) , BUC Buranuc, Takke MOXeT ObITh
MOTOMY, 4TO, Kak BUkTop Illaybeprep 4acTo roBopuii, HAy4HOE MBIIUICHHE JODKHO MPEANPUHATD JOTIONHUTEIBHBIN BKIIa
BBICIIMX MeTagu3nyecKux chepax, u He 3HaeM, YTO OH HazBal 4- bIM U 5- bIM U3MepeHueM. [y, Hanpumep, - 3TO )KU3HEHHAS
CHJIa, KOTOPAsi IBMDKETCS BIOJb YHEPreTHYSCKUX MEPUANAHOB TeJla M KOTOPOe OBIIIO TOYHO OIPEIENICHO HECKOIBKO THICSY JIET
Ha3aJl B KUTae ¥ UCIIOJIb3YyeTCs s ucresnenus. VoykapBaHue, JJe4eHHe ¢ IIOMOILBI0 TOHKOH UIJIbI UCIIPABIIIeT OMo-
sHepreTHyeckuii aucbananc [u B Tene, no- npexxHemy, He MPU3HAHHBIC OPTOOKCATIBHON MEIUIIMHON, XOTS IUPOKO
WCIIOJIBb3YeTCsl B KUTAae M BO MHOTHX 3aIlTaIHBIX CTPAaHAX, aKKPEIUTOBaHHBIX Bpauel 1 0oJiee OTKPBITHIMU BpadaMH.

[IpuHUMasi 3TO KaK Halll CUTHAJ B TIOUCKAX ATHX IPYTHX U3MEPEHH, MBI MOTJIM Obl HauaTh C BBICIICH U CAMOW MOIIHOM
(bopMoit IPUPOTHOI YHEPTHH, C KOTOPHIMH CTAJIKHBAIOTCS JIFOAU - JIT000Bb. Ecni oHa OyfeT mogHsTa Ha HECKOJIBKO CTETICHUE
BBILIE, Pa3Mephl K MOIIHOCTh, MBI CMOYKEM HadaTh BOCIIPUHUMATH OYEPTAHHUS TOTO, UTO €CTh SHEPTHs HA CaMOM Jele,
HMMEHHO JEMOHCTpAaLHsl O€3yCIOBHOM JTIOOBU B LEISX BHIOJIHEHUS] MHOTOOOpAa3Hs OIBITA.

Ilpumeuanue

1. Hamre O6miee Bynymee: Oxford Univ.press,Oxcdopa.

2. U3 3anuceit Bukropa 1llay6eprepa kotupoBku B apxuse LllayGeprepos.

3. TPYBbIV PACUET B BUJIE TOJJOBOTIO IIOTPEBJIEHUS XYGEN (0?)

IMpennonoxum, 4To NpoMbIUIEHHOE ToTpediaeHue B ABcrpanuu O, - 214 465 670 TOHH XapaKkTepHa AJs BCEX Pa3BUTHIX
IPOMBIIIICHHBIX cTpaH. Mcnomb3ys HaceneHne ABCTpaIni B KaYeCTBE OCHOBBI TS SKCTPAITONSAINH IIPOMBIIILICHHOE
norpebnenue O, Bo BceM MUpe, 1o3ToMy: Hacenenue aBcrpanuu = 17 MUIUTHOHOB

Hacenenne mupa = 5, 000, 000, 000 mroneii.

2,0000,000,000 _ F

_—DW = 294117 (extrapolation coefficient)

Eciu Bce cTpaHbl MUpa ObUTH OJJMHAKOBO MPOMBIIICHHO Pa3BUTHI, @ 3aTE€M ITyTeM YMHOXKEHUsI ABCTPaJIUH PUCYHOK BBIIIE
SKCTpANOIINH KodpduueHT odbeMa noTpedneHust MEpoBoi mpoMsiiuieHHOCTH O, (100% moneit) Oyner 214, 465, 670



ToHH O, X 294.117 = 63, 078, 137, 856 Tonu KUCJIOPOJIA B rox.

Mup - 3710 He 100% NpPOMBILIIIEHHO Pa3BUTHIX CTPaH, 3aMETHM, BMECTO TOT0, MbI JIOJDKHBI MPUHATH 0oJiee peanbHyo udpy
30% uHaycTpuanm3anuy. ExxeroqHo B Mupe npoMbliuieHHoe oTpednenue O,, TakuM oopazoM, OymyT 30% - 63, 078, 137,
856 Tonn O, =18, 923, 442, 176 Toun O,

K sTomy Hazno nobasuts: O, norpebiieHHe TPAaHCIIOPTHBIMU CPEICTBAMH, KOTOPBIE, B CPEAHEM HUCIONIB3YIOTCS 5 4acoB B JICHb
Ha aBToMoOmIIb: 0,02225 1/0,/4ac x 370 x 365 nHel X Ha OTpeOICHUEe TPaHCIIOPTHBIMU cpeacTBamu = 18,272, 813, 056
ToHH O,

Yenosek O, = 0.26 /0, x 5, 000, 000, 000 nrozmeii = 1, 300, 000, 000 ToHH O, .Ilomyunm exerogHbli 00K 00BEM
norpebnenus = 38, 496, 255, 232 toun O,

C nomomero Kanagckux manuex mus O, IpOU3BOACTBO XBOMHEIX ecoB 10. 0619 tonn/ra, mmm 1,00619 1/km?, mwiomans
JIECOB, HEOOXOIMMOH ISl BBITIOJHEHHS BBILIE MOTPEOICHNE KHCIOPOIa MOKET OBbITh:

28496,290,232 _ 38959 432k’
1,006.19

O6mas MupoBas IWIomaab oneHnBaercs B 135, 000, 000 kv,
[To3ToMy nponeHT oT 001Iei MUPOBOIi IIIOIIAAN, KOTOPOH TPEOYIOTCs U1l 3aMEHBI BBILIE TOJOBOTO MOTPEOICHUS:

38,259,432km*
135,000,000km*

4. Hamr Becembicnennsiit Tpyn, Pt.i, ¢.28.
5. 13 crarbu Bukropa Illay6eprepa, "Crenens Pazsutus B I'epmanun” ("Die Versteppung Deutschlands™).
6. Taitnas JJoxrpuna", u3 H.P.Blavatsky, Anpspe Ed. 1971,T.2, ctp.234: Teocodcroro Pub.ho., Ansspe, Unans.

= 28.3% wholly devoted to forest.

3 HOBBIE XAPAKTEPUCTHUKHU (IAPAMETPBI, CBOMMICTBA) SJHEPT U

3.1 Ilpoucxoxcoenue Inepzuu

JlaBaiiTe BO3bMEM B KaYECTBE THIIOTE3I, YTO TO TIEPBOHAYAIBHO CYIIECTBYET MEPBUYHBIA YP-HCTOYHUK' SHEPTUH-
PpacrpoCTpaHsIOMINI CUSIOMINI IEPBONPHYMHHBINA CBET (3MaHaIMA, CTEUSHHE, U3JydYeHHe, UCITyCKaHue ), IPUYUHOM Bcex
npu4uH, oT bora, win, emie iyurie, Beuno Cozunaronuii Pasym (Beiciuit Pasym, Teopsiuit Pazym), utoObl n30eKaTh KaKuX-
1100 reHAepHBIX MMOCHIeICTBINA UMeHyeMbli B nanbHeiimem BCP). O HeoGxoqumocTu Takoi cymHoctH, kak BCP, koropas
JOJDKHA TTOCTOSTHHO YTO TO CO37aBaTh B mporecce CBoel SBOMIONMN. DHEPTHUS 3aT€M MOKET PaCCMaTPHUBAThCS KaK BEIPAKEHHE
Boumu - Co3narens, kak co3unaromas 1esiTeIbHOCTb, 4epe3 KoTopoe npossisitores uaen Beuno Co3unaromero Pazyma. Oto
MOXKET IPUHATH HOPMY M3IydeHHUs] OECKOHEUHO BBICHIEH SHEPrHH Oe3yCIOBHOM JIIOOBU WM yX, MYABCUPYS B IIHPOKOM
JIMAIa30He YacTOT Ha TUIIEPCBETOBOM CKOPOCTH. McxXons n3 ueHTpanbHbIX Yp-IIpHunH Wi paHHero BMEIIaTeNIbCTBa, OHA
paboTaeT B HanboJsee BO3BBIICHHBIX Chepax, BO BCEX HANPABIECHUIX, YTOOBI IPOSIBUTHCS BOBCEX YACTSIX HEMPOSBICHHOM
Bcenennoit. He orpannunBasich OrpaHUUeHUSIMHA MAaTEPUH, CKOPOCTH CBETa WM 3aKOHOM COXPaHEHHs YHEPTUH, TI03TOMY
MIPUCYTCTBYIOT BO BCEX YACTSIX BCEJICHHOW OJIHOBPEMEHHO, M U3-32 CBOCH TOJIHOW O€3yCIIOBHOCTH WITH KaK YHCTOH,
MIPENMCAaHHON 1IETbHOM SHEPTUH, OHA MOXKET OBITH CBOOOIHO MCIIONIb30BaHa Kak u s "JloOpa (xopoiero)" Tak u s "3na
(HeratuBHOTO)".

3T0 HE MPSMOE JIMHEHHOE JBIKCHUS, 3TO OyJeT 03Hauarh equHooopasue. [IpsMonrHeitHOCTh (PaBHOMEPHOCTD) HE
MOXET TIOPOIUTb KHU3Hb, TAK KaK )KU3Hb CO37[aHA U3 PA3JIMUUM, U3 COCTOSHUS HEPABHOBECHUS, KOTOPOE, B IAHHOM CIIy4ae
SIBISIETCS, TCHEPUPYEMOU H3JTydarollei Mmylibcalneil SHepru 3PUPHOTO BUIA HA pa3HbIX 4acTOTax. B mpolecce uaimyueHus,
B3aUMOACUCTBHS MEXKIY STUMHU Pa3IMYHBIMU YaCTOTAMH IPOU3BO/IS ONpeE/IeICHHbIE EPUOANYHOCTH WM LIUKIHYECKHE
3¢ dexThl (eprobl, UMITYIIBCHI). C OHOM CTOPOHBI, 3TO MPHUBOAUT K 00pa30BaHUIO OoJiee MIOTHO COCPEIOTOYCHBIX 00aTcei
SHEPruu, I1€ X COOTBETCTBYIOIINE IUKIIbI MIIM BOJHBI CXOASATCS (BOJHBI COIIACOBAHBI - SHEPTUS YILIOTHAETCS), a C IPyroi
cTopoHbl, B 11 dy3HbIX o0nacTel, 0osee pa3pesKeHHOW YHEPTHH, T OHH PACXOAATCS (BOJIHBI HE COTNIACOBAHHBI - SHEPTHUS
MEHee YIUIOTHEHA).

B cBs3u ¢ 3TUM B HacTosIee BpeMsi HEOJHOPOAHOE pacIipe/ieNICHue SHEPIUU B COCTaBe 30H OOJIbIICH 1 MEHBILEH
IUIOTHOCTBIO SHEPTHUH, 3TO CIIOCO0, B KOTOPOM paHee OecrpensTCTBEHHO, OCHOBHOM MOTOK SHEPTHH IBIDKETCS, OH
ITOCTENIEHHO CTAHOBHUTCS SIBIICHUEM 32 CUET CO3/1aHHs 0oJiee IIOTHBIX BUOPAIIMIOHHBIX MaTPUII, HOTOK KOTOPBIX YKe
HETOCPEICTBEHHO TADMOHUYHO CBS3aHBI MEXAY CO00i. OTKIOHSAETCS OT CBOETO H3HAYAIBHO H3ITYYarONMIerocst INHEHHOTO
IIyTH TpU OOHAPYXEHUH STHX HU3IMIMX BUOPALIMOHHBIX COIIPOTHUBIICHUH, BHEIIHE ABHKEHUE SHEPTUH ITOCTEIICHHO TPUHIMAET
0oJiee KPUBOJIMHEHHYIO KOH(PUTYpAIIHIO B €T0 TIOTOKE B CITyCKE B MEHee HachIlieHHbIe o0nacTu. [1o manHsiM "yron"
COTIPATHUBIICHHUS, HA KOTOPOM 3TH BBIOPOCHI BIMSAIOT Ha TUIOTHBIE 00IaCTH, OHU NMPUIAIOT BRIPAXKEHUE NPABOTO MIIN JIEBOTO
HaIpaBJIeHUs] CIIMPAJIEBUIHOTO BpaleHus (KpydeHus). 13 nepBoHadansHOTro HennbGepeHInpoBaHHOTO COCTOSHUS SHEPTHH,
TaKUM 00pa30M CaMOCTOSITEIBHOTO CO3aeTCsl M HAJIEISIETCs JINOO TOJIOKUTENBEHBIA WK OTPULIATETBHBIH 3apsil U BXOAUT B



HW)KHUE MUPBI ABOHCTBEHHOCTH (IiyasibHOCTH) (puc. 3.1).

YUCTEMLIARA MOEOBb W3NYYAEMAS BO BCE CTOPOHBI
YUCTBIM OYX = YACTARA S3HEPTWA = YACTAA KWHETUMECKAR 3HEPTMA

Hwu kakoro BewecTtsa - Tonbko [BMKeHHE

= KHHUTUMECKA 3EPTUA =
BECKOHEYHO
BbICTPOE
pacnpocTpaHeHue
Ypoeent BeckoneuHoro EguncTea H3ny4eHnA Co3nawHne Bakyyma JHeprus BpalueHus

NPOLUECC OB BEOWHEHWA

A Bce pBwxeHne CTaHOBMTCA HanpaBNeHHbIM,
CHAHOLNM M YHUBEPCaNbHbIM 33 CYeT
YMEHbLIEHWA BPALLATENbHOIO ABWKEHHS.

OHo nepexoauT W3 NPHCOBAMHEHWSA, KPYroBoe
BpalleH1e MaTepun MNn MaTtepHanbHbIX
00beKTOB. ITO - CYWECTBEHHOR, "OTNYCKaHne",
BbicBODOXOEHWE, OTOeneHHe. JBOMIOLHA

(pocT) yucTon NliobGeM, GecnpenAaTCTBEHHO NYTEM
NPUCOEANHEHHA UNKW OTOpackbIBaHKA, KOTOPLIE,
NOCTENEHHD YBENWYHWBAKT CBOK MOLb, HCNYCKAeT
(wanyuaer ny4un) scé Goneiue u Gonbwe.

KAPAKYINIA: Avom mwenesa nsoGpameH Kak Touka

Mexay ABYMA NPOTHBONONOKHO BPaLLaLMMHCA
KOHYCaMH 3Hepry. [laxe ecnu 3TH KOHYCbl MMEIIT
DeCKOHEYHYH ANWHHY, haKTHYeCKH NONOKEHHe
aToMa ene3a fOMKHO HaXOAMTLCA B LEHTpE
3THX aBYyX DeckoHeyHOCTeN.

WENE30, ABNAeTCA BewecTeoM Hanbonee
HaMarHMYWBaeMbIM, MOTOMY 4TO €ro CTPYKTYpa 2
ONpefennAeTch ABYMA OAMHAKOBO CHILHLIMH
MarHHTHbIMH MOMAMM; HUCXOAAMM W BOCXOOALIMM.

n MPOLECC MHAMBITY ANU3ALMN

Bce pemxenne cBogUTLCA B MHhopmaunio o cebe
BCé Donble U3MYECKOro MaTepuana, oTaenbHble

B3aWMOCBA3L (POPMbI 3THX ABYX KOHYCOB (aBTOHOMHbIE) BAMHALBI 38 CYET YBENMYEHHE
DeCKOHEYHOW ANWHEI, NOXANyH, OTPaKaeT MCTUHHBIA CKOpPOCTH BPALLEHWA, NPUBOAA K
- CMBICN CMMBONOM TaK HasbliBaeMol 3Be3oi [Jasuaa. yBeNUYMBAIOLEMYCH NPORBNEHWI0 "MNNKO30pHOrO"

MaTepuankHOro BelecTBa W NOHMMaHHID
(ocosHanuo) CeGa. Yem Gonble W NNoTHee
BpalleHHe OKPYHAKIILEro NPOCTRAHCTEA, TEM
Gonee oyeBMgHa CTAHOBMTLCA hH3NYECKAR
MaTepusA W TeM GOnbLe CTENEHb NPUCOBAMHEHKA

Y (nogcoeanHeHHR).

YpoBeHb GBCKOHEYHbIX @ Wecuepnanmne NyyncTon dHeprun
MHAWBHAOYaNbHOCTEN
BECKOHEYHOE
BbICTPOE
BPALLEHWE

Het [OBuxeHuMs - Tonbko BewecTteo
=MOTEHLWAN IHEPTHK =

YUCTARA MATEPWA = TAPMOHWYHO CTPYKTYPWPOBAHHAA EHEPT WA = MOTEHUWANBHAR 3HEPTUA

Bce MNposenenne Ineprun, GyaeT Tonbko MHopMauuA o Bpawenun IHeprun.
CywecTByeT TONLKO KOMNOHEHT ABMMEHWA. BO3MOKHO HENOABHMKHbIA.
JTa UNNK3KA MUPA, H eCTb PeansHocTb

Fig. 3.1



Pa3HuIa Mex 1ty STUMH Pa3IMYHBIMU YPOBHSAMH U Pa3MepaMy TBOPYECKUX, (POPMUPYIOIINX SHEPTHN MOXKET OBITH
HAWIYYIIIM 00pa30M WILTIOCTPUPYET MPOCTYIO aHajioruio. 3amennB Beuno Cosunatomuii Paszym (Beicimii Pazym,
Topsamuii ) Ha ComnHile (HaIl OCHOBHOM MCTOYHUK XU3HEHHOH 9HEPrUU), MOXKHO CKa3aTh, YTO COJHEUHBIH BeTep (BOJIHEI
YaCTHI] BEICOKOH SHEPTHHN) BIMSIOT Ha aTMocdepy 3eMid, co3aaBasi TypOyIeHTHOCTb (BO3AYIIHbIC-BOJIHBI) U3-3a TEIUIOBBIX U
SHEPreTHUYECKUX peakuuil. DTo mpeicTaBiseT coboii nepBble AeMOLYISLUU OT BEICOKOTO SHEPIeTHYECKOTO COCTOSIHUS, B
CHIYKEHHHU CKOPOCTH U MHTEHCUBHOCTH ABIKEeHUs (COIHEUHOTO BeTpa). DTH PEaKIMH, B CBOIO 0Yepeab IOPOXKIAIOT BOJIHBI
MEHBIIIEH CKOPOCTH, HO ¢ OOJblIEH SHEPreTHKOM, Ha MOBEPXHOCTH OKeaHa, B Ooee IUIOTHOI cpezie eme 6onee rapMOHUYHO
CTaOMIM3UPYETCs SHEPTrHs, ueM Bo3ayxe. HakoHell, okeaHCKHE BOJHBI IEPEXOAAT B ()OpMY NOUTH CTAaTHUECKOH psiOM Ha Mecke
Ha JIHE OKeaHa. Bcs KOMIO3UIIMS He TONBKO HANNISIHO IEMOHCTPUPYET TBOPUECKUE CHIIBI 00JIee BBICOKUX SHEPTUH U3 BBICIIUX
q)OpM TNCPXOOUT B HUBIIKUE, HO U PA3JIMYHBIC DOHCPICTUUCCKUE PACCTOSIHUA MEXKAY HUMU B TEPMUHAX MATCPUA-OHCPIUA UIIU
Marepus-ayx Oananc (paBHoBecus). Ha mecke — nosBiseTcs Mynbcalys, JKUIKas cpeia, ABUKETCS HaJl HUM, KaK BOJa,
KOTOpast BCE 3T0 3HaeT. [IpuunHHON BIDKEHUS (IMHAMUKA) BO3/LyXa HaJl BOJIOM, IOUTH 3a € MpeaenaMy IOHUMaHUs
(3HaHMAMH), XOTS 3TO MOXKET CMYTHO OTHOCSTCS K 9TOMY 00Jiee BEICOKOMY COCTOSIHUIO SHepruu. Kak uenoBedeckue CymecTsa,
MBI IIOTPY>KEHBI B 3-MEPHOM MHpE, HO BCE K€ €CTh HAMEKH Ha BO3MOXKHOE 4-¢ U3MepeHus B BUJe BpeMeHu. Uto
MPOCTPAaHCTBEHHBIE BEIMYMHBI 3aHUMAIOT 5-¢ U3MEPEHHE, BO3MOXHO, XOPOILO U3MEPUTH MBICIH M 1yBCTBA, TOYTH
HEMBICJIUMO IS Hac. DTO Ha CaMOM Jielie, HU 00/1alacT HU OIHOI 13 3HAKOMBIX HaM XapaKTEepUCTUK 3-MEPHOI0 MUpa, JUIMHA,
mprHa 1 DTyonHa, HO Bee ke OHO ecTs.

XoTs 3TU pa3IUUHbIE YPOBHU OBITHS OymyT pa3o0paHsbl Oonee MOAPOOHO B ClEAYIOIIEH IIaBe, IpocTas
KOMITBIOTOpHAs rpaduyeckasi mporpamMma, BO3MOXKHO, TACT OTBETHI HA 3TH ApyTHe U3MepeHus dHeprir. C NOMOIIBIO
OKPY>KHOCTH, LICHTP KOTOPOH HAXOIUTCS Ha paccTosHiU 50 cM BBIIIE IeHTpa 3KkpaHa (puc. 3,2).

Kak nporpeccupyeT nepBoHauaibHas /<\j_me of imaginary circle 7
[I0CJIEI0BATENbHOCTD, BUNMAs YacTh Kpyra, /
IPEJICTaBIEHa CEPUSAMH CTPEIIOK, B34Ta B HHKHEH ’\
YacTH B LIEHTPE IKpaHa ¢ MpaBoi cTopoHsl. [locne / *
OIIPEEIIEHHOTO MIEPHO/Ia BPAIIEHHs KPYTa, TMHUU \
CHOBA IOSIBATHCS C JIEBOI CTOPOHE, YTOOBI 3aKPBITHCS / 4:1
B TOUKE, C KOTOPOIl OHM Hadauck. Uto Okl ObLIa l S
BUJIHA TOJIBKO 4acCThb OKPYKHOCTU. B cBoeil pabore
KOMITBIOTEP BOIUIOIIAET OTHOCHTEIILHO TOHKHE ( + l
f
|
]
|

SHEPreTHYECKUe MPOLECChl. XOTS BUIUMAs YacTH

OKPY)KHOCTH OCTaHABJIHMBAETCs Ha MPABOI CTOPOHE

9KpaHa, KOMITBIOTEp MO-TIPEKHEMY IPHHUMAET €T0, \

Kak JI0Ka3aTeJIbCTBO HO, KOIZa, HAKOHEIl, KPyT

BBIXOIUT U3 JIEBOH YacTH SKpaHa BTCUCHUH \4
HECKOJIbKUX MMHYT. i 3T0 MpocTpaHCTBO, B \
KOTOPOM KPYT BpariaeTcs, KorJa OH He BUAEH Ha

9KpaHe? DTO IJIe-TO, U 3TO HH TJIe, 3aMETUM [ITyO0KO \, | -
¥ a0COJTIOTHO, OHA MOKET 0Ka3aThCsl HCTHHHOM, LA -.\b»»}} .
TaK{e UCTHHHBI JOJDKHBI JIBUTATh U Pa3BUBATh :

CBOETO MepBOOTKphIBaressi, Beuno Co3nmarommuit |

Pa3ym (Bcenenckuit Pasym, Beicimii Pazym), Somputa congnl
KOTOpBII caM pa3BUBaeTCsl. Fig. 3.2

3.2 38yK Kak popmupyrowias cuna

ITosTOMYy MOXHO yTBEp)KAATh, YTO BCe (PU3MUECKHE MPOSBICHHS PAa3BHBAIOTCS KaK MPOIYKT IeJIeHAPaBICHHON
SHEPI'HH, BBITEKAIOIINX U3 CEMSH )KEJIaHHUs, BOJU K CO3JaHUI0. DTO MPOSBISIETCS KaK KOJIeOaHWsI MPOBEACHHST H300pakeHHe
WK UAEH O TOM, YTO JTOJDKHO OBITH CO3/1aHO, Kakasi popMa 1 Kakoi BHJ, YTO TOJIBKO MOXKET BOSHHKHYTH, YTO COOTBETCTBYET
JIOOPOCOBECTHAS UJIesl CAMOM BEIIH, HIIH, JPYTUMH CIIOBaMH, ONPEeNICHHBIH MAa0IoH KoiaeOanuid. Puc. 3,3 B3ATHI N3 KHUTH
Ianca Jlxennn (Kymatic) Kumartnka %, 1aeT HanIsgHBIA TPHUMEp 3TOTO B CBSI3H ¢ (JOPMHUPYIOIIEH CHIIOH 3ByKa B KadeCcTBE
WCTOYHMKA uei win uadopmannu. beperscst KBazpaTHas MIaCTHHA METaIa, TOMIMHON 0,5 MM, MOCHIMTAHHAS TIECKOM
BUOpupyeT Ha "actore 7,560 1ukioB B cekynay (I'epm). [Tocie HaOmonaeM mociaeaoBaTenbHOCTH OT 1 10 6 pUCYHKOB Ha
METaJTIMIECKOM JIMCTE, MOXKET OBITh IUIOJNIEKEH ITOCTETIEHHBIN Mepexo]] 0T CHOPMHUPOBABLIETOCS B OKOHYATEILHOM BUJIE
pecyHKa. DTO KpacuBoe N300paKeHNE HEMOCPEACTBEHHO CBSI3aHHOTO ¢ hOpPMUPYIOIeH critoi konebanuii ot 7, 560 r.

Kak dopma sHeprum, 3ByK y)xe JaBHO OTHECEH K opMe CO3MaHMs MOTEHINANa, BEAb B XPUCTHAHCKON PETIMIUU
MosiBJICHHE MHpa npumnuckiBaercs K "CioBy" oT bora, B MHIYHCTCKOW peluruu, 4TooOsl co3nark Mup Pama "bret" B Gapaban, B
COBPEMEHHOI Hay4YHOH TepMHUHOJIOTHH, K "BobiioMy B3phIBY", BCe 9TO SIBIAIOTCS 3ByKOBBIMH KOJICOBHUSMH. MOJUTBEI,



NICCHOIICHUSI, UHIUMCKUE pard, MPOM3HOCIICHHUS MAHTP, KaK IMOJIAraroT, IPOU3BOAAT Pa3InYHbIC 3P PEKThI, HEKOTOPBIE U3
KOTOPBIX, KaK HEYTO peaibHoe B Buje KapTuH (pororpaduit) (Meicnb-Gpopm) Ha puc. 3,3-cnaiig. ITOT 3BYK TaKIKE HMEET
BJIMSIHUE Ha KaueCTBO CTPYKTYpHI, OPraHWYECKHUE WM HE OPraHUYeCKUE, TAKXKEe TI0/ICO3HATENILHO OTPaXKEHBI B HAIIIEM POTHOM
si3bIKe. ByieM roBopuTh, 4TO CTpyKTypa "3ByKa" MM "HE0OOCHOBaHHOI (HE 3BYK)", YTO O3HAUYaeT, 4To OHa JIMOO Oe3o0macHa
i HeGe30macHa. AHAJIOTMYHBIM 00pa30M FOBOPSAT IIPO YETOBEUECKUH yM, "3BYK (UHCTBIH, SIKpUii, 3BOHKUH )" U
"HE3JOPOBLIH", YTO OTPaXKAET €ro TBOPUECKHE MM Pa3pyIIUTENbHbIE HAKIOHHOCTH. VIepixoH ObII IKOOBI YHHUTOXEH
pa3spylIUTEILEHBIM 3BYKOBBIM PE30HAHCOM (JIurenna o Gompmmx Tpybax, bubmus).

B cBoeii kaure J[pBun Tam "Taiinas BracTs My3biku" * yOeIUTENBHO TOKA3BIBAET, UTO MEPE] NIAIEHUEM BETUKHX
LUBIIM3ALMI BCETa NpeIIeCcTBYET AereHepalys HOMyIsIpHON My3bIKH, KOTOpast TOKA3bIBAET, TO, INI€ MBI ceifuac HaXOAUMCH.
B cBs13u ¢ 3THM, HcclienoBaHue MPOBEIEHHOE JOKTOPOM JIxoHOM J[aiiMOH/IOM B 00JaCTH NMOBEACHYECKOW KHHE3HOJIOTHH
(BK)*, naeT HEKOTOpPBIE HHTEPECHBIE Pe3yNbTaThl. Unen MexTyHapomHoM AKafeMuH MPOPUIAKTHIECKON MEUIIMHEL,
JaiiMmon 0OHapy»XuiIa, 4TO B TO BpEMsI KaK JEIBTOBU/IHAS. MBILIIIBI 3J0POBOTO B3POCIIOr0 MYKYUHBI OOBIYHO MOXKET
conpoTuBIAThCs cuiie 40-451 16, ero cuna ymenbiaercst 1o 10-151 16 yepe3 HeraTMBHOE BO3/ICHCTBHE OMPEICICHHOTO THIIA
POK-MY3bIKH, TaKHe KakK TsDKeJbIil MeTalul U XapA-pok. B otiauyne ot Goniee eCTECTBEHHOTO PUTMa, /1€ UMUTHPYETCS PUTM
cepana (MMUTUPYIOT pabOTy OIHOM CHCTEMBI CPEICTBAMH JIPYTrOi, My3bIKAIbHBIMIA HHCTPYMEHTAMH), C aKIIEHTOM Ha MIEPBYIO
nonro, To ecth Jla-nma-na wmm "JIAB-nman oTapix" (“Ja6-nan” (lub-dup). Crosa, npou3sHeceH e KOTOPLIX HATIOMHHAET 3BYKHU, KOTOPBIE
BBICITYIIUBAIOTCA IIPU ayCKYJIbTAallUd TOHOB CEpALIA. HepBHﬁ TOH Cl)OpMI/IpyeTC}I TIpH 3aKPBIBAHUU CTBOPOK MNPEACEPAHO-KEITYTOUYKOBBIX KJIallaHOB,
BTOPOH - CTBOPOK KJIaIlaHOB a0pTHI M JIETOYHOTO CTBONA.), KAK OH BbIpa)kaeTcs?, B IPUBEACHHOM BbIIIE TUIIAX MY3bIKH, 3TO
aKIEHTHpYeTcsl 0c000e BHIMAaHUE Ha MPOTHBOIOIOKHBIA PUTM, T.€. Aa-1a-Jla, KOTOpBIi KOHGIUKTYET ¢ IPUPOIHBIMU
MyJTbCALMSIMU TEJIa U B TI033UH Ha3biBaeTcs ""PutM aHamecta" (Ananect (rped. anapaistos — OTpaskeHHBIH, T.e. 0OPaTHBIH JAKTHIIIO) —
TPEXCIIOXKHAs CTHXOTBOPHAs CTOMA C yapeHHeM Ha ocneanem ciore.). Kak np. JlaiiMoH roBopit:

".. OmHa U3 XapaKTepUCTUK PUTMA aHANIECTa TO, YTO OH OCTAHOBJIMBAETCS B KOHIIE Ka)KI0TO PUTMa WM npesena (Mepbl, MEpHBII TPOMEKYTOK). Pok-
MY3BbIKa, KOTOpasi HCTIONB3YeT 3 (heKT ocnabieHus, IpecTaBIsieT Kak, 9T0 IpeKpalleHie TeMOpa, 3T0 KaK eciu ObI My3bIKa OCTaHABIMBAIAChH U
3aTeM HayaHHUET BCE 3aHOBO, U CIIYLIATENb MOJCO3HATENBHO "0CTaHABIMBAETCS" B KOHIIE KaX10H MEpbl. AHAIECT 3TO MPOTHUBOIOIOKHOCTD AAKTHIIO
WK TOI00HO PUTMY - Balibca, 310 [la-1a-11a, ¥ B KOTOPOM CYIIECTBYET JABH)KEHUE XKU3HH."

Kpowme Toro, oH yTBEpKIa€eT, YTO 3TU GOPMBI MY3bIKU U HEECTECTBEHHbIE PUTMBI, COUBAIOT MO3TOBBIE PUTMBIL, UTO
BBI3BIBAET "TPYAHOCTH TOHKOTO BOCHPHUATHS", KOTOPbIE BIIOJHE MOTYT MPOSIBIATHCS Y JETEH, CHUKEHUIO IIPOU3BOIUTEIBHOCTH
B IIIKOJIE, TUIIEPAKTUBHOCTb U OECIIOKOICTBO; Y B3POCIIBIX IPOSIBISIETCS, KAK CHUXKEHUE Pab0TOCIIOCOOHOCTH, YBEIUYEHUE
o100k, 0011as Hea(HEeKTUBHOCTh, CHU)KEHHE CIIOCOOHOCTH MPUHUMATh PELICHUs Ha padote, ... Kopoue roBopsi, morepro
SHepruu 0e3 BUAUMBIX [IPUYUH.



Puc. 3.3
WnmocTpalyy MoKa3bIBArOT IPOCTHIC 3BYKOBbIE KOJEOaHHs CKIIaAbIBACTCS 110 ACHCTBHEM KBapIIEBOro reHepaTopa (1be303IeKTpIecKkuii 3 deKr).
Mertammueckas miactuna 31 x 31 em. Tonmmna 0,5 mm. Yacrora 7,5601'. Matepuain pa3dpocaHblii Ha INIACTHHE TIECOK, KOTOPBIi ObLI 000}OKEHH,
9TOOBI OYUCTHTH €T0.



Kpowme Toro, Bo3aeiicTBUE Takol My3bIKH KaK JOKa3aHO, TaK K€ CO3al0T 3aBUCUMOCTH (3BYKOBOM HapKOTHK) OoJblIe
OZHOM U TOTO K€, ILUTFOC JKeTaHHe UCIONIb30BaTh IIPOAYKTHI MOAPBIBAIOIIE 300poBhe. K 3TOMy MOXKHO 100aBHTH BpeqHOE
BJIMSIHUE MOJZIbI PAaCIIPOCTPAHEHHOM CPEAN MOJIOJIBIX JTIOAEH CEroiHsA, HOCUTbh TEMHBIE OYKH JTHEM U HOUBIO, U 1aKE B
nmacMypHble J1HH. Kak pe3ynsTar, Tiaza HUKOTa He MOTyqaeT MONHBIA CHeKTp HeOOXOIMMBIX TPUPOIHBIX YaCTOT, IS KOTOPBIX
OHU IIPeHa3HAYEHBl U KOTOPbIE TPEOYIOTCS Ul UX 340POBbs MU CTAOMIBHOCTU Pa3/IMYHbIX YacTel MO3ra, CBA3aHHBIX C HUMU.
Hapsiny ¢ apyrumu pakTopaMu, 3T0 MO>KET OOBSICHUTH TPEBOXKHBIN POCT HacuiIust, 00JIe3HeH M NCUXNYECKOH HeCTaOMIbHOCTH
(ncuxudeckux 3aboneBanuit). CONHEYHBIN CBET, )KU3HEHHO BaXKHBIH (hakTop B 0071aCTU 3paBOOXPAHEHUS PACCMATPUBAETCS B
rase 16 B cBsA3U ¢ BbBogaMu JokTopa /xoH H. Otra. OnHa U3 NpUYMH 3TOr0 MaryOHbIe MOCIEACTBUS B TOM, YTO KaxJast
MOJIEKyJIa TeIa UIMEET CBOI0 PE30HAHCHYIO 4acTOTY, KOTOPas MOXKET ObITh CTUMYJIMPOBAHA, OCTUMYIHPOBAHHA UIIH
[I0/1aBJICHA PA3JIMYHBIMU YaCTOTaMU CBETA U 3BYKOBBIMU KoneOaHusAMHU. [IponomxuTensHblil 3 QeKT HenpephIBHOM
©60oMOapIUPOBKE OYEHb YyBCTBUTEIBHEIX KIICTOK TElIa, IEKTPUIECKU 3apsHKCHHBIX HIIEKTPO-MarHUTHBIX YMITYAIECOB,
IPeBPAIacTCsl U3 HUX B HACTOSIIIUI caaT, BBICOKOBOJILTHBIE KaOey, pauo, TeIEBUACHUE, Paaphl, MUKPOBOIHOBBIE YN U
HepeJaTYuKY U T.1. UMEIOT BIHUSHUE Ha OOIIEe COCTOSIHUE 300POBbS, ABIETCS MIPEAMETOM UL CEPhE3HOIO HCCIIEIOBAHU.

3.3 aenenue pe3onanca

3BYK U pE30HAHC, CBS3aHbI C SBICHUEM CO3UIaHHS WM pa3pyuieHus. Pe3onanc cBoO0HOI repeaadn SHeprun Wil
CHMITATHYECKNX BHOpALNil MEXKTy ONHOM 1 Ipyroi cucteM 6e3 moTephb M QYHKIMSAMH B3aHMOBBITOJHOTO IMEHHO TAPMOHHIHO
CBSI3aHHBIX MEXTY c000i yacToT. Kak TakoBOM, OH U SIBIICHUS, (PH3NIECKHIX I HHBIM 00pa30M, 4TO OH MPOHU3BOMNT,
SIBIISICTCSL PE3YABTaTOM IEPHOINIECKOTO IIOBTOPEHHUE 3aJaHHOTO YHCIIAa HMITYIILCOB, KOTOPBIE MOTYT OBITh KIaCCH(MUIUPOBAHEI
KaK BUOpaIMs, KoneOaHus, UM BpaIaTelbHOe ABMKeHHe (TIepHOIHYHOCTD, ToBTOpsieMocTs).” Ha puc. 3,3 dpopmupyromiero
sddexra pe3onanca B hopMe 3ByKa BeCbMa OUSBHIIHO, Ha IPYrHX IacTHHAX B KHHUTe ['aHca J[»eHHn Ooiiee BRICOKUX
YACTOTaX MOKA3aHO, IPUBOJIAT K BCE GONEE CIOKHBIX MOJIENSIM BOCIPUATHs . I3 3TOTO CiieyeT, uTo COCTOSHUE MOPsIKa
JaHHOH (PM3HYECKOI CTPYKTYpPBI MPOSIBILIETCS Yepe3 PE30HaHC 3aBHCUT OT KOHKPETHOTO YPOBHSI YaCTOTHI MJIH KAPTHUHBI
cTosiueii BOJTHBI KoJieOaHui, 0oJiee BBICOKHE BUOPAIIUH CO3AI0T CIIOXKHBIE (opMbl, 1 Ha000poT. [To3Tomy, ecnu
MHTEHCUBHOCTB 9THX PE30HAHCHBIX B3aMMOJCHCTBHI, KOTOPBIE OTACISIOT UACH U SHEPreTHYECKYyIo 0a3y Ui Oosiee pa3BUTHIX
MIPOSIBIICHUH KHU3HH CHIDKAYTCSI HCKYyCCTBEHHO MIIM APYTHMH CPEACTBAMH, TO 00Iee KadyeCTBO (GOPMBI KHU3HH BBIPOXKAAETCS,
MHOT/IA IOCTHTast SKCTPEMAaJIbHOTO COCTOSHUS BRIMUpaHus. [1o 3ToMy, 00IIHi ypOBEHb BHOpAIHiA, KOTOPBIE COIEPIKAT
(hopMupYFOLIIE MOJIEIIH SIBHOTO B BOIIPOCE CYyLIECTBA MM (JOPMBI )KU3HH, UIMEET JEMOIYTUPOBAHHbBIE YACTOTHI JI0 CIHIIIKOM
HU3KHX, YTOOBI IOIEPKUBATh STH PaHEe BEChMa CJIOXKHBIE CTPYKTYPEL.

Koma MBI pacCMaTpuBacM MUP BOKPYT HAC CETOAHSA UMCHHO 3TO, KaXKETCs, IMPOUCXOAUT - KOJITMUCCTBCHHAA
HAIPaBICHHOCTH Hallel TeXHOIOTHH U HACOJIOTUH CKIIOHEHHUIO BHU3 K eIMHO00Pa3HI0, K HEBHOPUPYIOLIEMY COCTOSHHIO, YTO
PaBHO IepeEXoay K OTCYTCTBUE SHEPTUU U KauecTBa. TakuM 00pa3oM UCUE3HOBEHHE BUAOB IIPOCTO IIOTOMY, YTO OKPYXKaromlas
co3MAaIoIIast SHEpreTHIecKasl MaTpuUIla, KOTOpasi UMeeT OTHOIIEHHE K BOCXOAAIIEH dBoonuy, Oblia BeIBeneHa U3 ctpos. Ho B
TO BpeMsl KaK 9TO MOXET [10KA3aThCs, YTO BCE MbI TENEPh HE OCTABIIIM 3TO BCE, UTO MBI BCE €116 MOXKEM COXPaHUTh, & UMEHHO
Gosee OrpaHMYCHHBIH CIIEKTP BO3MOXKHBIX (YOPM KU3HH, BCE TO, YTO HEOOXOAUMO, YTOOBI IPOOYIUTH TBOPUECKHI TOPHIB
[Ipuposas! sBISETCS MOBHILIEHUE YPOBHSI JyXOBHOCTH YEJIOBEKA M IOHUMAHUS IPUPO/BI, C TEM 4TOOBI IPOU3BECTH
IIOJIOKUTELHBIA OTTOK B CTOPOHY CO3MAAI0MINX IMTOTCHIIUAJIbHBIX SHCPFHﬁ.

Bericmast 1yXoBHOCTh IOHUMAETCs ¢ 00JIee BBICOKMM YPOBHEM 3HEPTHA. DTa SHEPTHUS MPOSBISETCS B UEIOBEYECKOH
TICXHMKE OHA MPOHU3BIBACT U 0OoTramiaeT Hoocepy, MbICIH HeMaTepHabHOH chepbl, Hepa3pbiBHA ¢ Bonei-k-co31anuto
(TBOpEHHMIO), ¥ KaK pe3y/IbTaT BO3HUKAIOT CIIOXKHBIE CO3UAIONINE YHEprHIecKrue MaTpuilbl. HOBbIE BUABI WK paHee
BBIMEPILIIE MOT'YT 3aT€M HauaTh MOSBIATHCS B U3UUECKOH (hopMe, Kak OTpaKeHUE 3TOH BICIIEH co3uaromell TMHAMUKY.
ITosTOMy B KOHEYHOM CUETE HaM HE HY)XKHO 0O0SAThCs 32 OyayIiee Ha 3TOH IUIAHETEe - 9TO CIEKTP JKU3HK OyIeT MOCTOSHHO
YMEHBILATHCS - HOTOMY YTO, MBI HACTPOMM HAIlli COOCTBEHHBIE TApPMOHUYECKUE KoJieOaHus BCE Ooublie U 0oJble ¢ TeM
Beuno Cosupatonum Pazymom (Briciuit Pazym, Teopsiiuii), To B poriecce MbI Oy/ieM CIiOCOOHBI aKTHBU3UPOBATh
SBOITIOIIMOHHBIC BUOPAIMH Yepe3 KOTOPhIC BCE KU3HEHbIE (POMBI OYyT OXKUBISATHCS U BO3POXKIATHCS.
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NEPBUYHAA SHEPIMUA - MPUYUHA. (MoTHuB, noBoA)
BTOPUYHAA ®OPMA - 3PDEKT.

JHeprua cosgaeT hopMy, B KOTOPOI OHA XO4eT ABUraTLCA.
Moatomy ®opma 3TO 3epKano NoToKa aHepruu.
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Kcraru, B CBSI3U ¢ PE30HAHCOM, IO CYTH, YUCIIO 29, KaXKETCs UIMEET KaK0e-TO CTPAHHOE CXOJICTBO C 3eMJiel U
IUTAaHETAPHOM CHCTEMOH, B X0JIe MOMX HCCIIEJOBaHUIA 51 00HAPYKHUJI HEKOTOPBIE CBOEOOpa3HbIe COBMAIEHHs, KOTOPEIE,
BO3MOXHO, CIEIyeT OTMETUTh U NpuBoiITcs Ha Puc. 3.4. UtoOb!I BepHYThCs Kk o0cyxnaeMoii Teme: Kak Oyner cosnaBarbes U
YCHJIMBAaTHCS, BHUMaHHE CTAaHOBUTCS 00Jiee KOHIIEHTPHUPOBAHHBIM, IIOCTOPOHHKE JIEMEHTHI BEIOPACHIBAIOTCS M OTKPHIBACTCS
KaHaJ JJ1s1 CBOOOJHOTO IIPOX0/ia TBOPUECKOM SHEPIUH, B PE3y/IbTaTe YBEIUUEHHUS 3apsiia (KU3HEHHON CUJIBL), SHEPIUYHOMN
IUIOTHOCTH M CKOPOCTH BPAILCHUS, APYTHMH CIIOBAMHU, BUXPb Pa3BUBAET (POXKIAET) )KU3HEHHbIE SHEPTUH, B KOTOPHIX BCE
OoJbllle U MOABOAATCS SHEPIUU BBICIIETO Ka4ecTBa JUlsl 3apOXKACHUS U pa3BUTUs caMoil popmsl (Puc. 3,5). Tak kak 310
IEpBHUYHAA MMOArOTOBKA B ONIPEACIICHHOM MECTC UJIM MOMCHTE B IIPOCTPAHCTBC-N-BPEMCHU, 3TOT BUXPb HECET B cebe
OTIEYATOK YCIOBUH MOITYyYEHBIX B 9TOM MeCTe (Er0 TOUKOI 0TCUeTa B IPOCTPAHCTBEHHO-BPEMEHHOM KOHTHHYYME) U,
CJIeJI0BaTEeNIbHO, A0COJIIOTHO YHUKAIBHBIN ()eHOMEH CO CBOEH MHIMBUAYAIbHOCTBIO U YaCTOTHBIMHU U XapaKTEePHBIMU
BUOpAIMSIMHU, HJIM coYeTaHne BUOparuid. [Iprcyine eMy cTaOMIEHOCTD U B KOHEYHOM cueTe (pr3uueckoe IposiBICHIE, YBEpEeH
JI0 TeX MOp, KaK €ro MPOUCXOXKICHUS - UAEs OCTAeTCs HEU3MEHHON U MO-IIPEXKHEMY COCPEIOTOUEHA.

OTH B3aMOAEHCTBUS KoJIeOaHUH JOJHKHBI OBITh B TADMOHUH APYT C IPYTOM, a TAKXKe B PE30HAHCE C KOHKPETHBIMH
YCIIOBUSIMU MECTA I'€HE3UCa, TAK YTO B JAHHOM IIPOLIECCE KM3HU WU CYIECTBA MOXKET Ha CaMOM JIeJIe PACTH U Pa3BUBATHCA.
OT0 (QyHKIHMS Pa3THYHBIX YaKp YETOBEUECKOTO Tela, KOTOPhIE MPEICTABISIIOTCS B BUE [IBETKA BUXPEH CTEOIN KOTOPBIX
HONAJAl0T B OPraHU3M B Pa3JIMUHbIX TOUKAX, TAKUX KaK CEpILE, B LIEIX IPOBEAEHNS YACTHOCTU PA3JIMUHbIX BBICIINX SHEPTUH
MTOJXOAUT VIS YKPEIUIEHHS U 310pPOBbs OPTaHOB.

T'apMOHHMS B pe30HAHC MPEANIOCHUIKH U POCTa W Pa3BUTHUSL, HU3LIMX CTYMEHSIX FapMOHUH B (POpME MEHBILEH
HMHIMBUAYAIBHOCTEH 00ecieyeHust IPOYHON U CTaOMIIBHOM HOACTPYKTYPHI, HA KOTOPBIX BBICIINE CTPYKTYPHI TOCTPOCHBI.
Beuno Teopsimmii Pazym (Beicmmit Pasym), Takum o0pa3om, Be3zie cpasy, U CO3JaeT Bce Pa3InIHbIe YPOBHU CYIIECTBOBAHUS
MOCPEACTBOM (OPMHUPOBAHUS U KOHIIEHTPALUH KU3HEHHOM CHIIBI B TAPMOHUYECKOM BUXPHU MaTepuy U3 €€ 0ECKOHEUHOTo
okeana sHeprud. To uto ['éTe GBUT OYEHE XOPOLIO OCBEIOMIIEH, 3TO BUIHO U3 CIEMYIOMIETO CTUXOTBOPEHHS *:

Bce Bemu coTkyTCs B OIHY, KaXkaast B Kax a0l TeueT NeiCTBYIOT 1 )KUBS
Kak KocMHYecKHe CHITBI, PacTyT, CIa0eI0T, 3apsAAATCS 0 9TOTO 30J0TOTO ITO3BOHKA,
C Heba uaymeMu BOJIHAMHU, IPOHUKHYT B 3€MIIIO OT BIACTU COBEPLICHHBIH.
Bce 'apmonnyHbIe 1 Bce BEICOKHE, 3aNIOMHUTHCS UMH Beenennas u Bpemsi!
npuuBbl Cpean sKU3Hb B OyHIYIOMINX JABIKCHUSX,
U OTJIMBA ¥ HaBOAHEHMS - TyHOBEHME B3aJ U Briepea!
Poxxnenue u Moruna, BeUHbli OKeaH, BCE JBUXKETCS,
OBITPBII BpEMEHHBIH ITOTOK.
W3meHeHus], sipKue BCIBIMIKY U3Iy4eHUH, OUeHb MaTepuabHasi XXH3Hb MO,
Takum 00pa3oM, 5 CHXKY B TEHH BPEMEH U TKY 3TU
JKHMBbIE 00XKECTBEHHbIE TKaHM.
Bcenennast 310 6e3rpaHUuHbIN OkeaH 3Hepruu!

3TOro MO’KHO MCTOJIKOBATh TAK, YTO ATO M3-32 B3aMMOJIEHCTBUSI MHOIOOOpa3usi rapMOHHYECKUX KOJIeOaHU B KOHEUHOM
UTOTE MPOSIBISIETCS B YIIOTHEHOM PaJIiyce M MPH IKCTPEMAaJIbHON CKOPOCTH BpalleHHsI, TOTAa BOZHHKAET MaTepPUAIbHOE
CyIIEeCTBOBaHHE. XOPOIIUM IPUMEPOM STOTO SBJISAETCS 3aBUXPEHUEM BO3IYIIHBIX MAaCC HAIIUX NOTOIHBIX CHCTEM, B KOTOPBIX
OYeHB OOJIBIIIE BPAIAOIIMIACS BO3AYIIHBIE MACCHl HMEIOT OTHOCHUTEIBHO MaJOe KOJIMYECTBO TNIOTHOTO BEMIECTBA, OOIBIION
pamyc IeicTBHs, OYSHb MaJI0 MaTeprana (GopM U 04eHb MEIUICHHAs CKOPOCTh BpanieHus. Kak OHU MOCTENeHHO
YMEHBIIIAIOTCS, 3aMETHM, HX CKOPOCTb U CHJIA YBEJIMUMBACTCS, @ HX PAINYC YMEHBILIAETCS.

B KoHEYHOM cyeTe OHM CBOAATCS K OYTH (PH3UYECKH ONTYTUMBIM SHEPTUTHICCKIUM 00pa30BaHMUSIM, TaKHe KaK TOPHAIO U
CMEepYH, SIAPO KOTOPBIX Y OCHOBAHMS, [Ie CKOPOCTH BPAILCHUS] HAaHOOJIbINAst, OUeHb OJIM3KO TsDKemas Gpuzndeckas, Marepust. OT
Toro, a3eMepHasi, OHa CTAHOBUBCS ITOYTH Ocsi3aeMoi. VX BepxHee Hayao Oeper Hauyallo B OTHOCUTEIEHO HU3KOH TUNIOTHOCTH
aTMOC(EepHBIX CIOSIX, KOTOPBIE MOTYT OBITH MPUPABHEHBI K MEHEe CTPYKTYPUPOBAHHBIM U 00Jiee paguaibHO aKTHBHO
SHEPreTHYECKOTO - COCTOSHUS, TaK KaK 9Ta 30HA SBILIETCS B OOJBIIEH CTEIIEHN TOBEPIKEHA BEICOKOH SHEPTHH COTHEYHOTO
M3JIyYeHHMsI, B TO BPeMsi KaK OCHOBaHHE TOPHAJIO MPOHHUKAET B OOJIBIIYI0 arMOC(EPHYIO KOHIICHTPALIUIO, KOTOpast SIBJISIETCS
CHHOHUMOM 00J1ee CTPYKTYpHPOBAHHOM, BpaIlaTeIbHBIM YCIOBHEM dHEeprud. D(H(EeKTUBHAS IUIOTHOCTH TOPHAIO TAKOBA, YTO
UX €CTECTBCHHAS BUXPEBAs YHEPTHsl, KaK U3BECTHO, THET CTAJIbHBIE PEIILCHI JKEJIE3HOW Aoporu. Vcnomb3ys 3T0 Kak aHaJIOTHIO
JUISL CTPYKTYPHOTO Pa3BHUTHS aTOMa, YTO, KOHEYHO, OECKOHEYHO MEHBIIE U 3HAYMTENBHO BBIIIE CKOPOCTH BPALICHUS U
BUOpAIIMK, TO CTAHOBHUTCS SICHBIM, BOIIPOC KaK (PU3UUECKU MOTYT IPHHUTH B ObITHE Yepe3 (hOKYCHPOBKY SHEPTUH B OIHOM
onpezeneHHoi Touke . [loaToMy Moyt HU U3 4ero, U MoyTH Bc€. JIOBEIeHHBIN 10 KpaltHOCTH, MOKHO TIO9TOMY CKa3aTh, YTO B
HU B 4€M (M3 HU Yero, MosBIsieTcs Bc€), BCE TO, UTO MPOSIBJICHUS BBIXOAAT Uepe3 "MroJibHOe YIIKO" TakK, Kak 3TO ObLIO ¢
BBICOKHM MOTEHIIHAIOM, OecopmenHas nycrora Beuno Cosupatomuii Pasym (Beicimii Pazym, TBopsimii).



Puc. 3.6 MOpckux pakoBHH: ()OKYCHPOBKA SHEPTHH B OHOU TOYKE.

Ham mup, Takum o0pa3om, JeHCTBUTENBHO, MUP WiLTIO3uWil! Pakymiku nokasansel Ha Puc. 3.6 sSBISIOTCS IPUMEPOM 3TOM
(hOKyCHPOBKH SHEPTHH, UX MIOCTENEHHBI POCT pa3Mepa H3-3a MPUMEHEHHS TBOPUECKON SHEPTUH B TOUKE, C TOX MUHYTHI,
SIHIEKIIeTKa, B KOTOPOH COCTOSIOCH HavyalbHOe omIofoTBopeHue. C Ipyroit CTOpOHBI, YETBEPTHIN KOPILyc-KaK BUJ, yKa3aHHbIH
JUTMHHOH CTPEJIKOH Taroke ObUT co31aH, Ha 9TOT pa3 ObICTpee, B pe3yabTaTe IPUMEHEHHS SHEPTUH U B TOUKE, B JAHHOM CIIydae
yAapOM MOJIOTKa II0 Kparo Kycka crekal

3.4 Co3uoarwwan (meopueckan) snepeuns — Buxps

IlockonbKy MBI €llIe HE 3HaeM, 4TO TAKOE SHEPrus U I KaKUX LieJiel OHa Hy)KHa, Ha pUC. 3,5 10Ka3aH BO3MOXKHBIHN IyTh
sHeprun. Kak sHeprus ABmKeTCs BIOJb 3aJaHHON TPAaeKTOPHH, OHA BTSATHBAET MATEPUIO B CBOH MyTh U GOPMHpPYET cocyn
(Tpy0a, pedHoe pycio), 4epe3 KOTOPHIH OHa X04eT ABUTaThesl. Peka fnemaeT poBHO TO xe camoe. Kanmmimspsl B HallleM Tele Tak
xe. KpoBb ABNIseTCA BHENTHIM NPOSBICHHEM ITyTH 3HEPTHU. YTO MBI BUIUM KPOBb, HO MBI HE BHIMM DHEPTHIO, KOTOpast
nepemeraeT e€. Bes KpoBb, KOTOpast SIBISETCS CIHUIIKOM TPY0O0ii, KOTOPOi HEOOXOIMMO MEPEHECTH SHEPTUIO 1O KOHEUHOTO
MyHKTa Ha3HAYeHHs. DHEPIusl HO3TOMY CO3aeT GopMy ITyTH, O KOTOPOMY OHA XO4EeT ABUTAThCs U MO KOTOPO OHA MOXKET
JIBUTATHCS C HAMMEHBIITNM CONPOTUBIICHHEM.

Ecnu 661 MBI XOT€JIH HOCTPOUTD J0M, B KOTOPOM OyZIeT He yIOOHO NMepeBUraThCsl, Mbl KOHEYHO OBl HE XOTenu. MEl
CTPOHM €r0 B COOTBETCTBHH C HAIIMMU MIPEIOYTESHUAMH H Halero obpasa sxu3HH. Kak yxe obcyxanock paHee, Bce
IPUPOIHBIE CUCTEMBI PA3BUBAIUCH B PE3YIbTaTe KAPTHHBI SHEPTUH, WU MBICIIH, YTO CTPEMUTLCS CO3/IaTh UX B IIEPBYIO
odepens. Bee 310 MokeT OBITE cMpaioM (BOHBIO) METa(hH3UKHKOB, HO 3TH MOHATHE TPYAHO BBIPA3UTh MHAUE.

Kak Tonbko BHemHsist popMa OyZeT co3ziaHa, Touka OyleT JOCTHTHYTa, [ I CO3/IaHHs B HACTOSIIEE BpEMs
HCIIONIB3YeTCsl CITMIIKOM Tpy0as cuiia, 4ToOBI MPOAOKATh MATH IO IMyTH SHEPTUit U ocTaeTcs nosaau. Bukrop lay6eprep
YacTO HA3bIBAIOT 3Ty 3€MIII0, KaK OTPOMHYIO Kydy HaBO3a U CKa3all, BCE IeJI0 B TOM UTO, BCE XKUBOE Ha HEH, ObLIO TOIBKO
(bekamuaMu BEIOpAChIBAEMBIE PA3IMYHBIMU SHEPIUSAMHU U UX (OPMBI JBUKEHHS, TOTOMY YTO OHM HE MOIIIM HECTH MaTepuan
nanblre. JJpyruMu CIIOBaMH, HE3aBUCHMO OT SHEPTHH CIIOCOOCTBYIOT YBEIHICHHUIO KU3HEHHO CHIIBI COXPAHSIOTCS B HE
MaTepuajbHOi (hopMe, B TO BpeMsl KaK OCTAJIBHOI SHEPreTHYESCKUI MaTeprall BEIOPACHIBACTCS B BUJIE OTXOJI0B, aHAJIOTHYHBIX
©XEIHCBHOH He(eKaiy JyeIoBeka. byrydn H3BIedeHs! U3 UK, KpOMe METa0OINIeCKHX (PyHKI[HI, OHH 9acTO UCIONB3YIOT
O4YEHb TOHKYIO HEMaTepUaIbHYI0 SHEPIHIO AJI IPOU3BOCTBA MBICIUTENbHBIX NPoLeccoB. C ONpeneneHHON TOUKY 3pEHHU,
YEJIOBEYECKOE TENIO MOXKHO II03TOMY PACCMAaTPUBATHCA KaK MONHBIH ITyTh S3HEPTUH, KOMILIEKC TOPOUJAILHOTO BUXPS IS
TpaHCMyTalllX MaTePHHU U SHEPTUH B (PH3NUCCKOI U HHTEIIEKTYaIbHOM IesSTeLHOCTH.



Fig. 3.7 A natural vortex
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B cootBeTcTBHU € 3TOH TOUKOH 3peHUs], PHEPIus U e€ IBIKEHNE, OECCIIOPHO, NIaBHAs IPUYMHA, IPEAIOCHIIKA s
(busruecKoro mposiBiicHUs. Bcé, 4TO Mbl BUIUM BOKPYT HAc, JA€PEBbs, IIBETHI, BCe BHENIHHE (GOPMBI (KopIityc) hopMHUpYrOIIHe
mytH sHeprui. ITo cnoBam BukTopa Illay6eprepa, B To BpeMsi Kak OCHOBHAs YaCTh SHEPIHH JAepeBa JIGKUT BBILIE €0, ICPEBO
MOXKET PACTH TOJBKO IO ONPEAETEHHON BBICOTHI, TaK KaK YHEPIHsl, HAa CBOEM TYIIH, B COCTOSHUU BOOpPATh (BTSAHYTH)
(u3HUecKyIo Maccy JepeBa 10 ONPEIEICHHOTO opora.

IMponomxkas Hame 00CyXIEHUE BUXPEBOTO ABIKEHUS SHEPTUH, 3aMETHM, KaK KpacuBas Takasi €CTECTBEHHO
CTPYKTypHupoBaHHas popma Buxpsi (puc. 3,7). Takue siBjeHus yacto He HaOronaercs. Kakas yausutensHas ctpykrypa! 910 He
pyuHas paboTa, 3TO IyTh, I10 KOTOPOMY BOZA JIOOUT ABUTaThCsl. Kaskaplil U3 3TUX CErMEHTapHBIX 000POTOB ABIACTCS JPOOHO
MEHBIIIE, YeM OAMH BBIIIE, MATEMAaTHUESCKU U IIPOMOPIIHOHAIBHO, KOTOPBIE MOXKHO OOBSCHHUTH C MTOMOIIBIO CHCTEMEI,
pa3paboranHoi BansrepoMm Illaybeprepom.

JlaBaiiTe KpaTKo pacCMOTPHM pa3IYHbIe WILTIOCTPALMHU B3SThI M3 KHHUTH, IPEKPACHO HAIMCAHHbIC M HalleYaTaHHbBIC B
1908 ° (puc. 3.8-3.10). Ha puc. 3,8 nmokasaHo JABHKEHUE PHIObI, BOJHUCTHIE U M3BUIIMCTHIE, M KEHIIMHA MET C PA3MaLIUCTON
oxoKo#. YTo JOIHKHO OBITH 3aMEYaHO TO, YTO HU OJHA U3 3TUX (OPM HE UMEET HH KaKO! CBS3H C MPSIMBIMH JIMHUSIMH,
OKPY>XHOCTSIMH, TOYKOH MIIM KPYTOM, HIIH C JIF00OH M3 MEXaHHYECKOH CHCTEMBI, KOTOPYIO MBI B HACTOSIIIEE BPeMs
WCIIONB3yeMBIX ISl IPOU3BOACTBA dHEpTruH. TeM He MeHee, BCe IyTH dHepruid. Bce oHuM ObIIH cO3MaHbI IBIKEHHEM YHEPTHU U
BBIPAXAIOT e€ Tak, KaK KOHKPETHBIN BHJ YHEPTUH KeJal Obl ABUTATHCS B IPOSIBIICHIN OPUTHHANA MM TIPOUCXOISIINX OT
3aMbICIIa UJIeH CaMOM BEIIH.

B nacrosimee BpeMsi CTaHOBHTCS Bce Ooiee 1 0ojee MOHATHO, KaK JBIKETCSI SHEPTHs, C TEM YTOOBI CO3/1aTh yCIOBHH,
AHAJIOTUYHBIE TEM, KOTOPBIE IOCTUI'AIOTCS B HCCIESIOBAHNH ABOWHOM CIMpaNeBUIHON TpyOe, IPOBEIeHHOE TPOodeccopoM
®pannem [Tonens B Lltyrrapre B MucTHTYTE THrHEHS B 1952 roqy no nannuaruse Buxropa Llay6eprepa ( cM. B mase 14
BOZOCHAOXKEHHE). DTO )KU3HEHHO BaYKHO /IS HAIIETO BBDKUBAHUSA, YTO OBl BCE METOBI, KOTOPBIE MBI HCIIONB3YeM B OyayILeM,
TEXHOJIOTMH BCET/Ia TOJDKHBI MOAPaXKaTh €CTECTBEHHOMY JBM)KSHUIO SHEPIHU M CHCTEME IBM)KEHHUS B IPHPO/Ie (IPHPOTHOMY
JIBIDKEHHIO), POCTY M Pa3BUTHIO. B cBOeH cucTeMe, BKIIOYAIONIE JUHAMUYECKHE SHEPTeTHIECKHE IPOLECChl, OHA BCETna
TIOSIBIISIETCSI, YTOOBI BBIOPATH CIIMPabHbIE (DOPMBI IBIDKEHUSI U €70 BUXPEBBIE MPOU3BOAHBIC, KOTOPHIE MPEICTABICHEI KaK B
Makpomupe (puc. 3.11, raakTuky, B 3TOM Cllydae HakJIaJbIBaeTcs runepoonuyeckas cuupaib Bansrepa [llaybeprepa) u
mukpokocma (Monekyna JJHK — fig.3.12'7).
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IMpupoanast nHTEpIPHUTAIMS MOXKET OBITH OIMCaHa He Kak "KoJéca BHYTPH KoJieca", a Kak "3aBUBAaHHE B 3aBHTYIUKH,
3aBUTYyIIKaX, u3rubax" . TO Bce Oosiee HEOOBIYHO, TAKUM 00Pa30M, YTO, HECMOTPS Ha TaK MHOTO JIOKA3aTeJIbCTB ATOTO
BUXPEBbIC, IIUKINYECKHE, CIUPaJIbHbIE IBHXKEHHS, KOTOPhIE JiexKaT Be3/e B [Ipupone y Hac Ha BULy, HayKa HUKOLA He
TPHITHCHIBAET JIF000€ OCHOBOIIONIAraroliee 3HaYeHHe IS €€ UM TBITaaach KonmupoBaTh ero. OHa OblTa CIUIIIKOM HOTPYKEeHa B
€BKJIM/IOBBIE JICMEHTbl MEXaHUKU C MaJbIM 3HAHHEM WM [IPEACTABICHUEM 00 OpraHUKU. Mbl HU KOIJIa HE YAWISUIU
BHUMAaHUsI, YTOOBI HOHSATH TMHAMUKY IPUPOJBI JOCTATOYHO, YTOOBI NIMETh BOBMOXKHOCTH KCIUTYaTHPOBaTh ux. CeroqHs Hayka
€llle TOJILKO Pa3BUBAET HOBbIE (HO BCs IIPaBa B TOM , YTO OYEHB, OUEHb CTApble) 00NACTU UCCIEAOBAHUN, KOTOPhIE OHA TEHIEPh
Ha3bIBaeT "CTpyiHble TexHOIOruK" ("BIacTh cTpyHu'), KOTOpas BEJET pacciielOBaHNE BUXPS KaK CPEICTBO KOHTPOJIS TOTOKA
xuakocty. Hactano Bpems, 4To Mbl pa3paboTalu TEXHOIOTUIO, IIPH KOTOPO 3TH IPOLECCHL AeHCTBUTENBHO NOHITHBL. OHU
JIOJDKHBI Ha3bIBaThes "OKo - Texnonorun" BMecTo "broTexHomoruu", mociaeaHsst U3 HUX NPUHECET TypHYIO ClIaBy IIyTeM
MaHHIYJSINH C TeHAMH U € UX SKIepuMeHTaMi. Bosmoxkao DKo — TexHOMOTHS OyIeT fake JIydIIIM TePMUHOM, TIOCKOJIBKY
ona oymueTsopset "C*" Konuenuuio Bukropa Illay6eprepa, oznadaromee "Tlonsts 1 Konuposats [pupony”.

Ilpumeuanue

1. Cwm. ftn.5, maga .1, kacaronuecst ucronbp3oBanus 'yp' npedukca.

2. U3 Kymatik / Kumartuka Xanca [Ixennu, ¢poro Xanc ITerep Bunmep: Bacumus, basens, LlIBefinapus (HbIHE He CyIIECTBYIOIIETO).

3. CekperHas cuia My3biku J[3Bun Tam: Buyrpenuss Tpaauuuu, Pouecrep, VT, CLLIA.

4. Baure Teno He JnkeT, (oBeeHuecKie Knuesnonoruu) o J-p Ixon Diamond MD: Harper & Row, Hero-Mopk, 1979 rox.

5. Kacasico emie pa3 nocrostHHO#M [1nanka, 3HEprus KoTopast MOXKET OBITh TONBKO UCITYCKAThCS MM IONIOIIATHCS BCEM YHCIIOM KBaHTOB, TaK Kak
HPHPOJIa HUKOT/IA HE OTCYTCTBHS SHEPIHH sl 8 pas3nudHble QYHKIUH, OHU JOMKHBI OBITh TAKUM 00pPa30M, TECHO CBSI3aHbI B PE30HAHCHBIX
COCTOSTHHSX. XOTs HBIHEIIHSIS CHCTEMa MaHUITYIIPOBAHHSI OOJNBIIHMH YHCIAMH C HCIOIb30BaHHEM HayIHOTO 0003HAUEHHS, T.C. ePBEIE IISTh HIIH
3HaYAIMX MUQP, yMHOKEHHOE Ha 10, 4TOOBI MOIHOCTh Yero-To, MOXHO OBUIO YIIPOCTHTH PAaCcUEThl, CO3AaHHE TOYHOTO 3HAYCHHUS HIII
MEPUOAMYHOCTH, Ha KOTOPOM OCHOBAH MCTUHHBIH PE30HAHC HAa BBICOKHX 9aCTOTaX CTAHOBUTCS BEChMa CIIOXKEH, METOA Ipob u ommbok. Hampumep,
OBUIO 1aHO PE30HAHCHOE COCTOSIHUE J1aBasi HAYaJI0 YaCTHOCTH SIBJICHUS] UMEIOT (DakTH4ecKue 3HadeHue 6 622 458 316 I'u, To ¢ Hay4HBIM
0003HaYeHHEM 3Toro OyneT BeIpaxkeHa Kak 6,622 46 x 109 I'u. Ecnu Bbinmucanbl B HOTHOM 00beMe, 3HaUeHHUE rocieanero Oyner 6 622 460 000,
HEMHOTO BBIIIE, YeM M3HA4YaJIbHBIA. BbIunTas OpurnHagbHOE 3HaYEHHE U3 TOTO, YCEUCHHOE 3HAUCHUE OCTaBiseT Aeuuut (HexBarka) 1684 'y
HCTHHHOT MOJIOKEHHS pe3oHaHca. Eciii permenne BhIe sSBISUIOCH ObI 00BEKTOM YIPAaKHEHHH, 3aTeM H3-3a OTCYTCTBHUSI HE YUTCHHBIX 1684
KoneGaHuil, OH OyaeT HEBO3MOKHO TOYHO BOCIIPOM3BECTH OPUTHHANIBHOE siBleHHE. C TOYKU 3pEHHS JOCTIIKCHHSI PE30HAHCHBIX COCTOSIHUI, Ha MO
B3IJISIZL, 9TO HA CaMOM JIeJie OCIIEAHIE HECKOIBKO IH(P, KOTOPHIE SBILIOTCS 3HAYUTENBHBIMH, a He NepBble. [IpH HCIoIb30BaHUH KOMITBIOTEPOB,
3aMeTHM, TO JODKHO OBITH IIPOCTBIM JIEJIOM JUIS UCIIpaBieHus. B cBsi3u ¢ BepxHeil u(poil 4ncioM rapMOHHIECKHX KoneOaHuii cebs1, 3HaueHUe
Tocrosinas [Tnanka B 6,62 x 10-34, TO ecTh Bce YHCIO0 6 IUIIOC IECATUYHOE 3HAYCHUE 62, Ka3aloch Obl, B IPOTUBOPEUHH C UCTIONB30BAHUEM
MIPUPOJBI LETbIX YUCeNl. DTO 3HaYeHHe ObUIO0 HUKAKUX COMHEHUH OCHOBaHA Ha KaIHMOPOBKY 3HAUCHHs H3MEPeHUH AOCTyIHbI s [Inanka B To
BpeMsi. DT KaauOpOBKHU ObLIN, BEPOSTHO, COBEPIICHHO POU3BOJIbHBI, IEPBOHAYATIBHO B TaK K€, KAK CTAHAAPTHBIH TPEK JKEJIE3HOTOPOKHOM

KoJen o0s13aHa cBoUM pa3MepHOCTH (4 dyta 8 Y2 in 1.435m) Ha paccTOSIHHM MEXIy KOolecaMH Ha IIepBOM IIapOBOM ABurarene, "PakeTHo",
noctpoeHHbI Pobept CruBencon. Tak kak nocrosiHHas [Inanka nmeer pyHAaMeHTaIbHOE 3HAYCHUE TSI HHTEpIpeTanus GH3UKH, 3TO MOXKET OBITH
KpaiiHe Harpa)kICHHsI, €CIIH ero TeKYIas CTOMMOCTh MOXKET OBbITh 3aMEHEHa C HEKOTOPOil OCHOBHOMW €AMHUIIBI WK Lieoe uucio. B Takum obpasom
HEKOTOpbIE OYeHb HHTEPECHBIC OTHOIICHHS IIEJION0 MOKET IOBEPXHOCTH MEXTY TeM, YTO B HACTOSIEE BPEeMsI O-BUIIMOMY HECOIIOCTABUMBIX
BEJIMYMH 4epe3 Ipeodpa3oBaHusl X TEKyILIHe 3HAUYCHHS COIIACyIOTCs ¢ 9TO HOBOE 3HAUYCHUE SAMHHUIIBI JUTs mocTossHHOU [Tnanka.

6. BocrpusiTue KapTHHBI WU CTPYKTYP, 00/1aJaIOMUX KaueCTBOM B IIEJIOM, KOTOPBIC HE MOTYT OBITh OIHCAHBl IPOCTO KaK CyMMa €T0 4acTel.
Komnmun3 anrnuiicku CaoBaps.

7. Jlyx ot 29 Mru, Jlxon I. dymaep: Ilepctens uznanue 1986, Hoio-Lib amepuxanckux., Heio-Mopk. Omuckisaet ncenenosanus a-p Juxopmk Muk,
aMepUKAaHCKUI HHXKeHep, 1 HeMEIKUI HmkeHep ekTpoHuky, JJokrop ['anc Orro Kenur, B cBs3u ¢ HenaBHO ymepuiero. OnTumanbHas 4acToTa JIs
OIaronpHATHOro OOIIEHNs MEPTBHIX C JKMBBIMH M HA000POT, CyNep-HaBA3bIBaTh (HAKIJIaIbIBATh) CBOM T0JI0CA Ha HECYIIYIO BOJHY, ObLIO 29

Mru. SuBaps 15, 1983 Paguo JlrokcemOypr npeayioxkun 1okTop KeHur, 4To0bI TpaHCIUPOBATh )KUTh-BO3AYX IKCIIEPHMEHT B TAKOW CBSI3H, KOTOPBIH K
yXKacy KacaeTcs BCeX, B OCHOBHOM IIPOIIEIN YCIIEHIHO.

8. U3 crarbu Bukropa [llayoeprepa, "Ox u Cepna ", na6. npod Llummepmann Bepuep B TAY sxypnai, N 146, 1936 utons, ¢.30.

9. 3ambicna B npupoze [x. benn [erturpro: Jlonrmanc I'pun, Jlongon, 1908.

10. "IBoitnoit crmpanu JHK" ¢.101 u3 monexymsapHoii Gnonorun u3 coroBbix b. Ansbepre, 1. bpeit, [Ix. JIstonc, M. Padd, K. Pobeprc u Ix. 1.
Yorcon: Tapmanz, Helo-Hopke.

449TO TAKOE IBUKEHME ?

4.1 "Opuzunanvnoe' /leusxncenue

Ecim ocMmoTpets Beenennyto B menom, To ectb. OT "Bonbmoro B3peiBa" 10 "UepHoit OpIpsl”, Kak 3T0 ObLIO, hopma
JIBIDKCHHUSI OYEBUIHO, uTO y Bukropa [llayGeprepa Ha3biBaeTCs "IIMKIOUIHO-CIIMPATIBHO- IPOCTPAHCTBEHHAS - KPUBast
nmerkeHus". OH Takke Ha3Bal e€ ""OpUrHHANGHBIM" IBIDKEHHEM, HE TOJBKO B TIEPBO3JIAHHOM CMBICIIE, HO B KaK
JUHaMH4YeCKyto "(dopmy - cozunanus”. [TokazaHHbIi B €€ KBUHTICCEHIIMEH, apxeTunnieckue GopMel Ha puc. 4,1, Ha KOTOpOM
M300paKEHBI CO3JAHNE TPEX MOCIIETOBATEIBHBIX BCEJICHHBIX, "IIUKION THO-CITUPATIBHO-TIPOCTPAHCTBEHHON-KPUBOMA"
BOILIOMIAET U3 HAYAJILHOTO - BBIIOXA, IEHTPOOEKHOTO, M3rH0asch pacumpenne 0e3 AMCKPUMHUHAIIMH, TBOPYECKON SHEPTHH
0€e3yCIIOBHOI JIIOOBH OT TOYKH, B PE3YJIBTATE YEro BOHUKAIOT OKOJICHHUs O€CUNCIEHHBIX HHAUBUAYAIBHOCTEH 1



sHepreTuueckux cucteM. B Taiinoii Jlokrpune ' Enensl I1. BaBarckoii oMUChIBAET 3TO ABJIEHHE KaK : "M3 BEIIOXa "HEH3BECTHOI
CYIIHOCTH (BO3MOXHO SHEPIrUH)" poXkIaeTcss MUP U IIPU BIOXE MUD HcUe3aer.”

B ero BbIOXE KyIbMUHALUEH SBISETCS, HEHTPOCTPEMHUTEIBLHBIE MMILIO3UU COCPEAOTOUEHHE SHEPTUU U OIIBITA
CO3JaHBIMU MHAUBUAYAJIBHOCTAMMA, KOTOPBIC ceityac CTPEMATC K BOCCOCIUHECHNUIO CO CBOMM UCTOYHUKOM, Beuno
Cosuparomum Pazymom (Beiciumii Pasym, TBopsiiuii), Bc€ BO3BpaIlasich K HUMY C IIOTy4EHHBIM OE€CUMCIIEHHBIM OIIBITOM.
ITocne Toro xak Bcé€ BepHynochk k Beuno Cosuparomemy Pazymy uepes "uepHble AbIpbl"”, TO Ta BeeneHHas, wiy B Toi yactu
BceneHHOH, B KOHIE KOHIIOB BO3HUKAET YepHAas AbIPa, IOKUAET HAlll IPOCTPAHCTBEHHO-BPEMEHHON KOHTUHYYM U BXOIUT
BBICOKO 3(UpHbIE, BEJIUYMUHBI U pa3Mepbl KOTOPOIO MBI HE MOXKEM cede IPeACTaBUTh. To UTO MPOUCXOAUT, OTKPBITO AT BCEX
00pa30B MbIIUIeHHH. Bo3MOXHO, B HOBOM OIBITE HH(OPMAIHS ITOIIomaeTcs i ycsanBaeTcs Beano Cosnparomem Pazymowm,
4TOOBI 3aTEM CO3/1aTh HOBYIO BeelleHHY10. "Beenennas" (Universe) camo ciioBo o3HaudaeT oy kpuByto (Uni = oxHa, Versum =
kpuBas). ToT (aKT, 9TO KOHPUTYpaHs 3TOIT KPUBOH MOXKET OBITH CIIOKHBIM COUCTAaHNEM HUCXOJSAIIETO W BOCXOASAIIETO,
3aIlyTaHHOM (CJIOXKHO 3aKpY4YEHHOM, CIMPaIbHON, CKPYUEHHOM) U CBEPHYTOM, paciupsach U JOrOBapUBIINCH CO CIIUPAIbHBIM
JBVDKCHHEM He JIeTTaeT HUUeTo, 9TOOB He OTBIICKAThCS OT €T0 YHHKAIBHOCTH MM IMHHIY Ka9eCTBa, TaK KaK HeTIPephIBHA Ha
BCEM IIyTHU OT Hauaya O CBOEU KylIbMHHALUK. DTa KpUBas IyTh SHEPTHHU (TPAEKTOPsI) U CyTh SHEPTUU B HENPEPHIBHOM
NBIDKCHUHU. B cBOEH BEYHOI TPAGKTOPHH OT JyXxa K MaTepHH (BBIZOX) U OT MATEPHH K IyXy (BHYTPEHHEH BIIOX, JIBHKCHUE
BHYTPb) OHa IIPOHHU3BIBAET BCE TBOpeHUs. Bee aTu cozpanus!

IMomuMo mpucyIe mynbcanuy, 6110 05 HEBO3MOXKHO Pa300paTh MOHATH ITO BEYHOE JIBIKEHIE HE Pa3/ieliiB Ha
OTZENbHbIE CETMEHTBI, HA TOYKHU, B KOTOPBIX OJIHA 4acTh 3TOM BO3BBIILAIOLICHCA KPUBOH IIPEKPAILAaeTCsl U HAUMHAETCS Apyrasl,
He MOXeT OBbITh OIpe/ielleHa MaTeMaTHIeCKH, HE3aBICHMO OT CyOBEKTUBHOTO B3IIsAAa. [109TOMy 3TO yHUKANbHOE,
H3HA4aJIbHO, TBOPYECKAsl KPUBAas BOILIOIIAET HEIPEPBIBHBIH IIyTh 3BOMIOLHHY, HUKIMYECKH, TYIbCUPYIOLH Pa3BOPAYUBAET
(pacKyTbIBaeT) U 3aBOPAYMBACT (3aKyThIBAET), KAK B CIIMPAJISIX U U3 BCEX MUPHAJIbl BUIMMOMY HEPA3PBIBHO B3aMMOCBSI3aHbIX
B3aMMO3aBUCHMBIX OT/ETBHBIX CHCTEM B KOCMOCE, CBA3BIBAs M OOBEIMHSS MX BCEX B OAMH HETOCTIKUMEIN [opameB y3em.
ITosTOMy MBI BCE OHO3HAYHO HEOTHEMJIEMAs YacTh OJHOTO LIEJIOT0 U HUKAKOTO Bpeaa B 11000i hopMe Mbl He HaHECEM
JPYTOMY MM IIaHETe, a TAkKe Ha OCTANBHYIO YacTh KOCMOCA, MBI TOJBKO HaHECEM ceoe.
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Fig. 4. 1cnvpans UWKNOWAHO - NPOCTPaHCTEEHHAA KPHBan
Puc 4.1

3TO TBOpYECKas CHJla U €€ AMHAMUKA Y)KE TaBHO M3BECTHA, 330TepuKkaM BocToka u onuceiBaercs rocnaxkeii biaBarckoit
CIIEIYFOIIAM *:

"Kynnanunu [akTy: MoLIb WM cuita, KOTOpast IBHXKETCS O M30THYTOM TPAEKTOPHH. DTO )KU3HEHBIN YHHBEPCAHbIH (BCEMHUPHBIN) - IPUHIIMIT
MPOSIBILIETCSI BE3/IE B IPHPOAE. DTa CUIIa BKIIIOYAET B ce0s 1BE OONBILINE CUIIBI IIPUTSIKCHUS M OTTAIKMBAHKS. DJICKTPUYECTBO M MArHETH3M, €€
HposiBIICHHE. DTO CHIIa, KOTOPask IPUBOIUT K TOMY, ""HEIIPEPHIBHOMY PErYJIMPOBAHHIO AYIICBHBIX BHYTPEHHUX OTHOILICHUH C BHEIITHUMH
OTHOILCHUSAMHU", YTO CYTb )KU3HU B cOOTBETCTBHHU C ['epOeprom CrieHcepoM, U uTo "MIaBHAs PEryIMpOBKa BHEIIHUX OTHOLIEHUH, KOTOpas SIBISETCS
OCHOBOIT IS TIepeCceIeHNs TyIll, BO3POXKICHHUS (punar ianman) B y4eHHsIX JpeBHeH dunocoduu HHIycoB."

Jlaxce SI3BIK HA KOTOPOM MBI Pa3roBapruBaeM HEBOJIBHO (MJIM CO3HATEIHHO) SIBJISIETCS. HHCTPYMEHTOM CChIIaeTCs Ha
XapakTep 3To# criupany aBrkeHus. Kormna Mbl equM, MBI iepeiaeM 3To (IBrkeHne) Halel "cMeptHoi o6omouku". Korma Mbl
BIOXHOBJICHBI, Mbl CHUTACM, ITPUBJICUCHBI BBICIIUMHU HJACATIaMHU. Hamm KYCOYKH 6I)IJ'II/I IIOAHATHI, U HAC 3aCacChIBacT B
BOCXOSIIYIO CITUpalb. AHAJOTHYHBIM ITyTeM OBTOPHOTO KYCKa - H3Ty4eHHUs HOHU3AIMHU OallaHC Teo, KOTOPBI BapbUPyeTCs
B 3aBCUMOCTH OT BPEMEHH CYTOK, PETYIUPYETCsl IPONOPLUOHAIBHO HOHU3ALKEH BO3/lyXa BTAHYTOIO Yepe3 HO3IpH, YTO
CBSI3aHHO C TIPOTHBOIIOJIOKHBIM HAPaBICHUEM BPAIIEHHUs], OTPULATENIHHO HOHU3NPOBAHHOTO JIEBOH HO3IPEH 1
MIOJIOKUTENFHO TpaBoi HO3ApEH. UnxaHue, H0ATOMY, OyJIeT KOMIIEHCHPYIOILIUM IPOIIECCOM, UYepe3 KOTOPbIi BEICOKHE
IIPOTHBOIOJIOKHBIE 3apsbl B Pe3yAbTaTe Ype3MEPHOH HOHU3AIMN CBOIATCS K HYIIO.

HHTepecHo, UTO B TO BpeMs KaK MbI KacaeMcsl BOIIPOCca O TeJle, HEMELIKOE CJI0BO 0003HauaolIee
M03BOHOYHUK, "Wirbelsaule" ¢yHaaMmeHTanbHas MOAAEPIKKA CTPYKTYPBI YEIIOBEYECKOTO Tela, KOTopast
repeBeieHa HeTOCPEACTBEHHO Ha aHIIMIICKUH SI3BIK, O3HayaeT "crnupanp” Ha cToj0e. AHAJIOTHYHBIM 00pa3oM
Ka)K}IbIﬁ 13 MO3BOHKOB Ha3bIBACTCS BOAOBOPOTOM HUJIK BUXPEM. HCHO, YTO HEMIIBI YK€ JaBHO UMEJIN COBEPIICHHO
MHOM B3I/ HA LIEHTPAJIbHYIO CTPYKTYpY Halllero tena. B To BpeMsi Kak Mbl BUAMM €T0 B Ka4€CTBE JKECTKOM,
OoJiee WM MEHEe KECTKOU, PU3MYECKYIO CTPYKTYpPY, OHH BHJIAT €ro Kak OOJIBIION MyTh SHEPTHil. DTO UMeeT
OYEBU/IHBIE ACCOLMALNN C MHIYCCKUM TOHATHEM KyHIaanHH, TaHHOE MM IByM 3MesIM, KOTOPbIE OOUTAIOT B
OCHOBaHHUH MMO3BOHOYHUKA, POCT KOTOPBIX HAMOJHSIET SHEPTUEH U OJlyXOTBOPSIOT JAPYrUe BBICUIME YaKPhI
(o¢dupHBIE BUXpH) (HH3HIECKOTO TeIa K KOTOPBIE TECHO MEepeIUIeTeHbl Ha TpeBKke MepKypHs (kamyueit - sxke3n
IIamaTaes y rpeKoB M PHMIISH; Ha3B. xkesna [epmeca (Mepkypus)) JaeT eMy npasa kak Ilocnannuky 6oros. I[Ipupona Taxke naet Ham
OeCUHCIEHHOE MHOXECTBO MPUMEPOB TMHAMUYIHOTO POCTA B IBIDKCHHH 110 CIIMPAJH B BUJIE TaIAKTHK, IIUKIOHOB, CMepYa 1
BOJIOBOPOTOB, O KOTOPBIX MBI, B HAaIlIeH CJIENOTE U BHICOKOMEPHH, HE B COCTOSHUM IPUHATH KaK MPUMEp B HALlleM CTPEeMJICHUN
K MEXaHI9IECKOMY COBEPILECHCTBY.




IMTo3anee B cOOTBETCTBUM ¢ JOKTOpoM Tunbmano [1laybeprepom, BHYKOM U SKCIIEPTOM 10 MpoU3BeAeHUsAM Bukropa
[Tay6eprepa Ob110 0000IIEHHBI MTOHATHS, TBOPYECKOTO, POPMHUPYIONIETO JIBHIKCHHUS:
- OTKpBITOE, IETEYCTPEMIICHHOE, CTPYKTYPHUPOBAaHHOE, KOHIICHTPUPOBAHHOE, YCUIINBAIOLIEE KOHACHCALUIO, AMHAMUYHOE, CAMOOPTaHH30BaHHOTO,
CaMOCTOATEIILHO OTKAa3bIBasACh OT MEHEE IEHHOT'O, PUTMHUYHOI'0, HUKIINYE€CKOT0, U3BUIIUCTOI'O, IIYIbCUPYIOIIETO, YEPEAYIOIIETO, U
LEHTPOCTPEMUTENIBHOTO B = LHUKIOUAHO-CIUPATIbHO-NIPOCTPAHCTBEHHYIO-KPUBYIO.

4.2 popmot osusrcenus

B pamKkax 3TOro CyImecTBYIOT YeThIpe OCHOBHBIE (JOPMBI ABM)KEHHUS: BCE MMPUPOJHOE ITUHAMHIECKOE ABM)KEHUE OyneT
COCTOATH U3 OJTHOTO WM O0Jiee U3 CIEMYIOMIUX YEThIPEX TUIIOB - OPOUTAIBHOTO, BPAIIATEIbHOIO TOPOUJAILHOTO U JIBUKEHHE
KkpoBooOpaiteHus (puc. 4.2). Bce oHM 00beIMHEHBI B TIPOIIECCH €CTECTBEHHOTO JBUKEHUSI, KaK MIOKa3aHO Ha HIKHEM
n300paXEHUH 3[1€Ch BHYTPEHHHUI IUaMEeTp MPOXOKICHUS SHEPTHU BAPbUPYIOTCS B 3aBUCUMOCTH OT CTPYKTYpPHI IIOTOKA.

Puc. 4.3 uzoOpaxkaet auHamuky Tes COTHEYHOW CHCTEMBI 38 OJJMH MOJHBIN MK CatypHa. DTO HE JOCTATOYHO CTATUYHO, MbI
TIPUBBIKIIA IPEAIIONIArath TUCKO-MMOAOOHYIO CTPYKTYpY, HO Ha CAMOM JIeJie 3TO BUXPh C OMMCAHUEM KaXKIOH IIAHETHI CBOETO
MyTH 1o criupaiid Bokpyr CoJHIa, KOTOpoe caMo 1o cele, IBIKETCS B HAlPaBJICHUH 3BE3HOTO cKoruieHus "Tepkynec" okomno
20 KM B CEKyHY.



OpbutaneHoe [IBUKeHWe

BpawarenbHoe [BuxeHue

LUnpkynauymonHoe [BuvxeHne

Fig 4.2 CoanpgarenbHbie, hopMUpyloWMe OBMXEHWA CO CroB gokTopa Tunsmada LLaybeprepa

OTKpLITOS, UeneHanpaeneHHoe, CTPYKTYPUPOBaHHOE, CKOHUEHTPUPOBaHHOE, YCUNUBaloLLee,
cHUMalolee, AMHAMWYHOE, CAMOOPraHu3yoLee, CaMo-0TKasbiBalolwee OT MeHee LeHHOro,
PUTMHYHOE (UMKNHWYHOE), U3BUMKUCTOS, MYNbLCUPYHOLWEee, BO BPaLEHWH, LUeHTPOCTPeMUTeNbHOe
(v kaTAwmirca ueHTpobexHoe) aemkenune = LwknongHo - CnupansHas Kocmuyeckas KpuBas.

MpupogHoe (EctectBeHHoe) [BmkeHue: NMpupogHoe OBMXEHWE YeTLIPEX-CTOPOHHEe
W COCTOMTCH M3 YeTbIpeX KOMNOHEHTOB.

Fig. 4.3 NnaHeTapHLIiA BUXPL
[BnxeHWe BHYTPEHHUX NNaHeT PacCMaTPUBAETCA B Te4YeHWe O4HOro NonHoro uMkna CartypHa 29,46 ner.

BoT MBI TOIONIIN K COMPAJIbHO- BUXPEBOMY JBIKEHHIO, MBI MOYKEM JlaJlee Pa3AeIUTh €ro elle Ha ABe (GOpMEI.
BukTop ynoMsHyn pafuaibHO OCEBOE M aKCHAJIbHOE -> paJuaibHOE (Ha CaMOM Jiesie TAaHT€HIIMAIbHO -> 0CEBOE U OCEBOE >
TaHTeHIMAIBHOE) ABIKEHUSI, KOTOPBIE C TOUYKU 3PEHMS €r0 YeKaHKU B JaHHOM KOHKPETHOM KOoHTekcTe. Kak mokaszano Ha
puc. 4.4 oceBoe -> paauaiibHOE IBM)KEHHE O3HAYaeT EPBOHAYANILHOE ABUKEHUE BOKPYT LIEHTPA, KOTOPBIi BIIOCIECTBUN
nepegaeT paguanbHOe BIKEHHS K BHEIIHEH, a OHO, TAKUM 00pa3oM, K IIEHTPOOEKHBIM U IBIKEHHE U3HYTPU Hapyxy. B



LIEHTpPE KoJieca, HallpUMep, HET HUKAKOTO JIBUKEHHUSI, HO, C YBEJIMUEHHEM PACCTOSHUS OT LEHTPA, CKOPOCTh JBHKCHUS U
TEHJCHIMH K Ae3MHTErpalliu Takxke Bo3pacTeT. VIMEHHO 1M0ITOMY YHUBEpCAJIbHBIE JEPEBSIHHBIC - KOJIeca paHbIle ObUTH
CKpPEIUICHBI CTAJILHOM JICHTOH 110 KPYTY, 4TOOBI iepKarh ux BMecTe. OHa Ha3bIBajach "TajJcTykoM - ep" (=IIUHA WU IHHBL) 1
CBSI3BIBAJI KOJIECO BMECTE.

B teopun Bukropa, Takxke okasaniuch NPakTHYECKUMHU, C TOMOUIBIO 3TOI (OPMBI ABHKEHUS CONPOTHBIICHHUS IBUKEHHIO
YBEIMYHMBACTCS HAa KBAJpaT HAYalIbHOI CKOPOCTH. [IpyrMH ClI0BaMH, €CJIH PaIialbHOE PACCTOSHHUE OT ILIEHTPA BpaIICHHS
paBHo 1, a compoTuBieHue 1, Toraa paauyc BABOE, CONPOTUBICHHUE B UETHIPE pa3a U NepHoJ BpallleHus Basoe. Eciu
paZFanbEHOE PACCTOSHYE 3, pe3ylIETHPYIOIIee COMPOTHBIeHHE 3 (= 9) M CKOPOCTH BpalleHus yMerbmaercs 1o 0.3 (1/3—if), n
Tak fajnee. 3aMeTHM, €CJIM CKOPOCTh BPaLIeHHs TaKOH LEHTPOOESKHOM CHCTEMBI TOJDKHA TTOIEPKUBATHCS HA TIOCTOSHHOM
YPOBHE, TO MPOJOJDKUTENbHAS paboTa, pacTOYMTENbHA U I0pOra, C YBEJIMUEHHEM pa3Mepa JOMOJIHUTENLHOM SHeprueit
HEOOXOIMMOM JJIsl PEOIONICHUS] CONPOTUBIICHHS, M BCSl CHCTEMa CTAaHOBUTCS BCE MEeHee U MeHee A ekTuBHON. He Tonbko
3TO, HO U TO, YTO OHA CO3/IaeT HEHOPMAJIBHBIHM LIyM U elie OoJIbIIe IIyMa IPOU3BOAUT YCTPOHCTBO, YeM OOJIbIlIe OHO paboTaer
npoTUB 3aKoHOB [Ipupossl.

CrnenoBaTesbHO pacceMBaHUE SHEPTHUH, CBA3aHO C ITyMOM WJIM TEIUIOM, B 3aBUCUMOCTH OT OOCTOSATENBCTB. JTO
TUIMYHO /ISl HAIIUX (POPM TEXHHUYECKOTO JBMKEHHS, B KOTOPOM U3HAYaJIbHO HET IBIKEHHMS K LICHTPY, & C YBEIIMYCHUEM
PacCTOSIHUS OT 9TOH TOYKH, CKOPOCTh U YCTONYMBOCTH Takxke Bo3pacteT. OceBoe -> paanaibHOe HEeHTpoOexHas hopma
JBIDKEHUS!, TAKUM 00pa3oM, MOXKHO ONPEAEIUTh KaK pacXoJUTCsl, 3aMeAJICHUE, pacCerBaHUe, CTPYKTYPHO — OClIa0eBaerT,
paziaraercs, pa3pyluTebHOE U co3aatomiee TpeHne. XoTs nuddy3un pa3pymnTenbHOH SHEPIHU IPUBOAUT K IIYMY,
TBOpYECKas KOHLEHTpalus SHeprun, 6e3mosBHa (0e3 nrymHa). JlelicTBuTeNbHO, Kak yTBepxaai Bukrop HeogHokpatHo, "Bcee,
TPUPOJIHBIE POIECCHI HE CO3MAKOT ITyMa, OHM MPOCTHI M AEIIEBHL."

[Topa3mbICiuB, HaJl 3TUM YTBEPKAECHUEM, OHO BIIOJIHE O4EBU/IHO. BCsl KOHIIEHTpUpPOBAaHHAS SHEPTUS YUaCTBYET B
pocCTe JIecoB, HAaIpUMep, BCe OECUMCIEHHbIE XUMUUECKUX U aTOMHBIE B3aUMOACHCTBYS, SIBIAIOTCS HE YeM MHBIM Kak
SHEPreTHYECKUMH TIPOIIeCCaMU, TBHKEHHSI TBOPUECKON dHeprir. THIMHA Jieca CBHICTENBCTBYET O UpEe3BhIYAHON
KOHIIEHTpANny TBOopueckoi sHeprun. E€ pa3zpymienue, Bcerya cBsi3aHHa C Y>KaCHBIM POKOTOM LIETIEH - TV, TSHKEJION TEXHUKU U
TOMYy MogoOHOMY. B To Bpems kak HalM MeXxaHHYeCKUE, TEXHOJIIOTHIECKUE CHCTEMBI IBIDKEHUSI IOUTH 0€3 HCKITIOUSHNS
0CeBOE -> paJualibHbIE U BBI3BIBAIOT CUIIBHOE TEIJIO U CIIOCOOCTBYIOT TPEHHIO, IIPHPOJIA UCTIONb3yeT UMEHHO
MIPOTHBOIIONOXKHYIO hopMy IBIKeHUs. Korna mpupoaa ABMKeTCs] TMHAMUYHO, MEIJIEHHBIE IBYDKEHUSI IPOUCXOHUT Ha
nepudepun 1 ObicTpblie B IeHTpe. CTOUT TOJBKO 3aMETHTh, TUHAMUKY LIMKJIOH WK TOpHaao0. X dopma arxeHus,
CIIeIOBATENIFHO, IEHTPOCTPEMHUTENBHAS WM PaHalbHO > 0CeBasi, IBIKYILEHCS CHApYXKU BHYTPb C YBETMYEHHEM CKOPOCTH,
YTO BEAET K OXJIAXICHHIO, JIsl KOHACHCAIIUH, B CTPYKTYpE.

PammanbHO -> 0ceBO€ IBIKEHHE MOXKET OBITH ONPEETIeHO KaK CXOISIIMECs, 3aKII0OYeHHUs] JOTOBOPEHHOCTH,
o0beMHeHNnEe, KOHCOMHIAIINs, CO3UIatomas GopMHUpYIONIas HHTErpalus, U IIPOUCXOIUT YMEHbIIIeHne TpeHus. Ecim, HaunHas
¢ panuyca 1 ¥ HauaJIbHOTO CONPOTUBIICHUS COCTABISIET | B U3BMIIMHE IIyTH, KOTZa PaJUyC YMEHBIIAETCS BIBOE,
conporusnenue 0,5 =0,25 ((1/2)* = 1/4) n BpamarensHas NepUOANIHOCTb, 4YACTOTA WM CKOPOCTb BO3POCTYT B JIBa
pasza. JluHaMHKa 3BOJIFOIMH TIOATOMY JOJDKHA CJIEA0BAThH 3TOW IIEHTPOCTPEMHUTEIILHON, palialIbHO -> 0CEBOMY IMyTh, H0O,
eciu Obl Bce MPOUCXOANIIO HA00OPOT TO, BCE OBl MPHIILIO K ITOJHOM OCTaHOBKE 10 ero co3aanus. Cuiia pUMEHEHUs SHEPT U
JUISl BBIIOJIHEHUS pa0oThl. Benunna cunbl F sBiseTcs npousBeneHneM Maccbl m Ha yckopenue a (F = ma).
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Puc 4.4

W3 uero cocToUT 3TO ypaBHEHUE HE 0COOEHHO UHTEPECHO, IOTOMY YTO OHO HUYETO HE TOBOPUT HAM O BCEX - BAJKHBIX
THUIIaX YCKOPEHUS, ISl OMHOM U3 GOPMBI, IPHBOJMT K Pa3pyLICHHUIO a ApyTas K co3unanuio. [10aToMmy HE0OOX0IMMO IPOBOAUTD
pasII4me MEeX Iy HIMH, YTO TIPOIIE BCETO CAENaTh M0 CyIep CIEHAPHIO YCKOPEHHS OO0 C MOJIOXKUTEIBHBIM MITH
OTPHIATENBHBIM 3HAKOM, T. €. + WIH - . DTO yKa3bpIBaeT HA (GopMy paanyca BpallleHUs pacliupsieT WM YBIJIMIUBACT JaBJcHIE
- ¥ yCUIIeHUe TpeHus (+ = oceBoe -> paauaibHoe, HeHTPOOeKHOE YCKOpeHus (M3 IeHTpa K 0001y )) Wik, Ha000pOT paanyc
BpAIlleHNs] YMEHbIIAeTCs, Co3aBast HOPMY YCKOPEHHs, B KOTOPOM YBEIMUUBACTCS - BCACHIBAHUE M YMEHBIIAETCS - TPEHU (- =
pasnaibHO -> 0CEBOE, IEHTPOCTPEMHUTENILHOE YCKOpeHHe (0T 000712 K IIEHTPY)) . YpaBHEHHUS TOJIyICHBI C HCIIOIb30BAHUEM
nocneaHux AaHHbIX BukTopa [llayGeprepa cunTarorcst 6a3oi s OnpeneNieHust TBOPYECKUX cuil. [IpuHrMas BO BHUMaHHE, C
LEeHTPOOEIKHBIM YCKOPEHHEM + yBeIIMYEHHE MOIHOCTH JIOJDKHA TIPUMEHSATHCS B LETSIX YCKOPSHUS WM JUTSL TTOACPIKaHUs TOH
e CKOPOCTBIO, B CIIydae HEHTPOCTPEMHUTENILHOTO YCKOPEHHS - CKOPOCTh U SHEPTHS YBEIUYHUBAIOTCS aBTOMATHYECKU. DTO
MIPUBOJMT K (OopMHUpYIOLIEH cuiie (MOIIHOCTH) BHUKTOpa, WK TEX, CO3UAAIONINX SHEPTHii, U3 KOTOPBIX Oy/IeT co3/1aHa BCs
XKU3HB. (Bce GOPMBI KU3HH).

B 3TOM KOHTEKCTE MBI MOITIH GBI IEPECMOTPETH ypaBHeHUe XaseHopis - Diinmreiina (E = mc?) B cBA3U ¢ pyruMu
YPaBHEHUSIMH OIPEAEICHUsS SJHEPTUH. XOTs UX O0IHe IOKa3aTeI! IPUMEHSIOTCS K MEXaHMYECKUM CUCTEMaM, €CTh
HCKOTOPBHIC COMHCHHMS B OTHOIICHHUN UX 3HAYUMOCTH IS JKUBBIX CUCTEM. Kak B HaCTOALICC BPEMSA HHTCPIIPETUPYETCA E=
mc?, 4TOObI IPUKUHYTH MACCY (KOIMYECTBO) M SHEPTHIO BO BeelleHHOM, OHa Ipenonaraer - TpeGyer 4To0bI ObLIa IIOCTOAHHA
¥ KOHEYHa CKOPOCTh CBETA. 3/1€Ch, B TAKOM CJIy4ae, Mbl JOJDKHBI TIOMHUTH CyxJeHue Bansrepa [llaydeprepa o ToM, uTo
a0COIOTHAS CKOPOCTh CBETA HE SABILIETCS HOCTOSHHOM (C.24), a 3aBUCHUT OT CBSI3aHHBIX YacTOT U pajuyca e€ CIUpay;
MEHBIIIE paJiuyc BpaleHus (YacTOThl HEPUOJUYHOCTH), OO0JIbIIAs CKOPOCTh U COOCTBEHHAS SHEPrHs U3IIyUeHUs CBETa U
Ha000poT. Takoe HeTTOCTOSHCTBO B CKOPOCTH CBETA - KaK (paKTOp B KOIMYECTBEHHON SHEPTUH HIIM Macce - Ka3aJloch Obl,
OTPHUIAET YUEHUE YHUBEPCAIBHOCTh KOHEUHOM 3HEPIUM U 3aKOHA COXPAHEHHS SHEPTUH.

OTKIIOHHMCSI B CTOPOHY Ha MOMEHT, JIaBaiiTe TeNeph PaCCMOTPUM IIPENoIaBaeMyt0 CTaHIapTHYIO (popMy ypaBHEHHE s
KMHETHYECKOU dHeprum uin pabotsl W, tie W ecTh Ipou3BeieHre (Macca m Ha CKOpOCTh v2) pasziesied Ha 2 (W = 1/2 * mv?),
MBI 0OHApYKUM, YTO-TO OUSHb HHTEPECHOE JIFOOOBITHOE. DTO ypaBHEHNE OTHOCHTCS TAKOKe K aKTUBHOM JAESATENEHOCTH H,
aHaJOTUYHO YpaBHEHUIO Xa3eHOopIIl -DHHIITelHHa, oIpeesieT KONM4eCTBO SHEPIUHU, UCTIONb3yeMO B Halllel TEXHUYECKOH,
MexaHndeckoi cucreme. OTHAKO 3716Ch MBI BAPYT OOHAPYKHJIH, YTO KOJIUYECTBO TOCTYITHOM 3Hepruu B popme paboter W
YMEHbIIAETCs BABOE. B 3TOM ypaBHEHMHU Macca BCe elle NPEACTaBiseTcs m, TOra Kak B 3aMEHa V - KaK TEpMUH,
OTHOCAIIUECS K BDEMEHH U CKOPOCTH, TIPUHATHIE ISl TIEPEMELICHNS HA 3a[[aHHOE PACCTOSHUHU. BBIpaskeHHE mc® Takum
00pasom, MOXHO IPUPaBHATE K mv>. B ypaBHennn XaseHopis - DMHIITEHA, TOMETHM, HET JIEICHAS Ha 2, TaK 4TO
KOJIMYECTBO JOCTYITHOM SHEPIUU BCErAa OCTAETCsl HEU3MEHHOM.

Ho xorna BHyTpeHHE ke ypaBHEHHE SHEPIUU PUMEHSETCs A7l TEXHUYECKUX M DHEPIreTHYEeCKUX MPOIIECCOB U IeTeH,
KOJIMYECTBO MOJIC3HOH YHEPIuy 1O BUIMMOMY, BABOE OoJble. 113 y4eOHHKOB MBI Y3HAeM, YTO SHEPIHS SIBIIETCS HEPYIINMO,
a IMIIb MeHseT GopMy, 3TO 00YCIIOBIEHO COKpAIICHHEM BPEMEHH Ha BCTPEUy ¢ KaKHM-TO CONPOTHBIEHHEM (3aMeIeHHE) HITH
yepe3 NpeoOpa3oBaHMs SHEPTUH B TEILI0, WK 0boux cpasy. C yueToM Toro, 4To ObIIO CKa3aHO BBIIIE, U HHTEPIPETHPOBAHO
Bansrepom IllayGeprepom C?, BO3MOKHO, peaabHasi HPUYMHA STOH MOTEPH 3KCIUTyaTalUs PACTOYUTENBHOTO OCEBO->
paIuansbHOro, IEHTPOOEKHOro IBMKEHUS. B oTiiune, 0T pagnalbHO-> 0CEBOIl JUHAMUKY AECTBHS B COOTBETCTBHUH C
3aKOHOM 0 00pBOe ¢ COXpaHEHNEM PHEPIUH, YIIOMSIHYTHIX B IVIaBe 1, B KOTOPOH TpeHHUE - U CIEI0BATEIBHO TEIUIO - TOCTOSHHO
CHIXKAIOTCSA U CKOPOCTh aBTOMATUYECKH YBEJIMUMBACTCS, IOTOMY YTO TUI JBHKEHHUE OCYILECTBILIETCSI B COOTBETCTBUY C
MPUPOIHBIMH YHEPTeTUIECKUMH (IyXOBHBIMH) 3aKOHaMH (IIPaBUJIaMH), @ HE MEPCKUM (IIPUAYMaHHBIM JIOABMHU), HU3UIECKUM
3aKOHOM MEXaHUKHU.

4.3 Tezuc , Aumumesuc u Cunme3s

BuxpeBoe 1BHKEHUS MO-NIPEKHEMY CBEXKO B HAILICH MMaMsITH, JaBaliTe HAYHEM Hallly OIICHKY 3JIEMEHTOB Te3Hca,
aHTHUTe3UCa (IIepHOJ TIOJIHOTO PacliBETa) U CUHTE3a, UCCIeaysd AMHAMUKY TOpHano. "TopHano" NpoucXoauT OT HU3KOTO K
BBICOKOMY aTMOC(EpHOMY JaBJICHHIO (TUIOTHOCTH) U B LIEJIOM UMeeT (JOpMY BOPOHKH WJIM TUIIEPOOIMUYECKOTO KOHYca (puc.
4.5). Uem MeHbIIe paguyc, TEM BBIIIE CKOPOCTb BPALICHUS.
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Fig. 4.5 TopHaao Kak runep6onMyeckas BOPOHKA

DTO elle OMH MPUMEP TOTO, KaK MPHUPOJIA JBIKETCS CHAPYKU BHYTPD C TOYKH 3PEHHUS TOBBIIICHHUS YJHEPTeTHIESCKOro dddekra
Y TeHEepaluy SHepTruu. B 1azy TopHa/o win NHUKIIOHE, €CTh IBIKEHHE BBEPX - BcachbiBaHWe. BcackiBaHMe U TaBIEHUE IBYX
CHII 3]IECh B3aUMOJEHCTBYIOT, KaXk1asl N3 KOTOPBIX KOJJIETa AJIs IPYTOi, C MPOTHBOIOI0XKHON CTOPOHBI OJJUH MOHET, KOTOpPbIE
B COBOKYITHOCTH TIPE/ICTABIISIOT [[EIOCTHOCTD HITH CAWHBIHN, HEIETMMBIM sIBJICHHEeM. TakuM 00pa3oM, OHH MOTYT OBbITb,
paccMaTpuBaThCs KaK [Ba JUCKPETHBIX JIMIA UCXOIAIINAE OT OJHOTO I'€HEPATUBHOIO IIPHUHIIMIIA.

C TOUYKH 3pEHHS TUAIEKTUIECKOTO MBIIIJICHHUS, KOTOPOE CTPEMHUTCS MTOHITHh KPAHHOCTH JIOTHYECKOTO MBIIIUICHUS, OHI
TaKke MOTYT OBITh HHTEPIIPETHPOBAHBI KaK ABE MPOTHBOIOIOKHBIEC KOHIETIIINH (T€3UC) U KOHTPAPTYMEHT (aHTUTE3UC —
OJIHAS] TIPOTUBOMONIOKHOCTE). [To manHbM Hemenkoro guiocoda, Jxopmka B. @. Terens (1770-1831), k nuanekTuyeckoMy
MBIIIJIEHUIO OTHOCHUTCS "B Ipoliecce MBIIUICHHs], C OMOIIBIO KOTOPOTrO TaKHe IPOTUBOPEUHS OObEIUHSAIOTCS B ce0e B BBICLICH UCTHHE, YTO ObI
ux nonsts"*. CyIIECTBOBAHUS 3TOW BBICIIEH UCTUHHOCTH WM OOBEIMHSIONIETO PUHIIMIIA, HHOTA, CY/IS 110 BCEMY, YCKOJIb3aeT
0T 00IIIero HayYHOTO MBIIIICHUS, KOTOPBIH BOCHPUHUMAET PEabHOCTh OOJIBIIIE C TOYKH 3PCHHUS 3aKOHOB, YEM B3aUMHO
HWHTCPAKTUBHOT'O B3aUMOJICHCTBUS (BSaI/IMHOC COTPYAHUYECCTBO, ITAPUTCT, B3aUMHBII 06MCH, B3aHM03aBI/ICI/IMOCTL).

MoKeT, MO3TOMY MBI JJOJDKHBI IPHHATH 00JIee AUANCKTHYECKUI MOAXO0/I K HaIllel OICHKE TUHAMUKHU M CHJIbI
peaibHOCTH. DTO JOJDKHO OXBAThIBATh KaK TE3UC U aHTHTE3UC, /IBA SIBHO MIPOTUBOPEYMBHIE AIIEMEHTA, YTO Obl HAWTH UX CHHTE3



HJIN LEJIOCTHOCTDH B HUX B3aMMHOI KOM6I/lHaLU/II/I )51 BSaHMOﬂCﬁCTBHH. 3aMCTI/IM, KaK MpeaCTaBSICTCA, Ha HBIHCIIHEM 3TaIl€ 9TO
MO>KHO Ha3BaTh "HaydHoU bepnuHCcKkol CTeHOH", pa3nensionye 3TH IPOTHBOMOJIOXKHBIE, HO B3aUMOIOTIONHSOIINE BETHUYNHBI
(cM. puc. 4,6), 4T0, B CBETE BBIIIEU3JIOKEHHOTO CIEAYET, BOSMOXKHO 3aMHTEPECOBAHO, BBITOAHO AEMOHTUPOBAIH (OTICIIIN)
KaK ero TE3Ky.

JII/IaJ'IeKTI/I‘{eCKI/I TOBOPsI, TAKUM 06pa30M MbI MOKEM CKa3aTh, YTO: TCIJIO U XOJO0J = €AUHCTBO = LCJIOCTHOCTD.

B camom fene oHa He TpeOyeT OO0MBIIOro 10Ka3aTeNIbCTBA, YTOObI HOHSTh, YTO Ha COCTOSHHE 310POBbS,
PETPONYKTUBHOTO ¥ B IPYrOM (M HE TOJBKO JUIS PEIIPOAYKTUBHOTO) CiIydae, BceX (hOpPM JKU3HH OCHOBAaHA Ha XPYITKOM
PaBHOBECHE MEXIY TEILUIOM M XOJIOIOM XapaKTepHBbIE U OpraHi3Ma B BOIIPOCE BEDKHBaHUS. HekoTopble BUibl PpyKTOB U
CeMsIH He MOTYT IIPOPACTH, €CJIM OHHU He ObUIN BBICTABJIEHBI HA MOPO3. JKU3Hb, IOTOMY 3TO HE IPOCTO BOIPOC O TEILIE, a U

€ro HEOTAEIMMOM KOJUIETH - XOJIOfIE.

Puc. 4.6 criiCOK HECKONBKHX IPHMEPOB TAKMX B3aHMHBIX COTPYTHHYECTB, B KOTOPOM, BOOOIIIE TOBOPSI, TE3UC
KOJINYECTBEHHOMY aCIEKTy U aHTUTE3UC KBaIU(UIHUPYEMbIH (CIOCOOHBIN MPOIOIKATh COPEBHOBAHUE) ACIEKT, 00a U3
KOTOPBIX MPEJCTABICHBI B ypaBHEHUH chopMynupoBaHHOM Bamsrepom Illaybeprepom, KOTOPBIH, KCTAaTH, SBISIETCS CAMBIM
IPOCTBIM YPABHEHUEM JUIS IPSIMOYTOIBbHOM runepoomsl (cM. puc 11.4).:

—_— Y = 7 = EavHcTBO = LlenbHOCTL

M

rie 1/n 03Ha4aeT KONMYECTBEHHYIO CTOPOHY, N /Il KAYECTBEHHOTO aCleKTa U N caMa paBHa JTI000MYy 11eJI0MY YUCITY Wi
HeNIoMy UMCITy OT Hyls 0 OECKOHEYHOCTH.
Takum o6paso, ecnnl = 2, Toraa 5 X 2=H

% o=l

Wl =

vnmecrim 1 = 3

snn 1 =1,000,000: ——=tss 1,000,000 =1
’ ’

OtBeT Beerna paseH 1, BropbIM HaOmoneHueM AnbOepTa DHHIITEeHHA TO, 4TO "IPUPOAa 3TO BOIUIOLIEHH € NPOCTeHIeH
SIMMEHTapHOH MaTeMaTHKu'", 1a ¥ (paKTUUeCKN MaTeMAaTHKH He MOXKET OBITh IPOIIE, IPEICTaBIIONIIM cO00H B3aNMHEIE
OTHOILIEHUS MEXY 3TUMHU ABYMs TepMuHaMu. Buktop IlayGeprep yTBepxaaeT, 4To 1000€ SBJICHUE BCErja UMEET CBOM
AHAJIOT MM KOHTP-acHeKT, M 00a KOMIIOHEHTA JIOJKHBI BCETla IPHHIMATHCS BO BHUMaHHe. [IposBIeHns BCeX IPHPOIHBIX CHII
SIBIISICTCS PE3y/IBTaTOM B3aUMOACHCTBUS MEX/Iy ABYMs IPOTHBOIIOIOKHOCTSIMH, OJJMH U3 KOTOPBIX HHU KOTIa-IH00 He
JIOCTUTHET COBOKYITHOCTH B HU3IIMX MUPAX JBOHCTBEHHOCTH ((HU3HUECKOM MHpPE), KOO OHU MOTYT CTaTh TOJIBKO OOIIHM,
KOTJ[a OHM OOBEIUHSIOTCS B PaMKaX UX O0OBSIUHSIOMEH, He (PH3MUECKOM, YIPABIIIONIEM IIPHHITAIIE.
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L*}) Cumeon @ npeacTaBnAeT cobol MHOrAa HEBLIPa3MMOe EAWHCTEO.

B dpvanyeckol BCENEHHONW KaXAbLIA M3 BLIWEYNOMAHYTLIX ACNEKTOE MOXET QOCTUIHYTh Tonbko 96% ceoero
4Ype3BbIYaWHOro NOTEHUWanNa (COCTOAHWA). HM KTO M HKM KOTAA He JOCTUIHET CBOEro HaWBbICLLEro KpanHero
COCTOAHKA, ecni Bkl 3T0 GLINO BOIMOMHO, TRAHCLEHAEHTHOE (HeOOLIKHOBEHHODE) COCTOAHKME, TOMAA ero Konnera
npeKpaTun Gkl CYWEeCTEOEaHWE B MaTepUansHoM Mupe. Toraa oHW o6a cTany 6bl HeoGbIKHOBEHHBIMM
(TPaHCLUEeHOEHTHLIMKM) M TAKMM 0GPa3oOM B2AMMHO HEPAZNMYMMbIMA M HEOTOENHMMbLIMK.

Callum COATS, July 1992

Fig. 4.6

B ¢u3ndeckoM Mupe KaxkIbIii KOMIIOHEHT M3 TIaphl CHIT, MOYKHO JIOCTHYB TOJBKO 96% €€ TpaHHI] I SKCTPEeMaIbHBIM
yenoBusiM. Kak Tonpko 9Ta Touka OyneT JOCTUTHYTa, TO €€ TPOTHBOIOJIOXKHAS CHJIa MTOCTEIICHHO HAaYHEeT HaOUpaTh CUITy. DTO



JIEWCTBIE NOXOXKE Ha KuTaickyro koHnenuuo Mub u b, Korna SIup nocturaer nsnemoxenus (96% oT cBoel MOIIHOCTH), TO
WHb BMeInBaeTcs ¥ OCTENIEHHO yBeJI4nBaeTcs B cuiie. [IpuMepHo Tak, Kak IpH co3/1aHUe BaKyyma, BCEI/a €CThb
ocTaTo4Hble 4% Kakoil TO (HEMOHATHOM’, J1eBOM) Cpeibl, KOTOpask JOJKHA ObITh yajeHa, U yJaJeHHe 3TOro MPOLEHTa MOXKET
OBITh Jlasiee JOCTUTHYTa Yyepe3 OrpoMHbIe 3aTpatsl sHepru, 100% - 4% = 96%! Taxum obpazom Xaoc u ITopsnok = 1. bes
xaoca (HenuddepeHpoBaHHbIe, HECTPYKTYPHUPOBAaHHON MaTepUU WM SHEPTUH, WIIK HEYIIOPSJOYECHHbIE,
HeMmeTaMopQu30BaHHas Oe3yCIIOBHAs JIOO0Bb) HE MOXKET ObITh OCHOBO# [UIsi co3aanus mopsiaka (auddepeHpoBaHHoro,
TFapMOHHUYHO - CTPYKTYPUPOBAHHOW MaTepUH WM 3HEPTHHU), TOITOMY OCHOBA MOpsiiKa Xaoc. HemaBHO oueHb MHOTO T€OpHid
Xaoca BBIIJIIK Ha HepBbe/'I IJIaH.

Marepus u ayX, WM, KaK UX Yallle BEIPaXKaroT, MaTepusi ¥ SHEPTHsl, TAKKe eHbI. XOTS YeJIOBEK WIH XKHUBask CUCTEMa
IIPE/ICTaBIISAET COOO0M OIpeIeIeHHOe KOJIUYECTBO, OHO TaKxKe 00J1ajaeT ONpeaeIeHHbIMI YSHEPIeTUIECKUMU U APYTHMU
HeMaTepHabHBIMH XapaKTEPUCTUKAMK, U COBOKYITHOCTH SIBJIETCS COYeTaHHEM 00OMX ATHX acrekToB. Torna rakxe
COXpaHEHUs U aHTU-COXPAHEHUs SHEPTUH, KOTOpas Obla 3aTpadyeHa (MpuBiieueHa) paHee. Tak Ha3bIBaeMbli "3akoH
Coxpanenust DHeprun" TpeOyeT, 4TOObI SHeprus ObUIa HEPYIIMMOM, YTO KOJIMYECTBO YHEPTHHU BO BeeneHHO, KOHETHO, U BO
BCE BpEMEHa IIOCTOsIHHA, TO €CTh HE MOXKET ObITh HU 0OJIblIIe, HU MEHBIIE SHEPTUH. DTO MPOCTO NPeodpa3oBaHUe OJHOM
(hOpMEI B IPYTYIO.

C npyroii cTopoHsl, 1o ciioBaM Bukropa Ilaybeprepa, UK HHTEPAaKTUBHBIX MyJIbCAIUI MEXTy IPOTHBOIOIOKHBIMHU
BUJIAMHU SHEPTUH JICHCTBUTEILHO MOKET OBITH IPEPBaH depe3 NPUMEHEHHEe palalibHO-0CEBBIX THHAMHK, B KOTOPBIX OIHA
(bopMa SHEPTHH WK dJIEMEHT, OyAb OHA XOJOJHOW WM KUCIOPOIHON, TOBOAUTCS A0 KPAWHOCTH, HE MPOCTPAHCTBEHHBIMH
ycinoBusl. B aTOM citydae HIeT MpoTuB 3aKOHA COXPAaHEHHs YHEPTUH T.€., K IPAKTUIECKH HEOTPAaHMIEHHOH MOIIHOCTH (BIACTH)
TaK KaKk OHa Moy4aeT e€, U3 BRICIINX chep (IPOCTPaHCTB).

OrousM U albTPyHU3M TaKXKe B IHATEKTUKE MIPOTHBOIOIOKHOCTEH, Te3UC U aHTUTEe3uC. [Ipu paccMoTpeHun npuBeieHHOM
BBIIIE TAOJHUIIBI, 3aMETHM, aHTUTE3bI KOJIMUECTBA U Ka9eCTBa, BEPOSTHO, CAMOE BAXKHOE B HX IOCIIEICTBHUIX, IOTOMY UTO,
Yyepe3 Halle COBPEMEHHOE Pa3BUTHE, Yepe3 Hallle JIOTHYECKOe, UIe0IorHIecKoe, GrIocoCcKoe pa3BUTUE, MbI CETOIHS
MIPUIIUTA U TpAAaéM OOJTbIIOE 3HAYSHHE KOIMYECTBY B yIIEpO KaueCTBY, )KaIHOCTD 3a CUET IIEIPOCTH, Jaxe B peresax
npeiaraeMoit Gpruirocopuu aTIHOCTH, KaK HEYTO BIIOJIHE IPUEMIIEMOE MOPAJIbHOE M ATUYECKOE. 3aMETHM, Ka4eCTBO BCEINa,
siBIsieTcst onpeaensonmmM pakropom. Cama 1o cebe BelTMYMHA OTHOCHTEIBHO HECYIIECTBeHHA. B cBoel npocreiimeit hopme
9T0 c(hOPMYIHPOBAHO KaK, aMOp(Hast Macca - TOJIbKO BeC. DTOT KOJIMUECTBCHHBII MEXaHU3M IIPUBEJ U3MEHEHUE B HAIIEM
MEHTAJIUTETEe MaCCOBOTO MPOU3BOIACTBA. OH TaKKe BOBJIEK HAC B PEXKUM COKPAIIEHHS pa3HOOOPA3ns U MOBLIIECHHS
OJJHOPOAHOCTH B OCHOBHOM JUIsl 5KOHOMUYECKUX U KOHTPOJIMPYIOMIUX LesiX. 1 B 3TOM 3aK/II04aeTCsl O4eHb OOJIbILast
OMACHOCTh, N00, Kak 3asBU1 MoHTecKbe B 18 Beke, "posiBIeHNE BHYTPEHHEH KOPPYILMH CBOOOABI HAYMHACTCS C
enuHooOpasus'.

ITosToMy HaM HEOOXOIMMO CPOUYHO Pa3pabOTATh CHCTEMY, B KOTOPOH OyIeT JenaeTcs akIeHT CpecTBaM HAMHOTO
OonbIIeH B CTOPOHY KaueCcTBa, KAYECTBOM KaK XyIOKHHK-MYJIBTUILIMKATOP (AHUMATOP) OTIMYACTCS JKU3Hb.

Ectb emie onHa napa mpoTHBOIOIOKHOCTEH, KOTOPYIO HE CYMTAET HayKa, saBjsercs [ paButauus u JleBurauusi.
JleBuTanus He MpUHUMAETCS BO BHUMaHHE BCEMH, IIPH 3TOM YYHTHIBAETCS TOJIBKO OTHOIIIEHNE K TPAaBUTALIUH, XOTS CUJIa
JIEBUTALUSI UMEET OCHOBoMonaratoniee 3Hauenue 1t [puponast. Bukrop Illay6eprep oqHax bl 3aMETUII, ¢ U3JIEBKOM
(KpHBJISISICH), a He crpammBal i cebst cap Mccak HEI0TOH — XOTSI JOJDKEH ObLI CIPOCUTD, HU YTO BBI3BAJIO MaJCHUE S0I0Ka
Ha 3eMJII0, 2 KaK OHO OKa3ajach TaM, nepBoHadainbHo! YUTo emle, kaK He JIEBUTALIUS ITO3BOJIAET IEPEBY pacTH BBEpX NPOTUB
JEWCTBHsI CUIT TpaBUTanuu (npuTsbkerns)? He ObUIo Ju nerde, iepeBy MPOCTO PACTH TOPU3OHTANIBHO HAJl 3eMJICH, B BHIC
3es1eHoi aMopdHOI Macchl. DTO TAra K HeOy, BOSMOXHO, U I€IaeT 3TO B OTBET Ha JPYTYIO CUITY, IEHCTBYS B
IIPOTHUBOIIOJIOKHOM HalpaBJICHUH.

OT0 XKHU3HEHHAS CHJIA, YCKOPSAET U MOAHUMAET SHEPIHUH; CHIa, OTBETCTBEHHAS 3@ YECTHOCTD U IPUHAIIICKUT IIPABO-
CTOPOHEMY — HAIPaBJICHHIO BBEPX. DTO BOCXOMAAIIAS CHIa (MOILIb), YTO HAMOIHSET BCEX 30POBHEM JKHBBIX CYILECTB,
0COOCHHO JIeTeH, C YyBCTBOM JIETKOCTH, OTHOCHUTEIbHON HEBECOMOCTH, YAAIUB BCE OIIYIICHHUS TSHKEIOBECHOCTH
koHeyHocTel. C BO3pacToM OH IOCTENEHHO 0ClIabeBaeT, YTo JeaeT MOXKIWIBIX JIIofiel 0oJiee 0CO3HaBaTh BEC CBOETO Tesa U
OonbIIHMe TPYTHOCTH B ITEPEIBIDKEHUH. [IpH 3TOM cUiia JIEBUTAIMU TacHET, TaK M )KU3HEHHAs CHJIA Tella, KOTOPOe 3aTeM
YMHUPAET.

Korma MbI paccmaTpuBaeM 3TH B3aMMOCBSI3H (B3aMMO3aBUCHMOCTH) U HJUTIOCTPAIMU CIUPATIBHOM (POPMBI B IpHUpoze (CM.
puc. 2.10-2.12, maBa 2), Mbl BUJHM, YTO AMHAMUKA BCeneHHOM, clieoBaTeIbHO, BEI3BAHHOTO HEM30EKHBIM AUCOATIaHCOM,
MIOCKOJIBKY JBHDKEHHE BCETa MPOUCXOIHT TIe-TO MEXIY OAHUM SKCTPEMAIBHBIM U IPYTUM COCTOSIHUEM. TaM He MOXeT OBITh
HU KaKHUX COCTOSIHUM YCTOHYMBOTO PAaBHOBECHS, KOTOPOE 03HA4YalIo ObI HEMOABUKHOCTD, OAHOPOJHOCTH U 3acToi. [Ipu Takom
CITy4ad HU Pa3BUTHE, HU SBOJIOLIS HE MOIIIM ObI OBITH BO3MOKHBI, TOTIA U LIeJIoe cocTossHNE BeenenHolt OyneT Hen3MeHHbIM
U HENPOJyKTHUBHBIM, BCelleHHast sIBHO HE TOT CIIy4a.

4.4 INu unu "3onomoe ceuenue'"

Beinatomuiicst 6uonor Mnbst [Tpuroskus He pa3 3asBiisil, YTO BCE €CTECTBEHHOE JBIKCHUE BO3HUKAET M3 COCTOSIHUS
nucbananca, HepaBHOBecHs. HepaBHOBecHe 9TO MPEANIOCHUIKA TS IBIDKSHUSI ¥ SBOJIIOIMS BO BCEX €ro (hopMax, U COCTOSTHUE
PaBHOBECHS TO3TOMY HEBO3MOXKHO B MpHpozae. TeM He MeHee Mbl HAXOJMM, YTO HEKOTOPbIE CHMMETPUH UMEIOT MECTO, TEM HE
Mmenee. [1Iumka nmokasana Ha puc.4.7 npeacTapiseT ycioBue "cOamaHCcHpoBaHHOTO AucOananca'. O4eBUIAHOW CHMMETPUHI
LIMIIKA B TO K€ BPEMsI BOILJIOIIAET TUCCUMMETPHIO B TOM, UTO C JIEBOM CTOPOHBI Ha MPaBylo, e€ ¢opMa BKIIFOUaeT B ceOst IATh
HUCXOISIIINX CIIUPATIEH U BOCEMb BOCXOISIINX CIIHPAIICH.



B TepMuHaX 1enbIX YMCEeN WK LeNble Yucia B ce0e, HeYeTHbIE YKCia, KaK MPaBUiI0, CAUTAIOTCS MY)KCKUMH U YETHBIC
YHCIIa JKEHCKUMH, TaK KaK YeTHbIE YMCiia AENATCS Ha Ba (MaThb + MOTOMCTBO). B COCHOBOI IIMIIIKE B 9TOM aCIeKTe 10JIa HIIH
JIBOWCTBEHHOCTH, C OIHOM CTOPOHBI MPEJICTABJICHA MATHI0 YOBIBAIOIIMMH CIHPAIIIMI MYXCKOH HEPTHU MITH BBICOKOM
CKOPOCTH BpAIIEHHMs, TOCKOJIBKY B PaMKaxX OOIIeH JIMHBI MIIM HUKIIOUIHO - CIIMPAIbHON - JTMHBI BOJIHBI, KaK 3TO IOKa3aHO Ha
LIMIIKE, OHU JTOCTUTAIOT OoJibliIe BpameHni. BoceMb BOCXOASIIMX crMpalieil )KeHCKOM SHEPTHH, C APYrOi CTOPOHBI,
MIOCTETICHHO BBI3BAJIM MY>KCKYIO CHITY, IBIXKYILIMECS] ME[UICHHEE, Jiefas TOJIbKO OJHMH IOIHBIH 000pOT 32 X 00IIeH ATMHBI
BOJIHBL. MeX1y HUIMU COCTOSTHHE TAPMOHUH, WIIM PE30HAHCA, B )KU3HH MIPOMCXOUT OTHOLIEHHH UX COOTBETCTBYIOIIUX
sHepruil. Ecnu fBe cucTeMbl ciupaneil nepekpenuBaioTesi, 00pasyloT KpecT, IJje OHM COYETa0TCs B ce0e MM OTPHLAIOT APYyT
npyra, GOpMHUPYIOTCS ceMeHa OyIyIIIX cOCceH, (POPMUPYIOTCS HOBBIC JKH3HH.

HHUCXOORALWaA BOCXOOALLARA
JaMednAK WanA YCHOPAKLWAA
onnNogoTBOoPAILLARA nnogopogHan
MYKCKanA ¥MeHCcKan
cHUma cHma

Fig. 4.7 CocHoBan WWwwka
Puc. 4.7 (cuMMeTpUsI LIMIIKK AEMOHCTpUpYeT cocTosiHue "COamaHCcupoBaHHOTO AucOanaHca", KOTOPbIil BOSHUKAET U3 TAPMOHHYECKUX
B3aUMOJICHCTBHUH JIBYX MTPOTHBOMOIOXKHBIX, B3aUMOJIONOTHAIOIINX, HO MPOTHBOIOI0KHO 3aPSIKEHHBIX CHIL. 5 TOJIOKHUTENBHBIX MYXKCKHX CIIMpaIei
SHEPIHH CITYCKAIOTCS @ 8 OTPUIATEIBHBIX KEHCKUX CIUpaleH SHepruu nogHuMaroTcs. Tam, Iie CIUpay NepeceKaroTcs APYT ¢ APYTroM IPOUCKOAUT
o0beIMHEeHNe 00eHX CHJI, HAXOIATHCS CEMEHa HOBOH JKM3HN. My)XKCKHE CHIIBI 3aMEUIAIOTCS U YCKOPSFOTCS )KEHCKHIE CHITBI, YTOOBI IIPUHTH K
B3aMMHOMY COCTOSTHUIO PE30HAHCa).

®daxTraeckas 10l MATH MYKCKHUX CIHpaJieil M BOCEMH JKEHIIIMH CIHUpajei min 5:8 9acTh Tak Ha3pIBAEMOTO psa
DHOOHAYYH, KOTOPBIN MOCTETICHHO ¢ YBEINYCHUEM F MaTEMAaTHUECKHA TOYHO ONPEACIIIOT JOJTIO "30I0TOr0 CeUeHUs ", TAKKe
M3BECTHBIH Kak Phi (pu), nim KoTopasi CTaHOBATCS MOYTH MOCTOsiHHAS B cooTHoteHun 1:1.618033988. Bmecte ¢ IIu
TPaHCIEHICHTHOE YHCIIO, OMIUCHIBAIOIICH OKPY)KHOCTH Kpyra, 9TO OJHA U3, TaK Ha3bIBaeMOM "COBEPIICHHON, HCTUHHON" HIIH
"BoskecTBeHHOM MTporopuuu’.

Tepmun Phi Obuta nana "TpaHCIEeHASHTHAS'", TOTOMY YTO HET KOHIIA IIOCIEOBATEILHOCTH YHCEN TTOCTIe 3aIsITON 10 CHUX
IIOp He Hal/ieHa, XOTsI KOMIIBIOTEPhI pabOTAIOT Hall HUM B TeueHHe MHOTHX JieT. OHa cuuTaeTcs OECKOHEYHOM JIMHEI U,
CIIeIOBATENIFHO, B 3TOM CMBICIIE BEJIMYMHBI BHE BpEMEHH U MpocTpaHcTBa. Phi ¢ npyroii cTopoHbl, O0JIbIIe Ha 3eMIIe H TaKXKe
HAXOAWTCS B JIMHEHHOW NPONOpIUHK NATHYroNbHKUKA (prc. 4,8). Phi yacTo BhIpa)aeTcss BO MHOTHX TBOPEHHSX ITPUPOJBIL, a
IyTEM M3MEHEHHS yIila MEXIy COCEIHIMH PagnycaMu (MX OTHOCHTENIbHAS [UIMHA COOTBETCTBYomEH nomu Phi), konmaecTBo
MpUPOAHBIX criupaeit (puc. 4,9) u popma nucra (puc. 4.10) MoxxeT OBITH CO3/1aHA.

Phi nposiBisieTcst Taxoke B CTPYKTYpPE YeIOBeYeCKoro Tena. Eciu inHa CTOPOHBI IMEET 3HaueHue 1, HanpuMep, TO
0011ast ATIMHA CTOPOHBI + TpeIUIeubsi UMeeT npuomKeHHoe 3Hadenue 1,618033988. AnanoruuHbsIM 00pa3oM 1071l Iieda B
pyKe + mpearieube HaxoauTces B Toi xe otHouienue 1:1.618033988, unm B Moem uccnenoBanuu Phi ¢ sHepreTHUecKoit TOUKH
3peHHUsl, MPAKTHYESCKHU, BCETIA JODKHO OBITh CBSI3aHO C MPEBPAICHUEM dHEPTUH B (opMe, TaK KakK 3Ta MPOMOPIHs HAXOIUT
CBOE OTPaKEHHE B TAaK MHOTHX TBOPEHUSX B MpUpoAE. B 3HaK mpu3HaHUA 3TOH 0COOEHHOCTH, 5 IPUILEIT K Ha3bIBAIO 3TOTO
"Hucnosoe npespalieHue” wid "MpeBpalieHue ¢ IOMOLIbIo yucia'.

C apyroii CTOpOHBI, JIB€ CIIMPAJIbHBIE CUCTEMBI Ha puc. 4,11 UMEIOT OOLIYIO UTMHY BOJHBI, TUHAMUYHO
paccMaTpHBAIOTCS KaK IIMKIONJHO-CIIUPATEHO-IIPOCTPAHCTBEHHBIC KPUBEIC, TAK KAK OHHM KPHUBBIC U3 MX OOIIEH OCH U B KOHIIE
KOHIIOB BEPHYTHCS K HEMY B TEUCHHE BCEil [UTHMHBI IIHIITKH, BOCEMb JKCHCKHX CIUpaeil ¢ MepruoIoM BpalieHus MeIeHHee,
YeM IITh MY>KCKHX Criupaieif. B paMkax 3Toi JUTMHBI BOJHBI, €CTh TOUYKH, TJIe OHH TBOPYECKH B3aMMOAEHCTBYIOT. Takue Touka
sl Ha3bIBAIO HYJICBBIX, TAK KaK 9TO TOYKa, [JIe MYXCKHE U KECHCKHE SHEPTHYHBIC aTPUOYThl yMHUPAIOT WIIH BPEMEHHO
MPUOCTAHABIMBAIOTCS B MOPSIKE, YTO OBl MOIIA CO3NAThCS HOBas )KM3Hb. B HyJIeBOH TOUKH, Iie BCE IBIKCHUE



IpeKpanaercs, u e B IBIKEHNEe HaUMHAETCS. JTO TOUKA YPe3BbIYaifHO BEICOKOTO MOTEHIIMAIA TaKUM ke 00pa3oM, 4To
CTpyHA MY3bIKaJbHOTO HHCTPYMEHTA BCE €Ile HAXOIUTCS B COCTOSHUY HANPSHKEHHS, TOTEHIMANa IPH CO3/IaHNUH 3BYKa, XOTS
He BUOpHUpYET.

CrenoBaTenbHO 3/1€Ch, MBI IMEEM JIBE IPOTHUBOIIONIOXKHBIE CHCTEMBI, HO TOMONHSIIOLIMX APYT APYTa SHEPTHH, KOTOPhIe
CO3JaI0T CUMMETPHUIO, XOTSI CHMMETPHS CO31aHa U3 HepaBHbIX L. Ccbulasich Ha (PyHKIIMIO TUATEKTUKU IPUBEICHBI
BEJIMYMHBI Ha puc. 4.6 (cTp. 63), BOOOIIE TOBOPS, TEX, B MPABOil KOJIOHKE JJOJDKHBI IPEBAIMPOBATh HAJl JICBOH IS
MIPUCYTCTBHUS MPOAYKTUBHOHN 3BOIIOIHHU. To ecTh, 3 deKT n PyHKLHUS acleKTa IPaBOPYKOTO BPALIEHUs KaX10r0
JMAJIEKTHYECKOTO eUHCTBA JOJDKEH MpeobianaTs. BUKTOp aHanu3upoBall NPaBUIbHYIO MPOIOPLIMIO MEXy HUMHU, YTOOBI
MOTYYHTH €€ OHA OKHA OBITH 1/3-r0 U 2/3 mopsinKa COOTBETCTBEHHO. [IpeBHIE KUTAMNIIBI TAK)KE PACCMOTPENN HEPaBHEIC
OTHOIIICHUSI, KOTOPBIE OIHU U3 Hanbosee OIaronpusaTHBIX JJIsl TApMOHMYHOTO PACKPBITHUS KU3HH, OTHOIICHHE UX ObLIH 2/5 .
Wub u 3/5 SIap. OmHako B cBsizu ¢ nposieieHreM Phi (¢pu) Bo MHOrHX TBOpeHHH npuposl, nporopuuu 1: Phi, Bcero ckopee,
Oosee NpaBUIIbHA, IOCKOJIBKY, KaK J0JIs 4yTh Ooiblie, ueM 1:1%) oHa JISKUT MeX Ty AByMs APYTUMU OTHOLIeHusmu 2/5: 3/5
(=1:1 1/2) u1/3 :2/3 (= 1:2). Ha puc. 4.12 oTHOCUTEIBHBIC BETUIUHBI 3TUX CHJI MPEICTaBIICHBI, Bec B = 1 kr (1eBas
KosloHKa) ¥ Bec A = 1.618033988 xr (mpaBas xonoHka). Bec Haxonutces Ha paccTosHUU 1MeTp pazaenuTs Ha Phi umm
0,618033988 cm oT ocu Beca B ynanen Ha ImeTp. Bec B oka3biBaeT MOMEHT CHIIBI, CBOOOJHO paccUMThIBaeTCs Kak 1 kr x 1m
= | krm. Bec okasbiBaeT TOT k€ MOMEHT, Tak Kak 1,618033988 kr. ymHoxxenHbIit Ha 0,618033988 meTp Taxke paseH |
krM. Kauenu xu3HH, TAKUM 00pa3oM, B COCTOSIHUE OallaHca, XOTs aOCOJFOTHAS CHJIa OJIHOW BEJIMYMHBI OOJIbIIIE, YeM
npyras. TTonydeHHbIE BHA3Y CyMMBI CHJI 3THX JByX BECOB U cocTapisieT 2,618033988 kr, uto cocrasmser (1,618033988)% mn
Phi’.



EOWHUYHBLIA
KPYI

PA3MEPEI

ANWHA CTOPOH

Side 4
Side B
Side C
Side D
Side F
Arc F

nw o nwun

0.449 027 976
0.726 542 527
1.175 570 505
1.175 570 505
1.902 113 034
1.256 637 061

¥rnwi

T2t
108°
36°

P~~~
oo
n o n

36°
108°

Ld
Le

Opyrve OaHHele

@ KoHcTaHTa
@ ObpaTtHan
@ B kBapgparte

@ x 4ar= 1.69440123 (Bproc Ketn ckopocts )

mwomon

1.618033988
0.618033988
2.618033988

3 ( ceeta oGpaTHas BENHYHHA )

g x 1052 = Ni (=

Na

yucno Nowmuara

{NA = uncno Aesoragpo

b - -

Mgty Hhhs oo Hhk

e mw e w

Mo EHhaobkh EHOagw

ook ok

L | T 1}

wauaun

nm n n

m uw mwmn

nwwn

e e T = I I = e R T R

=

nPOMNOPUMK

CTOpOHA : CTOPOHAa

: 0.618033989
: 0.381966011
: 0.381966011
: 0.238067977

: 1.618033989
: 0.618033987
: 0.618034025
: 0.381966011

: 2.61B033993
: 1.618033992
i 1

: 0.61B033989

: 2.61B033989
: 1.618033893
¢ 1

: 0.618033988

: 4.236067986
: 2.618033989
: 1.618033983
: 1.618B033989

Fig. 4.8 3onotoe ceyeHne (P) neHtaroHa B nponopumax 1:1.618033988

Puc 4.8

mn

wnnn

nn

i n

it e e

I'Inou.lanb@ =
= Beck leHTaroH

bt bt e

bt o et

=t et

e
o5 e .

1/p
(*/9)2
(2 /8)2

: 1/p9

|

1'{‘3
1,"ﬂ
l‘fﬂa

: B2
|

1
1 /g

E -
L
42 |
1 1/8

L

g2
g
a



X620 X1980LA X19Hhuueed Xadl eH Xsueduus g 1yd 6% “6id

Z
L

Puc.4.9

L
g
06 X 1e1dS g @ 00TL X |edS d @

«0BL X18dS Uy P



¢ FPhix 15°

@ Phix 45°

Puc 4.10

Fig. 4.10 Phi y30pbl NMCTEEE Ha Pa3nNWYHbIX YINOBbIX OCAX



braronaps B3anMoneiCTBHUIO 3THUX JIBYX MPOIMOPIIHI HEYCTOWINBOMY AMHAMUYECKOMY paBHoBecHio B [Ipupone u
JIOCTUTal0TCA €€ SHepreTudeckue nporeccsl. Eciiu ObI He 3TOT NpeaBapuUTeIbHbIH 6anaHc He ObIIO ObI BO3MOXKHO
MPOJBIDKEHNE BIIEpe]l, MHOTOE TaK e, KaK KaHaTOXOJLBI He MOTYT (haKTH4IeCKH HITH BIepe]] OJHOM HOTOH 6e3 Ipyroi, eciu
OHU HE HaXOJUITCS B COCTOSIHUM paBHOBecusl. Ha Goiiee 1yXOBHOM BBICILIEM YPOBHE 3TO TAKKE MIPEACTABIAET TO, YTO OYJIUCTHI
Ha3bIBAIOT "30JI0TOH cepeMHON MyTH", MyTH CIIOKOMCTBHUS, COCTPAlaHUs U CO3EpLAHNUs, IPABEIHYIO KU3Hb U IPEBPATHOCTU
CyabOBI.

Buxrop Illay6eprep npunaetr 6osblioe 3Ha4€HUE TOMY OTHOILIECHUIO, 3asIBIISAA, YTO caMmasi MOAXOoAsIas GpopMa stiia st
€ro ammapara, JoJDkHa ObUTa OBITh HaiffjeHa B paMKax Brja 31aHus [leHTaroHa, kotopoe siBisteTcs nomuron Phi. Buxrop
HHKOIJIa HE YKa3bIBaeT, KaK OH MOIy4H 3Ty sSilieBuanyIo hopmy, popmy-siina. Puc. 4.13 nokasbiBaeT, Kak T0 MOXHO ClIeJIaTh
C MOMOIIBIO MIeCTH OyJIaBOK M TN W3 HUTKH, XOTS JTF000€ MHOT00Opasue (hopMBI SHITa MOXKET OBITh TOYHO OTIPENEIICHO C
MOMOIIBIO runepOoInyeckoit Marematrku Basbrepa [llaybeprepa.

4.5 mazcnemusm u IneKmpuyuIM

ONeKTPULU3M U MarHeTH3M JIB€ JOIOJIHSIOMINE APYT IPyra, HO IPOTHBONOIOXKHbIE CUJIbL, IIPUYEM MTOCIEIHSSI KOTOpast
[UPKYIUPYET Y€pe3 U BOKPYT 3eMITH 1o NoJspHoit ocu (puc. 4.14)°. Tlo muenuto BUKTOpa, HET HCTUHHOTO MArHETH3Ma, KaK
3aJJyMaHO B CyILIECTBYIOIIEM CEroJHs B (hu3nueckoM Mupe. A cymecTByeT "OnoMarseTusm". BUKTOp BUzies, MarHeTu3M U ero
BBICIINH aCIEKT, KaK IMOIHATHE, CO3UIaHHE, CO3UIAIOIIYIO U JIEBUTUPYIOULYIO (hopmy sHepruu. [TosTomy, rie ynomuHaercs
MarHeTH3M, CBOHCTBa OMO-MarHeTH3Ma TakXkKe MOAPa3yMeBalOTCs. 3aMeTHM, B (DM3UYIECKOM MHpPE HH MarHEeTH3M, HH OHO-
MarHeTH3M He pa3pelaeTcs JOCTUraTh SKCTPEMaIbHBIX 3HaYeHHH, IOTOMY 4TO, B TO K€ BPeMsI pa3pylLIUTeIbHBIE,
JIEMOHTaKHbIE, IE3UHTErPATUBHBIE, XKECTKUE SHEPTUHU MEKTPOIHEPIHH (110 AHAJIIOIHU C 3IEKTPOIU30M, PA3I0KEHUE BOJBL)
[PUMEHSIOTCS B BUJE HEOOXOIUMOro TOpMo3a. BUKTOp Ha3bIBaeT 3Ty (opMy SHEpruu ">1eKTpUnu3M", e€ BhICIIUM aCIEKTOM
sBrsteTcst "'bro-anexTpuruzm'.
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Cymep - nacCUBHOE cOCTOsIHUE "KpyToe" NOTEHIUAIbHON SHEPTUU.

Bo Bcex Toukax, r1e My»KCKHE U )KEHCKHE CITUPaIi NePEeKPelBaIOTCs U T/I€ PaAUyChl U YITIOBbIE CKOPOCTH PAaBHbBI UM FAPMOHHUYECKHE
OTHOLLICHUS, KaK 3apsJbl OTPULATEIIBHBIE MYXCKUE U ITOJIOKUTEIbHBIC )KEHCKUE (B OpUTHHAJIC, ITOJIOKUTEIIBHBIE MY)XCKUE U OTPULIATEIIbHBIC )KeHLuHHBI)
BO3MOXKHO OIIMOKa H3atens) KOMIICHCHPYIOT APYT APYra MM CIMBAIOTCS [UIS CO3JaHHs HOBOW JKM3HH, MOsBIIsIeTest cemst, nHKancymsiums JJTHK/PHK
reHa mporpamMMa CTpyKTYpUpPOBaHHE HOBOTO IOKOJIeHHs (TIposiBiieHust ). Takas Touka "HyseBasi TOuka', MecTo, re BCE ABMKEHHUE MPEKPAIIAETCS U OT
KOTOPOT'O BBITAJIKUBACTCS BCSA )KU3Hb JaJICe.

Puc.4.11

B 1ienoM, 610-MarHuTHAs SHEPIHs WM OMO-MarHeTH3M JOJKEH OBITh HEMHOTO OOJIbIIE 3IEKTPUIECKON SHEPTUH, HIIH
9NEKTPULIU3MA, C TEM, YTO ObI MOIVIa IPOMCXOAUTH 3BOJIOLUS. B npoTHBHOM citydae, Bcerna OyAeT BCE MEHBILE U MEHbLIE
TBOPUYECKOH dHepruu. B 3TOM cBeTe, CymecTByeT Tak Ha3bIBaEMblil paanaloHHbINA nosc Ban AmeHa okpyskaromuii 3eMito
HOATOMY TIPEACTABIAET HIEKTPHIESCKYIO KOMIIOHCHTY 3TOT0 CHMONOTHYECKOTO B3aNMOJICHCTBHS MKy ONO-MarHeTU3MOM U
OUO-2JIEeKTPULIU3MOM, KOTOPbIE BMECTE IIPOU3BOIAT HEOOXOIUMBIE IMyNbcauu. OTIMIUTEILHON YePTOH XKU3HU U KUBBIX
cymecTB. XOTd B 3TOW AXarpaMMe MX COOTBETCTBYIOIIUE BENMYHMHBI TIOKA3aHbl KAK TOCTOSAHHBIE, HU JOCTUTAET CBOETO
MaKCHMAJIbHOTO 3HaU4€HMs B TO JKE BPEMs, KaK U Apyras. [Ipy aneKTpuueckoi SJHEPIUU pacCIIUPUTh HX MAKCUMAIIBHO, 110
OTHOIICHHUIO K CHCTEME B [IEJIOM, OMO-MarHUTHAs SHEPTHsI CHIDKAETCS IO MUHAMYyMa.

J‘xnzi
H



[To3TOMy MX MOKHO BHIIETh (HAOIIOAATh) MO UX B3aMMHOMY B3aUMOJICHCTBHUIO, TAKUM 00pa3oM, MOXKHO HHTEPIPETHPOBATH IO
YPaBHEHUIO IAe 1/n = 3MEKTPUIN3M WIIH OHO-3IEKTPUIIN3M, U N = MarHETHU3M WIN OHMO-MarHeTH3M.

[To cnoBam Bukropa [laybeprepa xonebaHue MEX 1y STUMHU BETMYHMHAMH SIBJISICTCS TAKOH BBICOKOW YacCTOTHI, YTO OHA KaXKETCs
MMOCTOSIHHOH (COCTOSTHHE TIOKOST).

Bbyaaunckun CepeanHHbIn MNMyTb

Bec A =
Bec B = 1.618033988
= i
1.000000000 1logrammes
kilogrammes

Y B

LeHTp

/ /
1.000000000 m * 0.618033988 m
1.618033988m or Phim

2.618033988 kg
1.6180339882 kg or Phi? kg

Total Resultant Force

Fig. 4.12 RAvnamuueckuin 6ananc Phi

Ccpunasics Ha puc. 3.1 B mase 3, "HoBble u3aMepeHus 3HEpTuM'", Kacaloluxcs IepBOHAYaIbHOIO HCTOYHUKA SHEPTUH,
ANIEKTPHUIM3M M OMOMArHETU3M U HX COOTBETCTBYIOIINE COIO3HBIC CHIIBI TPABUTALIMH U JICBUTAIIMH, & TAKKE UX KOJUICTAMH B
00JIaCTH YEIOBEYECKOTO ONBITAa M MEUICHHOE PA3BUTHE BBHICIIETO CO3HAHM. 110 aHAJIOTMH C TIOJHBIM ANHAMHUYECKUM IIHKJIOM
TOpPHAJ0 OBLIO OIICAHO paHee, HagaIbHOI MOJIOOH SBOJIOIMH, PAa3BHBAIOIIEHCS TYIIIH 3aKIIFOYAETCS B CITyCKe
HPOTPECCUBHON CIMPAIH C €€ HPABCTBEHHOCTHIO B ceO¢ BHU3 Yepe3 IICHXUYECKUE ¥ AIMOLIMOHAIBHBIC YPOBHHU, HAKOHEIL
BXOJAT B (DU3UUECKOE TEJIO.

31ech B €ro IpUMHTHBHOM, Hepa3paboTaHHOM (PM3NYECKOM COCTOSIHUHM, 3TO CTAHOBHUTCS BOBJICUCHHEIM B ICHCTBHS CaMO
BBIPAXEHHSI, B CAMOCO3HAHHH, B STOM3ME, B YEM 3TO YCTYIAET ATOLEHTPHYECKOMY JBHTATENIO IS HPHOOPETEHUS UITH
'OKpy>KeHHS' MaTepUabHBIX BHEIIHUX IIPU3HAKOB TOBapa. BrageHue u Gpusudeckoe OIymeHHe CTAHOBSTCS CYIIECTBEHHON
LENbI0 B J)KU3HH, 110 TAKOH CTENEHH, YTO HEKOTOPHIE OoJiee paHHUE OOIIECTBa 'OKpYKast' CBOMX IMPOTHBHHUKOB, HA CAMOM JIeJe,
ella UX Bepa, 4To Hoezasi, TAaKUM 00pa3oM, IIPHOOPETeT NOIOIHUTENbHBIE IIPU3HAKH €T0 KEPTBEL. XOTS MOICO3HATENHHO
CBSI3aHO C €ro JyXOBHBIM MPOUCXOXKICHUEM, a TEM BPEMEHEM 3a0bUIH O Hel, HECYIIeCTBEHHOM SHEPTUH 3T0 U IBIDKYILEH CHIe
yMa, BCE elle CIBIINIHBI OKIMKH OT €T0 BBICHIETO 1, TIOCBAMIEHHI K jKaJHOMY HaKOIUICHUIO MILTIO3HI MaTepHaIbHOTO
0JIar0COCTOSIHUS, IPUBJICUCHHE UX BCEX B €r0 YMEHBIIAIOUIYIO JTHYHYIO opOuTy. Tenephb B OIM3KOM KOHTAKTE ¢ OJIU3KO
OKPY>KEeHHBIMH TOBapaMH-00BEKTaMHU STOTO HAKOIUIEHHOTO, YyBCTBO HEYIOBIETBOPEHHOCTH, YETO-TO HETOCTAIOILETO,
MIOCTETICHHO TOSBIAETCS OT MOACO3HATENBHOTO, U JyIlla B KOHEUHOM cUeTe 0OHApYKHUBAET, YTO OHA SBISETCS MOJIOH U
JIMIIEHHOW (haKTHYECKOTO MaTepHaIbHOTO BEIECTBA, KaK EHTP TOpHA0. BHe3amHo nmpexHssl cTaTndeckasi 0e30IMacHOCTh
¢bu3nYecKoil MaTepun ucue3aeT U IUBIIM3AIMS MEIEHHO PACCBETAET, YTO UCTUHHAS JEHCTBUTENBLHOCTD, 0€30I1aCHOCTD U
MHUD JIeXKAT B JUHAMHKE 00Jiee BEICOKHX Heocs3aeMbIX cep (poCcTpaHCTB).



Ratio AQ : QB

§ i 1

Ratio CD : AB

n
=

: 1.5277778

Ratio CQ : QB = 1 : 1.8333333

Callum Coats, August 18992

Fig. 4.13 Kocm1Myeckoe sinlo B neHTaroHe y Buktopa LWWay6eprepa

Puc 4.13
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Puc 4.14

B Bompoce 3amycka B qymre GHOMAarHUTHBIX CHII, AEHCTBYS TaK, YTOOBI OAIEPKAaTh CTAOMIBHOCTD H JKH3Hb, HE OBLIH
BBICIIIUMH M CIIOCOOCTBOBAJIM TOJIBKO CHKAaTHIO Kpyra BOKpyT SI. Kak TobKO TpaHHYHOE COCTOSIHUE MaTepHaNbHOCTH
JOCTUTHYTO; BOCHPHUMYHBEIH, TPAaBUTAIIMOHHBII NMITYIIbC FCUEPIIaH, AyIlla HAYMHACT PE30HUPOBATH Bee Oombie ¢ eé Oomee
BBICOKHMH aCHEeKTaMH HaKOHEI[ Be3AECYINi OMOMarHeTu3M U HeM30€XKHO JOJDKEH HOMYYUTh BiacThb. TakuM sxke 00pa3oM To,
9TO 3TO CO3MAET BOCXOASIIMIL MOTOK B IEHTPE TOPHAO, T OMOMATHUTHBIC CHIIBI HAYMHAIOTCS MTOAHUMATD JIYITy BBEPX.
ITockonbKy €ro MOIIHOCTH (BJIACTh) YBEIUUUBACTCS, OMOMarHeTH3M YCKOPSET 9TOT IPOILecC B3IbIMAHUS M IOIHUMAET JYLIy K
HCTOYHHUKY, OTKyIa OHa MpuObLTa. [I0CKOIBKY 3TO MOBBIMIAETCS Yepe3 pa3IndHbIe IIaHbI-YPOBHH-IIPOCTPAHCTBA ¢ Oomee
BBICOKOH SHEPTHHU U JyXOBHOCTH, BUOPALIMOHHBIN YPOBEHb JYIIU WM YacTOTa IPOrPECCUBHO YBEIMUMBAIOTCS, U €€ IBIKEHHE
HOJIHOCTBIO U3MEHSET Kypc. JIBUKeHHE Tenepb U3MEHSETCs OT OCEBOT0, STOLEHTPUYHOIO BPAILEHHUS JI0 JIy4€BOTO
pacIIMpeHus, ¥ B IPOIECCE BCTYNAeET Bce Gosiee u 6osiee rapMOHUYECKHE OTHOLIEHHUS C OCTaNIbHOM YacThio BeeneHHol.

HaxoHnen BBIXOIUT Ha ypOBEHb OECKOHEUHOH BEHICIIEH BUOPAINH, KOTOpAs SBISIETCSI CHAHOHMMOM COCTOSTHHSI O€CKOHEYHOH
TapMOHUM, OHAa CTAHOBHUTCS OJJHUM €IUHBIM CO BCEM, OHA TEPSIET CBOIO UHAUBUYaTbHOCTD, €I Pa3 00bEAUHSETCS C 68
HCTOYHUKOM Ipoucxoxkaenus. Ceituac, 3aBepHiniia CBOe J0NIroe, TPYAHOE U YacTo O0Ie3HEHHOE MTyTEIIECTBHE B MATEPHU; C
OCO3HAHHEM IyCTOTHI (PU3MIeCcKoll CyOCTaHINN, OH CTAHET 3aMOIHATCS OECKOPBICTHOH TI000BEI0, BRITEKAIOIHX U3 00MIei
HEIIPUBSI3aHHOCTU U 100aBIIAeT CBOIl HEOONBIION BKJIAJ B BEUHOE U3ITydeHHs O€3yCI0BHOM JIIOOBU BCEX NMPOSIBICHBIX U
HEMNpPOsIBICHHBIX BeeneHHbIX.

4.6 /Ipyzue Hzmepenus snepeuu

Cpenu aHTHTE3MCOB, YKa3aHHBIX B Ta0nuile Ha cTp. 63, Bukrop paccMarpuBaTh HEKOTOpPBIE TIAPhI, TAKUE KaK TEIIO U
XOJIOZI, JaBJICHUE U BCAChIBaHKE, PACIIMPEHHUE M UMILIO3Us (YMEHbIICHHE B 00bEME), JICKTPULIM3M M MarHeTU3M, LIEHTpUQyra-
JBIDKEHHE OT LICHTpa U JIBIKEHHE K LICHTPY, TPaBUTAlMs U JICBUTALMS, KaK aHAJIOTHYHbIE TUIIBI SHEPIHHU, HO Pa3/iesiCHHbIE
oktaBami (110 yacroram). [ToaToMy X010/, BCcachIBaHWE, UMILIO3HS, IBM)KEHHE K IIEHTPY — LIEHTPO CTPEMHUTENIBHOE,
MarHeTH3M (Ha caMoM Jieie OMOMarHeTu3M) U JICBUTAMH BCE CBSI3aHHbIE BEIMYUHBI. HaneneHnble KOHKpeTHOH
KoJie0aTeNbHON HEPIHU ¥ CHIION, 3TH MPOTHBOIOIOKHOCTH SBJISIOTCS YUPEKACHUSIMHU WM CAMOOPTaHU3YIOIIUMUCS,
IPOMEKYTOUHBIMH, BUOPALMOHHBIMU MaTPUIIAMH HEMaTepHaJIbHBIX SHEPTUIl B KOTOPBIX pa3phlB Mex Iy Bonel-k-co3nanuio u
CO3MJaHUS, yX U MaTepus, U unesi, NposBIIOTCS U npeojosieBatoT. B TaiiHoi JIoKTprHE 3TH CUITbl, BXOJSAT B TIOHATHE
"®doxar".



(Poxar "moct" B KOTOpOH "Hues", U cymecTByronye B "boxkecTBeHHBIX MBICIAX" HAHOCATCS B KOCMUYECKOI CyOCTaHIINH, KaK "3aKOHBI
npupozbl”. Poxar Takum 06pa3oM, AMHAMUIECKHIE IHEPTUH KOCMHYECKUX MBICIICH, HIIM pacCMaTpHBaTh C IPYTOi CTOPOHbI, 3TO HHTEIJIEKTyaIbHast
cpena, pyKOBOJIIAsl CHJIa BCEX NMPOsBICHUH. DOXaT TAMHCTBEHHAS CBSA3b MEXIY Pa3yMOM H MaTepHeil, OXKHUBIIIOMNHA TPHHIAI dIeKTPHHKAINI
[wu 6uo-MarneTnsma - CC] KaxI0ro aTomMa B KH3HA.S )

B 1ONBITKE OMUCATh 3TH TOHKHE YHEPTETHUYCCKIE CCEHIMU ¢ TSPMUHOJIOTHEH, OoJiee 3HAKOMOH YUTaTeNsIM YeM
CaHCKPHT, CTaJI0 HEOOXOAMMOCTBIO BBECTH PA3JIMUHbIC HOBBIC TEPMHUHBI 110]] COOMpAaTEeIbHBIM TePMHHOM 'ethericities', cioBo
‘ethericities' HemocpeaCTBEHHO OOPAIIAOIINICS K CYIEPaHOPMAIILHBIM, PAJIOM ¢ 0e3pa3MepHBIM, PHEPreTHYEeCKUM, OHO-
OJICKTPUYECTBO, 6HOMaFHHTHBIM, KaTaJIMTHYCCKHUE, BBICOKOYACTOTHBIC, BI/I6paLH/IOHHbIe, CHIIBHO HeﬁCTByIOHlHC COCTOSIHUA
KBa3uMaTepualibHOW, kBa3uahupHoit [Ipupombl, TpuHAUISKAIIESH K 4 -M U 5 -M U3MEPEHUSAM U3 TOHATHS OBITHS. DTH
ethericities (3¢upHbIe 00pa3oBaHusl, CIYCTKH) Jajiee pa30UTHI Ha KaTeropuu Takue kak "fructigens" -dpykrurensl , "qualigens
-KkBajuressl, "dynagens" - 1MHareHel.

OHH COOTBETCTBEHHO IPEACTABILIIOT TE TOHKUE SHEPIHH, (QYHKIHS KOTOPBIX SBISCTCS TOBBIICHUE TII0OJJOBUTOCTH
(fructigens-pyKTHreHbI), Ka4eCTBEHHOE OKOJIeHHE (qualigens-KBaJIMTeHbI (kauecTBeHHbIE reHbl)) H YCHICHHS] HEMaTepHATbHOM
sHepruu (dynagens — qMHAreHBI (nunamuyeckue renst)). [10 MX QYHKIHSAM WM 3aHUMACMOMY MECTY OHH MOTYT OBITh MY>KUHHOU
i xeHmuHoN B [Ipupozne. Takum 00pa3oM OTHOBpEMEHHO KEHILIMHBI M My>KUHHBI fructigens u dynagens, Harpumep.
JKeHckue aTpruOyTHI, ITaBHBIM 00Pa30M CBSI3aHHBIEC C BEJIMYHUHON B IIPABOii KOJIOHKE Ha pHc. 4.6. B cBOel COBOKYITHOCTH 3TH
TIepBUYHAS TATA CO3JAHUS U B YEIIOBEUYECKOM pasyMe YHTY3Ma3Ma HITH BIOXHOBIISIS MBICIb IIPHBOAUT K (POPMHUPOBAHHUIO
HEMaTepUANIbHBIX JUHATCHOB, YTO OECIPEPHIBHO 00SCIICYMBAIOT MOTHBALIUH YHEPTUH JJIsl BHEIIHEH ACSITEINEHOCTH, TAKHM
00pa3oM, TIOJTHOCTBIO TOKa3bIBaTh JIOKHOCTH, HECOCTOSITENFHOCTD 3aKOHA COXPAHEHHUS SHEPIHU B COOTBETCTBHHU C KOTOPBIM
KOJIMYECTBO JOCTYITHOH SHEPTUU KOHEUHO. UTOOBI MOTYYHTh HEKOTOPOE MPEACTABICHHE TOTO, YTO MOTYT OBITH
OTHOCHTEJIbHBIE BEJTWYMHBI HA PA3IMYHBIX YPOBHSAX SHEPTUH WM BUOPAIIMOHHOH YHEPreTHYECKOH MaTPHIIBI 31€Ch, OHa MOYKET
OBITH [IOYYUTEIBHO MOATBEPIKICHA 00paTHBIINCH K KoMMeHTapusiM B Taitnyto JJokrpuny’ o "Morope Kumn'", ycrpoiicTo
CBOOO/IHOM 3HEpruH, N3roToBieHHbIM [IxoH Yoppemn Kuiu, KoTopblii eiicTBOBaN Yepe3 co3naHue "HeHTpabHOTO eHTpa",
WK ¢ TOYKH 3peHust Bukropa [llaybeprepa, "Ouonornueckoro Bakyyma'.

Hawm roBopsrt, uto r-u K onpenenseT 3JIeKTpo3Hepriio Kak "onpeaeneHnyto GopMy aToMHOM BuOpauuu". B aToMm oH
COBEPILICHHO TPaB, HO 3TO AEKTPHIECTBO HA 3eMHOM IUIaHe, U Yepe3 HazeMHble Koppemsinuid. [1o ero onenkam: -

"

*

B CeKyHAay =

Bu6pauna Monekyn at 10(),000,00‘
Mepepnatowas - Bubpasus Monekyn at 300,000,0(%
BuGpauus Atoma at 900,000,000
Mepeparowasn - Bubpauma Atoma at 2,700,000,00('
Bubpaums dcpupa at 8,100,000,000
Nepepatowas - Bubpaums 3cpupa at  24,300,000,008

KonebarenbHblil ypoBeHb Tak Ha3biBaeMbIX ethericities - 3UpHBIX 00pa30BaHUiA, CTYCTKOB SHEPIUil, SpUpHas SHEPTHs,
BEPOSITHO, JISKAT TIe-TO MEX/y MEKATOMHBIX U MeXAy dQUPHBIX B Tabmume Boimie. KpoMe TOro, OHM MOTYT Takxke
(YHKIIMOHNPOBATh Ha YAaCTOTaX, KOTOPBIE MOTYT OBITh OJIArOTBOPHBIMH WJIM I'YOUTEIBHBIMH, TIOCTPAJABIINX OT YeJIOBEYECKOM
MBICITH. DTO W3BECTHBIH (DaKT, HATIPAMED, YTO YPOBEHB IMMPOU3BOCTBA OEIBIX TeJel B KPOBH YEIOBEUYECKOTO OPraHM3Ma MOKET
U3MEHATHCA U 3BHAYUTEIIBHO OT ITOJIOKUTEIIBHOI'O WJIM OTPHULATCIIBHOIO OTHOIICHHUE K JKU3HHU ()KI/ISHCHHaH IO3uN A ‘{eJ'lOBCKa).
CreneHb, B KOTOPO# KOJUIEKTHBHAS YelIOBEUECKasi TCUXHKA MOXKET BIUATH Ha 3TH ethericities -3dupHbie 00pa3oBanue —
SHEPruH, U UX HOpPMaJIbHON paboTe BIOJIHE MOXKET OBITH HAMHOI'O 0OJIbIIE, YeM MBI ce0e IIPEICTABISIEM.

KoHeuHast - Kak MbI yTBEpKJIaeM 33 OCHOBY - B Halllel (PU3MUECKOI pealbHOCTH, CKOPOCTh cBeta (299 793 000 meTpoB B
CEeKyHJy WM M/C), @ TaK KaK MbI TaK e 31eCh 3aTparuBacM B HEKOTOPBIX Pa3MEPHOCTSIX, 3TO MOIJIO Obl OBITH OoJIee Mone3Hoi
JUISL HAC B MOIIBITKE YTOOBI BEIPA3UTh TO, YTO MOXKET OBITH €1lle OOLIMPHBIC Pa3IHyMs MEXY Pa3HBIMH INIOCKOCTSMHU BBIIIE
peanbHOCTH € IOMOMIBIO KBajpara, Kyda, B UeThlpe pa3a Ooibllie, U T.A. KpaTHbIE CKOPOCTH CBETa BBIPAXEHHBIE B METPax 3a
CCKYHY. B 10 %)e BPEMsI Mbl MOIJIA 6])1 TaK¥X€ Ha4YaTh, IOJIy4aTb HEKOTOPOEC MPCACTABICHUC O IICPBUYHOM, TBOPUYCCKU U
(hopMHUpYIOIIEM BEPXOBEHCTBE TAKUX BBHICOKHX, HO HEOOBIYaiHO TOHKUM JHEPTHil, I BHICOKOH 4acTOTHI TAHHOTO KOJICOaHus,
YeM KOpOou€e €ro JUIMHA BOJIHBI M TEM OOJIbIIIE €r0 COOCTBEHHBIC YHEPTHH U MOIIHOCTH. B 3TOM CBsA3M 5 CO3HATENILHO H30era
WCIIOJIb30BaHUS HAYYHBIX TEPMHHOB M 0003HAYEHHH, YTO OBl MHOTHE YUTATEIN HE 3alUTH B 3a0TyXICHHUE (B TYIHK).

Ccputasch Ha KpaTkoe 00CyKIEHHE 3BYKOBbIX (G (QEKTOB B IaBe 2, NaBaiiTe Ha MUHYTY npupasHsem C' Boiie ¢
MIPOCTHIMH CHIIaMH BUOpAIMK B (DH3HYECKOM TPOSIBICHUH. DHEPTHs, C IPYroil CTOPOHEL, Yepe3 HeKHe aHUMUAPOBaHHbIE
(buBHYECKUE IPOABIIEHUS, ONIPENENSETCS C ucTonb3oBanueM C2. B cTpeMiieHnu nony4uts Gosee rpadu4ecKyto KOHIEIHIO
BO3MOXHYIO CTPYKTYPY Pa3JIMYHBIX SHEPTeTHYECKUX M JyXOBHBIX YPOBHEW pealbHOCTH, MBI MOTJIH OBI TIO3TOMY CKa3aTb, YTO:
Bu6panus (= C') He MOXeT TporcxomuTh 6€3 sHepruu (= C?), a SBHEPTHst He MOXKET NposBUThCs 6e3 Gopmel (= C*). Hanmmuune
OIpeIeNEHHBIX 3-MEPHBIX KOHHOTAIMIA, 31ech C° HamoMuHaeT Mopdorenetraeckue mons u3 Pynepr Hlenapelix ® , koTopsiid,



Kak BUOpallMOHHAs MaTpHUIl 00JIaaeT ONPEICICHHBIMU CBOMCTBAMU M MOTEHIIMAIIOM, SIBIISIFOTCS HEMaTepHaIbHOM
SHEPreTHYECKOM CHIION, KOTOPBIE IOPOXKIAI0T BOSHUKHOBEHHE HOBBIX BUIOB.

Kak kon¢urypamus ¢opmupyromieii narrepHoB (au3aiiHa) TaHHOTO MEePEPOKAAIOMINICS MaTPHUIIBI CTAHOBHUTCS
"3aKkajeHHOM", KaK 3TO OBLIO, I COBEPILICHCTBYETCS Yepe3 4YacTOe NMOBTOPEHHE, KAKI0E MOCIIEAYOIIee BOCIIPOU3BEICHHE
CYIIHOCTH MaT€pPHU CTAaHOBUTCS BCE JIErde, €ro XapakTep U BHEIIHUI BUJ B TO )K€ BpEeMs CTaHOBUTCS Bce Oojiee U Gosee
yeTkuM. Takas Gopma, 3aMeTHM, HE MOYKET OBITh co3aaH 6e3 au3aiin (= C*) n au3aiin He MOXKeT OBITh TIOHATEH O3 uaen (=
C%). Kak ropoputhkcs y [lnyrapxa: (Mjes - GecTenecHOe CyIECTBO, Y KOTOPOTO HET HUKAKOTO OTAEILHOTO MPOMMTAHUS, HO
OHa JIaeT PUCYHOK U GopMy K Oec(hOpMEHHON MaTepuH, U CTAHOBUTCS MPUIMHOH nposiBieHus. (Deonop n3 Kupena
(bunocod))).

CymectBoBanue uaen Tpedyet unremiekra (= C®) u uaresiext tpebyer Boiciiero cosHanus (= C7), Bce U3 KOTOPBIX
3aKJIIOYEHBI OJIHA B OJHY, KaK pyCCKas Mrpylka — Marpemika (ogua B oxuoi), C’, Beuno Coszunarommit Pasym (Beiciumii
Pazym), nomkeH 00s13aTeIbHO HAXOAUTHCS B CAMOM LIEHTPE, LICHTP, B LEISAX PErylIMpoBaHus U ObITh B Kypce BCEX €ro
HCCIIeIOBaHUM, BCET]a TOTOB Pa3BUBATh HOBBIE CUCTEMBI JJIsl 3aIIOJHEHHS HOBBIX IIOTPEOHOCTEH WM A ITOJy4eHHs HOBOTO
OIIBITA.

Kaxk apxurexTop s y>ke JaBHO OBLT CBSI3aH € IIPOIIECCAMU ITPOEKTUPOBAHMS, KOHEUHBIH MPOIYKT KyJIbMHUHAINUEH OT
TIEPUOMYECKHX JIBIDKEHUH MEXTy JUATIeKTHKHU TPOTHBOIOJIOKHOCTEH aHaIu3a U cuHTe3a. Moienb oCTpoeHa He Ha ITyCTOM
Mecre, a pu3nUecKue pe3ybTaThl OONBIION YMCTBEHHON ESTENILHOCTH B chepax HEN3BECTHOTO M3MepeHHs. UTo B KOHEUHOM
WTOTe CTaHET PE3YJBTATOM CHHTE3a B3aHMOJCHCTBHS Pa3IMUHbIX HEMaTepPUAIbHBIX SHEPIHil 1 00pa30B, CBOETO poja C
coOCTBEHHBIMH KoJteOaHusMH. Hanprmep, KyXHSI HE TOIBKO COOpKa pa3IMuHbIX 2JIEMEHTOB, XOTS PacCMaTpUBATh YHCTO
TEOPETUYECKH, €CIIH BCE IIEMEHThI PAKOBHMHA, IUINTA, XOJOAWIBHUK U T.JI. HAXOIATCSA B OHOM IIPOCTPAHCTBE, TO
MaTepHabHble apaMeTPhl KyXHHU BHIITONTHEHBI. ECiN ciiy4aifHO OHM OBUTH PAacIoONIOXKEHbI B OIpeieNIeHHO KOHGUTYpaIiu, TO
MIPOCTPAHCTBO KYXHH MOXKET peasibHO padoTaTh. BMecTe ¢ TeM, 4To0bI 00ecednTh, HACKOJIBKO 3TO BO3MOKHO, YTO 9TO
MPOCTPAHCTBO ACTETHUECKH MPHUITHA, a TAKXKE (PYyHKIIMOHAIBHA, TO OHA JIOJDKHA OBITh OCMBICIICHA pa3padoTaHa.

s s e S o P PP SO L PR A = 299,793,000m/s
SIS SR e T N T SN - R BT B e o SR i P = 89,875,842,840,000,000m/s
SIEITEL bt b SR PPy RS R 5 b Skides s AT = 26,944,148,550,000,000,000,000,000m/s
(UIEETTE] [ /o 3ot e S NGl S Fesm o Ly S PP - = 8,077,667,127,000,000,000,000,000,000,000,000m/s
noes € L.ovrirreseenns T O PRI Ly W e = 2,421,628,061,000,000,000,000,000,000,000,000,000,000,000m/s
BT CTIIEIGH €8 e sonixsassavesniamnoss daki snnasadis = 725,987,141,300,000,000,000,000,000,000,000,000,000,000,000,000,000m/s

BhIClIee CO3HaNMe C ... = 217,645,863,200,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000m/s
3mech MBI CTaJKUBaeMcs C JaBHEH OCHOBHOW MaTepHUAHCTHIECKON YBEpEHHOCTEIO, UYTO KaXKI0€ CYIIECTBO HA ITOM

IUTaHEeTEe Pa3BHBAIACh UCKIIOYUTEIBHO 3@ CUET IPOLIECCOB €CTECTBEHHOro 0T0Opa: Be€, UTo (hopMa, 4TO LBET WM KaKyIO OHA
uMeeT Gopmy, 3TO MIPOCTO PE3yNIbTAT CIAyYaHBIX B3aMMOJICHCTBHI U BIMSAHUI U TPEOOBAHUI OKPYKArOIEH Cpelbl B KOTOPOM
OHa JIOJKHA CYIECTBOBAaTh. XOTsl €CTECTBEHHBII 0TOOP MOXKET UrpaTh ONPEAEIECHHYIO POJIb B (PU3MUECKOM SBOMIOIMOHHOMN U
TCHETHYECKOM 0a3bl, U JII000H pa3yMHBIH PYKOBOAMTEIb HITH KOHTPOJIEP HaJl BOJIOIMEH M Pa3BUTHEM MOJHOCTHIO UCKITIOUCH.
Hexortopsle cyiiecTBa, pplObl, ITUIBI U I[BETHL, HAIPUMEDP, 0COOCHHO 3aXBaThIBAIOIIE B CBOEH KPAcoTe, OHU BOILIOLIEHBI B
Pa3IMIHBIX MPOMIOPIUAX (I)OpM 1 OBCTOB, 1, KAKETCs, ONIPOBEPIraroT 3Ty TUIIOTE3Y NNOJTHOCTHIO. Hx BHEIHOCTEL OYEHb TPYyAHO
OOBSICHUTD C TOUKH 3PEHUS] YUCTO MEXAHUCTUUECKOH MU HKOJIOTNUECKUX TPeOOBaHUM.

CnoxHoii reoMeTpuel 1 U3bICKaHHbIE (POPMBI MHOTHE IIBETHI TOBOPAT ropaszio 0OJbIe 0 HAMEPEHUH, YeM CIIydaiiHbIi
cirydaif. CaMo BeJIMKOJIEIHE aBIUHA, K IPUMEPY, OpOCaeT BbI30B BCEM PallUOHAIBHBIM OOBSICHEHUAM K IPUPOAHON
CENIEKTUBHON TOUKM 3peHus. Ero 1iBeT He MOmIu pa3BUThCS B LIEISIX MACKUPOBKU U CaMO3AIIUTHI, IOTOMY 4TO OlecTsinue
OMPIO30BbIE MEPEJIUBBI €0 EPHEB HA IPYIH SPKO 3asIBIISIET O CBOEM IPHCYTCTBHHU JJIsl BCEX XUIIHUKOB. Ero mokphIThIi
HEPbSIMH XBOCT C HECKOJIBKO CIIOE€B U Pa3HBIMU IEPbAMU, 00pa3yeT eIMHOEe, HAa KOTOPBIX 3HaMEHUTHIH "m1a3" duarrepa u
BJIACTh, TPYAHO MHTEPIPETUPOBATH KaK CKJIA/IbIBABIIEECs TOJIBKO JUIA el yxaxuBaHus. YTo KacaeTcst IPUBJICUEHHS MaBbl
JUISL MY>KYHH, TO, K&XKETCs MaJIOBEPOSITHBIM, YTO OAWH MJIM J[Ba MEHBIIIE CIIOEB MEPHEB XBOCTA J1aBaJIU Obl OOJIBIIYIO
pasuuiyy. Tak 3aueM ke BCe 3TH CIION?

To uTo, MOMHUMO yBEIMYEHHS pa3HOOOpa3Hs U BEIUUINE KU3HY, LIEIb IIaBJIUHA, €CIIU HE UCKIIIOUUTEIBHO Paay IF0O0BaHUSA
M3BICKaHHOM KPacoTHI B 9TOM MHUpE [UIS PaJOCTH TeX CYyLIeCTB (CO31aHuil), Ybsl HEMaTepHaIbHasl 9yBCTBUTEIEHOCTD MOXKET
OLIEHUTb €T0 BO BCEX €r0 ICTETUYECKOM Benukonenue? MHaue pa3BUBAIOTCS YE€I0BEYECKUE CYLIECTBA UMEIOT BOZMOXKHOCTD
Ppa3BHUBaTh JIOOBIE CTETHIECKUE TyBCTBA M Y3HATH, YTO TAKOE KPacoTa U MPOIOPIHS, HEKOTOPbIE IPHUMEPHI ObLIH
TIPEIOCTABIICHBI IS STON TeIn?

CeroznHs HOBBIH BUA TO U 1eJI0 OOHAPY)KUBAIOTCA, BU, TIOBEJCHHUE U APYIHE XapaKTEePHCTHKU IIOTHOCTHIO MOIXOINT - U
C TaKHM COBEPILIEHCTBOM - B CPELy, B KOTOPOH OHM JKHBET. KaxkIIbIil MMeeT CBOIO SKOJIOTMIECKYIO HUILY, Kak 3TO ObUIO, U
BBINIOJTHSIET (QYHKIMH CIOCOOCTBYIOIIEEe 00OTAIEHUIO BCETO apceHalla )KU3HH U HO BCE 3TO MO-BUANMOMY IPOU30ILIO0
cily4yaiiHO B Tipupoje, [Ipuposa, 3aMeTuM, K KOTOPOH MBI IPUITUCHIBAEM ONpeAeIeHHbIE 3aKOHbL. UTo chopMyarpoBaia 3Tu
BO3BBILIEHHBIE 1 MAaTEMAaTHYECKHU JI€TaHTHBIE 3aKOHBI, €CIM HE Kakas-To opMa pazyMa Jajeko 3a IIpejiesiaMy Hallero
coOCTBeHHOr0? 3aKOHBI HE MOTYT pa3BUBAThLCS BCIICACTBUE aBapyu WM camu 1o cebe. Kakue cymiectsa, kpome Tex, Bedno
Co3supatorero Pazyma Mor Obl ¢ BEICOTBI OKMHYTh B30POM CBOM Ji€J1a, YTOOBI OOHAPYKUTB €Il OHO MECTO, eIle OHA
BO3MOKHOCTbH, B KOTOPOH OH MOYKET HallOJHUTH HOBBIMH (h)OPMaMH MONTYIHUTh KU3HEHHBIH OIBITOM HIEaIbHO HOIXOASAIINN B
KpPEaTUBHOM JAn3aiiHe?

ITosTomy, nasaiite monpoOyeMm, NpeICTaBUTh IO KpaifHel Mepe Ha OAHY OKTaBy BEIIIE, U BMECTO Pa3pabOTKH
Ype3BbIUAIHO CIIOXKHBIX TEOPHI, OCHOBAHHBIX Ha HE3[J0POBOM JIOTHKE CITydallHBIX B3aUMOJECHUCTBUI, aBaliTe IOMIPAaEM O TOM,
YTO BEIIH, BO3MOXKHO, FOPa3/10 IPOIIle, YeM Mbl UX BOCIIPUHUMAEM, IIOCKOJIbKY, Kak Ab0epT DHHINTEHH, CUMTAT U UMEIT



BBU LY, uTo "TeM mpouie Teopusi, TeM OOoJbIlie OHA MOMAAAET B TOUKY (MCTHHY) ".
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5 COJIHLIE

5.1 Ceem u memnepamypa Connuya

JlomKeH ObITh pacCMTPEH HCTOYHHMK SHEPTHH, KOTOPBIH MOJIEPKUBAET BCIO JKU3Hb Ha 3Tol 3emie, Hame Connue'. B
HEKOTOPOM CMBICJIE 3TO TAaKXKE TyXOBHBIN IIEHTp Halel mianeTHoi cuctemsl, Morann Kerutep, Benukuii acTpoHOM H3BECTHBIIH
CBOMMH TpEMsl 3aKOHAMH IIJIAHETAPHOTO JIBM)KEHHS, HE TOJIBKO CUUTAJI, YTO 3TO MATHUT, KOTOPBIA MMEET KOHHOTAIIUH C
aTpuOyTaMu IIEHTPOCTPEMHUTEIBHOCTH (JBIKEHUE K LIEHTPY), XOJIOAHAS U JICBUTHPYIOLIAs , YIOMSHYTas B IPEAbLIyIIeH
IJIaBe, HO TaKXKe CUUTAJI, YTO, HEMAaTEPUATBHOE TEJIO BCEH SHEPTHH, U PACIIPOCTPAHSET MO BCEH IUIaHETHOH cucTeMe, Obuia
MOJTy4eHa U3 BHE M YIIPABIISIETCS 110 CPEICTBAM IyXa.

B Teocodckux Teopusx Comnie odurens Jloroca, JyXOBHOTO JIUIA, KOTOPOE YIPABISIET M PACIIOPSDKAETCS TUTaHETApHOMH
cucremoii. Bukrop IllayGeprep rmpoBel aHaIOTHYHYIO TOUKY 3pEHHUS 00 3TOM, HO B €T0 OTHOILEHHUH K 3eMJIe, OH TaKKe
CUHMTAET er0 MY)KCKOH dHepruei, y1oopeHneM -CTUMYJIOM IS )KU3HH Ha 3TOH IUTaHeTe, Kak OyJeT mokazaHo Hibke. Kpome
TOTO, OH czenan yreepxkaenus o ComnHie, B kKoTopoMm KornepHUK mpuiesn B ociaeICTBUH.

B pamkax [Inesmroit cuctems! Hame CoHITA, JOBOJIEHO CPENHSIS 3BE3/1a, BPAIaeTCss BOKPYT AJIBIIMOHA, C TIEPHOAOM
BpanieHus1 okoyio 180 MIITMOHOB JieT, 4TOOBI IPONTH OpOHTY. Ero CKOPOCTH 10 OTHOLIEHHIO K OCHOBHOMY IPOCTPAHCTBY
HAIOJIHEHHOTO BOJIOPOIOM, Yepe3 KOTOPOE OH MPOXOIUT 0koJIo 48 280 KM/4, M 3TO B HACTOSAIIEE BPEMSI IBIIKETCS B
Hanpasnenuu cucteMsl ['epkynec (Hercules). Ona umeer auamerp 1 392 530 kM, npumepHo B 110 pa3 Gosblie, 4eM y
3emin. Ero MarHuTHeIE TOJIIOCA TaK)Ke OOMEHHUBAIOTCS, MEHSIOTCSI, MATHUTHBIE MTOJIFOCA, Kaxkzple 11,2 roga Xopoluo
W3BECTHBIE MATHUTHBIE IIUKJIBI COJIHEYHBIX IIATEH U UMITYJIBCOB, KaK YTO-TO HBOE, PACHIMPSIETCS U OTPAaHUYUBAET B paMKax, B
3 kM kaxapie 160 MUHYT (CM. aHAJIOTMYHOE OTIMCaHKE AUTIONBHOTO Ha puc. 6,11, rasa 6). Bce aTu gaHHbBIE, 3aMETHM, MOYKHO
MIOYEPITHYTh U3 PA3INYHBIX YUeOHUKOB M TI0O3TOMY He OyIyT B NaJbHEHIIIEM pacCMaTpUBAThCS 31€Ch.

OnuH u3 acrekToB, kacatouierocss ColHIa 1 Hallleld KOHLCHIMU, OH JJOJDKEH ObITh PACCMOTPEH, & HMEHHO BOIIPOC O
TeMIeparype. B Halrem noHIMaHUM TeMIEpaTypa, B LEJIOM MBI CIMTAEM, 4TO 3TO Mepa Teruia. st GOIbIIMHCTBA HAITHX
OOBIYHBIX 1IeJIeH 3TOo AelcTBUTENBHO Tak. OqHaKo, roBops o TeMneparype ColHIa, K IpUMepy, KOTopasi, Kak IpeAroaraercs,
oxouo 6 000 ° C nva moBepxHoctu u 20, 000, 000 ° C B neHTpe, MBI MOKEM HE UMETH JIEJI0 C TEIUIOBOM TeMIepaTypoii, a ¢
SHEPreTHYECKOM JeATENIbHOCTHIO, 110 Al3eKy A3HMOBY:

(Temmnepatypy 371ech CIeIyeT OTINYaTh OT TerlIa. Temmeparypa sBISIeTCS MEPOi KMHETHYECKOI SHEPruy aTOMOB MIIM YaCTHIL B Ta3e, HO TaK Kak
YaCTHUI HECKOJIBKO (HEKOTOPOE KOMMYECTBO), (PaKTHUECKOE COEPIKaHUE TEIIa Ha CAMHUILY 00beMa, HU3Kas. )

B cBete npeaplayIiero cyxIeHus, Kacarouecss KOHTPACTHBIX XapaKTePUCTUK aKCUAIBHO -> paJMalIbHOTO (M3HYTPH -
HapyXXy) ¥ paHaibHO > 0CEBOH (CHAPYXKH - BHYTPb) IBIDKSHHM, TOITOMY HE KHHETHYECKas aKTUBHOCTH KaK TaKoBas,
BBIJEIIONIEE TEIIO, OT 3TO TUIIA ABUXKEHUE, KOTOPOE MPOU3BOIUT MM TEILIO WM Xonol. B konrekcre ConHua,
CJIeJOBATENILHO, TEMIIEPATypPa MOJKET OBITh MPOCTO MEPOH KHHETHUECKON SHEPTHUH 1 MOXKET OBITh MAJIO MITH OTCYTCTBHE
TEIIOBOTO COZIepKaHus BooO1ie. J[eficTBUTeNbHO paccMaTpuBaTh TEPMUYECKHU, U TIOCKOJIBKY MBI HE MOXKEM Ha CaMOM Jiefie
no6bBaTh Ha CoJTHIIE, YCIIOBUS TPUMEHEHUSI TAKOH JSSITEIFHOCTH, OHO MOXKET OBITH (DAaKTHYECKH XOIOJHEH XOJIOIHOTO. JTO
IpeIoKeHHe OyaeT MPEeACTaBIsATh COO0H TUTAaHTCKUH CIBHT MapaJurMbl. DTO OBUIO ObI MPOTHB BCEX MPABIIT M OYEBUIHOM
JIOTHKE, KaK 3T0 ObUIO ¢ yTBepxkaeHreM KonepHuka B 1543 romy, 4ro Ha camoM jene 3emirs Bparaercst Bokpyr CouHIa, Korua
BCE CUMTAJIM HA00OPOT, XOTH elle B 3 Beke 70 H.9., Apuctapx CaMOCCKHil, [PEYECKHI aCTPOHOM, YK€ BBIJABUHYJ TEOPHIO, YTO
IUTaHeTapHbIE CUCTEMBI IenuorieHTpuueckue. Cmenas aexnapanus KonepHuka, okazanuck, B Hy>KHOE BpeMsI U B HY)KHOM
MecTe, YTOOBI CTaTh MPABIOH.

U 310, noXkanyit, MOMeHT nafenus 6oMmObl Bukropa [llaybeprepa! Bukrop paccmarpusaetr CoJHIIE XOTOIHBIM,



TEMHOE TeNO, BBIPaXKkas 3Ty TOUKY 3pEHUsI B BCTYIIUTEILHOM clloBe Ha "Bompock! k Hayke" B cBoel kHure "Ham
Beccmbicennslit Tpya'" omyonukoBaHHOW B 1934 roy, B KOTOPOM OH IHIIET:

(C camoro navyana CoJHIIE CTOSIIO BBIIIE BCETO, IS B JISASHOE MOTYAaHHE Ha OCIIEHYIO IeITeIbHOCTH YeJIOBEUSCTBA, KOTOPOE PACCMAaTPHBAET €TO
KaK OPHEHHBIH (TU1aMeHHbIN) map. Kak MoxeT ObITh MHAYe, TAKUM SBISETCS MX MPAMOM YMCTBEHHBIN MOAX0/ K ku3HU! UeM Oike Mbl
npuOIMKaeMesl K 5TOMY HCTOYHHKY CBETa M TeIUia (BBICOKOH TeMIepaTyphl), TeM 0oJiee XOIOIHbIM U.00Iee TEMHBIM JIMIO €r0 CTaHeT. YeM OIiKe Mbl
K HEMY, TEM sIp4ue 3Be3/1bI OyAyT U IOCKOJIBKY €ro CBET yMEHbIIACTCs, yMEHBLIASTCS TEILIO (BBICOKast TEMIIEpaTypa), aTMochepa, Boaa U XKU3Hb TaK JKe
ncuesHyt.”)

YIuBUTENBHO, KaK 3TO MOXET OBITh, HE OyieM OTBEpraTh NpeyIOKEHNSI KOTOPOE y Hac B PyKax, HOCKOJIBKY, KaKk
YIIOMMHAJIOCH B I1aBe 1, BUKTOp crenan MHOTUE U3 CBOUX OTKPBITHI IOChLIas CBOE ""cBOOOIHOE CO3HAHUE B T€ MECTa, I
DIa3a He MOTYT BUAETH". DTH yTBEPKACHUS HE NMOTYyYHIN JAIBHEHIIETO Pa3BUTHS, OHU COAEPKAaThCS B TOKYMEHTAX
IIPE/ICTABICHHBIX MHE Ha BPeMsl, HO B CHILy PsJa APYrHX PEallbHbIX IPAKTHUECKUX OTKPBITHNA KOTOPBIX OH CHEJIANl TAKUM
00pa3oM, OHH He JOJDKHBI OBITh IIPOCTO 00ECIIEHEHb! KaK IIyIble THIIoTe3b! (zoraaku). ITosToMy MbI OyneM paccMaTpHUBaTh
JIBa HAIpaBJICHNS TEMHOTA U XOJIOA, Oolee neranbHO. HauHeM ¢ acmiexTa ThMBI (TEMHOTHI), TOCKOJIBKY €CTh HEKOTOPBIE
JI0Ka3aTeIbCTBA B MOJJIEPIKKY €r0 TOUKHU 3PEHuUs], 4To Oe3 Kakoi 160, mo60i atMocdeps! 3Be3/1bl OyayT HaM HE BUIHBL.

B mocenHeM npenokeHUH BRIICYTOMSIHYTOW UTATHI, IPECTAaBIACTCS KaK, HeOONbIas KOHIENTyaIbHAS
HECOIIACOBAHHOCTb, IOTOMY uTO COJIHIIE — TaKasl 5ke 3Be3/1a. 3aMETUM, TaK KaK Mbl HE MOXKEM 3HATh TOUHYIO
MIOCIIeZIOBAaTEIFHOCTH X0/1a MBICIeH BrukTopa minm 00pa3oB mpesk/ie, 9eM OH 3alICHIBAJ 3TO HA OyMary, 4ToOBI TOHSTH €T0 B
COOTBETCTBHE C U3BECTHBIMHU (paKTaMM MOXKET OBITH OOJIee YMECTHO MOJHOCTBIO M3MEHHUTH HOPSIOK JIBYX ITOCIETHHIX
TpEeIOKEHAH B BBINIEYIIOMSHYTOH IuTare. [IepBBIM cHadama pacCMOTpUM TOCIEAHEE TIPETOKeHHUE:

(Yem OioKe MBI K HEMy TIPHOIH3UMCSI, TeM OoJiee SIPKUMHU 3Be3/1bI OYIYT M MOCKOIIBKY €€ CBET YMEHBILIACTCS, TEMIIepaTypa, armocdepa, Bojia u
JKU3HB TAK)KEe UCUE3HYT.)

B 3TOM 3as1Bi€HNH KIIFOYEBOE CIIOBO "OIIKe'", KOTOPOE HE ONpeelisieT, HACKOJIbKO OJIMKE MBI JOJDKHBI OBITh, Oy/lb TO Ha
nomyTy K COJHIY, WM IIPOCTO Ha OYEHB OOJIBIION BEICOTE HaJl MOBEPXHOCTHIO 3emmu. ITo nmeromieiics nHdopMaruu, Koraa-
TO cBOOOAHOH OT OoJiee IIIOTHOH aTMOC(Epbl U OTCYTCTBUEM SICHOCTH O0YCIIOBIEHO HAIMYUEM aTMOC(hEpPHOH IbUIH, BOIIHOTO
mapa ¥ T. ., 9TO 3BE3/IbI ICHCTBUTEIIBHO YBEIMYUBAIOTCS B IPKOCTH M OOJIBIIE U3 HUX BUAUMEL, YeM C TOBEPXHOCTH 3eMIIH.

ﬂCﬁCTBHTCHLHO B JOKYMCHTAJIbHBIX q)HJ'IbMaX, ITOKa3bIBas pas3jIMIHBIC IMOJICTHI KOCMUYCCKUX YCJTHOKOB- IIAaTTJIa BIIOJIHE
OYEBHIHO, YTO €CTh MHOTO CBeTa (O0oJbIIas OCBEIIEHHOCTh) Ha BEICOTE, Ha KOTOPOH IIPOUCXOAUT TIOIBEM K OpPOHTE, T. €.
oxono 800 xm miu 500 Musb. BuszyanpHas ssicCHOCTh Ha OPOUTAIBHOM BEICOTHI (PEHOMEHAIbHA, HHTCHCUBHOCTH CBETA HA KPAlo
HecoMHeHHO, KocMiaeckuii Teneckorn Xa00: mociam Ha OpOUTY, 9TOOBI BOCTIONB30BaThCs B CBOMX HHTEPECax ITOU cyrep-
SICHOCTBI0. BMECTO HOPMAJIEHBIX OKOHYAaHHIT OTTEHKOB, KOTOPBIC TPOUCXOMAT Ha 3eMIIe, 3aMETHM, Ha OpOHTE 00JIacTH CBeTa
OTTEHKA PE3KO ONpeNeNIeHbI C HEOOIBIINM OKOHYAHUEM, OyIydr YMEHbIIEHA IIOYTH JI0 YUCTOTO CBETa M TEHH. JTO IIOTOMY,
YTO IUIOTHOCTH YAaCTHUIl OKPYKAFOIIEro Ia3a HeJJOCTaTOYHO, YTOOBI BEI3BATh 3HAYUTEIILHYIO OOKOBYIO TH(DPAKIIUIO MITH
pa30poc, KOTOPBI H3MEHMIT OBl HallpaBJIieHHE, B KOTOPOM CBET PACIPOCTPAHSAETCS, TEM CAMBIM CJIETKa OCBEIIAIOIIeH 00IacTh
B TeHU (OTTEHKA).

U3 3TOr0 MOXKET MOKa3aThesl, YTO ATO 3aBUCUT OT IDIOTHOCTH YACTHI] B Ta3¢ OKOJIO3EMHOM IMPOCTPAHCTBE, 3aMeJICHUE
IdpaKIys 1 pPacCeUBaHUS M3IydeHuUs (paJnuaun) U o0mas oCcBeleHHOCTh. OTHOCHTENBHO POCTPAHCTBA aTMOC(epbl
3eMITH SIBIISIETCS YPE3BBIUAIHO IUIOTHEIM M HaBEpHsIKA MMerna Obl BEICOKUI 9P deKT TOpMOKeHHUS], 04€Hb BHICOKOI YaCTOTHI
MaJJAONIEro U3IydeHus (paguanyy) Opiia Obl YMEHBIIEHA 10 YPOBHS YaCTOT BUAUMOTO CBeTa. Yem OOoJbIe INIOTHOCTh, TEM
Oonblile paccenBaHUe, KOTOPOE COEAUHUTHCS B CHCTEMY, Ha 00Jee HU3KHX YPOBHAX aTMOC(Ephl ISHCTBYS Kak
YBEIIMUUTENHHOE CTEKIIO, MPOU3BOAUTH YBENMUEHHOE H300paKeHue, SBJIeHHEe, KOTOpoe 00bsicHseT, moyemy ConHue u Jlyna
Ka)KyTcsi OOJIbIIIE KOTIa OHHM HaJl TOPH30HTOM Ha PacCBETE MIIM Ha 3akare. B 3ToM cMbiciie clieioBaTenbHO, "MbI Oike K"
CounHiy B Majsiom maciuTade, "tem Oosnee sipue OymyT 3Be3/bl".

B Ooree mupokoM MaciTade, KapTHHA MOXKET CHIIBHO MEHSTBCS, IO Mepe HAIlIero MPOJIBIKECHHUS OT MOBEPXHOCTH
3eMJIH B HalIPaBJIEHUU ITyOOKOTO KOCMOCA, IIIOTHOCTH YAaCTHI] TOCTENICHHO YMEHbBIIAETCS IPUMEPHO HA TOCTOSHHYIO
Jommuara 4 2,68719 x 10" (umm 26,871,900,000,000,000,000) uacTui Ha KyOUHECKUiA CAHTMMETD B CTaHIAPTHOM
TeMIleparype 1 arMoc(epHOM J1aBJIeHHH, [I0Ka OHA paBHA IUIOTHOCTH MEXK3BE3IHOTO BOAOPOAHOIO ra3a, OLEHEHHOTO Kak |
aToM B CM’ rasa, KOTOPBIH, [0 OTHOLIEHHUIO K YCIOBUSM Ha 3eMIIE, IPEACTABISET COO0M Upe3BLIUAHbIA BaKyyM.

B TO Bpems Kak BHICOKOYACTOTHOE IEKTPOMArHUTHOE H3JIyYCHHE MOKHO C/IeIaTh, YTOOBI OHO MPOSIBHIIO CeOsl KaK
BHJIMMBIH CBET B 3JIEKTPOHHO-IIy4eBOI TPYOKe B YCIOBHAX OYCHb HU3KOTO JABJICHHS HIIM yMEPEHHOTO BaKyyMa, €CIIH BaKyyM
YBEJIMYHTB JIO YPE3BBIYAIHOTO (TI0JIHOTO) BaKyyMa, TO CBET Hcue3aeT. UTo KacaeTcs TeHepaluy CBeTa, TO, PEIaoIuM
(hakTOpOM 371€CH OyZeT yHenbHas IIIOTHOCTh YaCTHUII, HEOOXOAMMBIX JUTS TPOU3BOJICTBA ATO Ta, KOTOPAs HA ONPEICIICHHOM
PAcCTOSIHUM OT 3eMIJIM MOXKET OBITH CIMIIIKOM Pa3peKeHHOU, 4TOOBI caenars 37o. [Ipearnonaras B JaHHBIH MOMEHT, YTO €CTh
TaKoe MOrPaHNYHOE YCIOBUE TUIOTHOCTH, HE0O OBl MOCTENIEHHO TEMHENIO, MOCKOJIBKY K 9TOMY MPUOIMKAeMCsI, B
COOTBETCTBHY C yTBEPXKJICHUEM B IPE/NOCIICIHEM IPEATIOKEHNH B IPHBEICHHOM BBIIIE UTATE, & IMCHHO;

"Yewm Onmke MbI IPHOIMKAEMCS K 3TOMY UCTOYHHUKY CBETa M TeIUia (BBICOKOM TeMIIepaTryphbl), TeM Oolee XOJIOAHOM U 00jee TEMHOI CTaHeT ero
une", U B 001acTAX, JEXAIINX 3a €ro NMpeaeaMu Hebo OyIeT IOTHOCTRI0 YEPHBIM.

Ecnu 5T0 AeHCTBUTENBHO TaK, TO OTKYIA XK€ IMPHIIEN CBET, KOTOPBIH ITO3BOJIMII aCTPOHABTOM CHAT Ha IUICHKY BO BPEMs HX
Bu3uTa Ha JIyHy, y KOTOpOMH, Kak mpeanonaraercs, Het armocdepsi? B cBoei Kaure "VIMBUTENbHAS KU3HEHHAS CHJIA
Ixozed X. Karep, pusnk u numxeHep, KOTOPBIH M3ydall TaHHBIC O aMEPHKAHCKON MUCCHU ATOJUIOHA Ha JIyHY O4YeHb
TIIATENFHO, 00CYXKIall, CpeIH APYTHX BEllel HaJHIHe WM OTCYTCTBHE aTMOC(EPHI H CHIIBHOTO TPABUTAIIIOHHOTO MOJIS HA



Jlyne. C Hay4HOI TOYKH 3pEHHUS TPEITIOKEHHOE 00 OTCYTCTBUH KaKOW-TOO0 3HAUMTEIBHOM rpaBuTaniu Ha JIyHe oH
OCIIapHBal, 3asBIIsis, 4TO:

... CunbHas rpaButanys JlyHsl, KOHEYHO, HE COBMECTHMas C OPTOJOKCATIbHOM (usnkoit. JIpyroe MolHoe
CBHJIETENILCTBO IJIOTHBIE cJI0g aTMocdeps! Ha JIyHe IpHIUIM U3 3asBICHUH, CIETaHHbIX aCTPOHABTAMH BO BPEMsI MUCCHU
"Anomion". Crnexyroumii ciydai siBIsieTcsl THIMYHBIM npuMepoM. Jlo pasmiamieHus nosiera Ha JIyHy, acTpOHaBTHI paHHEe
3asBIISUTH, YTO 3BE3/ He ObUIO BHIHO 3a IpeaeraMu arMocepsl. DTO AODKHO OBITh oxkuaaeMbIM. CyliecTByeT HeOOoIbIIoe
WM BOOOIIIE HE CYILECTBYET paclpoCTpaHEeHNE CBETAa B KOCMUYECKOM IPOCTPAHCTBE U, CIIEA0BATEIBLHO, TOJIBKO 3BE3/IbI,
KOTOpPBIE MOIJIH OBITh 3aMEUYEHBI, OyIyT T€, YbH JUCKUA MOIJIM OBITh Y3HAHBL. DTO MOXKET OBITH CIIEJIAHO TOJILKO C MOIIHBIM
YBEITMUYUBAIOLINM TellecKooM. AtMocdepa GyHKIMOHUpPYET ¢ aHajorueil muH3bl. CBET OT aJeKoi 3Be3/1bl paccenBaeTCs U
pacnpoctpansTecs. Ciie10BaTelIbHO, 3B€3/1bl BUIHBI U3-32 3HAUUTENBHOTO YBEIMYEHHS 1 UCKa)KEHHOT0 00pasa JUCKa BBI3BAaHO
arMochepoil.

O muccuu Anomos-11 "He3agonro 1o noanera (LOCTHXEHUIO) K JlyHe, APMCTPOHT 3asiBUJI, YTO OH MOT BUJIETh KpaTep
Tudo SICHO W YTO OH MOT BHIETh He0O BOKpYT JIyHBI, Jake Ha Kparo, TIe HET MEeIeIbHOTro CBeTa WK coiHia, KoumiH3 Torna
3asBuiL, "Teneps Mbl MOXKEM BUIIETh 3BE3JIbI CHOBA U Y3HAaBaTh CO3BE3/Us B IEpBbIe B noneTe .... Hebo, moyiHoe 38e37 ...
MIOXO’Ke Ha HOYHYIO CTOPOHY 3eMJiIr. DTO 03HAYaeT, UTO MOCIIE YX0/a C OpOUTHI 3eMile aCTPOHABTHI HE MOIIIM BUAETH 3BE3IBL,
MOKa OHU He OBUTM TOCTATOYHO psiioM ¢ JIyHOM, 9TOOBI paccMOTpeTh UX Yepe3 armochepy JIyHsr!

Ecnm 510 cTeHOrpaMMa ¢ KOMMEHTApHSMH aCTPOHABTOB SIBIISIETCS OUTMHHAS - U HET HUKAaKUX OCHOBAaHHH
MpeAIoararh, YT0 3TO HE TaK, TO CBET M (YHKIHS aTMOChepbl, 6€3 KOTOPOil He BO3MOXKHO (PaKTHUECKH 3aMETHTh HU KAKHX
3Be3A1. B Gomee mupoKkoM cMBICIE 3TO, HEBUIUMOCTE MOXET, OYEBHUAHO, TAK)KE OTHOCUTHCS K COJHILY, ero (hakTHIeCKOM
CTENeH! BUAMMOCTH KaK Ha MHOTO OOJIbIIIe, ropa3io ONvKe U CHIIbHEe, CHSIOMINA 00BEKT B 3aBUCHMOCTH OT KOHEYHON
cTeneHu U ocinabeBanue B armocdepe 3emin. B 3ToM cMeIcie, ciienoBaTenbHO, Jauio ColHIa MOTJIO OBITh IEHCTBUTEIHHO
TéMHBIM. Bee 370, Ka3zanock ObI mOATBEpAMIIO CyXaeHue Bukropa.

IToToMy 4TO HUKTO HE BUJEJ, U €lle He ObLT JOCTATOYHO AAJEKO OT ITOH INIaHEeThl (PM3UYECKH, TO €CTh JaJIEKO 3a
npenenamu JIyHbI, B KocMoce, BbIIIe aTMOC(hephl M BUIMMOTO CBETa, TOCTHTAeT J1 (GakTHdecku. MOKHO OBLIO OBI pasyMHO
IPEUIOKUTD, YTO CYIIIECTBYET OUYEHb IIOCTEIEHHOE 3aTyXaHHe JI0 aTMOoc(epsl, paBHa CTENICHU Pa3peKeHust ra3000pa3HOro
BOZIOPOZIA, KOTOPBIH 3aIMOTHAET MEXK3BE3JHOE U MEKTATaKTHIECKOE MPOCTPAHCTBO. BEI3BIBAaeT TPEBOTY TO, YTO MBI MOIIIH OBl
YJIETETh OT 3eMJIU, JOCTATOYHO JaJeKo, YTO IIPU B3IILJE Ha3aj Ha Hally COOCTBEHHYIO IJIAHETY, Mbl HE CMOIIIU ObI €€ Jaxe
yBueTs! OHa cTaHeT yepHOH, oHa OyneT B TeMHOTe! MBI OKa)XeMCsl OXBa4eHHOW 0COOCHHOM MpadHOH (aCKOi) YepHOTOH, B
KOTOPOM HUYEro Helb3s OyJeT yBUAeTh HU uero. Tam OyneT Oe3 npuenbHas MycToTa, HA BepXa, HM HU3a, 110 00KaM HHU paBo,
HH JIEBO, TOJIBKO TOJHAS JE30PUCHTALUS U U30JISILIHSL.

OO6parumcs Ternepb K BOIPOCy O X0J0/e, 1o Mepe npubmmkeHns K CoJHILy, TaK Kak Mbl TIOHUMAeMCs BhILIE, KOHEYHO,
CTaHOBUTCS XosonHee. Ha camoMm mene Temneparypa U3MEHSeTCsl B 3aBUCUMOCTHU OT BBICOTHI, KaK BUIHO Ha puc. 6.1 B miase 6,
B CBSI3H C OIpeziesieHueM Aifzeka A3MMOBa TeMIeparypa BhIIIe, 3TO BOIIPOC O THIIOTE3€ 3HAYEHHH (I0raTKu), yKa3aHHbIX B
BEPXHHX 00IacTAX aTMOC(ephl B IPUBEICHHOM BBIIIE PUC. TOJDKHBI TOJIKOBAThCS KAK TEPMUYECKHUE (TEIIOBBIC) WIIN
KUHETHYECKHeE.

Ecau nporcxoauT pacnpocTpaHeHue BLICOKOH Temmneparypsl oT ColHIa, KaK 3TO B HACTOSIIIEE BPEMS CUUTAIOT, TO
MOYEMY, €CTh pa3JIMYHbIe 00IaCTH YPE3BBIYAIHOTO X0JI0/1a, KOTOPBIE CYIIECTBYIOT B aTMocdepe (06omouke)? MoxeT ObITS,
OHH JIeXKAT B Tpe/eIaX 30HbI, IJIe MATHUTHOE WK OHO-CHJIOBBIC JTIMHUA MAarHUTHOTO MOJISE 3EMITH SIBIISTFOTCS] CAMBIMHU
CHIIbHBIME (HEHTPOHHAS KOHIICHTPAIIKs ), BRICOKAs TeMIIepaTypa reHepUpyeTcs B paiialliOHHbIX Tosicax Ban AiieHa (cMm.
puc 4,14 -. KoHIeHTpalHs MEKTPOHOB ¥ IPOTOHOB) WIIH TaM, [JIe IEKTPUIECKass KOMIOHEHTA JIEKTPOMAarHUTHOTO TOJISt
3emimn npeobianaet. boiee Toro, eciu MexX3BE3IHOE MPOCTPAHCTBO ONM3KO K aOCONOTHOMY BaKyyMy C TETUIOBOH
temneparypoii -270,15 © C (3 ° KenpBuHA), TO KaK epEeHOCUTHCS (TpaHcnopTHpyeTcs) Termio CoHIIa KOTOpOe JOCTUTaeT
Hac, Tak Kak, Oyay4y He B COCTOSIHUHM IPOUTH Yepe3 KpalHHUi BaKyyM, IOATOMY HEOOXOIUMO OoJiee IUIOTHYIO Cpeny UL
pacmpocTpaHeHH s JIydeil BBICOKOI TeMIeparyphl (TEIUIOBBIX Jydeid) Wi nHpaKpacHbIX JIyden?

JItoOombITHO, YTO B TO BpeMsi Kak BHeIHss 00onouka CoJHIIa BpalaeTcsi BOKPYT CBOeH ocH 3a 25 aHeit Ha
9KBATOpE, K MOIOCaM OHA BpaIaeTcsi 3HAYNTEIbHO MeAIeHHee, 3a 34 THs, 4TOOBI COBEPIIUTH OMH 000poT. Cchutasich Ha
paHee o0cyx/IeHHe paauaibHO-0CEBOTO ABHIKCHUS - IBUKEHHE CHAPYKH BHYTPb - U IICHTPO-CTPEMHUTEIBHOMN B3aUMOCBSI3b
MEKTy XOJIOIOM, BCAChIBaHHEM U OHOMarHeTH3MOM, BO3MOKHO, MOYKET CBSI3aHO C KOHIICHTPHPYIOIIMM BIHMSHHEM OOJbIIeH
INIOTHOCTBKO BXOJAIINX CUIIOBBIX JIMHAM MarHUTHOT'O I10J15, IIOTOK B CeBeprlﬁ IOJIYOC paguaibHO-OCCBbIM HaIllpaBJICHUH, T.C.
BpallleHHEeM, U BBIXOAS U3 TeKymero KOKHOro momoca 0ceBo-panaabHbIM. B 9Toii CBSI3M MOXKHO MPEIOKHUTH, YTO YACTHUIIBI
Oosee pa3peXeHHBI B 9KBATOPUAILHOM rase npuommkasich k CeBepHoMy nosocy ConHIa, OHU UMeH Obl TEHASHLUIO U
CTaHOBATCS Bce Oosiee 1 Ooiee CKaThIMU M KOHIICHTPUPOBAHHBIMHU B IMTPOCTPAHCTBE 3a CYET OXJIaXAeHHs U 3 dekTa
VIUIOTHEHHS PaHajIbHO->0CEBOr0 JBIDKEHHUS M COMYTCTBYIOLIEMY OMOMarHeTu3My. B pesynbsrare Bo3neicTBUs STOM
YPE3BHIYANHO MHTEHCUBHOMY OMOMATHMTHOMY TIOJIO YaCTHIIBI OYIYT B3PBIBATHCS H30TPONMYECKHM 00pasom °. DTo mo3BoIuT
3¢ GEKTUBHO YCTPaHUTh HEKOTOPYIO MOCTYNATEIbHYIO BHELIHIOI CKOPOCTH (TO €CTh, OOHAPYKHUBAEMOE JABHKEHHE), CO3/1aBast
OUYEBHTHOE 3aMeJICHHE B OOKOBOM JBHKECHHUE, TOPMOXKEHHUE, YTO HE MOXKET MTPOU3OUTH, €CJIM MBI OBUIN 3/1€Ch CBS3aHHBI C
BBICOKOI TEMIIepaTypoii, Tak Kak BBICOKasi TeMIlepaTypa BBI3bIBaeT pacuipenue. [103ToMy ¢ orpoMHOI BEICOKOI
TeMIepaTypoi, pacmupenue 6su10 061 orpoMubsiM. Ha FOxHoM nmomoce ComnHiia ¢ Ipyroit CTOpoHsI Ipolece Oyaer
MPOHCXOIUTH B 0OPAaTHOM MOPSIKE; MEPEOXIak CHHbIH, OMOMarHUTHOE CXKAaTHE YACTHII, TOCTENIEHHO BBIXOMISIINE MATHUTHBIE
JINHAY PacXOJATCsA U YMEHbILAETCS MHTEHCUBHOCTB I10JIS1, YTO MO3BOJIAET yacTuiam "Jlplmare" 1 pacumpsaThes, 1aBas Hadalio
K Ooree OBICTPOMY BpallleHHIO, HAaOIIOJaeMOMy Ha 3KBaTope.

Ecnu 310 Cy)K1eHre OTHOCUTENBHO 3aMeJICHNs] OOKOBOTO JBIDKEHHUS 110 HAIPABJICHHIO K MOJII0CAM IPaBUIIBHOE, TO
clencTBueM OyIeT To, 4To, TEPMUIECKH ToBopsi, COJHIIE SBISIETCS, 10 KpaliHel Mepe OTHOCUTENBEHO XOJIOAHBIM TEJIOM,
HECMOTPS Ha BBICOKYIO KHHETHUYECKYIO Temreparypy. C TOUKU 3peHHs ero CUSIOIUX Ka4yeCTB U3BECTHO, YTO CyIep
CBEPXIPOBOANMOCTD AJIEKTPOIHEPTUH (IMEKTPHUUECTBA), TO €CTh, C HANMEHBIIEM COIIPOTUBICHUEM ITEPENACTCS NI



pacrpocTpaHsAeTcs SHEPrusl, IPOUCXOAMT: IIPH YPE3BbIUaiiHO KpailHUX HU3KUX TEIUIOBBIX TeMIlepaTypax. B cBs3u ¢ TeM
¢axrom, uro CoNHIIE U3IydaeT, OrpOMHOE KOJIUYECTBO SHEPIHHU B TEUEHHE MUJUIHAP/IOB JIET, KOTOPOE OHO M3IydaeT 3TO
BITOJIHE MOXKET OBITH CBA3aHO C 3()(EKTOM MOXOKETO Ha CyNEp CBEPXIPOBOAUMOCT. B GoJiee MIMPOKOM CMBICIIE SHEPTUH,
ucmyckaembie CONHIIEM, KOTOpO€E HAMOJIHSAIOT 3eMitro mpuoau3utensHo 100. 000 TpHILITMOHOB BAaTT SHEPTUH, TOTOMY
SIBISIETCS. PE3YJBTATOM XOJIOIHOTO CHHTE3a, MPENICTABIISIOIINX OO MacCOBbIH Je(EKT, BBITEKAIOUIUNA U3 XOJIOIHOTO
TJIaBJICHUS (CJ'[I/ISIHI/ISI) HECMETHOI'0O YMCJia map aroOMOB BOAOPOAa B aTOMBI I'€JIHA.

l'unote3a Bukropa uro CosnHile TEMHOE U XOJIOJHOE, MOXKET OKa3aThCsl IIPaBHIIbHAS, Y Hell 0e3 cOMHEeHHs ObUTH Obl
AQAJICKO UAYHIIHUE NNEPCIEKTUBBI IJIsd BCEH YeJI0BEUECKOM HHTGJ’[J’ICKTyaHbHOﬁ JACATCIIBHOCTHU, HAYKH, PEJIUTUU U T.A., U MTOJTYYUM
MIepEeBOPOT U TUTAHTCKHE IIarH K MOHUMAHHUIO U B Haykax. Kak u B mpeapiaymemM ciydae KomnepHuka, BIPYT BCEMH TIPHHSTAS
JOKTPHHA, BCE, YTO paHee CYMTAIOCh, ObUIO BEPHBIM, OyJleT OTMeHEHO. Best cuctema o0pa3oBaHust, y4eOHUKOB U PEJTUTHO3HBIC
JOKYMEHTBI JIOJDKHBI OBITH TIEPETIHCAHEL.

JIBa qpyrux MCTOYHMKA, N3BECTHBIE MHE, TAKXKE CCHUIAIOTCS Ha Mpeelibl 3eMJIM M COJTHEYHOTO CBETa M Teruia. XOTd U He
LIMPOKO U3BECTHBI, OHU MPEJICTABICHBI HIDKE, [IOTOMY YTO B IIPOM3BEACHHSIX BUKTOpa €CTh KOHKPETHBIE OOBSICHSIONINE
JIeTaJi ATOT0, 3aMeYaTeNIbHasl IePEOLeHKa PEaTbHOCTH. DTO OBIIO ObI CEPbE3HBIM YIYILIEHUEM, €CIIU 3TH JTaTbHOBU/IHbIC
BOCIpUATHS BUKTOpa 0CTaNNCh MOMHOCTHIO HEMOAIEPKAHBIMHI APYTHMH UMEIOIIUMUCS TAHHBIMHU U TIPOCTO CUUTAOTCS
OpesoM CyMacIIenIero, KOTOPEIM OH 0e3yCIIOBHO He OB

IlepBas mmTara n3 kuuru Jxeiimca Uepusopaa [Motepsansii KontuaeHT My’ (-rumoTeTiyecKii 0CTpOB - KOHTHHEHT,
HaxOoIHics o ofHOH BepcuH, B TiuxoMm OkeaHe 10 IUBHIN3aNUK ATIaHTOB), KOTOpas B 3HAYUTEIBHOU CTEIIEHH SIBIISIETCS
AQHTPOIOJIOTHYECKUM HCCIIEIOBAHNEM TI0 H3yUeHHIO (GONBKIIOPa, JeTeHa 1 MU OB HaponoB THxookeaHCKOro OacceiiHa 1
Wnuiickoro cyOKOHTHHEHTA, KTO BBDKHMII ITOCIIE KaTaKIN3Ma ITOTPYKeHus 3eMHU My, KOTOpasi COIIacHO €ro MCCIIeIOBAHUIO
3aHsUIM OOJIBIIYIO YaCTh TOTO, YTO SIBJIsIeTCs Teneph TUXuM okeaHoM. B HeM ecth niepeBon Tabnuuek Haakan (Naacal),
KOTOpbIe, ObUTH Hamucanbl "CBaThiMU OpaThsiMu", Naacals, KoTopbie ObLIH MOCTAaHbI U3 POIHMHBI My MpEnofaBaTh B KOJIOHUIO
Ha Bane. Ha stux Ta6J'lI/I‘{KaX 3allMCaHbl CEMb MHTCIUICKTYAJIbHBIX KOMaH/Zl U3 CEMU MMPECBOCXOAHBIX YMOB CEMUIIaBOM 3MCI/I,
BMECTE C JICBITHIO OOBSCHSIONMMHA AUarpaMMaMH, OMHCHIBAIOIINE, KAKMM 00pa3oM Oblia chopmupoBana 3emist. ctopus,
pacCkazaHHas B HUX aHAJIOTUYHAa CECMU JHAM TBOPCHUS, 3alIMCAHHBIC B KHUT'C BriTus. TpeTl:eﬁ HHTCHHCKTyaﬂbHOﬁ KOMaH/I€
TOBOPHTCS CIEAYIOIIee:

Tperbst komanga Obwna: "[103BOMHTH BHEIIHUM ra3aM BO3MOMKHOCTD Pa3JeIsThCs U IIO3BOIUTH UM COPMHUPOBATh aTMochepy u Boxy". 1 rasst
ObIIN OTZEJICHBI, OJ[HA YACTh MOILIa Ha (JOPMUPOBAHKE BOJbI, M BOJA HOSBHUIACH HAa 3eMJIe U MOKpbIIA e€ Tak, YTo BCs 3eMiist ObLia 1mof Botoit. ['a3sl,
KoTOpBIE He hopMupoBau Boxy, chopMupoBanu armochepy, a TakKe:
* Caer, cozeprkamuuiics B armocdepe.
* U ock (op6uta) ConmHua BCTPETHIACH CBETOM C 0ChIO (0pOuTOii) B atMocdepe U pomuics ceT. (ConHeuHbIe Iydl B aTMOChepe - CBET)
ITorom OBLI CBET HA MOBEPXHOCTH 3eMIIN;
* Teruto Taxke CoIepKUTCs B arMocdepe.
* 1 ock (opburta) ConHIa BCTPETUIIACh CBETOM C OCBIO (OpOHTOI) B aTMOC(epe BOSHUKIIO TEIUIO U Jajlo eMy Ku3Hb. Torna ObUIo TEIo, YToObI
HarpeTb NoBepXxHOCTh 3emid. (COoMHEUHBIE JTy4H B arMOc(epe - TEIUIo)

Bropas nurara B3sTa U3 )Ku3HH U yaeHnn Mactepos JlansHe BocTounsix emuno6opets Batipro T. Crionmuar °, B Buzie
3alKCcel CBOETO TPEXJIETHEro NpeOpBaHus B TrOeTe B KOMITAHHH C IECATHIO IPYTUMU aMEPHKAHIIAMH TI0 MIPUTIIAIICHHTO
BbICOKOTO JIaMbl, KoTOpOe Hayasioch B 1885 roay. 3neck Ob110 00bsicHeHO CIONAMHTY TO, YTO:

(Ecmi MBI BO3bMEM HayKy O BeIlIaX, MbI 3Ha€M, UTO €CTh JIET€H/1a, CKa3aJ OH, YTO BCsI BEICOKAs TEMIIEpaTypa U CBET U
MHOTHE JpyrHe PUpPOIHbIE CUIIBI, COAepKaluecs npsmo B camoii 3emie. ComHIle, caMo 1o cede, He UMEeeT TeIula WU CBETa.
OHO HMeeT MOTEHIHAIBHYIO BO3MOXKHOCTD, KOTOPBIE MPUTATUBAIOT (IIPUBJIEKAIOT) TEILIO U ¢BET OT 3emiu. [locne Toro kak
CoHIa IPUTSHY/IO TEIJIO U CBETOBBIE JIyYH OT 3€MIIH, JTy4H BHICOKOH TeMIIEpaTyphl OTpaXkatoTcst 00paTHO B aTMochepy
3emin, KoTopas 1miaaBaeT B dgupe. CBETOBBIC JTyuH B3sIThIC (OTTSAHYTHIE) Y 3€MITH IPUMEPHO TAKUM ke 00pa3oM u
oTpaxaroTcs 3GupoM 00paTHO Ha 3eMIo.

IMockonbKy BO3MyX paclIupsieTcsi CpaBHUTENIBHO Ha HEOOMBIIOE PACCTOSHUE, BIMSHIE TEIUIOBBIX JIydel MeHseTcs,
MOCKOJIbKY OHU OCTAaBIISIIOT MOBEPXHOCTH 3€MJIH U MOJAHMMAIOTCSI K BHELIHEMY Tpueny (rpanuie) arMmocdepbl. Tak kak
BO3/IyX CTAHOBUTCSI MEHEE IJIOTHBIM, OH MEHBIIE OTPAXKaeT, CI€A0BATEIbHO, KaK OHU IOJHUMAIOTCS Ha 00Jiee BHICOKHE
BBICOTHI, TEIlIa CTAHOBHUTCS BCE MEHBIIE U YBEIUYUBACTCS X0, Kaskaplil JIyd Teria, Tak Kak OH 00pamaeTcs, i OTpaKaercs,
najgaer oOpaTHO Ha 3eMIII0, I7ie OH BoccTaHapuBaeTcs. Korna oHu qocturarot mpezena (06:1acTu) BO3IyXa, OHU JOCTHTal0T
npezesa BEICOKOH TeMIepaTryphl.

DTO TO ke caMoe MPOUCXOAUT U CO CBETOBBIMHE JiydaMu. OHU OepyTcs ¢ 3eMii ¥ 0TpaxkaeTcst 00paTHo oT adupa.
[TockonbKy 3TOr0 3(hUp NPOCTUPAETCS TOPa3a0 Aajblle OT 3eMIIH, YEM BO3/IYyX, CBETOBBIC JIyYH PaclpOCTPaHSIIOTCI ropasio
Jajblie, Mpexk/e 9YeM OHU Bee OymyT oTpaxxeHbl 0OpaTHo. Korna oHu nocturmm npezaena dGupa, OHH JOCTUIVIN Ipeer Teria u
cBeta. Korja oHu TocTumM mpesena TeIia U CBeTa, OHM JOCTUIIN OOJIBIIOTO (HepeaIbHOT0) X0noaa. DTOT X001 CBEpX
TBEPABIN, TBEP)KE YEM CTaAlIb, U OTOT XOJIOJ JaBUT Ha 3up U aTMochepy ¢ TTOYTH HENPEOIOTUMOH CHIIOH U yAepKUBaeT HX
BMecTe.

Teneps, KOraa MbI Pa300paAIUCh C BEPXOM BBIIIIE, JaBalTe BO3bMEM JIPYTHE Hay4dHbIC JIETeHABI U ToiieM B Hu3. CoriacHo
9TOI JIereHie, 3eMiisl Ha HeOOIBIIIOM PACCTOSHUH OT TIOBEPXHOCTH €CTh paciuiaBieHHas Macca. OHa HACTOJBKO TOpsSYa, YTO
OHA pacIUIaBisIeT J000e BEIIECTBO. JTO paciulaBiIeHHAas Macca B LIGHTPE BpallaeTcs TOpa3ao MeUICHHee, YeM BHEIIHS Kopa,
U TIOSIC, TZI€ OHU BCTPETATCS TO MECTO, T/Ie BO3HUKAIOT IPUPOJHBIE CHIIBI I TaM, OIISITH )K€, YIIPABIISIS BCEMH, TPUIIOKHI PYKY
bor.)

Ecnu Bce 3TH BBICKa3bIBaHUS MPEICTABISIFOT UCTHHY 1 eciii Bukrop [1layOeprep mpas, To 310 Aenaet Hanry Marb-
3eMIIio, 3Ty OAMHOKYIO KallCyily CBETa IOCPEIU ThbMBI, TeM 0oJiee AparoleHHoH 11t Hac. YTo MBI ienaeM ¢ atMocdepoil



OKYTBIBAIOLIEH HAIIY IUIAaHETY U MOJIEP KUBAIOLIYIO )KU3Hb OKpYXKaloIleil cpesbl — Boja (MUPOBOM OKeaH), AEPEBLEB U TEILIA,
B paMKaxX KOTOPBIX MBI ’KHBEM U KOTOPOMY MBI OOsI3aHBI HAIlleMy CYIIIECTBOBAHUIO, 3TO CTAHOBHUTCS Ba)KHBIM, )KU3HEHHO
Ba)KHBIM 3HaueHHe. VIMEHHO 3Ta clelMaibHas cpelia, JaeT HaM CBET M I03BOJIIET HaM IopakaThcs BCel kpacoTe, dynmy,
KOTOpOE HaC OKPYXaeT H HCIBITaTh, KakoBa 3eMHas ki3Hb. [1o 9ToM npudnHe yXyAlleHne, 3arpA3HeHns HebeC CTaHOBUTCSA
ere 60IbIIMM OECIIOKONCTBOM, HE TOJIBKO ISl €ro 00Jiee HEMOCPEICTBEHHBIX TEIUIOBBIX U KIIMMAaTHUECKUX BO3ACHCTBUIM, HO U
IUIsL €ro TONHOM sicnocty. Ecnu Mbl HU4ero He OyneM fenaeM, eciu He OyZieM IeicTBOBaTh ObICTPO U 3¢ eKTHBHO, Toraa
BO3MOXHO, CBET Ha 3TOM IIaHeTe OyneT MEJIEHHO U 0€3BO3BPATHO BBIXOAUTH HAPYXKY U BCS KHU3Hb OyleT MyUUTEILHO
HOTyLIEHA.

5.2 Connue, ucmounux Kuznu

Buxrop Illay6eprep paccMmarpuBaeT CosiHIIEe Kak 00BEKT, OTBETCTBEHHBIH 3a MOANUTKY 3eMi - Marepu-3emnu —
TakuM 00pa30M CO371aBasi HECMETHOE KOJIMYECTBO Pa3IMIHBIX (POPM JKU3HH, KOTOPBIE HACETAIOT 9Ty IaHeTty. Ero
AKTHBU3HUPYIOLINE JIyUH KU3HU IPOHHUKAIOT CKBO3b aTMOC(EPY U YXOAAT ITyOOKO B 3€MJII0, YTOOBI Pa3OyauTh CIILIYIO,
naccuBHYyo [IpuHIIeccy (37€MEHTHI U BEelecTBa 3eMIIM) U CTUMYJIHPYIOT UX B 3BOMOIMOHHBIH Coro3. JIHHaMHU4ecKoro
JBIKEHUS CUSIIOLIEH - JIy4UCTON SHEPTUU U OILIOAOTBOPsIONMX 3Hepruil ConHia, Hocureny uHdopMauuu (GopM-u3rydeHys)
1 CTUMYJIATOPBI ACATCIBbHOCTH, JOJKHBI 3aMEJIMTHCA Y€PE3 BHCIITHUEC UIIN BHYTPEHHEC COITPOTHUBIICHUE C IEJIBI0O U3MCHCHUS
UX CKOPOCTU M HHTEHCHBHOCTb BUOPAIUU J10 TAKOM CTENEHU, YTO OHU FAPMOHUPYIOT C TEMIIOM BUOpAIUU TeNEph MEIEHHO,
HO Bce 0oiee yCKOPEHHOTo U 0onee CTUMYIMpYeMbIe, BOCIIPUUMYMBLIE U IIACCUBHBIE CHIJIBI AKEHCKOTo 1ona. OHU JOKHBI
JOCTUYb B3aMHOIO YPOBHSI B3aUMOJEHUCTBUS, COCTOSHHE B3AUMHOCTU B IIOPSIKE, YTOOBI UMETh BO3MOXKHOCTh O0bEAUHSATHCS
JPYT C APYrOM, IPUMEPOM KOTOPOro ObLIO IOKa3aHo B I1aBe 4, puc 4.7 u 4.12. be3 stoit MoguduKanuy Ui U3MEHEHUs B
COCTOSTHHH 00eHX CcriI, 0e3 HUX He OymeT pocTa MM 3BONIonHH (pa3BuThs). Ho, Korma oHE HaXOIATCS B COCTOSHHH PE30HAHCA,
IIPOUCXOIT BOCIIPOM3BOJCTBO U pereHepays, 3eMiIsi-sIHIeKIIeTKa OII0J0TBOPSAETCS U IPOLIECCh MHKYOALUuH, POXKICHHUE U
Ha4YMHAETCS POCT B TpeX M3MepeHusX. (in-cube-ation (B- KyOe-H3TydeHUsI) O3HAYAeT PA3BUBATHCS B TPEX U3MEPEHHSX).

Takum 06pa3oM, BCIO )KU3Hb MOXKHO pacCMaTpUBaTh KaK Pa3BUTUS UEPE3 B3aUMOJAEHCTBUE MYXKCKOTO U SKEHCKOIO
Hadvaja, S>Hepruy U CynIHocTH. Kakaplii mMeeT cBoe 0co00e HalpaBlIeHne WM OPUEHTALNIO IeHCTBUI 1 IeHCTBYeT
HNEPIEHIUKYIIPHO APYT K Apyry. Kak sHepruu npoTHBONONOAKHOTO [1071a, OHU TaKXKe HAIOJIHEHBI IPOTUBOIOIOXKHBIM, HO TEM
HE MEeHee B3aMOIOTIOIHSIOMINM CBOMCTBAM M TIOTEHIMAIBHEIM BO3MOXKHOCTSIM, KOTOpBIE (DYHKIHOHHUPYIOT Ha Pa3INIHBIX
IIOCKOCTSIX, KOJIEOIIOTCS OT IpyOOro MaTepuaia 10 TOHKOTO 3pupHOro obpasa, Kak ObII0 0OBSCHEHO B IPEABIIYIICH TIaBe.

OTO MyNBCUPYIOMKI NpoLecC, KOTOPHIH MEHSIETCS B 3aBUCHMOCTH OT BPEMEHH Iojla U YIIMHEHHE MM COKpaIleHHne
COOTBETCTBYIOIINX ITyTeH PAa3BUTHSI BBEPX-CUSIOIIMX 3EMHBIX TOHKHX SHEPTHH U BHU3-UCXOSIIMX CONHEYHBIX, TAaK KAK OHU
YepeayIoTCs MEXK Ly IPOTHBOIOIIOKHOCTBIO U CEPEANHHBIM OT A (epeHINpoBaHNs K HHTErpaluy. 3UMOMH, Koraa
CYIIIECTBYET BBICOKAS COJTHEYHASI aKTUBHOCTD (SIPKOCTH) (OONBIIMI TPOLIEHT CHHETO U YABTPa(QHUOJIETOBOTO CBETA) M camast
HanbobIIas TAaCCUBHOCTH Ha 3eMJle, C HU3KMMH TeMIIEPaTypaMH U XOJIOAHBIM SIPKUM, O€JIbIM, COHIIEM 3UMOH,
PACTHTENIBHOCTH HaXOAUTCS B COCTOSIHUM TIOKOSI 1 MHOTO€ JKMBOTHBIE YXOASAT B 3MMHIOIO CILTUKY. B 9T0 Bpemst rozma
BOCIPOU3BEICHHUE, OIIONOTBOPEHHUE U POCT CBOIATCS K MUHHMYMY.

Ho BecHoi#i 1 tetom, koraa yros ColHEUHBIX JIy4el YBeINYHUBAeTCsl, TEIUIOBAss MHTEHCUBHOCTH €r0 M3Iy4EHHS PacTeT
COOCTBEHHO U YABTPaHOIETOBOE 3IyUeHUE YBEIMYMBACTCS U CMeIIaeTcs yabTpaduoneToBslil M nHpaKkpacHbI CIEKTp B
CTOPOHY KPacCHO 4acTH CHEKTpa. ITO CTUMY/IMPYET CILIIYI0 3eMJII0 U BBICOKOYACTOTHAs SHeprust CoNTHIIa cMsrdaeTcs 4epes
MX B3aUMHOE B3auMoJIelicTBHE. JIeHCTBYIO BIOJIb X B3aUMHO MEPIICHANKYIISPHBIX MyTEH, BCTYMAIOT B COCTOSHUE B3AaHMHOTO
pEe30HaHCa U IPOUCXOAUT U3THAHUE HEHYXHBIX IPOAYKTOB 3TOT0 SHEPreTHYECKOro oOMeHa. JTOT BOIOOTBOJ TO, YTO Bukrop
[[TayGeprep Buaen, Kak cOpachIBArOTCS BBIJCICHHBIC BHICOKUE OUITONISIPHBIC TOHKHE SHEPTHH, KOTOPbIE IPUBOAAT K TOMY, YTO
MBI OOBIYHO Ha3biBaeM "poctoM". TakuM 00pa3oM co3aHa TPEThE COCTABISAIOIIEE, BO3SMOKHOE IIOTOMCTBO OT Opaka MexX 1y
MYXCKUM H )KEHCKHM MOTEHIIMAJIOM. 3a UCKIFOYCHUEM KHCIIOpOJia U BOIOpo/a, BUKTOp crpynmupoBai Bce U3BECTHBIC
SNIEMEHTHI M UX COCIMHEHUs O/ 001Iel kinaccuduKaryel "KeHIUHBL", XOTS HEKOTOphIE, TAKHE Kak cepedpo, IIMHK U
KpEeMHUI, ObUIM HaJIeJICHbI OTLIOBCKUMHU - OPUEHTHPOBAHHBIMU XapaKTEPUCTUKAMHU U ITOJTHOMOYHUSIMH, TOI/Ia KaK 30JI0TO, Melb
Y M3BECTHSK OBUTH OOJiee OPHEHTUPOBAHBI K MaTepHHCKOMY (OHH OyIyT 00cyxaaThcs Oosee moapoodHo B miase 20). Bee atn
aneMeHTh! OH Ha3Ban "carbones" ("KapOon" mnm "carbones" Mos aHIIMICKasi HHTEPIIPETALUS OPUTHHAILHOTO HEMELIKOTO
BeipakeHus "Kohlestoffe" oObruno numercs Kohlenstoffe, nomonaauTensHele "e" B aHIIHICKOM CIIOBE MIEPECMOTPEHA 1
pacumpmiack chepa IpuMEeHEeHHs 00BIYHOTO TePMHHA "yrIepox” ), 9To oTpaxkaeT IpeodiiagaHue yrepona u "carbonous'-
BeIecTBa B ()OPMHUPOBAHUH HH3HIECKUX CTPYKTYP >KH3HH, PA3IUYHBIX OPTaHOB )KU3HH M OPTaHU3MOB CO3JaHBI B yTpoOe
Marepu-3emin. C TOUKH 3peHUS] OHA OTHOCHUTBCS K BOCIIPOU3BOJICTBY ylH, ['eTe Ha3biBau e€ "Beunoii JKennunoii" u " Bee -
B3apiManue”. UToOb! mpuaath 3emiie 3TOT aTpuOyT, ['ere, BUAMMO ObLI 3HAKOM C HEKOTOPBIMU CBEJCHUSMH O CUJIC JICBUTAIUH.
Kucnopon, ¢ npyro#t cropoHsl, BUKTOp cautan My>KCKAM U HU3KOH (POPMOI COTTHEUHOH dHEpTHH, BUI, Kak CoNHIE U
KUCIIOPOJ B Ka4€CTBE CPENICTBA, C IMOMOIIBIO KOTOPHIX 3Ty JKEHIIUHY, OIUIOAOTBOPSIIN, JOBEPSIONIYIO HEKHOCTh OTEHIINH,
OIUIOOTBOPEHHOH, moToMy uTo 6e3 CosHila He ObLTO OB JKU3HH BOOOIIE, U 6e3 "kocaopona - exygen " He Oyaer
OpPraHUYECKOro POCTa M pa3BUTHUs. Bomopos, HaXOAUTCs B CAMOCTOSITEIBHON KaTeropuu, NOCKOIbKY BUKTOp paccmarpuBait
€r0 KaK CYLIHOCTh B KadecTBEe HOCHTEIIS BEIIECTBa, Kuciopona u KapOoHa, yacTo 3amiceiBan B nepornmiduieckoit hopme Ha
puc. 5.1. Ecniit MbI CMOTpUM Ha MHpP U3 KOCMOCA 3TO MOHATHE UMEET JOCTATOYHO (PAKTOB, IIOTOMY YTO MBI MOXKEM BUJIETh, YTO
Hallla TJIaHEeTa, COCTOsAIIAs Kak U3 "KapOOHOB - carbones" M OILIOAOTBOPEHA KHCIOPOIOM, TIaBaeT B OKeaHe "Hocurenei”
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Fig. 5.1

Kak ynomuHanocsk Bblllle, y KaXkJI01 M3 3THX JIBYX NOTCHIIHAJIBHBIX BOZMOKHOCTEH IIPOTHUBOIIOIOKHOTO 110J1a €CTh
CBOSI COOCTBEHHAsI XapaKTEPUCTUKA, OPUESHTALHS UITH OCh, IT0 KOTOPOW OHA JBMXKETCS B OIIPEACIICHHOM HalpaBleHnH. Tak
CouHIie OTIOBCKas (MYyKCKas) BHEPIUs pacIpOoCTpaHIeTCs BEPTUKAILHO 110 OTHOLIEHHUIO K IIOBEPXHOCTU 3EMIIM, TOLAA KaK
MaTepHHCKAsl SHEPTHsI 3eMITH PACTIPOCTPAHIETCS TOPH30HTAIBHO. JTO "TOPH30HTABHOE MON0XKEHHE", Ha caMOM JIele,
3aBUCHT OT MaciITada, B KOTOpOM OHO HaOionaercs. B ManeHpkoM mMaciTabe 310 O0KOBOE pacIIMpEeHHE BBIIIAIUT INIOCKUM U
IUTOCKOCTBIO, TOTa KaK, paccMaTpuBaeMasi 0 OTHOIICHHIO K 3eMIIe B [IEJIOM, 5TO Ha caMOM JIeJie ¥ KpUBOJIMHEIHOE U
ceprueckoe, U CBA3aHa C ONPEISIICHHBIM 3aXBaToM JBIKEHHs. [103TOMYy 3eMins-siiexieTka omionoTBopsiercss CoMHIEM B
CE30H IyITbCAINN, MY>KCKHE HMITYJIECHI PACIOJIararoTCsl EPIEHAUKYIIIPHO K TIOBEPXHOCTH 3eMIIM M BOIUIOIIAIOT CaM
9(HPHBIA U CBSAIICHHBIM aKT cOUTHs (puc. 5.2 0). Ero nmpuHIMT paboThl CONOCTaBUM, M HE YCTYMAeT OILIONOTBOPEHHIO
JKEHCKOH SHUIEKIICTKH MYXCKHAM CIIEpMaTo30uI0B (puc. 5.2a) 1, HE B KOEM CIIydae He JKeyas O0M/IeTh YeJI0BEUECKUI MOJIOBOM
aKT, IOXKaITYH, 3TO JIydIIHii cioco0 0OBSCHUTE 3TO TpOoIecc.

AHaIOrMYHO TIPOHUKHOBEHHE TIOJIOBOTO WieHa Myk4uHbI (COJHIIE) B JKEHIMHY (3EMITI0), 3TO €ro MyJILCHPYIOIIee
JBYDKEHUE BJIONIb OCH (BIIEpE]] M Ha3al, BEpHEE CAABIUBAHIE U Pa3psDKEHHE), IPSAMYIO (BEpTUKAIBHYIO) OCh BIOCIEICTBUU
IPEBPAILAETCs B ABIDKEHUE IEPICHAUKYIIIPHOE K HEMY; Jlajiee B cHEepHUUECKYIO SHLEKIETKY, TPOUCXOIUT PACIIMPEHHe
sHepruu Marepuu, mojst 3eMJiIH, Kak U CepruuecKoe paciiupeHre MaTKH. Y Jirofieii (M MHOTHX JKUBOTHBIX) POCT ILIOAA
MIPOUCXOOUT 60KOBI)IM 9JIaCTUYHBIM PACIIMPECHUEM BHCITHUX TKaHeﬁ, a UMCHHO: TOPU30HTAJIbHOC ABHKCHUE, KOTOPOEC
MIPOUCXOJINT, KOTIa BHEIIHE UCXOAAIINE (POPMHUPYIOIINE SHEPTUH JOCTUTAIOT (HM3UIECKUX MIPEAENIOB, PaIHaIbHOTO
pacmupenue. 3aTeM OHM PaclpoCTPAHAIOTCS NapalUIeNIbHO BHEIIHEH TOBEpPXHOCTH. PaBHOM cTeneHy NIpUMEHUMSI K 3eMile,
Kak JIBIDKEHHS PHEPIUH BBI3BAHO PACIIMPEHNUEM BHYTPEHHETO JAABIICHUS, B pe3yibTaTe NpeoOpa3oBaHNsl KOMOMHUPOBAHHON
(oObenuHEHHOM) SHEPrUU JBYX MOJIOB B (PU3NUECKYIO MacCy MaTepuu (peOeHKa).
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To e camoe OTHOCUTCS K COJIHEYHOMY OILJIOZIOTBOPEHMIO. B TeueHne 3MMHUX MECAIEB T€, COTHEUHbIE MY)KCKHE
sHepruu "3¢upHsie 3Heprun” ("ethericities"), KoTopble He NPEBPATIIIUCH B (PU3UUYECKUM POCT IyTeM CIIHSHUS C UX
KOJUIETaMM->KEHIIMHAMH, IIPUCYTCTBYIOIINE B BEPXHUX CIIOSAX 3€MJIH, IPOJOJKAIOT BHYTPEHHEE IPOHUKHOBEHHUE U
CTAJIKMBAIOTCS ¢ SMOPUOHAMU SKEHCKOM 3HEpruei, JexaumMy NIyOOoKo HUXE IIOBEPXHOCTH. 3JIECh UX CO03 JAaeT Hauallo K
Pa3MHOXKEHHUIO BOCIIPOM3BOJICTBY SHEPI Ui, KOTOPBIE CIIOCOOCTBYIOT U MMPOU3BOIAT POCT IBETOB BECHOM. Tak Kak 3TOT Ipomuecc
OILIOJOTBOPEHHUS IOBTOPSETCS IOCTOSHHO, II0YTU HENPEPLIBHBIN OT CONHIIA U ABIKETCS BBEPX, IIyAbCHPYIOLIUI IOTOK
MaTepuHCKUX GpyKTUreHoB (fructigenic) u kBamureHoB (qualigenic) B MaTepUIO HCXOMSIIMX U3 LIEHTPA, KOTOPbIE 00pa3yloTcs
1 KOHI[CHTPHPYIOTCS Ha TOBEPXHOCTH 3eMiH (puc. 5.2 b, ¢, d, e,) obecnieunBast TBOPUESCKUH UMITYIIBC UL BO3OOHOBIICHUS
pocTa.

YMeHbIIast uX 0 caMoif mpocToi GOpPMBIL, ITyTH, KOTOPBIMH CIIEAYIOT 3TH JIBE dPHUPHBIC SHEPTHU, MOTYT OBITh
npencrasiensl Kpecrom (puc. 5.2 f), cumBosusupys 00naropaxuBarollyto TBopueckyto cuiy Beuno Cosupatomero Pasyma
(Boicmmii Pazym, TBopsimuii) B MarepuanbHbIX U B HEMaTepHaIbHBIX H3MepeHusaX. Korna cBAIIeHHNK J1e/laeT KPeCTHOE
3HaMEHHE BO BPEMsI MECChI, HAIPUMED, EPBbIH XKeCT CUIIBHBIN, IOZO0EH JIE3BUIO HUCXOJIIIEE IBIXKEHUE PYKU BHU3,
OTpa)kaeT OCHOBHOM HUCXOMAIINN UMITYJIbC OMIofn0TBOpeHus ComHIa. 3aTeM CleayIoT 0osee MATKHE, TNI0CKOe OOKOBOE
JBIDKEHHUE JIaJIOHU, KOTOPOE OBTOPSIET TOPU30HTAIBHOE JIBI)KEHHE )KEHCKOM sHeprun (pykrureHos (fructigenic) (mokpyry).

Ha ¢usndeckom ypoBHe, 11000€ COBOKYIUICHHE (COMTHE) MEKIY MYKIMHOW U KCHIIIMHOW JOJHKHO OBITh OUCHb
CBSILEHHBIM JICHCTBHEM, YTOObI HUKOT/IAa HE ObUIO YXY/IIIEHHS B Ka4€CTBE, KaK UIS CYIIECTBA C IPOTHUBOIOJI0KHBIMHU
3apsilaMU U MOTEHIMAIOM, B UX UCTUHHOM, BO3BBIIIEHHOM COIO3€ yMa, I U Tejla, My)KUMHa U JKEHIIHA
BEIMONHSIOT OyHKIMIO peanucannyo Beano Coznnaromum Pasymom (Bercimuit Pazym. TBopsimuif) st copericTBUs
MaTepHaIbHOHN KU3HH U Oojee TyXOBHOTO Pa3sBUTHS Ha 3TOH IIaHeTe. B caMOM BBICOKOM CMBICIIE M BBHIOJHEHHE STOTO
camoro OIIM3KOro COr03a, YTO [Ba YeJIOBEKa MOTYT 00pamaThes B boxkeCcTBEHHBIE CYIIHOCTH CaMOOTBEPKEHHOTO M3JIHSHHS Ha
¢bm3n4eckoM IIane ObITHs, HOO Yepe3 CMEIINBAaHNS UX XapaKTEPHBIX SHEPreTHIECKUX CYIIHOCTEH, U BedHas yp-IPOM3BOJHASL
HCKpa HOBOM JKMU3HU MEPBOii BTSIrMBaeTCs B Oymyiiee. CHMBOJ KpecTa MpeeCTByeT XpUCTUAHCTBY. To uTo Oosee paHHUE
HapoJIbl IOHUMANHU [TyOOKHe TalHbIe 3HAHUS 3TUX JIBYX aKCHAJIbHO IIPOTUBOIOJIOKHBIX ABMXKEHUH MOTYT OBITH IPHUUMHON
Kpecra, y)xe JTaBHO CUHTAJICS U HE TOJIBKO OBUI CHMBOJIOM JYXOBHOTO COBEPIIEHCTBA, HO TAK)KE U BO3BBIIICHHOTO Opaka
MEXAy AyXoM (OTLIOM) U MaTepuu (MaTepH).

XKenckast mpupoaa GU3NIECKOro BEIIECTBa Jajiee MOATBEPKACHA TeM (haKToM, YTO ITH JIBa CJIOBA MaTEpHsl U MaTepual,
00a UMEIOT CBOM KOPHU B JIaATUHCKUM CIIOBOM MaTepHU, O3HAYaIOIIee MaTh. TakuM 00pa3oM, Bce GU3NUECKHE IEMEHTHI B
mo60it Gopme (3a UCKITFOYCHUEM KUCIIOPOJIa U BOIOPOJIa) MOKHO PACCMAaTPUBATh Kak MOTOMCTBO CyIIHOCTH "Marepu-3emin
U NI03TOMY, BPOXKJIEHHO MaTepUHCKU-OPUEHTUPOBaHHBIE. DTO 00BACHSET Ooliee NOoNHbIM HoHATHEM Bukrop IlayGeprep
"Matepus-BemmecTB", U3 KOTOPBIX MOIY4aloTcs Bce (GU3NUECKHE CTPYKTYPHI, BCE HOBBIE )KUBBIE CYILIECTBA, IPUXOIAT B XKU3Hb
gepe3 Opak MExKIy 3TUMU JIEMEHTAPHBIMH BELIECTBAMU U OCEMEHMBIIUM TyXOM (IyX € IIOMOIIBIO MATEPUH CO3IAET
CYILLIECTBA, IPEAMETHI U T.11.), IPEUMYIIECTBEHHO C KUCIOPOJOM.

3TO KaeT HaM MOHUMAaHUE TOTO, YTO Ha CAMOM JIEJIe €CTh OTOHb. Tak)Ke CBA3aHHBIN C [yXOM, 3TO - OJJMH U3 YEThIpeX
TallHbIX, AIXUMUYECKHUX JJIEMEHTOB, 36MJIS, BO3yX, OTOHb 1 BOJA, U HA NIPOTSLKEHUHU BEKOB IIPUPO/A IIIAMEHU JaBHO ObLIa
IIPEMETOM MHOTOYNCIICHHBIX MCCIICI0OBAHUM U CIIEKYIAIMN KaK XMMUKAaMH TaK ¥ aIXUMUKaMU. YacTo MPUITUCHIBAIOTCS
GbyHKIMY ounieHus, Gpuznueckuil 3GEKT OrHs COCTOUT B TOM, YTOObI yMEHBIIHUTH JJAHHOE BEIIECTBO JO €r0 JIEMEHTapHBIX
COCTAaBJIAIOLINX, K €r0 MATePUHCKUM IOTEHIIMAIBHBIM BO3MO)KHOCTSAM, B IIPOIIECCE KOTOPOTO, C ITOM TOUYKH 3PEHUS, MOXKET
OBITH OIMCaHa Kak "1e-0IuI0JOTBOPEHHUE'", @ UMEHHO BBIBOJI OTIIOBCKOM MOTEHIMAIBHON SHEPIHU. DTO TAK)KE MOXKET OBITH
HMHTEPIPETUPOBAHO KaK YHHUITOKEHHE MIIM 0CBOOOXKIEHHUE (BBIITYCK) TyXa U3 MaTEPHH, B CBET, B KOTOPOM elle pa3
HPOSIBIIIETCS B (popMe MIIaMEHH, BEIIETAOIIUX YCCEHINH 0CBOOOKIAIOTCS OyXOTBOPEHHUS OT YIEPKHUBAOIIETO MaTepuana 1
BO3BBILIAIOTCA €IIE Pa3, YTOOBI BOCCOSTMHUTHCS CO CBOMM TyXOBHBIM HCTOYHHKOM - COTHIIEM.

YroObl BEpHYTHCS K TEME, 3aMETHM, HIMEHHO 3TH JXkeHCkne (pykrurensl "fructigenic" u "ethericities" (Tonkue 3¢pupHbIC
SHEPIHH) B UX PacTyIllee KeTaHUU HallpaBIeHHAsI HApYXKy CIHMPajb K OIUIOAOTBOPEHHIO, KOTOPAsi IPUBOAUT K TeHEPAIUU
SHEPruy JeBUTaMH. Ha uX BUXpEeBOM MOIbEME 3TH CHIIBI, KaK 3BOHOK JUTs cOopa Marepuu. TakiuM oOpa3oM, OHH HECYT
OTBETCTBEHHOCTD 32 pacIIupeHne 3eMIN-IHIEKIeTKY, Yb€ AaNbHelIee ABMKCHUE HAIIPABICHHOE HAPY)KY CAEPKUBACTCS
HPOTUBOIONIOXKHOM cuioi CoJHIa, KaK COMHEUHBIN CBET M aTMOocdepa. 3eMils OKa3hIBAET yMEPEHHOE TABIECHUE OKOJIO 4KT/KM>
a Conrue pubnusutensHo 10,683 Torn/M? mim 14.721bs/in? (GyHT CHIIB Ha M0HM), GOJIBIION YaCTHEO KOTOPOM COCTABIAET
BeC BOJSIHOTO Mapa. CTeneHp HACTOSIIEro JuaMeTpa 3eMITH WM 00XBaTa, IIO3TOMY PE3yJIbTaT JOCTIKEHHUS HETIOCTOSIHHOTO
COCTOSIHUSI PABHOBECHS MEX/Ty STUMH IIPOTHBOHAINIPABICHHBIMU CHJIAMH. DTO NEPEKIINKACTCS C YTBEPKACHUEM U3 BTOPOH
LUTATHI BBIIIE, B KOTOPOH ObLI ONMMCAH BEJIMKUHA XONO IPOCTPAHCTRA:

(OroT X010 ropasno 6oisiee TBEpIKE, TBEPHKE UEM CTajlb, U OH AABUT Ha 3(Up U Ha aTMOChEpPy ¢ MOYTU HENPEOJOIUMOM
CHJIOH U yAepKMBaeT UX BMECTE.)

Ecnu, nedcTBUTEIBHO, BBIIIE YIOMSHYTOMY OTPOMHOMY JABJICHUIO HA CAMOM JIeJIE€ COIIPOTUBIISIOTCS CHIIbL
JIEBUTALUH, IPOTUBOZEHCTBYET Kak yTBepkaai Bukrop IllayGeprep, 4To 0Ha MOXKET paclipOCTPaHATHCS Ha BCeX (IIpernoaras
BOOOILE HA BCE) IMPEAIONAracT, YTO B COOTBETCTBUU CO BCEMU JPYTUMH IIAPOBUIHBIMU KJICTOUHBIMH CTPYKTYpaMH, 3eMIls
Gonee nonas (Kak BO3LYIIHBIN Iap, BHYTPH IIyCTO, BO3MOJHO BO3JyX), UeM MBI ceifuac 3HaeM, KOTopas MOXKeT ObITh
MIPUYMHOMN, TIOYEMY OHA PE30HHPYET, KaK KOJIOKOJ, KOI/Ia IPOUCXOAT CeHCMUYECKHe SBICHH (3eMisITpecenue). Trepasie
TeJla He CIIOCOOHB! Pe30HUpOBaTh. I10100HBIN, 04EBUIHBIN U HEOOBSICHUMBIH pe30HAHC ObLIU Takke 0OHapyxxeH Ha JIyHe BO
BpeMsI JIyHHBIX IOCAJIOK.

B cBoux paborax Buxropa Taxke ccpliaercsa Ha Pur-Bene, caMblil JpeBHUM U caMblii BaXXKHBIN U3 ueThIpex Ben B
cocTaBe CBAIICHHBIX MHCAHWI HHIYH3Ma, B KOTOPBIX OMMCaHBI BO3MYIIHBIE OOH, KOTOPBIE BEIHCH C IIOMOIIBIO JIETAIOIINX
MalllVH Ha3blBaeMbIX "BUMaHbI". OH IPEINoIaraeT, 4To He TOJIbKO 3TU MAlIMHBI IUTAIUCh SHEPrUell JeBUTAMU, HO U TO YTO
CHJIBI IMITIO3UH M JIEBUTAIMHU OBUTH TaKKe W3BECTHBI JKperaM ATIanTuasl. Kpome Toro, 0HO OBLIO JOCTYITHO Yepe3 ux



1epeBO30YXICHUS OT yXOBHOCTH, YTO IIEPBBII B3pbIB ATIaHTH/BI ObUI B HEOE, BBEPXY OT IOBEPXHOCTH 3EMIIH, IPEKAE YeM
e¢ oTOpOoCHIIa CHIIa JICBUTAIMH, PACIIANCH JUTS CO3/IaHNUs OaccelHa, Te B HACTOSIIEM BPEMEHH HaXOAUTCS ATTaHTHYECKUH
OKeaH, 4To npuselno k Beaukomy Iotomy rosopurcst B Berxom 3aBere u Mudax Apyrux HapojioB.

Ilpumeuanue

1. 51 man Comnnity, 3emie u JlyHe uMeHa, Kak )KHBBIM, TyXOBHBIM CYITHOCTSIM, Ha MOU B3IJISi] OHU B PaBHOU CTENEHH
3aCITy’)KUBAIOT, YTO ObI HA3BaTh MX UMEHAMH CTOJIHIIBI, KAK H OCTAJIbHbIE TUIAHETHI, KOTOPBIe OBLTH Ha3BaHBI B 4Y€CTh OOTOB.
2. PykoBozcTBo 1o Hayke: 1 ¢pu3nueckux Hayk Mcaak A3umMoB, maBa2, ctp.88, Dxemo, Harmondsworth, Axrus.

3. Ony6nukoBano Kpucramn Verlag, Bena, 1934 - necymectByroteit B 1938 rony.

4. MMocrosinHas Jlommuara ninn Konmaectso Jlommunra (NL) onpenensier yucio yactu Ha equauy OO0bEMa uieanbsHOro
ra3a IIpy CTaHAAPTHON TEMIIEpAType M JABICHHE M MMeeT 3Hadenue 2,68719 x 10% gactun Ha KyOmaeckuii Metp. [lepBas
paccuutsiBaercs no Mocudy Jlommuary (1821-1895).

5. YnuBurenwvHas xxu3HeHHas cuia Jxosed X. Karep: Cadake Orpaciu, I1. O. Box 9478, Yunrep-XeiiseH, mrar Onopuaa,
CIIA, 1984, ISBN 0-86540-274-0.

6. UBOTPOITHOM = YuacTue paBHble GU3HUeCcKre CBOMCTBA MM ASHCTBHS (HampUMep, IPETOMIICHHE CBETa, YIIPYTOCTH,
IPOBOJAMMOCTH TeIUIa WM 3eKTposHeprun) Bo BceM. (Compact Edn.Oxford anmuiickas quera.)

7. Ilorepsinublii koHTHHEHT My. Jlxeiimcom YepuBopa: Hesuin Cnmpmena, Jlonnon, 1959.

8. Tom 2, ¢.50: le Bopcc, Mapuna Jlens Peii, mrar Kamugopuus Y. C. A. ISBN 0-875516-085-9.

6 ATMOC®EPA 3EMJIN

6.1 Ammocepepa

JlaBaiiTe Terneph OMyCcTUMCST Ha 3€MITI0, Kak 3TO ObLIO, H UCCIISyeM TUIAHETY, Ha KOTOPOW MbI )KUBeM. MbI BUITUM, KaK
JKU3HB, IBUKEHHE U SHEPrHs ABISAIOTCS CHHOHUMAMH, I03TOMY, YTOOBI CyIIeCTBOBATh Ha Halllell [U1aHeTe, Kak U Be3Je,
BIPOYEM, JOJDKHO OBITH MHOTO IIPUPOIHBIX MIPOLECCOB U (ByHKIIMI, KOTOPBIE CIIOCOOCTBYIOT KOHIIEHTPALIUH SHEPIeTHIECKOH
MaTpHUILIbl, B KOTOPOH MOXET pa3BUBaThCs (u3udeckas xku3Hb. CornacHo Bukropy Illaybeprepy oHU cO3aHbI
"OpUrMHAIBHBIM" IBIDKEHHEM 3€MJIM, TaK KaK OHA BPAIAeTCsl BOKPYT CBOEH OCH U PaclpoCTpaHseT CBOM OMO-MAarHUTHBIC U
OMO-3NIEKTpUYECKUE SHEpTUu uepes ceds u Bo Bpems e€ 365,26 nHeBHOTO opOUTANBHOTO Bajibca BOKpyr ConHna.

Bonpeku o0menpruHATOro MEEHHS 3eMIIs HE SIBJISIETCSI HA CaMOM JIeJie TPaBUIIbHOI Ccepoid, OHa cierka
CILIIOcHyHYTa. To ecTh, ecTh HEOOIIbIIOE YIIYyOIeHUE Ha NOM0CaX. B COOTBETCTBUY C JIyYIIUMU U3MEPEHUSIMU MOJISPHBIN
nraMeTp cocrasisieT 12, 639. 648 kM, 1 SKBaTOpHANIBHBIN quameTp, 12, 682. 176 kM, npuueM 3kBatop Gonbuie Ha 42,688
KM. B cBsI3H ¢ meficTBIEM [EHTPOOSKHBIX CHII, ASHCTBYIONIYIO Ha OOIBIIYI0 Maccy cymy CeBepHOTO IOTyIIapHsl, BEIIHPAET
HEMHOT0 00JblIe BbIIIE DKBATOPa, YTO JeIaeT IUIaHETy B opMe IPYIH, F0XKHOE TOyIapHe sBiseTca Oonee "pe3kum "
3aKpyIIIEHHBIM OKOHYaHHEM. JT0 3((PEKT BRITECHEHHS CMEILIEHHOTO [IEHTPa TSHKECTH 3eMITM He3HaYUTENBHO K CEeBEpY OT
UCTUHHOIO LIEHTpa, IpOou3BOAs Tak HazbiBaeMble "Konebanusa Yananepa', KoTopble cpoJHuU konebaHuto Bosruka. OquH 000poT
3TOoro Konebanus 3anuMaer 26.000 JeT u B poIIeCC BI3bIBACT N3MEHEHHE HAKJIOHA OCH 3EMITH K IUIOCKOCTH SKJIAITHKH,
IUIOCKOCTh, B KOTOPOH BpalaroTcs Bee MiaHeTsl BOkpyr ConHIla, Jexar, 3a uckinoueHueM IlmyTona.

BuxkTop paccmarpuBan 3eMiio Kak )KMBOM OpraHu3M, CyIIECTBO, ogapeHHoe pazymoM. CioBo "Opranm3m" camom jgemne
MIPOUCXOIUT OT NoHATHA Apucrorenst "OpraHoH", yTo o3HayaeT "MHCTPYMEHT pasyma'. DTo OpocaeT HOBBIH CBET Ha BCE, UTO
MBI CYUTAEM OPTAaHUYECKUM, B TOM, TJIe BUIHBI Bee (usmueckue GOopMBL, UTO SIBISETCS CO3MAHUEM yMa HIIH YIIOPSIOYEHHOTO
npuHOuna. Kak oxymeBneHHOe (JKUBOE) CYLIECTBO, 3eMIIS IBIIINT, ITYJILCHPYET €€ MPUHIIITHAIBHO )KEHCKas SHEPTH,
HaIpaBJIeHa Hapy)Ky B TApPMOHHH C €€ BpallleHHeM U B OTBET Ha SHEPTHIO, noidydaeMyto oT ComnHia.

Dra KOHIIEMIIHS JAbIXaHue MIaHeThl He HoBa. CroBo "ATMocdepa” U CBI3aHHBIX C HEll MOHATHS HHTEPECHO U
HPOUCXOIUT B YaCTHOCTH 0T J[peBHerpeueckoro n Canckpura. V3 anmmiickoro cioBaps Oxchopaa Mbl 0OHapy>KHBaeM
ClIeqyIOIHe 3HaUCHNS], MHEHHE U TaHHBIE, KOTOPBIE NMEIOT OTHOIICHNE K 00CYXKICHHIO, UTO ciemyeT. CIoBa )KUPHBIM
HIpI/I(i)TOM JOJIKHBI 06paT1/m> BHHMAaHHUEC HA YUTATECIII K UX z[aaneﬁmeMy 3HAQYCHUIO.

Atmocdepa
T'PEYECKMI SI3bIK: ATMOS = Ilap
COEPA = Ilap.
CAHCKPUT: MUPOBAA JIVIIA = Jlpixanue

CTAPBIN BLICOKUI HEMELIKUH SI3bIK: ATUM = Jlsixauue

1) cepounanpHas razoBas 000I04Ka OKpYyKarolas Jiroboe HebecHoe Teno. HasBaHue ObUTO MPUAYMaHO I KOJIbLA HIH



cdepsl (1apa) napa win "mapoodpazHOro Bo3ayxa" KOTOphIM Kak "mpearnonararoT” OblT BEIIOXHYT U3 TEa IIAHEThI, U KaK Obl
OBLT YaCThIO €€, UTO BO3/IYX caM 10 ceOe Bo3yxoM He Obl1. OH ObLI paclIMpeH Ha YacTH OKPYIKAIOIIETO BO3yXa, 3aHATHIM
UM, WK IPEIOI0KUTEIBHO, YTOOBI ObITH B 1000M citydae "B npernenax chepsl” mianetsl (Pumunmc 1696) u HakoHel, ¢
MPOJBIKEHUEM HAyKH, BOOOpaXKaeMO# OrpaHHYEHHOH 00pa3HO OKpYKAIOLIeH cpeibl 3eMIIH, HIIH APYTOMY TIAHETHOMY WA
3Be37IHOMY Teity (JIro6ombITHO, YTO NepBoe ynoMuHanue 00 arMocdepe JIyHbl, B HacTosIIIEe BPEMS CUUTAETCA, YTO TaM HET
ed.)

2) 1677 I1n0T: DTO TOHKOE TEJIO, YTO CPa3y Ke OKPYxKaeT 3eMIII0 M HAIIOIHEHA BCEMH Pa3IMYHBIMHU BBIIOXaMH, H OTTYIA
U3BECTHO I10]] Ha3BaHUEM aTMocdepa.

3) 1751 Yambepc: Cpenu HeMHOIMX U3 Oojiee TOUHBIX OIMCAHUM, BO3MyIIHAas aTMOC(epa OrpaHUUCHA TAKUMU YacTsIMHU,
HavuHas 0T 3eMJIH, OT KOTOPOM IOJTy4aeT Mapbl U UCTIApeHHUs (BBLIOXH) U 3aKaHUMBAETCSI TaM, IJ€ IPEIOMILIETCSl CBET
Connua.

4) 1867 2. AEHMCOH ("AcrpoHomus 6e3 Marematuku"): arMmocdepa 3eMin yMEHbIIAETCs TaKk ObICTPO B IDIOTHOCTH, YTO
TIOJIOBMHA €€ Macca HaXOAUTCS B IpefieIax 3,5 MIIH HaJl ypOBHEM MOPSL, M BbIlIe 80 MHIIb HE MOXKET ObITh MPaKTHIECKH
HHUKaKOW aTMOC]ephl.

5) 1881 Crokc: B conHeuHo# arMochepe MPOUCXOAUT OXJIaXICHHE BBEPXY.

6) 1727-51 Yambepc: Atmochepa Teeproe u IlocnenoBarensHoe Teno, cBoero poxa cdepa, 00pasoBaHa HCHAPESHUSIMH, HIN
MEJKAMH YaCTUIaMH (KOPITyCKYyIIaMH) H3IIy9CHUSAMH U3 HUX.

7) 1871 DMepcoH: 4eroBeK He JOJDKeH UITH TyIa, TIe OH He MOXKET HOCUTD €r0, BCIO cepy Ml OKpyXKeHHe ¢ coOoH, a He
TEJeCHOE, HO aTMOC(EPHO.

XOTS HEKOTOpBIE U3 STHX IUTAT IOJYEPKUBAIOT HEKOTOPbIE 3aMEUaHus, CACaHHbIe B IpeAbayIel rase o ConHIe, B
OCHOBHOM OHH YTBEp )KAAIOT, TO-BUIMMOMY paHee MHEHHE, 9TO 3eMIIs ABISETCS KUBBIM OPIaHU3MOM, 4 UMEHHO CYILECTBOM,
KoTopoe meimmT. IIpocMoTpeB U3 kocMoca, arMocdepa cama o cebe MOXKeT TaKKe PaCCMaTPHUBAThCSA KaK KU3HEHHAS
AMHHOTHYECKast ’KUAKOCTh, KOTOpask OKpyxaeT 3eMIio OepeMEHHYI0 KHU3HBIO, B KOTOPOH OHa IUIaBaeT U KOTOPasi OrpakaaeT
e€ oT moTeHnansHO paspymuTensHbx cui Conama u Kocmoca.

Korna 3emis Ob11a BiepBble chopMUpOBaHa, MPEINOI0KHUTEIBHO U3 PaCIUIaBICHHOI MacChl KOHAEHCAIUY Ia30B, OHa,

KaK I0JIararoT, OblIa IIOJHOCTHIO MTOKPHITH BOAOH, 0 CYIIM B KOHEYHOM HTOTe KOTOpast I03Ke BO3HUKIA. Kpome
ByJIKaHUYECKUX BEIOPOCOB, B OCHOBHOM 3TO "HmapooOpa3Has atMocdepa". B cBs3u ¢ TemioBeIM 3¢ deKkToM, B3auMoaeiicTBHEM
COITHEYHOTO CBeTa U arMocdepsl, Bojia MOKPHIBABINAs TIOBEPXHOCTH 3eMITH IOCTENIEHHO HCTIapsIIach U CTaa paccesiHa B
arMocgepe, B KOHEYHOM cUeTe IPOU30LLIa 3apsika aTMOC(EPHBIX CIOEB € MapaMU BOJbL, XOTs, NNIaBHBIM 00pa3oM B
Tponocdepe KoTopas pacpoCTpaHsAeTCsl Ha BEICOTE OKOJIO 6 KM HaJl mojrocaMH U Beie 18 kM Ha sxBatope. [To noxmany X.JI.
ITenmana, "BOAHBINA IUKI (KPYTOBOPOT BOABI B IPUPOJE)"?, BOIa MMEET HAMOOJIBUIYIO TEMIOEMKOCTh U3BECTHYIO CPEIH
XKuIKocTer (= 1), a Taxke UMeeT HauOOJIBILYIO TEIIOIPOBOAHOCTD U3 BCEX JKUAKOCTEH, B TO BpeMsI KakK XKeJie30, KOTOpoe
ObICTPO HarpeBaeTcs U ObICTPO OCTBIBAET, UMEET HAMHOIO OoJiee HU3KYO TeroeMkocTs 0,107.

"E€ GoupInast TEIIOEMKOCTh O3HAYAET, YTO IIPH HATPEBaHHUH 3aIaHHOM CKOPOCTHIO TEIIOBOM SHEPTUel BOJIBI,
TeMIeparypa JaHHOH Macchl BOABL OY[ET pacTH MeJJICHHEE, YeM TeMIIepaTypa U3 Apyroro marepuana. 11 Hao60poTt, kak
3amaceHHast TeIUIOBas SHEPTHs BBICBOOOXKIAETCS TeMIIepaTypa MOoHImKaeTcst 6oee MeUIeHHO."

brnaropapst BRICOKOH TEIIOEMKOCTH U €€ CIIOCOOHOCTH COXPAHATh TEIIO, BOASHOMH Map MOCTENEHHO NOMIOMAET TEILIO
ConHIa, ¥ TEM caMbIM HOAHMMAJ 00Mmuil ypoBeHb TeMieparypsl. II0ToMy UTO OHA MOIIOIIAET TEIJIO CUIbHEE B
MH(DPAKPACHOM CIIEKTPE U ABIIACTCS MPO3pavHbIM A (T.e. HezaBrcuma oT) ynbrpaduoneToBoro crnexrpa, B TeUCHHUE HOUH,
KOIZla HET TeIula, HOTEepHU TeIlla CBeJeHbl K MUHUMyMY. Eciu Obl Bosia HE UMeNa 3Ty CIOCOOHOCTS, €Ciid ObI HE OBLIO 3TOr0
Oydepa U3 BOISIHOTO Mapa, ero He CylIecTBOBAJIO Obl, TO 3eMJIsl OCTaBaJIaCh ObI XOJIOJHOM, 0€3)KU3HEHHON 1 OECIUIOTHOH.
Boga, nepBoHayanbHa B €€ 1apooOpa3Hoi popMe, IO3TOMY OTBETCTBEHHA 3a MOSBICHUE BCEH JKU3HU.

Korna BonsHoi nmap gocTuraet 00JbILI0H BEICOTE, TO CTAHOBUTCS HACTOJIBKO Pa3peKeHHBIM, UTO OH pasjiaraercs Ha
COCTABJISAIONINE €r0 aTOMBI KHCIIOPOJa U BOAOPOAA IO IEUCTBUEM CHIIBHOTO YIBTPadHOIeTOBOTO N3TydeHus. byay4an Oomnee
TSDKEIIBIM 3JIEMEHTOM, KUCIOPOJ 3aTeM OITyCKaeTcs 00paTHO Ha 3eMIII0, B TO BpeMs Kak Oojiee JIETKHE aTOMbI BOAOPOAa
TIOBBIIIAIOTCS, YTOOBI BOCCOECAMHUTHCS C TAKUMH XKe aToMaMHu (poBHEil) B KocMoce. Ternepb OTIeneHHbIi OT BOIOPOAa,
KHUCIIOPOJ] IOJBEPraeTCs BBICOKOMY YPOBHIO HOHU3HPYIOLIETO U3IIy4E€HHs IOCPEICTBOM KOTOPOIO TENEPh OTAEIbHBIC aTOMBI
KUCIIOPOZa 00BEIMHAIOTCA ¢ MOIEKYIIPHBIM KrcaoponoM (O?) B ammoTponHyio GpopMy kuciopozaa, O Ml 030H, KOTOPBIA
OTBEYAeT 32 MOMIOIICHHE HHOTO OIIACHOTO YPOBHS YABTPAa(HOIETOBOrO U3IIYUEHHs, IPOIECC, KOTOPBII NMEeT KU3HEHHO
Ba)XKHOE 3HAUCHME JIJIsI BCeit u3HK Ha 3emiie. B pesynbsrarte 4ncThiii yObITOK (T10TEpst) Bozbl. UeM Oosbliie KOITHMYECTBO
BOJSTHOTO Tapa MomnajgaeT B arMocdepy yepes neperpes, B pe3yiibraTe Ype3MepHOil BEIPYOKH JIECOB, TEM OOJIbIIE MPOBOLHPYEM
MOCTICYIOIIYIO YTPaTy; JEUCTBUTEIBHO MOTEPIO, KOTOPYIO HUKOT/IA HElb3sl OyAeT BOCCTaHOBHTH (cM. cTp. 121 u 123).

YTo oTIIMYAET BOAY OT BCEX APYTHUX JKHIKOCTEH, (PaKT, KOTOPBIN OyneT o0cyxaarbes Oojee moapoOHO, SBISETCS TaK
Ha3blBacMasl "aHOMaJIbHA TOYKA" MIIH "TOYKa aHOMAJILHOTO PAcIIMPEeHHUs", TO €CTh, 00bEM BOJIBI HE YMEHBIIIAETCS HETPEPBIBHO
¢ yBenmueHneM xonozna. E€ moBeneHne sSBiseTcss aHOMaNbHBIM, U, CIIEIOBaTEeIbHO TepMUH ""AHOMAaIIbHOE pacmypenne uiu
"aHOMalbHasl TOUKa". DTa TOYKA “pa3BOpOTa” IOCTUTAETCS, KOI/a BO/a JIOCTUIAeT CaMOW HauOOJIbIICH TUNIOTHOCTH U
SHEPreTHYECKOr0 HachImeHus npu Temieparype +4 ° C, HuxKe KOTOpOil OHa B KOHEYHOM UTOTe KPUCTAIUTH3YETCS Kak Je/ Ipr
0 ° C, B mporiecce 04eHb IOMOINIM TaK Ha3bIBaeMble "MpUMecH"" KOTOPbIE IPUCYTCTBYIOT, KOTOPBIE 00ECIEYUBAIOT SIPO BOKPYT
KOTOporo o0pasyercs jea. JpyruM BaKHBIM (aKTOPOM BOABI SABISIETCSI OHA - IUAIEKTPUK. OCHOBHOE ANUDIEKTPUIECKOE
3HauYeHue (LEHHOCTh) HeOOXOAUMa JUIS pacdyeTa BCeX JPYTUX 3HAUCHUH Ha OCHOBE JUIIEKTPUUIECKOH MPOHUIIAEMOCTH BaKyyMa
U €CTh BakHOe 3HaueHue = 1. Jluanekrpuueckast MpOHULAEMOCTh - CTENEHb, IO KOTOPOTO MOXKET MPOUTH Yepe3 BELECTBO
WY OpOOUTH JNEKTpUUecKuil Tok 1 3apsii. Kpome Bakyyma, TUIEKTPUK MOXKET OBITh CENaH U3 MEKTPHUECKU
HEHUTPaJIbHOM, TPOMEKYTOUHON MEeMOPaHbI, pa3IesSIONIUil OJIOKUTEIbHbIE U OTPULATEIBHBIC YIEKTPUIECKUE 3apsabl, TO



€CTh HEMPOBOJIAIIEE BEIIECTBO, TAKUM KaK TBEPIbIiA mapaduH.

3HaYeHHEM IUANIEKTPHIECKOI IIOCTOSHHOM YMCTOM BOMBI (IUCTHILIMPOBAHHOM Bobl) cocTaBiseT 81 (= 97) u,
clieioBaTenbHoO, 81 pas 6onee 3hexTHBHA, KaK pa3IeluTeNb 3apsiIoB, YeM BaKyyM U ITOYTH caMasi BBICOKas TUJIEKTPHUYECKOE
3HAaUeHME eCTh 1 MM’ UMCTEHIIEH BOBI IPH KOMHATHON TEMIIEpaType, Ul CPABHEHHS HATIPUMED, MEIHBIH IPOBOl HUMEET
5JIEKTPMYECKOE COMPOTHBIIEHHE paBHO 1 mm? uiMHHOM npoBoza, 15, 000, 000 km. Takum 06pa3om, oHa 06J1aJaeT OrPOMHBIM
BPOXKJICHHBIM COIPOTHBIICHHEM K Tepeade 3apsaa. Yucras Boga OyJeT TONBKO 3aMep3aTh MpH TeMIieparypax okosio -40 © C
M B o6akax okouio -10 © C, 4To OmsITh-TaKH, BaXKHEHIIME CBOWCTBA, KaK MBI YBHIMM Mo3xe. [10 cpaBHEHHIO C
Temneparypoit -273.15 © C (= abcomtoTHoro Hys win 0° KenpBuHa), IPEeNOI0KUTENBHO caMasi HU3Kast TeMIIepaTypa,
KOTOPYIO MOYKHO HaWTH B JIF000H Touke Beenennoi, Temmeparypa 0 © C, Wik TOUKa 3aMep3aHusi, OTHOCHTEIIHLHO TeIlIasl.

Jlexxur npubnmsurensHo Mexay +40 °© Cu -10 ° C, auama3oH Temreparyp B KOTOPOM MBI )KUBEM, HE OOJIBIIOH.
DakTHIECKH TO — 10 MIUPUHE TOBOJBHO Y3Kast OJIOCKA MEXITY KpalfHOCTSIMH, K KOTOPOW MBI 0OBIYHO He mojBepraemMcs. Harr
JIMAIa30H JSHCTBUS, HAIIC )KU3HEHHOE MPOCTPAHCTBO, TaK CKa3aTh, JICKUT B Mpeeax BEPXHHUX U Ooee HU3KUX TPaHHUIAX
Tporocdepsl, HEMOCPEACTBEHHO cTpara win "cdepa” B pamkax obmiel arMocdepHoil 000JI0UKH U OIpeaemseTcs
TeMIIepaTypoii U coliepkaHueM B Hell BOASHOTO mapa.

YT06HI IIOTYYHTH GONbIIE (PAKTOB O CTPYKType arMocdepsl, oT Ilnatona B kpaTkoi sHnuKIoneaun Hayka u Texnomorus®

HaM TPeOCTaBIAIOT KIacCH(UKAIHIO, TOKa3aHHYIO Ha pHc. 6.1, KOTOPYIO CIIeIyeT paccMaTpUBaTh B COUSTaHHU C puUC. 6.2.
Mou coOCTBEHHBIE BOIPOCH 1 KOMMEHTapHH OyIyT HaledaTaHbl )XUPHBIM HIPH(TOM.

6.2 3emnon Buo-xonoencamop

Hmes B Buly IOCTOSHHOE AUDJIEKTPUUECKOE 3HAYEHHE BOIBI 81 1 €r0 OrpOMHOE CONPOTUBIICHUE K IIEPEAau 3apsiioB,
JlaBaliTe paCCMOTPHM TeIleph TEIUIOBYIO CTPYKTYpPY aTMoc(eps (prc. 6.2), I 3TOr0 HaM IIOMOJKET, JPYToi cocoo, B
KOTOPOM, IOMUMO HaKOILJIEHHS TeIula, 3eMJIsI MOXKET CTaTh OOBUHEHHOH B XKU3HEHHOM SHEPrUU.

Yacts arMocdeps! HanboJIee BayKHOMN IS HAC U KOTOpast BIMsIET Ha Hac OOJIbIIe BCEro, sBiseTcs Tporocdepa, KoTopast
Ha puc. 6.2 BUIHO, YTO IPAHUIIBI B TPOIIONAYy3€e MexAy 6 KM 1 18 kM BBepx. Kak HU CTpaHHO, MBI TAKXKE CUMTAEM, UTO
TeMIleparypa H YMEHBILIAETCs, HA YBEJINYUBACTCS ITOCTOSHHA (TI0Ka3aHa KaK BOJHUCTBIC MyHKTUPHBIE JINHHM), HO
KoseOneTcsl, Tak Kak Mbl IOAHUMAEMCSI 4epe3 Pa3InuHbIC CIIOU aTMOC(EpPDL, TaK YTO Ha OIpPE/IEICHHOHN BBICOTE, B 29 KM K
npumepy, remrieparypa -60 © C, Torga kak Ha BeicoTe 80 kM oHa cocrasisiet +10 © C. ['ne-To Mexay STUMH IBYMS
TeMIEepaTypHBIMU CIOSIMH, CIIEJOBATENBHO, ECTh CIIOM, e Temuneparypa cocrapiuseT +4 ° C. Ilo moum pacueram EcTb o
KpalHell Mepe JeThIpe TaKuX YPOBHSX, TAe Temneparypa paBaa +4 © C, Ha BeicoTe OKOJIO 3,5 kM, 77 kM, 85 kM u 175 xm.

OK30CDEPA: BHemHwui cioii armocdepsl 3emiu poctupaetcs ot okosno 400 kM- 500 KM Hafl MOBEPXHOCTHIO 3EMITH, TJIe
3eMHO€ MPUTHKEHHE CITAIIKOM 1200, 9(DEKT MpeaoTBparieHns mobdera He3apsHKeHHBIX YaCTHIL.

TEPMOC®EPA: cnoii atmocdepsl, JeKaIui Mex, 1y Me3ochepoii u 3k30cepoii, JocTuraet BricoThl 0koito 400 kwm, e
temneparypa npessiaer 1000 © C. [Oro tenoBas unu kuHeruueckas? - CC]

MOHOITAY3A: nepexoaHasi 30Ha B arMocepe Mexay noHocdhepoi u sxzochepoit okono 644xm (400 MuIIb) OT TOBEPXHOCTH
3emun.

MOHOC®EPA: obnacts armocdeps! 3emitn npoctupatoteiics ot 60 kv 10 1000 kM HaJl TOBEPXHOCTBIO 3eMIIH, B KOTOPOM
€CTh BBICOKAsi KOHIIEHTPALUsI CBOOOIHBIX 3JIEKTPOHOB, 00Pa30BABIIMXCS B PE3YIIBTATe HOHU3UPYIOIIETO U3Ty4eHHS,

HOCTYIIAIOIIEro B aTMOC(Epy OT IPOCTPAHCTBA.

F-OBJIACTb: 150 kM - 1000 kM. Camoe GoJibliiee KOJIUYeCTBO CBOOOIHBIX AJIEKTPOHOB M HAHOO0JIee TI0JIC3HBI IS
panuorniepenay JajgbHero JeUCTBHs, Takke Ha3biBaeMblii Cioem Dminrona. [B cinoe +4 © C oxomno 175 kM, CC]

E-OBJIACTB: 90 xkm-150 kM. OTpaskaet paJroBOJIHbI CPEAHEH [UIMHBI BOJIHBI, KOTOpAs TAKXKE Ha3bIBACTCS
cinoem XeBucaiiaa. [B cnoe +4 © C npumepno 85 km - CC]

D-OBJIACTD: 60xM-90xM. Camast Hu3Kast 00sacTh HoHOC(hEpH! - Hu3kast KOHLIEHTpaLys CBOOOIHBIX JIEKTPOHOB U OTPaXKaeT
HU3KOYaCTOTHBIE paaroBonHbL. [B croe +4 ° C okomo 72 kM - CC]

ME3OITAY3A: 30Ha MUHHUMAJIBHBIX TEMIIEPATYP MEXKIY Me30ochepoii 1 Tepmochepoi.

ME3OCOEPA: cnoii arMmocdepsl, JIexKaIuil Mex 1y crparocdepoit 1 TepMochepoit xapakTepu3yeTcsi ObICTPbIM YBEITHYCHHEM
TEMITepaTypbl C BEICOTOH. ATMOC(EpHas 30Ha HEMOCPEICTBEHHO HaJl 30HOH cTpaToc(epsl OTMEUeHa TeMIIepaTypoil MaKCUMyM
+10 ° C mexay BeicoTamu 48 kM 1 53km.

CTPATOITAY3A: TpaH3uTHAas 30Ha MAKCUMAaJIbHOM TEMIIepaTypbl MEXKIy cTpaTtochepoit u me3ochepoii.

TPATOC®EPA: crnoii armocgepsl, jexanmii Mexxay Tponochepoit u mezochepoit B KOTOpO# Temreparypa 0ObIYHO
BO3pAcTaeT C YBEIMUICHHEM BBICOTHI. ATMOC(EpHast 30Ha HEMOCPEICTBEHHO HAJI 30HOH TPOIOINAy3bl, BKIIOYasi B TOM YHCIIE




O30HOBOM CJIOM.

TPOITOPAY3A: 1I10CKOCTb pa3iesstolas Mex 1y Tpornocdepoii u crpatochepoil xapakTepus3yeTcsi pe3KUM H3MEHEHUEM
TEeMIepaTypHOro rpajuenTa’ u pasHas 1o BbicoTe MpUOIM3UTENLHO OT 18 kM (11 MuIIb) HA/ SKBATOPOM M 6 KM (4 MUIIHN) Hajl
HOJIFOCAMHU.

TPOIIOC®EPA: camblil HIKHUI ciloi aTMocdepbl 0ko10 18 KM TONMHOM Ha 5KBaTOpe U 6 KM TOJIIIMHBI Ha MOII0CaX, B
KOTOPOM TeMIIepaTypa BO3IyXa YMEHbBIIACTCS C BEICOTOM mpuMepHO 6,5 ° C / kM. BOJBIIMHCTBO METEOPOIOTHYECKUX SIBICHHM
IIPOUCXOJSIT B 3TOM ciioe. CaMa BHYTPEHHsS 30Ha aTMOC(hepbl 3eMIIU IPOCTUPAETCS. OT HOBEPXHOCTH 0 TPOIIONAy3bl.

Puc 6.1




KonebaHuna TeMnepaTtypkl C yeenm4yeHnem BbICOThI
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Fig. 6.2 Paspes atmocdiepbl 3emnm nokasbisaeT KonebaHua TemnepaTypbl
Puc 6.2



OTpAMEHHE KOPOTEOBONHOBLIX

pPagHoBonH
%
i
E 3
A P
) )
8 b
S ~ \X
z
S A o
—
— t
e
-
S
‘J.—‘ .
b ()
0
z

S O30HOBEIACMOA | _
v s # /‘ﬁl"/

NMpomMexyToOuHLIE QHINEKTRUYNECKKE,
HENPOBOAAWWE MEMEDAHL JapaEnNAKLWE
AONOMWTENLHLIE W OTPHLATEN bLHbIE
InERTpMYBCHWE 3apAaLL YneTan Boga,
HAW METHAOpOBAHHAA BOAA, HMEET —_
OWINBKTPHUECKDR IHaYeHWwe 81, 4To =

Ha 81 paa Bonewe, YeM ¥ Bakyyma (= 1).

MoaToMy TOHKHA CNOA YKHCTOrD BOJAHOMD P v
fapa, MOKET MMeTE CNoCoBHOCTE L ot
CONPOTHENAKTCA NEPeAYe OrpoMHLIX :
3JAPAKOE, NOIBONAWMA HAKONHTE O4aHL
BONLIIOIS HAMPAKEHHA W NOTEHUMaRA,
Takum oBpazom paznyykbie acdepr-HbIe k
oA aTMocdiepbl, COREPXRALWE BOSAHOR r
nap NpH Temnepatype +4 C, MOXET BLICTYNATE / l
B KAYecTBE chepUYECKOrD KOMOEHEaTOPA, -
obpasyioT BROMEHHLE ciephl, KOTopLIe
JAPAMAST IHEPrASH Jemneo,

L -
;i
[

_.'_._,.-‘r-k'

=150km

S

l
I
J
|

+100km

cepeBprcTLsie oBnaka

4L

Eallum Comts, JRly 199%

3emHon
oun O-KOHOEHCAaTOPOM

HoHoChepa

T
-_.ﬁ___‘
S
-‘h"“~._+
e
e
\m.

e mezonaysa
A=~

1mm3 YMCTOR BOALI NPH
KOMHaTHOW TeMnepaTtype
MMEET INEKTPHHECKDE
CONPOTHBMNEHHWE PABHOE KaK
¥ MeqHOro Npoeoga ¢
nNowaneLH NonepeYHoro
ceveHHA 1 MM2, W ANWHHOKH
Y 15, 000, 000, km.

i

ng_ 6.3 BHyTpenHan aTmoctepa 3eMnu NOKa3LIBaeT BO3IMOKHLIE YPOBHY NPUMPOAHOTO BUo-KoHAeHCaTOpa

Puc 6.3



Taxk Kak BOISHOM Iap B aTMOCdepe OKOJIO ITUX PA3NUUHBIX BBICOT B hopMe Kyub 00JIaKOB U IEPUCTHIX 001aKoB (B
tponocdepe), nepiaamyTpoBsie obaka (B ctpatocepe) u cepedpucThie obaka (B Me3ocdepe), Kak Mmoka3aHo Ha puc. 6.3,y
HAC eCTh CUTYAI[Hsl, KOTJ]a TOHKHIA CJIOH YHCTOM BOABI MOYKET CYIIIECTBOBATH B KXK/IOM M3 9THUX YPOBHEH, KOTOPHIE HMEIOT
BBICOKOE COIIPATUBIICHUE (MEKTPHUECKYIO H30JLIIUIO) K Iepeiade dIeKTPUIECKOro 3apsiia. BBy Hanuuust 9TUX pa3iIuuHbIX
cioeB ¢ +4 © C 1 BEICOKHM JIUJICKTPHYESCKIM 3HAYEHUEM BOJIBI PABHOM 81, MOXKET OBITH MPENOI0KEHO TO, YTO UX
COBOKYIMHBIH ekt Oyaer AelicTBOBATh TaK, YTOOBI CO3aTh €CTECTBEHHBIN OMO-KOHICHCATOP, KOHICHCATOP, SBISIOIINICS
YCTPOHCTBOM B KOTOPBIM 3IEKTPHIECKHIA 3apsi/l MOXKET OBITh HAKOIUICH M COXPAHEH.

IIpexie 4eM NpUCTYNHTH K JalbHEHIIIEMy PACCMOTPEHHIO STOM THIIOTE3bI, HEOOXOMMO 3/IECh BKpaTLle OOBSICHUTH
TIPUHIIATIEL IEKTPUIECKOTo KOHIeHcaTtopa. B cBoeif camoif aeMeHTapHOH (opMe, KOHIEHCATOP COCTOUT H3 ABYX
NEKTPHYECKH 3aPsDKCHHBIX IUTACTHH, OfHA C HOJIOKUTEIBHBIM 3apsiIoM M paBHa JPYroil OTpULATENIBHO 3apshkeHHOH. Eciu
TIOJIOXKHUTENBHBIN 3apsi BOSHUKAET HA OMHOH CTOPOHE AMAJIEKTPUKA (M30JSITOPa) TO OTPULIATEIBHBIN 3apsi]] aBTOMAaTHYESCKU
MIOTHAMAETCSI 10 TOTO XKe YPOBHS Ha Apyroi ctopore. Ha puc. 6.4 3Ti aBe 3apsKCHHBIE IUIACTHHBI, Pa3IeIeHHbI
MIPOMEKYTOUHBIM AUITEKTPUKOM (HAUOOJBIIHI JIEMEHT), KOTOPBIN B IaHHOM CJIy4ae MBI CHUTaeM, YHCTOH Bogoi. Camu
3apsi/Bl PACIPEAENICHB PABHOMEPHO 1O MOBEPXHOCTH 3THX JABYX IUIACTHH.

YT0oOBI yBENMHMYHTH IUIOTHOCTD 3apsi/ia HAa ONHOM CTOPOHE IMAJIEKTPUKA, TUIOMIAb IIOBEPXHOCTH COOTBETCTBYIOLIEH
IUTACTHHBI YMEHbIIAOT. Ecii 3Ta mracTrHa yMEHBIIAeTCs 10 YeTBEPTH pa3Mepa APYToil, To e€ INIOTHOCTH 3apsijia B YeTHIpe
pa3za Oombliie, YeM Ha OoubIoit miacTune (puc. 6.5). Cuia ¢ KOTOpo# JBa MPOTHUBOIOJIOKHBIC 3apsia MBITAIOTCS YPABHITH WIIH
MIPUTSHYTBCS APYT K APYTY, U3BECTHA KaK MOTEHIHAI. YeM MeHbIIe pacCTOSTHIE MEXy 3apsIaMH Ha IIACTHHAX, TEM MEHbIIE
paccTosiHIe MeX Iy HUMH, TeM O0JIbLIe TIOTEHINAN, KOTOPBI YBEINYUBAETCSL OOPATHO MIPOTIOPIIMOHABHO KBAIPaTy
pasnenenus (paccTostHue MeXxy). [loaTomy, eciu paccTostaue coctasut 10mMm, Hanpumep, To notennman 12, Ecim
paccTosHUE YMEHBIIAETCs 10 1/2 T.e. paBeH 5 MM, To noTennuan 2° (= 4) U Tak gajee, Kak IOKa3aHo Ha puc. 6.6.
CremoBatenbHO, YeM MEHBIIE PACCTOSIHUE, TEM OOJIbIIE COOTBETCTBYIOMINIT MOTEHIMAI, KOTOPBI MOXKET OBITh pa3pylleH
(IPOOUT- AMEKTPUYESCKUM PA3PsIIOM) KaK TOJIBKO THAICKTPHUYCCKast IIPOHUIIAEMOCTD Oy/IeT MPeoIoIeHa.

Ecnu moBepXHOCTHBIH 3aps/] Ha OAHOW CTOPOHE M Pa3AeieHus (H30JITOpP) YMEHBIIUTE OMHOBPEMEHHO, TO U 00e
IJIOTHOCTB 3apsiia ¥ MOTCHIMAT YBEINIAThCS M0 IKCIIOHEHTE OTHOCHUTENBHO K HA4aJIbHOM BelMnMYHHE cOOpa M pasMepa 3apsa
wiactuH (puc. 6.7). Ecnu Tereps MbI IpecTaBUM STH IUIACTHHBI B (HOpME KOHICHTPHUUECKHUX [IMIMHIPOB, KaK MOKa3aHO Ha
puc. 6.8, TO MOCKOJIBKY IIONIAL TOBEPXHOCTH BHYTPCHHEH IIMINHIPHYIECKON IUIACTHHBI 00513aTeIIbHO MEHBIIE, 3apsif H
HOTEHIMAJl YBEINYAThCsl aBTOMATHUYECKHU C ITHEITHEeH IIMIMHIPUYECKON IIIaCTUHBI HAa BHYTPEHHIO0. UeM GobIie KOJIMIECTBO
BIIOKCHHBIX LIEICHAPUYCCKUX IUIACTHH, CICA0BATEIILHO, TeM 00Jice MHTEHCHBHOE OTCHIIMPOBaHUE. (HaKaIUIMBaHNE
ANIEKTPUYECKHX 3aps/IOB).

OOparyB BHUMaHHE ellle pa3 Ha MoteHunan ===
puc. 6.3, MBI BUITM, YTO CHAPYXH Paccrosnve =1
BHYTPb, KaK JIyK, KaXKIbIi

MOCTIENYIOIIMH CTIOW HMEET MEHBILYIO MoBepxHOCTHLIN _

3apsg
IO Th TTOBEPXHOCTH B CUITY MX

KOLEHTPUIHOCTH. JIpYriMH CJIOBaMH, MnoTHocTHL g
5TH CIIOM 06Pa3yIOT KOHJIEHCATOP C 3apapa - g%, RMITIGKTPHMHeciii
KOHIIEHTPHYECKUMH CHEPUIECKUMU + T~ enon
iacTuHamu (puc. 6.9). 910 MOKeT MoBepxHOCTHbII /

ObITh HCTOJIKOBAHO, YTO IIPH BCTpede ¢ SaPAA o .

KaKI6IM TIOCTIETYFOIIEM, 3”:;?:”" X )
KOHIEHTPUYECKUM, ChepHUECKUM k. R
IudIeKTprYeckuM ciioem +4 ° C,

MOTEHIMAN SHEPTUH, TIOCTYNAIOIIEH OT

ConHia nocTeneHHo ycunrpaercs. Tak

Kkak sHeprust CONHIA TPOXOUT

CHapy>X" BOBHYTPb, OHAa CTAHOBUTCSA

GoJiee KOHIIEHTPUPOBAHHOM MO Mepe a

HPHOTIDKEHES K TIOBRPXHOCTH 3eMIti] Fig. 6.8 YmeHbluenne paccrosnnus ysenuunsaer

B CBSI3U C DTUMHU 00EPTHIBAIOIINMHA noTteHuman (3apan)

ciosmu 1ipu +4 ° C BOJIbI, KOTOpHIE,
Kak 0TMEJaJIOCh paHee He 3aMep3alioT npu Temmeparype -40 ° C.
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PaccMoTpeB cTpoeHne arMochepsl ¢ KOCMHYECKON TOYKH 3PEHHS 3TH CJIOU OUSHB ONU3KH APYT K APYTY, TOATOMY

OTHOCUTENBHO CpeHero AuaMeTpa 3emud - 12, 660. 912 kM - BbIcOTa caMOro
BBICOKOTO U3 9THX cioeB 1ae +4 © C cocrasiser jumsb 0,0138%. dpyrumu ciioBamu, eciii 3eMiTio 1300pa3uTh B BUE IIapa ¢

JMaMeTpoM 1 MeTp, TO 3TH YETHIPe HIIH OKOJIO TOTO KOXKypa (citon) OyneT HaXxoguThes B mpenenax 13,8 MM ot

CO31a€TCA OYCHb BBICOKHWH ITOTCHIHAII.



HOBEPXHOCTH. 113 3TOro BO3HUKAET KOHIIENINS 3eMIIU KaK CyMMaTop (aKKyMYJISITOp) SHEPTUH B IIPeJieax KOTOpOro
MTOCTOSTHHO CO3/IaeTCsl 00BEM 3apsAA0B. DTO HAKOIUIEHHE YHEPTHH €CTECTBEHHO YBUIIMUMBAET BOSHUKHOBEHHUS KU3HHU, IOTOMY,
6e3 sHepruu 0e3 paznuuus B 3apsjie, poskAeHUe, MOTEHIHAN UM MOAXO/AIIee YHEPIUTHUECKOE TToie, JIFobast GpopmMa JKU3HU
Ob11a OBI HEBO3MOXKHA. Tak Kak CONPOTHUBIEHUE CIOEB MEPEHOCa 3apAH0B, 3TO 00CYKAANACh O IUIEKTPUIECKHX CIOSX,
MOXKET TAKOKEe YaCTUYHO CIIOCOOCTBOBATH IEPEAaUd U OTPAXKEHUIO ATMHHBIX, CPETHUX U KOPOTKUX PaJHOBOJIH Ha Pa3HbIX
BBICOTaX, KaK I10Ka3aHo Ha puc. 6.3, Kak IpaBUIIO, CBS3aHO C Pa3IMYHbIM YPOBHEM HOHU3ALMU B KaX/10M U3 TaK Ha3bIBAEMbIX
D-, E-u F-o6nacteil e BoAsSHOM Nap MPUCYTCTBYET B pa3aM4YHON MIoTHOCTH. Haxonsics B 6olee HU3KOM JUHAMUYECKOM U
6osee rapMOHUYHO CTaOMITM3UPOBAHHOM YHEPreTHYECKOM COCTOSIHIE, TEM OOJIbIIe MIOTHOCTH BOASHOBOTO Mapa Ha Goree
HU3KUX BBICOTAaX MOXKET COOTBETCTBOBATH YEPE3 PE30OHAHC B HI)KHUX CIIOSAX JJIMHAM BOJIHBI IIaJAFOIIETO U3IIy4EHHUs, YACTOTa
KOTOpasi OblTa yMEHBILEHA B Pe3yIbTaTe KOHTAKTa C TOPMO3AIIUM JIeHCTBHEM aTMocdepsl, TAKUM 00pa3oM co3/iaBasi Cpefy,
KOTOpasi OTpaxaeT paJuOBOIHbI Ha3a K 3eMiI€.

+t4°Cc dielectrie
neutral laver

Fig. 6.9 3emHoM Buo-KoHaeHcaTop

Puc 6.9

6.3 Cozoanue Inekmpuuecmea

Kak TonmbKo TIpeBapHUTeNbHbIE YCIOBHS TS XKHU3HH OBLTH CO3/aHBI, TO Pa3BUTHE JPYTOTO BUA SHEPTHUH - JICKTPUICCTBA
- CTaJI0 HEOOXOAUMBIM, XOTSI BEPOSITHEE BCErO CO3/1aBaUICh OMHOBPEMEHHO. Uepe3 CBOEro MOMOIIHUKA 030HOBOTO CJIOA,
MOXKET OBITB JIOMOJHUTENBHO YKperuieH (ycuieH). Kak 3To fenaercs, AeMOHCTPUPYET O4YeHb IIPOCTOM SKCIIEPHMEHT, B
KOTOPOM DHEPTHs B BUJIE DIEKTPHUECKOTO 3apsijia TEHEPUPYETCS OT NaNalomiel Bojsl (puc. 6.10°).

TlepBbIM sKcTIepuMenT ocymiectB topa Kenseun (1824-1907) Bo BTopoii monoBuHe 19 Beka, OH COCTOUT U3 ABYX



TOHKHX CTpPYH-UIJ BOABI, MAAAIOIIUX Yepe3 JBa M30JMPOBAaHHBIX MEAHBIX (JATyHHBIX) IUIMHIAPA (KYCOK MEIAHOH TpyObl),
KOJUIEKTOPA, Ha /IBa U30JIMPOBAHHBIE AHAJIOTUYHBIE [IMIMHAPUUECKUE KOJUIEKTOpa HUXKE, KX bl U3 KOTOPBIX COAEPKUT
METaJTINYeCKyI0 BOPOHKY. Kask/1plil BEpXHUH KOJUIEKTOP-LIMIMHAP A U Al ¢ BepXy coeMHEH (CBsI3aH) [0 IUaroHalIu Yepe3
W30JIMPOBaHHBIN CTEpP)KeHb (PYTOK-TIPOBOJ) C HIKHUMH KoJuieKTopamu-ptiuHapamu C1 u C, pacrosioxeHHbIH 1o
IPOTHBOIOJIOXKHOI cTpyeit Boasl. Kaxkas karuist BoJbl, MaJaoIiye U3 comia B yepes3 nuimMHap B HaIpaBlIeHUU HUXKHETO
munHApa C 3apspkaercss OTpUIATeNbHO, U3-3a HHAYKTUBHOTO BIUSHUS IMIHHApa A. Ilocne BeTymiueHus B KOHTAKT €
BOPOHKOM, 3TOT OTpUIATENbHBIH 3apsy nepeHocuTcs B LIMHAP C U BoJa CTEKAET Yepe3 B HIDKHIOK YaCTH BOPOHKH
OecnensiicTBeHHO. Tak kak muumHAp C MOAKIIOUEH K BepXHel yacTu muianHapa Al, Al Taxke CTaHOBUTCS OTPULIATENEHO
3apsHKeHHBIM. Tenepb OTPUIATENbHO 3apsDKEHHBIE, IMIUHAP Al MHAYHUPYET NOJI0KUTENIBHBIN 3apsi B BOAE, NaJAlOLINe U3
comna B1 B iununap C, yBenuuuBas TeM CaMbIM MOJIOKUTEIbHBIN 3aps] B IWIMHIP Yepe3 U30JUPOBAHHbBIE AUAroHaIbHbIC
CBsI3U (IIPYTOK-TIPOBOJT), COBMECTHOE JIEHCTBHE KOTOPHIX SABIISETCSA MOCTOSHHOE YBEJIMUYEHUE KAK MOJI0XKUTENBHOTO, TaK U
OTPUILATEIBHOIO 3apsifia, KOTOPbIe MOI'YT ObITh IOIyueHbl Oe3 orpanuueHuil. B 1937 roxy sToT SKcHeprMMeHT ObLT TaKkKe
ocymiecTBiéH Bansrepom Illaybeprepom B HropaOepre o pacnopsbkeHuto Bukropa [lay6eprepa ¢ menbio n3ydeHus! SHEPIrHU
B BOJIE, HO C HEKOTOPBIMHU U3MEHEHUSMH B 3KCIEPUMEHTAIBHON YCTAaHOBKH Vis-A -Vis(Ipyr IpOTUB Apyra, IUIOM K JIUILY )
Jlopna KensBuna. BMecTo BOpOHOK, BOJIa MOTajia B KOJUIEKTOP-EMKOCTh (Yallly) ¢ YIydIIeHOH U30IAiel 13 napaduHa st
IIPEOTBPAILEHUS KaKOH-Iu00 yTeuku 3apsia B 3eMII0. DTU EMKOCTU IIOMeUeHb! V- 1 V + Ha anmnapare KOTOpbIil IOCTOUII 5,
moka3aH Ha puc. 6.11, 1 Kaxgast cConep>kKuT MeIHyIo (JIAaTYHHYIO) ITOJIOCKY, 10 TMATOHAN CBSI3aHHBIE C U30JIMPOBAHHBIM
MeIHBIM IPYTKOM-IIPOBOAOM B COOTBETCTBYIOLIEH H30/IALHEH, IOJIble LUIMHAPLI KojulekTopa-obo3Hayaerca C u C +. Bmecro
TOTO, JI4IIHEe HCIOIb30BaTh UMbl OT IIIPHUIIOB I NOAKOXKHBIX MHBEKINH B A U B, KOTOpbIE 5 MCIIOIB30BaI AJIs CO31aHUS
TOHKHX cTpy#H, Bukrop [llaybeprep ncnoip30Ba HIIBI-CTPYSX B KOTOPBIX KOHPUTYpaus M 00beM MOTOKAa MOTIIH OBITh
CKOPPEKTHPOBAHBI 110 CTENEHH [IOTOKA, B KOTOPBIX LIEHTpaJibHAas UIVIa-KJIallaH BBOAUTCSA uyepe3 cTpyto. C 04eHb TOHKOM
HACTPOMKOH, TOTOK BOJBI MOT T€Yb MO CITUPAIIK BOKPYT UIJIBI, HANEISIS €€ OOJBIINM SHEPreTHUECKUM ITOTEHIIHATIOM.
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st Toro, 9T0OBI OOHAPYKUTH HAJHYHE IIEKTPHIECKHU 3apsDKEHHOTO TI0JIs, TPpeOyeTcs SIeKTPOCKOII, IEPBBIil B CBOEM
poxne m3o6pen npodeccop Bumbrenm Dxcuep u3 BeHckoro yHEBepcuTeTa, KOTOPHIH OH omomxwi Bukropy Lllaybeprepy s
CBOMX dKcriepiuMeHToB HropHOEpre. DneKTpoCcKon DKCHepa COCTOUT U3 METAJUTMYECKOTO IMITHHAPHIECKOTO KOpITyca Criepen
7 C3a]IM 3aIIeYaTaHHOTO CTEKJIOM, B KOTOPOM TOHKAs INIOCKas MeTaJUINYecKas IIacTHHA Oblila BCTAaBJICHA Yepe3 BepXx,
M30JIMPOBAaHHA OT OKPYKAIOLIEro MPOCTPAHCTBA METAIIMIECKUM KopiycoM. [To 60kaM B HWKHEH YacTH IUIaCHHHBI BUCEIH
BEPTHKAIEHO JIBE TOHKHE ITOJIOCKH (DOJIBIH M3 CycalbHOro 3070Ta. Koraa mpoBoa MOTHOCHIICS K OTHOMY M3 KOHTaKTOB
KOJUIEKTOpa-IMIMHAPA WM Ha BBICTYMAIOIINH KOHTAKT METAININIECKHUX IUIACTUH MM KOCAJICS €r0, BE IOJIOCHI CyCaNbHOTO
30JI0Ta PACXOAMIUCH (PA3JIeTAINCh Ha ONIPEICICHHBIN YToM) ¥ KOJIeOaluCh (XJI0Main). 31psKaaiuch OIHOMMEHHBIMU
3apa7aMy, OHH OTTAJIKUBAIOTCS APYT OT Apyra. I[locne kacaHust MeTaIIMIeCKOro KopIiyca py MX OOJIBIION CTeNeHN
3apsHKEHHOCTH, METATMIECKUH LETUHPT 3a3eMIIIIA 1 3010ThIe JINCTOUKHU (DOJIBIH OTITyCKATMCh M BUCENN BEPTHKAIBHO.

CprKTypa BOJbI COCTOUT U3 JUIIOJBHBIX MOJICKYJIT (MOJ'ICKyJ'l C OTPHUIATCIIbHBIM U IOJIOXKUTCIIbHBIM HOJ'[I-OC&MI/I) U Ipu
MaJICHUH KKTOH M3 Kalelb BOIBI co31aeTcs 3apsia. YToOsl 1aTh Gonee AeTalbHOe NPEeICTaBICHUE O JUIOIE TO3BOJIBTE MHE
npouutuposars kuury I. Jlunauep, Das Bild nep Modernen Physik ¢ (Kapruna CoBpemenHOl Qusuku) (puc. 6.12).

Jlst reHepay HEOXOAUMBI IIEKTPOMArHUTHBIX BOJIH "MepesaTyiKa’’, YTo0 BO MHOTHX CIIy4asiX sSIBJSIETCS OU€Hb T0POTUM
anmaparoM ¢ TEXHUYECKOH TOUKY 3peHus. DTO TaKHe aIlapaThl, HECMOTPS HAa pa3HOOOPA3HbIE KOHCTPYKLIUU, MOTYT
PacupoCTPaHATh SJICKTPOMAariuTHBIC BOJIHBI, B KOHECYHOM CUCTC OCHOBAHBI TOJIBKO Ha OJIHOI>’I OCO6€HHOCTI/I: BBIHy)K}Ia}OT
JNEKTPUYECKUE 3apsiibl BBIIONHATE YCKOPEHHOE JBHKeHHs. Kak npaBumiio Aist Takux Iesaei UCIOb3yI0TCs IeKTPOHbl. OHU
KOJICOJIIOTHCS B3aJ M BIEpe]] B KoJeOaTeIbHOM KOHTYPE, CO3IaHHOTO KaTyIllKaMu M KOHJEeHcaTopaMy. B onpeneneHHo# yacTu
anmnapara, B KOTOpOM T€HEpUPYIOTCS. BOJIHBI, COAEPIKAIe OTKPBITHI KosleOaTeNIbHbIA KOHTYP, KOTOPBI TaK HACTPAUBAETCA,
YTO MOJIS CO3/IaBIIMECs] BHYTPH HETO U3IIy4al0TCs C MOMOIIBIO aHTE€HH B IIPOCTPAHCTBO. Bo3bMeM IpocToil mpuMep U OJUH U3



Tunos anmnapara ['enpuxa 'epua, KOTOpPBIH OH UCHONB30BAN B CBOUX 3KCIEpUMEHTaX. OH COCTOUT U3 METAJINYECKOTO MpyTa
co cepamu Ha KaXk10M KOHIIE. DIEKTPOHBI, KOTOPbIE IIEPBOHAYAILHO PABHOMEPHO PACIIPOCTPAHMIIICE Yepe3 ero, OyayT
BIIOCJICICTBUH TPAHC(HOPMHUPOBATHCSI B OBICTPBIE KONEOAHHUs, B IEPEMEHHBIH TOK BHICOKOW YaCTOTHI ¢ TIOMOIIBIO OTIAICHOTO
n3mydaress. UTo IpOUCXOINUT B OKPECTHOCTSAX ATOTO JUIIOIBLHOTO M3IIydaTesis MOKa3aHo Ha PUCYHKE HIDKE, M KPATKO OIMCAHbI
B CIEYIOLIEM:

(@) (b) (©

Starting Equalisaton of charges, Quter-lying portions of the
condition formation of magnetic electric and magnetic field-lines
field-lines (blue) migrate outwards into space.
Fig. 6.12 The formation of electro-magnetic waves in the vicinity of an oscillating electric dipole
Puc 6.12

1. Kasx/pIii KOHEIl TUIONIA ITOJIOXKHTENBHO HIIH OTPHIATENEHO 3apsDKkeH. TakuM xke 00pa3oM, KaK 3TO HIPOHCXOAUT MEXY ILIACTUHAMHU
KOHJIEHCATOPa, IEKTPUYECKOE MOJIE PACIPOCTpaHsieTcsa Mexkay HuMU. OHO pacpoCTpPaHseTCs ropaszio JajbIle B KOCMOC, YEM MOXKET OBITh
MOKa3aHO Ha IMarpamMmme.

2. 3apsabl ypaBHHBAIOTCS, NEKTPOHBI IPOXOIAT Yepe3 IPOBOAHUK K IOIOKHTEILHOMY TOMIOCY. DTOT pa30dyXaromuii IOTOK TeHepUpyeT
MAarHUTHOE I0Jie, BO BpeMsl KOTOPOTo IEKTPUUECKOE TI0JIe HCUe3aeT B HeMOCPECTBEHHOH OMM30CTH OT Aumnoiis. B cBs3u ¢ ypaBHeHHEM
MakcBena, OHO MOXKET TOYHO TaK K€ CKa3aTh, YTO U3MEHEHHE B SIEKTPUYECKOM IOJIE CO3/1a6T MATHUTHOE I1OJIE.

3. INocne okoHYaHUs BHIPABHMBAHMS 3apsA/I0B, NEKTPUYECKOE MOJIe Hcye3aeT. Jlaneko paciMpeHHoe MarHUTHOE HOJie JOCTHITIO CBOeH
MaKCUMAaJIbHO! CHIIBI.

4. Cepsl Ha ONIFOCAX CTAIN IPOTHBOIOIOXKHO 3apPsKCHHBIMY, ILTIOC CTAHOBUTHCS MUHYCOM U Ha000pOT. MarHUTHOE NOJIe HAYMHAET
Hcue3aTh, MOABIAETCS HOBOE AIEKTPUUYECKO IT0JIe ¢ 0OPaTHOM MOIAPHOCTHIO, B KOHEYHOM CUETE MPHOOPETET IEPBOHAYANBHOE COCTOSTHIE
CHIL

Kcraru, 310 Tarke 0OBSICHSAET U MOKa3bIBaeT Oosiee HaIAHO moyeMy Ha CoJTHIIE MEHSIOTCS MoJToca 3a Kaxasie 11,2
roza, Kak orMevyasoch B riase 5. ITomroca 3emin, Kak U3BECTHO, IEPEOJMUECKH MEHSITUCh, MEXaHHKa KOTOPOTO TO XKe caMoe
U CII0CO0 KOTOPBIM BO3HUKAIOT MIEKTPUUECKUE MO, TOKa3aHHbIE Ha pUC. 6.12 ¢, pakTHYeCKH MHASHTUYHBI (HOPMHUPOBAHUIO
PpaAMIMOHHBIX MOsicoB Ban AiteHa, okpykaronux Hairy 3eminto Ha puc. 4.14.

Ho BepHeMCst U3 CTOPOHBI K TEME, TI0 TOH ke MPUYHHE, YTO 30JI0Tast (OJIbra - JIUCThS NEKTPOCKOIA PACXOATCS,
YaCTHIIBI TOHKOH CTpyeil BOIbI OBICTPO pachagaloTcsi Ha YacTH, CO3AI0T 3apsbl M YCUIIHBAIOT OTPUIIATEIbHOE HITH
MOJIOKUTENbHOE 1oJie. HakoHel co3aaBaemMoe 31eKTPHYECKOT0 T0JIE 3aI0NHAETCS IIPOCTPAHCTBO HUXKE CTPYH, CTAHOBUTCS
HACTOJIBKO BEJINKO, YTO YACTHUIIBI BEIHYKIEHBI MOBBIMIATECS (JIEeBUTHPOBaTh) (puc. 6.11). Korna monaércst Heodxommmoe
JIaBJICHUE BOJIBI U [TOCJIE HAKOIUICHHS 3aps/I0B, 3BYK [1aJa0IIel BO/bI CTAHOBUTHCS HE CIIBILICH, U HU KaK €ro He YBUJIETh HIKE
BEPXHETO IIIMHPA-KOJUIEKTOPA. 3aMETHM, €CIIM MBI IIPHIIOAHECEM CBOU PYKH OKOJIO 50 ¢M K CTPYsIM, Yepe3 HEKOTOPOe BpeMst
MOXKHO TIOYYBCTBOBATb JIS/ITHbIE YKOJIBI, TAK KaK KaIlIM BCTPEUAOTCS C KOXKel U cOpachIBaroT B HeE 3aps (pa3psuKaroTcs).
W3ommpoBaHHbIE OT BEICOKOTO HAIPSDKEHUS HMITMHAPHI-KOIEKTOPBI MOTYT OBITH CBSI3aHBI APYT C IPYrOM IIPOBOIAMH, U KOTJa
KOHIIBI IByX IPOBOJIOB NEPEILIETAIOTCS B TECHOM II€PEIIETEHUH, MOXKET IIPOCKOYUTh UCKPa MEXTy HUIMH, KOTOpast MOXKET
ObITh B ipuenax, 60. 000 Boubr. [IpaBuito 1uist onpeaeieHus BEUMYUHBI 3apsaa takoe, 2 000 BoisT npobuBaet
MIUTUMETPOBBIN IIPOMEXKYTOK. YCTPOHCTBO, KOTOPOE 51 MOCTPOHI, OBLIO CHOCOOHO CO3AaTh 3apsi/l JOCTATOYHBIN JUIS
CO3/1aHUs IyTH Yepe3 MPOMEUTYTOK B 2 cM, IPOU3BOJIS PE3KUil IIemueK B pe3yasrate npoxoxkaenus okono 40.000 Bonst. OtoT
OTHOCHTEINIFHO OOJIBIION 3apsi ObUT CreHEpHPOBAH Ype3BBIYaliHO MAJIBIM KOJINYECTBOM ITaalOIIeH BOJIBL.

Bopma, BeITekaromas u3 04eHbh TOHKOTO OTBECTHSI, UIJIOH, MaJaeT cTpyel depe3 oTBepctue mmmHapa C + , CBEpHYTOTO U3
MeJHOH (OJIBTH, B M30JIMPOBAHHBINA MPUEMHBIN cocyn V-, UMEIOIUM KOHTAKT U3 MEIHOH (JIaTyHHOI ) IOJIOCHL 171 cOopa
3apsana. [Ipenmnonaraercs, 4yro B mmmHApe C + CKAITMBIBAIOTCS MOJIOKUTEIBHO 3apsDKEHHbIE 3apsi/ibl, a IPOXOJISIIIE Kl
BOJZIbI YE€pEe3 HEr0, OHU HAaJEIISIIOTCS OTPULIATEIbHBIM 3aps/I0M, IepeiaBas 3TOT 3aps]] B KOJUIEKTOP Ha I0JI0CYy B cocyne V-.
DTOT OTpUIIATETBHBIN 3apsl, 3aTeM Nepenaercs Ha umuHap C- uepe3 H30IMPOBaHHbBIN METHBIN MPOBOAHUK-IIPOBO/I,
HAIIOJIHSSL €r0 OTPULIATEIbHBIM 3apsaoM. Tak Kak cTpysl BoAbl B Teuer uepe3 oTpHULATeNIbHO 3apsbKeHHbIH nunuuap C-, oHn



HOJTy4daeT MOJIOKUTENBHBIH 3apsi, KOTOpsIil nepenaercs B mHAp C + gepes mosocy B cocyne V +. 3apsi B KaXKI0M
KOJUICKTOPE COCY/E MOCTOSIHHO YBEIUYHBACTCS, 3aPsi/l YBEIUUHBASICh OIACTCS [0 THATOHAJISIM MPOTHBOIIOIOKHBIM
[UTHHPAM.

Pa3mep uckpoBoro paspsina Mexay KiemMMamu X U V, CBs3aHHbIe ¢ IMHAPaMu C- 1 EMKOCTBIO V +, COOTBETCTBEHHO,
3aBUCHUT OT COYETAHMs BBICOTHI U BIXKHOCTH arMocdepbl. Kak npasuiio, pa3psn uepes 3a30p B 1| mm cocrasiser 2000 BOJIBT.

/ Water inlet

B TIIPONECCE TAKOI0 DJICKTPUICCKOTO pa3psaa, CO34acTCsa O30H 0O;.
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Wﬂtﬂ:’ inlet Callum Coats, Juty 5

Karu Boztel, magaronye B cTpysax A u B, 3apspkatoTcs MoaoKUTeIbHBIMUA U OTPULIATENIbHBIMU 3apsJaMi COOTBETCTBEHHO.
Tak KaK OZIHOMMEHHBIE 3apsA/Ibl OTTAIKUBAIOTCS JIPYT OT ApYyra, KK/l U3 3TUX Kalellb MUTPUPYET OT CBOMX K COCEIHUM, B
pe3yibTaTe 4ero X pachbUIeHUE (pa3leTaloTcs1), BHEIIHIE PACIPOCTPAHEHUS Yepe3 MOJTOKUTEIBHO WITH

OTPHLIATEIHHO 3apPsHKEHHBIX 1oJIei. B 3TOM HOHM3MPOBaHHOM COCTOSIHUS, OHM HAaYMHAIOT MOJAHUMATBCS BBEPX, OrKanIme K
LETMH/IPY KUl BOJBI C IIPOTHBOIOJIOKHBIM 3apsiIOM, 3aTSATUBAIOTCS 0OPaTHO BOJSIHHBIMU CTPYSIMU HaJ HUM.

Puc. 6.11 DkcniepeMeHT ¢ AByMs BOASHHBIMU CTPYSIMH
[epBrim ocymectun nopa Kenssun B KemOpumxe, Aumus, B 1890-x ronax, a nozxe Banprep Llayoeprep B HiopuGepre,
I'epmanus B 1938 roxy.

310 00BACHSAET, HaPUMED, I0YEMY JIOK/IeBasi BOJIa HAMHOTO OoJiee MPOAYKTUBHA, pEreHepaTHBHA U YBEIMUUBAET POCT,
YyeM oioBaeMasi BOJa JUlsl OPOLIEHUsl. XOTs 0K/Ab HE BCEra COIPOBOKAAETCS C MOJHEBBIMH pa3psaMu, MOJIHUAMH,
KOTOPBIE 3aBUCST (KaK OIKCAHO BBIIIE) OT CYIIECTBYIOIIUX YCIOBUI U MIIOTHOCTb BOASHOIO Iapa, TaK Kak 3TT MaJIEHbKUE
JMIIONY MAJIAI0T, OHa BPAIAOTCsl, CO3AAIOT U ANIEKTPUIECKOE ¥ MAaTHUTHOE, WII OMO- MarHUTHOE T10JI€, TeHEPUPYIOT
sHepreTuueckoe noje. Korna oueHb 3apsKeHHbIE KA BCTPEYAIOTCA C KHUBBIM OPraHU3MOM, B 3TOM CIIydae JIUCTOM, €€
HAKOIUICHHAs YHEPIus cOPachIBAeTCs B PACTEHUS U CTAHOBUTHCS JOCTYIIHON JUIS HCIIOJIB30BAaHUS PACTEHUSL. JTO sSIBIIETCS
TIPIYHHOM Ut GoJiee SHePrHIHOH peakIiel pacTeHHit Ha JOXKIEBYIO BOY, IPOTHATH BOAY depe3 ycTpoiicTBo Vis-A—Vis (apyr
IIPOTUB JPYTa, JIUIIOM K JIMILY ) JUIs TIOJIMBA, HOCKOJIBKY [OCEAHSS. He UIMEET TOr0 JK€ PACCTOSHMS NAeHUs, KaK BOAA JUIs
OpalleHHs U I103TOMY HE MOXKET HAKalUTh CyLIECTBEHHbIH 3apsl.

Ecnu 3TOT 5KCIIEpUMEHT BBIIOIHATH B TEMHOTE, OyIyT BUIHBI MOLIHBIE (DaKela, KAl BOAbl MOJHUMAIOTHCS BBEPX HaJ
BEPXHEM LIMJIMHPOM-KOJIEKTOPOM. Ecin ropH30HTaIbHO PAaCONOKUTh CIIMPAIU U3 METHOM IMPOBOJIKK U YCTAHOBUTH MX
BMECTO BEPXHHX LIUIUHIPOB-KOJUIEKTOPOB, 3TO OUEBUIIHO IIOPOXKIAET IPYroe SBIEHUE, 3 IMEHHO IOSIBICHUE BEPTUKAIBHBIX
roiy0oBaTo-0eNbIX IIepbeB, XOIOJHOTO CBETa HaJl CTPYSIMHU BOJBI, PE3yJIbTaT HHTEHCHBHON HOHU3AUH U TOPH30HTAIEHO
pacxozsIecs: KpaCHOBaTOE CBEUCHHUE HIDKE CITpaMeit n3 Mequ. [omy0oif cBeT, CBA3aHH C OMOMarHeTU3MOM - CO3UIaHHUEM,
JeBUTANMEN, )KU3HEHHAS JHEPTHS, & TIPOM3BENCHHBIN KPACHOBATBIN CBET JIEKTPUIIM3MA HMEET JIETCHEPATUBHBIN 3 deKT’ .

INommMo ero nHTEpeca K (paKTHIECKOMY ITePEBOILTAICHHIO 3apsanoB, Bukrop Illaybeprep Taxske MCIOIB30BAN STOT
anmapar Jyis POBEPKH KaueCTBa U )KU3HECTIOCOOHOCTH BOJBI. UTO OBl OZIMH JIUTP BO/ABI CTAJl XOPOIIEH TOPHON POJTHUKOBOM
BOJIOH, OH JIOJDKEH IPOUTH Yepe3 TOHKUE CTPYH-HIIIBI 1 OKoio 150 pa3, mpekae 4eM 30J0ThIe-TUCTKH (DOJTBIH IIePeCTaHyTh
pearupoBarh - XJI0NaTh. DKCIIEPUMEHTUPYS C Pa3IMYHON TeMIIepaTypoil BOABI OH TaKkKe 0OHApYKHII, UTO IIPH TEMIEepaType
+37 © C Kucnopoa B BoJIe CTAHOBUTKCS arPECCUBHEBIM M BOJIA TIPAKTUIECKH HEIIPUTOAHA sl UTh. EE 3apsim Taxxke
CHM)KAeTCsl C MOBBIIIEHHEM TeMIIepaTypbl. MEHSIICS JM IIBET HOHU30BAHHOTO CBEUCHNUS (KPACHOTO) OMMCAHHOTO BBIIIE,
TIOXOXKETO Ha ceBepHOe (TIONSIPHOE) CHSHKE, C U3MEHEHHEM TeMIIepaTyphl, He coo0nIanock. MOXKHO OTHAKO MPEITOTIOKHTE C

OIIPE/ICJICHHON J10M1eil yBePEHHOCTH, YTO Pa3IMYHbIe TEMIIEPATyphl OyeT NPOU3BOIUTE Pa3IMYHbIC SMaHALUH-HCILyCKaHUS
CBEYEHHS.



6.4 llImopma, napwvt Boowvt u Knumam

OTOT 3KCHEPUMEHT UMeeT Oouiblioe 3HaueHne. OH NOKa3bIBaeT, HAIIPHUMEP, YTO B PE3YNIbTATe TOCTEIEHHOTO HAKOTLICHHS
arMoc(epoii BOISHOTO Mapa, CTaja JOCTaTOYHO HACBHIIIEHHON Ul BOXXMOYKHOW arperamyy OTASBHBIX MOJIEKYJ BOJIBI B
MaKpo-MOJIEKYJIbl, WX Kalljiu A0/ B mpouecce nmageHus, 3T Kariyu BOoJbl CO3AAI0T 3apsij, U SBJICHHE IEKTPOIHEPTUU
TIOSIBIISIETCSI B BUJE MOJTHHU. Bee cpasy GpopMbl YHCTO SHEPTUH CTAHOBUTCS TOCTYIIHBIE IUISI MCTIOIBb30BAHMS TTIAHETOH.

B xone anekTprudeckoro pa3psia-MOJIHAH, CO3IAETCs O30H U, U3-32 YaCTOM MHTEHCHBHOM TEMIIEpaTyphl U
MHIYIMPOBAaHHON MOHHU3AINH, BBICOKOH CKOPOCTH BOCXOSIIUX TIOTOKOB BO BPEMSI IPO3bI, 3TO 030H MOXKET IOTHATHCS HaBEpX,
9T100BI cHOPMUPOBATH MM YKPEIUTH 030HOBBIH CJIOW, KOTOPBIN 3alIMIIAET HAC BCEX OT YPE3MEPHOTO BPEIHOTO
YIBTpahHONETOBOTO M3Ny4yeHus. Ha TaHHBI MOMEHT IJie TO B MHPE MPOUCXOAT IPO3bl, UX Y0 npuMepHo 1880 u
npubmm3urensHo 100 ynapos MonHui B MuHYTY. B cpennem 15 000 000 kBt yaap MOTHHH, TOCKOJIBKY 3TO COCTaBiseT 1,
500, 000, 000 kBt / mur umu 13, 000, 000, 000 kBt / 4 B rox®.

Pa3psiibl MOJTHUH MOTYT OBITh 10 9 KM JUTHHHOW U 3apHHIIA MOJTHUU MOXKHO mpocTuparhest 10 100 kM. Bee 3t ynapsl,
CBA3aHHBIC C IIPOU3BOACTBOM O30HA H3-3a MHTECHCUBHOM HOHHM3alUH1 BbI3BBAHHBIX JJICKTPUICCKUMU paspsiaaMu. B cBs3u ¢ TEM,
YTO IPO30BbIE 00IaKa MOTYT JOCTUraTh BEICOT 10 12 KM HJIM OKOJIO TOTO M COZIEPIKaT YPE3BBHIUAMHO MOIIHBIE TOKH, KaK
IIOKa3aHO B HEOOJBIIOM MAcCIITa0e B ONMCAHHOM BBIIIE SKCIIEPUMEHTE, BIIOJIHE BO3MOXKHO, YTO 3TO BHOBb IIPOU3BEACHHBIN
030H CO3aeTCs ISl YBEIUYEHHS 3al[UTHOTO 030HOBOTO CIIOSL.

Ecnu rpo3oBast akTUBHOCTH OyA€T yMEHBILAThCA, TO STOT BKJIAJL B 030HOBBIH CIIOH OyleT Takke MaJaTh COPa3MEPHO.
HeﬁCTBI/ITCHbHO, B INOCJIEAHUEC I'OAbI aBTOP 3aMCTUII TAACHUC OGBI‘{HOFO, KOJIMYECTBA I'pO3 B paﬁOHe, 1€ OH XXMBCT, U BIIOJIHC
MOXeT OBbITh, YTO 3Ta TEHAEHIHMA HaOMonaeTcss BO BceM Mupe. Eciu 3To Tak, TO 3TO MOXKET UMETh CEphe3HbIE ITOCIIEICTBHS
JUISL BCEX Hac. 3allOMHMTE, YTO MOJIEKYJIa BOJbI — JUIIONb B JOXKIE, UL MOTyYEHUS SJIEKTPUUECKOTO pa3psia YacTHIIBI BOJBI
JIOJDKHBI OBITh OYEHb TOHKHMH U3SIIHBIMHU, YTOOBI OBITh B COCTOSHUU OBICTPO BPALIAThCsl, YTOOBI CO3JaTh BBICOKHUI 3apsi
(moteHmmaN).

ITo mannbM uccnenosannii Kenner C. [Ipeuc u Jlxon Aprypom JleeM’ KONMMYECTBO BOABI HCIIAPSIETCS €KETOIHO OT
OKEaHOB cOCTaBJIsIET okoo 333 000 kM?, BKIaj OT 03€p, PEK M MOBEPXHOCTEH 3eMIH B puMMepHO 62 000 km>; mocineuss
cocrapiseT 18, 6% ot obmiero kommaectsa 395 000 kM, 4TO Bo3BpamaeTcs Ha 3eMIIIO B BUIE NOXKIA B Kaxabli rof. Ilo
OTHOLICHHUIO K 00LIei IUIOLaIy PeK U 03ep, CYIIH, MOKPHITHIX JIECOM, HAMHOTO OOJIbILE, ¥ TIOATOMY OOJIbIIAsk 4YaCTh
HCTIapeHHUs ¢ 3eMIIH IPOUCXOIMT OT Jieca. B MpOIeHTax OT 1eNoro, BKIIAJI JIECOB II0O3TOMY SIBIISIETCS KPUTHUECKH BaXKHBIM UL
oJ/IepKaHusl CTAOMIIBHOTO KIIMMAaTH4eCKOTO YCIIOBUSL.

OnHako u3-3a Hallel 1esTeIbHOCTH, MACCHBHOM BBIPYOKH JIECOB, B OCHOBHOM JUISI CEJTLCKOTO XO3SIHCTBA U MPOU3BOJICTBA
TOBSIMHBI, TUTOIIAb €CTECTBEHHBIX JIECOB COKPATUIIACh YPE3BBIYaliHO, OT €€ MEepBOHAYAIEHOTO COCTOSHHS. JTO MACCHBHOE
pacimpeHre ropsunX, OTKPBITHIX IJIsl OCBEICHHUS (OTKPBITHIX YYaCTKOB 3€MJIH) TOBEPXHOCTH MPUBETIN K OTPOMHOMY
YBEIIMUESHUIO CKOPOCTH HCTIAPEHHUS, KOTOPOE 3HAYUTEIHEHO IIOMOTAeT BEI3XBaHHOMY (D (EKTy MOBBIIICHHE TEMITEPaTyphl U
NPORYKLUHK Hamux TexHosnoruu. [Ipuunna ynepxusaronias | © C moBBIIIEHHUS TEMIIEPATyphl, HO He 00s3aTeNIbHO PABHOMEPHOE
pactpenenenue, JonoMHUTeabHBIX 1 000 MITH. KyOMYecKHX METPOB BOISHOTO mapa B arMocdepe.

B pesysbrare Bech BOAHBIHM OanaHc 3eMin ObLIT CEpbE3HO HApYIICH, B PE3YJIBTaTe Yero OYeHb OSCIOPSIIOYHbIC
CKOIUTeHHs1 arMoc(epHOit Biaru, pakT 0 KOTPOM HaC €XKEIHEBHO HHOOPMUPYIOT CpeicTBa MacCoBOM HH(popMaiun. B
HEKOTOPBIX MECTaX, €CTh ePerpy3Ka, B pe3ylbTaTe yero MOBTOPAIOTCSA KaTacTpopUIECKUe OCAAKU U KPyITHOMAacITaOHbIe
HABOJHEHUS, TaKasl CUTYyaIHsl IIPOMCXOASIIAs B IIOCIeqHNe oAbl B banrazee, a B Apyrux Ha000pOT, HET WX ITOYTH HU
KaKHMX OCaJIKOB, T.€. IIpeolIa/latoT CypoBbIE YCIOBUS 3aCyXH, kKak B CynaHe U D(HOINY, BCe KOTOPbIE IPUBOIAT C
Ype3BBIYAIHBIM CTPAJAHUSIM U OTPOMHBIM YEIOBEUECKHM >KepTBaM. B cBs3U ¢ 60IbIIMM 005eMOM N30BITOYHBIX TapOB BOMIBL,
BMECTO CO3/IaHUs MaJIbIX YaCTHUILl BOJIbI, KAK OTMEYAJIOCh BBIILIE, 00pa3yloTcs ropaso 0omee TSLKENble Kalllld, KOTOpPhIe MalaloT
KaK JIMBHEBBIN JAO0XKIb U TCHEPUPYIOT 3HAYUTCIIbHO MCHHUIIEC DJICKTPUICCKUX 3apsAd0B.

Bo MHOruX Takux JIMBHSX, TAKMX KaK HUKIOHUYECKUX U MYCCOHHBIX, HET HM KaKOTr0 rpoMa BooOmIe. XOTs 3TOT
JIOTIOJIHUTENbHBIN BOJSHON Map YBEIMYUT OOILIOI0 TeMIIepaTypy aTMOC(Epb], U3-3a IBIXKSHHUSI BO3AYLIHBIX IOTOKOB BEpXHEH
arMocgepe, HanpapJsis TOTOK K MOJIIOCaM, TaM OH BBINAACT BBUJIE CHETa, T0OABUB K 00beMy (DUKCUPOBAaHHYIO BOIY Ha HEM
IIOYTH IIOCTOSHHO, BBUJIE JIbJa. KpoMme Toro miomaas 061a4HOro IOKpoBa Takke yBEIUUUBaeTcs Onarofaps 3Tomy
AQHOMAITLBHOMY COJEPKaHHUIO BOJSIHOTO Mapa, YTO B CBOIO OYepeb YCHIIMBAET TaK Ha3bIBAEMBIN 2 (eKT anpdoeno 3eMim.
Anpberio - TepMuH 11 0011eH Oen3Hbl aTMOC(hEPb! 3eMIIK BBI3BAHOTO OTPAXKEHUEM CBETa OT OelbIx 001aKkoB. OHO CKpBIBAET
COJIHEUHBIE JIYYH U MPEAOTBPAIIaeT HCIapEHHe BOIBI HH)KE OOJIAKOB OT TOTO, YTOOBI OBITh B JaNbHIIEM HarpeThIMH.

C npyroii CTOPOHBI, TaK Kak OOJIbIIas 4aTh BOJSHOTO Mapa Obljla HaKOIJIEHHA B 00JIakax, IJie HET HU OJTHOTO, WX
MIPUCYTCTBYET OTHOCHUTEIHHO HEMHOTO TTapa 1 Tak kak CoJHIIe, T/Ie OHO MOXKET ITPOCBEYMBATh, OOJIbIIE HE TPeeT aTMochepy.
ITomoraBiast yBeTYMBaTh TABJICHIE B HIDKHHX CIIOSIX aTMOC(EpbI, BBI3bIBAs TEMIIEPATYPHOE PACIIHPEHUE HEPABHOMEPHOTO
KOJINYECTBA BOIBI B ape, Bce OOJbIIe U OOJIBIIEe MOJICKYI BOABI, BEIHY)KCHBI IIOJJHUMATECS HA OOJIBIIIE BHICOTHL, YTOOBI TaM
MIOJIBEPTHYTHCS UCCOLMATUBHBIM-PA3JIEAIOIINM IIPOIeCCaM YIOMHHABIINMCS paHee, yBEINYUBACTCS HEIIONpaBUMast IoTeps
BOJIBL.

B monrocpouHoii mepcnekTiBe Bce 3TH dPQEKTH 1 MePhl K YMEHBIISHHIO 00l TeMITepaTyphbl OKpYKarouiei cpeabl 1
Haju4ue aTMocdepHoi BIary, B To BpeMs Kak IepBOHAYaIbHAs TeMIepaTypa B HEKOTOPBIX 4acTsX 3eMiH OyIeT pacTH, B
KOHIIE KOHIIOB HEM30€)KHO PE3KO OCTHIHET, KaK IPEJBECTHUK HOBOTO JIETHUKOBOTO MEPHOIA.

I/ICTOpI/I‘{eCKI/I HHUKTO U HI/IKOFJIB.-J'[I/I6O HE UCIBITbIBAJI HAYAJIbHBIC 3Tallbl JICAHUKOBOI'O II€pHOaA. HO, HO)Kaﬂyﬁ,
MOCJIeTHIEe, HECE30HHOE BHIMAJICHHE CHera B ABCTpanuu Ha PoxxaectBo 1993 (camoe skapkoe Bpems Tojia) SBISETCS TEPBBIM
IPEIBECHUKOM IIPOTATUBAS JIEJSIHbIE LIYTANbIIbI 3apOKAAIOIIErocs JJeAHUKOBOro nepuona. Bukrop Illaybeprep yxe
npensuaes Bce 910 B 1933 romy, 331010 10 TOr0, KOTAA M HOHATHS HE MMENH O II00ATbHOM MOTEIJICHHH, U OTIHCAIl €T0
nozipo6Ho B cBoeii kuure "Ham becemsbicnennstit Tpyn - ictounnk MupoBoro Kpuszuca. OCHOBHBIMM IIPUYMHAMU, [0 €T0



MHEHHIO sIBJIsIeTCs (CBEpX MPOsICHEHHUE) TaTalbHas BhIPYOKa Jieca, B COUCTaHUU C "TSDKEIIBIMU pyKaMu'", MeXaHUCTHYECKHU-
OPHEHTUPOBAHHBIM METOJOM BE/ICHHUS CEJILCKOTO XO3SIHCTBA M HEECTECTBEHHBIMH, A€3UH()OPMUPOBAHHBIMHU-OITNOOYHBIMU
CHCTEMaMH YIPaBJICHUS! BOAHBIMHU PECYpCaMH, BCE U3 KOTOPHIX OepyT CBOE Ha4yalio ¢ OOLIET0 HETOHUMAHUS MTPUPOIHBIX
SHEPTHUH U MPOIECCOB.
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7 TEMIIEPATYPA

7.1 /Ipycue @opmuvr Temnepamypot

Tenepb MBI 00paTM Halle BHUMaHHe Ha 0oJiee 3HaKOMBIE TIOHATHE TeMITepaTyphl. J[BIDKEeHHE TEMIIepaTyphl B €€
BEUHBIX IIUKJIAX — TAKXKE aKTHBATOP )KU3HU M CMEPTH, YBEIMUUBATHCS U YMEHBILATHCS, PA3JIOKEHNE U BO3OOHOBIICHUE. JTO
3aBHCHUT OT TEMIIEpaTyphl, HJIH, CKOpee, BPOXKICHHBIE YHEPT Ul (YHKIHOHUPYET MO 3HAMEHEM TEMIIePaTyphl, KOTOPBIE
MIPOU3BOJAT MYJbCAIMH, KOTOPBIE aKLIEHTHPYIOT U YIPABJIOT MpolieccaMu Beell )Ku3HU. MBI ymMaeM o 3BOJIIOLMU-PA3BUTUU
KaK O HeMpPephIBHOM MpolLecce, KaKoil OH B LIEJIOM, XOTS OH TAK)Ke UMEET BaXKHBII MPEphIBUCTHIN actekT. Eciau Obl He 3TH
SHEPreTHYECKUE MYJIbCALUH, KOTOPhIE COCUHSIOTCS U ICHCTBYIOT B OJJMH MOMEHT, YTOOBI OTJICITUTHCS B JIPYTOM, YTOOBI
OO0BEIMHUTD HEPTUH U MaTepHH, He KaKhe-HUOyAb YIOpsAA0YeHIe HHCTPYMEHTHI, KOTOPBIMU MOTTIM OBITh CO3IaHbI
OecurCiIeHHbIE HHIUBHIYAIbHOCTH M Ka4Y€CTBO, KOTOPBIE COCTABJISIOT )KU3Hb, KaK MBI €€ 3HaeM. TakuM 00pa3oM LUKIHYECKOe
JIBH)KEHUE TeMIIepaTypbl MO>KHO pacCMaTpHUBATh KaK MHAMBUAYaIbHOCTb, BBHI3BIBAIONINE IBHKEHNUE, KOTOPOE CO3AAET
SNHU30AUYECKUe OIaronpHUATHBIE YCIOBUS Ul Pa3BUTHSI HOBBIX ()OPM JKU3HU MIM OOHOBJIEHHE YK€ CYLIECTBYIOIINX.

Onpenensonuii akTopoB TEMIIEPATYPbl — 3TO JBE MPOTUBOIOJIOKHOCTH TEIUIO U XOJIOJI, UX YpE3BbIUaifHbIC TIPEICIIbI,
SIBJISTFOIMXCSI HEOOBIKHOBEHHBIMHU aclleKTaMH OECKOHEYHOTO Terla U OECKOHEYHOTO Xo0j10/1a. Kak Mbl BUANM, TOCTH)KEHHE
mo0oro npesena HEBO3MOXKHO B (PU3HUECKOM MUPE, TaK KaK JOCTHXKEHHE OHOI'O MOXKHO OBLIO ObI OTHOCTBIO OTPULIATD
CYIIIECTBOBAHUSI APYTOTO, H B TO K& caMoe BpeMsi oTpuuas cedss. OH ObI TOrIa He UMeI ObI aHAIOTOB, HA KAKOW MOJISIPHOCTH,



HH KaKOW TBOHCTBEHHOCTH, U IETbHOCTH, BKIFOYAIOIIAs B3aUMOJICUCTBHE TEIlIa M XOJIO/a Ha (PU3NIECKOM YPOBHE, TPEKPATUT
CBO€ CyIecTBOBaHUE. Uepes npeHeOpeKeHNe AUaeKTHIECKOTO MBIIIIEHHS B 00JIaCTH HayKH, C TOMOIIBIO KOTOPHIX 00€
CTOPOHBI MOHETHI MPUHUMAIOTCSI BO BHUMaHHE OHU OBl TOT/a cTaiu "3akoH", TAKUM e Kak, Kak TOBOPHUT Hayka o "3akoHe
BCEMHPHOTO TATOTEHUs" B TO BpeMsl 00eCIICHHBasI MPOTHUBOIIONIOKHBIN actiekT Jlepurarmio (cM. puc. 4.6, rasa 3).

B TO BpeMs Kak MOTYT ObITh O4€Hb BBICOKHE TEMIIEPATyphl B OJJHOM MecTe BO BceenleHHOH, 371ech, Ha 3emite
TEMIIEPATYPBbI, CIIOCOOCTBYIOIINE POCTY U Pa3BUTHUIO SBJISIOTCS OTHOCUTEIILHO, IIMPUHA (IMaNa30H), HU3KUMH U JISKaT B
npenenax JOBOJBHO Y3KOU MOJOCH. B OCHOBHOM, €CTECTBEHHBIN POCT MPOUCXOIHUT B YCIOBUSAX YMEPEHHON TEMITEPaTypBbI,
OONBIINX WM PE3KUX U3MEHEHUH, OHU OyIyT BpeAHBIMU A1 OOJIBLUIMHCTBA OPraHn3MOB. biarogaps HamieMy TymoMy
(orpaHm4YeHHOMY) 00Pa30BaHHIO M TEXHOJIOTHSM, BBHITEKAIOIINE U3 HETO, MBI TIPUBBIKIIM JTyMaTh, H IPHHAMATH KaK
€CTECTBEHHBIE TEMITEPATYPhI YPE3BHIYANHO BBICOKOTO YPOBHs. MBI FeHEpHPYEM HAIIHM TPOU3BOICTBEHHBIC MOIITHOCTH
HCTIOJIB3Ys CTOPaHHUs ¥ ropsiuee AeeHne (TeMIepaTypHoe pacieruienne (aroma)). Hama gopma xuMun - Xumus
NPUHYXICHHS, B KOTOPOW MBI CO3/IaéM COSIUHEHHMs (COCTaBbl) M MPUBOAUM HAIIX MAIIUHBI C UCTIOIb30BAHHEM TEILIa, YACTO
IIPY OYEHB BBHICOKHX JABICHHUSX.

Ipupona, ¢ Apyroi CTOPOHBI, UMEET HEOOJBIIOE KOHCTPYKTUBHOE UCTIONB30BAHMS BHICOKHX JABICHHUI U TEMIIEparyp,
KpOMe KaK CPEeJICTBO JJIbI CHATHS HAIPsDKEHMS, HAIPUMep, U3BEPIKEHHS BYJIKAHOB M 3eMJIETPSCEHHUS, 1 BMECTO 3TOTO
HCIIOJIb3yeT COTPYIHUYESCTBO XOJOJHOTO CHHTE3a B €€ XUMUH. ITO MPOXJIATHAS XUMHUSI B3aUMHOTO BCACBIBAHUS WA
MIPUTSHKEHHS TIPOTHBOIIOIOKHHBIMHA TIOJISIPHOCTSIMH U COOP 3apsI0B, IO YACTHIHBIM BaKyyMOM - IIPOCTPAHCTBEHHOH U
9HEPreTHYECKON MyCTOTHI MY MPUBJICYCHUEM TEII — COOPATh BMECTE PA3IMIHBIC AIEMEHTHI, YTOOBI CO3/1aTh JKU3Hb. Ecin
ObI He OBLJIO TAKOTO BaKyyMa, MbI He MOTITH ObI Jiblark. B 1908 rony Hemeukuii xupypr, npodeccop IpHcT DepanHan
3aropOpyX, 00HAPYKHIJI 00JIaCTh HA3KOTO JAABICHHUS MEXIY TUIEBPOI U MOBEPXHOCTH JIETKUX M OOBSICHUI 9TO CBOEMY
HaYaIbHUKY, podeccopy MUKOIHYY, CIESAYIOINUM 00pa3oM:

"Bo 6HYymMpeHHUX U 300POBbIX NESKUX CYWECmBYent 30HA HU3K020 OABNeHUs], KOMOpAas NOO0epICUBAeMCsl 1e204HOU
NOIOCHBIO U NO380ISIeM JLe2KUM PACUUPIMbCS NPU 800Xe U COKpamumcesi npu evlooxe. He 6v10 6b1 6axyyma mexncoy
NOBEPXHOCMbIO NE2KUX U NIEBPOU (603MONCHO dappazmoil) , He OblI0 Obl BOIMONCHO HU KAKUM B0OXOM, HU KAKO2O
pacuupenus 1eekux. Bez amozo uacmuuHo2o axyyma, KOmopulil 3aCmagisiem blpagHUBAMbCS 1e2KUM YeNIAMbCs 3
BHYMPEHIOI0 NOBEPXHOCb 2PYOHOU KIemKU, be3 He2o Jieckue bbl Pe3KO CHCANUCh U Mym dce nociedosana cmepmo. Eciu Obi
ama buonoUecKas nycmoma 3anoiIHAEMcs HOPMAIbHLIM AMMOCepHbIM dasieHueMm yepes aodyio gopmy nepdopayuu,
moz0a vl 6ce 3a00XHyIUCH. """

Korna 3aropOpyx KOHUMII TOBOPUTH, MHKOJINYY, TOT CKa3ajl €My, YTO OH ObLI HE B CBOEM YME U YBOJIHII ero 0e3
IPEBAPUTEIBHOIO NPEAYIPIDKACHHS. Tak MHOTO JIFOAEH OTKPBITHL M OOBEKTUBHBI, AeiicTBIEe MUKOIMYa CBEIUCH K HAyIHO
000CHOBaHHOMY MHEHHIO, MHOTHE JJPyTrHie IIepBOOTKPHIBATENH ITOCTPAJaI OT PyK OopTofoKcanbHocTH! B HacTosmee Bpems
MPUHSATO OTHOCTOPOHHOE TPEJICTABICHUE C TEM, YTO TEIUIOT U XOJIOJ - IBOWCTBEHHOCTH, 3aMETHM, TO, YTO TEILIO
MTOAHUMAETCSI U PACHIUPSIETCS, U XOJIOJ OMYCKAETCs M CKMMAETCSL. DTO, 0€3yCIOBHO, CIIPABEIUBO JUTS BCEX TEXHHYESCKUX
CHCTEM H TJIe 3TO MPUMEHHUMO, MBI OyIeM Ha3bIBaTh UX TEXHUYECKHM TEIIJIOM U TEXHUYECKUM XOJIOJIOM, 32 HEUMEHHUEM
nyqiero onpeneneHus. OQHAKO 3Ta TOYKA 3pEHHS SABJSAETCS JIUIIb YaCThIO UCTHHBI [IpHPOIBI, TakKe UCIIONb3YeT
MPOTUBOIIONIOKHYIO ()OPMY, @ IMEHHO IOBBIIIAETCS ¥ PACIIUPSIACH XOJI0I0M, M TOHMKAETCA U KOHLIEHTPHPYSI BHICOKOI
temreparypoii. [To cpaBHeHuto ¢ 00IeH mIoImaau 3eMin, MbI JIFOAX HEMHOTO OoJIbiiie YeM Bupychl. Hama oOriast
MIEPCHEeKTHBA I03TOMY TPAaHUYUT C aHAJIMTUYECKNM, TaK KaK M3 Hallleil HU3KOH TOYKOM 3peHHsI MBI HE MOXKEM HaOII0AaTh
[esoe, HO TOJBKO OoJiee MENKUe YaCTH B HEIIOCPEACTBEHHON OIM30CTH OT Hac. [loqHnMas Halry TOUKy 3peHHsI, Ha CaMOM
Jierie, Mbl BUJIUM, YTO CYIIECTBYIOT U €CTh JIpyrie NPOTHUBOIIOJIOKHBIE OTHOIIEHHE TeMIepaTyp. PaccmarpuBaemble u3
KOCMOCa, COCTOSIHHE BBICOKHX YHEPIHH YBEIMUMIIOCH H PACIIPACTPAHEH XOJIOJ, MBI MOYKEM BUZIETb, YTO YCIIOBHE MAJCHUS U
KOHIIEHTPALH BBICOKOH TEMIIEPATypHI MOCTEIIEHHO YBEITMYMBAETCS [0 Mepe IPHOIIKEHHs K IIOBEPXHOCTH 3eMIIH, T/Ie OHa
SIKOOBI JOCTUTAET CBOETO MaKCUMyMa B HEIpax 3eMIIH, B 3aBUCHMOCTH OT TOTO, 3eMJISI PACCMaTPUBAETCs KaK TBEPAOE HIIH
nosoe Temno. Jlo cux mop HU OJHO U3 TMOCIEIHUX NIPEIOKEHHBIX THIIOTE3 He OBUIO HEOCTIOPHMO J0Ka3aHO.

PasHuia mexay sTiMu 1ByMst hopMaMu TeMIeparyp HauboJee 4acTo BCTPEUYAROIMXCS, KACAETCs TEMITePATYPHBIX
HMHBEPCH, KOTOPBIE IPOUCXOIAT MEXIY THEM 1 HOYBIO, MEXKY 3UMOH U JIETOM, I KOMOMHALMSI OOOMX CYTOYHBIX U
CE30HHBIX TEMIICPATYPHBIX KOHC6aHHﬁ. B JAHEBHOC BPEMsI YBCJIMYCHHUA TCIIa BOCIIPUHHUMACTCS, KaK MbI 6])1 OIIYCKaJIUCh Ha
JIHO JIOJIMHBI (TTOHIDKEHHE M KOHLIEHTPALHS TeIUla), B TO BpeMs KaK OHO IIOCTEIIEHHO CTAHOBUTCS IPOXJIaAHOHN (MOBBILICHUE U
pacipeHue Xonoza), Kak Mel Obl MoHUMaNIKMCh. Houbto nporece MeHsercs (3To 0ojiee O4eBUIHO B 3UMHEE BpEMsi).
[TockonbKy MBI CITycKaeMcsl, BO3yX CTAHOBHUTCSI O0Jiee XOJIOAHBIM 1 00j1ee IUIOTHBIM (TIOHMKEHHE M KOHIIEHTPALHS X0JI0a),
TOTJa KaK, KOT/Ia MbI TOJJHUMAEMCs, BO3/LyX MPOrpeBaeTcs (IIOBBIIICHUE U PAaCIIMPEHHE TEILIa).

ITo3TOMyY O4EBHIHO, YTO CYIIECTBYET JIBE pa3IM4HbIe ()OPMBI €CTECTBEHHOTO OTHOILIECHHUS - TEMIIEpaTypa / INIOTHOCTb,
OJTHA U3 KOTOPBIX ITOKA ellle HU OblIa MpU3HaHA HU UCCIIeI0OBaHHA HAyKOH, XOTs, 1o cinoBaM Bukropa [llay6eprepa — 310
npeoOnaiaromas Gopma, U Ta, KOTOpas JienaeT BO3MOXKHOW )KHU3Hb. B pe3ynsrare Haly HIHEIIHHE TEXHOJIOTHH UMEHHO
II03TOMY COBEPIIIEHHO HecOalaHCHPOBAHHBIE.

OTH JIBE pa3InuHbIe (POPMBI TEMIIEPATYPHI, HIIH TEMIIEPAMEHTA, KaK TOBOPUT BUKTOp — 3TO OTpaXKeHHUs OT UX
9(HUPHOTO MPOUCXOKACHHS, IMEIOT IIPOTUBOIIONIOKHEIE (pa3Hbie) GYHKIMH 1 00e akTUBHBI B [Ipupone ogHoBpeMeHHO. J{is
SBOJIIOLIUY U Pa3BUTHE, YTO OBl MPOIOIDKATH X OECIPENSTCTBEHHO MOIbEMY BBEPX, OJDKHA Mpeodnanatsh Gpopma. ITO MbI
Ha3oBeM Turr A, mpencTaBisis KOJUISKTUBHBIE TIPH3HAKH POCTA M PACIIMPEHUS XOJI0a U YMEHbIICHUE (TIOHIDKEHUE) H
KOHLIEHTpALIUs TEIUIa, KOTOPBIE IEHCTBYIOT BMECTE — €CTh O0BEIMHEHUE, )KU3HEYTBEepKAatomas (GyHKIHS, IIPUBOIS K
XOJIOAHBIM, (POPMHUPYIOIIMM, OOMEHHBIM MporieccaM. OHa BO3HHKACT B pe3y/bTare "OpuruHana" IBIKEHHS 3eMIIM B MOXKET
OBITH BbI3BaHA HCCKYCTBEHHBIM MEXaHMYECKHM ITyTE€M, CO3/1aBasi HaTypai30BaHHbIE JBIKCHUS LUKIONIHO-CITUPATIbHO-
MIPOCTPAHCTBEHHYIO-KPHUBYIO (palfajbHO-0CEBBIE) 0OCYKAANINCH B MPEABIAYIIHX [NIaBaX. JTO 03HAYAET, YTO OHMO-MarHeTH3M



TaKKe MOXHO ITPOU3BECTH, (POpMa SHEPTHH, O KOTOPOI HayKa B HACTOSIIEE BPEMsI HEOCBEIOMIICHA.

U naobopor, Temmeparypa Tuma B , rae BeIcOkast TeMIeparypa MOBBIIACTCS H PACIIUPSIETCS @ XOI0/ CHUKACTCS
(TTIOHMKAETCsT) ¥ KOHIIEHTPUPYETCs, UMEET JC3UHTErPaTUBHYIO (QDYHKITHIO OTPUIAHHS-KH3HU U TIPUBOJUT K TETUIOMH,
pa3duparolieil Ha COCTaBHBIC YaCTH, MeTaboInuecKas (paciieruieHie) akTHBHOCTh. CyTh, CBS3aHHAS C aHAJIM30M SHEPTHH
SIICKPUIIN3MA, KOTJIa ITOPOXKJICHA eCTECTBEHHO, [Ipupooit ncrons3yercs Tuma B it HaJuiexaIero pasioKeHus
OpraHNYECKOM paHee KMUBOW MaTepuH, T. €. I pacmaaa 6e3 THHSHHSL.



Pwuc. 7.1 3BykoBble courypsbl.
MnactuHa 24,5 x 32,5 cm, TonwwmHa 0,5 mm, yactota 1580 ru 6e3 yueta BnNusiHUS Tenna (NogpobHo).

Bnaronaps noHUMaHHMIO B3aUMOACHUCTBHS MEKIY STHMH JIByMsI TUIIAMH TEMIIEpaTyp, B Oojee nmo3anel Boitne 1930-x
u Hauane 1940 rona Buxrop Ilay6eprep paspaboran "Knrmarop", KOMHaTHBIH 3IIEKTPOOOOrpeBaTesb / OXJIaIUuTesb, KOTOPBIHA




Q)yHKI_II/IOHI/lpOBaII B COOTBETCTBUU C €CTCCTBECHHBIMU IIPaBUJIaMH U UMECJI pasMEp CO HUIAILY. C IIOMOIIBIO 3TOM MallrHbI,
BMECTO OOBIYHBIX YCIIOBUH 3UMOM -XOJIOHBIE HOTU M TOPSYasi TOJIOBA M CHMIITOMAaTHIECKUM TEXHUUECKH KOHTPOIHPYEMBIX
YCIIOBUSIX, TEIUIBIA BO3IYX CO3/1aBajics B 0oJiee HU3KUX YPOBHAX U OoJiee MPOXJIaaHbId BO3AyX BhiIe. OH Takke MOT CO31aTh
npoxJiaay jerom. B cnemyromieii mase 21 0 uMImIio3uun 3toro Oyaet paccMoTpeH Oonee monpoodHo. Temneparypa Tuna B
MOXeET OBITh IIPOU3BEICHA YPEBI3BBIYAHHO BHICOKON TEMIIEpaTypoil - HCKyCCTBEHHOE CO3JaHUE ITyCThIHb U CBEPXIPOSICHEHBIX
(BBIpYONIEHHBIX) J1ecax. [Ipu sKcIuTyaTaluy MEXaHMYEeCKUX MAIIUH WM YCTPOHCTB, HE MOCTPOEHBIX COMIACHO CUCTEME
quHaMuky [Ipuposibl, OHU MOCTETIEHHO HapylIaeT XPYyIKUil OajlaHC 30POBBS BO BCEX OPraHMUYECKUX TeJax, Jesias UX METKo
BOCHPHHMMYUBBIM K PaKy U IpyruMm Oose3HsM. B 0CHOBHOM 3TO CBSI3aHO ¢ HapyLIEHUsIMU B OOMEHE BELIECTB U,
CJIEIOBATENBHO, B (POPMUPOBAHHH 3IOPOBOIT HKHU3HEHOW JKUIKOCTH — BOJIBI, KPOBHU WK coka. K coxasyeHuto s Hac U
OCTaJIbHOM OKpYKAIOLIEeH Cpe/ibl, CErO/IHs MPUMEHseTCs 3TOT Tun B, KOTOPBI HaXOAUTHCS UCKITIOUUTEIBHO B IIMPOKOM
MIPUMEHEHUH.

7.2 Temnepamypa - 300posve unu bonesns

le/l CYHICCTBYIOIIUX METOAAX IMMPOU3BOACTBA DOHCPTUM U UIA CO3AaHUSA ABUKCHUS, 60.]'[])]]_[06 KOJIMYECTBO
HEECTECTBEHHOTO TEXHHYECKOTO TeIlIa, IlyMa, BPEIHbIX Ia30B 1 IApOB paccenBaeTcs B aTMocdepe, B TO BpeMsl MO4YBa U BoJa
MOZBEPTaOTCS MACCUBHOMY OTPABIICHHIO U IIPOUTPHIBAIOT SIOBUTHIM MaTepuasiaM. Bce 3To MpOUCXOIUT COrIacHO
MEXaHUCTUIECKOMY H LIEHTPOOEKHOMY M TI03TOMY aHAJTUTHYECKOH HACOIOTHH, KOTOpasi, 00yCIIOBIEHa YHCTO
MaTepUaNIMCTUYECKUM MOOYKICHHUSIM, HATJIO HapyIllasi TOHKUH TETUIOBOM OalaHC U MpenBapUTesIbHbIEC YCIOBHS, HEOOX0INMbIE
VIS 37I0POBbSI U )KU3HECTIOCOOHOCTH BCETO KMBOTO. JTO 1e3MH(POPMUPOBAHHBIA METO] IA€T BCEM TEH/CHIIUIO K MOBBILICHHIO
00111ero ypoBHs TeMIEpaTyphl BbIIIIE €CTECTBEHHO HOPMAJbHBIX, B PE3YJIBTATE YETO BHI3BIBAIOLINE TOHKHE @ MHOTJA U
CMCPTECJIbHBIC UBMCHCHUS B KJIETOYHOM (byl-IKI_II/II/I. I[pyFI/IMI/l CJIOBaAaMH aHOMaJIUsl COCTOSTHUSA 310POBbs, COCTOAHUA
"Oe3paznuuus ", KaK Ha3Bai ero BukTop, cka3plBaeTCs M HapylIlaeTcsi HOpMalibHasi paboTa BO BCEX OpraHM3Max, Makpo U
MHKpPO YPOBHSIX. B COBOKYITHOCTH 3TO MMEET O4YEHb CEPbE3HbIEC MOCIEACTBUS IS BCEX T€X OPTaHHU3MOB, KOTOPBIE IIOCTOSIHHO
CTaJIKUBAThCs ¢ HUM. B mporecce, Bce MpUpOAHbIE YCIOBUS JUIS CO3JaHUS U MOAJICPKAHUS 310POBbs, HApYIIAeTCs U CTPaaeT
OpraHu3M, B KOHEYHOM MTOI€ CTAHOBUTCS )KEPTBOH 60e3HU. B nonosHeHNe Kk coOkpalieHtio CBOOOIHOTO KUCIOPO/a U3-3a
YpE3MEPHOTO UCIIONBb30BAHHS TPAHCIOPTHBIX CPEACTB (CM. IIaBy 2), KOTOPBIA B OPraHU3Me JIIOJEH IPOU3BOJUT MATKYIO
THITOKCHIO (KHCIIOPOJHOE TOJI0/IaHHEe) B COYETAHUU C KPAHUM IMOBBIIIEHHEM OOILEH TeMIepaTyphl Tela, OCTOSHHBIM
peObIBaHNEM HEMHOTO BBIILIE U, CIIEIOBATENILHO, HEHOPMAIIbHON HEeCTECTBEHHOM TeMIlepaType OKpYKaroIel cpelpl co3aaeT
YCIIOBUS, MOAXOSIIUE Ul PaCIPOCTPAHEHHS ATOTEHHBIX OaKTepuid.

Harnsaselii mpuMep paspyniaroniero Bo3AeHCTBHS U30BITOYHOTO TEIIa Ha CTPYKTYPY MOKa3aH Ha puc. 7.1, rie
METAJUIMYECKYIO IUIACTHHY Harpelu IIaMeHeM, Ha KOTOpOi Obuia ynopsIoueHHas CTPYKTypa (PHCYHOK) U3 IecKa
chopmupoBan mytem BuOpaimu’. YTo6bI IPOMILTIOCTPUPOBAT BIMAHKUE MOBBINICHUE TEMIIEPATYPBI BOT HEKOTOPHIE
COOTBETCTBYIOIME IUTaThl BukTopa IllayGeprepa’.

" BBITh UJIH HE BhITh: B npupode 8csi scu3tb COCPeOOmoueHa 8 ONpoce MeIbyatiuux usMeHeHuil 6 memnepamype , a
OUeHb MOUHBIX UBMEPAEMBIX PAIUNUL 8 YACHOCIU MENT08020 OBUINCCHUS 8 KAXHCOOM meie, KOmopoe NOCMOAHHO MEHAIOMCS
makdice 8 npoyecce NYIbCayuil.

Omom yHuKanbHbill 3aKOH, KOMOPYLIl NPOAGNAEMC NO 8CI00Y 8 HeobvbaAmHoU IIpupode u edurncmey u gvipasicaem ceos 6
KadcOOM cywecmae u opeanusme, A8aAemcs 3aKon Henpexpauaiouuxcs Yukios, 8 Kadcoom opeanusme cesasam ¢
ONnpedeeHHbIM OMPEIKOM (NPOMENHCYMKOM) BPEMEHU U 0CODBIM MEMNOM.

Manetiwee napyuienue smou 2apMoHUU MOdCEM NPUBECTHU K CAMBIM KAMACMPODUUECKUM NOCTEOCBUAM 0TI OCHOBHBIX
Gopm HcusHu.

Jlns moeo, umobvl COXpanums 2mMo coOCMoAHUE PAGHOBECUSL, IHCUSHEHHO BAIICHO, UMOObL XAPAKMEPUCTNUKA GHYMPEHHEl
memnepanypbl Kaxicoo20 u3 MUIIUOHO8 MUKPOOP2AHUIMOB, COOEPICAUUXCS 8 MAKPOOP2AHUIMAX, Obina coxpanena "

Tot ¢pakt, 4TO TeMIIepaTypa HrpaeT posib B Pa3BUTHH PaKa, B HACTOAIIEE BpeMsl 10 KpaifHei Mepe ObLIa IpH3HaHA B
chepe mammorpadueii. CoracHo HelABHEMY JOKIIaly’, KACAIOMIErOCs BBIABIEHUIO PAKA MOJIOYHOM XKENE3bI Y IKEHILHUH,
MOJIOYHBIE-KaHAJIBI Y 3I0POBBIX KEHIIMH SBJISIOTCS HOPMAJIbHBIMH - TIIAJIKUMU, & B TPYAN CKJIOHHBIM K paky (mpumMepHo 1 u3
10 >KeHIMH) MOJIOYHBIE - IPOTOKH ILIEPOXOBAThIE a He I1aaKue. Kak HU CTpaHHO, CTeNeHb pHCKa Pa3BUTHS paKa OINpeessieTcs
Temmeparypoii! Vcronp3oBanue ckaHupyomero ycrpoiictBo Chronobra, exxeqHeBHbIE H3MEHEHHUS TEMITEPaTyPhl B TPYIH,
MOKa3aJId U3MEHEHHs C UHTEpBaJIoM B | MUHYTY. BBUIO ycTaHOBJIEHO, 4TO TaMm rje ObUI APYrol pUTM PUCKA C BBICOKOM
CTENECHBIO IS TPYAU | YTO HX 00IIas TeMiepaTypa Oblia BBIIIE, YeM 300poBasi TemMiieparypa. Uro roBopui Bukrop
[Tay6eprep?

B mutpe ropoackoro Bo3ayxa, B penteM, ectb 85000 nmpuieBsix gactuil. M He TonmbpKo, Bo DpaHIy, Hampumep,
WCCIIE0BaHMs YCTAaHOBHJIM, YTO YJIIMUHBIA BO3/AyX (Teruiee, 4eM oObIMHON Bo3myxa) B [laprke, conepxutbes 36000
MATOTEHHBIX OaKTepuil Ha KyOMYeCKHid METp, B TO BPEMsI KaK B JIECY M Ha MOJISIX 3TO KOJIWYECTBO 3HAUYUTEIBHO HIOKE JTUIIb 490
a3pOOHBIX (MIEPEHOCUMEIX IO BO3IYXY) MUKPOOOB Ha Kyomuaeckuit Metp, 0,0136% ot BeIe yromsiHyTOro uncia. Jpyrue
JaHHBIE TAK)KE BBIBOAT B3aUMOCBS3b MEXKIY 3€I€HBIMU HACAXKICHUSIMU U OOJIE3HBIO, O YeM CBUIIETENILCTBYET CPABHUTEIBHEIE
YPOBHH TyOEpKyJI€3a OTHOCHTEIBHO HACEEHHS M3 TPEX OCHOBHBIX EBPOTEHCKUX TOPOIOB, U3JIOKEHHBIX HHKE",

Jlonpon 14.0 % 3enenas 30Ha 1.9 % TyOepkynes
Bepmun 10.0 % 3emenas 30Ha 2.2 % TyOepkye3
MMapux 4.5 % 3enenas 3oHa 4.1 % TyOepkyse3
ITox pyxoBoactBom n-pa Ixona Yaittierra uz yauepcurera Jlankactepa, AHIINS, TOCIEIHNE JBAa TO1a HAyYHOTO



uccnenosanus 6 u3 1000 groMamHuX X03alCTB (BUAMMO MHOTOITaXKKH) (acaaMy BEIXOISIINE HA aBTOMAarkuCTPau U 3110POBbE
UX JKHJIBLIOB, YCTQHOBMJIA TIPSIMYIO CBSI3b MEXIY 3a00JI€BaHUSIMU OPTaHOB JBIXAHUS U BBIXJIBIITHBIMU Ta3aMH OT JIBIIKYILETOCS
TpaHcnopTa (CIeCTBUE BEICOKOI TpaHCHOPTHOW TeMneparypbl). OKa3anoch, 4TO y 3THX Jroel Oblia Oosee BhICOKas
3a00J1eBaeMOCTh, HaHOOJIee PACIPOCTPAHEHHBIE KaJI00bI 3TO TOJIOBHBIC 00K, 60JIb B TopJie (aHrMHA), OAIBIIIKA, 3/ IJ1a3 U
00IMii HEOCTATOK SHEPruU. YTO yAUBUTEIBHO, B TOM, YTO Ha 3TO IOTPEOOBAIOCH TAK MHOI'O BPEMEHU, YTOObI IOATBEPAUTD C
Hay4HOH TOYKH 3pEHUs], COBEPIICHHO OUYEBHIHBIN (aKT.

B ux cxomuieHnu Bce pa3nuyuHble (PakTOpbl, YIIOMSHYTHIE BBIIIE H3MEHEHUS, YCKOPUTH, 3aMEIIUTh WM WHA4Ye TIO1aBUTh
HOPMaJIbHO! 310pOBOI 0OMEH BEIIECTB JII000r0 OpraHu3Ma, HOCTOSHHO MTOABEPIaIOIErocss UM. DTO U3MEHSET eCTECTBEHHOE
JIBIDKEHHE SHEPTUH, CBSI3aHHOIN ¢ 0OMEHOM BEIeCTB, KOTOPHIH HEM30eXKHO H3MEHSET COCTOsHHUE "0e3pasmmuuns " (M3MeHeHre
TeMIIepaTyphl) CBOICTBEHHBIE €MY.

E1me oquH MHTEPECHBIH acleKT, KOTOPBI OTHOCHUTCS K HaIllei TeMe, 51 KOTAa-TO Pa3roBapuBall C MAIOTOM IUIaHEePa,
Jlajiee OH MOAYEPKUBAET Pa3InuKs B TeMIEPaTypHbIX opMax (BOCXOAALIEHE IOTOKH) CO3JaBacMble JIECOM M TOPOZIOM,
COOTBETCTBEHHO, U YKa3bIBaET HA HU3KOE KAYECTBO M JUHAMUKY ITOTHUMAIOIIETOCS TEXHHIECKOTO TETUIa U3 3aBOJICKUX TPYO,
aBTOMOOWIJIbHBIE BBIXJIONBI, OETOHHBIX MOBEPXHOCTEH, METAUNTMUECKUX KPbIII U T.1. Tak Kak HaOpaTh BBICOTY SIBIAETCS
HanOoliee BaXXHBIM (paKTOPOM B IUIAHUPOBAHHH, 51 CIIPOCHII, TJIe JIyqIIHe TepMajbHee (BO3POCTAONINH BBBEPX IMOTOK BO3IyXa)
MOXHO ObIJI0 ObI HaiiTu. OXKast €ro OTBET, YTO OH CKAXKET, YTO MOTOK OT OYEBHUJHBIX HCTOYHUKOB TEIUIA, TAKUX KaK Topoja, s
ObLT yIUBJIEH, y3HAB, YTO BOCXOSIIHI MOTOK OB CHIIBHBIM HaJl €CTECTBEHHBIMH JIECAMH, KOTOPBIE MTPOU3BOIAT €T0.

C nanpHEHIINM HCIOJIb30BAaHAEM COBPEMEHHBIX METOJIOB, TOTOMY HE YAUBHTEIBHO, YTO 3200I€BAEMOCTh PAKOM U
JIPYTUMU 3a00JI€BaHMSMH PACTET Tak OBICTPO, HO €IIe XY)Ke, YTO OHHM HOPAKAIOT MOJIOABIE M O0Jiee MOJIOBIE BO3PACTHBIE
rpymsl. CTpagaHus 1 HEBUIAaHHBIE paHee 0OJIE3HN TPEBOXKHO PACTYT U BCE MAHEPHI JICUSHUS IPEANPHHUMAIOTCS - XUPYPI U,
panuanys, XMMHOTEPAIHs - ¥ BCE )K€ HUKTO He IOHUMAET, YTO OHH MOPOXKAEHBI IPOU3BOAAIINMHU BBICOKYIO TEMIIEPATypy U
TEXHOJIOTUH KOTOPBIE HCTOIIAIOT CUCTEMY 3I0POBBSI, JIECHOTO XO35HCTBA, 3eMEIIBHBIX U BOJHBIX PECYPCOB, TO UTO MBI
YMYIPUIACH U300PECTH M C KOTOPHIMU HaM YIaJ0Ch YXYIAIIUTh — YHU3UTh KaYeCTBO BCEH JKU3HHU.

JockoHanpHOE TTy0OKOe MOHUMAHUE TUX JIBYX (HOPM TeMIepaTyphl U HX NPUMEHEHHE B CBOE BPEMS ITOJIOKHUT KOHEI]
3TOMY yKacHOMy Ouuy (OencTBHI0). [ToATOMY HET HM KaKOoro BpeMeHH, 4TOObI ObI TEPATH €r0 Ha YIIIYOICHHbBIE UCCIIEIOBAHHS
TeopHii BEIIBUHYTHIX Brukropom [llaybeprepom, ux Haao yxe ceiiyac MPUMEHSITh Ha MPAKTUKE, B HUX 3aKII0YaThCS OCHOBHOU
IIAHC JUIS HAIller0 OKOHYaTeIbHOTO craceHus!
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8 IPUPOJA BO/bI

Kak ugetok 51 pagytocb! 3gpaBcTByn, HOBbIN!

Bcé He moxeT nosiButbcsa 6e3 BoAbl 1 OCTaBun B cune Bogoun Toxe!
[MpoHu3bIBana Kpacoty u UCTUHY!

O, Benukuini okeaH, Aan Ham TBoe BevHoe Pydbe!

[a 6bl Tbl He oTnpasnsanace B obnaka, HU 0BUNbHbIE NOTOKM HanonHANa,
Takke coBepLUEHHbIE NOTOKM, HU pekaM 34ecCb 1 TaM OTAaBaThb,

Toraa, rae 6bl ropbl 6bITb Y YTO U3 PaBHUH U MUpe?

M6o Tbl oaHa Ha 3TO, YTO COXPaHSAET 3TU POXAEHHbIV XXU3HUW, pa3BepHyna.
WMoraHH BonbdoraHr cpoH eTe

8.1 Boaa - ’KuBoe BemectBo

BOJA! I'me MbI HaunHaeM HAIIXA TTOUCKH B MTOWCKAX UCTUHHBI PUPOIBI 3TOTO 3aMEYaTEIbHOTO BEIECTBA, 3TO UYIECHBIH,
MHOTO-T'PaHHBIH JAparoleHHbId KaMeHb, KOTOPBIH sBJsieTcs: onHoBpeMeHHO JKu3Hbio 1 XKunkocteio? M3HavyanbHOM,
NepBOOBITHON ¥ (YHIAMEHTAJILHOM SIBISICTCSA (DYHKIUHM BOJIBI, HAMPAIIIMBACTCS BOMPOC O TOM, UTO HOSBHJIOCH PAHbIIIE, KH3Hb
i Bozaa. danec u3z Muiera (640-546 no H.D) onucan Bogy Kak €TMHCTBEHHO BEPHBIH AIIEMEHT, U3 KOTOPOT'O CO3/IAI0TCS BCE
JIpyrHe Tella, Tojaras, 4To 3TO OPUTHHAIBLHOE CYITHOCTh KOCMOca. DTO ObUIO €JMHCTBEHHOE PeabHOE BEIIECTRBO, IIOTOMY YTO
OHA IPOHUKHYTA B CYTh OBITHSA.



3T0rO0 B3NIAIA TAKoKe TBEPAO NpuaepxuBaics Bukrop lllaybeprep, koTopslii paccMaTpuBai BoAy Kak "opUrHHaabHOE"
BEIIECTBO, CPOPMUPOBAHHOE TOHKUMH YHEPTUSIMHU, BBI3bIBAJIA K )KU3HU uepe3 "opurnHanoe” JBHKEHHE 3eMITH, KOTOpas cama
nposiBIIsieTCs eme Oonblueil BogbeMHoil cuitoil. bymyun notromctsoMm unu "TlepBeHneM" 3THX SHEPrUil, Kak OH BbIpaxalics, OH
YTBEp3KIall, U 4acTo MOBTOPsUI, uTo "Bona sxuBas cyOcTanus!" noHsTHe KoTopoe nan ['€re B IpUBEICHHOM BBIIIIE
CTHXOTBOPEHHE. '

Kax xuBoe cymiectBo, BUkTop paccMaTpuBai BOAy, Kak aKKyMYJISITOP U TpaHC(HOPMATOpP SHEPTUH MPOUCXOISIIYIO U3
3emiu u KocMoca, 1 kak TakoBoi Oblla ¥ 0CTaeTCsl OCHOBOH BeeX (OPM KU3HEHHBIX -IIPOLIECCOB U [IABHBIM CIIOHCOPOM
CO3/IaBIINM YCJIOBUS, KOTOPBIC NETAI0T BO3MOXKHOM JKH3Hb. 11 He TOIBKO 3T0, a Kak 3peinas, BoJa — HaJleNEHHas BIACThIO
HKCTPAOPAMHAIBHOTO ITOBEICHIS U JaeT ce0s BceM BelrsM, Tpelyromieit xu3Hn B Bennkom miane Bricmero Cosuaaromero
Pasyma (Kocmuueckoro Pazyma). 910 — npeaanHslii nociaaHHUK >xu3HU Beicimero Cosunaroniero Pasyma (KocMuueckoro
Pazyma) u, B €€ BeUHBIX LIMKIIAaX, BATKAX U 3aBUXPEHHX B €€ €CTECTBEHHOM JIBWKEHHHU IO IIYTH Pa3BUTHSI IBOJIOLINH, KaK
3MeH Ha xxe3e (kaxyuus) Mepkypus.

CTOpOHHHMKOM IIMKJIOB, KOTOpPbIE TOAIEP KUBAIOT BClo JKu3Hb, spistercss Boxa. B xaxnoii karute Boapl sxuBeT 603kecTBO,
KOTOPOMY MBI BCE€ CIIY)KHM, TaM TakK ke xuBeT JKu3ub, [lyma ’mepBoro’ BemiecTsa - Boapl - ub€ oOuTaHue, MEXIy CTEHKAMH
COCCY/IOB M KalWJUIAPaMH, KOTOPBIE BEYT €€, M B KOTOPBIX OHA IIUPKYJIUPYET.

Bukrop Illay6eprep

Bona - mo3ToMy CyIIHOCTh, B KOTOPOH €CTh KU3Hb U cMepTh. C HENPaBUIIbHOW, HEBEXKECTBEHHOM 00paboTKe, OHA
CTaHOBUTCsI OOJIBHOM, TIepeIaBasi 3TO COCTOSIHUE BCEM JIPYTHX OPTraHU3MaM, PaCTUTEIEHOCTH, JKUBOTHBIM U JIFOMSIM, TaK, B
pe3ynbTaTe 4ero BO3MOXKeH MX (GPU3HMUYECKUIl paclag ¥ CMepTh, U B ClIydae YeJTOBEUECKUX CYIIECTB TaK XKe, HX MOPAIBHOE,
MICHXUYECKOE U TyXOBHOE yXyameHue. ToIbKo ¢ 3TUM TOHMMaHHEM MBI MOYKEM BHJETh, HACKOJIBKO BaKHO TO, YTO BOJIA
JODKHA 00pabaThIBaThCS M XPAHUTHCS TAKUM 00pa3oM, 4ToObI H30€KaTh TAKUX KAaTacTPOPHUECKHUX mocieaAcTBHi. Koraa Mbl
HE B COCTOSIHMM YyBCTBOBAaTh M BOCIIPHHUMATh BOIY KaK KHBOE CYIIECTBO, 00OTAIIAIOIIee BCIO KM3Hb, MBI 3aITHpaeM —
OrpaHM4YMBacM TBOPUCCKHC LUKIIBI BOJABI, Mbl OCTaHABJIMBAEM XXU3Hb B HYTPHU Cé, 1 BOJa NNpeBpaliacTCs B OIMaCHOI'O U HE
iasiero Bpara (youiiy).

Bukrop Ilaybeprep nmoHumai Bomy U TO, 4TO OH JOCTHT B pE3yJbTaTe XOPOIIO BUJHO HAa IPUMEPE ITOI LINTATHI U3
ero kaury, Ham becempicnennsiit Tpyn, Hanucannsiii B 1933 roxy:

"MOJKHO yHpaBiIATh BOAHBIMHU NOTOKAMH Ha JIT000€ paccTosiHUue Oe3 U3MEeHeHHs: OeperoB; Juist TPACIIOPTUPOBKHU JIPEBECHHBI U IPYTHX
MaTepuaioB, AaXe €CIIM OHH TsDKeliee BOABI, HaPUMEp, pyAa, KAMHH U T.J., B LIEHTPE TAKUX MOTOKOB BOJBI, TOBBIIIATH MOJBEMHYIO CUITY
TPYHTOBBIX BOJI B CEJIbCKOM MECTHOCTH M HaJIEISATh BOIY BCEMH HEOOXOIMMBIMH AJIEMEHTaMH, HEOOXOMMBIMH ISl XPOILETO U OBICTPOro
POCTa PACTUTEIBHOCTH.

Kpome Toro, Takum 00pa3oM MOXKHO, 00paboTaTh IpeBECHHY U APYTHe MOA0OHBIE MaTepUAIb, CICNIATh YCTOWUEBBIMU K TOPESHHUIO U
THHUCHHIO; JUTS TIOJTyYEHHS TUTHEBOM ¥ MUHUPAILHOM BOJBI IS YEJIOBEKA, JKMBOTHOTO U JUIS TIOYBHI JIFOOOTO JKeJIaeMOro cocTaBa
MPOU3BECTH UCKYCCTBEHHO, TEM CIIOCOOOM KaK 3TO IPOMCXOIMT B IIPUPO/IC; MOAHSITH BOJY B BEPTHKAIBHON TpyOe Oe3 UCTIONB30BaHUS
HACOCOB; IIPOM3BOJUTH JII000E KOJIMYECTBO MEKTPOIHEPTUH U JTyUUCTOW SHEPIHHU MOUTH Oe3 3aTpaT, HOBBICUTh KAayeCTBO MOYB M UCLEIUTh
pak, TyOepKyJe3 1 HepBHBIE PacCTPONCTBA.

... [IpakTiueckas peanusanys 3Toro ... 6€3 COMHEHHMs1, 03HAYALT IOJIHYIO IEPEOPHEHTALINIO BO BCEX 00NACTIX HAYKH U TEXHHUKH.
[IpuMeHeHNN STHX HOBBIX HAMJICHBIX 3aKOHOB, § YK€ IIOCTPOMJI IOCTATOYHO OOJIbILINE YCTAHOBKH B Chepax CIycKa JPEBUCUHBI U
peryJmpoBaHue peK, KOTOpbIE, KaK H3BECTHO, (PyHKIIMOHUPOBAIIM OE3yNPEedHO B TEUCHHE JECSITUIICTHH, U KOTOPBIE CETOIHSI BCE €LIe

TIPEACTABIIAIOT HEPA3PCIINMBIC 3araJiky AJIs1 pa3INIHbIX HAYYHBIX L[I/ICI_[I/IHJ'II/IH."‘ "

Ho nperx e yeM npononKuTh, AaBaiTe MO3ZHAKOMHUMCS C HEKOTOPBIMU M3 OoJiee M3BECTHHIX (hakToB 0 Boxe. [Ipexne
BCEro, OTKYy/a *e npuinia Bogaa? O4eBuIHO, OHA HE MOIJIa IPHUITH U3 BEPXHUX CIOEB aTMOC(EpbI, MOCKOJIBKY, KaK MbI BUICIH
B IJIaBe 6, MOJICKYJIa BOJIbI Ha CAMOM JIeJIe pa3jelisieTcss Ha OoybImX BeicoTax. Kyna ermie Mbl MoxkeM cMoTpeTh? Eciu He
BBEpX, TO, BO3MOXXHO, BHU3, [IOTOMY 4TO arMOc(epa He KakeTcs noaxosiei s e€ popmupoBanus. Eciu Hike, TO
rae? Morna i OHa coep KaThCsl B KPUCTAJUINYECKOM COCTOSIHUH B PYIOHOCHBIX opoaax 3emnn? CyliecTByeT HECKOJIBKO
JI0Ka3aTeIbCTB TOrO, OT KyZla OHA MOSBUIIACK.

B knure "TIpopouectsa pyku" * Kpuctodep Bupa onuchiBaeT HoBaTOpcKue Teopru U oTkpbius Credana Pucca B
Coenunennsix Tarax, koTopslii kak 1 Buktop LllayGeprep, KOTOpbIH HOIHOCTHIO IPOTUBOPEYHIN YCTAHOBICHHOM
ruapasinuueckoit Teopu. I1o cnoBam Credana Pucca npu onpesiesIeHHbIX YCIOBHAX T'a3bl KMCIOPOJ M BOAOPOL,
IIPUCYTCTBYIOIINX B OINPEIETICHHBIX THIIAX CKAIBHBIX MOPOJ, MOIIIN OBITH OCBOOOXK/IEH M3-3a MTOCIIEICTBHHA T€0TEPMaIbHOTO
TCIJIa U IMpoueccaM poaACTBECHHOI'O TpI/IGOHIOMI/IHeCIleHL[I/II/I —(Tpnﬁo.moMuHecuéHunﬂ — JIIOMUHECLCHIIMS, BOSHUKAIOILAs IIpH
pa3pyLICHHH KPUCTALTNYESCKUX Tell. [IpuuiHbI TPUOOTIOMUHECIICHUH Pa3IMIHbl. B HEKOTOPBIX Cilydasix oHa OOBICHSACTCS BO30YKICHHEM
(hOTONMIOMUHECLICHIMH NIEKTPUUSCKUMU Pa3psaaMHy, IPOUCKOMSIIIMMHE TIPH PACKAIBIBAHHN KPHCTAJUTMIECKOTO TeNia, B APYTHX CIAydasx OHa
BBI3bIBACTCA JIBHXKCHHUEM ZH/IC.TIOK&LH/Iﬁ npu ;[ecbopMauI/m. K IIpUMEPY, IPHU pacKaJIbiBAHUHN KpHCTaJlJIa caxapa IojJIydacTcCs KpacuBasi CHUHEBaTas
BCIIBIKA. ), SIBJICHUS CBA3aHHBIE CO CBETOM BBIJICJIIEMbIM KPHCTAIMYECKUMH OPOIAMHU IIPY TPEHUU WM CHIIBHOM
JlaBJieHHe. OTO CBEUCHHUE CBA3aHO C dHEPIUel, BbIACIAEMO IeKTPOHAMH, COAEPKAIMMCS B IOPOAaX, Tak Kak OHU
BO3BPAIIAIOTCS M3 BEIHYKACHHOTO JIaBJICHUS, BO30Y>KASHHOTO COCTOSHHUS, 00OpaTHO HA HX €CTECTBEHHBIE OPOHTHI. Tak Kak
Ppa3psa KOTOPBIN OH MepeaaeT CBOOOHYIO SHEPTUIO OKPYKAIOIIEMY BELIECTBY, KOTOPBIH MOT ObITh JOCTaTOYEH, YTOObI
0CBOOOINTP U BEIAETHUTH BOAOPOA U KHCIOPOL TTOJ JaBIeHHEM IJisl (HOPMUPOBAHKS HOBOH BOJBI B ITPOLIECCE XOIOIHOTO
OKHCIICHUSI.

Pucc Ha3Bain 5Ty Boy - IEBCTBEHHAS BOJIA, M B PE3YNBTATE €r0 3HAHUI OH CMOT MOIYYHUTH MPSMO IPH (OPMHUPOBAHUH
MIPaBEJILHOTO COCTaBa TBEPAOH MOPOABI U TOIYyYHTh OYEHB OOJIBIIOE KOJIUYECTBO BOJbI, B HEKOTOPHIX Cityyasx meibix 3.000
raJuIOHOB B MUHYTY. Bce 3To IIpsiMo B IyCTHIHE, IIe HET HM Kakod BOJBI, U B3ATh e€ ObU1o He oTKyAa. K coxkanenuro, ero



YCHIIHS 110 00€CTICUEHHUIO HYKAAIOIMMCS pailoHaM OO0JIbIIOr0 OOMIBHOTO KOJHMYECTBA IPEBOCXOIHOM KaueCTBEHHOH MpecHOH
BOJIbI ObLTH caboTupoBanbl. Kak ciyunsiocs ¢ Bukropowm Illaybeprepom, Kpucrodep bupa pacckassiBaert, kak Pucca
OKJIEBETAJIM U €r0 UJIeU IIPUHECIH AYyPHYIO CIaBy Yepe3 rpyOyro AesTeNbHOCTh HEKOTOPBIX BBICOKOIIOCTABICHHBIX
JOJDKHOCTHBIX JHI B ITate KanudopHus, ysuM HHTEpecaM yrpokayio oTKpeiTHe Pucca.

Kax >u1aKocTh, BOJa SIBISIETCS XUMUYECKH JIEMEHTOM U onucana kak H,O u gBiseTcs IUnoabHON MOJIEKYIIOH,
cocTOsIIIEeH U3 ABYX aTOMOB BOAOPOAA, KaXK bl HaJeIeH MOJI0KUTEIbHBIM 3apsioM, U OJUH aToOM KHCIOPOa, COAep Kalui
JIBa OTpHULATENbHBIX 3apsja. M3-3a pacnpeneneHus 3apsa0B BOKPYT spa, YToJl Mex Iy AByMs aroMaMu Bogopoza 104,35 ©, kak
NOKa3aHo Ha BepxHel mpaBoii BctaBke Ha puc.8.1. ITo cioBam Kennera C. I3Buca u J[xona Aprypa Jlero, urcras Boza - Ha
caMoM Jielie cMech U3 18 pa3nuuHbIX cOeAMHEHMH U 15 pa3IuyHbIX BUJOB HOHOB, YTO B OOLIEH CI0XKHOCTU 33 pa3inuuHbIX
cyOcranimii °. B 910# cBsi3u B TaitHoil JIOKTpHHE MPOKOMMEHTHPOBAHO:

"Hadce 6 credyroujem bonee 8bICOKOM YPOBEHe, YN0 eOUHCMEEHHbIIL JIeMeHN, KOMOopblll onpedenieH Ha Haulell 3emie
COBPEMEHHOU HAYKOU KaK OKOHuYamenbHulll Hepaznooicumolil sneMenm, nosieisemcst 60npoc, 6yoem nu 00vsaeieH 6 Mupe
Boicuium [yxosuvim CosHanuem, OelcmeumensHo Kak-mo odeHs ciodcHo. byoem Hawa yucmetiwas 600a, He max Kax
HAXOOUMbCs cetiuac, yenynuia 6bl Mecmo 08yM €€ 3as6/1eHHbIM NPOCIbIM JLeMEHMAM KUCIOPOOY U 6000POJY, MHO2UE
Opyaue cocmaenaowue dnemenmol, ucyesny vl u3 Hauleti 3eMHOU coepemennot xumuu. ° "'
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B cBoeii uucroii Gpome, Oyayun coelMHEHHEM ABYX Ta30B BOAOPOA U KHCIOPOa, BOAA MOIVIAa ObITh TEXHUYECKH ONUCAHA
KaK OKCHZ Bojgopozaa. Boma He oTaensHOe, H30IMPOBAaHHOE BEIIECTBO,0HA 00NaaeT APYTUMHU XapaKTePHCTHKAMH
0COOCHHOCTSIMU B 3aBUCUMOCTH OT CPEJIbl I OPraHU3Ma, B KOTOPOM OH XKMBET U NEPEMEINAeTCs, IBUKETCS KaK MOJIEKYJIbI,
BOZIa UMEET SKCTPAOPANHAPHYIO, YPE3BBIYANHYI0, CIOCOOHOCTD COUETAThCS, OOBEINHATHCS, C OOBIINM KOTHYECTBOM
JJIEMEHTOB U COEAMHEHMH, YeM Jro0as Apyras MOJIEKy/la U HHOI/Ia OIHMCBIBAECTCS KaK YHUBEPCAIbHBIM PacTBOPUTEIIb, OHA
CIOCOOHa CTaTh OCHOBOM JUTs ONU3KOTO COYETAHMUS, CMECh, BEIIECTB, KOTOPYI0 BukTop Ha3biBaeT "smynbscueil”. Uem Oonee
CJIOXKHBII COCTaB TPEXCTOPOHHUX 3IEMEHTOB PACTBOPEHHBIX UM B3BEILIEHHBIX B BOJE, TEM 00JI€€ CIOXKHOM dMylbcuel 1
OoJiee NIMPOKUH CIIEKTP €€ CBOWCTB. Y yIIepoja, ero Tak Ha3bIBaeMOT'0 HEOPraHMYECKOTO KOJUIETH, UIMEETCs MOA00Has
CIIOCOOHACTB BBIIIIE YEM y BCEX APYrHuX 31aeMeHToB. Ha dusnueckoM ypoBHE Boa MOXKET ObITh B TPEX arperarHbIX
COCTOSIHUSIX, TBEPJOM (JIEN), SKUJIKOM (BOZA) U ra3000pa3HOM (BOASHOIL Iap) U ¢ TOUKHU 3peHHUs €€ CTPYKTYPBI, KaK >KHJKOCTb,
OHAa CTPEMHTCS K 0oJiee KPUCTALTHYECKOMY COCTOSHHIO, TaK KaK OHA IIOCTOSHHO (DOPMHPYET H IIOBTOPHO-(DOPMHUPYET Y3IIEI
BPEMEHHOI KpUCTAILTU3aLHUHY, 00JIalatolHe IPOCTPAHCTBEHHO-PEIIETYaTOll CTPYKTYpOH, TakKe, Kak II0Ka3aHo Ha puc. 8,2 u
8,3 B3SThI U3 TOMEOIIATHIECKOTO MCCIen0Banus Boubl 1-p [epxapaem Pewem u npodeccopm Bukropom ['yrmanom .

8.2 Anomanvnas mouxka Boowt

AHOMaJIbHOE PACIIMPEHUE BOABI - TAKoKe SABISETCs (PakToM OosbIIoe 3HaYeHHs. XOTS 3TO YACTUYHO pacCMaTpUBACTCs
B IMIaBe 7, NanbHellee onucanue gumHee. [Toasoas kparko uror: Tak Kak MOBEIEHHE SKUIKOCTH, BOJbI OTIIMYACTCS OT BCEX
JPYTHUX KUIKOCTEH. XOTA BCe APYrHe JKUIKOCTU CTAHOBATCS MOCJIEIOBATEIbHO U HEYKJIOHHO IUIOTHEE C OXJIaXKEHHEM, BOAA,
TOJIBKO JIOCTUTaeT CBOETO INIOTHOIO cocTosHUs npu Temmneparype +4 © C (39,2 ° no dapenreiity). DTo Tak Ha3blBacMast
"aHOMaJIbHasl TOUKA'', KOTOpas SIBJISIETCS peIlaroeii TOYKOM 3peHus e€ MoTeHIMala U UMeeT OOJIbIIOe BIUSHUE Ha €€
kauecTBO. Hixe 3T0i Temnepatypsl oHa emie pa3 pacumpsiercs. [lpu +4 © C Boxa umeet motHocts 0,99996 rpamma Ha
KyOuueckuii canTumeTp (r / cM’), IMEET HAMMEHBIIUIA IIPOCTPAHCTBEHHBIN 00BEM U IPAKTHUECKU HECKUMaeMa (puc. 8.1).

[Tmroc + 4 © C Taxoke MoKa3bIBacT TEMIIEPATYpPY, B KOTOPOI BOJJa UMEET CaMyIO BBICOKYIO SHEPIOEMKOCTh U B TOM
COCTOSIHUM, KOTOpoe BUKTOp Ha3bIBal - cocTosgHUE 'Oe3pa3nuuus’. IpyruMu CI0BaMHU, KOTJIa OHa B CAMOM BBICOKOM
€CTECTBEHHOM COCTOSIHUHM 37I0POBBSI, )KHUBYIECTH U )KUBUTEIHHOTO MTOTEHIIMAIIA, BOJIa BO BHYTPEHHEM COCTOSHUM
SHEPreTHYECKOr0 PABHOBECHS U B TEIJIOBOM U IIPOCTPAHCTBEHHO HEUTPAILHOM COCTOSSHUU. UTO OBl 3aIUTUTh 310POBLE
BOJIbI, PHEPTHUIO 1 KU3HEHHYIO CHITY, IOJDKHBI OBITH NPHHSTHI ONIPEeIeHHbIe MEPhI IPEI0CTOPOKHOCTH, KOTOPBIE OyIyT
paccmoTpeHHbI no3anee. [Toka BaxxHO mOHUMAaTh, 4To +4 °© C aHOManbHas TOYKa MMEET pellarollee 3HaYeHUe JUIs
pasHooOpa3HbIx (yHKIMiA Bozbl. Teopus Bukropa o TemmneparypHOM TpaueHTe U UX peain3aiuy OyayT pa3oOpaHbl B
CIIEAYIOLIEM pa3Jielie.

Ecnu Temneparypa Bozp! moBbimaeTcms Beitie +4 © C, oHa Takke pacmupsiercs. Koraa oHa oxmiakaaeTcs HHKE 3TOT0O
rpagyca, TO OHa HAYMHAET PACIIHPATHCS M CTAHOBHUTCS OMPEAETICHHO Jierde. To aHOMalbHOE paciiupenue ke +4 © C
HUMECT )KU3HCHHO BA>XHOC 3HAYCHUC JI1 BBIDKMBAHHUA U )KU3HU pBI6, TaK KaK BOJa paCIIUuPACTCA U OXJIaXXKJa€TCs AaJIbIlIC OHA B
KOHEYHOM cYeTe KpucTammusyercs B 1€ npu temmeparype 0 © C, uro oOecreunBaeT riaBaroIlni W30 SIIMOHHBIN CIIOH,
KOTOPBI 3alMIIAeT BOIHYIO QIIopy U (ayHy Moji BOJOW OT BPEIHOTO BO3ACHCTBHS, TSXKEJBIX BHELIHUX YCIOBHM, XOJIOTHON
3uMoit. YaensHbIi Bec Bompl pu +0 ° C = 0,99984 r / cM?, Torma Kak yIelbHBIN BEC JIba IIPU TOH ke Temmeparype = 0,9168
r/cm’. Kak 1 IpOCTpaHCTBEHHAs eMHMIIA BOIA PACIIMPSETCS IPEBPAILAICE B JIEM, €€ 00bEM YBEIMUUBAETCS B COOTHOLIEHUN
0.9168: 0.99984, mnu 1: 1.09058, 4T0 S3KBUBAJICHTHO YBEIMYCHHUIO BOIOM3MeIIeHHe OkoJio 1 / 11-oi e€ npexxHero oobema
BOJIbl. IMEHHO I03TOMY JIE/I ILIaBaeT.

8.3 /lusnexmpuxu u Inekmponu3s

Beicokoe TUaNIeKTprYecKoe 3HaUeHNE YUCTOH BOIBI 81, a UMEHHO €€ CIIOCOOHOCTH MPOTUBOCTOATD, (M30IMPOBAHHUE)
nepeade MEKTPHUECKOTo 3apsa, Oblia yxKke YIOMSHYTa B IVIaBe 7, €CTh TaK JKe U JPYTOi acleKT 3TOro, KOTOphIE, B CBETE
xouuenuu Bukropa [llay6eprepa o Bogopose B kKauecTBe HocuTelns kuciopoaa u Kapoonos (puc. 5.1, cMm. crp. 83), Hy)KHO
CMOTPETh OTHOCUTHHO OHON M3 INIABHBIX OIIMOOK Hayku. TeM He MeHee, kKak yuuT [ocmen — cpecTBa MacCoBOi
nH(OpPMAIU KaKk HCTHHY BO BCEX IIKOJIAX M YHUBEPCHTETAX, SIEKTPOIN3, IPEANIOIOKHUTENBHO, IIPOIECC, PH KOTOPOM BOJA
pasnaraercsi Ha COCTaBJISIOINIE €€ aTOMbI BOJOPOa U Kuciaopona. OJHaKo U3 IPUBEACHHOTO BhIIIE MBI 3HAEM, UTO YUCTas
BoJa He Oy#eT mepeaaBaTh MEKTPHUECKHUI TOK, B 3TOT (PaKTOp TakkKe HCIONB3YETCs ISl OLICHKHU 3arpsi3HEHHS BOJIBI C
IIOMOIIBIO TaK HA3bIBAEMBIX €JICHHI] 3IEKTPOIIPOBOJHOCTU WX 3KI0. UeM Golblle cofepKaHue PaCTBOPEHHBIX U B3BELIEHHBIX
BEILECTB B BOJE, TeM OOJIbILE €ro CIIOCOOHOCTH IepeaaBaTh MEKTPHUECKUI TOK U BBIIIE 3HAUCHUS 3apETUCTPUPOBAHHBIX B
IKIO.

Jlnst Toro 406! HaOMIOAATH MPOLIECC HIEKTPOIN3a U eT0 IBIKEHHE, HEOOXOAUMO T00aBUTH HEMHOTO KHCJIOTHI, TAKOMH,
Kak cepHast kuciota - H;SO, - B AUCTUIUINPOBAHHYIO BOJY, KHCJIOTHI 31€Ch BCEI]a UMEHYIOTCS ""KaTaau3aropamu’.
Karanu3zarop - 2leMEHT WM BEIECTBO, KOTOPOE CIIOCOOCTBYET Haualy JaHHON PEaKIMM, HO caM He Y4acTByeT WU He
U3MEHSETCs KaKUM-TIM00 00pa3oM B caMoil peakiuy . OT0 MOXKHO y3HaTh U3 1000ro yueOHuka ¢usuku. Bpems or Bpemenu,
€CJIY HNEKTPOJIN3 JOJKEH MPOJ0IDKATHCS, HOJDKHO OBITh 100aBIeHEO OOJbIIe KUCIOTh! B IPOTUBHOM ClIydae IMpolecc
HPEKPATHTCA U BCE, YTO B HTOTE OCTAaHETCA, OyAeT aBisATcs Boxoi. Ho 3Ta kucnmoTa 1omkHa Oblta OBITh KaTalH3aTOPOM H
[I09TOMY HEBOCIPHUMUUBA K BO3IEHCTBUIO n1eKTpuueckoro Toka! Yto ¢ Hell ciyduunocs?

Bo Bpems nporiecca MpoIonKarIIerocs JEeKTPOIH3a, BEBICBOOO3IAOTCS JEHCTBUTENHFHO KHCIOPO M BOAOPOI,



OTPULATENHHO 3aPsHKEHHBIE HOHBI BOJOPOAa MUTPUPYIOT B HAIIPABIECHUH MIOJIOXKHUTEIBHOTO MIEKTPOAA U IOJIOXKUTEIEHO
3apsDKEHHBIE HOHBI KHCIOPOAa K OTPHLATEIILHOMY JIEKTPOAY. SIBISFOTCS T 3TH BRIIAEISAIOIINECS Ta3bl HA CaMOM JIeNe
MTOJTyYE€HHBIMU U3 BOJIBI, HJIM XK€ OHH IOJIy4atoTCs U3 J00aBIeHHON KHCI0ThI? CepHas KuciaoTa oOpasyeTcs u3 2 aToMOB
BOZOpOAa, 1 aToM cepbl U 4 aToMa kucinopona. Ecin 9Tu ra3el Ha caMoM Jiejie IPOU3BEIEHBI MyTeM Pa3sioKEeHHs KUCIIOTHI, a He
BOJIbI, TO B II€JIOM BECH MPOLIECC IEKTPONU3a, KaK B HACTOAIIEE BPeMsl y4aT, SIBISETCS LIUPOKO PACIPOCTPAHECHHBIM
MOILIEHHUYECTBOM, Kak yTBepyaan Bukrop B cBoeii cratbe 1932 "Dnexrposnus” *.

Taiinas JIOKTpHHA TaKOKe IIPEAOCTaBIsET MUILY JUIT pa3MbILIIIEHUH, IPOBOKALUS MBICIH, KOMMEHTUPIOS TO, UTO MOXKET
OBITH CYTBIO U3 PA3IMYHBIX COUETAHUN 2IEMEHTOB, KUCIOTHI U BOJbI, KaK CMECh JUIS SJIEKTPONIU3a.

Bomnpoc B ToM, IPEKpaIIAIOT JIU CBOE CYLIECTBOBAHUE BOJOPOJ U KUCIOPO, KOIJa OHU OObEIUHAIOTCS B BOJE, 110-
IIPEXXHEMY CIIOPHBIN BOIIPOC, C OHOM CTOPOHBI, HEKOTOPBIE YTBEPHKIAIOT, UTO, TaK KaK OHU HaXOAATCS BMECTe, KOIJa Bojia
pasiaraeTcsi, OHM JIOJDKHBI OBITh TaM BCE BpeMsl, IpyrHe YTBEPKIal0T TO, YTO, OHU HA CAaMOM JIeJie IPEBPAIIAIOTCS BO YTO-TO
Jpyroe, B HEYTO COBEPILIEHHO JPYroe OHU AOJDKHBI IPEKPAIaTh CBOE CYLIECTBOBAHUE, KAK CAMOCTOSTENIbHbIE SJIEMEHTBI, HO
HH OJIHA CTOPOHA HE B COCTOSIHUH C(HOPMIIIMPOBATh HH MaJICHINYIO KOHIIETIINIO PEaJbHOTO COCTOSHUS BEIllel, KOTopasi cTaa
OBl 4EM-TO €IIIE, U €IIlE HE TIEpecTaa ObITh cama co00M.’

IMoxosxe, TO, 9TO BOZIa COXPAHSIET CBOIO UIEHTHYHOCTD, B TIPOLIECCE IEKTPOIN3a (CMECH BOABI M KUCIIOTHI), U KaK
TOJIBKO MPOLECC EKTPOIUTUIECKUN 3aKaHUUBAETCA, TO BCE, UTO OCTAETCs, OCHOBA BOJA.

JlanbHeiimas >kuBuTeIbHAst 0COOEHHOCTD BOJIBI - SIBISIETCS €€ BBICOKAs! TETUIOEMKOCTD M TEIUIONIPOBOIHOCTD (KOTOPHIE
OBLIH U3y4eHHI B IIaBe 6), a IMEHHO CIIOCOOHOCTH M CKOPOCTH, C KOTOPOH OHA IMOMIOMAET U OTAAET TeII0. JTO O3HAYAET,
0ombIII0E MOTTIONIEHUE MIIH OT/a4da TeIIOBOW YHEPTUH, 00s3aHbI BBI3BaTh H3MEHEHHS B INIOTHOCTH U Temmeparype. Camast
HU3Kas TOYKa KPUBOH, 3HAYCHUH, TETTIOEMKOCTH BOAbL, 310 +37,5 © C mmm 99,5 ° F (puc. 8.1). [IpumeuarensHo, 9TO CHUKEHUE
TEIUIOEMKOCTH 3TOTO "HEOPraHUYECKOro" BelecTBa - Boja - Haxoautkces, Ha 0,5 © C (0,9 ° F) Beie Hopmanbroro +37 © C
(98,6 ° F) uenoBeueckoii TeMIiepaTypbl KPOBH - PH KOTOPOM CaMOe OOJIBIIIOE KOJTMYESCTBO TEIIa HIIH XOJI0/1a 00sI3aHbI
N3MEHHUTH TeMIIepaTypy (TEeIIONPOBOAHOCTH) BOJBI . DTa CIOCOOHOCTH, CBOWCTBO, BOZIBI, CONIPOTUBIIATHCS OBICTPOMY
TEIJIOBOMY U3MEHEHHIO TIO3BOJISIET HaM, ¢ cOCTaBOM 10 90% BOIBI B KPOBH, a TAK)Ke MHOTHM JAPYTHM >KHBOTHBIM U
CyILlECTBaM, BEDKMBATh OTHOCUTEILHO B OOJIBIIOM AHana3oHe U KoseOaHuil TeMneparypsl U IpH 3TOM COXPaHATh Hally
COOCTBEHHYIO BHYTPEHHIOIO TeJIeCHYI0 TeMneparypy. CiydalHOCTb WJIM COBIAIEHHE, MO3TOMY MBI CKa)KeM, STUM YMHBIM,
CUMOMOTHYECKUH (CnumbHo3 (ot rped. symbiosis — coxurensctso) Au3aifH?! Ecim Obl y Halie# KpoBuU B Tee Oblila HU3Kast
TEMI0EMKOCTb, 3TO 03HA4YaJI0 OBl TO, YTO KPOBb OyIeT HarpeBaThes 3HAYUTENBHO OBICTpEe, 10 ONPENEIeHHON TOUKH, TIe MBI
Hayaju Obl pa3yararsCs, WK 3aMEP3IHU Obl, €M HA HAC BO3JEHCTBOBAIM HM3KUE TEMIEPATYPHI. (COHLE, HAIPEIIO TENO0, KPOBb
3aKHIIeNa U CBapuiia TEeJO, WX BhIIUIa mapoM. I1omyn ceBepHBIi BeTep, KPOBb 3aMEP3I1a, TaK U OCTAJIOCh CTOSTh TEJIO 10
BECHBI Ha yIuIe. :-)).

3amMeTuM, B HallleM MEXaHUCTUYECKOM MUPE, Mbl IIPUBBIKIIM AyMaTh O TEMIIEPAType B IPYObIX BBIPAXKEHUAX
(aBTOMOOMIBHBIE ABUTaTENU paboTatoT npu Temneparypax 1,000 ° C (1, 832 ° F), u Tak 1 MHOTHE IPOMBIIUICHHBIE IPOLECCHI
UCTIONB3YIOT OYEHb BBICOKUE TeMIepaTypsl. HecMOTps Ha TO, 4YTO MBI HAUMHAEM UyBCTBOBAaTh ce€0sl HE3I0POBBIMM, €CIIU HAIlla
TeMIieparypa mnossimaercs Beero smnb Ha 0,5 © C (0,9 © F), MbI He BuaMM U HEe MOHUMaeM, 4TO HE MEXaHHIECKasl,
OpraHu4eckas *KU3Hb U 3J0pOBbE, OCHOBAHbI Ha OYEHb TOHKHMX Pa3IM4MsAX B Temmeparype. Korna Hama Temneparypa tena +37
° C (98,6 ° F) y Hac HeT "Temneparyphl" Kak TakoBOi. MBI 3OPOBHI U, CCHUTAsICh HA MHeHHE BukTopa, HaxoauMcs B
"paBHOIYIIHOM" MU cOCTOSIHUM ""6e3 TeMnepaTypsl”. Tak ske, Kak XOpollasi BOJa - XpaHUTEIIb Halllel Haaexareit
(bm3rYecKoil TeMIepaTyphl, Halla TOYKa AaHOMAJIMH CAMOTO KPETTKOTO 3I0POBBsI U SHEPTHH, TaK JKe KaK COXPAHSET Ty IUIAHETY
KaK cpely OOMTaHHMs I HAIeTO JaibHeHIIero cymecTBoBaHus. Boma Bo Beex e€ popMax H KadecTBaX, MOCPEIHUK Beeit
JKHM3HB U 3aCITy)KHBAET CaMO€ BEICOKOTO, HAIIETO [IEHTPAIBHOTO YBaKEHHSI.

Bona u e€ )u3HEeHHOEe B3aUMOJICHCTBHE C JiecOM ObLIO IIaBHOI 3a00Toi BukTopa, paccMmarpuBast Bogy kak "Kposs"
Marepu-3emiu, KoTopas B oTiuane ot Teopun Kapna Prucca ynomuHanocs panee, poauiack B HEPax BHICOKHX JIECOB. DTOT
BoIpoC OyneT u3ydeH Oolee moApoOHO modke. Hanr MexaHHCTHYIECKHiA, MATepUATHCTHIESCKUI U KpaliHe TOBEPXHOCTHBIN
B3IV Ha BEIIH, HE TTO3BOJISIET HAM PAacCMaTpUBaTh BOJY HUYEM MHBIM, Kak HEOPraHUIECKYIO, T. €. SKOOBI €3 )KU3HH, a
KOTOpasi, BUIMMO He caMa XH3Hb HO, TEM He MeHee Ty/IeCHBIM 00pa3oM CO3/1aeT KU3Hb BO BeeX e€ hopmax.

JKu3Hb - IBMKEHHE U OJUIETBOPSAETCS BOIHBIM IIOTOKOM B OCTOSIHHOM JABM)KCHUH U IIPE0Opa30BaHUM, U BHEIIHE U
BHYTPEHHHM IIpOsiBJIeHHEM. TeKyiiast Boza, COK M KpOBb, 9TO KH3HEHHAs] MOJIEKYJIA - CO3IaTeNb MHOXKECTBa (OPM KH3HHU Ha
9TOM 1aHere. To Kak 3TO MOXKHO KOTa-Mu00 MOHSATH U BBIPA3UTh, KaK OE3KU3HEHYIO XKUAKOCTh, KaK B KIMHUYECKOM 3PEHUH
anTevyHOU BOJIBI, ONpeessieMasl Kak Heopranndeckoe Bemectso H,O?

OTOT 3araIoYHbIi CUMBOJI ABJISICTCS IPYOBIM HCKaXeHHEM. JTO ObLI0 0003HaYEHHE IPOCTO CTEPUILHON
JMCTUILTMPOBaHHOM Bozbl - H,O, kak B HacTosIee BpeMs OITUCAaHbI HAyKOH, ObLIO OBl si71oM st Beero xkuoro. H,O mnn
“Henopa3BUTas BoAa” cTepUibHAs AUCTWIINPOBAHHAS BOJA JIMIIIEHA KaKUX-TH0O0 Tak Ha3plBaeMbIX "puMecei”. OHa He
HMeeT Pa3BUTOrO XapakTepa u kadectsa. Kak Moronoe, He3penoe, pacTyllee CylecTBO, OHA 3aXBaThIBACT, KaK PEOCHOK
3allOMUHAET BCE B IpeJieax A0CAraeMoCTU. Boza nomionaer XapakTepuCTUKU U CBOMCTBA BCET0, C 4YEM OHA CONIPUKACAETCs B
KOHTAaKT€e WM paccTBOpmIIa B cede, 4ToObl co3peTh. IT0 "Be€" - "mpumucu” — Bofia IpUHUMAET GopMy MHKPOIIIEMEHTOB,
MHHEPAJOB, conell u aaxe 3anaxu! Ecau Ob1 Mbl umu uuctyio H,O nocrosHHO, 0Ha ObICTpo ObI pacTBOpIia B cebe (BIIUTaNA
HEJacTaoLINe JIEMEHTHI), BCE XPaHUIIMECs B HAC MUHEPaJIbl U MUKPOIJIEMEHTHI, UCTOIUT UX 3aIlachl U B KOHEYHOM UTOre
yower Hac. Kak pacTymuil pebeHOK, Heco3peBIlas Bobl BOUpaeT B ceOs BCE U He oTAaeT. ToNbKO TOrAa, KOraa Co3peBIlas, T.
€. KOIJla COOTBETCTBYIOLIUM 00pa3oM oOorauieHa ChlpbeM (MUKPOJIEMEHTaMU), OHA B COCTOSIHUM OTJaTh, YTOOBI IOAEIUTHCS
oT ce0st CBOOOTHO M OXOTHO, YTO OBI MO3BOJIUTH OCTAILHOM )KU3HH Pa3BUBATHCS.

MpecHasi BoAa MMEET MHOIO FMaBHbIX KAYeCTBa, KOTOpble MOryT BbITb AU depeHLMPOBaHbI
B 3aBMCMMOCTM Ka4yecTBa NMTbEBOW BOAbI.




Bopa Tun Onucanue [NuTbeBblE KavecTBa
(ncnonb3oBaTh ANA NUTLA)

OuctunnupoBaHHas Boga He COOEepPXWUT ApPYrMx 3fIEMEHTOB. Mnoxo

yncTenwlas soga

ATmocepHas (goxaesas) COOEPXMUT HEKOTOpLIE BegHas
aTtMocepHbIe rasbl

HecospeBliasa (Hespenasi Boga) COAEPXKMT HECKOMBKO MOSE3HbIX BbenHas
MckonaembiX UM MUKPOINIEMEHTOB

MoBepxHocTHas Boga (MMAOTUHBI, CoaepxuT HekoTopble MUHEparbl K CootBetcyeT

BOOOXpaHUNuLla, peKI/I) COJTN HaKonmneHHble B KOHTaKTe C
NMoYBOW.

IpyHTOBasA BoAa COOEPXMUT BonblUee KONMYecTBO Xopouasi
norne3HbIX MUHEepanoB

dunsTpOBaHHAA-rpyHTOBas BoAa YT0 KacaeTcsa NoA3EMHbIX BO,. Xopouas

PogHukoBas Boga C BbICOKMM COAEpKaHNeM Jlyqwas

pacTBOPEHHOrO yriepoga
1 MUHEepanoB

ApTesnaHckas Boga (rnyovHHas KOTOpas MOXeET ObITb CBEXEWN Unn (c NnepeMeHHbIM) HETO, U He cé
BOAa) M3MOnorMyeckum pacTtBopoM u
MOXET coaepaTb pasfuyHble

pPacTBOpPEHHbIE 3reMeHTbl 1 rasbl

Puc 8.4

8.4 Kauecmeo 600wi

Ho kak 370 4ynecHasi, beciBeTHas1, )KUAKOCTh O3 BKyca U 3araxa, KOTOpOe YTOISET KKy, KaK HUKaKas Ipyras
xuaKoctu? Passe Mbl, O-HACTOSIIEMY TIOHUMAEM CYIITHOCTh BOJBI - JKUBAs JKHIKOCTD - MBI HE OyIeM pacCMaTpUBaTh €€ Tak
CKyTIO, a OynmeM 3a00THTBCS O Hel, Kak eciy OBl Hallla )KH3Hb 3aBUCENa OT e€, 4TO, HECOMHEHHO, OHA H JICJIACT.

ITomMumo dakTrveckorr 00paObOTKH BOJBI HCCIICAOBAHHON B IMIaBe 15, HEKOTOPBIC BU/IBI BOJbI 00JIE€ IPUTOIHBI IS
ITUTHS], Y€M JPYTHUE, CIACAYIOUIYIO OOLIYIO KITaCCU(HKALMIO CISAyeT PACCMATPHUBATh B COUETAHHH C pUC. 8.4.

JluctrimupoBaHHas Boja

OT0 TO, YTO CHHUTACTCA (I)H3I/I‘{CCKI/I U XUMHUYECKHU YUCTBIM BUJIOM BOIBI. He nmes APYTUX XapaKTCPUCTUK, TOJIBKO
CTepHJIbHAS YHCTOTA, OHA 3alPOrPaMMHUPOBaHa U OyeT 00BEAUHATECS U IPHOOPETaTh, H3BIICKATh MM IIPHBIIEKATh K ceOe Bce
BEILECTBA, OHA JOJDKHA CTATh 3PEIIOii U, CIICI0BATENBHO, HOIIOWACT U XBATACTCS 32 BCE B IIPe/ieIax JocsraeMocTu. Takast
BOJIa JICHICTBUTENIFHO OYEHB OIIaCHA, SCITH e€ IIUTh HeNPEPHIBHO JOIroe BpeMs. Korma mbloT AUCTIIIIMPOBAHHYO Boay (Aqua
destillata) oHa meiicTByeT Kak clabUTENbHOE, IUINast TEJI0 MUHEPAJIOB U 3JIEMEHTOB. B HEKOTOPBIX CIIydasix OHa MOXKET
HCIIOJIB30BATHCS ISl KPATKOCPOUHOIO TepareBTuieckoro addexra, HampuMmep, B Tak HazbiBaeMoMy "nedeHuo no Kxaimy —
'BoAHBII HokTOp' Camoe maBHOE «1o KHaiiny» — coOIIonaTh B JKM3HH NIPOCTHIC IIPaBUiIa: €CTh 3[0POBYIO MHIITY, PaHbIIES
JIOXKHUTBCS U PaHBIIIE BCTABATh, MHOTO JABUIAThCS M HE OOATHCS XOJIOAHON BOJIBI, XOJUTh OOCHKOM 10 YTPEHHE#H poce, o
MOKPBIM KaMHsIM, HCIIOJIb30BaTh OOJIMBaHYS H 0OCPTHIBaHYIS, Pa3INYHbIC BAaHHBI, XOJIOIHEIH U KOHTPACTHBIN JymI", I1e oHa
JEHCTBYeT TakK, YTOOBI OYUCTHTD TEJIO OT YPE3MEPHBIX OTIOKEHHEH U3 Pa3IHIHBIX MaTepHAJIOB.

ATMOC(I)CpHaﬂ BOJa - JOXACBAasi BOAa

XoTs 4MCTEHIIast eCTeCTBEHHAs IOCITyITHAs BOJIa, 3arpsi3HEHas BpeIHBIMU BelIeCTBaMH B aTMocdepe, MeTeo-Boaa Wil
JOKAeBas BOZA TAKKE HEPUTOJHA VIS MUThS MOATOSIHHO. OHa HE3HAUMTENIBHO JIy4llle YeM TUCTHUTMPOBaHHAas BOAA U
HEMHOT0 Ooraue MUHepaiamMy, u3-3a MOIOIIEHH aTMOC(EPHBIX Ta30B M MbUIEBBIX YacTull. Kak xuBO# opranusm, oHa Bce
elle B MOJPOCTKOBOM BO3pAcCTe, BCE €Ille He3peliasi, U I0JDKHA MPONTH ONPEeNICHHBIH MPOIECC CO3PEBAHUS, C TEM YTOOBI
HUMETb BO3MOXKHOCTh OBITh IMOIIOUICHHON TEJIOM U OBbITh MoJIe3HOU 11t Hero. Kora mbloT, Tallyto BOAy U3 CHEra, OHa Takxke
NOPOXKJIAET OINpPECTICHHBIE HEJIOCTATKH, U €CITH IPYTasi BOAa HE JJOCTYITHA, MOXKET MPUBECTH K 300y, yBEJIMUEHHE IUTOBUIHOM
JKeJIe3bl.

Heco3spesmas Bona

HecospeBiast Bozia, OnsTh ke, He3penas Boja, 3T0 BoAa IMoAHUMAaroIast u3 3emiu. OHa He co3perna JOIDKHBIM 00pa3oM,
€€ mpoxokaeHune yepe3 3emimo. OHa BOHUKAET, BOSMOXKHO, B BHJIE T€if3epOB H T.1I., OT JOBOJBHO [UIMHHOTO IyTH BHU3. OHa
elle He PELIIIa IePeCTPOUTD ceOsl B 3peiible CTPYKTYPBI H, CIICOBATENBHO, BCE eIIé ¢ Ka4eCTBOM 2-3Be3/bl. OHa COICPIKUT
HECKOJIBKO TTOJIE3HBIX MHHEPAJIOB, HEKOTOPBIE MHUKPOJIEMEHTHI M TOJIBKO MaJloe KOJIMIECTBO PACTBOPEHHBIX aTOMOB YIJIepo.a,
HO OIIATH XK€ B KaUeCTBE MUTHEBO# BOJIbI, OHA HE TIOIXOIUT, HE OYSHb BBHICOKOTO Kiacca.

[ToBepxHOCTHAs BoJa

HOBerHOCTHaﬁ BOJA - INIOTUHBI, BOAOXPAaHWIHIIC U T.[. - COACPKUT HCKOTOPBIC MUHEPAJIbI U COJIM HAKOIIJICHHBIC IIPU



KOHTAKTe C [TOYBOH, a TAKXKE U3 aTMOC(EpBbI, HO, BOOOIIE TOBOPSI, OHA HE OYEHb XOPOILIEro KauecTBa, YaCTUYHO H3-32
aTMOC(EPHOTO BO3ZCHCTBHS TSDKEIIBIX OKCUTECHANINH (-HACBIIIEHHE KUCIIOPOAOM) U Bo3aeiicTBus Temia ot Connua. ConHeuHoe
TEIUIO pa3pylIaeT OONBLIYIO YaCTh XapaKTEPUCTUK U SHEPTUIl BOJIBI.

I'pynToBa BOna

I'pyHTOBBIC BOMIBI YK€ HAMHOTO JIYYIIIe, YaCTO BRIpAXKAeT ceOs Kak MpOCAYMBAIOIIAEC OTPUIBTPOBAHHBIC POJHUKH, BO/IA
KOTOPBIX, IIPOCAYUBACTCI CKBO3b BEPXHHUC CJION 3€MJIU B 0oJiee HU3KKE CIIOH B KOTOpasi CTUKACT IO BOAOHCIPOHUIIACMOMY
CJIOI0 M BBIXOJHUT KakK TpaBuiIa y MOAHOXbsI Top WK XoiIMoB. OHa uMeeT 0O0JIbIIoe MPOIIEHT PACTBOPEHHOTO YIIIEpo/a,
KOTOpLIﬁ SIBIIETCS HAOOJIE€ BaYKHBIM DJIEMEHTOM B BEICOKOKAYECTBEHHOM BOAC, KpOME IIPUMECH APYTUux coJien.

Yucrenmas poJHUKOBast BOAA

Yucreiimas pogHUKOBas BOJA, M MbI OyieM HCCIIeOBaTh Pa3iIMyMs MEXIY [IPOCAYNBAIOIEM-OTGUIBTPOBAHHBIM
POIHUKOM M UCTUHHBIM POIHUKOM I03X€E, O4Y€Hb BHICOKOE COJIEPKAHHUE PACTBOPEHHOT'O YIIepOoaa M MUHEPAJIOB, U BHICOKOE
KauecTBO. E€ UMCTEeHIIIUM COCTOSIHUEM OKa3bIBAEMBIM Ha 310POBBE U JKU3HCHHYIO CUJIbI, IIOAATBCPIKIACTCA eé MEpHaHUuEM,
SIPKO-CHHEBATOTI'0 LIBETA, KOTOPBI He HaOmonaeTcs B TPYHTOBOM Bozie. Takas Boja uaeanbHO MOIXOAUT SIS TUThS, €CIIH e€
MOxHO HaiiTH. K coxaneHuro, B HaCTOsIIee BpeMsi O4EHb MaJlo, BHICOKOKaUECTBEHHBIX POJIHUKOB, U3-3a pa3pyLICHUS
OKpyXxarolei cpeabl. Kpome BbIIIeyTOMSHYTHIX BBIIIE BOA, €CTh apTe3HaHCKas BOJIa MOydaeMasl U3 CKBaXMHBI, KOTOpast
HETpeICKa3yeMoro kadyecTsa. Bpems oT BpeMeHH 0Ha MOXKET OBITh COJICHOH, B IPYrHX CIydasiX, COJIOHOBATOM, WM CBEXKEH.
Huxorzna Henb3st OBITh YBEPEHHBIM, UTO BOJA U3 CKBAKUHBI 00s13aTeIFHO Oy/IeT MUTHEBOTO KauecTBa. XOpomias Boa,
BEPOSITHO, JIGKHUT MEXKTY BOJOHOCHBIMH CJIOSIMHU, TTOJI3EMHBIX BOJ U IPOCAYNBIICHCI-0T(HUIBTPOBaHHOM BOJIOH, HO, CKOpee
BCET0, MOYKHO CPaBHUTH M KIIaCCU(HUIUPOBATH KaK TPyHTOBas Bofa. Elie pa3 3TO 3aBHCHT OT TOTO, KaK TIIyOOKO M XOPOIIHUH JIN
CJIOM BOJBI IOMMAaH B JIOBYIIKY, BOJOHOCHBIN CIIOW, TUIACT.

A 9T0 ke HAC Ha CaMOM JieJe HAaChIMaeT? DTOT BOIPOC HHTEPEPCYET HAC, OH JKU3HEHHO BayKHBIH JIISI BCEX HAC, KOTOPBI
TaK CUJIBHO BIIHSET HA HAIly )KU3Hb, 3I0POBBE U OJIaromoiydne, Oynetr 00CyKIaThbesl B CIIEAYIOMIEH IIaBe, OTOMY YTO ceifuac
MBI JOJKHBI 00paTUTh BHUMAHHE Ha TEMIIEPaTypHbIi FPaJUeHT, KOTOPbIi HAYMHACTCS TI0CIe TOUKK aHoManuu +4 °© C |
SIBJISIETCS CASAYIONIUM HanOolee BaXXHBIM (pakTOpOM B TOHMMAHUH BOJBI M €€ Ha UIeKallel,ecTeCTBeHHON 00paboTKy.

8.5 Temnepamypmnuwuit I paouenm

Kpome npyrux ¢axropoB (HEKOTOpEIE H3 HAX HE MOTYT OBITH OIPE/IeIeHbI KOINIECTBEHHO), OXBAaThIBAs TAKUE aCHEKTHI,
KaK MyTHOCTb (HENIPO3payHOCTh), IPUMECH, U Ka4eCTBO, Hanboee BaXKHbIM (paKTOpOM, BIUSIIOLIUM Ha 3[J0POBbE U SHEPTUI0
BOJIBI - TEMIIEPATypPa, Pa3IMIHbIC ACTIEKTEI KOTOPOTO OyIyT pacCMOTpPEHBI Oo0ee TOAPOOHO MO3XKe, HO B IIEPBYIO OYepeb
npuBegeM oomuil 0630p. Bo3Hukinas B npoxiasHoil, TEeMHOH KoJIbIOENU JEBCTBEHHOIO JIECA, BOJIA HACKIIISETCS U CO3PEBAET
He CIIellia MogHUMAsCh 13 TIyOonH. Ha e€ Bocxomsmmem 1myTH, oHa BOMpaeT B ce0st MEKPO3JIEMEHTHI U ONIE3HBIC MHHEPAITBL.
Tonbko TorAa, KOIa OHa CO3pelna, U He paHbllle, OHa OyJeT BBIXOAUTH U3 HeAp 3eMid, Kak poaHUK. Kak HCTUHHBIN POHUK, B
OTJINYHE OT POJHUKA MPOCAYNBIIETOC — OTPUIBTPOBAHHOTO, TEMIIEPATYpa BOABI 3TOro poaHuka okosio +4 °© C (39,2 ° F).
3nech, B IPOXJIAJHOM, PACCETHHOM CBETE Jieca OHA Ha9MHAET CBOI JONTHIA, JKHBUTEIBHBIH [IUKII KaK CBEPKAIOIIHIA, )KHUBOH,
HPO3paYHBIil HOTOK, IMy3BIPSICh, OyIbKast, 3aBUXPSIACH M BPAI[asch 110 CIIUPAIH, ABUTasch KaK peKa B TOPHOM yIiense. B eé
€CTECTBEHHOM CIHPAJICBUIHOM CaMOOXJIOJKICHUH, 3aKPYIHBAIONIEMCS IBIDKCHHHN BOA B COCTOSIHIH ITOAIEPKUBATH CBOU
BHYTPEHHHE M3HEHHBIC SHEPTHUH, 30POBbE U YHCTOTY. TakuM 00pa3oM, OHa AEHCTBYeT Kak KOHBeWep MepeHocs Bce
HEe0oOXOMMBIEC MHHEPAJIBI, MUKPO3JIEMEHTHI U IPYTHE TOHKHUE SHEPTUH B OKPYKAIOIIYI0 CPEeLy.

ECTeCTBeHHO, TCKyLIas BOJAa CTPEMUTCA NMPOTECKaTb B TEMHOTC WJIK B TCHU JI€Ca, YTO n30exaTh MonoAaHus NPAMBIX
Comneunsix mydeil. [Ipu 3THX ycnoBHsX, Jaxe KOTIa TeUeT 110 KackaJHBIM BOAOMAIaM, TeUeHHe OyeT JHIIb B PEIKUX
ClIy4asiX BBIXOIHUTH U3 CBOMX Oeperos. I3 3a MpaBUIIBHOTO €CTECTBEHHOTO JBHKEHMS, YeM OBICTpee OHa TedeT, TeM OoblIe eé
MIPOIYCKHAs! CIIOCOOHOCTH ¥ CAMOOYHILIAIOINAS CIIOCOOHOCTD U 0OJIBIIE OHA YDIYONIsieT CBOE Pyciio. DTO MPOUCXOAUT H3-32
00pa3oBaHUs B U3BUIIMCTOM ITOTOKE IIPOJOJIBHBIX BUXPEH, 10 4aCOBOH CTpEIIKe U MPOTUB YaCOBOM CTPENIKU, MEHSIOIIIECS 110
MepPEMEHHO CITHPAIeBHHBIE BUXPH IEHTPAIBHOMN OCHIO (X000T BUXPST) BHHU3, KOTOPBIE MOCTOSHHO OXJIOJKAAIOT U TOBTOPHO
OXJIAXK/IAI0T BOJLY, HOANEP>KUBAIOT €€ B 3[0POBOI TeMIepaType U MPUBOAAT K Ooiiee ObICTpoMY, OoJiee IJaMUHAPHOMY
(3aBUXpSIOIIEMY), CIIMPATIEBHIHOMY IIOTOKY.

UYroObl 3aIUTUTH ce0sl OT BPEJHOIO BO3IEHCTBHS U30BITOYHOTO TEILIA, Boja orpaxkaaeT ceds or CollHIa HaBUCaIOLIEeH
PaCTUTCIIBHOCTBIO, TaK KaK C YBCIMYCHUEM TEMIICPATYPhl U CBETA OHA HAYUHACT TCPATH CBOIO JKU3HCHHYIO CHJIY U 31OPOBBC,
CBOIl MOTEHIMA, U CIIOCOOHOCTb OXKUBILATD U AaBaTh XKU3HEHYIO CUITy OKPYXKaIOILEH cpelie, uepe3 KOTOpble OHA MIPOXOAUT. B
KOHEYHOM CUeTE CTAaHOBHUTCS LIMPOKOH PEKoii, Bosla CTAaHOBUTCS 00jIee MyTHOM, ColepKaHUe B3BEIICHHBIX MUKPO-YaCTHI]
BBITIOJAIOT B OCAIOK ¥ YBEIMYUBACTCS HJI, IIPU HArPEBAHNUH, €€ TIOTOK CTAHOBUTCS BCE OOJIee MEUTCHHBIM H BSUTBIM.

OnHako, Jaxke 3Ta MyTHOCTb UTPAeT BaXHYIO POJIb, IOTOMY YTO OHA 3aIUIIAET ITyOOKHUE CJIOU BOJBI OT TEMIOBOIO
mnyuenus ConHia. Bepxuue cion 6ornee MIOTHBIE, YeM XOJIOTHBIC CHUA3Y CIIOH, TEM CaMbIM COXPAHSET CHILY TOTOKA JUIL
JBIDKEHUS Ocajika OOJIBIINX pa3MepoB (TallbKU, IPaBUs U Ap.) B IEHTPE BOJHOIO MOTOKA. TakuM 00pa3oM, OAaCHOCTb
3aTOMIICHHS CBOAUTCS K MUHIMYMY. ClipansHOe, BUXPEBOe ABIDKEHNE YIIOMSHYTOE paHee, IIPUBEH B HTore, BukTopa
Iay6eprepa, k pa3paboTKe €ro TEOPUU O "UMILIO3UU", CO3JAI0TCS YCIOBUSL, IIPU KOTOPBIX POCT BPEIHBIX OaKkTepuil
MOZIABIIAETCS, ¥ BOJA CTAHOBUTHCS, O€3 IMPU3HAKOB 3a00JICBaHUS, 30POBOI U MOJIC3HOM.

Virymenue TeMneparypsl B popMe ""TeMrepaTypHOro IpaaieHTa" BO BCeX THIPABINISCKIAX pacueTax MPUBENIO K CaMBIM
Ppa3pyIINTEbHBIM HABOAHEHUSM M THOENB ITOYTH BCEX BOAHBIX IyTeH. XOTS CKOPOCTH MOTOKA, MOTIEPEYHast CHIa
(panmKambHAs CHIIA), HA30BEM HEKOTOpHIE TaKNE KaK HAHOCHI, MyTHOCTb, BA3KOCTh, IIPHHAMAIOTCS BO BHUMaHHE B
MHOTOYHCIIEHHBIX (pOPMyIIax, a TeMIIePaTypHBIH TPaJHeHT, KOTOPBIHA CyIIECTBEHHO BIIHACT HA (QYHKIMH BCEX 3THX Pa3IHIHBIX



(haKToOpoB, IO CHX MOP COBEPIICHHO HE YYUTHIBAETCS B 00JIACTSIX PEYHOTO HHXHMHUPUHTA, BOJIOCHAOKEHUSI, YIIPABJICHUE
BBIOJJHBIMH PECYPCAMU M COCTOSHHUE BOJBI B LIEJIOM.

IMomMuMO U3MeHeHUH B e€ CoflepKaHUU OpraHUYEeCKUX BELIeCTB, MUHEPAJIOB U COJIEH, Tak Ha3blBaeMBbIX "Ipumeceil”,
BOJly BCET/Ia CUMTANHN Oe3KIM3HEHHOH HeOpraHW4ecknM BemecTBoM. [103ToMy, 3a HCKITIOUeHHEM HEKOTOPBIX OMpeIeeHHBIX
TeMIepaTypax BO/bl, HEOOXOAUMBIX JUISl KOHKPETHBIX IeJIed, OXJIaXICHUs], HarpeBa U T. A., TeMIIepaTypa Uil U3MEHEHUs
TeMIIepaTypbl 000 BOBI MM BOXHOTO 00BEMa PacCMAaTPUBACTCS COBEPIICHHO 0€3pa3IMYHO K IOBEICHHUIO CaMON BOJIBI, TaK
KaK MU3MEpSEMBI JUAa30H 3TUX U3MEHEHUH B 11€J10M ObLI OLIEHEH CIMIIKOM HE3HAUUTENIbHBIM, YTOOBI OBITh B COCTOSHHU
OKa3arhb JIo0bIe 3aMeTHbIC 3P eKThl. Takoe OTHOIIEHHE, TO-BUANMOMY, OCTAJICS HEU3MEHHBIM.

B nauasne urons 1991 roga s mpucyTCTBOBal Ha CUMIIO3UyME [0 PEUHOMY UHXKEHEpUHTY B YHuBepcutere Hooit
Anrnuy, ApMmuzeiin, ABcTpanus, ¢ KOHKPETHO! 1IeNbI0 00HApY>KEHHsI COCTOSHIE HCKYCCTBA B 001aCTU THPOIOTHH
OTHOCHTEINBHO TeMITepaTypsl Boasl. OCHOBHEIM JoKJIaqurkoM ObLT mpodeccop Jxon ®. Kernenu (!!), ruaporor ¢ MEpoBoi
penyranueit, nupexkrop MucTuTyTa AlfioBa IO THAPABINUECKUM HccaenoBanusM U Xantep Pyc npodeccop I'mapasnuxu B
Vausepcutere mrata AtioBa B CoenuaeHHbIX LlITarax. [Ioka oH roBopwIL, g cel M IIPUTOTOBMII KapaHIall U OymMaroi, 4ToOs
3aIMCBIBATh KXXI0€ YIIOMUHAHUE ClIoBa "Temmeparypa'. K KoHIly 04eHb HHTEPECHOTO YaCOBOTO JOKIafa, B KOTOPOM
npodeccop Kennenu Boipaxkai cBOO OONBIIYIO JTFOOOBB K peKaM, Y MeHsI Oblila TOJILKO OJIHA uepTouka! 3aTeM, sxenast
HOJIY4YUTh O0JIee TOUHbIE aHHBIE, 1 TOBOPUII C HUM OKOJIO 15 MUHYT, pacckasblBas BKpalle o Teopuil Bukropa Illay6eprepa, o
JBIDKCHUHU M TEMIIEpaType BOIBI U TOT (BakT, 4to B 1930-x roioB OHa UMea MOJIHY0 MOAICPKKY CO CTOPOHBI TOKOTO XKe
BCEMHPHO H3BECTHOTO THAPOJIoTa, mpodeccopa Pummmma Dopxreiimepa, ¢ paboTaMu KOTOPOTro ObLT 3HAKOM Ipodeccop
Kennenu. Onnaxo, no MHeHU10 KeHHenu, BIusiHUE TEMIEpaTyphl Ha TUHAMUKY I1I0TOKA BOJbI I10-IIPEKHEMY PAaCCMaTPUBAOTCS
KaK He3HAYUTENbHBIC U T03TOMY HUKOTIA He IPHHIMAIOTCS BO BHUMaHHe. [IMes 3Ty mH(OpMAanuio IpsMo U3 IepBBIM YCT,
MOATOMY TIO[BE/IEM BBIBOJ , UTO TEMIIEPaTypa, Kak (pakTop B CTPOUTENHCTBE PEUHBIX COOPYKEHHUI, MO-TIpeXKHEMY
urHopupyercs. Kak Mbl BUIMM, MIMEHHO MaJlble, HHOIJA OECKOHEUHO MaJlble H3MEHEHUS TEMIIEPATYPhl KOTOPBIE UMEIOT
peniaroliee 3HadeHHe Il €CTECTBEHHOTO 3[J0POBOTO IBIPKEHUSI BOABI M ONITHMAIBLHOTO PEKMMA ITOTOKOB B OOIIEM TTOTOKE.

Buxrop Ilaybeprep BeimenseT TeMIepaTypHbIe TPaJUeHTHI, 13 KOTOPBIX €CTh AB€ (POPMBI, CIETYIOIIM 00pa3oM:
CyIeCcTBYET NOJOKUTENbHBIA + TeMIepaTypHbIH TPaAUCHT;

a) Kora TeMIepaTypa BOABl YMEHBIIAETCS U €€ IUIOTHOCTh YBEIMYMBAECTCS K TOUKM aHOMammu +4 © C, uin;

0) Korja MIOTHOCTh U MIOHIDKEHUE TEMIIEPaTyphl K 3aMep3aHuUI0, HUXKeE 110 OTHOIIeHHU!o k +4 © C.

B) KOT/Ia TeMIIepaTypa 3eMJIH MM BOIbI XOIOIHEE, UeM TeMIepaTypa BO3ayXa.

CyIecTBYeT OTPULIATENbHBIH - TEeMIEpaTypHbIH IPaJUeHT;

I') KOTJIa Tenpeparypa cMemaercs, ABIKeTses, oT +4 © C, 1160 BBepX, MO0 BHU3, 002 U3 KOTOPBIX 03HAYAIOT yMEHBIICHUE
IUIOTHOCTHU U 3HEPIUH.

Ha puc. 8.1 (ctp. 109) HanpaBieHyne IBMXKEHHS 3TUX JIBYX TEMIIEPaTYpHbBIX YCIOBHUH MIPEACTABIEHbI B BUIE ABYX
KPHBBIX Pa3rPaHUYUBAIOT U3MEHEHH 00bEMa U INIOTHOCTH C TEMIEpaTypoi. 31ech BUIHO, KaK ¢ OXJIaXIEHHEM, 00beM
YMEHBILIAETCs], @ INIOTHOCTh YBEIMYHUBAETCS, 1 HA000POT ¢ HarpeBaHueM. JIBIKeHHe TeMIepaTyphbl B CTOPOHY aHOMAJIbHOM
Touku +4 © C Bcerna BKIIOYAET B ce0sl OI0KHUTENIBHBINA TEMIIEPAaTypHBII I'PAJUEHT, B TO BPEMs KaK JIBIKEHUE B
IIPOTUBOINOJIOXKHOM HAIIPaBICHUM CBUETEILCTBYET 00 OTPULIATEILHOM TEMIIEPaTypHOM rpajgueHTe. IloMHuTe, 4TO 371€ChH
HOJIOKUTENbHAS TEMIIEPATypa, WK TO, YTO HAXOAUTHCS (MMEETCsl BBUAY TeMIIEpaTypa) B JaHHOH cpezie (BO3AyXa WM BOIBL),
BCEra TeYET WIN TPAHCIIOPTUPYETCS K XOTOLY.

B IIpupone o6e hopMbI TeMITEpaTypHOTO TPAANECHTA AKTHBHEI OHOBPEMEHHO, H, yJacTBYIOT B 9BOMIOIWI, a HE B
nepeadu, JOJDKEH NpeoaaTh MOJ0XKUTENbHBIN TEMIIEPAaTypHbI rpaiueHT. 11 Ha BOCXOIAIIEM U Ha HUCXOSIIEM ITyTH
BO3HHKAET )KM3Hb HA MEPECEICHNH ITUX JBYX "TEMIIEPaMEHTOB", Kak 3TO OBII0, Y KaXKIO0TO M3 KOTOPHIX €CTh Pa3INIHbIC
XapaKTEePUCTUKY, CBOMCTBA, IOTEHIHAJBbHBIE U IPOTUBOIOJIOXKHBIE HAIIPABICHUS JBHKEHUS UM PACIPOCTPAHEHHUS.

be3zoTHOCHTENIBHO MPOSABIISAETCS KaK PE3YIbTaT B3aUMOAEHCTBHSA 3THX B3aMMHO IIPOTHBOIONIOKHBIX CYIHOCTEH,
3aBUCUT OT OTHOCUTEJIBHOM IIPONOPLMY MEXIY HUMH, UTO TaKXKe OIpelelsieT UX TOUKH nepecedeHus. Hanpumep, eciu
TOJIOKUTENBHBIA TeMITepaTypHBIil TPAAUEHT SBIAETCS 04€Hb MOIIHBIM, TO 3 (EKT B3auMHO Ooee c1aboro OTPULIATETBHOTO
TEeMIIepaTypHOTO TPaIHECHTA MOJIE3eH U CITOCOOCTBYET POXKACHHIO B (PU3UUECKOI opMe BEHIECTB BRICOKOTO KadecTBa. B Ooree
MaTeMaTUYECKOM MOHATHH , €CIIH, KaK II0Ka3aHo Ha puc. 4.6 cyMMapHbIil 3QdexT aByX ANaneKTHIECKHUX
TIPOTUBOIIOJIOKHOCTEH PaBHO eANHCTBY, T.e. 1 X 1 = 1, To, ecm OIWH U3 aCIIeKTOB YMEHBIICH 0 MTOJIOBUHEI, 3HAYCHNE
Jpyroro paBHseTcs AByM. HecMoTps Ha u3MeHEHHE XapaKTEPUCTUK U CBOMCTB, OJIHAS LIEHHOCTb €AMHCTBA 1 HE M3MEHMIIACh
MOCKOJbKY 1 /2 x 2 paBeH 1.

W Hao60poT, ecinu posu ¥ OTHOLIEHHS MEHSIOTCSI MECTaMU M OTPUIATEIIbHBII TeMIIepaTypHbIi I'paueHT O4eHb
CHJIBHO JJOMHHUPYET, H TO, YTO POXKIAeTCs KaKk MaTepualbHas CyOCTaHIUA NMeeT HU3KYIO IIEHHOCTD. JITIs pa3BUTHS M pOCTa
4TO Obl IPUCTYMNUTH K IOBBIILIEHUIO KAUECTBA, )KUBYYECTH U 3[J0pOBbs, Kakas (hopMa BBICIIAS U HA KAKOM YPOBHE B3aIMOCTH
UX B3aHMOJCHCTBHE MPOUCXOIUT, 3TO MMEET aOCOMIOTHO pellaroliee 3HaueHue, 100 3TO He TOIBKO BIHMSET Ha ABM)KEHUE BOIbI,
JIBIDKEHHE COKOB B PaCTEHUSIX U IIOTOKA KPOBU B HAIIIMX BEHAX, a TAKXKE HA KOH(GUIypalulo, CTPYKTYpy U KadeCTBO apTepuil u
BEH, KaHAJIOB, KAIWJIIPOB U OKPY>KAIOLIUX COCYJ0B, U HAllPaBJICHUE UX, KaK OyAeT 3aMe4eHO MO3KeE.

Kaxk oHa TeueT, Boia IEHCTBYET, COBEPLIEHHO [10-Pa3HOMY B 3aBUCHMOCTH OT TEMIIEPATyPHOIO I'paJueHTa, U CUIION
BO3JEUCTBUS. B CBOEM KOHIEHTPUPYIOIIEM, OXJIaXKACHHUE, aKTUBU3UpYyeTcs GyHKImu pu +4 ° C - npulmmkaercs,
(bopmupyeTcs 3(heKT MONOKUTEIBHO TEMIIEPaTypPHOTO TpafieHTa. DTO MPOLECC, OTCTANBACT BO3HUKAIOIIHE KUBBIC CHCTEMEL,
TaK KaK B BOJIE OH COEJUHSET MOHU3UPOBAHHBIC BEIIECTBA BMECTE B ONIU3KUI, HHTUMHBIN, U IPOLYKTUBHBIA KOHTAKT, IIOTOMY
YTO 37€Ch, COEPIKAIIUIICA KUCIOPOA CTAHOBUTCS IACCUBHBIM U JIETKO CBA3BIBACTCS € IPOXJIATHBIMU YIEPOIOM, TEM CaMbIM
01ar0TBOPHO CIIOCOOCTBYET VISl 3I0POBOI0 pocTa U pa3BUTUsl. +4 © C -OTKIOHAIOIUIACS, OTPULIATENbHBIM TEMIIEPATypPHbIH
TPAIUEHT, C APYrOi CTOPOHEL, IE3MHTETPATHBHOE, OCNA0Iomas (hyHKINS, C YBEIMICHHEM TEMIIEPATyphl CTPYKTypa JaHHOTO
opraHa CTaHOBHTCs 6oiiee c1abo CBA3aHHON M COpa3MEPHBIMH OTEPSIMU, B HElaBHEH CBSI3aHHOM Mex 1y coOoi sHepruu. B
3TOM Clydae, U3-3a MOBBIIIECHHS TeMIIePaTypbl, KHCIOPOJ] CTAHOBHUTCS Bce Ooliee arpecCHBHBIM U MEHSET CBOIO POIb KaK OIH



U3 cosjareneil u 6maronerenei, NpeBpaaeTcs B paspyLUIUTeNs U HETATUBHYIO Cpely, KOPMUIIHITY, OonesHei u
00J1e3HETBOPHBIX MUKPOOPTAaHI3MOB, ITATOTEHOB.

Bo Bceli Boze, 1€COB U JPYrUX *KHUBBIX OPraHU3MOB TEMIIEPATYPHBIN TPAJUEHT B aKTUBHBIX U B TIOJIOKUTEIBHOM, U B
oTpunarenbHbIX Gopmax. B mpupogHbIX mponeccax CHHTE3a M pacmaja, y KakIoro U3 HUX IMeeTcs CBOsl 0co0ast
XapakTepHasi poJib B 60JIbIIOM Ipou3BoACTBe IIpupoibl, HO KaXkaas U3 HUX JOKHA BCTYIUTh B CTAAUIO XKU3HU B
Ha3HaueHHOE BpeMs. [1omoxKUTeNnbHBIN TeMIlepaTypHbIi I'PaJueHT, Kak TeMiepaTypHblid Tun A 6uomarsetusm (cM. ctp. 103),
JIOJDKEH UTPaTh IIIABHYIO POJIb, €CJIM Pa3BOpauUBaeTCs TBOpUecKas dBotonus. K coxaneHuio ¢ HamuM 6au30pyKUM
IIOHMMaHHUEM Ha TIPOM3BOZICTBO BBICOKOH TeMIIEpaTyphl U, CI€A0BaTENbHO, eCTa0MIH3UPYIOIINE, OCIA0NAIONHe U
JIeTpaiupyIOIe TEXHOIOTHHU, MBI IEPEBEPHYIIU 3Ty BO3BBILIEHHYIO 'CyTh' BBEPX JHOM M B HACTOSILEE BpeMs IIOKHHAEM BCE
Gosiee yIMBHUTEIIbHBIE IIJI0bI HAILIETO OIIUOOYHOTO TPYIIa.
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9 TI'mapoaoruveckuii uukia, Kpyrosopor Bonsl B Ilpupoae

B kxadecTBe IIepBOro 1Iara K 3BOIIOLUHU APYrux (HOpM KU3HU, HANOO0JIEe )KU3HEHHO BaXKHOI (yHKIMEl BObI ABIETCS €8
HETIPEPBIBHBIN, JKUBUTEIIBHBIN, LUK 110 Kpyry ¥ Haj 3emiieii. Ero oObruHO HaswBaroT "Tuaponorunyeckum L{ukmoM" wim
"KpyrosopoT Boxs! B IIpupoze" u BkiroyaeT B ceOs IBIXKEHHE BOJIBL U3 MOA3EMHBIX CIIOEB U IIOBEPXHOCTU B atMochepy U
00parHo. C TOYKH 3peHHs KOHIIETIIIMA BUKTOpa, MBI JOJDKHBI pa3JInvaTh MOJHBIA U MOJOBUHHBIN THAPOIOTHYSCKHN IIHKII,
pa3HHULIA MEXY KOTOPBIMH B HACTOSAILEE BPeMsl HEIIPU3HAETCS HayKoM. DTa pa3HUlla, UMEeT pelIarollee 3HaUeHUE K
MIOHUMAHUIO TOTO, YTO B HACTOSIIIIEE BPEMsI IIPOMCXOAUT C KIMMAaTOM BO BCEM MHPpeE.

9.1 Ionnwit 2udponozuvecKkuil YUK

Puc. 9.1 nokasbIBaeT BeCh 'MAPOJIOTMYECKHHA UK. 31€Ch CEPHs BOCXOAIIUX TIOTOKOB C TIOBEPXHOCTH HA KOTOPO €CTh
JIEPEBbSI, TIO CIUPAIIH TPOTHUB YaCOBOH CTPENKH, B JICBOM CTOPOHE M300paKEHO MCIIAPEHUE BOJIBI C IIOBEPXHOCTH MOPS MO
CIMpay MPOTHB YacoBO# cTpesku. OHU MOJHUMAIOTCS, KOHJICHCUPYIOTCS U BBINIAJAIOT B BUJIE 0K . YacTb NOXKIA
BIIUTHIBACTCA B 3€MIJIIO, ;[pyraﬂ HacCThb CTCKACT IO HOBerHOCTI/I 3€MJIM, B 3aBUCUMOCTH OT TOI'O YEM HOKprTa 3EMJIA JIieCaMiu
WM HET, ¥ KaKOH TUI TEMIIePaTyPHOTO IpaleHTa akKTUBEH B IaHHOM cUTyaliu. B ecHbIX palioHax, Iiie B €CTECTBEHHBIX
YCIIOBUSIX TOJIOXKHUTENBHBIN TEMIIEpaTypHBINA TPaIUeHT OOBIYHO Npeo0iaiaeT, ynepKaHue BhINOBILIEH BOAbI opsaka 85%, u3
HUX, OKOJIO 15% TOTIOIIAIOTCS PACTUTEIBHOCTBIO U IEPErHOEM U MPHOIU3UTENBHO 70% YXOAUT B MO3EMHBIC BOIBI,
BOJIOHOCHBIW CJIOW U Mepe3apspKaroT MOA3EMHBIN TTOTOK.

B moJHOM THIPOIOTHYECKOM IMKIIE TPYHTOBBIC BOJIBI 3aPSDKAIOTCS, BOJIA YACP)KUBAcMasi IEPEBhSIMH U Uepe3 HUX,
HCTIapsieTCs Yepes3 JUCThsI U MOJAHMUMAeTCs, 4To0bl copMupoBars obaka. Ha 310l KapTHHKE - [UarpaMMe UCIIapeHus OT
OKEaHa OTJIMYAIOTCS OT, HCTIAPEHUH MOTHUMAIOIIUXCS OT PACTUTEIBHOCTH CIIUPAIH BPAIIAIOTCS M0 YaCOBOH CTpENKE, B
OTJIMYME OT UCHIAPEHUH C MOBEPXHOCTH MOPS M300pakeHb! MOTHUMAIOIINECS CIIHPaIN BPALIAIOLIHecs IPOTUB YaCOBOU
CTpEJKH. ITO pasjndeHue ObUIO CAEIaHO0, MOTOMY YTO, Ha MOH B3IJIS, SHEPTHHU B MMapax BOIBI U3 Jieca KaYeCTBEHHO
OTIIMYAIOTCS OT TEX, KOTOPBIE UCTIAPSIIOTCS C MOBEPXHOCTH MOPSI.

Kora mapsl BofibI IOJHUMAIOTCS OT ICPEBLEB, OHKU MOJAHUMAIOTCS OT KHBOTO CYILIECTBA, @ HE U3 BOJIOEMA, TAKHX KaK
OKeaH. DTO HE 03HAYAeT, YTO TaKOH BOJOEM MEPTB, a TO YTO OHA HAceIeHa MHOXKECTBOM CYLIECTB, KOTOPbIC TOTPEOISIOT
MOYTH BCE, YTO OH MPOU3BOIUT, KaK MaTepPUaJIbHO, TaK M B OTHOIIEHUH dHepreTudeckux amanamuii, CO,, O,, u T.4. [Toatomy ¢
TOYKH 3PEHHS UCTIAPECHUS OT Jieca, Mbl MOXKEM UMETh JIeNIo ¢ (OpMaMH SHEPTUeH, TIOTyYeHHBIX U3 0oJiee TMHAMHYHON
JKHU3HEHOW CHCTEMBI, KOTOpasi HECET B ce0e XapaKTEePHBIN OTIIEYATOK, YEPThI, BHICIIYIO BUOPALMOHHYIO MATPHILY COACPIKAHHE
MHUHEpAIILHBIX U PEIKUX 3JICMEHTOB M PE30HAHCOB €€ MCTOUHHKA, )KUBBIX PACTCHHUN. DTH JOTIOJHUTEIbHBIC CBOWCTBA U



SHEPIMU B OCHOBHOM U3 HEMATEPUaAJIbHOM IPUPOJIBI U JTyHIlle BCEIo OOBSICHUMBI C TOUKH 3pEHHSI TOMEONIaTHUECKOH TeOpHH, B
KOTOPO, 4eM JIydIlIe pacTBOPEHO BEIIECTBO, TeM OombInast ero 3pHEeKTHBHOCTD KaK HCLeNsomas cpena. [loaromy Ml
OTBJICUEMCS] HA MUHYTY, YTOOBI C HUM IIO3HAKOMUTbHCSI.
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~ YPOBEHb MPYHTOBbLIX BOA, =

Puc. 9.1 nonHbIA rHAPOTOrHYECKHHA UK

"TIOJIHBIM LIUKJI" BOABI, IOHBI THAPONIOTHYECKHH UK, XaPAKTEPHU30BAH CIISAYIOLIIME (hazaMu:
* McnapeHue OT OKeaHOB U CyMMapHOE HCIIapeHHe OT PaCTUTENILHOCTH;

* [loganMarorelicss BOTHBIN Tap;

* OXJIaXAeHUE U CXKaTHe:

» ®opmupoBaHKe 00JIAKOB,

* Brinagenue BBUE DOXKIS;

* [IponuThIBaeT OCHOBaHME IO/ TIOJIOKUTEIBHBIM TEMIIEPATypPHBIM I'PaJIUCHTOM;

* [Iepe3apsiika TpyHTOBOM BOJIbI U BOJOHOCHBIX CIIOEB,

* [TonnuTka ¥ peryaMpoBaHue BbICOTBI, YPOBHS TPYHTOBOM BOJbI;

» GopmupoBanue eHTpaNbHON Xkl +4°C B rpyHTOBOH BOJIE;

* Co3aHue NOI3EMHBIX YIeP)KUBAIOIINX OacceiHOB;

[Ipoxon uepe3 neHTpanbHbIil cnoli +4°C rpyHTOBOM BOIBI;

* OuucTKa B 3TOi TemIieparype;

* [lanee cHIKEHHE B MTOA3EMHbIE BOJOHOCHBIE CIION M3-32 €€ COOCTBEHHOTO BeCa;

* [Tepexon k mapooOpa3HOMY COCTOSIHUIO M3-3a BIIUSIHUS TOPSUEH TeMIiepaTyphl rpyHTa 3eMIlu;
* [TogHrMaeTCst CHOBA K MOBEPXHOCTH 3EMJIM C OTHOBPEMEHHBIM BTSTUBAHUEM B Ce0sl IMTATEIbHBIX BEIECTB;
» OxJlaKeHUe BOJbI M EPEHOC IUTATEIBHBIX BEIIECTB;

* Ocy1ieHye Ha MOBEPXHOCTH 3EMIIH;

* Mcnapenue u popMupoBaHHEe 00JIAKOB;

* BeinajieHne cHOBa BBUJIE JIOXK/IsI, M TaK Jlajee.

[TyOnukanus cTaTey 11oJ] Ha3BaHueM "UenoBevyeckre KIETKH KPOBH - AerpaHy sauus 6a30(niioB o4eHb YyBCTBUTEIILHBIX
OT OY€Hb Pa3sBeieHHON aHTHCHIBOPOTKU npoTuB IgE " 30 mrons 1988', ucnyrano HayuHbIA MUp, IIOTOMY YTO OTKPBITHE
OIKCAHOE B CTAaThe HE MOIVIO OBITh OOBSICHEHO OOBIYHBIMHU 3aKOHAMH (pr3uKu. B pesynsrare cTaThio Hayalu, TIIATEIBHOTO
uccienosanus B 1983 rony npodeccopom XKak bersennct nz Opaniysckoro Hannonansaoro MHCTHTYTa 31paBOOXpaHEHUS U
MenunuHckas Hay4aHo-uccnenoBarenbckas saboparopus (INSERM) B yruBepcutete [Maprx - Sud, BEIONTHEHOW B
nozacTpekarenbcTBe bepHapa [lonteBrHa, TOMEOTIATHIECKOTO HCCIIEI0BATENS, 3TO HOBOE HAIIPABICHNE HAYTHOTO
WCcIeIoBaHMsl OblTa HAIpaBJIeHa Ha TECTHPOBAaHUE OHOJIOTHUSCKHX 3P (EKTOB roMeonaTHIeCKuX pacTBOPOB, U paclIpeHHe
3¢ PEKTUBHOCTH TOMEONATHUECKUX TPEMapaToB U 3aKOHHOCTHIO TOMEONATUIECKUX MOHATHI (KOHICTIIHH).

OCHOBHBIMH MHTPEIMEHTAMH dKCIIEpUMEHTa ¢ 6a3oduaamu (skeaeoOpa3Hble Oelble KIETKU KPOBH U aHTH-
uMMyHOTIoOyniH E - wnn anredpe), 1 OKpanIuBaronM KpacuTeIeM, CHHIM TOJIYOJIOM, IPHMEHEHHE KOTOPOTO TTO3BOJISIET
HEBHJIUMBIC 6a30(UIIbI C/IeNaTh BUAUMBIMU. D(deKT Bo3AeHCTBHS BEIIECTBA HA KJICTKA TaKMM 00pa30M, YTO OKpAIlIUBAET
anuTena IgE, kotopsie Mummens [Iudd HasbBaer "OGronorndeckum” 11 "CHATHS Kpacku" WK " CTHPAFOIIUH JacTHK",
9TOOBI CAeNaTh NX YaCTHYHO WITH MOJHOCTHIO HEBUAUMBIM. DTO MO3BOJIMIIO UCCIIEI0BATEISIM ONPEIEINTh, B KAKOH CTENEHH
peaxiuu uMenu Mecto ¢ 6azoduiaMu, noaseprasumecs: pactsopy anturen. [lo cioBam npodeccopa bensenucra,
TIPOUCXOIUT PEAKITHS, 1a)Ke TOT/IA, KOT/Ia KOJIMIECTBO aHTUTeN pa3BeneHo 10 1 gacts B 10120 wacTsax qucTuiummpoBaHHON



BOJIbI, TO €CTbh, pa30aBiieHbI B cOOTHOMIEHUH 1:1 +119 Hynei.

UtoObl 1aTh NpEeICTaBICHUE O TOM, KaKasi OrpOMHasi BeIMIrHa U PHI BBIIIE, MO OLEHKaM ACTPOHOMOB, YTO KOJIIMYECTBO
3Be3] BO Beenennoii cocranmseT okono 10 B 20 crenenu, T.e. 1 + 19 nyneit wiu 1, 000, 000, 000, 000, 000, 000. B stux
9KCHEPHMEHTAaX OJ{HA KaIlis TOTO MHAMKATOpa pa30aBisieTCst, TOMEONaTHYECKIM METOOM , IIOCKOJIBKY B "OKpAIIMBAIOIIHHN -
unaukarop" (B 3ToM ciryuae anreopa (algE)) nobasnsercst 1o 99 kamnens TUCTUIIMPOBAHHOM BOJBI. DTy CMECH 3aTEM TPACYT
BBEpPX M BHU3 WM "BCTPAXUBAIOT" B TeueHHE NpuMepHO 30 ceKyHA. | KamIro 3TOH HOBOTO CMECH 3aTeM pa30aBisioT eme 99
KaruIsIMH JUCTHJUIMPOBAaHHON Bozbl. DTOT npouecc nosropsiercs 120 pas. Koraa 6a30¢uisl moxsepraorces 3ToMmy
4pe3BbIYaiHO pa30aBICHHOMY PAacTPBOPY, ObLIM OOHApPY>KUHBI aHTUTENA, PEAKLUH, T. €. U3MEHEHHS B UX BUIUMOCTH, €ILe HX
MOXHO OOHapyXHTh B O4€Hb OOJIBIIOM KOJIHYECTBE.

[To crarucrrke, B COOTBETCTBHU C KJIACCUYECKON (PU3UKON M XUMUEH, nociie 23 pa3basienus, B koropom 100 TpiH -
MIJUTHAP]] MOJIEKYJT TUCTHITMPOBAHHOM BOABL, 100aBUTh K Ka)KI0W MoJiekylne aHTuTeno IgE, He momkHo Obu1o OBl HaliIeHO He
OJIHOM MOJIEKYJIBI OT aHTHTENA. DTO OTHOCUTCS K TaK Ha3bIBAEMOMN MOCTOSHHOM ABorapo, 6, 022 52 x 107,
c(hopMyIHpOBaHHOM UTANBSIHCKHN Gu3rKkoM Tpadom Amaneo ABoraapo au Kyapense (1776-1856), koTopas onpenensier
YHCJIO aTOMOB WJIM MOJIEKYJ B 1 MoJie BeniecTBa, 1 MOJib, SBJISETCs KOJIMYECTBOM BEIIECTBA, COACPIKAIINI TO XKe caMoe
KOJTMYECTBO JIEMEHTAPHBIX YaCTHIl TaK Kak ecTh B arome yriepoaa 0,012 kr -12. DTo unciao HaXxoAuThCs B cOOTHOIIeHnH 1:1
+ 23 Hynel, TakuM 00pa3oM, ¢ BBILIEYIIOMAHYTOIO pa3daBieHus cooTHomenun 1:1 +119 Hynei, 3To 03Hauao, 4TO TaM B
KHUIKOCTH He ObUIO (haKTHYECKN HUKAKUX MaTepPHUAIbHBIX OCTATKOB MCXOIHOTO BEIECTBA.

JIpyroii SKCIIepIMEHT ITOKa3al, YTo MOCIe TOro, Kak HacTOWKa "OKpaIInBarONIero — WHIUKaTopa" Obiia pa3dasineHHa 37
pas, 3To OBLIO c/enaHo OoJiee IBYX pa3, OHa ObLIa CTOJBKE S(PEKTUBHA KaK PACTBOPHI, KOTOPBIE ObLIH pa30aBiCHbI
TPIKABL. BBUTO BRIIBHHYTO Cy)aeHUe pusnk-TeoperrkoM Jlunn Tpeiinop u3 Yausepcutera TOpOHTO, KOTOPBIH OCYIIECTBIISIT
HapauIebHO SKCIIEPUMEHTBI, YTO 3TH PEAaKIUH MOTYT OBITh PE3YIETATOM "(PH3MYIECKOi" TaMATH 3aIMCaHHOM B Boxe”.

Yro BBI3BaJIO 3TOT 3 dext? [Touemy KIeTKH BCe ellle pearnpoBali ¢ TAKUM CBEPXaCTPOHOMHUYECKH Pa30aBICHHBIM
pactBopoM? DTO - maMsTh, kKak npemioraet Jlund TpeitHop? B onpeneneHHOM CMBICIIE TAMATh MOKET ObITh HCTOJIKOBAHO KaK
SIBJICHHE PE30HaHCa, BEIIeH KOrIa-To CIBIIANIINX ero, BCTYIAIN ¢ HIM B KOHTAKT, KaK 3TO MIPOHUCXOINT, HECYIIECTBEHHBIH
SHEPreTHUYECKUI 0TIEYaTOK, H300paXKeH!s U KauyecTBa, XapaKTepUCTHKA, OpUTHHAIBLHOTO penapara. Kak Obl To HU ObLIO, HA
MOH B3IV, IMEHHO MO 3TOH MPUYNHE, HCTIAPEHHUS BOBI JIeCOM 0051a/1at0T 00JIee BEICOKHM KaueCTBOM, YHEPTOHACKHIIICHHEIE,
4YeM BOJIa, UCIIAPUBIIASICA OT MOPSL.

TIpocro ans BeIBozia, 310 OoTKphITHE JKak benBenucra, kak n Credana Pucca n Bukropa IllayOeprepa, oueBuaHo
paccMaTpHBanoCh Kak HENMPOCTUTEIbHOE HAMaA€HUE HA YCTAHOBJICHHbIE IOKTPUHBI aKaJIEMUKOB, KOTOpast CTPEMUTCS OTONTU
OT Hay4YHBIX [IPUHIUIIOB [IETOCTHOCTH U OECIIPUCTPACTHOCTH, IPOBO3IIAIIEHHBIE COpOM YuiubsiMoM [poyBom B riase 1. B
pe3ynbsrare beHBEeHUCT CTall ¥ LENbI0 U KEPTBOM OOJIBIIOT0 KOJINYECTBA OCYKJCHHUI, 030pa OT OPTOAOKCAIILHON HAyKH U
MeIUIUHBL. JleHCTBUTENEHO, B OKTI0pe 1993 roga ObII0 cOOOIIEHO, YTO OH JOKEH ObUI OBITH HCKIIIOYEH U3 IVIaB
nmmyHodapmakoiorud B INSERM. Kpome toro cBo€ nccnenoparensckoe nozpasaenenue, U-200, Taxke T0IHKHO OBITH
3aKPBITO K KOHILY roia, BEHBEHUCT YTBEPIKIAI, UTO OH CTAIl JKEPTBOM "He0norndeckux penpeccun,

Tem BpeMeHeM JIpyTrHe J1abopaTopruu paboTalM, B CBA3H C MOCIEIYIONIeH POBEPKO €ro pe3yinbTaToB B APYTrUX
HE3aBUCHMBIX HHCTUTYTAX U CO3[aHUS UX OYEBHIHBIX HEONPOBEPKUMOCTH, TEM BpeMeHeM beHBeHUCT ObLIT IIPEeI0CTaBIeH K
OIIpeieIeHHOE MEXIyHapOoJHOe MPU3HaHKe U "u3BecTHOCTH". Onacasch, 9To OHa OyIeT IepeHeceHa B pa3ps] Mpe3peHne
Bensenucra, pupma INSERM npopomkana miaTuTh eMy U €ro CeKpeTapro, UX JKaJOBaHUS , XOTs OHA OTKa3anach
(MHAHCHPOBaHUY IS JaTbHEHIINX HCCIESIOBaHUN M OTKa3alach OT (PMHAHCHPOBAHWS PACXONOB U 3apIUiaTe COTPYIHHKAM
nabopaTopyH, KOTOPYO caM BeHBEHHCT MOoIDKeH orutaunBarh. Ha 9To cyacTimBoiil HOTe, B TO BpeMs kak ¢pupma INSERM
MPOIOJDKAET YIPSIMO CTOATH HA CBOEH MO3UIINH, APyTHE, OoJiee MPOCBEIIEHHBIE JIIOHM CUUTAIOT UcCiieioBaHns beHBeHnuncra Ha
BOJIC OYCHb BaYKHBIMH, YTO OpPraHU30Bak opranu3anuio "MHHoBanuonHas Hayka', koTopast Oblia co3aaHa ¢ KOHKPETHON
LETbI0 IPENOCTaBICHHS €My MOPAJIbHOM MOIAEPKKH ¥ (GPUHAHCUPOBAHMS, B HACTOSIIIEE BPEMS €TI0 MPOIOJIKAIOIIIMCS
UCCIE0BAHMAM.”

Bo3sBpamascs K OIMMCaHUIO BCErO MOJIHOTO THAPOJIIOTHYIECKOro MK, BOJA CHaYalIa UCIapseTCs C OKEaHOB U JIECOB.
[MoxanMaromielicst BOASHOM Mmap OXJIaKAaeTcsl Ha BBICOTE, KOHICHCHpYeTcs, popmepyeT obnaka, coennHseTcs B Ooee
KPYIHBIC KaIlIM W BbITIAAaeT B BUAE NOXIA. OCa/Iki BBINAAIOT, KOTAA ABE CUCTEMBI OOBEIMHSATCS, KOTOPhIE, B CBOEM
pa3neneHHOM YCIIOBHEM IUTaBalOT B OKPYKAIOLIEM SHEPTeTHUECKOM I10J1e, OyIb TO )KUAKOCTH MM Ta3000pa3HbIA BUI, TAKHM
o0pa3oM co3naBaeMasi CBEpXy Macca 00beMa BO3/LyXa WM XKHUIKOCTH, KOTOPYIO OHHU IepeMernaiot (oopasyercs Betep). B
T'YCTOM JIECY TeMIIepaTypa 3eMJIH XOJIOIHEee, YeM MaJaroNIui T0XKb KOTOPBI IPOCAYUBACTCS B ITOUBY IO BIMSIHAEM
IOJIOXKUTEIBHOTO TeMIIEpaTypHOro IpaJueHTa, TO €CTh TeMIIepaTypa IOHIKAETCs OT BO3AyXa K 3emiie K +4 ° C Kk aHOManbHOH
TOYKM BOJBI B IEHTPAIBEHOM CIIO€ B TPYHTOBOH BOZe. YIaB Ha MPOXJIAAHYIO 3eMIIIO, TeIlIask JOXKIeBast BOAA JIETKO
HOIJIOLIAETCSl, TPYHTOBAs BOJA M BOAOHOCHBIE TOPU30HTHI HAMIONHSIOTCS U NO3EMHbIE BOASHBIE peKu. JloxkaeBas BOia MOXKET
MIPOHHUKHYTH TOJILKO TOJT TIOJIOKHUTEIBHBIM TEMIIEpaTypHbIM rpasineHToM. CIIeICTBHEM 3TOTO SBISETCS TO, YTO MOMOJIHEHUE U
BBICOTY I'PYHTOBBIX BOJI IIOJTHOCTBIO 3aBUCHUT CPEJIU IPOYETro U OT KOJMUYECTBA NOMIOIIEHHOH BOJbI M HAIMYUHU
HOJIOXKUTEIBHOTO TEMIIEPATYPHOTO IPAAUEHTa JOXKIA.(€CIIU KallHYTh BOAY Ha PAacKaJIe€HHYIO0 CKOBOPOTKY TO OHA MIHOBEHHO
HCIIAPUTHCS, & €CIIM KallHYTh TEIUIYI0 BOJY Ha XOJOIHYIO TO BOJIa OCTAHETCS] HA CKOBOPOTKE M IIPOCAYUTHCS B MUKPO
TPELINHbI)

Hamomuum, uro temneparypa abcomorHoro Hyns -273,15 © C ¥ 10 , 4TO TeMIlepaTypHbIil JUar030H B KOTOPOM MBI
XKMBeM, HaxoauTcs npumepHo ot -10 © C no +40 ° C, moboe olliee n3MEHEHUE WM CMEIIEHNE B BHU3 (K a0COIIOTHOMY
MUHYCY), CTaJli ObI CAMBIMH CTPAIIBIMU ITOCIEICTBUSIMHI HE TOJNBKO JUIS HAILIETO JANBHEHINEero CyIieCTBOBaHMSI Ha STOM
IUTaHETE a TaKXKe U JUIs BceX Apyrux GopM sxu3Hu. [103TOMY 3TO KHU3HEHHO Ba)KHOE 3HAYEHHE IS HAILIETO BHDKUBAHUS, YTO
9TOT JIMAaIa30H TeMIIEpaTyp B 3HAYUTEIHLHON CTEIEHH ONPENEISIeTCsl U PETYAUPYETCsl KOIMYECTBO BOJSIHOTO I1apa B
arMocdepe, TOIDKHO OCTaBaThesl HeM3MeHHBIM. KpoMme Toro, jiro0as Hama JesiTelIbHOCTh KOTOpasi CHUYKAET €CTECTBEHHOE
cojiep KaHKe BOJSIHOTO Tlapa B aTMocdepe TOSKHBI ObITh TPEIOTBPAIICHA, IOTOMY YTO 3TO HEU30€KHO CHIXKAET OOIIYIO



TeMIeparypy Mupa. 9T0 MOXKET IPOU30HTH TIOTOMY, 4TO OOJbIIe He OyleT TOCTaTOYHO BOABI, YTOOBI COXPAHUTh
YCTaHOBJIEHHOE KOJIMYECTBA TEILIA.

XoT4 BCe J10Ka3aTeNbCTBA Y HAC €CTh, HAIIPUMEPE MYCThIHb, KAKETCS, YTO YEJIOBEUECTBO HUKOI/IA HE Y3HET, YTO
YHUUYTOXHB JI€PEBHSI - 03HAYAET YHUUTOKUTH BOAY. DTO JIECHOM MOKPOB, KOTOPHIM OTBEYAET 3a TOHKYIO HACTPOUKY
COZIEpAKAHUS BOASHOTO Iapa B arMocdepe U s co3aHus caMoil cBexelt Boabl. Uepe3 HENpephIBHOE YHUUTOXKEHHS JIECOB,
MBI OyZIeM MOCTENEHHO MPUOIMKATHCS K COCTOSHHUIO, IPU KOTOPOM, MbI Obl Ha3BaJH ero "0a30BOil BeTMYMHON" BOJIBI,
obecrne4eHol TOJIbKO OKeaHaMH, KOTOPBIE MOJHUMAIOT aTMOC(EPHBII YPOBEHB BOJIBI 0 ONPEICICHHOM CTEIECHH, ITOCTIE yXKe
HE MOJICP’KUBAEMOTO JIOTIOJTHUTEIbHBIMU UCTIApEHUsIMH Jieca. McriapeHust jeca - To, 4TO yBEJIMYMBAET 00Iee KOJTMYECTBO
BOJISTHOTO TIapa U KOJIMYECTBEHHO,  KAYECTBEHHO, U B TO JK& BPeMsl MOJHUMAET TEMIIEPaTypy OKpYXKaromieil cpeibl
JIOCTAaTOYHO, YTOOBI MBI MOTJIH CYIIIECTBOBATb.

K coxxanenuro, 3To TpeBOXKHbIE HAPYIIEHHUS TPHPOAHBIX IIMKIIOB Y)Ke alieko MPOABUHYIUCE. Bee Oomnee u Oomee
XaO0TUYHBIE TIOTOJJHBIE YCIIOBUSI MBI B HACTOSIILIEE BpeMs alllyliaeM Ha ce0e, SBISIOTCS MPOCTO 3aKOHHBIM CIIEJICTBHEM BCE
Ooree OECIIOPSIOYHBIM H ()parMEHTHPOBAHHBIM PaCIIpEIeNICHUs BOJSHOTO Napa. B HEKOTOPBIX 00IacTsIX NMeeTCs
Ype3MEpHBIC KOHIICHTPALIUH, B PE3YNIBTATe YPE3MEPHON aKKyMYJISILUH TEIUIa, PE3KOE MOBBIIICHHE TEMIIEPATyPbl, MACCUBHEIC
JIMBHY ¥ HABOJHEHHMS, a B PYTUX NMPAKTHIECKH HET BOASHOTO Mapa BOOOIIE, IIPOU3BO/IS TSDKEIBIE YCIIOBUS, 3aCyXy H
MPEKIEBPEMEHHOE MECTHOE OXJaxkaeHue (ObicTpoe ocThiBaHue). COBMECTHOE JICHCTBHE STHX MPOLIECCOB, TOKHBI
CIPOBOLIMPOBATE Bce Oonee 1 OoJiee YacThle M CHIIBHBIE IITOPMBI, TOCKOJIBKY 9TH JIBe TemreparypHble KpallHOCTH KECTOKO
CTaJIKMBAIOTCSl BMECTE B MPOLIECCE BOCCTAHOBIEHUsI [[pUPOIHOTO PaBHOBECHSI.

9.2 Ilonoeuna I'uoponocuueckozo Iukna

[TonoBrHa rHAPOIOTHYECKOTO IUKJIIA ABJISIETCS TAKUM YCIOBUEM, KOTOPOE B HACTOALIEE BpEeMs NPeodIagaeT MmouTH Mo
BceMy Mupy. [10JIOBHHA MHIPOIOTHYECKOTO IIMKIIa IOKa3aHO Ha puc. 9.2 MMeeT TOT ke OCHOBHOW (popMaT, KaK MOJTHBIH LIHKJI,
HO B JIaHHOM CJIy4yae MPUCYTCTBYIOIINE JIEPEBbs, MOKa3aHbl HA puc. 9.1, ObLIM ynaleHbl ¢ TOBEPXHOCTH 3€MJIM; OTMETUM, YTO
TsDKeNas JIOMaHas JIMHUS, TIPEICTABIIIONIAs T0J3EMHOE JIBI)KEHUE TPYHTOBBIX BOJ OTCYTCTBYET. THIT MCIapeHUH H3MEHUJICS,
TaK KaKk OHU OOJIbIIIEe HE MTOJJHUMAIOTCS OT JKUBBIX CYIIECTB, a OT OSCIIJIOAHON 3€MIIH, U BIIOJIHE MOXET ObITh XPaHWIIUIIEM
pa3pyIIATENbHOM, a He CO3UIAIOIIEH TBOPUECKON YHEPTeTUKON.
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Fig. 9.2 MonoeuHa rugponorMyeckoro LMKna

V "TonoBUHHOTO IUKJIA", B OTVIMYHE OT ITOJHOTO, UMEETCSI CIISIYIONHe OCOOCHHOCTH:
* McnapeHus ot okeaHa;
* [Toxbem BonsIHOTO Tapa;
* OxJnakIeHUS U KOHICHCAIIHSI:
» ®opMupoBaHue 00JIAKOB;
* Ocaku B BUJE IO,
* Her npoHUKHOBEHUS 10KIEBOM BOABI M3-32 OTPULIATEIBHOTIO TEMIIEPATYPHOTO IPAUEeHTa Y JOXKIS;
* BBICTPEIiA CTOK 1O TIOBEPXHOCTH 3EMIIH;
* Her nonosHeHus rpyHTOBBIX BOI;
* [ToHM>X€HNE IPYHTOBBIX BOI;



* [IpexpalieHue ecTeCTBEHHOM IIOCTaBKH TUTATEIbHBIX BEIECTB K PACTUTEIILHOCTH;

* [Ipu onpeneneHHbIX YCIOBUAX, MOXKET IIPOU30MTH KpYIHbIE HABOJHEHH (BCEMUPHBIH 11OTO);

* Upe3mepHO ObICTpOE MOBTOPHOE UCHAPEHUE;

* UpesamepHoe HachIleHHe aTMOC(HepBI BOISHBIM MApOM;

* BeicTpoe BbINajzieHUe 0CaJKOB KaK IITOPMOBOM JOXKIb.

IMosToMy OJJHO HaBOJHEHHE CMEHACTCS CIEMYIOLINM, WIM BOOOIIE HU KaKHX OCaJKOB BBUJE IO/, U IpeodiaiaeT 3acyxa.

Kak Tonbko ObUT BEIpYOJICH Jiec, He3allMIIeHHas 3eMJIs ObICTPO HarpeBaeTcsi, TeM 0oJjiee, €ClIi OHa cyXasl, 3HaYUTEIbHO
cuibHee HarpeBaeTcs. OTPULIATENBHBIA TEMIIePaTypPHBIN TPaJUCHT MPeodIaIaeT y 0K, TaK KaK TeMIIeparypa Mo4Bhl B
LIEJIOM TeIliee, 4eM MaJatoluil oK b, IPYTUMHU CIOBaMU HarpeBaeTcs oT o0sakoB 10 3emid. Eciu ocanku upe3MepHsl, TO
HEen30€KHO IPOUCXOJIAT HABOAHEHUsI. MBI Bce HaOMIOAAH, KaK MHITHT XOJIOAHAS BOJIA U €[[Ba Kacasich, KOT/a MajaeT Ha
PacKaJeHHYIO TUTUTY, ObICTPO OypJIUT, INMITUT, U IBMKEThCA. L Opsidasi, cyxas HOBEPXHOCTb 3eMJIH, IAET TOT JKe P EKT, 4To
JieTTaeT HEBO3MOXKHBIM TSl IPOHUKIIOBEHHS TOXKIEBOH BOJIBI, 1 BO MHOTHX JKapKUX CTPaHaX JHIICHHBIX PACTUTEIbHOCTH,
CYXUX JIONUH PyYbEB M BHE3AITHO OXBTHIBET JIMBHIMHU-JIOXK/Ib CTEHOM, KAK MTHOBEHHAsI CTPAIIIHAsI OTPOMHAas! BOJIHA -
HaBOJHEHHE CMBIBAIOIIAs BCE HAa CBOEM ITyTH. To 4TO OOJbIIE HET IEPEBbEB, YTOOHI ITOTIOTUTD €€, IIOBEPXHOCTHEIE BOMBI
CTeKaeT cpasy, He3a/lepPKHUBAsCh, PACIIPOCTPAHSCH 10 MIMPOKOI 001aCTH, TEM CaMbIM YBEIWYHMBas CKOPOCTh HCIIApEHHs Ha
MECTHOM ypOBHE. DTO meperpyxaer arMmocdepy mapamu BOIbI M HABOAHEHHE JTNO0 BCKOPE BCETO TIOBTOPHUTHCS HIIH BBITATYT
OCAaJIKH B IPYTOM MECTe, HHOTIA JajJeKo OT MepBOHAYAILHOTO HCTOYHHKA BOISTHOTO Mapa, U HACTYIUT Pa3pyLIHTENbHAS 3acyXa
Ha PErHOHAILHOM ypoBHE.OTHO HAaBOIHEHHS IIO3TOMY ITOPOXKAAET CIEAYIOLIEe, MM YCKOPSeT Iporiece 00pa3oBaHus 3aCyXH.
3a mocneqHue HECKOIBKO JIET MBI BCE CTAIM CBHICTENSIMHU BCe Ooitee KaracTpo(hUueCKHX HABOAHEHUH 110 BCEMY MUY,
poliecca, KOTOPbI B COBPEMEHHBIX YCIIOBHSIX SIBISIETCS caMoBOCIpou3BonsaiinM. B nekabpe 1993 rona, Hanpumep,
pexopaHOe HaBomHEHUE Ha PeifHe BBI3BaNM HAIUTBIBEI HE 3aMedeHHbIe ¢ 1743 roma. DTo MOBTOPHUIIOCH B e Oolee
pa3pymmTenbHbIX MaciTabax B sHBape 1995 rona. [ToBropHas mocajka JO0CTaTOYHOTO KOJMYECTBA ICPEBLEB M PACTCHUH; HE
TOJBKO MUJITHAPIOB, @ HECKOJIBKO COTEH MIJUTMAPIOB, MBI OylleM IOIBEPTaThCs 0€3)KaJ0CTHBIM, OECTIONaIHBIM IIUKIIAM.
3acyxa-> HaBOJIHEHHMsI, HABOJJHEHHE -> 3aCyXa, B YACTHOCTH, B OKBAaTOPHAJILHBIX U YMEPEHHO TEIUIBIX 30HaX. CylecTByeT
TOJILKO OJTHO PEIICHHUE, 3TO BOCTAHOBHUTD JICCHOW MIOKPOB 3TOM IUIAHEThI B O'POMHBIX MaciiTabax — ceiivac!!!

JlaypHe1e nocieaCcTBUS Y)KaCHbI MOJOBUHOTO [IUKJIA SIBJISIETCS TEM, YTO IPOIAIAl0T TPYHTOBBIC BO/IBI, IIOMIOJTHEHHE
BOJIbI, NTPOCAYMBAHUE B TPYHTOBBIE BOIBI, IPEKPAIAECTCS IOCTaBKa CHU3Y MUTATENIBHBIX BEIECTB M MHKPOYIEMEHTOB K
pocTuTenbHOCTH. ITO TO, yTO Bukrop [llaydeprep HaszpiBain "OHOJOrHYECKUM KOPOTKHM 3aMblkaHueM'', 0o 0e3 ObicTpoi
nepeaadyn MUKPOIJICMEHTOB U ITUTATCIIbHBIX BEIICCTB BO)IOﬁ B aTMOC(l)epy, B TIOJIOBUHHOM I'MAPOJIOTUYECKOM LTUKIIC,
MIPUCYTCTBYIOIIAsl B BEPXHEH 30HE TPYHTOBAs BO/Ia, KOTOpasi, KaK IPaBHJIO, IIOJHIUMAETCS K YPOBHIO I€PEBBEB, YTOOBI ObITH
JIOCTYITHOH JUIsl APYTUX MaJICHBKUX PAaCTEHUH, 0CTaeTCs BHU3Y U CIMBACTCS B CHIDKAIOIIMECS TPYHTOBBIE BOJBI. DTOT cHaj 10
YPOBHSI, IAJIEKO 32 MPEIENbl JOCETAeMOCTH U J]axe TTyOOKO YKOPSHHUBILHXCS IEPEBBEB, BTATUTBASI BCIO BIAKHOCTH MOYBBI H
MHKpPOBJIEMEHTHI BMecTe ¢ Held. HeT BoJIbl, HEeT KU3HH U IyCThIHU Oe3pa3aebHO OylyT BIaBCTBOBATh. [ pyHTOBas Boga
MPAKTHYIECKH MOTEePsIHA HABCET/Ia, CYe3yia B HelpaxX 3eMIIH, OTKYyIa OHa H3HAYaJIbHO IPHILIA.

Mauito Toro, 4to noTeps BoAbI B NyOMHAX, HO OHA TaKXKe HAYMHAET TePAThCA Ha OONbIIMX BbicoTax. [lepBoHaYaIbHO
OonbIIasi HHTEHCHBHOCTH TPO3 H TIOCIIE HACTYILICHHS TIOYIIEPUO/a ITOPMOBAsI 1€aTeIbHOCTh, MOAHAMHT BOISHOM Hap 10
YPOBHS, HAMHOT'O BBIIIIE, YeM OOBIYHO, Aaxe Ha 1enbix 40-80 kumomMeTpoB. 31ech nap JOCTHIAeT BBICOT, IJ€ OH MOABEPraeTcs
ropaso CHIEHOMY YIBTPadHOIeTOBOMY M BRICOKOH dHEPTrUel raMMa-u3IIydeHNH, KOTOpBIE Pa3aesssioT MOJIEKYITY BOIbI,
OTJEIIsIsl KUCIOpoJa OT BoJopoaa. biarogapst MeHbleMy yneJibHOMY BeCcy BOAOPOJ IIOAHMUMAETCS, B TO BpeMs KaK KUCIOPOJ
OIMyCTUTHCSA. Xy)Ke BCETo TO, 4TO BCE, 4TO ObLIO KOraa-To 3 ekTUBHOI BOIOH, OyIeT YHUYTOKEHO MOTHOCThI0. OHa yiuia, u
yIIU1a HaBCcerna.

D10 3aIycKaeT mpolece, B KOTOpoM arMocdepa cHavyaza cTaHeT Oosee TeIIoi 13-3a BEICOKOTO COAEPIKAHHUS BOASHOTO
mapa, HO TO, KaKk BOJIa MOJHMUMAETCS BBIIIE, OHA pa3jiaraeTcsi M UCYe3aeT, U aTMocdepa oXJIaKaaeTcs, MOTOMY YTO
COXPOHSIOIIEe KOJINYECTBO TEIIa BOASIHBIM ITapOM yMeHbIaeTcs. [lajee ciemyeT HOBBIH JIeAHUKOBEIN epuoa. Bee aTo Op110
moipoOHO M3JI0XkKEHBI B paboTax Bukropa Illaydeprepa oxomno 60 net Haza.

SlcHo TO, YTO A0 CHUX IMOP HENPU3HAHHA pasHULlA MEXKIAY IMOJJOBUHHBIM U IOJHBIM I'MAPOJIOTHICCKUM LIUKIIOM,
SIBJISIETCS. UPE3BBIYaiHO BaXKHBIM. TOJIBKO TOTZIA, KOTZIA 9TO CTAHET U3BECTHO M B LIEJIOM MOHATHO ITUPOKOH OOIIECTBEHHOCTH 1
JA0CTAaTOYHBIM 9KOHOMHUYCCKUM U MOJUTHYCCKUM JaBJICHUEM, MOXKXHO Ha4aTb COOTBECTCTBYIOIINEC BOCCTAHOBUTEIIbHBIE MEPEI 11O
60pr0e ¢ HeM30eKHBIM PE3yABTaTOM. DTO B HAIIMX HHTEPECAX CPOYHO BOCCTAHOBHUTH BECh THAPOIOTHUESCKHUI IIUKIT KaK
MOXHO OBICTpEe, TOCKOJIBKY ITOJIHBII LIUKJI 03HAYAET KHU3Hb U JJAJIbHEWIIIee CYILIEeCTBOBAHUE, B TO BpeMsI Kak HE MOJIHBIH
O3HayaeT CMEPTH U HCUE3HOBCHUE.
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9.3 Temnepamypnbutii 2paduenm u numameibHble 6eUieCmea

PaccmoTpuM Temneps TeMIlepaTypHbIi TPaJJUeHT B 3eMJIe U cBsi3aHHbIe ¢ HUM 3 dexTsl Ha puc. 9.3, 9.4 u 9.5, motomy
YTO pElICHHE 33]Ia9H MO MEePEHOCY U MEePEMEIICHHIO TUTATENbHBIX BEIIECTB - BCE 3TH QYHKIUH TEMIIEPaTypHOTO rPaJUeHTa.
[MonoxwuTenpHBIE H OTPULIATENBHBIE TEMIIEPATypPHBIE TPaAUSHTHI IPOU3BOIST IIPOTHBOIIONOXKHEIN d(hdekT. Hanpasnenne
TEMIIEPaTypHOTO IpaIieHTa YKa3blBacT Ha HalpaBJeHHE NBIDKeHUs. HanpasieHue SHSpTuy WITH Tiepe/iada MATaHHus BCeTia OT
Tera K xonoxy. Baxuslil mpunImn ropopui Buxrop Llaydeprep To, 9T0 IpH MCKIFOYEHHH JIETKOTO BO3IyXa (BO3MOXKHO ITPU
BaKyyMe) TIPOUCXOAUT 00pa3oBaHKe OCaIKOB COJEi 1 MUHEPAJIOB C OXJIaXKCHHEM, B TO BpeMsl Kak C BO3ICHCTBHEM CBETa U
IIPY HarPEeBaHUM TIPOHMCXOMUT HEepeMeIIeHIe 0CaAKOB. B 000uX ciayyasx BEICOKOE KaueCTBO MAaTEPHU OCAXKIAETCS B
nocienHeM. B mepBoM ciiydae Bce pa3invHBIe TUTATENbHBIC BEIECTBA U COIN OCAKAAIOTCS 3HAUHTEIFHO HIDKE TOBEPXHOCTH
3eMJIH, TaK, KaK Bojia oxiaxaaetad 1o +4 ° C. B mocnenHeM ciiydae, U3-3a TEIUIOBOTO UCTIAPEHUS H HEOOJIBIIIOTO
MIPOHUKHOBEHHS, CaMO€ HU3KOE Ka4eCTBO MMUTATEIBHBIX BEIECTB OCAXKIAIOTCS HA MOBEPXHOCTH, KOTOPHIE HE TOJIBKO HMEIOT
TSKEJIBIC MOCICACTBUA IJIA TUIOAOPOAHNS IMMOYBbI, HO U IJIA IIPAaBUJIBHOI'O (l)OpMI/IpOBaHI/ISI JACPEBHEB, KAK MbI YBUUM I103KE.
[ToxBoxas UTOT, TOMOXKUTENEHBIA TEMIIEPATYPHBIH TPAAUESHT MPOUCXOIUT TOTIA, KOTa JOXK/IEBasl BOJA TeIulee, YeM
NoJTy4aroIas moysa. ITo, €eCTECTBEHHO, MOpa3yMeBaeT TO, YTO [0YBA 3allIMIIeHa OT HarpeBa U BIusHUs COJHIA A€PEBBSIMU
1 IPYTrOf pacTHUTENLHOCTEIO H, €CIIH BCS IIOBEPXHOCTH 3€MJIM TIOKPHITA JIECAMH, TO YPOBEHb I'PYHTOBBIX BOJI TIOTHUMAET
KOH(UTYpaIiio 3eMHOM MOBEpXHOCTH. Tak Kak MOKa3aHo Ha puc. 9.3 Boia MpocavYuBaeTCst 0 HIKHHUX CIIOEB, CIIOS
TPYHTOBBIX BOJ M BOZAOHOCHBIE TOPU30HTHI HOIOIHSIOTCS, ITOA3eMHbIE OacCeHHbI CO3MAI0TCA U YASP>KUBAIOTCS, COIU
(moKa3aHbl MyHKTHPHOM JINHEEH) OCTAIOTCS HA YPOBHE, TII€ OHU HE MOTYT 3arpsA3HITH BEPXHUE CIIOW M HE TIOBPESIKAS TEM
CaMbIM PaCTEHHUS HE B COCTOSIHUM yCBamBarh Mx. Ecin gacTh jeca OymeT cpyOieHHa U MOBEPXHOCTH 3EMITH MTOABEPTaeTCs
npsiMbiM COJTHEYHBIM JTy4aM, Kak Ha puc. 9.4, TemrepaTypa 3eMJIH B 3TOil 00JacTH MOBBIIIACTCSI.

C y4€TOoM 3TOr0, BaXKHO, YTO, €CJIM TOJKHA TPOU3BECTHUCH KaKas-IHOO0 pyOKa, TO IepeBbsi HUKOTIA HE JOJKHBI OBITH
CpyOJIeHbI Ha BEpIIMHAX XOJIMOB. DTO CO3/IaeT IUICHINHY, JILICHHY, TIOJ BO3/ICHCTBIEM BBICOKOH Temrieparypsl oT ColHIa U
3 HEKTUBHO CHUKAETCSI MOIIHOCTH MOAHSITHS BBEPX TPYHTOBBIX BOJI, YEM 3TO MOTIH ObI CIIENIaTh JEPEBbs OCTABINHbIC
HeTpOoHyThIMU. Ecin Temrieparypa BBIOBIIEH TOXKIEBON BOIbI, cKaxeM, +18 © C u Temmeparypa moaydaeMoi MOBEPXHOCTH
semutt +20 © C, 10X1Ib HE IPOHUKALT, a OyleT cTeKaTh ¢ OOKOB B paliOHbI, [JIe OHA MOXKET IPOHUKHYTb, BCETIa MPeAnoiarasi
910 OBLI COXPAaHEeH M MOAAEPIKAH 3M0POBBII OalaHC MEXITY OTKPHITHIM IIPOCTPAHCTBOM H JiecOM. B TakoM cirydae mpooieMbl
3acoieHus OyneT CBEICHBI K MUHUMYMY, TaK KaK OOIINi ypOBEHb TPYHTOBBIX BOJ HE Oy/IeT Ype3MEPHO MOCTPaJaBIINM.

310 MoBEINIEHHE OYAET, TOIBKO B 00JACTH, I7ie ObLIH BBIPYOIICHBI IEPEBhsI, H3-32 T€0TEPMAaTbHOTO BEI3BAHHBIM
BOCXOJISIIINM JIaBJICHHEM CHU3Y M COKpAILCHHUSI KOJIMUECTBA MTOMOJHEHWS U ITepe3apsIKy MOI3eMHBIX BOJI, JIeXKAIIUX BbIe +4 ©
C ueHtp - macra. J[pyruMu cioBamMu NpOTUBOJCHCTBHS HUCXOISIIETO AaBICHHS ObUTIO yMEHbIICHO. (ITOT 3 deKT
obcyxnaercst 6onee monpobHo B miase 10.) Tak kak 3Ta Boa MOAHMMAETCSI, OHA TaK e MOAHUMAET BTSHYTHIE B CEOs
BEPXHHUH COJIH, XOTS B JAHHOM ClIydae He B KOPHEBYIO 30HY pacTUTENbHOCTH. [lomydaercs, ecn Bce AepeBbs OyayT
BBIPYOJIEeHBI (puUC. 9.5), TO HET HUKAKOTO IPOHHKHOBEHUS JOXKAEBOH BOJBI BOOOIIIE, TO TIEPBOHOYAIEHO TPYHTOBASI BOJA
MIOAHMMAETCSI K IOBEPXHOCTH, B PE3YJbTaTe YEro BCE CONM PACTBOPSBILIKECS B HEH, B KOHEUHOM UTOTe YHIET B IIyOb MM
HCYE3HET COBCEM, IIOTOMY UTO B OTHX YCIIOBUSX HET MOIOJHEHHUS U Mepe3apsaku. Tak MpouCXOauT 3acolieHre OUBBI, U
€IMHCTBEHHBIN CIIOCO0 PENIUTh MPOOIEMY SBIETCS BOCCO3MAHUE MOIIOKUATEIBHOTO TEMIIEPATYPHOTO TPAIUEHTA Yepe3
JIECOBOCCTAHOBJICHHE.

B nHauane BocTaHOCIEHUSA JieCa, NCPBbIMU JOJDKHBI BBICAXKUBATHCA ACPECBbHA COJ'[C-J'[}O6I/IBI)IC U Apyrue€ NpuMHUTHUBHBIC
pacTeHus, TaKue BUBI 1 Pa3HOBHIHOCTH, TOJIBKO T€, KOTOPhIE MOTYT BBDKUTH B TAKUX YCIOBHSX. [103ke, KOTa KIMMaT MOYBEI
YIYYIIATHCS U €€ COICHOCTh YMEHBIINTHCS, IPYTHMH BUIAMHU JIEPEBHEB MOXKHO 3aMEHHUTD HX, TaK KaK B TEUCHHE POCTa
JIepeBbEB U M3-32 OXJIAXKACHHUS TIOBEPXHOCTH 3eMJIM TEHBIO NIEPBBIX AEPEBBEB, 10KIECBasI BOAA BIUTHIBACTCS 3eMIleH, 3a0upast
conu ¢ co0oii B HU3. B KOHIIE KOHIIOB MEPBbHIC IEPEBbSI-THOHEPhI OTMUPAIOT, TAK KaK YCIOBHS ITOYBBI JJIsl IPOPOCTAHUS B
HACTOSIIIIEE BPeMsI YiKe He TOISATCS, U JUHaMHYIeCKoe paBHOBecHe B [Ipupojie BOCCTaHOBICHO.

OpolieHe TOJIBKO YCYTYOUT 3Ty MpobIieMy, MOTOMY YTO BO BpeMsl HOUM U3MEHEHHE TeMIIePaTyphl 3eMIIH HECKOIBKO
OXJIXKIACTCSI, UTO MTO3BOJIET TIOJMBHOM BOJE POCAYMBATHCS HA OMPEACICHHOE PACCTOSIHUE B BEPXHEM CJI0€, B HACTOSIIEE
BpeMsI COIEPKAINX COJTH CIIosiX. TaM OHa COOMpaeT COJH H, C MOBBIIICHHEM TEMIIEPAaTyphl B TEUCHHE JTHSI, HCIIAPSIETCS B
arMocepy, MOCKOJIIBKY OHa CTAHOBHUTCS OIIPEICIICHHO JIeT4e, B COCTaBe MPOMUTAHHON U OPOIICHHOM BOJIBI, IUTIOC €€ BTSHYTHIC
COJIH, KOTOPBIE OCTAIOTCS B PE3YJIETAaTe BO3ACHCTBHS CBETOM U TEIIOM, a TAKXKe ITyTeM UCIAPEHUsI OCTAIOTHCS JIeKATh B
BEpXHEM cJI0¢ mo4Bbl. [IpobiemMa 3acosieHus BapbUPYETCsl B 3aBUCHMOCTH OT IIMPOTHI, BBICOTHI M BPEMEHH roJia, TaK KaKk OHU
TaKKe 3aTParuBaloT TEMIIEPATypy OKPYKaIOIIel cpeIbl 3eMIIH, HHTEHCHBHOCTD W3mydeHus1 CONHIIA 1 TPOJOIDKUTEINEHOCTD
MIEPHO/IBI BO3ICHCTBUS BHICOKOW TEMIIEpaTyphl Ha TPYHT.
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EcTb ¥ Apyrue yciaoBusi, KOTOPBIC TAKXKE OTHOCSTCS K MUTATEIIBHBIM IIOTOKAM H, B 3TO BPEMsi OHM HEMHOTO HEyMECTHBI,
TaK KaK PEeKU M yIpaBJIeHHE MOTOKOM OyleT 00cykaThes 0osiee moApoOHO B MOCIEIYIOMINX IIaBaX, OTHAKO BCE JKE
HpeJcTaBIsieTCs Oojee [enecoo0pasHbIM PacCMOTPETh UX B TO BPEMs KaK MBI pACCMOTPHM 3Ty TeMy. Yepes Koppo3Hio U
TPEHHE UX 0CAJKOB, BCE 3J0POBBIC PEKH M PYYbH YCBAHBAIOT M MEPEHOCST [IUTATEIbHBIC BEIICCTRBA, U B 3TOM KaueCTBE
OCHOBHBIE MTOCTABIUKN MOCTYMAIONIMX MUTATENHHBIX BEIIECTB K OKPYXAIOIIEH pacTuTeabHOCTH. OMHAKO OHH MOTYT
MepeaBaTh MUTATEIBHBIC BEIIECTBA, I/I¢ YCIOBHUS CIIOCOOCTBYIOT NEpeIadr MUTATEIbHBIX BEIIECTB, T.€. TOJIBKO TaM, I1e
peobaaaaeT MONOKUTEIBHBIN TeMIIepaTyPHbIA TPaJJUESHT MEX Y BOJOI U 3eMIICH.

si2°C

=11°c

leaching of salts,
nutrients and sofil__
moisture

B no groundwater recharge /

Puc. 9.7 OtpunarensHblil TeMnepaTypHbIii TpaiueHT

Ecnun remnepatypa 3emiu Teruiee, 4eM TEMIIEpaTypa B peuHOi BoJe, TO CyLIECTBYET OTPULATENbHbIA TeMIIepaTypHbIil IPalueHT PEKU
OTHOCHTENIBHO 3€MIIH U IepeacT MUTaTeIbHbIC BEIECTBA U COJIH, 9TO IPOUCXOAUT U3 CIOEB 3eMIIU B PEKY. 3eMeTbHbIC CIIOH KOTOPbIE
BBIIEIOYCHHBIE, H30aBICHHBIE OT PA3IMNYHBIX MUHEPAIOB X MHKPO3IEMEHTOB, YTO IPUBOAUT K IIOTEPE MACChl OHOXUMHYIECKOTO MaTepHaa.

VYBenuuuBaeTcsi OECIUIOANe MOYBBI U B PE3YJILTATE PEKH CTAHOBSATHCS COJCHBIMH. [ PyHTOBBIE BOJIBI TaK K€ CHMIKAIOTCS U3-3a OTCYTCTBHS
MIOTIOJIHEHUS U TIepe3apsAKu.
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Puc. 9.8
OpHeHTalMs peKH OTHOCHTEIBHO OOLLEro MoI0oXKeHHs M BbIcOThI COJIHIIA TAKXKe BIMSET Ha NEPEHOC MUTATeNbHBIX BelecTB. B yuacTkax
pexk, rae notok teueT ¢ Boctoka-> Ha 3anan ninu ¢ 3anaga-> Ha BocTok, CTOpOHBI OiiKkaiIie K CONHILY, KaK MPaBHIIO, 3aTCHeHBI YalleH,
POCTUTENBHOCTHIO. Bozia Ha 3TOl CTOpOHE 10ITOMY XONOAHEN a Ha IPOTUBOIOJIOKHOM CTOPOHE, TeIlee. DTO MPUBOIUT K ACUMMETPHYHOMY
IPOGUITI0 PEYHOTO PyClIa U B Pe3y/IbTaTe aCHMMETPHYHOIO paclpeneneHus Temneparypsl. Eciu ctopona Ommkaiimas k ConHity 3acaxeHa
HaJJIeKauM 00pa3oM JIecoM, TO TeMIIepaTypa 3eMIM Ha 3TOH CTOPOHE TAKKE OXJIAXKAACTCS U MOJNIOKUTEIbHBIA TeMIIepaTypHBIH IpaJHueHT
CyILIECTBYeT B HAalPaBJICHUHU OT PEKU -> B 3eMJIIO0, YTO IO3BOJIAET €My BTATUBATh BIIArY, MUKPOJJIEMEHTBI U MUTATENIbHBIC BEIIECTBA
u3 pexu. Ecii moBepXHOCTh 3eMJIM Ha IPOTHBOIOJIOXKHOM CTOPOHE peku Oblla He 3alIUIIeHHas, ronas, TeMrnepaTypa 3eMiu Oyzer Gonee
ropstdeii To mpeodaaeT IMONOKHTEIBHBIH TeMIIepaTypHBIi Ipa/IieHT, B OCHOBHOM HAIIPaBIEHUE B -> PEKY, YTO IPHBOJUT K NONIONICHUIO
BJIATU U3 TOYBbI ¥ MUTATEIbHBIX BEIECTB pekoil. Clie0BaTelIbHO, HA OJHOM Oepery peku, Oeper CTpeMuTcs ObITh OoJiee MII0LOPOIHBIM, YEM
JIPYTOH.

\

Ha Puc. 9.6 nokasaHa peka, IpoTeKarollias 4epe3 IMOIHOCTbIO 3aCaXeHHbI 1ecHol MaccuB. Ha ummoctpanuu pedHas
BOJIa UMEET TeMIeparypHbli quanas3oH oT +10 ° C 1o +8 © C oT MOBEpXHOCTH 10 pycia. B oTinuuune ot Temiieparypsl
3eMJIM TIOJ1 JIECOM TpoxJiaiHee, HaurHast oT +8 ° C Ha nmoBepxHOCTH /10 +4 °© C Ha ypoBHE IIEHTpa BOJOHOCHOTO IIJIacTa
TPYHTOBOM BOJIbI. PeuHast BO/Ia TIOATOMY TEILIee, YeM OKPYIKAroIasl MoYBa, MpeodalacT MOIOKUTEIbHBIA TeMIIepaTypHbIHA



TpauCHT U OCYIICCTBJIACTCS IIEPEHOC NUTATEC/IBHBIX BECUICCTB, O6MCH OHEPrusiMu 1 BJIaroM IMPOUCXOAUT U3 GOHGC TCIJIOTO B
0oJiee XOIOHOE, & HIMCHHO W3 PEKH B HAMPABJICHUH 3eMiId. I JI00pOANE TIOYBHI IIOBBILIACTCS M YPOBEHb IPYHTOBBIX BOJ
TOTIOJTHSIETCSL.

U HaobopoT, eciu npeobdinaiaeT IPOTHBOIOIOKHOE YCIOBUE OTPHLATEIBHBIN TeMIepaTyPHbIN IPaJUeHT, KaK HOKa3aHo
Ha puc. 9.7, TO MOTOK SHEPTUH BIIara U MUATATEIbHbBIC BEIECTBA, TOCTYMACT OT TEIUIBIX CJIOEB 36MITH K MPOXJIAIHON peKe.
3}1er PCKka (i)aKTI/IquKI/I BBITATUBACT U3 3€MJIM MUTATCIIbHBIC BEUICCTBA, KOTOPHIC CaMU 6])1)'[51 TMOAHATHI 10 BEPXHUX CJIOCB B
CBSI3H C MPOLIECCAMK YIOMUHABIINMCS paHee U MOKa3aHbl Ha BBIIIE pHC. 9.5. DTO NPUBOJUT K YBEIHUCHUIO BBIIIEIAYHBAHUS
(M3BATHE) MUHEPAJIOB, MUKPOXJIEMEHTOB U IUTATEIbHBIX BELIECTB U3 OKPYXKAIOIIEH MOYBEI, YTO MPUBOIUT K ASHHULUTY
MUTATENHHBIX BEIISCTB U BO3MOXHOMY Oecruroaunio. 1o TeM jxe MpUYUHAM, HET HU KaKoTo IOIOIHEHHS TPYHTOBOM BOJIBL.
CIeICTBHEM 3TOTO TIpoLecca SBISIETCS TO, YTO, YeM JIOJIBIIE peKa TeYeT Yepe3 OpoIIacMble, OCBEIICHHBIC CETbX03yTO/IHs, TeM
OonbIIIe OHA CTAHOBUTCS 3arPsA3HEHHON CONSIMH, HCKYCCTBEHHBIMHU YIOOPEHUSIMH, IECTUIUAAMH | T.Il. 3TO BCE aenaet Ooiee
1 OoJiee HEMPUTOIHOM TS UCIIOB30BAHUS B KAY€CTBE MCTOUHHKA MTUTHEBOM BOJIBI, HUXKE MO TEUCHHIO.

Ha puc. 9.8 01HOBpEeMEHHO aKTHBHBI U TIOJIOXKUTEIBHBIC U OTPUIIATEIIBHBIC TEMIICPATYPHBIC IPAIUCHTHL. 31eCh
M3MEHEHHUE TeMIIepaTyphl BOJBI B PEKe, CHOBA B TIOCJIEIHEM yrioMuHaHuH, OoT +17 © C Ha nmoBepXHOCTH Bojbl 1o +13 ° C B
HIDKHEH 4acTu pycnia. 3eMIs 3aKpbITa JICCHBIMA MACCHBAMHE Ha OJHOM Oepery peku uMeeT OoJiee HU3KY0 TeMIIEpaTypy, 4eM
pedHast BoJa, B TO BpeMsl KaK JAPYroi Oeper peKH He 3aKpBIT, 3eMiisl 6e3 jeca, Ha MPOTHBOIMOJI0KHON CTOPOHE IMTPOUCXOUT
MOBBILICHUE TEMIIEPATYPhI 3eMIIH. B 3TOM citydae peka IeiCTBYeT Tak, OHa IepeJacT IIUTATEIbHbIC BEIIECTBA U3 TEIUIOro
neBoro Oepera B MPaBbIi MPOXJIATHBINA Oeper, TaHHOE YCIOBHE TUKTYET CIOKHUBINEHCS TEMIIEPATYPHbIA TPaAueHT, KOTOPBIH,
U3 PACCMOTPEHHOTO PUCYHKA, PAa3IMYHbIC TEMIIEPATYPHI 3eMJIC, Ha JICBOM CTOPOHE OTpHLATEIbHAs (PeKa MPOXIagHee) ’
NPaBYIO CTOPOHY MOJNIOXKHUTENbHAS (peka Teruiee). Oxmaxnaronuii 3GhekT geca Takxke BIusieT Ha popMy IpoQuIst pyciia peku
M OTpaxkaeTcs B OoJbliel TyOuHe pyciia Ha TOW CTOPOHE, IJIe TeUeT XOJOAHAs BOJIa, OHA TedyeT ObicTpee U Oonee
3aBHXPSAOIIMM-TAMAHAPHBIM CIIOCOOOM, YA OTIOKEHHS U TEM CaMbIM YIIYOISIET PYCIIO PEKH B 3TOM TOUKE.
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2. IMamsre Boas! - ['omeonarus u [lporuBoGopcTBo uaeit B HoBoit Hayku Mumenst [udd, Topconc, orneyarok Harper
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3. Undopmarms o muaeHnn ononpunaparamu bpayspa, 1 ITapa-poyn, a / st 234, Tanunda 5352, ABcrpamus.
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"NunoBaunonHou Hayku ", n ot [Ixeka [{ronpe, Onu3kuit copatHUk nqokropa (papmarieBra Mapus HoHkiiepca u aBTopa KHATH
o Antyany bemammny; (JIyu [1actep, coBpemenHrk beuamma, HeceT OTBETCTBEHHOCTb 32 IOAABJICHS BaXKHbBIX CBEJCHUM H3-3a
cBoeli BeITobl)."MIHHOBaIMoHHas Hayka" Oblia co3mana r-koit. OBenuH becco koTopast Takxke sSBIISETCS MPU3EACHTOM e&
mrab-kBaptupoit S.I. B HacTosee Bpems pacronoxker Ha 30 Asento. J['Dmmo, [Mapmxk 75116 (ten: 01.4656.6650). Ee uenbto
SIBIISIETCS] COIEHCTBUE PACCIEAOBAHUIO M HHTEPECAX CYIHOCTU BOIBI, U IS IOAJEPIKKH MPOIODKAIOIIMXCS UCCIS0OBAaHUM
Kax bensenucra.

10 IPOUCXOXAEHUE (POPMUPOBAHMUE) POIHUKOB

Tawm, raoe Boga pacLuennsieTcsa Ha ABoe,
npexae Yyem XKnsHb ocBo60aNTb, pa3BopadMBaeTcs cBoer obnactu,
M B 3eMnsax ¢ hopMUpPYHOLLMMCSA OT CBOErO MCTOYHUKA,
Bopa GnarocrnoBneHa XuU3sHbi0, XXMBOK CUIMOH0.
[ns ctan 3Bepent, 4ns XKaxayLumx LBETOB,
BeTBuM nogTankveasi CTpeay 1 NOKPbITbIE NUCTBON Beceaku.
"Bor, MNpupoga n Kocmoc "
x.B. dpoH éte

10.1 Bovixoo u Yucmoma Poonuxoeoii 600wt

Boo0buie roBopst, HCTOUHUKOM MOHUMAETCS BBIXOA I'PYHTOBO BOZBI, YTO CTONKHYIACh ¢ HEPOHHUILIAEMBIM CIOEM. DTOT
THUI POJHUKOB Ha CaMOM JieJie OTQUIBTpOBaHHAs mpocauuBinuecs Boaa (puc. 10.1), a He ucTuHHas poxHukoBas. [Ipu
NpaBUJIBHBIX YCIOBUAX, @ UMECHHO IO/ IMOJIOKUTEJIbHBIM TEMIICPATYPHBIM I'PAJUCHTOM - TCIUIBIC OOXKAU, MpOoXjiaga 3€MJIH,
Oonee MpoxJaHbIe HIDKHUE CIIOW U T.1. - B popMe OTPHIBTPOBAHHOHN MTPOCAYMBILEHCS BOIBI, KOTOpast HAKAILIMBAETCS HAJT
HEIIPOHUIIACMBIM CJIOEM U IO IleﬁCTBVICM CHJIBI TSDKECTU CTCKAC€T BHU3 C TCMIICPATYPHBIM I'PaIMCHTOM K €€ TOUKHU BbIXOa.



Temmeparypa GpUIBTPOBABHHOTO HCTOUYHHUKA OOBIYHO IIPUONIDKAETCS K TEMIIEPAaType OCHOBHOTO CJIOSI, Yepe3 KOTOPHIi
MIPOXOJIUT BOJIA, KOTOPAst MOXKET ObITh B mpuenax ot +6 ° C 1o +9 © C. OHa COAEPIKUT ONpPEICICHHOE KOJIUYECTBO
PAcTBOPEHHBIX COJIEH U MUKPOJIEMEHTOB, HO HE OueHb oboramieHHas umu . C Apyroil CTOPOHbI, HCTUHHASA POJHUKOBAS BOJA,
OTJIMYAETCS TEM , UYTO OHA MOJHUMAETCSI BBEPX M KOTOPast UMeeT TeMIieparypy okoio +4 © C. OHa pa3BUBaeTCsl B COBEPILIEHHO
HHBIX YCIIOBHH M IIPOILIECCaxX.

Ha puc. 10.2 n300paskeHO ceueHue ropbl M IOKa3aHbl pa3iIMyHble TEMIIEPaTyphl IOYBhI Ha pa3HbIX ypoBHsX. OHH,
BO3MOXHO, HE NIE€P/CTaBIIIIOT UCTUHHBIE TEMIIEPATypPbl, HO yKa3aHbl 3€Ch B KadeCTBE IpUMepa. Tak KaK IOJ0XKUTEIbHbIH
TeMIIepaTypHBI IpaJUeHT OT 3eMHOM NMOBEPXHOCTH HAaIpaBJIeH BHYTPb, 3TO O3HAYaeT TO , YTO JO’KAEBas BOZA BCerna
MOXKET IPOHUKaTh. HarloMuHas, 4To 3T0 He3pellasi BOAa, OHA JKalHO BIIUTHIBAET B C€0sl BCE JIEMEHTHI U OHA 3TO JIEJIAET.
HesxenatenbHble 9IEMEHTBI, COJIU U T.J., JIeXKaIllle B BEPXHUX CIIOSIX, IOTOMY PacTBOPEHHBIE BOJOH IIPOCAUYUBAIOTCS C
JIO’KICBOH BOJIOH W TIEpeMeIaloTcsl B TIyOHHy, IIe OHM B KOHEYHOM HTOTE BBIIENISIOTCS M3 BOJBI, TaK KaK OHA OXJIAXKIACTCS 10
+4 ° C. B a0 mI0THO# cpene B LIeHTpe IpyHTOBOH Bozbl, +4 © C 1ieHTpe-1u1acTa, B Boje OOoJblIe HET MecTa Juis
HuX. OHU HCKITIOYEHBI U3 €€ U MTOKHHYIU €€ B 30HY BBIIIE CO3JaBILCHCS Telepb CBEKUX ITPYHTOBBIX BOJI, T1I€ OHU
JIOCTYIIHBI pa3JIMYHbIM IIIyOOKO YKOPEHUBIIMMCS BU/IAM JEPEBBEB, Ubsl pab0Ta 3aK/II04AETCsl B yCBAaUBaHUU U
peoOpa30BBEIBAHUN MX U TIOJHATHH HX 0 0OJiee BEICOKUX YPOBHEH, UTO JeNaeT UX JOCTYIHBIMHU JUIS IPYTHX MEJIKO
YKOPEHHUBIIUMCS KOPHSIM PaCTUTENbHOCTH.

MBp1 MOXeM BCIIOMHHTS, 4To Bukrop Illaybeprep chopMymupoBal mo 3ToMy MOBOIY, YTO IIPH OTCYTCTBUHM CBETa U
BO3/yXa U IIPU OXJIOXKJIEHUHU (X0J0/a), IPOUCXOIUT BBIACIEHUE OCAIKOB CONEH U MUHEPAIOB U3 BOJBL, B TO XKe BpeMs
oOpaTHBIi poLece, MPH BO3ACHCTBAN CBETa M BO3AyXa U HarpeBaHH (TeIJIa), MPOUCXOJUT BTSATHUBAHKE U PACCTPOBEHHE CONECH
Y MUHEPAJIOB B BOJY.

Korna goxxneast Bofia momnaiaeT B 3€MJII0, OHA OKa3bIBAETCS CAABIICHHOHN YBEIMUMBAIOIIMMCS aBieHue npu +4 © C B
LIEHTpPE CJI0sI TPYHTOBBIX BOJ. M3-3a 3TO# neperpy3ku JaBieHHs CBEpXY, H)KHHUM CJIOM TPYHTOBBIX BOJI, TEM CaMbIM
BBIHY’KEH OITyCKaThcsl B 00JIACTH, TIIe TeMIepaTypa 3eMIIM HadlHAeT PacTH 3a CUeT reoTepManbHOIl akTUBHOCTH. B
pe3yabraTe, Bojia B 3TUX CJIOAX HAYMHAET PACIIMPATHCS, U CO3AI0T MPOTHUBOIOIOKHOE AaBIEHUE Ha aBJICHNE, KOTOPOE AaBUT
CBEPXY.
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HeT paeneHwn, AeACTEYIOWErD CHU3Y BBEPX

Puc. 10.1 IlpocaunBanue BOJbI
VcTouHuK poJiHUKA IPOMCXOANT, KOI/Ia BO/Ia IIPOHHUKAET B 3eMITHO (IIOJIOXKHUTENBHBINA TPAJUEHT TEMIICPATyPhl) CTAIKHBACTCS
C HETIPOHUIIAEMBIM cJIoeM. M3-3aT shkecTH OHa MPOCAYMBACTCsl BHU3 10 HAKIIOHHOM ITIOCKOCTH 3TOTO CJIOS ¥ BEIXOJIHT, TJIE 3TO BO3MOXKHO,
Hapy)Xy Ha MOBEPXHOCTH 3eMJI. CKOPOCTh BHITEKAaHHSI B OCHOBHOM OIPE/IEIIETCs KONNYECTBOM HPOHUKIIEH J0XK/IEBON BOJIBI U €€
TeMIIepaTypa IPUMEPHO COOTBETCTBYET OKPY)KAIOIIUM CIIOSIM. DTOT BHJ] POAHHUKOB, 3a4aCTyIO HE OUYCHb XOJIOAHBIH.
Co3aHne NCTHHHOTO I'PYHTOBOTO POJHUKA HE BO3HHUKACT.
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HanpagneHWe NoBbIWEHWA GaBALETo (NOHMKaKLWLEeE)
AaBneHHe W3-3a YPesMepHOro HakonNeHwWs, [
OXNAKAEHHA H KOHOEHCAUWK Bogbl

S
HEITpaSnEHHE NoBbIWEHWA NOBLIWaHLWEND
AaBNEeHWA BbIZBAHHOMD W3-3a Hapbl paclUvpeHHem
BOfAb|, NEPErPeToro Napa M rasos

Fig. 10.2 WcTUHHBIA 6Bb10WMI POOHKUK Ha BbICOTE (BbITEKaeT).

Hacrosmue pogHUKH poXkAa0TCs Ha CBET W3-3a JaBJICHUS, IEHCTBYIOIEro CBepXy U CHU3Y npu +4 © C Ha HEeHTpaIbHOU CIIoi
prHTOBOﬁ BOIbI, IIpU 3TOH TeMIIEpaType BOAa HEC)KUMaeMa. 10T HCHTpaHLHLIi/'I -CJION 3aKar MEXKIAY Maccou cJioeB JaBs CBEPXY Ha BOAY,
U CJIOM BOJIBL, JIeXKAIUE HIKE €€, KOTOPBIE MBITAIOTCS PACIIMPHUTHCS 3a CUST YBEJIMUEHUs Teruta u3 Henp 3emud. He Haiins apyroro mytu
CIACEHUsI OT 3TOT0 OIPOMHOTO jaBieHus, +4 © C eHTpaNbHBIN-IUIACT, IOITOMY BBIHYXK/CHBI HOKHHYTh CBOIl 'OM' MII COOKY MM
BEPTHUKAJIbHO, B KOHEUHOM CUETE HPEBPAIIACTCS B HCTOUYHHK, POJHUK. FIMEHHO IOATOMY POAHUKH YaCTO MOXXHO HAMTH BOJTM3H BEPIIMH
rop, IJe He CYIIECTBET JOCTATOYHOTO BOAOCOOpa it GUIBTPOBAHHOTO ponHKKa. HacTosiiye poaHUKH, HCTOYHUKH, OOBIYHO TOKAa3bIBAIOT
TeMIeparypy, Omuskyto npudnmkaromuecs K +4 ° C. 310 couetaHne NPOTUBOIOJIOXKHBIX IaBJICHUH TaK jKe OTBEUAeT 3a PeryJIupoBaHue
BBICOTBI CJIOSI, TPYHTOBBIX BOJ.

HenrtpanbHslii-uiact (cioit) +4 °C, KOTOPBI ABISIETCS HEC)KUMAEMBIM TIPH 3TOW TeMIeparype, I03ToMy Bce Oosiee
3a)KaT MEXIy STUMH JIByMsl IPOTHUBOIIOJIOKHBIMH JIaBIICHUSMH, a IMEHHO, ITPOOMBAeTCs U IIPOHKKAs BOA BBEPX U
pacumpsieTcs, HHOTIa BEITAJIKUBACT MeperpeTas Boja CHU3Y . E€ BO3MOXHBIH MyTh CIIaCEHUS BBIATH JIHOO COOKY HITH
BEPTHKAIBHO, WITM KOMOMHUPYS UX, HA MHOTHX ropax B ABCTpHH, HAIIPHMEP, €CTh HCTOYHUKH, KOTOPbIe BOSHHKAIOT B
Juanaszone oT 100 1o 200 MeTpoB HUXE BEPLIMHBL. DTU FOPHBIE BEPIIUHBI, KaK IPaBUII0, COCTOST U3 TBEPJON CKaJIbHOM
TIOPOJIBI, OBUTH U TaKKe POIHUKH, OTHOCSIIASCS TOJIBKO (DMIIBTPOBAHHBIM, HET JJOCTATOYHOM IUIOMIAAN BOJOCOOpa ISt
obecriedeHus UX HeNpephIBHON, KPYIIIOTOAWYHON pa3rpy3ku. Temreparypa 3TUX UCTOYHHUKOB BCer/a JeKUT Mexay +4 © C u
+5 © C meiicTBUTENBHO OYSHD XOJIOMHAS BoAa. M3 3TOro MOXHO CAeNaTh BEIBOJ, C ONPENEICHHON J0JIe YBepEHHOCTH, YTO
WCTUHHBIN POJHUK BO3HUKAET U JBIDKETCS U3 IIEHTPAIBHOTO S/Ipa, CII0s, TPYHTOBBIX BoA. Kak pomgHuKOBas Boja IOJHUMAETCS,
B TO BpeMsi Kak Ooratbie KapOoH#I (carbones), 0COOEHHO B JOpMe YIIICKHCIIOTO ra3a (KUCIOThI), UMeeT OOJbIIoN AeUIMT
PaAcTBOPEHHOTO KHCIIOPOJIA, Y CaMOro 'Kiitoda' B Ha4aJbHOM TE€USHUH BOJIBI, Pa3JIMYHbIE OPraHM3MBI M KOPHH A€PEBBEB BOOpAIH
BECh PACTBOPEHHBIN KHUCIOPOJ], KOTOPBIi ObLT JOCTYIIEH BIPOHUKAIOIICH H0KIeBOH Boae. [0 OOnbIIOMy cueTy Takas Bojia C
JeGUIUTOM KUCIIOPOaa, M B 9TOM €€ HEA0CTaTOK, HEKOTOPBIE SKCTPEMAITBI ITBIOT BOAY IPSIMO U3 KITI0Ya , [Ie OH ObET U3-TI0]
3eMIIH, TYT K€ BABIXAIOT €€ UCITyCKaeMble Iaphl yIIICKUCIIOTo ra3a (kapOoHIuoKcuaoB). [opiisl B ABCTpHUU Ha3bIBAIOT 9TH
napel "BojiTHAs 3Mesl (BOASIHHOMN YEpPBSIK, IIHEK)", OH TAKKe M3BECTCH KaK YIyIUIMBBII a3, U BpeMs OT BpeMEHH 3TH Taphbl
MOYXHO HaWTH B ILIAXTaX, JEHCTBUE KOTOPHIX JIeaeT UMEHHO TO, YTO MPEAIIOJaracT ero Ha3BaHue, U €Ciu He OyleT JocTymna
BO3/yXa COEPIKAIIUM KUCIIOPO, YTO OBbI OTABIIATECS, TO CIIELYeT MTHOBEHHAs! cMepTh. I10CKOIbKY BO/IA M3 ITHX TaK
Ha3bIBaeMBbIX "OTPaBIECHHBIX HCTOYHUKOB" HE HMEET KUCIOPO/a, OH aKTHUBHO BOMpAEeT ero U3 TKaHeil B 001acTu Tpaxew,
MIMIIEBOAA 1 )KUBOTA, a Hepa30aBIeHHBIN Map ABYOKHCH yIiepoaa (YIIEKHCIIOTO ra3a) cpasy ke HauMHaeT aTaKkoBaTh JIETKUe M0
TOM e PUYNHE.

DTOT HeAyr ObLI TAKXKE N3BECTCH KaK "MCYE3HOBEHHE — OOJIM B JIETKUX", WIIK BIIPOCTOM aHTJIMIICKOM SI3BIKE,
"ckopoTeuHas yaxoTka". Te, KOMy He MOBE3JI0 BBIIHUIA MHOTO 3TOH BOJIbI, CKOPEE BCEr0 yMpPYT B TEUEHHE HECKOJIBKUX JHEH,
COIPOBOXIAIOIINMHCS MyYHUTEIBbHO-KOIIOIUMH O0JISIMU B rpynu. OOpaTuM BHUMaHUE, KaK TOJBKO BOJA BBINLIA M yTEKIIA
JTake IyCTh Ha JIECATh METPOB, U3 CBOETO KIIIOUa, IUIECKAsCh, IUNIABHBIM JBI)KCHUEM OHA yXKe, HAUTHIBAETCs, HACKIIIAETCS,
IOIVIOIIACT HEIOCTAIONIMI KUCIOPOA U3 aTMOc(dephl, BOCTaHABIMBAs U CO3/iaBast Hauiexanmil 6ananc KapOoHOB -
KHCJIOpOJa.

[Mornomienus kucnopoaa uMeet 3PQPEKT yBeIndeHus BoJbl B 00bEMe. B poaHuke B YepHOropuu, KOTOPHIH TEK MO
INIAJIKOI HepacTpeckapmieics ckaie, Bukrop Lllaydeprep cnenan TmarensHble H3MEpeHns 00beMa IIOTOKa HEMOCPEACTBEHHO B
KJII04€ POAHHUKA U METP 3a METpoM Hipke. OH OOHApYKUII, YTO OHA 3HAYUTEIILHO YBEIHMUYMIACh. TaM He ObLIO BO3MOXKHOCTU



KaKOT0-JIM0O0 JTOTIOTHUTENILHOTO IIPUTOKA W3-32 HENPEPHIBHO 00Pa30BaHHOM MOPO/IbI, €ANHCTBEHHBII BO3MOXKHBIN OTBET OBLI
TEM, YTO 3TO MPOM30LLIO B PE3yJIbTaTe MOMVIOMIEHHs KUCIOpOa.

10.2 IToovem poonuxoeoit 600wt

B tpyne "Ham Beccmpicnennsiii Tpyn" Buktop kpaTtko onucsiBaeT 24-4acoBOi SKCIEPUMEHT, YTOOBI IIOKa3aTh AUHAMUKY
UCTUHHBIX POJHUKOB, CyTOUHBIE KOI€0aHUs BLICOTHI YPOBHS IPYHTOBBIX BOJ U IIOTOKA COKa B JiepeBbsaX. Kak Mbl yxe
TOBOPHJIM paHee, He CYILIECTBYeT COCTOSHUS paBHOBecHs B [Ipupone. Cxema sKCIepUMEHTAIbHOM YCTaHOBKY IT0Ka3aHa Ha
Puc. 10.3, cocrout u3 TpyOku U-00pa3zHOl GOpMEL ¢ OTKPBITHIMU TOPLIAMH Ha OIHOH CTOPOHE U3 ABYX KaIWUIIPHBIX TPYyOOK
U Ha JIPYroi ueThlpe KanwuIsipHble TpyOku. OnpeeaeHHoe KOJINUECTBO YUCTOTO KBAPLEBOIO IecKa, J0CTaTOUHOTO, YTOOBI
3aKpBITh BHYTPCHHUI AMaMeTp HaXOAUTCs B HIDKHeH dacTu U-o0pa3Hoil TpyOKH U HAacCHIIaeTCs CONCHOH BomoH. Dddexr
9TOM, CONEHOM BOJBI (MOPCKOI) U IIECKa COCTOUT B TOM, YTOOBI OTAEIUTD U IIPEAOTBPATUTH IPSMYIO CBA3b MEXKY
coziepXKaHNeM JIBYX MOAHMMAIOIIHXCS Bocxomsmmue Tpyook U-o0pa3Hoii TpyOku. 3aTeM KaliIsIpHbIe TPYOOUKH 3aIOMHSIIOTCS
CBEXKel YUCTON POIHUKOBOM BOJOMH, ColepKalllyto Majlo Wi 0e3 KUCI0poAa, KOTopasi He IoaBepranach COIHEUHbIM JIydaM,
WM IPYTOMY CBETY M HH KaKOMY aTMOC(HEpHOMY BIIMSIHHIO.

U-o0pazHas TpyOka oMeIlaeTcs B U30JIUPOBAHHBIN COCYIl, TAKOE KaK BEAPO, HA JTHO HACHIIIAEM HEMHOIO JIbJa, U
XOPOIIIO 3aKPBIBACTCS YUCTOH MMHOM. Jleq Ha iHe HeoOXO0IUM TSl KICKYCCTBEHOTO Co37aHus 30HbI ¢ +4 © C B ocHoBaHuU U-
00pa3HOi TPYOKH U MOJIOKHTEIBHOTO TEMIIEPATypPHOTO TPAJNEeHTa OT BHEIIHEH MOBEPXHOCTH CyIIMHKAMHE BHYTPb.

Bcs koHCTpYKIuS B Beape MOMENIaeTcsl Ha YUY oA NpsiMbl Terutble CostHeuHble Tyur. Kak TombKo Boga OCTBIHET
JOCTHTHET CBOIO TOYKY aHoMauH +4 ° C mpy MOMOIIH JIbJa, TI€ OHa TOCTHIVIa HAaHOONBIIEH NIOTHOCTBIO U BECa, U OUAS 10
KpalfHOCTH BOJia HAYHET HarpeBaTrhCsl, TEPSieT CBOE COCTOSIHME ""HU3KYIO TeMIieparypy', BoJa MEUIEHHO MMOJHUMAETCS 10
PYKaBYy KOTOPBII paCBUTBILSIETCS Ha YETHIPE KAaIMIUIAPA U MIEPETIOTHUTECS U3-3a ero OOoJbIIeH CBsI3H ¢ aTMOC(HEpHBIM
BO3JEHCTBHEM; BOJIA B APYTOM PYKaBe OCTAETCS B IIOKOE.

XoTs st He Hamren 0oJiee YeTKOTO ONMMCAHKS M MOAPOOHOCTH 3TOTO SKCIIEPIMEHTa B MaTepHajax, KOTOpble OBUIN B MOEM
pacnopshKeHHH, s TyMalo, YTo 3TO JBHKEHHE BBEPX, CKOPEE BCETo, M3-3a IBYX (haKTOPOB:
1) mpeoOpazoBaHue ¢ MOTEIICHUEM YITIEKUCIION KUCIOTHI B YIJIEKHUCIIBII I'a3 My3bIPbKH, KOTOPBIE MOAHIMAIOTCSI, BBIIBHIAs
OTZENbHbIE MOJIEKY/IbI BOABI IIepes] 000 (cM. onucaHue MobeMa coKa B Iase 18), u
2) ¢yHkunoHupoBanus 3¢ dexTa MoBHIIECHUS aTMOCEPHBIX T'a30B, KOTOPBIE CTAHOBATCS OCOOCHHO JISTKMMH TPH TEIJIOBOM
Bo3aelcTBUM COIHEUHbIX JTyueH.

B KOHIIC JHA DTOT CTO.]'[6 BOJbI CHMKACTCA C OXJIAXKIACHUEM, 1 HOUYBIO HAXOAUTHCA B COCTOSTHUU ITOKOs, COACPIKAIIUXCS B
Heli kapOoHbI (carbones) ceifuac H300MIyeT MOMIONIEHHBIH KUCIOPO U ipyrue arMocepHble ra3Bel. B TeueHue HouH,
3aMCTHUM, Kap601-11>1 B O6OFaLL[CHHOl>i BOJIC B PYKaBC B Pa3BCTBJICHUUC ABYX KAlTUIIJIIPOB CTAHOBUTCSA aKTUBHBIMHU. 3TO MOXET
OBbITh 00YCIOBICHO YaCTUYHO €€ B 3HAUUTEIILHOM CTEIIEHHU HEYIOBIETBOPEHHBIM alllIETUTOM KUCIOPOAa, I0OCTaBKa KOTOPOIO
OblJIa OrpaHUYCHA MEHBIIUM YHCIIOM KAMJULIPOB; TaK 5k€ 00bEAUHSAIOTCS AABICHUS HOUb IIPU OXJIaXICHUHU, I03TOMY
OIIpeeIIEHHO OoJiee TsHKENbIe aTMOC(EpHBIE ra3bl, BXOASIINE TeIeph B 3aKPBITHIE Pa3BETBICHHbBIC Ha 4 KamMILBIpa; U K
HE3HAUUTENILHO OJIee TSDKEJIOMY BECCYy CXKIKEHHOTO ra3a, HeJjaBHO yruxuieil Boasl. O0a 3Tu 1aBiaeHHs OKa3bIBAIOT JaBICHHUE
Ha MOPCKYIO BOIy B ocHOoBaHWH U-00pa3HoOit TpyOKH, 3aCTaBIIsIs €€ CIBUTAThCSl U3 CTOPOHBI B CTOPOHY. DTO B CBOKO 0Yepeab
OKa3bIBacT JABJICHUE HA IIOIHATUE HE OKUCICHHYIO BOAY B IPOTUBOIOJIOAKHOM PYKABE, B PE3y/IbTaTe Yero BoAa IOJHUMAETCS B
pa3BeTBICHUE HA 1Ba KaMJULIpa.

OT0 UMHUTHPYET HENPEPBIBHBIN NPOLECC TEMIIEpaTypa - JaBICHUsS - U BCaChlBaHHE CBA3aHHOM C IIylbcaluel, KoTopas
SIBIISIETCS. OTIAMIUTETBHON YePTOH BCEX MPUPOIHBIX ABMKEHUS KHUIKOCTH - BOIBI, KDOBH U COKA. DTH KaIMILUIIPHBIE TPYObI
O4YEeHb XOPOLIO ITOKa3aJIU IBM)KEHHE, TO €CTh UX BHYTPEHHHUH JMaMeTp 3a - MHHYTY, B 3TOM citydae okoj0o 0,4 MM BHyTpEHHETO
mramerpa. C TOUKH 3peHus] aHaTOMUH PACTEHHH, pa3BeTBICHHBIE, PACCIOCHbIE, Ha 4 KaIWUILIpa NPEICTABISIOT KCHUIIEMBI
MasieHbKHe TpyOKu. OHH 0OBIYHO UMEIOT OOJIBIYIO IUTONIA b OIEPEYHOT0 CEYSHUS, YeM MaJIeHbKHE TPYOKH (hII0IMEL,
KOTOpBIE MIPEACTABICHBI Pa3BETBICHBIMH, PACCIOCHHBIMU Ha 2 KalMJULIpa.

To, uTo B onucanue He 00BSICHEHO, Y BukTopa, kak pacrosnoranichk ooe Tpyoku y U-o0pa3Hoii TpyOKH, pacHoioKeHbI
JIM OHM MapajuienbHo K rydaMm CoJlHLA, WIH, IO IPSIMBIM YITIOM, 2-X KallMJUIIpHas pacciloeHHas Jiexamas 3a 4-x
KaIMJUIIPHON pacciioeHHoH TpyOkoil. HeoObsicHseTCs, TOHKHBI JIM OBITH 3alIMIIEHbI KaIMJUIIPHBIE TPYOKH OT CBETa M TeIlIa.
IToameTum, Tak Kak 3TOT SKCIEPUMEHT pa3pabOTaH YaCTUYHO B KAUECTBE TOTO, YTOOBI IPOAEMOHCTPUPOBATH OBICTPYIO CMEHY
MIPWIMBOB U OTJIIMBOB COKa, KOTOPOE MPOHUCXOAT MO KOPOH IePEBBEB, HKENATENbHO, YTOObI KalMIUIAPHI JOJDKHBI OBITh
aJIeKBaTHO SKPaHUPOBAHHBIMU U U30JIMPOBAHHBI.

Ecnu TpyOKu ¢ 4eThIpMs KalWJUISIpaMK YIUTHHSIOTCS, TO BOJIA BRIXOAUT M3 BepxHer yacTu U-o0pa3Hoit TpyOKH,
JEMOHCTpUPYs popMUpOBaHHS POTHUKOB. Ha kapTHHKE BUJHO, YTO 3TH JjBa YPOBHS BOJbI Ha KaXxkJ0# cTropore U - o6pa3Hoit
TpyOBI HE B IPSIMOM OOLIEHHH (COOOMIAIOINECS cacy/bl), HO OCTAIOTCS HE3aBUCUMBIMU IPYT OT APYTa, 4TO MPEACTaBIIIET elle
OJIHO HeoObsicHUMOE sABieHUe B IIpuposae coracHo COBPEMEHHBIM TEOPUIM.

OT0 yMeHbIIIEHHE IIOTHOCTH aTMOCGHEPHOro BO3Ayxa OIM3KO K 3eMJIe B TEUCHHUE JHS TAKKe HECET OTBETCTBEHHOCTh
3a HeOOJIBIITHE CYTOYHEIE KOJIeOaHNUs BEICOTHI YPOBHS IPYHTOBBIX BOJ. Bynydn ompeneneHHo Jierde, atMoc(epa OKa3bIBaeT
MEHbIIIee JIaBJICHHE Ha MOBBIIIEHHE TPYHTOBLIX BoJ. Bec armocdepsl, TakuM 00pa3oM, SBIsIeTCsl (JaKTOpoM, HCTOUHUKOM
CIOCOOCTBYIOIIUM HOABEMY IPYHTOBBIX BOJ U CKOPOCTBIO IIOTOKA, KOTOPBIE, KAK U3BECTHO, AAOT OOJIbIIE BOJBL B TEUCHUE
HOYU, YEM B TCUECHUE JHS.

Jlpyroii SKCcIiepIMEeHT TIOKa3bIBAIOIINIA ASHCTBHS HCTHHHBIX POJAHMKOB M Topa3no Oojee mpoctoro onucad B Atunopda
(Etidorpha (Adponura Hao60poT)), KHUTra, U3nanHas JxoH Ypu Jlnoin B 1896 rony. Kuura naet oder onbiTa YUIbSIM



Moprana, KOTOpPbIi ObLT TAMHCTBEHHBIM 00pa3oM noxuileH 12-ro aBrycra 1826 . 0 KOTOpOM OH pacckasall, Koraa nepa HUM
nosieuics Jlyamman J{pypu oxono 30 net g0 nyonukanuy kKuuru'. KHura 1aeT psiji MHTEPECHBIX METOAMK K TIOHUMAHHUIO
MHOTHX TIPUPOIHBIX SBJICHUH, B TOM YHCIIE BOIBI U €€ ABIIKSHHUE.

MocToAHHAA NyNbCaUWa B KanUNAPHo# Tpy6Gke.
He CywecTteyeT Ycnoeue paBHoBecus B Mpupoge.
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OTOT SKCHEPUMEHT COCTOUT U3 B3aUMOAESHCTBHS MEXy COJIEHOM U NIPECHON BOIBI PE3YNbTaTe UX PA3AIMYHON YAENbHOM
macchl. Bona — ocHoBaHwue Ui BCeX yIENbHBIX MACC U UMEET 3HadeHue 1g/cm’. Mopckas uinu coneHas Boza ¢ 4%-bim
COZIEPIKAHUEM COJIM MMEET 0O0NIee BBICOKYIO YIENIbHYIO Maccy okouio 1,025 r/cM®, B 3aBUCUMOCTH OT €€ TEMIIEPATYPBI, YTO
nenaet e€ 2,5% Tshxenee, 4eM MpecHast BoAa.

Ha puc. 10.4 n3o00paxeHa sKCIiepuMeHTaIbHasI yCTaHOBKa coOpanHast aBTopoM. OHa COCTOUT U3 BYX 4 - IUTPOBBIM



CTEKJITHHBIX OYTBUIOK, OTHOM M3 KOTOPBIX OBLIO ynaneHo aHo. KoTopas nepeBepHyTa ¢ HOT Ha TOJIOBY M 3a()UKCHPOBaHA
BOZIOHETPOHHIAEMBIM YILIOTHEHHEM B ropibiike. CMech ByX THIIOB BOABI PasrpaHWYeHa MPOOKOH, Tae ABe OyThUIKH
coelMHEHbI BMecTe. B 1ieHTpe MpoOKH eCTh OTBEPCTHE AT CTEKJITHHON TPYOKH ¢ TMaMeTpOM HE3HAYUTEIbHO OOoJblIe,
YeM KpIOUKoBaTas KalmuiUIapHas TpyOka. Ilepern BcTaBKoi KamMIULSIPHON TPYOKH, HUKHAS OyThIIKA HAIIONHIETCS MIPEeCHOH
Bogoi. KanumsipHas TpyOka ¢ BHyTpeHHUM auameTpoM 0,4 MM 3aTeM BTaBJIAIOT B HHXKHIOIO YacTh Yepe3 NPOOKY, OCTaBlIseM
0KOJIO 15 MM HaJ| TOBEPXHOCTHIO MOPCKOM MIJIM CONEHOH BOABI B BEPXHEH OyTBHUIKH, OCHIE STOTO HAMOJIHSIEM €€ COJIeHON
BoJI0M. IIpenmnomnaraercs, 4T0 MbI UCIOIBb3YEM COJNEHBIH PacTBOP UL IPOU3BOACTBA ObICTPOro 3¢ deKTa, Tak Kak Mbl 31€Ch
00€eCIIOKOEHbI €CTECTBEHHBIM IIPOIIECCOM B OYEHb MaJICHBKOM MacIuTabe. [lodutu cpasy ke mocie 3aroNHEeHus! CONeHOM

U NIPECHOH BOJBI MOXKHO YBHJIETH NOJHUMAIOIYIOECS 110 KAIWLIAPY U, IPOHs HaJl BEpXHEN 4acThiO KPIOKA, OHA

Ha4yMHAeT (POPMUPOBATH KA. DTO MOXKET HayaThCsl HE CPasy, IOAHUMATLCS [0 KaIHIULIPY - TPyOKH, BO3MOXKHO, IPUIIETCS
HOBTOPUTH M IPUHOPOBUTHLCS HECKONIBKO pa3. Ilocne 3Toro npecHas BoAa NpoaoKaeT KalaTh U3-3a BIMAHUS TKECTH

BECa MOPCKOH MJIM COJIEHOM BOJBI B BEPXHEM COCYZIE 10 TEX MOp, MOKa JBE BOAbI HE cMewmaroTcs. [locne nomyuenns

OL[HOpOL[HOfI CMCCHU NBUKXCHUEC IMMPECKPAILTACTCA.

DTO HKCIIEPEMEHT AEMOHCTPUPYET IPYroil acHeKT, CBA3aHHBIN ¢ HOPMUPOBaHHEM HCTUHHOTO POJIHMKA U TOPHBIX
HWCTOYHHUKOB. XOTSI MBI BUAEIH BHIIIE TO, 9TO +4 © C IeHTpanbHbIN CIIOW TPYHTOBBIX BOJ ,T€N0, CYKIMAETCSI MEXTY ABYMS
IIPOTHUBOIIOJIOKHBIMHU JaBICHUSMH, JIaBJICHHUE B pe3yJbTare Beca MPOHUKINEH oK IeBOil BOIbI ele 0ojiee yCHITMBAETCs
pPacTBOPOM COJIEH M APYTHX DIEMEHTOB, KaK 3TO POUCXOAUT. DTO JAET JOTIOTHUTENBHBIA BEC, Maccy, BOJBI, KOTOPast B CBOIO
odepelb, OKa3bIBaeT OOJIbILee AaBICHUE HAa EHTPABHBIN-IIIACT, YeM eCJIH ObI MpocaynBaeMasi Boja Oblia ObI POCTO

MIPECHON BOOH.

OTO JBa JIOMOJIHUTENBHBIX (pakTopa mpu paboTe B ABIKEHUE POJHUKOBOM BOABL. DTOT (DM3MYECKUHA Xapakrep, a
He MEXaHMYECKUH, XOTs, KaK MBI BUENH BBIIIE, MEXaHUUECKHE CHJIBI IaBICHUS TaK yKe aKTUBHBL. 113 IIIaBbl 5 MBI y3HAIH,
yTto B noHnMaHnu Bukropa [llaybeprepa 3emist — jkeHCKast 3HEPTHsI, CYITHOCTH U TO, YTO BCE DHEPTHH U DJIEMEHTHI OHA
MpSiYET B CBOEM TeJie, B OCHOBHOM B KapOoHax (carbones), HIMEIOT Takxke KeHCKyH0 npupoy. COoJHIE U KUCTIOPOJ C IPYroi

CTOPOHBI, MY>KYUHBI U OTIONOTBOPSIIOT.

[epBbIM (hakTOpOM, CIIEOBATEIBHO, OTHOCHTEIBHBIN
XUMHYECKHAN COCTaB B POJHUKOBOU Boje. B pesynbrare
MIPOIIECCOB YIIOMUHABIIMXCS BhIlIe, +4 © C HEeHTpabHbIH
IUTACT BOJBI MPAKTHYECKN IOJIHOCTBIO OYHIIEHA OT
KUCIJIOPOJIa, U OYE€Hb BBICOKOE COIEPKAHUE YIIIEKHUCIIOrO
rasa ¥ apyrue kapOoHsl (carbones) moay4aroT ero npu
IPOXOXKJEHUU UYepe3 YIIIEHOCHBIE U IPYTUe MUHEPaJIbHbIE
cnost. 113 3a 3TOro BO3HUKAIOT MOIIHbIE B3aMHbIE
IPHUTSDKEHHMS, KaK *KeHIMUHBI GppykTrreHs! (fructigenic
ethericities) (Heduzuueckas s3Heprus)

CTPEMUTCS OOBEIMHUTBCS C TAKHMMH, KaK KHCIOPO],
YCOBEPIIEHCTBOBAHBIMU HJIH OILIOOTBOPSIIOLIUMU
BemecTBoM. [1ogbeM 1 BOSHUKHOBEHHE POJIHHUKA II03TOMY
YBEJIUYUBAIOIIUIICS TONIOA, KaK 3TO OBbLIO, IOTOMY YTO B
MpOLIECCe SHEPTETUIECKOH MyCTOTHI CO3aeTCsl BOza
Oorarast KapOOHAMH, KOTOpast XOUeT OBITh 3aI0JHEHA, ’
TaKUM UMITYJ6COM JBHTAET HEHTPANBHBINA CIIOH TyHa, re
KIET KUCIOPOJ.

Bropoii (akTop, KacaeTcsi TUIIAa CAMOTO JIBHIKCHHS.
[MoxbpéMa 1 BOSHUKHOBEHUSI POJHAKA 3HAYUTEIEHO
moMoraet (pakTHYECKHUI OTKPHIBAET MyTh, B
KOTOPOM JIBIDKETCSI 3apOXKIAFOLIeHCS POIHUK
1 0coOeHHOCTH (HOPMBI TOIBEMA MO3EMHBIX XO/IOB,
gepe3 KOTOpbIe BoJa MpoTeKaeT. JIydmmm mpumMepom
9TOr0 U3BUIMCTON KOHGUTYpaLul MO>KHO YBUAETH B
JISTHUKAX, /e Tanasi BOAA MOTPYyKaeTcsl BHU3 B
TPELIMHBI BO JIbY. B CBS3M ¢ IBIXKEHHEM Hajaromieit
BOJIbI, 3TU CKYJIBITYPHBIE BCKPYUHBAHUS, CBEPTKH,
(hopMmbI 3aBUXpEeHHUS, POPMBI, UTO CO3JAKOTCS CAMOM
BOJIOH, OTPAXKAIOT TO, KAKUM 00pa3oM BoJa JIFOOUT
€CTECTBEHHO JIBUraThcs. [Ipu noBopoTe B 3THX

TpCIIMHAX, BBEPX JHOM, C HOTI' Ha I'OJIOBY, €CJIM TaK MOXXHO

CKa3aThb, MbI 3aTEM MOJYIHNM HEKOTOPOC MPEACTABICHUC
o (bopMe KaHalla, IIaxThbl, B KOTOPBIX POAHUKOBAs BOJa
BBIXOOHWT HAa MOBEPXHOCTh.

d)opMa JBYOXKCHUSA OTUX SBBI/IXpeHI/Iﬁ BBI3BIBACT
HMUKIIOUAHO-CITUPAJIbHAA-IIPOCTPAHCTBCHHAA-KPHUBas,
KOTOpasi, KaK y>K€ YIIOMUHAJIOCh B IPEAbIAYIINX ITIaBaX,
HECET OTBCTCTBCHHOCTH 3a INIABAIOINNEC IBHKCHUSA
3eMJIH B KOCMHYECKOM IPOCTPAaHCTBE U CBA3aHA
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Fig. 10.4 3kcnepumMeHT ropHbIA POOHUK

¢ cuiaMu JieButanun. M3-3a Hec:kumaemoctH npu +4 °C, mo3ToMy COBOKYMHBIN 3()(EKT 3TH IBa JOMOIHATEIBHBIX



(haxTopa KUCIOPOAHBIN TOJIO/ U FeHEPAIHsl SHEPTUH JICBUTAIIMHU, KOTOpasl MO3BOJIIET POAHUKOBOW BOJIE TIPEOI0JIEBATE CUIIBI
TsKecTH U (POHTAHUPOBATh (OUTH) KPYIJIBIH IO/, ¥ 4aCTO B OOJIBIIMX KOJMUYECTBAX HA BEPILUHE TOP, IIE,
KCTaTH, OHU TAKXKe IOJ[BEPraeTCsl yMEHBIICHUIO aTMOC(EpHOro JaBieHus. XOTs UM He XBaTaeT KUCIOPOJa TaK, Kak FOpHbIE
HCTOYHUKH U HCTUHHBIE POIHUKN OOBIYHO MPOSBIISAIOTCS HA CBET U3 TEMHBIX PACIIETINH U 3aTeHEHHBIX HUII C TEM YTOOBI
n30exxath npsiMoro COHEUHOTO CBETA, BO3AEUCTBUS KOTOPBIX MOTYT IIPUBECTU UCTOYHUK, K IIEPECHIXaHUIO, BBICYIIUTS.
Ciyuaii Takoll ObUI, KOTZIa B OAMH IIPEKPACHBIN IEHb HA BHICOKOM IIIATO B TOPAxX CO CBOMM JiecHHKoM Buktop IlayGeprep,
CTOSLJIO BETX0€ KYIOJIOOOpa3HOE KaMEHHOE CTPOEHME, U3 KOTOPOIo TeKIa pOAHUKOBas Bofa. Tak Kak coOpy»keHue ObLI10
O4YEHb BETXO€ U, BO3MOXKHO, IPEACTABIIAIA OIACHOCTh JJIsl CBOMX paboTonarelneil, Bo BpeMs OXOThI, OH IPUKa3all, COOPYKEeHHE
pa3obpars. Ilocne yero eMy ckasaiy, 4TO IOCIE TOrO KaK CHECIIU KylolI0o0pa3HOe COOPYKEHUE, POJHUK HUCCSK, BOJAA IIpoIaa.
C no60mnbIICTBOM, BUKTOp IpuKa3ai, 4To OH JOJKEH ObITh BOCTAHOBJIEH U OUYEHb OCTOPOXKHO YKJIaAbIBaTh
Kax/pli KameHb. Ha nipyrom o0xoze mpuMepHoO yepes HeJelto, OH 3aMETHJI, YTO MOTOK BOJbI IpekpaTwics. VMcroyHuk
ObL1 cyXxoil. ICTOUHHMKOB C XOpILEM KaueCTBO BOJbI HA 3TOM BBICOKOTOPhE ObLIH PEAKHU, U II03TOMY OH BaXEH, BO BPEMsI OXOTbI
K HEMY MPUAYT HAIUTHCS, OH ITOCIIEITHO cOOpaII JICCHUKOB U erepeil n ObUT THIATEeIbHO PEKOHCTPYHUPOBaH KYIOJ, KaK paHbIIIe.
Uepes HECKOJIBKO JHEH POIHMK CTal OUTb, BOJa HOTEKIA CHOBA.

YTo IpOUCXOAUT ¢ BOIOH ITOCTIE TOTO, KaK OHA BBIIIIA 3 POIHHUKA M KaK OHA TEYET 110 CBOEMY OCOOSHHOMY, T10 CIIMPAJIH,
U3BUIMCTOMY IIyTHU B JOJIMHY, OyJeT B OCHOBHOM PacCMaTpuUBaThCs B IMaBe 13. JIBIKEeHHE BOIHOIO IIyTH, ECTECTBEHHO, UMEET
KpaifHe Ba)KHOE 3Ha4YEHHE JJIsl €T0 BHYTPEHHETO 37I0pOBBs 1 ku3HecnocobHocTH. [To cnoBam Bukropa [llaybeprepa, Takue
TOHKHE TIPaBHIIa, YCIOBHUS, (DaKTOPBI, HHEPTHH, KOTOPBIX MBI 3]IeCh Kacaluch, YTO JaKe Ha MEPBBIX BYX KPHUBBIX, H3BHUIIMHAX
PEYHOro pycia, KOTOpbIe BOJa eaeT MOCHe BEIX0Aa U3 POIHHUKA MOXKET UMeTh 3 deKT ¢ cuioit 1o 10 KuIoMeTpoB BHU3 O
TedeHuro. [103ToMy, €CII MBI XOTUM 00ECIIEUNTh TAKHM Ka4eCTBOM SHEpTUel BHAIIM PEKU U BOAY, KOTOPYIO ITbeM, TO 0coboe
BHHMaHHUE JIOJDKHO OBITh yZIeNIeHO B IIOHUMaHHMH JallbHEHIINX MOCIEAYIOUX I1aBax.

10.3 snepzus u3 2n1younsl okeana

B nanHOM 3arosoBKe MO>KHO TOHSTH U3 KOHTEKCTA, B TO BpeMs Kak OPMUPOBAaHHE UCTUHHBIX POJHUKOB MO-TIPEKHEMY
CBEXH B HaIleH MaMATH, IPEACTABISAETCA Ielieco00pa3HbIM Ha JAHHOM 3Talle W3yIUTh METOM IIPOM3BOMISIIHIA
HEOrpaHU4YEHHOE KOJIMYECTBO IIPAKTUUECKH CBOOOJHOM, OeCIUIaTHOM, SHEPIUH HETIOCPEACTBEHHO U3 NIyOUHbI OKeaHa, TaK Kak
3TO MOXKET OBITh JOCTYITHO, HCIOMB3Ys TOT JKe MpHHIHI. Kak cpeacTBO MPOU3BOACTBO YHEPTHH, 3TO HETONBKO HOTHOCTBIO
paboTocnacoOHOE YCTOMUUBO U 3KOJIOTHUYECKU YHCTOE, OHO TAKXKEe OKa3bIBAaeT APYroil MOAX0A Ha BCe APYTHe COBPEMEHHBIE
CHCTEMbI IPOM3BOACTBA IEKTPOIHEPTUH, OHH CTANIM yCTapeBIIUMU. Bce 0ueHb CI0KHBIE MAIIHMHBI 1 MEXaHU3MBI
UCTIOJIb3yeMble B HACTOSIILEE BpeMsl A1 TaKUX lienell OyyT BBIKUHYTHI HA CBAJIKY.

3TO CTaHeT SICHO U3 JaJIbHEHIero, 4To, B YaCTHOCTH, SIACpHasl SHepreTuKa, 0osblie He BerogHa. OHa HUKOTIa He Oblla
Ha [EPBOM MECTE, 3a UCKIIIOUEHHEM, BO3MOXKHO, B KpaTKOCPOuHbIi nepuos. Co BCeMU CBOUMH OTPOMHBIMH PacXoJaMu U
BE3/IECYLIMMH U3BECTHBHIMU OIIACHOCTSAMHM PAAUALIMOHHOTO U3Ty4YEHHs], HEU30EKHBIMH yTEUKaMH, OTPOMHBIMH PAcXoJaMH Ha
Oe3omacHOe XpaHeHHe OTpabOTaBLIEro paJlaKTUBHOIO TOILIMBA, AEHCTBUTEILHO HUKOT/A HEe ObLIM BKJIIOUEHBI B
HKOHOMHUECKHE YPaBHEHUs. DTU PacXo/bl BCEra 3aMaTdylBaIUCh, [IOTOMY YTO UX JIOJKHBI OIUIaYMBaTh MHOTO [IOKOJICHHUI.

ITyToHMH, OOHUM U3 OCHOBHBIX KOHEUHBIX IIPOLYKTOB SAEPHOIO JeJIeHHs, UMeeT nepuoz nomypacnana 25000 ner. To
€CTb Toiy4aercs, uto nociue 25 000 e ero ypoBeHb paJuOaKTUBHOCTH YMEHBIIUTCS O MOJOBUHBL, HO BCE 3TO BpeMsI IIpU
XpaHEHHWH €0 cMepTelbHAs paualis IIOATadnBaeT CBOM KoHTeiHephl. Eme gepe3 25000 et paanoakTHBHOCTH JOIDKHA
CHM3UTCS €llie Ha 4eTBEPTh, U Tak jganee. 2000 JIeT IOUTH 3a IPaHbIO YEJIOBEUECKOr0 IOHUMAaHUs, He ToBops yxe 25 000. Kak
TOJIBKO OOIIECTBEHHOCTH CTAJTIO U3BECTHO 00 3TOM, O IPYTOM HCTOYHHKE JEIIEBOI HEOTPAHMYIEHHOH U ITOTHOCTHIO
9KOJIOTUYECKH YUCTOM 3HEPIuH, siiepHOe J0O0U Kak BUETe, OOIUBAET UX TPA3bIO, IPOU3HOCSA IyCThIe (hpa3bl B3ALIUTY CBOEH
YHHYTOXKAOMICH TIPOMBIIIICHHOCTH.

IMpuaTNm, Ha KOTOPOM Oa3upyeTcs 3Ta HoBast (GopMa MPOM3BOACTBA SHEPTUH, 3[€Ch YETKO H3TI0XKEH U y BCEX Ha BHY.
3710 OBITO CAENAHO JUIS TOTO, YTOOBI HM OJWH YENIOBEK U HU KaKasi KOPIOpAIK HUKOTa He CMOIUIA TIOyYHTh IIaTEHT Ha Heé,
KOTOPBIH ITO3BOJII ObI MM TIOIaBHUTh €€ MM CO3/aTh MOHOMOIHIO JUI ce0s B O0IbIIOMy yiepOy OCTalbHOMY YelI0BEUECTBY,
TaK 4acTo OBIBAJIO B MpoNUIoM. Kak ToNbKO HPUHIHI OyZeT OIyONNKOBaH, OH CTAHOBHUTHCS HE TTAaTeHTOCTIOCOOHBIM a
COOCTBEHHOCTHIO MIUPOKOH OOIMIECTBEHHOCTH U, CIEI0BATENBHO, B CBOOOJHOM JOCTYIIC I BCEX JIFONCH. DTOT IPHHINI 1
MPOLIECCHI, CBSI3aHHBIC C HUM, HACTOJIBKO MPOCTHIE, 4To, Kak Bukrop [layGeprep ckazai:

"Hamy sHepreTudyeckue TeXHOIOTH OTKaXyThCsl OT COBPEMEHHBIX METO/I0B IIPOU3BOJICTBA NIEKTPOIHEPTUHU, MBI 3HAEM, UTO OHA
MOJKET OBITB TOJIy4eHa HEMOCPECTBEHHO U3 TIIYOMHBI MOPsI C TIOMOIIBIO TIPOCTEHIIIero anmapara. OTH yCTPOHCTBa U MEXaHU3MBI,
KOTOPBIE CHUMYT MU C S9HEPTeTHYECKOH MIIBI, 3aMETHM, OBICTPO OyIyT 3aMEHEHBI ¥ OTAAHEI B My3eH, IIOTOMY YTO JIIOISIM He
00513aTeNbHO eXaTh TaK JaJeKo, YTOOBI MOJTYYUTh CBET, TEIUIO U IPYTHe BUIBI SJHEPTHH B JIFOOOM JKeJlaeMOM
KOJIMYECTBE TIOUTH O€3 yCUIIuid U 3aTpar.”

OT0 M3BECTHBIN (aKT TO, YTO NIYOOKOBOIHBIX MM [IIyOWHHBIE PHIOBI TIOMHUMSICH K TOBEPXHOCTH U UX pa3pbiBaeT. Kak
IIPAaBUIIO, 3TO CBA3AHO C Pa3IMYHOI KOHCTPYKLMEH UX CKeJeTa, KOTOPBIH SBISETCSA Topa3io MeHee HaJIe)KHBIMH, YeM Y X
KOJIUTET Ha OBEPXHOCTH BOJIBI MM Ha MTOOEPEkKbAX. YoKe JaBHO NMPEAIIONarani U OOBbSICHUIN C YUCTO MEXaHHUECKOH TOUKH
3pEHHUS, YTO Pa3phIB MX TEJ BBI3BAH C OTPOMHBIM CHHKEHHEM JABJICHHUS BO BPEMsI X BCIUIBITHS K IOBEPXHOCTH, YTO OHU HE B
COCTOSIHUH BBIJIEPXKATh JIABJICHHUE. DTO CEPbE3HOE, XOTS HENPABUIILHOE TOJIKOBAaHUE UCTUHHBIX MPUYUH, 3AMETUM, HCTOKH
KOTOPBIE JIeKaT B QU3HIECKUX Pa3INUHMIX MKy IIOBEPXHOCTHIO M INYOMHHBIMH BoiaMH. JKHBS B BOZIe ¢ MUHUMAJIbHBIM
coJiep )KaHNEeM KUCIIOpOa, KapOOHO-KUCIOPOAHBIN OaNaHC B TENIECHBIX TKAHAX U KPOBH ATHX CYIIECTB SIBISETCS OYEHBb
B3BEIICHHBIM B NoNb3y Kap6onoB. bosee Toro, Takas Mopckast BoJa, IIOCKOIBbKY OHA CONIEPIKUT, OAMHAKOBO HEHACHITHBIIMMCS



KucaoponoM. [Toatomy, Kak ¥ OABEM POAHUKOBOM BOABI KapOOHO-O0TraToi, oBEpraeTcsi BO3AEHCTBUIO aTMOC(HEPHOro
KUCIIOpO/ia, KapOOHBI B OpraHax 3TH PHIObI UMEIOT aHAJTOTHYHOE CXOZCTBO U YKAXKAYT MOMIOTUTH KHCIIOPOJ, TOCKOJIBKY OHU
MOAHMMAIOTCS U3 IIyOHHBI, 3aCTaBIIAIOT B3PhIBATHCS UX TKAHH.

Kak 66110 00BsiCHEHO B (DOPMHPOBAHMH UCTUHHOTO UCTOYHKKA, +4 © C BoJa B CHCTEME LICHTPAJILHBIH CIIOH TPYHTOBOM
BOJIbI B 3HAYUTENBHON CTENEHU UMEET AepUIUT MYyX4nH, YI0OpEHHAs! KUCIIOPOJIOM U3-3a NOTPEOJICHUS! IOCIEAHETO KUBBIMU
OpraHu3MaMH, KOPHH JAE€PEBbEB U TaK Jajiee, a HE COAEPIKAT BHICOKYIO KOHLICHTPALMIO JKEHIINH, (PYKTOTEHHHBIX KapOOHOB.
(fructigenic carbones). Hecxxumaemas nipu +4 °C 1 pu ycJI0BUY UHTEHCUBHOTO JABICHHS CBEPXY M CHU3Y, 3Ta OroJI0JaBIIas
0e3 KHCIopoAa BoJa, >KaKAYIOIIas MY)KCKHX CYIILHOCTEH, 4acTo cxaTa U MOAHUMAETCS BEICOKO K TOPHBIM BEpIINHAM.

Ha puc. 10.5 BugHO, 9TO TE e (PH3MUSCKUE YCIOBHS MPICYTCTBYIOT Ha OOJIBIINX [TyOMHAX B MOpE, TOJIBKO Pa3HAIA B
TOM, 4TO KUCIIOPOJ, ObUI U3PacXOf0BaH MUJUTMOHAMHU PhIO U IPYTUMH BOAHBIMU Gopmamu xku3HU. 1o cnoBam Bukropa
[ay6eprepa, 31ecs +4 © C MOPCKO EHTPAJIbHBIH-IUIACT YaCTO MOXKET OBITh CBEXEH (IIPECHOM) B CBA3U C BBITOHOM COJIM C
OXJIAXK/ICHUEM TP UCKIIIOUEHHE CBETa, TEIUIa U Bo31yXxa. Kpome Toro, u3-3a ero orpoMHoil INIOTHOCTH, Ha TaKoH IiTyOuHe
BOJIa HE IMEET BO3MOXKHOCTH IOTVIOXKATH JIFOOBIE Ta3bl uepe3 mporecch TudGdy3un 1 KOHBEKIHH. A caMoe ITaBHOE, U JTO -
pematomuii haxrop, He CylLIEeCTBYeT IIyTH ClIaceHUs (BbIXO/A KaK y pOJHUKA(KIII0Ua)), HEOOPa3yroTCsl €CTECTBEHHbIE
MOTFEMHBIE 3aBUXPEHHS JUIS BEIXOAA U3 CBEPX CHKATOTO COCTOSTHUS BOBI ipH +4 ° C.
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ITosToMy, omyckasi COOTBETCTBYIONIYIO JUIMHHOM KOHCTPYKIMIO TPYObl Ha COOTBETCTBYIOILYIO [TyOUHY, IZie FOJIOfHAas Boza
0e3 KHucIopoaa, rae el MpeaycMOTPeHa BO3MOXKHOCTD HOIHATHCS Ha TIOBEPXHOCTE. Boma mogHuMeTcst caMo coOoi, Kak 1
B TOPHBIX HCTOYHNKAX. E€ MoapEM (JIeBUTAIMS), TEPBOHOYAIBHO BUXPEBOE BI)KCHHE OyIeT HHUITMUPOBAHO (HIIETPOM
(ceTkoit) IBOMHOTO Ha3HAYEHHSI, KOTOPBI PACIIOIOKEH [TOKACATEIBHO 00eCeYrnBasi MPUTOK, UMITYJIbChI, KOTOPBIA CO3/aeT
BUXPb B TO )K€ BPeMsI IIPEMATCTBYET MOCTYIUICHUIO BOJBI B IPOCTPAHCTBO OT KyAa mojaercs Bo3ayx. Cama moJHIMAoIast
TpyOa, KOTOpasi MEHbIIAsl TUaMEeTPOM, 3TO YMEHbBIIEHHAS BEPCHUsI JBOMHON cIIMpanbHON TPYOB! OCHAIIEHA 3aBUXPSIOLIMMH
JIOTIaTKaM¥, KOTOPBIC ONCAHEI B IIaBe 14 0 BOXOCHA0KEHUH.

Ha onpenenennoii my0uHe, koTopas OyayT OIpeleseHbl ONBITHBIM ITyTeM, KaK OUeHb ITOAPOOHO MoKa3aHo Ha puc. 10.5,
aTMOC(epHBIH KHCIOPOX, JOCTaBIIETCs Yepe3 TpyOy OONBIIOro AramMeTpa BHEIIHE 000I09K0H, BBIIABINBACTCS B KHCIOPOI0
— TOJIOZHYIO BOIY € IIOMOIIBIO OAHOCTOPOHHETO (PUIIBTPA, COCTOSIIUIM U3 BEIECTBa, (PU3UIECKUI coCcTaB KOTOPOTO
MO3BOJISIET TPOXOAUTH MOJIEKYJIaM KUCIIOPO/a, U He MPOITYCKAaTh KPYITHbIE MOJISKY/IbI BOABL B cBs3u ¢ aTiM nuddy3HOHHBII
(UIIETp, MOBHIIACT YPOBEHB BOJBI, OHA OBICTPO IOIIONIACT KUCIOPOA, COIPEBACTCS HEMHOTO U HAYHHACT PACIIMPSATHCS, TS
yBenuueHns e€ 00beMa Tak Xke, Kak 3TO MPOM30IILI0 ¢ POAHUKOBOH BOION B UepHOTOpHH.

ITo cioBam Bukropa Illay6eprepa 3To pacmupeHre MOXET OBITh CYIIECTBEHHO YBEINYCHO C JOOABICHHEM HECKOJIBKIAX
Karelnb BecbMa cloKHBIX KapOoHOB, Takux Kak He(Th. IMEHHO 3TO sIBIICHUE, MOIHOE PACIIUPEHUE, KOTOPOE MOXKHO OYEeHb
IPOCTO UCIOJIB30BATh M IPE0OPa30BEIBAaTh B MEXaHUUECKYIO SHEPTHIO, HEOOXOAUMYIO IS BPAIIEHHS SIIEKTPHIECKIX
reHepaTopoB. Bpaienne He TOMHKHO OBITH MOTYyYEHO ¢ OOBIYHBIMH LIEHTPOOEKHBIMH Pa0OUMMH KOJIECaMH, 3aMETHM, TaK Kak
OHH pa3pyLIaloT CTPYKTYPY U Ka4ecTBO BoAbl. CKopee BCero, JOJDKHBI OBITh H3TOTOBIICHBI IIEHTPOCTPEMUTENBHBIE KOJIeca
KOHCTPYKIIMEH aHaJIOTMYHOM MMOKa3aHHOH B 00JbIIOM MaciuTabe, moapoOHo Ha puc. 10.5, koTopas B JaHHOM city4yae Oblia
B3aTa M3 narenta Bukropa 1llayGeprepa 1y BO3MyIIHOM TypOHHBI' ¥ KOTOpas yJIy4IIaeT Ka9€CTBO CPEIBI UCTIONb3YFOILYIO
TUTSL BpaIlleHHUsI.

XoTs1 OCHOBHOM IPHHIIHII TapaHTHPYET, €CTh HEKOTOPBIE MEPHI PEI0CTOPOKHOCTH, KOTOPBIE JOIKHBI OBITh

TIPUHATBI, IEPBOHAYAJIBHO IJIA O6CCHC‘{CHI/I5[ HOPMAJIBHOTO 3aITyCKa (I/IHBeCTI/ILH/IOHHBIX paCXOlIOB) u Aji
obecriedeHus HauiexKaniero GyHKIHOHNPOBAaHHS cHCTeMBbl. HecMOTpst Ha TO, 4TO OBIIO CKa3aHO BBIIIE, TAaK KaK 3Ta CHCTEMA
IIPOU3BOACTBA DJICKTPOUHEPIUU 0 CUX ITOP HUKOTIAa HE 6]>IJ'la NPpUMCEHEHA, JIA 3TOT'O0 MOXCT 6I)ITI) HCO6XOZ[I/IMOT]:-I-O
HCTIONB30BaTh OOBIYHBIN HacocC (BO3MYIIHBIH KOMIpPECCcop) U1 Havdajla TEUEHHUS, a TAkKe Ul YCTAaHOBKH CEPUU OOPaTHBIX
KJIaIlaHOB, YTOOBI 00ECIICUHTb, JIF000C PA3BUBAIOIINICS PACIINPEHNUS HATIPABICHBIC BBEPX, a HE BHU3 POTUB
MIOAHMMAIOLIEHCS BOABL. XOTS CUCTEMa MOXKET IyJILCUPOBATh cama I1o cede, I3MEHSIOIecs: B TeUeHHEe AHSI U HOUH, 3TO He
npo0OieMa, Tak Kak IyJIbCalUs - IPKOe IIPOEBICHUE CYIIHOCTH KU3HHU.

dakTuueckue pacxoabl ”THBECTUPOBAHHBIC B 3TY HOBYIO CUCTEMY 6y}ICT TMOYTHU HUYCM 110 CPAaBHCHHUIO C MAaCCUBHBIMU
cderaM B HACTosIee BpeMs TpeGyeMble 1T 3aBOAOB 110 epepaboTKe SIepHOTo TOILIMBA I AMIeKTpocTanimii. Kpome Toro,
10 MEUMO (haKTHUECKH MIPOU3BEACHHOM YHEPTHHU, TOJHKO KOHEYHBIH MPOAYKT 3TOTO MPOIecca SIBIICTCS IKOTOTHIECKH
Oe3BpEIHBII KICIOPO]] B MOPCKOIT BOZie, KOTOPHII B KOHIIE KOHIOB, IO BCIOAY IIPUCYTCTBYeT B BEPXHHUX CIIOSX OKeaHa. Bee,
YTO HY)KHO CZIeNaTh, 3TO IPOCTO HAa4aTh A€JIaTh, C IOMOLIBIO 3TOrO METO/A UeJIOBEUECTBY OyeT IpelocTaBIeHa
HEeOoTpaHHYEHHAs JIEKTPOIHEPTHs, ITOKA elle OfHa Ooliee BBICOKast (hopMa SHEPIHU MOXKeET OBbITh IpOU3BeneHa (aApyras Gpopma
SHEPIUN).

Ilpumeuanue

1. Atunopda, B HacTosiIee BpeMs OITyOIMKOBAaHBI UCCIEA0BAHUAM B 00JIACTH 3/1paBOOXPAHEHNS,

Box 70, Moknamu Xuin , CA 95245, CIIA. (JInoiin Jxon FOpu uim Kpaii 3emnu" [Etidorpha; or, The End of Earth] (1895;
uctp. 1901); repoii ¢ MOMOILBIO CIIENOro "ryMaHouAa" NEPEHOCUTCSI B 3aTEPSHHBINA MUP BHYTPU 3€MHO KODBL, I1e
nocesiiaercs B Beicine ("OKKyIbTHbIE") TAMHCTBA JIFOOBH (Ha 4TO MPO3PavHO yKa3bIBaeT Ha3BaHHUE CTpaHbl: Atupopda -
podyuTaHHoe HaobopoT "Adpoaura"))

2. Hamr beccmbiciennsiit Tpyg, 9acts II, ctp. 10.

3. Apctpuiickuii mateHTH No.145141, 10 anpens 1936 roxa.



11 IIVTABAIOIIUE KAMHHA

N HENOABUKXKHASA (CTAIHUOHAPHASA) ®OPEJIb

11.1 ITnasarowue kamnu

Kak uBo#i pUpOIHBIN OpraHu3M, Boja GpopMupyercs U QyHKIIHOHHPYET B COOTBETCTBUH C 3aKOHAMHU [IpHpOIBI 1
TeOMETPUY, U HE 3alpeliaeT HU OJHOMY U3 BJIEMEHTOB JIBUTAThCA 110 MPSAMOI JIMHUU, OKPYKHOCTH M TOUKHU, OCHOBOMI
COBPEMEHHBIX MEXaHUIECKHUX U TEXHOJIOTHIECKUX KOHCTPYKIMI, He OTpakasi OCHOBHYIO KOHCTaHTy [Ipuponpl, a HUMEHHO, TO
MOCTOSIHHBIE U3MEHEHHS ¥ IPeo0pa30BaHusl, BUXPh BOILIOMAET 3Ty (HOPMY OTKPBITOTO, MKHKOTO M THOKOTO JABMIKCHUSL.
Bbrnaromapst u3y4eHus: BUXpeid, BCTPEYAIOLIUXCsI B IIPUPOJIE B IPOTOYHOM BOJIE M B BO3AYXE B BUJIE LIUKJIOHOB M TOPHA[IO,
Buxkrop Illaybeprep paspabotan cBoro Teopuio MMmiosun. IMeHHO uepe3 ucclie[OBaHNE U Pa3BUTHE STHX TEOPHil, 4TO OH
CMOT TIPOU3BECTH MUTHEBYIO BOAY KaueCTBOM F'OPHOTO POIHUKA U TeHEPHPOBATh 3HAUNTENILHbIE SHEPTUH U C BOIOH U
BO3IYXOM.

Uto Takoe eCTeCTBEHHOE JBHIKCHUE BOJIBI U KakoBa PyHKLUS BUXPs? OTHOCHTHHO BCETO, 4TO OOCY)XJAIOCh paHee ¢
TOYKH 3peHnst Hopm, GopMBI U asiee, MOXKHO 3aMETUTD M BUIETh TO, YTO BBIPAKAIOTCS WM MPOSBISIIOTCS TIPHPOIHEIE
SHEPIUU BCEIZa HaXOIITCs B KPUBBIX U B BUXPSIX, U HU KOTJA B IIPSAMOJIMHEHHOM criocobe. B 310poBoM ecTecTBEHHOM
IIPOTOYHOM TEYEHHH BOJBI OTH KPUBOIMHEHHBIE IBIKCHUS IPEUMYILECTBEHHO BBIPAKEHBI KaK TPOJONBHBIC BUXPH,
napaJuleNIbHO HaIlPaBJICHbIE IOTOKY, XOTS U He3HAYUTEIbHBIE NIONIEPEYHbIE BOLOBOPOTHI-BUXPU (POPMUPYIOTCS OKOJIO Oeperos
pek. 13-3a HeHTpOCTPEMUTEIBHOTO IeHCTBUSI ATUX NPONOIBbHBIX BUXpEl, B KOTOPOM MaTepHall B BHE BOABI oOpamaercs
BOBHYTPb, IUIOTHAS BOJA BCET/IA AOJDKHA HAXOAUTHCS B IEHTpe. Tak Kak BOjla HE MOXKET Ha CaMOM Jielie CAenaThest boiee
IUIOTHOM, €cIM OHa He OXJIAXJIeHA, TOTZa B CHITy CaMoro (hakTa 3TO LEHTPAIBHOE AP0, KOTOPOE CONEPIKUT CaMyI0 XOJIOJHYIO
U II0THYIO Bofy. Ilognep kaHre HU3KUX TeMIepaTyp SABILIETCS. HEOOXOIUMBIM YCIOBUEM IS IPOIOIDKEHUS 30POBbsI U
KHU3HECTIOCOOHOCTH BCEX BOAHBIX ITyTEH.

Korna cBexxas, )xuBas BoZia polHHKa ObET BBEPX B 3aTEHEHHBIX B BEICOKHX JIECaX, OHA KaCKaJIOM JIbETCSI BHU3 110
CKJIOHaM Iop, 9acTo ¢ JINBHEBBIMU IIOTOKaMM, HO HUKOI/Ia HE BBIXOIUT U3 CBOUX Oeperos. B xoze cBoero ciycka oHa KpyTUTCS
Y TIOBOPa4YMBAETCs, CHayasIa B IPaBylo, a 3aT€M B JIEBYIO CTOPOHBI, KaK 3aBUXPEHUS K OIHOU CKaJle 3aTeM K Apyroi. B atux
TOPHBIX PYUbsIX U B JPYTUX, JIEKUT B PYCIIE STUX KPUCTATIBHO YUCTBIX, XOJIIOAHBIX BOJAX, HE TPYHBITHIX YEJI0BEKOM, JJIMHHbIC
cTe0IM MXOB PACTYIIHNX 34€Ch, BENYT ceOsl 04eHb CTPAHHO COINIACHO HAIIMMH OOBIYHBIMH MPEACTABICHHSIM.

B ero pa3nnunbix nuceMax Bukrop [ayGeprep yacTo 3asBisi1, 4TO B 3710pPOBO# MPOTOYHOM BO/IE aKTUBHBI J1Ba
SHEPreTHYECKUX MOTOKa OTHOBPEMEHHO, HO B IPOTHUBOIIOJIOXKHBIX HalpaBieHHAX. Kak yxe roBopuiiock paHee, eCThb BCETaa
JBa TIPOIIecca, CBI3aHHBIX C JIF000i (hopMOH IPHPOIHOTO SHEPTETHIECKOTO IBIDKEHHS, KOTOPBIE BCETJa HAXOAIATCS B
COCTOSIHUM IPOTHBOJCHCTBUS U B TO K€ BPeMsI JOTIOJHSIOT ApyT Apyra. C oZHON CTOPOHBI, €CTh IPAaBUTAIIMOHHOE JBIKEHHE
BOJIbI 3 POJIHUKA BHU3 K MOPIO U, C JPYrOi CTOPOHBI, €ro Kojuiera jJeBuTanus (IobeMHast CHiia), BBITEKAromas u3
MODS BIUIOTH JI0 HCTOYHHUKA, APYTHMH CIIOBAaMH, BCTPEYHOE JBIDKEHHE dHeprur. He 3Has To, 9To 1o KpaiiHeil mepe ase
MIPOTHBOIIONIOKHBIE (DOPMBI, @ AOTIOJHSIOIINE APYT APYTa SHEPTHHU JASHCTBYIOT BO BCEX MPUPOIHBIX SBICHUSX, HU YBHIEB U HU
TIOHSIB 3TO SIBJICHUE IJIs1 ceOsl HEMOCPEICTBEHHO, MBI IIPEATIONOKHM, YTO T€ MOACKA3KH KOTOPBIE HaM ITOKa3bIBaeT MOX
CKJIOHSIOIIVIE €TO BHU3 110 TEUESHHIO M3-3a TABJICHHUS OBICTPOTO IMOTOKA.

YnuBHUTENBHO, a KaK pa3 Ha000POT, Kak ObLIO OTMEUYEHO BO MHOTHX Cily4asix HaOnmoaeHus: Bukropowm [layGeprepom,
KOTOPBIN paccMaTpPHBAI €T0 Kak HaJeKHBIH HHINKATOP COCTOSHUS 30POBbSI TAHHOTO MIOTOKA, IT0 TOMY KaK HIDKE 10 TEUSHHUIO
ITOABJIACTCA l"paBIdTaLIPIOHHbII’l INIOTOK U IMOAHHUMAJICSA BBEPX IO TECYCHUIO, IIOTOK DHCPTUU JICBUTALINU 6I>IJ'I B HaAJIC)KaIlEM
COCTOSIHUM PaBHOBECHH, OaslaHca. Borpeku oxkuaaHusM, 1 HecMOTpst Ha TOT (QakT, uto npu +4 © C Boza B e€ Hauboee
IUIOTHOM COCTOSIHHH, ITOACKAa3KH MXa Ha CaMOM JieJie YKa3bIBAIOT Ha BEpX, IPOTHB TEUEHUS II0TOKA. DTO COBEPILEHHO
HEOOBSICHUMO B COOTBETCTBUH C JICUCTBYIOLIMI THAPABIMUCCKOM TOKTPUHOM, KOTOpasi pacCMaTPUBAET BOAY TOJBKO Kak
MEXaHMYECKOE MHEPTHOE BELIECTBO, HE BOCIPUHUMAs €€ Ipyrue (GU3MUECKUE WIN SHEPreTHUCCKHUE XapaKTEPUCTUKU.

3ameTuM, eciy B pe3ynbTaTe BRIPYOKH Jieca 3TOT HOTOK MoABepraeTcst IpsMbM COHEYHBIM JIydaM, TO O4eHb OBICTPO
cUTyanus pe3ko MeHsercs.. Boga cranoBurcst Gosee TEILION, ONpeeIeHHO MEHee IUIOTHOM, 1 Habmozas, o 4yro,
IMOJACKAa3bIBAIOIIUEC HUTU MXa, YKa3bIBalOT BHU3 110 TEUYCHHUIO! OHI/I JACJIAar0T TakK, IOTOMY 4YTO CO6CTBCHHa$I OHEPrus BOAbI 6])1.]'[3.
UCTOLIEHA BBICOKOI TeMIepaTypoi 1 IPOTHBONOJIOKHBIH-IOTOK OMO-MAarHUTHOM SHEPIUU OT YCThs IIOTOKA JI0 €r0
UCTOYHUKA ObLT ocnabineH. IToackaskyu Mxa 03TOMY JEHCTBYIOT Kak UIVIBI HA nudepoare, 100pocoBecTHO GuKcupyst
COCTOSIHUE 3[I0POBBS IIOTOKA, B KOTOPOM OHHU IIPOU3POCTAIOT. DTO SBJIEHHE B HACTOSIIEE BPEMsI IPAKTUUECKH HEBO3MOKHO
HaWTH, IOTOMY YTO OYE€Hb HEMHOTUE TOPHBIE PyUbU HE CyMeIH U30exKaTh MapoAEPCTBA CO CTOPOHBI UEJIOBEUECTBA.

Ho 310 oTHIONB HE OHA BeTpeda BukTopa ¢ OMOMAarHUTHBIME SHEPTUSIMU MPUCYIIHE 310poBOii Boae. Kak momomoit
JIECHUYMH B BEICHUU KOTOPOro ObLIM OOJIbIINE ILIOIAAU YacTHBIX JecoB B Hauase 1900-x, Bukrop IlayOeprep ObLn
MIOCTOSIHHO B JIBIYKEHHH TI0 JIeCy O ero 3aboTte (ocMaTpuBal JecHBIe yroabs). B TeueHne 3TuX JieT, Korga oxoTa Oblia
OOILENPUHATON NPAKTUKON, B TO BpEMsI IIPOU30LLIEI OJUH CIydail, BHE CIy>KObl OH IOLIEN IO CIEJaM BEIUKOJIEITHOIO
CEepOBaTO-KENTOTO OJIEHsI, OH 3HAJI, YaCTO MOCEIIAeMYI0 ONPEIeIeHHYI0 00IacTh Jieca. ITO OBUIO B ITOJHOIYHBE HOYBIO B
cepeaMHe 3UMBbl, OYEHb SIpKasi MOJHOIYHHsI Houb. Halis ofieHs, OH 1mociieoBal 3a MUH K Kparo O4eHb ITyOOKOro oBpara,
e oH notepsu1 ero. Octasasich 03 MIyMHO, OH XJajl HEKOTOPOE BPEMS ONPEENIssi €T0 MECTOHAXOKACHHE. 3aMETHUB
HeOOoJBIIOe TTaJIeHHe CHEeTa Ha KPalo OBpara, OH YBHJIEN OJIEHS CTOSIIETO 32 HEOOJMBIINM KyCTOM U, HECMOTPS Ha OTIACHOCTh
€ro MaJICHUs B OBpAr, IOCIIe BEICTPeNa, JyX OXOTHHKA B3sUI BEPX M OH BBICTPENUII B HETO.



Ero Xyaume OXKuaaHus ornpaBaavCh U OJICHb yIlaJl B OBpar, yIiaB B caMBbIH HU3 C YHBUIBIM ITTYXUM CTYKOM. Becmokoscs o
COCTOSIHUM CTOJIb LIEHHHBIX POTOB M OOPOABI, OH Hadaj CIycKaThCs BHU3. [loTeps MOYBY MO HOTaMH, OH CKAaTHJICS KaK JIaBUHA
U NIpU3eMIIMIICS Ha Kydy cHera BHU3Y oBpara. OueHb 00pagoBaiics 0OHapyXUB, 4TO pora 1 00pojia He MOBPEAMWINCEH, OH UX
CHSIJI, 3aT€M MOAXOAA K OacceeHy 1Mo BOAOMAI0M, KOTOPBIH OBLIT OKPYXKEH JIbJIOM, YTOOBI BEIMBITH PYKH.

W3-3a KpUCTaNbHO YUCTOM BOJBI U CBETA MOJIHOI JIyHBI, OH 3aMETUII ABUXKEHUE B HECKOJIBKUM MeTpax Hipke. CIUIIKOM
TSDKEJbIE, YTOObI [U1aBaTh U B PA3rOBOPHOM SI3BIKE HA3hIBAIOT "TPpy3uia”, KOJIMYECTBO 3€JIECHBIX KaMHel ObLIN 3aHSTHI
cTpaHHbIM TaHeM. OJ1H KaMeHb BHE3AITHO IPUIIOIHSIICS HaJ APYTUM , IOTOM BEPHYIICS B IpekHee nonokenue. [lorom
JpYroi caenai To xe camoe. Hekotopoe BpeMs OJIbHOCTHIO MPUBEACHHBIH B BOCTOPT BUKTOp HE MOT OTOpBAaTh B3MMIa sl
OT 3TOTO CBEPXBHECTECTBEHHOTO SBJICHHA. [IpOBEs HECKOJIBKO YacOB, COBEpIIEHHO He 00palas BHUMaHHS Ha XOJI0/ 1 3a0bIB
po pora u 60poay, OH CMOTPEN Ha BOAY.

Bornee cTpanHble 1 uynecHble COOBITHS pa3BEpHYIIUCH Jajiee, TaK KaK HEKOTOphIEe U3 KAMHEH TOXe Ha4yaju 3TOT
purMuuHbIH (PpaHIy3kuii TaHel) TaBOT. Bapyr oAnMH U3 HUX Hayas BpallaThCsd MEIJICHHO BIOJb JHA U, K €r0 YIUBICHHIO, OH
MOCTETIEHHO TIOTHSICS HA MOBEPXHOCTD M OCTAJICS TaM, OKPY)KEHHBIN OpeoJIoM JibJa (JIeqssHO! ckopiymoi). TpuHamuaTh
OoIbIIMX KaMHEH BCKOpE IOCIIE 3TOT0 MOBTOPUIIM IyTh. HecMOTps Ha cBO€ U3yMIIEHUE OT 3TOI'O CIIEKTAKJIsL, OH BCE eIl ObLI
B JIOCTATOYHOM IIPHUCYTCTBHH IyXa, YTOOBI 3aMETHTh, YTO BCE KAMHH, KOTOPBIE MOAHSUTICH HA TIOBEPXHOCTD OBUIH SIAIEBUTHOM
(hopMbI, Iepes; ’TUM KaTanach B Hallle B HIDKHEH 4acTH BOJIONA/1a B TEUEHHE 3HAYUTEIBHOTO BPEMEHHU.

A KaMHH C TPYOBIMH M PBAaHBIMH KpasMH OCTBAJIMChH JIEXKAaTh Ha JHE.

Pa3MbIusist Hajg ’TUM MHOTO JIET CITyCTst BUKTOP MOHS, 4TO 3TO OBIJIO COBMECTHOE JIEHCTBHE X0J10/1a, KOTOPBIN
YBENUYMBaJ OMOMAarHUTHYIO MMOJBEMHYIO (JIEBUTAIMIO) SHEPTHIO, U METAJUIOCOAEPIKAINN COCTAB CAaMUX KaMHEH, KOTOPBIH
OBLIT OTBETCTBEHHBIM 32 TO 3aMeyaTelbHOE SBICHUE. 3/1€Ch TEPMUH METAIUIOHOCHBIX MO CYLIECTBY OTHOCHTCS K KPEMHE3EMY,
Ha3BaHue auokcuia kpemuus (Si0,), KOTOpBIH €CTh B M300MIMH B 36MHOW KOpPE, KaK KBapll, TOPHBIH XpyCTallb, KDEMEHb,
TPAHUT, IECUAHUK U T.I., ¥ CHIIMKATBI, KOTOPBIE SBILIIOTCS OKHCSAMHU Pa3INYHbIX METaJUIOB, TAKUX KaK MarHU{, KalbIUi 1
amroMuHuid. Kak Oyner nmokasaHo jaliee, 3TH METAJUIOCO/ICpIKAIIUe KaMHU YCHIMBAIOT (YKPEIUISIOT) SHEPTUH B IPOTOYHOM
BOJIE.

Tor (baKr, 4YTO KaMHH ,Z[Cf/’ICTBPlTCHbHO OCTaBaJIUCh Ha MOBCPXHOCTH, MPOUCXOAUT U3-3a APYIOr'o ABJICHUA. Jlance IIpU TOM,
4TO €€ TeMIieparypa MOXeT ObITh 3HAYMTEIBHO HUKE TOUKH 3aMep3anus 0 © C, Boja, TeKyIias B TAKHX [TOTOKAX 3UMOW He
3amep3aeT JI0 TeX 0P, II0Ka OHa ABWXeTcs. [Ipu 3ToM odeHb Xo10aHas Bofa, ckaxkeM, -3 © C uiu -5 © C magaer Ha AHO
OacceiiHa HIOKE BOJOIAA, OHA CO3IAeT OpeelIeHHOe BUXPEBOE ABIKEHUE. B To ske BpeMms, e€ nBrkeHne OyneT 3aMeasIsaThCs
B 3TOM IIPOLIECCE, OHA UMEET TEHACHIUIO K KPUCTAIM3AIMY U JIENIaeT 3TO Ha BCEX MOBEPXHOCTSX IIJIABAIOLIUX KaMHEH,
JOBEJIsl X JIO TIOBEPXHOCTH. 3/1ech OoJbliie (popMUpyeTCs JIba U IEPKUT KAMHHU B BHJE CycrnieH3uu. Kak pesynbrar 3Toi
BCTPEYH C IJIaBAIOIIMMH KaMHsIMHU, Bukrop Illaybeprep Hauan moHUMaTh, YTO CYIIECTBYIOT U Jpyrue (GOopMbl, KOTOPbIE MOTJIH
OBl ITOBBICUTH JIBUKEHHUE BOJIbI, U0 SBJISETCS OJJHUM M3 CAMBIX BaKHBIX, TaK KaK AHUI0 WU sSHLeBUIHAs (opMa Tela, KaK
IIPEJICTABIIACTCS, UMEIOT ONIPEAEICHHBIE CBA3U C BUXPEBBIM IBIKEHUEM. [IpocToll sKCIepuMEHT AaeT obliee IpeacTaBIeHue
0 TOM, YTO 3/1€Ch BOBJIEUECHBI, KAKUE CHJIBI yUaCTBYIOT.

Tak, 94TOOBI CETaTh IKCIEPUMEHT CTOJIb JKE CIIPABETMBBIM HACKOJIBKO 9TO BO3MOXHO U, YTOOBI HMETh BO3MOXKHOCTh
CPaBHUTH JEUCTBUS AHLEBUIHOTO TENA C APYTH, cO cepoil - HanpuMmep, Mmap AJs IUHI-TIOHTA - 3aMIOIHAETCS COISIHBIM
PacTBOPOM BECOM UyThb OOJIbIIE, YEM YAEIBHBIH BEC COAEPKIMOTO SHIIA, KENATENbHO KYPHHHBIM SHIIOM C aHAIOTHYHON
IIOBEPXHOCTHIO, C TEM YTOOBI KOMIIEHCHPOBATh JIETKHH YIIEIbHBII BEC IIIACTUKOBON 000JIOUKE, YPABHOBECUTH TO, YTO B
TSDKEIION sIMIHON Kopiryrie. Bomy B mumuHApIYeckoM MepHOM crakaHe (puc. 11.1) 3aBUXpSIOT KapaHIamIoM, IIap JJIsl THHT-
IIOHTa IPOCTO KayaeTcs Ha tHe. OH He MPOosBISET TeHISHIHUIO K OBICTPOMY IIOABEMY, HO B KOHEYHOM MTOT€ MOAHUMHUTHCS,
€CIIM TIepeMeIBaHNe (3aBUXpeHue) OyneT HHTeHCHBIHBIM. OTMETHM, S0, KOTOPOE HMEET €CTECTBEHHYIO TCHICHINIO
K BpallICHUIO HA €r0 NPOJOIBHON OCH, UCIIONB3YEeT OCh BUXPSI, OHO IIOJJHUMAETCSI OUYeHb OBICTPO U OyIeT HaXOAUTHCS B
BEpXHEW 4acTH CTaKaHa [0 TeX IMOp, MoKa IepeMelInBaHue (3aBUXpeHHEe) OyeT MOANepKUBAThCS, KOT/a SHI0 OyeT MOAHATO
MO>KHO 3HaYMTEIHEHO 3aMe/TUTh BpalleHne. B 3Tol CBsI31 MOXKHO ITOTUTOXUTH, UTO chepa, KoTopast He SBISETCS
€CTEeCTBEHHOI (popMoii, He 0COOCHHO MPHUCIOCOOIEHHO K BUXPEBOMY JIBUKECHUIO.
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B pesynbrare ycnenHoi paboThl HECKOIBKUX BUXPEBBIX-T0TKOB Bukroplllaybeprep noctpoeHsix B koHue 1920-x
TOZIOB, KOTOPHIE OYIyT OIMCAHBI HIKE, QYHKIMSA KOTOPHIX OBLTa HETIOHSTHA THIPABIMYECKIM 3KCIIEpTaM U He MOIIA OBITh
00bsICHEHAa OOBIYHBIMYU NOHATUSMHU, TOLAAIIHEE ABCTPUICKOE IPAaBUTENLCTBO CTAJI0 OUEHb HHTEPECOBATLCS €r0 TEOpHUEi



n ux HpaKTH‘{eCKOﬁ peaim3zanuu, IMOCKOJIbKY OHH MOTJIA 6]>ITI) BBII'OJHBI JJIs1 CTPAaHbI B LICJIOM. HO3TOMy 6bIHO peueHo
YIIOITHOMOYHUTH Tpodeccopa Oununmna PopxeliMepa, OHO U3 MEPEAOBIX, HO HEAABHO BHIIICANINM Ha IICHCHIO THAPOJIOTa C
MHHPOBBIM UMEHUM, YTOOBI OH HaOmtozan 3a aeiictBusmu Bukropa [layGeprepa u cooduars 0 Hux. OH JOIDKEeH ObLT
MIOIBITAThCS TOHATD, IIPOLIECCHI, KOTOPBIE, Ka3aI0Ch, (YHKIMOHUPOBAIHN OE3YIPEIHO, HO ISl KOTOPBIX HE OBLIO
OOIENPUHSITON TeOpUIL.

Cnayvaia Buxrop [llayGeprep Obl1 BecbMa pa3IpakeH 3TUM YETOBEKOM, COBABLINM HOC BO BCE, NIAAS 4epes IUIeUo, 3TO
ObL10 panblie. QopxreiiMep, ObLI BCEra OUEHb CIIEP>KaHH, HU KOIZla HE 3aJaBajl TPMBUAIIbHbBIE BOIIPOCH] U B KOHIIE KOHIIOB
OHH CTaJ JIpy3bsiMu, DopxreiiMepy B KOHEUHOM CUETE MO3BOJISIIOT OMyOJIMKaBaTh TPAKTAaT BUKTOpa O BOE B aBCTPUHCKOM
ruaponoruyeckoM xkypHaie "Die Wasserwirtschaft" (BonHoe xo3siicTBO).

B nepuon ux coBMETHOH JIeITENILHOCTH, U U3-3a UCKpEeHHero uHTepeca DopxreiiMepa, BukTop Bcerna nuiTancs HallTu
MPaKTHIECKOe MPUMEHEHUE, YTOOBI HAyYUTh €T0 O CYIIHOCTH BOJBI, €€ BHYTPEHHEW MPHPOJIE U CIICHU(PHISCKUM SBICHUSM,
IIpU KOTOPBIX SHEPTHHU B BOZE pa3BUBatoTCs. ONHAX/IbI OH YCTPOUII AeMOHCTpanuto juist dopxreiimepa u, B3sB €10 B
OIIpEICIIEHHYIO YacTh Jieca, OHU HATOJKHYIHCH HA OBICTPO TEKYIINI TOPHBIN ITOTOK, KOTOPHIA BUKTOp 3HAI, YTO B HEM €CTh
¢openb. IIpsamo B cepelHE ITOTO OBICTPOro XOIOJHOIO IOTOKA BOJbL B TOUKE, I7I€ IIOTOK ObLI CAMBIM OBICTPBIM,
[TayGeprep ykasan Ha HEMOABHKHO CTOAIIYIO TaK Ha3bIBaeMyI0 "cTanmoHapHyto ¢opeins”. Dopelb cTosia COBEPIICHHO I10-
IIPEXXHEMY MM IIOYTHU TAaK, I0-BUIUMOMY, €l yIaeTCsi COXPAaHUTh CBOE IOJIOXKEHHE JIETKO ¢ HEOOIBIINM YCUIIMEM MOAPY/IUBas
CBOMMU ITABHUKAMH.

IIpocTo mpoBest MaNKod HAll HEl, WK Jake PSIIOM ¢ Heil, ObLIO JOCTATOYHO LIS TOTO, YTOOBI (POpelTb, KaK JPOTHK,
Opocuiacek BBEpX 0O TeueHuIo. Hampasienne craceHust HUKOTAa He OBUTO B HU3 110 TEYCHHIO, @ OHA BCEIZa YCKOPSIACh BBEPX
1o TedeHnto. O4eHb CTPaHHO, TOTOMY YTO, KaK IPaBUIIO, CYMTATCS JBIKEHHS BHU3 CUUTACTCS CaMBIM OBICTPBIM ITyTEM
CIaceHusl, TaK Kak JBIDKeHue OyneT ¢ motokoM. Ho He Tak, OHa JBHranach BCera BBEpX MPOTHUB TeueHHUs. Kak TOIbKO OTOK
YCIIAaKOHMJICS M OTIACHOCTHh MUHOBAJIA, (popenb BepHeTcs B cBoE ObiBIIee MecTo. BukTop cripocun @opxreiimepa 00bsICHH,
nouemy openb yoesxana BBEpX MPOTUB TEUEHHS, a HE BHU3 110 TEYCHHIO U, KaK 9TO OHA B COCTOSIHUM CIIENIaTh 3TO.
HecnocoGHbIit 0TBeTHTH, TOTAa BUKTOp 0TBETHII, 030pHO ¢ u3zaeBkoi: "Hy, mpodeccop, 3To mOTOMY, 4TO OHA HUKOTZA HE
yuunach B akagemusix! Ecnu Obl BbI ObUTH B 3TOM OBICTPOM IIOTOKE, Bac ObI Jerko cMblio!"

IMpouecc, mpu koTopoM (Hopes OCTAaeTCs HETIOABIKHON B TOTOKE BOABI 3aKJIIOYAETCs B ceayomeM: Gopens Bceraa
UILET Ty 4aCTh BOAHOIO OOBEKTA, Ty YacTh [IOTOKA, IJI€ BOJA caMas INIOTHAs U caMasi XOJIOAHAs, U IPOAOJIbHBIN BUXPb
HaunboJjiee HHTEHCUBHBIN. 311ech 0OHapykeHbIi, Bukropom [llaydeprepom, pakTop Urpaer oueHb BaXKHYIO POJib, @ UMEHHO, YTO
nepeaoBast CKOpOCTb KaXKI0H 4aCTUIIBI BOJBI CBSI3aHO C ONpeleIeHHOM TemnepaTypoil. Ecinu ona npeBbiaer 3Ty
KPUTHYECKYIO CKOPOCTb, TO PE3YNBTAT HOSBUTHCS TypOylneHTHOCTb. M3-3a €€ HaTypanbHO# (OPMBIL, TaK KaKk Ka>kaasi HUTh BOABI
IIPOXOAUT BOKPYT (hopeiiy, a oHa cBoel (popMoil yCKOPsIET U IIPH STOM NPEBBIIAET CKOPOCTH BhILIE KPUTUYECKOH O
OTHOILICHHUIO K ONpPEETIEeHHON TeMIeparype.

Jpyrumu cioBaMy, Orarogapst O5ICTpoMy 0OTEKaHHIO BOXHOM Macchl Tella ()OpeITd U B 3aBHCHMOCTH OT €T0 OIHU30CTH
K TOMY K€, B TOM MJIM MHON CTENEeHM KaXk/1asi BOAHAs HUTh HAYMHAET IBUIAThCS CIUIIKOM ObIcTpo (puc. 11.2). B pesynsrare
CO3IAI0TCS CEPHU BUXpel BIONb (iaHroB (opernu, Y KOTOPBIX €CTh KOMIIOHEHTA ABH)KEHNS BHAITPABIICHAS B
IIPOTUBOIOJIOKHOM HalpaBIeHUM NOTOKAa. COBMECTHOE AEICTBUS 3TUX BCTPEUHBIX JBIDKEHUN B IPSIMOM KOHTAKTE C 3a/HEi
qacTH Tena Gopenn 00eceyrBaroT IPOTHBO TOIYOK MPOTUB HUCXOIANIET0 IOTOKA BOABL. 30HA OTPHIATENILHOTO TABICHHS HIIH
OTPULATENLHON TATU CO3/AETCsl B IpHUeIax AIMHBI Tena Gopen. OTo OTpULATeNbHOE AaBICHUE IPOTUBOACHCTBYET
TIOJIOKHUTENLHOMY JTABJIEHHIO TIOTOKA BOABI M (hOPETIh JIEKUT B 30HE HEUTPAILHOTO JTABICHUS, KOTOpOe co3aaeT e€ Gopma Tena.

Ecnu dopens XoueT yCKOPUThCS U IOJHATHCSA BBEPX 110 TEUEHHIO, OHO HAUMHAET paboTaTh CBOUMH KaOpaMu.

XIonanpe xadpaMy YCHIMBAET BUXPU KOTOPbIE IIPOXOIAT BAOJb (IAHTOB, IT0 OOKaM, YTO JeaeT MOCIIEAYIOIYIO TATY BBEPX
Oonblie ueM HUCXOJsIIee AaBlieHre. YeM ObIcTpee OHa XJIOoNaeT )kadpaMu, TeM ObICTpee OHa ABMDKETCS IPOTUB TCUCHUS, H
KOTJIa CBOUMH a0paMu coOMpaeTcst Ha "MOJHBINA MPOXO0/", TaAK CKa3aTh, OHA JIBMIKETCS BBEPX IO TCUCHHIO, KAK MOJIHHS.
VYBenuuuBaeTcs 00bEM C BBICBOOOXKIEHUEM 1 ¢ nedunuToM kuciopoaa, CO, - 60raroro u mo3tomy o0orameHHas —
kapOoHamu Boja QYHKIIMOHHUPYET ObIcTpee B jkabpax, Takxke akTUBH3HUpYyeT 3ddekt yBenmueHue eobéma. CBOOOAHBIN
PacTBOPEHHBIH KHCIOPOJ B MOTOKE BOABI MOYTH MTHOBEHHO ITOTJIOIIAETCS HCKITIOYast KUCIOPOIHOE TOIOJaHIe KapOOHOB
BBI3bIBAs PACIIMPEHUE BOJBI, IPUIIETAIOIIYIO K TeJTy OpesH TakK, 4TO B Mape ¢ BUXPEBBIM Y(H(HEKTOM U IeBUTHPYIOLIEH
SHEpruei, popens cxxuMaeTcs o O0KaM U BEIIABINBAETCS BIIEPEH, KaK KYCOK CKOIB3KOTO MbUIA U3 JABSIIINX PYK.

VYuuteiBas noseaeHue Gopenu, U3BECTHO, YTO €CTh HEKOTOPbIE AHH, KOra pblda "rosoaHas", kKak roBopsT pblbaku. B
JpyTHe AHH, OHa, TIOX0XEe, HTHOPHUPYET KPIOUKH BooOmie. [IpudnHa 3TOro B TOM, 4TO HAcalbHas TEMIIEpaTypa BOABL,
IIPEKPACHO MOAXOAUT JJIsl TPAaHCIIOPTUPOBKU NPOIYKTOB [TUTAHMUS, SBIISETCS COBEPILIEHHBIM, U (OPENb MPOCTO JFOOUT CTOSTh
1 KIATh CBOIO MHIIY KOTOPAs IJIBIBET MPSIMO B MacTh. Be€, 4T0 Hy)KHO H3MEHHUTH 3TO CIIOKOHHYIO CUTYAIMIO OYeHb
HeOONBIINM U3MEHEHHEM BO BHEIIHEH TeMIepaType, 4To TAKKe BIUSIET Ha TEMIepaTypy BOJbL. 3aTeM BOJa HAYHETh
CTAaHOBHUTHCS 00Jiee XaOTUYHOM TypOy/ieHTHOM. B pesynsrarte yBenuuupiiascs TypOyJIeHTHOCTD, MUIa POpesn, KOTopas
0OBIYHO CTEKAET B XOJIOJHYIO LIEHTPAIIbHYIO OCh II0TOKA HEMIOCPEJICTBEHHO B POT (hopeity, U3MEHEHSETCS OT CBOETO
HOPMAJIbHOTO MyTH, IBUIAETCS U3 CTOPOHBI B CTOPOHY MOTOK MK peka. Popenb CTaHOBUTCS B3BOJIHOBAaHHOI U OpocaeTcs
OXOTUTHCSI Ha CBOIO MuIILy, 0e3 coMHeHHs Bopua 1po cebe: “I'ne mos ena? Oto 6e300pasue! S uto Ha camoM jese JomKHa
paboTath, 4T0ObI OMy4IUTh €€!” HakoHel, B 0T4asHUU, OHA IIpbIraeT U Oe3paccyqHo OpocaeTcs Ha BCE, UTO B JIIOOOM Cilydae
HAIMOMHHAET €€ MUILY, TOTOMY YTO OHa K 3TOMY BPEMEHH CTajla Ype3BbIYafHO TOJIOJHOH U HEOPEKHOMN, CTAHOBUTHCS
JIerKoit 1o0bIuel s kprouka psroaka. I1o aToMy, mepen rpo30ii wiu Koraa noroja BHE3amHo HarpeBaeTcs, polda, vale
Opocaercs, 4eM TOr/Ia, KOI/ia Ioro/ia OTHOCUTENBHO MpoxJianHas. Peida Takke UMeeT TEHASHIUIO K POCTY Ha IIPUMaHKy K
Beuepy, IOTOMY UTO, K KOHILY JIHS, BOJIa HArpeBaeTCs 10 ONPEACIICHHON CTENIEHU M IIOTOK, TAKUM 00pa3oM, cTaeT dyTh Oolee
OypHBIM, YaCTUYHO HapyIIas HOPMAJIBHYIO TIOCTAaBKY IPOIYKTOB MTUTAHHUSI.
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Puc. 11.2
Henonsmxnas (CranuoHapHast) Gpopens, hopelasb 0O0BIYHO IIaBaeT B CepeUHe IEHTPAIbHOIO TeKYIIEero BUXps, I BOAA caMasl IUIOTHAs U camast
xonoxHasi. I3-3a o0beMa 1 pOpMBI CBOETO Tela, OT/EeIbHbIe TeKYIIHe HUTH IIEPEMENINBAIOTCS U CKUMAIOTCS. DTO MIPUBOJUT K UX YCKOPEHHIO H B
KOHEYHOM UTOre NPUBBIIICHHE X KPUTHIECKOH CKOPOCTH, YTO IIPUBOAUT K 00pa30BaHMIO BUXpEH (IIPOTUB TedeHHUs ) BAOIb 3aJHEH 4acTH Tela.
OTH BEXPH JSHCTBYIOT Bpa3pe3 ¢ HAIIPABICHHEM IOTOKa H 00€CIIeINBAIOT IPOTUBOTOIIOK C TATOH BIepes TpebyeMoii Gopens 111 HaXOMKeHUH B
CTAIlMOHAPHOM COCTOSIHMH B 3TOM OBICTPOM INOTOKE BOJIbI. ECiiM HEOOXOMMO YCKOPHTD ABMKCHHE BBEPX 110 TEUCHHIO, TO OHA XJIONAEM — MallleT
xabpamu. Co3/jaeT OfMH 3a APYrUM PsiZi BUXPEH BIONb CBOMX (UIAHIOB, TEM CaMbIM YBEJIMYHBAs TATY, IPOTUBOIIOTOKA, BBEPX 110 TeUeHHIO. Yem
ObICTpee TeUeHNEe TOPHOTO Pydbsi, TeM ObICTpee Gopenb JBHKETCS BBEPX IIPOTHB TCUCHHSI.

Onnax sl Bukrop [laybeprep J0roBOpHIICs, YTO €ro JIECHUKH Pa3BAyT OTOHb U TOCTABSIT 00MbIoi koten Ha 100 auTpoB
1 Haprewr Bofdy. Bce 310 npoucxoauno npuMepHo B 150 MeTpax BBepX 10 TEUEHHIO Pyubsl B KOTOPOM HENOABHKHO OT/bIXaja
¢dopens. Kak Tonbko Boja Obu1a toctaTtouHo ropsiueii, Bukrop [llayOeprep nan curHan u €€ BBUTHIIH B IOTOK Py4bs, & OH U
Dopxreiimep NpoAoDKaI HAOIIOAATh 3a OBEICHUEM (GOpesu OUeHb BHUMAaTeNIbHO. Kak Tonbko ropsdas Boja Iomnaa B pyuei,
(dopenb Haualo0 KPyTHTh, MOJIOTUTH XBOCTOM, ABUTaThCS B 0OPATHOM HaIpaBJIEHHH BCE 3TO BpeMs, TaKk OHa 60poacs, 9To Obl
COXPAHUTh CBOE MECTONONOKEHUE. YTO-TO PEIMTENBHO IPOU3OLIO C BOJOH U €€ CTPYKTYpOil SHEpruu, KOTopast 00bIYHO
nomorana (openu B fene NoAAEep>KaHUsI CBOETO MECTOIONOKEHUSI. BOCXOAAIINIT TOTOK SHEPTUH JICBUTALUK ObLI TOJTHOCTHIO
paspylleH BBefeHreM ropsiueil Boasl 150 M. Bbime. @openb yxe He CMOIIa 0CTaBaThCs TaM, [I¢ OHa ObliIa B OBICTPOM HOTOKE
0e3 ycunuii, Kak 3T0 ObUIO paHbIIIe.

OTCyTCTBUE SHEPTHH, KOTOPYIO TAKKe HCIONb3yeT (hOpeib sl ABHKSHUS U MOJbeMa BBEPX U MPOJISIBIBATH CBOH
M3BECTHBIE IIPBDKKU, KOTOPbIE OHA JIOJDKHA JIeaTh IePUOAUYECKH B [EIX JOCTHKEHUS HEPEeCTWINILA, KOTOPBIE BCeraa
MOXKHO HalTH B 30HE Y BEICOKOKQYECTBEHHOTO UCTOYHHKa BOIbI . Korna ropsidas Boga Oblia BBeAEHa, TO 00paTHOE IBIDKCHUE
SHEpruu ObLIO YaCTUYHO IPEKPAIIeHO. DHEPrus BAPYT UCUE3Ia U CTala XaOTUYHOH. Best cTpykTypa B ycnoBusix
€CTEeCTBEHHOH TEIUIOBOH cTpaTH(uKauy BOABI ObLIa IIOTEPsIHA, H PErYIIPHOCTD MPOIOIBHBIX BUXPEH € €r0 XOJIOJHBIM
SIpOM, HeoOXoanuMble Ut (hOpesIn HENOABHKHO HAXOJUTHCS B ITOTOKE, ObUIM YHHUYTOXKEHBI. Bee e€ reponueckue ycuus
JUTSL TIOIep KaHUsT MECTOHAXO)KIECHHS ObLIM HAIIPAacHBI, U OHA ITPOCTO MOKaTHIIaCh BHU3 TI0 TEUEHHUIO. 3a ONpeIeTIeHHbIH
IIEpUOJ] BpEMEHH MOIPOTHUBOIOIOKHBIN MOTOK SHEPTUU MEIJIEHHO BOCCTAHABIMBACTCS Yepe3 IPOAOIIKAIOLTHIACS
CITyCK XOJIOZTHOW BOIIBI M B KOHEYHOM HTOTe (OpeIIb CMOTJIa BEPHYTHCS B IPEKHEE MECTOIIOJIOKEHHUE.

B apyroii pa3, BukTop yka3an Ha kKaMeHb B cepeanHe OToKa U cripocun PopxreiiMepa, TeueHre BOABI OYJET TeIiee W
xoJoiHee nocie kamHs. [Ipodeccop movecan B 3aTbUIKE M MOAYMaB 1po ceds: "XM, TpeHHs, TPEHHE CO3aeT TEeIIo", OTBETHII
"ropstame!" LlayGeprep Torna NpeIoKMI eMy IIOMEPHUTH €€, YTOOBI MOATBEPAUTH CBOE MHEHHE, 3asBUB TO, YTO AyMall H
orBetus1 dopxreiiMep ObUTO HenpaBuIbHO. CHAOMB €ro TOYHBIM TEPMOMETPOM M 3aKPYTHUB CBOM OprOKH, Tipodeccop BoIen
B Boay. CeiH Bukropa, Banrep, koTopoMy B TO BpeMsi ObLIO OKOJIO 16 j1eT, ObIIO MPEIOKEHO MPOBECTH Ha MOSICE XYOT0
npodeccopa, YTOObI OH HE TOTEPSLT IIOYBY [TOJ] HOTAMH IO CKOJIB3KMM KaMHSM H He ObUT CMBIT oTokoM. Dopxreiimep
TIIATENFHO H3MEPHII TEMIIEPaTypPy BOIBI BBILIE U HIDKE KaMHS 1 ObUT OYEHb YIHUBIIEH, OOHAPYKUB, UTO TaM OblUIa pa3HHUIA
cocrasstomias okoio 0,5 uzrpagyca Llenbcust — y CTOPOHBI KAMHS XOJIO/IHEE B BHU3 110 TeueHH0. [locie ObLIH caenaHbl psi
n3mepenuid, Gopxreiimep 0OHAPYKHI, YTO OXJIAXKACHHE B 3TUX TOYKax Bapbuposaiack ot 0,1 ° C 1o 0,4 ° C.

IIpu ecTecTBEHHOM IEpeMEIINBAHUN, BOJIA PA3BUBAECT CEPHIO BUXPEH U BOJOBOPOTOB, KOTOPHIE TOPMO3AT €€, HHAYe OHA
OBl OecHpensTCTBEHHO ABUTANACH BIIEPEH, M B TO XKe BPeMs OXJIKIAIOT e€. YCTOMYMBOCTh TEUCHNUS B €CTECTBEHHO IIABHOM
TEUEHUH PEUHBIX CUCTEM TECHO CBSI3aHA C 3TUM BUXPEBBIM JIBIDKEHUEM, KOTOPOE CBA3aHO C TypOyJIEHTHOCTbIO, BOHHUKAIOIIIE
Yyepe3 NPEeBBILEHUH KPUTHIECKOH CKOPOCTH 110 OTHOIICHHUIO K TeMIIepaType BOJbl, Kak yOMHUHAIOCh paHee. Takas Boaa
HUKOT/Ia HE OYJIeT yCKOPATHCS HENPEPHIBHO U JIETETh CTPEMIVIAB BHU3 C JAHHBIM TEMIIEPaTypHBIM I'PaJUEHTOM, a, B
3aBUCUMOCTHU OT €ro TeMIEpaTypbl U TUIIA TEMIICPATYPHOI'O Ir'palu€HTa B CHUJIC, OHA 6yJICT JO0CTAaTO4YHO 6]>ICTpO Ppa3BUBATLCA B
BUXPE M TEM CaMbIM 3aMEJTUT €€ CKOPOCTh MPSIMOTO MTOTOKA, MO TOW MPOCTOI MPUYUHE, YTO ITH BUXPH HPEICTABISIOT COOON



NPUMEHCHHS aBTOMaTHYECKOr0 TOPMO3a IyTeM CO3[aHUs BCTPEUHOTO JBIKCHHS B HAIIPABICHHUH BBEPX 110 TCUCHUIO, SIBICHHUE,
KoTOpoe OyaeT 0ObSCHEHO B CICAYIOLICH IaBe.

11.3 Pviba u aiyo

Jpyroii uHTEpecHbIi acnekT Gopenu B ToM, uTo hopma e€ Tela SIBISIeTCS pe3yJIbTaToM KOMOMHALIUH Tpex Gopm
sIIa, IByX BBITSIHYTBIX B BUJI€ CEMSIH WJIM 3€pEH U ApYyroil B popme siitua (puc. 11.3), Bce U3 KOTOPHIX MOTYT OBITH TOUHO
BBIUHCIICHBI B MATEMaTHKO-TUIIEPOOINYECKOH crcTeme, pazpaborannoit Bansrepom llayoeprepom. Mel TakuM 00pa3zom,
00ecrIoKOeHbI CII0XKHON GopMoil siina. Kak ObL10 OKa3aHO B OIBITE C BEICOKUM CTaKAaHOM, SHIeBUIHAS GopMa,
JIEHCTBUTEIBHO KaXKETCsl, €CTh OIpeieTeHHast OIM30CTh K BUXPEBOMY JIBIDKEHHIO, M 3TO 0YEHb BO3MOXKHO, YTO CONIPOTUBIICHUE
9TOM (HOPMBI JUIst ABMKECHHS BIIEPE, MM KAKOMY-JTHOO0 NABJICHHIO, TOPA3/I0 MEHBIIE, YeM 3TO ObUIO ObI B IIMIIMHIPUYCCKOM
(UIap) WM JUTUNTHYECKON (AITUHC) CUCTEME.

c Topua

Bupg ceepxy

“3. 11.3 Tpu anua penaiot pbidy

dopma cammx pbib COCTOUT U3 TPEX B3AaMMOAEVCTBYIOLLIMX ALEBUAHBIX-0PM. MoToMy 4TO chopMma sliLia NOCTOSIHHO MEHSIETCS!, HEEBKNWAOBA KPMBU3HA, OHa
Be/eT K CoKpaLleHne TpeHUs 1 06pa3oBaHmio 0GPaTHOI CUMbI TONMKaloLLMe BUXPU, KOTOPbIE, eCN AOCTATOMHO YCUNUIUCH, NMPUBEAYT K BbICTPOMY ABUXEHMIO
Bnepes.

3nech MbI IOJDKHBI KpaTtko oopatuthes k Cucteme Banbsrepa Illayoeprepa u [Tudaropa-Kemepa u cBs3aHHBIX ¢ Hell
MareMaTrHuKe, KOTopble pa3pabotansl u3 [Indaropeiickoil KOHIEIIINY IOHATHH FAPMOHHUK, MOJTyUYeHHOH n3 MoHOXOpIa
(OmHOCTYHHBIM HHTCPYMEHT), €IMHCTBEHHOW PE30HHUPYIOILEH 1OCIIe0BaTeIbHOCTH, U IUIAHETAPHOTO ABHKECHUS
u rapmonuu Moranna Kemnepa. [TocpenctBom paszaeneHus HenbIMU YUCIIaMU JUTHHEL €70 TOCIe0BaTeIbHOCTH, TO €CTh Ha
2,3,4,5, ¥ T.I., HEKOTOpbIE MYy3bIKaJbHO TAPMOHHYHBIE HHTEPBAIIBI MOTYT OBITH IOJIy4eHbI U3 MOHOXOpAa, KOTOPEIE, B
UX YUCIEHHOE COOTHOIICHUE UTMHBI M OCNIEI0BATEIHOCTH, YTO ObI MONTYIHUTH 3BYK, MOTYT OBITh HHTEPIPETUPOBAHBI KaK
B3aUMOZIECHCTBHE.

3710 K€ B3aMMHOCTb U3 KOTOPOH IIOCTOEHA MPSMOYTOJIbHAS THIIEpOO0Ia, YIIOMSHYTas BIPEABIAYIINX IJIaBaX HOCTPOEHa B
COOTBETCTBHH C MPOCTHIM ypaBHeHHEeM Banbrepa [llaydeprepa 1 /nxn=1. 3gech 1/n mpeacTaBusier paanyc WiH JJTHHY
CTPYHBI, M N BBICOTA HaJl 6a30BOM WK ar BUbpupylomei crpynsl. Ecmun=1,710 1 /1 x 1 =1, Ha camom zere c 1°
YMHOXXEHUEM PaJiyca Ha BBICOTY MPOM3BOAUT KBAJPAT CO CTOPOHAMH JUTMHHOM eauHuna (cM. puc. 11.4) Toraa xak,
MY3BIKaJIbHO TOBOPS, CTpYHHA JuIMHON 1 mpousBoxaut war 1. Eciau n = 2, ¢ apyroit ctopoHsl, To 1 /2 (paguyc) x 2 (BbIcoTa)
TaKke paBHA |, B 9TOM Cilydae IPSIMOYTOJBHUK 1 / 2 - eIMHUIIA INUPHHBI M 2-eJUHHULBI BHICOTHI M PaBHBIMU B 00JIACTH Ha K
YIOMSIHYTOMY KBaJpaTy WU, C TOYKH 3pEHHS TOHA, IJIMHA CTPYHBI 1 / 2 MPOM3BOJMT MEPBYIO OKTABY WITH IBOWHOMN
opurnHanbHbIM miar. Ecmun =3, 10 1/3 X 3 Takke caenaer mpsiMOYroJIbHUK ¢ o01iel miomaapto 1. J[pyrumu ciioBamu,
YMHOXXHUB 00a B3aIMHBIE YCIOBHUSAX BMECTE, OTBET Bceraa paBeH 1. UTo MoxeT ObITh Ipollle MaTeMaTudecku!
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Fig. 11.5 runepGonunueckuit koHyc

Fig. 11.6 MMnep6onuuecknii koHyc



ITpumenutensHO K KoHLenuu Keriepa, KOTOpBIil ObII IEPBBIM YETIOBEKOM, KOTOPBII ONpEnenl, YTO OpOUTHI IIaHET
OBLTH KCLEHTPUYHBIMI BOKpYT CONHIIA, 9TO JKe ypaBHEHHE OTKPHIBAET MHO)KECTBO MHTEPECHBIX HCH B IPOHUKHOBEHUE
CYTH €ro TpeXMepHOH GopMe, a UMEHHO Kak runepOosinueckuil konyc rnokasanslil Ha Puc. 11.5. Korna o BnepBsle Opaiics 3a
niepo, Keriep nepBoHav4anbHO OMKcal IIaHeTapHbIE OPOUTHI, KaK OBaJl, T.C. sIMLIEBUIHBIC (SHIIEKICTKN = SIAI0), HO OTOMY
YTO OH OBLT HE B COCTOSHUU ONPEAEIUTbh UX MATEMAaTU4ECKH, OH ObUI BHIHYX/ICH IIPUHATH IPOCTOH AIUIUIIC, KOTOPBLI st
OOJNIBIIMHCTBA U3 IUIAHETAPHBIX OPOUT HOBOJILHO OMM3KO MpHOIMKaciuck. [IpuHUMas BO BHUMaHKE, YTO Y SJUIUITHYECKOH
opOuTH! HMeeTcs 1Ba (okyca - CoNHIle 3aHUMAeT OAUH, JPYTOH SBISSTCS MyCTHIM - H CHMMETPHUSI OTHOCHTEIIBHO 00eHX OCeH,
SIHIOBUIHAS-OPOUTA MMEET JINIIb OJUH (POKYC - ONHO3HAYHBINH U €IMHCTBEHHO BO3MOXKHOE MecTo it ConHua — U
CUMMETPHUYHA OTHOCUTENBHO TOJIBKO IPOAOIBHON OCH.

ITo cpaBHEHUIO € TIOTHOCTHIO CUMMETPUYHBIM 3JUIMIICOM, IIOCTOSHHO U3MEHSIOIIAsCS KpUBast THLEeBUIHON
-OpOUTHI TOPA3IOo JIyYIlle OTPaKAeT PasHble CHIIBI IPaBHTALMOHHOTO NPUTsDKeHHs COJHIA, IIOCKOIBKY IUTAHETa IBIKETCS
BOKpYT He€. Kpome Toro pasHOpoHast KpUBU3HA Si1la Ha IPOTUBOIOJIOAKHBIX KOHLIAX TOXE TOPa3o dydllle OTPaxaeT
U3MEHEHUs] B CKOPOCTU M PE3YyJIBTUPYIOLIUI ITyTh, IJIAHETHL, TAK KaK OHA ycKopseTcs B cTopoHy ColHIIa, 10Ka OHA He
JIOCTUTHET CBOCH MaKCHMAJIBEHOH OpOUTAIBHOM CKOPOCTH B NIEPHTeIINH (IIOJI0XKEHHe, camoe Omuckoe K COIHILY, TyHoH
KOHETI STHTa (ocTpsiii konen siiia)). [I[poHas 3Ty TOUKY TUIAHETHI, 3aMEUISIFOTCS, JOCTUTAst CBOEH MIHUMAIBHON CKOPOCTH
B atenmu (TIoI0XkKeHNe Hanboee ynaneHHoro ot COJHITA; OCTpEIi KOHEI sIiIa (tynoit korew siina)). O6a TepMHUHA, HEPUTSIIHI
u adenuu, SBISTIOTCS TepMuHamMu Kerutepa.

IIpoBens MIOCKOCTb CEUEHHE 3TOr0 TBEPIOIO Teld, B KPYTO HAKIOHHOU IFIOCKACTH K KOHYCY, PE3YAbTaTOM ILIOCKOH
MOBEPXHOCTH opMe 3epHa, Kak Ha puc. 11.6. Eciu pa3zaenuts nokacateqbHOM K MOBEPXHOCTH TUIIEPOOIHMUYECKHII KOHYC, TO
PE3YIBTHPYIONHIT IPODIITE Pe3KO YKaXKeT Ha oquH KoHell. C Ipyroi CTOpOHY pa3zieNeH s, B3ATO 1o/ Oolee INIOCKHM YroJIoM
TO nmoiy4uM (opmy siifiia, mokazanHas Ha puc. 11.7. Eme Gonee ManeHbkue yriibl OyIyT MPOU3BOANTH IUIAHETAPHBIC OPOUTHI,
xoTopsle Keruiep BriepBbie onucan ¢ TEPMUHOM OBaJl.

Fig. 11.7Ha paannuHbIix ypoBHAX runepGonMyecKoro KOHyca nony4arTca pasnvyHble hopmbl



Fig. 11.8 MakeT pbI6
Purypel peid co3gaHbl Ha KOMMNbIOTEpe.

Hcrosp3ysi COOTBETCTBYIONIYIO KOMITBIOTEPHYIO IPOTPaMMYy , 4TO Obl OOBEANHHUTH JAHHBIE U3 JBYX Pa3/IeiioB
TaHTCHIMAIBHBIX Pa3eioB Pa3IMYHON IIMPHHBI, HO OAMHAKOBON JUTMHBI, MOTYT OBITH CO3/IaHBI OY€Hb MPUOIIKEHHBIE
(bopMBI pBIO, KoTOPBIE N300paxkeHsl Ha puc. 11.8. TyT moka3aHsl 4eTbIpe H300paKeHUsI IBYX PHIO CeTaHbIe aBTOPOM. DTO
XOPOIIO AEMOHCTPUPYET BO3MOXHOCTH ISl IIPUPOJHOTO, HE eBKIMJOBOTO AM3aifHa Pa3iMYHBIX AlllapaToB M YCTPOICTB,
MIPEJ0CTAaBIISIEMbIX MaTeMaTH4deckoi ciuctemMoi I[Tudaropa-Keriepa, ¢ KOTopoit MOXeT ObITh TOUHO pacCUMTaHa JF00as
xenaemas Gopma sina.

12 CILJIABHOM KEJOB

B npenpiaymux miaBax Mbl Hadanu OOJbIIE Y3HABATh O MOBEICHUH BOABI U JUIS TOTO, YTOOBI MOMYYUTH e1ie OoJibIe
B TUIABAaHUH MPEIMETOB, MbI CeYac paCCMOTPHUM IEPBbIN KpynHbIH npoekT Bukropa Illaybeprepa, ycnerninas padora
KOTOpPOro ObLIa OCHOBaHA Ha €ro pacTyIlleM 3HaHHM O BOZE U €€ XapaKTepHOH CYIHOCTH. DTO ObLI CIIaBHOM-IOTOK (KaHal,
xeno0) Ha peke CTEepIIMHT KOTOPBIN Hadas CBOIO ACATENLHOCTh B KOHIE 1923 rona.

Bbnaropaps ero 6onbIIoN yHAcIeJOBAaHHOI TI00BU K JieCy U, KaK yIeHHK JIeCHUKa, B iepuoa ¢ 1903 mo 1914 r. Buktop
[Tay6eprep O6bicTpo MproOpeTan MHOTO 3HAHHI O Jiece, IEMOHCTPUPOBAI CBOM 3HAHHUS YMBIISISI CTOPOKUII, H OBICTPO BBIPOC
13 paHra JIECHUKA JI0 JIECHUUETO, caMasi BEICOKas JOJDKHOCTD JUISL TEX, KTO HE MMEN aKaIeMU4eCKOro 00pa3oBaHus B 001aCTH
JIECHOTO X03stiicTBa. Ero mpojBmkeHne Kak JecHUKa ObLJIO MPEPBAHO IO MPHU3BIBY B apMUI0, YTOOBI cpaxarthbes B [1epBoit
MHPOBOH BOMHE, B X0[€ KOTOPOU OH ObLI paHeH. B koHIle BoliHBI B Bo3pacTe 33 OH MPOJOJIKUI CBOIO Kaphepy, U B
OTHOCHTEJILHO KOPOTKHH NIEPHOJ BpEMEHH, OH UMEJI OIPE/ITICHHYIO PEIlyTalliio, KOTopas IIpHUBelia ero Ha ciyx0y B 1920
TOy B OXOTHHYEM U JICCHOM 3allOBEAHHKE IPHHAIeKAIEMy HeMelkoMy npHrHIy Anonbgy 1y IllaymOypr - Jlumme, dbe
ponosoe nomecthe 0110 B brokeOypre B Huknelt Cakconuu. Kak y necHudero B 06s3aHHOCTH BukTopa, BXOAMWIO CMOTPETh



3a 3T0i 00IIMpHOI obOnacTeio Ha BpronHenTxan (IlBelinapust) B (Mecteuke) Ctupaunr, Bepxuss ABcTpus.

Cpagzy mociie BOIHBI SKOHOMHYECKAst CUTYyalls B IOOCKICHHBIX cTpaHax ABCTpuM U [epManuu Obli1a 0COOCHHO
TpynHoil. HecMOTps Ha 3TO, HEKOTOPBIE U3 XOPOIIO 00ECIICUEHHBIX MONIPEKHEMY CUMTAIIN, YTO OHH MOTYT NPOJOJIKATh XKUTh
KaK NpPeX/Ie, U BEPHYThCS K yacThiM OaHkeTam B Monte-Kapio. [Ipunir Anonbd 1 ero HoBast MoJIoziasi )keHa, puHIiecca
Onnen (B neBuuectBe bumogd-Koprxayc), He Obun uckirodeHneM. EnuHcTBeHHOM po0ieMoii ObLIO TO, YTO OHU CHUIIBHO
MIPpOUTPaINCh, KOTOPpas MPEAOCTABIIsJIa MIPUHIY HCOAHOKPATHLIC 3aiMBI C B ITOMBITKE BCPHYTH AOJII'H TO, YTO OHA IOTEPsAIA.
EnMHCTBEHHBIM CPEJICTBOM MMEIOLIMECS B €T0 PaclopsHKeHHH, 4TO0bI H30ekaTh OaHKPOTCTBA, ObLIO NPOJATh JIPEBECHHY
HCTpOHyTOP’I Ha 6OJ'II)U_II/IX y4acTKax J€BCTBCHHBIX JIECOB Ha X UMYIICCTBE Bp}OHHCHTXﬁJ’[, HEKOTOPBIC U3 KOTOPBIX 6bl.]'[l/l B
O4YEHb OTAAJICHHBIX paHOHAX U TPYJHO OCTYIHBIX MecTax. Kak BBIHTH U3 Takoi CIIOXKHOM cuTyarun?

Jlo u Bo Bpems ero paboTsl y npuHia Anoinbda, Bukrop Illaybeprep pabotan Hal [U3aifHOM CIUIABHBIX - JIOTKOB
JUTs1 0€30MaCHON TPAHCIIOPTHPOBKH APEBECHHBI, HCIIONb3Ysl CBOM 3HAHHS O €CTECTBEHHOM JIBHXKEHHHU BOJBI M TO, YTO OBLIO
HepeJaHoe eMy OT JJaBHUX MPEJIKOB CBA3aHO CO CIUIABOM JPEBECUHBI 10 pekaM. OH ObLI OUeHb 00ECIIOKOEH MOBPEXKICHUEM
JIECOB U ITOTOKOB, CBSI3aHHBIX C HOPMAJIbHON CHCTEMOI1 [l BOCCTAHOBIICHUS HEJOCTYIHBIX YYaCTKOB, TaK KaK B T€ THU
0OBIYHBIM METO/IOM TPAHCIIOPTUPOBKH ObLIO, yIIABIINE JEPEBhs U CBEeXecpyOeHble OpeBHa Opocaiu B Orpkaiiiie
JOCTYIHBIE PEUYLIKH, U B HA/I€XK/I€ TIPH BEICOKOH BOJIE BECTHOM, YTO HEKOTOPHIE U3 HUX NMPUIUIBIBYT K JIECOMMIBHOMY 3aBOLY
B IIPUTOTHOM K 00paboTKe COCTOAHUM. JTa cucteMa ObUia KpaifHe pacTOYMUTENIbHA, MHOTO LIEHHOM APEBECHHBI IIPOIIAao,

1 MHOTHE OpeBHA OBLIM HACTOJIBKO PACKOJIOYEHBI TTOCTE TSKEIIOTO IIePexo/ia, YTO OHM CTAHOBHIIMCEH OECIIONe3HBIMH 1
HCTIOJIb30BAJIMCh TOJIBKO Ha Aposa. (puc. 12.1).

Hecxomnpko pa3 Buktop mpencTasiisu CBOM MPOEKTHl COOCTBEHHUKAM, TOJIBKO UTO ObI HAAMEHHO C HACMENIKOH OBITh
OTBEPTrHYTHIMH, IOTOMY YTO ITyTh JIOTKA K pab0Ta ero MOJIHOCTHIO MPOTHBOPEUYHIIN JOKa3aHHOW THIPABIMYECKOI TEOPHUH U,
CJIeIOBATENIFHO, HH KOTIa He JOJDKHBI OynyT paboTaTh. B KOHIIE KOHIIOB, KaXIbIi € JIIOOBIM XOPOIINM aKaJAeMUIECKIM
00pa30BaHKUEM 3HAJ, YTO, B COOTBETCTBHU C MPUHIIMIOM ApXHMeE/a - APEBUCHHA TSDKENIee BOIBI - "Tpy3HIIo, rpy3" - He
MOINIU OBITH TPAHCIIOPTHPOBAHBI BOIOH, OHU NIPOCTO OMYCTATCS HA AHO.

OueHb OTPE3BICHHOM MEePCIEKTHBON BO3MOKHOTO OAaHKPOTCTBA M YCJIBIIIAB CITyXH O HEOOBIYHOM JN3aiiHe CIIaBHOTO-
notka Bukropa IllayGeprepa, KHsbKHA MOJONLIA K HEMY, YTOOBI BBIICHUTB, YTO OBl y3HATh C KAKOW SKOHOMHUEH MOXHO OyJeT
JOCTHY HOPMaJIbHOH CTOMMOCTH IEPEBO3KH Jieca KOTOpast COCTaBysIa 12 MIMUTMHIOB 32 OAUH KyOUUECKHH METp, MOTOMY Kak
CYIIECTBYIOIIE IOTEPH, YKa3aHHbIE BBIIIE, JOJKHBI OBbITH MPUHATH BO BHUMaHKHE. BUKTOp OTBETHII, YTO PacXofbl MOTYT OBITh
COKpaIIEHbI 710 | mmumHra 3a 1M°, B TOM 4nciie aMOpTH3aIus 3aTPaT Ha CTPOUTENLCTBO, TIOTOMY 4TO KaK10€ OpPEBHO OymeT
IPUXOIUTh B XOPOIEM cOcTOsIHUM. [IpuHIlecca yxBaTuiIach 3a Uieko.

Hecmortps Ha T0, uTO BUKTOP HE MMen akageMUuecKor KBaIu(UKAIHN, OHA IPEATOXKIIIA €My IOIHSTh €ro )KaJoBaHHe
B TPU paza, €M OH COIVIACUTHCS IIOCTPOUTD €ro U MOMPOCHIIAa My’Ka JIaTh COIVIacHe Ha ero crpourtenbeTBo. OH coracuics,
TOBODSI, UTO, XOTS OH OyJIET OUYeHb HEOOBIYHBIM, €CJIH BCE MOM/IET XOPOLIO pelaTrbesi PUHAHCOBBIE MPOOIEMBI, U3-3a
GonbLI0r0 OXKUAaeMoro oobema. Ero corntacue, ObLIO ¢ y4€TOM JIBYX YCIOBUIL:

1. Kanan nomkeH OBbITh HOCTPOEH 3a cUeT COOCTBEHHBIX CpelICTB Bukropa u Beitydae ero He (DyHKIIMOHUPOBAHUS OH JOJDKEH
OBLJT TAKOKE 3aIUIATHTH 38 €ro CHOC.
2. Kanan noymwken noctasinsth He menee 1000 M TBepIOii APEBECHHBI €XKETHEBHO.

BuxkTop ObL1 pag NpUHATH BBI30B U CPa3y K€ Hauaach MOATOTOBKA K CTPOUTENLCTBY €r0 IIEPBOIO KaHaa JULs CIUIaBa.
D10 OBUIO HE33JONTO J0 TOTO, KOTZIa He OBLIO IOTOBOPEHHOCTH, B KOHEYHOM HTOT'e TIPUBIEKIO BHIMaHUs COOCTBEHHHUKA Jieca
u Mucruryrom ['napasnuku u3 BeHckoro yHuBepcuTeTa, KOTOphle ObUIM BO3MYLIEHBI TEM, YTO MOJIOAOH BBICKOYKA JIECHUK,
YAOCTOEH TaKOTO BBITOIHOTO KOHTPAKTA, KOTIa OHU JIOJDKHBI OBIIIH OBITH MPU3BaHBI 32 UX ONBIT. Bee 3T0 OBIIO COBEPIIEHHO
0e3pacyIHO U TOBOJIBHO HeJero!

BMecTo 00BIYHBIX TPSMOYTOJBHBIX WM TPANEUBUIHBIX OCHOB (()OpM) KaHAJIOB, CIUIaBHOM -kaHan [1layOeprepa nomkeH
OBLT OBITH TIOCTPOEH U3 JIepeBa, CEUSHUE CIIABHOTO -KaHaa ObUIo B hopMe stiila, WITH, BEepHEe, TIOJIOBUHBI SHLIEBHIHON
¢dopmsl (puc. 12.2 u 12.3- akTruecku Oosee Mo3HMI cripaBHO#t -1oTok Ha Hoiibepre 1928), 1 3T0 10/mKHO (QYHKIIMOHUPOBATh
B HapyLIEHUH OOIMINX YCTAaHOBJICHHBIX NPUHIUIIOB OOBIYHON THApaBIUKH. Korga oHM OBIIM TOTOBBI Ha4aTh CTPOUTEIHCTBO,
IUIOTHHUKY U paboune cupocui Bukropa Illaybeprepa, rae oH 1oKkeH ObITh HocTpoeH. OH cKa3ald UM, U3yduM (HOpMy peKH
1 JIOJMHBL, ¥ CIISNOBATh 32 HUM KaK MOJKHO OJIFKe, IIOTOMY YTO BOZIA HUKOTIIA He JTIOOUT JBHUTAThCS MO TPSIMOH JIMHUH,
a Bcerza u3rubasch B €€ eCTECTBEHHOM M3BHIMCTOM JIBIDKEHUH M IPUMEPaM NPUPOJIBbI HYXKHO BCEra cenoBaTh. I1o3Tomy,
KakK B KOHEYHOM CU€Te Kak OyJeT MOCTPOEeHA, OH CJIe0BaJl KOHTypaM JIojuHbI (puc. 12.4, 12.5 u 12.6).

3a meHb 10 ciauu 00bEeKTa B 9KCILTyaTaluio, BUKTOp pemmi caenars npeaBapuTelbHblil TECT IPOU3BOIUTEILHOCTH
noTKa. B3sin cBeskee OpeBHO Oyka cpejHero pazmepa, 0HO OBUIO OIYIIEHO B JIOTOK M K CBOEMY yXKacy, OHO CeJlo Ha MeJb, Ha
JIHO, TI0CJI€ HECKOJIBKUX METPOB U HE IBUraJ0Ch C MECTa. DTO OblIa KaTacTpoda U YTO-TO JAOKHO ObLIO OBIThH CAENaHO
HEMEJUIEHHO, 3aIlyCK CUCTEMBI Ha CIIEAYIOLIHI JeHb, U YTOOBI OHA yCNEIHO (yHKIMOHUpOBaia. Pa3ornan cBoux pabounx
0T ce0s1, YTOOB! 1aTh IPOCTPAHCTBO ISl pa3MbllluleHUH, BUKTOp cen Ha kaMeHb, 4ToObl 00ayMaTh cuTyanuto.Korna oH cen
TO NOYYBCTBOBAJI YTO-TO IMOJI3CT IOJ €ro mTaHaMi U BCKOYWJI, ‘{T06bl CXBaTUTh y6era}0mylo JKUBYIO 3MC1O. BblCTpO
cXBaTHUB €€, OpocuIl €€ B IOCTPOEHHBIH 6accelid, ¢ KOTOPOro MOCTyIala BOAa B JIOTOK U IJie NOJKHbI ObLIM ObITh COOpaHBbI
OpeBHa U1 CILIaBa B OIpe/ieNIeHHOM JIoTKe. OH cTaa HaOMIoAaTh Kak IUIBIBET 3Mes Ha IPYryI0 CTOPOHY, 3a/iaBasl BOIIPOC, KaK
OHa TaK OBICTPO IUIBIBET, OH BAPYT HOHSUI 0 €€ CBOCOOpa3HOM H3BIIIIICTOM JBIKEHUH. [Ipuposa BHOBB IPHIILIA K HEMY Ha
IIOMOILb.

JIBroxeHHH 3MeH ObLIO HHASTHUYHO IMPOCTPAHCTBEHHOW KPUBOH cripaiii ¥ Kak (opma pora Kyny (mokasaH Ha puc.
12.7). Ilo3Ban cBouxX pabOTHUKOB, OH IPUKa3aj CIUTh PE3epBHbIHA OacceilH U yOpaTh yTOHyBIIee OpeBHO. 3aTeM OH Aal UM
HWHCTPYKIMU O TOM, KaK IPUKPENHUTh TOHKUE JAEePEBsIHHBIE PEHKH K M30THYTOW CTEeHKe KaHaia, Ha 0opTax (CTOpOHe) JIOTKa,
KOTOpBI€ OyeT JeHCTBOBAaTh KaK Hape3bl B OPYXKEIIHOM CTBOJIE U 3aKpYYUBaTh BOAY I BPAIllEHUs IPOTUB YaCOBOU CTPENKU
Ha JICBBIX TIOBOPOTAX KaHalia U 110 YaCOBOW CTPEJIKE Ha MPaBbIX MOBOPOTaxX kKaHaua (puc.12.8). Paboune npubuBaiu BCro



HOYb ¢ 00eIIaHoil IBOMHOM oIUIaToi, padoTa OblIa 3aKOHUEHA K Havyally CJIEIYIOIIETO YTPa, YCIEeIH K BBOAY B SKCILTyaTallHIo K
TOP>KECTBEHHOMY OTKPBITHIO.

Ha 570 3HaMeHaTenbHOE COOBITHE NOKHO OBbUIO OBITH C YYaCTHUEM IIPUHIIA U IPHHIECCHI, [JIABHBIM YIIOJHOMEYEHBIM
110 JIecHOMY XO3SIHCTBY M KOJIMYECTBOM I'MAPABINYECKUX CHELUAINCTOB U SKCTIepToB. Hu uTo He moMemano Obl HOCIeHUM
MOCETUTh MEPOIPUSITUE, TAK KAK UX CAMBIM 3aBETHBIM KEJIaHHEM ObLIO, YTOObI UMETh BOSMOXKHOCTDH ITyOJIMUHO BBICKA3aTh
Kyuy npe3penuii lllayOGeprepy 1 3aCBUAETEILCTBOBATH €r0 YHWIKEHHE (TIPH BO3MOXKHOCTH ITyOJIMYHO YHU3HTH).

IlepBBIM IIYHKTOM MOBECTKHU AHs ObLIO 3anojHeHue 18 MeTporo niyOuHO yneprkuBatomiero 6acceifna. 1o ObL1 HOBBIH
JIM3aiH U OCMOTPEB AKCIEPTHI COWIN €I0 CTPOUTENHCTBO CIUIIKOM XJIUOKUM U CTEHBI CIIMIIKOM TOHKMMH, YTOOBI BBIEPKAaTh
JIaBJIeHUs HAIlOJIHEHUs. BUKTOp 3aBepuiI UX, YTO OHU OBUIM JOCTATOYHO KPENKUMHU U, UTHOPUPYS UX PE3KUE BBICKA3bIBAHUS 32
CBOIO 0€30I1aCHOCTD, NTOIIET BHU3 K CEpeJUHE CTEHBI, HAIPOTHUB I7ie BoJa OyJeT BXOIUTH, B TO e BpeMs €ro IM03BaIH K
coOpaBimelicss KOMITaHUH, 9TO, €CIIH OH ObLI ObI HENPaB, TOT/a 110 KpaifHe Mepe MUp H30aBHUTHCS OT eIle OAHOTO aypaka. Eciu
Obl OHU CUUTAJIM €T0 SKCLIEHTPUUHBIM U IPEXKJIE, IKCIEPThI ObLIM YBEPEHBL, YTO OH CTaJl ICUXUUECKU PACCTPOECHHBIM, KOT/Ia
HA UX YTOBODPbI BEPHYTHCS OH BBICTPEIMIU U3 CBOETO OXOTHHYETO PYXKbs BBO3AYX.

OT0 OBLI YCIIOBHBIM CUIHAII, YTOOB! OTKPBITH LIIIO3bI HA O0Jee BHICOKOM I1oTHHE. CrienaB 3T0, OH CTOSUL U CMOTPEN
BHHU3 Ha CTEHY, KaK 6 METpOBasi CTCHa MyTHOW BOJIbI, MTOJHOM TUIABAOIINX OOJOMKOB M XJIBIHYJIA B 0ACCEHH C IPYroi CTOPOHBHI.
HecMoTps Ha TOJIKAIOLIYIO MOILb BOJIHBI, BOIHYIOLIUI BOJOBOPOT, CTEHBI AEPKATUCH U OACCEHH MOCTENEHHO 3aIlOIHUIICS.

OT NoCIeAYyIOEero CTaTHIECKOTO pacieTa ObUIO YCTaHOBIIEHO, YTO OH OBLI MOCTPOEH B 12 pa3 Gonee CHIIbHEE, YeM 3TO
OBITO HEOOXOAMMO. DKCIIEPTHI OBLITH OLIENIOMIIEHBI U CIIPOCHIIH, KaK OH K 3TOMY IPHUIIEN, 9TO OB CTPOUTH €T0 B 3TOH 0CO00H,
KOHKpeTHOH, hopme. OH OTBETHII OUEHB JIyKaBO, YTO OH MOy (popMy OT stiiIa OOBIKHOBEHHOTO IIBIIUIEHKA TO, YTO OH
3HAJ, a SKCIIEPTHI He IMENH MOHATHSA, OBIIO TO, YTO KOTZa MEPBEIif IPUTOK BOIBI BOIIEN B OacceiiH, OH OyneT HUPKyIHpPOBAaTh,
3aBUXPATHCS Y OCHOBaHHs U 10 OokaM (puc. 12.9). Bce moToku BCTpETATCS B LIEHTPE, [I€ OHU CTOJIKHYThCS M OTIa4a MOHAET
B IIPOTHBOIIONIOKHOM HalPaBJIEHHH, CO3JAaCT TEM CaMbIM IPOTHBOIIOIOXKHBIN BCIUIECK BOJBI, KOTOPHIH OyaeT
IIPOTHBOJEHCTBOBATh UMITY/IbCY Ha/IBUTAIOUIEHCS BOABI M YMEHBIINT pa3pyIlIUTENbHOE JaBlIeHUE HA CTEHY.

Fig. 12.1 PacTounTentHbIN, 06bIYHLIM CNOCO6 TPaHCNOPTUPOBKKM BpeBeH
Puc 12.1



P 12.2 CrpouTenscTtBo B Hoibepre Fig. 12.3 ﬂuuo-oﬁpaaﬂaﬂ tbopma
CNMNaBHOro NoTKa CNNaBHOro noTkKa

‘.'g"w:“'i ﬁ"'ﬁ

' LW

Flg. 12.4 CnnaBHOW NOTOK I.I.Iayﬁeprepa NOBTOPAET KOHTYPbI LOMWHbI




b gt 4

Fig. 12.5 & 6 3T TwWaTenLHO paspaboTaHHbIe CNNABHbLIE NOTKW

Puc 12.5 & 12.6

Bce 510 3apaboTaino ¢ 60abIIMM YIUBICHUEM H, HECOMHEHHO, OTNPENETIEHHO HE CKbIPasi OTOPUEHUE B HEKOTOPBIX
Kpyrax, IPHUILIO BpeMsl, YTOOBI IPOBEPUTH HEIIOCPEICTBEHHO KaHa-I0TOK. Korna Bee ObL10 FOTOBO, IILUTIO3HBIE BOPOTA
KaHaja ObLIM OTKPBITHI U OTIIPABUIIN OPEBHA B YCTHE 3TOTO MOJOBUHHO-SIHIIEBUIHOTO KaHana. OnHO oueHb 00JbII0e OPEBHO
OyKa OTIIPaBHIIM MEPBEIM U HECKOJIBKO OpEBEH, Ha IOJITYTH B KaHaJe BAPYT 3a)Kalio, M BOJa Hadayla HalMparh M03a/H €ro.
XOTs Bce CMOTpeJIH, 3aTauB JbIXaHHE, BHE3AITHO ¢ TPOMKUM OyJIbKAIOIUM 3BYKOM IIPOIILIO BIEPE] U MOLUIO BOKPYT IEPBOTO
noBopota. OcraibHBIE IpyTHe OpeBHA CIIEJOBAHM, IPOXOWIIH JIETKO BHH3 II0 JIOTKY, YACPKHBAsICh OT CTOPOH HPH
HOBOPOTAX HPOJIONBHBIMH BUXPSMH IIPOU3BECHHBIMU peiikaMH Hape30B, KaK II0OKa3aHO Ha puc. 12.8.

IIpotuB Bcex oUIMaNbHBIX OKUIAHUIA, B IEPBBIH XKe IeHb paOOThI OH JOKa3all CBOIO 3HAYUMOCTh M (PaKTHUESCKH
nocrasui 1 600 xkybomMeTpoB ApeBecuHbl Ha 3aBoj ¥ Buxropy IllayOeprepy 3amuiatuinu. B Boctopre ot ycnexa, 4 He B
COCTOSTHUM TIOBBICHTB €ro B TODKHOCTH JlecHoro ynpasistoriero ("Forstmeister") B cBs3u ¢ sspocTHOH ONITO3HUILINH JIECHOTO
YUHOBHHYECTBA, IPHHII HarpaI Bukrop Tutynom "Wildmeister" mmu "IIpupoansrit Yipasmstomuit " 3a ero ycmmms. [Tozxe,
Bukrop IllayGeprep coxainer o ToM JiHE, KOTJa OH MOCTPOMII CIIJIABHOM-JIOTOK, MMOTOMY 4TO aaHocTh [IpuHia u [IpuHIieccs
ObITa HEHACBITHOW M, BMECTO )KU3HECTIOCOOHOH, 3KOHOMHYIECKOH 3arOTOBKH JPEBECHHBI, KOTOPYIO OH IPEIABUIEI, IIeast
obnacTh jeca ObuIa MOAYHMCTYIO BEIpyOneHa. [ocie BeIpakeHUs CBOETO OTBPAILICHHS K KOPOJIEBCKOH Mape, OH MoAal B
OTCTaBKY M OBLII YBOJIEH B YCKOPEHHOM IOPSAKE 0€3 YILIaThI XKaJTOBAHMUS.

KakuM 00pa3oM paboTaeT CHaJBHOMU -IOTOK, 3aKJII0YaeTCs B cleaytomeM: Boga s 10Tka Oblia mepBOHaYaIbHO
B3sITa B TIIYOOKOM yIep:KUBaeMOM OacceifHe, MUTaeMOM CMEKHBIM IIOTOKOM(pydbéM). B 3ToOM BomoxpaHmimine Boaa
MIOCTENICHHO OTCTaNBaJIach U paccilanBajlach 10 TEMIIEPaType U INIOTHOCTH, XOJIOJHAs BOJa, HAXOAWIACh Ha THE
(puc. 12.10a) . Bona ¢ pa3nuuHOii TeMIeparypoii 3aTeM pas3lienisiach Ha pa3IMvHbIC YPOBHH B pe3epByape, B 4aCTHOCTH, C
HU3KOH Temneparypoii Boasl +4 ° C, u 106aBisiach B JIOTOK.

Ceifvac 3T0 U3BECTHBIN (HaKT, YTO BOJIA C PA3IMYHOMN TEMIIEpaTypoil cpasy HE CMEIIUBACTCS M, ICHCTBUTEIIBHO, 1a U BO
MHOTHX CIIy4asiX, U IpH JOCTaTOUHO JUINTEILHOM BpeMeHH. Ha ocHoBe npuHImna Apxumena ciefyer, 0ojee IIOTHBII HOTOK
OIIPEAENEHHO JIerye, OCPEICTBOM MPOU3BOACTBA MPOIOIBbHBIX BUXPEH, YHOMSHYTHIX paHee, eAMHCTBEHHOE MecTo AJs Ooree
IUIOTHO} BOABI B CEPEIUHE, BCE MEHEE IIJIOTHBIE CIIOU WM MPSDKY U3 HUTEH BOJbI MEHEe IUIOTHbIE CHapYXu. IlockonbKy
TeMIeparypa Bojibl B LICHTPAJIILHOM sIJpe MPOJOIBHBIX BUXpEH OoJiee XOIOAHOM, € MOTOK ObLT OoJiee OBICTPHIM U OoJice
IUIACTUYHBIM; ITOBBIIICHIE TEMIIEPATyPhI BOJBI, C APYrOH CTOPOHBI, YBEIMYUBACTCS XaOTHYHYIO TYpOyICHTHOCTb.



ABpeBAHHbLIR
FRAHKM Hapeaon

SECTION L/L
Latt hamd bamd

b

vaoden-stave
log-Ilume

induced vortoex
thrusts log away
from outside bomd
of fluse wall

iaitial iaflov produows
pictactive comnberflow

Noeegenne B baccenHe

Fig. 12.7 Por Kyny Fig. 12.9 ANLEBUOHON QOPMBI

culd fewder SLream i
{half sgg-shaped
poden lox flume

tangential inflow of
colder bottom-water
creates cold central
vertical core

Cekuun

Fig. 12.10a TemnepaTtypHas cTpatudmkauuna (paccnoeHwe) Fig. 12.10b gecnpennacrsentoi
g- £ B bonkewom BaccenHe EengErlseentte



log heavisr than wakter

= ;B' of flume wall :
- aceelerating centr
cold-water co

Cl ewiflew of
e

ieciised Lamgentinl
iafiew pipe for fresh
14 waler sepply

o e e ]

perface waker Lo H
make reoom for cold waisr fres
freasl cald waler ERErBF siFenE

Fig. 12.12b CeKuna CKBO3HOro

Fig. 12.12alNopgpobHo obmeH Tennon [ XxonogHOW BOALI noTka



Fig. 12.13 UnnrocTpaunna u3 nareHTHOW 3anBku WayGeprepa
Puc 12.13

XOTs HeT HM KakuX (DaKTHYECKH ACTAJICH U CO3aHMs BUXPS, DIIEMEHTHI CYIECTBYIOT JUISl JIOTKOB MOCTPOCHBI MO3KE,
KpoMe Hape30B pelKH, 3To Hanboee BEpOIATHO, YTO, KOTIA BoJa ObLIa BIIEPBBIC BBEACHA B KaHAI U3 YIEPKHUBAOIIETO [T
oTcTauBaHus OacceiiHa, oHa Oblia BBEAEHA B cucTeMy HokacarenbHo (puc. 12.10 6). ITockonbKy HEHTPaIbHOE SAPO BOABL
nepemMernaercs ObIcTpee, YeM BHEITHUE CIIOH, OHa co3J1aia 00IacTh BCaChIBaHMS Iepe OpeBHOM, 0COOEHHO "Tpy3uiio, Tpy3",
U 3aKpyuuBana 3Tu OpeBHa BMecTe ¢ Heil (puc. 12.11). Camu OpeBHa He KacallUCh CTEHOK, U HU JPEBECUHA, HU JIOTOK HE
OBUTH HH KOTJIa TOBPEXKICHBI.

IMeprnoxuaecky, 9TOOB! COXPAHUT SHEPTUIO BOABI, HEMHOTO BOJBI CIIMBAIOCH M 3aMEHSIIN CBEXKeH, Ooee XOIoIHOH
"9HEepreTUYecKoi BoAOi", 13 OypHBIX TTOTOKOB HIIH CMEKHBIX poaHUKOB. Bukrop [llaybeprep 3uan, 4uto, koraa Boaa
HarpeBaeTcs JOOIPEeIeHHOH CTeIIeH!, OHa TepseT CIIOCOOHOCTD IIEPEHOCHUTS, €€ IIOTBEMHYIO CHITy U CBOIO SHEPTHIO JUIL
nepeMelneHns MarepuanoB. [103ToMy OHa J0JKHA ObliIa OBITH 1O]] HANPSHKEHUEM C XOJIOAHOM Bozoi. [To aToMy Gosee Terutyto
BOJIy CIIMBAJIU MPOYb U O0JIee XOJIOIHYIO BOMY HOINBAJIH, BEPOSTHO, TIOKACATENFHO CHOBA (Kak MOKa3aHo Ha puc. 12.12a
u 12b). DTuUM nomnepKuBaeTcs CIIOUCTBIN BUXPEBOM MOTOK, ABUKEHUSI, BCETO BOJHOTO Tela.



C KxaKo¥ CTENHBIO ATU JIOTKH paboTanu B HOYHOE BpeMs HE U3BECTHO. TeM He MeHee, paHO YTPOM, Korna olrmast
Temrneparypa Bozabl Mexay +9 °© C u +10 ° C GpeBHO JepeBa CIycKaaoch 3a 29 MUHYT, TIOKPBIBAJI pACCTOSIHUE B 2 KM Ha JIOTKE
Hoy6epr na IllTeiipmapk. B nonnens, korga TeMneparypa Boabl coctasisteT oT +13 © C no +15 °C 6peBHy Aepea
TpeboBanock 40 MUHYT, YTOOB! IPOMYTUIIECTBOPATH HAa TAKOE K€ PACCTOSHHUHU MPH IPOYMX PaBHBIX ycaoBusax. He Mmoxxer
ObITh HUKAKUX COMHEHUM, 4TO BUKTOp 3Hai, 4TO NPOIYCKHAs CIOCOOHOCTh U CKOPOCTh IIOTOKA BOJbI M3MEHSAETCS B
3aBICUMOCTH OT BPEMEHH CYTOK U CE30HA, IOTOMY 4TO €T0 NMPEIKH BCETAa CIUIaBIIUIM APEBECHHY BO BPEMs XOJIOAHOH HOUU B
MIOJIHOJIYHHE 3UMOH, KOTJa Boja Oblia caMOid TUIOTHOM.

Bceerna nzo0peraTenbHblil U JKeTalomuil IPOBEPUTH CBOIO TEOPUIO Jajiee, UCIONb3Ys TOT JKE CaMbli IPUHLIMII,
Buxrop Illay6eprep pa3paboTai CIUIaBHOH-JIOTOK, CIIOCOOHBLI HECTH elie Oonbliue OpeBHA, KOTOPBIE ObLIN CHA0XKEHbIE
caJla3KaMU U3 PeJIbC, YTOOBI B3SATh JOIOIHUTEIbHBIN BEC TSOKEJION IpeBecuHbl. 31ech ObUla pa3HUIA B IEPOXOBATOCTU
MOBEPXHOCTH CTEHOK KaHayla. B BepxHel yacTu, Haa penbcaMu, CTEHbI ObLTH OoJiee TPyObIMHU a HIKE MX TIIAJKUM, YTO
[I03BOJIAET Teub OoJiee OBICTPOMY IIOTOKY BHU3Y, TaK UTO €CIIM OPEBHO MMeJl TEHJICHIUIO K 3aTOpy, OPEBHO MOIVIO OBbITH
BBITOJIKHYTO (BBITSHYTO) BIiepet 6oJiee ObICTPBIM MOTOKOM XOJIOJHOM BOJBI IO/ HUM. Puc. 12.13 noka3siBaeT
3araTeHTOBAaHHbI MEXaHHU3M JTOTO JIOTKA'.

B nenom Bukrop [llaybeprep mocTpoui ceMHaAIATh TAKMX KAHAIOB B pa3IHUHbIX YacTsax Yexun, UexocmoBaku,
Benrpuu, bonrapuu u PymbiHuy, Bce U3 KOTOPBIX paboTaIy IPEKPacHO U OCTAaBAIMCh B PaOOYEM COCTOSHHUU B TEUCHHE
npumepHo 20 net. JlpeBecuHa, U3 KOTOPOi OHM OBUTH CZeaHbl, He OyJIeT THUTh M3-32 BOZbBI, UCKYCCTBEHHO BbI3BAHHOM,

HO TeM HE MEHee, eCTeCTBeHHOH (opMbI IBIbKeHUs. Kak 310 mponcxoqut OyayT paccka3aHo B I1aBe 15, kacaronmecs
BOJOCHA0KEHHSI.

Ilpumeuanue

1. ABcrpuiickuii natent No.122144, 10 anpens 1931 roga.

13 JTUHAMMUKA ITIOTOKA

13.1 Temnepamypuouii I paouenm ¢ meuenue Ilomoxa

TemneparypHblii rpalieHTa B IBMXKYLICHCS BOJIE MIPAET PELIAIONIYIO POJib U B €€ IBH)KEHUU TaK U B KOHQUIrypaluu
€€ OTOoKa. DTO BaKHEHIIHIA (hakTop, II0X0XKE, OBUT IIOJTHOCTHIO MOTEPSH B OOBIYHOM PEYHOM YIPaBJICHHH, U HCTOPHYECKH,
U 10 celi ieHb. JIeHCTBUTENBHO CTaHJapTHBIE METO/IbI PErYIIMPOBaHUS U UCIIPABIICHUs KaHajla, IPUHUMAas BO BHUMaHUE, KaK
9TO JieTaeTCs MPOCTO C MEXaHWYECKOH TOUKH 3pEHUsI, TOJIBKO HaHeCs yIiepOa BOAHBIM apTEPHsIM U CIIOCOOCTBYIOT BCe
OounbiieMy yiepOy U pacxojibl Ha TEXHHYECKOe 00CITyKHBaHUE UX pycia.

CrangapTHasl pedHas HH)KeHEepHast IPaKTHUKa BCET/a MBITAeTCsl PETYINPOBATh PEKY IIOCPECTBOM OEpEroB peKku
WIN IPYTUMH UCKYCCTBEHHBIM YJIEP KUBAIOIIMMU CTPYKTYPaMH ITOTOKA, M HU KOTJIA ITyTEM PEOpraHu3aliy I10TOKa
coOCTBEHHOM 3HEPrHH BOAbI, KoTopbie Bukrop Illaybeprep pe3ko KpUTHKYeET:



"J]J1s. peTyIMpoBaHHs BOXHOTO IMyTH C IIOMOIIBI0 OEperoB pekH, 03Ha4aeT HOMCTHHHE O0POTHCS ¢ MpuanHOH ddexra. ... Ona

HE MOXKET U He I0JDKHO OBbITh 3a/1aueii peuHbIX HHXKeHEepOB, uctpaButh [Ipupoxy, Hapymast e€. Ckopee Bcero Bo BCeX MOTOKAX,
TpeOyIOIINX PEeryIupoBaHus, ero pabora JOHKHA COCTOAThH B TOM, YTO ObI HCCIIE0BATH [[pHPOIHBIEC TPOLIECCHI, HACKOIBKO 3TO
BO3MOXKHO, U TTOJpaXkaTh npruMepam, kotopsiM [Ipupozna obecrieunBaet myTh 340pOBOTo MOTOKA ... Kaxkaoe HapylieHue, 3aMeTuMm,
OTpa)kaeTcs Ha MPECTYIMHUKE (Ha TOM KTO Hapymii 3akoHsl [Ipupospl). ... Kak B 3aBUCHMOCTH OT HIPHPOTHOTO IPaUeHTa Boja
OIyCKAeTCsl BHU3, OHA JIEJIaeT 3TO B COOTBETCTBUH C BEIUYANUIIINM BHYTPEHHUM 3aKOHOM, MOIITHOCTh KOTOPOTO HAIIIX SKCIIEPTHI 10
THPABINKE HAUKAK HE MOTYT MOHSATH. ... BoJbliee KOMHYECTBO HH)XEHEPOB CTPEMHTCSI HAITPAaBUTh BOJAHBIN KaHAI, O [yXe KOTOPOTO K
IJIe OH celiuac HaXOAUTCS ellle HEBe)KSCTBEHHBI, KOTOPhIE HANPABIISIOT 110 CAMOMY KpaTdaiIieMy MapIpyTy U CaMbIM KOPOTKUM
MapIIpyTOM K MOPIO, 4eM O0JIbIIe B IOTOKE BOJIbI BECHT B HEMIO/IBIKHBIX [TOBOPOTAaX, TEM JOJbIIE €€ MyTh U BOJa CTAHOBUTHCS
xyxe."

B cBere 3TOT0, eciu pusuueckuil pakTop TeMmeparypbl U Ooee HECYNIeCTBEHHbIC BEUMIUHBI BPOXKACHHBIX DHEPTUH
BOJIbI HE MPUHUMAIOTCS BO BHUMaHHE, HU OJJMH U3 MHXCHEPHBIX MPOCKTOB Ha peKaxX HUKOT/A He OyleT MOJHOCTHIO YCIICIIHBIM
¥ BO MHOTHX CITy4asix OyJeT COBEpIICHHO BPESHBIM, TaK K&K IMEHHO OT 3THX OYCHb TOHKHUX Pa3lIMYHsAX B TEMIIEpaType
3aBHCUT aKKypaTHOE BOJOOTBeieHHe. V3MeHeHre B TeMIepaType BOTHOTO Tella B IIeJIOM U B €€ Pa3IMIHBIX YacTIX HACTOIBKO
TOHKHE, JIeKallue, BO3MOXKHO, B npenenax ot 0,1 ° C go 2,0 © C, uro coBpeMeHHbIe HH)XEHEPHI 110 TUIPABIMKHA HUKOTIA He
oOpalaay HU MaJieiIlero BHUMaHus Ha HUX. boliee Toro, OHM 0OBIYHO CUMTAIOT TEMIIEPATYPY BOJBI KaK HE B)KHOE 3HAUCHHE,
HU OTHOCSIIIHECS HU K (JOpME MOTOKA, HH K €r0 SHECPTHH.

OTH HEOOJIBIIINE, HO PELIAIOIINE U BAXKHBIC PA3JIMUMS B TEMIIEPATYpe BOABI MO3TOMY HU KOT/Ia HE BKJIFOYAIOTCS HU B

Kakue THApaBIndeckre pacueTbl. Hu uero, KakeTcs, He H3MEHHIIOCH, KOT/Ia 51 OOHAPYXHJI B CBOEM KPAaTKOM OOCYKICHUH C
npodeccopom JrxoHom @. Kennenu onrcanHoe B miase 8. Y 3TOro YHylIeHHs HMIOTCSL KaTacTpO(GUUECKUE MOCIIEICTBHS
HE TOJIBKO JUTS JIFOZICH, UBYIIHUX PSIIOM C PEKaAMH €CTECTBEHHO OTPETYITUPOBAHHBIMHE, HO U [UIs OOILETro KJIMMara i KaueCTBO
caMoii BOJIbI.
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Puc. 13.1 YepenoBaHue OTIOKECHUS U YUCTKA (COCKpeOaHUE OCaIKa )
1. ITotok ot A k B nportekaer oz oTpuniaTeabHbIM TEMIEPATYPHBIM I'PaJUEHTOM B KOTOPOM BOJia Bce Oonee u Oosiee HarpeBaeTcs: U Ha4YMHaeT
OT/IaBaTh CBOW B3BELICHHBIC YACTHUIIBI, B OCAJIOK.
2. MakcuManbHOE OCaxIeHHE IPOMCXOIUT pH B, a Taxke MojokeHne HaMEHBIIEH ObeMHOM CHIIBL.
3. HakoruieHne ocakoB, 3[€Ch 3aCTaBIISIOT BOAY YACPKUBATh B ce0€ YaCTHUIIbI, IPUBOJIS K BOJOBOPOTY C MONEPEYHBIM FOPH30HTAIBHBIM
PacIONIOKEHHBIM BUXPSI, PACIONIOKEHHOMY Cpa3y jKe BHH3 [0 TEUCHHUIO OT B.
4. Cpazy nocne B, D nnu F 3THX BUXpH HE TOIBKO OXJIAXIAIOT BOJLY, HO BTATMBAIOT MaTE€pUalIbHbIE I[ACTHLIBI pyciia, 00pa3ys BEIOOMHBL.
5. B pe3ysabTare 3TOro BUXpEeBOro OXJIaXKICHHUs JeHCTBUEM TEMIIEpaTypHOro rpagueHTa ot B 1o C cTaHOBUTCS MONOKUTENBHBIM U OCaI0K
NEPEHOCUTBCS M HE BbINAJACT BBUJIE WiIa. BhinajeHue yacTHIl HOCTENEHHO IPOMCXOAUT IIPU Havyalle OTPULATEIbHOI0 TEMIIEPATYPHOro IpajueHTa
Ha C cTraHOBHTCS 0OJIee HHTECHCUBHBIM.
6. DTO MPUBOIUT K aHAJIOTUYHOM cuTyanuu B D, mpoucxozsiero B B.
VcnipaBieHue 3TOro HeXKeNaTeNbHOrO SIBICHHS MOXET ObITh JOCTHIHYTO 32 CUET 00eCIeUeHHUsI PACILIMPEHHUS ITOr0 YepeaoBaHus Ha Ooree JUTMHHbIE
paccTOsIHUS TOCPECTBAM O0BEANHEHHUS COOTBETCTBYIOIINX BHYTPEHHUX CTPYKTYP YIPABICHUS TOTOKOM.

Buxkrop IllayGeprep, ¢ 1pyroii cTopoHbI, paccMaTpuBaj 3TH (PaKTOpPbI, CYIIECTBEHHBIMU M a0COIIObHO BaXKHBIMU U
COBEPIIIEHHO HEOOXOAMMBIMH, YTOOBI PALIMOHANBHO HCIIOIL30BaTh [Ipupoansle BoxHble pecypchl. OH KaTerOpUYECKH 3asiBIIsLI,
YTO HU KaKO€ PETYIHPOBAHHS HE MOXKET ObITh YCHEIIHBIM, €CJIM OHO HE MPHHSIIO BO BHUMAHUE, TaK KaK OHO 3aBHCUT OT
TeMIIepaTypbl BOJbI U TEMIIEPATYPHOIO I'PaJUEHTA, IPEUMYILECTBEHHO aKTHBHOIO B/10JIb €€ IBM)KEHUS, YIAIUT JHU PEKa WK
YHECET, WIH TIOSIBUTHCS OCOIOK (WJI).

B ecTecTBeHHBIX YCIIOBHSX, KOI/Ia BOJIA CHHIKAETCS 110 TPAJUEHTY, €€ TeUYeHNE 3aBUCUT OT €CTECTBEHHBIX
IIOCJIeIOBAaTEIbHOCTEH ITOJIOKHUTENBHBIX U OTPULIATENIbHBIX TEMIIEPATYPHBIX I'PAJIMEHTOB, TaK KaK B IPOLIECCE TeUEHHs, BOAA
PUTMUYHO HarpeBaeTcs U OXJaxaaeTcsa. To HACKOJIIBKO OHA HarpeBaeTcs, OJMETUM, 3aBUCHUT OT CTEIIeHb TPEHHUS C PYCIIOM
pEKH, BHEIITHEH TeMIepaTyphl H CTEIEeHbI0, B KOTOPOH BO/Ia HAXOMUTHCS MO NPsiMbiME COJTHEYHBIMU JTydamu. {7 aToro
TpeOyeTcst TOJIBKO CHIO-MHHYTHOE H3MEHEHHE B TEMIIEPAType BOABI, YTOOBI HOAHATH, TPAHCIIOPTUPOBATh WX 3aWIIUTh, U
9TOT THII M IPOIODKUTENBHOCTD MPE00IIalafolIero TeMIepaTypHOTo TPaIieHTa, KOTOPBIH ONpeaeNseT TO, YTO MPOUCXOIUT U
Kak gonro. OTpuIaTeNbHbIi TeMIIepaTypHBIN IPaJUeHT BBI3bIBAET OTIIOKEHHE 0CaJIKa, B TO BPEMs KaK IOJIOKUTEIbHBINA
TeMITepaTypHBIi TpaJueHT 00ecIeUnBaeT ero ynajaeHue. Beck 3TOT mpomecc MOXKET CTaTh OYEHb TSDKEIBIM, YXYALIEHBIM, €CIIH
TeMIIepaTypHble ITPaIUeHThl YePEAYIOTCS CIIMILIKOM BHE3AITHO HJIH PE3KO.

Ha puc. 13.1, nanpumep, ot A no B Temnepatypusrii rpaguent orpunarenssbiii. OT A 1o B Boga mocrenenno
HarpeBaeTcs M B IPOIecce HE B COCTOSHIN COXPAHUTD 0CAJIOK BO B3BEIICHHOM COCTOSIHUH, H OHH OCTOSIHHO BBINA/IAIOT B
0CaJIOK, TaK Kak BoJia CTaHOBUTCS OoJiee Terwioil. B 30He B, 30Ha MaKCHMaJIbHOTO OCaXKCHHUS, HAKOTUICHHBIH MaTepua
CO3/aeT mepenaj KOTOPEIi, B CBOIO 09epelb, CO3/1aeT TOPU3OHTAIBHBIA BUXPh Oappelb cpasy ke BHH3 110 TEICHHUI0. DTOT
BUXPb, OXJIAXKIACT BOAY U, CJI€AOBATCIBbHO, OT B a0 C TeMHCpaTypHBIﬁ TPaIUCHT CTAHOBUTCA IOJIOKUTCIBHBIM. OC&)]OK CIIe
pa3 mogmumaetcs u nepeHocuthes. [locne noctmxenns C, 3pdexT BIUSHUS MOTOKHUTETHHOTO TEMITEPATYPHOTO I'paJieHTa
CMCHSICTCA Ha OTpHULATCIIbHBIM OKBUBAJICHTOM U B3BCIICHHBIC BCIIECTBA CHOBA BbINIaJal0T, JOCTUT'HYB MaKCMMYyMa B 30HC D.

OTH MyAbCAIUH WK YePEIOBaHIE MOKHO CPAaBHHUTH C JBIXaHHUEM; - OJIOKHUTEIBHBIN TeMIIepaTypHBIH IpaJueHT
MIPECTABIISETCS BAOXOM (BIOXOM BHYTPH), OIVIOIIEHHE, COOMPAIOIINI MaTepHalIbHbIN — COOHparolee IBIKEHUE, a
OTPHLATENbHBIN TeMIICpaTypPHBIH I'paJueHT NPeICTaBIAeTCs BEIIOXOM (BBIIOX U3 ce0st), e SJHEPTUYHO NMPEBpaIIaeTcs B
MaTepHUIO BBIJBIXaEMOI U3 CHCTEMBI, 0Ca/I0K.

Takum 00pa3oM CTAaHOBHUTCS SICHO, JUIS TOTO YTO ObI €CTECTBEHHO PETYINPOBATH PEKY, U YAOBIECTBOPUTEIHLHO, BXKHO
MIPUHATH BO BHUMAHHUE TEMIIEPATYPHBIE IPAJUEHTHI, UX EPEMEHHYIO ITOCIIEI0BATENLHOCTE. [ TOro 4T00hI yMEHBIIUTE K
MHWHUMYMY OIIACHOCTb HABOAHCHHA, IOOTOMY OYCBUAHO, YTO YEM JOJIBIIC 10 MPOAODKUTEIBHOCTH 6y;[eT COXpPaHATHCA
TIOJIOKUTENBHBIA TeMIIepaTypHbIi rpaueHT, TEM MEHbIIE BEPOSITHOCTh OT HABOIHEHHUH, TaK KaK OyAeT IMPOUCXOIUTh JIHIIb
HE3HAYHUTENbHBIE OTJIOKEHHS 0CaJKa - HIa.



500 - 1000 MeTpoB WHpWHa necononace! _ | J

+28°C Temneparypa Boagyxa

. TeMnepaTypa
+28°C r,__,-';:'::—;::' +28°C Boagyxa
+26°C— -~ /
+24'r.“"//—"//' oe—

e A R o 7 el
+33°C /7 OXNaKnoHMe BOALI KOPHEBOW CHCTEMOR Pt "-1.__:_-_ S—
s
. —_—
s /// 27 L 3 e
He'c # = e P R
o / -~ APOCAYMBAHWA PEYHOA BOOLI Ha-2a \\ :
" / e RO L HOTC TS NBpaT /R HO L =~ o et =<0
+16°C / // / // rpagwedTa oT pekid B JemMnio b \\ e =
= ~.

*14'(:*"“/ S // vaa e /2‘_""3‘ ™~ \\\\‘“‘-\ e

— / = / +4"C YpoBeHb M, \\ T——
s2°c— W e 4°c yp

. e S 7 / rPYHTOBLIX BOg \ M = sl
ae— — e - o s N e S =
+8'C -~ =5 - s /
= S~
— / H-‘-_"_"‘---_
L
- =S Fig. 13.2 MononHexue rpyHTOBLIX BOA
+4°C She— nyTem necoBOoCCTaHOBNEHWA E'EpEI'OB PEKH.

IIponoImKUTETBHOCTD MOJOKUTEIBHOTO TEMITEPATYPHOTO IPATHEHTa MOXKET OBITh MPOJUICHA HIIM OHA MOXKET OBITh
BOCCO3/I]aHa B ClIyuae HEOOXOJUMOCTH YETHIPMSI OCHOBHBIMU CIIOCOOaMMU:
1. 3areMHeHME peKr MOACAIKON JepEBHEB.
2. CTpouTenbCTBa HAAIKAIIUM 00pa30oM CINTAaHUPOBAHHBIX IUIOTHH, B KOTOPBIX TEMIIEpaTypa pasrpy3KH MOXKET MOIXOAUTD
JUTS TIpeodIafatoIieil TeMIepaTypsl BO3AyXa H HOHIKEHHE TEMITEpaTyphbl BOABI HIDKE TI0 TEUEHHIO.
3. YcTaHOBKOH YCTPOICTB OTKIOHSIOMIUX IOTOK, KOTOPBIE HAIPABILIOT IPSIMOM IIOTOK BOJBI K LIEHTPY PEKU M OJHOBPEMEHHO
CTaHOBSTHCA MPUUUHON CO3/1aHUS OXJIAXKJAFOLIETO IPOJIOIBHOTO BUXPs, BUXpEil.
4. YcTaHOBKO# "9HEpreTHUeCcKuX Tel'", B Pyclie PeKU, KOTOPbIe OXKUBSIT BOJLY, BBI3bIBasi 00pa30BaHMs MIPOIOIBHBIX BUXPEH.

ITynkT Nel: 310 0COGEHHO BaKHO Ha IMOBOPOTAX PEK, IIe TPCHHUE U, CICA0BATEIILHO, TCHACHIIMU K HATPEBAHUIO CaMble
OonpIve. 31ech TOIDKHEI OBITH BRICA)KEHBI BUIBI IPEBECHHBI, Y KOTOPBIX BBICOKAsi CKOPOCTh UcnapeHus. B mpomecce
HCTIAPEHHS COK B IEPEBE OXJIAXKIACTCS U, TaK KaK KOPHU Pa3pOCTAIOTCS MO PYCIIOM PEKH 3TOT OXJIXKAAIOIIHNH 3 dexT
pacmpocTpaHseTcs TakoKe Ha pycio U Ha Bofy. JlepeBo, NeHCTBYeT Kak XOMoamIbHUK. KirtoueBbIMU pakTopamu 31€Ch ¢ TOUKH
3PCHUS pallMOHAJIBHOI'O MCIIOJIb30BaHU 3E€MEJIBHBIX U BOAHBIX PECYPCOB, BO-IICPBBIX, HU KOTa HE Bpry6aTb Jec ¢ Geperoa
pek. JdeiicTBUTENBHO Jecononoca no MeHbiei mepe ot 500 10 1000 METpOB B KaKyr0 CTOPOHY JTOJKHBI OBITh HAIIPABJICHBI
BJIOJIb BCEX PEUHBIX OEpEroB JyIsl 30POBbsI peKU. Peku, MpoTeKarolye 1o MoysM, OECIIIONHOM CeTbCKOMH MECTHOCTH AOJDKHBI
OBITH IOBTOPHO 3acallleHbl JIECOM (KakK MOKa3aHo Ha puc. 13.2), ¢ TeM YTOObI BOCCTaHOBUTH 3I0POBBIC YCIOBHS MOTOKA,
BOCCTAHOBJIEHHE MUTATEIbHBIX BELIECTB U IIONOIHEHUE IPYHTOBBIX BOJ B €€ OKPECTHOCTSIX.

ITynxr Ne2: Kak B HacTosimee BpeMs HOCTPOEHBI, OOIBIIMHCTBO INIOTHH U OOJBIIMHCTBO OOBEKTOB IS XPAaHEHHS BOJH,
0CBOOOXKJAIOT XOJIOIHYIO BOAY CO JIHA, BOJY U3 HUXKHUX-IIUIIO30B WU TEILIYIO IOBEPXHOCTHYIO BOJY HOBEPX ILIOTHUHBI 110
CTEHE C IOMOIIIBIO BogocOpoca. DTo fenaercs, 6e3 yueTa TeMIepaTyphl CIMBAEMOM BOABI WK €€ BOSMOXKHOTO BIIMSIHUS Ha
PEXUM TEUCHHUSI BHU3 10 TEUCHHIO M BO MHOTHX CIIyJasX BeJeT K KaTacTpohHIecKuM mocneactsusaM. COpoc Termoii Bosl,
HaIpuMep, B y4acTKe PeKH, T1e IpaJueHT TeMIEepaTyphl ¢1a00 MON0KUTEIbHBIN, OyaeT 3¢ (GEeKTHBHO yIaaéH NOIHOCTHIO, B
pe3yibraTe aBTOMaTHIeCKOro ¥ IOYTH OHOBPEMEHHO BBINAJACHHEM OCaIKOB WM Wia. Pe3ynsraTroM OyaeT HaBoJHEHHE.

C6poc TOIBKO XONOJHOM BOJBI CO JHA, C APYrOi CTOPOHBI, MOXKET CBEPX OXJIAJUTh TEUEHUH, BbI3bIBAs UPE3MEPHOE
BTATHBAaHUE B ce0sl MUTATEIBHBIX 3JIEMEHTOB M TPAHCIIOPTHPOBKY OYEHB TSDKEIIBIX YACTHUII 0Ca/IKa, KOTOPHIE HIDKE 110 TEYSHHIO
BBIIIOAYT B OCAJ0K HE B COCTOSHUU CIIPAaBUTBLCS U3-3a PAAa PEXKUMHBIX (akTopoB. OHU MOTYT HOBJIEYb HOHMKEHUE
TEMIIepaTypHOTO TPaIUEeHTa Y JHA PyCiia U TEM CaMbIM YBEJIIMYUTH CKOPOCTh ITOTOKA, M HIMPHUHY KaHaja - IIUPUHY, MEJTKUE
KaHaJIbl, OBICTpOE BBITIAJICHUE 0Ca/IKa, TEMIIEpaTypHbIE TPaIeHTHI ONEPATUBHO MMOHMKAIOTCS, U T.1. Kaxplii THIT pasrpy3ku
(cOpoca) B KOHEUHOM HTOT€ JAeT TOT )K€ Pe3YJIbTaT — 3aWJIMBaHHE C TIOCIEAYIOIMM HaBOXHEHHEM.

KoHTposb moToka pacmosioKeHHOro BHU3 MO TEYCHHIO B IIEISX MPOIJICHHMS CPOKA MOIOKHTEIBHOTO TEMIICPATyPHOTO
rpajiie€HTa MOXET OBbITh JIOCTUTHYTO MyTEM CTPOMTENBCTBA IUIOTHUH MPAaBUIBHO pa3paboTaHHbIX qaM0. Puc. 13.3 uzobpaxena
3aIllaTeHTOBaHHAs KOHCTPYKIUS JULsl INTOTHHBEI Bukropa [llaybeprepa, koTopast HOKa3bIBaeT Pa3IMYHbIC TPYOBI -IIUTIO3bI HA
Pa3HBIX BBICOTaX Ha CTEHE IUIOTHHBI. LI 3TOro coopyKeHHs 3aKIF0YaeTCs B YIaJICHUH OOJBIIOTO M IIO3TOMY
Pa3pYIIUTENBHOTO Tepernaa TeMIepaTyp H JOBOJKA TEMIIEPaTyphl HAPY>KHOTO BO3IyXa M TeMIIepaTyphl peYHON BOIBI K Ooliee
OIIH3KOE K ECTECTBEHHOMY COCTOsIHUIO. KOHTpOIHpyeTes mojiava IaBaroliM MarIbIBKOM-KECCOHOM, KOTODBI, B CBOKO
odYepes YIPABISETCS OKPY)KAOIICH BHEIIHEH TEMIICPaTypoii, OTKPHUBACT BOPOTA IILTI03a Oepst BOLY U3 PAa3IMYHBIX YPOBHEH
IUIOTHHBI, K&XKIBIH YPOBEHb HMEET PA3IHYHYI0 TEMIIEPATypy BOABL. UeM BbIIIE TeMIIePaTyphl HAPYKHOTO BO3IyXa, TEM BBILIC
OTHOCHUTEINbHAS TEMIIEpaTypa BBITYIIICHHO BOBI, XOTS OHA BCETIa MPOXJIajHee, ueM Jirobast BoJa COpOIIeHHAs yepes
BOZIOCOPOC CBEPXY.
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3HOH MO TeMIepaType BObI,
CO3JaeTCsl BUXPh Y HOTHOXKUS CTEHBI :
M30THYTO# BBEPX, MEMEHT MOKA3aH - ﬂg J.
K3. Takum

oOpasom, Temrieparypa Bogocopoca
(pa3rpy3ku) MOXeT ObITh HACTPOEHA IO
Mepe BO3MOXKHOCTH, YTO M HIXKE IO
TEUCHHIO B PEKUME TIOTOKA, TEM CaMbIM
CHIDKasi OONBIINE U BPEIHBIC KOJIeOaHHs
TeMIIepaTyphl BOJBI U U30€XKaTh
MIPEXIEBPEMEHHON HHBEPCUU
TMOJIOKUTENBHBIX TPAIEHTOB TEMIIEPATYP
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Eme oqHUM DpeuMyIECTBOM 3TOTO
HOBOTO MOAXO0/Ia SIBISIETCS TO, YTO
HPOYHOCTH JaMOBI caMo Io cede MOXKeT
OBITh 3HAYUTENBHO YBEINYNHA, €CIIU
HCIIOJIb30BATH BBIICYTIOMSHYTHIN
nu3aiH. B mepuon cpasy nocine
3aBEpPILICHUS CTPOUTEIHCTBA HOBOM
IUIOTHHBI, BBICOKUE TEMIIEPATYPhI YaCTO
TeHepUpPYyeTCsl BHYTPU CTEHBI, 3aCThIBas
6eToH HarpeBaeTcs. [10710XKUTENbHBIH
TeMIIepaTypHbIA TPaJUEHT CO3/1aeTcs (4

MEXy TEIUIOH CTPYKTYpOil 1
IIPOXJIaAHBIM BOAOXPAHUIUILEM, IO
BIIUSIHUEM KOTOPOI'O BOJA,
MIPUCYTCTBYIOIIAsl B CTEHE JBIHIKETCA B
CTOPOHY BOJIbL B
Bojoxpanunuine. [Tockonpky oHa
JIBIDKETCSI 4epe3 CTEHY OHa pacTBOpSET U
BBIOMBAET YaCTHULBI CTPYKTYpHL. B
nporecce, 00pa3yroTcs MOJIOCTH B |
MarepHae, YTo BeIeT K OCIabIeHUI0 U
paspyurenuto ctersl.  Korma moxas |

najgaeT Ha BHEIHIOKO

IIOBEPXHOCTh CTEHBI, L= I

OH TOXK€ IIPEBPALAETCS B IOJI0KUTEIbHbIH |
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TeMITepaTypHBIH

rpaauent. Kak Heco3pesiuas }E-g-_ 2
BOJIa BTSITUBAET BEILIECTBA U3 CTEHBI,
YBEJNUYUBAs TIOJIOCTH, TPAHCIIOPTUPYET
JIOTIOJTHUTENBHBIN MaTepuai B
BoZoXpanuimile. Terneps TpeIuHbl 1
IIyCTOTHI B CT€HE AaMOBI OTKPBITHI

JUS aTaKHM MOPO3a 3MMOH H, M- Fig. 13.3 NarenTHan 3asBKa Ha AU3aAH NNOTUHLI
IIoMaJy, CTeHa OKa3bIBaloTcs BcE Oosee u

0oJee phIXJION U HEYCTOWYHUBOMA.

Brnarogaps Takoif KOHCTPYKLIUH, 3aMETUM, MOT'YT OBITh IPUHATHI MEPBI, YTOOB! YAAIUTH 3Ty OACHOCTH HOJHOCTHIO.
[TycTuTh IO TOBEPXHOCTH BHELTHEH CTUHBI HEOOJIBIIIOE KOTMYECTBO XOIOMHOM, +4 © C BO/IBI CO JIHA, TEM CAMBIM OXJIaJIUTh U
3aIUTUTH €€ OT BO3/eicTBYS BHEIIHEN TemnepaTypsl (HanpuMep, ColHIa), OI0KUTEIbHbIH TEMIIEPATypHBIil TPaueHT
MOXKET OBITh YCTAHOBJICH M3 BOAOXPAHWIMIIA B HAIPABICHUHU K BHEIITHEH OBEPXHOCTH CTEHbI. [10f ero BIMsIHHEM
B3BEILICHHBIE BEI[ECTBA U3 BOAOXPAHUIMIIE IIEPEMELIAIOTCS B CTEHY, YEPE3 BCE MEJIKKME TPELIUHBI U KalMULIPBL B CTPYKTYpE
cteHsl. CieayeT UMeTh B BUY, 4TO 0€3 CBeTa, TeIlla U BO3LyXa OTIOKEHHE COJIeH U APYrUX SJIEMEHTOB YBEIUYUBAETCS C
HOHIDKEHUEM TeMrreparypsl k +4 © C. Takum 00pa3oM MONOCTH B CTEHE IMOCTEHNEHHO 3alONHSIOTCS 0 IPYTOi CTOPOHEBI
JIaMOBI, IIOJIHOCTBIO 3aI1eUaThIBalOT MUKPO TPEIIUHEL. B KOHEUHOM cueTe cTeHa OyaeT Jaxe COIPOTUBIATHCS IIPOHUKHOBEHUIO
BOJIbI, CTAHOBSICh HEMPOHHULIAEMON M CTPYKTYPHI TIIATEIBHO CKPEIATCS B MOHOJIHT.

IMon pyxoBoncTBoMm Bukropa Illay6eprepa ObUIH HOCTPOEHBI YETBIPHAAATH TaKUX IUIOTHH. X 3 dexTuBHOCTS OblIa
MOATBEPIKAEHA, B JoKiIaae npodeccopa opxreitmepa ot 15 anpenst 1930 roga, B KOTOPOM OH 3asBILUT:

— - —

IK

"B 3aKJII04€HNN MOXHO CKa3aTh, uTo rocroauH Llaybeprep y:ke mocTpom psji IJIOTHH, KOTOPhIE OKa3aluch ycrnenHbsMu. Hexotopsie
13 ero KOHCTPYKIUH S caM 0CMOTpEI, U s MOTY YTBEPK/IATh, YTO 3TH HOBbIe KoHIennuy I1laybeprepa OMHOCTBIO BEIIOIHSIOT HENH, UL
KOTOpO#i OHH MpeIHA3HaYeHbL. "
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BOAA C HH3Y K NeprepHAHAR BOOA KOHTAKTHRYET
€ pycnom W GeperaMu, W B KOTOPOM COCPEaoToMEHb!
PPYKTHIEHb! KAPBOHR, HANPABNAKTCA K UeHTPaNnLHOW

OCH NOTOKA, FAE YOOGPAKTCA CHOMHBLIEMCA KHCNOPOOOM.
E =", WX BIaMMOAeRCTEHE COIOAET NNOOOPOLHEIN,

R A -'}_Aaueprmuecuuﬁ paIpan Ha MENKOBOALE MewOY
uarnGamu (NoBOPOTAMMK PYCINa PEKM).

CKONNeHne
KapBoHoB {-)

Fig. 13.4 M'eHeapTop NPoAONLHLIX BUXPEN

Fig. 13.5 Asctpuiicknii natenT Ne 113487



[Tynakr Ne 3: Co3naBasi BpeZJHOE BO3/ICHCTBHUE TEIDIA ¥ YHUUTOKEHHUE SYHEPTHH PEKH Yepe3 HeTPaBEeIbHOE PETyIHPOBaHUE,
31 suBaps 1927 Bukrop [layGeprep monan 3asBKy Ha HaTEHT JAJIs TOTOKA, OTKIOHSIONIEE YCTPOMCTBO JIOMACTEH, C KOTOPHIMU
MO>KHO BOCCTaHOBHUTB PEKH COOCTBEHHBIM IPOIOIBHBIM BUXPEM. YCTaHOBJIEHHBIE BJOJIb HAIIPABICHNS TOTOKA, OHU BEI3BIBAIOT
BpaIlAIOIIEHCsl BUXPh IPOTHB YAaCOBOH CTPEIIKH B JIEBBIX IIOBOPOTAX pycila U BUXPU 110 JaCOBOM CTPEJIKE Ha MIPaBBIX
IIOBOPOTax pycia.

YV npaBiieHue OTOKa M0Ka3aHo Ha puc. 13.4 He COOTBETCTBYET B TOUHOCTH OAHOMY U300paskeHuIo Ha puc. 1 u 4 Ha
IaTeHTHOM uepuexxe (puc. 13.5 - ABctpuiickuii mareHT No.113487), KOTOPBIH, Kak U B APYTHX CIyYasix, KaKeThCs,
CO3HATENIbHO UCKa3WId ued Bukropa. B 1aHHOM cilydae caM TEKCT He comiacyeTcs ¢ yepuexaMu. MHe ObLUIM IOKa3aHbl
JpyrHe YepuexH, B3AThIe IMUYHO y BukTOpa, mokasax 3aech Ha puc. 13.4 no MoemMy MHEHHUIO, 0oJiee IpaBIOO00HbIH 1S
TOrO, 4TO OBI Ha CaMoOM jele (JOPMHUPOBATH COOOH BUXPE.

dakTrueckoil hopMoii ycTpoiicTBa ynpasieHue IOTOKa sBIsIeTCs 0oJiee WM MEHee TPEYroIbHasl B UepUeke, BEPIIUHON
YKa3bIBaeT BHU3, KaK IMOKa3aHO Ha puCyHKe Puc 4. OHO cOCTOUT U3 M30THYTOM, COOPHOI, JKeNe300eTOHOH MOTOK-(HOPMBL,
U30THYThIE IOBEPXHOCTH KOTOPOH pHIeHble C KaHaBKaMU NapalIeNbHO HalpaBIeHHbIE IOTOKY, YTOOB! IPEIOTBPATUTH
mo0oe morepeyHoe ckoikkenue. [llnpeHa, BBEpX 10 TEUECHHIO, [UTHHHA TPEYTOJIbHUKA TOPU30HTAIBHO M Ha OJTHOM YPOBHE
C pyCIIOM PEKH, 4TOObI 3auepIIbIBaTh IIPOTOUHYIO BOAY U 3aBUTh €€ LIEHTPOCTPEMUTEIBHO B BUXPb B LIEHTpe KaHana. B To
JKe BpeMs B3BEIICHHBIC U PACTBOPEHHBIC KaPOOHBI, KOTOPhIe OOBIYHO COOMPAIOTCS BJOJbL Oepera U Ha JIHE pycia,
HOAHMMAIOTCS K PACTBOPEHHOMY KUCIIOPOJY, KOTOPBIH BO BCEX 340POBBIX MOTOKAX OOBIYHO HAXOAUTCS B LIEHTPAIbHOU
OCH TOTOKA.

OtH QpyKTHTEHBI KapOOHOB PEarnpyloT Ha JBIKEHHE K LEHTPY. JIpyruMu cJI0BaMH, OHH CTaHOBSITCS OUYCHb
AKTHBHBIMH, €CJIH NIEPEMEICHBI IEHTPOCTPEMHUTENBHO U B TOM COCTOSTHHM CIIOCOOHBI CBA3BIBATH O0OTAIlIeHHBIH KUCTIOPO,
KOTOPBII CTAHOBUTCSI ITACCUBHBIM B OXJIAXKJIAIOIEMCS ABWKEHUH K LICHTPY LIEHTPAIILHOTO BUXPEBOTO IMOTOKA, HO BEChMa
aKTHBHBI C TIOTEIUIEHUEM LIEHTPOCTPEMUTEIBHOTO ABMKEeHHs. HezaBrcHMO OT COCTOsTHMS KaHaja, Clel0BaTeIbHO, U
HE3aBUCHUMO OT COCTOSHHA aKTUBHOCTH 3TUX JIBYX JIEMEHTOB, C IOMOIIBIO 3TOI0 YCTPONHCTBA BOCCO3/1aHbI HE TOJIBKO
JKU3HCHHBIC ITPOJOJIBHBIC BUXPU, HO U HaI/IGOHCC IMPOAYKTUBHOC B3aHMO}1€ﬁCTBHe MEXAY ABYMS IIPOTHUBOIIOJIOKHBIMU
BEIIECTBAMHU TaK K€ rapaHTUPOBAHO. 3[€Ch OHU B3aUMOJIEICTBYIOT HE TOJILKO Ha YBEJIMUEHHE YHEPTUH B BOJIE, HO M yBEJIMYAT
e€ coziepKaHKe YIIEKUCIIOTHI (YCIEKUCIIOTO Ia3a), KOTOPbIH, KaK y)ke FOBOPHIIOCH paHee, SIBISIETCS OQHON U3 IIIaBHBIX
COCTaBJISIOIIMX XOpomIel Boasl. Kpome Toro, oHM co31aroT OaronpuaTHbIE YCIOBHS AL PACIpOCTpaHeHHs OaKTepuii 1
MHKPOOPTaHU3MOB, ITOJIE3HBIX AT OKpYXKaIoIell cpesibl, uepe3 KOTopble MPOXOAUT Boza. Bee 1o Oynet obcyxaaTbes Oomnee
moJpoOHO B pazziesie 0 BOJOCHA0KEHHH.

ITynxr Ne. 4: I'ne ucronb30BaTh BBIIIE YIOMSITYTBIX YCTPOUCTB YIPABIEHHS IIOTOKOM HEYMECTHO - B IPAMBIX Y4acTKax
KaHaja, HalpUMep, - U TJe JKeNaTeNIbHO YIAIUTh 0CaI0K, MOTYT OBITh YCTAHOBJICHBI TaK Ha3bIBaeMbIe "dHEpreTHuecKue -Tena’,
KOTOpbIE UMEIOT NOJ00HBIH 3P (EeKT Ha MOTOK BOJBI. XOTS OHU HE ObLIU OMUCAHBI IOAPOOHO B JOKYMEHTaX, KOTOPbIE ObLIU B
pacnopsHKeHUU aBTOPa, U3 Pa3sIMUHbIX HAMEKOB MOXET [T0KA3aThCsl, YTO OHU COCTOAT U3 SIiIa-00pa3HOro 31eMeHTa ¢
HEWTpabHOH M1aBy4eCTbIO0, KOTOPBIE KPEIATCA K PyCILy PEKH WU Ha ero Oeper. st Toro, 4To0bl COXpaHUTh CBOIO
HEHUTpaJbHYIO IIaBYy4eCTh 3TUX 3HEPTo (HOPMHUPYIOLIMX NOTOKOB MIIY BUXPEBBIC TE€HEPATOPbI MPEIOCTABILIIOTCS C
HEOOJIBIIUMH OTBEPCTHSMHU OT HOCA JI0 KOPMBI, YTOOBI MX BHYTPEHHSS INIOTHOCTh BCET/d PABHSIACH IIJIOTHOCTH BHEITHEH ,
okpy»xaromieit Boasl. Kak 1 B cilydae ¢ HENOABMKHOI (cTaliMOHapHOIT) Gopeiny, BIUSHUE 3TUX SHIEBUAHBIX (OpM, SBIISIETCS
cO3/IaHNe TIPOJIOIBHBIX BUXPEl, TaK Kak BOJa BpamaeTcs BOKpYyr HUX (puc. 13.6). Camas peanbHas (HopMa eCTeCTBEHHO
OTKpBITas JUIS SKCIIEPUMEHTOB U OoJiee Tydlie paboTaeT 3T0 GOPMbI IIOOOHBIE 3EPHY.

Jpyroii crioco6 GpopMupoBaHnE BUXPE 3TO pa3MelieHrne OObIINX KaMHEH WK BaJlyHOB B IIEHTpE KaHana. Eciu atn
KaMHH METaJUIOHOCHBIE, TO UX 3B QEKT erie OobIIe, TaKk KaK OHH COEp KaT METAIUTBI 1 MUHEPAIBI C PA3IMIHBIMH aTOMHBIMU
BaJICHTHOCTSMHU (+ U - 3apszpl). B raBe 11 XumMudeckuil COCTaB TakuX KaMHEH ObIJT pacCMOTPEH M HAMICHO B LICIOM JIJISI
coenuHeHni kpeMHUS (Si), MoseKyysIpHbIi kuciopon (O,) (SiO, = kpeMHe3eMa) 1 OKCHIOB METAJUIOB (CHIIMKATBI).
OnemeHTHas 6a3a 371€Ch KPEMHHUH, OTHOCHUTCS K KJIACCY MOTYNPOBOTHUKOB. [LIMPOKO MCHONB3YETCsI CETOMHS B SIEKTPOHHKE,
KPEMHUI- OT/IaeT WK YIEP>KUBAET AJIEKTPOHBI B 3aBUCHMOCTH OT TEMIIEPATYPbI, IPOUCXOAAIIECH IO OTHOIIEHHIO K
abcomoTHOMY HYIO (-273,15 ° C), rae HUKaKas SJIEKTPOHHAS SMUCCHS HE TPOUCXOIUT BooOIIe. UeM Bhille TemMIiepaTypa
MIOSTOMY, TeM OOJIBIIE YUCIIO IEKTPOHOB BEICBOOOKIAIOTCS, TO €CTh B TOW HJIM HHOM Mepe BBI3BIBAET IOTOK AIEKTPHYECKOTO
ToKa. B cocTosiHue HyneBoil sMuccuei 31eKTPOHOB IPH aOCONIOTHOM HyJle KPEMHUI MOXKET TaKoke OBITh KIacCU(PUIIMPOBaH B
Ka4eCTBE JUAJIEKTPHKa, BEMIECTBA, KOTOPOE COMPOTUBIISIETCS MEpeade dIEKTPUIecKoro 3apsaaa (cM. rasy 6. 6.1). C Toukn
3PCHUS IUDJICKTPHKA, KOTOprI71 3aHUMAcCT O6C CTOPOHBI JAaHHOTO ABJICHUS BO BHUMAHHE, €TI0 MMOJIYIIPOBOAHUKOBBIC q)yHKLII/II/I
pu GoJiee BEICOKUX TEMITEPATypax MOXKET OBITh OMHAKOBO HHTEPIPETHPOBAHBI KaK MOMY-IUAIEKTpUK. braronaps
KOMOMHAIUK C JPYTUMHU BELIECTBAMH, KPEMHUM, TaKUM 00pa30M, IPUBEJIO K CO3IaHUI0 MaTepUaJIOB C Pa3IUUHBIMU
JUIIEKTPUYECKUMU CBOMCTBAMHU M €CJIM 1Ba TAKUX BEIIECTBA C PA3IMYHOMN CTENEHBIO MPOHUIIAEMOCTH BCTYNAIOT B KOHTAKT,
TO TOK T€UET OT HU3ILETO K BHICIIEMY. B CBS3U ¢ BHICOKMM PacTBOPEHUEM YHCTOM BOJBI MOIHOCTBIO M BBICOKOI
JUBIIEKTPUIECKOTO 3Ha4YeHHUS § 1, SIeKTPUUYECKUl TOK, OTKPBITHIHA B IPUCYTCTBUEM BOABI, MOXKET OBITh 3HAYUTEIBHON
BEJINYHHBI.
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‘26 SaueBnaHoh chopMel "aHepreTMyecKoe Teno” ANA pereHepauvi NpoaonbHBIX BUXPeH B NOTOKe

Bot aBe BO3MOXHOCTU JUIs IPOU3BOJCTBA U YBEIUUEHUS SHEPruu B Boje. Ho, kak yxe roBOpuiIoch paHee B CBSI3U C
naJIcHUeM Karesb A0KAs (T1aBa 6. 6.3), KaKAblid pa3, Korjia 3JIeKTPHUSCKUH 3apsi WK Bpallaroleecs Moje, KOTopble ObUTH
Obl HEBO3MOXKHBI B IIPOTOYHOM BOJIE, TO MArHUTHOE 10J1€ MM OMOMAarHUTHOE TaKXKe FeHEpUPYETCsl B 000MX HallPaBIICHUSX.
OdeKT 3TOro 0XKUBJICHUS B3aUMOJCHCTBUS € IPyTMMH dJIEMEHTaMU, JajbHEeHIIee yBeIUUCHUE KU3HH, Pa3BUBACTCS
Ipou3BOACTBO (pykTHreHOB (fructigens), muHareHoB (dynagens) n kBayureHoB (qualigens) 1 TeM caMbIM OOJIBIIIEE 3TOPOBbE
BOJBL. JIpyrux ciaydasx 3TH 3JIEMEHThI MOTYT TakoKe BBICTYIATh B KaUeCTBE KaTalnu3aTopoB Ul IApyrux ¢yHkiui. Kpome Toro
pa3MelleHne TaKUX KaMHel OyJieT IPOU3BOJUTE TaKoi ke 3 (eKT, kak Ha ofHOM HcciaenoBaHuu npodeccopa Popxrerimep Ha
sKkckypeuu ¢ Buxropom [layGeprep, obcyxnanocs B npeasiayieit mase. Oqnaxasl Bukrop Ilaybeprep npusnaics,
HCIIOJIb30BAHUE "IHEPreTHUeCKUX Ten" , KOrJa OH TalHO yCTaHaBJIMBAN UX B 3a0MTOM WJIOM IOTOKE B TeyeHHH HouH. K yTpy
BCE OCAJIKU ObLIM YHECEHBI, 3HAUUTENILHO YIIyOUIOCh PYCIIO U €CTECTBEHHBII OTOK BOJBI BOCCTaHOBMIICS. Bee 310, K
VAUBICHUIO MHXKEHEPOB, OTBEYAIOIINX 32 PETYINPOBaHHE ITOTOKA, YbE B IIEPBYIO 0UYepeab Ipydoe HeyMeToe yIpaBlIeHue ¢
OJMHOKOBO CEPbE3HBIMU IIPOCTYNKAaMU JlenapTaMeHTa JIECHOIO XO3HCTBa IIPUBEIH K CYKEHHIO KaHaa.

[pexxae uem nepeldTH K 0CIA0UBAIOIINM U JIeTeHePaTHBHBIM d(QeKTaM COBPEMEHHOH MPAKTUKH PEYHOTO YIPaBICHUS
U THAPO-3IEKTPOIHEPTUH, 3aMETUM, MBI JIOJDKHBI CHadaJIa H3yYHTh €CTECTBCHHOE ABIDKEHHE BOIBL. Kak cTaHeT O4eBHIHO 13
BCEX MpPEABIAYLINX [VIaB, HAPUMEPE, U3BUIHCTOTO, 3aKPYYHBOTO, CBOPAUYMBAIOIIETO M BUXPEBOTO ABM)KEHHUSI.

13.2 Oopa3zoeanusn euxpeii

Yactp u3 o0mux GyHKINN TEMIEPaTypHOTO IPaAueHTa, OMMCAHHBIX BBIIIE, IS TOTO, YTOOBI OOBSICHUTD Pa3INIHbIe
aCIIEKTHI CBSI3aHHBIEC C TEMIIEPATYpOi MMOTOKA KaK MOXKHO 00Jiee YeTKO, KaKAbIA 13 KOTOPBIX OYJeT paccMaTpHBaThCs
WHIMBUAYAIBHO, XOTS IO OOJIBIIOMY CUETY B JII00O0H peKe MM MOTOKE BCE M3 HUX SIBIISIOTCS HHTEPAKTHBHBIMU B Pa3iIMYHBIX
rxoMOuHanusx. Kak ysxe ToBOPHIOCH B IIPEBIAYIIEH TTIaBe, Ka)asi YaCTHIa BOABI HETIOCPEACTBEHHO CBsI3aHa C KOHKPETHOM
CKOPOCTBIO OTHOCHTENBHO €€ YIENbHOTO Beca ¥ TeMIIepaTyphl, SBICHHS, ONMCAHbI B MeIbYalIINX TOAPOOHOCTAX BukTopoM
IITay6eprepom B ero Tpaktare 1930-31 roma " Temneparypa u J{pixenne Boms" .

YTo0bI JaTh HEKOTOPOE MPENCTABICHUE O TOM, YTO 3/1€Ch MPOUCXOHT, PSII HAOKEHHBIX CIIOEB BOJBI C UX
COOTBETCTBYIOIIECH TEMIEPATypOH MoKa3aH Ha puc. 13.7, XOIOAHBINA CIOH TEYET 1Mo AHY PEYHOro pycia. 31eCh CKOPOCTh
ITOKA3bIBAETCS] KPUBOH IPOHAEHOT0 PA3IMYHOTO PACCTOSHUS COOTBETCTBYIOIIUX CJIOE BBOJBI B TOT XK€ NEPUO BPEMEHH,
0003Ha4aeTCs [UIMHHOM cTpenkoid. [To cpaBHEHHIO ¢ BEPXHUM CJI0EM, BHJIHO YTO HWXKHHI CJIOH TeUb ropaso ObIcTpee, U3-
3a ero OOJIBIION IUIOTHOCTH M Mpoxiansl. Ha rpaHuiie Mexxay STUMH pa3IMuHbIMU CIOSIMHU, Jake HECMOTPS Ha Mepera bl
TeMIepaTyp, KOTOpbIe MOTYT OBITh MUHIMAJILHBIMH, TEM HE MEHEe pa3HUIA B UX OTHOCUTEIBHOMN, CBI3aHHBIX C TEMIIEPATypOit
CKOPOCTSIX, HU)KHETO CJIOSI CKOJIB3AIINH BIIEpe] HEMHOTO OBICTpEe, YeM €ro HeMOCPEICTBEHHBIN BEPXHUIA cocen. DT
CKOJILKEHHE CO3aeT CBOETO PO/ IyCTOTHI Ha "IpaHule cI0s", Kak Obl U3 BBIIIENEKAIIUX CIOEB, B KOTOPBIX HWKHUM CIIOH
3aBUXPSICH TOJHUMAaETCs. B mpouecce GOpMHUPYIOTCSI BUXPU IO HPSIMBIM YIJIOM K TEKYILESH BO/ie, KOTOPBIE BPAIIAlOTCS B
TOPU30HTAIBHOM IUNIOCKOCTH CHU3Y BBEPX, KaK II0Ka3aHOo Ha puc. 13.8. OHM cMeIIMBaIOT BOAY, HO B TO XK€ CaMOe BpeMs
OXJIAXKIAIOT €€, MOTOMY 4TO TeMIIepaTypa BOABI B IEHTPE ATUX BUXPEH MpoxJiafHee, YeM paJioM ¢ HUMH, BEPXHUH psi BUXpeEit
MposiBIIsieT ceOs Kak 3HaKoMasi BUIMMAsl Ha MOBEPXHOCTH pekH oOpaTHast psa0b. DTOT THUI BUXPS TAKKe PaCHpOCTPaHIET
JIETKUE BECOM YaCTHIIbI U TIUTATEIIbHBIC BEIIECTBA, IEPEHOCSIINECS PEKOH OT LieHTpa Kk Oeperam (puc. 13.9).
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JIBI>KEHME BOJIBI MOXKET OBITH J1ajiee TOAPa3aeIATCs Ha JaMUHAPHBIE U TYpOyJIEHTHBIC TE€YCHUS, pocTas opma
JIAMHHAPHBIX IIOTOKOM IOKa3aHa Ha puc. 13.7. TypOyneHTHOCTh, MOKET IPHHUMATE (GOpMy MPOTOIBHBIX MIIH MONEPEIHBIX
Buxpeil. Yto kacaeTcs MOCIEIHEro CyHeCTBYIOT Ba OCHOBHBIX THUIIA: IIEPBbIE PabOTaIOT TOPU3OHTAIBHO MO/ NPSIMBIM YITIOM
K HalpaBJICHUIO MIOTOKA, KaK MOKa3aHo Ha puc. 13.8 u 13.9; Bropsie, moTeHIMANBEHO Oosiee BpeIHbIE, TAKKE JCHCTBYET MO
IPSIMBIM YIJIOM K TEUEHHIO, HO Ha BEPTUKAIBHOM OCHU U, €CJIU OHU CIIUIIKOM MOILIHBIE, OyayT GOpMHUPOBAThCS [IyOOKHUE

60po31bl BEIOOMHBI WM TPAHILIEH B Pyclie PEKH, CEPhE3HO Hapylllas eCTeCTBEHHBIH MOTOK (puc. 13.10).

TIpononbHBIE BUXPH, KaK CIEIYET W3 Ha3BaHUS, SBISIOTCS MapalyIeIbHBIMUA OCSMH B ITOTOKE PEKU. XOTSI OHU MOTYT
OCYLIECTBILITH TypOyIEHTHOCTD, CJIOBOM CMEIINBATh, Y TPOJONBHBIX BUXPEH €CTh Ype3BBIUANHO MosIe3Hast (GyHKIMS, KaK
OyZIeT 1MoKa3aHo Jajiee, U MPEeCTaBIAIoT CO00H CTPYKTYpUPOBAaHHUE 3TUX PHEPrUi, HEOOXOAUMBIX ISl CMEIIMBAHUU U
TPAHCIIOPTUPOBKA YACTHUII, 0€3 KOTOPBIX BCE KaHAJbI OyAyT B KOHEYHOM UTOTE 3aUJICHBL. B TO K€ BpeMsi OHU SIBJISIOTCS HE TEM
TPAHCIIOPTOM, KOTOPBIH CO3A€T U MOBHIILAET BCTPEUHYIO MOJBEMHYIO - JIEBUTALMIO SHEPTHH, HEMATEPHAIIBHYIO JTYIITy
BOJIHOTO MYTH (PEKH).

NOBEPXHOCTL BOAb!

Puc. 13,11 MNpogonkeHbi Buxpb
B npononbHOM BHXpE MMOKa3aH JaMHHAPHBII MOTOK OTHOCUTENBHO IIEHTPaNIbHOM ocu. CaMast XOJIO[HAs HUTh BOJBI BCeraa Orke K LeHTPaIbHON
OCH MOTOKa. TepMuueckoe paccioeHue MPOUCXOANT Aaxe C MUHUMAJIbHBIMU pa3IMYUsIMU B TeMIiepaType Boabl. LlenTpanbHas ocHOBHas BoAa
MOJIBEPracTCs MEHBIICH TYpOYICHTHOCTH M YCKOPSIETCS BIEPE/, TAllls OCTAJILHYIO BOIY, TEJIO 110 CBOSM ITyTH.

XOTst HETaK MHOT'O OCTAETCsl €CTECTBEHHBIX PEK,
J Section 2-2* HE TPOHYTHIE COBPEMEHHBIM PEYHBIM yIPaBICHUEM,
ok OYEHB PEIKO HO OBIBAET, KOT/Ia OHH BOOOIIE BBIXOAST
u3 cBouX OeperoB. B ux npoxnanHom, 6onee
OBICTPOM ITOTOKE BHU3 10 TEUEHHIO OCh MPOJOIEHOTO
BUXPS OYHUILAET PYCIIO OT OCAIKOB, a TaK XKe
YIOIyOIIsSieT ero, U3MEHsIs Pyclio ¢ y4eToM o0beMa
pasrpy3ku. OTH BUXPH TAKXKE TEPMHUECKU
pacciioeHsl INTaCTHHYATHIM ciocoO0oM. B xauecTse
npumepa Ha puc. 13.11 B leHTpanbHONM OCHOBHOM
BOJIe Takoro Buxps temmeparypa +5,01 ° C,
OYEHB TUIOTHAS U XOJIOIHAsSL, M OHA JIBHKETCS
ObIcTpee, ueM OoJiee OTAaJICHHBIE CIIOU
Profile 1-11 BO/IbI, KOTOPBIE ITIOCTENIEHHO CTAHOBATCS MEHEE
TUIOTHBIMH, ITIOCKOJIBKY OHHU TC€IUIECC, OHU CHAPYXKH.
CornacHo npuHiuy Apxumena 0ojee II0THOE
HIEPEHOCHUTCS JIETKOE, 3/1€Ch caMasi IIOTHas SAPo-
BOJIbI HECET OIPEEIEHHO OO0JIeE JIETKYIO BOIY, TaK
KaK B 3TOi 0OMOTKE, IIEHTPOCTPEMHUTEIBHOM
Profile 2-2: BHUXPEBOM [IBIDKEHHUS TJIOTHAS BOAA
JOJDKHA CTEKaTh K caMoMy LIeHTpY. VIMeHHO
9TO SIBJICHHE, HECET OTBETCTBEHHOCTH 32 IEPEBO3KY
"rpy3a" ynoMuHaBIIMMCS B I1aBe 12.
IMomMuMO OXJaXkCHUS BOABI B peKax, Apyras
OCHOBHasl (pyHKIHSI 00EHX MOTEePEUHbBIX H
Faoles g~z MIPOIOJIBHBIX BUXPEH B €CTECTBEHHBIX PEKax
Fig. 13.12 IIOTOKAX MPUMEHSETCS aBTOMATHUECKUI TOPMO3
yObIBaHHMIO BOIBL. be3 3TOro ecrecTBeHHOro
TOPMO3a, TSDKEIJIbIE MAaCChl BOJIBI CBEPX YCKOPIIIHCH OB, Pa3MBLIH OBl Oepera peK u BBI3BIM OTPOMHBIE pa3pylueHus. IMeHHO
STOT aCIIEKT, KOTOPHIH ONUCHIBAET CYTh OIHO M3 IepBoro Tpakrara Bukropa IllayGeprepa, "TypGynentHOCTS" *,
XpaHMBIIAsACSA, B eyaraHHOM u3fanuu 1930 roxay, y nmpodeccopa DkcHepa B ABCTPUICKO# akaJieMUN HayK.
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13.3 @opmuposanue HU3euoo6 (nosopomst pek)

OtpakeHre OCHOBHOTO SHEPTEeTUYECKOTO IIyTH, 3SMEUBUIHOM,
M3BWIKCTOM CTPYKTYPhI U3TUOOB PEKU — MPOSIBIICHUE HUIMIESCKOTO
BTOpHYHOTO 3¢ dekra. Kpome 60bIINX, HEMOABMKHBIX TPEMSATCTBHIA,
TaKue Kak TOpbl ¥ CKaJbHAst IOPOJa, HAIIPUMEp, KypC PEeKH W TOTOKa
BCETa UJET 10 MyTH, B KOTOPOM SHEPTHsSIM B JaHHOM CHTYalluH,
HPABHUTBCS JIETKO ITEPEMEIIaThCsl, IBUTaThCs. B HEKOTOPBIX CIydasix

TPYAHO CKa3aTh, SBISETCS JIM TOMorpadguyeckne 0COOCHHOCTH
naHamadTa NPOU3BOAHBIMU (POPMaMH PEKU HIIH JIaBaja JI peka
HavaJbHBIN Meld3ax, yepe3 KOTOphle OHa MPOTeKaeT (a UIMEHHO
Bounbioit Kanbon Kosopasno), Tak TecHO cBsI3aHBI Mex 1y co0oil. Tak
KaK peKH 3epKaJjla HeBUANMBIX IOTOKOB 3HEPTUH, MBI JOJDKHBI U3YYHUTb,
Kak ()OPMHUPYIOTCS 3TH H3THOBL.
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3xepreTuyeckan [Mywxa
(3nepreTu4eckuil BLICTpen)

/ npodmne Tak kaKk BUXpb pa3BMBaeTCH,

,...--"" pycna BOAA OXNa¥AaeTca, CABNraeT
1 NepemMansIBaeT ocaakH,

TakuM oGpazom nepenneTanTca
Py, € MMKPO3NEMEHTAMH 1
P NUTATENLHLIMWA BELWECTBAMK,
W B TO Xe BPeMA HapawWeaer
BHYTPEHHWi 3apAg YACTOMH
(i IHEprUM.
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BWXPb NpubninKaeTcA Kk Bpogy, noTok ocnabeBaer, Bofa YyTE NPOrPeBaeTCA

B MENKOM PyCne Peki U HAYWHAET BHOCHTL CBOM 3anac MUKpO3NEMEHTOR IROTUE,

W NUTaTENLHLIX BEWECTB W B TO e BPeMA, A0 Ha4ana CBOEro BUXPeBoro o HaCoBOK
BpalLEHWA B MPOTHBONONOKHOM HAaNPaBNEHWH, M3NYYAET CEO HAKONNEHHLIA ‘l‘ ; CTPenka =
3apAg 4MCTON, YNyHWatoWeH X13HL NAEH 3HepriK (No aHanorMK ¢ OProHOM J oTpUUaTenkb-

Bunerentma Paiixa) PacnpocTpoHAIWYHO B OKPY¥AILLYH Cpeay BAONL NNOCKOCTH, HbIWA 3apAg

nepneHaMKyNAPHO HanpaeneHnko notoka. Bukrop WayGeprep Hasean noBOpoT
aro "3uepreTiyeckon Mywkoid". Tem He meHee, ecriv KW3HEHHaR JHEPTUA peku BNeBo, -
BOfbI B peke Gbina cMNbHO AerpagupoBaHa Wa-3a HENCNPaBHOTO METOAA
perynMpoBaHiA pekw, To BMECTO NPOAONLHLIX BAXPEl, NpeobnagaloT BepTHkanbHble
BMXPW, KOTOPbIE HANYHAKT 3HEPIUN YHWYTOMEHWE XKNIHM (CMEPTENBHBIA OPToH)
pacnpocpoHAKITCA cHOKY B OKPECTHOCTH BAONL FOPH3OHTANLHON NNOCKOCTH
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Puc. 13.14 "OHepretudeckuii Boictpen" BukTop LLay6eprep

ITporeccsl B MOTOKE BOJBI, IPUBOJIAIIEE K 00pa30BaHMIO H3rHOOB 1OKa3aHs! Ha Puc. 13.12 B miaHe u B pa3spese.
Ipemmomaras, 9To peKa H3HAYAIBHO 3aTeHeHa Ha 06omx Geperax, npoduib KaHama B paspese 1-1' cuMMeTpraHbIH, Kak
[OKa3aHO B COOTBETCTBYIOMEM Tpoduiie 1- 1'. Vi30rayTas nuHus B BEpXHE 4aCTH AMarpaMMbl OTPAXKAET CKOPOCTH IIOTOKA
Ha KaXJ[OM BEpPTHKAILHOM Cpe3€ U IIOKa3bIBAET, UTO CKOPOCTB ITOTOKA YBEITMYHBACTCSA OT OEperoB, TOCTHUTast MAKCHMyMa B
IEHTpe KaHawa.



B KOHEYHOM HMTOre cO3/1aeTcsi U3rud. HekoTophle u3 TSXKENBIX YaCTHUII, 0CAAKa, IEPEBO3UMBIE OBICTPBIM OTOKOM
BBIOPACHIBAIOTCS Ha JIEBOH CTOPOHEI MOA ACHCTBHEM LICHTPOOESKHOM CHIIBI, B TO BpeMsI KaK Ha IIPABOM MIPOUCXOIUT YAAJICHHS
ocajika B pe3ylbTraTe BO3ACHCTBUS XONOAHON Bo/Ibl. B TO jxe caMoe BpeMsl ONepeyHoe CEUeHHE PEKU B 3TOT MOMEHT
CTaHOBUTCS aCHMMETPHYHBIM, H3-32 HEPABHOMEPHBIX IOTOKOB U TEMIIEPATyp, TIyO)ke CTAaHOBUTHCS TaM, TIe TEKYT IOTOKH
XOJIOAHOM BOJBI.

B paspese 3-3' u mpodmte 3-3', u3-3a UMITyIIbCa MacC XOJIOAHOM BOIBI, XOJNOAHAS BOJA MEHSET Oepera KaHana u
n3rubaercsi B KOHEYHOM HTOTe, OH (POPMUPYETCS B IIPOTHUBOIIOJIOKHOM HarlpaBieHuH. Ecii 3To ecTecTBEHHOE, pUTMHYHOE
YyepenoBaHue, ClpaBa HaJeBO U CJIEBa HAIPaBo, KAKMM-IM00 00pa3oM HapylIaeTcsl, OHU UMEIOT CTPAIlHbIe OCIEICTBUS HE
TOJIBKO JUIsl HETIOCPEICTBEHHOTO OKPY)KEHHSI, KOTOPOMY HE XBaTaTh IIUTATEIbHBIX BELIECTB, HO U JJIs BCEH JKU3Hb 3aBHUCSAIICH
OT PeKH BHM3 110 TeueHu1o. JleficTBUTENILHO, PErylIpys KypC PEKU €CTECTBEHHO OYE€Hb BaKHO 00€CIEUUTh, YTOOB! JIEBBIH
U3rub peKu, HarpuMep, He MPOUCXOUII UM He HadaHaICs TaM, TJIe PaBbli n3pu0 peKu 3aBeplaeTcs, Hapymas 3To
€CTECTBEHHOE UePEJOBAHUE.

MecTononoxKeHHe ITOro TEKyIEro nepexosa TaM, Ie peKa camas Melkasi U e e€ MOKHO JIeTKO nepeitH, opox. Tak
Kak 37IeCb CKOPOCTb MTOTOKa UMEET TEH/ICHIIMIO K 3aMeJUICHHIO, OPOIbI TAKXKEe OCHOBHBIE 30HBI OCAXK/CHHUS B3BEILICHHBIX
MTUTATENBHBIX BEIIECTB PEKH ¥ MUHEPAJIOB, U INie peKa MOXKET IepeiaBaTh UX B OKpyXkarolryto cperny. C Ipyroit CTOpoHbI
M3rHOBI, IJIe Pa3MOJIOThIE CKaJIbl 1 KAMHH U MX IbIJICBUIHbIEC BEIIECTBA, IEPEHOCHMbIE B BUXPEBOM IIOTOKE IS
MTOCIIEYIOIIEr0 OCAXKICHUA. DTO OTIOKEHHE TAJIbKU M BAIyHOB, HE CIIEyeT pacCMaTpUBATh IIPOCTO KAaK MHEPTHYIO MaTEepHIo,
B noHumanuu Bukropa [lay6eprepa, oHM cOCTaBISAIOT XJ1e€0 pekH, €€ HCTOYHUK MUTAaHUs Ha CBOeM IyTH K Mopio. Ecii
TeMIIepaTypHBIi TpaJueHT B Opoe MOJIOKUTENBHBIH OTHOCUTEIBHO TEMIIEPATyPHI 3EMIIU 3TH KU3HEHHO Ba)KHBIS
IUTaTeNbHbIe BellecTBa OYIyT Jajbllle BCACHIBATHCS B 3EMITIO Ha MOA3APSIIKY U 0OoTramieHie TPyHTOBBIX BOJ . DTO eIl OJHH
13 MHOTHX CIIOCOO0B, B KOTOPBIX PEKa IIOCTOSHHO BOCCTAHABIMBACT CBOIO YHEPTHUIO M )KU3HEHHYIO CHITY, M B TO )K€ BPEeMs
IepeiaeT X OKpYXarollel cpee.

Bpon - Takxke dokyc wim 1eins Toro, uto Buktop Ilaybeprep HassiBaet "sHeprernueckuM — BricTpenoM” (puc. 13.14).
DTO TO MECTO, TJIe CO3UAAIONIas HeMaTepHalbHast YHEPTUS WK KUBUTEIBHBIE SHEPIHU PEKH BBIOPACHIBAIOTCS B OKPYIKAIOIIYIO
cpely, KoTopasi, Kak (hopma SHEpruu poACTBEHHAsS C SHEPTrUel )KU3HH, Ha/iensis )kuBoe "oproHoM" 1o Bunbrensmy Paiixy. OHu
BBICBOOOYK/IAIOTCS] B 9TOM MECTE, IOTOMY UTO BCE YHEPIHH, HAKOIUICHHBIE B MPEBIIYIINX HAaMOTKaX, IPOTHB YaCOBOM
CTPEJIKH, TPOJIOJIbHBIX BUXPEH JOKHBI ObITH BEICBOOOKICHBI TIEpe]] TOBOPOTAMH JIBU)KEHHS 110 YacOoBOH cTpenke. HbIMu
CJIOBaMHM, TOYKa ObUIA JOCTUTHYTA, T1ie KOHIEHTPALHSI SHEPT U BUXPS 3aBEPIIAETCS B IIPOLIECCE, POACTBEHHOMY JIBIXaHHUIO.
Henb3st HenpephIBHO /€N1aTh TOJIBKO OAUH BAOX U, CIEJOBATEIbHO, MOMEHT JOCTUTHYT IJI€ BJOX YCTYIAET BBLIOXY, KaxIblil U3
KOTOPBIX COCAMHEH C Pa3InYHON (GOPMOH 3HEPrHH U 00a U3 HUX HEOOXOAUMBI JJISl XKU3HH, YTOOBI IPOIOJIKATH KUTh.

Tak KaK 3TH KaMHU TPYThCs APYT O APYTa, YTO MOXKET IIPOU3OUTH TOJIBKO, €CIIM BOJIA IOCTATOYHO XOJIO/HAS, IUIOTHAS U
JMHAMHYHAs, MEJIKUE YaCTHIIbI MUHEPAJIOB OT HUX MOMAJal0T B BOAY U YaCTUYHO MIJIM TIOJIHOCTHIO PACTBOPSIOTHCS, 3aMCHUB
MIOTEPsSIHHBIE paHee MPH Mepeiadd B OKpYXKarolyto cpeny. He TombKo 3TH ciezbl BHICBOOOXKICHHBIX JIEMEHTOB 1 MUHEPAJIOB,
a yycTasi HOHU3UPYIOIIAst SHEPIys, Yyepe3 depeaoBaHue TPHOOIIOMUHECLICHIIMY YIIOMUHaBIIecs B iaBe 8. Korna asa
MPO3PaYHBIX KPUCTAIUTMYESCKUX KaMHsI (KPHCTAIBI) MOAOOHBIX MO COCTABY C CHJIOHM HaJaBIMBAIA U TEPIIUCH APYT O APyTa WK
yIapsuIiCh Ipyr O Apyra, BHyTPU UX HOSIBISETCS BCIBIIMIKA 30510Toro ceera. ITo cnoBam Bukropa Ilaybeprepa 310t ke 3 dext
BO3HMKAET, KOT/ia /iBa OpycKa U3 IMEePBOKIACCHOM JIPEBECHUHBI aHAJIOTHYHOTO XUMUYECKOI0 COCTaBa MoTep ApYT o apyra. B
MOHUX JKCIIEPUMEHTAX C ATUM SIBIICHUEM, NIOITyYSHHBIE MCKPBI 110 BCEH BUIAMMOCTH, HE BBI3BIBAJIN JIEKTPUUYECKHE TIOMEXH, TaK
KakK paJUONpPHUEMHHUK pacIiojlaraBIIeiCs PsIIOM C UCKPALIMMCS KAMHSIMH HE TPecKall BO BpeMsl IPOU3BOZCTBA UCKPBHI.
@dakTHUeCKH 3TO BOOOIIE HE 3IEKTPOMarHuTHEIE oMexH. Boobie Hukakoro BMemaresbeTa. IloaTomMy Ml 31€Ch,
CTAJIKUBAEMCs C TOW WIIH UHOH, pyroit GopMoii okucieHu s, poiecca ropeHust. To, 4To 3T0 UCKPEHHE TaKKe MOXKET
MIPOM3OUTH I10J] BOJIOW HUKOTJIA HE MPEIOJIOraloCh WIIM MCCIIEOBATIOCH C HAYYHOH TOYKH 3peHHs. DTO IEHCTBUTEILHO HMEET
MECTO HOJ BOJIOH, U, CIIEIOBATEILHO, TIPOLIECC XOJIOAHOTO OKHCIICHUS, OKUCIICHUSI He 00sI3aTeTIbHO CBA3aHHOE C BHIICTICHHEM
BBICOKOI1 TeMIIeparyphl.

BpaleHve ConHua

BpalyeHue ConHua

Sun
c BocTtoka --> Ha 3anag TeuyeHune BoAbl

¢ 3anapa --> Ha BocTok TeueHne BOAbI

//:E::Q\\

> e ciitisg /.7,:8\
M . — o

R BpalieHue 3eMnu

3anag 3anan BpalleHve 3eMnu BocTtok
Fiag. 13.15 Fig. 13.16
D¢dexrt, BIUsIHAE HA TSYSHUS 110 HAIIPABICHHO B TOM K€ D¢ dext, BIUsHAS Ha TeYSHHs B 00paTHOM HallpaBJIeHHE BPAICHHS
HAIpaBIeHHH, YTO U BpallleHHe 3eMIIH YCKOPSETCSI OTHOCUTEIBHO 3eMiIM He TOIBKO 3aMeNIsIeT ABIDKEHHE BOMBL, A TAKKe OTKPHIBAET BOLY,
JIBIDKCHUIO BOJBI M YMEHBIIACTCS B IIEPHOJ] BO3ACHCTBUS TEIUIa OT Bo3zeiicTBuIO Teruta ConHIa B TedeHHe Ooree JUTUTENBHOTO IepHoa,
Connua. Bona ocraercst 6onee npoxyiaiHOH, YBETMYMBACT CBOIO Harpesas e€. DTO CHWKaeT e€ OJbEMHYIO CHITY U €€ CIOCOOHOCTh
MOIBEMHYIO CUILy H €€ CIIOCOOHOCTH TPAHCIIOPTHPOBATh MUTATeIbHbIC | TPAHCIOPTUPOBATH MUTATENbHbIC BemecTBa. O6a Gepera peku B KOHCUHOM
BemecTBa. O6a Gepera peky 0OOBIYHO OCTAKOTCS II0AOPOJHBIMH. UTOTe MOTYT CTaTh OCCIUIOAHBIMU.

Emie omuH nHTEpECHBII MOMEHT B TOM OTHOIIEHHH SIBIISIETCS IPOUCXOXKACHNE JIETeHaapHoro "30moTa
Hubenynros" , "3omoto Peitna", koTopoe sSKoO0bI Jiexano Ha qHe PeliHa B ObUTbIe THU U KOTOPOE CBEPKAJO B TEMHOE BPeMst
CYTOK. OTa JIeTeH/a TaKKe JIOJDKHBI OBITh OTHECEHA K sIBIICHUIO TpubomomuHeceHun. Okono 200-250 ner Hazaz, BObI
Peiina ObLTH, HECOMHEHHO, YUCTBIMH, TIPO3PAaYHBIE U JOCTATOYHO MPO3payHble JJIS JIFoNel, 4ToOBl HaOonare To, 4To,
Ka3aJloCh, MHUTAHHUE 30JI0Ta B pyciie peku. CeroaHs, Hapsay CO MHOTUMH JPYTUMH pekaMu, PeiiH rycToii, MyTHBIH, cepo-



3eJIeHO€e I'PS3HOE BapeBO, €ro )KU3HEHHAs CUJla ITOAKAIICHHAss COBPEMEHHBIMU METOJaMU MEXaHUCTHUECKOTO MIOAXO0/a K
YIPaBICHUIO PEKH.

OHepruu Aapyolye >Ku3Hb, CCeHEPUPOBAHBIE B IPUPOHBIX IOTOKAX, SBISIOTCS IPEUMYIIECTBEHHO Pe3YIbTaToOM
OXJIQXKJICHUS CIMBAIOLIMEr0Csl BUXPEBOIO JBMKEHHUS BJIOJIb IIPOIOIBHOM OCH MOTOKA, YTO IPUBOAUT JAUCIIEPCHON CyCIIEH3UU
MEJIKO U3MEIBYEHHOTO MaTepHalla B TECHOM KOHTAKTE B INIOTHO YIAKOBAHHOM SIPE XONOJHOM BOJBI, XKUJKOH CMECHIO
KoTopylo BukTop HasbiBaeT "smynbenei”". Oba KpatHUX COCTOSIHUM KOHLEHTPALMU U OBICTpas CKOPOCTh BPAIIEHUS B BUXPE
BBI3bIBACT 00JIE€€ BHICOKHE COCTOSHUE HOHU3ALUM, KOTOPOE B CBOIO OYEPE/b, II03BOJIUT HOBBIM KOMOUHALIUAM U
pe-KOMOMHALUSIM Pa3/IMYHbIX JIEMEHTOB, TEM CaMbIM IOBBIILAS FEHEPALHIO JIEKTPOMarHUTHOM SHEPIUU (2 UMEHHO (DYHKIIUS
METaJIOCOAEPKAIIUX IOPO U TPUOOIOMUHECHIEHIIMY). Tak Kak IPOJ0JIbHbIE BUXPH CBSI3aHBI C €CTECTBEHHBIMHU IIOTOKAMU C
CaMOOXJIXKIECHHEM, SHEPTUH, KOTOPBIC OHU BBIITYCKAIOT XOJOAHbIE-MCTOUHUKU HAa OCHOBE IIPOLIECCOB, KOTOpble BHKTOP
Ha3bIBaeT "X0NomHO# hepMeHTanuel (OpokeHrueM)" H, HX 3PEKT, MOITOMY ONArOTBOPHBIA. DTO MPOUCXOJHUT IIOTOMY, YTO
HeMaTepualbHble UCIyCKaHUS 9TOH 3MYIbCUH, COAEPIKAIIE KUCIOPOA - TAKKE KOMITIOHEHTH! CUJIMKATOB, KOTOPBIi
CTaHOBUTCS NACCUBHBIM IIPH EHTPOCTPEMHUTEIHHOM OXJIAKACHUH U JIETKO CBSI3aBAETCs ¢ KapOOHAMHU, 10 CYIIECTBY
dopmupyromas GyHKIMA. DTH SKOJOTUUECKH 0XKUBIIAIONINE S3HEPTUM COPACBIBAIOTCS HA INIOCKOCTh, IEPIEHAUKYISIPHYIO
OCH BUXPS, KaK TIOKa3aHo Ha puc. 13.14 1 MOTyT OBITH IPUPABHEHBI TI0 CBOEMY XapakTepy K OMO-MarHUTHOMY paspsiiy B
BOJIHOH CTpye ONUCAHO B IMaBe 6, puc. 7 u puc. 6.11.

C norepe4HbIM BUXPEM, U BEPTHKAIILHO MOIEPEYHBIMU BUXPsIMU B yacTHOCTH (puc. 13.10), koTopble 0Opasyrorcs Tak

Kak BOJla CTAHOBUTLCS O0JIee-TEIUION COTPETOH OT YpEe3MEPHOTO BO3IEHCTBHUS COMHIA WIIH Yepe3 He eCTECTBEHHOE
pEryIMpoBaHKe, YHEPTUHU HCITyCKaeMbIe SIBIISIOTCS BBICOKO—TEMITEPaTypPHBIMH - HCTOYHUKAMH U HCTOIIAIOTCS. Bo MHOrOM
9TO Pe3yNbTaT BEI3BAHHBII BBICOKOI TeMIepaTypol, KHUCIOPOI CTAHOBUTHCS arPECUBHBIM M OMYIBCUH HU3KOTO

KadecTBa, KOTopas OHa MPOU3BOAUT. 37IeCh MBI UMEEM JEIO0 C TEIUIBIM OpOKEHHEM, YTO MPUBOAUT K PACIIPOCTPAHEHHUIO
MaTOreHHbIX OakTepuid. KpoMe TOro, mocKoJibKy 0Ch 3TOTO BUXPSI BEPTUKAIBHBIN, U3y4aeTCs U PaclpoCTpaHsIeTCs
CMEPTOHOCHOE TOPU30HTAIBHOE M3IyUeHHUE, BPEIHOE JUIs OKPY)KaIOIIeH cpepl. ITa QYHKIUS B aHAIOTHU ¢ Bunbreasmom
Paiixom "cmeprensHoe m3nydenus oprona” (CHO-DOR), rjdfhysq 'atrn - koTopoe HapymaeT 0OMeH BEeLIeCTB BCei
OpraHnveckoif xu3Hu. [1o cBoeMy XapakTepy OH CPOIHHUM C KPaCHBIM DPa3psiIOM ONMUCAHBIM B SKCIIEPUMEHTE CO CTPYSIMHU
BOJIbI BBIIE. DTH BPEIHBIC XaOTHYHBIE BBIOPOCHI HIIH CO3/IaHKE "MYyCTOT -bIP", KaK 3TO ObLIO, B MPOU3BOUTEIEHON
MaTpHIed KEHIIMHBI PPYKTUTCHOB 3(UPHBIX 00pa30BaHUN KOTOPBIC TAKKE PACIIPOCTPAHSIOTCS MO TOPU3OHTAINH (I1aBas,
puc. 5.2), )KECTOKO IONABIISIOTCS UX 3apOJIbILIEBbIC (DYHKIIHH.

AewxeHue ConHua

Sun
c HOra -> Ha CeBep c CeBepa -> Ha HOr
Te4yeHHUe BoObl Te4YyeHue BoObl
3anap aABuXeHne 3emnum BocTok

Fig. 13.17

Bnusinue a¢exra Bpamenus 3emuu ¢ Cesep - FOr u FOr - CeBep TeueHue pek BbI3bIBaCT aCHMMETPUYHBIM MPOdUIeM KaHaa H3-3a
MHEPIOHHOTO CONPOTUBIICHHS BOBI. Byyun onpeneneHHo Tshkenee, Oonee XoIoiHas BOJia HA JIHE MMEET HanOoblllee HHEPIMOHHOE
COTIPOTUBIICHHUS U BBIHYXKIHA YITyOHTh 3aMaHy0 CTOPOHY ITOTOKa. XONOIHAsI BOJA C OOJIBINON IObEMHOI CHIIOH M CUIION IepeHoca I03TOMY
TEYeT BAOJIb 3aMafHOro Gepera, yrayOusis JHO Ha 9TOH CTOPOHE M IMOCTABIAET OOMBIITYI0 YaCTh UTATEIBHBIX BEIIECTB, B TO BPEMs KaK TEILIas,
ONpezIeTIeHHO JIETKast BOJIA, 3aMELISIETCS B CHIIE TIOTOKA U CHJIE TIEpeHoca 1, TAKUM 00pa3oM JeHIUT MUTATENbHBIX BEIIECTB, IPOTEKAET
o BocTOuHOMY Oepery. B pesynbrare 3ananHblii Oeper, kak npaBuio, Ooliee MI0J0pOIHEE, YeM BOCTOUHBII Oeper.

Xots pas3jnung B TEMIIEPATYPE BOAbI, OTBEYAIOT 3a m000€ 13 BhIIIE YIIOMAHYTBIX HBHGHHP‘I, MHWHHUMAJIbHBIMHU, Ba’>KHO
TAaKXC [IOMHUTD, YTO JXHU3Hb U CMEPTh — BCC JICJIO JIMIIb B TEMIIEPATypPEC, YTO HAIL COBpeMeHHLIﬁ Hay‘{HBIﬁ MUp CHUTACT
COBCPIIICHHO HE3HAYAIIIUM.



13.4 I'eocmpoguueckuii edpghpexm 6 nomoxe

T'eocTpoduyeckuii Berep (0T reo... u rped. strophe — MOBOPOT, BpallleHUe), TOPH30HTAIEHOE
paBHOMEpPHOE U NPSMOJINHEHHOE BUKCHUE BO3/LyXa IIPH OTCYTCTBUH CHIIBI TPCHHUS
PaBHOBECHHM IPaJNCHTA JAABICHHS U OTKIOHSIONICH CUIIbI BPAICHHUS 3EMIIH. . .

Eme oHUM Ba)KHBIM (hPaKTOPOM, CBSI3QHHBIH C IBIDKCHHEM H
KHU3HECTIOCOOHOCTBIO PEK M3BECTHBII
Kak "reocTpoduueckuii 3pPeKT”, KOTOPHIi CBA3aH ¢ BpallieHHeM 3eMIInu e
BIIMSHUE HAa JABWKeHHE Boxbl. Camo co0oi pasymeercs, 4TO TPpaJueHT
TeMIieparypsl Takxke BiusieT. Puc. 13.15 mokaspiBaer ceuenue 3eMin
u e€ kpuBn3Ha. COJIHIIE MOKA3aHO, BUIHO U3 KXKHOTO MOJYLIAPHUS, MOJHUMAsICh
¢ TIpaBa U JBWXKYIIeecs 10 HeOy B JIEBYIO CTOPOHY. B To e BpeMs 3emiist
Bpaiaercs B cropoHy CoJHIla B IIpaBylo cTOpoHyY. B pekax ¢ 3amana -
> BOCTOYHOM HAalpaBJeHHH IIOTOKA, MOATOMY IOTOK BOoxbl K ConHiry. OTKpBITO
000oMy OTAeIbHOMY "KilacTepy", BOAa, Kak Obl, B TAKHX PEKax OTKPHITO
COJIHILYy HEOOJIBIIION YaCThIO, YeM €CIH OBl IIOTOK TEK B 00pPaTHOM HAIIPaBJICHUH.
Tak Kak OH IBIDKETCs B cTopoHy COJHIIA, 3TH BOJHBIC KIIACTEPHI, MOABEPraroTCs
MEHbIIEMY TEMJIOBOMY BO3AEHCTBHIO.

B 10 e camoe BpeMsl, TOTOK BOABI TAaKXe OBICTpee,

YeM BpalleHUE 3eMITH, B CBSI3H CTPAUEHTOM, IO KOTOPOMY OHa
TEUeT, TaK 4TO aOCONOTHASI CKOPOCTH MMOTOKA OTHOCUTEIHFHO HEOIBIKHOTO
HaOIonaTeNs CMOTPSILIEro BHU3 ¢ IOxkHOTO notoca siBiseTcs 0osee ObICTPBIM,
4eM ecii OBl IBIDKSHUSI ObUIH B IPOTHUBOIOJIOXKHOM HarpaBiieHnH. Takue pekH,
Kak IIPaBUJIO, CTPOAT CBOU Oepera paBHOMEPHO Ha 00€ CTOPOHBI U R
IUTOAOPOIVE MPUIIETAIONINX PaliOHaX TakKe BBIIIE, TaK KaK 00Iast LW
TeMIepaTrypa BOIBI HPOXJIaJHEE, IEPEHOC YacTIl K PacIpeelicHIe =
MIUTATEJHHBIX BEIIECTB OOJbIIE.

nec4yaHble
GaHKkn
XOnmbl

Fig. 18.18 PacnpocrpaneHue necka
OTMeriei B NPAMbIX KaHanax
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Puc. 13.19 PerynupoBanue Ha Peline BBepx 1o TeueHuto ot Manreiima (uctounuk 19 Beka)

C Bocroka -> Ha 3anajn notok (puc. 13.16), ananoruuHslie BOAHbIC- KilacTepa ocBeniatorcsi CONHIEM B TEUCHUE
JUTATENTBHOTO BPEMEHH HE TOJIBKO TIOTOMY, YTO HOTOK JABHXKETCS B TOM K€ HanpasyieHHH, yTo 1 CoNHIle, HO M KaK pe3yibTar
COOCTBEHHOI WHEPLUH BOJIBI, YTO BEI3BIBACT €€ JIBIKEHUE BIIepeN, YTOOBI OBITH HEMHOTO 3aMEIJIEHHBIM BpAILlEHUEM 3eMIIH.
PesyneraTom 3TOTO SABIAETCS TO, UTO BOJA CTAHOBUTCA I'Opa3/i0 TEIUIEE U MEHBIIIE BOSMOXXHOCTEH ISl IEPEHOCa YaCTHIl U
IIUTATEJIbHBIX BEIIECTB. B HU30BBAX TakuX pek, Oepera cTaHOBATCS OECIIIONHBIMU M3-32 OTCYTCTBUS UX, U peKa UMeeT
OOJBIYIO TEHJCHIIMIO K HAaBOTHEHHSIM M ()OPMHUPOBAHUIO JEJIBTHI P BIIAJICHUH B MOpE.

Xapakrepuctuka teueHuit ¢ Cesepa -> Ha fOr u ¢ Ora -> Ha CeBep peku OTIIMYaroTCs OT BBILEYIOMAHYTHIX. MxX
MOJIENH TTOTOKA PETYINPYIOTCS B OONIBIIEH CTENeHH X OOKOBOH MHEPIUU OTHOCHTENIFHO BPAIIEHHs 3€MIIH, YeM OT
npoxoxaenust Connia no HeOy. Ha puc.13.17 cpes, npoBeIeHHBIN Yepe3 TaKue PeKH HKCIIOHATOB aCUMMETPHYHBIM
npodunem. braronaps xuaKoi HHEPIMU BOJBI Y OCHOBHOM YaCTH BOABI €CTh TEHCHIHS HaBaJMBATh HA MIPOTHBOIOIOKHBIN
Oepera Ha 3aIaJJHOH CTOPOHE, T. €. B CTOPOHY, IPOTUBOIIOJIOXKHYIO HAIIPABIECHUIO BPAILlIeHHUs 3eMIIH.

Byny4n camoii mIoTHO# U TsXKeJoH, camMas X0JI0/iHas Bojia HanboJsee oCcTpaaaBIiasl U, CJIeJ0BaTEIbHO, OCHOBHOM
IOTOK NPOUCXOAUT BIOJIb 3alIaIHOT0 Oepera, IIe KaHall TakxKe B LieJIoM DyOxe. Takue pexy, kak MpaBuiIo, OECIUIOAHBIE Ha




BOCTOYHOH CTOpPOHE, TOTOMY 4YTO, OyAyT MeJibde, BOAa Ha TOH CTOPOHE TIIE TEIUIEE U OTIIOKEHUE 0CaJIKa TO3TOMY POUCXOAUT
pasblie. Koria nonoxuTesbHbIH TPaIUeHT TEMIIepaTyphl ONIEPAaTUBHO BIHUSET, KaK MPaBHIIO, 00Jiee BHIPaXKEHBI Ha 3aIaHOM
Oepery, 4eM Ha BOCTOYHOM H, CJIEJIOBAaTEIIbHO, TUTATENBHBIA MOTOK OOJIBIIIE Ha 3amajie, Y4eM Ha BOCTOKE C COpa3MEpHBIM
pa3nu4reM B OTHOCHTEILHOM M300MIIMH, WM, KaK ObUIO MOoKa3aHo Ha Puc. 9.8, peunble neicTBU, YTO ObI

W3BJIeYb MUTATENbHbIEC BEIIECTBA U3 TEIJIOro Oepera U OTAaTh UX B OoJiee MpoXxJiaHOMY.
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Puc. 13.21 UckyccTBeHHoe pycrio pekun (CoopyXeHHbIN KaHan peku)

Ecnu 3T pexu HaxonATCs Ha IOBOJIBHO BBICOKHMX IIMPOTaX, U BIAJIAIOT B XOJIOIHBIE MM APKTHYECKUE MOpS, TO,
IIOCKOJIBKY OHH JIBUT'AlOTCS B HAIIPAaBJICHHUH MOJIIOCOB, YTOM MaaeHus Jydei CoiHIa yMeHbIIaeTCs, BoJla OXJIaXIaeTCsl U TaKUe
PEKHU HECYT CBOU OCAJIKH JIAJICKO B MOPE, CO3/1aBasl A3bIK M MOJyOCTPOBA U3BeCTHBIC Kak "Xadd" popmupoBanue.

B nporusHOM ciydae, Takue, kak Hul, koTopble BogaloT B MOpsl Ha ropasfo 0oJsiee HU3KUX IINPOoTax, BMecTo Xadd
pa3BuTHA, GOPMUPYIOT AETBTHI, HOCKOJIBKY MOTOK CTaNa IEPerpeBaThcs 1 BOAA, COOTBETCTBEHHO, OoJiee Bslas U He B
COCTOSIHUM YJeP>KUBaTh CBOM OCAJKU B BUJIE CYCIICH3HU.
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Puc. 13.22 O0pscHEHNE TPaCBUIHOTO KaHaa
OTHOCHTHHO 00BEMY K OCHOBHOM €IMHUIIC, 00HEM BOJIbI KOTOPBIH HECET KaHAN YBEIMYMBACTCS MO SKCIIOHCHTE, MPH MOBBIIICHHS
YPOBHSI BOZIbI



Fig. 13.20a I'IpuponHaﬂ_peKa Fig. 13.20b mexaHU4YecKas MHXeHepusa BOOOTOKa

13.5 I¢pgpexkm ucnonvzoeanusn 00bIYHBIX UHHCEHEPHBIX CUCHIEM HA PEKAX

Ocobas 03aboueHHOCTh ObUIa y Buxropa lllaydeprepa Ha crioco0, KakuM yIpaBisieTcs: peka u oopadarsiBaach




BOJIa B IIOJIHOM HEBeXecTBe K 3akoHaM [Ipupoasl. [Ipunyxas Boqy IBUraTbcsi B KOHKPETHBIX TpaNeUBUIHBIX KaHaNax, B
HWIMHIPUYECKHUX CTANBHBIX TPyOax | T.1., TOT Jke caMblil 3 deKT, ecu Obl yelloBeKa 3aKyTaTh B CMUPUTEIIbHYIO pyOallky,
YTO JIENAeT ero arpeCCUBHBIM (3Q(EKT CBepX HarpeBaHUs COAEPAKAIIErocs KUCIOPOAa, OH CTAHOBUTLCS arpeCUBHBIM),
yOuBaet e xapakrep, e€ CBOOOIy U JHIIaeT e€ Bcel CBoel sHepruu. B Takux ycinoBHsAX Boza HE MOXKET OOJIbILE OCTAaBATHCS
MSTKOH U 310pOBOH, HapyloILIei 310pOBbE, @ CTAHOBUTCS JKECTOKON arpeCUBHOM U IOMOraeT pa3BUBATHCS 0ONE3HETBOPHBIM
arnacHbIM OaKTEPUSIM U BUPYCaM.

Puc. 13.21 B3aT U3 ydeOHHUKA 110 THAPABIKKE’, BUHO, YTO JaXe B IIPAMOM KaHaJle, B 3TOM
CTpalIHOM "TIpsIMOM" - MUJKAKe, B KOTOPOM 3aK/II04€Ha BOJIa, OHA IO-NPEKHEMY CTPEMHTCS TaHLIEBATh, BaJbCUPOBATh
1, BMECTO TOTO, YTO OBbI TEUET NPSIMO YEPE3 ATOT YAEPKUBAIOLIUI KaHaja, B KOTOPOM IIOTOK JOJDKEH OBbITh NPSIMBIM U
JIAMHHAPHBIM B COOTBETCTBUY C THPABIMUECKON TEOPUH, BOJIA BCE €I MBITAETCs yTBEPAUTD
CBOH IIPUPOIHBIA SHEPTETHIECKHI XapaKTep TEICHUS I TOTO, YTOOBI BOCCTAHOBHUTH CBOIO OBIBIITYIO JKH3HH JAPYIOLIYIO
CIOCOOHOCTb.

YT0OBI HaTh YNTATENIO O0IIEee IPEICTABICHHE O COBPEMEHHOM PETryIMPOBAHNUS PEK U, UTO BIIEYET OHHU 3a CO0O0i, HaBaiTe
[OCMOTPHM Ty YacTh U3BHIMCTON peku Peiin Ha puc 13.19°, 3a kotopyto, kak omnucano B mase 1, Bukropa 1llay6eprepa
Gopocs (apajicsi) 04eHb yCepAHO, HO TIIETHO, YTOOBI COXpaHUTh e€. Kak u Bce ecTecTBEeHHBIE BOJIHBIE IOTOKH, PEICTABIIIOT
€000} U3BUINCTYIO KAPTUHY TEUEHHs, I0KA3aHHBIE 3[/6Ch, KAKUM ITyTe€M XOTell IBUraThes PeiiH. D10 ObLI yTh, KOTOPBIM
YAQIIOCH ONTHMH3HUPOBATh CBOIO SHEPTHIO ¥ MPOITYCKHYIO CITIOCOOHOCTD, XOTS K TOMY BPEMEHH, KOTZa 3TO PEryInpOBaHHE
OBLITO IPOBEIEHO, O€3 COMHEHHsI, OOJBIIAst OKPECTHOCTE Jieca OblIa BEIPYOIIeHa, JINIICHA PACTUTEIFHOTO TIOKPOBA, C
Hen30€KHBIMH HOCJICICTBUSIMU KOTOPBIE YK€ 00CYKIaIHCh.

DTOT €CTECTBEHHBI ITyTh OBLT HE MPUEMJIEM JUTS BIACTEH, BO3MOXKHO, IIOTOMY YTO OH 3aHUMAJI CITHIIKOM MHOTO MecTa
1 BEPOSITHO, OYEHb BEPOSITHO, 3aTOIUISLT OKPECTHOCTH, U CIIPABEIIBO, JOBOJIBHO YacTO. BBIIO pemeHo mocTpouTh
TpanenuBHUIHBIN KaHaJ OJHOPOAHOTO MONEPETHOTO CEUSHUs 10 BCel cBoel umMHe. [IpyriMu CII0BaMH, TIOCTOSTHHAS ObLia
BBCACHA B TO, UYTO €CTCCTBCHHO Hel'lpepBIBHbIﬁ HC IEpEMCHHAas CUCTEMA, OTpaHUYMBasA IMIOTOK OI'PAaHNYCHHBIM Pa3MEpPOM U,
KOHEYHO, peKa, 3TO cefuac MOYTH yMHUPAIOIINI BOOEM, ObliIa HE B COCTOSIHAN TPAHCIIOPTHPOBATH YaCTHUIIBI, CTaI
00pa3oBbIBaThCs 0canoK. Kak pe3ynbrar JHO pyciia HyXKIaeTcs B IOCTOSHHBIX THOYIITYOUTEIbHBIX paboTax B LENsIX
coxpaHeHusl 0e30MacHOM TIIyOMHBI OT HABOTHCHUSI.

ITyTs Pelina ObLI yceueH co CTPOUTEILCTBOM 3TOTO TPAIECHUBUAHOIO KaHaIa WLIIOCTPUPYET YKacHble AedopManuu B
TakoM Hoxxoze. Bee mpekpacHble M3ruOb!I cepliaHTHHA ObUTH ITpoiiaeHsl. HeT Huuero ecTeCTBEHHOTO B TOBOPOTAX PEKU Kak
0Ka3aHo 371ech. [Toka3aHHBI B TEMHBIX ouepTaHusX (puc. 13.19), 310 "OecKOMIPOMUCCHBIN" TpaneUBUAHBII KaHaT ObLI
COOPYKEH Ha peKe MH)XKEHEPaMH B HEYMECTHOM YOEXKEHHUH, YTO ITOTOK BOABI OyAET yIIydllleH U IPEeHaX YCKOPUTHCSL.

ITopa3uTenbHblil KOHTPACT MEXTY KOHPUTypalell eCTECTBEHHO OPraHUYECKOr0 U UCKYCCTBEHHO MEXaHUUECKOIO
BOJIHOTO TIOTOKA CTAHOBUTCS ellle Goiiee oueBUHBIM Ha puc. 13.20a n13.20b’. B nepBoM MOKEM YBHIUTH U3MEHEHUS
HIMPUHBI KaHasa, paJuyCchl U KPUBH3HY PEUHBIX U3rMOO0B U paclleNIeHHe KaHalla, YETKO IPOCIEKHUBAETCA. DTO MOIHOCTBIO
PE3yNbTaT eCTECTBEHHOIO TeUEHUs BOJBI B 3TON cuTyaruu. OH TIATEIbHO (OPMUPYETCS PYCIIOM, B KOTOPOM OHA JKeJlaeT
JBUTAThCS U MOXKET JBHTATHCS C HANMEHBIIMMH TTOTEPSIMH SHEPTHH. Bo BTOpoM, 3aMeTiM, BooOIIe HET U3MEHEHHS 110
mupuHe. Bee npsiMble yuacTky 04eHb IpsIMbIE U Yy BCEX U3rMO0B OAMHAKOBBIN paguyc u3ruba. Bes koMnosunus uMeeT oueHb
CTEPIJIbHBIH, HEECTECTBEHHBIN 1 O€3)KN3HEHHBIN BHEIIHUN BHI U, 0€3YCIOBHO, HE IOCTABUT KU3HEHHO BaXKHYIO, 3I0POBYIO
BOJIy B M€CTa IJie OHa TeueT. J{u3aiiH 3Toro Jbicoro, 6€3 IepeBbeB, U OTKPBHITOIO OPOCUTEIBHOIO KaHaJla TAKXKE OJJHO3HAUHO
MOKA3BIBAET, YTO €T0 CO3/IaTEN OBUIM COBEPIICHHO HE OCBEIOMIICHBI O TOM, YTO BOJA KHBOE BELIECTBO U 3aHUMAJIUCh
UCKIIIOYUTEIBHO TPAHCIOPTUPOBKOI SIKOOBI HHEPTHOM >KUAKOCTH.

Kanan myist npeHaka Ha puc. 13.22 mokasbIBaeT, 4To 3TO TparelUBUIHbINA TPodHiIb Ha caMoM siene. Bribop
TparenuBUAHOI (hOPMBI I 3THX KaHAJIOB OCHOBAaH Ha 00OOCHOBAaHWE, YTO KOJIMYECTBO BOIBI OHH MOTYT HECTH
9KCIIOHEHIMATIBHBINA pacueT, Tak Kak 00bEM motoka Bo3pactaet. Ha puc. 13.22 B HuwxkHeit yacti " V mudpa 1 o603Havaet
IUTOIIAb TIOIEPEYHOTO CEYSHHS U BEICOTHI 0a30BOro 010Ka MOTOKa. [IpH BRICOTE B /1Ba pa3a, 00beM IOTOKA YBEIHMINBACTCS B
YeThIpe pasa, T.e. B UeThIpe pa3a 0oJblie, yeM 0a30BbIi O0K. Eciu BeIcOTa BOABI B TpH pasa, TO KOIUIECTBO BOJBI
MIPOXOAAIIEe B AEBITH pa3, U Tak Jaliee, yBeIHIeHHE KOJTMIECTBA BOMBI TS KaXKIOTO YPOBHS YKa3aHO OOJBIIOTO pazMepa
mudpoii Ha mpaBoit cTopone V. HezaBucHMO OT OUEBHIHONM JIOTWKH AW3aiiH, TAKMX KaHAJOB HU B KOel Mepe He
COOTBETCTBYET 00pa3IaM eCTeCTBEHHBIX IIOTOKOB BOABI, TAK KaK KOHCTPYKIMS OCHOBaHA HAa MaJICHHKOM MacIuTade
HanpapJieHHe 0€3>KU3HEHHOM BOZBI B THIPABIMYECKOH JabopaTopuy, 6e3 yuera TeMIeparyp.

B pesynbrare storo y Peiina oTHsIIH Bce €ro BHYTpPEHHUE SHEPTUH, BECh €ro AnHamMu3M. JKHBoe CymiecTBo, y KOTOPTO
OTHHMMAIOT €r0 YHEPIHIO U B 3HAUUTENBHOM CTENEeHH 3a0pajii ero XapakTep. Xapakrep, 3aMeTUM, SBIISIETCS] O4eHb TOHKOH U
HeMarepuaabHOU GopMoii sHeprun. MBI He MOXKEM ONIPEAENUTh €T0 B MaTepHalbHOM MaciuTabe, HO 910 popma
SHEPreTHUYECKUX BbhIpakeHuil. Bona obnanaet xapakTepoM Tak >ke, Kak Bbl Wil 5. Korja oHa He UIMeeT BO3MOXKHOCTH
JBUTaThCS, WK KOTJIA MOTOKY OOJIbIIE HE NAIOT CBOOOAHO JIBUTAThCS B ITyTH TAK KaK OH XOUET, OH JCUCTBYET TaK ke, KaK
4eJI0BeK B TIopbMe. OH CTaHOBUTCS XKECTOKUM, IBITACTCS SHEPTHYHO, YIAIUTh €r0 KaHJajbl U, CTaTh CBOOOIHBIM, HAHOCS
yiiep0, IIoKa ero BHyTpEeHHEE TyBCTBO PABHOBECHS He OYJIET ellle pa3 BOCCTAHOBIECHO. 3/1eCh YepCTBOE 0OpaleHue ¢
PeiiHOM €O CTOPOHBI BIAaCTE! MOXKHO CPAaBHUTB C XMUPYProM, KOTOPbI aMITyTHpyeT HOTUM CBOEMY MAIIUEHTY, MOXKET JIydllle AaTbh
eMy WM el BOSMOXKHOCTb XOAUTB!

Ho 4To (akTH9ecKn MPOUCXOAUT C BOAOH MPH TaKUX oOcTosTenscTBax?  Bymydn JieHo Tedus B e€ eCTeCTBeHHOM
MaHepe, caM IOTOK U TeMIIepaTypa BOJbl CTAHOBAThCS OAHOPOAHOM. Hu xakue mpoaonbHble BUXPU HE MOTYT 00pa30BbIBATHCS
W, CJISIOBATENILHO, HET HU KaKOTO OXJIXKJICHHS U HU KaKKe MPOIecChl He aKTUBUPYIOTCs. HanmpoTus, BepTHKAIEHO
HaKJIOHEHHbIE CTEHbI KaHasa, IPOBOLIUPLYIO CO3JaHUE IONEPEUHbIX BOJOBOPOTOB, KOTOPbIE IIPOU3BOAAT aryOHbIe
TOPH30HTAIBHBIE UCITYCKAaHHsI, SMaHaIlNH, YIIOMHHABIIHECs paHee. OTpUIaTeNbHBIA TeMIEPaTypHbIA TPaAueHT TakxkKe
npeo6a1agaeT NOUTH IOCTOSHHO.

Ocamok ocTaeTcs JISKaTh B pyciie peKH U, 0e3 IesTeIbHOCTH MPOIONBHBIX BUXPEH; rajibka M KaMHH yXKe



HE Pa3MOJIauNBaIOTCS B 36MJIIO U PeKa OrOJIOflaIa 10 €€ )KUBUTENILHBIM YCIOBHAM, KaK Mei3ax, uepe3 KOTOPbI OHa IIPOTEKaeT,
TeM Oosee eciu Oepera siBnsieTcs "6eckoMpoMUccHbIMU'". Boia cTaHoBHUTCS Teruiee, OE3BKYCHOI, €€ MOTOK BSJIBIM U
YBEJIMUYMBAIOTCS UCHIApEHUs. BMecTo cBepKaromMX KPUCTAIOB XapaKTEPHOTO SICHOTO KU3HEHHO 3/I0POBBIX IOTOKOB, BO/IA
CTaHOBHTCS HENPO3payHON U MyTHOHM, MpauHoil. Co BceMH €€ SHeprHsIMH, HACHILCTBEHHO yIAIeHBIMH, BCE, UTO OCTANOCH, OT
9TOrO HECBEXKas U OE3KU3HEHHAS KHUKOCTb.

CraHoBsCh OoJiee TEeIUION B pe3ysibTaTe BCEro ATOro rpydoro U MEyMesloro pyKOBOZACTBA, €€ colep Kaluics
PacTBOPEHHBIN KHCIOPOJI, CTAHOBUTCS BCe 0oJiee arpecCuBHBIM. bosiee HU3KUE (HOPMBI TATOTEHHBIX OaKTEPHid CBOOOIHO
Pa3BUBAIOTHCA ¥ OOMILHO PAa3MHOXKAIOTHCS BO BCEX CPelax, B KOTOPhIE BOAa MOXKET IPOHUKHYTh. Peka cTaHOBUTCS
SMHUIICHTPOM BCSKHX OOJIe3HEH, BKITIOUAs paK, MepeiaBasi 3TH yCIOBUS BceM (OopMaM >KU3HH, BEIHYKICHBIX UTh WUITH C
KOTOPBIMH OHA BCTYNAeT B KOHTAKT. He TONBKO 3T0, HO U, BO BpeMsl HABOAHEHUs], BOJla caMa I10 cebe CTaHOBUTCA elle Ooree
arpecCHBHOM M BPEIOHOCHOM, KaK 9TO MOHMUMAaTh, OHA THIETHO MBITAETCS BEPHYTH ceOe MOTepssHHY0 nyiny. [Ipu oTcyTcTBIH
aBTOMATHYECKOTO TOPMO3a, YTOOBI OTPAHUUYHTH €T0 JBHXKCHHE BIIEPE]l, KOT/IA TMOSBISAETCS Takasi BO3MOYKHOCTh BOJIa OBET BO
BCE Ha CBOEM IIYTH, OHA IBITAETCS C €€ YUCTHIM BECOM U HMITYJIbCOM YHHUYTOXKHTH CaMU COOPY)KEHUSI, CTPYKTYPBI, KOTOPBIE
OTHHUMAIOT €€ CBOIO AYIIY M OCBOOOIHUTHCS OT CBOUX OKOB.

B mpouecce, Tak kak oHa OOJNBIIE HE MOKET MOTYIHUTH CBOIO PETIPONYKTHBHYIO, TIOJHUMAIOIILYIO SHEPTHH B HIJKHEM
TEUSHUH, KOTOPBIC BBITEKAIOT U3 KapOOHOB OOBIYHO MPUCYTCTBYIOIIHMX B Oeperax pek u TOCTYIHBI Yepe3 KOPPO3HIO OcalKa,
OHA ITBITAETCSI KOMIIEHCHPOBATh 9TO, CBEPTHIBAs OCTATKH €€ MOIBEMHOM, IEBUTHPYIOLIEH, SHEPTHeH OT BEPXOBbSI, TEM CaMbIM
W3HYPSISL TUM BEpXHHE TPOCTHPAIOIINICS TapYIOLIYIO XKU3Hb QYHKIMIO. BMecTo Toro, 4to Obl aBHOKOMITaHHEH,
MIOCPEAHUKOM, aKKYMYJISITOp U TpaHC(HOPMaTOPOM KU3HEHHOH YHEPIHH, PeKa CTAaHOBUTHCS TPyNoM. Bee 310 sBisercs
Y)KacCHBIM CJIEICTBHEM MEXaHUCTUUECKOTO MTOIX0/Ja HAYKH B COYETAHUH C ITOJTHBIM HEBE)KECTBOM UCTHHHOTO XapakTepa, CyTH,
BOZBL.

13.6 T'uopo-Inexkmpo Iuepeemura

3TO COCTOSHUE YCYTyONIAETCs CYIECTBYIOMIME METOJaAMH Y ITOKOJICHHEM TUAPOIEKTPO CTAHITHSAMH JULS HOJYdeHHS
9NEeKTpo3Hepruu. IToMUMO HENIPaBUIBLHO Pa3pabOTAHHBIX IUIOTUH UCHONbB3YIOIIMXCS JUIS XpaHEHUS BOJIbI, 00CYXKJaIHCh
paHee B 3TOif IIIaBe, caMy BOAY BTHCKHBAIOT B HU3 B IIIMHIPHYIECKIE TPYObI O] OTPOMHBIM JaBIeHHeM. BBIiind u3 HUX,
OHa 3aTeM BBIOPACHIBACTCS Ha CTAJIBHBIC, JIC3BHS, JIONATKU TYPOUHHBI, T7ie OHA pa3duBaeTcs B IMyX U Hpax. dusnueckas
CTPYKTypa BOJBI OyKBAaIbHO YHHYITOXKEHA U BECh PACTBOPEHHBII KHCIOPO, U Jake HEKOTOPYIO YacTh KHCIOPOAA U3 MOJIEKYI
BOJZIBI CaMa TypOWHA EHTPOOESKHBIM JIBIKCHHEM BBIIABINBACT (LIEHTPU(YTUPYET) €r0 U3 BOMBL

Youras Bopa LlentpoGextbim obpasom JKuBast Bozia LieHTpocTpemuTensHbIM 06pasom
CUMbHO pasopBaHast KpUCTANMNIEcKasi CTPYKTYPA, CUIbHO OKUCTIEHHas MarHiTHO 3apseHHas BORA XapaKTEpUaYETCs amopdHas CTpyKTypa, 6
BOJA MOXET BbITh OBHAPY)KEHA C MOMOLLIbKO MUKPOCKONA. P Aa XapakTepu3y! p PyKTYpa,

ECN OHa HarpeBaeTcs CTaHOBUTCS HKYGATOPOM ANs oNacHbIx GakTepuin. | COREPXaHMe cBoBoAHOTO kucnopoaa, Gonbluas ero HacTk ceasaHa.

Bukrop [layOeprep momy4nn goka3arenbeTBa 3Toro a¢dexra u Gpororpaduu, caesaHHbIe Yepe3 MUKPOCKOI Ha
puc. 13.23 noka3pIBalOT CyLIECTBEHHOE pa3InyKe B CTPYKTYPE BOJIbL, KOTOpasi IMOJBEpraeTcst HEHTPH(yre ¢ OMHONH CTOPOHBI,
1 IBIDKEHUEM K LIEHTpY Ha npyroi. IlosBieHune GpparMeHTHpOBaHHBIE, Pa30pBaHHbIE, IEHTPOOSKHBIM 00pa3oM
MEepEeMEICHHOMN BOJIbI HE BBI3BIBACT COMHEHU. V13-32 BHICOKOTO TPEHHS M HATPEBAHHS BHI3BAHHOTO PEXYIINM JCHCTBUEM
JIE3BUI1, KUCIIOPOJ] CTAHOBUTCS KpallHE arpeCCUBHBIM M BechbMa akTHBHBIM. OOpaIleHHbIH K ThUTbHOH CTOpPOHE Jonacreit
€O3/1aeTCsl YACTUYHBIM BaKyyM (M3BECTHBIH KaK KaBUTAIMsI) TaM U3-3a UX BBICOKOW CKOPOCTHU BpAIllEHUs, TOJIOAHBIA KHUCIOPO.
KECTOKO HaNaJaeT Ha TONbI MeTajlIa, CEpbe3HO U3bSI3BICHHAS (B 53BaX) IOBEPXHOCTh. DTO INOBPEXICHUE 3HAUUTEIILHO



yCyryonsiercs, €CM NPOLIEHT PACTBOPEHHOTO KUCIOPOAA JOCTAaTOYHO BBICOK, B PE3YJIBTATE YEro JIC3BUsI CTAHOBITHCS
nepHOpUpPOBAHHBIE, YTO JIENIACT UX MPAKTHUECKU U (HaKTHUISCKH Oecroae3HbIMU. UTO MOSIBISETCS B KAY€CTBE KOHEYHOTO
MPOIYKTa 3TOT0 (PU3NYECKUIN 1 SHEPreTUYeCKnin pacnag, B To BpeMs Kak, 0e3yCIOBHO, JKHIKOCTh, SBISETCS JIHIIb

Fig. 13.25 !{
Hiuo M runepbonuyecknia

pPacnonoXeHHbIN CHU3Y 5

KOHYC nocTpoeH B 1986

rogy 4neHammn WangmuHr

Mpynnown B BupHGepre,
ABcTpus.

It is most probable that the ~

intended electricity generator
was that designed by Viktor
Schauberger in the 1920s
for which he received a
Patent No. 117749 on the
10th May 1930.

The PKS-Schladming Group:
R. Harbacher, H. Zefferer,
H. Schrempf, A. Schwab,

T. Promberger, M. Dainhofer,

V. Knaus, H. Mayer,
11 January 1986 Fig. 13.24

CKEJIETOM TOTO, YTO OBLIO KOT/ia-

TO 310poBoii Bonoi. Korna 310 pparmentupoBanHas u B
3HAYUTENBLHON CTeNeH! ¢ Ne(UIUTOM KUCIOpOoaa BOAA,
HaKOHell, BLIOPOILIEHHA B PEKY, OHa OIacHa, y He€ eCThb
KaracTpouUIecKue MOCIEACTBUS VIS PBIO

1 IpyrHX BOJHBIX OPIaHM3MOB. YK€ IJaBHO U3BECTHO,
YTO HEKOTOPBIC BH/IBI PHIO HCUE3AIOT, KAK TOIBKO ITH
THIPOAJIEKTPOCTAHIIMUH 3aITyCKAIOT B

IKCIUTYaTallnIo, U Ipyrue GOpPMbI )KU3HHU UCTIBITHIBAIOT
OoIbIIMe TPYIHOCTH B BEDKUBAHUU HIDKE HX.

B ABcTpanuu, HanpuMep, HETaBHO ObLIO
cooO1ieHue, 4To pridoa B peke TacMaHUU MMO-BUANMOMY,
ObLIa OTpaBlieHa, KOT/Ia Boja Oblia BEIOpOIICHA 13
IUTOTHHBI Pricc 13 TypOMHBI TUIPOIIEKTPO
cranmuu®, [Ipu aHanuse BoMbI, HE OBUIO HUKAKUX
JI0Ka3aTeNIbCTB XMMHUYECKOTO OTPABIEHHMS, HO BOA,
MIPOM3BEIIa TaKhe PEaKIUH B PhIOaX, KOTOPBIE YOUIN
ux. OHHU OBUIM TIOXOXH Ha "KECCOHHYIO
0o0Jie3HB" IepeHeCceHyI0 BO/IoNIa3aMHU B
pesynbTare GOpMUPOBAHUS ITy3bIPHKOB a30Ta B KPOBH.
BooO6iiie roBopsi, TONBKO 00Jiee HU3IIUE BUABI PHIO,
KOTOPBIM YHA€TCsl CYLLIECTBOBATh.

Tenepb NOMHOCTHIO 0OEAHEBIIAs BOA JOJDKHA
HOJTHOCTBIO BOCO3/1aBaTh ce0sl CHOBA, MPEKAC YeM OHa
CMOXET NMPUHUCTH TOJIB3Y OKpyXaromei cperne. s
TOrO, YTOOBI C/IEIaTh
9TO OHA MIIET HOBbIE MIOCTABKU KUCJIOPOJA U IPYTHX
BEIIECTBA BEICOKOTO KauecTBa, I7Ie OHa MOXKET UX
HaWTH, B TOM YUCIIE U Y XKUBBIX CyliecTB. IlepBbIMU
JKepPTBaMH TOTO HAIAJCHHS SBIISIFOTCS BBICOKO
Ka4eCTBCHHBIC BOJHBIC OPTaHU3MBbI, B KOTOPBIX
HalJIeHBI TOJTHOLICHHBIE BEIIECTB. Prida
0COOCHHO YA3BUMA JUISl aTaK U3-3a 0COOEHHO TECHOTO
KOHTAaKTa C 5TOM "XWIIHOI ToJIoMHOK" BOIOM, TaK Kak
OHa COIIpUKAcaeTcs Yepe3 UX OYEHb TOHKYIO CHCTEMY
genryek. BMecTo Toro 4to0bl Mpu3HaTh KaK TAaKOBYIO
"KrccoHyto 0omne3Hb", 3/1eCh MbI O0JIee BEPOSTHO,
CTAJIKMBAaeMcs CO "CKOPOTEYIHOHN YaXOTKOH"
yrnomMuHaBIIeics B riaBe 10, B KOTOPOM TKaHU
TeJla MOABEPTaloTCs HalaIeHHIO TOJIOTHBIMU
kapOoHamu, Oe3kuciaopona. Ho »u3Hb prIObI He
€IMHCTBEHHAs KEePTBa, II0YBa IpaHIYaIIas
C peKoli Takke BBIIIENIOUSHHA, U3 Heé 3a0paHbl
NHUTaTeNIbHbIE BELIECTBAMH TaK, KaK BoJa BOUpAET UX B
ceOst. Pesynbrar: peskoe nmasieHue, IIof0POIHs OUB
U IPOYKTUBHOCTH.

OT0 Upe3BbIUANHO Pa3pyIIUTENbHBINA IPOIIECC,
SIBJISICTCSL COBEPIICHHO HEHYHBIM, TOTOMY
YTO €CTb €Ile OJMH CIOCO0 eHepaliy IEKTPOSHEPTHH
KOTOPBIH HE HAHOCHT yiiep6a Boze. U He ToNbKo 3To,
HO U 3TOT METO[,
paszpaboTanHblii Bukropom IllayGeprepomM B Hadase
1920-X 1 B KOHIIE KOHILIOB 3araTeHToBaH B 1930°, MmoxkeT
npoussecTy Ha 90% Goblie HIEKTPOIHEPTUH CLAHHBIM
00BEMOM BOJIBI, T.€. €0 H300PETEHHE UCTIONB3YeTC s
10% ot 00BeMa BOIBI, B HACTOSIIEE
Bpems ucnonbdyercss 90% o0bema 1 TeHepaluy TOro
K€ KOJIMYECTBA AJIEKTPOdHeprun. Mcnons3ys
BOJY M3 OJIM3JIEXKAIIEro pydsbst BUKTOp ycTaHOBHII 3TOTO
YCTPOUCTBO, YTO OB OCBETUTH JIOM B JIECY CBOETO
HaYaJbHHUKA, KOTOPBINA OBLT CIMIIKOM JTAJIEKO, YTOOBI
OBITH MTOKITIOYEHHHBIM K JI00OMY APYTOMY HCTOUHHKY



nutanust. Popma ycTpoiicTa nokasanHas Ha puc.13.24 odeHs npocTa, OTpakas €ro BbICKa3bIBaCHUS, KOTOPOE TOBOPUT, UTO
SIBJIAETCS €CTECTBEHHBIM HU IIPOM3BOIUT LIyMa, IIPOCTO U AEILEBO.

OHa COCTOUT M3 MEIHOTO (JIATYHHOTO) MK OPOH30BOTO coIlia (HOCHKA), B KOTOPOM BHYTPH CZETaHbI KAHABKH,
Hape3Ka Kak B OPY>KEHHOM CTBOJIE, B IIEJISIX CO3/IaHUs BUXPEBOTO MOTOKA, TEM CAMBIM YMEHbINAs U JaBJICHHE U TPEHHUE, TaK
Kak BoJia IEHTPOCTPEMHUTEIBHBIM 00pa3oM OTHANSIETCS OT CTeHKH. [103TOMy BOAa OXNaXIaeTcsl M YIUIOTHASTCS, HallpsDKEHa, 1
TaK KaK OHa MPOXOJUT Yepe3 IBOMHYIO CIIHPATh, HEPE TeM KaK CTAIKHYThCS ¢ MHOTO BUTKOBOH -CITHPAJIbI0 pabodero xoieca,
MoJJOOHO paKOBHMHE 3aKPEILUICHO Ha BaJly TeHeparopa (He MokKa3aHo). XOTs 3TO M HE 3aMETHO Ha Yepueke, BHHTOBBIE
00MOTKH M3 3TUX JIBYX WU OOJiee MONTYyKPYIIbIX KAHABOK CIUTUTCHHBIX B CIIUPANb 00Pa3yIoT KaHabl BBEpX K corty. OHu
PaCHIUPSIOT K OCHOBAHHUIO, U B TO e BPEMs TIOCTENICHHO PACXOIATCS B CTOPOHBI HAPYXKY U TIOBAPAUYMBAIOTCS HA3al B
00paTHOM HAIPaBJICHUH, B TPOTUBOIIOJIIO)KHOM HAIPaBICHUH BPAIICHUsI OCHOBHOM CTpyH. Tak Kak BUXpeBas BOJIA, BOASHOM
BHXPb, BEIXOJUT U3 COTUIa (HOCHKA) 3aXBaYCHHBIN STUMH KaHaBKaMH, U KPBUTKIATKA - pabouee KoJIeco, BPaIaThCs ¢ OONIbIION
CKOpOCThIO. Llerb, H30THYTHIX BBEPX XBOCTOB Ha KOHIIAX CIHpael - 4TO OBl HCIIOIh30BATh CaMYIO
MOCJIEIHIOIO YHIIUIO UMITYJIbCA BOMBL.

MsHe 10BeIIoCh BHIETH IPUMEpP, BO3MOXKHOH YCTAHOBKH C MOMOIIBIO 3TOTO YCTPOWCTBA BO BpeMsI IPEOBIBAHHS C
Banberepom Illayoeprepom B ABcTpruu. B 1986 romy Mbl HONYYHITH MPUIIANICHHE IOCETUTh TPYIITY YHTY3HACTOB, )KUBYIINX
BOKpYT nocenka IlImaqMuHr, KoTopble ObUTH 3aHHTEPEeCcOBaHbI B IPAKTHUECKOM NIpUMeHeHnn uneil Bukropa IllayOeprepa u
Maremaruka Banesrepa IllayOeprepa, HamepeBasch NPOU3BOAUTH CBOE COOCTBEHHOE AEKTpuiecTBo. Ha cpencrBa ogHOrO
13 CBOMX YJIEHOB, IPOXXHMBAIOLUINX Ha bupHOepre, OHU TIIATENBHO MOCTOMIN KOMOHHALIUIO STHIIA ¥ THIIEPOOINIECKOTO
(KOHHMYECKOT0) KOHYca IMOKa3aHHBIX Ha puc. 13.25, B koTopbIii ObliIa 3amyIieHa Boaa u3 Onusiexaniero pyybs. Bona u3
MIOTOKA MOZIAETCS B BEPXHIOIO YACTh SIHIIa [0 KacaTelbHOM, o0ecreunBas TeM caMbIM epBOHAYAIILHBIA HMITYJIBC JUIS CO3MaHUs
BUXDAL.

B T0 Bpems, reHepaTop He ObIT yCTAaHOBJIEH U MHE CKa3alH, YTO B IJIAHUPYETCS YCTAaHOBKA BBICOKO MPOM3BOAUTEILHYIO
TypOuny. CHavasa s mperoiarai, 4To 3T0 OyaeT HeOobInas 00bIdHas TypOHHA, HO, 3HAS X KUBOH MHTEPEC KO BCEM HIICSIM
[Tay6eprepa, padouee koosieco (KpbLIbuaTKa), KOTOPOE M3rOTOBISIOCH, BEPOsITHEE Bce OyIeT Takasi KOTopast ONMCaHHA BBIIIIE.
K coxanenunto y MeHs1 He ObLIO JalbHEHIINX KOHTAKTOB C ATOM IPYIIOW, ¥ MO3TOMY Sl HE MOTY paccKas3arh, YTO OHa IMOJIy/a B
pesynbrare.

YenenHplid WM HeT ObUT POEKT, 3TO JCHCTBUTENBHO MOKA3hIBACT, TO YTO HEOOJIBIIIAS TPYIINA JIFOACH, padoTarOIIX
COBMECTHO MOTYT 00€CIEYUTh CBOUMU COOCTBEHHBIMH UCTOYHHKAMH JCIICBO AIEKTPOIHEPTUH U MOTYT MHOTOE CIENAaTh JJIs
BOCCTAHOBJICHHS MX HE3aBUCHMOCTH OT LIEHTPAJIN30BAaHHON JIEKTPO CETH U KOHTPOJIS Hall cBoeH H3HbI0. [Ipobnema,
KOTOpasi CTOHT Mepe/l BCEMU HAMH, YBBI, SBISETCS TO, YTO IIEHTPATM30BAHHbBIC CETH AIICKTPOIHEPTUH, KOTOPHIE TUKTYIOT
TIpaBuIIa, KOTOPHIE TAPAHTHPYIOT, HACKOIBLKO 3T0 Bo3MokHO, YTO HUKTO HE CMOXET U3BEXAThH CETEN. Yem Gombie
YHCIIO JIIONIEH, KOTOPbIE TOTOBBI OPOCHTH BBI30B ATOMY IIEHTPAIM30BAHHOMY KOHTPOJIIO, CBOSH HE3aBHCUMOCTH, TEM TPYIHEE
OylIeT MpOJ0JIKATh YIep)KUBATh BIACTh Ha/l HAMHU.
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14.1 /lepesannstii 6000npo6oo

AKkTuBHBIH B cepe BomocHaOkenus, Bukrop [llaybeprep Takike 0OpaTii cBOe BHUMAaHHE HA TPOOIEMBI
BOJIOCHA0XKEHUS U IIyTU UX IIPEOJONIEHUS UePE3 €ro NIyOOKOe 3HAHUE 3TOU CYIHOCTH XKU3HU. 113 apXeoornyeckux packornok
CTaJo SICHO, YTO B IPEKHHE BPEMEHa, BO BpeMeHa PUMIISTH U TPEKOB, APEBHHUX ETUIITSH M BaBWIOHSH, HAIPUMED, BoJa U &
XapakTep OBUTH ropa3/o JIy4lle OHATHI, YeM CErOHs, MBI, B HAIlICH JTF000OBHOI MHTPUTE C MEXaHUKOH, B 3HAYUTEIIHLHON
CTENEeHH MOTEPSUTH KOHTAKT ¢ opranudeckoit [Ipupomnoii.

B ux cucremax BOIOIIPOBOIHEIE CETH, HACKOIBKO 3TO OBLIO BO3MOXKHO, BOAOIIPOBOJ OBLIT MOCTPOEH M3 MPUPOIHOTO
KaMH$ WM BBICOKOKaUueCTBEHHOU IpeBUCHHBEL. Co BpeMeHeM, HCTOYHUKH BHICOKOKAaYECTBEHHOM IPEeBECHHBI AL 3TUX TPYO
OBLIH MICUEPIIaHBl, U, €CJIM HET OIXOASIIETO JIETKO TOCTYITHOTO KaMHs, TO OBUIN M3y4eHbI IpYTHe MaTepUallbl, TaKhe
KaK MCTaJIJIbI. qTO6BI HaWTH l'lpaBI/IJ'IbHLII\/II T METAJIJIa U1 U3YYCHUS, 6I)IJ'II/I 6pOIH€HBI MOHETBI U3 PAa3JIMYHBIX CIIJIaBOB B
(oHTaHBI IS PUTYaIbHBIX eel. HekoTophlie pacTBOPHMIINCEH HEINKOM, B TO BPEMs KaKk IPYTHe CTAJIM ITOTHOCTBIO MOKPHITHI
KOpKOii. MOHETBI, KOTOPBIE OCTaBAJIUCH YUCTHIMH, XOTs, BOBMOXKHO, CJIETKa MOTYCKHEBIINE, ObLIN BHIOPAHbI B KAYECTBE
Hanbosee MOIXOMIINX, U OBLIO OTMEYEHO TO, YTO YHUCTOE JKEIe30 He PHKaBEIIo.

OnHako ¥ 37ech ObLIU ceNaHbl OOJIbIIIE, POKOBBIC, OUIMOKU. PUMIISIHE, K COXKAJICHUIO HATKHY/IUCh HA CBUHEL,
KOTOPBIN B KOHEYHOM UTOTEe ¥ MPHUBET UX K YHHYTOXKEHHIO, THOETH. XOTs ero HCTIOIb30BaHNe B IPOM3BOJCTBE BOIOBO/A,
HECOMHEHHO CIIOCOOCTBOBAJIU YBEJIMUEHUIO CBUHI[OBO-UHAYIIUPOBAHHOMY 0€3yMHIO Cpeii OOraThIX BBICHIUX KJIACCOB, KAK
Kanuryna, KoTopblif MOT ceGe O3BOIUTD €T0 MCIIOIB30BaHUE, 3TO ObIIM Ha CaMOM JieJie CBUHIIOBBIE KPYXKKH M KYOKH, U3
KOTOPBIX OHU OOMJIBHO MWJIM, KOTOPBIE MPUBEIH UX K OKOHYATeNIbHOH riubenu. Kucnorel B BUHE B3auMoeiicTBOBAIIH
CO CBHHIIOM, PacTBOPSIS €0 B NPOLiecce, COBOKYIMHBIN 3(h(eKT KOTOPOro, BhI3BAJ Oe3yMHUe.

IlepBoHauanbHO, JO MOSBIEHUS IPOMBIIIIEHHON PEBOJIIOLMY U OIPOMHOE PacLIMpeHHEe TOPOJOB U HACEIEHHBIX
IYHKTOB, BOJIa BO MHOTHX Topoax EBporst u naxe B Hpio-opke yike 1aBHO MOCTaBIIAIACH [0 JEPEBIHHBIME
BOJIOTIPOBOIHBIM MAarkiCTPaIIsiM, TaM OBLT JOCTATOYHBIN 3arac MOIXOMSIISH IPEeBECHHBI, CKPEIUIsis 00pydamu, SKCIepTr3a
MOATBEPAUIIA U HU KAaKUMU JPYTUMU TEXHHUYECKUMHU albTepHaTHBaMu. [IockosbKy ycrexu ObLIn JOCTUIHYTHI B 00JIaCTH
TEXHOJIOTMH, Hallla [IMBIJIM3AIHs TOTa PEIINIa UCTIOIb30BaTh YKOHOMIUECKH 00JIee JKH3HECITIOCOOHbIE TyTYHHBII
BOJIONIPOBOJIOB - BIIOCIEACTBUU OyeT 3aMEHEH CTaJIbIO - B HEBEAICHUU O TOM, YTO 4eM OOJIbILE BOAA TPAHCTIIOPTUPYETCS
B TaKOU CETH, TeM Xyke e€ KauecTBO.

Hu 4ero npupoAHOro U KMBOTO HU KOIJa HE MOXKET COXPAHUTh €€ Ka4eCTBO B 3aKPBITHIX COCYAAX, [IOTOMY 4TO BCE
MIPUPOIHBIE CUCTEMBI SIBIISIOTCSI OTKPBITHIMU M IOJDKHBI OBITH B COCTOSIHUM B3aHMOAEHCTBOBATh C OKpYyXKaroliei cpenoit. OHn
BCE JOJDKHBI JIBIIIAT, M BOJA HE SBISIETCS HCKITIoYeHeM. Ho 13-3a Halero Bcero cCkopee MyTHOTO, IIOBEPXHOCTHOTO B3IV
HA JKU3Hb, MbI C TOTOBHOCTIO OTBepraeM nro0oii [IpupomHblil mporece ¢ 1000l aBTOHOMUEH, JTFOOBIM CO3HAHHEM, CaMO-
OpraHM3aIMOHHON CIIOCOOHOCTHIO WITM HHTEIUIEKTOM. B pe3ynsrare Mbl OTKPBIBAEM H HCIONB3YEM MPOIECCH, KOTOPHIE B
KOHEYHOM CUeTe BBI3BIBAIOT HALIY COOCTBEHHYIO THOEIb.

HUccnenoBanus Bukropa [llaybeprepa nokasanu, uto B BeHe, Koria CyIIecTBYIONIHIA IePEBIHHBIN BOIOPOBOJ ObLI
paclmpeH YyryHHBIMH WM CTAIbHBIMU TpyOaMu, MOKPHITEIE BHYTPU OMTYMHBIM ITOKPBITHEM AT TOTO, YTOOBI 00€CIe4nTh
HOBBIE ITPUTOPOJIB, 3200JIEBAEMOCTh PAKOM TaK e BBIPOCITa COPAa3MEPHO KaK MOKA3aJH CIIEIYIOIINe CTATUCTUIECKHE TAaHHBIS
coOpaHbl UM:

B 1920 rogy, 2400 genoBex ymepiu oT paka B Bene;

B 1926, 3700 cMepTeNbHBIX CiIyyaeB paka ObLIO 3aperHCTPUPOBAHO;

B 1931, 4900 crao »epTBOii 3TO# CTpaIIHOW OOJIE3HH.

Lugps! Bbllle MOKA3BIBAIOT IPOrPECCUBHOE PACIPOCTPAHEHHE ITO GOJIE3HHU, BUIHO OUEBHJIHO. !

IMoTok B HUIMHIAPHYIECKON TpyOe XaOTHUeH, TakK, 9TO BCS CTPYKTypa BOJBI OCTENEHHO pa3pymiaeTcs B mporecce. B eé
TIPOABIDKEHNH BHU3 IO TpyOe, BOJa OABEPTraeTCs MPOoIeccaM, aHAIOTHYHBIM 3IEKTPOIH3Y, TOPOKACHHOMY TPEHHEM BOJIBI
0 CTEHKH TPYO, KOTOpbIE TIOCTENIEHHO Pa3NaraloTcs, paCTBOPEHHBIH CJell U APYTHe BEIIECTBa, MOAOTPEBAIOT BOIY B TO XKe
Bpems. CrreyeT MOMHHTb, YTO OY€Hb He3HAUUTEIbHbBIC Pa3IHIMs B TEMIIEPAaType MOTYT IIPOU3BECTH OUECBUIHBIN BUIMMBIH
a¢dexT, u3 Beeil mponopuuu K BeaudrHe nepponpuyuH. ConepkaHue paCTBOPEHHOTO KUCIOPO/a B BOJE IOCTEIEHHO
HOTPEOIAETCS HOCKONBKY MaTepHal TPYOBI TOCTEIEHHO OKUCIIAETCS MPEeBpaIaeTcs B PAKaBUMHY. XOTS PXKABUMHA CaMa 10
cebe He A70BUTa, HO BMECTE C TEIUION BO/IOH, €€ 0caKH, MIIaMbl Ha THE CTaJIbHBIX TPYO JAaIOT 3aMeyaTeNbHyI0 Cpemy JIs
Pa3sMHOXEHUsI ¥ PacIpOCTPaHEHHs TAaTOTEHHBIX OaKTepHit.

P>xaBumHA Tak >xe U MPUUMHSET Opyrue HeynoocTBa. Tak kak 00bEM, KOTOPBIIl OHA 3aHMMAET IPUMEPHO B AECSTh pa3
Oonbiie, ueM 0a3a, HEIIOABEPTHYTOH KOPO3UK MaTepuana, e€ 0CaXICHU YMEHbIIAIOT P (eKTUBHBIN AuaMeTp TpyOsl, najee
YMEHBILAET U CKUMAET IMOTOK, TEM CaMbIM HEOIaroNpusTHO BIUSIET HA IEPEHOC U TPaHCHIOPTHBINM OTeHnuan Boasl. Bmecrto
37I0pOBOA, TTOIE3HON BOJIBI, YTO MOSABISAETCA B IMyHKTE MCTIONB30BaHusA, 6€300pa3HOe BapeBO, TPYI BOMBI, yCYTyOIeHHO
BCSIKMMH XMMHYECKUX 100aBKaMM, TAKUMU KaK XJIOp, HeoOXonuMblil i e€ nesundexuueil. [Ipu ynorpedieHuu Takoi
XJIOPUPOBAaHHON BOJIBI, JIFOAU CTAHOBATCS ysI3BUMBIMU 171 Oones3Heil. HeynusurensHo, nosromy, Bukrop Illay6eprep uacto
TOBOPWII, 9TO OyTBUIKA XOPOIIEH BOIBI B OMMH MPEKPACHEIH JeHb CTaHeT TOpasio AOpoXKe, 4eM OyThUIKAa BUHA M OHA OyIeT Bce
0oJ1ee BBICOKO IIEHUTCS M3-3a CBOEH PeKOCTH.



Puc. 14.1 u 2 wutrocTpaiuy U3 3assBKU Ha IATCHT JUTSL JCPEBSIHHBIX TPYO JUIS TIUTHEBOM BOJBI

B momnbiTke HCIIPaBUTh CUTYAIMIO U YMEHBIIUTH 320051€BaeMOCTh pakoM, B 1930 rony Bukrop npuHumMaercs 3a
TOJTyYEeHHEM TIATEHTA Ha TPYOy” M3 JIEPEBSHHBIX PEEK, KaK OOUKa, KOTopas 6blia pa3paboTaHa 1isi HOBBILIEHHS SHEPTUHU U
YHUCTOTHI BOABI, IPOTEKAIOLIEH uepe3 He€. DTo MPoJ0IbKanoch NpUOIH3UTENBHO 15 MecsLeB, CIIycTs ele 3 MojlaHa 3asBKa Ha
nareHT B 1931 roxy. Tak kak pa3paboTan qTUHAMHYECKHUH IIOTOK B 3TOH NepeBSHHOW TpyOe U camy TpyOy, KoTopas "mbmut",
U/iealIbHO MOAXOAAT JUIS CAEPKUBAHUS )KUBOTO T€Ja, TO €CTh BOJIbL, U K TPAHCIIOPTUPOBKE MMUTHEBOM BOABL, TAK UTOOBI, KOIa
BOJIa JIOCTUTAET ITyHKTa MCIOJIb30BaHMUS, OHA YK€ TIOJTHOCTHIO OUHMIICHHA 0€3 HCIOb30BaHuUs KaKHUX-TH00 HCKYCCTBEHHBIX
J106aBOK UM 4TO elle 6oliee BaxHO, 3arpa3HeHuil. O6e TpyObl, kak okaszaHsl Ha puc. 14.1 u 14.2, GynyT paccMarpuBarhCs
COBMECTHO, TaK KaK OHH BBITIOJTHSIOT T€ K& (YHKIIHH.

JIBa mpoexTa mpeaycMaTpiBaoOT CO3aHue MPOIOIbHBIX BUXPEH B TpyOax. TO He MPOCTO BUXPHU, OHH JBOIHbIE
cnimpanbHble. To ecTh, camast XOIoaHas HEHTPAIBHOE SAPO BOABI OIMCHIBAET AWHCTBEHHOE JIBIDKEHHE TI0 CIIUPAJIH, B TO
BpeMsi Kak rmepu(epHiiHbIid MOTOK OIHCHIBAET JBOMHOE CIIUPATbHOE ABMKEHHUE, T. €. OH BpalIaeTcs BOKPYT celsl, B TO ke
BpeMsI 10 CIIUPAJIN BOKPYT IIEHTPAIBHOTO sapa. DTO JBOMHOE CIMpAILHOE JBIKEHHE BBI3BAHO TPEMS TapajyiebHBIMU
CHCTEMaMHU HAIPSBIBIIOIIUX JIOIATOK, KOTOPBIE HMEIOT TOT JKe CaMbIil (D (QEKT, Kak Hape3bl B OPY)KEHHOM CTBOJIE, U KPETISATCS
K CT€HKaM TpyO B ONpeeNIeHHbIX MECTax.

Camu HanpapJISIOIINE JOATKH ClIeNIaHbl U3 OocepeOpPEeHHON MeIH, YaCTHYHO U3-3a DHEPTUil, OyYeHHbIE
raJbBaHUYECKUM TOKOM M APYTHX OoJiee TOHKHUX SHEPIUH, CO3AACTCS MY ABYMS METaJIaMH U3 MPOTUBOIOIOKHOTO MoJIa
B TOM CJIy4yae Meab (KEHIINHA) - cepedpo (MyKuuHa) OHOMETaNTHUECKUiT COCTaB, M YaCTHYHO TIOTOMY YTO, Cepedpo
obnaaer GakTepUIUAHBIM CBOcTBaM. B memnsix cokpalneHus Jro00ro MONepeyHoro JBHKEHHS BOBI 10 UX HUM, BCA
MIOBEPXHOCTH HAITPABIIIONIMX - JIOMATOK pHIIeHas, Harpasiisis BOAY B CTOPOHY LeHTpa. OHU pa3MeIeHBI C IPOMEKYTKaAMH
BZIOJIb BAHTOBOT'O IYTH BHYTPH TPYOBI, KaK IMOKa3aHo Ha puc. 14.2 1 pacroyioxKeHbl IO/ YIIIOM U BEIPAaBHEHHBI K CITIUPATBHOMY
IIOTOKY BOJbI, HAIIPABILSSL €€ OT OHOM HaNpaBIIIONIEH JIONAaTKH K cienyromeld. OTHOIIEeHHEe X MCKPHUBIECHUS K OCH TPYOBI
BCeraa NOCTOAHHOE. 1lenb HanpaBIsIONIKX JIONATOK HE TOJIBKO JULS CO3JaHuUsl HEOOXOAUMBIX BUXPEH, TaKkxKe U OTKIOHUTb,
HAIPaBHUTh MOTOK KaK MOKHO JaJbIIe OT CTEHOK TPYO, TEM CaMbIM CHH3UTH 3P (eKT HarpeBaHHe OT TPeHUsI K MUHAMyMY. Jli1s
TOTO 4TOOBI TIOHSTH 3TY CIOKHYIO TUHAMHUYECKYIO JIBOMHYIO CiMpalib Ha puc. 14.3 u 14.4 B KOTOPOM, COOTBETCTBEHHO
[I0Ka3bIBAIOT TPYOY B IIPOJIOIEHOM U IIONIEPEYHOM CEUEHUH U JIOMKEH OBITh U3y4eHbl OTHOBPEMEHHO.
























Puc. 14.3 nBoiiHas criupab IpoAOJILHOIO BUXPS
IIpomonbHBII BUXPH, IOKAa3aH PAa3BUTHE TOPOUIAIBHBIX MPOTHPBOBUXPEN. DTH TOpOoUaanbHbIe (OyOIUKH) BUXPH HOSBISIOTCS H3-3a
B3aUMOJCUCTBHUS CO CTeHAMH TPYO 1 UMEIOT 3()(HEKT, TONOOHBIH ¢ MAPUKOMOAIIMITHUKAMY, YBEIMUNBAs ABMKCHUE Bliepe]. VX BHyTpeHee

BpAIlleHUs CIIeJyeT 3a HalPaBJICHUEM BPAlleHHs U BTATUBAOIIETO JIBU)KEHHUS LIEHTPAIBHOTO BUXPSl, @ HAIIPABJICHHUE X BHELIHEE BpaIleHHE
U TIOCTYNATEeIbHOrO JBHKEHHS 00paTHOE BCIATh. DTH TOPOUIATIbHBIE BUXPH, CBOMM JICHCTBHEM MEPEHOCAT KUCIOPOA, OaKTepuil u Apyrux
TpuMecH K nepudepun TpyOsl, TIe U3-3a HAKOIUICHNS YPE3MEPHOT0 KHCIIOPO/Ia, HU3IINE, TATOreHHBIE GakTepuu OyMyT YHHUYTOXKEHBI U BOJA
CTAaHOBHTHCS YHCTOH, 6e3 GakTepHii.

Tak Kak BOJla OTKJIOHSETCS OT NMPSIMOTO IyTH, HAIPSABJIAIOLUIMMU JIOIATKAMH OIPE/IeIEHHON KOJIMYECTBO, IEHCTBYIOT
TakuM 00pa3oM, IOX0Xee Ha MAPUKONOAIIUITHIKY U HAXOJUTCS B KOHTAKTe C HAPYXKHOM MOBEPXHOCTHIO BHYTPEHHEM SAPOM
BOJIbI U BHYTPEHHEH IOBEPXHOCTH TPYOBI. DTO CBOEOOPa3HOE IBIKEHUE TPYAHO OIHCYEeMO, UMEIOIee KOMIIOHEHTHI
JIBIDKECHHS B pa3HBIX HAalPaBICHUSIX. B HEKOTOPOM CMBICIIE 3TO BHELIHUE, IEpUPEPUITHOE TBUKEHUE MOXKET ObITh OIIMCAHO
KaK TOPOUJAJIBHOE, T.€. B (hopMe ITOHYMKA WM OyOInKa, BUXPEBOIO BPAlEHHs, KaK KOJIbIO AbIMa. "CrnupanbHO TOPOUIAIBHOE
" MOxeT ObITb O0JIee IOIXOAAIUM OMUCAHUEM, OHAKO, TaK KaK y 3TOU BHEIIHEN BOJBI TAKKE UMEIOTCS IOCTYNAaTENIbHOE
JIBIDKEHHE TI0 CIIUPATIH BOKPYT C
OCHOBHOM BOZIOM.

ITocMOTpuM BROJIb NPOAOIBHOTO CEUSHUS
(puc. 14.3) BHyTpeHHEH YacTH TOPOUIA B CBSI3U KOHUEHTPaLWs! nonoxnTenbho B S ' Hanpaensiouas -nonacte

3apsKEHHOrO KUcnopoaa ‘

C BHYTPEHHEM ABUXKEHUEM SIPa BOJIbL IIPSIMO e ——
B HalpaBJICHWH ITIOTOKA, B TO BPEMA KaK HanpaenaLan-nonacTb,
HAIpaBJICHUE JIBUKEHUS BHEIIHEN YacTH, KOTOpast &
HAaXOJHTCS B KOHTAKTe C TPYOOH, nMeeT
KOMIIOHEHT JIBHJKEHHE B IIPOTUBONOI0KHOM
HAaIpaBIeHUH. DTO BCETO JHULIb (GUTYPATHHO
BBI3a)KasiCh, TOTBITKA OOBSICHUTE TIPOIIECC,
IIOTOMY YTO HPU COINPUKOCHOBEHUH CO CTEHKOM- XOIOAHOE AP0 BoAb

KOHLIEHTPaUMUs oTpULaTensLHO CroiA, CTLIK, MeXzy SApOM
3apskeHHoro yrnepoaa (KapboHbi)

OfMH CUPanbHLIA
LIeHTpanbHbIN NOTOK

ABOVHaA cnupanb
nepudepuitHoro

HOBEPXHOCTH TPYObI, Ka)K/1as YacTHIA BOJILI Ha AaCl =
caMoM JIelie He IBUTaThCs Ha3all K TpyOe, Jenaer obuiee HanpaBnerne
nepucepuiHOro noToka
KOPOTKYIO T1ay3y, Ipek e 4eM OyneT CHOBa ——
- pudpnenan, nocepeGpeHHan Meab
TIOMMaHHA MPAMBIM ITOTOKOM. ApeBecuHa AepeBAHHON TPy6Ob! HanpaBnAKWAaA-NonacTs

OiyKTyalys M0X0XKe, MEJIKUE BpaIlleHUst
HaXOAUTCS B IPOTUBOIOJIOKHOM CMBICIIE, YTO
Y IICHTPaJIbHBINA TOTOK crimpanu. OOriee
HalpasJICHUE BPAILEHHsI BCEH ITOH

nepudepuitHoi BOIBI TEIA, B TOM XK€ HAPaBIEHHUH, YTO LEHTPAIBHOE AP0, KAK YKa3aHO OOJIBIIMMH CTPEIIKaMH OT
TPEYroJIbHBIX HANPaBJIAIOIIUX JlanacTel-1onaTtoK. To 4To ABUKEHUE BCEH BO/BI B 3TOM THIIE TPYO ObICTpee, 4eM B OObIYHOM
WIMHIPUYECKOH TpyOe Oblia moaTBepkaeHa npodeccop DOpXreiiMEPOM, B €T0 IKCIIEPTHOM 3aKJIIOUEHUH ® HA HOBOM
nu3aBiiHe 1aMObI-ILI0THHBL Bukropa HlayGeprepa o6cyxaanack paHee, B KOTOPOM OH 3asBISET, OTHOCUTEIBHO B 3aLUTY OT
HEPETIOIHEHHUS IPEATIOKEHHOH TPyOBl, YTO:

"... KOTJJa CyIIICCTBEHHBIH TIOTOK BOZBI MOCTYIACT, HEKOTOPOE KOJIUYECBTO M3 HUE OJDKHO MOMaaTh HEMOCPEICTBEHHO U3
CTEHBI Yepe3 JI0CTaTOYHO OOIBLIOro AuameTpa TpyOy, KOTOpasi BBIXOAUT Ha BHEMIHEH (JIeBOiT) CTOPOHE BOLOXPAaHUIIMILA HA BBICOKOM
ypoBHe. B a1y TpyOy OyneT BHHUMBATHCS MOTOK, TaK Kak ObLIO IOKa3aHO, 3TO BBI3BIBACT PE3KOE YBEINUYCHHE CKOPOCTHU IMOTOKA."

Fig. 14.4 Dunamuka aBoiHoro cnapansHoro notoka B Tpy6e

C paznuuHO# TeMreparypoil BOIbl, elle pa3, X0J0AHas BO/a MOCTYIAET CHU3Y CPEHSS U XOJIOAHAs, TSKEIbIH
CEpICYHUK-BOJBI YCKOPSIETCS, U BTATHBAET YBJIEKas 3a cOOOM APyrue 3HaUMTEIbHO JIETKYIO BOAY 3a cO00ii. 3nech
LEHTPOCTPEMUTEIBHBIE U LIEHTPOOESKHBIE CUJIBI BHOBb AKTUBHBI, U B HAYaJIbHOW (ha3e MOTOK paCTBOPEHHOTO KUCIOPOAa
BBIJJABIIMBACTCSI U3 EHTPAIBHOTO si7ipa U NOOYXIaeT HEHTPOOCKHO K nepudepuu, pu COACHCTBUN TOPOUIATLHOTO MOTOKA.
Takum 00pa3oM, KHCIOPO yIasieTCs U3 LEHTPa, TaK JKe JTI00bIe B3BEIICHHbIC BEIECTBa, KOTOPOE 3aTeM IPHKUMAIOTCS K
creHku TpyObl. KpynHbie (0oJbire) B3BEIICHHBIC YaCTHIIBI BEIIECTB, B CHITY X OOJIbIICH NIOTHOCTH M MAacChl, TIO-TIPEKHEMY
TPaHCIIOPTUPYIOTCS 110 TPyOE B UEHTPAIBHOMN OCH.

Ha nepucdepun npu MakcuMallbHOM TPEHUU U B CBS3U C PE3YJBTHPYIOIIEM ITOTEIUIEHHEM, KHCIOPO/Ia, yiKe
CTHMYJIHPYIOIINE HEeHTPOOESIKHBIE CHUITBI, CTAHOBHTCS €Ille O0Jiee arpeCCHBHBIM U Yepe3 MPOLECCHl OKHCICHNS MUKPO
B3BELICHHBIX YaCTHUI O0bEAUHSIIOTCS C MATEPHAJIOM CTEH, TEM CaMbIM 3areyarbiBasi ux. [{0CKOIbKY KHCIOPOI OTCYTCTBYET B
siIpe MOTOKa, Bce OaKTepHH, U BPEeIHBIE H TIOJIe3HbIe, TEPEeMEIIAloTCs Ha Tepudepuio TpyObl, Tie HU3IINe, MeHee CIIOXKHEIE,
[aTOreHHbIe OAaKTepHUil OT N30BITKA arpeCUBHOIO KHCIOPOIa, YHUUTOXKAIOTCS. bomee BRICOKO KadecTBEHHBIMU
MHUKPOOPTaHU3MaMH, KOTOPBIE MOTYT IOIJIEPKUBATHCS M TPEOyTCs IS CYIIeCTBOBAaHMS Oosiee BEICOKUI yPOBEHB KHCIOPO/A,
B 3HAYUTENBHON CTETIeH! HEBPeJUMBIM. TakuM 00pa3oM, Boza CTAaHOBUTCS Bce OoJiee u OoJiee OUUIEHHO (YUCTOlt), OT
Oone3Hell W MUKPOOOB, CAMOOUHIIICHA.



Tam He Oyaer jxene3a WK CTalH, YTOObl B3aUMOAEICTBOBATH C MATOTCHHBIMU MUKPOOPIaHU3MaMH, UMEIOIHE B
HACTOSIIEE BPEMSI, OHU YIAAThCSA OCTAIBHBIM CBOOOAHBIM PACTBOPEHHBIM KHUCIOPOIOM B TpyOe, HE MOTYIHUT ero U
notpedutens . C npekpaiieHneM OKUCIUTENbHON aKTUBHOCTD B COUETAaHUU C PE3YIbTUPYIOLIUM OXJIaXICHUEM, OCTATOUHbIH
KHUCJIOPOJI BO3BPALIAETCS TOPOUAATIBHBIMU BUXPSIMU OT CTEHOK B LIEHTPAJIBHOE PO BOABL. 3/1€Ch OH B3aUMOJIECHCTBYET C
SHEPreTUUYECKH IOJIOJHBIM KHCIOPOJOM KapOOHAaMH B Ape MOTOKA B MIPOLECCE XONOAHOIO OKUCIEH . DTO,
IIPEUMYIIECTBEHHO, IIEHTPOCTPEMUTENBHOE "OPUTHHATIBHOE" WM "HOPOXKIArONIas )KU3Hb " opMa JBHKEHHS HE TOIBKO
IIPOU3BOJAT IUHATEHBl - HEMAaTepHAIbHbIE TEHEPATOPhI SHEPTUH, - & TAK)KE U YBEIIMUMBACT COAEPIKAHHUE YIIIEPO/a, KOTOPBIE
BMECTE MOBBIIIAIOT OOLIYIO JKU3HECIOCOOHOCTD, JKU3HEHHYIO SHEPTHIO U KaU€CTBEHHOE COCTOSHUE 3/0POBbsI BOMBI.

Jist Toro, 4ToObl OHY (DYHKIIMOHUPOBAIN IODKHBIM 00pa3oM, BaxKHO, COOIIOAATh HEKOTOPhIE MEPEI
IPEIOCTOPOXKHOCTH. UTOOBI OBLI 3aJI0KEH TODKHBIM 00pa30M, 3TOT AEPEBSIHHBIH BOIOIPOBOJ JOIDKECH OBITH 3aI0XKEH
B IIECKE U M30JMPOBAH OT CBETA U TeIla. J{pyrumMu clioBaMu, B IIPOXJIaJHON KOHTPOIUPYEMOii cpelie, eciau oHa Oyaer
HOJIep>KeHa U COXPaHEeHaA TO, CHIeTaeT AePeBIHHBIE TPYObI JONTOBEYHEEe CTANBHEIX, TaK KaK OHH HE OJBEPraloTCs THHEHHUIO.
IToToMy uTO 3Ta cucTEMa JIBIIUT, MUHUMAJIbHBIM KOIHYECTBOM (HallpUMep Kak, I10T) BOAbI BBIXOAAIIEH U3 TpyO, rie
HEKOTOpOE UCHAapeHHNs MPOUCXOIAT. DTO BEAET K OXJIAXKCHHIO BHEIIHEH TPyOBI, KOTOPask B CBOIO OYepenb, Jajle OXIakIaeT
coaepxanue. B couetaHuy ¢ BHyTpEHHUM BUXPEBBIM IIOTOKOM, KOTOPBIIi, Kak 00CYaJl0Ch paHbLIE 3TO MPOLECC €
YJacCTHEM OXJIAXKICHHS U MOBBIIECHHS COOCTBEHHOH KM3HEHHON YHEPTUH BOJBI, TO €CTh BOAA MOCTEIEHHO CTAHOBUTCS
IpOXJIaJHEe TaK, KaK OHa TeueT. M3-3a pa3sInuHbIX OKHCIUTENbHBIX IPOLECCOB, IPOUCXOISIIMX B ITyTU, IPOUCXOIST
oIpeJieTIeHHbIE BOCCTAaHOBUTEIBHBIE IIPOIIECCHI, KOTOPBIE YIyUIIal0T Ka9eCTBO BOIBI U TIOOBIX APYTUX MaTepUaoB,
TPaHCIOPTUPYEMBIE B HHX, HAIIPHMEP, Py, IeOCHb U T. ., KOTOPBIE TPAHCIOPTHPYIOTCS IO CepenHe TPYObI, He
Kacasch CTOPOH. M3-3a BHELIHETO aBJeHHs, CHATHS IeHCTBHEM IPOAOIbHBIX BUXPEH, pakTHIEeCKuUit
pa3Mep U TOJIIIHA CTEHOK TPYO MOTYT OBITh JOBOTBHO MIHHHMAIBHBI.

14.2 Hccneoosanue ¢ LlImymzapme

WMes naBHHME HACMEIIKH CO CTOPOHBI HAYYHBIX YUPEXKICHUH U )KEJIAIONIUX MOITYIUTh HEOIPOBEP)KUMBIE JOKA3aTENbCTBA
000CHOBaHHOCTH €T0 UJeH 0 IBIKEHUE Boabl, B 1952 roay, 3a cBoil cuet, Bukrtop Illaybeprep nomén B TexHudeckuii
ynusepcutet B IlITyTrapre, 4To0bI pelIUTh BOIIPOC Pa3 U Ha BCEraa. 31€Ch €ro TEOPHHU O BOJE JOJDKHBI ObLIN OBITH
IIPOBEPEHBI HA CTPOroi HayuHOIl OCHOBE 1OJ pyKoBOACTBOM Ipodeccopa Ppanna [lonens, aupexropom VHCTUTYTa TUTUEHBL.
IMpu nepoii ctpeue ¢ IToneneM, oH 0TKa3alCs, 3asIBUB, YTO 3TO OyJET IyCTOM TpaToi ero BpeMEHH U B JI000M CIlydae He
IPUBEJET K CTOSIIUM PE3YNbTaTaM.

A, e1e pa3, BBICIIIME CUJIBI IPUILIM Ha IOMOLIb BUKTOpPY B OTHOCUTENLHOM (opMme TornamHero bonHckoro
IIPaBUTENIBLCTBA, KOTOPOE OBLIO TaK pa3sTHEBAHO HAa SHEPrUYHBbIE aTaku Bukrop Ha ux Ynpaeinenue PeiiHoM, 4To OHU ObLIH
CJIUILIKOM Pajibl ¥ FOTOBBI ObIIM OILUIATUTH IOJOBHHY CTOUMOCTHU HCCIIEIOBAHUSL, II0JIaras, 4YTO OHU IOJHOCTBIO
JUCKPEIUTUPYIOT ero. [Ipu 3THX n3MeHMBIIHXCSA 00CTOATENbCTBAX IMpodeccop [Tomens pemmt mpoBecTH UCCIeJOBaHAE C
HCIIOJIB30BaHUEM TPYO pasiidHol KoH(Urypamum, TeX, 9To Buxrop npurotosun (puc. 14.5). OHu Gomblie HE Koraa He ObLM
BO3BpAIIEHEI €My TTOCTIe 3aBePIICHNs HCCIIeI0OBAHMI, HECMOTPS Ha TO, YTO 3TH Hape3HbIE ¥ BUHTOBBIC TPYObI ObIIN
9pe3BEIYAHO TPYITHO U JOPOTU B H3TOTOBIICHHH, IIOTOMY YTO UX HEOOBIYHAs (hOpMa, KOTOPYIO CHIeTaTh U3 JIF0O0TO
HOPMaJIbHOTO MPOIIECCa JINThS NPAKTHISCKH HEBO3MOXKHO. TOUHOE ONMMCAaHNE ITUX PA3INIHBIX (POPM U UX MOTOKH
JIOCTATOYHO CJIOHBI. OHHM MOTJIH ObI OBITH UCTOJIKOBAHbI KaK "TBOWHON Hape3koi'", "ABOMHOWM CKPyUYCHHBIN MTOTOK" WK
"crupasibHO BUHTOBas" TpyOa.

Cxema dSKCTIepUMEHTAIIFHOW yCTaHOBKH, TIOKa3aHO Ha puc. 14.6, 0CHOBOI HCCIIEOBaHNUS SBISIETCS TaKasi, 4TO BOJA
MIOCTYNAeT U3 TPyObl B BBIPAaBHUBAIOIIYIO EMKOCTh, KOTOPOE 00ECIIeUNBAET NOCTOSHHOE JaBI€HHE BOIIHOIO cTon0a. 3aTteM
BOJIa MIPOXOUT Yepe3 TPyOKy 3aBUCHMOCTH OT TOTO, YTO HAXOJHUTCS B CTAJNH TECTUPOBAHHSA U B BEIXOJHOM KamMepe, 3aTeM
CTEKAaeT BIIyCTYIO. PA7I0M ¢ BBIXOZOM, TPU MaJICHBKUX, KaJTHOPOBAHHbIE CTEKIITHHbBIE TPYOKH PACIIONIOKEHbI BEPTUKAIBHO.
Jleas TpyOKka n3MepsieT UCIIONB3yeMBbIif HAMlOp M HETIOCPEACTBEHHO CBsI3aHa C BRIPABHHBAIOMIEH EMKOCTBIO. bmkasas TpyOka
MOAKIIOUEHA K CUCTEME HEIOCPEICTBEHHO Ha KOHEI| UCIBITaTeJIbHOM TPyOB! U IpaBasi TpyOKa B TOUKE UyTh HIDKE BBIXOJA B
BepXHeil yacTH pacuipsoerocs konyca. CpefHss U mpaBasi TpyObl H3MEpSIOT NaJIeHHe WX MOBBIIICHHE JaBleHus. Uem
BbIIIE 0003HAUEHHBIIl YPOBEHb BOJbL, TEM MEHBIIIE IIOTEPh JaBJICHUE CTOA0a XKUAKOCTH U TpeHus. [Ipu NOHMWKEHUH YpOBHS
BCEH IPaBoil CTOPOHBI, OTOK MOXET OBITh YBEIMUYEH M3-3a YBEJIUUCHUS KPYTU3HbI I'PalieHTa U JeHCTBUE CHIIbI TSDKECTH.

KoHeunblii (hakTHUeCKHil OTUET IPeICTABIEHBII ° ObUT IOBOJIBHO NPEAB3ATHIM. Hanboee 3HAUUTENbHBIE 1
PEBOJIIOLIMOHHBIE JTaHHBIE ObUTH B 3HAUYUTENILHOM CTENEHU CKPBITHI, IOTOMY YTO OHH BBI3BAJIU OBl HEKEIATEIbHBIN IEPEBOPOT
B Hay4YHOM MHpE, OIIPOKU/IbIBAs O HACTOSIIETO BPEMEHHU C HAYYHOM TOUKU 3peHUs CBsILIEeHHbIH "BTopoii 3akoH
Tepmonunamuku". BcooTBETCTBHE C 3TUM 3aKOHOM, 0€3 JajdbHEHIINX MM IOCTOSHHBIX BIXKEHUI SHEPIUH, BCE (3aKPBITHIE)
CHCTEMBI JODKHBI BEIPOXKIATHCS B COCTOSIHUE ITOJTHOTO Xa0Ca MITH SHTPOIHHU. DTH SKCIEePEMEHTH JOKa3all 00paTHoe, TO 4eM
ObL1 ObI BTOPOI 3aKOH TEPMOAUHAMUKY, ObUI JIOXKBIO (HE IIPaBoif).



= TEST PIPE 3 - Struight Copper Pipe.
—= TEST PIFE 4 — Straight Glasa Pipe.
TEST PIFE § - Smooth Conical Copper Fige.

TRST PIFR 6 - Ccoical Spiral Helicodd
Copper Fipe

TEST FIFR T = lLarge

Straight Conicsl
Copper Pipe.

- = |
—— TEST PIFE B - Bsall

THIE BELONGS ORIGINALLY TO DIAGRAM 9 l

Puc. 14.5 TpyObI pa3auuHoii koHpurypamuuu, koropsie lllay6eprep npeacrasui npod. [onennbio

[t
Water level messuring pipes [

(TEST PIPR 1) TEST STAND WITHOUT FIFE

Overflow

(TEST PIPE 2) SPIRAL BEELICOID COFFER FIFE

CROS5-ERCTION OF THE SPTRAL FELICOTD PIFE, 5.05 oot

Inslilut  [Gr Oesundheilstechnik an der Techn. Hochschulg Stufis

Puc. 14.6 B sxcnepumMenTe co cepuyecku-cIMpaIbHOi MeqHOi Tpy6oii, npod IMonean
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Camast uaTepecHas Tpyoa (Ne 2) nuzobpaxeHa B 6oiee KpyrmHOM MaciTabe, 4yTh HIKE BHIPABHUBAIOIICH MMOCYIWHBI HA
puc. 14.6 nMeer ceueHue mokazaHHoe Ha puc. 14.7 u mogoOHa pory antmions! Kyny, nonaepxusas npuHIuI Bukropa
"TlonsaTs 1 kormuposath [Ipupomy!" Por 6bUT 0GBEKTOM IBYX yCIIEIIHEIX TIATEHTOB®, KOTOPHIE OBLIN 3asBICHBI U
MPEIOCTaBIEHBI BO MHOTUX CTPaHAax, MOKa3aHHbIe Ha pHC. 14.7 BIsIomuMes 6oliee BCeOObEMITIONIEH HILTIOCTpAaIeit Toro
narenTa’. Kak HU CTPaHHO, s CMOT HOJIy9UTh KOIIMHU IIOJHOTO TarenTa u3 bpasumn, Ilopryramiu u ®panuuu yepes apysei, u
MHE He YIaJI0Ch MOJYYNTh Kakux-1moo B BenukoOpuranuu, ['epmanun u Actpuu. He neman 3anpocos B CILIA.

B nuarpamme, nmoka3ssiBarolieii yBeIMUCHHUE U YMEHBIIICHHE TPEHUsI B TpyOax npu ucnbiTanuu (puc. 14.8), Bocxonsuiei
YaCTH KPUBOH MOKA3BIBAET, YTO TPEHHS IIPOM3BOIUTECS, M JaBICHUE PACTET, U HUCXOSIIHNH Y4acTOK, I1e OHH YMEHBIIAIOTCS.
CrexnsHHas TpyOa (Ne 4) Ha caMoM Jiesie oKas3ajlach HauMeHee, YAauHOMU, MOIXOAALICH sl TPAHCTOPTUPOBKH BOJIbI, MMEHOIIEH
BBICIINH K03 (DULIMEHT TpeHHs, YeM aHAIOTHYHBIE MEAHBIE TPYObl, B KOTOPEIX TPEHHE HaUYMHAET ISHCTBOBATD JIUIIb ITPH
Oonee BHICOKHX 00beMax MOoToka. M npsiMast cTekisHHas 1 npsiMast MenHast (Ne 3), pyObl HIMEIOT olpe/ieNIeHHbIE KosleOaHus
B IIGHHOCTH, HO, B OCHOBHOM, TPEHHUE MOCTOSIHHO PAacTET.

Kone6anus B TPEHHN CTAaHOBHUTCS 00JIee OYEBHAHOI B MPSAMBIX TPYOax ¢ HAPE3KOi, C KaHABKAMH B TPYOe, MOXKHO
3aMETHTh, YTO CIUPATBHO-BUHTOBAs TpyOa (Ne 2) MpOM3BOAMT 3aMETHO PA3IMUUMBI NPOQHIb YeM Apyrue TpyOb
yYaCTBOBABIIIME B HCIBITAHUU. B JBYX CiIydasx, OHa OMYCKAETCs HUKE JIMHUK HYJICBOTO TPEHHUS B HIDKHEH 4acTh rpaduka.
Bwmecto TOro, ‘{TO6BI HUHTCPIIPECTUPOBATh HUCXOAAIINEC KPUBBIC HA rpad)mce, KaK YMCHBIICHUE TPCHUU WK OABJICHUSA, OHU
MODITH OBl pacCMaTPUBATHCS B KAYECTBE TEX YIaCTKOB, I7Ie YBEIMYUBACTCS BCACHIBAIOIIEE ISHCTBUE, pa3pshkeHue. To, 4To
NPOMCXOMT 3/1€Ch B TOM, YTO B CBSI3H CO CJIIOKHOCTBIO JIBHIKEHHUS TIOTOKA, BEI3BAHHON KOH(UIypaluel cTeHKaMu Tpyo, Boja
HAaIpaBlieHa TAJICKO B CTOPOHY OT CTEHOK, TEM CAMBIM YMEHBIIAst TPECHHUE.

B cBoém noxunaze, [Tonens He Kacancs 3TOro SIBICHUS, KPOME TOTO 3asBHJI, YTO B JIBYX CIIy4yasiX TPEHHE YMEHBIIAIO0Ch
1o Hyns. To, 9TO OH HE YIIOMHHAET TO, YTO OBLIO OYEBUAHO TOTA, OBIIO TO, YTO U3MEPEHHbIC 3HAYEHNS TPEHUS, TAKXKe
OITyCKaJIOCh HIDKE JIMHHUU HYJIEBOW OTMETKH; YCIIOBUE, KOTOPOE MOXHO ObUIO OBl Ha3Barh "OTpHuarenbHbIM Tpenuem”,
napagokc Gpusnku. D10 BeIpakeHHe He Mo&, yTBepkaan Banwsrep [llayoeprep, monsitue Obuio BBeeHO camMuM [lomenem.
Bcesi3u ¢ anexo UIyIUMH MTOCTIEACTBHAMHE 3TOTO MOTPSICAIONIETO OTKPBITUS [UIS IPUHATHIX TUIPABINYECKUX TEOPHH,
[Tomnenb, BOBMOXHO, HE JKeJlast 3aMMChIBaTh 3TH PE3Y/IBTaThl B TMCbMEHHOW (OpMeE M3-3a CTpaxa ImocTpaiarh OT
"HICONOTHYECKOH pernpeccuu” POACTBEHHOM TOH, 4To HcnbIThiBaI JKak beHBeHUCT, 00CyKIaBIIelics paHee.

Bo Bpems nBHKEeHHS Ha JaHHOW CKOPOCTH IO OTHOIIEHHMIO K (popme TpyOe, IOTOK BOABI ObLI B TAPMOHUU C
KoHurypanueit Tpyosl. Korna 4To-T0 HaXOAUTHCS B TAPMOHHH C YEM-TO €1, TOTAa HeT HUKAKOTO TPEHHUS. JTO HEO)KUIAHHOE
SIBJICHUE JIMIIAET 3aKOHHOH cuitbl Bropoii 3akoH TepMmonuHaMuky u 6e3 coMHeHus, moyeMy [omens HUKOTIa He TOBOPHI 00
9TOM ITyOIMYHO, TOTOMY YTO 3TO OyIeT 03Ha4aTh, YTO CUCTEMa MOXKET Ha CaMOM JeJie TPOU3BECTH YHEPTUIO CIIOHTAHHO; 9TO
03HAYaeT YTO Ha4aB JIBWKEHHE HE HYXKJIACTCS B IOMTOJHUTEIILHON SHEPTHHU I €ro MOAJIEPKAHUS; YTO DHEPTHs
HCTIOCTOsAHHAA BCIIMYHWHA, U OHA TaKXKC MOXKCT 6BITI> YBEJIMYCHA, TaK KaK Mbl CHOBA 3/1€Ch, CTAJIKUBA€TMCA C HAJIMIUCM
HeMaTepHalibHbIX JuHareHoB (dynagens) co3qaHHBIX Yepe3 'OpUrHHaIbHOE' BIDKEHHUE.

B aaaneﬁmeM TMOATBCPIKACHHUEM NIEPUOANICCKU HUIKE U OTCYTCTBUA YPOBHHU TPEHUA B CIIMPAJIBHO-BUHTOBBIX
Tpybax, Tabnuua Ha puc. 14.9 mpUBOAUT OTHOCUTENBHBIE ITOTEPU HA TPEHHE Y PA3IMYHBIX TPYO B CTaIUH1 TECTUPOBAHHUSI.
Beiyuae criupanbHO- BUHTOBOM TPpyOBI BUIIHO, YTO 3TH IIOTEPH CBOAATCS K HYJIIO B TPEX CIIy4asX U JIOCTUTAIOT MUHUMYyMa
B MIEPHOIMYECKON CHCTEME B CKopocTsx motoka ¢ 0,191 cm’/cek. m 0,441 cM’ /cex. TONBKO C OIHMM WIIH JIBYMSI
HCKIJIIOUYEHHSIMH, TIOTEPH Ha TPEHHUE ITOI TPyOBI BCEra ropas/io MeHblIe, 4eM Yy Jpyrux Tpyo.
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noTepu Ha TPeHue B R

Bbixon
q cnuparnbHas npsmas CTeKnAHHanA
renukongHan Tpyba
l/sec e MepaHbie Tpybbl cm cm
0,12 0,10 0,05 1,85
0,13 0,19 0,20 2,07
[ 0,14 0,00 0,23 2,20 |

0,15 0,40 0,33 2,48
0,16 0,95 0,45 2,85
0,17 0,95 0,70 3,25
0,18 0,65 1,20 3,75
0,19 0,45 1,85 4,25
0,20 0,95 2,25 4,65
0,21 2,06 2,55 5,05
0,22 2,50 2,85 5,30
0,23 2,45 2,95 5,45
0,24 2,10 3,10 5,60
0,25 1,70 3,24 5,79
0,26 1,25 3,35 6,00
0,27 0,80 3,50 6,20
0,28 0,35 3,75 6,65
0,29 0,00 4,00 7,00
0,30 0,00 4,30 7,30
0,31 0,10 - =

0,32 0,80 4,90 7,30
0,34 3,50 4,90 s

0,36 4,60 4,90 -~

0,38 3,70 5,05 =

0,40 2,50 5,38 -

0,42 1,60 5,80 =

0,44 0,70 6,50 -

Fig. 14.9 WcnbiTaHua BO3IHUKHOBEHWA W NOTEPS TPEHMA B NPAMbIX M CNMpankHbIX TpyGax u3 cTekna u mean

14.3 Kposooopawienue

IIponosmkas Halle UCCIEAOBAHUE 3aMKHYTBIX IIOTOKOB TEMEPh MbI PACCMOTPUM APYTyIo GopMy MOTOKA, a UIMEHHO
LUPKYIALHIO KpoBH. Bukrop [llaybeprep HEomHOKPATHO 3asBIISUL, UTO CEpALE HE SBISIETCS HACOCOM, ITOCKOIBKY OHO HE
BBIKAQUMBAET CTOJIBKO, CKOJIBKO "3aKaunBaeTcs, HarHeTaercs"! B ToOM ke Iyxe, OH Taxoke TOBOPHJI, UTO ITHULIA HE JIETUT, a
"yIpasiseT MoJaEToM, epeMeriaeTcs Mo Bo3ayxXy" U peida He TuiaBaeT ,a "ckonb3uT". B cBs3u ¢ pe3ynsraramu IlItyTraprckux
HCCIIEA0BAHUM, ONUCAHBIX BBIIE, 3TO YTBEPKACHUE KAXKETCA OTUACTH HOATBEP>KACHHBIMU. Ero yHkuus, 1o ero MHEHHIO,
ObL1a ropasno Oomblie, GyHKIMEH peryasTopa KpOBOTOKa, U, XOTS Cep/le AeHCTBUTEIBHO IPOU3BOAUT BCIIECKH, PHIBKY,
KPOBH BO BpeMsl €0 COKpAIllEHUsI, Ha CAMOM JIeJIe OHO He SIBIISIETCS HAacoc.

Ero o6pscuenue B LIITyTrapTCKOM SIBICHHS B TOM, YTO ITOTOK BOJIBI OBLIT B PE30HAHCE C IBOWHON BUHTOBOM (hOpPMOit
TpYOBI, 3asBIISISL, YTO 3TO TAKKE MIPUMEHUMA U K KDOBEHOCHBIM COCYJaM, KOTOpbIe ObUTH 3JIEMEHTaMH, OTBETCTBEHHBIMH 32
LUPKYJALMIO KPOBU. XOTS Y apTepHuil U CaMUX KaIWUIIPOB €CTh EPUCTAIBTHUECKOE, TYIbCUPYIOIee AeiicTBHE, eCTh
Taxoke Apyrue (pakTopsl, KOTOphIe OyIyT pacCMOTPEHSI IToke. DTN Mynbcaruy Hadmonan npodeccop Kypr beprems n3
Bepnuna (1925-30), xorna nocie HECKOIbKUX AHEH MHKYOAlUy, 4YTOObI PACCMOTPETh U YUECTh MEJIKUE KPOBEHOCHBIE COCY/IbI
c(hOpMHUPOBAaHHBIE BOKPYT MEIIOYKa JKENTKA, OH OCTOPOYKHO BCKPBUI A0 NTHIBL. [Tocie 3Toro oH 3aMeTHII, 4To
KPOBEHOCHBIE COCY/IbI OKPYKAIOIIHE KEITOUHbIH MEIIOK MYIbCUPOBAIU, IPEXKAE UEM OHHU OCTBLIM, XOTs CEp/LE elle He ObLIO
c(hopMHPOBaHO.

ITpodeccop Beprens Takxke MpUaepKUBAIICS TOH XKe TOUKHU 3peHns, kak i Bukrop IllayGeprep, oTBepras uueto, 4to
Ceple SBISETCS CBOETO Poia HAcOCOM, 3a1aueil KOTOpOro OBUIO JOCTaBUTH KPOBB B JIFOOYIO YacTk Tena. beprens
YTBEPKIaJH, YTO 9TO OBUIO BHIMOIHEHO "MHJUIMOHAMH OYSHb aKTUBHBIX KaIIISIPOB, IPOHU3BBIBAIONIHNX TEO", U
4T0 "3M0pPOBHE U GONE3HB IPEKE BCETO 3aBUCAT OT OE3yIPEYHOM W HAPYIIEHHOM JeATENbHOCTH KanuLIspoB" ®.

dakTHu4ecKoe ABUKEHHE KPOBH, II03TOMY, KaK MIPEACTABIISAETCS, BOSHUKAET IEPBOHAYAIILHO B CBSI3H C
npoueccamu myibcanuu. B cBete LITyTrapTckoro uccienoBaHus, MOKHO YTBEPKIaTh, YTO IOTOK YCHIIMBACTCS
KOH(HTYpaueit KPOBEHOCHBIX COCYIOB HEMOCPENCTBEHHO, (OpMa KOTOPHIX H CTPYKTYpa, HAIIOMHHAET Ha 0OCYKAsBIIeHcs B 3



IJIaBE MHBIC HOBBIE SHEPTHH, MPEACTABISIOT COO0I BTOPHYHBII 3P PEKT HEMaTepHATILHOTO MTOTOKA SHEPTHH, KOTOPBIH CO3/1all
UX B IIEPBYIO ouepeas. Kpome Toro, BA3KOCTh KPOBH, KaK M3BECTHO, YMEHBIIAETCS OJIE3HO MIIM YMBIIIIEHHO B 00paTHOM
MIPOTIOPLIMH K TUAMETPy KPOBEHOCHBIX COCYIIOB, YTO TAKXKe J00aBiseT K €€ CBOOOTHOMY JBIKEHHUS, O€3 TPEHHUs, B
MeJIpYaHIuX cocyax - KaluUIIpOB.

JIBa npyrux akropa, TakKe NpucyTCTBYIOT. [IepBbIid MOJOKUTENBHBIA TEMIIEPAaTYPHbBIH IPaUEHT MEXKIY
BHYTPEHHEW 4acTH TeJla U KOHEYHOCTSIMU, KOTOPBIC, KaK ObLIO MOKAa3aHO paHee BBI3bIBAET JBIKCHUE OT TEIUIA K XOJIOAHBIM
obnactax. B aToM oTHOIIEHUH 3EKT 0XKUBIICHUS XOJIOJHBIM JyIIEeM Ha KpOBOOOpAIIEHHE XOPOIIO U3BECTHO (CTUMYIISLUS U
YKpEIUICHUE, TEIUIBIN MOTOK K XOJIOJHOMY), TOT/Ja KaK JUTUTEIbHOE MPEeObIBAHUE B TOpsiYei BAHHE UMEET TCH/ICHIHIO
TIPOU3BOAUTH (PU3HIECKYIO YCTANOCTh (COKpAILCHUE Pa3Iniril MeXXIy BHYTPEHHEH U HApyKHOH Temmeparypamu). Bropsim
SIBJISIETCS, PE3YJIbTAT PA3IIHUMs B (PU3UKO-XHMHUYECKOM COCTABE U, CIIEJ0BATEIbHO, JHEPIEeTUYECKON XapaKTepHUCTHKE
apTepHaAILHON U BEHO3HOW KPOBH.

DTO KaueCTBEHHOE pa3MyKe NPOUCXOAUT YACTUYHO M3-3a Pa3BHUBAIOIIEHCS (PU3NUECKOH ITyCTOTHI (1, TO3TOMY
IIPOMCXOJUT, BCACHIBAHUE) CO3/JAHO ITPOTPECCUBHBIM IIOINIONIEHUEM TOJIOKUTENBHO 3apsKEHHOT0 aToMa KUCIIOPOAa, KOTOPBIN
MIEPEHOCUTHCS apTEPUAILHON KPOBBIO, KOTOPBIH YBEINYMBACTCA B KOHEUHOCTSX (3aMEHa KOXKU M BOJIOC, 32)KUBJICHHS PaH U
Ip.), TIe camMoe OOJBIIoe TONIONICHHE, HanboJIee 0CTPO, U YACTHUHO U3-3a BO3POCTAIOIIETO JKEIaHHs peadcopOimu
KHCJIOpOJa B JIETKHX OTPHULATENFHO 3apshkeHHbIM, KapOoHOM (YITIEKHCIIOTOM, YIIIEKUCIBIM Ta30M) - 6orara BEeHO3Hast
KpoBb. Tak Kak 3TH JjBa THIA KPOBU HECYT ITPOTUBOIIOJIOKHBIE 3apsiIbl, MBIIICYHOE COKPALICHUE U 3aKITIOUUTEIIBHOE IEHCTBHE
cepua, Io3TOMY cpadaThiBaeT yepe3 MepuoANIeCKOe ypaBHUBAHUE MONOKHUTEIBHBIX U OTPHIATENHHBIX 3aps0B, KOTOPHIE
JOCTHUTalOT MaKCHMyMa B BEHO3HOM U apTepHaIbHON KaMepax caMoro Cepiua, 13-3a OOJIBIIOro 3apsiaa - IepeHOCHTCs 00beM
oboux.

OTIHYUTENBHOM YepTOi BceX (OpPM KHU3HU - IPOLIECC MYJIbCAIIMH U, BMECTO TOTO, ICHCTBYIOIAS B KAYECTBE HACOCA,
YKM3HEHHO BayKHbIE (QYHKIIMH CepALia, CIeJOBATENHHO, CIIOCOOCTBOBATH ITYJIBCAIMAM B MOTOKE. McX0/s M3 CKa3aHHOTO BEIIIE
MOXHO C(POPMYITUPOBATH U € OOJBILION CTENIEHBIO YBEPEHHOCTH, YTO MBI ABIIIUM HE MIOTOMY, 4TO cepale "kadaet", a "kadaer"
cepaue, MOTOMY YTO Mbl ABIIUM (BIOX HOJOKUTEIBHO 3apsKEHHOTO KHUCIIOPOA U BBIIOX OTpULATENbHO 3apskeHHoro CO,
Y BOJIBI ).

B ciyuae pacryero miona, 3aMeTUM, KOTOPBIN HE ABIIINT, KAK MBI 3TO JieJ1aeM (€0 KpOBb MUTAETCs KUCIOPOIOM,
OKHCIISIETCS, Yepes IUIALCHTY), CEp/Ie MOXKET Ha CaMOM JIeJie BECTH ce0sl KaKk HaCcOC, yCHIINBAs ACHCTBUE ITyJIbCUPYIOIINX
COCYIIOB JI0 MOMEHTa poxaeHus. Tak Kak JBIKEHHE KPOBU 0OYCIIOBICHO YACTUYHO PA3INYMsIMU BO BHYTPEHHEH U
BHEIIIHEH TemIiepaType, O 3TOr0 Cliy4as HOPMaJIbHOTO TEMIIEPATYPHOTO KOMIIOHEHTa KPOBOTOKA Ka)KETCs IPAKTUYECKU He
JEUCTBYIOLMH, U3-32 MUHUMAJILHOM pa3sHMIbI TEMIIEPATypbl B U30JIMPOBAHHON aMHUOTHUYECKOH xkukocTH MaTku. [ToaTomy Bo
BpeMs OepeMeHHOCTH "Hacoc" BIIOJIHE MOXKET ObITh HEOOXOAMM KaK BCIIOMOTaTelbHbIH sneMeHT. [locne poxenus, nepBblit
YKHU3HEHHBIH BIIOX M BBIJIOX - IbIXaHHE, BHIXOJ U TEJIO PeOCHKA MoIBepraeTcs 0OJIbIINM KOJIeOaHUSIM TEMIIEpaTyphl, TOTIa
ceple, IpenoaaraeTcs, HAYMHACT MPaBIIbHO (QYHKIIMOHUPOBATh Kak MyJAbCaTop U peryisaTop moroka. Ho ecnu cepuie Ha
caMoM Jielie SIBJIETCS] HACOCOM, KaK YTBEPIK/IaeT COBPEMEHHAasi MEIMIIMHA, TO, KaKyI0 CHJIIY OHO JIOJDKHO MPUMEHSTh K
BBINOJIHEHUIO 3TON )KN3HEHHO BaXKHOM 3ama4n?

Hexotopoe BpeMms Ha3aj s HATKHYIICS Ha CTaThlo JokTopa OpHcera O. ATTHHTEpO 3armaBieHHoH " HapoanHaMuka
HOTOKa KpoBU"’, B KOTOPOIi GbLIO ONKCAaHO KpOBOOOpaienue 13 kunorpaMmoBoit cobaku. Ha BepxHell nuarpaMme Ha puc.
14.10 uzo0pakeHa o0Iasi OpraHu3aIys CepACIHO-COCYIUCTON CHCTEMBI, TI¢ BEHO3HAsK KPOBB YEPHOTO IIBETA, & HHXKE MO
JarpaMMoil IpeicTaBIeHbl JaHHbIE, KacaloUIHecs: Pa3IMuHbIX COCYIOB (pa3IM4HbIe THITBI COCYI0B) OT 13 KHJIOrpaMMOBOM
cobaku, Tabmuna 3Ha9eHUH BS3KOTO CONPOTHUBIICHUS, JUTHHBI OTPAciiel, 00beM MMOTOKa, AUAMETP H T.1I., U3 Pa3HBIX KaTerOpHi
KpPOBEHOCHBIX cocynoB. Korna s Beraucimi o011yto JUTMHY BCEX BETBEH B KaXK/IOM CETMEHTE COCYAUCTOro fepesa 13
KHUJIOTPaMMOBO# co0aKH, s1 0OHAPYKHUII, YTO TIOJIHAS 00IIIast AJIHHA BCEX COCY/IOB CUCTEeMBbI coctaBuiio 144 017 280
cantumeTpoB win 1,440 173 km! Ha ocHoBe mpomopituii, 3To OyeT 03Ha4YaTh TO, YTO YEJIOBEUECKOE TEIO, B CPETHEM B 5,5
pasa GoJble pasmepa cobaku U o Becy, T.e. 71,5 kr, Oynet comepxarh 1o MeHbleil Mepe 7 920 KM KpOBEHOCHBIX COCYIOB!
JlaHHBIE U3 IPYTHX MCTOYHUKOB, C APYTOH CTOPOHBI YHOMHHAIOT 5T0, 60.000 Mmibs mam 96 500 km'°.

B nocnennee cooTBeTCTBUE C JOKTOPOM ATTHHIE€POM, O €ro paboTe, CpefHee 3HAUCHNE BA3KOTO CONPOTHBICHHUS,
KOTOpBIE OyZIeT MPEOIOIEHO CEPLIEM COOAKH, YTO OBI MEPEKadaTh KPOBb, COCTABIAET 5, 332 MH HA CEeK/cM ~°, KoTopas
paBHa 1o cuie IpuomusuTensHo 0. 005437 kr umu oxono 5, 0,5 1 (1 gua = 101 972 x10°°. xr), cpeanss cKOpOCTh TeYEHUs B
KamJUIsIpax 3HAYUTETBHO MEHBIIE, 4eM | cM/cex.

ITo cnoBam Baisrepa IllayGeprepa BbIXOJHAS MOILIHOCTh YEJIOBEUECKOro cepala cocrasisieT 10 0,003 momaauHbIx
CHJI, JKelnas AalbHEHIIero MOATBEPXKICHUs, 1 HaBell CIIPaBKU B yHUBepcuTeTe KBHHCIICHIa M TaM CKa3aiH, YTO OHO
(yHKUMOHUpYET NpUOIM3UTENbHO 0KoJIo 1,5 Barra. [Ipu 3TOM HEGOIBIIOM KOIMYECTBO SHEPTHUH, YTO 3KBUBAIEHTHO
CpeIHEeMY aKKyMyJISTOpY nepeHocHoBa (oHapuka, 1/10-ro mutpa (100 rpaMM) KpOBH JOCTABISIETCS B ApTEPHATIBHYIO
ceTb okoo 75 pa3 B MunyTy uiau 100.000 pa3 B neHb. 3a cpeiHee BpeMs xKU3HU puMepHO B 8, 000 1UTpOB B JIEHB,
175 MUTHOHOB JTUTPOB KPOBU MPOXOJUT YEPE3 CEP/LIE.

[IpennonoxurensHO cepue 3Tol codaku GYHKIMOHUPOBAJIO ¢ HECKOJIBKO MEHbIIEH SHEPriel U3-3a ero MEeHbIIEro
pa3mMepa. TakuM 00pa3oM, KaxeThCsl IOYTU HEBEPOSITHBIM, UTO Y OTHOCUTENBHO HEOObIIOE cepna 3Toi 13 kunorpaMMoBoii
cobaxu 00nagaeT 10CTaTOYHON MOIIHOCTBIO, YTOOBI 3aCTaBUTh NPOAABUTH KPOBb uepe3 1 440 KM KpOBEHOCHBIX COCYAOB, YTO,
B CBETE BBIIEU3JI0KEHHOT0, IIOX0XKE Ha CIIOXKHeMIyto, ['epakioByto 3anady. Cuia cepana, I03ToMY, KaKeThCs
(heHOMEHAIIBHOM JJIs CBOETO pa3Mepa H, 1o JaHHBIM HcciieqoBanus Banprepa Illayoeprepa B 9T0it 06mactu, ObLI0
YCTaHOBJIEHO, YTO pabOTa YeI0BEUYECKOro cep/ia OyneT JOCTaTOuHO, YTOOB!I MOIHATH Bec 0K0s1o 40 TOHH B IO/l Ha BHICOTY
Imetp. 51 Tak ke IPUKHUHYI CBOU COOCTBEHHBIE PACUETHI, U IIOJIATAI0, YTO S HOIydH’II, cocTaBisger 4, 296.78 tonn .

[ToMuMO yMeHbIIIEHHS BA3KOCTH KPOBH C YMEHBILIEHHEM pa3Mepa KPOBEHOCHBIX COCYIOB, €CIIH, KaK ObIJIO MPEIOKEHO
paHee, PHEPTHUIO CO30aeT cOoCyl HanOoiee OIaronpUsTHBIN IS ero skenaeMoi Gpopme ABIKEHUS B TAaHHON CHUTYaIHH,



MyJIbCUPYET, MOYTH 0€3 TPEHUS MOTOK KPOBHU IO 3TUM OTPOMHBIM PACCTOSHUSAM CTAaHOBUTCS 00J1e€ MOHATHOM.
Koagdunment "omyrueH" Bo BceX Hay4YHBIX pacyeTax B TUAPOAUHAMUKE, 3aMETHM, HJIH B JJFOOOM JIPyroM SHEPreTHYECKOM
Ipoliecce B 3TOM OTHOILICHHH, B IIPOYEM, SIBJISETCSI €CTECTBEHHBIM JN3aifHOM ISl SHEPTUH JUIA IepeMenieHus 0e3 JINIIHEero
TPEHHS Y 3I0POBBIX JKUBBIX, B OPIAHMUECKUX CHCTEMAX.

B cBete TOrO HCClienoBaHus, OMMCAHOM JBOHHON criupanbHOoi TpyObl, LLITyTrapTCKOM HCCIEI0BaHUN M HUPKYIISIIHS
KPOBH, BUIHO, 4TO Teopuu Buxropa Illaybeprepa Obl1a MONTHOCTBIO AOKa3aHa U ONpaBAaHa. MoXKeT OBITh, OATOMY, UX
OINHCaHME 371€Ch OYIYT CITy>KUTh OCHOBOH JUIsl O0Jiee MPOILYyKTUBHOM CJeCTBEHHBIX HCCIIEIOBAHUI U IPAKTHYECKOTO
IIPUMEHEHHs, KOTOPOEe HEOOXOAUMO, €CII MBI XOTUM BBIHTH M3 HAILIIETO HBIHEIIHETO SKOJIOTHYECKOTO COCTOSIHUS U

OKOJIOTHYECKOI'0 KprU3uca B IICJIOM.

Opraﬂmaunﬂ u q)mw{ecmle cBOiicTBa cepueqﬂo-cocyuncToﬁ CHUCTEMBbI
A. dpyHKIMOHATBEHAS AHATOMHS O0IIasi OPraHU3aINs CePASUHO-COCYUCTOI CHCTEMbI CXeMaTHYHO IIpeicTaBlIeHa Ha puc. 1. E€ moxnO

Pa3aenuTs MPUMEPHO Ha YeTHIPEe JacTH:
1. IBa Hacoca, JIeBOE U ITPaBOE CepILa.

2. Cuctema pacmpesieNieHus], apTepUH, BEAYIIUX OT Ka)KIO0To JKeIyIodKa K mepupepu.

3. Cucrema oOMeHa, KalMILISIPBI, TIie METabOIUTBI epexosT, Audy3Ho, depe3 MeMOpaHy Kak U3 TKaHEH, TaK U B TKaHH.
4. Cucrembl cO60pa, BEHbI, KOTOPbIE MEPEHOCST KPOBb 0OPATHO K HACOCY.
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Me3eHTepuanbHbIN
Puc.1 Cxema o6parenus. Lludpsl yka3plBaroT MpuOIM3UTENBHBII MPOIEHT CEPICUHOTO BHIOPOCA KOTOPBIN MOAAETCS

B KaXKABIH M3 IIeCTH (IIPOU3BOIBHO BEIOpaHHON) MapauieNbHble KpoBaToku. O0OpaTuTe BHUMAHUE, YTO CYyIIECTBYIOT
JIB€ KalWJUIAPHBIC CUCTEMBI B IOYKaX M TPU B BHYTpeHeM (upeBe) oOpamennu. L A, neBoe npencepaue; L.V., neBbrii

xkemynodek; RA, mpaBoe npencepaue, RV, mpaserif sxemymodex.
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Puc. 3 Teomerpus nepudepruecKoro CoCyucToro epesa 13-kunorpaMMoBoii cobaku. JluarpamMmma HIUTIOCTPUPYET 3aMETHBIE
W3MEHEHHUs B TIOJTHOM IOIIEPEIHOM CEYEHHH BIOIb Mepr(EpUIeCKOro COCYAUCTOTO pycia. Blioku HyMepyroTcs CIeAyIOnmM
o0pa3zom: 1 KanmwuIsAphl, 2a MEJIKHE apTepuu, 20 MEITKUE BEHBI, 32 OKOHYaHUE apTepHATbHBIX BETBEH, 30 OKOHYaHNE BEHO3HBIX
BETBeif; 4a OCHOBHBIC apTepHAlbHbIC BETBH, 40 OCHOBHOW BEHO3HBIC BETBHU; 5a KPYIHbBIC apTEepUH, 50 KPyIIHbIC BEHBL,
6a aopTsl, 606 mojbie BeHbl. CyMMapHOE 3HAYCHUS COIPOTUBIICHUIT OTHOCSITCS K OJTHOMY CETMEHTY.

Puc. 14.10 runponuHaMuka notoka kposu (a-pa 3.0. Artunrepa)
Hay4ano-nccnenoBatensCkuii MHCTUTYT PECBUTEPHAHCKOTO YHUBEpcHUTeTa [[eHCnbBaHNsT MEIUITMHCKUHA IEHTD,
Ounanensous, mrar [leHcuibpBaHus.
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5. "Jlokian o mpeaBapuTebHOTO HccaenoBannu CrupaibHbIX TPYO ¢ pasnuuHbiME hopmamu Tpyo- CteHa"

(" Bericht iiber ymepers Voruntersuchungen MIT Wendelrohren MIT verschiedener Wandform "), ocymectsisicss BUHCTHT.
rurrensl, [lITyrrapt YauBepcuter TexHonoruu, [ epmanus, npod Ing. uckyccrBopenenus Opani [onens. C GeBpais mo
Mapt 1952 roza.

6. ABcrpuiickmii matente N 196680, mpunast 30 mas 1951, nmpenocrapnsercst 25 mapta 1958, poBHO 6 MecsitieB 10 cMepTH
Bukrop Ilaybeprep, 25 ceHTIOps TOTO ke ToAa.
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9. "TuapoanHamuka motoka kposu", 1-p OpHeT O. Artunrep, Div. Buomenuimnckoii HHXeHepUH, YHUBEPCUTET
Bupmxunust MenuiHCKui neHtp, [laprnorreBummb, B. A. 22901, CHIA. (s k coXaNeHUIO HE TOTYYHIT CBEACHHUI MO
Ha3BaHHUIO M U3JaTelis. DT0 ObUI MUCMEHHBIH JOKYMEHT MEKLIMH BO BpeMs IPEObIBAHUS IOKTOpa ATTHHIEP O CHEUAIbHbIC
cruneninu oT HarmonaapHOro HHCTUTYTA 310poBbs (5-F3-GM-14037) 1 noapoOHOCTH HCCIeA0BaHU, TPOBEICHHBIX B
Hayuno-nccnenoBaTenbCkoM UHT, IpeCBUTEpUaHCKOM YHUB. IleHcunbpBanus Menunuackuii neHTp, [lencunsBanms,
OGunanensdus, CIHIA.

10. Bpuranckoe O6beaunennue [armentos nou. (BUPA) o6bsenenus., Evening Standard, Jlonmon, 31 stuBaps 1994 ropa.

PACYET PABOTHI CEPALIA
KommmuectBo xpoBu nepememaemoe 3a yaap = 0,1 1= 100 cm
Tak KaKk KpoBb COCTOHT U3 0K0JI0 90% Boxbl 11 | Mi1 Boztbl BecHT 1 rpamm (T), cumMTasi, 9YTO OCTAJIbHBIE COCTaBHBIE




4acTu KpoBH 00IIMM BecoM okosio 0,19 rpamMm, To Bec KpOBH IIepeMeICHHOM cepmeM 3a yaap = 1.09r x 100mi

= 109r = 0,109 kr

B cpennem 75 ynapoB B MuHyTy Bec kpoBu nepemeniaemoii B MunyTy = 75 x = 0.109 kr = 8.175kg

- Bec KpoBH nepemeniaemoii B 1 gac = 8.175kr x 60 munyT = 490.5KT

=0,4905 TouH (T)

- BeC KpoBHU nepekayeHHoH B 24 yacoB = 0.4905 1 x 24 yaca = 11.7721

- Bec KpoBHU nepekadyeHHol B 1 rog = 11.772 1 x 365 nueii = 4,296.78 1.

BenuunHa cuiibl, Kak MpaBUilo, pacCUUTHIBaeTCs B HhIOTOHAX. | HbIOTOH (N) mpeacraeiser coboi cury 0,101972 kr,
JIelcTBYIOIMKE uepe3 paccTosHue | MeTp. | HBIOTOH TakKe paBeH 3aTparaM ’Hepruu Ha 1 mkoyns win | BT B cexyHmy.
ITosTOMy MCUNCIIAIOTCS B HBIOTOHAX, MOXHO CZI€JIaTh BBIBOJ, YTO CEPILE PACXOAYET SHEPTHUIO, JOCTATOUHYIO
€XETOoJHO NOJHUMATh BBepX Bec 4,296.78 ToHH Ha BbIcOTy 1 MeTp. UTO KacaeTcsi 3HEpIUU Ceplila, HUCIOIb3Ys
npuBeeHHbIe BoiIe ¢ pol, Ha 0.109 kxr 3a sHEpruro cepanedreHne, He0OX0ANMO Ha

cepaueouenue = 0.109xr / N (N = 0,101972 kr) = 1.06892088 N

=1.06892088 mxoymneit

=1.06892088 BarT-cexyH

cepare, nodTomy GpyHKunonupyet Ha 1,07 BaTT-ceKyHIy.

15 JOCTABKA IOJIE3HOM MU THEBOM BO/bI

15.1 Ilocneocmeusn Xnopuposanus u @mopuposanus

Bona siBnsiercst HanOouiee BaxXHOM Matupuei 1uist Becex GopM sxu3Hu Ha 3emiie. Bona - )xu3HeHas KpoBb
Hallell IUIaHeThl, )KUBUTEJIbHAS JKUIKOCTh BO BCEX OPraHU3MaX, PaCTeHHMH, )KUBOTHBIX U YeJIOBEKe OyIyud IOJOOHOH,
Kak Te4€T COK, JIuMda WM KPOBb; CaMO Hallle CyIIECTBOBaHHE IIOITOMY TECHO CBSI3aHO C KaYeCTBOM BOJIbI, TOCTYITHOM
HaM. OTO )KM3HEHHO BaXXHO JUIS HAIIMX COOCTBEHHBIX JKU3HEW M KM3HU HAIMX JIETEH, YTO MBI JIOJDKHBI CTaTh CEPbE3HO
00eCIIOKOEHBI He TONBKO IS 310POBBSL, )KU3HECIIOCOOHOCTH 1 Ka4eCTBa BOIBI, KOTOPYIO MBI IIbeM, HO H JUTS €€
NEPBOMCTOUHMKA U 00palleHus, KOTOPOe OHa Moiy4aeT. [ToMuMo Haiero cOOCTBEHHOIO NOTPEOICHUS, 3Ta JKE BOAA
HCIIOJNB3YeTCsl TAKOKe, YTOOBI BCE MPOU3PACTAIIO, UTO MBI eUM. ECIN MBI XOTHM JKHTB 30POBBIMH M CYACTIMBBIMH, TO JKHBOE
CYIIECTBO - BOJIA - JIOJDKHA YPE3BbIUAiHO BHICOKO UYTHTCS U YBAXKaThCs, POSIBIATH YyTKYIO 3a00TY 110 OTHOLICHUIO K HEH.

B npenpiymieit maBe MBI KpaTKO YIIOMSIHYITH BPEAHBIE MTOCIEACTBHS XJIOPHPOBAHUS, HO MBI IOJDKHBI U3YYUTh STOT
TIpo1iece U ero nocieacTBus ooiee 1moaHo. CeroiHs MUTHEBYIO BOAY, I01aBaEMYI0 MOYTH BCEM JKUTEIISIM TaK Ha3bIBAEMbIX
LUBIJIM30BAaHHBIX CTPaH, XJIOPUPYIOT, a HHOTA Aaxe GTopupyrot. Llens 3Toro “nedeHus’”, sl CTEPUITU3AIMN BOIBI, YTOOBI
0CBOOOIUTH €€ OT BCeX BPEIHBIX MUKPOOPTaHU3MOB M OOJIE3HETBOPHBIX OaKTEPHIA.

CoBpeMeHHBIC METOBI OYMCTKH BOABI M PELUPKY/IILIAN YOHBAIOT BOLY, 3aMETHM, H IJI0Xast BOAA WIIM HENIPABUILHO
obOpaboTaHHas BOJA, HCTOMIAETCS, OCIAOIAETCS, eTpaJiupyeT, BRIPOXKAASTCS H B KOHEYHOM CUETe Pa3pylIaeT Te OPraHu3MEI,
MIOCTOSIHHO BBIHY)XJEHBI €€ MuTh. Hayka, oIHOCThIO UTHOPUPYET TOT (aKT, YTO BOJA - KAK HOCHUTENb
JKHM3HU - CAMOCTOSATENbHAS KHUBasi CYITHOCTh H JOJDKHA OBITh COXpaHEeHa B ’TOM COCTOSIHHH, €CIIH OHA XOYET BBIIOIHUTH CBOIO
€CTeCTBEHHYI (DYHKIIMIO NpeiHa3HaueHus], kak Bukrop [layGeprep 3asBisut:

"Hayka paccmaTpuBaeT KpoBb U xapakrtep, Biusiromuii Ha YP - OPTAHN3M -"BO/IY" kak Ha IpOCTO XUMHYECKOE COEIUHEHNUE
1 o0ecreynBaeT MUJUTMOHBI JIFOZIEH CHKUIAKOCTBIO, MPOU3BEIEHHON C 3TOM TOYKH 3PEHHUs, KOTOPast SBISETCS BCEM, KPOME 310pOBOM
BOABL"

A 9TO 3TO COBPEMEHHBIH, ICHATYPUPOBAHHBIHN YXOJ IUBUITU3ALNH, 10 TEX TOP, KAK OH MOJIy4aeT COOTBETCTBYIOLIYIO
CTHPHUIIbHYIO PO3PAYHYIO KHKOCTh, KOTOPOH MOETCS, MOET el TIOCy/y, ofekay u apromoomnu? Ilocie clMBaroT BHU3 B
KaHaJIM3aIMIO0, B KOMIIAHUH CO BCIKUMU Pa3IMNYHBIMU TOKCHYHBIMU XHMHKaTaMH U MOIOIINM CPEICTBAaMH, ‘C IVIa3 JAOJIOH U 3
cep/ua BoH . B kauecTBe goKa3arenbeTBa 3PPEKTUBHOCTH TEKyLIeH Ae3UMHPHINPYONIeH PAKTHKK U, YTOOBI OTIPaBaaTh CBOE
WCIIOJIb30BaHIe, YAHOBHIYECTBO OOBIYHO YKa3hIBAaeT Ha TO, YTO B TaKOH Boje OOe3Hel TaKuX Kak Xoiuepa u THQ,
IIPAKTUIECKH HEU3BECTHBI BO BCEX CTPaHaXx, I7ie BOJa MOABEPraeTcs XJIOPUPOoBaHHIo. TaknuM 00pa3oM yCHOKauBaroT, IIMPOKHUE
Macchl HaCeJIeHUs1 OECIIEYHO MPOIODKAIOT TPEThCS B POCKOIIHN MO-BUAMMOMY 0e3 00JIe3HEHO!H BOJIBI B TIOJIHOM HEBEACHHH 00
OIIaCHOCTAX, BBITCKAOUINUX U3 €€ MOCTOSTHHOT'O HOTPGGHCHI/IH, 3a TO, YTO HUKOIla HC TOBOPUTCS B O(l)I/II_U/IaJ'lLHBIX cpeacrax
MaccoBO# MH(pOpMAIK 0 HaKaruMBaroeM 3ddexTe 3Toil 00paboTaHHOM BOBI BIUSHHS HA OPTaHH3M, BBIHY)K/ICHBIX €€ MHTh.
To, 4TO JFOAM HE 3HAKOT, YTO, HECMOTPS HA XJIOPUPOBAHHUE ITUTHEBON U OBITOBOM BOJIBI BOJJOCHAOKEHHE SKOOBI
ne3suHUKIMpyeT e€ U yaasieT yrposy 3a00JIeBaHuUil MEPEIAOIINXCS Yepe3 BOY, U UTO 3TO JeNaeTCs B yiepO MoTpeOUTeto.

B ero ¢pyHKINYU KaK CTEPUIM3aTOpa BOIbI WK JE3MHPHUITUPYIOLIUM CPEACTBOM, XJIOP YHHUYTOXKAET BCE THITB OAKTEpUil,
TIOJIe3HBIE U BPEIHBIE, TaK, YTOOBI, YTO IPUXOINUT B KPaH MM CMECHUTENb, ACHCTBUTEIHHO OYHMILEHA OT BCEBO3MOMKHBIX
OPraHU3MOB, SIBIIICTCS BOAOH, KOTOpasi OblIa CTEPHIIN30BaHA 10 CMEPTH, IPYTHX CJIOBaMH, TPYN Boxsl. UTo emie Oonee




BaXKHO U O0Jiee TPEBOXKHO, OHA TaK XKe Ae3MHPHLIUPYeT KpoBb (10 90% BOABI) MM COK (TaK JkK€) U TEM CaMbIM YHHUTOXKAET
WU CEPHE3HO OCNabIseT MHOTHE MUKPOOPTaHU3MBI ITOBBIIIAIOMINX HIMMYHHUTET, KHUBYILHX B TEJI€ 3THX OPraHH3MOB, KOTOPEIE
MTOCTOSIHHO TOTPeOIAI0T 1O (e€).

DT0 B KOHEYHOM HUTOTE CHIKAET HUIIM UMMYHHBIE CHCTEMBI 10 TAKOH CTEIEHH, YTO OHa OOJIbIIe HE B COCTOSHUU
W3THaTh BUPYChI, MUKPOOBI M PAKOBbBIE KJIETKH, KOTOPbIE HAXOISATCS B COOTBETCTBYIOLIMX OpraHax (Tena) Xo3seB B
OeCKOHEUHOM cyeTe, Iaj xkepTBoi. [IoaToMy MBI Ha caMOM Jieie CTEPUIIN3YEM Hallly KPOBb, KOTIa MBI IIbeM XJIOPUPOBAHHYIO
BOJIY, TEM CaMbIM T'OTOBHUT ce0s1 K Hayairy OOJIe3HH.

B nocnennee Bpemst HaOIIOAAETCsl TPEBOXKHBIHN POCT, HE TOJIBKO B 10CEJIEe HEU3BECTHBIX OONE3HEH, HO U BO BCEX
(bopmax GonesHel, paka B 9aCTHOCTH. J[ake MOSBIICHUE APYTHX CMEPTENBHBIX HecyacTHOCTeH, Takux kak CITN/I, He ynuBmIO
661 Buxropa IllayGeprepa, MOCKONbKY KpOME APYTHX HEU30€KHBIX BOMYILECHUM A1 SKOJIOTUH U OKPYKaroLeH cpebl
BBI3BAaHO OE3yMHOH NeSATebHOCTBIO YenoBedecTBa, B 1933 rony oH npeaBues BCe 3TH HE3AO0POBbIe COOBITHS, KaK 3aKOHHBIM
1 HeU30EKHBIM CJIEJCTBUEM KECTOKOTO OOpaIleHHs U HCKYCCTBEHHOE 3arpsi3HEHUE BOJIbI XUMUYECKUMH JT0OaBKaMU.

Tobko mpeacTaBbTe, Kakoi 3P (EKT OT MOCTOSHHOTO MUTHS MEPTBOM WIIH OOJIBHOM BOJIBI HA KPOBB M BCE KH3HEHHO
Ba)KHBIE OpraHbl Teja. YTo MPOUCXOIUT € )KU3HEHHOM CHIION, BXKHOM JUIs 3710pOBOTo pocra?

U xaKoBBI TOCIIEACTBUS XJIOPHPOBaHHs? XJI0p HE J0OABISIOT B MMTHEBYIO BOAY B OOJIBIIOM KOJIM4ecTBe. B cpeaHeM oH
Ha3HadaeTcs okoio 10 gacreit Ha MwuHOH (ppm), (cM. puc. 5.1), Bcerna obecrieunBasi, 4T00bI 000PYIOBaHHE IO TOOABICHUIO
1 U3MEPEHUIO TOJDKHBIM 00pa3oM MOAIEPIKHBAIOCH U MTPOBEPSIIOCh. HencrpaBHOCTh, HUKOTa HE MOXKET OBITh HCKIIIOUCHA, B
pe3yabraTe 4ero rnepe-xJIopupoBaHue MOXKET BO3HHUKATh Hallle, YeM Mbl ce0e MoXKeTe NpeacTaBuTh. [B 3acyxy 1995, Teicsun
xwurenel KopHyora B roro-3anagHoit AHDIMH 3a00J1€7H, KOTIjia ocTaBka 00bEMa BOJIbI ObliIa HETOCTATOYHO ""BOILY Yepraju
co qHa" yrnoTpeOIIsui 3TH '0e30NacHbIe’ XUMUKATHL |

B cBfA3u ¢ Tem, 4TO copepxaHue BOAbI B HalleM OpraHn3mMe coctaBnsaeT 45 NMTPOB, YTO Hal exXeAHEeBHbIN
pacxop BoAbl COCTABMASET OKONO 2,4 NUTPa, NPOCTO PacCMOTPeTh

MMNA3MA KPOBMU ——————> (OCHOBHOM KOMNOHEHT KPOBU) —————> okono 92% soabl
YENOBEYECKWUM NNoAa > (Haw pactywmn cums. TpaHcnopt)———~ okono 90% Boabl
KPOBb > (}KMOKOCTb XXU3Hb U NUT.KOHBenep)————> 1o 90% BoAbl
KINETKWA TrONOBHOIO MO3rA > (MHTennekT, TBOP4YeCTBO, NoBeAeHne) ——> Ha 85% w3 Bopbl
NMOYKHU > ()KM.wae npoueccbl u ounctutenu) — - Ha 85% m3 Boabl
MbILLLBI > (TAra4m Tena) ——> B cpegHeM 75% Boabl
TEINO > ( obutennb Ha 3emne) ——— > cocTtaBnset 71% BoAbl
NMEYEHb > (perynaTtop metabonuama) >cocTasnseT 69% Bopbl
KOCTU > (CTpyKTYpa cMcTeMbl NoAAepPKKN) ——————> Ha 22% BOAoOwn
KneTouHas XMaKocTb opraHu3Ma——> (OCHOBa pocTa ¥ pa3BvUTUA) ————>B OCHOBHOM Boja

Mo cnoBam HobGenerckoro naypeara, mpodeccopa Orro BapOypra, 3arem nonreepskaecHHbie HoOeaeBckuM taypeatom
Ipodeccopm I'epxapmom JJomMarkom, pakoBbie KIETKH 00pa30BaBarOTCs B pe3ylibTare neduimTa KHCIopona, KOTOPBIi
MIPOU3BOAUT OCTAHOBKY, U3MEHEHHE, B 0OMEHE BEIIECTB, KOTOPBIE (PePMEHTHPYIOTCS KJIETKAMH B MOJIOYHYIO KHCIIOTY. DTO
obecrieynBaeT KISTKy JONONHUTENBHON dHEpTrueid, 4ToObl pacTu OICcTpee, U OBICTpEe TEIUTHCS, YeM JPYTUM KIIETKaM, B
KOHEYHOM HTOTE IIPEBPAILAIOTCS B PAKOBBIC KJIETKH, COOCTBEHHO M3-3a HE XBaTKU KUCIOPOJa U MOBBIMIEHHOH KUCIOTHOCTH,
SBISIETCS, XapaKTEPHOM, OTINYMTENLHOM 9epTOil PAKOBBIX KIETOK. *

CyliecTByeT ellle OJIHa BpeIHasi XapaKTEPUCTHKA XJIOpa AOCTOIHAs BHUMaHUs. [I0CKOJIBKY /1aXke MaJICHbKOTO JIy4HKa
CBETa JOCTATOYHO, YTOOBI €r0 B30PBATh, ra3000pa3HbIi XJIOP JODKEH OBITh CMEIIIaH C BOIOW B TEMHOTE. B 3TOM CBSI3H MOXKHO
PasyMHO NPEAITOJI0XKUTD, YTO JAXKE B MEIBUaiIInX MacmTa6ax, HpOI/ISOHle)lHII/II\/’I B3PbIB, KOTa KaTMJIJIAPBI HEIIOCPEACTBEHHO
I10J] KOKEH TTOJIBEPraroTCsl BO3JCHCTBHIO COTHEYHBIX JIy4eH, BBI3bIBACT UX YACTHYHBIA Pa3phiB. JJUOKCHT Xi10pa (XJIIOPHBIH ra3)
(ClO,) Takke uCnoNb3yeTcs IJIsi OYUCTKH BOJBI U, B TO BpeMs KaK OH pacTBOPEH B XOJIOAHOM BOJIC, OH HAYMHAET pa3Jararbcs,
TaK Kak Bojla HarpeBaercs, u npumepHo nipu +90 ° C oOpasyer xinophHyto kucioty (VII) koTopasi Tak e B3pbIBAaCTCS ¥ CHIILHO
okucisiercsi. B Onoxumun 1 GHONOTMHOHA OHA MCIIONB3YETCS JUIS PA3JIOKEHHsI OPraHUUECKOTO BEIIECTBA B aHAIMTHYECKUX
LETSIX.

Uro erie HY>KHO CKa3aTh, KPOME TOTO, YTO BCE ITH HEHOPMAJIbHBIE OKHCIUTENIbHBIE IPOLECCH] BBI3BIBAIOT
JICIIOKALIMIO €CTECTBEHHBIX €HEPreTHYECKHUX IIOTOKOB B TeJIe, KOTOPOE B CBOIO 0YEPEAb MOBBIIIAIOT €ro O0IIYI0 TeMIIEpaTypy,
TaKuM 00pa3oM CMeIIasi ero CKIOHHOCTH K OOJIe3HSIM, CHI)KAeTCs UMyHUTET. bolle3Hb B KOHIIE KOHIIOB - 3TO CIIOCO0,
xotopsIM [Iprpoza ynanseT Bce OpraHu3Mbl, KOTOpbIE OOJIbIIE HE 3J0POBBI MIIM HE )KU3HECIIOCOOHKI B €€ cxeMe Belled 1
KOTOpBIE CTOSIT Ha IIyTH BOJNIOLIMOHHOTO Pa3BUTHs. B monTBepkaeHnH 0 3a00JI€BaHUU OT XJIOpa B BRI3bIBAIONICH (QyHKIINH,
MOCIIeTHUE MCCIIEA0BaHMUS II0Ka3alli, YTO MPH TaKOH OYMUCTKE BOABI OHA "TIPOU3BOAUT IIOOOYHBIE MTPOILYKTHI, KOTOPhIC

BBI3BIBAIOT 18% pEKTANBHBIX PAKOB IPAMOM KMIMKU U 9% 3a00yIeBaHus. pAKOM MOYEBOTO Iy3bIpsi™™.

YrtoObl JaTh yHTATENIO O0IIee IPeICTaBIeHHEe O TOM, 4yTo 10 ppm BiedeT 3a coboit, Kyd Hmxe m3mepsiercs 100cm x 100cm x
100cM. Coneprkanue 3toro ky6a mosromy 1 000 000 cm®. Menkuii Ky0 B BepXHEM JIEBOM yIly Ky6a B (A) paBeH | pmm i MOXeET ObITh
HPUPABHEHO K KyCOUKY caxapa B KopoOke MeTpoBoro kyba. ITo oTHomeHHIO K 0011eMy 00beMy TUTHEBOH BOJIbI U KOJIMUYECTBY XJIOPa,
J0OABICHHOTO K HeMy cocTaBisieT 10 Takux MaJleHbKHX KyOMKOB, Kak roka3ano B (B). Kaxercs, cTouT jm 6eCIOKOUTHCS 0 BKIIIOYCHHN
TAKOr0 KOJIMYECTBAa, KaK Mbl y3HAIH B IV1aBe 9 B cBsA3M ¢ uccienoBanusiMu npodeccop XKak BenBenucra B 3¢ GpexTnBHOCTH
TOMEOTATHYECKUX JICKAPCTBEHHBIX CPE/ICTB, “deM MEHbIIe (HPH3HYSCKOrO KOJINYECTBA - TeM OoJblie pe3ynsTupyrounii apdexr”. Tlo
MPOCTOMY, [IOJIHOE OMKCAHUe AuarpaMmsl, 3,5 (3 %2) crpoku Kyba B (C) npeacTapisiioT co00i KOIUYECTBO IByOKUCH YIIepoaa
(ymiekucioro raza) B HacTosimee Bpemst B armocdepe, KoTopoe B pe3ysbTare ero nospleHus or 290 pmm B Hayajie 3TOro Beka 10
HBIHEIIHero 355 pmm ypoBHS, IPOM3BOJAMT HexenareabHble d3(Q(eKTbl B BOCCTAHOBICHHH [M100aJbHOTO KJIMMAaTa, BCE 9TO elle pa3
HOIYCPKUBACT, KAK MUHMAJILHBIC TIPUYMHBI TIOPOXKAAIOT OosbIre 3 GeKTsl. XJI0p TaK ke IPUMEHSETCs B BOMHE XMMUYESCKUH XJIOp -




A10BUTHIH Ta3. OH NMeeT 3e1eHOBATO-KENTHIH I[BET M pearupyeT ¢ OONBIIMHCTBOM OpPraHUYECKHX CoefMHEeHHH. B mporecce ero, on
3aMellaeT BOJOPO, OJHUM U3 KIIOUEBBIX JJIEMEHTOB B MOJIEKYJIE BOZBI M IIPUCYTCTBYET BO BCEX YIVIEBOJAX U XKMPaX, 00a U3 KOTOPHIX
UMEIOT BaXKHOE 3HaYeHHE JUIsi OOMEHa BEILECTB BO BCeH opraHu4ecko >ku3Hu. OJHUM U3 MOCJISACTBUI STOH 3aMEHBI BOJOPOZA, MOXKET
OBITh yHaJICHHE aTOMOB BOAOPOZA B JKHPHOM BEIIECTBE, OKPYXKAIOMIUE U OTPaXKJAIoIee KISTKH, KICTOYHAs CTCHKA, KOTOPBIEC BEICTYHIAOT
B Ka4eCTBE IUICKTPHKA MeMOpaHa M COXPAHAIOT U OTJCIAIOT OHOMIEKTPHICCKUE 3apsIbl OTBEUAIOIIHUE 32 IIPABHIBHOE
(DYHKIIMOHUPOBAHHE KIICTOK.

C apyroii CTOPOHBI, OH TaKXKe MOXKET CO3/1aTh ONPEICICHHBIE KOJTUIECTBO COJITHOM KHUCIIOTHI B CAMOH KPOBH, KOTOpasi Kak
MUILEBAPUTENBHBIH COK OOBIYHO HAXOAUTCS B 6E30MaCHOM OrPaHUYEHHMH CTEHKAMM JKeJIy[Ka M, KaK Pe3ysbTaT 100aBiseT oOuLyto
KHCIIOTHOCTb KPOBH, TEM CaMbIM yMeHbLasi pH KpoBu *) 10 ypoBHsL HIKe HOPMAIBHOTO YpOBHs . Kak CHJIBHBIH OKUCIUTENb OH TAKKe
YCKOpsieT MeTabO0INUECKUE MPOLECCH OKUCIIEHHS], C OHOH CTOPOHBI, CO3AAET IONOIHUTENIBHOE TEINIO0, @ C APYroi noTpedneHus
KUCIIOpO/1a, IPEHA3HAYEHHOTO ISl APYTHX LeNeH, ¥ €CIM OHU MIPOUCXOAST BBIIIE €CTECTBEHHO YCTAHOBJIEHHOIO YPOBHS, y OOJIBIIMHCTBA
OPraHU3MOB 3TO IIPUBOIUT K MPEKAEBPEMEHHOMY CTAPEHUIO.

100cMm x 100cm x 100 cm = 1 kyoudeckuit metp (NR),

n3Mepenns oobema: wim = 1000000 cm®

B cBs3u ¢ TakuM 00bEMOM, TI0ITOMY,

(A) lcc (1 pmm) = 1000000 r B M3.

(B) 10 pmm sBIIsieTCS. KOMMYECTBO XJI0Pa M / WK JUOKCUJ] XJIOpa OOBIYHO HCIIONB3YeTCs JUIS TaK HAa3bIBAEMOTo "oduIeHus "

MUTHEBOU BOJBI.

(C) 355 pmm yacTell Ha MHJIIHOH, KOIU4YecTBO Auokcuaa yriepozaa (CO) B HacTosIIee BpeMs B IOAHUMAETCS B aTMOC(EpY, C BOIIHBIM
HapoM, KOTOPBIl ABISETCS HAIIapHUKOBBIM Ta30M Jenast BKIaJ B "TapHUKOBBIHA 3¢ dext". B xonme 19 Bexa, kommaectso CO, B arMochepe
okoso 290 pmm yacTell Ha MIJITHOH, CYUTAETCSI HOPMAJIbHBIM, €CTECTBEHHBIM YPOBHEM.
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Fig. 15.1 Parts per million (ppm)

HckyccTBeHHOE (HTOPUPOBAHUE BOBI SBIISACTCS JPYTUM HMaryOHBIM IPOLIECCOM CTOJIb K€ TPEBOMKHBIM MOCIEICTBHEM
Jutst mbrotero. CyIIeCTBYIOT IBE pa3iinyHble (OPMBI PTOPHUIOB, OJHA U3 KOTOPHIX, PTOPHI KaNBIINs, SBISIETCSI €CTECTBECHHBIM.
Bbu1 3amMeueH B HacTosIee BpeMs B TPYHTOBBIX BOJIAX MITH KOJIOALAX, YTO 3yObl TEX, KTO MbET TaKyk BOIY HAMHOTO Kpemye
Y MeHee CKIIOHHBI K Kapuecy. Jpyroi, GTopua HaTpus He SBISIETCS IPUPOIHBIM €CTECTBEHHBIM U SIBIISCTCS SIIOBUTHIM
M0OOYHBIM MPOJYKTOM IUIaBKU AJIFOMHHUS M UCTIONIB3YIOTCS B MHCEKTHIIN/IAX, CPEICTBO OT HACEKOMBIX.

A 9TO nenath ¢ 3Toi pacTymiei Kydel sina, 0e3 Kakux OrpOMHBIX 3arpaTax Ha XpaHeHue? OHa He MOXKET MPOCTO OBITh
cOpoleHa B peKy WM UCIIONIb30BaThCs B CEJILCKOM XO3AHCTBE, IIOTOMY YTO OHa YOMBAeT CKOT, IUKHMX >KUBOTHBIX, pBIOY U
3epPHOBBIC KYJBTYphI. JIeHCTBUTEIFHO MOTOMKH 3-TO TIOKOJICHHS KPBIC, IOWJIM BOJIOH ¢ MUKpoao3amu 1ppm ¢ropuna HaTpus,



TaKoe IUTHE HAHECIIO BpeJl PH POXKICHUH 6-ro nokoneHus. Kak u nouemy ¢ropua HaTpust HUKOTAA HE OOABIISIIN B 3yOHYIO
MacTy sBJIsETCS TaitHO#. Bo3MOXXHO, HEKHit OIOPOKPAT OMIMOOYHO WIIM HAMEPEHHO, (YTO BCETO CKOpee) IyMaJl, YTO TO TO Ke
camoe 0JaroTBOpPHOE BIHMSAHUE, KaK (GTOPHU] KalbIHs U TpeOyeTCsl ero AONOIHATh K IIUTHEBOU BOJE.

MHorue €T, 3aMEeTHM, CTaJId HeBUHHBIMH )KePTBAMH 3TOH KaTacTpo(UUECKOH ITyTaHHIlE, UX PKHE YIBIOKH, OBLTH
CEphE3HO U3YPOAOBAHBI UEPHBIMU 3y0aMH, a TAKOKE yBEJIMUEHUE XPpynKocTu kocTeil. HenasHo B Hulo-/[xepcu B
JenapramenTe 31paBooXpaHeHHs ObLIN MPOBEICHBI UCCIEJOBAHUS MO BIMSHUIO GTOPUPOBAHUS Ha 370POBbS, 3TO OBLIO
CBSI3aHO C peNKoi HOPMOIt paKa KOCTell M3BECTHON KaK OCTEOTeHHAs CapkoMma’. DTO UCCIIEI0BAHUE [0KA3AJI0, UTO, B OTINYUE
0T paifloHOB II€ HE MPOBOAMIOCH (PTOPUPOBAHHMUS BOIbI, U TaM IZie IPOBOIMIOCH 3a00JIEBAEMOCTh OCTE0CAPKOMOi ObLIO Ha
50% BblIEe Y My>k4uH 10 20 JIeT, OYTH B CEMb Pa3 yBEJIMUMIOCH Y MOJIOABIX MYX4UH B Bo3pacTe oT 10 1o 19 ner,
IPOUCXOJIIIIEe B TpeX Haubosee MOCTPaaaBIIUX CIO0SIX 00IecTBa.

Ho 310 He TO MecTo, TIe Bce 3TO 3aKaHUMBAeTCA. B KOHEYHOM cdeTe Bce 3TH 3JI0YNOTpeOIeHHE CITy>KeOHBIM
HIOJIOXKEHHEM HE TOJIBKO, €CTh CaMble CTpPAIIHbIE MOCIEACTBUS ISl OpraHu3Ma, HO U JUIs €ro 0osiee HeMaTepuaIbHbIX
TIPI3HAKOB M 3/[eCh MBI IIpUBEAEM BhIcKa3biBaHUS Bukropa Lllaybeprepa eme pas:

"0COOCHHOCTH BHYTPEHHEH TeMIlepaTyphl IPOU3BOAUT ONPE/eIeHHYI0 QU3HIecKyto (HopMy, KOTOpasi B CBOIO OYepelb, TOPOKIACT
CHEIHAJIBHBINA BU HEMATePUAILHON SHEPIHU MBI CTAJIKMBAaeMCsl B Oosiee WM MEeHee BBICOKOPa3BUTOM (opMe, Kak Xxapakrep.
ITosTomy cTapast moroBopka: "Myxckoit Can B moiHoM 00béMe Cana" (310pOBBIil JyX B 3I0pPOBOM Telie) (310pOBBIN YM B 37I0POBOM
Tene). Ecnu cocTaB OCHOBHOM CYITHOCTH Tejla H3MEHIJICS TIOOBIM 00pa3oM, TO M €CTh H3MEHHUTHCS, TOTa METab0INYeCKOe OCHOBAHUE JULS
JaJbHEHIIero pocTa Teja JODKHO He TOIBKO M3MEHHUTBCS, HO M €r0 IyXOBHBIN U HHTEIUICKTyaJIbHBIH POCT U JajbHeiilee pa3BUTHE TaKkKe
M3MEHHUThCSL. (urpaaupyet)"s

Bukrop Buaen HopManbHOe (usnueckoe GOpMUPOBaHHE MO3ra OYeHb BAXKHBIM ISl TOTO, YTOOBI CMOIIIO IIPOM3BECTH HA
MYTH KOHIETIIMH, UJIeH U MTOBEICHHUS, ITHUECKOTO M HHBIM 00pa30M; UYeM HIKe Ka4eCTBO (PU3UUECKO CTPYKTYpHI, TeM Oolee
HHU3KHE HPABBI U 3THKA. TakuM ke 00pa3oM, y3KO PacCIOIOKEHHBIC TOANYHbIC KOJBIIA ICPEBHEB IIPOU3BOJIIT
BBICOKOKAYECTBCHHYIO PE30HAHCHYIO JIPEBECHHY, TPOM3BOICTBO XOPOIIKX MBICIICH B rapmonu ¢ [Ipuposoit, u, kak
CJIEICTBUE XOPOIIIKE YE€PTHI Xapakrepa, ObLTH BOZMOXKHO TOJIBKO C XOPOIIIO U IeJIeOHO BBIPAICHHON YSHEPTETUKON U Pa3BHIIN
MO3T CO CIIOUSHHBIM U3BHJIMHAMHU.

He 3mopoBasi, BpeaHas MHILA, [UI0Xask BOAA M MIPOUCTEKAIONIAs TPU HEOOJBIIOM IIeperpeBe, o ero MHEHHIO, MPUBEIIO
K 00pa30BaHUIO IPYOBIX CKPYYMBAHHI B OOIIESH CTPYKTYpe MO3Tra, CO3/1aBasi MO3T, KOTOPBI HE MOT HH (DYHKIIHOHUPOBATh
WHTYUTHUBHO WJIM MOHUMATh TOHKOCTU [IpHpOmHbIX mpoiieccoB. OH BBIPOIIICS B OpraH, KOTOPBIi CIIOCOOEH TOIBKO
JIOTUYECKH MBICIIHTB, U HU KOT/Ia OHOJIOTMYECKH, HA KOTJa CIIOTHKOH KHU3HH HE TI03HATH MPUPOAHBIE SHEPreTHICCKUE
B3aUMOCBSI3U U B3aMMO3aBHCUMOCTH. B HEKOTOPOM CMBICIIE, TAKOH MO3T MOXKHO CPaBHHTh C IIOXO Pa3pabOTaHHOMY H
H3TOTOBJICHHOMY MY3BIKaJIbHOMY HHCTPYMEHTY U3 HH3KOKa4eCTBCHHOTO MaTeprasa i TaKuM 00pa3oM He cracoOHOMY
CO3/1aTh JCHCTBUTENHLHO rapMOHUYHBIC 3BYKH, BIUSIOIINE HA MUP rapMOHUYHO. CyIIeCTBYeT OOJBIIOE KOIUYECTBO
JIOKa3aTeNbCTB B MOAACPIKKY ITOTO, B KJK/BII JI€Hb HAM TOBOPST O POCTE IICHXUYECKUX 3a00JIeBaHu, ACIPECCUsIX,
JIACIICKCHUSIX,, UPPAIIHOHAIBHOE MMOBEACHHE U JKECTOKOCTH, M TUIIEPAKTHBHOCTD, YTOOBI Ha3BaTh HECKOIIBKO, KOTOPHIE
3aTparuBaroT Bce OO0JbIle M OOJIBIIIE JIFofIeH Bee OoJiee MTajiiieM BO3pacTe.

Boza, KOTOpYI0 MBI ITbeM, U MHUIIA, KOTOPYIO MBI €IMM, OTHIOAb HE SIMHCTBEHHAS IIPHYMHA, B CBETE BCETO ATOTO
MPEIOCTOPOIKHOCTH JOKA3aTEIBCTB MBI JOJDKHBI [0 KPaifHe# Mepe 00ECIeYnTh TO, YTO MBI €AUM H IIbeM HMEET MaKCHMAIIBHO
BO3MOJKHOE BBICOKOE Ka4eCTBO. KpoMe TOro, MbI JIOJKHBI IIPU3BATH OTBETCTBEHHBIC OPraHbl BIACTH K OTBETCTBEHHOCTH 32
CBOHM TIPOCTYIIKH, JAQKE SCIU 3TH, BO3MOXKHO, MMOTYIIKH OBLTH HENPEeJHAMEPEHHBIMH, 32 3TO MbI OCOOCHHO MMOCTPaIajy, a He
OHH, KTO HAKOHEII JOJDKCH IUIATUTH LICHY 33 CTPAJaHie U My4eHHE 3a CBOe Oe3qeiCTBIs. MBI IOJDKHBI OTKA3aThCs OT MPEKHEH
HYK[Ibl IIUTh BOAY, TaK KaK OHa B HACTOsIIEE BPeMsI IOArOTOBJIEHAs!, OCKOJIbKY B MTUTHEBOH XJIOPUPOBAHHON U
(bTOpUpPOBaHHOIT BOJE MBI HE TOJBKO ceOe BpeanM (DM3HYECKH U MICUXUYESCKH, & MBI TAK)XKE MepeaaéM CTPALIHOE TEHETHIECKOEe
HACJICACTBO HAIIMM JeTsM. TiarenbHoe HCCIeI0BaHNE U IIMPOKask OIIacKa IyOIMYHOTO PACCIIEIOBAHMS CYICCTBYIONINX
METO/IOB OYKCTKHU BOJBI, CIICAYET NPEIOCTABUTH B PYKH HE3aBHCHMbBIX KOMIICTCHTHBIX OPIaHOB, HE 3aHHTEPECOBAHHBIX JIHLI.
OHH TOSDKHBI OBITH BRIOPAHBI U3 BCEX OTPACIel HAyKH M MEMIMHBI, B TOM YHCJIC TaK Ha3bIBAEMbIC AJIbTePHATHBHBIC
MPAKTHKH, Ybsi OCBEIOMJIICHHOCTD B HEKOTOPBIX 00JIACTSIX HAMHOIO MMPEBBILIACT T€X OPTOAOKCAIBHBIX JUCHUILIHH. VX
PE3YNBTaThI JOJKHBI OBITH PA3MIAIICHBI, PEKOMEHIAIMS, HEMEJICHHOE MPEKpaIlleHNe CYIIECTBYIOMECH MPAKTUKHU MPU OYHCTKE
BOJHI, 6y}1]: TO HU MPABUTECJIbCTBO, HU COOTBCTCTBYIOIIMUE OPraHbl, HE 6y}1yT B COCTOSTHUU MTPOJOJDKUTH MPOMBIBAHUE MO3THU
HACEJICHUIO U OyIeT BBIHYXKICH OT U30UPATEIbHOM YPHBI MPUHATH MEPBI M PEIICHUSI U MPEIOCTABUTH HEOOXOUMbIE U
CPOYHBIEC MEPHI TI0 HCTIPABICHHIO TTOIOKEHUS HEMEJICHHO.

15.2 Yempoiicmeo no npouszeoocmey Poonukoeoii 600wt

B nauane 1930-x Bukrop [llayGeprep npuHHUMa akTHBHOE y4acTHE B HAIIMCAHUU MITyOJIMKAIMIA 110 PEYHOU TEXHUKH,
SHEPreTHKU U JIECHOM X03siiicTBe. OJJHAKO OH CUMTAET, TAK CUIBHO 00 OMACHOCTSIX, CBA3aHHBIX C COBPEMEHHBIMU CUCTEMaMU
OYMCTKH BOABI M CTPAJIaHUSIX, KOTOPBIE OHU BBI3BIBAIOT, YTO OH pa3paboTall yCTPOHCTBO, KOTOPOE OYHUIISET BOLY, & TAK JKe
MOJHUMAET €€ Ha BHICOKOE KaUeCTBO KaK Y TOPHOTo pojHuKa. B 1934 rojy oH nojai 3asBKU Ha IATEHTHI JIs 3TOTO alnapara,
KOTOPBIN MTPOU3BEN YHCTYIO, BEICOKOKAYECTBEHHYIO, POJHUKOBOT0-KaueCTBA MMUTHEBYIO BOAY (PUC.15.2 cM. Takxke BCTaBKy Ha
CTp. HUKe). DTO OBLI €r0 NEepBbIil ONBITHBIM 00pa3sell, IPOTOTHII, UL UCKYCCTBEHHOIO IIPOU3BOJICTBA BEICOKOKAYECTBEHHOM
MM THEBOI BOZ[Oﬁ. DT0 CbIpasi KOMIIO3ULIHA ObLIa €ro IepBasd IOIbITKa O61>CI[I/IHI/ITI) HCO6XOZ[I/IMI)IG OJIEMCHTBI, IIO3TOMY €TI0
CTPOUTEIBCTBO ObLIO FPOMO3AKUM 10 CPABHEHUIO € 3J1ETaHTHOCTHIO IO3HUX KOHCTPYKIIHHA.



B nonumanuu Buxropa [llaybeprepa n1yOOKHX MOA3EMHBIX LIUKJIOB BOABI (CM. TIaBy 9, puc. 9.1, "Bcero
THIPOJIOTHYECKOTO IMKIA" ¥ MoHATh 9.1, cTp. 119), oH paccMarpuBai OBICTPO HCUEPITBIBAIOIINE 3aMAChl 3EMITH YTOJIb 1
He(Thb, KOTOPBIE MBI CETOJHS TYIIO I'pabUM U pa3da3zapuBaeM, IyTeM COKUTaHUs UX B KaueCTBE TOILINBA, KOTOPbIE SKU3HEHHO
BaykKHBIE HCTOUHNKH KapOoHOB, OT KOTOPOTO 3aBUCHUT BCE MPUPOIHOE IIPOU3BOCTBA YIIEKUCIOTH U 6e3 KOTOpOoro He Oyzer
XOpolLeil BobI U, CIIEI0BATENILHO, HET 3J0POBOT0 POCTa.

Xots Banprep llaybeprep noctur ctabHIbHOTO pacTBOpPa BOABI U YIIEKUCIOTO Ia3a ¢ YaCTUYHBIM HUCIIOIb30BAaHUEM
BaKyyMa B COUETaHHU C TUIEePOONINUECKOrO BUXPSl, U3-3a TOr0, KAKUM 00pa3oM JBYOKHCH yIJIEPOa PACTBOPSETCS B BOJE MO/
BBICOKUM JaBJICHUEM B COBPEMEHHBIX XUMHUYECKHUX U MPOMBIIUIEHHBIX NIPOLIECCcax, Takasi KOMOMHALUS HE MOXKET ObITh
CTaOMIN3UPOBaHA U TOJNBKO TEOPETHUECKU BO3MOXKHA. B TaKMX TEXHUUECKHUX MPUIYMAaHHbIX YCIOBUSX JIBYOKHUCH yIIIEpOAa-
YCIIEKHCIIBIN ra3 MOXKET ObITh OTPAaHUUECH B PACTBOPEHHOM COCTOSHMU 10/l HOCTOSHHBIM JIaBICHUEM, II03TOMY €CTh
HETMOCPEICTBEHHOE Pa3BUTHE ITy3bIPHKOB I'a3a, TOYHO TAKKe KOTJa OTKPHIBAIOT OyTHUTKH O€3aIKOTOIBHEIX HATIUTKOB U
ra3upoBaHHON MUHEpaIbHOU BoAbl. KcTaTy, pU BABIXaHUM ATUX NAPOB YUTATEIb MOTYIUT IPEACTABICHUE O TOM,
"yaymmmBoM rase’ 3To u ecTh ero 3¢ekT. [IpocTo moToMy, YTO MBI HE MOXKEM IPOM3BECTH CTAOMIBHOE PEIICHHE IS IByOKHUCH
yIIepoJa - YCIEKUCIIOro ra3a, 3aMEeTUM, He 03HadaeT, uTo IIpupona He MoxeT JocTHdb 3Toro. B cBoem TBopenun, Ipupona
JeiicTByeT nHaue, O6e3 TaBIeHHS U BEICOKOH TEMIIepaTyphl, a IPOXIATHBIMI HMILIO3HHHBIME crioco0amu. OHa IpHBIEKaeT Ha
paboTy CUJIbI BCAChIBAaHUSA, BMECTO Pa3pyLIAIOIIUX KU3Hb CUJI IaBICHUSL.

B ammapare Ha cnemyromeli cTpaHuIe, HIOBEPXHOCTE BOJBI, TO €CTh Hanboee JoCTymHast (JopMa BOIBL, BBOIAT B KOHTEIHEp A, T1e oHa
OCBeII[aeTCsl PTYTHOM JIAMIION, KOTOpasi yOuBaeT MHOTHE BpEIHbIE OaKTepHH, U, I1Ie TaK K¢ HAUHMHAIOTHCSI HEOOXOMHMBIH IPOLIECC OXIIaXKIECHHUS.
3aTeM BoIa CTEKaeT BHU3 K BBIXOAMY M HIDKe eMKOCTh 1 cMemuBanus C, e o AaBICHHEM B IIOJIOBHHY aTMOC(EpBI, 9TO B OCHOBHOM OefHA
MHHEpaJlaMy BOJa CMELINBACTCS 10 KaIljIe CONU M IPYTMMH MHHEpanaMu, HeOOXOIMMBIE JUIS CO3/IaHMUsI BBICOKOTO KadecTBa Boxsl. OTcrona oHa
IOCTYIaeT K cocyny D, rie oHa pacmbliseTcst yepe3 OTBEPCTHS B N CIIUPAIbHOH TpyOe OT BHEIIHEH CTOPOHBI BHYTPb, B TO K€ BpeMs, Koraa
ra3upoBaHHAs BOJA PACIIBUIIETCS C aHAJOIHYHOI nephopupoBaHHOl k TpyOKe, M3HYTpH Hapyxy. CMeIIBaHUe MEXTY IBYMs THIIAMH BOJIBI
IIPOUCXOJMT, HOCTETICHHO CMEIINBAs UX, U OHY MONAJAIOT Yepe3 TO, UTO, KaK NPEACTABIAETCS, CeTKa dKpaHa (He ONMCAHHBIC B IIATCHTHOM
JOKYMEHTE), OTKY/Ia, B HACTOsIIee BpeMsl Kak KOMOMHUPOBAHHAS JKHAKOCTH, OHA ABUTAIOTCS BBEPX IO CEPUU B (hOpMeE TIONbIIAHA CTCKIITHHBIC
cocyns! E.

TTockonbKy 9Ta KUIKOCTH MOJHUMACTCS, YITIEKUCIBIH ra3 (Taxke n3BecTHbIH kak CO, MM YITIEKHUCIBII ra3) B BOAE, HAKAIUINBACTCS B BEPXHEH
JacTH Ka)KIOTo TIONBIIAHA, KaK ITOKa3aHO B OONBIIOH HOAPOOHOH BCTaBKe, KOMMIECTBO IOCTEIICHHO YyMEHBIIACTCS, TeM BhIIIE TIOJbIAH Ha KOJIIOHHE.
bonpinas yacTh BOZBI, CHAaYajIa JABMKETCS BBEPX BOKPYT BHELIHEH yally TIONbIAHA (, a 3aTeM BHH3 110 BHyTpeHHel ctopoHe yamu. ITo
JOCTUKEHHU LIEHTPAIBHOTIO spa, OHa 3aTeM IOIHUMAaeTcs BBepX CHoBa. Kak jaBieHHe BOZBI TOCTENEHHO HAKAILUTMBAETCA, YIVIEKHCIIOTO ras3a B
JIOBYIIIKE B BEpPXHEH YacTH, BBIHY)XKIEH HATH BBEPX Uepe3 TPyOOUKy BEpXHHUIT TIONBIIAH M 0OPAaTHO B OCHOBHYIO YacTh BOJBL.

K ToMy BpeMeHHM BOa TOCTUTaeT BEPXHIOK YaCTh KOJOHHBI TIONBIIAHOB, HU OCTAeTCsl CBOOOIHOIO YIIEKHCIIOro ra3a. Bech oH ObLI MOIIONIEH
B Bof0ii B Busie yronpHoi kucnotsl (H,CO3). C yem mbl umeem geno ¢ HoCO3; mnu (H20 +CO;) kak OTAenbHbIE 9IEMEHTHI BO MHOI'OM 3aBHCHT OT
TeMIIepaTyphl U JaBiIeHus. [ 1e-To B 3TOH cepuu TIONBIIAHOB, TOMEIAHBI JIJAMHHATEI U3 cepedpa U 30J10Ta, (MX (haKTHIECKOe ITOIOKEHHE He
OITHCAaHO), KOTOPBIE CO3AI0T HEOOIBIION MIEKTPOCTATUIECKHI 3apsiil, KOTOPBIH HOHU3HUPYET Pa3INYHbIC YACTUIIB B BOAC, YBEIHIHNBAs
KOMOWHAIIMY ¥ PEKOMOUHAINHY Pa3IMYHBIX MHHEPATIOB U coneill. OT BepIINHBI CTONI0A U3 TIONBIIAHOB BOZA TEUET B OXJIXKAAIONIHI COCYX C
nocepebperHbM ocHoBanreM ' F, comepikaiuii GONMBIION IIHEK, T.6. ApXUMEIOB BHHT, KOTOPBIH MEIJIEHHO BPAIAETCs B
IIPOTHUBOIIOI0KHOM HAIIPABICHUH, YTOOBI €r0 HAKJIOH, TEM CaMBbIM OXJIaX[asi H 00JIaropakuBasi BOIY, YTOOBI OBITH OXJIAXKIECHHON OXJIa)KAaromeit
KaTyIIKOH Ha BHEIIHEH CTOPOHE EMKOCTH YCTAHOBIECHA XOPOLIasi H30JMPOBaHHAS 000I0UKA.

ITepemerasick BBEpX U3 3TOrO COCY/A, BOAA 3aTEM MOCTYIACT B OOJIBIIYIO, H30JMPOBAHHYIO TPYOy U, Yepe3 KOTOPYIO MONaJaeT B COACPIKAIIME C
HH3Y COJIEBOH M MHHEPaIbHbIH PaCTBOPEI, IIPEABAPHTEIFHO OXIKAAs €8 Ha CBOEM ITyTH K pacHbUIHTeNnbHOU kamepe D. OTcrona HoaroToBIeHHas
BOJIa IPOXOJMT B (PMHATBHYIO KaMepy, KOTopasi pa3jeleHa Ha aBa orceka. Ilepsslil G (11eBasi cTOpOHA) IO3BOJISET ONPEASICHHEIM OCTaTOYHBIM
peakIysaM IPHOCTAHOBUTHCA, HAIIPUMEDP, B3aUMOACHCTBUE MEXIY CONEP KaHUEM YIICKHCIIOTO ra3a U KHCIOPOAOM, I0Ka, HAKOHEI], IePeTIONHsIs
nepeTeKaeT Bo BTOpoii oTcek H, korna oHa HaXooHUTCS B COCTOSHUH HPUTOAHOM IS MUThs. OTCIONa OHA MEepeXOAUT Ha BBIXOZE Z, TOTOBA K
YIOTpPEOJICHUIO.

B xoze 3T0ro npouecca yriaekucislii ra3 CBsI3bIBACTCS C BOIOU B CTAOMIBHOW (opMe, KaK 3TO IPOUCXOAMT B MPUPOJIE, T.€. B IIpoLiecce
OXJIQXK/ICHVS ¥ KOHICHCAINH, Yepe3 KOTOpBIe yIIIEKHUCIIOro ra3a KOHBEPTUPYETCS B yIIIEPOAHUCTYIO KUCIIOTY (YTONbHYIO KHCIoTy). B camoMm mpoctom
Npe/ICTaBICHUH YIIIepoAncTast (yronpHas) KHCJIOTa NpeCTaBIsieT coO0i coeHeH e TpeX eMeHToB kapbona (C¢), kuciopon (O) u Bogopoaa
(H) BBuzge Bogs! (H,O), a Taxke nuokcuna yraepozna (C°O ; ), ¥ IpOU3BOIUTCS B €CTECTBCHHOM MPOXJIa e H TEMHOTE 3eMIIH.

B cooTBeTCTBHU ¢ 3aKOHHON MHTEPIPETALIMU XUMHISCKHX (hOPMYI, KOMONHAIIMS ITUX IEMEHTOB JOJDKEHA IPOM3BECTH CIISAYIOIIUH pe3ybTar:

H,O + CeO, + TEMHOTA (MPAK) + XOnog------- > H,CeO; (= yrnepoauctas (yronbHas) kucrnora
KOTOpas sIBJIISCTCSA OCHOBO# ¥ HanboJlee BaKHON KOMITOHEHTOM BBICOKOI'O KaueCTBa BOJBI U3 TOPHOT'O KITFOYsl, UCTOYHUKA, I[pyI‘Oﬁ CbOpMOﬁ DHEPruuy,

KOTOpast JienaeT BO3MOXKHOI Bcio sku3Hb Ha 9TOl miaHere.
Hao6opot

H,CeO; + CBET + TEMMNEPATYPA ------- > H,0 + CeO, * (= Boga + anokcua-kapboHa (yrnekucnbii ras)
[cTpenka BBepx 03Ha4aeT BbINyck rasa)

YctponcTteo npounssoaduwee PoaoHukoByto Boay
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Fig. 15.2 Npou3aeoacTeo poAHMKOBOW BOAbI

i

a = Bogo3abop

A+ GNOK cTepunM3IauMm

C = GNOK CONEBONo CMECHTENA

D = Bnok pacnbiNWTENb

E = MOHHBIA NOHWMA GNoK

F = Gnok M.3Hepr H oxXnamgeHHe
G = peakUMoHHaA KaMepa

g = NepemellMBaHHE NONacTAMM
H = Kamepa NMTLEEOH BOAbI

h = cBpoc gagneHKA

| = Gak zanaca eofbl

k =rasvpoBaHHaA BoAa Ha BXxoge
| =ebiXogHan TpyDa coneHomn
M=BbiX0aHanA TPYDa cTepHNbHOR
n = NephopupopaHHan TpyGis)

O = GanoH ¢ razom CO2 PACAEINMTERA
g = THNLNAaH ra3oBLIAENEeHNA

I = BepTHEanbHanA TpyGa

5 = OXNaMOatoWMA 3MeeBHK

t = cnyckHOW KpaH

U = conesoii npeq - oXnaauTens
V = pearvpylolan Boga

W= OMMLUEHHAA BOga

¥ =ABWraTenb Mex-Ma ynpasneH
y = CNHBHBLIE KPaHbl

7 = BbIX00 NKWTEEBON BOObLI

Hecmotpst Ha cBoto IpyOyro KOHCTPYKIHIO, 3TOTO ammnapara Bukrop Illaybeprep cMOr IpoW3BECTH OYEHD
BBICOKOKaYE€CTBEHHYIO POAHUKOBYIO BOJLY M3 JIFOOO0H JOCTATOYHO XOPOIIEro KauecTBa, TO €CTh He3arps3HEeHHOI,
MIOBEPXHOCTHOH BOABL. YTIyOJsisi CBOM McclienoBanus, B koHne 1930-x u Hagane 1940 ronos oH paboTan HaJ AU3aHOM ISt



JPYroro yCTpOWCTBa, Topa3io 00j1ee KOMIIAaKTHOTO, 4eM Npenbiayinii. OHO ObLIO sifeBuaHON (HOPMOIL, U, XOTS Ha CAMOM
Jiene, TTOTOMY YTO MPUHIIMIIEL, Ha KOTOPBIX OHH (hyHKIHOHUPYIOT aHAIOTHYHEI TEM, KOTOPhIE €ro APYyTHe almaparsl, OymyT
paccmarpuBarhes B riase 21 o mmnosuu. C HUMH, 3aMETHM, OH IIOMOT” MHOTUM JIFOJISIM IOpakeHbIM pakoM. [IpenocraBiss
UM BOJY C OYEHb BBICOKUM Ka4eCTBOM, OH OBLI B COCTOSHUH JHOCTHYb BBI3OPOBICHHIE OT HEAYTa B JOBOJIBHO 3HAUHTEIBHOM
CTENEHU. 3aMETUM, KaK 3TO 4acTO ObIBAET, OH CTOJIKHYJCS C YCTAHOBJICHHBIMU BIIACTSIMU, KOTOPbIE OOBUHMIIU €0 B
apJI0TaHCTBE U OTCYTCTBUE KBaJ’II/I(I)I/IKaLU/II/I JUIsL JICYCHUS paKa, TaK Kak OH ObLT MPOCTBIM JICCHUKOM, 0e3 MEOAUITUHCKOT'O
00pa3oBaHus UM HaBbIKAMU. B KOHIIE KOHIIOB OHU 3aCTaBUIIU €r0 OPOCHUTH 3TO, KOH(GHUCKOBAIM €T0 MAIIMHY M YHUYTOXUIN
e€. Ot1a ObLia elle oflHa U3 MHOTHX Hey/ad, KoTopble Bukrop yxe nepenec oT pyk Buacreil (3auHTepecOBaHHBIX KPYIOB).

IIpaBunbHOE XpaHEHHE IUTHEBOU BOJBL, IOAMETHUM, €IIIe OAUH aCMeKT, KOTOPbIi HEOOXOUMO TIATENBHO U3YUHUTh, U
Tenepsb OyAeT paccMaTpUBaThCS B CIEAyIOLIEH IaBe.

15.3 Xpanenus 600wt

Bynyt 1 Haima Boja Npou3BeAEHa Yepe3 OMMCAHHBIN MTPOLECC WIHN Ke Mbl €€ BO3bMEM U3 IPUPOIAHBIX HCTOUHUKOB, MBI
JOJDKHBI 3a00TUTHCSA O BECbMa OTPaHUYEHHBIX 3al1acax, KOTOPBIE BCE €Ile JOCTYIHbL. DTO 03HAYAET, YTO MBI JIOJKHBI
OTHOCHTBCS K Heé Tak, Kak mokasana HaMm [Ipupona. IIpexe Bcero, Boaa H0KHA OBITh 3aIlUICHA OT COJIHEUHBIX JIydeit
W XpaHATHCS B TEMHOTE, TAJICKO OT BCEX MCTOUYHHKOB TEIUIa, CBeTa W aTMoc(epHbIX BozaeiicTeuid. (Kak y Bac MHOTO
MOCTYNAeT MUThEBON BOJBI U3 BOAOXPaHUIMIIA OTKPBITH ConHily?) B uaeane oHa 1o/pkHa ObITh IOMEIIEHA B HEIPO3padHbIE,
MIOPHCTHIE KOHTEHHEPHI, KOTOPHIE 3aLIMIIAIOT OT BCETO MPSIMOTO CBETA U TEILIa, M TIO3BOJISIOT ABIIIATH BOje (KOTOpast, KaKk U
BCE JIPYTUX JKUBBIX CYIIECTBA, OHA JIOJDKHA JIBIIIATH JJIS TOTO, YTOOBI OCTaBaThCs )KUBOW U 3710pOBOi).

CymecTByromas CHCTeMa PO3JIMBa BOJIBI, H3BECTHA, TPO3PAYHbIe OyTHUIKH YXYIIIAOT BOLY, HOCKOJIBKY OHA ITOIABEPraeTCs
BO3JEHCTBUIO cBeTa U Tewla. Korna crakaH xopolell BOJbl OCTaeTCsl Ha COJIHLE, 00pa3yloTCs HEMHOIO IIy3bIPbKOB Ha CTEKIIE,
9TO yIAepoaucTasi KucioTa (YIIIEKUCIIBIHN ra3), MPUHIAITHNATBHBIA HHIPEAUEHT, II0Ka3aTellb XOPOIIeH BOIbI, TPEBPAIIAETCs
B CO; 3a cueT yBelMYeHHUs TeMIIepaTyphl U cBeTa. Kak BHMHO, BoJa AOJDKHA XPAHUTHCS B TEMHOTE B HEMIPO3PAYHBIX OyTHUTKAX
U 3amevaTaHa JpIIanuMi IpoOKkaMu. JTo He 0e3 OCHOBAHMUH, TaKKe KaK XOPOIlIee BUHO BBIICP)KUBACTCS B JEPEBSIHHBIX
O0YKax.

C cymiecTByIOIIEH TOUKU 3pEHUsSI, 4YTO MBI MOXKEM CIeJIaTh IMYHO IJISI 3TOTO, MBI IOJDKHEI B JIF000€ BpeMsIo OecreunThb
HAIIA COCYABI IS XpaHEeHUs, OYTBIIKH, EMKOCTH H T.1I., OBIIM TIIATEIBHO H30JMPOBAHEI TAKHMM 00pa3oM, YTOOBI
coJieprKalIeics B HUX Bojia Oblla MOAJIepKaHa MPH CaMON BO3MOXKHOM MPOXJIJHON TeMIieparype. Marepuaiisl Hanbosee
MIOAXOASAIINE ISl STOTO SIBISAIOTCSDK: PUPOIHBIN KaMeHb, IPEBECHHA (IepeBsSHHBIE O0UKHM) U TeppakoTa (Cioso TeppakoTa
HTalbsHCKOE. Ero Z[OCHOBHBIﬁ nepeBo O3HAYaACT 000XKEHHAsT 3€MJIsl. H3TOTOBJIEHHBIN Ha OCHOBE PEAKUX ITOPOJ KAOJIMHOBBIX INIMH. rpy6aﬂ FJ'[I/IHa).
Bo3moxHO, 6oJiee MoaXoAsumi YeM JIro00i pyroi Marepuall, TeppakoTa UCIOJIb30Baach JAJIsl TOH LIEN Ha MPOTSKEHUH
ThIcsTueneTuil. Teppakora gBIseTCs MOPUCTOH, 0COOCHHO XOPOIIO MOAXOIUT JUIS XPAHEHHsI BOABL, TaK KaK MOPbI IO3BOMISIOT
O4YeHb HeOOIBIIOMY MPOILIEHTY COZepIKaILeiicsl BOIBI HCTIApsIeTCsl Yepe3 CTCHKU COCYIIOB.

HcnapeHue Bceraa CBI3aHO ¢ OXJIaXICHUEM (UCIapeHusl, 3aMEeTHM, IIPU BBICOKOM TeMIlepaType) U, 1o clioBaM Bansrepa
[TayGeprepa, ecii MOPUCTOCTH MpaBelibHasA, TO Kaxas ucnapusinasicst 600-as yacTb COAECPIKUMOTO, OYZIET OXITAKIATh
copepxumoe Ha 1 ° C (1,8 °F). Iloatomy, ecinu Takoil cocy HaXOAUTCs [I€ €CTh pa3yMHOE ABUXKEHUE BO3yXa, BOJa OXJIAJIUT
ce0st 1 pUOIHU3UTHCS K CBOSH aHOMAIOHOI TOUKHU, CBOEMY COCTOSIHUIO CaMOT0 BBICOKOTO 3/I0pOBbs U "Oe3pasnuuus’ npu
temneparype +4 ° C (39,2 F°).

Jpyrum BaxHbIM (akTOpoM XpaHeHUs pakTHyeckas Gpopma camoro koHTeiiHepa. bolIbIIMHCTBO KOHTEHHEPOB JUIs
XPaHEeHUs, UPOKO MCHONB3YEMBIX CETOIHS, 3TO KyOMYeCKUe WITH MPSMOYTOJIbHbIE 00BEMBI TOW HIIH HHOU (OPMBI, WITH
LUIMHAPBL. X0Ts 3TU (HopMbl HaUOOJIEE JIETKU U SKOHOMUUECKH IPOCTHI B IPOU3BOACTBE COBPEMEHHBIX TEXHOJIOTHUIH,

OHH TMPEISITCTBYIOT €CTECTBEHHOH IIUPKYISIIIMN BOIBI H CIIOCOOCTBYIOT YAYIIBIO BOJBL

W3 -3a cBOEH NPAMOYTOJIbHOM (hOPMBI 1/MIU IPSAMOYTOJIBHBIM YIJIaM, 00pa3yloTcs 3aCTOMHbIE 30HbI — OE3/BIKEHUS,
KOTOpBIE MOTYT 00€CIIEYHUTh OJIaroNpHATHBIE YCIOBHS TS pAacpOCTPaHEHHUS MATOTeHHBIX OakTepuid. Kpome Toro, Tak Kak
MarepHabl, UCIOJIb3YeMbIE, KaK IPaBUIO, OLIMHKOBAHHAS CTajb, CTEKJIOBOJIOKHO, OETOH, CTalb U T.1., T.6. BCE
HETpOHHMIIaeMbIe MaTepPHaIIbl, COEPIKaIIascs B HUX BOJIAa HE MOXKET JIBIIATh U , KaK pe3y/bTaT 3aasixaercs. B atom
COCTOSIHUM OCJIa0JIeHHAs MM KaK TPYII BOJA, OHA OBICTPO CTAaHOBHUTCS OOJIBHOM U TpeOyeT AanbHelIel Je3uH(eKInu.

Bepém npunumn Bukropa Illayoeprepa, IToctuus n konuposars [Ipupony! kak Hallle pyKOBOACTBO, TIOATOMY MbI JOJIKHBI
HCIIOB30BaTh (HOPMBI T€, YTO CaMa IPUPOJa BEIOUPAET, YTOOBI COIEPIKaTh, OXPAHATH U IMOIEPKUBATH KHU3HB, TO €CTh SHIIO
1 uX sA3bIK. KyOBl ¥ IIMNMUHAPEL, YIIOMSHYTHIE BBIIIE, UM HET MecTa B cxeMe IIpupoaHbix Bemeil. YToObl coXpaHUTh eé
YKM3HEHHO BaYKHYIO JKUJIKOCTD U JpyrHe MaTepuaisl, Mynpas [Ipupona BeIOpaia sSifIo 1 SHYHbIE YIJIHHEHHBIE (DOPMBI, TAaKHe
KaK 3€pHO U CEMCHA, TaK KaK OHH IIPHUBOAAT K OIITUMAJIBHBIM pPE3YyJibTaTaM.

O4eBUIHO, YTO JPEBHHUE ETUNTSAHE U TPEKH, H3BECTHBIC CBOCH JIOTMKOW M KOHCTPYKIIHOHHOM CIIOCOOHOCTH, ObLIH
XOPOILIO OCBEIOMJICHBI 00 3TOM, IIOTOMY YTO OHU XPaHWIIN CBOM 3€PHA U JKUJKOCTHU (Macia, BUHA U T.1.), B TEPPAKOTOBBIX
amdopax, 3aneyaraHHble BOCKOM. M 3To HecMOTpst Ha TOT (hakT, 4YTo popmMa OblIa MOTHOCTHIO HE MOIXOASAIICH
JUIsL KOMITAKTHOTO U 3()(EKTUBHOTO XPaHEHMs C TOUKH 3PEHHS IIPOCTPAHCTBA U IIPOCTOTHL B 0OPAILeHUH.

OueBuIHO, 4TO BBIOOP 3TOH (OPMBI HaJI JTFOOOH JPYroi ObIJI0 HAMEPEHHBIM U PE3YJIBTaTOM OINPE/ICIICHHBIX 3HAHUIM O
JUIUTENILHOM XpaHEHUU CBOMCTBA Takux (GopM. Bo MHOrHX amdopax, KOTOpble BCIUIBUIM B apPXEOIOTMUECKUX PACKOIIKAX B
Teuenue nocnenHux 100 J1eT WM 0KoJI0 TOro, ObIJIO YCTAHOBJIEHO, YTO 3€PHA MIIEHUIIB! HO-IIPEXKHEMY )KU3HECIIOCOOHBI,

U Jlake nocne xpaHnenus B redenue 2000 sieT, Ipopociy, KOrga ux nocaauiy.
Ilo cpaBHeHuIO ¢ KybamMy U IMIMHIPAMHU, KaK OKa3aHo Ha puc. 15.3 3Tu GopMbl He UMEIOT 3aCTOWHBIX 30H, HET



IPSIMOYTOJIBHBIX YIVIOB, KOTOPBIE MPEISITCTBYIOT IUIaBHBIM JIBIDKEHHSIM. Pazmernas 3Tu TeppakoTOBBIE COCY/IbI B 3aTEMHEHbIX
MECTax, MMOABEPTAIOIINXCS BO3AYIIHOMY ABIKEHUIO, OXJIaXKIAroMUH 3 dekT ucnapernii OyneT CymecTBeHHO yBeandeH. Tak
Kak BC€ €CTECTBEHHOE JIBIDKEHHE JKUIKOCTEN U ra30B BbI3BaHA Pa3IMUMsIMH B TeMIIEpaType, TaKUM 00pa3oM, BHYTpU
SHIEBUAHOTO COCY/a Ul XpaHEHHS BOABI OyIyT HHAYIIMPOBAThCS, IIMKIMYECKIE, CIIUPAIbHBIE, OXKHUBIIIONIEE ABIKEHHUS.

Kak MbI BUIUM, IBHXEHHE —3TO BBIPAXKEHHUE SHEPTHUHU, U SBIISIETCS CHHOHMMOM KH3HU. BHelllHee NpUunHHOE UCIapeHue,
OXJIaXK/ICHNE HApY>KHBIX CTEH M BOABI B MX HEMOCPEACTBEHHOM Onu3octH. bynyun Oomnee npoxsianHoii u, cienoBarensHo, 6oiee
IUIOTHOH, 3Ta BOJja CTAHOBUTCS ONpPEJEICHHO OoJiee TSKEIO0H U OIyCKaeTcs BHU3 BJIOJIb CTEH K OCHOBAHUIO, B TO )K€ BPEMs
3aCTaBJIss BOLY HAXOAUBLIYIOCS TaM, IIOMHUMATHCSL K LIEHTPY U IBUTaThCs B HAIIPABICHUH HapyXKHBIX cTeH. HempepbiBHOE
MIOCTOSIHHOE TIOBTOPEHHE 3TOTO IpOoLEecca MPUBOAUT K MOCTOSHHON MUPKYILALUY U OXJIaXKIEHHIO COAEPKUMOTO.

ITpu Beex CyIIECTBYIOIMX YCTAHOBOK ISl XPaHEHUs! BOJIbI, OCHOBHOH IIPpoOIeMOH sIBISI€TCS TO, YTO OHH HE 3aIlleHBl OT
BO3JEUCTBUS CBETA U TeILa. [ 1€ TONbKO 3TO BO3MOXKHO, BCE TAHKU HA/J3€MHBIX BOJI, U3 OLIMHKOBAHHOH CTaJl, CTEKJIOBOJIOKHA
w1y OETOH, JOJDKHBI OBITH U30JIMPOBAHbI OT BCEX BHEIIIHUX MOBEPXHOCTEN ¢ IPUMEHEHUEM PACIBUICHHO NEHbI WK
SKBHBAJICHTHOTO TETLIOBOTO Oaphepa, YT00BI MUTHUMAIIbHAS TOIIMHA ObIIa 75 MM. DTO ele He Bce, OHH JIODKHBI OBITh
OKpalleHb! TaK, OEJIBIM WU CBETO — TEILUIO OTPAXAIOIIUM IBETOM. JIJI HUCTEPH, KOTOPBIE PACIIONIOKEHBI B 3€MIIE, TOJIBKO
BEPXHIOIO IOBEPXHOCTh H606IX0,£[I/IMO M30JIIPOBATh M OKPACUTh B OEIIBIH IIBET.
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JIns MHOTHUX JIFOZeH TUTOTHHBI WITH PEKU SBISIOTCS ITIaBHBIM HCTOYHUKOM BOJBI U HEKOTOPHBIE ITPOCTHIE MEPHI MOTYT OBITh
IPUHATHI JUIS YITy4IIEeHs KadecTBa BOABL, OIy4eHHOH n3 HuxX. OKpyXKarolas 0o4Ba SBJISETCS IOPUCTOIL, BHIKAIIBIBAEM
Kpymibli konozen okono 1000-2000 mutpoB B 006beme, okosto 5-10 MeTpoB OT Oepera mioTUHbI Wi peku. Eciu Bo3MOXXHO
n1yOHHA 10JDKHA OBITH paBHa NIyOMHE BojoeMa. BepiinHax Takux KOJIOALEB, CKBAXKUH, JOJDKHA ObITh BBILIE CAMOT'O BEICOKOTO
YPOBHS BOABI B INIOTUHE UJIN PEKU, l11T06I:-I NpeaoTBPATUTD 3arpA3HCHUEC ITPHU HABOAHCHUH.

Ecnu moysa OynieT ocTaTroyHo MpoHUIIaeMa, TO Bojia OyZeT MpocadrBaThCsl 4Yepe3 HaJaBHO BHIKOIIAHHYIO TPOMEKYTOUHYIO
IIOYBY XOPOIIO. B 3aBUCHUMOCTH OT YCTOHYUBOCTH U AOIyCTUMOMN HArpy3Ky IOYBHI (CIEAyeT IPOKOHCYIBTUPOBATHCS C
WHKEHEPOM -CTPOHMTEINIEM, YTO HE COMHEBATHCS ), METKO(QPAKIIMOHHBIN OETOHH, IEPUMETP OCHOBBI TOJDKEH OBITH TOJIOXKEH B
0€e30I1aCHOM PacCTOSHUU OT Kpast konoua. Korna 6eToH 3aTBepeeT U CTaHET TBEPAbIM, 3aTe€M KaK MUHUMYM OAUH IEPUMETP
JOJDKHBI OBITh YCTaHOBIIEHBI OJIOKH JUTS MIPEIOTBPAILCHHUS TONaJaHuUs JTI000H MOBEPXHOCTHOM BOJBL.

Tax ke JOJDKEH XOPOLIO MOJHOCTBIO 3aKPBIT U OII€YaTaH ¢ XOpOoLIeH TeIIon30sIIuel ApeBeCUHON U KphIIKa 060uTa
JIMCTOBBIM METAJIOM, HJIM OETOHHYIO TUTHTY, U CHaOXKEHHAs! ¢ BXOIHBIM JIFOKOM JUISI 0OOCTY)KHBaHUS Hacoca U / WK
BcachIBaroIleil TpyOsI 1 KitaraHoB. Hacoc kemnaTensHO pacrosiorars 3a IpeaenaaMu EMKOCTH XOpOoIleit BoJbl, 4TOOBI H30eKaTh
1000€ BO3MOXKHOE 3arpsi3HCHUE HEe(TENPOIYKTaMH.

[Tpuunna BMectumoctH 1000-2000 TUTPOB COCTOUT B TOM, YTO 3TO MOXKET OBITH BO3MOXKHO TOJIBKO JUIS NIEPEKaYKH BOJIBI
C TepephIBaMy, OTOMY YTO CKOPOCTH MOMOJIHEHHS C INIABHOTO MCTOYHHKA BOJOH OyJeT 3aBUCETh OT MIPOHUIIAEMOCTH TTOYBEI.

Ecnu mouBa okpy»karomasi INOTHHY, aMOy WM PeKy HEIMpOHHUIaeMa, TO HEOOXOIMMO BBIKONATh KaHal MHUpUHOH 600
MM, Ha BCIO INIyOMHY SIMBI MEK/Ty XOPOLIO MPUHHUL[AEMOH ITOYBOH M Tie BOAA MPOCAIUBAETCS HE CBOOOJHO, UII OCHOBHAS
9acTh BOABL. HWOKHSIA 4acTh KaHalla ¥ OCHOBaHHE CaMO¥ IIaXThI JOJDKHBI OBITH 3aII0JTHEHBI YHCTHIM KBapIIEBBIH MTECKOM
BBICOTO# 0KOJI0 600 MM U CBEpXY 3al0JIHEHA TPYHTOM M YIUIOTHUHA. [10CKONBKY BOIa MpOcaYuBaeTCs Yepes 00y
CYILECTBYIOLIYIO TIOUBY MIIH MIECOK, HanOoJiee B3BEIEHHBIX BellecTBa OynyT oThMIsTpoBaHbl. KpoMe Toro, MoCKoIbKyY Boaa
OyIeT mpocavynuBaThCs XOPOIIO C CaMOT0 HU3KOTO YPOBHS PEKU MM IIOTHHBI, OHA OyJeT MoyueHa pU caMOi HU3KOMH
TeMIIepaType, U MEHee BEPOATHO IOIIaIlaHNe U Pa3BUTE OOM3HETBOPHBIX OAKTepuil, KOTOPHIE, KaK MPABHUJIIO, 3aTIOJHSIIOT
BEpXHUE CJI0H, OoJiee TeIlIble U 0osee BEICOKO HACHIILIEHHBIE -KUCIOPOIOM CJIOM, OCHOBHOM 4acTU BOJBIL.



B nauaisie 1970-x 51 co3aan Takod XOpoluii BomoeM Ha MOEM coOCTBEHHOM ydacTke B MoHTBHUIe B KBHHCIIEHIE
KOTOPBIH MTPOM3BEN YPE3BBIUAHO MPO3PAYHYI0, YUCTYIO, O€3 3armaxa U MPUATHYIO Ha BKyC Bofy. JItoau, KoTopble ¢ Tex
HOP KyIHUIX MO COOCTBEHHOCTb COOOIIAIOT, YTO KOJUYECTBO U Ka4€CTBO BOIbI HE U3MEHMIIOCH. JKenaTenbHo, 4TOOb! TaKas
BOJIa TIPOBEpsUIach Ha Ka4eCTBO, YACTOTY U JIFOObIE BO3MOXKHBIE 3arps3HEHUs, IECTULUIOB H T.1., C IOMOIILIO KOMIIETEHTHBIX
OpraHoB.

Peunas Bona, Kak mpaBuio, ropasao Ooraue, 4eM U3 pe3epByapa Ul BOIBI (TOXKAEBas) ¢ TOUKU 3peHUs e€ coaepikaHne
MHUHEpaJIbHBIX COJIEH U MUKPO3JIeMEHTOB. B OONbIIMHCTBE CilydaeB Hao OyleT JOMOJIHUTH HEOOXOIMMbIE MUHEPAJIbHBII
COCTaB JI0’KICBOM BOJIbI, €CIIA 3TO SAWHCTBEHHBII HCTOUYHHK IMUTHEBOM BOJIBI, U PEIOTBPAILCHUS BTATHMBAHHUE (JIOOBIYN)
IOJIE3HBIX MUHEPAJIOB U COJIEH U3 OpraHU3Ma MbIOIIEro. 31eCh Pa3MEIIaloT MEIIOK U3 HCKYyCCTBEHHOI'O BOJIOKHA (HE
THUIOIIETO B BOJIE), COAEPIKALIEro IPOOJICHHYIO ITbUIb 0a3aiibTa WIN JPYTUX BYJIKAHUUECKUX (M3BEPHKEHHBIX) IIOPOJ
WCIIOJIb3yeMBIX ISl JOPOXKHOTO CTPOHUTENHCTBA (IIMPOKO M3BECTHBIHN KaK "MBUTH OT ApOOMIKH" - cM. miaBy 19) cnenmanu Obt
MHOTO€ ]ISl IOBBIIIEHUSI KAYECTBA B pE3epByape BOJbL, IOTOMY UTO BoJa OyJeT NOIIOIATh T€ JIEMEHThI, KOTOPbIE €if
TpedyeTcs, YTOOBI CTaTh 3peyion.

OnHako, pex e, ueM 100aBIsATh J00yI0 IbITh U3 APOOMWIKU B BOLY, ObLIO OBl 11€1€CO00pa3Ho elle pa3 NPOBEPUTH
€CTb JIM Pe3yJIbTaT M3MEHEHHs KaueCTBa Ha OCHOBE aHaJIN3a pasiimuuil MeXIy ABYyMs 00pas3liaMH U3 pe3epByapa IJisl BOIBL,
onuH o0Opaser ¢ ApoOHIIBHO-TIBUIEBBIM J100aBIeHHEM U JIpyroi obpasen 6e3, B kadyecTBe KOHTposst. O6a oOpasia JOmKHbI
OBITH MIOMEIIECHBI B ITPOXJIaJHOE TEMHOE MECTO U OCTABaThCs, II0 KpalfHel Mepe Ha HEeJIeIIio JI0 OCYIIECTBIICHHUS aHaIn3a
COZEPKAHMS MHHEPATbHBIX BEIECTB M OaKTEPHANTBEHOM YACTOTHL. DTO AOJKHO OBIThH CAENAHO KBATU(PHIIMPOBAHHBIM
CIENUAIUCTOM WK B TaboparopuH (JlobapaHTOM).

OTH MBICTH, HAEU 00pasbl, 0 BoIe, OyAyT pacCMaTpHBaThCsI MHOTUMH KaK CIIOpHBIE, HO OyleM HaJesThCsl, OHU JTAJTH
BaM MHOTO NUIIY JJIs pa3MBIIUICHAH U AeiicTBui. Bona HU Korna He JOKHA HOHMMAThCS MM pacCMaTpUBATHCS Kak
WHepTHasl 1 Oe3KU3HEHHAs )KUIKOCTb, IIPH 3TOM MBI YHH)KAaeM CaMHX ceOsl, 1 BCIO OCTaBIIYIOCS KU3Hb Ha ITOH IUIaHEeTe,
HEBEXXECTBO TAKOT0 MacITaba moTpedyeT OT HAC yIUBUTEIBHON Ka3HH.

Hama >xu3Hb, 3aMeTHM, HE POCTO TOAIEPKUBAETCS BOJOH, a B 3HAYNTEIBHOM cTeneHn JiecoM. B cienyroreii maBe
MBI PACCMOTPUM Bce 00BEMITIOIIHE CITY>KOY EPEBBEB TaK, OECKOPBICTHO, PACIIPOCTPAHAETCS Ha BCE JKUBBIE cymecTBa. C 9TUM
TaKKe OIMHAKOBO YXKACHO IUIOXO oOpalaeMcs 4epe3 Halle He3HaHue (HEBEKECTBO) CBOMX JKH3HEHHO BaKHBIX (PYHKIMH U nX
HEOOXOIUMOCTS JUIsl 3710POBOH, INIOAOTBOPHON SKU3HH.
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16 AEPEBbBS U CBET
16.2 Cywgnocmo "oepesa’”’

OpnHa u3 mpo0OiieM, cepbe3HO BIMSIOMNX HA PeabHBIN IIPOTPEcc CEroaHs, SBISETCS aKIEHT Ha CBEPX CIIELHAIN3ALUI0

(upe3MepHas crielaIn3anys), B 4aCTHOCTH, B chepe Hayk o 3emiie, A1 KOTOPOi 0030p SBIsSETCS aOCOIIOTHO BaXKHBIM.

Bcs uccnenoBarenbckas paboTa IPOBOAATCS B HACTOSIEE BPeMs M HICTOPUUIECKH, ITOUYTH HE UMEIOT HUKAKOTO 3HAUCHUS,

€CJIM TOHKHE B3aMO3aBUCHMOCTH HE MOTYT OBITh BOCIIPHHSTHI M IPUMHUHSIOTCS 3HAHUS B COYETAHUU C UCCIIEIOBAHUSIMHU

B Apyrux obnactsx. O3a00ueHHOCT aHAJIM30M IOAABIISET BOCIPHATHE LIENOT0 U HE TIO3BOJISIET HaM JIeNIaTh BBIBOIbI, KOTOPHIE
MBI MOIJIM OBl HHa4Y€ MOHSATbH, B TO )K€ BpeMs CeJIaTh Halll 001U moaxoa 6osiee 0000IIEHHBIM, LIEJIOCTHBIM.

XoTd B CJIICAYIOIIUX TPEX ITIaBaX OIMCHIBACTCs B33HMOﬂCﬁCTBHC MCXKIY ACPEBbAMU U CBETOM, 4aCTh, KOTOPYIO BOJa
UTPaeT B pOCTE PACTUTEILHOCTU OCTAeTCs JOMUHUpYyellel ocoOeHHOCTe! Hatlero oocyxaenus. IIpupona, B KOHIIE KOHIIOB,
He 3HaeT IpaHull, ¥ 1000e 00CyKIeHNe IPUPOJHBIX IPOLECCOB HEU30EKHO BKIIOUAET B ceOs Psil B3aUMO3aBUCHMBIX
aCIIeKTOB, KOTOPBIE BCETa JOJDKHBI COBMECTHO IPHHUMATHCS BO BHUMaHHE.

B oTnMuMe OT COBpEMEHHBIX B HACTOAIIEE BPpeMs IPOBOAUMBIX JOKTPHH, yueHui, IIpupona ocHoBaHa ropaso Oosnblie
Ha COTPYIHUYECTBE, YeM HA COPEBHOBAHHH, IOTOMY YTO TOJBKO Yepe3 TApPMOHUIHOE B 3aMMOJEHCTBHE MOKET POU3OUTH
¢dusnueckue hpopmooOpa3oBaHue, BEUIH MOT'YT cOOpaThcs BMECTE M MOTYT OBITh CO3/1aHbl CTPYKTYPHBI. be3 MpUTsKEeHUs: Mex 1y
IBYMsI MITH OoJiee aToMaMH, He ObUTO OBl HU BOJBI, HA PAaCTEHUH, HU XUMHUUECKUX COCIMHEHNH, HU KaKHX KHUBBIX CYLIECTB
Boobue. [To cytu nputskeHne — 3to (popma JIF0OBH, TaK YTO B IOJIMTaMHBIX (MHOTOOPAaYHBIX) OTHOLIEHUSIX MEXKIY JIByMS
aToMaM¥ BOZIOPO/Ia M OTHUM aTOMOM KHCIIOPO/a, MX B3aWMHOTO TIPUTSDKEHUS U B3aumozeiicteus poxaaercss UYO - BOJA.

W3-3a 3TOTO MPUTSHKEHHS, CO30AaETCS APYrasi CyNIHOCTh, YTO-TO OOJbIlee, 4eM e€ COCTaBHBIE YacTH. B ciydae
OTCYTCTBHS IPUTSDKEHUSI HUYETO OBl HE CITy9IHIIOCh, & €CIIM OBl aTOMBI  BOZOPOZa KOHKYPHPOBAJIH OBl MEXIY OO0 U MEXIY
aToMaMH KHCIIOpoJa, He ObLI0 OBl CHHTE3a - M HU KaKOH KH3HHU. XOTsI €CTh MHOTO JPYTUX MPUMEPOB cuMOmo3a, Pobept
Orypoca u Ixopmk Crencro B cBoeil nociennei kaure Hosas Bruonorus', KoTopast MOKa3bIBaeT PE3yNbTaThl CBOMX
COBMECTHBIX HCCIIEIOBAHII OOHAPYKIIIH MEXTy BUIAMH, YTO CYIIECTBYET Topa3o Ooiee BEICOKUIT yPOBEHb COTPYIHIIECTBA
B [Ipupozne, 4eM TOT B KOTOPOM Hac YOXKAAI0T ¥ 3aCTaBIISIOT BEPUTH, 0 CUX IIOP.

OnHUM W3 HATUIOHBIX WX MPHMEPOB SIBISIETCS IEPEBO Ha puc. 16.1, B KOTOPOM MPOKMUBAIOT OAHOBPEMEHHO HECKOIIEKO
Pa3IMIHbIX BUJOB IITUL, YbH 06J'laCTl/I Hal'lpaBJ'[CHHOﬁ JACATCIBbHOCTHU ﬂeﬁCTBHTCHbHO HEC KOHq)J'lI/IKTyl-OT HJIM HAKJIaAbIBAIOTCA, a
BCE OHM TAPMOHMYHO MHTETPUPOBAHEI B 0011yI0 hopMy IepeBa. 31eck, o KpaitHel Mepe, ake eClI Ha OYeHb MaJIBIX
Macmrabax, TO O4€BHIHO, YTO BMECTO KOHKYPEHLIMH ¥ BBKUBAHUS Hanboliee IpUCIOCOOIEHHBIX, Mynpas [Ipupona
paszpaboTai a’BosOIMOHHYI0 CHCTeMy HOBBIIICHUS pa3HOOOPa3us, B KOTOPOH €CTh MECTO JUIsl BCEro U IJIsl KaKIOTO.
Kazanock Obl, COBEPLIEHHO HEJIOTMYHO U HEPa3yMHO, 4TO Obl CO3/1aTh O4EHb MHOI'O Pa3JIMUHbIX (GOpPM KU3HU U HE UMETh
MecCTa JUIsl UX CYLLECTBOBaHUS.

[IpeoGnanaromuii akeHT B OMOJIOTHYECKOM 00pa30BaHUU SBISiETCS TO, 4TO [Iprposa sBiIseTcst KOHKypeHTOCIIOCOOHOM,
KOTOpast OCJIEIUIET HAaC B HEW Pa3IMUHbIMU peaTusiMU. Y uelloBeKa HE0OXOOUMOCTh KOHKYPHPOBATh YaCTO IPUBOIUT K
DIyOMHHBIM YyBCTBaM HEa/leKBaTHOCTH M HETIOJHOIIEHHOCTH, KOTOPBIE YacTO TPeOyIOT KOMIIEHCAUU MaTepHaIbHOTO
npuobpereHus (MaTepuaspHOr Onara). Hac ydat, 4To MbI KHBEM B KECTOKOM, XOJIOHOM, KOHKYPEHTHOM MUpE, MUpE,
KOTOPBIA BO MHOTOM CTaJl TAKAM HIOTOMY, YTO MBI CIIEJIaJId 3TO TAKUM, XOTS 3TO M He 00s13aTeIbHO oTpaxkaeTt [IpupomHyto
JeHCTBUTENBHOCTb.

st Hamero coOOCTBEHHOTO BBDKUBAHHUS, BCS KOHLETIHS KOHKYPEHIUH (COPEBHOBAHMS KTO JIydIllee) MMprMaTa J0JDKHA
ObITh nepecMoTpeHa. OHa J0JKHA ObITh OrpaHHMYeHa COOCTBEHHOH MPOU3BOAUTENILHOCTH 110 OTHOILICHUIO K BHELTHEMY MUY,
IyTEeM pa3BUTHS TaJlaHTOB, U, OCYIIECTBIISS UX IS Onara Apyrux. ECiu MBI XOTUM NpeIoTBPaTUTh Hallle cOOCTBEHHOE
HCYE3HOBEHHE, MBI JIOJKHBI OTKAa3aThCsl OT 3TOT0 PacKolia, KOHKYPEHTOCIOCOOHO! HIEO0IOIUH U BO3BpAllEHUE K Oolee
LEHTPOCTPEMHUTEIFHOMY (MHTETPAIbHOMY) OpraHHIECKOMY, a He IIEHTPOOSKHOMY (pa3pylInTeIbHOMY) MEXaHUCTHIECKOMY
00pa3y KH3HU, OTPAHUYUBAsI KOJIMYECTBO B MOJB3Y IMOBBIIICHHS Ka9€CTBA, H B YACTHOCTH MPEIOCTABICHHUS KauyeCcTBa.

Uro B3ameHn? Kak y3HaTh 0 3aBepIICHUH Jiefia, 0OOMEH BO3MOXKET TOJBKO TOT/A, Korja "naroumii (napyommi)" u
"MpUHUMAOIIKE (OTPeOISIONIHIA)" cCOOMparOTCs BMECTE B MPABUIIBHOM W COOTBETCTBYIOILYH POMOPIMYid, KomruecTBe. He
J1aBast BO3MOKHOCTH, TTOSBUTHCS HU KaKUM 3aJI0KHUKaM. Ecin 3BOTIONUS SBISETCS MPOAODKEHUEM €T0 B IIepe]] K PAcCBETY,
JAIOMINX JIOJDKHO OBITH OOJIBIIE, KaK B KOJMYECTBE TAK U IO Ka4eCTBY, Y4eM IMPHHUMAIONIHX (TIOTPEIIISFONINX ), YTOOBI
o0ecneynTh U30BITOK TBOPYECKOTO MOTEHIMAlIa YHEPTUH, 0€3 KOTOPBIX HU KaKUX MPOSIBICHUN MOXET HE TPOU30MTH.
CyIecTByeT NPOTHBOPEUHNE 37eCh, BOOOIIIE TOBOPSI, KOTa 00BEM HIIM KOJTMYECTBO BEIIECTBA HIIM SHEPTUH YBEITHUHBACTCS,
BOBCE HE HY)KHO, 0’KUAATh POCTa €r0 KauecTBa B TOH ke Mepe, TaK KaK, BeIMYMHA YMHO)KCHHAsI X Ha Ka4eCTBO = €AUHCTBO.
3amMeTuM, Kak MBI BHJEIH, 00eCIIeYeHHOCTH 10 CYIECTBY TBOPUYECKOI YHEPTHH, BBIACIEHUS WIN MPOSBICHHS, NCXOSIICH KaK
9TO MPOUCXOIUT B IPYTUX U3MEPEHUsIX, He 003aTeNbHO OrpaHHuuBaThCs 3akoHOM CoxpaHeHue DHEepruu, U, ClIefA0BaTeNbHO,
B IAHHOM CITy4yae HeT HUKAKUX NIPUYNH, TIOUYeMy KOJIMYECTBO HE MOXKET YBEIIMUHUTHCS BMECTE (B HOTY) C KaueCTBOM.

B sToM ciyuae, 3aMeTUM, Me€pa OTHOCUTCS K HEMATEPUAJIbHBIM BEIMYMHAM, CKOHLIEHTPUPOBAHHOMY H3IMSHUIO JIIOOBU
WM TipeocTasieHus (nasas) (i uHdopmanuio 06 odpase — onurcanue o0pasa). Kaxaplit yuurcs (morpebusis uin
roryiomasi HHYOPMAaLUIO) C LIEIbI0 PACHPOCTPAHEHUS TOTO, YTO OBLJIO U3YYEHO, KOTOPAst CYUTAETCS HKeJIaTeNIbHON Wi KaK
Oosiee BBICOKMI cuHTe3. Kak B ciyuae ¢ pa3BUTHEM HE3PEJIOi B 3peiyto Boay, 0€3 3TOr0 OJHOTO COCTOSHHS "MOIIOIIEHHS
(mpuHMMas, BTSTUBaHUS)" HEe ObLIO Obl BOBMOXXHOCTH COCTOSAHUS "0oTAaBarh" (0TAaTh). becuncnennsle npossiaeHus GopM B
[Ipupone 1 SBONIOLNY, Pa3BUTHE, MOTYT HOATOMY OBITh HCTOJIKOBAHbI KAK MaTepUalIbHbIC IIPOAYKTHI OTKPBITHIX,
SHEPreTHYECKHX, JyXOBHBIX CHHTE30B "OTHaBaTh (1aBaTh) U IPHHUMATH (BOUpPATH)".
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Puc 16.1
Mony4eHHbIA U3 kNaccuyeckoro nccrnegoBaHus akonora Pobepta MakapTypa, ata AuarpaMmmMa UnnioCcTpUpyeT, Kak NsiTe BUOOB
McapoB aHanormyHbix no pasmepy un chopme, MMTaKTCs IMYUHKAMWN YepBEN B TOW e enn. OHM n3beraroT KOHKYpeHUUW, 3aHumast s <
pasnuyHble HUWK. 3alTprUXOBaHHbIE 0GNacTK yKasblBatoT, [Ae Kaxabli BUg TpaTuT Gonblie YeM MOMOBUHY €€ BPEMEHM.
MTyubl MICNONB3IOT a* pasnuyHbie MeToAdbl OXOTbl. Ta MOAENb HE KOHKYPEHTHAs!, TUMMYHAsA A eCTECTBEHHOIO COCYLLECTBOBaHMWS
BCEX BUAOB.

O4yeBUAHO, NPOLIECCHI BCACLIBAHWS U AABIIEHNE AOMKHbI ObITb pacCMOTPEHbI. HyKakoi Bbirofbl, B HaTypanbHOM OGMEHe HE MOXET
6bITb, TOMLKO B YCNOBUS AaBneHus. BnusHne aaBneHns (LeHTpobexHoe MbILLSIeHNe) U BcackiBaHWe (LLeHTPOCTpeMuTeNbHoe
MbILLMEHNE) MOXHO OGBSICHUTL ABYMSI MPOCTBIMU CXEMaMMK.

1. OABINEHUE +> <+ CONPOTUBNEHUE ~—————> [pouecc Bbi3biBalOLWWIA - TPEHUS
2. DABJIEHUE + >> - BCACbIBAHUE > [pouecc yMeHbLIAKOLWNA TPEHUA

Kak acnekTt co-koHKypeHIHMH, BIUSHUS dQdekTa qaBIeHus cIenyeT paccMaTpyuBaTh B MeXaHuke ooOMeHa. JlaBneHne
HaIpsAraeT HexenaTeNbHble CHIIbI OHOM CUCTEMBI Ha IPYTyI0 Hexenarolee e€ IoMy4uTh. B kauecTBe HeocpecTBEHHOM
HEMEUICHHOM peaKllny, COIPOTUBIIEHHUE, 3aKPOET YA3BUMYIO CUCTEMY. DTO O3HAUYaeT, 4TO CUCTeMa MoABEepraBIIniics
JIaBJIeHUIO He OyaeT BOUpaTh B cedst HU MH(POPMALHIO, HU IPUPOLY, HU UMILY/IbC IaBICHUS Ha CUCTeMY. Bce BO3MOXHBIE
CpPEZCTBa I0CTyNa OMOKUPYIOTCS M TOJIBKO MO M30BITOUHBIM IPHHYKICHUEM, JaBICHUEM, JIeflaeT BTOPYIO CUCTEMY,
[OAYEHEHOH JKeNaHuI0, BOJIE, IepBoii cucTeMme. TpeHue sBisieTcss Heu30exKHbIM caeacTBUeM. Ecnu ecTh cnadble MecTa UK
TPELIMHBI B CUCTEME IO AABJICHUEM, TO IIPH ONPEAEICHHBIX 00CTOSTEILCTBAX OHA MOXKET OBITh pasiesieHa APYT OT Apyra WiIu
pa3loKeHa, YTO IPUBOIUT K €€ MOJHOMY YHUUTOKEHUIO. DTO COBEPLIEHHO HE €CTECTBEHHO, MEXaHMYECKUIl IpoLecce,
KOTOpBIf HUKOUM 00pa3oM HE COOTBETCTBYET €CTECTBEHHBIM IIpolieccaM 00beluHeHNs U KoMOuHauy. [10BCIony ceromHs Mbl
MOXKeM HaOronaTh 3G (HEKTH TAKHX )KECTKHUX, TEXHOJIOTHIECKUX METOIOB. Bech ()eHOMEH MmpeAcTaBIIsIeT Xy/IIIid acIeKT B
3aMKHYTOH cUcTeMe. 3aMETUM, €CIIM 3TOT MPOLIECC IPOUCXOIUT B €CTECTBEHHBIX YCIOBHSAX, TO COIPOTUBICHUE,
paccMmarpuBaeTcsi Kak HeoOOXOMMBIIT TPOTUBOBEC BCACHIBAHUS, HE JIOJDKHO OBITH UCTOJIKOBAHO KaK MPEMSATCTBHE HA MYTH
Iporpecca, a CKopee Kak KaTalu3aTop, KOTOPbI yMEPEHHO U U3MEHSET HalpaBIeHUE U Ka4eCTBO JBIDKECHUS, CO3/IaHUE XKU3HU
1o-HoBoMy. BeackiBaHue, ¢ qpyroil CTOPOHbI, pa3BUBAETCs Yepe3 B3aUMOJICHCTBUE CHII IPUTSKEHUS MEXKILY ABYMSI
B3aMMOJIOTIONHSIONNMH MOIPHOCTSIMH, U IIPECTABISET cO00H Doee Ka4eCTBCHHYIO CHITY, TOBOPS, YeM CHILy KOTOPOe
npou3BoauT TpeHue. BeacrkBaronue (CocyIume) CHCTEMBI, PEXIe BCEro, OTKPBIThIE ccTeMbl. OHa OTKPBIBAET ceOst s
TOTO, YTOOBI NOMy4HnTh. OHa IPHUBIIEKAET BTOPYIO CHCTEMY K cebe, CHCTeMy, KOTOpast XO4eT OBITh BTSHYTa B JIEHCTBYIOIIYIO
CUCTEMY.

[Ipu BcachbIBaHUW HET HUKAKOTO TPEHUS WK CONPOTUBIECHUS. Ha000pOT, €CTh TOJBKO XKeTaHHe IBYX CHJI IPUBIICUCHUS
00BEIMHUTHCS, KOTOPBIE yIBaNBaeT SHEPTHHU MPUTSDKEHHUS U YCKopsieT ux commxenne. Mimenno takum obpaszom, [Ipupona
paboTaer, MOCKONBKY BCe HATYpaIbHBIE OPTaHU3MBI TOIDKHA OBITH OTKPBITBIMH CHCTEMaMH, YTOOBI HMETh BO3MOKHOCTh
B3aMOJICHCTBOBATh C OCTAJILHOM )KN3HBIO. Besl sKM3HB co3MaHa B sIiIE U B MOJOCTSX, WM B BHYTPH (B KOPIIyce) U B



OTBEPCTUSX, BEIIECTBO 000I0YEK KOTOPBIE TOPUCTHIE M CTPYKTYpa MO3BOJISET IPOHUKATh, NU( Y3110, U IPOXOIUTH
KM3HEHHOH SHeprun. Kak MbI BUIUM, BOJIa CO3aeTCs IPH COMKEHNH MOJICKYII BOZOPO/IA M KHCIOPOAa HUXKE TOBEPXHOCTH
3emun. OHa - SIBISIETCS OCHOBOH JUISl pOCTA U Pa3BUTHS BCEX KHUBUTENBHBIX M )KU3HE HECYIIUX KHIKOCTEH, TaKne KaK KPOBb,
mMda, COK M MOJIOKO. PacTyiee nepeBo, ciaemoBaTenbHO, TECHO CBsI3aHa C pa3BUTEEM, BOJOIMEH, Boxbl. Kaxas

JKHMBasi CHCTEMa - BOJIHAS TOMIIA (BOAHBII CTOJIO) MITM KOHTSHHEP U3 CaMbIX YHUKAJIbHBIX BUJIOB.

Vcropus sXu3HU IepeBa TaKXKe - UCTOPUS SKU3HU BOABL. JepeBbs - SBISIOTCS CaMbIMU BHICOKMMH U OJIarOPOAHBIMU
(dbopMaMu pacTeHUid, Yeil 1ap ABISIETCS YHUBEPCATBHBIM U 0e3yCI0BHBIM. OHH JOJKHBI OBITH JJIS HAC IPUMEPOM ISt
[OAApaXKaHHs, 100 OHU B PAaCTUTEILHOM LIAPCTBE, KaK YEJIOBEUECKHE CYIIECTBA SIBIAIOTCS B )KUBOTHOM IapcTBe. JlepeBbs,
3aMETHM, HE B MTOJIHON Mepe, KaK U MBI, OHH SIBJISIFOTCSI CAMOCTOSITEIBHBIME, OHH HE HYXXIAIOTCSI B HAC, YTOOBI BEDKHUTH, 8 MBI
Hy’)X7aeMcsl B HUX. B mporiecce (OTOCHHTE3a OHHU BBIIBIXAIOT KHCIOPOJ, KOTOPBIH HaM MO3BOJISIET CYIIECTBOBATh M B CBOIO
o4epelib, Kak MbI BBIJBIXaeM, MBIl BHOCUM BKJIaJ B aTMOC(epy YIIEKHCIIOro ra3a, KOTOpblid uM HeoOxoanM. Tabmuma -

puc. 16.2 - nanpHelIee WLTIOCTPUPYET 3TY B3aUMO3aBUCHMYIO JESTEILHOCTb.

YXuBoTHoe: PacTtutenbHOCTb:

AnnapaT Angd CXuUuraHua nnm oknmcneHna AnnapaT ana CXmxeHume nnn packnmcneHna
O6nagaet cnocobHOCTLI0 NepeaBMKEHUS] dukcnpoBaHHasi

Cxwvranue yrnepoga
BOOOPOA

aMMOHUIN
BbiabixaeT yrnekucnbli ras, v BbiAensieT BoAy,
OKMUCW aMMOHMS, a30T
MoTpebnsieT kucnopoa.
HelTpanusaumsa asoTUCTbIX MaTepuarnos.
YK1pHbIX MaTnpuranos.
KpaxmanucTbix Matepuanos, cMona u caxapa.
Mpoussogut Tenmno.
OneKTposHeprus.
BoccTaHaBnuBaeT ee aneMeHTbl B BO34yXxe
1 3eMmne npeobpas3oBaHUs OpraHN30BaHbI
B MWHeparbHbIX BeLecTBax.

YMeHbLUae yrnepog
BOAOpOA

aMMOHUN
BabixaeT yrnekucnblii ras, notpebnser Boay, asor.
MpounaBoguT kucrnopon
[MpounssoguT kMcnopog.
HeliTpanusaums a3oTucTbiXx MaTepuanos.
>KvpHble maTtepuansl.
KpaxmanbHble matepmanbsl. Cmona 1 caxap.
MNornowaet Tenno
AGCTpaKkTHasn aneKkTposHeprus
[MpouncxoanT ee anemeHTbl U3 BO34yXa U
3emnu npeobpasoBaHnsi MMHEpanos B
OpraHn3oBaHHY0 MaTepuio.

Puc. 16.2 gbixaHne pacTeHUN N XXNBOTHbIX
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Puc 16.4

U3 obriero konmdgecTBa KUCIOPOa, KOTOPOE OHH IPOU3BOMAT B Iporiecce GorocunTesa, 60% BEIAETIETCS U OCTAIBHbIE
40% wucTonb3yeTcs IePEeBOM WM CAMUM PACTEHHEM B TEUECHHE HOYH, YTOOBI MIPOM3BOUTE MPOXJIALY, CO3AAIOIIYI0 CTPYKTYPY
OKHCIICHUS KOTOpbIe TpebyeTcs aepeBy. Kak M BO MHOTHX Ipyrux B3anMO3aBHCUMOCTSX B [Ipupoze, 510 cuMOHoTHYeCKHiH
oOMeH, coBMecTHas orepanus. be3 poTocrHTe3a MBI HE CMOTITH OBl BBDKHTb, TaK YTO HAIIM JAJIbHEHIEe CyIIeCTBOBAHIE
MIOJTHOCTBIO 3aBHCHUT OT 3TOTO BETIHMKOTO Japa KUCIOPOAa, U TOJIBKO AEPEBbs U APYrasi paCTUTENIbHOCTh MOTYT HAaC 0OECIICUUTh.
Ecnu Ob1 He ObLTO JepeBbEeB HE OBLIO OBl HUKAKOW YKUBOTHOM JKU3HH, Y€TIOBEUCCKOM KHU3HHU WM MUKPO-OPTaHUYESCKOM
JKM3HM Ha 9ToH manere. Korna BeipyOaroT nepeBbs 0e3 pa3dopa, Mbl HEe TOJILKO MPUYMHSIEM UM Bpell, a Bpea cede, Tak U Jyist
ce0s1, TeM caMbIM MBI YMEHBIIIAeM KOJIMYECTBO KHCIOPOIa M BOABL, TOCTYITHON JUIsl HAC.

Ectb Takxke npyrue, 6o1ee TOHKHE CUMOMOTHYECKUE B3aUMOJCHCTBUS MEKAY AEPEBbSIMU U YEIIOBEKOM C TOUKH 3PEHUS
ugera. ['paduk Ha puc. 16.3 MOKA3BIBAET OTHOCUTEIBHBIE HHTEHCHBHOCTH H3Iy4EHHS B SJIEKTPOMATHUTHOM CIIEKTPE’, KOTOpast
HCXOJIUT OT YIBTPa(HOIETOBOTO CIeBa Yepe3 BUIMMBIN CIIEKTP U B HH(PpaKpacHyIo 30Hy crpasa. CIUIONIHOM JIHHUCH
n300paskeHa HHTEHCUBHOCTh COJTHEUHOT'O M3JIy4eHHSI OTHOCUTENBHO YAaCTOTHI MM K Pa3IMYHbIM KaTerOPHsIM IIBETa.



B BuauMoii 4acTH criekTpa, eCTh OY€Hb BHICOKHI YPOBHE B 3€JICHOM IIBETE, CIIPaBa, U JI0 CHX MOP JOBOJIHHO BHICOKOM
YPOBEHb B KPACHOM, TOT/Ia KaK OH YMEHbBIIIAETCS BIIOJIHE OBICTPO B YJILTPadHOIECTOBOM JieBee. J[epeBo - 3epkao KauecTBa Win
CBETa B €ro €CTECTBEHHOI cpesie 00MTaHus, Kak OyaeT o0cyXaaTscs Goee moIpoOHO Mo3Ke.

U3 rpaduka BUIHO, 4TO HAUOOIIBIIIAS UHTEHCUBHOCTh COJIHEYHOTO M3JTYUCHHS JIC)KHUT B 3€JICHOM U JI0 CHHE-3€JICHON
YacTH CIIEKTpa. OTO KMEHHO T€ YaCTOThI, KOTOPHIE JIEPEBO HE MOXKET MCIOJIb30BaTh JJIsl CBOETO POCTa, IIOCKOJIBKY 3TH
LIBETA BBI3BIBACT CBOETO POJIa OLETICHEHNUE HITH CISAIY 0 Oe3aericTBre. be3 pa3HUIM Kakoi 1[BET WIIM YacTOThI, OHU HE
MOIVIOMIAIOT, OTpaXkatoT. KpacHast HOBEpXHOCTb, HAIIpUMEp, TOINIONIAET BCE 1IBETA, KPOME OT/EIbHBIX €€ OTTEHKOB KPaCHOTO
1uBeta. MHOrMe 0OMEHHBIE TPOLIECCHI BHI3BAHBI OMPEICICHHBIMU YaCTOTAMH, H, €CIIH TpeOyeMasi yacToTa CBeTa He JOCTYITHA
WA IOCTYITHA TOJIBKO B OTPAHUYSHHOM KOJIMYECTBE, TO OTBET Ha Ty (QYHKIHIO WM PEAKIHIO 3aTPpyIHEHA WITH HE IPOUCXOIHUT
BOOOIIIE.

B cBoeii knure CeeT u 310poBbe’ 1-p Jixon H. OTTa naeT sKCIepHMEHTAIBHOE I0Ka3aTeNbCTBO BPEIHOTO BO3AEHCTBHS
LIBETA WJIM YaCTOTO HEJI0CTAaTO4HOro ocBelieHus. Ha rpaduke nokasano puc. 16.4 nokazaHa MHTEHCUBHOCTb CBETa U CIIEKTP
CBeTa JIIOMUHECIEHTHBIX JIaMII, OHH JTOCTYIIHBI U HCIIOB3YIOTCS B KOMMepUecKux 1ensx. Korna cBeToBoi MOTOK OT HUX
CPaBHUTH C TIOJIHBIM CBETOBBIM CHIeKTpoM OT COJHIa, TO MOXKHO YBHUJIETh, KAK HEIOCTATOUHBINH M OTPaHMYCHHBIN 3TH

pa3n4YHbIe POPMBI HCKYCCTBEHHOTO OCBELICHHS.
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Puc. 16.5 BausHue AIMHBI BOJIHBI CBETA Ha CIIOHTaHHOE pa3BuTHe omyxoimu C;H y mprmeit.




CHHE-YNbTPO®UONETOBAA aoma
Ha BLICoTe WKW BLICOKHX IWAPOTAX.
KopoTkme BonHis “»ecTHMA®™ ceeT.
Buicwmwi snepreTHueckui sdidpext.
BLICTRLIE AHHAMWHECHAG OBHHEHAHA,
MeHLILIWA paguyc, Gones KOPOTKHA
neplog. KopoTkii NepHog, MidaHi,

Yem BLILe NONoxeHue,
6NM3K0e K BbICLWIEN NNOTHOCTK
3Heprum, Tem Gonbwee
YyCKOpeHWe NogHMMAaIOWMNX Chn
W bonee BepTHKanbHee
hopmMbl Aepesa.

KPACHLIW - MHDPA - KPACHARA
30HA HA YPOBHE MOPA MAW B HHIKAX
WHpoTaX. [NUHHEE BONHL "MAKHA® cBeT.
Huakmit anepreTHuecknia agcpert.

MegnenHoe QHHAMHYECKOS QBHKEHNE.
Eonbwo pagmyc, Gonee anMTenbHbIA Nepuog.
AnnTenbHbii NepWog cnywBii
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Fig. 16.6 Bup nepeea no OTHOLWEHWIO K CUNe neBuTaunmn

Puc 16.6

B xone skcniepuMenTa, MpOBEAEHHOTO € UCTIOIB30BaHMEM “PO30BBIM™ M “IHEBHBIM CBETOM ™ JTFOMHUHECLIEHTHBIX
namrl (puc. 16.5), cpeaHss IpoaoHKUTENFHOCT B Mecsiiax Mblmein ¢ CsH, n3-3a CHIOHTaHHOTO Pa3BUTHSI OIYXOJIH, MO
MSTKO# Maccoit "moiHoro cnekrpa” coctaBmi 15,6 MecsIeB, O OKOHHBIM CTEKIOM, 9,4 Mecsia, oA (IyopeceHTHBIM
JTHEBHOM CBeTe, 8,7 MecsIa ¥ Moj po30BOi (iIyopecleHTHOM aMIiol, 7,5 Mecsna. Bee 3To mpou3omyio, mpocTo NOTOMY,
YTO OHH HE MOJyYaji CBETOBYIO SHEPTHIO B HYXKHBIX MPOonopiusax. CBETOBOW CIEKTp ObUT HApYIIEH, U HEOOXOAUMO TTOATOMY



CEephE3HO 337aThCsl BOIIPOCOM O BIMSHUS U 3arpsA3HEHHs aTMOc(ephl He TOJIBKO Ha HAC, @ U TaK )K€ Ha HAIly XKHU3Hb - CUCTEMY
MIOAJEPIKKH — Ha JIEPEBBSI.

JlBe OoJee I1agKue MPOTUBOIOJIOKHBIE KPUBbIE, KOTOPBIE 5 JOOABHII K 3TOH AuarpamMMe, IpeHa3HaueHbl
CXEMaTHYHO, YTOOBI MPEACTABUTH PA3INYHYIO YyBCTBUTEILHOCTD K CBETY YelOBeKa U epeBbeB. Camas O0oJbIIasi CBETOBas
qyBCTBUTEILHOCTD JI€PEBA JIEKUT JIMOO0 B YABTPa(roIeTOBOM HWIH B KPAaCHOM OJKe K MHPPaKpacHOMY y4acTKy criekTpa. U
TIOYTHU MMOJHOCTBIO HECUYBCTBUTECJIBHBI K 3€JICHOMY CBETY, U €CJIM OCBCIIATh 3€HBIM CBETOM PACTCHUS (paCl‘[OJ'lO)KI/ITB TIOJT 3eJICHBIN
CBeT pacTenust), TO OHH PAacTH He OyIyT, MOX0XEe OHU BIANAIOT B COCTOSHUY aHabno3a. CBeTOBas 1yBCTBUTEIEHOCTh
YeJI0BEYECKOTO IM1a3a, ¢ APYyroi CTOPOHBI KaK pa3 Hao00poT. OHa He YyBCTBUTEIbHA K YIBTPA(HOICTOBBIM M HHGPAKPACHBIM
00IacTsIM, a YPEe3BBIYAIHO TyBCTBUTEIBHEI ONIDKE K 3€TICHOMY IIBETY.

ITockosbKy MBI HE MOXKEM OLICHUTh HaIM4Ue KaKOTo-IMOO0 3€JICHOT0 1[BETA B COJIHEYHOM CBETE HEMOCPEACTBEHHO, ECIIH
OBI HE IepeBbs U PACTHTEIEHOCTH MBI OBl YBIJIMIIM MaJIyl0 YacTh MJIM COBCEM He YBHAEINH OBI 3eIeHOTO I(BeTa BoooOme. [t
Hac, 3€JIEHbIH [[BET OUCHb YCIIOKAUBAIOIIUM, IeJICOHBIH 1BET, C YCIOKAaUBAIOIUM 3()EKTOM IEHCTBYIOIUM Ha HEPBHYIO
CHCTEMY ¥ TICUXUKY, ¥ €CII OH He SIBJSIETCS YaCThIO HAIlle 00LIel )KM3HU, MBI MOXKEM CTaTh Pa3IpaKUTEINbHBIMA U JaXe
KECTOKUMH. YTO MBI MOXeM HaOIIoaTh B OOJBIINX COBPEMEHHBIX FOPOJax, ¢ CYIIECTBYET TOIBKO HECKOIBKO JICPEBLEB,
9T00BI OIIEHUTH (P PEKT OTCYTCTBUS 3eNeHr. BoT emé ogHa Gronornieckas HUIIA, TaK CKA3aTh, T/I€ B3aUMOIEHCTBHE MEXKITY
YeJIOBEKOM U JIEPEBBSIMH JOIOIHSIOT IPYT JPYyTa.

Ha npyrom rBo3ze, Ui MHOTHX U3 Hac, 3TO IOBOJIGHO OOJILHO BUIIETH MEPTBOE BEIPBAHHOE JIEPEBO JIeKallee Ha
kaMHsX. Tak WM HHAYe, eCTh BPOXKACHHOE JKENIAHHE Y YEIOBEYECKHX CYIIECTB, YHECTH €ro, TOXOPOHUTB €T0 MYIITY, YTOOBI
0CcBOOOANTH €€, KaK 3TO ObI0. DTO TOXE caMoe KaK eCIM ObI TPYH OCTaJICs JIeKaTh Ha 3eMile. X04eTCsl, IOXOPOHHUTH TPYIL.
Tak y Hac ecTh ONpeeTIeHHbIe TyBCTBA 110 OTHOIICHHUIO K JIEPEBBSIM CPOAHU C TEMH, KOTOPbIE MBI IPUISP)KUBAEMCS IS
JPYTHUX 4eJIOBeYEeCKUX CymecTB. Ele mapaiaieasHo B TOM, YTO, KaK MBI CTAHOBHMCS CTaplile, Mbl CTAHOBHMCS Ooliee
HETIOZBIYKHBI B HAILIEM ITyTH U YacTO BO3BPAIIaeMCsl K IETCTBY, KaK OTHOCHIIMCH HIIM K TOMY BPEMEHH, KOTOPBIE MBI IIPOBEIH
MHOTO JIET Ha3a]l.

PaznuuHbIe 3Tanbl pocTa OTpakeHHI B CTPYKType AepeBa. OHa npencTaBisieT co00H 3anKch )KU3HEHHOTO OITBITa IepeBa
U, B HEKOTOPOM CMBICIIE 3TO MOXKET OBITh IIPUPABHEHO K HCTOPUUECKOMY JBIKEHMIO COKa (KaK >KU3HEHHOH CHIIBI, yXa U
HHTEJUIEKTa, Oomee MOJTHOTo JHara3oHa CyIeCTBOBaHUS AepeBa. Kak KM3HEHHYIO SHEPTHIO AepeBa, OTCTYIAET, COK
OITyCKaeTCs HIDKE U HUDKE, OTCTYIAIM 4epe3 BCE Pa3IMUHbIC HTAIbI CBOETO IPEAbIAYIIEro Pa3BUTUS HAIIOMUHAS U NIEPEKUBAs
9TH COOBITHS ¥ OTHOIICHHE 3alle4aTiIeHHbIE JaBHO MUHYBIIHNX JHEH. KpoMe Toro, HOCKOIbKY IepeBO pa3BHiIa MPOLIIYIO
3pENOCTb, KaK ¥ MOXKUIIBIE JIFOAU, €r0 CTPYKTYpa CTajla OUEHb JKECTKOM U HENPUKIOHHON U II03TOMY HE MOXKET U3MEHHUThCS U
aqarnTUPOBATHCS K HOBBIM YCJIOBUSAM.

MEI 3a0bIBacM, 3aMETHM, YTO AEPEBO, KAK OPraHU3M, BEPOSTHO, HANMEHEE IPHUCIIOCOOICHHBIC K OBICTPEIM N3MCHEHUSM.
Cpensis IpoJoJDKUTEIbHOCTD XKU3HH JEPeBa CIeAyeT Ioc/e NPOAODKUTENFHOCTH TOP, U IOATOMY MHOTO BEKOB JIOJDKHO
IPOITH, IIpeXIe YeM Kakas-Tn0o0 peabHas aJalTalis K H3MEHHUBIINMCS YCIOBUSIM MOXET IIPOH30UTH. 3MeHeHNS B
OKpYy’Karolllelt cpesie, JaXke €ClIM OYEBUIHO MaJIble CIEACTBUS, KOTOPOE He MOTYT ObITh CTOJIb XK€ YIEPOHBIMU JUIS JPYTUX
OBICTPO KMBYIINX XHUBBIX CYIIECTB, MOTYT 3aCTaBUTh JEPEBbS YBANATh X YMHUPATh U B HAIlleM HE3HAHWH U HEBEXKECTBE HX
HNOTPeOHOCTEN JUIS )KU3HU, Mbl 3BOHUM UM IIOXOPOHHBIM 3BOHOM. MBI Ilepe]l IEpEBbIMU B OTPOMHBII HEOIJIATHOM JIONTY 32
UX MOJTYaHHE, HEIPEepPHIBHOE 0OCITY)KUBaHHE B CTOJIb MHOTHX 00NACTAX. XOTS Ype3BBIYAHO YA3BIMBI OT HALIHX rpabexet,
OHH HO-BHJMMOMY HE BEICTYTIAIOT C IIPOTECTOM, H IIPU STOM OHHU HHUKOIJA He OaCTYIOT JUIsl YITyYIICHUs OIUIaThI UX YCIIOBHIA, a
MPOIOJDKAIOT M30 JIHS B JISHb HE JKaJies CHJI, 00eCIeunBaTh HEOOXOAMMBIMH CpeACTBaMu Bce (OopMBI )ku3HH. Cpean ux
MHOTHX (DyHKIIHH, TepeBbs CTAOMIN3HPYIOT KIIMMATa | JICCHOI MOKPOB GBI OoJiee OOIIMPHBIM, YeM OH SBIISETCS CETO/H,
OHHU OBLTH OBl B COCTOSIHUH PacIpeeIUTh BOASHOW Map OYeHh POBHOMEPHO B aTMocdepy, TEM caMbIM 00ecTieurBast
pPaBHOMEPHOE pacIpeieNicHIe TeIlIa U TeMIepaTypsl, Kak 00CyKIaoch B TaBax 6 u 9. B3pocmoe nepeso Oyka, HarmpumMep, 10
7 000 000 nucTheB ¢ o6ieit iomanpto 1,47 ra ass ucnapeHusl.

OHH He TOJBKO 00ECIIEUNBAIOT BJIAroi M MUTATEILHBIMU BEIIECTBAMHU U3 0oJiee TIIYOOKHX YPOBHEMH, a TaKkKe IepeBbs
CHIDKAIOT CKOPOCTh BETPA, CO3/aBast yOeKUILE
I APpYTUX (GOPM KHU3HH M MAJICHBKHX -l "“- ] '?:
BUJIOB pacTuTenabHOCTH. ObecnednBaoT - —_ — —
JKUIIBEM - KPOBOM (JIydIie BCero B popme \* s \ } x *’ \} "f
CIMPAJIN) CHUXKAET KaK CKOPOCTh BETpa s
1 00€3BOKUBAHYS TIOYBHI, 1
CO3JJaHie MUKPOKJIUMATa, IOMOT'al0T [IOYBE CUET N
MIPEIOCTaBICHUS AOMOIHUTEILHOTO EPETHOS \
(rymyca) ¥ 3alUThI OT 3PO3HH.
JleHCTBUTENBHO JIECHOM OKPOB MOXKET BIMATH \
Ha CKOPOCTh HCIIAPEHHs HaJ 00pabaThIBaeMOi
3emiielt Ha Henbix 30 METPOB IPOTUB BETpA U
120 MeTpoB 110 BETPY, U KaHAJICKHE
HCCIIEN0BaHUS ITOKa3au, 9YTO (hepMbl IOKPHITHIE ]

Ha 1/3 mecHbIM ITOKPOBOM B BUC XWUJIbA - /(1\ /*\

Fy
MOKpoB (11051c) OoJIee MPOU3BOIUTEIbHBI,

4yeM (hepMBbl SKBUBAIEHTHOM ILIOIIAIHM, TJIE HET ng 16.8 MarHUTHbIE NOTOKK:
HHKAaKHX JICPEBLEB BOOOIIE. : 3 » |

| heopranwqeckue. |l opraHuqeckme. Il gUcnouMpoBaHHEIA BUOMarHMTHEIA
noTok gepesa. [V 300poBLIA BHOMArHWTHEIA NOTOK B AEpeBe



ceBepbin
NOMIC cunosue e IWOTAS Mbl NOAPAasyMeBaeM MarHvT, Hale NepBoe NpeacTaBneHne,

marwwrvoro  KaK MPAaBUIIO M3 HEOPraHWYeCKOro, CABNaHHOTO U3 MATKOrO Keneaa,
fana r4e MarHMTHbIE CUNIOBLIE TMHMM BXOOAT M BLIXOAAT Ha TOPUaXx,

(ceBepHbIA K KXHEIA NONKOC), M yPaBHOBEWMBaKOWWX cebA oT
TOPUOB K LeHTPY cTepHA (puc. 16.7). 3ameTtnm, no cnoeaMm Buktopa
Lay6eprepa, AepeBo, KaKk 1 OPraHM4eckNi CTEPKHEBOW MarHuT,
| HaKannWBaeT CBOW CUNbl ¢ DOKOE W BLIDpackLIBaeT MX B
/ BEPTWKankeEHOW nnockocTh. Puc. 16,8 aTo ero noAcHWTENbHEIX
' PMCYHOK, KOTOPLIA CX@MaTWUYHO u3obpaxaeT 3T0 U cpaBHUBaeT
i é | > HEOpPraHM4YecKWe MarduTel | ¢ opraHnyeckumu ||. OveBnaoeH
B YN NPpOTHBONONOKHLIA peXUM paboTel GuomariuToB. Puc. 16.9,
\ I Noka3bIBAET, FAe HanpaBneHne ABMKEeHWA MarHMTHBIX CUNOBbIX
MUHWIA OKpYXawwmWx runepbonuyeckoin koHycoobpasHoro

3NeKTPOMarHMTa NMHMK 0603Ha4YeHbl cTpenkamu. B otnuume ot
CTEPXHEBOro MarHMTa NoKasaHo Ha puc. 16.7, cMNOBLIE NUHKMMK,
3peck (hakTMYECKW BXOOAT B KOHYC rOPU30HTaNLHO B BEPXHEN
fonee UMNMHOPWYECKON YacTH U MOXKET He BUAENK, YTobkI
OCYLWECTBWTL 3apAag W paspag no BepTukanw. [1Ba gpyrmx
naobpaxeHun, lll n IV, Ha puc. 16,8 OTHOCATCA K eCTECTBEHHBIM
WNK He BCTECTBEHHbLIM NOTOKaM (POPMHMPYHILLER IHEPIAW U MX

‘ BNWAIHWE Ha POCT, ByayT pacMOTPeHHbI MNO3KE.

Fig. 16.7 MarumuT us markoro xenesHoro Bpycka

HOMH b1
nonwc

OTH 3aIIUTHBIE JECO-TI0IO0CH! TAKXKE 3aMAaHUBAIOT B JIOBYLIKY YIIIEKUCIBIH - ra3 (CO,), camblil TsDKeTbIH 13
€CTECTBEHHBIX aTMOC(EPHEIX Ta30B, KOTOPEIH IITaBHEIM 00pa30M HAXOIATCS BCAMbIX HA3KUX YPOBHIX aTMOC(epsl, U ABIseTcs
OJJHUM U3 OCHOBHBIX UHI'PEIUEHTOB B Ipornecce Gorocunresa. bonbuie CO, mpu NpaBUIbHBIX YCIOBUSX, TEM OOJIbLIE
310poBoTO (hoTOCHHTE3a. M3 3TOr0 CTaHOBUTCS OYEBHIHBIM, YTO YCTPAaHEHNE CKOILICHHS ICPEBLEB H KUBBIX H3ropojel
MEXKY IOJISIMU OKaXKET CYIIECTBEHHOE BIUSHUS Ha yIIIEPOJ - HAJIMUKE Ta3a U TEM CaMbIM Ha MIPOU3BOJUTENILHOCTD, KOTOPas
OyIeT UMeTh caMble paJuKabHbIE JONTO-HIyIIHe TTOCTeACTBIA. Tak e, Kak MBI JJOJDKHBI TIOYUTATh BOJY, TAaK JKE MBI JOIKHBI
HOYUTATh JAEPEBbsl, KOTOPBIE, KAK U BOJA, TAK K€ JAPYIOT HAM XKU3HU.

16.2 Buo-maznummnsie ceolicmea oepesa

B raBe 4 Mbl 00CyX /a1 CBSI3b MEXK Ty OMO-MarHETH3MOM U JieBUTaIMel. JIepeBo - BaXKHEHIINI pUMep 3TOTO, U B HEM,
Ka)KeTCsl, €CTh OIIPEACIICHHAsI KOPPETALM MEX Ly BHICOTOH U Pa3HOBHIHOCTSAMHU IOPOAbI AepeBa. ©opma, BHYTPEHHSIS
CTPYKTYpa ¥ CPOK CITy>KOBI JAHHOTO JIepeBa, TAKKE 3aBUCSAT OT HEBUANMOTO JBIKCHUS SHEPTHH B €T0 €CTECTBEHHOH cpezie
oOuTaHus u GOpMHUPYETCs B pe3yIbTare B3aUMOJICHCTBUS TPaBUTALIMY U JICBUTAIIUH.



Puc 16.9 anexrpoMarHuTHBIC TMHUN THIEPOOINISCKOrO KOHYCa

, 0 YEM CBHUACTCIIBCTBYET BBOCXOAAIIAA CIIMPAJIb HA

, YTO YBCIIMUYCHUE HOZ['bCMHOﬁ CHUJIbI CBA3AaHHO C BBICOTOH

Kazamocs 051
puc. 16.5. Hanipumep, ecitit JepeBo pacTeT B HIKHUX IIUPOTaX BOMM3U DKBATOPa WM HAXOSIIIMMKCS B HU3KO JISKAIHX



o0nacTsIX, Iie IIOTHOCTh aTMoc(epsl O0TIblIe U JUHAMUYHOE JBHXEHHE COOTBETCTBEHHO MEIJIEHHEe, (TO eCTh Oolee
TapMOHHYHO CTPYKTYPHPOBaHHBIE YHEPIHH 110 OTHOILIECHUIO K AMHAMHYECKON SHEPTHHN), @ €CIIU OHU HE B TPOIIMUECKOM JIECY,
BETKH, KaK IIPaBmIo, OYIyT paclpocTpaHsaTcs 0ojee FOpU30HTAIbHO, YUeM BBEpXHHE. DTH Pa3HOBUIHOCTU IOPOJ APEBECUHEI -
JIOJIBILIE YKUBYILME JIMCTBEHHBIX MOPOJ, TAKUX Kak OyK, Iy0, Bs3, U T.H., KOTOPBIX NPOAOIKUTENEHOCTD )KU3HH HAXOIUTCS
Mmexxay 200 u 300 ner B oTpaxxeHHu Oojee MIOTHOM JPUBUCHHE, MEHEE AUHAMUYHBIM 3HEPIETUUECKOM II0JIE U cnadee
BJIMSIHUSI BOCXOJISIICH CITUpaIN SHEPTHH (TI0IbEMHO-BOCXOISIIIAsl CHIIa) aKTHBHOE y4acTHE B UX 00Jiee HU3KOH BBICOTHOM
cpene, ecTb ObUIM 0oJIee HAEXKHBI TEHICHIUU.

[To Mepe Hamiero nepeMelieHuss B CTOPOHY 0oJiee BHICOKHX IIUPOT, MM Ha OOJIBIIYIO BBICOTY, MJIM KOMOHHAIIMS ATHX
JIBYX YCIIOBHH, TO ePEBbs IIOCTEIICHHO NIPHHIMAIOT Pa3IMIHYI0, O0Jiee BEPTUKANBHYIO (POPMY, OTpaxast 3TOT IIOTBEM
sHepreTHky. HauuHas ¢ yBelMueHueM CII JIEBUTALUY, TIOCKOJIbKY CHJIa ITPaBUTAIMU OCIa0eBaeT ¢ BEICOTOM, YeM BBILIE cpefa
0OWTaHHsA, TEM MEHBIIE INIOTHOCTE aTMOC(ephl U OOMbIIast TMHAMUYECKAst KOMIIOHEHTa OKPYXKAIOIEro 3HePreTHIECKOTo
HOJIsL, X TeM ObICTpee JUHAMUYECKOE ABIDKEHUE. I/ie INIOTHOCTU aTMOC(epbl MEHBIIIE BCET0o, TeM 00Jiee BEPTUKAIbHbIE
(OpMBI IepeBbEB COOTBETCTBYET Oostee OBICTPOMY BOCXOISILEMY IIOTOKY CHJI JIEBUTAIMH, IPEBECHHA MATYE U KU3HB JIEPEBbEB
KOpoue (COCHa, €Jlb, IUCTBEHHUIIA U €]Ib OOBIYHO CPEHSAS MPOJOIKUTENBHOCT 0T 120-300 1er).

Kax u Bce apyrue opraHu3MBbl, IepeBbsl TAKXKe SBISIFOTCS MPOAYKTAMHU SJIEKTPOMAarHUTHBIX CHJI, MX Pa3iIMIHbIE (HOPMBL,
OTpaXaromuil 0coObIl Gaanc MKy ABYMs IPOTUBOOOPCTBYIOIUMY cUlIaMu. B 3ToM ciydae, 3aMETUM, Mbl HE CBSI3aHBI C
Oonee oOmIei KOHIENIMEH JIeKTPOMArHUTHBIX CHJI, CBS3aHHBIE C CETOJHSAIIHIMH TEXHUUECKHIMH yCTPOHCTBAMU H
MallMHAMH, & ¢ OHOIEKTPUUSCKIMHI U OMOMArHUTHBIMU SHEPTHAMH, TIOCIISJHAE TAKKE OIMCHIBACTCS KaK AUAaMarHATHBIC U
TapMOHHUYHO CBSI3aHBIE C JIEBUTAIUCH.

B miare yepegoBaHus JHS U HOYH - )KUBOH IyJIbCAIIMHU BJIOXA M BBIXO/a 3€MJIH - 3TO BEIOPOCHI (COpOC)
HeMaTepualbHONH SHepruil MO0, BBEPX JHEM WIIM HOUBIO BHU3. DHEPrHHU, KOTOPHIE IepeBbhs IOMIOIMAIOT CTBOIOM
TOPH30HTAIBHO, SBISTIOTCS TEMH JKEHIIMHAMU, ppyKTrreHamH (fructigenic) SHEpPruy 1 O)KUBUTEIFHbIE aHUMAIIMU TOTOKH
PacpoCTPaHArOTCA B CTOPOHBI U UX HaI/IGOHBIHaﬂ HWHTCHCUBHOCTH HETIOCPCACTBCHHO HAZ U HUKE ITOBEPXHOCTU 3€EMJIH, 6y)1y‘{I/I
CTUMYIIUPYEMOi1 orutonoTBOpsitomiel saeprueit ConHIa, Kak onucano B aBe 3. B ux B3aumMoneicTBun ¢ CEeMEHHOW ICCEHINN
(opuruHanbHbIMU cyIHOCTAME) CONHIA, UX IPEXKHEE FOPU30HTAIBLHOE PACHIONOKEHHE U3MEHACTCS U TpaHC(HOPMUPYETCS B
BEPTUKAIBLHOE TIOJIOKEHUE B (PU3MIECKUI TPOLIECC, MBI OOBIYHO OMKCBHIBAEM KaK "pOCT", KOTOPBIH ABISETCS MaTepPUATbHBIM
PE3yNbTaTOM HEBUIMMBIX SHEPreTHIECKUX B3aUMOJICHCTBUI.

HemarepuanbHble SHEPTUH, 3aMETUM, TIPOAODKAIOT CBOM BOCXOJUIIIME M HU3XOIAIINE ITYTH B Oosiee TOHKUE (HOPMBEI,
HMEIOIIUE B HACTOSAIIEE BPEMsI OUMIIEHBIMU OT HECKOIBKUX (PU3MUECKHUX MIPUMeCeil, KOTOPBIE COCTABIAIOT (PU3NUECKUI POCT.
B nx HO}I’LéMe JICBUTALIUHM, BOCXOXIACHHUSA OTH SHEPIHUHU MOJUUIIAIOT PA3JINYHBIC BHICIINE PE30OHAHCHI U OCCCHIIMU BEIICCTB B
JiepeBe, IPOU3BO/IA Ka4eCTBEHHO UHBIE UCTIAPEHUS - UCIIAPEHHE C IEPEBbEB YIIOMUHAIOTCS B OOCYKICHUH [IOJIHOT'O
TUIPOJIOTMYECKOTO IIMKIIA B IIaBe 9.

16.3 Tunot oepesves

JlepeBbsi MOTYT OBITH KiTacCH(pUIIMPOBaHBI KaK MPaBUIO Ha CEMb OCHOBHBIX Kareropuii (puc. 16.10). Onu Moryt ObITH
noapa3aeyICHbl ¢ TOYKU 3pE€HUA IMUPOTHI, BBICOTHI, SABJISAIOTCA JIM OHU CBETOIIOOMBBIMHI (Tp66OBaT€J'II>HI)I K CBeTy) HIIH
TEHEN0OMBBIMU (TPeOOBaTEIbHBI K TEHN) Pa3HOBUIHOCTSIMH, TIEPBBIE C TOJCTOW IpyOOH KOPO U MOCIIEAHUE C TIIAJAKON
TOHKOK KOpOfI, W SIBIISIIOTCS JIM OHU JINCTBEHHBIMU WIIM XBOMHBIMU nopogamMu, MUPOKOJIMCTBECHHBIC, XBOP'IHLIG, BCYHO3CJICHBIC
TaxK gajee.

Ipexne, ueM MBI pACCMOTPHUM JIEPEBBSI U UX POCT O OTHOIICHHUIO K BBIIIEYKa3aHHBIM KaTeropusM 0oJiee mopoOHO,
BO3MOXHO, OBLIO OBI uenec006pa3H0 MMETH Oolee FJ'Iy60KOC TIOHMMAaHHUE KOHKPETHOI'O BKJIaaa, KOTOpI)IfI BHOCAT ACPEBbs B
00IIyI0 OKpYyXKarolyro cpeny. Mbl Bo3bMeM Hanpumep 100 neTHee cTapoe AepeBo, HeoObIYaiHas POU3BOAUTEILHOCTD,
KoTopast Obuta paccuntana Bansrepom [layoeprepom B 1970-€ roqsl OTHOCHTENBHO CPEIHEH POU3BOIUTEIFHOCTH K
€BPOIIEHCKUM BUAAM:

[epeBbsi MOryT ObITb KnaccudULMpOBaHbl B 3aBUCMMOCTU OT CEMW OCHOBHbLIXTUMOB.
OHuv onpeensTCcsa B 3HAYUTENBLHOW CTEMNEHN NO:
LUMPOTE M MO BbICOTE HaJ YPOBHEM MOPS.
(1) CeetontobuBble AepeBbs - TONCTbIE, Kak NPaBuno, ¢ rpybomn Kopow.
(2) TeHuntobuBbLIE OEpPEBUbS - TOHKME, Kak NPaBuUIo, C rMaakon KOpo.
(3) J'luctBeHHble NOpoap! - TONICTON Y TOHKOW KOPOW.
(4) XBOWNHbIE - TONICTON U TOHKOW KOPOM.
(5) XBoWHbIE (Be4HO3€erneHble) (B MONSpHbIX WnpoTax) (Ha 6onbLumx BeiCOTax, B ropax)
OO6uee pacnpocTpaHeHue *
(6) JluctBeHHbIe (Ce30HHbIE) (B CpeaHuX LuMpoTax) (Ha CpeaHuin BbICOTax)
*OTU rpaHnLbl He BCerga YeTko onpeaeneHbl.
(7) Tponunyecknit nec (Be4HO3EMEHbIN) (3KBaTOPUAnbHbIX LUMPOTaxX (Ha ManbiX BbICOTaXx)

Puc. 16.10 OcHOBHbIe TUNbI AepeBbEB

B xone cBoeii xxu3nn, 100 netHee nepeBo:
a) O0paboTano u 3apUKCHPOBAIIO KOJMUECTBO ANOKCHIA YIIIEpO/ia, COAEPIKAIIErocs B 18 MUITHOHOB KyOUYECKUX METPOB
MIPUPOHOTO Bo3ayxa B (hopmy okoso 2500 kr uucroro yriepona (C).
0) ®oroxumuuecku npeodpazosano 9100 kr CO, u 3700 uucreiieii H,0.



B) 3anaciio mpuOIM3UTEILHO OKOJIO 23 MJTH KWJIOTPaMM KaJIOPHi. (TErIOTBOPHBIH SKBUBasieHT 3500 Kr KaMEHHOTO yIJis)
r) Caenano JOCTYIMHBIMH JIJIS JbIXaHHS Y€I0BEKa U )KUBOTHBIX 6600 Kr MonekyisipHoro kuciopoaa (O,).
1) TIpronosieBast CHIIBI TSDKECTH, BBITSHYJIO U3 CBOMX KOPHEHl BIUIOTH 10 CBOCH KOPOHBI M MCIIapUIIO B atMocdepy He MeHee
2500 TOHH BOJIBI,

Kaxxnoe nepeBo, I03TOMY 3TO BOJSIHHAsI KOJIOHKA U €CIIH TaKasl KOJIOHKA, KOTOPasi IIOCTOSHHO MOCTAB/IAET M MOIOJHSET U
nepesapspkaeT arMocdepy BOLOH, HCUE3HET WIIM COKPATUTHCS, TO 3TO KOIUYECTBO BOABI HCKIIIOYAETCS U3 aTMOC(EpHI.
¢) TakuMm 00pa3oM, yCTaHABIMBACTCS MEXaHMYESCKUIT SKBUBAICHT BHICOKOW TeMITepaTyphl paBHbII TEIIOTBOPHON
CIOCOOHOCTH - KayuopuiiHocTH 2500 Kr yrus.
r) [TocTaBuia uneHaM MOTPEOUTEIBCKOTO OOMIECTBA KUCIOPOX, JOCTATOUHBIM Jutst 20 JeT, U €€ IPHpo/a TaKoBa, 4TO 4eM
Goblie AEPEBO pacTeT, TeM OOJbIIe KUCIOPOAA OHO MPOU3BOIUT.

BBujy ¢ TaKMMU JOCTHKEHHUSIMH, KOTOPBIE B Oy/IyIieM MOKHO OI[EHUTH, ceifdac IepeBbs LEHST TOJBKO 33 X JIPEBECUHY?
IMpu cxuranuu 100 autpos GeH3uHa notpedisercs: okoiuo 230 kr kuciopona. Takum o6pa3om, nocie noesaku nouru 30 000
kM (9,6 1/ 100 kM), TpaTuTcs Bech pou3BeAeHHbIN kuciaopos 100 neTHum nepeBoM. BoxkaeHHne aBTOMOOHIIS CPETHETO
pa3mepa 30 000 km = 100 €T KHCIOPOAHOrO NIPOU3BOACTBA.

Ecnu yenoBek BRIOMPHT, WK JIBIIIATH B TeueHHe 3 jieT, win cxeub 400 muTpoB (0cBelieHHOH HedTH) OeH3nHA

WY Ma3yTa Juit oToruieHus, uiu 400 kr ynis, To TpebyeTcs 1 ToHHa KUCI0poa IPOU3BEIEHHOIO B IpoLecce GOTOCUHTE3A.
1 Tonna O, = conepxursbes O, B 3620 M® Bosmyxa (+15 C ° pu 1 atm)

IponzBoacTBo PoToCHHTE30M | TOHHBI KHCIIOpOA TpeOyeTcs:
a) Coznanue 0,935 tonnst C¢H; ,Os (yrieBomoB),
6) Taxoii mporecc Tpedyet 1,37 Tonn CO, (yrekuciaoro — rasa (ymiepoanoro-rasa)) u 0,56 Toun H,O (Bossl)
B) Ucnapenus 230 - 930 toun H,O
r) Duepruu Ceera, paBHO 527x10° kBanToB (V = 440x10'?), KOTOpas nMpeacTaBIsgeT 3.52 MUILIHOHA KMJIOKAJIOPHIL.
[Bansrep laybeprep]

He HemaneHbKHE POLIECCH HYXKHBI IS TOCTHKEHUS, KOTOPBIE IIPU BCEM KETaHWHU HE MPEICTaBUTD!

16.4 /lepeewvs - 3epxana Ceema

BripakeHe SHEpTUH, BIUSHHE CBETAa Ha POCT, €CTh IBE OCHOBHBIE (DYHKIIUH BO-IIEPBBIX, 3TO YACTHYHO OMpPEIesIeT
CTPYKTYPY APEBECHHBI 1, BO-BTOPBIX, 3TO BIHSCT HA (OPMY M XapaKTep CaMoro JIepeBa, B 3aBUCHMOCTH OT TOTO,
TEHEMIOOUBBIC UIIH CBETOMIOOMBBIC BH/IbI, KOXKIBIH U3 KOTOPBIX TAKIKE CBS3aH C IIHPOTOI U BBHICOTOH, KaK MOKa3aHO
Ha puc. 16.6.

HesaBucuMo ¢ Kakux Top MbI Habmoaaem, 4To B [Ipupose, ecTh OTpakeHHe MPOIYKTa ONpeIeNieHHOH GopMbI SHEPTHil,
JIepeBbs TAKOKe SIBIAIOTCS 36pKAJIOM MOKA3BIBAIOIIEM KaueCTBO CBETa, KOTOPHIH MajaeT B UX €CTECTBEHHOU cpezie OOUTaHus.
Maio Toro, 9To UX pa3i4YHbIe IIBETa OTPAXKAIOT TE YaCTOTHI CBETA BPEAHBIC IS HUX, U, CIICOBATEIHHO, HE TIOIIOIAIOTCS
(oTTANKUBAIOTCS), @, KaK MMPABUJIO, T7e MaTalOIINi CBET HMeeT OOJNBIIYIO IOMI0 BBICOKOYACTOTHBIX, BHICOKAS - DHEPIeTHKA,
YIBTPadUONETOBBIA CBET, IPYTUMH CJIOBAMH €CITH KECTKHI CBET, IpeBecHHa Msrkas. M Hao0opoT, Tam, Tae Ooubiie
npeo0iIagaeT HU3KKE - YaCTOTHI, HU3Kas - SHEPreTHKa, HHPPAKPACHBIE YaCTOTHI, MSTKHH CBET, IPEBECHHA TBEpAAsl.

DT0 MBI MOXXeM HaOJIIO/IaTh M OYEHb SBHO B POJHBIX APEBECHBIX MOPOIax ABCTPAINHN, U3BECTHBIE CBOEH TBepIOCTh. M3-3a
HAKJIOHA 3€MHOM OCH K IUTOCKOCTH SKIMNTHKU (0K0sI0 23 © 27 "), SKCHEHTPUCUTET OPOUTHI U TIOJIOKEHUE ABCTPaIUU
Ha Tpormke Ko3epora B 10)KHOM TONYIIAPHH, B IEpUTEINH (KOTaa 3eMils HaxomuTcs omvke Bcero k CoHILy - B SHBape),
MHTEHCUBHOCTH MH(PA-KPACHOTO CBET camas OobIiasi, ABCTpaIHs MePekKUBAET CBOU pasrap Jieta. ITa WHTEHCHBHOCTH
JaJbHEHIIeM JOOJIHEHA JOTIOMHATEIbHBIM HHPAaKPaCHBIM M3IIyIeHUEM B pe3yJIbTaTe HarpeBa IMOBEPXHOCTH 3EMIIH B
ABCTpaJNy -..ITyCTBIHU. ABCTpaJHs, Ha PSRy C APYTHMH CTpaHaMH B I0XKHOM IOJIyIIApHH, I03TOMY IIOABEPraroTcs oosee
MHTEHCUBHOMY HH(PaKpacHOMY CBETY, YeM HX KOJUIETH Ha CEBEpE CTPAHBI, KOTOPHIE HCIBITHIBAIOT O0Jiee YMEPEHHBIE YCIOBHSI.

Tam, Kak MpeCTaBIAeTCS 3/1eCh, €CTh, Ka3aJ0Ch Obl, aHOMANBHBIH 3((hekT. B HallleM MOHUMaHHU CBETa, MbI OOBIYHO
OTPAaHWYMBAEM Hallle BOCHPHUITHE CEMbIO OCHOBHBIMH LIBETaMH BUIMMOTO CIIEKTPa, KOTOPBIH HE BKIIIOYAET B Ce0s TOTHBIH
CHeKTp (OKTaBy) C TOUKU 3PEHHSI YaCTOT, IIOJHMUMASICh BBEPX, KaK 3TO MPOUCXOIUT OT AJUHBI BOJHBI 740-390 HaHOMETpOB (HM
=1/1, 000, 000, 000 MeTpoB) umu yacToThl 4,3 - 7,5 x 10" nuknos B cexynmy (CPS) unu repu (') [8,6 x 10 cps 6yner
MPENICTABIATH MONHBIA CIEKTP (OKTaBy)]. MBI HE MOXKEM BOCIIPHHHMATH BECh CIIEKTP (OKTaBY), B KOTOPOTOi CBET
MPOABIIACTCA, IIOTOMY YTO Hallla YyBCTBUTCIBHOCTD IJ1a3 npncnoco6neﬂa TOJIBKO K CBETOBBIM YaCTOTaM JIC)KAlIUMH MEKTY
KpacHBIM ¥ (YHUOJICTOBBIM. Y Hac HET HOHUMAaHHS TIOJTHOTO CBETOBOTO CIIEKTPA, JISKAIETO MEeXIY (UOIEeTOBBIM U Ooee
BBICOKUM CIIEKTPOM KPAcHOTO, O KOTOPOM ITYEINbI, 1 HEKOTOPBIE IPYTHE KUBOTHBIE H HACEKOMBIX, KaXKETCs, B Kypce (3HAIOT).

C TOUKM 3peHHs CaMUX YacTOT, TIe-TO BBIIIE (DHOIETOBOTO, HIDKHUIT CIIEKTP (OKTaBa) COCTOUT U3 MH(pa - KPaCHOH
30Hb1. Kora iBe CHCTEMbI HAXOSITCS B CIIEKTPe (OKTaBe) OTHOUICHHH, JIBE MYy3bIKaJIbHbIC CTPYHbI, HAPHUMEP, OHU HAXOMATCS
BIIPSIMOM PE30HAHCHOM OTHOIICHHH U Tepeada SHEPTUH MEeXITy HUMH OecrpensaTcTBeHHa. [10CKOIbKY X BUOPAIIMOHHBIE
MOJIENHU MPAKTHYSCKU UIACHTUYHBI TIO3TOMY OHH BBI3BIBAIOT MPAKTUYCCKH UICHTUYHBIC ()OPMBI M CTPYKTYpHI (CM. puc. 3.3 cTp.
43). Tax rue - HUOYIb B YACTOTHOM CIEKTpE MH(PPAKPACHBIX YACTOT MOTYT OBITH B MPSAMOM CIEKTpe (OKTaBe) OTHOIICHHUH C
YIBTpadUONEeTOBBIMA YaCTOTaMH. Tak, B HEKOTOPBIX JIecax, Ha IKBAaTOpe, HAIPUMEP, HEKOTOPBIS MOPOJIBI IPEBECHUHEI, TAKHE
Kak 0aJip3a, IMEIOT MSTKYIO APEBECHHY M3 BCEX. DTO TOBOPHUT O TOM, YTO JIeC — Ka9YeCTBEHHBIH - ONpeeieHIe YacTOThI
OTpa)kaeT, U [JIe JIMCTBEHHBIE OPObI CO3AFOTCS U BHOBB -BCTYIAIOT B PE30HAHCHBIE YCIOBUSX ISl TeHEPAIUK YacTOT
MSTKOM APEBECHHBI, XOTS OJMH ITOJIHBIH CIIEKTP (OKTaBa) HIDKE, IIOTOMY YTO IIPOOKOBOE JEPEBO - SBISIETCS HA00JIee MATKOH
IPEBECUTHOMN, YeM HOPMaJIbHBIE MSTKHE XBOHHbIE TIOPOMIbL.



Kpome Toro, HOBBIH LIBET Y POCTEHHI MHOTHX BUIOB aBCTPATIUIICKOM IpeBECHHbI UMEET CBOCOOPA3HbI OTTECHOK,
COCTOSIIHI U3 CMECH KPAacHOTO, (PHONIETOBOTO M CHHETO, OTpakast HeOOXOJUMOCTb IIPOTHBOCTOSTH MOTEHIINAIBEHO OITACHOMY
IIPOHUKHOBEHUIO 3TUX Pa3IMYHbIX 4acTOT cBeTa. B EBporie, ¢ Apyroii CTOpoHsI, Il YCIOBHUS OCBEILEHHs COBEPIICHHO JPYTHE,
C HEKOTOPBIMHU UCKITIOUEHHAMH (HaIpUMep, Kak MEAHbIH - OyK), CaMbIif MOJIOIOH CTBOJ CBETIO-3€JICHOTO I[BETA.

JIist caMuX IE€pEeBbEB U UX CBSA3b € PA3IMYHBIMU 30HAMU CBETA, PACIIOJIOXKEHHOTO CUHETO - YIBTPadHOIETOBON 30He
BBICOKOH - DHEPreTHKH, BBICOKHE -'"KECTKHE" YacTOThbl H3Ty4eHHUs], CBA3aHHbIE KaK C BHICOTOHM U IIMPOTOI; YeM HUKE LLIMPOTa,
TEeM BBILIE BBICOTA, U HA000POT. To ecThb, Ta pa3HOBUIHOCTbH XBOMHBIX IOPOJI, TAKUE KAK COCHA, B OCHOBHOM HAaXOAATCS Ha
HM3KUX BBICOTAX B BHICOKHX IIMPOTaX M Ha OOJBIIMX BBICOTAX B HU3KUX MIMPOoTax. Hao0opoT nucTBEHHBIE OPOBI
JIEPEBBEB, 332 HEKOTOPBIM HUCKIIOUEHHUEM, KaK IIPaBHIIIO, MOXKHO HAlTH Ha MaJlblX BBICOTAX B HU3KUX IIMPOTax (Oacceiln
AMa30HKU U TPOIUYECKOTO JIeca) U OT HU3KOH 10 cpenHel BHICOThI OT HUIIHUX A0 CPEAHHUX MIUPOT.
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VnpTpadHoIeToBbIH, KOPOTKOBOIHOBBIH "KECTKHII" CBET MMeeT 0oJIee BEICOKOE COAepKaHNe SHEPTHH, U Ooiee ObICTpoe
JIMHAMHYHOE JBIDKCHHE W CITHPATEBHIHOTO ABIDKEHHS CBETa, caM 1o cebe MMeeT MEeHBIINI pajiyc, 6oaee KOPOTKHi
nepuoj. DTO TOBOPUT O TOM, UTO, KaK PE3YIbTaT 3TOro, ObICTpas AUHAMHYHAS KH3Hb - IIPOLECCHl B TAKUX 30HAX JOJDKHBI
TPOUCXOIUTH Ooriee OBICTPHIMU TEMIaMH, OoJiee TOTO BBICOKYIO - BEICOTA JIEPEBBEB, TAKUX KaK €11b, UMEIOT OTHOCHTEIEHO
Majoe BpeMs XKHU3HHU 110 CPABHEHHIO ¢ HEKOTOPBIMH M3 JINCTBEHHBIX MTOPOJ, HAIIpuMep OyK U Ty0. DTH BEICOKUE - BEICOYCHHBIC



ACPEBbA 4aCTO BEYHO3CJIICHBIC U IPEBCCUHA Y HUX MSTKasd. B HpOTI/lBOHOJ'IO)KHOf/'I 30HC CBC€TA, HA YPOBHE MOPs UM B HU3KUX
mupoTax, rac€ JIMHHA BOJIHBI - JJIMHAA, HU3Kas - 10 SHCPIreTHUKE, HU3Kasd - 4acToTa, HpeO6J’IaZ[aeT «MSTKUR» CBET ApE€BECHUHA
TBEPABLIX TOPO U ACPEBbA OOBIYHO J0JIbIIC )KUBYT.

16.5 ®omocunmes

Cok 00s13aH CBOEMY ITOIBEMY M CHIDKEHHIO, KaK MPUIIHBEI U OTIIUBEI, NpuTshkeHnto Comaua u JIynel. MHOTIA BIMsIHIE
9THX CBETHJI JCUCTBYIOT B YHUCOH (COBMECTHO, COINIACOBAHHO), B IPYTUX CITy4asX B MIPOTUBOCTOSHUH (PACCOTIIACOBAHHO). DTH
KoJIeOaHusl HAYT CBEPXY BHU3 M OOPaTHO COOTBETCTBYIOT KOHIIETIIIMN HHb, ABM)KCHNE BHYTPH U SIHb, ABW)KEHUS HAPYKY H UX
TPaHUYHBIX YCIOBHSX MCTOIICHHUS, yMEHbIIEHUs. To ecTh, Korga KOMOHMHIPOBaHHBIE CHJIBI TSHYT BHU3, Korna ColHIe 1
Jlyna nocTHraroT KpaliHHX IpeaesoB CBOETro ACHCTBUS, KaK U (GU3MUECKUil peiesl BHYTPEHHETO IbIXaHMUs, UX BIHSHHE
ocnabeBaet. 3aTeM OHO CMEHSIETCS Ha TIPOTHBOIIOJIOKHOE B 3aBHCHMOCTH OT MX KOMOMHUPOBAaHHBIX CHJI TSHYIIUX BBEPX,

CHJIa YBEITMYMBAETCS, IOKa €€ BIacTh HE JOCTUTHUT BBHICIIEH TOUKH. (TIpeAeN AbIXaHHs HAIPaBIEHHOTO HAPY)KY - BBIIOX).

[Ipupona gelicTByeT uepe3 myabCcalny, TOCPEICTBOM BIOXa U Beoxa. Korma comHIle BcTaeT, TO COK, HalOTHEHBIH
MHKPO3JIEMEHTAMH U T'a3aMH, BBITSHYTBIN M3-3a SHEPITMYHON CTUMYIISILIMY WM HHOPMAIMH, OT NPUOBIBAIOIIETO BIMSIHHS
ConHla B IIeNsIX AanbHeHero npomecca GoTocHHTE3a MyTeM NIPEAOCTABICHHUS MTOJIE3HBIX MHKPOYJIEMEHTOB H T. 1.
doTocHHTE3, 3aMETUM, TECHO CBS3aH C KOJIMYECTBOM IMPOU3BOJICTBA M KaUE€CTBOM OCBellleHHOCTH. Korna ypoBeHs cBera
nagaeT Wik OTCYTCTCYET MOIHBIN CHEKTpP CBETA M3-3a 3arpsI3HEHMS aTMOC(Epbl, TO POCT, GOTOCHHTE3 U CO31aHue XJIopoduta
YMEHBIIAETCS, U MEHBIIIE KUCIOPO/Ia peodpasyeTcs U BrIOpackiBaeTCs B arMocdepy.

ITpu porocunTe3e onpeneneHHas YacTh BBEPX TEKYIIESH BOABI MIM COKa IIPEBPAIAETCS B YIIIEBOIbI, OCTABILIYIOCS BOLY
JIEPEBO UCIIONB3YET Ul UCMApeHue U oxaxxaeHus. OXJIaxIeHUe - 3TO IPOLECC IHEPreTHUECKON KOHIIEHTPALuK WK
YIUIOTHEHUS (= HATSXKEHHs1), KOTOPOE HE MMEET HUUEro OOLIEro ¢ TeXHUIECKUM, TEPMOANHAMUYECKAM HCTIapeHneM. B camoii
npocreiiieii popme POTOCHHTETHISCKUX PEAKIUH, T MONEKY/SIPHBINA KHCIOPO BBICBOOOXKIACTCS JUIsI IBIXaHHS JIIONCH 1
YKHUBOTHBIX, IPOUCXOJUT CJICAYIOLIUM 00pa3oM: -

(1) Yrnekvcnbii raza (Avokeua-Kapeona) (COgz) + BoOA (Hz20) + CBET = ®doTocunres +027

Takmm obpa3om o6beaMHEHUe YrNeKNCIoro rasa u Bogopoaa U BblaensaeTcs MoJeKynsipHbIM Kucnopoa
yKa3aH CTPeJikor BBEpX.

(2) CO2z + H20

(CeH1206 = miokosa = MpocTeiiwwas dopma yrneBonos )

C 1OMOIIIbIO MOIIIHBIX CBSA3€H MOJIEKY/IBI BOJIBI, B O0siee paHeM 00CY)KICHHE IEKTPOIIN3a B IIIaBe 8, KaKeTcs, CKkopee
BCETO, 37I€Ch, YTO MOJIEKYJIA YIIICKHCIIOTO I'a3a, KOTOpasi OTIYCKaeT CBOM MOJIEKYIIBI KHCIIOPO/Ia, HO HE MOJICKYIIbI BOJIBI €6
€IMHCTBEHHBIN aToM KuciIopoaa. braromaps 3ToMy mporieccy, B IPOTUBHOM ciiydae upe3MepHoro konudectsa CO, u
O, puKCHPYIOTCS KaK B KpaTKOCPOYHOH U JJOJITOCPOYHOM MEPCIIEKTUBE, TAK YTO B aTMOC(ece COXPAHSIIOTCS MPABUIIbHbIC
MPONOpLUUH MeX Iy Tazamu, coctasisitor CO, (0,3%), kucnopon (20,95%), azot (78,08%) u GimaroponHble (MHEPTHBIE) ra3bl
(0,93%). Bce sxuBBIe CHCTEMBI, TAKAM 00pa30M, MOYKHO pacCMaTpHBaTh KaK SHEPTHIO MyCOPHBIX Ky4 U OYHCTHBIC
coopyxenust [Ipupoibl, Yepe3 KOTOPbIe HH OIMH 3JIEMEHT HE MOXET OCTABaThCS BO BPEIHOM U30BITKE HIIH NIEPEI03UPOBKE.

doTtocuHTE3 KaK MPOLECcC, TECHO CBSI3aHHBIN C MPOU3BOACTBOM XJIopoduiuia. Ecian MBI M3ydrM MOJIEKYISIPHYTO
CTPYKTYypy xsopodusuia Ha puc. 16.11*, koTopas sBIseTCS IABHOM MOJIEKYJIOW OTBEYAIONIEH 3a 3EJEHBIN IBET
PACTUTEILHOCTH, MBI BHIIUM, YTO OHA COCTOUT M3 137 aTOMOB ¥ B IIEHTPE KOJIbIa U3 a30Ta €CTh OJMH aroM maraus (Mg). [Tpu
(OTOCHHTE3€E TIOJIOKUTEITBHO 3apPsUKESHHBI aTOM MarHusi, Camo AP0 MOJIEKYIIbI XJIopoduinia, kKoHTakTHpyeT ¢ Bonoi (H,O)

n yrekucnsiM razoM (CO,), yepe3 MOIEKyIbI XJIOPOGHIIa KOTOPBIE CHavala MOTYT BOSHHKHYTH B Ka4€CTBE MOJIEKYIT
xnopoduinia. OKpyKEeHHBIN Lenoukoi u3 4 aroMoB a3oTa (N), aroM Maraus SBISIETCS APEM MOJIEKYIBI XJIOpO(HILIa,
KOTOPBIH B JONOJIHEHHE COICPIKUT B accopTiMeHTe aroMbl  yriepoaa (C), Bonopona (H) u kucnopona (O) ,uto B 00miei
CIOXHOCTH He MeHee 137 aTtomoB.

HHTepecHo 0TMETUTD, 4TO 137 ABISETCS MPOCTHIM YHCIOM, TO €CTh YUCIIO JEIUTCS TOJIBKO Ha caMo Ha ceds nim Ha 1.
Xopoduiut, TakuM 00pa3oM, OUeHb CTAOMIIbHAS YCTOHYMBAs MOJIEKYJIa, COXPAHsIs IPOYHOCTD, KaK M B HEAEIUMOCTH
IpOCTOro yucia, U 3TO NMpaBUIIbHO, ITOCKOJIbKY, KaK beH}laMeHTaHbeIﬁ CTpOMTCHbeIﬁ 6.]'[0}( PacTUTCIBHOCTH, OHA - SABJIACTCS
OJTHUM M3 CYIIECTBEHHBIX OCHOBAHUU /IS )KM3HM Ha 3TOH myanere. KpoBb yenoBeka, B paBHOM CTETIEHU )KU3HEHHAS —
JIAPYIONIast KHIKOCTh, UMEET aHAJIOTUYHYIO [ICHTPAIBHYIO MOJIEKY/ISPHYIO CTPYKTYPY, HO B LICHTPE €€ a30THOTO KOJbI[a Ha
puc. 16.12 umeercs 5 arom xene3a (Fe) (Taxke nmoka3zaHHO B KpyXKKe) BMECTO MarHus. M3BecTHas Kak reMOrI00HH, 3TO
aKTHBHAs YaCTh KPOBH JXHBOTHBIX U BBITIONHSET TY XKe CaMyi0 (DYHKIIUIO Y )KUBOTHBIX, KaK U XJIOPOMHUILT B PACTCHHSIX.
JlelicTBUTENBHO, B XO/I€ SKCIIEPUMEHTA, IIPOBEJICHHOTO Ha KPBICaX, MX KPOBb ObLIa 3aMEHEHA JKUAKUM XJIOPO(QHILIOM, U OHU
HE MOKAa3aJIi HUKAKUX MPU3HAKOB JINOO MAHUKH MM OOJIC3HH, a MPOIODKAMH KHUTh Jajibliie, Kak OYATO HUYEro He CIYYUIoCh.
Ecnu MbI TCIICPb l'lOle06HO OCTAaHOBHUMCA Ha CI)OTOCI/IHTGTI/I‘ICCKI/IX pCaKuuAx BbILIC, B TOM YHCJIC KJIKOYCBBIM aTOMOM MarHus,
He Oepsi BO BHUMaHHMs B JAHHBIH MOMEHT JIPYT'HE SJIEMEHTHI B MOJIEKYJIE XJIIOPOQHILIA, TO MO CYIIECTBY, TPOHCXOIUT
clesyIolee:

> CH20 ( Teopetuyeckm yrnesognl )+ Oz T



(3) Mg+H:0+CO: + nnioc CBET > Xnopodunn + O T
(3eneHbIV NIUrMeHT +
MOTeKynspHbIA Kucnopoa)
C TEMU Xe 3IneMeHTamu B (3) Bbille, CyLLEeCTBYHOT eLle ABe peakuuu, 3ameTum, 06e oANHaKOBO BaXXHbI
B KOHeYHOM pe3ynbTaTe:
(4) Mg+H>O+CO, — munyc CBET > MgCOa+H- T

(kap6oHaT MarHus
+ MOneKynsipHbLIN Bogopoa)

unu (5) Mg+H.CO:[yronsHas kucnota]— mmHyc CBET ———> MgCOs+H, T
(kap6oHaT marHus)
(+ MonekynspHbIW Boaopoa)

B mocieiHuX JBYX XMMHUUYECKUX peakuusx (4) u (5) Maruuii MoxeT ObITh 3aMeHeH KanbipeM (Ca), KOTOpbIi IPOU3BOIUT KapOOHAT KaJbIHs
(CaCO;) BMecTo kapOOHATa MarHus, U C TEM K€ BBIITYCKOM MOJIEKYJISIPHOTO BOZOPO/A. DTH JIBE IIOYTH OJIMHAKOBBIE, HO BCE K€ pa3Hble
komOuHauu Marausi, CO, u H,O SBISIIOTCS IPEANOCHUIKAME VIS IByX OCHOBHBIX ()OPM HOCHTEINEH KU3HH, @ UMEHHO BOJBI U ()OTOCHHTE32
(co3manue xyopoduiia u yriaeoao). OHa U3 HUX ITPOUCXOIUT B30HE JHEBHOTO CBETA (BUAMMBII MHp), a ApyTasi B 30HE TEMHOTHI (HEBUAUMBIH
mup). B 30me qust Beimyckaercsi, O, 1 0011ee KOIU9IeCTBO KHCIOPO/A YBEIMYUBACTCS, TOTIa KaK B HOYHOM 30HE, BBIACICHHS BOIOPOIA 3aHUMAET
TTHIAPYIOIIEe MECTO, IIPUBOIS K BO3POIKICHUIO BOJIBI Yepe3 ero KOMOUHAINH (COYeTaHHE) C KHCIOPOIOM.

16.6 Ilouemy pocm npoucxooum na Koneunocmsx (Konuuxkax) eemox

Uto06b! IPOSCHUTH 3TOT MPOLIECC, JaBaliTe KPATKO EPECMOTPUM JBHKEHHS 10K eBOH Bozbl. Korna noxap magaet, Kaxaas
KaIlIs IpeJcTaBisieT coOoi ckoruleHue u amoMepanuto 6 monexyn H,O. FIMest 1 onoKUTENbHbINR U OTPULIATENbHBIH 3apsbl
U CTaB KOJUIEKTUBHO 00JIee MacCUBHEe, TO €CTh OoJbllle MaTepHana B OajJaHce MaTepUs-dHEPrus, UX MPOHCXOXKICHHE, KaK
JUIIONIbHASL MOJIEKYJIa, KOTOPast OMHOBPEMEHHO KPYXKHUTHCS CITUPAIbIO IO OpOUTE BAOJIb UX ITyTH, U BPAIaeTCsl BOKPYT CBOEH
OCH U PacChLIAET CBOU BHYTPEHUE CHUJIbI B IPOCTPAHCTBO, 3TH KaILIU JOXKS Y>KE HE B COCTOSHUY YacTHUYHO ILIAaBaTh B
SHEPreTHYECKOE I0JIe, TIe MPOU3ONLIO O0bEAMHEHNE (arperalsi) U MaaaloT Ha 3eMJIIO.

Ha ux Hu3XOzs1leM BpallleHUH OHU HE TOJIBKO IOIMIOIIAIOT OoJbliiee U 00JblIee KOIUYECTBO aTMOC(HEPHOTo
KUCIIOPOJIa, a30Ta ¥ JpYyTHe NPUCYTCTBYIOLINE - Ta3bl, H B TO )K€ BpeMsl TEHEPUPYIOT Bce Ooliee HHTCHCHBHEE
OUOANEKTpUYECKOe U OMOMarHuTHOE nojst. TakuMm 00pa3oM, OHU 3apsKeHBI (HaJeleHbl) OIpeIeICHHON HaPs>KeHHOCTH
(’KU3HEHHBIM TOTEHIMATIOM, OMO3JICKTHYECTBOM ), KOTOPBIi B KOHEYHOM cueTe, "oTaaercs" pacTeHHUsIM, Ha KOTOPBIE OHHU
nanarot. Koraa kuciopon u apyrue rasbl, TaKAM 00pa3oM COOMPAIOTCS M KOHIIEHTPHUPYIOTCS JISTAT 10 3eMJIM WJIH TTaaloT Ha
CTPYKTYpY JIMCTA, OHU MONIONIAOTCSA M BMECTE C HAKOIUIEHHOH 3HaUUTENbHOM SHEpPTUei, MPOBOIMPYIOT OBBILIEHHYIO
aKTHBHOCTb BO BCeX Iporieccax npeodp3oBanus (TpaHcdopmanmn) U pocta. IMEHHO IOATOMY POCT pacTeHUI pearupyer ¢
ropaszo 0oJbLIeH KHU3HECTIOCOOHOCTHIO M AKTUBHOCTBIO IOCIIE NPOXOKICHHS A0S, YeM TPAIUIMOHHBIMU CHCTEMAMH
OpOILECHHUS, B KOTOPBIX PACHBUIEHHAs BOAA MPOJIETAET PACCTOSHUE 3HAYUTEIBHO KOPOYE M0 CPABHEHHUIO C KOTOPBIM IIPOJICTAIOT
KaIlIM 0[S, a CIIE0BATENbHO, TaKasl BOJla HE MMEET BOSMO)KHOCTH TOJIE3HO BO3/IEHCTBOBATH, 00J1€€ BEICOKUM
HeMaTepHabHeIMA dHeprusiMu CoJHIIA, TPUCYTCTBYIOIMMX Ha BbIicoTe 4000 MeTpoB.

Korna noxaeBast BoJia JOCTUTaeT 3€MITIO C MOJIOKUTEIBHBIM TEMIIEPaTypPHBIM TPAJUEHTOM, OHA IIPOHUKAET B IIOUBY.
[Mepen3ObITOK KUCIOPOaa MOCTENICHHO MOMIOMAETCS H PACCENBACTCS B OKPY’KAIOLIYIO MIOUBY, IIEPBOHAYATIBHO ISl AKTHBALUH
(byHKIMY TyMyca U MUKPOOPIaHH3MOB, aKTUBHBIE B BEPXHHX CJIOSX IOUBBI. JTa aKTUBHOCTb YMEHBILAETCS OCKOIBbKY
JO’K7AeBas BOZIA MPOHUKAET INIy0yKe B HIDKHHE CIIOM M IOCTENEHHO M30aBiseTcs OT N30bITKA KUCIOPO/a, TaK KaK OHa
MOCTENEHHO OcThIBaeT npu +4 C ° Touka aHOMaIuy. Bylydy MoYTH MOIHOCTBIO BHIBEAECHHBIM (MCKIIOUEHHBI) U3 BOJBL IIPH
9TOH TeMIIepaType, OCTaTOUHbIM CBOOOIHBIN KHCIOPOJ BCTPEUAETCS CO CBOOOIHBIM BOAOPOIOM, KOTOPBIH ObII BHINYIIEH B
obbeauHenne win Maraust (Mg) wmm kanbuus (Ca) ¢ ynekucisiM razoM (CO,) u Bogoit (H,O), dopmupoBanue uix Maraus -
WU KaJIBIIMS - KapOOHOB, KAJIBIUI SBJISETCS B3aMMO3aMEHsIEMBbIM C MAaTHUEM B peakiyu (4) u (5) Beiwie.

W3-3a npoxnanoi TeMIepaTypsl OKpYKarolel cpelibl, KUCIOPOJ HaXOMUTHCS B CBOEM CaMOM IIACCUBHOM COCTOSIHUM U,
CJIeJIOBATEIILHO, JIETKO CBA3BIBAETCS ¢ BogoponoM. OOpa3yroTcst HOBble MOJEKyIsl Boasl - H,O - B pesynsrare, TO €CTh
poXKIaercs ¥ co3aercs Boja. M3 yero cremyer, 4To KOJIMYECTBO TOCTYITHOM BOJIBI HE ITOCTOSIHHO!

Emre pas, 310 uncTas Bojia, He3arpsA3HEHHas! IOOBIMU APYTHMU BEllECTBAMU WM MHTpeAueHTaMu. PoxxaeHHas npu
TEMIIepaTypHBIX YCIOBUX 0k0JI0 +4 ° C (YpoBeHb CaMOil BBICOKOH INIOTHOCTH 3HEPIHH U TaK Ha3bIBacMasi TOUKa aHOMAJIMH),
3TO 0Hasl, He3penas (HECOBEPILIEHHOIETHsI) BOJA, KOTOpask UMEET BCe MPU3HAKY HEHACBITHOM MOJIOIEKU, HAUMHAET
MIOHMMATECS BBEPX Uepe3 pa3InuHbIe SJHEPTUH - TOPU30HTHI (Hanbosee TOHKO Au(depeHIIMpOBaHHbIE TEMITEPaTypHBIE CIIOH),
HaKaIIMBas Bce Oolblle 1 0osblie MHGOPMALUY B BUAE IPYTUX 3HEPIETUUECKUX CUCTEM U PE30HAHCOB.

[TockonbKy MOAHMMAETCS] MEIUICHHO, OHA IIOCTENIEHHO HAYMHAET HarpeBaThCs, pacTBOPsIA Bce Ooblie 1 OoJbiIe
MHHEPAJIOB, coyiell 1 HHOOPMAIUIO — 00 3IeMEeHTax Ha cBoeM ImyTH. OHa CTaHOBUTHCS HOHH3UPOBAaHHOW B 3TOM TIpolecce
U TIPUXOAUT B COCTOSIHHE, IIPU KOTOPOM OHA MOXKET OBITH BTSHYTA PACTCHUAMH U UX MUKpoopranusmMamu. Colb, Harpumep,
pacrnagaetcs Ha 1Be cocrasisironne e xyopa (Cl) u Hatpus (Na), KoTOpble pa3BHBAIOT OTPUIIATEIBHBIE U ITOJIOKUTEIBHEIE
3apspl, COOTBETCTBEHHO. /I3 Tak HAa3bIBaEMOro "HEOPTaHUIECKOro'" BEIIeCTBAa, CO3/IAI0TCS ABE MOJISIPHOCTH KU3HU. be3 aTux
3aps1/10B, OHU TETIEPb Pa3/IeIeHbl, HJIEMEHTHI HE MOTYT COYETaThCs C IPYTHMHU MOJIOKUTEIFHO WIH OTPUIIATEILHO
3apsHKEHHBIME BemecTBaMu. Ecin Obl HEOOX0AMMOE JIEKTPHUYECKOe IPUTSDKEHNE OTCYTCTBOBAJIO Obl, He ObIIO OBl BOOOIIE HU
KaKuX COEANHCHHUH.



Bona Teneps B COCTOSIHUM 1apOBaTh KU3Hb BMECTO TOTO, YTOOBI OTOMPATh OT He€, co37aBasi AU3Hb - IEPEfaeT MaKpo-
MOJIEKyJIaM (Makpo — MHKPO) BOABL. DTH pa3iHYHbIE MaKpPO-MOJIEKY/ISIPHBIE MUTATEIbHBIC BEIIECTBA, 3aTeM (DOPMUPYIOT
BBICOKOMOJICKYIISIPHBIE, AalbHEeNIas akTUBU3aLus BCE 6oJiee JOCTYIHBIM KUCJIOPOAOM. POCT akTMBHOCTH BO3pacTaeT,
TIOCKOJIBKY OHH, CAaMU MOJIEKYJIBI TOCTABIISIOTCS Yepe3 KaMJUIIphbl paCTeHUH WK IepeBbeB, CTAHOBATCA Bce Ooree u Oomee
U3BICKAHHEE, KaK SHEPrHs U IUTATeNIbHbIE BELECTBA IOCTEEHHO COOOMIAIOTCS C PA3IMYHBIMU CTPYKTYPAaMH U XUMUYECKUMU
IpoLieccaMy Ha IMyTH BBepX. YeM O0blIe B 9TUX MAKPOMOJIEKYII 3pEJIOH BOIBI CTAHOBUTHCS YCOBEPILIEHCTBOBAHHOM, TEM
Oonbllle UX CUJIA, OHA YBEJIMUUBACTCS, [I0KA, HA EPEHEM Kpae WX JIUIOM paboTaloT Ha POCT caMu 10 ceOe, Korja ux
KOJIMUECTBO MaTepHala HaXOIUTCsl HA MUHUMAIBbHOM YPOBHE M TaKOTO e pazMepa, YTOObl MOXKHO ObUIO IPOHTH uepe3
O4YCHb MHJICHbKHE OTBEPCTHS M YCTBHIIE, UX MMOTEHIINAI, KAY€CTBO SYHEPTUN U MAKCUMYM JICHCTBHS JOCTUIAIOT HA
MaTepHaIbHOM ypoBHE. [Ipu 5TOM B 3TOT MOMEHT IPOUCXOAUT HAaUOONBIIUM POCT, Pa3BUTUE U PACKPBITHE, 8 UMEHHO
Ha JajNbHUX KOHIIAX JAepeBa, PACTEHHI I TPaBUHKaX.

IMosToMy Ha 3TOM IyTH pa3BUTHS BBEPX U3 Ooiiee NTyOOKUX CIOEB K HOBEPXHOCTH, YTO BOJA MpeBpalaeTcs OT UIymei,
"IPUHUMAIOIIEH, BIUTHIBAs" MPEBPAILACTCS B 3pENYI0 CUCTeMY, Ooratoe HHPOpPMAaIMOHHOE - COCTOSIHUE, KOTJ]a OHA B JIEO0O0H
MOMEHT T'OTOBA PACHPOCTPAHATH 3Ty HOBYIO BEJIMYUHY TPaHC(HOPMHUPOBATh, KAYECTBEHHO YJIy4lllaTh - (JOPMBI - 1EHCTBOBATH
B *KMBBIX cucTeMax e€ okpyxenun. Hespenas, "Oepyias, Brarusaromas’” cuctema Oblia mpeodpa3oBaHa B U3JIyYCHHUE, B
cucTeMy "oTAayllylo, Japyroulyo", o6nafaeT U npeularacT IHPOKoe pa3sHO0Opa3ue HOHU3UPOBAHHBIX HJIEMEHTOB B
TOMEONaTHYECKUX (MUKPO) 103aX.

VIMEeHHO B TOUKE AOCTHXKEHUS ITOH KHUBOH, OOTATON MUHEPAIbHO-M MUKPOJIEMEHTAMH BOJIOH, MOAAIOIIEH OoJbIIne
HaJeXAbl Ha Oymyiiee, Apyrast, MOJIOZasl, «[IPUHUMAIOIIAs, CHCTeMa HIyInas nH(opMaImio 10JbKHa OBITh HalieHa, a
HMMEHHO, TOHKHH BOJIOC-KOPHEBOI CHCTEMBI PACTEHUI U HX MHUKPOOPTAHU3MBI, WITH «MHUKPO - IPEBPAIEHUs». 31eCh BOJa
CHayaJla UCTIOJIb3yeTCs B KAaUECTBE JKUIKOCTH € IIOMOLIBI0 MUKPOOPTaHU3MOB, KOTOPBIE, B KAUECTBE KaTaIH3aTOpPOB,
peoOpa3oBBIBAIOT CHIPBE, AneMeHThI, CO,, KHCIOPO, a30T U Jp. B 0oJiee KPYITHBIE MOJIEKYIbI JKHIKOCTH U COSTHHEHUSL.

OHa He TOJIBKO CIY>KUT OBICTPOMY PAcLIMPEHUIO POCTY BOJIOC — KOPHEBOM CHCTEMBI HETIOCPEACTBEHHO (IPHEMHUKU
MHHEPAIBHBIX MUTATEIbHBIX BEIIECTB U Ooee TOHKUX SHEPTHii), HO U B KA4eCTBE OCHOBHOTO BEIECTBA ISl BHYTPEHHETO
pocTa pacTeHHs B LIEJIOM, KaK OHA IIOJHUMAETCS 110 PACIIMPEHHBIM KallWIIIpaM, TpyOoUuKaM, apTepusM U KaHaJIaM B KOPHSX.
OtH rpy0OBle MAKPOMOJIEKYIIBI BCACBIBAIOTCS M3 CTOPOH K LIEHTPY U XPAHATCS B LIENSX CO3AaHUS IEHTPAIBHON CTPYKTYPHI
pacreHust wiy aepepa. KopHU-BOIOCHHKH A€IICTBYIOT KaKk HEOOMbIINE IPUTOKU PEK, CIOCOOCTBYS COOPY KUIKOCTH, AT
(GbopMHPOBaHUS OCHOBHBIX KaHAJIOB INIABHBIX KOpHEH. OHM pacTyT, MEIJICHHO TeUeT KOJIMUECTBO (hOPMHUPYIOLIMX MATEPHAIIOB
BCTPOEHHBIX B CTPYKTYpY JIEPEBA 10 YPOBHS 36MHOI [TOBEPXHOCTH, TJI€ BHE3AHO IIOCTaBKa KBa3K- TBEPAOH GHU3NUeCKOi
MaTepuu (MHHEPAJIb, COJIH, CIEABl (MUKPO J03BI) - SIEMEHTOB U T.JI.) U3 HCTOYHUKOB, BHEIIIHUX M0 OTHOLICHHIO K PACTCHUIO
IPeKpaIaeTcsl.

31ech JOCTUTHYT MOPOT HEBUAMMOI'O MUpa KOPHEH - 30Ha, U BUIHO, SHEPTHYHBIA MU, HAJIEJICHHBII OoJiee BBICOKOI
JUHAMUYECKU U 3alUTOH cusromeil, omonosropstomeil sueprueil Connuna. Bo3aMoXXHO, IMEHHO 3/1€Ch, IMEHHO Ha
MOBEPXHOCTH 3eMJIH, (haKTHUECKU JOJDKHO HaxomuThest «Cepauey aAepeBa. DTO Ta TOUKA, I7Ie IBE CTOPOHBI JIepeBa, Be
CHCTEMBI pacrpeiesieHus, 3pUMOTr0 H HE3PUMOT0, BCTPEUAIOTCS U 00bEAUHSIIOTCA.

B denoBeueckoM Tene, BEHbI U apTEpUH YBEIMYMBAIOTCS K HAIIPABJICHUIO CEPALIA U CYXKAIOTCS K KalUILpaM, Kaskabli
13 KOTOPBIX CJIeIaH TaK, YTOOBI pearnpoBaTh Ha MaJleHIie pa3indusl B TEMIIepaType WM Pa3inyus B 3apsiae, INIOTHOCTD
SHEPIUU U HEPTeTUUECKOH aKTUBHOCTU. YenoBeueckoe Teno o01aaeT IByMs OCHOBHBIMU THIIAMU, ITYIbCUPYIOIIEH U
IIUPKY/ISAIIHOHHON CHCTEMaMHM; B JIETKMX U B OCTAJIBHOM YacTH Tena depe3 cepire. IlepBas cucremMa, BEHO3Hast KPOBb
CTpeMUTCS K OOHOBJIEHUIO KHCIIOpooM U oTadell (copocy) CO, u Bofibl, a BTOpasi CUCTEMA JOCTABIISAET KUCIOPO/, a TAKKe
MUTaTeNbHBIE BEIECTBA KO BCEM YaCTsAM Tella M Ha €€ 00paTHOM ITyTH codupaeT u Tpancroptupyetr CO, u oTpaboTaHHBII
MeTepual.

V nepeBa, 3aMeTHM, HET HU KaKOTO IyJIbCHPYIOIIETO cep/ama Kak TakoBoro. "[Iynscaropom”, OTBETCTBEHHBIM 32
nepenBrkeHus e€ coka sipisitorest Conaue u Jlyna. I[Tockonbky Mup Bpamaercs, BOKpyr CostHIa 1 nputsbkenue JIyHbt
KOJIEOMIOTCS CBEPXY B BHU3, Uepe3 KOTOPBIE BO3HUKAET MIPEPHIBUCTAS MYIbCALMS MEXKIY TOTPAaHUIHBIMU COCTOSHHUSIMHU
(ycrmoBUsIMI) BO3HHUKAET BIOX W BBIIOX.

CHH3y BBEpX, Pa3IMUIHbIE TPYOOUKH U KAIMJUIIPHI 10 KOTOPBIM JIBIDKETHCS COK HAUMHAIOT CYXKaThCsl B TUIEPOOINUECKOH
creneHu (Mepe) U B COOTBETCTBHHU C UX (PU3UUCCKUMH pa3MEpaMH M MOCIEeI0BATEeIbHOCTH, OoJiee TpyObIe 3JIeMEHTHI, MO
KOTOPBIM HE MOT'YT OBITh IIOAHSATHI AaJbllIe, BCTPOCHBI B CTPYKTYPY A€PeBa B TOUKE, I7Ie UX IBM)KEHHUE BBEPX MPEKPAILACTCs.
UewM BbIIIE U IIyOXKE MIOTOKHM COKA, TEM MEHBIIIE AUaMETp TPyOOUEK coKa U ObICTpee MOTOKU COKa BBepX U BHU3. UeM GoJibiiie
TOMEOIATUYECKUH MOTEHIIMalI, TEM MEHBILE KOJIMYECTBA MaTepuaa, Tak 4TO B KOHEYHOM CUETe, JIMIIb CaMble MEJIKUE
YaCTHIIBI, KOTOPBIE BPSIZ JIM YIUTHIBAIOTCS KaK MaTepHs, UX IOTOK yCTPEeMIIIeTCS BBEpX K KOPOHE MM BHU3 K KOPHSIM, C
YBEJIMUEHUEM CIIUPAJILHOIO BPAILEHUs, AMHAMUYECKOTO U SHEPreTHueckoro sgdexra.

HpﬂMO Ha CaMbIX OKOHCYHOCTSAX KOPOHBI U B KOpHeBOﬁ 30HEC, aKTUBHOCTb POCTAa Ha MaKCUMYyME, IIOTOMY YTO BCé, qTO0
3/leCh aKTUBHO SABIISIETCS HAUOoJIee IOTEHLIUPYEMBIM B TOMEONATUUECKUX KOJIUYECTBAX U PE30HAHCAX, BCE KOTOPOE ellle
MOJKET OBITh ONMCAHO B BUIE CTPYKTYPUPOBAHHON MaTepuy. 3aMETHM, STOT BOCXOASAIIUH UM HU3XOALINH, HOTOK
SHEPTUH Ha 3TOM He ocTaHaBiuBaeTcs. CaMoil BepIIMHOMN Iporecca pocTa, Tae (U3MIecKoe PaclInpeHie
IIPEKpPaIaeTcsl, MOXKET, BO3MOXKHO, ObITh OIIMCaHa KaK OTIPaBHAas TOUKA, 8 UMEHHO B TOUKe, T1e (Gu3ndecKue,

TapMOHUYECKH CTPYKTYPUPOBaHHBIC 3aMETHBIC aCIIEKThI PACTEHHS 3aKaHIUBACTCS, U TIe HAYNHACTCS YUCTO
sHepreTuyeckuil, hopmaodpasyromuii (GopMa-KOHTPOIUPYIOIINI) aCHEKT, HyX PAaCTEHUsI BOCCOECAUHSETCS C €T0
MOJTHOCTHIO HEBUAUMBIM ITyTEM, B HACTOSIIIEE BPEMsI OCBOOOKIEHBIM OT OrpaHHYEHHH MaTepUH. 31€Ch CYIECTBYET
B3alMOJIOIIOJIHAEMOCTb MEXK/1y HEBUIUMBIM U KOHEUHOCTSMH KOPHEBOM 30HBI, [JI€ SHEPreTUUYECKUE IOJIIPHOCTH, KaXeTcs, C
OJIHOW CTOPOHBI, Ta KU3HEHAsI SHEPTHS KOTOPasi coOpaHa KOPHIMH UIS KU3HH, U, C JPYTOil CTOPOHBI, KOHEYHOCTH -
BETKHU, Ha KPOHE JEpeBa, 1apyIOT *KU3HEHHYIO SHEPIUIO0 UL KU3HU.

Bymyun camoii ydrelt 1 TOHKOW dHepruei, BCE, YTO B KOHEYHOM HUTOTE BBIXOIUT U3 dTUX KOHEYHOCTEH- BETBEH, SIBISIETCS



MOJIEKYJIOH BOJIbI, HO B ClIy4ae ¢ 30HOW KOPOHBI, KOTOpast HeceT B ceOe BCE Oobllie He MaTepHaIbHOTO, HO OYEHb aKTUBHOM,
caMble BBICOKHE PE30HAHCH 00€pTOHAa MUKPOAJIEMEHTOB BTSHYTHIC paHee B KOPHEBOI 30He. CTaB yCOBEPLIEHCTBOBAaHHOM

JI0 TAKOH CTETEHH, YTO ObI CTAaTh MOYTH YHCTOM SHEPTUH U TIOYTH YHUCTOW MOJIEKYJIOH BOJIbI CHOBA, XOTS U C YJIBTPA - BBICOKUM
MIOTEHIMAJIOM, TOMeoNIaTHIecKue, 3QUPHEIE, CO CllelaMU pe30HaHca 00epTOHA HJIEMEHTOB, 3aTeéM OIHUMAIOTCS U3 JINCTHEB
Yyepe3 MUKPO MOPbI, HAIPaBJICHHBIMU BCET/a BBEPX I10 HAIPABJICHUIO K BHICOKOMY YPOBEHIO 3Hepruu, Ha Beicote 3000 -

4000 meTpoB, elie pa3, YTOObI JOCTHYb CBOCH SHEPreTHUECKON aHOMAJIbHOM TOYKH, WK, TOYHEE MIIOTHOCTH —
SHEPreTHYECKOro OIS, COPa3MEPHO CO CBOEH BHYTPEHHEH IUIOTHOCTHIO SHEPTUH WM Ka4ecTBOM. BOT oHa onsTh eme pa3

B "MpUHUMAlOIIEM" peXUME JIJIS TOr0, YTOOBI 00eceunTh ceds ¢ elle Oosiee TOHKOW M yXOBHOW SHEPrHel TOIy4YeHHO! OT
ConHla 1 HemocpeaCcTBeHHO 0T camoro Kocmoca.

D10 nanbHeillee HakoIIeHHe HHOPMaLUK B IOMOIHEHUE K TOMY Y)Ke IepeHeCeHHasl HaBepX, [IPeCTaBIsieT coOoi
3HAYHUTENHHOE YBEIMUICHHE KaK MOIIHOCTh U KauecTBO MH(POPMAIINK, KOTOpast MPOJBUTAET 3BOIIOLMIO. U 37ieck OHa TiaBaer,
IoKa He Oy/eT IpHBJIeUEeHa elle pa3 ULl BBOCOSIUHEHUE ¢ €€ IOMOIIHUKAMHU (C TPAHCIIOPTOM), B KOHEYHOM CUETE, CHOBA
yrmajer Ha 3eMITIO B BUJIC IOXK/Is, 00oraiias HOBOW 3HEprueil 1 HOBO# KU3HEHHOW CHJION, MpUHecs ¢ co00# BCE HOBYHO
MH(POPMAIMOHHYIO U (OPMHUPYIOLIYIO SHEPTUIO KOTOPYIO OHA HAKOIUIIA, 00eCreYnBasi TEM CaMbIM CBEXKHUI UMITYJIbC IS
JTAJIbHEHIIIEr0 SBOJIOIIMOHHOTO MPOLEcCca U Pa3BUTHSL.
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6. 31ech MBI CTATKUBAEMCS C OUEBHIHBIM ITapagoKcoM, TIe B GU3MYECKOM MUPE MPOTHBOIIOIOKHOCTEH, CHCTEMBI C
OJHOMMEHHBIMH 3apsilaMi WM ITIOTEHIIMAIOM HIIH 7K€ 110JIa OTTAJIKHUBAIOT APYT Apyra. ToIbKO TaKue CUCTEMBI ¢
JIOTIOJTHUTENBHBIMH HOJIIPHOCTSIMH COMMIKAIOTCS IPYT € IPYTOM UTS CO3JaHMs HOBOTO CHHTE3a W PEereHepalliy CTAaHOBHUTHCS
BO3MOKHBEIM. B 3TOM THIIE 60)’[66 JKMBOTHBIN MAarHe€TusMm, CIUAHUEC I/IH}IHBI/IZIyaHBHOCTCﬁ, LITO6BI TMPOU3BECTU HOBYIO TPETUIO
CHCTEMY WM CynIHOCTh. C Ipyroif CTOpOHBI, B 00j1ee JyXOBHOM IIOHUMaHHM (YPOBHE) TIOJ] BIMSHHAEM BBIIIEH JHATEKTHKH,
OuO-MarHeTU3M, T€ CUCTEMBI, KOTOPbIE IPUTATUBAIOTCS APYT K APYTY, IPOHUKHYTH TEMH )K€ CAMUMBI JKEJIAHUAMH, T€ MIKE
HMHTEPECaMH U OOLIUMH HETSIMHU.

DT0 NpUTHKEHHE, TPUBICKATEILHOCTD, KOTOPAs BHIXOHT 38 PAMKH UX YHCTO (PM3UUECKOTO pasnuyus. BoT 4to
IIPOUCXOINT C KaIUIAMH 0. DTo OoJiee HeMaTepHaIbHOE MIPUTHKEHUE M OHO MOTJIa Obl, TAKUM 00pa3oM, HCTOIKOBaHa,
4TO B 00BCAMHEHHE MOJICKYIT BOJIBI B KATUISIX OXKIS 3aKa3bIBAETCS C TOPA3/I0 BBIMIETO UCTOYHUKA Yepe3 OUO-MarHUTU3M,
CO3MJIaHUs ¥ BIOXHOBIISIOLINE CHJIIbI, ICHCTBYIOINE HA COBEPILICHHO Pa3HbIX YPOBHIX. DBOMIOLUS, KaK MOXKET OBbITh BUJHO,
Pa3BHBAThCS B MOJOXUTEIFHOM CMBICIIE TOJBKO TOTA, KOTJa MEHbIe GU3MYECKUE MPOTUBOIOIOKHOCTH MOABISIFOTHCS HITH
NIO/I UX PYKOBOJICTBOM M OOBEIMHAIOTCS Oosiee BBICOKOM 1eH. ECiM 3TOT MOpsIOK U3MEHHUTD, U IPUTSKCHUE MEXKTY
MOOOHBIMU CUCTEMaMH TIPOUCXOAUT HA YPOBHE HIKE YPOBHSI MIPUTSKEHHUH (TIPHBJICUCHHUS) TIPOTHBOIIOIOKHOCTEH, TO
9BOITIOIMS OOpEUeHa, OHa CTAaHET HeMPOMYKTUBHOM. 371ech, 63 00beIMHEHNUS WITH MTPUTSKEHHST Pa3HOMMEHHBIX 3HAKOB,
OJJTHOMMEHHBIE 3HAKH, 3apsbl, TCHETUIECKU OCCIUIOAHBI M AHTUIBOIIOLHOHHBI (TO €CTh TOMOCEKCYaIn3M U JIeCOMaHCTBO, He
JIaeT MOTOMCTBO).

17 UCKYCTBO JIECOBOACTBA

- BIA'OPOJHOE WM ITIO30PHOE JAEJIO ?

3a00TUTBCS 0 Jiece JODKHBI TOIBKO JIIOIH, KOTOPBIE T00T ero. Te, KTO CUUTAET JIeC TONBKO OOBEKTOM CIIEKYIALNIA,
Ha)XHBBI, CJIENIAIOT €My M BCEM JIPYTHM JKHBBIX CyLIecTBaM OOJIBILION Bpel, IOCKOJIBKY JieC - KolbIOenb Boabl. Eciu nec ymper,
TO POIHMKY UCCSKHYT, JIyTra CTaHyT OCCIIOJHBIMH M MHOTHE CIIOM HEM30SKHO OyJeT 3aXBaueHBI OSCIOPSIKAME TAKOTO pojia
KaK dpOW3Hs TI0YB, IyCThIHH, U TO, YTO TaKasi CUTyaIist OyIeT MOCIeTHUM NPEA3HAMCHOBAHUEM ISl KAXKI0TO U3 Hac.!
Buxrop Illay6eprep

17.1 Coepemennoe Jlecnoe xo3aiicmeo

I[O TMOABJICHUA HAYKU O JICCHOM XO3${I710TBG, KOTOpas BEAET CBOC HAYaJIO 13 U.[BeﬁHapHH okojio 160 et Hasall, 3J0pOBbE U
pereHepanus jeca OBLITU B 3HAYMTEIILHOMN CTCIICHH MpeacTaBJICHbL HpPIpO,Z[e. HpI/I HOpMaJIbHBIX O6CTO${T€J’ILCTB&X, B BBICOKOM



JICCY OIPOMHBIC COYCTaHUA BUJOB B BEPXHUX sSAPYyCaX U B HIDKHUX ApYycCax, MMOAJICCKE, NPOUBETAIOT B TAaPMOHUYHOM
B3aUMOJICHUCTBHH, KAX/IbI U3 KOTOPBIX MIPUBHOCUT CBOM OCOOBIH MyTh K OJIArOMIOIYYHIO 1IEI0T0.

Te Buzbl, ¢ NIyOOKOH KOPHEBOII CUCTEMOM, TOJHUMAIOT IIEHHbIE TUTATEIbHBIE BEIECTBA U3 NIYOUHBI, KOTOPbIE HAXOIATCS
BHE JIOCSTaeMOCTH 00Jiee MEIKUX — KOPHEBBIX CHCTEM, a TaKXKe IyTeM cOpachIBaHMS MX JUCTHEB OCEHBIO, 000TaIaloT
OromMaccy U criocOOCTBYIOT Pa3BUTHIO CJIOS IEPErHos (rymyca) B JIECHOH mo4Be. 371ech, IPH COBMECTHOM NIESTEIbHOCTH
HECMETHOT'O KOIMYECTBAa MUKPOOPTaHU3MOB, OOUTAIOIINX B TyMyCe, MUTATeJIbHbIE BELIeCTBA TPaHC(HOPMHUPYIOTCS B
COCTOSIHUE, B KOTOPOM OHM MOT'YT OBITb JIETKO IIOJXBa4€HbIMU PACTUTENILHOCTBIO. M3-3a HamM4Ms 3allIUTHOTO HaBeca U3
IUIOTHOM JIUCTBBI CBEPXY, 3EMJIS1 OCTAETCS XOJIOAHON M BIAXKHOM, M B COCTOSHUY IOIMIONIATh U YAEPXKUBATh 10 85% Bceit
BJIArH, YTO BBINAAAET JOXKIEM, TEM CaMbIM 00ecTiednBasi IIONOJIHEHHE TPYHTOBBIX BOJ M (PYKIIMOHMPOBAHUS MTOJTHOTO IIHKIIA
BOJIBL.

JlepeBbs 1 Apyrue BUIbI paCTUTEILHOCTH OUYEHb YyBCTBUTEILHBI K CBETY U BHICOKOW TEMIIEpaType -TeILTy, 3allUIIeHbI
OT 3THUX JIETEHEPATUBHBIX BIUSHUM COPTaMU JIEPEBbEB, CTPYKTYPa KOTOPBIX MPHU3BaHA IPOTUBOCTOSTH UM, U KOTOPBIE, KaK
XpaHUTEINH Jieca, PETHOH MPOU3PACTaHMUS 1T0 KPasiM Jieca. B COOTBETCTBUU ¢ 9TOH 3alIUTOMN, ¥ TO YTO MAaTEPUHCKUE AEPEBbS U
HX Ca)KEHIIbl PacTyT 3I0POBBIMU B paccessHHOM cBeTe u npoxiaze rae CO,-0oraroil arMocdepbl HIXKE JIECHOTO [IOKPOBa,
KOTOPBIH 3alIMIIAeT MOJIOAHSK, HE TOJIBKO OT BPEIHOTO BO3AEHCTBHS MPSMOTO COTHEYHOTO CBETA M TEIUIa, HO U OT yIapoB
CHJIBHOTO BETpa U BO3AEHCTBUS CUIBbHBIX 10Xk IeH. TolbKO TOra, KOrja MaTh A€PEeBO YMUPAET, HAKOHELI, €CTh IIPOCTPAHCTBO
W CBET JOCTYIHBI ISl OAPACTAIOIIETO TIOKOJIEHUS, KOTOPBIA K 3TOMY BPpEMEHH, B IIOJPOCTKOBOM BO3pAacTe, TaK CKa3arh,
TOTOBBI U MOJIHOCTHIO HAOPAIM CHITY, YTOOBI B3ATh Ha Ce0sl POJIb CBOMX JIEPEBHEB POAUTEICH.

B 3Tux yclnoBHAX )KU3Hb NOCIIEIYIOIINX TOKOIEHHUH TPOUCXOIUT BO BCEH €€ MOTHOTE, KaXKABIH B COCTOSIHUM TOCTHYb
MIOJTHOM 3PENIOCTH U KUBET CBOEM BBIICIICHHOM JJHAIla30HE B HEMTPEPHIBHOM LUKIIE KHU3HU U cMepTH. CeMeHa STHX 3pelbX,
B3POCJIBIX AE€PEBBEB, U3 KOTOPBIX PA3BUBAIOTCS HATIOPUCTHIC U HACTYIAIOLINE HOBBIE POCTKH, IIOTOMY UMEIOT BBHICOKOE
KauecTBO, 0OecreyrBasi TEM CaMbIM MPOIODKEHHE POXKIAEMOCTH M BOCIIPOU3BOICTBO 3I0POBOTO MOTOMCTBA. B 3TOM BhICIIIEM
COCTOSIHUM HOPSAKA, OCHOBAaHHOTO HA IIMPOKOM OHOIOTHYECKOro pasHooOpasuu, [Ipupona HaXxoquTes: B MI3MEHYMBOM >KHBOM,
37I0POBOM H POAYKTHBHOM COCTOSTHUH PABHOBECHSI.

Bce 370 sipkoe COKOWCTBHS OBICTPO HAYaslo UCue3aTh, OTMETUM, IIOCKOJIbKY YEJIOBEUECTBO CTAJI0 BCE Jaibllie U
Jajblie IPOHUKATh M YHHUITOXATh PEeCypchl Jeca. bonee kpymHbie 1 60MbIIre TOBEPXHOCTH 3eMIIM OOHAKIINCH IS
CEJILCKOTO XO34HCTBa, a 10 TeX I0p, IOKa 3TO OBbLIO B OTHOCUTENIBLHO HEOONBIINX MaclITabax, ymepo okpyxaromeil cpezne,
ObLT He3HAUUTEbHBIM. HOTIA 3Ta BBIpYyOKa NpeaHa3Havdaercs it npyrux neneil. Korna lenpux VIII npuka3zan MaccuBHOE
pacmupenue Koponesckoro ¢uiora B Hauasie 16 Beka, HalipuMep, ABE THICSIUM B3POCIIBIX AEPEBbEB Ay0a, HEOOXOAUMBIX IS
CO3JaHMS KaXKA0TO CY[HA, IPAKTUUECKH YHUUYTOXKWIN B AHIIMK OOIIMpHbIEe yOOBBIe j1eca, el pa3Mep U INIOTHOCTD OblIa
3arcaHa pUMIISTHE BO BpeMsl MX BTOp)KEHHs B 54 . 710 H.3. TakuM 00pa3oM JieC CYUTAICA HEOrPaHHUYEHHBIM XPaHMIUIIEM
IOJIC3HBIX MaTCpHaJIOB U HE MPCAIIOJIOTaCT YCIOBUA Bblpy6KI/I, JKU3HCHHO BA>KHOC 3HAYCHUE AJIs1 €TI0 }laﬂbHeﬁLHCFO
CyILLECTBOBAHUS WH K 3P deKTy ero yHuuToxkeHus. M 370 HecMOTps Ha TO, 4YTO BO MHOI'MX OTHOILEHUSX ObLIO 60JIee BBICOKOE
poxctso k ITpupoze B Gosee paHHUE BpeMeHa U OOJIBLINMY 3HAHUSIMU O JPEBECUHE, OTpaXkaeT ClIeAyIoIast [UTara B3aTa
W3 3anucel aBCTPHUICKOTO KapEeTHOTO MacTepa 3anucanioi B 1843 roxy macur 2.

"EcTb TOJBKO TPH AHS B TOAY MOAXOAIINE IS CYIIKH JPEBECHHBI B reun: 3 ampens, 30 utons u nens CaToit Exarepuss.
[Mocnenuuii TakKe XOPOLI IJIsl U3TOTOBICHUS ACPEBSIHHBIX (OPM JIUThSI OPYKEHHBIX SIIP U MYJIb.
YrtoOHBI OBITH YBEPEHHBIM B TOM, UTO JpEBECHHA OyIeT TBEPAOH M KPEIKoii, e€ ciemyeT cpyOUTh B TEUCHUE MEPBBIX 8 AHEH
MOCJIC HOBOJTYHHS, KOT/Ia JIyHa B «MSTKOM 3HaKe» (T.e. B Tr0OOM 13 3HAaKOB 301uaka J{eBbl, PbiObl, Biiusnens wiu Beckr).
YT0oOBI OBITH YyBEPEHHBIM B TOM, UTO JPEBECHHA HE CTAHET THUTH Nocie pyOKH, ECTh TOIBKO TpH AHS B IOy, KOTJa OHa MOXKET
ObITh cpyOsieHHa. [lepBblit neHs, mocne [Tocaanus Ce. Anocrona [asna (26 stuBaps) u 10-e u 13-¢ depasst.
JU71st mosty4eHHs1 HEBOCIIIAMEHSIIOIIEeH PEeBECHHBI, OHa T0JDKHA OBITH CpyOJIeHHa, B IIEPBhIN IeHb MapTa, korna y JIyHbI ecTh
eme 48 gacos, nepe;] yX0A0M Ha YObUIb.
Jly4mvii eHs JUIsl BAJIKH Jieca, YTOObI OHA He JaBajla YCaKH SIBJSIETCS TPETUi AeHb OCEHH, KOT/ia THEBHOM CBET COKpaIIIeTCs
n Jlyna npuObIBaeT BHIIIE TIEPBOI YETBEPTH.
Jnst Toro, uto OBl GBUIO XOpoOLIee BOCTAaHOBJIEHHE, OTPACTaHKE, APOBA JOJDKHBI OBITH 3arOTOBJICHBI B OKTSIOPE B XOZE MEPBOI
4yeTBepTH pocTyiuei JlyHsl.
bpeBHa, KOTOpBIE MONIYT HA JOCKH, MMJIOBOYHHK, JOJDKHBI OBITH 00Ope3aHs! 1of 3HAKOM pocTa (pocTymeit tyHsl) Pei6. Onn
JIOJDKHBI OBITH BBIMOYEHBI B BOJIE IIPH YMEHBIIAIOMNM 3HaKoM PrI6 nmm Paka.
Ta npeBecuna KoTopas He JaeT YCaaKH, OIDKHA OBITh cpyOineHHa Ha [1saTHuIy, korna Tpetnit JIyHHEIH 1eHb B 3HaKe Paka.
IMpsimast, poBHAs U KadecTBEHHAs peBeCcHHA TpedyeMast KapeTHOMY MacTepy, OOHIapIo U T.II., JOIDKHA OBITh CpyOIeHHa
B HOBOJIyHUe U B 3Hake Ckopnrona win Paka. J[peBecuna OyneT ocraBaThCst TBEPIOH U IIPOYHOM.
st Toro, 9TO0BI IpeBeCHHA HE TyXJIa, OHA JOJDKHBI OBITH CpyOJIeHHA B HOSIOpE Ha IEPBOM M BTOPOM JIHE Iepel HOBOTYHUEM."

Ha npotskeHnn BEKOB, OTMETHM, HACHIIOBAaHKE Jieca POCIIO OBICTPBIMU TEMITAMH, ObUIN CO3/1aHbl IIYCTHIHY, I7IE
JIETeHJapHOE U300MIIHe U ITPOLYKTUBHOCTh HEKOT/Ia TOCIOIcTBaBa. Jleca Bcerna npeaiecTByOT [IMBUIIN3AIMN, U TYCTBIHA
— JIOKa3BTEJIbCTBO O e€ MpoxoxaeHuH. Llenbie Hapo/ bl ObLIIM BBIPBAHBI C KOPHEM U JIOJDKHBI OBLIH IBUTaThCs B APYrUe MecTa
B TIOMCKAaX CPEJCTB K MPOMUTAHHUIO U CylIecTBOBaHHIO. K cyacThlo, B T€ THU OBUIO elle KyJa WATH, IOTOMY 4TO HaceJCHUe
MHpa ObIJI0 OTHOCUTENHHO HEBEJIMKO. Ho Takoe He MPOMCXOIUT CEroAHs, KOrla Hac Tak MHOTO U BCE e, HECMOTPsI Ha Bce
HCTOPUYECKHE JI0Ka3aTeNbCTBa AeKTa OT BRIPYOKH JIECOB B OONBIIMX MaciiTabax, Mbl BCE €IIe MPOI0JKAEM YHUUTOXKATh
€ro C yrpokaroleii CKopocThio, Kak Oy/To, Kak JIEMMHHTH, Mbl XOTHM, YCKOPUTb Hallle COOCTBEHHOE NCYE3HOBEHHUE.

"Koeoa kmo-mo ymupaem 360Hum konokolr. Koeoa ymupaem Jlec, ¢ num u eco Hapoo, mo Hu KMo He NOuUEELem
(noonumem) oadxce nanvya. *"
Buxmop Lllaybepeep



JlecHoe X034iiCTBEO, pa3yMHOE HCIIONB30BaHHE, cOepexenne, 1 COXpaHeHHe KU3HEHHOBAKHBIX HAIIMOHAIBHBIX U
MEXTyHapOIHbIX aKTHBOB O JIECE CIETYeT PacCMaTpHUBaTh MPEXk/Ie BCETO Kak KiroueBylo nmpodeccuto. Kpome ynpasnenue
BOOHBIMHU pECypCaMHu, 3TO - JIECHOC XO3${ﬁCTBO, BBILIC BCEX APYIUX TUCHUIUIMH, KOTOPBIC OTBEYAIOT 3a NOAACPIKAHNUC
CTaOMIBHOCTH [I00AIBHOIO KIIMMAaTa U IOBEPXHOCTHOM 3eMIIU, Hallell IIaHeThl 3eMIIN.

Hayka o necHoM xo03siicTBe poamiack B Hayase 19 Beka, IOCKOJIbKY MIBEHIapLbl HAYAIN KPYIMHOMAaclITaOHYIO
IporpaMMy JIECOBOCCTAHOBIIEHUS, YTOObI UCIIPABUTh OIPOMHBIE Ipa0eKH BbI3BAHHBIE MACCOBBIMU BBIPYOKaMH OOJIBIINX
JiepeBbeB BO BpeMs IpoxoxaeHus Hanoneona yepes Anbiibl. C G0JIBIINM TOHUMAHUEM U BOCIIPUATHEM K MECTY U
TPHHAJIEKHOCTH, YeM CYIIECTBYIOIINE CErOfHs, OHU c(HOPMYITHPOBAIIH CTPOTHE 3aKOHBI, 3aIIpelalolie IT0CaaKy TeX BUI0B,
IJie OHU HE Pacii €CTECTBEHHBIM ITyTeM. Eilb U Apyrue BHICOKO PacTyIIUE AEPEBbs HE MOIYT OBITh IOCAXKEHBI B JOJIUHY
U mocajka OyKoB, TyOOB H APYTHX JTHCTBEHHBIX IIOPOJ IEPEBLEB HA BEICOKOB YPOBHE B PABHOW CTEHICHH OTPAHHICHO
3aKOHOM. DTOT 3aKOH JI0 CUX Iop npumMensercs B LlIBelinapuu, u Takxke ObLI NPUHAT ABCTpHEH, XOTS, KaK U B APYTHX
CTpaHax, JIECHOE XO3SHCTBO ¥ TaM BO MHOTOM HPEBPATHIINCH B KOMMEPUECKOE IPOM3BOACTBO APEBECHHBI B OCHOBHOM
JUIs IPOU3BOACTBA AEIIEBOM MeOemy, IEPEBSHHOMN 1IENbl U JPOB.

B mponecce cepuitHOro MpOU3BOACTBA, BCE CBA3M 1 HIOHUMAHHUS €CTECTBEHHBIX IIPOLIECCOB, KOTOPHIE 00€CIIEINBAIOT
BBICOKOE KaueCTBO JPEBECHHBI, OBUTH MOTEPSHBI. OTPOMHBIC YJAaCTKH 3€MITH MOJHOCTHIO OUHUIIEHEI OT JePEBHEB
(BBIpYOIIEHHEBI), 0OHaXas MOYBY HOJ MpsIMOE Bo3/elicTBHe Temna U cBeta COHIIA, TEM CaMBIM YHHYTOXKas TOHKHE KaITMLISAPEI
TOYBHI -KH3HEHHO BaXXKHBIH MOCTABIUKY MUTATEIbHBIE BEIIECTB U TOYBEHHON BIIATH, - 4 TAKXKE MOBBIIICHHIE TEMIIEPATyPhI
3eMIIM ¥ pe3Koe MOHWKEHHE YPOBHS TPYHTOBBIX BoAl. JIroboe mocakeHHOE AepeBO B TI0OOM MeCTe, He3aBUCUMO OT €ro
TPOUCXOXKICHUS M YCIOBHIT €T0 €CTECTBEHHOI cpefie 0OMTaHuUs, U IOM U XJ1e0 HACYIIHEIH, CPEICTBA K CYIIeCTBOBAHHIO
HECMETHBIX CYIICCTB, Yb€ CYIIECTBOBAHUEC 3aBUCUT OT IIPUPOAHBIX CMCIIAHHBIX JIECOB, 6G3BO3BpaTHO TOTCPAHBI.

B 10 BpeMs Kak JpeBHCHHA BHICIIETO KauecTBA ONTOM yXOIHT IJIsI IPOM3BOACTBA BBICOKOTO KadecTBa Oymaru u Mebel,
CPaBHUTEIBHO HEMHOT'O U3 HE€ IIOBTOPHO MOCAXKEHBI, IIOCKOJIbKY el TpeOyeTcs 0oiblie BpeMEeHH, YTOObI BBIPACTH 10
BBIPYOKH, TO €CTh €CT€CTBEHHBII PO BRIPAIIMBAHKS CITUIIIKOM IOJIOT JUI KOMMepUecKo sKciuryaram. JIroboe
JIECOBOCCTaHOBIIEHHUE, KOTOPOE JEHCTBUTENBHO IPOUCXOAUT, IPABUIIO, JIETIaeTCsl C XBOWHBIMU NTOPOIaMHU, TAKUX KaK COCHa,
IS IECHOTO XO3SHCTBA, B CBOEM HEBEKECTBE M B KA4eCTBE HHCTPYMEHTA YNPABICHHs, MOKIOHIETCS KPaTKOCPOTHOIT
(uHaHCOBOH BBIrO/E, HE 3200TSCh O IOATOCPOUHBIX MOCIEICTBUSIX.

BeipaliyuBaHue CBOIUTCS K a0COMIOTHOMY MUHUMYMY, H OHOJIOTHYECKH TOBOPS TPECTABISIET OTKA3 OT OyIyIero, MOTOMY
YTO HH KaKOMY JICPEBY HE ITO3BOJISIOT JOCTUYB MTOIHOM 3pEIOCTH. DTO HPOLIECC, MOXOK Ha YOUHCTBO pedeHka. B To Bpems
KOTJ[a BO3PACT 3pEJIoro KpacHoro Jepesa cocranisieT okono 2000 sert, ceronus ero cpybaror nocie 60 et pocra. 1o
03HAYaeT, YTO OHO OBUIO BHIPYOICHO TOT/A, KOTIa OBLIO PeaM30BaHO TOIBKO 3% OT €ro MOJHOTO MOTECHIHNANA, U MPEKIC YeM
OHO MOTJIO JaTh IOTOMCTBO. Kak akT HaCWITHS OHO PaBHOCHIJIEHO YOUMCTBY YelIOBEKa C OXKHIAEMO# MPOIOIHKUTEIBHOCTHIO
xu3HK 70 JIeT, Koria OHa COCTaBJIIeT Y4yTh Ooee 2 JieT. B pesynbrare y)xe HET 3peibIX CEMsH U MOCTEIEHHO I'eHeTHYeCKast
6a3a ceMsiH yXy/IIaeTcst BIUIOTh qobecrutonus. [locmencteus 3Toro 6e3yMust HMEIOT JaJIeKO UIYIIHE MOCICACTBUS, MO0, KaK
OMOJIOTHYECKOE Pa3HOOOpa3He HCTOIACTCS B CBOEM CAMOM BBICOKOM OPTaHU30BAaHHOM KaueCTBE, TOATOMY TAaK )K€ SBISIOTCS
Ka4eCTBOM, SHEPIreTHIECKIM U HHBIM 00pa3oM TOH, OAICPKKH BRICHINX (DOPM JKH3HH. YHUUYTOXKEHHUE JIeca HIET pyKa 00
PYKY € pa3pylIeHHEeM BOJBI, H KaK MbI BUICIHU B TIPEIBIIYIINX IIaBaX, MOCIEACTBUSI 9TOTO OE3yMUS yXKACHEL.

“CMepTh Jieca, sIBIseTCs JIUIIb BEPXYIIKOi aifcOepra U sBIIETCs OTpaXKeHHEM IIyOOKOro YXyAIIEHUs BCETO 4eJI0BeuecTBa.”

Opuer Kpebe

17.2 Monoxynemypa

B npupoaHbIX cMeIIaHHBIX JIecax, BCE JOCTYIHBIC 3JIEMEHTHI U BIUSHUS, HEOOXOIUMBIE ISl pOCTa U Pa3BUTHUS
pacrpeiesieHbl PABHOMEPHO U PACHIPEAEIAIOTCS I KaXKI0T0 OpraHu3Ma B COOTBETCTBUM C €T0 MOTPEOHOCTAMU. 31ech
nuddepeHranys 1 pa3Hoo0pa3re B MaKCHMyMe; HH Yero He MOTPaueHo BIYCTYIO, U HU 4ero HeT B u30bITke. B [Ipupone
HOPSJOK HACTOJIBKO CJIOXKEH, YTO OH KXKEThCSl Xa0THUECKUM, IIOTOMY, YTO HOPSIKOM U CIIOKOHCTBHEM OH PajyeT a3 u
MOJHMMAET IyX - Ta3a TPeOyroIHe caMbIX CIOKHBIX "3epKan" Uit cOOCTBEHHOTO OajlaHca U PaBHOBECHSI.

OpHa U3 IPUYUH, TIOYEMY MOJIOZIbIE, B TOM K€ BO3PACTEe HACAXK/CHUS COCHBI OECIIOKOAT IJIa3a, IOTOMY YTO UX YPOBEHb
TOpSIIIKa HH B KOG Mepe He COOTBETCTBYET ropasno 0ojiee CI0KHOMY, KOTOPBIH MOYKHO YBUIETh B €CTECTBEHHOM Jiecy. Bee
MX HACOXKAEHUS Ha OJTHOW U TOH K€ BBICOTE, IPOU3BOIAT TPEBOXKHBIHN IIyM, TOPU30HTAIBHOCTD TIOJIHOCTBIO OTCYTCTBYET B
CMeIIaHHBIX Jiecax.O4eBUIHO, TPOIBETAIONIAs YCTOMUYMBOCTh CTAPOBO3PACTHBIX JIECOB, KOTOPHIE CYIIECTBOBAIN HA HAIIEH
IUIAHETE elle J0 MOSBICHUS YeJI0BEUECTBA, 3Ta €CTECTBEHHAS CI0XKHOCTb, KOTOPas IPEICTAaBISIET OUEHb BLICOKOE COCTOSHHE
TOpsIIKa, OBUT TIOTHOCTBIO IIPOMTHOPHPOBAH. B HOCSIINIA B )KM3HB MOIUTIECOK B JiecaX MOTHOCTHIO BBIPYOJICH, KOTOPBIH
YIIpaBIIsieT BOXOM, 4TO OOJBIIE BOABI U OOJBINE MUTATENHHBIX BEMIECTB OyIeT JOCTYITHBI, Ul KOMMEPYECKOH BhIpyOKe
nepeBbeB. Bmecto [IprpoaHOro cuHepreTH4eckoro B3auMoJeHCTBHA — COTPYJHUYECTBA MEXK/LY Pa3IMYHbIMU
Pa3sHOBUIHOCTSIMHM, BBOAUTHCS PA3HOIIACHS KOHKYPEHIIMS, pactiooras OJ1H BUJI PACTEHUI HAlIPOTUB JIPYroro.

B cutyarmu ¢ MOHOKYIBTYPOIl Bce A€peBbsi CTPEMUTBCS K TE€M K€ MUTATEJIbHBIM BELIECTBAM U CBETOBBIM YacTOTaM,
9TOOBI BEDKUTE. BOT YK IeHCTBUTEIBHO, MBI CTaJKHBAEMCSI C BEDKMBAaHHEM HanOoJiee IIPHUCIIOCOOIEHHBIX, TIOTOMY YTO
KOJIMYECTBO M KaueCTBO MHUTATENIBHBIX BEIECTB, CIELU(PHUIHBIE VI KOHKPETHOTO BHIA OrpaHuyeHbl. CyliecTByeT JIUIb



OIIPEAEIEHHOE KOJIHMYECTBO KayKAOTO JOCTYITHOTO 3JIEMEHTA U XUMUYECKOTO COEJUHEHUS], ¥ BCE JEPEBbsI, Ubs KH3Hb
TIOTHOCTBIO 3aBHCHUT OT HUX JIOJDKHBI OOPOTHCS, YTOOBI TIOMYYUTD €T0. JHEPreTHUECKOE U3MEHEHHE, MyIbCAlUU 1
rapMOHUYHOE B3aMOJICHCTBUE HapyIlaeTcsl, 00JIe3HY, Pa3fiopsl U pazHOIIAcUs IPeo0IaatoT, Pacupsil X KOBapHbIE U
naryOHbIe TIOCIEeACTBUS ISl BCEX APYTUX CYIIECTB. BCTpOCHHBIH B cHCTeMy MOPSJ0K HAMHOTO HU3KOTO KaueCTBa, CIOKHOCTH,
OoJiee BBICOKO YHOPSIOYEHHBIE CUCTEMBI TEPSIOT YCTOWYMBOCTD U Jake ncuesaroT. YenoseuectBo [loxkanyiicra, oOparure
Buaumanue!

TToCKONBKY JepeBbsl HIIH PACTECHUS B MOHOKYJIETYPE TOJIBKO ITOITIOMIAIOT ONPEACIICHHBIC YaCTOTHI U3 IOBOJIBHO Y3KOH
ITOJIOCHI HAaCTOT B CHEKTPEC, TOJILKO IIPOLCHT, CHCHI/Iq)I/I‘{HbIX JJI HUX, UCIIOJIB3YETCA onpeﬂeneHHbe/i BUJI U npeo6pa3yeTcsl
B TBOPYECKHIA POCT, a OCTAIBHBIE OTPAXKAOTCS BO MHOTHX CIIy4asiX, KaK JOIONHHUTENbHAS OKPYXKAIOIIasl BEICOKas
temmeparypa. Korna, gepe3 usMeHeHus B BUOpUpPYIOIINX 00pa3lax U3MeHeHHe B GU3N4ecKux Gopmax, 4To 3TO O3HAYAeT,
0YeHB MIPOCTO, YTO MpeAbIayIas (hopMa Ob1a YHHYTOXKEHA WITH U3MEHIJIACh, HHOTA HACHIbCTBEHHO, IPUHYITUTEIBHO.
Jpyrumu cnoamu, 6onee no3aHue GopMbl OTIMYAIOTCA OT 00JIee PaHHUX.

DHeprusl, Kak IBMKEHNE HE MOXKET OBITh YHHUTOKEHA M TAKKM 00pa30oM BEYHa, TaK KaK HET HUKAKOHW TaKoW BElIH, KakK
«HelfTpanbHas» SHEPTUs B CMBICIIE CTaTHISCKOM SHeprur. [103ToMy, eciti Kakoi-ITH00 SHEPreTHIeCKUH Ty Th B JIFOOOM CITydae
aHHYITMPOBAH WM YCEUeH, WU JIFOOBIM IPYTUM 00pa3oM OTKJIIOHEH OT eTO eCTECTBEHHO Ha3HAYEeHHOTO (IpeIHauepTaHHOTO)
IyTh WM (OPMEIL, TO TaKasi SHEPTHs H3BpAIleHa ¥ He MOXKET BBITOIHATH CBOM TBOPUECKHUE-CO3UIaTeIbHbIC (DYHKIHN.

Jlrobas GpyHKIUS, KOTOpas KAKUM-THO0 00pa3oM MOAIEPKUBACT JAHHYIO CUCTEMY B COCTOSTHHU YCTOWUYHBOTO 3/I0POBbS
" paBHOBecHs (6anaHca), SBIETCS] BHEITHUM BBIP)KCHHEM BHYTPEHHEH TBOpUeCcKor critbl. Eciii ObI He TBOpYeCKast, TO TaKas
cucreMa OyneT yxyamarbes. TakuM o0pa3oM, ecim SHEepTHsl, B 9TOM cliydae CBET 1 dHeprus oT CoiHIa, He MOXKET
PACIOPsDKATHCS caMa TBOPUYECKH, TO OHA HEM30€)KHO CTAHOBHUTCS Pa3pyIIHTENLHON. 31eCh pa3pyIUTEIbHBIE TOCIEACTBUSL
IPUBEIYT K MEPErPeBY ITUX MOHOKY/IBTYPHO MOCAKEHHBIX IEPEBBEB (IEPEBLEB OJHOTO BHUAA).

Kax Toipk0 BHyTpeHHHE 0OMEHHBIE IIPOIIeCcChl OBUIN HCKaXXEHBI IyTeM HeeCTECTBEHHOM TeMIIepaTypoil 1mbo
HOHy‘ICHHOﬁ W3 BHC, WM BBI3BAHHBIC BHYTPEHHE, ITOCPEACTBOM YPE3MEPHOI0 OKMCIICHHA, TO €CTECTBEHHBIN O6MGH BCLICCTB B
POCTEeHNH He MOXeT 0oJIblre paboTaTh B 340poBOi (hopMme. J[pyruMu clioBaMH, €CITH MIPUPOIHBIE CTOSYUE BOIHBI YacTOT,
KOTOPbIC MOAACPIKUBAIOT ONPCACICHHBIC U3BMCHCHHS U ITPOSBIICHUC B PE3YJIbTATC IMOBBILLICHUS BHyTpCHHeﬁ TeMIIE€paTypbl (CM.
puc. 7.1), To B ciyyae aepeBa, WM YeNIOBEKa Kak BIIPOYEM, TO Ta HOBasl KApTHHA OOJIbIEe HE MPECTABISIET 00pa3 «340pOBOT0O
JiepeBay, a «00JIbHOE JIepeBO + Mapa3suThl».

Kax yenoBeyeckue cymecTBa, Mbl, Kak IIPaBHIIO, CYUTaeM ce0sl 3M0POBBIMH U HE MIMEUM «TEMIIEpaTyphl», HO KOIZa Halla
Temmneparypa tena +37 © C. 3ameTuM, Kak TOJNbKO Hallla TEMIEpaTypa MOBbIIIaeTcs ckaxeM 10 +37,5° C, To Mbl HaYMHAEM
qyBCTBOBATH €051 OOILHBIMHU, BOSMOKHO, HEMHOTO KPY>KHTCSI TOJIOBA, HO BO BCSIKOM CIIydae HEMHOTO JIMXOpaao4HO. BHesanHo
MBI HAXOIUMCSI B COCTOSIHUU TIOJIBEP>KECHHOMY K 001e3HU. YTo cayunnoch? IIpou3omio oueHb He3HaYUTENbHOE U3MEHEHUE
TeMIIepaTypbl, U Mbl OOJIBHBI, Mbl HAYWHAEM PaboTaTh co 3004MH, HenpaBenbHO. [ToToMy 4TO MBI OOJBHBI, Hallla BHYTPEHHSA
TeMIepaTypa H3MEHIIIACH JI0 TEMIIEPaTypHI, CIIOCOOCTBYIOMIEH Pa3BUTHIO (hOPMEI KI3HH, KOTOPast B IPOTHBHOM CITydae JJIs
HAac 4yXJas HaM.

Bo Bce BpeMeHa MBI SBISIEMCSI HOCHTEIISIMH CaMBIX M3BECTHBIX 0OJIE3HEH, 3TO MPOCTO TIOTOMY, YTO OHH 0e31eHCTBYIOT
u OyIyT OCTaBaThCA TAKOBBIMU, IIOTOMY YTO Hallla 37I0pOBasi TEMIIEpaTypa Tella He HOAXOAUT UL UX CYLIECTBOBAHUS U
pacnpocTpaneHus. Korga Mbl momydaem teMmeparypy 1o TO¥ WM HHOM IPUYHHE, WK MBI ITOJy4aeM XOJIO/, TO TeMIepaTypa
Tella JOCTHTAeT YPOBHS, Iie OaKTepPHUH MOTYT IIPOCHINAThs (Pa3BOPaYMBATECS) U Pa3BUBAThCA. BHPYC BBIXOUT U3 CBOETO
KPHCTAJUTHYECKOTO COCTOSIHUS M CTAHOBHTCSI aKTUBHBIM M opranndeckuM. Ho 3necw [Ipupona oueHs yMHa 1, 4TOOBI
M30aBUTECS OT ITUX HEXKENATENBHBIX UyXKEPOIHBIX CHCTEM, TENIO IOJHIMAET TEMIIEpaTypy elle Ha YPOBEHb CMEPTENIbHBII
JUTsl OaKTepUil 1 MUKPOOOB, KOTOPHIX HOpMAaJIbHASL TEMIIEpATypa MOXKET JIeXKaTh MEX 1y, ckaxeM, +38,2 © C u + 38,6 ° C. Bor
MoveMy, KaK TOJIbKO HaWBBICIIAs TeMIepaTypa Obliia JOCTUTHYTA, OONBHOH (IT0CTpagaBIIMii) 4acTO BHI3AOPABIMBACT OUSHD
OBICTPO.

OTcrona CTaHOBUTCSI OYEBUIHO, YTO MBI KaK | A€PEBO He 3a001eBaeT n3-3a Napa3uToB M TPUOKOBOTO HAIAJICHUS, a
IIOTOMY, YTO €0 COCTOsIHUE 0e3pa3nynsi ObUI0 HApyLIEHO M €r0 COCTOSHHE HAMBBICIIETO 3M0POBbS U )KU3HECIIOCOOHOCTh
HapymeHsl. [lepeBo TakuM 00pa3oM IPHBJIEKAET TeX Mapa3sUToB, TIOCKOIbKY H3MEHIINCH SHEPreTHIeCKUe BUOpaIIni
(xonebaHus1), B pe3yabTaTe aHOMAIbHO BHICOKOM BHYTpPEHHEH TeMIlepaTypsbl, CIOCOOCTBYIOLIHME UX IOPOXKICHUIO posia U
pasmHOkeHuto. [1apa3utel, TakuM 00pa3oM, kak roBopui Bukrop layoeprep, BbI3biBanCh is "MeIUIIMHCKOM TOMOIIIH
IMpuponoit", ubst paboTa 3aKiII04aeTCs B yIaJCHHH BCEX TCHETUYECKHU BBIPOXKJCHHBIX OPraHU3MOB JUIS TOTO, YTOOBI
rapaHTHpoBaTh Oyaymiee. B cirydae ¢ nepeBoM, 3aMeTUM, OCHOBHAS IPUYMHA ITOW TeHETUIECKOH Aerpajalliiy - 3TO OJHOE
HETIOHUMAHUS PEakLUy AepeBa Ha CBET U BHICOKOE TEILIO, KOTOPBIE TeNeph OyIyT OCBELICHBI HIKE.

17.3 Céemo u mene — nrwoouswvie /lepesvs

Ta6muma [puc. 16.10] Ha cTp. 216 MOKa3BIBAET, UTO CYIIECTBYIOT JBE KATETOPHUHU AEPEBHEB MTOMEYEHBI, TPEOOBATETHHBIX
K TeHU U CBETO-TpeOoBaTeNbHbIe Wi J1t00KuBble. COBpeMEHHasl IIPAKTHUKA JIECHOTO XO3IHCTBA HE NMPU3HAET 3TOT0, C TSKEIBIMU
TIOCIIEICTBUSIMH JITSI OOIIETO COCTOSIHUS 37I0POBbS Jieca. B cBOEM KOJIMYECTBEHHOM ITOIXOJE, COBPEMEHHOE JIECOBOICTBO
CUUTAET, YTO €CJIU JIEPEBO PacTeT OBICTPO CTABUT Ha OOMIIME OTPACIU U IpUOBIBaeT OBICTPO B 00XBare, TO €ro CTaBsT B
COOTHOIIICHHE LIEHBI M KadecTBa. To, 4To JIeCHOE XO3IHCTBO Ha CAMOM JieJie TIOJIy4aeT TOJIBKO KOJIMUECTBO, a He Ka4eCTBO 3a
CBOM JICHBTH.

Uepes HETOHMMaHUE CBETOBOTO (hakTopa 1 CBA3aHHBIE C MOCIEACTBUAMY HOBBILICHUS TEMIIEPATYPHI, JIECHOTO

XO3HCTBa, TOJHOCTBIO 3a0BIBAIOT IPUYNHY YBETHMYCHHS 32001€BaMOCTH HE TOJIBKO B CHCTEME €CTECTBEHHBIX JIECOB, HO U



0COOCHHO B IIAHTAIIMOHHBIX JIecaX, I1e B TEHU-TPeOOBaTeIbHbIE-TI00MBbIEC BUbI TOJBEPralOTCs pa3pylLIaloIeMy
BO3/1€MICTBUIO NPSIMBIX COJIHEUHBIX JIy4eH U BHICOKOHM TenepaTypbl UyTh JIM HE CPOKICHUA. A KaK Mbl MOJKEM OIPE/ENIUTb,
SIBJISI€TCS JIU JIEPEBO CBETO- WM TEHE- JIIOOUBBIM, UTO I 3Toro Tpedyercsi? EcTh 1Ba OCHOBHBIX croco0a:

1. TeHe-noOuBBIe-TpeOOBaTEIBbHBIC BUIbI, KAK MPABUIIO, C TOHKOH TIIAAKOH KOPO#t, OylTy4r HOPMaIbHO
IPOU3POCTAIOIUMHU BO BHYTPEHHHUX 0OJACTSX Jieca, UM HE HYXKHO, OTPaXJaTh ce0sl OT BHICOKOTO TEIJIOBOIO BO3ECHCTBUS OT
MPSIMBIX COJTHEYHBIX Jiyuei. CBETO-I00MBBIE IEPEBbSI, C IPYrOil CTOPOHBI UIMEIOT TOJICTYIO, TPYOYI0, TEIUIOM30IALUOHHYIO
KopY, KoTopas siBisieTcs [IpuponHbIM crmocod UX 3alUThl OT TOTO K€ NOTEHIIMAIBHO BPEIHOTO BO3ICHCTBHSI.

2. TCHC-J’I}OGI/IBLIC ACPEBbs BbIpAlIUBAIOT JOIIOJIHUTCIBHBIC BETBU Ha CTBOJIC OT BO3ﬂCﬁCTBHﬂ CBCTa M TCILIA, B TO BPEMA
KaK CBETO-TIOOMBBIE MOTYT OBITH C TOJIBIM CTBOJIOM.

Kaxk npumep st0ro, Ha puc. 17.1 nokaszaHsl JBa 1epeBa Ha COOCTBEHHOCTH aBTOpa B ABCTPaJIUH, OZHO B TEHU TO, KOTOPOE
TeHe-o0Boe (a) 1 Apyroe cBeto-oduBoe (0). Best utomanp, mokazanHas Ha (oTorpadun Oblia HOKphITa OONee TyCTOi
JlantaHo# (koTOpast, NpeBpaTUIach B 3K30TUYECKHUN B IPUXOAS B IPOCTh B YCIIOBUSIX KAPKOTO KJIMMATa) 10 BEICOTHI OKOJIO
4 metpoB. CTBOIIBI 000HX JepeBbEB OBUTH MOITOMY 3alIHIIEHbI OT cBeTa COJHIA HA PACTOSIHUY TIEPBBIX 4 W OKOJIO TOTO
METPOB HaJ 3eMIIeil.

Tak kak 3Ta TeppUTOpHs ObLIa OYHIIEHA OT 3apPOCIIEH UL HENAaBHO, BIIEPBBIE ITOCIIE MHOTHX JIET, MOJIOJKaBOE TEHe-
JIHOOMBOE JIEPEBO JKUIIO BCIO )KM3HB U €€ CTBOJI 3alyieH oT Terwia ¥ cBeta CoHila. Yepes mecTs Hesenb I0cIe ONepaiy 1o
OUYHCTKE, TEHE-II00MBOE JIepeBo (a) (CM. Takke puc. 17.2) Havyaau pacTH HEKOTOPBIC AOMOIHUTEIbHBIC BETBH HA HIXKHEH
YaCTH CTBOJIa Ha COTHEYHOI cTopoHe. OHO NOJDKHO OBLIO CENaTh 3TO AJISl TOTO, YTOOBI 3aIUTUTH Ce0sl OT HOBOW H
HEeXENaTeJIbHONH BBICOKON TeMIIepaTypsl, KOTOpas HapymIaeT YHOPsA0UYEeHHBIN IOTOK COKa.
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Puc 17.3 Puc 17.4

B OonbIIMHCTBE CITy4aeB, IO3TOMY, KOI/Ia ISPEBO MM KyCTapHHUK HENPEPHIBHO 00PE3at0T M OHK OBICTPO OTPAILMBAIOT



(BoccTaHaBIMBAIOT) BETBU B Te€X 00NIACTAX, [I€ OHU OBIIM OTPE3aHbl, BBl 3HAETE, YTO MBI UMEETE AENO0 C TeHE-TI0ONBBIMU
Bugamu. [IpuunHa, Takoro NoBeAEHNU, 3aKPbIBAaHHE HIDKHUX BETOK HE IIOTOMY, YTO OHH XOTST IOTyYHTH OONBINE CBETA (YOTAT
OBbITh OCBEIIEHBI COJTHEUHBIM CBETOM), a IIOTOMY, UYTO OHH HE XOTSIT 4TO OBl CBET IONaall Ha cTBOJ. Korna coHeuHblH cBeT
OCBEII[aeT CTBOJI, BCe OOMEHHBIE MTPOIECCHI B JIepeBe HapyIaroTcs. JlepeBo CTAHOBUTCS MEPETPETHIM, COK y)Ke He TeuéT,
JIOJDKHBIM 00pa3oM U 00Iast CTPyKTypa JIepeBa CTaHOBUTCS O4€Hb IPpyOOi, YTO MPUBOIUT K IOPOKOBBIM Pa3BUTHEM, YPOICTBY,
paKoBBIM HOBOOOpa30BaHHMEM Ha CTBOJIE M BETKaX, U Tak fanee. C Apyroit CTOPOHEI, 3a TOT JKe MEPHO, CBETO-ITIO0HBOE IEPEBO
(6) (cM. TaMm ke muxra. 17.3) He U3MEHsIeTCs, HE BBIPAILIMBAET, HE JOOOBIISIET JOMOJIHUTENIBHBIX BETOK HU CBEPXY HU Ha KaKUX-
160 AOMONHUTENBHBIX HHXKHHUX BETBEH BOOOIIIE.

Kak u Bce npyrue opraHu3Msl, 4TO SIBISAETCS )KU3HEHHO BaXKHBIM I KXKAOT0 JIEpEBa, B CAMOM JIEJIe KacaeTcs BCIO
PAaCTUTENILHOCTS, SIBIAETCS MOJ/IepKaHUEe BHYTPEHHETO KIIUMAT, €r0 3J0POBOTO COCTOSHUS «O0e3pa3Inuusy WK «TeMIepaTypa
Oeccuis (OecrioMonTHOCTH)». Ecii 3T0 KakuM-1m60 00pa3oM HapymIaeTcs, TO IePEBO CTAHOBUTCS CKJIOHHO K OOJIE3HSM.
Hackonbko 0Ha MOXET BIMATH Ha BCE 3TO B TEHE-JIIOOUBOM JEPEBE, a IPU OIPEICIICHHBIX 00CTOSTENLCTBAX CBET B TEHE-
TFOOMBBIX, TOXKE CIENaeM BCE BO3MOXKHOE, YTOOBI COXPAHNUTh HIIM BOCCTAHOBUTB 3Ty TEMIIEpPATypy, CHENaTh ¢€ MCHBIIE
CO3/aBIIUMCS YCIOBHSM.

3T0 0COOEHHO OYETIIHBO BHIHO MOCTE JICCHBIX MTOKapOB U OOBSICHSET, HOUeMy IePeBbs, KOTOPHIE BEDKHUBAIOT B TAKHUX
HoXkapax OBICTPO MPHUKPEHIBAIOT ceOs N300MIBHO HeOONBIMMY ToOeraMy (BeTOUKaMHu), Kak TokaszaHo Ha Puc. 17.4. Orons
MOJKONITHB HX KOPY, TaK UTO, BMECTO OTPaXXEHNUs TEIlIa, OHA MONIOMAET €ro M Apyrue m3IydeHns. bes 6picTporo
BOCCTAHOBJICHNUS 3aIIIUTHOTO BHEITHETO IIOKPOBA JIEPEBO OBICTPO HEPETPeThCs M MOXKET NPUBECTH K 3aMEUICHHUIO TIOTOKA COKa,
3HAYUTENTBHO M OH MOJKET OOITBIIIE HE JJOXOAUTH JI0 CAaMbIX BBICOKHX BETBEH.

TeHe-T00UBbIE, COCHBI MM €M Ha puc. 17.5, Kak MpaBHIIO, pacTyT BIYCTOM JecCy 0e3 KaKHX-JIHOO JPYTHX BHIOB
JIepeBbEB, 3a HCKITIOUEHHEM IBIITHON KpoHBI. [I0ToMy UTO OHa ropasfo BhIIIe, 4eM y e€ cocesieil, oHa JoIbKHA KOTIa-To OBITh B
OKpPYXXEHUH JIePEBbEB MOJOOHOH BBICOTE, a TIOCKOJIBKY OHA €IIle He BBIPOCIA HACTOIBKO, YTOOBI OBITH HCIIOIb30BAaHHOM AT
KOMMEpPYECKOH LIeNTH, OHA OCTaach CTOSATh, KOTa BOKPYT He€ ObIIN MOCAYKEHBI CaXEHIIBI.

To, 4T0 CITydnIOCh ¢ TUM OSHBIM AEPEBO COBEPIIEHHO 0ueBHUAHO. Ha T0BOIBHO TTO3HEM 3Talle €0 POCTa, €ro
3all[UTHOE OKPY)KEHHE OBLIO BBIPYOIEHO, OCTABIISIA €T0 MOJBEPraThCs Ype3MEPHOMY BO3JEHCTBHIO CBETA U BBIKOKOM
TeMmeparype. B pe3ynsTaTe oHO OBITO BBIHYXKIEHO OTBIEYb CBOHM CHJIBI, HA 3aHATHE POCTOM BBEPX, YTOOBI BO3BECTH
JIONIOJIHUTENIbHBIE BETBH Ha BCEM ITyTH BHH3Y II0 CTBOJLY B LIEJISIX CAMOOOOPOHBI. DTOT HENPABUIBHBIA POCT IPOM3BOJUT
OYeHb 3aMyTaHHYIO IPEeBECHHY, TaK Kak HEHOPMAIIbHOE KOIIMYECTBO BETOK JODKHO OBITH BBIPAIEHBI B 00TAaCTH CTBOIA,
KOTOPBI 0OBIYHO €3 BETOK (OTBIETBICHUI), CEphE3HO Hapyllas Bech Ipolecc pocTta. [Ipn HOpMalIbHBIX YCIOBUSIX BECH POCT
TaKuX JEPEBbEB OYJET COCPEJOTOUEH B KOPOHE, CTBOJ Oy/eT MPAaKTHUECKU CBOOOIHBIN OT BETOK U BO3bMET IS ce0st

MpaBeJIbHYIO HUITHHIPHICCKYIO (GOpMY.
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Puc 17.8 Byku pacTyiye Ha OIIyLIKe Jeca



Puc 17.5 Puc 17.6

This shade-demander grows branches only on the
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Puc 17.7 Puc 17.9
DTOT OyK HAKIOHSET CBOIO KOPOHY HeGoump1oii Oyk (cTpenkam) 3aluiaeTcs

3alIUTIIaAcT celst oT COJIHIIa CaM Ha OITyHIKE Jieca

Ha puc.17.6 moka3aHbl, Be4HO3EJICHBIC XBOHHBIC JICPEBbSI, TJIC BETBU Pa3BUBAIOTCS C OMHOCTOPOHHBI. Habmronas 3a
9THUM HAIIM OOBIYHBIM B3IJIAJIOM, MBI, KaK MPABHJIO, 3aMeYaeM OTCYTCTBHE Pa3BHUTHS BETBEH Ha JIEBOI CTOPOHE C TEM,

YTO 3Ta 001aCTh HAXOAUTHCS B TEHU JPYTUX JIEPEBHEB, T.€. U3-32 OTCYTCTBHS COJHEUHOTO CBETa JEPEBO HE BHIPACTUIIO
HHUKaKUX BETBEH, YTOOBI MOMMATh CBET. DTO HE MPABHILHO, Kak ObI TO HU ObLIO. JlepeBo He pa3BUBAETCS BETBIMH B TY
CTOPOHY, IOTOMY YTO TaM HET COJIHEYHOTO CBETAa, OT KOTOPOro oHO cels 3amuiaeT. Ha BHelIHel cTopoHe, TeM He MeHee, I1e
€CTb COJIHEUHBIH CBET, €CTh TaKXKe PacTyILHe PA3BUTBICHHBIC BETBH U JIUCTBA.

CreneHs, B KOTOPOI TeHe-TI00UBBIE, KAK OPraHHYECKHE U, CIIEI0BATEIbHO, HHTEIUICKTYalIbHBIE CYIIIHOCTH, TOTOBBI
0GOpOThCS, YTOOBI 3AIIUTUTH ce0sl, KaK 3TO MOKa3aHo Ha puc. 17.7. 3nech HUWKHUE BETBH ObUIM OTPE3aHbI U BEPXHHE B
MOCNIEACTBUYU CKIOHWIN ce0sl BHU3, K 3eMJI€ JUIS TOTO, YTOObI OrpaAuTh CBOM CTBOJI. UTO KacaeTcs AepeBLEB, TO, 3TO JIUIIHUH,
HeXKeJaTeIbHBII POCT BBICACHIBACT PHEPTUIO U3 IEPEBa U OTBIICKAET €r0 OT HOPMAIBHOTO IyTH. JTO 3alIUTHOE ABM)KEHHUE,
n3rud, BHU3 MOKa3aH Ha puc.17.8 XapakTepeH U TeHe-TI00UBBIM JIEPEBbsIM pacTylIMM Ha BHEIIHEHW OKpauHe Jieca.

Puc.17.9 ¢ npyroii cTopoHBI, IOKa3bIBaET OUCHb MaJICHBKHI OYK (yKa3aH CTPENIKOH), TAKKE CPEeIH TEHU-JTFOOBIBBIX
BHUJIOB, PACTYIHX MPSIMO Ha omyIke jieca. OOmre MaTbIX OOKOBBIX BETBEW BILIOTH JIO CTBOJIA SIBISIETCS CHMIITOMOM, CBOCH
60pbOBI, 4TOOBI 3aUTUTE ceOs 0T CoTHIIA M, XOTS OHA MOXKET BBINISZIETh OY€Hb KPACHBO, JEPEBO HA CAMOM JIeJIe CHIIBHO
nedopmupoBaHHO. B pesynbrare oOmMiA pOCT U Ka4eCTBO pOCTa, B YACTHOCTH, CTPaJaeT B OOJIbIICH WM MEHBIIICH CTEeHH.

3nech MOXKeET ObITh POBE/ICHA JaIbHEHIIasK apaieab MEXIY JIIOIMU U IEPEBbsIMH Ha 00Jiee IICUX0I0Tn4eCKOM,
MOBENICHIECKOM yYpOBHE. TeHU-TFOOBIBBIE IEPEBbSI MOXKHO PACCMAaTPHUBATh KaK HHTPOBEPTOB. VIHTPOBEPTHI 3aMKHYTHI H
YpE3BBIYANHO UyBCTBUTEIBHBI K BHEITHUM BO3JICHCTBUAM. VX CIOCOO BBIPAKEHHUS CTPEMHTCSI K CAMOAHAIIN3Y, YMCTBEHHON
JIeSITeTIbHOCTH (TIPEUMYIIIECTBEHHO Pa3BUTa KPOHA JIepeBa), U OHU COCPEAOTOUCHBI (03a00YCHBI) M MOIVIOIICHBI BHYTPH
ce0s1. OHU HY)KIAIOTCS B ONPEICICHHON 3allliTe W OXpaHe, TUIINHA U TIOKOH, YTOOBI Pa3BUTHCS 10 3PENIOCTH U UX ITOJTHOMY
MIOTEHIIHAITY.

DKCTpaBepThl, C IPYrol CTOPOHBI MPEICTABICHBI CBETO-TIOOUBBIMHE JICPEBBSIMHU, KOTOPBIE MOTYT CYACTIHBO CTOSITH Ha
CBOUX COOCTBEHHBIX KOPHSX (HOTaX) Ha BHILY, OTpaKkarollas MOTPEOHOCTh SKCTPABEPTa B CBETE U MPOCTPAHCTBE BOKPYT
HEX. 11X crioco0 BBIpaXeHUsI CTpeMHTCA K (DI3UIECKH aKTHBHOMY, BHEIITHEMY OliecKy (pa3BUTHE BEeTBeil), 1 OHH MEHee
YyBCTBUTEIIBHBI K CBOCH BHEIIHeH cpene. OHU HYKIAIOTCS B 3TOM BHEIIIHEM B3aHMMOJICHCTBHE U OOMEHE, YTOOBI



BBIPDOCTH. llpyFI/IMI/I CJIOBaMH, OHH HE3aBHCHUMBI, KOMMyHI/IKa6eJ'ILHI>IC JIFOAU, KOTOPBIC UMCIOT TCHACHIHIO TBEPAO CTOATH HaA
CcOOCTBEHHBIX HOTax 0e3 MOICPIKKH.

17.4 Pocm svi3v16aemutit ceemom (CeemounoyuyuposanHlii pocm)

Jlenaposorus pa3sziell HayKy, CBSI3aHHOM ¢ U3yueHUEeM JepPEBLEB, CBA3aH C aHAIM30M TOAMYHBIX KOJIEL| Ha JIEPEBbSX,
9T00BI ONPEIETUTh KIMMATHISCKUE YCIOBUS, TIPH KOTOPBIX OHH pocii. HekoTopsle nepeBbs, Takue Kak CeKBOsi THTaHTCKasl B
cesepHoii Kanudopuuu, kotopsle Boipactatot cBblie 300 ¢pyroB (91 merpoB) u xuByT B TeueHru 2000 JeT WM OKOJIO TOTO,
obecrieynBast JGHAPOJIOTOB TOYHBIM OTYET O KIMMAaTHYECKUX M3MEHEHHIX M PearupoBaHus iepeBbeB Ha HuX. [lepron, korna
TOJIMYHBIE KOJIbIIa O0Jiee IIMPOKKE, CYUTAIOTCS "XOPOIIMMH TofaMu'", U3-3a KOJIMYECTBEHHOTO NO/IXo/a K aHanu3y. Eciu onn
pacroyioxkeHsl 0oJiee OJIM3KO IPYT K APYTY, TOCAKEHHBI, OHM MPEACTABIAIOT "IIOXHE rofa”, Korna [yis AepeBa ObLIH
TPYIHBIMH SIKOOBI OOPBOOIL 32 KH3HB.

XoTs Takoil aHaNM3 MOXKET TOYHO (PUKCHPOBATH M3MEHEHHS TEMIIEPATyphl B OKPYXKAIOIIEH cpesie B TeUeHHe epruoaa
BpPEMEHH, IPEIITOIOKEHUE, UTO AEPEBY MPHILIOCH OOPOTHCS 3a BBDKUBAHKE WM HET, Kak MPaBuIio, HeBepHO. VicTuHHOE
TOJIKOBAHNE PACCTOSHHUE TOAMYHBIX KOJIEI] IIPSMO IIPOTHUBOIOJIOKHAS - TaM, T1e paccTossHue Oonble, epeBy ObUIO TpyaHee
BCETO POCTH U i€ MEHbIIIE, POCT OBLIT 37I0POBBIM.

3t0 pemaronuii pakTop, KOTOPBIH MPEHEOPEraT BO BCEM COBPEMEHHOM JIECHOM XO3SHCTBE, JIyYIle BCEro 0ObSICHUTB,
MIPOIEMOHCTPHPOBAB Pa3HUILy MEXK/Y €CTECTBEHHBIMU M BHI3BAHHBIM CBETOM POCTA B TEHH-JIFOOBIBBIX APEBECHBIX MOPOIAX.
®dotorpadus u3 kauru Buxropa [laybeprepa, Ham becembicnennstii Tpyz (puc. 17.10), cpaBHEBaeT 00XBat aAepeBa ¢
IUTQHTAIWH U BYX C €CTECTBEHHBIM 00pa30M BEIPAIEHHBIX JepeBheB. Kak BUAHO, PAcCTOSHHUE MEXAY TOINIHBIMU
KOJIBIIAMH B BBI3BAHHBIM CBETOM POCTE TOpa3zio OOJbILe, YeM B APEBECHHE PacTyLel eCTECTBEHHBIM 00pa3oM, B KOTOPBIX
OHHU €7IBa 3aMeTHBI. Bce Tpu aepeBa NpUMEpHO TOTO JKe BO3pacTa, HO CYIIECTBEHHO OTIIMYAIOTCS 110 KadeCTBY.

IToTroMy 4TO HavaIbHBIA POCT ECTECTBEHHBIM 00Pa30M BBIPALLIEHHBIX JIEPEBLEB IPOXOIUI B OUEHb PACCEIHHOM CBET (B
TEHM) MOJ 3al[UTON MaTepPUHCKOTO AEPEeBa U B HAIJIEKAIIMUX YCIOBHUSIX [OYBBI, TOAUYHBIE KOJIBIIA PACIIONOKEHBI OUCHB OJIU3KO,
JIPYT K YTy, MECTO KaHaJI0B — COKa IPAKTUUECKU NPSAMbIE M Ka4€CTBO JPEBECUHBI KOTOPYIO MOXKHO Ha3BaTh "pe30HaHCHas".
Kcratu 3T0 upe3BbIuaiiHO MENIKO3EPHUCTOCTh APEBECHHEI, COPTA APEBECHHBI, YTO UCIIOIb30Bal CTpasiuBapuu, 4YTOObI CAENATh
CBOM 3HAMEHHTHIC CKpUTIKH. DaKTHIECKHE IPEeBECHHA, KOTOPYIO OH HCIIOb30Ball ObLIa IPEBHCHHON TYTOBOTO JIEpPEBa,
KOTOpas MaJiajia B pEUHbIE MMOTOKH B XKHBIX UTANBSIHCKUX AJbraX. (Takyto ApeBHCHHY HAa3bIBAIOT MOPEHOH)

Fig. 17.10  Artificially grown, plantation
Puc 17.10

D710 IepeBo ObLIO TPAHCIIOPTUPOBAHO B XOJIOAHON €CTECTBEHHOH IIPOTOYHOM BOJIE U JIEKAJIO HA JHE PEKU
JIOCTATOYHO MPOIOJDKUTEIBHBIN nepros BpeMeHu. E€ BbICOKOE KauecTBO MOATBEpIKAaeT yTBepxkaeHue Bukropa Illaybeprepa,
9TO, KOTJIa MaTepHAJIbl IIEPEBO3STCSA B €CTECTBCHHBIX IIOTOKAX MM IBOWHON CHHMpPAIBHON TpyOe NX KauyecTBO MOXKET OBITh
3HAUMTENBHO YiyuIeHo. [IpocTo siexaliee B 5TOM €CTECTBEHHOM IIOTOKE BOJIbI Ka4Y€CTBO JPEBECUHBI ObLIO YBEIMYCHO, U
HMEHHO IT03TOMY CKpHIky CTpaauBapy JOCTUIIH CBOMX HCKIIOYHTEIBHBIX TOHOB 3BYKOBOTO CHEKTpa, YHCTOTHL, 3 dexT
n30BITOYHOTO CBETA U BHICOKOM TEMIIEpaTyphl Ha POCT TeHe-II000ro Buja aepesa, nzoopaxeHo Ha puc.17.11. Toquunsle
KOJIIIa Ha COJTHEYHO! CTOPOHE CTBOJIA OYEHb IIIMPOKO PacCTaBICHHBIC, a HA TEHEBOM CTOPOHE OHH O4eHb cOmmukeHs!. [ToTomy
4T0 0OMEHHBIE (MeTabOIMUIECKUE) IPOLIECCHI, IPOUCXOSIINE B 3aTEHEHHOM 00/1acTH He ObLIM HapyLIEHbI, IEPEBY HE HYKHO
OBLIIO PaCIIMPSATHCS, 3ALIMIIATECS, OT BEICOKOM Temieparypoii. C JIeBOi CTOPOHBI, TEHEBasi CTOPOHA, CYTOYHBIE KOJIeOaHuUsI
TeMIIepaTyphl CPAaBHUTEJILHO MaJIb, 4 Ha IIPABOH, COJIHEYHOH CTOPOHE, ropas/io OOJbIIe H3-3a BO3/EHCTBHS CBETa U BEICOKOH
TeMIepaTypsl. DTH OONbIINE TIepenaibl TEMIIEPATYp HEe CIOCOOCTBYIOT PABHOMEPHOMY M PETyISIPHOMY
POCTY, IPOUCXOJIINMY Ha JIEBOI CTOPOHE CTBOJIA.



TeHeBaA CTOPOHA COMHEYHanA CToPOHa

Tennota
BLICOKAA TeMNepaTypa
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00. 00 l12.00 24 .00
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HW3XME TEMMNEPETYDEI

BpEMA
D0.00 i2.00 24 .00

ManeHssMe konebaHus TEMNEDaTY Db
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Ipumep ocnadmsironiero a¢gdexra BEIpYOKH Jieca OKa3aH Ha 00opoTe.

17.5 /Ipyzou pyxomeopuwtii I padesrc

OIHIM 3 XOPOIIO JOKyMEHTHPOBAHHOTO MOCJIECTBHS KUCIOTHEIX JOXKIeH, KoTopoe He OyIyT pacCMaTpHBaThCS 371€Ch,
€CTh JPYTHE aHTPOIOTCHHBIC (haKTOPHI, BIHSIOLINC HA POCT JEPEBbEB. 31ECh HCIOIB3YETCS TEPMUH «PYKO-TBOPHBII
(MCKyCCTBEHHBIN )» HMEET CBOIO CIIENU(HUKY M OTHOCHTCS K OHOMY OIIPEIeIeHHOMY BHAY Ha 3TOH IUIaHETe, KaK CTaHET SICHO B
MOCJICHEN IIIaBe.

CorracHO HCCIEeI0BaHUIO HEMELIKUM HHXKEHEPOM-DJIEKTPUKOM, 1-p Bonbdranrom ®onkponarom, 1epeBo - CHCTeMa CBSI3H,
KoTOpasi QYHKIHOHHUPYET HAa MHOTO 00Jiee HU3KHX YHEPrepHYCCKUX YPOBHSIX, KOPOTKOBOJHOBBIC, YeM BHICOKOYACTOTHBIC
BBIOPOCHI MICTIOJIB3YEMBIE BO BCEM MHpE B CHCTeMax CBs3H. Ecin nepeBo Kak KOMMYHUKAMOHHAS CHCTEMA MTPUHYIUTEIEHO
neperpyxeHa 0oee CHIIbHBIME CHTHAIAMH, HAaIlpMep, KOTOPBIX He 06110 20-30 et Ha3al, TO BCE €ro BHYTPEHHUE
KOMMYHHKAIIMU 1 OpraHU3alOHHAs CHCTEMa CTAHOBUTCS OECCBI3HOM. DTO ANCCOHUPYET MCKYCCTBEHHBIN NIEKTPOMATrHUTHBIH
HMITYITbC, BIHSIET Ha PaBWIbHOE (QYHKIMOHHPOBAHUE OMOAIEKTPHIECKUX H OMOMAarHUTHBIX CXEM B KIIETKAX, IEPeBa, B
pe3ynbTaTe 4ero HempaBHILHO 3alIPOrpaMMHUPOBAH POCT U, €CJIH JEPEBO MOABEPTaeTCsl BO3ICHCTBUIO YAaCTOT YIBTPa KOPOTKUX
BOJIH H JOJTUM TiepeaadaM, OHO pa3pyIlaeTcsl.

I'maBHBIM BUHOBHUKOM B TOM JOIIOJTHUTCIIBHOM GGJICTBI/II/I JieCa 1 OTBETCTBCHHBIM 3a TPCBOXKHYIO CMEPTH JICCOB B
Tepmanumn, (v “Waldsterben” — rudensb JiecoB, Kak ero Ha3bIBatOT) sABIsIOTCS paaapsl (Paano JlokannonHast CTaHIums).
HccnenoBanue nokropa @onkpoxnra o “rudenu ciecos”, Obula onpeaeneHa Hanbosee paciipoCTpaHeHHA BOKPYT BOCHHBIX U
IPaXJAHCKUX a3pOAPOMOB U B MPUTPAaHUYHBIX paliOHaX, rie ucnosb3oBauch pagapsl (PJIC) Obuia Hanbosbmeii. Cuna
PaIMOIOKAlMOHHOTO MMITY/IbCa TPaskAaHCKUX M BOGHHBIX 00BEKTOB cocTapigeT okoio 20.000.000 Bart, u3inydyeHue pajapa Ha
3amnaze cocrasisiet okoiyio 10 000 pas cunbHee, yeM B Poccun. Kaxxpiii moBoTop styua panapa, 00aydaeT JepeBo B Ka4eCTBE
HEePHUOANYECKOTO cpe3a CTBOJIA, U3 KOTOPOro OHO He MOXeT yoexars. B Kanaze, HanpuMmep, O0JIbIINe y4acTKH Jieca ObLIH
yHnutoxkenbl Jlunueit Pocel (DEW-naiiH ) (060poHa paHHEro npenynpexkIeHus ), pajapHble YCTaHOBKH.

MHUKpPOBOJIHOBBIC HATIPABJICHHBIC MEPETATYUKH CBSI3H OJIMHAKOBO Pa3pyIIMTENbHbBI, UMest MIoTHOCTh CurHana 100
Bt/cM?, paioM OT nepeziaurka Ha Oanie. Jjis Toro uTo6bl IpoBepuTh 3P(EKTUBHOCTE U HaIekKaIee (PyHKIMOHUPOBAHHE
MUKPOBOJHOBBIX MEPEIaTINKOB, MM BHICOKOTO HAIPSDKSHUS MUTAIOIIESH CETH MepeaTunKa, OepeThcss HEOHOBas TpyOKa,
JICPIKUTCS TTapauie]IbHO HallpaBJIeHMIo niepeaayr. Ecim oHa 3aropaercs, cuctema B nopsiake. Oco3HaBast Bce 9TH IaryOHbIe
3¢ deKTHI B pe3ynsTaTte CBOUX HCCISIOBaHUMA, TOKTOp MDOJKPOAT clerai ero CBOMM JIeJIOM OTCIICKUBATH BCE TpeIaracMble
HOBBIC pajuopereiinble 0amHu. OH 0OHAPYXKHWII, YTO ITOCJIE TOTO KaK HOBBIH MHUKPOBOJIHOBEII MEpPENaTyMK ObLI BBEICH B
paboTy TO, IepeBbsl Ha CKIOHAX MOIBEPTaBIIIECs BO3ISHCTBHIO JISKAIH MIPSMO HA ITyTH CHTHANA, CEPHE3HO CTPaJAIIH B
TEUeHUE HECKOIBKUX HENleNb paboThl epenarinka. Ha oOpaTHOM MM TEHEBOM CKIIOHE, IEPEeBbsl, KaK MPABUIIO, ObLIN IIEIBIMH
1 HEBPEIMMBIMH.

OnHa 13 BUIUMBIX IPUYUH 3TO YXYALICHHUS SBISACTCS Ta, YTO MHKPOBOJHOBBIC MEPEIATIMKH PAOOTAIOT C [UTMHAMH
BOJH OT 2 cM ¥ 10 50 cM, BO3[IeHCTBHE KOTOPBIX HMEET ONACHBIE OHOJIOTHYECKUE MOCIEICTBHUS, TO €CTh TEIIOBBIE WITH
Ipyrux 3G (GeKThl, TAKKX KaK JIEKTPOMArHUTHBIA-CMOT. MUKPOBOJHEI JHEPTHYHO KaparoT U Pa3pylIaloT, BO3ACHCTBYIOT H
BBI3BIBAIOT U3MEHEHHS B KPHCTAJUINYECKON CTPYKTYpE, TAKMM 00pa3oM, YTO JIEMEHTHI PACTIQIAIOTCS M PacCHINAlOTCs, Ha
COCTaBHBIE MEJBYAMIIIe YaCTUIIEL. BHyTpeHHs1s paboTa B MUKPOBOJHOBBIX MeYaX Ha aHAJOTUYHBIX JUIMHHAX BOJH, YTO M JIIS
pazapoB M NPOM3BOIAT aHAIOTHYHBIE Pa3JIOKEHNS, pa3pyLIUTeNbHbIE 2(Q(MEKTHI, CBA3aHHBIE ¢ KOJIeOaHHEM TeIIa KOTOPhIe
OHH MOPOXKIAIOT B MOJIEKYJIaX 00Ty4aeMOro BEeIeCTBa.



HexoTtopble faHHBIC CIENYeT YIOMSHYTh O KIMMaTHUSCKOM MOCIEICTBIU BBIPYOKH JecoB. CpeqHss CKOPOCTh UCHIapEeHUs
CpeIHero JepeBa B TPOIIMUECKOM JIECY, HampuMep, cocTasisieT okoio 600 muTpoB Bomsl B AeHb. [Ipeanomnaras, ato 200
JIepeBbEB Ha FeKTape TPONUUECKOTO Jieca, 3TO MPeACTaBIieT ucnapeHue Bosl B armocgepy 120 000 sutpoB Ha rekrap
(ra) B 1eHb, MM [OTEPS B OTEHUMANBHBIX OCAIKaX, B A0XKze, 12 MM/M” B ieHb. JlpyruMu c1oBaMH, eciid Obl BCst BOJA,
uClapeHHas U3 OJHOTO JiepeBa Majaia J0XKIEeM Ha 3eMIII0 B BUjie cTonba, To OyneT cioil 12 MM exXeaHEBHO HOCTaBIAThCA Ha
KBaJPaTHBIIl METp MOBEPXHOCTH 3€MJIH.

He Bech Tponuueckuii jiec U B AJDKUpE, ¢ KIIMMAT IT0X0XKEM Ha Oouibllel yacTu Ha ABcTpanuiickuil, 14 MeTpoBblii
9BKAJMNT oOecneunBaeT 375 IUTPOB BOABI B IeHb aTMocdepy depe3 ucnapenus [aanusle u3 Caxapsl Puuapna Cankr
bap6e beiikepa]. CornmacHo ABcTpanuiickomy JlecHomy OTuety B 1977 rofa, KOIM4ecTBO CPYyOIEHHBIX TUCTBEHHbIX
JiepeBbeB exeronHo ¢ 1973 rona cocrasaser 13 819 000 m°. Eciu IpeanookuTh, 4To cpeaHuii mokasarens 1.5 m*
TIOJIE3HOH IPEBECHHEL B Jiepese, 3T0 = 9, 212, 667 nepesbes. [Tomydanm 150 B3pocIbIX AepeBbEB/Ta, INIOMAIb JIECHOTO
MOKPOBA BLIPYOJIEHa B rofl = 0KoJo 61, 420 ra, umu 614.2 km”. Ha ocHosannu upidp, 150 nepeBben/ra, exenHeBHas
HOTEps BOASHOTO napa npu 375 j1/nepeBo = 56 250 n/ra, mmm 5 625 mm/M?, o6mas 2,054.6 mm/M */ro. Jliist moaHoro
ukia, 61 420 ra BelpybaeTcst eKeroiHo B pa3Mepe, ckaxeM, 168,25 ra / cytku (61 420 ra / 365 nHeit), To COBOKYIHBIiH
yOBITOK 32 365 nHe# cocTaBUT 0Koyo 632 150 muH uTpoB wik 632 150 000 TonH Boabl B roa. Eciu 5T0 BeIpyOKa ObLIa
HOCTOSIHHOM 3a nocnennue 22 roja, To OHU JIENa0T 0ECCMBICIEHHBIMU TI00bIE HOBBIE ITOCAIKHU, NIOIHAS HOTEPS]
MOTEHITHABHBIX 0CAJIKOB M3-3a BEIPYOKH JIecoB cocTaBuT OKoio 13 907 345. 2 muwmmona nmutpoB win 13,907.3 muH.
TOHH BOABL, WX 1Iowmans 13,9 xm B mupuny u 1000 xm B aauny u 1 M B nry6uny. He He3HauMTEIbHOE KOIMUECTBO BOJBL,
0 JFOOBIM CTaHAapTaM AT CyXOTo KOHTHHEeHTa. Korma nepeBbs OymyT BRIpYOIEHEI, a JIFONH 331af0TCS BOIIPOCOM, TIOUEMY
OHU CTPaJaloT OT 3aCyXH, TO, BBUJY 3TOI0, OHO JIETKO CTaHOBUTCS NOHATHBIM. Ilocaznka fepeBbeB U INI0OAIbHBIE
JIECOBOCCTAHOBJICHHE B MACCOBOM MAacIITabe MO3TOMY HEOOXOIMMBI B 3TOT OCIENHHI 9ac, €CITH YEI0BEYECTBO XOUET
CIIACTHCH OT KaracTpodsl. UTo KacaeTcst HEOOXOAMMOI pabodeil CHITbL, €CTh MUILTHOHBI JIFOIEH, KOTOPBIE TOCTYITHBI H
KOTOPBIM 3TO oAl cuiry. Ha camom mene HeT HemocTaTka B 6e3pabOTHBIX B HACTOSIIIIEEe BpeMs, 9To OBl cenaTh BCE, UTO
HEOOXOMMO CIIeTIaTh.

IMpuponnas 1IMHHA BOJHBI BOJOPO/A, 3aMETUM, 21 ¢M U B IIpesieiax MIPOMYCKHOM CIIOCOOHOCTH TEKYILETo Iepeaaunka
MUKPOBOJIHOBOH 1eun. ITockonbky BoZopoza sBISIETCS OAHUM U3 COCTAaBILIIOLINX aTOMOB B MOJIEKYJIE BOJIbL, I03TOMY BIIOJIHE
BO3MOXHO, YTO OH PE3KO HapyllaeTcs U Aaxe pa3pyllaeTcs U3-3a Ype3MEpHOro Bo30YKIECHHs, CBI3aHHbIC C BHYTPEHHUM
BO30YKICHHEM, BEI3BAHHOTO MUKPOBOJIHOBEIM H3ITy4eHHEM reHeparopa. B ciydae ¢ qepeBoM 3To MPUBOAUT K Pa3pyIICHHIO
CTPYKTYpPbI COKa, KOTOPBIH, KaK Hallla KPOBb, COCTOUT NpUMEPHO U3 80% BOABL, U B TO XK€ BPEMs YBEINUECHHUE KOJTUYECTBA
JOCTYITHOTO KHCIIOPOAA B AEPEBE, YTO IIPUBOUT K COBEPIICHHO HEECTECTBEHHOMY YCKOPEHHIO 00MeHa BemecTB. K
COXKaJICHHUIO, JUISl TAKOTO JIEpEBa, OHU KOPEHATCS Ha MECTE U HE MOT'YT YOexKaTh OT U3Iy4eHUs] MUKPOBOJIHOBOM CTaHLIUH,
OAIHAMHU U CETAMH IIepeJadll BBICOKOTO HAIPSDKEHNUS.

Kax nmokasatensHsIi mpumep, s coTorpaduposan gepeso B HosiOpe 1987 roga moq Mrorxenom Ha puc. 17.12,
OYEBHIHO, OBIJIO BEICTABIICHO B €T0 JalbHEHIIeH )KU3HH TOCTOSHHOMY OOTydeHNIO OMi3 TeXKaluX TPaKIaHCKUX U
BOEHHBIX PaJapoB, a TAK)KE MUKPOBOJIHOBBIX I€pelaulKaM, KOTOPbIE TENEPh CTaId HOPMOMH JUIsl IIOYTH BCEX
KOMMYHHUKAIIMOHHBIX Tele()OHHBIX CeTeH, TeIeBU3HOHHBIX 1 T.A. Kak MBI BUIMM €ro XaoOTHYHBII POCT U OH TPy00
nehopMHEpOBaH. XOTS YEIOBEIECKHE CYIECTBA SBIAIOTCS O0Iee MOOMIBHBIMY, €CITH OHU TOXKE TIOCTOSIHHO TOJIBEPTalOTCs
BO3IEHCTBUIO TAKOTO M3Ty4EHHUs, TO OHH TOXKE CTAaHOBATCA Bce Ooliee CKIOHHBI K 00JIe3HAM KPOBH. B HECKOIBKUX TOCIEIHNX
HAy4JHBIX HCCIEIOBAaHUSX OBLIO IIOKA3aHO, YTO JIFONH, )KUBYIIHE B HEIIOCPEACTBEHHOI OIM30CTH OT BEICOKOBOJBTHBIX CeTeH
kabenell y HUX BbIIe HOPMBI 3a0071€Ba€MOCTb.

To, 410 3TO BHyTpEeHHEE MIKPOBOIHOBOE MOTEIIICHHE, BBI3BAHHOE CTAHOBHUTCS Bce Oonee pacnpOCTPaHEHHBIM 1
YCKOPCHHBIM MOXKET OBITH BBIBCJICHO U3 TCKYUICTO UCCICA0BaHUA IIPOCTPAHCTBA MCK Y TOAUIHBIMHU KOJIbIITaAMH COCHBI Huon
ocymectpisiercss Coapy»KecTBOM 0 HayyHbIM U nipoMbitiieHHbIM MccnenoBanusm (CSIRO) B ABcTpanun, KOTOpoe
I0Ka3aJIo, YTO B HocieHue 25 JieT 6osee ObICTOO YBENUYMWIACh Y JEPEBbEB IIMPHUHA FOJUYHBIX KOJIEll, YeM B JIFo0oH Ipyroi
niepuo, 3a npoueamue 900 ner Hamel 3pbl. To, YTO MPOU30ILIO TABHO, HEU3BECTHO, HO, BO3MOXHO, OBLIT EPUOJT
00JIBIIOTO U3BEPIKEHUSI BYJIKAHOB MU, BO3MOXHO, ObLIO 3HAUUTENILHOE YBEIMUEHHE KOCMUYECKOTO H3IIyUeHUs! 10 HEKOTOPBIM
NpUYUHAM.

Crarbs "IM06aNbHOE TIOTEILIEHHS, KOJIbIA HCTHHHBI"! IIPU3HAKK 9TOM PEAKIMM PACIIMPEHHS HA POCT OKPYKAIOLIEH
aTMoc(epHOI TeMIlepaTyphl, KOTOPasi BIIOJHE MOXET UIPaTh ONPEAEIEHHYIO POilb, HO HE IPUHUMAET BO BHUMAHHE
KOJIMYECTBO PO, TEICBUICHIE, MUKPOBOJIHOBBIX IIeUb, PaJIHOIOKAIMOHHBIX U APYTUX (DOPM 3NIEKTPOMATHUTHBIX IIeperad,
YTO 3a MocieaHue 25 JeT JOCTUIVIM IOYTHU NIPOIopIMil HackleHus. Hu rie Ha 3Tol miaHeTe cerofHs He CIPsITaThes, 000
OpraHU3M MOABEPHKEH OT IPOHUKHOBEHHS M IPOHUKHOBEHHEM TPEBOXKHBIX BUOPALIMOHHBIX BIMSHUN STUX KOBAPHBIX
n3nydeHuit. K 3ToMy MOXHO Taxoke 100aBUTh, MOJIYaHUE, HE OIVIACUTH IIPO PAJUOAKTUBHBIC YTEUKU U3 aTOMHBIX
9NIEKTPOCTAHIIMI U CBAJIKU, HE TOBOPS YK€ O 3JI0BellleM I'HueHud Tpynos Pycckux aTOMHBIX IOABOAHBIX JI0AOK. [TosTomy
IPeJICTaBIIAETCS Topasio 6oliee BEPOSTHO, B CBETE UCCIe0BaHuA A-pa PoNKpoaTa, B TOM, YTO YBEIMYEHHE IIUPUHBI KOIbLA
JIepeBbeB B 3THX cocHax Huon cBA3aHO M3-3a SIEKTPOMArHUTHOTO, a HE TEILIOBOTO 3(deKTa.
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Hanesxna Ha OymyIee 1eCHOTO X035HCTBa, 3aMETHUM, 3aKJII0YaeTCsl B YYaCTHUH 3aMHTEPECOBAHHBIX JIUL U
9KOJIOTUIECKH-OPHEHTUPOBAHHBIX TPYIII IpakAaH, a He TOCYIapCTBEHHBIX M MPABUTEHCTBEHHBIX OPraHU3aIii, KOTOPhIE
OJIOATAOTCS HA TaK Ha3bIBAEMBIH «IKCIIEPTHBIN» coBeT. Kak Mbl Buzeny, o otHomeHuto k Bukropy [llayGeprepa Ha Outse
3a Peitn u mocnemytomniee CTpONTENECTBO THAPOTEXHUIECKNX HEECTECTBEHHBIX COOPYKEHUH, y 3TH "y4eHbIX" eCTh THIHas
3aHHTEPECOBAHHOCTD B IIOAJEPIKKE TeX KTo y BinacTu. Eciu Obl 3HaHMe 1 Teopun Bukropa Illaybeprepa u npakTHka B 9THX
Pa3IMYHBIX 00MACTsIX, ObUIA ObI 0OBEIMHEHBI TPAX/IAHH U PEATU30BaHbl B INI00ATLHOM MacuITade, TO MHOTO ObUIO Obl
CZI€JIaHO Ha IIYTH K IIPEBPAILEHUI0 B HACTOsIIIEe BPpeMs 0CJIa0UBAIOILEro IIOTOKA SKU3HU Ha 3TOH IL1aHeTe.

B ABCTpanuu U BO MHOTHX JPYTHX CTpaHax MUpa, Hanpumep, [lepMakynsTypa’, S5KOJOIrHYECKUE IBUKEHHS 38 OXPAHY
OKpy»xarolelt cpespl, coznanHoro bunnom Momnucon u JI3Bua XonMrper B ABcrpanuu B 1974 roay, ObLT KOJIOCCAIbHBIN
poct. Teopuu 1 NpakTHKU MOAEP)KUBAEMbIE IEPMaKyY/IbTyPhl OXBAaThIBAIOT CO3IaHNE HHTETPUPOBAHHOM Cpelbl Ha OOIBIINX
1 MaJIblX MaciuTabax U, B CBOEH NPAKTHKE OKA3aIMCh BEChbMa YCIEHIHBIMU. DTO 0COOEHHO NoAXo[ "pyku", pa3zpaboTaHHbIH
JUISL JIIOREH U ceMel U3 BCeX CJIOEB OOLIEeCTBa U, CIEJ0BAaTENbHO, B [IPEesaxX CPEACTB U BO3MOXKHOCTEH TeX, KTO
3aHHTEPECOBAaH B MOBBIIICHIN CBOETO OJIIDKAMIIEro OKpyKEeHHS.

IToMuMoO yrmyuIeHus KauecTBa XKHU3HHU B TAK Ha3bIBAEMBIX [[UBWIIM30BaHHBIX CTpaHaX, IPUMEHEHUE METOI0B
MepMaKyJABTYphl B CTpaHaX, MOCTPAAaBIIMX OT HUIIETHI CIETaI0 BO3MOXHBIM JUTSI MHOTHX JIIONIEH, KOTOPbIe HHA4Ye ObI TTOTHOIH
BCAMBbIX YXACHBIX YCJIOBUSIX, BBDKUTH C YBEJIMUEHUEM YMCICHHOCTH U KauecTBa MUY, B nepMakynabType 0TKa3bIBalOTCS OT
HCIIOJIb30BaHME BCEX MCKYCCTBEHHBIX YIOOPEHHH M MCIONB3YIOTCS TOIBKO HATYpalbHBIE METOABI KOMITOCTHPOBAHUS U
omnogoTBopeHue. Ecnu peanuzanus 3Toi XOpOIIO MPOIyMaHHON cucTeMsbl OylieT 0ojee MHUPOKO pacIpOCTPaHEHa, TO 3TO
HAYHET OKa3bIBaTh 3HAUUTEIbHBIN AP (EKT CHauaI0 Ha MECTHBIH, a 3aTeM U Ha Oosiee OONIHUPHBIC TEPPHUTOPHH.

IepmakynsTypa CTpEMUTCS BOCIPOU3BECTU KaK MOKHO TOUHEE OUOIOTHYECKYI0 BAPUAHTHOCTh PACTUTENIBLHOTO THUIIA
BcTpevaromerocs B [Ipupoze, a He yIopsio4eHHbIe CaIbl COBPEMEHHON MOJIBL. B 3THX HCKYCCTBEHHO CO3JaHHBIX Cpemax
OOWTaHMs, CENBCKOTO XO3SHCTBA, JECOBOJACTBO, JKMBOTHOBOJACTBA M HE3aBHCHMO OT TOTO, YTO UMEETCS JIH BOJA,
00BEIMHAIOTCS B TAPMOHUYHOE U YCTOIUMBOE 1esioe. Buapl pacTeHnii BHIOUPAIOTCS B COOTBETCTBHH C KOTOPBIM JIy4Ille BCETO
pacrer B cOTpyIHHYECTBE ¢ ApyriuMu. [losica yOSKHII U POIIN pa3MeIeHbI C HeTblo 00eCeYeH s ONTUMAaIbHBIX YCIOBHH
JUISL BEIPAIIMBAHUS OBOILEH BMECTe C APYTUMHU PACTEHUSIMHU M ITacTOMIIA AJIs JOMAIIHUX JKUBOTHBIX B IPe00iIajatonumM
KIMMaTHYEeCKUM U TTIOYBEHHBIM yciIoBHI. Kaxkas ceMbst WM IpyIia, TakuM o0pa3zoM, obecriedeHa CpeicTBaMy Bee Ooree u
0oJ1ee CaMOCTOSTEIBHOM, AaBTOHOMUEH.

JlecoBOCCTaHOBIIEHHE TeTeph TpebyeTcs B MacCOBOM MacmiTade Bo BceM Mupe.Yapinss [utu®, u3 3amamnoi
ABcTpanuu, pa3paboTai CHCTEMY A YCIIEIIHOM MacCOBOI ITOCAAKU IePEBbEB B 3aCYLUIHBLIX pernoHax. C yueToM
OOIIMPHBIX TEPPUTOPHUI CYILECTBYIONIUX MYCTHIHb U UX OBICTPOE pacIIMpeHHe U 3apOXKICHUE B paHee MPOIYKTUBHBIX



PErroHax M3-3a MOYTH MIOJHOTO OTCYTCTBHS JIECHOTO TOKpoBa, MeTox Yapis3za [Tutu 310, 6€3ycinoBHO, obecreynt
KHU3HECTIOCOOHBIE PEIICHNUA. DTH CUCTEMBI ISHCTBUTEIBHO PabOTAIOT, M B HACTOSIIEE BPeMs KaKUX-TM00 BECKUX MPHUKH,
[I04eMy IOCyIapCTBY U IPABUTENBCTBY KOTOPOMY YTPOXKaeT ITYCThIHY U 3acyXa, He OepyThCs Cpa3y BHIIOIHATH UX, €CIIU
OHH JICHCTBUTENILHO 3a00THUTCS O CBOCH SKOHOMHKE M OiarocotosiHiM cBoero Hapoaa. C atum merogom Yapnsza [Tutu
rapaHTUpPYyeTCs BBDKMBAEMOCTh 92%, a 3a mocnenHue roast, nocaawi 60 000 munnuoHoB nepeBbeB B Kyselite, [Takucrane
n 3anazgHoit ABctpamuu. Ecin kakne-mmbo KIMMaTHYeCKUe U CEeNbCKOXO3SIHCTBEHHBIE BOCCTAHOBUTEIBHBIC MEPOIIPUATUS
o0patraT BHMManue Opranuzanuu O6beanHeHHbIX Hanuil u npu nognepxxke BeemupHoro 6aHka, B OUH MUT BCE IOJIydaT
IPEUMYIIECTBO!
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18 METABOJIN3M B IEPEBE

Bce npolecchl, KOTOpbIE MPOMCXOIAT B BOJIE, OTPAXKAIOTCA OUEPENHON Pa3 B MHIMBUIYAIBHEIX (JOPMax pacTHTENLHOCTH. '
Buxkrop Illay6eprep

18.1 /leusicenue Coka

YMeCTHO Tenepb U3y4uTh (HaKTUYECKOE JBHIKEHUE COKOB M JIBa YCIIOBHS IIPH €CTECTBEHHOM POCTE M HEECTECTBEHHOTO
pocra BeI3BaHHOTO cBeToM. Kak 1 Bce ocranbHoe B [Ipupose, 3To TakKe OnpenenseTcs TeMIIEPaTypHbIM IPaHEHTOM, B
JTAHHOM CJIydae B caMo JIepeBe, a TAKXKe B €ro OTHOIICHHH K BHEITHEM (haKTOpaM, Kak CBET, TEIJIO M X0J104. Mbl BUJIETH B
naBe 9, YTO PelIAIoIUM IPH NIEPEHOCE U TPAHCIOPTE MUTATENbHbIX BEIIECTB, BCE 3TU (PyHKINH TEMIEpaTypHOro IpagueHTa.
Korna uckitoueHs! cBeT M BO3/yX, IPOUCXOANT BBINAJICHHUE COJICH U MUTATEIBHBIX IMMEHTOB C OXJIaXICHHEM, B TO BpeMs KaKk
C BO3JICICTBHEM CBETa U BO3/1yXa, IIPOUCXOAUT BBIAJICHUS 0Ca/iKa ¢ HarpeBaHueM. ClieyeT TakKe HallOMHUTb, YTO B
COOTBETCTBHH C TIOJIOKUTEIBHBIM TEMIIEPATYPHBIM TPAJIMEHTOM, BEICOKOKAYECTBEHHbBIC IUTATENIbHBIC BEIECTBA, BBINAJaloOT
MOCIIETHUMH, MTOCKOJIBKY COK OXJaxaaeTcs K +4 ° C uim noanep kuBaeTcs npu 3Toi temneparype. [lox cuinbHbIM
OTPHIATENHHBIM TEMIIEPaTYPHBIM IPAIHEHTOM H CBETOM U BBICOKOW TEMITEPaTypoid, MPOUCXOAUT 0OpaTHBII mpowecc, ’
HU3KOKAYEeCTBEHHbBIE MUTATEIIbHBIE BEIIECTBA, HCKIIFOYAIOTCSl, BHICOKOKAYECTBEHHbIE HE IMIEPEHOCATCS BOOOILIE.

B nocnenHux miaBax Mbl ONUIINM, KaK IPOUCXOJHUT €CTECTBEHHBIN POCT U Pa3BUTHE B TEHE-TIOOMBHIX BHIAX,
KOTOpPOE€ TIPOUCXOJUT B OCHOBHOM B KpoHe. [TonHast hopMa cTBOJNA IMIMHAPUIECKAs], C MUHIMAIBHBIM Pa3BUTHEM HYDKHHX
BeTBeii (puc. 18.1), moTOMy YTO HET HUKAKOH HEOOXOAMMOCTH 3alllUINATh CTBOJI OT CBeTa. Temreparypa Bo3ayXa HaypOBHE
KPOHBI, KaK MPaBHJIO, 3HAYUTENHHO BBIIIE, YeM TEMIIepaTypa Ha ypoBHe 3eMJTH. [[0TOMY 4TO HET TOPH30HTAIIBHO MAIAFOIIETO
CBETa, CTBOJI TOXKE HUKOT/IA HE TIO/IBEPTaeTCsi MACCHBHBIM M PE3KUM KOJICOAHUSM TEMIEPATyphl, B PE3yAbTaTe Yero TOANIHBIC
KOJIBIIa PACIIOJIOTAIOTCS OUSHB OJM3KO, MHOTIA TaK OJM3KO, YTO UX HEOTIHMYHTH HEBOOPYKEHHBIM IJIa30M.

TemmepaTypHbIii T'paJUeHT CTBOJA MOJOKUTENBHBIA OT BHEIIHEH CTOPOHBI BHYTpPb, O0Nee MpoXiIagHasi BHYTPEHHSIS
TeMIleparypa, FapaHTUpPyeT TO, YTO JTI000e MepeMelleHrne MaTepraia Uil pocTa paBHOMEPHO paclpeiesieHo, BRICOKOTO
KauecTBa M OTHOCHUTEJILHO HEOOJIBIIOro KoaudyecTBa. HampasneHue pocta u pa3BUTHSA, CIEA0BATEILHO, BBEPX ¢ HEOOIBIINM
OOKOBBIM PACIIUPEHHEM, OTPAXKAIOIIHE COOCTBEHHO €CTECTBCHHOE JBMIKCHHUS COKA M TIOAHUMAIONICH (JIeBUTAIIMEH ) SHEPTHEH,
KoTOpas siBisieTcs e€ yacthlo. [To cioBam Bukropa [llaybeprepa oHa MOKET OBITh HACTOJIBKO CHUIIBHOM, 3I0POBOM, 3pEJIOH,
€CTECTBEHHO BBIPOCILEM JAEPEBE, YTO 3TO ITOPM IOYTH HEBO3MOXKHO HCKOPEHUTD. FIMEHHO TH CHJIBI, KOTOPBIE
BO3BPAIIAIOT JIEPEBO K CBOEMY HOPMaJIbHOMY BEPTHKaJIbHOMY COCTOSTHHIO MIOCJIE CHIIBHBIX TIOPBIBOB BETpa. IJTO TaKXe
0OBSCHACT, Upe3BbIYaliHyI0 THOKOCTh CTOMKOCTH CTBOJIOB HEKOTOPBIX MOJIOABIX CA)KCHIEB B €CTECTBEHHBIX CTaPOBO3PACTHBIX
JIECOB, KOTOpBIE, Ka)KeTCsl, OpOCarOT BBI30B CHJIAM I'PaBUTALMH BHITATUBAs [UIMHHBIE PYKH K HEOY.
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B 3penbix, IprpoIHBIX, CTAPOBO3PACTHBIX JecaX CBET UL POCTa CAKEHIIEB U MOJIOBIX IEPEBHEB MIPOOUBAETCS OT
WCTOYHUKA BBIIIE [TOCTYIACT B PACCESTHHOM BHJIE. 3aMETUM, YTO M3-3a TUITHYHOMN MOCANIKE JePEBbEB, KaK MPABHJIO, B TCHH
MMOCaKEHO TO JIEPEBO, KOTOPOMY HEOOXOIMMa TEHb , IIOCAKEHHO B OTKPHITOE MeCTO (pHc. 18.2), 1 4TOOBI BEIKHUTH OH Cpa3sy
ke, 9TOOBI CIIPABUTHCS C HEECTECTBEHHBIM YPOBHEM OCBELICHHOCTH M BBICOKOH TEMIIEPaTypOil, MOKPHIBAETCS KaK MOXKHO
OBICTpEE CO BCEX CTOPOH BETKAMU 0COOCHHO Y 3eMJIM BMECTO CBOETO pocTa BBepX. Ero (hopma uMeeT KOHycooOpa3Hyro
(bopMy, HHOTIa Ype3MEPHO, KaK MOKa3bIBaeT puc. 18.3 ecTh MaccoBOE pa3BHUTHE BETBEH B HU)KHEW yacTH cTBoja. [lpu
OmrKaiIeM pacCMOTPEHNH BUAHO, YTO paclperiesicHie BEeTBEH sBisieTcsl HecOalaHCHPOBaHHBIM, YTO €CTh OONbIIast
IUTOTHOCTD Y3JIOB C COJTHEYHOM JIEBOI CTOPOHE CTBOJA U, XOTA 3Ta opMa MOXKeT OBbITh moaxoasieit st HoBoromueit
(PoxxnectBenckoii ) Fuku, Ha camom nene rpy6o ned)opMHpOBaHHa.

B ypurynmupoBaHHOH 1ocajke, pacTyliee JepeBo B KOHSUHOM HTOTe TIOy4aeT ONpeeSIeHHYI0 CTEeHb 3alUThI OT
COCEIHHX JIEPEBLEB, IOTPEOHOCTD B BHIPALMBAHUH OOKOBBIX BETOK, yMEHBIIAETCS U Mpeobaaioliee HapaBlIeHne pocTa
HaBIIpaByieHO BBepX. OHAKO B OOBIYHOM yIpaBJICHHUE JIECHBIMH HACAKICHUAMH (TUTaHTALMSMHE), IOCIIE YCTAaHOBJIEHHOTO
[epHo/ia BEIPAIIUBAHYS, IePEBbs BHIOOPOUHO POPEKUBAIOT, YACTh BEIOPAHHOM MOAXOANT KaK CTPOUTENbHAS IPEBECHHA U
OTHPABIIETCSI Ha JIECONMJIKY, a OCTaJIbHAs YacTh Ha LEJUTIONIO3HBIE-METIbHULIBL, B IIeMy. DP(EKT 3TOro NpopeKuBaHus Ha
OCTalbHbIC JIPEBbs MPUBEIET K KaTacTpoduueckuM nocneactsusam! Elie pa3, ¥ 04eHb HEOXKUIAHHO, OHH TIOBEPTAOTCSI
BO3JEHCTBUIO N30BITOYHOTO TETUIa U CBeTa. {1 TOro 4TOOBI BBKUTB, BCS SHEPTHUS POCTA HAIPABISETCS B CTOPOHEI B
HAIPAaBICHUH BBIPAIIIMBAHUS BETBEH Ha BCEM MyTH BHIKHEH OOHAKECHHON YacTH CTBOJA, MPEUMYIICCTBEHHO HA COJTHEYHOM
CTOpOHE, POU3BE/ISl MOBTOPHO OOMJIME Y3JI0B, BCTPICKA M UCKPUBJICHUS, “Ty04aroe 3epHo”. OOpaTute BHUMaHue Ha puc. 18.4
3HAYUTENbHBIC PA3IIMYKS B IPOCTPAHCTBE MEXKTY TOJMIHBIMU KOJII[AMHU U BHYTPEHHUMH M BHEIIHUMH, TPyOOCTh B 3¢pHE Ha
MIONIEPETHOM CEUCHUH CTBOJIA, 3I0POBBIM POCT B IAHHOM ClIydae MPOM30ILEI, IPUMEPHO, B CEPEIHE TPEThH )KU3HHU JIepeBa,
KOT/Ia CJIOM TOAMYHBIX KOJIell ObLIA CaMbIMU ONU3KHMU JIPYT K Apyry. Ha paHHHX cTaausx pa3BUTHUs 3TO 33-JETHEro Aepena,
OYEBHUJIHO, MOJBEPraeTCs MPOTUBOECTECTBEHHOMY YPOBHIO CBETa M BBICOKO# TeMmepatypsl. [I0CKOIBKY €ro CTBOI
MOCTENIEHHO CTaJl 3aIUINATHCS OT ITUX BO3ACHCTBHM, MOCIIE €r0 CTaNIM 3aIllUINaTh KOMIIAHBOHBI A€PEBbs, TOANIHBIE KOJIIA B
9TOM MECTE PACIIOIOKEHBI PSBIIIKOM, BMECTE, TIOCIIE STOTO PACIIMPUIIUCH CHOBA PE3KO U OYCHB ITUPOKO, KOTIa
3aIIUIIAONIAE KOMITAHBOHBI OBLIIH BHIPYOJICHEL.

JI100yt0 pe30HaHCHYIO APEBECUHY MOXHO TOJIBKO IIOIYYUTh U3 00IaCTH INe OIM3KO PacloI0KEHHbI FOJUYHbIE KOJIbLA,
HO I1aTa, 33 BRIPE3aHHYIO IOCKY IO BCell MIMpHHE CTBOJIA OyIeT cTpanarth HEOMHOPOAHOH ycankoi. C TOYKH 3peHHS UX
MPUTOHOCTH JIJISI KOHCTPYKIIMOHHOTO Ha3HAYCHHS, PACcTyIlee eCTECTBEHHBIM 00pa30M, IUIOTHO PACIIONOKSHHBIE KOJIbIIA
JIpeBECHHBI TOpa3Io BBIIIE, OoJiee TTOCIeIOBaTeNbHEI, YCTOHUMBAs (TBEpIast) M peryisipHa 10 BCEH CTPYKType, M TOpasio
ycroitueBee (MeHee CKIIOHHA) K Ae(hopMaly ¥ HepaBHOMEPHOW ycaaku. [linaHTamms Jreca Wi TeHe-TI00UBbIE IEPEBbs
BHE3AITHO MOJBEPraeTCs BO3ACHCTBHIO CBETa B €CTECTBEHHBIX JIecaxX, C APyroi CTOPOHBI, IPOSBIISIOTCS HE TOIBKO
HEepaBHOMEPHBIE PACCTOSIHUE TOANYHBIX KOJIELl, a Cep/ILeBIHA JIepeBa YacTO PAcIONoXKeHa He 10 IEHTPY U CKIIOHHBI
K Pa3BUTHIO THUIIU B CEPALIEBUHE M KOJIbIIA HE IPABEJIbHOM (POPMBI MX TPACET, IPUUEM JIETKO PACKaJIbIBACTCS TI0 JIMHUAM, &
TaKKe MEXIY TOIMIHBIMH KOJIBIIAMH.

Fig. 18.4
Puc 18.4

Bonee Toro, He TOJIBKO pbIXJiasl, TyOuaToe, MPOCTPAHCTBO MEX]Y KOJbLAMU IIPUBOAUT K UpE3MEPHOI U
HEpaBHOMEPHOM ycaJKe, YTO JleNaeT TaKylo JPEBECHHY IPAKTHUECKH OECIIONEe3HON 1 a0COMIOTHO HETTPUTOAHON KaK
CHJIBHBIN KOHCTPYKIMOHHBIH MaTepHal, CBI3aHHO C aHOMAJIBHO BBICOKOI BHYTPEHHEH TeMIIepaTypoil Takxke 00ecIednBacT
H/IeaIbHOE MECTO JIIS Pa3MHOXKEHHsI OaKTepHil U TPUOKOB MMapa3uToB, KOTOPHIE B KOHEYHOM HTOTe YOMBAIOT AepeBo. Bee
9TH HEKPOTHUYECKHUE (OMEPTBEBIIIHE) ABICHUS €CTh TO, 4To Bukrop Illaybeprep Ha3bIBaeT «pakoM JepeBa» U, OUCBUIHO,
9TO CTpaJaeT IepeBo Ha AByX (¢oTorpadusx Ha puc. 18.5, BUmHO, MOCTPasano oT CMEPTEIbHOTO 3apa)KeHHs THIIN B



Cep/ILIeBHHE KaK MI0OKa3bIBAIOT, IPHOKOBBIC HAPOCTHI (CTPEIKaMH) Ha MOJITYTH BBEPX HO CTBOJY, BBI3BIBAS €I0 Pa3pyILLICHHE.

BonesHun TeHe-NOWBOW OpeBecHHLI B pe3ynbTare
YypesMepHOro BO3AeWCTBUA CONHEYHbIX ny4en
MNpumep ywepb, HaHeCeHHBIA TeHenBuBoMy ByKy, KOrOa oH
6bin NocaeH B OTKPbLITYIO NMIaHTauUWio B Mecax v noaseprarncs
MONHOMY BO3OEMCTBUI0 NPAMBIX COMHEMHBIX NyYeid B CBOEK
paHHe# loHoCcTW. Takue OepeBbA MOTYT TOMBKO PacTH |
pa3BMBATLCA 300POBbLIM MOM 3aLIMTON MaTepMHCKOro-aepesa.

BepxHAA YacTb TYyNOBWLA M BCEW KPOHLI Gbinu
npepeaHkl NPUMEPHO Ha NONNYTH BBEPX MO CTBOMY.

lMNonepeyHoe cevenme 60-neTHero byka, NOKasbIBAKLLY
pa3sBUTME WINPOKKX, HerabapuTHbIX, MOOWYHBIX Konew,
B Te4eHWe nepebiX 25 neT ero pocta.CTpyKkTypa gepeea
MEMXay TaKMMW KPYMHbLIMWA rOAMYHLIMN KONBLAMK
obnapaeT ryb4aTon TEKCTYpPOW, y KOTOPOW BbICOKasn
BNWTBIEAKOWaA cnocobHOCTE U NPUBOANT K
cepueBWAHON-THUNKN

OepeBo Ha cocegHewn poTorpactpmm NoTEpNeno
KPYNHOE HACTYNNeHNe CepueBUAHON-THANK, O YeM
CBMOETEeNbLCTBYET rPMOKOBLIX HAPOCTHI
(cTpenkaMu) Ha TYNOBMILE, KOTOPOE BbLI3BANO
pa3pylWweHnA OKoNo NoMOBMHEI NYTH.

Fig. 18.5
Puc 18.5



ITo cnoBam Bukropa Illay6eprepa pakTuuecku ABHKEHHEM COKa HE OCYIIECTBISIETCS Yepe3 0CMOC (Ocmoc (OT rped. osmos —
TOJYOK, J1aBienue), Aupdys3us BeuecTsa, 00ObIYHO PACTBOPUTEINS, Yepe3 MOITYIPOHUIIAEMYIO MEMOpaHy, pa3IessIOLIYI0 PACTBOP U YHCTHIH
PacTBOPHTEND MM [IBa PACTBOPA Pa3IMYHON KOHLEHTPALHH.), KaK B IIPEJAIOJIOTacTCS B HACTOAIIECC BpEMSI:

"1 MHOTO pa3 ye 3asBJIsLI, 9TO MOABEM (TIOBBIICHUE) COKA B IEPEBBSIX HE MOXKET OBITh OOBSICHEH (DM3HIECKUM ITOJXO0M 10
CHIX IO BBIABUHYTBHIMH TOJIBKO, HAIIPUMED, BIAUSHAEM BHEIIHETO JAaBJICHMS BO3IyXa U T.J., HO B 3TUX 0OBICHEHUSAX HE HAlTH OTBETa
Ha IPOUCXOASAIINE OOMEHHBIE POIECCH! B TOCTOSIHHOM My/IbCalliy B KAXI0H KIIETKE JIepeBa U, CIICIOBATEIbHO, B PE3YIIbTaTe
KHU3HEACATEIPHOCTH KaWULIPHOH KiteTke-nepesa. [Ipodeccop Kypr beprens u3 bepnuna npuimen K aHaIOTHYHBIM BBIBOZIAM B

CBA3H C ACATEIIBHOCTBIO CEpALla U KPOBU Yy SKHMBOTHBIX.” "

TToMuMO OXKMBIISIOIIEH MyJIbCALIMK, 37I0POBOE ABHKEHUE COKA TAK)KE IIPOUCXOAUT B CPE3BBIYANIHO TOHKHMX KaIlMJUIAPaXx,
KOTOPBIE MOYKHO HaWTH B MOJHOCTBIO €CTECTBEHHBIM 00pa3oM pactyiieM jaepese (puc. 18.6). [Tokazan quameTp 3TUX
KPOIIEYHBIX KammuisipoB. C HEOOIBIIIM TTOTEINICHHEM YIIepOIucTas KUCIO0Ta, CoJeprKanielics B BOJIE U COKE IIPEeBpalIacTcs
B YIJIEKHUCIIBIH I'a3 U 00pa3yeT My3bIpbKH, KOTOPbIE MOJTHOCTBIO 3aKPhIBAIOT MOJHOMPOXOAHBIH (3aKpBIBAET THAMETP
KalmuisIpa) Kamuisipa, 1 Ha CaMoM Jelie KaliLIphl KauaroT, Kak Hacoc, BOAY € MUTATEIbHBIMU BELIECTBAMH U COKOM IIPSIMO
JI0 CaMBIX JANBHUX BETOYEK, OKOHEUHOCTEH, KPOHBI. DTH Iy3bIPbKH 3aIOJHSIOT KaIIMILIAPbI, Kak MPOOKH, U, TaK KaK OHU
MTOAHMMAFOTCSI, BBIIABIMBAIOT, HAKUMAIOT, IPOMEKYTOUHBIE TIPOCIIOMKH, AaKeTHI, BOABL, COKa H T.J., BOEpe mepes co0oit.

Takum 06pa3oM, COK MOXKET OBITh IIOIHAT Ha Bo3BbILIatoNI0ycs Ha 91M (300 ¢yToB) BHICOTY, HAIPUMED, KaK B
TacmaHuy psIOMHBI, camasi BEICOKas! JIMCTBEHHAs IIOpozia B MUpe. Bocxoasiee, moqHuMaroiee JBIKEHHE COKa HE MOXKET
MIPOM3OUTH U3-3a 0CMOcCa, Ybé abcopOupyroliee AeHCTBYE B MTOBBIILICHUH OTPAaHUYECHO, HU OJJHUM TOJILKO MEXaHHYECKUM
BCACBIBAaHUEM, 3aMETHUM, TaK KaK YK€ IaBHO YCTaHOBJICHO, YTO CTOJI0 BO/IBI HE MOXET OBITh MOAHSAT BbIIIE, yeM 9,81 m (32,18

yra).
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Fig. 18.6
Puc 18.6

Ilonvem (BOCXO)KHGHI/IG) COKa - THeBHOM npounecc. I[epeBo BBIABIXACT KHUCJIOPOA B TCUCHUEC JHA B
nponecce q)OTOCI/IHTC?:a, a HOYbIO HAIIPaBJICHUEC ABUIKCHUS U3MCHACTCS U OHO BABIXAaCT KUCIOPO (Kal( u MI:I) B ICIIAX
obecrieueHus pa3BUTHUA KOpHeBOI71 CHUCTEMBI U OAPEBCCHCHHS CTBOJIA. KOF,Ha COJ'IHIIC 3aX0OUT TEMIIEpaTypa nagact u ypoB€Hb
JIMTHAMHAYECKOMN OHCPruu YMCHBIIACTCA.

DTO HHULUHPYET OTCTYIUICHHE COKa, KOTOPBIN TEMepb CTAHOBUTCSI OCOOSHHO TUIOTHBIM Yepe3 OXJIaXKICHUS H OITyCKaeTcs
BHH3 C HalpasJieHHeM NnoHmkaromero CoiHIa 1 B KOPHEBYIO 30HY. TpyOOUKH M KaMJULIPH! B KPOHE OTKAYUBAIOT COK U
co37aeTcss OMOIOTHYECKUX YaCTUYHBIH BaKyyM Tak Kak CO,-ITy3bIpbKH KOHACHCUPYIOTCS (YIUIOTHSIIOTCS) U HAYHMHAIOT
CHIKaThCs. BMecTe ¢ caxapamu M KpaxMasioM 0O0pa30BaHHBIMH B THEBHOE BpeMs IIPH (POTOCHHTE3E, 5TO BCACHIBAHUE
3aTATHBAET BHU3 KHUCIIOPO, a30T, caxapa, kpaxmai, CO, u Apyrue cofepiKaiiye ra3pl uepe3 OTBepCTHs (YCTBHUIIE) U TTOPHI B
JIUCTBSIX ¥ BCE BHU3, BIUIOTH JI0 MEJIBYAMIIINX BOJIOCMHOK KOpHEW. 31eCh OHHU MUTAIOT )KU3HEHHBIC (DYHKIIMHU JIepeBa B HOYHOE



BpeMsi 1 00ECIIeUBAIOT MaTEPUAIIOM ISl €70 CTPOUTENBCTBA CTPYKTYPBI, POPMUPOBAHUE TOANYHBIX KOJICIL M OJPEBECHEHUS
BHYTPEHHHX TKaHEH aepeBa B 11e10M. Koria 30Ha KpOHBI ¥ CTBOJI OCTHIBAIOT, KOPHEBAs 30Ha HarPEBAeTCsl, 1 HA0OOPOT, eCIIH
KOpOHA M CTBOJI HAPEBAKOTCS 30HA KOpHEH ocThiBaeT. TakiuM 00pa3oM, I04Ba OCTAETCs TEIUION B TEYCHHUE HOYH U 3UMOH, U
IPOXJIaJHasl B TEUEHNE THA U B JICTHEee BpeMs. B pesynbsrare upe3MepHbIX KojdeOaHui TeMIlepaTyphl IpyHTa, KOTOPhIE
OTPHILIATENILHO CKA3bIBAIOTCS HA MUKPOOPTaHU3MBI B )KUBUTEIBHOM CJIO€ IIEpErHos (IyMyca), He IIPOUCXOJUT IPOLecc
THUEHUSI — PACI0KEHUSI.

Tor ke caMblif MPOLIECC OTHOCHUTHCS K CBETY - C CBETO-JFOOMBBIE TIOPO/IbI APEBECHUHBI, TI0OKA CBET HE SBIISETCA
YpEe3MEPHBIM, MIOCKOJIBKY Y HUX €CTh 3aIlUTHBIA MEXaHU3M B BHJI€ OYEHb TOJICTOM KOPBHI WM, B HEKOTOPBIX CIIydasixX, [[BET
-IIBETHAs KOpa C BHICOKOH OTpa)kaTebHON clIOCOOHOCTEIO.

Pucynku.18.7 A u B noka3ssiBatoT 311 nporeccs Oonee noapodHo.Tak - Ha3pIBaeMbIi "ci10i kKaMOus" MOXKHO
paccMarpHBaTh KakK «IpOTO — TOANYHOE - KOJIBLO» U B TO )K€ BPEMsI HCIIOJB3YeTCsl B KA9eCTBE AMAJICKTPUKA, OyAeT oOpaiieHo
BHUMaHHE 03Ke. JTa aKTUBHAsL 30H4, TJIE IPOUCXOUT POCT JIepeBa uepe3 B3aMMOICHCTBHE IBYX Pa3HBIX COCTABHBIX, U
ANIEKTPUUCCKH 3aPSIKEHHBIX KHUKOCTEH, T.. OTPHUIATEIILHO 3apsKeHHbBIC (II03MBI (P103Ma (0T rped. phloids — Kopa, JBIKO), TKaHb
BBICIIHX paCTCHPIﬁ, ClIyKauas AJis1 NPOBEACHUA OPraHNYC€CKUX BEIICCTB K Pa3jIUYHbIM OpraHaMm. BmMecTe ¢ kcunemoit cocTaBIser T. H. TIpOBOAAIINE
my4kn.), COAEPIKAIINX KUCIOPO, JUOKCHIA YITIeposia, a30Ta U T.Jl., CTEKaeT C BHyTPEHHEH CTOPOHE JUIIEKTPUKA, TOTIa
KaK MOJIOXKUTEIILHO 3apsDKEeHHas KcuiieMa (Keniema (ot rped. xylon — cpybieHHOE IepeBo), TKaHb Ha3eMHBIX PACTEHHI, CIyXKaIas A
TIPOBEICHUS BOAbI 1 MUHEPAJIIBHBIX coJieit ot KOpHeﬁ BBEPX IO PAaCTCHHUIO. K. pacrojiara€Tcs CIIOIIHBIM KOJIBIIOM UJIM B TaK Ha3bIBAEMBIX
MPOBOSIIHX (COCYANCTO-BONOKHHCTHIX) ITyYKaXx.) (I)YHKI_[I/IOHI/IpyeT " COACPKUT HOHU3UPOBAHHBIC MUHEPAJIBI, COJIN, MUKPO3JICMEHTEI,
yriekucislit a3 uiu CO,, U T.7., TEYET BBEPX MO BHELIHEH CTPOHE U30JIATOpa. Mexly 3TUMU JByMs IOTOKaMHU U Yepe3 UxX
B3aMMOZAEUCTBHE, IPOTO — TOJUYHOE -KOJIBLIO ITPEBPAIAECTCS B HAJISKAIlee TOANYHOE KOJIbLO. DTH TOAMYHBIE KOJIbIIA, HECYT
B ce0e OTIEYaTOK JKU3HU - OMBIT U UICTOPHIO JIepeBa.

Becpb 3TOT Ipoliece MPONCXOAUT B TEMHOTE T10] 3aIIUTHBIM ITIOKPOBOM U3 KOPHI TaK, YTOOBI, B MAKCHMAJIBHO BO3MOKHON
CTelneHbo, 03 HapyUIeHUs B 3TOT TOHKUHN cOallaHCUPOBaHHBIA OOMEH BELECTB, H30€XKaTh YPE3MEPHOTO OOIyUeHHS U
MOBBIIIEHNS TEMIIEPATYPBbl OT MPSAMBIX COJTHEUHBIX JTyUeH.

18.2 Temnepamypnuie cpaduenmot 6 oepese

3mech TakKe TeMIepaTyphl UTPAIOT BaXKHYIO POJIb. AKTUBHBIE 30HBI POCTA BO BHEIIHEH Mepu(epuitHbIX 30HaX CTBOJIA U
BETBSIX TPEOYIOT ONpeNIeNIeHHOTO YPOBHS TEIUIa U 9HEPTHH JUTS TTOIeP KaHHsI Pa3INYHbIX HOPMUPYIOIINX JIIEMEHTOB B
NPOIYKTHBHOM, HOHM3UPOBAHHOM U JKUAKOM COCTOSTHUU. Bce 370poBbIe Mpoliecchl KOMOMHAIIMKA M PEKOMOWHAIINH,
MIPOUCXOJIIIHE TYT, MOJTHOCTBIO 3aBUCAT OT YHOPSAA0YEHHON KOH(DUTYpaIy 1 OTHOCHUTENBHBIX MPOIIOPUHUAX TeMIICPaTyPHBIX
IpaJleHTOB.

C NOJ0XXUTETBHBIM TEMIIEPATYPHBIM IPAJJMEHTOM OT BHEIIHEH CTOPOHBI BHYTPb B TEUEHHUE JHsI, KaK IOKa3aHO Ha
puc. 18.7 ,C, camble poxJiaJHble BHyTPEHHUE COKU MTOJHUMAIOTCS OBICTpEE, U HECYT JIyHdIlNe MUTATEIbHbIE BEIECTBA
JI0 BEpXHEH yacTu jiepeBa. DTo Ui pOCTa BHICOKOTO Ka4eCTBa, JIUCTBBI, MAJICHBKUE 3€JICHBIC MOOCTH, I[BETHI U
PENPOAYKTUBHBIE 3JIEMEHTBHI, TUIO/BI.

3TOT BOCXOAALIMN TIOTOK MOXKET OBITh CTOJIb XK€ OBICTPBIM, TAKUM KaK 3 M B MUHYTY, WJIM MEJICHHbIM 50 MM B 4ac,
kak 00 3toM nucan Buxrop Illay6eprep. bonee Hu3koro kauecrsa, 6ojee rpyoble MUTATENbHBIE BEIIECTBA, IPUCYTCTBYIOIIME B
KpalHUX CJIOSIMU KaMOUs B KOJIbIIE, KOTOpbIE TPeOyIOTCS A CTPYKTYPHOrO 00pa30BaHMUs JIepeBa, MOT'YT OCYILECTBICHO
JIBUTATHCS TONBKO BBEPX IO MEPE UX CTENEHU pa3pelieHHoi rpybocTH, ueM OoJiee rpyOble OCaKAAIOTCS B paHee
c(hOpPMHUPOBaHHBIX CIOSX CTBOJIA, YeM OoJiee TOHKUE, IPEKPACHBIE, B HOBBIX CI0AX U BeTBAX. O0a MOTOKA KaueCcTBA U BBICOTHI,
Ha KOTOPYIO 3TH JIEMEHTHI ITOJHAINCH 3aBUCAT OT TEMIIEpaTypbl U CTENICHU, B KOTOPOH OTPHULIATENbHBIN TeMIepaTypHbIH
IpajIveHT, B CBOeil (pyHKIMel B KauecTBe IBIKYLIECH CHIIBI WM (DMIIBTPA, aKTUBHBINA OT BHEUIHEH CTOPOBI BHYTPb.

YTpom mporpeccupyer obImast TeMneparypa arMocepsl, OHa ITOBBIIIAETCS, YTO MIPUBOAUT K TOUKE IEPECEUSHUS MEXKITY
[TO3UTUBHBIMH U HEIraTUBHBIMU TEMIIEpaTypHbIMU TPaJHeHTaMHU B JiepeBe, 4TOObI epeiT Ha Ooiee rybokue yposHU. [Totok
COKa HAYMHAET 3aMeUIATHCS U, B 3aBUCUMOCTH OT €r0 KauyeCcTBa Pa3IMYHbIX TOJIOKHUTEIBHO 3apsUKEHHBIE, YTO MUTATEIbHbIE
9NIEMEHTBI HAXOASATCS BONM3M CTAlHOHAPHOH 3aJepKKe Ha Pa3HBIX BHICOTAX B OXKUIAHUH PHOBITHS OTPHLATEILHO
3apsDKEHHBIX JIEMEHTOB CBEPXY. MOXKET OBITh, IOATOMY, HAIPHMED, B aMa30HCKHX JiecaxX IepecTaeT BEIpadaThIBaThCs
KHCIIOPOJI OKOJIO TIONyAHs. B CBs3U ¢ OBICTPBIM pa3BUTHEM BBHICOKHX BHELIHHX TEMIIEPATYp BO BPEMs YTPa, IIOJIOKUTENbHEIE
IIUTaTeNbHbIE BELIeCTBA EPEHOCATCS TEMIIEPAaTypPHBIM IPAAUEHTOM OBICTPO CMEHSETCs Ha OTpulaTenbHbli. [lonbem
3JIEMEHTOB 1151 POTOCHHTE3a, MTO3TOMY (POTOCHHTE3 MpEeKpaIaeTcs, 1 0e3 Kakoro-au0o BeIICICHUS KUCIOPO/Ia, OOJIbIIe He
TIPOUCXOIUT.

Hacrtymnaer HOYb, ¥ ¢ BHELITHUM OXJIaXI€HUEM, TEMIIEPATYPHBIA TPAJUEHT MEHIETCS U MOJI0KUTEIbHBIN IPaIUeHT
TeMIIepaTypbl BO3HUKAET U3HYTPH HapyxXy (cieBa HallpaBo, Kak IMoKa3aHo Ha puc. 18.7, C), To ecTh BHEIIHHE CIOH
CTaHOBATCS XOJNOJHEE, UeM BHyTpeHHHE. COK HaYMHAET CHIKATHCS, COK C Oosiee BEpXHHX YacTel epeBa ObICTpHEE YeM
B HIDKHUX, IOTOMY YTO OXJIQXKIEHHE B KOPOHE NIPOUCXOAUT Oosiee ObICTPBIM TeMIIOM. B ciryuae B AMa30HKe BBIIIE, TEM
OonblIee UCTIapeHHe CBA3aHOo ¢ 0oJIee BEICOKOH TeMIepaTypoil IPUBOJUT K YCKOPEHHOMY OXJIAXKACHHUIO M YILIOTHEHUIO COKa,
KOTOPBIH 3aTeM OIyCKaeTCsl IOCyIe IMOMyIHS U He MEHsET HallpaBlieHue Ha 00paTHOE 10 cleaytomero qusa. B oboux
CiryJasx 3(1)(1)€KT 3TOro ABJICHUA COCTOUT B TOM, ‘{TO6BI BTAHYTH KUCJIOPOA U APYTHE ra3bl U BCUIECCTBA, B COACPIKAIIUXCS B
OTpHILIATENIHLHO 3apsHKEHHO (pr1osMe BHU3 0 HANpaBJIeHUIO K KOPHEBOH - 30He. Kucnopon, Kak areHT K NpUHYKAEHUIO BO
BCEM POCTE M pacmajie, TAKUM 00pa3oM, JOCTYIIEH i 0ojiee HU3KOro MeTaboIu3Ma JepeBa.
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B cBoeM nocreneHHOM ciycke (I03MBbI CTATKUBAIOTCS C MPUOCTAHOBJICHHBIM MOJIOKHUTENBHO 3apSKCHHBIM
MaTepHajIoM, ¢ KOTOPBIM OHa B3aUMOJEHCTBYET, B3aUMOACHCTBHE, KOTOPOE YCHINBAETCS TaK KaK IMOJOKUTENBHO 3apsDKeHHbIE
KCHJIEMBI 00paIaroTcs HApYKy MOJ BIUSHUEM PeoOIalarolIiX MOJIOKHTEIBHBIX TEMIIEPATYPHBIX IpagneHToB (puc. 18.7, A
1 B ). D10 npuBOANT K MOSBIEHUIO PA3NINYHBIX META0ONNYECKHX MPOLIECCOB, B TOM UHCIIE OLPEBECHEHUS CTBONA, KOTOPHIH, B
COYETaHWUH C YIUIOTHEHHEM U YKpETIJIEHHEM, BIUSHUS 3MMHHUX XOJIOZIOB, K KOHITY T'0/1a, IPUBOAUT K MPABEIbHOMY YIPOYHEHHIO
IIPOTO-TOANYHBIX-KOJICH] B TOAUYHBIC KOJIbLIA. Hmenno HOYbIO, TAKUM o6pa30M, pa3BUBaACTCA O6XBaT (yBCJ’lI/I‘II/ITaeTCﬂ JANaMETP
CTBOJIA) M POCT JIepeBa M KOPHEBOI CHCTEMBI.

JIBIKEHNE COKOB B TEHE-TIOOMBBIX JAEPEBBSX, 3aMETHO OTIIMYAETCs. B 1esoM cTpykTypa nepesa 1e)opMUpOBaHEI
HEOOXOIMMOCTBIO BBIPAIIMBATE BETBH, COK, KOTOPBIH, KaK MPABUJIO, TOJHEMAETCSl HEMIOCPEICTBEHHO Ha BEPIIUHY HE
TOJILKO OTBOJAWTCSI B HEXKEJIATEJIbHBIE OTBETBJICHUS, & €r0 OOBIYHO OECIPEIITCTBEHHBIH MOTOK U3MEHEH, OH BBIHYX/IEH
3aBUBAThCS MU KPYTUTHCS BOKPYT AOTIOJHUTEIBHBIX Y3JIOB B CTBOJIC. DTO MPEISTCTBUE €llie OObIIe yCyTyOmsieTcsl TeM, YTo,
YBEJIMYMBAETCS N30BITOUHAS BBICOKAs TEMIIEPATypa, TPYOOUKH CaMOro IOTOKa COKa ropasfo OoJblie B JUaMETpe, U CIUIIKOM
BCJIMKH JJIA ny31>1pef/'1 YITICKUCJIOTO Ira3a, ‘ITO6I)I 3allOJIHUTBh UX IMOJHOCTBIO, TaK KaK pa3Mep IY3bIPHKOB HC YBCIMYHUBACTCS
COpa3MEPHO.

Bwmecto TOro, 4T00BI pacTH BBEPX MPAKTUYECKH MO TPSMOH JIMHUM B Npefiesax TpyOoUYeK-KaHaIOB, KaK B
LWJIHHAPUIECKUX CTBOJIAX, COK OMUCHIBAET OOJBLIYIO CIIMPAITBHYIO TPACKTOPHIO BOKPYT epH(PEPHH YBEIMICHHBIX IPOTOKOB
1 CO; my3bIpu MOTYT TOJILKO TIOBBICUTb JIOJIO KHUKOCTH, HEOOXOAUMY!IO Ui 340poBoro pocta (puc. 18.8). Onu Gosbliie He B
COCTOSIHUM TIOJTHATH JTOCTAaTOYHOE KOJTHYECTBO, YTOOBI 0OECIIEUNTh KPOHY JIepeBa U, TaK Kak MUTaTeIbHbIC BEIeCTBA CaMU
SIBJISIIOTCSL MEHEE KaueCTBEHHBIMH, TIPOU30ILIH Yepe3 Cy0-HOPMAaJIbHBII WITM HEHOPMAJBbHBIH 0OMEHHBIH TpoIiecc,
€CTECTBEHHO, MOXKET IPON3BOAUTHCS HE BEICOKOKAUECTBEHHAS IPEBECHHA U JKU3HB JIepeBa caMo 1o cede He MOXKET OBITh
oJ|/IepKaHa IIpu 0OBIYHOM BO3pOCTE. DTO TO, YTO MPOUCXOAUT oTMHpaHue. COK He NEpEHOCUTHCS K BEpIIMHE JepeBa WIn
KOHEYHOCTSIM BETBEH, OHH BBICHIXAIOT M OTMUPAIOT. MecrTa, Tie JIMCTBA BCe elle PAcTeT, OHU YKa3BbIBAIOT, IO KAKOr0 MecTa
MOHMMAETCSI COK.

3-3a Harpeea cTEONA
M M3BLITOMHOTD
TEMNa W CBeTa
YEEMHYMBAKITCH
KEMMIARLI.
Iew#eHwA coka
CTAHOBWTGH
MZBUNWCTOW B
HerabapUTHBLIX
KEMMIMARE® 1
nMy3sipekn CO2
GOneLE He MOTYT
MOMOME B MOBLILLEHHA
MUTATENEHBIK
BELLECTE,
COKa W BOObI.

rpyban
KanWnnapHas
CTRYHETYDE

Flg 18.8 NopuiweHne HeAoCTATOUHOMNS NHTATAHKA
Puc 18.8

I'maBHeIH 2pdekT 3TOro OoJee caadoe NBHKEHHE COKA - IPSKACBPEMEHHOE OCAXKICHUS TUTATEILHBIX BEIICCTB U3-3a
HEEeCTECTBEHHO BBICOKMX BHYTPEHHUX Temrieparyp. OHH TakKe OTBETCTBEHHBI 32 (POPMHUPOBAHNE METbYAHIIINX, HU3IIHX
XMUMHUYECKUX COCANHEHUH U SBIISIOTCS MIPUYMHONW HACIOEHUs (HAPOCTOB), KOTOPBIE MOCTENEHHO OJOKUPYIOT KHAJIBI-COKA, KaK
MoKa3aHo Ha puc. 18.8. AHAJIOTUYHBIM YCIIOBHEM IS YEJIOBEKA SIBISIETCS aT€POCKIIEPO3 UM BAPUKO3HOTO PaCIIMPEHUs BEH
B HOTaX M CTYIHSIX, KOTOPbIE IIPOUCXOINT IO TOH XKe NMPHIHHE, & UMEHHO HEHUCTIPaBHBIX KPOBEHOCHBIX COCYIOB H B IIOTOKE
(apTepu u BeHBI).

B nporiecce ocaxaeHus 3THX rpyOBIX MaTepralioB yBeJIMUIHBaeTCsl 00XBaT JepeBa, B caMOM HH3Y, HanOoJee



HEIIPUT'OJHOM I YCJIOBEKa Y OCHOBAHUsS CTBOJIA, U3-3aBBICOKUX TEMIIEpATyp, OHU HE MOTYT OBITH TIOJHSTHI BBILIC U JAJIBIIC.
O6mwmit 3¢dexr oT 3Toro ABIAETCS HOPMHUPOBAHNE KOHUYECKOTO CTBOJA, KOTOPHIH HE TONBKO BIIHACT HA KAYECTBO APEBECHHBI,
HO, BcrloMuHas u300paxceHus 111 Ha nuarpamme Bukropa Illaydeprepa Ha puc. 16.8, Taroke UCKaxaeT IIyTH HEOCsA3aeMOH
SHEPTUH HEOOXOIUMOM AT 30POBbs IePEeBbEB U aTMOCGhEpPH! B LieJIoM. BMecTo TOro, YT00b! YCHITHTh BEPTUKATIBHYIO
MO3UIIMIO JIepeBa U IO CIUPAIM BBEPX Ha OOJBLIYIO BHICOTY, INi€ OHa JaJbllle 00beAuHaeTCs ¢ 3(UPOM B BUJIE TUHATEHOB
(dynagens) u xBanureHos (qualigens), OHU pa30packIBalOTCS HENPOJAYKTHBHO Ha BCE YEThIpEe CTOPOHBI. Ero moapemuas
SHEPrUs TaKuM 00pa3oM 0cIabeBacT, TAKoe JEPEBO Jerde APYTrUX CTAHOBUTCS JKEPTBOH yparaHoB (IITOPMOB).

18.3 /lepeso, kax ouo-konoencamopa

IonHoe 00cyXaeHrne YCTPOICTBA IepeBhEeB HE MOXKET OTPAHIMIMBATHCS TEM, YTO BUAHO CHApYKH, a JJOJDKHA BKIIIOYATh B
ceOsl HeBUANMBIH YHEPTUYHBIN aCIIEKThI, KOTOPBIH, Kak yxe ObUIO CKa3aHO paHee, IepBUYHEE, BHEIIHE NPOsBICHHAs Gopma
siBIsieTCst T000UHBIM 3¢ dexToM. Mimes paHee o0CyKaeHHEe OHOMArHMUTHOTO CHJIOBOTO TIOJIE IepeBa, 3eCh MbI OyaeM
paccMaTpuBaTh TO, KAKMM 00pa3oM OHO-2IIEKTPHUYECKas SHEPTHs AepeBa CTAHOBATCS Bce Oojiee yCrieHa B HAMPaBICHUH
000HX MOJICKAa3KaX BETBEH U KOPHEH.

B xone muckyccun o 6no-koHaeHcarope Ha ¢.89 (maBa.6.2), OblI0 MOKa3aHO, YTO IUIOTHOCTH 3apsiia Ha OJHOM
CTOPOHE JUINIEKTPUIECKO MEMOpaHbl MOXKET OBITh YCHJICH 3a CUET CHIDKEHUS pa3Mepa MMOBEPXHOCTHOTO 3apsijia, a

MOTEHIMA MOXKET OBITh YBEJIUUSH OHOBPEMEHHO M DKCIIOHEHIIMABHO, YMEHbIIIAsl PACCTOSIHUE MEXK/TY MPOTHBOIOIOKHBIMH
3apsaamu. Kpome Toro, Ob110 BUAHO, YTO, C KOHIIEHTPHUYECKUMH, chepruuecKre IIOBEPXHOCTH 3apsiia, INIOTHOCTH 3apsaaa U
MOTEHIMAJ aBTOMAaTHYECKH YBEIMUMBAETCs. B ciiydae ¢ IepeBoM, 3aMETUM, MbI IMEEM JIEJIO HE C KOHIICHTPUYESCKH
Cq)epl/I‘{GCKI/IM IMOBEPXHOCTHBIM 3apsIOM, a C KOHUCHTPUYCCKU-TTUITUHAPUICCKUM T.€., B KOTOPBIX IPUMCHACTCA TOT KE,
aBTOMATHYECKOE YBEIMUCHHE IIOTHOCTH 3apsijia U oTeHnrana. Mcxous U3 BHENIHEH CTOPOHBI BHYTPB, 00€ 3TH BEITNYHHEI
YBEJIIMYHUBAIOTCS COOTBETCTBEHHO (cM. puc. 6.8, 18.9 n18.10).

XOTs1 HEKOTOPBIH POCT IPOUCXOAUT B OoJiee LIEHTPATLHOM TeJle, U BCera Ha KOHIAX HOBBIX MMOOETOB KaK KOPHH
Y BETBH, TaK 4TO MPOUCXOAUT CaM IHEPTUUHBIN pocT. Kak nepeBo pacTeT BhIilie, €0 HAPYXKHBIH AUAMETP, ECTECTBEHHO,
YMEHBIIAETCS, YTO aBTOMAaTHIECKH COKPALIAET PACCTOSTHUE MEXIY TOINIHBIME KoJbLamu. [1o mocTikeHnn BepXHel yacTi
JiepeBa, OHU PACIOJIOral0TCsl Ype3BbIYaiHO OIU3KO JPYT K APYTY M MOTEHIMA Ype3BbIYaiiHO BBICOK. bonee Toro
TPaHCIIOPTUPOBKA T10 KAIIMIUIAPaM COKa IIPAKTHUECKH OECKOHEYHO MAJIBIM THaMETPOM, TaK YTO TOJBKO T€ BELIECTBA, KOTOPHIE
MOTYT MPOMTH Yepe3 H BIOJIb HAX CAMOTO BBICOKOTO KadeCTBa MUTATENBHBIX BEIISCTB M SHEPIHU. JTO MOTOMY, UTO Ipyodast
Marepus, KOTOpasi HIET Ha CO3IaHNe HIDKHEH YacTH JepeBa, He MOXKET IPOMTH Yepe3 HuxX. TakuM o0pas3oM, 1o epuMeTpy
JepeBa, He TOJIbKO caMble JIydIIne MepeMellaroNie KaHalbl Ul COKa, KOTOpbIe OyayT HaiIeHbl, @ ¥ 04eHb BEICOKOTO Ka4eCTBa
SHEPIHH.

310 BO3BpAIaeT HAC K IPEBIIYIIEH TUCKYCCHH O TOMEONIATHIECKHX JI03aX, TI€ C IPAKTHUECKH HE CYIIECTBYIOIIHNA
MarepHai, 1 MOKET OBITh ITOTy4YeH OIPOMHBII pe3ynsTaT WK peakiuio. Kpome Toro, o0nacts nepesa, KOTOpast MoTydaeT
BBICOKOE HANPSDKEHHEM OT MaJalolInX J0XKIEBbIX Kareib, KOTOPhIE IPEACTAaBISIOT MPSIMYIO W HETIOCPEICTBEHHYIO Mepeady
YUCTOM OHCPIruu U 3apsaja Uin JKU3HEHHOM CHJIbI, KOTOpast B KOHIIC KOHILIOB SABJIACTCS BCEM TEM, UTO Ha CaMOM J€CJI€ ABJIACTCA -
sHeprus. Takum 00pa3oM, CTAHOBHTCS MTOHATHO, IIOYEMY HauOoJIee HHTEHCUBHBIH POCT aKTUBHO MPOUCXOJUT HA KOHIAX
JIePEeBbEB, Kak B KPOHE M B KOPHEBOI CHCTEMe, IPUYEM TIEPBOE BIKEHHE HANIPABJICHO HAPYXKY, & BTOPOE HAMPABICHO BHYTPb.

3aMeTuM, eClM 3TH YPE3BBIYAiHO UyBCTBHUTEIBHBIE, TOHKO CTPYKTYPHPOBAHHbIE CIIOW KOHAEHCAIMU U OHO —
KOHJICHCATOPBI MPOOKTHI (MTPOHU3AHBI) HIIA HAPYIIIEHa TAPMOHHUS YPE3MEPHBIM HATPEBAHUEM U IPYTHMH BPEIHBIMH
(akTopamu, TO OMO-KOHACHCATOP PYIINTCS, CEPUEBUHA-THUET U Apyrue 00JIe3HU HAYMHAKOTCS B IEPEBE, OHO MOTHOACT.
JIpyTHMH CIIOBaMH, MEJKUE PA3IMIMs MMEIOT Pelaloliee 3HAYCHHE TS )KU3HH U JajbHeHIIee CyleCTBOBAHUE ICPEBbEB,
Yepe3 KOTOPbIE JKU3Hb CMOIJIA BEITH Ha MIEPBOE MECTO, OHM BCE OBLTH CBECHBI K HYITIO. Tam ObLIO ere OHO OHONIOTHYEeCKOe
KOPOTKOE 3aMBIKaHHUE.

3TO )KU3HEHBIH 3apsi/l Ha caMoM Jelie ObLT 3MepeH B omnbiTax Bansrepa [llayOeprepa ¢ ucnonb3oBaHnEM
MYJBTHIUICKCHBIM T'aJJbBAHOMETPOM U IByMsI H30JIMPOBAHHBIMHU 30H/IAMH M3 METAIUIOB (IMHKA 1 Men). OIIMH U3 30HI0B ObLT
BCTaBJICH B CEP/IIICBUHY CTBOJIA, a IPYroi ObLIT MOCTaBIeHa Ha BHEIIHIOIO TOBEPXHOCTH CII0sT KaMOus. TiiarebHO HaCTPOEB
MO3UIIMU CBOMX TOYEK, ObLIN OOHAPYKEHBI OTHOCUTEIBHO BRICOKOE HampsbkeHne. Ha camoM nene Banbrep cMor moiayduTth
JOCTATOYHO HAMPSDKSHHS JJISI OYYEHHs CBETA JJIsl HEOOJBIIIOHN JIAMIOYKH MM JIAMIIOYKH OT (poHapuka. YeM sipue CBET, TeM
310poBee 1 OoJiee, eCTeCTBEHHEE, BEIPOCIIO AEPEBO.
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Puc 18.11
Puc. 18.11 mokasbIBaeT, 4TO €CIi MOTEHIUAN (KOTOPBIH YBEIMUUBACTCS BO BHYTPEHEM HAIPABICHUN) U3MEPSAETCS MO
TOJIMYHBIM KOJIbIIAM, CJIOW OT BHEIIHEH CTOPOHBI BHYTPb, CHa4aja OH SBJISAETCS OTHOCUTENBHO HU3KUM, U3-32 OOJIBIIOTO



pacctosuus. Ho, kak TOJIBKO KOJIbIa MOCTENICHHO COMMKAIOTCS, TOTEHIMA U SHEPTHUs yBeINUMBaeTcsl. TBopueckas sHeprus
BCETa B CTPYKTYPHPOBAHHOM IPOLIECCE M Y3KUX KOJBLAX, KOMNbIa KOTOPBIE IUIOTHO BMECTE, TEM OOJIbIIE OHM CTAHOBATCS
PE30HAHCHBIMH, Y€M BBIIIE KAYECTBO CTPYKTYPHI U KaueCTBa XapaKTEPUCTUKU ApeBecHHbl. Kak Toabko 6osiee MUPOKo
paccTaBlIeHHbI, JOCTUTHYThI LIEHTPAJIbHBIE KOJIbIIA, HOTEHIMAI BAPYT M1aJaeT Mo4YTH A0 Hynd. [InoTHocTs 3apsaa, ¢

JPYToii CTOPOHBL, IOCTOSHHO YBEIMYMBACTCS 110 HAPABICHUIO K BHEIIIHEMY, XOTSI U HE pABHOMEPHO, U3-32 HEPETyIIIpPHOI
CTPYKTYpBI CTBOJIA.

18.4 Kopuesasa cucmema

Kaxxnoe nepeBo, pacTeHUe WM TPAaBUHKA - €CTh IIyTh SHEPIUH, KOTOpas OOMEHUBAETCS, SIBIIETCS IOCPSTHUKOM U
npeoOpasyeT OTpULaTeNIbHO 3apsHKeHHbIE SHEpruu 3eMitd (3eMIIsl IO CYILECTBY BOCIIPHUMYHMBAsL, KEHCKAst CHCTEMa)

U MOJIOXKUTENILHO 3apshKeHHbIE 3Heprun arMocdeps! u CouHile ( M3JIyyarolue, My»KCKasi CUCTeMa), IIOCKOJIbKY KaK/ast
[IPOHHUKAET B KOPOHY M KOPHEBYIO CUCTEMY, U3 KOTOPOW SHEPTHs TEUET BBEPX U BHHU3 IPUMEPHO B TOM K€ IOPSAKE BETMUUHBI,
HO C TIIPOTHBOIIOIOKHOH MOJISIPHOCTBHI0. 30Ha KPOHBI — DHEPreTHYeCKOe NOTEHIIMPOBAHHKIE CYIIHOCTH KOPHEBOH CUCTEMBI, U
HA000POT, KOPHEBAs CUCTEMA 3TO YHEPreTHYECKOe NOTEHIIMMPOBAHHAS CYIITHOCTh KPOHBI JIepeBa.

CpencTBa NOTEHIMUPOBAHKS; TOABEM Ha Oojiee BHICOKUE YaCTOThI, DHEPreTHYeCKUe PYHKIUH U ACSTEIbHOCTD;
peanu3anys HEBHIUMON HIEH CaMOH BEIH U co3aHue (OPMbI HHANBHIYaTbHOCTH, HHANBHIYaIbHON CUCTEMEL, B JAHHOM
ciryyae nepesa. Eciu Ob1 5T0 OBIIO HE Tak, TO He ObLI0 ObI HU pocTa K HebecaM, HU K LeHTpY 3emitd. B nepeBbsix u apyroi
PACTHTENBHOCTB 3TOT POCT MIPOUCXOIUT CHaYana BHU3 K KOPHSIM M COOTBETCTBYET IEPBOMY CaAMOCTOSTEIILHOMY JISHCTBHIO,
MIEPBBIN B/IOX B JBIXaHUH, KaK 3TO IIPOUCXOIUT, Y HOBOPOXKIEHHOTO, POXKICHHOTO YEJIOBEKA - SBIISIETCS TAKXKe IEPBHIM
Ba)KHEHIIINM aKTOM, & IMEHHO, OCHOBOM IS BUIMIMOTO BHEIITHETO acIieKTa KaK y iepeBa.
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Puc 18.13 Puc 18.14 Puc 18.15

ITockosbKy MBI TIOYTH HU KOTZa HE BHUM HX TO, UYTO MBI JEHCTBUTENHHO 3HAEM O KOPHSX TO, YTO OHH YAEPIKHBAIOT
pacTteHust BepTukanbHo? Ha caMoM zerne cylecTByeT MHUpoKoe pasHoodpaszue GopM KOpHEH U KOPHEBBIX CHCTEM, U UX
MIPAaBUJIBHOE PACIIPEICIICHUE UMEET KU3HEHHO BaXKHOE 3HAUCHHUE JUIS BCETO MpolLiecca pocTa JepeBbEB, HOTOMY UTO KaXKIbIi
BUJI IepeBa UMEET OIpPEIEICHHYIO KapTHHY pacpocTpaHeHus (pa3BUTHsI) KOPHEH B 3aBUCHMOCTH OT (DYHKIIHI, KOTOPYIO OHO
BBITIOJHSET U DHEPIUii, CBA3aHHBIX C HUM.

B ciyuae nepeBbeB, OHM MOTYT OBITH YCIOBHO KJIACCH()MIIMPOBAHBI, KaK INIOCKO-KOPHEBBIE (TIOCKUE-KOPHN),
CepALEBUAHBIC-KOPHH, KITNHOBHHbIE KOPHU U IITyOOKO YKOPEHUBILHECS, IEPEBbs] HMEIOIINE NOCIeAHUN BU KOPHEBOH
CHCTEeMBI HcnapsieT OOJbIIE BCErO BOJIBI, YeM CEPIICYHO-KOPHEBBIC ICPEBhs U IIOCKO-KOPHEBBIE ICPEBbsl HCIAPSIIOTCS MEHBIIE
Bcero. Kaxxplii BU pacTeHuid, a CliejoBaTeIbHO, UIMEET CBOIO 0COOYIO CTPYKTYpPY KOPHEH, KOTOpbIE IPOHUKAIOT U 3a0HpatoT
HEOOXOIMMBIE JIEMEHTHI, B 0COOBIX TOPU30HTAX MOYBBL. XOTs 3TO HE T¢ KOPHU JICPEBbEB, KOPHEBAsI CHCTEMa Pa3INIHBIX
pacteHuii nokazaHo Ha puc. 18.16 (a) - (1) maroT HEKOTOpoe MpeACTaBIeHHE 00 STON OrPOMHOM U ClIoXHOI cucreme. OHU



6bl.]'ll/l B3ATbhI U3 MHO>KECTBA AUarpamMm, COACpKKaIIUXCs B IBYX BEJIMKOJICTIHBIX aTjlacax KOpHCI\/’l, HCYCPIIBIBAOIIC U3YUCHBI
U TIIATENBRHO HoAroToBIeHs! B Lepmanunm JI. Kyuepoii u E. Jluxtenerrepom °.

Korna Hayanachk *H3Hb Ha ATOH IUIaHETe, ¥ MOYBEHHO-KIMMATHYECKUE YCIOBHsI ObLIN, BEPOSITHEE BCETO, OUCHb
pe3kuMu (>kecTKUMHM). Hu kakast BRICOKO KaueCTBEHHAs PACTUTEIbHOCTD WM KM3HB OBLIA HE BO3MOXKHA, OTYACTH M3-32 CHIIBI
BETPOB U MPAKTHUECKU OSCIIOAHOM MOBEPXHOCTH, @ YACTUYHO M3-32 TIOXOTO COCTaBa AOCTYITHOW MOYBBI, MPOMOKILIAS
Y BBIMBIBAIOIICICS JOXKISIMU, HABOJJHEHHSI, ObllIa HE B COCTOSIHUM TMOJJIEPKHUBATh UX, KOO 03 ryMyca O4eHb Majlo MUKPO-
OpraHUYeCcKoi AesTeIbHOCTH. TOMBKO CaMble BEIHOCIHMBBIC PACTCHUSI MTUTAIOIINECS COMSIMHU U TPYOBIMH, HEU3MEHEHBIMH
MHHEpaJlaMy II0YTH Ha IoJI0i CKajle CMOIIH 3BOJIIOLMOHUPOBATh U, MaJIO-TIOMaJly, OHU Ha4yalld U3MEHATH OKPYKAIOLIyIO Cpey
TIOYBY, CO3/IaBasi TEM CaMbIM MPEIIOCHUIKH TS BRICIIAX (POPM PACTEHUI, YTOOBI OHH MOTIIH Pa3BUBATHCS.

B aTOM mporiecce, y4acTBOBAIIM CaMble PUMHTUBHBIC PACTEHNUS, TAKUE KaK MXH U TPABbl, IEPBBIC TYCTUITH KOPHH B
ITOBEPXHOCTH 3eMJIH Ha (a) Ha puc. 18.16. OHM MOTYT TOJIBKO PACHIMPATH CBOM KOPHHU B ONPEAEIEHHBIX, OTHOCUTEIHHO
HEeOOJIBIINX PACCTOSIHUAX OT MOBEPXHOCTH, YTO JIEJIAET UCIIOJIb30BAHUE HU3KOCOPTHBIE COJIM U MUTATENbHbIE BELIECTBA,
JOCTYITHBIE Ha 3TOM YPOBHE JUIS MX POCTA. DTH PaCcTeHUS-IIHOHEPHI, 3aMETUM, HE TOJIBKO 3aMaHHUBAIOT B JIOBYILIKY
MUTATENbHbBIC YACTUIIBI MTBUTH, KOTOPBIC MIEPEHOCATCS BETPOM, @ TAKKE UMEIOT OXJIAXKAAIOIINH 3(Q(PEKT Ha 3eMJTI0, TEM CaMbIM
MI03BOJISISL BIIEPBbIE HAYaTh HAKAIUTMBATHCS MOJIE3HOM MOYBEHHON BIIATH.

[TockonbKy OHM pacIpOCTPaHIOTCS JaibliIe Mo 3eMile, 3aTeHss (3amumast) e€ ot ConHua, yIIyOnssich B 3eMJIEHBIX
CIIOSIX, TIe HAXOMATCS HIIEMEHTHI 00JIee BEICOKOTO KiIacca, TakKe HauMHAET OCTHIBAaTh. B pesynbrare, HECMOTPSI HA TOT
OECKOHEYHO MaJIbIii YPOBEHB, IPYHTOBAsI BOAA TIOJHUMAETCS IO STHM TOHKUM PACTUTEIBHBIM MOKPOBOM, TIOHAMAsI BECh
TOPH30HT MUHEPAJIOB M MUKPOAJIEMEHTOB, JIeKAIINX BBIIIE YPOBHS I'PYHTOBBIX BOJ M BHITAJIKHBASsI HEMHOT'O JIy4IIIEr0 KayecTBa
COJM ¥ MUHEpaJIbl K moBepxHocTH. C Gonee 6oraroil MUHEPaJIbHO-CHIPHEBOW 0a30ii, 4TOOBI 00ECIIEUNTh, TOT POCT TOTJA OH
CTaHET BO3MOXXHBIM U HAUMHAIOT POCTH BBICIINE (POPMBI pacTEHUH, MOKa3aHHbIH B (0).

IMockoneKy 9TH BBICIIHE GOPMBI pacTeHHI TpeOyeT JMydIlero MATaHus K CyIIeCTBOBAHHIO, HX KOPHEBBIE CHCTEMBI
CHMIKAIOTC OAaJIbIIC B ITIOMCKAX HUX. B X0€ OTOro mnpouecca BTAruBast MICTOYHHUKHU CBOCTO IMUTAHUS OT PA3JIMYHBIX TOPU30HTOB,
TaK YTO HET KOHKYPEHIIMH MEX/y HUM M IIHOHEpaMHU POCTeHUH (a). B KoHeuHOM cueTe, depe3 MOCTENEeHHOe YTy IIeH s
MOYBBI U BO3HUKHOBEHHE 00Jiee Pa3BUTHIX TEXHOJOTMYECKHX CUCTEM H300paxkeHo Ha (¢) 10 (0, KOTOpbIE yIep)KUBHIAIOT
MOYBY BMECTE M 00€CIICYHBAIOT HEOOXOMMYFO 3aIUTY JJIsl MEIJICHHOTO HapalluBaHus NieperHos (rymyca), eiie oosee
BBICIIHME BUJIBI PACTUTEIBHOCTH MOTYT MYCTUTh KOpHH. B HacTosmiee Bpems 111 ooecniednBaeTcst 0oiee paBHOMEPHOTO
KJIMMaTa B paMKaxX PacTyILEro CJIOs TyMyca, MUKPOOPTaHU3MBI Pa3MHOXKAIOTCS U ITOCTETIEHHO NPHUCTYIAIOT K 3a/1a4e
pa3pyuieHus rpyObIX MOJIE3HBIX HCKOMAEMBIX Ha 00Jiee MEJIKUE U MPHUBIIEKATENThHbBIC YaCTHIIBI, TEM CAMbIM YBEIUYHBAs
00raTcTBO M IIOAOPOIUE MOYBBI, KOTOPAs B MPOILIECCE CTAHOBUTCS CIMIIKOM Oorara (HachllieHa) AJIsl pACTeHUH- MUOHEPOB, U
OHHU OTMHPAIOT.
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IMockonpKy 4acTb 3TOH HOBOM PAaCTUTENBLHOCTH IMyCTHIIa OYEHb INTyOOKHE KOPHH, elie 0oiee KaueCTBEHHBIE JIEMEHTHI
TIOAHSTHI U3 DTyOWH M TOCTYIIHBL, JUIS JaJbHEHIIEero yBeIMYeH!s] KOpMOBOH 0a3bl, ISl MOCIIEAYIOIIEH IBOIIONNH Ooriee
BBICOKOI'O Kj1acca paCTCHHﬁ BBIHOCJIMBBIX KYCTAapHHUKOB U H€6OJ'II)H_II/IX CBeTO-H}O6HBBIX CTapoCT A€PEBLEB, 3aTC€M, XOPOIIO
YKOPEHHUBIINCH HAYWHAIOT TIPUPYIaTh BETEP, CO3/1aBasi 0OIACTH IS KHJIbsS TSl O0Jiee KPYIHBIX ¥ Pa3HOOOPa3HBIX BHIOB
APEBECHHBI, ITOKa HAKOHCII, BBICOKMIA l'lepBO6]:ITHbII>i JIEC C €TO0 HECMETHBIM YUCJIIOM KOPHEBBIX CUCTEM HE YCTAaHABJIUBACTCA BO
Bcel cBoeil kpace. Kaxkaast KopHeBasi CHCTEMbI HEpa3pbIBHO CBS3aHO C JIPYTOi B OTPOMHOMN CIIOKHOCTH, KOTOPasi MPEBOCXOIUT
naske nereHaapuelii [opaues yzen. Kakaas cucrema, 3aMeTHM, BBITOJHSET 0COOYIO pOJIb B 3TOM BEJINYECTBEHHOM
rapMonmnueckoit cumdonun [Ipupoas! 1 yepnaeT CBOM KHU3HEHHbIE BENIECTBA U3 TOYBEHHBIX TOPH30HTOB CBOMCTBEHHBIE €T0
BUJIaM, a MHOT/Ia YCUJIMBAs MJIM MIPEAYyCMaTPUBAIOLIMI POCT €lIe OAHOW pPa3HOBUIHOCTH PACTEHHMs, U YBEIUYHBas BCE B TO
BpeMs Kak 00Iiiee KOJTMYECTBO BOJIbI M COXPAHSIONIHMIA IEperHoH (ryMmyc) B MOYBE.

MoHoKynbeTypa (IpOU3pOCTAIOIINI OMH BUJT), 3aMETHM, HE CYIIECTBYET B IIpUPOE. DTO HE NpHpoHas popma
OpraHM3aliy PACTEHUH, K KOTopoli npucoeaunseTcs IIpupona, u ona Oynet Bceraa Biedb 3a co0oi Oencraue. B
MOHOKYJIBTYPE, BCE ATO UyJIECHbIE, TAPMOHUYHBIE B3aUMO3aBUCUMOCTH IPUXOAAT B CTYIOP, IOTOMY YTO BCE JIEPEBbSI UMEIOT
Ty>K€ KOPHEBYIO CUCTEMY U NOJIy4aroT BCE CBOM IUTATEIbHBIE BEIIECTBA U3 OAHOIO FOPU30HTA B nouse. Ecimu ongHa
Pa3sHOBUIIHOCTB JIepeBa UM OJMH BUJI PACTEHUI YHUUTOXKAETCS U3 €CTECTBEHHBIX JIECOB, a IOTOM BJIPYT, B pasrap Bceill 3Toi
B3alMO3aBUCHMOCTb, CO3/1a€TCsl IIyCTOTa B MaTpULle KOpHEN.

Bapyr >xu3HEHHO Ba)KHAsI CBS3b BBINTAIa U3 COSTUHUTENBEHON e MEXIy NIyOUHOH M TOBEPXHOCTHIO, YTO MIPUBOAUT
K COKpAIIEHHIO MTOTEHIIMAJIa HEKOTOPBIX PACTeHUH, YTOOBI OAHATH BOLy M MUHEpaJibl 11l Onara npyrux. baza gocTynHbix
MTUTATENHHBIX BEIIECTB B IJAHHOU ITOYBE TOPU30HTA, KOTOPHIH TEIeph yoke HE MOXKET OBITh 3aMEHEH, HaYWHAET YMEHBIIAThCS,
TaK KaKk PacTeHUs HAUMHAIOT KOHKYpUPOBAaTh 3a HUX. [lociie 3Toro nurarenbHblii MaTeprai ucuepraH, TO 3TH PaCTCHUSX,
KOTOpPBIE 3aBUCAT OT HETO yMHUparoT. Jlasee CO34ar0ThCs IMyCTOThl B TPYHTOBOH BOZIE, B CUCTEME LIUPKYIIALIUH, KaK Pe3yJibTar,
eie OoJIbIe BUJIOB PACTEHUH HEIOMONYYatoT e€.

Crnenyer yxacaroliee YCKOpSIoIlee pa3pylIeHUe IPEKHEr0 BHICOKO-B3aMMOCBSI3aHHOTO Jieca, KOTOPOE B KOHEYHOM CUETe
3aTAruBaeT BCE, pACTEHUM, IITULI, )KMBOTHBIX U B KOHEYHOM CUeTe, JItofie Ha cBoeM IyTH. IIpexxHss Goraras Omonoruueckas
BapuUaHTHOCTH (OMOpa3HOOOpa3ue) jeca OblIa YHUUTOXKEHA U peodliaiacT CTepuiibHas enHooOpasue. HeT Hu kakoi
b depeHranyy, He CyIecTByeT U3MEHEHHH, 1 )KU3Hb YMEHbIIeHa 110 € CaMOro BO3MOYKHOTO HU3KOTO ypoBHs. Kak MbI
3HAEM, KH3Hb MOXKET OBITh TOJILKO CO3/IaHa Yepe3 paznuyus B (hopMe U noteHimana. [1o3Tomy, 4ToObl BOCCTAHOBHUTD BCE,
9TO KOTZa-TO OBLIO B TIPEXHEe pacTyllel ciaBe, Hamo OyneT HauWHATh CHadaja KPOTIOTIIMBO, IIar 32 [IaroM, 4yTh JIH He C
€aMoro HauaJjla BOCCO3/aTh BCE, YTO MbI Tak 0e3pacCyaHO pa3pyIIuIH.

DTO HE TO, YTO MOXKET MPOU30MTH B OTHOYACKE, HO TPEOYET COTPYTHUICCTBA M YCHIIH MHOTHX TIOKOJICHHI U
ITOBCEMECTHOE HCIIOJIb30BAHUE BCEX HOBBIX M CYIECTBYIOLIUX SKOJIOTHYECKA-TAPMOHUYHBIX METO/IOB MOBBIIICHHS
IUI0I0POAMS TI0UB. bojee Toro onToBbIi MepecMoTp BeeX ASHCTBYIOUIMX JIECHBIX U CEIbCKOXO035HCTBEHHBIX METOAOB U
3aKOHOB, HAIIPABJICHHBIX HA KPATKOCPOUHBIE BHITO/IbI, IECTBUTEIBHO BCEH TaK Ha3bIBAEMOI 3KOHOMUKH, JOJKHBI OBbITh
NePEeCMOTPEHBI U OTMEHEHHI cpa3y. B HacTosee Bpemst ocTanoch O4eHb Majlo BpeMEeHH JI0 'Kauesiei', KOTOpbIe MBI H30 BCEX
CHJI pacKa4MBaeM, U KOTOpPBIE MbI IPHHUMAEM JUIS JOJITOXKAaHHOTO BOCCTAHOBJIEHUS] SKOHOMHKH, BHE3AITHO KauHYThCS U
OpocsT Hac Ha HENPEONOIUMBIH IIyTh B BHU3 K 3a0BeHUI0, 10O OyIeT mpoiifieHa Touka HeBO3Bpara.

B Haie BrICOKOMEpHE U IIOTOHEH 32 MaTepHaibHOM BBHITOAOH MBI HE BUANM, YTO, KDOME JIapa-BOJIbI, 3€JICHOTO
(doToCHHTE3a ¥ IPOU3BOACTBA XJIOPO(hHUILIA caMy OCHOBY HAILIETO CYIIECTBOBAHMUS, 03 KOTOPOH HET SKOHOMUKHU, HET
Oymyuiero BooOIe, Hi KOPOTKOH , HU B JIOJITOCPOYHOM NepcrieKTuBe. ECI MBI He OKTa)KeMCsl OT HBIHEIITHUX METOJIOB
U IIPUOPUTETOB, TO MBI CTAJIKHEMCSI C TE€M, UTO Ha3bIBA€TCs UCUe3HOBeHHE. K coxkaneHuto, auia, OTBETCTBEHHBIE 33 3TO
yXKacaroliee IoJIOKeHUe Jel, B TOCTaTKe, OTPAHIMYEHBI OT CYPOBOCTH JKH3HU M O€30MAaCHOCTH B MX NPEOBIBaHUS B
JOJDKHOCTH U TIGHCHH, OYlyT B OCHOBHOM YMHPAIOT B CBOMX IIOCTENISIX, & T€, Ubsl XKU3Hb U HHTEPECHI, OHU MOT'YOMIIM OCTAINCh
03311, CTPaJiaTh IEPEHOCHTH CaMOe y)KacTHOE JInIIeHHe. [loToMy mopa npHu3HaTh HX K OTBETY, 9TOOBI MBI BCTalll U
cOpocunu ux, Kak 3To cuenai vucyc, ¢ poCTOBIIMKAaMH B Xpame, €CJIM Mbl XOTUM BBDKHUTD.
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19 CEJBLCKOE XO351CTBO U IJIOAOPOJIUE ITOYB

Hama nepBoObiTHas Marh-3eMIisi €CTh OpraHu3M, KOTOPBIN HE CMOXKET PallMOHATM3UPOBATh HH Kakasi Hayka B Mupe. Bcé
Ha Hell, YTO MOJI3aeT U JIETACT, 3aBUCHUT OT He€, M BCE IOJDKHO HEOTBPATUMO MOTHOHYTH, €CIli YMPET 3eMJIsL, Ta KOTOpasi Hac
3alIMIIAET ¥ KOPMMUT.'

Buxkrop Illay6eprep

19.1 3onomon Ilnyz

Oro 6610 B bonrapuu, B TO BpeMs IpHu NOCTPOUTEILCTBE CIUIaBHOTO JioTKa B 1930 rony, Buxropy [llayGeprepy
OBIJIO TaKXKe MPEATIOKEHO KOpoJéM boprcoM BEISICHUTB, IIOYEMY MPOIYKTHBHOCTD TIOUBBI M BIIQJKHOCTH ITOYBBI, 0COOEHHO B
CEBEPHBIX YaCTSIX CTPaHbl, HAYaJI0 CHUXKATHCS I1OCIIE BHEAPEHUSI METOZ0OB COBPEMEHHOTO MEXaHU3UPOBAHHOTO CEIHCKOTO
xo3sticTBa. CoBeplIas MOE3Ky MO CTpaHe U3ydasi BOIPoC Ooiee AeTaabHO, OH OOHAPYXKWII, YTO Ha CEBEpe MOl ObLIN
pacraxaHbl TPaKTOpaMH CO CTAJLHBIMH TUTYTaMH, B TO JK€ BpeMs Kak B OoJiee O€THBIX F0OXKHBIX PETHOHAX, HACSIICHHBIX B
3HAYUTEIBHON CTETIEHN OOLMHAMU TYPELKOTO ITPOUCXOXKACHHUS, OIS MO-NPEKHEMY 00padaThIBaIN AEPEBSIHHBIMU IUTyTaMH
TAHYIIMMH B OCHOBHOM T'pYIIIaMH KEHIIMH. 3/1€Ch, 3aMETHM, PE3KO KOHTPACTUPYET C CEBEPOM, I10JIS TIO-TIPEKHEMY
Ype3BbIYAIHO MJIOOPOIHBIC U BHIPAIMBAIOCH COBEPIICHHO 3/10POBbBIE 36PHOBBIC KYIBTYphI. V3 ero uccinenoBaHuu ObLIu
cZieTIaHbl BOBI B KAUECTBE HOCUTEIIS IIUTATENbHBIX BEIIECTB U MOHUMAHHUE B IIEJIOM HEraTUBHOTO BO3JEHCTBHE CTAJIM UIIN
JKeJie3a Ha Ka4eCcTBO BOJIbl, BUKTOp OTHEC MaJieHHe CEBEPHOTO TUIOJOPO/IUS TTOYB K UCIIOIB30BAHHUIO OBICTPO CKOJIB3SALIEMY
CTaJIbHOMY ILIYTY.

Hcnonb3ys 3T0 B KadecTBE OTIPABHOM TOYKH, BUKTOp Hayall CBOM IMOCIEBOCHHBIE CEIIbCKOX03HCTBEHHBIE UCCIIEIOBAHUS
B COTpyRHHUeCTBe ¢ HIkeHepoM Ppanuem PozeHOeprepom, U caenanu cepuro SKCIIEPIMEHTOB, HAPABIEHHBIX Ha
MOBBIILIEHHE TI0A0pOaus o4B. Ho mpexie uem uaTu fanplie, Kak U TeMIIepaTypa, 34eCh Mbl JOJDKHBI pa3jinyaTh JBa THIIA
ANIEKTPOMAarHeTH3Ma.

Tun A: Coctout u3 6no-mMarHeTu3ma u OMO3JIEKTPUYECTBA, Yallle HAa3bIBAIOT JHaMarHeTu3MoM. J1o Gopma
AJIEKTPOMAarHeTH3Ma, KoTopasi BO30yK/JaeT M OJKHUBIISIET BCE KUBBIE OPraHU3Mbl. J[HaMarHUTHBIMHU 3JIEMEHTaMU SIBJISIFOTCS
Me/ib, BUCMYT U BOZOPO/I.

Tun B: ®deppomarseTusm BKIIOUaeT B ce0sl, Kak MPaBUIIO, TOJILKO HA3bIBAETCS MATHETH3MOM U JIEKTPUYECTBOM, O KOTOPBIX
371ech MBI OyZIeM TOBOPUTb, Kak (heppo-3JeKTPUIECTBO, YTOOBI aTh 00a claraeMbIX OOIIEro KOPHS. DTOT THIT
ANIEKTPOMAarHeTH3Ma OJIMH IIHPOKO UCIIOJIB3YIOTCS B HAILIEM TEXHUYECKOM MHPE JIEKTPOIBUTATEISIX U TeHeparopax Ajist
BBIPAOOTKH IEKTPOIHEPrin. PeppoMarHUTHBIE JIEMEHTHI Kene30, KOOAIBT ¥ HUKEIb.

[To MHeHuto BukTopa ucronp30BaHue CTANBHBIX IUIYTOB MPUYHHSIIO MHOTO BPEIHOTO BO3ACHCTBHS Ha MOYBY. Tak Kak
CTaNbHOMU IUTYT OBICTPO MPOTACKUBAECTCS Yepe3 MOUBY, B TY)KE MUHYTY T€HEPHPYIOTCS (heppo-daeKTpuieckue u heppo-
MarHUTHBIX TOKH IIPH B3aMMOJICHCTBHH TBEPAOH cTau 00 MMOYBY, KOTOpas pa3jaraeT MUTaTeIbHbIe BEIECTBA U COAEpIKaIlIne
MOJIEKYJIBI BOJIBI B 3e€MJI€, aHAJIOTHYHO JIEKTPOJIN3Y, TAKKMM 00pa3oM pa3psikasi IIOTEHIHAJ OYBBI H COKpAIeHe
MIOBEPXHOCTHOTO HATSHKEHUSI MOJIEKYJT BOZIBI. DTO HE TOJIBKO pa3pyllaeT TOHKHE YHEPTUH ITOYBBI, HO U MPE0Opa30BhIBAET
IIUTATENbHbIE YJIEMEHTHI WM YAAISET UX U3 3pPEIOH MOJICKY/IbI BOABL. DTO OBUIO MPOIEMOHCTPHUPOBAHO MIPU OOCYKACHUI
peanbHBIX (aKTOB B BIEKTPOIIH3E B IIaBe 8, B KOTOPOM KOHEUHBII MPOAYKT Mpoliecca HECO3peBIIas YHCTasl BOJIA, KOTOpas,
KaK MBI BUJIEIH, IPUHOCUT MaJIo MOJb3bI IS TI000T0 OpraHu3mMa.

Kpome Toro Menkue 4acTHIbI CTAJIM OT JIeMeXa HCTEPTHIBAIOTCS OTBAJICHHBIM I'PYHTOM, IIOKPBIBAs 3EMIII0 TOHKUM
croeM pikaBuuHbl. Kak Mbl BUIIUM, B YIIOMSHYTOH B IVIaBe, MOCBSILICHHOW BOJOCHA0)KEHHIO B CTAJILHBIX TPYOaX, 4TO
obecrieynBaeT uaeaIbHbIE YCIOBUS UL Pa3MHOXKEHHUS MTAaTOTEHHBIX OaKTEPHi, BPEIHBIX U IS TTOYB M JUIS
CEJIbCKOXO3AUCTBEHHBIX KYJIBTYpP. DTO JOMOJIHUTEIBHOE OTIOKEHHE JKEJIe3a TAKKe YBEJIMUUBACT 00Iee COACpIKaHMe Keme3a
B 3e€MJI€, M 3TO U3BECTHBIN (AaKT, U YTO MOUBHI C BEICOKHM COIEPKAHUEM JKelle3a MEHBILE COXPAHSIOT BIary, 4eM
COXPaHSIOIIHE TIOYBBI, TJIC JKeJe3a He MPUCYICTBYET, a MMOYBBI C BEICOKHM COAEPIKaHHEM MEJH UMEIOT CIIOCOOHOCTh
yIep>KUBATh OOJIbIIIEE KOTMIECTBO BOIBI.

Kpome Toro,Tak Kak OH{ JABUTAIOTCS, TUTYT MIPOU3BOAUT 3HAYUTEILHOE TPEHHUE U MOTEIUICHUS M COKPYIIUTENBHbBIE
BOJIHBI JIABJICHHS B 3€MJIE, U3-3a OTHOCHUTEIILHO KPYTOTO YIJIa JieMeXa. OTO pa3pyllacT TOHKUE KAMIUISPHI B TOYBE
OTBETCTBEHHBIE 32 IOCTABKY IIUTATEJIbHBIX BELIECTB U BOJIBI K IOBEPXHOCTH, @ TAKXKE HEKOTOPbIE MUKPOOPTaHU3MBbI, KOTOPBIE
00pabaTkIBaIOT UX, TEM CAMBIM OTPE3aB HOPMAJILHOE IMUTAaHUE CHU3Y, U, KaK CJICACTBHUE, IUIOJOPOAUE MIOYB 3aMETHO
noHmxkaetcs. I[lpumenennii ynoOpeHnii, eCTECTBEHHBIX WIIM UCKYCCTBEHHBIX, U JIpyrHe (aKTopbl Ha JaHHBI MOMEHT
000c00seHBI, 0011Iee JEHCTBHE KeIe3a WK CTAIBHBIX ILTYTOB, IIOATOMY YPE3BBIYAHHO Pa3pyLIMTEIILHO €CTECTBEHHOTO
OayaHca SHEpPTUi U 3aps0B, HE TOBOPS YKE O BIAXKHOCTH MOYBBI, H SBIISICTCS €IE OJHUM CePhe3HBIM OTKIIOHSHUEM
ot jeueHus yenosedectna [Ipuponoii, ndo, kak Bukrop 3asBisui:

""Kyna 0bI MbI He IOCMOTPEJIH, Be3/le Y:KACTHBII pacnajg MOCTOB *KH3HH, KAIWJLISIPOB H TeJl, KOTOpbIe
OHH CO3]1aJ11, 04€BHU/IHO, KOTOPBIii ObLJI BHI3BAH MeXaHUYeCKOH 1 GeccMbICIeHHOiT pa6oToii YeoBeka, KOTOPBIi
0TOPBAJ CBOIO AYIIy OT KpoBH 3emin — oT BoabL. ™"
Ji1st 60pBOBI ¢ 3TUM KOBApHBIM 3PPEKTOM, Y KOTOPOTO €CTh KaTacTpOPHUUECKHIE MOCIEACTBUS IS IPOU3BOJICTBA
BBICOKOKaYE€CTBEHHBIX MPOAYKTOB ITUTAHUS, & TAK)KE MPOU3BOJUTEIBHOCTD B 11€JI0M, BUKTOp Hayal 3KCIIEpUMEHTHPOBATH C



MCIHBIMU IIIyTraMy, IEPBOHAYAJIBHO UCIIOJIB3YS CTaHAAPTHBIC HAKJIaJAKU Ha CTaJIbHOM JIeMeX U3 TOJICTOM JIUCTOBOM MCIU, KaK
nmokaszano Ha puc .19.1 u 19.2, 115 KOTOPBIX OBUTH BITOCIIEICTBUH TOJyYEHBI TATEHTHI, K KOTOPBIE CTAJIH PUMEHSTHCS U
M3BECTHBI Kak «3010Tol [Imyr» n3-3a ero TOCTUTHYTHIX 3aMevaTelIbHbIX Pe3ynbTaToB. Vcnoap30BaHHe M1 3aMEHUIIO
PpaspyLHTeNbHbIe (Heppo-2IeKTPOMAarHUTHEIE G QEKTH ¢ HOJIE3HBIM OM0-2JIEKTPOMArHUTHBIM T€, KOTOPBIE Yepe3 MPOLECCH
OMO-3NIEKTPOMArHUTHOW MOHM3ALIMH YBEJIMYUIN U3001IIe TIOUBBI U pOCTA.
roT HUMITYJIBC TIJIOAOPOAUS TTOYBBL 6])1.]'[ OKOHYATCJIbHO MMOATBEPIKIACH B XO€ IMOJICBBIX HCHBITaHHﬁ, TIPOBCACHHBIX B

ommzoctu 3anbudypra B 1948 u 1949 ronax. 3neck mosns ObUIM pacnaxaHbl B OJIOCHI, C UCIIOIb30BaHHEM CTAJILHBIM U MEIHBIM
HOKPBITHEM IUTyra oodeppeaHo. PazHuna Mexy IByMs TUIIAMU IUTYra U UX BIMSHHUE CTAJIO BIIOJIHE OYEBUAHBIM. [1e
WCIIOJIB30BAJICSA ILTYT C MEABIO, T.€. TaM, IJI¢ He OBLIO HU KaKHX OCAIKOB PXKABUMHEI U TJIe CONEp KaHHUe BOJIBI U IPYTUX SHEPTHI
0YBbI ObLJIa yBEINYEHA, KyKypy3a CTOsIa OKOJIO 6-8 Ar0WMOB BHIIIE HaJI T0JI0BOH. HekoToprie ypoxan B moiocax,
BCIaXaHHBIMH IUTYTaMU C MEJHBIM-ITOKPBITHEM YBETMYHIUCH Ha 40% 0 CPAaBHEHHUIO C KOHTPOJIBHBIMH MOJIOCAMH TaM, IJe
HCTIOJIb30BAIICH OOBIYHBIE CTANIBHBIE TUTYTH. DTO 3HAYUTENIBHOE YBEIIMYEHHE MOXKHO OOBSICHUTD JIMIIb UCIIOIb30BAHUEM
MEIHBIX BMECTO CTaJbHBIX, IOTOMY 4TO BCE APYrHe (pakTOPbl XUMHUYECKUI COCTAaB MOYBBI, OPHEHTALHS, IIHPEHA OOPO3IBI
T.J., ObUTH UACHTHYHBI.

B 01HOM 13 3KCIIEPUMEHTOB, OBLTH BhIpAIllEHB HEOOBIYAHO OOJNBIINE KOJOChS PXKHU cofepxaiu 10 104 3epeH, KaxIbIi,
IIOUCTHHE KOJIOCCATIBbHOE MPOU3BOICTBO, KaK 3TO MOKa3aHo Ha puc.19.3. B npyrom napasuienbHOM 3KCIIEpUMEHTE
Ha Kui6rosms B Tuposie ObUT BhIpallieH BEICOKOKAY€CTBEHHBIH XOPOIIo ChOPMUPOBAHHBIN KapTodenb BecoM 10 430 rpaMMoB,
MOYTH MOJKUJIOTpamMMa, conepkaruii 1o 20 "mia3koB", Ta 4acTh KapTo(elsi, KOTOPBIE MOTYT OBITh OTPE3aHBI ¥ MOCAKEHBI
OTJIEIIbHO, U3 KOTOPOTO BHIPACTET CICAYIOIIUi ypoxkai (puc. 19.4). C Takoro kapTodels MoIyduThCs O0JIbIIe MHIH, OyIeT
MOJTy9YEeHO HE TOJBKO M3-32 X OOJIBIINX Pa3MepoB, HO U M3-3a OOJBIIETro Yrcia "TIa3KkoB", ¥ MeHbIIe KapTodels noTpedyercs
JUTSL TIEPECaKH.

JlanpHelinnas ucciaeaoBarenbckas padora Obuia nposeeHa B 1948 rogy mnpusena k pa3Butuio «buo-ITnyra» mokasanoro
Ha puc.19.5 u 19.6; Mmomens Ha puc. 19.5 Obu1a U3roToBICHa HHXKEeHEpoM K3 ['amOypra, IOprenom 3aykom. @opma u GyHKIMH
9TOTO IUIyra MOJHOCTHIO OTIIMYAIOTCS OT MpHUBeACHHON Ha puc. 19.1. UTOOBI yMEHBIIUTD YyIIepObl KAMIUIIPOB B TIOYBE K
MHUHHMYMY, 1 He ()OPMHUPOBAThH BOJIHBI AABJICHUS U COKPATUTh CTPHIKKY OOBIYHOIO JIEMEXa, 3[€Ch JIE3BHE PACIIONOKEHO TAKUM
00pa3om, 9TOOBI cO30aTh MOCTEIICHHOE pa3pe3aHue Npexae, YeM Imoysa OyaeT 3aKpydeHa yepe3 HeHTPOCTPEMHUTENbHbIE
JIEHCTBUS U30THYTHIX KakK JIeOeIMHbIE KPbUIbs JIEMeXa BHYTPb ce0s, MOpaxas poIOIINM JIEeHCTBUSAM KpOTa.
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Fig 19.1 & 2 NarenTHan 3asBKa CTANBLHOrO NlEMEXa C HANOXKEHHBIM Ha HEro TONCThIM NUCTOM Meau
Pnc 19.1 & 2

Kpome Toro, BMecTo TOro, YT00BI MOACTABISTHCS K KPYTO HAKIIOHHEHOMY 0apbepy K IOUBE, 9TO IUTYT MOACTABISAET TOIBKO
OCTPBIIT peXyIIHii Kpaii, T0YBa CKOJIB3UT MEXIy U Yepe3 N30THyThIe (JOPMBI (DOIBTH U aKKypaTHO IIOBOPAYMBAET BICBO U
BIIPABO, WJIM BIIPABO H BIIEBO B 3aBHCHMOCTH OT OOCTOSITENBCTB, Ha PUCYHKE TPAEKTOPHUS JBIKEHHS YKa3aHa CTPEIIKaMH,



IYHKTUPHBIME JTUHUAMH Ha puc.19.6. Cam Jlemex u3rotorieH u3 GpochopHOi-OpoH3bI, KOTOPast MOYTH TaK XKe IIPOYHA, KaK U
CTaJlb, U CIICOBATEIBHO, II0YTH TAK JKE AOJIroBeYHa. B r000M ciydae, 3HaYMTEeIbHOE MOBBILICHHE IPOU3BOAUTEIBHOCTH
Tpy/a, CBSI3aHHOTO C €ro UCIIOJIB30BAHUEM, XOPOIIO OBI IEPEBECUITH 3aTPaThl HA €ro IMOCIIEAYIONIYI0 3aMeHy. B pesynsrare
9TUX IKCIEPUMEHTOB OBUIO YETKO YCTAHOBJIEHO, YTO [I0YBA HUKOTA HE JODKHA HH IIPU KaKHX 00CTOATEIbCTBAX
00padaThIBATHCS TOJIBIM YyTYHOM HJIH CTAJIbIO, @ TOJBKO OPYIHSMH U3 JEPEBa, MEIH UITH MEIHBIX CILIABOB.

HecMmoTpst Ha O4EBUIHBIC U TOKa3aHHBIC PSUMYIIECTBA ISl HALMK, KOTOPAasi MOIJIa OBITh MOIy4YeHa OT UCIOJIb30BAHMS
9TOTO ILIyTa, OH HUKOT/A He ObLT MYIIEH B POU3BOJACTBO, OIarofiaps ero ycrexy B HCIBITAHUSIX Ha 3abIOyprux MOsX,
Buxrop I1laybeprep BHOBb CTOJKHYJICS € KOPPYIILHE MOJMTHKOB U CONIACOBAHHOTO MTPOTHBOACHCTBHUS YKOPECHHUBIIHMCS
uHTepecaM. B mociie BoeHHBIH iepro, Melb ObLIa Ae(UIUTHBIM TOBAPOM B ABCTPUH U HE YBEHUAHBIM YCIIEXOM B MOYyYCHHU
JTOTIOJTHUTENTLHOM MOCTaBKU Yepe3 OObIYHbIC KaHAIbI, BUKTOp 00paTuiics B MUHHCTEPCTBO CEIbCKOTO X03siicTBa. TaM eMy
paccka3zain MHEHHCTD, 9TO OOJBIIOE KOIMYECTBO JIMCTOBOM MeIH OyleT JOCTYITHBI TOJBKO TOTZIA, KOTIA OH KOMIICHCHPYET
MHHHUCTpPY (PMHAHCOBBIE YOBITKH, TO UTO OH OyIeT CTpanarh, €CIIM OH MOMICPKUT BUKTOpa, MOTOMY YTO B TO BPEMS MUHHCT]
MIOJTy9ajl KPYIHBIE B3ATKH OT Pa3IMYHBIX IPOU3BOANTENCH HCKYCCTBEHHBIX YIOOPSHUS VIS COAEHCTBUS UCTIOIBb30BaHHIO X
npoaykuuu. BepHsiii cBoelt uectHOCTH OT [Ipupo/bl, BUKTOp KaTeropuuecku 0TKa3ajcs, CKa3aB, YTO OH HE BENeT IepPEeroBOPHI
C mpecTymHUKaMu. B pesynprare eMy ObUIO OTKa3aHO B [TONYYCHHH BCEX MEHBIX JINCTOB, U BCS 9Ta 0OIACTD MCCICIOBAHMI 1
pa3paboTOK, MOTEHIIMATFHO OY€Hb BBITOHA JUIS CEJILCKOTO XO3SICTBA BO BCEM MHpE, ObliIa MOTHUEHOCTHO YHUYTOXKEHA.

Puc 19.3 15 cm kxonocks ¢ 1o 104 3epena Puc 19.4 Kaprodennb BeipalieHHbIi Ha pepMe B albIUICKOM
Kun6roais, Trposs.

IMpesxne 4em ABUraThCs Aanblle, 0OpaTHM BHIMAHHE Ha eIlie OfHy (opMy ILITyTa, TakkKe HyKIAeTCs B PACCMOTPEHHH.
B crarbe Kypra Jlopeka B IMILI031K * OH ONUCHIBAET IUTYT NIOKA3aHHBINA Ha PUC. 19.7, KOTOPBBII ObLI CIPOEKTUPOBAH U
MIOCTPOEH H SKCIIEPUMEHTHPOBAJICS B OKPECTHOCTIX MIOHXEeHa IPHIMEPHO B TO JK€ BPEMSs, UTO U UCTIBITaHUS BukTopa B
3anendypre. OcraeTcs He U3BECTHO, COTpyRHHYAN 1 Bukrop lllaybeprep ¢ ero mpoeKTHPOBIIUKOM (IU3aifHEpOM), Kak U B
MpeIBIIyIIeM B HEM HCIIOB30BAIIICE B €r0 CTPOUTENIBCTBE aHAJIOTUYHBIE MEIHBIE CIUIABBI, KAYKETCS BEPOSTHBIM, YTO OH
crienaH, Tak kak MroHXeH 1 3anb0ypr HaxomsaTes 9yTh 6onee 100 kM, OpyT oT apyra.

ITo cmoBam Kypra Jlopeka, 3TOT IUTyT MpOU3BEN OJMHAKOBO MOPA3UTENBHBIM POCT U MIPOU3BOIUTENLHOCTE. Bparenue,
€ro 4 Wiy 5 MeAHBIX WK U3 MEAHBIX CIDIaBOB CIMPAJICBUIHEIC JOACTH HEIOCPEACTBEHHO IIPUCIIOCOOICHB! K TATOBOMY
JIBIDKEHHIO TPAKTOpa, TEM CaMbIM, Hape3asi, a He pa3phIBas JAepH, a Takke MPel0CTaBIIsIsd HEOOMBIIONH UMITYNIBC IBHKEHUS
Brepen. Kak BUAHO U3 PHCYHKA, 3eMJIS TAKOKE OTIPBICKABANIACH BOJON MM KUIKHM HaBO30M. DTO OBIIO JUIS YBIaXKHEHUS
IIOYBBI IIPH OTIEPALlUK BCIIAIIKE VIS TOTO, YTOOBI KOMIIEHCHPOBATh JOMIOTHUTENIbHbIE IOTEPU HCTIAPEHHS BHI3BAHHbIC
0OBIYHBIM CITOCOOOM BCITAXMBaHHMS, a TaKXke A ynoOpenus. Bee cienbl 3To# BcraxuBaroliel ycTaHoBKH (TIyTa) ¢ TeX mop
ObLTH OTEPSIHBI, BBUY €€ OueBUIHON 3((heKTUBHOCTH, OE3yCIOBHO, €T0 JU3aiiH JOCTOHH BOCCTAHOBIECHUS (BOCKPEIICHHUS).
\" PACTENATENE BOgk

NEMBOGHOR

Fig. 19.7 CnupanbHbIi nnyr
Puc 19.7



ABMKEHHE 3eMNK
Yepes Nemex NoKaszaHo,
MYHETHPHOR NMHKER

ETanbHaA OCHOBA AAYFa

DCTREIA,
ANHHHBIA - © rpebHAMK,
MEpemHAR Kpan
NPOASNBIBAET ANHHHERS,
HAOpe3 pa3paia

opanc ua
thochopucTon GpoHzsl
Wnn Madk

Crnupans nnyra gonixHa gyénuposars paboty monu. MyHKTHpHaA
FWHWA CO CTPENKOW NOKA3LIBAET OBMMEHWE NOYBLI YEPEes NAYr.

Fig. 19.5&6 “ Buo-lnyr », 1948

19.2 Bcnaxusanue omuocumensto Connya

Bcerna obpamias BHUMaHHE Ha, Ka3aJIOCh ObI HE3HAYUTEIILHBIC, MOMEHTEI B CBOMX HCCIICIOBAHUSX YXYAIICHUS
ionopoawus moussl B bonrapum, Bukrop Illaydeprep Takke 3aMeTHII, Y4TO, B TO BpeMs Kak I0JIs1 Ha ceBepe ObUIH PO ICHEI
0OOpOHOIO, a T€ U3 TYPENKUX MTOJIeH KOTOPBIE OBLIN IO IPSIMBIMBI COTHEYHBIMH JTyYaMH, UMEITH KOMbS H 3aITyTaHHBIE OOPO3JIBI
obecreunBast H3MEHIEMYLIIO CTPYKTYpy TeHH oT ConHIa. B pesynsraTe HAMHOTO MEHBIIE, T0YBa CTAHOBMIIACH CYXOH M
MOJIOJIbIE TOOETH MPOLBETAIH BIOTIOIHUTEILHON BIIATH B TIOYBE U OBUTH 3aIIMIIEHBI B OONBIIECH YacTH JHS OT TIeperpesa.

IMons o6paboTanHble OOPOHOI, 3aMETHM pa30eBaeT KOMbs, CBOAS UX K OTHOCHTENILHO HEOONIBIIUM pa3MepaM, KOTOPhIe
TIOHSTHO HE TOJIBKO BBICHIXAeT ropasio ObIcTpee, HO U TIIyOHHA, Ha KOTOPYIO BIa)KHOCTh ITOYBBI CHU)KAETCS TOpa3io OoJbIIe.
Bce 3T0 JemaeT npopacTaHus ceMsiH Fopasio TPyAHEE, a TakKe CIOCOOCTBYET SPO3UH, TOTOMY YTO MEJIKHE YaCTUIIEI MOTYT
OBITH CMBITBI BETPOM OoJiee Jierko. Pererne 3toi mpoOieMbl 3aKIIF0UaeTCs He TOJIBKO B ClIOCcO0E BCIAIIKH, a B OOMICH
opueHTanuu 60po3.

BMecTo TOro, 4T0 OBI MaXaTh IO MPSMOM JIMHUH B JIFOOOM HATpaBICHUH, OOPO3/IbI IOJKHA OBITh H3BHIIMCTHIC,
W30THYTHIMH CHa4ajia BIEBO ITOTOM BIPABO, U OPUEHTHPOBAHBI KAK MOXKHO JAITbILE B HANPaBICHUH ceBep-for. Puc. 19.8
MOKa3bIBACT, YTO TAKMM 00pa30M HHUKaKas IIOBEPXHOCTh HE [TOABEPracTCsi HEMPEPHIBHOMY COTHEYHOMY H3JIYYCHHIO H3-3a
OKYYHMBaHHBIX OOpO3/] M MX KpUBOJIMHEHHOH KoHpuryparmu. Kpome Toro, Monozpie moOerd HOBOro ypoxkasi moxydar oolee
paBHOMEpHOE BO3ICHCTBHE MPSMOTO CBETA, Ka)k/1asi 4aCTh POCTECHUS CMOXKETE HE TOJIBKO OTJOXHYTh OT CBETA B TCHH, B
TEYEHHH BCEro AHs. B pesysnbrare, BIaXXHOCTD MIOYBbI YBEINYMBACTCS, U MOTOK COKA HAPYIIACTCS KAK MOYKHO MCHBIIIE.



CYTOMHOE OBMMEHWE CONHUA
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1. Hukakan 4acTh NOYBLI HE MMEET CRAMOLHOND, HENPepbIBHOMD
BO3ASHCTEHA NPAMbIM COMHEYHbIM FYYAM.

2. TeHn MEHAKTCA B 3aBUCUMOCTH OT BPEMEHH CYTOK W
CE30HON BbICOTLI COMHLA.

3. PacTeHnA ¥ noceBbl MMEBIOT PABHOMEPHOE pacnpegeneHne
CONHEYHOTD W3NYYeHMWA.

Fig. 19.8MpeumywwiecTea Bcnawku no ConHuy

Disan 10 0



19.3 O kopoeax u Kocax

CyIiecTByeT elle OfUH acleKT, CBI3aHHBII ¢ KOPOBAMHU U MOAICPKAHUEM IUIOXOPO/IHs, OCTONHBII YIOMIHAHUS 3/1ECh.
B ABcTpun U Ipyrux TOPHBIX CTPaHax, IJie CKOT BBITOHSETCSl HA HarOPHBIE MacOUIa TACTHCh B TEUCHHE JICTHUX MECSIEB, JI0
TOTO KaK HadaJi BBOAUTH HCKYyCCTBEHHBIC YIOOPEHUS U UCIIONB30BAaTh MEXaHH3UPOBAHHYIO TOMOIIb JUTS JKATBEL, IPOITYCKHAs
CIOCOOHOCTh 3THX BBICOKOTOPHBIX MACTOUII ObLIa MPAKTUYESCKH HEOTPAHHUEHHOM, U3-3a CrI0co0a, KOTOPBIM OHH ObLIN
CKOIIIEHEI KOCOM, U MacymeMcsl KPYITHBIM POTaThIM CKOTOM, KaK 3TO IIPOMCXOAUT Ha caMoM Jeie. Korna kopoBa ImumaeT Tpasy,
OHa aKKypaTHO (KyJIbTypHO) CBOpAYMBAET MyYKH TPaBbl 0coO0bIM 00pa3oM. Bukrop [1laybeprep BHUMATENLHO HAOMIOMABILIUIA
3a IBIDKEHUSIMH S13bIKA KOPOBBI 3aMETHII, YTO OHa COOMpAET OOTBY TPaBBbl BMECTE 10 3aKPyUYHBAIOIIEH CITHPAIH, H HAKOHEI
KOI7Ia OHA 3aKPYTUJIA IUIOTHBIM My4YeK, OTPBIBAs OTAEISACT IMy4YeK, Ha pa3phiB, PE3KHM PHIBKOM I'OJIOBBI TOYHO B TOH TOUKE,
I7ie TpaBa MoCTPaJaIiHa C UMEHBINNM yiepooM. Chernas 3To, ¢ €€ MIATKOH MOPIOH U CIIIOHOH, KOPOBa, OITyCKAaET rOJIOBY
HATBHIKAETCS HA OTKPBITHIC PaHbl Ha TpaBe (Ha OOTBE), TAKMM 00pa30M, 3alledaThiBACT UX M MPEAOTBPAILACT MOTEPIO BIATH U
SHEPIrHH.

AJIeKBaTHBI KOPM 3UMOH Bceraa ObuT 3a00TOM KPEeCThsiH, B TO BPEMSI KOT/IA MAC)Id CKOT OHU TaKXKe COOMpaU CTOIBKO
TPaBBI, TAaK KPECThSIHAM ITO3BOJISUT CE30H, MHOTIA KOCHIIM TPaBy TPH pa3a 0 MPHXO0AA 3UMBI Ha KPYThIe aJIbIINHCKUE CKIIOHBI,
OpYAHrE, KOTOPOE OHM MCIOJIB30BANIN JUIS 3TO ObLIA KOCa, KOTOPast Ul HUX, OblIa OYEHb JOPOTHM M OYE€Hb JTUYHBIM
HWHCTPYMEHTOM, JIOBEPSis €ro UCIONb30BaTh TOJIBKO TEM, KOTO OHHU 3HAJIU U OyeT 3a00TUTHCS O Hel JOIDKHBIM 00pa3oM.

Vxoz 3a KOCO#T HOIDKHBIM 00pa3oM BiIedeT 3a co00ii HOIIEPIKKY OCTPOTHI €€, HO He TOUMIBHBIM KAMHEM, a KOBKOH JIe3BHe
Ha OJIOKe U3 TBep/IbIX Moposa AepeBa (puc.19.9), KoTopbli, Kak HEPOBOISIIIMNA MaTepuall, rapaHTUPYET HAaKOTUICHHE 1
XpaHEHHE Pe3yIBTUPYIOINX SHEPreTHISCKUX 3apsaoB. JJIs rapaHTHH TOTO, YTOOBI OHM HE YXOMMIIM BIIOCIICICTBHH C JIC3BUS
KOCBI, KOTOPOE€ MOHTHPYETCSl Ha HEIPOBOAAIIIYIO ICPEBIHHYIO PYUKY, 3aTEM 3aBOPAIMBACTCS B TKAHb U XPAHUTHCS B TEMHOM
MecTe BJIaJM OT cBeTa u Temua ColHIla, KOTOPOe B IIPOTHBHOM CIIydae pa3psauT Kocy. DTO MPOoLece 3aTauylBaHus, 3aMETHM,
BCEra NPOU3BOAMICS B KOHLE JHS WIXA PAHO YTPOM, HEMIOCPEICTBEHHO IIepe]] HauanoM YOOPKH ypoxas, KOTOPBIH Takxke
MIPOU3BOAMIICS B 3TO (B KOHIIE JTHS MJIM PAHO YTPOM) BpeMsi, YTOOBI IPEIOTBPATUTH MOMAaHNS Ha JIE3BHE KOCHI
obecrounBatoero (ooHymstomero) ceera Conuna. Korga nactéuina Kocuin Npyu HaCTYIUICHUN HOUU JIOJTUMU JIETHUMU
BeuepaMu, MOKHO ObUIO HAOMIOAATh 3Ty HAKOIUICHHYIO SHEPTHIO 3apsiibl B BUIE MENTBIAMIINX CBETSIIIXCS HCKD, MPHIralOINX
C OZIHOM BOJTHHUCTOH 3aTOYKHM JI€3BH Ha JPYTYIO.

Fig 19.9 Scythe-hammering
Puc 19.9

Campble 00BIYHBIC TA30HOKOCHITKH Pa3pe3atoT HAKIIOHHBIM HOXKOM BpPE3asich OCTPBIM KpaeM H 3TO CIIOCO0 KOCHTh TPaBy
YMEHbIIAET €€ MPOU3BOIUTEIBHOCTb, ATO MPOLECC POACTBEHHBIN IEHCTBUIO CTaHAAPTHBIX IUTYTOB (JeMexa), YIHOMSHYThIH
panee. J{pyruMH CIIOBaMH, 3TO COKPYIIHUTEHHOE APOOIEHHE pa3phiBas M COKPAIIasi, KOTOPOE MOPaKaeT KaWULIPHI B CTEOSIX
Tpase (B 00TBE) U KpoMcasi B KJIOUbsl BEPXHIOIO YaCTh CTEONSI OCTaBJIAl HECKOJIbKO MIIIUMETPOB. B pesynbrare Ha
TIOBEPXHOCTH OOJBIIOH TUIONIAIN, CO3MAI0TCS HeXelaTenbHbIe YCIOBHUS VISl AeATeTbHOCTH OaKTepHil 1 MEKPOOOB, a TakkKe
II03BOJISIET UCTEKATh KPOBBIO (COKOM) TpaBy. B pesynbrare, B MECTO IPUMEHEHUH CBOEH HEPIHHU Cpa3y K€ K HOBOMY POCTY,
cTebaM TpaBbl, O0TBa, CHAYasIa 3aJIeuMBaeT PaHbl, B 3TOM ClIydae MOXKET MOTPeOoBaThCs HECKOIbKO tHel. Koca, ¢ npyroi
CTOPOHBI, 00ECTICUNBAET AOJTHIA TOCTEIECHHBINH Cpe3, CKOC, TEM CaMbIM CBeIs 00JacTh paHbl K MUHUMYMY. M3-3a sHeprum,
IpuUCyIIei B JIE3BUH M BHEAPESHHYIO TyAa MOJIOTKOM JUIS 3aTOYKH, IIEPEeAacT HOHU3NUPYIOIIHI 3apsijl, KOTOPBIH OBICTPO
MIPUTSATHUBAET, HJIEMEHTHI B MaTepualie, OKpyXKalolliue paHy BMecTe M OBICTPO 3alieyaThiBacT eé.

OueBHIHO, YTO MHOTOBEKOBOE IOIEPKAHHE TIONOPOIUS ¥ MPOLYKTUBHOCTH HA STHX BBICOKOTOPHBIX JIBIIMHACKUX
nacTouImax OpUI0 00YCIIOBIEHO COBOKYITHBIM BO3JIEHCTBHEM MPABHIILHOTO UCIIONB30BaHMS HA/IIEKAIIETO OPYAUS B HY)KHOE
BpeMs [IHS M €CTECTBEHHBIM CPE30M (Cpe3aHueM) TPaBbl KPYIHBIM POTaThIM CKOTOM. YK€ OIHO 3TO JOJKHO JaTh HaM IOBOJ
MIePECMOTPETH U3IIOKEHBIE METOABI YOOPKH 3€JIEHBIX KOPMOB U BpeMs JTHsI, KOTJa OHa JIOJDKHA OBITH coOpaHa. DTO MOXKET
OBITh TaK, YTO MOIXOIIIMM MEXaHUUECKHUM JIE3BHE JUIS SKaTBBI JOJDKHO MPUHATH HOPMY CIIUPAJILHOM JIONACTH ILTyTa
MIOKa3aHOTO Ha pHc. 19.7, a pexxymas KpoMKa CIIMpaiy J0JDKHA OBITh OoJee OJIM3KO PacIoioKeHHa U CMOHTHUPOBaHa MOJ



IPSAMBIM YTJIOM K HaripaBJICHHUIO ABUKCHUS. CrmpaanbIe JIOIIACTH CaMHU I10 CC6C MOTYT TaKXK¢e 6bITb HN3TOTOBJICHHBI U3
(bocdopucToit GpoH3bBI, BpAIIAIOIIUXCS OT 3eMJIM BBEPX (OT OCHOBaHHS BBEPX) U BIIEPE/I TaK , YTOOBI Cpe3 TPaBhl ObLI, TAK
YHCT, KaK TOJBKO 3TO BO3MOXKHO.

Ceropnssi, 3aMeTHM, HE YUUTHIBAIOTCS BCE 3TH TOHKHE 3((EKTH ¥ B3aUMOCBSI3H, HECMOTPsI Ha MACCOBOE HCIIOJIb30BAHHE
HCKYCCTBEHHBIX yIOOPCHUI BBI3BAHHbBIC MIEPEITPOU3BOICTBOM B HEKOTOPBIX CTPAHAX, TUIOAOPOAHS MOYB U MPOIYKTUBHOCTH HA
CaMOM J€JI€ HaXOAUTHCA Ha prTOﬁ HHCXO}IHH_[Cﬁ TPACKTOPHHU, XOTA Ha ﬂaHHBIﬁ MOMCEHT Mbl HE 3HA€M HACKOJIBKO KpyTas 2Ta
TPaeKTOPUsI yXYALICHHSI.

19.4 Ilacyouvie nocnedcmeus ucnoib3068aHUsA UCKYCCHIBEHHBIX YOOOPEeH UL

CoBpeMEeHHOE CEeNbCKOE XO3sIMCTBO OTHOCUTCS K MaTepu-3emMiin, Kak K IuTioxe U HacuiayeT e€. Kpymiblii roq oHo maparmnaer eé
KOXXY M OTpPaBJIsieT €€ HCKYCCTBEHHBIMU YIOOPEHUSIMU, KOTOPOM Hayka OJDKHA ObITH OJlarofapHa, KOTopas B CBOIO O4epenb
noTEpSNa BCAKYIO CBA3L ¢ [Ipupooi.*

Buxrop 1ayoeprep

Bo Bropoii nonosuHe 19-ro Beka, mOMUMO APYTUX CBOMX AOCTIXKeHUH, 6apoH FOctyc don JInodux (1803-1873),
HEMEIKHI XHMUK, BBITTOJTHII OOJBIIOE NCCIICIOBAHIE IIEMEHTOB U XUMUYECKHE BEIIECTB HEOOXOIMMBIX ISl POCTa
pacTeHusiM, 6e3 COMHEHHMS, B UICKPEHHEM JKeJIaHIX UCIPABUTh HEJOCTATOK ITOYBHI U MOBBIMIEHUS Miogopoaus. Kak u Bo
MHOTHUX 00JIACTSIX HayKd, TEM He MEHee, B aHaJIM3e, a He BBIIIEM CO3HIAIONIEM CHHTE3€, 1IeNb BCETAa O1Ha HalTH TOT (akTop,
OTBETCTBEHHBIN 32 TaHHOE SBJIEHHE, TOIA KaK B JEHCTBUTENLHOCTH BCe (PM3UUECKOE MIPOSIBICHUE SIBIISIOTCS PE3YIBTaTOM
MHOTHUX CHHEpreTHYeCcKrX peakuuii. B ciaydae, JInOux ycTaHOBWMI, YTO OCHOBHBIMH MHTPEIMEHTAMH JUTS TIOAOPOIHS TTOYBBI,
kpome kanbuus (Ca) B Buae ussectH, Obun azora (N), hocdop (P) u kanuii (K), KOTOpPBI 4acTO Ha3bIBAIOT CETOAHS, KaK
u NPK (ADK).

Aszor nocrasnsercs B Bune MmoueBuHb! (CO [NH ;] »); cynbdar ammonus ([NH4],SO4) - mobouHsIi MpoayKT
MIPOM3BOACTBA YTONBHOTO T'a3a, HUTPAThI, KOTOPBIE SBILSIOTCS COIIMH WITH CIIOKHBIME ddupamu azoTHON Kucnotsl (HNO;),
kanpuus nuaHamuaa (CaCN,),KoTophlii IpeBpaliaeTcst B aMMHaK ¢ BOJIOW U ITpH HarpeBaHuu kapouzaa kanpuusi(CaC,) npu
temneparype 1, 000 °C B razoo0pasnsiii a30T. CaC, ¢ Apyroil CTOPOHBI POU3BOAUTCS IIPH HATPEBAHUU OKCHJIA KAJIBIIUS
(CaO - HeraiieHast U3BECTb), KOTOpasi B CBOIO o4Yepe/ib, MPOU3BOAUTCS IyTeM HarpeBa kapOoHara xansius (CaCOs),
BEILIECTBA, BCTPEYAIOIIETOCs B IPHPOAE B BUE U3BECTHSKA, MENa, KAIBLUTa U MPaMopa.

Kanuii (K) nocrasnsiercs B yactHoctH B Buze xiopuaa kamus (KCl), cynsdar xamust (K,SO4) 1 nByHaTpHEBbIi
Boziopox, oprodocdar (Na,HPO).

docdop nomyyaroT npu HarpeBaHuu GocdaTa KaIbIUI ¢ KOKCOM H KPEMHE3EMOM B ANIEKTPHIECKOH MY U BBOAUTCS
B MOYBY B JIPYTHX COENUHEHUX, TakuX Kak Gocpar (H;PO,), pocdar kanbuus, kak xansuuid pocdar Bonopoxna, 6onee
n3BecTHBIH Kak cynepdocdar (Ca [H,PO4] ,H,0).

Bce 3Tu IpoayKThI SIBISIFOTCSL pACTBOPUMBIMH U OOJIBIIMHCTBO U3 HUX, HHOTZA B (popMe 1utaKa, U3roTaBInBaOTCs B
Ka4ecTBe MOOOYHBIX MPOMYKTOB TOT0, yTo BukTop Illaybeprep Ha3bBaeT "OrHEeABIIIAITAMEI TEXHOIOTUAMU' (TEXHOIOTHH
IUTIOIOIIME OTHEM). JIpyrMH CIIOBaMHU, OHH POU3BOMSATCS CO CTPYKTYPHBIM-PACIIaZioM (C pa3pyLIeHUEM CTPYTYp) U SHEPrUH
BBICOKOTO TeIlIa. B MX OKOHYaTeTbHOH! MOATOTOBKH, OHH JINOO APOOATHCS [UIS pacIbUICHUS] BHECEHHH B MTOYBY HJIM THIATEIEHO
PacTepHOTO MEJIKOTO MOPOLIKa, PACIBUICBAIOIIUIOCS, UX PACIIbUIMBAIOIINECS CBOMCTBA, TO3BOJIAIOIINE UM IONIONIATh BiIary
13 BO3/IyXa WM TTOYBHI ISl TOTO, YTOOBI IPEBPATUTHCS B KUIIKOCTb.

3710 ellie 01Ha BO3MOXKHOCTD IPEBPATUTH OTXOIBI B MPUOBLITb, 9TH COSTHHEHUS OBUTH OBICTPO MOAXBAYCHBI PA3TMIHBIMH
XUMHYECKUMH H IPYTHX MPpon3BoAuTesiMU. HecMoTps Ha mo3nHee npusHanue JInbuxa u mpu3HaHUE TOTO, YTO JIEMEHTEI,
HEOOXOMMBIC JJIS 3I0POBOTO POCTa ObLIM ropas3io 6osee cioxHbIMHU, yeM mpocTtas NPK (ADK) u uto nanbHeimmii
JeTaJIbHBINA aHaJIN3 ObUT )KU3HEHHO Ba)KHBIM 3HaY€HHEM, YTOOBI HE HAHECTH HEHCIIPaBUMOE MOBPEXKICHHUE TIOUBE, €ro CIOBa HE
OBLTH YCIIBIIIAHBI M TPOU3BOACTBO HCKYCCTBEHHBIX YIOOPEHUH MPOAOIDKAIOCH TTOMHBIM X010oM. C MX IMOMOIIBIO, BEICOTA
3€PHOBBIX U 3[0POBbS CEIbCKOXO3SMCTBEHHBIX KYJIBTYP B IIEJIOM OBICTPO YMEHBIIACTCS, KKI0E MOCIeAyIolee NpUMEHEHNEe
JanpHelIIee neronieHne GyHAaMeHTaIbHOTO TUIOAOPOIMS ITOUYBHI B KA4eCTBE OPTaHUIECKOTO OCHOBAHHS, TIOCTEIIEHHO
HapyaeTcs. [[pUMEHSIOTCS KaK 4acTh XO35iCTBa C BBICOKOMEXaHU3UPOBAHHBIMH CHCTEMAaMH, UCIIOJIb30BaHHEM CTAJIbHBIX
opynuii, 6onbinue yyactku Ha CpenaeM 3anane AMEpUKH ObLTH MPEBPAIICHBI B TIBUICBBIC MyCTOIIH (YalllK), KaK CJICICTBUE,
3acTaBIIsis OeHBIX (epMEpOB MOKUAATh CBOU 3EMIIU.

CeroziHs HCIOIB30BaHUE UCKYCCTBEHHBIX YI0OpeHHH He ociabeBaeT, a MeJUICHHO 1 BEPHO, U TaK ke HEN30€KHO OHH B
KOHIIE YMEHBIIAIOT MIOYBY 10 OE3KU3HEHHOW Macchl. EcTecTBEHHO, TPOM3BOANTENH HCKYCCTBEHHBIX YI00peHUH OyayT
YKa3bIBaTh Ha OTPOMHOE ITPOU3BOJCTBO, KOTOPOE OBLIO MOIYUCHO C €r0 UCIIONb30BaHUEM, HO 3TO OBLIO IPOU3BOACTBO
KOJIMYECTBA B yIIEpO HENPEPhIBHO YMEHbBIIAIOIIETO Ka4YeCTBa, IOJIy4eHHIE IPUObLUIH B yiepo ku3HU. VIcKycCTBEHHbBIE
ynoOpeHusl JEHCTBYIOT KaK CTUMYJISITOPBI U MOJICPKUBAIOT TIPOU3BOJICTBO, KAK HAPKOTHKH, K KOTOPHIM MOYBa HEBOJILHO
CTaHOBSTCA 3aBUCHUMON. Kak HapKOMaHbI, KOTOpBIE HE MOTYT HU ()YHKIIMOHHPOBATh, HU BBDKHUTH 0€3 YaCTHIX HHBEKIUH H TO,
Kak UX (PU3UYIECKOe COCTOSIHUE yXy/LaeTcs, TpeOytos Bce Ooblie U 0oMblie 103, YTOObI IPOIUTh UX KU3Hb HEMHOI'O
JIOJIbLIIE, TIOYBA TAK)KE YMUPAET.

Bce k1M3HEHHO Ba)KHbIE KalMJUISIPbI, KOTOPbIE CHA0XKaIOT €CTECTBEHHO NPOU3BEICHHbBIE MUTATEIbHBIE BELIECTBA B
3pEeIyro BOAY ¥ MPOBOJNTH K OBEPXHOCTH HEMaTepHAIbHBIE SHEPIHHU, OJIOKUPYIOTCS STHMH MEJIKUMHU TTOPOLIKAMH.
Orymsromuii 3¢ QeKT nocaeJHero BeuecTBa, pa3pskaroT IOYBY U, B TO )K€ BpeMs, TpalsT U HU)KHUE CIIOM 3eMJIH, OCTaBIISS
nx 0e3 BOIbl MOJIOIBIE PACTEHHS, TaK KaK paclbUICHHBIE TH XUMUYECKUE BEIIECTBA UCIIOIB3YIOT ATy BIIAry [UIS IIepexo/a B



JKuakoe cocrosinue. [Ipu HeJOCTaTOYHOMN BIaXKHOCTHU, UCIIAPEHHS] CHUKAIOTCSI U BHYTPEHHSAS TEMIIEpaTypa pacTeHuUs pacTeT
C TEM € HeXKeNaTeJIbHbIM Pe3yIbTaTOM, KaK Mbl BUAEIH B TCHE-TIO0OMBOH IIOPOJIE IPEBECHHE, OT BO3ACHCTBHUS COMHEYHBIX
JTy4dei.

Kanmumsipbl 3abIXatoTcs, OHM CTAHOBHUTCS OoJiee TPYJHBIMH JUTSl IPOHUKHOBEHHS A0XKICBOM BOABL. DTO B CBOIO
odepesb IPUBOAUT K Ooliee OBICTPOMY CTOKY, ClIeyeT ObICTpeiilee MOBTOPHOE UCTIApEeHHe, 00a U3 YCIOBUH KOTOPBIX JIETA0T
HEO0OXOAMMOCTBIO OpolLIeHHe. Takoe OpOIICHHE, 3aMETUM, OCYIIECTBIIETCS MPAKTHYCCKH OSCIIONe3HON BOJOI KaK yKe
YIOMHHAJIOCH B IPEIBIIYIINX IIaBaX, U MPOU3BO/IAT, BHIPAIICHHBIE OBOIIH U (PYKTHI B TAKHX YCIOBHUSX, OOJBIIUE U
MPAKTHYICCKHU 3JOPOBBIC, ITOYTHU 6C3BKyCHbIC, HX OBET 4acCTO MCKyCCTBeHHbIﬁ, KaK pyMsiHa WJii 1romMazaa, He €CTECTBEHHBIM.

Bonee Toro, ecii BBOAUTHCS H30BITOK a30Ta B JIIO00H U3 YKa3aHHBIX COCIMHEHUI, OH COCTABISIET MEHEe
MOHHM3UPOBAHHBINA MaTepUal il KOPHEBOTO Pa3BUTHS, UTO BEMET K JabHEHIIIEMY BOTHOMY TOJOY MOCTPAJABIIETO PACTEHUS,
MOTOMY YTO OTPHUIIATENHHO 3apsDKEHHBIC MOHBI, JIyKAaBHIA -, B HUTPaTaX B HCKYCCTBEHHBIX YIOOPEHUSIX MIPUCYTCTBYIOT
KaTHOHBI +, TIOIOXKUTEIBHO 3apPsHKCHHBIC HOHBI IPYTUX IEMEHTOB, BHU3Y TAJICKO OT KOPHEBOM 30HBI, TEM CaMbIM OJTSATHBAIOT
Y IepeBbEB U PACTEHUI TOJIOKUTEIbHbIE KATHOHBI +, TAKHE KaK HOHBI MarHUs U KaJlblHs. Ba)kHO TOMHUTB, YTO aTOM MarHus
SIBJISICTCS SIIPOM aTOMa MOJICKYJIbI XJIOPO(DHILIA.

TIpupona 6bicTpo nockutaet "Ionuuio 310poBhs” B BUJE MAPA3UTOB U APYTUX OOJIE3HEHBIX PACTEHUI, YTOOBI
YAQIUTH OPTraHU3MBI, KOTOPBIC TETIEPh CTATM OONBHBIMU, YTO TPEOYeT UCIIONb30BAHUE U YPE3MEPHOE HCIIOIB30BAHUE
necTuI0B U GyHruuuaoB. Kak Tosapko ypokaii 00paboTaHHbIiT TakuM 00pa3om, OyieT coOpaH, KpoMe Tepeaadn
MECTUINAOB MOTPEOUTEINIO, 3EMITI0 HEOOXOAUMO OKYPHTH JUISl TOTO, YTOOBI HCKOPEHUTH 3T SIKOOBI MaryOHbBIX BpEIUTENEH,
KOTOPBIE SIBISAIOTCS HE YeM WHBIM, KaK II0Ka3aTelIeM IUIOXOTO 37J0pOBbsl 000MX U paCTEeHUH U MOYBHIL. [1071 3aKphIBatOT
OpE3eHTOM C TUTACTHKOBBIMH BBIXOAaMH U 30H[IbI BCTABJISIOTCS B 3€MITIO, YTOOBI HAIIOMHUTH €€ SIOBHTHIMH Ta3aMH.

Taxum 00pa3oM Bcé ymupaeT - JOJKASBbIC YEPBU, MHKPOOPTaHU3MBI U MOJIe3HbIe OakTepuu. JKu3Hb CO BceMu eé
Pa3ITHYUSAMH MOITHOCTHIO UCKIIFOYAETCsl, TaK KaK CIEAyeT MOITHAst OMHOPOIXHOCTh. XOTS 3TO YacTO 3asBILSIETCS B 3AIUTY
WCKYCCTBEHHBIX YIOOPEHHI, YTO HACEIICHHE MUPa HE MOXKET POITUTATHCS, €CIIH MX HCIIONIb30BaHUE OylIeT MPEeKpalieHo, 3TO
ellle O/iHa JIBIMOBAs 3aBeca, YTOOBI 00eCIeUnTh OOJIBIIYIO MPHOBLIb, ECTh U IPyrHe Croco0bl Topaszno 6onee 3¢ dekTrBHEe,
ropaso JACIIeBIe, a TAKKE IKOJIOTUUECKH YHUCThIE, KOTOPHIE HE TOJIBKO YBEJIMYHUBAIOT KOJHMIECTBO, a TAKXKE KaueCTBO, H K
KOTOPBIM MBI CeHdac U MepeXoauM.

19.5 Buonozuueckoe ceivckoe X031 cmeo

B ycTOHYMBOM U KM3HECTIOCOOHOM PAa3BUTHH CEJILCKOTO XO3SIHCTBA KIIIOUEBLIM (haKTOPOM SIBIISIETCS HE CTOIBKO COCTaB
OCHOBHOTO Ha3€MHOTO CJIOf, 4 CKOJIBKO COCTaB BEPXHETO CII0SI, HA3bIBAEMBII BEPXHUM CIIOEM ITOUBBI, KOTOPHIH MOXKET
BapbUPOBATHCS 110 NIYOUHE OT HECKOJIBKUX CAHTUMETPOB IO HECKOJIBKHUX METPOB. Jl0IrocpoyHoe I0A0POANE OUBEI
MOJTHOCTBIO 3aBUCHUT, BO-TIEPBBIX, OT ITyOHHBI 3TOTO CIIOS, @ BO-BTOPBIX, €TO COZICpIKaHIe OpraHnIecKi 006paboTaHHOTO
MarepHaia. B eCTeCTBEHHBIX yCIOBHSAX 3Ta PHIXJIAsi 30HA 3all0HEHA OOMIIEM OXKIEBBIX YepBeil U APYrHX )KUBBIX CYIIECTB,
U JOCTUTAeT BBICHIEH TOUKH B M300MINH KU3HEASATETHOCTH MHKPOOPTaHU3MOB B IOBEPXHOCTHOM CIIO€ TeperHos (Tymyca),
KOTOPBI OOBIYHO COCTOUT U3 pa3iiaraloluxcs JIUCThEB U IPYTUX OpraHudeckux BeecTB. bes Beell 3Toil nepepaboTku
MHHEPAJIFHOTO ¥ XMMHYIECKOTO H300MIusl OBICTPO YMEHBIIAETCS, M TI03TOMY B HAIIMX )KU3HEHHBIX HHTEpEcax 00eCIeuuTs,
4TO0OBI COOTBETCTBYIOIIME YCIOBUS B [I0YBE HE TOJIBKO COXPAHWIUCh, HO U YBEIUUUIUCh 110 MEPE BO3MOXKHOCTH.

3T0 MOXHO C/IeJIaTh HECKOJIBKUMH CIIOCO0aMM, KOTOpbIe OYIyT pacCMOTPEHHBI KPAaTKO, TaK Kak €CTh J0CTaTOYHO MHOTO
JOCTYITHOM MH(pOpMANH B GOIBIIMHCTBE KHIDKHBIX MarasuHax. Bxman Buxrop Illaybeprepa, 3aMeTiM, OyayT paccCMOTpEeH
Oornee MoAPOOHO U B TO BpeMs KaK MbI 3[iech 00j1ee KOHKPETHO 3aUHTEPECOBAHBI B [IPOU3BOACTBE MPOAYKTOB IUTAHUS U
IUIOOPO/NS TIOYBEL, a BCE OCTANBHEIE, (JaKTOPHI U BIHMSAHUSA, 00CYK/IAaBIIHECs BIPEABITYINIX [JIaBaX, BCE PaBHO JOJKHEI OBITh
IPUHATH BO BHUMAHUE.

PEMUWHEPAJIM3ALMSA ITOUBBI:

B 1894 rony HOmuii XeH3enb cenbckoXo3siicTBEHHbIM XUMUK U coBpeMeHHUK FOcTyca ¢don JInbuxa onmyOaukoBal BaXXHYIO
kHuUTY, X11e6 3 KaMus, onuceiBaromiye pa3padoTKH OJIarOTBOPHOTO BIMSHUS yIOOpEHH U3 KAMEHHO# MyKH, Oojiee
U3BECTHBIM Kak "npoOneHas NbUlh" WM " KaMeHHas IbUIb". TeM He MeHee, K 3TOMY BPEMEHH IIPOU3BOACTBO UCKYCCTBEHHBIX
YAOOPEHHUH 1UTO MOJTHBIM XOJIOM M, KaK U €r0 KHUTH MPEICTABISIOT COO0M 3HAYMTEIBHYIO YIPO3y AJIsl 3TOW HOBOW OTpaciu
HPOMBIIIIEHHOCTH, HOYTH KaXK(YIO KOITHIO Pa3BICKAITH, CKYITHIH ¥ YHHUTOXIIIH, K BETMKOMY YIIepOy Kak JUIs )KHU3HHU TaK U
TS TIOYBBL.

B cymuocTH, peMIHepaIn3anys IOYBEI SBIIETCS HEOPTaHMIECKIM ITOAXO0IOM K ITOBBIIICHUIO IIOOPOANS MOUB.

XOTs 3TO MOXKET 3By4aTh OYEHb IOX0KE Ha HCKYCCTBEHHOE yIOOpeHue, 3T0, 3aMETUM, MPUHIUINAIBHO Pa3HbIe IPOIIECCH

1 TIPEeJIIoIaraeTcs MCIoIb30BaTh OUeHb MENKUH ITOMOII, a JIEYHUTh, TTTaBHBIM 00pa30M HCIIOIb30BaTh BYIIKaHIIECKIE,

N3BEP KEHHBIE, TOPHBIE MTOPOABI ¢ IMPOKUM MHHEPAJIbHBIM CIEKTPOM, TaKkue Kak 1uabas, 6a3ansT U T.4. B mponecce
OCTBIBaHMS IOPOABI, KOTOpasi COXpaHseT MPHCYIIHEe YHEPTHHN, OHA 3aTEM PacIpOCTpaHseTcs 1Mo 0OpadaTeIBaeMOH 3emie, a 13-
3a CBOETO LIMPOKOTO CIEKTPa COJIeH, MUHEPAJIOB X MUKPO3JIEMEHTOB -3JIEMEHTOB, 3TO IPUBOAUT K IOSBIECHHIO CTONb

e OOJIBIIIOTO Pa3HOOOpa3us Pa3InYHBIX MUKPOOPTaHH3MOB.

Xots 3Ta cucreMa ynoopeHus 6bula ucnoib3oBanuu B IlIBeiinapuu B Teyenue noutu 150 JgeT B orpaHUYEeHHBIX
MacmTadax U, HECOMHEHHO, CIIOCOOCTBOBAIO cocTapieHnto kauru IOmyca I'ensens, u e HelaBHee HCTIONB30BaHIE OBLIO
BIIEPBBIE IPUMEHEHO C YIUBUTEIbHBIM 3P ()EKTOM aMepUKaHCKUM HHKeHepoM JxoHoM X3MakeoMoM. B ero kuure
"BrokuBanue [uBunmsaun’™ HanmucaHHON B cOaBTOPCTBE ¢ JJOHOM YHBEPOM, OH MOAPOOHO OOBACHSET, KIMMATHIECKYIO
Ba)KHOCTb PEMMHEPANIM3aLHHY, TaK KaK 3TO BEIMYMHA U CMECh JOCTYITHOIO MUHEPaIa U OCHOBA MUKPOJIEMEHTOB, KOTOpas
SBIIIETCS ONPENETAIOMUM (HAaKTOPOM B POCTE U KaUE€CTBE PACTUTENBHOCTH, TOCIECAHUN 13 KOTOPBIX )KU3HEHHO BaKHBIH



PETyaaTOp KIMMAaTHIEeCKUX KpaiiHocTel. KHura Taioke ONMUChIBaeT 3aMETHOE YBEJIMUCHUE POXKIAEMOCTH U IIIyOHHY BEPXHETO
cnost mouBkl, 4To JI>koH "'amakep AOCTHUT HA er0 COOCTBEHHOM y4yacTke B MUUYHMraHe, KOTopasi yBeJIMUUIach ¢ IpuMepHo c¢10
cM (4 mroiima) no 1,2 m (4 dyra) B Teuenue 10 jer.

Bonee cBexxue SKCIEPUMEHTHI ¢ TUM MaTepHalioM B rpoekTe «JIroam aepeBbs» 1moj pykoBoactBoM bappu Onaduina
B 3anaaHoi ABCTpaMU MOKa3ajIu 3HAUUTENbHOE YBEIUUCHUE POCTA U 3[J0POBbS CAXEHIIEB MTOCAXKEHBIX C J0OABIECHUEM,
IIPOTHB TeX, KOTOpBIe Mocaamy 6e3 nobasnenus. KamenHas nbuth yxe Oblia Npou3BeAeHa CIIy4aifHO Ha IPOTSHKEHUH
OoJIbIIIEH YaCTH 3TOTO CTOJIETHSI BO BCEX Kaphepax, Ie qpoOsT rpaBHid WIIM CUHUA 1IeOEHb Ul TOPOTH WX JUIS MOACHIITKA
COBOKYITHOI'O ITPOMU3BOACTBA U JJIs1 CTPOUTEIILCTBA. YCTaHOBKHM M MaIlIMHEI JJI1 CBOUX 6onee KPYIHBIX MaCl_l_lTa6aX
IIPOU3BO/ICTBA, CJIENIOBATENBHO, yXKe MO PYKOH U, C HEOOJIBIINM KOJIMYECTBOM JOIOJHUTEIbHBIX HHBECTUIIUN B MEJIbHUIIBI
MEJIKOTO JIpOOJICHUs B Cllydae HEOOXOAMMOCTH, IIOUTH B HEOTPAHNUCHHBIX KOJIMYIECTBAX MOXKET ObITh OBICTPO IOCTABIEHO U
OTHOCHTEJBHO jemieBo. JlelicTBurensHo, B 1993 rony Ha exeroqaom cbesne Harponansaoit CoBOKyNHOM acconuanyy u
HanwmonanbHoii accoruanyu no 6erony B Can-AHTtonuo, wrar Texac, rne Jlon Yusep nan "HampasieHue" eMmy cooOIIn,
9T0 00BEIMHEHOE MPOU3BOACTBO 0OSHX OpraHU3alUil COCTABIIIO 2 MIIPJ. TOHH B COBOKYITHOCTH M3 KOTOPBIX 200 MJIH. TOHH
COCTaBIIOT «ITpadbl, yOBITKI»- KAMEHHOW TIBUIH, YTHIIN3ALMs KOTOPOil ObL1a HOBTOPSIOLIEHCS TOJIOBHOM OOJIBIO.

XoTs TIepBOHAYATIBHOE 3asBICHHE SBISIETCS IPEATIOUTUTEIBHEH B OKCTpEMaJIbHBIX pa3Mepax, II0TOMY YTO OHH JTAIOT
HanOOJIBIIYIO IJIOIIA/Ib TOBEPXHOCTH, OHA CPa3y CTAHOBUTHCS JOCTYITHOM JIJIsI MUKPOOPTaHU3MOB, CMECh KPYITHBIX U MEJIKHX
9acTHI] 00ECIIeUNBAIOT MEJICHHOE BEICBOOOKICHHE TTOJIE3HBIX HCKOMAEMBIX B TeUEHHE IUTEIBHOTO neprona. Jpyroi
TIOJIOXKHUTENBHBIN d(PEKT KAMEHHO! MBUTH SBISIETCS TEM, YTO Kak OBLIO J0Ka3aHo, 4To OHa Oynet OydepoM MpOoTHB HUTPATOB,
JMOKCHUJIOB CEPhl U HUTPOKCHJIBHBIX, M OHA MOMIOLIACT U YCTPAHSET aHHOHBI — KPOME TOT0, OCTABJIsAsl KaTHOHEI 1 ,
CBOOOJHBIMH ISl KCTIONB30BaHUS PACTEHHSAMH. [Ipr HOPMaIbHBIX YCIOBHUSIX KaMEHHYIO TIBUTh HEOOXOIMMO MPUMEHSTE TOJIBKO
pa3 B AT JIET WM OKOJIO TOTO, KOJMYECTBO ONpeessieTcs Ha OCHOBE TIIATEILHOTO aHaIN3a HEJOCTATKOB B ITOYBE, XOTS BCE
COCTOSIHME TOYBHI U 5QPEKT OB HOATBEPIKICH, YTO METOJ BHITOIEH".

To, 4TO JIIOAM U HE TOJBKO PACTEHMsI MOTYT U3BJI€Yb BBITOJY U3 KAMEHHOW KPOIIKH HAIVISIIHO AEMOHCTPUPYET
COCTOSIHUE 3/I0POBbs 1 Onaromnonyune B Xynzakyre CeBepHblii [lakuctan. JKuBsi BRICOKO, TJie YHCTBIA BO3AyX [ MManaes, nx
IOJIS Opalliajga X0JI0Has, Tanas BOja, U3 JIeJHUKa, Ooratas MUKPOAJIEMEHTAMU U3 CKall, HaJl KOTOPBIMU IPOXOIMI JeAHUK. 1
MIO3TOMY X TOJISI OBLIM IMTOCTOSIHHO OPAIIEHBI C IIMPOKUM CIIEKTPOM IMOJIE3HBIX HCKOIIAEMbIX, KOTOPBIE HE TOJIBKO COXPAaHUIIN
BBICOKUI ypOBEHb IIPOU3BOJAUTEIBHOCTH, HO U 00ECIIEUUBAIH, MPOU3BOACTBO IPKOTO U 340POBOTO MPOAYKTa U 0€3 IPU3HAKOB
3aboneBanus. Bo BpeMeHa OpUTAHCKOTO BiIapl4ecTBa, ObUT AMcCIonnpoBanH B XyH3akyT (Hunzacut) BoeHHBIH Bpa4 B TCUCHUE
JIECATH JIET B KaUECTBE PE3UJCHTA METUIIMHCKOM CITy>kObl. Bo BpeMsi cBoero mpeObIBaHuUs, 33 UCKIIIOUCHUEM JICUEHUS
CITy4aifHBIX paH U IEPEIOMOB, €My HeUero ObUIO eNaTh, TAKOBO OBUIO COCTOSHHE KPEMKOTo 340POBbs MX 9THX TOPHBIX JIIONEH,
yeli cpenHuii Bo3pact 0but pumepHo oT 130 o 140 net, MOKHO OBUIO TOJBKO MPABUIIBHO OTHECTH K BBICOKOMY Ka4eCTBY
IMIIY U BOJBI, KOTOPOE OHU ynoTpeOsuy. JlanpHeHmii yka3aTenab Ha 61aroTBOpHOE BIMSHUE KAMEHHOM KPOILIKH, KOTopas
HMMEEeT OYEeHb MHTEPECHOE U MO3UTUBHOE BO3ACHCTBHUS ISl YITyUIICHHUS] TUTHEBOI BOJIBI, OBIJIO IPOJEMOHCTPUPOBAHO
HIOBEJICHUE JOMAIIHUX COOaK HEKOTOPBIX MOMX Jpy3ei B mrare Ksuncinena. Kak sHTY3HacThl O UCHOJIb30BAaHUIO KAMEHHOM
KPOILIKH, OHU yIOOPHIIH CBOHX (DPYKTOBBIE I€PEBbsI €10, HCIIOIB3Ys BEAPO LIS TPAHCIIOPTUPOBKU. XOTSI COOAKH OOBITHO
OOMJIBHO IJIM U3 CBOMX MHCOK Ha BEpPAHJIE 3all0JIHEHBIMU JJOXKAEBOM BOJOH 13 0aka, B TeUeHHE HECKOJIbKUX IHEH ObLIO
3aMe4eHO, YTO MUCKHU OBLTH BCETa ONHBIMU. XOTUTE 3HATh, OT KyIa COOAKH MUK BOAY, OHU CICAWIN 32 HUMH M YBUJISIH,
YTO cOOaKH IBIOT BOJY U3 Bepa, U3 KOTOPOro YIOOPsUIM M HOCHIM KAMEHHYIO IbUTh (KpouiKy). OcTaBieHHOE pSAIOM C Kydeid,
OHO BC€ €Ille COAEPKUT HEOOIBIIOe KOIMMIECTBO KAMEHHOM KPOLIKH M OBLIO 3aIIOJHEHO JOJKAEBOM BOJOH IPOIIEAIIEro
HenaBHO. Tak Kak »KMBOTHBIE TOpa3o OJrKe K MpUpojie, YeM OOJIBIIMHCTBO YeIOBEYECKUX CYIECTB, U IIOTOMY YTO OHH
JEHCTBYIOT 110 HHCTHHKTY, HE MOXET OBITh HUKAKMX COMHEHHH, 9TO 3TH cO0aKH 3HAJIH, YTO JIydIle ISl HUX, TaK ’Ke Kak 3TO
OBLJIO C KOPOBOI, MOBE/ICHNE KOTOPOW OMKMCHIBACTCS HIDKE B pasfielic 0 OMOANHAMHYECKOTO CENTbCKOTO X03sicTBa. [103TOMY MBI
OBl IOCOBETOBAJIN B3STh JINCTOK M3 UX KHUTH 3HAHUI.

OPTAHUYECKOE CEJIbCKOE XO3AMCTBO:

Xorsl, 10 BBEICHNS ICKYCCTBEHHBIX yIOOPEHNH, Opranndeckoe 3eMieieNie, IPH HCII0Ib30BaHNH KOPOBBETO HABO34,
(hepMepCcKuii HaCTOM U PACTUTEHBIH KOMIIOCT, ObUIM HOPMOH, B TEUEHHE 3TOTO BeKa TakKasl IPAKTHUKA B 3HAYMTEIBHOW CTENIEHN
YTpaTUBLIAs CUILY B CBA3M C MEHEE TPYIOEMKHM HUCIOIb30BAHUEM XUMUYECKHX BEILECTB U O4EBUIHBIM PE3YILTHPYIOLIEM
HOBBIIIEHNE TPOU3BOJUTENIBLHOCTH U, CIIEI0BATENBHO, JOXOIHOCTH, B PE3YIIbTaTe Yero OOJIBIIMHCTBO (hepMepOB MEPEIIn
Ha ICKYCCTBEHHBIE YIOOPEHHs, MONHOCTHI0. JIpyrue, 3aMeTHM, MOTPy KeHHbIE B OPraHMIeCcKHe TPaJANILIIN CBOMX MPEIKOB, He
HaXOJUThCA I0J] BIMSHUEM YTOBOPOB IIPOU3BOAUTEINIEH HCKYCCTBEHHOTO yIOOPEHUS U IPOBOAAT UX IPOBEPEHHbIH U
HaJIe)KHBIA METOJI, TEM CaMbIM COXpaHssl JPEBHHUE 3HaHUs, KOTOpbIE, HAUMHAs C KOHIIAa BTopoil MupoBoii BOiHEI, ONBITHOE
BO3POXKACHUE, OPraHUYECKHE IPOLYKTBI TEMEPD BCE YAIllE PACCMATPUBAIOTCS KAK HAMHOIO BBILIE MUTAIOLIECH LIEHHOCTH.

I'myOunHOE moHNMaHue U (GUI0CO(US OPraHUIECKOTO 3eMIIEAENNS ABISETCS BO3BPAIEHUE B IOYBY JUISl, TOTO YTOOBI
HOIBEPTHYThCSA NepepaboTKy TO, YTO ObLIO paHee cOOpaHO U3 Heé U, TaKUM 00pa3oM, II0J0POAUE OUBBL OyAeT YCIEIIHO
IIPOJIOJKAThCSl B TEYEHHE MHOTHX BEKOB. boree Toro, kak opraHn4eckuii MaTepuall, a He TaK Ha3bIBa€Mblil HEOPTraHUYECKHH,
OH TpeOyeT MeHbIIIe SHepruu [IpupoIbl Ha BOCCTaHOBICHHE B €€ (JOPMax, JIETKO YCBOSEMBIE PACTCHHAMH, KaK COKOHOMIICHHOM
SHEPruuU, HEOOXOMUMBIE JUIS IPe0OPa30BaHUsl €r0 U3 HEOPraHUUECKOT0 JI0 OPraHUUECKOr0 MaTepuaia.

Ipy KOMIOCTHPOBAHUH KaK €ro 0OBIYHO MOHUMAIOT CETONHS, 3aMETHM, BMECTO PaHee BBICYIICHHOTO MaTepuaia,
HarpyKaroT 3€JIEHYI0 PaCTUTEILHOCTh C COKOM BELIECTBA C YEPEMYIOMIMMUCA CIOAMHU U3 UCIIOJIb3YyEMOH 3eMIIH, BCE
COAEPAKHUMOE NIPEBPALIACTCS CO 3HAYUTEIBHBIM TE€HEPUPYEMBIM KOJIIMUECTBOM TEIJIa B KOMIOCT. JIeHCTBUTENBHO 3TO
HOTeIUIeHHe OOBIYHO IPUHUMAETCS KaK IPU3HAK TOr0, YTO IPOLECC KOMIOCTUPOBAHUS UIET JOKHBIM 00pa3oM.

B T0 Bpemst Kak MPOTYKT TaKoif KydH B KOHIIE KOHI[OB HE Ka9eCTBEHHBIN, M HE XOPOIIO (hepMEHTHPOBAH MU
3aBEPIICHUH, U B TOXKE CaMO€ BPeMs KaK COXPaHHUTh STOT HBIHEIIHUHI yPOBEHb IPOU3BOAUTENILHOCTH, IO ClI0OBaM BukTopa
[Ilay6eprepa 3T0 He yBEJIMYHBAET €TO 3aMETHO, 33 HCKIFOYEHUEM CITy4aeB, IIe He ObIT HCIOIb30BaH KOMIIOCT paHee. OxHON



U3 TIPHYUH TOTO SBJISAETCS TEM, YTO OTHOCHTEIBHO BHICOKHE BHYTPEHHHE TEMIIEpaTyphl MPEIOTBPALIAIOT IIPOHUKHOBEHHIO U
JIeATEeNIbHOCTD JI0’K/IEBBIX UepBeil, BCera UyBCTBUTENHBI K TEILTY, IOKa Ha MOCIEIHNX dTanax, Korjaa Kyya OCThIHET
JOCTATOYHO JIJISL TOTO, YTOOBI OHU OBLIH MPHUBJICYEHBI B Pa3iiaraloluicss MaTepHuasibl.

Kpome toro, 3amututh (3aKpbITh) Mpoiiecc GpepMeHTannu ot d3PQeKra oK1, KOTOPbIH, KaK YK€ YIIOMUHAIIOCh paHee,
SIBJISIETCSl HECO3PEBIIMM 3JIEMEHTOM, TOJI0/IHAsI BOJIA YKAIHO XBaTaeTcs 3a Jr00i MaTrepuall, KOTOPhId OHA MOXKET HAWTH JUIs
TOrO, 4TOOBI cTaTh 3pesiol. [IOCTPOMB KOMIOCTHYIO Kyuy MO-pa3HOMY H, 3aluias e€ OT I0Xk/Is1, KOHEUHBIH MPOAYKT OyneT
HUMETb ropa3io 0ojiee BBICOKOTO Ka4ecTBa, HE TOJIBKO KaK Pe3yJbTaT XOJI0IHOTO, a HE TOpSYero npoiecca OpoxKeHus, HO U 3a
cueT 0oJIee BBICOKOTO COZIepKaHusl OeNKka 1 JPYruX HeMaTepHaIbHbBIX SHEPTHU, PPYKTHICHOB.

XO0Ts NOKa3aHHbIH 371ech B HEOOIBIIOM MacIuTale, STOT JKe MPUHIIUIT MOXKET IPUMEHSATHCS K OOJIBIINM Kydam
xomrnocra. [To mHeHuto Bukropa Ilaybeprepa, KOMIIOCTHYIO Ky4y CJEIYeT JeiaTh B BUJIE SHIEBUIHON OPMBI, OTpakast
JKMBUTEJIbHBIC CBOWCTBA 1A, ¥ B U€ale JOJDKHA OBITh CclieslaHa Mo OOJIBIINM IUIOZOBBIM IEPEBOM C IIMPOKOH KPOHOH, KaK
rnokazano Ha puc. 19.10. 3amuineHHOH BbIlIe JIUCTBOM, BBHIKAIIBIBAETCS 3€MIISl, IMA, U3-T10J1 KOPHEI BOKPYT OCHOBaHHUS
JepeBa, y kianpiBaeTcsa 20 cM TOJICTBIH CJI0i U3 BBICYIIEHHBIX Ha COJHIIE MM MHBIM 00pa30M BBICYIIEHHOH JIUCTBBI,
BEIIECTBA WIH TOJIOKEHBI PACTUTEIbHBIE OCTAaTKH. BaxkHO, 4TO OBl 3TOT MaTepuall ObLI TIIATENBFHO POCYIIEH HepeT
no0OaBlieHNEM B Ky4y, JIMIIHSS BOJA BBI30BET HEXKENAaTeNbHOE TEIUIOBOE OPOXKEHUE BO BpeMsI KOMITOCTHPOBAHHUS. 3aTeM BeCh
CJION TIOKPBIBAETCS TAKOM 7K€ TOJILEHOW CMECH 3€MIIH, MEJIKMI NIECOK M peuyHOU IpaBuil. Mcrons30BaHue MOCIETHUX
3JIEMEHTOB HE TOJIBKO BO3BPAIIAET HAC K CUCTEME PEMHUHEPAIU3alIH YIIOMSHYTOH BBIIIE, HO U Y/Iy4IlaeT KauecTBa
MaTepHajoB, epeMenaeMbIX 10 eCTECTBEHHBIM MPOTOKaM, Booi. K aToil cMecH 106aBIsIOT HeOOIBIIOE KOIHYECTBO
OIMJIKOB ME/IM U ITUHKA, YHKIIUH KOTOPBIX OYIyT OOBSICHEHBI TTO3XKE.

IIpexne, uem Bce 3TO Jenarh, 3aMETHM, CTBOJI CHAYaJI0 Ha/10 0OEPHYIIM B HECKOJIBKO CJIOEB I'a3€Thl WIIU JIPYTOTo
MOJXOAIIET0 Pa3IoKUMOTO Marepuaa, KOTOPbIi He TOJIBKO 3aIlUINACT JEPEeBO, HO U, KaK TOJIbKO Pa3lIoKUbCA, 3aTeM
IIPEJOCTaBUT KaHAJbI CTBOJIA, JJI BBOJA BO3/yXa B KAMIIOCTHYIO Kydy. Kyda KoTOpas BpeMEHHO MOKpBITA TIIMHOM nin
BOJIOHETPOHUIIAEMBIM MaTEPHAIIOM, YTOOBI PEAOTBPATUTH MPOHUKHOBEHHUE JIOXK/S U €T0 COJIEPKAHUE CHIPOTO KHCIOPO/a.
Tak Kak 3T0 IPOXJIaTHBII MPOLECC, T0XKIEBbIe UePBH, HACEKOMBIE H IpyrHe adpOoOHbBIe MUKPOOPTaHM3MBI Cpasy IPHIIOIZYT
B Ky4y U HaUuHYT CBOIO JICATEIILHOCTH 10 nepepaboTke, KOTOPBIM IIOMOTAET PacCesSHHbIH KUCIOPO, a30T U JPYTHX rasbl,
BXOJIAIIIME Yepe3 Ia3eTy UM PAJIOM CO CTBOJIOM U JIeKalllas CBEpXY CMECh 3€MJIM U MECKa.

[TocteneHHo, IO Mepe pa3IOKEHUSI PACTUTEIILHOCTH CTAHOBSITCS OOJIee TOCTYITHBI 3JIEMEHTHI U3 Ky4H IOCTPOSHHOI B
ycToiunBoi ¢opme siiia, mokasano Ha puc. 19.9. TTocne 3aBepiieHus npoiiecca, Takxke 00ecreunBaeT NpaBesibHOS
3aBEPILIEHUE 3TOTO XOJIOJHOTO Pa3JIOKEHUs, TOTOBAs Ky4a 3aTeM COMBAETCS M yIIIaXXUBASTCS NIMHOM JUIS PEA0TBpAILCHHs
MOTaJAaHusl JOXKIs1, KOTOPBIH, Oaronaps Mo4YTH BEPTHKAIBHOM HAPY)KHOM NMOBEPXHOCTH, 0OJIee CKJIOHHA K CTEKaHHIO BHU3 110
CKJIOHY, YeM IPOHUKATh CKBO3b NIMHY. HaunHaeTcs, 3aKI04nTeNbHBIA aKT CO3PEBaHHUS.
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Puc 19.10 SitneBuaHas KOMIIOCTHAS Kyda

WMes yxxe NpOMUTaHHYIO BCIO KOMIOCTHYIO Kydy M TIIATEIBHO MPOMUTAHHYI0 MUKPOOHOM )KU3HBIO U, B YACTHOCTH,
JIOKJEBBIMH YE€PBAMH, KOTOPBIE K 3TOMY BPEMEHH HACENAIOT KOMIIOCTHYIO Ky4y, ThICSIMUMU, HAYUHAIOT OTMHUPATh, UX
pasnararonyecs Teja AarT IOTIOMHATEIBHBIN MUTATENbHBIH UMITYJIbC KOHSYHOTO MPOIYKTA C COAEPIKAHKEM OOIBIIOro
KOJINYECTBA JKUBOTHOTO Oenka. B KOHIIE OCEHH CHJIa COJHEYHOTO CBETa M TEIUIa YMEHBIIIASTCs, 3eMJISI HAYWHAET OCTHIBATh
0oJiee 3aMETHO U CHIIBHO, TTOJIOKHUTENBHBIA TEMITEpaTypHBIil TPalUeHT YCTaHABINBACTCS MEeX Iy aTMocdepoil u 3emieir. Do
MPOSIBIIICTCS TaK, KOT/Ia KOMIIOCTHAsI Ky4a pa3pyllieHa 10 YPOBHS 3€MIIH, OCTATOYHOE BEIIECTBO OCTACTCS B MOJIOCTH BOKPYT
CTBOJIA ¥ KOPHEH JiepeBbeB. biike k Beuepy, Mareprall paBHOMEPHO PACIPENETUThCS Ha COCETHUE OIS, IIPU MOJIOKHTEIBHOM
TEMIIEPaTypPHOM IPAIEHTE, CAMBII MOIIHBIA B 3TO BPEMs - IIUTATEIIbHBIC BEIIECTBA, IPOHUKAIOT HIXKE C MPOHUKAFOIHM
TTOKIEM WJIH POCOH.

Takum 006pa3om, 3emJiie PEJOCTABIAETCS TOpas3ao Ooyee borarsie U 0oJiee BRICOKOKaueCTBEHHOE, TPUPOTHOE
yroOpeHne, KOTopoe He TOJBKO MOIIEPKHUBAET, HO U YBEIMUMBACT POXKAAEMOCTh. B To e Bpemst, [lepeBo XO3UH TaKKe
W3BIICKACT YPE3BBIUANHBIC TPEHMYIIECTBA H IPOU3BOAUT OTPOMHOE N300MIINE 30POBBIX, 0€3 THIJIM U BKYCHBIX (PPYKTOB.
CTposl TaKue KOMITIOCTHBIE Ky4H 0[] Pa3JIMYHBIMU JAE€PEBbSIMU KaXIIbIil T0J], B KOHIIE KOHIIOB BCE IUIOAOBBIE AEPEBbsI OyayT
XOpoIIo ynoopeHsl. Tam, rie HeT NOAXOASIINX IePEBbEB, 3aMETUM, KOMIIOCTHBIE KydH MOTYT OBITh OCTPOEHBI aHAIOTHYHBIM
00pazom, B popme Kymosa, Kak ropObl uii 004ko00pa3Has Gopma, KOTOpBIE IOJDKHBI HE TOJBKO OBITH HA/JICKAIIUM 00pa3oM
3aIIUIIEeHBI OT MOTMAaaHus JOKIEBON BOJBI, HO M M30JIMPOBAHEI OT Harpeparoniero Biusaue CoHIa.

BUOJNHAMMWYECKOE 3EMJIEJNEJIUE:
buonrHaMudeckoe cenbckoe X03gHCTBO MpecTaBiIseT co00i CHCTEMY CEIbCKOTO X034HCTBa pa3paboTaHHYIO JI-p

Pynonsdom [lraitnepom (1861-1925), nenaror u dpunocod, poauiics B ABCTPUH, a TAKIKE OCHOBATEIb AHTPOIIOCOGCKOTO
JIBrxeHusi. AHTpONOcO(hUs pacCMATPHUBACT YeNIOBEKa KaK BHICOKHI TOKa3aresb boxkecTBEHHOro Ha 3eMiie, BOILIOIIAFOIIHI
BCE MHCTPYMEHTHI U IIPOBOIHHUK TBOPUECKOW CHIIBI M XapakTepa B (GU3MUECKOM MPOSBICHUH; OHA N3yJaeT MUP Yepe3
BHYTPEHHIOIO Y BHEIITHIOIO MPHPOJY YelioBedecTBa. Ee moaxon K BENSHHIO CETbCKOTO X03SMCTBAa B OCHOBHOM OepeT Iyist cedst
MIEPBO MPUYMHHYIO SHEPTHIO, YTOOBI OBITH OCHOBHOM NMPUYHUHOMN, M POCT M000UHBIH 3¢ dekT. He ymomuHaercss MOMEHT
B3aUMHOTO oOMeHa 3HaHusAME Pynoneda LlTaitnepa u Bukropa Llaydeprepa, apyr ¢ ApyromM, XoTs U3BECTHO, YTO OHH MMEITH

JOBOJIBHO ITPOAOJDKUTEIIBHBIC TUCKYCCHUH.
OTtHomIcHNE 6I/IOIII/IHaMI/I‘{eCKOI‘0 CEIIbCKOTO XO3SHCTBA Ha OILUIOOOTBOPECHUC, 4TOOBI BO3BEINYUTH OHCPIruu B pa3jIOXKUHUA



U MPEBpALICHUN B OPIraHUYICCKOM BCIICCTBEC, 3aIl0JIHAA ITYCThIC pOora KOpOBbl, KOPOBHLMM HOBO30M. 33.TCM OHH 3aKaIlbIBarOTCs B
3emiie 0koJI0 60 cM TI0/1 3eMIIeit OCeHBIO, Korna reocepHas 3Heprus 3eMIIM MPOBAIMBACTCS CKBO3b 3EMIIIO, JUIS YITOKOCHHUS,
Ipy NpUOIMKEHUH 3UMBI. V3-32 BUXPEnog0OHOTO U yBEIMUYHUBAIOIIMICS BUXPS B (popme KOpOBbEro pora, mpeodpasyercs,
TOPU30HTAJIBHO pacipocTpanstomuecs ppykrorens (fructigenic) UCIycKalOTCs B 3¢MITIO HAIIPABJICHBI HA COACPIKAHUE CHIPOTO
HaBO3a U, B IPOXJIaJIHBIM MECTaX B TEYEHHE 3UMbI, KOTOpBIE MPe0Opa30BaHbl IPH XOJIOJHOM Mpolecce GpepMmeHTanuu. B
Havaje BECHBI, KOT/Ia MoJIst TpeOyIoT yioOpeHHs, KOpOBLE ropa BHIKANBIBAIOT, UX UMEIOIHECs CoAepKaHue, OblIo
1peoOpa3oBaHo B IYIIMCTHIE OYCHb aKTHBHBIE BEILIECTBA B PE3yJIbTaTe NX NPeObIBaHUS B 3TOM 30HE, MPOHU3AHBIX TeoCc(epHOit
SHEpPrUe.

Oro npeoOpa3oBaHHUE MaTepuana OyJeT UCIIOIb30BaThCs B IPOU3BOICTBE HATYPAIbHOTO YIO0OPEHHUS H3BECTHOTO KaK
"500 coenuuennii ". 3-3a OCTOSIHHOTO MCTONb30Banus Asiekca jie [lononunckoro B Bukropun’ U ipyrue, Takue, Kak
Teppu ®opman B HoBoMm FOsxHOM Yarbce, OBUTO MOTyYEHHO YBENUUSHUE MTPU IMHPOKOM HCIOJIB30BAaHUH B KA9€CTBE
ynoOpenwust, o kpaiiHeid Mmepe ¢ 1947 roga. Ha ceropnsimnmii nens 6onee 1 1/4 (1,25) MUJUITMOHOB aKpOB OILIOOTBOPEHHBI B
ABCTpasiy C UCTIONB30BaHUEM ITOH CHCTEMBI, a IPH B3IIIE C BO3LyXa, Ha 3TH CBOMCTBA, TIie OHA ObLIa MPHUMEHEHA YETKO
BBIJICJISITHCS CPEAM COCEOHUX (epM, n3-3a 00oJbIIero oOMIHs 3e1eHbIX nactoumy. B camom nene Ha gepme Anekca e
IMomonuHCKOTO TpaBa ObUIA HACTOIBKO IMBIIIHOM M 3I0POBOH, YTO HECKOJIBKO KOPOB COCEIa MPOJIOMHIIH 300D, 9TOOBI CHECTh
e€. OOHapyKeHbIE OKOJIO YEThIPEX YacOB WM YyTh ITO3KE, OHU ObUTH OKPYKEHBI U BO3BPAICHBI B CBOU 3aroHbl. bruio
3aMedeHO, YTO OHHU HE €M B TeYCHHE JBYX WM TPEX JAHEH, TaK BHICOKO OBUIO Ka4eCTBO TPAaBHI KOTOPYIO OHH €11 Ha
OnonmHamm4deckol depme.

VYno6penue "500 " caMo MPOU3BOAUTCS C MYIBCUPYIOIIUM JIBH)KCHUEM TTOX0XKETO Ha TOMEOIIATUYECKHUE MPOLIECCHI
HACJIEI0BaHMs, B KOTOPBIX COCTOSIHHE SHEPTUH WIIH TOPSIOK IMOCTENEHHO YBEMYUBAETCS ITyTEM ITOCIIEI0BATEIBHOTO
CO3JaHMs ¥ BOCCO3aHMs MOpsAAKa U Xaoca. HebonbIoe KoIn4ecTBo MpeoOpa3oBaHHOIO KOPOBBETO HaBO3a T00ABIIAIOT B
BOJY ¥ CMELIMBAIOT TAKUM 00pa30M, YTOOBI CO3aTh BUXPEBOE BPAIIEHHE BOKPYT BEPTUKAIBHOW OCH B EMKOCTH IS
CMEIIMBAHUH. 37IECh KHUIKOCTh IEPEMEIINBAIOT, B OIHOM HAINpaBJICHHUH, IOKa BUXPh HE copmupyetcs. Hampasienue
CMEIINBaHUs MEHSIOT, TIOKa APYroi BUXPb He OyAeT co3maH. ITOT MpoLece OBTOPSIETCS, N3MEHEHNE HAIIPaBJICHNS HE TOJIBKO
HaCBIIIACT XXUAKOCTDH IMPOTUBOIIOIOKHBIMH 3apsiiaMU, CBA3aHHBIX C IIPOTHUBOIIOJIOKHBIM HaIllpaBJICHHUEM Bpalll€HHsA, HO U
MIOAXOAUT K 3aBepIEeHUI0 oceMeHus O, TOCTETIEHHOTO CO3MaHuUs U CTPYKTYPHPOBAHUS KUAKOCTH BHYTPEHHEH SHEprueH,

B IIpolIecCe JIy4llle BCero 0OBbSICHHEHOM Ha HCKYCCTBE CO3JaHHs Meya.

IToMHMO pa3NUYHBIX CIUIABOB, HCTIOIB3YyEMBIX B SITOHCKOM MCKYCCTBE CO3JaHHS Me4a, OCHOBHOH MaTepHai cCHaJaia
HArpeBaroT JI0 PACKaJIEHHOIO COCTOSIHUS, a 3aTeM COMBAIOT WIH «CTPYKTYPHUPYIOT» MOJIOTOM, OH oXJaxjaercs. Torna ero
CHOBA HarpeBaloT 0 PacKaJICHOTO COCTOSIHUS, U COMBAIOT CIOSIMU BHYTPh CeO0sl, CJION CIUIABIAIOTCS (CHEKAoTCs) U
30MBalOTCS CHOBA. 3/1€Ch HarpeBaHue MPECTABIIET acleKTOM Xaoca (Oe3nopsiika), B TO BpeMs Kak COMBaHHUE MPECTABIACT
aCHEKTpP CTPYKTYpHpOBaHUs. Maio-romaiy, ¢ JaJbHEHIINM OBTOPEHHEM JIBYX MPOLECCOB C y4acTUEM MOpsaKa
u Oe3ropsi/ika, CTPYyKTypa JIe3BHs YBEINYMBACTCS, @ YPOBEHb Xa0C YMEHbBILIAETCS, B KOHEUHOM CUETE ITPOU3BE/IS JIe3BUE Kak
OpHTBa, CTPYKTypa KOTOPOTO IJIACTHHYATOE, TAK U THOKOE. AHAJOTHYHBIM 00pa3oM ¢ YI0OpEHHEM, a BUXPH ITOOYEPEIHO
(OPMUPYIOTCS U pa3pyIIAOTCs, YPOBEHb SHEPTHHU ITOBBIIIACTCS U CTETIEHb Xa0ca YMEHBIIASTCsl, TOKA MPUMEPHO Yepe3 4ac
MIPOIYKT TOTOB K MCIIOJIb30BAHHUIO. DTO IPUMEHSETCA B MOJISIX B (POPME CIIpes 110]] Be4ep B TEUSHHUE JIBYX-TPEX YacOB MOCIIEe
MIPUTOTOBIICHUS U TIPEKE, YeM HAKOIUICHHBIE YJHEPTHH PaCcCEHBAIOTCSL.

Bo MHOrux nepemMenMBaroux yCTpoicTBax, KOrja CMEIIUBAIOT HE BPYYHYIO, BUXPH CO3JIAI0TCS IPUBOAAMH OT
JIBHTATENEH BpaIIalOIMUCS JIOTIATKaMH, CHaJalla B OJHOM HalpaBJIeHHH, a 3aTeM JApyroM. MHOTHE eMKOCTH IS
MepeMENINBaHUs UMEIOT IIMIIMHIPUYECKYI0, HO OYEBUAHO OBUIO OBl IPENIOYTUTENbHEE, €CIIU ATH EMKOCTH ObLIH OBl
stiAtieBUIHON popMoii (kak o0Cyxaanock paHee). bojee Toro, BMeCTo J0MaToK i TeHepalui BUXPEH, YCTAHABIUBAIH OTHO
MPOCTOE JIe3BHe pabovero Koyreca, Kak rojoBa y KIIOIIKH [UIS rofib(a YCTaHOBICHHOTO Yepe3 THO SHIEBUAHOTO cocy/a (Kak
nokasano Ha puc. 19.11%) Gymer mocTurars Tex e pe3ysabraToB ¢ GONbIIEH SKOHOMUM JBUKYIIEH CHIIBL.

VYerpoiicTBo, OKa3aHHOE 3[1eCh, OTHOCUTHCS K THITY, Banbrepa Illayoeprepa, KOTOpoe HCIIOIB30BATIOCH ISl PACTBOPEHUS
B BOJIE YIVIEKHUCIIOTO Ta3a (IMOoKcHa KapOoHa) IO YaCTHYHBIM BaKyyMOM. BmecTo TOro, 4To0bI HCIIOIBb30BaTh CTalb WIIH
OLIMHKOBAHHOE KeJe30, EMKOCTh JIOJDKHA OBITH CIIENIaHO U3 000MOKEHHON IVIMHBI, AepeBa WM MM, i CMEIINBAHHUE TOJDKHO
MIPOBOANTHCS HA OTKPHITOW 3eMiie (HE Ha jKeJIe300€TOHHBIX IUIMTAaX), C TeM 4TOOBI 00ECIIEUUTh BCACHIBAHUE U KOCMHUYECKUX U
reocepHbIX IPUPHBIX FHEPTHH (CYIIHOCTEH ).

Ecnu pasmernuBaTh BpydHYIO KaueCTBO MOPOXKACHHON SHEPTUM MOXKET OBITh PACIIUPEHA IyTeM KJIACCHUSCKON HIIH
WH/IMACKOW MY3bIKH, HJIH, YTO OBLIO M3BECTHO M MPAKTUKYETCs HEKOTOPBIMH U3 cTapeimux [{enTpansHo-EBponeiickuii
KPECThSIHCKUMH X03HCTBaMU B putyase HasbiBaeTcsi ToncunreH (Tonsingen). "ToH" HeMeIKOe CIIOBO UMEET JIBa pa3HbIX
3Ha4YeHMs, 00 KaK IIIMHA OO0 TOH, Kak B My3bIKe. 37iech BUKTOp CBA3BIBaeT Cilydai, Iie OH OJHAX/IBI BEYEPOM HATOJIKHYIICS
Ha epmepa, CKIIOHUBUIMMCS HaJ1 AEPEBIHHON O0YKOIl TOMEIINBast COAEPIKUMOE. MeIOThI CEILCKOTO XO3SIHCTBO 3TOTO
KpECTbSIHUHA OBUTH OUYeHb HEOOBIYHBIMHU, HO OH 3aMETHM, BCE-TaKH JOCTHT BBIIAIOIIMXCS PE3YIIBTaTOB (YPOXKAHHOCTB) C
HUMH, HAMHOT'O TIPEBOCXO/ISIINE T€ KOTOPBIE ObUIN Y €ro coceleid, 1 HUMEHHO M03TOMY BUKTOp moexan K Hemy.

Bukrop Habr0a 32 HUM, OH TIEPEMEIINBAN COACPIKUMOE B JIEBO OOJIBILIUM JIEPEBSIHHBIM BECIIOM, U OH eI
BO3POCTAIOLIMM TOHOM, a TIOTOM MEHsUJI Ha YOBIBAIOIINI TOH, TOJILKO TP NEPEMEIINBAHNY B [IPAaBO, U BCE 3TO BPeMsl KPOIIINII
KyCKH TJIMHBI COJIep)KaHUeM alfOMUHUN B Boxy. [IpuMepHO Yepes uac, MpeKpaTuil 3TH He BIIOJHE MY3bIKaIbHBIC 3BYKH,
KPECThSIHUH 3asIBIJI, YTO OH 3aKOHYIJI, M YTO CMECh TOTOBA K pa30phI3THBAHUIO 110 JIYTY Ha CIeAyIomee yTpo. DTo ObLIO
CZIeTIaHo ITyTeM MOTPYKEHHs BEHHKA OKPBITOTO JIECTBOW B OOYKY M 3aT€M IIEJIKAIOLIINM JIBUKEHHEM TITHHUCTO-BOIHON
SMYIBCHH T10 3eMJIE TaK e, KaK JICJIAI0T OKPOIUICHHE TalbMOBBIME JIMCThsIMU CBsiToit Bonoii B BepOHOE BockpeceHbe.

B CYIIHOCTH, SHEPTUH CO3/IaHHBIC TAKUM MYTEM, SBILSIFOTCS PE3YJIBTATOM COUYETAHUS JIBYX Y)KE€ YIIOMSHYTBIX SIBJICHHH.
DHepruy MoTyYeHHBIC uepe3 OMo-THHAMHUECKYIO Tpouieaypy GpopMupoBanust 1 npeoOpa3oBaHKe BUXpel (TOBTOPHOE
(opmMupOBaHHE BUXPEH) SBIAIOTCS B OCHOBHOM TEM K€ CaMbIM, YTO U IIPH CO3JaHHUH MPOJIOJIBHBIX JIEBO/TIPABO CTOPOHHUX
MOTIEPEMEHHBIX BUXPEHl B €CTECTBEHHOM pycJie pek (paccMaTpuBaiuch B miaBe 13 y Bukropa "Duepreruueckuii Beictpen”



(puc. 13.14)). C "Toncunrepom", 3aMeTUM, MbI O0JIbILIE 03a00UEHBI HHKATCYISILUY (COCPEIOTOYEHHEM ) TAPMOHHUU NTEHUS
(xax hopmupytoieii sHeprueit) B "mamMaTi" Bojabl (CM. JMCKYCCHIO MO0 TOMEOIIATHH, I1aBa 9), KOTOPbIE JOJKHBI ObITh
nepeiaHbl OKUIAIONIMM PACTCHUSIM, IPEXK]IE YEM PE30HAHCHl YTUXHYT U Boja "3alyxet".
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- Bappu Onndung, npesuneHt «Jlronu nepesbesy, 3 3a np., Jlecmepau 6076, B.ABcTpanum...

- Das Buch ¢on Steinmehl XensmyTa Chyka: Orac-IIny, 'epmanus.

7. Pabotel Anekc ne [TomonauHckuid OymyTT moaHOCThIO pa3paboTansl B 'Cekpers! [Toussr', Kpuctodep [Mtuma: Xapnep, Horo-
Hopx

8. ABcrpumiickuii N0.265991 nareHTOB.

20 TEHEPAIIUSI ®PYKTUTEHHOM SHEPTUU

VY Bukropa [llayOeprepa Taxke ecTh MOX0Xask KOHIICTIMY Ha OnoauHaMuKy Pynonbda [ltaitHepa s mpou3BozicTBa
HaTypaJIbHOro ynoopenus. Ero uaen u ux mpaxTuka, 3aMeTHM, He TpeOyIOT UCTIOIb30BaHHS ThICSYN KOPOBLEX POTOB
IpuMeHsieMble B HacTosee BpeMs y [logomnHckoro. Te MUIITHOHBI POTOB IOCTYIIHBI TOJIBKO Uepe3 Oosee MIHpoKoe
pacrpocTpaHeHHe TOTPeOIeHUs TOBSIIMHBI M APYTOro MsCa BBIPOCIIO OKOJIO 2 MJIH. TOHH B 1950-52 1o 11 MHWJUIMOHOB TOHH B
1984'. D10 yBenuueHue, 3aMETHM, IPUHUMAET ¥ MPOIOIDKAET IIPUHUMATE CEPHE3HBIE TIOTEPH [T SKOJIOTHH U OKPYKAKOIIEH
cpensl crpan-npousBoauTenceit. [locnennue Hayunsle uccienoBanus B Kocra-Puxke, Hanpumep, nokas3aiy, 4To UL KaxJ0H
9KCHOPTUPOBAHHOHN TYIIU TFOBSUHBI, 2,5 TOHHBI BEPXHETO CJI0S IIOYBHI ObUTH 0€3BO3BPATHO YTEPSHBI BCICICTBUE SPO3UHL.
CoBepLIEHHO OYEBUIHO, YTO TAKOH 3HAYUTENIbHBIH yIepO NONHOCTBIO AKOJIOTUUECKH HE YCTOMUUBBIN.

Bonee Toro, B cBA3U ¢ YBEIUYEHHEM OTXOJ OT IPEUMYIIECTBEHHO MSACHON IUETHl BO MHOTUX 3alla/iHbIX CTPaHaX, MOXKET
OBITH MPETYCMOTPEH TIOCTEIIEHHO YCKOPSIOMINIACS CIial MOTPEeOIeH s MsCa, YTO B KOHEYHOM HTOT'e MPEKPATUTHCS IIOCTABKA
KOPOBBETO pora. JTo JBIKEHUE CeHuac pacTeT OUeHb OBICTPHIMU TEMIIAMU U3-32 YBEIMYEHUS CEPICUHBIX U PAKOBBIX
3a00JIeBaHHI CBSI3aHBI C YPE3MEPHBIM MOTPEOIICHNEM KUBOTHOTO OeIKa M MOPAJIbHBIE MOCIEACTBHS HHTEHCUBHO KECTOKOM
IIPOMBIIUIEHHO PAa3BUTHIX METOJOB IIPOU3BOJCTBA MsCA, TAK HANIAAHO U300paxaeT Bech yxac cBoero K. Issug Koarc B ero
kuaurn @epma Craporo MaxnoHansaa. Cpean Apyrux CTpaH B TaK Ha3bIBAEMBIX «IIMBHIIM30BAaHHOTO» MHpPa, B
BenukoOpuTanuu, HalpuMep, YUCIIO BEreTapuaHies yaBounoch ¢ 1990 roxa, uro cocrasnser 7% HaceneHus, uiu 3,1 MiH.
4EN0BEK’. DTO OTPOMHOE YCKOPEHHE B M3MEHHUBLIMXCSl CO3HAHMM, UTO, ECIIH TIPOSIBIISIETCS B MUPOBOM Macirabe, Gymaer
OTKpPBIBaTh OAWHAKOBO JAJIEKO HAYLINEe H3MEHEHHS B HACTOAIIIEE BpeMsl OallaHC MEXIY TACTBIPCKHM H TTaXOTHBIX CETbCKUM
X035 CTBOM.

YHCTO ¢ TOUKU 3peHUs SKOHOMUKH IUIOMIA/IEH, KOTOPBIE JOJDKHEI OBITh MPUHSATH BO BHUIMAHHUE B CBS3U C POCTOM
MHPOBOT'O HaceNeHHUs, TOIa Kak Ha IPOU3BOACTBO MscoenaM TpedyeTcss MPUMEPHO OT 1,6 akpoB, 4TOOBI BEDKUTH B TOJ, KaK
BEreTapruancTBy HyXHO TosbKo 0,66 akpoB, mim okoio 41% ot nepsoit nudpsl. JIobas cucrema, TakuM 00pa3om, 9To OB
YBEJIMYHUTH TIOAOPOIUE U KOJIMUECTBEHHO U Ka4ECTBEHHO, 0€3yCIOBHO 0€3 HEOOXOAMMOCTH OOJBIIUX 0OBEMOB )KHUBOTHOTO
MIPOUCXOKICHHUS, KOHETHO MPENIOYTHTENbHEE BETETAPUAHCTBO.

B Hamrem uccienoBaHuy OMOJIOrMYIECKUE METOABI BEJICHUSI CEIILCKOTO XO34HCTBA, MBI IIEPEIIUTH OT HEOPTaHUUECKOTO K
Bce OoJiee BEICOKMM OPTaHUYECKUM M SHEPreTHIEeCKUM IpolieccaM. B gomnonHeHne K TeM, KOTOphIE YKe 00CyKIaaruch, €CTh
Jpyrue IMyTH Ul pacllupeHus U YKpelieHus pocta U miogopoaus. OHU BKIIOYAIOT ycusieHue GppykrureHos (fructigenic)
3emiu, kBaureHoB (qualigenic) u auHareHoB (dynagenic) 3GUpHBIX SHEPruil, KOTOpbIE ObLIIM ONUCAHBI B INIaBax 4 ¥ 5
acIeKT omnofoTBopeHus CoHIA, POb KOTOPBIX ABISIETCS ABUXKYIIEH CHIION TyXOBHOM *KU3HU.

W3-3a ux GIM3KOTr0 B3aUMOJEHCTBUS ¢ 00Jee BEICOKMMH U3MEPEHMSIMU OBITHSI WM CYIIECTBOBAHUS (2 UMEHHO Ha
ypoBHe (mpoctpancTsax) c¢* ¢, mapax 4 - 4.6), 5Tv S5Heprun paboTaloT Ha OYEHB BHICOKUX YACTOTaX. DTO 03HAYAET, 4TO UX
(dbopmupyroliee BIUSHUE, COOTBETCTBEHHO, 00ONee CHIIBHOE, MOIIHOE, U MX BIUSHHUE HAa CTPYKTYPY (PM3HYECKOTO MPOSIBICHUS
Oonbliee, IOTOMY YTO OHH NOCIAaHHUKY Bonu-k-Co30aHuI0 U UCTOYHUK SHEPTUM HJEU TOT0, YTO AOJDKHO OBITh co3AaHo. Eciu



9TU 3(UPHBIE SFHEPTUN MOTYT OBITH YMHOXEHBI HCKYCCTBEHHO, & B COOTBETCTBUU C 3aKOHAMHU IIpUpobl 1 XapakTep caMux
9(UPHBIX PHEPTHUH, TO MOSBUTHCS BO3MOKHOCTH OYEHB 3HAYMTENILHO MTPOJBHHYTH 30POBBIN POCT U IIOAOPOIHE.

"TakuM 06pa3oM, KpOME YHCTO MOJOBOTO MpoLEecca A MPOIOIDKESHHUS PO, MBI 306Ch CTAIKMBAEMCSI C 00JIee BBICOKHM
HpOLECCOM TeHe3Mca (IPOUC3X0KAEHHS) CO CIIOCOOHOCTBIO 00ECIEUUBATh KOIMYECTBO ¢ KadecTBOM.* "
Buxrop Ilay6eprep

IMoxBoast uTOr MO STUM 3(HPHBIM SHEPTHAM (CIyCTKaM 3HEPIHH UMEIOIINM Pa3yM) KpaTko, GppykrureHs! (fructigens) -

T€ CYIHOCTH, KOTOPBIC MPOU3BOASAT OOJIBIIYIO0 POKIAEMOCTh, B TO BpeMs Kak KBaJUreHsl (qualigens) co3naroT 6ojiee BBICOKOE
KagecTBO U AUHAreHH! (dynagens) mpon3BoIiT Oonee BEICOKYIO BHYTPEHHIOKO SHEpIrHio. B Kakux-To sneMeHTax Ha Oonee
HHU3KOM OoJlee MeIeHHO-HEOoCPeCTBEHHBIM (H3nueckoM ypoBHe, Bukrop Illaybeprep npunucsiBaeT onpeeneHHbIe
MYXCKHE M )KEHCKHE (TIPU3HAKK) aTpUOyThl WITH TEMIIEPAMEHTHI (XapaKTEPUCTHUKH), cepedpo, IIMHK U KPEMHUH Oymydn
MY’KCKH (OTILIOBCKO) OPUEHTHPOBAHHbIE, a TAKHE KAaK, KPEMHHH, 30JI0TO, MeJlb ¥ U3BECTHSK KEHCKH (MaTEPUHCKO)
OPHEHTHPOBAHHBIMU.

Kaxk Mbl Buaenu Ha cTp. 84 (puc. 5.2), €CTECTBEHHOTO JIBMXKEHHS )KEHCKOI 9CCEHIIUH CYLTHOCTEH PaCIIUPSIIOTCS HapyKy
OT LIeHTpa 3eMJIH, PacIpOCTPAHAIOTCS TOPU30HTAIBHO 110 MoBepXHOCTH 3eMiu. Ha Bcex ypoBHSIX, 3aMETHM, OHH
B3aHMOJICHCTBYIOT MJIM CKPEIMBAIOTCS ¢ CEMEHHBIM BelllecTBOM COoJIHIIA, Ybe €CTECTBEHHOE HAIpaBIeHHUE JBIKEHUS BAOJb
IITOCKOCTH, TIEPIIEHINKYIAPHO JKEHCKOI, SHepreTHdeckne 06pa3oBaHuUs OMyYeHHbIE TAKUM 00Pa30M BBITECHSIOTCS, B
¢bu3ndecKuii pocr.

3neck cama (popMa pocTa 3aBHCUT OT OTHOCUTEILHOM TPONOPINH Pa3HOHAIIPABICHHBIX dHepruil. Ecnu y pactenuii,
KOTOpBIE Oy/IyT OIIOIOTBOPEHEI, €CTh MPE0OIIagaroNIas TCHACHIMS K BEPTUKATIEHOMY POCTY, TAKOMY KaK IIIICHUIA, CaXapHbIi
TPOCTHHUK U KYKypy3a, a 3aTeM 0oJiee OTLIOBCKO OPHEHTUPOBAHHBIE IEMEHTHI JOJDKHBI ObITH 00OABIEHBI K CMECH, TaK KaK
OHHU CBSI3aHBI CBEPTUKAIBHEIM (TO €CTh, (hajmmdeckoe) ABmkeHneM. Ecin ecrecTBenHas popma pacTeHNs Ooee CKIOHHO K
TOPHU3OHTAIEHOMY OJDKCHHIO, TO aKICHT JI0JDKEH OBITh 10 OTHOLICHHUIO, B IIPOIOPIMH, K MATEPUHCKO OPHEHTHPOBAHHBIM
SIIEMEHTaM.

[ToceB B mo4By HEeMarepuanbHOU (HEOCA3aeMOI) SHEPTUH TaK KE JaBHO U3BECTHBIC THOETIIAM, KOTOPBIE XOPOHUIIH CBOMX
Tak Ha3zblBacMble «COKpOBUILHBIE Bas3bl» B 3eMJII0 B OIPEIEICHHBIX OIArONPHUATHBIX MECTaX. DTH, HAIOJIHEHHbIE
JParoleHHbIMU KaMHSMH ¥ METaJlJIaMH, KaK MOJIaraJii, BBLACISIOT HOJIC3HbIe SHEPTUH, KOTOPHIE YBEIMYUBAIN W OXPaHSIIN
OKpY’Kalollyto cpery. TuOeTbl Takke CUUTAIOT, YTO 30J0TO U JIPYrUe JparolieHHbIe METaLIb JIydllle BCEI0 OCTaBISITh
CIIOKOWHO B 3eMJie, MOA0OHO TOMY Kak M aBcTpanuiickue abopurensl u Xonuc (Hopis) OTHOCATBCS K ypaHy Kak K M3JTy4aTero
SHEPrUu.

Bunenue Bukropa IllayGeprepa ams cnocoOCTBOBaHMIO OOJIBLIOTO M300MIINS TBOPUECKOH SHEPTUH OXKUBIICHNS,
IUIOAOPOMS U IOBBIILIEHUS KAUECTBA, Y4aCTBYET [IPU CO31aHUM TOI'O, YTO OH Ha3Bal "aMHUOTHYECKOH XKUIKOCThIO". DTO
OTPeOOoBaNO KUAKOCTH JUISl CMELICHUS BBIILE YIOMSHYTBIX JIEMEHTOB cepelpa, LIMHKA U KpeMHUS (MY)X4MHa) U 30JI0TO,
MeJlb ¥ M3BECTHSK (KESHIIIMHBI), & TAKKE IPYTHe PACTUTEIbHBIE WM XKMBOTHBIE COSTMHEHHUS B TIOIXOSIIEM I'aJbBAaHUIECKOM
koHTeiiHepe. COOTBETCTBYIOLINE OTPHULATENILHbIE (HETATUBHBIC , -) U MIOJOKUTEIbHbIE (IO3UTUBHBIE, +) MOISIPHOCTU TUX
BEILIECTB IPHUBEJIO K ONPE/ICIICHHBIM aHOTHOM U KaToAHON (QYHKIMSIM MOBBILICHHUS IUCCOIMAIINH, aCCOLMAIMU U Ooliee
BBICILINE BOCCOEIMHEHUE COAEPKALIUXCS HIIEMEHTOB B JKHIKOCTH, HAIOJIHSIOLIYIOCS IPOpacTarolel CUIOMH.
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Emme pas oo TpeOyeT HCIOb30BaHuUs SHIIEBUIHON (OPMBI M, B 4aCTHOCTH, YCTPONCTBA, TIOKa3aHHOTO Ha puc. 20.1.
310 SAiLEBUAHYI0 EMKOCTD WM (PEPMEHTAJILHYIO KaMEpPy BHIPBIBAIOT B 3€MJIE, OKOJIO 2 METPOB B INIyOMHY, U B INIMHE
cozepxkanieii amoMuHui. B kadecTBe Ooliee CTallMOHAPHOI YCTAHOBKU OHA MOYKET TaKk)Ke OBITh BBUIOKEHA HATYPaIbHBIMU
MarepuasaMy, TaKUX Kak JIepeBO WM KaMeHb. OO0KeHHbIE MaTeprall, TAKOH KaK KUY, Oyly4H B 30HE BBICOKON
TEMIIepaTypbl - OTHS, SIBISIETCS MEHee XkKeJaTelbHbIM. Ecii ncrone3yercs apeBecrHa, U Kamepa MOCTPOeHA U3 IePEBIHHBIX
peek, Kak 00dYKa, BCS JOJDKHA OBITh CTSHYTA KOJBIAMH C HHTEPBaJIaMH TPYIIaMHU U3 MEJIU WM MEHBIX CIUIABOB U IIOMEIICHA
B ITECKE TaK ke, KaK AePEBSIHHBIN BOIOMPOBOI JAJIsI BOABI ONMCAHBIN B TiaBe 14.

[Tocrne 3aBepiieHHs: CTPOUTENBCTBA M TOTOBOM K MCIOJIB30BaHUIO, TO BCE BUJIbI MaTE€PUAIbl OTXOJ0B, TAKHX KaK
YCTOHUMBEIE YIOOPEHH s, KyXOHHBIE OTXO/IBI M J]aXKe YeIOBEUSCKHE SKCKPEMEHTHI T00aBIAIOTCS B KAYE€CTBE CBEKETO
Marepuaia, KOTOpble MOXKHO Pa3BeCTH M pa3OMTh Ha MeNpJaiiie 9acTUbl. OHU JOJDKHBI OBITH CMEIIAHBI C YKHKHM
HaBO30M, €cli TakoBoi umeetcs. [locie 3anoiaHeHus HUKHEH TPeTH YacTH KaMepbl TAKUM COJEPKUMBIM, OCTaBILIEECs
MIPOCTPAHCTBO JOJDKHO OBITH 3aII0JTHEHO C BBICOKUM COZIEp KaHHEM KUCIOPOo/a, He3peIoi JOXKIeBOI BOTOH MITH
MMOBEPXHOCTHOM BOJIOM, XOpoI1o rnojaseprapiieiics CosHiyy. Bech MexaHNW3M TOJDKEH ObITh TIIATEIBHO 3alUILEHBI OT CBETA U
TeIJIa, TaK YTO Pa3BUBAIOIIMXCS KOHIIEHTPALMK YHEPIHH, BO3HUKAIOIINE MPU B3aUMOJICHCTBUN KOCMHYIECKUX B Te0C(hEepHBIX
3(HUPHBIX PHEPTUH HE MOTJIH YHTH, PACCESThCS.

Byayun co3nanHO# n3 Hanboee TIIATEIbHO CTHUBLINX SJIEMEHTOB B MPEKHEH KU3HHU, 3TH U3IYUCHHS SBILSIFOTCS Hanboee
€CTECTBEHHBIM YA0OPEHNUEM, KOTOPBIC H3MCHIITK HX OBIBILYIO CIICHHATH3ANNI0 (POCTPAHCTBEHHBIN 00BEM) 10 TAKOH CTETICHH, YTO OHH
MOT'YT TIPOSIBUTBCS TOJIBKO KaK BEChbMa JJ03UPOBaHHas (KOHLEHTPMPOBAHHAS) SHEPIeTUIECKas MaTEpUs.

Bukrop lay6eprep

Kak u gifiieBuiHas KOMIIOCTHAs Kyda OIHMCaHHas B TiiaBe 19, MopoIok nin onwiIKA MU U IIMHKA, COIepIKaIne
HEeOOJIBIIIOE KOJINYECTBA KPEMHHMS Y U3BECTHSIKA, TAKXKE JIOJKHBI OBITh J0OABJIEHBI, YTOObI CTUMY/IMPOBATh HEOCS3aeMble
(HemarepuasbHbIE) YHEPTHH PA3IMYHBIX MTOTEHIMAIOB. YacTHIIBI 30510Ta U cepedpa TakKe MOTYT OBITh JOOABICHBI IS
0JIaroTBOPHOTO, HAMHOTO BBIIIE (PUHAHCOBBIX 3aTpart, BEPOSTHO, OyIyT XOPOIIO BO3ZMENIEHBI COOTBETCTBYIOLIHM
YBEIUYEHNEM B 00JIaCTH 30POBbsI IPOAYKLIHH, IUIOAOPOAHS M MPOU3BOIUTEIBFHOCTH (IPOLYKTHBHOCTH).

BeuepoM MM HOYBIO BKIIIOYAIOT HEOOIBLION dIIEKTPUIECKIIH MOTOP, Ha KOTOPOM YCTAaHOBJICHBI BUXPEBBIC TUCKU —
WHJIyKTOp BUXpS, CACTaHblli 13 Onomerana (nmocepedpenHor menu). Cam BUXPEBOI HHIYKTOP yCTaHABIMBACTCS HA KECTKUH
BaJI U3 Meau Wik GocHopUCcTOit OPOH3BI U HAXOTUTCS B HIXKHEH TPETH KaMephl OPOXKEHHSI, €r0 BPAIIICHUE BBI3bIBACT
LUKJINYECKOE BUXPEBOE LUPKYISLMOHHOE JIBUKEHHE. J[pyruMu ciioBamMu, )KUKOCTb EpeMeIIBaeTCsl B "OPUTHHAIBHBIM" MU
ITaHETAPHBIM CIIOCOOOM, KOTOPBIH, 10 ciioBaM Bukropa Illaybeprepa, nmeer cremyromiuii d3pdekr:

. INIaHeTapHOE JBMKEHUS IUIAHET "XapaKTepu3yeTcs' CUIaMU, KOTOPBIE CTPEMATCS JOCTUTHYTh LIEHTPAIbHOM TOUKU U
CHU3HTH JIaBJICHNE HATPABICHHOTO HAPY)KY Ha OKPYKAIOIILYI0 MOBEPXHOCTh CTeHbI. OHM TEHEPUPYIOT aKTHBHBIC (PEaKTUBHBIC) OPMBI
X0JI0/Ia W MPHUBOJIAT K KOHKPETHOM KOHIEHTpaIuu (IutotHocTH). [InaHetapHOe IBMKEHNE BKITFOYAET B ce0sl PUPOIHBIC, OKUBIISIFOIIHE,
LEHTPOCTPEMHUTENIBbHBIE YCKOPEHHE MAChI, KOTOPasi HHULIMUPYET OoJiee BEICOKOT YPOBHSI MPOLIECChl OPOXKEHUsI, OOIPSIINI XapaKTep B
OHIIOJISIPHOM CMECH OCHOBHBIX AJIEMEHTAPHBIX MPOAYKTOB. KOHEUHBIH MPOIYKT — OMOMAarHeTn3M, pernpoIyKTHBHBIN, pereHepaTUBHbIH



Y HaIPaBJICHHOMN BBEPX HBONIOLMOHHON (opMoii sHeprum." °

Maro toro, 4To TeHHpUpyeTCsi OMOMArHETH3M, HO U OOIINiT SHEPreTHYECKUIT MOTEHIHAI 00EUMH OTIIOBCKUMU H
Y MAaTEPUHCKUMHU OPUEHTHPOBAHHBIMA SHEPTUSAMH (BEIIECTBAMH) TIOBBIIIAETCS MYTEM YepPEIOBaHMUS MKy IEHTPOOSKHBIMU
(BBIIOX) U IEHTPOCTPEMHUTENBHBIMH (BIOXOM) IMYJIGCALMSIMH, BO BPEMsI BEPTUKAIBLHOTO STOTO IPOIecca COIEPKIMOe
OXJIAIHIIOCH K CymecTBeHHOH +4 ° C aHoMaibHOH Touke. [ToCKONbKY eMKOCTh (Kamepa) SHIEeBHIHOH (OPMBI TO, BCe
YaCTHIIBI BOBJICYEHBI B IIPOLIECC M, B KOHEYHOM CUETE, BCE OTXOBI IPOOATHCS Ha MeTbYalIllie YacTUIIbl, TAKUM 00pazoM
MIPOM3BEIs OUSHBb BHICOKOE TOMEOIIaTHIECKOe HAChIIeHHe, BUKTOp yKa3bIBalI B 9TOH CBSI3H, YTO:

"C TOYKH 3peHHs] TOMEOIIATUHYECKUX NPUHIMIIOB U TOMBITKH CO3/aTh CyNep-pacTBOPEHHUE JUISl TOTO, YTOOBI MO-IIPEKHEMY
"onpeeraeHHOMY" TOJIOAY PACTCHUI, 4eM OoJiee pa30aBlICHHBIX areHT YI0OpeHNUs], TeM OOJIbILEe OH MPHUOIIKACTCS K XapaKTepy BbIIIE
9(¢upHOit cyOcTaHIMHU, CIIOCOOCTBYSI TEM CaMbIM JalbHEHIIEMy B3aUMOICHCTBHIO, KOTOPOE, B CBOIO OY€pe/lb IPUBOAUT K

yBenmyeHuo pocra.” "

CwmernmBas anemeHThl 3emin 1 Heba, Takum oOpa3om Oyzer cosnano, uto ['ére Ha3Bai "CBA3YIOUIMM 3BEHOM'", KOTOPBIN B
CBOIO Ouepe/Ib IPUBOAUT K TCHEPALUU U HAKOIIEHUS BBICOKUX re0C(EpHBIX 3apsi0B, KOTOPbIE HE MOTYT BBIMTH U3-3a
BHEIIHIOK M30JISIHI0. B BU/Ie BRICOKOAKTUBHBIX OTPHIATEIBHBIX WK 3apsifbl ppykTureHoB (fructigenic), ycnosue, KOTopoe
BuKTOp OMHCHIBAET KaK "TONOIHOE CIaI0CTPACTHE CPOIHH ¢ HUM(pOMaHHel " 7, OH COeMHAETCS ¢ BOIOM, KOTOpas
cTaHoBUTCs KpucTanbHO ynctoil. Kak "500 coenunenuit” ne IlomonuHckoro, T0 coeiMHEHUE NMEET IPUATHBIN 3amax
U ICHCTBUTEIBHO CIIAJIKO [IaXHET.

BukTOp cpaBHUBAET HTOT MPOLIECC C BUHOAEINEM, [JI€ CIAAKUIA U MYTHBIM BUHOTPAJIHBII COK CO3PEBAET B IPO3PAUHBIH,
OTHOCHUTEJIBHO CyX0€ BUHO B IIPoXJIafHoM Iorpede. Co3peBaHue XOPOLIEro BUHA, 3aMETUM, MOXKET 3aHATh IOJ WU OOJIbILE,
TOrJa Kak cOOp BUHOIPaJa, caMoOro IOM3BOICTBA KUJKOCTH — COKa IOJXOJUIIIEro UL BUHOEIHS, OTBOIUTHCS BCETO JBE-
TPH HOYH, YTOOBI TOATOTOBUTHCS, KOT/IA ITO3BOJIST IIOTOIHEIE YCIOBUSL. [Ipr paciiocTpaHeHn! MO TOJISIM BE4ePOM, OH
IPUTATUBAET IPEUMYIIECTBEHHO MYKCKYIO aTMOC(EPHYIO SHEPIUIO B PaMKax MOATOTOBKHU K OIJIONOTBOPEHUIO SHEPrueit
CouHIla Ha CIEAYIONIHI JIEHb.

31ech OIATh Mbl UMEEM JIEJIO C B3aUMOJEHCTBUEM NPAKTUUECKH HEIPOCTPAHCTBEHHBIX SHEPIUil, Uepe3 KOTOpbIE yp-
reHe3a WM U3 YCThe (PH3UIECKO MaTeprH MPOSBILIIOTCS IIOCPEICTBOM YaCTHIHOTO 3aTBEPACBAHNS OCBOOOKICHHOTO OT
00513aTeIbCTB (IHEPIEeTUUECKUN BBIXO] 00JIe€ BEICOKUX, SHEPIU 5-I0 U3MEPEHUs, B CBSI3U C BBITAIKUBAIOLIUM BO3JIEHCTBUEM
Teruia u cBeta, kKotopbie Bukrop [llaybeprep HasbiBaeT "4-bIM U3MEPEHHUEM MTOCPEAHUUCCKUX BEIIECTB".) 3aMETHM, TTOCKOJIBKY
9TH YCKOPEHHBIE M 0CaXKICHHbBIC DHEPTUH HE SIBILSIFOTCS TPOCTPAHCTBEHHBIMH, CTEIIEHb, 10 KOTOPOW MOXKET OBITh IHEPro
HACbIIIIEHa B KaMepe MPAKTHUECKU HEOTPaHHUYEHA.

B 3TOM 4eThIpeXMEepHOM COCTOSIHHE 3THX d(HPHBIEC SHEPTUH (CI'YCTKH), YbE €CTECTBEHHOE HAIpaBICHHE
pacrpocTpaHeH!s: TOPU3OHTAIBHOE, BXOAT B CaMO PACTEHUE Yepe3 KOPHEBYIO-IIPOTOILIA3MY, MaJIeHbKUE MEILIOYKH WIN
Iy3BIPBKH € TIPOTO-BOIOH MITM aMHUOTHIECKOH )KUAKOCTH, HAXOASAIINECS B KOPHEBBIX OKOHEUHOCTsIX. Kak poca, apyras ¢popma
IIPOTO-BOJBI, 00pa3yIONMEHCs Ha KOHUMKAX TPABUHKHU B TEUEHHE HOUYM M PAHO YTPOM, 3TH My3BIPHKH, TaK XKe pa3pyllaThCs,
€CITM TIONaIyT TOJI BO3/IEHCTBHE CBETa U Teruia. VIMEeHHO 1modToMy HauOoJIbIIee BHUMAHUE JOJDKHO YACTATHCS TIPH TIepecaike
HEOOJIBILION paccaibl MM MOJIOABIX CAKEHLIEB, KOTOPOE JIOJKHBI IIEPECAKUBATHCS TOJIBKO HOUBIO, YTOOBI TPABMBbI [IPH
repecaike IPUBECTH K MUHUMYMY.

OTH TOHKHE XPYIKHE KOPHEBbIE IPOTOILIA3MBI BBICTYNAIOT B KAUECTBE IOCPEAHUKOB U IPE0OPa30OBIBAIOT
IIUTaTeNbHbIE YHEPTUH, YTO pacTeHue OyaeT moromars. M300pakeHHBI B 04apoBaTeabHOM dckn3e Bukropa [llaybeprepa Ha
puc. 20.2, OH OIMUCHIBAET IPOLECC CIEAYIOIUM 00pa3oM:

" Hukakoe poctenue (pakTHuecKH He MUTAeTCs PAaCTBOPEHHBIMU BEIIECTBAMH, a CKOpee "BO3HOCAT (II0JHUMAIOT)" ,
[UTaTeNbHbIE CyOBEKTHI re0C(HEePHOro MPOUCXOKAEHNUS B UETBIPEXMEPHOE cocTossHie. DT D dy3HbIE IPUPHBIE SHEPTUU (CTYCTKH) MOTYT
BOMTH TOJIBKO B MOTOK COKA YePe3 KOPHEBBIE MPOTOILIA3MBI, TJIC OHU OILIOAOTBOPSIFOTCS TU((y3HBIM KUCIOPOIOM SPUPHOI FIHEPTHEH.
Bbiiie ypoBHsI poKaaroIei 9Toii aMynbcuu (Yp-TIpoJoIDKeHHE pojia) sIBIsSeTCs: dGUpHAs SHEPTUsl, KOTOpasi IPUHAUISKHUT 5-My H3MEPEHHUIO.
OTH KOHILIEHTPALMU MaTepUAIbHOM YHEPTUU UCITyCKAIOT OTPHUIIATeNIbHBIE, TUIIeP-3apsKEHHBIC 3aps/Ibl BO BCEX HANPABICHUAX U CBA3BIBAIOT
MOJIOKHUTENLHO 3apsUKCHHBIE A(DUPHBIC SHEPTHH, MOCTYIAMIINE Yepe3 KOKY M Kopy. YacTb 3TOW 3MyJIbCUU 3aTBEP/ICBACT U HE3aBUCUMO OT

no8mn

TOI'0, YTO BIIOCJICACTBUU IPOABIIACTCSA, TO, YTO Mbl Ha3bIBa€M "pOCTOM .
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Jpyrast BepcHs 3TOH SHIIEBUIHOM MOA3EMHON KaMepbl OpokeHust okazana Ha Puc. 20.3. Bot aTa, 3aMeTuM, He nMeeT
MEXaHHUECKUX MTPUBOIOB M OPOKEHMS 3aHUMAET JI0 IIECTH HeJeb, eIlle pa3 B 3aBUCHMOCTH OT BHEITHNX KIMMAaTHYECKUX
(akTopoB, Ooree ropsUne NepHoABl, UMEIOT TOPMO3SIIee Bo3AeiicTBIEe Ha HEOOXOUMBIE TIPOXIIATHBIC I XOJIOJHBIC
MIPOIIECChl CO3PEBAaHMUS. DTa Kamepa He 3areyaraHa i M30JIMpOBaHa COBEPIICHHO TaKUM ke 00pa3oMm, kak u Ha puc. 20.1, Ho
TIO/IBEpTaeTCs BO3ACHCTBIIO aTMOC(EPHBIX U MOTOMY MY KCKOMY BIHSHHIO OIUIONOTBOPEHHUS depes3 MPOITyCKAIONIYIO TKaHb
13 JUKyTa (MEIMIKOBUHBI) MIIM HEYTO MOAOOHOT0, pacTeneHol Haa oTBepeTHeM. J{o0aBIsioTCs (PaKTHUECKH Te€ K€ caMble Ho-
MY’KCKHM HJIM [10-MAaTePUHCKU OPUEHTUPOBAHHBIE IEMEHTHI, HO BHYTPEHHEE BUXPEBas LUPKY/IALHUS IPOUCXOUT MEJUICHHEE,
BbI3BaHHAsl U3MEHEHUAMU BHELIHEH TeMIepaTypbl. M3-3a IOTOKOB, FeHEPUPYEMBIX MEXKTy BEIIECTBAMU IIPOTHBOIIONIOKHOTO
3apsijia ¥ MOTEHIHANA, U U3-32 OTCYTCTBHS H30JIALINH, TIPOM3BOAATCS OOKOBBIE MY/TbCAI[MH YHEPTHH, KOTOPHIE SIBIISIOTCS
¢bpyxrurenamu (fructigenic) 1160 MyKCKH WM MaTEPHHCKO OPHUEHTUPOBAHHBIMY, ITy/IbCALIUS MPUCYIA BCEM JKU3HEHHBIM
IIPOLIECCaM.

VX HanpaBieHue JBIKEHHS 1100 OT KaMepbl UK K He€, B 3aBUCUMOCTU OT BPEMEHU [iHs U Houu. B nponecce
9THX AMaHALMH 3aMOIHAT IPOPACTAIONLYIO 30HY (GPYKTHreHOoB (fructigenic) CTUMYIIBI JKU3HEHHO BasKHBIC 3HAYEHMS JUISl pOCTA.
CreneHb OKpyKarolleil cpesibl, KOTOpast 3aBUCUT OT KaXKIOMH IajIaThl U €€ JKUBUTEIBHOr0 (POPMUPYIOIIETO NOoTeHIuana Oyaer
3aBUCETH OT KOJMYECTBA M OTHOCUTENIBLHOM MIPOIOPIUH ITUX MYKCKUX U )KEHCKHUX 271eMeHToB. 1o cioBam Bukropa
Iay0Oeprepa, ofHa WU J[BE TaKHe KaMepbl (pepMEHTALUHU JOCTATOUHO I HACBIILEHUS] IIOUBbI, HA HECKOJIBKO KBAaJPaTHBIX
KUWJIOMETPOB IIOJOPOIHBIMU BEIIECTBAMHU, HAIIOJHEHBIMU JKEJIAHUEM, YTOObI IPOpPacTarh.
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E1ie osmH nouBeHHO-BOCCTAaHOBUTENBHBIN MeTo/1 Bukropa Illaybeprepa, KOTOPBIH JOIKEH Takke ObITh YIOMSHYTBIH,
BKparle, /Uil BOCCTAHOBIICHHUS 3/10POBbsI ITOYBBI B TAK HA3BIBAEMBIX «KUCIIBIX)» MACTOUINAX, TEM CAMBIM TIOBBIIIAs UX
IUIOIOPOAME M MIPUBJIEKATEIBHOCTD ISl BBIIIAaca )KUBOTHBIX. B mpoliecce cposiHy ¢ MOI3eMHBIMY [IUCTEPHAMH YITOMSHYTHIMU
BBIIIIE, IOBOJIBHO OOJIBIINE ACPEBSIHHBIC OOUKH, YIep)KUBACMbIE BMECTE BEPEBKAMH MM IITHYPOM, & HE C METAJUINUECKUMHU
CKOOaMH HJIH apMaTypoi, 3apbIBAIOTCS B 3eMITIO BO3JIe OOIBHOM oOmactu. [TyOrHa, Ha KOTOPYIO OHU 3apbIBAIOTCS TOJDKHA
OBbITH TaKoi, 4TOOBI J10KAEBas BOJIa MOIIIa ObITh HAIIPaBJIEHA BJOJIb OOUKM MaJCHUKUMHU TPAHILESAMHU JJIs 9TOH uenu. Js
MIPeIOTBPAILEHHUS TPOHUKHOBEHHS HEXKENIATeIbHON MOYBBI, 00UKY 3aKpPBIBAIOT KPBIIIKOI B KOTOPOH BCTaBJIECHBI CTEPIKHH U3
Me/I ¥ IUHKA, IMPUKPEIISIOTCS B COOTHOMICHUH 2 MeIHBIX U 1 IIMHKOBBINA. CBEepIIsATHCS B KPBIIIKE OTBEPCTHE OKOJIO 5 CM B
JMAMETpPe M 3aKPBITHI MM MPUKPBITEI HHBIM 00pa30M XOPOLIO MPOITyCKaeMBbIM MaTepHajIoM, HalpUMep, JTbHOM HITH JUKYTOM
MEIIKOBUHOH. Uepe3 HeKOTOpoe BpeMsl, CJIOH BBIPOCHINI 3€JICHBIX BOAOPOCIIEH MOKPHIBAET TOBEPXHOCTh BOAbI, KOTOPBII
YKa3bIBAET, YTO COACPKMMOE OOUKM TOTOBO K MCIIOIB30BaHMIO. KHcimoe mose 3aTeM moianBaroT 3TOH KHUAKOCTh U ITOCTEIIEHHO
TpaBa Ha MMACTOUILE CTAHET «CJIAJKOM».

C 5TUMH U ApYyTUMH HPUPOAHBIMHE METOAAMH OIUIOAOTBOPEHUS, 00CY)KIAINCh B IPEIBIIYIIEH TIIaBe, TOITOMY
CYILECTBYET MHO)KECTBO TOTO, YTO MBI MOJKEM CJIENaTh, YTOOBI CIIOCOOCTBOBATH 37I0POBOMY M YCTOWYNBOMY YKOHOMHYECKOMY
pocty B cenbckoM X03sicTBe. C MOMOIIBIO ATHX TEXHOJIOTHI MbI UIMEEM BO3MOKHOCTh BOCCTAHOBUTbH ITOYBBI, HAIII
€IMHCTBEHHBIH HMCTOYHHUK 3I0POBOII MTHUIIH, B IPEKHEE COCTOSHIE BHICOKON TPOM3BOIUTEIILHOCTH W TIOOPOAMS, U
JIa’Ke YBEJIMYHTB €TO.

OTH cpencTBa He TOIBKO TOPa3o JCLIEBIIE, YeM UCIIOIb30BAHUE BPEIHBIX HCKYCCTBEHHBIX YIOOPEHUH U BPEHBIX
MECTULIUJIOB, OHU YBEJIIMYMBAIOT KaK KOJIMYECTBO TaK U Ka4e€CTBO IMUILIHU. B TO ke Bpems, 3TO OTKPOET BO3MOXKHOCTh
BBIPAIINBAHUS TAKOTO YK€ KOJIMYECTBA MU Ha MEHbILIEH IUIONIa M, YTO MO3BOJIUT CPOYHO 3aHATHCS JIECOBOCCTAHOBICHUEM B
9THX paiioHax B HACTOSIIEE BPEMS MCIOJIb3YyEMbIX IS IPOU3BOACTBA Msica. bosee Toro, moCKoIbKy IPOAYKIHS ATOT0 HOBOTO
CEJIbCKOTO XO3sIHCTBA MMEIOT OYECHb BHICOKOE KQUECTBO M KM3HEHHBIC CHIIbI, MO’KHO OBLIIO OBl YIOBJIECTBOPUTH MUPOBOM CIIPOC
Ha MPOAYKTHI MUTAHUS C MEHBIINM KOJIMYECTBOM U IIPH 3TOM COXPAHSTh 37J0pOBBIN 00pa3 sku3HU. CUCTEMBI IPOU3BOJICTBA
CEJIbCKOT'O XO03S5HCTBA U NPOJIOBOJIBCTBUS, KOTOPBIE OBbLIN OMUCAHBI 3/I€Ch, UMEIOT XOPOIIYI0 BO3MOKHOCTh OKa3aTh
TIOJIJIEPKKY MUPOBOTO HACEJICHHS JIayKe BBIIIE, YeM HACTOsIIee, eClIi Obl 3TO OBLIIO COYTEHO JKeNIaTeIbHBIM. (€ciii Obl B 3TOM
OBbUTH 3aMHTEPEMOBAaHHBI YHHOBHUKH).

T'opa3no Gosblee H300MITHE M YMEHHUIIIIO Obl B 3HAYUTENILHON CTEIIEHH CTPaxH JIIONEeH K Oy/yIiemMy, i3MeHUB
Halld OOOPOHUTENbHBIE JCUCTBHUAX M MIOBEICHHE MO OTHOMICHHUIO K IPYTHM, [IOTOMY YTO OHM OCHOBAHBI Ha YKEJTaHUU K
CaMOCOXPaHEHHIO, MO-TIPEKHEMY CHIIBHBI HHCTUHKT YesioBedecTBa. [Ipy TaKkoM 3HAUMTELHOM YBEJIMICHHH €/Ibl YITYqIIEHOTO
MIPOM3BO/ICTBA U YIOTpeOIeHUE 3J0POBOM U HAJUISKAIIUM 00pa30M IPUTOTOBIEHHOM BOJIbI, MBI JIOJKHBI, B TO )K€ CaMOe
BpeMsl, YIy4IINM Hallli COOCTBEHHBIE IMIHOCTHBIE Ka4eCTBa U MOTEHIHAT KaK JIMIHOCTH.

Kaxk MbI yKa3bIBajn panee, 6oliee, MpeKpacHble, TOHKUE HHTYHUTHUBHBIC W IIPOHHUIATEIIHHBIC MBICIH, CIIOCOOHBI TOHUMATh
3amyTaHHylo paboty [Ipupoabl, MOTYT OBITH OCMBICIIEHHBI TOJIBKO BEICOKQUeCTBEHHBIMH MO3TaMH. ECITM MBI B HAIIMX
JKETaHHUsIX BCepbe3 JKellaeM BOCCO3/1aTh Oyyliee U BCTYIIUTh B COI03€, a He B KOHKYPEHTHYI0 00pb0y ¢ [Ipuponoi, To 3to
Hamra 00s13aHHOCTB, YTOOBI IMTOHATH €€ MyTh TIIATEIbHO M BHUMANUTh CIIOBAM aHIIMiickoro ¢uiaocoda u cryaenrta [Ipupossl,
®porcuca bakona (1561-1626), kotopsrit 3asBisit, okono 400 et Hazan, Mbl He MokeM yripaBisiTh [lpuponoit, kpome,

KakK HOAYMHATHCA eil.
MBI He MOXKEM MOTYHHSTHCS €€ 3aKOHaM, 3aMETHM, MBI HE MOJKEM IIPIMEHUTD UX K O0JIETYSHNIO BCEX



IPHUCYTCTBYIOLIMX CTPaJaHUM, €CIM Mbl HE MOIVIM UX TOHATH. IlepByto ouepens JoJKHA OBITh pealnu3anust STUX HOBBIX
METOJIOB 10 BCEMY MHUDY, TIO9TOMY MBI JJOJDKHBI OBITh B COCTOSIHUN YOparh OeJICTBHE T0JI0a U HUIIETHI Ha BCE BpeMeHa. DTO
noTpeOyeT MOJIHON NePeOPUEHTAIIMU B HACTOSILIIEE BPEMs, IOAXO0 K CEIbCKOMY XO35CTBY, IECCHOMY XO3SHCTBY U YIPABICHUIO
BOJHBIMH pecypcaMu. TONBKO TOTAa MOYKHO JEHCTBUTEIBHO SKOHOMHO, OyAyT TOCTHUTHYTHI YCTOHUMBOE PA3BUTHS U OTKPBITHI
MUPHBIE U€JIOBEUECKHUE B3aUMOOTHOILECHUSI Ha [100aJIbHOM YPOBHE.

CBOOOIHBIH HapOX MOXKET TOJIBKO pPacTH Ha cBOOOAHOI 3emie. JIr00bIe THOIH, KOTOPBIC OTPABIAIOT M HApYIIaloT MaTh-
3eMII0, He UMEET IIPaBa Ha POJMHY, IOTOMY YTO B IIOYBaX, Pa3pyLICHHOM CIIEKY/ISALUEN, BEICOKOKAYECTBEHHbIE PACHI HE MOTYT
HalTH MecTa I JKHTEeIbCTBA, TO €CTh OHH ABILIOTCS (PH3MIECKUMH MacCaMH, JIHIIMIIICH BCAKOH cBsA3M ¢ 3emieil. Macca, 6e3
KopHel noruOHeT. OHHM JOJKHBI IPONTH CTPALIHBIN MyTh Paclaja A0 TeX Mop, MOKa He MPEeBPATIAThCS B HEIPUTOJHOE
ynoOpeHne, TToKa OHH TePSIOT CBOIO YIIOPHYO BOJIFO U TONBKO TOT/A, KOTJa OHH JOCTUTHYT 3TOTO COCTOSHMS, M BCE HATHETCS
€aMoro Hayasa, OyIyT JIi OHH UMETh BO3MOXKHOCTb TIOBTOPHO BOWTH B MOTYYHIA X0 SBOJIOLHH.’
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21 UMIJIO3UA

I[Tpex/e ueM MBI HAYHEM Hallle 3HAKOMCTBO C TIPOIIECCaMU IMIUIO3MH U CBA3AHHBIX C eif armmaparamu, HeoOX0IIMO
OIIPEAEIUTHCS ¢ CAMOro Havaja, YTO KOHKPETHOE OIMcaHue ycTpoiicTBa y BukTopa BecbMa npodieMaTniHo. DTO HOTOMY,
YTO HH OJIMH U3 YEPUEIKEH, IJle €CTh YINOMHMHAHHUE, TOYHO HE COOTBETCTBYET ONMUCAHTEILHOMY MaTepUally B pasiMyHbIX
Tekcrax. OHU, KaK [IPaBUJIO, IEPECEKAIOTCS U HAKJIAAbIBAIOTCS, IPOU3BOAS MHOTO Pa3MbITONH HH(BOPMALUH.

bonee Toro, ecTh ciyuae, 4TO, KaKETCs, TOT ’Ke CaMblif yIOMSHYTHIH anmapart, OblT epesiaH Mof APYTUM HMEHEM, U
BCSI XPOHOJIOTHSL PAa3BUTUSL KXKJI0H U3 9TUX MAIIUH OUEHb TPYAHO Pa3raiarb, HEKOTOPbIE TEKCThI CChUIAACH Ha TO, UTO,
Ka)keTcst, pa3paboTansl oH 0bUT 1940-x rogax, a B Apyrux HCTOYHHMKAX YIIOMUHAETCS 4TO B cepequne 1930-x roaos,
coepxaux No100Hyt0 nHpopMmaiuio. Io3roMy 6bU10 Upe3BbIUAKHO TPYAHO OHNPENEIUTh, KAKOE HMEHHO OIUCAHUE
OTHOCHUTCS] K KOHKPETHOMY YCTPOHCTBY U B CAMOM JI€JI€ CKOJIBKO YCTPOUCTB €cTh. OHM Ha3bIBAIOTCS IOPA3ZHOMY
"Pellymscarop (Repulsator, pulsator — ¢ mat. ymapstrommuii, mpectaBka re — mHepe. HoIyduM otaady)", "Pemymscun
(Repulsine, pulsine — nart. ynap, myascanus)", "Knumarop (Klimator, BozmokHO 0T ciioBa Climator — KIuMaTu4eckuii)”,
Wmrmtosust Motop ", " BeacsiBaroruit Motop", "®opens Motop" n "brorexunueckas [TonsoaHas oaka (Submarine)"'.

To, 4T0 BCE ITU MAIIUHBI UMEIOT OOLIEE, 3AMETUM, OHH O4€Hb THXO (DYHKLIIMOHUPYIOT U JICLIEBbL, IOCKOJIbKY BCE
TIPHHIUIIEI KOTOPBIC OHHU UCHOJB3YIOT aHAJIOTHYHEL V3-3a OrpaHHYEHHOTO 37€Ch MECTa, YTOOBI 3aHUMAThCS BCEM CIIEKTPOM
undopmarmu', Mbl PACCMOTPUM KX GoJiee 00Iee OCHOBHBIE XaPAKTEPUCTHKHU, HCIIONB3Ys UMs, KOTOPOE KAKETCS Hauboiee
nozpxozsAuiee i npuMeHenus. To, 4To 31€ch 04EHb BaKHO, 3aMETUM, SIBISETCS TO, YTO BCE PA3/IMUHBIC ACIIEKThI U TaKUe
(baKTopbl, KaK MY>KCKHE U >KEHCKHUE 3(pUpHbIe STHepruu, GyHKuus BUXpell B pexax, Ouo-u 3IeKTPULU3M OHOMarHeTH3M,
TeMIepaTypHbIE TPaJHeHTH U T.1., KOTOPBIE yXKe 00CyKIaNiCh, JOKHBI TakkKe TPHHIMATHCS BO BHIMAHHE ITPH
paccMoTpeHHH (DYHKIMOHUPOBAHUS MAIIMH BrukTop motomy, 9To B ero (purocoun HIYETo HecleayeT pacCMaTpHUBaTh B
M30JISIUN HITH PACCMATPHUBATh OTAETBHO OT BCETO OCTanbHOTO. LleHTpansHOM 11t Teopun Bukropa u (pyHKIIHOHHPOBAHHS €TI0
MalllMH 33aKJII04aeTCsl B CO3aHUU KaK OH BbIpasuics, "buonorudeckoe Bakyyma" v 103ToMy Mbl HAUMHAEM, 00paIIach K ATOMY
B IIEPBYIO OUEPE/b.

n



21.1 Buonozuueckuii 6aKyym

B cBoeii npocreiiieit popme, ero MexaHn4eCKoe BO3CHCTBIE MOKHO CPABUHUTH CO BCACBHIBAHUEM, KOTOPOE MBI
HCTIBITBIBAEM, KOTZIa MBI OTKPBIBaeM MPOOKY B IIOJHON BaHHE, 3aKPbIBAEM M OTKPBIBAEM CIIMBHOE OTBEPCTHE JAJOHBIO.
OTKpbIBast ¥ 3aKpbIBasi OTBEPCTHE JIAJIOHBIO, MBI MOYKEM MOJIYYUTh HEKOTOPOE MPECTaBIeHHe 00 OrPOMHOM CHJIe BCAChIBaHUS,
WM CHUJIE UMILIO3MH, KOTOpasi, TI0 IaHHBIM HcclenoBanus nmpodeccopa Denukca Dpenradra, KOTOPBIN MEPEOTUIECKU
niomorai Bukropy [laybeprepy, BcacbiBaHue win UMILIo3usi B 127 pa3 Oosee MoliHee, YeM B3pbIBHAS CHJIA.

B cityyae ¢ npo0OKoii B BaHHOM, Mbl KIMEEM JIEJIO CO BCACBIBAHUEM, KOTOPOE IMPOU3BOMUTCS O] ICHCTBUEM CHIIBI
TshKecTH. [ paBuTanus, 3aMeTHM, KaK Mbl Y3HaJIM B TJIaBe 4, CBsI3aHHAs ¢ IIEHTPOOEKHBIM, aHAJIOT'OM KOTOPOTO SIBIISIETCS
LEHTPOCTPEMUTENBLHBIM. B MaHepe, MoX0oKero Ha B3anMOACHCTBHE MEK/1y BCACHIBAHUEM U JIaBJIICHHEM Ha o0IIei ocH,
CYILIECTBEHHOE M3MEPEHNE PEaKTHBHBIX JIBUTaTelel, anmnaparsl BUKTOpa AenaroT moqo0HOe UCIONb30BaHNe IEHTPOOSKHBIX
U CEHTPOCTPEMUTEIIbHBIC CHJIbI U MOTyYeHUsI OMOJIOrNYEeCKOro BaKyyMa.

DTO BKIIOYAET B ce0s1 BUXPEBbIE POLIECCHI OXJIaXKICHHS, HHOT/IA B 3aKPBITOM COCYJIE, B KOTOPOM COIEPIKUMOE
OXJIQXKJIAETCS JI0 TAKOH CTENEHH, YTO M3-3a X YPE3BbIYANHON KOHJCHCAIUH, CO3/1aeTCsl OYeHb MOIIHBINA BakyyM. Eciu
HCTIOJIb3YETCS BOJIA U SIBJISIETCS CPEION, HalpuMep, To Ha Kaxiplid 1 © C oxJakIeHUs] 00beM COACPIKAIIUXCS B HEH ra30B
ymenbinaercs Ha 0,0036 (1/ na 273). C apyroii CTOpOHBI, €CIIH OOBIYHBIN BO3IYX, KOTOPBIH COJEPKUT OIIPEAEICHHOE
KOJIMYECTBO BOASHOTO Mapa, HCIOIb3YeTCs B KaUeCTBE CPebl, YINIOTHEHHE BO3IyXa B BOJIE BKIIIOUAET B cedst 00beMHOE
cokpantenue Ha 0,001226 (1 /ua 816). Ilpu +4 ° C 1 nutp Boabl BecHT 1 KT, B TO BpeMst Kak 1 JTUTp 0OBIYHOTO BO3/ayXa
Becut 0,001226 kr.

IIpuMepoM 3TOro MMILTO3UIHHOTO YMEHBIIEHUS SBISIETCS TO, YTO CIYIMIIOCH C aMEPHKAHCKUM JAUprKadieM, AKpOH,

B IIEPBbIC TOABI AUPYIKOIEH. 3a0THEHHBI MHEPTHBIM I'a30M TelIEM, a He BOJOPOJOM, TOCIEIHUH B30opBajcs B Aepexadie
I'manenOypr dyepe3 caMoBoCIUIaMEHeHNE, AKPOH TAHHCTBEHHO B30PBAJICS OIHHUM IPOXJIAJTHBIM U TYMAaHHBIM YTPOM, KOTJIa €TO
rejauii CKOHASHCUPOBAJICS B KUIKOCTb. [lepexon B 1aHHOM citydae 03HauaeT noutu MrHoBeHHoe 1800-kpaTtHoe cHuKeHHe
00béMa. DTO yMEHbLIEHHE, COKpalleHne, 00beMa, KOTOPOe BBI3BAIO CEPUIHYIO LETTHYIO PEAKINIO, SBISETCS OHOJIOTHIECKUM
BaKyyMOM U HJICaJIOM, SKOJIOTHYECKH O€3BPEIHBIM HCTOUHHKOM JABHXKYILEH CHITbl. [T0CKONBbKY OMOIOrHYECKHH BaKyyM
(bopMHpYeTCsT B yCIOBUSX HEMPEPHIBHOTO OXJIAXKICHHS, Fa3000pa3Hble ra3bl IPEBPAILAIOTCS B KUKOCTD, U Ta3bl,
cozepKalInecs B caMoit BoJie, lajiee IpeoOpa30BaHbl B BEILECTBA MEHBIIIET0 00beMa.

B mammnax Buxropa, 3aMeTHM, MBI HE TOJIBKO 00€CIIEUNBAEM ITPOCTPAHCTBEHHOE CHIDKEHNE (PU3MUECKON MaTepuH, HO
Y KOHIIEHTPAIMIO B €0 COACPIKAaHUN HEOCS3aeMbIX SHEPIHid B €ro Upe3BbluaiiHOl (opme, OHOIOrHYecKuii BakyyM 3acTaBIsieT
9TH AJIEMEHTBI TEPSATh CBOU (PU3MUYECKHE XapaKTEPUCTUKU M BEPHYTHCS K UX OoJiee BRICOKOH 3(upHON nipupose (repexos ¢
TPETHEro Ha YETBEPTOE WM ISITOe U3MepeHue). Jrta Beiciuas cdepa ObiTus, uto Teocodcekoe yueHne Ha3bIBaeTcs ""TouKa
-naiig", Touka KpaiiHel MOTEHLUH, UTOJIBHOE YIIKO, 3TO KOHEL], U Yepe3 KOTOPbIH MPOsBISIETCs BCE PACIPOCTPOHSIOLINE
SHepruu. BUKTOp Ha3bIBall 3TOT IpoLece "BbICIINM BHYTPEHHUM MaJIeHUM", OTMedasl B CBOEM AHEBHUKe 14 aBrycra, 1936:

"SI cTor0 JIMIIOM K JIMILY € 04eBHIHOI 'MycTOTOli', CskaTHe JeMaTepHaIu3anueil, YTo Mbl IPUBBIK/JIN HA3bIBATh
""BakyymoMm''. Tenepb s1 MOTy BHI€Tb, YTO MBI MOKEM CO31aTh BCE, YTO YIOIHO TO, YTO MbI XOTHM MOJIYYHUTH /ISl ceOst
u3 "Huvero". [IpoBonnukom (Arenrom) siBiasiercsi Boga, kpoBb 3eMiin 1 HaudoJ1ee yHUBepCAJIbHBIN opranusm 2 '

OT0T npouecc "BbICIIAs BHYTPEHHS KOHIEHTpaya" BUKTOp MOT MPOM3BECTH B TOW MIIM MHOM CTETICHU B OOJIBIIMHCTBE
CBOUX YCTPOMCTB, @ B OCHOBHOM B TaK HA3bIBAEMbIX IETAIOIIUX TapeiKax» U «OMOTEXHUYECKOI OABOAHOM! JIOLKEN,
onucaHbl HUKe. Uepe3 B3auMO/ICHCTBIE ICHTPOOCIKHBIX M LICHTPOCTPEMHUTEIBHBIX CHJI, (DYHKIIMOHUPYIOLIUX Ha O0IIeH OCH,
OH MOT MMILy/JIbCUBHO BO3BPATUTh MU IOBTOPHO NPeo0pa3oBbIBaTh (hU3nuecKyro GopMy (BOIbI UM BO3LyXa) B CBOIO
OCHOBHYIO SHEPIUTHUECKYIO MaTPHILy - HE-IIPOCTPAHCTBEHHYIO, COCTOSIHUE 4-TO WM 5-TO U3MEPEHUs], KOTOPOE HE UMEET
HHUYEro 00IIero ¢ TpeMs U3MepEeHHsIME (U3HIECKOTO CyIIecTBOBaHUs. [109TOMY BO3MOXHO, TAKUM 00pa3oM, 4TOOBI yIAUTh
MaTepuio WK (GU3UIECKYIO BEIUUUHY U3 (prusuueckoro Mupa (coznanueM (GU3UIECKOl IIyCTOThI) U U3-3a He-
MIPOCTPAaHCTBEHHBIX, IPYTrUe 00acTH-KadecTBa TAKOTO BaKyyMa, YTOOBI yIIaKOBaTh €r0 B KaY€CTBE MOYTH HEOTPAHUIEHHOTO
KOJINYECTBA YUCTOH, GopMUpPYIOLIEH SHEPIrUY B SHEPTUTUUECKHE MATPULbI CPOIHU HAMSITH, WU CIOCOOHBIN aTh IOTOMCTBO
nyien caMoil Benu. TakuM 00pa3oM cOOCTBEHHOPYYIHO, 3TO COOTBETCTBYET BO BCEX OTHOIIECHUSIX (hU3MUeCcKON KOH(PHUTYpaum
00paTHOro TPaHCMYTHPOBAHOI'O BelllecTBa. Bce, uTo TpeboBanoch, 4ro06bl 0CBOOOAUTH ITOT OIPOMHBIN IOTEHINAN, PACKPBITH
OTPOMHBIE MOIITHOCTH ¥ 00paTHOE pacumpeHne B GU3HIECKOe CYIeCTBOBAHHE, OBIJIO COOTBETCTBYIOIIMM CITYCKOBBIM
MEXaHW3MOM, TaKHe KaK BbICOKasi TEMIIEpaTypa UIIH CBET.

C TOUKH 3peHUs TOTO, YTO 3[€Ch YIaCTBYET M Ha KaKOM MPHUHLUIIE OHN pabOoTaroT, HelaBHsIs paboTa MO XOIOAHOMY
CHHTE3Y, YTO IPHUBEJa MEHS B CEPEeIUHY IIyTH HAIIMCAHUS 3TOW KHUI'HM, OTKPBHIBAET HOBBIE U MHTEPECHbIE WJICU. DTa CTAThs 110
HU3KOTEMIIEPATYPHOMY SZIEPHOMY CHHTE3E, OIYOJIMKOBAHA B JKypHase PyccKas XUMHs °, OTHOCUTCS K "CIIOMCTOMY
MIPOCTPAHCTBY", B KOTOPOM BCE UCTUHHO (DYHIaMEHTAIBHBIC SIBJICHHS TIPHPOJIBI I SHEPTeTHUECKUE B3aUMOICHCTBUS
coctositeHbIMU. [lonTBepskaas panee O6Cy)KJICHI/Ie B IM1aBax 3 ¥ 4 HA MPUUUHHOCTD BBHICILIETO oe3 NPOCTPAHCTBEHHOTO
M3MEpEeHHs SHEPTUH, KOTOPast TaeT Hayasio K pU3HIeCKOMY NMPOUCXOKACHHIO, B 3TOH CTaThe Jajiee TOBOPHUTCSL:

«B HameM «I1a00paTOpHOM» KOcMoOce (IIPOCTPAHCTBe), Mbl HAa0JII0JaeM TOIbKO Pe3y/1bTaT Ipolecca, a 3T0
npouecc HMeeT MeCTO B IPYIOM €J10€ OKYThIBAIOILEI0 CJIOUCTOr0 MPOCTPAHCTBA. 3aTeM aBTOPbI MPOJ0JIAKAIOT
YTBEpP:KAaTh, YTO ...pu3HM4YecKuii BAKYyyM He siBjisieTcs ''"M30THYTOI MycTOTOM' , KAK NPHUHSATO CYUTATH, a peajibHast
MarepHajbHas Cy0CTAHINS, COCTOSIIAS U3 3JIeMEHTAPHBIX BAYyKYYMHBIX YACTHII, CBA3aHHBIX ¢ IIpeo0pa3oBaHueM
YHUYTOKEHHEM, HaNpuMep, NPOTOH U AHTUIIPOTOHOB MJIM 3J1eKTPOHA U NMO3UTPOHA. /IpyruMu cjioBaMu, NPOTOH-
AHTUIPOTOH M MO3UTPOHHBIN TEKTPOH - NbLIecochl puznyeckoii peanbHocTU. Tem He MeHee, d1eMeHTapHbIe
BBIAKYYMHBbI€ YACTHIBI CYLECTBYIOT He B Halllell IPOCTPaHCTBEHHOI 1adopaTopuu, a B IPYIoM ¢J10€ OKYThIBAIOIEro
(Bce 00beMITIONIEr0) NPOCTPAHCTBA, U LISl HAC, JAI0T BO3MOKHOCTD /1eJIaTh HA0/II0leHUs] B KOCMHYecKo¥ JadopaTopuu,



OHM SIBJSIOTCS BUPTYadbHbIME yacTuuamu. TakoBa, B coorsercruu ¢ ®OT* (FFT?), ucruunas npupoaa, a

He opMaJIbHBIN XapaKTep, BUPTYAJIbHBIX COCTOSTHHII: YaCTUL, KOTOPbIe AeiiCTBUTE/ILHO CYLLeCTBYIOT, He B HAIlLIeM
NPOCTPAHCTBE, TEM He MeHee, 2 B IPOCTPAHCTBE JOIOTHUTEIbHBIX (B MATEMATHYECKOM CMbICJIE) K HEMY.
DaementapHsbie yacTuubl Bakyyma (9UB) (Elementary vacuum particles (EVP))) u apyrue BupryaibHbie 4acTHIBI
SIBJISIIOTCS COCTOSIHEM MUKPOMMPA, KOTOPbIe NPOSIBJISIIOTCS KOCBEHHO B KOCMHYecKoli J1adopaTopuu no pe3yJbraram
NPOLECcCOB MPOUCXOASIIMX B APYIHX MPOCTPAHCTBAX.

[Kypcus moii - CC] »

51 xouy cKa3aTh, "UTO M TPeOOBAIOCH JOKa3aTh", IOTOMY YTO 3TO JIAET OYEHb SICHOE TIPECTABICHUE O TOM, 4TO BHKTOD
[ayGeprep mOHUMA, YTO CyLIIHOCTH OMOJIOTHYECKOTO BaKyyMa, XOTsI OH MPOU3BEI €ro CPeIy MpOovero, B OBICTPO
OXJIOXK/IAIOIIEH cpeJie BO3/1yXa WM BOJIbI, Uepe3 IPUMEHEHNEe KOMOMHUPOBAHHBIX ITyIbCUPYIOIINX BUXPEBBIX LIEHTPOOESIKHBIX
Y IIGHTPOCTPEMHTENBHBIX CHIT Ha 001ieit ocu. Kpome Toro "ciorcroe nmpocTpaHcTBO", yIIOMSHYTO B ITPUBE/ICHHON BBIIIE
UTaTe Takxke JaeT 0ojee KOHKPETHOE IOHUMaHHe TeX 00IacTell peadbHOCTH, KoTpoe BuKTOp HaspiBaeT 4 U 5 U3MepeHHeM,
AHAJIOTUYHBIX C 60JIEe BHICOKMM YaCTOTHBIM (BHOpHUpYOIIMM) dHepreTnyeckum coctosurem C*, C°, mpeaoxkeHHbie B ase 4.
Kaxk ocHoBHBIE (pOpMHPYIOLIHE HHCTPYMEHTHI, UX MOYKHO OBLIO OB CPAaBHUTH C HEBUANMBIMU BHYTPEHHUMH 000JIOYKaMHU
JIyKa, KOTOpbIe CHAOXKaIOT SHEPrUeii, CO3/1al0IINe BHEUIHIOW GopMy (BHT).

21.2 Pe-myabcaTop

VYerpoiicTBo, HoKa3aHHOE Ha puc. 21.1 sBisercs Oonee no3HUM pa3ButueM, Buxropa 1943, aiineBunnoil hopmel
MAIlIUHBI JUTs TIPOU3BOJICTBa POIHMKOBOI BOJIBI, KOTOpast Obuta mocTpoeHa B [lIBennu ['pynmnoii OMOTEXHUYECKUX
nccienoBaHui Bo3rasisiemoit Onog Asnekcanaepccon (aBropoM kHuTH JXKuBasi Boga). Llenb aToro amnmapara COCTOUT B TOM,
9T00BI BOCTAHOBTB CTApPYI0, HECBEXKYIO IPECHYIO BOJY U CO3JaTh HOBYIO 3PEIyI0 BOAY U3 JUCTHIINPOBAHHOM BOJIBI BO
BpalIECHUH U MPOIyCKaHUE Yepe3 HEeTo, MyTeM CO3JaHus YepeI0BaHMs IPABO U JIEBO CTOPOHHUX BUXPEH, IMYIISIIUS
MI0CTIEI0BATENEHOMY YEPEIOBAHUIO OTPULIATENIBHO H TOJOKUTEIBHO 3apsIIKU TPOJOJIBHBIX BUXPEH Ha MIPUPOAHBIX U3rHdax
pek. DTo MPOUCXOIUT B MaHEPE, CXOJHOM ¢ OMoHAMIYECKOTOo Tipor3BoacTBa 'S00 coeanHeHnit' onrcanbix B riase 19.

Bes nacs 3aKJI04YacTCAa B TOM, ‘{TO6BI 3aCTaBUTh BOAY BABIXaThb U BbIAbIXAaTh PA3JIMYHBIC MUKPOIJIEMCHTHI U yl"J'ICKHCJ'IbIﬁ
ra3 B OIpeeleHHOM TOPsAKE, YTOOBI CTaTh 3peNoi. DTO JenaeTcs IyTeM MPOCTOTO XOJIOAHOTO pabouero Kojeca Ha JHe, B
OCTPOM KOHILIE ﬂﬁua, KOTOPOE€ aBTOMAaTHYCCKU U3MCHSCT HAIIPaBJICHUC BPAILICHUA YCPE3 OHpCﬂCHCHHbIﬁ HUHTCPBAJl, B TCUCHUEC
KOTOPBIX CO37AeTCsl BHYTPEHHUH BUXPb. [10/1 BIMSIHUIEM MOJIOKUTEIFHOTO TEMIIEPAaTypHOTO IpalieHTa U, HaunHas ¢
Temieparypsl okono +20 © C, Ha HauaJIbHOM 3Tarle 3TOro mpolecca (HavanbHas TeMIepaTypa He JOJDKHa npeBbliarh +27°C),
CHAYaJI0 YCTPAHSIOTCS SHEPTeTHUSCKUI U IPyroi MOTEHIMaI OCHOBHON BOJBI, IPEXKIE, YeM BOA BOCCTAHABINBACTCS K
HAMHOro 60Jiee BHICOKOMY Kau€CTBY, TaK [IPOJOJIKACTCS TpaHCHOpMALYsl, UM OUOCUHTES.

Cama siiiiieBUIHAsT EMKOCTB, KOTOPOE coAepKUT okoiio 10-11 nmuTpoB, caenana u3 Mean WM U3 MEIHBIX CILIABOB,
nocepeOpeHHsbIe I 3T0 TpebyeTcs, (To eCTh U3 GuoMaTepHaoB, KOTOPbIE UMEIOT KaTaJUTUUECKHE U AUaMarHUTHbIE I
OuomarHuTHbIE cBOIcTBa). HapyskHast MOBEPXHOCTH KOPITyca JOJKHA OBITH XOPOILIO U30JIMPOBAH U OKPY)KEHA TPyOKaMu
OXJIQXKJIEHUS, XOTS. MOXKET OBbITh UCIIOIb30BAHO HEKOTOPOE KOJIMUYECTBO JIbJla KaK 3aMEHa MM YCTPOICTBO pa3MECTUTh B
XOJIOIMIbHUK. DTa BHELIHS H30JIALMS Takke HeOOX0AUMO AJIsl IPeOTBPALEHUs JTI000H yTeukn OHO-3IIeKTPUIECKUX
1 OMOMarHUTHBIX SHEPTUH U3 HETO, KOTOPOE MPOU3BOIATHCS IIPU OIEpaIltH.

[lepen 3anonHeHueM sif1i0, OCHOBHON BOJOM, €CJIM OHA HE IUCTUIIIIMPOBAHHAS BOJA, CHAaUaja HYXKHO MPOKUIISITUTD,
qT00BI yIamuTh OakTepun. KumeHne Takke HCKIToYaeT JI00be IPYTHe 0CTAaTOYHbIE He MaTeprasIbHbIe "BOCIIOMUHAHMS ",
KOTOpBIE MOTYT IPUHECTU NPsIMOH Bpell. VICXOQHBIN IPOLYKT 3aT€M aHAIU3UPYETCs OT KaKUX-JIM0O HEJOCTATKOB B €I0
XHMHYECKOM COCTaBe, TaK UTO BCE, UTO OyaeT 100aBIeHO B MPABHIBHON MPOIIOPIIMU KPUTEPUEM JUISL 3TOTO SIBIISIETCS
XUMHYECKUIl U ra3000pa3Hblil COCTaB OJHOLEHHON POAHUKOBOM BOJIbI U3 FOPHOIo UCTOUHKKA. HU B KoeM cilydae OCHOBHAs
BOJIa HE JIOJDKHA COJEPIKaTh XJIOP, KOTOPBII MTPOU3BEET OCIOKHEHHE B OKOHIATEIEHOM BOCCTAHOBJICHHH B Ka4eCTBe,
MOJIHOLEHHON POAHUKOBOM BOJIBI.

Kak Tonbko 3T0 OyeT clienaHo, I 3aloJIHEHO JI0 KpaeB BOJIOH, YTOOBI HCKITFOUUTh BECh aTMOC(EPHBIN KHCIOPO/ 1
BO3IyX. BIyCKHOM KITanaH 3aKpbIBAETCsI, U OKOJIO 4 TUTPOB BOJBI CIIMBACTCS, TaK KaK YIIIEKHCIIBINA ra3 BBOAUTHCS BBHITECHSIS
Boxy. Korna npurarens Brimtouaercs (0kos1o 300 0600p/MuUH.), ¢ TIOMOIIBI BUXPEBOTO JCHCTBUS M IOCTOSHHOE OXJIAXKICHUS
YIIEKUCIIOTO Ta3a MOIONIAeTCsl BOIOW M MPEeBpaIIaeTcs B YITIEPOIUCTYIO KUCIIOTY, CO3/1aBasi BAKYYM B 9TOM Tporiecce. IToMYy
HEeJIb3sI MO3BOJINUTH COPMHUPOBATHLCS CIUIIKOM OBICTPO, TaK KaK 3TO HEOIArONPHUATHO MOBIUSIET HA KOHEUHBIH MPOIYKT.
Pa3BuTHe BakyymMa MOKHO KOHTPOJIUPOBATH C MOAXOISAIINM MaHOMETPOM, aOCOIOTHOE JaBiicHue (atMocdepsl) mexay 0,8 u
0,96 nocrarouyna. Tak kak CTpyKTypHast (popma siiilia BIIOJIHE B COCTOSIHUHM POTHBOCTOSITH TOMY HE BIABIMBAsICh BHYTPb,
IIIaBHAs MpolieMa 3/1eCh, 3TO TePMETHYHOCTD, KOTOPast OJDKHA MOAIEPIKUBATHCS BCE BPEMSI.

Kpome cxmxeHns 1MOKcHaa kKapOoHa (YIIEKUCIOTHI), 3(QEKT 3TOro Bakyyma COCTOUT B TOM, YTOObI BBI3BaTh OJIM3KOE
YCBOGHHE APYTUX MOJE3HBIX MHUKPOIEMEHTOB, HHIPEIUECHTOB, U METALINIECKUX MUKPO31eMeHTOB. Kak Tonbko Boza
JOCTUTHET aHOMAJIbHOM TOukH Ipu +4°C, HAUUHACTLCST IPOLIECC XOJIOAHOIO OKUCIEHUS. Yepe3 LeHTPOCTPEMUTEIIbHbIE
o0OpazoBaHus BUXpel, kKapOoHbI (carbones) ¥ BOXOPOJ CTAHOBSTCS O4EHb AKTUBHBIMU M TOTOBBIE K CBS3BIBAHUIO (KX TYILHE),
ceifyac MacCUBHOIO KUCJIOPOAA U APYIHX 3JIEMEHTOB, KOTOPbIE CTAHOBATCS IOJIHOCTBIO CBSI3aHBIMU U IIPOU3BEIS CTAOUIBHYIO
IMYIIBCHUIO.
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(Cxema ammapara 1yt OnocunTe3a. MHrpeuenTs! 111 OHOCHHTE3a CKIAAbIBAIOTCS BHYTPD SiilIa, [EPMETUYHON (pOPMBI, COCY H3TOTOBJICH H3
CHHTeTHYecKoro Marepruana. Cogepkumoe 3aTeM epeMelIHBaeTCsl B THIIePOOINIeCcKOM HEHTPOCTPEMUTEILHOM JBIKEHHIE CITHPATIN 0C000i (hOpMEI
3aBUXpHTENs (aruraropa BUXps).OXsiakeHus 00ecreunBaeT HaIeKalHii KOHTPOJIb TeMIEePaTypHl.

Cocyz OKpyKeH M30aupyroliel 00010YKOH YIIIEBOJOPOJHOTO ChIPbs U1l OrPaHUUYEHUs MOTEePh "SHEPrUM UMILIO3UHU' ,CO3/1aBaeMOii, BMECTO TOTO,
YTOOBI COCPEJOTOYUTH €€ B COCY/IE, TAK YTO UMEET MecTO OuocuHTe3. Bakyym-MeTp MaHOMETp, JJIst KOHTPOJIsE 00pasyrorierocs "01oIoruuyeckoro
BakyyMma", TIOSIBIISIETCS €CIIN OMOCHHTE3 YCIISIITHO IIPOUXCXOJIHT. )

Puc 21.1

Bes oneparnus 3anumaet oxono 45 MUHYT U IPEAMOYTUTENBHO NMPOBOAUTE 10 9:00 yTpa, Tocie 4ero ero ciemayer
OCTaBUTh, U JaTh OTCTOATHCS HA CTEH/E, IIpH BHemHel Temmeparype +3°C - +4°C B Teuenue 24 gyacoB, BAAIH OT BCETO
CBETa U BBICOKOW TEMIIEpaTyphl, ISl TOTO, YTOOBI CTAaTh MOJHOCTHIO 3penoit. Ecian Ha ynuiie codupaercst rpo3a, U OHa
Henz0eXHa, TO MPOU3BOJICTBO JOJDKHO OBITH OTJIOKEHO, IOKa HE MPUJIET CBI3aHHOE COCTOSIHUE C MOBBIIICHUEM YHCIIA
HOJIOXKUTEbHBIX HOHOB B aTMOc(epe, IPoLecc, KOTOPBIH BKIOYAET B ce0s TeHEPaLUIO OTPHLIATENIbHBIX HOHOB, HE OyIeT
HMeTh ycrexa.

[epBOHAUANBEHO UCTIONIL3YEMOE KOJMUYECTBO YINICKHCIIOTO ra3a MOXKET OBbITh OIpe/IeNieHa TOJILKO SKCIEPUMEHTAIbHBIM
IyTeM, T.€. yTeM AETyCTallK TOTOBOM MPOAyKIUH. ECiu ecTh yIIeKncblii ra3, OH 3aMeTeH, TO CJIUIIKOM MHOTO OBLIO
J100aBJICHO, @ €CJIM BOJIA CIIMIIKOM JKECTKasi, COACPIKaHNe B HeW KallbIMs, sIBJIsieTCsl Ype3MepHbIM. Eciti Boja siBiseTcs Kak
OCBEXKAKOIIAI U 60}1p$m1aﬂ TO TPOMOPIMH YITIEKUCIIOTO T'a3a, U MarHusl, SBJSIOTCS MPaBUIbHBIMH. BoT HpOGnCMa, cTosiias
repesi BCeMH HaMH, YTO HY>KHO 3HaTh, YTO Obl BOJIa CTaJla OCBEXarollast U 0opsias Ha caMOM JieJie BKyCHa, IOTOMY YTO
B OCHOBHOM MbI IIPUBBIKJIH K (alIbCH(PUIMPOBAHHOM BOJIE, KOTOpast TOJIBKO MOKpAsi M HE JIeTaeT HU Yero. 3aMeTHM, €CIIH BOJIC
HE XBaTaeT OCBEkKAIOILET0 BKyCa WM PABHOIYIIHO Oozpsiiiasi, 00a U3 KOTOPBIX SABJISIOTCS KaueCTBEHHBIM (aKTOPOM, TO B
MIEPBOM Clly4ae clietyeT J0OaBUTh OOJIbIlIe MarHus, a BO BTOPOM OOJIbIIIEe YITIEKHCIIOTO Ta3a.

Eciu BBIMUTH BOJIBI TOJIBKO YTO PUTOTOBICHHOM U3 siIA TO, 3((EKT ITOH BOIBI COCTOHUT B TOM, YTOOBI COUTH
KHCJIOTHOCTB BCETO Tella, KOTOpast MO3BOJISIET JTFOOBIM CBEPXOKUCIICHHBIM KJIETKaM JIbIIIATh U IPUHUMATh KUCIOPO/I,
Croco0CTBYs OBICTPOMY BO3BPAaTy K 30POBBIO. YIIOTpeOisieMast BoJia He JOJDKHA PEBbIMaTh Temieparypy +7°C, 1 Hy)KHO
ITUTH TOJIBKO B HEOOJIBIIOM KoJmyecTBe. Broiie +9°C kauecTBO BO/IbI HAYMHACT YXYIIIAThCS, U MEPBI IIPEI0CTOPOKHOCTH
JIOJDKHBI OBITH TIPUHSITHI T 00eCTieueH s], He JOCTIKEHHE dTOH TeMIepaTyphl. 3aMeTUM, €CTh TakKe OTPaHIMYESHUs TI0



BpeMeHH e€ ynoTpeOieHue, IOTOMY UTO yepe3 24 yaca Iocie CO3pEBaHus, MOCTENICHHO TePSeT CBOIO TUAMarHUTHYIO
9HEPrHI0, UCUE3aeT, KOTOpas BiusieT Ha e€ 1esneOHblie cBoicTBa. [1o cnoBam Bukropa Illaydeprep 3ta Bojia e1Ba i MOXET
ObITh U hepeHIpoBaHa Kak BoJa M3 BHICOKOKAUECTBEHHOTO TOPHOTO UCTOYHUKA, U, €CIIH MTUTh MEIJICHHO 0OJIbHOMY
(6eccunpHOMY) uenoBeky (0e3 MOTeHIMaNa, UMIIOTEHTY), TO OH BEPHET ceOe CBOE 3710pOBbE (MIOTCHIMA, 3apsiT).

[Tponopuuy MUKPO3JIEMEHTOB U APYTUX BEIIECTBA B CMECH, HIKE NPUBE/ICHA Tablulla, pyKOBOJCTBO Ipoliecca
IIPUrOTOBJIEHUS IPUMEPHO 10 TUTPOB BOABIL:

Ta6muna uarpenuentos HA 10 JIUTPOB BOJBI °
Kanuii (K) = 0,0034 mr / xr Xnopa (Cl) =0,0257 mr / xr
Harpwuii (Na) =0,0776 mr / kr Cynbdara =0,1301 mr/ kr
Kanpumii (Ca) = 0,0215 mr/ kr BukapOoHar =0,0638 mr / kr
Marnwuii (Mg) = 0,00039 mr / kr Hutpur =0,0001 mr / xr
Keneso (Fe) =0,00042 mr / xr ®dropa (F) =0,0028 mr / kr
Maprasern (Mn) = 0,0001 mr / kr Tuocynbdara =0,00055 mr / kr
Jlutwmii (Li) =0,00022 mr / xr Slonounoit kucnoter = 0,0754 mr / xr
Crponnuii (Sr) = 0,00047 mr / kr Mertabopuas kuciaora = 0,00497 mr / kr
Amomunwii (Al) = 0,0002 mr / kr CBono6usrii CO2 =0,0054 mr / kr

HecMmoTpst Ha HaJM4Ke OMMCAHHBIX BBIIIE NaryOHOTO BO3ACHCTBHE XJI0pa B YUCTOM BHUJIE, B JAHHOM KOHTEKCTE, 3aMETHM,
XJIOp SIBIISIETCS. HEOOXOIUMBIM MHTpeUeHTOM. biaromapst mpupoaHbIM OMOJIOTHYECKH 3JIEKTPO MarHUTHBIX HOHU3UPYILIUM
rporieccam, MPOUCXOISIINE ITPU COPEBAHUH BOJIBI CBSI3€H C IPYTrHMMH 3JIEMEHTaMH, 00pasys COJISTHYIO KHCIIOTY, HallpuMmep,
KOTOpast JEWCTBYET KaK KaTaiu3arop U odecreynBaeT onTuMaibHoe pH [uis mercuHa, miaBHOro GpepMeHTa B
MTUILEBAPUTEIBHOM COKE.

21.3 Penynvcun (Repulsine)

B nucbme k Bepuepy Hummepmany 21 mas 1936 ¢, Bukrop onuceisaet Pernynbeun (Repulsine) (puc. 21.2) cneayronmm
o0pazom:

Ora mammHa pazmepoM (30 cM mupHuHOiA, 50 cM BBICOTOI) UCTIAPSIET, OYUIISET U JUCTHIUIMPYET BOLY C TOMOIIBIO
XOJIOIHBIX MPOIeccoB. B To jke camoe Bpems, OHa MOXKET MOJAHUMATh BOY Ha JIFOOYI0 BEICOTY, I TTOABEMA KOTOPOH TOYTH
HeT TpeOyeThes MOBO/A, CHII, MOIITHOCTH.

Mos MaImmHa ABISETCS OPraHOM, KOTOPBIN COCTOUT U3 BHYTPEHHHUX U MeprudepuitHpIX GOpPCYHOK, KOTOPBIE 3aMEHSIOT
KJTaIlaHbl HIHEITHUX MAIIIFH MK JOMONHSIIOT UX ...

Moeii MammHe TpeOyIOTCS TOIBKO UMITYIIBC U MIPOSBITHCS PEAKIMS B BUAE U3BICUCHHUS, KOTOPOE HE TOJIBKO HAXKMMAET
(BBICTpENMBACT), HO OMHOBPEMEHHO 3aCachIBacT (BCACHIBACT, COCET). DTOT PE3yNbTaT CO3IaHHSA ABIKECHUS C MEHBIITNM
COIPOTHUBJICHUEM, U3-32 B3aUMOJCHCTBYS, CETOAHSIIIHEE CONIPOTUBICHUE HCIIOIb3YETCs B KAUECTBE TOMUKA "'ClI0COOCTBYIOLIEEe
JUTs ABbKeHUs . [3aech ucnonb3oBanne Bukropom cioBa "compoTuBIeHHe" MOXKET TaK JKE CChUIATHCSI Ha HEMPUKIIOHHOE
OTHOILIEHHE yCTaHOBIEeHHON Hayku - CC]

Teno — 9To nUIIb aHTEHA, B TO BpeMs Kak MepefaTdnK HeCeT OTBETCTBEHHOCTH 3a (DeHOMEH, KOTOPBIif MBI Ha3bIBAEM
"nBmxeHue". JIBuxeHHE ecTh (DYHKLUS TEMIEPAMEHTOB, KOTOPBIE B CBOEM TeUEHHE 001a1al0T IUIIOCOM U MHHYCOM B
pa3Hoo0pasHbIX Gopmax u pazMepax. CreJoBaTeIbHO, U3MEHSISI BHYTPEHEE CTPOCHHE aTOMHON CTPYKTYPBI, MBI MOXKEM
CMECTUTh LIEHTP TSXKECTH U T€M CaMbIM JIOCTUUYb TOTO, YTO Mbl PACCMAaTPUBAEM KaK YUCTOE, IBHKEHHE O€3 COIPOTUBIICHUS,
JBHXXEHHE, 3aMETHM, MBI TaK J0Jr0 He IOHUMAJIM, IOTOMY 4TO MbI CAMU CONPOTUBIICHUE, KOTOPOE B CAMbIX CIIOMKHBIX
YCIOBHUSX, JOJKHBI IBUTAThCSI CAMOCTOSITENBHO, JULS TOTO, YTOObI Pa3BUBATHCA.
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Fig. 21.2 PenyncuH

DT0 ycTpoiicTBO paboTaeT MpakTHUECKH TakK *ke, kak Penyncarop (Repulsator) Ho, BMecTO TOr0, 3ane4araHHbli COCY/I, B
KOTOPOM KOJIMYECTBO BOJBI (PUKCHPOBAHO, paboTa ATOTO ammapara siBsieTcs 0ojiee Ui MeHee HenpephiBHOH. Ha uepueske,
OTMETHUM, BMECTO OJHOTO JIOIIOCTHOTO pabovero Kojeca, oka3aHo J1BE BIIOXKEHHbIE TTOJIOBUHBI SIHLIEBUAHON, BOTHOOOPa3HOI
Yalm caejaHsl U3 HocepeOpeHHON Meau, PacoIoKEHHbIE O/THA HaJ APYroil M Ha KapJAaHHOM Bajly, KOTOpBIE HE B KOEM Ciydae
HE COIPUKACAIOTCS IPYT ¢ ApyroM. Bo BHEIIHEH MUCKE €CTh BXOJHE OTBEPCTUE, UAYIIEE K OCHOBAHUIO, YTOObI Pa3peLIUTh
TOCTYINICHUE B 3MEEBUIHBIC IMOJIOCTU MEXKIY YalllaMu CI)IpOI‘/'I BOJbI 1 KOMIIOHCHTOB, BBOﬁHH B BEPXHIOIO U CTCKAIOIIasi BHU3 3a
npejiesiaMy BHELIHEH BepXHel MUCKe. B 3Ty monocts BOIHOBOIA, PACCTOSHUE MEXK/LY ABYMS YalllaMH, TIOCTEIIEHHO
YMEHBIIACTCA K HAITPaBJICHUIO B BEPX.

B nporniecce nporekanusi, Bojia IOIBEpraeTcs CHayalla EeHTPOOSKHON CHUIION, TaK KaK BBHITEKAET U3 HEHTPAIbHOI 0CH
CBEpXY U HapYXy B CTOPHBI , @ 3aT€M IYJIbCUPYIOIIEH [IEHTPOCTPEMUTEILHON CUIION, KOTOPas OTIEYaThIBACT €&

C ONpeJeTIeHHOH KollebaTeTbHOM JHepruei, Kak 1o HUKJIOWAATBHOM CIIMpaiy, TAKUM 00pa3oM TIOTHUMAET e€ BBEpX depes
Cy’Kalollue MOJI0CTH, K BUHTOBOH TPyOKHU, K OTKPBLITON BepxHel yacTbio. Kak MbI 3HaeM, BOJja OCTBIBAET, KOIAA IPOTEKAET
LEHTPOCTPEMHUTENFHO B BUXPE TaK, K TOMY BPEMEHH 3Ta BOJa JOCTUTAeT BEPXHEH YacTH, KyloJI000pa3Hoi KaMephl OHA yKe
3HAYUTEIBHO OXJIAXKICHHA.

B aToT Oosee mpoxiaJHOM COCTOSHHE M TIepEeMENIeHHOM IEHTPOCTPEMHTENBHO, CYLIECTBYIOIIEE COIEPKaHUE B BOJIC
kapOoHOB (carbones) craHOBHTCS Bce Oostee akTHBHEIME. C BBEJICHHEM YITICKHCIIOTO Ta3a o0lee cojepikaHie KapOoHOB
3aMETHO YBEJINYUBACTCS. B coueTaHny ¢ yBIIIMUSHUEM OXJIQXKICHHS BO3POCTAIOT BUXPEBBIX IIOTOKK BOKPYT LEHTPATBHOI
TpYOBI, KOTOpBIE CO3/AI0T Pa3pekKEHUE, MOCKOIbKY MEPEIUICTACTCs YINICKUCIBII ra3 U NPEeBPaIaeTcs B yroJbHYIO
KHCJIOTY, Bce OoJiee royioiHbIe KapOoHsI (carbones) HAUMHAIOT CBS3bIBATH PACTBOPEHHBIN KUCIOPO/I, KaK BOJHBIC IIUKJIIBI
LUKJIONIANTBHOM BOKPYT BHYTPEHHEH YacTH BHYTpeHHEH Jamy. B 9ToM nporecce Boja CTaHOBUTCS OoJIee IUIOTHOM U B TO JKe
BpeMsi, HaChIllleHa MTOILEMHOH JIEBUTUPYIOIIEH YHEPTHel, BOSHUKAIOIEH MPHU [IEHTPOCTPEMUTENILHOM JBIKEHUH U
OTPHIIATEIILHO 3apsHKEHHBIX KapOOHOB (carbones) "HEYOBIETBOPEHHBIN" (HEHACHITEBIIUICS) CIIPOC HA MOJIOKUTEIILHO
3apsIKEHHBIA KUCIIOPOJ.

IMockompKy 00nacTs ¢ HAUOOJIBIIEH IIOTHOCTHIO B IEHTPE HU3XOJSIIETO BUXPS B HEMOCPEACTBEHHOM OIMM30CTH OT
LEHTPAJILHOM TPYOBI, CTOSIKA, HE3aBUCHMO OT TOTO, YTO BOJIA IOCTUraeT Temreparypsl +4 © C BO3IeliCTBHE HA MEHbIIIEE
BpalaroIecs OJIF0I0 Ta30BOT0 cenaparopa U mpoxoauT mo Tpyodam. C ipyroit CTOpOHbI KaKOH-1100 elie HepacTBOPEHHBIH
ra3 ¥ Jpyrue >JIeMeHTbI, Ubs YelbHas INIOTHOCTh MeHbIIe 1 00bEM Ooiblle, ueM +4°C Boza, LEHTPOOESKHBIM 00pa3oM
1o0y>kKaeT BEIHTH Hapy)Ky Ha Ta30BbIi cEemapaTop, YTOOBl BOCCOECAMHMTHCS C BHYTPEHHHUM LIUKIJIOM, IIOKa OHU TAKOKe HEe OyIyT
HOJIHOCTBIO OXJIAXICHbI U MONIOLICHBI.

Kak Tospko Boja Bouuia B TpyOy CTOsIKA, KOTOpasi UMEET U3aiH MOX0XKEro Ha JIBOWHYIO CIUPAIbHYIO TPYOy,
nokaszansl Ha Puc.14.2 u 14.4, oHa UMeeT TOT K€ COCTaB U MOABEMHYIO SHEPTHUI0, KaK TOPHBII POAHUK, ¥ TOAHUMHTHCS J10
00011 xKenaeMoii BbICOThI. TakuM 00pa3oM, 3TO YCTPOHCTBO HE HACOC, TaK KaK HET HACOCHOTO JICHCTBUS, U IIO3TOMY
MOXET IMPUMEHSTBCS C JIOBOJILHO CKPOMHBIM 3JIEKTPOJIBUTATENIEM, KOTOPbIH TpeOyeTcst BCEro JIMIIb I TOTO, YTOOBI BpallaTh
BJIOXKEHHBIE BOJIHOBBIE MUCKHU (BOIHYTbIE AUCKM) U TA30BBIN CENapaTop MOOUEPEIHO B OJJHY CTOPOHY, a 3aT€M BAPYIYIO KaK U
B yCTpOMCTBE 00CyK1aBIIEMCs paHee.




21.4 Umnno3unnostit 06uzamesns

B s10ii MamuHe Bozia noty4aeT 6oiee WIM MEHEE TAKOU JKe PEXUM, KaK OIUCAHO BBIIIE, 8 UMEHHO CHA4aslo 3aIloJIHSIeTCs
COCY[I, YTOOBI HCKITIOYNTH JOCTYII BO3/LyXa, @ 3aT€M pa3pspKaeTcst 10 ONPEISNICHHOTO YPOBHS ¢ KOMIIEHCHPYIOLIMM BIHBaHUEM
Juokcua kapOoHa (JUOKCHIA yIIEpOaa, OKHCh YIVIEpoaa). DTO YCTPOHCTBO, B TOKE BPEMsl YIIydllIaeT KaueCTBa BOJbL €0
CTpEMJIEHHE B OCHOBHOM HAaIlPABJIEHHO Ha IOJIy4€HHE SHEPIHH B BUJIE MIEKTPUUECTBA, XOTS M MEXaHWYeCKask SJHEPIHs MOXKET
OBITh TaKKe CHATA OT HETO IyTeM IPHCOCANHEHNS IIKUBa K LIEHTpaJbHOMY Bary. J{n3aiiH, moka3zanH Ha puc. 21.3 sBusercs
PE3yNIBTaToOM TOTO, YTO MHE YAAJIOCh COOpaTh BOSIMHO M3 PA3INIHBIX HCTOUHHKOB B MOEM PAcHOPSHKEHHUH, U ITPEAHA3HAYCH,
YTOOBI [TOKA3aTh MPUHIIKIIL, & HE (PAKTHUECKU pabOUy0 MAIIHHY.

PazpaboTka 9T0i MalKMHBI IPUYUHIIO, BUKTOPY MHOTO TOI0BHOH 00/, MOTOMY YTO 3aBUTYILIKH TPYO, OCHOBHBIX
KOMITOHEHTOB 3TOTO YCTPOMCTBA, OBIIH M YPE3BBIUAIHO TPYAHBI B pa3paboTKe MPONOPLUHOHATIEHO U B PABHOM CTEIIEHH TPYIHBI
B usrorosieHuu. Bukrop IlayGeprep B35 B OCHOBY CBOCH IepBOHAYaIbHON KOHCTPYKIMH JUIS 9TUX 3aKPYUYEHHBIX TPYO,
(dopmy pora anTuoNs! Kyy, Mpornopunuu KOTOPOro HMEIOT CHUPATIEBUAHYIO (OPMY U YMEHBILCHHUS JHaMETpa
npuOIM3UTeNnsHO 10 3010ToMy ceueHuto (Phi). Ee kondurypanus tawke, 4To HUKIOUIHO- CIIUPAIbHO- IPOCTPAHCTBEHHAS-
KpHBasi, KOTOpas SIBJSICTCS PaJAdaibHO->0CEBBIM ITyTEM, COMTPOBOXK/IAEMO 3aTeM "OpUTrHHAJIBHBIM" JIBUKEHUEM, WA (OPMOit
CO3/1a1011Iel IBHKEHHE.

B manpHelimem yTOUHEHHUH, B TO BpeMsl Kak OOLMI MPOQHIb OMEPEYHOro ceueHus: 000poTa SHIEBUIHON TPyOs! (Kak
[I0KA3aHO B BEPXHEM IIPAaBOM YIIIy UarpaMMbl), B €€ 3aBEpILICHHOM SHIIEBUIHOM BUJE B 1/4 ecTh ynyOieHHe, KOTOpOe
IPOXOAUT MO BCEH UTMHE 3aBUTON TPYOBI M KOTOpas paccMaTpUBAETCs Kak MONEPEUHOE CEUEHHE BIOJIb TI0 BCEH ATMHE TPYOBI,
CMEHSIET JIpyr Apyra B TOM K€ CaMOM HaIpaBIeHUU KaK CIIUPAIbHOE 3aBUXPEHUE B TPyOe, 1100 BpalaeTcs B TOM XKe
HAIIPaBJICHUH, YTO U BUHTOBOII IOBOPOT CIMpPabHOI TPyOh! (JIeBoe BpallleHue TPyOBl, JieBast TpyOa Ha CXeMe), WK B
MIPOTHBOIIOJIOKHOM HarpapJieHnHu (IpaBoe Opaiienue TpyOsl, mpaBas Tpyda Ha cxeMe). BermomuHas poBeICHHBIN
HKCHEPUMEMEHT U OCOOCHHOCTH (PYHKIMU CIUPATIbHO BUHTOBOI TpyOs! (Ne 2) B LITyTrapre, (miasa 14), hopma TpyOs!
3aKpy4MBaeT U HAIPABISET BOAY OT CTEHOK TPYObI, TEM CaAMbIM YMEHbIIIAsi TPEHHUE U CBA3aHHOE CONPOTHUBICHNE K MUHUMYMY
WU JJaXe IPUHUMAET OTPULIATEIbHOE 3HaUeHNe (IOSBIIIETCsl IpoLece BeachiBacHUs). D(HEKT 3TOro HEHTPOOEKHOTO
LEHTPOCTPEMUTENHHOTO JMHAMUYECKOTO ABMKEHHUS UMEET JIBa aclleKTa: BO-IIEPBbIX, OHA MPUIACT JBOMHHYIO CIIMPAIIb
JIBMKEHHIO BOZIBL IIPH IPOXOXKICHUN Uepe3 He€, TAKUM 00pa3oM, OXJIaxJas U KOHAEHCUPYS €70 B MUHUMAJIbLHOM 00beME, BO-
BTOPBIX, B CBSI3H C ONPEAEICHHBIMH Karanu3aropamu (BUkTop HI Kora He pacKpbIBall CBOM HCTUHHBIE 3HAHUS, HO OHU MOTYT
OBITH 30JI0TOM H cepedpoM, a IMEHHO 3aIlaTeHTOBAHHOE YCTPOHCTBO IS POXHUKOBOM BOJBI, TIaBa 15, MITH CHIIMKATEL, CM.
HIKE), OHU, OYEBHU/IHO, BBI3BIBAIOT HHBEPCHIO MOJSIPHOCTH, COAEPIKAIINXCS BEIIECTB. DTO MOXKET OBITh IIEPEX0]] OT
MarHUTHBIX B OHO-2JIEKTPHYECKUE U MIEKTPHUYECKHE B OMO-MAarHUTHBIE (JHaMarHUTHBIE), HAITPUMED, UITH MOJIOKHUTEIbHBIE
3apsbl B OTpULATENbHBIE 3apsabl, 1 Ha000poT. B 3TOM mporiecce COnpoTHBICHUS TPOU3BOISIINE IEMEHThI IPEBPAIalOTCs B
MIOBBIIICHHE BIDKEHHE T€, Yepe3 KOTOpbIe TeHepHPYIOTCsl uareHsl (dynagens) B BHIE JICBUTAIUH U JHaMarHUTHBIX SHEPTUH.

MHOTO0 9THX CIHMPATIEBUIHBIX TPYO, 3aBUTYILEK, 3aT€M MPUKPEIUIAIOTCS K LEHTPATbHOMY Y311y, HHXKHSS 4acTh
MIPECTABIISACT MOJIbII KOHYC, OCHOBAaHHE KOTOPOT'O PACIOIOKEHO 3HAYNTEILHO HIKE YPOBHS BOJIbL. I10CKONIBKY 3TO
HEePEBEPHYTHIH BUHT WM LEHTPAIbHbIM T'eHepaTop HaYMHAET BPAIIAThCsl SIEKTPOABUTATENIEM KOTOPBII IPUKPEIUIEH K
LEHTPAILHOMY BaJly, BOJIA MOJBEPraeTCs BO3ACHCTBHUIO EHTPOOEKHON CHIIBI, TIOCKOIBKY HEHTPHYTHUpyeTcsl (LeHTPOOSKHEIE
CHJIBI) BOZIA YCTPEMJIIETCS BHU3 IO 000pOTaM TpyO, HapyKy, OAHOBPEMEHHO HCIBITHIBAET ABOMHYIO CIIMPATIBLHO
LEHTPOCTPEMHUTENIFHOE COKPAIIEHHE TaK KaK OHA IIPOXOAUT 110 BUHTOBOH TpyOe. DTO BBI3BIBACT KpaiHee YINIOTHEHUE U, KOTa
OHA B KOHIIE KOHIIOB BBIXOJUT U3 PEAKTUBHOIO COILIA AUAMETPOM 1 MM Ha KOHIIE CIIUPAJILHOM TPYyObl, OHA JIENIaeT 3TO C
OTPOMHO¥ CHJION Onarojapsi CBoei BBICOKOM CKOPOCTH U MJIOTHOCTH.

ITpu 1200 060pOTOB B MUHYTY U B 3aBUCUMOCTH OT (h)aKTHUECKOI0 paJuyca LEHTPaJIbHOIO I'eHepaTopa B LEJI0M, B
OPUTHHAIILHBIX TEKCTAX €CTh 3aIMCH, YTO PEKOP] BHIXOJHOW CKOPOCTH (paKTH4ecKu 0KoJio 1290 METpOB B CEKYHLY,
pa3BuBaercs Tsra B 17,9 jgommauHbIX CUI Ha CTPYIO, KOTOPBIE JE1a0T 4eThipe 000poTa-TpyOsl. 1, 290 M/cex npumMepHo B
4eThIpe pa3a ObICTpee CKOPOCTH 3BYKa U B 3aBUCUMOCTH OT allepTypbl PEAaKTUBHBIX COIEN (HOCUKOB), 3TH CTPYH BOABI HIIH
BO3/yXa MOTYT OBITh CTOJIb )K€ TBEPABIMHU M CIOKEHBIE (CKPYYEHbIE) TaK, KaK CTallbHas mpoBoioka. Ciemayronme
CBUJIETENLCTBO oMpeenaeHHoro oueBuaua ['pernem lHaiinepoM, KoTopslii conpoBokaan ApHonbaa Xoxia, Benapua Bo
BPEMS OJIHOTO M3 9acThIX BU3UTOB Bukropa Illay6eprepa B 1936-37, maet rpaduueckoe ONMMCAHUE STOTO SBICHHSA :

"I"-n Buxmop Lllaybepeep nokazan, mawuny mue. [Ipedvloywas mawuna Oblia 02pOMHbIM COOPYHCEHUEM, IO He
bonvuoe. dma Oviia yMeHbuena 00 NOI0BUHBL €20 bblgule20 pasmepd, U NPy IKCHIYAMayuu pa3eueaent 02pOMHYIO
MowgHOCIb A GbLIUI 20PULOK 800bl 8 OCHAGHUE €&, Ha OHo. Mawuna npoussena enu civluHblil 36VK, a 3amem npdoed' ¢ mom
Jice MOMEHM 800d, KOMOPAs NPOH3ULA HACKBO3b 4 cM MONWUHOU OEMOHHYIO NAUMY U NAACTUNY 4 MM MOIWUHOU cynep-
3aKANEHHYI0 CMAlb ¢ MAKOU CUNIOU, YMO YACMUYbI-800bl, HeGUOUMble O/ 211A3 U3-3a UX 8bICOKOU CKOPOCMIU, NPOHUKIU CKBO3b
6C10 00€2#COY U ObLIU NOUYBCMBOBAHYI, KAK MOMHUSA, YKOAaMU U2l Ha Kodice. Cmekaguias 600a makdice npeepamunacs
(VKpenunacs) 8 5 cm OIUHHOU 80I0CKU HA BHEWHEll CMOPOoHe Kophnycd, Kak ujemuna."



Boamo¥HBI ABa BWAA BMHTOBLIX TPYD, KOHCTPYKUMM NOKa3bLIBAOWMWE
LIAPHKONOALIMMHMK BpalLeHne BoAbl M NPonA B NPOTHBONONOKHLIX HANPABNEHNAX

ARUC - obpasHan hopmMa BMHTOBOM TPYGkI M NpotMnK NoKasaHb! Ha
YEpMERE B3ATLI M3 nateHTos 1953 roga GpasMnLeKoro W hpaHUyscKoro
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Fig. 21.3 TopHago AoMalLUHWIA reHepaTop 3HEepPrun
Cxema KOHCTPYKUWKW Ha OCHOBE NAaTEHTOEB W OpYyryux OaHHLIX.

Puc 21.3

Xotst ['pernb [IHaiinep BrojHe MOT OAYMaThb, 4TO BCE, YTO OH 3aJMBaJ B MAIIMHY ObLIO OOBIYHOM BOJIOM, 3TO OBLIO
Oosiee BEpOSITHO, 3TO ObIJIa BOJIa OYECHB HACKHIIICHHAS! CHIIMKATaMH (COeJMHEHUS] KPeMHHS M OKCHJIOB - CM. IIaBbl 11 1 13), Tak



4TO OBLIO BHIOPOIIEHO MOIVIO OBITH XUAKMM cTekIIoM (Na,SiOs), Oenoe BemiecTBo (POpMHUPYETCst U3 pACTBOP CHIIMKATA
Hatpust 1 Bobl. C HEKOTOPBIMH KaTaIUTHIECKUMU CBOWCTBAMH, YTO CUUTAT BUKTOP KU3HEHHO BasKHBIM ITyTEM

JUIS 30POBOTO HACBIIIEHHUS BOJbI UCITyCKaHUEM (9MaHALMK) U TBEPABIX YAaCTUI] B aTMOcdepe, HIMEHHO 4epes

MIOCTOSIHHBIE KOPPa3uH KBaplia ¥ KPeMHHBBIX MTOPOJI, YTO BOAA 0OOTaIleHHas! CBEKUMHU 2JIEMEHTaMH U 3apspKeHa YHCTOH
sHepruei (3ddext TpudomomuHectieHpel - cM. massl 8 U 13). Bonee Toro, codcTBeHHBIE KOJIeOaHHs KOHIICHTPUPYIOILETO
BUXPEBOT'0 MOTOKA C LIeNeOHOM BOLON B PyUbsIX TAKKE IPOU3BOAAT €€ «IMYAbCUM) U3 TOHKUX JUCIEPCHIl MUHEPAJIOB

1 MUKPO3JIEMEHTOB, 0€3 COMHEHUs, B KOTOPYIO TAKXKe BXOISIT CUIMKAThI, KOTOPBIE B IOPSIIKE, OIIMCAHHOM HUJKE HAJEIAI0T
BOZly TEMH, BBEPX JBIXKYLICH 110 TEUECHHIO PHEPTUEH JICBUTALUH YTO UCTIOIB3YIOT (hOPEb WIH J0COCH, YTOOBI PEO0IETh
BBICOKHUE BOJONAAbL. B €€ npoxoxkaeHuu yepes 3Ty MallluHy, €CTECTBEHHOE JIBMKEHUE TAKUX SMYIbCUM U IIPOLIECCHI,
CBSI3aHHbIE C HUMH OBUIH [I09TOMY TOYHO CKONUPOBAHbL. JTO NEPEMELINBAHUE, CHIAsIHBI MEXy CO00H (YHKIMU BUXPEBOIO
JIBIDKEHHMS TAKXKE PACcIpOCTPAHSIETCS] Ha CO3IaHIe SMY/IbCHH M3 T'a30B U CJIEI0B I'a30B B arMocdepe.

HMcronb3yst 3Ty MalllMHy B CBOUX HCCIIEIOBAHUSX BUKTOP SKCIEPUMEHTHPOBAII C PSAAOM Pa3INUHbIX CHIIMKATHBIX
cycreH3uit kak "torBoM", uTo0bI "e31uTh". B ¢BsA3M ¢ OBICTPBIM KOJICOAHHEM, K KOTOPBIM OHH IOJIBEPTajIiCh B CBOEC
BUXPEBOM IIPOXO/IE UEPE3 LIEHTPOOESKHBII FeHepaTop, Kak BOJa, TaK U MEJIKHE YAaCTULIbl KPEMHE3eMa TOMOI€HU3UPOBAIU
IIyTeM BHXPEBOTO OXJIK/ICHNS KOHACHCAIIMU B KPEMHHEBOTO Tellsl MIIM KOJUIOMIHOTO PacTBOPA, T.€. OIMYIbCUH. B mpomecce
paboThI KOPITyC yCTPOMCTBA TAKXKE 3aMETHO OXJIax1aics. [pyrue HCTOYHUKH CChIJIAlOTCS Ha TO, YTO BUOpALMK YacTHIl KBapLa
B JIUCTIEPCHOM TTOCIIENOBATENBLHOCTD MITH KOJUIOMIHOM CYCIIEH3MU BUAMMO TIPOSIBISUIMCH CBOWCTBA JIEBUTAIIUN®, KOTOPBIE B
JanbHEeHIIeM yTBePIKIAI0TCS IKCIIEPUMEHTaMH, IPOBEIeHHBIME B cepeanHe 1920-X. 3nech Bo3aeiicTBIE Ha KPUCTAILIBI
KBapIia OIPE/ICICHHBIM MOIIHBIM Palo4acTOTaMH (3JIEKTPOMArHUTHBIM KOJI€OaHHs ), TPOU3BOIMMBIX IOPA3UTENIbHbIC
pesynbrarel. OT CBOETO TIEPBOHAYANBHOTO 15 cM® 00bema, KpucTai ysenuauiics B pasmepax Ha 800%, a 3aTeM, B KOMIIAHHH C
9KCIEPUMEHTAIFHOM YCTAHOBKU BECOM 25 KI, K KOTOPOMY OH OBbIJT MPUBS3aH, HOIHSJICS (JIEBUTUPOBA) Ha BBICOTY OKOJIO 2
MEeTpOB’.

[Tpu OTCYTCTBHU Ha3BaHUsI BHILICYTOMSHYTOH MAIlIMHBI, B BBIIICYIIOMSIHYTOM OITUCAHUK OYEBHIIICB, U 3/I€Ch MBI
CTaJIKMBAEMCS € TIPOOIEMOTi, Kakasi IMEHHO MAIIHA IeMOHCTPHPOBAJIaCh, HO MHE Ka)XKETCsl, CKOpee BCETO, OIMCAHHAs! BBILIE.
Bo3sBpamasch kK pacCMOTPEHHIO CIIUPAICBUAHON TPYOBI K CaMUM KOHUMKAM CIIUPAICBUAHON TPYObI, Ha KOTOPBIX
YCTaHABIMBAIOTCS YCTPOWCTBO COIIEN MO YIJIOM B TOM )K€ HAIIPABICHNH, YTO M BPAIIEHNE LIEHTPATILHOTO I'eHepaTopa
(LeHTpaIbHOTO FeHEPUPYIOLIEro Kojieca), 3/1eCh I0KA3aHo M0 YacoBOH cTpeike Ha uepuexe. HemocpeacTBeHHO
OpHUTHHAJILHBIE CITUpaIeBUAHBIC TPYObI, UTO HA UEPUEKe BBIXOST U3 LIEHTPa KaK CIUIIbI, BO3MOXKHO, Ha CAMOM Jielie, ObIIH
0oJiee U30THYTBIMU U 000paYMBAIIICh BOKPYT LIEHTPAILHOTO y3/1a B HAIPaBICHUHU BpallleHus, Kak Ha puc. 1.3b.

KoHcTpyKIus comia 1 pactosioxkKeHne, H300paskeHHbIE 314€Ch, ObLI MPEI0XkKEH COOCTBEHHBIH 3ckn3 BUKTOpa, KOTOPBIH
O0Ka3bIBaeT, yameoOpasHeie nosnoctu (kak TypOuna [lenTona), kak COBOK HEMOCPEICTBEHHO 3a cTpyEid. Llens aToro
3aKJII0YAETCs B TOM, YTO ObI TOWMATh MOJHBIM PETPO-UMITYIbC WM OTHady "OT yaapa (B3pblBa, YAIapHYIO BOJHY)" IIOYTH
TBEPAOH BBIXOAILEH CTPYH BOJbI KAK PUKOILET OT BEPTUKAIBHO PUGIEHON 1K 3y0uaToil Mo10Ckl MeTalla, pacoIokKEeHHON
10 AMaMeTpy BHYTpH Kopityca. ITociie 10CTaTOUHOro NOBPOPSIOIIErocs nepuosa JoctTuraercs, 3Gdexr ot 3Toif oraaun, 4To
3aCTaBISIET LIEHTPATLHOE KOJIECO-TEHEePaTOp CAaMOCTOSTEIEHO BPAIAThCsl, TEM CAMBIM OCBOOOKIas IIPUBOIHON JIBUTATENb OT
Harpy3Ky, €CJIH He CHATb C HETO BCIO HAarpy3Ky. XOTsl, Kak IOKa3aHO 3[€Cb, YTO YEThIPE CTPYH COBIALAET C NEPIEHAUKYIIPOM
K IUIOCKOCTH BPAICHUSI U BO3IEHCTBYS OJJHOBPEMEHHO B OTHOH TOYKE 3y04aTororo neprupepritHOTro Koiblia, OylneT JOCTUIHYT
Gosiee UIUTENbHBIH PETPO-UMITYIbCHOM TSATH, €CIU OHH OyAyT pa3MeLleHbl IPYT 3a APYTroM [0 TOpU30HTaIl. TakuMm 00pasoM,
Ka)KIast 0TJa4a CTPYH OT 3y04aToro Koiblia OyAeT He3HAUYUTEIFHO OTINYAThCS 10 BPEMEHH U YIITy.

Tak Kak reHepaTop NEeKTPOIHEPIUU YCTAaHOBIIEH HA OJHOM Bally, 4aCThb 3JIEKTPUUECTBA, KOTOPOrO OH IPOU3BOIUT
BO3BpAIIAETCs B IBUraTeb NPUBO/A, IIPH HEOOXOIMMOCTH, OCTAaIbHOE, SIBIIETCS CBOOOAHON dHEprueH Ui T00BIX Ienei,
KOTOpasi MOXKET OBITh HCIOJIb30BaHa, HATPUMED, IJIsl TUTAHUS U YIIPABICHUS JTIOOBIM U3 YCTPOWCTB paHee YIIOMSHYTBIX.
Ecnm sta MammHa QyHKIMOHHPYET, KaK yTBep kKaaeT BUKTOpP, TO reHepaTop JOKEeH MPOU3BOIUTE B AECATH Paz0oIbIe
SHEPIHH, YeM MOTPEOICHHS IBUTaTeNs, IPYTHMH CIIOBAMH, JOJDKEH OBITh JIEBSITH KPATHBIHA M3IHIIEK dJIEKTPUUECKON SHEPTHUH.

B nemax npenoTBpamieHus BRIpaKEHHOTO HUPKYIMPOBAHUS BOABI HA BBICOKOM CKOPOCTH 110 TIEPUMETPY COCYAA,
YCTaHOBJIEHBI BEPTHKAJIBHO U30THYTHIE IEPETOPOJIKH, TUIACTHHBI, KPEIATHCS K HWKHEeH H OOKOBBIM CTOPOHAM KOpITyca,
KOTOpBIE TaKKe HAPABJIAIOT BOAY 00OPaTHO K LEHTPATLHOMY OTBEPCTHUIO, OTKPHITOMY B HIDKHEH 4aCTH Y OCHOBAaHMS
LEeHTPOOEIKHOTO KoJIeca-reHepaTopa, Iie OHa Cpa3y BCAChIBASTCsl CHOBA BBEPX C OTPOMHOM CHIIOHN K OKUIAIOIIIM YCThSIM
CIHPAJEBUIHBIX TPYO.

21.4 /leucamens @openv u 6uomexnHuueckas no080OHAs 100KaA

Janee unn napamiensHoe passutue Jsurarenst Vimmnosun - @openesslit [Ipurarens. OH nmeeT GopMy HOCOBOTO
oOTekaressi B HOCOBOM 4acTi BHOTEXHUUECKO MOIBOIHOM JIOJIKH, TOKAa3aHHBIC COOTBETCTBEHHO Ha puc. 21.4 u 21.5, xoTopas
coyeTaeT B cede Kak LEeHTPaIbHBIM FeHepaTop UMITY/IECOB U KOH(UTYpaLys BOIHOOOpa3HOH (hOPMBI BIOKEHHbBIE AUCKH
(uammn) B Pertynbcune (puc. 21.2). D10 1ieHpabHbIM reHepaTop UMITYJILCOB, 3aMETHM, HE BKITIOUACT CIIUPAJICBHIHBIC TPYObI
KaK TaKOBBIC, @ BUXPEBBIC IPOLIECCHI TOBUIUMOMY, BO3HUKAIOT Yepe3 KPEIUIeHUs Kpbula 6a00uKu U30rHyTOH (oiabru Ha
BHYTPEHHEW TIOBEPXHOCTH MEX/IY JIByMs CY’KAFOIIUMHE (CXOSIIIUMHUCS ) BOITHOOOPa3HbIMU opMamu AuadparMel 4epe3
OIIPE/IEICHHBIE IPOMEXYTKH (HE [I0KA3aHbl Ha AUarpaMMe), 1eiCTBUE KOTOPBIX IPUBOAUT K TOMY, UTO BEJyILasl CpeJia, BO3IYX
WM BOJA, TEUET KaK psiJ BUXpeH yepe3 BOTHOOOpasHble TUCKU. JleiicTBre U (GyHKIMS STHX pydelKoB, AuadparMel
aHaJOTUUHbIE XKa0paM He MOJBMXKHOMU (CTalMOHAPHOM) (hopein, OTKya 3TOT MOTOP MOy CBOE Ha3BaHUE.
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Pwuc. 21.5

3nech aKTUBU3UPYIOTCs JiBa (hakTopa. Bo-mepBbix, B m1aBe 4 ObLIO yKa3aHOo, YTO IO clioBaM BHUKTOpa, Ype3BbIyaiiHbIe
IIpesiesbl 1000 maphl AUANEKTUUECKUX BEJIMUUH (pUC. 4.6) MOTYT ObITH JOCTHUTHYTHI JIMIIb IPH IPAHUYHOM YCI0BHH 96% B
¢bm3udyeckoM Mupe. Bo-BTophIX, B I1aBe 7, JBE pa3inuHble TEMIIEPATypHbIE CUCTEMBI, THITBI A U B, ObUIH HACHTH(HHIIMPOBAHBI
KaK yBEJIMYCHUC M PACIIMPCHHE, U, CXKAHTHE M KOHIIEHTpALHs (hOPM BBICOKOH TEMIIEPATypPhl M XOJIO/Ia.
Vcronbp30BaHe MacCOBOM Cpelibl BO3/IyXa MM BOJIBI, C €ro MalllnHaMKi BHKTOpP CMOT, 32 cUeT OBICTPOrO YepeIOBaHMUs



LIEHTPOCTPEMUTENIBLHON KOHEHCALUU U paciuupenust (1uddy3un), a1 npepbIBaHus HOPMaJIbHOIO BO3Bpara MaaeHus 1
KOHIICHTPALIMK XOJIOJIHOTO, YTOOBI HAIPETHCS, IyTEM MPEOOpa30BaHus X0JI0/1a B YBeIHUUBaHUS (00bEMA) M PACHINPSIIOLIHEC
¢dopmbl. Korga ata gocturaer cBoero kpaitnero npezena B 96%, Oyaer Torga CHoBa IIOBTOPHO IPeoOpa3oBaHO B (hopMbI
CHIDKEHHE (TeMIIepaTypbl) M KOHLEHTPALMIO. DTO IPUBOIUT K 04EHb OBICTPOMY OXJIaXICHUIO, C KOTOpHIM BrkTop cMmor
oxstaguth Bogy oT +20 ° C o +4 © C 3a HECKOJIBKO CEKyH]L.

B xoze aTOro npoiiecca nomolarIas crnocoOHOCTh KapOOHOB (carbones) CTaHOBUTCS HACTOJILKO KpalHe! 1o
HAINopOM MOII[HOTO KOHIICHTPHPYIOIIETO BIHSIHAS [ICHTPOCTPEMHUTEIIBHOTO CIUSHUS, KOTOPOE CO3AET CHIIBHO OTPHIIATEIBHO
HOHU3MPOBAHHYIO aTMOC(epy, 4TO KUCIOPOJI, KOTPOBII OHM YK€ ITOITIOTHIIN, KOTOPBIN CTAHOBHUTCS TACCHBHBIM IIPU
OXJIQXICHUH, TIIATEIBHO CBS3aH U CTAHOBHUTCS B PABHOH CTEHECHH HEJOCTATKOM B TPOCTPAHCTBE. J[pyrIMH CIIOBaMH Kak
kapOoHBI (carbones) U KUCIOPOJ, a TAKXKe JIFOObIE IPyTrHe AIIEMEHTBI HITH I'a3bl, IPEBPAIAIOTCS B COCTOSIHUU
BBICOKOYACTOTHOM, B MEKPa3MePHOM, MOTEHIIHATBLHOM SHEPIHHU, KOTOpas TpeOyeT TOJIBKO HEe3HAUYUTEILHOTO HarpEeBaHMs JUIS
obecrieyeHyss MaCCUBHOIO (00bEMHOI0) PACIIMPEHHSL.

Bo3sBpamasce K IByM pa3indHbIM (opmaM XoJo/1a yIOMHHABIIAECS BBIIIE, HAa pUC. 21.4 MBI pacCCMOTPUM, Kak
JIOCTHTAaeTCs UX IOCHIeIoBaTeNbHas cMeHa. Kak BoiHooOpasHas (hopMma IeHTPaJIbBHOTO TeHepaTopa UMITYJIECOB BpaIaeTcs,
BOJa (WIJTH BO3IYX, €CJIM 9Ta padboyast cpefa OblIa BHIOpaHa), KOTOpasi MPUCYTCTBYET MEXKITY JBYMsI CXOIUIIIIAMUCS (B Y3KUX
MecTax Py4eHKkoB, IPoQuIIb) AUCKaMH AnadparMel, IPUBOAUTCS B JABIDKCHUE U MO IEHCTBHEM IIEHTPOOEIKHO CHITBI
BBITIKUBAIOTCS HapyXKy. Tak kak 0CBOOOXKIAeT 9TO MPOCTPAHCTBO, TO OHO 3aMEHSETCs OOJIBIINM KOINIECTBOM
MOTpeOIsIeMOl BOJIBI, MOCTYIIAIOIIEH Yepe3 BUXPEBOE BCACBIBAHNE, KOTOpAst CO3AaeT YaCTUIHBIH, a HHOTIA U HHTEHCUBHBIN,
BaKyyM IIe€pe]] TIOABOIHOM JIOJKOH, B KOTOPHI OHA BTATUBAaeTCA. VIHTEHCHBHOCTH 3TOTO BaKyyMa 3aBHCUT OT CKOPOCTH
BpAIIEHHs BOTHOBOTO [IEHTPAIBHOTO TeHepaTopa NMITYIbCOB.

Kak BugHO Ha yepuexe, BOJHOBas (popma MOBEPXHOCTH BYX AuadparM He BIOJIHE HapajlieIbHbl, TO €CTh,
COOTBETCTBYIOIINE IpeOHN M BIIAIMHBI U3 ABYX IHadparM cMelIeHbl B NX BEPTUKAJIBLHOM OTHOILICHHH, T€ U3 HI)KHHUX OJIIKE K
LEHTPAIBHOM OCH, YeM BepXHsisl. Pe3yasTaToM 3TOro SIBISIETCS CO3JaHUe YEPEIOBAaHNE PACIIMPEHHUE U Cy)KEHUE (CKUMaHUE)
npocTpaHcTBa. MHTepBazax MeX Iy HKaMU 9THX PydeHKoB quadparM, a TakkKe MPOCTPAHCTBO MEXKITYy HUMH, YMEHBIIAETCS B
npornopiuu 3os0toro CeueHusl.

Tak Kak Bojia MOCTYIAET B IIEPBOE Cy)KEHHE Y HIDKHEH 9acTH MPUEMHOTO MarpyoKa, 5To molyKIaeT K JadbHeHeMy
pamaibHO> 0CEBOMY, ICHTPOCTPEMHUTEIIBHOMY, BUXPEBOMY ABIIKCHHIO 110 H30THYTOW (hoJIbre KilalaHa, pacroioKeH TOJIBKO B
nepeHel 9acTu Cy)KeHHs (He MOKa3aH 10 MPUYMHE CXEMAaTHYeCKOH SICHOCTH) M OXJIaXK1aeTCsI MO BIMSHHEM BBI3BAHHOTO
LEHTPOCTPEMHTEIEHBIM 00Pa30M CHIDKAIOIIETO M KOHIICHTPHUPYIOIIETro Xoyioza. He umest TpeHHUs PH CIKATHH, B CY)KCHHE, OHA
3aTeM IOCTYMACT B PACIIMPSIOLIEe IPOCTPAHCTRA H, C BDEMEHHOM Mepeaadeii 0CeBO>PaiHalbHOIr0 BUXPEBOrO ABIKCHHS, OHA
OXJIQXIACTCS aJiee IO BIMSHACM ITOBBIICHUS M PACIIUPEHIS X0JIOJa.

YT00BI MOIYYUTh HEKOTOPOE MPEJICTABICHHUE O TOM, KaKHe HMPOLECCHI 3/1eCh YUaCTBYIOT, €CIIH BbI OyAeTe JIepKaTh
JIaJIOHB MIEPe CBOUM OTKPBITEIM PTOM M IIOCTENICHHO MPUKPHIBAst TyOBI Ha BEIJOXE, TEMIIEpATypa BBIIBIXaeMOTO BO3TyXa BCE
OoJee u Ooree oxaxaaercs. braromaps mocIeIoBaTeIbHBIM YePSIOBAHUEM ITHX JABYX (DOPM OXJIKICHU, BOJA
OXJIQXK/IAETCS HE TOJILKO OUeHBb OBICTPO, HO U, K MOMEHTY €€ BBIXOJa U3 Mepu(epHiHbIX TOPTOB (OTBEPCTHIl [0 TIEPUMETPY),
OHa Ype3BbIYaliHO IUIOTHAS, T. €. IPOCTPAHCTBEHHO CXKATO, U coepikaiue e€ kapOoHs! (carbones) BenyT cedst KpaiiHe
arpeccuBHO. TakuM e 00pa3oM, 4TO U JienieHast KUCIOPOoa BOJIA BBITAIKMABACTCS UBKAOp Y HETIOIBIDKHOM (CTalMOHAPHON )
(opermn u cryckaeTcs 1o O0kaM, 1 37eCh TaKKe CyIep Iepeoxiiax/IeHHas, Ooraras KapOOHaMH BOJia PEIBKOM CIABIHBACT
KOpPMY IOABOAHOM JIOAKHU (M Ta BEICKAKMBAET M3 CIABIMBAIONIETO KOJIbIA, KAK BRICKAKUBAET CBEXKasi KOCTOUKA CIIUBEI U3
TaJbI], €CIN 3aKaTh e MEXIy IaIyIIIedKaMH MalIbIeB).

B 3TOM BHI€ TOTYKOBOTO JIBMKEHHSI, 3aMETHUM, MBI B IIPHHIIMIIC, HE CBSI3aHHBIX C MEXaHUYECKUM BO3IEHCTBHEM
00paTHOH TATH, YTO MOXKET CITIOCOOCTBOBAThH B ONPE/CIICHHON CTEIICHHU, a CKOpee C MOCIea0BaTeIbHbIM 3 (heKTomM
BO3JEHCTBHEM (DH3NIECKOH JeMaTepHaNIn3aliy Ha HOCY, a 3areM (u3nyeckoe pacumpeHne Ha kKopMmy cynHa. Kak mokasano Ha
puc. 21.5 3tu npeoOpa3zoBaHusi BOJHBIX IIOTOKOB B HAPABJICHUH K 3aJHEH Y/UICHEHOW YacTH, siilieBuIHas Gopma Kopryca
KopalJisi, [JIc OHA BCTYIAET B 3aUMOJICHTBHE C 3a00PTHOW BOJIOH pa3HOM yAEIbHOM TNIOTHOCTH, TEMIIEPATYPhI U (PU3UYECKOTO
cocrapa. DTo 3acTaBisieT €€ OBICTPO PAaCLIMPATHLCS, HE TOJIBKO U3-32 BHICOKMX BHEILIHUX TEMIIEPATyp, HO TAKKE U IIOTOMY,
YTO MOBTOPHO MOIVIONIAET TE AIEMEHTHI, KOTOPHIE OCAKIAIMCH B TEUEHHE TIOYTH MTHOBEHHO OXJIaXKICHUS (OCaKACHHUE CONel
1 MUHEPAJIOB IIPOUCXOIUT IPH OXJIAXICHUH IIPH OTCYTCTBHE CBETa U BO31yXa - miaBa 9, 1. 9.3). Taxoe ObicTpoe pusnueckoe
pacmmpeHue, 3aMeTHM, TPOUCXOIUT MEKIy MAacCOM BOIBI JISKAILETO 32 KOPMOI1 U mepes cyOMaprHON HEOoCPEeICTBEHHO.
HanuiuBas Ha KOpILyC CynHa, OH IPOTUBOCTOUT 0OOUM 3TUM CUJIAM, OHU CTAJIKUBAIOTCA C CY>KAIOIIMCS KOPILyCOM
HOHBO}IHOﬁ JIOOAKH U CMBIKAKOTCsI (3aKpI)IB3.IOTC$[) B KOpME Heé, B pE3ylIbTaTe 4€ro noABOAHAA JIOAKA, KaK U HEIMOABUIXKHAS
(cranmoHapHas) Gpopeb, IBUTaeThCsl BIIEPe]l, KAK KYCOK CKOJIB3KOTO MbLIa 3a)KaThIM MEX/Ty MajblaMU. JTO IBIDKCHHE
BIIEpE] ellie OoJiee yCUINBAETCsl 4Yepe3 BaKyyM, BOSHUKIIMN B HOCOBOM 4acTU CyJHA OT ObICTPOro MOCTYIUICHUS BObI B
LEHPAJBbHBII TeHepaToOp UMITYJIbCOB.

21.6 Knumamop (umo mo épooe coépemenno20 KOHOUyUoHepa)

3TO YCTPOWUCTBO, OUYEBUIHO IO pa3Mepy CO NIy MAJIBYHMKA, SIBISICTCS TEHEPATOPOM, CIIOCOOHBIM MPOU3BOANTH
TEeMITepaTypy, MPUHAUIEKHUT K HCCKycTBeHHOMY Tumy A, BUKTOp 0XapakTepn30Bai ero Kak MUHHATIOPHAS KOTIHS 3eMJTH,
KOTOPOE, Yepe3 CBOIO "OpUrHHAIBbHYIO" (GOpMY IBHKEHHS MOXKET IIPOU3BOIUTE U MOBBIIICHUE U PACIINPEHHE XOJI01a U
MaJIeHUE U KOHIIEHTPALMIO BBICOKOH TeMIepaTyphl, IPUYEM MEPBBI CMEPTENIBHBIN IS BceX 00JIe3HETBOPHBIX OaKTEPH.



ITpu oueHb BBICOKHX 000POTaX, Uepe3 MEAHbIE CIJIABBI LIEHTPAILHOTO FeHEPaTOpa UMILYJIbCOB OOBIUHBINA BO3IYX, IPH
JIBIDKEHHH BBIIIE CKOPOCTH 3BYKa, TAKNE LEHTP-UMITYJIECHI TOBOASAT BO3LYX 0 TOUYKU MOJEKYISIPHOTO Kpaxa U MPUBOIAT K
TIOSIBJICHUIO paHee HeU3BeCTHOH (popmbl aToMHOM sHepruu. OHa MOXKET OBbITh YCHJICHA B COOTBETCTBHUH C TOKEIAHUAMHU
IIyT€M M3MEHEHHUS] CKOPOCTH BPALIEHHS, B PE3YJIBTaTe Yero MOTydaloTCs €CTeCTBEHHbIE (POPMBI, MOTYT OBITH MOTyIEHBI
1100 BbICOKas TemIeparypa 6o xono. C mOMOLIbIO 3TOr0 YCTPOUCTBA, BMECTO OOBIMHOIO CUMIITOMA CUCTEM OTOILICHS,
KOTZIa ropsidasi roJIoBa 1 XOJIOAHBIE HOTH, TPOCTPAHCTBO JIy4e3apHO MOJ0TPEBACTCS CBEPXY BHU3, TAKHM ke 00pa3om, 4To H
CouHiie HarpeBaet arMocdepy 3emin. B pesysbrare, Bce IPOCTPAHCTBO PABHOMEPHO MPOIMUTAHO, HACHIILIEHO, TEIIOM
(BBICOKOH TemIeparypoii).

C nmpyroii CTOPOHBI, IPH APYTOil HACTPOWKH armapara, IPOCTPAHCTBO 3aIOHICTHCS M JIaKe TUCIIEPCHUS TOBBIIICHHS H
pacuIMpeHus X0J10/1a, MPOU3BOAS CBEKHUI BO3/IyX, KaK B TOPHBIX paiioHax. DTO W3MEHEHUE TEMIIEPaTypHOTO PeKUMa
JIOCTUTACTCS 32 CYET BKITFOUCHHUSI HEOOJIBIIOTO AIEKTPUUYECKOTO COMPOTUBIICHHUS, IEKTPUUYECKOTO OTOIUICHHS (3JEKTPHYECKOTO
TEHA) WU JJIEMEHTA.
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Fig. 21.6 MpotoTun A (BBEpXY),
MpotoTrun B (BHW3Y)

HpI/I TMPOXOA€ BBICOKOI'O TOKAa 4Y€PE3 HETO, CKOPOCTH BPAILICHUS LICHTPAJIBHOI'O reHEpaTOpa UMIYJIbCOB CHUKACTCA 1
npeo6naﬂa}0T TCIJIbIC TEMIICPATYPHBIC YCIIOBHS. C prl"OfI CTOPOHBI, KOTZ1a BbICOKAsI TEMIICpaTypa CHUXKACTCA, CKOPOCTh
BpalicHus, COOTBETCTBCHHO, YBCIMYUJIICA, IIPOU3BOAA BO3AyX 'OPHOI0 Ka4yeCTBa, yHOMS{HyTI;Iﬁ BBIIIC.



21.7 Jlemawwasa mapenka

Hackonbko MOXeT OBITh OIpesieNIeHO, Tak Ha3bBaeMoe «Cnemarnee biroamney, GyHKIMOHUPOBAIO, HCIONIB3YS
HeOombInyto Moauukanuo dopenesoro JBurarens, Ho, kak Kimmarop, paboTaromiuii Ha 6oee BBICOKHX CKOPOCTSIX, B
Ka4uecTBe ABMKYIIEH cpeabl ObLT BO3AyX. J[Ba MPOTOTHIIA TTOKAa3aHbI Ha PUC. 21.6 pa3nudHbIe MOJEIN OZHOTO U TOTO XKe
ycTpoicTBa (poToThiiel A BepxHei n B HmxkHuit). B Toxke camoe Bpems kak KimmaTtop umMeeT pasmep co IUISIy MajibuuKa,
pasmep JieTarel Tapesiki COCTaBISIET OKOJIO 65 cM B Anamerpe. ITO TaKkKe MOKET OBITh U TEM, UYTO Ha3bIBAIOT "BaKyyMHOM
MaIMHOHI", KOTOpas Ka)eTCsl BIIOJIHE BO3MO)KHO B CBETE KOHJICHCAIIMH IJIaHETapHOTo JBHKeHus B PopeneBom JlBurarere,
TaK KaK LEHPaJIbHbIH T'eHepaTop UMITYJIbCOB MOXKET UCIIOJIb30BATh BO3LYX WM BOLY B KAUECTBE JIBUXKYLIEH CPEbL.
CyLL[CCTByIOT TAaKXC OCHOBAHMs, I10J1Iararb, 4YTO C 3TUM yCTpOﬁCTBOM MMPOBOAUIIUCH DKCTICPUMEHTBI C UCTIOJIb30BaAHUEM
KBapIIaBOTO relisl (CHUIIMKAresisi, CeJIMKaTaMi) B Ka4eCTBE TOILINBA.

ITepBoe U3 3THX YCTPONCTB ObLIO MPOU3BENEHO 3a cOOCTBEHHBbIE cpencTBa BukTopa komnanueii Kepri B Bene B 1940
TOJly ¥ BIIOCIIEJICTBHH Jlaiee pa3BuThl B 3amke lenOpynH. Llenb 3THX NpoTOTUIIOB OblIa IBOSIKOM:

1) nanpHelinee paccienoBaHue cBOOOIHOTO IPOU3BOICTBA SHEPTUHU, U
2) npoBepka TeopHii BUKTOp Ha JieBUTALIMH, BEPTUKAIBHOTO MOJIETA.

[IpuHrMast BO BHUMaHHUE TO, YTO B TIEPBOM CJIydae, €CTh HEOOXOIMMMOCTh B BEPXHEH YaCTH adpOJMHAMUYECKOTO
MKECTKOTO KyIoj1a MPUKPEIUIEHHOMY K OCHOBAHUIO, 2-I ciTydyail HEOOXOIUMOCTH €TI0 MIPUBSI3aHHOCTD K OBICTPOAEHCTBYIOIIEH
MydTe, 9TOOBI TO3BOJIUTH €My MTOAHMUMATECS, OyIeT JOCTUTHYTA aBTOMAaTHYECKOe CaMOBpAILICHUE U TeHepalysl ITOJbeMHON
cuiibl. YTOOBI 3aIyCTUTh SHEPreTHUECKUH Mpo1iece, OblI UCIIOJIb30BaH HEOOIBIION BHICOKOOOOPOTUCTBIN 3JIEKTPOJIBUTATEb,
cnocoOHbIi npou3BouTh 0T 10.000 10 20.000 060pOTOB B MUHYTY.

HecmoTpst Ha KOMITaKTHBIE pa3Mephl, 3Ta MallliHa POU3BEJia TAKYI0 MOIIHYIO ITOJbEMHYIO (JIEBUTALIUIO) CHITY, YTO,
KorJia OHa ObliTa BriepBbIe 3amyineHa (0e3 paszpemenus: Bukrop laydeprep u B ero orcyrcrBue!), OHa copBaiia mecTb 00NTOB
nramerpoM 1o 0,25 mroiiMa u3 BEICOKOIIPOYHOM CTalH, MPOYHBIX HAa PACTSHKEHHE, aHKEPHBIX OOJITOB M BBICTPENHUIIA BBEPX,
3aTeM pa30miack o Kpeiiry anrapa. [lo pacaeram Buxropa [llaybeprepa, 0CHOBaHHBIX Ha JaHHBIX U3 MPEABIIYIIUX TECTOB,
ycTpoicTBo uaMeTpoM B 20 cM U ckopocThio BpateHus 20.000 060poTOB B MUHYTY, IPOU3BEJIO ObI MOABEMHYIO
(JIeBUTHPYIIYIO) CHIIy TaKoro MaciiTada, 4To oHa Moryia Obl MMOIHSTE Bec B 228 ToHH. boee Toro, coobaercs, 4to
1oo0HbIe YCTpoiicTBa OBIIM IOCTPOEHEI B OoJiee KPYITHOM MaciiTade, Kak yKa3bIBaeTCsl U3 OTPBIBKA CTaTh 0 BukTope
[ay6eprepe Hanucanoro A. XaMMacoM B sKypHaiie VIMnnosus, B KOTOPOM TOBOPUTCS:

"Ecmo muoeo cnyxoe o mom, umo Lllaybepeep oenan na camom oene @ meuenue 23mo2o nepuood, OOIbUUHCIEO U3
KOMOPUIX YKA3bI6AIOM HA MO, MO OH 3AHUMAICA pA3PAdOMKOU «1emalowux OUCKos» no konmpaxmy ¢ apmueil. Ilozonee
cmanosumscsi uzgecmuo, umo "nemarowuii ouck"” sanycmuau ¢ Ipace 19 espansa 1945 200a, komopwiii nooHsics Ha
svicomy 15 000 mempos 6 meuerue mpex MuHym u 0ocmue npeoeivbHot ckopocms 2 200 kuromempos 6 uac, 3mo
0vLI0 pazpabomkoll npoMomuna Komopulii o1 nocmpoun ¢ Maymxayszene 6 KOHYEHMPAYUOHHOM JLazepe.

Llaybepeep nucan: «nepebim Ycaviuidn 0o dmom codblmuu nocie GoliHbl, Yepe3 00H020 U3 MEXHUKO8, KOMopblil pabomanu co
MHOUY. B nucome k opyey, om 2-eo aszycma 1956 2. Lllaybepeep npoxommenmuposan: « Mawurwl, Kax npeononazaniocs, ouliu
VHUUMOIICEHbL NePed CaMbiM KOHYoM 60tinbl no npuxazy Ketimens. ' "

31ech, U TOJBKO IEPE BBIXOAOM B I1€YaTh, MHE YPE3BbIYAIIHO MOBE3JIO B TOM, YTO MHE OBbLIN NPEACTaBICHBI Ooee
nozapo6Hsle ororpadun neraromeil Tapenku uz Amepuxu Puuapnom K. @eupsbennom, 6p1BmM komanayromum BMC
CIITA. OHu noKa3bIBAIOT HUKHIOK YacTh TOTO, YTO Ha JIOKA3aTeNIbCTBAX, Ka3aJI0Ch Obl, OMBITHBIM 00pa3iioM A (IIPOTOTHIIBI) U
3HAYHUTEIHHO O0JIETYHUT 00BsICHEHUE ero GyHKIMH. [Ipexie yeM clienarh 3T0, 3aMETHM, MBI JIOJDKHBI 03HAKOMUTBCS C €T0
YCTPOUCTBOM, paccMaTpUBas €ro CJI0if 3a cJI0eM B COYETaHUU C NONEPEUHbIM ceueHueM (puc. 21.7) 1 COOTBETCTBYIOLIME
wuttoctpanuu (puc. 21.8 - 21.12).



Puc 21.7 MNonepeyvHoe ceveHwne JleTaroen Tapenku

Ha puc. 21.8 moxa3zana netaroias Tapeiaka, yCTAaHOBJIEHA Ha TSYKEJIOM OCTHOBAHUH 110 OTTEHKAaM U3 LIBETHBIX METAJUIOB,
KOTOpOE BKJIIOUAET B ceOst KOpOOKy nepesiay, U3 KOTOPOi BBICTYIAOT [[Ba BaJla, OAAUH FOPU30HTANIBHO, a IPYroi BHU3.
Bb1cOK00OOPOTUCHBIH (BBICOKOCKOPOCTHOM) 3IEKTPOABUTATEIb, CKOPEE BCET0, ObLI COCIMHEH C MOCICIHUM, YTOOBI
PACKpyTUTh BCIO BEPXHIOIO 4acThb 10 KpUTHUECKOU ckopoctu BpameHus ot 10 000 1o 20 000 060poToB B MUHYTY, IIpH
IIPEBBIILICHUH KOTOPOr0 HAaUUHAETCs caMoBpalleHue. Yepes pelyKTop rOpU30HTaIbHOIO Bajla, BEPOSTHO, ObLI UCIIONb30BaH
JUTsL OTBOZIa MEXAHUIECKOH dHepruu. UTo KacaeTcst HanpaBJIeHHs BPAILCHHUS, TO, TOCKOJIBKY OOJNBITUHCTBO EKTPOIBUraTeNeH
(ecnu cMOTpETh CO CTOPOHBI 1€ HE BBIXOJUT BaJl, 3aKPBITHIH KOHEL) BPAIlaThCs 10 YaCOBOM CTpEKe, TO, KaK JABUraTellb
YCTaHOBJIEH CHH3Y C KapJaHHBIM BaJOM BepX, IEHPAJIbHBIH F'eHepaTop HMITYJIbCOB BPAILA€TCsI IPOTHB YaCOBOM CTPEIIKH, SCITH
CMOTpETH Ha armapar CBepXy.

BHerHuit 00TeKaeMblii KOPITYC M3TOTOBJICH U3 MEIHOTO JIKCTA TOJIIMHON 1,2 MM M C IEHTPAJILHBIM OTBEPCTUEM
MOXKHO YBUJIETh Ha pHC. 21.9, 4yTh HUXE KOTOPOTO UMEETCs! KOJIbLEBOM UyTyH MU KOJIBLO U3 QJIFOMUHUS OKOJIO 5 CM B
1yOMHY U TOJIIUHON 1,5 CM, ¥ BBICTYHAIOIIMM KpaeM OKOJIO 2 CM 3a KOPITyC. DTO SIBISIETCS YaCThIO OCHOBBI M IS yI00CTBA
00pabOTKH M 3alIUTHI BECETO aIapar, KOrja OH He UCIIONb3yeTcsl. Uepe3 OTBepCTHe, YacTh Cpa3y e BHIHO B OCHOBHOM
KOHIIEHTPHYECKN pU(ICHOH IIIaCTHHBI WK AuadparMel, a TAKXKe U3 MM, MOYKHO YBUIETh, KOTOPask H300pakeHa IIEITUKOM
Ha puc. 21.10. Ha »Toit BepxHei m3BuuHe (pydelike) B rumactuHa comepkuT cepuu miemnel s, Bpe3aHHBIX MOJT YITIOM Ha
BHYTPEHHHX CTOPOHAX, CKIOHAX 2-TO U 3-TO KOJIbLA, eI Ha BHYTPEHHEM 2-OM KOJIbLIE, CY’KAIOLIEMHCS K OCHOBAHHIO,
Oonbliee B IUTHHY, OoJiee OIM3KO pacloNoKEHHBI M OXBATHIBAIOIIHX IT0JIe TIObEMa Ha TpedHe, 4TOOBI HaKaThIBaThCs. Yepes
9TH ILETH BTATUBACTCS BO3AYX BHYTPb, 3aCaCBIBACTCS YacCTh M 4acTb, LIEHTPU(PYTHPYET B IPOCTPAHCTBE MEXK Iy IIIaCTHHOH B
u tarcuHoit C , ocieHss TIacTHHA MoKazaHa Ha puc. 21.11. B coOpaHHOM BH/Ie Kak eIMHOE 11e10€, KOMOUHAIMS 00enX
IUTACTHH M BCTABJICHHBIC BOJHOBBIE IIJIACTHHBI, APYT Ha Apyra o0pa3yroT MeXIy HUMHU IPOCTPAHCTBO W SBISIETCS TEM, UTO 5
HMEIO B BUJIy U B IPYTHX MECTax "LEHTPAJIbHBIN reHepaTop UMITYIILCOB (centripulser)”, Tak Kak OH BBU/IC MHOKECTBA
CIMPAJIEBUIHBIX TPYO MU BIIaJUH (IIOI0CTEH) B (hOpMe BOJIHBI, 10 CYTH BBIIOJIHSIOT OAUHAKOBYIO (yHKIHIO. [To cpaBHEHMIO
C TOTIEPEYHBIM CEUEHHEM Ha pUC. 21.4, T/ie 2JIEMEHT -LeHTPATbHBII TeHepaTop UMIYIbCOB, ObUI COCTABJICH U3 MMUCEMEHHOTO
OIUCaHMUs, 3/1€Ch KollblieBas psi0b 00enx minactunbl B u C Ha puc. 21.7 ropasno 6osee yrioBast ¥ UX rpeOHU U BIaJUHbI,
BBIPOBHCHBI TPAKTUYCCKU BEPTHUKAJIBHO.

[Tpu cpaBHenun mwiactul B u C, B To)xe camoe BpeMsi Kak 00€ UMEIOT 5 pacIioyIOKEHHBIX C PaBHBIM HHTEPBAJIOM
KOJIbIIa OIMHAKOBOTO pa3Mepa, rpedeHb Hanbosee yAalIeHHOTo Kolblia 0ojee OKpyIible, y IIacTUHBI B 3aBepiuaercst 6-bIM
ropaszio mupe nepudepuitHbIM KoxXyXoM (karmoToMm). [lnactuaa C, TOIBKO ¢ 5 -10 KOJIIaMH, BIOKEHA B YIITYOJICHHE C BHEITHIM
MHOKeCTBe 11eeil (yienabeB) Kak KpUBOJIMHEHHbIe TypOUHHBIE JTOMaTKU T, KOTOPbIE SIBISIIOTCS HEOTHEMIIEMOH 4acThIO
rtactusel D (puc. 21.12). Xots miactubl B u C sSBISIOTCS BOTHOBBIMY, TacTHHA D MII0CKast 1 MO0 W3TOTOBIICHBI U3
HEprKaBelowlel cTally, allOMUHUS WIN I0CEPEOPEHHOM MeH, 10 IEPUMETPY COAEPKUT JIONACTH TypOUHbI OA0OHbIE skadpam.
enu (kaHABKU) MEX/Ty JIOTIATKAMHU H3TU0AIOTCsI, CHaYaIa B OJHY CTOPOHY, @ 3aTeM B JAPYTOif, caMo JIe3BHE JIOTIATKH, UMEeT
BhIpaXeHHYI0 (hopMy Kpblia. [IpuiioxkeHnem K HUKHEH ruiactuHe D siBisieTcs emie oJiHUM KOMIIOHEHT, 3aBHCUMast U3 MEH
nepudepudecknii koxyx (kanot) E , BumumMbie Ha puc. 21.11, KOTOpBIH B COYETAHUM C BEPXHUM KOXKYXOM A HaIpaBIsieT
BBIOPOCHI LIEHTPAJILHOTO FEHEPATOPa UMILY/IbCOB BHU3 U HUXKE YCTPOICTBA. DTO TaKiKe CO3[4aeT BOTHYTOCTh Ha HIKHEH



CTOPOHE Cy/IHa, KOTOPBIM OHO IMOATAJIKMBACTCS BBEPX OCPEACTBAM GLICTpOl"O pacliupeHus paHee AeMaTCprualn30BbIBAEMOI0
WM CUJIBHO OXJIAXKJICHHOM U CXKaToro BO3ayxa.
3 e ¥ ¥ \ o +

Fig. 21.8

Puc 21.8 Puc 21.9

Fig. 21.9

B co6pannom Buze, miactunbl B, C u D ¢uxcupyrorcest BMecTe Ha CTynully 6-10 G0JITaMU U pa3JeIcHHbI
npokiaakamu. Ootekarens E kpenures k macture D. U BHenHui koxxyX A u ractuHa B, ¢ ipyroit CTOpOHBI KpensiTes K
MAacCCHUBY C JIE3BHSMHU JIONIATOK TypOUHBI 12 -0 BUHTaMH C MOTaifHOI royioBKoi, miactuHa C KpenuThes K ractune D 6-10
BHUHTaMH. 3/1€Ch, C YY€TOM IEKTPOMArHUTHBIX M aTOMHBIX PEAKILIMI B IIPOIIECCEe IKCILUTyaTallH, BIIOJIHE BEPOSITHO, YTO
Ppa3IYHbIe KOMIIOHEHTbI OBUTH YaCTUYHO VJIH TIOJTHOCTBIO M30JIMPOBAHBI IPYT OT JPYyra, MaidaMu, BO3MOXHO,
M3TOTaBJICHHBIX U3 PE3UHBI WM IPYTOro U30JIIIMOHHOTO MaTeprana. Pa3mep oTBepcTHs B KOXKyxe-o0Tekarene A, Ka3aaoch
OBI, TIONTBEPIKAAET ITO, IOCKOIBKY OH YUUTHIBAET BCTABKU TaK U (GUKCUPYIOIINI BUHT U H30JSIIMOHHBIE 000JIOUKH.

OnuH HIOAH, 3aMETHM €T0, 3TO OTCYTCTBHE KOHMUYECKOTO MPEAMETa B LICHTPE, IOKa3aHOro Ha 000MX MPOTOTUIAX Ha
puc. 21.6, KOTOPBI MOXKET OBITh CYIIECTBEHHBIM U KH3HEHHOBAXKHBIM KOMITOHEHTOM, TIPEITOTIOKUTEIBHO €r0 B3SUIN PYCCKUE
n3 kBapTUpsl Buktopa B Bene (m1asa 1). Eciu 9T0 Tak, To 9T0 npuaMeT Kpenuscst 00ITOM B BAHUMBAHBIM B BEPXHIOIO 4acCThb
LIEHTPAJFHOTO Basa, IOKa3aH Ha puc. 12.9. bomee BeposITHBIM TO, YTO MOJENb paccMaTprBaeMast 31€Ch JeHCTBUTEIEHO
SABJISJIACh OIIBITHBIM o6pa3u0M A, TMOTOMY YTO KaXXETCs, HCT TOUCK KPCIIJICHUA Ha BTOPOM KOJIBIIC TJIACTUHBI B,
COOTBETCTBYIOLIMX TeM Ha cTynulle nmporotuna B (puc. 21.6). Tor ¢axt, 4To HEHTp 3TOr0 YCTPOHCTBA MOIHOCTHIO OKPHIBACT
TPEThE KOJIBIIO €lIe pa3 MOATBEPKIAET TO, YTO OBICTpOE MOTPedIeHHe BO3LyXa OyIeT CIMIIKOM MaJeHbKUM. B ominune or,
0oJiee BHICOKOTO LIEHTPA OIBITHOTO 00pa3iia A umeercst O0JIbIIOE KOJIMYECTBO HIEJel Ha CTOPOHAX M CBEPXY, KOTOPBIE ObI
II03BOJIMII CBOOOAHBIN JOCTYH BO3yXa K IIeJIsIM B Koibliax 2 u 3. Kakue mpolecchbl Ha caMoM JeJie IPOUCXOAAT BHYTPU
LEHTPAIBLHOTO YCTPOICTBA, MOXKHO TONBKO Mpearnonorats. Ero ¢popma nosnysiina, 3aMeTuM, MO>KHO PEANIOI0KUTE, BHYTPH,
NIepEeBEPHYTOE PACIIOIOKEHUE BIOKEHHBIX pydencThix daml Pemynbcuna (Repulsine) 6putn onrcano panee (puc. 21.2), i
KaKoi-1100 Apyroi GopMbl LIEHTPAIBHOTO FeHEePaTOpa UMITY/ILCOB MM HEKOTOpast Apyras hopMa MexaHH3Ma
CTUMYJIHPOBAHUS JIBHKSHUSI K EHTPY. Tak HeoOXxaanma Juist pyHKIIMOHHPOBAHUS KOHTPYKIIUH.

IMepen Tem Kak Mbl 0OpaTUMCSI K BHYTpEeHHEH qUHAMUKK Goliee oIpo0OHO, B IIEPBYIO ouepeib HEOOXOIUMO
HMHTEPIPETHPOBATh BBILIE YIOMSIHYTOro Buktopom Tepmuna "cxarue nemarepuanu3anus’, Uit KOTOPOTO MBI JJOJIKHbI
00paTuThCcs K OCHOBaM (pU3MKU. B wacTHOCTH, K XapaKTepUCTHKAaM TpeX Hanbosiee IMMPOKO N3BECTHBIX S/ICPHBIX YaCTHII,
3JIEKTPOHOB, IPOTOHOB U HEUTPOHOB, KOTOPHIE, COOTBETCTBEHHO, MMEIOT CJIE/YIOIME BHEIIHUE 3apsi/ibl U OTHOCUTEIIbHBIC
aTOMHBIE MacChl: DNEKTPOoH, 3apaf (-) , 0.000549 kr; Ilporow, 3apsn (+), 1,007277 kr; Helirpon, 3apsza (Houb),

1,008665 xr . TTockoiabKy HEHTPOH HE HECET HU KaKOT'O BHEIIIHETO 3apsijia, OH JI0 CHX MOpP MPEIONIOTAI0T, YTO JIFOObIC
BHYTPEHHHE TIOJIOKUTEIIbHBIE 1 OTPHULIATEIbHBIE 3aps/Ibl YPABHOBELIMBAIOT IPYT JPYyra, TO €CTh HET HU KaKOr0 H3MEpUMOTro
BHEIITHETO AIICKTPUUECKOro 3apsiia. CornacHo COBpPEMEHHOM TEOPHH, TaK KaK HEUTPOH MMEET HYJCBOI 3apsi/i OH CIIOCOOCH
MIPOHUKATH Yepe3 OTKPBITYIO CTPYKTYPY aTroMa U TaKkuM 00pa3oM, dyepe3 00MOapANpOBKY OHOTO HEUTPOHA, JAHHBIN SJIEMEHT
MOXeT OBbITh IPE0OPa30BaH B OIMH M3 CIEAYIONIMX ¢ O0Jiee BHICOKUM aTOMHBIM YHCIIOM. bojiee Toro, 3ToT "He3apsiKeHHbIH"
HEWTPOH CII0COOSH TeHEePUPOBAaTh MArHUTHOE TI0JIE, XOTS POUCXOKACHHE €r0 "MarHUTHOTO-TIOJS" OUYeBHUIHO, BCE €IIe
OCTaeTCs 3araJikou.

JlaBaiiTe Bo3pMeM MOHUMaHKE U3 KHUrH Bukrtopa [llayoeprepa u nepesepHem Haiiie monumanune Ha 180 ©, Tak,
€CJIM HEUTPOH, KOTOPBIH KaK Mbl HAOIIONAeM MyJIbCUPYET PUTMUYHO M UIMEET MarHUTHBIC CBOMCTBA, HA CAMOM JIeJie
paccMmaTpuBaeTcsl Kak MarHUTHAsI WITH OMOMarHUTHAsI BEJIMYMHA, TO BCSI KAPTUHA MEHSIETCS, M BIPYT MHOTOE CTAHOBUTCS
siCHee, TOHsITHee. BMECTO JIMCKPETHOM Cy0-aTOMHOW 4aCTHIIbl, OHA MOYKET PACCMATPUBATHLCS KaK BCE MPOHU3BIBAIOILAS,
IIOCTOSIHHO JIBHIKYILAsl CHJIA, SIPKYIO )KU3HEHHYIO CHILY aTOMa, Yepe3 KOTOPYIO CaMH aTOMbI MOTYT 3BOJIFOLIMOHUPOBATH OT
BOJOpOAA 10 ypaHa. HEHTPOH cTaHOBUTCA KIIIOUEBOM dHEpreTndeckoi GopmMoil, KOTopast CBSI3bIBACT SIACPHbIE YaCTULIBI
BMECTE U KOTOPasi, B My/IbCALMSX C IENBIMH PUTMaMHU (IHUCIIOM) , IPEICTABISIOT CYIHOCTD - HEUTPOH, PE3OHUPYET C
ANIEKTPUYECKUMHU IOJSIMUA U IPOTOHAMH U ITOJIOOHO 3JIEKTPOHY, TaK, YTOObI 00pa30BaTh CTAOUIIbHBIC U YCTOMYMBBIC aTOMHBIC



CTPYKTYpBI.

B nomnsITKe 3amsHYTH 3a 3aHaBec gokTopoM LIadukoit Kaparamwiol %, e moaTeepkaeHa MarHUTHAS TIPUPOJA
HEHTpOHA, OH TAKKE OMUCHIBACT KaK "CBS3YIOLIHIA XO0JIOT", T.€. BBICIICH (JOPMOI BUOPAIIMOHHOM SHEPTUH, HO HE YaCTHIIbI.
Crenmys U3 BBILIE YIIOMSIHYTOTO, IMEHHO 3Ta COCOOHOCTH CBSI3BIBAHUSL, KOTOPask MpeodpasyeT MaTepualibHylo 0a3y aToMa
Bozopoza (1 mpoToH + u 1 eKTPOH -) B aTroMbl OoJiee BbICHIEr0 ypoBHs. be3 00pa3oBaHus MOCIEIHEr0 U UX MOCIIEAyoen
xoMOuHanuy (00bEANHEHNS) B MOJIEKYIbI, He Oy#eT ®KHU3HH, He OyaeT GU3NIecKuxX CTPYKTYp JII000ro BUAa, OHU OblIn OBl
HEBO3MOXHBI. Martetusm min OMOMarHeTU3M IMO3TOMY CHHOHUM - OKUBJIATh, OJKUBIISAS HEHTPOHHYIO SHEPTHIO U B
SHEPreTHYECKUX chepax HEUTPOHOB, TAKUM 00pa30M, €CTh MOJO0HAs (PYHKIIUS Y BOJIBI B (PH3HMYECKOM (MaTepHaIbHOM) MUPE.

Kpome Toro, eciu CyIiecTBYIONIYIO CBA3aHHYIO MEXKILy COOO0 IesITebHOCTH HEUHTPOHA TOPMO3HUTh, TAKHUE TPOLIECCHI,
TaKWe KaK MPOUCXOJAT B MapaduHe HAIIpUMEp, TO PaJIMOAKTUBHBIM PE3YJIBTaTOB OyleT pacraj, KOTOpbId CHUKAET 310pPOBbE U
CTaOHIIBHOCTH YEJIOBEKa, €CIU € perysspHbIe "mybcanin’ XOpOoIIeil MUTHEBOM BOIIBI IpeKpamaTcs. HykHO Takke 31ech
IIOMHHTB ¥ O TOM, YTO 3T0 OMOMAarHeTH3M KaK BbIPAKEHUE JICBUTALMH TOABEMA, KOTOpask OTBEYAET 3a "HEIOPOYHOCTh U
37I0pPOBBE B BBIIIEM IIPOSIBIICHUH" Beell opranndeckoit xusnu. Korna noxbEMHas )KH3HEHAs! CUIIa YMEHBIIAETCS,
YBEIMYHUBACTCS CHJIa TSHKECTH. JIFOOOIBITHO, 4TO CyMMa Macchl 000MX 3JeKTpoHa U potoHa coctasisier 1.007826 kr, uTo Ha
0.000839 xr mensbire, yem macca 1.008665 kr HelTpoHA. DTO, KAKETCS, MPEIOCTABISIET JOMOTHATEIHHBIE TIOATBEPKICHHS B
CTOPOHY HEOOJIBIIEro MMPEBOCXOICTBO MarHETH3Ma Iepe]] IEeKTPUI3MoM, (electricism) eciu skxu3Hb OyIeT MpoaoDKaThCs U
pa3BUBATKCSI BBEPX, KaK onucaHo B 1aBe 4. Uepes aror 180 © B3mIs, MHTEPIPETALUIO U IEPECMOTP MHOTHUX JAPYTUX (aKToB,
COBpeMeHHasl (hU3MKa MOYKET MOATBEPAUTD 3TO JAPYroe NpelcTaBlieHne (TOUKY 3peHHs) HeHTPOHa.

C y4eToM BBIIIECKAa3aHHOTO MBI ceifuac monpodyeM pazo0parh MPOUCXOISIIIE TPOLECCHl, KOTOPHIH MOTIH MO3BOJIUTD
ooy stetath. OCTaBisisE B CTOPOHE HEU3BECTHYIO POJIb HEHTPAIABHOTO YCTPOHCTBA SIHIIeIMBHON (DOPMBI, B IIPHHIIUIIE, YTO
MOXKET MPOU30UTH, B CIIELYIOIIEM: U3-3a BEICOKOH CKOPOCTH BPALEHUsSI [IEHTPAILHOTO TeHepaTopa UMITYJIbCOB, BO3LYX
BTATUBAETCS B 3MEEBHK, MOJIOCTH MeX Ty rmiactuHamu B n C uepes mienesblie kosiblia 2 ¥ 3 Ha miactue B, e on
MOJIBEpPraeTcs MEPBOHAYAILHO MOIIHBIM [IEHTPOOCKHBIM CHIIaM, KOTOPBIC BBI3BIBAKOT YCKOPEHUE MOJICKYJI BO3/lyXa aKCHAJILHO
-> pagualibHOE OT IIEHTpa. B ononHenne Kk ToMmy, HeHTPU(YTHpyeMbIii BO3IyX OCYIIECTBISIETCS OBICTPOE TepeMeeHIe
BBEPX U BHM3, B TO K€ BpeMsi (DOPMHUPYET )KECTKO paJHaibHO-> 0CEBOHM BUXPh HA KAXK/IOM IIOBOPOTE B BOJTHOBBIX MOJOCTSIX,
KOTOPBIA Bce OOMBIIE €ro OXJIaXIA0T U KOHIEHTPUPYIOT. DTOT KOJIEOMIOMEHCs BO3AYX TAK)KE BBI3BIBAET OTBETHYIO
BUOpAIIMIO IByX OTPa)KIArOIIMX BOJHOBBIX INIACTHH, KaK ATO MTPOUCXOJUT C MEMOPAHOH IrPOMKOTOBOPHTEIIA, UTO ellle OoJbie
YCHIIMBAET OBICTPOE SMYIBIHPOBAHIE Ta3000pa3HbIX BEIIECTB.

[ToasepruyThl Bce Oosiee BHICOKAM CKOPOCTSIM M CHJIaM B 3TOM IIEHTPaJIbHOM I'€Heparope HMIYJIbCOB, B Ipoliecce
MOJICKYJIbI BO3/IyXa MOJABEPTAIOTCS BEIPAXKEHHOMY OXJIQKICHHUIO U Bce Oosiee 1 Ooee IKCTPEeMalIbHON KOHLIEHTPAIIUH ITyTeM
OJTHOBPEMEHHOT'O B3aUMOJICHCTBHUS IIEHTPOOCKHBIX U IIEHTPOCTPEMHUTENbHBIX ciil. Kak Mbl BUieau BbIlIe, TPe0Opa3oBaHue
BO3/IyXa B BOJY POU3BOAUT §16-KpaTHOE CHIDKEHHE B 00beMe U Ha OoJiee HU3KHUX 000pOoTax LEHTPaIbHOIO FeHepaTopa
HMITYJIbCOB BITOJIHE MOYKET MCKJIFOYMTh HEKOTOPOE KOJIMYECTBO BOJBI B KauecTBe pe3yiasrara. [lycrora, co3naHas Takum
yYMeHbIIIEHHEM 00beMa, 3aMEeTHM, TIPOU3BOUT Bee Oojiee 1 Oosiee MOIIHOE BCACHIBAKOIINE JICHCTBHE, B KOTOPOM OOJIbIIe
BO31yXa OyJeT BTSIHYTO. DTO IMPOUCXOINT HACTOIBKO OBICTPO, YTO 00JIACTh Pa3pexeH st aTMOC(epbl MIIN YaCTHIHBINA BaKyyM
CO03/JaeTcsl HEMOCPEACTBEHHO Ha OmroaneM. ITocKkoIbKy 3TOT IpoLece MPOJOIIKAETCs, U C BBICOKOH CKOPOCTbIO 000POTOB
B niopsiika 20 000 060pOTOB B MUHYTY, BAKYYM U KOH/ICHCAIIHSI CTAHOBSTCSI HHTEHCHBHEE. J{efiCTBUTENHHO B LIEHTPAIBHOM
reHepaTope UMITYJIBTCOB HMHTEHCUBHOCTD KOH/ICHCALIMKM HACTOJILKO BEJIMKA U, KaK CJI/JICTBHE IUIOTHOW YIAKOBKH MOJIEKYJ TaK
KPETIKO, TAKHUM 00pa3oT 3aTPOHYTHl MOJIEKYISIPHBIE U STICPHBIC 3BSI3H, SHEPT sl M BAJICHTHOCTH, YTO BBI3BIBAIOT d()(PeEeKT
aHTUrpaBuTanu. Kpome MoiekysapHOro cxartus, OyJeT JOCTUTHYTa TOYKa, IJe OOJIbIIOe YHUCIIO AIEKTPOHOB U IIPOTOHOB C
MIPOTHBOIIOJIOKHBIMH 3apsilaMy ¥ HaNPaBJICHUSI BPAIICHNS, BEIHYK/ICHBI CTAJIKMBATHCSI M aHHUTWIIUPOBATH IPYT C IPYTOM.
IMoHmKAaIOTCS, @ He TIOBBIMIAIOTCS MOPSIIKOM, SHEPI'HU M OCHOBHBIE CTPOUTEINIBHbIE OJIOKH U3 aTOMOB, OHH BBHITECHEHBI BBEPX,
SKCTPYAMPOBAaHHBI Kak Obl U3 (usnuec
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Fig. 21.11
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JIpyruMu clioBamMH, OHHM OBbUIH CKaThl Ha3aJl B UX 4-0¢ M3MEPEHHUE MTPOMCXOXKICHHS, CO3/1aBasi TO, YTO BukTop
Ha3bIBaeT «ITyCTOTON» B (PU3MUECKON MaTpHIle, KOTOPasi, B CBOIO OUepe/ib, TIOBBIIIAET BHYTPEHHEE BCACHIBAHUS BO3/IyXa,
9TOOBI 3aMOJIHATE €. DTO HE MHEePTHas, IyCTasl IyCTOTa, 3aMETUM, a )KHMBOW BaKyyM OIPOMHOTO MOTEHIMANA, Ul BCETO, YTO



OH TENepb COJACPIKUT, 3TO YUCTasi HEUTPOHHAs YHEPTUs (HEUTPHHO), KOTOPasi, B CBETE BBIIIE CKA3aHHOTO JIOJKHA OBITh CAMBIM
WCKOHHOM (M3Ha4aIbHOM) )KU3HEHHOW CBSI3aHHOW C HEH ACCEHINI U, CIIE0BATENILHO, HCXOUTh U3 BBICIIHX, Oosee
BO3BBIIICHHO - AMHAMHYECKHX cep, Takux Kak 5-oe. OCBOOOAMBIIMCH OT €ro (pyHKIMIA, KaK OT MarHUTHOTO "1ieMeHTa" B
HACTOSIIEE BPEMS JIeMaTepHATN30BAHHBIC YaCTHUIIbI, OHU B3aUMOJICHCTBYIOT U MUTAOT SHEPTUEH aTOMHBIE sIJIpa CBOETO
(bU3MUECKOTO TUaMarHUTHOTO KOJUIETH, MEHbIC KOMIIOHEHTBI JICTAIOIIEH TapesKy, HaIelsisl UX aHTUIPaBUTALMOHHBIM
CBOWCTBOM, KOTOPBIE CIIOCOOCTBYIOT TIOABEMY KOpaOIs.

Fig. 21.12
Puc 21.12

Jpyrum (akTopoM JIEBHTAIUN — BBIOPOC TIOTHO CHKATON SMYJIBCHH MOJIEKYN M aTOMOB, KOTOPBIE He OBUTH
«BUPTYaJIM30BaHHB». [IpoXoss uepes Mear Kpblia JIONATOK TypOUHBI t, KOTOPbIE UX MPOBOST U PA3AENAIOT UX 0 X BBIXOZA
MEXTy BHEIIHUM A ¥ BHYTpeHHHM E KoXKyxoM (KarmoTom, oOTeKareneM), OHU BIOCIEICTBUH PACIIUPSIIOTHECS ¢ OTPOMHOM
CKOPOCTBIO B 30HE 1071 OJIIOILIEM, CO3/1aBast CUIBHOE JIaBJICHHE, YTO HAIIPABILSIET €ro Jalblle BBEPX B 00JIACTh Pa3pesKeHus,
€03aHHOTO BbIIIe. KpoMe TOro MosBIIsieTCsl CBETALIMNCS Toay0oBaTo-0emas ApIMKa, U3IydeHHe, pOACTBEHHAs: HOHN3auuu. B
9TOM CIIy4ae, 3aMETUM, TaK KaK HET OYEBHIHOIO TEIIOBOro 3(dekTa, KpoMe OT HKCTPEMATbHOIO OXJIAXICHUs, MbI 371€Ch, YTO
Oosee BEpOSITHO, CBSI3BIBAEM C TPUOOTIOMUHECLICHIMEH OMO-MarHUTHBIMY sIBIeHUAMH (T71aBbl 8 1 13). 113-3a B3aMHBIX
JTABJICHUI, OKa3bIBAEMOTO B PE3yJIbTaTe KOHTAKTOB C TAKMMH BBICOKUMH CKMMAIOIIUM HAIPSDKEHUEM, TPOTOHOB U AJIEKTPOHOB
U3 PA3IMYHBIX JIEMEHTOB B IUIOTHOM ra3000pa3HOM 9MyJbCHH, OBICTPO BO3BPALIAIOTCS K CBOUM IIPEKHUM KOM(GOPTHBIM
opOuTaM 1ocie uxX 0CBOOOXKICHU, ¥ IIPU ITOM HCILyCKAIOT X0JIOAHOE OMOMarHuTHOe cBeueHue. KoHeuHblil MyHKT KacaeTcst
BOIIPOCA O CAMOBPALIEHUU. DTO MO-IPEKHEMY IIPOOIEMAaTHUHO, IOTOMY YTO KIIIOUEBBIM (hPaKTOPOM SIBIISIETCSI HAIIPaBIICHUE
BpalleHus, 00CYXIaJ0Ch BbIIIE, ObLIA MPOTUB YaCOBOW CTPEIIKU, MOXKET Ha CAaMOM Jielie ObIII0 Ha00O0POT, TI0 YacOH, eCIi
cMOTpeTh cBepxy. o cTporo aspoauHaMUUECKUM MIPUHIUIIAM, OBICTPOE NPOXOXKICHUE BO3AYLIHON SMY/ILCUU YePE3
TypOuHHBIE JTonaTku (Gopmbl Kpbuia (puc. 21.12) u ero mocneayroimi BeIAYB (M3rHAHKE) JOJDKHO CO3/1aTh "MOIHITHE" TIO
4acoBOH cTpesiKe. ITO HanpaBlIeHHEe ACHCTBUTEILHO MOXKET OBITh IPABUIBHBIM, OO B CUJTy OTPOMHBIX BEJTHYHH
paccMaTpuBaeMbIX CHII B BOIIPOCE, YPE3BBIYAITHOTO BCACHIBAHMS, YPE3BHIUYANHOTO CKATHS, YPE3BBIUANHOTO PACIIUPEHUSI, U B
HEKOTOPOM CMBICJIE HHTEHCUBHBINH BaKyyM, CO3/J1aeT IIOCTaBKY €JMHCTBEHHOTO ra3000pa3Horo TOILUIMBA, allapaT MOXKET He
TIOAYHMHSTHCS YCTAHOBJICHHBIM 3aKOHAM M CAMOBPAIIIAThCSL.

C npyroii cTopoHbI, 3P QEKT TeBUTALH, BO3MOXHO, ObIIT POU3BEIEH C MOMOIIBIO APYTUX cpeacTB. OcMOoTpeB
yYCTpOMCTBO JIuHO omMa Denpardenna OyKBaJbHO 3a JIBa JIHsI JI0 BBIXOJIA 3TOM KHUTHU B Ie4aTh, B BEpXHel yactu "Omonma”,
Ka)KeTCsl, HAJISKHO MPUKPETUICHBI K HIKHEH TSHKEIOW MeTaJUIMUeCKO! JINTOH YacTH, colepiKaliee KapIaHHBIH Baja U
KOpoOKy repenad. Het HU KaKuX MPU3HAKOB KaKOH-JTMOO0 OBICTPOTro pa30iIoOKUPYOLIETO MEXaHH3Ma, IOCPEICTBOM KOTOPOTO
BEPXHSISI YaCTh MOYKET OTOPBATHCS OT HMYKHEH, UTO IMO3BOIISIET "MUCKY" MMOMHUMATHCSI aBTOHOMHO. W3 9TOTO, CIie/yeT, B TOXKE
camoe BpeMsl KaKk OHO HaXOIWJIOCh B COCTOSIHUM CAMOBPALIEHHS, 9TO YCTPOHCTBO OBbUIO MpeIHa3HaYEeHO IS IPOU3BOICTBA
SHEPTHUH, KaK YK€ YIOMHUHAIIOCH paHee. TeM He MeHee, U3-3a UPEe3BbIYaifHON CHITBI SHEPTUH JICBUTAIINN TE€HEPUPYEMOU UM,
OHO MOIVIO MOAHATKCS CIIy4aifHO, a He 10 3aMbICiTy npoekTa. CcblIasch Ha BBIBOABI IIpodeccopa DpeHradra B OTHOLIEHUN
CBETOMH/ILIUPOBAHHOTO JIBIKEHUSI MEJIKMX YACTHI] 1 ISHCTBHEM HAMarHW4MBaHUs CBETA Ha BELIECTBO B IMaBe 1, rae OblIo
YCTAHOBJIEHO, YTO CHJIbI, y4AaCTBYIOLIME B CIIMPAILHOM JIBMKEHUH YacTULB! B 70 pa3 CHIbHEE, 4eM CHUJIa TSXKECTH, TO 3TO,
BO3MOXKHO, Oy/JIeT U3-3a 9TOro 3P PeKTa, 4To MPOMU30IIOI MoIbeM ycTpoiicTBa. Coo0IIanoch, YTO ATa MallliHA UCITYCKAEeT
opeoJ1 royly0oBaTo-0e10ro cBeTa BOKpYI HUJKHEro IIepUMEeTpa BHEITHEro KoxKyxa (o0Tekarens, kanora) (puc.21.9), npu
BpAIIECHNUH, KOTOPHII ObUT OIMCAaH paHee Kak OMO-MarHUTHBIN CBET, @ HE MOHU3ALISL.

Bo Bpems BTSiraBaHUM SMYJIbCHUH 3JIEMEHTHI BO3/lyXa, BbIcIIas (hopma TpHOOIIOMUHECLISHIIMU MOTJIa 00pa30BaThCs
MCXKY ABYMsI BOTHOBBIMH Z[I/la(bpaFMaMI/I n3-3a B3aMMHOI'O “I/ICTI/lpaHl/Iﬂ" YaCTHUIl B OKCTPEMAJIbHBIX IEHTPOCTPEMHUTECIIBHBIX



VIUIOTHEHHUH, KOTOPBIE HACTPOUTHCS U PAIy’KHO MEPEIMBACTHCS MPOMEKYTOUHOE IPOCTPaHCTBO. Kak cuHe-0eblii CBeT, OH
nmMen Obl ropasio 0osee BEICOKHE YacTOTHI M CBOWCTBEHHYIO BHYTPEHHHUE YHEPTUH, Y€M KPAaCHBIH, HAPUMeEp, U 3aCTaBIL
YaCTUIIbI BO3/IyXa JBUIAThHCS 10 CIUPAIU IIPH OYEHb BBICOKHX CKOPOCTSX TaK, KaK OMUCAHO B UCCIIEIOBAHUAX Mpodeccopa
Openradra. [Ipr 5ToM OHM BIOJIHE MOTIIM OBITH HAJICJICHBI MOIIHOM aHTUIPABUTAIMOHHOM CHIIOH, KoTOpasi, B 70 pa3 cuiibHEe,
YeM rpaBUTalMs, ObUTH ObI JJOCTATOYHO MOIIHBIMH, YTOOBI BBIPBATh aHKEPHBIE OOJITHI U3 OETOHHOTO 110J1a U TIOIHATH BECh
arrapar K MOTOJIKY. OTH Ba)KHBIE BOIIPOCHI, 3aMECTHM, }ICﬁCTBI/ITCHLHO, BCC ITPOLICCCHI, OITMCAHHBIC BBIIIE, 3(1)(I)CKTBI U DHCPTUH
OHHU TIPOU3BOJIAT U CTENIEHb C KOTOPOW OHU B3aMMOJICHCTBYIOT TOJIBKO, HAKOHEI] TO, OYyT PELICHBI ITyTeM YKCIIEPUMEHTOB.

C IMOMOIIBIO PA3JIMIHBIX arIapaTroB OMHUCAHBIX OUYCHb KPATKO BBIIIC, HE TOJIBKO MOXKHO IMPAKTUYCCKH CO31aTh
CBOOOIHYIO PHEPTHIO, HO U PEBOJILIIHOHHO U3MEHUTD BCIO CUCTEMY TPAHCIIOPTa, HACTOSIIEEe BPEMsl HCIIOJIb3YIOIIHE
3arps3HSIOIINE OKPYKAIOIIYIO Cpely BUJIOB TOIUIMBA M MAIMH, PU3HATH UX ycTapeBuMu. Kpome Toro, Moxer ObITh
IIPOM3BEJICHA BOJA BBICIIET0 Ka4eCcTBa U OUYEHb JCIIEBO, KOTOPask HE TOJILKO 3HAYMTENBHO YIYUIIUT 3/J0POBBE YEIOBEYECTBA
B LIEJIOM, HO U TIOIOPOJIME U Ka4€CTBO MPOIYKIMH BBIPOIICHHOH C €€ UCIIOJIb30BAHUEM.

B kadecTBe 3aKIIOUMTEIFHOTO 3aMEUaHHUs B TO BPEMs KaK IPOU3BOJICTBO JJOCTATOYHOTO KOJIMYECTBA SHEPTHH SIBISICTCS
OJTHOHM M3 OCHOBHBIX NPOOJIEM, CTOSIIUX TepPe]] MUPOM CErofiHs, HECMOTPsI Ha OYEBHU/IHBIC IPEUMYIIECTBA, IIPEAJIaraeMble
STHMH MaIllMHaMH, OHa BCE PaBHO JIOJDKHA UMETh B BUJLY, M TIOJUEPKHYTh, YTO BCSl OCHOBA JKM3HU HA HAIleH ITaHETe 3aBUCHT
OT yBEJIMYEHUsI pa3Mepa pacTUTEIbHOCTH U JIECHOTO OKpoBa. [list TOro, 4T00BI J0OUTHCS IEPEMEH K JIyUIleMy, YTO Mbl BCE
TaK CTPACTHO eJIaeM, II0ITOMY He0OXOIMMO T'eHEepPHPOBATh YHEPTUIO M OTHOBPEMEHHO ITPOBOIUTE PO PAMMBI
JIECOBOCCTAHOBJICHHE, TIPUYEM ITOCIIeIHEeH OKa3bIBaTh (PMHAHCOBBIN IPUOPUTET, IOTOMY YTO, 3TO OINH U3 CaMbIX HACYIIHbBIX
BOIIPOCOB HA KOTOPBIH HY)KHO OOpaTUTh MPHCTAIbHOE BHUMAHHE.
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22 JAKVIIOYUTEJIBHBIE MBICJIN

ITpuKoCHYIHMCh U IPOLUINCH Yepe3 MNPOKUN KOHIENTyanbHbIH criekTp Bukropa IllayGeprepa u ero npakTHYECKyIo
peanu3aIuio, KoTopasi OTHIONb He Obla paCMOTPEHHA HCUEPITBIBAOIIEH, MBI, BO3MOKHO, y3HAaTN MAcIITad, 9To 3TO
COBEPIIEHHO HOBAsl OKPY’KAIOLIasi Cpeia ¥ HKOJIOTHUecKas MapaAurMbl IpearaeT HaM Oyayiie. Mbl Bujienu, Kak U3IydeHue
SHEPIMHU BO BCEX €€ Pa3sIMUHBIX U3MEPEHUAX U IIPOUCXOKIACHHSX - SBISETCS OCHOBHOM IIPUYMHOM, a HE TOJILKO MBI CaAMH, HO U
BCE, 4TO MbI BUIUM BOKpYT ce0sl, IPECTaBIIsLsL, KaK 9TO areHTCTBO (KAK areHTa), 4epe3 KOTopoe, MPOSBISETCs IPOUCXOASILAs
unes Bons- uToObI co3aBats.

Kak BbIpaskeHUE 3TOr0 BBICIIETO »kesaHus, JKu3Hb NOpOXKAeHa U CIPOEKTUPOBaHa B (PU3UUECKOM IIPOSIBIECHUE Yepe3
CUHTE3 JBOICTBEHHOCTH. B3auMHbIe B3aUMOAEHCTBHS MEKAY TapaMH IPOTHUBOIIOJIOKHBIX YHEPI€THUECKUX BEJIMUUH,
pas3nuuus ¥ pazHooOpasue TakuM 00pa3oM, BO3HUKAIOLINE, IIPOU3BOAUT BEUHYIO IIy/IbCALUIO U HENPEPBIBHbIE LIUKIIbL,
KOTOPBIE SIBJIAIOTCS XapaKTePHBIMU IPU3HAKAMU KU3HU. DTO HEYCTOIUMBOE COCTOSIHUE HBOJIOLIMOHHOTO PABHOBECHS,
OCHOBAHHOE 3a4aCTy0 Ha OY€Hb TOHKUX Pa3IMuusIX B TEMIIEpAType, IpelCcTaBIsIeT ONpeeacHHbIH ypoBeHb sHepruu. OHa
MOXKET OBITb JIETKO PacCTPOEHA, €CIU, YePEe3 HEIIOHUMAHUE, ONO0YHOe AeiCTBIE NPUHUMATH 3a A0, WM, ELIe XyXKe, BCe



9TH KU3HEHHO BAYKHBIC PA3JIMUMS BHIYEPKHYTD B TIOTOHE MJIM HAJIOKECHUHU €AMHO00pa3ue (OMHOPOAHOCTH).

JKu3Hb - ecTh IpOsiBIEHHE FAPMOHUYHOTO B3aUMO/IEHCTBUS MHUBUIYAIbHOCTEH, KayKaas CO CBOMMU KaueCTBAMU U
0COOBIMH CTIOCOOHOCTSIMH (MOIIHOCTSIMH), KOTOPbIE HEBO3MOKHO BBIUUCIUTH. HET 1 HU MOXKET OBbITh JIByX €CTECTBEHHO
CO3/IaHHBIX 110 HACTOSIIEMY UHJICHTUYHBIX BEIIEH, TIOTOMY YTO B UX CO3JJAHUM UX MPOJYKTHI, SIBISIFOTCS PE3yJIbTaTOM BIMSHUS
CYIIECTBYIOIIMX HA JaHHBIII MOMEHT BPEMEHH B JIAHHOM IIPOCTPAHCTBE, MPOCTPAHCTBO, KOTOPOE MPEIOCTABIACT KAKIAOMY
CBOIO 0CO0YIO CaMOOBITHOCTb U OCOOCHHOCTH 1 KOTOPbIE HE MOXKET POAUTD JIIO0YIO IPYTyIO CYHIHOCTh, OCKOJIbKY OHA YXKe
3aHSATO Ha Pa3BUBAIOIIUIICA 00BEKT 110J1 BONpOCcOoM Marepuu. [1o3TomMy, HEMHOTO BIpaBO, HEMHOT'O BCJIEBO, HEMHOI'O BBEPX
WJIM HEMHOTO BHU3, IPEO0IaIAI0NIIe YCIOBHS HE3HAYUTEIILHO OTIMYAOTCS U, KaK CJIC/ICTBHE MPUBOAUT K HE3HAYUTEIHLHO
ommyaromieics popMe, KOTopasi, B TO K€ caMOe BpeMsl OUeHb IT0X0Xka, TEM He MEHee He COBCEM HJICHTHYHA.

Hamomuum o cruxotBopenun ['ére B miaBe 3, Kak MHAWBUAYaJIbHOCTH Mbl BCE HEPA3PHIBHO MEPEIUICTEHBI B dKM3HEHHON
MaTpuIle )KNU3HH, KaK PU3NIECKOe MPOSBICHNE BUXPEBBIX KOHLIECHTPAIMI, WK Kpy)KeHHe (BpallleHne), BHOPUPYIOIIUX siep
YHUBEpCAJILHON 3HEPIHH, napsiias, 3To uenas Beenennas. [103ToMy MbI He MOKEM OTJENUTH ce0si OT HeE WM JIPYT OT Jipyra,
Y MBI MOTJIH OBbI, HO YBHAETH BCE 9TU SHEPTUH C HAIIMM HEBOOPYKEHHBIM TJIa30M, MBI MOTIIH OBI [T0-HACTOSIIEMY OLICHUTD,
HACKOJILKO B3aMMOCBSI3aHbI BCE MbI CO BCEM OCTAJIbHBIM. TO BpeMs KaK HayKa, yTBEp)KJaeT, HanOOJIbIINI [T0Ka3aTelb
00BEKTUBHOCTH, OHA OTO TOXKeE JIOJDKHA OBITH B KOHEUHOM CUETe MPU3HATH, YTO OHA OINPEIeNIseT CYObeKTUBHBIE ITapaMeTphl MO
CBOEMY IIPH/IyMaHHOMY YCMOTPEHHIO.

Uro 3a 510 M3Mepenue, B KoHie KoHIoB? C uero HayaTh U3MEPEHUE U M0 KaKoH mrkane? DTo 3aBUCUT OT TOTO, YTO
JOJDKHO OBITH M3MEPEHO, Oyb TO PACCTOSTHHE MEXIY 3BE3/1aMH B CBETOBBIX IOJIaX, MIIH PACCTOSHHUE MEXITY aTOMaMH B
aHrcTpeMax. JTO YHCTO CyObEKTHBHBIC PELICHHE, K KOTOPBIM IPUMEHSIOTCS KaKUe TO KpUTepuH. 13-3a TOHKOTO 0cmabneHuns
CBOEH PHEPTHH, KpalfHero pajnyca JIHCTBHS dIEKTPOHA, Ha CETONHSIIHUH AeHb ellle He U3BECTHO, C JIF00OH CTeNeHbI0
TOYHOCTH, HU T1ie e€ dHepreTHyeckuii 3 GeKT B KOHETHOM UTOTE 3a4aH4YNBAETCS, HEKOTOPBIC MIPUACPKUBAIOTCSI MHEHHS, UTO
OH pacIpoCTpaHseTCs JaKe Ha HacaMblii JanbHUHM KoHer Kocmoca.

Ecnum 5710 Tak, TO T/I€ MBI, KaK MHANBUIYYMBI, 3a4aHYMBAEMCS U IJIe Apyrue HaunHaioTca? [1e 01HO3HAYHOTO SICHO
BUJIHO pa3JiefieHue MKy BAMH U MHOM MIJIM MEXKTy MHOW H JIIOOBIM JIPYT'HM CYIIECTBOM HJIM OPIaHU3MOM Ha dTOH TuianeTe?
XoTs Ha YPOBHE aTomMa, pa3ieJICHUEC MECKIY OAHUM U APYTUM CTAHOBUTCA HpOGJ'ICMaTI/I‘IHbIM, Ha YPOBHE 3JICKTPOHOB U CILIC
MEHBIIIE KBAPKOB 3TO HE MOAACTCS ONPEEICHHIO. MBI IOJDKHBIL, II09TOMY, IIPH3HATHCS CAMUM Ce0e, YTO MBI TOXKE SIBIISIEMCSI
yacTio Jiroboro npyroro. Kaxkaplil n3 Hac ATiiac, Mbl HECEM MHp Ha CBOMX IUICYAX. (KAK MAMPEWKA, OOHA GCENIeHHAsS
HAX00UmuvCs 6 Opyeoul, u m.0., He 0enuMa -yeibHdas, 00OHA He Modicem Obimb 6e3 Opy2oll., CABAHCKO-PYCCKAsL USPYWKA. MOE).

B 110001 MOMEHT MHp, Kak Mup, MOTOMY YTO MbI, KaK JEOIM B HEM. 100 Koria KasKplil 4e0BeK, 001aIarolni CBOeH
COOCTBEHHO JTMYHON aypoid, N3TydeHHeM, BUOpaIieid, IIeKTPOMAarHUTHBIX U PYTUX MOJIeH, 3aBepiuaercst (IIPOXOIHT),
OaaHc 1eIoro MEHseTCsS OYeHb HE3HAYUTENBLHO, YTOOBI BOCCTAHOBUTH HOBOE COCTOSIHHE PAaBHOBECHS, pokacHNEe. Kaxaplii u3
Hac MMeeT HeM30eKHYIO OTBETCTBEHHOCTD 3a OJIaroIoydre IIeIoro, MOTOMY YTO Yepe3 CHITy HallluX MbICJIEH, OBeICHUE U
¢bm3ndeckue AeHCTBYSA, 3TO - MBI, KTO B 3HAUUTENIBHOM CTENEHHE ONpeeNseT pe3yabTar.

YecTHO TOBOPSI, TAKUM 00pa30M, MbI OOJIBIIIE HE MOYKEM 3asBIISATh, YTO BE3JECYIIUI Oe3uuHbIe "OHU" JIOJKHBI C/ICNIaTh
YTO-TO C 3TUM, MO0 HE MOCIEAHSSI OCTAHOBKA B KaXIOM M3 Hac. bynem i Mbl 60poThest 3a nydluee Oyaylee, Mbl 1OKHBI
rapaHTHPOBATh, YTO HAIIH ACHCTBUS SBISIOTCS TAPMOHUYHBIMU M B COOTBETCTBUH C 3aKOHaMH BceMoryiel [Ipuponsl, n6o
HUMEHHO 4€pe3 UX MPOTUBOPEUHSI U BLICOKOMEPHOE NPEHEOPEKEHHE, YTO MbI IPUIILIIN K HALLIEMY COOCTBEHHOMY
YHUYTOXKEHUIO.

OTOT npouecc 00eCICHUBAHUS U BRIPOXKICHNUE, KOTOPBIE MBI CIIPOBALIUPOBAIIH, YCKOPSIS €r0 MyTh BHU3 B IIare ¢
YCKOPEHHEeM MEXaHHCTUYECKOro Marepranm3Ma. C HamuM OOJIBIIMM KOJMYECTBOM HEOECHBIX CBSA3EH, TaKUM 00pa3oM yIoOHO
IIOXOPOHEHBI ¥ MOBBIIIAs KOHKYPEHTOCIIOCOOHOCTD MPH JKEJIAaHUK Ha MPUOOPETeHNE MaTepHaIbHBIX OJlar, Mbl XOTEJIH, CTaTh
TBOPLAMHU M X035€BaMHU MHUpa yIPaBIsist CIIPOCOM U MPEATIOKeHuEeM. TakuM 00pa3om, Mbl, kKak PacrounTenshble (OyaHbIE)
CpIHbI, HaYaM OpaTh ATOT MUP 000COOIEHO YaCTh 3a YaCThIO, YTOOBI TIOCMOTPETh, KaK OH OBbLII COe/IeHEeH BMecTe. AHAIM3
BCETO0, BIUIOTH JI0 MEJILYAUIIMX YacTHIIL (JIeTalieil), B TO BpeMs KaK IIEHHOCTh, KaK JIMaJIeKTHKa KOJUlera CHHTe3a, CTalla IJIaBHOM
LIeJIBI0, KaKJasi HayyHas AUCLMIUIMHA ONMPAETCs Ha pacIllelVIeHNH Bce MeHbIIel U MeHblel yactunpbl. CuHTe3 1
OKOHYATEJIbHOE €IMHCTBO BCEX SIBJIICHUN OBLIH, TIOATOMY MOTEPSHBI M0/ MHOKECTBOM MEJIOYEH.

Bce pa3nyHbIe OTpacii HayKH CTaHOBSITCS Bce Oojiee pacKosIoThie Ha Bee 0oliee MEJIKHE W MeNTKHe (parMeHThI, i KaK
Ka)JIblid ()parMeHT aHAJIM3UPYETCS HIET AaJblle, TIOTOM eIle pa3 JeJAT CIACAYIOIUM 1 001ee MOHUMaHNe YMEHbIIACTCS
copasMepHo. Bee Goutbie 1 GoIblre B pe30HaHCHBIX CHCTEMax U3 aTOMOB Pa30MBAIOTCS B YCKOPHUTEISX YACTHIL, YTOOBI TOIBKO
TIOTIBITAThCS IOHSATH, HA OJJHY JIOJIO CEKYH/Ibl, CYITHOCTb CHJI M SHEPIUH, KOTOPBIE CHIasiHbI MEXTy co00i (HumMu). Yro
BO3HHUKAET B Pa3pyIICHHBIX 00pa3Iiax, pa3pyleHus IPOU3BOSITECS B KaMepe BUlbcoHa, pacTeT sHEprus, CIIUpad SHEPTHU
BpAIAIOIIUICS BICBO U BIIPABO, HAJICJIEHHBIE MOJIOKUTEILHBIMU WIIM OTPULIATEIILHBIMU 3apslaMU, KOTOpPBIE JINOO OT/IENbHBI,
o0pa3ys Ooree TpyaHbIe U OOJIee CI0KHBIC BUXPH, MM BO3IEHCTBYIOT BMECTE U IOJTHOCTBIO NCYE3al0T. B KoHeuHOM cuere Bce,
9TO OBLIO 3aMEUeHO TO 0cobast (hopMa IBIKEHUS, HO HU Kakas TI0JICKa3Ka He MMOKa3bIBaeT MOHATHS, YTO Hanbomee
CYIIECTBEHHBIN XapaKTep NPUPOJHOE IBMKEHUE, U OTKYJa OHO IIPOUCXOAUT.

Otpuras caMmy BO3MOKHOCTb CYILIECTBOBAHHUS BBICILIEE YIIPABICHHUE JIEJT, Mbl IOBEPHYJIUCH CIMHON K IIEHTPAJILHOMY
HCTOYHUKY CBETa, LIEHTPY Oe3KpaifHero KoCMUYECKOro Kojieca, Kak 3To Obl10. Tak Kak MbI CTOMM Ha CITHLE 9TOTO KoJeca,
SIS B TEMHOTY, M JIBUTATHCSI Jalibllle U Jajblie B Ha/IBUTAIOIIeMCs MpaKe, Hallll TeHH YIUTMHSIOTCS U Bce Ooliee abCTpaKkTHBI
1 CJIOXKHBI TIPEAJIOTa€MbIC TCOPUH, ‘ITO6LI 06’LHCHHTL OTY JIOXKHYIO PCaJIbHOCTb. Bonee TOr'0, Kak MbI OTHAJIAEMCS, pa3spbIiB
MEJK]Ty, OTHAM CJIOBOM H CIISIYIOLIHM PACIINPSETCS, CBSI3H MEXLy HOIMU CTaHOBSITCS Bce Oosree TPYIHBIMH, KaK UX OOLIHi
KOpEHb JISKUT Tak Aasieko. HeT Hu kakoro enuHCTBa, CIiIoueHHOCTH. be3cBsi3HOCTh yMHOXKaeTcs. Hamn ananutnyeckuit
MIOAXOA K )KU3HH TaKUM 00pa3oM OCIeIUISIeT HaC B HCTHHHOM PEaIbHOCTH M OCHOBHBIM B3aHMO3aBUCHMOCTSIM.



3a e€ mpezesbl Kak OTJelbHbIe 00BEKTHI, a He criocoOCTBYeT O0XxecTBY BHYTpH boskecTBeHHOTO Tena. Uepes pesuruto u eé
JOTMaMH, OBIJT BO3BE/IEH BBICOKUH 3a00p MEXIy HAMHU U HAIIUM 3aKOHHBIM JTyXOBHBIM ITOTCHIIHAJIOM, HO, 4TO 00JIee BaKHO,
MEKy HaMH U HaIllUM IOJIHBIM B3aumozeiictsueM ¢ BCP B muue IIpupoast. Ona nopaGoTuia Hac NepBOHAYAILHOMY AUKTATy
Bcemoryiei LlepkBu, mozxe 4ToObI MOePKUBAThCST BCEMOTYIICH HAYKOH.

Hamra ocranoBka, kak M30panssiii borom u cotrBopeHHsblit o Ero mim e€ nogo0uto 3actaBuiia HaC palieHuBaTh U
OTHOCHUTHCA K HpI/IpO}IC, KOTOpas JIMJICCT U MAUTACT HAC UCKITIOUYUTECIIbHO KaK HaIl YaCTHBIA 3allOBCIHUK U KaK O6’beKT JUIA
skcIutyaranuu. Ho kak ObITh ¢ ocTanbHbIMU TBOpeHusMu? Pa3Be Bce Apyrue CylecTBa Takke COTBOPEHbI B COOTBETCTBUU
¢ obpazamu BCP? 1160 MBI, 6e3yciIOBHO, HE HECEM 3@ HUX OTBETCTBEHHOCTh. HecMOTps Ha Bce HAIlIM HaydHbIE OCTHIKEHMUS,
Jaxe B 00J1aCTU FeHETUKM, Mbl HE MOJKEM Ha caMoM Jejie co3aaTh JKu3Hb. MBI 10 CHX IIOP HE MOXKET CO34aTh 4TO
HETOCTEKUMOE, OE3bIMSIHHYIO UCKPY JKU3HU, KOTOpas OXKUBIISET U YCKOPSIET, CKOJIBKO Obl Mbl HHY THIKAJIM U MOATAJIKUBAJIU TO,
YTO MbI CO3JIAJIN.

OTH Jpyrue CylecTBa, TAKKe HAXOAATCS Ha BOCXOISIIMN IyTH CBOSH 3BOJIOLUM, U IPOAOIKEHUS POJla HOBBIX (hOpM
JKM3HU U IPUHIUINAAIBHO HOBBIX BH/IOB HE B HAIlIeH BJIACTH, Mbl HE IMEEM IIpaBa OTKa3aTh UM B IIPABE HA CyILIIECTBOBAHUE.
JleHiCTBUTENBHO 1IeCTasi U3 AECSITH 3aoBeel, TaHHbIX Moucero HeBycMbIciieHHO ToBopuT "He y6uii! (Bbl He 1OKHBL
yOuBath)". JTa KOMaH/1a HEe MMEET MpaBa KaKMM-JIM00 00pa3oM, U, €CIIH MPEANOI0KNTh, YTO 3TO UCTUHHAS 3aIUCh TOTO, YTO
OBLIO TOIJA CKAa3aHO €MY, IOATOMY OH JOJDKEH ClIeI0BAaT IIOHUMAasl, YTO UMEHHO OH roBoput. Ee cMblci B JanbHeem
ycunmuBaetcs B 29-m cruxe Kanrn Berrus:

«H ckazan boz: Cosepyas, som, A 0an éam 6cakyio mpasy, celouyio cems, KOmopas ecimo Hd NOBEPXHOCMU 8Cell
3eMaU, U BCAKOE 0epeso, Y KOMOopo2o echb Nio0 Opesechblil, ceroujuil ceMs,; eam cue 6yoem @ nuuyy. »

Yepes Hallle yucTelee BBICOKOMEPUE U IMTO3HIHIO SIKOOBI MBI «OCOOCHHBIE», 3aMETHM, MBI U3BPATHIIH TH IIPaBUIIA,
9TOOBI YIOBIETBOPUTDH HAI COOCTBEHHBIE LIEJIU U OCBOOOKIAET HAC OT OTBETCTBEHHOCTH 32 CMEPTh HU3IIUX CYIIECTB,
KOTOpBIE B Hallel cIenoTe, MBI He BUIUM ITOJIEPIKKY HAIIEro COOCTBEHHOTO CylIecTBOBaHMA. OHH TaKKe TPOHUKHYTHI
nyxoM BCP u SBJISIIOTCS 4aCThIO OHOTO M TOTO JK€ MHTEIUICKTA, KOTOPBIH J]all Hauyajlo HalleMy COOCTBEHHOMY
MIPOU3XOXKICHUIO. MBI JIOJIXKHBI, CJICZIOBATENILHO, IPUHATH THOSTCKYIO KOHIEMIHI0 "axumca - [IpuHiun HeHacumus'",

(6] 6C3BpC}1HOCTl/l KO BCEM JKUBBIM CYLICCTBaM, 1/160 TaKOBa MHTCTPUPOBAHHAsA B3aMO3aBUCUMOCTDb BCEH JKU3HU, YTO BCSIKHH
pas3, Korza Mbl BpeIM OKPYIKAIOIIEH cpejie WM Jake CaMOMy MaJIeHbKOMY CYIIECTBY, MBI HEU30€KHO BpequT cede, U ¢ UX
CMEPTBIO MBI TOXKE YMEHBIIAEMCHL.

XO0Ts 3TO MOXKET UMETh MPUBKYC U3 PAHIa UJI€alIn3Ma, Mbl, TEM HE MEHEE BBIHYK/IEH NIPU3HATh, YTO HAIM HbIHEIIHUE
njiealisl U CUCTEMa LIEHHOCTE! He PpUBEIH Hac B YTonuto. B To Bpemst ObUIN OrpOMHBIE YIyUIIEHUS! BO MHOTUX 00IacTsIX
YeJIOBEUYECKOM JACATCIBHOCTU U COCTPAAATCIIbHBIM ITOHUMAHUEM, HECMOTPSA Ha ITOCTOAHHBIC O6C[HaHI/I$[ BOCCTAHOBJICHU,
YeJI0BEUECKUI MUP BCE €11l€ HAXOIUTCS B IIOJIHOM OECIOPSAKE U SKOHOMUYECKH, U COLUAIBbHO, U IIOJIOH KOH(IUKTOB.
HerepnuMocTh H300MIIyET B JIIONSIX MPOTUB JKEHIIUH, PEKET IPOTUB CEKTbI, HAPOJ IPOTUB HAPOJa, B TO BPeMs Kak Oorarsle B
KOM(OPTHOM COCTOSTHUY MPOTUB YBEIMUYHBAIOIIESHCS OSTHOCTH M JIMIICHHH, C TIOTHBIMU O)KHPEBIINMH )KUBOTAMH TaK XkKe, Kak
Pa3IyThle >KUBOTHI IOJIO0JAIOINX.

Bce Gouble 1 0oJbIIe OrpaHMYeHNs HAKIAIBIBAIOTCS Ha HAIIM CBOOOIIBI CJIOBA U JIeNIa, SKOObI TOOpOKeIaTeTbHO 1
11t Oara Beex, a X 000pOTHAsi CTOPOHA KOBAapHO 3allEIKUBAET €l1e OJUH XOMYT Ha Hallly He3aBUCUMOCTb. JLKUBOCTD
SIBJISIETCS TIOKPBIBAJIOM Ha (hasibIb 1 OOMaH, OJIMH 33 APYTHM HaBSI3aJIH HAM T€, KTO ITBITAETCS PETYINPOBATH COOBITHS B CBOIO
T10J1b3Y, OJTHOBPEMEHHO KOHTPOJIUPYS KaXKAbI aCIeKT Hallel KU3HH, TIOrpyKasi Hac B HEOIUIaTHOM Joiry. [ie, ecTh u
peanbHOCTD, YEIOBEUYECTBa BO BCEM 9TOM? DTO TO, YTO MBI ISHCTBUTEIBHO BEPHM, YTO ITO BCE U €CTh KHU3HB, KaK OBl
MBI €€ IIposoKaeM?

MBbI He OZJMHOKH B HAIIIEM TSDKEJIOM Tpyne (MydeHHi), 3aMETHM, ISl 9TOTO COCTOSTHHS YeJIOBEUECKHUX Pa3IopoB,
pasnaja ¥ JyXOBHOW HeCTaOHIBHOCTH SIBIISIETCS TAK)KE OTpayKeHHe B Ooiee u Ooree OONbHOM U OTBpaTuTeIbHOM [Ipupone,
KOTOpasi B HACTOSIIIEE BPEMsI B COCTOSIHIE MOBBILICHHOW TEMITEPATypOH APOKHUT (JTMXOPAIKH) MEXKJTYy PEKOPIHON BHICOKOM
TEeMIIepaTypoil U peKOpIHBIM X0J0A0M. MaryIka-3emiIs B HaCTOAIIEee BPEeMs CTPEMUTHCS, CO BCEMHU CHJIaMHU B €€ KOMaH/Ie,
BOCCTaHOBUTH CBOE PaBHOBECHE U 3A0POBbE, MeUyIIneecs co Bee Oomee u Gonee CHIbHBIMY IITOPMaMH, BBIACIATH BIAry mpu
KaTacTpO(pUUECKUX HABOAHEHHUSX, BEDKHTATh Pa3pyIIUTENbHBIMHA MAISIIAMH 3aCyXaMH, KopJalieics: (A3BUBasICh) OT
BCETOMNIOIIAIOLINX MOXKAPHUIL U APOKb OT PA3AUPAIONINX 3eMIeTpsiceHU. OKPYKEHHBIMU CO BCEX CTOPOH 3THMH
YAUBHUTEIBHBIMH U CTPAIIHBIMU COOBITHSIMH, MBI IMEEM HAIIOCTh Ha3bIBaTh MX «CTUXUHHBIC OeACTBHS (IPUPOIHBIC
KaracTpodsl)», 00BuHsst [Ipupoay 3a TO, 4TO MBI CaMU HECEM OTBETCTBEHHOCTH 3a CBOM JiesiHus. V00 B cBeTe Bcero, 4to ObLIO
HAICaHO paHee, He MOKET OBITh HUKAaKUX COMHEHHH, YTO MBI HICTHHHBIE 3aYMHIMKN STHX KaTaCTPO(MHIECKUX IMU30/10B. DTO
He "cTUxuitHble OeqCTBU", @ TOCTYIKHU (IIPOCTYIKH) HEIOCPEACTBEHHO CBSI3aHHBIE K OECCMBICIICHHON J1ESITeIbHOCTU
YeJI0BEUECTBaA.

ITo3TOMY MBI CPOYHO AOJDKHBI IIPEATI0KHUTE HOBBIM HAOOP C BHICIIMMU HjealaMy U paboTaTh B HAIIPABICHUH UX
pcanmm3anunu. ITo HGO6XOJII/IMOCTI/I OHH JOJI?)KHBI GBITB B [IPOTUBOPEYHHA C TEMH, HAa KOTOPLIX MbI B HACTOAIICEC BPEM I
TOJINHCHIBAEMCSl 1 MOXKET BBI3BaTh MHOTO HEYJJ0OCTB /ISl TeX JIFO/IEH, KOTOpbIe OylyT COIPOTHUBIISTHCS WIIM HE MOTYT IIPUHATH
U3MEHEHME.

Ipexxae ueM MPUCTYIUTh K IPEUIAKEHUIO STUX HOBBIX CTAHIAPTOB [OBEICHUS U IOBEACHMUIO, ONPEIEIeHHbIE (PAKTOPEL,
BO3MOXHO, CIIEIYeT Pa3BiIeucsl, KOTOPbIE, MOTYT, IIPOJIUThH CBET HA HbIHEIIHEE IPOUCXOKAECHHE cTaTyca-KBo. [1o MHeHHIO
Bukropa, ¢pusnueckue ycioBus 4esloBe4eckoro Mupa u IIpupossl sIBISIOTCS IPSMBIMH, 3aKOHHBIM U HEN30€KHBIM
PE3Y/IBTAaTOM JyXOBHBIX KOHIEIIIMI YeJI0BeUeCTBa U UACOIOrNIecKUX yoeskaeHuil. OHU BKIIIOYAIOT B ce0sl 10 OTHOIIECHUIO
oOpasyromiel, Tak cka3arh, KOTOpas CEroHs MPUBETA K Ype3MepHOMY NpeoOIIalaHuIo SBICHUI HEHTPOOEIKHBIM B3PbIBAM U
HeperpeBy, KOTOPble COOUPAIOTCSl YHUUTOXKUTH HAIllly HIUBUIM3alKI0. MicTopudyecku Takas KaracTpoda HaCTUIIA YETI0BEUECTBO
paHee JIo 3TOro B KaracTpopuuecKkoit rudesi ATIIaHTH I, KOTOPYH BUKTOp cuuTas pe3yasTaTtoM 4epe3MepHOi
HCKYCCTBEHHOM CTHUMYJISILIMM CHJI JICBUTAMK UMILIO3uH. [IprMensis 1oruky Bukropa ¢ aHaJlOrMYHBIM a Terepb
HaJBUTAIOMIEICSl CUTYaINH, CTOSIIEH Mepe]] YeJT0BEYeCTBOM, MOYKHO CIENATh BBIBOJ, YTO OOIIECTBO aTJIAHTOB W TEXHOJIOTHU



61)1.]'1]/] OCHOBaHbI Ha KOHLECIIIHH, ITPOTUBOITIOJIOKHBIX TEM, K KOTOPBIX Mbl B HACTOALICC BPEMS IMPUACPIKHUBACMCS. 13 puc. 4.6
(ctp. 63) MBI TIOMHHM, YTO JICBUTALIUS U UMILJIO3MS, CBSI3aHHBIX C JBHKCHUEM K IICHTPY, KapOOHbI (carbones) 1 acrieKThl B
COTPYAHUYECTBE C )KEHCKOM sHepruil. B Oosiee mmpokoM cMbicie, 001ecTBO ATIaHTOB, BOSMOXHO, ObUIa MaTpUapXajibHOM, B
KOTOPOH J>KEHIIMHBI 3aHUMAaJIN NPUHIMIHAIbHBIE TO3UINH BIACTH - KOPOJIEBBI, BLICOKUE JKPHUIIBI U OPaKyJIbl, MHOXKECTBO
JI0Ka3aTeIbCTB B UCTOPUH YesioBedecTBa. IIpu Takoil conManbHONM OpraHu3aluy, B KOTOPOH CTOPOHA KEHCKOH SHEPIUU U
CTPEMJICHUS 6BIJ'[I/I BBICHIMMHU, MOKHO IPEAITOJIO0KUTD, YTO MY>KYNHBI 6I:IJ'II/I B IOAYUHCHUHU TrOoCyaapCTBa, U OYCHb MHOTHUEC B
TOM K€ TIOJIABJICHOM COCTOSIHUH, YTO M JKSHIIMHBI, KaK MTPaBHJIO SIBISIOTCS ceroqHs. C YHUUTOKEHHEM ATIAHTUIIBI, B
BO3HHKIIEH CyMaTOXe MOKOPEHHbBIE MY>KUMHBI BOCIIOIb30BAIIChH CIIy4aeM, BOSMOKHOCTBIO, IEPECMOTPETH CBOE HEBLIHOCUMOE
TIOJIOXKEHHE, B3SJTM MHUIUATHBY M BIACTH OOPATHO Yy JKCHIIUH.

C yBeIMYMBAIOLIMMCS O/IaBJICHUEM JKCHIINH B HICTOPUUECKHIE BPEMEHa, LIEHTPOOEIKHAsl IIPUPOIa MY)KECTBEHHOCTH
Y pa3HOIIACH, CBSI3aHHBIE C HE€ IOCTENIeHHO CTAaHOBIJIMCH BCe Ooliee U Ooiee HecOaaHCHpOBaHHOI. Maryrika-3emits Oblia
M3HACUJIOBAHA U JIMIIEHA BeeX €€ cokpoBull. Hauanuch BOMHBL, CKIOKH, Ha 3eMJI€ M YMHOXKaJI0Ch OorarctBo. COnepHUYECTBO
MEXIy My)XYHHAMH H IPYTHMH  YBEJIMYIMIACH, HAPOJ BOCCTAJ IPOTUB HAPO/a. 32 HEKOTOPBIMU OTPaHHICHHUSIMHE, YTOOBI
OCTaHOBHTB POCT TOH Pa3pyIIUTEIHLHON BOIHBI, )KEHIUHBI ObUTH B JATbHEHIIEM YHIKEHHBI TaK KaK HIMOJIOTHUSI
COTIEPHUYECTBA OXBATHIIA 3€MJII0, KOTOpast He TOJIBKO MPUBETa K IMPHHATHIO KOHKYPEHIUH (COTIepHUIECTBa) KaK OIHOH H3
OCHOBHBIX CTpaTEerHil PYKOBOJSIIIEH JKU3HU M TIOBEJICHNS, HO U MHEHHe, uTo pabota Matepu -IIpuposbl ocHOBaHa Ha
CONepHUYECTBE (Ha KOHKYPEHTHOH 00prOe). 3/1ech ClieyeT IIOMHHUTbD, YTO 3TH YYEHUs, KaK U PEJIMTUN U HAayKH, B OCHOBHOM
YCTaHOBJICHHBI MY>KUHHAMH.

B xoze sT0OTO IIpOIIECcca, MBI CHOBA MIPUIIUTM B MUP € YCJIOBHEM, aHAJIOTHYHOTO TOMY, KOTOPO€, BO3MOXKHO YHHUYTOXKHIIA
ATIaHTUTy MHOTO TBICSY JIET Ha3al. PazHMIA 371ech B TOM, YTO Ha 3TOT Pa3 Mbl COOMpaeMCsl YHHUTOXKUTD TUIAHETY B
pe3ynbTraTe OrpOMHOTO YPEe3MEPHOr0 JOMHHUPOBAHUH Hallel HEHTPOOESKHOM TEXHOJIOTUH U €€ MysKa, Hallly COIIEPHUYECKYIO
(KOHKYpEHTHYI0) Heooruio. B mocnennee BpeMs Hen30exKHas peakiysi BHOBb CTajla MPOSBILITECS B BHIE OOPHOBI )KSHIIINH
3a CBOE 3aKOHHOE MECTO B KaUeCTBE PABHBIX B OOIIECTBE, COCTOSLIEM MTOUYTH TOPOBHY MYKUUH H HKEHIIVH.

Ecin He mposiBUTH BCEOOIIYI0 OFPOMHYIO M 9yTKYFO 3a00TY, €CTh OOJIbIIIast OMACHOCTb, YTO BCE MOMIET 3a OOPT K
IPOTHBOIOJIOKHOM KPaltHOCTH (ZOJDKHO OBITH JOCTUTHYTO PABHOBECHE) U B OUEPEIHOII pa3, MpeBpaTHUMCs AUKapel u3-3a
OTCYTCTBHS paBHOBECHs. 1 KEHIIMHBI, 1 MY)XYHHBI JIOJDKHO TIIATEIBHO, OOBEKTUBHO U OECCTPACTHO PACCMOTPETH TEKYIIYIO
CHUTYaLIUIO C Topa3fo 0oJiee BBICOKOM TOUKHU 3pEHUs], IIPExkK /e YeM IPUHUMATh Kakue-1n00 HeoOpaTumble maru. Kak Mel
BUJICTH B 00CYX/ICHHH (PYHKIIMU MYXCKOTO YIOOpEHHUsI KUCIIOPO/a B €T0 B3aUMOJIeCTBIM ¢ (pykTureHamu (fructigenic) u
JKEHIMHaMu kapOoHaMu (carbones), Korna KMCIOPOJ, KOTOPBIH CBA3aH ¢ HUMU U CTAHOBUTCSI OYEHb aKTUBHBIM 4Epe3
LEHTPOOEIKHOE ABMKEHUE, MOTYJaeT BIACTh U CUITY, OH CTAHOBUTCSI arPECCUBHBIM U pa3pymnTeabHbIM. C Ipyroi CTOpOHSI,
MIPHU OXJIAXKICHUU OH CTAHOBUTCS MTACCUBHBIM M CBSI3aHBIM )KEHCKUM KapOOHOM (carbones), uepe3 KOTOPbIN rapMOHUYHO
Pa3BOpaYMBAETCS BCS KU3HB M HBOJIOLUS (pa3BUTHE).

Mozker ObITb, II03TOMY, B CBETE 3TOr0 IPUPOAHOIO IBOJIIOLMOHHO IPOIYKTUBHOIO U PEIPOLYKTUBHOIO SBJIEHHUS, POJIb
MY’KUHHBI HE J0JDKHA BECTUCH HAIIO, BBICOKOMEPHO, Ha BCE CIIy4au XKHU3HU Ha JIOKHOM IPENOI0KEHUH, YTO 9TO MUP
MY’KYUH, KOTOPBI, KaK MbI BUJIUM, HaBJIeK Takie OSICTBUS Ha HAC, a JIOJDKHA OBITH OKa3aHa 0oJbliasi pu3nuecKas Cuia, Kak
[IPaBUJIO, 00JIee TEXHUUECKUM HOY-Xay U JPYT'UM JOIOJHUTEIbHBIM BO3MOXKHOCTSIM, K HOBOMY OOLIECTBY, B KOTOPOM
YIIpaBJIeHHE JOJDKHO OBITH B OCHOBHOM, HO HE MOJHOCTBIO, IIPEIOCTABICHO KeHIIMHAaM. KpoMe X MHOTHX JPYTUX
MPU3HAKOB, Ha ATOI Marepu-3eMIi JKeHIIMHBI UayIiue B Oyyiiee, 00phda KOTOPBIX, UX Pa3HOIVIACHE U Pa3/Ie]ICHUE CaMble
BETIMYANIIINE Bpary.

JI71s1 HBOITFOIIMOHHOTO PA3BHUTHSI, YTOOBI Pa3BUTE MU0 TAPMOHHYHO JJOJDKEH OBITh MPABUIIBHBINA OaaHC MEXIY
AHTHUTE3UCAMH, TO €CTh, ICSITEIBHOCTh BCEX PA3IMYHBIX BEJIMYHMH B TIPABOI KOJIOHKE TaOIMIbI HA pHC. 4.6 (cTp. 63) JOIKHBI
HEMHOT'0 Mpeo0aiaTh. 3aMETHM, CIIeyeT IIOMHHTD, YTO B PABHOW CTEIIEHN HU OJIUH M3 aClIeKTOB HE MOYKET CYILeCTBOBAaTh Oe3
cBoero Koyuterd. TyT He MOXeT OBITh HH KaKkoro CyIEeCTBOBAHUS EKTPHULM3Ma 03 MarHeTH3Ma, HeT HU KaKOTO MPHTSDKSHUS
(TsxectH) 6e3 neButanmu, HH Marepu-3emiu 6e3 Otia-CosHila, HU OJTHA KEHIMHA 0e3 My>XKYUHbBI. B caMoMm Jierie, BIoJHe
MOXeT ObITb, ¥ TO, 4T0 BCP He MOXeT CylecTBOBarh, €CJIM Mbl OJJHOBPEMEHHO CYIIECTBYIOT Kak ero yactu. BCP sBnsercs
OCEMEHHUTENEM UJIei U MBI U BCE IPYTHE )KU3HH TPOIYKTHI €r0 TIOAO0POAHOTO MPOSBICHUSL.

Bce 6ombIree dmcio mosieii, Takux kak npodeccop Jasua bom (LlenocTHOCTh 1 MpoxyMaHHbIit [Topsnok'), acTporoM
cap Dpen Xoitn (MaTemTekTyansHas Beenennas’) H MHOTHE IpyTHeE, MPEACTABHIE COBEPIICHHO HOBIE KOHIIEMITNH KOCMOCA,
ero (yHKIIMHU U KaK OH IOSIBUJICS Ha CBET, TEM CAMBIM BHOCHUT BKJIAJ B PACTYIHH UMITYJIBC [UISI CO3JaHUSI HOBOH MapaJirMbl.
Takue opranuzanuu, kak ['punnuc, Jpy3bst 3eMin, U elie MHOTHE CO3/IA0IIUECs], COCTOSIINE U3 MBICIIAIINX JIFOJIeH, KOTOpbIe
BUJISIT HACTOSIIIYEO HEOOXOMMOCTH NEPEeMEH U KTO BBICTYIAET MPOTUB, YaCTO ¢ HEOOBIYAHHBIM JINYHBIM MY>KECTBOM U
CaMOIIOKEePTBOBAHNEM, KOHCEPBATHBHBIM, KOPBICTHBIM M THETYIIUM CHJIaM, KOTOPBIE CTPEMSITCSI COXPaHHTh CBOM CTaTyC-KBO.

W3menenus, 0e3yciIoBHO, OONTAIOTCS HA BETPY, HO HEe OyeT HEMEIJICHHOTO N3MEHEHHS K JIydIIeMy, ITOKa
MIPUHIUITHAIIEHO HOBBIE TPOTPaMMBbI, OPUEHTHPOBAHHBIE Ha JOJITOCPOYHBIE N, OCTAIOTCS B CTOPOHE, H NPHUICPKUBATHCS
HOBOH €CTeCTBEHHON 9KOHOMUUECKON (unocoduu, MOMHS BCETa, YTO JIUTEIBHOE YIKOHOMHYECKOE TPOIBETaHHUE JII0O0TO
BHUJIa OCHOBAHO MCKJIIOUUTENHFHO Ha H300MIIHE U TOIEPKaHHE 3I0POBOH 3eJI€HON PaCTHTEIHFHOCTH U MOJE3HON BOJIBL.

Ecnu MBI XOTUM BOCCTAaHOBHUTH JICC, Mbl HC MOXXEM PACCYUTBIBATH HA IOJTYYCHHC KaKOﬁ-J'IH6O Harpaasl B XOpOouiem
kauecTBe JpeBecuHbl B TedeHnd 200 1o 300 Jet, 370 3aHMMAaeT MHOTO BPEMEHH, MHOTHM JIEPEBbSIM HEOOXOINMO BpeMs,
4TOOBI CO3PETh U IIPOU3BECTH BBICOKOKAYECTBEHHbIE CeMsiHA. B Gosiee ApeBHHE BeKa JIIOAU ropasno OOJIbIIE 3HAIHN O
HETPePLIBHOCTH KU3HU U HEOOXOANMOCTD IPHHATHS MEp AL HOTOMKOB. OHHU cakanu ajien TyOoB, IPEKPacHO 3Hasi, YTO OHH
HUKOIJIa HE YBUAAT UX B CBOEH MOIHOM 3pestocty. Hanbosee BaxHO, ueM Korga-iudo paHee, 5T0 OTBETCTBEHHOE OTHOLIEHHE K
OKpY’Karollel cpezie A0KHO OBITh PEaHUMHUPOBAHO.



MHOI'O BHJ10B, Ka)KZ[blﬁ CO CBOMUMH OCO6CHHOCTHMH U JCATCIBHOCTBIO B KAYECTBC MHCTPYMEHTA B OPKECTPOBOM IICICBPEC
[Ipuposbl, B 3HAYUTEIILHON MEpEe BCE CIIe OCTACTCS 3araJIkoi Jijis Hac, ObUTH MPHHECEHBI B )KEPTBY B KA4eCTBE HaIeH
BPOXKJICHHOM JYXOBHOCTH M 4yBCTBUTEIBHOCTH OBUIN YHU)KEHHBIM B MTOTOHE 32 IKOHOMUYECKUM M MaTepUabHbIM
OrmarononyurieM. /it Toro, 4ToOBI ONpaBaaTh ceds TOHKHBIM 00pa3oM B Oy/yllieM U 4ToObl BEpHYTh ceOe ObIBIIHE
JOCTOMHCTBO, IOCTOMHO aIMUHUCTpaTOpaM TBopueckoro miaHa BCP, Mbl BO3MOXKHO, KOIa-TO UM 00J1a1aI1, HaCTaJI0 BpeMs,
‘{TO6BI MBI B3JIM 1 CO3HAJIM UTOTU TOTO, YTO MBI CACJIAJIN U MOYCMY MBI CACIaIA 3TO, JI1 BCCOXBATBIBAIOLICTO
HMHTErpUPOBAHHOTO 0030pa, a0COIIOTHO BAXKHO.

OxBaTbIBas KaK 3TO JieJlaeT KpaTKasi MHTepIpeTanus 1 cuHTe3 Teopuit Bukropa Illaybeprepa, eciii He 4To Oouibliee, STa
KHUTa, BO3MOXKHO, JIa€T HaM HEOOJIbIION pobiaeck 0OpaTHOM CTOPOHBI TOTO, YTO MBI Ceifuac BOCIIPHHUMAEM KaK PeaslbHOCTb.
3TO0 CTaHOBUTCS BCe Oosiee U OoJiee YETKO BUIHO, YTO MBI JIOJKHBI PELIUTENEHO U3MEHUTD HAIl IYTh U METOJbI, €CJIU MbI
XOTHM BBDKHUTB Kak pacca. Eciii oHM OyyT CTaBUTHCS HA MEPETHAN IUIAH YEIT0BEUYECKOM ACITENFHOCTH, HayKa TakXkKe, Kak
BEYILHE BIMSHUE HA YEJIOBEUECKOE MBIIUICHHE U IESTEIbHOCTD, €1 MPHUIETCS NOAHATH €r0 JIOCTONPUMEYATeIbHOCTH U
MBIIUIEHHS] Ha OKTaBY BhIIIe. B xoze aToro nmpouecca oHa OyeT, Moxayil, HAYHET EHUTh CBOIO HEXBATKy BCEBEIICHUS U
BOIIPOCOB IOJIX0/1A C TOPA3/10 OOJIBIINM CMUPEHUEM, YeM €€ IO/IX0/] Ha CETOIHIIIHUN JIEHb.

W3 Bcex HaMX aHAIUTHYECKUX HCCIEIOBAHHUMN, OH JOJDKEH HMETh BCe 0oJiee OUEBHIHBIM TO, UTO 3HAHHE HE
OTPaHUYEHO, U IOITOMY, CKOJILKO ObI MBI HM TyMaJIi, MbI Y3HAJIM, OHU BCE €Ille SIBJSIETCS OTHOCUTEIBHO HE3HAYUTEIbHBIM IIPU
M3MEpEeHHUH TPOTHB OECKOHEYHOTO, WIIM 3HAHHE U MYIPOCTh HIMMaHEHTHBIE chephl U pa3Mepsl 3a MpeieslaMi Hallero
noHnManusl. Kak )KM3HEHHO Ba)KHBIN IEPBBI [Iar, pa3BUTHE HOBBIX TEXHOJIOTHI, SKOTEXHOJIIOTHHU, TAPMOHIYHEIE 1
COOTBETCTBYS 3aKOHAM TIPUPOJIBI, SBISETCS 00s3aTeNBLHON 1 OyJeT TpeOoBaTh paJuKanbHble U (QyHIaMeHTaNbHbIe
M3MEHEHUs B HallleM 00pa3e MBIIUICHHs M HAIETO MOIX0/1a K HHTEPIPETAH YCTaHOBICHHBIX TOKTPUH U (akToB QU3MKH,
XHMHH, CEJILCKOTO XO3HCTBA, JIECHOTO X035HCTBA M YIIPaBICHU BOAHBIMU pecypcaMu. Kak ykazarens Toro, Kaxas

HOBasI TEXHOJIOTHS JOJDKHA MPOUCXOUTH, IO3BOJIBTE MHE MpouuTHpoBaTh Bukrop Illaybeprep erme pas:

«"A kax mozoa, ewé 3mo modcem 6vims coenano?", Bcecoa Ovin 00un omeem Ha ouepeorou sonpoc. Omeem cam
npocumucs: UMenno 6 npomueononodicyto Cmopomy moao, Kak smo 0enaemcst ce200nsn! *»

To ,4T0 HEOOXOAMMO, TIOITOMY, SBJISETCS JIMIIOM BOJIBTA, HJIS 110 KPYTY. MBI JOJDKHBI pa3BEPHYTh HAIl YM H TEIIO HA
180 ° u emie pa3 BCTPETUTHCS JUIIOM C [IEHTPAJIBHBIM CBETOM HCTHHBL. Tora Bce TEHH MCYE3HYT MCHOBEHHO, BECh MPaK
WCUE3HET, W B IPKOM CBEYCHHUH, MBI CMOYKEM BOCIIPMHUMATH C OOJIBILION SICHOCTHIO BCE PA3IMYHbIC HUTHU JKU3HU, HIHPOKO
pacnpocTpaHeHble CIHIBI KOCMHYECKHX KPYrOBOPOTOB, BO3BPALIAsCh U B3aUMOCBSI3aHHBIMHU JPYT C IPYTOM B CHUSIOIIEM
LEHTPE, U3 KOTOPOrO OHU BCIO IPOOUBAIOTHCS.

Bue3anno Bce cTaHeT TMPOCTBIM, BCC CJIOKHBIC TCOPHH, KOTOPBIC IBITAJINCH O6T>HCHI/ITB, HCTIOCTUIKHMMas Y€PHOTA
WCYE3HET MPOYb, M3THAHA BO ThMY, OTKY/a OHH MPHOBUTH. BIpyT MOSIBUTHCS CBET, U €CJIU MBI TIOMHUMHUMH HAIIH TJ1a3a, MbI
MOKEM JJaXK€ 0CO3HATh BO3BBIIICHHBIN UCTOYHHUK, U3 KOTOPOI'O MPOUCXOAUT BCA )KU3Hb, IBMIKCHHUC U BPEMS, Ha 3TOM
OJIMHOKO#{, HO MPEKPACHO TIAHEeTe TOSIBUIIACH - ATOT BEYHO, d(UPHBIN ONECK, CHSIOIINIA BHYTPU OKPYKAIOIIETO CBETa.

Ilpumeuanue

1. LlenocTHOCTH M HOJpazymMeBaeMoro mnopsizika, J»suga boma: Kosuer nznareneit.
2.WuremnexryansHas Beenennas, cap @pen Xoitn: Maiixi Mocud, Jlonnown, 1983 roa.
3. Hamr Becempicnennsrit Tpym, Pt ¢.10

«OTKa3 OT OTBETCTBCHHOCTHU
Xots aABTOP UCKPEHHE BECPUT, U HE UMCCT HUKAKUX OCHOBaHUI COMHEBAThCS B TOM, YTO JOCTOBEPHOCTL U 3(1)(1)CKTI/IBHOCTL
FI/I}:[paBJ'II/I‘ICCKOf/’I Wi TEOPUHN UMIUIO3UH, TPOUECCOB U allapaToB, ONMMCAHHLIX B 3TOM KHHUTI'C, OH JIMYHO HE NPOBOAUII IPAKTUYCCKOT'O
HCCIea0BaHus, U HE TOCTPOUIIN KaKoro-Jimbo u3 COOTBETCTBYIOIIUX yCTpOfICTB 1 IMO3TOMY HE MOXKET HECTHU OTBETCTBEHHOCTH
3a JIF0ObIC HCYIaYHBIC (Hey,HOBJ'[eTBOpI/ITeJ'IBHLIC) OKCIICPUMEHTBI. »

CJIOBAPb

McTnpaeMocTb: mporiecc, B KOTOPOM OJIMH MaTepuaj TPETCst 0 ApYroid. [e ouH MaTepHal IoTHee, YeM IPYroi, TeM OH
Msirde OyfeT yMeHbIICH B pa3Mepax Win cTépT B Mesbyaiiiie yacTiib! (CM.KpaTKOCTb)

Broanektpuumam (Bioelectricism): Gonee Boicokuil 3pUpHBIA BHI SIEKTPUYECTBA, YIACTBYIOIIHY B JIEKTPHUECKHIX
B3aMMOJICHCTBHUSIX B JKMBBIX CHCTEMax U TKaHiX. OH OTBeYaeT 3a 3710pOBOE Pas3IoKeHUE (He THUCHHE) PaHee )KHUBOH MaTepHu
U IOCIIeAYIOIIee PEBpaleHHE & B 3pEJI0e FOTOBOE ChIPbE B COYETAHUH CO CBOUM KOJIIETOH - OMOMarHeTU3MOM.

BromarHeTnam: Gonee Bricokue s3dupHBIe (HOPMBI MarHETHU3Ma | aHanor ouosnektnnusma (bioelectricism). 1o popma
MarHeTH3Ma OTBETCTBEHHAs 3@ MOAHATHS (KaK (U3MYECKOro, Tak U JyXOBHOTO), JIEBUTALUS M 3aPOXKICHUS KU3HU, OJHUMAIOIIAS
(B3mpIMaromIast, mapasimas) SHCepTruu.

BriomeTann: cinae u3 aByx uinu Gosee pasInYHbIX METAIIOB ¢ IPOTHBOIONIOKHBIMU 3apsIaMH M BAJICHTHOCTSIMH, TAKUX KAk
cepebpo, KOTOpPOe UMEET TTOJIOKUTENIBHBIN 3apsi], U Me/lb C OTpHULaTeIbHBIM 3apsiioM. [1o coBam BukTopa lllayGeprepa, nepsslit n3
HUX 007a7aeT MyKCKUMH aTpuOyTaMu ¥ MOCIIEAHAS )KEHCKUMH aTpyOyTaMu.

KeccoH: maBaroiast MeTaumn4eckast KaHuerpa (EMKOCTB), Kak MPABIIIO IIMIIHHAPUYECKOit hopmbl. OnrcaHHON B 3TOI
KHUTE, 3aKPBITasi CBEPXY M OTKPBITAs! BHU3Y, H UCIIONB3YETCsl, YTOOBI OTKPBIBATh M 3aKPBIBATH LIIIO3bI BOIOXPAHMIIUILA.



OTKpbITast ¢ 000MX KOHIIOB, OHA YaIlle HUCIIOIBb3YETCSl B MOCTOCTPOCHUH, YTOOBI UCKITIOUUTH BOJY U3 o0nacTeld (pOH/IOB -
pe3epByapoB, CO3/1aBasi yCIOBUS AJISl HX CTPOUTENILCTBA.

Cnon kambus: Dto BHENIHsIs KOJIbLIeBasi TKaHb CTBOJIA JIEPeBa HaXOISIICECs HEIOCPEACTBEHHO 1Mo/ KOpoit. OHO
ObIBaeT Pa3NUYHON TONIIMHBI B 3aBUCUMOCTH OT BHJa. DTO MECTO, IJIe MPOUCXOIT OCHOBHBIE IIPOLIECCHl POCTA B PE3yIbTaTe
IIOTOKA U B3aUMOJEHCTBUS KUIKOCTEH, coneprkalieiicst B keuneme U (uiosme. DopMUpyeTCst, KaxAblil roJl Ha BHYTPEHHUI
CTOPOHE € CEPLEBHHBI, TOAUYHOE KOJBIIO.

Kap6oHbl (Carbones): B npuHiuiie Te 0CHOBHBIE 3JIEMEHTHI U ChIPhE KAPOOHOB B IPUPOJIE, XOTS 3TOT TEPMUH TAKKE
BKJIFOYAET B ce0sl BCE IIEMEHTBhI XMMHUH U (PH3HKE, 32 UCKIIFOUEHHEM KUCIIOpPO/a U Bojopoaa. ITo To, 4to Bukrop I1laydeprep
HazbiBaeTcs "BemectBa Marepun (MarepuHcKue -BeliecTBa)", TKa Kak OHH 00pa3yloT MaTpuILy, U3 KOTOPOil co3/1aHa BCst
JKHU3Hb.

LleHTpudpyrnposaHue (Centrifugence): dyskims Tak Ha3bBAEMbIX HEHTPOOSKHBIX CHUII, KOTOPBIC JEHCTBYIOT
U3HYTPU HapyxKy. ITO OOBIYHO CUUTAETCS, UTOOBI U3BJIEUD JII00bIE MATEPUAIIbl, CTAJIKUBATHCS C HUM PAJUAIBHO OT LEHTpa K
KpasiM, TOI/Ia KaK Ha CaMOM JIeJie MaTepusi BbIOpAChIBaeTCs TAaHTCHIMAIBHO (MUMOXO/IOM).

LleHTpocTtpemuTensHasa (OsmkeHue k LeHTpy)(Centripetence): byHKuust HEHTPOCTPEMUTEIBHON CHIIBL. DTO CHIIA,
KOTOpast ISHCTBYET OT BHELIHEH CTOPOHBI BHYTph. Hanbonee yacto HabmogaeMoe MposiBIICHNE TPUHAMAaET (HOpMY BHXpEH.

LleHTpanbHbI reHepaTop UMMyrbCOB (Centripulser): yCTPOICTBO, HMEIOIEE HEKOTOPOE YKCIIO CIIHPAICBUAHBIX TPYO
MIPUKPETJIEHHbIE K IEHTPAIbHOMY IOJIOMY IIEHTPY, B PE3yNIbTaTe Yero cpe/pl (BOa MM BO3IYX) MEPEMEIAOTCs TAKHM
00pa3om, 4To CHIIBI HEHTPOOEIKHBIC ¥ IEHTPOCTPEMHTENbHBIE paboTaroT Ha 00mIeit ocu. Koraa Bona HeHTpUPYTrHPYIOT OT
LIEHTPa HAPY)Ky Yepe3 CIIUpasIeBUAHBIC TPYObl, 3TO TAKKE BBI3BIBAET BCACBIBAHKE B LIEHTPOCTPEMHUTEIIBHEIM 00pa3oM U3-3a
CIHPAJIbHON KOH(PHUTYpALUH BEIOPACKIBAEMBIX TPYO.

Koppasus (Corrasion): nporiecc B3aumuoro Tpenus. Jpmwkenne Lukmonaao-CrrpanbHo-TIpocTpaHCTBEHHOM
-Kpugoii: OHoO MOkeT ObITh IPOCTHIM BUHTOBBIM WJIM CIIUPAJIBHBIM JIBHKEHHEM BOKPYT IPOAOJIBHON OCH, KOTOpas B
OTAENBHBIX CIIy4asX MyJAbCHPYET, TO PACIIUPSETCS TO CY)KAETCsl [0 OTHOLIEHUIO K 3TOH ocH. OHa Takke MOXKET BOIUIOTUTD
JIBOWHOE IBIKEHHE CIIUPAJIH, B KOTOPOH ABMKYIICHCS Cpefa caMoi Criupaiii, OTHOBPEMEHHO CIIeIyIOT 3a CIIHPaIbio. JTO
(hopma JIBMKEHUS aHAJIOTHYHO BpamieHuto 3emiun Bokpyr CoiHila, rae 3emiist BpallaeTcs BOKPYT CBOCH OCH, JIBUTasiCh BIIOJb
e opOuTanbHOTO MyTh. DTy (hopMy nBMKeHUs: BukTop [llaybeprep HasbIBaeT "opuUrnHambHBIM" MM "TIOpaXKIAFOIICH
dbopmoit" NBIKEHHS OTBETCTBEHHOMN 3a 9BOJIIOLMOHHYIO IMHaMUKY 3emu u Kocmoca.

KoHaeHcaums: mporece mosBIeHNsT (PU3NYECKH TUTOTHOM U 60Jiee CiKaToi Cpebl.

3HaveHMeM OManeKTPUYeCcKo NOCTOAHHON: DTO OTHOCUTCS K CIOCOOHOCTHU JAHHOTO BELIECTBA, YTOOBI
MIPOTUBOCTOATH IIepeaue MEKTPUUECKOro 3apsiaa. bazoBoe 3HaueHue A ANDIEKTPUKA B TOM, 4TO BakyyM = 1. Bona umeer
OJTHO M3 CaMbIX BBICOKHX JIMDJICKTPUUECKOTO 3HAUEHHUs], a UMEHHO 81, a 3T0 3HauuT, 4To oHa §1 pa3 Oosee ycroiunBa K
nepeaaue 3apsaa, 4eM BaKyyM.

OvHareHbl (Dynagens): cylHOCTH Witk Macca SHEPreTHUCCKUX S(PUPHBIX CYOCTAHIINI TIPUHAIICKAIINX K 4-My U 5-My
H3MEPEHHIO, KOTOPbIE YCUINBAIOT CO3JaHUe AMHAMUUYECKON SHEpruy Ha 00j1ee HU3KUX N3MEPEHUSX ObITHSL.

[dvHamunyeckas QHeprus: Do sHeprust, KOTopast OOJIbIIE UMEET OTHOIICHHE K BO30YKICHHIO BCEX JKH3HCHBIX
IIPOILECCOB (’KUBOTO-TIPOLECCA), TOHKUH M BBICOKHX, YEM YHCTO (PU3MUECKHUE SBJICHUS, U KOTOPBIX HCIOJIb3YIOT TEPMHUH
KMHETUYeCKasl SHEPTrHs, T.e. KaK IMPaBUIIO HUCIIOIb3YETCs, SHEPrus B ABMKEeHUH. (CM. MOTEHIIMAIbHA SHEPIus)

OknunTurka: kpyrosoi myts CoJHIa 1o Hely, €ciid CMOTPETh ¢ 3eMJIM U Yroil €€ HAKJIOHA 10 OTHOIICHUIO K TIOCKOCTH
skBatopa. OHa BapbUpPyeTCs B 3aBUCUMOCTH OT CE€30Ha WIH OJI0XKeHHe 3eMin Ha e€ opOure Bokpyr ConHIa, T0CTHTast
MaKCHMyMa OKoJIO 23.4 ° K ceBepy OT 9KBaTopa Ha 21 UIoHs (CEBEpPHOE JIETHEE CONHIIE CTOSIHUE, CaMasi KOPOTKasl I04b) U
23,4 ° 10KHOI MIMPOTHI OT 3KBaTopa Ha 21 nexalpst (CeBepHOE 3MMHEE COJTHIIE CTOSHHS, CAMbI KOPOTKHIA JICHB).

Onektpuumam (Electricism): Tepmun Bukropa Illaybeprepa npumayManblii 1jist OnMcaHus OOIMX XapaKTEPUCTHK U
GbyHKIMI SHEPTUH, ISHCTBYIOIINE B 00IACTSIX, I1€ OOBIYHO HA3bIBAIOT AIIEKTPUIECTBOM.

Mcnyckanne (Omanauus): Jliobas gopma razoobpasHoii, mapoodpasHoi, 3pupHOH, TyXOBHOMN, HIIH SIEKTPOMArHUTHOM
AMHCCH (M3IIyUCHUS ), U3ITyYCHUH WA SHEPTHH.

OdmpHas cywHocTb (Etherialisation) (Etherealization - adompHbIit unm spiritlike nsmepexue, rocyaapcTso) : Tporecc
TMOBBIIICHNS] MJTH BO3BBILICHUS SHEPTUH MJIM MaTepuu Ha OoJiee BbICOKHE, 00JIee TOHKHE N3MEPEHHsI, COCTOSIHUS ObITHSI.

OdmpHoe npocTtpaHcTBo (Etheric cities) (Ethericities): 31o oTHoCHTCS K TeM CBEpX-HOPMAIBHBIM, SHEPTETHUECKHM,
OMO-3IIEKTPUYECKUE, OMO-MarHUTHBIC, KATAIUTHYECKHE, BBICOKOYACTOTHBIEC, BUOPALIMOHHBIH, CyNep-MOIIHbIC SHEPIHU KBa3U-
Marepuaia, KBazu-3(GpupHON MPUPOIBI IPHHAUICSKAIIHX K 4-My U 5-My U3MEPEHHIO OBITHSL.

OK30 cdhepa: omnpeliesieHHO CaMblii BLICOKHIA pa3speKeHHbI CI10i arMocepbl, CoIep KaIleh Tesnii U BOIOPO/, Ta3bl,
KOTOpbIE B KOHEYHOM CUETE CIMBAETCS B MEX3BE3JHOU cpefe. Ero HIbKHSS TpaHniia HaXOAUTCS HA PACCTOSTHUM OKOJI0 645
KM HaJl HOBEPXHOCTbIO 3eMIIH.

®Peppo-MarHeT!3M: gaiie BCero MoHMMAeTes Kak (JopMa MarHeTn3Ma, Kak B [OJIKOBE H APYrHe (pOpPMbI ITOCTOSIHHBIX
MarHuTOB, B KOTOPbIX MarHUTHbIE JUIOJIbHBIE MOMEHTBI aTOMOB TAKHX JJIEMEHTOB, KaK JKeJle30 U KOOAJIBT BHICTPAUBAOTCS U
paboTaloT B YHHCOH, CO3/I1aBasi CUJILHOE MarHUTHOE IOJIE.

Pag ®nboHauun : umsi, TaHHON MAaTEMaTHYECKON MPOrPECCUH LENbIX YHCEll, 0OHAPYKUHBIX UTAIBSIHCKAM
maremarukoM Jleonapo u3 [1n3bl, nHade u3BecTHbIN Kak Pudonauyn (abOpesuarypa filius bonayun unm ceiH bonayumn) u
omyOsrkoBai B cBoeil kuure Liber Abacci {Knura a6axa (Kaura seraunciennit); aba () ? caetsi*} (Kawra 06 Abake) , B 1202
roxy. OTOT psiJi HauMHaeTcsi ¢ Homepa | (nepBblid cpok) U 2 (BTOPOii CPOK), KOTOPBIE 3aTeM CKIIAIbIBAIOTCS M ITPOU3BOAAT
TPETHI CPOK - 3. BTopoit cpok (B TaHHOM citydae 2), TOTa CTAHOBHTBCS TIEPBBIM M JO0ABISIETCS K IPEKHEMY TPEThEMY
CpOKY (B HacTosilIee BpeMs BTOPOE) JUIsl TIOJIyYeHHUS NalbHeHIHUX TpeTrii cpok. Cepusi pe3yJabTaToB B YHCIOBOH
nocienoBatensHocth 1, 2, 3, 5, 8, 13, 21, 34, 55, 89 u T.1., a 4epes pa3aereHne Kaxaoro MOCIeayIOIIero MepBoro
CJ1araeMoro BTOPBIM IPOU3BOIUT OoJiee TOYHOE 3HaUEHHE TaK Ha3biBaeMoro 30510Toro Ce4eHus U ero aHajor.

OTBepCTMe: ecTeCTBEHHBIC OTBEPCTHSI, AHapparMbl HIIH KOPOTKHI MPOXO/ B )KUBBIX TKAHSIX, TAKUX KaK B JIUCTHSIX, KOCTH H



T.O.
DpykTureHsl (Fructigens): a¢upHoe mpocTpaHCTBO ¢ CYNIHOCTMHU (TOHKHME SHEPTHH), OTBETCTBEHHOE 32 TIOBBIIICHUE
IUIOZOBUTOCTH WJIHM MOTEHIMAA [UIS IUIOJOHOILIECHUS U CO3/IaHUe YCJIOBUH IS 3TOTO, yIOOPEHUs, a TaKKe )KUBBIX CYLIECTB.
30n0T0€e ceyeHmre: onHa U3 Tak Ha3sIBaeMbIX «B0KECTBEHHBIX MPOMOPIHI» U TPOUCXOAUT OT psina Pubonawyun. Takxke
n3BecTHa Kak-ITu, ero KoMIoHeHTs! cBA3aubl B mponopuuu 1 : 1.618033988, unu B3aumuoro oruomenus 1 : 0,618033988.
3T0 eAMHCTBEHHOE YHCIIO KOTOPOE ACCSITUYHON YacTH OOpAaTHBIX U KBaJpaTy YUCIIA CaMO UMEIOT TaKOe JKe 3HaYCHHE, T.C.
(1,618033988)* = 2,618033988 u 1 / 1.618033988 = 0,618033988.

[MonosuHa -M'mgponormnyeckoro Linkna: ycedennas Bepcust MOJIHOTO THAPOIOTHYESCKOTO IIUKIIA, B KOTOPOM JOXKEBast
BOJIa HE MPOHMKAET B 3eMJIIO M CTEKAET 110 MOBEPXHOCTH 3€MJIM WM IIOBTOPHO HCTapseTcsi B aTMoc(hepy ¢ HeeCTeCTBEHHOM
OBbICTPOTOM, IPUBOJUT K UPE3MEPHOMY CKOILUICHUIO U HEPABHOMEPHOI'O PACIPEEICHHUIO BOISHOIO 1apa.

"apMOHWYHO -CTPYKTYPUPOBaHHbIE AHEPTUW: BHJ] SHEPTHH, OTBETCTBEHHBIEC 32 COCTaB B (DOPMHUPOBAHUN U CTPYKTYPE
bu3nuecKoil MaTepuu U3-3a FAPMOHUUECKUX U, CIIEIOBATEIbHO, B3aUMHOIO IIPUTSLKEHUS] PE30HAHCOB U CUJI, KOTOPbIE
BO3HUKAIOT MCXKAY pa3JIMYHBIMU 3aUMHTCPECOBAHHBIMHN aTaMaMH.

Mpponornyeckuin LINKn: momHelil, ypaBHOBEIICHHBIH H OTPETYITHPYEMBIil eCTECTBCHHBIN UK BOABI M3 TIIyOHH 3eMiIH
JI0 BEPXHUX CI0€B aTMOc(epbl U 00paTHO, B KOTOPOM JIOKEBas BOJA MOXKET IIPOCAYUBATLCS B 3€MJIIO, U KOJIMUYECTBO
arMoc(epHOI BOJIbI, pactperesieHa 0ojiee paBHOMEPHO | TOIACPKUBACTCS Ha OOJiee WK MEHee TIOCTOSTHHOM YPOBHE.
(CM. non0BMHA - TUIPOIOTUUECKOrO LIUKIIA)

Hespennas BoAa: rpyHTOBas Bojia, KOTOpAsI €Il HE HAKAIWIIa U HOIIOTHIIA MUHEPAIIBI, COJIH U MHKPO3JICMEHTHI,

KOTOpBIE eif TpebyeTcs, YTOOBI CTaTh 3PEION.

Paboyee Koneco: MexaHU3M sl TIEPEMEILCHHST BOJBI FJIM PYTOil )KUIKOCTH MEXaHUYECKUM ITyTEeM.

LleHTpobexHas KpblnbyaTKa: nojaeTcst BoJga B0Jb OCH BPAIICHHS U B EPEIHIO YacTh U HEPIECHANKYISIPHO
K paanaIbHO-peOPHUCTON KPBUTBIATKY TMCKA U BEIOPACHIBACTCSI KAacaTEIbHO IO JABICHUEM U MO IPSIMBIM YIJIOM K
HAIPaBICHUIO IPUTOKA U3-3a ISHCTBHS LIEHTPOOSKHBIX CHII. DTO UMEET Pa3pyIlIUTeIbHOE BO3ICHCTBHS HA BOLY.

LleHTpocTpemuTenbHas KpbinbvaTka: Boga BBOAUTCS [0 KaCaTEIbHO U BBIXOIHUT B OCEBOM HAITPABJICHUH HPOIOIBHBIM
BUXPEM BHU3 Yepe3 [HEHTPAIBHYIO OCh BPAILCHUsI, KOTOPAsi CO3/IaeT BCACHIBAHUSI, OXJIXKIAET U CBA3BIBACT MEXTY COOOM
CTPYKTYpPY BOJBI.

Bespasnuune: Boobie roBops, HEyCTOWYNBOE COCTOSIHUE PABHOBECHSI, IIPH KOTOPOM OPraHHU3M WM CHCTeMa
OJJapeHHasi CBOUM CaMbIM BBICOKMM IOTEHIHAIAaM, JXM3HEHHON CHIIOHN, 3J0POBbE U DHEPTUIO U, CIIEA0BATENBHO, CIIOCOOHBIE
paboTarh IMpU ONTUMAJIBEHOHN TeMIlepaType H/WIH SHEPreTHIECKOM YPOBHE, COOTBETCTBYIOIIEM €ro HOpMallbHOW padoTe.
Buxkrop IllayGeprep Taxke onpeeani 3T0 COCTOSIHUE Kak "HaMMEHbIIas TeMIeparypa (BO3MOKHO KOM(OPTHAs! ISl CUCTEMBbI)
- temperatureless". J[yisi 4e7I0BEUECKOTO CYIIECTBA ATO COCTOSTHUE Oe3pa3Inyus MoJy4aeTcst pu Temieparype +37 © mo
Ienbcuto, a U1 BOJbL, CBA3aHO C €€ COCTOSHHEM HAHMMEHBIIET0 00beMa, BBICOKOH INIOTHOCTU U COAEPIKAaHUE SHEPIUU NIPU
temmeparype +4 ° no Llenscuro, Tak Ha3pIBaeMble aHOMAJIbHBIE TOYKH.

MHepuma: TeHaeHIms WM BO3MOXKHOCTEH JAHHOTO 00BEKTA MIIM CHCTEMBI, COPOBUBIIATHCS JBUKCHHUIO, YCKOPESHHIO
I U3MEHEHUS CTaTyca (HallpaBICHHYS).

FOHas (He cospesluas) Boga: Cpoxtu ¢ He 3pesioil BOOIl, TEPMHUH HECOBEPIICHHOIETHHX B LIEJIOM OTHOCUTCSI
K JI0XKJICBOM BOJie, B KOTOPOIl HE XBaTaeT MUHEPAJIOB, COJIEH U MUKPOAIEMEHTOB.

KunHetnyeckasa aHeprua: sHeprust B JBHKCHUN HITH BRITOMHEHUH paboThl. (CM. [loTeHnMa bHas SHEprust 1
JMHAMUYECKasi SHEPTHsl)

JTaMnHapHoe TeyeHune (MOTOK): COCTOsIHKE, IPH KOTOPOM pa3HbIe CJIOH BOIbI B IIPEIeIIax JaHHOTO BOIHOTO TEja

(motoka) TekyT 6e3 TypOyIEHTHOCTH.

3aKkoH 0 AHTM - cOXpaHEeHUW 3HepPrun: 3akon nocrynupyembiii Bukropom IllayGeprepom, riae KOIHYECTBO
JOCTYITHOM 3HEPruy, NOTEHIUAIbHON, THHAMUYECKAs! WIIM KHHETUYECKas! HE SIBIIIETCS] KOHCTAHTOM, KOTOpasi, ¢ IIOMOLIBIO
COOTBETCTBYIOIIETO YCTPOMCTBA MITM IMHAMHUYECKHX MPOLIECCcaX, MOXKET OBITh YBEITMUYEHBI 110 YKEITaHHIO TIPAKTUUSCKH Ha
1000H NOPsIIOK. DTO PaLMOHANIBHbIN aHAJIOT 3aKOHA COXPAHEHUs SHEPIUU.

3akoH HenpepbiBHbIX (HenpekpalatoLieecs) LMKNOB: u3HaYa bHBIN, HEW3MEHHBIN 3aKOH TIPUPOJIBI, KOTOPBIi
VIIpaBIISIeT ¥ OTBEYAET 32 BCE LMKINYECKHE SIBJICHNS, TAKUE KaK CMEHA BPEMEH T0/1a, YepeloBaHke JHS U HOYH, MOPCKUE
MIPWIIUBBI U OTJIMBBI, CYTOYHBIE KOJIEOaHHs B IOTOKOB COKA B JIEPEBbs, MYIbCALINU IEPEMEHHOTO MEXIY DICKTPUIECKUMU U
MarHUTHBIMH TIOJISIMH, JIBIDKCHHE TAJIAKTUK, U B BCE YTO MPOUCXOJHT B OrKaiiiee BpeMsl.

3aKkoH coeanHasIioLLMXCSH COCYAO0B: 3aKOH, KaCAFOIINECs KUAKOCTEH, B KOTOPOM FOBOPHUTCS, YTO €CIIU [[Ba MK OoJiee
COCYJIOB C JJaHHOM JKUJIKOCTBIO, BOJIOW, HAIPUMED, OOIIATIOTHCS HEITOCPEICTBEHHO APYT C APYTOM C TIOMOIIBIO TOW HITH HHON
(hopMOii coeTMHEHUS, TO TIOBEPXHOCTH COOTBETCTBYOIIHMX JKUAKOCTEH Oy/yT JOBEJCHBI 10 O0IIEro, €IMHOrO YPOBEHS, MPU
HENpeMEHHOM YCJIOBHH, YTO OHHM UMEIOT OMHAKOBBIH yIEIbHYIO INIOTHOCTH MITH BEC.

3aKOH COXpaHEeHUs! SHEPTU: 3aKOH, COITIACHO KOTOPOMY KOJIMYECTBO SHEPIUH BO BeelleHHO! KOHEeYHa, YTO HHepTrHs
He MOXKET OBbITh HU OOJIbIIE HA MEHBLIE, KOTOpasi, CIIeJOBATEILHO, BCETIAa OCTAETCS HOCTOSIHHOM U, CIIeIOBAaTEILHO, HE MOJKET
OBITh NOTEPSIHA. DHEPIUsl H3MEHSIETCS TOJNBKO OT OAHON (OPMBI K IPYroi, HapuMep, nepexos OT HOTEHINAILHOIO COCTOSHUS
B KHHETHYECKOE COCTOSIHUE, K HA00OPOT.
3aKOH BCEMUPHOTO TAFOTEHUS: 3aKOH MPUTSDKEHHS TEIT K LIEHTPY HEOECHOTO Tella MITH B3aUMHOTO MPUTSDKEHHUST MEXK/TY

JByMs Wit Oosiee TakuMu Teamu .(Cm. 3akoH JleButanum)

3akoH JleBnTaumm (3akoH BOCXOAALLEN MHEPTUW): 3aKoH MOCTyanpoBaHHbIi Bukropom Illay6eprepom, koTopbiii
YIIPaBISIET M OTBEYACT 32 BCE BOCXOIIIEE IBIKEHUE SHEPTUH, TIOJHATHE, IOABEMA, POCT BBEPX, BEPTHKAIBHBIH POCT
4eJI0BEKa, JKMBOTHBIX U JIPYIUX OPraHU3MOB, a TAKXKE ABIAETCS OOpPaTHOU KONUeEH 3aKOHA BCEMHUPHOIO TAroTeHusl. Tak Kak
CHJIa TSKECTH yBEJIMUMBACTCS, OHA YMEHBILAET CUJIN JIEBUTALUU.



cucremax (BCsl BCEJICHHAs BXOJUT B KOMIUICKT) B KOHEYHOM UTOre OyJeT MpeoOpa3oBaHO B TEIUIO M B KOHEYHOM CUETE
HACTYIUT TaKoe YCIOBHE, KOTa TeMIlepaTypa OyaeT Be3/e paBHOMEPHOM, M3BECTHOE KaK «TeroBas CMEpThY.

Nawsa Touka (Touka Naws): C canckpura, 03HAYaET MECTO, TOUKY, [Jie Besikash AMddepeHImarust, MaTepHaitbHOTO HITH
MHOTO 00pa3a, ObUIO MpeKpaleHo. ITo (GoKyc WM HeMaTepHalbHOE COCTOSHHE JTyXOBHOTO MITH YHEPIeTHYECKOTO
MOTEHIIMANIa B HEUTPAIbHOM COCTOSIHUH, U BCE BBILIE/IIEE U3 HEE CTAHOBUTCS aKTUBHOMW JKU3HBIO.

OpnepBeHeHne (ogpeBeCHEHME): Tporiece, MPU KOTOPOM KJIETKH CJI0si KaMOWsl B IEPEBE CTAHOBSITCS KECTKUMHU U
MPEBPAIIAIOTCS B IEPEBO Uepe3 HA/UICKAIINA TPOPOCT JUTHIHA B KIETOUHBIX CTCHKAX.

Yucno JlowmuaTa: nepssie Beraucienus Jxozedom Jlommuarom (1821-1895), TloctosHuas JlommuaTa MM 4UCI0
Jlommuara (NL) ompeensier 4ucioM YacTHI] B €JMHHIIE 00beMa UJIealIbHOTO ra3a IPH HOPMaIIbHOW TeMIIepaType 1 AaBICHUN
u umeeT 3HadeHue 2. 68719 x 1025 vactuil Ha KyOU4ecKuit MeTp.

Haxopsawmecsa B ctagum COo3peBaHnaA Krno4veesaa BoAa: He3peas BOAa B [ICHTPAJIbHOM CJI0sI TPYHTOBBIX
BOJI, UMEIOILIAsl TeMIeparypy okoiio +4 °© o Lenbscuro.

MpupOOHbIN KanuTan: OCHOBHBIC 3JIEMEHTHI U ChIPhE, OPraHUYCCKUE U HE OpPraHuYecKue, 3 KoTopsix [pupoaa
CO3/1a€T BCIO JKM3Hb M Pa3BUBACT HOBBIC BUJIBI, IPE/ICTABISIONINEG HHTEPEC, HAKAIIMBAIOLIETO OT MPUPOTHOTO KAIUTAA.

CkonupoBaHHble Yy MNpupogbl (Naturalesque): OTHOCHTCS K HCKYCCTBEHHO M300pETEHHBIM IPOIIECCaM HITH
MEXaHHYECKUX YCTPOHCTB, KOTOPBIE COOTBETCTBYIOT HIIM MOJPAKAIOT 3aKOHBI [IpHpOIBI, MM pabOTalOT B €CTECTBEHHO
MPaBUIIBHBIM CIIOCOOOM.

HaknoH 3eMHO OCK: yroi, MexIy OChbIO BPALICHUS 3EMJIH M SKJIAITHKH.

CBepXx-eANHNYHDBIN: SIBISETCS BOIPEKH 3aKOHY COXPAHCHHSI JHEPIHH U BTOPOMY 3aKOHY TEPMOIHMHAMUKH, B
KOTOPBIX KOJIMYECTBO YHEPTUU MEHBIIIE, YeM BBIXOJ] SHEPruu. [ eHepaTtop CBepB-eIUHCTBA, IOITOMY, SBISICTCS TAKAM
YCTPOHCTBOM, KOTOPOE MPOU3BOAUT OOJIBbIIE YHEPTHH, YeM TpedyeTcs: eMy Uil padoThl. OH U3BECTHBIN KaK CBEPX-CANHUIHBIN
reHeparop ""cBoOOHOI SHEpruu'.

[nanekTpuyeckas NPOHULIAEMOCTb: 3MepsieTcs B (hapaj, 3TO OTHOCUTCS K CTEIICHH, B KOTOPOH JTaHHOE BEILIECTBO
MOXKET COMPOTHUBIIATHCS WITH MIepeIaBaTh dIMEKTPHUESCKHH 3apsil.

®roambl: coCyIHUCThIC POBOIINE TKAHH B CIIOC KaMOMs PACTCHUI, KOTOPBIC IIPOBOJAT caxap, OCJIKHU, HOTIOLIAI0T
arMoc(epHbIe Ta3bl ¥ NPEHMYIECTBEHHO OTPUIATEIFHO HOHU3MPOBAHHOTO BELIECTBA, OT JUCTHEB MO CTEOEIIIO 1T0 CTBOIY
BHH3 K KOPHSIM.

MoTeHumanbHas aHeprus: BHYTpeHHsIS SHEPTUst WM SHEPIHsl, KOTOPasi [OKa eIle He MPOsIBICHHA KaK AHHAMUYCCKast
WTH KHHETHYECKast SHEPTHsI.
KeanureHo! (Qualigens): adhupHbie sHEprur OTBETCTBEHHBIC 3a YITYUILICHHS KAaYeCTBA U ITOBBIIICHUS KaYeCTBA MAaTCPHH.
KonbLo-Brbpaumm: kpymisiii packos MeK1y FOQUIHBIMA KOJIBIIAMH JIEPEBHEB, KOTOPBIC HYT MAPAIUICIBHO CE/ICBUHE.
BbITekatoLwmin pOOHUK: pOITHUK, KOTOPBIH (GOPMHUpPYETCs, KOTa IPYHTOBBIC BOJbI IPOCAYUBACTCS M BCTPEUACTCS C
HETPOHUIIAEMBIM CIIOEM U CTEKAET IO CIIOK0, MO CKIIOHY, K IIOBEPXHOCTH MO ISHCTBUEM CHIIBI TSXKECTH K TOUKE BBIXO/A.
Temmeparypa TakuxX UCTOUYHHUKOB B IEJIOM COOTBETCTBYET TEMIIEPAType OKPYKatoLIel Cpeibl 3eMIIU.
YCTbULE: OBl Ha MOBEPXHOCTH JIMCTHEB, YTO KOHTPOJIHUPYIOT BHIOPOCHI U MOMIOIICHUS Ta30B, TIAPOB BOIBI H T.1I.
TemnepameTp: B TepmuHonorun Bukropa [1laybeprepa, 3T0 OTHOCUTCS K MOBEACHHIO, XapaKTepPy, MOy U BHYTPEHHUM
CBOICTBaM, HHOT/IA BBI3BIBAEMBIM TEMITEPATypOil ABMKEHHE, PA3INIHBIX HEMATePHAIbHBIX U APYTHX SHEPIHH, TAKHX KaK
ANEKTPUIM3MA, OMOMArHETU3Ma, IPUTSHKECHHS 1 JIEBUTAIMS, & TAK)KE MHPOPMALMOHHON CPe/Ibl 3eMITH, BO3IyXa H BOJIBL.
TemnepatypHbI [pagneHT: ¢ Touku 3perus KoHuenwn Bukropa llaybeprepa, TeMeparypHble rpaIieHTh [IIAaBHBIM
00pa3oM, CBSI3aHHBIX C HAIPABICHHEM JBIKCHHS TEMIIEPATypy BHYTPH M MEXIY COOTBETCTBYIOIIMMH TEMIIEPAaTypaMH MOYBEI,
BOJIBI M aTMOC(ephl, KOTOPast MOXKET JINOO PHHSATH MOJIOKUATEIBHYIO WM OTpHLATENbHY (hopMy. [TomoxuTensHbIi
TEMIIepaTypHBIil TPaJHeHT NPOUCXOHUT TOT/A, KOT/Ia HalpaBJeHHe IBIKSHUS TEMIIepaTypbl K aHOMAIBEHOI TOYKH BOJBI, TO
ecth K +4 © mo Lenbcuio. OTpunaTensHbIi TeMIIepaTypHbIi TPAJANEHT MPOUCXOIUT, KOTa HAPaBICHNE ABIKEHHIS
TeMIleparypa BbIIIE WIH HIDKEe OTHOCHTENbHO +4 © 1o Lenscnto.

TprBOMIOMMHECLIEHLMST: BHYTPEHHEE CBEUCHHUE WITH JIFOMUHECIICHIINS, KOT/Ia JBE WJIH 00JIee KPUCTAIUTHYECKHE
MOPOJIBl AHAJIOTUYHOTO COCTABA IO JABICHUEM TPYThCS H YIAPSIOTCS APYT O APYTa U CBA3aHO C SHEPTUeH, HCITycKaeMOi
9NIEKTPOHAMH COZIEPIKAIIUXCS B IIOPOAAX, TAK KAK OHU BO3BPALIAIOTCS U3 HHIYLUPOBAHHOTO JaBJICHHEM, BO30YKICHHOTO
COCTOSIHUSI, Ha MIX TIOCTOSTHHBIE OpOUTHL. Kak siBIeHne 9T0 MOKET MPOU30MTH KaK M B BO3IyXE TaK U IOJ BOTOH.

MyTHOCTb: Mepa Henpo3payHOCTH, 00JIaYHOCTh U MYTHOCTH BOJIBI H3-3a €€ COJepIKaHHE B3BCIICHHBIX BEIICCTB.

CnunpanesngHble-TpyObl: TpyOs!, MTaBHBIM 00pa30M U3 MEIH U €€ CIUIABOB, HMEIOIIHE CIUPATHHYIO KOHOUTYPAIHIO
POACTBEHHYIO poraM anTuion Kyny, yepes KOTopble TPaHCIIOPTUPYEMast Cpeia 3aCTaBiIsAeT ABUTaThesl (hOpMOii TpyOy
LEHTPOCTPEMHUTENIFHO 1 BPAILIaTeIbHO BUXPEBOM ABM)KCHUH B IBOMHON CIIUpAIIH.

Kcunema: cocynucras TkaHb B CJ10€ KaMOUsI pacTeHHIA, KOTOPBIil TPOBOAUT BOY U PACTBOPCHHBIC MUHEPAIIBI, COJIH,
MHUKPOIJIEMECHTBI U NPEUMYIICCTBEHHO MOJIOKUTCIBHO HOHU3UPOBAHHBIX BCIIECCTB OT KOpHeﬁ K JIUCTBSAM.

BUB/IHOI'PA®UA



"Ymuparomuii nec” ("Der sterbende Banpa"), Pt. I: Tay, 1936.

DKkoTexHonoruueckas cepus - Buxropa [llayOeprepa cOOCTBEHHBIX COUMHEHHUH B YeThIpex ToMax: Boxa Yuurtens, [Ipu-
poza, KaK yuuTelib, INIOAOPOAHBIE 3eMIIU, U SHEPIUU DBOJIIOLNS, COOpaHbI, IepeBeaeHbI U oTpegakTupoBansl Kamrym Koat-
coM, New leaf, Iyomun 1997-2000 rr.

"Snexrponus”, Benckuii Tag, 1932.

"ITepBas buorexunueckas npakruka" ("Die Erste biotechnische ITpakcuc"). Mmmnosusi.

"Jlec u ero 3nauenue" ("Der Banba yun HeBon Bedeutungy): Tay, 1936.

"ITycts nepesopot HauuHaercs!" ("dens Umbruch beginnen!") Mmmiosus.

IMTucemo k noxropy Ehrenberger, Mum. st Agric. U necnoro xo3siictBa, Bene.Tay, 1936.

"Mexanunueckas ['enepanus sxuzHenHoi cuibl” ("Maschinelle Erzeugung nepLebenskraft"): Mmriosus.

"Ipupoxnast Pepma-xo3siicto" ("Naturnahe Landwirtschaft") Mmrutosust.

"Orxkpeitas Taituel npupoast” ("Entschleierte Naturgeheimnisse"):Mimmiosusi.

Hair BecembicnenHsiii Tpyy - uctognuk muposoro kpusuca ("Unsere Sinnlose Arbeit - die Quelle der Weltkrise "),
1933-1934: KpucrannVerlag, Bena. "Ox u Cepna»: Tay, 1936.

"BosBpamenne k kyasType" ("Zuruck zur Kultur ").

"Temneparypa u ABukeHUs BOAbL" ("'Temperatur und Wasserbewegung "): DieWasserwirtschaft 1930 roza.

"Crmpans [Tyts k myapoctu” ("Der gewundene Erkenntnisweg"): Mmruiosust.

2. LlutrpoBaHHBIX paboTax IPYrUX aBTOPOB

Anpbepre, B, i ap.: Monexymsipaast 6uonorust knerkn: ['upmstast, Heio-Hopk.
Anpbepre, b. u ap.: "Xnopopun Crpykrypa" B MOJIEKYSIpHOH Gopme
buonorus knerku: ['upnsanna, HL}O-PIOpK, CIIIA, 1983 rom.
AnexkcannepccoH, Onod: XKusas Bona - Bukrop [lay6eprep
Cexkpetsl pupoaHoii sneprun: Gateway, Banna, 1982 (Nat. Kuura cetu, Lanham, mrar Mapunenn, CILIA).
Asumos, Wcaak: [TyreBomutens mo Hayke: | - pusnueckux Hayk Dxemo, Harmondsworth, BenukoOpuranust.
Artunrep, nokrop OpHeT O.: «'maponunamuka rnoroka kposu ":.. Univ Bupmxunus Med Kurp, Hlapnorcsun, VA,
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Ob ABTOPE

Kamnym Koarce poauncs B Jlonnone 19 uronst 1939 rozpa, Ho B Bo3pacTe TpUHAILATHU JIET OH yXKe BUIEN OOIbIIOM
mup. Ero popurenn Opmi Ha MEXTyHAPOIHOM yPOBHE, yIacTByeT B Teocodckoe 0OIIecTBO B pe3ylbTaTe Uero JOJIToe
BpeMs B MHauu u npyrux Heepponeickux crpad. OH Obul B mkoie B [opaoncrayn B IlloTianauu, cliaBUTCs CBOUMU
TIPOCBEIICHHBIM 00Pa30BaTeIBHBIM HICAM, C TIOCTEAHEro roja B ee cectpa CaneM IIKomIsl B ['epMaHuy, 1 OH TOBOPUT Ha
(paHITy3CKOMH HEMEIKOM si3bIKax. B 1967 romy momydmt cteneHb MarucTpa B 00IacTH apXUTEKTYPBI OT APXUTEKTYPHOH



Accounaruu B JlonaoHe, npakTHKyromuii cHayana B JIonnone, a 3arem B KBuncnenae, ABCTpanusi, I7€ OH ceifuac )KHUBET.

Kasmym BriepBeie ycnbimai 06 uaesx Buxrop [1laydeprep B Bopacte 17 siet, Ho Tonbko B ¢eBpaie 1977, ero marh
HO3HaKOMMJIA ero ¢ ¢pu3ukoM U MartemarukoM celHOM Bukropa Bansrepom IllayGeprepom. YIUBIEHHBIN, UTO HET
HHMKAKOTI'0 JIOCTYIIHOTO MaTepyaja 3TUX SKOJIOTMYECKH BaKHBIX UJIEH HAa AHINIMKCKOM, OH PEIIUII OTKA3aThCs OT
APXUTEKTYPBI U MOCBSITUTD CE0s UX U3YUEHUIO.

Kamnym paboras B TeueHue Tpex JIeT, OIHbIH padounii fens ¢ Yonrepowm B ero Ingarop-Kennepckom Huctutyte
cucreM B Lauffen, ABcrpuu, a Taioke uzyueHue apxuBoB Bukropa. OH oMor nepecMoTpeTh IepeBOl AKUBOI BOJbI,
BCTynuTenbHble paboThl Bukropa Illay6eprepa mo Onod Anexcanaepccon (Pub. 1981). 3a mpomenuie naTHaALaTh JeET,
Katym nocBaTHI BCE CBOM PECYPCHI U BpeMsl HAIIMCAHUS KUBBIX SHEPIUil U epeBo, cOOp U peJakTUPOBAHUE KHUT
Buxropa llaybeprepa, cTaTby U IMCbMa B OCHOBHOM U3 apXuBa ero paboThl: 4 TT. DKOTEXHOJIOTUH CEPUU C
noj3aronoBkoM Buxroplllaybeprepa coOCTBEHHBIX COYMHEHUH Ha TOHKHX 3Hepruii B [Ipupoxe.

V¥ Kannyma Koarca Bcerna 6bUT HEeU3MEHHBII HHTEPEC K IPUPOAE U MPUPOAHBIM sABIeHUsAM. OH sBIsIeTCA
OITBITHBIM OPaTOPOM, U KaKHe-THOO0 BOIIPOCEH 110 ooy uneit Lllaybeprepa, i o IeKIusX, ciexyeT oOpamaTses
K €ro U3JaTelIsIM.



