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IIpenucsioBue aBTopa

B xonie 1988 rona akanemuk Muxaun MuxaitnoBuu JIaBpeHTbEB MPEAJIOKUIT MHE 3aHITHCA
poOJIeMOl aHOMAJIBHBIX SIBJICHUH, B 4acTHOCTH, onbiTaMu A.H.Ko3sipesa.

B To BpeMs Mou HayuyHbIE HMHTEpECHI, Ka3ajioch Obl, ObUIM BEChMa NAJCKU OT TaKUX
seaenuid. Jlo npennoxxenuss M.M.JIaBpeHTbEB MHE NPUIILIOCH JJIUTEIHHOE BPEMS CO3/1aBaTh
(dbu3MYecCKue W MaTEMaTHYECKUE MOJICIM HOBBIX 3JIEMEHTOB BBIYMCIUTEIBHOW TEXHUKH,
MHKDPOIJIEKTPOHUKHA, MHUKPOMEXaHUKH, OCHOBAHHBIX Ha NPUMEHEHUHW MArHUTHBIX H
TUDJICKTPUYECKHUX MaTepuaioB (beppuros, MIepMalJIOEB, JTUDJICKTPUKOB,
CETHETORNIEKTPUKOB). Takue BemecTBa yAOOHO  ONPENeNUTb OJHUM  TEPMHUHOM:
MOJISIPU3AIIMOHHBIC CPEIBI.

N3ydyenue nutepaTypsl B 00JaCTH aHOMAJIbHBIX SBJIICHUN OIIETIOMHUIIO OOHIIHEM,
pazHooOpa3ueM M 3a4acTyl0 HU3KUM KadecTBOM NyOsukanuii. OJHAKO y MEHS CIOXKHUIOCh
TBepAoe yOexaeHue, 4To noAoOHbIe (u3nueckue (HeHOMEHBI MPOCTO HE YKIAABIBAIOTCS B
pamMKu COBpeMeHHOW ¢u3uku. BrmociencTBuu MpUIIO MOHMMAaHWE, YTO MHOTHE BHEIIHE
Pa3HOPOHBIE MapaHOPMANIbHBIE SIBICHUS, TEM HE MEHEe, UMEIOT OJIHY U Ty ke (QU3UUYECKYIO
OCHOBY.

Yrny0nsisick B M3y4eHHE JHMTEpaTyphl MO TEeMaTHUKE AaHOMaJbHBIX SBICHUH, s
CTpEMUJICS PEIIUTh B 3a/1a4l: HAWTH yIOBJIETBOPUTENbHbIE UAECHU B 00TacTH (PU3UUYECKUX U
MaTeMaTHYeCKUX MoJelNel u rpymnny (eHOMEHOB ¢ IOCTATOYHO MOJHBIM M CHCTEMAaTHYECKIM
omHcaHueM uX (U3NYECKUX CBOWCTB. TeM cambiM ObuTa OBl HE TOJIBKO CO3/IaHa MOJIENb
HEKOTOpPHIX aHOMANBHBIX SIBICHUH, HO U TOJNy4eHa JOKCIepUMEHTalbHas Oaza s
000CHOBAaHHUS U PA3BUTHS TAKOW MOJICIH.

[IpuMeHUTENFHO K AHOMANBHBIM SIBJICHUSM CaMbIMH OJH3KUMH OKAa3allUCh HUJCH



A.E.AxumoBa u ['M.IllunoBa, KOTOpblE BHECIM INPUHIHUIHAILHO HOBOE IOHMMAHUE B
Teopuio ¢u3uueckoro Bakyyma. OcoOeHHO OO0JbIIOE BIEYATIEHHUE IPOU3BENIO TaKOE
cioBocoueTanne y A.E.AKMMOBa: «IOJIIpU3AIIMOHHBIE COCTOSTHUS (PU3MYECKOTO BaKyymay,
KOTOPO€ IM0Ka3aJI0Ch JaBHO 3HAKOMbIM. M Torja cranu BCIIOMUHATHCS I'OJIbl aCIIUPAHTYPHI B
koHIle 50-X romoB Ha Kadeape TEOPETUUECKUX OCHOB DSJICKTPOTEXHUKH MOCKOBCKOTO
SHEPreTUYECKOro HHCTUTYTA.

B te roasr xadenpoit TOD pykoBoaun npodeccop Koncrantnn Muxaiinosuy K.M.
[TosnmBaHnoOB, MPEEMHUK  OCHOBOIIOJIO)KHUKA  COBETCKOM  IIKOJIBI ~ TEOPETHYECKOM
anekrpoTexHuku Kapma Anmonbdosruua Kpyra. [Ipodeccop K.M.IlonmBanoB BHEC 0OIBIION
BKJIaJ] B DJIEKTPOMAarHUTHYIO TEOPUIO MOJSAPU3ALMOHHBIX cpen. OH cTad MOMM YUWTEIEM B
MONTMHHOM CMBEICIIe 3Toro ciioBa. Ha kapenpy TOD B MOU MeHs pekoMeHa0Ban mpodeccop
Banentun EBrenneBuu boromo0oB, 3HaBmIMI W riay0oKo moudTaBminid «otma IlaBmay -
[TaBna AnekcanapoBuua DIOPEHCKOTO, KPYIMHOTO 3JIEKTPOTEXHUKA-TEOPETHKA M BEIIUKOTO
¢dunocoda. 3ameuy, uto B crapoct boroio60B cram MoHaxoM 3aropcKoro MOHACTBIPSL.

Ha xadenpe, rae riy0oko 3HaIM M MOHHMMAIM TEOPHUIO MOJSPU3ALMOHHBIX Cpes,
MHOTHE Tmpodeccopa U JIOLEHTHl TMOHMMaIM (U3NYECKUH BaKyyM HMEHHO Kak
MOJISIpU3allMOHHYI0 cpeay. Ho 06 3ToM roBopuiiu ToIbKO B CBOEM Y3KOM Kpyry. D¢up u Bce
CBSI3aHHOE C HUM TOTrJa ObLIM TOJT CAMBIM CTPOTUM O(PUIIMATIEHBIM 3aIIPETOM.

Opnaxxapl MHOM Obul 3amaH Takoil Bompoc IlonmBanoBy: “Ilouemy MBI BHYTpHU
(dbeppomarueTuka yuuTbiBaeM 4ieH foH B BelpakeHun unaykuuu B = moH + 10M? Benp 310
npsiMoe Tpu3HaHue 3(pupa Kak Be3Jecylle nosspuzanroHHON cpensl». KM. (Tak 3Banu
npodeccopa [lonrBanoBa Ha Kadenpe) Kak-TO CTPaHHO MOCMOTpENT Ha MEHS U OTBETHII:
“Jlymaiite camu”’. MHe ctano noHaTHO, uto K.M. o1006pwit 3ToT BOmpoc.

3HauuTenpHO Aanbine nomen PnopeHckuid. OH B CBOMX KHUTax — MHHUMOCTH B
reomeTpun. Pacmmpenne o0gacTH NBYXMEpPHBIX 00pa3oB B TreoMmerpum», 1922 1. [1], u
U JIMANIEKTPUKM W UX TEXHUYECKoe NpuMeHeHue», 1924 1., mucanm o OoJblIoN poiu
IPaHUYHBIX TOBEPXHOCTEH B MPOCTPAHCTBEHHO-BPEMEHHOM MHOIroo0pasuu, T.e. 4YWTai, B
¢uznueckoM Bakyyme. B 3TOl cBsi3M 3amMeTHM, YTO MOJSPU3ALMOHHBIE CPEAbl B LIEJIOM
HEWTpalbHblE, HO KOIJ[d OHM IPEACTABICHBI B BHUAEC OTPAHUYEHHBIX TEJ, NAIOT IPUMED
0O0JIBIION POJIM HE TOJIBKO 00BEMOB, HO M MOBEPXHOCTEN Ten B ¢pu3uke. Ha moBepxHoCTAX TEn
13 MOJSPU3ALHMOHHOTO BELIECTBA MOI'YT BO3HHMKATh TaK HA3bIBAEMbIE CBSI3aHHBIC 3apsiibl,
BBI3BIBAIOIIME [1019aC CUJIbHBIE TOJIA. B CBsI3M ¢ yKa3aHHBIMM Bblllle KHUTaMu PIOPEHCKOro
ClelyeT 3aMETUTh M COBCEM Jpyroe -uMeHHO oHU npuBenu [laBna AsekcanppoBuua K
0e3BpeMeHHOM KoHunHe B 1937 rony.

ITocne mnpourenuss cratbu AkuMOBa [2] s 3auMCTBOBajl Yy HEro WICHO
AIIEKTPOTPABUTAIMOHHOM CBSI3U B (PU3MYECKOM BaKyyMmMe H, BBIPAa3UB €€ MaTeMaTH4YeCKUM
SI3BIKOM, 32 KOPOTKOE BpeMsl Hamucaia 00 3TOM CTaThlo, OMYOJIMKOBAaHHYIO, MPaB/a, TOIBKO B
1995 r. [3, 4]. 3ameuy, 4TO CTaThu C MOJOOHBIMHU K€ HA3BAHUSAMH W PE3yJIbTaTaAMHU JIBAXKJIbI
oTkJIoHsuUCh B JIAH, HecMoTpst Ha pekoMmeHaaluu akajgemuka M.M.JIaBpeHnTheBa. B nanHoi
MOJIEIM CHUCTEMA YPABHEHUW OJJIEKTPOIPABUAMHAMUKM HMEET TOJBKO JiBa Iapamerpa,
XapaKTepPHU3YIOIINE dJICKTPOrPABUTALIMOHHBIE CBSI3U B cpele (U3MYECKOTr0 BaKyyMma, 4To
II03BOJISIET ITPEJICTABUTD €TI0 KaK FeTEPOreHHYI0, MHOTOCOPTHYIO HOJIIPU3ALMOHHYIO CPELy.

[Toxanyii, caMbIM BaKHBIM pE3yIbTaTOM MOEH CTaThU OBLIO OMHCAHUE MEXaHU3MA, C
MEPBOTr0 B3IJIAJla CTPAHHOTO, XOJOJHOTO CaMOCBEYEHHS HEKOTOPOro MycToro oomema
MPOCTPAHCTBA, MPHUCYHIET0O MHOTMM AaHOMAJbHBIM SBJICHUSIM. B 3TOl cTaThe Takoe
caMocBeuYeHHEe OOBsICHAETCS MpeoOpa3oBaHMeM B  (U3MYECKOM BaKyyMe DHEPruu
TPAaBUTALMOHHBIX BOJH B SHEPTHUIO 3JIEKTPOMArHUTHBIX BOJIH.

JloCTaTo4HO TMOJHOE M CUCTEMAaTHYeCKOEe OMNHCaHue (U3UUYECKUX CBOMCTB U
0coOeHHOCTEeH OOJBIION TpyNIbl aHOMAJIBHBIX SBJICHUI BBIMOJHWI J.T.-M.H. AJekcel
Hukonaesnu Imutpues [5]. OH MHOTHE ToApl MPOBOAWI B ropax AnTas dKCIEIULMOHHbBIE
WHCTPYMEHTAIbHBIE  HCCIENOBAaHUS  OOBEKTOB,  HA3bIBa€MBIX WM  [PUPOIAHBIMU



CaMOCBETSIIUMUCS 00pa30BaHMSMHU. XapaKTEpPHOH OCOOEHHOCTBIO TaKHX OOpa30BaHHN
ABIISICTCS TO, YTO OHM HAONIONAIOTCS B BUJE MPU3PAUYHBIX CAMOCBETAIIMXCS TEJN Pa3HBIX
pa3mepoB u (opM, HO, KaK IPaBUIIO, FILTUICOMAHON (opMbl. JIMUTpHEeB 00paTnia BHUMaHHUE
Ha TO, YTO TAKHE K€ IOJIyIPO3pPAuyHbIE CAMOCBETSIIMECS Tela MPUCYTCTBYIOT B IIAPOBBIX
MOJIHUSIX, TOpHano, monrepreiicre m gaxke B HJIO. Takoe oOmiee CBOWCTBO IO3BOJISIO
clenarh MPEINoJI0KEeHHEe, YTO BCe 3TH ()EHOMEHBI - Pa3HOBHIHOCTH OJHOTO M TOTO K€
(U3NIECKOTO SIBJICHUS, UMEIOIIEr0 MHOTO BAPHAHTOB CBOETO MPOSBICHUSL.

[locne o3HakomieHHMs C pe3ynbraTamu padoT JmuTtpueBa u Onaronmaps JWYHBIM
OecemaM ¢ HUM CTajo TOHSATHO, YTO MOXKHO Ha OCHOBE MAaKPOCKOIMWYECKHUX YpaBHEHHM
AIIEKTPOTPABUAMHAMUKN TIOCTPOUTH (PU3MYECKYI0O M MaTEMAaTUYECKYI0 MOJIENN MPUPOIHBIX
camMocBeTsIuXxcss oOpasoBanuii [6]. Brmpouem, pemko ObiBaeT Tak, 4TOOBI CTOJIb OJHM3KO
CXOIWJINCh  PE3yAbTaThl  HE3aBHCHUMBIX  TEOPETHYECKHMX H  (HEHOMEHOJOTHUYECKHX
uccnenoBaHui. B maHHOM ciydae aiisi CO3/aHUSI MOJENTH OBLIO JIOCTATOYHO B YPaBHEHUSX
00BETMHEHHOM DJIEKTPOTPAaBUANHAMUKHN OIPEICITUTh MMapaMeTphbl 3JIEKTPOTPaBUTAIIMOHHON
CBSI3M, BBIJIEJIUB HEKOTOPYIO 3aMKHYTYIO 00JacTh B OE€3rpaHUYHOM IPOCTPAHCTBE, MPUUYEM
Tak, YTO BO BHEMHEW O0ONACTH TPOCTPAHCTBA YPABHEHHS DIEKTPOTPABUIMHAMHKH
pacraganich Ha HE3aBUCHUMbBIE YPaBHEHHUS OJIIEKTPOAWMHAMUKMA M TPAaBHIUHAMUKHA. ITO
O03Hayajgo, 4YTO Ui  BHEIMHEH  o0sacTu  CleJoBajlo  MOJOXHUTh  MapaMeTpbl
AIIEKTPOTPABUTALMIOHHOM CBS3M PaBHBIMU HYJIIO, a JJI1 BHYTpPEHHEN 001acTu MpOCTPaHCTBA -
HE paBHBIMH HYITIO.

B paccmarpuBaeMom ciydae BbIJEJNIEHHE 3aMKHYTOH 00JacTu OBIJIO pPaBHO3HAYHO
00pa30BaHUIO0 HEKOTOPOTO JIOKAJILHOTO Teja, HaXOAIIErocsl B Oe3rpaHMYHOM MTPOCTPAHCTBE.
JIeWiCTBUTENFHO, paBHBIE W HE PAaBHBIC HYITIO IMapaMeTphl AJIEKTPOrPAaBUTAIMOHHON CBS3H
XapaKTepU30BaJIH JIBE Pa3IMYHbIe BAKYyMHbIE MOJIIPU3ALMOHHbBIE cpeibl. Teno ¢ HepaBHBIMU
HYJIIO TTapaMeTpaMy ObLJI0 HA3BaHO BaKyyMHBIM JOMEHOM. Takue BakyyMHbIE JOMEHBI ObLIN
OTOXJIECTBJICHBl C IMOJIYIPO3PAUYHBIMU CAMOCBETAILIMMUCS TeJlaMU YKa3aHHBIX BBIIIE
AHOMAaJIbHBIX SIBJICHUH.

Ouznyeckas U MaTeMaTHyeckas MOJEIU MPHUPOJHBIX CaMOCBETSIIUXCS 00pa30BaHUN

ObUTH OObEMHEHBl U Ha3BaHbl MOJIAPU3ALUOHHON MOJIENbI0 HEOTHOPOIHOTO (PU3UYECKOTO
Bakyyma. [Ipm sToM mpenmosaragoch, 4YTO OHAa MpPUMEHMMa MU B CiIydasxX ciaboro
CaMOCBEUEHHUSI BAaKYyMHBIX JIOMEHOB. B 3Toil cBsi3u, OmATH XKe, CIEAyeT BCIOMHHTD
noBepxHocTh DropeHckoro B (u3nyeckoM Bakyyme. BBOJs MOHSTHE BaKyyMHOTO JOMEHA,
Mbl aBTOMATHMYECKH BBOJMM M TIOHSTHE €ro TMOBEPXHOCTH, TO €CTh I[OBEPXHOCTH B
(buznyecKoM BaKkyyMe, pa3JIeNsIiollel [Be Pa3InyHbIe MOJIAPU3AUOHHBIE CPEIb.
OcHoBHbIE (U3UYECKUE CBOWCTBA BAaKyyMHBIX JOMEHOB, COBIAJAlOIINE C (PUINYECKUMU
CBOMCTBaAMHM TeJ MPUPOTHBIX CAMOCBETAIIMXCS OOpa3oBaHM, OKa3aluCh CBS3aHHBIMU
MMEHHO C MOBEPXHOCTSIMU BaKyyMHBIX JOMEHOB, KOTOpPbI€ MOKHO Ha3BaTh MOBEPXHOCTSIMHU
DopeHcKoro.

duznyeckoe 000CHOBAHKE MOJSIPU3ALUOHHON MOJIENN HEOAHOPOIHOTO (PHU3MUECKOro
BaKyyMma MoTpeboBaio HAIPSHKEHHOM paboThI, pe3yabTaThl KOTOPOM YaCTUYHO MPEICTABICHbI
B Hacrosmed kuure. He Bo Bcex ciiyuasix aBTOp oOyajgal JOCTAaTOYHBIM KpPYro3opoMm u
Hay4YHOM KOMIETEHIUeH a1 000CHOBaHMS M Pa3BUTHUS MOJEIH, YTO CBS3aHO C OOJIBIIMMHU
BO3MOJKHOCTSIMH caMoil Mojenu. BrocneacTBuu 3TH BO3MOXHOCTH NPHUBJIEKIN BHUMaHHE
KPYIHBIX CHEIMATINCTOB U3 Pa3IMUHBIX 00JacTell 3HaHUH.

[Ipodeccop, n.¢.-Mm.H B.MN.MepkynoB Ha OCHOBE YpaBHEHHUH MEXaHWUKH CIUIOUIHBIX
CpeA M YypaBHEHHUH, HCHOJb3YyeMBIX B HACTOAIIEW MOJENTH, MOoKazald [7] BO3MOXKHOCTb
OOBSICHEHUS PA3MYHBIX PaHEe HEMOHSATHBIX SBICHMI: cioxkHoro Buga HJIO u 4eTodyHbIX
MOJIHU, MHOT'MX CBOMCTB TOPHAJI0 ¥ TPOIIMYECKUX YparaHoB, COMPOBOXK/IEHHE aKyCTUUECKUX
BOJIH B 3emile 3JIEKTPOMAarHUTHBIMM BOJHAMU U T.A. OH ke OOBSICHHUI KaKk HE0O0X0JUMO
noHUMAaTh pdekT DiHmTelHa — ne ['aaza B TeopuM MEXaHWKH CIUIOLIHBIX Cpel, KOTopas
Obu1a pazpaboTana akagemukom JI.M.CenoBbim.



IIpodeccop, a.1.1. FO.I'. Kocapes oka3zan 60Jb1IyI0 METOIMYECKYIO TIOMOIIb, TOKA3aJ
¢dumnocohckoe 3HaYCHUE MOJIEIH, B YACTHOCTH, Ha IpUMepe ujeil GiopeHcKoro.

IIpodeccop, n.p.-m.=  B.P.KupelToB  ycTaHOBHJI  PENATHBHCTCKUH  Xapakrep
YpaBHEHHMH MOJIENM, MOATBEpIMW OoOpaTuMoe mpeoOpa3oBaHHME B BaKyyMHBIX JOMEHaX
I'PaBUTAIIMOHHBIX BOJIH B 3JIEKTPOMArHUTHBIC.

A teriepb 0 caMoM Ut MeHA NpHUATHOM. [loHMMas, 9To 06€3 MOUIEPKKH aKaJeMHKa
M.M.JIaBpeHTheBa HacTOAIas KHUTA Obula ObI HEBO3MOJXKHOHM, BBIPAKAID €My CaMYIO
00JIBIITYIO OJIAr0JapHOCTD.

SBnsitoch  yOSXKJICHHBIM CTOPOHHUKOM (DM3MYECKHX W MaTeMaTHYeCKUX MOJIeNeH,
OTIMPAOIIUXCS HA SKCIEPUMEHTAIbHbIE MCCIEIOBAHNS KOHKPETHBIX (PU3MUYECKHX OOBEKTOB.
B~Mozenn HEOHOPOJHOTO (U3UYECKOTO BaKyymMa Ha TakoW OOBEKT MHE yKaszaj J.T.-M.H.
A.H.[ImuTpueB, mosTOMy BBIpaXard eMmy TIyOOKyr OJaroJapHocTb 3a 9TO U 3a
UCKIIIOYUTENIbHO UHTEPECHOE COTPYAHUYECTBO. 3a MOJIe3HbIe OOCYXKIEHHUSI MHOTUX BOIIPOCOB
HacTosIel paboThl HCKpeHHe mnpuszHaTesneH mnpodeccopy B.M.MepkynoBy, mpodeccopy
1O0.I". KocapeBy, npodeccopy B.P.KupeiitoBy, npodeccopy O.[.Jxxepumenko (CLLIA), k.d.-
M.H. O.I'.Kocnosy, k.¢p.-M.H. I'.A.KupnuyHukoBy 1 MHOTUM JIpyruM pu3ukam, reopusnkam u
marematukaMm CO PAH, Hosocubupcka, Mocksbl, Cankrt-IletrepOypra, a take Wramuu,
I'epmannu, CIIIA. OtaenbHO BBIpakar TIyOOKyH0 OJIaroJapHOCTh CBOEH TOMOITHUIIE
Ceernane AnekceeBHe bypkoBckol 3a O0oJbIION TpyA, CBs3aHHBIA ¢ 00paboOTKOI
PYKOTIICHOTO MaTepuaia U €r0 MHOTOKPaTHBIMH HUCTIPABJICHUSMHU.

Hosocubupck, CO PAH
HOs10pb 1998
n.1.H. B.JLsaTn0B

IIpoGsieMa HEOTHOPOAHOTO (PU3MIECKOT0 BAKYyMA
11 AHOMAaJIbHbIE SIBJICHUS] M1 HEOAHOPOIHBIN (PU3HYECKUIT BAKYYM

3a MHOTOBEKOBYI0 ~ HCTOPHIO  CBOEW  IUBUJIM3AIMM  YEJIOBEYECTBO  IMOCTOSHHO
CTAJIKUBAETCS C HEOOBICHUMBIMU WM AHOMAJIbHBIMU SIBJICHUSAMU, TAKUMHU KaK HEOTIO3HAHHbIE
neratomue o0bekThl (HJIO/UFO), maposeie Monnuu (IIIM), TOpHamo, mOATEpreicr,
HEPYKOTBOPHBIE B3PbIBBI B arMocdepe, Ha MoBepxXHOCTU 3emiu H T.1. CIOXUIOCH TpH
OCHOBHBIX MOJXOJa B TO3HAHUM W W3YYEHUU TAaKUX SBJIEHUH. MBI UX YCIIOBHO Ha30BEM
MU(DOTBOPUYECKUM, TAOOPATOPHBIM U (PEHOMEHOJIOTUYECKUM.

MudoTBOopYeCcKHil TOIXO0 C IPEBHUX BPEMEH CIYXKUJI MOJACIOPHEM HApOJAHOMY SIOCY U
nereHgaM. B Hamie Bpemsl HIMPOKO PAacIpOCTPAHEHO MPEACTaBIECHUE, COTJIACHO KOTOPOMY
HJIO- sto xopabnu uHomnaHeTsH. [Ipu Takom HampaBiIeHHH CO3HAaHUS U Ipyrue Mmojao00HbIe
SIBJICHUS KQKYTCS TBOPEHUSMHU WHBIX [IUBUIIM3ALINN.

JlaGopaTopHbIN WM TPATUIMOHHBIN MOJIXOJ ONHpAETCS Ha MPEICTaBIIEHUE, COTJIACHO
KOTOpPOMY BC€ SIBJICHUSI BOSHHKAIOT KaK €CTECTBEHHBIE MPOIIECCHI, SBIISIONINECS CIEACTBUIMU
¢u3nyecknux 3aKOHOB MpUpobl. [Ipy JTaHHOM MOAX0/e MpeAIoIaraeTcs, YTo i J1eTaaIbHOT0
ONMUCAaHUS M OOBSICHEHUS KaKOro-HUOYAb HOBOTO (DM3MYECKOTo SIBICHHS €ro HeoOXOIUMO
BOCCO3/aTh B JlabopaToOpHbIX YycioBusX. JlabopaTtopHelii moaxojx ompaBaan cedst BO
MHOJKECTBE CIIy4aeB M CYHMTAeTCsl OCHOBHBIM B COBpeMeHHOM ¢usuke. I[losTromy He
YIUBUTEIBHO, YTO OH OBLI NMpUMEHEH U Jis oObsicHeHus sBienuit LIM, TopHamo u T.x.
OnHako B pacCMaTpHUBAEMBIX CIy4asX 3TOT IPOBEPEHHBIN prueM He cpaboTail. V3BecTHO yxke
6omnee 100 ¢puznyeckux Moenel MapoBbIX MOTHUIA [8] 1 MHOKECTBO Mojeneil TopHao [9],
OJIHAKO HM OJIHA M3 HHUX HE cTaja oOLenpu3HaHHOH. B BBICOKOYACTOTHBIX pa3psaax B
MIPUCYTCTBUM TOPIOYMX WM PACHBUIAEMBIX MAaTEpHAOB IIOJyYEHBl AHAJIOIM IApOBOM
mosiHuM [10}-12], HO OHM 00JaAAIOT JUIIb HE3HAYMTEIHHOM 4YacThbio (PU3NYECKUX CBOICTB



€CTeCTBEHHON MmapoBoid MojHuU. OTCyTCTBHE ycmexa B (DU3HYECKOM MOJACIHPOBAHUU
paccMaTpuBaeMbIX aHOMAJIBHBIX SIBJIEHUH CITyKUT OCHOBHBIM apryMEHTOM CaMOYTBEPKICHUS
CTOPOHHHKOB MU(OTBOPUYECKOTO MOAX0IA.

DEeHOMEHOJIOTMYECKUH MTOAXO0 ] K U3YYCHUIO0 aHOMAJIbHBIX SIBJICHUM TAK)KE BO3HUK H3-
3a Heycrexa TPaJAUIHMOHHOTO (PU3MUECKOTO M01X0/1a. MHOTHE y4eHbIe Hayald TIOHUMATh, YTO
yenoBedyecTBo BerpedaeT B Buae HJIO, M, TopHano, noatepreicra u T.J1. KaKyr0-TO HOBYIO
HEU3BECTHYIO (PM3UYECKYIO pealbHOCTh. KOHEUHO, MEPBHIM 1IArOM B €€ MOCTHKEHUU MOTIJIO
Obl OBITh OOBEKTHBHOE, THIATEFHOE M 0O€3 BCAKUX TpeayOekJIeHUH ONUcaHue BCei
COBOKYITHOCTH (PU3NYECKUX CBOWCTB M 0COOCHHOCTEH 3TUX siBjcHUA. OTHAKO HA TAKOM ITyTH
CTOUT OOJBIIOE TPENSITCTBUE - BCE IEPEUMCIICHHBIC BBIIIC SIBJICHUS BO3HUKAIOT PEIKO U
oecnopsimoyno. Tak, BO BCAKOM cCilydae, Ka3ajloCh MEPBBIM HCCIENOBATEISIM YyKa3aHHBIX
BbIIIIE (DEHOMEHOB.

[lepBoHauanbHO pelIeHUE 337aYu ONUCaHUs (PU3NYECKUX CBOMCTB U OCOOEHHOCTEM
AHOMAaJIbHBIX SIBICHUN BHUJIETU B TOM, YTOOBI IIPOBECTH CTATUCTUUYECKYIO 00pabOTKy OO0IBIION
nHpopmanuy o HaOIIOAEHNN TaKUX (PEHOMEHOB, ONYOIIMKOBAaHHOW B MEPHOJUUECKOMN NeYaTu.
[Ipenmonaranoce, 4YTO pa3IU4Hble CYOBEKTUBHbIE MOMEHTBHI B  COOTBETCTBYIOLIUX
MyoNMuKaIusIX MOXXKHO Oyner yoOpaTe B miporiecce 00paboTku 53Tod umHbopmaruu. Tak
MOSIBUJIMCH TepBble (PU3NUYECKUe OMUCcaHus GU3NYecKuX cBOWCTB U ocobenHoctelr HJIO [13 -
15], OIM [10, 16- 20], Topuazo [9 ,21], monrepreiicta [22, 23] u T.7.

[lomyuennple  TakuM  00pa3oM  XapaKTEpUCTUKU  (U3UYECKUX CBOMCTB U
O0COOEHHOCTEH paccMaTpUBAaEMbIX AHOMAJBHBIX SIBJICHHI OTpakalll TOJBKO TE€ CBOMCTBA,
KOTOpbIE MOKHO OBLIO TOJYYUTh B PE3YJIbTaTe€ HEBOOPYKEHHOTO HAOIIOIEHUS, T.€. OHU ObUIN
3aBeIoMO HemoJHbIMU. OJHAKO B O3TUX ONHUCAHUSAX ObUIM OTPAKEHbl TaKWe CTpPaHHbIE
¢buznyeckue XxapakTepUCTUKU aHOMANIbHBIX SBJICHUH, KaK JIEBUTAIUs, MIPOHUKHOBEHHE CKBO3b
IJIOTHOE BEILIECTBO, HE TOBOPSI Y>K€ 00 MHTEHCHBHOM BpalleHUH ra3a B Ipejenax aKTUBHOM
o0racTi He TOJIBKO TOpHAO0, HO u 1M [5, 17-20].

Mexnay TeM, HeECepbe3HOE€ OTHOLICHHE YYEHBIX K YKa3aHHBIM BBIIIEC IEPBBIM
OMHCAHUAM (PU3MYECKUX CBOMCTB paccMaTpPUBAEMbIX AHOMAJBHBIX SIBICHUNA MPUBOIUIO K
OTpULaTeNIbHBIM pe3ynbTrataM. CTOPOHHUKM TPAaJUIMOHHOTO TMoAXoda K (usmdeckum
SIBJICHUSIM HE TOJIBKO HE YYMTHIBAJIIM COMHMTENIbHBIC, KaK OHM CYMTAJIM, CBOMCTBA 3TUX
(eHOMEHOB, HO U COKpalllaJi T€ U3 HUX, KOTOpPbIE HE BHI3bIBAIMA COMHEHUS Y CTOPOHHUKOB
(eHOMEHOJIOTMYECKOro TMOJAX0Ja, HalpuMep, BpalleHue HccleqyeMbiX o0BekToB. Tak
MOSIBUJINCH HecocTosITeNbHble dusndeckre moaenu [IM u T.11., KoTopble MyOIMKOBAIKCH B
caMbIX MpPECTWXKHBIX XypHamax [10, 12]. Tem cambiM BecbMa BakHas M HWHTEpPECHAs
¢buznueckas npodieMa 0TOJBUTANIACh OT CBOETO PElIeHUsI Ha MHOTHE roJibl. B maHHOM citydae
Hay4HbId aBTOPUTET TOTO WJIM HMHOTO YYEHOI'O WJIM JKypHaja BBICTYNAJl MPOTUB HAYYHOTO
nporpecca.

[Tonoxenne B o0macté (PEHOMEHOJIOTUYECKOTO H3YYEHHUS AaHOMAJbHBIX SBICHUMA
M3MEHHUJIOCh KOPEHHBIM 00pa3oM ¢ Toro BpemeHH (70-e rojipl), Korjja BOGHHbIE 0CO3HAIH, YTO
HJIO saBnswoTCcs CHIBHBIM (DaKTOPOM TMOPAKEHUS BOEHHOM TEXHUKHU, M TPEXKAE BCEro
CaMOJIETOB, PpAaKeT U CHYTHUKOB, BceTynaromux B KoHTakt ¢ HIJIO, co3nanus
PaaMOJIOKAIIMOHHBIX TOMEX B BHUJE JIOKHBIX Lenedl W Hapymenus paauocBszu [13]. K
nzyuenuto HJIO Obutn npHUBIEYEHBI I'€0JIOTH U T€O(PU3UKH, YTO MO3BOJIMIIO C/AENATh BaKHbIE
oTkpelTust  [5]: Berpewaemocts HJIO  CUIBHO 3aBHCHT OT  I'€0JIOTO-T€O(PHU3NUECKUX
ocobenHocreit 3emmu (HJIO u IIIM nosBisitoTcss B OCHOBHOM B MECTax pas3jioOMOB 3€MHOMN
Kopbl) U oT ¢usndyeckoro cocrosgHuss ConHma (Bctpedaemocts HIIO, IIIM, TopHano
CYIIECTBEHHO Bo3pacTaeT B rojabl akTuBHOro CoiHia). Ha 3emMHON moBepXHOCTH ObUIH
BBISIBJIEHBI MECTa 3HAUYUTENILHOTO yBenuueHus: Becrpeyaemoctu HJIO, koTopeie BHavyane Obun
Ha3BaHBI TUIa3MouIaMHu [5], Kyzna OblIM OpraHu3oBaHbl reodusndeckue sxcneauuu. HJIO u
IIOpOAbl 36MHOM NMOBEpXHOCTU B MecTax KoHTakToB HJIO ¢ 3emieil moasepriaucs npsmMoMy
npubopHOMY (uznueckoMy uccienoBanuio [5, 24-29]. Tak HavyaaMch MHCTPYMEHTAJbHBIE



(heHOMEHOJIOTMYECKHUE UCCIICIOBAHMS TIEPEUHCICHHBIX BBIIIIE AHOMATBHBIX SIBIICHUN, KOTOPHIE
MO3BOJIMJIM  CYIIECTBEHHO YIIyOUTh ¥ PACIIUPUTH OMUCAaHUE (DU3HUECKUX CBOWCTB
CaMOCBETSIIIIUXCS OOBEKTOB ATHX SBJICHUIA.

Cpenu (u3HUECKUX CBOWCTB aHOMAIBHBIX SIBJICHUH OJIHO CBOKMCTBO Bce Oolee
MIPUBJICKAI0 BHUMAaHWE HCCIEN0Barenei - B akTUBHBIX oOmactsax HJIO, LM, Ttopnano,
MOJITEPreicTa, HEPYKOTBOPHBIX B3PHIBOB BCErja IPUCYTCTBOBAIO  IOJIYIIPO3pavyHOE
CaMOCBETSIIIEECs] TEJI0, UMEIOLIEE I1apO0Opa3HYIO, SJUIUIICOUIHYIO, LMINHIPUYECKYIO WM
KoHM4ecKyro ¢opmy. Houbto 310 Teno Bo mHorux ciydasx (HJIO, momrepreiict, 1M,
TOPHAJI0) OBLJIO XOPOILO BUIHO HEBOOPYXKEHHBIM I1a3oM. Ho 3HaunTensHo 6osiee 0TUETIMBO
3TO TENO BBIIIAACIO Ha BHUACOKACCETaX M HA YyBCTBUTENBHOW (POTOIICHKE. ITO
caMmocBeTsmeecss Teno mno3Boimio JImurpueBy [5] HazBaTh OOBEKTHI paccMaTPHBAEMBIX
AHOMAJIBHBIX SIBJICHWHA TPUPOJHBIMU caMocBeTamumMucs oodpaszoBanusimu (I1CO). bsuio
YCTaHOBJIEHO, YTO MMEHHO 3TH TeJla MOTYT MPOHHMKATh B IIJIOTHOE BEIIECTBO M MPOXOUTH
ckBo3b Hero (HJIO, IIIM, nontepreiicT).

Habmonenus 3a ceeuenuem ten HJIO, ILIM, TopHazno, nonarepreiicta v T.4. PUBEIU K
MMOHUMAaHHUIO TOTO, 4YTO BC€ 3TU 3(Q(EKThl, C MEPBOr0 B3IJLAa Ka3aloch Obl Pa3HOPOJHBIE,
MPEJCTaBISIIOT COO0K0 PAa3HOBUIHOCTH OJHOTO U TOTO K€ SIBJIIGHUS, HMEIOLIEro psj
O0COOEHHOCTEH CBOETO BO3HUKHOBEHMSI W TPOTEKAHWS B BHUJE YKa3aHHBIX BBIIIIE
aHomaipHOCTEeH. bputo Takxke oOpamieHo BHUMaHue [5] Ha Jpyrue COBMAJAIONINE
(M3UYeCKrue CBOWMCTBA B HCCIEAyeMBbIX ()EeHOMEHax, B YaCTHOCTH, Ha TPOHUKHOBEHUE B
IJIOTHOE BEIECTBO U JIEBUTALIMIO.

VYkazaHHble OCOOEHHOCTH AaHOMAIbHBIX SBJICHUH HE MOTYT OBbITh OOBSCHEHBI
coBpeMeHHOM ¢u3ukoil. Ho B ee ucropuu H3BECTHHI MHOTHE HAECU, KOTOPHIE OTBEPrHYTHI
nake COBpeMeHHOM (u3ukoil. HekoTopbie U3 HUX MOTYT OBITh IEPECMOTPEHBI Ha Oa3e HOBBIX
¢dbu3uveckux 3HaHU. K Takum ujessMm oTHOCUTCS uaes dhupa - 3aroJHSAIOMEH TPOCTPaHCTBO
Besnecymiel cpensl. B 19 Beke »dup moHMMancs Kak MeXaHMUYecKas cpela M 3TO
MPEACTABJICHUE 0Ka3aJoCh HecoCTOsATENbHBIM. [loaTOMy B Hauanme 20~Beka moHsTHE d(dupa
OBLJI0 BOOOIIE HCKITIOYEHO U3 (DU3HKH.

B cepenune 20 Beka OoJibllioe pa3BUTHE TMOJYYHJIA HCCIIECIOBAHMS BEIIECTBEHHBIX
MOJISIPU3ALMOHHBIX CPEJl, B YACTHOCTH, (heppOMarHeTUKOB M CErHETORIEKTPUKOB. Bosbioit
BKJIaJ] B M3Y4YE€HUE MOJIIPU3ALUOHHBIX CpeJl BHechu paboTel [losiBaHOBa W €ro y4eHHKOB
[30-34]. DTm paboTHl M JETIM B OCHOBY Pa3BUBAECMON B HACTOSIICH KHUTE (PM3HUYECKOW M
MaTeMaTH4eCKOH  MAaKpOCKONHUYECKON  MOJSPU3ALMOHHOW  MOJENTH  HEOJHOPOJHOTO
¢bu3nuecKoro BakyyMmMa, I[OHMMAeMOro KakK 3aloJHsSIoNIas IPOCTPAHCTBO Be3JlECyIiast
HEOJIHOPO/IHAs MOJISIPU3AIlMOHHAsA, HO HE MeXaHu4deckas cpena [3, 4, 6].

CornacHO TOJSPU3ALMOHHON MOJENU HEOJHOPOJHOTO (DHU3MUECKOTO BaKyyMma
MOJIYIIPO3pAaYHOE CAMOCBETSIEECS TeJI0 B pacCMaTPUBAEMbIX AHOMAJIBHBIX SIBICHUSAX
Mpe/CTaBIsieT COo00I0 HEKOTOPHIH MOAMU(PHUIMPOBAHHBIA (U3NYECKHII BaKyyM B Cpele
abcomoTHOrO (hU3MUecKoro Bakyyma. M3-3a ocoOeHHOCTeH MOJSpU3ALMOHHBIX CBONCTB
BaKyyMOB BHE M BHYTPU CaMOCBETSIIErocsl Tela, Takoe 0O0pa3oBaHUE HAa3BAaHO BAaKyyMHBIM
JOMEHOM. BakyyMHBbIe TOMEHBI IOTIOTIHSIOT PsJl M3BECTHBIX 00BbEKTOB BceneHHOM, Takux Kak
TaJaKTUKH, TYMAHHOCTH, 3BE3/Ibl, IJTAHETHI, CITyTHUKH, KOMEThI, METEOPbl U METEOPUTHI U T.J.
OHU BBIIONHSIOT CBOIO 0cCOOyH0 poib BO BceneHHOM, koTopas OyaeT paccMOTpeHa B
HAaCTOSIEH KHHTE.

1.2 OcHoBHble (u3NYecKHe CBOWCTBA BAKYYMHBIX /JIOMEHOB H HMX CpaBHeHHe C
(pusuyeckuMu cBOMCTBAMH aHOMAJILHBIX ABJICHUI

BaKYYMHLIe AOMCHBI - JIOKaJIbHBIC O6pa3OBaHI/I$I HCOAHOPOJHOT'O (I)I/ISI/ILICCKOFO
BaKyyMa - SBJIAIOTCA HpeO6pa3OBaTCJI${MI/I FpaBHTaHHOHHOﬁ OHCEPruu B 3JICKTPOMArHUTHYIO U



o0paTHO, a TakKe 000MX 3TUX BUJOB SHEPTUU B MEXaHUYECKYIO U TEIIOBYIO SHEPTHH.

BakyymHBIe JOMEHBI, KaKk HEKOTOpbIE OTPAaHMYCHHBIE Tella, HMMEIOT O00beM W
COOTBETCTBYIOLIYIO TIOBEPXHOCTh. YpaBHEHHS MOJEIN HEOJHOPOJHOTO (hHU3HYEecKOro
BaKyyMa COBMCCTHO C YpaBHCHUAMU BHGKTpOHHOﬁ TCOpHHU BCUICCTBA N1 MCXAaHUKU CIIJIOIIHBIX
CpCa, a TakKiKC YCIOBHAMHU Ha IMMOBCPXHOCTH BAKYYMHBIX JOMCHOB M Ha 0OECKOHEYHOCTH
MO3BOJISIIOT COPMYJIMPOBATh TUIMYHBIC KPAeBbIC 3aJa4dl MaTeMAaTHUYECKOW (DU3HMKH, W3
peIICHHA KOTOPBIX MOXKHO IIOJYYHUTHb TCOPCTHUYCCKUC ¢)H3quc1<ne CBOMCTBa BAaKYYMHBIX
JIOMEHOB B JIFOOBIX Cpeslax U MOJISIX, HanpuMep, 3eMiu. B KHure npencraBieHbl pelieHus TeX
W3 HUX, KOTOPBIE, KaK IoJjarar, Jal0T OCHOBHBIC CBOMCTBA BaKyyMHBIX JOMEHOB Ha 3emiie.
DTH CBOMCTBA CIICIYIOIIHE:

1. TIpoHHMKHOBEHHE B BEIIECTBO WJIM MPOXOKJIECHUE CKBO3b BEIIECTBO B JIFOOBIX €r0 (Pa3oBbIX
COCTOSIHUSIX: TIJIa3MBbl, Ta3a, )KUJIKOCTH, TBEPJIOTO Tela.

2. CamocBedeHHE, H3JIyUYCHHE DSJIEKTPOMATHUTHBIX BOJH B IMHPOKOM CIEKTPE dYacToT,
MIOTJIOIIEHHUE JIEKTPOMArHUTHBIX BOJIH.

3. Hanuuwe BHYTpU U BHE BAKYyMHBIX JJOMEHOB COOCTBEHHBIX JICKTPHUECKOTO, MAaTHUTHOTO
Y TPaBUTALIMOHHOTO IMOJIEH.

4. HVHTeHCHBHOE BpallleHHE ra3a BHYTPH BaKYYMHBIX JIOMEHOB MPU U3MEHEHHH MarHUTHOTO
W CIIMHOBOTO TI0JIeH 3eMITH.

5. JlBa Buaa B3pHIBOB NPH COXPAaHEHWH BaKYyMHBIX JIOMEHOB: B3pPBbIBBI B peE3yJbTare
ANIEKTPUYECKOTO pa3psija BHYTPH BaKyyMHBIX JIOMEHOB M KOHTAaKTHBIE B3PBIBBI IIPHU
MMPOHUKHOBEHHH BAaKyyMHBIX JOMEHOB M3 Traza aTMocdepbl B DJIEKTPOIPOBOISAIINE
TOPOJIbI 3eMJTH, a TAKXKE TIPH MPOXOKACHUH HOHOCHEPHI 3EMITH.

W3naraemast HuwKe NONSPU3ALNUOHHAS MOJENIb BaKyyMHBIX JIOMEHOB MO3BOJISIET
YCTaHOBUTD UX 3aKOHBI ABMKEHHUS, B YACTHOCTH, KaK TOUEYHBIX TEJl B MOJISIX
3emuin. B yacTHOCTM TMOKa3aHO, 4TO TMOCJHE YKa3aHHBIX BBIIIE B3PHIBOB HapyIIAETCs
MEXaHUYECKOE PaBHOBECHE BAKYYMHBIX TOMEHOB, TIOSTOMY 0053aTeIbHO JOKHO BO3HHMKATh
CKaYK00Opa3HOE N3MEHEHNE X ABM)KCHHUSL.

W3 monenu cnepyer, 9YTO BO3MOXKEH TPETHM BUJ B3pPbIBA, CBSI3aHHBIA C aHHUTUJISLMEH
JBYX TUIIOB BAaKyyMHBIX JOMEHOB. DTH OYEHb MOIIHBIE B3PbIBbI BBI3BIBAIOT HHTEHCHBHOE
BbIZieNieHHuEe (POTOHOB BBICOKUX 3HEpruil. OHU MOTYyT ObITh Ha3BaHbl ()OTOHHBIMU B3PbIBAMHU.
XapakTepHbIM MPUMEPOM TaKUX KATaKIM3MOB SIBIAETCS B3pbIB TyHTrycCKOro ‘“‘mereopura’
[13, 35].

W3 monenu ecrecTBEHHBIM OOpa3oM BBITEKA€T, YTO BaKyyMHbIE JOMEHBI MOTYT
repeMeniaTbCss B HeApax 3€MJIM, BbI3bIBasi MEXAaHMYECKUE HAIPSKEHUS U BIPHICKHBAs B
mopoabl 3emin  (GoToHbL. C MeXaHMYECKMMH HaNpsHKEHUSIMH MOTYT OBITh  CBSI3aHBI
3eMJICTPSICEHUS U M3BEP>KEHUS BYJIKAHOB, a C (DOTOHAMHU - XMMHUYECKHE PEaKIMH, KOTOpbIe
ObUTH OBl HEBO3MOXKHBI BHYTpU 3eMiid 0€3 BaKyyMHBIX JOMEHOB.

[lepeuncneHHBIMU BBILIE BHEIIHUMU NPOSBICHUSIMHU XapaKTEPU3YIOTCS, XOTS Obl H
YacTUYHO, MHOTHE HaOJI0JaeMble U WHCTPYMEHTAIBHO HCCIEAYeMbIe B HACTOAIIEE BpEMs
MIPUPOIHBIE aHOMaJbHBIEe (pu3mueckue siBieHus. Cpeau HUX MBI BUAUM JIECSATh (DEHOMEHOB:
IapOBbIE MOJIHUU; MPUPOJHBIE CAMOCBETSIIMECS 0Opa30BaHMs WM XOJOAHbBIE MIIA3MOUIbI;
MOJITEPreiCT; TOPHAI0; aHTelbl; KOCMUYECKHU Jiea; noHochepHble U aTMOC(HEPHBIE B3PHIBHI,
nuTocepHble TPYOKU B3pBIBA; CHPAUTHI, dMb(MbI, TKETHI; CBEUCHHUS MPHU 3eMIIETPICEHUSIX H
BYJIKAHUYECKUX U3BEPIKEHUSX.
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B Ta6n1/1ue 1 npeaACTaBJICHBI (l)I/I3I/ILIeCKI/Ie CBOMCTBaA MNEPCUYUCIICHHBIX BBIIIC aHOMAJIbHBIX
SIBJICHHH U YKa3aHHBIC BBIIIC XapaKTCPHBIC (bl/ISI/ILIeCKI/Ie CBOMCTBaA BAaKYYMHBIX OOMCHOB.
erCTI/IKI/I B COOTBCTCTBYIOLIUX rpa(bax ,HaHHOﬁ Ta6J'II/II_[BI IIOCTaBJICHBI TOJIBKO TaM, I'’I€ IIO
JIUTCPATYPHBIM  OAaHHBIM HWJIK 11O COO6IJ_ICHI/I$IM CIICHUAJINCTOB TOYHO H3BCCTHO O
MNPpUHAIICKHOCTU COOTBETCTBYIOLICTO (1)I/I3I/IIIGCK01"O CBOMCTBa AAaHHOMY aHOMAJIbHOMY
SIBJICHHIO.

Huxe INpUBOAUTCA KpPATKOC PACCMOTPCHUC q)HSH‘leCKI/IX CBOMCTB KaxXaoro M3
NCPCUUCIICHHBIX BbIIIC AaHOMAJIbHBIX SIBIICHUH.

1. IllapoBble MOJIHUM - U3 paccMaTpUBaeMOMl Ipymmbl Haubojee M3BECTHOE aHOMAallbHOE
asnenue [10, 16-20]. MckmounTenbHo oOmupHas nHGopManus o HabI0AaeMbIX (PU3MUECKUX
CBOMCTBaX IIAPOBOM MOJIHUM U3JI0)KEHA Ha TpEeX YPOBHAX: OTHAENbHbIE COOOIICHUS
(marmpumep, IlynoBkuna [35]); komnekuuu HaOmogaeMbix ciaydaeB (Aparo, bpanar,
Xempeiic, Mak-Hamu, Paitn, [Jmutpues, ApabGamxu, I'puropses- Imurpues, Yepman,
Craxanos, Keyn, I'puropees-I'puropseBa, Ortcyku- Odypyron, Oreau [10] wuT.1.);
0000111eHNe NaHHBIX KoJUIeKui (Harpumep, CmupHoB [10], Imurpues [5]).

B wactHoctn, CmupHoB [10] mpuBen ycpeqHeHHbIE (PU3MUECKUE CBOICTBA IIAPOBOI
MOJIHMH, KOTOpbIE HUCIOJb3YIOTCS B Hacrosied kuure. Ho maxe B ero ¢yHaaMeHTaIbHOM
UCCIIEIOBAaHUM IIApOBOM MOJHMM HMMEIOTCS HEACHOCTH. MHE [0BENOCh NMPOYNUTATh COTHU



COOOIIEeHN CcIydyallHBIX JIOJE O BCTpeyax C mapoBod MonHmei. CHavana dYHTATh
MHTEPECHO: «3Ta CaTaHay, «3Ta IIalTaHa» M T.II., HO MOCJE COTHHU- APYroi (auioB yxe
HAuMHACIlb MpPEIBUACTh, 4YTO OydeT CKa3aHO B HENPOYHMTAaHHBIX (ainax. Bo mHOTHX
COOOLICHUAX OTMEUYaeTCs HWHTCHCUBHOE BpAIllEHHE IbUIM BHYTPH INAPOBBIX MOJHHIA.
CMupHOBa BpallleHHWE HE BXOJUT B YHUCIO (PU3MYECKHX CBOWCTB IapoBoil Mosinuu. [lo-
BUJIMOMY, CO3HAHHE TIPOCTO HE BOCIPUHUMAET TO OOMIIME U TY Pa3HOPOIHOCTH (PU3MUECKIX
CBOMCTB, KOTOpbIMU oOOmajgaer miapoBas MosiHMA. Hanpumep, Ha Bompoc OAHOMY
CHEIUATUCTY 1Mo JaHHoM npoodieme: “Ilouemy Bol He onucanu B YOH Bo3nelicTBue mapoBoit
MOJIHUM Ha CEHCOPHbIE TEJIEBU30pPbl B JIOME, B YAaCTHOCTH, MEPEKIIOUEHUE HUX Ha JpYyrue
IIpOrpaMMbl NOCJIE yXo/1a apoBoi MoaHuu?”, oH otBeTWi: “He 3Haro, nouemy He onucan. Y
JIPYTUX COCENEH TeNeBU30PbI TOJBKO NEPEKIIOUMINCH, @ Y MEHS Cropesia MUKpOCXeMa- ChIH
MTOYUHUID.

[IpoxoxxeHne CKBO3b BEIIECTBO, CAaMOCBEUYEHHUE, CHIJIBHOE JJIEKTPOMAarHUTHOE
U3ITy4yeHHUE, FIEKTPUUECKOE U MAarHUTHOE IOJIsI, B3PBIBBI - TUIIMYHbIE (PU3NYECKUE CBOWCTBA
mapoBoil MonHuu. Jlo6aBUM K HUM elle BpallleHue Bo3ayxa U bl BHyTpu 1IIM. B
NyOIMKAIUAX OTCYTCTBYET CBOMCTBO HCKa)KE€HHSI TPaBUTALIMOHHOIO MOJIS, T.€. JIEBUTALIMSL
Ho nns Takux ManopasMepHbIX OOBEKTOB, KaK IIapoBas MOJHHS, a JUAMETP XapaKTepHOMH
mapoBoit MostHuM 20- 35 cM, TPYJIHO 3aMETUTh TaKOE CBOMCTBO, TEM 0oJiee, YTO C IIapOBOil
MOJIHHEH CBSI3aHBI CaMble pa3HOOOpa3HbIE MEepeMEIeHNs MEJIKUX MTPEIMETOB M0/ IeHCTBUEM
a’pOIMHAMUYECKUX, MArHUTHBIX M JJIEKTPUYECKHUX CHJI. YBEIMUYEHUE BCTPEYAEMOCTH
[IapPOBBIX MOJIHUH B 10161 akTUBHOTO CoutHITa Ob110 oT™MeueHo eme bappu [17].

Ilpupoanbie camocBeTAIHECH 00PA30BAHMSI MJIM TUIA3MOM/IBI - 3TO KpyITHOMACIITaOHbBIE
mapoBbie MOJHUH [5]. Takoil UCKIIIOYUTEIBLHO BaXKHBIN BBIBO cenan JMHUTpHEB, HCXOAs U3
M3YYEHHUS MAaTepHalioB MHOTOYMCICHHBIX KOMIUIEKCHBIX HAy4YHBIX JKCHEAULIHUNA TOJ €ro
PYKOBOACTBOM B paiioH TepektmHCKOTO Xpebra ['opHOoro Asrtas, rae OblIu OOHAPYKEHBI
MeCTa 4YacTOTO TIOSBJICHUS TaKUX MPUPOJHBIX CaMOCBETAIIMXCS oOpasoBanuii [29].
OcHoBHBIE (PU3UYECKHUE CBOMCTBA MPUPOTHBIX CAMOCBETAIIMXCS OOpPa30BaHUN W IIAPOBBIX
MOJIHUM COBHAJAIOT: MPOXOXKICHHE CKBO3b BEIECTBO, CAMOCBEYEHHUE, JJIEKTPHUUECKOe U
MarHuTHOE TOJIsl, BpallleHue, B3pbIBBI. BMecTe ¢ Tem, Obu1i 0OHapYKEeHbI paHee HEU3BECTHHIE
(uznyeckue CBOMCTBA: JIEBUTALIMS U CYIIECTBEHHOE, TPUOIU3UTENBHO B 4 pa3a, yBEIUYEHUE
YacTOTHI MOSIBJICHUS PUPOJIHBIX CAMOCBETSIIUXCSI 00pa3oBaHuil B ToAbl akTUBHOro COJHIIA.
Slpkoe omucaHue CBOMCTBA JIEBUTAlMU MPHUPOJHBIX CAMOCBETALIMXCS 00OpazoBaHUM
npuBefeHo OnbxoBaToBbIM [36] B €ro McCCieIOBaHUM CAaCOBCKUX B3pbIBOB. Kosuuu [13]
ONKCHIBAET MHOTHE IIEPEYHCIICHHbIE BbIIIE  (PU3UYECKHE CBOMCTBA  MPUPOIHBIX
camMocBeTsIuXca oOpa3oBaHuli, KOoTOpele OH ompegenser kak HJIO npupogHoro
MIPOUCXOXKACHUS, U TIOKA3bIBACT UX OOJIBIIYIO OMACHOCTH JJISl BCErO KUBOTO.

3. IMoarepreiict - HeOObSICHUMBIE 3BYKH, [IEPEMEIICHUS U TIOJOMKU MeOeIH, apMaTyphl
- (henomen, numeronuii mpu3Haku mapoBoit moHuU. [lo cnoBam SAxnuukuna [23] (moxnman y
B.I1.Ka3znaueeBa ocenbto 1997 r.) siBieHue monrepreiicra cBsi3aHO ¢ IapooOpa3HbIM c1a0o
CBETSILIUMCS TEJIOM Pa3MepOM CO CPEIHION0 APOBYI0 MOJHMIO, 00Ja1al0IMM COOCTBEHHBIM
MarHUTHBIM U 3JeKTpuUeckuM [22] nonssmu. I1o obpa3oBaHue Tak xe kak U 1IIM cBoboHO
MPOXOJNUT CKBO3b CTEHBI MOMELIeHUH. MoxeT yOuBaTh Jro/IeH, MpUYeM CTpaHHBIM 00pas3oM,
OTTECHSS KPOBb U3 OJJHOW YacTH TeJa B APYTYIO.

4. TopHago - XOpomio U3BECTHOE IO TEJIEBUACHHIO M TME€YaTh pa3pylIuTeIbHOE
JBUKEHHUE BO3/lyXa, COBEPILIECHHO SIBHO CBSI3aHHOE C MPUPOIHBIMU CaMOCBETSIIIUMUCS
00pa3oBaHUSIMU M CKOIUICHUSIMH IIapoBbIX MonHMH. HamuBkuu [9] omuceiBaer
TopHano Tak: “@ait (Faye 1897) ommchiBaeT HECKOJBKO CIIy4aeB, KOTJIa TOPHAJO
CONPOBOXKIAIOCH IIAPOBBIMU MOJHUSIMU. MHOrJa KOpOTKHE W LIMPOKUE JIMCTOBBIE



MOJIHUM OKpYXalT BOpPOHKY. MHorja Bcs INOBEPXHOCTb CBETUTCS CTPaHHBIM
KENTOBAaThIM CHsiHHEM. VHOria B cMepyeBOM oOJaKe HaOMIOJAr0TCs IIApOBUIHBIC
CHHEBaThle 00pa30BaHUS THUIIA IIAPOBBIX MOJHHMH, HO TOPa3o OOJBIIUX Pa3MepoB.
Wuorma o0pa3yroTcst MEAJICHHO JBHXKYIIMECS OrHeHHbIe cTosobl (Lane, 1966; Lowe,
McKay, 1962; Vonnegut, Meyer, 1961). B pa6ore [xouca (Jones, 1965)
OTUCBHIBAETCS  CBOCOOpA3HBIM HUMITYJIbCHBIA  T'E€HEPATOP-UEHTP  DIEKTPUUYECKON
AKTUBHOCTH, BUJMMBII B cMepueBOM oOjake B BHUJIE OKPYIJIEHHOTO ISITHA CBETJIO-
roiayooro mBera, Kotopoe mnosmisercs 3a 30-90 MUHYT 10 TOsBICHHS BOPOHKH. B
pabore Bommeryra (Vonnegut, Meyer, 1966) npuBoautcs HOuHas Qororpadus
CBETAIIUXCS KOJIOHH, COMTPOBOXKIAIONTUX BOPOHKH .

Heo0xo1uMo pa3bsiCHUTH TEPMUHBI “‘CMepueBoe 001ako” U “BopoHKa”. B aToi
CBSI3M 00paTuMcs K MPOPEeCCHOHAIIBHOMY OIUCAHUIO SIBJIEHUSI TOPHAJIO, CACTAHHOMY
MepkynoeiM [21]:  “TopHamo 3apokgaeTcsi W3 MaTEPUHCKOTO WM CMEPUYEBOTO
oOnaka, cIyckaeTcsi BHM3 /10 3e€MJIM B BUJE JUIMHHOTO X000Ta, BHYTPH KOTOPOTO
BO3JIyX COBepIIaeT OBICTPOE BpallaTeIbHOE JBUKEHHUE CO CKOpPOCTbIO, HHOTAA
JOCTUTAIONIEH CKOpoCTH 3ByKa. MarepuHckoe 007aKo, NpeACTaBIIsoOIee OO0k
MaJICHBKUI TPOMHWYECKUI yparaH, Kak U HAaCTOSIIUM yparaH, UMEET TaK HAa3bIBA€MBbIii
ria3, B KOTOPOM CTOMT MEpTBasl THUIIMHA, U 00JIaJjaeT CIUPAIbHBIM CTPOCHHUEM ....
Cpennue pa3Mepsl CMEpPUEBOro o0Iaka HEBEJIWKH: B momnepeunuke 5-10 kM, BbICOTA
4-5 kM. Paccrosinue Mexay 3emieil 1 HUKHUM KpaeM oOraka MopsiKa HECKOIbKHX
COT METpOB, pexxe - Oosblie. B cmepueBoM obOnake, Kak MpaBujo, HabIoJaercs
TOPU30HTAIIBHOE BHUXPEBOE OOJAKO C HAKIOHHBIM WM BEPTHKAIBHBIM CTOJIOOM
camMoro cMmepda-topHazno. JleragpbHoe omMcaHWE BHYTPEHHEW IOJOCTH cMmepya Jail
omuH (epmep m3 mrata Kanzac. Ctosi BO BXoje B yOexuie, oH HaOmoman 3a
MPUOIIDKAIOIIMMCST 110 paBHUHE cMepueM. BOmm3u oT yOexwuinma KOHEI BOPOHKH
cMepya TMOIHSJICS HaJl 3eMJICH | rpotrel Hax hepmepoM. “Bosbioit ToXMaTelii KOHEIT
BOPOHKHM TOBHUC MPAMO HaJ Moeil rosioBoid. Kpyrom Bce HenoaBmxkHO. M3 koHIa
BOPOHKHM III€JT CKPUIAIIWNA, IMUOAIMA 3BYK. S B3MVISIHYJ BBEpPX U, K MOEMY
YIUBIIEHUIO, YBHUJIET caMo ceplie cMepua. B ero cepenune Obl1a MOJI0CTh JUAMETPOM
30-70 M, miemmias BBepX Ha paccTOSHHUE OKOJIO KuioMeTpa. CTEeHbl MOJOCTU ObUIH
o0pa3oBaHbl BpalllaloIIUMUCS o0JaKaMu, a caMa OHa Oblja OCBEIIeHa HEeNpPepbIBHBIM
OJleCKOM MOJIHUH, 3HUr3araMu IEepeCcKaKWBAIOIIUX C OJHOM CTOPOHBI Ha JPYTYIO.
[TonocTs ObLTa COBEPIIEHHO MYCTOM, U TOJBKO TyMaHHbIE OOpa3oBaHUS JABUTAIHChH
BBepx M BHU3. CMepy JABUrajics MEAJICHHO, U y MEHsI ObUIO BpeMS XOPOIIO YBHAETh
BCE BHYTPU U CHapyKu». BHyTpeHHss TMOJOCTh cCMepya, Kak JTO MOKa3aiu
MHOTOYHCIICHHbIE HAOMIOCHUS U U3MEpEHUsi, 00IaJaeT CYIIECTBEHHO MOHIKEHHBIM
aBJICHUEM .

Wrak, camocBetsmuecs 0O0pa3oBaHUSI CYIIECTBYIOT KaK B OTHOCHTEIHHO
KpYITHOpPa3MEpPHOM CMEpPYEeBOM 00JIake, TaK U B OTHOCHUTEIHHO HEOOJIBIIION BOPOHKE
TopHano. [Ipo uznmydyeHue TOpHaIO B CBETOBOM JHAa30HE 3JIEKTPOMArHUTHBIX BOJH
yka3aHo paHee. M3BecTHO Takke, YTO TOPHAIO M3ITY4aeT AJIEKTPOMArHUTHBIE BOJIHBI U
B paauouana3oHe B BHUIE Oenoro mryma OONbIIONW WHTEHCHMBHOCTUH. O HajIW4ud B
TOPHA/IO AJEKTPUUECKOTO MOl CBUAETENbCTBYIOT OObIUHBIE MOJHUU. BBIsICHEHO, YTO
X000T cMepya-TOpHAZ0 UMEET MarHUTHOE I10JIe, COOTBETCTBYIOIIEE HICKTPUUECKOMY
TOKYy B coTHM amnep [37]. CMepd-TOpHAIO NEPEHOCUT HAa NPUINYHOE PACCTOSHUE
KUBBIX JIOJIE W JKUBOTHBIX, a TaK)K€ MHOYECTBO pPa3HOOOpa3HBIX MPEIMETOB,
Hanpumep, kinaa MoHer [21] 6e3 ux pasOpaceiBanus. He ciaenyer nu orcroaa, 4to
TOpHA/I0 00J1a/1aeT CBOMCTBOM JICBUTALIUU?

HeBeposiTHO WMHTEHCHBHOE BpalllaTeIbHOE MIBW)KEHHE B CMEpPYE-TOPHAJIO
MOJKET OBITh BBI3BAHO TOJIBKO PACHpEeICHHBIM MOMEHTOM ciil. Takum 00pazom, Mbl



BUJUM B SBJICHMM TOPHANO Bce (IU3MYECKHE CBOMCTBA, YKa3bIBAIOIIME Ha
IIPUCYTCTBUE TaM BAKYyMHBIX JOMEHOB.

AHreJbl - BUJI XapaKTEPHbIX paanosokalnoHHbIX noMex [38]. Onepatopsl PJIC yxe
JIABHO HAyYWJIUCh OTJIIMYATh TAKWE AHTENbI OT IIeled - caMojeToB U pakeT. CiemyeT
OTMETUTh, YTO AaHreJOB OOHAapY)KMBAIOT B MECTaX pa3JIOMOB 3EMHOW KOpBI.
[Tomygyaercss Tak, 4TO B KWJIOMETpax BBIIIE PAa3IOMOB OOHAPYKHMBAIOT AHTEJIOB, a
BHU3Y, HEMOCPEACTBEHHO  HAJ  pa3jioMaMH, OOHApYXHBAIOT  HPUPOIHEIE
CaMOCBeTSIMECS 00pa30BAHUSL.

Kocmuueckuii sex - jaBwkymuecs K 3emie Teila M3 OJMKHEro KOCMOca,
TIOTJIOMIAIONINE YIBTPAPHOJIETOBOE M3ITydeHHE. DTH OOBEKTHI OBUIM OOHAPYXEHBI B
1982 romy B pe3ynbrare aHauM3a MEPEIaHHBIX HA 3EMITFO JIBYMS aMEPUKAHCKHMH
CHyTHUKaMU  (ororpapuii  OTKPBITBIX  y4acTKOB  IPOCTPAHCTBA  KOCMocA.
[lepBoHauanbHO OBUIO CAENAHO MPEANOJOKEHHE, YTO YKa3aHHbIE Tejla COCTOAT W3
BO/IbI, B YaCTHOCTH JibJa. “CyJsl 0 TaHHBIM HOBOTO ciyTHUKa “Ilonap”, aTu nensHble
TJIBIOBI BJIETAIOT B Hally atMocdepy ¢ yactoToit ot 5 10 20 pa3 B munyty. X pazmep
3a4acTyIo MPUOIIIKAETCS K pa3Mepy MPUTOPOTHOTO JaqHoro goma’ [39].

[Ipenmnonoxenue, corimacHO KOTOPOMY Ha 3eMIIt0, a CJIEZ0BAaTEIbHO U Ha
Jlyny, mamaer e, BCTPETHJIO pe3KHe Bo3pakeHus. Ecimum Obl KOCMUYECKHM el
JEHUCTBUTEIILHO COCTOSUT U3 JIbJIa, TO €ro majaeHue Ha JIyHy Obuto OBl 3aprKCHpPOBAHO
ceiicmorpadamu ¢ kopabneit “Amnosuion”. “OpgHako ceiicMorpadbl perucTpupyroT
ropasJio MeHbIIIE Y1apoB, YeM JOJKHBI IPOU3BOIUTH JieJsiHbIe KoMeThl” [39, 40].

CornacHo paccMaTpUBaeMOW B KHUT€ MOJIENIU BaKyyMHbIE JOMEHBI, TaK e Kak
U JIefl, AJOJDKHBI MOTomars ynbTpadguoner. B 1o e BpemMs BaKyyMHbI€ JOMEHBI PU
KOHTaKTax ¢ JIyHOH NOJKHBI BBIIENATH MHOTO MEHBIIYIO SHEPIHIO, YeM JIEeJsHbIe
KOMETBI.

Takum 00pa3oM, HEMOCPEACTBEHHO Yy IOBEPXHOCTH 3E€MJIM BCTPEYAIOTCSA
IPUPOJHBIE CAaMOCBETAIMECS OOpa30BaHUs, BBILIE - aHredbl, a €IIe BbIIIE -
KOCMHMYECKHUH Jief1, T.€. BCE TPH YKa3aHHBIX OOBEKTa MPEACTaBISIOT OO0 BUAMMBIE
CJIeIbl OJJTHOT'O M TOTO € SBJICHMUS.

Honochepunie u armocdepHble B3PbIBbI - HEPYKOTBOPHBIE B3pBIBBI B 00JIaCTH
noHocepsl 3emid. DTU B3pBIBBI BBI3BIBAIOT KOHQUIUKTHI BOCHHBIX M I'PAXKIAHCKUX
Biacteii B CIIIA, ABcrpamuu uT. 1. [41]. BoeHHble I0Ka3bIBalOT, YTO OHU HE
MIPUYACTHBI K STUM B3pBIBAM.

CornacHo paccMaTpuBaeMOM B KHHUI'€ MOJEIM BaKyyMHBIE JOMEHbBI JOJIKHBI
B3PBIBATHCS C COXpaHEHHEM CBOel (hOpMbI, TOMagasi B BBICOKOAIEKTPOIIPOBOISIIIYIO
IJIa3MEHHYIO Cpeay HOHOC(EPHI.

Takum o0pa3zom, MBI BUJIUM e€IlI€ OJUH clie[] B HOHOC(hEepe OT BO3IACHCTBUS
BAKYYMHBIX JIOMEHOB IIPU UX JBUKEHUH U3 KOCMOCA Ha 3eMIIIO.

JIntocepnbie TpyOKHM B3pbIBAa - BHUANUMBIE IOCIEACTBHUS KOHIEHTPHUPOBAHHBIX
B3PBIBOB B JIUTOC(hEpe 3eMiH, IPU KOTOPBIX CO3JIAIOTCS TEPMOANHAMHUYECKHE YCIOBHS
oOpa3oBaHusl anaMazoB. MeXaHHW3M 53TUX B3PBIBOB B IpefesaX COBPEMEHHBIX
(¢u3NYeCcKUX TPEeACTaBICHUH OCTaeTcs COBEpIIEHHO HENmoHATHhIM. C npyroii
CTOPOHBI, JIET€H]Ibl SKYTOB MO3BOJISIOT CBSI3aTh JUTOC(HEpHBIE TPYOKH B3pPBHIBOB C
B3pbIBaMHU IPUPOJHBIX CAMOCBETALINXCS 0Opa3zoBaHuii [42].

3ajadya 0 KOHTaKTHBIX B3pbIBaX BaKyyMHBIX JOMEHOB, T.€. 33Ja4a, B KOTOPOH
BaKyYyMHBI JIOMEH B TPaBUTAIlMOHHOM TIOJi€ NPUXOJUT B OBICTPBIM KOHTAKT C
ANIEKTPOMNPOBOIAIIEH cpenoil smTochepbl 3eMiM, sBIsSeTCs OTHOW M3 Haubojee
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IIPOCTBIX B MOJIEJIM BAKYYMHBIX JOMEHOB. IIpHunHa KOHTAaKTHOTO B3pbIBa CBS3aHa C
HUMITYJIbCHBIM 3JIEKTPUUECKUM TOKOM, BO3HHUKAIOLIUMM B pe3yjbTaTe HEHTpaau3aluu
IEKTPUYECKOT0 MOHO3apsja BaKyyMHOI'O JIoMEHa B nopogax 3emuid. Oka3bIBaeTcs,
YTO BBICOKAs IUIOTHOCTb SHEPIMHM TAKOTO B3pbIBAa OYIET TOJBKO MPH OOJBIINX
pa3mepax BaKyyMHOTrO JOMEHa, HalpuMep, Ipu auamerpe c(hepudecKoro J0MEHa,
6omabmieM 1-10 km.

Takum 00pa3oM, MOXKHO TIOJIaratb, 4YTO JHTOC(EepHBIE TPYOKH B3PHIBOB
SBJIIOTCSL CJIEJJIOM B IOpOJAax 3eMJM KPYHOHBIX BaKyyMHBIX JIOMEHOB IIpU HX
IBIDKEHUH U3 KOCMOCa Ha 3EMIIIO.

CupaiiTsl (Sprites), 3abbI (elves), mkersl (Jets) - Buabl CBeUCHUI B BEpXHEH 4aCTH
rpo30BOro o0jaka Mpy BCHBIIIKAX MOJTHHUM B €ro HIbKHEH yacTu. CripaldThl - CBEUEHUE
KpacHOTo I[BETa B IIEHTpaJIbHOM yacTH oOjaKa B BUJAE CTapTYIOIIEN pakeTbl. DIb(bI -
COTNIPOBOXKAIOIIEE CHpaTel OOKOBOE CBeueHue roiyboro 1Bera. JDKeTol -
COMPOBOXKJAIOIIEE CIPANThl CBEYEHHWE BAOJb HOHOC(EpPHI, BO3HUKAIOIIEE IO
JIOCTUKEHUH CITPAUTaMH COOTBETCTBYIOIIEH BBICOTHI.

[To naunmaruee D6epxapaa BonHeryra, u3BECTHOTO MCCIIE0BATENS TOPHAIO,
Opara Kypra BoHHeryra - WM3BECTHOTO HEMEIKOTO MHCATENsS, CHPANTHI, AMbGB U
JUKETHI uccnepoBanuch B 1996 -1997 rogax mo nporpamme “Space Shuttle” [43].

Bnedarnenue takoe, 4To B TPO30BOM OOJIaKe, Kak U B CMEpUYEBOM objake (B
Clydae TOPHAJ0) YTO-TO HAXOJUTCS. OJTO HANUIO OTpakeHHne B DeWHMaHOBCKUX
neknusax no ¢uszuke [44]: “Ternepb MBI XOTUM OOpaTHUTBCA K OOCYXICHHUIO Camoit
BOXHOW JIJII HAC CTOPOHBI JieJla - K BO3HHUKHOBEHHIO DJIECKTPUYECKUX 3apsgoB (B
rpOo30BOM 00Jlake, IpUMEYaHUE aBT.).... BepXylika rpo3bl 3apsukeHa MOJ0KUTENBHO,
a HH3 -OTPHUIATENBHO, 32 HCKIIOYEHHEM HEOONbIIOTO Y4YacTKa IOJIOKUTEIbHBIX
3apsA0B B HIDKHEH YacTH Ty4d, MPUYMHUBIIETO HEMallo 3a00T HCCIeAO0BATENsIM.
Hukrto He 3HaeT, mouyeMy OH TaM MOSBJSIETCS U HACKOJIBKO OH BaXKEH, TO JIU 3TO BCETO
JIUIIb BTOPUYHBIN 3()()EKT MOJ0KUTEIBHOTO A0S, TO JIU CYILIECTBEHHAs YacTh BCETO
MEXaHM3Ma.... 3apsja HWKHEH 4acTu Ty4d XBaTaeT Ha TO, YTOOBI CO3/IaTh MEXIY
Heli u 3emueit pasHocTh nmoteHnuanoB B 20, 30 u maxe 100 muH.V - HeCcpaBHEHHO
oosbie, yem Te 0.4~mutH.V niepenazaa, KOTopbie OBIBAIOT MEXIy HeOOM U 3emiieit mpu
SICHOM 1morojae. OTH OrPOMHBIE HaIpsHKEHHUS MPOOMBAIOT BO3AYX M CO3/AOT
TUTAaHTCKUM Tpo30Boi paspsa. Ilpu mpoboe oTpuiiaTeabHbIN 3apsa ¢ HUKHEH 4acTh
TY4d NEPEHOCHUTCS 3Ur3araMd MOJHMIA Ha 3emiro.... Bemblliku criemyroT Apyr 3a
IPYroM HEperyisipHO, HO CYIIECTBEHHO TO, YTO BO3BpallleHHE K HadaJlbHbIM
YCIOBUSIM BCETJa MPOUCXOAUT MpUMepHO 3a 5 cek. (CienoBarenbHO, B T'PO30BOM
JMHAMOMAIIIMHE TE€YeT TOK mpuMmepHo B 4 A. A 3TO 03Hay4aeT, uyTo J00as MOJEIb,
npUAyMaHHass s OOBSCHEHUS TOro, Kak TpO30BOM BHUXPh T'€HEPHUPYET
ANIEKTPUYECTBO, JOJKHA OBITh OYEHb MOIIHOW - 3TO JOJDKHA OBITH OrpOMHAas
OBICTPOJCHCTBYIOIIASE MaXHHA .

[IpencraBnsieTcs, YTO B POJIU TaKOH OTPOMHOM OBICTPOJCHCTBYIOIIEH MaXHHbBI
- DJIEKTPUYECKON MAaIlMHBI TPO30BOM TyddM - BBICTYNAeT BaKyyMHbIM TomeH. B
ONMCAHUSAX AHOMAJbHBIX SIBJICHUH HMEETCS MHOIO CIy4yaeB, KOrjaa JIOMyCTUMO
MIPEenoyiokeHne 00 u3MeHeHHH (GOPMBI U JIaXe JIeIeHUH BaKyyMHBIX AoMeHOB. [lo-
BUIMMOMY, B CIIy4ae Ipo3 M MPOUCXOJUT TAKOE JEJIECHUE BAKYyMHBIX JOMEHOB C
BO3HMKHOBEHHEM CBEUYEHHIA B BUJIE CIIPANTOB, NIb(OB U HKETOB.

CBeyeHusi NmpHM 3eMJICTPACEHUSIX M BYJIKAHMYECKMX M3BEP)KEHHSAX - IIMPOKO
pacnpoCTpPaHEHHOE SIBJIEHHE, ONIMCAaHHOE MHOTMMM OYEBHUILIAMHM M HCCIIEN0BATEISIMU
[45]. B cBsa3u ¢ atum saBineHueM [ImutpueB mumer [5], 4TO “CHATHE BHYTPEHHMX
HamnpsDKeHUH B 3emile COMPOBOXKIAETCS HE TOJBKO OOBIYHONM COTPSCAEMOCTBHIO



YY4aCTKOB 3€MHOM KOPBI, HO U BBIJCICHUEM TIa30B, a TaKXKe CIO0XHBIMHU
AJIEKTPOMAarHUTHBIMU, aKyCTU4ECKUMHU, IpPaBUTAMOHHBIMU IIPOLIECCAMM,
3axBaThIBAIOIIMMU Jlake MoHOochepy. [Ipuuem Bce 3TH MpoLEcCHl BBICTYHAOT Kak
NIPEABECTHUKY  3E€MJICTPSICEHUNM U U3BEPIKCHMM ByIKaHOB. Takue  sABJICHHS
COIIPOBOXKIAOTCS TAKXKE IIAPOBBIMH MOJIHUSAMM, CWIBHBIMHU I'PO3aMU U CHEXHBIMU
Oypanamu” [24].

Takum oOpa3oMm, eciM TpHU3HATH IIAPOBBIE MOJHUU OCKOJKAMH  KPYITHBIX
CaMOCBETSIUXCA 00pa30BaHUN BHYTPU DMMIEHTPOB 3EMIIETPSICEHUM, TOpPHAIO U T.[J., TO
OCTaeTCsl OJIMH ILIar JO NOHMMAHUS CEPbE3HON POJIM B ATUX SIBJICHMSX BAaKyyMHBIX JJOMEHOB.
JIeiCTBUTENBHO, IApOBbIE MOJHHH, CAMOCBETSAIIMECS 0Opa30BaHUS M BaKyyMHBIE JOMEHBI
007a/1al0T OAHUMHU U TEMH K€ PU3NYECKUMU CBOMCTBaMH.

[lockonbKy BakyyMHbIE JOMEHBI OONaJalOT BBICOKON MOJBMKHOCTBIO Kak B
atMocdepe, Tak U B TNOpojaax 3eMJIM, MOXXHO TMOHATh 3(deKkT BO30YXKIEHHUS BCETO
MIPOCTPAHCTBA, BIUIOTh J0 HOHOC(EpHI, HaJ IMOBEPXHOCTbIO 3e€MJM BO BpeMs JeHCTBUS
3eMIIETPSACEHUI U U3BEPKEHUH BYJIKAHOB.

B tabnune 1 mpuBenensl emie aBa (PU3MYECKUX CBOWCTBA, KOTOpPHIE HE BOILIA B
CIMCOK YKa3aHHBIX BBILIE CBOMCTB, a KMEHHO, “‘hopma: map, UIUICOUT U T.I.” U “CBA3b C
akTuBHBIM CoJtHIIEM”.

CpoiicTBO ‘“‘hopma: mmIap, PIITUTICOWA U T.I” OTPakaeT TO, YTO BAKyYyMHBIH JOMEH
MOXXET 3aHMMaTh, COIJIACHO HAaONIOJIEHUSIM, JIOKaJbHbIE, OrpaHUYEHHbIE O00JIaCTU
MIPOCTPaHCTBA.

CoiictBO “cBA3p ¢ akTuBHBIM CoOJHIIE” OTpa)kaeT YBEIMYEHHE BEPOSTHOCTH
BCTPEYAEMOCTH BAaKyyMHBIX JIOMEHOB Ha 3eMJi€ B roJbl MakCUMyMOB |l-JIeTHMX LUKIIOB
aktuBHOCTH Comnna. [locneanee CBONCTBO BBITEKAeT M3 (PyHIAMEHTAIBHBIX (U3UYECKUX
MPEACTABIECHUH, KOTOPBIE MOJIOKEHBI B OCHOBY JAHHOM MOJIEIN BaKyyMHBIX JJOMEHOB.

W3 npoBeIEHHOTO  COMOCTABIEHUS HCCIEAYEMBIX XapaKTEPUCTUK aHOMAJIbHBIX
SIBJICHUH M BAaKyyMHBIX JIOMEHOB BHJIHO, YTO BC€ (DEHOMEHBI BBICTYMAIOT KaK CJIEJICTBUE
OJIHOTO U TOTO K€ ABJIEHUS -(PU3NUYECKUX MPOIIECCOB B BAKYYMHBIX JOMEHAX, HaXOISIIINXCS B
Pa3JIMYHBIX BEIIECTBEHHBIX CPEIaX U MOJEBBIX YCIOBUSIX.

He tpynHo Buaerb, yto UM (usnueckas, U MaTeMaTU4yecKash MOJEIN BaKyyMHBIX
JIOMEHOB JIOJDKHBI 00J1a7aTh OOJBIIMMU BO3MOXHOCTAMU JUIsl OOBSACHEHUS OJHOBPEMEHHO
MPOTEKAOIUX B  HUX [POLECCOB: IPOHUKHOBEHUS B  BEIIECTBO, JIEBUTALUH,
3NIEKTPOMAarHUTHOIO M MEXaHUYECKOI0 B3aUMOJIEHCTBUS, CAMOCBEYEHHUS U T.11. BmecTe ¢ Tem
clieqyeT MMETh B BUIY, YTO B COBPEMEHHOM IOHUMaHUM (Qu3MYecKas MOJENb - 3TO HE
¢dbuznueckas Teopus, OCHOBaHHAs Ha OJHOW, MyCTh Jake OYEHb CHIIBHOH, SpKOHl umiee, a
HEKOTOPO€ CHUHTETHYECKOE, TEOPETHUYECKOE MOCTPOCHHE, OCHOBAHHOE, B PacCMaTpUBAEMOM
cllyyae, Ha MHOTHX TEOpHUSX, CO3JaHHBIX B TeueHue Oosee yem 100 neT MHOrUMU
F€HUAIbHBIMU  YYEHBIMMU: MakcBemiom [46], Xesucaiinom [47], Ilyankape [48],
Munxkosckum [49], Jlopenuewm [50], Hupakom [51], Tepnenkum [52] u ap., coriiacoBaHHOE
C COBPEMEHHBIMH TEOPHUSMHU TMOJSIPU3ALMOHHBIX Cpell, TaKUMHU Kak paszpaboTaHHas
[TonuBanoBbM [31] 1 1p., ¥ PuU3HUEcKOrO BakyyMma, HanpuMep, cozganHas Llunosemv [53] u
zp.

OpHako z1eno Jjaxke He B TOM, Ha KAKOM BBICOKOM MHTEJUIEKTYaJIbHOM YPOBHE CO3/1aHa
MOjieNlb, a B TOM, MIOJITOTOBJIEHA WM HET TeopeTudecKas 6as3a /sl ONMCcaHus MepeYrCICHHbBIX
BBIILIE U MHOTHUX MOJOOHBIX aHOMaJIbHBIX sIBICHUH. VccnenoBanue Moienu nokasbiBaer [3, 4,
6], udrto Takas 6a3a MOJrOTOBJICHA.

W3 cBOlCTB NPOHMKHOBEHHS BaKyyMHOTO JOMEHA B BEILIECTBO CJIEIYET, UTO B OCHOBE
MO/JIENIH JIOJDKHBI JIeKaTh (PU3UUECKUe MpecTaBieHus o puzndeckoM Bakyyme. boree Toro, B
MaTeMaTH4YeCKON MOJIeNH, HCIOJIB3YIOIIEH Takue MOHATHS, HE0OXOJAUMO MaTeMaTH4ecKoe
ONMCAHUE, OCMENMMCSI Cpa3y CKa3aTb, 3TON Cpeabl.



1.3. ®uznyeckuii BAKyyM --- He IIyCTOTA

[IpencraBnenne o ToM, 4TO (PU3HUECKHI BaKyyM €CTh ITyCTOTA, BOCXOIHT €IIE K
Hemokputy. BoT kak 06 3tom nucanu DitamreitH 1 Uudensa [54]: «Bo Bcelt ucTopuu HAyKu
OT TpeuecKoi GmIocopuu 10 COBPEMEHHON (DM3MKU MMEJHCH TIOCTOSIHHBIC TIOMBITKA CBECTH
BHEIIHIOIO CJIOKHOCTb €CTECTBEHHBIX SIBJICHUN K HEKOTOPBIM MIPOCTHIM (PU3NYECKUM UIESIM U
OTHOIIEHUSM. DTO OCHOBHOW NPUHIIMI BCEH HaTypanbHOU ¢unocodun. OH BBIpAKEH YK€ B
pabote aToMucTOB. J[BaauaTe TpU cToNeTHA Hazax J[eMOKPHUT MHCal: «...pealbHBI TOJIBKO
aTOMBI U IyCTOTa».

CoBpemeHHble (U3NYECKUE MPEACTABIECHUS O CYHUIHOCTH (PU3MYECKOTO BaKkyyMa

BeipakaeT [llumoB [55]: «VYke B Hauaje ABaALIATOrO BEKa NPH CO3JaHUM KBAHTOBOM
aNeKTpoAMHaMUKH ~ MakcBemia - [lupaka ¢ OJHOM CTOpPOHBI M TEOPUM TpaBUTALUU
DWHINTEWHA ¢ IPYrOo B TEOPETUUECKON (DU3HKE MOSBUIICSA B KAYECTBE 00BEKTA HUCCIICIOBAHUS
HOBBIM ypOBEHb PEaIbHOCTH - (PU3MUECKUN BaKyyM, MPH 3TOM pa3Hble MO0 CBOEH MpUPOJE
TEOpUU JaBajd pa3Hble TpeacTaBieHuss o HeMm. Eciu B Teopunm  DUHINTEHHA BaKyym
paccMaTpuBaeTcsi Kak IIyCTO€ 4YEThIpEXMEPHOE  IPOCTPAHCTBO- BPEMs,  HaJEIIEHHOE
reoMerpueil Pumana, To B anekrpoauHamuke MakcBemta -Jlupaka Bakyym (rio0anbHO
HEUTpaJbHBIN) MpeACTaBiIseT COOOK CBOET0 poja «KUISIIUNA OylIbOH», COCTOSIIMHM U3
BHUPTYaJIbHBIX YaCTUI-DJIECKTPOHOB M AHTHU- YacCTHUI[- MO3UTPOHOB. JlanbpHelliee pa3BUTHE
KBaHTOBOM TEOpPHHM TMOJS IMOKAa3ajo, YTO OCHOBHOE COCTOSHHME BCEX KBAaHTOBBIX MOJEH -
¢buznueckuit BaKyyMm - 00pa3yroT He TOJbKO BUPTYaJIbHbIE JIEKTPOHBI U TIOZUTPOHBI, HO U BCE
JIPYre U3BECTHBIEC YACTHUIIBI M aHTUYACTHUILbI, HAXOIAIIUECS B BUPTYaIbHOM COCTOSIHUU. Jlmst
TOTO YTOOBI OOBEAMHUTD 3T J[BA PA3IUYHBIX MPEJCTABICHUS O BaKyyMe, DUHIITEHHOM Obliia
BBIIBUHYTa IIporpamma, nojyduiias HazBaHue [Iporpammsl enunHoit Teopun noss". Jlanee
unoB mnumer 06 U3BECTHBIX TPYAHOCTSIX pealn3ally 3TO MporpamMMbl. 3aKaHYUBAET OH
paccMoTpeHue mnpobiaembl (PU3NYecKoro Bakyyma Tak: «Celyac CTaHOBHUTCS SICHBIM, YTO
porpaMMa €IMHOW TEOopuHu TOJs Iepepocia B TEOpHio (U3UYECKOro BaKyyMma, KOTOpas
MpHU3BaHa OOBSICHUTH HE TOJBHKO SIBIICHUS OOBEKTUBHOW (PU3UKH, HO M MCUXO(pU3HUECKHE
SIBJICHUS.
B cBs3u ¢ HammMmHM UCCIeNOBaHUSAMHU (PU3UYECKOrO BaKyymMa HEOOXOJUMO 3aTPOHYTh
Ype3BhIYATHO CIIOKHYIO M 3allyTaHHyl ucrtopuio 3¢upa. [lpexxne Bcero, 3ameTum, 4TO
noHsTHE 3(hUpa co3/1aBajoch B TO BpeMs, Korja B Gu3HUKe rOCHOICTBOBAIM MEXaHUCTUYECKUE
npenacraBieHus. [Iporcxoauno craHoBICHUE TOHATHS TM0JIeH, ObUIH ClIeTaHbl MIepPBbIC LIATH B
CO3[JaHUM OCHOB TEOpUU NPOCTPAHCTBA U BPEMEHH, T.€. CIEIUATbHOU TEOPUH
OTHOCUTENbHOCTH. KOHEUHO, TOorjga CTPEeMHIUCH MPEACTaBUTH APUP KaK MEXaHHYECKYIO
cpeny. B aTom kiryOke nmpobiem ¢usuku Ha 6a3e ypaBHeHu MakcBesuia U 0COOCHHO B CBS3U
C MAaKCBEJIJIOBCKUM TOKOM CMEUICHHS BO3HHUKIIO €Illeé OJHO MpeacTaBiieHne o0 sdupe Kak
cpene, o6yagaronieil 0JHOBPEMEHHO AUAICKTPUYECKUMU U MATHUTHBIMU CBOMCTBAMH.

Mexannyeckue Teopuud d3dupa ObLIM OTBEprHyThl. BoT kak 00 3TOM mwHcanu
OnHmreitn u  Wudensn [54]: “O0cyx/IeHue BCEX pPA3IUYHBIX MOMBITOK OINHUCATh
MEXaHMUYECKYyI0 NMpHUpoay 3(dupa Kak cpeabl A Hepefadd cBeTa NpUBEIM Obl K JUIMHHOU
UCTOPHH. ... J{71s1 TOro, 4T00bl MOCTPOUTH 3PUp B BHUJIE KeIe00pa3HON cyOcTaHIMHU, PU3UKU
JIOJKHBI IPUHATH HECKOJIBKO YPE3BbIYafHO HEECTECTBEHHBIX MPENOI0KeHnH. Mbl He OyaeM
NPUBOJANUTH HUX 3[€Ch: OHU OTHOCSTCS K MOYTH 3a0bIToMy mpoiioMy. Ho pesymbrar ObLI
3HAUUTENIEH M BaxeH. VICKycCTBEHHBI XapakTep BCEX OTHUX IPEINOJIOKEHUH,
HE00X0AMMOCTh BBEJICHUSI TAKOTO MHOKECTBA MX, IPHUEM BCE OHU COBEPLICHHO HE3aBUCHUMBI
JpYyT OT Jpyra - BCEe 3TO OBLJIO JOCTaTOYHBIM, YTOOBI Pa30UTh YBEpEHHOCTh B MEXaHMUYECKON
TOYKE 3pEHUs” .



Opnako 3a0HO OBUIO OTBEPrHYTO M MpeAcTaBiIeHHE 00 3dupe Kak OJHOBPEMEHHO
JTUDIIEKTPHYECKON M MAarHUTHOU cpene. BoT kak 00 3TOM HamucaHO B KHUTE 3elbl0BHYA U
XmonoBa [56]: "HccnenoBarend TpyaoB MakcBeia OTMEYAKOT, 4YTO THIIOTE3A O TOKE
CMEIICHHUsS BO3HUKAaeT B paborax MakcBema kak Obl cama coboil, 0e3 crennaibHbIX
OTOBOPOK W pa3ayMuil. MokeT OBbITh, 37€Ch JEJI0 B TOM, YTO B (PU3MUYECKON KapTHHE,
paccMarpuBaBIeiicss MakcBelsioM, TOK CMEIIEHUS OTBEYAJI PEaTbHOMY IEepPEMEIICHUIO
3apsnoB B ocoOoi cpeme - adupe. B xomme XIX Beka cymiectBoBaHme 3¢dupa OBLIO
OTBEPrHYTO .

Teneps TpyAHO TOHATH, TOYEMY OBLIM HEPA3pPHIBHO CBSI3aHBI MEXIY COOO0
HECOCTOSITEIIbHBIE MEXaHUCTUYCCKUE MOJICNIM d(PHUpa U BIIOJTHE IpHeMieMas Mojaensb 3dupa
KaK HEKOTOPOW JJICKTPOMArHUTHOUW cpeapl. OJHAKO, YUTasl IUTUPOBAHHYIO BBIIIC KHUTY
OuHmTeHa W WMH(enbaa, MOXKHO J0TaNaThCs, YTO BO BPEeMsl HAIlMCAHUS KHUTH U JIaxe
HECKOJIbKO TIO3K€ pacCyKJalu NpUOIM3UTENbHO Tak: pa3 cpeaa, To 00s3aTenbHO
MexaHu4eckas. A Takas, KOHEYHO, BCEMPOHUKAIOIIAs Cpeda JOHKHA OKas3bIBaTh
COTIPOTHUBIICHUE JBW)KCHHUIO TUIAHET B COJHEYHOM cucteme. Ho Takoro compoTuBIeHUs HE
ob110 00HapyxeHo. [loatomy cpema- sdup He cymiecTByer. A pa3 HE CYIIECTBYET Takasi
cpena, TO B TPOCTPAHCTBE OTCYTCTBYIOT M MaTepuajbHble HOCHUTEIU HIIEKTPUUYECKUX U
MarHUTHBIX CBOMCTB.

Mexy TeM, Takue YyIUBUTCIBHBIE CBOWCTBA MAaTEPHH, KaK CBEPXIPOBOJIAMOCTH
(X.Kamepaunr-Onnec, 1911 r.) u cBepxrexydects (I1.JI.Kanuma, 1938 r.) Obut 00HApYKEHBI
MHOTO TI03K€ TOTO BPEMEHH, KOTJIa y’K€ O0TKa3aauch oT 3dupa. Teneps xe, KoT/aa yKa3aHHbIC
CBOWCTBA MaTEpPUU W3BECTHBI, YK€ HE KaKETCS HEBO3MOXXHBIM JIBI)KCHHE IUIaHET 0e3
COIPOTHUBIICHHS B HEKOTOPOU BE3IECYILEH Cpeie.

Hawnbonee coBpeMeHHBIC MpEACTaBICHUS O (U3MUECKOW CYIIHOCTH (HU3UIECKOTO
BaKyyMma, COIJIACHO KOTOPBIM BakyyM - HE€ IyCTOTa, T.e. (pU3MUECKUll Bakyym SIBISETCS
cpenoi, mpencraBiieHbl B ctatbe CumoHoBa u llleBuenko [57], omyOIMKOBaHHOM B JKypHaje
“Hayka B Poccun” B 1998 romy. YMecTHO mpuBECTH aHHOTAIMIO K 3TOM cTathe: “B okTsabpe
1974 r. mexayHapoaHble KoJuleKTUBBI ydeHbIXx B CIIA u IlIBelimapuu OTKpPHUIM HOBYIO
gactuily J/¥. OHa oka3ajach OYECHb TSDKEIOHW (OKOJIO TpexX HYKIOHHBIX Macc) H
JIOJITOKUBYIIEH, YTO HABEJIO HA MBIC/Ib, @ HE COCTOMT JIM OHA U3 “KUPIUYUKOB”, O KOTOPBIX
npenmnosiaranu panee. Benp eme B cepeaune 60-X roJoB aMepuUKaHCKHUM (U3UK-TEOPETUK
l'enn-ManH BbICKa3all HIE0 O CYHIECTBOBAaHMM TakoOBBIX. VX Ha3Bamum KBapKamH.
XapakTepHasi 0COOCHHOCTh 3TUX YacTUIl B TOM, YTO UX HUKTO HUKOI/Ia HE BHJEN B “UHCTOM
BHUJIe” - TOJBKO B KOMOMHAIMM C APYrUMU. 3aT€M Y4YeHble CO3Jajli HOBYIO HAyKy -
KBaHTOBYIO XpomoauHamuky (KX]I), anamorudnyro npuBbldHOUM 3mekrpoauHamuke (KO/),
r7ie DJIEKTPOHAM COOTBETCTBOBAJIM KBAapKHU, a (OTOHAM - TIIFOOHBI (YaCTHUIIBI C HYJIEBOM
Maccol M CHOUHOM, paBHBIM 1, OCYIIECTBISIONINE B3aUMOJICHCTBUE MEXAYy KBapKamH).
OnHako KBapKU HECJIU HOBBIA ‘“3apsii’, HA3BaHHBIM 1IBETOM, U UMEJIM TPU PA3HOBUIHOCTH, a
TJIFOOHBI OBLITM BOCBMHU COPTOB, UTO yciokHsI0 KX/l mo cpaBHEHUIO C JeTaabHO M3Y4YEHHOM
ANIEKTPOAMHAMUKONW. B TO Bpemsi cuuTaiy, 4TO CYIIECTBYIOT TOJBKO TPH BHUAA (apomara)
KBapKoB - Jjierkue U,d,S, U 9Ty KapTUHY HE MPUHUMATIH Beepbe3. OHAKO OTKPBITAash YaCTHIA
J/¥ coctosia U3 KBapKa M aHTHKBapKa HOBOTO THIIA, HA3BAHHOTO YapMOM, MJIM C-KBapKOM.
IMeHHO B MOMEHT OTKPBITHSI JAHHOTO (hakTa KBapKOBas MPHUPOJA YKa3aHHBIX YACTHI] cTala
MOJMUHHON (PU3MUYECKON pealbHOCTBIO. 3aTeM, MOClie MHOTOYHMCIECHHBIX HAOMIOJACHUN U
pacueToB, OKa3ajaoch, YTO HU KBapKH, HH TJIIOOHHI (T.€. BECh IIBETHONW MUpP BHYTPHU HAac U B
OKpY)Kalollleid MaTepuH) HUKOT/Aa HE BBIJIETAIOT BO BHEIIHEE MPOCTPAHCTBO: OHU 3aNEPTHI
BHYTPH YaCTHI[-aJ[pOHOB. DTO sIBIIEHHWE Ha3Bald KoHpallHMEeHTOM (TUieHeHueM). WHbMH
CIIOBaMHU, OOBENWHSS BMECTE€ KBAPKU W TIIOOHBI KakK IBETHBIE YACTHIIBI, MBI TOBOPUM O
KOH(alfHMEHTE - TJIEHEeHU! 1[BeTa.”



1.4. ®u3snyeckuii BAKyyM --- NOJIAPU3ALHOHHAS cpea

B KX/ ¢usnuecknii BakyyM paccMaTpHBAaeTCs KaK peElIeTKa, B y3laX KOTOPOH
pacIIOJIOKEHBI Mapbl C-KBApK M C-aHTUKBAPK, COCIMHEHHBIE «CTPYHON», T.€. 3TU KBAPKHU
pasHeceHbl Ha HEKOTOPOE PACCTOSHUE W MPEACTABISIIOT CO00I0 TUMONU. Takoe mocTpoeHue
03HAYaeT, 4T0 (U3MUSCKUN BaKyyM oOOpa3oBaH JUIONSIMH H B MaKpPOCKOIMYECKOM
OTHOIIIEHUH SBJISETCS NOJIAPU3ALUOHHONW CPENION.

HecmoTpss Ha Kareropwdeckuid 3amper B Hayke d(upa, Cpeau CHEIUAINCTOB,
3aHUMAIOIIUXCA BEUIECTBEHHBIMU MOJIAPU3ALUOHHBIMA  CpPEAaMH, JUAJIEKTPUKAMH, B
YACTHOCTH, CETHETORJICKTPUKAMH W MarHeTukamu, (eppomMarHeTukamu W (eppurtamu,
IIMPOKO PaCIpPOCTPAHEHO €CTECTBEHHOE JUII HHUX IPEACTABIECHHUE, COIVIACHO KOTOPOMY
ypaBHeHUss MakcBena Jal0T MaTeMaTH4eCKoe OMNMUCaHue (PU3MUECKOMY BaKyyMy Kak
Be3JIeCyIIeH MOJSIPU3ANMOHHON cpejie, 00anaome paBHbIMU EAUHUIIE AJICKTPUUECKOU
MarHUTHOM BOCHPHUUMYMBOCTSIMHU. I[Ipu TakoMm mMoOaxoje »dJIeKTpUUecKass M MarHUTHas
WHAYKIIMU  SBISIFOTCA ~ CyMMaMH, COOTBETCTBEHHO,  JJICKTPUYECKUX  MOJSPU3ALMI
BEIIECTBEHHOW JUAJIEKTPUUECKOM cpeapl W (U3MYECKOTO BaKyyMa M  MAarHUTHBIX
MOJISIPU3AIli BEECTBEHHOW MarHUTHOM Cpe/ibl M (PU3NYECKOTO BaKyyMa.

Takum oOpa3om, MBI UMEEM €lle OJHO, MyCTh HAa YPOBHE «HAYYHOTO (OJBKIOPAy,
MOHUMaHue (pU3MUecKol CymIHOCTH  (U3MUECKOTOo BaKyyMa Kak  OJIHOBPEMEHHO
ANEKTPUYECKON U MAarHUTHOW CPEJIbI.

OueBuAHO, YTO MOHMMAHKWE ypaBHEHUU MakcBesia, KaKk ypaBHEHHUH, OMMCHIBAIOIINAX
U CBOICTBa (PU3MYECKOrO0 BaKyyma - MOJIIPU3ALMOHHON Cpeibl, BIOJHE COIJIacyeTcs ¢
COBpPEMEHHBIM TOHUMaHUEM (U3UYECKOTO BaKyyMa B pa3BuBaromieics Teopun KX/I.

Bwmecte ¢ Tem, He BBI3bIBAET COMHEHME TO, YTO ypaBHEHUs MakcBeia eclid U Jar0T
MaTeMaTHYeCKyl0 MOJeNb CBOMCTBAM (DU3UYECKOTO BaKyymMa Kak MOJISpU3ALMOHHON
ANEKTPUYECKOM W MarHUTHOW Cpelbl, TO HemoysiHoe. HeoOxomumMo Takke JaTh
MaTeMaTH4eCKOe OIMCaHHEe W TpaBUTAIMOHHBIM CBOICTBaM (M3MYECKOr0 BakyyMma, HO
TENeph YK€ KAK TPAaBUTALMOHHOW MOJSPU3ALMOHHOM Cpelpl, a HE Kak IycTOro
YEeTBIPEXMEPHOTO IPOCTPAHCTBA-BPEMEHH, HAJICIEHHOTo TreomeTpueil Pumana B oOmieit
TEOPUH OTHOCUTEIIbHOCTH DUHINITEHHA.

dopManbHO HECIOKHO HAJEIUTh (PU3HMUECKUN BaKyyM CBOMCTBAMHU T'paBUTAIIMOHHOM
MOJISIPU3ALIMOHHON Cpellbl M JaXe JaTh TI'PaBUTAMOHHOW 4YacTh (PU3UYECKOrO BaKyyma
MareMmarndeckoe onucanue. Yxke 6oiee 100 nmer Hazax (1893 r.) Xeswucaiig [47] BBIIBHHYI
ypaBHEHHUS T'paBUIMHAMHKH, [0J00HBIE ypaBHEHUsIM MakcBemia. YpaBHeHus XeBHcaiina
MOXHO JIETKO IpPUBECTH K COBPEMEHHOMY BHJAY YypaBHeHUW  MakcBenia, a jgajiee 1O
aHAJIOTMM BBECTU TPAaBUTALMOHHBIC MOJSIpU3AlMU (U3NYECKOTO BaKyyma, 4YTO U OBLIO
BBITIOJIHEHO aBTOpoM kHHru B 1995 r. [3]. B ykazanHoii pabote momisipuzanusi, moaoOHas
AIIEKTPUYECKOM, Oblja Ha3BaHa TPABUTAIMOHHON MoJigpu3anuedl (U3NYEeCKOro BakyyMma, a
MOJISIpU3alis, T0J00HAsT MAarHUTHOM - CIMHOBOM MOJsipU3anuei pu3sniaeckoro Bakyyma.

Takum o0OpaszoMm, ¢usznueckoe 0OOCHOBaHHME HAa COBPEMEHHOM YpPOBHE YpaBHEHUU
XeBucaiija BemeT K (u3MUecKoMy OOOCHOBAaHUIO MOJIENM TPAaBUTAMOHHONW YacTH
(bu3MUecKoTo BakyyMa Kak MOJSPU3AIIHOHHOM CPEIbI.

JlunaMuueckasi Teopus TATOTEHUS WIM T'PaBUJIMHAMUKa XEBUCAWa MOJHOCThIO COTIIACYETCs
CO CIIELIMATILHOM TEOPUEN OTHOCUTEIBHOCTH MUHKOBCKOr0. B rpaBuaunamuke Xesucaiina, B
CHWJIy 3aKOHAa COXPaHEHUS MAacChl, BBITEKAIOIIETO U3 €ro YpaBHEHUM, BBINOJHAETCA
PENATUBUCTCKUI MHTErpajibHBIA 3aKOH COXpaHEHUsS MAacChl, MOJOOHO TOMY, Kak B
JNIEKTPOJIMHAMKHKEe MakcBenjia BBINOJHAETCS PEJSITUBUCTCKUI  HMHTETPAlbHBIA  3aKOH
COXpAaHEHUsI DJIEKTPUYECKOro 3apsiiga. B mexanuke MUHKOBCKOTO Macca, oIpenenseMas
COOCTBEHHOM Maccoi, BBICTYNAeT KaK PeISITUBUCTCKUI mHBapuaHT [58]. B rpaBuanHamuke
XeBucaiija Macca WUrpaeT Ty *e€ pojib, YTO U DJIEKTPUUYECKUU 3aps]l B SJIEKTPOJAMHAMHUKE



MakcBemia. Takum o0pa3om, ypaBHeHHsT ~ XeBucaiij]a KOBAapUAaHTHbI  OTHOCHUTEIHHO
npeobpazoBanuii JlopeHna, kak U ypaBHeHHs MakcBea.

W3 ypaBuenunii XeBucaiifa [47], npeacTaBieHHbIX, KaK U3BECTHO, B NOJSAX B JIOPEHII-
KOBapHMaHTHOM HMX TMOHHMAaHUH, BBITEKAIOT PEIATUBUCTCKUE YpPaBHEHUsI T'PaBUIMHAMUKU
[Tyankape [48] u MunkoBckoro [49]. HaoGopoT, B 3TOM k€ MPEICTaBICHUN U3 ypaBHEHUI
[lyankape u  MuHKOBCKOTO (PENATUBUCTCKUX YypaBHeHUW I[lyaccoHa WM BOJIHOBBIX
ypaBHeHu# [lamambepa “B moTeHnanax’’) BHITEKAIOT MOJIEBbIC YPABHEHUST XeEBUCAKIa.

Wrak, Tteopusa XeBucaila BBICTYNAET KAK CTPOTO PEISATUBUCTCKAs TEOPHs
rpaButanuu. HanpoTtus, oOmast teopust otHocutenbHocTy (OTO) DifHiuTeliHa, KaK MmoKasai
CrpenbLoB [59], He sABiIsIETCA PENATUBUCTCKON TE€OpUEH IPaBUIMHAMUKH.

CrpenbiioB oOpatmn BHUMaHue Ha To, uto OTO cTpowTcs Ha MOJIOKCHUU
DOWHINTEHHA, COTJIACHO KOTOpOMY “Besikasi ’Heprus E o0iiajaeT MpOMOPIMOHATILHOW ei
Maccoii (E/C?)”. DTo mosnokKeHue TOTydnIIo Ha3BaHKE 3aKOHA HHEpIHHU dHepruu (3UD).

31D He sABnsercs KoBapuaHTHBIM 3akoHOM. CoriacHo Teopu MUHKOBCKOTO,
HEPEIATHBHCTCKOE COOTHOIIEHHEe E = MC? crlemyeT 3aMeHHTh Ha JOPEHI-KOBAPHAHTHBIE
cootHomenus [58]: P = Ev/c?, m?c? = (E/c)? - P?, rme m - cobcTBeHHas Macca, P - mMImyImse
qacTunEl, T.e. E = mc?y, rae ¥ = (1-v2/c?)™ 2, PenaruBucTckoe COOTHONIEHNE MEX Ly MAaccoil 1
sHeprueil mo3poiseT, kak numer CrpenbuoB [59], yrBepxkaaTh, 4To “eciiu 000N Macce
OTBEYAET DJHEPrusi, TO HE JI0O0W HSHEPrHMM OTBEeYaeT Macca’. B dacTHOCTH, B JIOpEHII-
KOBapHMAaHTHOW TEOPHH TpPaBUTAIMM XEBHCAiJIa OTCYTCTBYIOT CEpbhe3HbIE (DU3UUECKUE
OCHOBAaHUS MPUJAaBaTh INIOTHOCTSAM SHEPIHil mosiel Gpu3nyeckuit CMbIC MIIOTHOCTEHN Macc.

Urak, ¢usmueckuii BakyyM MOXKHO MpEICTaBUTh KaK MOJSPU3ALMOHHYIO Cpeny,
WCMOJIb30BAaB JJISI 3TOr0 BaKyyMHbIe ypaBHEHHMsT MakcBeimia W XeBucaia, MOHUMas
MHIYKIWW Kak MOJisipu3anuu Gu3ndeckoro Bakyyma. lIpu 3TomM KuHemaTtudyeckue CBONCTBA
(hbM3UYECKOTO BakyyMa OyIyT XapaKTepuU30BaThCsS YpaBHEHUSMH MPEOOpa3OBaHUU TOJICH U
nossipu3anuid (MEAyKuuii) JlopeHila, a TMHAMUYECKHE - TEH30pOM HaTsHKEHHWH MakcBeia.
OueBUOHO, YTO NPU TAaKOM TNOJAXOJE DJJIEKTPOMAarHWTHas W TPaBUCIIMHOBAs 4YacTH
(u3MYeCKOT0 BaKyyMa OKa3bIBalOTCS COBEPIICHHO HE CBSA3aHHBIMU. OTOT (PU3UYECKHI
BaKyyM MbI OyaeMm Ha3biBaTh, cienys llumoBy [53], abcomoTHBEIM (U3HUECKHUM BaKyyMOM
(ADB).

He tpymHo 3ameTuTh, YTO NpHBEACHHBIA BbIme (u3ndeckuii Bakyym — ADB -
¢uzukam u3BecteH yxke Oosee 100 ner (MakcBemn 60-¢ romsl mpomuioro Beka [46],
Xeucaiin [47] —1893 r.). AD®B mnosBaseTcs Kak pe3yibTaT HOBOTO B3TJIsAJa HAa JaBHO
W3BECTHBIC TEOPUH U ONIPEAETICHUS - BAKYYMHBIM MHAYKUUAM Hpuaaetcs Gu3ndecKuii CMbICIT
nosisipu3auuii ¢pusndeckoro Bakyyma. [logoOHoe mpezacraBieHue QU3NYECKOro BaKyyma He
JaeT HHUKAKUX HEU3BECTHBIX (PU3WYECKHX SBJICHUN, HE 3aTparuBacT HU OJHY 001acThb
coBpemenHol ¢usuku. Takoit AOB moxno, cnenys Tepneukomy u PeibakoBy [58], Ha3BaTh
u “OecroJie3HbIM ™.

1.5. HeoaHopoaHblii pu3nyecKuii BAKYyM U BaKyyMHbI€e JOMEHbI

Bwmecte ¢ TEM, NOJIApU3allUOHHAsA MOICJIb ADB IMPEACTACT KaK BECbMa O6I_HI/IpHOC
MaTeMaTu4cCKOC MMOCTPOCHHUC, OITMCBIBACMOC YCTBIPbMHA BCKTOPHBIMU MOJIAMHA:
QJICKTPUYCCKHUM, MArHUTHBIM, TI'PABUTAUOHHBIM H CIIMHOBBIM, W YCTBIPbMS BCKTOPHBIMH
noJiIpu3atvsaMi - THAYKIIUAMHA TOT'O )K€ HAMMCHOBAHUS.

quHpe MoJrsIpu3anu q)I/I3I/I‘leCKOFO BaKyyMa, Kak HOHHpHSaHHOHHOﬁ Cpeahbl,
IIO3BOJIAIOT 06paTI/ITB BHUMAHHUC Ha HCKOTOPLIC (1)I/I3I/ILICCKI/IC SIBJICHUS, OIIPCACTIACMBIC
CBSI3SIMM MarHUTHOM M CIIMHOBO HOJBIpPI3ElI.[PIfI, a TaKXKe 3J'ICI(TpH‘-ICCKOI71 nur paBI/ITaLII/IOHHOI‘/’I
nonﬁpmaunﬁ. OcHoBHas HAesA BO3MOXKHOCTH CYHICCTBOBAHUSA ITUX CBs3€H B (I)I/ISI/ILICCKOM
BaKYyMC IPOCTa: IJICMCHTAPHLIC YaCTHIBI B CBOEM OOJIBIIMHCTBE OJJHOBPCMCHHO O6HaﬂaIOT



AIIEKTPUYECKUMH 3apsAAaMy U MAaCCaMU, MarHUTHBIMA MOMEHTAaMH M CTIMHAMH, a (U3NIECKUN
BaKyyM MOJKET OBITh MpPEICTAaBICH B BHJE CPEAbl, 3aCEICHHOW TAaKUMHU 3JIEMEHTapHBIMU
4acTULIaMH, IIyCTh J1aXKe KBapKaMu, HO B BUJIE IUIIOJIEH.

JIOIyCTUMO TPEINOI0KHUTh, YTO MHOTHE MOJISAPH3ALUOHHbIE (PU3UUECKUE SBICHUS B

BellecTBE M (U3NYECKOM BaKyyMe OJDKHBI MMETh OJHY M Ty e mnpupoay. K Ttakum
SBJICHUSM B BEIIECTBE MOXHO OTHECTH T'MPOMArHUTHBIE SIBJICHUS, HAYaJ0 H3YyYCHHUIO
KOTOpbIX MOJoXWwin onbITel 1909 roma baphHerra (mosiBIeHHME HAaMarHWYeHHOCTH BO
BpararomemMcst 0opasiie u3 peppoMarHUTHOrO MaTepuaia) u onbITel 1915 roga JiiHinTelHA
—ne Taa3a (Bpamenume oOpasma w3  (EpPPOMArHUTHOTO  MaTepuajga IpPH  €ro
nepemarinuuBanuu) [60, 61]. ['mpomarHuTHy!0  HOpUpOAy  HUMEIOT  (EHOMEHBI
[IapaMarHUTHOTO M SIAEPHOTO pEe30HAaHCOB [62], a Takke MPOLECcChl HMITYJIbCHOTO
nepeMarHn4uBaHus eppoMarHeTukoB U deppurtos [32, 34].
I'mpomarHuTHbIE SIBIE€HUS B (DEPpPOMArHUTHOM BEUIECTBE HAXOJAT OOBSICHEHHE Ha OCHOBE
MIPENIOJIOKEHNUS O CYIIECTBOBAaHMM CBSA3aHHOM CO CIMHAaMU (M, YaCTMYHO, OPOUTAIbHBIMU
MOMEHTaMH) IUIOTHOCTH MOMEHTa KOJIMYECTBA JIBUJKEHUS - CIMHOBOM MOJSpU3alUH,
OTpe/eNnsieMoil Kak BEKTOp, KOJUIMHEAPHBIH BEKTOPY HAMarHWYEHHOCTH -MarHUTHOMN
nossipuszanuu [61].

B mMozenu ¢usnyeckoro BakyymMa MOKHO IO aHAJOTHHM MPEAINOJIOKUTh, YTO U B
BaKyyMe CYIIECTBYET CBA3b MAarHMUTHOW M CIMHOBOW MoJisipu3anuid. Takoe MpeanosiokeHne
ObUIO BIIEpBBIE CAETAHO AKHMOBBIM B €ro OMNHCATEIbHOW MOJETH MOJISIPU3ALMOHHBIX
COCTOSIHMM (pU3MUECKOTO BaKyyMa U TOPCHOHHBIX MoJieH [2].

[Ipn noctpoeHun AaHHOM MaTemaTudyeckol mozenu ¢uznueckoro Bakyyma [3, 4, 6]
MIPUIUIOCH HMCIOJIB30BaTh MPEANOJIOKEHNE O JMHEHHOM CBS3M HE TOJBKO MAarHUTHOM H
CITMHOBOM, HO W AJICKTPUUECKOW M TPAaBUTAIMOHHON MOJISpHU3AIiid (PU3UUECKOTO BaKyyMa.

KoneyHo, MOXXHO cCKa3aThb, 4YTO CBSI3b DJJIGKTPUYECKOW M TPaBUTAIIMOHHOMU
noyisipuzalMii B (PU3MUECKOM BaKyyMe JIOJDKHA CYIIECTBOBaTh B CHIIy CHMMETPUHU
AIIEKTPOTPABUTALMOHHBIX W MAarHUTOCHUHOBBIX mponeccoB. Ho MoxkHO u yriyoutbcs B
paccMOTpeHHue ATOro Bompoca. Torga HaM TPUXOAUTCS 3aHATHCS MPOOJIEMON OTpHUIATEIIBHON
MAaCCBI.

[IpenBapuTenbHO 3aMETUM, YTO (PU3UYECKHI BaKyyM Kak dJeKTpUYecKas, MarHUTHasl,
IPaBUTALIMOHHAS M CIMHOBAas NOJSpU3AIMOHHAS Cpela SBISIeTCS B LEJIOM IJI00albHO
HEWTpanbHOU cpefoil. OH MOXKET COCTOSITh TOJBKO W3  3JIEMEHTapHBIX JAMIOJIEH
(27EKTpUUECKUX U TPABUTAIMOHHBIX) U MOMEHTOB (MAarHUTHBIX M CIHUHOBBIX). [lpu Takom
MOHUMAaHUU (PU3UYECKOTO BaKyyma I'paBUTALIMOHHBIC UIOJIM HEOOXOAUMO MPEACTaBUTh KaK
CBA3aHHBIE Mapbl 3JEMEHTApPHBIX IOJIOXKUTEIBbHBIX W  OTPULIATENBHBIX Macc. B
MOJISIPU3ALIMOHHON  MOJeNnu  (U3UYECKOro  BaKyyMmMa IMOSIBIsSETCS  MOTPeOHOCTh B
OTPULIATEIILHON Macce.

OrpunarenbHas macca B TEOpUHU XeBucaiina, a cleAoBaTeNbHO, U B
paccMatpuBaeMoil MojeiH, HeoOXoAuMa W IO JpYyroil mpuuuMHe. YpaBHeHHMs XeBucaijga
OMHCHIBAIOT TpaBUTalMi0 B OeckoHeuHoil Bcenennoit. HoB Takom cinydae mpu
CYIIECTBOBAaHMHM TOJIbKO TIOJIOKUTENBHOM Macchl BO3HUKAaeT cTapas mpobiema, yxke
U3BECTHas B TEOpHM rpaBuTaluu HploTOHa, mpobiemMa TpaBUTAMOHHOIO Mapajokca -
0eCKOHEYHOW MOTEHIMAIbHON 3HEPruM JII000ro rpaBUTAllMOHHOrO 00BbekTa. IIpu paBeHcTBE
HYJIIO CYMMAapHOU IOJIOKUTEIBHOW U OTPULIATEIIBHON Macc BO BCelleHHOM IpaBUTalMOHHBIN
MapaJloKC HE BO3HMKAET, KaK HE BO3HHMKAEeT »JJEKTPUUECKUH TIapaJlokC B TEOpUHU
IEKTPUYECKOTO TI0JISI TIPU UCIIOJIB30BAHUM NIPEICTABICHUSI O PABEHCTBE IOJIOKUTENBHOTO U
OTPULATEIILHOTO JIEKTPUUECKUX 3apsA10B BO BceneHHOM.

B coBpemenHoll ¢u3nKe MHEHHMS O CYIIECTBOBAaHMM OTpPUIATEIBHOH MacChl
pa3enuianch OT TMOJIHOTO ee oTpuilanus (3enpaoBud U Ap. [56, 63]), mo mpu3HAHUA U
Heobxomumoctu Tepnenkuii [52], Ilumos [53], Ilynerun [64]). B monspuszanuoHHOM
MoJienH (pU3MYECKOro BaKyyMa, KaK MbI BHJIENH BBIIIE, TAKKE CYIIECTBYET HEOOXOAUMOCTh



BBEJEGHUS OTpULaTeabHOW Macchl. [loaTomy paccMoTpeHue apryMeHTOB  IIPOTHB
OTPHILIATEIILHOM MAcCCHI, a CIeI0BATEIbHO, U OTPUIIATEIBHOM 3HEPruH, MprodpeTaeT O60bIIoe
3HAuYEHHUE.

B xnure 3enpnoBuuya 1 XjonoBa [56] Mbl HaxoauMm Takod TekcT: «B Teopum upaxa
CyLIECTBOBAaHME MAarHUTHOTO MOMEHTA 3JIEKTPOHA MOJIY4ajJOoCh HENOCPEACTBEHHO KakK
CJIEICTBUE HAJIMYMS Y AIEKTPOHA NIEKTPUUECKOTO 3apsa u cnuHa. Ho umciio cocrostHuil npu
9TOM HE yJBauBajoch, a yderBepsiioch! Kpome nByX cOCTOSHMII ¢ HalpaBlIEHHEM CIIMHA
«BBEPX» U «BHU3», y 3JIEKTPOHA IPEACKA3bIBAIOCH €IIE JBA TOYHO TaKUX K€ COCTOSIHUS
«CIMH BBEPX» M «CIIHH BHH3», HO C OTPHUIATENBbHOW 5Heprueil. Bosnmkia mpoliema
COCTOSIHUH C OTpHIATENbHOUN sHeprueid. OX, U CTpaHHbIE NOJDKHBI ObUIM OBITH CBOMCTBA y
TUX cocTosiHui! BoT X0Ta OBl Takoe: y 3TUX COCTOSIHUI OTpHLIaTelbHa IOJHAsl dHEPrus,
BKodas Hepruro nokos (Eo = mc?; T.e., E < -mc?). UToOBl yBEIHYHTH CKOPOCTH TaKOTO
AJIEKTPOHA, Y HETO HY)KHO OTHATH 3Hepruto. M HaoO60poT - COOOIIMTH SHEPTUIO, YTOOBI €ro
OCTaHOBHTH. bb110 oueBHIHO, YTO Takoro B [Ipupose He ObiBaeT”.

Opnako w3 Tteopun J[lupaka cneayer (akTHUECKOe MPU3HAHUE YacTHUIl C
OTpULATENIHBIMU SHEPTUAMHU U MaccaMH, €CJIH MPEANOI0KHUTh, YTO UX JBUKEHUE CBSA3aHO HE
¢ “HarpeBaHueM”’, a C “OXJXKJICHHUEM»OKPYKAIOIIUX YaCTHIl. B TakoMm ciyyae MpuUXOIUTCA
MOWTH HA HapylleHHWEe 3aKOHA BO3pACTaHMs SHTPONUU. B 3TOM ciydae BO3HHMKaeT mpoliema
CO BTOpPBIM HAYaJIOM TE€PMOJIMHAMHKH, XOTS C MEPBBIM HAYAJIOM TEPMOJUHAMHUKHU (3aKOHOM
COXPaHEHHUs SHEPTUH) OCTAETCA BCE B MOPS/IKE.

Bwmecre ¢ Tem, MOKHO MONTH Ha HapylIeHHUE BTOPOTO Hayajla TEPMOJUHAMUKH, BBOIS
OTpUIATENILHYIO Maccy, HO IMpPH OJHOM HEMPEMEHHOM YCIOBHHM - CaMa TEOpUs C TaKuM
JIOTIYILIEHUEM J0JKHA OOBSICHUTh, IOUYEMY BTOPOE HAyaJlo TEPMOJWHAMUKU OCTAETCS B CHJIE
B OFPaHUYCHHBIX 00beMax BceneHHoM.

[Ipu3HaBasgs OTpULATENBHYIO MacCy, TEM CaMbIM CIIEAyeT MPU3HATh KBAJIPUTY
(aerBepky) wactui] Tepaerkoro [52], kotopyro nmpuauMaroT u [llunos [53] u, mo cymecTsy,
[ynerun [64]. OmnpeneneHHoe 0OOCHOBAHME 3TOW KBAJAPUTE YACTHI[ JACT ‘‘yUeTBEPECHHE
COCTOSIHMIA” B KBAaHTOBOW Teopuu [[upaka.

KBanpura vactun Tepaeukoro [52, 53] saBisercs 3aMedaTeIbHON HAXOJKOW B MOJIENH
(bu3nUecKoro Bakyyma Kak HOJIAPU3AUMOHHON cpefbl. JeHCTBUTENbHO, OCHOBHOE CBOMCTBO
YEeThIpEX 4YacTHUIL] KBagpuru Tepiaenkoro COCTOMUT B TOM, YTO CYMMbl €€ YEeThIpex
ANIEKTPUYECKUX 3aps/l0B, MAacC, MarHUTHBIX MOMEHTOB U CIIMHOBBIX MOMEHTOB (CIIHHOB)
paBHbl Hyar0. W3 kBaapuru Tepienkoro MOMXHO BBIIEIUTH ABE AMA/bI YAaCTHI], B KOTOPBIX
CYMMBI UX JBYX 3JEKTPUYECKHUX 3aps0B, MAacCC, MATHUTHBIX U CIIMHOBBIX MOMEHTOB TaKXKe
paBHbI HyIt0. Takum 00pa3oM, JIsl TOCTPOSHHST MOJIENIU SJIEMEHTAPHBIX 4eeK (PU3NYECKOTO
BaKyyMa Kak rJ100aJbHO HEUTpaNbHOU MONSPU3ALMOHHON Cpeibl MOIXOAST caMa KBajpura
yacTul TeplielKoro u JBe COCTaBHbIE AMA/bl YaCTHI] U3 3TOM KBaJpuru. Tak B MOJAEIbBHOM
MOCTPOCHUHM BO3HHUKAIOT TPU (PU3MUECKUX BaKyyma: aOCONIOTHBIA (PU3UYECKHI BakyyMm
(ADB), cocrosmmii u3 kBaapur Tepremnkoro, ¢usmueckuii Bakyym BemiectBa (DPBB),
COJIepKalIUil YacTUIBl TUAAbI, OJHA M3 KOTOPBIX SIBISETCS OOBIKHOBEHHOW 4YacTUlEH, U
¢buznueckuit Bakyym antuseniectsa (PBA), cocrosimumii U3 4acTull JUabl, OJTHA U3 KOTOPBIX
SIBJISIETCS] aHTUYACTUIEH.

B A®B Bce nonsipu3auuu-uHIYKIMU: 3JEKTPUUYECKasi, MAarHUTHAs], TPAaBUTALIMOHHAS 1
CIMHOBAs SBISIOTCS COBEPIIEHHO HE CBSI3aHHBIMH MeXJy c000r0. OHU 3aBUCAT TOJBKO OT
COOTBETCTBYIOLIUX MOJIEH (3EKTPUYECKOT0, MAarHUTHOTO, I'PAaBUTALIMOHHOTO U CIIMHOBOTO),
MpUYEM OMHCHIBAIOTCS BAKYYMHBIMU ypaBHeHUsIMU MakcBeiia u XeBucaiaa.

B ®BB u ®BA mexay co00r0 B3aUMOCBsI3aHbI JIEKTPHUECKasi U TpaBUTALIMOHHASA, a
TAK)K€ MArHUTHasg W CIMHOBAas MOJSIpU3ALMU-UHAYKIMU. B CcBOO ouepenb, Bce ITH
MOJISIPU3AIIMY CBSI3aHBI MKy COO0I0 BaKYyMHBIMH YpaBHEHUSIMH MakcBelia U XeBucaiiia.



Takum o0Opa3oM, B aOCONIOTHOM (U3NYECKOM BaKyyMe MOJIAPU3AIMOHHAS MOJIENb
pacnazaeTcss Ha JIB€ HE3aBUCHMBbIE MOJEIM: TEOPUIO 3JIEKTpoMarHetusma Makcsemia u
TEOPHIO TPABUCIIMHOPUKH XeBucaiina. [Ipu ToMm He 3aTparuBaeTcsi HU OJUH 3aKOH (PU3UKH.

Hanportus, B ®BB u ®BA cBsI3u 31€KTpUUECKUX U TPABUTAL[MOHHBIX, MArHUTHBIX U
CIIMHOBBIX MOJSIPU3ALMKA MPUBOIAT K €IMHOM CUCTEME YPaBHEHHUH, COCTABIISIIOLIMX OCHOBY
MOJIeTH OOBbEJMHEHHOW AIIEKTPOTPaBUIMHAMHUKH. DTa CUCTEMa YpaBHEHHH MO3BOJISET TaKKe
CBsA3aTb MEXIYy CcO0O0I0 [B€ OO0JbIINE TEOPHUHU: 3JIEKTPOHHYIO TEOPHIO BEIIECTBA, 4epe3
AJIEKTPUYECKHE 3aps]bl U MAarHUTHBIE MOJSpU3alUM ypaBHEHMM MakcBesia, 1 MEXaHUKY
CIUIOIIHBIX CPEJl, YEPE3 MACChl U MOMEHTHI KOJIMUECTBA ABM)KEHUS ypaBHEHUHN XeBucaiiaa.

B ¢usnyecknx Bakyymax BelIecTBa M aHTHBEIIECTBA Mbl BUJMM MOU(DUIIIPOBAHHBIN
¢u3nvecKuii BakyyM, KOTOPBIM COCTaBISET Tela BaKyyMHBIX JIOMEHOB - MOJYIPO3pPadyHBIX
CaMOCBETSIIIUXCA TEJl, SBJISIFOIIMXCS MPUUMHOW aHOMaJIbHBIX siBieHUH. [loBTOpHM, YTO Tena
BAKYyMHBIX JJOMEHOB IOTPYXKEHBI B Cpeay a0COIIOTHOrO (hr3nueckoro Bakyyma. Kaxapiii us
BakyyMoB, ADB, ®BB u ®BA, umeer cBoe MareMaTnyeckoe MpeICTaBIEHNE B BUJIE CUCTEM
muQepeHInanbHbIX YpaBHEHUH B YaCTHBIX MPOU3BO/IHBIX.

Takum obOpazoM, onucanue (PU3NYECKUX CBOMCTB BAaKYyMHBIX JOMEHOB MOXET OBITH
MIOJIyYE€HO B pe3yJbTaTe PELIeHUI KpaeBbIX 3a/lay MaTeMaTU4YecKol (PM3MKH C TPaHUYHBIMU
YCIIOBUSIMU Ha TIOBEPXHOCTH BaKyyMHBIX IOMEHOB U Ha OECKOHEYHOCTH.

WUrak, B mnpexacraBinsemMoil Mojaenu (U3MUECKUH BaKyyM IIOHUMaeTcsl Kak
rereporeHHas cpena. OfHa 4acThb Takoro BaKyyMa COCTOMT U3 OJHOPOJHOM, M30TPOIHOM,
OECKOHEYHO MPOTSHKEHHOW B MPOCTPAHCTBE TOJISIPU3AMMOHHON cpepl B Buae ADPB. Otot
BAKyyM HaXOJHUTCS B JIIOOBIX BEIIECTBEHHBIX OOpa30BaHUAX (BEMIECTBO - 3TO TO, YTO
o0JasaeT MOJIOKUTEILHOW Maccoi, pa3MelIeHHOe B TOM € IpPOCTpaHCTBe, 4To U ADB).
Bwmecte ¢ Tem, B OJHOM U TOM K€ MPOCTPAHCTBE MPUCYTCTBYET ApPYyras 4acTb I'€TEPOreHHOU
cpenbl - pacripeziesieHHas oTpurarenbaas Macca (LLumos [53]), a Takke BaKyyMHBIE JJOMEHBI
(¢bu3nuecKux BaKyyMOB BEUIECTBA W AHTUBEILIECTBA, SBISIOLIMECS MOJSIPU3ALUOHHBIMU
cpenamu. [locnennue naBa gusnueckux Bakyyma B3auMoAeHCTBYIOT ¢ ADB, uto ocmabmuser
AJEKTPOTPAaBUTALIMOHHBIE CBSA3U BHYTPU BAKYYMHBIX JIOMEHOB.

Takum o0Opa3zom, B HAcCTOALIEH KHUTE MOJ HEOJHOPOIHBIM (PU3NYECKHUM BaKyyMOM
MMOHMMAETCs MHOTOCOPTHBIM (u3nyeckuil Bakyym. B 3Toiil cBsizu 3ameTuM, uTo B (pusmke
U3BECTEH W TOMOTEHHBIH (OJHOCOPTHBIM) HEOJHOPOAHBIH  (PU3UUECKUH  BaKyyM.
HeonHopoaHOCTh 3TOro BakyyMa XapakTEpHU3yeTCs HU3MEHEHHMEM B IIPOCTPAHCTBE €ro
IUIOTHOCTU U JaBiieHus. Mjess HEOJHOPOJHOTO TOMOTEHHOTO (DPM3MUYECKOTO BaKyyma
BbIpakeHa AIIOKOBCKUM [65, 67]. DTa ke uaes paccmaTpuBaeTcs X0TeeBbIM [66], KOTOPbIA
pa3BuBaeT mnpezactaBieHue o0 sdupochepe 3emnau. B aTHX myOnMKanuMaX KOHIIETLHS
HEOJHOPOAHOTO 3(hupa BBIABUraeTCs i OOBSICHEHUS SKCIEPUMEHTAIBHO OOHAPYKEHHBIX
¢buznueckux (HeHOMEHOB, MPOTUBOPEYAIIUX YCTOSBIIUMCS MPEICTABICHUSAM COBPEMEHHOM
¢buzuku. OnHako MOJO0OHBIE THAPOAMHAMHUYECKHE MOJAENU 3(hupa HE MO3BOJSIOT CKOJIBKO-
HUOYOb TIyOOKO W yOenuTenbHO OOBACHUTH YKazaHHble S(dextsl. s 310l uemu
HeoOXoIuMa 3HAYUTENBHO Oojee cojaepxaTelbHas MOJelb (PU3UYECKOTO BaKyyma,
BO3MOXHO, OCHOBaHHAasi Ha MPEJICTaBICHUU O CYIIECTBOBaHHHM UM Y3HBIX BaKyyMHBIX
JIOMEHOB.

B npemiaraeMoil nossipu3aiiioHHON MOJIENIM HEOJHOPOJIHOTO (PU3MUECKOro BaKyyma
OCHOBHBIMM  OOBEKTAaMHM H3YY€HHs SIBJIAIOTCS BaKyyMHbIE JIOMEHBI, SBISIOIINECS
CaMOCTOSATENIbHBIMU OObekTaMu BcenenHoit. CrieoBaTeNnbHO, TaKyl0 MOJIENIb C PaBHBIM
OCHOBaHHMEM MOXKHO Ha3BaTb M (PU3MUYECKOW, M MaTeMaTUYEeCKON MOJENbI0 BaKyyMHBIX
JIOMEHOB. BBezieHHOE MOHATHE BaKyyMHOTO JOMEHa - OCHOBHOTO OOBEKTa HEOJHOPOIHOTO
(¢u3n4YecKoro BaKkyyma - TO3BOJSIET B SBHOM M KOHKPETHOM BHJE OO03HAUUTh OJHY H3
(GyHIaMEHTAJIIBHBIX U BeChbMa aKTyalbHbIX MpOOJEeM COBpEeMEHHOW W Oyaymied (Qu3MKu -
MO3HaHWE (PU3MYECKOTO BaKyyMa KakK TMOJISPU3AIMOHHON cpeabl, oOjajnaromeil O4eHb
60raThiM CHEKTPOM COCTOSIHUN M UX MPOSBICHUH.



I'1aBa 2
[MonsipuzauMoHHass MO/ b HEOAHOPOAHOI0 (PM3UYECKOr0 BAKyymMa

2.1. O mMoaensx puznueckoro BaKyyma
2.1.1. Heo0xoqumocTh MO/1e/ 1M HEOTHOPOAHOTO PU3UYECKOr0 BAKYyMa

Paccmotpennbie B riaBe 1 anomanbHbie siBeHus (ASl) mnpenctaBisitoTr  co6010
yauBuTenbHbIE (eHoMeHbl. B ASl  mopaxaroT OTYeTIMBBIE TPOSIBICHHUS HW3BECTHBIX
(u3NYECKUX TMPOIECCOB B COBEPIIEHHO HEOOBIYHOM COYETAaHMHM M TNPU3HAKH IPOIIECCOB,
KOTOpbIE OYEHb TPYAHO OOBSCHUTH HA OCHOBE COBPEMEHHBIX (PM3MUYECKUX 3HAHUM.

B Af MOXHO BUIETH SIBHBIE CJEAbl DJIEKTPOMAarHUTHBIX TPOIECCOB: CHIIBHOE
JNIEKTPOMAarHUTHOE H3JIy4€HHE B JWala3oHE JUIMH BOJIH, 0 KpaWHEW Mepe, OT A0JeH
MUKpOMETpa (CBETOBOE H3IY4YE€HHE) 1O METpPOB (BJIMSHHME HA TEJIEBU30pPbl U PaJHUO0);
W3MEHEHHE IEKTPUYECKOTO M MAarHUTHOTO MoJiel (OTYETJIMBBIE MPU3HAKH AIIEKTPUUYECKHUX
po0OOeB U HAMarHMYEHHOCTH B MIOPOJIaX B MECTaX KOHTAKTOB CAMOCBETSIIUXCS 00pa30BaHUM
A5l ¢ TOBEpXHOCTHIO 3eMJM, HM3MEHEHHE MAarHUTHOrO TMoJsl Tpu mnosiBieHun ASl);
ANIEKTPUYECKHE pa3psiibl  (AIIEKTPUUYECKOE MOpaKeHHE JII0JeH W KUBOTHBIX IIapOBBIMU
MOJTHUSIMH ).

BuumarenbHOe u3yueHHe MHQOpPMAIMK O TMOBEACHHWU CAaMOCBETALIUXCA 0Opa3oBaHM
ASl 3acraBnser caenaTh IPEANONOXKEHHE O TOM, YTO BOKPYT HHUX HW3MEHSAETCS
rpaBUTalMOHHOE Tosie. CBsi3aHHBIE ¢ ASl MpHU3HAKK JIEBUTAIMU OMKCAHBI B YIIOMUHAEMBIX
BBIIIIE CTaThsIX, B YACTHOCTH, KaCAIOUIUXCS CACOBCKUX B3PHIBOB.

Al sBHO HecyT B cebe O0mbInyro 3Hepruto. [IpucyTcTBue B HUX SHEPrUH, CBI3aHHOU C
ANEKTPUYECKUM U MAarHUTHBIM IOJISIMU, 04€BHIHO. HO 1O TEIIOBBIIETICHHIO U CUJIE B3PHIBOB
MOXKHO CYIHTb, 4TO 2Heprus ASl MHOro 0oJjbllie TOM, KOTOpas CBA3aHA C ANEKTPUUYECKUM U
MarHuTHeIM TosiMua [10, 12]. VYxke mo 3TOH MNpUYMHE NPUXOIUTCS OTKA3aThCid OT
ANIEKTPOMATrHUTHBIX MojiejIei mapoBbix MoHuH (LLIM) n npyrux AS.

CoBpemennble (u3MUECKUEe TEOPUU HE MOTYT OOBSACHUTH BXOJ CaMOCBETSIIHUXCS
oOpazoBanuii ASl B TBepable Tela U BOJY, a TaKXKe MPOXOXKIECHUE CAMOCBETSIIMXCS
oOpazoBanuii ASl uepe3 ykazaHHble cpelbl. B 3TO CBSI3U CTAHOBSATCS HECOCTOSATEIbHBIMU
anekTpoxuMuueckas (ppakranpHas) u azmenHas [10] mogenu HIM u apyrux ASl BooOe,
TeM OoJiee 4yTo yKazaHHbIe 00pa3oBaHus HAOIIOAIOT U B KOCMOCE.

N3 ykazanHOro BBIIIE pa3sHOOOpaszus (U3MUECKUX CBOUCTB ASl BHUIHO, 4YTO UX
MaTeMaTH4eCKOe ONMUCAaHHEe HE MOXKET OBITh CIIEIaHO Ha OCHOBE JIMIIL OJHOW HM3BECTHOMU
¢dbyHnamenTanbHON Teopuu. HeoOxoauMo coequHeHmne psifa TakKUX TEOPUH M, IPEkKIE BCEro,
TEOPHUIi ANIEKTPOMArHUTHOTO U TPABUTAIMOHHOTO MOJEH.

Cnenyer OTMETUTb, YTO 3TH JIB€ TEOPUU OOBEIUHSAIOT TO, YTO “...B OTIHUYHE OT
KOPOTKOJCHCTBYIONIUX SACPHBIX M CHA0BIX CHJI, SJIEKTPOMArHWTHbIE M TPAaBUTALMOHHBIE
CHJIBI SIBJISIFOTCSL  IalbHOJICHCTBYIOIIMMU, T.€. HamOoJee MEICHHO YOBIBAIOIIUMHU C
pacCTOSTHUEM — MEXIY yactuamMu. VMeHHO 3TO  MO3BOJIIET  paccMaTpHUBaTh
ANIEKTPOMAarHUTHbIE U TPaBUTALMOHHBIE TOJS KaK MAaKPOCKOMMYECKUE U OTPAHUUYUTHCA HMX
KJIaccu4eckuM omnucanuem" [58].

Teopuil 37E€KTPOMAarHUTHOTO M TPABUTALIMOHHOTO IMOJEH TakXke HEJOCTATOYHO st
onucanus penomena ASl. JlokanbHOE M3MEHEHHE TPABUTAIMOHHOTO TOJS B TMPOCTPAHCTBE
okono ASl He MOXeT ObITh ONHCAHO COBPEMEHHBIMH TEOPUSMH TpaBUTAIUHM, a UX
MPOXOXKJCHHE  CKBO3b TBEpHAblE Tela M BOAY HENb3sS pPasyMHO OOBSCHUTH, dae
OJIHOBPEMEHHO TpuBIiekas 00e 3Tu Teopun. CienoBaTenbHO, He0OX0UMa HOBasi KOHIICTIIIHNS,



COEJIMHSAIONIAs TEOPUU BJIEKTPOMArHUTHOTO M TPaBUTALMOHHOIO IOJIEW M coJeprKaiias
HOBBIE
KadecTBa. TpeTbs TeOpus, KaK U BE MEPBbIE, TOHKHA OBITH MAaKPOCKOTTMYECKOM.

Teopun 31€KTPOMarHUTHOTO M I'PaBUTALMOHHOTO MOJIEH paclpoCcTpaHSAIOTCS Ha OJUH U
TOT ke (usndyeckuid BakyyM. B Kiaccmueckoil siekTpoanHamMuke MakcBemia M TEOpHH
rpaButanun  OiHmTeHa (OTO) sTOMy BakyyMy HE NpPUIAETCSl TaKUX CBOWCTB, KOTOpBIE
cienany Obl 3aBUCUMBIMU YPaBHEHHsI YKa3aHHBIX TEOPUI B MaTeMaTudeckoMm cMmbicie. Ho 3a
00JIBIIIOE BpeMsI, MPOIIEAIISe MOCIE CO3/IaHus BEIMKUX Teopuid MakcBeiuia 1 DHHIITEHHa,
Teopusi ¢puszndeckoro Bakyyma (®PB) pasBuBasiach, MpoOWAs MyThb OT OTBEPTHYTHIX TEOPHIA
spupa A0 BUPTYAIBHBIX YaCTHUI] - aHTUYACTHI] KBaHTOBOH Teopuu mons [68], a B camoe
nocsenHee BpeMsa @B HauMHaIOT MOHMMAaTh KaK KBapKOBYIO MOJISIpU3AallMOHHYIO cpeny [57].

3acenenue ®B BUpTyaabHBIMU YaCTULIAMU - QaHTUYACTULIAMU COJEPKUT B ceOe BakKHOE
Hayajo B MIOHUMAaHUU TOTO, YTO 3JIEKTPOMArHUTHbIE U TPAaBUTALIMOHHBIE SIBJICHUS MOT'YT ObITh
cBsA3aHHbIMU 110 DB, MOCKOJIBKY BUPTyalbHbIE YAaCTUIBl - aHTUYACTUIIBI XapaKTEPU3YIOTCS
ANIEKTPUYECKUMH 3apsjlaMd M MaccaMd, a Takke B3aWMOCBS3aHHBIMM MAarHUTHBIMU
MOMEHTAMH ¥ MOMEHTaMM KOJIMYECTBA [JBW)KEHUS - CIUHAMHU. OTa CBS3b OIPEAEICHHO
UCIOJIb3YeTCsI AKMMOBBIM [2] B 3BPUCTHUECKON MOJENN MOJSPU3ALMOHHBIX cocTosiHMNA DB.
Pa3BuTne mnpexacraBieHUil 0 yYacTUIAX - AHTUYACTHIIAX C OTPULIATEIBHBIMH MaccaMH B
paborax Tepnenkoro [52] u IllumoBa [53] ycTpaHsieT camyio OOJBUIYIO TPYAHOCTH B
npeacrabieHusx o noysipusanusx @B AkuMoBa, cBs3aHHYIO ¢ 3anogHeHueM @B yactuniamu-
AHTUYACTHIAMH C TOJIOKUTENIbHBIMU Maccamu. Coeaunenne uaeil Tepaenkoro - [llunosa c
pe3ynpraTaMu AKMMOBa T03BoJisieT npeiacTaBuTh @B kak cpeay co B3aUMOCBSI3aHHBIMU
MOJISIPU3ALUSAMU: AJIEKTPUUECKON U TPaBUTAILIMIOHHOM, MarHUTHOM U clIMHOBOM [3, 4, 6].

Mexnay TteMm, eciau MNpeAnosoKUTb, 4YTO OSJICKTPOMArHUTHBIE M T'PAaBUTALMOHHBIE
MOJISIPU3aLlMN CBSI3aHbI BO BCEM OJHOPOJHOM U U30TPOMHOM IPOCTPAHCTBE, TO HEOOXOAUMO
MPU3HATH ATY CBA3b cnaboii [3]. B mpoTuBHOM ciydae Mojieib JaBaja Obl HEHAOIOaeMble B
OoJpIUX TpocTpaHcTBax BceneHHol ¢u3nueckue sBiIeHus. Ho moa BIeyaTICHHEM
HEOOBIYHBIX (U3NYECKHUX CBOMCTB ASl mosBuiack Jpyrasg THUIOTe3a - THIIOTE3a
HeogHopoaHoro ®B [6], cormacHo koTtopoit oOpazoBanusit ASl mpenacTaBistoT co0O0I0
JIOKaJbHbIEe crycTku MoaudunupoBanHoro @B B ADB co cBoiicTBaMH, OTIMYHBIMUA OT
cBoiictTB ocHoBHOoro @B. Ilpennonaraercsa, uyro B A®PB »siekrpoMarHUTHBIE U
IPaBUTALIMOHHBIE MOJISIPU3ALIMN CBSI3aHbI MEX 1y c00010 ciado, a B MmoaudunuposanHom OB
- CWIbHO. DTU cryctku wmojudunupoBanHoro OB Ha3BaHbl BaKyyMHBIMU JOMEHaMHU.
CruHOBBIE MOJSApU3ALMM MOXHO ObUIO OBl Ha3BaTh M TOPCHOHHBIMU, IOCKOJIBKY OHHU
COOTBETCTBYIOT TOPCHOHHBIM MOJIsIpU3ausiM AKuMoBa [2].

[Tonsipu3anusM ecTb MECTO TOJBKO B MAaKPOCKOMUYECKUX (UBUYECKUX MOJAETAX
HEWUTpalbHBIX Cpell, KAKOBOM, HECOMHEHHO, sBisiercs cpena OB. [losTomy paccmaTpuBaeMas
KOHLleNuss  HeogHopogHoro @B, kak  mnosspu3allMoOHHAass  MOJENb,  SIBJISETCA
MaKpOCKOIMYECKOU. B 3TOM KOpeHHOE OTiInuue paccMaTpUBAEMOM HUXKE MOJIEIN OT MHOTHX
n3BeCTHbIX Mojzeneil @B Mukpockonuueckoro xapakrepa. BaxkHO mpu 3TOM OTMETHUTb, 4YTO
JaHHAs TMOJISPU3AIOHHAS MOJIENIb CBS3aHa C CWIbHBIMU (pru3nueckuMu 3¢ (deKTaMu TOJIBKO
npu HeoaHoporHoM @B. B sTOM ciydae BO3HMKAaeT CKaukooOpa3zHash HEOJIHOPOJHOCTh
MOJISIpU3alluil B IIPOCTPAHCTBE M, CJIENOBATEIbHO, COCPEJOTOUYECHHBIE CBSI3aHHBIE 3apslbl U
CHJIBHBIE TOJIS.

PaccmaTtpuBaemasi HUke MakpoCKONIMYecKas MoJiesib HeoqHopoaHoro @B crpoutcs Ha
0a3e OCHOBOINOJIAralOUUX pabdoOT (HU3UKOB, OMyOJIMKOBAHHBIX 3a mocienHue 150 ner,
SBJIICTCSI CHMHTE30M BBIIEICHHBIX DPE3YyJIbTaTOB 3THX paboT. Bcee Qusnueckue sBieHus,
MIPENICKa3bIBAEMBIE ATOM MOJENBIO, HOCIAT MAaKpOCKONMYECKHH Xapakrep. M3 nanbHelmero
paccMOTpeHHs] CTaHeT MOHATHO, 4To (heHOMeHbl ASl Ype3BbIYAHO TPYAHO BOCCO3/1aTh B
nabopatopusix. B 310l cBsi3u Mozenbs HeonHOpogHOro @B MOXeT MpoBepAThCS TOJBKO B
HATYPHBIX SKCIIEPUMEHTAX U U3MEPEHHUSX.



Makpockonuueckasi MOJeNIb HeOAHOPoAHOTO DB 1M03B0JISIET YIIPOCTUTH TEPMUHOJIOTHIO
nzydaeMbix ASl. Bmecto cioB camocBetsimuecs oOpasoBaHus ASl MOXXHO CKa3aTh HPOCTO
BakyyMHbIe JoMeHbI (B/).

2.1.2. Kaaccuueckue mojesin 3pupa

Ha py6exxe 19-20 BexoB moxenn @B emie Obutd CBS3aHBI ¢ MOHATHEM 3(Upa - HEBECOMOW
cpenoi, mpoHukaromied, mo cioam Jlopenma [50], maxke CKBO3b aTOMbl U 3JIEKTPOHBI.
Tepneuxuit [58] numer: «MakcBena ObuUl CTOPOHHUKOM MEXaHMUYECKOM TOYKU 3pEHUS U
MPEJCTaBIsUl  DIEKTPOMArHUTHOE TOJe B BHJAE HATSHKCHWH u  jpedopmarmid  ocoOoi
BCCIIPOHUKAIOIICH Cpeapl - 3upa ... TBOpEI MIEKTPOHHOU Teopu: JIOpeHIl Toke ObLT
CTOPOHHUKOM 3upa. Cunras, 4To 3JIEKTPOMArHUTHOE I0JIE€ - 3TO 0cob0e cocTosiHUE PuUpa,
OH, TEM HE MEHEe, YK€ HE HaJleJsUl MOCIeIHUN KaKUMU-TM00 MEXaHUYECKMMH CBOMCTBaMM.
Jlopenir ctpemmicsi 000CHOBaTh THNOTE3y 3(upa Ha Oaze sKcnepuMeHTOB: «[mmoTtesa
Jlopenma o moxkosimemMcs 3gupe co CroCOOHOCTIMU K COKpPAIICHUSIM TelaMHu OOBsSICHUTIA
abepparnuto, kodpduiment ysinedeHuss Pu3o, onbITel Maiikenbcona - Mopiu, OMBITEL €
JMBIDKYIIUMUCS MCTOYHUKAMHM CBETa M 3€pKajiaMH, OMbITHI MaiikenbcoHa - Mopmu ¢
COJIHEYHBIM CBETOM, M3JIy4€HHME IBUKYIIMXCS 3apsAaoB, onbITel Tpoyrona- Hobns ..., HO
OKa3ajachb HE B COCTOSIHUM IPOCTO OOBSCHUTH YHUIOJISPHYIO HMHIYKIHMIO C MOCTOSHHBIM
MarauTom». Ho JlopeHI] «... B KOHIlE€ KOHIIOB, IpPHIIEN ... K BBIBOAY, YTO INPUCYTCTBUE
s¢upa He MOXKET OBITh 3aMEUYEHO HU B OJHOM D3JIEKTPOJMHAMHUYECKOM OmbITe. Ddup y
JlopeHira octaBajicsi HEOITO3HAHHON «BelIbI0 B ceOe». Co3HaBast ero 6ecrnosie3HoCTh, JlopeHin
BCE )K€ HE CMOT CHIellaTh MOCJCIHUN PEIIUTEIbHBIA IIar - 0TKa3aThCsa OT ddupa. D10 OBLIO
CIENaHO CO3JaTelIieM TEOPUU OTHOCUTEIHbHOCTH OnnmrernoM. Ilo3ke mOCTEIEHHO
CIIOXKHWJIOCH Tpe/ACTaBieHHEe 00 JIEKTPOMAarHUTHOM TIOJie, KaK O CaMOCTOSTEIbHON
MaTepHaIbHON CYIIHOCTH, SIBJIAIOMICHCS HOCUTEIEM 3JICKTPOMArHUTHBIX B3aUMOJCUCTBUIA U
pacnpeeIeHHON B TpocTpaHcTBe» [S8].

OitamreitH B pabotre 1910 roma [65] nmeWCTBUTENBHO YTBEPXKIACT, UTO «HEIB3S
CO3[1aTh YAOBJIETBOPUTEIBHYIO TEOPHIO, HE OTKA3aBIIUCh OT CYHIECTBOBAHMS HEKOW Cpelbl,
3aMoJIHAIONICH Bce mpocTpaHcTBO». Ho yxe B cBoeit padore 1920 roma[65] oH numier: «...
Onmukaiilliee pacCMOTpEHHUE IOKA3bIBAET, YTO CIeLUaibHas TEOpUs OTHOCUTEIBHOCTU He
TpeOyeTr Oe3ycioBHOro oTpuuaHus 3¢upa. MOXKHO NPHUHATH CylleCTBOBaHHE 3¢upa, HE
ClIeyeT TOJIbKO 3a00TUTHCA O TOM, YTOObI MPUIHUCHIBATH €My OIPENICIICHHOE COCTOSIHHE
JBUKEHUS; UHaYe TOBOPS, aOCTparupysach, HyKHO OTHSTh Y HEro MOCIEAHUN MEXaHUYEeCKUI
MpHU3HAK, KOTOpBId emy emie octaBuil JlopeHm». «O000mas, Mbl MOXKEM CKa3aTh: IyTEM
pacimupeHus: MOHATUS (PU3UYECKOTO O0OBbEKTa MOXKHO MpPEICTaBUTh ceOe Takue OOBEKTHI, K
KOTOPBIM HEIb3sI IPUMEHSTh OHATHE ABM)KEHUS. DTH 0OBEKThI HENIb3sI CYUUTATh COCTOSIIIUMU
W3 YacTHUll, IOBEJIEHUE KaXJIOW M3 KOTOPBIX MOJJAETCS HCCIECIOBAHUIO BO BPEMEHN».
“"CrenuanbHasi TEOpHUsl OTHOCUTEIBLHOCTHU 3allpelaeT CUUTaTh dPHUP COCTOALIUM U3 YACTHII,
MOBEICHHE KOTOPBIX BO BPEMEHH MOKHO Ha0JI0/1aTh, HO TUIIOTE3a O CYIECTBOBAaHUU d(dupa
HE MPOTUBOPEUUT CIELUATILHON TEOPUHU OTHOCUTENBHOCTU. He ciieryeT TOIbKO NMpUIUChIBATh
abupy cocrosiHue ABWKEHUs». «OTpumare 3puUp - 3T0 B KOHEUHOM CUETe 3HAYMT
MPUHUMATh, YTO MYCTOE MPOCTPAHCTBO HE MMEET HHUKAKUX (hu3Hueckux cBOUCTB. C Takum
BO33pEHHEM HE COIJIACYIOTCS OCHOBHBIE (DakThl MexaHMkW». B pabGore 1924 roma [65]
DOWHIITEHH NHIIET: «... Mbl HE MOKEM B TEOpeTHUecKo ¢u3uke oboiituck 6e3 adupa, T.€.
KOHTHHYyMa, HaJIeJICHHOTO (PU3MYEeCKUMH CBOMCTBAMU, MO0 0O0IIast TeOpUsI OTHOCUTEIHHOCTH

UCKITIOYAaeT HEMOCPEJCTBEHHOE MalbHOJACHCTBUE; KaXJas K€ Teopus ONU3KOIEHCTBUS
MIpeIoJiaraeT HaJlu4re HeMpPephIBHBIX MOJIEH, a CTIeTOBATENBHO, CYIIECTBOBAHUE «A(hUpay.»

W3 npuBeeHHBIX BBIIIE IIUTAT BUAHO, YTO ()M3MKa Hayana BeKa B JIMIIE €€ OCHOBHBIX
kopudeeB BBJIBUHYIAa HE OJWH, a JBa d(pupa: XOPOIIO HW3BECTHBIM MOKOSIIUICS
HepenstuBuctckui 3pup Jlopenna [50] u Mamo U3BECTHBIN pPENATUBUCTCKUN dup



OiHmTeliHa. B KMHEMaTHyecKoM CMBICIE 3TH J1Ba 3(Hpa OTIUYAIOTCS HPUHIMITHAIBHO.
[IepBrlit cBsA3aH ¢ aOCONIOTHOM (ITPEANMOUYTUTENBHOM) CUCTEMOI OTCUETa, BTOPOM COBMECTHM
C MPUHIUIOM OTHOCHUTEJIBHOCTH, NPEIIOJaraloliiM paBHOIPABUE BCEX WHEPLUATIbHBIX
CUCTEM OTCUETa.

Eciu  JlopeHnl Ha OCHOBE aHajM3a OMNBITHBIX JAHHBIX MpUIAl CBOeMY 3(Qupy
¢u3nvecKkrue CBOWMCTBA, KOTOPHIE JENAId €r0 «HEHAOII0IaeMbIM» U «BEIbI0 B cede», To 00
adupe DUHIITEHHA MOKHO CKa3aTh TO K€ C emle O0JbIIMM OCHOBaHHEM. BMecTe ¢ TeMm, 00a
3TH 3dupa TMO3BOIAIOT paccMarpuBarh @B kak mojspusanuoHHylo cpexy. [Ipum Takom
IIOJX0E PENATUBACTCKUI apup OWHIITEeHA npuodperaer OIIPEICIICHHBIC
AJIEKTPOMArHUTHBIE CBOMCTBA, XapaKTepu3yeMble BaKyyMHbIMU ypaBHEHUsAMU MakcBesuia, a

TaKXK€ JUHAMHYECKHE, XapAKTEPU3yEMbIE TEH30pOM  HAIpPSKECHHUM Makcaea.
Kunematnueckue cBoiictBa 3dupa OWHINTEHHa, OYEBUIHO, XapaKTEPU3YIOT
npeodpazoBaHus JlopeHnia KOOpAMHAT, TOJIEM W BAaKyyMHBIX TMOJSpU3ALUM,

MPOTMOPIMOHATBHBIX TOJSM. JTOT IIAar caMm 1o cede, KOHEYHO, HE U3MEHSET IOJIOKECHUS
MaTeMaTHYEeCKOW TEOPHUH 3JIEKTpoAUHAMHUKU. Ho OH MO3BOJISET MOJYyYUTh HOBBIE MU IS
pa3Butus Teopun OB.

B MeroanueckoM OTHOILIEHUH OOJIBIION MHTEpEC BBI3BIBAET pa3BUTHE KOpyXOBBIM U
[HapemoBeiM  [69-71] mnpenctaBiaeHuidt  DUHIITEHHA O PENSATUBUCTCKOM 3dupe 0e3
«cocrosiHus ABMKeHUs». Tak, cormacHo KopyxoBy [69]: «CkopocTh cBeTa OyIeT WMETh
OJIHO U TO € 3HaueHue A J1Io00ro MHEepIHAIbHOTO HAaOII0AaTeNsl, €ClM pacpoCTpaHEHUE
CBETa MPOUCXOJUT B cpelie, oOnajaroniel KMHEMaTUYeCKUM CBOMCTBOM HHBAapHAHTHOCTH
nokos .... Cpena ¢ TakuM YCIIOBHEM Ha JBU)KEHUE IMPOSBISETCS B PACCMOTPEHUH TOJIBKO B
cocTostHUM TOKOs. [locTynaT WHBApMAaHTHOCTH CKOPOCTH CBETa MOXET OBITh 3aMEHEH
PaBHO3HAYHBIM MOCTYJATOM HHBApPUAHTHOCTU IOKOSI CPellbl OTHOCUTEIBHO HWHEPIHAIbHBIX
HaOmojaTenei». OTH UAEM TaK Ha3bIBAEMOTO IUIAHKUOHHOTO 3¢upa MO3BOJISIIOT
€AMHOOOpa3HO MOAXOJUTH KaK K MOJSpHU3alMsIM BEIIeCTBa, TaK M MOJsIpU3anusM s¢upa B
T000¥ MHEPIUATBHOU CHCTEME OTCUETA.

B ocHoBy paccmarpuBaemoii Mozaenu HeogHopomHoro ®B  momoxkeH  adwup
OWHIITEWHa, YTO CHIENaHO, NPEeXKAE BCEro, C IEIbI0 TMOJYYEHUS MaTeMaTHYECKUX
COOTHOIIEHUH, KOTOPbIE ONTUPAIOTCS HAa U3BECTHBIEC PE3YAbTAThl UCIOJIB30BAaHUS CIEIaTbHON
TEOPUH OTHOCUTEIILHOCTH B 3JIeKTpoauHamuke. Ho mpobiema a¢pupHOTo BeTpa, eciii UMETh B
BUJly aHU3O0TPOMUIO (DOHOBOTO (PEIMKTOBOIrO) M3IYYEHHUS, HE NEpecTaeT ObITh aKTyalbHOM
[65]. [ToaTOMY HEOOXOIMMO JaNbHEHIIIEE pa3BUTHE TEOPUH OTHOCUTEIIBHOCTH.

B HacrosiieM paccMOTpeHHH OCHOBHOE BHHMAaHHUE YJENseTcss He 3Toil mpolieme, a
npobneme nosasipuzanuii OB, rie MOKHO OrpaHUYUTHCA MPUMEHEHUEM CIIEIUAIBHON TEOpUn
OTHOCHUTEIILHOCTH KaK XOPOIIIETo MPUOIMKEHNUS.

2.1.3.11os1eBast KOHUenuMs (PU3NIECKOr0 BaKyyma

Urak, B Hayke ¢ Hayayna 20 Beka yTBepauiach nosieBas konuenuus OB, coriacHo
KOTOPOH MPOCTPAHCTBO 3allOJHEHO JIMUIb MOJISIMU U B HEM OTCYTCTBYET Kakas-Jnbo cperna.
BwMmecTe ¢ Tem, cTanu HenpeaoKHBIMU cileayronme GpyHIaMeHTanbHble MoJoKeHus [58]:

1. OIHOPOJHOCTH MPOCTPAHCTBA U BPEMEHH;

2. W30TPOMHOCTb MIPOCTPAHCTBA;

3. TMPHUHLHUI OTHOCUTEIHHOCTH;

4. nocTtynaT MoCTOSHCTBA CKOPOCTH CBETa B BaKyyMe.

W3 5TUX mONOXKEHUH BBITEKAIOT NpeoOpa3zoBaHus JlopeHna, a Takke KOBAPHAHTHOCTh
ypaBHeHui MakcBeiia B OJIBJKHBIX CUCTEMax oTcuera [58, 72, 73].

IToneas xonuenuuss ®B nana moOombiTHYI0 cutyanmioo. Ecnu mpu Hamuuum s¢upa
BaKyyMHbI€ ypaBHEHHMs MakcBeiia SIBISUTUCh YPAaBHEHUSIMH MOJETH cpeabl-ddupa, TO B



cllyyae TMpPOCTPAHCTBA, JUIIECHHOTO CpPebl, BAKYyMHBIE ypaBHEHHsS MakcBelia ONHCHIBAIN
TOJIBKO PACIpPOCTPAHEHHE OHICKTPOMATHUTHBIX BOJH B BaKyyMe-IIPOCTPAHCTBE. Takum
06pa30M, B (I)I/I3I/IKC MOABHUIIMCH HCKOTOPLIC YPABHCHUA B YACTHBIX IIPOU3BOJHBIX, KOTOPBIC HE
OTPaXAIOT CBOMCTBAa KakOW-muOO Qu3mueckoil cpenpl. B 3TOH CBs3M B ypaBHEHHSX
MakcBesuia BO3HUKIIM aOCTPAaKTHbIE MOHATHS MHAYKIUI M TOKAa CMELIEHUS B BaKyyMe,
KOTOPKBIC BBI3BIBAOT 00JIbIIIE OCJIOKHCHUA B IIOHUMaHUN (1)I/I3I/IquKI/IX OCHOB
QJICKTPOAMHAMUKHU.

2.1.4. Mojaeapb moJsipu3alliOHHBIX COCTOSIHUI (pU3MYECKOro BaKyyMa AKMMOBa

OmnpeneneHHble CIBUIM K NOBTOPHOMY BO3BpalleHuto k @B, kak cpene, cBsA3aHbI C
YpaBHEHHUSMH KBAaHTOBOM MEXaHUKU U 3JIEKTPOHHO-TIO3UTPOHHBIM BakyymoM Jlupaka [51].
[Tocne SKCIEpPUMEHTAIBHOIO OTKPBITUS POXKICHUS B BaKyyMe€ JJIEKTPOHHO-TIO3UTPOHHBIX
map, a TaKXke JpYrux M[ap YacTUL-aHTUYacTHL, OBUIO CO3JaHO OOJbIIOE YHCIIO
MUKpOCKonrueckux Mozeneil @B, cBsA3aHHBIX ¢ Teopuel BUPTyalbHBIX (BO3ZMOXKHBIX) HOJEH
W YacTHUll, KOTOpbI€ MPHUBEAEHBI, HapUMep, B [2]. 3aBepleHHBIM BHUJI MUKPOCKOIINYECKHE
MoJieny @B nosydniu B TaKMX MPEJICTABICHUAX KBAHTOBOIO MOJISA, U3 KOTOPOTO POKIAIOTCS
KaK WM3BECTHBIE TOJIS, TaK W YacCTHUIBI BemiecTBa [68]. OgHaKo ATH TEOpUU HE TIO3BOJIHIN
cO37aTh MaKpockonuueckyto mojens @B ans onucanus B HEM KOJIJIEKTUBHBIX (DU3HUECKUX
3¢ dexToB.

Ha nyrtu k co3nanuio makpockonuyeckux mojeneil @B Gonblioe 3HaYeHHE HUMEET
cXeMaTH4ecKasi KOHIEMIINS MOoJsIpu3aMoHHbIX cocTtosianii @B Akumosa [2]. B aToii Mmonenun
@B npeacTaBieH Kak CTPYKTYpUPOBAaHHAs Cpela, dJeMEeHTapHas siueiika KOTOpoil — (pUToH -
COJICP’KUT Mapy YacTuia - aHtuyactuia. OOpamaer Ha ce0si BHUMaHUE U TO, YTO YaCTHIIbI-
AHTHYACTHUIBl OJHOBPEMEHHO OO0JIaaloT SJEKTPUUECKUMHU 3apsaMH, MaccamH, a TaKxke
MAarHATHBIMU MOMEHTaMHU U MOMEHTaMU KOJIMYECTBA IBM)KEHUSI - CHMHAMU. biarogaps stomy
@B BeICTYnaeT OJHOBPEMEHHO KaK 3JIEKTPUYECKasl, MAarHUTHAs, TPaBUTALlMOHHAS U CIIMHOBAs
MOJISIPU3ALMOHHBIE cpenbl. B mnpuHLWIE OKa3bIBAIOTCS CBSI3aHHBIMM AJIEKTpUYECKass H
IrpaBUTALlMOHHAs, & TAK)K€ MarHUTHas W CHOUHOBas mojspusauuu. Mopaenb AKuUMOBa B
COBEPIICHHO SBHOM BuE Bo3BpamiaeT B Teoputo OB adup-cpeny. DtoT 3dup He moxox Ha
a¢pup Jlopenna u >¢pup DOiHmITENHHA. DPUp AKHMMOBa - TOJSPU3AMMOHHBINA, HO CO
B3aMMOCBSI3aHHBIMU NOJsipu3aunsaMu. OH UMEET OTHOLIEHHUE, KaK K JIEKTPOJUHAMUKE, TaK U
K rpaBuauHamuke. [lonspusanuu sBISIOTCA U3MEPSEMBIMU BEJIMUMHAMHU, YTO MOKET UMETh
MECTO TOJIBKO B Makpockonuuecko mojenu OB.

2.1.5. Kpaapuru yactui - antuyactui TepJienmkoro

Bmecre ¢ TeM, Mosenbp AKHMMOBAa HE MOXKET CUMTATbCSl 3aBEPIICHHOM, MOCKOJIBbKY U
YacTUIbl, M AHTUYACTUIBl OO0JAJAIOT TOJOXKHUTEIbHBIMM COOCTBEHHBIMH MacCaMH.
CnenoBarenbHo, @B B 3T0M MOJENH NOKEH UMETh MOJIOKUTEIBbHYIO Maccy. O4eBHIHO, YTO
IIPYU NOJIOKUTENBHON Macce @B BO3HHMKAIOT HEMPEOAOIUMbIE TPYIHOCTH C TPAaBUTALMOHHBIM
3akoHOM HplOTOHA, a Takke He MOXeT OBITh CTPOro OIpeaesieHa TI'paBUTAlMOHHA
noJisipu3anus. BeIxoa U3 3TOro TpyIHOro MOJIOKEHUS JAIOT WU, COAeprKalmecs B paboTax
Tepnenxoro m Illunosa. Tepneuxunii [52], ucxons W3 3aKOHOB CHUMMETPHH, BBIABUHYII
MIPENIIOJIOKEHHE, COINIACHO KOTOPOMY B BaKyyMe€ JIOJDKHBI IOSIBJIATBHCS Iapa 4acTULA -
aHTMYacTUI[a C [OJIOKUTEIBbHBIMM MaccaMH M TIapa 4YacTHLla - aHTH4YacTHla C
OTPULATEIBHBIMA MAacCaMHU, T.€. OHU JOJDKHBI POKIATHCS KBaJpUramMH.

HlunoB [53] cozman ¢yHaameHtanabHylo Teoputo DB, pa3BuBas mnporpammy
Kmuddopna - DiiHmrTeliHa Mo  reoMeTpu3alMd ypaBHEHUH (QHU3UKH, HAa OCHOBE Kak
MOCTYIATENbHOM, TaK W BpallaTeIbHOH OTHOCHUTENLHOCTH (BceoOleil oTHOCUTENbHOCTH). B
teopun lllumnoBa ucnosib3yercs reomMerpust aOCOJIIOTHOTO Mapajulein3Ma, a He TeoMeTpus



Pumana, nexamas B OCHOBE OOLIEH TEOPHM OTHOCUTEIBLHOCTH OWHIITEHHA. ['eomerpus
a0COJIIOTHOTO Mapajuiein3Ma 6a3upyeTcst Ha MOHATUSAX HE TOJBKO KPUBU3HBI, HO M KPY4YEHUS
IIPOCTPAHCTBA-BPEMEHU. OJTHUX Kpy4eHMH JBa: mpaBoe U jeBoe. 1loaToMy BO3HMKarOT 1Ba
(GU3NYeCKUX MUpPaA, C NPaBbIM H JIEBBIM KPYYEHUSMHU COOTBETCTBEHHO. COracHO Teopuu
[IunoBa 4acTUIbl - AHTUYACTULIBI C ITOJIOKHUTEIBHBIMA MacCaMU OTHOCSITCS K IIPAaBOMY MUDY.
DTO0 XOPOIIO U3BECTHBIE YACTULIBI U AHTUYACTHUIIbI. MaloN3BECTHBIE YaCTUIIbI - AHTUYACTHIIBI
C OTpHULATEIbHBIMH MaccaMH OTHOCATCA K JeBoMy Mupy. B Hacrosiiee Bpems
MIPENIOJIAraeTCsl, YTO OHU paccesiHbl B rpocTpaHcTBe. 13 Teopun Ilunosa cTporo BeITEKaeT
PAaBEHCTBO HYJIIO BO BCEIIEHHOM MOJHOrO JJIEKTPUYECKOTO 3apsiaa M IOJHOM MaccChl,
abcomoTHass HEUTpanbHOCTh PB (B KaKIAOH TOYKE MPOCTPAHCTBA) M IO SJICKTPUUYECCKUM
3apsiiaM, U 110 MaccaM. BelecTBo colepKUT TOJIBKO MOJIOKUTENIbHBIE MACChl IPABOI0 MUPA.
Mexay BelIeCTBOM paccesiHa OTpHlaTenbHas Macca jeBoro Mupa. IlonoxwurensHbie u
OTpULATENIbHbIE IEKTPUUYECKUE 3apsi/ibl YPaBHOBELIEHBI KaK B MPABOM, TaK U JIEBOM MHUPAX.
[IlunoB He WuCHONB3yeT Kakue-TM0O0 HOBbIE HEU3BECTHBIE XapaKTEPUCTUKH 4YacTUIl U
anTuyactul. [loaToMy cienyer mojararh, 4YTO YacTUIBI - aHTUYACTHUIBl KaK MPaBOro, Tak U
JIEBOTO MUPOB OJIHOBPEMEHHO 00Ja/laloT KaKk MaccaMH U 3JIEKTPUYECKUMHU 3aps/iaMu, TaK U
MarHUTHBIMH MOMEHTaMH U CIIMHAMU.

B teopun [unoBa Ha KBAaHTOBOMEXAaHWYECKOM YypPOBHE IOATBEP)K/IAETCS
MUKpPOCKOTIYECKas MOJI€Ib KBAJIPUT YaCTHUI] - aHTUYACTUL Teprenxoro.

2.1.6. duTtoH AKMMOBA M KBaJIpUra 4yactui - antuyactun Tepaenkoro

BMmecte T1em, Teopus, 0 KOTOpPOM Mbl TOBOPWJIM B MPEIBIAYIIEM pasjelie, BeCcbMa
Jajeka OT TaKuX KJIACCMYECKHMX MAKPOCKONMHMYECKUX TMOHATUM, Kak MOJspu3aius,
ompenensieMas Kak cyMMa (BEKTOpHAas, HampuMep) B €IWHUIE OOBbeMa AIIEMEHTapHBIX
TUTIONIe WM MoMeHTOB. [losToMy BO3HHMKaeT HEOOXOAMMOCTh CJenaTh MEepexoa OT
MHKPOCKOTIMYECKUX mpeacTaBiaeHuii Tepmemnkoro - IllumoBa K (HEHOMEHONIOTHYECKUM
MPEACTABICHUSAM AKHUMOBA. DTOT TEpPeX0] HEM30€KHO TPHUBOJUT K YTBEPXKICHUIO, YTO
¢buToH AKMMOBA JOJDKEH COJICp)KaTh HE Mapy YacTHUIl - aHTHYACTHUII, a KBAJIPHUTy YacCTHI] -
antuyactul] Tepieukoro. B 3ToM ciyyae ycCTpaHSIIOTCS HEIOCTATKHM MOJEIM AKHMOBA,
CBSI3aHHBIE C MOJIOKUTEIBHOM MAaccOl M HEONMPEACIICHHON TI'PaBUTALIMOHHOW MOJISIpU3alUei
O®OB. ®B craHOBUTCSA MOJHOCTHIO HEUTPAIbHBIM, a €ro TpaBUTALMOHHAS TMOJISIPU3ALIMS
ONpeeNIsIeTCA TOYHO TaK JKe, Kak M dJIeKTpudeckas nojspusamus OB [6].

3acensast GuTOH AKMMOBA KBaJpUTramMH TepJIeIKOTO YacTHUIl- aHTUYACTHI[ MPaBOTO U
JIEBOITO MHPOB, MbI MOJYy4aeM CTPOMHYIO CHUMMETPUUYHYIO CHUCTEMY 3JIEKTPUUYECKOU,
rPaBUTALMOHHOM, MarHUTHOM U cnMHOBOW nojsipuzauuii ®B. B cuny Toro, 4ro yacTHUIlbl-
AQHTUYACTHI[BI ~ O0OMX  MHPOB  OJHOBPEMEHHO  OOJIAJAIOT  IMOJIOKHUTEIBHBIMH M
OTpUIIATEIbHBIMU 3apsAJlaMd M MacCcaMM, a TakKK€ MarHUTHbIMM MOMEHTaMH U CIIMHAMH,
clenyeT OXHUAAaTh CBSI3€Hd SJIEKTPUUYECKONM W TIPaBUTALMOHHOM, MArHUTHOW M CHMHOBOU
MOJISTPU3AIHI.

2.1.7. IlonsApu3auMOHHO-II0JIeBAsi KOHUeNUs (PU3UYECKOr0 BaKyymMa

B TCOpUAX AUIJICKTPUKOB u MAarbd€TuKoOB, T.C. B TCOPHUAX BCIICCTBCHHBIX
MOJIAPpU3alUOHHBIX CPC, MOJIAPU3ALUN XaPAKTCPU3YOT COCTOSAHUC CaMOTO BCUICCTBA, a IOJIA
SABJIAIOTCA (baKTopaMI/I U3MEHEHHS STHX COCTOSHUM. HCﬁCTBHTCJ’ILHO, B IOUDJICKTPUKAX U
Mar"o€TukKax BCINYHNHBI HOJ'ISIpI/ISaI_II/Iﬁ CBsA3aHBbI C KOH(I)I/II“ypaI_II/I}IMI/I SJICKTPUICCKHUX JUIoJIeH
W MArHuTHbIX MOMCHTOB, a 1IIOJd - C CHJIaMH, BbI3bIBAIOMIMMHU HN3MCHCHHUEC OJOTHUX
KOH(pHprElL[HfI. Taxkum 06p8.30M, IOJIs1 BBICTYHNAIOT KakK IMPpHUYHMHA, a IMMOJIPpU3alluKh - KakK



CIEACTBUE OTOM NPUYMHBI. B 3TOM CBSA3M MOMKHO CKa3aTh, 4YTO B JAHHBIX TEOPHUAX
MOJIAPU3ALMOHHOIO BEIIECTBA YTBEPAMJIACH MOJISPU3ALMOHHO-TIONEBAS KOHLENUHUS, Kak
COBOKYITHOCTb MPEJICTABJICHUN B3aUMOJCUCTBHUS PA3JIMYHBIX MOJIEM C JIUAJIEKTPUKAMH M
MarHeTUKaMH.,

Paccmorpennbie Bblie mnonsgpuszanuu OB NpUHIUMIHAAIBHO HE OTJIMYAKOTCS OT
noJispu3anuii Bemecrna. [103Tomy Bce mMOAXOAbl K HUM OCTAIOTCSI TEMH K€, YTO U MOJIXOJIbI K
BEILIECTBEHHBIM ToJigspu3aimsaM. CrenoBareabHo, B MOJEnu HeogHopomaHoro ®B Taxxke
BO3MOJKHO HCIIOJIb30BaTh BBINICHA3BAHHYIO KOHIICTIMIO, KOTOPYIO B JalibHeiIeM Oyaem
Ha3bIBaTh NOJIPU3ALMOHHO-T10JIEBOM KOHIenuuen OB.

MOHO 3aMETUTh NOJIHYI) AHAJIOTHIO MOJSPU3ALMOHHO-TIOJNIEBOM  KOHUEMIUU B
SJEKTPOJMHAMUKE, a CJEAOBAaTEIbHO, W B DJJIEKTPOTPABUIMHAMUKE W  KOHIEIIUH
0000IIEHHBIX KOOPAUHAT U O0OOIIEHHBIX CHJI B MexaHHKe. OYeBUAHO, YTO MOJSPU3ALUIM
COOTBETCTBYIOT 00OOIIEHHBIE KOOPJIWHATHI, a MOJsIM - 0000meHHble cuibl. Ho yka3zanHas
AHAJIOTUSl HA B KOEW MEpe HE O3HAYaeT BO3BpATa K MEXAHUCTUYECKUM IPEJCTABICHUSIM B
aNeKTpoAuHaMuke. B 3TOl  aHasorum cinenyer BUAETh  OJMHAKOBYIO OOBEKTUBHO
CYIIECTBYIOMIYIO TPUYMHHO-CIEACTBEHHYIO CBSI3b MEXKIY (DYHIaMEHTAIbHBIMH TOHSTHUIMU
JIBYX Pa3HbIX TEOPHUN.

2.2. Moneab HeoqJHOPOAHOr0 (GU3MYECKOr0 BAKyyMa W3 KBaJApUr W JHAJ
TepJenxoro

2.2.1. OcHoBHbI€ CBOIiCTBA PU3HYECKOr0 Bakyyma u3 kpaapur Tepaenkoro

[Tockonbky B BakyyMe pOKJAlOTCs pa3IUYHbIE Mapbl YacTULA - aHTUYACTHULIA, TO U
¢buToH AKMMOBA MOXET COCTOATh M3 Pa3HOOOpa3HBIX Map M MMETh CII0KHOE BHYTPEHHEE
cTpoeHue. B ocHoBe 3Tux map 00s3aHbI OBITh, MPEXKIE BCETO, KBAPKU, AIIEKTPOH, IMPOTOH,
HelTpoH. To ke camoe MOKHO OBITH M B ciydae 3aMeHbl B (UTOHE Map yacThla -
aHTHYaCTHI]a Ha KBaJApUTrH Teplenkoro 4YacTtulia - aHTUYacTHIA MPaBOrO0 M 4YacTHULA -
aHTHYacTHI]a JIEBOTO MHUPOB. B OCHOBe KBajgpur Takke [OJDKHBI HAXOJUTHCA KBapKH,
AJIEKTPOH, IPOTOH, HEUTPOH U T.A. BmecTe ¢ Tem, paccmaTpuBaeMbie Hke ocobeHHocTH OB
OTpeJIeIsieT HE CIOXKHOE CTpoeHue (pUuTOHa, a CBOMCTBA YK€ OJHOM KBagpuru Tepierkoro.
[Tosromy Hmke B ¢uToHEe OyneT MpelacTaBieHa TOJbKO OJHA KBaapura Tepienkoro c
napaMeTpaMy OCHOBHOM 4YacTUIbl (ITpaBOro Mupa) M -macca; ( - 3JMEeKTPUUYECKUN 3apsi; S -
CIIWH; 4 - MarHUTHBIM MOMEHT. Takol (pUTOH NoKa3aH Ha puc.l.

1 2
+m, +q, +m, -q,
+S, +H +S, -l
3 4
-m, +(, -m, -q,
-S, T -S, -1
Puc.1.

Kak BuIHO M3 3TOro puCyHKA, (UTOH COJEPKUT 4YacTuIly | mpaBoro mupa ¢
napaMmerpamu +m, +q, +S, + 4, aHTUYACTUIly 2 IPaBOro MHpa ¢ rapameTpamu +m, -¢, +S,

- /L . ¥ IB€ YaCTHIIbI-aHTHYACTHUIIBI 3, 4 JIEBOrO MHpa C apameTpamu -m, +q, -S, + 4 u -m, -q,
-S, -M COOTBETCTBEHHO. Mcxoass u3 BBIIBUHYTOTO AKHMOBBIM TIPEJCTaBIEHUS O



HeHaOmonaemoct @B B HEBO30yX/IEHHOM COCTOSTHHHM, CIEAYET IMOJIOXKHUTh, YTO YACTHULIBI -
AQHTUYaACTUIBl 1- 4 Tpu OTCYTCTBHM TOJIEH BJIOXKEHBI OJHA B Apyryio [2]. B ykazannom
ciyqae OB Oyner aOCONIIOTHO HEUTPaNbHBIM B CMBICIIE PABEHCTBA HYIIO €ro MaccChl,
IEKTPUYECKOTO 3apsiaa, MOMEHTA KOJIMUYECTBA JBMIKEHHSI 1 MarHUTHOT'O MOMEHTA HE TOJIBKO
B MAaKpOCKOIIMUYECKOM, HO U1 B MUKPOCKOIIMYECKOM CMBICJIE.

W3 paccmotpenust puc.l BHJIHO, 4YTO, YK€ HMCXOJd U3 KJIACCHUECKUX (PU3MUECKUX
MPEJCTaBICHUN, B TPABUTAIIHOHHOM TI0JI€ (DUTOH CTAaHOBHTCS TPABUTAIIMOHHBIM JUIIONIEM H,
cnenosarenbHo, OB nproOperaeT rpaBUTAMOHHYIO MOJSPU3aLMIO. B a5ekTpuueckoM moie,
aHasiornyHo, ®B npuobperaer anexTpuyeckyto nossgpusanuto. [Ipu paccMoTpenun aeicTBus
MarHUTHOTO MO0JIsI HEOOXOJUMO MCIIOJIb30BaTh OCHOBOINOJIArarwlue KBAHTOBOMEXaHUYECKHE
npeacTaBieHus [68], cOriacHO KOTOPHIM MarHUTHBIH MOMEHT MOXET ObITh HaIlpaBjeH JIM0O
[0 HAIPaBJICHUIO 3TOTO MOJIsA, JIMOO MpOTUB. B ciydyae neiicTBUS CIMHOBOTO MOJSI 3TO XKe
caMoO€ OTHOCUTCS M K cnuHaM. Mcxonas W3 3TUX NIpeacTaBieHUM, MOXKHO BHJETh, YTO B
MarHuTHOM mone PB npuobperaeT MarHUTHyI0, a B CIMHOBOM II0JI€ - CIHHOBYIO
MOJISIpU3aLIU K.

HaubGonee BaxHbIM pe3ynbTaToM paccMoTpeHuss @B, cocrosiero u3  KBaapur
Tepnenkoro, ABygeTCS OTCYTCTBUE KAKOM-TMOO CBSA3U MEXKAY YEThIPbMS MOJIIPU3ALUSIMHU.
JleicTBUTENbHO, TMpH ACHCTBUU TPABUTALMOHHOTO TMOJIA, COTJAacHO puc.l, BO3HUKaeT
IpaBUTALIMOHHAST ~ TOJSApHU3alMs, HO  DJJeKTpuueckas He  Bo3HuKaeT. (CwelleHue
MOJIOKUTENBHBIX Macc (1; 2) u oTpunarenbHbIx Mace (3; 4) TpaBUTAMOHHBIM MOJIEM BEAET K
CMEIIEHUIO 3JIEKTPUYECKUX 3apsAl0B, HO 3TU 3apsAlbl OCTAIOTCS KOMIIEHCHPOBAHHBIMH KaK
MIPU TOJIOKUTENBHBIX, TaK U OTpULATENbHBIX MaccaX. COBEpIIEHHO aHAJOTHYHAs CUTYallUs
BO3HMKAeT TMpHU JAEUCTBUU OJIIEKTpUYECKOro mnosid. B 3Tom ciiyyae NOJOXUTENbHBIE U
OTPULIATENIbHBIE MAacChl OCTAKOTCS KOMIIEHCHpPOBaHHBIMM. [Ipum paccMOTpeHMM nelcTBHS
MAarHUTHOTO W CHUHOBOTO IOJIEH CJEAYeT MMETh B BHUAY TO, YTO HAINpPABICHUE CIUHA S
JKECTKO CBSI3aHO C HAIpaBJICHUEM MAarHUTHOTO MOMEHTA 4/, a TaKXe€ TO, YTO CIUHOBAas U

MarHuTHasE TOJSIPU3AIMU  SIBISIFOTCS CYryOO CTaTUCTHYECKUMH TOHSATHSIMH, HMEIOIINMA
(bMBUYECKUN CMBICI TOJBKO MPHU PACCMOTPEHUHU OO0JIbIIOro Yncia (GUuToHOB. BmecTe ¢ Tem, u
B OTHX CJydasX CHUTYalllsl OCTaeTCsl COBEPIICHHO AaHAJOTHYHOW TIpU  JIeHCTBHH
IPaBUTAIIMOHHOTO U AJIEKTPUYECKOTO TMoJied. M3MeHeHne MarHUTHOM TOJISIpH3allii HUKaK He
CBSI3aHHO C M3MECHEHUEM CITMHOBOM TMOJISIPU3ALUN U HA00OPOT.

2.2.2. Tpu d¢usuyeckux Bakyyma. HeogHopoaHblii ¢u3nmyeckuii Bakyym  u3
KBaaApur u auaa Tepuenkoro

Ecmu wucxomaute u3 npencrasienus o @B AkumoBa, kak HeHaOn0naeMoil cpene B
HEBO30YXICHHOM COCTOSIHUH, a 0oJiee TOYHO, KaK O HEHTpaJbHOU cpelie, KOT/Aa CyIIeCTBYET
PaBEHCTBO HYII0 B MHKPOCKOIIMYECKOM CMBICIIE MAacChl M AIIEKTPHYECKOTrO 3apsija BCex
YeThIpex MOJIAPU3alUi, TO ClelyeT MPU3HATh, YTO JOJDKHO CYIIECTBOBATH, BOOOIIE rOBOPS,
Tpu ®B. D11 Tpu @B nokaszanel Ha puc.2.

®BB ADB OBA
+m, +Q, +m, +q, +m, -q, +m, -q,
+s, + +s, + +s, -l +s, -l
-m, -q, -m, +(q, -m, -q, -m, +(q,
-s, -l -S, +1 -s, -l -S, +1
Puc.2

@B u3 kBagpur Tepienkoro MOXHO HasBaTh, cieays LlumoBy [53], abcostoTHBIM
¢u3nueckum BakyymoMm (ADB).



OcHoBHBIE (DU3HUECKHE CBOMCTBA OSTOr0 BakyymMa paccMoTpeHbl Bbiie. DBB, T.e.
¢usnueckuii BakyyM BemiectBa, W DBA, T.e. ¢u3MUeckuii = BaKyyM aHTHUBELIECTBA,
oOpa3yroTcst B pesynbrare pasneneHus (utoHoB ADB Ha 1Be MONOBUHBI, HA JABE JHAJIBI
Tepirenkoro.

HeoOxoauMo chenaTh MPEAIoNIOKEHHE O TOM, YTO KaKUM-TO HEHM3BECTHBIM HaM
oOpa3zom gactunpsl nosyputonoB ®BB u nonydpuronoB ®BA rpynmupyroTcs B HEKOTOPbIE
CpelIbl — «BAaKyyMHbIE€ KPHUCTAJUIB», 3aHUMAIOIINE OT/EJIbHbIE JIOKaJbHbIE O00JACTH
IIPOCTPAHCTBA B HEOTPAHMYEHHOM INpocTpaHcTBe BcenenHoil, 3amonHeHHoM cpenoir ADB.
MIMeHHO B 3TOM cMbIC/I€ B JaHHOW MOJEIM IOHHMMAETCS HEOJHOPOAHOCTh (PU3UYECKOTO
BaKyyMa.

B crity paccMOTpEHHBIX BBIIIE CBOMCTB YacTH - aHTUYACTHI] IIPABOTO U JIEBOTO MUPOB
nonypuronsl ®BA u ®BB npu orcyrcTBUM MOJell Takke SBIAIOTCA HEUTPAJIbHBIMU B
MAaKpOCKOIMYECKOM U MUKPOCKOIIMYECKOM CMbIciax, kak 1 ADB. He TpynHo 3ameTuTs, 4T0
B noay¢puton ®BB BxoauT yacTuiia npaBoro Mupa, T.€. HacTOsIas YacTHIla, a B NOJy(QUTOH
®BA BXOJWT aHTHMYACTHIA NIPABOTO MHPA, T.€. HACTOAIIAs aHTHMYAacTHLA. MIMEeHHO mosToMy
®BB ™Mbl Ha3biBaeM (pu3MuecKMM BaKyyMOM BemllecTBa (HO He Marepun), a PBA -
(u3MyecKUM BaKyyMOM aHTHUBEIIECTBA (HO HE aHTUMATEPHH, TIOCKOJIbKY MaTepus OJIHA).

2.2.3. OcHOBHbI€ CBOICTBA (HU3NYECKUX BAKYYMOB BellleCTBA H AHTHBEIECTBA

[Monspuzaniuu ®BB u ®BA, B orimmune ot ADB, oka3siBaroTcs MOMapHO CHIBHO
CBSI3aHHBIMU: JIEKTPUUYECKAsi W TPaBUTAIMOHHAS, MATHUTHAS U criuHOBas. [Ipu nericTBum Ha
OBB u ®BA »1eKTpHYecKOro IMojs BO3HUKAIOT HE TOJBKO JJIEKTpUYECKasi, HO |
IpaBUTALIMOHHAS TOJISIPU3ALINY, IPU JEHCTBUU I'PaBUTAIIMOHHOTO MOJIS TAaKXKe BO3HUKAIOT 00€
9TH noJsipu3auuy. [Ipu nelicTBUM MarHUTHOTO TOJISI BO3HUKAKOT HE TOJIBKO MarHUTHAs, HO U
CIMHOBAasi MOJISIpU3alUs, MPU JEHCTBUM CHMHOBOIO TMOJS - Takke 00€ 3TU MOJSIpU3AlMU.
Vkazanuble ocooeHHocTn ®PBB um ®BA CTaHOBATCS OYEBHIHBIMH TIPH PACCMOTPECHUH
nonypurona ®BB (Ha puc.2 - cineBa) m monyputona ®BA (ma puc.2 - cmpasa), eciu
UCXOJHUTh U3 CBOWCTB YAaCTHUIIl- aHTHYACTHIL, O KOTOPHIX OBLJIO CKa3aHO BBIILIE.

Bwmecre ¢ tem BugHO M npuHnunuanbHoe oTianune ®BB ot ®BA. Ilpu aeiictBumn
omnpeneneHHoro mnosst B ciydae ®BB conmyrcTByromas monspuzands HMMEET TO Ke
HallpaBJIEHHWEe, YTO W OJHOMMEHHAas Moo nojsipusauus. B ciysae @BA comyrcTByromas
MOJISIpU3alMs UMEET HAIpPaBJIEHUE, MPOTUBONOJOKHOE HAMNPABICHUIO OJHOWMEHHOW IOJIO
MOJISIPU3ALIUH.

2.2.4. Kpyrosopor marepun Bo Bcenennoi

Ha ocnoBe mozenu ®B, cocrosiiiero w3 4acTWIl - aHTUYACTHI] MPABOTO U JIEBOTO
MHPOB, MOKHO MOJIYYUTh CXEMAaTUYHYIO MOJIENIb BceneHHoil, B KOTOpOil BEIIECTBO BO3HUKAET
n3 OB u ucuezaer B HeM. MCXOOHBIM MOMEHTOM TAaKOW MOJIENU SIBISETCS YTOUHEHHOE
OIIPEEIICHUE BEILIECTBA: BELIECTBO - 3TO TO, YTO MMEET MOJIOKUTEIBHYIO Maccy, T.€. OHO
BKJIFOYAET B ce0s 0ObIUHBbIC (HAOJNIOMaeMble) YaCTUIIBI U AHTUYACTHIIBI C MOJIOKUTETHLHBIMH
Maccamu. Kak yxe Obuio ckazaHo Bbimie (puc.2.), U3 3Tux uactuil coctoutr ®BB, a u3
antuyactul - @BA, ecnu koHeuHO ocTaBuTh B cTopoHe ADPB. CnenoBaTenbHO, BEIIECTBO B
YKa3aHHOM BBIILIE CMBICIE MOXKET NOSIBUTBHCSA B pe3yibpTare pasiioxkeHus kak PBB, tak u
®BA. B nepBoM ciy4yae AOKHBI HOSIBISTHCS YaCTHUIIBI C MOJOKUTEIbHBIMU MacCaMHi, a BO
BTOPOM - aHTUYACTHUIIBI, TAKXKE C MOJOKUTEILHBIMUA MaccaMu. Ho mockonbKy B HaOIr0aeMoi
BcenenHoli aHTHBEIIECTBO SIBISETCS MCKIIOUEHUEM, TO BO3HUKAET COOOpa)KEHUE, COTIIACHO
koTopoMy cBsizaHHble ¢ DBB u ®BA peakiuu npoucxoast no-pasHomy.



O®BB ¢ onpeneneHHbBIM BpEMEHEM peaKkCalluy paclagacTcss Ha JacTulbl +m, +q, +S,
+u4 u-m, -q, -S, -4 . Eciu UCKIIOYUTh U3 PAaCCMOTPEHUS SIEPHBIE PEAKIIMM, NP KOTOPBIX
POKJIAIOTCS @aHTUYACTULIBI, TO CIEAYET OTKa3aThbCs OT IMPEINOJIOKEHUS O pa3noxeHun OBA.
Hamporus, ®BA kakuMm-TO HEW3BECTHBIM HaMm oOpa3om, cobupaer uz ADB pazpo3HeHHBIS
yacTuuel +m, +q, +s, +u4 u-m, -0, -S, -4, BOSHUKAIOIIKE B pe3ynbTare pasiioxenus PBB,
1 BoccTanaBnuBaeT kBaapuru ADB. Takum 006pazom, MPOUCXOTUT KPYTOBOPOT MATCPHUH.

Ha puc.3 npencrapiiena kBajpura 4actuil - aHTU4acTul] Teprenkoro (cBepxy), auana
yactury ®BB (cnesa), auana yactuiy ®BA (cnpasa), a Takke OTAEIbHBIE YaCTULIBI BELIECTBA
MPaBOrO MUpPA - OOBIYHBIE YACTUIIBI U YACTUIIBI JICBOTO MUPA (C OTPULIATEITLHON Maccoi).
CrpenkaMu IOKa3aHbl cleAylolie IpeoOpa3oBaHus: 1 - BbIICJIEHWE U3 KBaJIpUTU
Tepnenxoro uactury ®BB; 2- Beinenenue u3 kBaapuru Tepienkoro vactuny ®BA; 3 -
BeIaesienne u3 auag BB uwactuil BeniecTBa; 4 - Beimesienue u3 auan @BB uwactuir nesoro
Mupa; 5, 6 - coequHEeHHe YacTHIl BEIeCTBAa M YacTHIl JIeBoro mupa ¢ dactuuamu OBA B
kBaapury Tepneukoro; 7 - OKOHYaHUE UK TPeoOpa3oBaHUs MaTEPUH.
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Ha ocHOBe cxembl puc.3 MOKHO IPEJICTABUTh TAKyH) KapTUHY KPYrOBOPOTa MAaTCPUH
Bo Bcenennoit. Yactuner (uans) ®BB u wactumel (muaas) ®BA poxaatorcs uz ADOB B
pe3ysibTaTe CHJIBHOTO SHEPreTHYECKOro BO3JEHCTBHsA B 3Be3nax. OHHM 10 OTACIBHOCTH
coOMparoTCs B JOKaJIbHbIC 00pa30BaHMs, KOTOPIC B HACTOSAIICH pabOTe OTOXKICCTBIISIOTCS C
MPUPOIHBIMU CAMOCBETSIIUMUCS 00pa3oBaHusMH. TakuM 00pa3oM, JOJDKHO CYIECTBOBAThH
JIBa BUJIa CAMOCBETSIIUXCS 00pa30BaHU, KOTOPBIE MOXHO YCJIOBHO Ha3BaTh 0Opa30BaHUSIMU
®OBB u ®BA.

O6a »tu 0Opa3oBaHMsI BHE MECT CBOETO 3apOKICHMS JOJDKHBI MCYE3HYTh. Bokpyr
oOpaszoBanuit ®BB u3-3a pacxojaa aua 10KHO 00pa30BaThCs BEIECTBO, B OCHOBHOM B BH/IC
Bojoposa. HampoTus, obpazoBanuss ®BA NOKHBI TepATh CBOM AMAIBl B pe3ylabTaTe UX
COEIMHEHUS C YaCTUI[aMH BEUIECTBA W YacTUIaMH -M, -Q, -S, -4 JeBoro mupa. B stom

cllydae JOJDKHBI BO3HUKATh KBajgpuru Tepnenkoro, T.e. ADB.

2.3. YpaBHeHust MAaKPOCKOINHUYECKOI MoOJeJIn 00beIMHEHHOH
3JIEKTPOrpaBUAMHAMHU KU



2.3.1. YpaBHenus MakcBeuia u XeBHcCalia TNpH NOJAPU3ALUOHHO-T0JIEBOI
KOHUeNnUMU GU3NIECKOro BaKyyma

Paccmotpennbie BBIIIIE MPEICTABICHUS OO0 JJICKTPUYCCKUX, MArHUTHBIX,
IPaBUTAIMOHHBIX, CIMHOBBIX ToJigpu3aiusax u nojsx @B Beayr k oObeAMHEHHONW MOIEIH
AJNIEKTPOrpaBUIMHAMUKH. ECTECTBEHHO, YTO B OCHOBE AJIEKTPOMArHUTHOM YacTH 3TOM MOJIeNN
JOJDKHA JIeXkKaTh AIeKTpoanHaMuka MaxkcBemta. Kak uzBectno [58], 3Ta Teopus co3nana Ha
OCHOBE O0OOOIICHUSI MHOTOYMCICHHBIX OSKCIEPUMEHTANIBHBIX JaHHbIX. OOmacte ee
IPUIOKEHHsT KOHYAeTCs NpH pasmepax Menbmux 10713 cmM, T.e. mpu paccrosHmsx neiicTBus
sIIepHBIX cui [53].

B snextpoanHamuke GpyHaaMeHTaIbHOE 3HAYEHUE UMEIOT TPH TIOJIOKECHHUS:

1. nuHeNHOCTH OCHOBHBIX YpaBHEHMH MakcBeia;

2. YpaBHOBEIICHHOCTh B II€JIOM TIOJIOKUTEIBHBIX W OTPHUIATEIBHBIX SJICKTPHUSCKUAX
3apsJioB;

3. KOBAapMaHTHOCTh YpaBHEHHWH MakcBe/ula OTHOCHTEIBLHO TPYIIIBI PeoOpa3oBaHuit

Jlopenua.

JIMHEHOCTh OCHOBHBIX ypaBHEHHMH  MakcBeijia MO3BOJSET HCHOJIb30BATh MPUHIIUII
CYIIEPITO3HINHU TOTEHIIMATIOB U 1ojiei. B cBOI0 ouepenb, MPUHIMI CYNEPIO3UIINN JIC)KUT B
OCHOBE TEOPUH IEKTPUUECKUX U MAarHUTHBIX MOJIApU3ALUN.

Ecnu Ob1 snexTpudeckue 3apsiibl B MPOCTPAHCTBE ObLUIM HE YPAaBHOBEIIEHBI B I1E€JIOM, TO
Teopusi MakcBesuia nmotepsiuia Obl cBoe (pU3UYECKOE COJIEpPIKaHKUE B CBSI3U C PACXOUMOCTHIO
CyYMM M HHTErpajoB js TOTeHUIuanoB. B 3ToMm ciyyae cramo Obl HEBO3MOXKHBIM
OIpENIETICHUE MIEKTPUUECKUX U MATHUTHBIX CHIL.

CnenunanbHas teopusi otHocuTenbHOocTH (CTO)  DifHmITeliHA BO3HHWKIA B CBSI3U C
mpoOJIeMaMy AJICKTPOJMHAMUKH U, TIOJYYHB SKCIIEPUMEHTaIbHOE 000CHOBaHUE, Mpruodpena
caMoCTOSITeNIbHOE 3HaueHue. B wacTHocTH, monyduna ¢usznyeckoe 0O0OCHOBaHUE
UCIOJIb3yeMasi B 3JIEKTPOIMHAMUKE Ipyma rnpeoOpa3oBanuii JlopeHua:

KOOpJIMHAT, MOJICH, MOJIsIpU3aluid, TOKOB-3apsi0B [58].

[Ipn nosspuzauronHo-nosieBor koHuenuuu OB snexkrpuyeckas W MarHuTHas
nossipuzauun @B MoryT ObITh BBeleHBI B ypaBHEHHsT MakcBeila TOYHO Tak JKe, Kak
BBEJCHBI OJHOMMEHHBIE MOJISIPU3ALUHN BELECTBA.

B rpaButanmoHHoM yactu Moienu HeoqHOpoaHOTO DB Ha nepBblil IUIaH BBICTYNAKOT €r0
IpaBUTALIMOHHAS M CIIMHOBAs mnoJigpu3anuu. [losTomy nepBoe hpyHIamMeHTaIbHOE MOJIOKEHUE
AIIEKTPOAUHAMUKH JIOJDKHO OBITH PACHpOCTPAHEHO U HA TEOPHUIO T'PAaBUTAIMH, BHIOPAHHYIO
COCTAaBHOM YaCThIO pacCMaTPUBAEMON MOJETH, T.€. OHA JI0JKHA ObITh JIMHEHHOM.

B cBsi3u ¢ paccmaTpuBaeMbIMM BOIIPOCAMU HEBO3MOKHO IMPOUTH MUMO HPU3HAHHOU
TEOpPUM TpaBUTAIMM - OOIIEH TEOPUH OTHOCUTENBHOCTH  JHHIITEeHHA. DTa Teopus -
HenuHelHas. Ho Teopust 0ObIUHBIX 3Be3/ ¢ Maccoi, He npeBbimaromei 100 mace ConHila, He
TpebyeT Teopuu oTHOCUTENbHOCTH [63]. IpyruMu cnoBamu, Ajisi OMUCAHUS TPAaBUTAIIMOHHBIX
mporeccoB B OKpecTHOCTSIX CojHIIA MOTYyT OBITh HCIOJB30BaHBl JIMHEAPU30BAHHbBIE
ypaBHenuss OTO DifHmTeliHa, KOTOPHIMU SIBJISIFOTCST BOJHOBBIE ypaBHeHHs Jlamambepa B
noreHuuanax [73]. V3 oIHOrO Takoro ypaBHEHHUS BBITEKAET TI'PABUTALIMOHHBIA 3aKOH
Herotona. Ypasuenus [JlanamGepa HeynoOHBI ais BBeaeHus nosspusanuii @B. Ilostomy
HEOOXOIUMO cJeNaTh elle OJWH IIar - MepedTH K YpaBHEHHSM TpaBUTAIMH, MOJ0OHBIM
ypaBHeHUsIM MakcBeia, T.€. COOTHOILIEHHSIM, BBIPAKEHHBIM 4€pe3 MOoJs. IDTOT MEepexo]
U3BECTEH Kak MakcBesum3anus ypasHeHuil OTO [74]. B npuHimne B Takue ypaBHEHHS YKe
MO>KHO BBECTH I'DaBUTALMOHHYIO U CIMHOBYIO nossipusanuu @B. Ho emie 3a 23 rona no OTO
DiHmTeHa ~ XeBHUCaW] MPeNIOXKWI YypaBHEHHS TpaBHTAllMU, MOJOOHBIE YpaBHEHUSM
Makcpemna [47]. DTu ypaBHEHHsS XOpOUIO COTJAaCOBAHBbI C PSIOM 3aKOHOB U IPHUHIIMIIOB



¢u3uku. I[looTOMy MOKHO HEMOCPEACTBEHHO OOpaTHThCA K YpaBHEHHsSIM XeBHUcaii[a,
munysa OTO.

Opnnako mexay OTO u Teopueit XeBucaiiia O0IbIIOE pa3IudKe, COCTOSIIECE B TOM, YTO
IepBasl CBsA3aHa C OTPAHUYEHHOM, a BTOpas - ¢ HeorpaHnyeHHou Bceenennout. Ilosromy B
TeOpuH XeBHCaiaa, Kak U B Teopud HpIOTOHA, BO3HHMKAaeT MpodiieMa pPacXoAUMOCTU
IPaBUTALIMOHHOIO MOTEHIIMAJA, T.€. IPOoOIeMa IPaBUTAIMOHHOTO NTapaoKca B Oe3rpaHuYHOM
MPOCTPAHCTBE, 3aMoJHeHHOM MaTepuei [63]. OxHako 3Ta TPYJHOCTh MUMEET MECTO TOJIBKO B
cllydae, KOrJa IpEeIoJiaracrcs CyLECTBOBAHUE BELIECTBA C IOJIOKUTEIBHONW Maccoil, u
TOJIBKO.

Ecmu ke ucxomuts u3 mpencrabinenuit Illunosa [53], roe ckazaHo o paBEHCTBE
MIOJIOKUTEIIPHBIX W OTpPULATENBHBIX Macc BO BceneHHON, TO B TeOopuM TpaBUTALUU
Xesucaiina (u HproToHa) cpasy ke CHUMAIOTCS BO3PAKEHUS, CBI3aHHBIE C TPAaBUTAIIMOHHBIM
napajgokcomM. B rpaBunmHamuke XeBucaiina nosiBiasercss (yHIaMEHTAIbHOE IOJIOKEHUE
pPaBEHCTBA MOJOXUTEJIbHBIX M OTPHUIATEIbHBIX MAacC, SKBUBAJEHTHOE (PYHIAMEHTAJIbHOMY
MOJIOKEHUIO PAaBEHCTBA IOJIOKHUTEIBHBIX M OTPHUIATENBHBIX 3JEKTPUUECKUX 3apsaoB B
AIIEKTPOAUHAMUKE.

Ucxons u3 npusnanuss CTO Teopueil BceoOliero mnpUMEHEHHUs, HEO0O0XO0IUMO
pacmpoCTpaHuTh Tpymmy mnpeoOpasoBanuii JlopeHna u Ha ypaBHeHHsT ~ XeBucaiima. B
YaCTHOCTH, HEOOXOJMMO IPUHSATH CKOPOCTh I'PaBUTAI[MOHHBIX BOJIH PaBHOM CKOPOCTH CBETa,
MOJIOKUB MaccCy PEeNIITUBUCTCKUM MHBAPUAHTOM.

MosxHo moka3ath, uTo coenuHeHue Teopuu Xesucaiina u CTO (B dopme Teopuu
MUHKOBCKOI0) BEAET K COBPEMEHHOU JopeHI-KoBapuaHTHOW Teopuu Tsrotenust (JIKTT),
obocHoBaHne KoTopoil maHo CrpenbioBbiM [59]. OTnnuue COCTOWT JHIIb B TOM, YTO
ypaBHenus JIKTT mnpencraBnenbl B BuIe JMHEHHBIX BOJHOBBIX ypaBHEeHHH JlamamOepa
(pensaTuBUCTCKUX ypaBHeHU [lyaccoHa) moTeHIManamMu, a ypaBHeHHsI XeBHUCaAKIa - MOJISMHU.
Ho kak pa3 »53T0 oTauuue uWMEeT NPUHIMIMAIBHO BaXKHOE 3HAYEHUE B ClIydae
MOJIApU3alMOHHO-TI0NIeBOM KoHUenimu ®B. B nuHeiiHble MoseBble ypaBHEHHUS XeBHcaiaa
MOXHO BBecTH noJisipuzannn @B Tak ke mpocTo, Kak UM B JIMHEWHBIE TOJIEBBIE YPABHEHUS
Makcaena.

Takum o0pazoM, U B Teopuu XeBHCala CTAHOBSTCS CIPAaBEIJIUBBIMU BCE TPHU
(GyHIaMEHTAJIbHBIE TMOJIOKEHUS DJEKTPOJUHAMHMKH, €CIIM B HEM OCYIIECTBUTH 3aMEHY
PENSATUBUCTCKU-UHBAPUAHTHBIX 3apsAJIOB HA PEATUBUCTCKU-NHBAPUAHTHBIE MACCHI.

B nanHoli Makpockomu4eckod mojaenu HeomHopoaHoro PB Bo3HHMKaeT 0oJibloe
YUCJIO [apaMEeTPOB, XapaKTepU3ywIIUX cocTosHue OB, HaMHOro mnpeBbIIIAIOLIEE HUX
KOJIMYECTBO B AJIEKTPOJUHAMUKE.

B »T0ii cBfi3M BO3HMKaeT MOTPEOHOCTH BBECTH OMpEIENIEHHOE €IMHOOOpa3ue B
0003HAaYEHUSIX POJCTBEHHBIX (PU3UYECKHX BEIMYMH U YCTAHOBUTH COOTBETCTBHE Ha3BaHH
OyKBeHHBIM 00O3HaueHusM. B ypaBHeHusx MakcBenia 1enecoo0pa3Ho 0TKa3aThCs JAaxe OT
MPUBBIYHBIX, CTABIIUX MEXAYHAPOAHBIMU, 0003HAUYCHUI HHIYKIIUHI U MOJISPU3ALIUH.

s cnydas uzotponHbix OB u BeliecTBa HUXKE HCIOJB3YIOTCS CIEAYIOLUE 0003HAUCHUSI.
Jlnst onieii: E - snexrpuyeckoe, M’ - maruutHOe, G - IrpaBUTAIIMOHHOE, S - CIIMHOBOE; VIS
nonspusauuit ®B: Pepy - aonextpuueckas, Py, - marautHas, Py, - rpaBuranuonHsas, Py, -

CIIMHOBAasdA, OJId HOJ'ISIpH?»B.LIHﬁ BCIICCTBA. PEK -3JICKTpHUYCCKad, PMK -- MAar”HuTHas, PGK-
rpaBUTAllMOHHAA, PSK- CIIMHOBaAs. KpOMe TOTO, BBOIATCA CJICHYIOIINC 0003HaYCHHS: PE-
IUIOTHOCTD DJICKTPUYCCKHUX 3apsAA0B BCHIECCTBA; Og- MJIOTHOCTH T'PAaBUTAlMOHHBIX Macce
BCIICCTBA, ‘]E =P V- TMJOTHOCTH 3JICKTPUYECKOTO TOKa BEIICCTBA, ‘]G =pPg V-

IJIOTHOCTh I'PaBUTALMOHHOTO TOKA BEUIECTBA; V- CKOPOCTh HOCUTENIEH DJIEKTPUUECKOTIO WIH
IPaBUTALIMOHHOIO TOKOB. B cilydyae IBM)KEHHS TOYEYHOIO DJIEKTPUYECKOro 3apsaa q
:Jp =VvQqo (r— r, ); B CJIydae JIBUKEHHS TOYSUHOW IpaBUTALIMOHHOM Macchl M:



Jg=Vvmo (r— r, ); o (r— I’m) -0 -Gynkuus; I, - pPaguyChl- BEKTOPbI TPAEKTOPUH
JBYKEHUS DIICKTPUYECKOTO 3apsi/ia M TPABUTALIMOHHON MacChl COOTBETCTBEHHO; I - TEKYIIHN
panuyc- Bektop; V=dr,/dt=dr /dt.

VYpaBHenus: MakcBesula B paccMaTpuBaeMoil Moienu (Ipy MOJISIpU3allHOHHO -110JIEBOM
kouuenuu ®B) umeror Bua [58]:

div P, = p;; 1)
divP, =0; 2)
P
u™ rotM’:JE+a E . 3
oP

Torot E=——M; 4
p o p (4)
Pe = Pery + P ©)

Pu = Purv + Pk (6)

I7le WCIONB30BaHBl YKa3aHHBIC BBIINIE OOO3HAYCHUS; [i,- MAarHUTHAas MOCTOSHHAS WIIH
MarHuTHas MPOHHUIIAEMOCTh BaKyyMa.

B cnyuae abcomorHoro ®B: P, =D; P, =P; P, =&, E, rae D - anexrpuueckas
UHOYKIUSA; P - snexTpudeckas MONApU3alys BEIECTBA; &, - IEKTpUYECKas MOCTOSHHAS
WIM OJJIEKTpHYeckas TNpoHHImaeMoctb Bakyyma; M'= g, H(M'- wmarautHOE TOINC);
Py =B/ 1y; Py« =M ; (M - Hamaranuennocts); Py, = H, rae B - MaruutHas naayknus;

H - marautHoe mone B A®B. B 3toM cnmydae ypaBHeHuss MakcBenia mpuoOpeTaroT
npuBbIuHbI Bu (B cucteme eaunaui; MKSA, Sl) [30]:

div D = pg;

div B=0;

rot H :JE+@;

ot

roth—@;
ot

D=¢,E+P;

B = 1, H+ 1y M,

)—1/2

rae C = (a)/,lo - CKOPOCTb CBC€TAa B BAKYYMC.



VYpaBuenust XeBucaiijia B paccMaTpuBaeMoil Moienu umerot Bus [3, 74, 75]:

div Py =—pg; @)
div P, =0; (8)
irotS:—JG+aPG; 9)
So ot

iroth—aps; (10)
So

PG = PGVF+ PGK; (11)
Ps = PSFV+ PSK’ (12)

I/ UCTOJB3YIOTCS YKa3aHHbIE Bbllle 0003HAYEHHUS; So - CIIMHOBAsI MOCTOSIHHAS WIIU
CIIMHOBAs MPOHUIIAEMOCTh BaKyyMa.
B cinyuae A®B: Pgry = goG; Psrv = $02S, e go = (4nG) Y G =6.672 - 101 m3 - krt - ¢2 —
IPaBUTAIMOHHAS OCTOSHHAA, TIpHUeM Cc = (goSo) 2 = C - CKOpPOCTH TPABUTAIMOHHBIX BOJIH
B BaKyyMme, paBHas CKOPOCTHM CBE€Ta B BaKyyMmMe. BelMYnMHBI KOHCTaHT M Pa3MEPHOCTH
MIEpEeMEHHBIX B ypaBHEHUsAX MakcBeiuia 1 XeBucaiiga NpuBeeHbl B TabauIe 2.

Tabmuma 2
YpaBHenuss MakcBeJuia YpaBHenus XeBucaiiga

& 8.855 -10 2 m3xrt ¢t A Jo 1.193 -10° M - ¢?
o 1.257 -10% m- kr- % -A? So 0.9329 -10® m- kr?

OE m3.c A=K /M Joc M-kt =kr/Mm°
KT -M-C*
-2 1 _ KO-M-
Je M2A = Alm? Jeg | M -KO-CO = NE
Ki-Mm KT - M
2 _ 2
Pe M c A= — Pe M KT = ——
M M
1 A-m° 4 g kreMPecT
Pwm MT-A= T3 Ps M&KHC ™ =——————
M M

M- KT ¢ Al = £(M-c’z)
K

, K ¢2.Al=2 (ot
M Kn( )

W3 tabauup! 2 u ypaBHeHU MakcBemna 1 XeBucailia BUIHO, YTO Jg - IJIOTHOCTh

KOJIMYCCTBA MABHUXXCHUA WKW IUIOTHOCTb HUMITYJIBCOB, T.C. BCKTOpHAsA CyMMa KOJHMYCCTBA
ABHOKCHUSA B CIOWHUIIC 061>eMa; PE- CymMMa IIOTHOCTEH QJICKTPUYICCKUX aunoneir ®B u

BellecTBa; Pg - cymMMa mioTHocTell rpaBuTaliMoHHbIX aunoneir @B u Bemectsa; P, - cymma
IUIOTHOCTeW MarHUTHBIX MoMeHTOB ®B u BemectBa; Pg-cymma IUIOTHOCTEH MOMEHTOB

KonuuecTB JBMkeHus (cnuHoB) ®PB wu BemectBa; E - yckopeHue, yMHOXXEHHOE Ha
koapuuuent 1 kr/Ki; G- yckopenue; M'- yrioBast 4acToTa, yMHOKEHHas! Ha KOOQPUIIUEHT
1 xr/Ki; S - yrmoBas wactora. Takum o0pa3oM, ycTaHaBIMBAETCS COOTBETCTBUE MEXTY



HAaMMEHOBAHMSMU U (HU3UYECKON CyThI0 pa3mepHocTeil mosspmsaumid. [lons E, G, M', S
UMCIOT MEXaHUYECKHE Pa3MEPHOCTH, YTO BCKPBIBACT HX NPSMOE OTHOILICHHWE K CHJIAM M
MEXaHUYECKUM MOMEHTAM.

2.3.2. YpaBHeHusi MakcBe/jia U XeBHCaiila KaK COBOKYIMHOCTh 3aKOHOB BellleCTBA M
(puzuveckoro Bakyyma

VYpaBHenus: MakcBemia CcO34aHbl Ha OCHOBE 3KCIIEPUMEHTAIbHO YCTAHOBJIEHHBIX
3aKOHOB OJJIEKTpOMarHeTusma. I3 HHUX eCcTeCTBEHHBIM 00pa3oM BBITEKAIOT 3aKOHBI, Kak
cBsa3aHHble ¢ OB (Takue noutu Bce: Papanes, Amnepa, Kynona, usinydeHus u T.1.), Tak U HE
CBSI3aHHbIE C HUM (3aKOH COXPaHEHHUs 3JeKTpuueckoro 3apsaa). C ypaBHeHUsAMH XeBucaiaa
MoJIoXKeHHe ciiokHee. OHU BKJIIOYAIOT B c€0sl JIMIIb JIBA AKCIIEPUMEHTAIbHO YCTAHOBIEHHBIX
¢u3NyecKux 3aKOHA: TPaBUTALMOHHBIM 3ak0oH HbIOTOHa U 3aKOH  COXpaHEHMUs
rpaBUTAIMOHHON Macchl. Ho mocieanuii Tpedyer crenuaibHOTO PacCCMOTPEHHUs, OCOOEHHO B
CBSI3M C PEJATUBUCTCKMMHU MpoOieMaMH I'pPaBUTAlMOHHOM, MHEPTHON UM cOOCTBEHHON Macc.
Bce npyrue 3akoHbl, BBITEKAIOIIME W3 YypaBHEHUN XeBucaiifa, emie TpeOyroT CBOEro
SKCIEPUMEHTaJIbHOTO noaTBepkIeHus. [lonspusannonHo-nosesas konuenius @B BHocUT B
3aKOHbl ypaBHeHMH MakcBemia u XeBucaija CBOM BeCbMa BakKHbIE yTOYHEHUs. Hike
CHUCTEeMAaTUYECKU paccMaTpuBaroTcs pusnmdeckue 3G ¢eKThl, Jiexalue B OCHOBE YpaBHEHUN
MakcBenta n XeBucaiina.

3akon KyJioHa B HepeJsITHBUCTCKOM NPUOIHKEHU T

[Tpu pacmosioKeHHH TOYEYHOTO ICKTPUYECKOTo 3apsiia o = Q1 O (r - rq) B ADB,
coryacHO (1), BO3HUKAET AJIEKTPUIECKOE TI0JIe

E:PEFV — ql _rq1

3
& Amgtl,

r7ie Iq - BEKTOP, HAaYaJI0 KOTOPOT'O HAXOAUTCS B TOUKE PACIOJIOKEHHUS ANEKTPUIECKOTO 3apsia
g1, @ KOHEII - B TOYKE HAOIIOACHUS TOJISL; Iq - aOCOIIOTHAS IJIMHA BEKTOpa Ig.

Cuna, nedcTByrOlIasgs HAa TOYEYHBIM SJIEKTPUYECKUM 3apsili (2, PACIOJOKEHHBI B TOYKE
HaOJI0/ICHUS TI0JIS1, BBIPAXKAETCA COOTHOLLICHUEM:

FlZ = q2 E = 4q1q23 : rq . (13)
&,

OueBuano, uro cootHomenue (13) Belpakaer 3akoH Kynona. Ecim anekrpuueckue
3apsizibl (1 U g2 00a MOJIOKUTENbHbIE, TO OHU OTTAJIKUBAIOTCSA APYT OT JIpyra.
I'paButanuonHblii 3ak0H HbI0TOHA B HEPEJSATHBMCTCKOM NPUOIHIKEHUH

[Tpu pacmoyioKEeHNH TOYSYHOU TI'PABUTALMOHHON Macchl pc = M1 O (I - m) B ADB,
cornacHo (7), BO3HUKAET rpaBUTALIMOHHOE T10JIe

G = Pory __.m r
= == = T
9o 7oMm
A€ Im - BEKTOP, HAYalO0 KOTOPOTO HAXOAUTCA B TOYKE pPACIOJIOKEHUS TOYEUHOH

FpaBHTaHHOHHOﬁ Macchbl M1, a KOHEL - B TOUKE Ha6J'IIO)IeHI/IH OJIA, Tm - a0COJIIOTHAS JJIMHa



BEKTOpA In.
Cuna, gelicTByroliasi Ha TOYEUHYIO I'PABUTALIMOHHYIO MacCcy Mg, pacloJIOKEHHYIO B

TOYKE HAOIFOICHUS TOJIS, BRIPAXKACTCS COOTHOIICHUEM
m.m
Fo=m,G=- 2=
Ang,re
790"

OueBunHo, 4To cooTHouleHue (14) BelpakaeT rpaBUTALMOHHBIA 3akoH HploTOHA.
Ecnu rpaBuTanionHbeie Macchl M1 U M2 00€ MOJIOKUTENIbHBIE, TO OHU MPUTITUBAIOTCS IPYT K
ApYTYy.

HerpynHno Buuers, 4ro 3aMeHa 3HaKa IUTIOC B ypaBHeHHH (1}) MakcBemia Ha 3HaK
MUHYC B ypaBHeHuH (7) XeBucaiiia uMeeT NPUHIMIHAIBHO Ba)KHOE 3HAUECHHUE.

3akon COXPpaHEHHUSA IJTCKTPUIECCKOI'O 3apsaaa

3aKOH COXpaHEHHS JJIEKTPUYECKOTO 3apsiga BbITekaeT W3 ypaBHeHuu (1) u (3)
MakcBeniia 1 IMEET BUI:

div J, :—agtE. (15)

PaccmoTtpenue 3Toro ypaBHEHUS CleAyeT BECTH, UCXO U3 YCIOBUS KOBAPUAHTHOCTH
ypaBHeHU MakcBeia OTHOCUTENBHO TIpeoOpa3oBanuii JlopeHia.

VYpaBuenue (15) nopeHI-KOBapHaHTHOE, T.€. OHO OCTAaeTCSI HEU3MEHHBIM Kak B
HETIOJIBMKHOM, TaKk W B JIIO0OOM TMOJBMKHOM CHCTEeMax OTCYETa TPHU BBITOJTHCHUH
npeoOpazoBanuii JlopeHIa A MIOTHOCTH TOKa JE M MJIOTHOCTH 3JIEKTPUUECKOIO 3apsiia Ok
Buna: pe = {p’e + JEIC?), Jet = (JEL + pev), JE2 = T2, JEE =J 6, e v = (1 - v¥c?) 2,
HITpuxu B 3TUX BBIPAKEHUSAX OTHOCATCS K HEMOJBM)KHOW cHCTeMe OTcyeTa (IOJBUXKHAsS
CUCTEMa OTCUETA JABHIKETCS CO CKOPOCTBIO U BJIOJIb OCH 1).

Bmecre ¢ TeM, BBINOIHSETCS M MHTErPAJbHBIM 3aKOH COXPAHEHUS AIIEKTPHYECKOTO
3apsija, COTJIACHO KOTOPOMY CYMMAapHBIM diekTpuyeckuit 3apsag Q B HEKOTOPOi
OTpaHUYEHHOM 00JIaCTH MPOCTPAHCTBA OCTAETCS HEU3MEHHBIM (SIBIISIETCS WHBAPHAHTOM) B
0001 MHEPIMAIBHOM cucTeMe oTcyera [58].

3aK0H COXpaHeHHs TPABUTALMOHHON MacChl

W3 ypaBuennii (7) u (9) XeBucaiifa BbITEKae€T COOTHOILIECHHE BHUIA

div J, =—5th . (16)

OTO COOTHOLIEHHE MOYKHO Cpa3y Ha3BaTb 3aKOHOM COXPAaHEHUs TI'PaBUTALMOHHOU
Maccel B CBSA3M C TEM, YTO BXOJSIIME B ypaBHEHHME XeEBHCaila MacChl MMEIOT NPIMOE
OTHOIIIEHHE K TpPaBUTALMOHHOMY 3aKoHY HproToHa. [Ipu paccMoTpeHnn yka3aHHOTO BOIIpoca
HEOoOXO0/JMMO HCXOJUTh, KAaK W B clydyae YypaBHeHHH  MakcBemia, M3 YyCIOBHUSA
KOBAapMaHTHOCTH ypaBHEHMH XeBHUcalila OTHOCHUTENbHO MpeobOpa3oBanuit JlopeHua u
MHTETPaJIbHOTO 3aKOHA COXPAaHEHUs TPAaBUTALMOHHON MacChI.

VYpauenne (16), xak u (15), nopenu-koBapuantHoe. [lodaToMy Isi Hero
npeobpazoBanue JlopeHlia ©MeeT TOYHO TaKo# e BHJ, Kak M Juid ypaBHeHus (15), Tonbko
HEOO0X0/IMMO 3aMEHUTh IMOJCTPOYHble MHAEKCH £ Ha uHAekchl G. MHTerpaipHbI 3aKOH



COXpaHeHI/ISI FpaBI/ITaHI/IOHHOfI MacCChI HpI/IBOI[I/IT K OI[HO?;Ha‘IHOMy BBIBOIIyI Macca, CBsA3aHHasd
C IUIOTHOCTBIO P, JOJDKHA OBITH COOCTBEHHON Maccoi, T.e. Maccoil mokos. MMeHHO 3Ta

Macca SIBJISIETCS pENIITUBUCTCKMM HHBAPUAHTOM B TEOPUU MUHKOBCKOro [58].
3aKoHbI HEHTPAJILHOCTH BelllecTBA U (pU3NUecKOro BaKyyma

B reopun MakcBemia JMBEPreHIMM BJIEKTPUYECKUX M MArHUTHBIX HOJISIpU3aLUil
BEILIECTBA SBJISIOTCS IUIOTHOCTSIMU CBSA3aHHBIX (HOJSPU3ALMOHHBIX) JJIEKTPUYECKUX MU
MarHuTHBIX 3apsaoB BemiectBa [31, 32]. [logoGHbIe onpeneieHuss MOXKHO PacIpOCTPAHHUTh U
Ha DJIEKTPUYECKYI0 U MAarHUTHYIO, a TaK)KE€ Ha I'PaBUTALMOHHYIO U CIIMHOBYIO MOJISIPU3ALIUU
O®B. Ilpu takoMm mnoaxoxae ypaBHeHus (1), (2), (5), (6) Maxcsemna u (7), (8), (11), (12)
XeBucaiina mnpuobOpeTaroT (U3HUYECKUN CMBICT PAaBEHCTBA HYIIO B KaXIOM TOUYKE
MIPOCTPAHCTBA CYMM CBOOOJHBIX M CBSI3aHHBIX DJIEKTPUUECKHUX, MArHUTHBIX, CIHMHOBBIX
3apsA/I0B U IpaBUTAMOHHBIX Macc @B u BemecTsa.

B uwactHOCcTH, U3 ypaBHeHuii (1) u (5) MakcBemnna cienyer, 4To

Perv + Pex P =0, (17)

rie pek = -diV Pek - TUIOTHOCTH CBSI3aHHBIX 3apsII0OB AJIEKTPUUECKHUX AuTojen Bemectsa [30];
perv = -0div Pepy - 1O aHaloOruy, IUIOTHOCTh CBSI3aHHBIX 3aps/IOB JJIEKTPUYCCKUX
nunoiyier OB.

W3 ypaBuennii (7) u (11) XeBucaiina cienyer, 4yto

Perv + Pex P =0, (18)

riae perv = div Pgry - MJIOTHOCTH CBSI3aHHBIX MacC rpaBUTAMOHHBIX qumosieii ®B; pek = div

Pek - TIJIOTHOCTh CBS3aHHBIX MacC TPABUTAIMOHHBIX Aumnojied BemectBa [3, 75]. B

OTIPEICIICHUAX OGFV M PGK YYTECHO TO, YTO B YPaBHEHUAX XEBHCala MPU Maccax CTOUT 3HAK

MHHYC TaM, TJI¢ B YpaBHCHHIX MakcBeia IpH IEKTPUICCKUX 3apsaaX CTOUT 3HAK ILTIOC.
N3 ypaBHennii (2) u (6) MakcBenia ciaeayer, 4To

Purv + Puk =0, (19)

rae pvrv = -div Pupy - TUIOTHOCTH CBS3aHHBIX MAarHUTHBIX 3apsanaoB OB; pwk = -div Pk -
IUIOTHOCTH CBSI3aHHBIX MArHUTHBIX 3aps0B BEIIECTBA.
W3 ypaBuenwuii (8) u (12) XeBwucaiina cienyer, 4to

Psvev T Psk =0, (20)

rae psrv = +diV Pspy - IIOTHOCTBH CBSI3aHHBIX CIUHOBBIX 3apsiaoB OB; psk = +div Psk -
MJIOTHOCTh CBSI3aHHBIX CIIMHOBBIX 3aps0B BEIIECTBA.

PaBeHCTBO HyNIO0 CBOOOJHBIX U CBSI3aHHBIX 3apsOB M TPaBUTAIMOHHBIX Macc OB u
BEI[ECTBA TPU MOJSIpU3ALUOHHO-TIoNEeBO KoHHenuuu @B (17)-(20) MokHO Ha3BaTh
3aKOHAMH TIOJTHOW HelTpanbHOCTH BenlecTBa 1 @B. Heo0xoamMMo MOMHUTE, YTO STH 3aKOHBI
UMEIOT (PU3HUECKUN CMBICT TSI MaKPOOOBEKTOB.

3aKkoHbI HENMPEPLIBHOCTH MOJHBIX 3JJCKTPUIECKOro, MArHUTHOI0, rpaBUTAIIMOHHOI0 U
CIIMHOBOI'O TOKOB



VYpaBuenust Maxkcsenna (3) u (4) MOXHO MPEACTaBUTH TETIEPh TAKUM 00pa3oM:
Jwa =Je+Jeo; (21)
Jea =—Jwo- (22)

rae Jua = o rot M?; Jea = wo* rot E; Jep = OPe/Ot - cymma TUIOTHOCTEHN DIIEKTPHYECKUX
TOKOB cMemeHus Bemecta 1 ®B; Jep = OPe/0t - cyMMa MIOTHOCTEH MarHMTHBIX TOKOB
cMmenieHus Bemecrsa 1 OB.

VYpasaenus Xesucaiina (9) u (10) Taxxe MOKHO NPEACTaBUThH B BUJIE:

‘]SA:_JG+‘]GD; (23)
‘]GA :_‘]SD' (24)

rae Jsa = Sot rot S; Jea = S0t rot G; Jep = OPc/Ot - cymMMma MIOTHOCTEH IpaBUTAIMOHHEIX
TOKOB cMmemnieHus BemectBa U ®B; Jsp = OPs/Ot - cymMmma  TUIOTHOCTEH CIMHOBBIX TOKOB
cMmerenns Bemectsa u OB.

B nonspuzanmonHo-nosieBoil  kKoHuenuuu OB TOKM cMeleHus, >SIEKTPHUYECKUM,

MAarHUTHBIN, TPABUTALIMOHHBIN M CIMHOBOW BeliecTBa U @B SABIAIOTCA MOJISIPU3aLMOHHBIMU
TOKaMHU M B 3TOM CMBICJIE OHU HE OTIWYAIOTCSA OT JIEKTPUUYECKOTO MOJSPU3AMMOHHOTO TOKA
CMEIIEHUsT B BEIIECTBE. TeM caMblM, BCE BOCEMb TOKOB CMEIICHHS MPHOOpETaIoT
KOHKPETHBIA (PU3MUECKHI CMBICI, B TO BpeMs Kak Mpu moJjieBod koHmenmuu OB maxe
ANEKTPUYECKUI TOK CMEIIECHUS B BAKYyM€ SIBIISICTCSI aOCTPAKTHBIM TMOHATHEM.
B cooTHomenus s mioTHocTe TOKOB (21)-(24) BXoAsT deThipe BeaU4HHBL: Jea, Jma, Jea,
Jsa, KOoTOphIe CBsi3aHBI cO cBoiicTBamMu DPB. DT BenMYMHBI UMEIOT OTHOIIEHHUE TOJBKO K
MPOSIBJICHUSIM MaTEPHH, HO HE BEIIECTBA, B JAaHHOM cllydae K deTeipem nossm: E, M, G, S.
OCHOBHOE CBOMCTBO ATHX TOKOB OTpaXkaroT o4yeBHaHbIe cooTHOMmEHus: div Jea = 0; div Jea =
0; div IJma = 0; div Jsa = 0. CemoBarensHo, coriacuo Teopeme Octporpajckoro - I'aycca:

fIcn dS=—f3,p dS=0; (25)
S S
fIcndS=—fJs dS=0; (26)
S S
fIumdS=—f@c+3ep)dS=0; (27)
S S
§JSA dS=—§(—JG+JGD)dS=0, (28)
S S

rne S - 3aMKHyTast MOBEpXHOCTh; US BekTop-auddepeHiman 3Toil MoBEepXHOCTH.
CootHomenne (27) BbIpakaeT 3aKOH HEMPEPBIBHOCTH IIOJIHOTO TOKAa B TEOPHH



anektpomaruerusma [30]. [lo ananoruu, cootrHomenus (25), (26), (28) Takxe MOKHO Ha3BaTh
3aKOHaMMu HCHPCPBIBHOCTU IMOJHBIX TPAaBUTALIMOHHOI'O, MArHUTHOIO MW CIIMHOBOI'O TOKOB
COOTBETCTBEHHO, a TOKH Jea, Jma, Jea, Jsa - TIOJIHBIMH TOKamMu COOTBETCTBYIOIIUX
HAaMMEHOBAHUM.

Wrak, B nannoit monenu ®B ypaBHeHns MakcBemia u XeBucana IpeACTAlOT KaKk
COBOKYITHOCTb COOTHOHICHPIfI, BbIPpAXKarOmux (1)I/IBI/II-IGCKI/IG MaKpOCKOIMNMYCCKNEC 3aKOHBI
BemiectBa 1 ®B. B cinyuae oTcyrcTBuUs BeliecTBa B paccMarprBaeMoM mpoctpancTse (pe = 0;
06 =0; pex = 0; pok = 0; pvk = 0; psk = 0; Je = 0; Je = 0) coornomrenus (17)-(20); (21)-(24);
(25)-(28) He TepsroT cBOEro (hU3MUYSCKOTO COACPIKAHUS U MPEICTABIAIOT MAKPOCKOITUYECKUE
3akoHbl @B kak MatepuanbHOM cpenbl. B 3TOM cityyae 3aKOHBI

Pery =0; (29)
Pary =0; (30)
Pury = 0; (31)
Psey =0 (32)

BBIpAXKAIOT a0CONOTHYIO HehTpanbHOCTh PB B oTcyrcTBum BemecTBa. B HelTpanbHOM
cocrosHun @®B ocraerca u 1npu  JeHCTBUM JIOOBIX TOJIEW, B YaCTHOCTH, IMIpH
pacpoOCTPaHEHHUH JIEKTPOMArHUTHBIX M TPaBUTALIMOHHBIX BOJIH.

B sTOM cityuae 3akoHbI

Jun = Jervs (33)
Jen=—Juevi (34)
Jon = ey (35)
Jon = Jsey (36)

BBIpakaroT Bo30yxienne @B mossiMu mpu OTCYTCTBUM BEILIECTBA.

Takum obpazom, B ganHoi konuenuuu OB Bce ypaBHenust MakcBesia 1 XeBucaiiga
MPEJICTAIOT KaK COBOKYIMHOCTh PACCMOTPEHHBIX BBIIIE (DU3MUECKUX 3aKOHOB, OTPAKAIOIINX
3JIEKTPOMAarHUTHbIE W T'PaBUCIMHOBBIE CBOMCTBAa JBYX cpel Ha MakpoypoBHe: ®PB u
BelllecTBa. B psay 3aKOHOB 3J€KTPOMAarHeTU3Ma U rpaBUCIIMHOPUKHU CIIEIYET TaKKe UMETh B
BUJY 3aKOHBI CYNEPHNO3ULIMH OJHOMMEHHBIX IOJIEH, KOTOpPbIE SIBISIFOTCA CIEACTBUEM
JIMHEWHOCTU ypaBHeHHI MakcBeia u XeBucaiiaa.

2.3.3. 3aBHCHMMOCTH MOJsIpU3anMii PU3NIECKOro BAKyyMa oT moJiei

3aBucumocTH nossgpuzanuit abcontorHoro @B, ®BB u ®BA ot noneii, kak BUIHO U3
IPEBIAYIIEr0 PACCMOTPEHNUS, OTIIMYAIOTCS MEKIY COOOM.
B wactHOoCcTH, 11 ADB nosspuzanuy 3aBUCAT TOJIBKO OT CBOMX IOJIEW U UMEIOT BUJ

(puc.1):

Pe =Pery =6 E; (37)



Pu = Pyey =@y M’ (38)
Pe =Pgry =V, G; (39)
Py =Pgry =7, S, (40)

e ao = ot vo=go; 0 =Sl

Jnst ®BB u ®BA cBsiz3aHHBIMH OKa3bIBAIOTCSl JIEKTPUYECKAs U TPaBUTALIMOHHAS, a
TaKke MarHUTHAs ¥ CIIMHOBAs MOJIsIpu3aiuu (puc.2).
DTHU CBSI3U MOXHO BBIPA3UTh B BUJE JIBYX CICIYIOIIUX COOTHOIICHHIA:

PEFV = i% PGFV ; (41)

=+ —Pgy . (42)

I:)MFV

v |

B (41), (42) 3nak mitoc otHocuTes K ciaydaro @BB, a 3nHak Munyc - ®BA cOOTBETCTBEHHO.
Tak kak 37eKTpudecKas u rpaBuTanuonHas nossipusanuu ®B nponmoprmonansasr MG+QE, To
¢ yuetoM (41) MO’KHO TOJTYUUTH JIBA BHIPAXKEHUS ISl 3TUX MOJISpU3aIHil:

Pery =6, E+7,G; (43)

Perv =0 G + 7, E, (44)

rae kodhduuueHTy o  HYKHO NPUCBOUTH 3HAaK Iuioc B ciyyae @BB u munyc - B
cinyyae OBA.

[lomaras, yTo wMarHuTHas | couHOBas moJyisgpu3anuu OB  nponopuHOHATBHEI
CHIIOBOMY BeKkTOpy uM’+SS yuerom (42) MOXXHO TMOJYYUTh €II€ JIBa AHAJIOTHUYHBIX
BBIPAKEHUS JJI MATHUTHOM U CIMHOBOM MOJISIPU3ALIAIA:

Puey =@, M"+ 4, S; (45)
Py =7, S+ 4, M, (46)

rae KoahuiumeHT Ao UMeeT 3HakK IUtoc B ciiyyac @BB u Muny - B ciyuae @BA.

2.3.4. 3apauyu 00beIMHEHHOM 3J1eKTPOrPaBUIUHAMUKH

Wrak, B cimydae 3amonHeHuss npoctpaHctBa A®B ypaBHeHus MakcBemna u
XeBucaiizia, cormacHo (37)-(40), oxa3pIBalOTCS HE CBSI3aHHBIMH. B sTOoM chydae
MOJISIPU3allMOHHO-TI0NIEBas U mosieBass koHuenuuun OB naroT HEOTIMYMMBIE PE3yNbTaThl, a
ypaBHenuss Makcpemna (1)-(6) u Xesucaiina (7)-(12) Moryt ObITh JIETKO MPeoOpa3oOBaHbI K
BH]ly, U3BECTHOMY B JIUTEPATYPE.

Kak yxe Obulo ckazaHo Bellle, npeamnonaraercs, uto ®BB u ®BA 3anumaror
JIOKaJIbHBbIE 00JIaCTH MPOCTPAHCTBA, a MPOCTPAHCTBO BHE ATUX obiacrteil 3amosHeHo ADB.



MOoKHO TakXe IMOJIOKUTh, YTO B JOKAIBHBIX 00JACTSIX MPOCTPAHCTBA MPUCYTCTBYIOT CMECU
®BB uwmn ®BA ¢ A®B. Otu obmactu mnpocrpanctBa HaszBanbl BJl [6]. B oOmacrsax
npocTpancTBa, 3aHsAThiX BJl, ypaBHenuss MakcBemia u  Xeucaiina (1)-(12) oxasbiBaroTcs
CBSI3aHHBIMU coryacHo (43)-(46). Takum o00pa3oM, BO3HUKAIOT COBMECTHBIC 3aJa4u
AJIEKTPOIMHAMUKH W TPAaBUIUHAMUKU. B 3THX 3amagax KOdQPUIUESHTH o U Ao HEOOXOAUMO
MPEICTaBUTh (PMHUTHBIMHU (YHKIHSIMH TIPOCTPAHCTBEHHBIX KOOPAWHAT X, Y, Z W BPEMEHHU t
(mns ommcaHus TepeMenieHusT W aedopmanmii JOKaJIbHBIX o0nacTe B mpocTpaHCTBe). B
00JacTH MPOCTPAHCTBA, BHEIIHEH OTHOCUTENBHO B/l, cinemyer mostoxuts 0 =0 u Ao = 0

Kak BUIHO U3 TpebIIylIero aHaimsa, KodQpGUIUEeHTH &, W, ao, T uMmeoT B ADB
CTPOTO ONIpEJIEJIEHHbIE YUCIeHHbIe 3HaueHuss. Ho B 00nacTsax mpocTpaHCTBa, 3all0JHEHHOTO
B/I, 3tu k03 duueHTs MOTyT ObITH (QYHKIIUSIMHU KOOPAWHAT U BPEMEHHU.

[Tonnast mocraHoBKa 3amaud siekTporpaBuanHamukd @B  mpenmonaraer Takxke
3a/laHi€ BHEITHUX OTHOCHTENbHO B/l moseit, 0JHOTO M3 YeThIpex WM MX KOMOMHAIMM, Kak
MMOCTOSTHHBIX, TaK W MEPEMEHHBIX, HAIPUMEP, B BHUJIE MAJAIOIMINX BOJIH (JIEKTPOMArHUTHBIX
WJTU TPAaBUCIIMHOBBIX). VICKOMBIMEH (PYHKIMSIMU SIBJISFOTCSI WHIYLIIUPOBAHHBIE TIOJIAPU3AINH U
noJig. MHaylmpoBaHHbIe NOJIAPU3ALNAN MTO3BOJISIOT ONPENEINUTh AeCTBYIomKE Ha B/l criibL.

B/l nponukator B BemiecTBo (BO3ayX arMmocdepsl, Boay, TBepable Tena). Ho ecnu
A®B HenocpeACTBEHHO HE B3auMOJIecTBYeT ¢ BemecTBoM, T0 ®BB u ®BA B Bunme B/
HEMOCPEACTBEHHO B3aMMOJEHCTBYIOT ¢ HUM. OTO B3aumojeictBue BJ[ u BemectBa
MIpe/ICTaBIsIeT TaKoH ke OOJBIION HaydyHBIM MHTEpec, Kak U B3aumojeicTBue B/l ¢ monsmu.
Jlnst ommcaHUs YKa3aHHOTO B3aWMOJCHCTBUS HEOOXOIUMO JETAIBHOE MaTEeMaTHYECKOE
ONMCAHWE WIECHOB YypaBHEHHH snekTporpaBuauHamMuku (1)-(12), oTpaxkarounmx cBOHCTBa
BEILIECTBA.

OTMeTuM 37€Ch JK€, 4TO TpHUBEJACHHAs BhHIIE (GopMa ypaBHEHHH OOBEIMHEHHOM
anextporpaBuauaamMuku (1)-(12), (43)-(46) mpubmmxkeHa kK (GU3MYECKOH CYTH ypaBHCHHIA
Makcemia 1 XeBucaiga. OIHaKO OHa HENPUBBIYHA U MOKET BBI3BaTh 3aTPYAHEHUS MPU
MPOBEACHUN TPAKTUYCCKUX pacueToB (usmdeckux mporeccoB B B/l u cBszanubix ¢ BJI.
[ToaToMy HMKE MCHONB3YyeTCS TpaAULMOHHAS (OopMa yKa3aHHBIX YpaBHEHUM, MpUHATAS IS
noJieBoy koHnennuu OB.

2.4. YpaBHeHusi MAaKPOCKONHUYECKOI MOJIeJTH 00beIMHEHHOMH
3JIEKTPOrpAaBUMIMHAMUKHY /Uil IPAKTHYECKUX PACYETOB

2.4.1. YpaBHeHUSs] 00beIMHEHHOMH JIEKTPOrpaBHANHAMMKH B 0011IeM ciiy4dae

B obmem ciydae, korma paccmarpuBaorcs AD®B uwin ®BB - ®BA u BemecTBo,
BaKyyMHOBEILIECTBEHHbIE  ypaBHEHUS  OOBEAMHEHHOW  AIEKTPOTPaBUAMHAMHUKH  TPU
HeoHoposHOM DB uMmeroT creayromtuii Buf [3, 4, 6]:

div D = p; (471)
0B
rotE=-—; 47
p (472)
div B=0; (473)
oD
rot H=J+—, 47
i (474)

D=¢g, E+¢, Eg; (481)



B = o H+ g1, Hg; (482)

J=0cE+0,E .+ pyv,, (483)
div Dg =—p; (491)
0B

rMtE, =——2; 49
G at (492)

div B; =0; (493)

oD

rot Hg =—J + atG , (494)

Dg =&560c Ec+ & E; (501)

Be = tgtog He+ 14 H 5 (502)

Jo = PsVs =05 Eg+0,E + pgVsos (503)

B cucreme ypaBuenuit (47)-(50): p, pc - IJIOTHOCTH DIEKTPUYECKHX 3apsAioB M
COOCTBEHHBIX MAacC COOTBETCTBEHHO; J, JG - MNIOTHOCTH 3MEKTPUUECKOTO M TPABUTAIIMOHHOTO
TOKOB COOTBEeTCTBeHHO; E, Eg, D, D¢ - anexrpudeckue u rpaBUTAIMOHHBIC TOJST M UHIYKITHH
cootBercTBeHHO; H, Hg, B, B -MaruuTHbie 1 ciMHOBBIEC TIOJIT M MHIYKIIMHA COOTBETCTBEHHO;
& & - DIEKTPUYECKas W TPABUTAIIMOHHAS OTHOCHTEIIbHBIC MPOHMUIIAEMOCTH (TIOCTOSHHEIC)
BEIIIECTBA COOTBETCTBEHHO; /I, (G - MATHUTHASI U CIIMHOBASI OTHOCUTEIHHBIE MPOHUIIAEMOCTH
(IOCTOSIHHBIC) COOTBETCTBEHHO; O, OG - DJIGKTpUUYECKas W TPaBUTAIMOHHAS TPOBOIUMOCTH
BEIIIECTBA COOTBETCTBEHHO; O1 - JJIEKTPOTPABHTAIIMOHHAS MPOBOJAUMOCTH BEIIECTBA; V, VG -
CKOPOCTH HOCHTEJIEH JIEKTPUUYECKOTO W TPABUTAIMOHHOTO TOKOB COOTBETCTBEHHO; PO, O, Vo,
VGo -TJIOTHOCTH JJIEKTPUYCCKUX 3apsAI0OB M MacC, CKOPOCTH MaKpOCKOMUYECKUX YACTHII, TEJ
COOTBETCTBEHHO;

& =Eq T &,

Hy = Moy + Mgy
rA€ &1, Moi- DJCKTPOrpaBUTAMOHHAs W MAarHUTOCHHMHOBas mpoHunaemoctu OB
COOTBETCTBEHHO; &11, A11 DJIEKTPOTPaBUTALIMOHHAsT M MAarHUTOCIMHOBAs MPOHUIIAEMOCTH
BEIIECTBA COOTBETCTBEHHO.
Pa3zmepHOCTH IEpeMEeHHBIX ¥ 3HAUYCHUS KOHCTAHT B ypaBHEeHUsIX (47)-(50) moka3aHbl B
Tabiuue 3.

Tabnuua 3

YpaBHenuss MakcseJiia YpaBHenus XeBucaiaa
& 8.855 10712 m3-krt-ctA? | &G 1.193-10° m3-kr-c?
Lo 1.257- 10%m- k- ¢2-A? | e 0.9329-1026 v - kr?
P M3 c-A 06 m3-kr
J M2 -A Jo Mm2-kr-ct
D M2 -c-A De M2.kr
H M1 A Hc mtkrc?t
E M-kT- ¢ o At Ec M-C?
B kr- ¢ A Be ct

B sroii Ta6J'II/II_[e CJICBA MMPUBCACHBI U3BCCTHBIC PASMEPHOCTU NMCPCMCHHBIX U 3HAUCHU A
KOHCTAHT B YPABHCHUAX MaKCBCHHa, CIIpaBa - B YPABHCHHUAX XeBucaija.



B ypaBuenusix (47)-(50) B3sita 3a OCHOBY HCIHOJIb3yeMash B HACTOAILIEE BpeMsi
CTaH/JapTHas cucTteMa 00O3HaueHHi, npuHsaTas st ypaBHeHuit \NEM Maxkcsera [76]. Dta
cucTeMa HMeEeT OOJIbIINE TNPAKTHUYECKUE MPEHMYIIECTBA 110 CPAaBHEHHUIO C CHUCTEMOM
ob6o3HaueHuit B ypaBHeHusx (1) - (12), (43) -(46), uto mo3BosiseT 0€3 CYIIECTBECHHBIX
nepeo003HauYeHU  MCMONIBb30BaTh  OONBIIOE  YHCIO  Pe3ylbTaTOB  pelICHHS  3agad
AJIEKTPOAMHAMUKH, B YAaCTHOCTH, Oiarojapsi aHaJOTUU YypaBHEHHWH 3JIEKTPOJMHAMUKH U
rpaBuMHaMuKku. Bmecte ¢ tem, B cucreme ypaBHeHUH (47) -(50) HEe COOTBETCTBYIOT JIpyr
JpYry Ha3BaHMs U pa3MEPHOCTH MarHUTHOTO U criMHOBOro nojeil. Kak BuaHo u3 tabmauisl 3,
nosist H u He uMerot pazmMepHocTu noJisipusanuil. B aToil cBsi3u cpei CTOPOHHUKOB I10JIEBOM
koHuenuu OB Bo3HMKIA JUIMTENbHAs JAUCKYCCHs, OTpak€HHas BO MHOIMX Kypcax
anexkrpoanHaMuku [30, 58, 72], TeMoil KOTOPOil SIBJISIIOCH BBIICHEHUE BOIPOCA, KAKOU BEKTOP
sisieTcss “‘uctuHHBIM” TosieM, H wnmu B? Kak Bumno w3 mpegsimymiero maparpada, 3ToT
BOIIPOC B paMKax MOJSPU3ALIMOHHO-TI0NEBON KoHuenuuu @B pemiaercst 0/HO3HAYHO: MOJIEM
sBisgeTcs BeKTop H, HO ero pa3MepHOCTh JOJKHA ObITh M3MEHEHA, T.€. M0JIEM HEe0OXO0IUMO
cunutath BekTop M’ = roH. C npyroii CTOpoHbBI OUYEBUHO, YTO B MPUHATON MaTeMaTHUECKOM
MOJIENU pelIeHNE YKa3aHHOTO BOIPOCa HE UMEET ONPEEIISIONIEro 3HAaUEeHU .

B Teopernueckux HcciIenOBaHUAX MOXKET ObITh HCMOJIb30BaHa (¢opMa ypaBHEHUU
ANEKTPOTPaBUANHAMUKY, TIpeicTaBiIeHHas BoipaxenusmMu (1) -(12), (43)-(46). Ilpu nepexoze
OT (OpMBI YpaBHEHHH AJIEKTPOTpaBUANHAMUKH, OMUChIBaeMOM cooTHomeHusmu (47) -(50), k

(1)-(12), (43) - (46) HEOOXOAMMO UMETD B BHAY, 4TO Vy = Uy = £as To =So. = Mo Vo = &1
Ay =14 /(ﬂoﬂoe )

242 Ouenku BeJHYHMH KOIPPUIHEHTOB TMNPOHHUIIAEMOCTEl MW NPOBOAMMOCTEM
BelllecTBa

Koaddummentsr npoHuiaemMocTeiti & W 4  TPOBOJUMOCTEH OB YpaBHEHHUSX
MakcBesuia sl pa3IUYHbIX BEIIECTB XOPOLIO M3BECTHBHI. B HacTosiieM paccMOTpEHUU MBI
OLICHUM  BEJIWYUHBl TPABUTALMOHHBIX KOXPPUIMEHTOB MPOHHUIIAEMOCTEH &, UG,
MIPOBOJMMOCTEH OG, O1 M 3JEKTPOTPAaBUTAIMOHHBIX KOA(PUIMEHTOB MPOHULIAEMOCTEH &11,
J411 Pa3JIMYHBIX BEIIECTB.

Haubonee mpocto yka3zaHHbIE TpaBUTAIMOHHBIE KOA(PGUIMEHTHI OIMpPENEsIOTCS B
cllydae TOJBHKHBIX YaCTUI[ BEIIECTBA, OJHOBPEMEHHO OO0JaJaloUUX dSJIEKTPUUECKUMU
3apsgaMM M MaccaMM, MAarHMUTHBIMM MOMEHTaMH M CIHMHaMU (@ TakkKe OpOUTaIbHBIMU
MOMEHTaMH KOJIMYECTBa MABW)KCHHUSA), TMOCKOJIBKY B 3TOM CJy4ae MOXHO HCIOJIb30BaTh
(bparMeHThI 2IEKTPOHHOM Teopuu BemecTsa [60, 77 - 79].

JleiicTByromasi Ha TOJBIKHYIO YacTHIy BellecTBa cuiia (IIPU CKOPOCTH YaCTHUIIBI
L << C) MOeT OBITh MTPEACTABICHA TAK

F:qE'+mE'G—m*%, (51)

rne B> = EL + [VBL]; E’c = EcL + [VBecL]; EL, EcL, BL, BeL - nokanbHble Mmojisi B
HETOJBIDKHOM CHCTeMe OTcueTa, HalpuMep, CBA3aHHOM C KPUCTAJUIMYECKOW peleTKon
BellecTBa; M* - 3¢ peKTUBHAS Macca YacTHUIBL.

MexaHu4ecknii MOMEHT T, ACHCTBYIOIIMA Ha JJIEMEHTapHbIE MOMEHTBl  YaCTHIbI, -

MarHuTHBIN 4 W CIIMHOBOM U , BRIpAXKaeTcs CleayromumM oopazom [31]:

T:[p‘BL]_'_[“'G BGL]' (52)



Ypapaernus (51}) u (52) oTnudgarorcs OT MOJO0OHBIX K€ COOTHOIICHUH B 3JICKTPOHHOM
TEOPHH BEIIECTBA JOTIOJIHUTEIBHBIMU YJICHAMU CIIpaBa ¢ uHaekcamu “G”.

[Tonaraem Teneps, 4TO JIOKAJIBHBIE TOJI €CTh CYMMBI BHYTPEHHHUX, JIEHCTBYIOMIUX OT
COCEIHUX YaCTHIl BEIIECTBA, W BHEIIHUX II0JIEH, MPUCYTCTBYIOIIMX B 00JacTH BaKyyma
(pa3zymeercsi, Ipu JaHHOM paccMOTpeHuu - ADB), B KOTOPBIX HaXOJHUTCS paccMaTphBaeMast
gactua. C pacdera BHYTPEHHHX JIOKIBHBIX OJJIEKTPUYECKHMX W MArHUTHBIX TIOJEH
HAQUMHAIOTCSI MHOTHE MOJEIH OIpeneneHuss KOd(Q(OUIMEHTOB & AUIIEKTPUKOB W U

marnetukoB [60]. Ho B paccMarpuBaemMoM citydae, KOrJa UMEIOTCS B BHJIy BEIIECTBA C YKE
ONpENIeTICHHBIMU KOY(PPUIMEeHTaMu & W 4, HEOOXOJMMOCTh B TOJOOHBIX pacyeTax

BHYTPEHHHUX JIOKAJBbHBIX TI'PAaBUTALIMOHHBIX M CIUHOBBIX NOJIEH HE OTHANaeT, MOCKOJIbKY
MOXKET OBITh MCIOJIb30BaH Apyroil noaxoxd. M3 Belpaxkenuil mist cunsl u MomeHTa (51), (52)
MOryT ObITh ompezeneHbl 3((EeKTUBHbIE BHEIIHEE 3JIEKTPUUYECKOE TIO0JI€, YYUTHIBAIOLIEe
JeMCTBHE U TPaBUTAILIMOHHOTO MOJIs, U BHEIIHEE MAarHUTHOE T10JI€, YUUTHIBAIOIIEe IEHCTBUE U
CIIMHOBOIO MOJs. AHAJIOTWUYHBIM 00pa3oM MOTryT ObIThb BBeIEHBI 3(PPEKTHBHbBIE
IpaBUTALIMOHHBIE U CIIMHOBBIE NoJIsl. Onpenenenne 3¢ (EeKTUBHBIX MOJIEH BeIeT K BbISBICHUIO
&6, UG, OG, &1, fh1, 01 0T & , 0. CrnocoO NoydeHus 3TUX 3aBUCUMOCTEN MTOKa3aH HUXKE.

B paccmarpuBaeMom ciydae, KOrja MOJBUKHBIE YAaCTHIIbl BEIIECTBA OJHOBPEMEHHO
o0yanaoT MaccaMM U 3JEKTPUUYECKUMU 3apsiiaMi, CIIMHAMU W MarHUTHBIMU MOMEHTamH,
CIpaBEAJIMBBI CIEAYIOIINE COOTHOILICHUS:

q . . q
P=2P.; M=2yM_.; J, =—Jg, 53
G /4 G m G ( )

rae P, M - snekTpuueckas mojspu3anus U HAaMarHUMYCHHOCTb (MAarHUTHAs TOJISIPU3AIINS)
BEIIIECTBA, SBISIONIMECS CyMMaMH AJIEKTPHUECKUX JUToJeH P = X 1 MarHUTHBIX MOMEHTOB
4B emuHHIle oObema BemiecTBa, Pg, Mg - rpaBUTalMOHHAs W CIHHOBAS MOJSPH3ALNAN

BCIICCTBA, ABJIAOIMIUCCA CYMMaMU I'PaBUTAIIUOHHBIX Pc = MX U COMHOBBIX MOMEHTOB Hs B

CAMHHNIIC o0beMa BCIICCTBA, } - THPOMArHMTHOC OTHOIICHUC, Ji, Jei - IUIOTHOCTH

AIIEKTPUUECKOTO M TPAaBUTAMOHHOTO TOKOB ISl I-r0 HOCHTENsA TOKa B BemectBe (K
HOCHTEJISIM TOKa OTHOCSITCS: DJIEKTPOHBI, JBIPKU, HOHBI); X - BEKTOP-CMEIICHHE MOIBHKHOM
YaCTHUILIbI BEIIECTBA OTHOCUTENILHO €€ PABHOBECHOTO MOJIOKEHUS.

HNmes B BuAy paBeHCTBO MHEPTHOM M T'PAaBUTAIMOHHON MacCc B HEPEISATUBUCTCKOM
NpUOIHKEHNUH, CIIeAyeT 0c000 MOAYEPKHYTh, YTO COOTHOMLIEHUs (53) cripaBeIMBbI TOJIBKO B
cllydae, KOr/ia JJIMHA TPAaBUCITMHOBOM BOJIHBI, a CJIEIOBATENIBHO, U SJIEKTPOMArHUTHOM BOJIHBI,
CYIIECTBEHHO MEHBIIIE pa3MepOB Tella BEUIECTBAa, WM B CiIydae, KOrJa TeJO HEeMOJBHUKHO
OTHOCHUTEIILHO TIOBEPXHOCTH 3eMJIH, a JJIMHA TPaBUCIIMHOBOW BOJIHBI CYIIECTBEHHO MEHBIIIE
nuamerpa 3emiid. B mpoTUBHOM ciiyyae MOXKHO cpa3y MoJoKuTh &6 = 1, pc =1, 11 =0, a1 =
0, oc =0, o1 = 0. He paccmaTpuBaeTcs Takyke MHTEPECHBIN CITydaid BpaIIarOIIUXCsl Tell.

B uccnenyemoii Monenu >MeKTPOrpaBUIMHAMUKA OCTAIOTCS B CHJIE KIIACCHYECKHE
oTpeieNieHus] ANEKTPUIECKON M MarHUTHOW MHAYKIUN U MOTYT OBITh [0 aHAJOTHUU C HUMU
oTpe/ieNieHbl TPaBUTALIMOHHAS U CITUHOBAS MHTyKITHH:

D=¢,E+P; (5441)
B=y,H+y,M; (542)
Dg =646 Eg+Ps: (545)

B = 4 He + t4pe Mg - (544)



KoMnoHeHTBI MIIOTHOCTEW TOKOB B BEIIECTBE BBHIPAXKAIOTCS COTJIACHO MPUBEICHHBIM
BBIIIIE ONIPECTICHUSM CIIETYIOMIHNM 00pa3oM:

Ji=pi Vi Jei = Psi Vi (55)
rJie Vi - CpeiHss Wi aApei(oBas CKOPOCTh I-X HOCUTEIIEH TOKOB.

O¢ddexTrBHBIC TMOJII MOXHO BBECTH, HCXOHs W3 COOTHOmeHWH musi cwit (51) m
MOMEHTOB cuJI (52), ¢ yueToM cooTHOIIeHHUH (53):

E'=E+ JE,; (561)
m
. q ..
B¢ =Eg+E. (562)
H* = Ht 2o _; (563)
2y,
HE = H+ 7M. (564)
Hoc

B anekTporpaBuHaMuKe MOJISPU3ALUN CIEAYET ONPEISIUTh MPOTIOPIUOHATHHBIMH
3¢ HEKTUBHBIM TOJISAM:

P=g,(s6-1)E"; (571)
Ps = €06 (‘96 _l) Ee; (572)
M=(u-1)H"; (573)
M :(,UG _1)H21 (574)

rne €-1, &6 - 1, u -1, us — 1 - anexrpudeckas, rpaBUTAIlMOHHAs, MarHUTHAS U CITMTHOBAs
BOCIIPHMMYHBOCTH BEIIECTBA COOTBETCTBCHHO.
U3 (53)-(57) BITEKACT, YTO

g, —1= ‘90”(;2 (e—1) (581)
e
€11 =&y (‘9 _1)%; (582)
po ~1= -9 (-1}, (583)
A,y
=2 (1 -12), (58:)
2y

I[J'IH MMPOBOAHUKOB JJICKTPUYCCKOI'O0 TOKa MOXXHO OTPaHUYNUTHCA ClIydacM, KOIr'la CHUja,
HeﬁCTBYIOmaH Ha NOABMXXHYIO YaCTUIY, IPOIIOPIUOHATIBHA CKOPOCTH U; ©

Fi = ﬁi Vi, (59)



rae fi = mi*/zi; mi*- addexTuBHas Macca I-TO HOCHTENS TOKA, 7,- BpeMs PEJAKCAIUH i-TO

HocuTens Toka [60].
U3 tpetbero ypaBuenus (53), ypaBuenuit (55) u (59) BbITeKkaer, 4To

J, =0,E+0, Eg; (601)

Jg, =05, Eg+0, E ; (602)

rneci = pidil fi; osi = pmil Bi; o1i = peigil .
CyMMupys i-¢ TUIOTHOCTH TOKOB C y4€TOM TOrO, o = QiNi, Pci = MiNi, Tae Ni - YUCIIO
IIOABWXKHBIX YaCTHUI[] B CIUHHUIIC 06T)eMa BCIIIECTBa C 3J'IeKTpI/ILIeCKI/IM 3ap$II[0M qi nu

COOCTBEHHOM Maccoi Mj, MOXHO MOJYYUTh CJICAYIOIINE BBIPAKEHUS JIs POBOAMMOCTEH:

o= Zniin 1B (611)
Oc =Znimi2/ﬂi; (612)
Glzznimiqi/ﬂi; (613)

BJ'IGKT];)OMaFHI/ITHI)Ie U TPaBUCIIMHOBBIC IIPOLECCHI B BEIICCTBEC XapaKTCPU3YHOTCA
0e3pa3MepHbIMU KOd(DPHUITIEHTAMU CBSI3U:

&y ..M i.g—l_Jr77 e-1
v €0€oc q\ & e e
Hiq ;im Hoc ﬂ_1:+77 -1
Jiors AN 4o Ju " Ju
9 1 (i=1)
loJo
rue
m |é& . m |u
775:_ _0’ 7711[:_ ﬁ'
q V& q\ 4

OueBUIHO, YTO eciu 3TH KO3(DUIMEHTHI paBHBl HYNIO, TO CBA3b MEXIY
AJIEKTPOMAarHUTHBIMH U TPAaBUCIHMHOBBIMHM IpOLECCAMU  OTCYTCTBYeT. Yem OoJbIIyIO
BEJIMYUHY UMEIOT 3TU KO3(PPULIUEHTHI, TEM CUJIbHEE YKa3aHHasl CBSI3b.

Ecnu npuHATE, 4T0 M = Me, (| = -€, A€ Me, -€ - Macca MOKOSI U DJIEKTPUUYECKUH 3apsi
JIEKTPOHA COOTBETCTBEHHO, TO MAPAMETPHI 7e U 77, CTAHOBATCS PABHBIMHU:

n,=n,=-49 107



Taxum 00pa3oM, AIEKTPOTPABUTALMOHHAS CBS3b B BEIIECTBE IO MHIYKLUAM ciadas,
naxxe B (eppOMarHeTMKax M CETrHETORJIEKTpuKax. Ho anekTporpaBuTaniMOHHAs CBSI3b B
BEIIECTBE 10 TOKAaM IMPOBOJMMOCTH CHJIbHAs, YTO 3acTaBIIsieT OOpaTHTh Ha Hee ocoboe
BHUMaHUe. BO3MOXKHO, 4TO He Haxonsmas (QU3NYecKoro oObsCHEHWs yacTh myma 1/f B
ANIEKTPOHHBIX MpHuOOpax, T.e. (puukkep- mym [80], sSBISETCS CICIACTBUEM 3TON CHIBHOU
CBSI3U.

B BemiecTBe UMEIOTCS HE TOJBKO MOJIBMYKHBIE YAaCTHIIBI, 00JIAAI0NINe OTHOBPEMEHHO
AIIEKTPUYECKUMH 3apsilaMd M MaccaMH, HO M HEUTpANbHBIE B AIIEKTPUYECKOM OTHOUICHUU
MOJIBIKHBIC YaCTUIBl, HAIPUMEP, BHEAPEHHbIE B KPUCTAUIMYECKHE PEIIETKH aTOMBI
(Bomopon, renmii ¥ T.J.), C1a00 B3aUMOJCHCTBYIONIME C aTOMaMH WJIM MOJIEKYJIaMH 3TOU
pemeTkd. B 3TOM ciydae BbIpaXeHHE Ui T'PaBUTAIIMOHHON MPOBOAMMOCTH HW3MEHSETCS
TakK, 4To

Ce =Znimf/,6i+anmk2/,6’k. (62)

rae K > 1 - HOMepa MOJBMKHBIX YacTHI[ ¢ COOCTBEHHON Maccoil Mk U AJIEKTPUYCCKHUMHU
3apsiaamu (k = 0.
B mocnemrem cirydae K03 QHUITMCHT, XapaKTePU3YIOIIHA OTHOIIICHHE TTPOBOIMMOCTEH,
110 a0COJTFOTHOM BEIMYMHE YMEHBIIACTCS:
o
L <1,

oo

Bup ypaBHeHUi 00beIMHEHHOH IEeKTPOrpaBHAMHAMUKN OIMHAKOB KaK ISl OTTHCAHHS
MPOIECCOB B BEUIECTBE, Korjga oHo norpyxeHo B ADB, tak u qis ®BB u ®BA. Bmecte ¢
TeM, MOXHO MPEITIOI0OKHTE, 4To kod3ddurmentst ®BB u ®BA  ai(svac)™?, wo1(uopns)™?
FIMEIOT MHOTO GOJIBIIIHE 3HAYEHHs, ueM ko3 uImenTs! Bemectsa s11(sac) ™2, 1u1(uooc)™ 2.
D70 NPEANONOKEHHE ABISAETCS OCHOBHOM THIIOTE30i B PACCMATPHBAEMOIl MOJIENH.

2.5. YpaBHeHHUS] MEXaHUKHU B MAKPOCKONMYECKOIl MO/Ie] I HEOTHOPOIHOT 0
¢usnveckoro Bakyyma

2.5.1. YpaBHeHuUs IBU:KeHHS TeJia B A0COIOTHOM GU3NYECKOM BaKyyMme

B penstuBuCTCKOM MOAENM HEOJHOPOAHOTO (PU3MUECKOrOo BaKyyMa JBHXKEHHE
TOYEYHOI0 BEUIECTBEHHOIoO Tena B ADPB onuchBaeT ypaBHEHHME MEXaHMKM MHHKOBCKOIO
[58]:

ar =F, (63)
dt
rae P = M1V -pensITUBUCTCKUI UMITYJIbC; V - CKOPOCTb JIBWXKEHHUs ToueqyHoro Tena; M1 = yM;
y=(1- VZ/CZ)'”Z; M - cobcTBeHHas Macca Tena; F- geiicTByromas Ha TeJo cuia.

Jlnist OOIIHOCTH PACCMOTPEHHUS CIIEeIyeT MPEAIOIOKUTh, YTO TEJIO 00J1a/1aeT HE TOJIBKO
COOCTBEHHOM Maccoil M, HO W HEKOTOpbIM 3yeKkTpuueckuMm 3apsaomM Q. Ilpu Takom
pPacCMOTPEHUH PE3YABTUPYIOLIAs CUJIA, AIEHCTBYIOINIAsl HAa 9TO TEJIO, paBHA!

F=Fy+Fy+Fao+Feu, (64)



rjae
Fo ANIEKTpUYEcKas CHiia, ICHCTBYIOIIAs Ha TENo ¢ 3apsaom Q;

Fm rpaBUTAllMOHHAsA CWJIA, IEUCTBYIOLIAsl HA TEJIO ¢ Maccol M;

Fro  amexTpoMarHuTHasl pajMalMOHHAS CHJIa WM CHJIa PEaKIUU
u3nmydeHus [58, 79], nefictByromas Ha Telo ¢ 3apsaom Q;

Frm  rpaBucnuHOBas pagualioHHas cujia, JIEWCTBYIOIIAs Ha
Teno ¢ maccoit M.

Breipaxenuss anas cun Fo, Fm, Fro W Frv BBITEKAIOT W3 TMOJEBBIX ypaBHEHUM
ANEKTPOTPaBUTUHAMUKH.

Kak yxe Obuto moxazaHo Bbimie, g ciaydas ADPB ko3dduuments ypaBHeHMI
anekrporpaBuauHamMuku (48) u (50) a1 = 0, o = 0. OdeBHIHO, YTO B paccMaTpPUBACMOM
cirydae Takke 1 g11 = 0, z11 =01 o1 = 0. Ho Torma Mel umeeM: €1 = &1+ 11 =0 W i = o1 +
w11 = 0. Takum oOpaszoM, B cilydae JBIKEHHUS ToueyHOro Teia B ADB BeIpakeHHS IS
YKa3aHHBIX BBIIIE€ CHJ MOXKHO TOJIYYUTh W3 aOCOJIIOTHO HE CBS3aHHBIX MEXIy COOO0
ypaBHeHU MakcBemia u XeBucaiiaa.

VYpaBHeHuss MakcBesia B JaHHOM CTydae UMEIOT OOBIYHBIN BU/I:

div D=Qé (r-ry); (651)
0B
rteE=-—; 65
- (652)
divB =0; (65)
rot H :Qvé(r— rQ)+%; (654)
D=g¢,E; (655)
B =, H; (65)
dr,
=—, 65
dt (6%)

ypaBHeHI/IH XeBucalifa B JaHHOM cJIydyac MOT'yT OBITE MMpEeACTaBJICHBI CJIICAYHOIIUM 06p8.30M2

div D, =-M& (r-r,, ); (661)
0B

rot Eg = — &G ; (662)

divB, =0; (663)

rmHGz_Mv5&—w)+5;G; (664)

DG = 80G EG; (665)

BG = ﬂOG HG; (666)



_dry, _%

66
at  dt (667)

B cuny ne3aBucumoctu ypaBHeHuil MakcBemia u Xesucaiina B APB 3anaua onpenenenus
BO3JICHCTBYIOIIMX HAa TOYEYHOE TEJIO CWJI pacrnajgaercs Ha JBE 4YacTu: 3ajady
AJIEKTPOAMHAMUKH 110 onpeaeneHuto cui Fo, Fro 1 3a1auy rpaBuAMHAMUKY 110 OTIPEAETICHUIO
cun Fv u Frv. B anextponunamuke mnepas 3agada perieHa B [58,79] u mosTomMy MOMXKHO
BOCIIOJIb30BATHCS TOTOBBIMU PE3YIbTaTaAMH.

BoipakeHue Ui 31€KTPUYECKOM CHIIBI BBITEKAET U3 ONPEAETICHUS AIEKTPUUYECKOrO
MoJisi W NPHUHLMIA KOBAapUAHTHOCTH YpaBHEHHMH MakcBeuia OTHOCHUTENBHO TPYIIIBI
npeobpazoBanuii Jlopenua [58].

B yacTHOCTH, U3 OIIpeieNeHNsl IIEKTPUUECKOTO OISl CIEAYET, UTO

F, =QF/, (67)

rae E’- snekrpuueckoe noJie B MOABUKHOW CHCTEME OTCYETA.
W3 npeoOpazosanuii Jlopenna mis noneit nosydaem [58]:

E'= % +y(E +[vB)) (68)

rae E, B - anexTpuueckoe mosje u MarHUTHas MHAYKIMS B YCIOBHO HEMOJBIKHOM crucTeMe
OTCUYE€Ta COOTBETCTBEHHO.

Omnpenenenre TIpaBUTALMOHHOTO IOJI aHAJIOTHYHO OIPEAETICHHUIO DJIEKTPHUECKOI0O
nossi. Y3 cpaBHeHus: maTemaTtudeckux (GopM ypaBHeHHME XeBucaiga u MakcBeuia BHJIHO,
YTO [ HUX BBINOJHSETCS MPUHUIUN  KOBAPMAHTHOCTH  OTHOCHUTENBHO  TPYIIIBI
npeooOpaszoBanuii Jlopenna. [Tloaromy

Fy, =M E;; (69)
Et = % +7(Eg +[vBg)) (70)
19

rae E’c - rpaBUTaniMoHHOE TOJIE B MOJBIKHOW cucTeMe oTcueta; Eg, Be -rpaBuTanmnonHoe
MOJIC ¥ CIIMHOBAs! HHIYKIIUS B HETIOIBHXKHON CHCTEME OTCUYETa COOTBETCTBEHHO.

B nepenstuBuctckoM npubmmkernn (v << ¢, y = 1) mus cun Fo u Fv u3 (67)-(70) BeiTeKaroT
CIICYIOIINE BBIPAKCHUS:

Fy =Q (E +[vB]) (71)
F, =M(E.+[vBg]). (72)

B snextpoannamuke BTopoit wieH B (71) cnpaBa HasweBatoT cuioi Jlopenma [58].
IToaToMy nIpH OJHOBPEMEHHOM PAaCCMOTPEHUH 3a/1ad JJIEKTPOJUHAMHUKA U I'PaBUIUHAMUKU
MOKHO OoJiee ONpeAesIeHHO Ha3BaTh 3TOT YJEH 3JIeKTpHuecKoil cmioil JlopeHna, a BTopoi
ynieH crpasa B (72) - rpaButanoHHoi cuioii Jlopenna. @opmyna (72) npuBeneHa B KHUTE
Edumenko [75].

KonkpetHbie Beipaxkenust st cuil Fro and Frw mpeacTaBisioT co0oro OTHENBHYIO
3agauy. B 370l cBs3M cienyeT 3aMeTUTh, U4TO eciau cuia Fq mponopruonansHa Q u cuna Fm



nponopiuonanskEa M, To cuna Frg nponopumonansaa Q? [3, 58], a Frv mpomopupoHanbHa
M?2. CrenoBarenbHo, B ciydae neiictBus cui Fo u Fy, mpuHIUT Cynepno3uiimy MoKeT ObITh
UCIIOJNIb30BaH, a B ciy4ae jaeictBust cuil Frg u Frv HE Moxet. IloaTomy B mepBoM ciydae
MOJKHO TEpEHTH OT ypaBHEHUI MEXaHUKHU JBMKEHHS TOUYEUHOTO Tejla K YpaBHEHHSM OOIIen
MEXaHHUKH TPOU3BOJIBHOTO JIBIDKEHUS (BKJIIOYAs BpalllCHWE) TeJ, HUMEIONIUX KOHCUYHBIC
pa3Mepsl.

Kak yxke ObUIO TIOKa3aHO BBINIE, MPU KOHEYHBIX pa3Mepax BEIIECTBEHHBIX TeEI
BO3HHKACT MPOOJIeMa CBSI3M 3JICKTPOMArHUTHBIX ¥ TPABUCITUHOBBIX MPOIIECCOB, HO TOJHKO B
ClIydasix, KOrJa JUIMHBI 3JIEKTPOMArHUTHBIX M TPAaBUCIMHOBBIX BOJH MEHBIIC XapaKTEPHBIX
pazmepoB Tei. OmHaKo B OONBIIMHCTBE 3a/la4 MEXAaHWUKU JUTMHBI YKAa3aHHBIX BOJIH MHOTO
0O0JIBIIIE pa3MEPOB PACCMATPUBACMBIX Tell, T.€. K03()(DUIIMEHTH B ypaBHEHUSX 00BEAMHEHHON
anekrporpaBuauHamMuku (48) u (50) &1 =0, 11 = 0, o0 = 0. CnenoBareiabHO, CIIPABEIIIMBLI HE
CBSI3aHHBIE MEXIy co00i0 ypaBHeHuUs MaxkcBemna (65) u ypaBHeHHMs XeBucaiiga (66).
[TosTOMY ¥ B MEXaHUKE ABUKEHUS TeJ C KOHEYHBIMU pazmepamu (B ADB) paccmaTtpuBaembie
3aaud pachaialoTcs Ha JIBE 3a/aud: 3aJaud YHCTOW AIIEKTPOAMHAMHUKH W 3aJa49d YHCTOU
I'PaBHIMHAMUKH.

2.5.2. YpaBHeHHs [BH:K€HHSI BaKyYYMHBIX JIOMEHOB B a0COJIOTHOM (PU3HUYECKOM
BaKyyMme

Beimie  BbICKa3zaHO MPENIOJIOKEHHE O CYyIIeCTBOBaHMU B ImpocTpaHctBe ADB,
3anoaHeHHOM ®BB min ®BA, 3amkHyThIX oOnacteil mpocTpaHcTBa. B wactHocTH, dopma
3TUX 00IacTe MOXKET OBITh MIAPOOOPa3HOH, UTO YIpoIaeT BEIKIaAKA. OUeBHUIHO TaKXKe, YTO
MPOCTPAHCTBO 3alOJHEHO HEOJHOPOIHBIM IO CBOEMY cocTaBy BemiecTBoM. lllapooGpasnbie
ob6pazoBanust ®BB nnu ®BA Moryt HaxoIuThCsS U ABUTATHCS KaK B Pa3psHKEHHOM (BaKyyM,
BO31yX), TaK W B IUIOTHOM (BOJa, TBEpIbIe Tena) BEIIECTBE. OTH OOpa30BaHUS
OTOXJIECTBJISIIOTCS. C CaMOCBETALIUMUCS 00pa3oBaHUsAMHU (TellaMu) aHOMAJBHBIX SIBICHUI
i B/I.

B cBs13u ¢ mpob6emoii B/ Bo3HHMKaeT ABa BUA 3a/1a4 MEXaHUKH:
1. mBmwxenne BJI ognoBpemenno B ADPB u BemecTse;
2. IBWXKEHHE BenecTBa (MaKpOCKOMMYECKUX W DJIEMEHTAPHBIX YacTuil) BHyTpu BJI, T.e.

B cpenax ®BB nin ®BA.

Pemienne 3amay mepBOro BUJA MOXET MO3BOJUTH OMNPEACIUTH YCIOBHS 3axBara MU
yaepxanusa BJ[ ¢ npuMeHeHneM COBPEMEHHBIX TEXHUYECKHX CPEJCTB AJI1 OpraHu3allu UX
CUCTEMAaTUYECKOrO U3yYEHUs B CTALIMOHAPHBIX YCIOBHSIX.

B runoreruyeckoM ciydae MOJHOTO OTCYTCTBHS B IMIPOCTPAHCTBE BellecTBa U nojeid B/
MPEACTABIISAIOT COOOKO JINIIIEHHBIE COOCTBEHHON MacChl 00Opa30BaHuUs.

Jlnst omucaHus JBYDKCHHS TaKMX 00pa30oBaHUK HEOOXOIMMO IPHUBJICYCHHE IPEICTABICHUM
PEIATUBUCTCKON KBAHTOBOM T€OpHH 1oJs [68].

Hwuxe Oyner mokaszano, uto B mojsx BJl cranoBsTcs munonsMu. B snextpuyeckom
WJIY TPaBUTAIMOHHOM NOJIsAX B/l CTaHOBATCS Kak 3MEKTPUUYECKUMU, TaK U TPaBUTALUOHHBIMU
JUMOISMHM, B MarHUTHOM WM CHHMHOBOM moJisiX BJI cTaHOBSATCS KaK MarHUTHBIMHU, TaK U
CIIMHOBBIMU AMMOJSIMH (MOMeHTaMu). B oOnanaronieM mMaccoid U 3JMEKTPHUYECKUM 3apsiioM
Beliectse B/l cTaHOBATCS MOHOMOJISAMU, 3JIEKTPUYECKUMH M TPAaBUTALIUOHHBIMHU.

B npucyrcTBun moseil u BemiecTBa (B BHAE OTACIBHBIX aTOMOB, MOJIEKYIN, HOHOB,
JJIEKTPOHOB, a Takke mblM) aunonu BJ] 3axBareiBaioT BemiecTtBo. B atux ycnoBusix B/l
MOJIy4aloT TMPUCOCIMHEHHYI0 COOCTBEHHYIO Maccy M, a Takke NpUCOEIMHEHHBIH
anektpudecknit 3apsan Q. B takom obmiem ciydae, Hanbosee MPUOTMKEHHOM K pealbHbIM
KOCMUYECKUM YCIOBUsIM, B/l CTaHOBITCS MaKpOCKOMUYECKUMHU OOBEKTaMM KIACCHUYECKOUN



PENATUBUCTCKOM MEXAHUKUA M, OJHOBPEMEHHO, OJJICKTPOJAMHAMHUKMA U T'PABUIMHAMUKH.
[Ipuyem B mexanumke BJl MOXHO NpHUOJIMKEHHO paccCMaTpUBaTh KaK TOYEYHBIH OOBEKT,
pa3MelIeHHbIN B peISTUBUCTCKON cpene - ADB.

W3 ckazaHHOTO BHINIE BUIHO, YTO ABWKEHHE BJl Kak pelsTUBHCTCKOTO OOBEKTAa MEXAHHKHU
OTIHCHIBAETCS ypaBHEHUEM (63). B 3TOM ypaBHEHHH B pacCMaTpUBaeMOM CiTydae o0mas cuiia
MOJKET OBITh TIPECTaBJICHA B BHJIE:

F=Fy+Fy+Foe+Fos+Fou +Fos+ Fro+ Fru s (73)
rae
Fpe  cuna, geiictByromas Ha B/l kak Ha 3JI€KTPUYECKUN TUTIOND;
Foc cuna, nerctpyromas Ha B/l kak Ha rpaBUTaAllMOHHBIN JUITOJb;

Fom  cuna, pelictByromas Ha B/] kak Ha MarHUTHBIN 1UN0JIb (MArHUTHBIA MOMEHT);

Fpos  cuna, nelictByromas Ha B/l kak Ha CHMHOBOM AWIOJb (CIMHOBOM MOMEHT).

Bce 3T ueThipe AuIoNbHBIE CUIIBI OYIYT YCTAHOBJIEHBI HM)KE€ Ha OCHOBE pEIICHHUS
MOJIEBBIX 3a7a4 OOBEAMHEHHOUN OJJIEeKTporpaBuauHAMUKH. [l ommcanust aBuxeHus BJl
BbIpaxkeHus 1 Fq, Fv, Fro u Frv ompezaensitorcs Tak ke, Kak ¥ B cllyyae BEIIECTBEHHOT'O
Tena.

2.5.3. YpaBHeHMs THIPOMEXaHHUKH B MO/IeJIM HEOAHOPOIHOT0 (PU3MYECKOr0 BaKyymMa

HekoTopbie BuIbI BUXPEBOrO JBWKEHHS KHUIKOCTH M Tas3a, HEHTpalbHbIE B
AIIEKTPUYECKOM OTHOIICHHWU, MOTYT OBITh CBSI3aHBI C JEHCTBHEM CIMHOBOM HHAYKIHNH Bg.
OTa UHAYKIUS CIEeIYIOIUM 00pa3oM BXOJIUT B OCHOBHOE ypaBHEHUE TUIPOIMHAMUKY BA3KOM
*)unkoctu [81, 82]:

2
N v fov]+ Load prgad S v rot Q= F, (74)
ot Yol 2

f =E,+[vB¢]
rae V- CKOpOCTB KHUIOKOCTH, Q = rot V; f - MacCoBasi CHIIA, p, p- IINIOTHOCTb U JAaBJICHHUC

KNIKOCTH COOTBCTCTBCHHO, V - KUHEMaTUYECKUI KOS(b(bHHHCHT BA3KOCTH.
HOCKOHLKy I'paBUTAllMOHHOC I10JIC IIOTCHUOHWAJIbHO, TO

E; =-0grad ¢, (75)

rae ¢g- rpaBHTaHHOHHLIﬁ CKaJ'IHpHHﬁ IIOTCHL KA.

ITostomy ypaBHenue (74) B ciydae Heckumaemon >kuakoctd  (div. v = () MOXHO
MPEJCTaBUTh TaK:
aat—v+[Qv]+ grad H +v rot @ =[vB, | (76)
2
H = P 4 P,

p 2



Ot ypaBHeHus (76) MOYKHO NEepeTH K ypaBHEHUIO ['ebMrosipia cieayromnero Buaa:

%—?+rot[(Q+BG)v]+v rotrotQ = 0. (77)

W3 (77) cnenyer, uto B ciy4ae [V| > 0 dopmupyeTcs NOTOK KHUIKOCTH, a TPH JCHCTBUU
CIIMHOBOTO TIOJISl MOSIBJISIETCS] BBIHY)K/IAIOIIAs CHJIa, POMopluoHaiibHas [BeV], BeI3biBarommas
BBIHYX/ICHHOE BUXPEBOE JIBKEHUE B 00bEME KHUIKOCTH.

CornacHO  ypaBHEHUSIM XeBucaiga BCAKOE [JBHKEHHE BEIIECTBA BHYTPHU
paccMaTpuBaeMoro o0beMa KUAKOCTU CBSA3aHO C BO3HMKHOBEHMEM CIMHOBOW WHAYKIUU.
Ho sTa mHayknus Mana, Tak Kak OHa MPONOPLUUOHANBHA KOY(POUIUEHTY L, UMEIOIIEMY

LIpe?;BI)I‘-IaI\/JIHO Majlyr0 BCIUYUHY. B cBM3m ¢ 3THM HEBEIMKH U COOTBCTCTBYIOIIUEC
I'paBUTAlMOHHBIC CHJIBI HopeHua. Manel Taxke W BHEIIHHE CHWHOBEBIE TIOJNS OT
Bpamaromuxcs 3emnd, Conmnna u T.4. [ToaTtoMy rpaButanmonHas cuia JlopeHna He MOXET
00BSCHUTH NHTEHCHUBHOE BpamaTeJIbHOC IBMKCHHUC BCIICCTBA BHYTPU BJI

2.5.4. O06 ypaBHeHHSIX MEXaHUKH [JIsl 00J1aCTH MPOCTPAHCTBA BHYTPH BAKYYMHOIO
JAOMeHA

Bo3snukaer Bompoc 00 ypaBHEHUAX MEXaHUKH B 00JIacTH MpOCTpaHCTBa BHyTpu B/,
3anoiHeHHou cMmecsiMu BB uinn ®BA ¢ ADB. B nacrosiiiee BpemMsi MOXKHO CIeIaTh JUIIb
6osee wiM MeHee 00OCHOBAHHOE MPEINOI0KEHNE O BOZMOXKHOCTH HCIOJIb30BAHUS OOBIYHBIX
YpaBHEHUI HEPEIATUBUCTCKONM MEXaHUKU BHYTpU BJI.

VYpaBHeHUs] MexaHUKM MUHKOBCKOTO M ypaBHEHHMsi MakcBemna U XeBucaiiaa
o0beAMHSET OAMH MapamMeTp (yHIaMEHTalIbHOIO 3HAYEHHUS - CKOpPOCTh CBETa C.
OnHOBpEMEHHO BCE ATH ypaBHEHHs Hepas3pbiBHO cBsizaHbl ¢ ADB. CienoBarenbHO, MOKHO
CKazaThb, 4YTO oOIIMM U3 GyHIaMeHTaIbHBIX MapameTpoB ADB saBnsercs ckopocts cBeta. [Ipu
CKOPOCTH JIBHXKCHHS HEKOTOPOTO BEIECTBEHHOro Tena v >> ¢ ypaBHeHuss \NEMi
MUHKOBCKOTO IEPEXOIST B OOBIYHBIE YPAaBHEHUS HEPEISITUBUCTCKON MEXaHUKHU.

B oObeauHeHHOM 9ekTporpaBuaMHaMuKe [3] BO3HHMKAIOT JBa TMapaMeTpa, HMEIOIUX
pa3MepHOCTb CKOPOCTH:

c _ c

v, = ; LU= ,
,/i1+ag i1+aﬂi 1/il—ag il—aﬂi

rIe

a =5 . a — Hy

’ \/50506’ 5 \/ﬂoﬂoe.

CnenoBatenbHOo, B ciydae cMmecei @BB unu ®BA ¢ ADB M0XHO NpeAmnosioxkUThb, YTO
ypaBHEHUS MEXaHUKH OyIyT OOBIYHBIMU YPaBHEHUSMU HEPEIATUBUCTCKOM MEXaHUKH TPU
v<<viecmu 8>0ma,>0,andv<<v,ecma:>0wua,>0.

Hwxe Oymer mokazano, yto B/l B MarHMTHOM M CHHHOBOM TMOJSX MHpUOOpeTaer
CIIMHOBYIO TOJISIPU3ALMIO0, KOTOPAsl SIBISETCS IJIOTHOCTBIO MOMEHTA KOJMYECTBA JBUKEHHUS



®B B ob6seme BJl. Cnemys CemoBy [83], 3Ty NONSIpU3aNUI0 MOXHO TMMOHUMATh Kak
COOCTBEHHYIO IIJIOTHOCTh MOMEHTa KoymuecTBa nBwkeHuss BJl. BJl ¢ 3axBaueHHBIM
BEILLECTBOM IIPEACTABISAET COOOI0 €IMHYI0 MEXaHHdyeckyro cucreMmy. CrnenosatenbHo, BJI
0OMEHHBAETCSi MOMEHTOM KOJIMYECTBA JBM)KCHUS C 3aXBAYCHHBIM BEIIECTBOM COTJIACHO
3aKOHY MEXaHUKHM O COXPAaHEHUHM CYMMapHOr0O MOMEHTa KOJMYecTBa IBWKeHUs BJ[ ¢
3aXBaYEHHBIM BEIIECTBOM.

PaccMOTpeHHBIX ~ MEXaHMYECKMX  MPEJACTABICHUN  BIOJHE  JIOCTAaTOYHO  JUIS
COCTaBIICHUSI YPAaBHCHUU KJIACCHUYECKON MEXaHWKH B Tpeernax oOyacTu mpocrpanctBa BJI.
Ho 3tu ypaBHEHUs M MX aHaIU3 YMECTHO MPUBECTHU OJHOBPEMEHHO C M3YYEHHEM BOIIPOCOB
B3auMoieiicteus B/] ¢ BemiecTBOM.

Cnemyer 0co00 TOMYCPKHYTH, YTO €CIM MEXaHHUYECKOoe B3amMmojelicteue BJl ¢
BELIECTBOM 4Yepe3 TrpaBUTalMOHHYIO cuiy JlopeHma BecbMma ciaboe, TO 3TO XkKe
B3aMMOJICHCTBHE YEPE3 CIIMHOBYIO MOJSPU3ALMIO OKA3bIBAETCS BECbMA M BEChbMa CHIIbHBIM.
NmenHo mocneaHee MEXaHMYECKOE B3aUMOICUCTBIE OOBICHIET MHTEHCUBHOE BpaIllaTeIbHOE
JIBM>KEHHUE BenlecTBa BHyTpu B/I.

I'naBa 3

UccnenoBanne pu3niecKuX CBOMCTB BaKyyMHBIX JOMEHOB Ha OCHOBE MOJIEITU
HEOJIHOPOJHOTO (PU3UUYECKOTO BAKyyMa

3.1.  OcHOBHbIe HampaBJIEHHsI UCCJIeI0BAHMNA (PU3NYECKHX CBOICTB BAKYYMHBIX
JAOMEHOB

3.1.1 ConocraBiieHue Gpu3HMIECKNX CBOHCTB BAKYYMHBIX JOMEHOB H CAMOCBETS M XCSH
oOpa3oBaHmii (Tex)

Hauvano uccnepoBanusim pusmueckux cBoiicts Bl Ha ocHOBe MoieiH HEOJHOPOTHOTO
®B 3anoxxeHo B paboTtax [3, 4, 6]. B atux paboTtax mokazaHo, 4YTO SHEPTHUs ITPAaBUCITMHOBBIX
BoJiH, mnocrtymaromas u3 A®B na BJl, mnpeoOpasyercs BHyrpu BJ] B sHepruto
AJIEKTPOMArHUTHBIX BOJIH. Hao00poT, sHEprusi 3JeKTPOMAarHUTHBIX BOJIH, MOCTYMAIOUIas U3
A®B Hna B/I, npeo6pa3yercs BHyTpu B/l B sHEpruio rpaBUCIIMHOBBIX BOJIH. B 3THX paboTax
TaKkKe I0Ka3aHO, YTO B TpaBUTAMOHHOM mojie BJ] cTaHOBUTCS U SIEKTpUYECKUM, U
IPaBUTALIMOHHBIM JHUMOJEM, T.e. B 3TOM ciydae BJ[ co3maer BHyTpu U BHEe cebs u
AIIEKTPUYECKOE, U IpaBUTAIMOHHOE 1oJIsl. B MmaruutHOoM nonie B/l ctaHOBUTCS M MarHUTHBIM,
U CIIMHOBBIM JIUTIOJNIEM, T.€. CO3JAaeT BHYTPU U BHE ce0s U MarHUTHOE, U CIIHHOBOE moje. B
anekTpudyeckoM moje B/l cTaHOBHUTCA M 3NMEKTPUYECKUM, U TPABUTAIMOHHBIM JIUIIOJNIEM, T.C.
CO37aeT JOMOJIHUTENbHOE K 3EMHOMY M DJJIEKTPUUECKOEe, M TPaBUTALMOHHOE TOJS, a B
cnuHOBOM mosie BJl cTaHOBUTCS M MarHUTHBIM, W CHUHOBBIM JHWIIOJNIEM, T.€. CO3JIaeT
JIOTIOTHUTEbHOE K 3€MHOMY M MarHUTHOE, M CHUHOBOe mojs. Takum obpaszom, BJ]
BBICTYIIAeT OJHOBPEMEHHO Kak MpeoOpa3oBaTellb dHEPTUU M TpaHchopMmaTrop ABYX BUIOB
BOJIH ¥ YETHIPEX MOJIEH.

VYxe paccmoTpeHHble ¢uznyeckue cBoiictBa BJI, kak mMonenu mMpencTaBiICHHBIX B
riaBe | aHOMAalbHBIX SBJICHUN, TMIO3BOJISIIOT HAWTH TOAXOAbl K OOBACHEHHUIO pAna
XapaKTepHBIX CBOWCTB ATHX sBieHuMd. Hampumep, Qusudeckre CBOICTBA HPHUPOTHBIX
camocBeTsiuxcs obpazoanuii (IICO), moapoOHO omucaHHBIX B MOHOTpaduu JIMutpuena
[5], MOXHO OOBSICHUTD CIIEAYIOIIUM 00pa3oM:



1. Uznyuenune [ICO B mIMPOKOM CIIEKTpE 3JICKTPOMArHUTHBIX BOJH. JlaHHOE sBJICHHE
IIPOUCXOJUT B pe3yibTare npeodpa3zoBaHus B npenenax B/l rpaBuCIMHOBBIX BOJIH B
3JIEKTPOMAarHUTHHIE BOJIHBI.

2. Bosuuknoenue BHyTpu [ICO sexrpuueckux paspsioB. [JaHHbIi (EeHOMEH CBsI3aH C
JNEKTPUYECKUM JMIIOJIEM, NOsBisommMces B B/[ B pesynbraTe IelCTBUS Ha HETO
AJIEKTPUYECKOTO U IPABUTALIMOHHOIO NOJIEH 3eMJIH.

3. Usmenenune marnutHoro moss 3emun BOmm3u IICO. DTo sIBICHHE CBSI3aHO C
BO3HUMKHOBEHMEM B npenenax B/l MarHuTHOTO IUIIONs B pe3yibTaTe eUcTBHs Ha B/l
MarHUTHOTO ¥ CIIMHOBOTO MOJIeH 3eMIIu.

4. l3menenue rpaButannonHoro moss 3emi BOm3u [1CO (yTsbKeleHue U JICBUTAIHS).
Takoil (eHOoMeH CBsi3aH C BO3HUKHOBEHHEM B mpezaenax BJl rpaBUTallnOHHOIO
JUIIOJIS B pe3ynbTaTe AeUcTBUA Ha B/l 21eKkTpru4ecKkoro U rpaBUTallMOHHOTO MOJIEH.

5. Bpamenne Bo3ayxa Buyrpu I[ICO. DTO sBIEHHE CBSI3aHO C M3MEHEHHEM CIIMHOBOMU
nonspusaunu BJl, Bo3HMKaromed B pesynbrare JedcTBus Ha BJ] marHuTHOTO M
CIIMHOBOTO MOJIeH 3eMJIH.

6. 3axsat I1ICO mbutk. DTO pe3yabTaT BO3ICUCTBUS TPABUTAIIMOHHOTO, DIICKTPHIECKOTO,
MAarHUTHOTO W CIIMHOBOTO noJier B/I, kak 4eTbIpex Inumos.

7. Ilpoxoxnaenre [ICO CKBO3b Ta3bl, KUAKOCTH W TBepAable Tena. JlaHHOE sBIIeHHE
BO3MOXHO Onarogaps tomy, yro ®BB unmu ®BA B B/l npeacrasnsoor cob6oro
pasHoBuaHoctn DB, B3aUMOJEWUCTBYIOIIME C  BEHIECTBOM  TOJBKO  4Yepe3
MAaKpOCKOIIMYECKHUE TOJIA.

[Tockonbky B/l B ueTbipex MOJSX CTAHOBUTCS YETBIPEXIUIOJEM, TO B OTHUX )K€ MOJISAX Ha
HEro JeHCTBYIOT 4YeTbIpe CHJIbI JUIOJIBHOTO XapakTepa: »JJIeKTpUu4yecKas, MarHUTHas,
IpaBUTALIMOHHAS U CIIMHOBASI.

[Tockompky B/l 3axBaThIBaeT BEMIECTBO, TO Ha HErO B atMocdepe 3eMiIu JESHCTBYIOT €IIe JIBE
CHIIbI: OObIYHAs TpaBUTALIMOHHAs, MPONOPIMOHAIbHAS MAacce 3aXBau€HHOTO BEILIECTBA, U
a’poMHAMUYECKasi, CBsI3aHHAs C reomeTpuieckoil dopmoiri BJl, a Takke co CKOPOCTBIO
MOTOKa BO3/lyXa B pacCMaTpuBaeMOM MecTe HaxoxaeHus: B/I.

C omHoBpeMeHHBIM jeiicTBHeM Ha BJ] B atMocdepe 3emin miecTd yKa3aHHBIX CHII
CBSI3aHO elle 0aHOo u3BectHoe cBoiicTBO I1CO:

8. Hempenckasyemoe nsuxenne IICO, B TOM 4ncIie IBUKEHHIE IIPOTUB BETPA.

BJI ne oOmamaer coOcTBeHHOM Maccoil. YckopeHnue nBwkeHus BJl omnpenemser
3aXBau€HHas Macca. B CBsA3M ¢ TeM, YTO 4acTh JUIOJIbHBIX CUJI JEHCTBYET HENOCPEACTBEHHO
Ha B/I, a yacTb cuj, B YaCTHOCTH, I'PaBUTALlMOHHAS U a’3pOJMHAMUYECKas, NeUCTBYIOT Ha B/
yepes 3aXBaueHHYIO Maccy, TO BO3MOXKEeH cOpoc yactu 3axBaueHHOM macchl BJI. Co copocom
aToi Maccel BJ] cBsi3aHo ene oHO X0opoiio u3BectHoe cBoictBo 11CO:

9. HeobOwsicuumo 60ibiioe u3MeHeHue yeckopenus asmkenust [1CO.

dusnueckue YCJI0OBUA MPOXOKIACHUA BZ[ CKBO3b JKHUIAKOCTH U TBEpAbIC TeEJIa
MNPUHOUIIMAIBHO HE OTIIMYAIOTCA OT 3THUX KC YCJIOBI/Iﬁ MMPOXOKACHUA BI[ CKBO3b rasel. 1 B
KHUAKOCTHU, 1 B TBEPAOM TCJIC HaA BI[ Z[eﬁCTBYIOT YCTBIPC AUIIOJIbHBIC CHIIBI. Ho B mioTHBIX
Cpeaax 3HAYUTCIIbHO CHJIBHEC BBIPAXKCHBI HPOUCCCHI ACTIOJIAPU3ALUU  [IBYX JUIIOJICH:
QJICKTPUYICCKOTO U MAarduTHOTO. Yy QJICKTPUYCCKOTO OUIIOJIA BZ[ ACTIOJIAprU3alus CBA3aHa C
TOKaMH MPOBOAUMOCTU B DJICKTPOIPOBOAAINIEM BCHICCTBC. Y MarsuTHOrO OUIIOJNS BI[
ACTIOJIApU3alnusd CBsA3aHa ¢ USMCHCHUCM HAMArHM4€HHOCTU B MAarHUTHOM BCIICCTBE. HOBTOMy
B INIOTHBIX CpC€AaxX YaCTH4YHAsA JACTIOJApu3alusd JSJICKTPUYCCKOI0O W MArHUTHOT'O JUIIOJIeH
MNPpUBOJUT K YMCHBIIICHUIO ﬂCﬁCTBYIOIHHX Ha BI[ JAUITOJIBHBIX CHIJI.



BJl BHOCHUT B TBEpAOE€ TENO UETHIpE MOJSIpU3AIMU, a CIEJOBaTEeIbHO, YEThIpe
JOTIOJIHUTEIBHBIX T0JIA. C~MOJIIMU CBSI3aHBI YETHIPE TE€H30pa CTPUKIMOHHBIX HAIPSKEHUN
[58, 61]. TeH30pbI CTPUKIIMOHHBIX HANIPSDKEHUH, CBA3aHHBIC C TPABUTAI[HOHHBIM M CITHHOBBIM
MOJISIMU, MOKHO BBECTH IO aHAJIOTHMM C TEH30PaMH, CBS3aHHBIMU C D3JCKTPUUYECKUM U
MarHuTHeIM nojisiMu. Kpome Toro, co CnmMHOBOM MOJIspU3aliMel HEMmOCPEICTBEHHO CBs3aH
enie OJWH TEH30p: HECUMMETPHYHBIA TEH30p KacaTeIbHBIX CIHHMHOBBIX MEXaHUYECKHUX
HarnpspDKeHU. Bee 9T HanpspKeHUsT M3MEHSIIOT MCXOTHOE HAIPSYKEHHOE COCTOSIHUE TBEPJIOTO
Tela, XapakTepuzyeMoe TEH30POM HCXOJHBIX MEXaHUYECKUX HampsokeHuit  [61].
CTpUKIMOHHBIC, CIMHOBBIE M WCXOJHBICE MEXAHUYECKHE HAMPSIKCHUs, HOPMAJIbHBIE H
KacarelibHbIe, aJIreOpanyecku CYMMHUPYIOTCS. BO3HMKHOBEHHE 3THX HANPSDKCHUH MOXKET
MIPUBECTU KO MHOTUM HEOOBICHUMBIM, aHOMAJIbHBIM SIBJICHHUSM, HAIIPUMED, MTOJITEPTEHCTY.

[Ipexnae Bcero HEOOXOAUMO OTMETHTH BO3MOXKHOCTH 3axBaTra BJ[ B oTAENbHBIX MecTax
HEOJHOPOJHBIX, CHUJIBHO HAIpPSHKEHHBIX 00JacTel B mopojax 3eMild, a TakKKe Pa3TUYHbIX
KOHCTPYKIUSIX, CO3/IaHHBIX YEJIOBEKOM: JIOMaX, MOCTaxX, KopaOisx, camojerax H T.A.
[Tockonbky B/l siBnsiercs cBoeoOpa3HON aHTEHHOW Ui 3JIEKTPOMArHUTHBIX MOJIEH, TO C
3axBaueHHbIMA BJ[ MOMWKHBI OBITH CBSI3aHBI BCE TE€ MPU3HAKU, KOTOPBIE XapaKTEPU3YIOT
sBiaeHue mnousrepreiicta. C momoOHeiMH BJl Moryr OBITH CBSI3aHBI U HEOXKUIAHHBIC
pa3pyIICHHS U TIOKAPHI.

[Ipoxoxnenne BJl CKkBO3b HampspKEHHBIE, HEOJHOPOJHBIE MO COCTaBY YYAaCTKH 3€MHOM
KOpbI MOXET TIPUBOJAUTH K CcOpocy OONBIIUX MEXaHWYECKHX HAaNpsHKCHUH, T.e. K
3eMJICTPSCEHHUSIM, OCOOCHHO B TEKTOHOHANPSDKEHHBIX 30HaX. Bmecte ¢ Tem, 3Ta CBs3b
HEOJHO3HayHas. B mecTtax yactoro npoxoxaeHus BJl ckBo3b MOPOIbI CEMCMOHArPYKEHHBIX
paliOHOB CHJIbHBIE 3EMJICTPSCEHHS OTCYTCTBYIOT, TOCKOIBKY B/l HE MO3BOJISIFOT HAKOMUTHCS
OOJBIIMM MEXaHWYECKHUM HampsHKeHUsIM. BO3MOXKHO, 4TO 3TO OOBSICHSIET aceiCMHUYHOCTD
Tepextuno -KartyHnckoi nuHamonapsl Ha Anrae [5]. HanpoTus, B MecTax pekoro nosiBIeHUs
B/l BHyTpu mopoa MOTYT HAaKOMUTHCS OOJbIIME BHYTPEHHHE MEXaHWYECKHE HANpsKEHUS.
[TosTomy mnosiBnenme BJ[ B 3TUX MecTax MOXKET HMETh IIyCKOBO€ 3HAaY€HUE JUIA
KaTacTpo(pUUECKuX 3eMIIETPSICEHUIA.

Ha takyro B3ammocBsize BJ] u 3emnerpsicennii BnepBbie 00paTtuili BHUMaHuEe JIMUTpHEB
[5].

OueBHAHO, YTO HAyajo Mpolecca 3eMJIETPACEHUS MOXKET ObITh cBsizaHO He ¢ BJI, a ¢
W3BECTHBIMU MPUYUHAMU, ONUCAHHBIMU B Teopuu 3emiierpsacenuit [84, 85]. Ho naxe B sTom
cllydae HaJl MOBEPXHOCTbIO 3€MJIM MOTYT BCIUIBIBATh IPEABAPUTENBHO 3axBadeHHble B/,
BbI3bIBAsl JIOKAJIbHBIE 3€MJICTPSICEHUS.

Wrak, MoxxHo oTMmeTuth eme oaHO cBoicTBO [ICO, 00ycnoBieHHOE CTPUKIIMOHHBIMH
HaIpsHKEHUSAMU B IOPOJax 3eMJid, BHYTpU U BOkpyr B/I:

10. Bsaumocss3pb yactotsl nosiBienus [1CO u 3emneTpsiceHui.

W3 npoBereHHOTO paccMOTpeHUs BO3MOKHOCTed (usmueckoir monenu B/l BuaHO, 4TO
OHa MO3BOJIIET 00BACHUTH Harboiee BakHble cBoiicTBa [1CO.

3.1.2. KpyroBopoTt 3Hepru 1 BO3HHKHOBeHHEe IPAaBUCIIMHOBBIX BOJIH BO BceesleHHOi

Beiie ObiI0 cka3aHo, 4TO Al OOBSICHEHUS AJIEKTPOMArHUTHOTO H3IIydEeHHUs, B
gacTHOCTH, camocBeueHust [ICO HeoOXoauMOo MPeanoa0kKHUTh, YTO MPOCTPAHCTBO 3aI0JIHEHO
I'PaBUCIMHOBBIMU BOJIHAMU C BBICOKOW IUIOTHOCTBIO MOTOKAa MOIIHOCTH B JIIOOOM 3apaHee
BBIOpAaHHOM HaIpaBlICHUHU, Hanpumep, corinacHo CmupHoBy [10], TUnMUHAS mapoBask MOJIHUS
¢ nuameTpoMm okoJio 0.2 M CBETHT KaK 3JIeKTpUUECcKas JaMIl04Ka, UMEIOIas MOIHOCTh OoJiee
100 Br. B o5TOi CBsI3M BO3HUKAET BONPOC: YTO COOOIO0 MPEICTABISAIOT U TJe HAXOIATCA



WCTOYHUKH TPABUCIIMHOBBIX BOJMH? B pabote [6] yka3zaHHBINM BOMPOC YaCTUYHO PACCMOTPEH
MyTeM MPUBJICYCHNUS 3aMKHYTHIX IIETIOUEK MTPeoOpa3oBaHuil SJHEPTHii, KOTOPbIE €CTECTBEHHBIM
00pa3oM BXOJAT B MOJIENIM 00BEIMHEHHOH AIIEKTPOTpaBUAMHAMUKH 1 HeogHopoaHoro DB, a
MMEHHO, B3aUMHBIX OOpaTUMBIX MPE0Opa30BaHUN: HIEKTPOMArHUTHON SHEPTHH B TEIUIOBYIO
(OMT); aeKTpOMarHUTHOW SHEPrHUU B MexaHW4eckylo (DOM<>M); amekTpoMarHUTHOM
sHepruu B rpaBucnuHoByl0 (OM&I'C); temnoBoil sHepruu B rpaBucnuHoByto (T<>I'C);
IpPaBUCIIMHOBON 3Hepruu B mexaHudeckyw (I'C<>M); MexaHMuecKOl HEpPruu B TEIJIOBYIO
(MeT). Bee 3t miects npeoOpa3zoBaHuil 3HEPTUM CXEMATUYHO MOKa3aHbl HA puc.4.

- M | <—

oM I'C

Tpu U3 mpeacTaBIeHHBIX HAa pyc.4. TpeoOpa30BaHUs SHEPTUU:

OMeM; DM« T; M<«> T xopomio u3ydeHbl. Takke XOpOIIO HM3BECTHO MpeoOpa3oBaHUE
TPaBUTAIIMOHHOW YHEPTUU B KHHETHYECKYIO PHEPTUIO ABWIKEHUS Tes u obpaTHo. Ho mox I'C-
SHeprueil cienyer MOHUMATh TPU BUIA SHEPTHH: TPABUTALMOHHOTO I0JIs, CIIMHOBOTO MOJIS U
SHEPrui0 TpaBUCIUHOBBIX BOJH. [log DM-sHeprueil Takke cienyeT NMOHMMATh TPU BHUIA
SHEPrUU: EKTPUUECKOTO MOJISI, MArHUTHOTO TOJISI U AJIEKTPOMArHUTHBIX BOJIH.

Takum oOpa3om, Mmozens HeonHopoaHoro OB BeIBUraeT 3aauyu  U3y4EHUS
MaJIOU3BECTHBIX MpeoOpazoBanuii sHeprun: OMI'C; T'CoT uw  nByX  YacTHBIX
npeoOpazoBanuii: ['C <> M, cnuHOBOIl SHEpPruM B MEXaHUYECKYI0 U OOpaTHO, a Takke
IPaBUCIIMHOBOM BOJIHOBOM 3HEPTUU B MEXaHUYECKYIO U 00paTHO.

B pabore [3] paccMOTpeHBI HEKOTOpbIE M3 YKa3aHHBIX BBIIIE MaJOU3BECTHBIX
npeoOpa3oBaHMii SHEPTUH:

— mpeoOpazoBaHUE YHEPTUU IPABUCIIMHOBBIX BOJIH B MEXaHUYECKYIO SHEPTHIO;

— mpeoOpa3oBaHUE TEIIa B SHEPTHIO TPAaBUCITMHOBBIX BOJIH;

— oOpatumoe mpeoOpa3oBaHHE OHHEPrHUHM DIIEKTPOMATHUTHBIX BOJH B OJHEPTHUIO
TPaBUCIUHOBBIX BOJIH.

[TapagokcanbHOCTb MOCIHEAHUX TPEX MPeoOpa3oBaHUN YHEPTUU CBsI3aHAa ¢ OOpPAaTHBIMU
3HaKaMu Tepes “UCTOYHUKaMU pc, Je B YpaBHEHUAX XeBHUcaii1a 10 CPaBHEHHIO CO 3HAKaMH
nepes cuMBoJiaMH p, J B ypaBHEHHMsIX MakcBemia U ¢ KO3((QUIMEHTaMU &1, 1 B MOJAEIH
00BbEeTMHEHHOM JIEKTPOrpaBUANHAMUKHY.

IIpexne Bcero cienyer ckaszaTh, YTO paccMaTpuUBaeMble NpeoOpa3oBaHUS SHEPTUU
HapyIIA0T IOCTYJAT BO3pacTaHUs SHTPOIHH, T.€. BTOPOE Hadajio TepMOJuHaMUKU. Bmecre ¢
TeM, 3TH MpeoOpa3oBaHMsl HE 3aTParvBaiOT IEpBOE HAYalO0 TEPMOJMHAMUKHA U TPUHIIMII
MIPUYMHHOCTH, KOTJIa IPUYNHA NIPEALLIECTBYET CIEICTBUIO.



AHanu3 mepBOTO M3 MAaJOW3BECTHBIX MpPeoOpa3oBaHMil 3HEpruM mMokaszan [3], 4ro
IpPaBUTALIMOHHAS] AHTEHHA B BUJE YCKOPEHHO JBUXYILIEroCs TOYEUHOTO Tella SIBJIIETCS HE
SMHUTTEPOM (M3iIydyaTeneMm), a abcopOoepoM (IOTIOTHTENEM) SHEPIHH I'PABHCIIMHOBBIX BOJIH.
CnenoBarenbHO, YCKOPEHHO [BMXKYIIAsCS Macca HE SBJIAETCA NPUYMHOM BO3HUKHOBEHMS
SHEPruM I'PAaBUCIIMHOBBIX BOJIH. HanpoTus, 3HEprus CTOPOHHUX IPABUCIIMHOBBIX BOJH UJAET
Ha YBEJIMYEHNE KNHETUYECKOU SHEPTUU YCKOPEHHO JIBUXKYILETroCs Tela.

MaremaTruecku abcopOep TPaBUCIMHOBBIX BOJH MOYKHO OIKCATh C MOMOIIBIO TaK
Ha3bIBAEMBIX OIEPEXKAIOIIMX, a HE 3ama3/JblBalOLIMX pPEIICHUH BOJHOBBIX YypaBHEHUI
Xeswucaiina [3]. U3 anexkrpoauHaMuku n3BecTHO [S8], 9TO omepekaromye pemeHus He OyayT
[IPOTUBOPEYUTh NPHUHLHUIY NPUYMHHOCTU TOJILKO B OJHOM Ciy4yae, KOTJa B OKpYXEHUHU
abcopOepa HaxOIATCS UICTOYHUKN CTOPOHHUX BOJIH.

Takum o6pazom, ¢ npeoOpa3oBaHUEM SHEPTUU T'PABUCIMHOBBIX BOJH B MEXaHUYECKYIO
SHEPruI0  CBfA3aHa MapajokcaibHass cuTyauus. Bwmecto oXugaemMoro HCTOYHHMKA
IPaBUCIIMHOBBIX BOJIH Mbl HOJYYHJIM UX MOTJIOTUTENb. [IprueM, A onucaHus MOTJIOTUTENS
SHEPruM MPHU YCIOBUU OTCYTCTBUS MPOTHUBOPEUMSI C MPUHIUIIOM IPUYMHHOCTH HEOOXOAUMBI
OTISITh K€ CTOPOHHUE UCTOYHUKHU I'PAaBUCITMHOBBIX BOJIH.

BoinosiHeHHBIN aHanM3 BTOPOTo NMpeoOpa3oBaHusl SHEPTUM - IPeoOpa3oBaHus TEIUIA B
SHEPTUIO TPABUCIIHMHOBBIX BOIH — MOKasal [3], 4To TpH YCIOBHU 060 - 01’ > 0 MPOMCXOUT
yCUJIEHUE TPAaBUCIIMHOBBIX BOJIH, MPOXOASIIMX UYepe3 BEIIeCTBO, 3a CUET TeIljla B BEIECTBE.
O4eBHIHO, 4YTO TPU MPOXOKJACHUM TPABUCIHMHOBBIX BOJH Yepe3 BELIECTBO JOJKHA
yYMEHbIIAaTbCAd €ero TemmepaTypa. OgHako W B 3TOM ciydae Aisi OOBSICHEHHs Mpoliecca
npeoOpa3oBaHMs SHEPTUN HEOOXOAUMBI CTOPOHHUE UCTOYHHUKH I'PAaBUCITMHOBBIX BOJIH.

Tonpko B TpeTbeM mHpeoOpa3zoBaHUM - MPEOOpPa30BAHUU IHEPIHM AJIEKTPOMArHUTHBIX
BOJIH B DHEPIHIO T'PABUCIIMHOBBIX BOJIH U 0OPATHO - MOSIBISIOTCS HCTOYHUKU MPABUCIIMHOBBIX
BOJIH. VIcTOuHMKaMH M OJHOBPEMEHHO NpeoOpa3oBaTeNsIMU ITHX HdHeprud sBisroTcs BJI.
AHanu3 TpeTbero mpeoOpa3oBaHus dHepruM mokaszan [3], yro B BJI, pacnosiokeHHBIX BHE
BEIIECTBA, MpoucxoauT nepuoanyeckoe 100 % npeodbpazoBaHue 3HEPTUU FNEKTPOMArHUTHBIX
BOJIH B DHEPrUI0 I'PAaBUCIMHOBBIX BOJIH U 00paTHO. DTO MpeoOpa3oBaHHE MPOMCXOIUT Ha
KaXJOM YacToTe BOJIHBI OTAENbHO. [103TOMY 4YacTOTHBIM CHEKTp TPAaBUCIIMHOBBIX BOJH
JOJKEH ObITh ONM3KMM K YacTOTHOMY CHEKTPY 3JIEKTPOMArHUTHBIX BOJIH B MeECTE, TJie
MIPOMCXOUT MpeoOpa3oBaHue dHEpruu nocpeactsom B/I.

Urak, cormacHo naHHoi Monenu HeoaHopoaHoro ®B ucToOYHMKaMHM IPaBHCIIMHOBBIX
BoJiIH BO Bcenennoit siBisitorest camu ke B/l - TICO. Ilomywaercst Tak, 4To i OOBSICHEHUS
camocpeueHus: [ICO HeoOxoauMBbl IPaBUCIMHOBBIE BOJIHBI. BMecTe ¢ TeM OKa3bIBaeTcsi, 4ToO
MOSIBJIAFOTCS. ATH BOJIHBI O1sATh ke Onaromaps B/l - IICO. Heo6xoaquMbIM yCcI0BUEM TaKOTO
mpolecca sIBIsieTcs cyliecTBoBaHHe Oombinoro uucia BJl, pasHeceHHBIX B MPOCTPAHCTBE
BceneHHoi, KOHTAKTUPYIOIIUX C 3JICKTPOMArHUTHBIM H3Ty4€HUEM 3Be3].

Ponp u 3Hauenue I'C - sHEprum MOXKHO YSICHUTH M3 PACCMOTPEHHS MPeoOpa3oBaHMA
SHEpPruM, MOKa3aHHBIX Ha cxeme puc.4. Eciu MCKIIIOUUTh U3 PACCMOTPEHMsSI Ha ATOH cXeme
I'C-aHepruro u Bce TpU JOMOJHHUTENbHBIE MpeoOpa3oBanus, cBszanHbele ¢ ['C-sHeprueil, To
MOJIYYUTCSl XOPOILO M3BECTHAs M3 KJIACCHMUECKOW TepMoauHamMuku [86, 87] cxema NMOTOKOB
sHepruu. HecMoTpss Ha yacTuuHyto oOpatumocTs mpeobpazoBanuit M < OM, OM < T u
M < T, npeumMyiiecTBeHHbIE CyMMapHbI€ MOTOKW YHEPTUHU HAIIPaBIIEHbI B CTOPOHY TEILIOBOM
SHepruu (Moka3aHbl Ha puc.4. OTIEIbHBIMU cTpenkamu), T.e. M—->DOM->T, M-T.
[IpoucXoIUT HENpPEPHIBHOE YBEJIWYEHHE TEIJIOBOM JHEPrMM 3a CUYET MEXaHMYECKOH U
3JIEKTPOMArHUTHOM 3HEepruil. B aTy cxemy BXoaaT mpeoOpa3oBaHUs XMMUYECKON U SepHON
sHepruil. YacTb 3TUX 3Hepruil cpasy mnpeoOpasyercs B TEIUIO, a MeXaHWYecKas U
AJIEKTPOMArHWTHasE SHEPruM, BO3HMKamouue Onaronaps mpeoOpa3oBaHUSAM XUMHUECKOW WU
SJIEPHON PHEPIHI, B KOHEYHOM MTOI'€ TaK)K€ IPEBPAIAIOTCS B TEILIO.

B nonHON cxeme puc.4. NMpeuMylIiecTBEHHbIE IMOTOKUM SHEPruu oOpasyloT 4YeTbipe
kpyroopota sHepruu: T->I'C->M—->OM—->T u T>I'C->M—->T, B xotopsix Bl - IICO He



MPUHUMAIOT HenocpeacTBeHHoe yudactue, U [—>[C->OM—->T u M->OM—->I'C-H>M, B
kotopsix B/ - IICO npuHuMarOT HEMOCPEACTBEHHOE y4acTHE.
Cornacno onienkam [3] npeoodpazosanust sHeprun T—1'C u I'C—M cnabsie.

OTO 03HAYaeT, YTo B MecTax BceneHHOM, rie MpOMCXOSIT WHTCHCUBHBIE SHEPreTUYECKUE
MPOIIECCHl C 3aMETHBIM BO3PAaCTaHHEM SHTPOIHH, OOpaTHBIE MPeoOpa3oBaHusl, CBA3aHHBIC C
YMEHBUICHHEM  DHTPONIHMH, MOTYT  OCTaBaThCs  He3aMeueHHbIMH.  Ho oOpaTHble
npeobpazoBanus saeprun 1 —I'C—M umeror mmpokoe pacrnpoctpanenne Bo Bcenennoit, B
YaCcTHOCTH, OJjarojaps HCKIIOUUTENLHO BBICOKON mpoHHMmaeMoctd ['C-BONH B BeHIECTBO.
[TosTomMy 3TH TIpeoOpa3oBaHUs MOTYT UTPaTh PEIIAIOIIYI0 POJIb B OTCYTCTBHUHU IPHU3HAKOB
TEIUIOBOM cmepTu BeenenHon.

B paborax [3, 4, 6] He paccMoTpeHs! Ba cBsizaHHbIX ¢ ['C-3Heprueil npeoOpa3zoBaHus:
sHeprun ['C-BoJH B MEXaHMUYECKYIO SHEPTHIO BPAIICHHs TUTAHET W 3BE3]] BOKPYT CBOMX OCEH,
u oOparumoe mpeoOpa3oBaHWE HHEPTUU CIIMHOBOTO TIOJII B MEXaHHUYECKYIO DJHEPTHIO
BpaIeHNs 9THX Ke 00BeKTOB. MeX Iy TeM, /IBa YKa3aHHBIX MPEOOpa30BaHMS SHEPTHHU BIIOJTHE
MOTYT OBITHh PAacCCMOTPEHBI Ha OCHOBE MOJENH OOBEAWHEHHOW OHIEKTPOTPABHINHAMUKH.
Takum o0pa3zom, y Hac ocTajach HE B IOJIHOM MeEpe pacCMOTpeHa He MEHee MHTEpecHas
npoOieMa npeoOpa3oBaHuil SHEPTUH MTPH BPALIEHUH KOCMUYECKUX 0OBEKTOB.

Nrak, xazamock 061 yacTHBIN peHoMeH camocBedenwus [ICO B Mo1eu HEO THOPOTHOTO
@B okazaiicsi CBA3aHHBIM C OOJBIIUM KPYroM (yHIaMEHTAIBHBIX BOIPOCOB KPYroBOPOTA
SHepruu Bo BceneHHOM.

3.1.3. IIpobuaema cjadbixX B3pbIBOB BAKYYMHBIX IOMEHOB

[Ipu paccMoTpenun mpobiieMbl ciiadbix B3pbIBOB B/l cHauana MOXKHO OrpaHUYUTHCS
JAHHBIMU HAOJIOICHUH, UMEIOIIMMH OTHOIIEHHE K apoBsiM MostHUAM (LLIM), kak Haubomnee
n3ydeHHbIM oObekTaM u3 cemeiictBa [ICO. Crnemyer oOpaTuTh BHUMAaHHE Ha BEITHMYHUHBI
sHeprun B3peiBoB 1IIM ¢ amamerpom oxono 0.2 Mm: cpeanee 3HaueHme — 10 JIx;
MakcuMmanbHble 3Hadenus —107- 108 JIxx [10]. Msl monaraem, 4to ciabbie B3pbiBbl 11IM, mpu
YKa3aHHOM BBINIE €€ pa3Mepe, XapaKTepu3yloTcs sHeprueil mopsamka 10% JIx, T.e. mpu
IJIOTHOCTHU SHEPrHH B3pbIBa Hopsaaka 10° /M3,

Nmenno nebonbllioe cpenHee 3HaueHUE 3Hepruu B3peiBa [IIM Oepercs 3a oCHOBY B
xopoiro u3BecTHbIX Teopusx IIIM: mnasmenHo-(pakrampHOl Teopun CmupnoBa [10] u
TEOPUH ITUIA3MEHHO-TIBIJIEBBIX KPHUCTAIOB, Kamenb U obnakoB Llutouua [88]. B Teopuu
CmupaoBa sHeprus IIIM Bo3HUKaeT B pe3yabTaTe MHepecTpoiiku yacted kapkaca IIM wu3
¢bpakTanbHbIX HUTEH (OOYrJIeHHBIX dYacTull OOBIYHOM MBUIM) MPH €ro 0ojee MIOTHOM
YIaKOBKE M MO CYTH SIBJISI€TCS JHEpruer MOJEKYIspHOro cuemieHus. B Teopun M
[lutoBHYa «eIMHCTBEHHBIM MCTOYHUK SHEPTUH ... - 3TO MEXAHUYECKAas SHEPIrusi 3BYKOBBIX
KojeOaHuif, KoTopas JnuOO 3axBayeHa U3HAYAIbHO B 00BEM, JHOO HENMPEpPHIBHO
3axBaThIBaeTcsa B 00beMe mmapa» [88].

Teopun CmupHoBa u [{uToBHYa XOPOIIO OOBSICHAIOT CBOICTBA BHEUITHE MOXOXKHUX Ha
IIM cBersmuxcss mapooOpa3HbIX 00pa30BaHUM, HKCIEPUMEHTAIbHO TMOJYYEHHBIX B
pPa3IMYHBIX DJIEKTPUUYECKUX pa3pA/lax B MPUCYTCTBUM TOPIOYMX Ta30B U YaCTHUIL
pacubiisieMbix dnekTpogoB [10, 11]. Ho oHm He npaioT OOBSCHEHUS HH OJHOMY W3
paccMoTpeHHbIXx Bbime cBoiictB I[ICO - IIIM. B wyacTHOCTH, OOBSACHSIOT CBETUMOCTD
oOpa3oBaHMii, HO HE MOTYT OOBSICHUTH ODIIEKTPOMATHUTHOE W3JIy4YeHUE, HalpUMeEp, B



JEIMMETPOBOM JIMANa30He; JAI0T 3alacaeMyio sHepruio nopsagka 10* Jx, Ho He MoryT
OOBSICHUTB B3PBIBBI CO 3HAYUTEIBHO OOJIBILIEH SHEPTHEH.

OcHoBaHHBIE HA OOBIYHBIX (U3NYECKUX MpeacTaBieHusX, Teopuu IIIM HE MoryT
OOBSICHUTh KAueCTBEHHBIE OCOOCHHOCTH B3pbIBOB [IIM, XOpomio W3BECTHBIE U3
HaOMOATENILHBIX JAaHHBIX: BO MHOTHX cllydasx mocie B3peiBa LIIM B OTKpeITOM
MIPOCTPAHCTBE OHA HE MCYE3aeT U MPOJOKAET cBoe ABMkeHue [16-20]; mpu ucue3HOBEHUU
[[IM mnocine B3pbIBa B3pbIBHAS BOJIHA MEXaHMYECKM B3aUMOJCHCTBYET TOJIBKO C
METaJNINYECKUMH NPEeAMETaMU, HO CBOOOHO MPOXOJIUT CKBO3b M30JATOPHI [17]; HEKOTOpBIE
B3pbiBbl [IIM CBs3aHBI ¢ pa3pymieHHUEM dJICKTPUYCCKHM TOKOM OOJBIINX YYacTKOB
ANIeKTpUYecKuX U TenedoHHbIx cerei [10].

Jliist oOBsicHeHHst Mexanu3Ma B3pbIBOB [1IM Ha ocHOBe Mozenu HeotHOpoaAHOTO DB ¢
Y4E€TOM TMPUBEICHHBIX BBIIIE HAOIIOMATENBLHBIX JTAHHBIX M XapaKTEPHBIX BEIWYUH DHEPTU
B3PBIBOB 11€J1€CO00pa3HO YTOUHUTH (pusmueckyro monenb BJI. Ilpexne Bcero, HeoO6xoaumo
JOTIOJTHUTEIFHO O0paTUTh BHHMaHME Ha MexaHuueckue cBoiicTBa ®BB umum ®BA B
npeaenax oorema BJI. B monsix 3emnu BJl cranoButcs yetsipexaumnoneM. C MOSIMU ITHX
JIUTIOJICH CBSI3aHbl MEXaHUYECKHE HalpskeHus: BHyTpu B/I.

EnuncTBeHHass BO3MOXHOCTh OOBSICHEHUSI HaOMIOJaeMbIX (PaKTOB JTUTEIHLHOTO
cyliecTBoBaHUs Hen3MeHHOU ¢opmbl LIIM npu neiicTBUM BHYTPEHHUX HANpsSKEHUN COCTOUT
B ToM, 4yT0 ®BB nnu ®BA Buyrpu BJ] - [IIM o6manatotr cBocTBaMH TBEpJOTO Tejla WIIH,
JIPYTMMH CIIOBAMM, BaKyyMHOTo Kpucrtamia. Bmecte ¢ tem, ®BB nmu ®BA Bryrtpu B/l
clenyeT MPUIaTh CBOMCTBA OBICTPOTO M3MEHEHHS BHYTPEHHEH CTPYKTYPHI U BO3MOKHOCTH
OBICTPOTO PACTIBUICHUSI MAaTEPHUH MPH HEKOTOPHIX MAKCUMAJIBHBIX HAMpsbKeHUsIX BHyTpu B/,
MMOCKOJIbKY HEOOXOIUMO YUWTHIBaTh (hakThl m3MeHeHus: popmel LIIM BOiioTh A0 neneHus u
nojHoro ucye3HoBenus [[IM mpu ykazaHHOM BbIIIE CBOCOOPA3HOM IOBEIECHWUU B3PBIBHOM
BOJIHBI.

Jlerko BuUmEeTh, 4TO 51 0OBsicHeHUs B3pbhBOB [IIM mpu HCMOIB30BaHWM MOJIETH

HeoaHopoaHoro @B crienyer chopMynupoBaTh 331a4u TPEX BUIOB: B3PbIBbI IPU COXPAHEHUHU
dhopmer B/I; B3peiBBI Tpu n3MeHeHnH dopmbl B/I; B3pbIBEI ipu pactibuieanu B/,
B pa6ote [6] paccmoTrpensr B3pbiBBI IIIM mpum  ObictpoM u3MmeHeHuu ¢Gopmel B/l
IToka3aHo, 4To HabIIFOaeMble 3HaUeH s SHepruu B3pbiBoB 11IM nopsaka 10% JIx MoryT 6bITh
CBSI3aHBI ¢ OBICTPBIM HM3MEHEHHEM JJIeKTpuueckoi sHepruu BJl. Mexay Tem, B yKa3aHHOU
paboTe  oOKa3aloCch HE  HUCCIEJOBAHHBIM  OJHOBPEMEHHOE  OBICTPOE  HM3MEHEHHE
rpaButaunoHHo sHeprun BJ[. CrnenoBarenbHO, B paccMaTpyUBaeMOM 3ajade BeJIMYUHA
sHepruu B3pbiBOB IIIM Obuta 3aHmkeHa. B 3Toil cBSi3u CTAaHOBUTCS TOHATHBIM, YTO
Ha0JoJlaeMble 3Ha4YeHWs sHeprud B3pbBoB 11IIM mopsaxa 10* JIx MoxHO ommcaTe 6e3
npennonoxenuss o6 wusMenenun @opmbel BJI. B a3TOoM ciyuae MoxHO HailiTH Oolee
€CTECTBEHHBIN MEXaHU3M JIETOHAIIMHU B3PHIBOB, CBSI3aHHBIN He ¢ u3meHeHneM ¢opmel B/, a ¢
ANEKTPUUECKUM pa3psaoMm BHYTpu B/I.

Takum 00pazoM, C OBICTPHIM HW3MEHEHHWEM JUIOJBHBIX AIIEKTPUYECKOTO H
rpaBuTanMoHHOTO noJjieid B/l MoxxHO cBsi3aTh enie oHo u3BectHoe cBoicTBO [1CO - IIM:

11. Cna6wie B3pbiBbI L1IIM ¢ Bhinensemoit sneprueii nopsiaka 104 .

CunbHble B3pbiBbl 11IM ¢ Bbigensemoif sHeprueif mopsaka 108 [k mpesbimaror
TPOTUJIOBBIN SKBHBAJIECHT B mepecdyere Ha o0wbem IIIM [17]. B3speBel ke kpymabix [1CO,
TakuxX Kak TyHTYCCKHMH ‘“MeTeopHuT”’, UMEIOT NMPU3HAKU B3pBIBOB BOJOPOJHBIX O0MO [41]. B
9TOM CBSI3U MOYKHO CKa3aThb CO BCEH ONPENENIEHHOCTBIO, YTO cuibHbIE B3pbIBbI [ICO HEe MoryT
OBbITh OTIMCAaHbl YPABHEHUSIMU MaKpOCKOITMYECKOI Moienu HeogHopoaHoro dB.

Jlnst BbISICHEHUST (PU3NYECKOM Mpupoabl CHIIbHBIX B3pbIBOB [ICO HE0OX0aMMO H3ydeHHE
BHYTPEHHUX MHKpocKomuueckux (usuueckux cBoiictB ®BB u ®BA. Ora 3amaya naneko
BBIXOJIUT 32 PAMKH paccMaTpuBaeMoil Mosienu. B HacTosmiel pabote Mbl OrpaHUYUMCS JIUIIb



CaMbIMH OOIIUMH MPEAIOIOKEHUSIMH TUIIOTETUYECKOTO XapakTepa 0 (PU3NUYECKUX CBOMCTBAaX
®BB u ®BA, ucxons U3 CTpeMJICHHs MOIYYUTh JOIMYECKH COTJIaCOBAHHBIE MPEACTABICHUS
O JIBUYKCHUH BELIECTBA U SHEPrUuU BO BceneHHou.

3.1.3. BakyymHbIe 10OMeHbI B MOJIAX 3eMJIH

Yactora nosinenust BJ[ - I1ICO y noBepxHOCTH 3eMJIM CHJIBHO BO3pPAcTaeT B TObI
aktuBHOTO ConHila. B 3TO# CBSI3M MOXHO MPUNATH K 3aKJIFOYEHHIO, YTO OJHHUM W3 OCHOBHBIX
ncrouHnkoB BJ[ B kocmoce siBisiercs CosiHile M Apyrue 3Be3zibl. VIMEHHO BHYTpH 3BE3[
MOXHO HANTH BBICOKYIO IUIOTHOCTh OJHEPTUH, MPEANOJIOKUTEIHHO JJHOCTATOUHYIO IS
paznoxenuss AOB na ®BB u ®BA.

O6pazyromuecs: JiokanbHbie CTpyKTyphl ®BB n1 ®BA mnepememarorcss B OlMKHEM
KOCMOCE BMECTE€ C MOTOKAaMHU YacCTHUI] COJIHEYHOro BeTpa. TaM IOCTOSIHHO HaOJ0JaroTcs
00BEKTHI, BECbMa OTJIMYAIOIIMECS OT METEOPUTOB U OOJIHMI0B, KOTOPbIE MOKHO OTOKJIECTBUTh
¢ IICO — BJI [89 - 91]. B aT0# cBsA3M BO3HUKAIOT 3amaud o 3axBare BJI momsmu 3emun u
JIPYTUMU TIJIaHETAaMU COJTHEYHOM CHCTEMBI.

B mexanmn3max 3axBara B/IB u BJIA (Bl BemectBa u B/l anTuBemecTBa), Kak OyaeT
MOKa3aHO HIKE, MOYKHO BHJIETh OIpPEJEICHHbIE Pa3/InyMs, HO BCE K€ BO3MOXKEH 3axBaT
3emsieit kak BJIB, tak u B/IA. [To3TOMy MOXXHO HCXOIUTh U3 MPEANOJIOKEHUS O pa3€IbHOM
3aroJIHeHUH BHYyTpeHHero oOreMa 3emun kak BJIB, tak u BJIA. Takum o0pazom, BHYTpH
3emsin 00paszyeTcsi HEKOTOPBIM MHTErpajibHbIi BakyyMHBIH nomeH. [lpu mnpeoOnananuu
konuuectBa ®OBB  nan ®BA oH xapakTepusyercs ypaBHEHUSIMU OOBEAMHEHHOUN
ANIEKTPOTPAaBUIMHAMUKH C YCpEAHEHHBIMU napamerpamu €1> 0 u u1 > 0. [Ipu npeobnananuun
konmuectBa @PBA Hanm ®BB - mapamerpamu 1< 0 u u1 < 0.

Hurterpanpaeiii B/l BO BHYTpeHHEM T'paBUTAIMOHHOM MoJie 3eMJIM 00Opa3yeT BHYTpH
cebst mpu &1 > 0 pacnpeneneHHbIC 3JEKTPUUYCCKUE 3apsIbl OJHOTO 3Haka W mpu & < O-
MIPOTUBOIIOJIOKHOIO 3HAaKa. B CIMHOBOM mojie BHYTpH 3€MJIM, CBSI3aHHOM C BpAIllCHUEM €€
Macchl, nHTerpanbhubiil B/l oO6pasyer npu w1 > 0 monsipu3alliOHHbIE MarHUTHBIE MOMEHTHI C
OJIHMM HaIpaBJeHUEM BJIOJIb OCU BpauleHus 3emid, a npH y1 < 0 - ¢ mpoTuBOonoI0KHbIM. C
pacrnpeqeieHHBIMH  OObEMHBIMU  DJICKTPUUECKUMHU 3apsaMH  BHYTpU 3€MJIMd  CBSA3aHbI
crenuguUeckue IEKTPOMEXaHWYecKhue U XMMHYECKHe mpolecchl B ee Heapax. C~3Tumu
3apsgaMH  MOXET OBbITh CBsI3aHO dyiekTpuueckoe mnosie 3emund. C  MNOISpU3ALMOHHBIMU
MarHUTHBIMH MOMEHTAaMU BHYTPU 3€MJIM MOXKET OBITh CBSI3aHO €€ JUIOJIbHOE MarHUTHOE
oJe.

B cBs3u ¢ yacToif uHBepcuelt MarHUTHOTO NoJist 3eMiu (22 3a mocieIHue 5 MIIH. JIeT
[24, 85]), cneayeT MpeANoONOXKUTh, YTO MPHU OJHOW MOJIIPHOCTH MArHUTHOTO TOJs 3eMIn
kosimuectBO @BB mnpebimaer konuuectBo ®BA, a mpu MpOTHUBOIOJIOXKHON - KOJUYECTBO
®OBA npesbliiaer konyectso @BB.

Xoportio u3BecTHO [24, 85], uTo MpobIEeMa MarHUTHOTO TOJS 3eMIIM SBJSETCS OTHOM
13 Hanbosee CIOKHBIX MpobieM coBpeMeHHOM reodusuku. [Ipennaraemas B pamMkax JaHHOMN
MOJIENTM THUIIOTE3a HE MPETEeHIyeT Ha pelleHHe yKa3zaHHOW mpobiembl. Bmecte ¢ Tewm,
MoJI00HOE TPEACTaBIEHHE O MAarHUTHOM I0Jie 3eMJIM e€CTECTBEHHBIM O0pa3oM BBITEKAET U3
Mozenu HeoqHopoaHoro OB 1 A0mKHO OBITH PAaCCMOTPEHO HApALY C APYTUMHU TUIIOTE3aMHU.
320THO MOET OBITh YUTEHO M CIIMHOBOE TMOJie 3eMIIH, TaKXKe CBsI3aHHOE C MapaMeTpaMH &1,
M1 B MOJienu HeotHopogHoro OB.

Bonnbel MexaHuyeckux KojeOaHWUW BHYTpH 3eMIud TpU € U U1 JOJDKHBI
COMPOBOKIATHCS DIEKTPOMArHUTHBIMH BOJTHAMU. [[efiCTBUTENbHO, MEXaHUYECKHE KOJICOaHUSI
SABISIOTCS KOJEOAHUSIMU Macc, T.. OHU CBSI3aHBl C HM3MEHEHHEM TPaBUTAIMOHHOTO U
CIIMHOBOTO TMOJIEH. A 3TH TOJNS B cpelieé ¢ JOJDKHBI YaCTHYHO TPaHCHOPMHUPOBATHCS B
ANEKTPUUECKOE U MAarHUTHOE MOJISL.



3.1.5. CBsi3bp BaKyYMHBIX IOMEHOB ¢ HEKOTOPbIMHU KaTacTpogamu

Ha nosepxroctu 3emmu ¢ [ICO - BJ cBsi3aHbI cuibHBIC (PU3WYCCKUE SIBICHUS, B
OOBIICHHOM TOHMMAaHHU - KaTacTpodbl, HANpUMeEp, TOPHAIO0, HAPYIIEHUS HOPMAIBLHOU
pabOTBl  BBICOKOBOJIBTHBIX DJIEKTPUYECKHX CHCTEM OSHEPrOCHAOKEHHsS, CTOJKHOBEHHS
camosetoB u kopabueit ¢ [ICO u T.4.

Hekoropele mnpu3Haku sIBI€HUS TOPHAAO, HA TMEPBbIA B3MUIAJ, HAXOAATCA B
MPOTHUBOPEUYUH C XOPOIIO U3YYECHHBIMU 3aKOHAMU ruapoMexanHuku [9, 21]. Wnes coenunenus
siieHust TopHaao ¢ penomenom [ICO - B/] Bo3HukIIa U3 HAOIIOAEHUN BUXPEBOTO JABUKEHUS
ra3a u neud BHyTpu U okoso [1CO - B/l (B wactHOcTH, [IIM). B cnydae nabmoaenus I1CO -
BJI cBuaerenu oObIuHO, mpexzae Bcero, Buaar camo [1CO, T.e. ero ¢opmy, camocBeueHne U
JUIIb 3aTeM - BUXPEBOE JABIKEHHE BO3JyXa M mbuld BHyTpu u okosio IICO. B cmyuae
HaOJI0IEHUs] TOPHAJ0, HAIIPOTUB, CHavajla BUJAT caMO TOPHANo, T.€. €ro opMy, BUXpEBOE
JBUKEHHE BO3/yXa, €ro 4yJO0BUIIHbIE MEXaHWYECKHUE BO3ACUCTBUA HA J0Ma U T.JA., U JIUIIb
3aTeM - MOJIHUM M CaMOCBEUYEHHE BHYTpU cToJiOa TOpHamo. Bmecte ¢ TeM, mocienHue u3
YKa3aHHBIX CBOMCTB TOpHaA0 ABIstOTCS npuszHakamu [ICO - BJI. Ho ecnm moiTy manemie, To
CllelyeT NMPUHATh BO BHUMAaHHE TakK€ MarHUTHYIO M cnuHOBYK nossipusannu 11CO - B/
NmenHo co cnuHOBO# mossipuzanueid B/l MOXXHO cBsi3aTh HEKOTOpbIE TPYAHOOOBSICHUMBIE
CBOMCTBa TOPHAJ0: MHTEHCHUBHOE BpallleHUE BO3JyXa JaXk€ B Cllydyae OTCYTCTBUS CTOJI0a
TOPHAJIO Y MOBEPXHOCTH 3€MJIN; YCTONYUBOCTH (POPMBI CTOJI0A TOPHAIO U T.1.

CoBpeMeHHbIE YHEPrOCUCTEMBl BKIIIOYAIOT B ceOs MHOTO JIMHUM 3JeKTporiepenady U
MMEIOT M30LIPEHHYI0 CUCTEMY 3amuThl. [103TOMy BBIXOJ M3 CTPOSI SHEPrOCUCTEM BO BpEMS
T€OMarHUTHBIX Oypb, HAPUMEp, OTKITIOYCHHUE Ha 9 4acoB 3HEprocucTemsl | uapo-Keebek" B
Cesepnoii Kanane Bo Bpemst MarautHo# Oypu 13-14 mapta 1989 rona, BocrippHUMaeTcs Kak
cinyvaitHoe conazeHue (B 1991 romy ObUT BTOpOM MakCHMMyM COJIHEUHOW aKTMBHOCTH) [24].
JleiicTBUTENbHO, HEOOJBIIOE WM3MEHEHHE MAarHUTHOTO MOJs 3eMJId U, JOMYCTUM JIaxe,
CWJIBHOE  JJICKTPOMAarHUTHOE  W3Jy4€HHE, TMpOsBIAEMOE B  BHUAEC  PaJAUOIIOMEX,
COMPOBOXKIAIOIINE MarHUTHBIE OypH, HE MOTYT CTaTh MPUYUHON OTKIIOUYEHHUS YHEPrOCUCTEM
LIEIBIX MEranoJINCOB.

Ho M0>kHO mOIONTH K BOIPOCY O BIAUSHUU aKTUBHOCTHU COJIHIIA Ha SHEPrOCUCTEMBI C
JIpyroi CTOpOHbI. AHAIU3 ypaBHEHUN HeogHOpoHOTO DB mokaspiBaeT, 4TO MpU BHEAPEHUU
I[ICO - BJI B »3HeprocucteMy JODKHBI HM3MEHUTHCS paclpeselicHHble MeK(a3Hbie
pPEaKTUBHBIE U aKTUBHBIE COTPOTHBIICHUS JIMHUHN dekTpornepenad. [Ipu 6picTpoM ABHKEHUU
I[ICO - B u, COOTBETCTBEHHO, OBICTPOM H3MEHEHHH 3TUX IapamMeTpoB BAOJb JIMHUUN
Hen30eXKHO BO3HHUKHYT OeryIire BOJIHbI HampsoKeHU U TokoB. C 3THMU BOJTHAMH CBSI3aHbI
NepeHanpsHKEHUs1, KOPOHHBIN pa3psi, JOMOJHUTENIbHBIE MOTEPH MOLIHOCTH U, B KOHEUHOM
UTOT€, OTKIIOYEHUE TAKUX JIMHUI OT F€HEepaToOpoOB, BIUIOTH JI0 MOJHOTO BBIXOJA U3 CTPOs BCEeH
SHEPrOCUCTEMBI.

Ha ocHoBe Mozenn HEOAHOPOAHOTO (HU3MYECKOTO0 BaKyymMa MOXHO paccMOTpEeTh U
nocnencTBUs cOmpkeHuss u croiakHoBeHus ¢ IICO - BJ[ camoneros, kopaGied u T.n.
W3 npoBeeHHOT0 pacCMOTpeHMsI cBOMCTB B/l sicHO, 4TO 3TM MOCNENCTBUSA JOJKHBI UMETh
katactpoduueckuit xapaxtep. /[eiictBurensno, IICO - BJ] MoxxeT HNpOHUKATh CKBO3b
KOpIlyca YKa3aHHBIX OOBEKTOB, a TaKKe CKBO3b KOpIIyca MM OJKpaHbl YCTpPOICTB
panuoiekTpoHHOM amnmaparypel. Jaxe ecam mpu srom IICO - BJl snexkrpuueckn
JETOJISAPU30BaH, TO OCTAHETCS paJuo-, PEHTICHOBCKOE M TaMMa- HM3JIY4YEHHs, KOTOpHIE
BBIBEJYT M3 CTPOS MHUKPOCXEMBI. YK€ AITUX BO3ACHCTBHH JOCTATOYHO Ul aBapUITHBIX
CUTYallMil HA COBPEMEHHBIX TPAHCIIOPTHBIX CPEICTBAX.



3.1.6. Poan BaKYYMHBIX TOMCHOB B UBMCHCHHUU PasMEPOB U MaCChbI 3emuin

Beime ObIT paccMOTpeH KpyroBopoT wmarepun Bo Bcenennoil. Ha ocnose
YMO3PUTEIbHBIX IOCTPOEHUM OBLIO CHIENAaHO 3aK/IIOUEHUE O TOM, YTO B pe3yJbTaTe
pasnoxenuss ®BB nosBiserca BemiectBo, a B pe3yapTare abcopbuuu B @BA BemecTBa
MpaBoOro Mupa u JjeBoro mupa obpazyercs ADB. MoXHO TPOIOJDKUTH ATH TOCTPOCHUS,
IpeanoynoxuB, uro B ksaapurax A®B BemiecTBo ymakoBaHO B BHJAE AaTOMOB, T.€. B
pesyabrare pasnoxeHuss @BB nosBIisItOTCS aTOMBI MEPHOIUYECKON cUcTeMbl MeHnaeneesa.
[Ipruem B OCHOBE XMMHUYECKOTO COCTaBa, BblAeisieMoro u3 ®BB, nmpucyTcTByIOT BOJOPOI U
resuii. DTo MpeAnoiokeHne BeiTekaeT u3 uaein Kopu [92, 93] 00 yBennueHun Maccol 3eMiIn
W TUTAHET COJIHEUHOUM cuctembl, ocooeHHo FOmmrepa. Cormacno Kbopu yBenmueHue macc
IUIAaHET CONPOBOXKJIAETCS H3MEHEHHWEM HUX D3JEMEHTHOTO COCTaBa B CTOPOHY JIETKUX
AJIEMEHTOB U, MPEXK]IE BCET0, BOJIOPO/IA U TEIHSL.

WNnen yBenmyeHuss macchl 3eMJIM 3a CUET TpeoOpa3oBaHus 3(upa B BEIIECTBO B
reopuznueckoi nureparype obcyxmatrorcs yxe 6osiee 100 ner [92]. OcHOBOM Il TaKHX
UJeH SBJISIOTCS COBEPLICHHO OTYETINBBIEC MPU3HAKU YBEJIIMYEHHS CPETHET0 paanyca 3eMIIH U
JIPYrux IUIaHET COJIHEYHOW cuctembl. Hampumep, eme 100 muH. et Hazan paanyc 3emiin
cocTarJsut Beero Jimib 60 % ot coBpemeHHOTO [92].

Bmecte ¢ Tem, B ykazaHHOW JmMTEepaType OOCYXKTAIOTCA W JPyrue KOHIICIIINH,
COTJIaCHO KOTOPBIM Macca 3eMJIM OCTaeTcs MPaKTUYeCKH HEU3MEHHOM, a yBEIIMYeHHE ee
pa3MepoB MPOUCXOIUT 3a CUET YMEHBIIEHUS IJIOTHOCTH BelLeCTBa ee sjpa [85].

B cBsi3u ¢ mpoGiemoii TopooOpa3oBaHus Ha 3eMiie CTAaHOBHUTCS MOHATHBIM [84, 85],
YTO YBEJIMYEHHE €€ pa3MepoB MPOUCXOIUT HepaBHOMepHO. OOmas 3aKOHOMEPHOCTh
YBEJIMUEHUS! TPEphIBACTCA BPEMEHHBIM NPEKpaAlleHHEM pocTa U Jlake YMEHbIIEHHEM
pasmepoB 3emuu. Kcratu, B HacTosuiee Bpems, CyAs IO Ipoleccy TropooOpa3oBaHus,
pa3mepsl 3emuin He pacTyT [84]. HepaBHOMEpHBIN pOCT pa3MepoB 3eMJIH CO3/Ia€T TPYIHOCTH
KaK Y CTOPOHHUKOB KOHIIETIIMHA POCTa MAacChl, TAK U y CTOPOHHHUKOB HJEH MOCTOSHCTBA
Macchl 3eMJIH IpU YBEJIMYEHHUH €€ pa3MepoB. B o0enx Moensx TpyAHO yKa3aTh Ha MPUYUHbI
MIPEPHIBUCTOTO XapaKTepa pocTa pa3MepoB 3eMiIu.

Y CTOPOHHHUKOB, OTCTaWBAIOIIUX KOHLEMIUIO MOCTOSHCTBA MAacChl 3eMIIM, UMEIOTCS
CHWJIBHBIC apTyMEHTHI B T0JIb3Y cBoero mpenmnosoxenus. Kysnemnor [93, 94] dopmynupyet
9T apryMeHThl Tak [94]: «B mociemnme 20-30 jeT OBLIO BBINOJHEHO OYEHBH OOJIBIIOE
KOJIMYECTBO ACTPOHOMUYECKUX HAOMIOAEHUN ...: JlazepHOe 30HAMpoBaHHe JIyHBI U
CIYTHUKOB; TOYHOE OTMpeJelieHne mepuoaa IBWKeHus JIyHBI; ompelesneHue pacCTOSHHMA
MEeXIy CTaHLMeH AalbHEeld KOCMHYECKOW CBS3M U CIyCKaeMbIMU ammnaparamu «BUKuHT» U
«Mapunep-9»; paauoOIOKAIIMOHHBIE H3MEPEHHsS] PACCTOSHUN [0 MOBEPXHOCTH BeHepbl u
Mepkypusi; ontuueckue uaMepeHust mnojoxkeHuss ConHIa M TUTaHeT U T.0. B pesynbrarte
peuieHus o6o0menHoi 3amaun st COJIHEYHOW CHUCTEMBbl OBLT OMpEeeNieH W YTOYHEH Pl
MapaMeTpoB, TaKUX KaK ODIIEMEHThl OpOHMT, MacChl acTEpPOUJOB M, B KOHEYHOM CUETe,
napametpbl AG/G u A(GM)/(GM) (G rpaBurtanmonHas nmocrosiuaas; M - wmacca CounHila u
APYTUX HaOIIJaeMbIX OOBEKTOB €ro cucteMsl). beuio momydeno, uro AG/G = (0.2 £ 0.4) -
101 3a rog, a A(GM)/(GM) = (0.1 + 0.8) - 10! 3a rox. Takum 06pazom, KOMILIEKC
JOCTUTHYTBIX aCTPOHOMMYECKUX HAONIOEHUN COJIHEYHOM CHUCTEMBI JaeT OTrpaHUYCHUS
Bapuanuii BenmuunHbl G 1 GM cymiecTBeHHO Ooliee jkecTkue (B ThICAUY pa3), 4YeM Te, KOTOPhIe
CIIEAYIOT U3 ... (yKazaHbl paboThI [95, 96], B KOTOPBIX YTBEPKIAIOTCS MPEJCTABICHUS O pOCTE
Macchl KOCMUYECKHX OOBEKTOB 3a CUeT NpeoOpa3zoBaHus 3(upa B BEIIECTBO, MPUM. aBT.).
Hano nonarars, 4To npUBEAEHHBIE YKCIIEPUMEHTAIBHBIE PE3YNIbTAThl HETUKOM U MOJTHOCTHIO
OTBEPraroT ... HOBbIE MOJEIN 3EMJIH, B KOTOPBIX €€ Macca MOCTOSHHO YBEINYUBAETCSI.



CornacHo wmojzenu HeoaHopoaHoro @B pasmepsl u Macca 3eMIM  JOJIKHBI
YBEIMUMBATBCSl B Cllydae mpeobOnaaanus BHyTpu 3emin koiuuectBa ®BB nan ®BA u
YMEHBIIATHCS - B MPOTHBHOM CiIydae, MpUYeM, HE 005S3aTeIbHO YMEHBIIAThCA C TOU JKe
MHTEHCUBHOCTBIO, KaK U yBeln4yuBaThes. CleayeT NpeanosoKuTh, YTO B HACTOSILIEE BPEMS
BHyTpu 3emiu koiuuectBo ®OBA mnpeobimamaer nHan konmdectBom ®BB, mnockonbky B
HaCTOsIIIIeE BpPEMs €€ Macca, KaK yKa3aHO BbIIIE, HE pacTeT. TakoMmy COCTOSIHMIO 3eMiH
COOTBETCTBYET HaOI0aeMast OJISIPHOCTh €€ MarHUTHOTO TOJIS.

Takum o0pa3om, yBeIMUEHHE MacChl 3eMJIM BO3MOXKHO NpU MpeolragaHuu
nocTynaromux BHYTpb 3emuin konuuectB ®BB nan ®BA. Dtor ciyyail cBsizaH C
M3MEHEHHUEM IOJIIPHOCTEN MarHUTHOTO U JIEKTPUYECKOIO MoJIel 3eMiIu.

3.1.7. CuabHble B3pbIBbI BAKYYMHBIX JIOMEHOB

Ananu3 HaOmoneHuid u ¢peHoMmeHonornueckux wuccienoBanuii IICO Ha ocHOBe
MaKpOCKOIMMYECKOW MoJienu HeoqHoposHoro DB mokassiBaeT, uto cuiibHbIe B3pbIBBI [1ICO He
MOTYT OBITb OOBSICHEHBI OBICTPHIMH TPOIIECCAMU  H3MEHEHMsSI JJIEKTPUUYECKOTO U
TPaBUTAIMOHHOTO TOJIe. BMecTe ¢ TeM, BOZHUKAET MPENoIOKEHUE, YTO TPUINHA CHIIBHBIX
B3pbIBOB [ICO MoOkeT ObITh CBs3aHa C IpOllecCaMU BHYTPEHHEW MEepPeCcTPONKH CTPYKTYpbI
®B, T.e. ¢ mTporeccaMu MHKPOCKOTIMYECKOTO Xapakrepa. Takum oOpa3oMm, BecbMa
WHTEpPECHbIE B TMPAKTHUYECKOM OTHOIIEHWH BOMPOCHl M3ydeHUs BJl BBIXOOAT 3a pamku
paszpabaThiBaeMO MaKpOCKOTTUYECKON MOJICITH.

Ho Bce e HekoTopbIe MPenCcTaBICHUsI O MEXaHU3MaX CHJIBHBIX B3phIBOB BJI MoxHO
MOJY4YUTh yX€ Ha OCHOBE PACCMOTPEHHOM BBIIIE CXEMAaTUYECKOW MOJENH KpYroBOpOTa
Marepuu Bo BceneHHoi.

[TepBrIil MEXaHW3M CUJIBHBIX B3pBIBOB B/l BeposTHEE BCEro MMEET OTHOLIEHHUE TOJIBKO K
B/l u3 ®BB. Kak yxe Obl10 cka3aHO BbIlIe, B pe3yabTare pasnoxeHus ®BB momken
BO3HUKATh BOJOPOJ, KOTOPBIH, CMEIIMBAsACh C KHUCIOPOJAOM aTtMocdepbl 3emiid, o0pazyeT
rpeMy4uii ra3. B3pbpIBEI 3TOro raza MOXHO OTHECTM K OJHOMY H3 BHJIOB CHIIBHBIX
B3pbIBOB [1CO. Ilpusnaku BeigeneHus razo u3 [1IM u3zBectHbl. OHM mpencTaBieHbl B [S].
Oco0OenHo Opocatorcs B ria3a onucanus Toro, kak [IIM poet ce6e HOpbI B MSITKOM TpyHTe. B
3TOM cily4ae rpyHT OYKBaJIbHO BBIAYBAETCS U3 HOPHI.

Bropoit Mmexanu3m cuinbHBIX B3pbIBOB IICO - BJl MoeT ObITh CBSI3aH C COCAMHEHUEM
JBYX BaKyyMHBIX JJOMEHOB, cocTosux 3 ®BB u ®BA. B 3Toii cBsi3u ymMeCcTHO 00paTUThCS
K paccMoTpeHuto B3pbiBa TyHrycckoro ¢genomena 1908 rona.

Pe3ynprarhl aHanu3a CBUAETENILCTB U MOCIEACTBUI B3pbIBa TYHI'YCCKOIO «METEOPHUTA»
B 1908 roay [41] 03ama4ymiii MHOTUX CHEIIHAIMCTOB B 00JACTSIX HAYK, UMEIOIIUX OTHOILIEHUE
K 3ToMy (peHoMeny. 3a mocnennue 150 yetT onucaHo OOJNBIIOE YKCIO B3PBHIBOB, MOJO0OHBIX
B3pbIBY TyHrycckoro «mereopuray [13]. U3 3Tux onucanuii cieayer, 4TO COOTBETCTBYIOIIME
B3PBIBbI HE MMENHM OTHOUICHMS K MaJeHUI0 MeTeopuToB. B ciaydae TyHrycckoro deHomeHa
ObUTHM TPOBEACHBI CHCTEMaTHYEeCKHE HCCIEAOBAaHUSA T'€HETHMUECKHX TMOCIEACTBUIA Ha
PacTUTENBHOCTH, U30TOMMHOTO COCTABA, TEPMOJIOMHUHUCIIEHIIMM 1 HAMAarHUYEHHOCTHU MOPOJI B
obnmacTu B3pbIBAa. YKa3zaHHbIE HCCIEIOBAaHUS IMOKA3ald, YTO HMMeNa MECTO MOIIHEHIas
BCIIBIIIKA J - U3MydeHus. Cuia 5Toro B3pbIBa, KOTOPBIA MOKHO Ha3BaTh ()OTOHHBIM, OIICHEHA

BEJIMYMHOM B HECKOJIBKO JIECATKOB MEraTOHH TPOTHJIOBOTO dKBUBaJIeHTa [41].

Ilo cBuzmerenscTBaM OYEBUALEB, B3pbIBY TYHI'YCCKOTO «METEOPHUTa» MPEIIIECTBOBAIIO
JUTUTENbHOE (Yachl) U CJIO0XKHOE JIBM)KEHUE HECKOJBKUX caMocBeTsmuxcs ten [41]. B artoit
CBSI3U CIIEYeT 3aMEeTHUTh, uTo TpymnnoBoe aBwikeHue I[ICO - oObrunoe sBnenue [13, 41].
I'pynnamu 4acTo JBMXKYTCS TOPHAJ0, NMPUYEM B COCETHHX CTOJ0aX TOPHAAO BpalleHHE
IIPOUCXOJUT B NMPOTHUBOIIOJIOKHBIX HaNpaBlIeHUsAX [9]. Mexny TeM, HanpaBlieHUE BPALICHUS
raza u neud B [ICO - BJ] sBnsieTcst yOeaUTENbHBIM MPU3HAKOM TOTO, YTO OH COCTOUT U3



®BB mmu ®BA. CnenoBarenbHO, B COCETHUX CTOI0aX TOPHAIO MOTYT mpucyrctBoBats [1CO
u3 pa3Heix @B: B onHOM 13 HUX - BB, B npyrom - ®BA.

B 37011 CBSI31 MOYKHO NPEANOI0KUTH, UTO BTOPOM MEXaHU3M CUIIBbHBIX B3pbIBOB [1CO-
B/l cBs3zan ¢ nmpsmMbiM KOHTakTOM ABYX BJI: omnoro - us ®BB u gpyroro - usz ®BA u
nocienyomel aHHurwisinued BakyyMmHbIX dactuly ®BB u ®BA ¢ oOpa3oBanuem
kBagpur ADB.

B paccmarpuBaemom citydae cuiibHbIX B3pbIBOB [ICO- BJ peanu3yercs MOJHBIN UK
npeoOpa3oBaHMii BAKYyMHBIX YaCTHII, MUHYSI 00pa30BaHUE BEUIECTBA, IIOKAa3aHHBIN HA PHC. 5.

A®B
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Ha puc.5 crpenkamu mokasassl cieayronie mpeoOpa3zoBanus: 1, 2 - BbIEIEHUE U3
kBaapuru Tepraernkoro vactunn ®BB u ®BA; 3 - o6wenunenue yactuit ®BB u ®BA B
kBaapury Teprernkoro (ADB); 4 - okoHUaHHE UKIIA TPE0Opa30BaHUI BAKYyMHBIX YaCTHII.

[TomHbI 1TMKIT TIpeoOpa3oBaHUil BAKYYMHBIX YaCTHIl MOKET IIPOUCXOIUTh, OJaromaps
pasHbiM ¢usznueckum yciaoBusMm jaeneHus ADB na ®BB u ®BA, B 3Be3nmax m B MecTe
npeobpazoBanusi ®PBB u ®BA B ADB, na 3emiie u apyrux 1miaHerax. Boeiensemast sHeprus
npu anHUrwsinuu ®BB nu ®BA saBnsiercst sHepruei, noiaydyeHHo panee yactunamu @BB u
O®BA npu aenennn AD®B. Takum 00pa3oM, yCTaHABIMBAETCS €IIE€ OJWH KaHaJ Iepeaadu
SHEPTUM OT 3BE3]l B OKPYXAKOIIEee UX KOCMUYECKOE MPOCTPAHCTBO, CYHIECTBYIOIUNA TOMUMO
MPSIMOTO AMEKTPOMArHUTHOTO U3JIy4€HHSI M UICTEUEHHS YACTHUIL BEILIECTBA.

B cBs3u ¢ paccmarpuBaeMoii TunoTe3oi cuiibHbBIX B3pbiBOB I1CO - B/l B pesynbrarte
anHurwisuu ®BB u ®BA cienyer cnenaTh HECKOJBKO BaXKHBIX 3aMEUYaHU .

B 3Be3max peakuus genenus ADPB na ®BB u ®BA jomkHa wurparh poib
aBTOPEryJIATOpa MPOLECCOB AEPHBIX PEAKLM B IU1a3Me. DTa peakuus NPUBOJIUT K OTTOKY
SHEPruM, YaCcTUIl UK (POTOHOB U3 30HBI PEAKIMH B IJIa3Me, YTO OTPAaHUYMBAET BOZMOKHOCTh
MepepacTaHms IPOLECCOB AJIEPHBIX PEAKLUI BO B3PbIB 3BE3/IbI.

Buyrpu 3emnmun ®BB u ®BA 3aHuMaoT OTAeibHbIE OOJIACTH €€ BHYTPEHHETo
MPOCTPAHCTBA, T.€. HE CMEUIUBAIOTCS APYr ¢ APYroM. Bo3MOXKHO, YTO TITyOMHHBIE BEIUKHE
MarHUTHbIE aHOMAJIUKW 3eMJIM CBS3aHbl HE C OONBIIMMH JIOKAJIBHBIMH MaccamMu
(heppOMarHuTHOTO BEUIECTBAa, a C BHYTPEHHUMHU obOnacTsMu 3emu, 3amnonHeHHbiMH ©OBB
(bpasunbckas marautHas anomanus) 1 ®BA (Kananckas, Cubupckas u AHTapKTHYECKas
MarHuTHble aHoManuu) [85]. MOXHO TakKe MPEANONIOKUTh, YTO HEKOTOPBIE KpPYIHBIE
3eMJIETPSCEHHS] BO3HUKAIOT B pe3y/lbTaTe IOJ3EMHBIX B3pPBIBOB, CBSI3aHHBIX C peakUueu
AHHUTWISAIMU orpaHndeHHbIX konnuectB @BB u ®BA. Bo3MoxHO, yTO 3arajika B3pbIBa
riaHeTsl @adToH u 00pa3oBaHUs B COTHEYHON CHCTEME IMOsICa aCTePOUIOB CBSI3aHBI C TAKOM
e peakiuei, Ho co B3aumo/eiictBiueM Ooubiux komnuecTB ®BB u @BA.



s obocHoBanus peakuuii aencHuss AOB va ®BB u ®BA, annurwisiiiuu BB u
®BA, a Take peakuuu pazznenenuss OBB ¢ BwigeneHueM BemiecTBa HEOOXOIUMO
NaynbHeiIIee pa3BUTHE TEOPUH FIEMEHTAPHBIX YacTull. [I[puMepom Takoro pa3BUTHS SBISETCS
Mo/ieNb dNieMenTapHbixX yactull lynsruna [64].

B coBpemenHOM MoOJENHd 3JIEMEHTApHBIX YaCTHUI[ pPAacCMATPUBAIOTCS TOJILKO JBa
KOMIIOHEHTa MaTe€pUu - BEIIECTBO M aHTUBENmeCTBO. IIIyIbruH CTPOUT CBOIO MOJIENH
3JIEMEHTaPHBIX YaCTHUIl HA OCHOBE YETHIPEX KOMIIOHEHTOB MaTEPHUU:

“nepewviti”’ KOMIIOHEHT TMPEACTABIISIET OOBIYHOE BEIIECTBO M OOBIYHBIC YACTHUIIBI,
HampuMep, dIICKTPOH €,

“émopou” KOMIIOHEHT MpEACTaBIsAeT AHTUBEIIECTBO M AaHTUYACTHUIIbI, HAIpPUMED,
MO3UTPOH €°;

“mpemuii”’ KOMIOHEHT NPEJCTABIIIET AaHTHBEIIECTBO C OTPULATENILHON 3HEpruen u
OTPHILIATEIILHOM MAacCOil, HAPUMeEp, TaK Ha3bIBAEMBIN 3a3€PKaJIbHBIN IO3UTPOH € 3;

“yemeepmuiil” KOMIIOHEHT TMPEACTABISAET 3a3€PKATBHOE BEIIECTBO M YaCTHUIIBI C
OTPULIATENILHOM SHEPrHed M OTPULATEIBbHOM Maccoil, HampuMep, 3a3€pKajbHbII
3JIEKTPOH €73.”

3azepkanpubie  yacTuiel lllynprmHa Kak pa3 W SABASIOTCS  YacTHIAMU  C
OTPHULIATENIBHBIMM MaccamMu —M, -S, -0, -u kBagpuru Tepnenkoro. Ilosromy Monens
[IIyneruHa corjacyercsi ¢ pacCMaTpMBaeMON MaKpOCKOMHUYECKOW MOJISPU3AIMOHHO-TT0JIEBOM
MOJENBI0 HEOJHOPOJHOTO (PU3UYECKOTO BakKyyMa, B KOTOPOW HCIIOJIb3YEeTCSl MOHSATHE
kBagpuru Tepienkoro. B To ke Bpemsi €ro Mojenb HE BXOJUT B IMPOTUBOPEUYUE U C
oOLIENPUHATON B HACTOSIIEE BPEMsI MUKPOCKOTTMYECKON KBApPKOBON MOJIENBIO 3JIEMEHTAPHBIX
yactull. Mogens Illyneruna pacmmupuia BO3MOXXHOCTH CTaHIAPTHOM MOJENH, TMO3BOJIMIIA
OOBSCHUT, HAa TpUMEpPE HW30TOMHBIX AHOMAJIMl METEOpPUTOB U JIYHHOTO TIpyHTa
IPaBUTALIMOHHOE B3aUMOJICHCTBUE B TaJaKTHUKaX, H30eKaTh M3BECTHBIX MapaJOKCOB
o0eckoHeyHoU Beenennoit. OHa Takke MO3BOJIMIIA ONIPEACTUTh BEPOSATHOCTh B3aUMOICHCTBUS
0OBIYHOM M 3a3€pKAJILHON MaTEPHH.

CornacHo Illyneruny, oCHOBHas 4acTHL@ BaKyyMa COCTOUT M3 IPOTOKBApKOB BCEX
yeTblpex KommnoHeHTOB. IIlynerun mnumer: “BakyymHyro d4acTuily, COCTOSIIYIO U3
MIPOTOKBAPKOB BCEX YETHIPEX KOMIIOHEHTOB MAaTEPUU, Mbl Ha3bIBAEM 2n00oHOM. Jla, 3TO TOT
CaMblii TJIIOOH, KOTOPBIM, MOJSIPU3YSICh B I0JIE CHUJIBHOTO B3aUMOJEHUCTBHUA, 0Opasyer
TJIFOOHHBIN KOHJIEHCAT U 00ECIIEYNBAET CBA3h MEXKIY KBapKaMHU.

B 3naunTtensHO OoJiee cliadbIX SIEKTPUUECKUX, MATHUTHBIX M TPAaBUTAIIMOHHBIX MOJIAX
BAKYYMHBIE TIJIFOOHBI MOJSPU3YIOTCS HPONOPUUOHAIBHO HANPSHKEHHOCTSAM MOJIEH, YTO
obOecrieunBaeT JIOKaJIbHOE MOCTOSIHCTBO IUAJIEKTPUYECKOW, MArHUTHONW M TPaBUTAIIMOHHOM
MIPOHUIIAEMOCTEN M KBAJIPaTUUHYIO 3aBUCUMOCTb CHUJIbI OT PACCTOSHMS MEXAY TOUYECYHBIMHU
3apsaaMu.”

Takum oOpaszom, corsnacHo Illyneruny, ®B mnpexacraBiaser co60r0 OIHOPOAHYIO
KBapKoBYt0 cpeny. CoBpeMeHHasi TEOpHUsI SIEMEHTAPHBIX YaCTHI] €€ HE UMEET 3aKOHUYEHHBIX
(bu3MuecKux TPEJICTaBICHUM, HEOOXOAUMBIX Juis omucaHus cBsizaHHeix ¢ [ICO
MUKpPOCKOTIMUECKUX M, TeM Ooyiee, MaKpOoCKOMHuecKux siBneHuil. [loaToMy B HacTosiee
BpeMsi MbI MO’KEM OTIMCHIBATH TOJIBKO MAKPOCKOTIMUECKHE (DU3HUECKUE SIBICHUS U MPOIIECCHI
IICO - B/, onupasich Ha IpeICTaBICHHYIO BBILLIE MOJIENb HEOHOpogHOTO PB.



3.2 Cratuka. BakyymHBIII JOMEH BO BHEIIHUX MEIJIEHHO HM3MEHSIOUIUXCS
3JEKTPUYECKOM, TPABUTALIMOHHOM, MAarHUTHOM M CIIMHOBOM ITOJISIX

3.2.1. ypaBHeHl/lﬂ JICKTPOrpaBUCTATHKHA U MAIHUTOCIIMHOCTATUKH

Ilo aHamorum ¢ JJIEKTPOCTAaTUKOW W MAarHUTOCTaTUKOM  MOXHO  BBECTH
AJIEKTPOTPABUCTATUKY M MAarHUTOCHMHOCTAaTUKY. I[Ipm 3TOM cooTBeTCTBYIOIIAasl CHCTEMA
YpaBHEHUH BBITEKAa€T M3 ypPAaBHEHUH MAKpOCKONMYECKOM Mojaenu OObeAMHEHHOM
JIEKTPOTPAaBUMHAMUKH, TOJIBKO HEOOXOAUMO MOJIOKUTh, YTO BCE YETHIPE IM0JII U3MEHSAIOTCS
MEJUIEHHO U JOMYCTUMO MPHUOJMKEHHE PAaBEHCTBA HYJIO MX MPOU3BOJAHBIX 110 BPEMEHH, a
TaKKe AIEKTPUIEeCKHUX TuIoTHOCTeH Toka J 1 Jg, T.e. J =01 Jg = 0.

Torga, cornacuo (47)-(50), ypaBHEHHS 3JE€KTPOTrPaBUCTATUKU IPUMYT CIEAYIOLUIUN BU:

divD = p; (781)
rotE =0, (782)
divDg =g (79)
rotE, =0, (792)
D=¢g E+¢ Eg; (801)
D; =660 Ec+ 6, E. (802)

CooTBeTCTBYIONIME YPAaBHEHUSI MAarHUTOCITMHOCTATUKN OYAyT UMETh CIACAYIOMUA BU/L;:

divB =0; (811)
rotH =0, (812)
divB; =0; (821)
rotH, =0, (822)
B=puuH + 1 He; (831)
Be = Hottos Ho+ 1, H. (832)

Jlerko YBUACTDb, YTO YpPAaBHCHUA JJICKTPOTPABUCTATUKU U MATrHUTOCIIMHOCTATHKU
ABJIAIOTCSA HC3aBUCUMBIMU.

3.2.2. 1llapooOpa3Hblii BAKYYMHBIIi J0MeH BO BHEIITHUX OJJHOPOAHBIX 3JIeKTPHYECKOM U
rPABUTALMOHHOM MOJISIX



B knmaccudeckux 3ajayax dJEKTPOCTATHMKM M MAarHUTOCTATHKH TNPHUMEHUTEIBHO K
AIUTMIICOMIAM U3 JTUDJICKTPUKOB U MarHeTHKOB BO BHEIIHMX OJHOPOIHBIX MOJISX IMOKA3aHO,
YTO BHYTPH DJUIMIICOMJIOB YCTAHABIMBAIOTCS OJHOPOIHBIC MOJS M MoJisipu3anuu. B cimydasx
OHOPOJHO  MOJSPU30BAHHBIX JIUIMIICOMIOB HMX BHYTPEHHHE TIONS  OKa3bIBAIOTCS
OJTHOPOJHBIMH. B 4WacTHOM ciy4ae SJIMIICOMAA-IIapa PEHICHUS MOJIy4aloT KOMIAKTHBIH,
JIeTKO 0003pUMBI BHJ W BBIpaKalOTCs B aneMeHTapHbIX ¢(yHkuusax [31]. ITomoOHbie ke
YIPOIIEHHS CIEIyeT 0XKHUIATh MPHU PACCMOTPEHUH 3a1ad o B/l B 01HOPOIHBIX MOJISAX, KOT/IA
oH umMeeT ¢opmy mapa. [ToryaeHne 10CTaTOYHO MPOCTHIX MOJIEBBIX perieHuii aus B/l kpaiine
BaXHO B CBS3M C MOCJEIYIONIUM CJIOHBIM aHAJIM30M JHEPTETHUECKUX M KHHEMAaTHYECKUX
csoiictB B/I. Bmecte ¢ Tem, [ICO - B/l wacto umeroT popmMy HMEHHO HIapa.

CrhemaeM emie OJHO YIPOIIEHHUE, CBs3aHHOE ¢ ycwienuem ycnouit J = 0, Jg = 0.
[Tomoxum p = 0 u pc = 0. [Ipu 3TOoM oueBUAHO, uTO ¢ = 1 U &6 = 1. Takum obGpazom, B/] B
BUJIC IIapa NPEICTaBISAETCS B HEKOTOPOM CBOEM HCXOJHOM COCTOSIHWH, MPEIIIECCTBYIOIIEM
MOTPY>KEHHUIO B BEIIECTBO.

Bo3MmoxxHo, uto yxke B kocMoce BJl mormnomaer B ceOsi 3axBauyeHHOE MOJISIMHU
BemiecTBo. Ho Bce e B TEOPETHUECKOM TUTaHE BEChMa MHTEPECHO IMOJIYYUTh MPECTaBICHHE
o cBoiicTBax B/l B yka3aHHOM HCXOJHOM COCTOSIHHMH.

B paccmatpuBaemom cityuae ypauenus (78), (79) mpuobperator Bua: div D = 0; rot
E = 0; div Dg = 0; rot Eg = 0. CiienoBateibHO, MOYKHO BBECTH JIBa CKAISIPHBIX MOTEHIMAIA:
ANEKTPUUECKHUNA, COTJIAaCHO cooTHomeHuto E =-grad ¢, u TpaBUTAlMOHHBINA, COTJIACHO
cootHomienuto E =-grad ¢g. M3 3THX COOTHOIIECHHI MOXHO TMOJYYUTh [BAa YpPaBHEHUS
Jlarmaca Ap = 0 u Apc = 0. DTH e OTHOPOJHBIE YPaBHEHHUS MO3BOJIIIOT C(HOPMYITHPOBATH
TpaHUYHBIC YCIIOBHSI Ha TOBEPXHOCTH mapa-BJl: paBeHCTBO KacaTeNbHBIX K IOBEPXHOCTH
mapa KoMIoHeHT mojei, T.e. [Een]r=r = [EiN]r=r, [EceN]r=r = [Ecin]r=r, u paBeHCTBO
HOPMAJIbHBIX K TIOBEPXHOCTH IlIapa KOMIIOHCHT WHAYKIHi, T.c. [Den]r=k = [Din]r=r,
[Dgen]r=r = [Dgin]r=k, TAc N- eIUHWYHBIA BEKTOP HOPMAld K IMOBEPXHOCTH Imapa; I-
KoopauHaTa B chepuueckoit cucreme koopauHat (I, 0, a); R - paguyc mapa; Ee, Ege, De, Dge
-moJis ¥ MHAyKud BHE mapa (r > R); Ei, Egi, Di, Dgi -miosst u uaaykuuu BayTpH 1mapa (r < R).

B paccmatpuBaemom citydae mipu (r < R) ypaBaenus (80) MOKHO MPeICTaBUTh TaK:

D; =& E+Pg; (841)
D¢; = €06 Egi+ Pae. (842)

rne Pec = e1Eci - anexTpudeckas momnsipusanus, BO3HUKAIONIA BHYTPU Iapa B pe3yjbTare
nevicteus o Egi BHyTpH mapa; Pce = €1Ei - rpaBuTanuonHast mossipu3aiiys, BOZHUKAIOIIAs
BHYTpH IIapa B pe3yJbTare JeicTBusI moJis Ei BHyTpH mapa.
IIpu r > R ypaBuenus (80) UMEIOT BUA:
D, =¢,E,;

e e?

DGe =& EG e (85)
HaKOHeH, HeO6XOI[I/IMO HpeI[CTaBI/ITB YCJ'IOBI/IH Ha 63CKOHC“IHOCTI/I, T.C. HpI/I [ — oo,
3TI/I YCJ'IOBI/IH B paCCManI/IBaeMOM Cﬂyqae HOFPY)KCHI/IH BI[ B O,[[HOpOI[HOC

QJICKTPUYICCKOC II0JIC Eon OJJHOPOJHOC I'PaABUTALITMOHHOC I10JIC Eoc umetror BU:

E. > E,; Ege > Ep; >0 (86)

e

C yuerom ycnoBwuii (86) penieHre paccMaTpuBaeMoil 3a/1auu ClieyeT UCKaTh B BUJIE:



E=E,+E(Pg); (871)
EG = Eoe + EG (PGE )’ (872)

rae E(Pec) - snextpuyeckoe mose B/, Bo3HuKaroIIee B pe3yabTaTe JACHCTBHUS MOJIIPU3AIAN
Pec; Ec(Pce) - rpaBurammonnoe mosie BJl, Bo3HHUKamomee B pe3yjibTaTe JAEHCTBHS
nossipu3anuu PGe.

Cornacno (86) u (87)

E(Pes ) — ; E¢(Pse ) = r — oo (88)

I[lycte mnonspusanmu  Pec u  Poe daBnsrorcs  ogHoponnbiMu. Ilpu  Takom
MIPENIOJIOKEHUH BO3HUKAIOT JBE 3a7aud: 00 OJHOPOJHO AJIEKTPUYECKH MOJISPU30BAHHOM
iape ¥ COBEPILIEHHO aHAJIOTUYHAs 33a/a4a 00 OJIHOPOJHO T'PaBUTAIIMOHHO- MOJISIPU30BaHHOM
mape. Pemenwe mepBoi 3agauum  xopomo  u3BecTHO. (CenoBaTeNbHO,  MOKHO
chopMyIUpOBaTh U pelieHue BTopoit 3amaun. [ moneit ot nosspusanuii Pec u Pce BHYTpH
Irapa 3TH peLIeHUs UMEIOT BULL:

1P
Ei(PEG)z—gf; (891)
0
1P
EGi(PGE)= _ggi; r<r (892)
0G

CornacHo (87) cyMMapHbIe TIOJIsI BHYTPH IIIapa MOXKHO MPEJICTABUTh B BUJIC:

P
E, :—lﬁ+E0; (901)
3 &
P
Es, =—1ﬂ+EOG; r<r (902)
€og
N3 (84) cnenyer, uto
Pee = &1 Eqis Pee =61 E; (91)

W3 BexTopHbix ypaBHeHui (90) u (91) BhITEKalOT COOTHOIIEHUS AJS TOJEH BHYTpHU IIapa-
B/1, koTOpBIE MBI TPUBEZEM B BUJIE:

1 a, o
= E. — ¢ E,.; 92
'T1-a2/9 ° 3(1-a’/9) °° (92

1 a,
Eg=——E, - E
" 1-a’/9 "® 3p,(1-a%/9) °

; (922)

rac
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371ech Ke MpeAcTaBUM BbIpayKeHUs JJIs NOJsipu3aluil BHyTpu 1apa- B/

a a’
P..= £ o Ep — £ &, E,; 93
EG 770(1—6182/9) 0G =oG 3(1_352/9) 0o (931)

ag 770

a2
P.. = &, E,— £ o Eppn . 93
GE (1—8.5,/9) 0o~o 3(1—&5,/9) 0G =06 ( 2)

CooTtHomrenust (93) onpeaenstoT nossipuzanuu Pec u Pee uepe3 3amannbie nonst Eo u
Eoc n mapamerpbl. DTH MONSApU3aINH, B CBOIO OYepe/ib, MMO3BOJISIOT OMPEICITUTh MOJS BHE
mapa —BJl [31]. Ux ymoOHO mpenacTaBuTh B BUAEC KOMIIOHEHT B C(HEPUUECKUX CHCTEMaxX
koopmunat: (r, @', @’) ¢ TOJNAPHOW OCBIO Z', OPUCHTHUPOBAHHON IO HANpPABICHUIO
nosspuzanud  Peg  (9nektpuueckoe tmonie), u (r, 67, a”) ¢ mnomspHOH ocklO0 Z",
OpPUEHTHPOBAHHOH 110 HAIIPABIICHHIO MOJISIpU3anu Pce (TpaBUTAIMOHHOE TIOJIE).

B mepBoM cimydae KOMIIOHEHTHI AJIEKTPHUYECKOTO TIOJIsI OT Tojspusanuu  Pec
BBIPAKAIOTCS TaK:

d-cos@’

Eer (PEG ) =2 A7 r3 ’ (941)
d-sin@’

Ee@’ (PEG ) = 4 r_3 (942)

rae d=Pec - V - snexrpudeckuii  gumons BJl; V = (4n/3)R® - o6wem mapa- BJI; Pec -
MOJTyJ b BeKTOpa PeG.
Bo BTOpOM Cilydae KOMIIOHEHTBI TPaBUTAIIMOHHOTO TIOJISI OT MOJISIpU3al Pce HMEIOT

BUI:
d. -cos®@”
Ecer (PGE ) =2 6—47[ . ; (951)
d.-sin@"
Eceor (PGE): —647[ SR (952)

rae dc = Pge * V - rpaButanuonnsiit gunons BJI; Pce Moayns Bextopa Pae.

[Tonst Ee, Ege BHe mapa- BJI MoxHO monyduts u3 (87), CyMMUPYs B MOJIXOMSIIEH CUCTEME
KOOpAMHAT MpPHUBEJCHHBIE BbIIIIE KOMIOHEHTHI nojei (94), (95) ¢ koMnoHeHTaMHU BEKTOPOB-
koHcTaHT Eo 1 Eogg.

Bce mpuBenenHble Bbilie pemieHus s mosed mapa- BJL (89), (90) u (92), (94)
YJIOBIIETBOPSIOT YCIOBUSM Ha mNoBepxHocTH mapa- B/l u Ha Oeckoneunoctu. JlokazaHa
€IMHCTBEHHOCTh 3TUX pemeHuid [30]. Takum o06pa3oM, HEOOXOOUMBIM M JOCTATOYHBIM
yCJIOBHMEM MOJY4YEHHUsl pelleHHH paccMaTpUBAaEeMOM 3ajjauil SBJIAIOTCS BbIpaxkeHus (93}) mis
noysipuzauuii BHyTpu 1mapa - BJI. Ilockonmbky 3amanHble nonsi Eo, Eoc sBmstoTcs
OJTHOPOJHBIMH, TO COTJIacHO (93) 0THOPOAHBIMHU SABJISIOTCS U Nossipu3aiuu Pec, PcE.



3.2.3. 1llapooOpa3Hblii BAKYYMHBIi J0MeH BO BHEIIIHUX MATHUTHOM U CIHHOBOM MOJISIX

3anaya o B/] B Buze mapa B 0OJHOPOAHBIX MAarHUTHOM M CIIMHOBOM IOJISIX B CIydae
OTCYTCTBHSI BEIIECTBA, KOIJIa CIEAyeT MOJ0XuTh B ypaBHeHusx (83) u= 1, wuc=1,
aHaJlornyHa 3ajgade o B/l B Buae mapa B OJHOPOJHBIX IEKTPUUYECKOM M IPaBUTALUOHHOM
MOJISIX, TAK)KE IPU OTCYTCTBUHU BeulecTBa. [loaTomy 3a nuckioueHrneM 0003HauYeHUN B 00enX
3agadax OyJaeT OJMHAKOBBIM BHEUIHHWH BHJ] UCXOJIHBIX YpaBHEHHH, TPaHUYHBIX YCJIOBHI,
ycioBuih Ha OeckoHeyHocTu. Heo0XxoauMo nuIIb NOPUHATE BO BHUMAHHE OTJIMYUS
OIPENEICHUNA MArHUTHOM W CIHWHOBOM HHIYKUHMW OT OIPEACICHUN DSIIEKTPUYECKOU H
rpaButaninoHHON uHAYKUMNA. Eciu D = eoE + P; Dg = ¢ocEc + Ps, T0 B = poH + 1oM; Bg =
tocHe + wocMea; Be = wocHe + wocMe. Takum obpaszom, anaiorom P sisercst uoM, a
aHanorom Pg, oueBumHO, tocMe. /

102 —

CrieyeT Takke Y4ecTh, 4To TIOCKOJBKY C = (gouo) *2 = (socuoc) ™2,

TO

Ve _ NHo 1 161.10°kr/Ko.

77 =
" \/g Moc

3ameTuM, 4TO KOI(PGHUIIUEHT 70 BXOJAUT BO MHOTHE (POPMYIIBI AJIEKTPOTPaBUINHAMUKHI
[3, 4, 6].

HUrak, ¢ yderoM yKa3aHHBIX OTIWYMA 3amady o Mmape- BJ[ B ogHOpOIHBIX
JNEKTPOTrPAaBUTALIMOHHOM U MAarHUTOCIMHOBOM IOJISIX IPU OTCYTCTBHM BELIECTBA aHAIOTOM
(92) 6yayT cOOTHOIIECHUS:

1 a,

H, = Ho— Hos %6
'"T1-a%/9 ° 3p,(1-a’/9) ° (95,

1 a, o
Hsi=1 2/9H°S_3(1 #2/9)H°; (962)
—-a, —-a,
rae HO, HOS - OI[HOpOI[HBIe MAariuTHOC U CIIMHOBOC IIOJII BHE Hlapa- BI[ COOTBCTCTBCHHO; Hi,
Hsi MarauTHOE M CIIMHOBOE MOJIs BHYTPH IIapa COOTBETCTBEHHO; a, = u1(uouoc) /2.

HCHOJ’ILSYH YKa3aHHYK0 aHAJIOTHIO, B paCCMATpUBACMOM Cliydac CICAYCT OIPCACIINTb
MAaravuTHYIO Mwm u CIIMHOBYIO Ms IoJsIpUu3aln TakK:

UMy = Hg; Hoc Mg = 1 Hi; (97)

N3 (97) u (96) BBITEKAET, YTO
M, = TR (98.)
M l—azre)  3-alre), '

2
a,uno a,u

My = H, - Hos - 98
*Tl-azr9) 0 3l-aire), (982)



KomrioHeHThl MarHuTHOro mnojs BHE mapa- BJl, BO3HHMKammIEro mnpu MNOSBICHUHU
nojsipusatmu My, B chepuueckoit cucreme koopmunat (r, 6°, a’) ¢ HONSIPHON OCHIO
z’,OpMEHTHUPOBAHHOM MO HaIMpaBJIeHUIO nossipu3anuu My UMErOT BUL:

l,,C080"

H, (M, )=2"——-; 99

er( M) 47zr3 ( 1)
l,SINO®’

He@’(MM): '\17[ r3 ' (992)

rje Iv = MumV - marautabiii MoMent B/I; V- o6bem mrapa- B/I; Mm - moayns BekTopa M.

Komnonentsl cmHoBOTrO mojst BHE miapa- BJl ot nonspuzanuu Ms B cepuueckoit
cucreme koopauHar (I, 87, a”) ¢ nojaspHON Ochio Z", OPUEHTUPOBAHHON MO HaNpPaBICHUIO
nosisipu3anuu Ms, IpecTaBUM aHaJIOTHYHO MPEbIAYIIIMM COOTHOIICHUSIM:

l.cos®”
H. (M.)=2""; 100
Ser( S) 472_ r3 ( 1)
l.sin®”
Hse@”(MS):—Zﬁrs , (100,)

rae s = MsV - crimHoBo#t MomenT B/I; Ms - Moayiis BekTopa Ms.
Ecmu Beipakenus s nonerd Hi, Hsi, cormacuo (96), moJiHbIE, TO KOMIIOHEHTHI TIOJISH
He(Mw), Hse(Ms) Heo6XxoauMo cyMMHPOBATh ¢ KOMIIOHEHTaMHU OHOPOAHBIX mosteii Ho, Hos.

3.2.4. DHeprusi BAKYYMHOI'0 IOMeHa B 3JIEKTPHYECKOM, I'PABUTALMOHHOM, MATHUTHOM
¥ CIHHOBOM TOJISIX

Hawnbonee BaxxHBIM pe3yabTaToM pemieHus 3amad o BJl B Bume mapa B 3i1eKTpo-
rPaBUTAIIMOHHOM M MAarHUTO-CIIMHOBOM OJIHOPOJIHBIX MOJISIX SIBJISIETCS OINpPEIEICHUE JIBYX
muronteir BJI — snektpuyeckoro d  um rpaBuranmonHoro dg, m aByx MomeHTOB BJI -
marautHoro Iv m crnmuoBoro ls. Cormacuo (91) Bektop d HampaBieH 10 HaIPaBICHHIO
nosspuzanuud Pge, BekTop Og Mo HampamieHuio mojspusanuu Peg; a cormacao (97), Im
HaIpaBjeH 0 HaIpaBieHHI0 mojsipu3anud Ms, BekTop |s 10 HampapieHHIO HOISpU3AIUH
M.

Omnpenenenue aumnosneii m mMomeHToB BJl (MomeHThl BJ] MOXHO Takke Ha3BaTh
MarHUTHBIM U CIIMHOBBIM JMIIOJISIMH) TO3BOJISIET OMpenenuTh sHepruto BJl, cBs3aHHyIO C
gyeThIpbMs nossiMu: Eo, Eog, Ho, Hos.

Kiaccuueckuii pacdyer SHEPruM YEJUHEHHOTO JUIOJIA B 3JIEKTPUYECKOM TOJie
BBITIOJIHEH B TEOpUU ekTpuuecTBa TammoM [61]. Ha ocHoBe »TOr0 pacuera sHepruro BJI,
KaK YEeTBIPEXIUIIONS B YETBIPEX MOJISAX, CIEAYET NMPEACTaBUTh B BUJE:

W =W, +W, +W,, +W, (101)

rac



W, =-dE,; W, =-d;Eys;
Wy =—uy 1y Hg; Wy =—u6 [sH s -

Cornacuo (93) snepruun Wg, W BbIpazum TakuM o0pazom:

2a’ 2a
W, = ¢ Woe — W |-V, 102
- {3‘1—aj/9i " 1-a?/9 04 (102

2 2
g, B3 &E E,E
rae Wy =0 —0="0"0; Woe =/%as2 o —* %%

2a’ 2a
W, = EWoe — Wi |V, 103
© [3(1—615/9} *© 1-a’/9 OGE} (109

e E(?G .
rne Wie = 5 Woce =Woee.

Cornacto (98) sneprun Wy u Ws MOKHO TTpe/ICTaBUTh TakK:

W { Zai W —Za# W, V (104)
M = 2 oM — 2 oMs |V
Sil—a#/Qi 1-a,/9
7] HZ2 ) H.H
rne Wom = 02 <, Woms = v Lo o 02 =
W { zai W —zaﬂ W } V (105)
s = 2 0s — 2 osm |* Vo
Sil—aﬂlgi 1-a,/9
,UOGHozs .
rne Wis = 5 Wosm =Wows,

[Tonst Eo, Eog, Ho, Hos BooOI1I€ TOBOPSI, 3aBUCAT OT MPOCTPAHCTBEHHBIX KOOPIUHAT, HO
WX MOXKHO MPUOIIKEHHO CUMTATh KOHcTaHTamHu B mipenenax B/I. [Toatomy nelicTByromue Ha
B/I aunosnpHBIE CHITBI MOKHO OTIPEIeNUTh ClieaytomumM obpasom [61]:

Foe = VW, ; (106,)

Foo =—VW,; (1062)

Foy =—VW,,; (1065)

Fos = —VW,; (1064)
DS S



rae V onepaTop rpagueHTa.
OTH AMIONIBHBIE CHJIBI YK€ OBbUIM pacCMOTpPEHBI, HO HE OBLIM OTNpEACICHBI B
IpeAbIAYIIEH IJIaBe IIPU U3yYCHUN ypaBHEHUS ABvkeHus B/I.

3.2.5. O naoTHocTAX IHepruii nmojei Ha 3emJie

CornacHo BbipaxeHusiM (102)-(105), uyerbipe sHeprun BJ] kak 4veTbpexaumosis
3aBUCAT OT JIBYX KOA((UILIMEHTOB, 8; U 8,, U YeTbIpeX BEKTOpHBIX nojeil: Eo, Eos, Ho, Hos.

Crnenyet npeanooKuTh, 4T0 KOYPPUIIUEHTHI a; U 8, MOT'YT UMETh 3HaUEHUSI MOPsiIKa
1N, rne N - daxkrop dopmer BJl. Hanpumep, w3 37€KTpOCTATHKM W MarHHTOCTATHKH
u3BectHo [30, 31], uro miga mapa N = 1/3. Tonbko mpu TakoM TNPEANONIOKEHUH MOKHO
0OBSACHUTH SIBHbIE IPU3HAKH JIEBUTALIMU U BpauieHus raza Bonusu 11IM u TICO.

Ha nosepxnoctu 3eMin u3MmepeHsl Tpu Bektopa nosieit: Eo, Eos, Ho [78]. Ha ocHoBe
ypaBHeHuss XeBucaina rotHg = —Jg MOKHO OLEHUTh BEJIMYMHY U HAIPABICHHE BEKTOpa

CMHOBOTrO 1noJisi Hos, MMest B BULy, YTO OHO CBSA3aHO C BpallleHuEM 3eMJIM BOKpPYT CBOEH ocH.
MOo3KHO TPEeINoIoKUTh, YTO MeXAy co0oil Bektopa Eo n Eoc kommmneapusl. Bekropa Ho,
Hos $BHO HEKOJUIMHEapHbl, HO B TpyOOM MPUOTMKEHUH M UX MOXKHO CYMTATh
KOJUIMHEAPHBIMHU.

B tabnune 4 npuBenensl 3Hauenus noied Eo, Eos, Ho, Hos, mmotHocTel sHepruit Wog,
Woe, Wom, Wos 1

WOEG = OEWOG , WOMS = OMWOS

Ha MOBEPXHOCTH 3EMJIH B TIPEITOJIOKEHNN KOJUTMHEApHOCTH BeKTOpoB Eo, Eos, Ho, Hos

IMoast y moBepxHocTH 3emJin IlnoTHOCTH 3Hepruii
Jx/m

Dnektpuyeckoe (cpenHee) Woe =7.5-10%

Eo =130 B/m Woec = 66

['paBuTarmonHoe (mosroc) Wos = 5.8 - 1010

Eoc = 9.83 m/c?

MarunuTHO€ (TT0JIH0C) Wom =2.4- 10

Ho =19.5 A/m Wowms = 107

CrnirHoBoOE (TIOJTIOC) Wos = 0.5

Hos = 10 kr/(m - ¢)

W3 manHBIX 3TOM Ta6J'II/II_[bI BHUAHO, YTO INIOTHOCTDb SQHEPIUU I'PABUTAITUOHHOTI'O II0JIA Ha
HCCKOJIBKO IIOPAAKOB IIPCBLIMIACT IIJIOTHOCTHU 3Hepl"I/II7I QJICKTPUYCCKOI'0, MArHuTHOTIO,
CIIMHOBOTI'O HOHCﬁ, a TaKoKC IJIOTHOCTHU 3Hepl"I/II7I Woec 1 Wows.

CnenyeT HaIIOMHHUTb, 4YTO BI[ paccMaTpuBacTCd B CBOCM HUCXOJHOM COCTOSHUU,
XapaKTCpU3yeMOM YCIOBUAMU p = O, PG = 0 T.e. B COCTOSIHUU IIOJIHOTO OTCYTCTBHUA €TI0
QJICKTPUYCCKOTO U I'PABUTALITMOHHOI'O B3aHMOJICHCTBUS C BEIIECTBOM.

Hcxona u3 maHHBIX Ta6J'II/II_U>I 4, MOXXHO CKa3aTb, YTO B IIOJIAX 3emnn JABHIKCHHC BI[ B
IepBOM HpI/I6JII/I)KeHI/II/I ONpCACIIAI0OT CHJIIBI, CBA3AHHBIC C IINIOTHOCTBIO FpaBHTaHHOHHOﬁ
OHEPTUn WOG, HO TOJIBKO IO TOTO MOMCHTAa BPCMCHHU, KOI'Ja YCIIOBHUC OTCYTCTBHSA BCIICCTBA
TCPSCT CUITY.



OnHaKo MOXXHO TPOBECTH MPEIBAPUTEIILHOE, CYI'y0O TEOPETHUECKOE HCCIICAOBAHHE
norpykenust BJl B mons 3emum, Ge3 ydera sneKTpuueckoro BizammojeiictBus BJl ¢
BEILECTBOM.

Cornacno (101), (102) npu Woc >> Woe, Wom, Wos, Woce, Wosm 1osiHast fumosibHasi SHEprust
B/l Mmoxet ObITh Ipe/cTaBlIeHa TaK:

2a’ -V

W, = Wys . 107
G 3(1_a§/9) 0G (107)

Iockomsky Wos = eecE%Ec/2, TO 3Ta MIOTHOCTH SHEPTHH MOKET OBITh PACCUNTAHA TIO
BEJIMYMHE YCKOPEHUsI CBOOOTHOTO TaJeHHs, 0003HAYEHHOTO Kak Ec.
B tabnunie 5 mnpencraBnensl 3HaueHuss Eos, Woe anma BHyTpeHHed oOnactu 3emiu B
3aBUCHMOCTH OT pajuyca I [78].

W

1N

Tabmmna 5
r, KM Eoc, M/c? Wos, 10°/m®
0 0 0
1217.1 4.36 11.35
3485.7 10.69 68.20
5701.0 10.01 59.79
5951.0 9.976 59.36
6352.0 9.837 57.72
6371.0 9.819 57.51
Bue 3emumn, xorma r > R3, rome Rz = 6371 km - paguyc 3emiu, IJIOTHOCTh

IPaBUTALIMOHHONW DJHEPrUM MOKET OBbITh paccuuTaHa Ha OCHOBe 3akoHa HproToHa B
npeHeOpekeHnn maccoi atmocepsl. OHa UMEET ClieyIolIee BhIpaKeHHUE:

(6371.0)°
4

W, =57.51-
.

10° =0.947-10%°r™ x/m°.

MO>KHO BBIUHCIIUTD MMPOU3BOAHYIO

B dW,,
dr

g, = 3.61-10* H/v’.

Ha puc. 6 cxemaTnyHO noka3aHbl U3MEHEHUs AUNOJIbHOM 3Heprun We B/l B 3aBHCHUMOCTH OT
I mpu |ag|<3and |ag|>3.
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N3 3TOrO0 pHICYyHKa BHUJHO, YTO MpHU | a; | < 3 osuHeprus We uMeEEeT MaKCUMyM
npubsm3uTenbHo mpu I = 34857 kM. OTto ectb rpanuna Buxepra - ['yrenOepra,
pasnenstomas ManTHiO U saapo 3emun [78]. Tlockonbky sHeprust W sIBIsSETCS TOTEHITUATIOM
Ui AecTByrommx Ha BJl cwi, MOXHO ckazaTh, 4TO TIpHU | a. | < 3 wHuMeeT MeCTO
MOTEHITMATBHBIN Oaphep, 3ampemniatonuii nponukHoBeHue BJl Ha 3emumo. [lpu ykazanHOM
ycinosuu B/l orramkuBaetrcs oT 3emiu. Ho ecnmm BJI xakum-mu6o obGpazoM mpeoposieBaet
3TOT Oapbep, OH MOMAIACT B MOTEHIHAIBHYIO IMYy, MUHUMYM KOTOPOW COBIAJAET C IIEHTPOM
3emJu.

Hamporus, npu | & | > 3 Ha 3emJie UMEEeT MECTO MOTEHIUaNIbHAs SIMa C MUHUMYMOM
SHEPruu B paiioOHE TpaHUIIbl MEXIY MaHTUed U sapoM. OnHako caMa 00yacTh Aapa 3eMiu
OorpakJieHa MOTEHLIHUAIbHBIM OapbepoM, U MPH yKa3aHHOM BBIIIE YCIOBUU |ag | >3 B/l ne
MIPOHHUKAET B ATy 00J1aCTh.

B ciyuae |ag | < 3 Ha MOBEPXHOCTH 3eMJIM Ha Kaxablk 1 M° 06bemMa B/I, cormacHo
(106), neiicTByeT OTTAIKUBAIOIIAs CUJIA:

2
y24.200 2 H
1-a;/9 ™

B cnyuae |ag|> 3 Ha TOBEPXHOCTHM 3€MJIM Ha Kaxabld | M3

NMpUTATrUBaromiasa Cuja:

obvema BJI neiictByer

-2.4.10% .a—sz i
1-a%/9" o

B paccmatpuBaeMoM npuOIMKEHUH HE BUAHO pa3inyMs BO B3aumojencTBuu BJl c
3emieil kak npu a. > 0, Tak u npu a. > 0, T.e. U3 TOro NPUOIIHKEHUS MOXHO CAeaTh



HEBEepHOE 3akitoueHue o Tom, yto BJI, cocrosmme n3 ®BB uiu ®BA, moryr nonagars B
OJTHO U TO kK€ MecTo. B HacTosmem npuOIMKeHUH MCKIIOUEHBI BTOPBIEC WICHBI BBIPAKEHHN
(102)-(105), nporopiHoHaIbHBIC 8;, &, U3MCHSIOIINE 3HAK 3TUX BBIPAKEHHI MPH NIEpEeMEHE
3HaKa COOTBETCTBYIOHINX K03 (duimeHnToB. IMEHHO yKa3aHHBIE BTOPBIE WICHBI ONPEICIISIOT
paszesieHne BaKyyMHBIX JOMEHOB, cocTosmux u3 ®BB unu ®BA, B npoctpaHcTBe.

Ha ocnoBe 3aBucumoctu snHeprun We OT paaumyca I, HpeACTaBIIEHHOM Ha puc.0,
MOXHO CJIeNaTh BBIBOJ, YTO IIPU | ae | < 3 B/l He NpOHMKAIOT, a IIPU | ae | > 3 - IPOHUKAIOT
BrIyOb 3emim. Ho cremyer ydecTh 3JEKTpOTpaBHTALMOHHYIO nenossipusanuio Bl Ha
3emiie, T.€. yMEHbILIEHUE 3JIEKTPUYECKOM U IpaBUTAMOHHOM noJispu3auuii B/ B pesynbraTe
MIPUTSDKEHUS K IOJIOKUTEIBHOMY IIOJIOCY IEKTpUYecKoro mumnosist B/l oTpumartesnbHbIX
MEKTPUYECKUX 3apsioB, a K OTPULATEIBHOMY IIOJIIOCY JJIEKTPUYECKOTO JMIOJNSA -
ITOJIOKUTEIIbHBIX AEKTPUYECKUX 3apsI0B BELIECTBA. Takum obpa3zom,
ANIEKTpOTpaBUTALMOHHAs Jenossipu3anns BJl KopeHHbIM 00pa3oM H3MEHSeT Xapakrep
B3auMoeiicTBus B/l ¢ monsimu 3emutn.

3.2.6. OO0 3JeKTPOrpaBUTANMOHHOI JAeMOJIAPU3ANMHA BAKYYMHOT'0 JOM€eHA

XapakTep  JEKTpPOrpaBHUTAllMOHHOrO  B3aumojgeuctsuss BJ[ ¢ BemiectBom
OTIpEe/IeNIIeTCs MCXOJHBIMU BEIMYMHAMU 3JEKTPUYECKON M TpaBUTALIMOHHOW MOJSpHU3AIUil
B/l Ha 3emute. OTH BeIMYMHBI MOJISIPU3ALMN MOXHO ONPENEIUTh HA OCHOBE COOTHOULIEHWM
(93), manpumep, i caydast HaxoxaeHus B/l y moBepxHoctu 3emutn.

B tabnune 6, cormacuo (93), mpeACTaBICHBI YETHIPE CIATaeMbIX JIEKTPUUECKOU U
rpaBUTAIIMOHHON mossipusaimii BJI, oTHeceHHbIe K Oe3pasMepHbIM Koddduimenram ki, =
a./(1 - a:%/9) (mepBsrii wien) u k. = a.2/(3(1 - a:2/9)) (BTopoif uneH).

Ta0mnuma 6
DJIeKTPUYECKAs MOJISIPU3aIus
o Ki
@:1& |—€0E0|5109—2
- 2
Tlo M M

I'paBuTaninoHHAas NoJasipu3anus

|’7050E0|510% |_50GEOG|51010£

2
M

Koaddunmentsr ki u K2, MOTyT MMeTh BEIMUYHHBI MOPAAKA €IUHHUIBI U Oosiee. B
TaKOM CJIy4ae paccMaTpuBaeMasi TEOpHsl MO3BOJISET OObsICHUTH cBsi3aHHble ¢ [ICO cuibHbIE
¢buznueckue >pdexTl Ha 3emie, B YAaCTHOCTH, JieBUTalWi0. [Ipu yKa3aHHBIX 3HAYEHUSIX
k03 durmentoB Ki; u Ko; mpezactaBieHHble B Tabmuile 6 pa3MepHbIC BETMYHHBI MOKHO
CUHUTATh XapaKTEPHBIMU JJISl CIaraeMbIX JEKTPUUYECKON U TPaBUTAIIMOHHON TOJISIPU3aIHil.

W3 nanHpIx TabnuIBl 6 BHAHO, YTO TMPHU pacyere MOJSAPU3ANUNA HCKITIOYUTENHEHO
0oJbIIOE 3HAYEHHE UMEIOT CllaraeMble JJIEKTPUUECKON M TpaBUTALIMOHHOW MOJIApH3aIUi,
CBS3aHHBIE C TpaBUTALMOHHBIM ToJieM 3emud. HampoTuB, cnaraemble NOJSpU3ALIMM,
CBSI3aHHBIE C IEKTPUUYECKUM TOJIEM 3eMIIH, TPEHEOPEKUMO MAIBI.

BenuunHa »ekTpuueckoit mosspusanuu BJ 1 Kin/mM? comocTaBuMa ¢ peKOpIHBIMH
BETUYMHAMHU TOJISIPU3ALNNA CETHETORNIEKTPUKOB. BennunHa rpaBUTAIIMOHHOW MOJSIpU3ALIAN
10%° xr/m? o3HayaeT, 4TO TPABUTALMOHHLIA AuNoas BJI ¢ o6beMom 1 M3 nMeer aumONbHEII



momenT dg =10 kr- m. TlosokuTenbHas U OTpULIATENbLHAS Macchl aunojis BJI B Buje mapa

MMeIOT BeanuuHbl nopsaka + 1010 kr (mmoc-munyc 10 MUILIHOHOB TOHH).

Bwmecte ¢ Tem, naxke IIpu yKa3aHHOMW BBIIIE BEJIMYMHE JIIEKTPUYECKOM MOJISAPU3aLUU B
atMocdepe 3eMin Hen30eKEH 3JIEKTPHUECKUI pa3psa MEXKAY HOJIICAMH 3JIEKTPUYECKOTO
munonist BJl u, kak cienctBue, ero »JeKTpuYecKas naenosspusauvs. Buyrpu 3emun, rae
BBICOKAa IPOBOJMMOCTH IIOPOJ, JOJDKHA IPOM30MTH IIOYTH IIOJIHAS DJIEKTPUYECKas
nenosisipuzanus B, s momHo# snektpuueckoi nenonspusanuu Bl B atmMocdepe 3emian
JI0CTATOYHO HE3HAYMTEIHHOIH MACcChl B BUAE KATHOHOB U aHMOHOB, nopsjka 108 —107 kr npu
aneKkTpudeckux 3apsgax aunons BJl mopsinka +1 Kn. HampotuB, HeBo3MoOkHa mnpsimMas
rpaBuTanioHHas aenoJsapusanus B/l. JleiicTBUTENBHO, Ha MOBEPXHOCTU 3€MJIM U BHYTPU HEE
B/l okpyxaeT TOJIBKO NOJIOKUTENIbHAS Macca. | paBUTAalIMOHHBIA JIUIIOJb B TAKUX YCIOBUAX
HE MOXeET ObIThb YHHYTOXeH. K 3ToMy AMMOII0 MOXKET ObITh NPHUCOEAMHEHA 3aXBadeHHAs
MOJIOKUTENIbHAS T'PAaBUTALlMOHHAsT Macca, ¥ ToJbko. OYeBUAHO, YTO 3aXBayeHHas Macca
MOXET MPUCOECTUHUTHCS TOJBKO K ITOJIOKUTEIBHOMY IOJIFOCY IPaBUTALMOHHOIO AUNOJIA. B
atMochepe 3emun Ta3 OyIeT CXKHUMAThCS Y TIOJIOKUTEIBHOTO U Pa3pshKaThCsl Y
OTPHLIATEIILHOTO MOJFOCOB 3TOTO JTUATIOJS.

[Ipu >nexkrpruueckoi aenossgpusanuu B/l cBs3aHHBIE MOBEPXHOCTHBIE MIEKTPUYECKUE
3apsasl BJI okpyxkarorcs  cBOOOJHBIMHM  3JIEKTPUYECKMMHU  3apsjlaMd  BeElIecTBa
MIPOTUBOIOJIOKHOTO  3HaKa. MOXHO TOCTPOUTh  MOJENb  AJIEKTPOTrPaBUTALMOHHOMN
nenonspusanuu  BJl, npeamnosnoxkus, 4To JAeNOSpU3YIOLIME CBOOOJHBIE 3IEKTPUUYECKUE
3aps/bl MPOMOPLMOHAIBHBI CBSI3aHHBIM AJIEKTPUUYECKUM 3apsiiaM Ha MMOBEpXHOCTH mapa- BJI.
Torna ypaBaenus (90), (91), B mpeHeOpeKEHUH BETUYHMHON dIeKTpUdeckoro moJist 3emuu (Eo
=0), OyayT UMEThb BUI:

P

E, :—1£+ Eois (108,)

3 &

=)
Es, = 1P +Eyss (108,)

3 &4
Pee =& Eqis (1083)
Pee =&:Ei, (1084)
rae EDi - CBA3aHHas1 CO CBO6OHHBIMI/I QJIICKTPUUICCKUMU  3apsaaaMHu  OAHOPOAHAA

JCTIOJIAPU3YIONIAs HAPSHKEHHOCTD JIEKTPUYCSCKOTO MOJIst BHYTpH Iapa- B/I.

CpentaHHOE BBIIIIE MPEANOJI0KEHHE O MPONOPIIHOHATIEHOCTH CBOOOHBIX M CBA3aHHBIX
AIIEKTPUYECKHUX 3aps/IOB MMO3BOJISIET CUUTATH oJie Epj omHOpoHBIM BHYTpH mapa - B/I. Jlns
OTpeCIICHUsT ICKTPUUYCCKOTO I0JisA BHE Imapa - BJl, KOHEYHO, B IpPEHEOPEKECHUH IOJIEM
3emnu Eo BBemem miceBpomosspusanvio Pp = 3eoEpi, cBA3aHHy0O co cBOOOIHBIMU
ANIEKTPUYECKUMH 3apsiaaMu. Jlajmee MOKHO BBECTH SKBUBAJICHTHYIO MOJIIpH3aInio mapa - B/
Pec — Pp u onpenenuTh 5KBUBAJICHTHBIM SJICKTPUYECKHIA AUITOIbHBIN MOMEHT dp =
(Pec — Pp)V. Ilpu TakoM mojaxojie 3ACKTPHUECKOE TOJI€ BHE Iapa CIEAYeT OMPEICIUTh IO
dopmynam (94), 3amensist d Ha dp.

Oueprus BJl kak rpaBUTAIlMOHHOTO IWIONS B TPABUTAIIMOHHOM IIOJIe, COTJIACHO
(101), BeIpakaercs Tak:

W, =—&EEyg V. (109)

Cornacuo (108) u (109) a1y sHepruto B paccMaTpPUBAEMOM Cllydae 3axBaTa CBOOOIHBIX
ANIEKTPUUYECKHX 3aps/I0B BEIECTBA MOYKHO MPEJCTAaBUTh CIEAYIOIIUM 00pa3oMm:



2 a’v 3 W, 110
We —_'—Z'WOG I-——F—=| ( )
3 1-a;/9 a, YW,

rie Wp = £E?pi/2 - mapamMeTp ¢ pa3sMepHOCTHIO ILIOTHOCTH SHEPrUHM, XapaKTepu3yIOLIHii
BIIMSTHHE DJICKTPUYECKOro nos Epi Ha rpaBUTAIMOHHYIO SHEpruto BHYTpU B/I.

B armocdepe 3emmu mosie Epi moMeHa HW3MeEHSIETCS CKA4KOOOpa3HO TPU KaKIOM
OYepeTHOM JIEKTpUYecKoM mpodoe BHyTpu BJl. DT0oT mpoboii Hactymaer nipu Ei > E.p, T
E\p - MakCUMyM HaNpsDKEHHOCTH JIEKTPUYECKOTO OIS 710 Tpo0ost ra3a atMochepsl 3emimn.
O4eBHUIHO, UTO BEJIMYMHA Eyp CUIBHO 3aBUCUT OT JaBJIEHMUSI, T.€. BBICOTHI HaJl yDPOBHEM MOpH,
BJIQ)KHOCTH, 3allbUIEHHOCTH M CTENEHM MOHU3aluu raza armocdepsl. s onpenenenust Enp
MO>KHO MCHOJIb30BaTh CIIPABOYHBIE U JIUTEPATYPHbIE JaHHbIE, IPUBEACHHBIE B [98].

3aBucumocts sHepruu We(r) mis ciydas aswkenuss B/l B atmocdepe 3emun maet
cootHomieHue (110) mpu Wp = const u ycnoBuu Ei < Enp Ilpu Ei=E., naunnaercs
ANEKTPUUECKUHN pa3psf, T.e. npodoir B BJI. MoHO NpennonokuTh, 4TO STOT TMPOIECC
MIPOJIOJIKAETCS 10 MOJIHOM KOMIIEHCAIUK CBOOOIHBIMHU 3JIEKTPUUYECKUMU 3apslaMu BELIECTBa
CBSI3AHHBIX BaKyyMHBIX DJJeKTpuueckux 3apanoB BJl, T1.e. a0 cocrosaus B/,
xapakTepuzyemoro ycimoBuem E;j = 0. Takum oOpaszom, cormacHo (109), mpoucxomut
n3menenne saeprun We ot 3Hauenus We = +e1E,EocV 1o 3nauenuns We = 0.

Buytpu 3emiu nopojibl 0071a/1a0T OTHOCUTENBHO BBICOKOM AJIEKTPOIPOBOIUMOCTHIO.
[TosToMy B nepBOM IPUOIMKEHUH JJIs 3TOTO CIy4ast MOKHO THOJIOKUTH 3JIEKTPUUYECKOE T0JIe
Ei = 0 u, cnenosarensno, W = 0.

Ha puc.7 nokazansl 3aBucumocts sHeprun Wg BHE 3emuin OT paauyca I mpu | e | <3
3| |ag | > 3 mua cnydaeB ABWKeHUs BJ] B cTopoHy 3emiin, Hampumep, 3a CYET JOCTATOYHO
Oospmio kuHeTH4Yecko sHeprun BJI. TOHKMMH TOPHU3OHTAIBHBIMH JIMHUSAMH TOKa3aHBI
3HaueHuss Wg, COOTBETCTBYIOIIME OJJIEKTpHYEeCKOMY Tmpoboto BHyTpu BJl mpu
We = £e1EpEocV. CrutonaeiMu KpuBbIME MOKa3aHbl cemeiictBa We(r), cormacto (110), mpu:
1) Wpo = 0; 2) Wp = 0.5 (a.%/9)Wos; 3) Wb = (&2/9)W oG, tne W'oc = 5.8 - 10%° JIm/m® -
IJIOTHOCTH SHEPTUU T'PABUTALIMOHHOTO TOJIsI HA TOBEPXHOCTH 3€MJTH.



Puc.3.

W3 puc.7 BuaHo, uto B ciaydae cnaboro nedctBus Ha BJl Bcex cumi, kpome

rpaBUTAIMOHHOM, an|a8|< 3, BJI 3aBucaer Hax 3emiied Ha pa3IM4YHOM BBICOTE B
3aBUCHUMOCTH OT BEJIMYMH 3aXBAaYCHHBIX B KOCMOCE CBOOOIHBIX JJEKTPHUUECKUX 3aps/ioB
(Wp# 0). B Takux e YCIOBHSX MpH |ag|> 3 B/l umeeT moTeHIUAILHBIN Oapbep,
MPEMsTCTBYIOUINI ero npoHukHoBeHuto Ha 3emito. Ecnu sxe B]I mpeogosneBaet 3ToT Gapbep,
HampuMep, 3a cYyeT COOCTBEHHOW KMHETHUYECKOM PHEPTHH, CBSI3aHHOW C 3aXBaUYE€HHOM Maccoi,
TO J1ajiee OH HEM30EKHO YXOAUT BIIIyOb 3eMIIH.
Kak BunHO U3 puc.7, umeroT Mecto ckauku sHeprud W ABYX BUIOB: MPH €€ YBEIUYCHUH U
yMmeHblIeHnU. CKauykd SHEPrud BBEPX COOTBETCTBYIOT IMEPEXOJy OMPEAETIECHHON MOPLUHU
SHEpruM TPAaBUTAIMOHHOTO Tmonss B HHepruto BJI. Orta mopums Oonblie >Hepruu
W = e1EpEoGV, mockonbky uyacTh ee uAeT Ha BbiAeneHue Teria. CKauku SHEPTrUU BHH3
COOTBETCTBYIOT Tiepexoy nopuuu suepruu We = e1Ep,EocV B Temno, T.e. panee 3amaceHHas
rpaBuTanoHHas sHeprusi B/ mpeobpa3zyercs B Temio.

[lepexoq wyacTu TpaBUTALMOHHOM DSHEPrUM B TEIUIO MPOUCXOAUT 3a BpeMs
anekTpuueckoro paspsga B BJl. CormacHo 3akoHaMm 53JE€KTPUYECKOrO paspsjia 3TO Bpems
BecbMa Majio. [losToMy yka3aHHBIN NIEPEX0]l JHEPTHH COMPOBOKIaeTCs 3pdekTom B3phIBa.



MosxHo BbIUMCINTH 3Heprutro B3pbiBa BJl (mocne B3psiBa BJ] coxpansercs) B

arMocdepe y moBepxHOCTH 3emnu npu ero nguamerpe 0.23 M, T.e. XapakTepHOM AUaMeTpe
M.

Coruacuo (109)

Ws =ey|Ep EggV =2 V,

aE

OGW

np
e Wy = e0E2up/2.
Ipu muamerpe Bl pasrom 0.23 M, Enp =3 - 10° B/m, V = 47R%/3 = 0.00637 »°, T1e R-
pammyc BJI; Wog = 5.8 - 10 /M3, Wap = 40 JTx/M°. CrieioBaTensHo,
W, =2

a,|-10* Iik.

[Ipn | a: | ~ 1 sneprus B3pbiBa B/l B TOuHOCTH paBHA 3Hepruu B3pbiBa cpeaHeit LM
[10]. MoxHO 3aMeTUTh, YTO TIPU 3TOM B3PBIBE BBICBOOOXKIAETCSA, T.€. MEPEXOIUT B TEILIO,
nostHast AnekTpudeckas sHeprust 3Wyp, - V = 0.76 [x. Takum o0Opa3om, MOYTH BCS SHEPTHS
B3pbIBa B/] cBsizaHa ¢ ObICTPBIM M3MEHEHUEM TpaBUTaIlOHHOTO 1osist B/I.

YMECTHO MOAYEPKHYTb, YTO B pE3yibTaTe JJIEKTPUYECKOro paspsaa BHyTpu BJI
MPOUCXOJUT HE TOJBKO €ro IMOYTH TOJHAs JJIeKTpUyeckas, HO M TIOYTH TOJHas
IpaBUTALIMOHHAS IETOJISPU3ALIHSL.

3.2.7. CBsi3b CNMHOBOW MOJSIPU3alMM C TEH30POM CIHHHOBBIX MeXaHHMYECKHX
HaNpsKeHU I

Cornacto (98) marauTHas ¥ ciHOBas MoJisipu3anuu cepudeckoro B/l Moryt OBITH
MIPEICTABIICHBI TaK:

iHos_k

0

Mg = k1y770 H,—k

M, =k H,; (1114)

2u

Hos (111z)

1u

2u

YucneHHble 3HAUCHUS ClIaraéMbIX 3THX HOHHpHSaHI/Iﬁ, OTHCCCHHBIC K KOS(b(bI/IHI/IeHTaM
K1, (mepBbie 4iienbl) U Ko, (BTOpbIE WiIEHBI) Y HOBEPXHOCTH 3€MJIM, IIPEACTABIEHBI B TAOIMIIE

(73.

Tabmuma 7
MarnuTHasi noJsipuzanus
Hos /17| =10°A/m | |- H,| = 20A /M

CnuHoBasi noJisipu3anms
7oH,| 210"k /(M- ¢) | |- Hos| =10%kr /(v )




W3 nanHbIX TaOmUIBl BUIHO, 4TO TpH Ky, ~ 1 u Koy ~ 1 (8, ~ 1) B MarHuTHOM
COIMHOBOM TOJIIX 3€eMJId BeIWYMHA MAarHuTHOM mnoJigpusanuu BJl umeer ymepeHHOE
3HaYEHME, TAK KaK MOJpU3allii-HaMarHH9eHHOCTh (eppomarHeTukos ~ 10° A/m; depputos
~ 10° A/M. BenuuuHa ke CIIMHOBOM MOJIAPU3ALIMH TIPH YKA3aHHBIX YCIOBHAX Upe3BHIYAHO
BenMKa. BMmecTe ¢ Tem, BenukH U 00a claraeMblX CIIMHOBOM MOJISIPU3AIlH, CBSI3aHHBIE KaK C
MarHUTHBIM, TaK ¥ CO CIMHOBBIM NOJISIMM 3emi. HamoMHMM, 4TO CHMHOBas MOJISpU3aALUs
uMeeT (PU3NYECKHA CMBICI TUIOTHOCTH MOMEHTA KOJIMYECTBA IBHKCHUS.

[TockonbKy ocu BpalleHUs! CIIMHOBOTO M MAarHUTHOTO IOJIOCOB 3e€MJIM HE COBIAJAIOT
(pacxonsaTcst nmpubnusuteapbHo Ha 11° [84]), To Bekropa marHuTHOTO Ho M crimHOBOTO Hos
I0JIEW HE COBIAJAIOT IO HAIPaBJICHUIO (HEKOJUIMHEApHbI) B JHOOOW TOUKE Ha IMOBEPXHOCTH
3emuin.

CrnenoBatenbHO HeKoJUTMHEapHbI M BekTopa Mm u Ho, Ms u Hos. TTostomy Ha BJI
JEUCTBYIOT HE paBHbIE HYIIO JIBA MOMEHTA CHJI:

Twm = [ImBo], rie Im = MmV and Bo = uoHo, u Ts = [IsBos], rae Is = MsV and Bos = rocHos.
Cornacho (111)

Ky, 140V
%[HOHOS]+kl,u:uOGnOV[HOSHO]:
0

kly\/ﬂoﬂoe 'V([HoHos ])+[HOSHO]EO' (112)

Ty+Ts =

Boipaxkenuss (111) xapakTepusyloT CTpPOro OIpe/eleHHbIE KOJINYECTBEHHBIE
COOTHONIEHUS JUISl BEJIMYMH M HAIPaBJICHUN MarHUTHOW M CNIMHOBOW mojspusaunid BJl B
MPOCTPAHCTBE B 3aBUCMMOCTHU OT BEJTMYMH U HANpaBJIE€HUI MarHuTHOrO 1oJist Ho u ciMHOBOTO
moist Hos 3emmu. OdeBugHO, uto ycnoBue (112) sBisieTcss HEOOXOAMMBIM YCIOBUEM TSI
BBITIOJTHEHUS cooTHOMIeHuH (111).

Jns monydeHHWs TNPENCTaBICHUW O MArHUTOCHMHOBOM B3aumozeictBuun BJl ¢
BEILIECTBOM 3eMJIH, T.€. BO3AYXOM M BOJHBIMHU MapamMu atMmochepbl, BOJAONW U TBEPABIMU
MopoJaMH, HEOOXOJUMO OCTAaHOBUTHCA HA PACCMOTPEHUU (DU3MUYECKUX OCHOB OJHOTO W3
BEJIMKUX DKCIIEPUMEHTOB B UCTOpUU (U3UKU — OmbITa DiiHIITeHHa —a¢ ["aa3a [60, 61], cyTh
KOTOPOTO COCTOMT BO BpAlllEHUH IOJBEIIEHHOTO HA TOHKOM T'MOKOW HHUTH CTEpXKHS U3
(eppoOMarHuTHOr0 MaTepuana TIpUd HW3MEHEHUU HaNpaBlICHUS [epeMarHU4YMBAOIIEro
MarHutHoro  mosist.  [loMMMO — MOATBEp)KIEHUS  M3BECTHBIX  MHUKPOCKOIMYECKUX
MPEACTABJICHUH, JEXKAllUX B OCHOBE TEOPUM IE€peMarHMYMBAHUS MArHUTHBIX MAaTepUasoB,
MapaMarHuTHOTO U SIIEPHOTO PEe30HAHCOB, OMUCHhIBaeMbIX ypaBHeHusMU Jlanaay - Jludmmuna,
I'mnpbepra mT.0., brnoxa mt.a. [32, 34, 62], oneiT DiHImITEHa — ae ['aa3a moxasan
(GU3MYECKYI0 pEaTbHOCTh CBA3aHHOTO C MHUKPOCKONHMYECKUMHU CIMHAMU U OPOUTAIBHBIMHU
MarHUTHBIMH MOMEHTaMHU MaKpPOCKOIMYECKOTO MOMEHTa KOJIMYECTBA JBUKEHHUS BEILECTBA.
[InoTHOCTH 3TOrO0 MOMEHTa KOJMYECTBA JBMKEHHUS Ha3BaHAa CIMHOBOM moJisipu3anueil. B
Teopun XeBHCaii/la 3Ta BEIMYMHA UMEET U IMOJIEBOE COJIEp>KaHue, MOJ0OHOE TOMY, KOTOpPOE
MMeeT MarHuTHas NoJspu3anus (HAMarHM4eHHOCTh ).

Taxum oOpaszom, ombIT DifHIITElHa- ne ['aaza Mo3BOJIMIT OTKPBITH CHELU(PHUECKHI
BHJl MEXAHWYECKOTO B3aUMOJECHCTBUS MArHUTHOTO IIOJII M BEIECTBA: TMPOMArHUTHBHIE
3 eKTsl, XapaKTepU3yIolue B3aUMOCBA3b MarHUTHOTO MOJISi U BPAIaTEJbHOTO JABMKEHHS
MarHeTukoB. Ha ocHoBe Teopum XeBHcaiija 3TOT K€ OMBIT MO3BOJIIET NpEACKa3aTh €LIe
OJIMH BUJ B3aUMOJICWCTBUS TOJII U BELIECTBA: THPOCHHMHOBBIE 3(P(PEKTHl - B3aUMOCBS3b
CIIMHOBOTO TOJI C BpAIlaTelbHBIM JIBUKEHHEM CIIMHOPUKOB - MaTepHalIOB, 00JaJaolInX
OOJIBIION CIIMHOBOM MOJISIPU3AIIUEH.

JlelicTBUTENBHO, B onbITe DiHIITEHA —1e ['aa3a BpaiieHne oOpasia MpoOUCXOIUT B
pe3yiapTaTeé W3MEHEHHs CIIMHOBOM TMOJSApU3alMH, T.€. IUIOTHOCTH MOMEHTa KOJUYECTBA
JBYOKEHMSI 3@ CUeT JEHUCTBHS MAarHUTHOTO MOJS Ha MarHMTHYIO MOJISIPU3ALUIO, KECTKO



CBA3aHHYIO CO CIIMHOBOW moJisipu3anmeii. Ho eciim B pe3ynbrare ACHMCTBUS CIIMHOBOTO IIOJIS
MIPOU30MIET TOJILKO M3MEHEHHUE CIIMHOBOM Moiisipu3anuu odpasua, To 3ddext Oyaer ToT xe
caMblii - MPOM3OMJET BpalleHHe o0paszlia B CBA3M C HM3MEHEHHEM MOMEHTa KOJIMYECTBa
TIBUKCHHUSL.

Cpemn  pa3HOOOpa3sHBIX BEIIECTB CaMble CUJIbHBIE  CIUHOPUKH  SIBIISIFOTCA
OJIHOBPEMEHHO M CaMblMU CHJIBHBIMM MAarHeTHKaMH, T.€. CHUJIbHbIE CIUHOPHUKU - 3TO
deppomaraernku. CrimHOBas moJisipu3anus GeppoMarHeTukoB, cormacHo (53), Ms = Mw/2y
roe Y = e/Me - THPOMAarHUTHOE OTHOILICHWE B Cilydae MpeoONalaHus CIUHOB Hal
OpOMTANBHBIMM MOMEHTaMH, TZ€ €, Me - DJIEKTPUYECKHH 3apsi M Macca 3JIEKTPOHA
cooTBeTcTBeHHO. [Ipu My = 10° A/m, Ms = 3 - 10 ®kr/(m - ¢).

N3BecTHO, 9TO PpeppoOMarHeTUKH NIepeMarHUUUBAIOTCS IPU MMPEBBIICHUN MarHUTHBIM
MOJIEM BENWYMHBI KOApUUTUBHOM cuibl Hc. CornacHo (56) crnemyer o0Xuaath, 4YTO
(eppoMarHeTMKl Kak M CHMHOPUKU H3MEHSIOT CIMHOBYIO MOJISIPU3ALNIO TPU BETUYHHE
CIIMHOBOTO 1M0JIsA, OoubIiel Beaunuuubl He = 2yuoHd/ioc. Eciu mos0xuTh B KayecTBe puMepa
Hc = 1 A/m, 10 Hes = 5 - 10% kr/(M - ¢). Taxum o6pasoM, 11 HepeMarHUYUBAHHUS
(dbeppocnHOpHKA HE0OX0IUMa BEJIMYKMHA CIIMHOBOTO MOJIsl, MHOTO OOJIbIIasi CIMHOBOI'O IOJIS
3emmn - 108 kr/(m - ¢).

B xayectBennom otHOomenuun BJ[ mpencraBiser co000 OJHOBPEMEHHO aHAJIOT
MarHeTuka U couHopuka. EnumHcTtBeHHoe omianune BJ OT OOBIYHBIX MarHeTHKOB-
CIIMHOPUKOB, OOBIYHO MPEJCTaBISIIOIIMX COOOI0 TBEPJOE TENO, COCTOMT B TOM, YTO OH
MIPOHHUILIAEM JJIsl BEIIECTBA.

Nmenno nocneanee cBoicTtBo B/l mo3BosisieT eMy B3aMMOJEHCTBOBATH C BEIIECTBOM
HE TOJIbKO MOCPEICTBOM MAarHMUTHOTO U CIIMHOBOTO MOJIEH, T.€. 3@ CYET JJIEKTPHUUYECKON U
rpaBUTAlMOHHON cuibl JlopeHla, HO M € MOMOIIBI0O THPOMATHUTHOTO M THPOCIIMHOBOTO
3¢ dexToB.

B xonuyectBenHoM oTHomeHun BJ[, kak MarHeTuk, OTIMYaeTcsi OT OOBIYHBIX
MarHeTHKOB HE OY€Hb CHJIBHO, HO KaK CIIMHOPUK - KOPEHHBIM 00pa3oM. M3 maHHBIX TaOIHIIbI
6 BHJHO, YTO BEIIMYMHA CIIMHOBOMW mossipu3ainuu B/l MoxeT gocturath 108 Kr/(M - ¢), B TO
BpeMs Kak y (heppOMarHeTHKOB BEJIMYMHA ATON MOJISIPU3ALMU, KaK BUIHO U3 MPHUBEACHHOMN
BBIILIIE OLIEHKH, paBHa Beero 3 - 10 ® kr/(M - ¢). Kpome Toro, y BJ] He cyIecTBYIOT MONEBbIE
MOPOTH B BHUJE€ KOAPLUUTHUBHBIX CHUJI, C KOTOPHIX HAaYMHAIOTCS M3MEHEHHs moJisipuzainuii. B
paccmarpuBaemoi mozaenu BJI, cormacuo (111), monspusanuu JUHEHHO 3aBUCAT OT MOJICH.

Hrtak, paccMoTpeHue (HU3MYECKON CYIIHOCTH OmbiTa  OJWHITeHHa- ne [aa3a
3acTaBiisieT 00paTUTh BHUMAHUE Ha CIMHOBYIO mojspuszanuio B/l kak Ha ¢dakTop CHIBHOTO
MEXaHUYECKOTO, B YaCTHOCTH, BpalllaTeJIbHOTO B3auMoaeicTBusa B/l ¢ BemecTBOM.

B noctpoennoii CeoBbIM MEXaHHMKE CIUIOMIHBIX cpen [83] cmuHOBOW MoMeHT Ms
BBICTYIIAeT KaK BHYTPEHHUN MOMEHT KojudecTBa ABMkeHus. CenoB oOpaTui BHUMaHHE Ha
TO, 4TO Y'ke B ADB B MarHUTHbBIX MOJISIX, HAIPUMEP, B MATHUTHOM TOJI€ 3€MJIH MPAKTUYECKU
BO BCEX Cpelax: JAuMaMarHeTHKax, mapaMmarHeThkax, (eppoMarHeTrkax, BOSHUKAET CIIMHOBAs
MOJISIpU3alus. ITOT MEXaHWYeCKUil (PaKTOp COBEPILIEHHO HE YYHTHIBACTCS B KIACCHYECKHUX
TEOPUSIX CIUIOIIHBIX Cpel: TUIPOMEXaHWKE, TEOPUU YHOPYTOCTH U T.A. MOXKHO anmpuopu
CKa3aTb, YTO cnuHOBas noispusanus cpen B ADOB mana. Ho Bce ke MHTEPECHO MPOBEPHUTH,
JNEHUCTBUTENHHO JIM MaJl THPOMATrHUTHBIN 3P PEKT B KakKJI0M KOHKPETHOM CITydae.

JlunonpHash MpUpOAa HEOAHOPOIHOTO (U3MUYECKOTO BaKyymMa MPHUBOAUT K €ro
ciaboMy CHJIOBOMY B3aUMOJICHCTBUIO € NOJMSIMM M BemiectBoM. HampoTus, Mojenb
IIPEICKA3bIBAET CUJIBHOE B3aUMOJCHMCTBHE 3a CYET MOMEHTOB 3THX Cwil. OIHAKO aBTOPBI
COBPEMEHHBIX KOHUENIUNA HU B MEXaHUKE CIUIOIIHBIX CpPEl, HU B TEOPUHU YIPYIOCTH, HU B
TUIPOMEXaHUKE, OOBIYHO HE YIIOMHMHAIOT ypaBHEHHUS MOMEHTOB. B Tex pemkux ciydasx,
KOI'/Ia ypaBHEHUSI MOMEHTOB BCE-TaKM PACCMATPHUBAIOTCS, TO 3TO JENAETCS TOJIBKO I TOTO,
9TOOBl MMOKA3aTh WX TOXJIECTBEHHOCTh C YpPaBHEHHSIMH HMITYJIbCOB. TakoW pe3ynbTaT
SABJIAETCA TPSAMBIM CJEICTBUEM AalPUOPHOTO MPEAIOJIOKEHHUS, YTO B CPEIE OTCYTCTBYIOT



BHYTPEHHUE MOMEHTHI U, KaK CIIE/JICTBUE, TEH30p HANpPsDKEHUsI CHMMeTpudeH. B Gonee oOmieit
IIOCTAHOBKE CTPOMUT MeXaHuKy crutomHbix cpel Cenos [83]. B xauectBe nmpumepa cpelpl ¢
BHYTPEHHUMH MOMEHTaMH OH paccMaTpuBaeT (peppoMarHeTWUK B MAarHUTHOM TIIOJIE€ U
MPUBOJIUT YIMOMSHYTBHIM BBIIIE ONBIT OJWHIITEHHa- Ae [aaza, KOTOPBIA WILTIOCTPUPYET
IIPOSIBJICHUE BHYTPEHHUX MOMEHTOB. [l TakoM cpebl ypaBHEHHE MOMEHTOB B TOKJIECTBO
HE BBIPOXKJAeTcA, a B cinyyae B/l mopoxaaer cooTHOIIEHHE

d 2{['3 = i(Tjk —Tik)+ (Tij _Tji)’ (113)

I7I€ 7ij - KOMIIOHEHThl HECUMMETPHYHOTO TEH30pa HampsbkeHus; Ms mpencrasiser coOoit
IUIOTHOCTh MOMEHTA KOJIMUECTBA JBWKEHUS; I, |, K - OpTHI 10 0CsM X, Y, Z COOTBETCTBEHHO.

Takum 00pa3zom, IPEANOJIOKEHNE O PAaBEHCTBE HYJIO BHYTPEHHUX MOMEHTOB U, KaK
CIIEJICTBHE, CUMMETPUM TEH30pa HaNpsHKEHUS, OTPaAaHUYMBAET KPYI KOPPEKTHO pELIaeMbIX
3aJ1a4 YCJIIOBUEM MOCTOSHCTBA BEKTOPA MOJSPU3ALH.

W3 ypaBuenus (113) MOXHO BUAETH, YTO MPOU3BOJHAS IO BPEMEHU OT CIIMHOBOM
nosisipu3anuu Ms siBisiercs (pakTopoM BpalateabHOro JBMKEHUs BelecTBa BHyTpu B/I.
NUmenno mpu dMs /dt # 0 TeH30p MeEXaHMYECKMX HANPSDKCHUH  CTAHOBHTCS
HECHMMETPHUYHBIM, T.€. BHYTpu BJl BO3HMKaeT KpyTSIIMM MEXaHUYECKUH MOMEHT,
CBSI3aHHBIH C HE YPaBHOBEIICHHBIMH MEXaHMYECKUMH KacaTeIbHBIMU HANPSKECHUSIMU.
JleficTBUTENEHO, B Cllydae HEM3MEHHOTO HarpaBieHus: BekTopa Ms mo ocu z, cornacHo (113),
MBI UMEEM:

%:o- %:o- %

114
dt dt dt (114)

=Ty~ Ty

CnenoBarenbHO Txy # Tyx, TOE Txy, Tyx MEXaHWYECKHE KacaTeJIbHble HANpPSDKEHUS B
IJIOCKOCTH Xy BHYTpU 00pa3oBaHUsI.

Takum oOpaszom, cornacHo (114), HHTEHCHBHOCTH BpalaTeNbHOTO JBM)KEHUSI BHYTPU
B/l 3aBUCHT OT IPOU3BOAHON CIIMHOBOM MOJIAPU3ALIMK 10 BpeMeHH, a cornacHo (111), Takke
U OT IMPOM3BOJHBIX MArHUTHOTO M CIMHOBOTO MoJsied 3emiu mo BpeMeHU. M3MeHeHus Bo
BPEMEHHM MAarHuTHOTO IOJIs 3eMJIM TpUBEIeHB B reodu3udeckoi auteparype [85]. B
YaCTHOCTH, STO I0JIe U3MEHSAETCS BO BpeMs MarHUTHBIX Oypb. O CIMHOBOM I10J1e 3eMJIU TIoKa
Majo 4TO M3BECTHO, €ro euie He u3MepstoT. Ho HECOMHEHHO TO, YTO OHO HM3MEHSETCs Mpu
W3MEHEHUSX KPYTOBOM YACTOTHI BpalleHHs 3eMJId BOKPYT CBOEH OcCH. 3a OJMH TO0j]
oTHommeHne Aw/m umeet nopanok 10, rae o - kpyrosas wactora Bpamenus 3emn, Ao - ee
u3Mmenenue. OHaKo, camas MpoCTasi MpUYMHA U3MEHEHUS BeJIn4ruHbl Ms BO BpeMeHU BHYTPHU
B/l cBsizana, cormacHo (111), ¢ usmenenusimu Ho u Hos B pesynbrare asmwxenus BJl B
MarHuTHOM M CIIMHOBOM IOJISIX 3€MJIH.

B cnyyae nuxenus BJl Baonb noBepxHoctu 3emiu, cornacHo (111),

d Mg dH, dH,
=Ky, —— K, —— |0, (115)
dt T ds # o ds
rae v = ds/dt - ckopocts aBmkenus BJI; S - nna mytu BJ{ Bross 3emin.

MO’KHO BBITIOJTHUTh YHUCICHHBIE OIEHKM BEJIMYMH TIEPBOTO U BTOPOTO UJIEHOB
BeIipakenus (115) cmpaBa, mpeanomnaras, 4to B o0JacTH SKBATOpa 3eMIIM BEPTHKAIbHBIE
KOMITOHEHTHI MarHUTHOTO M CIIMHOBOTO TOJIEH paBHBI, COOTBETCTBEHHO, Ho; = Ho COS 8; Hos;
= Hos €0s 6, 6 - yron, oTcuuThiBaeMblii OT ocu BpamieHus: 3eminn, Ho = 20 A/M - MarHuTHOE
none, 108%kr/(M - C) - crnuHOBoe mone y momoca 3emmu. IlycTh ckopocTh apukeHus BJI



HarpaBjIcHa MEpPIEHANKYIIpHO 3kBatopy U paBHa 30 m/c. Torma mpu ds = Redd, roe R3 -
panuyc 3eMiIH, MOKHO MOJYYUTh CIIEAYIOIINE OLIEHKU:

dH, s H KT
0=210°— =10—; 116
T gs m? " cum? (118)
Mos| 2500 1 _500 2 (1162)
ds m CM

Takum oOpazom, cormacHo (114), BHyTpu mnoaBwkHoro BJ[ B miockocTsx,
MePIEHIUKYIISIPHBIX OCH BPAIlEHHU s, BOSHUKAIOT KacaTeJIbHbIe MEXaHUYECKUE HAIIPSIKEHUS
T = 7 + 7» HampaBJIEHHbIE N0 OKPYXHOCTSIM BOKPYI OCH BpalleHHUs C IIEHTpaMH Ha OCH
BpaieHus. J[Ba ciiaraeMbIX STUX HAMPSDKEHHH 0e3 ydeTa 3HaKa BRIPaXKalTCsl TakK:

|T1| =10 klﬂ, Kr/cMm?: ‘72‘ ~500 kzﬂ, Kr/cM?,
rae
. V.
*o1-a?/9’ “ 3(1-a’/9)

[Ipu uHTEpHpeTanuy MOJYYEHHBIX OIEHOK KacaTeJIbHbIX HampshKeHW BHYyTpu B/l
ClIeyeT Y4ecTh CIEJIaHHOE BBIIIE IMPEAINoIoKeHne, coraacHo kotopomy BJI moxeT ObITH
3anoiHeH He Toybko BB nmu ®BA, HO u cMmecsamu »tux cpeng ¢ ADB. B nepBoMm ciiydae
BETUYMHBI KO3()(PUIIMEHTOB &, &8,, WMEIOT CBOM IMpeeNbHbIE 3HAUEHUS, KOTOPbIE MbI
roJiaraeM paBHBIMU efuHHIIEe. Bo BTOpOM ciydae 3TH ko3dduuuentsl Mamsl, T.€. a. << 1, a,
<< 1. Takoe mnpennoyiokeHUe CcaelaHo, ucxoas u3 (akTOB OOJBIIOrO pazHOOOpa3us
nHTEeHCUBHOCTH cBeueHus [ICO u apyrux ux CBOMCTB.

ITpu a, ~ 1 xosddurmentst Ky, ~ 1 u Ko, ~ 1. Bennuuubl KacaTenbHbIX HAMPSHKCHUN
BHYTpHU BJ] B 3TOM Cityuae OyayT uMeTh BecbMa OOJIbIINE 3HAUECHUS ITPU OBICTPOM JIBUKEHUU
B/l B HEOTHOPOJHBIX MarHUTHOM M cOWMHOBOM ToJiaX. Eciu BJl ¢ Takumu kacatenbHBIMU
HanpsokeHusaMH, Harnpumep, T~ 500 kr/cM? 6yaeT HaxoAuThcs B aTMocdepe 3eMiu, TO
BpamieHue Bo3ayxa BHyTpu BJ] Oymer cBsizaHO C OONBIIMMH IEHTPOOEKHBIMU CHUIIAMHU,
BBITECHSIOMIMMHU ra3 Ha nepudepuro BJl. OueBunno, uro B 3ToM cinydyae BHyTpu B/ Oynet
CUWJIBHOE pa3pspKeHHE rasa. B ciayyasix M3MEHEHUs MarHUTHOTO M CIIMHOBOTO IOJIEH BHYTPH
3eminu BJl OyneT BbI3bIBaTh TaM CHIIBHOE MEXaHUYECKOE BO3/ICICTBHE.

CornacHO BBITIONIHEHHBIM OIIEHKaM KacaTelbHBIX HANpsHKEHUH naxe mnpu a, << 1, a,
<< 1 BJI moxeT BBI3BIBATH BpalllaTeIbHOE IBMKEHHE BO3JAyXa IMPH CIa00M H3MEHEHHUH
MarHuTHOTO M CHUHOBOro moJield. I[lo3ToMy BO3MOXHO, YTO BpAIIATEILHOE JBUKEHUE
BO3/1yXa, MbUIM U T.J. SIBJISETCS HE MEHEE XapaKTepHbIM MpHU3HaKoM npucyrcTBus BJl, uem
€ro CBETUMOCTb.

B sneprernueckom oTHomeHud BJ] ¢ MarHMTHOM M CIMHOBOM NOJISIPU3ALMAMU
BBICTYNAaeT Kak IMpeoOpa3oBaTellb B TEIJIO TOTO BHAA DSHEPTHM, 3a CYET KOTOPOTO
MPOU3BOIUTCS €ro JIBWKeHue. B wactHoctu, ecniu B/] nBukercs B pe3ynbrare ACUCTBUS CUIT
nepemnajga aTMOchEpHOTo AaBlIEHUs, HA[PUMEP, B TOPHAO0, TO UMEHHO SHEPTHUs TMOBUKHBIX
Macc BO3/yXa mpeobpa3yercs cHauada B MEXaHUYECKOE BHXPEBOE JBIDKEHHUE ras3a, a 3aTeM B



terio. O4eBUAHO, YTO B 3TOM ciaydae BJl oka3biBaeT TopMo3sliee ACHCTBUE HA JBUKEHUE
MOJIBIKHBIX Macc Bo3ayxa. Takum oOpa3oM, B ypaBHEHWH MEXaHWYECKOTO ABIKeHHs B/ B
psAAy NOTEHLHMAIbHBIX CUJI HOSBIISAIOTCS CUIIBI IUCCUIIATUBHOIO XapakTepa.

BpamarensHoe nBukKeHUE rasza BHYTpU M BOKpYr BJ[ mpakrhuecku HE BBI3BIBACT
CIMHOBYIO Jenoisipu3anuio BJl. DTo yTBepKIeHHE MOKHO JIETKO IPOBEPUTH IIPOBEICHUEM
OLICHOYHBbIX pacueToB. Hampumep, Ha mnoBepxHOCTH peku, uMmeromedl mupuny 1000 w,
riy6uHy 10~M, CKOPOCTh JIBMKEHHS BOIBI | M/c, MECTHOE CIIMHOBOE HoJIe paBHO 5-10% kr/(Mm -
C), 9TO HAMHOTO MEHbIIe CIHOBOTO nos 3emmn 1013 xr/(m - ¢).

MarnutHas aenosisapuszanus BJl, a ciienoBarenbHO, W CBA3aHHAs C HEKO CIIMHOBAs
NeToJspU3aus, BO3MOXKHA TOJbKO B MAarHUTHBIX CPEAax M B XOPOLIO 3JIEKTPOINPOBOISIINX
nopoaax 3eMiu U MOPCKOMH BOJIE.

Takum 00pa3zom, B OOJBIIMHCTBE CIy4aeB MOYKHO HE YYUTHIBATh MAarHUTOCHHMHOBYIO
nenonspusanuio BJI. JloctarouHo nuiib onpeaenuTs AeicTByromue Ha B/ cuitbl co cTopoHbI
MArHUTHOTO W CIIMHOBOTO moJieii 3emutn, ucrmons3ys Gopmyinsr (104)-(106). OgeBuaHO, 9TO
9TO BIMSHHUE OYyIET CYIIECTBEHHBIM TOJBKO B CIIydae CHUJIBHOM 3JEKTPOrpaBUTALMOHHOMN
nenonspusanuu BJl, xorja cuiibl, CBsi3aHHBIE C IJIOTHOCTBIO SHEPrHMM T'PaBUTAIIMIOHHOTO
oJist, OyayT MaJibl.

3ametuMm, uto pusnueckuit ekt DitnmTeiina — ae ['aaza B B]] cnenyer oTHecTH K
OJIHOMY W3 BHUJOB CHJIBHOTO B3aUMOJEWMCTBHS BEIIECTBA U TOJS, MPUYEM OJHOBPEMEHHO
MarHUTHOTO U CIIMHOBOTO.

3.3. KBasucratuka. IloneBoe BSaHMOHGﬁCTBHG BAKyYMHBIX OOMCHOB C
BCIHICCTBOM

3.3.1. 3agauu KBa3MCTATHKH B MOJIeJIM HEOTHOPOAHOT0 (PM3HMUYECKOT0 BAKyyMa

[Ipu paccMoTpenun GU3MYECKUX MPOIECCOB morpyxeHus: Bl B BemecTBo Mbl Oyaem
MMOHUMATh MO/]] BEHIECTBOM HE TOJILKO BO3/yX aTMocdepbl 3eMii, HO U TUIOTHbIE CyOCTaHIIMH
B BHJIE TOPOJ W BOJA 3€MIIM, a TaKKe OOBEKTbl KPYMHBIX HCKYCCTBEHHBIX COOPYXKEHHIA,
CO3JaHHbIE pyKamMu denoBeka. Bompockl o mnpoHukHoBeHuun BJ] B mioTHOe BeliecTBo,
JBUKEHUH BHYTPH HEro W Bo3zaelcTBuu B/l Ha 3TO MIOTHOE BEUIECTBO MOTYT OBITH U3y4YEHBI
B  pe3ylbTaTe pelIeHus psAa KOHKPETHBIX 3a7ad B  MOJEIU  OOBEIUHEHHOUN
ANIEKTPOTPaBUAMHAMUKH C BblaeideHHbIM BJI. IIpu 3TOM MBI yXe HE MOXKEM OTpaHUYUTHCS
CTaTMYECKUM NPUOIIKEHHWEM ypaBHEHMI Mojnend. Beab MHoOTHE (U3WYECKHE MapameTpsl
IJIOTHOTO BEIIECTBA KapJUHAIBHO OTIUYAIOTCS OT (PU3HUECKUX MapaMeTpoOB raza arMocgepbl
3emnu. B mimoTHOM BellecTBE MOXHO BUAETH BCE OIUCHIBAEMble MOJIENbIO (PU3UYECKHE
apienus. [loaTomy B paccmMaTpuBaeMOM ciiydyae HEOOXOJMMO MPUHHUMATh BO BHHMaHHE BCe
ypaBHenusi (47)-(50) monenu neomHopoaHoro ®B u, KOHEYHO, B 3TUX YpPAaBHEHHUSAX YKe
HEBO3MOXKHO MpeHeOpeyb O JHOBPEMEHHO BCEMU YaCTHBIMH MTPOU3BOIHBIMHU 10 BPEMEHHU.

Bwmecre ¢ Tem, BO MHOTHX 3a/1a4ax norpyxenusi B/l B mioTHOE BEIIECTBO MOKET OBITh
WCIOJBb30BAHO  XOPOIIO M3BECTHOE B  KJIACCMYECKOM TEOPUM  AJIEKTpOMAarHeTusMma
KBa3ucTaTHueckoe mnpudmmwkenue [58]. B sToMm mpubmmkeHHH MoyaraeTcs paBHOUM HYIIO
BpEMEHHAs 3aJiep)KKa, CBsS3aHHAs C pacHpOCTPaHEHUEM JJIEKTPOMArHUTHBIX BOJIH B
uccienyemMor obmactu. I[lpudyem Takoe NPHUOMMKEHHE MOXHO HCHOJIb30BaTh TOJBKO B
Cllydasix, KOT/Ia pa3Mepbl paccMaTpuBaeMoil 00JacTH MPOCTPAHCTBA MHOTO MEHBIIE JUTUHBI
AJIEKTPOMArHUTHOM BOJIHBI, XapaKTEPHOM JIJI1 OCHOBHBIX MAPAMETPOB CPEJIbl U XaPAKTEPHBIX
9acTOT W3MEHEHUS BHEIIHETO JJCKTPOMArHUTHOTO Bo3AeiicTBus. Takas o0OiacTth
MPOCTPAHCTBA OOBIYHO BBIIEISIETCS BIIOJIHE €CTECTBEHHO B BHJE TOW WIM HHON
HEOJHOPOJAHOCTH BEILIECTBA, T.€. B BUJIE PACCMaTPUBAEMOTO TeA.



B 00be1nHEHHO 21€KTPOrpaBUIMHAMUKE YCIOBUS KBA3UCTALIMOHAPHOCTH UMEIOT TOT
K€ BHUJ, YTO U B DIIEKTPOJAMHAMUKE. TOJIBKO MOMUMO JUIMHBI 3JEKTPOMAarHUTHOM BOJIHBI
HEOOX0IMMO HMETh B BHJYy W JJIMHY TPaBUCIMHOBON BOJHBI. [Ipu yuere mocieqHero
daxropa, paccmarpuBaemas o00JacTh IPOCTPAHCTBA TAKXKE BBIJICISACTCS COBEPILEHHO
ecrecTBeHHO. Efo siBnsieTcs o6nactsb, 3ansaTas B/l ¢ ero OmmkalimMu OKpPECTHOCTSIMU.

XapakTepHOH 0COOEHHOCTHIO KBA3HCTATHUECKUX MPHUOIMKEHUN B JICKTPOJIUHAMHKE
ABJIACTCSA pa3lEeJICHUE 3a1a4 NIEKTPUYECKOTO IOJSA M DIEKTPUYECKOrO TOKA, PEIIAEMBIX B
TEOPUM  DJIEKTPUYECKOTO  TOKAa B DJEKTPOJUTAX,  E€MKOCTHBIX  CTPYKTypaXx,
MIOJIYIIPOBOIHUKOBBIX CHUCTEMAaxX M T.JA. W 3a7a4 MArHUTHOTO IOJS U 3JIEKTPUYECKOTO TOKa,
UCCIIETyEMbIX B TEOPUH MAarHUTHOTO MOJISL.

B Moznenn o0beIMHEHHON 21eKTPOTrpaBUMHAMUKY TAKKe I€JIeCO00pa3sHo pa3eiauTh
3a/laud BJEKTPOrpaBUTALMK M 33/Ja4d MAarHUTOCIIMHOPUKM KaK B CTaTUYECKOM, Tak U B
KBa3UCTaTUUYECKOM MPUOIMIKEHUSX.

3.3.2. BakyyMHBIii 1OM€eH B JIEKTPONPOBO/sIIel cpeae
KoHTakTHBIE B3pbIBbI KPYNMHBIX BAKYYMHBIX 1OM€EHOB
[porecc morpyxenus BJI, Hanpumep, B Buje mrapa (& = const, 0<r<R; & =0,r >

R) anekTponpoBOAAIIyI0 cpeiy, XapaKTepH3yeMyro mapamerpamue, o (e = 1), omuceiBaer
ANEKTPOTpaBUTALMOHHAS TpyMa ypaBHeHuit (47)-(50):

divD = p; divD; = p;

D=c¢g,E+¢ Eg; Ds =6 Ect& E ;
J=0E+0 Eg; diVJ:—aa—’[t).

W3 5Tux ypaBHEHMI MNpU HUCHOJIb30BAHWU NPUONIKEHUS J = oE BBITEKAIOT ClETYIOLIUE
COOTHOIIEHUS:

p+'|'a_/0:_ipG =-a,,'ps at 0<r<R (117)
ot Eo
op

p+7y —=0 at r<R (118)

ot

rae T = (1 - a?/e); v = &l o -MaKCBEIOBCKOE BpeMs pelaKcaluy 31eKTPOIpOBOAsIIEH
Cpenbl.

IMpeamonoxum, uto BJ] ObICTPO MPOHUKAET B 3JEKTPOIMPOBOISAIIYIO CPEAy 3a CUET
JeCTBHSI MAarHUTHBIX U CITUHOBBIX CHJI 32 BpeMst At << T.

Bynem nmpoBOAMTH OTCYET BPEMEHH C MOMEHTa OKOHYAHHUS MTPOMEXKYTKa BpeMEHHU Al.
Kak MbI yBHIUM U3 AadbHEHIIETO PACCMOTPEHNUS, BIIOJIHE €CTECTBEHHO MOJIOXKHUTEH o = 0 mpu
t = 0 kak BHyrpu (0 <r<R), tak u BHe (r >R) BJ/I. Torma cormacHo (117) 3aBHCHMOCTD
IUTOTHOCTH DJIEKTPUIECKOTO 3apsia OT BpeMeHH BHYTpU B/l umeeT BHI:

p=-a,n"pslL-e"") (119)



Bue B/l p=0.

ITocKkoaBKY COTJIACHO 3aKOHY COXPaHEHHS dJeKTpuuyeckoro 3apsaa div J = -0p/ot, To
ucnonb3ys (119) u (118), MOXKHO TOJTYYUTH CIEAYIONIME YPAaBHEHHS JUISl TUIOTHOCTH TOKA B
AIIEKTPOIPOBOISIIEH cpesie:

J - _ ae‘pG e—t/T

Tn,
divJ =0, r<R. (121)

div 0<r<R; (120)

YMECTHO OCTaHOBUTHCS Ha (u3ndeckoM cojaep:kanuu ypaBHeHuit (117)-(121). Beime
OBLIIO TOKa3aHO, 4TO B BO3ayxe atMochepsl 3emum B moiisix Eo, Eoc B/l omHoBpemenHO
CTAaHOBUTCS AJIEKTPUUYECKUM U I'PAaBUTALMOHHBIM JUIOJIEM. Mexay TeM, IUIOTHOCTh BO3AyXa
pc  He paBHa Hymto. [lostomy, cormacho (117), B/l B Bo3zmyxe mpuoOpeTaeT CBSI3aHHBIM
ANEKTPUYECKUI MOHO3aps]

q=p""V, (122)
rie V- o6veM BJl; p° = -a.g0'ps - TIOTHOCTH CBA3aHHOTO TOJAPH3ALHMOHHOTO
aneKTpudeckoro 3apsana B/I; pc - mmoTHOCTh Bo3ayxa.
B Bo3nyxe y mosepxHocTH 3emmn (o = 1.293 kr/m®), MIOTHOCTH CBA3aHHOTO

anekTpudeckoro 3apsnaa B/I, cormacHo (122), mMmeer creayroiiee YucIeHHOE 3HaYCHHUE:
p'=-111.10"4,.
DrnexTpuyecKoe 1noje Ha noBepxHoctu B/l B yka3aHHBIX BbIIIE YCIOBUSIX PABHO:

R
E=p'-—,
P 3e,

rae R - paguyc mapa- BJI.

Ecmu B3a16 R = 1 + 1000 M, To cornmacro (123), E=-4.18 =+ -4.18 - 10° B/m npu a. = 1.
Takum oGpazom, B Bo3ayxe B/ nmeer Becbma Maiblii CBA3aHHBINA 3JIEKTPUUECKUI 3apsi,
KOTOpBIM, cornacHo (123), cBsi3aHo BecbMa ciaboe ayieKkTpuyeckoe moJie. Takoe moiie He
MOKET BBI3BATh IEKTpUUECKUil mpoOoi Bo3ayxa. KoHeuHo, M B BO3JIyXe [OJDKHA
IIPOUCXOJUTh, cornacHo (117), cpaBHUTENBHO MEAJIEHHAs AENOJIApU3aLMs IEKTPUUECKOTO
cBsizaHHOro MoHo3apsaa BJI. HoB cuiny Majgoctu 3Toro MoHO3apsaa, Mal U
JETIONAPU3YIOLINH MEKTPUUECKHUM 3aps, COCTOSIIUI U3 CBOOOAHBIX HOCUTENEH ToKa.

IIpu paccmotpenun nenosspusanuu BJ[ B moponax u Bojax 3eMiM HE0OXOAMMO
00paTHTh BHUMaHKE Ha PE3KOe yBelHueHne mIoTHocTH BemectBa (o = 10° - 10* kr/m®).
Cornacuo (122), B 3emie 3JEKTPUYECKUN MOHO3apsi/l YBEIMUYUBACTCA HA TPHU-YEThIpE
MIOPSIZIKA [0 CPAaBHEHUIO C €T0 BEIMYMHOM B BO3AYXE.

Jlenonspuszanus CBSI3aHHOTO AIEKTpUYeckoro 3apsaa B/ BHyrpu 3emun nmpoucxoaur
Onmarojaps dMeKTpudeckuM Tokam mpoBogumoctu. CormacHo (120) Buyrpu BJl mioTHOCTH
9TOTO NEKTPUUYECKOTO TOKA paBHa!



J=3 =P eV .r, 0<r<R (124)
3T

Cornacno (120), (121) Bae BJ] mi10THOCTH 3TOTO TOKA paBHA:

’ 3
3= =L e R psp (125)
3T r

C mI0THOCTSIMM TOKOB IPOBOJAMMOCTH BHYTpU U BHe BJI cBs3aHO BbIENeHHE TeILia.
[ImoTHOCTH  TEMJIOBOM  MOIIHOCTH  MOXHO  ONPENEIUTh  CIEAYIONIUM  00pa3oMm:
pr=J-E=J%o

Bnyrpu B/ BeIICIIAETCS TETIOBAsI MOLTHOCT:

P, =Tp 47 rzdrzL’o!)ze'Z‘”-R5
T 5 T 9.5.0T?

Bue B/l B HemocpencTBeHHON OIM30CTH K €r0 BHENIHEH MOBEPXHOCTH BBIICISETCS TEIJIOBAs
MOUIHOCTb!

P :JFip -4 r2dr=—47z(p’)2 e’ .R°.
Te ) T 9O_T2

Takum o6pazoM, npu mnorpyxenun BJ] BHyTpb 3emiin BbIIENSETCS CyMMapHas
TEIIOBAasi MOIIIHOCTh:

\2
PT = PTi -+ PTe :%e-ﬂ” X RS. (126)

Ha ocHoBe BbIpakeHust (126) misg TemaoBOH MOIIHOCTH MOHO TOJYYUTh

COOTHOILIICHHEC JUIA OHCPIruu, BBIHGHHGMOﬁ 1810)51 KOHTAaKTC BI[ C IIJIOTHBIM
QJICKTPOIIPOBOAAIIUM BCIICCTBOM 3emiu:

© N2 p2
W, = [Prdt = () R2 V, (127)
5 5880i1—a£/€i
rae V = 4rnR%/3 - 06bem mapa- BJI.

B cnygae motHoro BemectBa, corimacHo (122), uMeeM OIGHKY IUIOTHOCTH
CBSI3aHHOTO MOJISIPU3AIIMOHHOTO JIEKTpUYecKoro 3apsana B/I:

p'=-a,7, ps =—(107 +10°) a,, K.



OueBHUIHO, YTO OrpaHUYEHHbIE 3HaUeHUs dHepruil Wt MOKHO MOIY4YMTH TOJIBKO MPHU

TIOJIOKUTENBHEIX 3HAYEHUAX MOCTOsiHHOM Bpemenn T = ov (1 - a2/é), T.e. mpu a, < Je (e>
1). O ToM,4T0O BO MHOTHX 3a/Ja4ax OOBEAWHEHHOM SJEKTPOTPAaBUIMHAMUKUA H
HeoaHopoaHoro @B Bo3HMKatOT OosblIne TpyAHOCTH npu a: > 1 u a, > 1 u [3]. C gpyroii
CTOpPOHBI, €CJIIM MCXOJWUTh W3 OCHOB M3JI0KEHHOM BbIIIE MOJSPU3ALUOHHON TEOpuu
BaKyyYMHBIX ypaBHeHHMM MakcBeiia u XeBucaiiia, To BUIHO, YTO KOIPPHUIIMEHTHI & U L, a
CJIEJOBATENbHO, U KOAPGUIUEHTHI ag U 8y, JOJDKHBI ObITH OTPaHUUYEHBI II0 MOYIIO.

Ecnu Takoe orpaHuuyeHue BbIPa3UTh HepaBeHCTBaMH|ag|£ 1, ‘aﬂ‘é 1, To MOxHO
n30eKaTh YKa3aHHBIX BBIIIEC TPYIHOCTEH, B YaCTHOCTH, TPYAHOCTEH, CBSI3aHHBIX C SHEPTHEH
Wr.

[TocTosiHHasa BpemeHnu T mpu |a.|< 1 - Becbma manas Bemmumma. Otciona CIIeTyeT,
yro 3Heprus Wr BblIensercs 3a BecbMa Majoe BpeMs, T.e. npu koHTakre B/l c¢ BemecTBom
3eMJin JJOJKEH MTPOU30MTH KOHTAKTHBIN B3PbIB.

Cornacho (127) n10THOCTh SHEPTHH KOHTAKTHOTO B3phIBa paBHa!

N2 p2
Wor W () R2 : (128)
V  beg, (- a; lgi

T.€. 3Ta PHEPTUs MPOMOPIHOHANILHA panuycy mapa- B/[ B kBagpare. He TpyaHo yoenuTtscs B
TOM, YTO IINIOTHOCTH JSHECPIrMv KOHTAKTHOT'O B3pPhbIBA 6y)1eT HpI/I6J'II/I)KaTI)C$I K xapaKTepHOﬁ
BemmunHe nopsyka 108 x/m® pu pagnyce R paBHOM HecKOIbKMM KHioMeTpaM. Hamporus,
Mpu paanycax, xapakrepHbix s [IIM, sHeprusi KOHTaKTHOTO B3pbIBa Mayia. TakuM 00pazoM,
JOCTATOYHO 3aMETHBIE [0 CBOMM IOCJIEACTBUSAM KOHTAKTHBIE B3PBIBBI CIEAYET OKUIATh MPH
KoHTakTax ¢ 3emuiert kpynasix [1CO — BJI [42].

Mexny tem kpynuble [ICO - B/l cuiibHee IpUTATUBAIOTCA K 3€MJI€ 110 CPABHEHUIO C
MENKUMHU. J[eMCTBUTENBHO, JJIEKTPOCTATUYECKAasl CHJIA, CBs3aHHAas C  3€pKAJIBbHBIM
oTOOpakeHHeM HIleKTpuueckoro Monozapsaa BJ] B 3emie, ompenpensieTcst ClenyrOmIuM
o0pazom:

qZ
F=———, (129)
4re,(2H )
rae (- asektpuueckwii MoHo3apsiy BJl, ompenensemsiii cormacuo (122); H - BeicoTa
pacnonosxenusi B/l Han moBepXHOCTBIO 3eMITu.
Cuna F mpmwxumaer BJl x moBepxHoctu 3emmu. U3 (129) u (122) BuaHo, uTO
yIeJbHas CHIIa

2 2R3
E:afp—Gz, (130)
Vo 3g,.(2H)

T.€. CHJIa Ha euHUIy oObeMa nprkatus B/l k 3emie nponopuuoHaigbHa paauycy mapa- B/
B KyOe. CnenoparenbHo, yeM kpynHee BJI, Tem cuibHee OHM NpPMWXKUMAIOTCS K 3eMie U
COOTBETCTBEHHO, OBICTPEE YXOAAT B €€ Hefpa.



3.3.3. 00 raexTpHYecKOM moJie 3emin

Boime Obuto ycranoBineHo, yTo BJl BHOCHUT BrilyOb IUIOTHOTO BEIIECTBA 3€MIIH
UIEKTPUUYECKUI MOHO3apsil, TOJI0KUTEIbHBIA WIX OTPULIATEIbHBIN, B 3aBUCUMOCTH OT 3HaKa
KodpduIreHTa & ypaBHEHUN MOJIEIH.

Mp&1 oaraeM, 9To M3 KOcMoca Ha 3eMutro ABrkercst 6ompmoe yucio BJI. Oru nmbo
OTpaXXalOTCs OT 3emiid, JUO0 MPOHUKAIOT BIUIyOb €€ IUIOTHOTO BEIIECTBA, BHOCS TyAa Kak
MIOJIOKUTEIIbHBIC, TAK M OTPULIATEIbHBIEC AIEKTPUUECKUE 3apsaibl. B cymMMme 3TH 3apsiibl He
00s13aTeIbHO paBHBI HYIMIO. BO3MOKHO, YTO B OT/IENIbHBIE T€OJIOTUYECKHUE STIOXH MPE0dIaiaeT
BHOCUMBIN B 3eMJIIO JIHOO TIOJIOKHUTEIBHBIN, MO0 OTPUIATSIIBHBIN JIEKTPUYCCKUNA 3apsil.
Mpl Takke mpenanojiaraeéM, 4Yto 4acTth BJl ¢ HOJOXUTENbHBIM M OTPULIATEIbHBIM
AIIEKTPUYECKUMHU 3apsilaMi aHHUTWIIMPYIOT BHYTpH 3eMiu ¢ BolienenueM gotonos. Ho BJI ¢
OJINHAKOBBIMH 3JIEKTPUYECKUMHU 3apsilaMy HE aHHUTHINPYIOT. TakuM 00pa3oM, B OTAEIbHBIE
reoJIOTUYECKHE OJIOXM HUAEeT HakoIuleHue B 3emie Jub0 OTpULATENIBHOTO, JH00
MOJIOKUTETBHOTO IEKTPUUYECKUX 3apSAI0B.

Kak BunHO m3 pemenus 3amauu o aenosnspusaunu BJl, cBA3aHHBIA AJIEKTPUYECKUI
3apsan B/l B anexrpompoBogsiieit cpene 3emiu OBICTPO HEUTpaIM3yeTcs, T.€. CBS3aHHBIN
JNEKTPUYECKU MOHO3apsan B/l u genossapusyronuil SJI€KTpUYECKHM 3apsl B CyMMe
CTaHOBSTCS paBHBIMU Hymo. Ho aenonsipusyroniuii anekTpudeckuil 3apsa Oepercs U3
HEWUTPAIBHOTO B DJIEKTPUYECKOM OTHOLICHHWH BemlecTtBa 3emiuu. l[loatomy BHyTpu 3emin y
B/l BO3HMKaeT SNEKTpUYECKUW 3apsii, MPOTHUBOIOJIONKHBIA MO 3HAKY ACHOJISPU3YIOMIEMY
ANEKTPUIECKOMY 3apsiy. ITOT MOCIETHUN dTEKTPUUECKUAN 3apsiJl, COCTOSIINN U3 CBOOOTHBIX
HOCHTEJEH 2JIEKTPUUECKOT0 TOKA, BEIXOJAUT HA TOBEPXHOCTH 3EMJIH.

Hpyrumu cioBaMH, Ha MOBEPXHOCTh 3€MJIM BBIXOJIUT AJIEKTPUUECKUIN 3apsij, paBHbIN
M30BITOYHOMY 3apsjly pa3MeElIeHHBIX B 3emiie BaKyyMHbIX JoMeHOB. Eciau 31oT
anexkTpuueckuii 3apsaa B/l omqHOTro 3Haka BHYTpH 3€MIIM YBEIUYMBAECTCSA, TO K IOBEPXHOCTH
3emiH, U3HYTPH €€, BBITEKAET AEKTprIeckuii ToK. O003HAYMM IIOTHOCTH ATOTO TOKa Ji.

C npyroii CTOpOHBI, XOpOIIO H3BECTHO [24, 85], 4TO OT MOBEPXHOCTH 3EeMJIM B
aTMocdepy TakKe UIET IEKTpUuIecKrii TOK. O003HAUYUM TUIOTHOCTH 3TOTO TOKA Je.

B cuity 3akoHa coxpaHEHHUsI JIEKTPUUYECKOTO 3apsia

jJi dt-.t[\]edt:qo, (131)

rae (o - IWIOTHOCTh JJIGKTPUUYECKOTO 3apsjia Ha IMOBEPXHOCTH 3€MJIM, paBHAs B HACTOSIICE
Bpems 1.15 - 10° Ki/m?,

[110THOCTB JIEKTPUUYECKOTO TOKA B aTMocdepe 3eMITi MOXKHO MPEACTaBUTh, COTIACHO
OJIHOMY U3 ypaBHeHU# moenu (48), Tak:

J,=0.E, —0,0, (132)

rae Ee - HanpsOKEHHOCTH DJEKTPUUYECKOTO MO 3eMIIH;, Og - DJIEKTpUYECKass MPOBOIUMOCTD
BO31IyXa atMochepsl 3emMid; § - YCKOPEHHE CUJTBI TSHKECTH.

[lepBriii unen cmnpaBa B (132) mpencraBisieT co00r0 TOK MPOBOJMMOCTH, a BTOPOM
YJIEH CHpaBa - TPaBUTALMOHHBIA 3JIEKTPUUYECKUN TOK, CBSI3aHHBIN C KPYIMHBIMU YaCTULIAMU -
HOCHUTEJISIMU AJIEKTPUUECKOTO TOKA, TAKUMU KaK KaIlju JOXK/S UIH CHEKUHKHU.
U3 (131) BeITekaeT, 4To



% _ 5y, (133)

dt

Ionaras, 4To BHyTpH 3€MIIU 2JEKTPUUECKOE [10JI€ PABHO HYIIIO, MOJIydHM:

&E, =0,. (134)
N3 (132) u (133) cnenyer, uro
dg, 9,
=J +0,0, 135
at + T e t0.0 (135)

e

rie Te = &l 0e - MAKCBEIIOBCKOE BpPEMs petakcaliui B atmocdepe 3eMiu.
CornacHo CkanaBu [77], aneKkTpuyeckas MPOBOAMMOCTb BO3JlyXa MPU HOPMaJIbHBIX
ycnoBusax ce = 8 - 1074 Om? - M,
CrnenoarensHo, Te = 8.85 - 102/(8 - 104) = 110 c.
Ecnu 3a mpomMexyTok BpeMeHH THopsaka Te ODIEKTpUUECKUH 3apsia 3eMild  OcTaercs

mOCTOSIHHBIM, TO B (135) MoxHO mosioxuts dgo/dt = 0 u, criemoBaTeNsHO,
9 =T, (J;, +0,09), (136)
a Taxxke, coriacHo (133),

(137)

Cesizanssiii ¢ B/ B 3emie Tok Ji B paccmaTpuBaeMoil MOJIETH SJIEKTPUUECKOTO TOJIS
3emu mpencTaBiseT coOoi MCcTOYHMK Toka. Ha ocHoBe ypaBuenwmii (132)-(137), mpu Qo =
-1.15-10° Kn/m?, o = 8 - 10 Om? - m? (Ee = 130 B) MOKHO HOJNYYHTh CIIETYFOIIHIA
YUCIEHHBIH pe3ynsTatr: Ji + 010 = (o/To = ccEe =1.04 - 10! A/m?. Taxum o6pasoM, s
oTpeesieHus MJIOTHOCTU TOKa Ji HE0OX0MMO OIpEeNIeIUTh CBA3aHHYIO C OCaJKaMu Ha 3emie
YCPETHEHHYIO MJIOTHOCTh JJEKTPUYECKOTO TOKa 010 OJHAKO ISl PElICHUs ATOU 3aJauu elle
HEJIOCTAaTOYHO Pa3pO3HEHHBIX JIaHHBIX, IPUBEICHHBIX, Hapumep, B [24, 85].

PaccmarpuBaemasi Mo/ieIb SIEKTPUUYECKOTO TOJIA 3€MJIM CTPOUTCS CHU3Y BBEpX, T.C.
OT TrayOuH 3eMiIM K HIDKHUM cilosM atMmocdepbl. M3BecTHBI W Apyrue MojAenu
AIIEKTPUYECKOTO TOJNIs 3eMIJIM, KOTOpbIE CTPOSITCS CBEpPXy BHHU3, HalpUMeEp, MOJEb
HenpepsIBHO paboTaromiero nonochepuoro MI'JI- renepatopa [98]. OueBugHO, 4TO 0062 3TH
MOJX0/1a eIle He SBJSIOTCS 3aBepiieHHbIMU. [losTOMY mpensaraerca oOpaTuTh BHUMaHUE Ha
MIPUBEACHHBIN BbIIIE HETPAAUIIMOHHBIN MOJXOA K MPOOJIeMEe AJIEKTPUYECKOTO MOl 3eMIIH,
KOTOPBIH CBsI3aH ¢ JEHOMEHOM BaKyyMHBIX TOMEHOB.

3.4. Boanbl. [IpeoOpa3oBaHusi JHePrul rPaBUCIUHOBBIX BOJIH B JpPyrue
BU/IbI JHEPTUHU

3.4.1. 3apaum 3/1eKTPOrpaBUMeXaHHYECKOr0 Npeodpa3oBaHus IHEPruu



AHanorusi SIEKTPOAMHAMUKMA W TPaBHIMHAMHUKMA JOCTAaTOYHA [UIi TOTO, YTOOBI
IIPOBECTU JHEPreTHUYECKUM aHaiu3 ypaBHEHUN XeBHCala Ha OCHOBE TEOPEMbl YMOBA —
[TortnTunra [30], coOBEpLIEHHO TaK )€, KaK OH IPOBOJUTCS OTHOCUTEIBHO YypaBHEHUI
MakcBeruta. DTOT aHAJIN3 MMOKA3bIBACT, YTO TPABUTAIMOHHBIC TOKH 00Pa3yIOT HE U3Ty4aTeNn
(3MUTTEpPHI), a MOTIAOTUTETH (a0COPOEpPhI) FHEPTUN TPABUTALMOHHBIX BOJH. DTy 0COOEHHOCTH
ypaBHeHHIA XeBucaiina Brnepssie 3ametnn Edumenko [75].

Bermre 6bU10 TIOKa3aHO, YTO HA OCHOBE BAKYYMHBIX YpaBHEHHMI XeBHUCAi1a M TPOCTBIX
(GU3NYECKUX TPENCTABICHUH O MOJSPU3ALUAX M TPAaBUTAIIMOHHBIX TOKAaX BHYTPU BELIECTBA,
MOTYT OBITh 3aITMCAaHbl BaKyyMHOBEIIECTBEHHBIC YpaBHEHHs XeBHCaliaa, aHAIOTUYHO TOMY,
KAaK 3TO CHEJIAHO Ha OCHOBE BAKYYMHBIX ypaBHEHUN MakcBeiula ¥ 3JEKTPOHHOM TEopuu
BEIllECTBA IMPU BBIBOJEC BaKyyMHOBEIECTBEHHBIX ypaBHeHuU MakcBemia [58]. pyrumu
CIIOBaMH, B ypaBHEHHUsl XeBHcaii/la BBEJCHbI NapaMeTpbl &G, UG, OG BIIOJIHE aHAJOTUYHbIE
rnmapaMmeTpam &, [, O B BaKyyMHOBEUIECTBEHHBIX ypaBHeHUsX MakcBemwia. B 3Toil cBA3M
HEO0OXO0IMMO cJieNlaTh JIMIIb OJHO Ba)KHOE 3aMeuyaHHue, CBS3aHHOE C MPHUHILIMIIOM PaBEHCTBA
WHEPTHON W TpaBUTAMOHHON Macchl [58]. JIBMKeHUE TOJBIKHBIX MAacC BHYTPH OCTOBA
BELIECTBA (KPUCTAIIIMYECKON MJIM KBa3UKPUCTAJUIMUECKOM pEIIeTKH) HAYMHAETCS TOJIBKO
TOTJa, KOIJa JJMHAa TPaBUTAMOHHON BOJIHBI OyleT MEHbIIE XapaKTepHOro pasmepa
paccmarpuBaeMoro Tena. [loaromy HeoOX0IUMMO TOJIOKUTh, YTO TPU JUIMHE IPaBUTALIMOHHON
BOJIHBI MHOTO OOJIBIIICH pa3MepoB paccMaTpuBaeMoro tema , & = 1, uc = 1, o = 0.
OHEpreTU4YecKuil aHajau3 BaKyyMHOBEIIECTBEHHBIX YpPaBHEHMHM  XeBUCalJa HE TOJIBKO
MOJTBEPIK/IAET TO, UYTO TPABUTAIMOHHBIE TOKH 00pa3yroT abCcopOephl, HO M MOKAa3bIBAET TO,
YTO TpaBUTAIMOHHAs BOJIHA, MPOXOJAIIAS Yepe3 TeJa0, BBIHOCUT W3 HEro HHEPrHuio,
XapaKTepH3yeMyI0 yIeTbHO (Ha eJMHHUIYY 00heMa) MOIITHOCTHIO OGjG>.

W3 npoBeneHHOTO pacCMOTPEHUsT BHUAHO, YTO B SHEPreTUYECKOM OTHOLIEHUU
BAKyyMHOBEILIECTBEHHbIE ypaBHEHHs XEBHCalla CTPOro MPOTHUBOIOJIOKHBI MOJI0OHBIM
YPaBHEHUSAM Makcemma.  Tem  camMbIM B IpaBUIMHAMUKE  3aTPArMBarOTCS
OCHOBOIOJIATal0INe MOJOXKEHUST (PU3UKU: MEPBOE U BTOPOE HAYAJIO TEPMOIMHAMUKH, T.€.
3aKOH BO3pAcTaHUs SHTPOIHUH, U IPUHIUI IPUYUHHOCTH.

JlanpHeiilee paccMOTpPEHUE ypaBHEHUM XeBucaiiia TpeOyeT HCCIeq0BaHUS
¢buznueckoil MozenH, MPEeACTaBIsIEMON 3TUMHU ypaBHEHUSMU. B 3Toil CBSI3M MOXKHO cpaszy
CKa3aTh, YTO CIy4yail OTCYTCTBUSI CTOPOHHHUX BOJIH B IPOCTPAHCTBE, KOTOPBIM, KaK MPABUIIO,
paccMaTpuBaeTcs B DJIEKTPOJUMHAMUKE, MPUBOJUT B JTAHHOM CiIy4ae K HApYIICHHUIO BCEX
MIEPEYUCIICHHBIX BbIIE (PYyHIAMEHTAIbHBIX MOJIOKEHUN (pu3uku. B rpaBuInHaMuKe MOXKHO
COTJIACUTBHCA C HAPYUICHUSIMH 3aKOHA YBEJIMYEHUS SHTPONMH, YIIOPHO ABUTasCh B IOUCKaX
HerosHTponuu [99]. Ho cormacuthes ¢ HapyllleHHEM MEpPBOTO Hayajga TEPMOAMHAMHMKU
(3aKOHA COXpaHEHHUs SHEPTrUM) W TMPHHIIMIA MPUYMHHOCTH HEBO3MOXHO. B ciydae, korga
MPOCTPAHCTBO MPEIBAPUTEILHO HE 3alOoJHEHO T'PAaBUTAIMOHHBIMH BOJIHAMH, abcopOepbl
SHEPrMM  TPABUTALMOHHBIX BOJH B  YpPaBHEHMSX XeBucaiijla  OKa3bIBAIOTCS
HECOCTOSITENIbHBIMU. B 3TOM cilyyae HEBO3MOXKHO OTBETHTh Ha BOIPOC, OTKyAa Oepercs
SHEpPrusi B MEXAHMYECKMX CHCTEMaxX, INPEICTaBISIEMbIX B ypaBHEHUsX  XeBucaija
IPaBUTALIMOHHBIMU TOKamMH. /[ MaTeMaTH4ecKoro omnucaHus abcopOepoB HEOOXOAMMO
UCIIOJIb30BAaTh TaK HA3bIBa€MblE OIEPEXKAIOIIME PEIICHHUS BOJHOBBIX  YpaBHEHUH.
W3 snexkTpoquHaMuKy n3BecTHO [58], 4To onepexaroniue petieHus He OyayT NpOTHBOPEYHUTh
MPUHLUIY IPUYMHHOCTHU TOJIBKO B OJJHOM Cllydae, KOrJia B OKpYyXKeHHH abcopOepa HaXxoAaTCs
UCTOYHUKHA CTOPOHHUX BOJH. CaMa uzes 3allojHEHUs NPOCTPAaHCTBA I'PABUTALUOHHBIMU
BOJIHAMH Obl1a Obl OeCCMBICIIEHHOHN 03 MPeAIoIoKeHUs O CYLIECTBOBAHUH B MIPOCTPAHCTBE
VCTOYHUKOB CTOPOHHUX I'PAaBUTALIMOHHBIX BOJIH.

I'unoTe3b!l 0 3aroJIHEHNU NPOCTPAHCTBA T'a30M I'PAaBUTOHOB HM3BECTHBI, HAIIPUMED, IO
kaure CrantokoBuua [100]. Ho B cBsI3u ¢ 3TUMU runore3amMu BO3HUKAIOT, MO KpailHell Mepe,
JIBa CIJIOKHBIX BOIpOca. Bo-NepBbIX, HEM3BECTHBl HMCTOYHHKH CKOJBKO-HHUOYAb MOIIHOTO
U3ITYYEHUs TPABUTALMOHHBIX BOJIH, HAUMHAs OT HU3KUX 4acTOT. Bo-BTOpBIX, eciu mojo0Hoe



B NPUPOJAE CYIIECTBYET, TO TAaKO€ MOIIHOE T'PaBUTALMOHHOE W3Iy4EHHE, Ka3ajoch Obl,
JOJKHO YBEPEHHO HaO0III0AaThCs dKkcnepuMenTansHo [101].

B cBs13u ¢ nepBbIM BOIIPOCOM CJEAYET MOTYEPKHYTh, YTO COIJIACHO PACCMOTPEHHOM
BBIIIIE MOJIETM XEBUCAlia, U3Iy4aTelIu B BUJIE TPAaBUTALMOHHBIX BOJH TOKOB OTCYTCTBYIOT.
Hou abcopOepbl TpaBUTAIIMOHHBIX BOJH BecbMa cialble. Tak, yCKOpsSEMBIH 3JIEKTPOH
mnydaer B 4.2-10%C pas Goiblylo SIEKTPOMATHHTHYIO MOIIHOCTb, HYeM IIOTJIOIIAET
IPaBUTALIMOHHONW MOIIHOCTH. B CBsI3u €O BTOPHIM BOIPOCOM MOXHO 3aMETUTh, YTO
AJIEKTPUYECKHE U TPaBUTALIMOHHBIE CHIIbI, ACHCTBYIOIIME Ha JIEKTPOH, OYAYT paBHBI, €ClU
SHEprHsl TpaBHTALMOHHOrO mons Oymer B Te ke 4.2-10% pas Gomsme omHeprum
IEKTPUYECKOTO MoJisl. Tak 4To Hajnuuue BO BCENeHHONW IpaBUTALlMOHHBIX BOJH JAXKE C
BeCchMa OOJIBIION TUIOTHOCTHIO SHEPTHH MOXET OCTaBaThCS HE3aMEUEHHBIM. YMECTHO TaKXkKe
CKazaTh, 4YTO IPOCTPAHCTBO 3aMOJIHEHO HEW3MEPUMO OOJbIIeH SHEeprueil MOCTOSHHOTO
IPaBUTALIMOHHOIO TIOJIS, Y€M DHHEprueil MOCTOSHHOIO 3JEKTpUYecKoro rmoussd. Tak 'y
TIOBEPXHOCTH 3eMITH TLIOTHOCTh SHEpPIHH IPaBUTAIMOHHOTO mojs pasHa 5.8 - 1010 ix/m?3, a
ITOTHOCTB SHEPTHH 3JIEKTPUUECKOTO TOJIs paBHA Beero umib 4 - 107 Jhx/m>,

B Hacrosmelr pabore MOIIHBIA MCTOYHMK TI'PAaBUTALMOHHBIX BOJIH ObUI OOHApyXeH
npu obpatumom 100 % mnpeoOpa3zoBaHUM 3IEKTPOMArHUTHOM SHEPTUU B IPaBUTAILMOHHYIO B
npeienax Tejla BAKYyMHOI'O JJOMEHa.

W3 npoBeneHHOTO  paccMOTpeHuss BHUIHO crlenytomiee. Bo-mepBbiX, »Heprus
IPaBUTALIMOHHBIX BOJH, aOCOpOMpPYsCh Ha MABIKYIIMXCS Tellax M 4YacTulax (IBUKEHHE
KOTOPbIX B YypaBHEHHUSX XeBHUCAilla OTpakaloT TpaBUTAIOHHBIE TOKH), YBEIWYUBAECT
KMHETUYECKYIO SHEPTUI0 3TOT0 YHOPSAJOUYEHHOTO JIBHKEHHSA. Bo-BTOpBIX, rpaBUTAllMOHHBIE
BOJIHBI, NPOXOJs 4Yepe3 BELIECTBO, YHOCSAT 4YacTh TeIla, T.e. Kak Obl YCTpPaHSIOT 4acTh
HEYNOPSAZA0YEHHOTO JBIKEHUs. B-TpeTpux, cama sHeprus rpaBUTALMOHHBIX BOJIH BO3HHKAET
B BaKyyMHBIX JJOMEHaX U3 PACCESIHHOH (B OCHOBHOM 3BE3aMHU) 3JIEKTPOMArHUTHOM SHEPIHH.

3.4.2. TlpeoGpa3oBaHue PHEPIrud I'PABUCIHMHOBBLIX BOJH B MEXaHHYECKYI0 JHEPIrUI0 B
a0COJIIOTHOM (PU3UYECKOM BaKyyMme

B Mozenn  anekTporpaBUMEXaHMKHM JH00as MeXaHM4YecKas CcHcTeMa  SIBIISeTCS
MPUEMHON  TPaBUCIIMHOBOW  aHTCHHOW, aOCOpOMpYOIIeH  MOIIHOCTh  CTOPOHHUX
I'PAaBUCIIMHOBBIX BOJIH. JTa MOIIHOCTH YBEJIMYUBAET KMHETUYECKYIO DHEPIUIO JIBH)KECHHUS B
MEXaHMUYECKUX CUCTEMax, HO KpailHe He3HauuTeIbHO. B OOBIYHBIX MEXaHHYECKUX CUCTEMAaX
OTTOK MOLIHOCTH, CBSI3aHHBIA C TPEHUEM, INPAKTHUYECKH IIOJHOCTBIO IMOKPBIBAET IPUTOK
yKa3aHHOM MOIIHOCTH. B KocMuyeckux ke MacuTabax mnpeoOpa3oBaHUE I'PaBUCIUHOBOM
SHEPrUU B MEXaHUYECKYIO MOXKET UI'PaTh 3aMETHYIO POJIb.

3agaun npeoOpa3oBaHMs TPABMCIIMHOBON SHEPIUM B MEXaHMYECKYIO aHaJOTHUYHBI
3a/la4aM M3JIy4E€HHs DJIEKTPOMArHUTHBIX BOJH B CBSA3M C T€M, YTO AHAJIOIMYHbl BaKyyMHBIE
ypaBHEHUs Makcemia u  Xesucaiiga. Ilostomy (GopMyabl MHOTIJIOIIEHUS SHEPrUU
I'PAaBUCIMHOBBIX BOJH MOYKHO MOJIYYUTh U3 (GOPMYJT U3ITyYEHUS SHEPTUU 3JIEKTPOMarHUTHBIX
BOJIH, 3aMEHss DJJIEKTPUUYECKUE 3apsiibl CO 3HAKOM IUIFOC HAa MAacChl CO 3HAKOM MMHYC,
K09bUIHEHT & Ha &G (Mo HA Kos, CKOPOCTh cBeTa C Ha -C. B kauecTBe mprMepa MOKHO
MOJIydUTh (POopMyNy NMpeoOpa3oBaHUS T'PABUCIMHOBON PHEPTUU B KMHETHUYECKYIO SHEPTHUIO
(MOIIHOCTB), HampuMep, A IJIaHEeT COJHEYHOH cuctembl. B naHHOM ciydae ciemyeT
IIPUMEHUTL TeopeMy YMoBa - IloWiHTHHra, uHTErpUpysd BeKTOp YMOBa -IloHTHHTa 1O
noBepxHocTU cdepsl paguyca R — 0, oxBaTbiBaromed miaHeTy (mosaras ee TOYKOH ¢
3aJJaHHOM Maccoil). MOKHO HCII0JIb30BaTh BBIPAKEHUS AJIS JIEKTPUUYECKOIO0 U MAarHUTHOTO
MoJIeH JBIKYIIETOCS YCKOPEHHO TOYEYHOro HIeKTpoHa [79], B KOTOPBIX HEOOXOIMMO
IIPOU3BECTH yKa3aHHbBIE BbILIE 3aMeHbl. [Ipu TakoM moaxoae rpaBUTALMOHHOE TIOJIE MIJIaHEThI
B HEPEJSITUBUCTCKOM MPUOIMKEHUH BbIpaXkaeTcsi cooTHoILIeHHeM (mpu I <R — 0):



mr  mr[rv]

E 138
® Aze,r®  4meclr? (138)
U CIIMHOBOC - COOTHOIIICHUCM
mlvr] m[r[r[rv]] ]
H.=— 1
¢ 4nr’ " 4z crt (139)

rae I - paaumyc-BEKTOp, HA4YajlO KOTOPOrO pPacCIIOJIOKEHO B TOYKE INIAHCTBI, M - Macca

IJIAHETHI; V, V BEKTOpa CKOPOCTU W YCKOPEHHUs IJIAHEThl MPU €€ JABWKEHUHU MO OpOuTe
Bokpyr CouHua.

B npubnuxeHnn KpyroBblx OpoOUT, KOT/1a YCKOPEHHUE MEPIEeHIUKYISIPHO CKOPOCTH, U3
(138) u (139) BeITEKAET BBIPAKEHHE JIJISI MOIIHOCTH

- —_—w, (140)

rae dS opueHTHpPOBaHHBIM AMIEMEHT MmoBepxHOCTH cdepbl pamuyca R — 0, Tl = [EcHg]
BekTop YMoBa - [loiHTHHTA.

WuTepecHo oTMeTUTH, uTo naxe npu yciaosuu R — 0, v_L v B (140) ocratorcs TOJIBKO
BTOpBIC WiICHBI BeIpakeHUi aiisa moseit (138), (139), T1.e. «pammanmonubiey uieHbl. [loToku
MOIIIHOCTEH, CBsI3aHHBIE C IPYTMMH BEKTOPHBIMU MPOU3BEICHUSIMHU, JIUOO paBHbI HYIIO, 100
YIOBJIETBOPSAIOT YCIOBHIO PABEHCTBA BXOJALIETO B cepy MOTOKA BBIXOIAMIEMY M3 Chepbl
MOTOKY (JIOBOJILHO TPOMO3/IKOE JOKA3aTeIbCTBO 37ech omyiieHo). Kak Bumno u3 (140), 31ech
MMOTOK MOIIIHOCTH HaIpaBJIeH B OOPATHYIO CTOPOHY MO CPaBHEHHUIO C MMOTOKOM MOIIHOCTH B
cllydae TOYE€YHOIO JIEKTPOHA, T.€. MOIIHOCTh MOTPeOIIIeTCs IUIAHETON U UIET Ha YBEJIMYCHHE
KMHETUYECKOM SHEPTUu ee IBUKEHUSI.

N3 (140) BeITekaeT criemyromias

dopmyna I MOTpeOIsEeMON  IJIaHETOM

o . 2 .
rpaBUCIIMHOBOM MorHOCTH (U =0/ R.):

2.4
W = m—')z (141)
67,5 RS

rae Rc - cpennee paccrosinue tutanetsl oT Comnnia. Yucnennele 3Hadenuss moimrHoctd W
MpHUBEACHb B Tabnuie 8 Uisi BCeX IUIAaHET COJMHEYHOW cuctembl u ais JIyHsl (mpu ee
BpalleHuu BOKpyr 3emin) [78].

Tabmuua 7
MoOIIHOCTH IBUKEHHUS MJIAHET COTHEYHOU CUCTEMBI U JIyHbI

m, 10%* kr v, 10% m/c Rc, 1019 m W, Bt
Mepkypuit 0.33 48.8 5.8 3.03 - 108
Benepa 4.9 35.0 10.8 5.08 - 10°




3emns 5.98 29.8 15.0 2.08 - 10°
Mapc 0.65 24.2 22.8 4.57 - 10°
IOnutep 1899 13.1 77.8 2.90 - 101
Carypn 568 9.65 142.7 2.32-10°
Vpan 86.8 6.78 287 3.22-10°
Henryn 103 5.42 450 7.52-10°
IyToH 1.1 4.75 595 28.7

JIyna 0.0735 1.02 0.0384 6.54 - 10

Ou4eBUIHO, YTO JONOJHUTENIbHAs] KUHETUYECKash HHEpPIrusl JABM)KEHHUS OOBEKTOB
BcenenHol uzaer, mo kpaiHed Mepe, 4aCTM4HO, Ha NPEOJOJICHHE TPEHHs B OKPYKAIOIIEH
cpelle M TPUIUBHOTO JABIKEHHA. OTOT 3((EeKT KBUBAJIEHTEH MOSABICHUIO HEKOTOPOIO
OTPULIATENILHOTO MaKpPOCKOMWYECKOTO IpaBUTAllMOHHOTO JaBieHus. Heo6xoauMocTh Takoro
JABJICHUS JUIsl YCTOMYMBOCTH rajlakTUK TIOKa3aHa, HarpuMmep, B padote [lynsruna [64].

3.4.3. TlpeoGpa3oBaHue Temjia B JHEPrHI) TPABHCIHHOBBLIX BOJH B a0COJHOTHOM
¢usnueckom Bakyyme

BriHOC Temia rpaBUCIMHOBHIMH BOJIHAMH W3 BemiecTBa, B ciaydae ADB, moxHO

— — 2 _ 2. 2 2
paccmotpeth IpH €1 = 0, u1 = 0, MOCKOIBKY ;60 >> &1 = & 3 Motlog >> Hi1 = My +HO TIpH
00g = 0'12. B cinydae MOHOXpOMaTHUeCKHX IJIOCKUAX JIMHEHHO- TOJSPU30BAHHBIX BOJIH

OJICKTPOMArHuTHBIC W  T'PaBUCIIMHOBBIC  IIOJII  MOJKHO MpEaACTaBUTH CICOYIOIINMHA
COOTHOIICHUAMMU

E, = ImE exp io(t + sx);

Ee, = IMEg ,exp it + sx);

H, =ImH exp io(t + sx);
rJie @ - KPyroBas 4acToTa; S - HapaMeTp, UMEIOLIUHA PasMEPHOCTL 0OPATHOM CKOPOCTH; iws =
Y IHOCTOsAHHAsA pPacHpoCTpPpaHCHHSA BOJIHEL, i - MHHMas cAnHu1a, EZ’ EGZ’ Hy, HGy -
KOMIUICKCHBIC aMILIIUTYbI ITOJICH TI0 OCSIM KOOpAUHAT Yy U z; X - KOOpAHUHATa, BAOJIb KOTOpOI\/’I
PaCIpoOCTPAHAOTCS BOJIHBI.

Kak u B snextpomuHamuke [58], B aneKTporpaBUAMHAMHUKE HEOOXOIUMO HUMETh B
BUJly BOJIHBI C DJUIMITUYECKON mongpusauueil. g uX omnucaHus cleayeT Hapsaay ¢

ammmatymamn E,,Eg,, Hy, I-'IGy BBECTH B pACCMOTPEHUE M aMILTUTY/IbI Ey, EGy, H,H,,.
Ho mockonbKy ocTaercsi B CHIIC MPUHIUI HAIOKEHUS, TO JUIS aHaJIu3a KOPHEH S JOCTATOYHO
paccMOTPETh TOJIBKO OJHY JHHEHHO MOJIIPU30BAHHYIO BOJIHY.

W3 ypaBuennii (47)-(50) B yka3aHHOM BBIIIE MPUOIMKEHUN BBITEKAIOT CIEAYIOIIHE
YpaBHEHUS:

(Woggo 4 MO szj g + % (1421)
lw law

O . O, -
(ﬂeﬂoegegoe - %_Szj Eo. - %;)01 E,=0; (142)



L, EE, + PO _ g2 H, +
iw

%ﬁ)@q He, =0; (1425)

. o, .
HeteTe g2 |y _HM% Y o (1429)

HeHog€cCoc — - :
low low

PaBeHCTBO HynI0 OomnmpenenuTenei KaxI0u U3 JABYX OJHOPOJHBIX CUCTEM YpaBHEHUI
(142) naer onHO U TO ke OMKBaJAPaTHOE ypaBHEHUE, KOPHU KOTOPOTO PABHBI:

S5 =HVS7, (143)

rac

§2 — A+B + (A' B)2 _H /JO/UGIUOGGlZ_
2 4 (o)

,LI,UOG; B = &5606 M6 Hos ~FeloeT

A= ety + = "
law Il

3naku + B (143) onpenensitoT HanmpaBieHUE PaCPOCTPAHEHUS BOJIH BJIOJb OCH X. 3HAKU + B
BHIPOKEHMH JUI1  S° BHIAENSAIOT KOPHH JJEKTPOMATHUTHOM M TPABHCIIMHOBOH BOJH
COOTBETCTBEHHO.

B cniygae oTHOCHTENBHO OONBIIUX 3HAYCHHUH AIEKTPUIECKON MPOBOJIUMOCTH, T.€. IS
METANIOB, TOMYNPOBOJHMKOB, TIIA3Mbl, BHIPAKEHHE S° MOXHO MpPEACTaBHTh IS
AJIEKTPOMArHUTHOM BOJIHBI TaK:

2
- /
§% = g, i, 4 MO :u_eluoegl O-’ (144)
lw
U JIJIS1 TPaBUCIIMHOBOM BOJIHBI - B BHJIC:
2
U o (O —07 1 0)
§? = 8600 Mo Hog — o ) (145)

iw

Ecnu B BemecTBe MpeoOiiajaroT HOCUTENH SJIEKTPUYECKOTO M TPaBUTAIIMOHHOTO
TOKOB, OJJHOBpEMEHHO oO0Jajarolue 3JIeKTPUUECKUMH 3apsiaMd M MaccaMu (DJIEKTPOHBI,
JILIPKH, HOHBI), TO OTIpeJIeUTeNb 050 — o = 0 (cM.\ Bbimre). B 3ToM ciyyae, cornacuo (145),
JUIS TPaBUCIIMHOBOM BOJTHBI

s? = Ec€oc Mo Mo (146)



T.€. OHA pAaCIpOCTpaHseTcs B BeliecTBe Oe3 oOMeHa sHeprueil. Ho ecnmm B BemiecTBe
peo0IajaloT HEHTPATbHBIC B DJIEKTPHYECKOM OTHOIICHHUH MOBMKHBIC YaCTHUIIBI (BOJOPO/,

19 2 —
T€JIMii), TO ONPEAENUTENL g0 — 0, >> QM A7 rpaBUCIIMHOBOM BOJIHBI

2 HcHocOg
ST = &8 Mo ~ - ' (147)
1w
B TO BPEeMsI KaK JUIs DJICKTPOMArHUTHON BOJTHBI
My, o
s* = gg, 1, + =0 (148)

o

U3 cpaBuenus (147) u (148) BuAHO, 4YTO €CiM IS SJICKTPOMArHUTHOW BOJIHBI
MOCTOSIHHASL PACTIPOCTPAHEHUS ¥ = 1@ S UMEET MOJOKUTEIBHYIO PEaTbHYIO YacTh, T.C.
Re y > 0, To s rpaBucniHOBOM BoyHEI Re y < 0. D10 03Ha4aeT, 4To KOTJa IOJIS MPSIMOi
AJIEKTPOMArHUTHOM BOJIHBI AKCIOHEHIIMAIBHO YMEHBINAIOTCS, IMO0JIS I'PaBUCIIMHOBOM BOJIHBI
SKCMOHEHIMAJIHO YBEIUYMUBAIOTCS. TO €CTh B paccMaTpUBaeMOM CIIydyae I'pPaBHCIIMHOBas
BOJIHA BBIHOCUT TEIJIO U3 BEIIECTBA, TEM CaMbIM, YBEJIIMYUBAs CBOIO SHEPTHUIO.

3.4.4. O6paTrumoe mnpeodOpa3oBaHMe IHEPIrHHM IJIEKTPOMATHUTHBIX BOJH B JHEPTHIO
rPaBUCIIMHOBBIX BOJIH BHYTPH TeJia BAKYYMHOI0 10MeHAa

B cnydyae ¢u3nyeckrx BaKyyMOB BEIIECTBA WJIM aHTUBEIICCTBA CICAYET MOJOXKHUTh: & = L =
&=us=1,0=0,06=0;, 00 =0; & #0; tn # 0. Hwxke cunpHbIC YIPOIIECHUS BBIKJIAIOK
OYIyT CBSI3aHBI C PABEHCTBOM:

1
Solly = Eog Mo = C_2

Y BO)XXHOE 3HaUYCHHUE OyJeT MMeTh KO3 PUIIMeHT

o= |2 = [Ho _116.100 X
&y Hoc K

Kak u B mpeapiaymieM MyHKTE, MOJS MOXHO THPEICTaBUTh KOMILIEKCHBIMH
cootHomeHussMU. [loacraBnsiss 5T BeIpaxeHust noneid B (47)-(50) mpu ykasaHHBIX BBIIIE
YCIOBUSX, MOYKHO TIOJYYUTh CIEAYIOUINE YPABHEHHUS:

(‘901”0 +él — 52) Ez = _(5oeﬂ1 + 51/"0) Ee.: (149,)
(goeﬂoe +EH — 52) EGz = _(50/11 + &1l ) Ez . (149,)

(goﬂo +ét — 52) H y = _(50,U1 + glluoc;) HGy; (1493)

(SOGIUOG Té — 32) HGy = _(goeﬂl + 51:“0) H g (149)



B (149) npencraBiieHbl JBE CUCTEMBI OJHOPOJHBIX ypaBHEHUMN. PaBeHCTBO HyIIO MX
oIpenenuTeNeil 1aeT OHO U TO K€ OMKBaJPaTHOE yPaBHEHHE OTHOCUTEIBHO KOPHEH:

S1p54 =22, (150)

rac

1 1 ’
s* :C_2+glll'lli [C_2+glzulj —AA;
A, =&yEg _512; Ay = Holog _;U12-

[TpuBenem (150) x 6omee y1oOHOMY BUIY C TIOMOIIIBIO O€3pa3MEePHBIX BEIMUNH

&£
a — 1. a —_*

’ \/50500’ . \/;Uo,uoe.

[Ipn ykazaHHBIX NEPe0OO3HAUYEHUSAX MOXKHO CIEIYIOIIMM 00pa3oM MpEeICTaBUTH B
(150) xBazipaThl COOTBETCTBYIOIINX KOPHEH:

sf:Ciz(1+aga#+ag+a#):ci2(1+ag)(l+aﬂ) (151,)
21 1
s? :C—2(1+aga#—ag—a#):c—z(l—ag)(l—aﬂ), (1512)

I/ie IePBOE BHIPAKEHUE COOTBETCTBYET 3HAKY IUIIOC, @ BTOPOE - 3HAKy MUHYC Iepe]] KOpHEM B
OTIpeseNeHnH S°.
He TpynHo BUIETh, YTO BBIpaKEHUS

1 c’

v = > = ; (152,)
s; l+a,a,+a, +a,
2
=t - ¢ . (152,)
s l+a,a,-a,-a,

€CTh KBaJpaThl IBYX (a30BbIX CKopocTeit BoaH monei. [Ipu a. > 0, a, > 0, oueBuHO,
v < L2,

Ioacrasnss BeIpakeHus mis S2 cormacHo (151), B (149), mnomydum ciefyromue
COOTHOUIIEHUS AJI AMIUIUTY/L MTOJIEH:

E,. =Ee,; H,, =n'H (153y)

E.z— =1 EGZ ; H y- — _77ng Gy- ; (1532)

Gy+?



N3 (153) cnenyer, 4TO COOTHOLIEHUS MEXAY KOMIUIEKCHBIMHU aMILTUTYJaMU TOJIEH CO
3HAKaMH TUTIOC U MUHYC HE 3aBUCST OT MIEPEKPECTHBIX MAPAMETPOB &£ H L41.
3aMeTuM, 9TO IPOU3BEICHUS AMILIUTY/] TIOJIEH paBHBI MKy COOOM, TO €CTh:

H+ :_EZ+HV+ :HG+ :_EGZ+HGV+; (1541)
2 2
11 = Ezf H y= :Hef =5 EGz— H Gy=1 (1542)
2 2
rac H . ,H G H _ ,H G- -~ BCIIMYMHBI, XaPaKTCPUIYIOIUC ITOTOKH MOHIHOCTGI\/’I (SBGSI[O‘-IKa

03Ha4aeT KOMIUIEKCHO-COTIPSKEHHYIO BEJTMUHHY).

[lomaraem  JMIIEHHBIM  (U3UYECKOTO CMbICJIa  CYIIECTBOBaHHE  BOJIH,
PacipoCTPaHSIOIINXCS C pa3HBIMU (Da30BBIMH CKOPOCTSIMH U+ U U- B 3TOM cilyyae mpuIuioch
ObI JIOMYCTUTh YEThIPE BUJIA 3JIEKTPOMArHUTHBIX U OJTHOBPEMEHHO I'PaBUCIIMHOBBIX BOJIH.

Jliig ucKiroueHus MoJ00HON CUTYyalluu MepeiieM OT OT/IENbHBIX YaCTHBIX PEIIeHUN K
KOMOMHAIMSAM ITHX PEIICHUH CHCTEMbI BAKYYMHBIX yYpaBHeHUM (47)-(50) mist IITOCKUX BOJIH.
OTO TMO3BOJISIET MOJYYUTh  CIEAyIOIMe KOMOMHAIMK  pemieHuid  (MOCKOJIBKY Mo
NEHUCTBUTENFHOE YHCIO, TO IeJecoo0pa3Ho TepelTH K (YHKIUAM BEIIECTBEHHOTO
MIEPEMEHHOTO):

E,= % Eo [sin (a)t + a)u;lx)+ sin (a)t * a)uflx)]; (1554)

Ee. = % Eoe [sin (a)t + aw;lx)— sin (cot * a)uflx)]; (1552)

H, :%Ho[sin (a)tia)ufx)+sin (a)tia)u_’1X)]: (1553)

Hg, = % Hoe [sin (a)t + a)u;lx)— sin (a)t v’ 1X)]; (1554)
rac

%EO = Ez+ = Ez_; %EOG = EGZ+ = _EGZ_;

1

EHO:HWZHY-; %HOG:HGWZ_HGV-;

Eo =B Hoe =70H,-

U3 (155) oueBuaHO cnenyer, 4To

-1 -1
E, = E,sin (a)t ia)u'lx) cosw% X; (1561)

-1 -1
H, =Hsin (a)tia)u'lx)COSa) %x; (1562)



ot -1
Ee, =+ Execos(ot + ov™x)sin e K (1565)

] -1
He =1 H OGCOS(a)t + a)u'lx)sin w % X, (1564)

rmue
-1 -1
_ U, +0U_
1)) 1 :+—

2

CornacHo (156) ycpenHeHHBIH 1O BpEeMEHM CYMMAapHBIM MOTOK MOIIHOCTHU
AIIEKTPOMArHUTHBIX M TPABHCIIMHOBBIX BOJH HMMEET OJHO M TO JX€ 3HAa4eHHE B JIIOOOM
CCUYCHUH, MEPIICHIUKYIIIPHOM OCH X (B TJIOCKOCTH YZ), T.€.:

E,H
IT+11; = EZHy+EGZHGy:—°2°. (157)

Boipaxxenus g mosedt (156) mpencTaBisitoT co0OI0 €IUHOE peIlleHue Kak Jyis
SHGKTpOMaFHHTHOfI, TakK U FpaBHCHHHOBOﬁ BOJIH. OJTO PEIICHUE IMOKA3bIBACT, YTO OHCPTHA
3JIEKTPOMArHUTHOM BOJIHBI IEPEXOIUT B SHEPIHIO IPABUCIIMHOBOM BOJIHBI U 00patHO. [lepuon
MOJIHOTO TPeoOpa30BaHUsl YHEPTUH DJIEKTPOMArHUTHON BOJIHBI B DHEPrUI0 IPaBUCIHHOBOM
BOJIHBI U OOPaTHO BBIPAXKAeTCs COOTHOILIEHUEM:

Ax = 27 _ A
(0;1 -t )co C(u;1 -v?t )1

(158)

rac A- JJIMHa SHGKTpOMaFHPITHOfI BOJIHBI.

Baxxupim TCOPETUYCCKHUM PE3YIbTATOM aHAIM3a paCCManHBaeMOﬁ MOJICIN SABJIISICTCA
TO, YTO B €€ MpEaAciIax OonpcacicH MOH.IHBII71 HNCTOYHHK I'PABUCIIMHOBBIX BOJIH B IIPOCTPAHCTBEC
Bcenennoii B BHJIC BAKYYMHBIX TOMCHOB.

3akJa0ueHue

Mogens  HEOIHOPOJHOrO  (U3MYECKOro  BakyymMa Oa3upyercs Ha  HOBOM
MHUPOBO33pPEHUHU (CUCTEME MPEJCTABICHUH O MpUpOJEe U OOIIECTBE), COIVIACHO KOTOPOMY
“BakyyM - HE IyCTOTa”. DTO MHPOBO33PEHHE, PA3BUBAEMOE COBPEMEHHOUN TEOPETHUYECKOU
¢u3uKON, HIET Ha CMEHY MHUPOBO33pEHHI0, c(hOpMYyIMpOBaHHOMY emie JleMokpuToMm,
COTJIACHO KOTOpPOMY ‘“‘peajbHbl TOJBKO aToMbl M mycToTa’. HoBoe MHpOBO33peHHE HaeT
¢u3uKky BemecTBa M (U3UYECKOro BakyyMa. MupoBoz3peHue JleMOKpHTa a0 TOJIBKO
¢u3uKy BelecTsa.

C mupoBo3s3perneM Jlemokputa uyenoBedecTBo noaxomgur k- 2000 romy ¢
HEYTeIIUTENbHBIMA HTOTaMH, OCOOCHHO B 00JAacTAX HHEPreTMKH M HKOJOruu. BvICcTpo
MCYEPIIBIBAIOTCSI OTHOCUTEIBHO JIETKO TOCTYITHBIE MECTOPOXKIEHU HeTH, rasa, yris, ypaHa.
Jns  SKCIUTyaTallud  MeHee  JOCTYNHBIX ~ MECTOPOXKACHUH  HEBO30OHOBISIEMBIX
sHeproHocuteneit tpebyercs Bce Oousblie sHepruu. Ilagaer 3¢ddekTuBHOCTH AOOBIYM



IIOJIE3HOM 3HEPIHM, PACTET 3KOJIOrMYecKas Harpyska Ha mnpupony. llomydenue sHeprum
TEPMOSJIEPHOTO CHHTE3a CBSA3aHO HE TOJBKO C H3BECTHBIMU 3aTPYAHEHUSMU Hay4dHO-
TEXHUYECKOTO U IKOHOMUYECKOIO XapaKTepa, HO U € JAJEKO HepaayKHbIMH NE€PCHEKTUBAMU
B OTHOILICHUH YHEPTETUUECKOH (D (PEKTUBHOCTU U HKOJIOTHH.

MupoBo33penue JlemokpuTa Kak Obl HajeBaeT LIOpPhl Ha IJa3a Jake KPYIHBIX
(U3MKOB, HE MO3BOJISICT UM B YIOP BUAETh U MOHUMATh (PM3MUYECKHE SIBICHUS, KOTOPHIC HE
YKJIa/IbIBAIOTCSL B PaMKH 3TOTO MUpPOBO33peHus. [loBTOpsieTcst crapas UCTOpHs, CBSI3aHHAs C
YCBOCHUEM HJICH KBAHTOBOM MEXaHHKHU.

Xopomo H3BECTHO, 4TO PuMckuil Ki1y0d ompenenun, 4To YCTOWYMBOE pPa3BUTHE
YeNoBEUeCcKOl IUBUIM3AINN BO3MOKHO IIPH UHMCIEHHOCTH HaceleHHs 3emmu pasHoii 10°
yenoBeK. CoBpeMeHHas YHMCIEHHOCTb JIIOJEH Ha 3emJie HaMHOTO IPEBBIIIACT YKa3aHHOE
BbIIIE YUCIO. B 3TOi cBA3M rubenp 4enoBe4eCKOW LUBUIIM3ALMU HAYHETCS B Onukaiiime
coTHHu JeT. Ho3TOT amokanmunTHYecKWid TMPOTHO3, K CYACThIO, OCHOBBIBAETCS Ha
MHPOBO33peHHH [[eMokpuTa.

W3 nonsiprzainoHHONH MOJENN HEOJHOPOJHOTO (PU3MUECKOro Bakyyma BUIHO, MYCTh
Jlake elle B 3HAYMTENIbHOM Mepe Ha TMIIOTETUYECKOM YPOBHE, YTO HOBOE MHUPOBO33pPEHHE
“BakyyM - HE IYCTOTa” JaeT COBEpIIEHHO HWHOM MpOrHo3 OyAylIero 4eaoBeuecKon
uuBMiIM3anuy, 4eM Pumckuil kiy6. U3 mozenu BbITeKaeT, YTO MOTYT OBITh CO3JaHbI
ANIEKTPUYECKHE W MarHUTHbBIE JIOBYIIKM BaKyyMHBIX JOMEHOB, YTO B ATHX JIOBYIIKax HX
MOXXHO TpaHcrnopTtupoBath. CoequHeHHe BaKyyMHBIX JOMEHOB [BYX pa3HbIX BHJIOB,
COTJIaCHO MOJENIM, JOJDKHO TIPUBECTH K TOJYYEHHIO DSHEPIrUM, paHee 3axBaueHHOU
BAKYYMHBIMH JIOMEHAaMH B pe3yJlbTaTe TEPMOSAEPHBIX peakunii Ha CoiHIE U 3Be37ax. JTa
SHEprusi sBISETCS BO30OHOBISIEMONW M KOHUEHTPUPOBAHHOM, B OTIMYHME OT MHOTHX BHJIOB
DHEPrui, Ha KOTOPbIE B HACTOSIIEE BpEMs HALCIIEHO BHUMAaHHUE 4eJIOBeKa. braronmaps
HCIOJIb30BAHUIO PHEPTUU BaKyyMHBIX JOMEHOB 4€JIOBEK OyAeT crocoOeH OCBOUTH OOJIbIINE
00J1aCTH KOCMUYECKOTO NTPOCTPAHCTBA.

Mojenb HEOJHOPOAHOTO (PU3UUYECKOTO BaKyyMa MO3BOJIMIIA MPEACKA3aTh MHOXKECTBO
crieHapueB (DU3UYECKUX TPOIECCOB, KOTOPhIE OBLIM OBl COBEPIICHHO HEBO3MOXHBIMH B
paMKax coBpeMeHHOH (u3uku. Bee 3Tu “HeBO3MOKHBIE” CIIEHAPUH CTAHOBSTCS BO3MOYKHBIMU
Onarosapsi BBICOKOH IMPOHUIIAEMOCTH BaKyyMHBIX JOMEHOB B BellecTBo. Hampumep, Haxoaat
00BSCHCHHUE B3PBIBBI “0€30TaCHBIX” TOIUIMBHBIX 0AKOB CaMOJIETOB U PAKET, ‘‘HEOXUIAHHBIC"
B3pbIBbI TOPIOYMX I'a30B B LIaXTaX, “HEOOBSICHUMBIE” B3pbIBbI CKJIAZIOB B3PbIBUATHIX BELIECTB,
BBIXOJ] U3 CTPOS JIEKTPOHHBIX CXEM, HAXONAIUXCS B “HANEKHBIX SKpaHax, 3alllAINAIONINX
9T CXEMBI OT PAAUALAN U DJIEKTPOMAarHUTHOTO U3JIY4YEHHUS, U T. 1.

Mogene 1O3BOJSET HAMTH NOAXOJAbl K OOBSICHEHUIO BPEJHOIO BO3AEHCTBUS
OKPY)KAIOLLIEH Cpelbl Ha 3J0POBbE JIIOJIEH B pallOHAX MAaTOTE€HHBIX 30H 3€MJIM. OTU 30HBI
HaXOJATCSl B MECTAX PA3JIOMOB 36MHOW KOPBI, IIE OCHOBHOM KBaJPYIOJbHBIM BAKYyM MOXKET
COJZIEpKaTh 3HAYUTEIBHYIO IPUMECH JIUIIOJIBHOTO BaKyyMa.

Mojens  NOATBEpXKAAeT  pe3yibTaThl  (DEHOMEHOJIOTMYECKUX  HCCIICOBaHUI
AH.ImutpueBa o Oo0ibLIIOH pOJM BaKyyMHBIX JIOMEHOB B T€0JIOr0-reo(u3n4ecKux
mporeccax BooOlle, 1 B YaCTHOCTH, B Ipolieccax 3eMJIETPSICEHUN U U3BEPKEHUN BYJIKaHOB.
Ha ocroBe moznenu B.M.MepkynoB mokasan OnpeAeisiolyl0 pojib BaKyyMHBIX JIOMEHOB B
Iporeccax BO3HUKHOBEHHS TOPHAA0 U TPOIIMYECKUX YparaHoB.

Takum oO0pa3om, MOJeNb HEOJAHOPOJHOTO (PHU3MUECKOTO BaKyyMa MOXKET HMETh
OoybllIOE TMpaKTHYECKOEe 3HaueHue. B 3Toil CBA3M BO3HMKAET aKTyajdbHas 3ajgada
HKCIEPUMEHTAIBHOTO U3Y4€HUS BAKyyMHBIX JOMEHOB. J{J1s 3TOM 11e He0OX0JMMO CO3JaHHe
71a00paTOPHBIX YCIOBHH HCCIEIOBAHUN MOCPEICTBOM (PUKCALMU BAaKyyMHBIX JIOMEHOB B
AIEKTPUUYECKUX U MATHUTHBIX JIOBYLIKAX.
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