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OT aBTOpa

B aToin KHUre 6yayT pacCMOTPEeHblI HeOObIYHbIE CBOMCTBA
3NIeKTPUYECTBA, KOTOpble OCHOBaHbl Ha  MPaKTUYeCKUX
nccnefoBaHMsAX B 3TOM 061acTU YYEHbIX U M306peTaTenein. B
npouecce [aHHbIX WCCMef0BaHMIn HabNLaIMCb HEOObIYHbIE
aHOMa/lbHble  IB/IEHUS,, KOTOpble HEe YK/1aAblBalOTCA B
MPWBbIYHbLIA CTEPEOTUN MbILLIEHNS COBPEMEHHOTO Ye/lIOBEKA —
B 0COBGeHHOCTW,  6e30nacHOe  COMPUKOCHOBEHME  C
3NEKTPUYECKNM TOKOM MHOAEN N XKUBOTHbIX.

ABTOP KHUTM Ha MNPOTSHXKEHUM MHOIMX NeT NPOBOAWN
COOGCTBEHHbIE  UCCNEJOBaHWUA 3TUX HEOObIYHbIX CBOWCTB
3NIEKTPUYECTBA, KOTOPble BOCMPUHMUMAKOTCS COBPEMEHHBLIM
MVPOM C YAWMBNEHWEM W, B KaKON-TO CTENeHW, C HeLoBepUEM:
Beb C AETCTBa HaC Y4Yu/v, YTO 3/1eKTPUYECTBO OMacHo, a
TaKXXe 4YTO He CyLlecTByeT 60/blle WCTOYHWMKOB MOMyYeHUs
3NIEKTPUYECTBa, MOMMMO PO3ETOK U 6Gartapeek. B kauyecTse
CpaBHEHUS CO CBOMMMW  COOCTBEHHbIMWU  HabMAEHUAMU
HeoObIYHbIX  CBOWCTB  3MeKTpUYecTBa aBTOPOM  OyayT
npefocTaBNeHbl  BbIAEPXKKM M UMTaTbl  YYEHbIX U
n3obpeTateneld, KOTopble Hambonee yfayHO Packpbiv Temy
CBOMCTB 3NeKTpuuectBa. TakuMm o06pa3om, uuTatento Oygert
MPOLLE MOHATb, 0 YéM BefeTcs pedb. Ha NpoTsXKeHUM MHOMMX
NeT  WCCNefjoBaHWA  CBOWCTB  3/IEKTPUYECTBA Y4YéHble WU
n3obpetatenn fasm CBOM Ha3BaHWUS 3TUM SIBMIEHUAM, HO, B
npouecce packpbiTUA AaHHOW TeMbl, uuTaTeNb YBUAWT
06LLHOCTb TOrO, O YEM rOBOPU/IN MEPBOOTKpPbLIBATENN. 3afaqa
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KHATM  COCTOMT B TOM, YTOObl PacKpbITb  OOLLHOCTb
06HapY)XXeHHbIX ABNEHU B 06/1aCTU 3neKTpuyecTsa — ANA
3TOr0 aBTOp ONMpaeTCA Ha (PaKTbl UCCNELOBAHW YUEHBIX W
n3obpeTatesnieid, a TakxKe Ha pe3y/bTaTbl COGCTBEHHbIX OMbITOB.

ABTOp KHUIN CMENI0 BbICKa3bIBAET CBOK TOYKY 3peHus,
KOTOpas HeoLHOKPaTHO 6bla MpoBepeHa Ha NPakTUKe, U He
npecresyeT LenM OnpoBepratb CYLECTBYHOLLME 3aKOHbI WK
ocrnapvBaTb MHeHMWe YYéHbIX. JTa KHWra — uccrefoBaHve un
paccy>KfeHune, 4TO MO3BOMAT PacKpbITb HEOObIKHOBEHHbIE
CBOWCTBA 3/1EKTPUYECTBA U [aTh «MULLY A/ Pa3MbILLIEHNS», A
TaKXXe paclnMpUTb paMKuM YerioBeYeCKOro Co3HaHusA. 3Ta KHUra
— COOpPHUK 3HaHWA W Waei; 3decb OyAyT AaHbl KKUM K
MO3HaHWIO TalH 3N1eKTPUYEeCTBa, KOTOpble Oblv cOBpaHbl No
KpynuLam 13 pas/fiMyHbIX MCTOYHUKOB. Ecnn y unTatens nocne
MPOYTEHUS [AHHOW KHWUMW BCTPEBOXUTCA YM, WM [aXe
NOSIBUTCS HeLJOYMeHWe, TO MOXHO CUMTaThb, YTO 3ajaya aBTopa
peweHa. opa pasymy NpoCHYTLCA OT LOATOW CMAYKM, MHAYe
He OyZeT NyTW 4S9 CO34aHMsi HOBOIO U HEOObIKHOBEHHOIO —
MPOPbIBHBLIX HAY4YHbIX OTKPLITUIA He BYAeT, e/ YeNOBEYECTBO
NPOAOHKAT XXNTb MO LIAGNOHY.



BBegeHme

Pa3HbIMM aBTOpaMu OblI0 HaMMcaHO [OCTaTOYHO MHOrO
KHUT 06 3/71eKTpUYecTBe, HO HEKOTOPbIE acneKTbl ero CBOMCTB
OblMM He A0 KOHUA PacKpbITbl MO MPUYMHE He3HaHUA Wn
HENPUHATUSA HEKOTOPbIX TMUNOTe3 U MPOBEPEHHbIX (HaKTOB,
npefoCcTaBNeHHbIX YYEHbIMU U n306peTaTensimn. Kak npasuno,
BCE HOBOE BOCMPUHMMAETCS C HEraTUBOM: NIFOAN He BEpAT, UTO
Takoe BO3MOXHO, AaXe He CMOTpA Ha MNOATBepXAaroLme
fokasaTtenbcTsa. Tak, Hanpumep, Hukone Tecna 6b110 HENETKO
B CBOE BpeMs packpbiTb M [0OKas3aTb MOE3HOCTb CBOUX
N306peTeHNIA — 3aTO Cervac MMp NOMb3YETCSA NOYTW BCEMU €ro
naeavu.

ABTOP KHWIW, MO-CBOEMY, He Hapyllasd OO6LLENPUHSATBIX
CTEpeoTUnoB B 06/1aCTU  Hayku, MnocTapaeTcsd MoMOYb
ynTaTeNIto HEMHOMO NO-APYroMy B3rSHYTb Ha 3NeKTPUYECTBO,
OMMpascb Ha Hay4Hble TPYAbl 3HAMEHUTBIX YYEHbIX PasHbIX
BpeMEH. CBeXuil B3rNag Ha  (M3M4Yeckme  CBOMCTBaA
3NIEKTPUYECTBA NOMOXET MHOMMM Y4YéHbIM N M306peTaTensm
MOAHATBCA  Ha  CTYNeHbKYy  3BOMIOLUMM M CO34aTb
NPUHLMNMANBLHO HOBbIE 3N1EKTPOTEXHUYECKME YCTPONCTBA.

B kHure 6yayT pacKpbITbl CBOMCTBA 3apSHKEHHbIX YacTuL,
KOTOpble SABMAKOTCS HOCUTENSAMU 3M1EKTPUYECKUX 3apsifoB, U
CNOCOo6bl  yrpaBneHUss UMW A0S NOAYYEHUS  NONE3HOWA
MOLLHOCTW Mpu paboTe 3nekTponoTpebutens. Takxke B KHUre
A1 O3HaKoOM/eHMs  OyfeT  npefcTaBfieHa  Mose3Has
MH(opMaLmMs,  KoTopas  MOMOXET — uccrefoBatensM U
n3obpetatensm  pasobpaTbca B creyudguke  paboThbl
3NIEKTPUYECKUX  TEHEepaTopoB ANs  MOSyYeHUs  NOME3HOWA
MOLLHOCTU C BbicOKuM KA.



ABTOp aKLEHTUPYeT BHWMaHWe Ha TO, 4TOObI nocne
NPOYTEHMS  [aHHOW  KHWUIM  uuTaTenb  He  Aenan
CKOpOMa/inTe/ibHbIX BbIBOLOB O TOM, YTO OH M TaK 3TO 3Has.
OTBeT oyeBMAEH — ecnn Obl 3Han, TO faBHO Obl cpenan.
«3HaTb» — 3HAYUT COEAMHUTLCA C TEM MPEeAMETOM NO3HAHWSA, O
KOTOPOM roBopuilb. OHO, Kak AblXaHue, OLyLaeTCs U3HYTPW.
He Hy>XHO o6MaHbIBaTbCSA. lMpaBWnbHEN CKasaTb — «si UMEHD
NpUMepHOe NpeaAcTaB/eHe O TOM UM UHOM NpeaMeTe.

Mpuwno Bpems, Korga MUp rOTOB BOCMPUHMMATb
HeoOblYHble OTKPbITUS, YTOObLI NEpenTn Ha ApPYro YpoBeHb
XXM3HN COBPEMEHHOIN UMBUAMZaLMK. [18 3TOr0 HeobXo4MMO
PacKpblTb  HOBOE B  MO3HAHWM  (PM3NYECKMX  3aKOHOB
mMupo3gaHmsi.  Onupasicb  TO/MbKO Ha  CTapble  3HaHWA,
yenoBeyecTBo OyfeT Aerpaguposatb U He OyAeT CMOCO6HO
CO31AaTh Y TBOPUTb YTO-TO HOBOE N HEOBObIKHOBEHHOE.



J1IABA 1. YUTO0 Takoe 3/1eKTpnU4ecTBO

C TOYKM 3peHUss COBPEMEHHOWN HayKW, 3/1EKTPUYECTBO —
3TO YNOPALOYEHHOE [BWKEHME 3apPSHXKEHHbIX 4YacTul Wu
B3aVMO/ENCTBME 3NEKTPUYECKNX 3apsfoB Mexay coboi B
OKpY)atoLleM MX NpoCTpaHCTBe. 3afaaumcst Bonpocamu: YTo
3TO 3a YaCTuLbl, KaKune y HMUX CBOMCTBA? IMpn KaknxX YCnoBusX
OHWM cebs aKTMBHO NposBAAT? Kak 3apoxparoTcs Te Wau
MHble NPOLECChI, CBA3aHHbIE C 3MEKTPUYECKMN 3apsifamu, U
YTO SBNAETCS aKTUBHOWM cpefo WX 06uTaHuA? OTU U
MHOXXECTBO ApYrnx BOMPOCOB OyAyT pacKpbiTbl B AaHHOMN
KHWre.

DNeKTPMYECTBO [aBHO BOLUIO B OOMXOA, HALLE XM3HW, U
UE/IOBEYECTBO  YXKE€ He  MbICAUT  6e3  Hero  CBOEro
CyLLecTBOBaHMSA. MHOXECTBO 3/1EKTPOTEXHUYECKUX N3NNI
BbIMOMHAIOT B ObITy CBOK  ONPefeNieHHY  (YHKLMIO, HO
[a1EKO He BCE U3 HAC 3a4yMbIBalOTCA, MO KAKOMY 3aKOHY OHU
paboTatoT. YenoBeK NpPOCTO BK/KOYAET 3N1EKTPONpuoop B
PO3eTKY M NOMb3YETCS M B CBOUX LIENSX.

Kaxablii 13 XUBYLLMX Ha 3emne MOAen CTankupanica C
ABNEHNEM 3MEKTPOCTATMKW. Hanpumep, Nornague KOLKY W
pacyecaB BO/OCbI, MOXHO 3aMeTUTb, YTO LUECTb/BOSIOChHI, Kak
MarHuToM,  MNPUTATMBAlOTCA K pyke/pacuécke;  unau
aBTOMOGUANCTbI YaCTO Xa/ytOTCA Ha 3NEKTPUYECKUe paspsabl
NPV COMPUKOCHOBEHMMN PYKW C KOPNYCOM MalUVHbI.

37O rOBOPUT O TOM, YUTO OKPY>KatoLLiee Hac MPOCTPaHCTBO,
a TaKkkKe W npeameTbl, C KOTOPbIMWA Mbl CTa/KMBaeMCA B
MOBCEAHEBHOM >KU3HW, WMEHT 3NEKTPUYECKYHD MpUpoay.
Be3ge ecTb 3apsKeHHble 4acTuubl, U KaK TOMbKO OHU
CTaHOBATCA aKTVMBHbIMW, Mbl YyBCTBYEM Ha cebe [eiicTBue
3NeKTPUYECTBa.



3 atoro cnepyet, 4yTo, ecnv B NPOCTPAHCTBE MMeEETCH
CUCTEMA 3apsKEHHbIX 4YacTWL, TO B KaXJOW TOuKe 3TOro
MPOCTPaHCTBA CYLLECTBYET CW/IOBOE 3/IEKTPUYECKOE Mofe.
CBoilcTBa WMEHHO 3TOr0 MOAs W WCMONb3YKTCA Mpu
KOHCTPYKLMAX BCEBO3MOXHbIX 3/1EKTPUYECKUX NPUOOPOB 1
ycTpoictB. O6 3TOM nogpobHee OyaeT YNOMSHYTO B
rocnefyoLux rnasax.

C TOYKM  3peHus  (hyHOAMEHTaNbHON  (IU3UKMK,

JNIeKTpoCTaTn4yeckoe none — 310 Mone, Co3daHHOE
HeNnoABMXXHbIMM B NPOCTPaHCTBE N HEU3MEHHLIMI BO BPEMEHU
INEKTPUYECKNMN 3apsagamun. DNeKTpuyecKoe nosne

npeacTaBnseT coboi 0cobbli BWUL MaTepuu, CBSI3aHHbLIN C
3NEKTPUYECKUMU 3apsiaMn 1 NepefatoLnii AenCcTBUS 3apagoB
apyr Ha pgpyra. Mpu 3TOM Takue MOHATUSA, KaK TOKMU,
OTCYTCTBYIOT — €CTb TO/IbKO MOTEHLMA N HANPSXKEHHOCTb.
ABTOp He 6yaeT MOAPOGHO pacKpbiBaTb BCHO TEOPUIO
3NEKTPUYECKUX 3apSA0B, KOTOPYHD MOXHO MpounTaTb B
CMeuVann3npoBaHoi  nuTepaTtype. OcTaHoBMMCH Ha
OTAENbHbIX POPMYINPOBKAX, T.K. OHN MPUHLMANANIBHO BAXHbI.
JnekTpuyeckuin  3apsg  —  3TO  CBOWCTBO  Ten,
NposBAAIOLLEecs, Mpexae BCero, B CNOCOOHOCTM cO3AaBaTb
BOKpYr cebsi 3/eKTpuyeckoe Mone W MOCPeACcTBOM Hero
OKa3blBaTb BO3[ENCTBME Ha Apyrne 3apskeHHble (TO ecTb
obnagatoLme 3NMeKTPUYECKUM 3apsaoM) Tena. DNeKTpuyeckme
3apsgbl pasgenstoT Ha «MONOXKUTENbHbIEY "
«OTpULATENbHbIE», XOTS Mbl MOHMMAEM, YTO B MPUPOAE HET
TaKUX MOHATUI KaK «MIC» U «MUHYC». BbIGOp, Kakoi
MMEHHO 3apsf Ha3BaTb  MOMIOXKWTENbHbIM, a  KaKoi
OTpULATENbHbIM, CYMTAETCS B HAYKE YNCTO YCNOBHbLIM, O4HAKO
3TOT BbIGOP Y)XKe WCTOPUYECKU CAenaH, WU Tenepb, XOTb W
YCMOBHO, 33 KaxiblM U3 3apafoB  3akKperjeH BrojHe



OnpefeneHHbIn  3HaK  [/18 Kakoro-to  MOHUMaHWs U
MpecTaBneHns, Korga BeiéTca uccnefoBaHue aTom Tembl. Tena,
MeloLe  3apAaf  OAHOro  3Haka, OTTalKuMBAKOTCH, a
MPOTMBOMNOMOXKHO  3apsXKeHHble — npuTarmsatoTed. [Mpu
[BVXXEHUM 3apSOKEHHbIX TeJ, MEepeHOCALLMX 3M1eKTPUYECKNN
TOK B MPOBOAHMKAX, BO3HUKAET 3/1eKTPOMArHUTHOE None, U,
Takum 06pa3oMm, WMEHT MECTO $BJ/IEHUS, MO3BO/AIOLLME
YCTaHOBUTbL POACTBO 3/IEKTPMYECTBA U 3IeKTpoMarHeTusma. B
CTPYKTYpe MaTepun 3NeKTPUYECKUiA 3apaf, Kak CBOWCTBO Ten,
BOCXOAWUT K  33PSHKEHHbIM  3/1eMEHTapHbIM  YacTuLaM:
Hanpumep, 9MeKTPOH WMeeT «OTpuuaTeNbHbIi» 3apsd, a
MPOTOH U NO3UTPOH — «MOMOXNTENbHbIN.

B [aHHOM KHWre aBTOP BbIHYX/EH M0/b30BaThCA
TEPMMHAMUN «MONOXKUTENbHBIA» N «OTPULIATENbHbIN», YTOObI
MO>XHO ObI/10 NMOHATbL, 0 YEM BELETCA peyb, XOTH B MPUPOAE He
CYLLECTBYET MOJIOXKUTENIbHBIX W OTPULLATENbHBIX BEINYMH.
EcTb HanpasneHus BpalleHWs, [JasneHne u TpeHue. K
COXA/IEHWNIO, COBPEMEHHbI MUP Hayku B TeX 3HaHMUAX,
KOTOpble MPenofHOCATCA B YYeOHbIX 3aBefieHusaX (LUKOIbI,
TEXHWUKYMbl, UHCTUTYTbI, YHUBEPCUTETbI U [P.) COBPEMEHHbIM
TEXHNYECKMM CneumanncTam, nepeaeT UMEHHO 3TV TEPMUHBI.
Moatomy aBTOp, WCNOMb3YyA WX, B [AENCTBUTE/IbHOCTU
aKUEHTMpPYeT BHMMaHWe Ha B3aVIMOAENCTBUE MeXay COo60iA
MPOTUBOMOJIOXKHbLIX BENMYMH. B faHHOM cny4ae, peyb UAET O
3apsKeHHbIX 4acTMLax, KOTOPble HAaxXOAATCA He TONbKO Ha
3emne, HO 1 BO BceneHHoM.
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FTABA 2. 9neKTPOH 1 NO3NTPOH

O6 3eKTpoOHe B Hay4HON cdiepe M3BECTHO A0CTATOYHO
MHOIO; K  TOMY  )Ke,  MpaKTW4yecKMu  BCe  BWApl
3NEKTPOTEXHUYECKMX W3eNnin paboTaloT Ha 3/1EKTPOHHON
3Heprun. A BOT MO3UTPOH, KOTOPbLIA ABNSETCA aHTU4YacTuLel
3NeKTPOHa,  HEe3aCNYXXeHHO  3abblT, XOTA MO0  MHOIMUM
napameTpam OH CXO0X C 3/1eKTPOHOM. B coBpemeHHOM Mupe
NPaKTUYeCKM HET 3/1IEKTPOTEXHUYECKUX W3/, KOTOpble
paboTasin OGbl Ha MO3UTPOHHOW 3Hepruu. opaccyxaaem 06
aToM.

Mo3anTpoH (0T cnoBa «MNONOXKUTENMbHbIN») — 3TO
aHTUyacTLa anekTpoHa. OTHOCUTCA K aHTUBELLECTBY, UMeeT
ANeKTpuYecKuid 3apsag +1, cnuH 1/2, nenToHHbIA 3apsag -1 un
Maccy, paBHYK Macce 3nekTpoHa (9,10938291(40)-10 3t «r).
Mpy  aHHUTMAALMM MO3UTPOHA C 3/IEKTPOHOM, WX Macca
NpeBpaLLaeTcs B 3Hepruio B popme AByX (U ropasfo pexe —
TpéX u 06onee) ramma-kBaHTOB. [103MTPOHbI BO3HMKAKOT B
OA4HOM ©3 BWAOB pafMOaKTMBHOrO pacnafga (Mo3MTPOHHas
amucens), a Takke Npy B3aMMOAENCTBUM (POTOHOB C 3Heprueit
6onbwe 1,022 MaB c BeuwectBom. [locnegHuii npouecc
Ha3bIBAETCS «POXKAEHMEM Nap», 60 NPU ero OCyLLEeCTBEHNM
(hOTOH, B3aMMOAENCTBYA C 3/1EKTPOMArHUTHbIM MOMIEM A4pa,
obpasyeT O[HOBPEMEHHO 3/IEKTPOH W MO3UTPOH. Takxe
MO3UTPOHbI CMOCOOHbI BO3HMKAaTb B MNpOLECCax POXAEeHWS
3/IEKTPOHHO-MO3UTPOHHbIX Map B CWU/IbHOM 3/1EKTPUYECKOM
none. ABTOPOM KHWMM OblN0 [0Ka3aHO Ha MpPaKTUKe W
3anaTeHTOBaHO M306peTeHue, rhe MpoLecc 3apoXAeHus
3N1EeKTPOHHO-NO3UTPOHHbIX Map 6bl1 3aIKCMPOBAH B CU/IbHOM
3N1EeKTPUYECKOM Mose. STO MO3BOMNIO CO3M4aTb 3NEKTPOHHBLIN
npuoop C 3KOHOMUYECKMM 3(MEKTOM MO NOTPebneHnto
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MOLLIHOCTM OT CETU MepeMeHHOro HanpskeHus. B pesynbTare,
npy coBepLleHMn paboTbl  3/1EKTPOMNOTPebUTeNns akTUBHO
YYacCTBYHIOT 3apsXKeHHbIe YaCcTULbl — 3MIEKTPOHbI U MO3UTPOHbI.

CyuiecTBoBaHue Nno3uTpoHa BMepBble 6b1110
npeanonoxeHo B 1928 rogy Monem Aupakom. Teopusa Oupaka
onucbiBasla He TONbKO 3MIEKTPOH C  OTpULATENbHBIM
3N1EKTPUYECKUM 3apsAoM, HO W aHa/IOTMYHYK 4actuuly C
MONIOXXUTENbHBLIM  3aPSAOM — MO3UTPOH. OTCYTCTBME TaKoM
yacTvubl B MpUPOLE pacCMaTpMBa/IOCh KakK YyKasaHue Ha
«MLLIHWE peLleHns» YypaBHeHMIn [Aupaka. 3aTo OTKpbITUE
Mo3UTPOHa SBWUIOCL TPUYMGOM Teopun. T103UTPOH Obin
OTKpbIT B 1932 rogy amepuKaHCKUM (PU3NKOM AHAEPCOHOM
npu HabNOAEHUN KOCMUYECKOro M3/1yYeHUs C  MOMOLLbHO
Kamepbl BubCOHa, MOMELWEHHOW B MarHWTHoe none. OH
cpotorpadupoBan  cregbl  YacTuL, — KOTOpble  OYeHb
HanoMWHaNIM  Cnefbl 3/1eKTPOHOB, HO WMenu Wu3rné nog
[e/CTBMEM 3/1IEKTPOMArHUTHOro Mons, MPOTUBOMOJOXHbIA
cnegam 3/1IEKTPOHOB, yTo CBUAETENbCTBOBA/IO 0
MOJIOKUTENIBHOM  3/IEKTPUYECKOM  3apsfe  OOHapy>KeHHbIX

yactuy. OTKpbITME MNO3UTPOHA — 4acTuubl, MO CBOUM
XapaKTepUCcTnkKam VI,EI,EHTI/I‘-IHOVI NIEKTPOHY, 3a WCK/THOYEHNEM
3HaKa 3JIEKTPUYECKOro 3apsapa - ObINI0  UCKNHOUNTENBHO

BaXXHbIM COObITMEM B (pu3unke. Ewé B 1928 rogy M. Anpak
NPeaioXna  ypaBHeHWe [N1A  OMucaHWs  PensiTUBUCTCKOM
KBaHTOBON MeXaHWUKW 3neKTpoHa. OKa3anocb, YTO ypaBHEHWe
[vpaka MeeT [1Ba peLLeHNs, KaK C «MOMOXNTeNbHON», TaK U C
«OTpuLaTensHom» aHeprmuein. CocTosHUE C «OTpULUATENbHON
3HEpruert OMuCbIBaeT 4YacTuLy, aHaNIOTUYHYO 3/1IEKTPOHY, HO
VIMEIOLLLYIO MOMOXMNTENbHBIA 3N1eKTpUYecknii 3apsg. MosnTpoH
Obln MepBOVi OOHapy>KeHHOM YacTuuel M3 Lenoro Knacca
yacTuL, KOoTopas MNonyuyuia HasBaHue «aHTMyacTuubl». [1o
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OTKPbITUA NO3UTPOHA Kasanacb HEBEPOSTHONM cama uges Toro,
4YTO B NpPUPOLE MOryT OblTb  «MONIOXKUTENIbHBIE» U
«oTpuLatenbHble» 3apagbl. ITOT MOMEHT OYeHb BaXKeH B
npowecce MOHUMaHWUA TOro, MNOYeMy B 3/IEKTPOTEXHUKE
MOSIBUINCb «MJTHOC» U «MUHYC» KaK PasHOMMEHHbIE 3apsifbl.

HasBaHue «no3uTpoH» npuayman cam AHLepPCOH. OH e
npegnaran nepevMMeHoBaTh 3MEKTPOHbI B «HEraTpoHbI»: 3TOT
TEPMWUH B OTHOLLEHWUWN 3IEKTPOHOB MO-NPEXHEMY MCMOb3YIOT
B CNyvasx, Korga 3/IeKTPOHbI U MO3UTPOHbI paccMaTpuBaloTCs
COBMECTHO (Nn-p Mepexof); B 3TUX Cy4asX TEPMUH «3/IEKTPOH»
4acTo OTHOCAT K 06eMM YyacTuuaMm — 3/1eKTPOHY (HeraTpoHy)
N No3UTpoHy. CyLLecTBOBaHME aHTMYaCTULbl 3/IEKTPOHA U
COOTBETCTBME CYMMAapHbIX CBOMCTB (ABYX aHTU4acTuL)
COOTBETCTBYET BbIBOAM Teopuu [lvpaka, Kotopas Morfa obiTb
pacrnpocTpaHeHa Ha Apyrve yactuubl. JlaHHad Teopus
yKa3blBaeT Ha BO3MOXHOCTb MAapHOM NpUPOAbl  BCeX
3leMEHTapHbIX YacTuL, Ha 4YTO ObUIM  OPUEHTMPOBAHbI
nocnegyrowime hmanyeckne nccnefoBaHns. Takas opueHTauus
OKasanacb Heobbl4ainHO MI0L0TBOPHOM, N B HACTOSLLEE BPEMS
napHas npupoja 3MeMeHTapHbIX 4YacTul, ABMSETCA TOYHO
YCTaHOB/IEHHbIM 3aKOHOM MPUPOAbI, 060CHOBaHHbLIM B0/IbLLINM
YMCNOM 3KCMEPUMEHTa/IbHbIX (PakToB. HO B [JaHHON KHWre
aKLUEHT CZeNaH Ha NPUMEHEHWE B KOHCTPYKLMAX UMEHHO 3TKX
[BYX 4acTul, T.K. B COBPEMEHHOM Mupe OblN0 M300peTeHO
MHOXECTBO 3NIEKTPOTEXHUYECKUX npnéopos 7
Pagvo3fieMeHTOB, TAe  3/IEKTPOH W MO3UTPOH  Kak
3MIEKTPUYECKIME 3apAabl aKTUBHO NMPUMEHSIOTCS.

HasBaHue «no3nTPOH» NPUAYMAHO Y4YEHbIM AHOEPCEHOM,
HO MpPOsB/IEHNE CBOWCTB MO3UTPOHHON 3HEPTUM KaXKAbliA U3
NepBOOTKpPbIBATE/IE HOBbLIX CBOWCTB 3/1EKTPUYECTBA Ha3blBasl
no-csoemy. Hanpumep, Hukona Tecna n JJoH CMUT roBopuin
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0O pafuaHTHOW aHeprun, 3OBUH [pell — O XONOLHOM
anekTpuyectee, [hkoH begnHn wn  Tom bepgeH 06
OTpUUATENbHOM  3Heprun, HKOH XaTuMHCOH — 06 3Hepruu
HyneBoin ToukK, KOH Yoppenn Kunm o «CUMnaTuyecKom»
SHEPrUM U 3HEeprMm 3BYKOBbIX BMOpauuin, a BukTop
LLlay6eprep 1 Yontep Paccen — 06 aHeprumn Buxps (TopHamo).
B coBpeMeHHOM Mupe roBOPSAT O MOWCKE HEeratuBHON Wn
TEMHON 3HepruyM — a Mo OTHOLUEHWIO K 4Yemy? YTo camoe
WHTEPECHOE, BCe 3TN 3HAMEHWTbIE U306peTaTeNin CTapainch B
CBOMX  KOHCTPYKUMAX  (PunbTpoBaTb M pasfenstb
ANeKTpUYecKne  3apsgbl € pasHbIMKM  (PU3NYECKUMU
npossneHnamMu. OfLHW HarpeBain KOHCTPYKUWIO, a [Apyrue,
HaobopoT, oxnaxgann. pu UCMONIb30BaHUN 3NEKTPOHHOM
9HEepPrMM  KOHCTPYKUMM  Bblgensanu  Temio, a  npu
MCNONb30BaHNM MO3UTPOHHON 3HEPrMn OXNAXAAIUCH — MpPU
3TOM TeMrepaTypa KOHCTPYKLUMKN Oblinia MeHbLLE OKpPYXXatoLLei
cpefbl. JTO 6bl1I0 MHOrOKpaTHO [OKa3aHO Ha MnpaKTuKe
BbILLEYNOMAHYTbIMU ~ n306peTatenismn. o cux nop ux
OTKPbITUA HE L0 KOHLUA MOHATbI MUPOM, T.K. YNop WAET Ha
cTapble 3HaHWNA B 06/1aCTW HayKWN U HeXenaHue NpUHATb YTO-TO
HOBOE M Hen3yyeHHOe. XOTH B HACTOfLLEe BPEMSA W3BECTEH
adpexT MenbTbe.

dnemeHT [MenbTbe — 3T0  TEPMO3/IEKTPUYECKMI
npeobpasosatesib, NPUHLMN AEACTBUA KOTOPOro 6Gasvpyetcs
Ha apdekTe MNenbTbe — BOSHUKHOBEHUWN Pa3HOCTU TeMrepaTyp
Mpu MNPOTEKAHUWN 3MEKTPUYECKOro TOKa. OneMeHT [lefbTbe
COCTOUT M3  OfHOW wunm  6onee nap  HebGONbLLMX
MoynpOBOAHMKOBBIX Mapassienienunesos — O4HOr0 N-Tuna, u
0flHOrO p-Tvna. DNeKTpUYeCKnii TOK npoTekaeT
nocnefoeateNbHO — Yepes  Bce  mapainenenunedb. B
3aBMCUMOCTM OT HarnpaB/eHWs TOKa, BepXHWe KOHTaKTbI
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OXNaXKAAKOTCS, a HWKHME HarpeBarTcs — WM HaoGopoT.
TakMm 06pa3oM, 9SMEKTPUUECKW A TOK MEPEHOCUT Tenno ¢
OfIHOIA CTOPOHbI 3nemMeHTa MenbTbe Ha MPOTMBOMONOXHYH U
CO3/aET pasHOCTb TeMnepaTyp.
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FNABA 3. CeoiicTBa NofynpoBOAHMKOB C NO3ULMM
3NeKTPOHHO-NO3M T POHHOIO B3aUMOAENCTBUA

B CcOBpeMEHHOM MVpe HW OJHO W3 3NEKTPOHHbIX
YCTPOMCTB He 06x0auTCs 6e3 NpUMeHEHNs NoayNpPoOBOAHUKOB.
Ha Kakom e npuHuune oHu pabotaloT? B KavecTse npumepa
paccMOTPUM  CBOWCTBA  MOMYNPOBOLHWMKOB, TakUX  Kak
TPaH3UCTOpPbI, ANOAbI, CONHEYHble GaTapen, POTO31EMEHTbI 1
CBETOAMOAbI C TOYKM 3PEHNA COBPEMEHHOW Haykm W B
KayeCTBe pa3MblLLNeHNs aBTopa KHUMW. SideKT MNenbTbe Obin
MPeaNoXeH Kak NpUMep TOro, YTO MOAJIOXKKA C «p» TUMOM
MPOBOAMMOCTM OXNaXKA4AeTCd, a C «N» TUMOM HarpeBaeTcs.
ABTOp MOLYEPKMBAET, UTO He NpecnefyeT Lenu ornpoBepratb,
a Xo4yeT 06paTUTb BHMMaHWe uuTaTens Ha HekoTopble
HECOOTBETCTBMA B TepMUHaxX CBOMCTB MOJYNPOBOAHMKOB,
TakMX Kak B3aVIMOAENCTBME MeXAy COO0M 3NeKTPUYECKMX

3apsifioB.
UTo Takoe MOMYNPOBOAHMK C MO3WLMM COBPEMEHHOI
Hayku? [lonynpoBOAHWKM — 3TO BELLECTBA, B KOTOPbIX

ANEKTPUYECKNIA TOK 06pasyeTcs [ABWKEHWEM 3/IEKTPOHOB, a
Be/IMYMHA YAEeNbHOro COMNpPOTMBNEHUA HaxoauTca B npepenax
mexay NpPOBOAHNKaMU n AN3NeKTpUKaMu.
MonynpoBogHNKaMU ABNAKTCA XUMUYECKUE 3nemeHTol 1V, V
n VI rpynn nepuogmyeckoin cuctembl .. MeHpeneesa —
rpaduT, KPEMHWI, repMaHunii, CeneH n Apyrue, a TakKe MHorve
OKUCMbl W Apyrne COEAMHEHUS  Pas/IMYHbIX  MEeTas/oB.
Konnyectso MOABVKHbIX HocuTenei 3apsafoB B
MoNynpoBOAHMKAX B OObIYHbLIX YC/IOBUSAX HEBENMKO, OfHaKO
OHO BO3pacTaeT B COTHW W TbICAYM pa3 MNPU HEKOTOPbIX
BHELLHWX BO3AENCTBUAX (HarpeBaHue, AeliCTBMe CBeTa U T.4.),
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a TaKkKe NpU HaMyuuM B MOJSYNPOBOAHUKE OMNpefenéHHbIX
npUMecei.

[MonynpoBOAHMKM NOAPA3AENATCA Ha 3M1eKTPOHHbIE (N-
TMNa) N AblpoyHble (p-Tvna) nepexofbl. B nonynpoBofHuMKe
TMNa N B KayeCcTBe HOCUTeNell 3apafoB paccMmaTpuBaroTCs
3N1eKTPOHbI, KOTOpble NpY 06pa3oBaHMM TOKa NepeMeLlatoTcs
no BCEMY MONYMNPOBOAHMKY, NOLO6HO CBOOOAHLIM 3/1EKTPOHAM
B MeTa/inax. B nonynpoBogHNKe p-TUMNa B Ka4eCTBe HOCUTENEN
3apafoB paccMaTpmBaloTCA TakK HasblBaeMble AbIPKW. [bIpKu
CUMTalOTCA 3KBUBAIEHTOM W HOCUTENIEM MOJIOKUTEIbHOIO
3aps4a, paBHOro 3MeKTPOHY. TePMUH «N-TUM» MPOUCXOANT OT
cnoBa «negative», 0603HaYalOWMIA OTPULLATENbHBIA  3apsf
OCHOBHbIX HOcUTeNei. TepMUH «p-TUM» NPOUCXOAUT OT CrloBa
«positive», 0603HaYarOLLMIN MNONOXKUTENbHBIN 3apaf OCHOBHbIX
HocuTenein.  BCNOMHWMM — ucToputo,  Korga — AHAEpCOH
NPeanoXun  MNepeMMeHoBaTb  3MEKTPOH B HeratpoH W
CMONb30BaTb MEPBYID OYKBY «N» — HO €My OTKasau, a
HOCWUTE/leM MPOTMBOMOMIOXKHOIO 3apsfa Mo OTHOLWIEHUO K
3NIEeKTPOHY Bceraa 6bla1 NO3UTPOH, U K ero 0603Ha4eHNo BCE-
TaKy NPUMEHUNM NepBYHO OYKBY «p». ITa BYKBa A0 CUX MOP
OCTa/1acb, TO/IbKO MOYEMY-TO MPOTUBOMOMIOXKHYKO MO 3HaKYy
3NEKTPOHA YacTuLy Ha3BasM AbIpKOW. BblNo CcKasaHo, 4TO
AblpKa CUMTAETCH 3KBMBAIEHTOM HOCUTENS MONOXUTENbHOIO
3apafa, PaBHOro 3/71IEKTPOHY, KOUM SIBNSETCA MO3UTPOH (CM.
rnasy 2). B KauyecTBe npumepa pacCMOTpuUM paboTy
nosyrnpoBOAHNKOBOIO CBETOANOAA.

B nocnegHve  rogbl  Mbl  CTaM  CBUAETENAMMU
CTPEMMUTENbHOrO Pa3BUTUSA 061aCTU TEXHUKM, OCHOBAHHON Ha
(hn3nKe MOMYNPOBOAHWMKOB — OMTO3NEKTPOHUKN. Tlpexae
BCEro, aTo NPOsBNIOCH B PEBOJOLMOHHOM
COBEPLUEHCTBOBaHMM  CBETOAMOAOB. HeT HeobxoaMmoCTu
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pacKpbiBaTb  WUCTOPUIO UX MOSBMIEHNA — 006 3TOM MOXHO
npounTatb B WHTEPHETE WM B Hay4yHbIX KHUrax. 3ajada
aBTopa — 06paTUTb BHUMaHVE Ha NOHUMaHWe B3aMOAENCTBUA
3/1IEKTPOHOB W MO3UTPOHOB, YTO OYeHb XOPOLUO PAaCKPbLITO B
paboTe CBeTOAMOAOB. TONMbKO 3[eCb COBPEMEHHas Hayka
aKLUEHTUPYET BHUMaHWE Ha aHHUTUAAUUM  3MEKTPOHHO-
[bIPOYHOr0 nepexoa C BbigeneHem )OTOHOB CBETA.

CeeToOAMoL — 93TO NONYNPOBOLHWUKOBLIA Mpubop ¢
3NEKTPOHHO-AbIPOYHBIM ~ «pP-N»  MepPexoAaoM,  KOTOpbli
reHepupyet ontuyeckoe (Bugumoe, Y@, VIK) nsnyyenne npu
MPOXO0XXAEHNN Yepe3 HEero 3/1eKTPUYECKOro TOKa.

HanomHi, 4TO «p-n» Mepexos — 3T0 <KUPMUUUK»
MoNynpoBOAHWKOBOIA 3/1eKTPOHHOM TEXHUKW,
NPeACTaBNAWMA  COeAMHEHHblE  BMecTe  [Ba  Kycka
MoNynpOBOAHMKA C Pa3HbIMX TUMaMu NPOBOAMMOCTU (OAMH C
M30bITKOM 3M1IEKTPOHOB — «N-TUM», BTOPOM C M30LITKOM
AbIPOK — «p-TUn»). Ecnm K «p-n» nepexogy MPUNOXWTb
«NpsMOe  CMelleHue», T.e.  MOACOEAMHUTb  UCTOYHUK
3NIEKTPUYECKOr0 TOKa MJIKOCOM K pP-4acTuh, a MUHYCOM K n-
4acTW, TO Yepes Hero NOTeYeT TOK.

Hac vHTepecyeT, 4TO NMPOMCXOAUT NOC/E TOr0, Kak Yepes
MPAMO CMELLEHHBIA «p-n» nepexod MNOWEn TOK, a WUMEHHO
MOMEHT peKkoMOuHauuu (COefUHEHVWE WU aHHUTUAALMS)
HOCUTENEN 3NeKTPUYECKOro 3apsafa — 3/71EKTPOHOB U [bIPOK,
Korja MMmetoLme oTpuLaTenbHbIi 3apsas 3NeKTPOHbI «HaXOoAAT
NPUCTaHWLLE» B MONOXMWTENbHO  3aPSXKEHHbIX  MOHAaX
KPUCTa/IIMYECKON peLLeTK NonynpoBofHMKa. OKasblBaeTcH,
4TO Takas peKoMOMHauMsA MOXeT OblTb M3NyvaTeNbHOR, Npw
3TOM, B MOMEHT BCTPeyn 3/1eKTpOHa W [AbIPKKW, BblAenseTcs
3HEprus B BUAE N3/TyYeHNs KBaHTa CBETa — (POTOHa.
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Ho He BCSKMIA «p-n» Mepexop u3nyyaeT cBeT. lMouemy?
Bo-nepsbIX, LWUMPUHA 3aNPeLLEHHO 30HbI B aKTUBHOM 06/1acTu
cBeToAMOAa A0/MKHA ObITb 6/1M3KA K 3HEPrMM KBAHTOB CBeTa
BUAMMOro Auanas3oHa. Bo-BTOpbIX, BEPOATHOCTb W3NYyYeHUs
npu pekoMouHauum (aHHUTUAALMKN) 3M1EKTPOHHO-AbIPOYHBIX
nap Ao/mMKHa 6bITb BbICOKOIA.

Takxe (M3 Hay4YHbIX TPYLOB) aHHUTUAALMA Napbl YacTuLa-
aHTMyactTmua (3M1eKTPOH-MO3UTPOH) — 3TO OAWH W3 BUAOB
B3aMMOIMpPEBPALLEHNA  3/1EMEHTAPHbIX YacTul. TepMUHOM

«@QHHUTUNALMN» rnepBoHayanbHO HasblIBasCs
3M1EKTPOMArHUTHbIA NPOLIECC NPEBPALLEHNs 3NEKTPOHA U ero
aHTMYacTWLbl — MO3UTPOHA, MPU WX CTONKHOBEHWUM, B

3MIEKTPOMArHMTHoe u3nyvyeHne (B (POTOHbI, WM ramma-
KBaHTbl). OfHaKo 3TOT TEPMUH HeyfauyeH, T.K. B MpoLeccax
AHHUTUNALMN  MaTepus  He  YHWYTOXKAeTcs, a  JiMlib
npeBpaLLaeTcs U3 O4HOM POPMbI B APYTYIO.

Tenepb YBaXaemblii yuTaTe/lb U3 OMNUCAHWUA Hay4HbIX
TPYAO0B BUAMT, YTO TEPMUH «[bIPKa» N «MO3UTPOH» BbIrNAAAT
KaK 6paTbsi-61M3HeLbl. HO Te Xe «AbIpKu», T.e. B HOPMa/lbHOM
MOHUMaHUM TEPMUH «HUYTO», HE MPUMEHULLb B CO34aHWM
HOBOWM 3MEKTPOHHOM TEXHWKW. HanpoTue, CyLLeCTBOBaHMe
MO3NTPOHA, Kak  HOCUTeNs  3NeKTPUYECKOro  3apsja,
pacKpbiBaeT nepes wu3obpetarensiMm U YY4EHbIMU  HOBbIE
MepcneKkTuBbl 419 WU3YyYeHWUs U MOJlyYeHUS HOBbIX BUOB
3Heprum.

Mo TakoMy e npuHUMNY pabotaloT U BCe
NoYrNPOBOAHMNKOBbLIE 3/1EMEHTHI, 38 UCK/IKOYEHMEM TOro, 4TO
MPOLECC aHHUTUASALMM  3NIEKTPOHHO-ABIPOYHOI0  Mnepexoja
(3NeKTPOHHO-NO3UTPOHHOW  Mapbl)  MPOUCXOAUT  BHYTPU
MosyrnpoBoAHMKa (AM0o4a, TPaH3MCTopa) U NPOSABISETCS B BUAE
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TTABA 4. Hanps>keHue N ToK

B npeablayLmx rnasax MHOroKpaTHO YNoMUHaIUCh Takue
TEPMUHbI, KaK «3/IEKTPUYECKUIA 3apsif» W «3apsHKeHHble
4acTULbI». C NOHATUEM 3NeKTprYecTBa BCerga
nojpasymeBaroTca ABe BeNNUUHbI — HanpskeHne 1N TOK. OHK
HerocpefCTBEHHO CBf3aHbl C 3/IEKTPUYECKUMWN  3apafamMu.
Y anBUTENbHO, HO Cpeau YYEHOro Mupa [0 CUX Mnop BeayTcs
CMopbl O TOM, YTO TaKoe HanpsXKeHue, a YTO Takoe TOK. ABTOP
Ha OCHOBaHWW NPOBeLEHHbIX WUCCMefoBaHWn B 3TOW 06/1acTy
PacKpoeT CBOE BUAEHMEe 3TUX TEPMUHOB.

ANeKTPUYECKOe Hanps>KeHWe — 3TO BE/IMYMHA, YNCNEHHO
paBHas paboTe MO NepeMeLLEeHn0 efuHULbI 3MTEKTPUYECKOTO
3apaga Mexay  ABywms NMPON3BOJIbHLIMM  TOUYKaMMU
anekTpuuyeckorM  uenn.  HanpsbkeHne, kak un  3[C
(anekTpogsmxywias cuna), wuMmepseTca B BonbTax (B).
YCTaHOBMBLUMECH 3HAYEHUS HaMNPSHKeHNA 0603HaYat0T GYKBOM
U. Mo aHanormm c TOKOM, pas3inyaroT MNOCTOAHHOE W
rnepemMeHHoOe HanpskeHWs. MOCTOAHHOE HanpsHKeHWe MOXKET
N3MEHATLCA NO BENNYNHE, HE M3MEHSAS MPY 3TOM CBOEr0 3HaKa.
lMepemMeHHOe HanpsXeHWe NepuoavYEcKN  U3MEHSAET U
BE/INYMHY U 3HAK.

ATa  wnHTepnpetauns  (OPMYIMPOBKKU,  4YTO  Takoe
Harnps>keHne, Hanbosiee NMOHATHA, MO CPaBHEHWUIO C APYrvMMu,
6onee CMOXHbIMA TepMUHAMW. 3[eCb HanpsMyk CKa3aHOo O
nepemeLleHn  3M1EKTPUYECKOro 3apafa WAn  3apsXXeHHbIX
yacTul. B anekTpoTexHuKe Bcerja ecTb fBa MOTeHLMana:
«MIOC» N «MUHYC». BblOOp, Kako MMEeHHO 3apsij Ha3BaTb
MOIOXKUTENbHbIM, & KaKOW OTPULATE/IbHbIM, CUATAETCA B HayKe
YUCTO YCNOBHbIM  (BbIHY)XXAEHHass Mepa [Ana  ypobersa
BOCMPUATMSA NPOTUBOMNOMNOXHOCTU CBOWCTB 4acTuu). Torga
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YTO e ABNSAETCH MepPeHOCUMKOM 3TUX [BYX 3apsAL0B — He
3NIEKTPOH M U MO3NTPOH? Ecnm B uenn OyfeT TO/bKO
3NIEKTPOH, TO TOrja Kyza oH OyfeT cTpeMuTbCA? FACHO, UTO He
K 3/1EKTPOHY, T.K. OAHOVMMEHHbIE 3apafbl OTTasKuBaroTcA. OH
Oyfer CTpemMuTbCA K MPOTMBOMOMIOXKHOMY  3apsgy, a
COBPEMEHHOW HayKe W3BECTHa TONIbKO OfHa aHTuyacTuua
3IEKTPOHA — TMO3UTPOH. ONIEKTPOH U MO3UTPOH Bcerfa
HaxogaTca pagoM (puc. 1), yaepXXuBascb Ha pacCTOSHUW 3a
CYUET nonelt KpyyeHWs, NPOTUBOMOOXHbLIX MO CBOEMY
Hanpas/feHNO (3NEKTPOMarHUTHLIM MONeM), U MPeAcTaBAoT
cobor BuA raHTenu. B panbHeilliem aBTOpP  BbIHY)XXAEH
Mo/ib30BaThCA TepMUHaMu «MONOXNTENbHBIA» "
«OTPULATENbHBIA», YTOOGbl MOXHO Obl10 MOHATb, O YEM
BefeTca peyb. XOTA, Ha camMoOM fJefie, B MpuUpoge He
CYLLECTBYET MOMIOXKUTENbHLIX W  OTPULATENbHBIX BEINYMH.
EcTb HanpaeneHns BpaLLeHNs, AaB/ieHNe U TPEHWE.

Puc. 1

CyLLECTBYET UHOE MOHATYE EKTPOHA W MO3UTPOHA — 3TO
CMUH WA, NO-APYroMy, HanpasfieHVe BPALLEHNs STUX YacTuLl
OTHOCUTENLHO [ApYr [Apyra. ONeKTPOH BpallaeTcs NPOTUB
4acoBOI CTPE/KM, a MO3UTPOH — M0 YaCOBOI CTPEKE.

Torpa MOHATHE 3MEKTPUYECKOTO HaMpPsHKEHNS]
MPUOBPETAET MHOI CMbICH, T.K. XapaKTepU3yeTcst KOMMUYECTBOM
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«OTPULATENBHBIX» W «MOMOXUTENbHbIX» 3aPSHXKEHHbIX YacTuL
C pasHbIM CNVHOM BpaLleHus. [Jo cux rnop B Hay4YHbIX Kpyrax
He MOryT ONpefenuTbCs, Kyfa TeUeT TOK: OT MUHYyca K Natocy
UM HaobopoT. Ho Jaxe He B 3TOM fefo. BaHO MOHMMATb,
Kakve 3apsiKeHHble 4acTulbl YYacTBYKOT B (DOPMMPOBaHUM
HanpsXKeHWs 1 TOKa B 3N1EKTPUYECKON Lienn. Ecnn yuéHblii mup
npumet CyLLeCTBOBaHMe [BYX MPOTUBOMONOXHbIX
ANEKTPUYECKUX 3apSALO0B, HOCUTENAMU KOTOPbIX ABNAIOTCA
3NEKTPOH M NO3UTPOH B (POPMUPOBAHUM HAMpPsHKeHMS «U» 1
TOKa «I», TO MHOroe B (oM3NYeCKMX npoueccax co3faHHoM nan
C03/1aBaeMOl KOHCTPYKLIMW CTAHET MOHATHbIM.

ABTOp npegnaraeT  pacCMOTPeTb  WMHYH  FMnoTesy
B3aVIMOZENCTBUA MeXJy COOOM 3MeKTPUYECKMX 3apsjoB B
ANeKTPUYECKON Lenu. BnonHe NOHATHO HeLOYMeHMEe YUYEHOro
MMpa B Cropax O HanpaBNeHUW [BUXKEHUS 3M1EKTPUYECKOro
Toka. Ha camom fJene, HUKyfa OH He WAET, HaNpoTWB, ecTb
KNacCMYeCcKoe B3aMMO[ENCTBUE PA3HOMMEHHbLIX 3apsXXeHHbIX
yacTuL, mexay co6oi, HasblBaeMOe aHHUTUAsALMER, KoTopas
obpasyeTcsi B TOUYKe COeAVHEHWS, T.e. B 3NEKTPUYECKON
Harpyske. MoxeT MoKa3aTbCs, 4YTO, C TOYKM 3peHus
MPVBbLIYHOTO BOCMPUATUSA, 3TO 3BYUUT abCYPLHO; HO UCXOAA U3
MOHWMaHWUA, YTO 3/IEKTPUYECKME YaCTWLbl BpawalTcs —
Kakas B CBOEM HarpaB/feHUM — TO OHW, OYEBUAHO,
B3aVIMOAENCTBYIOT ~ C  rpaBUTaLMOHHbIM  MOfieM,  rjae
(hopMupyeTcs 3NeKTPOMarHUTHOE MoJie BOKPYT 3apsXKeHHbIX
yacTuy,. B npoTvBHOM cnyuyae, BpaleHus 6bl He 6b110. Torga
BCE CTaHOBUTCS Ha CBOU MeCTa.

[na Tecta 3amepa HanpaBneHWs 3MEKTPUYECKOTO TOKa
OepéM CTaHAapTHbIE CTPeNnoYHble Npubopbl ANs U3MEpeHUs
cunbl Toka (puc. 2). PaboTta cTpenoyHoro npubopa ocHoBaHa
Ha OTK/IOHEHWMW CTPE/IKM 3a CYET B3aMMOLENCTBUA MarHuTa v
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3M1EKTPUYECKOT0 NOS, BO3HMKAIOLLETO B PAMKE OTK/IOHSIHOLLE
cucTeMbl npubopa (KaTyluke). 3HaunT, BCE-Taku pedb MAET 0
MoNsx B3aMMogeicTBus.

Puc. 2

CTpenoyHble nNpubopbl CneunanbHO BKIKOYEHbl UMEHHO
TaK, Kak rnokasaHo Ha pucyHke 2.  npy Takom BK/IKOYEHUN Mbl
BUAWM, UTO CTPeNKW OTK/OHWIUCbL B pasHble CTOPOHbI. [10
«KMacCuKe» TaK W  [OMKHO ObITb. HarnagHo BWAHO
Hanpas/ieHNWe TOKa; HO, paccmatpuBas (M3WKY C WHOR
CTOPOHbI, Mbl  BMAWM, 4YTO B  LENU  MNPOUCXOAUT
B3aUMOAENCTBME 3MeKTpoHa (MMHYC) M NO3UTPOHa (ntoc).
Tam rge «nawc» —  BpalleHVe  3apshKeHHbIX — YacTuy
MPOMCXOAUT MO YacoBOW CTpesike, a TaM, rfe «MUHYC» —
MPOTMB YacoBOW CTPenku. Tak KakK CTPefioyHbIn npubop
MOLUMHSAETCA 3aKOHaM  3/IEKTPOMAarHWTHbIX CUA, TO U
OTK/IOHEHVE CTPenku Toxe OyneT COOTBETCTBYHOWMM. BoT
noyemy CTpenka npubopa MOKasblBaeT 3HaYeHVe B PasHbIX
Hanpas/eHNAX.

Ecnm He TOponMTbCA C BbIBOZAMW, TO 3/1EKTPUYECTBO
MOXHO paccMaTpuBaTb Kak B3avMOLENCTBUE 3apsiKEHHbIX
4acTuL, MeXxzay Cco60i B MarHUTHOM W 3/1eKTPOMarHUTHOM
nonsax; Takke HeoOXOAMMO Y4yuTbiBaTb Takue mMapameTpbl
3NIEKTPUYECKUNX 3aPSAA0B, KakK Hanpas/ieHye BpalLeHus (CruvH).
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TakK 4YTO NOMA KPyUYeHMS 3apsXKeHHbIX 4acTul, B MarHUTHOM U
3N1EKTPOMArHMTHOM MOJIAX MMEKOT 60/bLLOE 3HaYeHWe, U Jaxe
Takme MnpoCTble OMbITbl CO CTPENOYHLIMX nNpubopamMn —
HarnsgHoe ToMy MOATBePXAeHME.

OTcloga MOXHO cfenatb BbIBOA: Hanps>KeHne — 310
o6LLee KONMYECTBO 3apsXKEHHbIX PasHOMMEHHbIX 4acTuy, a
TOK — CKOpPOCTb W MMOTHOCTb MOTOKA 3TUX 3apsXeHHbIX
4yacTuL, COefUHEeHHbIX B Harpyske snekTponoTpebutens. Yem
6oNblle KOMMYECTBO W MJIOTHOCTb MOTOKa 3apsHKEHHbIX
yacTuu, TeM 06ofblle MOWHOCTU «P» Mbl nonyyaem Ans
COBepLUEHNs  paboTbl  3MEKTPUYECKOro npubopa. 3pdechb
NnpaBoOMePHO AeiCcTBYeT POopMyna, HO C APYrMM NMOHUMaHUEM
(pusunkn: P=U*I.

ABTOp CneunanbHO He OnepupyeT CAOXKHbLIMUA HayUHbIMU
TepMMUHaMK, a, HaobopOT, CTapaeTcs NPOCTO W3NOXWUTb CYTb
(hM3MYeCKoro npotecca — Posn PasHOMMEHHbIX 3apPsXKEHHbIX
yacTuly, B (hOPMMPOBAHMM 3NEKTPUUECKOr0 HanpsHKeHUs |
ToKa. KOHeYyHo e, cuia ToKa 3aBUCUT OT COMPOTMBIEHUA
3NEKTPUYECKOM Harpy3ku W paccymTbiBaeTcsa Mo gopmyne:
I=U/R.

Noka BCE Nornyeckn nOHATHO. HeMHOro octaHoBMMCA Ha
TEPMUHONOTNAX NEPEMEHHOIO W MOCTOAHHOIO HaNpPSXXeHus n
TOKa. TN TEPMUHbLI NpUAYMaHbl A0S NPOCTOro MOHUMaHWA
CBOICTB 3MEKTPUYECKOr0 CUrHana, HO B  OMpeaesieHHOM
CMbICNe CnoBa — OHW B KOpPHe He BepHbl, T.K. He
COOTBETCTBYIOT  (PU3NYECKUM  ABMEHUAM  MPOUCXOAALLNX
npoueccos. Bo3bMEM ansa npuMepa TEPMWH MePEMEHHOro
HanpsHKeHus.
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Puc. 3

Ha puc. 3 nokasaHa antopa HanpsyXeHUs ¢ TOUYKN 3peHns
COBpeMeHHON (m3mkn. Bce npubopbl (ocumnnorpadsl),
PEruCTpUpyloLLMe  BU3YaslbHO  3TW  MOKa3aHWs,  TaKxke
MoKasblBAIOT Takyl anwopy. B [eACTBUTENbHOCTM, 3TU
nokKasaHus MONOBMHYaTble, W OTOOGPaXalT KapTUHY B
MNOCKOCTW, He roBOPS O TOM, YTO TEPMWUH «MNEPEMEHHbIN» B
KOpHe He BepeH. Bo-nepsblx, 34eCb YMECTHO YKasaTb, YTO
TEPMUH  «MEPEMEHHbIN» He0OX0AMMO MepeMMeHoBaTb Ha
TEPMUH  «3HAKOMEPEMEHHbI». Beab Ha  3MEKTPUYECKMX
MPOBOAHMKAX MEHSETCA MOMIOKEHNE 3HAKOB  «MJIKOC» U
«MUHYC». BO-BTOpbIX, 34€eCb MJaBHO MEHSETCA HOMMUHa
HanpsKeHns. 3TO MOXXHO CPaBHUTb C TeM, YTO Bbl MJIABHO
MEHSieTe Ha BbIXOJe HanpsHKeHne OT UCTOYHMKA MOCTOAHHOIO
TOKa.

ABTOp creunaibHO aKLEHTUPYET BHYMaHWE Ha TePMUHbI
«MEPEMEHHbIN» N «MNOCTOSAHHbIA»,  T.K., Mcnonb3ys
HeNpaBUbHYKD  TEPMUHOMOTNIO, HEBO3MOXHO NPaBU/IbHO
MOHMMaTb (hM3MYecKne 3aKoHbI. YenoBek cam cebs 3aBOAUT B
TYNUK, He TOBOpPS O TOM, 4TO, B TakOM C/lyyae, Mana
BEPOSTHOCTb «3aCTaBUTb» paboTtatb cobpaHHYyt0
KOHCTPYKLMIO.

Ha nepBblil B3rNs4 KakeTcs, YTO BCE 3/1EMEHTApHO, U
cneynannct B 061aCT PaguoTEXHUKMA CKaXKET, YTO emy BCE
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3TO WM3BECTHO, M 4YTO [aHHas WH(opMaums — AN MepBoro
Knacca. Kak 6bl TO HM 6blf10, HO UMEHHO 3€eCb KPOETCA TOHKMIA
06MaH B MNOHUMaHUWM (U3NKK YNPaBMEHUS 3aPSHKEHHbIMU
yacTuuamMu. He nNOHMMas M WUrHOPUPYA 3TU  3HaHWS,
HEBO3MOXHO 4TO-M60 M306peTatb. B 3TOoM pgene He
CYLLECTBYeT MefoYei, U Torga MpuUXoauTCca MHOrMe 3HaHWs
nepecMaTpuBaTb 3aHOBO. TEPMUH «MOCTOSHHbLIN» TOK WAN
HanpsbkeHne C  TOYKM  3peHMst  (DM3MYECKMX  3aKOHOB
MMUPO3aaHMsi TOXe He BepHbl. Bce 3TM TepMuHbI, Byabp TO
«MOCTOAAHHBIN»  WNN  «MNEepPeMEHHbIA» —  0006LEeHbl, U
MoKasbIBalOT YCNOBHOE 0603HayeHWe. B mMupe HeT Huyero
MOCTOSIHHOTO, M TO, YTO BO BpeMsi 3aMepa ocuunnorpagom B
KayecTBE  MOCTOSHHOM  COCTaBNAOLWEA  3NeKTPUYECKOro
CUrHaNa Mbl BUAMM NPSMYKO NMHUIO, TOBOPUT O TOM, YTO Ha
BbIXOAEe WMCTOYHMKA MUTAHUSI HE MEHSIOTCS 3HaKM «MHC» U
«MUHYC». BaXHO MOHUMaTb, YTO TOK WM HarnpshkeHue He
MOryT ObITb MOCTOSIHHbIMW. 3apsXKeHHblE YaCTULbl Bcerga
HaxoaaTcs B ABWKEHWUM, MHa4ye Mbl Obl HE CMOFIM 3amMepsiThb
3HaYeHNe N BENNYMHY TOKa, MPOXOAALLEr0 MO 3M1eKTPUYECKNM
npoBoAHMKaM. Ha camom fene, Mbl 3amepsieM MNOTHOCTb
NnoTOKa  3apsXKeHHbIX  YacTul,  Mepemeljalolmxca B
ANEKTPUYECKUX  MPOBOAHMKaX. A  HanpsXkeHune — 370
KOMIMYECTBO 3apshKEHHbIX 4acTuL, HaxOAAWMXCA B 3TOM
noToke. Vcnonb3ys 3TO MOHMMaHWE CBOMCTB HaMpsXKeHWUs W
TOKa, NO-APYroMy HauuMHaellb NOHMMAaTb (IM3NYECKME 3aKOHbI
MMPO3aaHMS.
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FTABA 5. T'1pofo/bHble 1 nonepeYvHble BOHbI

Bce Mbl  XOpOWO 3HaKOMbl C  npwiarare/ibHbIMU
«MNPOAO/bHBIA» N «MOMEPEYHbIi»; N He MPOCTO 3HAKOMbI, a
aKTMBHO MCMNO/Ib3yeM MX B MOBCEAHEBHON >XM3HW. HO Korpga
peyb 3aXOAMT O BOJIHAX, HEBAXHO KaKMX — B XXUAKOCTH,
BO34yXe, TBEPAOA MaTepun WU 3NeKTPOMArHUTHBLIX MOMsSX —
TO 4acTO BO3HMKaeT psAfg BonpocoB. O6bIYHO, Crbllla CfoBa
«OMepeyHble» U «MNPOLOSbHbIE»  BOJHbI,  TEXHUYECKU
rPamMOTHbI yesnioBeK npencraBnseT CUHycougy.
[elcTBUTENbHO, KOnebaTeNbHble BO3MYLLEHWA Ha BOJe
MMEHHO TaK W BbIMNALAT, MO3TOMY >XWU3HEHHbIN OMbIT AaeT
TaKylo MoAcKasKy. Ha camom fefne, mup 60nee CMoXKeH ©
pa3Hoobpa3eH: B HEM CYLLECTBYHOT KaK MPOAOSbHbIE BOJHbI,
TaK W nonepeyHble. Ecnn B Kakoil-nnbo cpepe (none, ras,
XWOKOCTb, TBepdas Mmartepus) BO3HMKAKOT  KonebaHus,
MepPeHOCALLME 3HEPTM0 OT OAHOW TOYKM K [JpYyron co
CKOPOCTbIO, 3aBUCALLEN OT CBOWCTB CaMOW cpefbl, TO OHWU
Ha3bIBalOTCA BOJTHAMMU.

Puc. 4

Ha puc. 4 B 06bEMe MOKa3aHO, YTO HA CaMOM [efie Mbl
[JO/MKHbI  YBUAETb, T.K. HeEoOXOAMMO  yuuTbCA  BUAETb
(hn3nyeckmne CBOIMCTBA HE TONIbKO B MIOCKOCTU, HO N B 0ObEME.
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He cekpeT, uTO 3apsbkeHHble YacTMLbl MepeMeLlatoTcs
BO/IHOO6GPA3HO, M BO/HbI GbIBAOT NPO/O/LHbIE 1 MOMepeYHble.
Ocuunnorpad He yBMAUT 3TOrO, €CIVM BO BPeMsi 3aMepOoB
1CMO/b30BATh TO/MbKO BXO/bl KOOPAMHAT X N Y.

Puc. 5 Puc. 6

Ha puc. 5 ©n puc. 6 nokasaHbl BeKTopbl (YMOBa-
MOMHTMHIA) NJIOTHOCTU MOTOKa 3/1EKTPOMAarHUTHOW 3Heprum
(NpOLO/MbHBIX 1 NOMEPEYHbIX BOJH).

MMpofonbHble  BOMHbLI  XapakTepHbl  TOMbKO  ANd
rasoobpasHbIX U XUAKUX Cpef, a BOT NMOMepeyHble — TaKKe U
ons tBepAblx Ten. CyLLECTBYIOWAA Ha [aHHbIA MOMEHT
Knaccuukaums Lenut Bce KosnebaTeflbHble BO3MYLLEHWUSA Ha
TPW TPYNMbl: 3MEKTPOMAarHUTHbIe, XWAKOCTHblE W Yynpyrue.
MMocnefHve, Kak MOXHO [0rafatbCs U3 HasBaHWA, MPUCYLLN
ynpyrum (TBepAbiM) cpefam, Mo3TOMY UX WMHOrAa HasbiBaloT
MexXaHWYeCKUMN.

MpofonbHble BOMHLI BO3HWKAKOT TOrAa, KOrja 4actuubl
cpefbl  KONebMoTCcs,  OPWEHTMPYACb  BLOMb  BEKTOpa
pacnpocTpaHeHns BO3MYLLEHUA. T1puMepoM MOXKET CNY>XUTb
yaap Mo TOpuy MEeTa//INYeCKOro CTEPXKHSA  MIOTHbIM
MacCuBHbIM npesMeTomMm. MonepeyHble BOJIHbI
pacrnpocTpaHsaoTca B neprneHanKyNsapHoOM BEKTOpYy
BO3/€eNCTBUA HanpasieHNW. 3aKOHOMEPHbI BOMPOC: «MOYeMy
Xe B rasax W XWOKAX cpefax MOryT BO3HWKAaTb TO/MbKO
MPOAO/IbHbIE BOMHbI»? O6BACHEHME MPOCTOe: MPUYMHA 3TOro
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3aK/10YaeTC B TOM, YTO 4acCTuUbl, COCTaB/AOLIME [aHHble
cpefpbl, MOryT CBOGOAHO MepeMeLLaTbCsl, TaK KaK >KeCTKO He
3a(KCMpoBaHbI, B OTINYKE OT TBepAblX Ten. COOTBETCTBEHHO,
rnorepeyHble  KoniebaHus  MPUHUUNUATIBHO — HEBO3MOXXHbI.
BhbllleckasaHHOE MOXHO C(hopMynnpoBaTb HEMHOIO MHaue:
ecnn B cpege [fedopmauus, Bbi3BaHHAA BO3MYLLEHMEM,
MPOSB/AETCA B BUAE CABWUra, PaCTHKEHUA N CXKaTUA, TO pedb
WOET O TBEpAOM Tefe, [A1F KOTOPOro BO3MOXHbl Kak
MPOLO/bHbIE, TakK W rMonepeyHble BOMHbI (puc. 7). Ecnm xe
MosiBNeHNe CABWra HEBO3MOXHO, TO Cpeda MOXeT O6biTb
no6on.

Ocobblii NHTepec rnpeacTaBnsaoT NPOLONbHbIE
3NIeKTPOMarHuTHole BOMHblI  (M3B). XoTA TeopeTnyecku
HWYEro He MeLlaeT BO3HWMKHOBEHUIO TaKuWX KonebaHui,
ouumManbHas  Hayka OTpuULA@eT WX  CYLLECTBOBaHME B
ecTecTBeHHON cpefe. MNMpuunHa, Kak Bcerga 6blBaeT, npocTa:
COBPEMEHHas 3M1eKTPOAMHAMMKA WUCXOAWUT M3 MPUHUMNG, 4TO
3NeKTPOMarHUTHbIE BO/IHbI MOTYT ObITb TO/ILKO NOMEPEeYHbIMU.

Puc. 7

OTKa3 0T NofO6HOro MMPOBO33PEHMA MOBMEYET 3a CO6ON
HeoOX04MMOCTb  MepecMoTpa  MHOIUX  (PyHAAMEHTaNbHbIX
ybexzaeHnin. HecmoTps Ha 3TO, CYLIECTBYET  MHOrO
ny6nuKaLnini - pes3ynbTaToB  3KCMEPUMEHTOB, MPaKTUYECKM
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[lOKasblBaloWmx cyuwectsoBaHne [13B, 4TO KOCBEHHO
03HayaeT 06Hapy>KeHMe eLé 04HOro COCTOSHUA MaTepun, npu
KOTOpPOM, COOGCTBEHHO, BO3MOXHa reHepauus AaHHOro Tuna
BOJ/IH.

Mpn  CTONKHOBEHWM  3MIEKTPOHOB X MO3UTPOHOB
MPOUCXOANT UX aHHUTUNAUWA U BbiLENIEHNE 3HEPTUM B UHOM
BUAe — B BWAe MNPOAONbHbLIX BOMH (FMMEP3BYK, (DOHOHBI,
MPOAO/IbHO-BO/HOBbLIE COMMTOHBLI) U B BUAE KBaHTOB OM
N3nyyeHns, U HOTOHOB. POHOHBI UMEIOT Takue napameTpbl,
KaK A4/IMTeNIbHOCTb W YacToTy CnefoBaHusA. AHaIOMMYHO Xe U
(oTOHbI.  AnnTenbHOCTb  (hoHOHA  (MPOAOSILHOBOTHOBOTO
CO/MIMTOHA) 3aBUCUT OT 3HEPIUM YCKOPEHHOrO 3/1IEKTPOHA W
nosuTpoHa. [pyM  aHHUTUNALMKX  3NEKTPOHHO-MO3UTPOHHOW
napbl BbICOKOW 3HepPrum M3ny4vaeTcsa raMma KBaHT + runep-
(hOoHOH (B AManasoHe ynbTpasByKa).

doT10 1

ATOT 3PeKT aHHUTUNALUM XOPOLLIO BUAEH BO Bpems
TOpPHAaAO0, Kak MokasaHo Ha oTo 1. Kak npaBuno, BCMbllKa
MOSIHUM  C  MNPOSIB/IEHNEM  3/IEKTPUYECKOrO  paspsja MU
cBeyeHvem ((POTOHbI) BCerga COMPOBOXAAETCA  [POMOM
(nposiBneHve (HOHOHOB). CHapy>XM TOpHaAo NPOSABSETCS
npupoga 3MeKTPOHOB, a BHYTPU — MO3UTPOHOB. B Takom
C/lyyae CTaHOBUTCH ACHO, NOYEMY BHYTPW TOPHAAO0 XOMOAHO, U
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BblMajatoT 0CaAKM B BUAE KYCKOB /ibga. [loxoxe, u4To
MO3UTPOHbI  YCTPEM/IAKOTCA B BUXPe B LEHTp
(ueHTpocTpeMuTeNbHAA CUIa), a 3MEKTPOHbl —  HapyXxy
(ueHTpobexxHas).

Takke 0CO6eHHO MoKa3aTe/lbHbIM B 3TOM OTHOLLEHWM
ABNAETCA aHHUTMNALUMA YacTuUL, (MK POXAEHMS Napbl YacTul),
Korga [Be  YacTuubl  OfMHAKOBOM  MacCbl, HO C
NMPOTUBOMNONOXKHLIMA 3apsfamu, CTaJIKMBAKOTCA, M MX Macca
NpeBpaLwlaeTcs B 3HEPrUt0 31EKTPOMArHUTHOIO W3/yYeHWUs.
WHbIMX cnoBaMun, B COOTBETCTBUM C 3aKOHOM COXPaHeHUs
3HEPruM B3aMMOAENCTBYIOLMX YacTWL, 3Heprus nepewina B
Takoe KOMMYECTBO 3HEPrnW 3NMeKTPOMArHUTHOIO W3/Ty4YeHus,
KOTOpOe WMeeT MacCy, paBHYH Macce CTa/IKMBarOLLmMXCA
yacTumu,

MpoponbHaa nonspusaums NoO3MTPOHOB ONpeaenseTcs npu
M3y4eHnn 0COBEHHOCTEN MPOLLECCOB aHHUTUNALMKN (Hanpumep,
3aBMCUMOCTW CBOWCTB aHHUTUIAILMM OT B3aMHOW OpyeHTauum
CMWHOB MO3WUTPOHA W 3/1IEKTPOHA). AHa/IM3  MPOBEAEHHbIX
OMbITOB MPUBOAUT K 3aK/MHOYEHUIO, UTO 3NIEKTPOHbI U
MO3UTPOHbI P-pacnaga MMeT MPOAOSbHYHO NONAPU3aLMIO.
DNeKTPOH, KaK W MO3UTPOH, COCTOUT W3 ABYX Chvpanein
(sHepreTuyecknx noTokoB). OpHa cnupasb — Maloro
AnameTpa, BTOpas crnvpaib — 6onblioro Amametpa. Manas
cnvpanb ABNSAETCA MPOLO/HKEHNEM GOMbLLOW ClMpanv, TOHKas
Cnvpanb  HaxoAuMTCcA  BHYTpM  6Gonblwoi.  MpumepHoe
n306paXkeHre NoKasaHo Ha puc. 8.

Puc. 8
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MO3UTPOH ¥ 3NEKTPOH OT/IMYAKOTCA MeXAY COO0W TOMbKO
Hanpas/ieHneM CrnvpanbHOro MoToKa (npasas WM feBas
cnvpanu). BHYTpeHHAs manas cnvpaib, BO3MOXHO, OTBEYaeT
32 9HEPrui  3NEeKTPUYECKON KOMMOHEHTbI 3M1EKTPOHA U
nosutpoHa. B 00blY4HOM CBOGOAHOM M HE YCKOPEHHOM
3/1eKTPOHE 3Ta KOMMOHEHTa ABNsieTCs npeobnagatowiein. Mpu
MOMELLEHUN 3/MIEKTPOHOB WM MO3UTPOHOB B 3/1EKTPUYECKOE
nose MPOUCXOAUT YCKOPEHWe 3TUX YacTul, WX 3HEeprus
nepepacnpefenseTca  BHYTPU  MeXLY  MarHWTHOM U
3NEKTPUYECKOM  KOMMOHEHTONW TakMM 06pa3oMm, 4To Yy
3NEeKTPOHAa W MO3UTPOHa MosBNseTcs 6onee  CUNbHOE
3MEKTPOMArHMTHOe TMosie — MO3TOMY TaKuWe YCKOPEHHble
yacTmupl yxe B3aUMO/ENCTBYIOT c BHELUHWM
3N1EKTPOMArHUTHbLIM NOJEM.

CpaBHEHME XapaKTEPUCTUK 3/IEKTPOHA 1 NMO3UTPOHA

CBolicTBa ANeKTPOoH Mo3nTpoH
MOBEJEHVE MNPU
CTONKHOBEHMM OTTA/IKMBAETCH NPUIUMAET
3AKPYYEHHOCTb OCU JIEBOCTOPOHHSAS NMPABOCTOPOHHSAS
TEMMEPATYPHOE
o MOBbILWAET MOHWKAET
BOJIHOBOE
APGSIBAEHVE ®OTOH ®OHOH
YCKOPEHVIE MPU
BPALLEHV LEEHTPOBEXXHOE LEEHTPOCTPEMUTE/ILHOE
MPOSIB/EHVE B MO”H}/g‘F;SXAHgHHbM 'POM, OBbIYHbI
ATMOC®EPE AHTULIKTIOH TOPHALO, LWK/OH
NPOSABNEHVE B
MAFHUTHOM HONE B CU/IbHOM B C/IABOM

B npouecce wccnefoBaHWin  CBOWCTB  3/1EKTPOHOB Y
MO3UTPOHOB ObINM  PacKpbITbl Apyrve 0CobeHHoOCTM  (CM.
Tabnmyy  «CpaBHeHMe  XapaKTepuCTUK  3/1eKTpoHa U
MO3UTPOHA»), KOTOPbIe MOKa3asn, YTO OHW MPOTUBOMOMIOXKHbI
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He TOJIbKO MO 3HaKy, HO ¥ Mo ApyruMm napameTpam. Mpumep c
TOpPHaA0 ybeanTelbHO NOKa3bIBaeT 3TU NMPOTUBOMOIOXHOCTH.

B cnegyrowmx rnaBax OygeT packpbiTa  BaXHOCTb
npeobpas3oBaHns NMPOAOSbHLIX U NONEPeYHbIX BOH, 0COGEHHO
MPOLONLHOW, T.K. UMEHHO C eé npeobpa3oBaHWeM MHOrue
n3obpetatenn HabnoganM  MNPOABIEHNA HEOObIKHOBEHHbIX
CBOWCTB 3NeKTpuyecTBa. ABTOP MOCTEMEHHO pacKpbiBaeT
3HAYMMOCTb B MPUPOLE 3NEKTPOHOB U MO3UTPOHOB /11 TOrO,
4yto6bl MPU  WU3rOTOBNEHWM  TEHepPaTopPOB  HarpsXKeHUs
MakCUMa/IbHO YYMTbIB/IUCb 3TW 3HaHWUA. B aTom cnydae
KOHCTPYKUMM 6yayT paboTaTtb € BbICOKMM KT, (KoadduumeHT
MOMe3HOro AencTeuns).

Mepep, TeM, KaK MOJAONTM K O6BACHEHUIO Npeobpa3oBaHns
MPOLO/bLHbIX BO/H B reHepaTopax HanpsXXeHus, cHavana 6yayT
pacCMOTPeHbl  pa3/inyHble MEeTOAbl HaKOMIeHUs U CbEMma
3NeKTpUYeCcKnX 3apaaos. OHW OCHOBaHbI He TO/IbKO Ha JINYHbIX
nccnefoBaHMsAX aBTopa, HO U Ha npuMepe paboT 3HAMEHUTbIX
n3obpeTaTeneil B 3TO 06/1acTu.

Cnocobbl 3geKTUBHOrO HaKOMMEHUA W YnpaBfeHns
ANEKTPUYECKUMM 3apsaamMn CreayroLLme:

1. TpuMmeHeHWe MMY/bCHON TEXHONOIUUK;

2. Wcnonb3oBaHve pe3oHaHca B MOC/efOBaTe/lbHOM W
napasinesibHOM KOHTYypax CBA3W;

3. Vicnonb3oBaHWe peakTUBHOW SHEepPruu;

4. cnonb3oBaHWe pa3feneHns aNeKTPOMarHUTHbIX NONel
MEeX/Y KOHTypamu CBA3N B KOHCTPYKLMSAX reHeparopa
HanpsXeHus;

5. Vcnonb3oBaHWe KOHTYPOB CBA3W, KOTOpble 06pasytoT
pasHble MJOTHOCTM BbICOKOrO U HWU3KOro [aB/eHus B
OKPY>KatoLL,eM NpoCTPaHCTBE;
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6. Mcnonb3oBaHMe aCCUMETPUYHBLIX TpaHCc(opMaTopoB
CBA3N.

ABTOp BbIfeNn/ Haubosnee WHTEPECHble WAEWN, KOTopble
OblMM  HEOAHOKPAaTHO MpPOBEPEHbl Ha MNPaKkTUKe MHOrMMM
nccreposatensaMn B 061aCTV  YNPaBIEHNA  3MIEKTPUYECKUX
3apafoB And nony4veHUs OONbLUMX MOLWHOCTEN Ha BbIXOAe
3/1IEKTPOTEXHMYECKOT0 13fennsa (reHepaTopoB HaMpPSXXeHWS).
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TTABA 6. ImnynbcHaa TexHonorna

MMnynbCcHas TeXHONOrus, noxanyi, 3aHuMaeT Mo npasy
nepBoe MecTo B crnucke. He 3ps Hukona Tecna noceBAaTUA 3TOM
Teme MoYTW BCHO CBOK >KM3Hb. HEMHOro mncropum o pabortax
Hukonbl Tecnbl B 3TOM 0061aCTV OCBEXMT NamsTb, T.K. 3TO
Heo6X0AMMO [NA  Ja/ilbHEMLero pacKpbiTUS BaXXHOW pou
MMNY/IbCHOM TEXHONOMMN B KOHCTPYMPOBaHUMN 3N1EKTPUYECKNX
npnbopos. Takxke OyayT onucaHbl Mepbl 6e30MacHOCTU Npu
paboTe C MMMY/bCHBIMU TEeHepaTopamy HanpsKeHus, T.K.
HEKOTOpble KOHCTPYKLMN OYeHb OMacHbl 418 XU3HU NH04en 1
XVBOTHbIX. He 3Haa 3TMX NpPefoCTOPOXHOCTEN, YesoBeK
noABepraeT onacHOCTU BCE YKMBOE.

HecmoTps Ha To, UTO Tecna caenan 310 OTKPbITUE B 1889
r., npeaBapuTenbHbliA 0630p addekTa 6bln  ONy6NNMKOBaH
TOMIbKO MOC/Me MNPOAO/KUTENBHOM Cepun  3KCNEePUMEHTOB.
"PaccesiH/e 3neKTpu4yecTBa" CTaslo MOBOPOTHOM CTaTbEN
Tecnbl. AIMEHHO C 3TOr0 MOMEHTA OH MOJIHOCTbKO 3abpocus
NcCnefoBaHWs  MEPEMEHHBbIX TOKOB  BbICOKOW  4acTOTbl.
MoNHOCTbIO OTOWAA OT WCCMefoBaHMS Mond, Tecna Hayan
OMuCbIBaTb yAapHble BOMHbI U Apyrue adgekTsl MMNynscoB. C
MOMOLLbIO  YAQYHOIO 3KCMepUMEHTa/IbHOTO 060pYyL0BaHUA
Tecna OTKpPbIN HECKO/IbKO (PaKTOB, KacatoLmxcs obpa3oBaHus
aToro adekra. Bo-nepsbiX, NpuyvHa ero, 6e3 COMHEHUS,
3aK/KYanacb B npepbiBaHUM TOKa. VIMEHHO Npu 3aMblKaHWUU
BbIKNKOYATENA, B MOMEHT €ro «3aMblKaHUs W paspbiBa»,
apeKT NpopbiBa/iCA B OKpYXXatoLee NpocTpaHCTBO. OH 6bin
O[JHO3HaYHO MpPUBA3aH KO BPEMEHW AJINTE/IbHOCTU MMNY/bCa.
OH 06HapyXXun, YTO PEe3KO «3apsKeHHble» MPOBOJA B €ro
3KCNepuUMeHTax NPOn3BOAAT CTPaHHble razoobpasHble NMOTOKW.
B panbHenwem, npoBeas 1ccnefoBaHns ¢ KaTylkamy 0co6oi
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KOHCTPYKLMW, OH TNOMy4yan Ha KOHLAX 3TON KaTyLKu
3HepreTuYeckne BCMOMOXM cepebpucTo-6enoBoro LBeta. B
JanbHeilweM 3T KOHCTPYKUMM Has3Bannm — KaTyllukoii Tecna

(choTo 2).

doT10 2

PesynbTaT Ccepuu 3KCNEPUMEHTOB nopoaun y Tecnbl
HOBYKO KOHUENuuto. OH, KOHeYHo, 00HapyXun, 4Tto 6bino
MPUYaCTHO K ero TauHCTBEHHOMY 3(PQeKTy yaapHOro nons —
370 6bIN0 paguaHTHOe 3MeKTPUYECTBO. Tecna >kenan, 4Tobbl
ero OTKPbITUAMMU MONb30BA/IUCL BO BCEM MUpe. PaguaHTHOe
ANeKTPUYECTBO  UMEN0  OCOOEHHble  XapaKTepuCTUKM,
Hen3BeCTHble MWPOBON Hayke. PaboTas C MpOCTbIM, HO
MOLL{HbIM BOM/IOLLIEHNEM CBOEro anmnapara, Tecna o6Hapy>xu,
4TO pajmMaHTHOe 3NEeKTPUYECTBO MOXKET NPON3BOANTL MOLLHbIE
aneKTpuyeckne 3¢eKTbl Ha PacCToAHMM. ITU IAPPEKTbI He
OblNn YepefyOWNMUCS, He OblM 0ObIYHBIMK MOMEPEUHbIMM
BO/IHAMK. 3TO ObLIM NPOAO/bHLIE BOJHbI, COCTOSALLME W3
nocnegoBatefibHbIX YAapHbIX BOJH. [POXOXAEHWE KaXXaoi
YAAPHOVM BOMHbI C MOCNEAYHOLLE KOPOTKOM HenTpaibHON
30HOV NOPOXKAANo pafnaHTHOE nose. BeKTOpHbIE KOMMOHEHTI
3TUX YAapHbIX BOMH OblnM Bcerja OfHOHaMpaB/eHHbIMU,
MpepblBUCTbIE  YyAapHble  BOSIHbI  ObLIM  CMNOCOGHBI
BO3JeCTBOBAaTb Ha 3apsfbl B Harpae/eHWM  CBOEro

37



pacnpocTpaHeHus. 3T0 Oblna HOBas 3/1IEKTPUYECKas Ccua.
Tecna cunbHee, Yem Korga Obl TO HW 6blf0, MOHAM, 4TO
HaXOAMTCA Ha Hem3y4yeHHON TeppuTopun. TOT (hakT, YTO 3TK
pafvaHTHbIE CU/Ibl PacnpoCTPaHANUCL NOAOOHO NydaMm CBETa,
OT/INYaN0 MX OT 3NEKTPOMAarHMTHbIX BOIH Makceenna. PaboTa
BE/IMKOr0 HEeMELLKOro (hm3rKa ctasa OrpoOMHbIM CTUMYNIOM AN
COBPEMEHHbIX WCCMef0BaHNIN 3MEKTPUYECTBa, HO OHA TaKXe
CUMBHO Napann3oBasia YMbl Y4YEHbIX, & MNOTOMY MeLlana
He3aBMCMMOMY UCCMEef0BaHUIO. Kaxaoe HOBOE OTKpPbITOe
fIBNleHe BrOHANOCHL B pamMKW TEOPUK, a NOTOMY, OYEHb 4acTo,
npaefa 6ecco3HartesibHO UCKaXKanacb. OYeBUAHO, YTO Tecna He
Obin cornaceH ¢ pabotamu enbmronsua, Mepua n Makcsenna.
[ns Tex unTaTenei, KTo He 3HaKOM C 3ac/lyraMu 3Tux rocrog,
HarmomHi, 4yto [epmaH ¢oH [enbmMronby paboTtan Hag,
MCTOKaMM TOro, 4YTO ceilvac HasbiBalOT [epBbIM 3aKOHOM
TEPMOAMHAMUKN, N KOTOPbIV YTBEPXKAAET, YTO 3HEPTUNS MOXET
NepexoAuTb U3 04HON (hOpMbl B APYryt0, HO He MOXET OblITb
HM CO34aHa, HN YHUUYTOXeHa. YpaBHeHus [xenmca Knepka-
MakcBenna  SABAAKTCA (hyHZaMEHTOM COBPEMEHHOIA
3/1EKTPOMarH1THOWA Teopuu, a npeanosiaraemoe
NOATBEPXKAeHEe paboT Makcsenna, chenaHHoe [eHpuxom
"epuemM, cuMTanoCb HACTONbKO BaXHbIM, YTO B €ro YecTb
HasBaM efuHULY W3MEPeHWs 4acToTbl. HO, KakK Mbl BUAMM,
Tecna 0TMEN UX TPyAbl Kak He OTBeYaroLme nosyyeHHbIM UM
camum pesynbtatam. [pyrvMmMu crnoBamu, ecfiv Mbl XOTUM
nocnefoBaTh BCNeS 3a HAM M U3yyaTb CBONCTBA OKPYXKAHOLLLETO
Hac MNPOCTPAHCTBA, Mbl [JO/DKHbI 3a0biTb 06 uAgeax wu
orpaHnyeHmsx, YCTaHOB/IEHHbIX nepBbIM 3aKOHOM
TEPMOAVHAMUKN 1 ypaBHeHusMM Makcsenna. Mol 6ygem
paboTaTb 3a npefenamu rpaHuL, AeNCTBMS 3TUX NpaBUI W
[BUraTbCa B abCOMOTHO MHOE LLapCTBO HaYKMW.
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B fononHeHne Ko Bcemy, Tecna OTKPbIN YAUBUTENbHOE
fBMIEHME, KOTOpOEe paspelunno BCe COMHEHWS KacaTeNbHO
NpYpoAbl MEPeHOCUYMKOB 3HEeprMm B ero annaparte. Tecna
YCTaHOBW/I OYeHb TsKENyto U-06pasHyl0 MefHYH LUMHY,
NoOACOeANHMB 06e eé HOrM HenocpefCTBEHHO K PaspsiiHUKY.
Mexay Hor U-06pa3HO LWKWHBI  6bl  PAcMONOXKeHbI
HECKONbKO  flaMn  Haka/mBaHums. VX pacnonioXkeHue
06pa3oBbIBa/I0 KOPOTKO3aMKHYTYHO Lerb. JlaMnbl CBETU/IUCH
CBEPKaIOLLMM XONOAHbIM GenbiM CBETOM, B TO BPeMS Kak camu
OblNIN 3aKOPOYeHbl TONCTbIM MeAHbIM LWYHTOM (puc. 9). 310
ObINI0  HexapaKTepPHO [AN8 0ObIYHOr0 3MeKTPUYECTBA; APKO
CBETALMECA, HO MPU 3TOM XOMOAHbIE NlaMMbl MOKas3aamn, 4To
uepe3 «KOPOTKO3aMKHYTYHO» LieMb Npo6eraeT ApYroin Buf
3Heprum.

Puc. 9

HabntogaBLuvie 3TOT 3KCMEPUMEHT NHOAM OXMAaU, 4To
MpW ero BbINOMHEHWN LieNb NPepbIBaTeNs, a TO U camo ANHAMO,
cropat. Bmecto atoro, OHM yBMaenu 4yno. Jlamnbl
3aCBETUMNCL C HEOObIKHOBEHHOI SIPKOCTbID. 3Ta MpocTas
AEeMOHCTpaUus 6bla NULLIbL [0Ka3aTeNlbCTBOM NPaBOThl TEOPHiA
Tecnbl. DNEKTPOHHble 3apsiAbl MPEANOYNTAOT KOHTYp C
MEHbLUVMM COMPOTUB/IEHUEM, W [JO/MKHbI Orn6aTb Namnbl
HaKa/IMBaHWs N0 MeHOMY LUYHTY. PafinaHTHbIN e TOK B 3TOl
CUTYaLUMU  MpPeAarnodYén  MPOTUBOMOMOXKHBIA  MPUHLWMN.
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BeposATHO, Tak OHO W 6bln0, BedAb TOKA He Obln
ANEKTPUYECKUMU  (3NEKTPOHHBbIMK).  Tecna  MOCTOSHHO
MCronb3oBasl 3Ty  AEMOHCTpauuio,  4YTobbl  MoKasaTb
«pasfeneHne» TOKOB 3M1EKTPOHHbLIX OT TOKOB HeNTpanbHbIX
(MO3UTPOHHbLIX). 3TO ObIIO CBUAETENLCTBOM TOrO, 4TO
ANeKTPUYecKue paspagbl ornpefenéHHo CoCTOANMN
O[HOBPEMEHHO M3 HECKO/IbKUX NOABMXHBIX Yactuly,. Mo Tomy
BPEMEHW He OblI0 TEPMUHO/OMNIA PASHOMMEHHbIX 3aPSXKEHHbIX
yacTuu, T.K. Tecna ux o6Hapy>Xun OnNbITHbIM NYTEM N Ha3Bal
No-CBOEMY — pafWaHTHOe 3MeKTpu4ecTBO. 3 mnccneqosaHmin
H.
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HEMTPa/IbHbIM MO OTHOLLEHWIO K 3apsfaM W MarHUTHOMY
nonmw, Kak nopyepkmsan cam H.Tecna. W onatb
MOATBEPXAEHME, KOTOPOe 03BYYWUI WM YCTaHOBW/I B MpoLecce
CBOWMX UCCNefoBaHWI pafnaHTHOR aHeprum I)KoH beanHu. OH
rosopun: «Tam rge nosiBAsnoCL CUIbHOE MarHUTHOE none —
CBOICTBA paiaHTHOM 3HEPTUM UCUE3A/I0».

Take paccmatpmBas paboTy KaTylwKku Tecna, U3BeCTHbIN
n3obpetatens [HkoH beaMHM yKasan, 4TO 3Heprus u3
OKpY)aloLLero npocTpaHCTBa BXOAWUT B KaTyllKy, a He
NCXOAUT M3 Heé, YTO roBOPUT O COBEPLLEHHO APYroin npupose
3NIEKTPUYECTBA MO OTHOLUEHMIO K OOLLENPUHATLIM JOrmaram.
Ecnn  6bl  3TO  Obl1  O6GbIKHOBEHHbIN  MOBbILLAOLLMIA
TpaHctopmaTop, paboTaloLmii Ha 3MNEKTPOHHOW 3HEpPrun, To
He Ob1/10 Obl TaKOro appekTa B BUAE BCMNOIOXOB 6€M10ro Lpeta
OKO/0 KaTyLKK (CM. (hOTO 2, KaTyLKa Tecna).

Ona  npumepa, aBTOpoM Oblna nNpoBepeHa AaHHadA
rmnoTesa, W 3KCNEPUMEHT MOATBEPAUN OTAMYME MPUPOABbI
3NEKTPOHHOM X MO3UTPOHHON  3Heprnn. B kauyecTse
nHAMKatopa OblM MCNOMNb30BaHbl KOJIObI OT MJIa3MEHHOIO
Wwapa, Kyga OblMm MOAKMOYEHbl pasHble  KOHCTPYKLMM
reHepaTopoB HanpsXKeHus.

A B B
®doT10 3

CBOIiCTBA 3NEKTPUYECKMX 3aPSA0B C UCMOMb30BAHUEM
MAa3MEeHHOro Lapa MoKasaHbl Ha (oTo 3. B ogHOM Luape

41



1CNOMb30BasICA MOBbILLAOLLNIA TpaHcjopmaTop Ha
(bepputoBom cepaeyHunke tuna TBC (hoTto 3A), a Ha Apyrom
BO3AYLLUHbIA — cxema Kayepa bposuHa (oto 36 u 3B). Ha
(hoTo 3A Mbl BUAUM, KaK 3/IEKTPOHHbIE YaCTULbl pa3neTaroTcs
B pa3Hble CTOPOHbI, Ha OCTa/IbHbIX POTO, HA0BOPOT, CTPEMATCS
K LEHTPY, M CryCTOK 3HEPrun MMeeT cepebpucTo-6enblii LiBeT.
B [JaHHOM 3KCrepumeHTe MNPOCNEXMBAETCA aHanorms ¢
onblTamn H. Tecnbl — nonyynsocb BU3yasM3npoBaTb 3TOT
npouecc M c€o3aaTb 3MEeKTPOHHBIA npubop (MHAMKATOP),
KOTOpbIA [OKa3blBaeT, 4TO B CBOWCTBax 3MeKTpUYecTsa
COBepLalT paboTy [Be MNPOTMBOMOJIOXKHbIE MO  «3HAKYy»
yacTuupl. Pe3ynbtaT roBoput cam 3a cebs M MoATBepXaaeT
CBeAeHUs, YyKasaHHble B Tab/uLe CBOWCTB 3NEKTPOHA MU
MO3NTPOHA, O TOM, YTO MO3UTPOH CTPEMUTCA K LEHTpY, a
3NIEKTPOH HA060pOT (LLEHTPOCTPEMUTENBHOE U LIEHTPOGEXKHOE
CBOWCTBO).

Kaxabli 13 nccneposarteneil NoJO6HbIX TEM CaM MOXET B
aTOM ybeauTbea. [1ns 3TOro B MarasmHe HeO6X0AUMO KynuTb
NNa3MeHHbIN Wwap. B 3aBOACKOM UCMOTHEHWUN Mbl YBUAMM, Kak
4acTuUbl Pas3neTarTca B pasHble CTOPOHbI. JTO NPOsBEHUE
3N1eKTPOHHOMN 3HEeprmun. 3ateM Heob6XOAMMO BCKPbITb KOPOOKY
NNasMeHHOro Lwapa, ybpaTb 0TTyga Mnaty CO CXeMOM, U B
LLeHTP M1a3MEHHOr O LUapa NoMeCcTUTb KOHCTPYKLMIO MO CXeme
Kauyepa bposuHa (puc. 10).
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Puc. 10

Mocne 3TOro BbIXOLHOW KOHTYp B Buge cnupaav L (5-6
BUTKOB NpoBoga 1 MM) NOMECTUTb B LEHTP KO/bbl Luapa.
MpaBunbHO cobpaHHOW Cxeme OTNafKa He TpebyeTcs (hoTo 4).
L2 HamoTaHa Ha Kpyr/blii Kapkac Auametpom 20 MM U
cofepXut 220 BUTKOB MeAHOro nposoja cevyeHvem 0,5 mm. C
TOpua JaHHOW KOHCTPYKUMW, nosepxX L2, HaMmoTaH MHAYKTOP
L1. PaccTosHne mMexXay ABYMA KaTyllkamy npumepHo 10 mm.
WHoyktop L1 cogepXuTt 8 BUTKOB MeAHOM TPYyOKM (aunameTp
TPyokn 2 MM). HanpskeHne OT WUCTOYHWMKA MUTaHUSA
MOAK/MHOYEHO HA BTOPOM BUTOK OT TOpLa KOHCTPYKUWW.
Cnepyer 00paTuTb BHMMaHWe Ha TO, 4YTO Hanpas/ieHue
obmMoToK L1 wu L2 oTHocuTenbHO — Apyr  gpyra
NpoTMBOMONOXHO. Ecnm L2 moTatb OT Kpas Kapkaca Mo
4acoBOil cTpenke, T0 L1 — npoOTMB 4YacoBOW CTpenku. 310
OYeHb BaXHO. B nNpOTMBHOM C/lyyae KOHCTPYKUMA He
3apaboTaeT. B LEHTpe Kapkaca MnomeLlaeTcs (heppuTOBbIii
CTEPXKEeHb C MarHMTHOW NpoHuuaemocTbto 400 HH, TonwwmHol
6 MM.
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doT10 4

Tenepb  MOHATHO, MNOYEMY  MMEHHO  MMMY/bLCHOM
TEXHOMIOMMM NPaKTUYECKN BCe UCCMefoBaTeNM U U306peTaTenn
oTBoAWAM  6onblle  Bcero  BpemeHW. OHa  sBnsieTcA
npapoauTeneM MOYTM BCEX MPOLECCOB B  KOHCTPYKLMAX
reHepaTopoB 3HEPrUM, KOTOPbIE MOTOM, C MOMOLLbIO APYrnx
OPUTUHA/IbHLIX ~ CXEMHbIX  PeLUeHWid,  KOHBEPTUPOBaIU
BbILE/IEHHYIO 3HEPTUI0 M3 OKPYXKaloLLero npocTpaHCcTBa B
MONE3HY MOLLHOCTb WU/ aKTUBHYIO 3HEPT IO,

B wMNynbCHOM  TexHonoruM  He  06s3aTeslbHO
MCnonb3oBaTh KaTylwkn Tecna wan Kadep bBposuHa. EcTb
MHOFO ApYruX CXEMHbIX PELLEHWiA, HO ACHO OAHO: HE06X0ANMO
MCNOMb30BaTh B KOHCTPYKLMMN MOLLHbIE KOPOTKME UMY bChI.

B npouecce uccnefosaHnii paboTbl KaTywek Tecna u
Kayepa bpoBrHa OblNO 3aMeYeHO, UTO [aHHble KOHCTPYKL MK
00pa3yloT BOKpYr cebd CU/bHOE W3NydYeHue, KOTOpoe B
OO0NbLUOM KOMIMYECTBE MOXET HaBpeAMTb 3L40P0BbI0, OCOBEHHO
Korga muccnefoBaTeNib XKenaeT nofyyunTb 60MbLUNE MOLLHOCTM
OT 3TON KOHCTpyKuun. Bo Bpems MNpOBEpOK MNOSBASAMCH
rofoBHble 601K, TOWHOTA W ObICTpas YTOM/ISIEMOCTb.
He6e3onacHO paboTaTb C OYeHb BbLICOKMMW MOTEHLMaNaMm
BOMM3M NIOAEA W HKMBOTHBLIX, He WMes NPeAcTaBfeHns, C
KakKUMn  (IM3NYECKMMU  SIBNIEHMSIMU  COBepLUaeTcst  paboTa.
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Mo3ToMy AaHHble KOHCTPYKLUMW AO/KHbI 3KCMIyaTMpoBaThCA
BLANM OT /0N U XMBOTHbLIX, U A1 TOr0, 4T06bl 13bexarb
npobnem co 3[40pPOBbEM, CNnefyeT paboTaTb C KOHCTPYKLMAMU
Masoi 1 cpefiHeii MOLLIHOCTH.

Kak yxe Oblno yrnomsHyTo, ecTb U [pyrne He MeHee
MHTEpPEeCHble  Cnocobbl  HAKOMMeHWs U YrpaBieHus
ANEeKTPUYECKUMM 3apsfamy Npu 1UCNosb30BaHNM UMMY/bCHOW
TexHonorun. ekt paboTbl AaHHLIX KOHCTPYKLUMIA O4YeHb
BbICOKMIA, N OHW abCoMOTHO 6e3BpefHbl A1 OKPYXKAKoLLero
mMmpa. X MOXHO MpUYUCINTL K MUPHbIM K 6e30nacHbIM
TEXHO/OTUAM.
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"TABA 7. Vicnonb3oBaHWe pe3oHaHca B Noc/iefoBaTelbHOM
1 NapasfieNlbHoM KOHTYypax

O pe3oHaHCe, Kak MoOC/efoBaTe/lbHOM, TaK MU
napannefibHoM, HanmcaHo MHOro JfiMTepatypbl, HO €eCTb
OCOGEHHOCTM  UCMO/b30BaHUA  PE30HAHCHBbIX KOHTYpPOB B
KOHCTPYKLMAX, Trfe HeobXO04MMO NpaBWIbHO  YNPaBnsaTb
3NIEKTPUYECKUMM 3apsagaMn. HefoCcTaTOuHO 3HaThb, YTO Takoe
PE30HAHCHBI KOHTYP. HYXHO NOHWMaTb, rae B KOHCTPYKLMK
M Kakoi KOHTYpP MpaBW/IbHO WCMONb30BaTb. ABTOP XOYeT
OTMETUTb, YTO HET HWM OfHOI0 M306peTeHVss B 06nacTu
reHepaTopoB 3HEPruK, rae He NPUMEHANUCHL Obl pPe30HaHCHbIE
cucteMbl. OHUM  ABMAKOTCA  HEOTHEM/IEMOW  4aCTbi0  BCEX
KOHCTPYKLMA. Tak B YEM Xe MX MpefHasHayeHue, U noyemy
TakK BaXKHO XOPOLUO MOHMMATb CBOMCTBA pe3oHaHca? HemHoro
BCMOMHMM CBOWCTBa Napaslfe/lbHbIX W NOCNeoBaTe/lbHbIX
KOHTYPOB.

KonebaTenbHbld ~ KOHTYp —  3T0  OCUMANIATOP,
NpeAcTaBNAOLMIA COBON 3NMEKTPUYECKYIO LieMb, COLEPXKALLYHO
COeAUHEHHbIE MeXAy CO60/A KaTylwKy WHLYKTUBHOCTU W
KOHZeHcaTop. B Takol Lenu MoryT Bo30yaaTbCsi KonebaHus
Toka (U HanpsbkeHus). KonebaTenbHbI  KOHTYp —
npocTteiillas cucTemMa, B KOTOPOM MOryT MPOUCXOAUTb
CBOOOAHbIE  3M1EKTPOMArHUTHbIe  KonebaHusd. Pe3oHaHCHas
yacTtoTa KOHTypa OnpeaensieTcsi Tak HasblBaeMON (hopMysol
TomcoHa:
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MocnefoBaTeNbHbIN U NapainenbHbIii PE30HAHCHbIE KOHTYPbI

Puc. 11

Ha puc. 11 nokasaHa  3KBMBa/IeHTHad  CxXema
PE30HAHCHbIX KOHTYpOB. lMocnefoBaTebHbIA KoNnebaTesbHbIN
KOHTYp SIBNSETCA NPOCTeiiLlleli pe3oHaHCHOW (KonebaTeibHOM)
uenbto. OH COCTOUT W3 MNOCNefoBaTe/IbHO MOAKIHOUYEHHBIX
MeXay Cob0ol KaTyLKN UHAYKTUBHOCTM U KOHAeHcaTopa. Mpu
BO3JENCTBUM Ha TaKyto LieMnb NepemMeHHOro (rapMoHUYecKoro)
HanpshkeHns, Yepes KaTyLIKy 1 KOHAeHcaTop OyaeT npoTekaTb
NMepeMeHHbIA TOK, BE/IMYMHA KOTOPOro BbIMUCAAETCA MO
3aKoHYy Oma: | = U / XZ, rge XI — cymma peaKTUBHbIX
CONPOTMB/IEHUIA MOCNEA0BATENbHO BK/IHOUYEHHBIX KaTyLKW W
KOHAeHcaTopa (MCnosib3yeTcs MOAY/lb CyMMbI).

XZ =XL-XC; XL= wL, XC = 1/wC, rge w = 2nf

Ha pe3oHaHCHOWM 4acToTe, KOrfa BefMUMHbI PeakTUBHbIX
conpoTmeneHnin katywkn XL = wL n koHgeHcatopa XC =
1/wC paBHbI N0 MOAYNO, BENMUMHA XZ 06palLlaeTcsl B HOMb
(cnepoBatesibHO, CONPOTMB/IEHME LieNy YACTO aKTMBHOR), a TOK
B Leny Onpeaensdtcs OTHOLUEHMEM aMMAUTYAbl HanpPs>KeHUs
reHepaTopa K COMPOTMBEHUIO OMUYeckux notepb: | = U/R.
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Mpy 3TOM Ha KaTyllke W Ha KOHAEeHcaTope, B KOTOPbIX
3anaceHa peakTVMBHAsA 3MIEKTPUYECKas 3Heprus, nagaert
oanHakoBoe HanpsxeHne UL = UC = IXL = IXC.

Ha nto6oin gpyroii 4YacToTe, OT/IMYHON OT PE30HAHCHOM,
HanpPsHKeHUA Ha KaTyLLKe Y KOHAeHCaTope HeO4MHaKOBbI — OHU
onpeaenstoTcA amnaMTyaon Toka B LenM W BelvyMHamu
MOZY/e peakTUBHbIX conpoTmsieHnin XL n XC. lMoatomy
pe3soHaHC B MOCnefoBaTe/lbHOM KonebaTeNbHOM KOHTYpe
MPUHATO Ha3blBaTb PE30HAHCOM HanpsXKeHW. Pe30HaHCHOM
4acTOTON KOHTYpa Ha3blBatOT TaKytd 4acTOTy, Ha KOTOPOU
CONPOTMB/IEHNE  KOHTYpa  WMMEEeT  YUCTO  aKTUBHbIiA
(pe3sncTMBHbLIA)  XapakTep. YcCnoBMe pe3oHaHca — 3TO
PaBEHCTBO BEMIMUMH PEeaKTUBHbIX COMPOTUBMIEHWUI KaTYLLKM
WHAYKTMBHOCTM M éMKOCTWU. pu 3ToM HabntogaeTca addekT
CBEPXMPOBOAMMOCTH,  T.K.  PeaKkTUBHble  COMPOTUB/IEHUS
WHAYKTUBHOCTM M EMKOCTW CKOMMEHCUPOBaM ApYyr Apyra W,
MHaye roBOpS, «MPEBPATU/INCL» B MPOBOAHMKUA C KOPOTKUM
3aMblKaHWEM.

[pyroi WMHTEPECHON pPEe30HaHCHOW CXeMOW SIBNSETCS
napanenbHblil Konebate/lbHblil KOHTYP. B HEM KOHAEHCaTOp U
KaTyllka WHAYKTUBHOCTM COeAWHEHbl NapannenbHo. YTo
Npomn3oingeT, ecnM K  napanieflbHoMy  KosebaTesibHOMYy
KOHTYPY MPWNOXWUTb MEPEMEHHOE HamNpPsHKEHWE PEe30HaHCHOM
YacToTbl? HanpskeHue Ha KOHTYpe, BO3HMKatollee 3a CYUBT
COOCTBEHHbIX  KOnebaHwin, OyaeT paBHO  HaMNPSHXKEHWIO,
NoABOAMMOMY W3BHE, TaK 4TO TOK 4epe3 LUenb Mojaun
MepPeMeHHOr0 HanpshkeHUs npotekaTb He OygeT. MOXHO
CYMTaTh, YTO Ha 3TOW YacToTe NapaslfiefibHbl KoebaTeNbHbIiA
KOHTYpP WMeeT 6eCKOHeyHoe conpoTueneHne. CKa3aHHOe
BEPHO ANS MAea/lbHOrO Clyyas, KOrga notepu OTCYTCTBYHOT.
Ecnm y4yecTb noTepu, TO HEKOTOPbIA TOK OT WCTOYHMKA

48



CUHYCOMAabHOr0 cUrHana oypert NpoOXoanTb 7
KOMMEeHCUpoBaTb 3TW NOTEPU, HO BCE paBHO pPeaKTUBHOE
COMPOTMB/IEHNE NapaifeNlbHOr0 KosiebaTeNbHOro KOHTypa Ha
PE30HaHCHOW YacToTe 6yAeT BbICOKMM. 3a CUET 3TOro B CXemax
C napanfiefibHbIM PEe30HaHCHbIM KOHTYpPOM MoTpebneHue
MOLLHOCTM HEBEJUKO.

3Ha4YMMOCTb paboThl nocnefoBaTeNlbHOro n
napaieNnbHOro  pesoHaHca  MO-HAacToAWEeMY  OLEHUTb
HEBO3MOXHO, T.K. 0O KOHLA He W3Yy4yeHO ero CBOWCTBO, U
[aneKo He BCE NPOBepPeHO Ha npakTuKe. ABTOPOM Obinn
npoBefeHbl  OMbITbl  C  MPUMEHEHUEM  OPUTMHASIbHBIX
KOHCTPYKUMA € MPUMEHEHUEM napainensHoro  u
nocnefoBaTe/lbHOro Pe30HaHCHbIX KOHTYPOB. [MapanfnenbHbli
PE30HAHCHbIA KOHTYP Obln MPUMEHeH BO BXOAHOM Uenu, a
nocnefoBaTeNlbHbI MO BbIXOAY KOHCTPYKLMW, MPUYEM, B
KOHCTPYKUMWN He NMPUMEHAINCL (eppomarHeTukn. Korga Bcs
KOHCTPYKLMA Oblna HAaCTPOeHa Ha pe3oHaHc, To NoTpebnsemas
BXOAHadA MOLUHOCTbL cocTaBnsna 220 BT, a peakTuBHas
MOLLHOCTb B nocnefoBaTe/ibHOM pesoHaHce — 360 000 BT.
Takke BO BpeMs MCMbITAHWA MPOBOJ CeyeHMeM 1 MM
pacnnaBuncAd  4yepes 1 CeKyHAy MOCne  BK/IHOYEHUS
KOHCTPYKUMW K WCTOYHWKY MUTaHWA. ITOT NpoBof 6Obin
NoOAKKYeEH nocnefoBaTesibHO c BbIXOAHbIM
nocnefoBaTeflbHbIM KOHTYpPOM. A Terepb MPOBepbTe, MOXET
/N NPOBOJ, C TaKMM CEeYeHMEM pacrnnaBUTLCA MPU MOLLHOCTU
220 Bt1?

Ha 9KBMBa/IEHTHON CXeMe Pe30HaHCHbIX KOHTYpPOB
NpeKpacHo NokKasaHbl UX CBOMCTBA MO aHa/IorMmn ¢ MeXaHUKOM.
OcobGeHHO Xxo4yeTca OTMeTUTb paboTy noc/efoBaTe/IbHOro
Pe30HaHCHOIO0 KOHTypa, T.K. 3[eCb Mpocnexusaetcs paboTa
KWHETUYECKON 3HEPrMM MO aHanormm C  MeXaHW4ecKoWn
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paboToin Kaueneil. Bedb KMHETMYECKYHO 3HEPTUHD CUMTAKOT
UMCTO MEXAHWYECKOM, a, OKa3bIBAETCs, KMHETUYECKas IHEprus
MOXET Ccebs MposBUTb W B 3MEKTPUYECKMX  LiensX
MoCneAoBaTeNlbHOrO pe3oHaHca.

JT0 TOXe OfHO W3 MHTEPECHbIX CBOICTB Pe30HaHCa,
KOTOPOE AaXe B COBPEMEHHOI HaykKe He BCEMMW MPUHMMAETCS;
M aBCoOMOTHO HE MPaBUMLHO MHEHWE, UYTO C PEaKTUBHOIO
KOHTYpa Henb3s MOMyYnTb GOMbLUIYH AKTUBHYHO MOLLHOCTb.
MpocTo MMeeTCs HeAoCTaTOYHO 3HAHUA MO  YNpPaBNEHNHo
ANEKTPUYECKUMU 3apsiAamMm, YTOObI 3TO BONIOTUT.

TexHNYecKme Xxapak TePUCTUKA BbIXOAHOIO
(nocnefoBaTenbHOr0) KOHTYpa

PeakTuBHble conpoTtusieHna XL = 15 Om n XC = 14 Owm,
Ha yactoTe 52 KI'y. AKTMBHOe conpoTtueneHne R = 0,05 Om.
Hanps»xkeHve B KOHTYpe 600 B. PaccuntbiBaeM TOK B KOHTYpe.

I= U/Z = 600/V(R*+X5?) = 600/1 = 600A

MonHoe conpoTuBneHne  (MMMedaHc) TakoW  Lenu
onpegensetcs: Z = V(R?*+X5?), rae XZ = w L-1/wC.

Z =v(0.05>+12) =1, rge XS =XL-XC =15-14=10m

PeaKTuBHasi MOLLHOCTb KOHTYpa: P = IR unm P = U*I.
Orctoga P = 600 * 600 = 360000 (360 kBT).

BbiBog;: Harpy»kas KonebaTe/bHbIN KOHTYp
HEerMocpeACTBEHHO aKTUBHOW HAarpyskom, Mbl HUKOrja He
MONyYMM TakoW MOLUHOCTW. OITOT MNOKasaTe/b SAB/AETCH
MPOMEXYTOUYHbIM, W €ro HeobXOAMMO COr/1acoBbIBaTb C
APYTMMU  KOHTYpaMu CBf3W, 4TOObl He Hapylwutb paboTy
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pe3oHaHca. U faxe eciim Mbl CHUMEM aKTUBHYHKO MOLLHOCTL B
npegenax 1%, TO Mbl BCE paBHO MOMYYMM Ha BbIX0Ae
6ONblWYK MOLWHOCTb, MpeBbiWwarlwyo noytm B 15 pa3s
noTpebnsemyto no exogy (Ha npumepe 1%-ro pacuéta — BXOA
220 Br, BbIX0g 3600 BT).

3T npumepbl (PacY€TOB M MOMYYEHHbIX Pe3ynbTaTos)
OblIN NpefcTaB/ieHbl AN TOro, YTobbl ObIIO MOHATHO, YTO B
HacTosLLee BpeMsi He 0 KOHLLA 13y4eHbl CBOMCTBA Pe30HaHCa.

TONbKO OpPUTMHANIbHOE KOHCTPYKTOPCKOE M CXeMHOe
pelleHne no3BOAUAO MONYYUTb Takue pesynbTatbl. OHO
KapAVHaIbHO OT/IMYAETCA MO CBOEN CYTWM U COLEPXaHUH0 OT
CYLLECTBYIOLLMX KOHCTPYKTOPCKMX MPOTOTUMOB (OnmncaHue
N3006peTeHNs 6yaeT OCBELLEHO B MOC/eAYHOLMX rnaBax).

ABTOp He 3abblll YMNOMAHYTb CBOMCTBA 3/1EKTPOHHO-
MO3UTPOHHOI Mapbl B Pe30HAHCE 3/1EKTPOMArHUTHbIX BOJH. 10
[aHHbIM  y4éHbix MIY wum. M.B. JlomoHOCOBa HayKoW
paccMaTpuBaeTCA Pe30HaHCHOEe B3aIMOJENCTBUE 3/1EKTPOHHO-
MO3UTPOHHLIX  Map B 33favax  raMMa-3neKTPOHUKW,
MOCBAWEHHbIX UCCNeA0BaHNIO B3aUMOLECTBUA 3NEKTPOHHBIX
N MO3UTPOHHbIX MOTOKOB C 3/IEKTPOMArHUTHbLIMU MONAMU B
YCTPOWCTBaX Yy-AManasoHa [JJIMH  BOMH.  Pe30HaHCHble
KO/NEKTVBHbIE MPOLLECChl CUHXPOHWU3YHOT KO/Ie6aHNA 1 BOJHbI
B 60/blUMX 06bEMaxX aKTUBHOW 3M1EKTPOHHO-MNO3UTPOHHON
cpenbl. lMpouecc camoopraHM3auuMy B YCNOBUSAX Pe30HaHca
OT/IMYaeTCA COMMXKEHNEM BOSIHOBBLIX (DYHKLMIA 3MEKTPOHOB ©
MO3UTPOHOB, NMPUBOAALLUM K MaKpOCKOMUYeCKOM
KOMMeHcaummn KynoHOBCKMX Moseid. NeKTPOHHO-MO3UTPOHHAS
napa nposBenseT cebs B opmMax BewlecTBa, MOMA U 3Heprum
yacTuy, (OYeHb BaXKHOE BbIpaXKeHuWe). PelleHVe ypaBHEeHWM
LLIpeanHrepa, MNyaccoHa n Makcsenia No3BONAET UCCNef0BaThb
K/lacCMYeckme 1 KBaHTOBbIE aHa/IOry YCTPOWCTB Pagnogn3nKm
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N 3NEKTPOHWKM, B TOM YKC/Ee CBEPXMOLLHBIX PENATUBUCTCKUX
MMNY/bCHbIX TeHepaTopoB.

CamoopraHu3aums akTUBHOMO 3/1EKTPOHHO-MO3UTPOHHOIO
BewlecTBa B ramma-afIeKTPOHUKE  OT/IMYaeTca  OT
COOTBETCTBYIOLLMX MPOLECCOB B K/1ACCUYECKON 3NEKTPOHUKE,
4YTO CBfi3aHO C NpPo6GMeMO  MCMOMb30BaHUA  BO/bLLION
3arnaceHHONn  3Hepruu  3M1EeKTPOHHO-MO3UTPOHHBIX  MNap.
Bo3MOXHbI [Ba BapuaHTa MOCTPOEHUS YCTPOMCTB raMma-
3NEKTPOHUKMN:

—  ycTpoicTBA C  3(PMEKTUBHbIM  B3aVMOENCTBUEM,
Hanpas/ieHHble Ha YMeHbLUEHVE BPEMEHN aHHUTUIALNN;

— YCTPOWCTBA C MUCMNO/b30BaHMEM 3aMef/IEHHON KONIEKTUBHOW
aHHUTUNALMNN,

B raMma-snekTpoHWKe  CYLLEeCTBEHHbl  pPe30HaHCHbIe
MPOLLECChl, NPOUCXOAALLME MPU KONEKTUBHON aHHUMMNALMN
3N1eKTPOHOB U MO3UTPOHOB. Pe30HaHCbl HabnwogalTes Ha
4yacToTe, COOTBETCTBYHOLLEW 3Heprum uyactuy 0,511 MaB.
TaKyto e 3HepPruio UMeOT NPOLLECCHI POXKAEHUA 3N1EKTPOHHO-
MO3UTPOHHBIX Nap. Y4Y&T 06paTHOM CBA3M MO3BONSAET MNOMYUYNTb
PeXWMbl TeHepauuy Ha 4acToTe pe3oHaHca. [posefeHo
COMOCTaB/ieHWe  MNPOLECCOB  PE30HAaHCHOro  06pa3oBaHUA
3NEKTPOHHbIX ¥ MO3UTPOHHBIX Nap MeTOAaMU KaCCUYECKON U
KBaHTOBOI Teopuid. Mpu HaYa/IbHOM 3aJaHnK LIEHTPOB 3apsfoB
pa3HOro 3Haka W ONTWMaIbHOM 3HAYeHWM nNapameTpa
MPOCTPaHCTBEHHOIO 3apsga BO3HUKAIOT npowecchbl
PE30HAaHCHOW  camoopraHu3auum  31eKTPOHHO-MO3UTPOHHOW
cpefabl.

ABTOPOM crieuuanibHO Oblna B3ATa HebOMbLUas BblAepKa
M3 Hay4HbIX TPYAOB, YTOOblI YMTaTE/lb CMOI MOHATb, YTO 06
3TUX YacTULax WM3BECTHO MHOrOe, B TOM 4MUC/e O CBOWCTBax
3NeKTPOHHO-MO3UTPOHHOM Mapbl B pe30HaHCHbIX cucteMax. Ho
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Kak TO/MbKO BOMPOC KAacaeTcs CBOWCTB 3/IEKTPUYECTBa, TO O
B3aMOJENCTBUSX 3TUX YacTWL, He TFOBOPUTCS HUYEro, Kak
6yaTO UX He cyllecTByeT. [lymato, 3TO He CnpaBedsMBO MO
OTHOLLIEHMIO K CCeA0BaTeNsM U U306PETaTENSsM.
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TTABA 8. PeakTVBHas 3Heprus

STOT pa3fen KHUMM OYeHb BaXKEH, T.K. 3aTparvmBaeT Takoe
MOHATME KaK 3Heprus. Mbl OYeHb YacTO C/bIWWM Takue
BbIPKEHWUS, KaK «3Heprus 3gecb», «3Heprusa Tam». Ha camom
[ene, 3HePrus UMeeT CBOK (POPMYNINMPOBKY, U OHA He MOXEeT
ObITb 06LUEN ANns BCeX (PU3MYECKMX BennumH. Hanpumep: «$
MoNyynn sHepruo». Kakyro aHeprnio? B 4ém 1 Kak oHa cebs
npossuna? I MHOro gpyrvix BornpocoB 0653aTe/IbHO NOSABUTCA.
Mpn  KOHCTPYMPOBaHWM  TEHEpaToOpPOB  HAMpsXKeHus  C
MCMOMb30BAHVEM  YMpPaBNSAEMbIX  3apsXKEHHbIX — YacTuL,
HEeo6X0AMMO MOHUMATb, KaK HayyuTbCA HakanjveaTb W
nepefaBatb Ty WM UHYHO  (OpMYy  3Heprum K
anekTponoTpebuTento. Takmum 06pa3omM, Mbl MOXEM HayUUTbCA
ynpasnaTe TOM UM MHOW (hopMON 3Heprun. Ho Kakoe Mbl
MOXeM [aTb OnpefefieHne TOro, YTO TakKoe 3Heprus, Befb
pasHOBUAHOCTEN CBOMNCTB 3HEPruii MHOro?

OovH  m3  (M3MKOB fan Hambonee MOAXOAALLYHO
(hOpMY/IMPOBKY 3HEPrUw.

SHeprus — 3TO KO/IMYECTBEHHOE MpupaLleHne um
ybbIBaHMe MNoKasaTeneil 3anylleHHbIX npoueccoB. C TOUKM
3peHns  (hyHLAMeHTa/IbHON  (PM3MKM  3Heprus  (LeicTBue,
[eATeNbHOCTb, CWMa, MOLWb) — CKanspHas (m3nyeckas
BE/IMUMHA, SABNAKOLLAACA eAUHOM Mepor pasfiNyHbIX (HopM
[BVXEHNA 1 B3aMMOLENCTBUA MaTepuu, Mepor nepexona
[BVXXEHWNSA MATEPUN U3 O4HMX (DOPM B Apyrve. B npeabiayLueit
rnase Obl1I0  YNOMAHYTO  Chejytowiee:  «3NMEKTPOHHO-
MO3NTPOHHas napa NposBfeT ceds B popmax BeLlecTsa, Noss
M 3HepruM 4actuu». BeljectBo, none u vacTuubl Bcerga
MI0THO B3aMMOLEWCTBOBaIM C MaTepueil. BeluectBo u none
TOXE WMEKT 3Hepruio. Takke WX 3HepruyM  MNIOTHO
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B3aVIMOAENCTBYIOT ~ Mexay coboi. Kak Mbl  3Haewm,

OKPY>KatoLLMiA Hac MUp MHOroobpaseH v matepuaneH. U ecnu

Mbl 6yfieM paccmaTpuBaTh KakKO-TO MPOLECC B TOM MW UHOA

KOHCTPYKLUW 3N1eKTPUYECKOr0 reHepaTtopa, TO HeobXo4uMmo

NMOHUMaTb, C KakMM WCTOYHMKOM W BUAOM 3HEPTUN Mbl

paboTaem. [14 MOHMMaHWUSA Mepeyncium 061acTu, rge SBHO

MPOC/EXMBAETCA rpafjauns WCrosb30BaHWs pasHbIX BUAOB

3Heprum:

1. XuMnyeckre aneMeHTbl — NOTeHLMabHas 3HEPTUs;

2. MexaHVKa — MexaHMYecKas 3Heprus W KUHeTUYecKas
3Heprus;

3. JneKkTpoTeEXHUKa - aNeKTpuyeckas 3Heprus,
3NIEKTPOMArHUTHasA 3Heprus, aKTMBHas W peakTMBHaA
3Heprus;

4. dnsMKa — 3JHeprns nonsa, 3SHepPrus BELLECTBa, 3JHEprus
4acTuL, AAepHas 3HEPrUsA 1 3Heprus B3pbIBa;

5. Mpupoga — rpaBUTaLMOHHasA 3HEPrus, BHYTPEHHSASA SHEPrus
YXVMBOr0 OpraHun3ma, TensioBas U CBETOBas IHePrus.

3pecb  nepeyncneHbl  BUAbl  3HEPrwin,  NOHATHblE

COBPEMEHHOMY Ye/oBeKY, U 06/1acTh UX NpuMeHeHWs. Ho Hac

WHTEPECYIOT BULbl 3HEPTUiA, KOTOPbIE YYaCTBYIOT B (DYHKLMAX

npeobpa3oBaHNA  3NEKTPUYECKON MOLLHOCTU B KOHEYHOM

notpebutene. B KOHCTPYKUMW TreHepaTtopa MOXeT Ccebs

MposBNATL He OfHa (opma 3Heprum u3 TeX, 4YTo 6blan

repeyncrieHbl Bbllwe. 1o3ToMy Heo6XoAuMO 3HaTb, T4e U B

KakoM MecTe 3/IeKTPUYECKOro y3fa nposBfseT cebs Ta unm

nHas opma 3Heprun. B NpoTUBHOM Cny4ae, Kak U3roToBuUTb

reHeparop, He UMes NPeACTaB/eHNs O CBOUX AeNCTBUAX?
[aHHasa rnasa pacCMaTpuBaeT KOHKPETHbIN BUL SHEPTAN —
peakTVBHYH. HEMHOro packpoem 3Ty Temy.
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PeakTVBHas 3Heprus npossnseTca 0ObIYHO TaM, rae B
KOHCTPYKLMW  MUCMONb3YOTCH WMHAYKTUBHOCTU W EMKOCTMU.
Ualle BCero, aTo aCMHXPOHHbIE ABUraTenin U 3NeKTpPUYecKme
KOHTYpbl CBA3W. UTO )>ke Takoe peakTWBHas 3Heprus?
PeakTuWBHas 3Heprus — 310 SHeprus, KoTopas HanpasneHa Ha
co3fgaHue 3NEeKTPUYECKOrO0 (koHaeHcatop) nnm
9N1eKTPOMarHUTHOro  (KaTyllka WHAYKTMBHOCTW) nons, W
KOTOpas He MpOW3BOAMT MOMe3HOW paboTbl. [polle rosops,
CHavasla KOHAEHcaTop UK KaTyllKa GepyT 3Hepruto u3 cetu
AN co3haHns Nons, a NoTOM, Nocfie NageHWUs HanpsKeHus,
OTAAIT 3Ty 3SHeprui0 06paTHO B CeTb. Bce KaTywKwu
WHAYKTUBHOCTU  ABAAKOTCA  MOTPEOMTENAMU  peakTUBHON
MOLLHOCTW, a KOHJEHCaTopbl — reHepaTopamMu peakTUBHOW
MOLLHOCTW.

B CcOBpeMEHHOM MMpe peakTUBHAas 3Heprus cuuTaeTcs
BpeHbIM MPOSBNEHUEM, T.K. 3MEKTPOCTAHLUMW BbIHYX/EHbI
NPOTMBOCTOATL  0bpaTHOMY athhekTy O3AC  (obpaTHOM
3NEKTPOABMKYLLEA CUMbI) 3MEKTPOTEXHUYECKUX W3LeNniA 1
coBepLUaTb [JOMONHUTE/IbHYKO paboTy MO0 KOMMeHcauum W
CTabunmsaumm HanpsHKeHUs B 3MEKTPOCETU. 3HAUUTENbHYHO
yacTb  3/1eKTpoobopyfoBaHUA  060Oro  npesnpuaTus
COCTaBMIAKOT  YCTPOMCTBA, 06s3aTeNlbHbIM ~ YC/IOBUEM
HOPM&/IbHOM paboTbl KOTOPbIX SABMSETCA CO34aHWE B HUX
9N1eKTPOMarHUTHbIX MNOMER, a WMEHHO: TpaHCc(opMaTopsl,
ACMHXPOHHble [BUraTenin, WHAYKLMOHHbIE NeYn U npoyue
YCTPOICTBa, KOTOPble MOXHO 0006LLEHHO OXapaKTepun30oBaTb
KaK «MHAOYKTUBHAA Harpy3Ka.

Ho Ha camoM pfene peakTVBHas 3HEPrus MOXET ObiTb
nonesHa W He BPeAMTb 3/eKTpoceTn. ABTOPOM  Oblan
MpoBejeHbl ONbIThl, FAe Oblna NonyvyeHa peakTUBHAA SHEPrUs
6O0NbLUON MOLLHOCTM (CM. rnasy 7), U MpW 3TOM HUKaKoro
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B/IMSAHNA Ha 3/1eKTPOCeTb He Oblno. B peakTuBHas 3Heprus
Oblna «CHOoKyCUpOBaHa» Ha BbIXOAe reHepaTopa Harps>KeHwus.
KomneHcaumn peakTMBHOW MOLLHOCTM He TpeboBanioch, T.K.
cosQ Obln paBeH 1 (eguHuue). Ans cBefeHUs: COSQ — 3TO
BeIMYMHA KO3hduLmeHTa MOLLHOCTU. MOTepY Ha peakTUBHYHO
COCTaBMIAIOLLYIO B CETW HarpsMy CBs3aHbl C BefIMYMHOW
PacCMOTPEHHOr0 Bbllle KO3pduumMeHTa MOLWHOCTU, T.e. YeM
Bbllle COSQ NOTpebuTens, TemM MeHblle OyayT noTepu
MOLLHOCTM B /WMHUM W  [Jewesne 000MAETCA nepefadva
3NEKTPO3Heprum notpebutento. Takum 06pasoMm, WMEHHO
KO3(ULMEHT MOLLHOCTM YKa3blBaeT HaM Ha TO, HACKOJ/IbKO
3PeKTMBHO MCMNOMb3yeTcs paboyas MOLLHOCTb WCTOYHMKA
3NeKTPo3Heprun. Ha nepBbli  B3rNAL Kakercs, 4YTO 3TO
HeBO3MOXXHO. A rfe notepn? W Kak yganocb YnpasnaTb
peaKTUBHOW 3Heprueri 6e3 nocneactsnin? OTBET OYEBMAEH —
3HaHWe NpupoAbI U ynpasieHUsa 3NeKTPUYECKUMU 3apatamu, o
YéM B rNaBax Bbllle HEOAHOKPaTHO YyrnoMuHanocb. W ewé
OYeHb BaXHbIA MOMEHT, HeMHOro 3aberas Brepés -
PEaKTVBHYKDO MOLUHOCTb B 60/IbLLUOM KOMMYeCTBE MOXXHO
Nnofy4nTb, He NPUMeHsAs (eppPOMarHeTUKOB W HebOoNbLUNX
HOMWHA&/I0B KaTyleK WHAYKTUBHOCTM W BMKOCTU. Takxe
OCTa/1CA BOMPOC: KakvM 06pasoM MOXKHO MOSyYMTb aKTVBHYHO
MOLLHOCTb, ¥ MPY 3TOM MakCUMa/lbHO He NOBUATL Ha paboTy
PE30HAaHCHOTO KOHTYpa, rhe Obia nonyvyeHa peakTUBHAS
3Heprua? OAMH U3 NPOCTbIX NPMMEPOB — 3TO UCMOJ/Ib30BaHME
TpaHcgopmarTopa Toka.

Ha puc. 12 wn puc. 13 nokKasaHO KacCMyeckoe
NMOAK/OYEHNE K NOCNefoBaTe/IbHOMY Pe30HAaHCHOMY KOHTYpY
TpaHctopmaTtopa Toka. HO HeobXOAMMO MOMHUTL, 4TO
TpaHcopMaTop TOKa HaZLo COrnacoBbiBaTh C KOsiebaTeNbHbIM
KOHTYPOM MO HOMUHaNY MHAYKTUBHOCTH.
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Puc. 12 Puc. 13

UeM MeHblle WHAYKTMBHOCTb TpaHcgopmaTopa TOKa Mo
OTHOLLEHMIO K MHAYKTUBHOCTM KO/ebaTe/lbHOro KOHTypa, Tem
nydwe 6yneT oT60p aKTMBHOW 3Heprun. [pyroi npumep —
3TO  UCMO/Mb30BaHWe  acCUMETPUYHbIX  CUCTEM,  rje
UCMOMb3YITCA  aCCUMETPUYHBbIE  TpaHcdopmatopbl WK
KOHTYpbl C KaTylKamy CBA3W, rAe WHAYKTUBHOCTb [O/KHA
ObITb paBHa «0» WKW, MO KpalHen Mepe, UMETb O4YeHb
Ma/leHbKMI1 HOMMHaN. OCHOBHAA 3afjava — KaK MOXHO MeHbLLe
OCYLLECTBUTb  B/IUSHWE BbIXOLHONO KOHTYpa CBA3W MO
OTHOLLUEHUIO K BXOLHOMY KOHTYpy. WHaue O6yayt 605bLive
noTepun B paboTe reHepaTopa, U CHKaeTcs 3(heKTUBHOCTbL MO
YNpaBfeHNo  3M1EKTPUYECKUMI  3apsgamv U NOJyYeHus
MONe3HOM MOLLHOCTM A8 paboTbl C  3NEKTPONOTpebuTenem.
Ho 06 3TOM B gpyrux rnaeax.

[pyroii BapuaHT WCMOMb30BaHUA PEaKTUBHON 3Heprum
MPeanoXeH CMOIEHCKUMU N306peTaTeNiamu.
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Pe30HaHCHbI TpaHcopmaTop

Puc. 14

OHM  uCnonb3oBa/IM  MPUHLMN  OMWUCAHHOW  BblLle
KOHZEHCaTOPHOW YyCTaHOBKW. lMpumepHas cxema YCTpOWCTBa
npueegeHa Ha puc. 14. 3pecb TakkKe OT WUCTOYHUKA
KonebaTeNbHOM  3Heprum  nojaétca  TOK  Ha  Tpu
nocnefoBaTe/lbHO COeAUHEHHble KoHpaeHcatopa C1, C2, C3.
3apag Ux nNnacTUH Konebnetcad B TaKT MCTOYHMKA PacKauku
Koneb6aHwnin, HO C2 BK/IIOYEH CXEMOIA B LiEMNb BbICOKOBO/IbTHOM
06MOTKM 6bITOBOr0 TpaHcgopmartopa B BuUAe KonebaTenbHOro
KOHTypa. EcCTecTBeHHO, Konebate/lbHbli KOHTYp C2 ¢
06MOTKON  TpaHChopmaTopa BOCMPUMHMMAET  «MasleHbKKe
nopumm» packaykum, K YyXe cam CcO060iA, B pe3ynbraTe
pe3oHaHca, HauyMHaeT BblfaBaTb HEOOXOAMMYHO MOLLHOCTb BO
BTOPUYHYKD OOMOTKY Ha MOME3HYK Harpysky. 3[ecb
CpPaBHUTENbHO HEBONbLUOM packaykym WUCTOYHMKa KonebaHui
BMOJIHE XBaTaeT [A/19 Pe30HAHCHOro BO30Y)KAEHMS CUJIOBbIX
KonebaHWin ToKa B JaHHOM KOHTYpE, a C BTOPUYHON 0O6MOTKM
TpaHchopmartopa MOXHO CMOKOWHO CHMMaTb
TPaHC(HOPMUPOBAHHLIN TOK Ha /I06YI0 MOME3HYH0 Harpysky.
Llenb — wncnonb3ys EMKOCTM U MHAYKTUBHOCTWU, MONYYUTb
MONE3HYK) MOLHOCTb C MOMOLLbI PEaKTUBHOM MOLLHOCTMH,
MOMCKaMM  KOTOPO  3aHATbl  CMeuMasucTbl  BO  BCEM
TEXHNYECKOM MUpE.
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B 6yayLiem BAAWTCA NpeAenbHO NPOCTON reHepaTop TOKa
AN N06LIX MOLHOCTEA. ITO TpaHCgopmaTop MpuemIeMon
MOLLHOCTW, MepBMYHas 06MOTKA KOTOPOro MOLCOeAMHAETCA
yepes pacCUUTaHHbIN KOHAeHcaTop (C  COOTBETCTBYHOLLENA
PeaKTUBHOW MOLLHOCTbIO) K WCTOYHUKY  3/1EKTPUYECKOMN
packayku CpaBHUTE/IbHO He60/bLLON MOLLHOCTH,
paboTatoLlero npu 3anycke OT akkKymynsatopa. BTopuuHas
06MOTKa TpaHcthopmaTopa 4epe3 BbINPAMUTENlb U UHBEPTOP
BblZaET B pPACXOAHYIO CeTb HeOOXOAMMYK MOLLHOCTb A/1s
noTpebuTene 7 OAHOBPEMEHHO nuTaeT, MUHYS
aKKyMY/ATOpbl, CXEMY pacKayku, TouHee, cam cebs (puc. 14).
Ceilyac 3TO KaXXeTCs HepeasibHbIM B CU/Y 3aKOHA COXPaHeHWs
3Heprmmn (3aKOH CoXpaHeHUs GanaHca B NPUPOAE), NOCKOJbKY
He YUMTbIBaeTCA AeliCTBNE PasHOBULHOCTEN SHEPrUiA, KOTOpPbIE
BCerga HaxofaTcs B OKpyXarollem npocTpaHcTBe. OfHako B
Onvxaiwem Oyayuiem TakuMe YCTaHOBKM OyayT  LUMPOKO
pacnpocTpaHéHHbIMM B ObITY M Ha  MPOU3BOACTBAX.
PeakTuBHas MOLHOCTb JO/DKHa 1 ByaeT paboTaTb Ha Ntofen B
MOJTHON Mepe, Kak 3To npefckasbiBas Hukona Tecna.
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FTABA 9. YnpasneHuve 3NeKTPOMarHMTHbIMU NONAMN

B aTolii rnaBe 6yAyT pacKpbITbl CMOCO6LI yrpaBneHUs
3NEKTPUYECKUMMN 3apafaMn 1 3Hepruamu nonein. MHoro pas
OblI0  MOKa3aHO, 4TO 3NEeKTPOMAarHUTHoe mone o6nafaet
3Hepruen. 310 3HauWnT, 4To pacnpocTpaHeHue
3N1eKTPOMarHUTHbIX BOJIH CBA3aHO C MEPEHOCOM 3HEPruu,
nofo6HO TOMY, KaK pacrpocTpaHeHMe YNpyrux BONMH B
BELLeCTBE CBSA3aHO C MePEHOCOM MexaHu4ecKou aHeprun. Cama
BO3MOXHOCTb 06Hapy>keHMsi OMB yka3blBaeT Ha TO, 4TO
BOJIHbI MEPEHOCAT 3Hepruto. PasfeneHne 371eKTpoMarHUTHbIX
nosieil — 3To cnoco6 ynpasfieHUs 3TUMU MOASAMU, OCOBEHHO C
1CNO/Ib30BaHNEM KOHTYPOB CBS3U, U NPU 3TOM B3aUMOB/UAHME
aTMX  noneln  ymeHblaeTcd.  Mpy  KOHCTPYMpPOBaHWM
reHepaTopoB  HarmpsXKeHWs C  BbICOKAM  KO3((MULMUEHTOM
nepefayn  3MeKTPUYECKOW 3Hepruy, BaXKHbIM  acrneKToM
asnsietcad 6nokuposka OIC (06paTHOM 3MEKTPOABVKYLLENA
CWNbl), TOYHEE, MepeHanpasneHne 3TOM CUbl Ha COBepPLUEHNWE
paboTbl 3M1eKTPONOTPeduTeNs. Haa aToil TemMoi paboTaroT yrKe
MHOIO AeCATUNETUIA Yy4YéHble U M306peTaTeNn MHOTMX CTPaH.
Beap, pasrafaB 3Ty «3araflky», 4ef0BeYeCTBO Mepengér Ha
COBEpPLUEHHbI  HOBbI  YpOBEHb TexXHONMorMim B 0b6nacTu
3NeKTPUYEeCTBa.

ABTOp He By/eT OCTaHaB/IMBATLCA Ha PasHbIX BapuaHTax,
M3YYEHHbIX MHOTMMW UCCNeaoBaTeNiaiMM B 3TOW 06/1acTu.
BaXXHO MOHATbL (DM3MKY 3TOMO ABIEHWUSA N KaK CAMOCTOSATENIbHO
PEeLINTb BOMPOC C NPUMEHEHMEM CBOMX COBCTBEHHBLIX CXEMHbIX
pewweHnin. Hanbonee WHTEPECHBIM CXEMHbIM  peLLeHVEM
ABNAETCA WCNOMNb30BaHME aCCUMETPUYHBLIX CUCTEM, W aBTop
BbIZE/IMT HECKO/IbKO BapuaHTOB, Hambonee NpPakTUYHbIX W
MPOBEPEHHBIX OMbITOM.
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Ha oakBuBaneHTHol cxeme (puc. 15) abcontoTHO
NMpaBWIbHO MOKa3aHO, 4YTO B KOHCTPYKUUW Mbl CO3[aeM
CUMYNAUMI0 60MbLIOIA AucTaHumMW. ONbIT NoKasan, 4to Ans
3(P(PeKTUBHOrO B3aMMOAENCTBUA KOMebaTeslbHbIX KOHTYpPOB
MeXZy CO60M, MepBMYHbIA KOHTYP HEO6XOAUMO PacronoXnTb
Hefaseko OT BTOPWUYHOrO, MpY 3TOM MCMO/b3YeTcsa TONbKO
BO3AYLUHAaA NPOC/OKa N He UCNOMb3YKTCA (heppoMarHeTUKN.
MepBas KaTylwka (BapuaHT 1) wMCMoOMb3yeTca B KayecTse
nepefaryvka 3MeKTPOMarHUTHON 3Heprumn, a BTopas KaTyluka
— KaK MpUEMHIK 3TOI SHEPTUN.

JKBUBANEHTHbIE CXeMbl

nagg‘nenrpbm

NS — T
I'IpuBMHuK
MepepaTunk
Lg C
CyvmMynaumA GoNbILIOH OMCTAHLMKA
e E—— o Ao .

3TO OuYeHb TMOXOXKE Ha PafiMoBELLaHue, Fae MPUEMHUK
PacrofioXeH Aaneko OT nepedaTumka v He MMeeT 06paTHOM
cBsi3u. MepBas KaTyllka paboTaeT B NapaiielbHOM pe3oHaHce,
a BTOpas KaTyllKka — B MOC/ef0BaTe/lbHOM Pe30HaHCe (XOTS
NPUHLMNMANBHBIE CXEMbI MOXO0XW APYT Ha Apyra).
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BapmaHT 1

BapnaHT 2 BapnaHT 3

B BapuaHTe 2 nokasaH aCCUMETPUYHbIA TpaHchopmartop,
r4e KOHTYpbl CBA3M pacnosarakoTca OTHOCUTENIbHO ApYr Apyra
nog 90 rpagycoB. 3TO MO3BOMSAET WCKIWOUATL BAUAHUE
BTOPUYHOIO KOHTYpa CBA3WN Ha MepBUYHbIN, a 3HaunT O3AC
ONOKMPYETCA U KOHLUEHTPUPYETCA Ha BbIXOAe BTOPUYHOIO
KOHTYpa CBA3W.

B BapuaHTe 3 nNokaszaHO OpUrMHa/IbHOE KOHCTPYKTOPCKOE
PeLLeHVe pa3feneHns 3NeKTPOMarHUTHbIX nonei, roe O94C
4aCTUYHO 6/10KMPYETCH, HO KOHCTPYKLMSA BCE paBHO OCTaeTCH
3Heproa)peKTMBHOM MO  NOTPEONEHWMIO  MOLWHOCTM  OT
3/IEKTPOCETN.
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BapnaHT 4

B BapuvaHTe 4 nokasaH crnocob acuMmeTpuu, rge B
KayeCcTBe MEPBMYHOr0 KOHTypa WCMO/Mb30BaHa MJ/10CKas
KaTyllKka, a B KayeCTBe BTOPMYHOIO KOHTYpa — COJIEHOMA.
BbIBOA: BTOPUYHBIA KOHTYP He BINAET Ha MNEPBUYUHbIA KOHTYP,
a 3HauntT O3/AC 6/110KMPYeTCA N KOHLEHTPUPYETCA Ha BbIXOAE
BTOPUYHOIO KOHTypa CBA3W. BCEé 3aBMCUT OT HaCTpoek
KOHTYpOB CBf3M W pe3oHaHca. Bce KOHCTpyKuuW, Kpome
BapMaHTa 3, OyayT paboTatb TOMBKO C MPUMEHEHWEM
MMNY/NIbCHOW TEXHONMOrMW, T.K. peyb WAET O BblfeNleHNUM
NMPOAONbHOM  COCTaBMSIIOLLEN  3NEKTPOMArHWTHOIO  MONS.
BapuaHT 3 paboTaeT ¢ ntobbIMy hopmamu 3N1eKTPOMArHUTHbBIX
BO/IH, OyAb TO CUHYC, MeaHAp WM KOPOTKUA UMMY/bC
BbICOKOIO Harps>KeHus.

K BXOOHOMY KOHTYpY MOAKNHOYAEM  3N1EKTPOHHbIV
npepbiBaTeslb  UMMYNbCOB A8 TOro, 4T0ObI  MOMY4YUTb
MPOAO/IbHbIE 3NEKTPOMArHUTHbIE BOJHBI. IMEHHO KOPOTKUMMU
MMNy/nbCamy  Mbl  MEePBOHaYa/IbHO 3anyckaem npouecc. B
npegplaywmx rnasax 06 aTom 6b110 MHOrO ckasaHo. Hatua
3afaya paboTaTb C  pasfeneHneM B MPOCTPaHCTBe
Pa3HOMMEHHbIX  3MEKTPUYECKMX 3apsdoB  (3MEKTPOHOB W
no3nTpoHOB). KOHTYpbl >KenatefbHO UCNO/b30BaTh  6e3
CepAeYHMKOB M (beppOMarHeTMKoB,  T.K.  CW/bHOE
3/1IeKTPOMArHMTHOE MoJsie 3HAYUTE/IbHO YCWIMBAET MPUTOK
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3M1EKTPOHOB, U BO3HMKAET PUCK TOrO, YTO MNepPBOHAYA/bHOVA
LUenM Mbl He gocTurHem. Cneflylolimid Liar — opraHv3oBaTh
OPUEHTALIMIO  MarHWUTHbIX W 3NEKTPUYECKUX  MONEN,
HEOBXOANMbIX AN YCUNEHWst 3HeprM (Kak 3TO OMMCaHo
BbiLLe). CyLLLECTBYET METO/, A1 3TOr0 — N/10CKas KaTyLlKa, rae
MarHUTHOE U 3MEKTPUYECKOE MONS PacroNoXeHbl B TOYHOCTY
TaK, Kak He00X0VMO ANst YCUNEHNS SHEPTUMN.

Bua cnepegwn Bup cGory

) I B

AnexkTpnyeckoe

- meadimmm | =
"
[L¥:] Snexrpouarnmnaa Katyuw

Puc. 16

H. Tecna rosopwn, 4To NePreHAUKYNSPHO MOBEPXHOCTH
N6oro MNpoBOAHMKA WCXOOUT HeKasd pafuaHTHas aHeprus
(no3nTpoHHas), co3faBaemas CKafPHbIM 3/1eKTPOMArHUTHbIM
nonem, NOpoXaas Npy 3TOM NPOAO/bHbIE 3NEKTPOMAarHUTHbIE
BOMHbI. [1nockaa 6GudmnapHas kaTywka Tecna (puc. 16)
ABMISETCA YHMBEPCA/IbHON KOHCTPYKLMEN, T.K. OHa cnocobHa
nepefasatb W MPUHUMATb MPOLO/bHbIE U MOMEepeyHble
3NeKTpUYecKne BOSHbI. ECTb el oauH KpUTEPUIA yCreLHon
paboThbl reHepaTopa — 370 BbIGOP MaTepManos, U3 KOTOPbLIX OH
Oynet cobpaH. ABTOP akUEHTUPYeT BHWMaHWe Ha W3y4yeHue
CBOWCTB MaTepuasioB, T.K. 3TO 3a/10r YCMNeWHOW paboTbl
KOHCTPYKLMW B LienioM. rHopupys aTu 3HaHus, n3obpeTarenb
Bcerga 6yfeT HaxoauTbCs B TYNUKOBOW CUTyauun m3-3a Toro,
UTO KOHCTPYKUMA He paboTaeT, Kak Hago. B cnegyrowmx
rnaBax aeTOPOM OyaeT O0O6bACHEHO, MOYEeMy 3HaHWS MO
MaTeprasioBeleHNI0 OUYEHb BaXHbI.
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FNABA 10. 9neKTpoMarHMTHble CBONCTBa MaTepnanos

B HacToslee BpemMs B KayeCTBe  MPOBOAHMKOB

3NEKTPUYECKNX 3apsf0B UCMONMb3YETCA Medb U aNtoMUHWIA. B
PedKuUX cnyyasax — CnaaBbl MeTal0B. Y4YEHbIMU  OblIO
BbISIB/IEHO, YTO CYLLECTBYHOT XMMMUYECKNE 3/IEMEHTbI, KOTOPbIE
«MOBAT» 3NEKTPOHbI (CPOACTBO K 3M1eKTPOHaM), 1 HaobopoT
(CpoAcTBO K MO3UTPOHaM).
BcnomHMM p-n  nepexofbl B MOMYNpPOBOAHMKax. B opHoi
06/1aCT UCMOMb30BaHbI CMIaBbl XUMUYECKUX 3/IEMEHTOB, rae
eCTb CPOACTBO K 3/1eKTPOHaM, a B ApYrovi 061acTu, HanpoTus,
K Mo3uTpoHam. BoT elyé oavH npumep CBOICTBA NPUPOAbI, Fae
NposBNAT cebs pa3HOMMEHHbIe 3apagpl B
PaAVMOKOHCTPYKLMAX.

Tabnmuya 1

Mcnonb3ys faHHble Tabnuubl 1 (CPOACTBO XMMMYECKMX
3NIEMEHTOB K 3/1IEKTPOHaM), MOXHO 6yaeT y3HaTb, Kak
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KayeCTBEHHO YNPaB/ATb ANEKTPUYECKUMU 3apaaamu, pasaenss
1 NepeHanpasnss UX B ONpeAeneHHbIN Y4acTOK KOHCTPYKLMN.
Buktop Lllaybeprep nNpWMEHsN [aHHbIA METO4 B CBOMX
N300peTeHnax, npuuém, BecbMa YCMEewWwHo (CM. KHUTY
«OQHEPTUS BOAbI»).

Takke Heo6X0AMMO MOHMMATbL CBOWCTBA MaTepuasnos, a
TOYHee, 3/EKTPOMArHWTHbIX CBOMCTB BellecTBa. be3 3aTux
3HaHWA HEBO3MOXHO OyfeT cobpaTb pabounii BapuaHT
3NIEKTPOHHOM  KOHCTPYKLMKW, HE TOBOPS O TreHepaTtope C
BbicOKUM KI14. HemHoro teopun.

Puc. 17

Ha puc. 17 nokasaHbl MarHMTHble CBOICTBA BELLECTBA.
Mpy pa3paboTke KOHCTPYKLMK, CBA3AHHOW C 3/1EKTPUYECTBOM,
Heo6X0UMO 3HaTb «MOBeAeHUe» WUCMO/b3yeMOro mMarepuana,
0C06EHHO B PE30HAHCHbIX KOHTYpax, Tak Kak OfHW maTtepuaibl
NMEIOT OONbLUYD MarHUTHYK NPOHMLAEMOCTb, a ApYyrue Her.
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HasblBAlOTCH [AMaMarHeTuku. [laBaiiTe pasbepemcs, Kakue
MarHUTHble CBOMCTBA BELLECTBA Ha3blBAOTCA OTpULATE/IbHOW
MarHMTHOM BOCNPUMMYMBOCTbIO. ECAM nogHectn K Teny
MarHuT, TO OHO MpW 3TOM OTTONKHETCA OT Hero, a He
nputaHerca. K avamarHeTmkam OTHOCATCH: MHepTHble rasbl,
BoAoposd, hocgop, LMHK, a TakkKe 30/10TO, a30T, KPEMHWN,
BUCMYT, Mefb U cepebpo. TO ecTb 3TO BELEeCTBa, KOTOPbIE
Haxo4ATCsA B CBEPXMPOBOLALLEM COCTOSHUW, WM UMEKOLLME
KOBaJIEHTHbIE CBA3W.

MapamarHeTukn. Y  3TUX  BEWeCTB  MarHuMTHas
BOCMPUMMYMBOCTL  TOXE He 3aBUCUT OT TOro, Kakas
HanpsbKeHHOCTb  Mong  cywlectByer. OHa npu 3TOM
MofIoXKUTENbHAsA. TO ecTb Mpu CONVXKEHWMM MapaMarHeTuka c
MOCTOAHHO  [EWCTBYIOLUMM  MarHUTOM, BO3HWKaeT Ccuna
nputarmBaHusa. Crofja MOXHO OTHECTW a/ltOMUHWIA, BOMbMpamM,
nnaTuHy, asoT, KNC/TOPOA.

deppomarHeTukn. BelectBa, Y KOTOPbIX BbICOKas
MOMIOXKUTENbHAA MarHWTHas BOCMPUMMYMBOCTb, Ha3blBatOTCH
(beppomarHeTMkamMn. Y 3TUX BeLLeCTB, B OTIU4YMe OT
AMaMarHeTuKoB 7 napamarHeTuKOB, MarHuTHas
BOCMPUNMYMNBOCTb 3aBucUT oT Temrneparypsl 7
HanpPsXKeHHOCTU MarHWTHOrO MoJisi, NPUYEM B 3HAUUTESIbHOW
mepe. K HVWM OTHOCATCA KPWUCTa/I/Ibl JKefne3a, HUKEeNd U
Koba/bTa.

AHTUdeppomMarHeTvkn 1 peppumarHeTviku. BellecTsa, y
KOTOpbIX BO BpeMs HarpeBaHWs COBepLUaeTca (Pas3oBblin
nepexof, COMPOBOXAANOLIMIACA MOABNEHWEM NapaMarHUTHbIX
CBOMCTB,  Ha3blBalOTCA  aHTU(eppoMarHeTukamu.  Ecnu
TemrepaTypa CTaHOBUTCA HUXKe ONpefesieHHON, 3T CBOWCTBa
y BelecTBa HabnogaTeca He 6yayT. K aHTUdeppomarHeTnkam
OTHOCATCA  MapraHey, U1 XpOM. PepprIMarHeTrkm
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XapaKTepu3yrTcs NMPUCYTCTBUEM B HUX
HEKOMMeHCMPOBaHHOI0 aHTu(eppomarHeT13ma. WX
MarHUTHas BOCMPUMMUYMBOCTb TOXKE 3aBMCUT OT TEMMepaTypbl
N Hanps»KeHHOCTU MarHUTHOro nons. Ho otanuyms y HUX BCé
Xe, ecTb. K 3TuUM BeLLlecTBaM MOXHO OTHECTM pas/inyHble
oKCuAbl.

EcTb ewg ofHO CBOWCTBO MaTepuasioB, KOTOPOe He
BCTpeYaeTcA B NpuUpode — 3TO WCKYCCTBEHHOE W3MeHeHue
CBOMCTB BellecTBa. Peub MAET 006 M3MEHEHUWM MarHUTHbLIX
CBOWCTB HEMarHMTHbIX MaTtepuanoB (nateHT RU 2123736
C1).

dopmyna n306peTeHuns OrnuncbIBaeT cnoco6
HamMarHM4“BaHWA HeMarHUTHbIX MaTepuasnos, NP KOTOPOM
nocnefHue pacrnonaraloT B MarHUTHOM Mosie UCTOYHUKA. B
KayeCTBe YKa3aHHOr0 WCTOYHWKA WCMOMb3YOT CUCTEMY
TOKOMPOBOAALLMNX nosnoc, pacnonoXeHHbIX Ha
AN3NEeKTPUYECKON NOAJSIOXKKe, CBEPHYTOW M (hOpME JIEHTbI
Mébuyca (puc. 18). TlpoBogsime MOMNOCblI CHAGXEHbI
BbIXOAHbIMW KNeMMaMW, PacrofiOKEHHbIMU  C BHYTPEHHel U
BHELLUHEN CTOPOHbI MOBEPXHOCTU NeHTbl Mébuyca HanpoTuB
APYr Apyra, npu 3TOM Bpemsi HamarHM4YmBaHuA 06paTHO
MPOMNoOPLUNOHAILHO Nnpoun3BefeHNI0 TONILMHBI
HaMarH1M4MBaeMoro maTepuana Ha yaenbHbIn BeC.

Puc. 18

B OCHOBE MpeasioKeHHOro  crnocoba U NEXWT
B3aMMOAENCTBME  MOME  OMpefenieHHOro  UCTOYHMKA,
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COCTOALMX W3 MarHUTHbIX MOHOMONEN, C HEMarHUTHbIM
maTepvasioM. [pegnonaraetcd, 4YTO MarHWTHblE MOHOMOJM,
N3/y4yaemble WMCTOYHUKOM, 3acCTpPeBaldT B BeLLECTBe, MU
BELLECTBO n3 AnamarHeTumka npespatyaercs B
napamarHeTmk wunu QeppomarHetuk. B nabopaTopHbIX
yCNnoBusax OblM NpoBefeHbl paboTbl MO HamarHUYMBAHUIO
HemMarHUTHbIX MaTepuasios.

B KauecTBe HamarH14MBaeMbIX 06pasLioB
MCMONb30BA/INCL  06pa3Lbl M3 NIACTUYECKMX MaTepuanoB Tuna
nonMMeTUIMETaKpUNaTa, NONN3TUNEHE, (hToponnacTa,

3MOKCUAHbLIX ~ CMOJ/,  MOMMYPeTaHoB,  MONKApOOHATOoB,
Kay4dykoB, ctekon tuna C-52; N 23; 1-15; C-5, Kepamunku
22XC, anyHfoB. Pe3ynbTaTbl aHaIM30B NpUBeLEHbI B Tabnue
2.

NcxogHas MarHnTtHasn MarHutHasn

HanmeHoBaHwe MarHuTHas NPOHULLAEMOCTb NPOHMLIREMOCTb
NMPOHMLAEMOCTb | Moc/e UCTbITaHuWiA yepes rog
MonvMeTUAMETaKpUAAT -0.9 +11,0 +10,0

dToponnacT d-4 -0,5 +6,0 +5,0
Crekno C-52 -0,45 +19,0 +18,5
OkuCb antoMuHus /anyHg/ -0,36 +21,0 +21,0
Tabnuuya 2

B npouecce n3yyeHnst BO3AEACTBUA MAarHUTHOIO NMOMSA Ha
MarHWTHble  MapameTpbl  BEWEeCTB, YCTAHOBMEHO,  YTO
Hanmbonbllasd HaBefeHHasd MarHUTHas BOCMPUMMYMBOCTb
HabnofaeTcad y TexX BeLLecTB, KOTOpble WMMEKT B CBOEM
coCTaBe Hambonbluee KOMYeCTBO aToOMOB  KWC/0POZAa,
KOTOpbIA napamarHuTeH. B npouecce wucnbiTaHWA Ha
[O/ITOBEYHOCTb ObII0 YCTaHOBMIEHO, YTO HamarHWYeHHOCTb

71



06pasLoB He ucyesaeT, MO KpaiHein mepe, B TeyeHue roga
MPW XpaHeHMM NPy KOMHATHOM TemnepaType.

TpyLHO NepeoueHNTb MOMe3HOCTb AAaHHOro W306peTeHus,
T.K. B KOHCTPYKUMSX TreHepaTtopa Hanps>KeHus B KayecTBe
CepLAeYHMKOB MOXXHO WCMOMb30BaTh He (PeppuTbl M >Keneso, a
CTEKNO, &MOMUHWIA nanm - hToponnact. 3TO  NPOTUBOPEUUT
ChOpMMPOBaHHbIM ~ 3HaHWSM O  CBOWCTBax BellecTea. B
M3MEHEHHbIX CBOMCTBaX HEMarHUTHbIX MaTepuasioB  MoryT
MPOVCXOAUTL aHOMaJ/IbHbIE AB/IEHUSA MPK paboTe 3NIeKTPUYECKOro
reHepatopa. 3TO OTKPbIBaeT MEpPCreKTVBbl B MOSAB/EHUU
MPUHLMMNAIBHO HOBbIX TEXHOOTUIA ByaAyLLEro.

Ha camom fJene CBOWCTBA [AM3MEKTPUKOB He [0 KOHUA
m3yyeHol. B kHure npodeccopa A, POpPeHCKOro
«[MANEKTPUKA N UX TEXHUYECKOE MPUMEHEHME», HanMUCaHHOM B
1924 ropy, Nogpo6HO onmcaHbl 06LLMe CBOWCTBA AWANEKTPUKOB 1
MX  TEXHUYECKOE  MNPUMeHeHWe.  ABTOP  HACTOATE/IbHO
peKkoMeHAYeT O03HaKOMWUTLCA C 3TUMKU  Tpygamu. [pvseny
HECKO/IbKO BbIAEPKEK, KOTOpbIM 6yAyT AaHbl KOMMeHTapuu. B
BblepXKKe 1 13 3TOM KHUIM HarisgHo NokasaHo, YTo CBOMCTBaMM
MaTepuasioB KakK MPOBOAHUKOB 3/EKTPUYECKUX 3apsALoB B
3NEKTPUYECKOM MO/1e 3aHVMa/IUCh OYEeHb CEPLE3HO YXKe [aBHO, U
Ham OblI/10 OCTaB/IEHO BeMKOe Hacneayvie. OwmboYHO fymaTb, YTO
Mpow/ble  3HaHWA  ycTapenu. ABTOpP  CrneuuasibHo,  ANnd
03HaKOMJIEHMS, MOKa3blBaeT HECKO/IbKO BbIAEPXKEK U3 KHUTW,
Aabbl yMTaTeNlb CMOIr OLEHUTb TPYA YYEHbIX TOW 3MOXW, Koraa
TEXHUYECKWIA MPOrpecc CTOAN Ha MyTW CBOEro passBuTWs, U B
KBaHTOBON (PM3nKe eLlé MHOroe 6bl10 Hemn3BecTHO. 3aTo Oblo
NPOBeEHO HeMano WCC/ef0BaHUA CBOWCTB MaTepuasioB, Kak
MPOBOAHMKOB, TaK W AMANEeKTPUKOB. of06HbIe 3HAHMA MOryT
MOMOYb MOHATb (PU3MYECKME ABNEHWUSA, KOTOpble 00pasyroTcs B
rmpoLecce paboTbl 3MEKTPOHHLIX Y3/10B reHeparopa 3Hepruu.
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3HaHWs 3TUX MPOLLECCOB MOMOrYT MOHSTb, MOYeMY HEKOTOpble
KOHCTPYKLMM paGoTatoT, a Apyrve HeT. B YéM npuuvHa 0TKasa B
paboTe? BO3MOXHO, UTO CW/IOBOE 3/IEKTPOMArHWTHOE Mosie
MeHsieT  CBOWCTBA  [WANEKTPVUKOB, a  MCCregoBaTeNlb U
n3o6peTaTesb A0 3TOr0 BPEMEHU He AyMan U He NMOAO03peBa, YTo
Takoe BO3MOXHO.

Bbigepkka 1

Bblaepxxka 2
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B Bbloepkke 2 MpeAcTaB/ieHO O4YeHb  /IOOOMbITHOE U
HEMpVBbLIYHOE  [/19  Halero  BOCMPUATUS  HabNKogeHve.
AnanekTpuk?! [a n ewgé 3neKTponpoBogHMK?! A 06 3TOM 3Ha/MN
y>Ke B MpoLu/ible cToneTus!

Bblaep>kka 3

Bbigepxkka 4

74



Bbigep)kka 5

B Bblgepkkax 3 U 4 gaHa (hopMynMpPOBKa 3MEKTPUYECKOrO
TOKa, a Takke BMAHUA cpedbl Ha MPOBOAHWK. W, 4TO camoe
WHTEPECHOE — 3TO OTHOLUEHME KUHETUYECKOM 3HEprmmnm K
anekTpuyecTBy (nocnefoBaTeNibHbIA  pe3oHaHC, rnasa 8). B
COBPEMEHHOM HayKe KMHETUYECKYKD 3HEPruo  MPUNMCHIBatOT
TONMbKO K MEXaHVKe, a B NMPOLL/IOM YUéEHble He pa3fens/ivi CBOCTB
KMHETUYECKOW 3HEPrMM  OT  9NEKTPUYECTBA U MEXaHUKM.
KnHeTnyeckas aHeprus — aTo SHeprusa ABMKeHUS.

dun3nyeckas BeNMYMHA, paBHas MOMOBUMHE MPOU3BEAEHUS
MacCbl Tefa Ha KBagpaT ero CKOPOCTW, Ha3blBaeTcs
KMHETUYECKOIN 3Heprueil Tena. 3apsiKeHHble YacTuUbl UMEHOT
Maccy, a B MO0C/neAoBaTe/lbHOM Pe30HaHCe CKOPOCTb 3TUX
4aCTUL, OYeHb 60/bLLAS.
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B BblgepXKe 5 roBOPUTCA O TOM, YTO YUEHBIE TOI 3MOXM YIKe
MOAO3pPeBa/IM O CYLLECTBOBAHWM  3NIEKTPUYECKUX HOCUTENEN,
MOMUMO 3/1IEKTPOHOB, M HA3Ba/IM WX CYOBINEKTPOH — a 310
aHTUYacTULa 3N1EKTPOHA MO3UTPOH.

CBolicTBa KBapLa Kak [M3MEKTpYKa [aBHO W3BECTHO B
Hay4YHbIX Kpyrax, HO [MOYEMY-TO OH He TNPUMEHSETCA B
KOHCTPYKUMAX  reHepatopoB  3Heprun. O  crnocobHocTu
Hakan/mMBaTb 9MeKTPUYECKWIA 3apsaf B  KBapue HUrge He
MOBECTBYETCA. YUéHbIMW OblIM  MPOBEAEHbl  OMbITbl, TAe
MCMONb30BA/INCL [Ba LMMHAPa U3 Meau (OMbIT C NeinfeHCKow
6aHKoi). BHYTpM 3TUX UWIMHAPOB MOMeEW@nu Konby W3
KBapLeBoro creksna. [lasee C MOMOLLBKO 3MEKTPOCTATUYECKOTO
reHepatopa BbICOKOro HanpskeHus (puc. 19)  3apskanu
LeHTpasibHbIA  UmanHap. Tlocne 3Toro, OTK/IHOYMB TeHeparop,
3aMblKa/In MexXay coboit 06a MeaHbIX LUmanHapa. Mexay AByms
LUMAMHApamM 06pa3oBasics MOLUHBIN paspsasd. py NOBTOPHOM
OnbITe, NMOC/e OTK/IOYEHUS 3M1EKTPOCTATUYECKOrO reHepaTtopa OT
LIEHTPa/IbHOr0 MeAHOro UMANHAPA, LAIMHAPL! MeXOy Co60M He
3aMbIKa/INCb, @ M3 CepedVHbl W3B/IEKAIOCh KBapLIEBOE CTEKIIO.
3atem OblIN 3aKOPOUEHbI MeXY CO00M MeAHble LMANHAPBL. YTOo
camoe yAuBUTe/bHOE — paspsja He 6b110, T.K. MeAHble LMNHAPbI
B [aHHON KOHCTPYKUMW SBNSKOTCA TOMbKO MPOBOAHVKAMU
3NEeKTPUYECKOTO 3apAfa. HO Kak TO/MbKO KBapLIEBOE CTEK/I0
MOMeLLaNoch 06paTHO MeXAy MeLHbIMUA LUAMHAPaMK, TO Npu
KOPOTKOM  3aMbIKaHUW 3TUX LUWIMHAPOB ONSATb  MPOUCXOAW
MOLLHbIN paspss. BbiBoA HanpalmBaeTcs caM — 3TO CNOCOBHOCTb
KBapua Hakan/veaTb 9/1eKTPOCTATUYECKUIA 3apsf B  CBOEW
KPUCTa/I/IMYECKON  CTPYKType. A caM  KBapl,  SB/seTcs
[V3NEKTPUKOM.
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Puc. 19. SneKkTpocTaTnUYecKnii reHepaTop

ABTOp  cneumasbHO  akUEHTUPOBal  BHMMaHWe  Ha
HeM3y4yeHHble  CBOWCTBA  [AM3NEKTPUKOB, T.K.  UCMO/Mb3ys
OV3NEKTPUKM B PasHbIX KOHCTPYKLMSAX TeHepaTopoB 3Hepruu,
OHW MOTYT MeHSATb CBOW CBOICTBA, OCOOEHHO C MPUMEHEHUEM
WUMMYNbCHOW  TEXHOMOTUK, W, TeM cambIM, YIydlWWTb WK
YXYALWUTL  NapameTpbl paboTbl u3genusa. W3obpetatens, Tem
BpeMeHeM, TepseTcs B foragkax, MO Kakoh npuyvHe
KOHCTPYKUMA He paboTaeT? HeobXxoAMMO MOHATb, 4TO BCE
YNNPaeTCa B He3HaHVe MaTepuasioBeieHns 1 aKCnlyaTauum aTux
MaTepuaoB B pa3HbIX cpesax.

[Jenaem npegsapuTenibHOE 3aK/THOUEHNE:

1. 3aKOH COXpaHeHWs 3Hepruu ABNASETCA CnefcTemem (He
NPUYMHOM)  CUMMETPMYHOINO  B3aMMOAEWCTBMUA.  3aKOH
COXPaHEHWNA 3HEPrUN He MOXET ObITb HapyLleH, T.e. 06nacTw,
OXBaTblBaeMble 3TWM 3aKOHOM, MpPaBOMEPHbI TO/MBKO AN
CUMMETPUYHBIX B3aUMOLENCTBUIA;

2. Camblii MpocTor C€noco6 YHWUYTOXWUTbL CUMMETPUYHBIE
B3aMMOMENCTBMS  —  UCMOMb30BaTb  3MEKTPOMArHUTHYHO
06paTHyo CBA3b M0 MoJto;

3. Bce acMMMeTpuyHble CUCTEMbl HaxoAATCA 3a Mpegenamu
06/1aCcTy, yKa3aHHOW B 3aKOHe COXPaHeHUs 3Hepruu;

4. KayeCTBO ynpaB/ieHUs 3NeKTPUYECKMUN 3apsifamMn 3aBUCUT
He TONbKO OT BbI6GOpPa KOHCTPYKUMM  aCCUMETPUYHOIO
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TpaHcopMaTopa, HO M OT CBOMCTB MarHUTHOrO BELLECTBa,
1CNOMb3YEMOro MaTepuana B KOHCTPYKLUN;

5. UT00bl ynpaBnaTb W pa3fensTb pasHOMMEHHble 3apsifibl B
KOHCTPYKLMKN, HeobXOoAMMO 3HaTb MX BOCMPUMMYMBOCTb
CBOMCTBAM XMMWYECKUX 3/7IEMEHTOB, W3 KOTOPbIX COCTOAT
MaTepuanbl ¥ Paano3aNeMeHTHI;

6.  TpopbIBHble TEXHONOrMM MOTYT MOSBUTLCA TOMbKO
6narogaps OTKPbITUAM B 0671aCTV HOBbLIX CBOMCTB BeLLeCTBa U
CBOWCTB MaTepManos.
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FMABA 11. /icnonb3oBaHue CBOMCTBA M0 THOCTU
BbICOKOI0 1 HWU3KOr0 faB/ieHNA MaTepun AN nonyvyeHns
3NEKT PUYECKON 3Heprumn

B 9Toi rnaBe, KoTOpas ABNSETCA  MPOLO/HKEHUEM
npegblayllein, Takke OyAyT PacKpbiTbl HOBble MPUHLMIMbI
YNpaBieHUs  3NeKTPUYeCKMMM  3apsafamu, W yKasaHa
B3aVIMOCBA3b 3TUX 3apAf0B C 3Hepruelrt Matepun. Takxe oyaert
[aH OTBET Ha O4yeHb BaxHbIn Bornpoc: «OTKyaa 6epércs
JONOMHUTENbHAS  3HEPrMs M3 OKPYXKalollero  Hac
MPOCTpaHCTBa?».

JononHnTenbHas 3Heprus — 3TO [ABWKEHWE 3Hepruii B
maTepuu, KOTopble B3aVIMOLENCTBYIOT C OKPYXKAOLLUM MUPOM
npy onpegenéHHbIX ycnosuax. B npegbigylimx rnaeax
paccMaTpuBaINCb BWAbl  3HEPTUI, KOTOpble He TOJNbKO
B3aMIMOCBA3aHbl MeXJy CO000M, HO W SABNAKOTCA 4acTblo
matepun. MHorme u3 uccnefosaTeniel  HasblBalOT — 3TO
3Heprven «agupa» AN 3Heprueil Bakyyma. ABTop He GyaeT
3a0CTPATb BHUMaHME Ha «3dupe», MOTOMY UTO 3TO He
NPVHUMNNIBHO BaXHO. HWKTO He 3HaeT Mo-HacTosAlemMy
CBOWCTB «3(mpa», a 0 CBOMCTBAX 3HEPruiA, TaKMX Kak 3Heprus
Nons, 9HEpPrus BeLLeCTBA W 3HEPrus 4acTul, 3HaHWiA
npeaocTaTo4Ho. Oco6eHHO NHTEPECHbI CBOICTBa
rpaBMTaLMOHHOIO MO/, KOTOPLIM NPOHM3aHa BCA BceneHHas.
B paHHOM cnyyae Heob6xoAuMMO paboTaTb C  MOME3HbIM
mMaTepuasioM U CepbE3HO ero u3yyaTb. 34eCb HET Mpu3biBa
ObITb MaTePUaINCTOM — AN TOro, YTOObl MOHATL (hU3NYECKME
3aKOHbl, HEOOXOAMMO OTTa/IKMBATLCA OT TOrO, YTO M3YYEHO U
MPOBEPEHO Ha MpaKTuKe. He CTOMT urHopmpoBsaTb TPyAbl
YUYEHbIX W Un306peTaTenieid, XOTA HEKOTOpble WX Teopuu, U
npasja, yctapenu. bnarogaps 3tomy (yHAaMEHTY MOXHO
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[BUraTbCs Aasiblie, a Mbl NOAYAC CU/bHO 3aberaem Brnepén, He
[0 KOHUa U3y4uunB npeablayLine 3HaHuS.

Korga-1o anekTpoAMHammKa TO/bKO-TO/IbKO BCTaBasia Ha
Horm un obpacTana pa3HOro poga 3akoHamu, KOTopble
OTKPbIBAIUCb B pe3ynbTare MPOBOAUMBIX 3KCNEPUMEHTOB
BE/IMKMX (PU3NKOB npoLunoro — dapages, Apcresda, Amnepa u
Ap. OAvH 13 3aKOHOB OTKPbIN AHApe Mapu Amnep. 3HayeHue
3TOr0  3aKOHa BbIXOAWUT [Jafeko 3a npefenbl  camoi
ANEKTPOAUHAMMKN, TaK Kak 3TOT 3aKOH OTpaXkaeT CBOMCTBa
OKpYXKaroLLel Hac cpefibl — 3HEPrUm B MaTepun.

[eno B TOM, 4YTO B OKOHYaTeNlbHOW (HOPMY/IMPOBKE
[JAaHHOrO 3aKOHa B KayeCTBe OfHOMW U3 MepeMeHHbIX
(UrypupyeT 3MeKTPOMarHUTHas WHAYKUWSA; U KOrda Mbl
paccMaTpuBaeM NPOsB/ieHVE 3aKoHa AMMepa B OTHOLLEHWM
[BYX napasnenbHbIX NMPOBOLHUKOB C TOKamu, TO, BpoAe Obl,
HapyLLeHWs 3aKOHOB (PM3UKW He OoTMeyaeTcs. Ho korga atoT
e 3aKOH MNposBNAeTCA MpW  B3aUMOLENCTBUM  ABYX
NMPOBOAHVMKOB C TOKOM, PaCrofIOKEHHbIX MOL YrioM, a Tem
6oniee OLHOrO MPOBOAHWUKA, HO W3OTHYTOro Mof Yr/ioMm, TO
BbIACHAKOTCA CTpaHHble Bewy, 4TO, $KOObl, MNPOBOAHUKK
OTT&/IKMBAIOTCA OT MYCTOro MPOCTPaHCTBA, Yero CoBpeMeHHas
(hn3mnKa He NpU3HaeT.

K HacToflLleMy BpeMEHM MHOrMMU (M3MKamy [OKa3aHo
Ha/Mume pasHbIX BWAOB 3HEPrMA Kak CBOWCTB Matepumu
(3Heprum yacTuy, 3HEPrny BeLLecTBa 1 3Heprnu nons). ABTop
crneynanbHO akLEeHTUPOBa/l BHUMaHWe Ha CBOMCTBax MaTepuu
W 3HEeprui YacTul, Nons 1 BewecTsa Ana Toro, YTobbl TEPMUH
«3(1p» BblN BOCNPUHAT B fa/ibHelLeM NpaBuibHO, T.K. OH He
[iaeT HOPMa/IbHOro onpeseneHns Ans NOHUMAaHUA (U3NYECKMX
ABNEHWIA.
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Tenepb paccMOTPUM B3aMMOLENCTBYE MPOBOAHUKOB ApYr
C 4pYrom, B 3aBMCMMOCTM OT HanpasfieHUs [ABUKEHUS TOKa B
HMX. B aHHOM criyyae NPOBOAHUKM MOTYT NPUTATMBaTLCA UK
OTTa/IKMBaTbCs. Ha puc. 20 nokasaHo, 4YTO NPOBOAHWKM, B
KOTOpbIX HanpaefeHne TOKOB OAMHAKOBO, «MPUTArMBAOTCA»
APYr K Apyry, a NPOBOAHMKMK, B KOTOPbIX Hanpas/eHne TOKOB
NPOTUBOMOMOXHOE, «OTTAIKMBAKOTCA». ITO  OYMUMaIbHbIN
3NeKTPOAUHAMUYECKUIA 3aKOH Amnepa. Ho ¢ nosuywia
a(MpHOM Teopum 3TU  (PaKTbl MMET HECKO/IbKO WHOe
06bsicHeHVe. Ha puc. 21 nokasaHbl CNOCOObI MOAKMOYEHUS
MPOBOAHMKOB K UCTOYHUKY NUTaHWS.

-
-

T

|-— R e R

Puc. 20 Puc. 21

[eno B TOoM, 4TO N06as cuna, KoTopas [AEWCTBYET Ha
BELLECTBEHHOE TEN0 — 3TO pe3ynbTaT JIOK&IbHOro WUAn
rno6aibHOr0 BO3AENCTBUA Ha HEro 3Hepruii Matepum u3
OKpY>KatoLL,ero npoctpaHcTsa. Jaxe Korja B3aumoLeicTBYyOT
[iBa MaTepuasbHbIX Tena, TO BHayYasle 04HO Teno BO3AeNCTBYeT
Ha MaTeputo, a 3Heprus U3 MaTepumn BO3LENCTBYET Ha BTOpPOe
Teno. 34ecb pevb MAET 06 aHeprum nons. Ha noboe Teno Ha
99% n 60nee AEWCTBYIOT HECKONbKO PasHOBUMAHOCTEN MOnel
(rpaBMTaLUMOHHOE W 3neKTpoMarHuTHOe). W ecnm  Bapyr
HabntofaeTcs, Tak HasblBaemoe, 6e30MOpHOE ABVKEHME, TO B
3TOM C/lyyae MMeeT MeCTO BO3[ENCTBME Tefla Ha MaTepuio, a
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mMaTepum — Ha Teno. 3akoH HbIOTOHA O paBeHCTBE CUJI
[ENCTBMA U NPOTUBOLENCTBMS OCTaeTCA BepHbIM B /1H060M
cflyyae — Kak npu B3avMOAENCTBUM ABYX Ten Apyr Ha Apyra,
TakK 1 MpW B3aMMOLENCTBUM Tefla C MaTepueli B OKpYXXatoLLem
npocTpaHcTBe. TONbKO MaTepuss He CNocobHa HUYEro
NPUTArMBaTb, HO B OKPY)KatoLeM Hac NMPOCTPaHCTBE MaTepus,
Haxodscb Mof BbICOKMM [aBfieHWEM, CMOCOOHA TO/bKO
«[aBUTb» B HanpaBNeHUWM OT 061acTU C  «BbICOKMM»
AaBneHneM K 06/1acTU C «HU3KMM» fAaBneHunem. [loatomy
3aKOH AMnepa C MO3ULMIA COBPEMEHHOW (M3MKN 3BYUMUT
HeMHOro no-gpyromy. Korga B AByxX NpOBOAHMKAX TOKN TEKYT
B OIHOM HanpasneHuun (6udunap Tecna), TO MarHUTHbIE MO
BOKPYr MPOBOAHWKOB B3aUMOENCTBYIOT APYr C APYroM Tak,
4YTO MeXay MNPOBOAHMKaMW 3TW 3NEKTPOMarHWTHbIE MONS
(peiicTBme 3Hepruy nons) Hanpas/eHbl B pasHble CTOPOHbI.
3T0 npuBOAUT K TOMY, UTO [aBfieHWE MaTepun Mexay
MPOBOAHMKAMMN CHWKAETCA MO CPaBHEHWIO C [AaB/EHVEM B
Apyrux obnactax. 310 BeAeT K TOMY, YTO JaBeHMeM MaTepum,
C MOMOLLbK 3HEPrMn Mons, NPOBOAHVKN «BAABMMBAKOTCA» B
06M1aCTb C MOHWKEHHbIM [aBNEHMEM, YTO BOCMPUHMMAETCA
nprbopaMmn 1 YeNoBEKOM KaK MPUTSHXKEHUE NPOBOAHNKOB ApYr
K apyry. Ecnn >ke TOKM B MPOBOAHWMKAaxX TeKyT B pasHble
CTOPOHbI, TO  MeXay NPOBOAHMKAMW  Hanpas/ieHue
3NEKTPOMarHUTHbIX Nonel (AeNCTBME 3HEPrMK NONs) TakoBo,
4TO [aBfieHVe MaTEPUM MEXAY NPOBOAHMKAMW YBENNUMBAETCS
MO0 CpaBHEHUIO C ApyruMmn obnactamu. oaTomy AaBneHue
MaTepuK, C NMOMOLLI0 SHEPTMM NONS, MeXAy NPOBOAHMKAMM,
HaxogAWmxca nog 6onee BbICOKUM AaBMEHVEM, OTTa/IKMBAET
MPOBOAHUKN ApYr OT Apyra, YTo BOCMPUHMMAETCA Nprbopamm
1 YenoBeKOM Kak OTTa/IKvBaHMe NPOBOAHMKOB ApYr OT Apyra.
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3 aByX BapuaHTOB B3avMOAENCTBMS TOKOB BaXKeH TOT,
NPy KOTOPOM TOKW TEKYT B MPOTUBOMOJIOXHbIX HarnpaB/eHUsX.
C no3vuuMm CBOMCTB 3HEPrUM MONA, MEeXAY Takumu
NMPOBOLHUKAMW  BO3HMKAeT 001acTb  C  MOBbILEHHbIM
[laB/IeHNeM MaTepuK, a B KaTylikax Kyrnepa HanpasieHus TokKa
B [ABYX J/00ObIX  COCefHUX  MPOBOAHMKax  Bcerfa
MPOTUBOMOMOXHbI  (PUC. 22). 3TO 03HAYaeT, 4TO Mexay
TaKMMW MPOBOAHMKAMW, @ 3HAYMT W B KaTyllke B LE/oM,
BO3HMKAeT  MHOXeCTBO  0b6niacTer  MpocTpaHCTBa  C
MOBbILLIEHHbIM AaBneHnem marepun. Mpuuém B 3TUX 06nacTax
[iaBfieHVe MaTepuu BCerja MoBbILEHO, HE3aBUCUMMO  OT
Hanpas/eHns Toka. M ecnun faxe Ha Takue KaTyLLIKW MoLaBaTb
NMepeMeHHbI TOK, TO B 3TUX 06/1acTSX [aBfieHWe MaTepum
OyLeT W3MeHATbCA OT YC/NOBHOIO HyNnf [0 OMpefeneHHoro
YC/TIOBHOr0 Makcumyma. M ecnv pas3HOCTb [aB/ieHUs MaTepun
BO3HMKAET, TO, HE3aBMCMMO OT NPUYUHBLI BOSHUKHOBEHWS 3TOM
pa3HOCTW, MOABUTCA CW/Ia, PaBHas NPOW3BELEHMIO Mepenaja
[aBNleHNs Ha Nowaib CeYeHUs Tena, a eciin Teno HayHeT
nepeMeLLaTbCs, TO 3HEPrus Mons, Kak CBOWCTBO MaTepuu,
COBEPLUMT Haj TesIoM paboTy, paBHYH MPOU3BELEHNIO CUJTbI Ha
JJIMHY NYTW, KOTOPOE MPOAJET 3TO BELLLECTBEHHOE TESO.

Pa3HOCTb NOTEHLMANIOB — 3TO PasHOCTb AENCTBUIA 3HEPT Ui
4acTumL, BeLLeCTBa M Mons Mexay coboi. Ewg pas HanomHto,
YTO 3HeprMs — 3TO KO/NNYECTBEHHOe NpupalleHne uam
ybbIlBaHME MNOKa3aTeneil 3anylleHHbIX npoueccoB. C TOYKM
3peHns  (hyHAaMeHTaNlbHON  (DU3UKK, 3Heprust  (aencTeue,
[eATeIbHOCTb, CUIa, MOLLb) — 3TO CKansipHas (u3nyeckas
BE/IMYMHA, SABNAIOWAACA e[MHON Mepoi pasNyHbIX (OopM
OBWKEHNUS W B3aUMOLENCTBMS MaTepumn, Mepor nepexona
[BVKEHMS MaTepuy 13 ogHUX opm B apyrue. A matepus
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HenocpeacTtBeHHO B3aVIMO,U,el‘/JICTByeT C 3HeprmamMmn 4Yactuu,
nosia n BellecTea.

Puc. 22

CnupanbHyt0 Katywky Kynepa MOXHO WCNO/b30BaTh B
KayecTBe I3(MEKTUBHON nMepefatolleld aHTeHHbl, TaK Kak
N3MlydeHne 3/1EKTPOMArHUTHbIX BOSIH OT 30H C MOBbILIEHHbLIM
(nynbcupyrownm)  faBfieHneM  matepum  (BNAOTb A0
(hopmMrpOBaHKA YAapHbIX BO/IH) B OKPYXatoLLEeM NpocTpaHCTBe
OyfeT npoucxoautb ¢ 6onee Bbicokum KI14. Ansa npuHATUSA
TakMx BOSIH HeobXoAuMMa aHTeHHa, B KOTOPOW co3fatoTcs
06/1aCTV C MOHMXXEHHbIM [AaBNeHneM Matepuun. [ Takoi
NMPUEMHOMN  aHTEHHbl  MpPeKpacHbIM  BapuaHToM  6yaeT
ouunapHas Katywka Hukonbl Tecnbl, B KOTOPOW BO BCeX
BUTKax HanpaBneHWe ToKa ofuHakoBo (puc. 22). Eé
KOHCTPYKLMSA TaKoBa, YTO BHavasne TOK UAET No OAHUM BUTKaM
(4epe3 BUTOK), a 3aTeM BHOBb BO3BPALLLAETCH B LIEHTP KaTyLUKK
M NPOAO/HKAET [ABWKEHME, HO Y& Mo ApyrMM BuTKam. B
pesy/ibTaTe BEPOSTHOCTb MEXBUTKOBOr0 Npo6os B KaTyLlKe
Tecna MWHMMaNbHa, a WHAYKTMBHOCTb MakcuMasibHa. 1o
CPaBHEHMIO C TaKOM XKe KaTyLIKO, HO HaMOTaHHOWN B 06bIYHOM
nopsiaKe, WHAYKTUMBHOCTb B 3-5 pa3 0Oonblue, 4TO YdXKe
HEOLHOKPAaTHO  MPOBEPEHO  Ha  MNpakTWKe  pasHbIMU
nccnefosarensMmn 1 nsobpetatenaMm. A UHAYKTUBHOCTb, Kak
MoKa3blBaeT aHasnM3, 3T0 CMOCOOHOCTb KaTyLIKWM CO3f4aBaTb
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BOKpPYr cebsa waM Mexzy CBOMMU BUTKaMu o061actv ¢
MOHWKEHHbIM  [aB/IeHWeM  MaTepuu, 4YTO  MO3BONSET
npeBpawiaTb Takue KaTyLKW B 3(MPHble 3HepreTuyeckue
CTOKW 1 aKKyMYNATOPbI 3HEPTUN.

Ncnonb3ys kaTywky Kynepa B KayecTBe MepBUYHON
06MOTKM, MOXHO noBbicuTe K4 v ctabunbHocTe paboThbl
3TOro ycTpoucTea (puc. 22). Takas KOHCTPYKUMS MEepBUYHON
06MOTKM MO3BONUT MpeBpaTUTb €€ B U3fyyaTenb YAapHbIX
3NIEKTPOMArHUTHbIX BOJH. V3nyyatensMm aTux yaapHbIX BOJH
OyoyT Kak pa3 06/1acTM MNPOCTPaHCTBA MeXAy BUTKaMu
KaTywkun Kynepa, B KOTOpbIX, N0 3aKoHy Awmnepa, 6yayT
(hopmmpoBaTbCsi  06/1aCTM €  MOBbIWEHHbIM  AaB/EHNEM
matepun. TMpuyém B TakOW KaTyllKe HET YCNOBWIA AN
(hopmmpoBaHus  061acTeil € MOHWKEHHbIM  AaBleHUEM
maTepun. 3HauuT, yaapHble 3/1eKTPOMarHUTHbIE BOMHbI OyayT
CTPOro OfHOM MOMSIPHOCTU. B kauecTBe BTOPUYHOW OOMOTKM
TpaHcopmaTopa  HY)KHO  0643aTe/lbHO  MCNO/b30BaTb
OMDUNAPHYIO KaTywKy Tecnbl, KoTopas OyAeT C BbICOKOW
3(hheKTUBHOCTLIO  (DOPMUPOBATL U3 BOJH, MAYLWMX OT
nepBMYHON OOMOTKM, CTOAYYKO BONHY. epBMYHas 0OMOTKa
OyfeT paboTaTb UCK/THOUMTENIbHO Ha U3/TyYeHe, a BTOPUYHasA —
Ha NPUEM 3Heprun 1 HopMMpPOBaHME CTOAYEN BOSTHbI, IHEPTUIO
KOTOPO MOXHO OyfeT 4acTAMM HanpaBfsiTb B HY)KHOM
noTpebuTento HanpasfeHUn — nnbo B Harpysky, nmébo B
aKKyMynsTop npo3sanac.

MpeaBapuTenbHbIA BbIBOA: B3aUMOAENCTBME 06MacTel
MOBbLILLEHHOI0 Y MOHWXXEHHOMO AaBfieHNs B KOHTYpax co3datoT
CKOPOCTb MOTOKA 3NEKTPUYECKMX 3apsfoB, C  MOMOLLbLO
3(h(heKTUBHOrO  B3aMMOENCTBUA MeXAy COOO 3Hepruii
yactuu, nond M Belectea. B KoHType o6pasyetcs OMB
(anekTpomarHuTHas BonHa). OMB dABnsieTcA NepeHOCUNKOM
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aneKTpuyeckom 3sHeprum (¥YmMoB — T1OMHTMHI). CKOpOCTb
MOTOKa 3apsXXeHHbIX 4acTul, 4epe3 MPOBOAHMK CO3L3ET B
nposogHuke 3AC. Yem 60/blIe CKOPOCTb MNOTOKA MU
KOMIMYeCTBO 3TUX 4YacTuL, (3/1EKTPOHOB WM MO3UTPOHOB), TEM
60/blUe MOXHO MONYYUTb MOME3HYD MOLLHOCTb Ha BbIXOAe
YCTPOWCTBA.
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FNABA 12. Cnoco6bl NonyyYeHns 3NeKT PUYECKOI SHEPTnn

B paHHON rnaBe ecTb HeOO6XOAMMOCTb OnNMcaTb, Kak
NposBAsSOT  cebs  3HeprMm W CBOWCTBA MaTepuv U3
OKpYXXaloLLero npocTpaHCcTBa, Korja NpouCXOAuT akTuBauus
paboTbl 3NEKTPUYECKON CXeMbl TeHepaTtopa HanpsKeHus.
MHorga 3T0  HasblBalOT  «OTK/IMKOM»  3Hepruin  u3
OKpYy>KaloLLlero npoctpaHcTBa. Tecna rosopun: «Bce, Be3ge n
BOKPYT Hac — eCTb 3Heprus».

OfMH M3 MPOCTbIX M MPaKTUYHBIX CMOCOG0B MOJSTyHYeHWs
«OTK/NKa» OT OKPY>KAKOLLEro MnpocTpaHCcTBa C MOy4YeHUeM
[ONONMHUTENbHON  3NEKTPUYECKON 3SHEPrMm — 3TO KaTyllka
Tecna n kavep bposuHa. HO No npuymHe MX HebGe3onacHoM
paboTbl 418 3[40pOBbS YeNOBeKa, aBTOp He 6yaeT moApobHO
paccMaTpuBaTb MX paboTy. [pyroi cnocob — 3TO KaTyLuKw,
paboTalolime Kak L/IMHHaA NNHUA. DTOT Crocob MosyyeHus
3HEPrUn N3 OKPYXKaKoLLLEro NPOCTPaHCTBa, CaMblii 6e30MacHbIiA.
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Puc. 23

Ha puc. 23 nokasaHa 3KBMBasIeHTHasA CXemMa, C MOMOLLbHO
KOTOPOWV MOXHO 3aMKC1poBaTh PaboTy KaTyLIKN C 3th(DEKTOM
«ASIMHHOW NNHUW». B faHHOW CXeMe UCMO/b3YEeTCA HE NPOoCTas
KaTyllKa WHAYKTUBHOCTW, a M3roTOB/IEHHAA MO CrnelmanbHOM
KOHCTPYKUMK — 6e3 cepfeyHuKa.
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ONvHHAa nnHMA — 3TO MOAENb NIMHUK  nepejayu,
MPOLONbHLIA pasmep (B4MHA) KOTOPOM NpeBbIaeT AJNHY
BO/IHbI, PacnpoCTpaHsIoLWeics B Heil (nMbo cpaBHUMA C
OMHOM  BOMHBI), a nonepeyHble pasMepbl  (Hanpuwep,
paccTosiHue MeXkay MPOBOAHMKaMK, 00pasyroLLUMU IMHUIO)
3HAUYNTE/IbHO MeHbLUE ANMHBI BOMHBI. C TOUYKWN 3peHNs Teopumn
ANEKTPUYECKUX  Leneil, [A/IMHHAas JIMHUS  OTHOCUTCH K
YETbIPEXMONKOCHMKAM. XapaKTepHOW 0COBEHHOCTLIO A/IMHHOM
NVHUN  ABNAETCA MPOSIB/IEHNE WHTepdepeHLMn [ABYX BOJH,
pacnpocTpaHsAoLWmMXca HaBcTpeyy apyr apyry. OgHa us atnx
BOJIH CO3LaETCA MOAK/OYEHHbLIM K BXOAY MHUM TeHepaTopoMm
3NIEKTPOMArHUTHbIX KOfebaHnid, M Ha3blBaeTCs MajaroLLei.
[pyras Bo/Ha Ha3blBaeTCA OTPaXKEHHOW, N BO3HMKaeT M3-3a
4aCTUYHOrO OTPaKEeHWs NafatoLleil BOMIHbI OT  Harpysku,
MOLK/OYEHHOW K BbIXoZy (MPOTMBOMOMOXHOMY reHepaTopy
KOHLY) /wvHuK. Bcé pasHoobpasve KonebateslbHbIX U
BOJIHOBbIX MPOLLECCOB, MPOUCXOAAWNX B [JIMHHOW JIMHWW,
ornpeaensieTcs COOTHOLLEHUAMWN amnAnTyA 1 (ha3 najatoLent v
OTPaXXEHHOW BOSH. AHa/M3 MPOLECCOB YMNPOLLAeTcs, ecnu
LJIMHHAA NIMHUA SBNAETCA PerynspHoin, TO ecTb Takow, Yy
KOTOPOW B NPOLO/IbHOM Harpas/eHN HEM3MEHHBI NOonepeyHoe
CeyeHue 1 3N1eKTPOMarHMTHbIE CBOMCTBA 3arO/HAOLLMX CPeg.

[NVHHAs NMHUA NpeacTaBnseT co60i TUNUYHLIA NpUMep
CUCTEMbI C  pacrpefeneHHbIMM  napameTpamn.  Kaxpaas
efVHMLA [/IMHBI NpOBOJa NWHUKM  06MafaeT  HEKOTOPOiA
WHAYKTUBHOCTbIO. KpoMe TOro, npoTMBOMOMOXHbIE Y4YacCTKU
NMPOBOLOB, pa3feNieHHbIX [U3NEKTPUKOM, 06pasyroT CBOEro
pofa KOHAeHcaTopbl, 061ajatoLie HEKOTOPOM EMKOCTbIO.
NHaykTMBHOCTL L 1 éMKOCTb C, NpUXOAALLMECH Ha efuHALY
[JIVHbI TMHWW, Ha3bIBalOTCSA NOTOHHbIMU MHAYKTUBHOCTAMU U
éMKoCTAMM. Pa3buB YC/MIOBHO BCHO /SIMHUKO HAa 3/1eMeHTapHble
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y4acTKW,  MOXHO  M300pasuTb €&  3KBMBAIEHTHYHO
3NEKTPUYECKYHO CXEMY B BUfe NOC/ef0BaTe/lbHO COeAMHEHHOM
LeNoYKN sfYeek, COCTOAMX W3  WHAYKTMBHOCTEM L K
BK/IIOUYEHHbIX MeXay npoBogamu émkocteit C (puc. 24). 3Ta
9KBMBa/IEHTHAsA CXeMa MO3BONAET BbIACHUTbL LeNbId  pag,
B&XKHbIX CBOWCTB W 0COGEHHOCTeN paboTbl NMHWIA. [pu
pacnpocTpaHeHUn BLOMb JIMHUW 3M1EKTPOMArHUTHOW BOJHbI
M3MEHSETCA 3anac 3/1eKTPUYECKON N MarHUTHON 3Heprumn B eé
OTZeNbHbIX yYacTKax.

Puc. 24

Uto camoe nopasuTesibHOe, 3(¢eKT AMHHOA NUHUN
MPOC/NEXMNBAETCA B MHOrOC/MIOMHOM COMEHOMAE, The TaKxke
NPUCYTCTBYKOT WHAYKTMBHOCTb U  MEXBWUTKOBas EMKOCTb.
MpuuéM BO3LEICTBYA Ha KaTyLUKY KOPOTKUMMW WUMMY/bCamu,
Mbl MOSTly4aeM «BbIOPOC» MOMEPEYHbIX BOJH, KaK OTBETHOe
NpOTMBOLEWCTBME U3BHE. YTO Takoe OTBETHaA peakLma?

BceneHCKMA  3aKOH  COXpaHeHWUs  3HepruM UK ero
npaBu/ibHOE  BOCMPUSATME  PacKpbIBAOT  HaMm  CMocoobbl
MOMyYEHNs 4YacTWU 3Heprum y npupogsl. B npupoge BCE
Haxo4uTCs B [BWKEHUW, NpUYéM CcOanaHCMPOBaHHOM, W
npupoja 3TOT 6anaHC MNOAAEPXKVBAET B COOTBETCTBUM CO
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CBOMMW  OUHAMUYECKMMM XapakTepuctukamn. Korga Bbl
co34aéTe B KOHCTPYKLMW 3HEPreTUYECKWA BUXPb, B HEM
MosBMSETCA ABa BMAA CWI: NPOLO/SbHbIE W MonepeyHble. Ha
KOMMeHCauMo  NPOLOJIbHbIX  CWM Npupofa  BblAenmT
[OMOSHATENBbHYKO 3HEPrMo, W 3Ta 3HEepPrus SBMsSeTCa TeM
CaMbIM «OTK/IMKOM», KOTOpPbIA HeobXoAuMM Ans TOro, 4YTobbl
npeobpa3oBaTb BbIAENEHHYIO 3HEPTUIO U3 OKPY>XKAoLLero
MPOCTPaHCTBa B MO/e3HYH0 MOLLHOCTL. ECnn nponagaeT BUXpb,
TO NponajaeT n aTa AOMNOSHUTENbHAA 3Heprus! BbIXOAUT, YTO
«3(mp» pasbanaHcMpoBaH, W Ha KOMMeHcauuo 3ToW
pa3banaHCUPOBKM OKpYXKatoLas cpefa BblaensieT aHepruto.

CTosvas BOSIHA SBMISETCA Ha CamMOM [efne MPOAO/bHOM
BO/IHOM, M OHA MOXET B3aUMOfeNCTBOBaTb CO CPefon B
OTKPbITOM MPOCTPaHCTBe. Ecnn «HakaumBaTb» Gerymmm
BO/IHAMW TO/CTbIA MeAHbIA MHOFOXW/bHbIA Kabenb, TO Ha
BCEM Yy4yaCTKe MAET pacCnoeHne U HaNOXEHUE BOJH.
OTpaEHHasa npofoSibHas BOMHA MOXET MeHATb  (hasy,
MO3TOMY WMHOrAa MOSBNAETCA CMOHTaHHas WMHTepdepeHUus B
LJIMHHBIX NMHUAX W Kabensax. [103TOMYy B KOHCTPYKLUW
CO/MeHOMAA WMCMOMb3yeTcs TOMCTbIA MPOBOA, W [OCTATOYHO
60/MbLLOW ANNHDI.

OTK/MK OKpYXXaloLlein cpefpl paBHO [JeWCTBYeT M Ha
KOHCTPYKLMW, rAe COBMECTHO Mexay CO60M MOLKMOYEHI
Katywka Kynepa n njockas katywka Tecna (cm. rnasy 12).
EQMHCTBEHHOE, B JaHHOM C/lyyae, NapaifiefibHO C U3NyYeHneM
MPOAO/bHbIX 7 MonepeyHbIX BOJH NPOUCXOANT
B3aVMO/eiicTBMe 06/1aCTeil NOBBILEHHOTO U MOHVKEHHOrO
[aBNeHnss B KOHTypax. 3TO TONbKO YCuUnMBaeT 3ggeKT
MoslydyeHMst MONEe3HOM MOLLHOCTU Ha BbIXOAe reHeparopa
HanpsHKeHns, T.K. U3 (PU3NYECKMX 3aKOHOB W3BECTHO, UTO
CKOPOCTb  MOTOKA  3apshKeHHbIX — YacTul, — onpegenset
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KO/IMYECTBEHHbIN MOKa3aTe/lb TOKa — a OTCHOAa U KOIMYeCTBO
BblAENSIEMON 3Hepruy Ans npeobpasoBaHns eé B MONE3HYH
MOLLHOCTb A/151 MMTaHWS 3M1IeKTPONoTpeduTeneil.

Kak 6b1/10 CKa3aHO B NpeAblgyLinx rnasax, Npofo/ibHble
BOJIHbI M3/1y4HaeT M NPUHUMAET NIoCKasa budunapHas KatyLuka
Tecna. OH €€ CKOHCTPYWpOBa/1, BMEPBLIE PaCKpbin MUpY
CBOMCTBA MPOAOSbHLIX BOMH, W Ha3Bal 3TOT APPeKT -—
pafiMaHTHas 3Heprus, Kak NposB/eHye NO3UTPOHHON 3HEPrun.

CnefyeT OTMETWUTb, YTO 3eMNIA SABNSAETCA HOCUTENEM
«OTPULATEeNbHOrO 3apsga» (/1EKTPOHOB), a BEpXHWe C/ou
aTMocepbl — «NONOXKUTENbHOrO 3apsaga» (NO3UTPOHbI). Croi
aTMocaepbl, KOTOpbIi1 Mbl Has3bIBaem BO34YX,
MpevMyLLeCTBEHHO COCTOMT M3 a30Ta M KWCNOpPOoLa, KOTopble
cumTaroTca napamarHetTukamu. Ho cam BO3fLyx B HOPMa/lbHOM
COCTOSIHUW  3MIEKTPUYECKN HeWTpasieH, WU ero MarHutHas
NPOHULIAEMOCTb YyTb 60/bLUE HONA (CBOMCTBO AMANEKTPUKA),
T.K. cbanaHcMpoBaHO 006LLlee KONMYECTBO MPOTUBOMOMOXHbBIX
3apPSKEHHbIX YaCTWL, 3M1EKTPOHOB M MO3UTPOHOB. HO Kak
TONbKO 3TOT GaslaHC HapyLlaeTcs, TO CBOMCTBO [M3NeKTPUKa
ncyesaeT, W, B 3aBUCUMOCTW OT YC/MOBUA BO3LENCTBMS Ha
BO34YX, 3/TEKTPUYECKUN WU MEXaHNYeCKU (KaTyLuka Tecna um
Tpybka Pamke), MPOMCXOAWUT pasfefieHne W akTMBauus
3NEKTPOHOB UM MO3UTPOHOB. BO  Bpemsa  pasgeneHus
3NIEKTPUYECKUX 3apPALOB Mbl MOXEM MONyYaThb 3/IEKTPUYECTBO.
Hanpumep, npy ncnonb3oBaHUM KaTyLlKM Tecna Wam Kadepa
BpoBMHA B  3M1EKTPUYECKOA LEMM 4acTo  WMCNOMb3YHT
3a3emneHvie. Befb Ana akTMBaUMW 3/1IEKTPOHOB MCMO/b3YeTCs
3eMns, a ANs aKTMBaLWMM MO3UTPOHOB — cama KaTyluka Tecna
WK KaTylwka B Kavepe (poto 5). B npeaplaywmnx rnasax 6bi1o
pacckasaHo, YTO B KOHCTPYKLMIO KaTylku Tecna v Kadepa
BpoBMHA 3Heprus BXOANUT N3 OKPY)XXAOLLEro npocTpaHCTBa, U,
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npy 60/bLUIOM KOHLEHTPaUMN BXOAALLEN 3HEPrUKn, B BepXHel
4acTum KaTyLlek Tecna 1 Kadepa bpoBMHa MOXHO BUAETb SipKMe
cepebpucTble  BCMOMOXW.  JTO  MPOSIBNIEHUE  MOLLHOIA
KOHLEHTpauum no3uMTpoHOB. B 3TOM 3ak/oyaeTcs MpuHLMN
pasgeneHns  3NeKTpuYeckux  3apagos. EWE  ogHUM
nokasaTesieM B3aMMOAENCTBUSA MeXay C060M pasHOMMEHHbIX
3apPSXKEHHbIX YacTuL, ABAETCA TOPHALO (¢hoTo 6).

®oT105 PoT0 6

B ycnoBusax TOpHago MNpPOMCXOAUT  B3aUMOAENCTBMe
3/IEKTPOHOB M MO3UTPOHOB B BUAE aHHUTUNALWUM C MOLLHbIM
Bble/IEHNEM 3HEPrUn POTOHOB M (DOHOHOB, OTCHOAA MOJTHAW 1
rposbl. A paspsg MOSHUM — 3TO 3/1IEKTPUYECTBO OrPOMHOM
MOLLHOCTMW.

ABTOpPOM  Obln  NpPOBefeH 3KCMEPUMEHT, Trae npu
MCNONb30BaHUM  UMMYNbCHOW  TEXHOMOMMU  MPUMEHsNAch
KaTylWKW  COMIEHOMAHOro  Tuna. HanpsbkeHve nutaHus,
nofasaeMoro Ha cxemy (puc. 25) coctasnsno 24 B. Ha 3atsop
nonesoro TpaHauctopa (MOSFET) 6bin nogaH meaHap cO
CKB&XKHOCTbIO 25%. UTO camoe WHTepecHoe, Mpu 3amepe
BbIXOAHOr0 CUrHasa ocuunnorpagoM, Ha KaTyllike CBA3U
BbIXOAHON nMnynbc gocturan 700 B 1 6bIn 0YEHb Y3KUIA, KaK
nrna. C TOYKWN 3PEHUA 3HaHWI NO PagmMo3NeKTPOHHWKE — 3TO
aHOMa/Inel, T.K. XapaKTepUCTUKN CUrHafa Ha BXOLE AO/MKHbI
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ObITb TaKue Xe, Kak 1 Ha BbIXoAe (M0 CKBaXHOCTU). U Hesb3A
3abbIBaTb, YTO HArpshKeHWe NUTaHUs CXeMbl Bcero 24 B.
Bo3HuKaeT BONpoC — OTKyAa CTOMbKO 3Heprun? OTBeT
0YEBUEH — 3TO «OTKIMK» U3 OKPY>XKAtOLLEro NpocTpaHCTea, a
B [@HHOM C/ly4yae — BblJe/IeHNe 3MEKTPUYECKMX 3apajoB, T.e.
Mo3NTPOHOB. V3 npakTukn n3obpetaTeneil 6bl10 BbISBMEHO,
4TO MO3UTPOHbI «1HOBAT» UHAYKTUBHYHO Harpysky. Moatomy
[N1f CcenapvpoBaHUA MO3UTPOHHOM 3HEpPrum B MOJE3HYHO
MOLLHOCTb, MHOrune n3obpetatenun 1CMNONb30BaN
[OMNONHUTENbHBIE MEepexofHble TpaHchopMaTopbl. B Kakux-To
KOHCTPYKLMAX UCMONb30BAIUCH CEPAEYHUKM, @ B KAKUX-TO HET
—  K&K4ad  KOHCTPYKUMS  WHAMBMAyanbHa.  ABTOp
NOLYEPKMBAET, UTO €ro 3agaya — MaKCUMaJbHO PacKpbITb
(hM3MKY NPOUCXOJALLEro M AaTb KAKYM K Mo3HaHuio. Torja
cam uccnefosatenib 6yaeT 3HaTb, Kak cobpaTb KOHCTPYKLUMIO.
MpocTo nofckasaTb, Kak cobpaTb KOHCTPYKUMIO, W He
MOHUMATb, KaK OHa paboTaeT — 3TO TYNUKOBbIN MyTb.

Puc. 25. Cxema reHepartopa

[Janee napannenbHO K BXOAHOMY KOHTYPY «HaKauku» 6bln
NoAKNoYeH nocnefoBatenbHblli LC KOHTYp. B KauecTBe
VHAYKTVBHOCTU 1CMOMb30Ba/ICs TpaHCHopMaTop ToKa. Tak Kak
B CXeMe MpOSBNAIOT cebsi U 3MeKTPOHbI M MO3UTPOHbI, TO
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TpaHcopmaTop TOKa CTa/l CMecuTesiem 3TMX 3apsafoB. Ha
BbIXO[, TpaHc(opmMaTopa ToKa 6bla MOLK/IOYEH BbINMPAMUTESb
n EmMKoCTW. B KauyecTBe 3/IEKTPUYECKON Harpysku Obinu
MCNOMb30BaHbl CBETOANOAHbIE MAaTpULbl MoLLHOCTBO 10 BT.
O6Luee KONMYECTBO MaTpuL, 6bino 8 WTYK. Bo Bpems paboTbl
3NIEKTPOHHOIO YCTPOWCTBA Ha KaXA0M M3 CBETOAMOLHbLIX
matpuL, 66110 HanpsxkeHue 9,5 B (no nacnopty 9-11 B). OHu
CBETM/UCb NpuMepHO Ha 80-85% OT  MakCUMa/bHOW
MOLLHOCTW, HO TOK MOTPeb/sieHNns BCEN  KOHCTPYKLMK
cocTtaBnsan 21 BT. BoT 1 nokasaTtenb «NpubaBKun» 3HEPrUn He
TONbKO OT WCTOYHMKA MUTaHUS, HO W W3 OKPYXatoLlero
npocTpaHcTBa. [py 3TOM Hanps>keHWe Ha cBeTogmodax 6bino
3amkcnpoBaHo 6e3 nynbcauunii. Ha ocumnnorpage 6bina
BUAHA nNpAMas /MHWA. OTO O3HayeT, 4YTO Ha BbIXOAe
3NIEKTPOHHOro  ycTpoictea  (reHepatopa) npeobpasyeTcs
MOCTOSAHHOE Harps>KeHue.
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Ha rpadwke BUAHO, YTO KOPOTKUIA UMMNYNbC BO3HWKAET B
Pe30HaHCHOM KOHTYpe UMeHHO B MOMEHT HapacTaHus CUMHYyca
(puc. 26). 3TO 0YeHb BaXKHO YACHUTb. B MpoTMBHOM cnyuae,
cxema paboTatb He 6ygerT.

Pe3ynbTaT npeB3oWwén Bce O0XUAaHUA. MOLWHOCTL no
BbIXO4Y BO3pacTasia B pasbl, a noTpebnsemas MOLLHOCTb MO
NUTaHWIO He Bo3pacTana. 3[ecb HarnagHo BUAHO, YTO B TOUKe
coeauHeHus (CM. puc. 26 — fieBasd 3antopa) BCTpeyaroTca [Ba
BMAA 3HEPruin: NO3UTPOHHAA W 3NeKTPOHHasA. Kak Ham yxxe
N3BECTHO, MPW CTONKHOBEHUW MO3UTPOHOB W 3/1eKTPOHOB
MPOMCXOAUT MOLLHOE Bblfe/IeHNe 3Heprun (aHUTUANALMA).
OTcioga 1 npubaBka MOLWHOCTA. A TaM, e NpucyTCcTBYeT
MO3UTPOHHaA 3Heprus (UMNyMbCHAs TEXHO/orus), Tam
MPOCNEXMBAETCA  «OTK/UK»  3HEPrMM U3 OKPYXKatoLLero
NpPOCTPaHCTBa.

8] u

A A

—
— W

Puc. 26

B npeablAyLyX rnaBax 4acTUUHO OblIM PacKpbITbl Maen
MO KOHBEPTALMM PeaKTUBHOI SHEPrvN B NOME3HYHO MOLLIHOCTb.
B 5Toii rnaBe Takke MNPEANOXEH BapuaHT KOHBepTaLuu C
MOMOLLbI0 TpaHopMaTopa Toka. W B TOM, 1 B JpyroM ciydae
CMOMb30BaHA WHAYKTMBHAs CBS3b MO BbiIXxogy. B aTux
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KOHCTPYKUMAX eCTb OAWMH CYLLECTBEHHbI HeAoCTaToK — 3TO0
COrnacoBaHMe KOHTYPOB CBA3M KaK MO 4acToTe, Tak W Mo
WHAYKTUBHOCTU. HO ecTb cnocobbl KOHBepTauuw, rae
MCNob3yroTcA KOHTYpa cBA3n ¢ L=0. B aTom cnyyae npotecc
HaCTPOMKM N COrnacoBaHUA KOHTYPOB CBSA3U MeXAy CO060M
ynpowiaetca. Hanpumep, bugnnapHas katywka Kynep nveert
HYNeBYD WHAYKTUBHOCTb. Y OuunspHOMA KaTywku Tecna,
HaobopoT, WHAYKTMBHOCTL BO3pacTaeT B Tpu pasa. B
HEKOTOPbIX  KOHCTPYKUMSAX MO  BbIXOAY  WMCMOMb3YOT
3aKOPOYeHHbIe BUUIAPDI, KaK NOKasaHo Ha puc. 27.

Puc. 27

HekoTopble M306peTaTeNn UCMOMb3YOT KaTyLIKM CBSi3MW
TNA «TENEeCKoN». Y 3TON KaTyLIKU UHAYKTUBHOCTb HE paBHa
HyMtlo, HO OHa WMeeT YAMBUTE/NbHbIE CBOWCTBA. [lpu
B3aMMO/ENCTBMN C [PYTUMU KaTylKaMy CBSi3U BXOf He
B/IMSIET Ha BbIX0/. ABTOPOM OblfN NPOBEEHbI UCCeA0BaHMS B
3TOM HarpaB/ieHM, KOTOopble NOATBEPANNNCD. [Ns 3TOro 6bina
HaMOoTaHa KaTyllKa TUMa «Teneckomn», NoBepx KOTOpoi Gbina
HaMOTaHa fApyras KaTyllka Tuna «coneHoug». O6blIYHO Npu
MCMOMb30BaHUM  KaTylleK  WMHAYKTUMBHOCTW,  KOTOpbIE
PacrofioXeHbl B OfHOM KOHCTPYKLMW, BCErga ecTb o6paTHas
CBSi3b M0 3/1EKTPOMArHMTHOMY nosito. W ecnv Bo Bpems 3amepa
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WHAYKTUBHOCTU OAHOM KaTYLUKW CBSI3U 3aKOPOTUTb APYrYIO,
TO MHAYKTVBHOCTb 3aMepsieMO KaTylKW pe3ko najaeT. B
[aHHON KOHCTPYKLMM 3TOro He Habntogaetcs. Mpy KOPOTKOM
3aMblKaHUW KaTYLLKW CBSI3W TuMa «CONeHONA» NHAYKTUBHOCTb
KaTYLLKW CBA3W TWMNa «TENECKOM» He MEHSeTCA. DTO 03HAYaeT,
YTO BbIXOZ He B/IMSET Ha BXOA, U HaobopoT. [ns cenapauuu u
cbopa 3Heprum B Harpyske 3/1IEKTPOMNOTPeOUTENs 3TO BaXKHOE
ycnoBsue. B Kakoi-TO CTeneHW, 3To ABNAETCA aCCUMETPUYHON
CUCTEMOI MHAYKTUBHOM CBA3W. Ha puc. 28 nokasaHo yC10BHOe
00603HayYeHNe KaTyWKW TUMma «TeNeckon», COBMECTHO C
CONEHONAOM.

Puc. 28 Puc. 29

Ha puc. 29 nokasaHa KOHCTPYKUMA KaTylwKu Tuna
«Teneckon». Mcnonb3oBaHMe 3HaHWIA B3aMOAENCTBUS MEXAY
cobOM  KaTyllek CBi3M — 3TO 3a/10r  ycrnexa npu
KOHCTPYMPOBaHUM TeHepaTopoB HanpsXXeHus Ha  obble
MOLLHOCTW. Be3 3Tor MH(opMaLMN U 3HaHWIA MO YNPaB/IEHUIO
3apsHKeHHbIMU YacTULamy He MOoSydnuTCca cobpatb MpaBu/bHO
paboTatoLLmMii reHepaTop.

H. Tecna noctosiHHO 06 3TOM roBopwun U paboTan Hap
COBEPLUEHCTBOBAHMEM TaK Ha3blBaeMbIX KOHBEpTOpPOoB. OH
crapaicd paboTatb Haf KOHCTPYKUMSAMW, TAe WUCK/IHOYEHDI
B3aVIMOB/IMSIHUSA UHAYKTUBHbLIX KaTyLUeK CBA3M MeXAy CO6OiA.
W, KOHeYHo, BCerga 1cnosb30Bal UMMY/bCHbIE TEXHOOTUN C
MPUMEHEHVEM KOPOTKUX MMMY/bCOB 6O0/bLIOT0 HanpsiXeHus
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AN18 TOro, YTOObl OblT KaYeCTBEHHbIA OTKMK 3Hepruu u3
OKpY)KatoLLero npocTpaHCTBa Ha KOHCTpyKuuto. B faHHOM
C/yyae He BaXKHbl Takue TEPMUHbI Kak «3(hnp», «X004HOe
3NIEKTPUYECTBOY, «pagnaHT», «oTpuLaTeNnbHOE
3NEeKTPUYECTBO» U Ap. BaXHO MOHUMATb, YTO NPOUCXOAUT B
OKpYXKatolleM Hac  MpocTpaHCTBe, W 3HaTb  (DU3NKY
3apHKEHHBIX YacTuy,. TakkKe Heo6XOAWMbl 3HaHWA BUOB
SHEPrUM N B3aUMOLENCTBUA 3TUX SHEPrUin MeXxay coboin n B
matepuanax. CBoilcTBA MaTepuasioB U WX  PU3NYeCKne
CBOMCTBa MO3BONAIOT MPaBWUIbHO CO6pPaTh KOHCTPYKLMIO, T.K.
Mbl MUMeeM [efi0 C 3/IEKTPOMarHUTHbIM NojeM. 3TO TO/bKO
Ma/lblii NepevyeHb 3HaHWIA, KOTOPbIA Heobxoaum Ans Toro,
4TOObI HAYMHATbL YTO-/IM60 KOHCTPYMPOBATD.
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TNABA 13. SKpaHbl 1 3epKasnia 3Hepruii

B npegbigywmx rnasax 6biia ynomsHyTa 3HauMMOCTb
3HAHWI CBOWCTB 3NEKTPUYECKMNX 3apsf0B, 3MEKTPOMarHUTHBLIX
BOJIH, MaTepuasioB, Pa3HOBUAHOCTEN 3HEPrUA B CXEMHbIX U
KOHCTPYKTOPCKMX pPeLUeHUsX, C MOMOLLbIO KOTOPbIX MOXHO
MOHATb, KakK paboTaeT 3/MeKTPUYECKNIA reHepaTop MOLLHOCTW.
BrnpoyeMm, 3TOro HepocTaToMHO ANA 3(deKTUBHOW paboThbl
3/IEKTPUYECKOr0 reHeparopa.

B paboTe KOHCTpyKUWMW TreHepaTopa Bcerga, B 60/bLueit
W MeHbLUed CTEMeHW, BO3HWUKAKOT 3/1eKTPOMarHUTHbIE
KonebaHns, KOTOpble MOPOXAAKT 3/1IEKTPOMArHUTHbIE BOJHbI
(NMpofosibHble W MOMEpPeYHbIE) N 3MeKTPOMAarHUTHoe none. B
3aBMCUMOCTHU oT MOLLLHOCTW N3NyyeHus, atn
3/IEKTPOMArH1THbIE BOJIHbI PACMPOCTPAHAIOTCA B OKPY>KatoLLee
MPOCTPaHCTBO.  3afafMMCH  BOMPOCOM: 3/1eKTPOMArHUTHOE
none — 3To 3Heprua? W, ecnm 310 Tak, TO MOXHO cebe
NnpeacTaBUTb, CKONbKO 3HEPrMU YLLUMIO HEW3BECTHO Kyda W He
npeobpa3oBasiocb B MOJIE3HYKD MOLLHOCTL! Takum 06pasom,
TONbKO Maafd 4acTb 3/1EKTPOMArHUTHOW 3Hepruu Gbina
peanm3oBaHa B KOHCTPYKUWMM, @ OCTa/ilbHasg  4acTb
pacTBOpUIaCh B OKPY)KAKOLLEM MPOCTPaHCTBe. ABTOPOM Oblfia
npugymaHa aHanorus HEKOHTPO/IMPYEMOro
3/IEKTPOMArHMTHOIO WU3/lyYeHUs C [bIPABbIM BOLOMPOBOAHBLIM
Caf0BbIM LU/IAHTOM. Ha BX0je LwiaHra AasneHune BoAbl O4HO, a
Ha [pYyrom BbIXO4e LUfaHra HamMHOro MeHblue, T.K. 4yepes
OTBEPCTUSA  BbITeKaeT  6O/bLIOE  KOMMYECTBO  BOAbI B
OKpY>Katolllee MpoCTpaHCTBO. BoT Tak ¥ npoucxoauT B
KOHCTPYKUMAX 3NEKTPUYECKMX FeHepaTopoB, T.e. Mbl paboTaem
He C 3/1eKTPUYECKUM reHepaTopoM, KOTOPbI JO/MKEH HaM [aTb
3NeKTPOo3Hepruio ¢ Bbicokum K14, a ¢ reHepaTopom MnoTepsb.

99



Mo>kem N1 Mbl 3KPaHMPOBATb 3TW 3NEKTPOMarHUTHbIE BOSHBI?
Mo>kem i1 Mbl HE AaTb UM PacTBOPUTLCA B MPOCTPAHCTBE, 4,
Hao6b0poT, CKOHLIEHTPUPOBATLCA B KOHCTPYKUNK
3NeKTpUYecKoro reHepatopa? OTBET — MOXEM, U AN14 3TOro
MHOTMMM  n306peTaTtensMn  OblIM  NpUAYMaHbl  pasHble
Croco6bl.

[Onsa Havana BCMOMHMM BblpaKeHWe H. Tecna 0 CBOUX
n306peTeHNsax: «Torga Kak y usobpetartenieid, npu pabote
ANEKTPUYECKNX ycTpoincts, 90% B BuUAe 3M1EKTPOMArHUTHOW
3Heprun u3ny4aeTca B OKpyXKatollee npocTpaHcTBo, a 10%
0CTaeTcs B KOHTYpe, TO A 3acTas/o 90% ocTatbCA B KOHTYpE,
a 10% wu3nyyaroTcs 6e3803BpaTHO.

MepBoe, Ha YTO HEOOXOAMMO 06PATUTL BHUMaHWE — 3TO He
TONIbKO MpaBWIbHO CO6paHHas KOHCTPYKUMA Pe30HaHCHbIX
KOHTYpOB CBSA3W, HO W cpefa, B KOTOPOW HaxogaTcs 3Tu
KOHTYpbl. [1pakTMyeCKM BCe KOHCTPYKUWM TeHepaTopoB
paboTaloT B KOHTaKTe C BO34yXOM. HoO, KakK 6bl0 BbISICHEHO,
BO3AYX ABMISIETCA 3/MEKTPUYECKN HENTPa/bHbIM, MOKa HeT
HEKOero 3HepreTUYecKoro MAM MexaHW4yeckoro (ABMXKEHWE W
TpeHWe wMmatepuana) BO3MyLWeHUs cpedbl. Kak  TOMbKO
NMPOUCXOAnUT BO3MYLLEHME cpeap! (Bo3gyxa), TO
aKTUBM3MPYIOTCA a30T W KUCIOPOL. ITU rasbl SABAAKOTCA
napamarHeTMkamu, NpuyéMm Kncnopog 6onee akTuseH. A 4To,
€CNN U3MEHWUTb CPefy, B KOTOPOW MCMOMb3YHOTCS Pe30HAHCHbIE
KOHTYpbI CBA3WU? H. Tecna 4acTo NPUMEHSN pasHble XXUAKOCTH,
KaK O/ OXNaxAeHnsa KOHCTpykuumu (puc. 30), Tak U and
N3MEHEHNs cpefbl AN1F pacnpoCTpaHeHUs 31eKTPOMarHUTHbIX
BOMH. YuéHbiMnm XIX Beka 6blN0  [OKa3aHO, u4TO
ANCTUINIMPOBAaHHAsA BOAA 3/IEKTPUYECKN HEeWTpasibHa, HO B TO
e Bpems SAB/AETCA O4YeHb XOPOLIMM MPOBOAHWKOM [AnA
3/1IEKTPOMArHUTHbIX BOMH. AUCTUANNPOBaHHAsA BOAA He TO/IbKO
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akageMuk KasHaueeB. B KOHCTPYKLMAX 3M1EKTPUYECKOrO
reHepatopa YCMewHO WUCMonb3yeTca alloMUHMeBas Tpyoba.
NHOraa oHa MMeeT NPoAosbHLIA paspes, a MHOr4a Tpyoba Lenas
— BCE 3aBMCUT OT KOHCTPYKLMMN KOHTYPOB CBS3U. ECN KOHTYP
CBS3N WMeEeT WHAYKTUBHOCTb, PaBHYK HYNHO, TO MOXHO
ncnonb3oBaTb Tpyby 6e3 paspesa. A ecim KOHTYpP WMeeT
WHAYKTUBHOCTb, TO pa3pe3 ob6s3atesnieH. KOHTYpbl CBA3N C
HYNeBoM NHAYKTUBHOCTbIO pacronaratoTcs BHYTpY
allOMMHMEBOM  Tpybbl, a  KOHTYpbl C  WMetoLlelics
WHAYKTUBHOCTLIO — CHapy»u. MNpun aTom Tpy6a fomkHa ObITb €
paspesom.

Puc. 31. KOHCTpYKUUK 3epKan

Kak 6bln0 3KCNepUMEHTa/IbHO BbLISICHEHO, B 3epKanax U3
ANIOMVHNA  BO3HUKAKOT aHOMa/lbHble  AB/IEHWS, KOTOPbIM
COBPEMEHHas Hayka He MOXeT jJaTb 06bsicHeHVe. B
aJTIOMUHVEBOM 3epKasie MPOUCXOAAT BPEMEHHbIE CABUTA, U MO-
0Co60MYy MpoABNAT cebs pasHble BUAbl 3Hepruit. Obpatute
BHMMaHVe: CHOBA rOBOPUTCA O BPEMEHM U ero 3Ha4“MOCTU B
3HEPreTUYECKnX npoueccax. WN306peTaTtenam 7
nccnefosareiiM HeobX0AMMO Y4uuTbiBaTb (HAaKTOP BAUAHUSA
9HEPrMM BPEMEHM Ha BCe MNepexofHble MpoLecchl npu
KOHCTPYMpPOBaHWM  TeHepaTopoB  3Heprun. Bo  Bpems
9KpaHWUPOBaHNSA 3MEKTPOMArHUTHBIX W3NYYEHUI HEN36eXKHbI
ABNEHUSA, T4e NPOUCXOANUT NHTepPdepeHLMs BOH, U CNOXEHWe
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BO/IH B TOM 4WuC/e. DKpPaHMPOBaHNE [O/HKHO YCU/IMBATb BCe
MPOLECChl, MPOUCXOAALME B KOHCTPYKUUWM  reHepatopa
3Heprum. OKpaHMpoBaHue caBuraet rno (haze
3NIEKTPOMArHMTHble  KO/MebaHUsi MO  OTHOLUEHMIO  OfHOrO
KOHTYypa K Apyromy, M TeM CamblM BO3HWKaeT acMMMETpus
KOHTYpHOW CcBA3W. [MpoMcxoauT MoMHas WAM  YacTUYHas
onoknpoeka O3[C, a 310 Kak pa3 Heobxogumo Ans
npaBwIbHO PaboTbl reHepaTopa.

B HeKoTOpbIX pabounx Mofensx reHepatopoB 3Hepruun
Takne KOHCTPYKUUW M306peTaTenn HasblBatOT pe3oHaTopamu
3Heprum.

ABTOPOM  ObII0  3KCMEPUMEHTA/IbHO  BbISB/IEHO,  UTO
OTpaXKaroLWMM 3 eKTOM MOXKET ObITb U CaM KOHTYP CBA3W,
0CO6EHHO KOrfa OH M3N1y4yaeT MOLLHbIE 3/IEKTPOMArHUTHbIE
KonebaHms. XopowuM 3PHEKTOM 3epkKana pasHblX BWAOB
9HEpPruin ABNSeTCA MIOCKad KaTywka Tecna W Niockas
KaTyLwwka Kynepa.
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"TABA 14. ['paBMTauMoHHasa cunia

dTa npekpacHas W TauMHCTBEHHas CwWna, KoTopas
ynpasnseT Bceil BceneHHOW — HasbiBaeTcA rpasutaums. bes
Heé 1M3BECTHaA HaMm >KM3Hb Mpekpatuna 6bl  CBOE
cyulectBoBaHve. C [aBHWX BpeMEH €€ HasblBasiM CU/IOW
TAroteHns. OHa CyLecTBYeT NOBCIOAY, U BO3AENCTBYET Ha BCE,
4YTO HaM WM3BECTHO W TO, YTO Mbl 3HaeM. Jlo cux nop 3Tta
TaMHCTBEHHas  CWna  MPUBOAMT  HAy4HblA  MUpP B
3ameLLartesibCTBO, U A0 KOHLUA Y4éHble He MOryT pasrafaTtb eé
TaHCTBO. HeKoTopble Y4YéHble Ha3blBalOT PaBUTALUOHHYHO
3HEPru0 «3aHepruein aupa», KoTopas BCE NPOHN3LIBAET, U 6e3
KOTOPO# He MPOUCXOANT HU OAMH NpoLecc Bo BceneHHON.

N3  0o6WenpuHATLIX TEPMUHOB  COBPEMEHHOM  HayKM,
rpaBMTauns — 39TO  YHMBEpPCaSbHOE  (PyHAAMEHTa/lbHOe
B3aVIMOECTBME MeXAY BCEMW MaTepuaibHbiMK Tenamun. U
OMATb Mbl BUAWMM, YTO MMEEM MpPAMYK CBA3b C MaTepuen, a
rpaBMTaLMOHHas cuna KMMeeT HeroCPeACTBEHHYI0 CBfA3b C
rpaBuMTalMoOHHbIM  nosfem. Bce cBoWicTBa B marepuu
Hepa3pbIBHO CBfA3aHbl ApYr C ApyroM. ABTOP MofyepKuBaeT
3Ty CBA3b, T.K. BCE (PM3MYECKME N XUMUYECKMe MPOLLeCChbl Ha
3emne n BO BceneHHoM He 06xofsaTca 6e3 B3aMMOAENCTBUSA
MeXay Co60i nonei, 4YacTuy, W BeLLeCTB BO BCEM WX
pasHoobpa3uun. Ha nep.blil B3rNsg, 370 Tak NPOCTO, U B TOXeE
BpeMsi 3axBaTblBaeT [yxX OT TakKoro MHoroobpasus wu
HENOCTVXNUMOr0, MPOMCXOAALLEro BO BeeneHHOI.

HeseposTHas C/TIOXKHOCTb OKpYy>XatoLLero Hac
NMpocTpaHCTBA BO  MHOMOM CBfi3aHa C  GECKOHEYHbIM
MHOXXECTBOM 3/IEMEHTApPHbIX 4YacTul. MexXay HUMK TaKke
CYLLECTBYIOT pas/iyHble B3aVMOLENCTBUA Ha TeX YPOBHSAX, O
KOTOpbIX Mbl MOXeM TO/IbKO AorafblBatbCcsi. Bnpouem, Bce
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BUAbl B3aMMOLENCTBUA 3/1EMEHTAPHBIX YacTUL, MeXAy COOOM
3HAUMTENbHO pa3nnyatoTcs No cBoeli cune. CamMble MOLLHbIE U3
BCEX MW3BECTHbIX HaM CWN  CBA3LIBAKOT MeXJy COOOl
KOMMOHEHTbI aTOMHOro agpa. UTobbl pasbefuHUTL UX, HYXKHO
NoTPaTUTbL NMOUCTUHE KOOCCa/IbHOE KO/IMYECTBO 3HEPrun. Yto
XKe KacaeTcs 3/1eKTPOHOB U MO3UTPOHOB, TO OHWU «NPUBSA3aHbI»
K A4pYy TO/MbKO /iMWb O6bIKHOBEHHbLIM 3/1EKTPOMArHUTHbLIM
nosiem, U 4Ytobbl 3Ty CBA3b pa3opBaTh, NOPOA AOCTATOUHO TOM
3HEpPrumn, KoTopas NosBASETCS B pe3ynbTaTe caMoil 06bIYHOM
XUMMYECKOW  peakuMnm  WUAM - BO3AENCTBMEM  MOLLHOIO
3M1eKTPOMarHMTHOro nons. MpaBMTauus B BapmaHTe aTOMOB U
Cyb6aTOMHbIX  YacTuy  SBNsieTCH Hambonee  Nerkow
Pa3HOBMAHOCTLIO B3aMMOAENCTBUA. ["paBUTALMOHHOE MoNie B
3TOM C/nyyae HacTO/IbKO Ccnabo, 4TO ero TPyAHO cebe
npegcTaBuTb. ®opMMpoBaHue 6oniee-MeHee CTPOMHON Teopum
rpaBuTalumn Npomn3oLN0 CpaBHUTENbHO HeaaBHO, Gnarogaps
pesy/fbTaTaM MHOFOBEKOBbIX HabMOAEHW 3a  [ABMXKEHMEM
nNaHeT 1 NPOYMMM HebecHbIMM Tenamn. 3agada CyLecTBEHHO
obneryanacb Tem, YTO BCe OHW [ABWXXYTCA B BaKyyme, rjae
MPOCTO HET APYrMX BEPOATHbIX B3aMMOAENCTBUIA.

3a nocnegHve 100 net pasHbIMK KUCCNefoBaTeNnaMu u
n3obpetatensimy  6biM NPOBEAEHbI OMNbITbl, TAE, BOMPEKM
06LLENPUHATOMY 3aKOHY TArOTEHUS, NpeaMeTbl Tepsanun Bec. C
MOMOLLbIO CNeumabHbIX 3NEKTPUYECKMX KOHCTPYKUWIA Oblna
co3fjaHa aHTMrpaBuMTauMs. BCMOMHMM 3TUX 3HAMEHUTbIX
NoAeN.

[bKoH Knnm — ¢ nomMoLLbo 3Heprm Bubpauuii 1 3ByKOBbIX
BO/SIH, NpeaMeTbl Tepsnu Bec. [XKOH XaTUMHCOH — C MOMOLLbHO
FeHEepUpOBaHNS TOKOB BbICOKOW 4aCTOTbl W 3BYKOBbIX
BMOPALNIA pa3fIMYHOM YacTOTbl, NPeAMETbI He TOIbKO Tepsinun
BEC, HO elg u npoucxoamna TpaHCMyTauus UX 3/1EMEHTOB.
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[DkoH Cepn — C MOMOLLbIO 3/1IEKTPOMArHUTHBLIX MOMein ¢
6eCKOHEYHO BpaLlaloLLMMUCA MarHUTHBIMUA POIMKaMU BOKPYT
HaMarHM4yeHHbIX KOfel, NPOW3BOAMMACL  3NeKTpuyeckas
3HEPrus, N KOHCTPYKUMS Tepsina CBOW BeC, B3fieTast B BO3AYX.
dpBaph JInackanHMH — ¢ MOMOLLbKO 3BYKOBbLIX BUOpauuii v
MPYMEHEHNS 3N1EKTPOMArHUTHbIX KonebaHni B pe3oHaHce, OH
M3MeHsN BeC KaMHed. AkafeMnK VrHatebes IM.®. — ¢ NOMOLLbLO
[BOMNHON KaTywkwn Tecna, ¢ NPMMEHEHNEM TOKOB BbICOKOWA
4acToThbl U pe3oHaHca, NOAHUMaN NPeAMETbl CO 3HAUNTE/IbHOM
TSHKeCTblo.  EcTectBOMChbITaTeNb  pebeHHMKOB B.C. -
paspaboTan aHTUrpaBUTaLMOHHYIO Nnatopmy, WCNONb3Yys
3HaHWA HaceKoMoro Mupa.

ABTOp nNpvBEN [OCTATOYHO MPUMEPOB, TAe HarnagHo
BUAHO, 4YTO aHTUIPaBUTALMOHHBIA 3Q¢eKT AeNCTBUTENbHO
HaingeH. Tem 6Gonee, BCe 3TW 3((eKTbl 3aCBUAETENLCTBOBAHbI
ncropueii. CaMoe VHTEPECHO 3akK/loyaeTCcd B TOM, UTO 3TW
M300peTeHNss  UMET  O0OWHOCTb B BOCMPOM3BOAMMOM
npowecce, a MWMEHHO TMOMyYeHUs aHTurpasmutayun. 370
1Cnosib3oBaHue 3Heprum 3BYKOBbIX BUbpaLnii
(3NeKTPUYECKUX, MEXAHUYECKNX), C UCNONb30BAHNEM Pa3HOro
ApanasoHa 4acToT U NPUMEHEHNEM UMMY/IbCHOW TEXHOOMN.
O NpYMEHEHUN TOKOB BbICOKOIM 4acTOTbl M €ro nepcrexkTvs B
CBOEé BpemdA rosopun H. Tecna.

HanpawumBaetca npeaBapuTesibHbIA  BbIBOA, 4TO B
appekTe aHTUrpaBuTaLMM, HEMNOCPEACTBEHHO C  APYrumu
CBOMCTBaMWN 3/IEMEHTAPHbIX YacTUL, Y4acTBYHOT 3apsKeHHble
4yacTuMUbl MO3UTPOHbI. Beab MO CBOMM XapakTepucTuKam
MO3UTPOH aKTMBEH TaMm, e CYLIeCTBYKT BuOpaumm 3ByKa
((bOHOHbI) Y MUMMYNbCHAA TEXHOMOMUA C MPUMEHEHNEM TOKOB
OONbLUON BENNYMHBI, HO KOPOTKUX MO BO3AENCTBUIO BO
BpemeHu (KaTywwku Tecna u Kavep bposuHa). B npeablaywmnx
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rnasax 06 3Tom 6bI10 MHOrO ckasaHo. Korga nonydaetcs
CTa/IKMBaTbCA C TakKMM OGONbLUMM KONNYECTBOM aHanoruid,
KOTOpble BCTpeyaloTcsi B paboTax un306peTatenein mu
nccneposateneil B 06MaCTV  HEOObIKHOBEHHbLIX — SIBIEHWIA,
HeBO/IbHO BO3HMKAKOT MbIC/IN O TOM, Ha KakOM MPUHLMNE 370
BCE paboTaeT. MoACKa3KM y Hac nepeq rnasamu, U Ux HyXXHO
TO/IbKO YBUAETbL U NPUMEHUTb.
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FNABA 15. 3HaHMA n3o06peTaTenei NPoLU/bIX BPEMEH

Kak Mbl 3Haem u3 ucrtopuw, wu3obpetatenn
nccnefoBaTesi He UCMONb30Ba/I COBPEMEHHbIE (POPMY/bl U
[OrMathl, HO UX KOHCTPYKUMM paboTann. YTo 3TO 3a 3HaHWUA?
A cMOXKeT COBPeMEHHbI Ye/IOBEK 3TW 3HaHUA NPUHATL? Begpb
Yy Hac yXe CNOXWIUCb HEKOTOpPble CTEPEOTUNbI MbILLUIEHUS, U
CMOXEM /I Mbl HaiTK B ce6e Cubl NPU3HaTb, YTO HEKOTOPbIe
N3 HUX NOXHbI?

ABTOp yBa&XXaeT MHEHUS YYEHbIX U (IU3NKOB N UX TPYL B
06/1aCTV NO3HAHWSA HEBUAMMOIO MUKPO U Makpomupa. Ho ecnm
y4éHble BCE npeABUAeN 1 BO BCEM ObliM Mpasbl, TO NOYeMy
HET NPaKTUYeCKNX AoKa3aTe/NIbCTB BbIABUHYTbIX Teopuin? Befb
rNaBHbIN KPUTEPUIA HAYYHOTO M3bICKaHWUS — 3TO MPaKTUYecKoe
noATBepXaeHe Teopun. B nocnegHee Bpems  Hay4HbIi
Mporpecc MOLHO LWarHyn Brepéa, v NosfABWIOCL MHOro
n306peTeHNiA B 06/1aCTM  3HEPreTUKKM, KOTOpble CTaBAT
Hay4yHblA MUP B TynuK. Bblin cobpaHbl pasHble BUAb
3NEKTPUYECKUX TEeHepaTopoB, Yy KOTOPbIX Ha BblXoAe
npeobpas3oBbiBasiaCb MOLLHOCTb 60/bLUe, Yem MOTpPebnsno
camMO YCTPOMCTBO BMeCTe C 3/1eKTponoTpeduTenem; a no
3aKOHY COXPaHeHWs 3HEPrun 3aToro ObITb He MOXeT. OTBET Ha
AaHHbIA BONPOC MOXET fAaTb TONbKO MEepecMoTp MHOrUX
3aKOHOB W [OrMaTtoB, KOTOPbIMW MO/b3YeTCH COBPEMEHHbIA
Mup. B NpOTMBHOM Cfyyae BbIXOAWUT, YTO WUCCeAoBaTenn u
n3obpetaTenn no-4pyromMy nocMoTpenn Ha U3NKy SBNEHNIA B
npUpoje, N X KOHCTPYKLMKM 3apaboTasin, a Y4EHble-TEOPETUKM
roBOpAT, 4YTO 3TO He BEpHO, HO  NPaKTUYecKoro
NOATBEPXAEHMS He AatoT. Kak-To BCE MosiyvaeTcs HaoboporT.
Uto camoe yauMBUTE/IbHOE — UCCNefoBaTeNM U M3obpeTarTesm
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Haxo4uNN OTBETbl Ha MHOrVe BOMPOCbI UMEHHO W3 3HaHWI
MPOLL/IbIX BEKOB U ThICAYENETUIA.

B 3Toin rnaBe 6y4yT YNOMSHYTbI HEKOTOpPbIE (PparMeHTbl
3HAHWI APEBHUX, HO OHW TPebYHT HEKOTOPOI PacLLUN(POBKM.
ABTOp 3apaHee WHMOPMMPYeT uuTaTend, 4TO MHOrue
00bACHEHNS He OYAyT cpa3y BOCNPUHATBLI YMOM, TaK Kak Hac
npuysnnn gymatb Mo-gpyromy. Ho 3TW 3HaHWA MO3BONAT
NHaye yBUAETb MUP BOKPYT HaC.

[ns Toro, 4to6bl BNafeTb HaBblKamMy 3HAHWIA [PEBHUX,
HeobX0AMMO pacLUMpATb CBOW KPYro3op BOCMPUATUA 3TOrO
mupa. Wccnegosatenn, yyéHble M U306peTatenin crapainch
npucMaTpmBaTbCs KO BCEMY, YTO HAc OKpyxaeT. Befb Mbl
YXMBEM N NOAYMHAEMCA BCEIEHCKMM 3aKOHaM, KOTOpble He Mbl
Nnpuaymaun; a 3T 3aKoHbl paboTatoT, XOTUM Mbl TOFO UIN HET,
BEPUM Mbl B HUX WAN HeT. YenoBeyecTBO MOCTOSAHHO
aflanTupyeTcs B CBOEN XM3HM K 3TUM 3aKOHaM, HO NoYeMy-To
B YMNoOp He BWAUT W OTBepraeT ouyeBmaHoe. He 3psa 6blno
CKa3aHo, 4YTO YAMBWUTENIbHOE PAAOM, M BCE TeHWabHOe —
npocTo. MNMoAckaskM Ha MHOrMe BONPOCHI Y HAc Bcerfa nepeq,
rnasamm.

OfHO ¥3 3HaHWI «ApPeBHUX» — uucna PuboHavun u
30n0T0e ceyveHne. ®PuboHauum (JleoHapao lMusaHckuin) — 3To
CaMbllii 3HAUYUTENbHbIA MaTeMaTUK CpeaHEBEKOBbA. Pofb ero
KHUT B pasBUTMM MaTemMaTUKu U pacnpocTpaHeHUn B EBpone
MaTemMaTUYeCKMX 3HaHWIn TPYAHO MepPeoLeHnTb. XOTSA Ham
HEMHOr0 M3BECTHO O XXW3HW JleoHapfo, BCE e wucTopus
[OHecna [0 Hawwux [Hel ero rfaBHoe TBOPEeHMe — YMC/I0BONA
pag ®PnboHavun, a Takxke Apyrve TBOPEHUS, YHUKaTIbHOCTA U
YHUBEPCAIbHOCTW KOTOPbLIX Mbl HE NepecTaeM YAUBNATLCS.

JleoHappo BMepBbIe B EBpone NCNonb30Ba
«oTpuLartenbHble» yucna. Yactb 3agay — Ha CyMMUpOBaHue

109



PSfoB. B CBA3M C KOHTPO/MIEM BbIYWCMEHWIA MO MOAY/HO
NPUBOAATCA MNPU3HAKK Aennumoctn Ha 2, 3, 5, 9. MHorue
Ba)KHble 334ayn BMepBble W3BECTHbI MMEHHO W3 KHUTK

JleoHapAo; 04HAKO AaXKe Npu U3N0XEeHUU KNacCUyecKnx 3afay

OH BHEC MHOro HoBOro. MeTofbl pelleHns ypaBHEHUI YacTo

OpUrMHa/IbHble, MO  CYLWEeCTBy  anrebpanyeckue, XoTd

CUMBO/MMKA OTCYTCTBYeT. Bo MHOrmx Bornpocax JleoHapgo

MOLLEN Aanblle KuTaiues. PMGoHay4n — BrepBeble B EBpone

— CB0O60OAHO 06pallaeTcs C «OTpULATENbHbIMU» YUCNAMM,

TONKYS WX B WHAUACKOM CTuie. ABTOP akueHTUpyeT

BHMMaHWe Ha «0TpuLaTebHble» NN HeYETHbIE Yncha.
MpviBedy AN Havana NOrMKY 3HaHWWA [peBHUX. Ha 3tu

3HaHUA ONUPasIUCb TaKue 3HaMEHWUTOCTW, Kak JleoHapao pga

BvHuM, 1 MHOIMe apyrvie yuyéHble U MU306peTaTenn pasHbIX

BpeMéEH. lpuHUMaTL UM He NPUHUMATb 3TW 3HaHWUA — 3TO

npaso /11060ro yenoseka. 3afaya aBTopa LOHECTU Kak MOXHO

60/blUE COKPbITbIX 3HaHWI, KOTOPble MOMOrYT B3r/AHYTb Ha

TalHbl MWUPO3JaHWsi HaAMHOTO LuMpe. MTakK, Norvka 3HaHwuiA

[PEeBHUX:

1. [BWXeHuWe BO3HWKAeT TaMm, rAe ecTb HepaBHOMEPHOCTb
MAOTHOCTM (N/IOTHOCTb NOTOKA 3/IEKTPUYECKUX 3apsfoB).
A NOTHOCTb MEHSAETCA Tam, rfe MeHseTcq Bubpauus
MPOCTPAHCTBA;

2. YnpaBnsas MAOTHOCTbKO MOTOKA 3MEKTPUYECKMX 3apsfAo0B,
HeobXxoAMMo co3faBaTb 006M1aCTV HU3KOTO W BbICOKOIO
AaBneHus (Katywku Kynepa n 6udmnap Tecna);

3. M3MeHn YacToTy BMbpaumii 1 npeogoneellb Bec. Teepgoe
CTaHET MATKMM, XO/IOAHOE ropsAYNM, a ropsaYvee X0/04HbIM;

4. UYT06bl 106ObITb S3HEPTUIO — UCNONb3YIA LIENbIE YNCNE;

5. YT0O6bl OTBECTU IHEPTUIO — M3BErai LieNbIX YNCENT;
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6. UTO6blI NOMYYNTb XKECTKMIA MOTOK 3HEPruM — MCMONb3YiA
YeTHbIE YnCna;

7. UTo6bl NOMYYNTb MAFKWUIA MOTOK 3HEPrMU — MCMONb3YW
HeyeTHble YnCna;

8. Hanpasnain Bubpaunto yrnamu, OTpakaih rnagKumu
CTeHamu;

9. YcTpemnsin cuny Bubpaumin B LEHTP;

10. 3Halt XXe, 4TO NOTOK CWU/bl (3HEPTUO) MOXHO 06Yy3aaTb,
TO/bKO MOHSAB 3HAYEHME YETHBIX N HEYETHBIX YNCENT;

11. /obble 06bEKTbI BO BceneHHoW 3By4aT MNofgo6HO
MY3blKaJIbHbIM ~ MHCTPyMeHTaM (432 Ty - u4acToTa
rapMoHuy BceneHHOI, 1 Mo 3TOW YacToTe HacTpauBa/IUCh
BCE MY3blKa/lbHble UHCTPYMEHTBI — HOTa J171);

12. Ytobbl ynpaBnaTb BMOpaUMsSMM B MPOCTPAHCTBE, HYXXHO
1CNO/b30BaTb Pa3HULLY B MJIOTHOCTW MaTepyasios;

13. AnvHa BOMHbI He MMEeT 3HayeHus. 3HayeHue UMeeT
TONbKO OTHOLUEHWE OfHOW BOMHbI K [APYronh. ITUMU
OTHOLLUEHUAMM MOXHO CO3/aBaTb rapMOHWUYHbIE COYETaHUS
4acToT. Takoe CoYeTaHWe POXKAAET IHEPTUIO;

14. TpocTpaHCTBO NOAO6HO KpucTanny. [losTopsi gopmy
Kpuctanna, W [JO6bEWbLCA FapPMOHUYHLIX COYETaHWi
4acToT;

15. B KOHCTPYKUMAX MCNOMb3yin umcna ®uboHayvum, 301070
ceyeHue (1,618) v umcrno MNun (3,14).

HemHoro  oTBneyémcsi  OT  TeMbl.  3HaMEHWUTLIN
n3obpetatens [koH Cepn B CBOMX  U3006pETEHUAX
MCNOMb30Ba/T «Marnyeckne» KBafgpaTbl, U OHW eMy MOMOrN
MOHATb, KaK CKOHCTPYWMpPOBaTb FeHepaTop 3Hepruu, KOTopbli
[0 CUX MOP HUKTO He MOXKET NOBTOPUTL (puc. 32).
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Puc. 32. «Marunyeckuii» Ksagpar

ABTOp NPOBEN HECKO/bKO UCCNef0BaHWI B 3TON 06/1acTy,
paboTtafd C YETHbIMM M HEYETHBIMM YMCNaMK, a TakKke C
yncnamm 3on0toro cedeHmst (0,618 n 1,618), n Ha nNpakTUKe
ybeauncs, YTo 3TK 3HaHWA MMeKT 0Co60e 3HauveHue. Jydine
pe3ynbTaTtbl PaboThl reHepaTopa HanpsHXKeHNA ObiNM OTMEYeHbI
MMEHHO C WCMO/Mb30BaHMEM YETHbLIX M HEYETHBIX Yucen u
30/10TOr0 CeYeHMs B KOHCTPYKUMAX WHAYKTUMBHBIX KaTyllek
cBA3W. WM 4TO camoe yAmMBWUTENbHOE — B MEPBOM KOHTYype
«HaKayku» UCMONb30BIOCH Lie/loe M YETHOE 4ucio, a B
KOHType CbEMa 3Heprum — ApobHble U HeYyéTHble ymcna. Kak
TONIbKO B BbIXOAHOM KOHTYype CBfA3W YyBenuyuMBanacb Wu
yMeHbLlanacb AJIMHa HaMOTKW, U TeM CamMblM W3MEHSANCA U
BHELLUHWI AvameTp KaTyLLKK, TO Ka4yeCcTBO paboTbl reHepaTopa
MPeKpaLLanoch, 1 BbIXOAHAA MOLHOCTbL Pe3Ko nagana.

Uncna dnboHaYuM 1 30/10TOE CeYeHre MOXHO BCTPETUTH
npakTnyeckn Besge (puc. 33). V1 pgaxe Teno yenoseka MMeeT
CTPYKTYpPY 3010TOro ceyeHus. O6 atom nucan JleoHapo Aa
BvHuM, ¥ wuHDopMaumio 06 3TOM MOXHO MpounTaTh B
6onbWOM Ko/MYecTBe. 3afjadya aBTopa — MOACKasaTb, rae B
KOHCTPYKLUMAX reHeparopa Harnps»XeHns moryT
MCMONMb30BaTbCS  3HAHMS  «APEBHMX» W TMOKasaTb CBOW
MOJIOXXUTESIbHbIE PE3Y/bTaThI.
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B npupofe cyLlecTBYeT B3aMMOCBA3b MeEXAY uvuMcnamu
®unboHaY4M 1 3010TbIM CeveHneM. Yncnosoi pag PrboHauun
-0,1,1,2, 3,5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987,
1597, 2584, 4181, 6765, 10946 n T1.5. OTHOLLUEHME KaXAoro
yucna K nocnepytowemy 6onee n 60nee CTPEMUTCH K umncny
0,618 wnm 1,618, B 3aBMCMMOCTM OT MaTEMaTUYECKOro
ncUnCneHus.

Mpumep: 55:89 =0,6179 1 89 :55=1,6181

Puc. 33

Takke B TEXHONMOTUAX «OPEBHUX», MOMMMO 30/10TOr0
ceyeHnsa (1,618 wn 0,618), B KauyecTBe HeUeNbIX YuCenN
MNCMONb30BA/INCL KBaApPaTHbIE KOPHU — 2, 3 1 5.

3 HabntofeHWiA: B 3/1eKTPOTEXHUKE YaCTO WUCMOSb3YHTCS
npoeoga ceyeHvem — 0,12; 0,22; 0,34; 0,56; 0,75; 0,9-1; 1,5;
2,5; 4. ABTOp aKLUEHTMPYeT BHUMaHWE, YTO 3TO HE aKCMOMa, a
NPOCTO HabnoAeHUe, HO CneunasbHO WM CMNOHTaHHO 3TK
ceyeHus BblOpaHbl He ciyyaiiHo. Mpon3BeaemM pacyéTsbl.

41,618 = 2,47 (2,5); 2,47 : 1,618 = 1,52 (1,5); 1,52 :
1,618 = 0,94 (0,9-1); 0,94 : 1,618 = 0,58 (0,56); 0,58 : 1,618 =
0,36 (0,34); 0,36 : 1,618 = 0,22 (0,22); 0,22 : 1,618 = 0,13
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(0,12). fanee 1,5:1,41=1,06; 1,06 : 1,41 =0,75 (KOpeHb 2 =
1,41).

Pacyétbl roBopsAT camy 3a Cebs. INeKTpPonpoBogka B
AOMax M KBapTupax UCMosib3yeTcd B OCHOBHOM CEYeHMeM OT
1,5 mm go 4 mMm. B 06MOTKM CeTeBbIX TpaHC(HOpPMaTOpOB
1cnonbL30BanCh Nposoja ceveHnem ot 0,12 mm go 0,34 mm.
ewé Mbl 3abbinn ynomaHyTb o0 yucne Mu (3,14). Yucno MNu n
30/10TOe CeyeHue el HasblBalOT KOHCTaHTaMu BceneHHON.
Mpn CcTpoUTENbCTBE ErUMETCKUX MUpaMug MCnonbL30BaIun
yucno MNu 1 yucna 30710TOr0 cevyeHUs. AHOMaIUK, KOTOpble
MPOUCXOAAT B 3TUX NpaMuziax, roBopsT camn 3a cebs.

EWwé ogMH npumep TOro, YTO 30/10TOE CeYeHue
NMPUMEHANOCL U3APEBE — 3TO HaAEHHbIN apTeakT Ha Ypase.
3T cnmpany cocToAT 13 BOb(pama 1 MonmbaeHa (oo 7).

doT0 7

HaingeHHas Haxofka gatmpyetcsi 300 TbicAyeneTmem fo
H.3. [InA COBpPeMEHHOro yma 37O HenoCTMXUMO W He
yKnaaplBaeTca B O6LEenpuHATbIE 3HaHMA. Ho 3TOT (akT
3aCBMAETENIbCTBOBAH YYEHbIM MupoM. Oc060 OTMedy, 4TO
OTHOLLIEHWE TOMWMHBI CepAeYHNKA U TONLLMHBI CNUpann 34echb
BbINO/IHEHO B COOTBETCTBUM C 30/10TbIM CEYEHUEM.

OfVH 13 MOLLHbIX NPUPOAHbIX reHepaTopoB MOLLHOCTU —
3TO BMXPb B TOPHAZo. ATO MPUPOLHOE fBNEHWe Bcerfa
HaxXoamMTCA B MOMie 3peHUs YYéHbIX W u3obpetaTeneil. B
npeablayLwmnx rnasax aBTop BCKOJb3b YMNOMSHY/T O TOPHAAO0 U
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ero 3/1eKTPUYECKOW Mpupoge, rae HarfisgHoO MpoCcieXmBaeTcs
B3aVIMOAENCTBNE PaSHOMMEHHbIX 3/IEKTPUYECKMX 3apsAfoB. Kak
e TNPUMEHWUTb 3TU 3HaHWSA B CO3[4aHUN  KOHCTPYKLUK
3/IEKTPUYECKOrO FeHepaTopa M Kak M3roTOBUTb KOHCTPYKLMIO
3HepreTNYecKoro TopHaao?

Ona Toro 4tobbl MOMYYNTb 6OMLLUIYHD MOLHOCTL Ha
BbIXO/ZE 3/MEKTPMUYECKOro reHepaTopa, Heo6xoanmo cobnCTy
HECKO/IbKO YC/IOBUIA — 3TO aKKyMynMpoBaHUe pasHOMMEHHbIX
3apsHKeHHbIX  YacTuy,  (MO3UTPOHOB M 3/1EKTPOHOB) U
yBeNNYEHE CKOPOCTM MOTOKA 3TWUX 4acTWl, B MPOBOLHUKE.
[ns 3T0ro B KOHCTPYKLMW reHepaTtopoB MCMNO/b30Ba/ICS
METOJ, rhe 3apshKeHHble 4acTuubl 3aKpy4MBaInCh B CNupasib
(3HepreTyeckoe TOPHAZO0), MPU 3TOM CKOPOCTb [ABVKEHWUS
9TMX  3apSOKEHHbIX  YacTul,  Oblna  O4YeHb  BbICOKA.
OfHOBpPeMEeHHO MOosBMIAaCh BO3MOXHOCTb YrpaBfieHus 3TUMu
yacTMuaMn W nepeHanpaeneHNs KX B OTAENbHble Y4acTKu
cxembl. Buktop LLlaybeprep cneunanbHO OTAENAN NMO3UTPOHbI
OT 3/IEKTPOHOB N KOHLEHTPUPOBa/T MOTOK 3HEPTNU VMEHHO B
CTOPOHY  NO3UTPOHHOW. [MO3UTPOHHas 3Heprus  Bcerpa
CTpeMuTCA B UEHTP (LEHTPOCTpEMUTENIbHAA), a 3NeKTPOHHas
3Heprus — Hapyxy (cMm. Tabnuuy 1, rnasa 5). VI He TOMbKO
Buktop  Lllaybeprep  crneuuanbHO — OTAENsn  MMEHHO
MO3UTPOHHYIO 3HEPTM0, HO W MHOruMe u3obperarenun, T.K.
MOHWMaN, YTO paboTad C MO3UTPOHAMW, KaK HOCUTENAMM
3NIEKTPUYECKOr0 3apsafa, Bblensetcs 60/blle 3Hepruv Ans
noslyyeHnss MonesHon wmowHoctn. EWE B CBOE Bpems
n3obpertartens JoH CMUAT roBopus, 4TO AMNONEM AN Nepefaym
3HEeprMM MOXeT ObITb 06O  MaTepuan, B KOTOPOM
NPUCYTCTBYHOT MOMIOXKMUTENBHO N OTPULATENIbHO 3apsKeHHble
4yacTMUbl, HanpuMep, MeTa//IMYECKNE CTEPXKHMU, KaTyLLIKK W
nnasMeHHble TPyOku. Takke B MpoLecce UCCneLoBaHWNiA
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CBOMCTBa MPMPOLbl MO3UTPOHHOW 3HEPrM OblN0 BbLISBIEHO
aKTMBHOE  B3aMMOMENCTBME  MO3UTPOHOB C  3Heprueit
OKpYy>KatoLLero npoctpaHcTea. O CBOWCTBaX 3HEPreTM4ecKoro
BUXPA Yontep Paccen OCTaBW/ Ye/IOBEYECTBY HEOLEHVMbIE
3HaHuA. Tenepb Mbl MOHUMaEM, NOYEMY B 3HAHUAX «APEBHUX»
OblN0 CKa3aHO: «YCTPEMJIAIN CUNY BUOPaLUIA B LLEHTP.
Brbpauum v 3ByK cBSi3aHbl MeXAy CO60I TECHOWN CBA3bIO.
Bcé Bo BceneHHolM BMOPUPYET M He CTOMT Ha MecTe. U ewwgé
roBopu/n, 4YTO BceneHHas MOET, N COBPEMEHHas HayKa 3Toro
He oTpuuaeT. Kak roBopunocb B APEBHUX 3HAHWUAX — eC/u
3Haelb 4acToTy BMOpauMM TOro WAM MHOrO MpeameTa Wau
BELLeCTBa, TO Tbl MOXeELUb UM YNpaB/fTb. ITO OYEHb BaXKHOE
3HaHWe, NOTOMY 4TO, He MOHUMAsA, Kak ynpaBasTb TeM WAn
MHbIM MNPOLLECCOM, HEBO3MOXHO 4TO-TO cAenatb. Kak 6bl110
CKa3aHo B NpefblayLiMX rnaBax — HeT HU OAHOW AeNCTBYIOLLEi
MOZeNn reHeparopa 3Heprun 6e3 MCNobL30BaHWUA pe3oHaHca.
Pe30HaHC — 3TO TOXe 3Heprus BMbpauuMm Ha onpeseneHHoM
yactoTte. Yactota nofovpaeTcs, MCX0AsA M3 MUCMOJSb30BaHHOIO
mMaTepuana n CBOMCTB KonebaTesIbHOro KOoHTypa. [ykoH Kunu,
MCNONb3ys 3HaHWA 06 3HEprusx 3BYKOBbIX BMbpauui,
3aCTaB/fisAfl HenpepbIBHO paboTaTb MexaHWUYecKue YCTPOCTBa
6e3 octaHoBKM. H. Tecna, NpUMeHsisi CBOICTBa pPe30HaHca,
yyTb He paspywumn 3gaHue. [KOH XaTyMHCOH MpPOBOAWN
UCMbITAHWUSA Ha pa3HbIX mMaTepuanax M MeHsn UX CBOWCTBa. B
4MCNO NPOM3BOAMMBIX IPPEKTOB BXOLAAT: NEBUTALMA THKENBIX
0ObEKTOB; CMNJiaB pPa3HOPOLHbIX MaTepuanoB (Takux, Kak
MeTa/ W [lepeBo); aHOMaslbHOe pas3orpeBaHne MeTasioB npu
OTCYTCTBMU BOAM3N HUX ropawmx BELLeCTB;
CaMOrpOn3BO/IbHBIA  paspblB  MET//IMYECKUX  NPeAMETOB
(KOTOpble PacTPeCKMBAOTCA, PAcroN3asch B pasHble CTOPOHbI).
Kpome TOro, HabnofaimMcb Kak BpEMEHHble, TakK MU
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MOCTOSHHbIE  U3MEHEHWUS KPUCTA/I/IMYECKON CTPYKTYpbl W
(h13nYecKnX CBOWCTB MeTasoB. He 3ps CKazaHO [ApeBHUMMU:
«/13mMeHn yacToTy BuOpauuii U npeofoneellb Bec. TBeppoe
CTaHeT MATKWM, XONOAHOe FopsyMM, a ropsyee XOMO0LHbIMY.
Camoe rfiaBHOe, YTO 3TO MOATBEPXAEHO Ha MpaKkTUKe — TO
eCTb, 3TO He BbIMbICeNl. JPdekT XaTymHCOHA — 3TO
COBOKYMHOCTb fIB/IEHWIA, KOTOpPble OblfN CMy4YaliHO OTKPbITbI
1M ewe B 1979 rogy B npovecce U3yyeHNs NPOLO/bHbLIX BOJH
Tecna. JT0T  3()(PeKT  NPOUCXOAMUT B pesy/bTaTe
NHTEP(ePEHUMN NPOLO/bHLIX BOMH B HEKOTOPON 06/1acTy
MPOCTPAHCTBA,  CO34aBaeMbIX  WUCTOYHMKAMWU  BbICOKOIO
HanpsbkeHnsi.  EWE npuvmep  npuMeHeHWs  BUGpauuid.
TnbeTcKne MoHaxm, UCMOoNb3ya AJIMHHbIE TPYObI, C MOMOLLLIO
BMOpaLMiA 3acTaBNANM U3MEHSATb BEC KaMHeW, M 3TW KaMHU
MOXXHO Obl/I0 NEPEHOCUTL C OAHOr0 MecTa Ha fpyroe. Onatb
Mbl BUAWMM, 4YTO B MpPOLECCE 3TUX aHOMaIMiA NPUCYTCTBYHOT
NPOAO/IbHbIE BOJHbI, 3BYKOBble BMOpauun. A 3To NposiBfieHve
MO3UTPOHHON 3HEPrun, 1 3TW CBOMCTBA XOPOLUO MOKasaHbl B
Tabnuue 1, rnasa 5.

HemHoro o vactorte 432 I'y. [JaHHaaA yacTtoTa SABNsAETCA
abTEPHATUBHOW  HaCTPOWMKOW, KOTOpas  MaTeMaTuyecKu
HaxoguTca B 6anaHce ¢ BceneHHOWM 1 obnagaet 61aroTBOPHON
LleNIMTENIbHON  3Hepruei, MNOTOMY UTO 3TO UWCTbIA TOH
mMaTeMaTM4ecKoi OCHOBbI Npupofbl. CTpoit 432 cyLuecTBOBaS
ewé B ApesHel peunn, HaumHas oT lnaToHa, MnnokpaTa,
ApuctoTens, [Mudaropa M Ap. BENVKUX MbICAUTENER 1
(hnnocooB aHTUYHOCTU, KOTOPble, KakK M3BECTHO, 06s1afanm
OeCUEHHbIMY 3HaHUAMU O LieNIebHOM BO34eNCTBMN My3bIKN Ha
4esioBEKa, W BbINEUMBAIN MHOTUX JHOLEA WMMEHHO CWU/ION
MY3bIKU.
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Mommmo yacToTbl 432 'y B npupoge ectb U Apyrue
4acTOTbl, KOTOpPble OKa3blBaldT 0C060e BO3MAENCTBUE, KaK Ha
OKpyXatowmii mup, Tak U Ha BceneHHyo. Hayka KumaTuka
(n3yvarowas BU3yanm3aumio 3ByKa 1 BMOpaLmn) LOKasblBaeT,
4yTo yYacTtoTa W BUBpaLMsA  ABAAKOTCA  «KIKYaMU» U
OpraHu3aLMOHHON OCHOBOW A1 CO3JaHus BCEW Matepumn
YKM3HM Ha 3TOI NnaHeTe. Korja 3BYKOBbIE BO/HbI ABMXYTCS Ha
(hm3myeckom HocuTene (Necok, BO3AyX, Boga U T.4.), YactoTa
BOJIH MMEeT HEemnocpeACTBEHHOE OTHOLLEHME K JOPMUPOBaHUIO
CTPYKTYP, KOTOpble CO34at0TCA 3BYKOBbIMW BOSIHaMM, Korpa
OHV NPOXOAAT Yepe3 ONPefefieHHY Cpeay, Takylo, Kak,
HanpuMmep, YenOBeYeCKOe Teno, KOTOPOe COCTOMT Ha 6onee
yeM 70% w13 BoApl. B npeablgywmnx rnaesax ob110 YNnomMsHyTO
06 OCTOPOXXHOM OTHOLUEHUWN K MPUMEHEHUIO Pe30HaHCHbIX
4acToT, 0CO6eHHO B KaTyllKax Tecna v B Kayepe bposuHa. B
COBPEMEHHOM MWpe MO NOBOAY B/IMAHMA BUOpALMA Ha Teno
yesioBeKa HanmMcaHo MHOro Tpygos. 3o6petatens OoH Cmut
rosopus: «loTeHUMasIbHasa 3HEPrusa CyLLecTBYeT Be3fe U BO
BCe BPEMEHa, N CTaHOBUTCA MOJIE3HON, KOrfa npespalyaeTcs B
6onee  npakTU4eckyrd  ¢opmy. ITOT  3HEPreTUYecKui
noTeHuman HabNOLAeTCHd KOCBEHHO 4epe3  NposiBfieHue
3NEKTPOMAarHUTHbIX  SIBNEHWIA, OHW  MepexBaTbiBalOTCA  ”
npeobpasytoTcd B MOMIE3HYHD 3HEPruto. B HennHemHbIX
CUCTEMAX C/IOXKEHWE 3/1eKTPOMArHUTHBLIX BOJIH  YCWU/IUBAET
BbIXOAHYIO  3Hepruto, obecrneumBas 60/blUe  BbIXOAHOM
MOLLHOCTW, MO CPaBHEHWIO C BXOAHON. B npocToin hopme 3To
MPOUCXOAUT B MNWaHWUHO, rAe Mo TPEM CTpyHaMm Yypapset
MOJIOTOYEK. Pe30HaHC MeXay Tpems CTpyHamu obecneymsaeT
YPOBeHb LWyMa 60/blue, 4YeM OblNo 3aTpayeHO BXOAHOW
3Hepruu. 3BYKOBbIE KonebaHms - 370 4acTb
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3/IEKTPOMArHUTHOIO CMeKTpa, MO3TOMYy Te e 3P(eKTbl
BO3HMKAIOT B 3/1eKTPOMArHUTHbLIX KOIe6aHNAX.

Wccneposatensam 1 un3obpeTateniiM Henb3s 3abbiBaTb O
TOM, 4YTO CO3jaBaemas WMWK 3NeKTPOHHaA KOHCTPYKUMA C
NCNONb30BAHNEM  3/IEKTPOMArHUTHbLIX  KonebaHuin  AomkHa
ObITb 6e3BpefHON ANA 340POBbSA NOAEA W XXMBOTHbIX. Kak
nokasasa npakTuka, 4acToTbl B 06/1aCTV ynbTpassyka oT 20
KMy po 100 kly 6e3BpedHbl, M 3TW  4acTOTbl  MOXXHO
1CMO0/b30BaTh B CXEMAX reHepaTopoB IHepruu.
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"NMABA 16. Hayka 1 MUCTWKa B 3/1eEKTPUYEeCTBe

Ha nepsblil B3rNsg, MOXeT MoKasaTbCA CTpPaHHbIM —
npuyYém 34ecb MUCTUKA U Tema 3/IEKTPUYECTBa, KakK OLHOro 13
pasgenoB Hayku. ABTOP, He CWIbHO Yrny6nsscb B 061acTb
MUCTUKM, NMPOBELET aHa/IOrMN0 C BOCMPUATNEM COBPEMEHHOIO
MbILL/IEHUA W PEASIbHOCTbHO B XKMU3HWU. ITO TaKXe MOMOXET
ymTaTento Mo-Apyromy B3rNsHYTb Ha TalHbl MUPO3JaHMs Kak
3aKOHOB MpPUPO/bI, U NPY 3TOM HE TOPONUTLCA OTBepratb To,
4TO NOKa eMy HEN3BECTHO.

Uenoseyeckunin ym YCTPOEH Tak, YTO BCE HEMOHATHOE U He
BOCNPVMHMMAeMoe WM, OH MPUMNUCLIBAET MWUCTUKE WU
(haHTacTMKe. UTO MHTEPECHO, MOYTU KaXXAbIA Ye/IOBEK CUUTAET
CBO& MHEHME MOCNeAHEN NHCTaHLMEN NCTUHBI. BCE To, 4To He
BOCMPUHMMAETCA YMOM, SBISETCA B CO3HaHWW  HOfeNn
MUCTUKOR; M MUCTUKA MCYe3aeT, KakK TONbKO MOsBseTCS
3HaHWe. «3HaTb» — 3HAYUT, MPOHUKHYTLCA U COEAUHUTBLCA C
TEM MpegMeTOM MO03HaHWA, O KOTOpOoM rosopuilb. Crosa
npakTMyeckn ntoboro yenoseka: "loka A He YBMXKY — He
nosepto”. HO UCTUHA HEM3MEHHa, a MPUHUMAET YeNoBEK eé
NN HET — 3TO Y)Ke ero npobnembl. 10 aHanormm ¢ 3akoHamm
NpUpoAbl — OHW eCTb W BCerga OyayT, U ecniv YenoBeK UX He
3HaeT, OH OyfeT oTBeprarb BCE, YTO €My He 3HaKOMO. ITO
paboTa yCnoBHOro pehiekca, KOTOPbIA BKNHOYAET OTTOPXKEHME
TOrO, YTO HEM3BECTHO. DTO HEKMIN NpefoXpaHUTEeNb HALLEro
Tena n yma. 370 3aKOH COXPaHeHUst XXM3HW, OeNCTBYOWNIA B
yenoseke. OfHAKO YTOObI NO3HATb YTO-TO HOBOE, HEOOXOAMMO
npeososieBaTb 3TV 6apbepbl YCNOBHOIO pediiekca, KOHeYHO, He
6e30yMHO 1 6e3 haHaTu3Ma. Tak Obl0 paHblUe, U Tak OyaeT
Bcerga. Bcé HoBOe MpMiKMBaeTCA € TPYZAOM, U U3 UCTOPUN Mbl
MPeKPacHO MOMHUM, KaK 13-3a HEMPUHATUSA N HE3HAHNA KaKnX-
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TO HEOObIKHOBEHHbIX OTKPbLITUIA YYEHLIX W M306peTaTenen,
noyTu Bcerga UX TPyAbl CONPOBOXAaINCL FOHeHWAMU. U B
COBpPEeMEHHOM MUPE 3TO He UCKtoYeHue. [laxe Korga y4eéHoMy
MUpY  OblIM  MPOLEMOHCTPMPOBAHbI  [0Kas3aTe/ibCTBa Ha
MpaKkTVKe, BCE paBHO MHOr0e BOCMPUHAMNOCH «B LUTLIKU». 3TO
CU/TIbHO «TOPMO3UT» Pa3BUTME Hay4yHOro nporpecca, T.K. UAET
NPOTUBOGOPCTBO MEXAY YMOM M pasyMoOM. DTO HeobXoAMMO
NMoHUMaTb, W CTapaTbCA He co34aBaTb  KOH(AUKTbI U
npeueseHTbl Cpean YY4EHOro mMypa, a HaxoauTb KOMMPOMUCCHI
1 TeprennBo pPackpblBaTb HOBbIE NAEN.

3aTpoHyB TeMy HeOObIYHOr0 M HEMOHATHOro B 06/1acTy
3HEPruin N 3NEKTPUYECTBA, aBTOP 3aTPOHET UMEHA YYEHbIX U
n3obpetateneil, KOTOpble OCTaBUIM HEWU3rNagauMblil cnef B
ncropun. 1o Yontep Paccen, [>koH Yoppenn Knnv n 3a8apL
JIMACKaNHWH.

B 1873 roay /[oH Kwunu OMOBECTUN HAYYHYHO
06LLECTBEHHOCTb 06 OTKPbLITUM MM MPUHLUNMAIBHO HOBOTO
BMuga asHeprum. Ha u4ém >xke 6asvMpoBasiocb 3TO OTKPbITUE?
MOXHO CKa3aTb, 4TO BCA >XWU3Hb J[pKoHa Kunm Obina
MoCBfILLIEHA W3YYeHUIO 3BYKa KaK CWibl. VIMEHHO 3BYK B
3KCNnepuMeHTax n3obpetarens CNYXXUS NepBUYHbIM
NUMMYNIbCOM ANS BO36YXKAEHUS 3Heprum «agmpax». JKoH Kunm
onpefennn 3BYK KakK «HapylleHWe aTOMHOro paBHOBECWUS,
paspyLiatoliee  CyLWEeCTBYHOLWMEe  aTOMHble  4YacTuubl, U
OCBOGOX/AEHHBIA NpW 3TOM 0COObIA BMA 3HEPrum». [HKOH
Knnwu 6611 ocHoBaTeNneM M3NK1 CUMMNaTUYECKUX BUOpaUmini —
HeoObIYHOW 06/1aCT! MO3HAHWUS, Ha HMBE KOTOPOWN TPYyAMICS
Wb caM wuccnegosatesib. JTa (nsmka yaenset OCHOBHOe
BHVMMaHWe B3aMMOLENCTBUAM BUOpauuiA, OTPaXKEHHLIM, B
4aCTHOCTW, B 3aKOHe, MO KOTOPOMY Ntob6as 3Heprus mmeet
CBOK  peakuuio, pe30HaHC, WAM OTBETHYH, TO €CTb
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cMMnaTUyeckyto, Bubpaumio. CrnycTs HECKO/IbKO AeCATKOB JIeT
NMPUHUMN pe3oHaHca cTasl 6asnMCHbIM U B 3KCNepUMeHTax
Hukonbl Tecnbl. CnoBO «OTBETHas» 3BYYMT Kak obpaTHas
peakuMs Ha pe3oHaHC BMOpauuii. 3TO HUYTO WMHOE Kak
«OTK/IMK» OKPY)KatoLLero npocTpaHcTea. ABTOP NapasiienbHO
NPOBOAUT aHa/lornMyM € 3aTPOHYTOW TEMOM O CBOWCTBax
anekTpuyectea. Bubpauum n  3BYK ((POHOHbI) — fSBHOE
NposBfeHne NO3UTPOHHON 3Heprnm. KOHEYHO, HET COMHEHWA,
4YTO B aHOMaJIbHbIX SIB/IEHUAX B CBOWCTBAX 3/1EKTPUYECTBA
y4acTBYIOT W Apyruve hopMbl 3HEPIUiA, HO aBTOP CreunasbHO
BblAeNseT  MO3UTPOHHYHD  3HEPrU0  Kak  OfHY U3
BOCMPVHUMAEMbIX  COBPEMEHHOM HayKOMW. CsoiicTBa
MO3NTPOHHOIN 3HEPT M IO KOHLA HE N3YYeHbI.

Yontep Paccen gan mupy 3HaHuA 06 3Hepruv BUXps, a 0
CBOWCTBax TOPHaA0 Mbl Y)XKe MO3HaKOMUIUCh B MpeablayLLmX
rnasax. OCO06eHHO XxoTefnocb Obl BblAENUTL NPOABMEHWE
MO3UTPOHHON 3HEPrv BHYTPU TOPHAZO, rAe npu 3TOM
06pazoBbiBasica x0no4. OnATb coBnageHne, CKaxeTe Bbl. J)KOH
XaTyuvHCOH nepefsuras NpeaMeTbl ¢ NOMOLLBIO BMOpaumin v
MMNY/bCHOW TexHonorun. MNpeameTsl Tepsann Bec. TMbeTCKme
MOHaX1 C MOMOLLbIO 3BYKa W3MEHS/IM BEC KaMHER, U Takxe
naTBUNACKUM n3obpeTaTtenem 3aBapoM JIMACKAIHUHOM 6bin
MOCTPOEH KOpanoBbli 3aMOK C 3adihekToM neButayumn. OH
TaKXKe NPUMEHAN BUOPaLK 3BYKa U PE30HAHC.

ABTOp He CTa/l packpblBaTb Te 3HaHWsA, KOTOpble He
MOATBEPXAEHbI  UCTOPUEN W KOTOpble  TsKeno  OyayT
BOCMPUHMMATLCA COBPEMEHHBIM YMOM. HO ecTb ewgé oAHO
3aMeyaHue, KOTOpPOe OTHOCWUTCA MOYTM KO BCEM YYEHbIM,
nccneposateniM M n306peTateniM — 3TO BOJIbHOE WK
HEBO/IbHOE MO3ULMOHMPOBaHNE Cebsi MOCNeAHeR MHCTaHUMeNR
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NCTWHbLI. O6 3TOM 6bIN0 YNOMAHYTO B NPEeAbIAYLLMX r1aBax, HO
3Ta Tema Bblna packpbITa He 0 KOHLA.

Mauo Toro, YTo «4enloBEK HaYKWU» CTaHOBUTCA YMNEPTLIM B
CBOEM MMPOBO33PEHNM, TaK OH CaM CO BPEMEHEM CTaHOBUTCH
MUCTU(MKATOPOM, W TMOCTEMNEHHO HaYMHaeT 3aHWMaTbCH
camoobmaHoM. B panbHeilleM — 3TOT «Cypporar» 3HaHWuiA
YeIOBEK HaYMHAEeT pacnpocTpaHATb W ApYrvM, Npu 3TOM
YMOPHO [0Ka3blBasi CBOK NPaBOTy. ATOT (PakT GAM30PYKOCTU
cpean yyéHoro mupa Obin paHblue U 6yfeT B fanbHenLlem,
nmoka 4enoBeK He nNpeanpuMET YCWIWA paclMpuTb CBOE
CO3HaHWe 1 BOCNPUHUMATL TO, YTO UCTUHHO B MPUPOLE U BO
BceneHHou. K coxaneHuto, B COBPEMEHHOW HayKe MosiBUMI0Ch
MHOro abCTpakuMin 1 YCOBHOCTEN, KOTOPble MOCTENEeHHO
Mepewwnn B paHr UCTWHbI. TakXke 3TW YCMIOBHOCTM BOLUIN B
(hopMy/ibl M TEOPEMbI, C MOMOLLbI0 KOTOPbLIX 06y4atoT /IlofeN B
yuyebHbIX 3aBefleHuAX. A KaK MOXHO YTO-TO CAenatb U
3acTaBWUTb 3TO paboTaTb, OMNMPaschb TOMbKO Ha abCTpakummn un
ycnoBHocTU? M03TOMYy TO, YTO CYLLECTBYET B NPMPOAE U BO
BceneHHoW, HeobxoAuMMO YETKO OTAensaTb OT TOro, 4to
npuayMaHo MIHoAbMK, U HEBXKHO MOA KakKvM MpesioroM.

YUEHbIA YM CKaXKET: «A KaK e MHE OXapaKTepu30BaTb TO
VNN NHOEe MpPOosiB/IEHNe B Npupoae? MHe Xe Hajo Kak-To 3TO
HasBaTb. A  BbIHY)XAEH  MO0/b30BaTbCA  YC/OBHbIMU
0603HaYeHNAMN 1 BBOAUTL LMGPbI». ITO He 3anpeLyeHo, Ho
TOrfa Heo6XoAMMO MOHMMATb, 0 YEM BELETCA pPeyb, U C KaKnm
«NpeaMeToM» [/11 pacCMOTPeHUs Mbl paboTaeM. Hanpumep:
MPOCTPaHCTBO NyTaloT ¢ Matepueid. MoHATUE OTpULLATENbHbIX
ymcesl Kpenko BOLWUIO B OOGMXOL Hallel maTeMaTuku, XOTs
OTpULATENbHLIX YuUCen B NpUpode He ObiBaeT. ECTb Hekas
NPOTMBOMO/NOXHAA BE/IMUYMHA WU CBOWCTBO MO OTHOLLEHUIO,
Hanpumep, K yacTvuam (BpalleHue B/IEBO W BpalleHue
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BMPaBo). MMOHATE «BENNUMHA» U «[/IMHA» U MHOFOe [pyroe
nyTatoT Mexnay coboi. A Korfa 3aTparmaeTcs BOMPOC O
BPEMEHW, TO TEPMWHOB, YTO TakKOe Bpems, CYLLECTBYET
OrPOMHOE KO/IMYECTBO. B Hayke 1 TeXHWKE MOHATUE «BpEMSA»
MPUCYTCTBYET MPaKTUYeCKW Besfde M TakXke WCNONb3YeTcs B
(hopmynax n pacyérax. Ho Mbl No-HacToALEMY HE NMOHUMAeM
B/IMAAHUA BPEMEHW, OCOOEHHO B MEPexofHbIX Mpoueccax B
(hn3smke. MNonyyaetcs Kakas-To Kallia B rofioBe 1 NyTaHuLa.

ABTOp HEOAHOKPaTHO B pasHbIX rnaBax akLUeHTUPOoBas
BHMMaHWe  uuTaTens  Ha  YCNOBHOCTb  0603HAYeHWN
3apsHKEeHHbIX YacTuL, U TOBOPW/ O Pa3HON NOMAPHOCTK, KakK 06
abcTpakumn. Ha camom fene npovcxXoauT B3avMOfeicTBue
3TUX 3apSKEHHBbIX YacTUL, Mexgy cob60n, HO npu 3TOM
MCNONb3YHTCA TakMe TEePMUHONOTMM, KakK MIHC MU MUHYC.
cnonb3ys TepMUHONOTMKO, HO MPX 3TOM MOHUMAsA, YTO Ha
camoM fiefnie NMPOUCXOAMUT C YacTMLamy — 3TO COBCEM ApYroe
[ieno. 34ecb B pasyMHbIX npesenax cnefyet pasfenatb 04HO OT
Apyroro.

Muctmka B  npowsioMm  6blna  Kak  OTAeNbHOe
MVWPOBO33pEHME  YenoBeKa MO  OTHOLUEHWD KO  BCeMy
COTBOPEHHOMY BOKpPYr Hac. MWCTUKOA cuMTanocb BCE
HeOObIKHOBEHHOE N HENOCTVXXUMOe. ITY TeMy MOI/IN MOHATb
TONBKO NHOAMN C PACLLMPEHHBIM CO3HAHMEM, & KTO He MOoHuUMa,
TOT B OCHOBHOM Obl/1 FOHUTENEM U Npec/iefoBatenieM Noaen, y
KOTOPbIX 6bl10 60/bLUE 3HAHWIA, 1 KOTOPbIE MO/ BONIOTUTb
3TV 3HaHWA Ha NpakTuke. Kak Mbl BCE NMOHMMAeM, OCHOBHbIM
KpuTepmneM HayKu SBNSeTCS [40Ka3aTeIbCTBO /1060 rMnoTesbl,
KOTOpas MMeeT MOATBEPXKAEHME Ha NPaKTUKE.

ABTOp [aHHON KHUIY B 3TOM C/lyvae He UCK/IKoYeHMe. Bo
BpeMs rokasa TexXHONOrnmM 6e30MacHOro 3neKTpmyecTsa (Tem
6osiee npy NPOCMOTPEe BUAEOPO/IMKOB) MPaKTUYECKN BCerga y
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Nofeli  BO3HUKaNO YAMBEHWE W HeJOyMeHMe, Kacaemo
MaHUNyNAuniA  OGHKEHHBIMU  pyKamu € OrOJieHHbIMU
npoeojamu B BoAe nog HanpsxkeHnem 370B. Kak e Tak?! He
MOXET ObITb, XOTA BCE JEMOHCTPMPOBA/IOCH MEPEeS X 1a3amu.
A K BUEOpO/MKaM OTHOLLEHWE OAMHAKOBOE — 3TO 0OMaH K
(okyc. "H He Bepro, 3TO Kakas-T0O MUCTMKA". A Befb 3TO
«MPOA4YKT» BOCMUTAHWUA KO BCEMY HeOObIYHOMY, TaKMX Kak
YCNOBHOCTY 1 abCTpaKLmn.

BcnoMHUM  ncTOpuIo, KOrda KWGepHeTUKY CuuTaun
JDKEHAYKOMN, a COBPEMEHHas XMMUA — 3TO 3HaHWA (0T4acTw)
anxummn.  Tak nonyyaetcsi, 4TO BCE «ynupaeTca» B
npaBu/ibHOe MNpeAcTaBfneHVe W 3HaHWA 3aKOHOB NPUPOAbI,
KOTOpble OblMM W BCerga OCTalTCcAa BHe 3aBUCMMOCTU OT
BOCMpUATUSA YenoBeka. OCHOBHas 3afja4a, KOTOPOiA 3aHMaeTCs
Hayka W un300peTaTesibCKas [OeATeNbHOCTb — 3TO CepbE3HO
OTHOCUTBLCA K W3Y4YeHWIO TOro0 WAW  WMHOTO npeameTa
BOCMPUATMA W fAaTb 3TOMY MPaBU/IbHYKO (OPMY/IMPOBKY.
Hanpvmep, 4aCTo MOXXHO YC/bllWaTh OAWMH W TOT >Xe BOMpoc:
4YTO Takoe MpPOCTPaHCTBO? [pPOCTPaHCTBO — 3TO OOBEKT, B
KOTOPOM Mbl HAXOAMMCS, U KOTOPOE BbIPaXaeTcs Yepe3 06bEM
N Mepy, UMetoLLyt0 MPOTAXXEHHOCTb BO BCEX HarpasfieHUAX.
Matepua — 3TO BCE TO, YTO HaxoauTca B MpocTpaHCTBe. B
MaTepun CyLLeCTBYHOT M B3aMMOAENCTBYHOT Mexay Co60M
pasHble BUAbl 3HEPT Uil N NPOSBMEHNS 3TUX IHEPTUIA, B AaHHOM
Cny4ae, He TO/IbKO BO BceneHHOM, HO 1 Ha nnaHeTe 3emMns, rae
XXVBET COBpPEMEHHOE 4esloBeveCTBO. [oka He OyfeT YETKMX
onpeaeneHnin B COBPEMEHHOW Hayke, KacaeMO KOHKPETHbIX
npeaMeToB No3HaHUA, Mbl 6yaeM 3aBoAuTbL cebs B Tynuk. B
[aHHOW KHWUre He npecniefyeTcs Lefn MHOMO roBopuTb O TOM,
M3 4Yero coctont BceneHHas. ABTOp nocTapasicsa MoAeNUThLCS
TEMU 3HaHMAMU, KOTOpble, B MepPBYK o04yepedp, OaMKe K
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MOHVMaHNI0 COBPEMEHHO LIMBUNM3ALIMEN, U K NPAKTUYECKOMY
NpUMeHeHU0. Beab OTpUUas MUCTUHY U MPaBU/bHYHO
TEPMMHONOTNIO, KOTOpas [O/KHa TOABECTU YenoBeka K
3[4paBOMY CMbIC/TY, Mbl MOXEM OKa3aTbCsi HeBexaamu. Kak
Mocne 3TOro MOXHO FOBOPWTb O TOM, YTO €CTb NPaBAa, a YTo
NoXb? W KaK MOXHO KauyeCTBEHHO YTO-M60 MOCTPOUTL WK
cobpatb, MMes MyTaHULYY B CBOMX COGCTBEHHbIX MO3HAHWSX?

126



TNABA 17. [lyXoBHbIA 1 MaTepuanbHblii MUP HaYKN

dTa rnasa SBNAETCA NPOAOHKEHWEM MpPeabIayLLenR,
aBTOpP CMeuuasibHO aKLEeHTUPYeT BHUMaHWe Ha 3TOR TeMe, Tak
KaK NpakTUyecKu Bce y4YéHble, NCCNeaoBaTenin 1 n3obpetaTenu
CNOTLIKAOTCA  MMEHHO Ha B3aMMOCBS3U  BMAMMOIO U
HeBMAMMOro Mupa. Takke aBTop He OyaeT paccMaTpuBaTtb
PEINTUIO, TaK Kak LeNb JaHHOW KHWUIN — PaclUMpUTL CO3HaHMe
B o06nactm Haykm u umankn. Ho BToprascb B 06nacTb
«HEeBMAUMOro», /060N unccnefoBaTeNib  CTaKMBAETCA C
MHOXXECTBOM BOMPOCOB. K COXafeHnto, OTBETbI U MHEHUS
YYEHOro Mupa Ha MNOCTaB/ieHHble BOMPOCbI O MUPO3JaHUK
MHOroobpasHbl. A rfe e uctnHa? Kak pasobpatbcsi B TOM,
YTO HeNb3s YBUAeTb? KoMy BepuTb, @ KOMY HET Ha Hava/lbHOM
aTane CBOEro No3HaHma?

B nepByt ouyepedb, HEOOXOLMMO MOHWMATb, YTO Mbl
XVBEM B pealbHOM MUpe, a He B Mupe abecTpakumid. Takxke
He0obX0AMMO >XXMTb U BOCMIPUHMMATbL OKPYXKAKOLLMIA HaC MUp B
TEKYLUMIA MOMEHT BPEMEHMU, a He B ByAyLLEM WM NPOLLELLEM.
MHaye cpasy MOXHO nonactb B 0651acTb abCTpakumin u
(haHTa3ui. B HayKe, K COXa/IeHWIO, NPOUCXOAUT TO Xe caMoe,
N BMECTO TOro, 4Tobbl paccmaTpuBaTb KOHKPETHbIA BOMPOC,
HauMHaeTCs NONEMMKA «ECTb /X XXM3Hb BO BCeneHHOM?».

Halu Myp, B KOTOPOM Mbl XXWBEM — MaTepuaneH. Bokpyr
Hac mMaTepusi, KOTopas HaxoAmMTca B MPOCTpaHCTBe BceneHHoi,
a CBOMCTBA MaTepuy MHOroobpasHbl, U WX HeobXoAMMO
TWATENbHO M3yunTb. Kak y)ke ynoMmHanocb B NpefblayLumx
rnaBax, OCHOBHble CBOWCTBA MaTepun MOAPa3LeNaoTcs Ha
CBOICTBA BELLECTBa, YacTuy, 1 nond. U ata runotesa Hanbonee
MOHATHA W 6/M3Ka K peasbHOCTM, MNOTOMY 4TO BCe
NMOABEPXKEHHbIE Ha MNpPaKTUKe (aKTbl 6a3npyrOTCA Ha 3TUX
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3HaHWAX. W ecnu panblie yrnybnatbcd, TO BCE OCTa/lbHOE
npomspactaeT OT 3TUX OCHOBHbIX CBOWCTB MaTepun, B TOM
yncne B3aUMOZENCTBMS U Nepefada He TOMbKO 3HEPTUid, HO U
nepegaya MHGOpMaLMy BO BCEM & MHOroo6pasum.

He Hago ce6s 3aroHATb B TYNWUK abCTPaKTHbLIX U YCIOBHbIX
TEOpWii, KOTOpble HMKOrAa He BOMIOTUTb Ha MnpakTuke. B
UesioBeKe 3a/10KEHO CTPeMJIeHVE K YeMy-TO HeoObl4HOMY U
(paHTaCTUYECKOMY, HO B HayKe AO/DKHO ObITb BCE NpefesibHoO
NOTMYHO WM MOHATHO. A YXK KOrfja HauMHalT CMeLuMBaTb
MaTepuabHbIA 1 LYXOBHbIA MUP, TOr4a BCE CTAHOBUTCA C HOT
Ha Tronosy. OTW [JBa MOHATUA HEOOXOAMMO pas3nnyarth,
0COOEHHO Kacaemo Hayku v (usnku. MartepuanbHblil Mup —
3TO MUp, e YKe AeNCTBYIOT 3aKOHbI NPUPOAbLI U BceneHHoi,
M BCE HaxoAuTCA B ONpefefieHHOM MopsAke U rapMoHunM. A
[AYXOBHbIA MUP — 3TO MMP, CKHOPMUPOBAHHBINA, B MNepBYHO
oyepedb, B CaMOM Ye/lOBEKe, W SABMAETCA KPUTEpUEM
OTHOLLEHUA YesioBeKa K 3aKOoHam npupogbl U BceneHHoi. Yem
NIMYHOCTb CBET/IEE WM uyuLle W3HYTPW, Tem 60/blle eé
noBefeHVe N 3HaHUA OyayT COMPOBOXAATbCA CO3MAAHUEM W
npeobpaXkeHWem BCEro BOKPYr. A ecnv YeNnoBeK He paboTaeT
Hag, cobO0l, He UCKOPEHSIeT 13 cebsi MNOX0e U HeraTMBHOE, TO
OH CTaHOBMUTCA Ha MyTb Pa3pyLLEHNs TOrO, YTO ero OKPYXKaer.
Takoin 4enoBek CTaHOBUTCH O6MM30PYKMM U He MOHWMaeT
BCENIEHCKNX 3aKOHOB, KOTOpble OblM COTBOPEHbl [0 €ero
poXaeHus. To3aToMy M He [JaéTcA BOMJIOLWATL Ye/l0BeYecTBYy
HOBble  TEXHONOrMM B  006MaCTU  3NEKTPUYECTBa,  T.K.
BHYTPEHHUIA MMP YenoBeka He CNOCO6eH NpPaBU/IbHO MPUHATb
3TW 3HaHMA. YenoBeK, BMEeCTO CO3MAaHWsA, 3TW 3HaHWA
npeBpaTuT B paspyLUeHUe.
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FJTABA 18. KoHuenuust 6e30nacHOro afieKk TpuyecTsa

B aToii rnaBe 6yayT onucaHbl onacHble M 6Ge3onacHble
CBOWCTBa 3NeKTpuyecTBa. TakkKe aBTOp PackpoeT CBO&
nccnefoBaHve B 06/1aCT, KOTOPOe ObIIO 3anaTeHTOBaHO MO,
Ha3BaHMeM: «QHeprocbeperaroLLee 371eKTPOHHOe YCTPOICTBO,
NCKNIoYaroLlee (aKkTop MOPaKEHUA /HOAEN W XKUBOTHBIX
3NEKTPUYECKUM TOKOM». OTKpbITOE aBTOPOM HOBOE KayeCTBO
3NeKTpUYecTBa OTHOCUTCA K MUPHbIM 1 6e30MacHbIM
TEXHO/OrMSAM HOBOIO MOKOJIEHNS.

B xofe uccnenoBaHWiAi TOKOB BbICOKO 4acToThbl, HMkona
Tecna ygensan BHMMaHWe X Bompocam 6e30MacHOCTU YKU3HU
yesioBeka Mnpu paboTe C 3MEKTPUYECTBOM. IDKCNEPUMEHTUPYA
Ha CBOEM Tefie, OH WM3y4anl B/USAHWE MNEPEeMEHHbIX TOKOB
Pas/IMYHOA 4acTOTbl W CWUMbI BAUAHUS Ha YeN0BEYECKUI
OpraHusm.

MHorve npasuna, BhnepBble paspaboTaHHble HWKoNoN
Tecnoin, BOWAM B  COBPEMEHHbIE  OCHOBbl  TEXHWKMU
6e3onacHoOCTM npu paboTe C BbICOKOYACTOTHbIMU TOKaMu. OH
O6GHapy>Xun, 4To npuM 4acToTe Toka cBbie 700 Ty
3NEKTPUYECKNIA TOK MPOTEKAeT MO MNOBEPXHOCTM Tena, He
HaHOCA Bpefa TKaHAM OpraHusmMa. JMEeKTPOTEXHUYECKMe
annapaTbl,  paspaboTaHHble  Hwukonoin  Tecnoin  Ans
MeNLMNHCKNX nccnefoBaHui, nony4nnn LLINPOKOE
pacnpocTpaHeHne B Mupe. B UYEM Ke 3aK/IO4aeTcA
6e30MacHOCTb 3/1eKTpnYecTBa?

Kak mnokasana npakTvka W COOCTBEHHble HabnoAeHWs
aBToOpa, YeM Bblle YacTOTa BbIXOAHOrO HanpsHKeHUs, Tem
MeHblUE Bpefa OKa3blBaeT 3TO HanpsHKeHWe Ha OpraHu3Mm
yenoseka. MNpu yvactote 60nee 1000 Iy 4enoBEK MOXET He
4yyBCTBOBaTb, UTO €ro Teno MNPOHWU3bIBAET TOK. [lpu
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HanpsbkeHun 380B 1 Ha 4vacToTe 30-50 KIL, 4enoBeyecKumin
OpraHuMsM  UCMbITbIBAET  HeOOMbLUON  AUCKOMGOPT  ¥©
HenpuATHbIE OLLYLLEHNA. TOK BbICOKMX YaCTOT MPUMEHSETCA B
MeAMLUMHE, U COBEPLLEHHO HeomnaceH AN XU3HW Yenoseka. Ho
ecnu yactota MeHbLue 300-500 I, To Takoe BO3AeiCTBME TOKa
cmepTenbHO. Befb BpeauT 3[40pPOBbIO  HE  3/1EKTPUYECKOE
Hanps>KeHune, a Be/IMYMHA TOKa Npu COMPUKOCHOBEHUW C TE/IOM
yesioBEKa WM XMBOTHOro. A Ccuna ToKa onpejensercs
COMPOTUB/IEHNEM KOXHOI0 MOKPOBA.

TOK BbICOKOW YaCTOTbl HE CU/IbHO MPOHMKAET BHYTPb Tena,
a B OONbLUei CTerMeHW pacnpocTpaHsAeTcs Mo MOBEPXHOCTH,
MOTOMY W HET CW/bHbIX MOBPEXAEHWIN BHYTPEHHUX OpPraHoB.
3T0 CBOWCTBO TOKOB BbICOKOWM 4acTOTbl  OBGHapyXunu
n3obpetatenn C [aBHUX BPEMEH, HO B COBPEMEHHOM Mupe
[aHHOMY OTKPbITUIO TaK W He Hawnocb [JOCTOMHOro
MPUMEHEHNs, TO/MIbKO  OT4YacTM B MeauuMHe ©N B
MPOMbILLUNEHHOCTU. A MPUMEHEHUS B MOBCEAHEBHOW >XM3HU
YesioBeKa HeT, XOTHA Mbl MOCTOAHHO COMPUKAcaeMcsi C CETbIO
nepemeHHoro HanpsxeHns 110 B 1 220 B. 310 yacToTa 04YeHb
onacHa, T.K. 4actoTa B CeTM TMepemMeHHOro HanpsXeHus
coctasnseT 50 'y,

MOXHO cAenaTb  BbIBOA, 4YTO MEPEMEHHbIA  TOK
MPOMBILLNIEHHON YacToTbl 50-60 L onaceH Tem, 4TO ero
4aCTOTHOCTb 6/IM3Ka K YaCTOTHOCTW COKpalleHusi CepaeyqHOMN
MbILLILbI, YTO MPUBOANT K OCTAHOBKE CepALia.

Eweé O6onee onaceH TOK, Y KOTOPOro HeT YacToThbl
KonebaHwin. OTOT TOK B COBPEMEHHOM MWpe Ha3blBalT
MOCTOSHHbIM. B OT/IMYMe OT MepeMeHHOro TOKa, Yem BblILLe
cuna MOCTOSAHHOrO TOKa, TeM OracHee ero BAWAHME Ha
300POBbE U XXU3Hb. TOK, OMACHbIN [/19 XKU3HW 1 340POBbS:

— yXe 6 MA OLLYTUMbI /15 KOXMW;
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— 10 MA BbI3bIBaKOT MbILLEYHbIE CYA0POTW;

— ¢ 50 MA HaumHaeTca acmkeus (HapylleHWe AblXaHus ©
crasmbl AblXaTesbHbIX NyTei);

— oT 300 MA KpOBb HA4YMHAET CBOpPaYMBaTLCA, U MOXET
NPOV30MTI NeTasbHbINA UCXOL ANS YeNOBeKa.

MMOCTOSHHBIA ~ TOK B OCHOBHOM  WCMOMb3yeTcs B
MPOMBILLIEHHbIX Y TPAHCMOPTHbIX YCTaHOBKAX.

B coBpeMEHHOM MWpe YenoBeyeCcTBO He MbIC/IUT CBOEro
CYLLECTBOBaHMSA 06e3 TeXHUKKM, KOTopas MnpakTUYecKu BCH
paboTaeT OT anekTpuyectBa. W TONbKO Manas 4acTb
3NEKTPUYECKUX YCTPOMUCTB MOXeT ObITb 6e3BpefHa. 3TO
YCTPOICTBA, KOTOpble paboTaroT OT 3NEeKTPUYECKUX GaTapeek
WM aKKyMynaTopos. B npoMbIlWLNIEHHOCTW  CTaparoTcs
MPUMEHATL HaNps>KeHWs He 6oee 36B.

Ha npoTsKeHMn MHOrMx neT MHOrMMK U306peTaTensamu
ObI/10 BbIAB/IEHO, YTO MPaKTUYECKN BCE BUAbl 3/IEKTPUYECKMNX
YCTPOWCTB MOryT paboTaTb OT 3/IeKTPUYeCTBa, KOTOpPOe
KapAVWHa/bHO OT/IMYaeTCA OT CBOWCTB CeTU MepeMeHHOro
HanpsbkeHuns. Mpy 3TOM OH abcontoTHO 6e3onaceH. B uém ke
3aKNYaeTcs 370, Ha NepBbli B3rNA4, YAMBUTENIbHOE ABNEHNE?
Tok, fda eweé n He onaceH! [na COBpPeMEHHOro yma 3TO
cuMTaeTCA aHoOManuen.

H. Tecna npoBoAnn ONbITbl C «PafUaHTHON 3HEPruen» u
Hayunicsa pasfenatb U ynpaenifTb PasHbIMU 3M1EKTPUYECKUMU
3apagamu.  [lpy 3TOM OH  WCNOMb30BAT  UMMY/LCHYIO
TEXHONOIMIO, rae 6bl1n 60/bLINE HANPSXXEHUS, HO MasleHbKUe
TOKU. A, KaK paHee 6blf0 NMOKa3aHo, He HamnpshkeHWe, a YacToTa
N KONMYECTBEHHbI MOKa3aTe/lb TOKa OMacHbl fANs BCEro
XWBOrO.

dOBvH [peli B CBOEM M300pETEHMM TaKXKe BbIAENAN
0COObIi  BWL 3HEPrMW, KOTOPbIA OT/MYaNCA MO  CBOUM
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(h131YECKUM CBOMCTBAM OT MPUBLIYHON POPMbI 3/1EKTPOHHOIA
aHeprmn. IOTOT  BUL 9HEPrMM B JajbHelilwem  Obif
CKOHBEPTUPOBaH B 3/1EKTPUYECKYIO 3HEpPruto, MU OT 3TOro
3NIEKTPUYECTBa OH aKTUBUPOBA/T 3/1IEKTPOHHYIO annapatypy. B
npouecce CBOMX OMNbITOB, ['peli onycKan OronéHHble Nposoja
COBMECTHO C NlaMMNOi HakKaiuBaHWsi B BOAY, U NPV 3TOM He
ObIN0 HMKAKOM HeraTMBHOM peakumMn B BUAe B3pbiBa. ABTOP
TakXKe B CBOMX OMbITax OMyCKan B BOAY OrofiéHHbIe NpoBoja ¢
NaMnon HakaJimBaHus W OMyckan B BOAY pykw. Ipu aTOM He
ObI/10 HNKAKON OMacHOCTU A5 XNU3HW.

Ha nepBbln B3rnag, 9TO0 He  YK/1agblBaeTcs B
06LLENPUHATBLIE AOrMbl. Beflb HAaC yuunu, 4To 3/1EKTPUYECTBO
onacHo, a 34ecb BCE HaobopoT. [la, 3NeKTPUYeCTBO MOXKET
ObITb OMacHbIM, TOYHee, NPOXOAALLMIA TOK Yepes Ye/loBeKa Um
YXMBOTHOI0, HO TO/MIbKO €CNN Mbl UMEeM [e/i0 C 3apPSXKEHHbLIMN
yacTmLamn — 3n1eKTpoHamn. A Korga Mbl conpukacaemcs C
APYTUMW 3apPSXKEHHBIMU YacTULaMyM — Mo3UTpOoHaMu, TO BCE
npoucxoamT HaobopoT. Hukona Tecna, 3asuH [peir, [oH
CMmuT, aBTOp JaHHOWN KHUTU 1 Apyrue n3obpeTaresin, KOTopble
nosyyanv 3NeKTPO3HepPruo, WUCMoMb3ya [Apyrue HocuTenu
3N1EKTPUYECKUX 3apAfoB, MoKasain B CBOUX WCCNeLoBaHUSX,
YTO 3/IEKTPUYECTBO MOXET ObITb 6e30MacHbIM U MPUHOCUTL
nonb3y. B cBOEM naTeHTe 3ABWMH [peil 3TO 3NEKTPUYECTBO
Ha3blBaeT XONI0OAHbIM. [pyrne m3obpeTaTenn ero HasblBarT
OTpUUATENIbHbIM MW HeraTMBHbIM. A OTpULATENbHON WK
HeraTUBHOM MO  OTHOWEHUK K  Yemy? He K
MPOTUBOMOMOXKHOMY /I CBOWCTBY UM 3HaKy? B COBpeMeHHOM
HayKe NOHATME 3MIEKTPUYECTBA — 3TO 3/IEKTPOHHAA aHeprus. A
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KoHeuHo e, 415 nony4yeHns 60nee NOMHON MOLLHOCTM Ha
BbIXO/€ 3/1eKTPOHHOr0 YCTPOCTBa HEOOXOAMMO MCMO/b30BaTb
[Ba BuAa 3Heprun (3M1EKTPOHHYIO M MO3UTPOHHYHD), YTOOBI
Obin  npouecc aHHUTUNAUMKM. Ho npepnoyTeHne  faétcs
KOMMYECTBY  «MOMOXMNTENbHBIX»  3aPSHKEHHbIX  4YacTuy, -
NMEHHO NO3NTPOHaM.

Kak 6bln0 ckasaHO B NpeaplayLimx rnaeax, HanpshkeHue
OrpefenseTcs  KO/MIMYECTBOM  3apSXKEHHbIX — YacTul, U
abCoMOTHO He BaXHO, 4ero 6oOfblle — 3MIEKTPOHOB WU
nosuTpoHoB. Bcé  onpegensetrcs  3KcnayatauuOHHbIMU
CBOMCTBaMW 3/IEKTPUYECTBA B COMPUKOCHOBEHUN C Ye/TOBEKOM
1 3NeKTPOHHOI annapaTtypoidi. Tam, rge onacHo, npeobnagatoT
3MIEKTPOHbI, @ Tam, rae 6e30nacHo — NO3UTPOHbLI. HO Henb3s
3abblBaTb, 4YTO 3TWU PasHOMMEHHble 3apsXKeHHble YacTuLbl
Bcerga 6blM 1 OCTalTCA BMeCTe B CBOMCTBAX 3/1EKTPUYECTBA,
TONbKO B Pa3HbIX NPOMOPLUKUsX.

ABTOp HW B KOEM C/ly4yae He WUrHOpUpYyeT Apyrve BuAbl
3HEPruin, C MOMOLUBI0 KOTOPbIX TOXE MOXHO Mo/y4aTb
ANEKTPUYECTBO  (XUMWSA, MarHeTu3M, MexaHU4eckue W
aNeKTpuYeckne Bubpauum 3ByKa W Ap.), HO B 3TOW KHWre
PacKpbIBAETCA B Pa3HbIX acnekTtaxX UMEHHO «3/1eKTPOHHasA» U
«MO3UTPOHHASA» IHEPTUA.

HemHoro o nateHTe 3aBuHa Ipes. Jlyulle, YeM B CBOeiA
KHure  «CekpeTbl ~ CBOOOLHOM  3HEPrUM  XONIOAHOMO
aneKTpuyecTBa» foKtopa [Mutepa JIMHAEMAHHA, HUKTO He
PacCKaXXeT 0 XO/I0AHOM 3/IEKTPUYECTBE, KOTOPOE, Ha CamMoMm
[iene, N He ABNAETCA 3/1EKTPUYECTBOM CO CTaHAAPTHOM TOUKM
3peHus. ITYy KHUTY MOXET MpoyecTb JIO60R, T.K. OHa
HaxoguTca B cB06oAHOM gocTyne. Ero nsobpeteHune (puc. 34)
C «pacnpefenstoLleri TpyOKo» OCHOBbIBAETCA Ha 3HaHWSX,
KOTOpble nepefan vyenosedectsy H. Tecna. Tecna nonarasi, yto
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OH OTKpbI/ HOBbI BUZ 3M1EKTPUYECTBA, 06/1afatoLLnili 0coBbIMU
CBOWCTBaMW, W 3TOT BWA 3NEKTpUYecTBa He COCTOAN W3
rnonepeyHbIX BOSIH. 3TO 6bIIN NPOLO/IbHbIE BO/HbI, COCTOALLME
M3 NOCnefoBaTe/lbHbIX YAAPHbIX BOJMH, KOTOPble BbI3blBAIN
3PPEKTbI, BUANMbIE U OLLYTUMbIE HA PacCTOAHMMW. BeKTOpHbIe
KOMMOHEHTbI 3TUX YAapHbIX BOSIH OblIN OfLHOHANpPaBeHHbI,
4TO CMOCOOCTBOBA/I0 HAaMNPaB/eHUIO 3apALOB B CTOPOHY WX
pacnpocTpaHeHus. B «pacnpefenutenbHon Tpyoke» [pes, Kak
W B TpaHc(opmartope Tecna, pafvaHTHble YAapHble BOJHbI
MCNONb30BA/ICL A1 NOMYYEHUS YUCTOrO HanpshkeHus 6e3
Toka. O6pa30BbIBA/ICA MOLLHBIA 3NEKTPOCTATUUECKNIA 3qdeKT,
NPy KOTOPOM 3/1EKTPUYECKUNE 3apafbl C OFPOMHON CKOPOCTLHO
pasfeTasicb B OKpYXKatoLlee NPOCTPaHCTBO. W Ha nyTn aTux
3NEeKTPUYECKNX 3apsALO0B HaxoAmnacb Menkas MefHas CeTKa B
BuAe COT. VIMEHHO B BMAE COT, a He CM/IOLIHON IMCT Megun Obin
6onee apdekTBeH AN MPUHATAA OONbLUIErO KOMYecTBa
3apsHKeHHbIX YacTul,. W 3aTem afeKTpocTaTuyeckumin 3apsg ool
rnepeHanpas/fieH B UHAYKTUBHYIO Harpysky (puc. 34).

Puc. 34

OnsTb NPOCNEXMBAETCH CBOMCTBA MO3UTPOHA. MO3UTPOH
«MIOOUT»  MHAYKTMBHYIO Harpysky U  KpUCTalInyeckue
CTPYKTYPbl pas3/MuHbIX (OPM. A 3MEKTPOHbI  «/H0BAT»
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MacCMBHYIO Harpysky, K npuvMepy, namrbl HaKaiMBaHWUs W
HarpeBaTe/ibHble 3/1eMeHTbI. Tecna MOHS/, YTO 3eKTPUYECKIA
TOK MpeAcTaBnsn COOOM MOUCTUHE CMIOXKHYHO KOMOMHaLMO
«3(mpa» N 3NEKTPOHOB. 3HaHMIA O MO3UTPOHE y Tecnbl He
ObIN10, ¥ NO3TOMY OH FOBOPW O CBOMCTBAaX «apa» B OOLLEM.
[axe B HacTosllee Bpems Y4éHble He MpuUWAN K o6LLemy
MHEHMIO O TOM, CYLIeCTBYeT i «3up» wuam HeT. Ho
[ONOANMHHO U3BECTHO, YTO B OKPYXKAKOLLEM HaC NMPOCTPaHCTBE
MHOrOe He M3Y4YeHO W He pacKpbITo. Kaxablii uccnegosatens,
COMnpuKacasch C 3TON HEMOCTUXKUMON 061aCTbiO NO3HAHUA, Kak
OKpy>KatoLLiee Hac MpOCTPaHCTBO, Ha3blBAaeT ero ro-CBOEMy.
Ho, K coxaneHuto, NoHATNE «3hMpP» HUKTO He NpUooLmn K
KOHKPETHON paboyeli Mofenn 3NeKTPUYECKOro reHepaTopa,
T.K. HEe CYLEeCTBYeT TOYHbIX pPacyéToB, MNPUMEHUMbIX K
MPaKTUYecKoi peanmnsaumn. Moka TONbKO MOZENN U TEopUM,
XOTA U K HAM HeobX0AMMO MpUcMaTpuBathbes, YTOObl MOHATb
(M3MKy  npoueccoB,  OCOGEHHO  MPOMCXOAAMX  MpK
COMPUKOCHOBEHWW  C  aHOM&/IbHbIMW  SIBIEHMSMW B
KOHCTPYKLMAX YHUKa/IbHbIX FEHepaTopoB Hamnps>KeHus. ABTOp
He OTBepraeT, YTO «3(PMpP» CYLLIECTBYET, HO MOKa HE CMOr 3TO
NOHATVE NPUOBLLUMTL K KOHCTPYKUMMW. [lomoraioT fpyrve
3HaHMSA, @ UMEHHO O BO3MOXXHOCTAX YNpPaB/iATh 3apsHKEHHbIMU
yactTuuamyM C NPUMEHEHWEM 3/1eKTPOMarHUTHOrO Mons B
Pa3/IMYHbIX Cpefax OKPYXKatoLLero npocTpaHCTBaa.

B nateHTe aBTOpa NPUMMEHeHbl HECKO/IbKO CNOCco60B Ans
NOMyYeHNs CBOMCTB 6E30MacHOr0  3M1eKTpuuyecTBa. ITO
NPYMEHEHNE TOKOB BbICOKOM YacTOTbl C MCMO/b30BaHMEM
MUMNYNbCHOWM TEXHOMOrMK. Mpn 3TOM B NaTeHTe NCMO/Mb3YHTCS
HECKO/IbKO PasHOBMAHOCTEN 4acToT N UX peKomMbuHaums. Ans
nosyyYeHns 60/bLUeli MOLLHOCTM MO BbIXOAY, MO OTHOLUEHMIO K
3aTpaunBaemMoli Nno BXO4Y, aBTOPOM MPUMEHEHbI HECKO/IbKO
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PE30HAHCHBIX KOHTYPOB CBA3M C 3(h()eKTOM 3HEPreTUYecKoro
3epkana (rnaea 13). Takum obpasom, O3/AC He BO3BpaLLaeTcs
B MEPBUYHbIN KOHTYP CBA3M, @ 3HAUYUT U He «1AET» 06paTHO B
CeTb NepeMeHHOro HanpshkeHus. ABTOP B C/edytoLlel rnase
oT4yacTu packpoet MaTeHT  CBOEro n306peTeHns
«QHeprocbeperatoLLee 3/IEKTPOHHOE YCTPOWCTBO,
NCKNtoYaloLlee (PaKTop MOPaKEHUA JHOAEN U XKUBOTHBIX
3NIEKTPUYECKUM TOKOM» M TpatnmyecKmn NOKaxKeT MPUHLMM ero
paboTbl.
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TABA 19. KOHCTPYKTMBHbIE 0CO6EHHOCT M reHepaTopoB
3N1eKT PUYECKOI 3HEPTK

UTto6bl NpaBuibHO cobpaTb paboyumii BapraHT KOHCTPYKLMK
3MIEKTPUYECKOro reHepartopa c Bbicokum KI14, Heobxoaumo
NMoHUMaTb, 4TO, faxe 00138438 OOLIMPHLIMY MO3HAHUAMU B
(hn3rKe N XUMUKN, Henb3s cobpaTb KOHCTPYKLutO. OCHOBHOA
NPUYNHON HABNAETCA OrpaHWYeHHbIA LOCTYN K 3/1EMEHTHOW
6ase 1 K marepuanam. MaTepuasbl, TakMe Kak 3/1eKTpUYecKue
npoBoda W paguofeTany, Mbl BbIHY)XAEHbl MOKynaTtb B
marasMHe WM Ha 3aBofe, rfe WX W3roTasnMBaloT MO CBOeW
TexHonmormm.  Mbl He  MOXeM  WU3MeHUTb  CBOMCTBA
3MIEKTPUYECKOr0 MPOBOAHMKA B CTOPOHY CBEPXMPOBOANMOCTH,
a TaKXXe 3aCTaBuTb paboTaTb pafMofeTann Tak, KaK Hafo Haw,
W LO/MKHbl MWUPUTLCA C MOTEPSAMU BO BpeMs paboThl
reHepatopa, O0CO06eHHO Ha 60nblWKMX ToKax. [loaTomy
OrpaHNYeHHOCTb B UCMO/b30BaHUY MaTepuasioB «3acTaBnseT»
n3obpeTarens NpUAyMbIBaTb PasHble KOHCTPYKLMK 1 CMOCO6bI,
NMpyv  KOTOPbIX 3MEKTPUYECKMIA reHepatop paboTan Obl
apekTBHO. HeobxoaMMo MNOHWMaTb, 4YTO B /UTEpaType
HanucaHo MHOI0 WHTEPECHOro 1S MOCTPOEHUS  TaKux
reHepaTopoB, HO CheflaTb WX HEBO3MOXHO M3-3a OTCYTCTBMSA
YHUKabHOW 3/1eMEHTHON 6a3bl, KOTOPOWA HeT B CBOOGOLHOM
poctyrne. M elwé HeobXoaumo MOHATbL U He (paHTasuMpoBaTh,
YTO Mbl MOXEM OMNepupoBaTb TO/ILKO 3HaHUAMMU O CBOMCTBAX
BELLEeCTBA M MWCMOMb3yeMbIX MaTepuanax (3neKTpuyeckue
MPOBOAHUKMN W paguogeTany),  CBOMCTBaX  Mosnew
(rpaBMTALUMOHHBIX W 3M1IEKTPOMArHUTHBIX) W CBOMCTBAX
ANEKTPUYECKUX 3apaf0B (3M1EKTPOHOB 1 NO3UTPOHOB). [pyroro
HeT 1 ObITb HE MOXET, T.K. JOCTYM K WHbIM TEXHONIOTUAM,
LOOCTYMHBIM NS UCCNefoBaTens W un3obpeTartens, He
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CyLlecTByeT. Bcé ocTasbHOe MOKa OCTAeTcs TO/IbKO MEYTOM,
Mo3TOMY He06XOAMMO BECTU CBOV pa3paboTKM B COOTBETCTBUY
C TEMM 3HaHUSMW N MaTepuanamm, KOTopble HaM AOCTYMHbI.
Mepen, TeM, KakK packpbiBaTb  HKAHCbl  PasHbIX
KOHCTPYKLWIA, HEO6XOAMMO MOALITOXUTL 3HAHWS, HancaHHbIe
B MpeAplaylyX rnaBax KHUIW, ANs TOro, 4ToObl 6binw
MOHATHbI KOHCTPYKLMKW, KOTOpbIe MOKa3anu Haubonee sipKue
MPaKTUYecKne PesynbTaThl:
1. MpUMeHeHNe  WMMYNbCHOW  TEXHOMOTUM, a  WUMEHHO
KOPOTKMX YAapHbIX MMMYNbCOB B MEPBUYHYIO KaTyLUKY
CBSA3U (reHepaTopbl KOPOTKMX MMMY/NbCOB);

2. icnonb3oBaHue pasgeneHus PasHOUMEHHbIX
ANEKTPUYECKNX 3apsSA0B MeXAy Co60iM M cnocobbl KX
ynpasneHus;

3. TprMeHeHre acCCUMETPUYHBIX TPaHCOPMaTOpPOB;

4. Vicnonb3oBaHMEe CoOYeTaHUa U B3aMMOCBA3M  Pas/IMYHbIX
4acTOT MeXAy CO60I B KOHTYpax CBA3M;

5. MNpuMeHeHre crnocoba pasfeneHns  3NeKTPOMarHUTHbIX
noner KaTylleK CBS3W, AN TOro, 4tobbl YMEHbLUUTb
B3aMMOB/INAAHNE PE30HAHCHbIX KOHTYPOB CBA3N  MeXay
cob6ol;

6. MprYMeHeHNe KOHCTPYKLMIA KaTyLIeK CBA3W, rae co3aatoTCs
061aCTV MOHMXKXEHHOIO Y MOBbILLEHHOTO AaBNEHNUS;

7. MpumeHeHMe 6e3VHAYKTUBHbIX KaTyLLUeK CBA3MN;

8. Vcnonb3oBaHne MHAMBUAYaNbHBIX KOHCTPYKLMIA KaTyLLEeK
NHAOYKTUBHOCTMW A5t CbEMA 3NEKTPUYECKON SHEPTUN;

9. Vicnonb3oBaHNe  WHAMBUAYaNbHbIX  KOHCTPYKUMIA  Ans
9KPAHNPOBAHUS UCXOAALUMX 3NeKTPOMArHUTHbIX BOMH OT
KOHTYPOB CBA3N (a/ItOMUHUEBbIE U MeHbIE LINIUHAPDI).

Kak ©Obl/lo yXe CKa3aHO B Mpefblgywmx rna.ax,

UMMY/NIbCHAasA TEXHOMOrMs — 3TO OTMpaBHAs TOuKa BCeX
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SBMIEHWI, KOTOpble B npouecce paboTbl 3NEKTPUYECKOrO
reHepatopa [O/KHbl Pa3BUTLCA  BHYTPU  KOHCTPYKLMW.
Heobxo4Mmo «B30YAOPaXUTb» rpPaBUTALMOHHOE MOfe MU
M3MEHUTb M/I0THOCTb [aB/IeHMsi 3TOM0 MOMA Ha OOBEKT
BO3AeCTBUA MMMNY/bCHBIM TOKOM BbICOKOW YacTOTbl (KaTyLuKa
WHAYKTUBHOCTM). KaK TOMbKO Mbl CO3[a/iM 3TO [BUXKEHue
nons, To, NO 3aKOHY COXPaHEHWA pPaBHOBECWUA, MPOUCXOAUT
NPOTUBOLENCTBME W3 OKPYXKAIOWEro Hac nNpoCTpaHCTBa
06paTHO Ha KaTylKy BO30YXAeHus. BOT aTy cuny 13BHe Ham
HeoOX0AMMO  MCMOMb30BaTb M Mpeobpa3oBatb €€ B
3NEKTPUYECKYIO 3Hepruto. B coBpemeHHOW 3ieMeHTHON 6ase
B CBOOGOAHOM [OCTYNne MWMEKTCSA CWU/IOBble TPaH3UCTOPHbIE
Knoun — 310 IGBT 1 MOSFET TpaH3ucTopbl. OHM CMOCO6HBI
«fepxarb» 060fblIMe WUMMYNbCHbIE TOKW, WU TeM CaMbIM
ABNAIOTCA XOPOLLUMMM 3aMEHUTENAMW paspsaaHNKOB. B nepuopg
XM3HNM H. Tecna TakuMx TPaH3UCTOPOB He ObLIO, U OH
BbIHYXJEH Obln  MPUMEHATb  MeXaHU4Yeckue paspsgHUKK,
yrnpasnseMble  3/1eKTPOMArHUTHbIM ~ nosieM.  3T0  6bI1/10
HeobXoAMMO [AN1f TOro, 4ToObl UMMYNbC paspaga Obl1 Kak
MOXHO MeHbllEe M0 BPeMeHU, W, TeM caMbIM, 06ecreymsascs
KaYeCTBEHHbI «OTK/MK» TOW «BOCCTaHaB/MBAKOLLEN» CU/IbI
N3BHe, KOTOpYIO NCMob30BaIn Aans nosny4YeHuns
3NEKTPUYECKON 3Heprun. B nNpoTMBHOM cnyyae, 3Heprus
«OTKNUKa» Tepsanacb Ha paspsagHUKe B BUAe BblfefeHus
nnasmbl (nckpbl). 3T0T NPUHLMN ABnseTcs
OCHOBOMOMAralvWmMM A1 BCeX MNPOLECCoB, CBA3AHHbLIX C
1NCNONb30BAHNEM UMMYNbCHOW TEXHOMIOTUN.

MpyMepbl NCNONb30BaHNUSA UMMY/IbCHON TEXHOMOTUW — 3TO
KaTywka Tecna u Kayep bpoBmHa. HO TyT >Xe BO3HWMKaeT
BOMPOC: KaK CHATb 3HEPrM0 3TOr0 «OTK/IMKa» OT BHELLHeN
cpefbl UM npeobpa3oBaTb B 3/IEKTPUYECKYHD  3HEPTU0?
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PaccMOTPMM  OAMH U3  anpoGMPOBaHHbIX  CMOCO6OB,
MPUHECLLNIA MONOXWTENbHbI pesynbTar.

Puc. 35

Ha puc. 35 nokasaHa cxemMa MOAKNHOYEHUA Kadepa
BpoBrHa (TUNNYHaA CxeMa NOAKYEHMS) K APYTrOin KaTyLLKe,
HO 3/1EKTPOMAarH1THas CBSi3b CO BTOPOA KaTYLUKOW CBA3M
OCYLLIECTB/IAETCA Yepe3 allOMUWHUEBYHO TpPyOy C paspes3om.
MocpeacTBOM MOAKMOUEHUS HUKHENO KOHLLA BTOPOA KaTyLUKM
N acCUMETPUYHOro TpaHcopmatopa (puc. 35, puc. 36), namna
Haka/IMBaHNA HauuMHaeT ropeTb. [py 3TOM ApYron KoHel,
acCUMETPUYHOTO TpaHchopmaTopa MOLK/OYEH
HErNocpeACTBEHHO Ha 3eM/Mt0. Y [aHHOro TpaHcdopmaropa
MMeeTCA nonepeyHas O0OMOTKa, KOTOpas Mnoc/efoBaTe/lbHO
BK/OYEHA C MNPOAONbHON 06MOTKOM  (MPOAdOSbHas  no
OTHOWIEHMO K  HaMOTaHHOW  (JeppUMarHWTHOM  feHTe
TOpouAasbHOro TpaHcgopmatopa). K apyroin  nonepeyHoi
06MOTKe NOAK/KYEHA aKTWBHAsA Harpyska B BWAE Namribl
Haka/mBaHWA. 34ecb Mbl HabnwogaeM YETKOe pasfenieHvie
ANEKTPUYECKNX 3apsaoB. MO3UTPOHbI CKOHLEHTPUPOBAHbI Ha
BbIXO/€ BbIXOAHON KaTyLUKW (HMXXHWIA KOHEL,), a 3NeKTPOHbI —
B 3eMsie. BOT v nosyyaeTcs, YTO 3M1EKTPOHbI 6epém OT 3eMu, a
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MO3UTPOHbI — OT KOHCTPYKLMIA Kayepa W BbIXOLHON KaTyLLKM
cBa3n. Kak TONMbKO WCK/IKOYaeM 3eMl0 U3 CXeMbl WK
MCNoMb3yem CTaHAAPTHbIA TpaHCOpPMaTop C UCMO/b30BaHMEM
TOMIbKO MOMepeyHbIX 06MOTOK (He MCrosb3ys MPOAO/bHYHO
0OMOTKY), KOHCTPYKL 1A nepecTaéT paboTtars.

ekt  nepegaynm M HaKOMMEHWS  MO3UTPOHOB,
nexoaawmx u3 Katywku Tecna wnn Kavepa bposuHa 1
/TIOMUHNEBON TPYOKM, MOXHO YCUNNTL, UCNOMb3YS MPU 3TOM
KBapLeByl Tpybky. [aHHas KBapueBas Tpybka O6ypgert
MCNONb30BaTbCA Kak KapKac A/11 06MOTKM BTOPOM KaTYLLUKMU.
Mpy 3TOM KO/MMYeCTBO OOMOTOK M AMAMeTP KapKacoB 06enx
KaTyLleK JO/MKHO ObITb OAMHAKOBO.

Puc. 36

Tak Kak atoMvHUeBas Tpyoka NIOTHO 06neraetT BHYTPU
KBapLeBYyt0 TPybKy, TO MOCnefHAs 3PQPEeKTUBHO HakanInmBaeT
3NIEeKTPOCTATMYECKMIA 3apsaf (NO3UTPOHbI) BHYTPU cebsd. A
06MOTKa CbEMa, PacrnosioKeHHasd C BHELIHeld CTOPOHbI
KBapLeBoin Tpybku, OyaeT 3(M(EeKTUBHO CHUMATb 3TOT
aNeKTpocTaTMyecKnin 3apsag. Monyuuncs addekT, KOTopbIi
onucaH B rnase 10 (onbIT C neigeHckoin 6GaHkoi). [Lanee
3N1eKTPOCTaTUYECKNIA 3apsaf, CHUMAETCA Yepe3 acCUMETPUYHBIN
TpaHcopMaTop, Kak nokasaHo Ha puc. 35.
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CylecTBYeT WHOW Croco6 UCMob30BaHUA  KaTyLUKW
Tecna unu Kavepa bpoBuHa. 34ecb TakXKe UCNonb30BaH METO/
CbéMa B aKTMBHYID Harpysky 4epe3 acCUMETPUYHBIIA
TpaHcopmMaTop, HO MpWY 3TOM WCMOMb3YeTCs MMMY/bCHas
TEXHONOrMS MO YMpaB/feHU CWUI0BbIM  KNtoyoM. Cxema
rnokasaHa Ha puc. 37.

Puc. 37

BbicokoBO/IbTHad 06MOTKa kayepa BpoBuHa MOAK/IHOYEHA
K aHTeHHe, BbINOMHEHHOW B BMAe cnvpain. Cnupanib
pacrnonoXeHa Ha KaTywke Tuna «rteneckon» (¢oto 8). K
BbIXO4Y 3TOM KaTylWKW MOAKMOYEH [AUOAHbLIA  MOCT MU
KoHZeHcaTop. B npouecce paboTbl [aHHOW KOHCTPYKUMKU Ha
BbIXOZe ANOAHOI0 MOCTA NOABNAETCA HanpskeHme okoso 1200
BONbT. [1OCPeACTBOM 3/IEKTPOHHOIO CW/I0BOMO KIKYa 3TO
HanpshXeHWe NoCTynaeT Ha aCCUMETPUYHBIN TpaHchopmartop ¢
yacToToM  cnegoBaHMsa okono 15  klu.  3asemneHue
acCMMeTPUYHOro TpaHcgopmaTopa 06s3aTeNlbHO, B MPOTUBHOM
Cnyyae KOHCTPyKuusi paboTatb He Oyget. KM, [aHHOW
KOHCTPYKUMN HaCTONbKO BbICOK, YTO nmpwu Harpyske 300 BT,
MOLLIHOCTb NOTpebieHns Kavepa cocTasnseT He 6onee 30 BT.
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®doT10 8

Puc. 38

Ha puc. 38 n3obpakeHa Cxema HaMOTKM KaTyLUKW Tuna
«Tefnieckon». M3 cxembl BUAHO, YTO B KaTyLIKe 4acTUYHO
CKOMMEHCUpoBaHa MHAYKTUBHOCTb, 6/1M3Kasi K Hynt0. A B TOM
30He, rge WHAYKTMBHOCTb ~ HE  CKOMIMEHCUPOBaHa,
pacnonaratoTcs pasHble KOHCTPYKUUWU KaTyllek cBA3n. OHu
MOryT ObITb B BUAE Cnupanu, B BUAE COMeHOMAA Un B BUAe
OPUTUHA/IbHBIX  KOHCTPYKUMIA  KaTyleK  WMHAYKTUBHOCTMU.
Haunyywine pesynbTaTbl MOKasaIM KaTylWKW C  HYNEBOW
WHAYKTUBHOCTbIO — 3TO KaTywku Kynepa. Ha BTopom mecTte
NnAocKMe OUpUIAPHbIE KaTyWKW Wan  coneHoup. Takoe
coYyeTaHWe C UCMOMb30BaHNEM KaTYLLUKN CBA3N «TeNecKomn» u
BCMOMOraTte/ibHbIX KaTyLleK M0o3BOMAET 136eXaTb NposBIeHNs
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034C. Tem cambiM, NPaKTUYeCKM BCA HaKOM/EeHHaa 3Heprusa
nepeHanpassieTcs B 3/IEKTPUYECKYIO Harpysky.

Ewé asTOop oOpaulaeT BHMMaHMe Ha TO, 4TO MNpw
MCMonb3oBaHUM  KaTywku Kynepa ¥ KaTywku Tuna
«Teneckorn», o0b6pasyroTcd  06/1aCTU  MOBbILEHHOrO  ”
MOHWXEHHOr0 fAaBneHuns. Mpu MCrnonib3oBaHUN BUPUNSAPHON
KaTyLLKM UHAYKTUBHOCTU U KaTYLLKM TUNA «TEECKOM» TaKXe
06pasyeTca 061acTb MOBbILEHHOIO M NMOHVKEHHOIO AaB/eH S,
T.K. 00nacTb MOHWKEHHOrO AaBneHusi obpasyeTcd B
«6ugunape»  no OTHOLLIEHUIO K  «OKpyXatoLlemy
MPOCTpaHCTBY». M yeM cunbHee GyAyT NpPOsBAATL Ce6a 3TU
06/1acTM No CBOMM MoOKasaTensam, TeM 6onblue MOXHO Oyaet
MONMYYNTb  3MIEKTPUYECKOW  3Hepruu, T.K. Npu  3TOM
YBENNYMBAETCA MIOTHOCTb MOTOKA 3/1IEKTPUYECKON 3HEPrUn B
3NEKTPUYECKON Lienn.

Puc. 39

XopoLune pe3ynbTaThl rnokasano coyeTaHue
0e3VHAYKTMBHOM KaTywku (puc. 39) M KaTywku Tuna
«TefIeCKon», T.K. MOJSIHOCTbIO WCKIOYEHO B/IMSIHWE OfHOWA
KaTylwkn Ha pgpyryto, n tem cambim O3 C NONHOCTLIO
nepeHanpaBnsieTCi B CTOPOHY 3/MEKTPUYECKON  HarpysKu.
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Be3NHAYKTUBHAA KaTyllKa YCTaHaB/IMBAeTCA BOKPYr Y3KOM
30Hbl KaTyLKM «TeflecKon», Kak Ha (oTto 8 (BMecTo
CMMPaIbHOW  aHTEHHbI). Y KaTyWKM He MOXeT ObITb
WHOYKTUBHOCTM MO OMNpefesieHnto, Tak Kak [Be 0OMOTK/ B
KaTywke bonotoBa Apyr JApyra KOMMeHcuMpyrT. [lycTb
NHAYKTUBHOCTb KaTYyLLEK B NPeAN0XeHHON KaTywwke bonoTtosa
O[JMHaKOBa, HO TOKM B KaTyllKax OyayT pasHble, MOTOMY 4TO
AnameTpbl MpoBoAoB oTanyaroTesa (0T 3-x Ao 10-11 pas). Torga
N TOKM OYZYT pasHble, KaK U BO3HUKAIOLLME B K&XKA0MN KaTyLLKe
MarH1THbIe Nons. B aToM ciy4yae BO3HMKAET pasHas NnioTHOCTb
MOTOKOB Mexay O0OMOTKamu, W npu 3TOM MNPOUCXOAAT
aHOMaJIbHble IBMIEHUA C 3/1EKTPOMArHUTHBLIMU MONAMMU.
MNOTHOCTLIO MOTOKA 3MEKTPUYECKON 3HEPrM  MOXKHO
ynpasnsatb M Apyrum  cnocobom. [py  3TOM  MOXKHO
NCMOo/b30BaTh ToponganbHsbli TpaHcgopmarop c
NCMO/Ib30BaHNEM (DeppOMarHeTuKa 13 nepmansios.

Puc. 40

Ha pwuc. 40 un3obpaxeHbl 30HbI | 1 1l ToponganbHOro
TpaHcgopmatopa, rae pacrosioXeHbl MepBrYHas 1 BTOPUYHasA
06MOTKKN. Ha pucyHKe BMAHO, YTO OOMOTKM 4YepeayroTcs, W
CHayasia MoTaeTcsa nepBMyHasd 06MOTKa, a 3aTeM BTOpUYHas. U
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TaK fanee no Kpyry. Yucno 30H MOXeT GbiTb U Gonee. Ha
MPaKTVKe UCMONb3YHOTCS YeTbIpe, BOCEMb 1 60/ee 30H.

Puc. 41

Ha puc. 41 nokasaHbl HanpasneHUss BEKTOPOB
pacnpocTpaHeHns 3N1eKTPOMarHUTHbLIX BONH. Kak Mbl BUAWM,
nepBuYHble 0OMOTKM YCKOPAIOT ABVKEHME CKOPOCTM MOTOKa
3/IEKTPOMArHUTHbIX BOJIH BO BTOPUYHO 06MOTKe, TeM CaMbIM
YMeHbLUasA B/IMSHUE BTOPUYHOW OOMOTKM Ha MEepBUYHYIO
06MOTKY. B 3aTom cniyyae Tak »ke O3/C nepeHanpasfifeTcs B
CTOPOHY MOTEHLMaNIbHOM 3M1IEKTPUYECKOW Harpy3Ku.

MpesaBapuTeNbHbIA BbIBOA, HanpallnBaeTcs cam: A4Jis TOro,
yTo6bl M36exaTb AevicTBnuas O3AC M3 BTOPUYHOW LEnu
KOHTypa CBSi3W B MEPBUYHBIA KOHTYpP CBS3M, HE06X0AMMO
YUnTbIBaTb  MPaBWIbHYKD  HAaMOTKY MO  CeKUMAM  Ha
TOPOUZA/IbHOM cepeyHuKe (30Hbl, M. puc. 40). MoHsAB 3TOT
npoLecc, MOXHO npoAasuratbCA fasnee MO  CO34aHUIO
KOHCTPYKLLMIA 3N1eKTPUYECKNX FeHepaTopoB.

MpuBeseM ewwg nprvMepbl KOHCTPYKLMIA 3M1EKTPUYECKOT O
reHepatopa C MNPUMEHEHVEM (eppuTOBbIX CepAEYHNKOB
OpUrvHanbLHOM YopMbl. B JaHHON KOHCTPYKLMK NPUMEHSETCA
(heppuTOBbLIV CepAevHUK NupaMuaaibHoM opmbl. Ha puc. 42
rmokasaHa CXema [BYXTaKTHOIMO reHepaTopa MMMNY/1bCOB.
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KaXablii  TpaH3UCTOP  BK/OYAeTCs  MOMEPeMeHHO U ¢
onpeaeneHHo CKBaXKHOCTHO.

Puc. 42

[ns atoid uenu nogongeT Mukpocxema TL4A94 (puc. 43). Y
[aHHON MWKpOCXeMbl €CTb [Ba He3aBUCUMbIX BbIXOfa C
yrpaB/isemMoil  CKB&KHOCTbIO, a CWUrHa/bl  ynpasfieHus
pa3HeceHbl Mo BPeMEHMU.

[ns Toro 4rtobbl TPaH3UCTOPHbIE K/IKOUM MPaBUbHO
OTKPbIB/INCb U 3aKpblBaNCb, Ha BbIxog TL494 (BbiBOAbI 8,
11) HeobGXoAMMO  MOAKMOYMTL  CWUMIOBble  [paiiBepsbl,
BbINOJIHEHHbIE B BUae TPaH31CTOPOB nnu
creLmann3npoBaHHbIX MUKpocxeM (gparisepbl MOSFET).

Puc. 43
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Takum 006pa3oM, B KakOW-TO MOMEHT BpPeMeHM BCe
TPaH3UCTOPHbIE  K/HOYM  HaxXoAAaATcad B OTK/IIOYEHHOM
COCTOSHUW. 3TO OYeHb BAKHO [ANA MPaBUIbHOW pPaboTbl
KOHCTPYKLUN.

Opyrve  npumepbl  UCMOMb30BaHus  (epputa  C
NMMpamyaaibHON KOHCTPYKLMEN NokasaHbl Ha puc. 44. B aTux
CXemax  MCMOMb3ylTCA  MynbTUBMOpATOPbI,  KOTOPble
aBTOMATUYECKN HaCTpamBalOTCA Ha PE30HaHCHYH YacToTy.
Mof 3Ty pe30oHaHCHYK 4acToTy MOAGUparoTCA KOHAeHCaTopbl
Ans nony4veHna Bbicokoro Kz gaHHbIX cxem.

Puc. 44

Ha camom fene He BaKHO, Kakyld CXeMy WUCMO/b30BaTb.
[naBHas pfeTalb 3TUX TEHepPaTOPOB — 3TO KOHCTPYKLUA
(bepputa. [anee WAET pe30HAHC W COrnacoBaHWe BbIXOAA
reHepartopa c CONPOTUBNEHNEM 3/IEKTPUYECKOW Harpy3Ku.

Kpome  TopouaanbHbIX — KOHCTPYKUMIA  (heppUTOBbIX
CepAeYHNKOB, B 3MIEKTPUYECKMX TeHepaTopax HanpskeHus
MOXHO MCMOMb30BaTb (PeppuUTOBble CepAeUHUKM «I1» n «C»
Tmna (puc. 45).
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Puc. 45

B 3TWX  KOHCTPYKUMSX  MPUMEHWMbI  CXEMbI
MyNbTUBMOPATOPOB W YMpaBNseMbIX  TEHepaTOpoB  C
MPUMEHEHNEM MUKPOCXEM, C TO PasHULeld, UTO BbIXOAHbIE
0OMOTKM pacrnonaratoTcsi B MecTax paspesa WM KOHLax

(heppuTa.

Pwuc. 46
Ha puc. 46 HarnagHo BUAHO PacrofiodXeHue MarHUTHbIX
Nonei, B 3aBUCUMOCTM OT YNPaB/IeHNS KaTyLleK BO36YXAEHNS.

Korga heppuT «Pa3oMKHYT» MO MarHUTHOMY Mofy, TO Mb
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HabnofaeM M3MeHeHWs MNOJIKOCOB Ha KoHuax epputa. Mpu
3TOM OTCYTCTBYeT «3aMKHYTOCTb» (heppuTa Mo MarHUTHOMY
Monto, N TeM CaMbIM MPECEKAETCA PeXMM HacbILeHNs. B aTom
CNyyae Mbl MOXEM WCMOMb30BaTb (EpPpPUT Ha MNoyyeHue
60NbLUMX MOLLHOCTEN Ha BbIXOZE 3M1IEKTPUYECKOTrO reHepaTopa.

OOMH M3 BaXHbIX acnekToB paboTbl 3NEKTPUYECKMX
reHepaTopoB HAMpsHXKeHUs — 3TO He MO03BO/IUTb MNPOU3OWTU
CTONIKHOBEHUWIO MeX[y CO060M NPUHYAUTENbHOMO MMNynbca U
«OTK/IMKa» 3HEPrn M3 OKPYXKAOLLLEro npocTpaHcTea. Hukona
Tecna 06 3TOM HEOAHOKPATHO roBopuA. YeM Kopoye UMNybCe,
MOCTYNAOLLMIA Ha KaTyLLKy BO30YXAeHus, TeM fnydiwle 6yaet
paboTaTb ANEKTPUYECKUI FTeHepPaTop HaMpPHKEHMS.

Puc. 47

Ha puc. 47 nokasaHa 3ntopa BbIXOAHOr0 HanpsXXeHus
3NEKTPUYECKOr0 reHepaTopa. AKOHOMUYECKMiA aththeKT paboTbl
TaKoro reHepatopa cocTaensieT 50% oT noTpebnsemoit
MOLLIHOCTM OT BXOAHOrO MUTaHWA.

Cnepytouyme KOHCTPYKUNW, KoTOpble oynyT
npefcTaB/ieHbl aBTOPOM B [i@aHHON KHUre, He MOXOXMW Ha BCE
BblLLECKa3aHHble. JTO KaTylwkn Mebuyca. lMpu paboTe C
KaTylwkoii MeEbuyca, NPOUCXOAAT pasHble aHOMaslbHble
ABMeHNsA. Hanpyvmep, NOCTOAHHbLIA MarHAT B M3/lyYatoLLem
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3N1eKTPOMarHMTHOM Mofe  3TOW  KaTylKW Bpallaetcs ¢
OONbLLOMA CKOPOCTbID. 3HAuUWUT, BHYTpU KaTylwku Mebuyca
CO3[3aETcA MOLLHOEe BpaLlatoLLeecs 3/1eKTPOMarHUTHOE norne.
ATOT  3dheKT MOXHO MCMOMb30BaTb B KOHCTPYKUMAX
3NEKTPUYECKNX TeHEPATOPOB.

OfMH 13 NPUMEPOB MCMONb30BaHMA KaTylikn Mébuyca u
KaTyLLK/ TUNa «TeNecKon» NpeacTaBieH HUXKE.

doT10 9

Metna Meébuyca, Kak KaTywka C aHOMa/lbHbIMU
ABNEHNUAMM, NO3BOMSET MOMYYUTL XOpoLwlne pesynbTarbl Mo
NOMYYEHUIO 3NEKTPUYECKON 3HEPTUMW, T.K. BHYTPU KaTyLUKu
Mébunyca CO3/aéTcA MOLLHOe BpaLLatoLLieecs
anekTpomarHuTHoe nosie. OHO BO3ZENCTBYET Ha KaTyLUKY Tuna
«TeNecKorn», K Ha BbIX0Le 3TOW KaTywkun gopmupyetcs 34C,
KOTOpas KOHBEPTUPYETCA B  MOME3HYH  3NEKTPUYECKYIO
MOLLHOCTb. Ha camom fene, CBOWCTBO KaTywku Mébuyca He
[0 KOHLUA W3y4yeHO, M MHOro eLlé NpeAcTOUT BbIACHUTbL O eé
WNHTEPECHbIX 0COGEHHOCTSX.

MpefocTaBieHHble aBTOPOM KOHCTPYKLMUN B NPeablayLLImX
rnaBax MOXXHO KOMOMHMPOBATb MeXAy COOO0W, TaK KakK OHW
COBMECTUMbI MO CBOMM CBOCTBaM paboThl. Hanpumep, cxemy
MynbTUBMOpPATOPa MOXHO COEAUHWUTb C  KOHCTPYKLMENR
coneHonga (besnHAyKTMBHasA KaTywka Kyrepa) u KaTyLIKOiA
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TMna «Teneckon» (puc. 48). MonyYeHHbIN pe3oHaHC MeXay
MYynbTUBMOPATOPOM U CONMEHOMAOM  CO343ET  MOLLHYHO
peakTuUBHy0 3Hepruto, n SC KOHBEPTUPYeTCA B KaTyLlke
«TefIecKon» U npeobpasyeTcs B MOME3HYIO 3MIEKTPUYECKYHO
SHEPIUI0 A/ MUTAHWS BHELLHMX 3/1EKTPONOTPeOUTENEN.

Puc. 48

Pe30HaHC MOXHO MOMTyUYNTb He TONbKO B 6E3UHAYKTUBHBIX
KaTyllKax, HO ¥ Npu UCNOMb30BaHUM OUUIAPHBIX KaTyllek
cBa3n. Ho npakTuka nokasana, 4TO /ydwe paboTatb C
KaTyLlKamu CBA3W C HY/IeBOW MHAYKTUBHOCTbLHO.

H. Tecna B cBOMX M300peTeHMAX YAeNsN MHOMO BHUMaHUA
MIOCKAUM KOHCTPYKUMAM KaTylleK WHAYKTUBHOCTU. ABTOPOM
Obl1 MPOBEAEH PAL IKCMEPUMEHTOB, M Ha MpakTUKe Oblno
Mosly4eHO MOATBEPXKAEHNE 3(PPEKTUBHOCTM paboTbl ITUX
KaTywek. B npegblaylwimx rnaeax Obl10 pacckasaHo, 4To
KOHCTPYKUMW  Takoro  Tuna  ABAAKOTCA  YCUIUTENsMU
3NIEKTPOMArHUTHOW  3HeprMn. 3Ta  KaTylwka CcrnocobHa
nepefaBaTb B OKpY)atolLLlee NPOCTPAHCTBO KaK MPOAOSbHbIE,
TaK 1 nonepeyHble BO/HbI. A 3TO 0YeHb BaXKHO A/11 MOyYeHUs
TOrO CaMOro «OTK/IMKa» OT BHELUHEA cpedbl, C MOMOLLbIO
KOTOpPOro MOXHO nony4nTb [OMOSTHUTENbHYHO
3NIEKTPO3HEPr M0, KOTOpas HaMHOro 60sbLle, Yyem TpebyeTtcs
0151 eé BO36YXIeHNS.

OflHa 13 TaKNX KOHCTPYKLMIA NpyBeaeHa Ha puc. 49.
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Puc. 49

B [aHHOW KOHCTPYKUMM TakXe WCMofb3oBaHa KaTyLlka
TMNa  «Teneckon» Kak Hambonee apdekTnBHad  Ans
KOHBEpTaLUMM  peakTMBHOW  3HeprMm B aKTUBHYIO
3NEKTPO3Hepruo. B paHHOM rpamyeckoM  M306paXkKeHUN
aBTOp OTYacTM OTO6pasvn CBOE M300peTeHWe U Nokasas, YTo
MCNONb30BaHMe MJIOCKMX KaTyLleK CBA3M WUMeeT 60nbLuoe
Oyayliee B MOCTPOEHWUMN FeHEPATOPOB 3/1IEKTPUYECKOI IHEPTUN.

Ha npumepe 3TOW  KOHCTPYKUMM  BWAHO,  4TO
3NEKTPOMAarHMTHas  3Heprus  nepefaeTcd Mo BO3AyXYy
HeCKONbKO pa3, U TakuM 06pa3om ocabeBaeTcs B3avMHOE
BAMSAHME KaTylleK CBA3W Jpyr Ha fgpyra. Takxke 37ecb
MCNONb3YHTCA HECKONIbKO TWUMOB PEe30HAaHCa HarpsXKeHus 1
TOKa. LleHTpasibHas KaTyllka CBSI3W  MCMOSHSIET  POsib
pesoHaTopa W 3epKana 3/1eKTPOMarHUTHOM 3Heprun. 3T1a
KaTyllka MMeeT CMOCO6HOCTb NPUTArMBaTb M OfHOBPEMEHHO
OTTa/IKMBaTb OT Ce6A 3NEeKTPOMArHUTHYO BOMHY. Takum
06pa3oM, BbIXOAHad KaTyllka CBSi3M MeHbLUe B/IMSET Ha
MepPBUYHYIO KaTyLIKY, K KOTOPOM MOAKNHOYEH CW/I0BOM
3NIEKTPOHHbIN KoY. KoHBepTaums Mosie3HON 3M1eKTPUYECKON
3HEPrumM OCYLLECTBISETCA MOCPELCTBOM KaTYLUKW CBA3W TuNa
«TeNecKorn».

B npegnaraemMbix CxemMax B OCHOBHOM WCMO/b3YHOTCA
TOpOMAanbHble KOHCTPYKUMW PasIMyHOro Tuna, T.K. MMEHHO
OHM NO3BOMWAM MOMYYUTb MONOXKWUTENbHbIE Pe3ynbTaTbl ANs
KayeCTBEHHO paboTbl FreHePaTOPOB HaMpPsHXKEHNS.
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"TABA 20. Toponaa/ibHble KOHCT PYKLNK

Ha npoTshkeHWM MHOrMX neT WCCnefoBaHWin B 061acTu
ynpaBieHUs 3HeprusiMmM 1 NosyvyeHUs MONE3HOM MOLLHOCTK
AN 9NeKTponoTpebuTened, HamboNMbLUMIA  MHTEPEC cpeaw
n3obpetaTeneil NpeacTaBnseT TOPOMAAIbHbIA TpaHchopmaTop
C pasMyHbIMK BUAAMW KOHCTPYKUMIA. [pakTuyeckn Bce
COBPEMEHHbIE PAANOTEXHUYECKME W3AENNS BbIMONHEHbI Ha
6aze  TOPOMAAIbHLIX  TpPaHC(POPMATOPOB, a  UMEHHO
MUMMNYNbCHbIE  UCTOYHWKMA  MUTaHUA WU 3EKTPOHHbIE
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Puc. 50

Puc. 51

Puc. 52

B Mupe BOKpyr Hac nposiBfieHMe CBOWCTB Topa MOXHO
yBUAETb MNPaKTUYeCKM Be3de, OCOOEHHO Yy pacTeHWd W
XMNBOTHOro mmpa (poto 10). Yauye Bcero, aTo NPosABNSAETCA B
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BUAE CNMpaneBMAHOr0 PUCYHKa W NPOSIBNEHWM B NpUpoge
yucen dnboHavuu.

doT10 10

Habnogas 3akKoHbl NpUpoabl Y MX NPOSIB/EHVE BO BCEM
YXVMBOM, MOXXHO YBU/ETb aHa/Iornio — 3TO NPOSB/IEHNE CBONCTB
aHepreTnyeckoro Buxps. Ecnn  nogpobHee paccMOTpeTb
paboTy Topa, TO 3HEPreTUYECKMn BUXPb NPKU ero paboTe MMeeT
CNOXHYIO (hopMmy. MosBnsSETCA BONPOC, MOYEMY BUXPb BeLET
cebsd Tak 0C06eHHO? JIoOyto cpelly  XapakTepusyroT
MNOTHOCTb, TeMnepatypa, 06bEM 1 aasneHve. HO Ham HYXHO
HaTW, YTO ABVKET OKPY)KaloLWy cpefly B AaHHOW TOYKe, U
4TO 3a CWU/bl JENCTBYIOT Ha Heé?

MN0THOCTL cama No cebe HNYEro He Bbi3bIBAET, BbI3bIBAET
TOMIbKO MOSBMIEHWE CWUN  U3MEHEHWA TMJ/IOTHOCTM B [BYX
coceHNX TOYKax cpebl. Mpryuém Hanpas/ieHue
9HEPreTUYecKUX Ccua  WAET B HanpasfeHUM WU3MeHeHUs
MNOTHOCTM MNOTOKa. TemrepaTypa B TOM WAM WHOM cpefe
3aBMCUT OT M3MEHeHMs pa3mepoB, MIOTHOCTM U AaBneHus. To
e camoe KacaeTcs 00béma M [aBfeHus B npocTpaHcTee. B
[aHHOM Cny4yae Hafo pasfensTb BCe 3HEPreTUYecKue CUbl,
4yTOObl MONYYUTb MOLLHYK Pe3yNbTUPYIOLLYIO  3HEPruto,
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KOTOPYKO B Ja/bHeileM MOXHO OydeT npeobpas3oBaTb A1
NoNyYeHNs NOME3HOI0 3NEKTPUYECTBA.

Buxpb, He CMOTpPSA Ha GOMbLUME CKOPOCTU ABMDKEHWS MO
OKPY>KHOCTAM, He TepsieT TaK MHOTO 3HEPriu, Kak JOMKEH Obl
NnoTepPATb 3a CYET LEHTPOOEXHbIX W LEeHTPOCTPEMUTENbHBIX
YCKOpPeHWI. 103TOMy MO OKPY)XHOCTSM OHW [ABUratoTCs 3a
CYET CWNOBbLIX MOJER, TAe HET MOTEPb 3HEPTUM OT [BUKEHUS
No 3aMKHYTbIM TpaekTopusiM. TopoobpasHoe BpalleHue
nofpasymMeBaeT  Ha/lMuMe  HECKONbKUX  pasHOBUAHOCTEN
LUMPKYNSUUin n BpaweHui (puc. 53).

Puc. 53

Bce nnaHeTbl B COMHEYHOW CUCTEME W 3aPSHKEHHbIE
4acTMLbl BHYTPYU aTOMOB MePeaBUratoTCs no OKPYXXHOCTAM 3a
CYET nonein 6e3 NOTepPU IHePruu.

Bo3Bpawladcb K 3HaHWAM [PeBHWX, Mbl BUAUM, 4TO
KOHCTPYKLUW TOPOB UCMO/b30B/INCL Kak AN MPUémMa, Tak U
AN Nepefayvn aHeprui, KOTopble COBPEMEHHON HayKOM eLLé He
M3yYeHbl. OTU KOHCTPYKLMMN BbIFIALAT, HA NepBblid B3rNsg, He
Kak Topbl (B NMPMBbLIYHOM (HOPMATE), HO 34€eCb MPOSABNAOTCS
CBOICTBa TOpa B BWAE CIOXHOIO CrnvpaneobpasHoro BUXPS.
Takune KOHCTPYKUUW, CTaBLUME pe3ynbTaTOM HepyKOTBOPHOIO
TPyAa  HEW3BECTHbIX  CW/,  MOXHO  YBMAETb  Ha
CeNbCKOXO03ANCTBEHHBIX MOJIX — OHW ABMAKOTCA NOACKA3KOM,
4TO Ham HeobXoAMMO 06paTUTb BHMMaHWE Ha CBOWCTBA Topa
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(boto  11). Takxke  crnvpaneBUAHble  KOHCTPYKLMUK
(reope3oHaTopbl) BbIKNaAblBAINCL Ha 3eM/e B BUAE KaMHER 1
TOXe 06naganu ceoictBamm Topa (hoto 12). CBOICTBO TOpa B
BUAE CNvpa/ii NPOCNEXMBaeTCA Ha oTorpaum ranaktmk
(thoTo 13), KoTOpas bbina caenaHa Teneckon
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doT1o 13

ABTOp B [aHHOIA rNaBe aKLEHTUPYeT CHUMaHWe yuTatens
Ha TO, YTOo6Gbl He OblIM  WUFHOPUPOBaHbI  3HAHWS O
TopouaanbHbIX BUXPSX. ITO KMOY K  MO3HaHUAM  Ans
MosyyYeHMs B CBOMX  3NEKTPOHHbIX  KOHCTPYKLMSX
HENCYEPNAEMOro KOMMYECTBA SHEPIM U3  OKPYXKAKOLLEro
npocTpaHcTBa. [MpW MCMONMb30BaHUM 3HaHWIA paboTbl Topa
MOXHO MOHSTb, KakMm 06pa3oM MosyyaTb W HakanmBaTb
3HEPrMi0 M3 OKpyXatoleld Hac cpedbl. Bokpyr HaxoauTcs
MHOXXECTBO MO/CKAa30K M OPWMEHTMPOB, TOMbKO Hallia 3ajava
CYMeTb 3TV NOACKAa3KM YBUAETb U BONNOTUTb B XKN3Hb.
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FNABA 21. NupamujanbHble KOHCTPYKLNK

C [aBHMX BpeMEH YenlOBEYECKMI YM  B36yLopakeH
HEOObIKHOBEHHbIMU CBOWCTBaMU Nupamui. OHW BCTpeyatoTcs
MOBCIOLY, UX MOXHO YBUIETb KaK Ha Cylle, TaK U B BOfe.
OfHO U3 nepBbIX MECT MO WU3BECTHOCTW W BEIMYECTBEHHOCTM
3aHMMatoT ervneTckue nupamuabsl (poto 14).

ABTOp He OyfeT O0CTaHaB/MBaTbCA Ha OOBACHEHUU
CBOWCTB EruneTckMx nupamug, a nocTapaeTca PackpbiTb
CBOWCTBA NUPaMUAaTbHbIX KOHCTPYKUWUIA U UX NPUMEHEHMWe B
reHepaTopax 3MEeKTPUYECKOrO HarpskeHunsa. [Ona packpbiTus
3TUX TailH ByAeM 1CMosb30BaTh 3HAHUA «APEBHUX.

doT0 14

B nepByto oyepesb, NPUBNEKAET BHUMaHVE KOHCTPYKLMA
nupaMufpl B BAE YeTbIPEXCTOPOHHErO TPeyrofibHMKa. Takxke
N3 PasINYHbIX MCTOYHWKOB W3BECTHO, UTO B KOHCTPYKLMU
nupaMuzpl MCMosb30Baiock Yncno M 1 30/10TOe CeyeHue.
Takoke nupamuibl NPesCcTaBNAT coboin Nprémo-nepearoLLee
YCTPOMNCTBO HEM3BECTHOM COBPEMEHHON HayKe 3Hepruu,
KOTOpas akTMBUpYeTCs MNpu 0CcobbiX 06CTOATENbCTBAX. YTO
Croco6CTBYET 3TOM aKTMBaLUM — OCTAeTCH 3arafKoi, HO SICHO
OAHO — eC/n B3ATb 3@ OCHOBY KOHCTPYKUMIO Nupamubl 1
NCMONb30BaTb €€ B CXEMEe 3MIEeKTPUYECKOro reHepatopa, TO
MOXHO OXWAaTb MPOSBMEHUS  HEKOTOPbIX  aHOMasbHbIX
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fBNeHMA. Ha npakTvke 6bI1I0 BbISBNIEHO, YTO Nydline
pe3ynbTaTbl BO BPeMs PaboThbl FeHePaTOPOB HaMpsHKeHNs 6binn
C CMONb30BaHNEM VMEHHO NMPaMManbHbIX KOHCTPYKLWIA.

Hanpumep, B HEKOTOpbIX  CXemax  reHepaTtopa
HanpshKeHWsi UCMOo/b30BINCL NMUpamuianbHble (eppuToBbIe
cepaeyHnkn (puc. 546). Ecnv BHUMaTENIbHO MPUCMOTPETLCA K
KaTyllKe Tuna «Teneckon», TO TakXXe NpoCMaTpuBaeTcs BUf,
nupamungbl (puc. 54A).

Mo aHanorMm co CBOMCTBaAMW TOpa, NUpaMuibl TOXeE
0TO6PaXKeHbl HA CeNbCKOX03ANCTBEHHBLIX MOMSAX HEBUAMMbIMU
MOMOLLHMKAMK, KOTOpble >XenatT MocrnocobcTBoBaTb HaMm B
pasBUTMK UmBMAM3aLmm (oto 15).

®oTo 15
B npoliecce nccneaoBaHuii KOHCTPYKLMU Nupamubl Gbiio
06GHapY>KeHO, UTO YacTo BCTPeYaeTcs Ludpa «8». Y nupaMmufb
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BOCEMb rpaHeli. VIHTepecHas uucnosas nupamMuga, rae
LIeHTpaNbHOM LmMgpoli sBNseTcs BocbMepka (puc. 55).

Puc. 55

Marunyeckoe 4ucno 8 MOXHO BCTPETUTb BO MHOIUX
3HaHWAX  [PeBHUX, W  OHO  CUMBO/MU3VPYET  3HaK
6eckoHeyHocTU. Ecin paccmaTpusath NMpammngy v pasfioxutb
€8 Ha pasHble COCTaB/AlOLWMe, TO Mbl YBUAMM WHTEPECHYIO
KapTuHy (puc. 56). Mupamuaa packnafbiBaeTCcAd Ha YeTblpe
TPeyronbHuKa.

A b B

Puc. 56

Ha puc. 56A nokasaHa nupamuaa B 06bémMe. Ha puc. 566
BUA nupaMubl CBEpXy, Ha puc. 56B nokasaHa nupamuia B
MJI0CKOCTW. 34eCb Mbl BUAUM MOSIBNEHNA APYrUX Ymcen — aTo
«4» (4eTblpe TPeyrosbHMKa) M «12» (ABeHafuaTb rpaHei).
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Mupamnga B NJOCKOCTU MOKa3biBaeT eLwé aBe BOCbMEpPKM Mo
rOpu3oHTa/IM U Mo BepTuKanu. [MvpamMuaa VMeeT YeTbipe
TpeyronbHuKa (4 * 3 = 12). B npupoje 3HayeHne yncen urpaet
BaXHYIO pO/Sib, U MO3TOMY, B MpPOLECCE KOHCTPYMPOBaHUSA
reHepatopa HanpsKeHus Heob6X0AMMO Y4WUTbiBaTb  3TOT
(hakTOp. Torga 9neKTpoOHHOe wu3fenne OydeT paboTaTb
COr/1IacHO 3aKOHaM Npupoabl.

Ecnm  BCNOMHWUTL  «Marnyeckuin»  KsagpaT, KOTOPbIM
nosib30Ba/ICA B CBOMX M300peTeHnsax xoH Cepsn, TO 1 34ecb
MOXHO YBUAETb NMMpaMugy B N1ockocTu (puc. 57).

Puc. 57

Ha pwuc. 57 nnHUKW, coefiHeHHble B BUAE BCTPEYHbLIX
TPeyrosibHNKOB, COCTaBAAKT YMCN0 34. ITO UYMCNO, TaKXKe Kak
n uucno 8, aBnawTca  uucnamy  duboHauun.  Kpyru,
COEIMHAIOLLME UM(PBI MO KPYTy BHYTPU U CHApPYXW, TaKKe
COCTaBNAOT yncno 34. Yto camoe MHTepecHoe, ABa Kpyra B
LIEHTPE 1 CHapy>Kun MpeacTaBnsoT COO0M KOHCTPYKLMIO Topa.

Mupammnga B MIOCKOCTU TaKXe HanoMUHaeT KenbTCKMWi
KpecT. KenbTCKWUIA KPecT C [aBHUX BPEMEH CUMBOSIM3MPYET
cobor  UenocTHoctb M eanHcTBO  (puc.  58A).  OH
CUMBO/IU3NPYET YeTbIpe CTOPOHbI CBETa, YeTbipe BeTpa,
YeTbIpe CTUXMK, YeTbIpe BPEMEHU roja.

163



[peBHWe erunTaHe WCMoOMb30Ba/IM CUMBON  KPecT C
KONbLOM — aHKX (puc. 586). CUMBON aHKX MMeN MHOXECTBO
3HAYeHWA, HEeKOTOpble U3 HUX OblM CBA3aHbl C MOHATMEM
WOKU3Hb».  AHKX  CUMBOMU3NPYET  XXU3HEHHO  BaXKHble
cybcTtaHuMn — BoAy W BO3AyX. B LyXOBHOM CMbIC/e aHKX
CUMBO/IM3MPYET KJTHOY K TaliHOMY 3HaHWIO.

Puc. 58

3HaHNA  «[pPeBHUX»  KapAWHaIbHO  OT/IMYaloTCA  OT
CYLLECTBYIOLLMX MUPOBO33PEHMIA, HO OTBepras 3TV 3HaHWA,
Oy[eT CNOXHO NOHATb, MOYeMy B NPOLL/ble BPeMeHa o4, He
MMess  COBPEMEHHOW  TexXHWKW,  MOraM  CcoBepLuaTb
HeoObIKHOBEHHbIE Belyy. Hanpumep, NOAHWMATb B BO3AYX
TSXKeNble NpeaMeTbl U WM3MEHATb  CBOMCTBA  BeLLecTBa
(anxunmms). 3aeck 6e3 0co6bIX BUAOB 3HEPTMUN HE 0OOLLIOCh.

Yontep Paccen B cBOMX TpyZax MHOTOKPaTHO packpbIBasl,
Kakmm 00pa3oM MpPOoMCXOAUT Mpeobpas3oBaHue 3Heprun u3
OKpY>KatoLLel cpefbl, ¥ Kak BO3MOXHO el YnpasnsaTb BO
BpeMeHW. OH MHOrOKpaTHO B CBOMX rMMnoTe3ax MokasbliBal,
4TO 3HEepPrus BUXPA W ynpasneHne 3TOW 3HepPruen, Ncnonb3ys
30Hbl  BO3[LENCTBUA B KOHCTPYKUMAX,  MOryT  fdaTb
MONMIOXUTENIbHbIE  pe3ynbTaTtbl MO cbopy W nepefave
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ANEKTPUYECKON  3Heprn  ANa  paboTbl  3NEKTPUYECKUX
npnoéopos (puc. 59).

Kak Mbl BMAMM Ha puc. 59, 3HepreTnyeckme BUXPU
1306paXXeHbl B BUAE Cnvpaseil nmpamMmmaanbHon opmel. M aTo
HecnpocTa. Takoe B3aUMOAENCTBME 3HEPreTUYeCKUX BUXPel
MeX/ay C0o60i NOo3BONSET MNOMy4YaTb MOLLHBIA «OTKIMK» U3
OKPY)KAloLLLero NpoCcTpaHCcTBa. 3TO OAWH U3 T[NaBHbIX U
BaXXHbIX (PaKTOPOB 415 TOr0, YTOObLI reHepaTopbl HanpsXeHns
NnpaBWIbHO W  KayeCTBEHHO paboTain U BbIAEPXKMBAIN
OonbluMe 3NEKTPUYECKME MOLLHOCTU C  MUHUM&IbHbIMM
3HepreTMyYeCKMMM NOTEPSIMI BO BPeMS CBOEW paboThbl.

Puc. 59

Puc. 60
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HekoTopble uccnegosatenn B 310/ 061aCTU UCMOMNb3YIOT
cnvpaneBnaHble KOHCTPYKUUK B BUge nupamugsl (puc. 60), u,
KaK OHW YTBEPXAAIOT, BO BPEMS aKTVBaLMN 3TUX KOHCTPYKLMIA
HabnJanncb MHTepecHble 3ggeKTbl. Ecinm  BHUMATENbHO
MPUCMOTPETLCA K [aHHbIM CNupansam, TO MOXHO YBWAETb
aHanorvio ¢ Katywkon Kynepa, rge WHAYKTUBHOCTL OygeT
paBHa Hyn. B HEKOTOpbIX KOHCTPYKUMAX reHepaTopa
HanpPsHKEHUS UCMONb3YKTCA TOPOUAAIbHbIE CEPAEUHUKU, W
NCMOMHEHME HaMOTKM  KaTylweK WHAYKTUBHOCTM  MMeeT
nupamugansHyto qopmy (puc. 61), unM, TOYHee CKasarTb,
06MOTKM 3TUX KaTyLleK pacnofoXeHbl APYr K Apyry nog
onpeseneHHbIM YoM,

Puc. 61

BosBpallasck K CBOWCTBaAM Nupamugpl, Uccnefosarensimm
B 3TOM 06nacTM OblNM 3aMe4yeHbl CTpaHHble OCOGEHHOCTU
nMpamMug — W3y4YeHMe MOLUHbIX MOTOKOB 3Heprun. B
npouecce MccnefoBaHUA OblO BbISICHEHO, 4TO NUpamuApbl
MMEIT MHOFO KBapua B COCTaBe KaMeHHbIX 6/10KoB. Kak
M3BECTHO M3 OMbITOB MO ()M3MKe, KBapL ob6nagaeT
Mbe303NEKTPUYECKMM 3th(heKTOM. py AaBNeHUN Ha KpUCTaN
(Nbe3o) co3paéTea pasHOCTb MOTEHUMaNOB Ha MOBEPXHOCTU
camoro  Kpuctasina  (3T0T  3(h(PeKT  MCNonb3yeTca B
COBPEMEHHbIX  ra3oBblX  3akuraskax). TpyaHo  cebe
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MpeLcTaBUTb  MacliTab o06pa3oBaHWsA  3MEKTPOCTATUYECKOTO
3NEKTpUYeCTBa B Nupamuie, NoHMMas eé€ pasmepbl, Korga B
caMoil nupamuge 06pa3oBbIBAETCA MbE303IPPEKT; K TOMY XKe,
KOrga 3TOT 3/1EKTPOCTaTUYECKNIA 3apsj] KOHLEHTpUpYeTCs Ha
BepLUMHE NUpamnibl, Kak MNokasaHO Ha puc. 62. Tenepb
CTAHOBWUTCA MOHATHOM PONb NUpaMuibl Kak nepejarymka
3NEKTPUYECKOM 3HEPTMM OFPOMHOM MOLLHOCTW. HayumBLUMCb
yrnpaenaTb 3MEKTPUYECKUMU 3apafamy C  MCMO/b30BaHMEM
KpUCTaINOB KBapLa, MOXHO A0OMTLCA XOPOLUMX pPe3y/ibTaToB
ANA Co3[4aHusA FeHepaTopoB HanpsXeHWs HOBOro MOKOJSIEHUS,
Mpn 3TOM UCNONb3YA NUPaMULaibHble KOHCTPYKLUW.

mn

!
| |
|
Puc. 62 /7 \\\\

B 910l rnaBe aBTOPOM OblM  MpPeL/IOKeHbl A1
pacCMOTPEHUS pasHble WAen, KOTOpble MOryT CrOABUTHYTH
ynTaTens Ha pag PasMbILLIEHNUA O TOM, KaKUM 06pa3oM MOryT
ObITb COOpaHbl KOHCTPYKLUMW TEHEpaTopOB HanpshkeHUs C
NPYMEHEHNEM OPUTNHANBHbLIX peLLeHNI B BUAe
nMpaMnaasibHbIX  KOHCTPYKUMIA. Takke aBTOPOM  Oblin
cobpaHbl KOHCTPYKLUMW C MCMNO/b30BaHWMEM Crivpasnein, B
KOTOPbIX KaK pa3 1 MPOUCXOAWN0 CTOSIKHOBEHNE MEXAY COO0iA
3HepreTMyeckMx BUXpeid B  Buge nupamuibl. Cbém
3NIEKTPUYECKOM 3HEPrun MPOBOAUIICA B LEHTPa/IbHOW TOUKeE,
KaK MokasaHO Ha puc. 59, TOYHO TakK >Ke, Kak npeanonaran
Yontep Paccen.
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YMbl HbIHELLHEro TMOKOMEHUS TOKa He Croco6Hbl B
MO/HOM Mepe BOCMPUHMMATb  A3bIK  3HAHWIA  [aneKkoro
npoLunoro, T.K. yenioBeyeckoe CO3HaHue 6bIno
«3anporpaMMmMpoBaHO» Ha  3HaHWs, MNPEenogHOCUMMble B
FNaBHbIX  YYEOHbIX  YypexaeHusX. VIHTepecHo, mnouvemy
YesioBeK, [epxa B pykax OyepedHOe Yyo COBPEMEHHOWA
TEXHWUKW, ByAb TO MMAHLLET UM CMapPTQOH, CYMTAET, YTO OH
YMHee NIofei NpoLsioro nokoneHna? OTKyda B3A/ICA Takoi
cTepeoTn? BbITb MOXET, HA060POT — Ye/oBeK CTan 60fbLue
noTpebuTenem B 3TOM MUPE, YeM Co3uaaTenemM 1 TBOpLOM?

B 3TOM KHUre 6bINO NPUBELEHO HECKO/bKO MPYMepoB
TOr0, Kak B TMpOLWIOM CBET/IbIE YMbl TOM0 BpPeMeHU
WeneTmnbHO ¥ ¢ t0O0BbKO  OTHOCW/IUCL KO BCEMY
OKpYXaloLleMy, W, KOHeyHo, BCMeACTBME 3TOr0, Y HUX
BblpabOTa/ICA  WMHOM  A3bIK  3HAaHWWA, HENPUBbLIYHBLIA  ANs
COBPEMEHHOr0 YenioBeka. OTBepraTb Kpynuubl 3TUX 3HaAHUIA —
3HauMT O0OKpagblBaTb Ccebsi, M BCE [Janblle YXO4UTb OT
MO3HaHMA  UCTUHbI. Henb3a  wWrHopuposatb  OMbIT
nccneposatenien U n3obpetaresieid NPOLWNbIX BPEMEH TONbKO
13-3a TOr0, YTO OHW NO-CBOEMY OOBACHANN PU3NKY TOro WK
MHOTO fBMEHWsA. BaXHO YACHUTbL M3 OnblTa 3TUX J04el
rnaBHoe —  OOWHOCTb  3TUX  SABNEHUA U (PU3MKY
MPONCXOAALLETO.

3afava aBTOpa COCTOSANA B TOM, YTOObI AaTb Kak MOXHO
60/blle OPMEHTMPOB WM MNOACKA30K, B KakOM Hanpas/ieHUu
npasunbLHO ABUraTbca. Beab OCHOBHadA 3afaya 3akno4vaeTcs B
TOM, YTOObI MOHATb, YTO HEOOXOAMMO [eNaTb, U Kak cobpatb
3NIEKTPOHHYIO  KOHCTPYKUMIO  reHepatopa  HanpsXeHus,
OCHOBbIBaACb He TOMbKO Ha NOACKasKax, a, B MepByo o4vepeab,
Ha MOHVMaHWV 3aKOHOB NPUPOAbI.
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3aK/o4yeHne

B 3TOI KHUTe ObIN0 PacKpPbITO MHOMO 3HaHWI U KIOYEN K
MO3HaHWIO TallH MWUPO3JaHUs U (U3NYECKUX 3aKOHOB B
06/1aCcTM  3MEeKTPUYECTBa,  KOTOpble  OblIM  yTpayeHbl
COBPEMEHHOW LBUIn3aLmein. ABTOP akLEeHTMPOBa BHUMaHWe
TOMbKO Ha TeX 3HaHMSX, KOTOpPble BO3MOXXHO BOMIOTUTL MNP
MCNONb30BaHNW  COBPEMEHHON  3/1eMeHTHOW  6asbl W
martepunasos.

[aHHasa KHWra nNOMOXeT COPWEHTUPOBATLCA B HOBbIX
3HaHWAX N B Ja/IbHelLleM HalTX AOMOSHUTE/IbHbIE UCTOYHUKN
ONA TOMOSIHEHMS  WHTE/NEeKTYya/lbHOro  3arnaca  CBOEro
CO3HaHMsA. ToT, KTO 0061agaeT  3M1eKTPOTEXHUYECKUMU
HaBblKaMK, ObICTpee MOVMET, KaKk MOXXHO NpaBUIbHO cobpaTtb
ANEeKTPUYECKUIA TeHepaTop HarpskeHus ¢ Bbicokum K. He
3ps ObIIO0 CKa3aHO — KTO 06nafaer 3HaHuAMM, TOT obnafaet
MUPOM. HO 3T1 No3HaHUA [OMKHbI MPUHOCUTL MUP W MOJb3Y,
a He paspyLueHme.

Conpvkacascb C  HOBbIMW  TailHaMW  MUPO3JaHUS,
napaifieflbHO  OTKPbIBAKOTCA W CBOWCTBA Pa3sHOBUAHOCTEMN
3Heprun. Mpu paboTe C 3TUMKM 3HEPrUsMWU, Hago Beerga
MOMHUTbL O Mepax 6e30MacHOCTM [NA 3[40POBbA NOAEN Y
XXMBOTHbIX, WHaye 3TO MOXET npuBeCTM K BONbLUNM
HENPUATHOCTAM UNN Aadke Tpareamsm.

[ns Toro u4To6bl OTKPbLIBAIMCb COBEPLUEHHO HOBbIE
3aKOHbl MUPO3JaHns, YenoBeky Heob6Xxo4MMo 6bITb MOPa/IbHO
YMCTbIM W OGECKOPbLICTHbIM. B NpPOTMBHOM Cnydvae, 3HaHWS
BbICOKOTO nNopafgka emy [JaBaTbCsi He OyfAyT, MHaye OHU
npeBpaTATCa B OpPYXXWe MNPOTMB camoro 4yenoseka. O6 3ToM
3HAM C rNyOOKOW [JpeBHOCTM W CTapaiMcb TLATeNIbHO
CKpbIBaTb OT HEMOCBALWEHHbIX. HO npuwno Bpems, Koraa
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nosBMnack Heo6XOAMMOCTb MPUMEHWUTb HOBble MO3HAHWS B
XKU3HM, T.K. NNaHeTa 3eMns 1 e XXU3HEHHbIE PECYPChbl CUMbHO
ncTowaoTcs. B gaHHoe Bpemsi TpebyeTcsl BMELIATeNbCTBO
Ye/I0BEKa, YTOBbI 3TO Pa3pyLUeHNe OCTaHOBUTb.
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