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MpocTenwasn aHanuTMyeckas monesnb 6ecTonnMBHOro 3anekTporeHepaTopa (B3I) obpa3oBaHa
TOoponAanbHbIM MarHMToM TM, MOMELLEHHbIM COOCHO C HUM TOpOoMAanbHbIM BUTKOM TB BbIXO4HOWN
0OMOTKM N OXBaTbiBalOWMM WX MOHO3apPsAAHbIM MarHuTopoTopoMm MP (Puc.14). MNocnegHuin asnseTcs
HOBbIM 3JIEMEHTOM KOHCTPYKLUUN 3EeKTPUYECKMX MalUMH - 3TO KaHan cBOBOAHOro ABMKEHUS no
3aMKHYTOMY NyTu (B 4@aHHOM CJly4ae Mo Kpyry) MarHMUTbiX MakpomoHornosen MI. B peanbHOM ciy4ae ero
PYHKLMN MOXKET MCMOJIHATL CBOOOAHO BpaLLAOLLMNCSA BOKPYr KoabueBon ocn TM-TB konbueobpasHbIn
pPOTOpP C YKPEnNEHHbIMK NO ero nepmuMmeTpy MM nam XXECTKO 3aKpenn€HHbIN Ha 3TOW OCKM MNOJbIA Top C
pacnjiaBoM HOBOIO BellecTBa Cpefon CyuwecTBoBaHNSA 1 cBobogHOro nepemerteHnsa Mrl.

Mpun pabote B3I ero MM B3aMMOAENCTBYIOT C MarHUTHbIM nosnem TM K HavYuHalT ABUraTbCs Mopg
OENCTBMEM CWUA MarHMTHOro noss TM Mo KpyroBOoW TpaeKToOpMW BAONb BHYTPEHHEN TopoupajibHOWM
nonoctm MP ( B cC/y4yae HeMOABMXXHOrO, 4YUCTO 3MEeKTPOPU3NYECKOro WCMAOJIHEHUA poTOopa) Wan
BbI3bIBAlOT aHaJIormyHoe BpalleHme MP ( B c/lydae aneKTpoMexaHM4eckoro BapuaHTa poTtopa). B oboux
cnydaax gsvkywmnca MM B none TM cosepluaeT paboTy, KoTopas TpaHCHOPMUPYETCS B reHepaToOpHoe
OMI, obpa3oBaHHOE TMMOCTOSHHLIM MArHUTHbLIM NosieM TM © BUXPEBbLIM 3JIEKTPUYECKUM TOJIEM,
MOSIHOCTbIO aHaNIOrNYHLIMN COOTBETCTBEHHO MarHUTHOMY MOJII0 pacCeMBaHUA BTOPUYHON OBMOTKMU
MOCTOAHHOIO TOKa M hapaleeBCKOMY 31eKTPUYECKOMY MO0 (Ha KaX4OM OTAEesIbHO B3STOM Mnepuope
paboTbl) B CTMT C NepBUYHLIM UCTOYHMKOM MOCTOSHHOI0 HaMps»KeHUs. DTN dNEeMEHTbI PaCMOJIOXKEHbI C
MpaBoM CTOPOHbI PUCYHKa. 3eNéHON KPYroBOW CTPesKoM MokazaHo nose TM, 3ambikatloweecs B
OOCTYMHOM W3MEPEHUI0 OKpYXXatllWeM MpoCcTpaHCTBe Hawero Mupa, a buplo3oBoM 4H4acTb ero noss,
YCNIOBHO Kak bbl yxoasiwasa B 6eCKOHeYHOCTb (B yAaNEHHY0 30HY MakpoKOCMOCa, HeAOCTYMNHYI0 HalleMy
n3MmepeHnio). B neBom 4acTu HaxoguTCsA npeanofsiaraemMas ?rnepBuyHas  obmMoOTKa?  OaHHOM
rmnoTeTmnyeckon moaenn CTIMNT. 3To ob6nacTb BNOJIHE AONYCTUMbIX PA3/IMYHBIX HEHAYYHbIX U MOMNYAAPHbIX
YMO3aKJIIOYEHUIN, CKa)KeEM O CyLLeCTBOBaHUU CUMMETpU4YHOn BceneHHol, 6apbepa HEPHOW AbIpbl UK
OKpYy>Xalollen Hawy 3BE3OHY CUCTEMY HEKOeW 3HepreTn4eckon o060/104KN MUPOBON MNEPBUYHHON

06MoTKM CTMT 1 MMPOBOro MNEPBUYHOITO UCTOYHUKA SHEPTUN.

i,

T T L T T T e pep——— - ——

Puc.14. Mogenb 6eCTonJIMBHOIroO 3/1€KTPOreHepaTopa.
LLUTpUX-NYHKTUPHAA NHUA AeNT PUCYHOK Ha SIeBYIO-NEPBUYHYIO 1 MPaBYyO-BTOPUYHYIO Lienun
Bar.
Kak 6bl 3TO He 6b1J10 Ha CaMOM fene, TeM He MeHee, (haKT MoCTynaeHns saHeprum B B3I UMeHHO 13 3Ton
MoKa 4YTo runoTeTmyeckom obnacTm NpocTpaHcTBa, HEAOCTYMHON HalleMy UHCTPYMEHTasIbHOMY
nccnenoBaHuio Hannuo. OsuxeHne MM No TpaeKTopun NoJs paccesHnsa BTOpUYHon obmoTkm CTMNT

OAHO3Ha4HO, B CNJ1y ONMNCaHHbIX Bbllle 3aKOHOB NMHOYKLUNN 9M nons BTOpPOro Bnaa, CBA3aHO C
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MOCTYNJIEHNEM 3Heprun 13 30Hbl yoaJaéHHOro MakpokKoCMocCa Yepes Lerb nocsefoBaTesbHbIX
npeobpasoBaHuii M aHepruu B CTINT, n fanee - Ha BbIXOA d/1eKTpuyeckorn obMoTkn TB B hopme
3/IEKTPNYECKOro TOKa i-2TB.

PaccMOTpeHHbIN  reHepaTop  fIBASeTCA  WCTOYHUKOM  TOKa, WAeasbHbIM  «CBAapPOYHbIM
TpaHcopMmaTopoM», TakK KakK B PpeXuMe KOPOTKOro 3aMblkaHUA TOK Ha BbiIXoAe MOJIHOCTbIO
onpepenseTcs Hanps>XEHHOCTbIO MarHWTHoro noss TM. OBuxeHune MI1 npekpawaeTcs, Kak TOJIbKO
HanpsHXKEHHOCTb MarHUTHOIro Mojif Toka TB ypaBHOBELUMBAET B KaHase ABMXeHus Ml BCTpeyHylo emy
Hanps»KEHHOCTb MarHuUTHoro nons TM (To ecTb, Korga cymma M.A.C. B pOTOpe CTaHOBUTCA paBHOWN
Hyn0). ONs perynampoBaHus CUJbl TOK@ MOXXHO MPUMEHATb TOT >Ke MeToh, Y4TO U B O0OblYHbIX
TpaHchopmaTopax, U3MEeHATb KOJIMYECTBO BUTKOB TOpouaanbHOM o6MOTKU. MNpu pa3pbiBe BHELLHEN Lenu
HamMps>X&HHOCTb 3JIEKTPUYECKOro MoJs B MPOCTPaHCTBE, OKpyxawwem B3, 6yner pocturaTb
BeNnYuHbl, obecneymBatolenn paspylleHue ero Mu30JALMOHHBIX CBOWCTB. [loaToMy HeobxoAuMbiM
3/1IeMEeHTOM KOHCTPYKuUuM B3I foskeH CTaTb OrpaHuyuTesNb HanpsXeHua Ha Bbixode TB, cBoero popna
«rposopaspagHuk» (Pnc.15). Onsa nepexofa OT peXXuMa TOKa K pexxumy Hanps>keHua B3I, asnswowemycs
npenmyLecTBeHHbIM B TexHocdepe 3emnun, uenecoobpasHo MCNOSb30BaTb 06bIYHbLIE «HecoboneBckune»

CTNT, o npenMyLLecTBax KOTOPbIX BbI/I0 CKa3aHo BhiLLE.
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Punc.15. B3I ¢ 3afaHneM ypoBHEN TOKa M HaNpPs>XEHHOCTU 3/1IeKTPUYECKOro rnoss.

Takum obpa3som, BTI npepcTasnsaeT cobor HAYTO NHOE, KakK CBOEro pofa peasibHo-BupTyabHbin CTNT
(PBC) 6e3 marHuTonpoBoa, BupTyaJsJibHaa nepBmn4yHas obMOTKa KOTOPOro HaxoouUTCa B yAaJlEHHOM 30He
MaKpOKOCMOCa, a peasibHaa BTOpuyHas 06MoOTKa B 30He TexHocdepbl Yenoseka. BT TpaHchopMupyet
(nepenaét n npeobpasyeT B I/IEKTPUYHECKYIO NN MEXaHNYECKYI0 (DOPMY) SHEPrnio CBEPXYAanEHHOro
KOCMOCa 018 HYyXX [ 4YesiloBeKa Ha 3emie

OTMeTnM, 4TO HaMedyeHHble K npousBoacTBy B3I noka 4To He cogepxat HU TM (Kak
orpaHuyuTena ToKa), HM pa3pafHuMKa (Kak orpaHuyuTens Hanps>keHus). MpuyYéM OHW OTAMYaloTCH
CpaBHUTE/IbHO HEYCTONYMBLIM, MPOM3BOJIEHO MJ1aBaloLWUM YPOBHEM BbIXOAHOI0 HaMpPs»XXeHUsa. 9TO MOXET
00BbACHATLCA 3aMelleHneM QyHKUMn nona TM  dyHKuMen cayvyalHbiX («eCTeCTBEHHbIX», Mo
TepMuHonorum rpynnsl Cobonesa) BHEWHMX MarHUTHbIX Mosien n obpaszoBaHWeEM CAy4YalHbIX BHELUHUX
KOHTYPOB OrpaHU4YeHMs BbIXOAHOr0 Hanps»xeHus. Ona obecneyeHnsa 6€30MacHOCTY YenoBekKa, TEXHUKN U
OKpy>KaloLen cpefbl B 30He AENCTBUSA 3TUX (haKTopoB noTpebyeTcsa COOTBETCTBYOLWAA MOAEPHM3aUns
yKa3zaHHbix BTl. (3mecb ™Mbl HaxoguMm ewé OoAHO $SBHOE MOATBEPXKAEHME M0Jb3bl MPAaKTUYECKOro

MUCMOJIb30BaHUA WN3JIOXKEHHOW Bbille 3aBepléHHOW Teopunm 3NeKTpuyecTsa.) [HOdpyrum nTOrom



npoeeféHHOro aHanmsa b3I saBnaetca ocoboe TpeboBaHME K KOHCTPYKLUW MArHUTHOro poTopa,
noseosisioliee n3bexxaTb LWYMOBOW (hAyKTyauum aBmxeHus MM BHYTpW €ro nosiocTu, NpUBOAsLLEN KaK K
YKa3aHHbIM NOBOYHBIM ABNEHUSAM, TaK U K HarpeBy KOHCTpyKUMK B3I, 3aMeTnM, 4TOo pe3ysbTaTbl Hallero
TEOpPEeTUYECKOro aHalM3a MNepeHoCAT 3afdady MNouWCKa MepBUYHOr0 WCTOYHMKA 3Heprum BTI ¢
«ECTEeCTBEHHbIX» MOJIEN B OKPY>KAlOLLEM MPOCTPAHCTBE Ha UCTOYHMK B yAANEHHOM KOCMOCE.

BecTtonamBHbIN reHepaTop HUKona Tecna
9TO YyCTPOWNCTBO MMEET HEBEPOSTHO MPOCTYI KOHCTPYKLMIO B OT/INYME OT Npo4mx niobpeteHnin,

HanpaBJIeHHbIX Ha MOJlyYeHUe 3Heprum 13 HemcyeprnaembiX UCTOYHUKOB. [JaHHbIN reHepaTop CBOUMU
pyKamu caenaTb MOXeT AaXKe LKOJIbHUK.

K HacToaweMy MOMeHTy o 6ecTonMBHbLIX reHepaTopax BeAeTCs MHOro pa3roBOpoOB, OAHAKO
6onbwe nycToiXx. M3 BCcex Myccupyembix pa3paboTok camas m3BecTHas - GeCTOMMBHLIM reHepaTop
Hukonbl Tecna nnn «npubop ANAa yTuamsaummn Ny4UcTon sHeprum». MNaTeHT Ha 3To m3obpeTeHne 6bin
3asasneH B 1901 roay.

OcHoBHOM NpuHUMN paboTbl reHepaTopa Tec/ibl OCHOBLIBAETCA Ha Noay4yeHun sHeprumn ConHua n
TaK >Xe MPOoCT, KaK N KOHCTPYKL A OpUrMHaNbHON anekTpocTaHumn. CyTb pa3paboTku B NCMOJIb30BaHNN
aHeprum 3emnn n CosHUA: KakK M3BECTHO, 3eM/is - MOCTOAHHbIM UCTOYHUK OTpuLaTeNbHON 3Hepruun, a
COJIHEYHbIN CBET - MOJIOXKUTENIbHOW. 3afjavya COCTOUT B TOM, 4TOObI co3paTb YCTPOWCTBO, cnocobHoe

COeANHNTb OBa NOTOKa 3Heprun B eanHY Uernb, TaKuM o6pa30M, co3aaB 6ecTonAnBHbIN redepaTop.

N, TESLA,
METHOD OF AMD APPARATUS FOR CONTROLLING MECHAMISM OF MOVING YESSELS
OR YEMICLES.
(Applontios Sisd July 1, Lissh
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Hacneanwne Tecnbl. P.KaTaprut
Kak yTBepxgan "ToBapuly Tecna", niogen oKpy>XatT Tpu okeaHa. [lepBbI OKeaH - BO3AYLUHbIN,

KOTOpPbIM Mbl AbllWNM. BTOpON OKeaH - BoAHasa CTUXUA, Bpallasacb Npu 3TOM, 4TO Tecsa 1 Ha3blBan
Bubpaumnamn. BropnyHaa obMoTKa, Haxo4aWwancs BHYTpPY NepBMYHON, nognagaeT nog subpupytowmn
MOTOK. ECTEeCTBEHHO NOHATbL, YTO BUXPU 3hMpa NOCTOAHHO NepeceKkatT €€ BUTKN B NornepeyHom
Hanpas/ieHun, - NoA4YepKHEM, B nornepevyHoM. B pesynbTaTe B NpoBoAe "BTOPUYKM" HAaBOAUTCS
Hanps>KeHne, KOTOPOE 1 BbICBEYMBAETCHA Ha OCTPME BBEPXY 0OMOTKM B BUOE KOPOHBbI, T.€. MPOUCXOAUT
NoHM3aLumna Bo3ayxa OT Hanps>keHnsa. KopoHa TpebyeT 3aTpaT onpeaenéHHON MOLWHOCTN. 3TON KOPOHOW
n " banytoTca" nobutenn KaTywkn Tecnbl, U3BJiekas AJIMHHbIE, KpacuBble pa3psibl B BO3AYXE.

MHOrne CHUManu ocUMNIorpaMmbl KosiebaHum ToKa B KaTyLLKax Tecbl, HO MOYEMY-TO HUKTO He obpaTun
BHMMaHMSA Ha COnocTaBJ/IeHMe NoJTyYeHHbIX KPMBbIX TOKa. PaccMoTpuM kKonebaHnsa neHWHrpaackom

KaTYLUKN CHATbIE eLé nepBbIMK ocuuiorpagamu.
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Puc.2. OcunnnorpaMmbl KonebaHui HampsKeHWs B KaTyllke Tecnbl; a) B NepBUYHON
obmoTke 1 6) BO BTOPUYHOM. CHATO NpU CUNBHOW UHAYKTMBHOM CBA3W (C TpaHChOpPMaTOPHbLIM
EnesoM BHYTPK) U Npu cnaboit cesasm (6e3 Hero)

Ha pwuc.2 npenctaBneHbl 0CLUMANOrPaMMbl CUHYCOUAbI TOKa oaHOro kosnebaHusa, roe noa 6ykson
a) rpaduk konebaHun ToOKa nepBuyYHON OBMOTKW. ONA CUIBHOM WHAYKTUBHOW CBSA3M BHYTPU OOMOTOK
BCTaAB/IEHO TpaHCOpPMaTOPHOE >Kee30 U KpUBble TOKa Ha ocuuiiorpamMMme nepBMYHONM M BTOPUYHON
0bMOTKK KonebaHuin, Kak n B NObOM TpaHchopMmaTope, CnjieTeHbl Mexay cobol o4YeHb MJAOTHO U
konebnioTcsa BmecTe. CneBa Ha rpadumke »eneso BbiTalwuau, nosayymnacb cnabas MHOYKTUBHasA CBSA3b. B
3TOM C/ny4ae a) BMAHO, YTO B MNepBUYHON OBMOTKe Mpu OOMHOYHOM UMMYyJSbCe TOKa 3TU KonebaHus
3aTyxatoT B Todke K . Moa 6ykeBon 6) konebaHus Toka BO BTOpUYHOM 0bMoTKe npu cnabon ceA3un, 34ech,
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HaobopoT, konebaHMe HaYMHAETCA HEMHOro MO34HEeEe HYNEeBOW TOYKM W pacluMpseTcs Mo BbICOTE
Hanps>keHna 0o onpefenéHHOro pa3Mepa 1 TOJIbKO CNYCTA HeKOTopoe BpeMa nocsie To4kn K konebaHusa
TOoKa B Makcumyme obpbiBaloTcAa nuvwb B Todke C, XOTA TOK B MepBMYHONW OOMOTKE Yy>Xe [aBHO
oTCcyTCTBYeT. CnpalwmBaeTcs, 3a CHET KaKoW e cpefbl NMPoAo/KalTCA KosebaHna Toka BO BTOPUYHON
obmoTke nocne To4kn K n Bnnotb go C ? BnonHe SICHO, 4To "cBATON AyX" TyT HE MPUYEM. 3HA4YUT 3TO
MHEepLMs Kakon-To cpepbl, No Tecne 3To 04HO3HA4YHO 3cup. Bugnte, oH faxxe 6e3 ocumnnorpadca 310
MOHSAA, a Mbl, MMea camble HoBenwwune npubopbl, He 3aAyMblBaeMCA O TakKMX OYEBUAHLIX (akTax
3/IeKTPOTEXHUKN. Pa3 cpepa CywlecTBYeT, 3HA4YUT, Mbl MOXXeM €€ M1CMNoJIb30BaTb AJ1 MOay4YeHus
3/1IeKTpNYeCcTBa. A Kak 3TO BbIMOJIHUTb NMPaKTUYECKN?

Pacckaxem 06 3ToM Ha npumepe obweHunsa. "bontaa" Ha opymMe MHTEpHETa, Mbl BYETBEPOM
0OroBOPUJINCb U3rOTOBUTbL FreHepaTop TOoKa Mo ctaTbe "Tecna - reHepaTop Toka". Korga n3rotosuam no
nepBon KaTyuike, 66110 BCE HOPManbHO - paboTanu Apy>KHO NeperoBapusBasch. Ho Korga npucTynuam K
M3roTOB/IEHNIO BTOPOM KaTyWKW (FreHepaTop COCTOMT W3 ABYX), TYT Ha4daaucCb Cropbl O TOM, AenaTb
npaByld WM NEBYI0 HaMOTKY MpOBOAa, MOCKOJbKY OT HanpaBieHWs HaMOTKW, BO3MOXHO, 3aBucena
paboTocnocobHOCTbL FreHepaTopa, @ Mbl HE 3HaNW Kak Jy4dlwe caenaTb. On58 BEepHOCTU Bbln CMbICA AenaTb
[Be BTOPWUYHbIX OOMOTKM M MpPaBOW, N JIEBOM HAMOTKMK. TakK OKa3asoCb, 4YTO M3rOTOBUB reHepaTop "B
YEPHOBYI", Yy KaXAoro ocCTajoCb MO JIMWHEA BTOPMUYHOM o0OMOTKe. [OroBopuancCb HayaTb
3/leKTpuYeckmne UcnbiTaHUs, NCMNoJSb3ys TPeTblo, OANHOYHYIO 0OMOTKY, NpuMeHaa eé ansa onpenesieHns
napamMeTpoB reHepaTopa. BoT TyT n Ha4anucb HeobblYHOCTW. Mpy BKIIOYEHUN TPETbEN, PAAOM CTOSALLEN
0BMOTKMN, Ha BepxHeln wurne eé BTOPUYKM 3aropajacb KOpOHa C LWWUMEHWEM U TPeCcKoM,- KpacoTa
Heobbl4aHasa. Ho, 4To uMHTepecHo, Apyrvue Ase, nNpefHa3Ha4yeHHble AN1S reHepaTopa TOXe HadMHam
KOPOHMPOBaTb, XOTA CTOSIM Ha PacCTOAHUN MOYTU ABYX METPOB He MOAKJIOYEHHbIE K CeTU. DTO BbINO
YAUBUTESIbHO, U 3TO MPOU3OLLJIO ¥ BCEX YETBEPbIX, €CTeCTBEHHO, Y BCEX YeTBepbIX U Havyanaucb bypHble
nebaTbl, 4TO 3TO Takoe M Kak NoCTynuTb Aafblie. OKa3anocb, YTO M NpaBas U NeBas HAMOTKU HEMNJI0Xo
KOPOHMPYIOT B Bo3ayxe Onaropgaps cocenHen, paboTtatowen. Y He paboTawwmx KaTylwek He
TpeboBannce nepBuyHble 0OMOTKW, BOKpPYr OA4HOW paboTatowen C nepBMHHON OOMOTKOM MOXKHO
MocTaBuUTb U ABafuaTb, U TpuauaTb WTYK paxke 6e3 "nepsuyek" B pagunyce 1,5 - 3 meTpos (npwu
HanpsbkeHun 180 kKnnoBosbT) N BCe ByayT paboTaTb - KOPOHUPOBaTb. A, KaK U3BECTHO KOpoHa TpebyeT
pacxofa MoLHOCTU. I TyT npo3By4dano - pebsaTa, Aa 3TO XXe 1N eCTb pe30oHaHC 3dupa Tecsbl 1 0 KOTOPOM
nocTtosHHO nuweT B. A. AulokoBcku! W 4TOo TyT Ha4vyanoch.... [locbinanacb ynMa pas/iNyHbIX
npensioXeHun, n B 3Tom "epanawe" TpyaHo 6bi1o HaTn UCTUHY. C JanbHero BOCTOKa NMULWIYT OAHO, C
Ypana gpyroe, ¢ YKpauHbl TPETbe U TaK MPOAOJIKANOCh MOYTU Tpu Mecsua. CoBewaHne obopBanocb
netom (2009 r.), korga Tapuanb KanaHagse w3 py3unm BbICTYNWA B UHTEpHeTe C puabMOM Mo
NoJly4eHNo INeKTpuYecTBa 13 apupa Toxe Ha base kaTywku Tecsbl. BceM YyeTBepbIiM CTasi0 NpeaesbHO
SICHO, 4TO HaAo AenaTb, W Mbl He OAMHOKW B 3TOM BOMPOCE, W FeHepaTop, WUCMNOoJb3YLWNA TONIMBO
BoobLle HMKOMY He HyxeH. CHoBa Ha4danacb paboTa u Bce cTanm "xBacTtaTbCs", - Y MEHS MOJy4MSoCh, Yy
MeHs Toxe paboTaeT u T. 4. MNowna naBnHa. Tak 4TO MHTepHeTy 6osblioe, rpomagHoe cnacubo, 4To
cymen 06beAnHNTb N YMHOXUTb Halln ycmuamns!

Kaxxabll »KenawLwmnin MOXXeT U3roToBUTb XO0TSA Obl ABE OANHAKOBbIE MO YNC/Y BUTKOB N ANAMETPY
KaTywku Tecnbl, 0AHY U3 HUX BKJIOYUTL B paboTy, a Apyryto, Aa>ke NpoCTO BTOPUYHYO 06MOTKY 6e3
NepBMYKK, ABUraTb OTHOCUTENLHO paboTatoLlen 1 nonyvyaTb Ha HEM KOPOHY Ha B6IM3KOM paccTosHUK (B
npegenax noaMeTpa), a 0OTOABUras B CTOPOHY, BUAETH 3aTyXaloLLyto KOpPoHY. B 3To BpeMs Hafo
CMOTPETHb 3a BE/IMYNHON TOoKa paboTatoLLen KaTyLwKK 1 Boo4nio ybeanTbCa B TOM, YTO TOK MUTaHWUA OT
ceTun paboTatollen KaTyLWKN He MEHAET CBOEro 3Ha4YeHns OT NPOCTPAHCTBEHHOI0 MONOXKEHMNS He
3anuTaHHOM KaTywku. CnpalwmBaeTcs, -oTKyAa 6epéTcs sHeprnsa Ha KOpoHy A1 NyCTON BTOPUYHOWN

obMoTKN?



B npuHumne, BeCb MUP A0sHKEH 6bin goragatbcs 06 3TOM paHbLue, U Mbl HE UCKOYeHne. Ewé B
ABaguaTbIX N TPUAUATbIX rofAax, Ha 3ape pPa3BUTUA SNEeKTPOTEXHUKU, CTPOSALLMECS SNEeKTPOCTaHUUN Ha
nepeMeHHoM Toke, 6blIn AOCTAaTOYHO MajOMOLLHBLIMUY, U KaXXAaa NUTana BCEro HECKOLKO NpeanpusaTuin
no ofHOW ceTW, Ha KoTopbix paboTaso A0 COTeH 3neKTpoABUraTenen, HarpeBaTesibHbIX Meyen,
CBapOYHbIX annapaToB W 3/eKTPOJUTUYECKMX BaHH. [pun 3TOM MPOUCXOANSN WHTepecHble Bewun. B
npouecce 3KcAayaTauum, HUW C TOr0O HW C Cero, B CETW HanpshKeHue Ha4vMHano camo no cebe
yBenmymBatbca Bbiwe 380 BonbT Ao 450 u 6onee, m reHepaTopbl Ha 3/IEKTPOCTaHUMN HaYMHaNu
paboTaTb Kak 6bl BXONOCTYI0. A MOCKOJIbKY Map AaBWa Ha JlonaTKy TypbuH (BbICTPO U3MEHUTb AaBrieHne
ropsyero napa HEBO3MOXHO0), TypOuHbI Ha4dMHanun BpalwaTbCA ObiICTpee M YacToTa TOKa B CETU
BblpacTana. Bce 3nekTpogBuratenn CTaHKOB Ha npeanpuatuax HadmHann pabotaTb 6bicTpee (mx
MOLLHOCTb HanpsAMylo 3aBUCUT OT 4acTOTbl TOKa), XOTHA Harpyska Ha reHepaTopbl TOKa Ha
3/1IeKTPOCTaHUNM yMeHbLUallacb, @ aBTOMaTMKa B 3TOT MOMEHT nepekpbiBasia nogadvy napa Ha TypObuHbI.
EcTecTBeHHO reHepaTopbl pe3Ko TOPMO3UNCb, YMEHbLUaAN nojayvy 3J1eKTpu4ectsa, a B 3TOM MOMEHT
M3bbITOK HaMpsXXeHus nponagan, W nNpeanpuaTUS HadMHanM "3adbixaTbCHA" U3-3a HeOOoMnoJlyYyeHus
3Heprun. MNMponcxoamnaa rpoMagHas packadka Hanps>KeHUs N 4acTOTbl TOKa B AaHHOW 3/IeKTPUYECKOM
CeTn BMJOTb A0 MOJIHOrO OTKJoYeHMs. CO BpeMeHeM HayyYuJIMCb B TaKOW MOMEHT MOAKJYaTbh APYryto,
napannenbHyl CceTb, 4eM U CcTabunusmpoBanu nonoxeHue pgen. C yKpynHEHWEM 3SHEProcUCTem
AaHHble " 3anapkn" BCE yMeHbLUaINCb, HO TeopUs Taknx KonebaHnn y>xe npuHuMnmansHo 6bina co3gaHa
W OOMOJIHUTEsNIbHas 3HEepPrusa crtasia Ha3blBaTbCsH PeakKTUMBHOW MOLLHOCTbIO, KOTOpas npoucxoguna oT
NpUMeHsIeMbIX KOHAEHCAaTOPOB U KaTyLleK NHOYKTUBHOCTY B 3NEeKTPOABUraTeNsax n TpaHchopmaTopax (B
paanoTexHuke 3OC camomHaykuumn). MNpencrtaBnseTe, Kakne-TO KaTYLWKN U KOHOEHCATOpbl Cco3daBanu
MOLLHOCTb COMOCTaBMMYIO C 3JIEKTPOCTaHuMen n paboTanm NpoTuB Heé. TOK OT HMX BCerga HarmpasJieH
HaBCTPeYYy TOKa pacKayku U NoJlyyasnocCh, YTO 3JIeKTPOCTaHUMsa no4Tn He paboTaeT, a NpoBoAa rpelTcs
KaK MNpu MNOBbIWEHHON Harpyske. bblnn onpegeneHbl U TOYHble "BUHOBHUKWN" OAHHbLIX SIBJIEHUN - 3TO
pe30HaHC TOKOB W pe30HaHC Hanps»kKeHuin. Ho, cnpalwwmnBaeTcs, OTKyha Y KOHOEHCATOPOB M KaTyllek
WHOYKTUBHOCTW 6epéTcs Takas MOLWHOCTb, cnocobHas packayaTb 3HEpPreTuyeckyr CUCTEMY B COTHIO
COBpPEMEHHbLIX npeanpuaTuin? [pn " HOpMasnbHOM" MbIWIEHUN MOXHO OTBETUTb E€ANHCTBEHHbIM
npeanosioXKeHneM -Takasa 3Heprus NCXOANT OT OKpy»KatloLien cpefbl, a No Tecse - oT achmpa. B Akagemuu
HayK Takaa 3ajayYa fake He CTaBujiacCb, MO3TOMY BCe aKafeMUWKW W yLAW B CTOPOHY BakKyyMa B
OTHOLWEHNN MUPOMNOHMMaHWUA. C AaHHbIM sBJieHMeM 60pOoSnCh TOJIbKO PAAOBbIE UHXEHepbl. [Ons
KOMMeHCauun peakTUBHOW MOLLHOCTM OHW CTajau MPUMEHSATb MOLLHble KOHAeHcaTopHble 6GaTapew,
rpoMagHble CUHXPOHHbLIE MalUUHbLI-KOMMEHCATOPbI, AeNann U3MeHseMble CXEeMbl MUTAHWS Harpys3ok B
3aBMCUMOCTN OT Hanps>KeHWs MU TOKa B CETU 3/IeKTpoCcTaHuun. B obwem, 6opbba C peakTMBHON
MOLLHOCTbO BO BCEM MUpPEe pa3BepHYyIacb KOJioccasibHas 1 NpoaoJKaeTcs A0 CUX Mop.

EcTb ewé B 3N1EKTPMYECKON NPaKTUKe He BMOJIHE afeKBaTHbIA (DaKTop, MPMBOAALLUMA MHOrAA K
HecYaCTHbIM CJlydasaM C nepcoHasiom. Ecnm 6aTapeto KOHOEHCATOPOB He MOAKJIOYEHHYIO HU K YeMy
oCTaBuUTb 6e3 3aKkopoTkum 06kKNagok (MNacTUH-3N1EeKTPOAOB), Torga, Mo MNPOWEeCTBUM CYTOK WK
HEeCKONIbKNX, OaTapes OKaXeTCA 3aps)KEHHOW 3/IEKTPMYECTBOM MOYTU B MOSHOM Mepe. U 4yem
BbICOKOBOJIbTHee 6GaTapesi, TeM ObicTpee OHa 3apsxaeTcsa. OTKyAa 3Ta 3JleKTpuyeckas MOLLUHOCTb
BOCMPVHMMAaETCA B HapylleHne COBPEMEHHOr0 3akKoHa COXpPaHeHUs 3Heprumn? Ona pagoBoro MHxeHepa
BMOJIHE MOHATHO, - U3 OKpyXXatowen cpedbl (M3 aupa) M 3TO Ta Ke caMas peakTMBHaAs 3Heprus, a

HeKoTOpble FOBOPST, YTO SHEPrus 3Ta U3 BakyyMa. HO, TEXHWYECKU FPaMOTHBLIM JIIOASM MOHATHO, HTO
BaKyyM MO Ha3BaHWIO SBJIAETCSH MyCTOTOW, TOrAa OTKyAa Y MycTOTbl 3Heprus? Ho 4TO MHTepecHo, BO
BCEM Mupe OOPIOTCS € 3TOH PeaKTUBHOM 3Heprueil ¥ HUKOMY B I0JIOBY He NPHUILIO UCII0Jb30BaTh €é B

KavecTBe MCTOYHMKA TOKA BMECTO WIEKTPOCTAHIMMA. 34eCb, Ans eé nojsyvyeHus He TpebyeTcs TOMMBO,



XOPOHUTb OTX0A4bl HE Hafo, TYT TOJIbKO HeobxoanmMo KonebaTb OKpyKaloLLylo Cpefy BO3/e KaTyllek 1
KOHOEHCaTOpOB 3JIeKTpU4yeckuM e cnocobom. A BOT KakoBa 3aTpayumBaeMas MOLLHOCTb Ha AaHHble
konebaHus - 06 3TOM NOroBOpMM No3aHee.

CHOBa OTMeTUM, 4TO M3 rpacUKoB PUC.2 NOHATHO, YTO KaTyLKa Tecnbl, B OT/IM4ME OT OCTasIbHbIX
3/1IeKTPOTEXHNYECKUX TpaHCPOpMaToOpOB, MMEET Manyld WHOYKTUBHYIO CBA3b MeXAY MepBUYHON W
BTOPUYHON OBMOTKaMu, TO €CTb 3Heprus OoT MNepBUYHON OBMOTKWU JIerko NepexoAuT BO BTOPUYHYIO, a
HaobopOoT -CpaBHUTENBLHO N10Xx0. Korga Bo BTOPUYHON 06MOTKe CO34aéTCA OTBETHbIN UMNYAbLC TOKa, OH
pasgBuraeTt 3up OT LeHTpa YCTPONCTBa AO CBOMX BUTKOB. [lanee 3TUX BUTKOB 3(PMP MOYTU He NAET 1
nJoxo nonagaeT Ha MNEepPBUYHYIO, M3-32 OTCYTCTBUSA >KeJIe3HOro cepAevyHuKa, MOCKOJIbKY BbIMOJIHEHA
nJoxas WHAOYKTMBHas CBA3b Ha3blBaeMas "Hwke Kputudeckon". TloHuMaHme 3Toro akTopa

HaTaJIKuBaeT Ha OAHO3HaYHYI0 MbIC/b - AN CbEMa 3HEeprum Co BTOPUYKMK, KOTOpas Haxoautcs " B
cBobogHOM MonéTe" Hy>KHa TpeTbs 06MOTKa, KoTopas o6si3aHa Haxo4UTbCA BHYTPU BTOPUYHOMW, U YeM
ycnewHee 6ypeT paboTaTb "BTOpuYKa", TeM 3addekTnBHEE NPOU3ONAET CbEM 3SHEPrun B TpeTben

obMmoTKe.

B onbiTax TpeTbs 06MOTKa 3aMblKasnacb HAKOPOTKO MeLHOWN NMepeMblHKO, KOTopasa rpenacb U Ha
Hel ropena nu3onsaums, a B NepBUYHON 06MOTKe TOK BEMYMHOM B 1,8 AMnepa Aake He LWEIOXHYCS, Kak
6yATO HMYEero He NPOMCXOANN0, MOCKOSbKY paboTa npomssBoamTCa "Ha XBoCTuKe" mexay Todkamm K n C
no puc.2. Mo4YyTn aHanorm4yHble YCIO0BUSA BO3HMKAOT M BO BTOPMYHONM OOMOTKE, HO OHa MpPUMMEPHO
npoueHToB Ha 10 - 15% obpaTHO BO3AENCTBYEeT Ha NMEPBMYHbLIA TOK U NUTaloLLee yCTPONCTBO HayYnHaeT
"4yyBCTBOBaTb" BESIMYUHY Harpyskm 3To 06MOTKM M o0Be nerko BbIXOAAT W3 pe3oHaHca. B obuwem,
BTOpM4Hasa 0OMOTKa, BOCMPUHMMAsA MMMNYJbCbl OT MEPBUYHOW, CTAaHOBUTCS rIaBHOW M HamnpaBasloLLen
CMNON B packadke 3cdupa BOKPYr YCTaAaHOBKM BMAMMO 3a CYET cBoen 6Gonbwon naowagnm wu
MHOroBUTKOBOCTU. OBpa3HO roBops, SHEPrUst BTOPUYHON 0OMOTKMK "TPACET acdup", a TpeTbs obMOTKa,
rnomelléHHaa BHYTpPb BTOpUYHOM "cobnpaeT Ha cebs Kycovyku 3cumpa”, obpa3ys NOTOK 3NeKTpUYecTBa B
TpeTbeM KOHTYpe.

CnepnyeT pacCMOTpPeTb M KOHKpPeTHble napaMeTpbl KaTywkn Tecabl B HaweM onbiTe. MepBnyHas
obMOTKa BbliNoaHANack MegHoN Tpybkon 6-10MM B KonmnyecTBe 6 - 8 BUTKOB Ha OAHOMN KaTylkKe. MOXHO
NOCTaBUTb OTAEJIbHO pPSAAOM CTOSIWMUX HEeCKoNbKo "TecnoBok" wTyknm 3 wunn bonee Boobuie 6e3
nepeBnyHbIX 06MOTOK. CaMa BTOpMYHas obMOTKa MCMOAHANACh OJIMHOW NpMMepHO 1 MeTp, AnaMeTpoM
100 MM Ha NOJMITUIEHOBOW MUAM PTOPOMIACTOBON BOAOMNPOBOAHOM Tpybe, C YNC/IOM BUTKOB NMPUMEPHO
1000, C uenbl MNOMYyYEHUS KOPOHbI Ha BEpPXHEM KoHue. /I camoe rnaBHOe, - TpeTbd 0OMOTKa BHYTpPWU
BTOPMYHOM [ONS KaXaon "TecnoBkn" obsizaTenbHa. OHa BbIMNOJHAETCS TOJNCTbIM  MHOMOXKWJIbHbLIM
nposofdoM (npumepHo 10 - 25 MM2) C yTONWEHHOW N309UMEN C LeNblo CO34aHna A0CTaTO4HOro 3asopa
Mexay BUTKaMu. YMcno BUTKOB OMpenesiaeTcs BeUYUMHON HeobxoAuMoro Hanps>keHus. Ha KOHUbI
TpeTben 06MOTKM MoACOeAMHAETCAa KOHAEHCaTop C pacyéTOM MNOJIyYeHUS pe3oHaHCa TOoKa no

ypaBHEHMUIO: J = (2nF)2 LC

roe F - yactoTa TokKa, C - EMKOCTb KOHAEeHCcaTopa B hapanax, L -MHOYKTUBHOCTb 0OMOTKM B eAnHNLax
FeHpwn. MOCKONBKY MHAYKTUBHOCTb 3aBUCUT OT YMC/la BUTKOB, BMOJIHE eCTECTBEHHO Haf0 UMeTb npubop

no 3amMepy MHAYKTVMBHOCTW B HAaType Npu U3roTOBJEHUU, YTO YCKOPUT HACTPOWKY annapaTa.
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Puc.3 Camas npocTast NpUHUMNUaneHas CxeMa NoyyeHna Toka no Metogy Hukonsl Tecnsl
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Ecnn Heobxoaumbl 6onbliMe MOWHOCTHY, TOrAa Hafo TpeTbM 0OMOTKM COeAUHATL MapasfiesisHO B
obLLylo CxeMy 4Yepe3 BbICOKOYACTOTHbIE AMOAblI, KOTOpas AaHa Ha puc.3. HeobxoaAnMMO OTMETUTb OYeHb
CYLLLIECTBEHHYIO AeTallb YCTPONCTBa. Bce Tpn o6MOTKM KaXkaon "TeCcnoBkn" Ao/ KHbl BbITb HACTPOEHbI Ha
onpenenéHHylo 4YacToTy TOKa (CKa)KeM, Ha pa3peLleHHyto pagnokommutTeTom 100 kuaorepu) npyu NnoMouim
KoHOeHcaTopoB. Ecnn nepBmnYHas nam BTopuyHas obMoTkyM ByayT B MJIOXOM pe3oHaHCe, Toraa TPeTbs
obMOTKa TepseT TOoK, HeobXoAUMbIN O/ Harpysku, COCTOSILLEN M3 HAWWUX C BaMu TEeNIEBU3OPOB,
XOJI0ANSIbHUKOB, 3/IEKTPONHCTPYMEHTA U T. 4.

Pe3oHaHC $BnSeTCS OCHOBOM BCEro YCTPOWCTBa, 4YTO W oTMeTun KamaHag3e B CBOEM
BUAeoposmke. MOXXHO, KOHEYHO, WCMNOoNb30BaTb W COEAMHEHWE C 3a3eMJiIeHMeM, KaK 3TO JenaeT
KanaHafg3se, 4TO yBennyumBaeT OThayvyy TOKa B CUCTEME 4Yepe3 BTOPUYKY U aTMOCHEpPHbIN 0OBHEMHLIN
3apsan. OgHako 3TO NpPUBA3bIBAET YCTPONCTBO K MECTY YCTAHOBKW, YTO HE O4YeHb paunoHanbHO As
FOPOACKMX KBaApTUP, MOCKOJIbKY 3a3eMJINTb IJIEKTPUYECKYIO CeTb OT KaTyLIKW B ABYX MeCTaX, CKarkKeMm,
HaxoOsicb Ha [OEBATOM 3Ta)kKe. A0CTaTo4HO npobrnemaTmyHo. Ho Hago oTaaTbh AOJ/IKHOE TanaHTy
KanaHapg3e, MMEHHO OH MepBbIN Mocse Tecnbl Aoragascs UCNoJib30BaTb TPETbIO 0OMOTKY B TeCJ/IOBKe
BHYTpPW BTOpPUYKK. Ha puc.4 nsobpakeHa npuMepHas cxemMa ero yCTpOMCTBa AOCTOMHas yBakeHus ero
coobpasutenbHOCTN. TpeTbio KaTyLKy OH pa3fennn Ha ABe 4acTu. Ta 4acCTb, YTO HAXOAUTCH BHYTPU
BTOPMYHOM OOMOTKW, BOCAPUHMMAET €€ 3JIeKTPOMMMYJbChbl, COOTBETCTBEHHO MyAns)kKHas obmMoTKa -
BTOpasa 4YaCTb KOHTypa TOXe BblHyXAeHa coBepwaTb konebaHmA ToKa, MNOCKOAbKY BKJOYeHa
rnocsiefoBaTesIbHO, K TOMY >Xe OHa 06JlydaeTcsa C BHELWHEN CTOPOHbl BTOPUYHOM OOMOTKM B TaKT

kKonebaHunsaMm.
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Puc.4. OpvriHanbHas CxeMa npeanonaraeMoro YCTPOWCTBa KaTyLky Tecnsl no KanaHaase

PaccMoTpuM OTHOLWEHWe MowHocTeln. Ecnm Ha nepBuyHyto o6MOTKy (puc.3.) nogaércsa 300 BaTT
3HEeprun, To Ha BTOPUYHbIX 0OMOTKaxX psSAOM CToAWMX TPEX "TecnoBKax" BbIAENAETCSH TOXE MPUMepHO
no 250 BaTT 3HEpPrun, 4To B CyMMe cocTaBnseT 750 BaTT ANA KOPOHbI. Ha Tpéx TpeTbnx o6MOTKax Toxe
no 250 BaTT, KOTOpble M MOXEM WCMNOMb30BaTb MO Ha3HayeHuto. BTOpuYHble O0OMOTKM nyywe He
Harpy»aTb, MOCKOJIbKY OHW, MoJjlydas CBOI AOJI0 IHEPrMM packayky OT MepBMYHON, 4epe3 HGOKOBYIO
MOBEPXHOCTb, AOMOJIHUTEsIbHO "4YepnatoT" 3Hepruto N3 okpyxawLwero scdupa 3a cH4éT "XBoCTUKa" oT
To4knm K po To4km C no puc.2 n nepenatoT eé B TpeTbuM obMOTKWM. [daHHas 3Heprmusa '"XBOCTUKA"
TEeopeTnYeCckKn AaBHO M3BeCcTHa. K npumepy, ecnm y Bac paboTaeT Bo ABOpe ABUraTesb BOASAHOr0 Hacoca
C MHAYKTUBHOCTbIO 06MOTKM 382 MIH, ¢ conpoTuBneHuem 30 Om, npu Hanps>keHun 250 BonbT (neryve
CcYnTaTb), Cc YacTtoTon 50 'y. n c KoHaeHcaTopom 40 MK, To ABuraTens notpebnaet 750 BaTT aHepruu,
Mpu 3TOM Ha MarHWTHOE MoJie yXO4UT 3Heprumn Bcero nnwb 9,55 o)X, KoHAeHcaTop pacxoayeT 6,4 axX, a
BOT PEaKTUBHOW 3Heprum 3ToT ABuraTtenb BbipabaTbiBaeT 1000 BOoNbT-aMnep peakTUBHbLIX, T.e. 3TO Te
)Ke BaTThl, TOJIbKO Ha3BaJIM UX PEaKTUBHbLIMU, KOTOPbIE NAYT MO NPOBOAAM K 3/1€KTPOCTaHUUM U Ha HUX
TPaTUTCA AOMOJIHUTE/IbHbIA PacXod TOMJIMBa B reHepaTopax A eé noralleHus.

BoT Takas HacTosAwana aHeprua "XBocTmka", nostomy n naét bopbba C peakTMBHON dHEpPruen B

nobon SHEPreTUYeCcKonm CNCTEME M3-3a SKOHOMUN TOMMBA.
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Puc.5 Cxema B0O30Yy»KAeHWUs1 UCTOYHUKA TOKa Ha 6a3e 0bbIuHOro TpaHchopMaTopa

WWecTble ToOBapuwn oTnenbHo paboTatoT Ha CmoneHwmHe. OHWM MCNONB30BaAW  MNPUMHLMA
OMNWCaHHOW Bbllle KOHOEHCAaTOPHOW YCTaHOBKW. lNpuMepHas CxeMa YCTPOWCTBa MNpuBedeHa Ha puc.5.
30ecb TakXe OT WCTOYHMKa KosiebaTenbHOM 3Heprum MnomaéTcs TOK Ha TpM nocnenoBaTesibHO
coeMHEHHble KoHaeHcaTopa C1, C2, C3. 3apan ux naacTuH KonebneTca B TaKT UCTOYHUKA packayku
konebaHnm, Ho C2 BKJIIOYEH CXEeMOW B LeMNb BbICOKOBOJIbTHON 0O6MOTKM ObITOBOro TpaHchopMaTopa B
Buae konebatenbHOro KOHTypa. EctecTBeHHO, KonebaTenbHbIn KOHTYP C2 ¢ 06MOTKOI TpaHchopMaTopa
BOCMPUHMMAET "MaJsieHbKue nopumnmn" packadku, n y>xe cam coboll, B pe3sysbTaTe pe30HaHca C 3h1pom,
Ha4yMHaeT BblgaBaTb HEOOXOAMMYO MOLLHOCTb BO BTOPUYHYIO OOMOTKY Ha MOJIE3HYI0 Harpysky ~ 220 V.
Cxema npepesbHO MpocTas, 3TO HaAo OTAaTb AOJHKHOE "coobpa3uTesbHOCTU" CMOJIEHCKUX "napHen'.
340eCb CpaBHUTENIbHO HEDBONLLIOKW packaydknM MCTOYHMKa KonebaHun BNosIHE XBaTaeT ANS Pe30HAHCHOro
BO3OY)XAEHUS CMN0BbIX KosiebaHUIM ToKa B JaHHOM KOHTYpe, a C BTOpPMYHOM 0BMOTKKM TpaHchopmaTopa
MO>XHO CMOKOWHO CHMMaTb TPaHCHOPMUPOBAHHLIA TOK Ha JII0OY0 Mosie3Hy Harpysky. Bo3aMoXxHO, 4ToO
cam Tecna ncnosb3oBaJs 3TOT NPUEM L1 NPMBOLA CBOEro 3/J1eKTpoMobunas B ABUXKEHNE, HELAPOM »Xe OH
MoKynan paguonaMnbl B MarasmHe, KOTOpble U ABASANNCb UCTOYHMKOM KosnebaTenbHOW 3Heprun nnas
00KNa0K KOHAEHCATOPOB, @ MUHAYKTUBHOCTb CTATOPHOM 06MOTKWN TSrOBOro 3/IEKTPOABUraTeNs Cayxxunia
OCHOBHOWM 4acTblo KosebaTenbHOro KOHTypa - WCTOYHUMKaA TOKa (BMecTo nepBuYHOWN 06MOTKMK
TpaHchopmaTopa B cxeme puc.5). A cenyac NOroBopMM O F1aBHOM - O BeJIMYMHE MOLLHOCTU pacKa4vku
3Mpa BOKPYr EMKOCTEN U MHOYKTMBHOCTEN C uefblo nosyyvyeHus cBobogHOM sHeprum (peakTUBHOWN
MOLLHOCTW), MOUCKaMM KOTOPOM 3aHATbl CAeunaanctbl BO BCEM TexHu4yeckom wmupe. CHadvana
paccMOTPMM TeOpeTUYeCKy CTOPOHY BOMpocCa.

MocKoNbKy hopMyna peakTUBHOW MOLLHOCTMK N5 Nobon 0bMoTkn Q = J72*2[TFF* L,

roe J -BennyduHa Toka, F - YyacToTa Toka, L- MHOYKTUBHOCTb. BennyumHa L 3agaHa reometpuein ob6MoTKm
TpaHcopMaTopa UM KOHTYpa, eé n3MeHATb TPYAHOBATO, HO €€ 1 ucnosib3oBan KanaHagse. lpyras
BeJINYNHA - YacToTa F MOXXeT N3MeHATbCA. B peakTMBHOM MOLHOCTM OHa 3a8aéTCA 4YacToTOoN
3NeKTpoCcTaHUMN (UCTOYHUKOM KosiebaHui), HO C yBeMYEeHNEM eé yBEeJIMYMBAETCA MOLWHOCTbL CBOOOAHOW
SHEpPrum, 3Ha4Y1T, pa3yMHO €€ MNoBbIWaTb MPU packavyke MHAYKTUBHOCTU. A packavyaTb WHAYKTUBHOCTb MO
YacToTe, ANA NOJyYEHUS N NOBbILWEHNSA ToKa | HeobxoonM KOHAEeHCATOpP, MOAKIOYEHHBIN K
MHOYKTUBHOCTW. HO, 4TO6bl HaYaTb packaydykKy KOHTYpa, HY>KEH NnepBoHa4asibHbIA MMMYbC TOKa. A ero

CWhna, B CBOO o4epeb, 3aBUCUT OT aKTUBHOIO COMpoTmMBJIEHNA camom 06bMOoTKM, conpoTuByieHNA
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COEINHNTENbHbIX MPOBOAOB W, KaK He YAMUBUTENbHO, BOJIHOBOIO COMPOTUBIIEHUS STOW LIEMOYKN TOKA.
[ns NOCTOSIHHOIO TOKa 3TOro NapaMeTpa He CYLeCcTBYET, a A/ NepeMeHHoro obsa3aTeNibHO
BO3HWKAET M OrpaHNYMBAET HalLM BO3MOXXHOCTU, @ C APYrOi CTOPOHbLI MOMOraeT HaM. /3 ypaBHEHWIA
OJINHHBIX JIMHUIA CBSA3U U3BECTHO,-BOJIHOBOE CONPOTUBIIEHME ABUXEHUS AN J060I 3NeKTPoOMarHUTHoOM
BOJIHbI MO NPOBOZAM A0JIPKHO ObITb COr/TaCOBAaHO C COMPOTUBIEHNEM HAarpy3ku B KOHLE JINHUK. Yem
Jlydlle cornacoBaHue, TeM SKOHOMUYHEE YCTPONCTBO. B KOHTYpax, COCTOSALLNX N3 EMKOCTU U
WHOYKTUBHOCTMW, U3 KOTOPbIX COCTOUT "Tec/IoBKa", BOJIHOBOE COMPOTUBJIEHNE onpeaenseTcs BeaMinHom
KOTopas, ecnun eé nogennTb Ha akTUBHOE COMPOTUBIIEHE NPOBOAHNKOB, B MPUHLIUNE, ABNSETCSA
N0OPOTHOCTLIO KOHTYPA, T.€. YNC/IOM, NMOKa3bIBaOLLINM BO CKOJIbKO Pa3 HaMps)KeHne B KaTyLLIKe KOHTYypa
BO3pacTaeT Mo OTHOLWIEHMIO K 3a[latoLLeMy Hamnps>XXeHNI0 OT reHepaTopa 3/1eKTPOCTaHUUN (MCTOYHNKA

packa4ku).

zs =V (L/C),

BOT 3TMM NpMHLMNOM M NOJib30BasicA Tecna, N3roTaBanBas KaTyLKN BCE 6osiee conmaHbie No
pasmepy, T. €. yBenm4meas, n ysenmimeas L - UHOYKUNIO KaTYLLIKU U YNCTO UHTYUTUBHO CTPEMUIICA K
BOJIHOBOMY 4ncny Ze = 377 OM. A 3TO 1 eCTb BOJIHOBOE COMNPOTUBAEHNE HE Yero HNUby b, a
00bIKHOBEHHOI 0 3¢hnpa rNo MakcBesly, XOTS €ro KOHKPETHYIO BEJIMYUHY onpeaesnnim rno3gHee ncxons u3
YyCNIOBMI pacnpoCTpaHeHns 31eKTPOMarHUTHbIX BOJIH B aTMocdepe 1 kocMmoce. MpubnvxeHne K aTomy
4YMCNy BOJIHOBOIrO COMPOTUBNEHNSA YMEHbLUAET MOLLHOCTb packayku. OTCloAa Bcerga MoXKHO XoTS Obl
NpUBAN3NTENIEHO BbIYUCNTL AaXKe YacToTy KonebaHui camoro agupa, Npu Kotopon TpebyeTtcs
MUHMMaNbHasa SHEePrmnsa packadky oT 3NeKTPoCTaHUMN ong "TecnoBkn" BeipabaTbiBaloLLen peaKTUBHYIO

SHEpPruio, HO 3TO OTAe/IbHAasA TeMa PacCMOTpPEHUS.

B 6ynywem BMAUTCA MpenesbHO MNPOCTOM reHepaTop TOKa pAna nobbix MOLWHOCTER. 3TO
TpaHcopmaTop npvemMaeMon MOLHOCTW, nepBuYHas OBMOTKa KOTOpPOro mnoAacoefuHseTCs Yepes
pacCyYMTaHHbLIN KOHOEeHcaTop (C COOTBETCTBYIOLIEN pPEAKTUBHOM  MOLLUHOCTbIO) K  UCTOYHUKY
3/IeKTPUYECKON packadykyn CpaBHUTENbHO Hebosnblon MowHocTK, paboTalowero npu 3anycke oOT
aKKymynatopa. BTopuyHaa obmMoTKa TpaHchopmaTopa 4epe3 BbINPAMUTENb WU WHBEPTOP BbIAAET B
pPacXofHYK CeTb HeobxoAuMMbI TOK C YacToTon 50 Mepu Oons notpebuTtenein n 0gHOBPEMEHHO MUTAET,
MUHYS aKKYMYNATOpbl, CXEMY pacKadku, ToyHee caM cebsa (no puc.5.). Cenyac 3To Ka)KeTca HepeasibHbIM
B CWJly 3aKOHa COXPaHEHUs 3Heprun, MOoCKOJIbKY He y4YuTbiBaeTca pencrtesue sdumpa, OOHaKO B
6nmxanwem 6Gyayulem Takume YCTaHOBKM OyayT LWMPOKO pPacnpoCTpaHEéHHbIMM B ObITY M Ha
npon3BOACTBax. PeaKTMBHasa MOLWHOCTb, To4yHee cBobogHas 3Heprusa 3dupa, noadepkHéM, 3dupa
MakcBenna n KenbBuHa, Ao/mkHa n byaet paboTaTb Ha fo4en B NOMHON Mepe, Kak 3TO npeAcKasbiBa
BeNnKMA Hukona Tecna. Bpemsa, KOTopoe OH npeAaBuaen, yxe Hactynuino 6narogaps BOCMUTaHHOW
MPOMBbILLIJIEHHOCTbIO FPOMAAHOM apMuUW CreuuasnCcToB 3JIEKTPUKOB U UHTEpHeTY, MOo3BOoJsolWeMy
0bMeHNBaTbCA MUPOBLIM OMbITOM.

[oka3aTenbcTBo paboThl ahmMpa MOXKET BUAETb KaXKAbli Ha CBOEM cTosie. [1719 3TOro MHOro He Hago.
BO34b O4HO3HAYHO NOACKAKMBAET CO CTOJ1a K NOJIIOCY MarH1WTa 3a CHET 4ero-To. Kakom ke pa3yMHbIl
4YesIoBEK MOXKET CKa3aTb, YTO rBo34b K MarHUTy NOACKakKMBaeT CO CTOJ1a BO4 AeNCTBMEM BaKyyMa
(nycToTbl). CxeMa JaHHOro NoBCegHEBHOro OMnbITa, NpeAesibHO npocTas (Ha Haw B3rnsag). B nomeHax
MarHuTa, KoTopble BUAHbLI N0 MeTalInYeCKUM OMNMniKam He BOOPYXEHHLIM 1a3oM, NPMpoAon
opraHu3oBaHbl 06blYHbIE CBEPXMPOBOAALLME TOKN, KOTOPbIE CYLLECTBYIOT HE3aBUCUMO OT HalLuUX

TeopeTnYeCcKux n3mbllneHnin. Bot atn Tokm (obnagatowme To4dkon Kiopn nepexona K obbiHHOM



MPOBOAUMOCTU) U NepeKavynBaloT 3hup C OOHOr0 KOHLUA MarHUTa Ha OPYron Kak KOPOTKO3aMKHYTble
KOJibLLA, @ TaKoW BpaLlaoWwmMncs sMpHbIA MOTOK, Monagas B MeTaIM4eCcknin reo3ab, HABOAUT B HEM
ToXe 0b6blYHblE CBEPXMPOBOAALLME TOKU, MNOJOCA-MArHUTUKN KOTOPbIX "TAHYTCA" HaBCTpeydy
MCcXoAsLlero N3 MarHMTa rnoTtoka agmpa. A NOCKOJIbKY 3TU MasieHbKNe "ToYULLIKN" NpuBA3aHbl K aToMaM n
MoOJieKysiaM rBO34s, Ha KOTOPbLIX OHM obpa3ytoTcs, nosayvyaeTcs, 4TO ABMXKeHMe 3cumpa nopoxpaeT
OTBETHOE ABMXXEHMe reo3as B uesoM. CnpalmBaeTcs - FAe e TyT NyCToTa, TO €CTb BakyyM? Tak 4To
yBa)KaeMbIM BaKyyMLLNKaM NpUOETCSA BbICTPEHbKO NCNPaBAATb CBOUN BaKyyMHbIE€ 3HAHUA Ha MNO3HaHUSA
achmnpa. MMpoBOW OMbIT PAa3BUTUSA INIEKTPOTEXHUKN YTBEPXKAAET TaKoe MOJIOXKEHNE OAHO3HAYHO.

Opyrnm, He MeHee Ba)KHbIM A0Ka3aTe/IbCTBOM CyLW,ECTBOBaHNA 3hupa ABNAETCS dKCEepUMEHTasIbHbIN
MaTepuan, HapaboTaHHbIN eLLé C LWeCcTUAEeCcATbIX F040B akafeMNKoM Ypasbckoro otaeneHuns PAH A.B.
Ba4aeBbIM, KOTOPLI NPON3BOAWI NIEKTPUYECKNI pa3psan TpybyaTbiMM 3NeKTpoAamMm B BOAE MPUMEPHO
Mo Cxeme puc.6, n 3TOT pa3psag B BuAe HebOobLLION WapoBON MOJHNN CIYXXNJT NCTOYHUKOM pacKayku ans
CXeMbl B LUMPOKOM AMana3oHe 4acToT. Paspan genan nutalowmin TpaHcopMaTop reHepaTopoM TOKa, T.e
WCTOYHMKOM PEAKTMBHOM 3HEPrum (gake oTKJ4Yaancb oT ceTu n paboTanm Ha AONONIHUTENbHYIO
Harpy3Kky) n o4HOBPEMEHHO B BOAE BO3HMKA/IN Pa3iMyHble XMMMUYECKME 3NIEMEHTbI OT MasibiXx MO Macce u
BMJIOTb A0 TSXKENOro CBMHLA, KOTOPbIE BbiMagaan U3 UMPKYJMPYOLEN BOAbl B PUbTpax. Takme
SIBJIEHNS Y>Ke BaKyyYMOM HUKaK He 06bSACHULIb, Kak He cTapalca. [JaHHbIA 3KCNEPUMEHT 0QHO3HAaYHO

yKa3blBaeT Ha paboTy acupa.
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Puc.6. MNMpumepHas cxema onbiTa Bayaesa No nony4YeHuio 3neKTpuyecTea
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