Hacnenne Tecinbl
Karaprun P.K.

Tpu 3HaAMEHUTBIX DJJIEKTpOTEXHHUKa Mupa — Bousbra, Papanenn n Tecna —
CBOMMHU palbOoTamMH 3acCTaBUJIM BCE YEIOBEYECKOE OOILECTBO CTPEMHUTEIBHO
JBUHYTbCS B HANpaBICHUM ODIIEKTpUPUKALMK Hamero ObITa, TpPaHCIOPTa,
npoMbllIEHHOCTH. Bonbra 1 dapaneil BOCIpUHUMAIOTCA 110 Y4eOHUKaM (PU3UKU
MOJIOZBIM ITOKOJIEHMEM HOPMaJIbHO, a BOT Hukony Teciia HemHoro "orcraBunu" B
CTOpOHY, a, IOXauyd, HampacHo. IIpencrasisere, rpoManHOe KOJIMYECTBO
3JIEKTPOJIMHUM, TpaHC(HOPMATOPOB, MWLIHAPIHBIE TUPAXKU AJIEKTPOABHUraTeseH
NEPEMEHHOTO TOKa, M BOOOIE BeCh NEPEMEHHBIM TOK, 3allOJIOHUBIIME HAILy
TEXHUKY,- BCE 3T0 pabora Tecibl HE3acTy>KeHHO 3a0bITasi HAIIUM OOIIECTBOM H3-
3a BOWH U peBomonnii 20 Beka. CBOUMHU 3KCIIEPUMEHTAMH M U300pPETCHHUSIMH OH
HAMHOT'O omepeaui CBOE BpeMsl, U OCTaBWJ i1 HAc, KPOME OTMEUYEHHOIO
HacJIeUsl, OYeHb YHHUKAJIbHBIM ammapar CHOCOOHBIN caenaTh MPOpPHIB B HOBYIO
uuBUIM3alKi0. Takue TpOMKUE ClIOBa HE MPOCTO JaHb reHuto Tecnbl, 00 3TOM
TFOBOPSAT HENABHO  BBINOJHEHHBIE AKCIEPUMEHTBHI, IOYTU OJHOBPEMEHHO
IPOBEJICHHBIE B IECTH TOYKAX 3€MHOI'0 ITPOCTOPA.

Hayném HemHoro wm3nmanexka. C  NOBBIIIEHWEM  DHEPreTHUYECKOIO
HOTpPEeOJEHUST HACEJIIEHWEM Li€HAa Ha TOIUIMBO Ui 3JIEKTPOCTAHIMM HEYKJIOHHO
pacTér, 4YTO 3acTaBiI€T CHEUUAIMCTOB JJIEKTPUKOB JyMaTb O IIOJy4YECHHH
AJIEKTPUYUECTBA U3 OKpYXKaromiend cpenbl, Tem Oosee, uro Hwukoma Tecna yxke
Hojlyyaa JAaHHYIO BSHepruto. Takyloo SHEpPrui0 HPHUHATO Ha3bIBaTh CBOOOJHOMN
3HEeprueid. B MaslbIX MOIIHOCTAX MOJYYEHHUE YK€ MPOUCXOIUT, IS 3TOrO
UCIOJIb3YIOT Pa3HOOOpa3HbIE CIOCOObI; U3BJIEKAIOT U3 MOCTOSHHBIX MarHUTOB, U3
Temia BOJbl, M3 AaTMOC(EPHOro KOHAEHCATOpAa B KOTOPOM MBI JKHUBEM, U3
dbeppoMarHuTHRIX CIUTAaBOB W T.1. Ho 3amaua ctout ropazmo oOnEMHEe,- HAIO
HAy4YUTHCS MOJYy4aTh 3JIEKTPUYECTBO B IIMPOKUX MACIITA0ax, YTOOBI JIt00asi CEMbs
MOTJIa MOJIb30BATHCS ANEKTPOIHEPTUEN BHE 3aBUCMMOCTH OT MECTA KUTENbCTBA. U
Takasi BO3MOXHOCTb, OKa3bIBAETCS, JTABHO UMEETCSI, U YEJIOBEYECTBO "YCIIECIIHO C
Hel 6opeTcs” B MOJTHOM CMBICIIE 3TOTO BbIPAXKEHHUS.

HcTopuueckn M3BECTHO, uTO Tecia B HOYHOE BpeMs 3akuraja HeOO Hajn
Hero-MopkoM, a 3atem u Hajx ATnanTikoi. HOUb0 CTAHOBUIOCH CBETIIO KaK JHEM,
HO IIPH 3TOM M3 IIOJ KOIBIT JOIIAACH CBHINAIUCH JUIMHHBIE UCKPBI, a Y MPOXO0XKUX
CBETWJIUCH BOJIOCHI U manblipl. OO 3TOM MHOTO nucanu B razerax. llpencrasnsere,
Kakasi JOJDKHA OBbITh MOLTHOCTh M3JIyYEHHsI SHEPTUH, YTO ObI MPOU3BECTH JaHHBIN
abdexT. A, Kak HM3BECTHO, B TO BPEMS DJJIEKTPOCTAHIIMK OBUIA MPEAEIbHO
C1abEHbKHMH, a J1aK€ COBPEMEHHBIM AJIEKTPOCTAHLIMSAM, BMECTE B3AThIM, ceifuac
3TO cenaTh He noJ cuity. OIHAKO JOMOUIMHHO TOYHO U3BECTHO, YTO SHEPTHUIO OH
IoJIy4as IIpy IOMOLIM CBOEW KAaTyIIKU M 'dyepman" e€ mpsMO M3 OKpPYKAroLIEH
cpensl. UTo ke 3TO 3a KaTylllKa Takas, YTO CIOCOOHA "depnaTh'" AJIEKTPOIHEPTUU
CTOJIBKO, CKOJIbKO HEOOXOMMO JTAaHHOMY 4eJOBEKY B JaHHOM Mecte? Hazoém eé
""TecIOBKOM".

Kak yrBepxnan "roapuimn Tecna", moaeil OKpy»karoT Tpu okeaHa. [lepBbii
OK€aH — BO3JYIIHBIM, KOTOPBIM MbI AbILIMM. BTOpoil OkeaH — BOAHAs CTHUXUS,



KOTOpas MpPEACTaBICHA BOAOW MOPEHN, OKEAHOB M MOCTOSHHBIMHU Napamu BOJABI B
BO3ayxe. TpeTuit okean — 3Qup OKpykaomuil Hac. MM 3armonHeHo He TOJIBKO BCE
IIPOCTPAHCTBO BCEJIEHHOM, HO M KaXJas KJIETOYKA >KUBBIX W HEOAYIIEBIEHHBIX
IIPEAMETOB, IIOCKOJIBKY U3BECTHO, YTO MPUPOAA HE TEPIUT MyCTOTHI. [Ipruém 3TOT
apup oOsNamaeT KoOJOCCATbHOW JHEPrHeil, TEIIOBOM U  AJICKTPUUYECKOM.
UYenoBeuecTBy €1€ MPeICTOUT OCBOUTH JJAHHBIN OKEaH, TaK Kak 00IeCTBO JII0IeH
€€ TOJbKO—TOJbKO HAYMHAET >KUTh HE XMBOTHBIMM HHCTUHKTamu. [lo3HaHue
AIIEKTPUYECTBA €CTh BCErO JIMIIb caMas IMepBasi, KPOXOTHAasl CTyNE€HbKA Ha IyTH
Pa3BUTHS LIUBUJIA3ALUU.

VYerpoiictBo katymku Tecnbl npenenbHo mpocroe. K mpumepy, emé B
Havaisie 30 rogoB B Jlenunrpane (C. IlerepOypr) Obuta mocTpoeHa Takasi yCTaHOBKA
Ha 5 MWIIMOHOB BoJbT. [lepBuuHasi oOMOTKa MMeNa BCEro JABa MEAHBIX BUTKA C
NUTaHUEeM 35 KHJIOBOJBT, BTOpUYHas oOMoTKa BbimosHeHa Ha 2000 BUTKOB
ceuenneM 0,5 MMm. EmkocTs kompencatopa 2 Mukpogapansl. YcCTaHOBKA
IIpeaHa3HavYaIach Ui YCKOPUTENs saepHbIX dyactul. Ha puc. 1 mokaszana cxema
YCTpPOMCTBA TaKoM Karyuiku Tecna, rae 1 — ICTOYHUK MOCTOSSHHOTO HANPSIKEHUS,
2 — KOHJIEHCaTop, 3 — pa3psaaHUK, IPEACTABISIONINN cO00M 1Ba IIapuKa, MEXIY
KOTOPbIMU  3aropaercs OOBIKHOBEHHas dJeKTpuyeckas nayra (Kak 1pu
AJIEKTPOCBApKe), ToJibko crabenbkas. [loxg umudpoit 4 obo3HaueHa nepBUYHAS
0o0OMOTKa M3 MEIIHOM TpyOKH, a 5 — eCThb BTOpUYHAsI 0OMOTKA, Ojarojapsi KOTOpou
MOJIYYAIOTCS JTHOOBIE MBICITMMbIE HAIIPSKEHUS.
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Puc.1. ITpunuunuanbHas cxema KaTymku Tecisl

CornacHo paccyxaennii Tecnpl [1] mepBudHas oOMOTKA IPH MOBBIIICHUN
TOKa B KOJICOAHUM pa3IBUTAET OKPYKAIOMIHMK d(PUp OT Och OOMOTKH [0 BUTKOB U
OTIyCKaeT pa3aBWKKY co cnaigoM Toka. [lpm cmame »>¢up "cximombiBaercs" B
U3Ha4YaJbHOE cocTOosiHME. TakuM 00pa3oM, OKpY KA 3QUp BHYTPU NEPBUUHON
OOMOTKHM HA4YMHAET PA3JABUTATHCS W CIBHUTAaThCA OT '"TONYKOB" TOKa OOMOTKH,



Bpalasch Mpu 3ToM, 4yTo Tecna W HaszbBan BHOpamusmu. Bropuunas oOMoTKa,
HaxoJsLasics BHYTPM MEPBUYHOM, MOANAAAET MOJ BHOPUPYIOIIMA IHOTOK.
EcTecTBEHHO MOHATH, YTO BUXpU 3(PUpa MOCTOSHHO NEPECEKaloT €€ BUTKU B
NONEPEYHOM HAIpaBIE€HUHU, - TNOMYEPKHEM, B IMOINEpeyHoM. B pesynbrare B
IPOBOJE "BTOPUYKHU' HABOAUTCA HANPSIKEHHWE, KOTOPOE W BBICBEUMBAETCS Ha
OoCTpue BBEpXY OOMOTKU B BUJE KOPOHBI, T.€. MPOUCXOIUT HOHU3AIUS BO3AyXa OT
HanpsbkeHusi. Kopona tpeOyer 3aTpar onpenenéHHON MOIIHOCTH. DTONH KOPOHOU U
"GanyroTcs" moOUTENN KaTyKy Tecibl, u3BieKas JUIMHHbIC, KPaCUBbIE pa3psi/ibl B
BO3JIyXE€.

MHorre CHUMaIH OCIHIJIJIOTpaMMBbl KOJIeOaHHi ToKa B KaTymikax Tecibl, HO
[IOYEMY-TO HUKTO HE 00OpaTHJI BHUMAHMSI Ha COIOCTABJICHHUE MOIYYEHHBIX KPUBBIX
Toka. PaccMoTpuM KoneOaHUs JEHUHIPAJICKON KAaTyIIKH CHSThIE €l MEepBbIMU
ocmmiorpadamu. Ha puc.2 B3sitoro w3 [2] TpeacTaBlIeHBl OCIUUIOTPAMMBI
CHUHYCOHJIBI TOKa OJJHOTO KojieOaHus, rae moja OykBoi a) rpaduk kKoneOaHui ToKa
NEpBUYHON OOMOTKU. /[l CHUIBHOW WHAYKTUBHOM CBSI3W BHYTPH OOMOTOK
BCTaBJIEHO TpaHC(HOPMATOPHOE 1>KEJIe30 M KPUBBIE TOKA Ha OCIHWILIOrpaMMe
MEPBUYHON U BTOPUYHON OOMOTKM KOJICOaHUH, Kak U B JIIOOOM TpaHcdopmaTope,
CILIETEHBI MEXTy COOON OUYEHB IUIOTHO U KoJeOmtoTcs BMecTe. CieBa Ha rpaduke
JKEJIe30 BBITAILWIIM, MOJyYnach ciabasi MHAYKTUBHas CBA3b. B 3TOM ciydae a)
BUJTHO, YTO B IEPBUYHOM OOMOTKE IIPU OJJUHOUYHOM MMITYJIbCE TOKA 3TH KOJIeOaHus
3aTyxarT B Touke K . [Tox 6ykBoii 6) KonebaHusi TOka BO BTOPUYHOM OOMOTKE MpH
c1aboil CBsI3M, 371eCh, HAOOOPOT, KoJIcOaHWE HAYMHAETCS HEMHOTO II03HEe
HYJIEBOM TOYKM W pPACHIMPSAETCS MO BBICOTE HANPSDKEHUS 10 OIPEAEIEHHOIO
pa3Mepa U TOJBKO CILyCTS HEKOTOpoe Bpems mocie Touku K koneOanus Toka B
MakCUMyMe OOpbIBatOTCA JUlllb B TOUKe C, XOTA TOK B NMEPBUYHON OOMOTKE YK€
JaBHO OTCyTCTBYeT. CrpalumBaeTcsi, 3a CYET KaKOW XK€ Cpellbl MPOAOKAKTCA
KoJIe0aHUs TOKa BO BTOpHUHOM 00MOTKe mociie Touku K u Bmots 1o C ? Brionne
SICHO, 4TO "CBATOM AyX" TYT HE NPUYEM. 3HAYUT 3TO MHEPLUA KAKOW-TO CPEbl, 11O
Tecne »To onHo3HayHO 3¢up. Buaute, o gaxe 6e3 ocuusiorpada 3To MOHSII, a
Mbl, UMEsl camble HOBEHIIME MPUOOPHI, HE 3aJyMbIBAEMCA O TaKUX OYEBUIHBIX
dakrax osnekTporexHuku. Pa3 cpema cyuiecTByeT, 3HAUUT, Mbl MOXKEM €€
UCIIONb30BaTh JUISl TIOJIyYEHHUs DOJEKTpHUYecTBA. A Kak »d3TO  BBIIIOJIHUTH
MPaKTUYECKU?
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Puc.2. OcumnnorpaMmbl KonebaHui HanpskeHust B kaTywke Tecnbl; a) B MEPBUYHON
obMmoTke 1 6) BO BTOpUYHOM. CHATO NMpY CUSIbHON MHAYKTUBHOM CBA3M (C TpaHC(OpMaTOpHbIM
)KenesoMm BHYTpW) v npwu cnaboi cBssu (6e3 Hero)

Pacckaxxem 00 »ToM Ha mnpumepe ooOwenus. "bonrag" Ha Qopyme
MHTEPHETa, Mbl BUETBEPOM JOTOBOPUIIUCH M3TOTOBUTH T€HEPATOP TOKA MO CTAThE
"Tecnma — reneparop Toka". Korma m3roToBWJIM IO MEPBOM KaTyllKe, ObLIO BCE
HOpPMaJIbHO — paboTanu JpYy>KHO TMeperoBapuBascb. Ho korja mpucCTynmuiau K
U3TOTOBJICHUIO BTOPOM KATyIIKUA (IF€HEpaTop COCTOMT M3 JBYX), TyT HadaluCh
CIOPBI O TOM, JEJNaThb NPAaBYK WJIM JIEBYIO HAMOTKY IIPOBOJA, IOCKOJBKY OT
HalpaBJeHUs HAMOTKH, BO3MOKHO, 3aBHcCeNa pabOTOCIIOCOOHOCTh T'eHepaTopa, a
MBI HE 3H&JIM Kak Jyulue caenatb. s BepHOCTH ObUI CMBICH [JenaTh JBE
BTOPHUYHBIX OOMOTKH M IIPaBOM, U JICBOK HAMOTKHU. Tak OKa3aoch, 9YTO U3rOTOBUB
reHepaTop "B YEPHOBYIO", y KaXKJOT0 OCTAJIOCH IO JIMIITHEH BTOPHUYHON OOMOTKE.
JloroBopunuch HayaTh JJIEKTPUYECKUE  HUCIHBITAHUS, HCIOIb3YyS  TPETHIO,
OJIMHOYHYI0 OOMOTKY, MPHUMEHSSI €€ Ui ONpPEEeICHUs MapamMeTpoB TeHepaTopa.
Bor TyT u Hadanuch HeoOblyHOCTH. [Ipu BKIIOYEHUHM TPETbEH, PAIOM CTOSILIEH
0oOMOTKH, Ha BEpXHEW urjie e€ BTOPUYKU 3aropajach KOpPOHA C IIMIEHUEM U
TPECKOM,- KpacoTa HeoOblyaiiHas. Ho, u4ToO uHTEepecHO, JApyrue [Be,
NpeAHa3HAYCHHBIE [JI1 T€HEPATOpa TOKE HAUYMHAIM KOPOHUPOBATH, XOTS CTOSIIN
HAa PACCTOSIHUM TIOYTH JIBYyX METPOB HE MOAKIIOYEHHBIE K CE€TU. DTO ObUIO
YAUBUTEIIBHO, U 3TO MPOU3OIIIO Y BCEX YETBEPHIX, ECTECTBEHHO, Y BCEX YETBEPHIX
¥ Ha4yaJIuCh OypHBbIE 1e0aThl, 4TO 3TO TAKOE U KaK NOCTYNUTh Aajbiie. Oka3aiocs,
4YTO U TpaBas U JieBas HAMOTKHM HEIUIOXO KOPOHHPYIOT B BO3Jyxe Onaromaps
cocenHel, paboTaromeii. Y He pa0oTaronuX KaTyleK He TPeOOBaINCh MEPBUYHbIE



00OMOTKH, BOKPYT OJHOW pabOoTaromieil ¢ MepBUYHON 0OMOTKOW MOXHO MOCTaBUTH
U JBaJlaTh, U TPUALATH IITYK Jaxe Oe3 "mepBuuek" B paaumyce 1,5 — 3 meTpoB
(npu HanpsbkeHun 180 KUIIOBOJIBT) U Bce OyayT paboTaTh — KOPOHUPOBATh. A, Kak
U3BECTHO KOpOHA TpeOyeT pacxoja mMomHocTH. M Tyt mpo3Byudano — pebsita, na
ATO € U eCTh pe3oHaHc 3dupa Tecibl U 0O KOTOPOM MOCTOSIHHO TuieT B. A.
AmrokoBckuit! W yro TyT Hayanock.... Ilocelmanace yiMa pa3ndYHbBIX
NpeUIOKEeHU, U B 3ToM '"epanamie" TpyaHo Obuio HaiTu uctuHy. C JlanbHero
BOCTOKA MUIIYT OJIHO, C Ypajia Apyroe, ¢ YKpauHbl TPETbE€ U TaK MPOJOJIKAIOCH
noutu Tpu Mecsua. Comemnianue obopBanock Jyerom (2009 r.), xkorma Tapudib
Kanmanagze u3 I['py3um BbICTYNHI B HMHTEpHETE € (PUIBMOM IO MOJYUYEHHUIO
3JIeKTpUUecTBa U3 3¢upa Toxke Ha Oa3e karymku Tecinbl. BceM ueTBepbiM cTano
IPENEIbHO SICHO, YTO HAJIO0 JeNaTh, U Mbl HE OJMHOKM B 3TOM BOIIpOCE, U
TE€HEPATOP, UCIOJIB3YIOIIMI TOILUIMBO BOOOIE HUKOMY He HyXeH. CHOBa Havajach
paboTa U Bce cTaiM "XBacTarbes', - y MEHs IOJyUYHIIOCh, Y MEHS TOXKE paboTaeT u
T.1. [loma naBuHa. Tak 4yTO WMHTEpHETY OOJBIIOE, TPOMAJHOE cHacubo, YTO
CyMmell 00bEIMHUTD U YMHOKUTh HAIW yCHIINS !

Kaxnplil >xenaromuii MOXKET HM3rOTOBUTH XOTSI Obl JIBE OJMHAKOBBIE I1O
YUCIIy BUTKOB M JAMAMETPY KaTylmKu Tecibl, OHY M3 HUX BKJIIOYHUTH B padoTy, a
JPYTYI0, J1ayke TPOCTO BTOPUUHYIO OOMOTKY 0€3 MepBUYKHU, ABUTATh OTHOCUTEIHHO
paboTarolieil 1 Mmojy4arb Ha HEH KOpPOHY Ha OJIM3KOM pAacCTOSHUM (B Tpenenax
MOJIMETpa), a OTOJIBUras B CTOPOHY, BHJIETh 3aTyXawollyl0 KOpoHy. B 3T0 Bpems
Ha/1I0 CMOTPETh 32 BEJIMYMHOM TOKa paboTaroell KaTylK:l 1 BOOYHIO yOEeTUTHCS B
TOM, YTO TOK IUTAHUsI OT CETH pabOTAIOLIEH KaTyIIKU HE MEHSET CBOETO 3HAUYEHUs
OT MPOCTPAHCTBEHHOI'O IOJIOKEHMSI HE 3alUTaHHOM Karymku. CropammuBaercs, -
0TKyJa OepETcst SHeprus Ha KOPOHY I ITyCTON BTOPUYHON OOMOTKU?

B npunnumne, Becb MUp I0JDKEH ObLT J0orafaThest 00 3TOM paHblle, U MBI HE
uckimoueHve. Emé€ B JBaguaTelX W TPUAUATBIX TOJAaX, Ha 3ape pa3BUTHUSA
IIEKTPOTEXHUKH, CTPOSAIIMECS HJIEKTPOCTAaHLIMM Ha NEPEMEHHOM TOKe, ObUIN
JIOCTATOYHO MAJIOMOIIHBIMU, M Ka)KJasl MUTaJIa BCEIO HECKOJIBKO MPEANPUATUN O
OJIHOM CEeTH, Ha KOTOpPhIX paboTaio 10 COTEH JJIEKTPOJBUraTelei,
HarpeBaTesIbHbIX MeYel, CBAPOYHBIX allapaToB U AJIEKTPOJUTHUYECKUX BaHH. [lpu
ATOM IIPOMCXOJUIIM UHTEPECHBIE BEMIM. B mpouecce 3KkcItyaTallii, HU C TOTO HU €
Cero, B CETH HAIPsSHKEHUE HAUYMHAIO caMO Mo cebe yBenuuuBaThes Bbilie 380
BonbT 10 450 1 Gosiee, 1 TeHepaTOPHI HA AJIEKTPOCTAHIIMK HAYMHAIM padOTaTh KakK
OBl BXOJIOCTYI0. A TIOCKOJIbKY Map JaBUJI HA JIOMATKH TYpOWH (OBICTPO M3MEHHTH
JIaBJICHUE TOpSYero rnapa HEBO3MOXKHO), TypOMHBI HAaUMHAIM BpallaThCsi ObICTpee
M 4YacToTa TOKa B CETH BbIpacTajia. Bce »3iekTpoaBUraread CTaHKOB Ha
MPEANPUATUAIX HAYMHAIA padoTaTh ObICTpee (MX MOITHOCTH HAPSIMYIO 3aBHCHUT OT
YacTOTbl TOKA), XOTS Harpy3ka Ha TeHepaTopbl TOKa Ha 3JIEKTPOCTAaHLUU
yMEHbIIAIACh, @ aBTOMAaTWKa B 3TOT MOMEHT NEpeKpblBajla IOJady Mapa Ha
TypOuHbl. ECTECTBEHHO reHepaTopbl PE3KO TOPMO3HIINCH, YMEHbBIIAIW MOJaYy
JJIEKTPUYECTBA, @ B OTOM MOMEHT U30BITOK HAaNpsHKEHUs Npornajgai, u
NPEANPUATHAS HAUYMHAIM  '3a1bpIXaTbCs’  M3-3a  HEJONOJIYYEHUS OHEPIUU.
[Tpoucxoauna rpoMajgHas packauyka HampsDKEHUS W 4YacTOThl TOKAa B JIAHHOMU
AIEKTPUYECKON CETH BILIOTH O MOJHOrO OTKI0YeHHUs. CO BpEMEHEM HAayYWIIUCh B



TaKOM MOMEHT NOAKIIOYATh JPYyTyl0, MAapAJUIECIBHYI0 CE€Tb, YE€M W
CTaOWIM3UpPOBANIM MoOJoKeHHe Jen. C  yKpyNHEeHHEM SHEpProCcUCTeM JaHHbIE
"3amapku" BCE YMEHbBIIAIUCH, HO TEOPUS TAKUX KOJIEOAHUH YK€ NMPUHUHUIIUAIBHO
Oblla cO3/laHa W JIONOJIHUTENbHAs HHEPrus cTajga Ha3bIBaThCS PEAKTUBHOMN
MOIIHOCTBIO, KOTOPasi MPOUCXOAWIIA OT MIPUMEHIEMBIX KOHJIEHCATOPOB U KaTyIIEK
WHIYKTUBHOCTH B AJIEKTPOJBUTATENSIX U TpaHchopmaropax (B paguorexuuke IJC
camounaykiun). [Ipeacrasisere, Kakue-To KaTylIKd U KOHACHCATOPhI CO3/1aBallv
MOIIIHOCTh COMOCTAaBUMYIO C AJIEKTpOCTaHLMeW U pabotanu mpotuB He€. Tok oT
HUX BCErJa HalpaBlICH HAaBCTpEYy TOKAa pPACKauyku U IOJIYy4yajoCh, YTO
3JIEKTPOCTAHLUS MOYTH HE paboTaeT, a MPOBOJAa I'PEIOTCS KaK MPHU MOBBIIICHHON
Harpy3ke. bpuin ompezesieHbl U TOYHBIE "BUHOBHUKH'" JAHHBIX SIBICHUW — 3TO
pPE30HAaHC TOKOB M pPE30HaHC HampsbkeHu. Ho, copammBaercs, oTkyza y
KOHJIEHCATOPOB M KAaTyLIEK MHAYKTUBHOCTH O€pETCS Takask MOUIHOCTb, CIOCOOHAs
packadarh YHEPIETUYECKYI0 CUCTEMY B COTHIO COBPEMEHHBIX Ipeanpusatun? [Ipu
"HOpMaAJILHOM'" MBIIIUICHUU MOKHO OTBETUTH €IUHCTBEHHBIM IPEIIOI0KEHUEM —
Takas dHEPrusi UCXOJUT OT OKpyxXkaroumed cpenbl, a no Tecine - ot adupa. B
AKazeMHuH HayK Takas 3ajada JaXkxe He CTaBWIACh, IOTOMY BCE aKaJEMUKHU H
YyIUIX B CTOPOHY BaKyyMma B OTHOLIEHMH MHUpPONOHUMaHMs. C JaHHBIM SIBJIEHUEM
OOpOJIUCH TOJNBKO PsIIOBBIE MHXKEHEPHI. [[11s1 KoMITeHcaluu peakKTUBHON MOIIIHOCTH
OHM CTajlu TMPUMEHITh MOIIHbIE KOHJIEHCATOpPHBbIE OaTaped, TpOMaJHbIC
CUHXPOHHBIE MAIMHBI-KOMIIEHCATOPbI, JI€Jadd H3MEHSIEMBbIE CXEMbl IHTAHUS
Harpy30K B 3aBHCHUMOCTH OT HAIPsDKEHUS M TOKAa B CETHU 3JIEKTPOCTAHLM. B
oOmeM, Ooppba C pPEaKTUBHONM MOIIMHOCTBIO BO BCEM MHUpPE pa3BepHYJIACh
KOJIOCCAJIbHAs U IPOJOJIKAETCS 10 CUX I10D.

Ectp emé B anekTpuueckol NpPAaKTUKE HE BIIOJHE aJeKBaTHBIA (HakTop,
OPUBOJSIIANA HMHOTJA K HECYaCTHBIM Ciyd4asM C nepcoHaioM. Eciu Oartapero
KOH/ICHCATOPOB HE MOAKITIOYEHHYIO HA K YeMY OCTaBUThH 0€3 3aKOPOTKU OOKIaI0K
(IIaCTUH-AJIEKTPOJOB), TOTJA, MO IMPOLIECTBUU CYTOK MJIM HECKOJIBbKHX, OaTapes
OKQKETCA 3apsDKEHHOW JJIEKTPUYECTBOM IIOYTM B IIOJHOW Mepe. UM yem
BBICOKOBOJIbTHEE Oarapesi, Tem ObicTpee oOHa 3apspkaercs. OTkyna 9ta
3JIEKTPUYECKAsi MOIIHOCTh BOCIIPUHUMAETCS B HAPYIIEHUE COBPEMEHHOTO 3aKOHA
coxpaHeHusi BHepruu? [Ins psAOOBOro WHXKEHEpa BIOJHE TMOHITHO, - W3
OKpy»Karomel cpeipl (U3 »dupa) M ITO Ta XK€ camas PEakTUBHAs JHEprus, a
HEKOTOpPBIE TOBOPST, YTO PHEPrus 3Ta U3 BaKkyyMa. Ho, TEXHHUYECKH I'PaMOTHBIM
JOJSAM IOHATHO, YTO BaKyyM IO Ha3BaHUIO SBJISIETCS IIyCTOTOM, TOTJa OTKyJAA Y
nycToThl 3Heprusi? Ho 4To untepecHo, Bo BCEM MUpE OOPIOTCS C 3TON PEaKTUBHOU
DHEPryuell U HUKOMY B I'OJIOBY HE IIPUILJIO UCIIOJIB30BaTh €€ B KAYECTBE NCTOYHMKA
TOKa BMECTO 3JIEKTPOCTaHIMM. 3aech, Uil e€ MmoixydeHus: He TpeOyeTcsl TOIIUBO,
XOPOHUTH OTXOJBI HE HAI0, TYT TOJBKO HEOOXOAMMO KOJEOATh OKPYKAIOIIYIO
Cpely BO3JIE€ KAaTyLUIEK M KOHJEHCATOPOB JJIEKTPUYECKHM € CIocoOOM. A BOT
KaKoBa 3aTpayuMBaeMasi MOIIHOCTh Ha JaHHbIE KOJeOaHUs — 00 3TOM MOTOBOPUM
IIO3THEE.

CHoOBa OTMETUM, YTO U3 rpaMKOB pUC.2 MOHATHO, YTO KaTymika Tecibl, B
OTJINYUE OT OCTAIbHBIX INEKTPOTEXHUUYECKUX TpaHCHOPMATOPOB, UMEET MAIYIO
WHIYKTUBHYIO CBSI3b MEX]y IEPBHUYHONM M BTOPUYHOW OOMOTKaMH, TO €CTh



SHEPrusi OT NEPBUYHON OOMOTKHU JETKO MEPEXOIUT BO BTOPHUUHYIO, 2 HA00OPOT —
CpaBHUTENBbHO IUI0XO0. Korma BO BTOPHUYHOM OOMOTKE CO3J1a€TCS OTBETHBIN
UMITYJIbC TOKA, OH pa3JBHUraer 3Qup OT LUEHTpa yCTPOHCTBA 10 CBOMX BUTKOB.
Jlanee 3THX BUTKOB 3(pUpP NOUTH HE UAET U IUIOXO MOMNAJAET HAa MEPBUYHYIO, U3-32
OTCYTCTBHUSI KEJIE3HOTO CEPACUYHHKA, TOCKOIbKY BBIIOIHEHA JI0Xasl UHAYKTUBHAS
CBA3b Ha3bIBaeMas "Huke Kputudeckoi'". [lonuManue 3Toro gpakropa HaTaJIKUBAET
Ha OJIHO3HAYHYIO MBICIIb — JIJI1 ChbE€Ma HEPIrUM CO BTOPUYKH, KOTOpask HaXOAUTCS
"B cBOOOIHOM TOJNETE" HyXHA TpeThs OOMOTKa, KOTOpas 00si3aHa HAXOJUTHCS
BHYTPM BTOPHUYHOH, M YeM YyclemHee OyaeT paborarh "Bropuuka', Tem
s pexkTrBHEE TPON3OUIET CHEM DHEPTUHU B TPEThel OOMOTKE.

B ompiTax TpeTbst 0OMOTKa 3aMbIKajlaCh HAKOPOTKO MEIHOM MEePEeMBIYKOM,
KOTOpasi rpejlach M Ha HEW ropeja H30JSALUs, a B MEPBUYHOH OOMOTKE TOK
BenuunHOM B 1,8 Ammepa ngaxke He IIEJIOXHYJCS, Kak OYyJITO HUYEro He
MIPOUCXOIUIIO, TIOCKOJIbKY paboTa MPOU3BOAMTCS "Ha XBOCTHKE" MEXKIY TOYKAMU
K u C no puc.2. Iloytn aHamoru4Hsle YCIOBHsS BO3HMKAIOT U BO BTOPHYHOU
00MOTKE, HO OHa MPUMEPHO MpoleHToB Ha 10 — 15% o0paTHO BO3NEHUCTBYET Ha
NEPBUYHBIA TOK U IHUTAIOUIEEC YCTPOMCTBO HAYMHAET "UyBCTBOBAThH' BEJIMYHHY
Harpy3kd 3TOW OOMOTKM M 00€ JIerkKo BBIXOAST M3 pe3oHaHca. B oOmiem,
BTOpUYHAsg OOMOTKA, BOCIPUHHUMAs HUMITYJIbCbl OT TEPBUYHOM, CTAHOBUTCS
IJIABHOW W HAIPaBJISIONIEH CUJION B packauke 2(pupa BOKPYT YCTAaHOBKH BUIUMO 32
c4€T cBOEH OOJIBIION TUIONIAAM U MHOTOBUTKOBOCTH. OOpa3HO roBOps, IHEPrus
BTOpUYHON OOMOTKH "Tpsic€T »dup", a TpeTbss 0OMOTKa, MOMENIEHHAS BHYTPb
BTOpUYHOH "cobupaeT Ha ce0s Kycouku d3dupa", 00pa3ys MOTOK IEKTPUUECTBA B
TPETHEM KOHTYpE.

Crnenyer paccMOTPETh M KOHKPETHBIE MapaMeTphl KaTylIky Teciibl B HalIeM
ombiTe. [lepBuuHas 0OMOTKa BBINONHANACH MeAHOW TpyOkoi 6 — 10 MM B
KOJINYECTBE 6 — 8 BUTKOB Ha OJTHOW KAaTylIKe. MOKHO ITOCTaBUTh OTAEIBHO PSIOM
CTOSIIIUX HECKOJIBKO "TecOBOK" IITykH 3 miam Ooisiee BooOuie 0e3 MepBUYHBIX
oOmoTok. Cama BTOpUYHas OOMOTKa HMCIOJIHSJIACh JUIMHOW MpuMepHO 1 meTp,
auamerpoM 100 MM Ha TOJMATHICHOBOW WM (TOPOIIACTOBOM BOJIOMPOBOAHOM
TpyOe, ¢ uuciom BUTKOB mnpuMmepHo 1000, c menpt0 MOJyYeHHUsS KOPOHBI Ha
BepxHeM KoHue. M camoe riaBHOe, — TPEThs OOMOTKAa BHYTPU BTOPUYHOM ISt
K01 "TecnoBku" oOs3aTenbHa. OHA BBIMOIHSAETCS TOJCTHIM MHOTOXHIJIbHBIM
1poBooM (mpuMepHo 10 - 25 MM®) ¢ YTOMIEHHO H30JSLIEH C LETbI0 CO3IaHHS
JOCTAaTOYHOI'O 3a30pa MEXJy BUTKaMU. UHMCIIO BUTKOB OIPEAESETCS BEIUYMHOU
HeoOxoaumoro HampspkeHusi. Ha KoHIBI TpeTheil OOMOTKH MMOACOEAMHSETCA
KOHJIEHCATOp C pacy€TOM IOJYyYEHHs pE30HAHCA TOKA 10 YPABHEHHUIO:

1=2nf’LC, (1)

rae f —yactora Toka, C — éMKOCTh KOHJIeHcaTopa B papanax, L —
WHyKTUBHOCTh 0OMOTKHU B enuHuIax ['enpu. [10ckoIbKy MHAYKTUBHOCTH 3aBUCUT
OT YKCJIa BUTKOB, BIIOJIHE €CTECTBEHHO HAJI0 UMETh MPUOOP MO 3aMepy
WHYKTUBHOCTHU B HaType IIPU U3TOTOBJIECHUH, YTO YCKOPUT HACTPOMKY ammapara.
Ecnu HeoO6xoaumbl 00JibllIe MOIIHOCTH, TOTJa HAJ0 TPEThH OOMOTKH COSUHSTh



napajijIebHO B OOIILYIO CXEMY Y€pE3 BBICOKOYACTOTHBIE INOAbI, KOTOpas JaHa Ha
puc.3. Heo6XoamMmMo OTMETUTh OYE€Hb CYLIECTBEHHYIO JA€Tallb yCTpoKcTBa. Bee Tpu
0OMOTKH KaX/10M "TeCIIOBKHU" JOJIKHBI ObITh HACTPOEHBI HA ONPEIEAEHHYIO
4acTOTY TOKa (CKa)keM, Ha pa3pelieHHyo paauokomureroM 100 kumorepir) mpu
MOMOILM KOHJeHCcaTOpoB. Eciiu nepBruyHas Wik BTOpUYHAasi OOMOTKU OynyT B
IUIOXOM PE30HAHCE, TOI/1a TPEThsl 0OMOTKA TEPSET TOK, HEOOXOIUMBIN JIsI
Harpy3KH, COCTOSIIEN U3 HAIIMX C BAMU TEJIEBU30POB, XOJIOAUIbHUKOB,
IEKTPOUHCTPYMEHTA U T. 1.

00000CA00000ACANOCONOAONCAANCANACONOCONCANN
[salsa/sasasalnssalnaaa/sanalnal

BropuuHas
O6bmoTka
BTopuynas
ObmoTKa
Tpetbs
O6moTka
BTopuynas
O6moTka

Tpetbs
O6moTKa

TpeTbs
O6moTKa
0ACOLOAQN0AQA0! )OQ0O0OOAQN0CACOOANCACACANOCODACANOAOOCACACAALO

OQ?OOOOOOOOOOOOOOOO 0OCO000000000Oa0OCICACO0OCOCOCO00ACOCACACOCO0

|
|
MNepBuyHas
O6moTka

e %ﬁ

i
OO0 00000 0000OOCOOCOOO0

K notpeburentio
A
14
e

[Sease/pelssasepeli[elise[sastipasepaseseli[eise[sasdpaeli[isd[sa i d[sosd[saseselnepeBbaleE]

Q00000CA0A0LCACACANAOLAAANGA0ACANO0OLON0NOCANOCONCACACANOCOLACANAACNCACACANONO.

concacacacencacaconca Wmmmmzw

CO0O0000000 XOO()O ()QQQJ

10/0,010/0]0/0/010/0/0100010/00.00/¢)
000000COCO0000CO %@ OJ

FOOOOO00O00O0000 000D

O
fe!
[sajsajaal

‘ ‘OOOOOOOOLX)OOOO O O(%O—I

A

Puc.3 Camasi npocTas npuHUMnManbHas cxema noslydeHust Toka no metoay Hukonbl Tecnbl

Pe3onaHc sABnsieTCAS OCHOBOM BCETO YCTPOMCTBA, YTO U oT™MeTHI Karananse B
CBOEM BHACOPOIMKE. MOXKHO, KOHEYHO, HCHOJb30BaTh U COEOUHEHHE C
3a3eMJICHHEM, Kak 3To JenaerT KamaHazas3e, 4To yBENIMYMBAeT OTHA4y TOKa B
CHUCTEME uepe3 BTOpPUYKY U aTrMochepHbli 00bEMHBIA 3apsg. OgHAKO 3TO
MPUBS3bIBAET YCTPOMCTBO K MECTY YCTAHOBKHM, YTO HE OYEHb PALMOHAIBHO IS
TOPOACKUX KBAPTHUP, ITOCKOJBKY 3a3€MJIMThH JJIEKTPUYECKYIO CE€Th OT KAaTYyIIKU B
JBYX MECTaX, CKa)kKeM, HaXOJSICh Ha JIEBATOM 3Ta)e. JOCTATOYHO MPOOIEeMATUYHO.
Ho Hano ornate nomxHoe tanmanty Kamananas3e, MMEHHO OH NEpBbIN mociie Tecsl
JIOTa/IaJiCsl MCIOJB30BaTh TPEThIO OOMOTKY B TECIOBKE BHYTpH BTOpHuUkH. Ha
puc.4 n3o0paxkeHa MpUMEpPHasi CXeMa €ro yCTPOWCTBA JOCTOMHAS YBaXKCHUSI €ro
co00pa3uTeNbHOCTH. TPEThIO KATYLIKY OH pa3Jesuil Ha JBE YacTu. Ta yacTe, 4To
HAXOJUTCS BHYTPU BTOPHUYHOH OOMOTKH, BOCHPUHHUMAET €€ 3JIEKTPOUMITYJIbCHI,
COOTBETCTBEHHO MYJISDKHAsi 0OMOTKa — BTOpasi 4acTb KOHTYpa TOKE BBIHYKJEHA
COBEpILATh KOJeOaHUsl TOKA, MOCKOJIbKY BKJIIOYEHA MOCIEI0BATENbHO, K TOMY K€



oHa 00Jy4aeTcss ¢ BHEIIHEW CTOPOHBI BTOPHYHOM OOMOTKM B TAaKT KOJEOAHUSM.
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Puc.4. OpurvHanbHas cxema npearnosiaraeMoro yCTpomcTBa KaTyluku Tecnbl no KanaHagse

K Harpyske

PaccmoTpum  oTHomeHwe MouiHocte. Ecnu Ha nepBUYHYIO OOMOTKY
(puc.3.) nogaércs 300 BaTT 3HEPrUM, TO HA BTOPUUHBIX OOMOTKAX PSAIOM CTOSIIIIHX
TpEX "TecoBKax" BBIAEIAECTCS TOXKE NPUMEPHO 1O 250 BAaTT 3HEPTUHU, YTO B CYMME
cocrasisieT 750 BatT i KopoHbsl. Ha Tpéx TpeTbux oOMoTKax Toxke mo 250 BarT,
KOTOPbIE U MOKEM HCII0JIb30BaTh 110 Ha3HaYEHUI0. BTOpuyHbIE 0OMOTKHU JIy4Ille HE
Harpy’arb, IIOCKOJbKY OHHM, IIOJIy4as CBOI JOJIIO HHEPrMU pacKaukd OT
NEPBUYHOM, Yepe3 OOKOBYIO MOBEPXHOCTH, JOIMOJIHUTEIBHO "deprnaroT” SHEpPruro
U3 OKpyaromiero a¢gupa 3a cuér "xBoctuka" ot Touku K n0 Touku C mo puc.2 u
nepearoT €€ B TpeThM OOMOTKH. [laHHas SHeprus "XBOCTHKA" TCOPETHYECKHU
naBHO u3BecTHa. K mpumepy, ecnu y Bac paboTaeT BO IBOpE ABUTaTEIb BOASHOTO
Hacoca ¢ MHAYKTUBHOCTBbIO oOMOTKH 382 MI'H, ¢ comporuBnenuem 30 Owm, mpu
HanpsbkeHu 250 BobT (Jierue cuutath), ¢ yactotoil 50 ' u ¢ KoHIeHcaTopoM
40 mx¢, To aBuratens norpednser 750 BaTT SHEPrUU, MPH STOM HA MArHUTHOE
IIOJIE YXOJUT SHEPTUHU BCErO JUIIb 9,55 K, KOHAEHCATOp pacxoayer 6,4 1K, a BOT
pEaKTHBHOW BSHEpPruM HTOT JBHUrareiab BbIpabateiBaer 1000 BodbT-ammep
PEaKTUBHBIX, T.€. 3TO TE€ K€ BaTThl, TOJbKO HA3BAJIM UX PEAKTUBHBIMU, KOTOPHIE
UAYT O NPOBOAAM K 3JEKTPOCTAHLMM W HA HUX TPATUTCS JOMOTHUTEIbHBIN
pacxo]i TOIUIMBA B reHepaTopax A e€ norameHus. Bot Takast HacTos1as SHEPTus
"xBocTuka", modTOMYy M HAET OOpbba C pPEaKTUBHOW »JHEprued B OO0



HSHEPreTUYECKON CUCTEME U3-3a IKOHOMUHU TOILJIUBA.

HlecTsie ToBapuim oTAETBHO paboTatoT Ha CMmoneHmuHe. OHH
WCII0JIb30BAJIM MPUHITUIT ONTMCAHHOM BBIIIE KOHJICHCATOPHOW YCTAaHOBKH.
[IpumMepHas cxema ycTpoHCTBa NIPUBEAEHA HA PUC.S. 31€Ch TAKXKE OT UICTOYHHKA
K0J1e0aTebHON SHEPrUuy NOIAETCA TOK HA TPU MOCJIEA0BATEIbHO COEIMHEHHbIE
koHsiencaropa Cl1, C2, C3. 3aps ux miacTuH KoJjieOIeTcs B TAKT UCTOYHUKA
packauku kosie0anui, Ho C2 BKJIIOYEH CXEMOU B LIETIb BHICOKOBOJIBTHOM OOMOTKHU
OBITOBOTO TpaHcopMaTopa B BUE KojiebaTeIbHOr0 KOHTYpa. EcTecTBeHHO,
KosnebarenbHbIil KOHTYp C2 ¢ 00MOTKOM TpaHcpopMaTopa BOCIIPUHUMAET
"ManeHbKHe MOPIUU" packauku, U yKe caMm co00il, B pe3yJbTaTe pe30HaHca ¢
3¢UpOM, HAYMHAET BbIIaBaTh HEOOXOIUMYIO MOITHOCTh BO BTOPUYHYIO OOMOTKY
Ha MOJIE3HYI0 Harpy3ky ~ 220 V. Cxema npenenbHo MpocTasi, 3TO Hall0 OTAATh
JOJKHOE "co00pa3uTeIbHOCTH" CMOJICHCKUX "apHel". 3/1ech CpaBHUTEIBLHO
HEOOJIBIIION paCKauKy UCTOYHUKA KOJIeOaHU BIOJIHE XBATACT JJI1 PE30HAHCHOTO
BO30Y>KJICHHSI CHJIOBBIX KOJICOaHUI TOKAa B JAHHOM KOHTYPE, a C BTOPHYHOMN
00MOTKHU TpaHC(opMaTOpa MOKHO CIIOKOHHO CHUMATh TPAaHCHOPMUPOBAHHBIN TOK
Ha JIFOOYI0 MOJIE3HYI0 Harpy3Ky. Bo3moxkHo, 4to cam Tecna ucnosiab30Bai 3TOT
npuéM JJIsl TPUBOJIA CBOETO JIEKTPOMOOUJIS B IBUKEHUE, HEJIAPOM KE OH
MOKYyIaJl paAuoJIaMIlbl B Mara3uHe, KOTOPbIE U SBJISUINCh ICTOYHUKOM
KoJ1e0aTeNbHOM SHEPruu i1 00KIaI0K KOHJIEHCATOPOB, & UHAYKTUBHOCTh
CTaTOPHON OOMOTKHU TATOBOTO JICKTPOABUTATENS CITY>KUIIa OCHOBHON YacThbIO
K0J1€0aTeTbHOTO KOHTYpa — UICTOYHUKA TOKA (BMECTO MEPBUYHOM OOMOTKH
TpaHchopMaropa B cxeme puc.5S).
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Puc.5 Cxema Bo36y>XAeHNS UICTOYHUKA TOKa Ha 6a3e 0bbl4yHOro TpaHcdopMmaTopa

A ceifgac TOroBOpUM O TJIABHOM — O BEJIMYMHE MOITHOCTH packadku dupa
BOKPYTI' €MKOCTEH M WHIYKTUBHOCTEH C IIEJIbIO MOJYy4YeHUsI CBOOOJHON SHEpPruu
(p€aKTUBHOM MOIIHOCTH), MOUCKAMU KOTOPOM 3aHSATHI CHEUHUAIUCTHI BO BCEM
TeXHU4YeCKOM mupe. CHayaga paccCMOTPUM TEOPETUUECKYIO CTOPOHY BOIpoOca.
[TockomIbKy (hOpMYyJIa PEaKTHBHON MOIIHOCTH Isl J060ii oomotkn Q = I 2n f L,



rae | —Bennuuna Toka, f — yactora Toka, L- unayktuBHOCTh. Benuuuna L 3anana
reoMeTpueld 0OMOTKH TpaHChOpMaTopa WM KOHTypa, €€ M3MEHATHh TPYIHOBATO,
HO e¢ u wucnonwb3oBal Kanananze. [lpyras BemuuunHa - yactora f Moxker
M3MEHATHCS. B peakTUBHOM MOIIHOCTH OHA 3aJa€TCS YaCTOTOW DJICKTPOCTAHLIUU
(MCTOYHMKOM KoOJIeOaHUM), HO C yBEIWYEHHUEM €€ YBEJIMYMBACTCS MOITHOCTh
CBOOOJIHOM HHEPruM, 3HAYMUT, pa3yMHO €€ TOBbIIIATh NPU  pacKayke
WHIYKTUBHOCTU. A packadyaTb WHIYKTHUBHOCTb MO YacTOTE, JJIS IOJYYEHHUS U
MOBBIIIEHUs TOKa | HeoOX0oauM KOHAEHCATOp, MOAKIIOYEHHBIM K UHyKTUBHOCTH
no gopmyie (1). Ho, 4ToObl HauaTh packayky KOHTYpa, HY>KEH MepBOHAYAIbHBIN
UMITyJIbC TOKa. A €ro cujia, B CBOIO O4YEpedb, 3aBUCUT OT AaKTHUBHOIO
COTIPOTHUBJICHUSI caMOil OOMOTKH, COTMPOTUBJICHUSI COSTUHUTEIBHBIX MPOBOJIOB H,
KaK HE YJIHUBUTEIIBHO, BOJHOBOI'O CONPOTHUBJICHHMS ITOM LENOYKM TOKa. Jlid
IIOCTOSTHHOI'O TOKa JTOTr0 IlapaMeTpa He CYIIECTBYET, a Uil NEPEMEHHOIO
00s13aTeJIbHO BO3HUKAET M OrPaHUYMBAET HAIIM BO3MOXKHOCTH, a C JIpyrou
CTOpPOHBI momoraer HaMm. W3 ypaBHEHWH JUIMHHBIX JIMHUW CBSI3M M3BECTHO,-
BOJTHOBOE COIPOTHUBJICHUE JBMXKCHUS Uil JIIOOOW SJIEKTPOMATHUTHOW BOJIHBI MO
POBOJIAM JIOJDKHO OBITh COIVIACOBAHO C CONPOTUBIEHUWEM HAarpy3ku B KOHLE
avHUM. YeM Jlyylie coIlacOBaHue, TEM DKOHOMHUYHEE YCTPOUCTBO. B KOHTypax,
COCTOSIIIMX W3 €MKOCTH M HMHAYKTUBHOCTH, U3 KOTOPBIX COCTOMUT 'TecioBka',
BOJIHOBOE COIIPOTUBJIEHUE OIPEIESAETCS BEIMUYMHONM KOTOpas, €CIH €€ MOJEIUTh
Ha aKTUBHOE CONPOTHUBIICHNE MTPOBOJIHUKOB, B MPUHIIUIIE, SBJIIETCS I0OPOTHOCTHIO
KOHTYpA, T.€. YUCJIOM, MOKA3bIBAIOIINM BO CKOJBKO pa3 HAIPSIKEHUE B KaTYIIKE
KOHTYpa BO3PAaCTaET IO OTHOLIEHUIO K 33JAI0LIEMy HANPSKEHUIO OT IeHepaTopa
AIEKTPOCTAHIUU (MCTOYHUKA PACKAYKH).

Z,=\VL/C,

Bot stuM npuHmmnom u moJib3oBajics Tecna, U3roTaBivBasi KaTYIIKU BCE
OoJiee COMUIHBIE MO pa3Mepy, T. €. YBEJIMUMBas, U yBeau4uBasg L - WHIYKIUIO
KATYIIKH U YUCTO MHTYUTUBHO CTPEMWICS K BOJHOBOMY uuciy Z, = 377 Om. A
9TO W €CTh BOJHOBOE COINPOTHUBIECHUE HE 4Yero HuOy/b, a OOBIKHOBEHHOTO 3(upa
no MakcBety, XOTSl €r0 KOHKPETHYIO BEJIUYUHY OMPEAEIWIN MMO3IHEE UCXOIS U3
YCIIOBUM PacHpOCTpaHEHUs] 3JIEKTPOMArHUTHBIX BOJH B arMocdepe M Kocmoce.
[Tpubnnxenue K ITOMY YHCIy BOJHOBOTO CONMPOTUBICHUS YMEHbIIIAET MOIIHOCTh
packauku. OTCIO/Ia BCEr/la MOXKHO XOTsSI Obl MPUOIU3UTEITHHO BBIYMCIHUTH JAKE
4acToTy Kojebanuii camoro »dupa, HpU KOTOPOH TpeldyeTcss MUHUMAaIbHAs
DHEPTUs PpaCKadykud OT OJJIEKTPOCTAHIMU JJs1 "TecioBKU" BbIpabaThIBAIOIIEH
PEaKTUBHYIO SHEPTUI0, HO 3TO OT/EJIbHAs TEMa PACCMOTPEHUS.

B Oyayiiem BUAWTCS TpeAebHO MPOCTOM TeHepaTop TOoKa sl JIHOOBIX
MOIIHOCTEH. DTO TpaHchHOpMATOp MPUEMIIEMOW MOIIHOCTH, MEPBUYHAS OOMOTKa
KOTOPOrO  MOJACOEIUHSETCA  4Yepe3  pacCUMTaHHbIA  KOHJeHcaTtop (¢
COOTBETCTBYIOIICH PEAKTUBHONW MOIIHOCTBIO) K HCTOYHUKY DIJIEKTPUUYECKOU
pacKauyky CPaBHUTEJIbHO HEOOJBIIONW MOIIHOCTH, padOTAIOUIEro MpH 3amyckKe OT
akkymyJssitopa. Bropuunas oOmoTka TpanchopmaTopa 4Yepe3 BBIIPAMHUTENb U
WHBEPTOP BBIIAET B PACXOJAHYIO CETh HEOOXOMUMBINA TOK ¢ yacToton 50 ['eprr mms



noTpeouTeNie U OAHOBPEMEHHO MUTAET, MUHYS aKKyMYJISITOPbI, CXEMY paCKauKu,
TouHee caM ceds (rmo puc.5.). Celyac 3TO KaKeTCsd HEpPEAIbHBbIM B CHIIy 3aKOHA
COXpaHEHUsl PHEPruHu, MOCKOJIbKY HE Y4YMThIBAaeTCA JeHCTBUE 3(upa, OJHAKO B
omkaiiiiemM OyaylieM Takue YCTaHOBKU OyAyT IIMPOKO PACHPOCTPAHEHHBIMHU B
ObITY M Ha MPOU3BOACTBaX. PeakTuBHas MOUIHOCTb, TOUHEE CBOOOJHASI SHEPIUs
adupa, noguepkuéM, 3gupa Makcpenna u KenbBuHa, n1omkHa u Oyaet paborath
Ha JIFOJIEN B IIOJIHOM MEpe, Kak 3TO npeackaspiBal Besmkuid Hukona Tecna. Bpewms,
KOTOpO€ OH  TpelIBHIEN, YK€ HacTynwio Onarogaps  BOCIHTAaHHOU
MIPOMBIILJIEHHOCTbEO TPOMAJHON apMUU CHELUUAIMCTOB JJIEKTPUKOB U UHTEPHETY,
MO3BOJISIONIEMY OOMEHUBATHCSI MUPOBBIM OTIBITOM.

JlokazatensCcTBO paboThl ddupa MOXKET BUACTh KAKIbI HAa CBOEM CTOJIE.
JI1s 3T0r0 MHOTO HE HajO. ' BO3b OJTHO3HAYHO MOJCKAKUBAET CO CTOJIA K ITOJIIOCY
MarHura 3a cu€r 4dero-to. KakoW ke pa3yMHBIM YEJIOBEK MOXKET CKa3aTb, 4TO
rBO3/Ib K MarHUTy MOJACKAaKHMBAET CO CTOJA BOJ ACHCTBHEM Bakyyma (ILyCTOTHI).
Cxema JaHHOTO MOBCEIHEBHOI'O OIbITAa, IPEAEIbHO MpocTasd (Ha Haul B3rsa). B
JIOMEHaX MAarHura, KOTOPbIE BHUJHBI IO METAUIMYECKUM OINWIKaM HE
BOOPY>KEHHBIM TJIa30M, MPUPOJON OPraHU30BaHbl OOBIYHBIE CBEPXIPOBOISAIINE
TOKH, KOTOPBIE CYLIECTBYIOT HE3aBUCUMO OT HAIIIMX TEOPETUUECKUX U3MBILIJICHUM.
Bort 3t1 Toku (o6nanaromue Toukoi Kropu nepexona Kk 0ObIYHON TPOBOJUMOCTH)
U 1nepekaunBaloT 3GUpP C OJHOIO KOHIIAa MarHuTa Ha Jpyro Kak
KOPOTKO3aMKHYTBIE KOJIbIIa, a TAKOW Bpallaromuiicss 3pupHbIA MOTOK, Monaaas B
METAJNIMYECKUI TBO3/lb, HABOJUT B HEM TOXKE OOBIYHBIE CBEPXITPOBOJAIINE TOKH,
MOJIFOCA-MAarHUTUKUA KOTOPBIX "TSHYTCS" HABCTpPEUY HCXOMSIIET0 M3 MarHura
noToka 3gupa. A MOCKOIbKY 3TH MaJCHbKHE "TOYUIIKK" MPUBS3aHBI K aTOMaM U
MOJIEKYyJIaM TBO3Js, HA KOTOPBIX OHU OOpPa3yloTCs, MOJTY4YaeTCs, YTO JBUXKECHUE
3¢upa NOPOKIAET OTBETHOE JIBHIKEHHE I'BO3/ B LiejoM. CpalinBaeTcsi — rae xe
TYyT MyCTOTa, TO €CTh BakyyM? Tak 4TO yBa)kaeMbIM BaKyyMILIHUKaM MPUIETCS
OBICTPEHBKO MCTIPABIISATH CBOM BaKyyMHbBIC 3HAHUS Ha MO3HaHUS d(upa. MupoBoit
OIIBIT PAa3BUTHS DJIEKTPOTEXHUKH YTBEPKIAAET TAKOE MOJ0KEHUE OJHOZHAYHO.

Jpyrum, He MeHee BaXKHbIM JI0Ka3aTEeJbCTBOM CYILECTBOBAHMS 3dupa
SIBJISIETCS DKCIIEPUMEHTAIbHBIN MaTepuall, HapaOOTaHHBINA €II€ C IIECTUIACCATHIX
roJIoB akajaemMukom Ypainbckoro otaeneHuss PAH A.B. BauaeBbiM, KOTOpBIii
MIPOU3BOAMII DJIEKTPUUYECKUM pa3psi TpyOUaThIMH 3JIEKTPOJaMU B BOJIE IPUMEPHO
o cxeme puc.6, U ITOT paspsll B BUAEC HEOONBLION IIAPOBON MOJHUU CITYKHII
VCTOYHMKOM PACKA4KH JJIsi CXEMbl B IIMPOKOM JMAIla3oHe 4acToT. Pa3psan nenan
NUTAIOMUKA TpaHChOPMATOpP TEHEPATOPOM TOKA, T.6 HMCTOYHHUKOM PEaKTUBHOU
IHEPTUH (Jaxke OTKIIOYAIUCh OT CETH M paboTaM Ha JOMOTHUTEIBHYIO HATPy3KY)
Y OJIHOBPEMEHHO B BOJI€ BO3HUKAJM PA3JINYHBIE XUMUUYECKHUE FJIEMEHTHI OT MaJIbIX
[0 MAacCe M BIUIOTH A0 TSKEIOr0 CBUHIIA, KOTOPBIE BHIMANAIN U3 HUPKYJIUPYIOLIEH
BOJbI B uiibTpax. Takue siBJIeHUS YK€ BAKYyMOM HHUKaK HE OOBSCHHIIb, KaK HE
crapaiica. JlaHHbBIN SKCIEPUMEHT OJJHO3HAYHO yKa3bIBAa€T Ha paboTy 3upa.
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Puc.6. NpuMepHas cxema ornbiTa Bayaesa rno nonyyeHuIo aneKTpuyecTsa

Ho wnaumbonee cuibHBIM JIOKa3aTeNbCTBOM d3(upa sBisieTcss padoTa
nerekropHoro npuémHuka. [Ipm yuédbe B TexHukyme B ropoae Kupose Hac
OpraHu30Baju B PAJIMOTEXHUYECKUN KPYKOK. M3ydanu AeTeKTOpHbIE TPUEMHHUKU
U uX u3roropieHue. [IOCKOJNbKY JaHHBIA NPUEMHHUK HE HMMEET HMCTOYHHKA
NUTaHWs, HaM TOBOPWJIM, YTO OH I[HUTAETCS OT DSJIEKTPOMArHUTHON BOJIHBI
nepegatTyrka. [Io OokOHUaHUM MBI, BOCEMb YETIOBEK, CaBaiu 3a4€T. Bee BrItounnm
CBOU JICTEKTOPHBIC MPUEMHUKH, U PYKOBOJUTENb MOAXOAMI K KOKIOMY M CIyIIIal
€ro HaylIHUK, B KOTOPOM Mrpaja mMy3blka oT MockoBckon paanoctanuuu. Knace,
B KOTOPOM 3aHUMaNUCh, Obul mmomanpo 50 kB.M. MOIIHOCTE MOTpeOaeHus
kaxxaoro npuémurka npumepno 30 — 50 mummsatt (0,04 BarTa), a padoraer 6e3
Oatapeek. Pamuocranmus, paboraromas B MockBe 3a 1100 xuimomeTrpoB He
"mouyBcTBOoBana" Hammx 0,04 x 8 = 0,32 Barra M3pacxoAOBAaHHOW SHEPrUM HA
JNETEKTOpHbIE NPUEMHUKHU. A ecnu 1uowmaap Poccun noaenuts Ha Te 50 METPOB U
yMHOXUTh Ha 0,32 BaTTa — KaKyto ke [udpy MOITHOCTH MBI NMOJy4YuM B utore? U,
YTO MHTEPECHO, JAHHBIE CTO KHWJIOBATT SHEPrUM paguocTaHUMM B MOCKBe,
KOTOpbI€ pacKauyMBaJId HAIIA NMPUEMHUKH, HE U3MEHST CBOEWU BEJIMYMHBI, €CIU
JaXKe TMOKPBITh BCHO POCCHIO JE€TEKTOPHBIMH MPUEMHHKAMH. A TIPEACTaBbTE,
npeamnoyiaraeMasl 3JEKTPOMAarHUTHasE BOJIHA OT PAJMOCTAHIIMU TMEPECEKAET He
TOJILKO Hallld AaHTEHHbl, HO Ha CBOEM MYTH MPOHU3BIBAET MUILIAAPIBI
MPOBOJAHUKOB B AJIEKTPOJIMHUSX, PA3JUYHBIX METAINIOIOMAaX, BOASIHBIX pydeiikax u
JTIOOBIX 3JICKTPUUECKUX CXEMaX M MPH 3TOM HE TEPsIET CBOEH MOIIHOCTH, YBEPEHHO
pabotaeT Ha cBoell Tepputopuu. CripaliuBaeTcs, OTKya *e MOCTyINaeT MOIIHOCTh
B JICTEKTOpHBIC MpUEMHUKN? OTBET MpeAebHO MPOCTOMU, - Jr00ast paaAuoCTaHITUs
SBIIIETCSI MCTOYHUKOM COTPSCEHUsI OKpyKarouiero 3¢upa, a JIeTEKTOPHbIE
NPUEMHHMKHA U BCE MBICIMMBIEC MPOBOAHUKHM HA IYTH ''DPAJAMOBOJIHBI' MOJy4aroT
PEaKTUBHYIO MOIIHOCTH OT "BuOpupymmero" sdupa Ha manHOM dYactoTe. B
MPUHLIUIIE 3TO TE K€ CaMble BTOPUYKHM KaTyliek Tecibl ¢ KOPOHOW BOKPYT OJIHOM
paboTaromeii "TecnoBku". Tak 3TO WK HET — CyAUTH 00 3TOM BaM, YUTATEIISIM.
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