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OCOBEHHOCTHU PABOTBI YETBEPThBOJIHOBOI
IJEKTPOIIEPEJAYHN B DJEKTPUUECKON CUCTEME

3aciL. gesitesib Hayku U TexH. PB, 1okT. TexH. Hayk, npo¢. IIOCITEJIOBI'. E.

Lenopyccxuii nayuonansholii mexuuieckuii yHugepcumem

B yueOHOM U nepuoanyeckol nureparype yaensercs sHuManue [1-7] uer-
BepTbBOTHOBOU JIOIL. OOBYHO OTMEUAIOTCS OTPHIATCIBHBIC KAYCCTBA STOH
saekrponepenaun [1-4 u ap.]. Ognaxko B. A. Benukos B [1, ¢. 129] nuier:
«CnenoBaTepHO, YacTO MOBTOPSIOLIECECS YTBEPKACHHEC OTHOCHUTEIBHO HE-
YCTOHYHMBOCTH (HEBO3MOKHOCTH YCTOHYHMBON PabOThI) 3ACKTPONEPEIAAYH HEpe-
MEHHOTr0 ToKa npH JmuHe 1500 kM — HenpaBWiIbHO, U mepefayda, BoodIe roBo-
Psi, MOKET paboTaTh MO YCIOBUSAM YCTOWYHUBOCTH B PEKUME YCTBEPTU BOJHBIY.
[lo pexumy nHanmpspkeruit uerBepteBonHOBOW JIDII [1] He pexomeHayer
€€ TS TIepPEJAdH dICKTPOIHEPTHH.

OTpHLATENBPHOE 3aKIIOYCHUC IO YCIOBHAM VCTOMYHBOCTH W PeKHUMA
HanpspkeHu# manaoi JIDIT npusogunoces taxke B [2-35]. TmaTtenpHbli aHAIN3
[7, 8] perknma "eTBEPTH BOIHBI MTO3BOJIMII MTOJIOKUTEIBHO OLIEHATD €ro. B cra-
TBE TMPEATAracTcs JOMOIHUTEIBHOC PAcCMOTPEHHE pPabOTHl YETBEPTHBOIHO-
Boit JIDII B saekrpudeckoii cucteme. Kak v B OTMEUCHHBIX BBIIIC HCTOUHUKAX,
pPaccMOTPHUM OCHOBHBIE CBOMCTBA CHCTEMBI 3IIEKTPOIEPENAuNd — IPOIYCKHYIO
CHOCOOHOCTB MO VCIOBUSAM CTATHYCCKOH YCTOWYHMBOCTH U PEKHM HANPSIKCHHS
auHui nepexayun. s o0ecrnedyeHuss AMHAMHYSCKONW YCTOWYHUBOCTH HMECKOTCS
J0CTaTouHO 3P PEKTUBHEIC CPEACTBA €€ MOBBIICHUS [9].

Ilpm paccmoTpeHUM CBOKMCTB 3JEKTPOIIEPENAUH, CBA3AHHBIX C €€ MPOITYCK-
HOU CIIOCOOHOCTBIO, IPUHUMATIACH CXEMa CHCTEMBI IIEPEJAYH B LIEIOM C IeHepa-
Topamu U Tparchopmaropamu. OOmpEe COOTHOIICHHS, XapaKTCPHU3VIOIUE MPO-
MYCKHYIO CIIOCOOHOCTH 3ICKTPONECPEAAYH U COPABEITHBBIC MPH TOOBIX 3HAUC-
HUAX X, — DKBUBAJICHTHOrO COIPOTHBICHUS I'CHEPATOPOB U TpaHc(opmMaTopos,
OyAeM aHAIU3UPOBATh MPOMYCKHYIO CIIOCOOHOCTD, B YACTHOCTH, HA MPEAEI CTa-
TUYECKOM YCTOMUMBOCTH, COOTBETCTBYIOIIMH MOCTOSHCTBY MNOTOKOCLEIICHUA
poropa. Kpome toro, tacke paccMoTpum ciydail xp = 0, 9TO COOTBETCTBYET
MPEACTBHON MOIMHOCTH JIMHHH, U BAPHAHT MOCTOSHCTBA BO3OYKICHUS TeHepa-
topoB. Ilocneaamii mpeacTaBigeT MHTEPEC C TOUKH 3PEHUSA PONH W 3HAYUCHHA
AaBTOMATHYCCKOrO peryaupoBanus Bo3Oyxacuus. Crenys [1-5 u ap.], He Oyaem
VUUTHIBATh aKTUBHBIX conportuBicHui JIOIT; mokasano [6, 10], uro mist ompene-
JICHUS TPOITYCKHOH CIOCOOHOCTH, MEPCHANPSIKCHUN, TOKOB KOPOTKHX 3aMbIKa-
HUH MOXXHO PaccMaTpHUBaTh BMECTO PEANBHOU THHHUH WACATBHYIO 0€3 MOTepb.
Jist Takoit uHUM U cHCTeMBI Tiepeayuu (puc. 1) crpaBe IuBbl YPABHCHHUS

U, =U,cosal+ jl,z,sinal; (1)
U, .
I, =1,cosal+ j==z,sinal; 2)
ZB
E:Q2+j£1xra (3)
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rae z, — soaHosoe conporusiacauc JIOII;, x =woLoCo; Lo, Co — UHAYKTUB-
HOCTb U CMKOCTHh Ha 1 KM JIMHUHU.
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Puc. 1. CxeMa cucTeMpl Iiepeiauil. 3aBUCUMOCTD YICTTBHOU IepeiaBaeMoil MOTITHOCTH
OT JATLHOCTH TIPH yIeTe TeHePaTOPOB CHHXPOHHBIM COITPOTUBICHUEM

Hcroneays (1) u (2), Berpazum IJ1C

E=U, cosocl—x—rsinocl + jI,(x. cosal + z, sinal). 4)
ZB

N3 (4) BrITCKAIOT 3HAYCHHS SKBUBAJICHTHOIO COMPOTHUBIICHUS U MEPeIaBac-
MO MOIIHOCTH TSI CXEMBbI, H300paKeHHOU Ha puc. 1:

X, = x. cosal +z, sinal; 5)

. EU,

= - sin®, 6)
X, cossel + z, sina/

rae ® — yroa mexay IJAC £ u nanpsoxenuem U.
[lepenaBacMy0 MOIIHOCTE MOXKHO MPEACTABHTD B OTHOCHUTCIBHBIX CIUHH-
1ax Ha 6a3e HaTYPaNIbHOW MOITHOCTH (YACTBHYIO MOIIHOCTE) B BUC
Ei1 .
P= - sin®, (7

X .
Teosal +z, sinal
ZB

rac £« BRIPAXKCHO B OTHOCUTCIBHBIX ¢auHUIAX;, Us,, = U, = U;.

Ilpm 3agannbIx 3HAUeHUAX £ u U, mpeaen mepeaasacMoM MOIIHOCTH OIpe-
JSNUTCS 3HAUCHUSIMH 3HaMeHaTe st (6) u (7) — SKBHBAJICHTHOTO COIPOTHB/ICHUS
CHUCTEMBI TIEpPEIaYu:

X, =X, cosal +z, sinal; )
X .

X =—cosoul +z, sinal. )
ZB

BennunBa 3KBHBATEHTHOTO COIPOTHBICHHSA CHCTEMBI NEpeAadd ONpeae-
JSIET Mpedesl YASTbHOM IepeJaBacMoO MOIIHOCTH, KOTOPHIM IPONOPLHOHAICH
BEJIMYHHE
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P, - ! (10)

X, ) ’
Teosal +z, sinal
ZB

CyMMapHOE PEakTHBHOC COIMPOTUBIICHHE TCHEPATOPOB U TPaHCHOPMATOPOB
Ha 0a3¢ HATYPaIbHOW MOIHOCTH

; (11

[I€ X — COMPOTHUBIICHUE ICHEPATOPOB HA 6a3¢ MX HOMHHAIBHBIX MAPAMETPOB.

Jist Toro uToOBI BNEKTPOIEPeIada HMEIA TPUEMIICMBIC SKOHOMHUCCKUE T10-
Ka3aTe/IH, MOIIHOCTD, IEPEIAaBacMast 1o OJAHOH LEHH, JO/KHA OBITh JOCTATOYHO
Benuka. Ecam OopuCHTHpPOBATBCA HA TEpeAady IO OTHOM ILICMIH HATYPATbHOM
MOIIHOCTH, TO X, = 1. Toraa momyuaum:

1
z, P

P = !

- — (12)
cosal + z, sina/

Ha puc. 1 nocrpoeHa 3aBucumocts (12), mpaBasi BETBb KPHUBOH AJIsI KOM-
MAKTHOCTU 4YCPTEkKA MEPECHECCHA M3 HIKHCH YaCTH KOOPAHMHATHOH IJIOCKOCTH
(ce ACUCTBUTEIPHOS MOJOKCHHUE SIBIIICTCS 3¢PKAIbHBIM OTOOPAKEHUEM OTHOCH-
TEMBHO TOPHU3OHTATBHON ocw). U3 puc. 1 BumHO, ut0 P;, a CICIOBATCIBHO,
U OpPCAC MEPCaaABACMON MOIIHOCTH ¢ VBCIHYCHHCM NIUHBI MHHAHA 10 750 kM
(ol = 45°) yMeHBIIAKOTCA, AANICE IPOUCXOAUT BO3pacTanue b,.

IIpu yuere reHepaToOpPOB A CTATHUYCCKON YCTOWYHUBOCTU MEPEXOTHBIM CO-
MPOTHUBICHUEM PACCMATPHUBACMAs 3aBUCUMOCTD BEIMYHHB P, OT JJIMHBI JINHHHA
MPEACTABHIACH KPUBOH (pHC. 2)

, 1
v 0,42cosal + z,sinal

(13)
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Puc. 2. 3aBucumMocThb Hepe/:[aBaeMoﬁ MOITHOCTH OT JAJIBHOCTH IIPH YUECTE
TE€HEPATOPOB IIEPEXOTHBIM COIIPOTUBICHUEM

IIpu sToM CymMmapHOE CONMPOTUBICHHUE T'CHEPATOPOB M TpaHC(HOpMATOPOB
B OTHOCHUTEIbHBIX eauHuIaxX Ob110 npuHato 0,42, Kak u B mpeapayemM ciaydae,
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HpaBasi BETBb KPUBOU MEPEHECEHA U3 HUXKHEH 4acTH KOOPAUHATHOU IIOCKOCTH.
Haunmenpinee 3naucnne Py, kak BugHo u3 (13) m puc. 2, moayuaercs mpu
[=1120 xm.

Ha puc. 3 moctpocHa 3aBUCHMOCTE

P=—, (14)
sin o/

cootBercTByromas x. = 0 — APB cunbHOro AeiicTBUS.
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Puc. 3. 3aBucUMOCTS TIepelaBaeMOil MOIITHOCTH OT JATTbHOCTH IIPU CHIIBHOM
PEryIMpOBaHUN HanpspKkeHus B Havame JIDIT

O6nacte ot 3000 o 3750 kM ¢ TOYKH 3PCHUS YCTOWYMBOCTH COBEPLICHHO
nogobHa obnactu 1o 750 kM. B atom moxkHO yOeauThes u3 puc. 1, a Tawke u3
¢bopMynEI IEpeIaBaAEMOI MOITHOCTH

pP= - EU, sin(®, + 1) =
“cos(al; + 1) +sin(al; + )
4
’ (15)
= EU, sin ®;.
X, .
—cosa/; +sinal;

Zy

Otkyza creayet BO3MOKHOCTh KOMIICHCAIHH JTHHUH K MOTYBOIIHE.

AHann3 3aBUCHUMOCTEH prC. | U 2 moKa3kIBaeT, 4TO, JOCTUTHYB MUHHMYMA,
nepeaasacMas MOITHOCTh € YBEIHYCHHEM JATBHOCTH BO3PACTACT M AMA YET-
BEPTHBOIHOBOW THHUH CTAHOBUTCS PABHOH HaTypamsHOH MomuocTh JIDIL

s 4eTBepTHBONHOBOM 31eKTponepeaadn ypasHeHus (1)—(6) OyayT uMetsb
BH[!

Uy =JjLx,; (16)
U
I =)= (17)
Xr . . X
E:_UZ_""]LQZB:JLQZB:_UZ_:Ql_Qz; (18)
ZB ZB
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50858

E=U,(=1+ j) =2U,290° +45°, (19)

X
NPUHATO — =1, YTO COOTBETCTBYET CHHXPOHHOMY CONPOTUBJICHHIO TCHEpa-

TOPOB;
Xo = Zg; (20)
r=%gne. (1)

ZB

Hcnoneays cornacHo (11) BMecTo dopmynsl momuocTH (14), momydamnm

2 2
P:@sinBS" Y _p 22)

Zy Zy

rac P, — HaTypaibHas MOLTHOCTS.

W3 mony4ueHHBIX COOTHOMEHUH CIEAYET, ITO UETBEPTHBOIHOBAS JNIEKTPOIIE-
perada paboTact B peKUME HATYPATIbHON MOIIHOCTH, NIepeJaBacMas MOIHOCTD
U MPONYCKHAS CIIOCOOHOCTh CHCTEMBI IEPEAAYH HE 3aBHCAT OT MAPaMETPOB KO-
HeuHbIX yerporicts. M3 (16) u (17) BuaHO, 4To HANPSHKCHUS B HAYAJIC JIMHUH HE
3aBHCHT OT HAIPSDKEHHSA B KOHIIE U MPAMO TPOIOPHHMOHANBHO TOKY KOHIA /s,
a Hanpspkerne U, B CBOIO OYepeab HE 3aBUCHT OT HANPKeHH U HANPsIKEHUE
U, onepexaet Ha 90° Tok /,. Tok B Hauasne muHUN /; HE 3aBUCHT OT TOKA KOHLIA
I, mpsIMO HPOOPLMOHATIEH HATIPXKEHHIO KoHIA U, i onepexaet ero Ha 90°,

Benencreue HezaBucumMocTH ToKa /; OT TOKA /; M3MEHATh BEIUIHHY NEpena-
BacMOM MOITHOCTH MO)KHO TOIBKO IIYTEM PETYINPOBaHHWA HamnpsokeHua U,
B HaYaJIe THHUH.

Ilpeanaranock [2] Takoe PEryInpoOBAHUE MYTEM HOCACAOBATCIBHOTO COCIU-
HEHHS BTOPHYHBIX OOMOTOK MOBBIMIAOINUX TPAHC(HOPMATOPOB U PEryIUPOBa-
HUS HAMPSDKCHUS IEPBHYHBIX OOMOTOK.

B coBpemeHHBIX yCIOBHAX TpemIoxkeHO [8] BOCmOmb30BaThCA HOBBIMH
VCTpOHCcTBaMH, 0OCCICUUBAIOIUMH BO3MOXKHOCTh AKTHBHOTO YIIPABICHUS pe-
JKUMaMU paboThl 3ICKTPOIECPeIavYH. ITH VCTPOUCTBA OCHOBAHEI HA MPUMCHCHUH
MpeoOpa3oBaTCIbHON TEXHUKH, UCTIONB3YIOTCH A CO3AAHMS TMOKUX BICKTPO-
nepenay, B uactHocTh 310 CTATKOM, cxembl 1 npuHLUIBL paboTEl KOTOPOTO
moapobHo omucansl B [11-13 u ap.]. Cxema BKIIOUCHUS B YCTBEPTHBOIHOBYIO
JAUHUIO TIOKA3aHa Ha puc. 4, TAC OH MO CBOCH (PU3UYCCKOH CYIIHOCTH MPEICTaB-
nasger uctouHuK JJC mepeMeHHOro ToKa, MO3BOJIOIIUN PEryaIHpoBaTh Hampsi-
s)kerne U, B Hauane JIOIL. Perymuposanne HampspkeHus U; JacT BO3BMOMKHOCTb
peryaupoBate Harpy3ky uerBeptbBosiHOBOM JIDIL Tlpu sTOoM, Kak BHAHO U3
(14), mapaMeTpsl KOHEUHBIX YCTPOMCTB HE OKA3BIBAIOT BIMSHHUS HA MPOMYCKHYIO
CHOCOOHOCTB CHCTEMBI IEPEIAYH.

CTATKOM, sxaroueHusiit B Hauaje JIOII kak mocieaoBarenbHbIN peryss-
top Momuoctu (ITPM), MOXKET MPUHATE €€ HATYPAIBbHYIO MOIMHOCTD, B 4aCTHO-
CTH YBEIMYHBATh. BIMAHUS HA COOTHOIICHHE HAIPSUKEHHA M TOKOB HE OKA3blI-
BACT, & TAKXKC HE BIUACT U HA YACTBHYIO INPOMYCKHYIO CIOCOOHOCTb CHCTEMBI
nepeaaun (MOIIIHOCTh B OJISIX HATYPAJIbHOMH).
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Puc. 4. Crucrema niepejiaun ¢ BKIIFOYeHHBIM B Havanie JIOI1 yerpotictBom CTATKOM
T10CIIEI0BATEFHOIO THITA

U

MozkHo moxkazats [7, 8], 4TO B ciyuadx yueTa CONPOTHBIICHHIH KOHEYHBIX
YCTPOMCTB CUCTEMBI MEPEAAYH UMCIOTCS MPOTSKEHHOCTH JIMHUH, TIPU KOTOPBIX
JUI CHCTEMBI HEPEJAYd B LEIOM MOTYYAIOTCS PEKHUMBI UCTBEPTH BOIHBI CO
BceMH ¢ro cBoiictBamu. M3amenenus nHampspkeHust U; Aas peryadpoBaHHs
Harpysku renaecooopasuee ocyiiectsasnTs nocpeacrsom CTATKOMa mocieno-
BarenpHoro tuna [1PM. Cuctema nepenadyu CTAaHOBHUTCS YIPABIIEMOl, paboTa-
IOLICH Ha TUHHIO Nepetadn. Pe:KuM HaMPSDKEHHS, KaK CIEAYET U3 MPUBCACHHBIX
COOTHOIICHUH W BEKTOPHBIX Auarpamm [7, 8], omaceHmil He BhI3bIBacT. [Ipu xo-
JOCTOM XOI¢ CHUCTeMBbI djiekTponepeaaun (I, = 0; U; = 0) HaOpsHKCHUE B KOHIIC
JAUHUHM COXPAHUT CBO¢ 3HaucHue U/,, TOk B Hauane juHMH coriacHo (17)

U,

Zy

I . 9JAC reHepaTopoB yAancHHOU 3nekTpoctaHuuu £ = —U,. BekTopHas

JuarpamMma u300pakeHa Ha puc. 5.

/2

¥
(-

> U

U1:0

Puc. 5. BCKTOpHaH JuarpamMma XOoJIOCTOro XxoJa CUCTEMEI IIepeati

BbIB O I bl

1. YerBepThBOMHOBAS IEKTPOIIEPEAATA MOKET OBITH HCIONB30BAHA AU pa-
OOTHI B ANICKTPUUECKOM CETH YHEPTOCHCTEMBI, a TAKXKE JUI TPAHCIIOPTA JJICK-
TPOIHEPTHH.

2. Ilpn yuere KOHEUHBIX YCTPOHCTB CHCTEMBI IEpPEadd UMEIOTCS TPOTS-
JKEHHOCTH JIMHUH, TIPH KOTOPBIX B CHCTEME IIEPEJAUH TOTYHAETCS PEKUM HET-
BEPTH BOJIHBI CO BCEMH €T0 CBOHCTBAMHU.
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