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MOBBIIUEHHE 3®PEKTUBHOCTH HCNIOJb3OBAHHS
YOAPHbDBIX TEHEPATOPOB NPH NUTAHHUH AYTOBOH
HATPY3KH

I'. A. CHIIAHJIOB, A. B. JIOOC, 9. H. COBHO

{[IpeacTaB/ieHa HAYYHBIM CEMHHApPOM Kadejp 5JIEKTPHYECKHX MAallHH H ofumed
HJIEKTPOTEXHHKH)

Jnsi nuTaHUus MMOYJAbCHBIX JaMIl HaKauku ONTHYECKUX KBAHTOBBIX Te-
'HepaTOpPOB — JIA3€POB, & TAKKE YCTAHOBOK, HCMNOJB3YIOIEHX 3JIEKTPOTHIPaB-
JHueckuil 3dpexr (ycTaHOBKH AJsi BO3OYXKIeHHA CeHCMHUeCKHX KoJeGaHHi
NpH reoJOrOpa3BejKe, PA3pYIHEHUS KPENKUX TOPHLIX IHOPOX M T. A.), HeoO-
XOAMMBl HMIYJbCHBlE HCTOUHHKH HUTaHHUsl, obecneuuBaloliue BblAeIeHHE B
IVIOBOM IPOMEXYTKe IOTpeOHTeds 3a BpeMs HECKOJBKHX  MHJJIHCEKYH[
siepruu nopsigka 10—100 mooe [1].

Kax npaBusio, B HacTOALIce BpeMsT JAJs1 NHTAHHSA BbIIEYKAa3aHHBIX [0-
TpeUTEJNCH NPHUMEHAIOT B KaueCTBe HAKOIHTENREH H HMCTOYHHKOB SHEPTHH
KoHzeHcaTopHble Gartaped. Haxomnsenue sneprum B KOHIEHCATOpax ABJSIET-
©A BBIFOAHBIM C TOUKH 3DCHUA MHHHMAJbHBIX NOTEPb, OAHAKO, C IPYrofl CTO-
POHEI, 3JeKTPHUYECKHH MeTOJ HAaKOIJIeHHUS SIBASCTCA CAMBIM JIOPOTHM M IpO-
MO3AKHUM 1O 00beMy, He MO3BOJSIIONINM HAKaNJAUBATb YKA3aHHBIC BEJIHUYHHBEI
SHEeDPTUH.

MHayKTHBHBIE HAKONMTEJNH, HECMOTDS Ha 3HAYHTEJbHO BHICOKYIO 3HEp-
rOeMKOCTb, 00/121aI0T Masioil 3KOHOMHYHOCTBIO H3-32 GOJBIIHX IIOTEDb 3HEP-
ruH H TpebyloT MOWHOTO 3apafHoro ycrpoiictBa. HepewenHoit sisnsiercs: u
upofjeMa KOMMYTAUHH SHEPIHH OT HHAYKTHBHOI'O HAKOMHTEJNS B HATIPY3KY.

AHanHu3 CcyHIecTBYIOHINX TEHIEHUIMH B pelIeHHH BONPOCA NHTAHUSA UM-
OYJbCHBIX AYI NOKa3blBaeT, YTO OJHHM H3 HaHOOJIce IePCIEeKTHBHBIX HM-
NYJAbCHBIX UCTOYHHKOB 3HEPTHH SIBJASIeTCSI CHHXPOHHBIIT yAapHBIli reHepa-
top [2]. B cBfiau ¢ 3TMM BO3HHMKAeT 3agaua HCCJAELOBAHUSA BO3MOKHOCTEH
yAapHBIX TEHepaTOpPOB H NOBbIINEHHs 3(PQEKTHBHOCTH HX HCHOJb30BAHHI
NpH NUTAHHH AYTOBOH HATPY3KH.

Haubosee moJHO ONUCHIBACT 3JeKTPOMEXaHUUECKHe MepexXoJHble Hpo-
tleccrl, MPOMCXOAsiiHe B YIapHOM TreHepaTope, cHcTeMa JAHdbdepeHLHAb-
HBIX W ajrefpanuecKux ypasHeHu#l [3].

Hmnyabcnas jpyra siBjisgercs IHHAMHUeCKoh. B Hell HeT ofHO3HauHOK
3aBNCHMOCTH HaAIIPSKeHHs OT TOKa. [Ipy BO3pacTaHHH TOKA 3Ta 32BHCHMOCTb
OTJHYaeTcss OT TAKOBOH INpPW ero yMeHblleHHH. KpoMe TOTO, BOMbTaMOepHbIE
XapAKTePUCTHKH ONHCAHHBIX BhIlle YCTPOHCTB, B OCHOBY KOTOPHIX IOJIOXKE-
HO WCIIOJNb30BAHHE HMIYJAbCHOH AYTH, OUPENENSAOTC UX KOHCTPYKUHEH |
MOTYT HMETb Da3JHYHbIA xapakrep. Jas BbisicHEHHS KaueCTBEHHOH KAPTHHHI
Gblna MPHHATA YIPOIIEHHAsA alNpPOKCHMAUHs BOJIbTAMIEPHOH XapaKTepucTH-
KW JyTH TUIep6oJofi, U3BECTHON B JIMTEPAType NOX HA3BaHHEM YypaBHEHUS
Anpron g ‘ '

K ‘ :
Uy =K, "il’ (1)
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Pewenne HeanHedHOH cucTeMBbl JHPdepeHHAaAbHBIX B aareGpanyecKus ypan-
HEHHH, ONMUCHIBAIOLIER TIPOUCXOASALIHE MPONECCH, HEBO3MOXKHO B O0lIewM BH-
Ie, MOTOMY C 1ieJbi0 BBINOJHEHHUS GOJBbLIOH NPOrpaMMbl HCCJACAOBAHHHA MO
NOJIHOH CHCTeMe ypaBHEeHHU Oblla co3jaHa MaTeMaTHyeCKasd MOZeNp na Oa-
3¢ aHa/JoTOBOMH BbIYHCAUTENbHOH Maiuunbi MH-14. v

OpHo¥ M3 IVIAaBHBIX 3a/aY MCCAENOBAHHN ABJASETCST olpelefleHue OaTi-
MaJbHOH BeJHUHHbI HaNpSXEeHHs TOpeHus AYTH, NpU KOTOPOM B AYreBOM
NPOMEXYTKE BBLXEJUTCS MakKcHMaJjbHas 3Heprusi. Kak nokasanu HcCieno-
BaHHA, BeJHUHHA ONTHMAJbHOTO HAMNpS:KeHUs FOPeHus AYTH MOUYTH He 3a-
BUCHT OT nMapaMeTPOB YAAPHOTO T€HEpPaTOPad, a CYLIEeCTBEHHO 3aBHCHT OT yI-
Ja HHAUMHPOBAHHUS AYTH o. Ilpu yBesuveHHH yIya o A0 ONpeleseHHbIX
npefesoB NPOHCXOTHT POCT COIVIACOBAHHOTO HANpPSiKEHUS TOPEHHA IyrH H
BEJHUHHBl JHEPTUH, BBIIRJASEMON B JYrOBOM [DOMeXYTKe, IIPH OJHOBpeMeH-
HOM COKpallleHHH AJUTeJbHOCTH €€ BBORA ty B JAyTOBOH NPOMEXKYTOK, 4yTO
BecbMa GJIaronpHSATHO IJIs1 YKa3aHHBIX Bbillle NIOTpeCHTedeH.

B 3700 cBsI3M HaMy Obl1 NPeJJIOXKEeH CAeLYIUIHE CNoCco0 NMUTAHUS [O-
Tpebutenel, B OCHOBY PaGOThl KOTODBIX NMOJNOXKeHAa UMNyabcHas gyra. Cxe-
Ma paboThl reHepatopa npuBefieHa Ha puc. 1, rae X, Xz, Xpd, Xpg — HH-
AYKTHBHLIE COIPOTHBJICHHSI KOHTYPOB IeHepaTopa COOTBETCTBEHHO CTATODPHO-
ro, o6MOTKH BO30yKAeHHs U femndepHbix 110 ociM d H q; I'¢, Tp, Ind, Tng —
aKTUBHBle cOnpoTHBJeHHS KOHTypos: K-1, K-2 — xoMMyTHpyIOU[He arma-
parThl;

Dn

Puc. 1. Cxema paGoThl resepartopa Ha JYTOBOH
NPOMEKYTOK

DIl — xyroBo#i npoMexXyTOK, 3aMKHYTHIii HAKOPOTKO B HayajbHBII MO-
MEeHT BpeMeHH HHHIHHPYIOIEH MPOBOJOUKOML. '

Cnoco6 nuTaHHg UMNOYJAbCHBIX AYr € HCNOJIb30BaHHEM B KauecTBe HC-
TOYHHKA 3SHEPTHH yAapHOTO reHepaTOpa MOXKHO YsSCHHTb, paccMOTpeB pa-
6oTy cXeMbl, MOKa3aHHON Ha puc. 1. B HCXONHOM COCTOAHMH yIapHBIH ede-
parop paGoraer Ha XOJOCTOM XOAY, KOHTaKTHbIAi annapar K-1 pasoMksyr,
K-2 3amkHyT.
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B moMeHT nepexojfa 31C reHepaTtopa uepe3 HyJb (PHC. 2) MPOU3BOAAT
3aMuikdune xkommyTtupywouero amnapara K-1. I'enepatop nomamaer B ‘pe-
IV BHE3ANHOTO KOPOTKOrO 3aMBIKAHHS U TOK ic ObicTpo pacter. Ilpu stom
B NOAAX paccesHdsi reHeparopa INPOHCXCAMT HaKONJeHHe 3Heprud. Tok
reHepaTopa i pacinpefelsieTcst o JBYM IlapaJje/bHbiM BETBAM: KOHT2KTHO-
ro anmaparta’ K-2 n 3aMKHYTOro MHHUUMHDYIOILEH IIPOBOJOYKOH JAYyroBOro
npovmeskytka [T, o6paTHO NpONOPHHOHANBHO HX CONDOTHBJCHHAM,

- Ilpu mocTHKEHHH ONPEAeNeHHON0 yrila HHHIHUDOBAHHA AYTH a, MOCiIe
TOrO XaX B MHIVKTHBHOCTH T'eHepaTopa OyjaeT HaKOMJIEHO HEKOTOPOE KOJIH-
yecTBO JHEPIMH, MPOU3BOAAT PAa3MblKaHHE KOHTAKTHOro ammapara K-2, myH-
THPYIOUIETO AYyrosodl npoMexyTok. IlepeBon Toka us koHTakros K-2 B nens
IYFOBOTO IMPOMEZKYTKa OCYIIECTBHM, TaK Kak BPeMsl NePeropaHusl HHULHHDY-
oLleli ' IPOBOJNCYKK HETPYLHO BHIOPATh HECKOJbKO OOJBIIHM BpEMEHH pas-
MbIKaHna  koHTakTop K-2. MHuuuHpyroLlas OpoBOJOYKa Ieperopaer, H B
AYTOBOM MPOMEXKYTKEe BO3HHKaeT jayra. JlanpHedlllee H3MEHEHHe TOKa B Jy-
re .1 .Tiepefaya 3HEPTHH B Hee ompejessercs 3alacoM 3JE€KTPOMAarHHTHOH
SHEPI¥H B WHAYKTHBHOCTH reHepaTopa M (asoBbIM YIVIOM HaNpsKeHHs reHe-
paTopa, IpH KOTOPOM HPOH3OLLTO HHENmMMpoBauwue AyrH. IIpu stom mnpomnc-
XOAHT Tepefaya 3HeprHH B YTy OJHOBPEMEHHO U3 TOJeH paccesHus  reHe-
paropa M M3 MaXOBbIX Macc reHeparopa. B. MOMEHT nepexola TOKa CTaTo-
pa ic uepes HyJb NPOH3BOAAT pasmbikanue K-1.
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Puc. 2. ®opMa KPHBBIX TOKA, HATPSIKEHHS ¥ SHEPLHH

Ha puc. 2 npuBefeHnl ocuuaaorpaMMbl pellleHHS Ha aHAJIOTOBOH BHI-
UHCAHTeNbHON MaumnHe MH-14 ypaBreHuil yaapHoro reHepatopa ¢ napamer-
pamu B oe. x"q=0,0391, Xpg=2xpq=1,02, xz=1,2, 1.=0,00156, ry=rpg=
=rpq=0,001, Us=0,001 ¢ Hanpsikennem ropeHus ayru B o.e. Up=1. 3a
CIMHHIY HANPSKEHHs NPHHATO aMILIMTYIHOE 3HAaueHHe HaNpPSXKEHHS yaap-
HOTO reHepaTopa. :

Ha puc. 3 npHBefeHbl 3aBUCHMOCTH COIVIACOBAHHOTO HANPSIXKEHHST rope-
aust pyri Uy, I1HTe1bHOCTH BBOJA 3HEePrHH B Ayry ty, Kosdbuuuenra nepe-
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it
JayH SHeprHH B YLy Kn=—w— (Wy.3 — 3Heprus KOPOTKOro 3aMbIKaHuA) K
K3

Kos(uIeHTa aMIMHTYAbN ToKa K; = —II—B 3aBHUCHMOCTH OT YyIJla KHH-
K3

HHUPOBAHUA AYFH @, PACCYHTAHHBle AJNS YyIAapHOTO TeHepaTopa ¢ Napamer-
paMH, yKasaHHbIMH Bblule. Kak BHIAHO H3 DHUC. 3, NPH YBEJHYEHHH YIVIa HHH-
NUHPOBAHHA AYTH ¢ yJapHBIl reHepaTop Bce GOJblIe NpeBpaulaeTcs B HH-
AYKTHBHBIH HAKOIHTe b, 3apsi>KaeMblil 3a BpeMsl NOBOPOTa pPOTOpa Ha yroJa o
H paspskaeMbiil 32 BpeMA iy

[Ipn 3TOM ecn¥ HHHUMHPOBATH AYTy B MOMEHT BPEMeHH, KOra TOK
cTaTopa ic JOCTHFaeT MakcUMyMa (Ha pHUC. 2 nOKa3aH NYHKTHPHOH JIHHHEH),
TO NpH GecKoHeYHOM 06O0/IbLIOM HANDSIXKEHUH TOpPeHHs AYFH B 3TOM Ciaydae
TEOPeTHYECKH BO3MOXKHO NOJHOCTBIO  nepexaTb B AYIOBOl INIPOMEXYTOK
5HEePTHI0 BHE3alHOIo KOPOTKOro 3aMbIKaHHs, 3allaceHHYIo B HOJSIX paccef-
HUS reHepaTopa, 3a 6eCKOHEYHO MaJblii MPOMeXKYTOK BpeMeHH. Ha npaxru-
Ke 3TO HEBO3MOKHO, NOITOMY OTPaHHYHMCA HalpsixKeHHeM TOpeHHS AYTH
B 0. e, Uy=1 (7. e. paBHOM aMIJIMTYIHOMY 3HauYeHHIO 31C reHeparopa). [1pu
3TOM KO03(h(HUHEHT nepenayd 3HePrHH B JYTOBOH HPOMEXKYTOK COCTABHT
K;=0,9, a 11uTensHOCTh UMITYJbCA

ty = 1,7 pad (npu f = 50 24, t, = 5,4 mcex.)

Jnsi HHXKeHepHBIX pacyeToB HEOOXOMUMBI AHAJTHTHUECKHe BHIpAMEHHST
s onpefiesieHHsl TOKa M 3Hepruu B Ayre. OnpelesuM HX, NPHHAB CAEAYO-
IIHe IONyleHus: -

1. ByneM cyuTaTh KOHTYpB!I pOTOPa CBEPXIIPOBOJHHKAMH, T, €. IIOTOKO-
cuenyeHns Py, Pnd, Pnq 3@ BpeMs UMIyIbCca TOKA He H3MeHsioTcs. Bos-
MOXKHOCTb TAKOT'O NONYILEHHS! TOJTBEPXKIAAETCS OCUMAJOrpaMMaMH TOTOKO-
cuenaeHuil o6MOTOK poropa npu pabore Ha AYTy, MOJYYEHHBIMH Ha MALIUHE
MH-14.

2. Tak KaK icyc<€'Uy npeHeGperaem najeHHeM HamnpsiZKeHHs] HA AKTHB-
HOM COTPOTHBJIEHHH CTATOPHOH OGMOTKH.

3. Ilpunnmaem X”g=X"q, UTO BIIOJHE JONYCTHMO AJf YIapHOTO rexepa-
TOpa HEesIBHOMOJIIOCHOTO THINA, HMEWILero MOLIHYIO JAeMI(MepHYI0 CHCTEMY.

4. TpajaueHT HanpsiKeHHs B CTBoje Ayrd nocrosHen [4]. Hcexoms us:
3THX JONYUIEHHH nmojlyuaeM BEIpaxKeHHe /Sl TOKa B Ayre

E
e = T(ll:a- [ Peo — Unt - _mm Cos (a+mt)] a, (2)

rje t— Tekyllee BpeMs, HaudHasi ¢ MOMEHTA 3a’KUraHus IYTH,
Yo — HaUaJbHOE 3HAYEHHE NOTOKOCLEMJEeHHsS CTATOPHOH OOMOTKU.
OHeprusi, BeIeAsieMast B IYyroBOM NPOMeXKYTKe, ONpelesuTcs: no ¢op-
MyJse

tu
W, = Ug [icdt, (3)

[Tocne nomcTaHOBKH BhIpaeHus (2) B ¢opmyny (3) noayuaem

t2U
W, = _;Jme{ ol —- —-?5 — %%L[ sin(a -} wt) 4 sina]}()ofc N €Y,

KoueuHoe 3HaueHHe 3HEPruH, BHIESAEMOR B Jyre 3a BpeMmsi OJHOTO HM-
MyJbca, MOXKeT ObITb OmpeleleHO Mo 60JI€26 HPOCTOH 3aBHCHMOCTH
_ 2B e (5
p:s X”d(l) ’
re
Kg=1f(a) moxer 6biTh Ompegenero u3 puc. 3.
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Puac, 3. OHepreruyecKHe XapaKTEPHCTHKH TeHepaTo-
pa npu pafoTe Ha HMOYILCHYIO AYTY

Taxkum o6pa3oM, BHINOJHEHHblE HCCIeLOBAHHA NOKasaJH, 4TO COIJaco-
BAaHHOE HaUpsKeHHe FOpeHHus JYTH He 3aBHCHT OT HAPAMETPOB yIapHOro re-
HEepaTopa, a B CHIBHOI CTeNeHH 3aBHCHT OT YIla HHHUUHPOBAHHA [JYTH.
[IpuuemM yBeauWueHHe YIJa HHHIHHDOBAHHA INPHBOIHT X YBEJHYEHHIO HC-
NOJb30BaHHsA yAapHoOre reHepartopa. Ilocaennee 0GCTQATENBCTBO MO3BOJIHIO
paspa6eTaTh CXeMy NHTAHHS HMITYJBCHOf 17T OT YAAPHOro reHeparopa, mo-
3BOJIFIOLLYIO NEepelaTh B AYry 3HA4HTEJbHO GONbIIYIO L0JI0 3HEPTHH BHE3all-
HOTO KOPOTKOTO 3aMBIKaHHSI, 4eM IIPH HeNocpeJCTBEHHOM BKJIOYEHHH TeHe-
paropa Ha Ayroeoi npoMexyTok. IIpy 3TOM OXHOBDEMEHHO COKpAllaercs
Bpemsi Mepefaud SHePrHH B AYry, MAOCTHTas HECKOJbKHX MHJIJIMCEKYHJ NpH
yacTtore 34C reHepatopa 50 2y, 4YTO 3HAYHTEJIbHO paciIUpsieT 00JacTH NpH-
MeHeHHs yAapHBIX eHepaTopOB.

JIUTEPATYPA

1. C. 1I. KoHonos, B. A, Crkpeo6HuesB, IlpuMeHeHWe HMIYJILCHBIX 3JICK-
TpO3HepreTHYeCcKHX CHCTEeM, HMIIYJbCHAas D3JEKTPOSHepreTHKa. -— COOpPHHK craTteii.
Kazanb, 1970.

2. JI.II. Tuegun, D. T Kamapckui, & I Pyr6epr. O nepcuex-
THBAX NPHMEHEHHS TYPOOreHepaTopoB AAA INOJYyYeHHS OONBUIHX HMIYJBCHBIX MONIHO-
CTel TIPH NMHTAHHM MOIIHBIX NJa3sMATPOHOB. — <«JJIEKTPOTeXHBKay, 1971, Ne 3.

3. A. B. Jlooe, T. A, Cunaiinos, MareMarayecKoe MOJIeTHpOBaHHe
SICKTPOMATHUTHBIX IIPOLECCOB YaapHoro redHeparopa. — «Hse, TIIH», T. 152, 1966.

4. JI. M. 3aaecckrHUi, DIeKTpHUYECKasd ayra otiitodeHuda, 'OH, 1963.



