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PABOTA CHHXPOHHOTI'O YOAPHOIO TEHEPATOPA
HA HEJIHHEMHYIO AKTUBHYIO HATPY3KY

I. A. CHITAHJIOB, A .B. JIOOC, 3. 1. COBKO

(Ilpencrasnena wayudbiM ceMWHAapoM Kadeop 3JeKTPHUECKMX MALIKH
1 O0WLeH 3 TeKTPOTEXHUKU)

B ¢usire n Texnuke CymecTByeT LBl AN HMIYJAbCHBIX NMOTpebHTe-
JICH SHEPrHH, WMEIOWMX HEeJHHEHHbIH 2aKTHBHBIA XapakTep HATPY3KH.

Hunynscnei pe:kuM NHTAHHS OPHMEHSIOT B MOUIHBIX Tellepatopax
HA3KOTEMIIEPATYPHOH I1a3Mbl — TaK HasbiBaeMblx mirasmorponax [l}. Pas-
PAAHLIL TOK B [JasMe, BO3HHKAIOLleli MeXIy 3JeKTPOAaMM paspsiHIKa,
MOrpy KEHHOr0 B XHAKOCTb, IPHMCHSIIOT TAKXKe B YCTPOUCTBAX, HCIOAb3YIC-
HIMX 3JeKTporuapasanueckuil 3ppexkT — HanpuMep, YCTAHOBKAX MAJs BO3-
OyXIeHHs CeCMHUYECKHX KOJeGaHHll NPH TreoJoropasBelke H  H3YUEHHI
CTPYKTYPBI 3€MHOII KOpLl. B ycTanoBkax A/as HMIYJAbCHOAYrOBOH CBapKH ila
CTaGuIbHO TOPSILYIO CBAPOUNYIO AYTY MOJAIOTCH MOUIHDbiE KPATKOBPEMEHHDIC
HMITYJ/IbCBL 3JEKTPIUECKOfi HEPIHLL,

HMmnyabcHoe nuTaHie HCNOAL3YETCS B ONTHUCCKUX KBAHTOBLIX reHepa-
TOpax-jasepax, CHOCOOHBLIX 00€CMEUNTh HCKIIOUHTEILHO BBICOKYIO IMJIOTHOCTD
SHCPIHH B Y3KOM HAlPaBJ/IEHHOM IyUKE 3JeKTPOMArHHTHOrO u3ayuenus. Ha-
npuMep, B pyOGHHOBLIX fa3epax KOTePeHTHDIA Jyd (GOPMHPYETCsl B KPYMHOM
KPHCTaJI/ie CHHTCTHUCCKOro PyOHHA, KOTOPHIH BO30YKIAETCH MOLIHLIM CBe-
TOBLIM HMIYJAbCOM, BO3HHKAIOLIHM IIPH APOTEKAHHH TOKA YePe3 HMIYJbCHYIO
namny. Kosgdguinuent nojgesnoro AeHcTBHg Jasepa, T. €. OTHOLIeHHe 3HEP-
THH KOTEPEHTHOTO JyHda K 3HEePrHil CBETOBOH BCHBIIUKU, BeCbMa HeBEJIUK —
or 0,1 mo 0,5%. [Tosromy yzKe B HacTOsilee BpeMs AJsl HOJYYEHHS MOIIHBIX
NYyYKOB 3JeKTPOMArHUTHOIO H3JY4eHHs HEOOXOMHMBI HMITYJbCHBIE HCTOYH-
KH IIHTaHHs, cnoco0upie nepeaapaT B Harpy3Ky 3a BpeMsi OLHOTO MMIYJAbca
Toka 3Hepruio csuime 100 Mdwe [2].

Mmnyabcnas clcresa NHTaHHA sBJAsSeTCs HeoOXoauMoi ans obecneue-
HUg paboOThl yCTAHOBOK, NpelHasHaUeHHBLIX /Jsi HCMBITAHHII Mojesel Jera-
TeJbHBLIX annapaToB B AyTOBLIX a3POAHHAMHUECKHX TpyOax.

ARanu3 cyUlecTBYIOWNX TeHJCHUHI B Pellennd NpoGaAeMbl HMIYJbCHOTO
NUTAHUA NPH SHEPTHSIX B Harpy3ke B JACCATKH W COTHH MerajKoyJjel CBIi-
HEeTeJbCTBYET, UTO HauboJsee [eaecoo0pa3HO MCKATb peunleHve B CO3JaHIN
i TPHMEHEHHH HCTOYHHKOB 3HEDPIHH 3/eKTPOMAIIMHHOTG THIIA.

Opnuun 13 Hanbosee MEPCHeKTHBHBIX HMIOYJbLCHBLIX HCTOUHHKOB sIBJSIET-
cl CHHXPOHHBIH yAapHulil reneparop. Bonpocnl nmpHMeHEHUST YAAPHLIX TCHEC-
paTopoB JJs CO3AaHudA HMNYJbCHEIX MarHUTHBIX noseit [3, 4, 5, 6] u npu
NUTAHNK JHHEHON aKTHBHOH HArpyskm [7, 8] paccMaTpuBagHCh MHOTHMII
nceaepoparensiMi, OfHAKO 0 CHX TOp OTCYTCTBYIOT Kakue-jquGo paboTul,
MOCBAUIEHHBIE TEOPETHUCCKHM H SKCHEPHMEHTaJbHLIM HCCACAOBAHHSM pa-
‘60TH yAapHOrO IreHepaTopa Ha HeHHeHHYI0 aKTHBHYIO Harpyzky.
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PaccMoTpuM HEKOTOpLIe pe3y bTaThl HCCAeA0BAHMA PaBOTHl CHHXPOH-
HOrO yJapHOro reHepatopa NpPH MHTAHHH HEMHHEHHOR aKTHBHOR HArpysku—
umnyabcHon ayra. Haubosee moano orpaxkaeT NpoHCXOAsILIHE NPOMECCH CHH-
cTeMa AH(QepeHuyabHblX YPaBHEHUII 3/J€KTPOMEXAHHYECKOTO MEepPexOoRHO-
ro mpouecca 0/JH0o(a3noro CHHXPOHHOTO TeHepartopa:

a) ypaBHEHHS paBHOBECHS HalpsKeHHH 06MOTOK
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f.) ypapHenHsi JIBHKEHHs POTOpa
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B) YpaBHEHHUS NOTOKOCHEMLIeHtil 00MOTOK

W, =ix.+ i x,cos0f - ipex, cos ot -+ ipgx, sin of,

U, = i.x, cos of + i,x, 4 ipaX,, (3)
Wpa == i.x,cos of 4 iyX, + ipeXpd-

Ypg = i.x, sin ot + ipgXng

rae HHAeKkcH ¢, B, Dd, Dq npu nmepemMeHHBIX 1i TapaMeTpax OTHOCATCS COOT-

BETCTBEHHO K OOMOTKaM cTaTopa, BO30YXKAeHHsS M 3SKBHBAJCHTHBIX JEMIl-

(pepHLIX KOHTYPOB IO NMPOJAOJbHOH U NONEPEUHONR OCAM,

X, — CONPOTHRACHHE B3aUMOMHIAVKIHU IIPH COBMNAJIeHHH OCeld OOMOTOK,
® — VIJA0BAsi CKOPOCTh BpAlleHUss POTOpA.

M, — MOMEHT MeXaHHYECKHX CHJI.

H; — unepunonnas nocrosaunas poTopa. .

My=x,I. (Epq COS W —i, sin wf —ipy sin wf) — MOMEHT 3J€KTPOMArHUTHBIX CHJI,

U, — nmajenue HanpsKeHus Ha jyre.

Hmnyabcuast ayra sisJasietcst AUHAMIUeckoil. B Hell Her 0JHO3HAUHONH
3aBMCHMOCTH HamnpspKeHHd oT Toka. [lpu BO3pacraHuH TOKa 3Ta 3aBHCH-
MOCTb OTJIMUACTCA OT TAaKOBOH TNpH ero vMenbuwennn. Ha ocuunanorpamme
puc. | mpuBegenbl XxapakrepHble H3MeHEHHS TOKA M HaNPSIXKEHHUST HMIYJAbC-
HOM AYTYM NPH MHTAHHH €€ OT MOAECJbHOTO yapHoro rexeparopa. Ilpu xapax-
TEPHOM HMIYJbCe TOKA YAAPHOrO TeHepaTopa HANpPSKEHHe AyrH HMeer
cBoeolbpasnyio Gopmy.

B nauase umnysabca ono GBICTPO BO3PACTaeT I AOCTHraeT MAaKCHMaJb-
HOro 3HaueHHs, HA3bIBAEMOro HaNpSKEHHEM 3aXHrasndsg Ayri. 3arem Ha-
npsikenue GbICTPO NMafaeT A0 MUHHMYMa, HA3blBaeMOro MHHHMAJbHBIM Ha-
IIps2KEHHEM AYTH 1 OCTaeTcsi TOCTOSIHHLIM A0 KOHIA BMMYJbca ToKa. B koi-
e UMIyJdbca TOKAa HaNpsiKeHHe BO3pacTaeT A0 HANpPAXKEHHs TalleHds AyTIL

Hau6oJsee MOMHO TIpolecCH H3MCHEHHS CONPOTHBJCHHS AYIH IPH H3-
MEHEHHAX TOKa B Hell U YCJOBHI €e TOPeHHst XapaKTepH3yloTcs Auddepeil-
LManbHBIM ypaBHeHueMm Ayru [9]. BoabTamnmepnble XapaKTepHCTHKH OMHCaH-
HbIX BBIIIE YCTPOHCTB, B OCHOBY KOTOPBHIX IIOJOXKEHO HCNOJAb30BAHHE M-
MyAbCHOH IYTH, ONMPENeAOTCS HX KOHCTPYKIHEH H MOTYT HMETb Pas3JuyHbIil
xapaxtep. st BBISICHEHHSI KaueCTBEHHOH KaPTHHBI NPHHHMAaeM HEKOTOpbIE
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nonyuienus [10]. Byxem cuHTaTh, 4TO rpagHeHT HANpSAXKEHHs B CTBOJC AYTH
NOCTOSIHEH. ITO 3HAUHT, HTO MBI HpeHeOperaeM MUKaMH HaNPSIKCHUI 3ax11-
TanHs H ramieHdst IyrH, M, cJeJ0BaTe/JbHO, HAaNpPsIXKeHHe JYTH NPH MOoCTOs!-

Pic. [. OcuuagorpaMyMa HanpsKeHHs H TOKa MMAYJbCHOR AYTH

11Ol ee JdJHHC l:COHSt Gy,ﬂeT NOCTOSAIIHLIM B TEUEHHE BCEro HMIIYJbCa TOKA
H paBHbIM
U:L :E‘n L (4)

ITpunateie aonylleHHs BIOJHE ONMpaBiaHLI.

HeficTBHTenbHO, OAHOM M3 TJABHLIX 3a1au HCCJAEAOBAHHUI ABJACTCH
ornipejesente CHTHMaJbLHON IJHHBL AYTH, IIPH KOTOPO# B Hell BLIIEJHTCI
MaKcHMaJibliag 3IHEPrusi B 3aBHCHMOCTH OT NapaMeTpoB YAapHOro remepa-
Topa. Beuay 60.blIuX TOKOB, NPH KOTOPLIX pafoTaer yAapHbIl TeHepatop,
NUKH HalpsiKeHUsl 3a)KHranus y raweniss (puc. 1) nepeaHku, 1o ga)ke u
TOrJa, KOTZAa OHH 3HAUUTEJILHLI, AJHTEJbHOCTH HX MaJga U Ha BEJHUHIC
S1EPTHH OHH MAaJo CKa3biBalOTCH.

Jneprus, BblAeNsSEMas B AyTe 3a BpeMs HMOYJbCA TOKA YAaPHOrO reie-
paTtopa, onpeneasiercs no Gopmyde:

t t

W, = \ U,idt = UJGS idt. (9)

rie f, — JIHTEILIOCTL HMIYJILCA TOKA.

Tok i, ompeneasieTcss M3 pelueHHs cHCTeMbl AHGQepeninanbuLx n aJd-
rebpanueckux ypaepnenuit (1), (2), (3). Peuwenne 3Tux ypasdenuil B 001N
BHAE OTCYTCTBYET, NMO3ITONMY C Il€AbI0 BO3MOXKHOCTEH BBLINOJHEHHS O0JbLIIOIN
nporpaMMmbl HCCIENOBaHUA 10 CHCTeMe ypasHedHil (1), (2), (3) 6wbra pas-
paboTtana MmaTeMaTHueckas MoOJejdb Ha 0a3€ aHa/JOrOBOH BBLIUHCIHTENbLHOII
sMamnus MH-14.

Ha puc. 2 npuBenennl snepreTHUeckHe XapakTepHCTHKH yIapHOTO reie-
paropa npu paGoTe Ha AYry B 3aBHCHMOCTH OT HaNpsXKeHUs TOPEHHs Ayri

"

H CBEPXNEPEXOANOro CONPOTHBJACHHS YAAPHOrO reHeparopa Xg- Moxio Bit-

1eTh, UTO B /IlAHHOM CJyuae MaKCHMaJbHasi SHEPrus B Jyre BLLICASETCS NpI
HanpsiKEHHH TOPEHHst AYIH H B OTHOCHTEABHEBIX elnHHuax U,== 0,32, koropoe
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ABJAACTCA OLJHHAKOBBIM IpH J00BIX 3HAUEHHHX x; . 3a GasucHble BEJIHYHHDL

NPUHATHL aMIIMTVAa HOMHHAJBHOTO (PA3HOro HanpsiKeHHs reHepaTopa
€5 = Em
H 3Heprug W4 = 0,525%585.

Hcnoabsya 3aBHCHMOCTE (4), MOXKHO ONpeleHTh, HA OCHOBAHHH BLILLC-
H3JI0KEHHOr0, [Jisd KaxJAOro KOHKPeTHOro reHepaTtopa BEJIHYHHY COIVIAco-
BAHHOTO AYrOBOrO HPOMEXKYTKA MPU H3BECTHOM rpaaHeHTe HanpsikeHus E,.

Jas1 MHMXKeHepHBIX pacueToB HEOOXOAHMBI aHAJIHTHYECKHE BbIPpaAXKEHUS
AJs1 ONpe/esents ToOKa W 3Hepruu B ayre. OnpenesqHM HX, BOCNOJb30BaB-
IIHCh YACTHYHBIM TMpHMEHEHWEeM TeOPeMbl O NMOCTOSHCTBE MOTOKOCHEMNJeHH
[11]. BoamoxHocTs ee TNpHMEHEHHs NOJATBEPXKAAETCH OCUH/IOrpaMMaMll
NOTOKOCHENJAeHHH O06MOTOK YyAapHOro reHeparopa npH pabore Ha AyrY
(puc. 3), u3 KOTOpHIX BHAHO, 4To mnotokocuemiaeHuss Wg , Wnes Waq 32
BPCMA [IMIYJAbCA TOKZ NpaKTHYECKH He uaMensiorcd. IIpede6Gperass majeni-
eM Hamlpsi)KeHHs Ha aKTHBHOM COMNPOTHB.E-
HHU OOMOTKH CTATOPA B CPaBHEHUH C Hamnps-
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rre W, — NOTOKOCHCNAeHHE CTATOPHOR OOMOTKM B HAUATbLHBIA MOMEHT.

[punumas x, == sq YTO BIMOJIHE AOMYCTHMO AJAS YLAapHOrO reHepaTo-
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Ha puc. 4 npupenenn sapucumoctu i, = f(¢) u W, = f(f), paccun-
TaAHLIE /Il yNapHOTO TeHeparopa ¢ napamerpamd B o.e. x, = 0,0391

Xy = 1,2, XDd == Xpq = 1,02, Ve = 0,00156, Fp = Fpa = Fpq = 0,00[,
U, = 0,001, H; =159 cex
IO TMOJIHOW CHCTeMe ypaBHeHHH Ha aHaJoroBoll Mawmuue MH-14 (cntomnbie
JIMHHH) H N0 yNPOWleHHHIM 3aBHCHMOCTAM (7), (8) (NYHKTUDHBIE JIHHHH).
Kak BHAHO W3 pucyHKa, HecMOTPsS Ha GOJbINHE PACXOKICHHS B pacuerax

TOK4 KOHEUHOE 3HAUEHHE 3HEPruH, BbIAEJHUBLICHCA B AYTOBOM TIDOMEXKYTKE,
AOCTATOYHO XOPOILUO coraacyer-

)

€Al C pacueTaMH IO [OJHBIM ypaB- Pe— or
HEHHAM H YIPOLIEHHBIM (opMy- le P W
aam (7), (8). yd

IToxcraBus siauenue Hanps- 30 _‘?/ %
KeHHusi ropenus ayru U ;= LN\
= 0,32 B (8) c yuetrom (9), no- 2 /\ \ o
JYUHM TPOCTYIO IMIHDPHYECKY /4 \ | Le
GOpMyITy ANS ONpeNeNeH s SHeD- v/
FHH, BBIAEGJHUBIIEHCS B COIJAco- 0 // \ 5
BaHHOM  JYrOBOM MpPOMEXKYyTKe '/ (\\ \\
lpH TMHTAHHH €ro OT YAAPHOTrO SN W \\
reHeparopa: LE 0 fe=r=r; z 3 Yy Pﬂlo

W, = SEn g
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Taxum 069330“’[’" B pesyib- Pirc. 4. Xapaktep H3MEHeHMA TOKA H SHeprH
Tare HCCTIEN0BaHUH  padoThl B IMAYILCHOR pyre: __Pbacuer no mon-
YRAPHOro reHeparopa Ha HeJdH- HOH CcHCTeMe YpaBHeHHH, — — -— pacueT 10
HEAHYIO aKTHBHYI0 HarpysKy —- ynpoulerspiM  Gopuy.izm

HMIyJbCHYIO AYTY — MOJIYYeHbl BbIpaXKeHus: A1 Toka (7) W 3HePTHH, Bbife-
JAgeMoit B nyre (8), aaurenpHocTd ropenuss ayru (9), a Takke maubl peko-
MeHAalrHu 1o BbIﬁOpy napamMeTpoB COrJ1aCOBaHHOTO AYroBOTO OPpOMEXKYTKA.
CpaBHenue pe3y/abTaTOB PacueToB IO HOJHOIN CHCTEME ypasnennit (1), (2),
(3) u 1O moMyueHHBIM aHAJIHTHUECKHM BhIpaxmenusMm (7), (8), (9) noxaanbl-
BaeT UX XOPOIYI) CXOIAHMOCTh.
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