VK 621.313.3

MOJEJIb AJISI UCCJIEJOBAHUA PEXKUMOB PABOTbBI
BETPOQJIEKTPHYECKUX YCTAHOBOK
C ACUHXPOHHBIMU MAILIMHAMM JIBOMHOT' O IUTAHUSA
B OQHEPTOCUCTEME

JIOKT. TexH. HayK, npop. MYCTADAEB P. U., kana. texn. Hayk TACAHOBA JI. T'.

A3epbaiiodncancKull HayyHO-UCCIe008aMeNbCKULL
U NPOEKMHO-USLICKAMENbCKULL UHCIUMYM SHEePeemuKu

ITapk BeTpoanekTpuuecKkux ycTaHOBOK (BDY), ocHAIIEHHBIX aCHMHXPOHHBIMU
MamuHaMu aBoriHoro nutanus (AM/II), ncnonb3yemMbIME B KauecTBE reHEpaTo-
POB, COCTaBIISIET JOMUHHPYIOLIEE OONBLIIMHCTBO. JJ0CTaTOUHO OTMETHTH N3BECTHBIE
¢upmel, ux Beimyckatomme: Vestas (lanms), Camesa (Mcmanms), General Electric
(CIIA), Siemens, Nordex (I'epmanusi), Suzlon (Mumus), Sinovel (Kurait) u mp.
Onu obecnieunBatoT Oosiee 75 % MPOU3BOJACTBA MOIIHOCTEH MHUPOBOU BETPOIHEP-
TeTUYECKOl oTpaciu, oOmuii o0beM KoTopbiX Ha Hawano 2010 r. cocraBun 160
I'Br.
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Tak Kak COBpEMEHHbIE BETPOINEKTPUUECKUE arperarbl HapsAy ¢ TEIIo-, TUAPO-
U aTOMHBIMH DHEPrOyCTaHOBKAMHU CTAlId HEOTHEMIIEMON CTPYKTYPOU 3IEKTPOIHEP-
FETUYECKOU CHCTEMBI, MPEJICTABIISIIOT UHTEPEC BOMPOCHI MOJICTUPOBAHUS CIOXKHOMN
3IEKTPOIHEPIreTUYECKON CUCTEMBI, OCHOBY KOTOPOM COCTaBISIOT CUHXPOHHBIE Ma-
IIWHBI pU uX padbote coBMecTHO ¢ AM/JIII, ucrnonb3yeMbiMu B Ka4eCTBE T'eHepaTo-
poB BOV.

[IpeameToM wucciaenoBaHus B JAaHHOM Clydae SIBISIETCS CXE€Ma JJEKTPO-
nepenavn, U300pakeHHas Ha pUC. 1, B KOTOPOH BETPOIJICKTpHYECKAs CTAHIUS
(B2C), conepxaras reHepaTophl, BEIIOTHEHHBIC Ha 60aze AM/III, mmeeT MecTHEII
y3€eJl Harpy3KH U CBS3aHa Yepe3 JUHUIO JIEKTPOIepeaul BbICOKOTO HAMPSKEHUS €
MPUEMHOM CUCTEMOM IIWH OECKOHEYHOUN MOIIHOCTH.

a
AMIIT Cucrema
T1 el T2 m

1 ZE} Harpyska

6
U, I U, N U,
@ | — = |
rJ‘IH + jX,III l:'sz + jXJHZ
I.Hﬂr gH + jh’l

Puc. 1. Cxema snexrponepenaun BOC, conepxalias reHepaTopsl, BEIIOJIHCHHbIE
Ha 6a3e AM/III ¢ mpreMHO# CHCTEeMO IITHH OECKOHEYHOM MOIIHOCTH

Ha cxeme puc. 1 teneparop BOC mpencrasnser coboit AMIII, poropHas 06-
MOTKa KOTOPOH1 3alUTHIBACTCSA CO CTOPOHBI CTATOpPa Yepe3 Npeodpa3oBaTeb 4yacTo-
el [IY (BbIMOSMHSEMBI B OONBIIMHCTBE CIyyacB Ha IOJHOCTBIO YIpaB-
nsiembix |GBT-tpaH3ucTopax). BeixoqHOE HaNpsKeHUEe TeHepaTOPOB COBPEMEHHBIX
B3V cocrapnset 0,69 nmudo 0,66 kB (pexe 1,00 kB). Tpanchopmarop T1, koTopbim
cHaOxaeTcs kaxagas BOY, npeobpa3yer HanpshDKeHUE reHepaTropa, Kak MpaBuiio, B
20 kB (mu60 10, 35 kB mo 3akazy). C BBIXOMHBIX IMH Tpanchopmaropa T1 mo-
cpeacreoM JmHuM JI1 sneprus BOY momaercs Ha cuctemy cOOpHBIX IINH, C KOTO-
PBIX YacTb MOIIHOCTH MOXKET OBITh OTBEJCHA Ha MECTHYIO Harpysky, a apyras —
nepesaeTcs B dHEProcucTeMy depe3 Tpancopmarop T2 u auHMIO dIIeKTporepea-
g JI2. Tpanchopmarop T2, ocymectBisromuii cBs3b BOC ¢ »Heprocucremoit,
npeoOpaszyeT HaTPSHKCHIE 20 kB (10, 35 kB)
B HanpspxeHue 154 mu6o 220 kB (6o 110 xkB) (puc. 1a).

Koneuno, BblleonucanHas cxema He MOXKET ObITh €AMHCTBEHHOW, HO OHA SIBJIS-
eTcst HanboJiee YacTo BCTpevarolencs, TO3TOMY MOXKHO CUMTaTh ee 0a30BOi (TH-
moBoif). Cxema 3aMeIIeHHsI dTOW TiepeIady MpeACTaBiIeHa Ha puc. 10, rme o0bean-
HeHbl mapameTpsl TpaHcpopmaropa T1 w mmaum  JI1, a Takxke ma-

28


AVT
Машинописный текст


pametpsl TpanchopmaTopa T2 u auann JI2, a Harpy3ka mpeacTaBiIseTCs IIyHTAMHU
MOCTOSIHHOM MPOBOAUMOCTH Jy; U D,

Takum 00pazoM, IETbI0 UCCIIETOBAHUS SIBISETCS CO3JAaHUE METOJUKH MOJIEIIH-
pOBaHHUsA, KOTOpasi B OOJBIION CTETIEHN CIIOCOOCTBOBAJA OBl «COMPSIKEHHIO» ypaB-
Henuit AMII ¢ ypaBHEHUSIMH BHEUTHEW CETH.

st cxeMbl, conepikaiieii cuaxponnable MamuHb! (CM), yka3zaHHas 3amada Oblia
pemena [1, 2] mnpu npeHeOpe)KCHUH MEPEXOTHBIMU TpolleccaMd B CTa-
TopHoi memw. IIpemnokennas [1, 2] MeTomwka MoIeTHpOBaHUS OasMpyeTcs Ha
TOM, YTO COCTaBJISIFOTCSl YPaBHEHHUs JIMHUM, HATPY3KH U OajlaHCca TOKOB B y3Je, 3a-
TEM COBMEIIAIOTCSI OCH KOMIUIEKCHOM utockocTH ¢ ocsimu d,  CM (Bpaliarommxces
co CKopocThi0 poTopa CM) Tak, 4TOObI BEIIECTBEHHAS! OCh KOMIUIEKCHOM IMIOCKO-
CTH COBIaJiajia C OChI0 ( TeHepaTopa. DTO JAaeT BO3MOXKHOCTh TEPEUTH OT KOM-
IUIGKCHOH  (OpMBI  3allMCH  ypaBHEHWA K COCTABJIAIOIIMM  BBIIICYKa3aH-
HBIX ypaBHeHu# mo ocsM d, . Ha camom gerne, 3T0 Haubosee Ieneco00pasHbIii
croco0 MOAETUPOBaHUS TaKOH CHCTEMBI, TIOCKOIBKY B ypaBHeHUsiX Ilapka—["opeBa
CM aBTOMAaTH4YeCKH CTAaTOPHBIE TOKU 1O ocsiM (, d — ig, Ig OTpakaloT COOTBET-
CTBEHHO aKTHBHYIO M PEaKTHBHYIO COCTABIIIONINE OOIIETO CTATOPHOIO TOKA TeHe-
paropa.

It AMJIIT BOY [3, 4] ypaBHeHus Takxe TpeACTaBIEHBL B ocax d, ¢, Bpara-
IOLIMXCS. CO CKOPOCTBIO POTOpa. BBUIO MPOAEMOHCTPUPOBAHO, UYTO 3TO SBISETCA
renecooOpazHoii GpopMoil mpecTaBiIeHUS MaTeMaTudeckor momenn AMUII, Tak
KaKk  TO03BOJIIET  OTHOCHUTENBHO  TPOCTO . W3MEHUTH  (YOpaBisATh)  pe-
rynupytomue napamerpsl AM/III — gacToTy Toka B 0OMOTKax €ro poropa U am-
IUITATYAY HanpspkeHus (Tak ke kak B CM ToK BO30Yy>KAECHNS).

Onnako «conpspkerue» ypaBHenunit AMJIIT BDY, 3anmcannbix B ocsx d, g,
BpaIaBIIUXCS CO CKOPOCTHIO POTOPA € JIIEMEHTAMH JHEPrOCHCTEMBI, H300pa-
’KEHHBIX HA pUC. 1, HAaNpPsAMYyI0O HEBO3MOXKHO, TaK KaK TOKH Iy, Iq ¥ HAIPSDKCHUS
Uy =-Usind u Uy =Uscos0 AMJIIL B ycTaHOBHBILEMCS PEKHUME — 3TO IEPEMEH-

Hbl€ BEJIMYMHBI, HU3MEHSIOIIMECS C YacToToW ckonbxkeHud. B Ilpunoxxenun
Kk cratbe (myHKT 1) mpuBenensl ypaBHenus AMJIl u ¢mykrorpaMMel wm3me-
HEHMS PEKHMMHBIX NAapaMeTpoB, KOTOpHIC MOJyYEHBI Ui pekuMma padoThl ¢ @y =
= 1,22 (puc. 3) 1 HOATBEPKAAIOT OTMEUCHHOE BBIIIIC.

CyTpb mnpeajgaraeMoro B JaHHOH cTaTbe clioco0a MOAEIMPOBAHMS 3aKIIIO-

4acTCA B TOM, YTO YPaBHCHUS BHEIIHEH CETH OT 32)KUMOB reaeparopa ¢ Ur J0 IIMH

6eckoHedHoil MomHocTH U, 3amuCHIBAIOTCA B TPEINOJIOKEHHH, 4TO OCH KOM-
TUICKCHOM TUIOCKOCTH COBMEMIAIOTCs ¢ ocsiMU g, (o, BPAIAIOIIIUMUCS C TOCTOSTHHOM
CHHXPOHHOU CKOPOCTBIO C YCIIOBHEM, UTO OCh (o COBIAJAET C OCHIO JEHCTBUTEb-
HBIX YKcen. Jlanee 9TH ypaBHCHHUs BHEUIHEH CETH, yiKe passioKeHHbIC M0 ocsaM do,
0o, COBMECTHO pemtaioTcsa. M B KOHIlE, yTEM Nepexo/ia OT COCTABIISIOMINX HaIps-
JKEHUS U TOKA, 3allMCaHHbIX B 0cax g, (o, K cocTasistonmM oceit d, ¢ AMIII cun-
TE3UPYIOTCA BEJIMYUHBI cocTapsgomux Hanpskenuit AMJIL — Uy n Ug, koTopsle
YUYHTHIBAIOT APAMETPhI BHEIIHEH CETH M COCTABIISIOIIHE TOKOB ig, iq AM/II.
OObenuauB mapamerpbl Tpanchopmartopa T1 u nepBoit nmuauu JI1, 3anumniem

YpaBHCHUC Oananca HaHpS[)KeHI/Iﬁ JJId 3TOTO y4aCTKa OT TCHCPATOPHBIX IIWH UF a0

umH y3na U,
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U, =U, +I, (rJ1T1 +jx ) 1)

rone | — xommexkc toka AMJIL; ry, U Xiy — CyMMapHbIe aKTHBHBIE M HHIYK-

T
THBHBIC cOpOoTHBICHH Tpanchopmaropa T1 u mannm JI1.
VYpaBHEeHUsT Harpys3Kku IpU MOJIEIHPOBAHMHU €€ IIYHTaMH IMOCTOSHHOM NpOBO-
IUMOCTH J;, b, [2] 3amuckiBaroTes B Busie

i, =U, (g, +ib,)- 2

VYpasuenue Bropoil nmuHuM JI2 (Takke coBmemas napametpsl JI2 u T2) Oyaer
BBITTIAJETD

LJy =U +1, (':m + )’ (3)

rae U, — HampspKkeHue NPUEMHOM CHUCTeMBI; Iy B Xy — CyMMAapHbIE aKTHUBHBIE

U MHAYKTUBHbIE conpoTuBieHus TpaHcdopmaropa T2 m muuum JI2; | — Tok BO

BTOpO# JiuHUU JI2.
U, HakoHer, ypaBHeHHe OanaHca TOKOB

I =1 —1 . (4)

Kak ObLI0 OTMEYEHO, COBMeEIIas OCh JCHCTBHTEIBHBIX YHCEN C OChIO (o,
a OCh MHHUMBIX 4HCel ¢ oChio g, s cooTHomenmii (1)—(4) momyunm ciemyro-
M€ YPABHEHHUS 110 COCTABJIAIONIMM (o 1 o

Ug =Uy, +1 g —X 1
HI,TI: % Y% ari T i T (5)

Urdo = Uyq:) + XJ'ITI Irqu + r'm Irdo !

inJ \ gHUyoo _bHUydo ’
Harpyska: . (6)
IHdo - Q{UY% + gHuydo ’

Uyqo :UCOD + r;sz I,v]qo —X IJldO;

2
12, T2; A )
Uydo = UCdo + X ano + Fira bndy »

by = kg, — 11,3
0ajaHC TOKOB: ) * -o‘, _'qo (8)
IHdo = Il'do - Indn'

ITocie MHOTOYHCIIEHHBIX IIOJCTAHOBOK W TPEOOpa3OBaHMii MOJYYMM CHC-
TEMy YpaBHCHHUM [UIS COCTABIAIONIMX HANPSOHKCHHS HA 3aXHMaxX TeHeparopa
B 0CsX (o 1 do:

Uro0 = kqucq) + kudurd0 + kiq irq0 - kid ird0 ;

. . )
U, =KigUeq, — kiU, +Kalg, +Kqgla, »

rie
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1 r bH+X.r1T2gH

— . _ JIT2
- ] KJd - )
1+ rJ"[TZ gH _XnszH 1+ rJ'ITZ gH _Xn'rsz

Kiq

ki _ r;m + r}ITZ +('}IT1 r'sz - Xm‘] Xm‘z )g” - (r;m Xm'z + r}ITZ Xm'l )bﬂ .
q ’
1+ Ijn'z gH - )(Jl'['2h’l

kid — XI[TI + XJ'lT2 +(rJ-'ITl XJ'IT2 + r;m XJ'ITI )gH + (l:m r:"[TZ - XIlTI XIlTZ )bﬂ
1+ I:'ITZ gH - )Snzbﬂ

Harnee, eciin ypaBHeHus (9) 3ammcarh TOJNBKO OTHOCHUTENFHO COCTABIISIFOIINX
HaNpsOKEHUS MUH 0ECKOHEYHOW MOIITHOCTH ¥ TOKOB, MOTyYHM:

UrOu :ﬁuc% + kUdeq Ucdo + kiq al kUdkid irq] - kid _dekiq irdo;
Kaq Kaq Kaq Kaq (10)
kuq kUd kqu kiq - de kiq . kiq + KJd kid N
Ur b = _Uc b UC s
i Kg i kg " kg o ¥ Kdq ¢

rae ki =1+K3.

W nakonen, mepexois OT HapaMeTpOB, 3alMCaHHBIX B CHHXPOHHO-Bpalllaro-
muxcs ocsix do, Jo, K mapamerpam B ocsix d, g, BpaIalOIKXCsi CO CKOPOCTHIO POTO-
pa AM/II, myTeM N3BECTHBIX COOTHOIIEHUH /I TOKOB:

i =—lg SINO +iq COSO;
Y - A (1)
kg, = kg COSO + 1y SINO
Y HaIpsDKCHUM:
U, =U,q, Sin0+U,, coso;
| i (12)
Uy =U,q, 0O —U,q SiNO

OKOHYATECJIbHO MOJIyUYUM:

Urg = (KUeg, —KoUcq, )SINO + (KU, + koUcg, )COSO + Ksirg — Ky )
13
Urd — (klucdo - kZch) )0089 - (klch) + szch )Sin 9 + k4qu + k3ird y

ZKJdkuq .

kg .

kig + Kua Kig kia — kg Kig
k =—; k _ =
rac Kk kdq 2 kdq kdq Ky kdq

C ydeToM 3TOro TIepBhIC YETHIpE ypaBHEHHs reHeparopa BOY wHa 6aze AMJIII
(Mpuoxenue) MepenuIIyTCs B BUJIE:

plPds =Urd —OrYgs — rsids;

pqus = Urq + O Yos — rsiqs;
. . (14)
Pvar = _Urkur Sln(kfrr) = Irkyr;

PWgr = U, Ky COS(kfrT) — Ly

31



B (14) cocraBnsromue Hanpsokenuss Uy 1 U;q ONpENENsroTcs mo COOTHOLIE-

Huto (13), a MoxyTb HANPSKEHHS HA 3aKMMax TeHepaTopa paBeH

U, = Uz +U3. (15)

IIpu popmupoBannm cocrapisromux HanpstkeHus U, (13) seoOxommmo oOpa-
TUTh BHUMaHHE HA CIIEAYIOIIee 00CTOSATENHCTBO. BXOoMAIIMe B HUX BBIPAKCHUS IS
COCTABIISIOIINX TOKOB T€HEPaTopa irg, irg B COOTBETCTBHH CO CXEMOIT pHUC. | TOKHBI
OTIPENETATHCS MO CISIYIONIMM BEIPAKCHHUIM:

ird = ids +kuridr;

16
irq:iqs"'kuriqr- ( )

OcTanpHble ypaBHEHHUS! CHCTEMBI, NIPUBEIEHHON B NMPHJIOKEHUH, OCTAIOTCS 0e3
W3MEHEHUS,, KPOME BBIPAKEHUH [ MOULIHOCTEH, KOTOPBIE 3alUChIBAKOTCS
B BHJIC:

R =Uglss +Uglgs;

R =-Uks Sin(kfrt)idr U Ky Cos(kfrT)iqr;
QS =U2qid.v _Urdiqs;
Q ==2U, Ky Cos(kfrT)idr +U, Kk, sin (kfrr)iqry

P=R+R; Q=Q +Q.

(17)

B Beipaxenusx (14)—(17) 3nak (+) mepen U, ¢ KOCHHYCHOW COCTaBIISAOIIEH
03HAYaeT, 4TO MPH PEryJIMPOBAHHM YacTOTHI BpAIlEHHsS T€HEpaTopa BHIIIE CHH-
XPOHHOI HEOOXOANMO HCIOIB30BaTh 3HAK (—), @ HIKE CHHXPOHHOH ().

B [5] mpenmaraercsi MOMEHTHO-MOIIHOCTHYIO XapaKTEpUCTUKY pPaccMaTpH-
BaTh B YeThIpex 30HaxX. [Ipu paboTe B SHEProcHCTEME TPEJICTABISIOT HHTEPEC pe-
xuM paboTel BOY npu HOMHMHAIBHOW Harpyske, COOTBETCTBYIOIIEH pacuyeTHOH
ckopoctu BeTpa, pu 3ToM st BOY ¢ AM/III gactora Bpamenust reHepaTopa Ha
20-30 % mpeBBINTaeT CHHXPOHHYIO CKOPOCTh BparieHus (B 3TOM ciydae COSQ, ~
0,90-0,92 (onepexatommuii)), U pexkxum pabOTHI P MUHUMAJIBHOW HarpysKe, Korjaa
yacToTa BpauieHus reaepatopa Ha 20-30 % HuKe CUHXPOHHO# (pu 3TOM COSQ, ~
0,88-0,90 (oTcrarornmii)). B MIEPBOM ciyuae AMJIIT OTHaeT
B CEThb aKTUBHYIO M PEaKTHBHYIO MOIIHOCTH, 2 BO BTOPOM — OTIAeT aKTUBHYIO
MOIIHOCTB ¥ TIOTPEOIIIET peaKTUBHYIO.

Taxum 00pa3oM, ¢ y4eToM MapaMeTpOB BHELIHEW CETH, NPUBEIEHHBIX M pac-
CYUTAHHBIX 1O COOTBETCTBYIOIINM COOTHOIICHUSM [lpunoxenus (myHKT 2), co-
craBieHa TaOs. 1 pEeXUMHBIX IapaMETPOB CHUCTEMBI B OCSX, BpAILAOIIHUXCA
€ CHHXPOHHOU CKOPOCTBIO o 1 (o IPH MX YCTAaHOBHMBIIMXCS 3HAYCHUSIX. Pacuer pe-
KUMHBIX MApaMETPOB CHUCTEMbI OBUI MPOW3BECH MPH 3HAYCHHSIX COCTABIISIOIIUX
HANPSDKCHUs WHMH GeckoHeuHoH MouHocTy, paBHbix Uy, =1 1 Uy =0. 3nade-

HHSL COCTAaBISIIOIIMX HamnpsokeHus renepatopa Ug uw U,y B ocax d, q,
BpaIIaroMxcs Cco CKOpocThio poTopa AMIIL, dopmupoBanncs 1o ypaBHE-
HusMm (13).
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Tabruya 1
PesxnMHBIe TapaMeTPbI CHCTEMBI B OCSIX, BPAILAIOIIUXCSI ¢ CHHXPOHHO# CKOPOCTHIO
MPHU UX YCTAHOBHBIIMXCS 3HAYEHHSIX, C yU€TOM IapaMeTPOB BHEUIHEl ceTH

N o =122 oy =1,22; oy =1,22; o, =078;
Ky = 0,23 ke = 0,24 Ky = 0,25 Ky = 0,23
Ucg, 1,0000 1,000 1,000 1,0000
Ucg, 0 0 0 0
g -0,5540 0,550 -0,546 -0,2550
iy 0,0357 0,117 -0,271 0,1520
gy 0,4200 0,423 0,428 0,4090
(9 0,5800 0,586 0,590 0,5870
irgp -0,1300 0,127 -0,118 0,1500
iy 0,6100 0,470 0,320 0,7400
Uyg, 1,0200 1,030 1,040 1,0190
Uyg, -0,0547 ~0,056 0,057 -0,0377
Urg, 1,0180 1,034 1,050 1,0100
U, -0,0820 0,084 0,086 -0,0490
Urg, 1,0210 1,037 1,053 1,0117

B 1a61. 1 mepBbie Tpu cTOIONA OTPAXKAIOT YCTAHOBUBIIUECS 3HAYCHUS PEKAM-
HBIX TIapaMeTpoB cucTeMbl Ipu padote BOY ¢ AM/II B pexxume BbIAaYM HOMU-
HaJIbHOW MOIIHOCTH (1, = —0,75) MpH pasiUYHBIX 3HAUYCHUAX HAMPSDKCHUS POTOP-
Ho#t nenu (K, = 0,23; 0,24; 0,25) u MakcuMasbHOW YacTOTE BpAICHUsI POTOpA re-
Heparopa o = 1,22 (Bbime cnaxpoHHOH Ha Aw = 0,22). [Tocnennuii cronGer Tad.
1 orpakaer 3HaYEHUsI MapaMETPOB MPH MUHHUMAIBHOW YacTOTE BpalIeHUS poTOpa
reneparopa o = 0,78 (Aw = —0,22) npu k,r = 0,23. TlepBbie Be CTPOKH OTPEIEIs-
0T 3HAUCHHUS COCTABIISIONIMX HAMPSDKCHUS IIMH OECKOHEYHOM MOIIHOCTH B 0csiX do,
(o; TIPH 9TOM OCh (o COBMEILICHA C OCBIO JICHCTBUTEIBHBIX YHCEI, & 0Ch Uy — ¢ OChIO
MHHUMBIX YHUCEIL.

Toku TeneparTopa g M kg, (3HAK «—» COOTBETCTBYET BBIJaue TOKA BO BHEII-

HIOIO C€Th, 3HAK «+» — MOTPEOJICHUIO U3 CeTH) IS Oy = 1,22 U3MEHSIOTCS CIIeAyIo-
UM 00pa3oM: MpH YBEJIMYCHUU HAMPSDKCHHUS B IIETIH pOTOpa renepartopa K aei-
CTBUTENBHAS COCTABIIAIOMIAS TOKA T€HEPATOPa kg COBCEM HE3HAUMTENHHO yMEHb-

macTCsa, MHHMag XKC COCTaBJIAOMIAsA 3HAYUTCIBHO YBCIWYUBACTCA, IPHU I3TOM
W3MEHSISI CBOM 3HaK C «+» Ha «», HYTO COOTBETCTBYCT IEPEXoaAy U3
pexumMa HOTpe6JIeHI/I$I B PCXKHUM BblJIa4YU peaKTHBHOI)'I MOIITHOCTH BO BHCII-
HIOIO CCTh.

COCTaBJ’IHIOH.II/Ie TOKOB Harpys3kKu iHCb n iﬂdo, KOTOPBIC OIPEACTIAOTCA HE TOJIBKO

3aJJaHHBIMU 3HAYEHWSMU IIYHTOB ITOCTOSHHOW MPOBOAMMOCTH, HO M BEIHYHHOM
MOJyYJIsl HANPsDKCHUS B TOYKE MPUCOEAMHEHHs Harpysku (puc. 10), n3MeHsSroTCs
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HE3HAYMTEIBHO. JTO U3MEHEHHE OINPENENACTCS MOLYJIEM HanpsuKeHus B ysne Uy,

Tak xak Toku B nuHHUU JI2 ompenensroTcs anredpandeckoil CyMMoOi TOKOB reHepa-
TOpa ¥ Harpy3KH, OTPHIATENbHBII 3HAK TOKA i,q0 TOKA3bIBAET, KaKasi COCTABILIOMIAs
u B KaKoM KOJINYECTBE TPaHCIIOPTUPYETCS
B IIMHBI OECKOHEYHON MOIIHOCTH SHEPrOCHUCTEMBI, a Kakas 4acTh MOTpPeOIseTCs.
IIpu sTOoM moOTpebreHHe pPeaKTHBHOM MOIIMHOCTH M3 CHCTEMBI K TeHepaTopy
Y Harpy3Ke OIPEeNseTCsl COCTABIISIONICH TOKA i,qo, KOTOPAs JJIsl JAHHBIX MapaMeT-
POB TeHepaTopa U BHELIHEH ceTH Bceraa MOJOXKHUTENIbHA, T. €. 3TOT TOK Te€4eT W3
CHCTEMBI K Harpys3ke.

Taxoke B Ta01. 1 mpuBeaEHBI 3HAYEHHS COCTABIAIOIMX HANPsHKEHUS B y3i1e Uyq

u U, ¥ Ha 3axumax reeparopa (AMIII) Uy, u Uy, Ilapamerpsr pexnma,

NPUBEACHHBIC B YETBEPTOM CTOJIONE, KaK OBUIO YKa3aHO, COOTBETCTBYIOT PEKHUMY
paborer BOY ¢ AMAIl mpu o, = 0,78 Hu COOTBETCTBYIOLIEMY €My
3HaYeHHI0 MoMeHTa m,; = —0,35. B aTomM pexume reHepaTop BBIIAE€T B CEThH
aKTHBHYIO MOIIIHOCTh, HO HOTPEOJISET PEaKTUBHYIO, YTO ¥ OTPAXKAIOT 3HAUCHUS Ia-
pPaMETpOB 3TOTO PEKMMA.

Ha puc. 2 npencrasnens! ¢uyKTorpaMMbl, 0TOOpaXxarole JMHAMIKY Ipolecca
npu: myy = —0,75; Oryer. = 1,22; Ky = 0,25; ki = s = 0,22 (anroput™ u nporpamma
pemrenus npuBeneHsl B [Ipunoxxennn (myHkT 3)). Ha xpuBo# pric. 2a mpeacTaBiieHa
¢dykTOorpamMma WM3MEHEHUs 3J1EeKTPOMAarHUTHOT' O MOMEHTa re-
HEPATOpa M.y, IPU 3TOM MOJKIIOYEHHE T'eHeparopa K MIMHAM OSCKOHEYHON MOII-
HOCTH TPOMCXOIUT MO cxeme puc. 1. [lng HarjasaHOCTH TPEACTaBIIEH pea-
KO BCTpEUaroLiics BapHaHT MOJKIIOYEHNS, KOI/Ia B MOMEHT MOJAKIIIOUEHUs CKO-
poCTh BeTpa paBHA pacYeTHOW CKOPOCTH BeTpa, M MOITOMY MOMEHT, pas-
BUBAeMbIil BETpOABUTATENIEM, paBeH My, = —0,75 (3HaK «—» CBHIETEIBLCTBYET, UYTO
MOMEHT JEWCTBYET COTJIACHO C DJIEKTPOMAarHWTHBIM MOMEHTOM Te€Heparopa, T. €.
yckopsieT pasron). Takum oOpazom, 1o 50 pag AM/III paGoraeT B ABUraTeIbHOM
peXuMe, 3aTeM IO JICHCTBIEM MOMEHTA /M, TIEPEXOANT B TEHEPATOPHEIH, U OT 50
1o 500 pax AMII paGoTaet B reHEpaTOPHOM PEXHUME C 3aKOPOUYECHHONH HAKOPOTKO
oOMoOTKOM  poropa  (mpd  3TOM  CKOpocTh  poropa o =  1,01),
a Ha 500 paz momaercs HampsDKEHHE B 0OMOTKY poTopa ¢ ammunTyaoi K, = 0,25 u
qactotoit ki = § = 0,22. [Tocie mepexoJHOro mpolecca 4acToTa BpallleH|s: poTopa
yCTaHaBIUBAeTCs Ha 3Ha4eHUH oy = 1,22 (puc. 26). COOTBETCTBEHHO Ha pHC. 2B, T
npejcTapieHbl QIIyKTyalnyu coctaBisomux HanpskeHuit Uy 1 U, a u3MeHeHus

TOKOB kg, M g, TIOKa3aHBI Ha PHC. 2], €.

[lo daykTorpamMmmamM TOKOB MOXKHO KOHCTaTHpoOBath, uTo j0 500 paxm AMJIIL
paboTaer B reHepaTOPHOM pEeXHMME C BbIla4ell aKTHBHON MOIIHOCTH B CETh (3HAK
TOKA Igq OTPHIATENbHBIN), HO C NOTPEOIICHHEM PEaKTUBHOW MOIIHOCTH M3 CETH
(3HaK TOKa kg, 70 T = 500 pan nmonoxkureneH). [locie nmogaun HanmpsHKEHHsS ¢ Ya-
CTOTOI CKOJIB)XCHUSI B POTOPHYIO OOMOTKY TOK kg, MEHSET 3HAK C OJIOKUTEIEHOTO
Ha OTPULIATENIBHBIH, a 3HAK TOKA kg OCTACTCS HEM3MEHHBIM, YTO YKa3bIBAacT HA TO,

4yTo reHepaTop BOY oTaaer BO BHEIIHIOI CETh KaK aKTUBHYIO, TaK U PEAKTHBHYIO
MOIIHOCTH. YCTaHOBHUBIIMECS 3HAYCHHS BCEX IMAPaMETPOB IS 3TOT0 pPEKMMa
nmpezcTaBiensl B Tadi. 1 (3-it cromberr).
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Puc. 2. dnykTorpaMmmbl, 0TOOpaXkarolie JMHAMUKY MTpoliecca
PH My = =0,75; Opyer = 1,22; Ky = 0,25; ki =5 = 0,22

Ipunoxenne

1. Ypasuenuss AMJII B ocsx d, g, BpaIarommxcst CoO CKOPOCThIO potopa [3]:
PWys = —UsgsinG + ygs (1 - S) - I’J}‘S;
PW¥gs =Uscos0 — s (1 - S) - rsiqs
Pwar = _UskurSin(kfrT) — s

Pygr = Uskurcos(kfrT) - rriqs§

ps=—m,, -,
Tj i M >

T;
po =s; (1m)
m,y = ‘Vdsiqs — Wgs ids;
ids = ksst - km\l’dr;
iqs = ksqu - km\lfqr;
idr = kr\Vdr - km\Vds;
iqr = krqu - kaan j
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L; K =L; Kn =L; Xs, Xr, Xm — MOJIHBIC WHIYKTHB-
XX — X XX — X XX — X

HbIE€ CONPOTHUBIICHUS] CTATOPHON U POTOPHOM IeNe M CONMPOTUBIECHHWE B3aMMOWH-
nykuuu; Us — MOYNb HANPsDKEHHS CTATOPHOU 1enu; Ky — ko3hGHImMeHT, yIuThI-
BarolMii  TpaHchopMaiuioo  craTopHoro Hampspkenus Us B poTOpHOE;
kir — yacToTa TOKa B 0OMOTKax poTOpa, MPOMOPIMOHAbHAS 3aJaHHOMY 3HAYCHHUIO
CKOIIbXEHHUS S; I, I'r — aKTUBHBIE COIPOTUBIICHUSI CTATOPHOTO U POTOPHOTO KOHTY-
poB; T =314t — cHHXpPOHHOE BpEeMsI.

[TapameTpsl MoaensHOTO TeHepaTopa Ha 6aze AMJIIL:

rae ks =

r =0,0115; rr, =0,0122; x =3,126; x,=3,021 x =313 Ti=0,03.

i
ITpu Us = 1; kyr = 0,23; ki = 0,22 wacrora Bpammerns AMJIIT MOKeT TpEBHIIIaTh
cuHXpoHHY!0 Ha 0,22, T. €. cTaHeT paBHOU ®; = 1,22, ¥ MOXeT OBITh MEHEBIIIE €€ Ha A®
= 0,22, 1. e. cranet paBHoil ®,= 0,78. Bo BTopoM ciryyae 3HaKH Nepes] COCTaBIISIOLIN-
MU HalpsDKEHHS POTOPHBIX KOHTYPOB TaKHe e, KaK TTOKAa3aHbI B BBIICIPUBEICHHBIX
ypaBHeHUsX. [ji1 Toro 4T00BI paboTaTh B peskume ¢ ;= 1,22, He0OXOAUMO B YeTBEp-

TOM YPaBHEHHH BBIIICTIPUBEICHHON CHCTEMBI riepes] coctaBipironmm Ugky, Cos(kfrr)
M3MEHHTH 3HAK C MOJIOKHUTEIFHOTO HA OTPHULIATEIIHHBIMH.

[omumo a3toro, k ypaBHeHUsM (1m) JOKHBI OBITH JOOABIEHBI YypaBHE-
HHS MOIIHOCTH — aKTUBHBIX cratopa Ps m potopa Py m peakTuBHBIX ctatopa Qs
1 potopa Qr, KOTOpPBIE ONPEACIAIOTCS 1O CIEAYIOUIINM COOTHOIICHHSIM:

R =—-U; sin Bigs +U; COSOigs;
P =-Ugk, Sin(kfrr)idr U Ky Cos(kfr'l:)S iqr;
Q =U; cosBigs — (—Us Sin 0))igs ;

(2m)
Q =+Ugkyr cos(ket)igr Uk, sin(kfrr)S e ;
P=R+R;
Q =Qs +Qr-

3HaK «+» COOTBETCTBYET pexkumy o = 0,78, a 3HaK «—» — pexxumy o, = 1,22.

Ha puc. ln nmpuBefgeHsl (uIyKTOrpaMMbl M3MEHEHHS PEXKHUMHBIX ITapaMeTpoOB
MOJISIFHOTO TeHeparopa NpU 3HAYCHUSX €ro CONPOTHUBIICHUWH, TpUBENCH-
HBIX BBIIIE, COOTBETCTBYIOLIME PEXUMY paOOTHI BhIIIE CHHXPOHHOM 4acTOTHI Bpa-
meHus ¢ oy = 1,22 (T. e. Ipu 3HAYEHUH YaCTOTHl TOKa B 0OMOTKaX poTopa, paBHOU
kir = 0,22). ITpu s3TOM Ky = 0,23, 2 MOMEHT, pa3BUBAEMbIii BETPOJABHUTATEIEM, PaBEH
m,, = —0,75, 4YTO OpHUEHTHPOBOYHO COOTBETCTBYET pACUETHOW CKO-
POCTH BETPA Vpacy, IPU KOTOPOH BbIJJABAaEMasi B CEThb MOIIHOCTh PaBHA HOMMHAJIb-
HOM.

AMJIT BDY mnonkirouaercss K ceTH OECKOHEYHOHW MOIIHOCTH HANPsMYIO
¢ Uy =-1-sin0; Uy =-1-sinO c IBwKymMMH MOMEHTaMM Ha Bamy My, T.e€.

AM/II pasronsnace B [IBUTaTEIbHOM pEXHME, 3aTeM IIEepexoauita B TIeHepa-
TOpHBIN pexkuM. Ilpu 3ToM 00MOTKa poTOopa ObLIa HAKOPOTKO 3aMKHYyTa, Ha 1000
pan B 0OMOTKY POTOpa IOAABAJIOCHh HANPSDKCHUE COOTBETCTBYIOLICH aMIIIUTYIbl U
94aCTOTHI, PABHOE CKOJIBXKCHUIO.
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Puc. 3. DaykrorpaMMbl H3MEHEHHS PEXUMHBIX ITAPaMETPOB MOJIEIBHOTO FeHepaTopa

W3 ananmsa QyKTOTpaMMBI BHIHO, YTO TIPW 3allUCH ypaBHEHWi B ocsx d, (,
BpAaIIAIONINXCcs O CKOpocThio potopa AM/III, Toku cTatopa u poTopa UMEIOT Ya-
CTOTY CKONBXEHus i1 o, = 1,22, dgactrorta Ky =S =-0,22 (a mig o, = 0,78
910 Oymer ki = $ = 0,22). TIpu 3TOM COCTaBISIOIIHE CTATOPHBIX M POTOP-
HBIX TOKOB lgs, Igs ¥ lgr, Igr, KAK U JOJDKHO OBITH, IPAKTUYECKH PABHBI APYT APYTY:
ansg o = 1,22 1w m =—0,75 g = igs = 0,75; igr = Igr = 0,89 (a s o, = 0,78

um, =-0,35i4=ig= 0,356; ig = igr = 0,44). AKTUBHAS ¥ PEAKTUBHAS MOILIHOCTH,

SIBIISISICH CKAISIPHBIMH BETMYMHAMH, OTpadaThIBalOTCs 1o ypaBHeHusM (21). Koad-
¢unment MomHOCTH I O = 1,22 cocraBusieT cos =~ 0,95 (omepekarommii), a s
or= 0,78 — cosp = 0,90 (orcraromimii).

37



2. TTapameTpbl BHEUIHEH ceTH (OHM MPHUBEACHBI K TEHEPATOPHOMY Harmpsi-
KEHUI0 M K 0a3sUCHOMY IeHepaTopHOMy compoTusieHuto). I =0,0056; X _ =

=0,05; r_ =0,0073; x

JIT2 JIT2

=0,0518; ¢, =0,38; h, =0,59 (mapamerpbl oTpaxarT
peanpHBIA poekT nonkioueHns BOC na Ammrepone k PecrmyOmukaHCKoW sHEPTro-
CUCTEME).

Pacuernbie 3HaueHUS KO3 (HUITUSHTOB:

kg =103L kg =0,1037; k, =0,0255;
kg =0,0247; kg =1,0006; ks =0,015;
ke =0,013,  k =1,03; k, =0,1033.

VpaBHeHus cOCTaBNAIOMMX Hanpsokenus reneparopa U mpu Uy =0, Ugy =1

U,q =1,03c0s60 —0,0255sin 6 +0,015i, —0,1033i4; } G
II

U,q =—1,03sin0—0,0255sin0 + 0,1033i,4 + 0,015}

Hcxonmuple HAPSHKEHUS IWH OSCKOHEYHOW MOIIHOCTU B CHHXPOHHO BpaIllaro-
mmxcs ocsx o, Oo, Ugg, 1 Ugg, ONpenensmmch myTeM IpeoOpa3oBaHNs HAIPSKEHHS

Bocsx d, g (Ud =-1-sin6 u U, =1-C056) MOCPEICTBOM M3BECTHBIX YPaBHEHHMIA:
Ucg, =Uq SiN6+Uq cOS6;
Ucq, =—Ug Sin0 +U, coso,

3 ycnoBus, 9to reHeparop (AMJIII) mATaeTcs HEMOCPEICTBEHHO OT IMMH OeCcKo-
HEYHOI MOIIIHOCTH YHEeprocucteMsl. [103ToMy ecTecTBEHHO:

Ueg, =1:€0s0sin6—1-sin6cos0 =0;
Ugg, =1-8in26+1-cos?0=1.

3. AnroputM «conpspkeHus» ypaHennii AM/III ¢ mapameTpamu BHelIHeH ceTn
9HEProCUCTEMBI U IIPOrpaMMa PEIIeHUs IPECTaBIEHbI HIDKE:

[Uyg +Y, =YY, - 0,0115(4, 73Y;, - 4,56Y; ) 0]
U,q — Y —YsY, —0,0115(4,73Y, - 4,56Y, )

~Uskye sin (kg t) —0,0122(4,72Y; — 4,56Y;)

+Usk,r cos(Kqrt)(4,72Y, —4,56Y;)

0,03(-0,75)-0,03[ ¥;(4,73Y, — 4,56Y, ) - Y, (4,73, - 4,56Y; ) |
Ys L+

D(t,Y)=

ok O o o o

e M=V 2=V Ya=Vas a=Vor; =0 Y6=0 X =k X% =g
X =lor; Xe=ly; Uqg =-103sin6-0,0255c0s6+ 0,1033[4, 73Y, —4,56Y, + K, x
x(4,72Y, —4,56Y, ) | +0,015[ 4,73Y, —4,56Y; + kyr (4,72Y; —4,56% ) |; U=
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= 1,03c0s 0 —0,0255sin 0+0,015( 4,73Y, —4,56Y, + k, (4,72Y, —4,56Y, ) |-
—0,1033[4,73Y, —4,56%; +kyr (4,72% —4,56%) |; % =4,73% —4,56¥;; x, = 4,73Y, —
—4,56Y,; % =4,72Y;—4,56Y;; X =4,72Y, —4,56Y;.

BbIB O /I bl

1. IlpennokeHa MeTOIWKAa MOJENHPOBAHUSA PEXHMOB padoTel BOY ¢ acun-
XPOHHBIMH MAaIllMHAMH JBOWHOTO MUTAHHS B SHEPTOCHUCTEME, KOTOpasi, COXPaHSs
MPOCTOTY MOJEIHPOBAHUS PETYIHUPYIOMINX TapaMeTPoB (a2 IMEHHO — aMIUIUTYy H
YacTOTy HaNpsDKEHHs, M0JaBaeMoro B 0OOMOTKY POTOpa TeHepaTopa), YUUTHIBACT
napaMeTphl BHEITHEH CeTH.

2. CymHOCTh METOIMKU 3aKJIF0UAETCS B TOM, YTO COCTABIIAIOLINE HANPSIKEHMS
Ha 3axuMax rerepartopa (13) GopMUPYIOTCS C YIETOM COCTABIISIIONINX HAPSIKEHUS
MIPUEMHOM CHCTEMBI, COCTABISIONINX TOKOB CAMOTO reHepaTopa U KO3 GHUINCHTOB,
YUUTBHIBAKOIIUX MAPAMETPhI IMHUH, TPaHC(HOPMATOPOB U HATPY3KH.

3. Meronnka TO3BOJSET PACCUUTATh ANEKTPOMATHUTHBIA MOMEHT, CKOpPOCTb,
TOKH, a TAK)KE aKTUBHBIC H PEaKTUBHBIC MOIIIHOCTH CTATOPHBIX U POTOPHBIX KOHTY-
poB reneparopa BOY, BBINIOMHEHHOrO Ha 0a3¢ aCUMHXPOHHOWM MAIIMHBI JBOWHOTO
MMUTaHWS KaK B YCTAHOBUBIINXCS, TaK U B JMHAMUYECKHUX PEKIMAX.

4. JlaHHas METOAMKA HOCUT OOIIMU XapaKTep M MOXET ObITh pacnpocTpaHeHa
Ha JMI000H BUA DJEKTPUUECKUX CTAHLUH, COJEpXalliX B KayecTBE I'€HEpaTOPOB
ACHHXPOHHBIE MAaIIMHbI JBOWHOTO MHUTaHUS (HAIPUMED, UTT MAJIBIX THIPOIIEKTPO-
CTaHITHH).
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