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PA3PABOTKA EA30BO MATEMATUYECKOW MOJE/II CUHXPOHHOI O
FEHEPATOPA MNPW MNMOTEPE BO3BY>XAEHWNA

>KyHyeB Tumyp TwunereHosudy. CTapwwii npenogasaTens, KITY Hm. W. PassakoBa, 720044,
r.buwkek, np. Y4 AiTmaTosa, 66, Ten. 0312 545149, ORC1D1D 0000 0001 6143 2606

AHHoTauusi. O6ulas Teopusi aCUHXPOHHbIX PEXMMOB CUHXPOHHbIX MalUWMH B NMTepaType
paccmaTpuBanoch HeoAHOKpaTHO. OAHAKO MHOroe B 3TOM BOMPOCE OCTaBa/OCh HEBbISCHEHHbLIM, O
MOBEAEHNMN KOTOPbIX NPU aCUHXPOHHbLIX PEXMUMax A0 NOCMeAHEr0 BPEMEHMU CYLLECTBOBAI0 MHEHME,

YTO MOMEHT, pa3BMBaEMblii CUHXPOHHbLIX FeHepPaTOpPOM, MpY aCMHXPOHHOM PEXUME Mpu noTepe
BO30Y)XAEHUS, HE3HAUNTENbHBIA.
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Ona onpefeneHns W3MEHEHMS MapaMeTpoB peXxmuma B TaKMX Cayyasx Heobxogmma
paspaboTka METOAMKM pacyeTa, KoTopas 6asupyeTrca Ha maTemMaTUYeCKUX MOAENSAX OCHOBHbIX
3/1eEMEHTOB 3HEProCUCTEMBbI.

Llenbto  AaHHOM cTaTbM ABAANOCH pa3paboTka 6a30BOM  MaTemaTMyeckol  Mopenw
CUHXPOHHOI0 reHepaTopa B aCMHXPOHHOM peXume Npu notepe BO30YXAeHUA. YacTb ypaBHeHWiA
NnepexofHbIX TMpPOLEecCOB B CUHXPOHHOM TreHepaTtope NpW acMHXPOHHOM peXume peLlaeTcs
MeToaoM PyHre-KyTTa 4eTBepTOro nopsigka C MCMo/b30BaHWMEM CYLLECTBYHOLWEN CTaHAapTHOW
nognporpamMmmei.

YNpolleHHass MOfAeflb CUHXPOHHOIO reHepaTtopa COCTOMT M3 [BYX 4aCTeil: CMCTEMbI
anrebpanyecknx ypaBHeHWA W auddepeHUManbHbIX YPaBHEHWA, rAe ONpeaenstoTcs TOKM
CTaTOPHbIX W  POTOPHbIX KOHTYpoB. COBMECTHOE pelleHWe 3TUX anrebpamyeckmx u
AngdepeHUManbHbIX  ypaBHEHWIA MO3BOMSET ONPEeAenTb U3MEHSIOLWMECS MPU  aCMHXPOHHOM
peXxxnme napamMeTpbl CMHXPOHHOIO reHeparopa.

KntoueBble cnoBa: MaTemaTuyeckas MOAEeNb, BO30YXXAEHWEe, FeHepaTop, PeXUM, poTop,
ACMHXPOHHbIN PeXKnM, 06MOTKa, CUHXPOHHas MalLuHa

DEVELOPMENT OF THE BASIC MATHEMATICAL MODEL OF A
SYNCHRONOUS GENERATOR WITH THE LOSS OF EXCITATION

Dzhunuev Timur Tilegenovich. Senior Lecturer, KSTU. |. Razzakova, 720044, Bishkek city,
Aytmatov Avenue, 66, Ten. 0312 545149, ORCID ID 0000 0001 6143 2606

Annotation. The general theory of asynchronous modes of synchronous machines has been
considered repeatedly in the literature. However, much remained unanswered in this matter, the
behavior of which, under asynchronous regimes, until recently, there was an opinion that the instant
developed by the synchronous generator, in the asynchronous mode with loss of excitation, is
insignificant.

To determine the change in the parameters of the regime in such cases, it is necessary to
develop a calculation technique that is based on mathematical models of the main elements of the
power system.

The purpose of this article was to develop a basic mathematical model of a synchronous
generator in an asynchronous mode with loss of excitation. Part of the equations of transient
processes in a synchronous generator under asynchronous mode is solved by the fourth-order
Runge-Kutta method using the existing standard subroutine.

A simplified model of a synchronous generator consists of two parts: a system of algebraic
equations and differential equations, where the currents of the stator and rotor circuits are
determined. The simultaneous solution of these algebraic and differential equations makes it
possible to determine the parameters of a synchronous generator that change during an
asynchronous mode.

Keywords: mathematical model, excitation, generator, mode, rotor, asynchronous mode,
winding, synchronous machine

3anuwem ypaBHeHus MopeBa-apka, onucbiBaloL e nepexosHble NPoLeccbl B CUHXPOHHOM
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Mpn 3TOM pelleHMe YpaBHEHUA MeXaHUKM OCTaloTCA MNPEXHUMU, aHaNorMYyHbIMU
BbILLEPACCMOTPEHHOMY.

MMepBas 4acTb BbILLIEPACCMOTPEHHbIX YPaBHEHUI MepPeXO4HbIX MPOLEeCCOB B CUHXPOHHOM
reHepaTope Mpy acMHXPOHHOM peXume peLlaeTcs MeTofoM PyHre-KyTTa yeTBepTOro nopsijka c
MCMOMb30BaHNEM CYLLECTBYIOLLEN CTaHAAPTHOM MOAMPOrpammbl.

Kak ykasblBanocb paHee, B YCTAHOBMBLUEMCH ACUHXPOHHOM pexume npu MOCTOAHHOM
CKOJIbXXeHUn uneHamu P*Pd n P*PUMOXHO npeHebpeyb, ecnu otbpackiBaTb U UieHbl STa u SFq.

YpaBHEHUS POTOPHbIX KOHTYpPOB OCTalOTCA 6e3 u3MeHeHus. Torga YpaBHeHus,
OMKUCbIBalOLLME W3MEHEHUS MapameTpPoOB pPeXuMa CUHXPOHHOW MalluMHbl, KOTOpPble Ha3blBaloT
YNPOLLEHHbIMM, 3aNULIYTCA B CNefytoLLem Buae:
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Toraa, NpupaBHSAB NpaBble YaCTW NOMYYEHHbIX CUCTEM YPaBHEHWI, UMeEM:

Xog O 0 n* 0
X 'Id .
0 - -nin —
'1<Z
nnm
H ud 0 00 r 0
; 1 0 0 00 0 0 o
|
xa Xxa 0 O
hd - 04 pyi1-0 00000 (20)
0 o© 0 X@ Xag
K - uq -r 0 0 0 0
hqg 0 0 00000
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Bblpa)kas NOTOKOCLEeNNeHNe Yepes TOKK, NONYUNM:
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Takum 06pa3oM, ynpoleHHas MOLeflb CUHXPOHHOIO reHepaTopa COCTOUT U3 [BYX YacTeil:
cucteMbl anrebpavyeckmx ypasHeHuii (18) u  anddepeHuManbHbIX ypaBHeHWA (23), rae
OMpesensatoTCcsa TOKU CTaTOPHbIX U POTOPHBLIX KOHTYPOB.

COBMECTHOe peLleHre 3TUX anrebpanyecknx n audgepeHunaibHbIX ypaBHEHNA NO3BONSET
OnpesennTb N3MEHSAIOLLMECH MPU aCUHXPOHHOM peXXume napamMeTpbl CUHXPOHHOTO reHepaTopa.

BoiBogbl: 1 basoBas MOAeNb CUHXPOHHOrO reHepatopa B AaCMHXPOHHOM pexume
OCHOBbIBAeTCA Ha NPUMMEHEHUMW MONHbLIX ypaBHeHWI [TopeBa-MNapka, Npu 3TOM AOCTaTOYHO TOYHO
OTpaXkalTCs (PM3NYECKME NPOLECCHI B JaHHOM PeXKME.

2. Tlpy nnaBHOM W3MEHEHMU MapaMeTpoB peXxuma B YCTaHOBUBLUEMCA ACUHXPOHHOM
pexunme npu notepe Bo36YXAEHUA.
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