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HOAKH KYTBJIM CHHXPOH TEHEPATOPHHUHI V3-Y3UHU KY3FATHII )KAPAEHHA
30HAJJAPUHUHI YET'APAJIAPUHU MATEMATHUK MOJIEJLIAIITAPUII

A.E. Bexknmes, Y.H. Bepanépos

Towxenm oasnam mexnuxa yHugepcumemu, Touikenm, Vabexucmon
Doi: 10.5281/zenodo.18093055

AHHOTALNWA Y6y makonana HoaéH KyTOJIM CHHXPOH F€HEPATOPHUHT ¥3-Y3WUHU KY3FaTHIN Kapa&Hu
30HAJIAPVHUHT YerapajapiHy MaTeMaTHK MOJES/UIALITUPHUII Macajacd KYypuO UMKWIraH.
MabiayMKM CHUHXPOH T€HEpaTOpHMHT  ¥3-Y3MHM Ky3FaTWIl JKapa&éHu canbuii Xxomat
X1coOaHa M, YyHKY Ky4IaHHUII Ba TOKIAPHUHT KHIMaT/IapH )Kyaa KaTTa Oy IuIIn MyMKUH
Ba 3HT acocuiicy ynapHu 6omkapu6d 6ynmaiinu. Ly cababmm CHHXpOH reHepaTOpPHUHT Y3-
Y3UHM Ky3FaTuill jkapaéHu 30HAJAPUHUHT YerapajlapuH{ TaxXJIuil KWINII SKCIUTyaTauus
JKapa€HuIa MyxuM XucoOnaHaau.

KAJIUT CY3JIAP  CuHXDOH TeHepaTop, Y3-Y3MHM Ky3FATHII KapaéHh, CHHXPOH BAa ACHHXPOH Y3-Y3MHH
KY3FaTHLI KapaéHH, MaTEMaTHK MOAEIIAIITHPHULLI.

KUpPUll (U Ba I) ¥3-y3uman optud xerumu Oumax
XapaKTepllaHyBUM 3JIEKTPOMArHUT HOTYPFYHIHKIHD

V3-y3unum ky3raThu - Gy ccTeMa 3eMeHTIapy Ba [1-8]

FEHepaTop 4YyJlaFaMIapuaa KywIAHUII Ba TOKHMHT
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V3-y3unn Ky3raTHm commp OYIMUIMHMHT 3apypuii
IapTH CTaTop 3aHXWPWAAa MAIlMHAHWHT WHIYKTHUB
Kapwinry OnnaH TeOpaHWIIl KOHTYPUHH BYXKYATa
KeJITHPYBYH yJaHTaH CUFUMHHUHT MaBXy[I
Oynuimaup. MaiimHa qyJTFaMiIapiHAHT XYCYCHd Ba
¥3apo KaplUWJIMKIApU pOTOp aillaHraHna BakT
JABOMUJIA y3rapyBYaHIUTH caba0iii KOHTYp/IA STIEKTP
TeOpaHWIIap CYHMacaaH, akcuH4Ya OpTHO OopyBuM
LOIapOUT 03ara KeJaulld MYMKHH. by ¥3-y3uHu
Ky3raTuian udonanaiim.

CHHXpOH TeHepaTOpHWHT ¥3-Y3WHW Ky3FaTHII
J)kapaéHu canOuii  XomaT XUCOOJIaHagW, UyHKH
KyWIaHWII Ba TOKJIAPHWHT KUHAMATIapH Kyda KaTTa
OYnMIUM MyMKHH Ba 3HT acocuiicH yaapHU Ookapuo
6ynmaiinu. ['eneparopnap muHaIApy Ba CHCTEMAHUHT
TYTYH HyKTajJapuaa KywWwIaHHIIHWUHT  Y3Trapuil
xapakrepu OYiinua ¥3-Y3uHU KY3FaTULIM CUHXPOH Ba
ACHHXpPOH TypJiapra OyIuHaau.

Arap TOK Ba KyWIaHMIOHMHT OpTUO Oopuilun
HUCOaTaH CEKWH Ba Tekuc Oyica, y Xonaa y3-Y3uHu
KY3FaTHil cMHXPOH ae6 atanaaum (1,a- pacm). Cratop
Ba pPOTOP MAarHAT MAaiJOHIApPUHMHT  aiIaHuLl
Te3nukyapy 6up xua. CHHXpOH V3-Y3UHM Ky3FaTHLI
takat aéH KyTONIM CHHXpPOH TreHepaTopiiapaa o3
OepuL MYMKUH.

Arap TOK Ba Ky4WJIAHULIHUHT OpTHO OOpullM Te3 Ba
y3WIMLIIAp OpKajnu OYynca, y xonga ¥3-Y3uHU
KY3FaTHi acuHXpoH 1e6 artanaau (1,6- pacm). Ctatop
Ba pOTOP MAarHWT MAalJOHJApUHMHT  aimaHuLI
Te3JUKJIApU Xap XuJl Oynagu. ACHHXPOH ¥3-Y3uHU
Ky3raTum aéH Ba aéHMac KyTONM CHHXPOH
reHepatopyiapia 03 OepullM MyMKHH. Mabiym
mapouTiiapia CHHXPOH Ba AaCHHXPOH ¥3-Y3HMHU
Ky3faTuuiap OMp BaKTHUHT y3uAa comup OYmuiu
MyMKUH [1-8].

1-pacm. CHHXPOH reHepaTOPHHHT Y3-Y3HHH
KY3FaTHIIU: a) CHHXPOH, 0) aCHHXPOH

ACOCHI KUCM

CHHXpOH  MAIIMHAHWHT  CHHXPOH  y3-Y3WHHU
KY3FaTHLIN. CHHXpOH reHepaTop SI0K
TeHepaTOPHUHT CaNT WIUTAIl TOKWTa Ba CHFUMAArH
Ky4JIaHWLIHUHT TOKKa OormaHnII
XapaKTepUCTUKACHHH, SABHA TapMOK
XapaKTepUCTUKAaCUHU Kypamu3 (2-pacm) [1].

q

O3

2- pacM. CHHXPOH reHepaTop Ba TAPMOKHHHT
TaBcupu: 1 - rapmoknunr tapeupn U=X,I; 2 -
reHepaTOPHUHT CAJT HuuIam TaBcudu x; 3 -
reHepaTOPHUHT TYFPHJIAHTAH CANT HILIALI
TaBcupu

V3-y3uHu  Ky3raTMI  XomaTW, SBHM TOK Ba
KyWIaHWLIHUHT Y3JTyKCH3 OpTHO OOpHWIIM TapMOK
xapakrepuctukacn (1) Ba TeHepaTOPHUHT canT
UIIall XapaKkTepucTukacu (2) KecHlIraH Takaupaa
O6Ynuim MmymMkuH. bouikaua aliTrannMuzna, ¥3-Y3uHu
KY3FaTHII MaBxKya Oynuim yayH (1) XxapakreprcTuka
cant WILUTALIHAHT TYFpH YU3UKIN
XapaKTepUCTUKACHAAH (cant AIUTAnI
XapaKTepUCTHKacura  KoopAWHaTajgap  Oommzaa
YTKa3wiraH ypuHMajaaH) NacTia >KOMIAIINIIN, sSbHU
ai< a3 OYynmumm no3uMm. CYHITH WapT KyHunaru
TEHICH3JTUKKa
TYFpU KeNaau:

X< Xa. ey

Bynn «kyituparn ¢Quxpnap acocupa KypcaTHLI
MymkuH.  CanT wmmam — XapakTepHCTHKacuIaH
KyWuaaruHy €31 MyMKHH:

AE/Al = tgas. @)

lly 6unan Oupra, Oy TEHIIMKHUHT Yal KACMH CaJT
ULIall  XOoJNATWra MOC  KeNyBUM  KapLUMJIMKHU
XapakTepiaian, SbHU OMPUHYM SKUHIAIIMINAA YHU
MallMHAHUHT  OyiimamMa YK OyiiMya WHAYKTHUB
Kapiurd Xq Ae0 xucodsai MyMKHH.

Bynnait xonna (1) Hr xpcobra onmbd, CHHXPOH ¥3-
V3UHM KY3FAaTHUIIHMHT Maigo OYnuin Ba MaBKyn
OyNuII IAPTHHU XOCHI KAIaMU3!

Xq<Xe<Xq. A3)
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V3-y3uHN KY3FaTHITHIAT QUMK MABHOCHHU KYPHG
yTamu3. MabllymMKH, MAIIWHAHUHT  MHOIYKTUB
KapIIWJINTH CTATOp TOKMHUHT Y3rapuinnra HucOaTaH
WKKWJIAHTaH 9acTOTa OWIaH y3rapaan Ba 11y cabadm,
“craTop-NMHUS OJIOKU/IA EMHMK KOHTYD mMmaiino 0ymuo,
arap mMaHb6a MaBxyn Oyica, yHIa TOK OKUO Typaiw.
IllynuHroex, MabIlyMKH, Xap KaHAal MymaT y3ak
KOJIIMK MaraeTn3M Ba Moc xonaa Kook OHOK AE ra
sra. V3-y31uHN KY3FaTHIIHMHET comup GYuumra ymoy
Kok DFOK TypTku XpcoOaHam.

®Dapas KWK, TeHepaTop, JIVHUSA,
TpaHc(oOpMaTOp HMHIYKTUBIMKIAPH Ba JTUHAS
CUFUMUIIAH TAIKWI TOMraH cratop KoHTypuna DK
AE xucoGura KuifMaT )KUXaTHAaH KaTTa 6yIMaraH ToK
naiino  Gynau. S"3-S"3I/IHI/I KY3FaTULl  COOMP
OYIMLIMHUHT MeXaHU3MUHU KUCKapTUpUJIraH
KypuHMILAA Kyiiugarn cxema Oyiinua TacBHpJall
MYMKHH (3- pacm) [1].

U
Es

AE \

3- pacm. V3-y3uHN KY3FaTHIIHHAT coaup 6Yaum
JKapaéHu

Konguk 90K AE tabcupuaa tok I; maiino 6ymuo,
y OIOK E, uu nnnyxumsnainu. by OKOK I, TokHUHT
naiino 6ynummra onub kenanu. Tok I, §3 HaBGaTHAa,
OIOK E; Hum Xxocun kuiagu Ba sxapaéH | Ba 2
XapaKTePUCTUKAIAPHUHI  KECHIUWII  HyKTacuuaa
Gapkapop V3-y3uHN KY3FaTuil X0J1aTh
YpHaTUIMaryHya 1aBoM 3TaH.

K¥punaérran xoutypna ycub 6opyBun TeOpaHULI
coup Oynmaau Ba Kyunanuu optanu. Lynnait kunuo,
IOKopHIa KeJITUpUITaHIapAaH ¥3-¥3uHn
KY3FaTHLIHUHT OWUPUHYM ME30HWUHM XOCHI KL
MYMKWH:

Xa> X, > X “)

Marnur HyKTaum HasapupmaH TypOoreHeparopisap
cuMMeTpukInry (X¢=Xq) Ba poTOp KOHTYpPJapUHUHT
ENMKNMK apTH JAOMMO OakapuiaraHaura (poTop
maccuBy, aemndep cucremacu) cababnu ynapaa
(hakaT aCUHXPOH Y3-Y3UHM KY3FaTHUll COOUp Oynuiiu
MYMKMUH.

Typboreneparopnap MarHut CUMMETPHK
MallHanap cupatuaa CHHXPOH Y3-Y3UHU Ky3raTuil |
30Hacura 3ra 3mMac (4-pacm).

TypOoreHepaTOpHUHT TYJINK AacHHXPOH Y3-Y3WHH
ky3ratum 3oHacu (II Ba III) kyiimmarm werapanap
JloMpacuaa oiaamrax

0<xc<xd, (5)

TypOoreneparopiap (HoaéH KyTONHW CHHXPOH
reHeparopyiap) Ky3FaTWII YyJFaMUHWHT eTap-Jnda
KaTTa y3rapMac BaKT JTOMMHHCHAA ¥ Ba X KOOpAWHATA
Vknapunaru I acuHXpoH Y3-Y3uHU KY3FaTUIl 30HACH
TaXMWHAH, MapKa3W OpANHATA YKAAAa KOOpAWHATAJIAD
Gommpan (xs + x,) / 2 Macodana xoiinamras,

panmycu 3ca (X4 - X, )/ 2 Ta TeHr OynraH ApuM aiinaHa

Ounau udonanaHagu.

lynpait kunub, xkaOyna KWIMHraH TaxMHHIapra
kypa Oenrunadrad Il 3oHa 4yerapacura Kyiuaaru
TEHICU3JIMKIIAp MOC KeNlajiu.

X, <x, <X,
0<r<(x,—x})/2 ©

_.s";
Lg-Xg
z

4-pacm. lemndep uyaramu 6yamaran aén Kyroau
CHHXPOH MAINHHAHUHT Y3-Y3HHH Ky3FATHIN

30HACH
lynn xucoora OJIULI Kepakku,
TypOOreHepaTopiIapHUHT aCUHXPOH ¥3-y3uHn

Ky3ratum 3oHacu III, ynmapHuMHr KuuMK Ba KarTa
CUpMaHMIIUIapJa  eTapjiuMya  KaTTa  aCHHXPOH
MOMEHTHH XOCWJl KWIHII KOOWIMATH Ty(aiiny,
rUApOreHepaTopjapra Kaparanaa aHda KeHrpOKaup.

5-pacMna HoOMHMHaN KyBBaTH 3 KBA, HOMuHan
kyuwtanuum 230 B, aiinanuin Tesnuru 1500 aiin/mun
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OynraH HOaéH KyTOJIM CHHXPOH reHepaTOPHUHT TYJINK
acHXpOoH ¥3-y3man Kysratum 3oHanapu (II Ba III)
kypcatunrad. by  acMHXpOH ¥3-Y3MHU Ky3FaTuil
sonasiapy MATLAB mactypu épmammupa Xuco0iad
AHWKJIaHTaH.

6-pacMzpa HOMHWHAN KyBBaTH 3 KBA, HOomwuHan
kyunanuim 230 B, aiinanum Te3nuru 1500 aiin/mun
OynraH WKkW YKU Oyiinda Ky3raTWiaguraH HOAEH
KyTOJI CHHXPOH TeHePaTOPHIHT TYJINK ACHHXPOH ¥3-
y3unm Ky3rarim 3oHanapy (II Ba I1I) kypcarunran. by
ACHHXPOH ¥3-y3mHM Ky3ratum 3oHamapu MATLAB
JACTypH épramMuia XucoOsiab aHuKTaHTaH.

2

1.8

1.6

1.4

14

1

0.8

0,68

xc (reaktiv qarshilik, [n.b.])

0.4

ok ;
o I1I Soha

~

ol ———i |
0 02 04 06 08 1
r (aktiv garshilik, [n.b.])

5-pacm. AnbanaBuii HOaéH KYT0JIM CHHXPOH
reHepaTOPHUHT PenyJIbCHOH-CHHXPOH ¥3-Y3HHH
Ky3raTuw coxacu (II); acunxpoH y3-y3unu
Ky3raTum coxacu (I11)

X -sig'im qarshilik, [n.b.]

0 0204 06 08 1
r-aktiv qarshilik, [n.b.]

6-pacm. Ukku yKu 6yiinua Ky3raTujiaauran
HOAEH KYTOJIH CHHXPOH TeHepaTOPHUHT
penyJbCHOH-CHHXPOH V3-Y3MHH KY3FaTHII COXACH
(IT); acuuxpon y3-y3unu Ky3ratum coxacu (I1I)

XYJIOCA

5 Ba 6 — pacMJIapHH TaKKOCIALl OpKajlk KyHuaaru
XyllocaHu Oepull MYMKHMH, SbHUM aHbaHaBUI
TypOoreHepaTopiapra HucOataH MKKM Yku OYiinua
Ky3raTunagurad TypOoreHe-paTopJapHUHT aCUHXPOH
¥3-y3uHn ky3ratum 3oHacu Il HucOGaTtaH KeHrpok
6Ynuob, TypOoreHepaTOpJapHUHT aCUHXPOH ¥3-Y3UHU
ky3ratum 3oHacu III, ymapHMHr KuMuMK Ba KaTTa
CUpMaHuIUIapAa  eTapiuya  KaTTa  aCHHXPOH
MOMEHTHH XOCWJl KWIMII KOOMIUATH Tydainu,
THApOreHepaTopiapra KaparaHga aH4ya KeHIPOK
6ynap 3KaH.

MATEMATHYECKOE MOJEJIMPOBAHUE I'PAHUIL ITPOLNECCA CAMOBO3BYXJIEHUA
HESBHOIIOJIIOCHOI'O CUHXPOHHOI'O TEHEPATOPA

A.E. Bexknmes, Y.H. Bepanépos

Tawkenmckuii 2ocyoapcmeen vl mexHuveckuil ynugepcumem, Tawikenm, Y36exucman

AHHOTALMSA

B nannoii craTthe paccMaTpruBa€TCAd BOIMPOC MaTEMATUYECKOI0 MOACIINPOBAaHUA I'PpaHUL]

30H mpolecca caMOBO30Y)KIECHHUsSI HESIBHOMOJIOCHOTO CHMHXPOHHOrO reHepartopa. Kak
N3BECTHO, IPOLIECC CaMOBO30YK/I€H!A CHHXPOHHOT O TeHepaTopa ABJIAETCS HeraTuBHBIM
COCTOSIHMEM, TIOCKOJIbKY BEJNMYMHbI HAMNpSKeHWH M TOKOB MOTYT OBITh OY€Hb
OONBIINMM, a IJIAaBHOE, UMW HEBO3MOXKHO YMpaByATh. [103TOMY aHaim3 rpaHul 30H
npoiecca caMmoBO30YKIEHUSI CHHXPOHHOTO TIeHepaTopa MMeeT Ba)KHOE 3HaueHHe B

Tpouecce €ro 3KCIuryaTalun.

KJIFOYEBBIE

CHUHXPOHHBI TeHepaTop, MPOIEecC caMOBO30YKICHUs, CHHXPOHHBIM W aCHHXPOHHBIN

CJIOBA mporiecc CaMoBO30YXKICHUS, MaTeMaTHIECKOE MOJICIIUPOBAHHE.
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MATHEMATICAL MODELING OF THE BOUNDARIES OF THE SELF-EXCITATION
PROCESS OF A NON-POLED SYNCHRONOUS GENERATOR

A.E. Bekishev, U.N. Berdiyorov

Tashkent State Technical University, Tashkent, Uzbekistan

ABSTRACT This article considers the issue of mathematical modeling of the boundaries of the self-
excitation process zones of a non-polarized synchronous generator. As is known, the self-
excitation process of a synchronous generator is a negative state, since the values of voltages
and currents can be very large, and most importantly, they cannot be controlled. Therefore,
the analysis of the boundaries of the self-excitation process zones of a synchronous generator
is important in the operation process.

KEYWORDS synchronous generator, self-excitation process, synchronous and asynchronous self-
excitation process, mathematical modeling.
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