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InctutyT enexrponunamiku HAH Vkpainu, Kuis;
2 . o . . . .
HarionansHMH TEXHIYHUNA yHIBEPCUTET YKpaiHu
«KwuiBcbkuii momiTeXHIYHUH iHCTUTYT iMeHi [ropst CiKopchbKOTo»

HocnidxeHo ennue Ha cmamu4Hy cmilkicmb EEC peaynsmopie 36y0XeHHS CUHXPOHHUX 2eHepamopis.
HasedeHo mamemamuuHy modernib, sika 3acmocosyembcsi y [lpoepamMHOMy KOMIINIEKCi aHanizy cmilikocmi
cknadHux EEC pospobku IE[] HAH YkpaiHu Ons modeniogaHHS asmomMamuyHUX peaynsmopie 36y0KeHHs
(AP3). HocnidxeHHs1 BUKOHAHO MemodoM iMimauitiHo20 MOOerTto8aHHsI, @ came, LWIISIXOM YUCEIbHUX PO3paxyHKie
efieKmpomexaHidHuUx rnepexioHux npouecie 8 EEC nicrisi Mano2o CKiH4eHHOo20 36ypeHHS. [posedeHi docri-
OXeHHs1 Ha mecmosili modeni nepemuHy 3axi0—BiHHuUUs nokasanu, wo Heelase HanawmysaHHs AP3 moxe
CrPUYUHUMU MOPYLeHHs1 cmilkocmi y ¢hopMi aemoKoaugaHb nomyXHocmi ro fiHisx nepemuHy, rnpoepamMHuli
komnnekc IEL] HAH YkpaiHu ABP-74 moxe 6ymu eukopucmaHul 0nsi OOCriOXeHHST KOIUBHOI cmamuyHol
cmilikocmi eHepeemuyHUX 06°€OHaHb.

KntovoBi cnoBa: enekrpoeHepreTuyHa cuctema, nepeTuH, KONmBHa cTaThyHa CTilKICTb, aBTOMaTUYHI pe-
rynsaTopu 36yoKeHHs.

Beryn

3aBmaHs migBumieHHs criiikocti O0’enHanoi enekrpoeHepretnyHoi cuctemMu (OEC) Vkpainm mae
0COOJIMBY aKTYyaJbHICTh 3 oIy Ha mepcnektuBy npuenHanas OEC Ykpainu 1o €éBporneidchkoro eHep-
reruunoro o6’emnanHs ENTSO-E. [lns #ioro BupinieHHS TOTPiOHI OCKOHAJI MPOTpaMHI KOMIUIEKCH
aHamizy pexumiB enexkrpoeHeprernyHux cucreM (EEC), mis Bepudikarii SKMX BUKOPUCTOBYIOThCS Tec-
TOBI cxeMHu. Ha Takiif cxeMi [1] BUKOHAHO MOCIIHKEHHS KOJHUBHOI cTaTHIHOI cTifikocTi y mepetuHi OEC
VYkpaiHu B 3aJI€KHOCTI BiJl HANAIITyBaHHS aBTOMATUYHUX PETYyNATOpiB 30ymkenHs (AP3) cuHXpoHHHX
MamuH. [TopyiieHHs cTaTUYHOI CTIKOCTI BEJMKHX €HEProCHCTEM BHHUKAIOTH BHACIHIZAOK MOSBH 1 3poc-
TaHHS HU3bKOYACTOTHHUX KOJHMBaHb MOTY)XHOCTI. B 3aximHMX eHeprocucreMax Ui BUPILICHHS Li€l mpo-
0JieMH BUKOPHCTOBYIOTH CITCIialibHI aBTOMATHYHI CTaOUIi3aTOPH MOTYKHOCTI. HalOinpmmmM mxepenoM
BIUIMBY Ha crilikicte EEC € perynsaropu 30yakeHHs CHHXpOHHUX reHepatopiB. B Pagsucekomy Coro3i
MPOTATOM 0araThoX ACCATHIITH ais 3abe3nedeHHs cridkocti OEC edeKkTHBHO BUKOPHUCTOBYBAINCH aB-
TOMaTHYHI peryisropu 30ymkeHas cuiabHOI Ail (AP3-CJl), siki pearyroTh HE TiNBKH HA BiIXWJICHHS Ha-
NpYyTH 1 CTpyMy TeHeparopa, ajie i Ha OXiJIHI pe)KUMHHX mapaMeTpiB. Taki perynaropH i 3apa3 QyHkIio-
HYIOTh Ha 0araThb0X aTOMHUX 1 TerioBux enekrpoctanuisx OEC Ykpainu.

B Ilporpamuomy komruiekci anamizy criiikocti ckiaanaux EEC pospooku IEJL HAH Ykpainu [2] qns
MmopemoBaHHs AP3 peanizoBaHa MaTeMaTHUHa MOJENb, sSIKa T03BOJIsIE BpaxoByBaTH i AP3 cunbHoi aii, i
TaK 3BaHE «BUCOKOUYacTOTHE» AP3 (peryiroBaHHS 3a CTPYMOM POTOpPA), 1 HAUMPOCTIIIE CTPYMOBE KOMIIa-
yHIyBaHHs. B mapamerpax AP3 3amaeTbcs TakoX THUI cHUCTeMH 30yJUKEHHS: He3asleKHE 30yIKeHHS 1
caMo30y/KeHHS 1 mependavdaeTbcss BpaxyBaHHS 0OMEKEHHS MaKCHMAaIBHOTO CTPYMY POTOpA, SIKE BHKO-
HYIOTb cy4acHi AP3, mo Moxe OyTH iCTOTHO [UIsl IEPEBIPKH CTAaTHYHOI CTIHKOCTI JUHAMIYHUM METOJIOM,
TOOTO IUIIXOM PO3paxyHKy IEPEXiAHOro MPOLECY 3a MAJIHMX, ajle CKIHUEHHHUX 30ypeHb.

Pe3yabTaTu gocaimkeHHs

Hanpyra 30ymkeHHSs, 010 NPUKIAJaeThCs 10 0OMOTKH POTOpa CHHXPOHHOI MaIlliHU, CTBOPIOETHCS CHU-
cTeMoro 30ymkeHHs. Jlo ii ckiamy BXOIATh: 30yIHUK (ETEKTpHYHA MAIlMHA MOCTIHHOTO CTPyMYy; €IeKT-
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pYUYHA MalTuHa 3MIiHHOTO CTPyMY 3 IOHHHM a00 HaIiBIIPOBIIHHMKOBUM BHUIPSAMIITUEM; IIEPETBOPIOBAY 3
TpaHCOPMATOPHUM JKEPEJIOM KHMBJICHHS); aBTOMAaTHYHUHN peryistop 30ymkenHs (AP3); npuctpoi ¢o-
pcyBaHHS 30yKEeHHS, PO330YyKIEHHS 1 TaCiHHsI OIS, MPUCTPOT 3aXKMCTy pOTOpa BiA MEepPEHANpYyT i mepe-
BAaHTAKCHB; araparypa KOHTPOIIIO i aBTOMAaTHKH 3aCTOCOBYBaHI Ha MPAKTHIN THIHA CHUCTEM 30YKEHHS i
AP3 xapakTepH3yloThCsl BEIHMKOIO pi3HOMaHITHiCTIO. Y IlporpamMHOMY KOMILIEKCI aHali3y CTIHKOCTI
cknagaux EEC pospoOku IEl HAH Vkpainu cuctema AP3 onmcyerscst ABomMa audepeHIiiHUMH piB-
HSTHHSIMU:

dU 1
V) ®
dUu 1
27 om0 ®

ac T@ — IOCT1MHA 4Yacy 36YI[HHK3.; Tp — NOCT1MHA 4YacCy peryjdaTopa.

V pasi cratu4HOro (TUpUCTOPHOTrO) 30y keHHs 3anaeTbest 1, = 0, piBHAHHA (1) He IHTErpyeTbcs, a
Hanpyra 30ypkeHHst U, = U, 3 00MexeHHIMH U ooy U p i -

Bxinuuit curnan perymsropa U, o

CWJIBHOI JIii, 1 TaK 3BaHE «BHUCOKOYACTOTHE» AP3 (peryioBaHHs 3a CTPYMOM pOTOpa), i Ha#mpocriie
CTPYMOBE KOMITAyH Iy BaHHS.

U-U, JUi=Uiyy gLy ) Iy -1
Upax =U o +b llJ 0 b hl +kp, El —+ k5,50 +k ;SOH%E . 7 o,

HOM HOM ' ‘mIpent quoM "“tpent pen qHOM HOM

rependavdacThcsi KOMOIHOBAHMM, IO TO3BOJISIE BpaxoByBath i AP3

B napametpax mozgeni PH/I 3agaetscs Takox tun cuctemu 30ymkeHHs: CB = 0 He3anexHe 30yKeH-
Ha i CB = 1 camo30ymkenHs. Y pa3i CB = 1 3 piBaaaHs (1) npu OCTaHOBII B AH(EPEHITIHHI PIBHIHHS
MIepEXiTHUX TPOIECIiB CHHXPOHHUX MAIlIMH MHOKHUTHCS Ha KOeIIlieHT Uverd Urero-

Y mogeni PB/] nepenbauaeTbes BpaxyBaHHS 00MEXEHHS MaKCHMaJIbHOTO CTPYMY pPOTOpa, K€ BHUKO-
HYIOTh cy4acHi AP3, 0 BaXJIHMBO I MEPEBIpKHM CTATUYHOI CTIMKOCTI AMHAMIYHMM METOJOM, TOOTO
IUIIXOM PO3PaxXyHKY TEPEXITHOTO MPOIECy 3a MalluX, ajle CKiHIeHHnX 30ypeHHsX. /[ mporo obuucro-
€TbCsi CTpyM poTopa [, (B macuirabi EPC).

Iy =y, —(xd - Xy )Id (mozmens MOJIK);

, X, — X X, —x
\Vf_(xd_xd)(l_d ldjld—d Loy
Xad Xad

Iy = oneins M2JIK).

! G =) (g = ig) (o, M2JIK)
2
Xad

Axmo 1, > ( L fmax  E qHOM) , TO 13 33JIaHOO0 3aTPUMKOIO Yacy dt(] fmax) BBOZUTBCS OOMEKCHHS U,
T.,n dy
U £ (max) =1_ fmax T I d0 " 7S (Mmomeas MOJIK);
gHOM

U _J 1_(xd‘x&)‘(xd‘x1'd) 4+ _Lao Ay,
f (max) f max ng EqHOM dt

(monens M2/IK).

Po3paxyHku enekrpomexaHiuHHX mepexizHux mpoueciB B EEC muisixom 4HcenbHOTO iHTETpyBaHHS
HENHIMHUX PiBHSAHB IMHAMIKA CUCTEMH 3a MaJIOT0 30YPEHHS JO3BOJISIFOTH IIEPEBIPUTH KOJIUBHY CTiHKICTh
EEC 3 ypaxyBaHHSM yCiX HeNiHIHHOCTEH i oOMekeHb. [IpoBecHO MOCIHIMKEHHS BILTUBY IapaMmeTpiB
HanamTyBaHHs AP3 Ha KONMBHY CTaTHYHY CTIHKICTh B MEpeTHHI 3axifi—BiHHHIIA I TECTOBOI CXEMH,
chopmoBanoi Ha pexumi 3umoBoro Mmakcumymy OEC Ykpainu. Cxema cknanaerscs 3 51 By3na, 68 BiTOK,
1 rerepaTopiB. I1oTyXKHOCTI 1O JHIAX TOCIIIKYBAaHOTO IEPETUHY y JO0aBapIHHOMY PEKHUMI TTOKa3aHO Ha
puc. 1.
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AP3 3aiaHo 1 TPHOX BY3IIB, sIKi BIANOBIAA-
I0Th PIBHEHCBKIN 1 ABOM 0JI0OKaM XMeEIbHUIb-
koi AEC. B sxocti 30ypeHHS 3a1aHO BUMU-
KaHHs 5 % MOTy)KHOCTI HaBaHTakeHHs Ha [1C
HuBkwu. 3a craHmapTHUX MapaMmeTpiB HalAIITy-
BaHHS AP3 KoJMBHA CcTaTWYHA CTIMKICTH ITO-
PYIIYEThCS, IO BimoOpaXkae pe3ysbTaTr po3pa-
XYHKY [apaMeTpiB MepexiHOro nporecy (KoB-
3aHHs, Harpyra 30y/UKeHHs, aKTUBHA TOTYX-
HicTh) it rereparopa XAEC (puc. 2) 1 miHii
750 kB YAEC-XAEC (axkTuBHa, peakTHBHA
MIOTYKHICTh, CTpyM) (puc. 3).
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XAEC npu 3MiHi KoeillieHTa perymoBaHHs
3a BigXWmIeHHsM Hanpyru AP3

BucHoBkH

YAEC-XAEC npu 3MmiHi KOe]illieHTa peryTOBaHHS

3a BigXmIeHHsM Hanpyru AP3

[IpoBeneHi MOCHIHKEHHST HAa TECTOBiM MOENi MepeTuHy 3axii—BiHHUIM MoKa3aiu, 110 HeBJaJle Ha-
namrtyBaHHI AP3 Moxe CIpUYMHATH TIOPYIIEHHS CTIHKOCTI Y (pOpMi aBTOKOIMBaHb MOTYKHOCTI I10 JTiHi-
sx nepetuny; [Iporpamuamit komrmieke IEJl HAH Yxkpainn ABP-74 [3] moxe OyTH BUKOPHUCTAHHH IS
JIOCTIDKEHHS KOJTMBHOI CTATHYHOI CTIMKOCTI EHEPreTHYHUX 00’ €THAHb.
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Study of Oscillatory Steady State Stability in the Cross-Section
of Power System of Ukraine

nstitute of Electrodynamics of National Academy of Science of Ukraine
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The task of increasing the stability of the United Energy System (UES) of Ukraine has a particular relevance in view of
the prospect of joining the UES of Ukraine to the European energy association ENTSO-E. Modern software complexes of
the analysis of modes of electric power systems (EPS), which use mathematical models of elements of the EPS, are re-
quired for the solution. The possibility of verification of models is complicated by the lack of naturally registered information
on the violation of the stability of large energy connections due to the rarity of its cases. Therefore, for verification, calcula-
tions can be made using specially designed test schemes which reflect the properties of the researched EPS. Such scheme
was used to study the oscillatory static stability at the intersection of the UES of Ukraine, depending on the setting of auto-
matic excitation control (AEC) of synchronous generators.

The excitation voltage, which applied to the winding of the rotor of the synchronous machine, is created by the excitation
system. It consists of: an excitation (an electrical direct current (DC) machine; an electric alternating current (AC) machine a
semiconductor rectifier; a converter with transformer power supply); automatic excitation controller (AEC); devices for forcing
the excitation, excitation and extinguishing of the field; devices for protecting the rotor from over voltages and overloads;
control and automation equipment. In practice, the types of excitation systems and AECs are characterized by a large varie-
ty. In the Software complex of stability analysis of complex EPSs of the IED of the National Academy of Sciences of
Ukraine, two models are used for AEC modeling: RCA (regulator of continuous action) and RB (relay boost). In the conti-
nuous action controller (CAC) model, the input signal of the controller is assumed to be combined, which allows to take into
account both the AEC of strong action, and the so-called "high-frequency” AEC (current controller of the rotor), and the
simplest current compaction. The parameters of the RND model also specify the type of excitation system: independent
excitation and self-excitation. The RND model is envisaged to take into account the limitation of the maximum current of a
rotor, which is performed by modern AEC. It can be significant in checking static stability by a dynamic method (by calculat-
ing the transition process for small but finite perturbations). The rotor current (on the scale of the EMF) is calculated for this.

The conducted research on the test model of the West-Vinnitsa crossing showed that the failure of the AEC setting could
lead to a breakdown of stability in the form of self-oscillating power over the intersection lines; The software complex of the
IED of the National Academy of Sciences of Ukraine AVR-74 can be used to study the oscillatory static stability of power
associations.

Keywords: electric power system, the cross section, the oscillatory steady state stability, automatic excitation regulator.
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HccienoBanue KoaedaTebHON CTATHYECKON YCTOMYMBOCTH
B ceueHnu OIC YkpanHbl

'MuctutyT snexrpoanHamuky HanuoHansHO# AkageMuu HayK YKpauHbl
*HalMoHANBHbII TEXHUYECKHH YHHBEPCHTET YKPAUHBI

«KueBckuii monutTexHuueckuii MHCTUTYT UM. Uropst CUKOPCKOTO»

UccnedosaHo enusiHue Ha cmamudeckyro ycmouldueocmb 33C peaynsimopos 8036yKO0eHUS CUHXPOHHbIX 2eHepamo-
pos. lMpusedeHa mamemamuyeckasi MoOesib, Komopasi npumeHsiemcsi 8 [poepaMMHOM KOMIIIIeKce aHanu3a ycmouqueo-
cmu cnoxHbix 33C paspabomku N3O HAH YkpauHbl Onsi MmodenuposaHusi a8momamuyeckux peaynsimopos 8036yx0eHust
(APB). UccnedosaHue 8bInorTHEHO MemModoM UMUMaUUOHHO20 MOOEeIUPO8aHUSs, @ UMEHHO, MymeM YUC/IEHHbIX pacyemos
ar1eKmpomexaHu4ecKux nepexodHsix npoyeccos 8 I3C rocne mMano2o KOHeYHo20 803myuweHust. [posedeHHble uccnedo-
8aHusi Ha mecmoegol modenu cedeHusi 3anad—BuHHuya noka3sanu, Ymo Heyda4yHas Hacmpolka APB moxem npusecmu K
HapyweHuto ycmoutiyueocmu 8 ¢hopme asmokoniebaHull MOWHOCMU M0 IUHUSIM CEYEHUS; rpoepaMmMHbIl Komrnekc N3
HAH YkpauHbi ABP-74 moxem 6bimb ucronb3o08aH 0Orisi uccnedosaHusi KornebamesibHOU cmamu4veckol ycmol4usocmu
9HepaemuYecKux obbeduHeHud.

KnroueBble cnoBa: ANeKTpo3HepreTnyeckaa cucremMma, cevyeHue, KonebaTenbHasi cTaTudeckas yCTOVNVIBOCTb, aBToma-
TUYeCKnue perynatopbl BO36y)K,ElEHVIH.
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