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OaHMM M3 Ba)XKHEWIIMX PEKMMHBIX IapaMeTpoB AIeKTpol3Hepreruyeckux cuctem (23C)
SBIISIIOTCSL HANPSDKCHHs, 3HAYCHHS KOTOPHIX B HaWOOJBIIEH Mepe CBS3aHO C MEPeTOKAMHU
peakTuBHOI MomHOCTH (PM). OcHOBHBIE CpeAcTBa PEryIupOBaHUs HaNpsHKEHUS U reHepauuu PM
COCpE0TOUEHBI Ha AIEKTPUUYECKUX CTAHIUAX, & CPEJICTB PACIOJIOKEHHBIX B BJIEKTPUUECKUX CETAX
HEJ0CTAaTOYHO JUIsl perynupoBaHus PM u moanepkaHusi HanpspKEHUs B JOMYCTUMBIX Ipenenax.
Hanpumep, B poccuilickux ceTsdx, HaumbOojee paclpoCTpaHEHHBIMU CpEACTBAMHU KOMIIEHCALUU
peaktuBHON MomHOCTH (CKPM) sBASIOTCS WIYHTHUPYIOLIUME PEAaKTOPbI, KOTOpble 00eCnednBarOT
TOJIBKO OJHOCTYIIEHYATOE peryinupoBaHue. DPQPEKTUBHBIM IyTEM PEIIeHUs YKa3aHHON MpoOIemMbl
spnsercss npuMenenus ycrpoiictB FACTS (Flexible Alternative Current Transmission Systems -
['mOkue cuctembl mnepenaud 3JIEKTPOIHEPTUU TEPEMEHHBIM TOKOM), K KOTOPBIM OTHOCSTCS:
yrnpasisieMble myHTUpytomue peaktopel (YIIP), cratuueckue TUPHUCTOPHBIE KOMIIEHCATOPHI
(CTK), crarnueckne cuaxponHbeie kommeHcaTopbl (CTATKOM) u apyrume [1]. Cpemn FACTS
ycTpoiicTB HauboJiee pacrpocTpaHEHHBIM B HacTosiee BpeMs siBisiercs YIIP. B nacrosiee Bpemst
paspaboTaHo ABa Tumna ynpasiseMbix peaktopo: YIIP TtpanchopmaropHoro tuma (YIIPT) u
VIIP ¢ nommaranuuBanuem (YIIPIT), B poccuiickux ceTsix Hanbosee pactipoctpanensl Y IIPII.

Uccnenoanus >¢dexkruBHoctu npumeHeHus YIIPII w anamu3 moaydeHHBIX PEXUMOB
MIPOBOJIMJIMCh B PEaJbHO MPOEKTHUPYEMOM B HACTOSILEE BPEMs SHEProkiacrepe «IiIbrayroiib» B
ODC Bocrok. Mccrnemyemsiii sHepropaiios, kak u jgrobas coBpemenHas 99C, oOpa3yeT OOJbIIyIO,
HEJIMHENHYI0, TUHAMUUYECKYI0 cucteMy. IIpoektrpoBanue, nCCae0BaHUE U IKCIUTyaTalns TaKUX
CHUCTEM SIBJISIETCA TPYAHOM 3aJadyeil M3-3a CJIOXKHOCTHU MOJYYEHUS TOCTOBEPHOM M CBOEBPEMEHHOMU
uHpopMallud O NPOTEKAIONIMX IMpolleccaX B HOPMANbHBIX, aBAPUNHBIX M IOCIeaBapUUHBIX
pexumax. [lonydenue uHbpopManmu o mnpoTekaroumx mporeccax B OOC myTeM HaTypHBIX
WCIBITAHUW, 32 PEAKUM HCKIIOUEHUEM, HEJOIMYCTUMO, a H3-3a CIOXKHOCTH OIC HEBO3MOKHO
MOJIHOIICHHOE  (hU3MUecCKOoe MOJeNupoBaHue. B  pe3ynbraTe OCHOBHBIM IMyTeM MOJy4YEHHS
HeoOxomumoit uHpopmanuu 00 DODC  sBisgeTCs MareMaTH4YecKoe MojelupoBaHue [2].
MonenupoBanue uccieayeMoin 99C mpoBoAMIOCh HA BCepekMMHOM MOJEIUPYIOIIEM KOMILIEKCE
pEAIbHOTO BPEMEHH 3JIEKTPOIHEPTEeTUUYECKUX CHUCTEM, KOTOPBI ObUT cO3[MaH B DHEPreTUYECKOM
uHCTUTYTe TOMCKOTO monuTexHuueckoro yHuBepcurera [3]. Llempto paboThl  sBisieTcs
uccinenoanue 3¢pdexrusHoctu npumenenus YUIPII ans perynupoBanus Hampspkenus 1 PM, uto
MO3BOJIUT:

1. IlopnepxuBarh 1ONMyCTUMbINA YPOBEHb HaNpsKkeHus B 39C;

2. CHU3UTB NOTEPU EKTPOIHEPTUH NIPU €€ TPAHCIIOPTUPOBKE U PACIIPEICIICHNH;

3. Oka3atrh MOJOXKUTEIBHOE BIUSHUE HA PEXKUMBI pabOThI SJHEPropaiioHa U SHEPTOCUCTEMBI
B LIEJIOM.

Lenbto mepBoro sKkcrepuMenTa OblIo uccienoBanue npuMmenenuss YIIP mig nopaepxanus
HanpsDKeHUs B y3Jie Harpyske Npu paboTe 3JIeKTpOoOOOpYAOBaHHUS MO PEalbHOMY CYTOYHOMY
rpaduKy akTMBHOM M PpEaKTHMBHOM HArpy3ku TOPHOJOOBIBAIOIIEro HpeanpusTHs. s oueHku
BausiHus YIIIP B naHHOM sKCHepHMEHTe OCHMLIOrpagupOBaIUCh MPOLECCHl MPU BKIFOYEHHBIX
(puc. 1), a 3arem npu otkatodeHHbIX (puc. 2) CKPM. B uccnegyemom sHepropaiioHe COBMECTHO C
YUIPII ycranoBneHo e 6arapeu ctarndeckux konzaeHcaTopoB (BCK) mis renmepammu PM. Kak
BUJHO M3 JMarpaMM Ha pUCYHKE 1, NMpU YBEIWYEHUH HArpy3KH «OTpalaThIBAlOT» 3a/JaHHbIC
YCTaBKM I10 HaNpsIKEHUIO, pasrpykas peakTop Mo MOIIHOCTH. IIpu gocTmkeHMH MakcuMaabHON
Harpy3ku NPOMCXOTUT (OpPCHpPOBAaHHAs pa3rpy3ka peakTopa, Omarojaps 3TOMY HalpsDKEHHE Ha
IIMHAX Harpy3Kd HE BBIXOAMT U3 JIONMYCTUMOM S5-TH NMPOLIEHTHOH 30HBI OT yCTaBKH, epedost B
NUTaHUU TIOTpeduTeNel He MPOU30IILIO.
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Pucynok 1. OcummtorpamMmmsl n3mMeHeHust Harpy3ku npu BkiaroueHHbIX YIIIP u BCK na I1C
DIbrayroyib
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Pucynoxk 2. Ocuunorpammel usmeHeHus Harpy3ku npu BeikirodeHHbIX YIIP u BCK na I1C
Dnprayroib

CornacHo pucCyHKY 2, BO BpeMsl Habopa Harpy3kd MPOM3OIIIO 3HAYUTEIBHOE CHIDKEHUE
HaIlpsKEHUs, YTO, B KOHEYHOM CuUeTe, IpHBeNo K octaHoBKe Aurareneid Ha [1C [Ipommioniaaka u
[1C I'opnas, nutaembix ot wuH 110 kB [IC Dnbrayrosns, rae ycranosienst CKPM. Benencteue
3TOTO AaKTHMBHAas MOIIHOCTh JMHMM oTxomaumux oT wmuH 110 kB IIC DOnsrayrons pesko
YMEHBIIINJIAch, a pEaKTHBHAs MOIIHOCTh YBEIWUYWIach. TakuM 00pa3oM, TMOJABOAS HUTOTH
AKCIIEPUMEHTOB, MPOJAEMOHCTPUPOBAHHBIX HA PUCYHKaX | U 2, MOKHO clienaTh BBIBOJ O TOM, YTO
or VYIIP 3aBucur OecnepeOOWHOCTh NHUTAaHUS KIIOYEBBIX MOTpeOUTENIEH 3HEprokiacTepa
«OIIBrayroiby.

[Ipu uccnenoanuu Bmusinuss CKPM Ha nmotepu CHUMaNKCh MOKa3aHUsl NOTEPb aKTUBHOM U
PEaKTUBHOIN MOIIHOCTH JIMHUU 3JIEKTporepenad U TpaHc(hopMaTopoB IHEprokiacTepa npu padore
anekTpooOopynoBaHus MO  3agaHHOMY Tpaduky Harpy3ku. [lomydeHHble — aUarpamMmbl
npeAcTaBieHsl Ha pucyHke 3. IlpencraBiieHHble pe3ynbTaThl MOKA3bIBAIOT, YTO AaKTUBHBIE H
peaKkTUBHBIE TIOTEpU B BHeprokiacrepe npu oTkimoueHHbx CKPM  Beime, yem mnpu ux
(G YHKIIMOHUPOBAHHH.
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3aKIroueHue.

B mHacrosimiee Bpems peryiauMpoBaHUS YpOBHS HampspDKeHUs W reHepamus PM B
ANEKTPUUECKUX CETSIX OCYIIECTBIISETCS C MOMOIMIBIO MTYHTUPYIOIINX PEAKTOPOB, KOHJACHCATOPHBIX
Oarapeit, kodduiueHToB TpaHchopManuu TpaHcHOPMATOPOB U aBTOTPAHCHOPMATOPOB, KOTOPHIE
MOTYT 00€CIeYuTh TOJBKO CTYIIEHYaTOE PEryIHpOBaHHE, KOTOPOTO OKa3bIBAETCS HEIOCTATOYHBIM
JUIA TIOJIAep KaHKs YPOBHS HAIPSDKEHUS B IOMYCTUMBIX Ipenenax. B cBsizu ¢ 3TuM 000CHOBaHHBIM
M 1IeJeCO00pa3HbIM CTAHOBUTCS PACCMOTPEHHBIM B paboTe MOAXOJ K PEIICHHIO MPOOJIEMBI,
KoTOpbii 3akmouaercss B npumeHeHun YIIP u BCK, kotopeie mMO3BOJISIIOT MNPOU3BOJIUTH
ABTOMATUYECKOE IIJIABHOE peryaupoBaHue HanpsbkeHuss u PM. B pesynbprare uccinenoBaHui
YCTaHOBJIEHO, 4TO coBMecTHOE mpumenenue YIIIP u BCK no3posur:

1. IlognepkuBaTh JOMYCTUMBINA ypOBEHb HanpsikeHU B DC B HOPMaJIbHBIX PEKUMaAX;

2. CHU3UTH MOTEPU MOIIIHOCTH B SHEPTOKIACTEPE;

3. Oxa3arp MOJIOKUTEIHLHOE BIMSHUE HA PeKUM padboThl DOC.

Onnako OBUIO YCTAHOBJIGHO, 4YTO B aBapuiiHbIX pexumax YIIP B cuny cBoei
MHEPLMOHHOCTH, HE BCETJa COocoOeH 00eceynTh YCTOMYMBOCTD Y3J10B HArpy3Ku. JTO 3aBUCHUT OT
MHOTHX ()aKTOPOB, HAlpUMEpP OT MECTa KOPOTKOTO 3aMbIKaHHUs, OT BPEMEHU pabOThl 3aIMUTHI, OT
marenbHoctd AIIB u ap. TloaToMy B HEKOTOPBIX ciydasx Ieieco0Opa3HO MCIONIB30BaTh Ooliee
OBICTPOJCICTBYIOIIEE YCTPONUCTBO, HAPUMEP TAKOE KaK CTATUYECKHM CUHXPOHHBIA KOMIIEHCATOP
(CTATKOM).
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