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3axoau 3anobiraHHA pe3oHaHCHUX NepeHanpyr B MarictpanbHUX
eNeKTPUUYHUX Mepexax

B cy4acHux mazicmpanbHUX efieKmpu4yHUX Me-
pexax 8uKopucmosyrombsCs nepul 3a ece CMmpykK-
mypHi 3axodu 3HUXeHHSI ma 3arnobizaHHs pe3o-
HaHCHUX nepeHarpye, 5Ki rnoe’asaHi 3i 3MIiHO pPo-
b6ouoi cxemu ma rnepexodom 8i0 aHOpPMasibHO20
pexumy 00 HopmarbHo20. Ane npu HeobxiOHocmi

MOXymb 6ymu sukopucmaHi crnieuiasibHi npucmpoi

abo HanawmyeaHHs 3a KpumepieM 3MEeHWEeHHSs
rnepeHarnpye, ski 6ynu ecmaHo8MeHi 3 IHWOoK Me-
motr. B mol xe 4yac, pe3oHaHCHIi rnepeHarpyau 8
niHIiT ennekmponepeday Had8UCOKOI Hapyau id Yyac
00HOa3Ho20  asmoMamuy4yHo20  MOBMOPHO20
BKITHOYEHHST 3YMOBJIEHI PE30HaHCOM Cmpymis, 8Ha-
cnidoK 4020 eriug Ha yel eud repeHaripye MOX-
nusul 3aedsiku 3MiHI napamempie efemMeHmis, wWo
nidkrroYeHi napanenbHo 00 nosimpsaHoi nirii. [o
HUX, 30KpeMa, Hanexampb iHOYKmMU8HOCMI KOMIIEH-
cauitiHoeo ma o00HOoga3Ho20 WyHMYye8aslbHO20 pe-
akmopy. B daHomy sunadKy Kpumepiem 8UHUKHEH-
HS niepeHaripy2 € pe3oHaHCHa 008XUHa niHil, rnpu
SKIU MOBHICMIO BUKOHYEMbCS yMOBa PE30HaHCy
cmpywmy. bion. 5, puc. 1.

Kniwou4oBi cnoBa: pe3oHaHcHi nepeHanpyau;
aHopMarsibHi Pexumu; KommneHcauyitiHuti peakmop;
wyHmysearsnbHuUll peakmop; odHoghasHe asmoma-
MUYHe r108MOPHE BKITHOHYEHHS.

BeTtyn

CrpaTteriyHa uinb po3BuTKy smart enekrpoe-
HEepreTUYHNX Mepex — CTBOPEHHS iHTenekTyanb-
HUX eHeprocucTem 3 CWUMOBMMU eneMeHTamu Ta-
KAMW, SK KepOBaHi LWYHTYyBanbHi Ta KOMMNEeHcauinHi
peaktopu. CBiTOBUA A0OCBIA ekcnnyaTauii [2] Takmx
CnoXuBayiB peakTUBHOI €Heprii roBopuTb Npo
eheKTMBHE KepyBaHHA pexuMaMiy NiHin enekTpo-
nepegay HaABWCOKOiI Hampyru. Ak Taki KepoBaHi
peaktopu 6ynu po3pobrieHi B Apyril NONOBWHI
aBagusaToro cropidus [1] Ta 3actocoBytoTbCA B Ha-
ratbOx KpaiHax cBiTy. B maricTpanbHux enekrpuu-
HUX Mepexax YkpaiHu Taki cuctemm FACTS He
3HanwWnM 3actocyBaHHA. MeTa npuBegeHux pe-
3ynbTaTiB — JOCNIANTN BNMB 3MiHW iHAYKTUBHOCTI
KepoBaHWX peakTopiB Ha Pe3OHaHCHI nepeHanpyru
B naysi ogHodas3HOro aBToMaTU4YHOro NMOBTOPHOrO
BkntoveHHs (OArB).

OcHOBHa 4YacTuMHa

B HecMMeTpuyHUX pexummax [Ans 3HKEHHSA
piBHIB MepeHanpyr HeobxigHO kOMMeHcyBaTuM na-
pamMeTpu enemMeHTiB, Wo nig’egHani go J1IEMN napa-
nenbHo. [lo Takux enemMmeHTiB HanexaTb, Hanpu-
knag, iHgyktmeHocti WP Tta KP, aktuBHa
NPOBIQHICTb KOPOHM Ta iH. 3po3ymino, Wwo iX BNvs
Ha nepeHanpyrn NposiBASETbCS MO-Pi3HOMY. 3MiHK
iHayktTuBHocTi WP Tta KP MOXyTb BMBECTM niHit0
pPEe30HAHCHOT JOBXMHN 3 Hebe3neyvyHoro AianasoHy.
TobT0 pe3oHaHC B peanbHin Mepexi He BiabyaeTb-
cs.

[ns HanawTyBaHHS IHOYKTUBHOCTI LWYHTYyBarsb-
Hux peakTopie (LLUP) 3 meTot 3anobiraHHa peso-
HaHcHMX nepeHanpyr (PI1) B peanbHii enekTpuyHin
Mepexi 3 pisHUMM OOBXUHaAMK NiHiN enekTponepe-
Aay Hagsucokoi Hanpyru (JIEM HBH) moxe 6yTtu
pPEKOMEHOBAHE 3aCTOCYBaHHSI KEPOBAHUX LUYHTY-
BanbHux peaktopie (KLUP) [3, 5]. KepoBaHun wyH-
TyBanbHWUA peakTop — LUe 3MIHHUA iHOYKTUBHUN
onip, 3HayeHHs $KOro NIaBHO PeryreTbes nig-
MarHiyyBaHHsAM depoMarHiTHUX enemeHTiB mar-
HiTHOro kona. MarHiTHa cuctema ogHiei asn KLIP
MICTUTb [ABa CTPWXHSA. Ha KOXHOMY CTPWXHi po3-
MiLeHi OOMOTKM ynpaBniHHSA | MepexeBi 0bMOTKU.

Mpu nigknioYeHHi 4o oOMOTOK ynpaBniHHA pe-
rynbOBaHOro Jkeperna nocTiHOro cTpymy Bigby-
BaeTbCs HApPOCTaHHA MOTOKY MiAMarHivyyBaHHs,
SIKUA B CYCIi[HIX CTPWKHAX HanpaBreHun B pisHi 6o-
KN i BUKNUKAe HacuyeHHs cTpuxHiB KLWP vy
BiOMOBiIAHI HaniBnepiogn Hanpyrn. HacuyeHHa
CTPWXHIB NPU3BOAUTL 0 3POCTaHHS CTPYyMy B Me-
pexXeBil 0OMOTLi 3a paxyHOK 3MEHLUEHHS iHAOYK-
TMBHOrO onopy peaktopa. Lum camum 3abesne-
YyETbCA MfaBHa 3MiHA BENMYMHU CMOXMBAHOI pe-
aKTOpOM peakTUBHOI MOTYXHOCTI i, BignNoOBigHO,
piBHIB Hanpyru B Touyui nigknoveHHsa KLUP.

Cnig Big3HauuTK, WO rOMOBHOK METOH BMPO-
BagkeHHs KLUP € onTumanbHe KepyBaHHSA ycTane-
HAMU peXumMaMu HEOLHOPIAHUX eNeKTPUYHUX Me-
pex. LinboBuMn pyHKLISMN KepyBaHHS, nepll 3a
BCE, SABNATLCS: MIOBULLEHHS NPOMYCKHOI 34aT-
HOCTi MDKCUCTEMHUX 3B'AI3KIB, 3HWXKEHHS BTpat
enekTpoeHeprii Ta 3abe3neyeHHs ii AkocTi. Came
ONTMMI3aLis yCTaneHoro pexvmMmy Bumarae nnaBHOl
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3MiHW BENUYMHU CNOXUBAHOI peakTopoM peakTuB-
HOT MOTY)KHOCTI, OCKiNbKN Ansa nonepemaxkeHHs PI1 B
pe3ynbTaTi BWHUKHEHHS PE30HAHCHWX KONMBaHb
goctatHbo 6yno 6 MOXnMBOCTEM 3HayHO OinbLu
OeLleBOoro y BMKOHAHHI AUCKPETHOrO CTyniH4YaToro
perynioBaHHsi. ToMy MMOBIpHiCTb nosiBn Pl € 06-
MEXYIOUOI0 YMOBOK ANgA npouecy ontumisauii pe-
XUMY HEOAHOPIAHOI E€NEeKTPUYHOI Mepexi: MeBHi
3HadeHHs iHgykTuBHocTi KLP matwTe 6ytn 3abo-
POHEHI 3a LM KpuTepiem.

Ona 6inbll 4iTKOro ysIBMEHHS Npo B3aEMOJit0
LLUP 3 KP Hwk4e HaBedeHi BUpa3n CKnagoBux angd
KoMneHcauii emHocTei: L, — MiKdasHoi iHayK-
TvBHOCTI LUP Ta |5 — iHAYKTMBHOCTI MiX ¢hasoto Ta
3eMreto:

LM = ::—P(Lp +3LN)
N

L3 = (LP +3LN)
Ae Ly — IHOYKTVBHICTb KOMMEHcauUiiHOro peakro-

pa, Lp — iHOYKTUBHICTb LWIYHTYBaNbHOrO peakTopa.

BnnvB ekBiBaneHTHWX CKNagoBuUX 4YOTMpUNpOMeE-
HeBOI CXeMWn PO3rnsHyTi gani, Npy BU3HaYeHHi pe-
30HaHCHUX AOBXWH MNiHiN.

B KoOHTypi, Wwo HaBegeHo Yy [3] mMoxnuBe
iCHYBaHHS pe3oHaHcy cTpymiB. B Ton xe 4ac peso-
HaHC CTPYMIiB XapaKTepusyeTbCs CYTTEBUMW 3Ha-
YEHHSAMW NepeHanpyr B 30BHILLHbLOMY KOTTi.

YMoBa pe3oHaHCy CTpyMiB Mpu HenoBHoMdas-
Homy pexxumi NI

@®1-Lg-Ly - (2-Cy+C3)-Ly-Lg=0 (1)
ae |— poBxuHa niHil, ® — KyTOBa LWBWAKICT,
MiKdpasHa E€MHICTb — C,,, EMHICTb MK Dasoto i
3emrner —Cy.

3 ymoBM pe3oHaHcy cTpymiB (1) ana aHanisy
aHopMarnbHUX nepeHanpyr asTopom byna BuBege-
Ha dopmMmyrna BU3HAYEHHA PE30HAHCHOI JOBXWHU
niHii. Onga suBegeHHs dopmynu (2) 6yno 3pobneHe
npunyLeHHs: Bigomi yci cknagosi ymosu (1), wo
OnucaHi BuLE, OKPIM AOBXMHK MiHii | . [Anga aHanidy
aHopMarnbHWX nepeHanpyr asTopoMm Oyna BuBege-
Ha dopmMmyra BU3HAYEHHSA PE30HaHCHOI JOBXWHU
niHii. Tak, Bupa3 gnsa 6yab-akin KinbKoCTi rpyn LWyH-
TyBanbHux peaktopis (LUP) mae surnsa:
n LM + L3

LgLy@? - (2Cy +C3)

()

IPe3 =

Oe n — KinbKicTb nosHopeakTtopHux rpyn WP, C,,
Ta Cz BiOnosigalTb EMHOCTI MK pazamun Ta em-

HOCTI Mi>k ba3oto Ta 3emneto, Ans KoMNeHcauii Lmx
EMHOCTEN 3aCTOCOBYHOTbCA HOTMpUnpomeHesi LLUP,

AKi MaloTb ABi CKMaaoBi, WO nosHadeHi, Ak L,, Ta
Ls.

PosrnsHemo Tenep, SK BAMMBAae Ha HanawiTy-
BaHHS €KBiBaNeHTHOro 3acTYMHOro Pe3OHAHCHOro
kona [3], To6To Ha KpaTHOCTI NepeHanpyr 3miHa iH-
ayktusHocTi KP. [inga nopisHsHHS 3 KWP 6ynu npo-
BeJEHi cepii po3paxyHKiB AN BM3HAYEHHSA BMMMBY
3MiHM Lp Ta Ly Ha KpaTHOCTI, fIKi HaBedeHi Ha
(puc. 1) ans nixii 3 ogHieto rpynoto WP. Ak BugHo 3
pesynbTatie (puc. 1, 6), 3amiHa Ly MeHLW cyTTeBO

BNMMBa€e NopiBHAHO 3i 3MiHOO Lp (puc. 1, a). Tomy

3acTtocyBaHHsA kepoBaHoro KP € meHLWw pagukanb-
HUM 3axofom nonepemkeHHs P, Hix KLLP.
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Puc. 1. Bnnue 3MiHM iIHOYKTUBHOCTI peaKTopiB Ha
KpaTHOCTi nepeHanpyr: a) amiHa iHgyktusHocTi LLP;
6) 3amiHa iHaykTuBHOCTI KP

Keposanun KP moxe 6yt obnagHaHo Tuno-
BMM MPUCTPOEM NepemMukaHb [4, 5] 6e3 30ymKeHHs,
TaKoi X KOHCTPYKLUIi, AK perynatop Hanpyru y Tuno-
BOro TpaHccopmartopa, a He obmoTkamu nigmar-
HiYyBaHHSA cnewianbHOi KOHCTPYKLUii Ta 3acobamwu
TUPUCTOPHOrO KepyBaHHS, LIO BUKOPUCTOBYKOTb B
KLWP.

3actocyBaHHsa KLIP possonsie nnaBHO pery-
noBaTU BenWUUHY nepeHanpyr i HalMeHWi 3Ha-
YEeHHA [O0CAralTbCsA NPU 3HAYeHHi IHOYKTUBHOCTI
PiBHOMY HyIllO, WO aHanoriyHo BiAKMIOYEHHIO Of-
HOWMeHHOT dha3m rpynn LWP. OueBngHo, wWo
BigKNOYeHH HeperynboBaHoro LLP ekoHOMiYHO €
Binblw edekTnBHNM 3axodoM. Tomy po3spobka, Bu-
rOTOBMEHHA Ta eeKTUBHICTbL 3acTocyBaHHs KLUP
NoBUHHA BYTN EKOHOMIYHO Ta TEXHIYHO OOrpyHTO-
BaHa, Mepw 3a Bce, HeODXIOHICTIO OMTMMarbHOro
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KepyBaHHS peXnMamn HeOAHOPIAHUX eNeKTPUYHMX
MEepex.

HasasHicTb ymoB gns nonepemxeHHs Pl 3ane-
XUTb Big GaraTbox dakTopis, B TOMY uuchi i Big
TOYHOCTI po3paxyHKy iHaykTnsHoro onopy KP. To-
My WOro, Kk nmpaBuno, nigbupatTb BXe nig 4ac
nyckoBux BunpobyBaHb. O4yeBuMagHO, WO Ans
YCMILWHOCTi BUKOHAHHSA L€l 3a4adi BaXnMBuM € Te,
Wwob BaxaHe 3HaYeHHS nexano B AianasoHi pery-
noBaHHA koHkpeTHoro KP. BignosigHo oo otpuma-
HUX pesynbTatis 3 (puc. 1, a) BenuynHa iHAYKTUB-
HocTi KLLUP ans 3aMeHLWeHHs pe3oHaHCHUX nepeHa-
npyr NoBMHHa cTaHoBWTU Big 2 H Ta Oinbwe. CTo-
COBHO kepoBaHux KP BenunuunHa iHOYKTMBHOCTI Mo-
BWHHa cTtaHoBuTU Bia 1,1 H Ta GinbLie, Sk BUAHO 3
(puc. 1, 6).

BucHoBku

3actocyBaHHs |pg; — PE30HAHCHOI [OBXWUHU

NiHiT (2) B poni KpUTEepito BUHUKHEHHST PE30HaHCHNX
nepeHanpyr OO03BONUIIO BCTAHOBUTU, LLO Ai€EBUMU
3acobamu 3anobiraHHsa All npu HasiBHOCTiI HenoB-
Hohas3HMX pexXnMiB € ycTaHOBKa kepoBaHux LUP Ta
KP, siki 003BONSAOTb BMBECTU MiHIlO 3 pe30HaHCy
cTpymiB. 3MiHa iHOYKTMBHOCTI peakTopiB po3naro-
KY€ Pe30HaHCHE KOO 3aBASKM YOMY 3MEHLLYETb-
CSl KpaTHICTb NepeHanpyr.

dopmyna (2) BU3HaYEHHS pPe30HAHCHOI J0BXMK-
HW NiHil O3BOMNSE OTpMMaTV NPMBM3HUIA diana3oH
iCHyBaHHA nepeHarnpyr Ta AOCniauTy BNMvMB napa-
MeTpiB o0nagHaHHA Ha YMOBW X BUHWKHEHHS 6e3
3arnyyeHHs iMiTauinHux Moaenen niHin enexkTpore-
pedady HaaBUCOKOI Hampyrn abo cheujanbHO po-
3pobneHoro nporpamHoro 3abesneyeHHs Ans
aHanisy enekTpomMarHiTHUX nepexigaHux nNpoLecis.
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MNMocmynuna e pedakyuto 22 utonsi 2016 e.

MeponpuaTtia onsa npeaoTBpaLleHUsi Ppe3OHAHCHbIX NepeHanpskeHumn
B MarucTpanbHbIX 3JIEKTPUYECKUX CeTAX

B cospemeHHbIx MazucmparbHbIX 3JIEKMPUYECKUX CemsiX UCMOb3YMmCS, Mpexoe eceao, CMpyK-
MypHbIE MEPbI CHUXEHUSI U M00assieHUs1 Pe30HaHCHbIX rnepeHanpsKeHul, cesi3aHHble C U3MEHEHUEM pa-
boyel cxembl u nepexoda om aHOPMaslbHO20 pexuma K HopmanbHoMy. Ho npu Heobxodumocmu mo2ym
6bImb UCM0L308aHbI crieyuarnsHble ycmpolicmea Unu HacmpoUKU pexuma o Kpumeputo yMeHbUEeHUSs
nepeHarpsixeHul, komopsie 6blnu ycmaHoeneHb! 01 Opyeux uesnel. B mo xe epemsi pe30HaHCHbIe re-
peHarnpsikeHusi 0bycrioeneHbl Pe30HaHCOM MOKO8, 8 pe3ysibmame 4yez2o 8/IusHUe Ha 8ud repeHarpsixe-
HUl 803MOXHO briazo0apsi USMEHEHUI0 rnapamMempos 3/1eMeHmMOo8, MOOKITYEHHbIX MapassiesibHO 803-
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OywHoU nuHuu. K HUM, 8 YacmHOCMU, OMHOCSMCS: UHOYKIMUBHOCMb KOMMTEeHCayUOHHO20 U WYyHMUpYo-
weao peakmopa. B daHHOM criyyae KpumepueMm 803HUKHOBEHUS NepeHanpsikeHul sesiemcsi pe3oHaHc-
Has OnuHa JIUHUU, npu KomMopol NoIHOCMbHO 8bIMOHAeMCs ycriogue pe3oHaHca moka. bubn. 5, puc. 1.

KnioueBble CroOBa: PE30HAHCHLIE MePeHanpPsiXKeHUsl;, aHOPMasibHbIe PEeXUMbI; KOMIEeHCaUUOHHbIU
peakmop, WyHmMupyrouwul peakmop; 00HohazHOe asmomMamuyeckoe ro8ImMopPHOE BKITIOHEHUE.
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The events for prevention of resonant overvoltages in main power
electrical networks

The study of the origin of conditions and possible consequences of abnormal modes power electrical
networks with extreme values parameters, such as overvoltage, traditionally performed using
mathematical models with linear and symmetrical elements. This is due to great experience in the
development and use of this class of models on practice, since the basis for decision-making in the design
and operation of electrical networks is simulation of results primarily in normal modes. At the same time, a
more detailed analysis shows that the presence in modern electrical networks sources of distortion, mainly
unbalance, influences the current values of the parameters modes, including the probability of transition of
these values through thresholds.

Trends of modern electricity power grid point to the growing role of extra high voltage (EHV)
transmission lines as those that constitute the system and interconnect systems. It should be noted that
the study of overvoltage for this class lines must be done very carefully, particularly with regard to the
impact of sources of distortion. This is due to the lack of practical operational reserve insulation, designed
for extreme values, as a such reserve for EHV is expensive. Thus, analysis of the possibility of
overvoltage in EHV lines should be done not only for normal, but also for abnormal asymmetrical modes.

In main electric power networks are used, above all, structural measures to reduce and suppress the
resonant overvoltage associated with changes in workload schemes and the transition from an abnormal
to normal mode. However, special devices or setting modes by the criterion of reducing the overvoltage
can be used when needed, which have been established for other purposes. At the same time the
resonant overvoltage caused by current resonance, resulting in influence on the kind of overvoltage is
possible by changing the parameters of elements connected in parallel to overhead line. These include, in
particular: the neutral inductance and shunt reactors. In this case, the criterion of the occurrence of
resonance overvoltage is the length of the line at which the condition of complete current resonance is
performed. Reference 5, figures 1.

Keywords: resonance overvoltage; abnormal modes; compensation reactor; shunt reactor; single
phase automatic re-close.
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