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OCOBEHHOCTHU ®YHKIIMOHUPOBAHUSA DQHEPITOCUCTEMBI C YYETOM
PEKUMOB PABOTHI CUCTEMOOBPA3YIOIIUX JIUHUA DJTEKTPOIEPEIAYM
B IPUPOJHO-KINMATUYECKHUX YCJOBUAX KBIPT'BI3CTAHA

FO.11. Cumaxos, LI B. /Tukambaes, M.A. AiimKynog

AHHOmMayus. PaccmaTpuBaloTc OCOBEHHOCTU  (DYHKLIMOHMPOBAHWUA 3HeprocucTeMbl KbiprbidacTaHa € akueHTOM
Ha pexvMbl paboTbl CMCTEMOOBPA3YOLLMX NINHWUIA SNeKTponepeaaym B YCroBUAX NPUPOLHO-KIMMAaTUYECKNX haKTopoB.
OnncbIBalOTCA  BMUSHUS  KNUMATUYECKUX YCMOBUA Ha 3(PPEKTUBHOCTE U HaAEXHOCTb 3HEprocHabxeHus, 4To
nogYepkMBaeT BaXHOCTb agantauyn 3HEpProcuCTeMbl K MECTHbIM YCroBMUAM Ans obecneveHus ctabunbHown paboTbl
N MUHUMM3auMKM nepeboeB B anekTpocHabxeHun. PaccmaTtpuBaeTca nepepacrnpenerneHme nepetokos MOLLHOCTEN
B 3MEKTpUYEcKux cetax HanpsbkeHnem 220-500 kB B ycnoBusx MakcvMasnbHOW 3UMHEN Harpysku Ans Tpex CXem
C Y4eTOM OTCYTCTBMSA M Hanmuma ceasert No mexcuctemHbiM JIOM ¢ aHeprocuctemon KasaxcrtaHa. [Mogyepkmsaetcs
BaXHOCTb cobGMiogeHns GanaHca peakTVBHOW MOLHOCTM AN CTabunbHOW paboTbl  3NeKTpO3HepreTU4ecKkon
CUCTEMbI, MOKa3aHa BO3MOXHOCTb YMpaBfeHWs reHepauueil peakTUBHOW MOLYHOCTM Ha noAcTaHuum «KemuHy.
YkasbIBaeTcs Ha He0b6XoAUMOCTb pa3paboTkmM HOBOM pefakummn « IHCTPYKLUMKM MO pac4ETy 1 060CHOBaHUIO HOPMaTMBOB
TEXHOMOrMYecKrX NoTepb 3NeKTPoIHeprumn nNpu e€ nepegade no anekrpudecknm cetam OAO «HIC KelproisctaHay.

Knroyesble criosa: NPUPOQHO-KIMMAaTUYECKUE YCMOBUSA; NUHWK dMeKTponepeaaym; Tpacchl NIMHUIA 3rekTponepeaaY;
rononenoobpasosaHue; BeTep; PexumM paboTbl; YCTOMYMBOCTL 3HEPrOCUCTEM; 3anac CTAaTUHYECKOW YCTOMYMBOCTU;
peakTVBHast MOLLHOCTb; BaTapen KOHAEHCaTOPOB; NOTEPY MOLLHOCTU.

KbIPT'BI3CTAH/bIH ’KAPATBIJIBIIITBIK-KJIMMATTBIK INAPTTAPBIHJIA CUCTEMA
TY3YYUY DJIEKTP BEPYY JIMHUAJTAPBIHBIH NIITOO PEXKUMJIEPUH
9CKE AJIYY MEHEH SHEPI'ETHUKAJIBIK CUCTEMACBIHBIH NIIITOO O3IrO4YO0JYKTOPY

FO.I1. Cumaxos, I11. b. /Tuxkamoaes, M. A. Aiimkynoe

AnHomauyus. Makanaga Kblprbl3cTaHOblH 9HEpreTukanblk CUCTEMACbIHBIH KapaTbiblW-KIUMATTbIK (aKTopropayH
LwapTTapblHaa cucteMa Ty3yydy anekTp 6epyy NuMHUsSNapbiHbIH MWTEe pexumaepuHe GackiM Kacoo MEHEH ULITee
e3revesniyktepy kapanar. KnumaTtTblk LuapTTapablH 3HEPrUs MeHeH KaMCbI3LOOHYH HaTblikanyynyryHa xaHa
ULWEeHUMAYYIYTYHe TUIArM3reH Taacupnepu cypeTTeneT, Oyn TYPYKTYY ULLTOOHY KaMCbI3 Kblfyy XaHa anekTp SHepruschbl
MEHEH KaMCbI3400A0ry Y3rynTyKTepay MUHUMangawTbipyy Y4yH SHEepreTukanbik CUCTEMaHbI XXePrummkTyy wapTrapra
bIHrannawTbipyyHyH MaaHunyynyryH 6aca 6enrunent. KasakcTaHablH 3HEpreTukanbslk cucteMachbl MEHEH cucTemanap
aparnblk anekTp Gepyy NuUHWSNapbl apkbinyy GainaHbiWTapdblH XKOKTYTYH XaHa Gap SKeHAMrMH acke arnyy MeHeH,
Y4 cxema 6otoHuya 220-500 kB uYblHanyyparbl anekTp TapmaktapbiHAa Kyb6aTTyynyk arbiMaapbiH Kanpa GenyTtypyy
Kapanat. QnekTp aHepreTukanblk CUCTEMaHbIH TYPYKTYY ULITEeCY Y4yH peakTuBayy KybaTTyynyk 6anaHcbiH CAKTOOHYH
MaaHunyynyry 6aca 6enrvneHert, «KeMnH» nNofcTaHUMACbIHAA peakTUBAYY KybaTTyynyKTy reHepaunsinooHy Galukapyy
MYMKYHUYYNyry kepceTtyneT. «KblprblsctaHablH anekTp Tapmaktapbl AAKcbi» GotoHYa anekTp aHeprusicbliH Gepyyaery
TEXHOMOMMSAMbIK KOroTyynapAblH HOPMaTMBOEPUH 3CEnTee aHa Hernsgee GotoHYa  «HCTPYKUMSHBIHD - KaHbl
pefakuMsCbIH ULWITEN Ybiryy 3apbinybiibirbl 6ENrMneHer.

TylyHOyy ce3dep: XapaTbifbllL-KNMUMATTbIK LapTTap; anekTp 6epyy nuHuUsinapbl; anektp 6epyy NUHMUANapbIHbIH
Tpaccanapbl; My3 KanToo; Llaman; WWTee PeXuUMW; 3IHepreTvkanblk cuctemanapblH TYpyKTYyynyry; craTukanblk
TYPYKTYYNyK 3anacbl; peaktnBayy KybatTyynyk; koHaeHcaTop 6atapesnapbl; KybaTTyynyk >xorotyynapsbl.
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PECULIARITIES OF POWER SYSTEM OPERATION TAKING
INTO ACCOUNT OPERATION MODES OF THE SYSTEM-FORMING POWER
TRANSMISSION LINES IN NATURAL AND CLIMATIC CONDITIONS OF KYRGYZSTAN

Yu.P. Simakov, Sh.B. Dikambaev, M.A. Aitkulov

Abstract. Features of the functioning of the power system of Kyrgyzstan are considered with an emphasis on the modes
of operation of backbone power lines in conditions of natural and climatic factors. The effects of climatic conditions on
the efficiency and reliability of power supply are described, which emphasizes the importance of adapting the power
system to local conditions to ensure stable operation and minimize power outages. The redistribution of power flows
in 220-500 kV electric networks under conditions of maximum winter load for three schemes is considered, taking into
account the absence and presence of connections along intersystem power lines with the power system of Kazakhstan.
The importance of maintaining the reactive power balance for the stable operation of the electric power system is
emphasized, the possibility of controlling the generation of reactive power at the Kemin substation is shown. It indicates
the need to develop a new edition of the “Instructions for calculating and justifying the standards for technological
losses of electricity during its transmission through the electric networks of OJSC “NES of Kyrgyzstan.”

Keywords: natural climatic conditions; power lines; power transmission lines; ice formation; wind; operating mode;
stability of power systems; static stability margin; reactive power; capacitor batteries; power losses.

Cucremoo0pa3yroliye JUHAN dIeKTponepenadn HanpspbkeHuem 110-220-500 kB ocyiecTBisoT TpaHe-
MOPT DIEKTPOIHEPTUU OT TEHEPUPYIOLINX UCTOYHUKOB BO BCE pailOHBI pecilyOIMKU U CBSA3b C DHEPrOCHCTe-
MaMH COCEIHUX TOCYIapcTB, oOecreunBas mapamienbHyio padoty KeIpreI3ckoil SJHEProCHCTEMBI B COCTABE
O6benunennoit suepretuyueckoi cucreMsl (O9C) Lentpanbuoit Asun u KOxuoro Kazaxcrana. Cxema oc-
HoBHBIX ceTert 110-500 kB sneprocucremsr Keipreizcrana u CBSI3U ¢ COCETHUMH YHEPTOCUCTEMaMU TIPHUBE/Ie-
Ha Ha puCyHKe 1.

IIpuponno-kniumaruyeckue ycaoBus Keipreizcrana, xapakrepuctuka tpace JIIII 500 kB. Keip-
TBI3CTaH UMEET CIIOKHYIO TOPHYIO TEPPUTOPHIO, ¢ OonbInuMuU nepenanamu BeicoT oT 400 no 7500 meTtpos
HaJ ypoBHeM Mops (H.y.M.). CroxHas oporpadus U OOJNBIION JAMANa3o0H BBICOTHBIX OTMETOK TEPPUTOPHH

tn220:8
nc 1108 @ Ennoa

Pucynox 1 — Cxema ocHoBHbIX ceteil 110-500 kB sneprocucremst Keipreizcrana
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(OpMHUPYIOT OYCHB CIIOXKHYIO CHCTEMY MECTHBIX KJIMMAaTOB M MUKPOKJIMMATOB. B Takux ycIOBHUSIX COOpyKe-
HUE U DKCIUTyaTalus SJHEPreTUYeCKuX 00bEeKTOB (M HE TOJIBKO) CBA3AHBI C OOJIBIIMMH TPYAHOCTAMH U MpooJie-
MaMH, TaK KaKk MHOTHE TPUPOIHO-KIMMATHIeCKHe (aKTOPbI, MPHUCYIINE TOPHBIM PETHOHAM, OKa3bIBAIOT OT-
pHILIaTEeTIBHOE, @ B HEKOTOPBIX CIyYasX U KaTacTPOPHICCKOE BO3ICHCTBIE HA OOBEKTHI, PACIIONIOKCHHBIC B TO-
pax, 0cOOEHHO Ha MEKCUCTEMHBIC U MarkcTpalIbHBIC dlleKTponepenadn Hanpspkenuem 220-500 kB. K uncny
OTIACHBIX JJISI OOBEKTOB dHEPIETHKH MPUPOTHBIX BO3ICHCTBUI IreO(pH3MUECKOTO, TEOIOTHIECKOTO H TEXHO-
TEHHOTO XapakTepa OTHOCSTCS: CHEXHBIC JJABUHBI, CENHU, OTIOJI3HHU, OCHIIH, KaMHEMAa b, MEXaHUICCKHE Ha-
rpy3Kd Ha MPOBOJA M ONOPBI OT BETpa U rojojena, konebanus nposonoB BJI, 3emnerpscenns. OnacHOCTb
9THUX TPUPOAHBIX SBICHUN 3aKIIOYAETCSl B TOM, YTO OHH MOTYT IIPUBOJNUTH K HAPYIICHUSIM 3JIEMEHTOB 3JICK-
Tpomepenad, TaKuX Kak MaJcHue Win moBpexxaeHue omop JIDII, oOpeIBEI TPOBOIOB, TPOCOB 1 Apyrue [1-4].

JlHUY AneKTponepeaun MPOXoasIT B paifoHaX, XapaKTEePU3YIONINXCS IMUPOKHM JAUAIa30HOM Oporpadu-
YECKUX U NMPUPOIHO-KIMMATHUECKUX YCIOBUH. B mpenenax Tpacc uMerorcs palloHbl ¢ CHIIBHBIMU BETpaMu
CO CKOPOCTHIO 10 40—45 Mm/c, TON0NENOM ¢ TONIUHON cTeHKH Oonee 20 My, HTHTCHCUBHOM IPO30BOH e TeIb-
HOCTBIO U JIABUHHOW OMAaCHOCTHIO.

Kpome TorOo, BO3AYIIHBIC JHHUU IOABEPTalOTCS BO3ACHCTBUSIM, BBI3BIBAIONINM KpPAaTKOBPEMEHHYIO,
a MHOTJA U [UTUTEIHHYIO MOTEPI0 PAOOTOCIIOCOOHOCTH H30JIAIIMOHHBIX KOHCTPYKIIUH, TAKAX KaK:

»  NeKTPUYECKHUE NEePEHAIPSHKEHUS TIPU MTOPAKEHHUSX Pa3psaMi MOJIHHY;
> 3arpsi3HEHUSI N3OJLIHHU JIMHAN €CTECTBEHHBIMH U MPOMBIIUICHHBIMHA YHOCAMH.

BEICOKOTOpHBIE YIaCTKH XapaKTepPHU3yIOTCs IIOHMKEHHOH MIIOTHOCTHIO BO3YXa, YTO TAKXKE OTPUIIATEIIb-
HO BIMSIET Ha M30JIALMIO U Mepefady AJIEKTPOIHEPTUU 10 NpoBoaaM ropHbix BJI, yBenuunBas ypoBeHb KO-
POHHOTO pa3psaa U, COOTBETCTBEHHO, TOTEPH MEKTPOodHEpruH. 1o 3Toi nprunHe BIOOP CCUCHHUS IPOBOIOB
Y KOHCTPYKIMHU (pa3bl U BO3AYIIHBIX JIMHUH AIEeKTporiepeaadn HanpspkeHrneM 110 kB u BrIle B 3HAUUTENb-
HOUI Mepe ONPEEIsIeTCs] M YCIOBHSIMU OTPAaHNIEHISI KOPOHHOTO paspsiza.

Heiicteytommne muann HampspkeaueM 500 kB «Tokrorynbckas 'DC — Amabens — ®pyH3eHCKasS,
«Tokroryneckas 'OC — Jlatka» u «/latka — KemuH» npoxoasT 1mo ciaoHOW rOpHOW MECTHOCTH Ha BBICO-
Tax ot 500 M H.y.M. 10 3500 M H.y.M. B CBSI3H C 4YeM, 10 YCIOBUSAM OTPAaHHUYCHHS KOPOHHOTO paspsa (asbl
JIMHUHU B 3aBHCHMOCTH OT BBICOTHI IPOXOXkIeHHS Tpacchl JIDII Hax ypoBHEM MOpS BHINOIHEHBI IIPOBOJAMU
3 x AC-300, 3 x AC-400 u 3 x AC-500. B 2025 roxy 3aBepmieno coopyxenue JIDIT 500 kB ot I1C [larka
B Keiprezcrane g0 [1C Cyrn — B Tamkukucrane, haza kKoTopoi B ominyme oT cymectByromux JIDIT 500 kB BbI-
MOJTHEHA CTalleaTIOMUHEBBIM ITpoBoAoM Mapku AC 4 x 400 (pucyHok 2). [IpoTsskeHHOCTh JIMHUH 3JIEKTPO-
nepenad 500 kB «/larka — Cyrm» coctapinsieT 470 KUIIOMETPOB TI0 TeppuTopun Keipreizckoit PecryOnuky.
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JIBII 500 kB «ToxTorynbckast [ DC — @pyH3eHCKas» 0011eid MPOTSHKEHHOCThIO B 207,3 KM MPOXOJUT Ye-
pe3 ATk TPYAHOIOCTYIHBIX TOPHBIX IepeBajioB. HekoTopble ee yyacTku pacnoioxkenbl Ha Beicote 3 500 M Haj
ypoBHeM Mopsi. J1o ctpoutenscrsa JIDI 500 kB «/larka — Kemuny» 31a rHMS ObUTa €IMHCTBEHHOM, TI0 KOTO-
pOHi TpaHCIIOPTUPOBAJIACh ANEKTPOIHEPrus, BeipadoranHas Tokrorynabsckoit ['DC, Ha ceBep cTpaHsbl.

Tpacca nmuauu exkrponepenaun HanpsbkeHueM 500 kB «/latka — Kemun» Taxoke MpOXOAMT IO TPYI-
HOJIOCTYITHBIM TOpHBIM y4acTKaM uepe3 nepeaisl, Koipk-Kei3, Tep-XKainak, Kezaprt, HIsmasipak, BeicoTa
KOTOPBIX Oosiee 3 ThICAY METPOB.

ABapun Ha ropHbIX JIDII yame BCero MMEIOT MEXaHMYECKOE MPOUCXOXKIIEHUE U CBA3AaHBI C TOJIONEN-
HBIMH WM BETPOBBIMH Harpy3KaMmd, CEHCMHYHOCTBIO, IUIICKOM IPOBOAOB, OOBaJaMH, OMOJ3HSIMH, JIABHHA-
MU, ITIOIMBIBAHUEM (PYHIAMEHTOB orop U T. 1. [1o nanasiM Ciay:kObI HAIS)KHOCTH ¥ TEXHUKU 0€30IaCHOCTH
OAO «HOC Ksipreiscrana» B 2023 rogy B ceTsax 110 kB u Bbiue npounsomio 270 ciaydaeB aBapuiiHbIX OT-
KIIIOUEHUH OT JEeHCTBUS 3alUT U aBTOMATUKU. BONBIION MPOLIEHT OTKIIIOYEHUH CBSA3aH C MOTOAHBIMU YCJIO-
BUSIMH, B YACTHOCTH C T'PO30BBIM IEPHOAOM, U OTKIoueHHeM BJI oT mpsimoro momnagaHusi MOIHAU. Takxke
OTKJIFOYCHUS CIy4allUCh B PE3YyNIbTaTe TaKUX MMPHPOIHO-KIMMATHUECKUX BO3IEHCTBUIL, Kak roioienoodpa-
30BaHUE, CXOJ JIaBUH U ceneil u T. 1. [Ipn 3TOM 0CHOBHBIMHU (haKTOpaMH, BBHI3BIBAIOIINMHE OOPBIBHI IIPOBOIOB,
rpO303aILUTHBIX TPOCOB U HIIEH(POB aHKEPHBIX OMOP SIBJISIOTCS:

»  CBEPXHOPMATHUBHBIC BETPOBBIC U TOJIOJICIHBIC HATPY3KH, IPUBOISIIIE K BUOPAIIUH U IUISICKE TIPOBOIOB;

»  OKHCIICHHs OOJNTOBBIX COCAWHCHUH IUIAIICYHBIX 32)KHMOB H MPHONIDKCHUE NnIelida K Tely OIop Mpu
IIKBAJIMCTOM BETpE.

[IpuBenem Hekoropsie mpumepsl otkitouenus JIDIT 500 kB:

» 16 mapra 2018 roxa B 11:30 npowusomnuio oTKIOUCHHE JIUHIK dekTporiepenadn 500 kB « Tokroryabckas
I'DC — IIC ®dpynzenckas» Ha nepesaie ['yny B nposerax omnop 38-39 mmmnoro 1 200 M oOHapykeHO
cubHoe oonedenenue nPoeooos monuunou 20 cm;

» 26 ¢espans 2021 roga: B 19:31 ycrpoiictBaMu peneitHo# 3amuThl oTkimoumiack BJI-500 kB «TokTo-
ryibekasi ['OC — noacrannus Jlatka», NpuUnHA — AA6UHOI Oblna noepercoena gaza «A» onopwr 120,
C MOBPEXKICHUSIMHE JBYX M3 TPEX IPOBOOB B (pa3e B mposerax omop 120-121-122;

» 25.07.2023 . B 16 uac 44 muH aBapuitno otkioumiack BJI-500 kB «TT'DC — TynebepaueBay, pUUHHON
aBapUHHOrO OTKJIIOYEHMS SBUJIOCH KOPOTKOE 3aMbIKaHHS M3-32 YBEJIMUYEHHs CTPEJIbl IIPOBECA 6 pe3yiib-
mame aHOMANbHOIL JHcapvl nPoeoda 6 nponeme onop Ne 188—189;

» 26 oxts0ps 2025 roma npousonuro otkiarodeHue Bl 500 kB «Tokrorymeckas ['DC — [1C OpyH3eHCKas,
U3-3a CUTIbHO20 2071011€0000pazosanue ouamempom 00 25-30 cm na onopax Ne 38, 39 u 40 u Ha ipoBo-
Jax B nponetax orop Ne 38, 39 u Ne 39, 40.

JIMKBUAANMS TOCIESCTBYIA aBApUil 1 BOCCTAHOBIICHHE YJICKTPOCHAOKEHUS TPEOYIOT 3HAYUTEITHHOTO Bpe-
MEHH, B CBS3U C YEM B YCIIOBHUX BBICOKOTOPbS UCIIOJIB3YIOTCS IIPOBOJIA C MOBBIIIEHHOW MEXaHHUYECKON IpoY-
HOCTBIO.

OcoGeHHOCTH pe:KUMOB PadoThl CHCTEMOOOPA3yIOLUX JUHUN JiekTponepesaun. OJHON U3 Bax-
HEHINMX XapaKTEPUCTHK JIMHUK AIIEKTPOINEepeadr MEPEMEHHOTO TOKa SIBISICTCS] TPOITyCKHAs! CIIOCOOHOCTS,
KOTOpasi JUis IMHUIA 3JeKTporepenadn HanpsbkenueMm 220 kB orpaHnumBaeTcs Kak Hazpeeom, Tak U yCmoli-
yugocmuplo, JUIsl TUHUN 3iekTpornepenadn HampsbkeHneM 500 kB — B OCHOBHOM ycmoiiuusocmuio, Tipu-
9eM C YBEIHYCHHEM JJIMHBI JIMHUHA BTOPOH (pakTop (YCTOMYHBOCTB) ONpeessieT MpeAes IepeaaBacMoi
MOIITHOCTH.

Takum oOpa3zom, mist obecriedeHuss HOPMaJIbHON paboThl IMHUU JIEKTPOIepeaayn HeoOXoMuMo 00s13a-
TEJIBHOE BBHINOJIHEHUE YCIIOBHS, CBA3BIBAIOIIET0 Hanbombmmi pabounii (1 ) n nomyctumerii o marpesy (I, )
TOKH JIMHUHU:

IﬂorlZ IHﬁ' (1)

JormycTtuMble 3HaY€HUS JUIUTENBHBIX TOKOB ISl TpoBoJoB Mapok AC mpuBojstcs B [IpaBunax ycrpoii-
CTBa AIIEKTPOYCTAHOBOK [5] M CIIpaBOYHOM ITUTEpaType.
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ITo ycnoBHuAM yCTOWYIMBOCTH SHEPrOCHCTEM HOPMHPYIOTCS MHUHUMAJIbHBIC KO3((UITHEHTHI 3amaca cra-
TUYECKOM allepuOANYECKON yCTOMYUBOCTH 10 aKTUBHOM MOIIHOCTH B CEYEHHUAX U IIO HAIPSDKEHUIO B y3JIaX
Harpysku. Pacuersl yCcTOMUMBOCTU B YCIOBUAX 3KCIUIyaTalluy BBIIOIHSIOTCS Ul OIPEAEICHUS JOIIy CTUMBIX
PEKUMOB SHEPrOCUCTEMBI U BBIOOpA MEPONPHUSTHUIL 10 NOBBIIIEHUIO YCTOMYMBOCTH SHEPTOCUCTEMBI.

W3BecTHO, 4TO mepemaBaeMas 0 JTMHUK 0€3 MOTeph aKTUBHAs MOIIHOCTH (P) B 3aBHCHMOCTH OT yria
O oTpenenioTcs KaKk

|
P=UU, X_Sln (5 12), ()
12
rae U, u U, — HanpsDKeHUs B HaYasle M KOHLIE JIMHUHU DJIEKTPOIIepe- p
JavHn; P
X,, — MHIYKTUBHOE CONPOTHUBIIECHUE JIMHUH;
J,, — yros Mexy Bektopamu Hanpsbkenuid U, u U, P
OrpaHuueHus MepeaBaeMoil MO JHMHUU NEPEMEHHOIOo TOKa
MOIITHOCTH, BBI3BAHHBIC HEOOXOAMMOCTBIO OOCCIICUUTH CTaTHUC-
CKYI0 YCTOHYHMBOCTh B HOPMAJIbHOM PEKUME, MOXKHO MPOMILIIO-
CTPHUPOBATH O YIJIOBOH XapaKTepUCTHKU MolHOCTH (P = f(0), pu-
CYHOK 3), TOCTPOCHHOM 10 BBIpaXeHu1o (2).
Bennunna nepenaBaeMoit IO THHUH IICKTPOIICPEIad aKTHB-
Hol MomiHOCTH (P) orpaHn4ymBaeTcsi HEOOXOIMMOCTBIO 00ECIIEUNUTh [
CTaTHYECKYIO YCTOWYUBOCTD B HOPMAJIILHOM PEXKHUME C TPEOYEMBIM S yer 90°
K03(QUIMEHTOM 3araca 1Mo YCTOWYMBOCTH, KOTOPBII Onpesernser- PrcyHOK 3 — VIjoBasi XapaKTepHCTHKA
Ci 110 BBIpa)KeHI/H'O MOIITHOCTH JIMHUU 3JICKTponepeaadn

P,-P
KP:@_

(T T T T e

-100%, (€))

rae P — MOLIHOCTb, N€peaaBacMasi B HOPpMaJIbHOM PEIKUME,
Pnp — OpeaciibHasd mnepeaaBacMas MOIIHOCTb, ONPCACIICHHAsA W3 yCJlOBI/Iﬁ yCTOI\/'ILII/IBOCTI/I pexKUMa Npu

0, =m/2:
=P,=UU !
BoE — fr@e ™ M1 2X_12- “)

Kosghpuyuenm zanaca no cmamuueckoii ycmotiuusocmu dondicer dvimo He menee 20 % At HOPMAIBLHO-
ro pexxuMma u 8 % — oz nocneasapuiinoeo pexcuma [6].

BrImonHeHHBIC OIICHKH TI0 MPoBepke cTarndeckoil ycrounoctu JIDIT 500 kB u Hambonee npoTskeH-
HOM 1 Haubosnee 3arpyxerHoit JIDII 220 kB nokazanu, uro uHum snexrponepenadu 220-500 kB B pexume
HaMOONBIINX HATPY30K UMEIOT 00CHAMOUHO Honbuile 3anacsl O CMAMUYECKOU YyCMouuugocmu.

B 2015 rony 6bim BBeaeHs! B akciutyarauuio JIDIT 500 kB «arka — Kemun», noncranuus «Kemuny,
Ha KOTOPYIO C TONCTAaHINH «bBBICTpOBKay mepezaBeneHsl JIMHUK dMekTpornepenadn 220 kB. Jlannsre n3me-
HeHus B cxeme ceredd 220-500 kB nmpuBenu k nepepacrpenesieHu0 MOIHOCTEH U K U3MEHEHUSIM PEKUMOB
paboThl cucTeMooOpa3yronux JIMHUH dnekTponepenaun. JInaus 500 kB «/larka — Kemun» obecrieunBaeT J0-
MIOJTHUTEIILHYIO DIIEKTPUUYECKYIO CBSA3b MEXK]y FOTOM M CEBEPOM YHEPTOCUCTEMBI.

JI71s1 olleHKM BIMSIHWS YKa3aHHBIX M3MEHEHUH B cxeMme anekrpudecknx cereil 220-500 kB pacuernbim
ImyTeM OBbUI BBITIOJIHEH CPAaBHUTENbHBIA aHAIIN3 MEPETOKOB aKTHMBHOM MOIIHOCTH B PEXHUME MaKCHUMaIbHOMN
Harpy3ku 1o JuausM iekrponepenadn 220 kB u 500 kB mist Tpex cxem:

1) Hopmanbhas cxema 10 BBoza B akcruryaraiuto JISIT 500 kB «/latka — Kemuny; mexxcuctemusie JIDIT
220 kB cBs3u ¢ aneprocucremoit Kazaxcrana BKJIIOYEHBI.
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2) JIDIT 500 kB «/latka — Kemun» BkjIw4ena; mexcuctemubie JIDIT 220 kB cBs3u ¢ 3HEprocucreMon
Kazaxcrana — BKJIIOYEHBI.

3) JIDII 500 kB «/larka — Kemun» Briodena; mexxcucreMubie JIDIT 220 kB cBs3u ¢ sHeprocuctemMoit
KazaxcraHna — OTK/II04Y€eHbI.

BrInosTHEHHBIC MCCIIEIOBAHMS MTOKA3AJIH, YTO ¢ TOUYKH 3PEHHS PEKUMOB pabOThI CHCTEMOOOPa3yOIIIX
JUHUN snekTponepenadn HanpspkeHueM 220-500 kB naubonee npeonoumumenshoi agnaemcea cxema Ne 2:
JIDIT 500 kB «/latka — Kemun» Briarouena; mexxcucremubie JIDIT 220 kB cBs3u ¢ sneprocucremoit Kazax-
CTaHa BKJIIOYeHbI [7].

OO0men3BecTHO, 4To coOMoIeHNe Oalanca PeaKTUBHOW MOIIHOCTH SIBJISIETCS OJHUM M3 0053aTeNIbHBIX
YCIIOBUH CyIIECTBOBAHUS PeKHUMa JIEKTPOIHEPreTHUECKON CHUCTEMBl. B ominuMe OT akTUBHON peaKkTUBHAs
MOIITHOCTh MOKET T€HEPUPOBATLCS HE TOJIBKO TEHEPATOPaMU Ha AIIEKTPOCTAHIIMAX, HO U KOMIICHCUPYFOIIIHU-
Mmu ycrporictBamu (KY) — Oarapesimu cratnueckux konaeHcatopoB (bCK), cHHXpOHHBIMU KOMIIEHCATOPaMH
(CK) umu cTaTHYeCKUMU UCTOYHUKAaMU peakTiuBHON MotHocTH (MPM). [lo BBoAa B akcmmyaranuto JIDIT 500
kB «Jlarka — Kemun» Bemonaerasie B 2013-2014 romax ucciemoBaHusl MoKazainu, 4To 0ajaHC peaKTUBHOMN
MOIITHOCTHU B AeKTprueckux ceTsx Uyrickoro [I9C Mor ObITh 00eCrieueH TONBKO MPH YCIOBHUU Tapalyielib-
HOIi paboTsl sHeprocucteMsl Koipreizcrana B coctae ODC LlentpansHoit A3un u FOxHoro Kazaxcrana [8].

Pacuernas oneHka NpUHIMNHAIBHBIX BO3MOKHOCTEH YIIPaBICHUsI T'eHepalueil peakTUBHOM MOIHOCTU
BCK na I1C «Kemun» B nuanazone (0-304) MBAp u BIUSHUS 3TOTO peryJIMpoOBaHus HA YPOBHU HAINPSDKEHUS
Ha y3JIOBBIX MOJACTAaHIMAX HanpspkeHneM 220 kB Cesepa sHeprocucteMsl mokasana ee ¢ exruBHOCTh. Han-
0ot A PEeKT MOBBIIICHHS HalpshKeHU Ha mrHaX 220 kB nmeer Mecto Ha 6mu3kux K [1C «Kemuny non-
cranmusax «Mccwik-Kynbekasny, «Uylickany», «Ax-Keist», «beicTtpoBkay — 6onee 15 %. HegocrarkoMm cxeMbl
nojctanuuu «KeMun» sBJIS€TCSA CTyIEHYaToe PEryjimpoBaHUe TeHepalueil peakTuBHOM MOLIHOCTBIO IyTeM
BKJIIOUEHUS ¥ OTKIIIOUEHUs BbIKItodareseil B nersix bCK.

BropeiM HexocTaTkoM, IO HalleMy MHEHHIO, sBisercs noakiatodeHne bBCK k mumHam HanpskeHHeM
35 kB, npu 3TOM reHepHpyeMyI0 peaKTUBHYIO MOIIHOCTH HEOOXOIMMO TPaHC(OPMHUPOBATh HA CTOPOHY CpeJi-
Hero HanpspkeHus — 220 kB (pucyHoxk 4).
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Pucynok 4 — Cxema noxpkimouenus bCK Ha noacranimm «Kemuny»
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IIpn mepenade TEKTPUICCKON SHEPTHU B KAXKIOM 3JIEMCHTE 3JEKTPUUECKON CETH BO3ZHHMKAIOT MTOTEPH.
OnHOM M3 COCTaBIIAIOLIMX MOTEPh B BO3AYIIHBIX JIMHUAX JIEKTPOIEpeadH SBISIOTCS HOmepu, 8bl36aH-
Hble KOPOHHBIM Pa3psa0oM, KOMOpble 0COOEHHO OWyMUMbL HA NPOEOOAX 20PHBIX JTUHUI HANPAICCHUEM
220-500 kB, nocruraroiue HECKOIBKUX NECSITKOB KWJIOBATT Ha OAWH KHJIOMETpP JIMHHUH, OOYyCIOBICHHEIC
reo(pU3NIECKUMHE U KIIMMATUIECKUMH YCIIOBUSIMU BBICOKOTOPBs [9—11]. [TonmydeHHbIe 0000IIEHHBIC XapaKTe-
PHUCTHUKH MOTEPh MOITHOCTH OT KOPOHEI B BHJIE IMITUPUIECKON (POPMYITBI OTKPBIBAIOT IIUPOKHIE BOZMOKHOCTH
JUISL pacyeTa MoTeph OT KOPOHBI Ha npoBoaax BJI, mpoxomsuux Ha JI00BIX OTMETKAX HaJ YPOBHEM MODS IS
Pa3IMYHBIX METEOPOJIOTMUECKUX YCIOBUH. BennunHbl moTeph MOLIHOCTH OT KOPOHBI Ha Pa3HbIX y4yacTKax
MOTYT OTJINYATHCS B Pa3bl B 3aBHCUMOCTH OT BBHICOTBI MECTHOCTH U METCOPOJIOTMIECKHX yCIOBUH. UeM BhIIe
BBICOTA, TEM HUXKE OTHOCHUTEIIbHAS IVIOTHOCTh BO3/yXa U BBILIE YPOBEHb I1OTEPh HA KOPOHY.

B kauecTBe mpumepa IS pa3HBIX TPYII TOTO/BI (M3MOPO3b, JOXKAb, CYXOH CHET, XOpoIast IToroia) B 3a-
BHUCHMOCTH OT MapKH IPOBOJA JHMHUH M padodyero HaNpsDKEHUsT OBUTN BBITOJHEHBI OIICHOYHBIC PACcUETHI IS
OTIpEICTICHUS YACTBHBIX TOTEPh MOITHOCTH Ha KOPOHY (KBT/KM), Ha OCHOBE KOTOPBIX OBUIH ONpE/IeNICHbI pac-
YETHBIE CPETHETO0BbIE YAETIbHbBIE TOTEPH MOIIHOCTH Ha KOPOHY.

1) /Ina nunuu 500 kB « TI'2C- I1C @pynzenckany:

» g ydactka JumHOU 137 KM cpenHsis BbIcoTa IpoxoxkaeHus Tpacchl 1000 M H.y.M. TpenropHas 30Ha,
poBoj ACY-300, pacy€THbIE CpeTHETOIOBBIC YCIbHBIC MOTEPH HA KOPOHY cocTaBmin 12,1 kB1/kMm;

» Ui y4dacTKa JUIMHOHM 45 KM, cpemHss BbIcoTa mpoxoxaeHus Tpacchl 2000 M H.y.M., mpoBox ACY-400,
pacdETHBIC CPEAHETOOBBIC YACIbHbIC TOTEPH HAa KOPOHY COCTABHJIM B cpenHeM 15,9 kBT/kMm;

»  UIA ydacTKa JUTMHOHU 25 KM, CpeIHsist BEIcOTa poxoxaeHus Tpacchl 3000 M H.y.M. rpeOHeBast 30Ha, Ipo-

Bog ACYC-500, pacuéTHBIC CPEAHETOAOBBIC YACIbHBIC TOTEPH Ha KOPOHY cocTaBmiH 18,9 kBT/kMm.

2) JIna aunuu 500 kB « TI'2C — I1C /lamkay»:

» s ydacTka JnmuHOH 62 kM, poBog ACY-300, 1000 M H.y.M. IperopHas 30Ha, pac4€THbIE CPEeTHETO10-

BEIC yIENIbHBIC TOTEPU Ha KOPOHY cocTaBmid 12,1 kBT/km;

» Ui ydactka JuinHo# 55 kM, mpoBog ACY-400, 2500 M H.y.M., pac4€THBIC CPEIHETO/IOBbIE Y/CIbHbIE 10~

TEpU Ha KOPOHY COCTaBWIU B cpeaneM 18,3 kBt/km.

Ha pucynke 5 ams HamIIAHOCTH MOKA3aHBI 3aBUCHMOCTH YACIBHBIX MOTEPh MOITHOCTH Ha KOPOHY IS
BJI 500 kB npu paznuuHbIX BHAAX OOl B 3aBUCUMOCTH OT BBICOTHI IPOXOXKIEHMS TPacchl HaJ ypOB-
HEM MOpA.
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Pucynok 5 — YnenbHbIe mOTepH MOIIHOCTH HAa KOPOHY JIJISl BO3IYIIHOW JTMHHUH JIEKTPOIIepe1adn
HanpsokeaueM 500 kB, nposog AC-3 % 300
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[Ipn cymecTByromeld cxemMe OTYETHBIC MOTEPH OICKTPOIHEPTUH B  DJICKTPUUYCCKUX  CETSIX
110-500 kB naxoxnarcs Ha ypoBHE 5,3—5,7 % K NOCTYIUICHHUIO 3JIEKTPOIHEPTUH B ceTh, B 2024 roqy OHH CO-
CTaBISLIH (ThIC. KBT 4):

» Bcerax 500 kB — 10 409,407,
» Bcersx 220 kB — 62 208,313;
> Becersax 110 kB — 33 364,848.

OCHOBHasI TPYIHOCTh pacdera MoTeph IEKTPOIHEPTHH — 3TO OTCYTCTBHE JOCTOBEPHOM M TOJHOI HH-
dbopmanuu, M3-3a CXEMHO-PEKMMHOIO MHOT000pasus, CIy4alHOro XapakTepa Harpys3KH, HEeJOCTaTOYHOM
YKOMIUTEKTOBAaHHOCTBIO CETH CPEACTBAMH M3MEPEHHSI TApaMETPOB PEXKHIMA U yUeTa MICKTPOIHEPTUH, UX TOU-
HOCTBI0, B cBsi3U ¢ yeM B OAO «HOC Kepipreizctana» UCIONb3yeTcss HOPMAaTUBHBIN METO] pacyeTa Harpy3ou-
HBIX TOTEPh IEKTPOIHEPTUH.

HopmupoBanue norepb 371€KTPO3HEPrUuM SBIAETCS OPraHU3allMOHHBIM HHCTPYMEHTOM CTUMYJIUPOBAHU-
SIUTSL TIPOBEJICHUST SKOHOMUYECKH 00O0CHOBAaHHBIX MEPOIPHUATHH MO CHHIKCHHUIO MOTEPh B YHEPTOCHAOKAIO-
LIMX OpraHu3aLMsiX.

ObocHOBaHME HOPMATHBA TEXHOIOTHYECKUX IOTEPh JJICKTPOIHEPTUH B DICKTPHUCCKUX CETAX
110-500 kB Ksipreizckoii sneprocucremsl ¢ 2011 roga npoussoautcs no « MHCTpyKIuu mo pacyéry u 06o-
CHOBaHMIO HOPMATHBOB TEXHOJOTMYECKHX MOTEPh AEKTPOIHEPTHUHU IPH € Mepeaadue Mo MIEKTPHICCKIM ce-
M 110-500 kB OAO «HanuonanbHas snekrpuueckas cetb Koipreiscranay (B pea. 2018 r.). OueHku norepb
ANIEKTPOIHEPTUH TI0 TTOTydeHHBIM B 2021-2022 romax XxapakTepUCTHKAM IOTEPb MTOKA3aJIH, YTO HEOOX0auMa
pa3paboTka HOBOH peaakuuu «MHCTPyKUUHU N0 pacy€Ty U 000CHOBaHUIO HOPMATHUBOB TEXHOJOTMUECKUX IO~
Tepb NIEKTPOIHEPrUU IpHu e€ nepenaye 1o ekrpuueckuM cersiMm OAO «HOC Keipreizcrana» [12].

3akaioueHne. BBIIBICHBI TPUPOTHO-KIUMATHYCCKHE (DAKTOPBI OTPHUIATEIHFHO BO3ICHCTBYIOIIUC
Ha OOBEKTHI YHEPTOCUCTEMbI — CHE)KHBIC JIABUHBI;, CEJIH; OIMOJI3HH; OCHINN; KaMHEMAa/lbl, MEXaHUYEeCKHE Ha-
rpy3KH Ha MPOBOJIA M OMOPHI OT BETpa W Tojoiiena; Koaebanus mpoBonoB BJI; 3emierpscenus; TeMiepary-
pa OKpY’KaloIero Bo3ayxa; arMoc(epHoe aBICHHE; Pa3INUHbIC THITBI TOTOAHBIX YCJIOBHI; HHTEHCHUBHOCTh
TrPO30BOH JI€ATEIILHOCTH.

Brenenne B akcmmyaranuio JIDI 500 kB «/latka — Kemun» u noacranumnn «Kemun» npuseso K 3Ha-
YHUTENFHBIM H3MEHEHUsIM B cxeme cereit 220-500 kB, obecneynB JOMONIHUTEIBHYO AIIEKTPUUCCKYIO CBSI3b
MEXK]Ly FOTOM U CEBEPOM SHEPrOCUCTEMBI, HanOoJIee MPEAMOUTUTEIHHOH SBISETCS cXeMa ¢ BKitodeHHoi JIDIT
500 kB «latka — Kemun» u mexxcucremubsiMu JIDII 220 kB cBsa3u ¢ sneprocucremoit Kazaxcrana.

O0001IeHHBIE XaPaKTEePUCTHKH TIOTEPh MOIIHOCTH OT KOPOHBI B BHJIE SMITHUPUIECKON (OPMYIIBI TIO3BO-
JISI0T PacCYUTHIBATh IOTEPU OT KOPOHBI Ha mpoBojaax BJI, mpoxoadmmx Ha Jr00bIX OTMETKaxX HaJl YpOBHEM
MOpSL JITISL pa3TIMYHBIX METEOPOJIOTHUECKUX YCIOBHM U Ha Pa3HBIX y4acTKaxX JIMHUH.

OueHKH NoTePh IEKTPOIHEPrUuH 1o nosryuyeHHbIM B 2021-2022 ronax XxapakTepucTHKaM MoTephb MOKa-
3aJM, 4TO HeoOxXonmuma pa3paboTka HOBOH penakunu « MHCTpyKIuny 1Mo pacyéry # 000CHOBAaHUIO HOPMATHBOB
TEXHOJIOTHYECKUX IOTEPh JEKTPOIHEPruM Npu e€ nepeaade no sexrpuiaeckum cetsim OAO «HIC Keiprois-
CTaHay

[Mocrynuna: 08.06.2026; peuensuposana: 22.06.2026; npunsita: 24.06.2026.
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