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AnHoTtanus: byn makanana 20 kB kepHeyti 2JIeKTp KeNiepiHae HeHTpaibai Kepre Kocy
PEKHUMIH TaHAay Mocelecl KapacTelpbliafbl. OpTa KepHEYJl 3JEKTp JKeNUIepiHIH CeHIMIl kKoHe
Kayilnci3 >KYMBICBIH KaMTaMachl3 €Ty SHEPreTHUKAaJbIK JKYHelepai maijanaHy Ke3iHIe MaHbBI3IbI
MiHgeTTepAiH Oipi Oonbin Ta0buiaabl. Ochl TYPFbIIAH alFaHAa, XKelll HEHTpaiH pe3ucTOp apKbLIbI
Kepre Kocy TOCUTIH KOJIIaHy JKeiHIH CeHIMIUIITIH apTTBIPYFa jKOHE alaTThIK KaraaiaapAblH aJlIbIH
alyra MYMKIiHJIK Oepefii. 3epTTey OapbIChIHIa HEUTPAIb/Ii PE3UCTOP apKBLIbI )Kepre KOCy pexuMiHIH
KYMBIC EpEKIICTIKTEepPi, OHBIH 3JCKTP JKENUIEPiHIH TYPaKThUIBIFBIHA KOHE KOpFay KYHelepiHiH
THIMJI1 )KYMBICBIHA 9CEP1 TaJIJIaH/IbI.

Aran aiiTKaHaa, MyHJIal xKepre Kocy oaici 0ip ¢azanbl KbICKAa TYWBIKTATY Ke3iHIC aKayJIbl
KENJIepIl aBTOMATThl TYpJIe aHBIKTAayFa J>XKOHE OKUIayjayFa MYMKIHIIK OepeTiHi KepceTiii.
ConpIMEeH KaTap OYJ1 TOCUT 3JEKTp >KaOOBIKTapbhlHA TYCETIH apThIK KEpPHEYJIEpIiH [eHreiiH
TOMEHJIETYTE KOHE anaTThIK JKaFJaliapAblH BIKTUMAJABIFBIH a3aiTyFa jKaraai kacaipl. 3epTTey
HOTHKeNepl KOpCEeTKEeH e, JKemiAer! y3UIicTep HeMece KOMMYTAlMSUIBIK MTPOLIeCTEP Ke31H 1€ apThIK
KepHEeyJIepliH pyKcaT €TUINeH JeHreiliH cakray YIIiH HeHTpajb pe3UCTOPbIHBIH MOHIH Oenrimi Oip
HIEKTEpe apTTHIPY KapacTeIpbUianbl. byn o3 keseringe Oip ¢azainbl KbICKa TYWBIKTATy TOTHIHBIH
[IIaMachlH a3aiiTyra MYMKIHJIIK Oepei.

Kyprizinren Tangay Hotuxenepi 20 kB anextp xeninepinae HEHTpaabAl PE3UCTOP apKbLbl
&Kepre KOocy pPeKUMIiH KOJJIaHy DJIEKTPMEH >KaOJbIKTay *KYHECIHIH CEeHIMIUIIr MeH KayilcCi3ZiriH
apTTBHIPYAa MaHBI3IBI POIT aTKAPATHIHBIH KOPCETE/I.

Tyiiin ce3mep: HeMTpan pe3UCTUBTI Kepre Kocy, KeJepri, KOCaJIKbl CTaHIHs, aCKbIH KEpHEY,
AJIEKTP KayiICI3/iri, pesiesik KOpFaHbIC.

Kipicne

DJeKTp PHepruschlH TapaTyasH 20 kB kepHeyni xylenepinne 6edTapanTbly jkepre KOChbLTy
PEXKUMIH JYpHIC TaHJAYyJbIH MAaHBI3bl JKOFaphl, ce0ed1 Ol KEeNHIH CEHIMIUTITIHE, amaTThIK
peXUMJIEpIET] TYPAKTUIBIFbIHA KOHE a0 IbIKTap/IbIH AIEKTPIIIK OEpIKTIriHE TIKeIeH acep eTe.

Kazipri  yakpITTa TapaTy OKkeniepiHAe KaOenbJiK  JKeNIIepAiH  yJeci  apThi,
TYTBIHYIIBUIAP/IbIH 3JIEKTPMEH ka0 JpIKTayFa KOWbUIAThIH TalanTapsl kKymenai. OcblHaail xaraaiaa
M30JIALUSIIAHFaH HEMece TJIyX03a3eMEJICHHBIM HEeUTpaibh pexumiaepi OipkaTap ILIEKTeylepre ue:
IYTalbIK acKblH KEpHEYJIEpHAiH TYBIHAAYBl, Y3aKKa CO3BUIATBIH Kepre TYHBIKTAIy MpoIecTepi,
CEeNIEKTUBTI KOPFaHBICTBIH JYPBIC JKYMBIC ICTeMeyl JKOHE >KaOJbIKTapFa TYCETIH 3JIEKTPIIK
KYKTEMEHIH apTYBhl.

CoHBIKTaH PE3UCTUBTI Kepre KocbutFaH Oeiftapan pexxumi 20 kB sxeninepi yuiin eH THiMIl
YKOHE TEXHUKAJBIK TYPFBIJIAaH HET13/IeNTeH MICIIIM PETIHE KapacThIpbuIaabl. by pexum Oipdazans
JKepre TYHBIKTaTy TOTbIH OacKapbUIaThIH ACHI€H/IC EKTeH OTHIPHII, ACKBIH KEepHEYJIep i a3aiTa s,
KaOeNb/IIK JKEeNUIePAiH KbI3MET €Ty MEp3iMiH y3apTajbl, anaTThIK >Karjaiyiapibsl aHBIKTay MEH
OKIIayJIayabl )KCHUIICTE/I1.

Ochburaifia, pe3uCTUBTI 3a3eMIICHHE HEUTpaau KOJJIaHy Kas3ipri TajamTapra cai, >KeNiHIH
CEHIM/II KYMBICBIH KaMTaMachl3 €Tyre OarbITTAIFAaH ©3€KTI MHXKEHEPIIK MIHAET OOJBIT TaObLIaIbI.
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20 kB tapary xenicinze HeHTpa kepre Kocy pexKUMIH TaHJIAy IEKTP TapaTy >KeNIepiH xkobanay,
naijanany >KoHe KaiTa Kypy Ke3iHJe MaHbI3/[bl Mocelie OOJIbI TaObLIa IbI.

3eprTey MaTepuasnapbl MeH JicTepi

20 kB xemieri HeUTpa Kepre Kocy pekuMi aHbIKTaHIbI:

»  0ip azanvl KblcKa MYUbIKMALY HCALOAUGIHOA - acep emiiMe2eH (azanapoagvl apmvlk,
KepHey;

»  0ip ghazanvi KbiCKa MYUbIKMALY HCALOAUBIHOA NEPCOHAL MEH INEKMP HCAOObIKMAPLIHLY
Kayincizoiei,

»  0ip aszanel KbicKa mMyublKmany Ke3inoel aKkaynvlk OPHbIHOAEbl MOK,

»  0ip gpazanvl penenik KblcKa myublKmanyoaH KOPeaHblC,

>  mMYmulHYUbLIAPObL Y30IKCI3 JHCIHE CEHIMOT NIeKMP KYaAmblMeH KAMmamacyl3 emy;

> anexmp HcabOblKMapeiublly OKWUAYIAY OeH2elll;

» Kocankvl cmanyusinbiy dicepee Kocy mizoe2iniy pykcam emineeH Keoepeici.

Ocpinaitiia, 20 kB xeninepae HeHTpan kepre Kocy pexumi OeplireH jkeiijie eHri3iIreH
KOITEreH TEeXHHUKAIBIK IIennmMaepre oacep ereriHi aHblk. 20 kB xkeminepae (oprama KepHEYJIi
XKelinep) OYKLT aJieMe HeUTpal xKepre KOCYAbIH €Ki Typl KOJIaHbLUIaIbL:

1 - u3onsAUMsASIaHFaH HEUTpPAJT;

2 - pe3ucTOp apKbLIbI Kepre KOChUIFaH HEHTpal.

JlambIFaH enjepaeri opramia KepHeyJIi TapaTy KeIiIepiHiH )KYMBIC CHITaTTaMaJIapbiH 3ePTTey
[Berust, @pannms, Uranus sxxone ['epmanust cusktol 20 kB sxeninepain 75%-aaH acTaMbl pE3UCTOP
HETi31HJeTi HeUTpaJI Kepre KOCY bl IMaliJalaHaThIHBIH KOpCceTTi. byl MakananbiH MakcaTsl - 20 kB
KEINJIep/ie pe3rucTOop HEeri3iHaer HeUTpal kepre Kocyibl maaananyasl 3eprrey [1].

Herisri Oenim JXuHakrasraH oJIeMIIK J>KOHE JKEPriUTIKTI ToXipuOe opTama KepHeyi
KENJIEPIH HEeUTpasl JKepiH PEe3UCTHBTI Kepre KOCyFa aybICThIpy KepHEy TpaHC()OpMAaTOPHIHBIH
opamaiapblHIa aWTapibIKTail IIaMajaH ThIC KEPHEYre HEMeCe TOKTBIH KOFapbUIayblHA OKEIETiH
OipKaTap KayinTi mpolecTepi ot apKblibl 20 KB a5exTp enijaepiHiH CeHIMIUIITH aiTapiabIKTai
YKaKcapTa alaThlHBIH KepceTeni [2].

Kemni HelfTpas kepiH pe3uCTOpMEH Kepre Kocy MYMKIHJIK Oepeni:

1) ’Kabovikmul okwaynay ywin 6ip ¢hazanvl Kbicka myublKmany Ke3inoe2i apmvlk KepHeyoi
Muimoi mypoe memenoemy;

2) Kepney mpancgopmamopvinbly ©3eKmepiniy  KAHbIEYbIHAH MYbIHOARAH — KaAYinmi
Geppope3oHanc KyoulLibiCmapvlH H#Cow;

3) 6ip azanwl KbicKa MyUbIKMAIy KOpPAHblCbl APKbLIbI KbICKA MYUbIKMANY HYKmeaepiH
AHBIKMAY0a CeneKmMuemiiiKmi KamMmamacsl3 emy.

4) pesonancmulk npoyecmepoi 6acy apKblibl KbiCKA MYUbIKMANLY KOPRAHLICHIHGIY OYpPbiC
oHcymvic icmeyin kammamacwlz emy [3].

Heiitpan pesuctopra KpicKa TYWBIKTalIFaH Ke3ie Oip (as3anbl KbICKa TYHBIKTaNy Ke3iHe
JKEepre mamMajiaH ThIC KepPHEY/Il MEeKTey Ti30eKTe TOK OoIMaraH Ke3/e 3aKpIMIaamMaraH (ha3ansap/IsH
CBHIMBIM/IBUTBIFBIHBIH Pa3psi]l YaKbITBIHBIH TYPAKTBICHIH a3alTy KOHE HEUTpas KepHey/ i Oip AeHreire
TOMEHJIETY apKBLIBI )KY3€Tre achIPbUIAIbI.

Heiitpan »xepre Kocy pe3ucTOpBIHBIH KOCBUTY cxeManapbl. Ka3zipri 3amManfbl Toxipubene yu
HET13I'1 pe3UCTOP/Ibl KOCY CXeMachl KeHIHEH KOJIJaHbLIa/Ibl:

1.®unep opTanbIFbIHAAFEI HONAIK Ti30ekTi KepHeynepi ©Oap 220(110)/20 kB kyat
TpanchopmaTopbIHBIH Ti30eriH HelTpanka (Yo/Yo) KOChIHBI3 (1-CypeT, a KapaHbI3).

2. Pesuctopmapaer Yo -11 kepre kocy Tizberi Oap 20/0,4 kB xkepre Kocy
TpaHCcPOpMaTOPBIHBIH apHaiibl HEHTpPas ChIMBIHA KOCBIHBI3 (1-cypeT, b KapaHbI3).

3. 3urzar KocwUTy cxemachl (Zo) 6ap Hemmik Ti30ekTi cysriHi (SF) maiinamany (1-cyper, ¢
KapaHpi3) [4].

Byn cxemanapnablH 9pKaiChICHIHBIH ©31H/IK apTHIKIIBIIBIKTAPbl MEH 9PTYPJIL AJIEKTpP HKelici
YKaFIaiyiapblHia KOJJIaHy epeKIemKTepi 6ap, Oy HaKThI TarchlpMaiap MEH KYMBIC KaFIaiiapbl
YILiH OHTAMJIbI TaHIAyAbl aHBIKTAY YIIIH KOCBIMINA TaJIjay MEH 3epTTeyi KaxeT eTeni. Heifitpanka
apHAJIFaH OFaphl BOJBTTHI TOMEH JKHUTIKTI PE3UCTUBTI Kepre KOCy KYPBUIFBICHI Oi1p (a3abl KbICKa
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TYWBIKTAITy OPBIH aJIFaH XKeJliH1 CeJICKTUBTI )KbUIaM aKbIpaTyFa (pelieiK KOPFaHbIC KYPBUIFbIIapbIH
napagaHy YIIiH KaKETTI YakKbIT 1IIH/E) XKoOHE OHEPKICINTIK KULTIKTIH HOJAIK Ti30€KTI TOTHIHBIH
OeJceH 1l KOMITOHEHTIH )acayFra apHaiFaH. TeMeH KeJeprijii pe3ucTopiapAsH HOMUHAIABI MOHEP1
1-xectene kenripiyirex [5].

110-220xB v

20 xB 20 kV

a)

1-cypert. Pe3uctop apkputbl 20 kB xeninik HeHTpal xkepre Kocy Tizoeri

1-kecre. 20 kB Tapary xemniiepiHae KOJIAaHBUIATEIH TOMECH KEIEePTUIi Pe3UCTOPIIAp IbIH

HOMUHAJIBI MOHIEP1

20 xB

T

Kepre kocy
TpancdopMaTopsbl 04Ev
(T3H) 0,4 xB

R,

20 xB

77

Heunik perrisik
cysrici (@HII)

T,

Pe3ucrop Kyatsl, kBt | 5391 | 4043 | 3234 | 2310 | 2021 | 1797 | 1294 | 1078 | 809 | 539 | 404 | 323
Pe3ucropabig
HOMMHAJIIbI Keaeprici, | 30 40 50 70 80 90 125 150 200 | 300 | 400 | 500
Om
Pe3ucrop Torsi, A 424 318 254 182 159 141 102 85 64 42 32 25

JKorapbl BOMBTTHI PE3UCTOP APKbUIBI HEUTpasAbl *kKepre Kocy Keliferi apThIK KepHeyal
KOJIaisibl JeHreire AeiiH TOMEHIETe 1, CUTHallFa ocep eTeTiH Oip (aszanbl xepre Kocy Ke3iHAeri
KbICKa TYHBIKTATy1aH CENIEKTUBTI, TUIM1I KOPFAHBICTHI KAMTAMacChI3 €Tell )KOHEe KOPFAaHbIC aCThIHJIA
01p (azanbl )xepre Kocy Ke3iHJer! KbICKa TYWBIKTAyJIap Ke31H/e KENHIH y3aK MEp3IMIl KYMBIC
icTeyiHe MYMKIHIIK Oepeni. Korapbl Keaepriii pesucTopiaapAblH HOMUHAIABI MOHJEP] 2-KecTene

KEJITIPIITEH.

2-kecte. 20 kB Tapary xeniciH/ie KOJJIaHBUIATHIH JKOFapbl KeAEPTiil pe3ucTopiIapblH

HOMUHAJIBI MOHIEP1
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Pesucropab! naiianaHeIn HEHTpa xKepre Kocy pexXMMIH TaHJay [MIapTTaphl.
Keninik HEHTpan YIIiH PE3UCTOPABIH Kepre KOCY TYpiH aHBIKTay MIHAETI KOIl KbIPJIbI JKoHE
KeJieci KOMIIOHEHTTEp I KaMTH/IbI:

» Onexmp Kayincizoieiniy sco2apol OeH2elin KAMmMamacyl3 emy;

> MYmulHYWbLIapObl CEHIMOI JCaHe Y30IKCI3 DeKmp KyamvlMeH KamMmamacol emy;
»  oicenioei Wamaodan molc Kephey OeHeelin momeHoeny;,
» memeruie HcagoainapOaH ceHimol peneiik KOp2aHbiCmbl YubLMOACmblpy;
»  pezucmusmi dicepee Kocyovl KOIOAHYObIH MeXHUKANbIK-IKOHOMUKATLIK He2i30emec;
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»  pe3ucmopobl Kocamvii mpancgopmamopowiy Kyamvin ansikmay [6].

» Pezucmop mani snekmp Kayincizoiei manianmapvlia ne2izoeiin maoaiaosl.

DJeKTp Kayimnci3airi TajantapblHa KOCAIKbl CTAHIUAIAFEl Oip (a3aibl xepre TYHBIKTaTybl
KE31HJIe aJaMJIapAblH 3JIEKTp KayilcCi3iriH KaMTaMachl3 €Ty, PYKcaT €TUITeH JKepre TYWBIKTaIy
KeJleprici HeMece TaHTeHITUAIbI KEPHEYAIH KOJIIaHBICTAaFbl CTAHAAPTTAPbIH ecKepy Kipemi. HeitTpan
pE3UCTOp apKbUIBI JKepre TyWbiKkTamFaH 20 KB KocalKpl CTaHIUS YIIIH pYKcaT €TUITeH Xepre
TYWABIKTaNly Keaepricinii MoHi Rperm Oousbim Tabbutazpl. By snekTp Kayinci3miriH KamMTamachli3
eTei.

R, ,-R
g.d. n [OM]

R <=,
perm. ) 2
,/Rn +X¢

by xepne Rgq - DNEKTp KaOJIbIKTaphIH OPHATY €peKenepiMeH KOPCETUIreH Kepre Kocy
KYPBUIFBICBIHBIH KEJIEprli MOHI TapMaKKa COMKec jkepre KOCy KYpPBUIFBICBIHBIH PYKCaT €TUIreH
KEJepriciH TaHjay HeMece KOCAIKbl CTaHIMAAA 3aKbIMIAJFaH KOCBUIBICTBI Y3yre OaillaHBICTHI
apHaiibl KOpFaHbIC MIapajapblH KOJIJaHy apKbUIbI.

TyTeIHYIIBIIAPABI STEKTPMEH KaOIBIKTAY IBIH CEHIMILTITI.

bip dazainbl kbicka TyiibIKTamynap 60Iybl MYMKIH XKaFJaiiia, 37eKTp JKeTICIHIH KayiIci3 )KoHe
TYPaKThI )KYMBICHIH KAMTAMAChI3 €Ty KaKeT OOJIFaH Ke3/Ie, )KOFapbl KeAEePT il HeHTpa xepre KOCyIbl
naiinanany eTe MaHbI3bl. ByJ1 KbICKa TYHBIKTaTy TOKTapbIH a3aiiTa/ibl, Oy ©3 Ke3€riHe MEeKTPMEH
XKaOapIKTay OKyileci KaOABIKTAapbIHBIH TYTACTBIFBIH CaKTayFa JKOHE BIKTUMAaJ TOTEHIIE
KaFAalIapAbIH alJIbIH alyFa KOMEKTeCe .

byn pe3ucTopablH jkepre Kocy TUIMILIITN KaObUIJaHFaH CUTHAJI MEH KIPIKTIPIITeH pelertik
KOpFaHbIC HeTi3iHae O0ip (hazaisl KbICKa TYHBIKTATY Il aHBIKTAY apKbUIbI alTapibIKTail apTansl. by
MHTETpaIUsUIaHFaH TOCLT KYHEHIH CeHIMIUIINH KaMTaMachl3 €Till KaHa KoiMaill, COHbIMEH KaTap
XKaOABIKTap MEH WHOPaKYPBUIBIMFA KEJNTIPUTyl MYMKIH 3aaJiIbIH aJIJIbIH allaJbl, SHEPTETUKAIBIK
KyHesepIiH Kayirnci3airi MeH y3/iKci3 AKYMBICBIH KaMTaMachl3 erei [8,9].

Kenepri MmoH1 apThIK KEpHEY JIEHT€iiH TOMEHAETY TanmaObIHA HET13/eTIN TaH/1aIaIbl.

Pe3ucTop MOHI Jkemi OKIIAyJIarbllibl MEH 3JIEKTP JKaOJBIKTapbhlH pYKCAT €TUITeH apThIK
KepHEy KO3(PQUIIMEHTIMEH AaHBIKTANIAThIH apThIK KEPHEYAEH KOpFayAblH KaKeTTl JeHreliHe
OaliIaHbBICTBI apPTHIK KEPHEY JCHIeHiH TOMEHAETY KpUTEepHiliHe Heri3/ienin Tanaanaasl. Ko:
ol o

L

Umax byt mnHa OesiMiHe KOCBUTFaH »Ka0/IbIK YILIH TPO(QUIAKTHKAIIBIK TEKCEPY KEpHEYI.

Bbyn sxarnaiina ackeiH KepHey K03 hUIIUEHTI:

— Temen kenepriii pezuctopsl xkepre Kocy yuria KO=1,0-2,2

- JKOFapbl KeAEPrisii pe3sucTopasl xxepre Kocy yumin KO=2,2-2,6

ACKBIH KepHey JeHIreiiHiH Oenrin MoHIMEH pe3ucToplblH Keaeprici Ko koadduuuentimen
aHBIKTAJIAIBI.

(1)

K

o

K, -1
R, =XC-O—, [Om] 3)
34-K,
X CHIMBIMIIBUTBIK PEAKTUBTLIIT] KeJIECiAeH aHbIKTaIa bl Ma?:
U

X, =—"—, [OM] “4)
V31,
ACKBIH KepHEyJi a3aiiTyra apHajifaH pe3UCTOpIapAbl CePTHPHUKATTAYIbIH AHBIKTAYIIIbI
KpUTEpHUiil - TOMEHJIETI OpHEKTI MaiJalaHbIll €CENTeNeTiH acKbH KepHey kodddunumentinin KO
MOHI.

&
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Keninik >xoHe >MEKTp >KaOIBIKTApBhIH IIaMaJaH THIC KEPHEYAEH OKIIayJayIblH HeTi3ri
KOpFaHbBIC JICHreli - aifHaIMalbl MalldHAIAPIbl MPO(QUIAKTUKAIBIK ChIHAY CTaHIAPThIHA COUWKEC
kenetin Ko = 2,6 kopransic neHreifi. Ko>2,6 KopraHbIC ASHIeHiH TaHJIAy THICTI TYple Heri3aemnyi
KEPEK .

Kenepri MoHIH TaHaay peleniK KOPFaHbIC KYHECIHIH THIM/I )KYMBICHIHA HET13/Ie/reH.

Penenik KopraHbBIC >KYHECIHIH THIMII >KYMBIC KPUTEpPHUHIHE HETI3ACNITeH KeAepri MoHIH
TaHJ1ay KQKETTI CEJIEKTUBTUIIK MEH Ce3IMTaJIIBIKIIEH KOPFaHbIC TYPiH aHBIKTayaaH Typassl. XKepre
0ip (azanpl KbICKa TYMBIKTATy KE31HJIE HEHUTpasl TOMEH KeIeprii pPe3ucTOPMEH JKepre KOChUIFaH
Ke3/lle KbICKa TYHBIKTAly HYKTECI apKbUIBI OHJaFaHHAH KY3JCTeH amIepre IeHiHTi TOK eTel,
OChLIalIIIa HOJIK TI30€KTI IMaMajiaH ThIC TOK KOPFAHBICHI OPHATHLUIA b, OYJ1 aKayJibl JKEJIiHI THIMII
Typae axbipatansl [7]. Helitpan skorapel Keaepriii pe3uCTOPMEH JKepre KOCBUIFaH Ke3Je,
KaparaibiM TOK KOPFaHBICHI J1a, TI30€KKe HEMece CUTHAJIFA 9cep €TETiH KYpJe KOpFaHbIC TypJepi
Jie OpPHATBUIYbl MYMKiH. Pernenik KOpFaHBIC XOHE aBTOMAaTHKa JKyHeci THIMAlI JKYMBIC iCTEreH
KaFaana, pyKcaT eTiIreH pe3ucTop Keaeprici Kejaeci OpHEKIeH aHbIKTAIa bl :

U
R, < \/E—L[ [OMm] (6)

by xepne Io.c- O6ip ¢a3aHbIH xKepre TYHBIKTaTybl K€31HIETI pPeleiK KOPFaHBICTBIH JKYMBIC
TOTHI.
1y.c. MOH KOpFaJIFaH KOCBUTBIMHBIH MaKCUMAJIJIBI 11K TOTBIHA HET13/IEIII OPHATHLUIABI:

Io.c‘ = er I (7)

itcc™ i.max

byn xepne k=1,2 Oyn ceHimainik koddduumenti; Kic. byn Oip (aszanbl Kpicka TyHBIKTATY
OpBIH aJIFaH Ke3/€eT1 ChIMbIMABUIBIK TOTBIHBIH apTybIH eckepeTiH ko3 duiment (RT-40 peneci yuin
3,5-5, RTZ-51 peneci yurid 2-3 sxoHe 5 pa3psiiThl KOpFaHbIc yiIiH 1—1 Komaiiisr).

bip ¢azanel xepre TyHbIKTaNFaH KbICKa TYMBIKTANTy JKaF/JalbIH/Ia KOPFAHBIC CE31MTAJABIFbI
Keseci (hopMyJIaHbl MaijamaHbIl TEKCEpiIei:

k= e (8)

byt xepae fu.c. KbICKa TYMBIKTaTy TOTBIHBIH KaJIIbl IAMACBhIHA, IFHU KBICKA TYNUBIKTATYJaH
KOpFay KYpPBUIFBICHI OpHAJaCKaH >KEpJAE aFblll JKATKAH >KaJbl ChIMBIMIBUIBIK TOTBIHBIH >KOHE
pe3UCTOPABIH OENICeH Il JKepre KOCYy TOTHIHBIH T'€OMETPHUSIIBIK KOCBHIHIBIChIHA TeH. Ce31MTaabIK
K03 dULIMEHT] TeH 0O0ybI KEPEK:

ks>1,5 — aye xoHe Kabenb JKeNiJIepiH Kopray YIIiH;

ks>2 - KO3FAJITKBIIITHI KOpFay YIIIH .

Pe3uncTopabiH KbLIY KelepriciH Tekcepy.

Pesuctopabiy keaepri MoHI IMIMHAJAFBl MAKCUMAJIIBI KYMBIC KEpPHEYiHe (M.JK.K) HeTi3aemin
tagaanybl Kepek. Uyxk., Unxx KepHeyl 24 kB xemnire 20 kB;

Pesucropabiy keaepri MoHI IIMHAAAFBI MAKCUMAIITBI )KYMBIC KEPHEYiHE HET13/IeIil TaHIaTyhl
kepeK. Uyxx, Unp.n KepHEYi 24 kB xemine 20 kB;

Temen OMBI PE3UCTOPIBIH JKBUTYJBIK KEIEpTiCi pyKcaT eTIIreH KbICKa Mep3iMIi TOKIEH
OaranaHajpl, [perm=8 OCBI IapTTapFa colKec Keiyi Kepek.

L1, )

I, - Gip dazaHbIH Kepre TYHUBIKTATYbl K€31HAETI PE3UCTOP apKbLIbI OTETIH TOK KyIli. OHBIH
MOHI1 KeJleciiel aHBIKTaaIbl:

U
[ =—L A (10)

r \/E-Rn,
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Pesucropnbl KocaThlH TpaHCPOPMATOPABIH KyaThIH aHBIKTAY.

Pesucropapl HeWTpas xemire KOCY/IbIH €H KaparmaibiM )KoHe KeH TapaiFaH Tociil - Y/O-11
IIaMbIH KOCY cXemachl 0ap apHaiibl xkepre Kocy Tpanchopmaropsid (T3) oprary (1.b-cyper). by
TpaHc(hOpPMaTOPBIH KyaThl KOPCETUITEH MapTKa HET13/IeTi TaH 1aJ1a bl

U2
S; 22— ,kBA (11)
3k, R,
ko = 1.0-1.4 tpanchopmaTOpAbIH pyKcaT ETIITeH IIaMajgaH ThIC JKYKTETy

Kod¢ durireHTi 60JIBIT Ta0bLUTAIBI.

ApHaiibl HOJIIK Ti30€KTI CY3TiHI HEWTpajd pPEe3UCTOp apKbUIbl XKepre KOoCy VIIiH e
naigananyra 6omansl (1.c-cyper).

3eprTey HoTHIKETEPI

20 kB kyar kylieciHiH napamerpJepin e3repryain Ko Monine acepi.

20 kB Kkyar >KyHeciHIH >XYMBICBI KE€31HJIe JJIEKTp >KaOABIKTApblH aNJbIH ally YIIiH
KOCBUTBIMJIAPIBI AXKbIpaTyFa HEMece iprejec muHa OeJriH CeKIMsIIay KOCKBIIIBIH jka0y apKbLIbI
Kocyra Oosagel. MyHall opeKeTTep ChIMBIMABUIBIK TOTBIHBIH XKepre TYCYiH alTapibIKTaid e3repTei.
Ko ackpIH KepHey JeHreiliH TOMEHIETY MapThiHA CYHEeHEe OTBIPHII, €CENTeyIep Keleci HOTHKEeNep i
kepcerTi. ChIIBIMIBUIBIK TOTBIHBIH €Ki ecenenyiMeH Ko 16%-ra TemeHzaeni, al ChIMBIMIBLIBIK
TOTBIHBIH €Ki ecenenyiMeH Ir 11%-ra ecti. Ko. @opmyrnanbl maiiganaHblll €CENTENTeH TYPaKThI
MOHJIET1 CBIMBIMIBIIBIK TOTHIHA (2) IIaMaHbIH TOYEIIUIIr 2-CYypeTTe KOPCETUITEH.

Ko

3,0

2,0

I -

1,0

Ll L 1
T

0,5 1,0 20 1.
2-cypet. Ko MoHIHIH CBIMBIMBUIBIKTHI JK€pre KOCY TOThIHA TOYEAUIIr

Heiitpan pe3ucTopibplH jkepre KOCy MapaMeTpiiepiH ecenTey Ke3iHAe JKepre KbICKa
TYHBIKTaly TOKTaphl Maiijia 601FaH Ke3/1eri MOHHIH e3repyiH eckepy KaxeT. KO anexTp xenicinaeri
KOCBUIBIMJIAp/Ibl @)KbIpAaTKaH Ke3Jle, TYPAKThl KOA(PPHUIMEHT MOHIH OENTijIeHreH Hemece KOJIausbl
JeHTeiIe ycranm Typy YIrH Oip daszamsl xkepre KOocy Ke3iHJIe KbICKAa TYWBIKTaTy TOKBIHBIH
TOMEH/IeyiHe ColiKec KeJeTiH Iiamara pe3uctop MoHiH (Rn) apTTeipy erTe maHbI3abl. byn Tocin
YKEJTHIH TYPaKTBHUIBIFBIH KAMTAMAaChI3 €Te/ll ’KoHE JKa0 IbIKTHIH 3aKbIMJIaHY KayTIiH a3aiTaIbl.

KopbIThIHABI

Xorappina alTeUTFaHAapFa CYHEHE OTBIPHIN, KeJeci KOPBITBIHABUIAPIBI TYXKBIPBIMIAH
aJlaMbl3:

1. 20 kB snexTp xeninepinae HEUTPAITaH KEPre Pe3UCTOPAbI KOCY 9ICI TaMbIFaH eniepie
KEeHIHEH KOJJaHbLIa/Abl, cebebl Oyl ofic M3oALMsIIaHFaH HEWTpal jKeJire KaparaHJa KeNTereH
apTHIKIIBUIBIKTAP Oepe/ii.

2. 20 kB xeninepae pe3ucTopMeH HeHTpa kepre KoCcyAbl Maiganany *eliHiH CeHIMIUTIrH
anTapJIBIKTA )KaKcapTaabl, aKayJIbl )KEIIiH1 aHBIKTAy ITPOIIECIH aBTOMAaTTaHABIPAIbI )KOHE O1p (hazasl
KbICKa TYHBIKTATy >KarJaiblHIa anaTTapAblH Maiiaa 0oy KUiIiriH azaiTtanel. 3. TapaTy KOcasKbl
CTaHIMsJIAPBIHAH CO3BUIATHIH KETUIEPiH OOMIKTEepiH aKbIpaTKaH Ke3J1e, aCKbIH KEPHEYACH KOopFray
KOd(QPHUIMEHTIHIH TOMEHCYiH eCKepy MaHbI3/bl. byt sxarnaiina pe3sucTopAblH KeAEepTiCiH apTThIpY
TEeXHUKAJBIK TYPFbIIAH MaHbI3/bl. Byl ackblH KepHey JeHreiliH OakpulayFa *oHE >Ka0JbIKKa
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KEJTipiTyl MYMKIH 3aaipl a3aiTyra MYMKIHIIK Oepezi. By Tocin amarrapablH BIKTHMAJIbIFbIH
a3alTyFa )KOHE ICKTP KEIICIHIH TYPAKTHI )KOHE KayIIICi3 dKYMBICHIH KAMTaMachl3 €TyTe KOMEKTECE/Ii.
¥YcpIHbICTAP:

1) 20 xB Tapary :xejijepinie HedTpaabl Pe3UCTUBTI Kepre KOCy PeKUMiH eHri3y
YCBIHBUIABI, cebebi Oy pexum Oipdazansl xepre Tyiibikramy TorslH 50200 A meringe ycra,
JyTaJIbIK aCKbIH KepHEYJIePAl THIMII TYpJE TOMEHICTE/I.

2) /KeJuinin koHUrypanusicbiHa, Ka0eJbliK sKeJIlIepaiH Y3bIHAbIFbIHA jKIHE KOPFaHbIC
TaJanTapblHa coliKec HEHTpall Pe3UCTOPBIHBIH OHTANIIBI KEJIEPTiCiH ecenTey KaKeT. ¥ ChIHbUIAThIH
nuanazoH:R=60—150 Om.bys1 MoH KOpFaHBIC KYPBUIFBIIAPBIHBIH KOPPEKTTI KYMBICHIH KaMTaMachl3
erenl.

3) XKepre TYHbIKTAIY TOIbIH 0aKbLJIaYFa apHAJIFAH apHAibl PElIeHIiK KOPFaHbIC IEH TOK
penenepin opHary ycbiHbUIanbl. byn O33 (ogHoda3HOe 3aMblkaHHE HA 3€MJII0) OPHBIH KbUIAAM
AHBIKTAII, aNIaTThl OKIIIAYJIayIbl )KeHIJICTe/I1.

4) BeiiTapan pe3uCTOPBIHBIH KbLIYJIbIK TYPAKTHLIBIFBIH XKOHE KbICKA YaKBITThI apTBIK
KYKTEMETre TO3IMIUIITiH ecenTel, OHAIPICTIK CHITaTTaMalapFa COUKeC TaHIay KaxeT.

5) TexHUKAJBIK KbI3MET KOpPCeTy perjiaMeHTiHe OeiiTapan pe3uCTOPBIHBIH KYHiH, OHBIH
KBUTYJIBIK 3JIEMEHTTEPiH JKOHE KOCBUIY CXEMACHIHBIH TYTACTBIFBIH MEp3iMJi TeKCepy IMYHKTTEpiH
€HT13y YCBHIHBLIAIbI.

6) KaGeabaik :xoHe dye xesiijiepiHiH u3oasauus Kyiin 6akpuiay Kypangapsit (M3I1A, UHF
JMarHOCTHKA, eJIIeyil TpaHchopmaTopiap) Koiaaany apkbuibl O33 KayiliH anjplH ana Oaranay
MaHBI3/IBI.

7) XKeprijaikti >7IEKTp >Kelicli KOMIIAHUSJIaphl YIIIH 3Kepre TYHWBIKTANLY peKuM/AepiH
Oipi3nenaipy jkoHe pe3WCTHUBTI OeWTapan peXMMiHE KOIIy S>KeNiHIH CEeHIMAUITIH apTThIpyFa
MYMKIHAIK Oepei.
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JUSTIFICATION FOR THE USE OF NEUTRAL GROUNDING IN A 20 kV
DISTRIBUTION NETWORK

IKoptleuov T., 2Erejepov M.
"Yessenov University, Aktau, Kazakhstan
?Karakalpak State University named after berdakh, Nukis, Uzbekistan
e-mail: turarbek.koptleuov@yu.edu.kz, ¢ madiyar@karsu.uz

Abstract: This article discusses the problem of selecting the neutral grounding mode in 20
kV electrical networks. Ensuring reliable and safe operation of medium-voltage power systems is one
of the key challenges in modern power engineering. Therefore, special attention is given to the
selection of an optimal neutral grounding method that can improve the operational reliability and
stability of electrical networks. The study focuses on the application of neutral grounding through a
resistor in electrical networks of this voltage level.

The use of resistive grounding of the neutral allows increasing the reliability of the electrical
network and simplifies the detection of faulty lines. In particular, in the case of a single-phase short
circuit, this grounding scheme enables automatic identification and isolation of the damaged section
of the network. In addition, the use of a grounding resistor helps reduce overvoltage levels in the
electrical system, which contributes to improving the safety and durability of electrical equipment.

The article also examines the possibility of adjusting the resistance value in order to maintain
the required overvoltage coefficient during various operating conditions of the network, including
network interruptions and switching processes. Increasing the resistance value allows reducing the
current of a single-phase short circuit, thereby minimizing the risk of emergency situations and
equipment damage.

The results of the study indicate that the application of resistive neutral grounding in 20 kV
electrical networks is an effective technical solution for improving the reliability, safety, and
operational stability of modern power supply systems.

Keywords: resistive neutral grounding, resistance, substation, overvoltage, electrical safety,
relay protection.

OBOCHOBAHME HPUMEHEHUWA 3A3EMJIEHWA HEWTPAJIA B
PACHPEJAEJIUMTEJIBHOU CETH 20 kB.

T.T.Kontiaeyos!, M.T.Epe:xenos?
"Vuusepcurer Ecenosa, r. Akray, Kazaxcran
Kapakanmakckuil TocyiapcTBeHHblil ynusepcuter um. bepnaxa, Hykyc, Y36exucran
e-mail: turarbek.koptleuov@yu.edu.kz, ¢ madiyar@karsu.uz

AHHoOTanusi: B naHHON cTaThbe paccMaTpUBaeTCs BOIPOC BbIOOpa peXHUMa 3a3eMIICHUS
HEUTpanu B dJEKTpUUECKUX ceTsx HampspbkeHueMm 20 kB. Hanéxnas m Ge3omacHas dKCIUTyaTamus
BJIEKTPUYECKUX CETEN CPEIHEro HANPSIKEHUS SBIAETCS OJTHOM U3 BAXKHEHIIMX 3a71a4 COBPEMEHHOU
SHEepreTuku. B cBA3M ¢ 3TUM 0co00e BHHMMaHHUE YAEISIEeTCS BBIOOPY ONTHMAJIBHOTO PEXHUMA
3a3eMJICHUS HEUTpaid, KOTOPBIA MO3BOJISIET 00ECIIEUNTh YCTOMYUBYIO pabOTy JIEKTPUUECKON CETH
U TIOBBICUTh €€ OSKCIUTyaTallMOHHYI0 Haa&KHOCTh. B pabore paccmarpuBaercs NpUMEHEHHE
3a3eMJICHUS] HEUTPAJIM YEpe3 PE3UCTOP B CETIX JAHHOTO KJIAcCa HAPSHKEHUSI.

Hcnonb30BaHUE PE3UCTUBHOIO 3a3€MIIEHUS HEUTPAIU IO3BOJISIET MOBBICUTH HAJEKHOCTh
ANEKTPUYECKOM CeTH, a TakkKe OOJerdyuTh Mpolecc OOHapy)KeHUsS MOBPEKAEHHBIX JWUHUN. B
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YAaCTHOCTH, NPH BO3HHKHOBEHUHU OJHO(DA3HOTO KOPOTKOTO 3aMBIKaHHs TaKas CXeMa 3a3eMIICHHUS
o0ecrieunBaeT BO3SMOXKHOCTh aBTOMAaTHUECKOT'O BBISIBIICHUS M JIOKATH3ALUH MTOBPEXKIEHHOTO yJacTKa
cetu. Kpome Toro, mpuMeHeHne pe3ucTopa B LEHH 3a3eMJICHHUS HEHTpalld CIIOCOOCTBYET CHIKEHUIO
YPOBHS NEPEHANpPsDKCHUH, BOSHUKAIOMINX B AJICKTPUYECKON CETH, YTO MOJIOKUTEIBHO BIMSCT Ha
JI0JATOBEYHOCTh M O€30MaCHOCTH PabOTHI 3JIEKTPUIECKOTO 000y IOBaHHUS.

B craTbe Takxke paccMaTpUBaeTCsl BO3SMOXKHOCTD PErYJIMPOBAHUS TAPAMETPOB PE3UCTOPA IS
nojaepkanusi Tpedyemoro ko3dduimenta mnepeHanpspKeHUsT TMPU Pa3IMYHBIX peXUMax paboOThI
CeTH, BKIIIOYAsi CETEBBIC PA3pbIBBI M KOMMYTALMOHHBIE MPOIECCH. YBEINYEHUE COMPOTHBIICHUS
pe3UCTOpa MO3BOJISET YMEHBIINUTH TOK OJHO(PA3HOTO KOPOTKOTO 3aMBIKAHUS U TEM CAMBIM CHHU3HTh
BEPOSITHOCTH Pa3BUTHUS aBapPUHHBIX CUTYAIHH.

[Tomy4yeHHble pe3ysibTaThl IOKA3bIBAIOT, YTO TNPUMEHEHHUE PE3HCTUBHOIO 3a3E€MJICHUS
HEWTpalIM B JJEKTPUYECKUX ceTax HampsokeHueM 20 kB sBisercs 3QQeKTUBHBIM TEXHUYECKUM
peleHreM, HalpaBJIeHHBIM Ha MOBBIIICHNE HAAEKHOCTH M 0€30MacCHOCTH pabOTHI AIEKTPUYECKHIX
cerel.

KioueBble cj10Ba: pe3UCTUBHOE 3a3eMJICHHE HEWUTpPAIH, CONPOTHUBIICHHE, MOJCTAHIUA,
NepeHanpsHKEHUE, IIEKTPHUSCcKas 0e30IacHOCTb, pesIeiiHas 3aIUTa.
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