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Housap6auk: ymOy makonaza 20 kB snekTp TapMoOKIapuIa HEWTpalHH epra yiaml Y4yH KapUIHIHKIapHH
TaHJAIl Ba ONTHMAUIAIITUPUIN YYyH TH3UMIIM EHJANIyB TakAUM OTHITaH. ACOCHH IBTHOOP JJIEKTp
XaB(CU3IMIMHY OLIMPUIL, OPTHKYA KYWIAHWII XaBOMHM KaMaWTHPUIN Ba peneil XUMOS THU3MMIIAPUHUHT
caMapaJopJINTHHE TabMHUHJIAINTA KapaTWiAraH. TaAKUKOT ONTHMal KapIIWIMK KUAMMaTIapuHMA aHMKJIAII,
TpaHcopMaTopiap KyWwIaHHNUIApHHHM epra ynam Ttamabmapy OuiaaH MyBO(QHKIAIITHPHUII Ba TETHILUIN
XaB()CU3IHK CTaHAAPTIAPUTa PUOS KUIMII KaOM MyXUM SKHUXATJIapHH ypraHagu. TeXHWK Ba UKTUCOAUH HyKTau
Ha3apilapHH OHMpJALITUPTraH XOoJJa MakKojia MyXaHIHCIIap Ba JIOWHXa KWIyBUWIAp yYyH aMalnil TaBCUsIIApHU
TaKIUM 3TaJH, IIYHUHTIEK, XaKUKUHA MUCOJUIap Ba MaB3y OYiiNua TaAKUKOTIApHH Y3 HUHUTa OJIa 1.

Maxkcan: ymby maxomaga 20 kB smektp TapMokmapuga HEHTpadHH epra ynlaml ydyH ONTHMall KapIIMINK
rapaMeTpiIapiHy AaHWKJIAII Ba yJIapHU amajra OLIMPHUIINAH MaKcal 3JIeKTp XaB()CH3IMIMHH OIMIMPUIL, OPTHKYA
KyWIaHHII XaB(QUHM KaMaWTHPHIN Ba pesied XUMOs THU3MMIAPUHMHI CaMapaJopiHIMHH TabMUHIAIIWUpP. By
OPKaJIH 2JIEKTP TAPMOFHHHUHT OapKapOpiHMIWHH, TEXHOJOTHSUIMK JKapa€HHUHT Y3ITyKCH3IWTMHMA TabMHHJIAII Ba
XapaxaTJIapHU KaMaTUPUIL KY3/IaHMOK/A.

Yeyanap: TaakukoT TH3MMIM €HAAIIYB, SJEKTP TApMOKIAPHHUHT SHEPreTHKa SKCIepTTadapy HaTHXKanapura
TU3UMIIM TaX)IWI KWIAII, PErpeccys TaxJIMIM Ba Ha3aphil pexalallTHPHII METOJIapH OpKain oyub GopuiraH.
20 kB snextp TapMoknapuaa HEHTpaaHM epra yjail ydyH KapIIMJIMKIapHU TaHJIAll Ba ONTHMAaJIAIITHPHUILAA
3NMEKTPOMEXaHHUK MapaMeTPIIapHU BaKTTa OOFIMK X0J/a Y3rapTHPHII (yHKIMSIIAPHHE MaTeMaTHK MOJIEI OPKaIN
TACBUpJIAII Ba ONTHMaJ SUUMIIAPHHU TOIMII YUyH PErpeccyst TaxJIMIN MeToIuIaH (GoiiaaaHuiraH.

Hartumxkanap: TaaKuKoT HaTWKaldapu, XycycaH, XyAyIUd 3JIEeKTp TapMOKJIAapu aKkIUsSAOPIUK xamusth HaBowuii
xynyouidi  ¢pmmamnarn 20 kB anmekTp TapMormpa HeWTpanHM epra yiam y4yH TpaHcdopmaTopriap Ba
KapIIWINKIAPHUHT ONTUMAaT NapaMeTpiapuHu aHukmam Oyiiuuya onmuurad. Cunosmap MATLAB/Simulink
JacTypu €pAaamMua YTKa3WIIH Ba HAaTWXKanap OPTHKYA KyWIAHMII, KMCKA TyTallyBlap, TH3UM 0apKapOpIUIH Ba
9NIEKTP TAPMOK XaB(CH3INTU Oyiinda camapaiy KapopJap HIIad YHKUI HMKOHHHH Oepau.

Kaaur cy3iaap: xkapiiunmk, HeWTpas, epra yiail, KyWwIaHuI, TpaHcdopmarop, 3JIeKTp TapMOFH, XaBOCH3IHK,
MATLAB/Simulink, onTumarnmamrupun, penei XUMost THU3HUMHU.

OnTuMajibHbIEe 3HAYCHHUSI U KPUTEPUH BbIOOpa
Pe3UCTOPOB JJIsl 3a3eMJICHUS HEeNTPaIu

Aoaypaxum JI. Tacanmos!, ®epys M. Paxumos>?, ®appyx M. Paxumos?

1 DSc, mpo¢., TamkeHTCKHII TOCYIapCTBEHHBIH TEXHHYESCKHH YHUBEPCHTET, 100095, VY3b6exucran;

tstu_energy@mail.ru https:/orcid.org/0000-0003-2856-6287
22) Hapouiickuit TOCYJapCTBEHHBIH TOPHO-TEXHOJNOIMYecknii yHuBepcurer, Hamom, 210100, VY30exucraw;
feruz.raximov.2017@mail.ru https://orcid.org/0009-0008-6832-0509

2 PhD, pou., HaBowiickuii TOCYIapCTBEHHBI TOPHO-TEXHOJIOTMYECKHH YHUBEPCHUTET,
V36ekucran; raximov-farrux@list.ru https://orcid.org/0000-0001-8286-6163

TamkeHT,

Hasou, 210100,

AKTYya/IbHOCTb: B JJaHHOH CTaTbe MPEJCTaBIEH CHCTEMHBIH MOAX0/ K BEIOOPY M ONTHUMHU3ALUM COMPOTUBICHHIH
JUISL 3a3€MJICHHSI HEWTpalll B ANIEKTPHUIECKUX ceTsx HampspkeHueM 20 kB. OcHoBHOe BHUMaHHE yemsieTcs
MOBBIIICHHUIO  DJIEKTPUYECKOH  OE30IIacCHOCTH, CHIDKCHHIO pHCKAa IIepeHaNpsDKeHHH M 00ecHedeHHIo
s¢dexTrBHOCTH peneifHol 3amuThl. VccnemnoBaHne OXBAaTHIBAET Ba)KHBIE ACHEKTHI, TAKHE KaK ONpPEAEIeCHHE
ONTHMAIBHBIX 3HAUCHUI CONPOTHBICHMH, COITacoBaHWE TPeOOBaHMH K 3a3eMJICHHIO HATPSDKCHHI
TpaHCc(OpPMaTOpoB M COOIOJEHHE COOTBETCTBYIOLIMX CTAaHIApTOB Oe3zonmacHOCTH. CrTaThs NPENOCTaBIIsIET
MPaKTUIECKHE PEKOMEHAAINH ISl HH)KEHEPOB U MIPOESKTHPOBILUKOB, OOBEIUHSAS TEXHUIECKHE H SKOHOMHIECKHE
aCIEKThI, a TAKKE BKJIIOYAET peallbHbIe IPUMEPBI U UCCIEJOBAaHUS 10 TEME.

Henab: B naHHOH cTaThe paccMaTpuBaeTCs OMNpeJeNeHHE ONTUMATbHBIX MapaMeTpOB CONPOTHUBICHMS UL
3a3eMJICHUsI HEWTpalu B DJIEKTPUUECKHX ceTsx HampspkeHHeM 20 kB m WX BHeJpeHme ¢ IeNbI0 IOBBHIIICHHS
NIEKTPUYECKON 0E30MacHOCTH, CHIDKCHHS PHCKA NepeHanpshHkeHUH U obecredeHus 3p(eKTHBHOCTH peleiiHon
3aUTBL. DTO HANpaBI€HO HA IIOBBIIICHWE CTAOMIBHOCTH 3JIEKTPOCETH, O0ECIedYeHHe HEeNPEePHIBHOCTH
TEXHOJIOTHYECKOT0 IIPOLIEcca U CHIDKEHHE 3aTpar.
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MeToabl: HccieOBaHME NPOBEACHO C HCIOJIB30BAHHEM CHCTEMHOTO ITOAXOMA, BKIIOYas CHCTEMHBIH aHAIN3
pE3yNBTaTOB YHEPreTHMYECKHX OKCHEePTU3 DJIEKTPUYECKUX CeTeH, pEerpecCHOHHBI aHalu3 M MEeTOJBI
TEOPETHYECKOro IUIaHupoBaHus. [Ipy BHIOOpE M ONTHUMH3ALMH CONPOTHUBICHUH I 3a3eMJICHHMS HEHTpaiu B
NMEKTPUIECKUX ceTsx HampspkeHneM 20 kB ncronb30BaHBI MaTeMaTH4YeCKHE MOJENH JUISl ONUCAaHMs (YHKIMI
U3MEHEHHUS SJIEKTPOMEXAHMYECKUX I1apaMETPOB BO BPEMEHH U METOJl PEIPECCHOHHOTO aHallM3a Ul TOMCKa
ONTHUMANIBHBIX PELICHUH.

Pe3yabTaThl: pe3yibTaThl HCCIIENOBAHMS, B YACTHOCTH, OJTYYEHBI JUIS OIIPE/ICIICHUS ONITUMANIBHBIX ITapaMeTpoB
TpaHc(hOpMaTOPOB M CONPOTHUBICHUH Ui 3a3eMiieHHs HelTpaau B 20 kB 3JeKTpHYecKOi CeTH PerHoHaIbHOTO
¢bumana akiuoHepHoro obuiecTBa «PernoHanbHbIe eKTpHyYeckre ceti» B HaBou. VcnbiTaHHs TPOBOAMINCH C
ucnonb3oBanueM mnporpaMmbl MATLAB/Simulink, u pe3ynbrartel mo3Boimin pa3paboTarh 3G QeKTHBHBIE
pCLICHUS. 1O IEPCHANPSDKCHUAM, KOPOTKHM 3aMbIKaHUSIM, CTaOMJIBHOCTH CHUCTEMBI M O€30IaCHOCTH
ANMEKTPUIECKON CETH.

KiioueBble ci10Ba: CONpPOTHBICHHWE, HEHTpallb, 3a3eMJICHHE, HANpPsHKEHHE, TPAaHC(HOPMATOpP, BIIEKTPHYECKast
ceTb, 0ezomacHocTh, MATLAB/Simulink, ontumusanus, peneliHas 3ammura.
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1

Relevance: this article presents a systematic approach to selecting and optimizing resistances for neutral
grounding in 20 kV electrical networks. The main focus is on enhancing electrical safety, reducing the risk of
overvoltage, and ensuring the effectiveness of relay protection systems. The study addresses key aspects such as
determining optimal resistance values, aligning with transformer grounding voltage requirements, and adhering to
relevant safety standards. The article offers practical recommendations for engineers and designers by integrating
technical and economic perspectives, and includes real-world examples and research on the topic.

Aim: this article discusses the determination and implementation of optimal resistance parameters for neutral
grounding in 20 kV electrical networks, with the aim of enhancing electrical safety, reducing the risk of
overvoltage, and ensuring the effectiveness of relay protection systems. This approach is intended to improve the
stability of the electrical network, ensure the continuity of technological processes, and reduce costs.

Methods: the research was conducted using a systematic approach, including systematic analysis of energy audit
results for electrical networks, regression analysis, and theoretical planning methods. For selecting and
optimizing resistances for neutral grounding in 20 kV electrical networks, mathematical models were used to
describe time-dependent functions of electromechanical parameters, and regression analysis was employed to
find optimal solutions.

Results: the research results specifically pertain to determining the optimal parameters for transformers and
resistors for neutral grounding in the 20 kV electrical network of the Regional Branch of the Joint-Stock
Company "Regional Electric Networks" in Navoi. The tests were conducted using MATLAB/Simulink, and the
results facilitated the development of effective solutions for overvoltage, short circuits, system stability, and
electrical network safety.

Keywords: resistance, neutral, grounding, voltage, transformer, electrical network, safety, MATLAB/Simulink,
optimization, relay protection.

1. Kupuum (Introduction)

ONeKTp TapMOKJIAPUHHWHT caMapalli WIUTAIK Ba XaB(CH3IMIH, aifHUKCa IOKOPH KYWIAHWIILIA
TU3UMIIap/a, TAPMOK HEWTPAIIMHM epra yiall ycyJulapyu Ba TeXHoJIOrusuiapura O0oriuk. HelTpanxu
epra yJjaim, KHCKa TYTallyBJIapHH OJJMHU OJHII Ba TAPMOKHWHI OapKapOpIWTHHM TabMHHIIAIIAA
MYXUM ponb VitHaimu. YOy maxomna, 20 kB snexTp TapMoKnapuaa HEHTpaIHW epra yJaIlHWHT
ONTHMAaJ apaMeTpIapy Ba YIapHUHT aMaluHOTIard TabCUpUHM Oaxonamra Kapatuiarad. Helitpanau
pe3ucTopiap OpKaJIM epra yJaml, JIEKTP TapMOKIAPUHUHT acOCHi KOMIIOHEHTJIapuaaH oupu 0ynuo,
yJiap TAPMOKHMHT U (paoHATHHH Ba XaB()CU3IMTMHHA TAbMHHIIAIIA MyXHM axaMmusTra sra. by ycyn
aifankca, 20 kB KywiaHWIIgard 37€KTp TapMOKIApHAA KU3UKApIM, YyHKH ymOy KywWIaHUIIIArd
TapMOKJIap FOKOPHU XaB(CU3JIMK Ba caMapaJopiIuKHU Tanad kuiaau [1-3].

Heditpanau epra ynam pe3ucTOpiapu XO3UPIH KyHIA JIEKTP TapMOKJIAPUHHHI MyCTaxkaM Ba
MyXUM OJE€MEHTIapuaup. Ymap 3cku €KM KUCKa TyTallyBlap HaTWKacuaa ro3ara KelraH
YTKa3yBYaHIMKIAPHU OOIIKAPHUII Ba >KOMIAIITHPHII YUyH 3apyp xucobnananu. Pesucropnap opkamu
HEWTpaIHU epra yJam ycyH 3J1eKTP TApMOKJIApHUHUHT XUMOSICH, XaB()CH3IIUTY Ba caMapalopIUruHA
SXIIWIAINTa KapaTwirad. Ymoly Makosa, pe3ucTopiap OpKajid HEHTpaJIHU epra YJallHHHT ONTHMal
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napaMeTpJIapuHU Ba YJIApHUHI TabCUPUHU YpraHuvmra kKapatwirad. HelrpanHu epra ynampaa
pe3ucTopiap yUyH YpHATWITaH CTaHAAPTIApra pHOs KIUIHII, AJIEKTP XaB()CU3IHWTH, XaToiap Ba
OpPTUKYA TahCHPJIAPHA MUHUMAIUTAIITHPHIN Ka0W MyXHM XuxaTiap kypuO umkwmiaau. LIyHUHTICK,
pe3ucTopaap OpKaJld HEUTpaJIHU epra yJIalllHUHT TEXHUK Ba UKTUCOIUMN KUXATIApU TaxX 1M1 KUJIMHTaH
XO0JJa, amMaluid TaBcusulap TakguMm OTwirad. CuMynsnus MOJEUIapUHM SpaTUll Ba YJApPHUHT
amMamuioTaAa KYJUTAaHWIUINY, TApMOKHHHT OapKapOpJWrd Ba XaB(CH3JIUTMHHU OIIUpHUINTa EpaaM
Ocpumn  yayH 3apyp Oymagn. CHMyIAmus OpKadd HEWTpaJHH epra YJIaOlHWHT — TYPIU
rapaMeTpIapuHUHT TapMOKIAru TabCUpu Ypranwiaau. Kupuin KucMuga HeHTpaaHu epra yJallHUHT
aXaMUATH, YHUHT TapMOK XaB()CH3INTH Ba WIIOHWIMIIUTHHHU OIIUPHUIIIATH POIH KypuO UHKHIIAIH,
IIYHUHTACK, CUMYJSIIHS MOJCIUTAPHHU SPATUII Ba YJIAPHUHT aMaWil HaTWKaJapuHH Oaxoiart
Makcax KwinO  kyhmmaan.  CHMyISiusl  METOAOJIOTHSACH  Ba  MOJACUIAPHH  ApaTHIIga
¢oliamaHUIaIUTaH BOCUTANIAP XaKHla MABIYMOTIAp TaKAUM 3TIaan [2-6].

2. Marepuaniap Ba ycyuiap (Materials and Methods)

Pesucrop opkanu HeHTpasHM epra yiaml TapTHONHY Oenruian, Oup HedTa Mypakkad Ba MyXUM
OocKuwIapHH ¥3 Munra onaau. by 6ockuwiap KydumaruiapHu Kampad ojamu:

v" TOKopu Iapaxajia 3MeKTp XaBPCU3IMIHHA TABMUHIIALL;

v TapMoK/a yTa Ky4IaHHII JapaKaCHHU I1acai THPUIIL,

v/ ABapus XONaTIapHIaH UIIOHYH Pejie XUMOSICHHH TaIKHII STHUIIL;

v HelTpaiaHu pe3ucTop OPKaIX YIIAIIHN TEXHUK-UKTHCOAUN TOMOH/IaH aCOCIIALI;

v' Pe3KCTOpPHH yJiall yuyH TpaHc(HOPMATOPHUHT KyBBATHHH TAHJIALL

OnekTp XaB()CU3NUTMHU TabMUHJIAIIHUHT aCOCHH IIapTH, epra yjaml MOCIaMacHHHHT EKU
TETMHHUII KYWIAHUIIWHWHT pyXcaT 3THAraH KAapLIMINK KUMMaTIapuHU OeNruiarad CTaHAapiapra
MYBOQUKIMTHHN XHCOOTa OJITaH XOoJiAa, MojcTaHuusna Oup ¢asamu ep OWiaH KUCKa TyTallyB
apa€HuJla MHCOHJIAp YUYyH DJIEKTp XaB(CHU3IUTH Tanadiapura Karbuid puos kuiauuiaup. HelTpanu
pe3ucTop opkanu epra ynanrad 20 xBaum moxactaHuusna, arap epra yiam KypHIMAacHHUHT pyXcar
STWITaH KApLIWINK KUAMaTth R, KyWWJarn IIapTHU KaHOATIAHTUPCA, OJJIEKTP XaB(CHU3IHUIH

TabMUHJIAHAIA R < R.,-R, | Owm; (N

pyx. — 5 >
JRZ+ X2

Oy epra Rey-dJleKTp YCKyHAJIapHH YpHATUII KOHWAAIapy OWIaH HOPMaJUTAIITHPWITAaH epra yJal
KypHJIMacHHHUHT KapIIWINK KuimMatH, OM.

MymkuH Oynran Oup Qaszanm Kucka TyTallyBllap LIAPOMTHAA AJIEKTP TAPMOFMHHMHI XaB(CU3 Ba
Oapkapop HIUIANIMHA TabMHMHJIAII MyXUM axamusartra ora. llly HykTam HasappaH, HEHTpaaHWUHT
IOKOpH  KAapIIWIMKIM ~ epra yjallMHd amajira OLIMpHII, KUCKa TyTallyB  TOKJIAPWUHU
MUHUMAJUTAIITHPHIIIA MyXUM poJl yiHaiinu. Ymly pe3ncTopiiu epra YIallHWHT caMapaiopiiry,
KaOyJl KWIMHTaH CUTHAJI acocuia OMp (a3aiy KUCKA TYTAIIyBJIApPHU aHUKNIAII BAa YpHATHITAH peie
XUMOSICH OWJTaH Ce3Umapiu Aapakaia sxuwianamm [4,3,6].

VTa KyunaHHII JapXKACHHU NacafiTUPHII MEH30HH yTa KywIaHHII Koduuuentn Kyx 6ymus, y
pPEe3UCTOP KAPIIWJIMTUHUHT KUHMATHHU TaHNAIl, TapMOK Ba OJIEKTP IKHUXO03JapHla H30JSLHUSIHA
TaHJIAMIA MyXUM aXaMHsTra ora: K, V3U, ; 2)

: U,
Oy epaa U,y - IINHA KUCMUTA YJIaHTaH yCKyHAaHWHT MPO(QUIAKTHK CHHOB KyWJIaHHUIIH.

Bynnaii xonna, yTa Kywianum kodddumueHTr TeHr 6ynanu:

— TacT KapUIMINKINA Pe3UCTOpiH epra ynam yuayH Ky x=1,0-2,2;
— IOKOPH KapLIMWJIMKIA PE3UCTOPIIU epra yaam yuyH Ky x =2,2-2,6.

Vra KyunaHMIn —JapakacHHHHT MabiyM KHAMATHAA DE3UCTOPHMHI Kapumumrn Kyg
KO3 PHUIIMEHTH OpKAIH aHUKJIAHATH: R =Y. Ky =1 Owm; 3)
T 34Ky,

Oy epna X ¢ - CHFMM KapIIWINTH KyHuaarnda aHuKJIaHaiu:
__U._,om; )
© V3

Vra KyulaHMIDHM KAMAWTHPHINHM —TAabMHHIAII Y4yH MY/DKQLIAHTAH — PE3HCTOPJIAPHH
cepTuUKATIAAA aHUKIOBYH Me30H Kyx yTa KywIiaHuml Ko3(pQOHUIMEHTHHHHT KUHMaTH OYnuo, y
Ky#inaa 6epuiran udona Oyitnua xucobiaHaam:

o= 2R (5)
R,+X,

TapMoK Ba BJIEKTP KHUXO3IAPUHHUHT M3OJLIMSICHHN YTa KyWIaHUIIAaH XUMOS KWJIMITHUHT aCOCHH
napaxkacu cudatuga Kyx =2,6 XUMOs Japakacl OJUHAIN, Oy AJIEKTp MaIInHAJaApUHU MPOPIIAKTHK
CHHOBJIAPW YUyH CTaHAApTIra Moc Kenaan. XuMos JapakacuHu Tannam Ky g >2,6 Ternnum acocra sra
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oymunm kepak. (2) Ba (3) udomanapaan ¢oiganaHuOd PE3UCTOP KAPIIMIMTHHU XUCOOJAIIHUHT

MaTeMaTHK MOJCIMHY Kyliuaarnda udoaanamiMa3 MyMKHH:

__UG3U,,-U) (6)
V31.(3,4U, -+3U,,,)

Pene XUMOSACHHHUHI CaMapajii HUIJIalllki ME30HUT'a acCoC/IaHTaH pPE3NUCTOP KHﬁMaTHHI/I TaHJIaIl
Tanad KUJIMHAJUTaH CEJICKTUBIIMK Ba CE3TUPJIMKKA dra OYJraH XUMOsl TYPHHM aHUKJIALIIAH HOOpaT
Oynagu. bup ¢asamm ep OWigaH KHUCKAa TYTallyB PEXUMHIA HEHTPATHHHT MACT KapIIHIMKIN
pe3rCTOpiIH epra yJail OuilaH KMCKa TYTalllyB HYKTacH OpKaiH YHia0 Ba 10371a0 aMmIiep TOK OKaIu Ba
IIYHUHT YYYH IUKACTIAHTAH TAPMOKHH y3uIll 3()(heKTH OMITaH MaKCUMall HOJl KeTMa-KEeTJIMK/ard TOK
XUMOSICH YpHaTtumagu [5,6]. HedTpamHUHT IOKOpH KapHIMIMKIM PE3UCTTOPIH epra yjiam OniaH
OUIMl TOK XHUMOSICH XaM, Y3WIHIN KM CUTHAITa TabCHUpP KYypcaTaJuraH siHaja Mypakkad XuMos
TypJapyu XaMm YpHATWIAIIKM MYMKHH. Perie XuMosicd Ba aBTOMATJIAIITHPUIIHUHT caMapaiy WUuIalin
IapTu OWJIaH PE3UCTOPHHUHT PyXCaT STUIITAH KAPIIUIUIY Kyitnaard udoaa OuiaH aHUKIaHAIN:

RP < UL 5 OM: (7)
ﬁ‘].fll
Oy epna Iy, 6up dazanu ep OuiaH KUCKA TYTalLIyBJa pelie XUMOSICHHH UINTa TYIIHPHII TOKH.
I, KUAMATH XUMOSUTAHTaH YIAHUITHUHT MAKCUMAJ UITYH TOKUJIAH CO3JIaHA/IN:

[xu = kuK [ ; (8)

cmk” I.max?

P

Oy epma k,~=1,2 — mmoHwIIMK KodpduumeHTH; Kepe — OMp Pazamm Kucka TyTaIIyB cOmUp OynraH
Al TAaru CUFUM TOKMHUHT OMIMIINHY XUCOOTa OJIyBYH KO3 PHUIIUEHT.

bup dazanm ep Ounan TyTamyB ydyH XHMOS Ce3THpAurd Kyhumarn wudoma Epmammnaa
TEKIIMPUIAMIN: K - L . 9)

Oy epaa [gn - yMyMHH KHCKa TYTallyB TOKH, STbHH KHCKA TYTALIyBAAH XUMOS KIJIHMIIHMA YPHATHII
XKOHKMIa OKaJuraH yMyMHH CHUFUMIIM TOK Ba PE3HCTOPJIM €pra yjall aKTHMB TOKMHUHI T€OMETPUK
WHUFUHANCH.

Cesrupnuk ko3 hunreHTn Kyiiunarnda OyInmm Kepak:

Kc>1,5 — xaBo Ba kabel THHUSITAPHHA XUMOSICH YUYH.

PesucropHuHr Kapmmmira KUAMatu U, - LIMHATIAPUIIATH SHT KaTTa WINYM KyYJIaHUIIHN IApTH
OnaH TaHJaHWIM Kepak, Kywianumy 20 kB TapmMok yuyH Up cuw = 24 xBra TeHr 6ynany.

[MacT KapHIMIMKIM PE3UCTOPHHUHT TepMall KAPIIMJIWTH pyXcaT ATHUITaH KUCKa MYJJIATIH TOK
OnaH GaxonaHany, I, . Oy KyiHunaru mapTiapHi KOHIUPHUIIN KepaK:

1 o >1 I (10)
Oy epaa [,- 6up (azanm ep OmiIaH KUCKAa TYTAallyB PEXMMHAA PE3UCTOPAAH OKAETTaH TOK. YHHHT
KuiiMaTy KyHujarnya anukmanam: ; _ u, A. (11)
N R,

TapMoK HEHTpaIWHHN PE3UCTOp OPKAIH epra ylalllard OIIUi Ba KEHT TapKajraH ycyil — Oy epra
ymam yayH Maxcyc TpaHchopmarop (T3H) uynrammapumam Y/A-11 cxemacu acocupa YpHATHII
xucobnanaau (1-pacm). Bynna TpanchopMaTOpHUHT KyBBaTH KyHHIard OepwiraH mapT acocHia

2
TaHJIaHAIN: S, > 3[(U— , KBA; (12)
V.IOK™"p

0y epna Ky orx=1,0-1,4-tparchopmaTop ydyH pyxcaT STHITaH yTa IOKJIaHUIT KOI(PPUITHESHTH.

20 kB

7T,

0.4 xB =

1-pacm. Heiitpanu epra ymnanran tpaacopmarop (T3H)
Fig.2. Neutral Grounded Transformer (NGT)

TabmunoT Mapkaznapu 6ynran 220(110)/20 xBnu moacancusnapaa HEUTpaTHU PECHCTOP OPKAIN
epra ynamja EHFUH XaB(CU3JIUTH KOMJANapHura acocaH, KypyK H30JIATCHSUIM TaHC(opMaTpiap epra
25
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ynamr tpanchopmaropu (HEVYT) cudaruaa unuiatmnagu. [6]ra acocan, HEYT HuHT KyBBaTHHU
XHco0am KUCKa TyTallyBAaru KypyK TpaHC(HOPMAaTOPIapHUHT YHAAMIMTHIAH KeInO YMKuO amanra
omupunamyd. Kucka TyTamlyB TOKM OKQJWTaH PEXUMAA TPAHCPOPMATOPIIAPHUHT YHIAMIIUIMTHra
Kyhuiaran tajnabiaap XxucoOWi TOKHUHT KUHWMAaTH, [6] acocunia, TOK OKWIITMHUHT KEJITHPUITAH BaKTH
tevax = 4 ¢ HUHT MEBEPIAMITHPIUITAH KHHMATHIAH KEeTHO YNKUO aHUKITaHA/IH.

IspETs HUHT pyXcaT STWITAH TYPT COHUSUIM TOKMHUHT KHUAMAaTHra acoClIaHHO, HEWTpaaHH epra
ynam Tpanc(hOopMaTOpUHIHT HOMIHAJT KyBBaTH Kyiunaru udoaa OniaH aHUKIaHAIH:

Seont = N3U Upon soprs /100 5 (13)

0y epna Ux — KUCKa TyTannyB KywiaHuinu; U, — TAPMOKHHHT HOMHHAJ Ky4JIaHHUIIIH.

MATLAB Simulinkga 20 kB amektp TapMokmapuma HEWTpalHH epra YJIAUTHHHT CHMYJISIIHS
MO/JICJUTApUHH SIPATHII YUYH KyHHJard acoCHi KaJamiiap amajira OmipHuIaiu:

1) TapMOK MOJENMHH TY3HUIII — TAPMOK MOJCIMHH TY3HUIIa acOCH Ookmapaan Qoiigaranuiaim,
XKyMmilaian TpaHcdopmaropinap, kabdemap, pesrucropiap Ba 0oImKa KypuiaMaiap. Xap Oup OJIOKHHHT
rapaMmeTpiapy, MacajlaH, KyWIaHMII, TOK Ba KaplUWIMK CUMYJISILUSHUHI AHUKIUICU Y4YyH TYFPU
OeTUIaHUIIH 3apyp.

2) TapMOK KOH(UTYpaIUsICH — TAPMOK CXEMacH Ba KOH(PHUTypaIMsCH, XyCycaH, HeUTPaIHU epra
yJall CXEMAacHuHH, CUMYJISIMA MOJenura KupuTwiaad. Mopenna TpaHcdopmaropyiapHUHT Y/A Ba
Y/A-11 cxemanapu kabu KOH(UTypanusuIapy HILIaTHIIAIH.

3) Heifrpamuu epra yiam CXEMacHHH CO3JIalll — HEWTPaJHH epra yjaml Y4yH Pe3HcTopiiap Ba
TpaHCOpPMATOPJIAPHUHT  IIapaMeTpiiapd, SKyMJIQJIaH  YJIapHUHT  KapUIMJIWTH Ba  HOMHHAI
KyWwIaHULUIapM MOJENra Kyluiaaud. by asjeMeHTnap TapMOKHMHI MyaMMOJIAPMHM AHMKJIAUl Ba
ONTUMAJ €UNMJIApPHH UIUTA0 YHKUIIAA MyXUM axaMHATIa 3ra.

4) Kucka TyramryB Mone/ulapu — TapMOKAAru KHMCKa TYTAUIyBJIapHH MOJEIaml y4yH Maxcyc
OnokmapaaH ¢oiifanaHuIagu Ba YJNAPHUHT NapaMeTpiaph Oenruiam OpKalmd KHCKAa TyTalIyBiap
OntaH OOFJIMK MyaMMOJIAPHH TaxXJIWI KWJIUII MyMKHH OYau.

5) Toxk Ba KywIaHMII MapaMeTpiapu — CHUMYJSIUAJa HMIUIATWIAAWTAaH TOK Ba KywWIAHMII
rapaMeTpiIapyd CTaHAapTJIap Ba TEXHHWK MIapTiapJaH Kenubd dYuKkaH xonga Oenrmmanaan. 20 xB
TapMOKJapuaa TapaMeTpilapHi aHUKJIAIla MaBKyJ TEXHHMK Tanabiap Ba cTaHgapTiap XucooOra
OJIMHAMIH.

6) XwucoO-kuToOnap Ba aNropuTMiIap — CUMYJBIMS HATHXKAIApPUHH TYFPH XucoOiam y4dyH
pe3ucTopiap Ba TpanchopMaTopiap YIyH aHUK XHCOO-KUTOOIap Ba alTOpUTMIIAD WIIIATHIA .

7) Oxrtumonui Xaro xucoO-kutoOmap: CHUMyNSLUs HaTWKalapuHH aHUKIaIlga XaTro XHCO0-
KuTOOMapH EKM XaTOJapHU MUHUMAJUTAIITHPHUII YUyH TETUIIIIN XUCOO-KUTOOIAp amalra OIHpHIIa .

8) Cumymsinus HaTHXaJapyHU TaXJ M KWINII — CAMYJISIHS HaTHOKAIApUHA BU3YaIn3alys KUJTUII
yuyH rpadukiap Ba Auarpammaiapias ¢oinananuiaay. by rpadukiap Tok Ba KyWIaHUIIHUHT BakT
JAaBOMMIATH Y3TapUIIAPHHE KypcaTaad Ba MOJCTHHWHT WIUIANIMHU TYIUK TYLIIyHHIIra Epram
oepamu [7,8].

MATLAB Simulinkna cumymnsmust opKaiyd >JeKTp TapMOKJIapHaa HEWTpalIHH epra YIallHHHT
TYpJIM TIapaMeTpliapu Ba yCIyOnaprHU aMalldil paBHIIIa TaXJIMJI KWINIL, TAPMOKHUHT OapKapOopJIury
Ba XaB()CHU3IWIMHHU OLIMPHII yYyH 3apyp OYIraH aHHK MablIyMOTIapHHM onumra &épaam Oepaid.
CuMymanusl HaTIDKJIApU BJIEKTP TapMOKJIAPHHHM ONTHMA/UIAIITHPHUIN Ba YJIAPHUHT HIUIANIMHH
TabMUHJIAILIA MyXUM pOJIb YHAAY.

| = |
| e

2-pacM. DIEeKTp TapMOK HEHTPaIHU PE3UCTOP OPKaJIX epra yJIallHUHT MOJEUIAITHPHITaH CXeMacH
Fig.2. Modelled Circuit of Electrical Network Neutral Grounding through a Resistor

3. Harmxkanap (Results)

2-pacMJia KypcaTiral cxema Ty3WIniy acocua 20kB 11 asieKTp TapMOoKIIap/a pe3ucTop OpKajiu
HEWTpaJHU epra ylall peXHMH Ba MapaMeTpiapiHU TYFpH TaHJAIl y4YyH SpaTHIraH MMUTAIHOH
mogemn MATLAB Simulink nactypn opkainu TaIkuKOT YTKa3uiauO Oup Qazanu epra TyTalryB XoJiaTu
Vpranwnau. 3-pacmaa 20 kB kywianumira sra TapMokiiapia HEMTpainu pe3ucTop OpKaiiu epra yJaHraH
Xonaraa Oup (azaiy epra TYTAalIyBHUHI MMHUTALMOH MOJEIH 2-pacMlia KypcaTHITaH cXeMa acocha
nIIad YuKuWiIrad. |-xaaBania, 2- pacMaaru Taxpuda HaTHXKaJapHura acociaaHu0, TypJn XU HOMUHAT
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TOKJIapra 3ra pe3ucTopiiap yuyH HeHTpajHu epra yiam TpaHc(hOopMaTOpJIapHHUHT TaXMHHUH KyBBaT
KuiimMamiapu (kamatupunmaras U,=8,5%) KenTupuiras:

Heiitpannu epra ynam Tpanc(OpMaTOPUHHMHI KyBBaTWHHM TaHJAIIHUHI TaBCUSl ATWIITAH YCYJIH
gyiarammapauar Yo/A — 11 ynasum cxemamu Owian TJIC, TC3 ékm TC3D mapkaiud Kypyk
TpaHcdopmaropyap yuyH aman kwiagu. 20 kB kywranum cuHpura Zj cxeMalM HOJ KeTMa-
KETJIMK/IAT¥ TOKJIAPHUHT Ky (DHIATPIIAPU XO3UPTH BaKTa CEPHSIIN HUILITA0 YMKAPUIMAIH.

1- :xagBan. Typiau HOMHHAI TOKJIM PE3UCTOPIIap YUyH HEUTpalIHU ep yiaul TpanchopMaTopIapHHIHT
KyBBaT KuilMaTinapu
Table 1. Power values of neutral ground coupling transformers for different rated current resistors

Ir A 100 150 250 400 600 800 1000
LA 33,33 50,00 83,33 133,33 200,01 266,66 333,33
Ispers, A 52,58 79,09 131,18 210,78 316,19 421,61 527,21
Snom, kKBA 160 250 400 630 100 1250 1600

Heiditpanau epra ynam TpaHc(OpPMAaTOPHHHMHI KyBBATHHM TAHJIALIHUHT TABCHUS S3THITAH YCYIH
yynramsapHuHr Yo/A — 11 ynmanumm cxemanu Ownan TJIC, TC3 éku TC3® mapkaiu Kypyk
Tpanchopmaropiap ydyH aman Kwiaad. 20 kB kywnammm cuH(HTa Z)p cXeManm HOJN KeTMa-
KETJIMK/IATH TOKJIAPHUHT Ky4d (DUIATPIIApU XO3UPTH BaKTa CEPHSIIM UIIA0 YMKAPHUIMAaIH.

Helitpanau epra ynam TpaHcopMaTOpy Y3MHUHI aKTUB-WHIYKTHB KApLIMJWTWra 3ra, OIYHUHT
yuyH BOET pexumuna pe3ucrop opKald OKaJuraH TOK YHMHI HOMHHan TokuaaH 9-14% ra xam
Oynamu. ByHu epra Kucka TyTallyBJaH TOKJIM XUMOSI MapaMeTpiapHHU TaHJalla YbTHOOpra oI
kepak [7,8,9].

—

3-pacm. 20 kB kywraHWILTH TapMOKJIapJa HEUTpalIH pe3UCTOp OpPKAM epra yJaHTaH XoJiaTaa Oup
(hazanu epra TyTaulyBHHHI UMUTALlMOH MOJIEITH

Fig.3. Simulation Model of a Single-Phase Ground Fault in 20 kV Networks with Neutral Grounded
through the Resistor

Jactypuil Taxyuuiap OpKald HMHTAllMOH MOJEUIapAaH KeJNUuO 4YHMKKaH HaTwkalap acocHia
KyHHIaru acocuil Makcaajgapra SpUIIdII MyMKUH:

v' VaiHyg  ONTHMAIIAITAPHIT: VIMATAIIMOH MOJEIUIAp 3JIEKTP TAPMOFHHUHT OIEPAIHOH
napameTpiapuHy sxiwamra épaam oepaau. Typnu koHdurypanumsuiap Ba UIUIall CTpaTerusUIapuHu
TaxJIWa KWIMII OpKaTM MYXAaHAWCIAp TApMOKHM OSHI SXIIM IOK TabMHUHOTIALI, HYKOTHUIUIAPHH
KaMaWTHPHIL Ba YMYMUI caMapagopiIMKHH OIIUPHUII MAaKCaAUIa ONTUMAIIAIITUPHIIUIAPY MyMKHH.

v' IlluKacTIaHUIIAPHE MUHUMAUIAIITAPHIT: MOIE/UIAPHUHT YyKYp TaXJHIH TapMOKIArH
3an(IIUKIapHU Ba XaB(-XarapiapHU aHUKJIAIl HMKOHMHHU Oepamu. Kucka TyramryBnap €ku OpTTHKYA
IOK XOJaTiapu KaOW TypiM HIMKACTIAHUII MIapTiIapyAa TU3UMHMHT KaHIal WITAIIMHMA TYIIYHHII
OpKaJIi, NIMKACTIAHUIUTAPHU OJIAMHY OJIMII €KUM YJIAPHUHT TAbCUPUHH KaMAaWTHPHIN yYyH TETUIILIN
Yyopa-Tasdupiap amaira OMHNPHIUIIN MyMKHH, Oy TAPMOKHUHT MIIOHWIMJIMTUHHM SIXIIMIAITa Epaam
Oepamu.

v' KymuMua aHuKIuKKa SpuInuil: VIMHTAIMOH MOJEIUIAp XAKMKHN INAPTIAPHU TYFPH aKC
STTUPUIIT UMKOHMHM Oepaau. Taxjawuiap AWHAMHK OMWJUIAp Ba Mypakkad ¥y3apo ajokajapHu Y3
MYHTra ONraH XOJJa, TApPMOKHHMHI TypiU XOJaTiapAa KaHAall WIIAlIUHY aHWK TYLIyHUIIra épaam
Oepaau, Oy 3ca HaTHKAJAPHUHT aHUKJIMTH Ba Kapop KaOyJl KMIIMIIHUHT CaMapaiopIuTHHHU OIIUPA/IH.

v XaB@-xarapnapHu 0axojaml Ba MHHAMAUIAIITHPUNL: VIMHTANMOH HaTWxamap xaBd-
XarapnapHu 4yKyp Oaxosamra épmam Oepaad, UIYHMHIJCK, IIUKACTIIAHWILIAD Ba YyJIApHHUHT
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OKUOATJIADUHU  MOJCJUIAIITHPUII OPKAIM caMapail MUHUMAUIAIITHPUIN CTpaTCTHsUIaph  Ba
AXTUMOJIHH SXTUET YoparTapiuHu UIIad unkumra uMKoH Oepaan [8,9,10].

4. Myxoxama (Discussion)

Y6y HomuHan Kywianumu 20 kB Oynran tTapMokaa HEWTpasld pe3rcTOp OpKAIN €pra yJaHTaH
xonatna Oup ¢aszanu epra TyTallyBHUHI MMHTAlMOH MOZENH TaJIKUK dTHiraH. Helitpamu pesucrtop
OpKaJIM epra yJIaHT'aH TapMoKiapza 6up Qasanu epra TyTanryBiap JIeKTp TYFPHIMKIAPUHN Ba XUMOS
TU3UMIIAQPUHUHT MIUIANIMHY aHWKJalla MyXUM axaMmusTra sra. bup ¢asamu epra TyTaumryBHUHT
UMHTALIOH MOZENU DJEKTP TAPMOFMHHMHI pPE3UCTHB OJIEMEHTJIap, XUMOsS KypHiIManapy Ba
KOMMYTaIis MEXaHU3MJIApPUHUHT TabCUPHHU XHcoOra onaau. by mozen sHeprust Tusumiapu Oyitnda
MyXaHIUC/Iap Ba TaJKUKOTYMIAPra dJIeKTp TapMOKJIApUAard XaTo XOJAaTJIApUMHU OamopaT KUJIUII,
TApPMOK XMMOSICHHH ONTHMAJUTAIITHPHUII BA SHEPTHS caMapalOpJIUTrHHN OIIUPHUII YUYH KYJUTaHWIIaIH
[4,11].

1000 I\
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a) TapMOKAaru TOKHUHT y3rapumu (Current Variation in the Network)

Y
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0) TapMoKIaru KywiaHUIIHUHT y3rapumn ( Voltage Variation in the Network)
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B) pe3rcToplary TOKHUHT quHamMuK y3rapuinu ( Dynamic Change in Current in the Resistor)
10?

T
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1
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0

r) TapmokuuHr 0,4 kB kucmuna kywianum y3rapumu (Voltage Variation in the 0.4 kV Section of the
Network)

3-pacm. 20 xBnu Tapmokna A QazaHMHT ep OWJIaH TyTallyBM BaKTHAA TapMOKIAard Ba epra
YJIaHTaH PE3UCTOPAArH TOK Ba KyWIAHWIIHUHT Y3rapUIIu

Fig/3. Changes in Current and Voltage in the Network and Grounding Resistor During the Earth
Fault of Phase A in a 20 kV Network
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3-pacmMaa 0,3 cOHMS BakT OpaJIMFHIArH DKCIIEPUMEHT HaTWXanapu KenTupwiran 0ynu0, 20 kB
ANIeKTp TapMoruaa A (azaHuUHT HeWTpan OmiaH epra epra TyTaIlyB XOJaTHAA PE3UCTOP OPKAIH epra
yJIaHUIIN cUMYJsnus opkaiu Matlab Simulink nactypuaa onuuran. Ymoy taxpu6ba rpadukinapuaa
TapMOKJArd TOK, KyWIAHWIIHUHI Y3Tapuild Ba €pra yJlaHTaH PEe3HCTOpJard TOKHUHT AWHAMHUK
y3rapunm rpadukiapu KypcartwiraH. YmOy TaxpuOa HaTKajlapH, TapMOK HEHTpalld pe3ucTop
OpKaJIM epra yJaHTaH XOJaTHHHI MapaMeTpiapHHH TaXJIHMJ KWJIHII Ba aHUKJIAIl MMKOHUHH Oepaju.
TapMOKHHHT Typid XoJamiapuaa Kyw€IaHWII Ba TOK Y3rapHIUIapHHU Taxpubaimap Epramuia
aHMKJIAIl OpKAJIM HEWTPAJIHMHI epra yllall XOJaTHHHWHI ONTHMAaJI THapaMeTplIapuHH Ba OJIEKTP
XaB()CH3IMTMHA TabMUHJIAII YCYJUIAPUHHM YPraHWUIl MyMKHH Oynou. By Hatmkamap, smektp
TApPMOKJIAPHHUHI WINOHWIMJIMIH Ba XaB()CU3INTMHM OIIMPHIL, IIYHHHIJIEK HEHTpPaTHH PpE3HCTOp
OpKaJll epra yjaml camMapaJopiuTrHHM OLIMPHII YYyH 3apyp OYJIraH TEXHWK TaBCHAJIAPHM HILIA0
YUKULITa UMKOHUSAT sipataiu [4,6,12].

5. Xyaocamnap (Conclusions)

20 kB KywiaHHIIZAard 37eKTp TapMOKJIapuaa HEHTpal HM epra yjiaml TH3UMHUHUHT XaB(CH3IUTH
PE3UCTOPIAPHUHT PyXCAT STHITAH KAPIIWIUK KUHUMAartura MyBO(DUKIMIMHU TabMHHIIAII OWIIaH
OornuK Ba Oy KMWMarra pHOs KWJIMII 3JEKTP XaB(CH3JIMIMHH IOKOPH Japakaja TabMUHIANIN.
Pesucrop opkanu HEHWTpasHW epra yJjail, KHCKa TYTAllyB MIApTIapuia KyWIAHHIIHA KaMadTHPHUIL
UMKOHUHHU Oepaan. FOKopH KapIIMIMKIN pe3UCTOpiIap YpHATHIITaHa 3ca, KyWIAaHHIIHUHT KaMaiuIm
MebEpHit mapaxana Oymaan, Oy 3ca M3OJAIHS Ba XMMOS TH3UMIIAPHHM cakiamniia épaam oepanu. Peme
XVMOSICH Ba aBTOMATHUKAHWHT CaMapajid WIUIAINY, PE3UCTOPHHHT pyXcaT JTHIATAH KapIIWIHK
KUMUMAaTHHHA X¥coOra oubd YpHATHUIAraH Oynumy kepak. bup ¢dazamm Kucka TyTanryBiap IMIapOUTHIA,
PE3UCTOPHUHT KApIUIMINK KAUMATHHU ONTHUMAl CEIEKTHBIUK Ba CE3TMPIMKHUA TAbMHHJAIL YYYH
aHuKJam 3apyp Oynaau. Pesuctop Kapmmiuru KAAMaTHHH aHUKJIAIl KUCKA TYTallyB TOKJIApWHUHT
IOKOpH KHAMATIapUHU XucoOra onud Ba pelie XMMOSICHHHHI CE3TMPJIMIMHU TabMHHJIALI [IAPTUHU
xucoOra oyimb amaira OIIMPHIUIIN Kepak.
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