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AHHOTaumA. YwOy makonaga Kypunviw 9nekTp TaMWHOTM Tusummnaa eppopesoHaHC xogucacu
TabcMpuga nanWgo OynaguraH acocui, cybrapMoHuK (KyWuM) TapMOHMK Ba HOKOPU FapMOHUK
TebpaHuwnapn Taxnun  KANMHraH.  Taxun  HaTwkanapura kKypa cybrapmMoHuMK —4actoTagaru
deppope3oHaHC xoaucanapu Hasapuii Ba SKCMEPUMEHT TafkuMKoTnapra kKypa 3nekTp Ccxemacu
ypraHunrad. ByHgoaH  Tawkapu  Kypunuw  SfeKkTp  TabMWMHOTM  TU3MMNapuaa  KyudmaHuu
TpaHcdopmaToprapnga MarHUT Y3aknapuHUHT TYMUMHUWKM OunaH ©ofnuK xaBdnn deppopesoHaHe
XOOWCanNapuUHWHI  to3ara  Kenuwy  ypraHunmMd,  0KOpWM  KyuYnaHuWwm  xamga  CcybGrapMoHUK
beppOope30oHaHCNapHUHT XaAdaH Tawkapy KydnaHWWMHK ongvHu onvw Ba GapTtapad atmw 6ynnya
TaBcusanap GepunraH.

Kanut cy3nap: eppopesoHaHc, 1oKopy KyunaHuwnm deppopesoHaHc, cybrapMoHUK ¢heppope3oHaHc,
Ky4ynaHuw TpaHcdopmaTopu, aHTUPE3OHAHCNN Ky4ynaHuw TpaHcdopMaTopu, PE3NCTUMBIIA HENTPasrHu
epra ynaw.

Annotation. This article analyzes the basic, subharmonic (lower) harmonic and upper harmonic
oscillations that occur under the influence of the ferrorezonance phenomenon in the building electrical
supply system. Based on the results of the analysis, ferroresonance phenomena at subharmonic
frequency according to theoretical and experimental studies, an electrical circuit was studied. In addition
to this, the occurrence of dangerous ferrorezonance phenomena associated with the saturation of
magnetic cores in voltage transformers in construction power supply systems has been studied and
recommendations have been made to prevent and eliminate overvoltage of high voltage and sub-
harmonic ferrorezonans.

Keywords: ferroresonance, ferroresonance overvoltages, subharmonic ferroresonance, voltage
transformer, antiresonance voltage transformer, resistive neutral grounding.

AHHOTaumA. B gaHHOM cTaTbe aHanM3NpyTCs OCHOBHbIE, CyOrapMoHMYeckue (HWKHUE) rapMOHUYeCcKme
N BepxHerapMoHu4eckMe konebaHusi, BO3HMKalOLWMe Mo BrUSHUEM SIBNeHMs eppope3oHaHca B
cucteMe anekTpocHabxeHus 3gaHums. Ha ocHoBaHMM pe3ynbTaToB aHanm3a deppope3OHaHCHbIX
SABNEHMN Ha cybrapMOHMYECKOW 4acToTe B COOTBETCTBUM C TEOPETUYECKUMM U IKCNEPUMEHTANbHbIMU
uccrnegoBaHmaMM Obina mM3ydeHa anekTpudeckas cxema. B pgononHeHne k atomy, Obio M3y4eHo
BO3HUKHOBEHME OMNacHbIX SBMEHUA heppopesoHaHca, CBA3aHHbIX C HaCbIWEeHWEM MarHMTonpoBOAOB B
TpaHcopMaTopax HanpsbkeHWss B CTPOUTENbHbIX CUCTEMax aneKkTpocHabxeHus, n 6binv  OaHbl
pekoMeHOauMM Mo  NpPedoTBPaLLEHMIO W YCTPAHEHUIO MEePEHANnPSPKEHWA  BbICOKOBOJSIBTHBIX WU
cybrapmoHunyecknx oeppope3oHaHCoB.

KniouyeBble cnoBa: d¢eppope3oHaHc, ¢eppope3OHaHCHble MepeHanpsikeHusi, CybrapMOHMYECKUI
deppope3oHaHc, TpaHCcHOPMaTOp HanNpPsPKeHUs!, aHTUPE3OHaHCHbLIM TpaHcopMaTop HanpPsKeHWUs,
pe3nCTMBHOE 3a3eMIIeHNe HenlTpanu.

Knpuwi

Kynnab TagkukoTnap HaTwkanapu LWyHW KypcaTaguky, aBTonapamMeTpuk TebGpaHUwnapHUHT
Ky3FanuLl xapaéHrapuHn ypraHuw Ba acOCUA KOHYpUATNapHU Xxamaa Terwnm YactotanapHm
MaTemMaTUK MoZennawTMpuw ycynm épaamMmmaa aHuKnawl Ba afekTp TabMUHOTU TU3MMnapvaa
xaBnm cybrapmMoHnK beppope3OHaHCHUHT XaadaH Tawkapy KyYnaHUWMHW ONAMHU Onul Ba
NyK kunuw 6ynnya Yopa-tagdbupnapHm uwnad Yvkunuwn katta amanuin axamuatra ara [1].
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CybrapMOHUK  (beppope3oHaHC  XapaéHnapu Kam  KyBBaT  Tydawnum  KydnaHuw
TpaHcOpMaTOPNAPUHUHT YyffaMNapuHUHE KU3MO KeTuwura Ba yNapHWHI LUMKacTnaHuwmra
onub kenagn. ®eppopesoHaHCAaH 3apapHU KamManWTUpUL YYyH Typnu Xur aHTMpe3OoHaHCNu
KyynaHuw  TpaHcdopmaTopnapy uvwnab  yukapunmokga, amMmo  ynapHuHr - Gapdacu
akcnnyataums Tanabnapura xasob6 Oepmangn [2,3]. Peppope3oHaHC namTvaga dnekTp
XUXO3MapUHUHT M30NAUMACHOA TOKMAPHUHE HOKOPU KMAMaTtnapuaa opTukda KyunaHWu HKopu
rapMOHMKAA KyYnaHWUW TpaHCOPMAaTOPNapuHUHE tokopu KyunaHuw (KOK) uynramnapuaa
cybrapmMoHuK TebpaHuLwnapHn KysraTraHaa nango 6ynmwm MyMKuH.

ONeKTp KUXO3MapUHUHI  usonaumsacuga geppopesoHaHc nanTnga, SbHU  CyBGrapMOHMK
TebpaHuwnap KysfatraHga KyynaHuw TpaHcdopmatopnapuHuHr KOK vynFamnapuga rokopwm
rapMoHvKaZa Ba TOKMAPHWHE OKOPWU KMMMaTnapuga xaggaH Talkapy KydnaHuw Kysatunagu
[4,5]. KNLWNOK TapMOKMapUHUHT ULLNaLUKn LWYHW KypcaTaguKuy, SHI KeHr TapkanraH aHbaHaBun 6-
35 kB Tapmoknapgarm M3onAuMsSHWU HasopaT KUMUW  YYyH MyJSDKannaHraH —KyudnaHuw
TpaHcdopmaToprapu - HeWTpanu mnsonaums OynraH KUWIoK Tapmoknapuga LuvkacTnaHagu,
yHOa 6up hasanu epra TyTawyB KyHnap AgaBoMuaa yu4mpunmacnmrn MyMkuH. LLyHu Tabkmugnaw
Kepakku, MaBxyn wuwnapga ydv dasanu cxemanapga cybrapMoHuK  dpeppopesoHaHc
TebpaHMWNapuHN Ky3faTuLl >XKapa€Hu acocaH 3dKCNepuMMeHTan paBuwaa YypraHwnraH Ba
Haszapunm Taxnun akBMBaNeHT Oup asanu anmawTvpuw cxemacura yTkasuvw 6unaH
ypranunran [1-9]. Bupok, 6yHoanm coppanawtvpunran ycyn deppopesoHaHC 3aHXupnapuHm
cudaTnn Taxnun Kuna onManan. YpranunraH HaTtvkanap LWyHW Kypcataauku, yd dasanu
deppope3oHaAHC 3aHXUPUHUHT has3anapapo y3apo Tabcupnapyu Ba MarHUT OGofFnaHUWNHK
xucobra onmMacgaH, cybrapMOHUK YacToTaga (peppope3oHaHC TebpaHWULLNaPUHUHE KY3Farui
XYyCyCUATNapUHU TYNuK o4mb 6epuil MyMkuH amac. LyHWHr yuyH mMatemaTrk mogennawtupui
Ba O9KCNepuvMeHTan TaAKUKOTAAPUHUHT Hasapun TaxunugaH OnvHraH MabiymoTnapra
acocnaHunb, aHepreTvka Tu3umnapuaa cybrapMoHWK deppopesoHaHc TebpaHuWnapuHm
KY3FaTULLHWHI ONAMHM ONWLL Ba WMyK KUnuw Bynuya kynugarm tascusanap 6epuvwt MymkuH. LLyHra
acocaH OnuHraH MabfyMOoTnap acocuia JHepreTuk Tu3umnapa to3ara kenaguraH Typnu
heppopesoHaHc YacToTanapaa TebpaHuw xxapaéHnapvHm 6aptapad aTUW yCynnapuHn Kypub
YNKaMU3:

1. 3nekTp TabMMHOTU TapMOKnapu Ba Tuanmapuga cybrapmoHuk oeppope3oHaHCHUHI nango
6ynuw cababnapw.

By xapaéHnapHu kentupmnb uukapyBum cababnap kKywuparvnapgaH ubopat: epra HucbataH
erneKkTp TapMOfU CUFUMUHUHI HOKyNan KOMOMHauMsACK Ba KyYnaHuw TpaHcgopmaToprapuHUHT
HOUYM3MKNN  MHAOYKTUBIAWIKM, KUCKA TyTawysBnap;, CuMm y3unuwnapu; dasanapu Tynuk
Oynmarangary  KOMMyTauusanap; epra €MCMMOH  KWCKa  TyTalwyBrap;  KnaHMaraH
TpaHcdopmaToprapaa KoMMyTaums xapaéHu Ba 6owkanap.

1.1. TapMOKHWHr epra HucbaTaH CWUFUM TOKMAPUHUHI KWAMATNapy Typnv  KyydnaHuw
TpaHcdopmaTopy yuyH 0,3 A gaH 3,5 A rava 6ynca, Tapmokga deppopesoHaHcnap coavp
6ynagun. WyHn acnatuw nosvmMkn, epra HUCHGaTaH CUFUM TOKNApPUHUHI TaXMUHWUA KMAMaTRapu:
35 kB xaBO onekTp ysatuw nuHuanapy ydyyH —O0,11 A/km; 10 kB xaBO amnekTp ysaTuw
nuHuanapmn ydyH—~0,025 A/km; 6 KB XaB0O 3NeKTp y3aTu nuHusnapun yuyH —0,015 A/km. AbHn,
35 kB Kyunanuwnu anektp ysatmw Tapmosmra 3HOM (BHOJ1) tunnm 6utta KydnaHuw
TpaHcdopmaTopy ynaHraHaa yMmymuni y3yHnurn 3<L.<35 km 6ynraH xaBo anekTp Tapmoknapuaa
xaBnu depope3oHaHC to3ara kenuwim MyMkuH. LLyHra kypa, kaben nuHuanapu y4yyH Toknap:
UH=6 kB — 0,9 A/km; UH =10 kB — 1,1 A/km; UH = 35 kB — 4 A/km.

ByHOaH kenub 4nkagvkmn, ymymun y3yHnurn 1 kM gad katta 6ynrad kaben ysaTuw nuHusnapu
ynaHraH 35 KB 9nekTp TapMoknapuaa gpeppopecoHaHC to3ara kenmanau. byHoaH Taiwkapw,
MaBXy[ TexXHUK agabuétnapga eppope3OHaHCHUHT to3ara Kenuw apTtrnapugaH ovpu ep
6unaH curum Tokn 1-2 A BynraHga Ky3aTunuwm MyMKUH.

1.2. Tapmokgoa ¢eppope3oHaHCHUHI nango Oynuwn  KyynaHuw  TpaHcdopmartopnapu
ypHaTUAraH NOACTaHUMANAPHUHI KydnaHuw aapaxanapura 6ofnuk. KyunaHuw kaHya rokKopu
Bynca, heppope3oHaHC KyuraHULWITapHUHT 3XTUMOSNK WYyHYa KaTTa bynaaw.

1.3. ®eppope3oHaHCHUHT Nnango 6ynuwn 06-xaBo WwapouTnapura cesunapnu gapaxaga 6ofnuk
(kop éFMwKn namTuga, xaBo COBYraHga, HamMmnuK OpTraHfa, kana &fuwm Ba émFup nanmTtuga
XAaBOHWHI MOHMawyBu xucobura cogmp 6ynuw axTumonu optaan). TapMoK TOKUHWUHI aKTuB
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TalKun 3TyBYMNAPUHUHT Masxyanurn 1% padH katta Oynuwn epra HucbaTaH CUFUMHUHT
Oaspun eppope3oHaHCHUHI PUBOXITIaHMLWNIa UMKOH Bepmanan.

1.4. Xwucobnawnap wyHn kypcataguks, HTMW-35 Ba 3HOM-35 Typgarn KyynaHuiw
TpaHcopMaToOpnapyHUHE o4unK y4bypyak yyrnramura napametprapu R=25 Owm Ba P=400 BT
6ynraH OMMUIA ynaHraH pesuctopnap UWTUPOoKMAa UWNATUNULLIM Kepak. YnaHuw cxemacu 1-
pacMmaa KenTupunraH.

A A daza A B daza A ( daza

_E Vrgam
o 3aHKHPH

a4,

£X
E i » : E égg mpu Ba
el e T
HazopaTtHh
IR JR2 JR3 Ri (25 Om)

_;b\ Epra ymam

1-pacm HTMU-35 ea 3HOM-35 mypQdazu Ky4ynaHuw mpaHcgopmMmamopsiapuHUH2 O4UK
y4ybypyak Yyynramueaa pe3ucmopriapHuUHe yJiaHuW cxemacu.

HTMW-6 Ba 3HOM-6 Typaaru KydnaHuw TpaHcopMaToOpnapuHUHT o4unK y4bypyak JyrFamura
R = 60 Om Ba P=100 BT 6ynraH goumuii ynaHraH pesucTtoprnap WWTMpokuaa wvwnatunuwm
3apyp. Arap pesuctop bynmaca, Tapmokaa Typrnv KOMMyTauus xonatnapu, XymnagaH xaBo
NVHUACUHM  Kywmw Ba axpatuw, AKY (aBToMaTuK KanTa ynaw) BakTMga KydnaHuuw
TpaHcopMaTopu axpaTrMinHU KyWnWw Ba axpaTuw TpaHcdopmaTtopga 50, 100, 150, ... Iy
yactoTann xascnu asTonapameTpuk TebpaHuw KapaéHnapu cogup OynuwmM  MyMKUH.
KOkopuoa kypcatunraH pesuctop R = 0 6ynraHga 50/2, 50/3 'y yacTtotanu cyGrapMOHUK
heppopesoHaHcra annaHaam Ba KyunaHuw TpaHcdopmaTopnapy ydyH xaBd TyFAUpaaun, YyHKn
KydnaHuw TpaHCcOpMaTopuHUHT Bvpnamun dynfFamnapuga TOK KatTa €ku pyxcaT aTunraH
KnimatmgaH owmd ketuwn, Gup Heva gakuka mdmaa KydnaHuiw TpaHCcopMaToOpyHU Knsuwura
onunb kenaaw.

1.5. CybGrapmoHuK eppope3OHaHCHUHI namgo Oynuwun amanga epra HucbataH cuFum
TOKUHWHT Y3UnnLw MOMeHTUra 6ofnuvK amac.

1.6. CyGrapMOHUK (OeppOpPEe3OHaAHCHUHI Markgo OynuwK KyudnaHuw TpaHCcOpPMaTOPUHUHT
MarHUTNaHuWw xycycuatnapura 60fnnKk. OCKM  EKM  TabMupnaHraH TpaHcdopmaTopnap
SHrMnapura kaparaHga tes-te3 dpeppopesoHaHcra Tywaan, YyHKU yAapHUHT MarHUTRnaHuw ékn
TYWMHULL XyCyCUATNapy TEKUCPOK Bynaau.

1.7. CybrapMoHUK heppope3oHaHC KyudnaHuw TpaHcopMaTopu HOKNaMacuHWHE dapaxacura
oofnuk, awnHukca | Ba U 4erapa kummatnapy Hucbatura 6ofnuk.  KydnaHuw
TpaHcopMaTopu loKnaMacu kaHva katta 6ynca, dpeppope3OoHaHC >KapaéHNapuHWHI cogup
oynuwu wyH4Ya kam 6ynagn. KOkopuga TakugnaHraH wapT-lapovTrapga anekTp TabMUHOTU
TM3nMmaarn peppopesoHaHc xapaéHnapuHu t3ara kenvwura cababnapgaH xucobnaHagu.
CybrapMOHUK (heppope3oHaHC to3ara Kenuwiv OnavHW ONUW  YYyH Kyrugarnm Kylwummya
WwapTnapra abTMbop KapaTuLL Kepak:

o TpaHcopMaTOpNapHUHIE KaM toKknaMaga vwnalimaaH;

o deppope3oHaHcM 6epk KOHTYp xocun bynuwnHmn 6aptapad aTunmaraHaa;
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TpaHchopmaToOpHUHT dhasanapu KMcka Ba y30K MyaaaTin O4uK KonraHaa;
TpaHcdopmaTop dpasanapuHmn CUHXPOHaWTUpMacaaH KamTa yrnaHranaa;

KyunaHuw TpaHcopmaTopnapuHn xed kaHaam yuYmpul Yopanapvcms uwnatuwaa;

Tusumaa HewTpan cum y3unraHga Ba epra Kyycu3 ynaHraHga €k MHOYKTUBIVK opKanu
epra ynaHraHga;

o FOkopu KyudnaHuwnu  yuvpruynapga  CUFUMIAU KyYnaHULLIHW oynrmygaH
dorganaHmnraHaa;

. KoHageHcaTopnapHu LWyHT YpHUAa Ba KeTMa-KeT KoMneHcaumanala nunatunraHaa;

o MarHuTt y3aknapu TyMMHyBYM MarHUT peaktoprnapiaH doonganaHraHia.

2. CybrapmoHuk cheppope3oHaHCHUHI nango 6ynuwm Ba 6aptapad 6ynnya Tascusnap.

2.1. 6-10 KB KyynaHuWnM Tapmoknapga cybrapMoOHWK deppope3oHaHC nanao OYNULLMHUHE
cababnapw.

N3onauma KunuHraH HewTtpanu Kydnanvwun 6-10 kB 6ynraH Tapmoknapga KydnaHuw
cybrapmMoHuK doeppope3oHaHC xucobugaH owmb KeTUWM MYMKUH. ByHWHr cababu wyHpakw,
KMcka TyTawyB navWtuga wuTepatvB TypAarn KyudnaHuw  TpaHCOPMaTOPUHWMHE  HOKOPU
KyynaHuvwnum  yTkasrmdnapy  opkanu  ytaguraH Ba  OyTyH  TapMoOK  KyudnaHuwl
TpaHCOPMATOPUHMHI  MarHuT y3armga TYWMHraH cuiMMnn paspsg coaup O6ynagn. by
YyNFaMHUHT Xa44aH Talwkapu Ku3mb KeTuwura Ba HOKOPW KyUYnaHULWIImM YynFam opkanu ytagurax
TOKHUHI OWULWIM Tydpannm KydnaHvw TpaHCOPMaTOPUHMHI LIKKacTNaHuwmra onnbd kenagu.
byHgan xonnapga HTMW Ba HOM kyunanuw TpaHcdhopmaTopnapuvHuHr 6up ¢asanu énnm
Kncka TyTallyBnapu HaTwkacuaa epra Kudmk Tok (1 A raya) yTranga WwvkactrnaHvw Kysatunaaw.
HenTpan epra peakTop €ku Kapwwunuk épaamuga ynaHraHga cybrapMOHUK heppope3oHaHc
nango 6ynvangu.

2.2. CyOGrapMOHUK  (Peppope3OHaHC  KyYNaHWWWHWHE  KYyTapuiuwm  Ba  KyudnaHuw
TpaHcoOpMaTOPU  LUMKACTMNAHUWWHUHT  ONAMHUM onuw yyyH 6-10 kB Tapmoknap yuyH
Tascusanap.

Arap 6-10 KB kyunaHuLnM TapMOKHUHI HEUTpanu n3onauna kunudrad 6ynca, HAMW tunuaarm
KyuynaHuw TpaHcdopmaTtopugaH dovgananmw TaBcua atunagn. YyHkm 6y Typgarn KydnaHuw
TpaHcopmaTopy pe3oHaHcra kapwu xumosira ara. Arap HOMA ékn HAMW kyunaHwiw
TpaHcdopmaTopy 6-10 KB KyunaHuwnmu TapMOKHUHI Gollka xyayanapuga kyyadunraH oynca,
yHOa byHaoanm Tapmokga dakaT 6uTTa KyunaHuw TpaHcgopmatopuaaH chorganaHv TaBcus
aTvnagm Ba ByHaan Tapmoknapaa MaBXy[ KOmraH KyudnaHuw TpaHcopMaTopuHK y3ul Tanab
atunagn. HTMW tunnu Kyunauuw TpaHcdopmatopu 6-10 kB anekTp Tapmoknapu yyyH pene
XUMOSICU €KW 3MEKTP BHEPrusiCMHM ynyaw waptn 6unaH 6utta KyynaHuw TpaHcdopmaTopu
OvnaH yeknawvwra nyn kynunmanau, ukkmHamn HTMW Hn mkkn pasa opanurmga HOMA
TMnugarn 6vp dasanu KyunaHuw TpaHcdopmMaTopu 6unaH anmvawTupuw TaBcus 3Tunagum Ba
MKKKN ékn yHaaH opTuk HTMIW Typaaru KyunaHuw TpaHcdopmaTopu gaH dorganaHmw MyMKUH
amac. 6-10 kB kyunaHuwnu Tapmoknapga HOMA tunugarm KT gaH doonganaHraHga yqbypyak
€KMn oumkK y4dbypyak cxemacu Oynmua wuFmnrad  yyta  6up  pasanm  Kyunaduw
TpaHcopmaTopnapugaH donganaHil TaBcus 3TuUNaam Ba Yy KyudnaHuw TpaHcopmaTopu
dasacu yuyyH MyrpkannaHraH KapLmnuk opkanu epra ynaHuwm kepak (400 BT, 10 kOm). Arap
Tapmokga HTMU tunmnaarm kyunaHuw TpaHcopmatopy Maexyq 6ynca, ynaa kyseatu 400 kBT
6ynraH 10 kOM Kapwunuk TaBcus 3Tunagun. ByHuHr ydyH kopnycgaH akaT HewTpan
yuKapuragu Ba y KylwmMmya Kypunma épaamuga uvikapunagu, NekuH Tysunuwuvra ysraptmpui
KMPUTULL, SBHN KOPMYCHU OYMLL TakuKNaHaaw.

2.3. 35 kB kyunaHuwnv Tapmoknapga cybrapmoHuk peppopesoHaHc nango bynuw cababnapw.
Arap nsonaumsa KunuHrad HemTtpan Tamok 35 kB KyunaHuwra ara 6ynca Ba CUFMM TOKHUHE epra
KMcka TyTawysB navTuaa Y30K BaKT (Peppopes3oHaHC KyunaHuw owuwuv HaTwkacupa butta
KyynaHuw  TpaHcdopmaTopuaa cybrapmMoHuMK beppope3oHaHC  Kysfanuwmn  xocobuaaH
KyynaHuw TpaHcopmaTopu OKOpY dynFamuaaH yTaétraH Tok 2 A gaH owMacnurm MyMKUH
Oynca, xaBO nuHUACKM €ékn Oup asanum Kucka TyTawyBHu 6GapTapad 3Tagu. TapMmok
KOMMeHcauunsnaHran Hentpanra ara 6ynraHnurmu cababnu cyérapMmoHuk doeppopesoHaHc coanp
oynmangu.

2.4. 35 kB kyunaHuwnu Tapmoknapaa cyérapMoHuKk dheppope3oHaHCHUHI OnavHK onuw Gynnya
Tascusanap.
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CybrapMoHUK peppopesoHaHCc nango OynuwmHuHr ongmHu onuw  yyyH 3HOM-35 kB
KyYnaHULWIIM KyynaHUw TpaHCcopMaTopnapuHUHT BMp KUCMWHW TapMoKada KOnaupuvw TaBCcuS
aTunagu, WyHaa KydnaHuw TpaHcdopmaTopuagarn cusmmnu Tokm 2 A ra owagu. 35 kB
KyuynaHuwnm ukkuta éup dasanu kyunanvw tpaHcgopmatopy 3HOM 6unaH-35 kB KyunaHuw
TapMofura KuputunraH. Pene xumosicu Ba aBToMaTuka €K anekTp xucobrarnynapra KyynaHumi
Oepuwl  y4yyH NUHMS  Kydynauuw  Tapmofura  kmputunrad  3HOM-35 kB kyunaHuw
TpaHcdopMaToOpuHM MKKMTa Gup ¢hasanu Kyudnauuw TpaHcgopmaTtopy 3HOM-35 kB GunaH
anvawTupuw  TaBcus  atunagn. CybrapMOHUK (hbeppope3OHaHCHUHI navmgo  OynuwunHM
OapTapad aTuwra kapatunraH Makcagra MyBoduK ycynnapgaH 6upn 6y kamupa 2A mnuamga
CUFUM TOKM KUMMAaTMHU HasopaT KUNuL y4yH TapMokka ynaHran 35 kB kyunanuwnu 3HOM-35
Ky4naHuw TpaHcopMaTopsiapUHUHE COHMHU oMU caknawanp. Arap 6up katop cababnapra
Kypa KyunaHuw TpaHccopmaTopunapHu TapmoknapaaH y3nd 6ynmarnguran 6ynca (KydnaHui
TpaHcopmMaTopy aBTOMATMAAWTUPULL EKM JMEKTP Yn4yaw MocnamanapyvHUHT  ULNaLnHn
TabMuHMaca), nuHUA Tapmokka MyBoduK OynraH OGuTta  y4  pasanu  KyunaHuw
TpaHcopmaTopy  ypHura Oup  xun Typgarm  MKKMTa  6up  dasanu  KyynaHuw
TpaHcdopmaTopuaaH dongananuwira pyxcat 6epvnagn.

2.5. 6-35 kB KyunaHUWnM NuHUsNap yyYyH Tynuk 6ynmaran dasanu pexumnapaa cybrapmoHmk
deppope3oHaHc cababnapw.

6-35 kB TapMoKnapHUHr anekTp y3atuw nuHuanapu (AYJ1) yamnuwmn maexyn 6ynraHaa, anekrp
KOMMYyTaUMsa KypuiManapuHUHr uwnawmaa, WyHUHIAEK TapMOKHWHE y3uaa Tynuk 6ynmaraH
pexum coaup 6ynagn. Wy 6unan Gupra, KkyBBaT MaHb6am GunaH xaBO NMHUSICUHWHE y3uIraH
Kmcmm maHb6a 6unaH anokaHu TYNUK NYKOTManau, M30onsuus KUNWHraH Hentpan 6unadH 6up
HeyTa TpaHcdopmaToprap opkanu TYFpuAaH-TYFpu  anoka KunaguraH,  HOYU3MKIK
TebpaHuwnap évnaH KOHTYP XOCWI KUIYBYM CUFUM TalLKUI 3TyBYMCU Konaau. Ywby cxema
M30NAUMA  KUNWHFAH HeWTpan Ba KyBBaT JMHMACMAA Yy3unraH TpaHcdopmaTopnap
hasanapuHVHI MHOYKTUBAUIM BunaH TabMUHMaHaaw, wy bunaH Gupra y3ok Myaaatnv loKopu
KyuynaHuw xoamcacu Kysatunagu, 6y OmpuHum HaBGaTga Kyunauuw TpaHcdopmaTopnapura,
WYHUHrOEeK TapMokgarn Golika 4YM3vKnu ycKyHanapra xasd conagu. Tynuk 6ynmaraH ¢pasa
pexummn 6-35 KB nuHuanapna anekTp ysatvw NUHUANapu €k yunmpruunap Hatmwkacuaa tosara
kenagu. TapmoK KyBBaTUHUHI OMp KMCMKM KyBBaT MaHbaun GunaH TyfpuaaH-TYFpU anokaHu
NyKOTagu Ba yHra usonauusi KUnMHraH HemTpannu 6up ékm 6up HeyTa TpaHcopMaTop opkanm
ynaHagn. OnekTp TabMWMHOTM Ba XaBO  JIMHUANAPUHWHI  UWAAH  YMKULWIKM - Ky9
TPaHCHOPMATOPUHUHI HOYU3MKIN MHOYKTUBMAKK dpasanapu y3okK MyagaTtnu KydnaHuw Gunad
Oupra, OvpuHYM HaBbaToa KyynaHuw TPaHCHOPMATOPUHUHT MYMKWH OyrnraH HO4YM3UKIn
TebpaHUWnapHM Ba YCKyHanap ydyH xaBdnm cxemaHu xocun kunagun. CybrapMOHUMK
deppope3oHaHC KyunaHuw TpaHcdopmaTopunapga Kuumk curumnap 6unaH 6-35 kB
KyynaHuwnmM Kucka nuHusnapga Kysfanagn. CyGrapMOHUK (hbeppope3oHaHC m30onaums
KWNuHraH Hewtpannap 6unaH 6-35 kB nuHusnapga Kysfanuwm mMymkuH. Opatga, OyHaawm
deppopesoHaHc u4acTtoTanap 1/2, 1/3, 1/5, 1/7 Ba 6owka rapmoHukanapaup. bByHaa
beppopesoHaHcnap KyudnaHuw TpaHCHOPMAaTOPUHMHE M30NAUMSHU BoliKkapuw yyyH epra
ynaHraH KOK kunmaTtura Gofnuk. byHoam xonga, cyGrapMoHWK doeppope3oHaHcnap Kucka
Macodanu nuHuAnapaa  Kysfanuwunm - MyMKMH.  Kydraduiw  TpaHCOpMaTOPUHUHE - 6ab3un
dasanapuga MarHMTNaHUW TOKU MKKM BapaBap Kynasgn, MarHuTnaHraH nynat TYnuK TYWUHraH
OGynagu Ba XOpuUM KuMMmatnap Makcuman MyMkuH 6ynraH derapanapra kytapwnagu Ba Oy
YynFaMHUHI Kn3mMb ketuwura cabab 6ynagu Ba KyynaHuw TpaHcopMaTopu UWaaH vvkagu.
Bup dasann 35 kB kyunaHuw TpaHcdopmaTopnap xaBo NMHUSNapu opkanu KyBBaTnaHraHga 5
kM gaH 10 km rava 35 kB xaBo nuHusinapuia to3ara Kkenaguran peppopesoHaHcra TywaguraH
Oapya y4 dasanu KyynaHuw TpaHCOPMaTOPNapuUHUHE rypyxfapura cesunapnu papaxaga
xaBpnuamp. byHoan xonnapga 1/2 dactotanu €ku yHra skuH 6ynraH cyGrapMOHuK
yacToTanapga deppopesoHaHc navgo 6ynagn. CybrapMoHuK beppopesoHaHC navao
Oynubunb, dakaTt Hon KeTma-keTnukgarm dasaBun  KydnaHuwnapHu 6ysagn. Tapmok
hasanapugary KyynaHuiw Makcumarn KyudnaHuwgaH owMangu Ba LWYHWHE YYyH KydnaHuw
TpaHcdopMaTOpy AaH TalKapWu 3NeKTp XMx03rapu y4yH KatTa xaBd TyFanpmanan.

2.6. 6-35 kB Tapmoknapga Tynuk OynmaraH asanu pexumnapga  cybrapMOHMK
heppopesoHaHcHU 6apTapad aTuw BGyrmya Tascuanap.
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35 KB KyuynaHUWnM 9nekTp TapMmoknapuaa cybrapMoHuK (eppope3OHaHC >KapaéHnapuHu
BapTapacd eTuw yyyH KyrnmgarunapHi 6axapuw TaBcusa aTunagu:

. Gapya Typaarm KyunaHuw TpaHCOpMaTOprapUHWMHE HOKOPW YyrFamriapy epra ynaHrax

Oynuwmn Kepak Ba xucobnaw HaTwkanapura MyBOMUK KapLUMVK O4YvK y4bypudakka ynaHuwm
Kepak;

. KyurnaHuiw TpaHCOPMAaTOPUHUHT HOKOPU YyrFamnapyv Ba KUMpWULL KyynaHuw MaHbau
ypTacuga katta KapLunuk yna waprt;
o nnoxu 6ynca, HAMW tunugaru kyunaHuw TpaHcgopmaTtopnapuaaH donganaHuwl Kepak

ékn HAMW Tunmgarm KyydnaHuw TpaHcdopmaTopfnapu ypHura cusumnu  Gynruyanapgad
dorganaHul MyMKUH;

o TYWMHMaraH MarHuT TU3UMIAW KyudraHuw TpaHcdopMaTtopriapugaH Makcuman gapaxaga
donganaHuL.

KyunaHuw TpaHchopmMaTopfiapuHUHE MKKUMaMymn vyffamMm TOK TpaHcdopmaTopy opkanu Hom
KeTMa-KeTnukaa epra ynaHuwu 3apyp. byHaan xonnapga KyudnaHuw TpaHcopmaToprapuHUHD
OGupnamum vynFammaa KyunaHuw 6ynruyanapvgad domnganaHuwl MyMKuH, ammo By etapnu
Aapaxaga camapanu amac. byHoam xonnapga KyunaHuw TpaHcopmaTopriapuHu  ynyail
XapaéHnapu émoHnawaan. YyHku yHaanm kyydnaHuw oynfuunapgaH gonganaHuw cababuaaH
xanoc 6ynuwra nmkoH 6epaan. Kyd TpaHcdhopmaTopnapu Tynuk 6ynmarad cdasanapu 6ynraH
3NEeKTp TapMmoknapuaa HOMMHAN loKNnamagaH Kam toknamaga wuwnaraHga, 6ab3n anekTp
KUx03napu Ba peaktopnap en paspsanaHmacaiaH vwnaraHaa Ky4naHuLl
TpaHCcOpPMaTOPMAPVHUHT  IOKOPW  dynFamnapura 3apap 6epmacnuk ydyyH pene XvMMosicu
HMcOaTaH Kucka BakT mMumMaa uvwra TYLWMPUIULMHU TabMUHNALW Kepak. XMMOosi Mocnamanapw
WKKUTa UXTUEPUIA hal3aHMHI FOKOPM KyYnaHiwmnaa mwra TyLMpunuwm noamm, wy éunax upra
aBTOMATUK XUMOSIHN KEYUKTUPULL BAKTU ANEKTP TapMoFmaarn NCTEbMOMYUNApHA XMMOS KUInLL
MOCnamanapuHMHI KeYMKULL BakKTuaaH Y30Kpok Oynuwm wapt. OnguHaaH mabnym Gynrad
xonatnapga, kam toknamanu wuctebmonuunapugaH 6ownad, xumosi BOCUTanapuHU wwira
TYLWMPULL >KapaéHu yumpunuwn Tanab atunagu. CyGrapMoHUK deppopes3oHaHcra onub
KenmanguraH éku 6oLuKa KyynaHuw TpaHcgopmaToprnapy TOMOHUAAH KysfFanraH cybrapMOHUK
deppopesoHaHcra 6apaow Gepa onaguvraH pe3oHaHcra KapLum Ky4naHuL
TpaHCOPMATOPNAPUHMHT  YPHATUNULLM  YNAPHUHT UWAAH YUKALIWUHA ONAWHWA  ONULL YYYH
WwapouT spatagu. 6-35 kB Tapmoknapga Tynuvk GynmaraH TapMOK pexumiapu Ba 3nekTp
KOMMYyTaLmMa yCKyHanapu xaBUHU xucobra onraH xonga, 3MeKkTp 3HEPrUACUMHUHT KyuraHWULL
TpaHcdopmMaTopy, LWYHUHrAEK 4n3uknu yckyHanapHuHr (OlMH) myppatvgad ongvH vwaad
YUKULIWHW ONAMHM ONUW ydyH, OupuHuM Haebataa, Tynuk OynmMaraH PexXuMHUHT MaBXyn
oynuw MypgatuHM - KuckapTupuw  nosum.  LUyHuHraek, aBTOMAaTNALWITUPULLIHUMHE - 9NEKTP
TabMVWHOTMHN TAPMOKHWHI LUMKACTNaHraH KUCMUHWHI MaHbanapuaaH ysuw TaBcus aTunagu.
ByHoaH Tawkapu dovpanuHaguraH KydnaHuw TpaHcgopmartoprapu caHoaT 4vacTtotacuga
CUHOBOAH yTKasumnraH xonga gongananvwra pyxcat 6epunagu. 1-xagsanga ogavi Ba eHrun
nmsonaumsara era 35 kB rada OynraH KydnaHuw TpaHcdpopmaTopriapy  yuyH caHoat
yacToTacmaarm CUHOB KydnaHuLinapu KenTupunraH.

1-xadean.
KyunaHuw CuHoOB KyunaHuwnapwu, KB.
kB. Onaun Opavn opraHuk Exrun EHrun opraHuk
KepaMmukanu KepamMukanu
3 24 21,6 13 11,7
6 32 28,8 21 18,9
10 42 37,8 32 28,8
15 55 49,5 48 43,2
20 65 58,5 - -
35 95 85,5 - -
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ABTOMaTnawTUpuw dasanapgaH GUPUHUHE SHI FOKOPU KMPULWL KyynaHuwura ara 6ynraH 6apya
y4 pasa GunaH uwnawm yyyH XMMOsiHM cosnaw Tanab kunvHagu. Xyaynda 6olwka BakT
KEUMKTUpUAraH XMMOsi BOocuUTanapugaH donganaHraHga, HOTYFPU Y3UULWLHW ONAMHM OnuL
YYYH 3Hr y30K BakTHW Genrvnawl kepak. XMMOSi BaKTUHUHI MUHUMan Oy3vnuwmn ydyH Kam
IOKNaHraH TapMOK ucTebMonuunapura cduaepaaH €Ku LMHANapHUHI TabMUHOT KUCMWAOAH
TaHnab axpaTtuw nosum. Ywby Tagdbup XMMoa TUSUMUMHU Uwra TylmMpuvwaaH onguvH amanra
owmpvnaaun.

3. deppopesoHaHC 3aHxupriapuga KyynaHuw TpaHCOpMaTOPNapUHUHE  LLIMKACTNAHULWLNHA
onaviHu onvw Gynnya TaBcus.

KyunaHuw TpaHcdopmaTtopu dynfamnapura 3apap eTKasWULLIMHUHE  ONAMHM  onuwira
KapaTtunraH vyopa-tagbvpnap onavHaaH yTkasumnraH TagkvkoTnap Ba MaBXyn heppopesoHaHc
cXemanapuHm Taxun KAnuw HaTwkanapy acocuga wwnab yvkynuwmn  kepak. Taxnun
XapaéHnapu Yy4yyH MaTemaTvK MoAdennawTuvpuw ycynnapugad dourganaHull  CXemaHu
G6aTtacdcmn Gaxonawra MMKOH Gepagu Ba YHUHI amanun camapagoprurHn owwmpagun. by
anoxmaa 4opa-tagbvipnap wvwnaHmacu 6ynub, aHuK cxemanap yvyH anoxmga TabMuHMaw
UMKOHWHM Gepaaw.

AmManuéTga Kynmagarv yopanap KynnaHunmwm Mabrym:

o Ky4 TpaHCOPMaTOPUHUHI HEUTPanuHW epra yraL;

o KoHaeHcaTop GatapesnapvHu LMHanapra ynaw opkanu TapMOKHUHI epra HucbartaH
CUFVMMHMN OLUMPWLL.

HentpanHu epra ynaw geppope3oHaHC xoaucanapuHuHr nango ynunra ceavnapnu tabeup
knnagu. Ywoby TagbupHu amanra OWMPULIHWHE VMKKM Wynu Maexyd: Oy kaTta kuamatnm
KapLwunvK opkanu epra ynaw Ba epra mMyctaxkam ynaw. KOkopuaa caHab yTunraH ukkuta
ycyngaH 6upn époamupa HeuwTpanHu epra ynawpga deppope3oHaHC CXxemManapvHUHI nango
OYyNuUW 3XTUMOSMHU KaManTupuw €kn ByTyHnanm WyKk kunuw (epra myctaxkam yrnaw 6unan)
UMKOHWHW Bepagn. AMMO LUyHM TabKuanail XXOWU3KW, epra MycTaxkam ynaw uwnatunradga
pene XMMOSICMHUHI camapagopnuri nacasau. Tervwnu xoaucaHu Tadnaw 6unaH GofnuK
MyaMMO TapMOKHUHI CUFUM TaLLKU 3TYBYMHM OLLMPULL OpKann KUCMaH NYK KUSTMHULLIA MYMKUH.
Mabnym ycynga, KyunaHuw TpaHccopmartopnap wwuHanapura KoHaeHcatop Oartapesnapu
Kylwmmya cufum cudpatnga ynaw opkanu. byHgan Tapgbup acocaH TapMOKHWHE CUFMM GunaH
TabMuHNangu, Oy aca y3 HasBbaTuga pene XUMOSICMHM CO3Mall Ba ypHaTuwra Tabeup
knnmangu. Ywoy Typaarvy TagdvpnapHuHr 6oLlka TaHuknm TagbupnapaaH KMecuim ycTyH 6ynmo,
Oy TagbVpPHUHT iroHa KaMyunurn oeppopesoHaHC cxemanapu Maexya 6ynraH xap ovp Tmsum
YYyH anoxmpa xmcob-kmtobnapHu amanra owuvpuw Maxoypusatu Gopnurugup. TaBcusiga
OenrnnaHraH BakTAaH KEMWH Takpopui Tanéprapnuk 6unaH 6enrmnadraH BakT gaBoMuaga sHa
Oup MapTanuk yuuvpuwra KynnaHuvnraHnurn cababnu ys3ok Myaaatnv eppope3OHaHCHU
CYHOMPULL  XapaéHuHM Takpopuh Oup MapTanuk uwnawu TabMuHNaHagn, Oy aca
deppopesoHaHc GapTapad 3TUAryHra Kagap CyHWUW NyfbCUHWUHE TakuknaHuwm (GnoknaHuwm)
TabMuHNaHagn. byHaaH Tawkapu yd dasanun eppope3oHaHcnn 3aHxupnapaa cyorapMoHuK
beppope3oHaHC TEOPaHULLMIAPHUHT  Ky3fanuwl LapTNapuHN YpraHuw 3nekTp TabMWUHOTU
TM3nMnapuga GeppopesoHaHCM yTa KyunaHUWHUHT 6ab3n  XyCyCUATNapuUHW  aHuknawra
UMKOH ©Oepagun, YyHKM yd pasanum eppope3oHaHCnn 3aHXupnap 9nekTp TabMUHOTH
TUSNUMUHUHT Y €KW Oy 9KBMBANEHT anmallTUpuw cxemanapu xucobnaHub, ynapHUHI acocumn
anemMeHTnapu -06yrnama Ba KyHOanaHr KOMMeHcauus KoHAeHcaTopnapwu, peaktopnap,
KyynaHvw TpaHcdopMaTopnap Ba Ky4yauTUpyBYM €KW nacamTtupyBum TpaHcdopmaTopnap
xmcobnaHaguw.

Xynoca

1. XapgaH Tawkapuy KOpU KydnaHuwHn 6aptapad aTvw yyyH KynnaarunapHu TabMUHMALL
3apyp:

-35 kB Tapmoknapga- HKOpU KyunaHuwnm pes3ncTopnu Kyd TpaHcdopmaTopuHuHr 35 kB
HerTpanura ynaHuwnH1 TabMUHNaLL;

-10 kB TapMoknapga-nacT KyunaHuWAM  Pe3UCTOPHMHI  epra ynaw  HenTpanuvHu
TpaHcOpMaTOPMAPUHUHT O4MK y4Oypyarura yrnaHuwWmHN TabMUHALL.
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2. ®eppopesoHaHC TebpaHuwnapHu GapTapad aTuMW yyyH pasanu yTkasrmdnapu Ba ep
yptacuga kamuga 4 A TOKKa MyrpKannaHraH Kepaknu KyBBaTAarM KOHOEHCATOPHM ypHaTuL
TaBCcuA aTUNagu.

3. LWukacTnaHvwaaH XUMOSA KUMULW YYyH KyunaHuw TpaHcdopmaTtopnapra ypHaTtumraH
xaBcusnvk mocnamanapu 6unaH, macanaH, 6-10 (kB) kyunaHuwnu 3x3HOJIN Tunuaparm
aHTUPEe30HaHCM KydnaHuw TpaHcdopMaTopnapaaH doonganaHuil Kepak.

4. N3onaumaHn 6owkapuw Tanab KMnvMHManguraH M3onsauust Hasopatnapuga HewTpanu epra
yfaHMaraH KyysnaHuw TpaHcopmMatopriapgaH doormganaHuw TaBcusa aTunaau.

donpanaHunraH agabuéTnap pymxaru:

[1]. XanumoB ®. X., EBpokyHuH . A., TapxwmbaeB A. H. 3awwuta ceten 6 — 10 kB ot
nepeHanpsikexHusi. — CaHkt-lNetepbypr, 2001

[2]. Tovboyev A.N., Mardonov D.Sh., Mamatazimov A.X., Samatova S.S. Analysis of
subharmonic oscillations in multi-phase ferroresonance circuits using a mathematical
model//Scopus: Apitech 1l 2021. Journal of Physics: Conference Series 2094 (2021) 052048
IOP Publishing dol:10,1088/1742-6596/2094/5/052048. pp. 260-216.

[3]. Xacdmzoe P.P., lycakos [.B., 3apunos P.®. deppope3oHaHCHble SIBMEHUS B CETAX
pPasnMYHOro Knacca HanpskeHus n metoabl 6opbbbl ¢ HUMK// BTOpasa poccuickast MONoaexHas
Hay4Has LUKOMNa-KoOHEepeHUnss «IHepreTuka, arnekTpoMexaHvka W 3HeproaddeKTUBHbIE
TexHomnorum rnasamm monogexu» Crtparterns aHeprocbepexeHus B aHepreTuke. . Yopa 2014 c.
249-250.

[4]. ToBGoeB A.H., U6apgynnaes M.U., Mypogos X.LU., Hapaynnaes b.LU. KOkopu KyunaHuwwinm
3MeKTp TapMoK Ba TusaMMnapuga cybrapMoHuK deppopesoHaHc// Hay4HO-TeXHUYecKun u
NPOW3BOACTBEHHbIV XXypHan «[ OpHbIV BECTHUK Y36eknctaHay. - HaBou, 2020. -Ne4 (83)-C. 110-
113.

[5]. ToB6oeB A.H. Y4 dpasanu anekTpodeppoMarHUT TOK 3aHxupnapuaa cybrapMoHuk
TebpaHuWnapHUHr Taxaunu // Hay4HO-TEXHUYECKUA U NPOM3BOACTBEHHbBIN XypHan «[OpHble
BECTHUK Y30ekmuctaHa». -TawkeHT, 2006. -Ne3 -¢.87-88.

[6]. Tovbaev, A., Boynazarov, G., Togaev, |. Improving the quality of electricity using the
application of reactive power sources.// E3S Web of Conferences-2023, Volume 390, (2023)
URL: https://doi.org/10.1051/e3sconf/202339006032 .

[7]. Ibadullaev M.I., Tovbaev A.N., Esenbekov A.Zh. Self-oscillations at the frequency of
subharmonics in nonlinear electric chains and systems.
https://doi.org/10.1051/e3sconf/20191390 E 3S 139 (2019).

[8]. ToB6oeB A.H., Wbagynnaee M., EceHbekoB A.K., Hasapos A.W. YactoTHO -
3HepreTMyeckme COOTHOLLUEHWsI MpW aHanu3e asTonapameTpuyeckux konebaHnun. HayuHo —
TEXHUYECKUA N MPOU3BOACTBEHHbIN XypHan «[OpHbIA BECTHUK». Y3bekuctaHa. 2017. Ne2 ¢
165-167.

[9]. N6agynnaes M., Toe6oeB A.H., EceHbexkoB AJXX. K obuwen Teopunm aHanusa
cybrapmoHunyeckux konebaHunm B TpexdasHbiX (Peppope3OHaHCHbIX Lenax u cuctemax //
OnekTtpuyectBo. Poceug, 2021. - Ne12. 35-45 c.

© Journal of Advances in Engineering Technology, Vol.4(16), October — December, 2024
DOI 10.24412/2181-1431-2024-4-76-83



