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§ Bsepenvne

Peanuzaumna nonoxeHuit TexHun4eckon
nonutukm MAQ «Poccetu» [1] B yacTu
HabntofaeMoCTV 1 ynpaBasgeMocTy aeK-
TPUYECKUMUN CETAMU TpebyeT pelueHus
3a/1a4 NMoBbILLIEHWS HAAEXHOCTV INEKTPO-
cHabxeHwusa noTpebuTenel, ocyluecTtene-
HUSI MEPOMPUSATI MO COKPaLLEHWMIO Bpe-
MEHW MOTEPU MUTaHWUS W COOTBETCTBY-
IOLLEro  HemooTrycka 3MeKTPO3Hepruin,
LOCTVKEHVISt MaCMOPTHOr0 Cpoka Cryxbbl
OTBETCTBEHHbIX 3M1eKTPOyCTaHoBOK. Ha-
psifly C akTVIBHbIM BHEPEHVEM B SKCY-
aTauMio  MHHOBALMOHHBIX pa3paboTok,
OCHOBaHHbIX B TOM YMCAe Ha NpuUMeHe-
HUW TBEPAOW U KOMOWMHWMPOBaHHOM 130-
NAUUK Pa3ANYHOro 0bopyLOBaHWS 3MeK-
TPUYECKUX CeTeil U LEHTPOB MUTaHUS,
370 TpebyeT ocoboro noaxoda, KOTOPLIN
LO/DKEH BK/tOYaTb COBPEMEHHblE Tex-
HONOTUW LMGPOBON ANArHOCTVKM W MO-
HUTOPVHIa TEXHWYEeCKOro  COCTOSIHUS,
METO[bl U CPEACTBA NPeANKTVUBHON aHa-
nvtnkn. CTpatervs cbepexxeHws pecypca
3NeKTpoobopynoBaHWS LOMXKHa npegyc-
MaTpuBaTh, C O4HOI CTOPOHBI, KOOPAMHA-
M0 YPOBHS M30MSLLMY BEICOKOBOSBTHbIX
JIVHWIA, peakTopoB, TpaHCc$OpMaTopoB,
KOMMYTaLIMOHHOWM annapaTypbl ¢ orpa-
HWYEeHHBbIMW  MOCPEACTBOM  3aLLMUTHbIX
annapaToB MepeHanpsXeHnsaMu, ¢ apy-
rovt — HaAeXHY'o v cenekTuBHyto paboty
peneHow 3aLUMTbl NpW BCeX BMAAX no-
BPEXAEHNN.

B pacnpepenuTenbHbix ceTax, rae noga-
BASIOLLASA YacTb NMOBpEXAeHWi, B cpef-
Hem oT 60 po 80%, cBA3aHa C BO3HUK-
HOBEHMEM W pa3BUTMEM OfHOGbA3HbIX
3amblkanui Ha 3emmio (033) [2], Bax-
HeNLLIYIo porb B WX nokanmsaumm 1 no-
LaBNEHUN UTPaeT pexuM  3a3emsieHns
HEMTpanu, KOTOpbIA BAMSIET Ha YpOBHU
nepeHanpskeHWn 1 TOKOB 3aMblKaHWs
Ha 3eMsl0, a TaKkkKe YyBCTBUTENLHOCTb
pesieiiHoi 3aLUNTLI, onpenenss TakuM 06-
Pa3oM  HAEXHOCTb 31eKTpoCHabXKeHWs
noTpebuTenei He TOMIbKO Mo BbICOKOI CTO-
poHe, Ho v B knacce 0,4 kB. CornacHo akc-
nnyaTauyoHHON NpakTuKe, Yncio GpUKcK-
pyembix 033 gns pasHbix ranbBaHUyeckn
He CBA3aHHbIX Y4acTKOB CEeTW BapbupyeT
ot 1-2 po 40-50 en. B rog. 311 3Ha4eHUA
3aBWCAT OT MHOXeCTBa $pakTopoB: cpoka

3KCMNyaTalny CeTh, ee KOHCTPYKLMM, No-

TOKa BO3LLeMCTBYIOLLMX NepeHanpsixXeHu,

TMNa WU30ASLMM IKCTTyaTUpyeMbIX kabe-

nelt v KayecTsa WX NMPOKIaAKM U MOHTa-

a, MPOTAXEHHOCTW CETW, BbIMONHEHWS

HOPMaTVBOB MO WCMbITAHWAM W BUAAM

Takux WCMbITaHUA 1 fp. YacTb 3amblka-

HUIA Ha 3eMIIl0 MOXET CaMOyCTPaHATLCS,

YacTb — NepexoauTb B MexaydasHble

kopoTkue 3ambikanis (K3) c aBapuiiHbiMy

OTKSIOYEHNAMM, YaCTb — MPOLOMKATHCS

EAUHULBI CEKYHT, U MUHYT (KpaliHe peako

[0 [BYX Yacos), BMNOTb 10 NPUHYANTENb-

Horo oTkntodeHus. CornacHo onybnuko-

BaHHOI CTATUCTVKE TEXHONOrMYECKMX Ha-

pywennit B 10 punmanax MAO «PocceTtn»

¢ 2015 no 2022 rog, n3 115 Tbic. ef. TexHO-

NIOTVYECKMX HapyLUeHWIA Ha fonto Kabenb-

HbIX pacnpegenuTensHbix cetern 6-10 kB

npuwnocs 11,3 % Hapywenun (13 Thic,

efl.), 13 koTopbix 0CHOBHasA YacTb (79,68 %)
npomapkupoBaHa kofoM 3.4.7.3.5 — «M3-

Hoc/cTaperve usonaumm» [3]. Cneposa-

TeNbHO, B 3J1EKTPOCETEBOM KOMI/IEKCE

IKCMyaTUPYeTCH  3HAUWTENbHOE  KOAW-

yecTBo kabenbHbix amHKit (KJ1) cpearero

HanpsXXeHWst U C CUNBbHO JerpagvpoBaH-

HOW M30A5LMeN C BEICOKMM PUCKOM OTKa-

30B. OueBMAHO, Ans cbepexeHus pecyp-

ca v3onauuM 0DbEKTUBHO Heobxoaymo

He MpOCTO OrpaHWYKTL YPOBEHb MepeHa-

NPSIKEHWMI, HO U MakCUMMarbHO COKPaTUTb

BPeEMs MX BO3AEMCTBUS Ha M3019UMIO.

C 37OV NO3ULMM ONTMMASBHBIM PEeLLEeHN-

eM npencTaBnsieTcs bbicTpoe v cenekTvs-

HOe OTKJIOYeHVe Ntoboro BO3HMKAIOLLErO

033 ans npenynpexaeHus ero nepexoga

B aBapwiHoe cobbitre — K3. 3T1oro Mox-

HO [OBUTLCS C NOMOLLbIO:

al cneumanbHbIX  anropuTMOB  pe-
NenHon 3awuTel, paboTocnocob-
HbIX MpUX MepeMexalolieinics ayre,
HO He pelualolinx 3afady orpaHu-
YEHWS NepeHanpsi>kKeHnit;

) mepexoga K pexuMy 3a3zemieHus
HeWTpanu yepes pesuctop ¢ bosb-
UMM TOKOM, YTO 0becneumnt orpaHu-
YeHMe nepeHanpsikeHnin 1 YyBCTBU-
TeNbHOCTL HEeHAMNPaBIeHHO TOKOBOM
3alMTbl OT 3aMblkaHUii Ha 3emsio,
4TO NpolLe v HagexHee [4].

/13BeCTHO, 4TO M30AMPOBaHHasA HelTPanb

cetvt 6-35 KB HeceT onacHocTb ropeHns

nepeMexatoLLeincs fiyrv ¢ BbICOKOI Be-
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POSATHOCTBIO MOBPEXAEHUS MexdasHol
M301ALIMNM, B TO BPEMsi Kak Nepexof, K Apy-
VM pexu1MaM 3a3eMNeHnst HelMTpanw cy-
LLLeCTBEHHO YMEHbLUIAET PUCK HELUTATHbIX
OTKJl0YeHNI noTpebuTens. B yactHocTy,
nokasaHo, 4To Aaxe npu yoepXkaHuu
033 BkntodeHWe B HelTpanb pesuncropa
cet 10 (6) kKB MprBOAUT K CHUXEHMIO
pacyeTHOW BEPOATHOCTM  aBapuUAHOro
oTka3a oT 28 no 45 % B cnyyae npenens-
HbIX eMkocTHbIX Tokos 20 (30) A 6e3 kom-
nexcaumu [5]. Komnencaumsa eMkocTHoOro
TOKa Kak M3BECTHbIN crnocob obecneynTs
CaMONNKBUAALMIO [IyrOBOrO 3aMblKaHWs
Ha 3eMJl0 B HacTosiliee BpeMsi TepseT
pONib OMTUMANBLHOTO pexruMa HerTpanm
B CETAX C YCII0BHO DOMbLIVIMN @MKOCTHbI-
M Tokamu (100 A v Gonee). B 31oM cry-
yae 3aMeTHble aKTMBHble MPOBOAVMO-
CTV M3019LMM Ha 3eMJlto, JocTuUraioLmne
3-5 % 0T eMKOCTHOW, a rMaBHbIM 0bpa-
30M, BO3HuKawowme B Uenn 033 Bbic-
LLIVIe rapMOHMKM TOKa C YPOBHEM eNHULY
N OECATKOB aMrep MNpensaTcTByOT ralle-
HUIO Jyrh W CyLLECTBEHHO HWUBENUpPYIOT
abdekT 0T KOMMeHcauMm eMKOCTHOro
Toka Ha yactote 50 Iy [6].

OyeBupaHo, anuTensHo yoepxusate 033
LenecoobpasHo ToNbKo TOrAa, Koraa a7o
KPUTUYECKM HEODXOAWMMO [N PYYHOro
nepesoja NWUTaHUs U COXPaHEHWs a/ek-
TpocHabXeHWs NpesnpuaTUIA- colmans-
HoW cdepbl Mav BbITOBbIX NoTpebuTenein
¢ ocobbiMn TpeboBaHuamu no bHecne-
peboMHOCTW, @ Takke MPOMbILLIEHHbIX
noTpebuTtenein ¢ TexHONOruaMKU Henpe-
PBIBHOTO LKA U BEPOATHLIMU OrpaHu-
YEHWSIMUM MO Pe3epPBHOMY MUTAHWIO.

DedekTbl B U3onauum Kabenen

U BNIUAHKE nepel-lanpﬂmel-mﬁ
B anekTpuuecknx ceTax HampsikeHMem
6-35 kB, B nepsyto ouepenb kabenbHbIX,
OCHOBHbIMW  BMLAMU  BO3AENCTBYIOLLMX
Ha M30NAUMI0  NepeHanpskeHwn  siB-
NFTCH  KOMMYyTaUWOHHble, COMPOBOX-
Jawle  BKIOYEHWE W OTKIIOYEHWe
BaKyyMHbIX BblK/loyaTeneir, 1 nepe-
HanpsbkeHus npu 033, Bo3HuMKatoLme
B UMK/IaX 3aXWraHWs W noracaHus of-
HodasHon 3azemndwollen gyrn. Han-
bonee 3ameTHO MoABEPXKEeHbI BO3AEN-
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I o/1EKTPUYECKME CETH

CTBMIO BHYTPEHHMX MepeHanpsixkeHui
pacrnpepenuTesbHble  TpaHchopMaTopsl
6-35 kB n KJ1. Mepsble — B cuny obbek-
TVBHO Boslee HWU3KOro YpoBHS BUTKOBOW
M30AALMM, NOLBEPraloLLencs BAVAHUIO
BBICOKVX TPafiMEHTOB MepeHanpsikeHn
Ha BAVXKHMX K BBOAAM BMTKax 0BMOTOK
BbICOKOTO Hanps>keHUsi B MepexoiHbIX
npoueccax, BTopble — BBMAY 00NbLIONH
NPOTSXKEHHOCTM M pacrpepeneHHoM
CTPYKTYpbI 11060 CETU CpeaHero Hanps-
KEHUS, @ TakKe OTHOCUTENbHO BOoMbLUo-
r0 KOMMYEeCTBa YCTAHOBMEHHbIX MydT,
VICXOLHO SBASIOLMXCSH  0CNabneHHbIMK
anemerTamu KJ1. [inqa yuactka roponickon
kabenbHol ceTn Npu CyMMapHO AnHe
AnHni 25-30 kM B ofjHoda3HOM McymMc-
NeHVN BMonHe obblYHbIM BydeT Hannume
150-200 mydr.

CornacHo PO 153-34.3-35.125-99
[7], monycTMble KpaTHOCTW BHYTpeH-
HUX MepeHanps>keHui Ans U3onaumm
anekTpoobopynoBaHua cetelt 6-35 kB
no oTHOWeHWo K HawbonblieMy pa-
DoueMy HanpskeHWto onpenensoTCcs
BblpaXkeHveM

k — Uﬂon =ku'kK'Uncn [1]
AT U /N3 Uyp/V3

roe U, — HOPMMPOBaHHOE OfHOMVIHYT-
HOEe 3aBOACKOE WCMbITaTeNbHOE Hamnpsi-
xeHue (nelicTeytollee 3HadeHne) ras-
HOM 130A5LMK 31eKTpoobopyaoBaHNS;
U,, — Hanbonbuiee pabouee Hanpsixe-
HWe aneKkTpoobopyaoBaHus;

k, — K03OOUUMEHT MMMYNbCa NPY BHY-
TPEHHWX NepeHanpsi>keHnsx;

k_— KO3OULMEHT KyMyNATUBHOCTY.
Ona  rnaBHo wm3onsumm  TpaHchop-
maTopos 6-35 KB npuHumaior k = 1,3
n k = 09, ona snektpogsuratenei
k =k=10.

SHauenns k- Ans anekTpoobopynosa-
HUst 6-35 KB npuBeneHb B Tabn. 1.

Takum 0bpa3oM, BHYTPEHHWE BbICO-
KOYaCTOTHble MepeHanps>keHUs YpoB-
HeM knep = 1,73..3,5 oTHoCUTeNbHO
MakcMManbHOro  @asHoro  Hamnpsxe-
HUs npu gyrosbix 033 1 KoMMyTaLMsX
BakyyMHbIMU BbIK/lOUYATENAMY, @ Tak-
xe k )= 3,0..5,0 (MHorga mo 6-7 kpat

ne

npy MexaHuyeckoM paspbise Kabens)

26

JI0NYCTUMBIE KPATHOCTY BHYTPEHHUX NEPEHATIPAXXEHII 19 ANEKTPOOBOPYIOBAHNA

6
HopManbHana nsonAaumna 70
06neryeHHas 3onauma 45

npu nepexofe ofHo$a3Horo 3amblkaHmns
B K3 ¢ ero nocnegytolimm oTk04eHneM
MOMyT MpefcTaBAsaTb Cepbe3Hylo onac-
HOCTb N9 pasnuuHoro anekTpoobopy-
[0BaHVA, NCMbITAaHHOMO B COOTBETCTBYN
¢ Hopmamu CTO 34.01-23.1-001-2017
[8]. OcoberHo ata npobnema aktyasnbHa
I ocnabneHHol nsonauuu npu aan-
TesbHbIX, CBEPXHOPMAaTMBHbBIX CpOKax
aKCMyaTaLnmn 3M1eKTPUYECKMX MalLUKH,
TpaHchopmaTopoB 1 kabenei..

OTka3bl pacnpefenuTenbHbiX TpaHc-
dopmaTopoB  OTHOCWTENbHO  pea-
kv (338 UCKIIOYEHWEM  MalOMOLLHbIX
TpaHchopmaTopos go 100 kBA ¢ nwu-
TOM KOMMayHAMPOBAHHOW M3onaumei)
1 CBA3aHbl NPenMyLLIeCTBEHHO C TEXHO-
nornyecknMmn fgedektamm v KoHCTpyK-
TMBHBIMU oWwwnbkamu. [MpuMeHuTENbHO
K npuunHam Bbixopa 13 ctpos KJT cne-
JyeT roBOpUTb O HEFaTUBHOM BINSHUM
nedbekToB M30A9UMM  —  3aBOACKMX,
MOHTaXHbIX, IKCMIYaTaLMOHHbIX, YCKO-
PEHHO pa3BMBALWMXCA MPU BO3LEN-
CTBWMW NepeHanpsikeHnii.

[pn oLEeHKe 0MacHOCTU MepeHanpsxe-
HWUI 0Ns KabenbHON n3onauum cneayet
OpPMEHTMPOBATbCS Ha MCMblTaTeNlbHoe
Hanps>keHne s kabenen ¢ n3onsum-
el u3 cwutoro noauatunera (CM3).
B cootBetctBum ¢ OCT 34834-2022,
B akcrnnyataumu kabenn c Cl13-uso-
NAUMER UCMbITEIBAKTCA HanpsikKeHUeM
3U, HoMWHasIbHO YacToToM 0,1TusTe-
yeHune 60 MUH. [pyn 3TOM 3HaYeHMU Ha-
npsxeHna U . cornacHo BbipakeHuio
(1) ¢ yweTom k, 1 k, ponyctimas kpat-
HOCTb  KOMMYTaLMOHHbIX MepeHanps-
XeHun ona kabenen ¢ Cl3-nsonaunen
coctaBuT 2,93 B knaccax HanpskeHus
6-20 kB 1 3,03 B knacce 35 kB. OgHako

3TO He O0TBe4YaeT peasibHOMY MoJiIoXKe-

Tabnuua 1
10 15 20 35
59 52 49 43

41 43 4 -

HUIO [leN Mo 3M1eKTPUYECKon NMPOYHOCTH
n3onaumm Cl13, nockonbky Ha 3aBo-
[e-n3rotoBuUTeNle Takme kabenu mcnbl-
TbIBAIOTCA HanpsxeHuem ot 3U, co cTy-
MeHYaTbiIM MOBbLILLIEHWEM HaMNpsKeHWs
C Larom Uo [,0 YpOBHeEM [25...35]U0.

[na cHWXeHUs ypoBHS MOBPEeXaaemo-
cmv KJT B WKpoKOM CMbicrie crnefyeT pea-
JIM30BaTb Ha MOCTOSIHHOW OCHOBE BbIMOJ-
HEHMEe MEeTOOMYECKMX U MpaKTUYecKumX
MEPOMNPUATUIA, BKITHOUAIOLLVX BHELpEHNE
HOPM W METOAOB BXOAHOIO KOHTPONS
kabenei 1 apMaTypbl Ha 3KCMyaTVpyLo-
WeM NPeanpuUsTUK, KOHTPOsb KayecTBa
MOHTaxa v npoknanku KJ1, npumMeHeHne
WAAsALWLMX M Hepa3pyLlatowmx MeTonoB
KOHTPONS U BbICOKOBOJIETHBIX MCMbITa-
HUI HanpsXeHWeM CBEepPXHMU3KOW YacTo-
Thl, pa3paboTKy WHXEeHEpPHbIX MeTOAMK
oueHku octatouHoro pecypca KJT, pacyet
1 BbIbOP YCTPOMCTB 3aLLMTLI OT BHYTPEH-
HUX MepeHanpskeHUn ¢ M3MEHeHUEM
pexunMa HelTpany, BHeApeHe CcooTBeT-
CTBYIOLLEN  HOPMATUBHO-TEXHUYECKON
LOKyMEHTaLMW.

B y3koM cMbicne nng npakTMyeckoro
NPUMEHEHWs B 3KCMJlyaTalumu Bblae-
NleHbl ¥ panee nonpobHee paccmoTpe-
Hbl [jBa HampasfieHus: KpaTKWii aHa-
NIV3 BAWSIHWS XapaKTepHbIX AJs ceTel
6-35 kB BWa0B nepeHanpskeHWin u ae-
rpafauus M3oNauMn B 3TUX YCNOBUSX,
a Takxke cnocobbl CHUXEHWUA HeraTus-
HbIX $aKTOpPOB C MOMOLLbI0 OrpaHuye-
HUSI MepeHanpsaXkeHWin 1 cokpalleHus
BPEMEHW MX BO3AENCTBUS.

BBuay HakonneHHbix MykponedekToB
M YaCTWYHbBIX Pa3psfoB B ra30BbIX Moso-
CTSAX, CTEKaHVsi Macna 1 oCyLleHWs Nosic-
HOW 1 Ga3HOM M30ASLMM Ha HAKITOHHbIX
ydacTkax, pasBuTVA NPOBOAALLIMX TPEKOB

0ZHO®A3HOE NMOBPEX[EHUE B KABEJTE 10 KB C BII (CPOK 3KCMNYATALMN 15 JIET)
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0603HaueHms: a] YaCTUYHOE Bbiropanue ¢B3HDI7I KU, ﬁ] CTEKaHWE Maca — OCYLIEHWE N30NALNN.

no MOBEPXHOCTW cnoeB kabesnbHol by-
Maru pautensHo akcrutyatupyemsle KJ1
c ByMaxHO-NponuTaHHOM  K3onsumen
(BMW) B npenene UMEIOT CHUXeEHHYIO
0o 8-14 kB/MM anekTpuueckyio npou-
HOCTb OTHOCWTENIbHO WCXOAHOro 3Haue-
Hus 40-50 kB/MM pns Hosoro kabens
¥ 3a4acTylo He MoABepratoTcs NnaHoBbIM
BBICOKOBOJIBTHBIM VICMBITAHWSAM B A0S~
HOM 0bbeMe 13-3a BbLICOKOrO pucka OT-
ka3a. BospelictBre 3HauMTENbHBIX Me-
peHanpsxeHut npn 033 B Takol cetnt
NPaKTUYeCKWN rapaHTVPOBaHHO MpPUBO-
OWT K BTOpMYyHOMy npoboto [(npobosim)
B MecTax ocnabneHHon n3onsumm ¢ pas-
BUTWeM obnacTu noBpexaeHWs 1 BO3-
HUKHOBeHNeM AByxdasHoro K3 Ha 3eM-
no (puc. 1). Hanpumep, MHoronetHas
CTaTUCTNKA NMOBPEXAEHNIA, HAaKOMIEHHas
B [MAO «PocceTn JleHaHepro», nokasbi-
BaeT, 4YTo B kabenbHbIx ceTax fo 35 kB
¢ BIMW okono 25 % opgHodazHbIx moBpex-
LeHniA, byayun He OTKIIIOYEHHBIMK Cpasy,
npuBoasaT K MexdasHbiM K3 [9]. BeicTpoe
cenektnBHoe oTkodeHrne 033, ove-
BUAHO, MO3BOMUT MPOAJINTL CPOK CIIy>X-
Obl V3HOLEHHOM KabenbHOM M3oaaLmuy
Ha IMHUSX, He BOCTUTLLIMX MOMHOrO cpa-
DaTbiBaHWsA pecypca, BKOYas NUHMK,
CPOK 3KCMAyaTaLym KOTopbIX NpeBbiaeT
25-30 ner.

ObLLenpuHATON NpakTvko B HacTosi-
Lee BpeMms ABASIOTCS MPOEKTMpoBaHue
W CTPOWTENBCTBO HOBBIX M PEKOHCTPYKLMS

Y4aCTKOB CTapblx KabesibHbIX ceTel ¢ LWn-
POKMM MPUMEHEHVEM CUNOBbLIX Kabeneit
c nsonsuven 3 Cl3, kotopas B oTAnume
oT Bl He obnapgaeT cBOWCTBOM caMo-
BocCTarHoB/eHNs B obnactu gedekra [10].
Bo3pelicTBne BbICOKOYACTOTHBIX KOMMY-
TaLUMOHHBIX W OyroBbIX nepeHanpsike-
HUA Ha Cl3-u3ondumio kabena semeT
K pa3BuTMio AepekToB U nocnenytoLiemy
npoboto, 4To MosicHseTCs  crepytoLeit
3aBMCMMOCTbIO: C POCTOM YacToTbl BO3-
nencreytowero Hanpskenmns ot 50 Iy
1o 1 kU anekTpryeckas NpoYHOCTb ByI-
KaHV3VPOBaHHOMN NOMMMEPHOI N30ALMN
cHuxaetca B 1,7 pa3a, a C yBenuyeHviem
1o 10 kl'u — 8 3,5 paza [11]. Ecim ang Ho-
Boro Cl13-kabens anekTpuyeckas npoy-
HocTb pocturaet 30-40 kB/MM, To 3aduik-
CVMpOBaHHasa Mo pe3y/bTaTaM pecypcHbIX
MCMbITAHUIA OCTaTOYHas MPOYHOCTb CO-
ctapeHHoro  Cl13-kabens  cocraBnset
14-22 kB/Mm [12]..

MosToMy HeobxomMMo BHempeHue Mep
3awmTel n3onaumn KJ1 oT Bblcokoua-
CTOTHBIX BHYTPEHHWX MepeHanpsixkeHni
C MOMOLLbIO PE3UCTOPOB 3a3eMJIEHMS
Hentpanu, OfMH, RC-uenen u cuctem
Z0RC (kombuHauma OMH u RC-ueno-
uek). Kpome Toro, sce 033 B cetax ¢ Ka-
Benamu xenatesbHoO BbICTPO OTKKUATD,
UTO HOPMATWBHO 3aKPeneHo B AeiCTBy-
tolmx paBunax TexHUYeckoln akcnnya-
TauMK 3MEKTPUUECKMX CTaHUMIA 1 ceTei
[13, n. 619]. 3asemnaiollas ayra B cuso-

Puc. 1

BOM kabene ¢ Bl MoxeT cylectBoBaTh
eOVHWLBI 1 AECATKA MUHYT, I8 CUIbHO
COCTapeHHON M30MSILUMN  XapaKTepHbIM
ABSIeTCA BpeMs A0 OTKIIHYEHUS MaKCu-
MafibHOW TOKOBOW 3alUWTOM B npegenax
5 c. B kabene ¢ Cl3-usonaumnent gam-
TenbHocTb ayrosoro 033, kak npasuno,
He npeBbIWaeT 1-2 MUH [0 aBapuiiHOro
OTKJIIOYEHNS [iaxe Mpw YCI0BKUM Mpo-
KNaaKu B M0CKOCTH Kabenen ofHoXMUb-
Horo ucnonHenms (puc. 2).

MoM1Mo 3TOro, 0bsi3aTeNbHbIM YCII0BUEM
B pamkax crTpateruu cbepexeHus pecyp-
ca KJ1 He3aBucMMO OT BUAa M30NALUK
ABNSETCH MpUMeHeHne LWaasaLmnx Bbl-
COKOBOJIBTHBIX WCMbITAHUIA C MOMOLLbKO
YCTaHOBOK CBEPXHW3KOW 4acToTbl, a Tak-
e CBOEBPeMeHHas MpoBepka W oLeHKa
TexHuyeckoro coctositnga KJ1 Ha ocHose
COBPEMEHHbIX  METOA0B  AMarHOCTMKM.
MocnepHvie  BKIIOYAIOT — WMHTErpasbHyto
oueHky (conpoTuBeHVe N30AAUMU 1 KO-
abduumeHT abcopbumn, TaHreHc yra
LVI3NeKTpuyeckmnx notepb tgod, M30Tep-
MUYECKN TOK pefnakcalyn, BO3BpaTHOe
HanpsxeHue), a Takxe onpefeneque na-
paMeTpoB W MeCT PasBUTUS YaCTUYHBIX
paspanos 8 usonauum [14, 15]. nga npe-
aynpexperusa otkasos KJT n3-3a Heka-
4eCTBEHHOMO  MOHTaXa  0DBbeKTMBHON
HeobxoaMMOCTbIO ABNRETCH KOMMNEKCHOe
OVarHoCcTMpoBaHMe  HemoCpefcTBEHHO
B pamKkax MpUeMoCHaTouHbIX WCMbITa-
HWI. Trnosble ncnbiTaHus CHY nossonat
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NOBPEXAEHUE K1 35 KB C CN3-U30NALNEN

0603Hauenns: a) npu passutun 033 8 K3; 6) otkas & MydTe npu oTkmouen «3eMam» 3a Bpema 1o 15 ¢.

ornpeaenuTs TONbKO O4eHb rpybble fe-
ekTbl MOHTaXa, oTBevaloLLMe npeaasa-
PUINHOMY COCTOAHUIO NINHWN. VI3MepeHme
YPOBHe, 4acToTbl CleoBaHUs 1 Hanps-
KEHWSA BO3HVIKHOBEHUS W MOracaHus Yac-
TUYHBIX Pa3psaaoB C WX Jokanusaluen,
onpesieneHe tgd Ha pasHblX Hanpsxe-
HMAx obecneyaT BbifBMEHMe pa3BuBalo-
LLVIXCS, CKPBITbIX 33BOACKMX U MOHTaXHbIX
nedexTos. K MM OTHOCATCA npeumyLie-
CTBEHHO MOBPEXAEHWA BHellHel 060-
NOYKM W HaCbILLEHMe M30NALAM BOAOMN,
B TOM YMCIIe Yepes HerepMeTU3NpoBaHHyIo
KUNY; HapylleHue WHCTPYKUMIA MO MOH-
Taxy Mmydt [16]. 310 NO3BOAUT CHM3WTL
puck npobos nponoxeHHoro kabens B ne-
puon NpupaboTKM NIMHMM, COOTBETCTBY-
IO COMACHO YCOBUAM  WCTbITaHMNIA
B CTO 34.01-23.1-001-2017 cpoky aBa
roga nocne BBofa B akcrnnyatauyio [8.

9KCnepTr3a KayecTBa NpoekTa C y4eToMm
Bblbopa cnocoba npoknafku, pacyeTa
napaMeTpoB JIMHWW, OMnpepeneHus ce-
yeHMs 1 cnocoba 3a3eMneHVst 3KpaHoB
1 bpoHu kabens, a Takxke UHbIX GakTopoB
(B1A M30n9UMM, 0BBEM BXOAHOTO KOHTPO-
N5, NprMeHsemblii ns MoHtaxa KJ1 vH-
CTPYMEHT ¥ MaTepwansl, KBanudukaLms
MOHTaXHWKOB, MexaHuyeckne noBpex-
JeHus — rnopbiBbl Kabener) He BxoaaT

28

B 0071aCTb HaCTOSLLErO WCCNefoBaHus,
XOTSl, CTPOro roBops, CYLLLECTBEHHO BAVI-
AT Ha dakTnyecknii cpok cayxbsl KJT.

HopmMatueHoe obecneyenue

Pe3UCTUBHOIO 3a3eMJieHuA

HeuTpanu
B pencreyowen pegakumm TexHuuec-
kor nonutukm MAO «Poccetn» ykasaHo:
«3nekTpuyeckne cetn 3-35 kB momx-
Hbl paboTaTb C W30AMPOBAHHON, a Tak-
e C 3a3eM/IeHHON Yepe3 pe3ncTop
WK yroracsliMi peakTop HenTpanbio»
(1, n. 8.1.6.2.1]. TlpaBuna TexHUYeckoil
aKCnayaTaLnm 3NeKTPUYECKNX CTaHLM
n ceten PO [13] copepxat cnepytouine
NONOXEHWS:

- n. 619 «Hu3kooMHoe pesuncTVBHOE
3a3eMJsieHne HelTpanu cnepyet npu-
MeHATb B C/yyasx, Korga opHodas-
HOe 3aMblkaHWe Ha 3eMJi0 LOKHO
ObITb CENeKTUBHO OTKIIOHEHO B Teve-
HME MVHMMAaNbHO BO3MOXHOMO Bpe-
MeHW, a Takxke Npu Haauumm B ceTu
Kabenen c usoNAUUEN M3 CLUMTOrO
nonnatuieHa. lNpu 3ToM ToK B Hen-
Tpanu [OMKeH OblTb A0CTAaTOYHbLIM
0ns paboTbl  peneriHol  3aluuThl
Ha OTKJtOHeHNE;

- n. 621 «[1pn NpeBbILLEHNM 3HAUYEHWI

€MKOCTHOr0 TOKa, YKasaHHbIX B Ha-
croauiem nyHkre Mpasun (30 A, 20 A,
15 A 10 A gna ceter 6, 10, 15-20,
35 kB cooTsetcTBeHHO 1 10 A gns nio-
bbix ceteit ¢ BJ1 Ha meTananyeckmx
1 Xene30beToHHbIX omnopax) fosKHO
NPUMEHSATLCS 3a3eMIeHre HelTpanu
NOCPeACTBOM CUCTEMbI KOMMEHCaLMN
€MKOCTHbIX TOKOB... IMB0 Yepe3 HU3-
KOOMHBII PE3nCTop...».

MpakTyka TeXHONOrMYecKoro NpoeKTy-
POBaHMA 1 3KCMyaTaumn HU3KOOMHO-
ro pesmctusHoro 3asemnedns (HP3)
HEMTpanu LMPOKO pacnpocTpaHeHa
B pacnpenenutensHbix cetax 10-20 kB
Mocksbl n CankT-Ietepbypra [17, 18].

Hu3kooMHoe — 3a3emnieHve  HelTpanu
HOPMaTVBHO 3akperyieHo B psiAe CTaH-
naptoB opravmnsaumin — [MAO «PocceTn
Jlensnepro» (¢ 2013 1., akTyanusaums
B 2024-2025 rr.), MAO «PocceTtn Mockos-
ckuit pervon» (¢ 2018 r., akTyanusaums
B 2021 r), MAO «JIYKOWT» (2018 r),
MAO «lasnpom» [c 2006 r., akryanu-
sauma B 2025-2026 rr.). B Benapycu
[eNCcTBYET OOHOB/EHHbIN U BBefEeHHbIN
B gevicteue ¢ 01.05.2024 crangapt I'TI0
anekTposHepretvkn  «bensHepro»  [19].

B MAO «PocceTtu» nnaHvpyetcsa fopabo-
TaTb W BBecTM B gerictene CTO «Tunosagd
VIHCTPYKLWS MO KOMMEHCaLMM eMKOCTHO-
ro Toka» (B3amer PI 34.20.1791987 r.),
a Takxe pa3spabotatb v npuHaTE B 2026 T
CTO «PesucTopbl 1 ycTpoiicTBa pesn-
CTVMBHOTO 3a3eMNIeHUs HelTpanu Ans ce-
Tel 6-35 kB. 0buwime TexHnYeckme Tpebo-
BaHUs».

Bbibop napaMeTpoB HU3KOOMHOIO

pe3ucTopa
Bribop napamMeTpoB HU3KOOMHOr0 pe3u-
cTopa, Kak NpaBuJsIo, BbINOMHAETCS B 3a-
BMCMMOCTM OT EMKOCTHOIO TOKa C Y4ETOM
pasBUTUSA CETW U IKCMyaTaUMOHHbIX
PEXMMOB MW KOHOUIYPaLMM y4acTKoB
ceTn. Ha npakTuke conpoTusnexue pe-
3KcTopa BbLIOMPAOT HaVMEHbLLNM, WC-
XOAS U3 CRefyloLyx ABYX YCI0BUA.

1. ObecneuyeHne ycTolumMBOro rope-
Hua gyrm npu 033, npu koTopom
TOK pe3ncTopa Jo/iKeH npeBblllaTh
emkocTHbI Tok 033 B k pas [20]:

U
I, >kl =R, <", (2)
3.k,

rae |, — CymMMapHbIil eMKOCTHbBIN TOK
yyacTka CeTu, WMEIOLLEro anekTpuye-
CKyl0 CB®3b B HOPMasbHOM 3KCMy-
aTauvoHHOM pexumMe. B pacyeTHoM
3HayeHumn /. jonxeH BbiTh yyTeH 3anac
Ha passute cetv (25% wan Bbile)
¥ Npu HeobXOAVMMOCTU BEIMOIHEHA KOP-
peKUMst HEMOMHOTbI UCXOLHbIX LaHHbIX
(MpakTuyeckn ncnonbayemble 3HaueHNs
o1 10% no asyx kpat);

|, — aKTVBHbIN TOK pe3ncTopa;

k — koaddbuumeHT 3anaca, npuvHUMa-
emblll B Arana3soHe ot 1,0 go 5,0 (tvno-
BbIMW ABASIOTCS 3HaueHus 2,5...4,0 [21]),
npeacTaBnsieT coboi OTHOLLeHMe ak-
TMBHOrO TOKa Pe3ncTopa K eMKOCTHOMY
B TOUKE 3aMblKaHWs, Npy KOTOpPOM [iyra
rOpWT YCTOMYMBO.

2. ObecneyeHune cenekTMBHOroO cpa-
DaTblBaHWSA NPOCTLIX TOKOBbIX 3aLLMT
Ha oTkftoyeHne 033, npu KOTopoMm
TOK pe3uncTopa [ofXeH npesbillaTh
MaKCMManbHbI ToK cpabaTbiBaHus

JHeprusa eguHoin cetn N°2 (77), 2025

KOAMYECTBO NOBPEXEHMI B CETU 10 KB N0 PE3Y/IbTATAM HETPEPLIBHOM
LMOPOBON PETUCTPALIMN NEPEXOLHBIX NPOLIECCOB

Tabnuua 2

Perum HeliTpann

CobbiTvie y
3a3eM/ieHHaA Yepe3 HU3KOOMHbIN
W30/MpOBaHHan
pesuncTop
033 32 (45,7 %) 38(77,5 %)
033 c nepexoaom B K3 17 (24,3 %) 2 (4,1 %)
K3 6e3 npepLuecTayioLLero 21(30,0 %) 9184 %)
033
Bcero 70 49
3aumThl fo, o1 033. Tlpn 3TOM  MOACTaHUMM W Ha MOACTaHUMSAX OfHOM

Tpebyemoe conpoTviBneHve  pe-
31cTopa Mo KPUTEPUMIO HALEXHOW
paboTel penenHoi 3awmTel o1 033
OMnpeAensieTcs no BblpaxkeHnto

Ry<——Juow )
\/glCBmax ky kg
roe l,,... — MaKcumanbHbI Tok cpaba-
ThIBaHWs peneiiHoi 3awumTsl o1 033;
k, — k03PUUMEHT HyBCTBUTENLHOCTH,
NpUHWMaeMellii paBHbiM 1,5 cornacHo
n. l4a Tlpwkasa MwuHaHepro Poccuun
o1 10.07.2020 N° 546;
k, — koapduUMeHT 3anaca, y4uTbiBaio-
WM NOrpewHoCTb AaTunKkos [TpaHcdop-
MaTopoB) ToKa HyfeBo nocnefosaTensHo-
CTU, NepexofHOe COMpPoTUB/EHUE B MeCTe
3aMbikaHnsa (B kabenel u cymmapHoe co-
npoTviBNeHKe Lenu npotekanns Toka 033
(BKTIOYas conpoTuBneHe HelTpaneobpa-
3yI0LLEro YCTpoiicTBal, Bpems oTKioYe-
Hua 033, uM3MeHeHMe COMPOTUBAEHUS
pe3ncTopa MpW HarpeeBaHuy B paboymx
pexumax. [NpuHuMaeTca paBHeiM 1,5 npu
YCNOBUW MPUMEHEHNS KOMMO3ULMOHHbIX
pesvicTopos 1 3,0 Mpu ycnoBuy npumeHe-
HWS METaNNNYECKMX PE3UCTOPOB.

Mpu BbINOAHEeHWN ycnosua (2] B Gonb-
LWMHCTBE C/IYYaeB BbIMNOMHACTCS YCoBME
(3, onHako B 0BpaTHyto CTOpoHY 3T0 npa-
BUJIO He JeiCTByeT.

B uensax yHudwkaumm pesncTopos no co-
NPOTUBEHNIO Ha Pa3HbIX CEKLMAX OLHOW

CeTn B 3aBMCUMOCTN OT KOHKPETHbIX YC-
NIOBUI aKTUBHbIE TOKW OT pe3ncropos
MOTYT ObITb MPUHATBI DONbLINMN OTHOCK-
TeJIbHO pacCHeTHbIX.

Takmum  obpa3om, Haubonee npocTo
M HafeXHO cxemMa C aBTOMaTUYeckon
nnkempaumen 033 un rnybokum orpa-
HUYEHVEM [yroBbIX MepeHanpsxeHuin
peanwuayetcs npw ycTpoictse HP3 Heii-
Tpanu. [py 3ToM gocTuraeTcs orpaHmnye-
Hve nepeHanpsbkenui oo (1,73... 2,0)U,
M HapylwleHue YCI0BWIA CylIeCTBOBa-
HWS pEe30HaHCHbIX aBaeHWin. B coot-
BeTCTBMM C nonoxeHusmu |EEE  Std.
142-2007 [4] pesuctop B HeiTpanu
CeT MO3BOAISIET OrpaHWuYKUTL MepeHa-
npsi>keHns 0o yposHs He bonee 250 %
[kﬂep < 2,5), 4To OTBEYAET YC0BUIO NEPBO-
ro npobos nsonsaumm Ha 3emnto. Cornac-
HO 3TOMY e fokyMeHTy ana HP3 B cetax
CPELHEro HampsikeHWst MpUMeHsoTCs
pe3nCTOpbl C aKTVWBHbIM TOKOM B Auva-
nasoHe 100-1000 A n pekomeHZyeMbIM
BpeMeHeM TepMunyeckoin ctoiikoctn 10 c.

B 1abn. 2 npvBefeHbl faHHbIe MO OMbITYy
akcnnyataummn HP3 HelTpanu Ha ydacTke
ropofckor kabenbHoi cetn 10 kB ¢ 0b-
wen npotaxkeHHocTblo KJT okono 25 kM
M NpenMyLLeCTBEHHbIM MPYMEHeHNeM
kabeneit ¢ BINW co cpefHMM cpokoM aKc-
nnyataunm go 30 net. Ocumnnorpammel
npoaHanu3unpoBaHbl Ans cetvt 3a 1 rog
paboTbl C W30JMPOBAHHOW HeWnTpasbio
n 3a 1 rog — C HW3KOOMHbIM Pe3ncTo-
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BbIBOP 11 [TIPOBEPKA TPAHCOOPMATOPOB CEPWW TMT 10 KB U3 YCJIOBUA Or PAHUYEHUA HOMUHANBHOTO TOKA PE3UCTOPA HE BOJIEE 5%

20 630 55 7,6

2887 8,73 191 62,5
30 192,5 400 45 54 13 3,38 94,0
50 115,5 250 45 3,7 18,0 5,92 157,0
100 57,7 160 45 2,7 28,1 10,6 3118

pom 50 OMm/120 A. Obpauaer Ha ceba
BHMMaHVe GakT CHWXeHWs yucna ne-
pexopoB 033 B K3 npaktnyecku B 6 pa3
nocse BBOAa pe3wcropa.

HononHutensHo bblAM NpoaHanu3npo-
BaHbl CBeAEHWs O BpeMeHu Mnepexona
033 B K3 pans 3toro ke ydacrtka cetu
10 kB 3a 1,5 roga skcnayaTaumm ¢ n3onu-
POBaHHOW HeWTpanbto: okono 22 % cny-
YyaeB 0TBeYaloT BpemeHu He bonee 0,5 c,
okoso 30% — ot 0,5 go 5,0 ¢, ona 48 %
cnyyaeB BpeMsi npesbicuio 5 ¢. 310 03-
HaYaeT, YTo PUCK OTKIIKYEHUS 3aLLUTON
or K3 Tem Bbile, yem bHonblle Bpems
yoepxkaHna 033, Ho 3To Bpemsi cocTaB-
NSIET BCEro eAnHNLbI CeKyHA,

Bbibop HeliTpaneobpasyioLuero
TpaHcdopMartopa (HeiTpanepa)
Pesuncrtop ycraHaBnvBaeTcsd Ha  Kax-
noh cekumm 6-20 (35) kB B ueHTpax
nutanns 35-110-220 kB, kak npasu-
110, Yepe3 OTLENbHYIO0 JIMHENHyo a4yen-
Ky, CXemMa ero nofk/o4eHus Takas e,
Kak ¥ Ans  JyroracsiliMx peakTopos,
3a UCKIKYEHWEM OAHOMOMIOCHOIO pasb-
eIMHUTENS!, KOTOPbIN He TpebyeTcs. Mpu-
COEAVHEHME HM3KOOMHbIX PEe3nCTOpOB
K HelTpanu ceTu BbINoNHsAETCs Yepes 3a-
3eMngiole TpaHchOPMaTopbl MOLLHO-
ctbtio S < 1000 kBA nubo B BbIBeAEHHYO
HeMTpanb nuTaloLiero TpaHchopmaTopa
110-220 kB Ha ctopore 35 kB. 310 Mo-
ryT BbITb GUALTPLI CMIOBLIE CO CXEMOW
Zn (®M3, ®M30), TpaHchopmaTopsl
co cxemoit Yn/D-11 cepun TMI™ (TMIIC,
TMIN-33) 1 TAIC (TCN, T/IC3). Punbtpbl
Zn obnapatoT nyywimMmn MaccorabapwT-
HbIMW MOKa3aTensMu, MMelT MeHblune
B 1,4-1,8 pasa notepn X.x. U MeHbLLee
B 2-3 pa3a COnpoTUBEHWE HyNeBON no-
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cneposatensHocT Zy, (Mo cpasHeHwio
¢ TpaHchopmaTopamu Yn/D). Hesasu-
CMMO OT 3TOr0 KpaliHe BaXHO B NpoekTe
NpaBUbHO BbIOPaTL MapaMeTpbl Heli-
Tpanepa c yueTom TpeboBaHMil No K30~
NALMM, YCNOBMAM pa3MeLLieHs, a mas-
Hoe — KpaTKOBpeMeHHol neperpysku
TOKOM pesucTopa. Bbibop MolHoCTH
HeliTpaneobpasyiollero TpaHcdopmaTo-
Pa OCYLLECTBASETCH MCXOAS W3 CTOMKO-
CTW CUNOBLIX TPaHCHOPMATOPOB NP KO-

POTKWX 3aMbIKaHUSIX B COOTBETCTBUM C
FOCT P 52719-2007 [22].

KoHCTpyKTUBHO pesucTop W HeliTpanep
MOrYT BbITb pa3MelLieHbl B OAHOM 3aLLiuT-
HOM KOpryce, COCTaBAss BMecTe yCTpoii-
CTBO PE3UCTUBHOMO 3a3eMJIeHMS HelTpa-
v (YP3H).

Hertpaneobpasytowimnin TpaHchopmaTtop
obnafaeT aKkTMBHbIM R 1 VHOYKTWB-
HbiM X, COMPOTMBAEHMEM MO HyseBow
NocnefoBaTelbHOCTH, MO3TOMY aKTUB-
HbIA TOK OT pe3ncTopa B pexume 033
OyneT orpaHMyeH 3KBMBANEHTHbIM CO-
npotvenernem Z,, Cnnwkom bonbuioe
orpaHMyeHne ToKa Pe3ncTopa MOXeT
npuBecTM K HapyweHusam B paboTe
penenHon 3awmtel ot 033, noatomy
Ha NpakTKKe CTapaloTcs He CHUXKaTb HO-
MUHaNbHbIA TOK pe3ncTopa bonee yem
Ha A=5% nnubo A =10 %.

Ecnn 310 ycnosume He cobniopaetcs,
HY>KHO MPOBEPUTb MOLLHOCTb TpaHchop-
MaTopa Ha CTymneHb BbILUe, eCnu 3anac
n3bbiTodeH (410 O3HaYaeT ymopoxa-
Hue) — Ha cTyneHb Hke. CTporo rosops,
BbIOOpP MOLLHOCTM HeMTpanepa TexHuue-
CKM  Lenecoobpa3Ho CKoppekTMpoBaTh
C Y4eTOM YCNoBWS AONYCTVMOW nepe-
rpy3ku TpaHcdopmaTopa, npu KOTOPOM

Tabnmua 3

2770 4,04 1667 2,65
184,2 4,31 1M 2,78
110,3 4,43 667 2,67
55,95 3,79 333 2,08

ero TemnepaTypa OyaeT cyliecTBeHHO
MeHbLLIe IOMYCTVMON M0 YCNOBUIO Harpe-
BocTomrkocTv obmoTok. [laHHoe ycnosue
0bbl4HO cobrofaeTca Npu NpeBbILLEHNY
MOLL{HOCTW pe3nCcTopa MO OTHOLLEHMIO
K MOLLHOCTV TpaHchopmaTopa He bonee
yeMm B 5 pa3. lNpuMepbl pacyeTa faHbl
B Tabn. 3.

[ns HeWTpaneobpasyowmx TpaHcdop-
matopoB Y /D c y4eToM orpaHuueHus
TOKa pesncTopa MOXHO MPUHATL [Ony-
CTVIMYIO Meperpy3ky no MOLLHOCTV B Te-
denue 10 c: orpanuyenme /, He bonee yem
Ha 5% — mo 3,5 kpar; orpamndeHme |,
He bonee yem Ha 10% — po 5,0 kpar.
[na drneTpoBs Zn ¢ y4eToM orpaHnyeHms
TOKa pe3ncTopa MOXHO MPUHATL LOMy-
CTUMYIO Meperpysky no MOLLHOCTY B Te-
venve 10 c: orpaHuyeHune [, He Bonee
yeM Ha 5 % — po 4 kpar; orpaHuyeHme /,
He bonee yem Ha 10 % — o 5 kpart.

Mo cornacoBaHWio C MpoOM3BOAUTENEM
KOHKpETHbIX HelTpanepoB, Ha OCHOBe
NOATBEPXKAAIOLLMX pacyeToB AoMycKa-
eTCs NPUHMMAaTb 3HaYeHNs Neperpysku,
npeBbILLaloLLVie peKOMeHA0BaHHbIe.

OpraHusauma penenHoi 3aLLuTbl

OT 3aMbIKaHUI Ha 3eMJTI0
B cnyuae oTcyTcTBMA Ha npucoenuHe-
Huax 6-20 (35) kB cenexktusHol peneit-
Hoi 3awwmTel ot 033, pencTeytoLeit
Ha OoTKIYeHne duiepa ¢ ogHodas-
HbIM TOBPEXAEHWEM, 3afauns 3alUuTh
00opynoBaHWs, CHUXEHWUs aBapuiiHo-
CTW,  HALEeXHOro  3/1eKTpOCHaDXeHws
noTpebutenein He MoryT BbiTb peLueHb
B nonHoi Mepe. HeobxogumeiM yc-
JIOBMEM  MOJSHOLIEHHOTO  MPUMEHeHNS
HP3 aBngetca ocHalleHne nuTaloLlen

MNC 35-110-220 kB u npuneratoLeit
CeTn KOMMNEeKTaMu penerHON 3alinTbl
ot 033, ncnonbaylollein 3HadyeHne ak-
TUBHOTO TOKa B KOHType HyneBoW mo-
cnepoBatenbHocT. [lng cenekTmBHoro
BbifBNEeHUA 1 oTktodeHna 033 B aToM
cnydae MoryT BbiTb MCMoNb30BaHb! Cre-
JylolLiMe BapuaHTbI:

- KOMMAEKT MpOCTbIX pefie Ans opra-
HU3aLMM HEHamnpasieHHOW TOKOBOM
3aLUNTLI Hy/IEeBOM MOC/Iea0BaTeNbHO-
ctn (T3HN) (aBToMaT nuTaHus, pene
MaKCMMaJIbHOrO ToKa, BPeMeHM, Mpo-
MeXyTOoYHOe 1 yKa3aTenbHoe penel;

- VHAMBUOYyaNibHblE MUKPOMPOLLECCOp-
Hble TepMuHanel P3A, no ymonua-
HUIO cofiepxalme YHKUMIO HeHa-
npasnenHon (5IN/51G kog ANSI)
WK, MU HeoBXoaMMOCTH, Hampas-
nenHon (67N kog ANSI) T3HIM;

- UEeHTpasM30BaHHas 3alluTa C KOH-
TpOfieM  HanpaBieHns  aKTUBHOM
MotHocTn HIM (kocuHycHas 3awmTa).

[enctBre  cyllecTBylOLLMX  CEPUMHBIX
YCTPOWCTB  OMpPeAeneHvs  MoBpex-
neHHoro  dupepa  (OMN®)  ocHosaHo,
KaK MpaBusio, Ha MPUHLWMMNE KOHTPOAS
TOKOB  HYfleBOW  MOCNefoBaTeNIbHOCTY
HEMPOMBILLNIEHHOW 4acToTbl U Bblene-
HUW HaNOXEHHOro CWUrHana, npoTekato-
LLero TOfbKO B MOBPEXAEHHOM MpKCo-
envHennu. MNpn HP3 npuMeHaTts Takue
CNOXHble 1 AOPOrocTosiLLMe YCTPOMCTBa
HepaLmoHanbHo. bonbluoii Tok oT pesu-
ctopa (100...1000 A) cam no cebe aBng-
eTca abconioTHO JOCTAaTOYHBIM 15 Bbl-
ABNEHVS TPUCOEAVIHEHNSA C «3eMsieit»
npocToi unu HanpagneHHon T3HM.

[NpennaraeMblii Noaxoa B Bbibope ycTaBok
OTXOLALLMX NVHWUIA chefyowmii. B npo-
Lecce aKcryaTauum  KoHdUrypaums
pacnpenenuTensHoM CeTn MOXET Cyllle-
CTBEHHO W3MeHATbCS W3-3a aBapUHbIX
OTK/IIOYEHMIA 1 OMepaTUBHbIX Nepekto-
YyeHu B npuneratowlen cetn. Cnepo-
BaTeNbHO, CYMMapHbI/ 3KBWBANEHTHbIN
€MKOCTHbIN TOK MPUCOEAMHEHWS, OT Nu-
TalolWen noAcTaHUMM, B 3aBUCKMMOCTU
0T BJMHBI U CeYeHUst MPUCOEAMHEHHbIX
SIMHUN, MOXET MEHATbCA B AManasoHe
0T HECKONbKMX MPOLEHTOB [0 HECKOSb-

CXEMA OPTAHW3ALLAW 3ALLINTLI PE3NCTOPA

Puc. 3
awpraom. | | T=d-de [ |,
JTHHHH
A
I Ton- 1o E_

Kvx pas. [MoaTomy npepnaraetcs 3arpy-
Buth ycTaBkM cpabaTbiBaHWst MO TOKY,
obecneums k, > 2, 4TobbI N3beXaTL NIOX-
HbIX CpabaTblBaHWIA, a Takxe Ans yHUdu-
Kaumw v ynobcrea Hanagkm P3A. 310 no-
3BOJINT 33[1aTb OfIHAKOBbIE 3HaYeHua |,
onga cekumm wnum seen MC (PN). OpHako
cnenyeT MMeTb B BWAY, YTO pacYUeTHbIN
k, npu «3arpybneHHbix» ycTaBkax [on-
XeH bbb B ntobom cnydae 6Gonblie
k, (Hopm) = 1,5 cornacHo yka3aHHOMy
BbllWe npwka3y MuHaHepro Poccun.

CurHan c TpaHcdopmatopa Toka (TT)
B LENW pesucTopa cnedyeT 3aBOAWTb
HermocpeacTBeHHO B TepMuHan P3A
I paboTbl HeHamnpaBieHHOW TOKo-
BOM 3alUWTbl Ha 3TOM MPUCOELUHEHWN
(puc. 3). Hanmbin TT BbinonHAeT Ase
byHKUMK: a) 3aWmTy pesncTopa oT Ann-
Te/IbHOro NpoTekaHWst Toka Npu Hecpa-
BaTbiBaHWM 3aLWT OTXOAALLMX MPUCO-
eanHernit; 6) sawmty ot 033 Ha KJI
[0 HeWTpaneobpasyioliero TpaHcdop-
MaTopa (Helitpanepa). Mpu 033 Ha aToi
KJT 4epe3 ycTaHOBMEHHBIVI B fAyelike

JHeprusa eguHoin cetn N°2 (77), 2025

TTHIT He ByneT npoTekaTb TOK pe3ncTo-
pa, KOTOPbIN Hanpas/ieH K MecTy 3ambil-
KaHus, B OTANYME OT Clly4as BHELUHero
033, korpa yepes TTHIT nospexaeHHo-
ro npucoefnHeHns byneT npoTekaTs TOK
pe3uctopa, obecneyvBas KoppekTHoe
cpabateiBaHMe 3awmnTel o1 033 nospe-
KAEeHHOro npucoennHeHvs. B ciyyae
033 Ha kabene K HelTpanepy He JONMX-
HO TMPOWCXOAWTL JIOXHOro cpabatbi-
BaHWs 3alWT PYr1X OTXOAALLMX Mpu-
coefMHeHnn un 4yepes TT pesucTtopa
B pexume 033 bymeT npoTekaTb ero
HOMWHanNbHbIN TOK, TeM caMbiM obecre-
umBas cpabaTbiBaHve 3aluTbl NpUCO-
e[VHEHNA C pe3ncTopoM C 3aAaHHoW
BbIAEPXKKOV BPEeMEHW — PeKOMEH/yeTCs
ycTaBKka B AvanasoHe 3...5 c.

AnroputM BHeApeHus

HU3KOOMHOI0 pe3nCTUBHOIM

3a3eM/ieHuA
B MockoBckol aHeprocucTeme s anek-
Tpuyeckoi kabensbHo cetn 20 kB, no-
CTPOEHHOW UCKITIOUMTENBHO Ha Kabensx
¢ CM3-u3onaumein, HP3 HewTtpanwu beino
€[VHCTBEHHBIM 1 MPUHSATLIM M3HaYasb-
HO cnocoboM 3alluWThl OT NepeHanpsxe-
H1Un 1 nokanusauum 033. OpHako ong
skcnnyatupyembix cetern 6-20 (35) kB,
KaK B CTONMLE, Tak U B APYrnX KPynHbIX
ropofax, 3TOT BapuaHT [0 CMX Mop siB-
NINETCS MWL OAHWUM M3  BO3MOXHbIX
M HOPMAaTUBHO pErnaMeHTUPOBaHHbIX
PEXMMOB HEMTPasK, Mo3TOMy ero peanu-
33Uy BbI3bIBAET OYEHb MHOMO BOMPOCOB
Y NPOEKTUPOBLUMKOB W 3aCTaBAAEeT 3KC-
MyaTVpyIOLLY0  OpraHv3aumio  KpaviHe
OCTOPOXHO W BAYMYMBO MOAXOAUTH K pe-
LUEHMIO TEXHWUYECKMX U OpraHM3aLoH-
HbIX BonpocoB. Vcxons ns sTtoro, Lene-
coobpasHo chopmynMpoBaTb KitoyeBble
MEpOMNpUATUASA, OTpaxKaloLie MeXaHW3M
BHeaperns HP3 B cetw 6-20 (35) kB
¢ ueHTpoM nutaHms Ha MC 110-220 kB.

[NepBbIVi 3Tan — KOYEBOW, Npeanonara-
eT crefytoLLee:

- TEXHWKO-IKOHOMMYeckoe 0b0CHOBa-
HWEe peLleHns no nepesofy pacrpe-
LenuTenbHo cetn Ha pexum HP3
Ha OCHOBaHMW aHanM3a MCXOLHbIX
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KOHCTPYKTUBHOE PELUEHWE 110 YCTAHOBKE HEMTPANTEOBPA3YHOLLIMX TPAHCOOPMATOPOB

W PE3NCTOPOB B OTLEJIbHBIX KAMEPAX 3PY 10 KB
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BHELLHWIA BT YCTAHOBIEHHOI0 0BOPYZ0BAHUA [L19 HU3KOOMHOTQ PE3UCTUBHOIO 3A3EMJIEHMA

HEATPAII HA TIC 110/10 KB «BOUHCKAS»

32

Puc. b

LaHHbIX 1 YCNOBUIA pe3epBUPOBaHNS;

- npopabotky Bonpoca 100 % oTkuio-
yeHus Bcex 033 ¢ cobcTBEHHMKAMM
aboHeHTCKMX 3NeKTPOoyCTaHOBOK
(yBemoMneHue, cornacosaHue, oLeH-
Ka HeobXo[MMOCTW MEepeHacTPorKM
WM BOOCHaLLeHNs yeTpoiicTs P3AJ;

- pelleHue BOMpoca COBMECTHOW pa-
BOTbI y4acTKOB CETU C Pe3ncTopoM
1 CETW C U30IMPOBAHHOW HENTPAsbIO
NV KOMMEeHCaLMel eMKOCTHOMO Toka
B PEMOHTHBbIX 1 MOCeaBapuiiHbIx pe-
KMMaX;

- KOMMekcHoe obcnegoBaHue cetu
C pacyeToM ¥ U3MEpPEHNEM EMKOCT-
Horo Toka [13, n. 621];

- dopmMupoBaHMe TexHUYecknx Tpebo-
BaHWI K CUNOBOMY 1 peneiHoMy 0bo-
pyooBaHWio ans peanusaummn HPS,
pacyeT 1 onpefeneHve ero napame-
TpoB;

- paspaboTka OCHOBHbIX  peLUEHU
M0 OCHALLLEHWI0 CETV MUTaloLLIEN Nof-
CTaHUMM HeobxoAMMbIM 00pynoBaHN-
eM C y4eTOM MOAEepHW3aLmin/aoocHa-
LLEHNS NPUCOELMHEHWIN peneriHbIMM
3alumMTaMu, a Takke, npu obocHoBa-
HUW, UICTOYHUKAMV FrapaHTUPOBAHHO-
ro NuTaHug.

BTopoit 1 TpeTuii aTanbl ABASIOTCA CTaH-
[apTHbIMKM, 3TO MOALrOTOBKA M COrNaco-
BaHMe MPOEKTHO-CMETHON JOKyMeHTa-
LMW, BbINONHEHWNE MOHTaXHO-HaNa[ou-
HbIx paboT.

B «kauecTBe npuMmepa paccMOTPUM
BHegperHve HP3 Ha MC 110 kB «Bo-
nHckas» B Hosocwbupcke.  [loa-
CTaHums noctpoeHa B 1978 rogy,
M0 KOHCTPYKTMBHOMY  MCMOJIHEHMIO
npefctasnsetr  coboi  nmoacTaHumio
KOMBMHMPOBAHHOMO TUMA C 3aKpbITbl-
Mun pacnpegyctpoicteamu 110 1 10 kB
M pa3MeLlleHneM ABYX CWI0BbIX TpaHC-
dopmatopos  TATH-25000/110 B «Ka-
Mepax 3paHus nogctaHumu. OT AByX
cekumim 3PY 10 kB T1C «BowuHckas»
nuTaloTCs NATb banaHcosbIx v Tpu abo-
HenTckmx PI 10 kB ¢ cunosbiMum BbikI0-
yatenamu. C cobcTBeHHMKaMM aboHeHT-
ckmx PI1 bbinn npoBefeHb! coBelLaHns
c obocHoBaHMeM v obcyxaeHeM HOBON
TeXHonorMm paboTel ¢ «3eMneit» No aHa-

MUKPONPOLIECCOPHBIE YCTPOICTBA P3A

JHeprusa eguHoin cetn N°2 (77), 2025

060sHauenns: a) B sueiixax KPY Ha M1C «Bowwckas»; 6) P11 10 kB npuneratouei ceru.

norun ¢ K3, Ho B «LWafsLlem» BapuaHTe,
C pa3bsicHeHMeM npeunmyllects — HP3
HeobxoamMMo Ans 3awmTbl U cbepexe-
HUs pecypca ux obopygoBaHus. Kpome
Toro, Bbiv pa3paboTaHbl TexHUYeckue
peweHus An9  [0OCHALIeHUs  1/mnw
Hanagkn yctpoicte P3A Ha aboHeHT-
ckux PI1. CornacHo nn. 5.4.4 TOCT P
55438-2013, «COOCTBEHHUKU U WHble
3aKOHHbIe BflafeNblibl CMEXHbIX 00bek-
TOB 3/1EKTPO3HEPreTUKM 005i3aHbl Kax-
ObliA B OTHOWEHMW NpUHaAnexallimx 1M
00beKkToB... 0b0ecneynTs BbIMNOHEHWE
paboT no cosgaHuio (MogepHM3aLm)
KoMnnekcoB 1 ycTpoicts P3A B corna-
CoBaHHble cpokun». CnefjoBaTenbHo, A0-
ocHalleHune 1 Hanagka 3awmt ot 033
Ha aboHeHTckmx Pl npu nepeBofe Bceit
cetv Ha HP3 BbinonHaATCA 3a cyeT Bna-
JenbleB 3TVX 3NeKTPOoyCTaHOBOK.

B pamkax obcnepnosarua cetn 10 B
Bbinn cobpaHbl HeobxoAvMble UCXOA-
Hble JaHHble, COrflacoBaHbl MPorpaMmel
N n3MepeHbl eMKkocTHble Toku 10 kB,
KOTOpble [/151 NePBOW U BTOPOM CeKUMiA
coctasunun 80 n 60 A cooTBETCTBEHHO.
CyMMapHasi NpoTAXKeHHOCTb KabenbHoM
ceTn oT INC «BouHckaa» coctaBnaeT no-
psaaka 65 kM 1 Ha 90 % cocTonT 13 Kabe-
nein c BINW, cpok skcnnyaTtaummn KoTopbIx
oT aByx fo 30 net n Bonee Ha pasHbix

yyactkax cetu. B paspese natv net
bunkcmpoBanocb 3HauyWTENbHOE KOMU-
yectBo nopexpaernnin KJ1 ¢ TeHAaeH-
UMen K yBenmuyeHunio, 3a rog Habnwoga-
nock 0T 6 go 13 0TKa30B MO OTXOAALLUM
SIMHWUAM KaXK[OoW M3 ABYX CEKUMI LINH
10 kB. Mpwn atoMm nopsika 40-50 % cny-
YyaeB MPMXOLMSIOCH Ha rpynnoBble Mo-
BpexaeHuna ¢ oTkaszom asyx KJ1 u bo-
nee. B npuneratollei ropofcko cetn
dbukcmpoBanucs eaMHOBPEMEHHO OT-
KoYeHHbIMM  («Ha  MoBpexaeHnn»)
00 50 AnHnn.

MoHTaxHo-HanagouHble pabotel no ne-
peBofly CeTM Ha PEeXWM HWU3KOOMHOIO
3a3eMJIeHns HelTpanu BKJloYany ycta-
HOBKY ABYX pe3uctopoB P3 conpoTus-
nexviem 30 OM ¢ HOMUHaNbHBIM Bpeme-
HeM paboTbl 10 ¢ 1 NPUCOEANHNUTENBHBIX
TpaHcdopmaTopos TMIMT-400/10 co cxe-
MoW YO/D-H, NOLK/IIOYaEMbIX K pe3epB-
HbIM A4eiikam KPY uepe3 BHOBb npokna-
IbIBaeMble CunoBble kabenn ceyeHnem
3 x 120 MM2, BbIbpaHHbIe 1 NpOBEpEeHHbIe
B 0Dsi3aTeNbHOM nopsifike MO YCNOBUSAM
TEPMUYECKON CTOMKOCTU W HeBO3ropae-
mocTn npum K3.

[na obecneyeHns HaOeXHON CXeMbl
NUTaHWS YCTPOWCTB 3aLLMThl M 3nek-
TPOMarHWTOB MPUBOAOB BbIKIlOYATENEN

Puc. 6

10 kB Ha 1C «BouHckasn» bbin BbinofHeH
MOHTaX HOBbIX LIKadoB onepaTMBHOMO
ToKa C akkyMynaTopHbIMK baTapesmu.
CenekTnBHoe oTK/IHOYEeHWe OfHOPAa3HbIX
3aMblkaHWi bbino obecneyeHo ycTaHoB-
kol HoBbIx ycTpoicte P3A (22 mukpo-
MPOLIECCOPHbIX TepMUHaNa B sueikax
Ha C «BownHckasa», 30 TepmuHanos P3A
B aveiikax natn Pl 10 kB npwunerato-
LLlel TOPOACKOM CeTW, OCHALLEHMe KOM-
nnekTamy 371eKTpoMexXaHUYeckmx pene
nesatn aueek Ha Pl «0B6opoHaHepro»),
MOHTaXOM TpaHCchOpMaTopoB ToKa Hy-
NeBOV  MOCNeOoBaTeNlbHOCTM, BbICTaB-
SIEHVEM YCTaBOK 3alUWTbl OT 3aMbIKaHUM
Ha 3eMJIl0 1 HaNafKoW HOBbIX, @ Takxe
CYLLLECTBYIOLLMX  TEPMMHAN0B  3alluThl
elle Ha AByx aboHeHTckmx Pl1, nwTato-
LUMX KPYMHbIMA TOProBbl LeHTp W npo-
MbILLEHHBI 00bekT. Cxema ceTu Obina
nogroTosseHa, Ha Bcex a4yerkax 10 kB
BBEAEHa HeHamnpaB/eHHas 3aliuTa, pe-
3MCTOPbI BKIOYEHbI Ha MOCTOSHHYIO pa-
Boty 8 aBrycra 2022 .

[Mocne BBOLA PE3MCTOPOB C Y4YeTOM re-
peBoja P3A Ha oTknoueHve opgHobas-
HbIX MOBPEXAEHNI 3aMeTHO CHU3Mach
aBapuiiHocTb B cett 10 kB, B Tom umncne
bnarogapst yMeHblUeHNIO BpeMeHN BO3-
LeNCTBMS 1 YPOBHEW OMacHbIX nepeHa-
npsxkeHnii Ha wmzonsumio KJ1. CpaBHu-
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[INATPAMMA KOJIMYECTBA NOBPEXZEHII C OTKJTOYEHWEM OTXOAALLNX JIMHUIA 10 KB HA 11C 110/10 KB «BOUHCKA» 3A TPU TOJIA
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Te/IbHbIN aHann3 faHHbIX ONepaTUBHOMO
KypHana 1 xypHana cpabatbiaHuin P3A
nokasan, YTo YWCAO OTKIKYEHWI NNHMIA
HenocpeacTBeHHo oT wuH 10 kB nwuato-
went MC cHr3mnock B NepBbIv rog nochne
BBOAa pe3ncTopoB Ha 36 %, BO BTOPON —
Ha 48 %, a Konn4ecTBO 3aduKCHpOBaH-
HbIX Ha nuTatoweit C KopoTkmx 3ambl-
KaHWI ymMeHblumnock B 3 pasa v 9 pa3
cooteeTcTBeHHO (puc. 7).

Hactporika ABP no ctopoHe 10 1 0,4 kB
nossonvna B DOMbLIMHCTBE CryYaes
oTpabateiBaTth kak npu K3, T.e. aBTo-
MaTU4eckn nepeksyaTe notpebutens
Ha pe3eps, 4To obecneyuBaeT ynyuy-
WweHune noka3sateneit SAIDI un SAIFI.
Ho B oTanune ot TpexdasHoro K3 ¢ To-
kKoM 14,8 KA Ha WwiHax 10 kB MC «BownH-
CKas» AMHaMWYeckoe W TepMu4eckoe
Bosgeicteue 033 (c HanbonblumM 3Ha-
yeHmeM oTklodaemoro Toka 210-220 A)
Ha obMoTKM TpaHcdopmaTopos, ¢das-
Hble XWbl ¥ MeTannmyeckne 060104KM
KJ1 Bo MHOro pa3 Hixe. CHuxXeHwue cTo-
MMOCTU PEMOHTOB B KabesbHOW ceTu
obecneynBaeT 3aMeTHYIO 3KOHOMMUIO
CPEeACTB 1 HOCUT CTabubHbIV xapakTep
B OT/IMYMeE OT paHee CyLLecTBOBaBLUeEN
TeHAeHUMM pocTa aBapuMHOCTK W 3a-
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TpaT Ha BOCCTaHOBJIEHME 3N1eKTPOCHab-
xeHus B yanax cetn 10 kB.

Bnarogapsa npaBunbHoMy Bbibopy na-
pameTpoB obopynoaHus HP3 u kop-
pEeKTMpOBKe YycTaBoK YycTpoicTe P3A
Ha OTK/IlYeHWe 3aMblkaHWUI Ha 3eM-
0 He TONbKO Ha LeHTpe nuTaHus,
HO 1 B npuneratollein cetn 10 kB ob-
Lee KOAMYeCTBO aBapUHbIX OTKIIIOYe-
HWI COKPaTUNOCh B CpefiHeM B 2 pasa,
npexne BCero 3a cyeT YyCTpaHeHUs
KackafHbIX U MHOFOMECTHbEIX MOBpeEX-
LeHNI N3HOLLEeHHbIX kKabenew B pasHbix
TouKkax CeTu, YTo Habnopanocb paHee
NpV W30JMPOBAHHOW HeMTpanu CceTw.
Ha puc. 8 npvBefeHbl ocumnnorpam-
Mbl C LWITaTHbIX TepMyHanos P3A Ha I1C
110 kB «BouHckas», nogreepxnatouyme
npotekaHve 4yepe3 TTHI nepsuyHoro
Toka okono 200 A.

MMonoxutenbHbii  3GdekT, noayyeH-
HbIll B pacrnpeAenunTeNbHoN CeTu ropo-
na Hosocunbupcka ot MC «BownHckas»,
NO3BONIW PAaCNPOCTPAHNUTL 3TO TEXHU-
Yeckoe pelleHe Ha Apyrue ropoackue
cetn 6-10 kB. C niona 2024 r. BBefeHbl
B paboty pesuctopel 000 «Bonnp»
B cocTaBe KOHCTpykuuw Tuna YP3H

Ha [1C 110/10 kB «Bonouaesckas»,
nocine BBofa y>e 3apuKcMpoBaHbl ce-
nekTuBHble oTkovernsa KJ1 u BJ1 (no-
cnefiHMe B TOM 4ucie C ycnewHbiMu
AT1B, pons KoTopbIX He CHUXaeTcs noc-
ne Beoga HP3 u cocTtaBndet He Me-
Hee 70 %). 3To nossonaeT cpenaTb
obocHoBaHHOe 3akflloueHue o cylle-
CTBEHHOM cbepexeHun pecypca anek-
TpoobopymoBaHua bGnarogaps cesnek-
TUBHOW JoKanu3sauum n anMKBUAALMN
04HOda3HbIX 3aMblKaHWi B FTOPOACKMX
KabenbHbIX CETAX.

I BoiBogb!

1. Ctpaterns cbepexenus pecypca
anekTpoobopyaoBaHNS HaNpsxXeHM-
em 6-20 (35) kB, B cocTtase koToporo
HaunbosbLUyl0 MOBpeXAaeMoCTb fe-
MOHCTPUPYIOT — pacnpefenuTesbHble
TpaHchopmatopel 1 KJI, aBnsetcs
KOMMJIEKCHOM  3ajayen U [omxK-
Ha OblTb MOCTpoEHa C y4yeToM crie-
Jylowmx — ycnosuii.  Bo-nepsbix,
Npy OpraHM3aumMy HaLexHon 3aLim-
Thl OT BHYTPEHHUX NepeHanpskeHuin,
a W3HavanbHO NPV MpPUMEHeHUn
obopynoBaHWsa ¢ [OCTaTOYHbIMU 3a-
nacamun Mo 31eKTPUYECKOn NMPOYHO-

JHeprusa eguHoin cetn N°2 (77), 2025

OCLIMJI0TPAMMbI C MUKPONPOLECCOPHbIX TEPMUHAJIOB PENEMHOI 3AUIMTbI NOLCTAHLYW NIPU JIYTOBOM 3AMBIKAHUI HA 3EMJII0 B CETH 10 KB
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0Bo3Hauems: a) C U30AMPOBAHHO/ HEATPaNbIO; 6) NOCAE YCTAHOBKM HU3KOOMHOTO pesucTopa.

CTV OCHOBHOW M30NALMI; BO-BTOPbIX,
npv CTPOroM COBMIIOAEHNUM U KOHTPO-
fle TeXHOMOMMM MOHTaxa; B-TPeTbuX,
npv nepexofe K WagawmM 1 Hepas-
pylialolnM  MeTofaM  NpoBepKu
N OLEHKM TEXHWUYECKOro COCTOAHMS;
B-4ETBEPTbIX, YTO WCKIIOYUTENBHO
BaXXHO, MpUW peannsaumnm KoHuenumm
«noboe 3amblkaHne, 1 ogHodasHoe,
1 KOpPOTKOE, CYNTAEM aBapUMHbBIM CO-
BbITnem m BeicTpo oTkAloYaeM».

2. KomneHcaums eMKOCTHOro Toka
C MOMOLLbIO Ayroracsilux peakTo-
pOB BHIMOMHAETCH Kak knaccuye-
CKWI BapuWaHT 3a3eM/leHus Hei-
Tpanu, paccuuTaHHbI Ha paboTy
ceTtv ¢ yaepxaHuem 033 Ha Bpemd
ero noucka v nepekavYeHnin no-
Tpebutensa. OpHako  adbdekTVB-
HOCTb KOMMeHcauuw B  peaKux
Cnyydasx MOXHO MpU3HaTb YAO0B-
N1eTBOPUTENbHOW  MPU  3HaYeHu-

Ax eMKocTHoro Toka 6onee 100 A.
B cetax 6-20 (35) kB 3avactyio
aKkcnayaTupyloTcs kabenn ¢ u130-
nauven n3 ClM3, He obnapato-
e CBOMCTBOM BOCCTAHOBIEHUA
3MEeKTPUYECKOW MPOYHOCTU  M30-
aauun - no Tpebyiolime  oTkoYe-
Hua mwoboro 033, yTo HopMaTMB-
HO 3akpenneHo B n. 619 T3 3CC
PO®. AnanoruyHoe TpeboBaHue Mo
NCKITIOYEHUIO OJIUTE/IbHOMO BO34ei-

35



I 5/E<TPUYECKVIE CETU

. [opoackue

CTBMS AYroBbIX MNepeHanpskeHnit
cneflyeT NpenbsBAATL K CETU C CU-
JIOBbIMU U U3MEPUTENBHBIMU TPAHC-
bopmaTopaMu ¢ AUTOM KOoMNayHAM-
pPOBaHHOW M30MALMNEN.

kabenbHble cet
6-20 (35) kB c yuetoMm ycnosuit Ha-
LeXHOCTU 1 be3onacHocTn Leneco-
obpa3Ho nepeBoauTb Ha bbicTpoe
oTK/ItOYEeHVEe Bcex 0ofHOda3HbIX Mo-
BpexaeHui no aHanorun ¢ K3. Mpo-
CTbIM M HaJeXHbIM cnocoboM 3aLu-
Tbl M30A5LMKN 1 cOepexeHns pecypca
0bopynoBaHUs CAYXWT HU3KOOMHOE
pe3nNCTUBHOE 3a3emMsIeHne HerTpanu
C aKTVBHbBIM TOKOM B A€CATKMN U COTHY
amnep. KnioyeBbiM NpenMyLLecTBOM
TaKoro pexvma eaBAseTca npemy-
npexaerne K3 [passutma 033),
UCKIIIOYEHME TEPMUYECKMX W 3dnek-
TPOAMHAMMYECKUX BO3LENCTBUA —
cbepexeHue pecypca obopyaoBaHus,
KOMMYTaLMOHHOr0 pecypca BbIKI0-
YyaTenew.

. OnbiT BHeLPeHnda U 3Kcrayataunn

HW3KOOMHOIO  pe3UCTMBHOIO  3a-
3eMfleHns B TOpoAckux kabesb-
Hbix ceTax 6-20 (35) kB nonHocTbio
NnoATBepXAaeT OXuaeMble NoJo-
XuUTeNbHble 3pdekTsl — KpaTHoe
CHVXEHME KONMYecTBa aBapUHbIX
OTK/IIOYEHUN,  TAXECTU  MOBPEX-
LeHna obopynoBaHus U BpemeHu
BOCCTaHOBUTENbHbIX PEMOHTOB.
Bnarogaps ABP npowucxogut Bbi-
CTpbIi «MOAXBaT» MUTaHUS mnoTpe-
butenen nocne otkaoderna 033,
noBbIlWaeTcs HabnofaeMocTb
W ynpaBnsieMocTb CeTu, a Takxe
obecneyrBaeTcs BbICOKWI ypOBEHb
aneKTpo- U noxapobesonacHocTy,
4TO KpaiHe aKTyanbHO ANs YCNoBUM
FOPOACKOW 3aCTPOVIKM.
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