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YerBepras Beepoccuiickass Hayuno-rexnnyeckas KoHpepeHIus
"OI'PAHAWYEHHUE MMEPEHATIPSIKEHW. PEXXUMBI 3A3EMJIEHUASA HEATPAJIN.
3JEKTPOOBOPYJIOBAHUE CETEM 6-35 kB"

Baraes /JI.B., Benymuii nn:xenep YIPIO OAO «BoTT'K»

OIBIT DKCIVIYATAIIMA BBICOKOOMHBIX PE3SUCTOPOB
B CETSIX 6-35 kB OAO «Bosxckast TI'K» r. Caparos

IlepenanpsizkeHus ABJISIOTCH NPUYNHON MOBpexkIeHns 00opyaoBanus cerei 3-6-10-35 kB

B cersix 6-35 kB onHOW W3 TMPUYMH MOBPEXACHUS W3OJSIUU 3JICKTPOOOOPYNAOBAHUS U JIMHHMA
SIBJISTFOTCS TIEPEHAIPSKEHUS. 3HAYUTEIbHYIO OO0 KOTOPBIX COCTABIISIOT BHY TPEHHHE NIEPEHAITPSHKEHHUSL
Takue nepeHanpsKEHUS ONACHBI HE TOJIBKO CBOCH IITUTEIFHOCTHIO, KPATHOCTHIO, HO M IIHPOTOM OXBATa
CEeTH, TO €CTh OJJHOBPEMEHHBIM BO3/ICHCTBUEM Ha HECKOJIHKO M3OJIAIIMOHHBIX KOHCTPYKITHA.

JlaHHBIC TIEpEHAINpPSDIKEHUS MOTYT BBI3BIBATH Pa3pyIICHUS HU3OJSAIUU OO CIOCOOCTBOBATH
HAKOIUICHUIO U Pa3BUTHIO B Hell AedekToB. OmacHOCTh BO3JACUCTBHS MEPEHANPSHDKCHUI 3aBUCUT OT
YPOBHS U3OJISIIIUH TEX WM UHBIX 3JIEMEHTOB 000pyaoBanus ceTu. OCOOEHHO YaCThIMH, UMEIOIITUMU
OOJIBIIYIO JJIUTEIHLHOCTD U OXBATHIBAIOIIMMHE BCIO CETh SIBIISIIOTCS KOMMYTAIIMOHHBIE TTEPEHAIPSDKEHIS,
o0ycoBiIeHHbBIE OAHO(DA3HBIMH TyTOBBIMH 3aMbIKaHUSIMH Ha 3emutio (O13).

OaHuM HM3 OCHOBHBIX (DAaKTOPOB, BIUSIONIMX HAa YPOBHU NEPECHANPSIKECHUH, SBISCTCS PEKUM
3a3€MJICHUSI HEUTPAJIU CETH.

Cetn 3-6-10-35 kB, s3xcruryaTupyemsie B Poccuiickoii @enepannu

Cetu 3-6-10-35 kB, skcmiyarupyembie B Poccutickoit denepanuu, TpaaullMOHHO HWMEIOT
M30JMPOBAHHYIO0 HEUTPaJIb MM HEUTpab, 3a3eMJICHHYIO uepe3 ayroracsmuii peaktop (II'P).

JIs1 TakuX ceTeu XapaKTepeH LEbId P HENOCTATKOB:
- BBICOKME YPOBHH JYTOBBIX NEPEHANPSIKCHUN MPU OAHO(A3ZHBIX 3aMBIKAHHUIX HA «3EMITIO,
Han0oJIee OTIACHBIX JJIT 000PYI0BaHUS MU OCOOCHHO JIJISI BBICOKOBOJIBTHBIX AJICKTPOIBUTATEIICH;
- HECEJICKTUBHOCTh CYLIECTBYIOLIMX 3AIUAT JIs ONPENETICHHS MECTa 3aMbIKAHHUS Ha «3EMITIO» TIPU
HACTPOECHHBIX B «pe3oHancy JII'P, uTo BeneT k He0OX0IMMOCTH MTOOYEPETHBIX OTKIIIOYCHHN (DUIEPOB U
KakK CJICJICTBHE K PaCCTPOMKH KOMITCHCALINH, U TAJIbHENIIEH ICKAJIAlluU ITEpECHAIIPSKCHNMN;
- neperpeB u nospexaeHue OIIH npu [UIMTENbHBIX 3aMBIKAHUAX Ha «3EMIIO», @ TaKXKe MpHU
PE30HAHCHBIX SABJICHUSIX HAOIIOAEMBIX B 3TUX CETSX.

B HacTosiiee Bpemsi 1Jisl MOBBIICHUS HaAexKHOCTU ceTel 3-6-10-35 kB B psane sHeprocucrem, a
TaKke B Ta30BOM M HEPTAHOW MPOMBIIUICHHOCTH Poccuu, Hayanoch MPUMEHEHHE PE3UCTUBHOTO
3a3eMJICHUS HEUTPaIH MPU TTOMOIIN «BBICOKOOMHOTO0» JTH00 «HU3KOOMHOT0» pe3uctopa. [ Ipumenenre
PE3UCTUBHOTO 3a3€MJICHHSI CTAJI0 BO3MOXKHBIM, B TOM YHUCJIE U OJ1aroaps HOBeIM peaakiusam [1YD u
I[ITD. Cempmas pemakmus [1YD (mm. 1.2.16, 4.2.166), IITD — 2003 roma mn. 5.11.8. Heobxomumo
OTMETUTh, 4YTO B cerax CH aTOMHBIX 3JEKTPOCTAHUMN PE3UCTHBHOE 3a3€MJICHUE HEWTpaIu
ocymectpisiercs ¢ 1988 r. B coorBercTBum ¢ [[UPKYJISIPOM II-01-88 ot 23.09.1988

Pemrenune HTC PAO «EJC Poccun»

Pemennem HTC PAO «EDC Poccun» (ITporoxosn Ne 15 3acemannss HayduHo-TeXHUYECKOTO COBETA
OAO «uxenepnsiii Lleatp EDCy»), npomeamero 10 mapra 2004 roga, Opi1a OTMEUEHA aKTyaJIbHOCTh
PE3UCTUBHOIO 3a3eMJieHHs Heutpaiu B cerax 6-10-35 kB m maHo mopydeHne COOTBETCTBYIOIIUM
opraHm3anusM pa3padboraTh HallMOHaNbHBIA CTaHIAPT B COOTBETCTBHH C HOBBIM 3aKOHOM P® «O
TEXHUYECKOM PEryIUpoBaHUM». [Ipn 3TOM, OIUpasich Ha OIBIT SKCILUTyaTalluy PE3UCTUBHOIO 3a3€MIICHUS
B paszinuHblx 3Heprocucremax U B OAO «I'A3IIPOM». Crnenyer OTMETHUTh, YTO HHCTUTYTOM
«BHUUI'A3» paspabotan BemoMcTBeHHBINH pykoBoasamuii gokymeHT misi OAO «I"A3ITPOMy:
«Metoaudeckue yka3aHus 1Mo BEIOOPY pekrMa 3a3eMIICHHsI HeTpaseil B ceTsax HanpsbkeHuem 6-10xB
npeanpusituii OAO «I"A3ITPOM».
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IIpuMeHeHue pe3UCTMBHOIO 3a3eMJIEHN /IJIs1 YMEeHbIIIEHUs1 YPOBHell nepeHanpsikenuii B cetu CH
6 kB Jureascckoit TOLL-3 (B HacTosimee Bpemst pusmmaa OAO «Bomxckas TT'K)

YpoBeHBb MOBPEKIAEMOCTH IIEKTPOTEXHUUECKOTO 000PYI0BAHUS HA TETUIOBBIX AJICKTPOCTAHIIUX
YUYUTBIBasl YCJOBHUS JKCIUTyaTallil OOOpPYAOBaHHS, JOCTATOYHO BBICOK. C TomaMu MPOUCXOIMT
HEYKJIOHHO€ CHIDKEHHE DJJICKTPUYECKONM TPOYHOCTH HM3OJSAIHMH  Kabeneil, o0opyaoBaHUsS
pachpeeNTEeNbHBIX YCTPOWCTB U BBICOKOBOJIBTHBIX 3JEKTpojBurareneid. [Ipm BO3HUKHOBEHHH
oHO(A3HBIX TYTrOBBIX 3aMBIKAHUHN JCHCTBYIOIIME B CETH JYTOBBIC MEPEHANPSIKCHHUS MPHUBOIAT K
OJTHOBPEMEHHOMY BBIXOJIy U3 CTPOSI HECKOJIBKO eTMHUI] 000opyaoBanus. Hanbosee cirabbiM 3B€HOM B
STOW WLENH SBISIOTCS DJCKTPOABHUTaTeNId yPOBEHb H3OJALMH KOTOPBIX HIDKE, YeM Y IPYroro
obopynoBaHUs.

JU1sl MCKITIOYEHUsT TaKUX aBapUMHBIX cuTyaruil Ha DHrenbecko TOLI-3 B 1999 rogy TexHnyeckum
coBeToM CapaTOBCKOW HEPTOCUCTEMBI OBLIO MPUHSITO PEIICHUE O I[EJIECO00PA3ZHOCTH TPUMEHECHUS
BBICOKOOMHOTO PE3UCTOPHOTO 3a3eMJICHUS ISl HelTpasu cetu cooctBeHHbIX HYk (CH) 6 kB.

Boi0op pe3ucropos s cetu 6 kB CH Jurenascckoi TILI-3

[IpoBenst nmpenBapuUTENbHBIA aHAJIN3 CXEMbl U BBIIIOJHUB PACUETHl YPOBHEN IEPEHANPSIKECHUN C
UCIONB30BaHueM nporpammbl « MADCy» ais pa3snuyHbIX PEKUMOB paOOTHl CETH, CIIEHUATUCTAMU
Caparosckoii aHeprocuctems! u «[THIT BOJIM/]» ObuT0 Ipe1IoKeH0, YCTAaHOBUTE Ha KayK/IOM CEKITUH TIO
nBa pesucropa. [lo omHOMy pesuctopy B HeliTpans TpanchopmaTopoB TCH 6/0.4 co ctopons 6 kB,
HoMuHainoM R =1,7 kOM. puc.1. Takoe penieHre npeanonarajo CHU3UTh YPOBHH MEPEHAPSKEHUIN B
cetn 6 kB CH npu BoznukHOoBeHnn OJ/I3 m HamaguTh pabOTy TOKOBOW 3aIIMTHI OT 3aMbIKaHHS Ha
"3emuto". YpoBeHb nepeHanpspkernit mpu OJ13 B COOTBETCTBHH € TIOCTABICHHOM 3aa9€H JIOTHKEH ObUT
ObITh OorpannveH BenmumHOW 2,5U(, a TOK 3aMbIKaHHS Ha «3EMJIO» JOJDKEH OBITh JOCTaTOYHON
BEIIMYMHBI U1 cpabaThIBaHUS TPOCTOW TOKOBOW 3amuTH. J[Ba pe3ncTopa Ha KaXKJIOH CEKIWH,
MOAKIIOYCHHBIE K HEUTpalnu pa3HbIX TpaHC(HOPMATOPOB, OOECIIEYNBAIOT 00JIE€ BHICOKYIO THOKOCTh
CXEMBI U COXPAHSIOT MPU ITOM HEOOXOIMMBIN YPOBEHb OTpaHWuYeHus nepeHanpsukeHuit npu O/13.
PesucTopsr 6p1TH TPUOOPETEHBI, YCTAHOBIECHBI U BBEJICHBI B OKCILTYaTAIMIO C YYETOM MECTHBIX YCIIOBHIA
B KPYCH 6 kB (puc.2). [lonkmroganuck pe3uctopsl k Hewtpansm TCH 6/0.4 yepe3 pa3beTMHATEIN.

¢ ¢eKTUBHOCTH NPUMEHEHHS Pe3UCTUBHOI0 3a3emJieHns B ceTu 6 kB CH Durenbcckoi

D¢ hHeKTUBHOCTh TMPUMEHEHUS] PE3UCTUBHOTO 3a3eMJICHUS HEWTpaiau ObUla IOATBEPIKICHA
skcnepuMeHTanibHO. HaTypHble ucnbitanus u usmepenus B cetn 6 kB CH Onrenbcckoit TOLI-3.
npoBoamtrch B 2002 romay. [l m3MepeHus nepeHanpsoKeHuit npu uckyccrsenHoM OJ13 ObLia BeizierieHa
C YCTaHOBIICHHBIM 000pyaoBanueM cexkuus 7p (puc.l). Cekuust 7p mpu MPOBEACHUH YKCIIEPUMEHTA
nuTanack ot otaenabHoro Tpanchopmaropa (TCH-24). Perucrpanus nepenanpsokennii npu O[3 Ha
CEKLNH 7p IPOBOAUIACH C N30JIMPOBAHHON HENTPAJIBIO, HEUTPAJIBIO 3a3€MIICHHOMW YEPE3 OZIMH PE3UCTOP U
HEUTpabIO 3a3€MJICHHOW Yepe3 JBa pe3ucropa. J[amHbie skcriepuMeHTa npuBeacHbl B Tabmuie 1.
BennurHa €MKOCTHOIO TOKa 3aMBIKAHUS HA «3€MJII0» CEKIIMU 7p HAa MOMEHT U3MEPEHUN COCTaBUIIa
2.53 A.

CxeMa noak/iro4eHusi N3MepuTeibHOU annaparypsl B cetn 6 kB CH Jureascckoit TILE-3

K mmram CH 6 kB cexmuu 7p moakiroyasach M3MEpUTEIIbHAS allliapaTypa, BKIFOYAroIIas B ceOs
€MKOCTHBIE JICTUTENN HAMPSKEeHUs, TH(PPOBON N3MEpUTETBHBIN OCIIIIorpad ¥ CreMaibHbII HCKPOBOM
npomMexkyTok s coznanus O/[3. Cxema nmoakiiroueHus mpuBeicHa Ha puc. 3.

[Ipu uCTIBITAaHUSIX WCMONB30BAJICS JABYXKAaHAIBHBIN ocumuiorpad, mo3ToMy OJHOBPEMEHHO
PETUCTPUPOBAINCH HAMPsDKEHHUS  TONBKO B JABYX (azax. Jlms perucrpanuum MaKCHMAalIbHBIX
MIEPEHATIPSKEHHUH TTPH AYTOBBIX 3aMBIKAHUAX JICTUTEIN HAMIPSHKCHHSI yCTaHABIMBAINCH B (ha3ax «A» u
«C». T.e. mepeHanpsHKeHUsT U3MEPSUTHCh Ha «3I0pOBBIX» (pazax «A» u «Cy. 3a30p HMCKPOBOTO
MIPOMEXKYTKA BEIOMPAJICS TAKUM 00pa3oM, 4TOOBI TPOOOH MPOMEKYTKA MMPOUCX  OAMI BOIM3H MaKCUMyMa
¢asnoro nanpspkerus. U1 ycranaBnmuBancs B dazy «By.



B xoze skcniepumenTa 3apuKCUPOBAHBI MPOIECCH] C TOBTOPHBIMH MPOOOSIMU MMPOMEKYTKA U
MOTACaHUEM JIyTH, TOJJ0OHBIMH TyTOBOMY 3aMBIKAHHIO C MEPEMEKAIOMIEHCS TyTOM.

BemunHbl 3aperncTpUpPOBAHHBIX NepeHanpsi:keHuii U nx kpatHoctu npu O/3

Taobmumna 1
Pexum HeliTpaau cetu 6 kB MaxkcumanbHasn Kpartnocts KpartHoctb
CH KPYCH-6kB cexuumn 7p BeJIMYUHA NepeHANPSKeHNH, | NepeHanpsiKeHui
IIpY NIPOBEIEHUU SKCIIEPUMEHTA HepeHa“pﬂmeHnﬁ ,
3apPETUCTPUPOBAHHBIX 3apCrucCTpupOBaHHBIX 10 pacyeTaMm
npu OJ13 pu O/13, MIEPEXOAHBIX MIPOIIECCOB
(aMIIUTYIHOE 3HAY.), Ha [I9BM,
kB o.e. o.e.
N3onupoBannas 1437 29 3.0
3azemieHa yepes 1 peauctop
P3-1700-10-6 R=1,7 xOm, 10.62 2.3 2.3
3azemiieHa uepes 2 pe3ucropa
P3-1700-10-6 R=0,85 xOm, 10.0 2.04 2.2

PacnipocTpanenue onbITa 3KCIUIyaTAMU PEe3UCTUBHOIO 3a3eMJICHUS] HEHTPaIu

YuuTeiBas MOJOXKUTEIBHBIE PE3YyJbTaThl IKCIEPUMEHTOB mpoBereHHbIX B cetu CH 6 kB
Ourenscckon TOLI-3, a Taxke 4-X JIETHHMIA OMBIT KcrTyaranuu, B 2004 roxy paboThl 110 BHEAPESHHUIO
PE3UCTUBHOTO 3a3eMJICHUS HEUTpajield pemeHo Obuto mpoaokuTh. Beero ¢ 1999 mo 2005 roas! B
CapaToBCKOI1 SHEpProcUCTEME OBIIIO YCTAHOBIIEHO 26 PE3UCTUBHBIX YCTAHOBOK B PACHPEICIUTEIbHBIX
YCTPOMCTBAaX TPEX TEIUIOBBIX dJeKTpocTaHmmsax TaOmuma 2. [IpudeM BBICOKOOMHBIC PE3UCTOPBI
YCTAHOBJICHBI HE TOJILKO B CE€TH C M30JUPOBAHHOW HEUTPAJbI), HO U B CETU C KOMIICHCUPOBAHHOU
HEUTPAJIbIO, TApAIEIBHO Ayroracamum peakropam I P.

Peanu3anus pe3ucTHBHOIO 3a3eMJeHHs HeliTpaau B ceTsix 3-6-10-35 kB CapaToBckoii 3HeprocucreMsbl

Tabnuma 2
XapakTepucTHUKH T'o Pexum
T pe3ucTopa CT);- HEUTpanu
1 U P R Kou- MecTO YCTAHOBKH y CETH JI0
Pe3ucropa HOBK
HOM, | HOM, | HoOM, BO . YCTaHOBKH
kB KBT OmMm pPE3UCTOPOB
P3-1700-10-6 Ourenbeckas TOI-3
Puc. 2 6 10 1700 12 (cers CH 6 kB) 1999 H3oauposan
P3-4000-102-35 Capatosckas [POC
Puc. 4 33 102 1 4000 8 (kabenpHas cethb 35 kB) 2003 Komnencup
P3-800-15-6 Capatosckas TOILI-2
Puc. 5 6 15 800 3 (cetb 'PY-6 kB+cets CH 6 kB) 2004 Kommencup
Capatosckas TOLI-2
P3-2000-6-6 6 6 2000 2 (cets CH 6 «B) 2004 H30aupoBan
Puc. 5.1
P3-3000-12-10 Caparosckas 'PIC

10 12 3000 1

Puc. 6 (Baok Ne 3) 2005 N3onuposan




AHaJju3 padoThl ceTell ¢ pe3ucTUBHBLIM 3a3eMJIeHHeM HeHTpan
[Tocne mpoBenenus ananmza paboTsl cereld CH TEmIoBBIX AIEKTPOCTAHIINNA C PE3UCTUBHBIM 3a3EMJICHUEM
HenTpanu Tabnuia 3 ObITH MOTYYECHBI CIETYIONINE PE3yIbTATHI:

- Ourenbcckass TOIL-3 — no ycranoBku pe3uctopoB, B cetu CH 6 kB, B cpenHeM exerogHo
MOBPEXKIATOCH 0 1 BBICOKOBOJBTHOTO AJIEKTPOJABHUTATENS B TOJ, MOCIE YCTaHOBKH PE3UCTOPOB
MTOBPEKICHUSI AJICKTPOIBUTATEIICH ABUTATEIICH TPEKPATHUIIHCE;

- CaparoBckas TOII-2 — 1o ycTaHOBKH pe3ucTtopoB, B cetu CH 6 kB paboTarorieii mapamieibHO ¢ CEThIO
I'PY-6 kB, B cpeiHeM €XeroJHO MOBPEKIATOCH 10 2 BHICOKOBOJIBTHBIX 3JICKTPOABUTATEIIEH BTOI, TIOCIE
YCTaHOBKH PE3UCTOPOB B IMOBPEIKICHUSI IBUTATEIICH MPEKPATUITUC.

KoaundecTBo JiexkTpoasurareneii 6 kB noppequsmuxcs B padore Ha CapaTosckoii TOI-2 u JHrenbcckoii
TIL-3 3a nepuoa ¢ 1994 no 2005
Tabnuma 3

Duimaire Kom-Bo

OAO «BoTI'K» 9]1 6 kB
HAXOIAIINAXCS
B 9KCIUTyaTAIIH

1994 | 1995] 1996 | 1997 | 1998 | 1999 | 2000| 2001 | 2002 | 2003 | 2004 | 2005 | UTOI' O

Caparosckast TO1I-2 110 2 1 6 2 2 3 4 1 21
Ourensceckas TOILI-3 65 3 1 1 1 6
BbiBOaBI:
L. Pacuetsl, mpoBoumbie Ha [IBOM ¢ mOMOIIBbI0 COOTBETCTBYIOIIETO IPOTPAMMHOTO 00ECTICUEHUS,

MO3BOJISIFOT C JOCTaTOYHO BBICOKOM TOUHOCTBIO OIPECIISTh YPOBHHU IIEPEHANPSIKEHHUM B CETH J10, U TIOCTIE
YCTAaHOBKH PE3UCTOPOB U COOTBETCTBEHHO MPABUIHLHO MOA0UPATh HOMHHAIIBI PE3UCTOPOB. Pe3ymbrars
M3MEpEHUN TepeHanpsKeHUH U Pe3yIbTaThl pacyeTOB NEpexoIHbIX mporieccoB nmpu OJ13 cosmanaro, uro
MOJITBEPKIACT MPABMIIBHOCTh METOJOJIOTUIECKHX TTOXO0/I0B.

2. KpatHocTH 3aperucTpupoBaHHBIX NEPEHANPSKEHUN MTPU TPOBEACHUN HATYPHBIX UCIBITAHUN
MMOKA3bIBAIOT, 3HAUUTEIILHOE YMEHBILIEHHE YPOBHEN nepeHanpsbkeHuil B cetssx CH anexkTpocTaHumid.
BricokoOMHOE pe3UCTUBHOE 3a3eMJICHHE TIO3BOJISIET 2(PPEKTUBHO OTPaHNYUBATH TIEPEHATIPSHKEHHS TIPU
O/13 o 6e30macHOT0 YPOBHS TS U30JISIIAN JICKTPUUICCKUX MAIIIHH.

3. [Ipumenenune pesuctopoB B cetn CH mo3Bonser 3HauuTensHO oOserduTh padoty OITH,
YCTaHOBJICHHBIX Ha CEKIUSX IIWH JIJIS 3alTUThI OT KOMMYTAIIHOHHBIX TIEPEHATIPSKESHUMH.

4, HpI/IMeHeHI/Ie PE3UCTUBHOI'O 3a3CEMJICHUA ITO3BOJIACT O9KOHOMHUTDL CPEACTBA, KOTOPBIC MOITIN OBITh
IOTPAaYCHLI HA PCMOHT U HpI/IO6pGTeHI/Ie BBICOKOBOJIBTHBIX BHCKTpOHBHFaTeHGﬁ.

S. [Tocne ycranoBku pe3uctopoB B cetu 6 kB CH nosiBuiiack BO3MOXKHOCTH CI€TIaTh TPOCTYIO U
CEJICKTUBHYIO 3aIlIUTY OT 3aMbIKaHUH Ha «3E€MJIK0», B TOM YHUCJIE U B CETAX C KOMIIEHCAIME EMKOCTHBIX
TOKOB 3aMBIKaHUs Ha <«3€MJI0» IPU HACTPOCHHBIX B «pe3oHaHc» JII'P. B 3aBucumocTtn or
TEXHOJIOTHYECKOTO IpoIiecca padoTy TaKOH 3alIUThl MOKHO HACTPOUTH HA OTKIIFOUEHNE WIIM CHUTHAJL
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