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O 3ABO/IE DQHEPI'O3AIIIMTHBIX YCTPOMCTB

3aBOJ1 SHEPrO3aAIUTHBIX YCTPOMUCTB — OJTHO U3 BEyIIMX npeanpusatuid Poccun mmo
MPOM3BOJCTBY SHEPro3allUTHOTO 000pya0oBaHHUs. MBI NPOU3BOAUM OTPAHUYUTENN
NepeHanpsHKeHU BCEX THIOB, JJIS BCEX KIIACCOB CETEM M BO BCEX BUAAX H3OJIALIMH
UCTIONB3YSl HEJIMHEWHBIE DSJIEMEHTHl (BapUCTOpPbI) COOCTBEHHOTO HW3TOTOBJICHHS.
OprkoMHTETOM  MEXAYHApOJHOM BBICTaBKH "OJnekTpuueckue cern Poccun",
npoxoausiueid B Mockse B gexadpe 2006 roxa, ycnexu AO "3aBosa 3HEpro3aniuTHBIX
ycTpoiicTB" B oOnactu pa3pabotku u npousBojctBa OIIH Ha ocHOBE COOCTBEHHBIX
BapUCTOPOB OBUIM OTMEUYEHBI CEPEOpPSHON MeAanpl0 M JOUIUIOMOM 2-creneHu. Ha
BBICTABKE OBUIM IPEACTABIEHbl BCE BEAYyIUME NPEIUPUITHS BIEKTPOTEXHUUYECKOU
OTpaciIy, 4TO JI€JAeT Harpaay OCOOEHHO OYETHOM.

CriocoOHOCTh OrpaHUYMTENEH NepeHanpsKeHU 00eceYynTh HAJSKHYIO 3aIIUTy
3JIEKTPOCETEBOr0 000PYA0BaHUS ONPEIEIISETCS KaYeCTBOM BapUCTOPOB, UCIIOJIb3YEMBIX
11 KoMIuiekTanuu anmaparoB. AO "30V" ¢ mepBbIX HEW CBOETO CyIIECTBOBAHUSA
yAEJSET 3TOMY Bompocy ocoboe BHuMaHue. [llupokuit kommieke npoBeaeHHbIX B AO
"30V" ucnelTaHUl M KCCIEIOBAHUM BapHCTOPOB PA3HBIX IPOU3BOJIUTENICH, a TAKKE
ONBIT MX MNPUMEHEHHMs, MOKa3aJl, YTO XapaKTEPUCTUKU BAPUCTOPOB AAKE BEIYIIUX
MHUPOBBIX (UPM MOTYT CYIIECTBEHHBIM 00pa3oM MEHSThCA M3-3a HApYIICHUM YCIOBUMA
XpaHEHHs] B TPOLECCE MHOIOMECSAYHOM TPAHCIOPTUPOBKM OT M3TOTOBUTENS K
OTEUYECTBEHHOMY MOTPEOUTENIO, KOMILIEKTYIOIIEMY U3 3TUX BAPUCTOPOB OIPAHUYUTENH
nepeHanpsukeHuii.  I9To  o0cTosTeNbCTBO  BhIHYIWIO AO  "30VY"  pazpaboraTth
TEXHOJIOTHIO U OPraHU30BaTh COOCTBEHHOE IIPOU3BOCTBO BAPUCTOPOB.

VYHuKagbHOE COOCTBEHHOE MPOMBILIUIEHHOE IPOU3BOJICTBO BapuctopoB AO
"3aBoJ DSHEPro3alMTHBIX YCTpOoMCcTB", opranuzoBaHHoe moa Caunkrt-IleTepOyprom,
MI03BOJIWIIO:

— OTKa3aThCs OT 3aKYIOK 3a pyOekoMm;

— o0ecneynTh BBICOKOE KaueCTBO U cTabmIIbHOCTD XapakTepuctuk OITH "329V";

— cJenath TMPOCTBIM M yJOOHBIM IMOCEIIEHUE HAIIer0 MNPEINpUITUS BEAYLIUMHU
CHELUAINCTAMH OTPACIIU U, CIEHOBATEIbHO, OPraHU30BaTh JJII HUX BO3MOKHOCTH
3HAKOMCTBA CO BCEMH dTanamu 1ukia npousBoactsa OITH "30V".

PykoBOACTBO 3aBOja yJEnsieT CEpPbE3HOE BHUMAHHME KAyECTBY BBIITYyCKaeMOM
npoaykiuu. Cpenu Mep, HalpaBJIEHHBIX Ha 00ecreYeHne BRICOKOTO KauecTBa, CIeayeT
OTMETHTH:

— BHEApPEHHUE JIEUCTBYIOIIEH Ha NPEANpUATAA CHCTEMbl MEHEI)KMEHTa KadyecTBa
npoaykiuu, orBevaromieit pedosanusm 1SO 9001;

— OCHAIllEHHWE 1E€XOB 3aBOJIa MCIBITATeIbHBIMU YCTAaHOBKaMH, OOECHEUYHBAIOIINMU
BO3MOYKHOCTbh KOHTPOJISI KAYECTBA TPOYKLNH;

— BBEJEHUE BXOJHOTO KOHTPOJII KayecTBa BCEX HCIOJIb3yEMbIX B IPOU3BOJCTBE
MaTepHaoB;

— KOHTPOJIb BCEX OCHOBHBIX TEXHOJOTUYECKUX ONepaliii MpOM3BOJCTBA U COOPKH;

— 100% BeIXOAHOW KOHTPOJIb BhIITycKaeMbix OITH.

He cayuaiino nponykuus AO "3aBoa 3HEPro3aliUMTHBIX YCTPOMCTB' MOJTydHiia
CTOJIb IIMPOKOE MMPU3HAHUE Y TOTPEOUTEIEH.
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BBEJAEHUE

B mnacrosimee Bpemsi, Korja OOJBIIMHCTBO BEHTUJIbHBIX pa3psaaHukoB (PB),
HaXOJISIIIUXCS B HEPrOCUCTEMAX, BBIPA0OTAIO CBOUM PECypC, a UX BBIMYCK MPAKTUYECKU
IpPEKpalieH, OCOOEHHO AaKTYaJIbHBIM SBJSETCS BONPOC 3aMEHbI PA3PSAHUKOB Ha
orpaHuunTenu rnepeHanpsbkeHuit  HenmuHewnble (OITH). Kpome Ttoro, Oosnbmias
notpebnocts B OIIH wumeercs HE TONBKO Ha ACUCTBYIONMX OOBEKTaX, HO M Ha
cTposiuxcs. ECTECTBEHHO, YTO Y MPOEKTUPYIOIIUX U KCIUTYATUPYIOIIUX OPraHU3aluil
BO3HUKAIOT MHOTOYMCIIEHHBIE BONIPOCHI 10 npuMeHeHuto OITH. Cpeaun npounx, BaxKHOE
MECTO 3aHMMAaIOT Borpockl BeiOopa OITH.

Ecnu s BEHTWIBHBIX PAa3psSAHUKOB CYILIECTBOBAJIO HECKOJBKO OCHOBHBIX
TUIIOB, YTO OBUIO JIOCTATOYHO yAOOHO, TO B HacTosiiee BpeMs npousBoautenu OITH
NpEeIaraloT MUAPOYANIIYI0 HOMEHKIIATYPY HPOAYKIMHU, MOPOKAAIONIYI0O U3BECTHYIO
npo6iemy Beioopa OITH.

B Poccun yxe HakoruieH 3ameTHbld onbIT npuMmeHeHust OITH. Kazamocw Obl,
JIOCTATOYHO COTIOCTaBUTh PE3YJIbTAThl HAYYHBIX UCCIEIOBAHUN U PACUETOB TPeOyeMbIX
XapaKkTepUCTUK C MOCIEIYIOIMMM OIBITOM 3KcIUTyaTanuu BbiOpaHHbix OIIH, BHecTu
HEOOXOJIMMbIC MPABKU B pPacyETHbIE MPOTrpaMMbl U MOXKHO pa3padaThiBaTh METOIUKY
BbIOOpa anmapatoB. OpHako yxe Ha crtaaud cOopa wuHbopmamuu o0 OIbITe
DKCIUTyaTalluM HMEIOTCS  3HAYUTEIbHBIE TPYAHOCTH. Jlemo B TOM, YTO HHU
sHeprocuctemMbl, HU mpousBogutrenn OIIH He cnemar aenuTbes CBEICHUSIMH O
KOJIMYECTBE U YCJIOBUSX, MPU KOTOPBIX mIpom3onuio noBpexzaeHue camux OIIH u
3aIUIIAEMOT0 MU 000PYTIOBAHUS.

B omnpenenennoit Mmepe, onbiT npumeHeHus OIIH u pe3ynbTaThl Hay4HBIX
UCCJIEIOBAHMUM OTpaKeHbI B M3BECTHBIX B Poccuu Opormrtopax [1,2]. XoTs 31U Opourtopsl
obn  omo6pensl PAO «EDC Poccum», craryca HOpMAaTHBHOTO JIOKYMEHTA, T.C.
00s13aTEHHOT0 K MPUMEHEHHUIO, OHM HE TOJIYYHJIA M HOCST XapakTep PeKOMEHIAINH.
HopMaTuBHBIM sIBISIETCS TOKYMEHT [3], OHAKO €ro MCIOJIb30BAHUE 3aTPYIHEHO M3-32
3a4acTyl0 M3JMIIHEW JeTanu3alMed B OINMCAHMM  CIIOXKHBIX IPOLECCOB IpHU
nepeHanpsbkeHusix. Meroguku Bbioopa OIIH, xoTopble mpemsiaraioT MpOU3BOJUTETN
OIIH, B monaBisitonieM OOJBITMHCTBE CIy4daeB SBIISIIOTCS 0oJiee WJIM MEHEe MOJHOU
konuewn [1,2], CylecTBEHHO pekKe OHU OMUPAOTCS HA JaHHbIE [3].

Vkazanus [1,2] u HOpMBI [3] OmyOJMKOBaHBI JIOCTATOYHO JAaBHO, M Hay4Has
OOIIIECTBEHHOCTh YK€ BbICKa3aja 3aMEuyaHus M0 3TUM JIOKYMEHTaM (CM., Halpumep,
[4,5]). He BmaBasick B JAMCKYCCHIO O CIHPaBEMJIMBOCTH WJIM HECIPABEIIMBOCTH
MOJIOOHBIX 3aMEUaHui, HY>)KHO OTMETUTD JPYroe: HECMOTpPs Ha TO, YTO aBTOPHI [1,2] u
[3] mpuIoX)uaM MakCUMaIbHBIC YCUIIHS IS yIipoiieHus Metoauku Beibopa OITH, ona
JOCTATOYHO CJIOKHA MW JJIsi TMPOEKTaHTOB, W A OJKCIUlyaTauuu. Beixonm wu3
CJIOKMBIIEHCSA CUTYAllMU BUJUTCS B UHOM MOAXOJE K MOCTPOEHUIO METOIUKHU.

Crnenyer moHUMAaTh, YTO HECIIOKHBIC PacdeThl BO3MOXKHBI TJIABHBIM 00pa3oM B
CcXeMax, CBOJAIIUXCA K OJHOJMHEHHBIM («oaHa (aza» BMecTo Tpex). Bmecre ¢ Tem
U3BECTHO [6-7], yTO, HampuMep, MPOLECCHl MPU AYrOBOM OJIHO(A3HOM 3aMbIKaHUHM Ha
3EMJIIO B CETSIX C M30JMPOBAHHON HEeWTpaiibto 6-35 kB unu, Hanpumep, Ipoueccsl Mpu
dbeppope3oHaHCce MPUHIUITUAIBLHO HEIb3 KOPPEKTHO PAacCMOTPETh B OJHOJMHEHHOU
nocTtaHoBKe. JlocToBepHbIil aHanu3 Bo3aercTBU Ha OIIH B 3TUX U HEKOTOPBIX APYrUX
CIyyasix BO3MOKEH JIMIIb B Tpex(a3HOW MOCTaHOBKE, T.€. TJIABHBIM 00pa3oM IMpu
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noJpOOHOM KOMITBIOTEPHOM MOJIEIMPOBAHUM, a €IIe Jy4ylle — NpH HATypPHBIX
JKCIIEpUMEHTax B »Heprocucteme. Mrak, pa3zpaboraTh yHpONIEHHYI0 METOIUKY IS
BbI0Opa OITH B 00mieM cinydae He OpeACTaBISETCS BO3MOXKHBIM B CHIIy OOBbEKTUBHBIX
PUYHH.

MHoroneTHuil oneIT npoBeAeHuss pacueroB no BeiOOpy OIIH B pasznmnuHbix
CXeMax dJIEKTPOCHAOKEHUS MOKa3bIBAaeT, YTO TpedyeMble AJisl 3aIlIUThl 000pyAOBaHUs
XapaKTePUCTHKU OOBIYHO BapbHUPYIOTCS B HeOombmux mpenenax. [loaTomy pacuers
OIIH uenecooOpa3HO NPOBOAUTH TOJIBKO TOTAA, KOTJAa HMEETCS BEPOATHOCTh
HATOJIKHYThCSI Ha ciydail HeoOxoaumoctu npumeHenuss OIIH ¢ xapakrepucrukamu,
3aMETHO OTJIMYAIOIIUMHUCS OT «TUIIOBBIX).

B o0coOwpix ciy4asix, KOTOpbIX B CeTSX OOBEKTHBHO COBCEM HEMHOTIO,
OKa3bIBAECTCSI TEXHUYECKM M SKOHOMHYECKH OIPABJIAHHBIM IPOBEICHUE PACUYETOB C
UCIIOJIb30BAaHUEM  CIICIIMAIIBHBIX KOMIIbIOTEpHbIX Tmporpamm (EMTP, MATLAB,
PSCAD, NRAST u nip.), MO3BOJISIFOIIUX MOJICTHPOBATH MPOIIECCHl B CETAX M OLIEHUBATH
Bo3nericTBusl Ha obopynoBanue u OITH. Ilockonbky 0COOBIX cilydaeB Majio, B 3THUX
pacyeTax He cleQyeT Nnpuberatb K KakKUM-TUOO CEpbe3HBbIM YIPOIIEHUAM. B TUIOBBIX
ClIyyasix, HalpoTHWB, B TMPOBEJECHUU pACUETOB HEOOXOAMMOCTH HET, TaK Kak
UCIIOJIb30BAaHUE M TIOJIHBIX, W YIPOIIEHHbIX METOJMK JacT 3apaHee W3BECTHBIN
pe3yJibTar — TUIoBble xapakrepuctuku OITH.

[Ipennaraemas uaeonorusa Beioopa OIIH BeceMa mpuBieKkaTenbHa, MOCKOJIBKY
TpeOyeT pacueToB xapakTepuctuk OIIH numib B HCKITIOUNTENBHBIX (0COOBIX) Clydasix,
C KOTOpPhIMH OoJiblllasi 4YacTh SHEPreTUKOB He cTaikuBaercs. [lomumo oOmein
uzaeonoruu Beidopa OITH, HeoOX0aMMO OIpenenuThCs C TEM, a KaKue XapaKTepUCTUKU
OIIH, coGctBenHo, Hamo BbIOMpaTh. Cnmcok mapamerpoB OIIH, npuBomumbix B
Karajorax MNPOU3BOAMUTENEH, OoJiee YeM COJMAHBIA: eCTh W HauOoibiee pabodee
Hanpspbkenue OIIH, u nomunanbHoe Hampspkenwe OITH (oHO 6iM3KO MO CMBICTY K
aHAJIOTUYHOMY MOHSTHUIO, IPUMEHSAEMOMY JII BEHTUJIBHBIX Pa3psSIHUKOB, U HE UMEET
HUKAKOTO OTHOUIEHUS K TOMYy, 4TO B Poccuum NpUHATO CUWTAaTh HOMHUHAJIbHBIM
HaIpspDKeHUEM O0OpYyJOBaHUS), U SHEPrOEMKOCTb, W OCTAIOUIMECS HANpsDKEHHS Ha
UMITYyJIbCHBIX TOKax pa3nuuHod ¢opmbl. Hammcannoe B kartanorax mno OITH
npeacTaBisieT co0oM, 1o cyTu, nepedeHb [8] pesynbraroB ucnbitanuii OITH, omgHako
OOJIBIIMHCTBY PHEPreTHUKOB CTOJIb MOJApoOHast nHpopmanus He Tpedyercs. [lorTomy B
ONpeJeIeHHOM Mepe BCTaeT BOMNPOC O TOM, a KaKuWe Cpeld MHOTOYUCICHHBIX
xapakrepucThk OITH sSBIsIOTCS TIIaBHBIMU U 3aCITYKUBAIOIIMMH OCHOBHOIO BHUMAaHH,
a KaK1e BTOPOCTENEHHBIMH, BO MHOTOM 3aBUCSILIMMU OT IJIaBHBIX.

Koncrpykius OITH BechMa mpocta — B €€ OCHOBE JICKUT CTOJIO M3 HETMHEHHBIX
CONPOTHUBIIEHUH (BapUCTOPOB), UMEIOLIUI JINIIb JIBE TEOMETPUUYECKHE XapAKTEPUCTUKHU
— BBICOTY KOJOHKM M ee nuamerp. OKkas3pIBaeTcsi, 4TO MHOTHE XapaKTEPUCTHKU
coBpeMeHHbIX OITH pa3nuuHblXx NOPOU3BOAUTENEH CBSI3aHBl APYr C JPYrOM U
ONPENENAI0TCS €ro HAauOONBIIMM pa0OUYNUM HAIMPSYKEHUEM (3aBUCUT OT BBICOTHI KOJIOHKHU
BApUCTOPOB) M DSHEPrOEMKOCTHbIO (3aBUCUT OT JUaMeTpa KOJIOHKH BapUCTOPOB).
[ToaToMy oOpalath BHUMaHUE HEOOXOAUMO, IPEXK]IE BCETO, HA JIBE ITH BEIUUUHBI.
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Urak, npeayaraeMplii 1 peaan30BaHHBIN B HACTOSIIMX PexoMeHaanusx moaxon K
Bb100pY OITH OCcHOBaH Ha cienyromeM:

— caydan npuMenenust OITH HeoOXxo1uMo pa3aenuTh Ha TUTIOBBIE H OCOOFBIE;

— B 0co0bIx ciydasx xapaktepuctuku OIIH omnpenenstorcss mo pesynibraram
MOAPOOHOT0 KOMITBIOTEPHOTO MOJICIUPOBAHMS;

— B OCTQJIBHBIX CITy4asiX, HE OTHOCSIINUXCS K OCOOBIM, B MPOBEJCHUU PACUETOB HET
HeoOxoaumocTH, U xapakrepuctuku OITH npuHIMAarOTCS TUTIOBBIMU;

— Cpeau MHOTHUX 3JieKTpuueckux xapaktepuctuk OITH, npuBeneHHBIX B KaTajiorax
MIPOU3BOAMTEICH, BRIOOPY ToIeKaT Hanbobiee padodee HanpspkeHue OITH u
€ro PHEPrOEMKOCTh; ocTanbHble xapakrepuctuku OITH mognexaTt nmpoBepke Ha
YAOBIIETBOPEHHUE YCIOBUSM IKCILTyaTaI[MH JIUIIb B OCOOBIX CITyYasix.
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1. HEPEHAIIPAKEHUS B QJIEKTPUYECKUX CETAX

B HOpManbHOM pexkrMe HampshKeHUE Ha W3OJSIIUM 000pYIOBaHMS HE JOJKHO
MOBBIIIATECSI CBEPX HamOoJbIIero pabodero HampsbkeHusa. Bceskoe mpeBbllieHHe
MTHOBEHHBIM 3HAUEHHWEM HANpsDKEHUS Ha HW3O0JALUU  aMIUTUTYAbl HauOOJBIIETO
paGodero HampspDKeHHs] TPUHATO Ha3blBaTh IMepeHanpspkeHueM. B OonbIIMHCTBE
CIy4acB IMIEPCHANPSKEHUS MMEIOT KPAaTKOBPEMEHHBIM XapaKTep, TaK KaKk OHU
BO3HHMKAIOT MpHU OBICTPO 3aTyXarOUMX MEPEXOJHBIX MPOLECCaX WM B aBapPHUHBIX
pekXrMax, BpeMsl CYILIECTBOBAaHHA KOTOPBIX OTrPAHUYMBACTCA JECHUCTBUEM PEJICHHON
3allUThl W CUCTEMHOW aBTOMATUKH. Pa3nuuHble BUABl IEPEHANPSIKEHUN HMEIOT
JJIUTEIBHOCTh OT E€OUHHUIl MHKPOCEKYHJ [0 HECKOJbKMX 4YacoB. Jlaxke camble
KpPaTKOBPEMEHHBIE MEPEHAIPSKEHUSI CIOCOOHBI MTPUBECTU K MPOOOIO MIIU MEPEKPHITHIO
M30JSIIMM U CBSI3aHHOM C 3TUM HEOOXOAMMOCTBIO TOCJIEIYIOIIEr0 OTKIHYECHHUS
HOBPEXJACHHOT'O AJIEMEHTA CETH, T.€. K IIepepbIBaM B 3JIEKTPOCHAOKEHUH NOTpeOuTenen
WJIM CHYDKEHHEM KayecTBa 3JIEKTPOIHEPTUN.

B 3aBucuMocTH OT MecTa BO3ZHUKHOBEHHS MOYKHO BBIICIUTH PA3JIMYHBIC THUIIBI
nepeHanpspkeHnil. Hambomnpiiee nmpaktuyeckoe 3Ha4€HHE UMEIOT MEPEHANPSIKEHNS Ha
dazax oTHocuTeNbHO 3eMid. OHHM BO3JIEHUCTBYIOT Ha M30JSILUIO, OTACISIONIYIO
TOKOBEIYIINE YACTH JIEKTPOOOOPYIOBAHUS OT 3EMJIM M 3a3€MJICHHBIX KOHCTPYKLHUH.

B 3aBucuMocTH OT NOPUYMH BO3HUKHOBCHHUS Pa3IMYalOT JABE TPYIIIbI
nepeHanpsbkeHnid [3]: BHeIIHWE W BHyTpeHHUE. BHeNIHWe nepeHanpsHkKeHHs SIBIISTFOTCS
CICACTBUEM BO3JCHCTBUSA BHEUIHUX [0 OTHOLICHUIO K pPaccMaTpUBAEMOW CeTH
VMCTOYHUKOB SHEPTHUH (HAIpUMep, IPpU yAapax MOJHUK). BHyTpeHHUE nepeHanpsHKeHust
pa3BUBAIOTCS 32  CUET  MPOLIECCOB,  OOYCIOBJIEHHBIX  (PYHKIIMOHUPOBAHUEM
IEKTPUUECKOM CETHU, UMEIOT MECTO TMpH HEONaronpusTHON KOH(UTypaluu ceTd, a
TaK)Ke BCJICJICTBUE PAOOTHI KOMMYTAIIMOHHBIX aNMapaTOB WK MOBPEKACHUN U3OJISIINH.

1.1. BHemiHMe nepeHanpsi:KeHust

['1aBHBIM  HMCTOYHHMKOM BHEHIHUX IIEPEHANPSDKEHUHM B BBICOKOBOJIBTHBIX
JJIEKTPUYECKUX CETSX SBIIAIOTCS pa3psiibl MOJHUU.

Haunboinee onacHble rpo30Bble MEPEHANPSIKEHNS BO3HUKAIOT MPU MPSIMOM yAape
MOJIHUM B TOKOBEIYIIME DJIEMEHThl JJIeKTpuueckol cet (B (ha3Hble NpoBOAA
BO3JIIIHBIX JIMHUM, B OIIMHOBKY paclpeaenuTenbHbiX ycTpoictB (PY) cranumii u
MOACTAHIIUN).

Yaap MOJHHMM B 3a3€MJICHHBIE JJIEMEHTBl KOHCTPYKUMU (B 3a3€MJICHHbBIC
IPO303aILUTHBIE TPOCHI, 3a3€MJICHHBIE OIIOPBHI BO3AYIUHBIX JUHWUN, B MOJHUEOTBOIBI,
YCTaHOBJICHHBIE B PACIPEIECIUTEIEHOM YCTPOICTBE) MPUBOJUT K BO3HUKHOBEHHUIO Ha
HUX KPAaTKOBPEMEHHBIX MEPEHAINPSKEHU, KOTOPbIe MOTYT CTaTh MPUYMHON OOpaTHBIX
IIEPEKPBITUN C 3a3€MJICHHBIX JJIEMEHTOB HA TOKOBELYILHE.

[Ipu ymape MonHMM BOJM3M OT BO3AYIIHON JTUHUHM WM PacCHpeeIUTEIbHOTO
YCTPOMCTBA BO3HUKAIOT HWHIAYKTUPOBAHHBIC TIEpPEHAIPSKEHUSI, OOYCIOBJICHHbIE
B3aMMHOM 3JIEKTPOMArHUTHON (MHAYKTUBHOM M €MKOCTHOM) CBS3BIO KaHaJIa MOJHHUH C
TOKOBEAYIIMMH M 3a3€MJICHHBIMU 3JIeMeHTaMu ceTh. OHM B OOJBIIMHCTBE CIIy4acB
VMEIOT MEHBIIYI0 BEIUYUHY, YEM IMEPEHAIPSHKEHUs OT MPsAMOro yzapa MOJIHUU, HO
IPEICTaBISIIOT ONACHOCTh JUISl M30JIALMU O0OpYJOBAaHHSA CE€Te C HOMMHAJIBHBIM
HanpsbkeHueM 10 110 kB BKIIIoUnTeNnbHO.
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MMIynbCel  TPO30BBIX IEPEHANPSKEHUM MOTYT TakKe BO3JCHCTBOBATH HaA
U30JISIIUIO 3JIEKTPOYCTAHOBOK, PACIIONOKEHHBIX HA 3HAYUTEIBHOM YIAJIEHHH OT MECTa
yAapa MOJIHMM, TaK Kak TpPO30BbIE BOJHBI PACHPOCTPAHSIOTCA IO JIMHHIM
AIIEKTpOIIepeaay Ha 3HAUYUTEIbHBIE PACCTOSIHUS C MAJIBIM 3aTyXaHUEM.

HaGeraromue mo BO3AYUIHBIM JMHUSAM Ha paclpeAeiuTeNbHbIE YCTPONCTBA
TPO30BBIE BOJIHBI MOTYT MPEACTABIATh OMACHOCTh AJISl 3JIEKTPOOOOPYOBAHUS CTAHIIHIA
U MOACTAaHUUH, KOTOPOE€ HMMEET MEHBIIME 3amachl AIEKTPHUYECKOW MPOYHOCTH IO
CPABHEHUIO C JIMHCWHOMW U30JIALMEH.

['po30BBIE NEpEHAIPSHKEHUS MOTYT MepeAaBaThCsl uyepe3 TpaHchopmarop B €ro
HEiTpadb M HA BTOPUYHYIO CTOPOHY KaK MAarHuTHeIM (10 KO3 (UIUEHTY
TpaHcpopmaluu), TaK U DJIEKTPOCTATUUECKUM IyTeM (4Yepe3 MekKOOMOTOUHBIE
€MKOCTH). Y4HuTbIBas 00a MeXaHHM3Ma, T'PO30BbIC IEPEHANPSIKEHUS MPEACTABISAIOT
OMACHOCTb W JUIS H3OJSLUM  pa33eMisieMOM HelTpaiau TpaHcopmaropa, U s
U30JISIUMM BTOPUYHONM OOMOTKM TpaHchopmaTopa, a Takke OO0OpYyIOBaHUS K HEH
PUCOETUHEHHOTO.

1.2. BuyTpeHHue nepeHanpsKeHus

BayTpenHue nepeHanps>KkeHusl B 3aBUCUMOCTH OT JITTUTEILHOCTH BO3JEHCTBUS Ha
M30JIALMIO TOIPA3IEISIOTCA HAa KBa3UCTAllHOHAPHBIE U KOMMYTAallMOHHbIE. BHyTpeHHME
nepeHanpsHKeHNsI 3aBUCST OT MHOTHUX (DaKTOPOB, B YACTHOCTH — OT CIIOCO0a 3a3eMJICHUS
HEUTpaJIU CETH.

Crioco6 3a3eMiIeHUs] HEUTpaau ONpenemsieTcss pa3IMuHbIMU COOOpaKEHUSIMHU, HO,
KaK MPaBUJIO, UCIIOIb3YETCS:

B ceTsx 6-35 kB

— M30JMPOBAHHAs HEUTPAJIb;

— HeWTpasb, 3a3eMJieHHas uepe3 ayroracsimuii peakrtop (1I'P);

— HEUTpaJb, 3a3€MJICHHAS YEpe3 PE3UCTOP;

— HEUTpasb, 3a3€MJIEHHAs Yepe3 napajuiesibHO BKiItoUueHHbIe I P u pesucrop;

B ceTsx 110-220 kB

— 3¢ dexTUBHO 3a3eMJICHHAs HEUTpaJIb,
B ceTsix 110-220 kB u 330-750 xB

— TJIyXO 3a3€MJICHHAsl HEUTPAJlb.

Ceru 110-220 kB ¢ »¢ddexTuBHO 3a3eMIICHHONW HEWUTpaibl0 — 3TO CETH, B
KOTOPBIX BBIMOJHEHO YacTHYHOE paszzemsieHue Heutpanei 110-220 kB cunoBbix
TpaHC(HOPMATOPOB, TMO3BOJIAIONICE OrPAHUYUTH TOKH OJHO(A3HOTO KOPOTKOTO
3aMbIKaHUsl (HauOoJiee 4acThlii BUJ KOPOTKOTO 3aMBIKaHUs), a TAKKE B PsJie CIIydacB
HE0OXOMMOE TI0 YCTIOBUSM PabOThI PEJICHHON 3aIHUTHI.

1.2.1. KBazucraumoHapHble NepeHanPAKeHUs

KBazucrannonapusie NepeHanpsHKeHUs BO3HUKAIOT MPU BPEMEHHBIX C TOYKH
3peHus IKCIUTyaTalllu peXuMax padoThl U HEOIArONpPUATHBIX COYETAHUAX M1apaMeTPOB
CETH U MOTYT MPOJOJIKATBCS 10 TEX MOp, TOKA HE U3MEHUTCSI CXEMa UJIM PEXUM CETH.
JUINTENBHOCTh TaKUX MEpEeHANpsDKEHUM (0T CeKyHA 10  JECSATKOB  MHHYT)
OTpaHMYMBACTCSl JIEHCTBUEM pEJIEWHOM 3allUThl WJIM ONEPATHBHOIO IE€pPCOHAJA.
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KBa3zucranuoHapHble NEPEHAINPSIKEHUS YCIOBHO JENAT HAa PEKUMHBIE, PE30HAHCHBIE,
beppope3oHaHCHBIE.

PexxnMHBIE TIEpeHANPSKEHN HAOMIOAAI0TCSA MTPU HEOJAroNpUsATHBIX COYETaHUSIX
JNEUCTBYIOIIMX B CETH D3JEKTPOABMKYIIMX cWil. K HHUM MOXHO OTHECTH
NEpEeHANpPsHKEHUsT TP HECUMMETPUYHOM  KOPOTKOM  3aMbIKaHWHM (MJIM  MPOCTO
3aMbIKaHUHM) Ha 3€MJII0, a TAaKXe IpU MNEepeBO30YKJIEHWU M pa3roHe IeHeparopa,
KOTOpBIE BO3HUKAIOT B CIIyyae BHE3AMMHOTO cOpoca Harpy3KHu.

Pe3oHaHCcHbIE TIEpEHANPSIKEHUS WMEIOT MECTO MNpU NPUOIMKEHUU OJHOU W3
COOCTBEHHBIX YACTOT KOJEOAHUI OTAENbHBIX YYaCTKOB CETH K YaCTOTE BBIHYXIAIOLIEH
3.a.¢c (kak mpaBwiio, yactota S0 I'r). OHM pa3BHUBAIOTCA B KOHTYpaxX, COJEPIKAIIUX
€MKOCTh M HEHACBIIIEHHYI) HWHAYKTUBHOCTb — HAIpuUMeEp, IPU OJHOCTOPOHHEM
nuTaHuW JHUKA dnekTpornepenaun  110-750 kB  Oosbmiodt mpoTsHKEHHOCTH; B
HernoyHO(Ma3HbIX pexxumax Bo3ayurHou auHuu 500-750 kB ¢ npucoeanHeHHBIMU K HEH
IIYHTUPYIOLIIMMU ~ peakTopaMH, B ceTax 6-35 kB npu HexmokoMmneHcanuuu
MHIYKTUBHOCTHIO I[P emKkocTH ceTw.

@eppope30HAHCHBIE MEPEHANPSIKEHUsT MOTYT pPa3BUBaTbC B  KOHTYpAX,
coZIepKallMX €MKOCTbh M MHIYKTUBHOCTH C HACBIIIEHHBIM MarHMTONpPOBOAOM. Takue
nepeHanpsHKeHUs: HaOMI0JAl0TCs KaK Ha MPOMBIIIIEHHON 4acTOTe, TaK U Ha BBICIIUX U
HUBIINX TAPMOHUKAX.

Hepenko ¢eppope3oHaHCHbIE MPOLIECCHl MMEIT MECTO MpPH HENOIHO(azHOM
NUTAaHUM CWJIOBBIX TPaHCPOPMATOPOB, KOTOPOE MOKET OBbITh BBI3BAHO: MEPETOPAHUEM
IUTABKUX BCTABOK BBICOKOBOJIBTHBIX TMpEAOXpaHUTeNed B OJHOM Wiu JBYX (aszax,
HEMOJIHO(A3HBIMU KOMMYTAIUSIMU pa3beAUHUTENCH WM BBIKIIOYaTeNneld, oOphIBaMuU
POBOJIOB (MJIK TUIEH(OB HA OMOpax) BO3AYIUIHBIX JIMHUA. DTOT BUJ MEpPEHAIPSKECHUN
IPEJCTaB/IsIET OMACHOCTH JUIsl BCEro 000PYZOBAaHUS CETH, a HAMOOJBIIYIO OMACHOCTh —
g OITH.

Bo3HukHOBeHHE (EeppOpE30HAHCHBIX MPOIIECCOB BO3MOXHO U B CXEMax C
U3MEpUTENbHBIMU TpaHchopmaTopamu HanpsbkeHus (TH) snekTpoMarHMTHOTO THUNA.
DTOT BUJ NEpEeHANPSHKEHUM MPECTaBIseT OMacHOCTb, INIABHBIM 00pa3oM, TOJIBKO IS
ANEKTPOMArHUTHBIX TpaHC()OpMATOPOB HampskeHus. B kauecTBe mnpumepa MOXKHO
npuBectu Geppope3oHaHc Ha coopubix mmHax PY 110-750 kB ¢ siaexTpoMarHUTHBIMH
TH ¥ BO3AYLIHBIMHU BBIKIIOYATENSIMU, ITYHTUPOBAHHBIMU €MKOCTHBIMH JIETUTEISIMU
HaIpsHKEHUS.

1.2.2. KoMmMyTaunoHHbIe NepeHanpsKeHn st

KoMmmyTainmonusie mnepeHanpsikKeHUus: BOZHUKAIOT TMPH BCEBO3MOMXHBIX OBICTPBIX
U3MCHEHHUSX PEKUMOB paboThl cetn. OHM TPOUCXOAIT BCICACTBHE PaOOTHI
KOMMYTAI[MOHHBIX aIapaToB (BKIIOYCHUE W OTKIIOUCHHE JIEMEHTOB CETH), MPOOOSX
W30JISIIIMU, a TaKXKe MPU PE3KOM HM3MEHEHUU MapaMeTPOB HEITWHEHHBIX SJIEMEHTOB.
HaunGomnbmiee 3Ha4YeHWE Cpeld HUX HUMEIOT TICPCHANPSDKEHUS TPH KOMMYTAITUSIX
BO3IYIIHBIX JTUHUH 3JICKTpOIepeavn, KaOeneu, BUrarTesield, HHIyKTUBHBIX 3JICMEHTOB
cetu (TpaHcopMaTopoB, peaKTOPORB), KOHJACHCATOPHBIX OaTapeil.
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1.3. OcoOeHHOCTH BHYTPEHHMX NepeHANPsIKeHUil B ceTax 6-35 kB
CymecTByronme cnocoObl 3a3eMiIeHUsT HelTpanu B ceTsax 6-35 kB onpenenumu
psit 0COOCHHOCTEH BHYTPEHHHX IEPEHAIPSDKEHUH B HUX [6].

1.3.1. Pe3oHaHCHbIE NepeHaANPSIsKeHUs

Bo3HUKHOBEHHE 3TOr0 BHJA NEPEHANPSHKEHHM BO3MOXKHO B ceTax 6-35 kB ¢
HEUTPAJIbIO, 3a3€MJICHHOM 4Yepe3 MYroracsiiuil peakTop, IPU HECUMMETPUU B CETH,
KOTOpasi MOXET OBbITh BBI3BAHA:

— €CTECTBEHHBIM OTJIMYMEM N0 (pazamM mapaMeTpoB BO3IYIIHBIX U KaOEIbHBIX
JIMHUH 6-35 kB;

— HemoJHO(a3HbIM BKIIOYEHUEM OJIHOTO U3 MPHUCOCAUHEHHM, HalpuMmep, B
Mpolecce KOMMYTAllMM H3-32 HEOJHOBPEMEHHOCTH 3aMbBIKAHHSI KOHTAKTOB
BBIKJIOYATENS WM OTKa3a B ACMCTBUU OJTHOM WM JIBYX €ro ¢a3s;

— 0OpBIBOM ITPOBOJIOB, IEPETOPAHUEM IJIABKMX BCTABOK IPEIOXPAHUTEICH.

Wccnemoanust [6] moka3piBalOT, 4YTO PE30OHAHCHBIC IEPCHANPSIKCHUS

IPUHIUINAIBHO MOTIYT  pa3BUBATBhCS JIMIIb B ClIy4yae  HEJOKOMIIEHCALUU
MHAYKTUBHOCTBIO JII'P eMKocTH ceTu H, B CiIydae CBOErO BO3HUKHOBEHMS, IPUBOASAT K
PE30HAaHCHOMY CMEILCHHUIO HEUTPAJIH, T.€. OXBATBHIBAIOT BCIO CETh.

1.3.2. ®eppope30HAHCHBIE NTEPEeHANIPSKECHUS

B cersax 6-35 kB deppope3oHaHCHbBIE MEpEHANPSIKEHUS MOTYT OBITh BBI3BAaHBI
HenoHO(MA3HBIMU BKIIFOUEHUSIMH CHJIOBBIX TpaHchopmaTopoB. Ilpu 3TtomM B psne
ciaydaeB (heppope30HaHCHBIE TIEPEHAIPSHKEHUS BOSHUKAIOT U HA HEUTpalld UCTOYHUKA,
OXBaThIBas, TAKUM 00pa30M, BCIO CETh.

N3meputenbhbie TpaHchOpMATOpPbl HAMPSIKEHUS HMMEIOTCS TMPAKTUYECKH Ha
Kaxaou cekuuu 6-35 kB. Jlns ueneit usMepeHuss U KOHTPOJS U30JSLMUN TTEPBUYHBIC
00OMOTKH TpaHC()OpPMATOPOB HAMPSKEHUSI MPUCOCTUHAIOTCS MexAy (a3oil u 3emiei,
MOATOMY MapaAJIETbHO EMKOCTH CETH Ha 3€MJII0 OKa3bIBAETCS BKIOUEHHOW HEJIMHEHAs
WHIYKTUBHOCTh Kaxaoi ¢azer TH. D10 cozmaer cxeMy, B KOTOPOHl MOTEHIUAIBHO
MOTYT CYyIIECTBOBaTh (eppOpe30HAHCHBIE KOJIEOAHUS, KOTOPBIC OIMPEACIIIOTCS
napamMeTpaMH CXEMbI M YHCIIOM TpaHchopmaTopoB HampsbkeHHs Ha ¢aszy. B cersax c
W30JIUPOBAHHONW HEUTpalibl0 Takue (Peppope30oHaHCHBIE KOJICOAHUS  SBIISIOTCS
MPUYMHON TMEepeHANPSHKEHUN, KOTOPbIE MOTYT BO3HUKATh MPU CUMMETPUH CXEMBI 3a
CYET CMEIICHUs HEUTpaiau, BBI3BAHHOIO HACHIIIEHHEM CTajdud TpaHCcPOopMaTOpOB
HaIpPsDKEHUST B TOM WJIM MHOM MEPEeXOIHOM mpoliecce. [IpuMepaMu Takux mepexoaHbIX
MPOIIECCOB MOTYT CIYXKHTh OTKJIIOYEHHUE YCTOMYMBOTO OJHO(A3HOTO 3aMbIKaHUS Ha
3eMJIIO WJIK TIepeMesKaroleecss HeyCTOMUMBOE 3aMbIKaHUE Ha 3EMITIO.

1.3.3. JlyroBbie nepeHanpsi:keHus

[TomaBmsitoriiee  OOJBITMHCTBO HAPYIICHUA HOPMAJIbHOM pabOThl CeTe C
W30JIMPOBAHHON HEUTPAIBIO CBA3AHO C MOBPEKIACHUEM H30JISIITUN OTHOCUTEIHHO 3EMIIH,
T.€. CBSI3aHO ¢ oHO(a3HbIM 3aMbikaHueM Ha 3emitto (033). OgHodasHbie 3aMbIKaHUS B
CeTH, OCOOEHHO TPH MaJbIX TOKaX, PEIKO MEePEeXOmiaT B yCTOWYWBHIE OAHO(DA3HBIC
noBpexneHus. JlyroBoil Tmpormecc 3aMbIKaHUSA, KakK MpaBWio, MNpUOOpeTaeT
HEYCTOWYUBBIN XapakTep, MPU KOTOPOM HMMEIOT MECTO MHOTOKPATHBIC TalleHUS U
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3aKUraHus 3aszemysitomieid nyru. Kak crenctBue, B CeTM BO3HHMKAIOT 3HAUYMTENIbHbBIE
NEpeHAIPsHKEHNs, KOTOphIe caMH Mo ce0e WM MPHU MX HAJOXKEHUU Ha TMEPEeXOJIHBbIC
MIPOIIECCHI IPYToro Buja (HapuMep, KOMMYTAIlHOHHBIE TTEPEHATPSIKEHUS) MOTYT OBIThH
OTTACHBIMH.

[lo npuurHEe BO3HUKHOBEHUS  JYTOBBIE  TEPEHANPSDKCHHS  SBISIOTCS
BHYTPCHHUMHU  TIEPCHANPSDKCHUSIMH,  OJHAKO  OJHO3HAYHO  OTHECTH HMX K
KBa3UCTAIMOHAPHBIM WJIM KOMMYTAIIMOHHBIM TIEPCHANPSDKCHUSIM HE TPEACTABIISCTCS
BO3MOXHBIM: TIO JIJIMTEIIBHOCTH CYIIECTBOBAHUS 3TH IEPEHAIPSKEHUSI OTHOCATCS K
KBa3UCTAlIMOHAPHBIM, TaK KaK MOTYT CYIIECTBOBAaTh 10 HECKOJIBKMX YacoB, a IO
MPUYUHE BO3SHUKHOBEHMS — K KOMMYTAIlMOHHBIM, TaK KaK BbI3BaHbI U3MEHEHHEM CXEMBbI
cetu. [loaTomy yroBbie epeHanps>KeHUs TPAAUITMOHHO BBIACIAIOTCS OT/IETBHO.

Kak mpaBuiio, KpaTHOCTh JAYTOBBIX MEPEHANPSHKEHUNA HE TPEBBINIAECT BEIUMYMHBI
3.0-3.5 (nmo oTHomIeHHIO K aMIuTyne (azHoro HampsbkeHus ceTu). OmnacHOCTb
JIYTOBBIX TEPEHANPSHKECHUN OMpeaesieTcs He CTOIbKO HX BEIMYHUHOM, CKOJIBKO
JUTUTEIIHFHOCTBIO UX CYIIECTBOBAHUS M TEM, YTO OHU OXBaTHIBAIOT BCIO CETh.

JmurenpHOCTh CymectBoBaHMs O33 HOpMHUpPYETCS MNpaBUIAMU TEXHUYECKOU
SKCIUTyaTaIK 3IeKTpoycTaHOBOK (I1T3) B 3aBUCUMOCTH OT BHJIA JIEKTPUUCCKHUX CETCH
U COCTaBJISICT:

— B KOHTPOJUPYEMBIX  CETAX, TMHUTaeMBIX OT  TypOOreHepaTopos,
THAPOTEHEPATOPOB UM CHUHXPOHHBIX  KOMIICHCATOPOB, a TakKkKe C
MPUCOCTMHEHHBIMU MOITHBIMH 3JIEKTPOJIBUTATEISIMU, C TOKAMHU OJIHO(GA3HOTO
3aMBbIKaHUSl HA 3€MJII0 B Te€HEpaToOpHOi 1enu Oosnee 5 A — He Oonee 0.5 cek;
py TOKE OAHO(A3ZHOTO 3aMBbIKAHUSI HA 3eMJII0 HIDKE 5 A — 2 9yaca U MOXET
OBITh YBEIMUYEHO 10 6 4acoB, €ciau 0AHO(pA3HOE 3aMbIKAHUE HAXOAWUTCS BHE

0OMOTOK;
— B KkalenpHbIX ceTax 6-35 kB, He coaepxamux OPHUCOEIUHEHHBIX
TypOOTeHepaTopoB, CUHXPOHHBIX KOMIIEHCATOPOB 151 MOITHBIX

ANEKTPOJBUTATENEN — 2 Yaca W MOXET OBbITh JOMYLIEHO YyBeJIWYeHue 10 6
4acoB M0 COTJIACOBAHMIO C IHEPTrOoCHAOKAroIIeH OopraHu3aueil;

— B BO3JYILIHBIX CETAX, pabOTaOIUMX C HW30JIMPOBAHHONW HEWUTpalibl0 WIH
KOMIIEHCALlUE €MKOCTHOIO TOKA 3aMbIKaHUs Ha 3€MJII0 U HE COIEp Kallux
JNEKTPOCTAHIMM W  NPUCOCIMHEHUHM C  JJIEKTPOABUTATEISAMH, BpEMs
OTKJIIOYEHUS 0JTHO(A3HOTO 3aMBbIKAHUS HA 3€MJII0O HE HOPMUPYETCH.
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2. 3AIIIUTA OT NEPEHANIPSI’KEHU B DJTEKTPUUECKUX CETAX

OCHOBHBIMM 3allIUTHBIMU anmaparamu (3A) A 3alUThl U30SIUUU OT IPO30BBIX
U KOMMYTAlMOHHBIX IIEPEHAIPSIKCHUM SBIAIOTCS BEHTWIBHBIC PA3PSOHUKU U
HEJIMHEWHBIE OTPAaHMYUTENIN IEepeHanpsskeHu. lIpu mocTpoeHumm cxem 3amuThl OT
nepeHanpspkernit ooopyaoanust PY ¢ momompio OITH u PB HEoOxommMo permiath aBe
OCHOBHBIE TECHO CBSI3aHHBIE APYT C APYTOM 3aJ1a4u:

— BBIOOp YHMCIIa, MECT YCTAaHOBKHM M XapaKTepUCTHK 3A, KOTopble obecriedar
HAJCKHYIO  3allUTy M30JBSIUMM  OT TPO30BBIX M  KOMMYTAIIMOHHBIX
HepEeHaNpsHKCHNM;

— oOecrieueHne HaaexKHOW paboTel camMux 3A TpHU BO3IECHCTBUUM HA HUX
pabodero HampspKEHUs CETH, a TaKKe MPH BO3JEUCTBUU KBAa3HCTALMOHAPHBIX
IIEPEHANPSKEHUH, U1 OTPAaHUYEHUS KOTOPBIX 3A HE MPEIHA3HAYECHBI.

3ammTHele cBoiicTBa PB m OIIH ocHOBaHBI Ha HEMHEWHOCTH BOJIBTAMIIEPHOMN
XapaKTEPUCTHUKU HUX pabOuMX »HIIEMEHTOB, OOECHEUYMBAIOLIECH 3aMETHOE CHUYKEHUE
CONIPOTHBJIEHUS NPHU IOBBIIIEHHBIX HAIPSDIKCHHUSIX M BO3BPAT B HCXOAHOE COCTOSTHUE
1OCJie CHIKEHHUS HaIpsDKEHHUs 10 HOopMallbHOro pabouero. Huskas HenmmHEHHOCTh
BOJIbTAMIIEPHON XapaKTEPUCTUKU pabOuMX JIEMEHTOB B pa3psAHHMKAX HE MO3BOJSIIA
o0ecneynTh OJJHOBPEMEHHO U JIOCTATOYHO [NIyOOKOE OTpaHUYEHUE MEPEHANPSKEHUH, U
MaJblii TOK MPOBOAMMOCTU MpU BO3ACHCTBUM pabodero HampspkeHus. [lostomy B
KOHCTPYKLUHU pa3psIHUKa ObUIM HMCIOJIb30BaHbl HCKPOBBIE MTPOMEKYTKH, BKIIIOUAEMbIE
IOCNIEIOBATENbHO € HEJIMHEMHBIMH JJIEMEHTAaMH U MO3BOJIAIOIIME H30eXaTh
BO3JICHCTBHUSI Ha HUX paboyero HampssKeHus, cpadaThIBAOIIME OJIHAKO B cllydae
BO3HMKHOBEHHUSI TEpPEHANpPsHKEHUH, OMAaCHbIX I 3alMIIaeMoro 00OpyAOBaHMS.
3HauuTenbHO ~ OOJbIIAs  HEJIMHEWHOCTh  OKMCHO-IMHKOBBIX  CONPOTUBIICHUI
(BapuctopoB) orpanuuutenei nepeHanpsbkenuit OIIH mo3Bonmia oTkazatbest OT
WCIIOJB30BaHUS B HMX KOHCTPYKIIMM HMCKPOBBIX ITPOMEXKYTKOB, T.€. HEJIWHEHUHbBIC
anemenThl OITH nprcoeaHEHBI K CETH B TEUEHUE BCETO CPOKA €ro CITYKOBI.

B Hacrosmee BpeMs BEHTWIbHBIE DPa3psAIHUKMA TNPAKTUYECKH CHSATBL C
IPOM3BOJCTBA, @ B JKCIUIyaTallud B OOJIBUIMHCTBE CIIy4aeB OTCIYXKWJIM CBOU
HOPMaTHUBHBIN CpOK ciy>kObl. [locTpoeHre cxeM 3almThl 30U 000pYyI0BaHUS KaK
HOBBIX, TaKk W MoJepHU3upyemblx PVY, oOT Trpo30BBIX M KOMMYTAallMOHHBIX
MEePEHAIPSKEHUI TENeph 0OKa3bIBA€TCS BO3MOXKHBIM TOJIBKO ¢ ucnoiab3oBanueM OITH.

[To obmemnpuznannomy MHenutro OIIH He mpenHasHavyeH ajis OrpaHUYCHUS
KBa3UCTAIIMOHAPHBIX MEPEHANPSHKEHUI U 3alIUThl 000pPYI0BaHUS OT HUX, TaK KakK 3TO
noTpeboBano Obl HEOMPABAAHHBIX 3aTPAT HA MApAJJICIbHBIEC JIIEMEHThl B KOHCTPYKIIUH
OIIH. IloatoMy cmocoObl OrpaHUYEeHHs] KBAa3UCTALMOHAPHBIX IEpPEHANPSKECHUN
BBIXOJIST 32 PaMKH HacTOAIMX PekoMeHnaiuii u 37ech He paccmaTpuBaroTcsa. OQHAKO C
HUMH MOYKHO 03HAKOMUTKCS, Harpumep, B [3].
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3. OCHOBHBIE XAPAKTEPUCTUKHU OITH
B TexHMYeCcKOW AOKYMEHTALMH HCIOJb3YIOTCS OOJBIIOE YHCIO TEPMUHOB H
xapaktepuctuk OITH. [IpuBenem nuirb OCHOBHBIE M3 HUX, MOITYYHUBIIME HAUOOJbIICE
pacrnpocTpaHeHHE CPEIN SHEPTETHKOB (TOYHBIE OpeIecHus coaepxkarcs B [8]).

3.1. XapaKkTepuCTHKH CeTH, B KOTOpPYI0 ycTaHaBausaercsa OITH
Knacc nanpsowcenus cemu, kB — JEUCTBYIOIIEE 3HAYEHHE HOMHUHAJIBHOIO
MeX1y(pa3HOTO (JMHEHHOIro) HampsKeHUs Tpex(asHOW HIIEKTPUYECKOW CEeTH, AJis
YCTaHOBKH B KOTOpPY!O npennazHadeHn OITH.
Cnocob s3asemnenus Heumpanu SBISETCS BaXHOM XapaKTEPUCTUKOM CETH,
KOTOPYIO clieAyeT NpUHUMaTh BO BHUMaHUeE IIpu BbIOOpe napamerpos OITH.

3.2. Xapaxkrepuctuku OITH, 0T KOTOPBIX 3aBHCUT €ro Ha/Jle:KHAsA padoTa B ceTH
Mo pado4yuM HANPsIKEHUEM U NMPHU BO3eHCTBUHU
KBA3UCTAIHOHAPHBIX NepPeHanpsiKeHui

Haubonvwee (Onumenvruo oonycmumoe) pabouee nanpsidwcernue QOIIH, kB —
HanOoJIbIIIee JACHCTBYIOIEE 3HAUCHWE HAIPSHKEHUS MPOMBINUICHHOW 4YacTOThl U, ,

KOTOPO€ HEOTPaHUUYEHHO J0Jro MoKeT ObITh mpuioxeHo k OIIH (mpu HampspkeHun
OonbleM, ueM HaubOoJbliee padouee, Tok uepe3 OIIH HaunHaeT 3aMeTHO BO3pacTarh,
YTO MOKET IPUBECTH K MEPETPEBY U MOBPEXKACHUIO anapara).

Homunanvnoe nanpscenue OIIH, kB — NEUCTBYIOIIEE 3HAYECHUE HAMPSIHKECHUS
IIPOMBILIEHHOW 4acToThl, Kotopoe OIIH B omnpeneneHHbIX YCIOBUSAX MOXKET
BbIJIEpKaTh B TeueHHe 10 CeKyHHI Iocie BO3JCMCTBHS HA HEr0 HMMITYJIBCOB TOKa C
HOPMHUPOBAHHBIMU [TAPAMETPAMH.

Xapaxkmepucmuxa _ «Hanpscenue-epemay  OIIH —  omnpenensercss  Kak
3aBUCHMOCTh  JIEWCTBYIOLIErO0 3HaueHus BoiaepxuBaemoro OIIH  nHanpspkeHus
IIPOMBIIJICHHOW YacTOTBl OT BPEMEHM €ro MNpuiokeHus. MHorma ykaselBaeTcs IS
ciydas ¢ npeasapurenbHbIM HarpykenueM OITH nmmmynbcamu TOKa ¢ HOpMHUPYEMBIMA
napaMeTpamu, a UHOT/Aa JUIsl ciiyyasi 0e3 HarpyKeHHsl.

3.3. Xapakrepuctuku OITH, 0T KOTOPBHIX 3aBUCUT 3aIUILEHHOCTH 000PY/10BAHUS
OT IPO30BbIX 1 KOMMYTAIIMOHHBIX NepPeHaANPsIsKeHU

Ocmaroweecs nanpsaxcenue OIIH, kB — Hanbosplliee 3HAUCHUE HAMPSHKEHUS Ha
OIIH mpu mnpoTekaHWW uepe3 HEro HUMIyJbCa TOKAa YKa3aHHOTO MAaKCHMAaJIbHOTO
3Ha4YEHUS U (POPMBI.

Ocraroleecss HanpsHKEHUE OMPEESeTCs TP UMITYJIbCHBIX TOKaX CTaHIapTHOU
(bOopMBL.

I po3zosou umnynvc moka gopmel 8/20 mkc — UMITYIbC TOKA, UCTIOJIb3YyEMbIN IS
omnpenesieHus ocraromierocs HanpsbkeHus Ha OIIH B pexxume orpaHuyeHus rpo30BBIX
IIepEeHANPSKCHU .

Kommymayuonnoiti _ umnynec _moxa gopmor 30/60 mxkc — UMIYJIbC TOKa,
UCIIOJIB3YEMBIA JUIsl OmpenesieHns octatomerocs HampsbkeHuss Ha OIIH B pexume
OTpaHUYEHUS] KOMMYTAIIMOHHBIX MTEPEHAPSKESHUN.
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Kpymoti umnynec moxa gpopmwr 1/10 mxc — UMITyIbC TOKA, UCTIOIB3YEMbINA JIJIs
onpeneneHus ocratouierocs HanpsbkeHus Ha OITH mpu 607bp1101 CKOPOCTH HapacTaHUs
IIPOTEKAIOUIETO B HEM UMITYJIbCHOTO TOKA.

3.4. Xapakrepuctuku OIIH, oT KOTOPBIX 3aBHCUT €ro HaJe;kHas padora
NPU OTPAHUYEHUM TPO30BBIX 1 KOMMYTANMOHHBIX NEePeHANPIKeHNH

Homunanvuwvii paspaousiii mox OIIH, kA — MakCUMaabHOE 3HAYEHHE TPO30BOIrO
uMIlyibca Toka 8/20 Mkc, wucnoiabdyemoe i kinaccupuxamuu  OIMH
XapaKTEePU3YIOLIEE Er0 CBOMCTBA B PEKUME OrPAaHUYEHUS T'PO30BBIX MEPEHANPSIKEHUN.

Hmnynovce 6orvuwoco moka, kKA — MakCUMalbHOE 3HAYEHUE TPO30BOI0 MMITYJIbCa
Toka 4/10 mkc, ucnonpzyemoe s oneHku ycrounBoctu OIIH k mpsiMpiM ynapam
MOJIHUHU.

Tox nponycknoul cnocobHocmu (UmnyibC moka _6oabuiou oaumenvhocmu), A —
MaKCUMAJIbHOE 3Ha4YeHue |, MOpsIMOYTrOJbHOTO HUMITyJIbCa TOKA JIMTEIBHOCTBIO HE
menee 2000 mkc, ucnonszyemoe s kinaccuduxkanuu OITH u xapaktepusyroiiee ero
CIIOCOOHOCTh PaccenBaTh SHEPTUI0 KOMMYTAMOHHBIX NTEPEHANPSKEHUM.

Pacceusaemasn (nocnowaemas) snepeus, x/lc — pacceuaemas OIIH sueprus,
MOJIyYeHHAs] UM TPU NPHIOKEHUH OJHOTO MMITYJIbca TOKa MPOIMYCKHOM CIOCOOHOCTH
I, B npouecce ucnbiTanuii OITH (MHOTAa yKa3bIBaeTCsl SHEPTUS IBYX UMITYJIHLCOB TOKA
MPOITYCKHON CITIOCOOHOCTH).

Yoenvnasa pacceusaemasn (noenowaemasn) suepeus (3nepeoemxocms), K/lowc/kB —
paccenBaeMasi OTrpaHMYMTENeM BHeprus W,, OIHOro HMMIyjJbca (MHOrIA — JBYX

UMITYyJIbCOB) TOKa MPOIMYCKHOM CIOCOOHOCTU |,, OTHECEHHas K HauOOoJbIIEMY
pabouemy Hanpspkenuto OITH (uHorma, x HoMuHanbHOMY HampspkeHuto OITH),
nosiydeHHas B nporecce ucneitanuii OITH, ncnonszyemas nns knaccudukanuu OITH n
XapakTepu3ylom@as €ero CrIocoOHOCTh pacceuBaTh HSHEPrUI0 KOMMYTALMOHHBIX
NIEpEHAIPSKECHUM.
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4. BBIBOP XAPAKTEPUCTHUK OIIH B OBIIIEM CJIYYAE
Orpanuuurtens  MEepEeHANpPSHKEHUN — MpeAcTaBiseT  co0OM  KOJNOHKY — W3
NOCJIEIOBATENbHO COENMHEHHBIX N HETMHEHHBIX CONPOTUBIEHUH — BapUCTOPOB,
W3TOTABIMBAEMbIX B BHJIC IIAa0 TOW WM WHOW BBICOTHI h u muamerpa D. B psme
ciyyaeB OIIH mpeacraBisieT co0Oil HECKOJBKO KOJOHOK BapHUCTOPOB, PabOTaOIIMX
napajuieiabHoO.

N-1

IU = [No|w H
T

Bremnuii B KOJJOHKA U3 N IMOCJICAOBATCIIbHO COCINHCHHBIX BApUCTOPOB.

HcnpITaHusM TOABEPTarOTCs KakK OTAEJbHbIE 3JeMEHThl KoHCTpykuuu OITH
(Bapuctophl, mojuMmepHas win (apdopoBas H3OIAINMOHHAS TMOKPHIINIKA), TaK U
nosiHocThi0 coOpanHbie OITH. B mpouecce ucnbiTaHuii, IPOBOJMMBIX Ha BapUCTOpax
KOHKPETHOTO ITPOU3BOAUTENS, B YACTHOCTH, MOTYT OBITh ONPEIEIECHBI:

— HauOOJIBIIMK JOMYyCTUMBIA TpaaueHT E,, (kB/cm) pabodero HampsiKeHUs

IIPOMBIIUIEHHON 4aCcTOTHI 110 BEICOTE BAPUCTOPA;

— JOMyCTHMAas IUIOTHOCTH J ., (A/CM?) UMIyIbCHOrO TOKa IPAMOYIOJBHOM

dbopmbl muTeabHOCTHIO0 2000 MKC TIO TONIEPEYHOMY CEUSHHIO BapUCTOPA.

Ecnu tpebGyetcs uzroroputs OITH ¢ Hanbonpmmm pabounm HampsikeHuem U, ,
TO BBICOTY KOJIOHKM BapucTopoB M Takoro OIIH MoxkHO omnpenenuTs U3 mpocTOro
cootHomenuss H =U,,,/E,,. [lpu cOopke ciemyeT HCHOJIb30BaTh BapUCTOPHI TOMU
BBICOTHI h (M3 4KCIIa TUMIOBBIX 3HAYEHMI ), KOTOPasl yAOBIETBOPUT YCIOBUIO

hN > 2o ,
HP
T.€. 00ecreyuT BBICOTY hN KOJIOHKH U3 N BapucTOpoB (N — II€JI0€ YKCII0) PaBHOM WIIH

HECKOJIbKO Ooubineid, uem TpeOyemas BoicoTa H . BuaHo, 4TO 1UIsi 3aMaHHOTO THMA
BapHUCTOPOB (BBICOTHI h W TpamueHTa E,,) HamOoibiiee padouee Hampspbkenue OITH

MTPOTIOPITMOHAIIEHO YHCITY 3TUX BapUCTOPOB.
Ecmu tpebyercst m3roroButh OIIH ¢ TOkOM mpomyckHOUM cmocobHocTH |, TO

IWaMETp KOJIOHKM BapuctopoB s Takoro OIIH MokHO ompeaenuTts U3 mpocToro
COOTHOMICHUA |, = 7z(D/2)2J sorr» OTKYZla BUAHO, YTO IJIs1 3aJaHHOTO THUIIA BapUCTOPOB

(IUIOTHOCTH TOKa J,,,) TOK IPOITyCKHOM CIHOCOOHOCTH HpPOINOPIMOHAJIEH KBaapary

nuamerpa BapucTopoB. [Ipm cOopke criemyeT UCIOJIb30BaTh BapUCTOPHI TaKOTO
auaMeTpa (M3 YKciia TUIIOBBIX 3HAYEHUH ), KOTOPBIA YAOBIETBOPUT YCIOBUIO

D>2 /I—”
7[~Jﬂ0,7
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Eciu  HeoOXOIMMBIA  HSKBUBAJICHTHBIA  JUAMETP D BapUCTOPOB,
00€ecCTeunBatONINM KelaeMblid TOK MPOMYCKHOM CIOCOOHOCTH |,,, okazaicsi OoJblie,

YeM MaKCHUMaJlbHO BO3MOXHBIM (M3 THUIIOBBIX 3HAYCHUH JUaMeTpa €IWHUYHOIO
BAapUCTOpPa), TO HEOOXOAUMO paccMOTpeTh KOHCTpykiuio OIIH ¢ M mapamienbHbIMU
KOJIOHKaMH BapUCTOPOB. JluamMeTp 0AHON KOJIOHKM BapUCTOPOB U YUCIIO NapaJUIEIbHbBIX
k0JI0HOK OITH M0>HO onpeneanTs U3 NpoCcTOro COOTHOIEHUs |, =M '7Z'(D/ 2)2 J o -

Brei6op nambonbmiero pabodero Hampsokenuss OIIH u  Toka mpomyckHOM
cnocobnoctu OITH — 310 BBIOOp BBICOTHI H U AuameTrpa D KOJOHKH BapHcTOpoB. B
CBOIO OY€pelb, M3BECTHBIE BHICOTA W JMAMETP KOJIOHKA BapUCTOPOB MPAKTHYECKU
OJIHO3HAYHO OIPEJEISIOT Bee ocTanbHble XapakTepuctuku OITH. ITokaxem 3To0.

Hns  3aman”oit  koHcTpykuuu (mpoumsBoautens) OIIH  xapakrepucthka
«HanpsoKeHue-BpeMs» K, ,(T), MoCcTpoeHHass B OTHOCHUTEIBHBIX E€IMHHUIIAX Paboyero

nHanpsbkeaus OIIH (U,,,), ompenensercs TJaBHBIM 00pa3oM HEIUHEHHOCTBHIO

MaTeprajia BAPUCTOPOB, T.€. IPAKTUYECKNA HE 3aBUCHUT OT BBICOTHI U TUAMETPA KOJIOHKHU
BapuctopoB. CienoBarenbHO, Wi 3agaHHOM KoHcTpykuuu OIIH xapakrepuctuka
«aanpspkenue-spems» U, ,(T)=K, ,(T)-U,,, OIIH, mocrpoeHHas B HMEHOBAaHHBIX

eAMHUIIAX, OTMPEEISACTCS €ro0 HauOOJIBIITUM PA0OUYNM HAMPSKEHUEM.
Homunansnoe nanpsokenue OITH (U, ”™ ), mo cyTH, SBIsSETCS OIHOM M3 TOYEK

3aBUCHMOCTH «HAIIPSHKEHHUE-BPEMS», COOTBETCTBYIoIIEN BpeMeHn 10 cexynn. [loaTomy
HOMUHaJIbHOE HamnpspbkeHne OIIH, kak m xapakTepucTHKa «HaIpsHKEHUE-BPEMS»,
onpenensiercss HauOonpM padounm Hanpspkennem OITH. Cremyer oTMeTuTh, YTO B
Poccun TpaaMiiMoOHHO 1MOJI HOMUHAJIBHBIM HAINPSHKEHUEM 00O0PYJOBaHMS MOHUMANN TO
HanpsDKEHUE, KOTOpOEe MOXKET BO3/EHCTBOBATH Ha 0O0OpYJOBaHHE HEOTPaHUYEHHO
JOJIT0 — B 3TOM CMbICIe «HOMHHanbHOe Hampsbkenne OITH» (10-u cexynaHoe
Hanpsbkenne OITH) sBiseTcss HeyaauHbIM TEPEBOJOM aHIJIMHCKOTO clioBa «ratedy,
KOTOPOE€ MOXHO IIEPEBECTH U KAK «pacyeTHoe». Bmecre ¢ TeM, MOJ HOMHUHAJIBHBIM
HaNpsOKEHUEM paspsiiHMKa MOHMMald TO HauOoJbllee HampsbKeHUE, MNP KOTOPOM
KOHCTPYKLUSL pa3psiiHUKa oOecreunBaia OTKIOYEHHE COMPOBOXKIAIOLIETO TOKa
POMBIIIUIEHHON YaCTOTHI MOCJIE CpadaThIBAaHUSI UCKPOBBIX MPOMEXKYTKOB.

Ocraronmmecs nHanpspkenuss Ha OIIH mpu rpo3oBBIX M KOMMYTalMOHHBIX
MMIYJBbCHBIX TOKAaxX ONPEAENSIOTCA MO BojJbTaMmmnepHou xapaktepuctuke OITH.
Bosbramnepnas xapakrepuctuka OIIH, mocTpoeHHas B OTHOCUTENBHBIX €IUHHUIIAX
(TOK OTHECEeH K IUIOUIaJN KOJOHKH BapHUCTOPOB, HANPSDKEHHE OTHECEHO K aMIUIUTYE
HanOonbIIero paboyero ~2-U,,,), ONpenenseTcs IIaBHBIM 00pa3oM HEIMHEHHOCTHIO
MaTreprajia BApUCTOPOB, T.€. IPAKTUYECKNA HE 3aBUCHUT OT BBICOTBHI U JUAMETPA KOJIOHKHU
BapuctopoB. C ucnoiab30BaHueM BosibTaMiiepHoi xapakrepuctuku OITH, noctpoenHoi
B OTHOCHUTEJIBHBIX €IMHMIAX, MOKHO OIPENEIUTh TUIIOBBIE KPATHOCTU OIPAHUYECHUS
rpo30BbIX (K, ) U KOMMYTAIUOHHBIX ( K,,,s ) TEPEHANPSIKEHU B MECTE YCTaHOBKH

OIIH. Jlns 3amanHoro HauOonbliero pabdouero Hanpspkenuss OIIH stu xpaTHOCTH
MO3BOJISIIOT OLIEHUTH OcTaroIuecs Hanpsbkenus Ha OITH

Ua/zo = (U HPO \/E) Ks/zo’

U30/60 = (U HPO \/E) K60 5
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T.e. ocrawmuecs Hanpsbkenus Ha OIIH ompepenstoTcss ero HamOoJblIUM pabodnm
HaIpsHKEHUEM.

A K o.e.

J, o.e.

[

BOHLT&MHepHaH XapaKTCPHUCTHUKA OIIH B OTHOCHTENLHBIX CAMHHNIax

OHeprus, kotopas Beienurcs B OIIH npu nporekanuu 1o Hemy UMITyJibCa TOKA
|, TpsIMOYroJibHOM (OpPMBI JUIUTENBHOCTBIO AT, ONpPENENseTcs BbIPAKEHUEM
W, =U, -1, AT, TA€ B KaduecTBe ocraromerocs Hanpsbkenus U,., Ha OIIH moxHO
OpUHATh  U,ye, TaK KaK MMIIYJIbC TOKa MNPAMOYTOJbHOW (OPMBI CUHTAETCS

KOMMYTallMOHHBIM ~ UMIYJbCOM. Torma BbIpaXeHHE JJs YJIEJIbHOH SHEpruu
(?HEProeMKOCTH)
W—AT:‘/EKm/eo Ay AT,
HPO
T.€. IIPH 33JaHHOU JUIUTEJIBHOCTHU MPSMOYTOJBHOIO UMITyJIbca AT =2000 MKC yJEJIbHAs
sneprust OIIH, mnpuBeneHHas k ero HauOonblieMy paboueMy HaNpsHKEHHIO,
OTIpeIeISIeTCSl TOKOM MpOomycKHO#M criocooHocTu OITH.

3HaueHUs] HOMUHAJIBHOTO Pa3psSIHOTO Toka (UMIyJbC 8/20 MKC) U UMITyJIbCa
6ompiioro Toka (ummyisc 4/10) okaszsiBaroTcs Boitne aisa Tex OITH, y koTopbix 6osbiie
JMaMeTp BapUCTOPOB, T.€. BBIIIE TOK MPOIYCKHOM cOCOOHOCTH |, .

Takum oOpa3om, aid 3agaHHOW KoOHCTpykuuu (mpomsBoautens) OITH
JNENUCTBUTENBHO BBIOOp HambOospiero padouero HampspkeHuss OIIH u ero ynenbHO#I
HEprun (TOKa NPOIMYCKHOM CHOCOOHOCTH) MPAKTHYECKH OJHO3HAYHO OIpPEACINISIOT
octanbHble mapameTpsl OITH. MabsiMu cioBamu, Be16op OITH cBoguTCs K onpeesieHUIo
€ro HauOoJbIIEro paboyero HaNpPsLKEHUs] M HHEPrOEMKOCTH €  MOCIeAyIoIen
IPOBEPKOM COOTBETCTBUS MPOUYMX XAPAKTEPUCTHK (OCTAOIIMXCS HANPSHKEHUA U JIp.)
BbIOpaHHOro TUNa OITH KOHKPETHBIM YCIOBUSAM SKCILTyaTal[|H.

opnzeu.ru 16



4.1. Beioop Haudo b1ero padovero nanpsikenuss OINH
Haubonbiree padouee Hanpspxkenue OITH (U, ):

— ompenenseTr HajaexkHocTh padoTel OITH mox pabouum HamnpspkeHUEM CeTH U
Ip¥  BO3HUKHOBEHMM  KBA3UCTAIlMOHAPHBIX  MNEPEHANPSOIKECHHWH, IS
OTPaHUYEHUSI KOTOPBHIX OH HE IIPEHA3HAYUCH;

— OMpeleNseT 3alUIEeHHOCTh 000PYI0BaHUs OT TPO30BBIX U KOMMYTAIIMOHHBIX
IIEPEHAIPSKCHUM.

Bri6op nanbombinero pabouero namnpstxeHuss OITH — 3To Bcerma komrpomuce
MEXIy 3allUIIEHHOCTHIO 000PYOBaHUS OT TIEPCHANPSDKCHUA U HAJAC)KHOCTHIO PaOOTHI
camoro OITH.

Haubonwimee padbouee Hanpspkenue OITH — 3To oj1Ha U3 TOUeK XapaKTEPUCTUKHU
«Hanpsbkenue-spems»y OITH, oTBeuaromas «O6eckoHeuHOro Oombmomy» (25-30 ner)
BPEMEHHU BO3JICHCTBUS HANPSDKEHHS. YUHUTBIBas 3TO, BHIOOP HaWOOJIBIIErO0 padodvero
HanpspkeHus: OIIH Hepa3pbIBHO CBsi3aH C BBIOOPOM XapaKTEPUCTUKHU «HAMPSKEHUE-
Bpemsi» OITH.

B kagectBe mepBoro mnpubaumxeHus U,,, TPUHUMAETCS paBHBIM (Ha3zHOMY

3HAYEHUIO HAUOOIBIIErO PAOOUETO HANPSHKEHUS CETH, B KOTOPOIO OH YCTaHABIMBAETCA.
Takum obpasom, U,,," " =U,,./~3, rie U,,. — Haubomsllee (IMHEifHOE) padouee

HaIIPAKCHUC CCTHU.
I[anee Ha OJHOM rpa(bHKe CTPOATCA 3aBHCHUMOCTH «HAIIPSXKCHUC-BPCMA» IJIA

OITH ¢ BLIOpaHHBIM 3HAYEHUEM HaUOOJBIIEr0 pabouero Hampskenus U,,,""", u mis

cetn, B KoTopyto 310oT OIIH ycranaBmmBaercs. 1lox XapakTepucTUKON «HAIpsKEHUE-
BpEMS» CETH [OHUMAETCS 3aBHUCUMOCTh JEHCTBYIOLIETO 3HAYEHUS HaNPSHKEHUS
IPOMBIIIUIEHHONM YacTOThI, KOTOPOE MOXXET BO3HUKATh Ha U30JSLUU «(pa3za-3eMis» B
Mecte mnpeanonaraemMod yctaHoBku OIIH, or BpemMeHHu NPUIOKEHUS 3STOTO
HanpspkeHus. Kak nmpaBuiio, XapakTEpUCTHKA «HANPSHKEHUE-BPEMSD CETH NPECTaBISAET
co00i1 COBOKYIMHOCTh HECKOJIbKMX Iap TOYEK, ONPEAENEHHBIX C YUYETOM BBIIACPKEK
BPEMEHHU PEJICHON 3alIUThl HA OCHOBE PACYETOB WJIM OIbITA SKCILTyaTal[i, OJTHAKO Ha
PUCYHKax HM>KE OHA IIPEJICTABIICHA KaK HENPEPhIBHAs KpHUBasl.

Ecnu xapakrepucTuka «HanpspKeHUe-BpeMs» CeTH XOTs Obl U OJJTHOM 3HAUYE€HUU
BPEMEHHN OKa3bIBA€TCS BBIIIE MO HAINPSIKEHUIO, YEM XapaKTEPHUCTHKA «HAIPSKEHUE-
Bpemsi» OIIH, to cymectByer puck mnoBpexaeHus OIIH, u mosromy crnenyer
yBEIUYUTHh HambOombiiee padbouee Hanpspkenue OITH, T.e. mpomopumoHanbHO MOTHATH
M0 HAMPSKEHUIO BCE TOYKU XapaKTEPUCTUKHU «HanpskeHue-spems» OITH.

[Ipouenypa ompenenaeHusi AOCTATOYHOIO 3HAYEHUS HAMOOJBIIEro padodero
Hanpsokenusi OIIH oTpakeHa Ha Tpex pHUCYHKax, a o0liee MNpaBujio BbIOOpa
HauOonbiero pabouero Hampspkenuss  OIIH, cooTBeTCTBEHHO, HMEET  BHJ
U, T)=u,_,“™(T) (B uacTHOCTH, cripaBeqnuBO U ,,, =U ,,./~/3).

[Tpu BrIOOpE HanbombIIero padouero Hanpsokenust OITH cnenyet npuHUMaTh BO
BHUMAaHHE BO3MOXHOCTh JJIMTEILHOTO CYIIECTBOBAHUS B CETEBOM HAIPSKECHUU
BBICIIMX TApMOHHK. Hanmuume Takux rapMOHHK, HaJO)KEHHBIX Ha pabouee HanpsHKeHHE
CeTH, MPHUBOAUT K ToBBIMIeHHIO Toka B OIIH m MoXeT BbI3BaTh HEIOIYCTHUMBIN
NIEpPEerpeB BapHUCTOPOB BILUIOTH JI0 MX TTOBPEXKICHUS.
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Xapaxrepuctuka «HanpspkeHue-spems» OIIH onpenensiercs Ha MPOMBILLITIEHHON
ygactore 50 I'u, a cBoiictBa OIIH npu HaIIMYMK B MPUIIOKEHHOM HAIPSKEHUU BBICILIAX
TapMOHHUK u3y4yeHbl 1I0X0. [loaTomy BbIOOp HambosblIero paboyero HampsLKEHUS
OIIH npum HaimWyuum B CETH BBICHIMX TapMOHMK SIBJISIETCS CJOKHOM 3ajauei, He
UMEIOIIEH B 00111eM ciydae 000CHOBAHHOTO PEIICHUS.

Ay kB

T, cek

XapakTepucTuku «HanpsbkeHue-spems» i OITH u cetu, B KOTOPYIO OH yCTaHABJIMBAETCS,
B ciydae, korjaa OITH He cooTBeTCTBYET CETH.

Ay kB

T, cek

XapakTepucTuku «HanpsbkeHue-spems» st OITH u ceTu, B KOTOpYIO OH yCTaHaBIMBAETCH,
B cirydae, korzna OITH cooTBeTcTBYET ceTH.

Ay kB

T, cek

XapakTepucTuKH «HanpsokeHue-speMs» 11 OIIH u cetu, B KOTOpYIO OH yCTaHaBIMBAeTCs,
B cityyae, korga OITH ¢ 3amacom cCOOTBETCTBYET CETH.
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4.2. Boi0op 3neproemkoctu OITH
B pesynbpTaTe aHAIMTHYECKUX PACUETOB WA KOMIIBIOTEPHOT'O MOJEIUPOBAHMS
MPOIIECCOB JIOJKHO OBITh MMOJTYYEHO 3HAYCHHE MAaKCHMAJIbHOW SHEPTHUH OIHOTO
uMmnyiasca W,,.., KOTOpas MoxeT Bbiaenutbes B OIIH npu orpanuyenuun

KOMMYTAIlMOHHBIX U (WJIM) TPO30BBIX NMEPEHANPSIKEHUN B MIPENolaraeMoM MeCTe €ro
yctaHoBku. CootHomenue W, .. /U, JaeT 3HaUeHUEe TpeOyeMOoMN yIelnbHOW IHEPTUu

(sueproemkoctn) OITH. Breibop sneproemkoctu W,, oaHoro mmmyibca Toka B OITH
JOJDKEH MPOBOJUTHCS UCXO0s U3 yCinoBust Wy, >W, .. /U ..

4.3. IIpoBepka nocraToyHoCcTH Npounx xapakrepuctuk OITH
OIIH, BriOpanHbIii no 1.4.1-4.2, oOnagaeT HaUOOJIBIIUM PaOOUYUM HANPSKEHUEM
U,po B DHEPTOEMKOCTBIO W, , KOTOpBIC NPAKTUYECKH OJHO3HAYHO OINPEJEIAIOT BCE

npoune xapakrepuctuku OITH xonkpeTrHoro npomnsBoaurens. [Ipoune xapakTepucTuku
OIIH nomxHBI yIOBIETBOPATH YCIOBUSAM, IPUBEACHHBIM HUKE.
Ocraromeecs Hanpspkenne Ha OIIH B pexuMe orpaHnyYeHHs KOMMYTalMOHHBIX

nepeHanpspkeHuit U, , JOJKHO OBITh C 3almacoM MEHbBIIE, 4YeM HCIHBITaTeIbHOE

KOM

Harnpsbkenue U ., 3aIUIIAEMOr0 000PYI0BaHUS KOMMYTAIIMOHHBIMU HUMITYJIbCAMU

(cm. TOCT 1516.3). Pexomenmyemblii 3amac cocrtaBiasieT He wmeHee 10%, T.e.
Usp/e0 <0.9:U ., . Eciln 3TO yCIIOBHE HE BBINOIHAETCS, TO HEOOXOIUMO:

— CHHUBUTH YpOBHM M (WJK) AnUTENIbHOCTH Bo3aelcTBUs Ha OIIH co ctoponsl
CeTH KBa3UCTAIMOHAPHBIX MEPEHAIMPSKEHUM, T.€. IOHU3UTh XaPAKTEPUCTUKY
CHaIpSHKEHUE-BPEMSD) CETH, YTO IIO3BOJIUT COOTBETCTBEHHO YMEHBIIUTH
HauOombiIee padouee Hanpspkenue OITH, a 3HauuT u U, 4, ;

— UCIIOJB30BaTh O0OOpYyJOBaHWE C W3OJAIMCH, 00Jadaromel IMOBBIIMICHHON
IPOYHOCTBIO, T.€. YBEIUUHUTh U " "

Ocraromieecss HanpspkeHue Ha OIIH B pexxume oOrpaHudeHuss T'pPO30OBBIX

NepeHanpsHKeHUl Uy, ,, TOHDKHO OBITh TaKUM, YTOOBI MAKCUMAJIbHBIEC MEPEeHANPSHKEHUS

U™ ma 3amuimacMoM 00OpYyJIOBaHHH ObUIM C 3aIlacOM MEHBIIIE, YeM HCIBITATCILHOC

Hanpsokenue U, 5Toro 060pydoOBaHUs Ipo30BLIMU mMmiyiabcamu (cm. ['OCT

1516.3). PexomenmyeMmslii 3amac cocrasiser He menee 10%, t.e. U7 <0.9-U .,

N3BectHO, uTO dYem Oombiie pacctossaue L ot OIIH mo 3amumaemoro

000pyIOBaHUSI M Y€M MEHbBIIE JIUTEIbHOCTh (DPOHTA 7, BO3ACUCTBYIOIIMX IPO3OBBIX

U I'PO3

BOJIH, TEM 3HAYUTEIIbHEE HAINPSHKEHUE MOYXET MPEBOCXOAUTh HANIPSHKEHUE Uy, ,, .

Ecnu 11 KOHKPETHOTO PAcCTOSHUS L M OCTaromierocs HanpsokeHust U, ,, YCIOBHE
U™”<09-U,,"” He BBINONHAETCS B JOCTATOYHOM YHCIIE CIY4acB BO3IEHCTBHS

IPO30BBIX BOJIH C TOW WJIM HMHOM JJIUTENBHOCTHIO (poHTa 7, (HE obecrneunBaeTcs
JIOCTATOYHBIM ~ ypPOBEHb  HAJEKHOCTH  3alIUThl  00OPYIOBaHHUS OT TPO30BBIX
NepeHaIpsHKeHU ), TO HE0OXO0AUMO:
— yMeHbmuTh pacctostare L ot OITH g0 3ammmaemoro o6opyaoBaHus;
— OrPaHUYUTDH YMCIIO TPO3OBBIX BOJH C MAJIOW JAJTUTENBHOCTHIO (PPOHTA 7,,, UTO
JOCTUTaeTCs 00YCTPOMCTBOM 3alUIICHHBIX TPOCOM TMOJXOJI0OB BO3AYLIHBIX
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muauii  (BJI) Kk pacnpeienuTeNbHOMY — YCTPOHMCTBY M IIpeIoJiaraet

CIEIYIOIINE MEPOTIPUSITHUS

® YCTAaHOBKY Ha IMOJIXOJAaX MNPHUCOEAMHEHHBIX K PY BO3MYLIHBIX JHWHUN
OJTHOTO WJIM HECKOJIBKHX TPO303alIUTHBIX TPOCOB, OOCCTICUMBAIONITUX
CHI)KEHHUE BEPOSATHOCTH IIPSIMOTO yJapa MOJHUY B (ha3HbIe poBoaa BJI;

* BEIOOpP ONTHUMAIBHOTO TOJIOKEHUS TPOCOB Ha OTOpE, 00ECIEUNBAIONIETO
MUHHUMAJIHYIO BEPOSITHOCTH MPOPHIBA MOJTHUH HA (pa3HbIC MPOBO/A;

" CHU)XCHUE COIPOTHUBIICHMS 3a3emiieHus Ommxkanmmx Kk PY  omop
MPUCOCANHEHHBIX BO3AYIIHBIX JIMHUM, YTO NpPU yAape MOJIHHM B
3a3eMJICHHBIN TPOC JIMHUK CHU)KAET BEPOATHOCTh OOPATHBIX MEPEKPBITHI C
Tesa onopsl Ha (a3Hble MPOBO/IA;

— CHHUBUTH YPOBHM W (WJK) AIUTENbHOCTH Bo3aekcTBus Ha OIIH co croponsl
CETH KBAa3WUCTALMOHAPHBIX MEPEHANPSIKECHUM, T.€. IOHU3UTh XAPAKTEPUCTUKY
CHaIpSHKEHUE-BPEMSD) CETH, YTO ITO3BOJIUT COOTBETCTBEHHO YMEHBIIUTH
HauOoJspee padouee HanpsbkeHue OITH, a 3HauuT u Uy, ;

— HCIIOJIB30BAaThb O60py,Z[OBaHI/Ie C HBOHHHHGﬁ, 06naz[a}0meﬁ ITOBBIIIICHHOM

IPOYHOCTBIO, T.€. YBEIUUHUTh U ., ;

— YCTaHOBUTb Ha TMPHUCOCIWHEHHBIX BO3AYIIHBIX JHHUSAX Ha Bxoae PVY
nonojauTeabHbie OITH, T.e. mepeiit k «kackagHoi» cxeme [9-11]; Takue
CXEeMbl 3allUThl O00OPYIOBaHUS OT TPO3OBBIX MMEPEHANPSHKEHUM O0COOEHHO
abdexTuBHBl TIpU L, >L,; B KadecTBE IMpuUMepa Ha PHUCYHKE IIOKa3aHa
KacKagHas cxema 3aIIUTHI oT NepeHanpsHKeHU N U30JISALIUH
aBToTpancopmaropa (paccrossaue or AT go Omumxaiimero OIIH na sTOM
pHUCyHKe 0003Ha4YeHO L, ).

BJI
OIIH OITH —— AT

Ha BJI y AT

[Tpumep KackagHOM CXeMbl 3alIUTHl 000PYI0BaHUS OT IPO30BBIX MEPEHANPSKEHUH.

B nocnenneit (7-i) penakiuu MpaBWJI YCTPOMCTBA 3JIEKTPOycTaHOBOK I[1YD
(Ta6m.4.2.10-ta61.4.2.13) B 3aBHCUMOCTH OT YHWCJA 3alIUTHBIX aIMapaToB U CXEMBI
pacrpeaeanuTeNbHOTO YCTPOMCTBA MPUBEIECHBI MAaKCUMAIbHO JOMYCTHUMBIE PACCTOSHUS
OT BEHTWIBHBIX PA3PsIHUKOB 70 3alMIaeMoro oOopynoBaHus. B mpumedanmsx k
ATUM TaOIMIlaM HamucaHo: npu ucnosb3zoBanuu OITH BmecTo PB wim nipu uzmeHenuun
UCTIBITATeNIbHBIX ~ HANPsDKEHUW — 3alllMIaeMoro  oOOpyJOBaHUS  MaKCHUMAalbHO
JOMYCTUMOE  PAcCTOSIHUE  JO  CHJIOBBIX  TPaHC(POPMATOPOB  HIJIMU  JIPYTroro

3HCKTpOO60py,Z[0BaHI/I}I OMnpeCacCIsICTCA 110 (bopMyJIe
T'PO3 U
M onH
T'PO3 !
-U PB

U
LOHH = LPB =
U e
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rae L., — Makc. gomyct. pacctostaue ot OITH go 3ammumiaemoro obopyaoBaHus (m);

L,; — Makc. JOMYCT. PaCCTOSIHUE OT pa3psAIHUKA J0 3allUIaeMoro ooopyaoBaHus (M);

I'PO3

U ,cn — HUCHBITATENIbHOE HAMNPSHKEHHUE 3alllUIaeMOro oOOpyJIOBaHUS TPH IMOJTHOM

rpo3oBoM umnyibce (kB); U, , U,, — ocratonieecs HanpstkeHue Ha OITH (PB) npu

TOKe 5 KA — s kinaccoB HanpsbkeHust 110-220 kB; 10 kA — 1715 KJ1aCCOB HANPSHKEHUS
330 xB u Bbime. Orta ¢dopmyna I[IYD c¢ HekoropsiMu oroBopkamu (cMm. 1m.9.3
Pexomennanuii) MoxkeT OBITh UCIIOJb30BaHA [IJII YIPOILIEHHOTO COTJIaCOBaHUS
xapaktepuctuk OIIH B pexkume orpaHudeHUs TPO30BBIX INepeHanpsikeHun (Uy,,, WIH

OHO k€ U, ) C PACCTOSHUSAMH J0 3aIUIIAEMOT0 000pyT10BaHUSI.
Cuuraercsi, 4YTO HOMUHAIBHBIMN paspsaneliii  Tok OIIH (1,,,) J0omkeH

COOTBETCTBOBATh TEM I'PO30BBIM UMITYJILCHBIM TOKaM, KOTOphIie poTekaroT B OITH npu
YAQJIEHHOM YJlap€ MOJHHUH, a OOJIBIIOM TOK — TEM TI'PO30BBIM HMITYJIbCHBIM TOKaM,
koTopble mnpotekaroT B OIIH mnpu OnuszkoMm yaape MOJHMM WM yAape MOJHHH
HernocpeacTtseHHo B OITH.

Hns  PY rpo3oBble BOJIHBI, Haleraomue ¢ nOpucoeauHeHHbx  BJI,

OrPaHMYMBAIOTCS MMIYJILCHON Mpo4YHOCTRIO U,," " wm3omsuum stux BJI. Benmumna

UMITYJILCHOTO TOKa |77

BOJIHBI

B OIIH moxeT ObITh OIleHEHa MO MPaBUIy SKBUBAJICHTHOMN

| TPO3 _ (Z-UMFPOB _UOHHFP03)/ZM ’

9 _ ocraromeecs nanpsoxkenne OITH B pexuMe OrpaHUYEHMs IPO30BBIX

rac UOHH
nepeHanpsLkeHuit; Z,, — BOJHOBOE comnpoTuBiieHue (asznoro mposoga BJI ¢ yuerom

MMITYJIbCHOM KOpPOHBI. Eciiu mpeamnonarate, 4To npu yaajleHHOM yaape moiaauu B OITH
IPOTEKAIOT UMIYJILCHBIE TOKH (popmer 8/20 mkc, T0 U, " =U,,,,. Torga mua OITH,

YCTAHOBJIEHHOTO B PAaCIPENCIUTEIBHOM YCTPOWCTBE, HOMUHAJIBHBIN PAa3psAIHBIA TOK
JOJKEH YIOBJIETBOPATH YCIOBUIO
Is/zo 2 (Z.Umrpo;’ _USIZO)/ZBJI'
B ocranmpHbBIX Clly4yasix, MOMHUMO pAaCIpPENEINUTEIbHbIX YCTPOMCTB CTAHIUN H
NOJICTaHILIM, 00OCHOBATh pacyeTaMu TpeOyemMoe 3HaU€HHEe HOMUHAIBHOTO Pa3psIHOTO
TOKA lg;,, JAOCTATOYHO CIIOXKHO, U OH MOXET HE MPOBEPATHCA, & TPUHUMATHCS TAKOU

BEJIMYMHBI, KOTOPYIO MPOn3BoaAnTeNb HaseiBaeT 1uia OITH ¢ sHeproeMkocTeio Wy, .

bmmskuit  wim  npsamon  ynmap wmoisHuu B OIIH, ycranoBneHHbBIH B
pacrpenenuTeNbHbIX YCTPOUCTBAX CTAHIIMN U NOACTAHUMH, PAKTUYECKU UCKII0YACTCA
paBUJIbHBIM BBIOOPOM CHUCTEMBI MOJHUEOTBOJOB. [lo3TOMYy BBIOOp OOJIBIIOTO TOKa
OIIH B aTOM ciyuae mpoBOAUTH HE 00s3aTenbHO. Kpome Toro, ciemyeT moHuMaTh, 4To
npssiMoid ynap MoiHuu B OIIH, yuuThiBasi BEpOSITHOCTHBIM XapakTep MapaMeTpoB
MOJIHUEBOTO pa3psla U UHbIE (PaKTOPHI, CKOpee Bcero, npuBeAeT k nporekanuio B OITH
TOKa COBEPIICHHO Apyroi popmel, Hexxenn 4/10 mkc.

B cnyuae, korna OITH yctaHoBiieH Ha BO3YIIHOW JIMHUU WM B UHBIX MECTax,
r7ie BeposATeH OJM3KUI WIM TPSMON yJap MOJHHUH, MPENNOYTEHUE CIEAyeT OTAaBaTh
OIIH c mnoBBIIICHHOW BEIUYMHON UMIyJbca OOJBIIOIO TOKa, a OOOCHOBaHUE
KOHKPETHOT'O 3HaY€HUs1 OOJBIIOr0 TOKa HEBO3MOXKHO IO TEM K€ MPUUYMHAM, 4TO ObUIH
Ha3BaHbl 4151 OITH B pacnpeaeanTenbHOM yCTPOMCTBE.
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5. THITIOBBIE U OCOBBIE CJIYYAU ITPUMEHEHMUS OIIH 6-35 xB
5.1. ]It KOppEKTHOTO BBIOOPA CXEM pacCTaHOBKH M TEXHUYECKHX xapakTepuctuk OITH
6-35 kB He0O6Xx0AMMO MPOBEACHNE PACUETOB B CIACAYIOUINX «OCOOBIX)» CITydasx:

3allATa OT KOMMYTAIIMOHHBIX ITEPEHAIPSHKEHUI KOHIEHCATOPHBIX OaTapei;
3alIuTa OT IPO30BBIX MepeHanpsokeHuid n3onsiuuu BJI 6-35 kB;

3aIIMTa OT IIEPEHANPSKEHUIM CETe T€HEPAaTOPHOTO HAIIPSKEHHUS;

3aIuTa OT MepEeHANPSIKEHUH U30IIALINN «IKpaH-3eMJIIs» 0AHO(pa3HBIX Kademei
BBICOKOT'O HAIIPSIKEHUS,

3alluTa OT TNEPEHANpPSIKEHHM B CETSIX C IOBBIIIEHHBIM COJIEPKaHUEM
rapMOHUK;

3alIUTa OT NEPEHAIPSKEHUIN B CETSIX C PE3UCTUBHO-3a3€MIICHHOW HEUTPAIIBbIO
(B TOM 4mcle 3amMTa OT MEpEHANpsIKEHUH B CETSIX C HEUTpablo,
3a3eMJICHHOM uepe3 napaiuiensHoe coequHenue [P u pesuctopa).

5.2. B ocTanpHBIX CiIy4asx, MOMHMO OCOOBIX M3 1.5.1, B MPOBEACHUHU CHEIUATBHBIX
pacueToB TMEpPEHANPSIKCHUH HET HEeOOXOAWMOCTH, a BBIOOP CXEMbI 3allUThI
obopynoBanus u xapakrepuctuk OITH mokeT ObITh NMpoOU3BEAEH YHPOIICHHO (CM.
n.5.3-5.4 u rnaey 6).

5.3. Jlns 3amuThl OT TPO30OBBIX MEpeHANpsDKeHHid B ceTsix 6-35 kB HeoOxomumo
ycranaBnuBath OITH B psize XapakTepHBIX MECT, IEPEUUCIEHHBIX HUKE (HEKOTOPHIE U3
ATUX MeCT yKa3aHsl u B [1YD 7):

Ha cTopoHe 6-35 kB cunoBweix TpaHchopmaTopoB (aBTOTpaHCHOPMATOPOB)
JUISL 3alllUThl OT TPO30BBIX TNEPEHAIPSKEHHUM, BBI3BAHHBIX TI'PO30BBIMU
BOJIHaMHM, HaOerawomumu ¢ npucoenuHeHHbix BJI 6-35 kB; He momyckaetcs
HaJlMuyue KOMMYTAIIMOHHBIX allllapaToB B LIENH MEXAY TpaHC(hopMaTopom H
3alIMTHBIM aIllapaToM, TaK KakK TOJBKO B O3TOM Cilydae Jaxe MpHu
OTKIJIFOUEHHOM BBIKITIOUaTese 6-35 kB oOecneunBaeTcs 3ammra 0OMOTOK 6-35
kB  TpaHcopMatopoB OT TpO30BbIX MEPECHANPSKEHUN, BBI3BAHHBIX
Mepex0/I0M IPO30BbIX BOJIH Uepe3 TpaHcHOpMaTOp € IPYyTrUux 0OMOTOK;
HETMOCPEJICTBEHHO y BBIBOJIOB 6-10 kB nBurareneii (eciv OHU B KOHKPETHBIX
YCIOBUSX OJKCIUIyaTallUM MOTYT IIOABEPraTrbCsi BO3JECUCTBUIO TI'PO30BBIX
MepeHanpsHKeHM ); TpU HEOOJIBIION JJIMHE Kabess, MUTAIOIIETO JBUTATEb,
nonyctuMo ycranaBnuBath OITH He y nBurarens, a B s;tueiike BbIKIIOUYATEIS;
Ha CeKIMsIX uH 6-35 kB (HampuMmep, y U3MEPUTENIbHBIX TPaHCHOPMATOPOB
HaANpPsDKEHUS ) WM HA MOJX0aX BO3AYIIHbIX JUHUK 6-35 kB k PY (nanpumep,
HETIOCPEACTBEHHO B sueiike BbIKiIto4aTesass BJI co cTOpoHBI JMHHUM); B 3TOM
ciaydae oOecrneurBaeTcsl TMOBBIIIEHHAS 3alllUIIEHHOCTh O000pYyJAOBaHUS OT
rPO30BBIX MEPEHANPSHKEHUM IO CpaBHEHUIO co ciaydaeM, korga OITH
YCTaHOBJICHBI TOJILKO Y CHJIOBBIX TpaHC(HOPMATOPOB;

B MECTax CETU C OciabieHHOMN n3osuen (y MEeTaJUIMYeCKUX OTop Ha JTUHUU
C ICPEBSIHHBIMH OMIOPAMH, Y KaOCIbHBIX My(PT | T.1.);

5.4. JIns 3a1MThI OT KOMMYTAIlMOHHBIX MEPEHANPsKEHHH B ceTax 6-35 kB HeoOxoaumo
ycranasnuBath OITH B psie XxapakTepHbIX MECT:

Ha cTtopoHe 6-35 kB tpancdhopmaropos 6-35/0.4 kB, He momyckas HaJIM4uus
KOMMYTAI[MOHHBIX alMapaToB B LIETIH MEXY TPAHCHOPMATOPOM U 3aLTUTHBIM
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anmapaToM; B 3TOM ciy4yae oOecredyuBaercs 3amura oOMoTok 6-35 kB
CWJIOBBIX  TpaHCPOPMATOPOB OT KOMMYTAlMOHHBIX IEpPEHANPSHKEHUH,
BO3ZHUKAIOMIUX TMPH OTKIIOUEHUU HEHArpy>KEHHBIX TpaHCHOpPMATOPOB CO
CpPe30M TOKa B BBIKJIIOYATENE; 3alldTa OT ATOr0 BHJA IEpPEHAINPSIKEHUN
HEe00X0JIMMa, €CJIM COeIMHEHUE TpaHc(hopMaTopa U BBIKJIFOYATENS BBIITOTHEHO
BO3/IYIIIHOW OIIMHOBKOM, U HE TpeOyeTcs, eciu TpaHchopMaTop MPUCOEAUHEH
K BBIKJIFOYATENIO0 KalOejneM, JIJIMHAa KOTOPOTO MPEBOCXOAHUT ONPEIEICHHYIO
BEJIMYMHY, 3aBUCAILYI0O OT TUIA BBIKIIOYATENs, JJIWHBI W TUNa Kabens, a
TaK)Ke€ OT MOIIHOCTH TpaHchopmaTopa; B [/] Oe30macHOM cyUMTaeTCs AJMHA
ka0ens 6oiree 50 M;

HEIMOCPEJICTBEHHO y BbIBOJOB 6-10 kB nBurarteneil; B 3ToM ciyyae
obecrieunBaeTcsl 3ammTa OOMOTOK JBUTaTeled OT KOMMYTAaIMOHHBIX
MepeHanpsHLKeHU, BO3HUKAIOIUX MPU UX BKIIOYEHUM W OTKIIOYEHHH; NPHU
HEOOJIBIION AJTMHE Ka0essl MUTAIOUIEro JBUraTellb, JOMMYCTUMO YCTAHABINBATh
OIIH we y nBurarens, a B STYEMKE BBIKIIFOYATENA C TOW CTOPOHBI, C KOTOPOU
HAaXOJIUTCA KOMMYTUPYEMbIN KaOelb C IBUTATENIEM Ha KOHIIE;

B SYEMKE BAaKyyMHOI'O BBIKJIFOYATEJNS C TOM CTOPOHBI, ¢ KOTOPON HAaXOIUTCS
KOMMYTHPYEMOE MPUCOEIMHEHUE; B 3TOM cllydyae oOecleyrBaeTcsl 3alluTa
OPUCOECAUHEHNS OT KOMMYTALIMOHHBIX MEPEHANPSIKEHUN, XapaKTEPHBIX INPU
paboTe BaKyyMHBIX BBIKIIOYaTeNeil [7]; Ui 3amMThl OT KOMMYTAIIMOHHBIX
NepeHanpsKeHU JocTaToyHo ycraHaeiauBath OITH Tonbko B Tex sueiikax
BAKYYMHBIX  BBIKJIIOYATENEH,  KOTOphle  KOMMYTHPYIOT  JIBUTaTelH,
TpaHcpopMaTOphl, KOHJEHCAaTOpHbIe Oatapen [6-7]; ycranoBka OIIH B
ApYruX siuerKax, Kak MpaBujlo, HEe Tpedyercs (pEeKOMEHIyeTcsl B sUeilkax
BO3JYIIHBIX JIMHUM, HO MCKIIOYUTENBHO JJIi OTrPAaHUYEHUS T'PO30BBIX
nepeHanpsbkeHuit Ha Bxoae PVY); ecnu Ha KOMMyTUPYEeMOM MHPUCOEAMHEHUU
yxe ectb OIIH (manmpumep, y BBIBOJOB JBHUTraTels, TpaHcPopMarTopa,
KOHJICHCATOpHOU OaTtapeu), TO ycTaHOoBKa kakux-nmu6o OIIH B suelike
BAaKyyMHOTI'O BBIKJIIOUATENsl HEe TpeOyeTcs; clieyeT IOHUMaTh, YTO YCTaHOBKA
OIIH B sdAueiike BaKyyMHOTO BBIKJIIOYATESI CO CTOPOHBI CEKIMH IIMH HE
BIMSET Ha IEPEHANpPSHKEHUST Ha KOMMYTHPYEMOM IPUCOECIWHEHHH, T.€.
Hed(p(EeKTUBHA JUIsl €ro 3alluThl OT KOMMYTAI[MOHHBIX NEpeHaINpsHKEHUH;
ycraHoBka OIIH mnapamienbHO KOHTakTaM BaKyyMHOI'O BBIKJIIOYATENsl HE
PEKOMEHy€eTCs.

5.5. Ins 3amuMThl BUTKOBOM HW30JSLMU JABUTATENIEd OT BOJH KOMMYTAlMOHHBIX
nepeHanpspkeHuit ¢ KpyTeiM pontoM npuMenenne OITH neaddextrBHO, 1 TO3TOMY B
psne ciaydaeB peKOMEHAyeTcs HucnoJib3oBaTh B jaomnonHenwe k OIIH cnenumanbHbie
koHieHcaTopsl (i RC 1ienouku), yctaHaBIMBaeMbIe Ha BHIBOJIAX JBUTATENCH.

Hexotopeie OITH 6-35 kB, ycTraHOBI€HHBIE B COOTBETCTBUU C 111.5.3-5.4, yiauHo
COBMEIIAIOT B ceOe (PyHKIMH OrpaHUYEHHUS U TPO30BBIX (M.5.3), © KOMMYTAIlMOHHBIX
(n.5.4) nepeHanpsHKEHUI.
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6. BBIBOP XAPAKTEPUCTHUK OIIH 6-35 kB B TUIIOBBIX CJIYUASAX
OcHoBuble xapaktepuctukn OITH 3a wuckiatoueHHeM OCOOBIX — CIIyyaes,
MEPEYUCIIEHHBIX B 11.5.1, JOMYCTUMO ONPENEsATh YIPOIIEHHO.

6.1. Boioop Hauboabero padoyero nanpskenust OITH
HaunGonbemee pabouee nampsokenue OIIH U,,, BeiOupaercs, mpuHUMas BO

BHHUMAaHHE CIIEAYIONINE (PaKTOpbI:

— Haubonbllee pabodee HaNMpsHKEHUE CETH, B KOTOpYro ycTanaBimBaeTcss OITH
(kacchl HaPsKEHUS 3JIEKTpooOopyaoBaHus cerer 6-35 kB cormacuo I'OCT
1516.3 npuBeneHsl B TaONIUIIE);

— 3a(UKCUPOBAHHBIC B JKCIUTyaTalldd (B MECTE MPEIOoJIaracMoil yCTaHOBKH
OIIH) moBbIlIEHUS HaNpsSHKEHUS CBEPX HOPMHUPOBAHHOTO  3HAYCHHS
HanOOJIbIIEro pabovyero HapsHKEHUS CeTH;

— HaJIMYME WIM OTCYTCTBUE Bpallaromuxcs MamuH 6, 10 kB;

— HaJWYME WIM OTCYTCTBUE PE3UCTUBHOTO 3a3€MJICHUS] HEUTpaIu.

Hawubomsiree padbouee HomunansHoe HaHGOILIICE THTENLHO
Kitacc nanpspkenus JomyckaeMoe pabouee
HanpsoKEeHUE HanpsDKEHUE
AMEKTPOOOOPY TOBAHHUS . HarnpsOKEHUE B
obopyaoBaHus JIEKTPUUECKOM CeTH .
JIIEKTPUYECKOM CeTH

6,0 6,9

6 7,2
6,6 7,2
10,0 11,5

10 12,0
11,0 12,0

35 40,5 35,0 40,5

6.1.1. Cetu 6-35 kB ¢ nzoaupoBanHoii njiu 3azemiieHHoi yepe3 JII'P neiirpasnio,
He cojlepsKalue BPallalIIUXcs MAIIUH

B cerax 6-35 kB, He comepkammx BpalarOIIMXCS MallWH, CYLIECTBYIOT
CPaBHHUTENHHO OOJbBIIME 3amachl MPOYHOCTH H30OJAIMH oOopymoBanus. [loatomy B
TaKUX CETSIX BbIOOp HamOoubiero padodero HampsixeHuss OITH MoXHO OoCyIIeCTBIATS,
UCXOAs M3 HEOOXOJUMOCTH MaKCHUMAaJIbHO TOBBICUTH HAJEXKHOCTh €ro paldoThl Mpu
JyTOBBIX MIEPEHAIPSIKEHUSIX, KOTOPBIE MOTYT CyIIECTBOBATh A0 2-6 yacoB (cm. m.1.3.2).

VYuutbiBass 3amachkl MPOYHOCTH M30JSALMU OOOpYJIOBaHMs, €€ JOCTaTOYHas
3alUIIEHHOCTh OT IPO30BBIX U KOMMYTAIIMOHHBIX MEepeHanpskeHuit Oyaer obecrneueHa
IIPU BCEX «Pa3yMHbBIX» 3HAYCHUSIX U, .

CornacHo pacderaM [6] mepexoaHBIX MPOILECCOB B CETH C WU30JIMPOBAHHON HIIU
3a3eMiIeHHOW 4yepe3 JII'P HeuTpanplo KpaTHOCTH AYTOBBIX MEPEHANPSLKEHUN MOXKET
nocturatb 3.5 (IO OTHOLIEHUIO K aMIUIMTyAe (pa3HOrOo 3HAYEHHUS HauOOJIBIIEro
pabodero HampsDKEHUST CETH), YTO COOTBETCTBYET MAaKCHUMAaJIbHOMY 3HAUYEHHUIO
MepEeHANPSKCHU N

\/EU HPC

N

rae U,,. — HauOosbiiee pabodee HANpsOKeHUE ceTr (JIMHEWHOE).

Uy =35-

Hns Toro, yto6bl otcTpouth OITH OT MyroBhIX NepeHanpsskeHui, He00X0uMo,
10 KpaiHEW MEpE, BBITIOJIHUTD YCIOBUE
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U30/60 ZUHYF’
e U,y = (U . ~\/§)-K30,60 (3HaueHus K,y yKaszaHsl B11.6.3.3).
Torna nmosxy4uM yciaoBue BeIOOpa
U,po >(1.0+1.05)-U .

Knacc HanpsixeHusi, kB 6 10 35

U,po, KB 7.2-76 | 12.0-12.6 | 40.5-42.5

6.1.2. Cetu 6-10 kB ¢ n3oamupoBanHoii niau 3azemiieHHoi yepe3 JAI'P neiirpansbio,
coJepikaliye Bpalapimecss MalnHbI

Bpamaromuecs MamuHbl (JBUraTead, CHUHXPOHHBIE KOMIIEHCATOPBI) HMEIOT
HAaMMEHBIIME 3anachl MPOYHOCTH M3OJSLUU MO CPABHEHUIO C JIPYTUM 00O0PYIOBAHHEM
cerei 6, 10 kB.

OrpaHnuuTENN NEPEHANPSHKEHUI B TAKUX CETAX CIEAYET YCIOBHO PA3ACIATh Ha:

— OIIH, cnenuanbHO yCTaHOBJICHHBIE IS 3AILUTHI U30JISLUU ABUTATEIICH;

— «mpouune» OITH, ycTaHOBIIEHHBIE HA IIMHAX, Y TPAHCPOPMATOPOB U T.A.

PacueTHpIM pexxuMoM i BbIOOpa HauOouibliero padodero HampspxeHust OITH,
CIIELMAIIBHO YCTAHOBJIEHHOIO JUIS 3aIUTHI U30JISIUMN BPALIAIOIIMXCS MAIIUH B CETAX C
M30JINPOBAaHHOW M 3a3eMiieHHOW uepe3 JII'P Heltpanbto, sBisiercsa pexum O33, npu
KOTOPOM HaIlpSKEHUE HA «3JIOPOBBIX» (Pa3zax C€TH OTHOCUTEIBHO 3€MJIU MOBBIIIAECTCS C
dasnoro 3nadgenus U ,,./+/3 10 muHEHHOTO U )0

U HPC

Upo =
Kys(T)
rne U,,. — Hanbosblnee paboyee HanmpspDKeHHE ceTu (JMHEiHoe), T — MaKCHUMallbHOE

< UHPC

Bpems (1o 1m.1.3.2), B TeuyeHue KOTOPOro BpaIlaroIiascs MalliHa paboTaeT B PEKUME
CYIIECTBOBAHUS B CeTU OAHO(a3HOro 3ambikaHusi Ha 3emito (O33); xapakTepucTHKa
Hanpsokenne Bpems K, ,(T) npusenena B katanore npoussoautens OITH win mMoxer

OBITH TIPUHSTA TIO 11.6.3.2.

HaubGonbmee pabGouee wnanpsokenue OIIH, BoiOpanHoe Takum o0paszowm,
MO3BOJISIET C OJTHOM CTOPOHBI oOecreuuTh HajexHyw padotry OITH mpu Bo3nelicTBum
Ha HEro JIMHEHHOro HampsbkeHus: cetu U,,. B pexume O33, a ¢ Apyroil — 3allUTUTD

JBUTATENb IYCTh HE OT BCEX KOMMYTALMOHHBIX MEpPEHANPSLKEHHM, HO XOTA OBl OT
HauOosiee onacHbIX. OHaKO BHIOpaHHOE yKa3aHHBIM CIIOCOOOM HaumOoJiblliee padbouee
nHanpspkenue OITH U, He rapanTupyet 6e3aBapuiinyto padory OITH npu purensaom

CYLIECTBOBAHUU B CETU JyTOBBIX NEPEHANPSIKECHNUM.

Haubomnbiee pabouee HanpspkeHue «mpounx» OITH MoxkeT ObITh TPUHSATO TaKUM
ke, Kak u 1 orpannuntened OITH, HemocpeacTBEHHO 3allMIAOINX ABUTATENIH, HO
npeAnouTUTeNbHee BbIOUpaTh U,,, «mpouux» OIIH u3 ycnoBus obecrieueHus uX

HaJeKHOM JKCIJIyaTalluu IIPU AYTOBBIX NIEPCHAIIPSKCHUAX, T.€. 110 m.6.1.1
U,pp = (1.0+1.05)-U .

6.1.3. CeTn 6-35 kB ¢ pe3ucTHBHO-323eMJIEHHOH HEHTPAJIbIO
CornacHo 1n.5.1 3TOT city4ail siBAsieTCs: 0COOBIM U PACCMOTPEH B 11.7.6.
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6.2. Beioop sneproemkoctu OITH v Toka nmponmycKHoO# cOCOOHOCTH
Pekomennyemas gt OIIH sHepruss OgHOrO HMMIYJbCa TOKa MPOMYCKHOM
criocooHoctu (popma 2000 MKC), OTHECEHHas K 3Ha4yeHUto U,,,, o0o3HaueHa W,, U

npuBezieHa B Tabiuie. B Tabnuie Tak ke yKazaHbl peKOMEHAyeMbIe JUana3oHbl TOKa
MPOIYCKHON CITOCOOHOCTH.
HexoTopeie npousBoautenu B katanorax Ha OITH:

— OTHOCST SHEPIuio HE K HauOoJblemMy padoyemy Hanpsbxkenuto OITH (U ,,,), a

K HOMHUHAIbHOMy Hanpsoxkenuro OIIH (U,,,"")

; B DJTOM Clly4ae
peKkoMeHyeMas yjienbHas sHeprusa W,, OyaeT MeHblIe 3HaYeHHH, yKa3aHHbIX
B TaOJIMIIE;

— YKa3plBalOT 3HEprur0 W,, He OJHOr0, a OJHOBPEMEHHOIO IBYX HMILYJIbCOB

TOKa HpOHYCKHOﬁ CHOCO6HOCTH; B 9TOM CJIydaC PCKOMCHAYCMAsdA YyACIbHAA
OHCPIUA 6yneT B JIBa pa3a 6OJII>HI€, 4YCM YKa3aHO B Ta6JII/II_Ie.

Knacc HanpspkeHns, kB 6 10 35

Wyﬂ , kKIx/kB 2.5-35 2.5-35 2.5-3.5

Umnynbc 2000 mkc ¢ amnnutygon, A 550-650 550-650 550-650

Hepeoxo (nanpumep, 6 [2]) snepeoemrxocmo OITH pexomendyiom suloupams 8 3a8UcumMocmu
Om eMKOCMHO20 MOKA cemu, OOBACHASL MO MAK: YeMm @blile eMKOCHMHbIL MOK, meM O0abULyIo
9HepeUro passusaiom 0y208vle NePeHanpsdiceHus, U mem oonvuias sxHepeus evidensemces ¢ OIIH, m.e.
Ha 601bUYI0 SHEP2UI0 OH 00JdHCeH Obimb paccuuman. Konkpemuoe 3nauenue sHepeoemMKocmu uHo20a
PEKOMEHOYIOmM 8blOUPAmb HA OCHOBE YUCIA YUKIO8 3ANCUSAHUS-2AUleHUsl OVeU (NPUHUMAEMCs He
bonee 30 yuxnos) u suepeuu, komopas evioensiemes 6 OIIH 3a 00un yuka.

Cnedyem ommemums, 4mo 8 dKCNIYAmayuul YUcio YUKL08 3aAAHCUSAHULI-2AUEHULL OVeU MOdHCem
COOMBEMCMB08AMb YUCTY NOTYREPUOOO8 NPOMBIULIEHHOU YACMOMmMbl 30 6peMs CYUWecme08ans.
peacuma 0ye08020 3aMbIKaHUs, m.e. moavko 3a 1 cexyndy 6yoem 0o 100 yuxio 3axcucanusi-eaueHus,
a 3a Heckonvko 4acos 033 makux yuxio 6yoem Henpeockazyemo MHo20. B amoii ceazu memoouka
evibopa snepeoemxocmu OIIH, ochosannas Ha yucie Yukios 3adcueanus-2auerus, He bl0epicusaen
KPUMUKU U He MOXdCem UCNONb3068ambcs npu evibope OITH.

Kpome moco, uem eviuie eMKOCMHbBIL MOK, MeM MeHbule 6EPOIMHOCHb BO3HUKHOBEHUS.
0y208bIX NEPEHANPAANCEHULL BCIeOCMBUE HEYCMOUUUB020 2openus oyeu. Ilosmomy, 6 obwem cnyuae,
cnedyem NpusHamev  HEOOOCHOBAHHBLIMU —pEeKOMeHOayuu 6 pasgemeineHHvle cemu 6-35 kB
yemanagnugams OIIH ¢ nogvluieHHOU 3HepeoeMKOCMbI0 UIU NPedyCMAampusams NapauileibHyio
YCMAaHOBKY 00HOBPEeMEHHO HeCKObKux komniekmos OIIH na cooprvie wiunbi.

Ilo obwenpusnannomy muenuro OITH He npeonasznauen 0isi 0SpaHuderus K8a3ucmayuoHapHoix
nepeHanpaNXCenutl U 3auumsl 000py008anUs Om HUX, MAaK KaKk 3mo nompedosaio 6l HeonpagoOaHHvIX
3ampam Ha napaiienvhsie dnemenmsl 6 Koncmpykyuu OITH. Ilo smoil npuuune pocm s3HepeoemKocmu
OIIH (ouamempa eapucmopog) He A81Aemcs mMepou nogvluleHus Hadedxcnocmu pabomor OIIH npu
K8A3UCMAYUOHAPHBIX (8 uacmuocmu, 0y206bix) nepenanpsicenusnx. OCHOBHOU Mepoll NOBbIULEHUS
Haoexcnocmu pabomwr OIIH npu smux nepeHanpsadjceHusx AGNAemcs YeiuyeHue Hauborbule2o
pabouezo nanpscenuss OIIH (pocm évicomsl cmonba apucmopos) uiu CHUdCeHue 8030elUcmeuti Ha
OIIH co cmoponwsl cemu (cm. enasy 8).

opnzeu.ru 26



6.3. IlpoBepka noctaTouHocTH NMpounx xapakrepuctuk OITH
OIlH, BoiOpannblii mno 1n.6.1-6.2, o6magaer HauOONBIIUM  paboOYUM
HanpspkeHueM U, M DHEProeMKOCTbIO W, , KOTOPBHIE IPAKTUYECKHA OJHO3HAYHO

omnpenenstoT Bce mnpoune xapakrepuctuku OIIH konkpeTHOoro mnpousBoautens. B
TUTNOBBIX ciyyasix npuMeHenus OITH mpoBoauTh MpoBEepKy MPOUYUX XapaKTEPUCTHK
OIIH Ha ynoBneTBOpEeHHE YCIOBUSAM, MPUBEACHHBIM B 111.6.3.1-6.3.4, He 00s13aTeNbHO.

6.3.1. HomunaabHoe nanpsiokenune OIH U, "

B cootBeTcTBHU C BBIPaKCHUCM
U, " 21.25-U,,, .

6.3.2. XapakTepHCTHKA «HANPs:KeHUe-BpeMsD)
3amaercsi B OTHOCUTENBHBIX eqUHUIAX U ,,, 17 ciaydaeB 0e3 HarpykeHus (*) u ¢

IpeIBApPUTEIbHBIM HarpyxeHuem (**).

JnutenbHoCcTh T NMPUIIOKEHUS Jonyctumast kpatHocts K, , (T) MIPEBBILLICHUS
ITOBBINCHHOI'O HAIIPSIKCHNA Hanpsikenust Ha OITH, ne menee

0,1c 1,50*/1,40**

lc 1,43*/1,35**

10c 1,37*/1,30**

100 ¢ 1,31%/1,23**

1200 ¢ 1,23*/1,15**

3600 ¢ 1,19*/1,10**

B otHOocuTensHbIx enuHunax U,,, OIIH nomken uMeTs 4OMyCTUMbIE KPATHOCTH
NOBBIIEHNs HANPsHKEHWsS HE MeHee 3Hadenui K, ,(T), ykasaHHBIX B TaOIulE, T.€. B

MMeHOBaHHLIX eauauiax s OITH 10/KHO OBITE AOIYCTUMO MOBLIIIEHUE HATPSKEHUS]
ne menee K, ,(T)-U,,, .

6.3.3. OcTawuuecs HaNps:KeHUsl PH TPO30BbIX H KOMMYTAIMOHHBIX
NepeHanpsKeHUAX

Ocraronmecss HanpsKEHUS IPU UMITYJIbCHBIX TOoKax B OIIH, Bo3HuKarommx mpu
OTpaHUYEHUHN TPO30BHIX U KOMMYTALMOHHBIX MEPEHANPSKEHUHN, SBISIOTCS BaXKHBIMU
xapakrepuctukamMu OIIH wu yka3piBaloTCsi B Karajore MpPOU3BOJIUTENS Ha Tak
HA3bIBAEMBIX «PACUYETHBIX UMITYJbCHBIX TOKAX». DTH OCTAIOIIUECS HAMPSKEHUS MOTYT
ObITH ompejeneHbl (C HEKOTOPOMl MOrPElIHOCThI0) Yepe3 THUIOBbIE KPATHOCTH Ki,, U

K 3,60 OTPAHUYEHHUS TPO30BBIX U KOMMYTALIMOHHBIX ITEPEHAIIPSIKEHUN COOTBETCTBEHHO.

Knacc HanpsipkeHus, kB 6 10 35
PacuyeTHbIn TOK (kA) rpo30BbIX 5 5 5
nepeHanpsxeHun (umnynsc 8/20 Mkc)

PacueTHbIN TOK (A) KOMMYTaLUNOHHbIX

nepeHanpsxeHu (umnynsc 30/60 MKc) 500 500 500
K20 23
K360 20
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B OTHOCHTENBHBIX €IMHULAX +2-U,,, aMIUIMTyAbl HauOOJbIIEro paboyero

Hanpspkenus: OITH noikeH uMeTh KpaTHOCTH OTrpaHUYEHUs MepeHanpskKeHU He Ooliee
3HAUYCHUU Ky, U Ky, YKa3aHHBIX B TaOmuie. T.e. B mmeHoBaHHBIX equHuIiax OITH

JOJIXKCH HUMCTb OCTaromuccCs HaIIPsKCHUA Ipu
KOMMYTAIINOHHBIX UMITYJIbCHBIX TOKaX, COOTBCTCTBCHHO, HC Ooiece

(U HPO '\/E)'Ke/zo’
(U HPO "/E)'K%/GO'

6.3.4. HomunanabHbli pa3psaanblii TOk (popma 8/20 Mkc) 1 uMITyJIbC 00JILIIOTO

PaCUCTHBIX

I'PO30BBIX

ToKa (popma 4/10 mkc)
I[OCTaTOLIHBIMI/I ABJIIOTCA IIPUBCACHHBIC B Ta6J'II/II_[e 3HAYCHMU.
Knacc HanpsikeHusi, kB 6 10 35
Mmnynbc 8/20 MKC ¢ amnnnMTyaon, KA 5 5 5
Wmnynbce 4/10 mkc ¢ amnnntygon, KA 65 65 65
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/. BBIBOP XAPAKTEPUCTHK OIIH 6-35 kB B OCOBbIX CJIYYAAX
JInsi KOppEKTHOTO BBIOOpA CXEM pPacCTaHOBKH M TEXHMYECKHX XapaKTEPUCTUK
OIIH B cersx 6-35 kB HeE0oOX0AMMO MPOBEAEHUE PACUETOB B MEPEUMCICHHBIX HUXKE
«O0CcOOBIX» cnydasx. PacueTsl MOryT OBITh TPOBEIACHBl AHAIUTUYECKH WIA C
UCIIOJIb30BaHUEM KOMIIBIOTEPHOTO MOJEJINPOBAHUS IIPOLIECCOB.

7.1. 3amuTa 0T KOMMYTAIIHOHHBIX NePEeHaNpPsIKeHUil KOHAEHCAaTOPHBIX OaTapeil

OIIH wMmoxer ycraHaBnuBaTbCs Yy Oaraped KOHJEHCAaTOPOB, HMEIOILEH
COOCTBEHHBIN BBIKJIOUATEIb, JUISl €€ 3aIUThl OT KOMMYTAI[MOHHBIX MEPEHANPSIKEHUH;
npu 3toM OIIH ycranaBnuBaeTcss Mexay Oarapeil M €€ BBIKJIIOYATENIEM, TaK Kak B
OPOTUBHOM Cilyyae 3amura OaTaped OT KOMMYTALMOHHBIX IepeHaNpsKEHU,
BO3HUKAIOIIUX IIPU €€ BKJIIOUYEHUHU U OTKIIIOYEHUH, HE 00eCIIeUrBaeTCsl.

OHeprus, koropas Bwlaensercs B OIIH, ycTaHOBIEHHOM y KOHAEHCATOPHOU
Oarapen, MOKET ObITh 3HAUUTEIILHON U ONPEIEISIETC:

— BEJMYMHOM €MKOCTHU OaTapeu;

— BO3MOXHOCTBIO BO3HMKHOBEHMSI IOBTOPHBIX IPOOOEB B MEXKOHTAaKTHOM

IPOMEKYTKE BBIKIIFOUATEIIS.

[TpoBenenune pacueToB HEOOXOAMMO, INIABHBIM 00pa3oM, C LENIbI0 MPABUIBHOTO

BbIOOpa sHeproemxoctu OIIH (W,,), obecneunBarommieil ero HaJekHyH paboTy B

peKHME  OrpaHWYCHHs]  KOMMYTAllMOHHBIX  TepEHANpPsHKEHUH. OcTanbHble
xapakrepuctuku OITH MoryT ObITh OnpeiesieHbl ynpomeHHo (cM. m.6.1 u 11.6.3).

7.2. 3amuTa oT rpo3oBbIX nepeHanpsxennii uzoasuu BJI 6-35 kB

B cuiy cpaBHUTENbHO HEBBICOKON HMMITYJILCHOM TIpoyHOCTH u3ossiims BJI 6-35
KB gocTtaroyHO 4YacTo mepekphiBaeTCsd Jaxe OT MHAYKTHPOBAaHHBIX TI'PO3OBBIX
nepeHanpsLKeHU, BBI3BAHHBIX yAapamu MojHuM BOIM3u or BJI (Tem Oonee Takas
U30JISILIMS TIEPEKPBIBACTCS MPU NPSIMBIX yAapax MoiHuu B BJI).

YcranoBka OITH Ha omopax BJI 6-35 kB mis 3amuThl €€ U30JI1MHA OT TPO30BBIX
nepeHanpsLKeHU sBIsieTcs 0coObIM ciydaeM ucnosibzoBanust OITH, Tak kak HamOomee
yacto OIIH Bce e IMpUMEHSIOTCS B PacCHpENENUTENBHBIX YCTPOMCTBAX CTAHLMU U
MOJACTAHIIUH.

ITonsecHbie orpanmuutenu nepeHanpsbkenuit OIIH 6-35 kB ycranaBnuBarorcs
Ha onopax BJI 6-35 kB mapamienbHO TUPJsSHAAM JUHEWHBIX HU30JISTOPOB, T.C. MEKIY
(ba3HBIM [IPOBOJIOM U TPABEPCOM OTMOPBHI.

Ha ocHoBe psiga pacueToB, npoBeaeHHbIX st BJI 6-35 kB, cnenanbl cneqytoiye
o0o01arone peKoMeH1allii OTHOCUTENHHO MecT yctaHoBku OITH:

— mis  3¢GdeKTUBHOM  3amuThl  m3osAnuu  Bced  BJI oT  rpo3oBBIX

nepeHanpspkeHnit Heooxoauma ycranoBka OITH Ha kaxmoit omope;

— 1751 3¢(HEKTUBHOMN 3aIIUTHI U30ISIUU OTACIBHBIX («IpoOIeMHbIX») onop BJI

OT TPO30BBIX MepeHanpsikeHud Heobxoauma ycranopka OITH Tosbko Ha 3THX
OTopax;

— JUTSl UCKITIOYEHHSI TIEPEKPHITUI N30SI Ha OJHOLEIHON OMope HeoOXoauMa

ycranoBka OITH cpasy Bo Bce (a3bl Ha omope;
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— Il WCKJIIOYEHUS [JBYXILENHBIX MEPEKPBITUM W30 Ha JBYXIEIHBIX
onopax ycranoBka OITH moctaTouna TobKO B a3kl OJHOM U3 IETIEH.

Cucrema MOJIHHEOTBOJOB UCKIIIOUAET MPSMbIE yAapbl MOJIHUM B 00OpYAOBaHHE
pacrpeeauTeNbHbIX YCTPOMCTB, a 3HauuT U B ycTaHoBiieHHble Tam OIIH. B cmyudae
yctaHoBku OIIH Ha omopax BJI craHOBATCS BO3MOXHBIMH IMPSIMBIE yAAapbl MOJIHUH B
OIIH, T.e. CylIEeCTBYET pealIbHbI PUCK BBIXOAA W3 CTPOS 3TUX 3ALIUTHBIX alllapaToB.
OcobOenHo Takoi puck Beiauk B cinydae yctaHoBku OIIH na BJI, He ocHaiieHHBIX
IPO303alIUTHBIM TPOCOM, TaK KaK B 3TOM CIy4ae 3HAYUTEIbHAS YaCTh YAAapOB MOJIHUU
B BJI mpuxoautcs He Ha 3a3eMJICHHBIA TPO303alIUTHBIA TPOC, a Ha (a3HbIE MPOBOJA,
T.e. pakTuuecku HenocpeacTseHHo B OITH.

CHmwxenue pucka noBpexaenuss OITH 6-35 kB B ciydyae ux mpuMeHEHUs Ha
BO3IYIIHBIX JIMHUSAX 6-35 KB mocturaercs:

— coBMecTHbIM npuMmeHeHreM OIIH ¢ rpo3o3amuTHeIME Tpocamy;

— BoeIOOpoM OIIH mOBBIIIEHHON 5SHEPTrOEMKOCTH C JOMYyCTUMBIM JUIsl HETO

UMITYJIbCOM 00JIbIIOTO ToKa (MMIyJbe 4/10 mkc) ammmutynon 100 KA;

— yBenudyeHueM uuciaa onop BJI, Ha koTopbix ycranoBieHsl OIIH, Tak kak 310
IIPUBOJUT K CHUKECHUIO BBIJCISAIOLICHCS SJHEPTUM B KAXKJIOM allllapare 3a CUeT
paccenBaHus dHEpruu paspsga moinuu He B ongHoMm OIIH, a B Oombiiom
KOJIMYECTBE padOTAONIMX MMapaIeIbHO alapaToB.

Konkpernoe 3nauenne sHeproemkoctu OIIH gns BJI 6-35 kB 3aBucur or
MHOTHX (D)aKTOpPOB (HampuMep, OT HAJIW4YUs TPO30TPOCA) U JOHKHO OMNPENESAThCA Ha
ocHOBe pacueToB. B uactHocTH, mpumenenue OIIH wa BJI 6-35 kB 6e3 TpocoBoii
3aIIMTBI HE pPEKOMeHayercsd, ecnu dHeproemkocts OIIH memee Wy, =5 k/Ix/kB

(3HaueHue npuBeaeHO K U ,,,, U YKa3aHO JIUIS OJHOTO UMITYJIbCA).

Haunbonwimee padouee nanpspkenne OITH na BJI 6-35 kB npuBeneno B Tabiuie
— €ro peKOMEHAyeTCs MPUHUMAaTh Ha 5% BhIIIEC HaMOOJBIIET0 paboyero HaIpsHKESHUS
CETH.

Knacc HanpspkeHus, kB 6 10 35
U

Cpemnn npounx xapakrepuctuk OITH ans BJI 6-35 kB BaxHyr ponb urpaer
aMIUTUTYJ]a UMITyJIbca OoJbioro Toka (dhopma 4/10 mkc). B wactHoctn, Ha BJI 6-35 kB
0e3 TpocoBoil 3ammThl pekoMmenayercs npumenstb OIIH ¢ ammautygoi mmmyibca
6ompioro Toka 100 KA.

ro> KB 7.6 12.6 425

7.3. 3amuTa OT nepeHaAnpPsiKeHuil ceTeil reHepaTOPHOro HANPSIKEHUs

Beibop OIIH nns 3amuThl  W30JSIIMM  TEHEPATOPOB, a TaKXKe JIPYroro
000opyI0BaHUs ceTel TEHEPATOPHOTO HAMPSIKEHUSI, TPAAUIIMOHHO PACCMATPUBAETCS KaK
ocoObiii crmyvail. C OJHOH CTOPOHBI, A3TO BBI3BAHO BBICOKOW CTOMMOCTBIO H
OTBETCTBEHHOCTBIO 3aIMIIAEMOT0 O0OpYAOBaHMS, a C APYrod — HEOOXOAMMOCTHIO
yuera npu BbiOope xapakrtepuctuk OIIH ocobGeHHOCTEl yCTaHOBIEHHBIX Ha
reHepaTopax PeryiasiTopoB BO30YKICHHUS.
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7.4. 3ammTa OT NepeHanpPsiKeHu il M30JIAUNHU «IKPAH-3eMJIsD)
oaHO(pa3HBIX KadeJieil BHICOKOT0 HANPSKEHHUS

B nocnegHee BpeMmsi CHIIOBBIE KaOenw BbICOKOro HampspkeHus 6-500 kB Bce
0oJiee IMMPOKO HCIHOJIB3YIOTCA I Mepeladyd MU PACHPENETICHHUs 3JIEKTPOIHEPIHH,
0COOEHHO B KPYITHBIX TOpoJax W Ha MPOMBIIUICHHBIX NPEANPUITHIX, T/I€ YPOBCHD
AIIEKTPONOTPEOICHUST W TUIOTHOCTh HArpy3KH BechbMa 3HauuTeNbHbl. Hanbombliee
pacmnpocTpaHeHHe MOIy4aloT CHIIOBbIe OJHO(a3HbIe KaOenu ¢ U30JSIIHUENH U3 CIIUTOTO
MOJIUATUJICHA.

DOKkpanbl kKademnel ¢ U30SIIMEN U3 CUIUTOrO MOJUATUIICHA BBIMOIHEHBI U3 XOPOIIO
MPOBOJISALIETO MaTeprayia (aTIOMUHUS WU MEAM); 3a3eMJICHUE DKpPaHOB Oojiee ueM B
OJIHOM TOYKE BEJET K MOSBJICHUIO B HUX 3HAYUTEIBHBIX TOKOB, COMMOCTABUMBIX C TOKOM
xuibl Kabens [12-15]. Ecau mo yclnoBHsSM OrpaHUYEHUS HAMPSDKCHUS Ha JKpaHe
00s13aTeIHHO €T0 3a3eMJICHUE B HECKOJIBKUX TOYKAX, TO JIJISl CHUKEHUSI TOKOB B DKpaHax
Tpexda3Hoil rpynnbsl ogHO(a3HBIX Kabeneil MOXKEeT ObITh MPUMEHEHa TPAHCHO3UIUA
HKPAHOB.

YcranoBka OIIH Mexay skpaHOM M 3€MJICW ISl 3alIATHI U30JISIUAM «IKpaH-
zemisi» kadeneit 110-500 kB (pexe — xabeneit 6-35 kB) oT rpo30BbIX MepeHaNnpsKEHHA
HeoOXoIuMa:

— Ha TOM KOHLE Ka0elis, Ha KOTOPOM PKpaH HE 3a3€MJICH;

— €Clld MPUMEHEHAa TPAHCIO3UIUs HKPAaHOB Tpex(da3zHoU rpymnibl kademnei, To B

KaXX/I0M y3JI€ TPaHCIIO3ULIUY.

i |
__ i

CxeMa coelMHEHUS KPAHOB TPYIIIBI U3 TPeX 0JHO(DA3HBIX Kabenel ¢ N30sIuel U3 CIIUTOTO
MOJIMATUIICHA B CIIy4ae, KOrJa SKpaH 3a3eMJIEH TOJIBKO C OJHOM CTOPOHBI.

A

i |

Cxema coeIMHEHHS SKPAHOB TPYIIIBI U3 TPeX 0JHO(A3HBIX Kalenel ¢ N30JIuel U3 CIIUTOTO
MOJIMATUIIEHA B CIy4ae, KOI/1a SKPaH 3a3€MJIEH C IByX CTOPOH U IPUMEHEH
OJIMH LIUKJ TPAHCIIO3UIIMH SKPAHOB.
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XapakTepUCTUKU OTPAHUUUTEIIA TMEPEHANPSKEHUM, MPeTHa3HAYEHHOIO st
3aIUATHl M30JISIIUK dKpaHa KaOesl, MOJDKHBI BRIOMPAThCS HUCXOMAS W3 JBYX OCHOBHBIX
KPUTEPUEB:

— o0ecrieyeHUs] HAJIEKHOM 3allUThl M3O0JSLUU HKpaHa TMpPU TPO30OBBIX U

KOMMYTAI[MOHHBIX MEPECHANPSIKCHUSX;

— obecnieueHus: HajexxkHod padbotel camoro OIIH mpu Bo3nmeicTBMHM Ha HETO
HaIpsKEHUS TPOMBIIUICHHOW YacTOThl KaK B HOPMAJIbHOM PEXUME, TaK U B
aBapUITHOM peXUMe KOPOTKOTO 3aMbIKaHUS BHE KaOes.

[IpoBenenne pacyeToB HEOOXOAWMO C IENbI0 BHIOOpAa HAUOOJNBIIETO pabouyero

Hanpspkenuss OITH (U ,,,) 1 MokeT OBITh BBIITOJIHEHO 1O MeTouke [15] (kak mpaBmiio,

U,,, =3+6 KB). Ocransupie xapaktepuctuku OIIH pocratounHo mpuHATE B
COOTBETCTBUH C M11.6.2-6.3.

7.5. 3ammTa oT NepeHANPSIKEHU B CETAX
C MOBBILIEHHBIM COACPKAHUEM FAPMOHUK
Cpenu cereil ¢ MOBBIIMIEHHBIM COJACPKAHWEM TapMOHHUK B KayeCTBE MpHUMEpa
MOKHO paccMoOTpeTh citydaid, koraa OIIH ycranaBimmBaeTcst sl 3alUATHI IBUTATENs,
OCHAILIEHHOT'O CUCTEMOM YaCTOTHOTI'O ITyCKa.
Boibop HauOombmiero pabouero Hamnpsokenus OIIH (1 gpyrux  ero
XapaKTEPUCTHK) MPU HAJTUYHHM B CETH BBICIIUX TAPMOHUK SBJISIETCS CIIOKHOW 3a7auei,
HE UMeroIIel 000CHOBAHHOTO PEIICHHUS.

7.6. 3amuTa OT NepeHanpsi;KeHuii B CeTAX ¢ Ppe3MCTUBHO-3a3eMJIEHHOH HelTPaJibIo

B cerax ¢ pe3UCTMBHO-3a3€MJIEHHOM HEUTpaJbl0 BEJIMYMHA PE3UCTOpa
BBIOMpAETCS B 3aBUCHUMOCTHU OT pEIIaeMBbIX 3a]1ay:

— CHIDKEHHMSI IyTOBBIX U (PEppPOPE30HAHCHBIX NIEPEHANPKEHU;

— o0ecrieyeHusi CEJIEKTUBHOCTH padOThl peNelHON 3aluThl 10 TOUCKY

MOBPEXKIEHHOTO ITPUCOEIUHEHHS.

B nepBom ciyyae BenM4yMHA PE3UCTOPA BBILIE, YEM BO BTOPOM, M IOATOMY B
IIEPBOM Clly4a€ TOBOPSIT O BBICOKOOMHOM 3a3eMJIEHMM HeuTpaiu. Pesucrop,
BBLIOpDAHHBI BO BTOPOM CIiydyae HCXOAS W3 OOECICUEHHUS CEJICKTUBHOCTH pPadOThHI
peneitHoM 3auMThl, OAHOBPEMEHHO II03BOJISIET CHU3UTH 10 O€30MaCHOr0 YPOBHS
IyroBble U (heppope3OHaHCHBIE NMEpEeHANpsHKeHUs], T.€. MO3BOJISET pelaTh cpa3y ABE
3a/1a4u.

Br160op Haubosbiero padbouero HampsbkeHust OITH 6-35 kB B cetsax, umeromux
PE3UCTUBHOE 3a3€MJICHUE HEUTpaiau, JOJDKEH MPOBOAUTHCS HA OCHOBE PACUYETOB C
Y4E€TOM BEJIMYMHBI PE3UCTOPA U MAKCUMAJIbHOM JJIUTETLHOCTH CYILIECTBOBAHUS pPEXUMA
0J1IHO(A3HOTO 3aMBIKaHHs HA 3EMITIO.

Octanbupie xapaktepuctuku OITH moryT ObITH OmpeneneHbl YHpoOIIEHHO (CM.
n.6.2-6.3).
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8. HOBBIINEHUE HAJIEZKHOCTMU OIIH B CETSAX 6-35 kB
bonapmmmacTBO mOBpexkaeHuid OIIH B cersix 6-35 kB ¢ u3onupoBaHHON WM
3a3eMiiecHHOW 4epe3 [[['P HelTpanbio mpoOMCXOOUT H3-3a AYTOBBIX, PE30HAHCHBIX U
(dbeppope30HaHCHBIX TIepeHanpsKeHni [6-7].

KpaTHOCTH JyroBbIX NEpPEHANPSIKEHUH TAKOBBI, YTO MPABUIBHBIM BBIOOPOM
Haubonbuiero padouero Hampstkeruss OITH 6-35 kB MokHO mpakTUdecku OTCTPOUTH
OIIH oT MHOrOKpaTHbIX Cpa0aThIBaHUM, CYIIECTBEHHO IMOBBICUB HA/IEKHOCTh €r0
paboThl, T.€. YMEHBUIMB (HO HE UCKJIIOYMB) PUCK €ro MOBpexIeHUs. B To ke Bpems
NOBBIIIEHHAs dHeproeMkocTs OIIH mpakTuyecku HE M3MEHSET ero HaJeKHOCTH, 3aTO
OJIHO3HAYHO NPHUBOJUT K €TI0 YAOPOKAHUIO.

KpatHocTH M 3Heprus pe30oHaHCHBIX U (EeppOPE30HAHCHBIX IEPEHAIPSHKEHUN
TaKOBbI, UTO HU BbIOOpOM pabouero HampspkeHus OITH, Hu BIOOpOM 3HEProeMKOCTH
HEBO3MOXKHO obOecrneunth Oe3aBapuiiHyto padoty OIIH mpu »stux Buaax
nepeHanpsbkeHuil. B cilyyae BO3HUKHOBEHMSI PE30HAHCHBIX W (PeppOpEe30HAHCHBIX
IIEPEHAIPSKEHUN BEpOSITHOCTh ToBpexaeHnd OIIH Tem Bblmie, 4eM AoJibllIe OHH
CYIIECTBYIOT.

Y4uThIBast U3710KEHHOE, PEKOMEHYETCH:

— B CeTAX C U30JMPOBAaHHOW UM 3a3emieHHou uepe3 [I'P HeuTpansro
[IOCTapaTbCsid CHU3UTh BpPEMs IIOMCKAa IIEPCOHAIOM  ITOBPEKIAECHHOIO
NPUCOEIUHEHUS, HE JIOMyCcKasl JUINTEIbHON paboThl B pEXUME OJHO(PA3HOTO
3aMBIKaHUS Ha 3€MJIIO, ITIOCKOJIBKY 3TOT PEKUM omnaceH He Toibko aisa OITH,
HO U JJIs1 APYTOT0 000pYIOBAaHUS CETH;

— B cerix 6-35 kB ¢ JAI'P He nomyckare paboTy C HeJOKOMIIEHCAIuen
€MKOCTHOTO TOKa CETH, YTO MO3BOJUT HCKIIOYUTH BO3MOYKHOCTH Pa3BUTHUSA
PE30HAHCHBIX NEPEHANPSIKEHU;

— MHCHOJB30BaTh B ceTaX 6-35 kB aHTHpe3oHaHCHbIE UW3MEpUTEIbHBIC
TpaHcOpMaToOpbl HANPSHKEHUS, YTO IMO3BOJIMT HCKIIOYUTH Ppa3BUTHE
(deppope3oHaHca BCIEICTBME HACBIEHUS WX CTanud (Ha  YCJIOBHS
BO3HUKHOBEHUS (peppope3oHaHca MPHU HEMOJHO(A3ZHBIX peKUMaX BKIIOUYCHUS
CHJIOBBIX TPaHC(OPMATOPOB ITO HE TIOBJIUSICT);

— MEepelTH K «BHICOKOOMHOMY» 3a3eMJICHHIO HEHTpanu, o0ecrneynBaronieMy
6e3aBapuiinyto skcrutyatanuio OIIH v npu AyroBbIX, U MpU PE30HAHCHBIX, U
npu peppope30HAHCHBIX MEPEHANPSIKEHUSX;

— TEpedTH K «HU3KOOMHOMY» 3a3€MJICHUIO HEWUTpaad, IO3BOJIAIOLIEMY HE
TOJIbKO ~ oOecreunTh  Oe3aBapuiiHyro  skcrutyataumio  OIIH  npum
KBa3UCTALMOHAPHBIX IMEPEHANPSDIKEHUSIX, HO W CO31aTb YCIOBHS JUIA
CEJICKTUBHOM pPa0OThI PEICHHONM 3alUThl 1O OTKIIOUEHHUI0 OT CETH
ITOBPEKAECHHOIO IIPUCOEINHEHMUS.

opnzeu.ru 33



9. THITIOBBIE U OCOBBIE CJIYYAU ITPUMEHEHMUA OIIH 110-750 kB
9.1. 1151 KOpPEKTHOTO BBIOOPA CXEM PACCTAaHOBKHU M TeXHUYEeCKuX xapaktepuctuk OITH
110-750 kB HEoOx01MMO TPOBEICHUE PACUECTOB:

BHYTPEHHMX IepeHanpspkeHud Ha PY, k xoropeim mpucoennnensl BJI 500-
750 kB gnurO# 601ee 200-300 KkM;

BHYTpeHHUX TepeHanpspkenuit Ha PY 110-750 kB, Ha KOTOPBIX Y CHJIOBBIX
TpaHCHOPMATOPOB U aBTOTPAHCPOPMATOPOB HE YCTAHOBJICHBI BBIKIIIOUATEIU
Ha CTOPOHE BBICOKOTO HAIpsKEHUs (B OJOYHBIX U MOIYOJOYHBIX CXEMax); Ha
NPaKTUKE CleNyeT u30eraTh TaKMX CXEM, KaK MOTEHIMAIbHO OMACHBIX IS
000pyI0OBaHUs ¢ TOUYKHU 3PEHUS BOSHUKAIOIINX BHYTPEHHUX MEPEHANPSHKEHUM,
YTO CHUMET HEOOXOAMMOCTb MPOBEACHUS PACUETOB;

BHYTPEHHUX (KOMMYTAllMOHHBIX) MepeHanpsbkeHuii Ha PY, Ha KoOTOphIX
YCTaHOBJIEHBI OaTapen KOHJIEHCATOPOB;

BHYTPEHHHUX [EpPEHANPSHDKEHUM Ha  BJIEKTpOIlepe/ladyax, OCHAIIEHHBIX
ycTpoicTBamu npoaoiabHou komneHcaruu (YIIK);

BHYTPEHHHMX TMEPCHANPSIKCHUN B CXEMax DJJIEKTPOCHAOXKEHUS TATOBBIX
MOJICTaHIMK mepeMeHHoro Toka 27.5 kB ot ceteit 110-220 kB;

BHEIIHUX (TPpo30BbIX) NepeHanpspkennit Ha BJI 110-750 kB, He obmanaromux
JOCTaTOYHOM TPO30YNOPHOCTBIO, C LENbIO ONpPENEIeHUs HEO0OXOIUMOCTU
yctanoBku OIIH Ha BJI, uncia u Mect ux nepBoo4YepeHOro pa3MeIIEeHUs Ha
BJI, Be16opa tuna OITH 1 OCHOBHBIX €0 XapaKTepUCTHK;

IIEpEHANPSIKEHUN B pacnpenenuTenbHbix  ycrpoucrBax 110-750 kB ¢
anera3oBoit nzossnueit (KPYJ);

nepeHanpsbkeHn B pazzemuriemor  Hewtpamu  110-220 kB cuioBeix
tpanchopmaropos 110-220 kB.

9.2. B ocTanpHBIX CiIy4asx, MOMHMO OCOObIX 3 1.9.1, B MPOBEACHUM CHECITUATBHBIX

pacyueToB

MepEHANpPsDKCHU  HET HEO0OXOIUMOCTH, a BBIOOP CXEMBI 3alUThI

oOopynoBanuss u xapaktepuctuk OIIH moxkeT ObITH MPOU3BEAECH YIPOUIEHHO (CM.
n11.9.3-9.4 u rnasy 10).

9.3. Jlmst 3ammuThl OT TPO30BLIX NepeHanpsbkeHuit B cetsix 110-750 kB

o0si3arenpHO ycTanaBnuBath OITH:

Ha ctopoHe 110-750 kB cuioBbix TpancpopMaTopoB (aBTOTpaHCHOPMATOPOB,
IIYHTUPYIOUINX PEAKTOPOB) JIA 3alUTBl OT TPO30BBIX MEpPEHANPSIKCHUH,
BBI3BAHHBIX T'PO30BBIMH BOJIHAMH, HAOETAIONMMHU C MpUCOCTUHEHHBIX BJI
110-750 kB; He momyckaercs HaJIMYUE KOMMYTAllMOHHBIX arapaToB B LIEMHU
Mexay  TpaHcopmaTopoM  (aBTOTpaHCHOPMATOPOM,  IIYHTUPYIOIIMM
PEaKTOpPOM) U 3alIUTHBIM armapaToM;

B HEMOCPEICTBEHHOU Onm3ocTh OT KabenbHbix Myt 110-750 kB B MecTax ux
npucoenuHenus Kk BJI unu x ommnHoBke PY;

PEKOMEHYETCsl TIONOJHUTENBHO ycTanaBmmuBarh OITH:
— Ha Kaxnou npucoeauHeHHod BJI B HemocpencTtBeHHOW Onuzoctu oT PY

(mammpumep, Ha Omkaiiiieit k PY onope BJI) unu Ha cOopHble muHb PY.

PasMmemienne 3amutHbIX ammapatoB B PY 110-750 kB nomkHO OBITH TakuM,
4TOOBI PAcCCTOSHUA /10 000PY/JOBaHUSI HE MPEBOCXOJIUINM MAKCUMAJIbHO JOMYCTHUMBIX.
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Otu paccrossHus npuBeneHsl B IIYD 7 B TabnuuHOM BHIE AN Cilydas 3allUThI
000py/I0BaHuUs TPU MOMOIIN BEHTUJIBHBIX Pa3psSIHUKOB U BBIIOJHEHUS CIIEHUATBHBIX
TpeOoBaHUII K OOYCTPOMCTBY 3allMIICHHBIX TpocamMu mnoaxonoB BJI. B cmyuae
UCITOJIb30BAHUSI BMECTO pa3psAIHUKOB coBpeMeHHbIXx OITH makcuManbHO n0mycTHMBIE
paccTosiHuS U TPEOOBaHUS K 3alIUMIIICHHBIM MOJX0AaM MOTYT ObITh CKOPPEKTHPOBAHBI.

WccnenoBanust [9-11] mo3BONSIOT cAenaTh psja BBIBOJOB W TPEIJIOKEHHM,

nononHsomux TpeboBanus I[IYD 7-i1 pemakuuu B 4YacTH 3allUThl OT TPO3OBBIX
nepeHanpsbkeHuid o0opyaosanus PY u o0ycTpoiicTBa 3alllMIIEHHBIX TOIX0I0B!

KaK BBICOKOA(D(PEKTUBHBIA CHoco0 3amuThl O0OOPYIOBaHUS OT TPO3OBBIX (M
KOMMYTAIlMOHHBIX) NepeHanpsbkeHuit B [1YD moimkHbI OBITH pEKOMEHIOBAHBI K
WCIIOJB30BAaHUIO KAaCKAaJHbIE CXEMbI, B KOTOPBIX 3alMTHBIE AaIlapaThbl
yCTaHOBJICHBI Ha Kaxkaou npucoeauaennoi BJI 110-750 kB BOmm3u ot Bxona PY
(«B TMHENHON STUEHKEN);

npuBeieHHbIe B TaOmumax [IYD makcumanbHO AOMYCTUMBIE PACCTOSHHUS OT
000pyZIOBaHUS 10 3alIUTHBIX allapaToB yKa3aHbl IIPU IPO30BOM aKTUBHOCTH HE
6onee 30 rpo30BBIX YACOB B T'OJ; B ClIydae, €CJIM YUCIIO IPO30BBIX YaCOB B pailoHe
pacnonoxkenust 6oiee 30 B Trojd, OMYCTUMBIE PACCTOSHUS JOJDKHBI OBITh
IIPONIOPLIMOHAIIBHO CHU)KEHBI;

pu 3aMeHe paspsaHukoB Ha OITH paspemraercs nepecunThiBaTh NPUBEICHHBIE B
tabmumax [IYD 7 MakcMManbHO JAOMYCTUMBIE PAaCcCTOSHUSA OT 3alUTHBIX
amnmapaTtoB JO0 CWIOBBIX TpaHC(OpPMATOpPOB, aBTOTpaHCHOPMATOpPOB (CM.
npumedanus Kk Tadi.4.2.10-ra6n.4.2.13, npusenenusim B [1YD);

HEJb3s NEPECUUTHIBATh MAKCHUMAJIBHO JIONYCTHUMBIE PACCTOSHUS OT 3allUTHBIX
ammaparoB 70 HauOosiee ynajleHHoro ob6opynoBanus PY (obGopymoBanus
JMHENHBIX Y€K ), PaCloIOKEHHOTO /10 3amuTHbIX anmapatoB (PB wmu OITH) mo
X0y Haberawmux ¢ npucoennHeHHbIX BJI rpo30BbIX BOJH (CM. MpuUMeEYaHus K
1a051.4.2.10-1a6:1.4.2.13 B I1YD, nomyckarorye Takoi nmepecyer);

HEOOXOJMMO HCKJIIOUUTh mnpumedaHue kK t1adn.4.2.10 I1YD, pomyckaromiee He
OrpaHUYMBATh PACCTOSIHUS 1O YJAJE€HHOr0 00OPYI0BaHUSA MpU OOJBIIOM YHUCIE
npucoeauHenubix BJI 110, 150, 220 kB; npu 6onbemom uucie BJI B xkauectse
MaKCUMaJbHO JIOMYCTUMBIX PpPACCTOSHUM OT 3alIUTHBIX allapaTtoB [0
yAaJE€HHOTO O0OPYJIOBaHUS MOKHO NMPHUHATH T€ paccTosiHus mo [1YD, xoTopeie
yKa3aHbl IPU TpeX U 0osiee mocTostHHOTO BKItoueHHbIX BJI 110, 150, 220 kB;
JOIYCKAaeTCsl CHWXaTh JUIMHY TpocoBoro mnoaxona BJI mo cpaBHeHHMIO €O
3HAYEHUAMM, yKa3aHHbIMH B [1YD, B cinydae ycraHoBku ponosnHuTenbHbIX OITH
B €€ JIMHEUHYIO TYEHKY;

B Ciydyae NOBBIIMIEHHbIX (Oosiee BemuuuHbl 20 Owm, mnpunstoir B IIYD 3a
MaKCUMaJIbHO JOMYCTUMYI0) CONpOTUBIIEHUH 3a3emiueHust onop BJI 110-330 kB
Ha 1oxojax K PY HeoOxoaumo ycranaBimuBaTh gonosHuTenbHbie OITH 110-330
kB, pa3meniaembie B nuHelHble siueiiku BJI wnu Ha cOopHble mmHbl PY.
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9.4. JIns 3adThl OT KOMMYTAIIMOHHBIX TiepeHanpsbkennil B cetax 110-750 kB
obs3aTenpHO ycTtaHaBnuBath OITH:

— Ha cropone 110-750 kB cunoBbix TpanchopmaTtopoB (aBTOTpaHCHOPMATOPOB,
IIYHTUPYIOIIUX PEAKTOPOB); HE JOMYyCKAeTCAd HaIUYUe KOMMYTAlMOHHBIX
anmapaToB B IIEMA MEXAy TpaHchopMaTopoM (aBTOoTpanchopmMaTopom,
IIYHTUPYIOIIUM PEaKTOPOM) U 3aIUTHBIM allapaToM;

— Ha NPHUCOEAMHEHHBIE K pacnpeaenuTeabHoMy ycrporctsy BJI 500-750 kB
BOIM3HU oT BXonaa PVY;

pekomenayetcst ycrtanapiuaTh OITH:

— Ha NPUCOEIUHEHHBIE K pacrpeaenuTeasnomy ycrpoiictsy BJI 330 kB BOIu3M
oT Bxojda PVY;

He 00s13aTenbHO ycTanaBiuBath OITH:

— Ha IPUCOEAMHEHHBIE K pacmpenenutenbHomy ycrpoiictBy BJI 110-220 kB
BOIM3M OT BXojaa PVY.

OIIH, ycranomiaenubie Ha BJI 110-750 kB BOmu3m ot Bxoma PY, ymauno

COBMeNIaloT B cebe (YHKIMH OTpaHUYEHUS U Tpo30BbIX (11.9.3), © KOMMYTallMOHHBIX
(1.9.4) nepeHanpsHKEHUIA.
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10. BBIBOP XAPAKTEPUCTHUK OIIH 110-750 kB B TUITIOBbIX CJIYYAAX
OcHoBuble xapaktepuctukun OITH 3a wuckiatoueHHeM O0COOBIX — CIydaes,
npUBEACHHBIX B 11.9.1, TOMyCTUMO ONIPEeAeNsATh yIPOIICHHO.

10.1. Boi0op Hauboabiero padouero nanpsizkenusi OINH

HauGonbemee pabouee nanpsokenue OIIH U,,, BeiOupaeTrcs, mpuHUMas BO

BHHUMAaHHE CIIEAYIONINE (PaKTOpbI:

— Haubonbpiee pabouee HampspkeHue cetd B Mecte ycraHoBku OITH (kmaccer
HanpspkeHue siektpoobopyaoBanusi ceredr 110-750 kB cormacno ['OCT
1516.3 nmpuBeeHbI B TAOIUIIE);

— 3a(UKCUPOBAaHHBIE B JKCIUTyaTalldd (B MECTE MPEIOoJIaracMoil yCTaHOBKH
OIIH) moBbIlIEHUS HaNpsSHKEHUS CBEPX HOPMHUPOBAHHOTO  3HAYCHHS
HanOOJIbIIEro pabovyero HapsHKEHUS CeTH;

— HaJIWYME WIM OTCYTCTBUE TPAHC(HOPMATOPOB C PA33EMIEHHON HEUTPAJIBIO.

Knacc HanpsbkeHns, kB 110 220 330 500 750
U ,pc ., KB (ans cetn) 127 253 363 525 788
U,pc /3 , KB (ansa cetn, pasHoe 3HaveHune) 73 146 210 303 455

10.1.1. Cetn 110-750 kB ¢ riiyxo3a3zeMieHHOM HelTPaJIbIO

Haubonbmee pabouyee HanpsokeHue U,,,, TpUBEIEHHOE B  Taluule,
npuHuMaeTcs Ha 5% BbIIe HAMOONBIIETO UIMTETHHO JOMYyCTUMOTO pabodero
((pasnHOTO) HanpsKeHUs ceTH U . /~/3 .

Knacc HanpsikeHus, kKB 110 220 330 500 750
U o, kKB 77 153 220 318 477

Ecnim B oJKkcIulyaTaluu  HWMENO MECTO TpeBbIMICHHE (a3HBIM  CETEBBIM
HanpsDKeHHeM ypoBHA U,,./+/3, To Haumbonbinmee pabouee HampspkeHHe U,

npuHuMaeTcss Ha 5%  BbIIe  MaKCHUMalbHOTO 3aduKcupoBaHHOTO  ((aszHOro)
HaIpsOKCHUS CETH.

10.1.2. Cern 110-220 kB ¢ 3¢¢exTHBHO 3a3eMJIECHHOH HEHTPAJIbIO

Eciu wacte TtpanchopmaropoB (110-220)/(6-35) kB B pacnpeneauTeIbHOM
yCTpOMCTBe paboTaeT ¢ paszzemsieHHON HeuTpanpio 110-220 kB, TOo HamOosblee
pabouee Hanpsbxkenue OITH 110-220 kB, yctanaBnuBaeMbix B TakoM PY, npunumaercs
Ha 10-20% Bblme Hambonbiero padouero (paszHoro) HampsvkeHus cetd U,,./~3 u

MPUBEACHO B TaOJIHIIE.

Knacc HanpspkeHus, kB 110 220
U o » KB 80-88 160-176

Ecmu Bce tpanchopmaroper (110-220)/(6-35) kB B pacmpeaenuTeibHOM
yCTpPOMCTBE palboOTalOT C pa33emMyieHHOW HeWTpanbio croponsl 110-220 kB, To
HauOombiee padouee Hanpsukenue OITH 110-220 kB, ycranaBnmuBaeMbix B TakoM PV,
npunumMaercs Ha 20% Bple HanOousblero paboyero ((ha3HOro) HampsHKEHUSI CETH U
NPUBEACHO B TaOIHIIE.
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Knacc HanpsbkeHns, kB 110 220

U ,po. kB 88 176

10.2. Bo16op 3neproemkoctu OIIH 1 Toka npomyckHoii cnocOOHOCTH
Pekomennyemas mia OIIH sHepruss ogHOro HMMIyJbCa TOKAa MPOIYCKHOM
criocobHoctu ((opma 2000 MKC), OTHECEHHas K 3Ha4yeHUto U,,,, o0o3HaueHa W,, U

npuBeeHa B Tabiuie. B Tabnuie Tak ke yKazaHbl PEKOMEHIyeMble TUaIa30Hbl TOKa
MPOIYCKHON CITOCOOHOCTH.
HexoTopeie npousBoautenu B katanorax Ha OITH:

— OTHOCST SHEPIuio HE K HauOoJbliemMy padoyemy Hamnpsbxkenuto OITH (U ,,,), a

OIlH )

K HOMHHaJIbHOMY Hanpsbkenuto OIIH (U~ ); B dTOM ciyuae

pEeKOMEHyeMas yaenbHas sHeprus W,, OyIeT MEHBbIIE 3HaYE€HUH, yKa3aHHBIX

B TaOJIUIIE;
— YKa3plBalOT 3HEprur0 W,, He OJHOr0, a OJHOBPEMEHHOIO IBYX HMILYJIbCOB

TOKa HpOHYCKHOﬁ CHOCO6HOCTI/I; B 3TOM ClIydaC pCKOMCHAYCMad YACJIbHAA
OHCPIUA 6y,ZIeT B JIBA pa3a 6OJ]I>HI€, 4YCM YKa3aHO B Ta6JII/II_Ie.

Knacc HanpsbkeHus, kB 110 220 330 500 750
Wm , Kx/kB 2.5-3.5 2.5-3.5 3.5-4.5 4.5-5.5 5.5-6.5
Wmnynec 2000 mMkc ¢ amnnuTygon, A 550-650 550-650 700-900 1000-1200 | 1300-1500

10.3. IIpoBepka nocTaToyHOCTH MPOoYUX xapakrepuctuk OITH
OIIH, BoiOpannenii mno mm.10.1-10.2, o6namaer HaubombmuM pabouuM
HampsokeHueM U,,, U DHEProeMKoCcTblo W,,, KOTOpBIE INPAKTUYECKH OJHO3HAYHO
onpeneisitor Bce npoune xapakrepuctuku OIIH konkperHoro mnpousBoamtens. B
TUNIOBBIX ciy4asx npumeHnenuss OITH mpoBoauTh mpoBepKy MPOYMX XapaKTEPHUCTUK

OIIH Ha ynosierBopeHHWe ycinoBusM, npuBeneHHbiM B 1.10.3.1-10.3.4, He
00s13aTeBHO.

10.3.1. HomunasabHoe Hanpsixkenne OITH
B cooTBeTcTBUU C BBIpaXKEHHUEM
U, 21.25-U,,, .

10.3.2. XapakTepucTHKAa «HANIPSKEHHE-BPeMSs»
3amaercst B OTHOCUTENBHBIX eqUHUIAX U ,,, 17 ciaydaeB 0e3 HarpykeHus (*) u c

peIBapUTEILHBIM HarpyxeHuem (**).
B otHOCUTENBHBIX equHuLax U,,, OIIH nomkeH UMeTh TOMyCTUMBIE KPATHOCTH

TOBBILIEHNUs HANPSDKEHHWs He MeHee 3HadeHui K, ,(T), ykasaHHBIX B TaOIuLE, T.€. B

MMEHOBaHHBIX exununax 11 OITH 10mKkHO GBITE TOMYCTUMO MOBBILICHUE HANPSKEHUS
ne menee K, ,(T)-U,,, .
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JnurensHocTh T TpUIIOKEHUS Jomyctumas kpatHOCTh K, , (T) IIPEBBILLICHUS
ITOBBINEHHOI'0 HAIIPSIKCHUA HanpspkeHus Ha OITH, ne Menee

0,1c 1,50*/1,40**

lc 1,43*/1,35**

10c 1,37*/1,30**

100 ¢ 1,31*/1,23**

1200 ¢ 1,23*/1,15**

3600 ¢ 1,19%/1,10**

10.3.3. Ocramomuecsi HANPSI’KEHUsI PU IPO30BBIX U KOMMYTAIMOHHBIX
NnepeHanpsKeHusIxX

Ocraronyecs HanpsHKeHUsT TPU UMITYJIbCHBIX Tokax B OITH, Bo3HuKaromux npu
OTPAHUYEHHUHU TPO30BBIX U KOMMYTAIIMOHHBIX MEPEHANPSIKECHUM, SBJISIOTCA BaKHBIMHU
xapaktepuctukamu  OIIH w yka3pIBaloTCST Ha Tak HA3bIBAEMBIX «PACUETHBIX
MMITYJIbCHBIX TOKAaX» B KaTaJa0re MPOU3BOAUTENSA. ITU OCTAIOIINECS HAIPSKEHUS MOTYT
OBITH OIpeeieHbl (C HEKOTOPON MOTPEHIHOCTHIO) Yepe3 TUIMOBBIE KPATHOCTU Ky, U

K 30760 OTPAHHUYCHHUSA I'PO30BBIX U KOMMYTAIIMOHHBIX HepeHaHpH}KGHI/Iﬁ COOTBCTCTBCHHO.

Knacc HanpsikeHus, kB 110 220 330 500 750
PacuyeTHbIn TOK (KA) rpo30BbIX
nepeHanpsxeHun (umnynsc 8/20 mkc) 10 10 10 20 20
PacuyeTHbIn TOK (A) KOMMYTaLNOHHBIX 500 500 1000 1000 1000
nepeHanpsxeHuin (umnynsc 30/60 MKc)
Ky 2.3 2.2
Ky0/60 2.0 1.9

B OTHOCHTENBHBIX €AMHHIAX +2-U,,, aMIUINTyIbl HanbOmbIIETO paboduero
HanpspkeHus: OITH nomkeH uMeTh KpaTHOCTH OTpaHUYCHHMS TIEpeHANPsHKeHU He Oosee
3HAUCHUN K, U Ky, YKa3aHHBIX B TaOnuie. T.e. B uMeHoBaHHBIX equnuiiax OITH

JOJIDKECH HUMCTb OCTAarOIHECCA HaIpsKCHUA Ipu PACUYCTHLBIX I'PO30BBIX 151
KOMMYTAIIMOHHBIX UMITYJIbCHBIX TOKAaX, COOTBETCTBCHHO, HEC Oonee

(U HPO * ‘/5) K8/20 )
(U HPO "/E)'Kao/eo-

10.3.4. HomunaabHbIi pa3psanblii TOk ((popma 8/20 MKc) 1 UMIYJILC 00JIbIIOTO
ToKa (popma 4/10 mkc)

HOCT&TO‘IHBIMI/I SABJIAIOTCA MPHUBCACHHLIC B Ta6J'II/IL[e 3Ha4YCHMUI.

Knacc HanpsixeHusi, kB 110 220 330 500 750
Umnynbce 8/20 Mkc ¢ amnnuTyaoun, KA 10 10 10 20 20
Umnynbc 4/10 MKC ¢ amnnuTyaoun, KA 65-100 65-100 100 100 100
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11. BBIBOP XAPAKTEPUCTHUK OIIH 110-750 kB B OCOBbIX CJIYYASAX
JInsi KOppEKTHOTO BBIOOpA CXEM pPacCTaHOBKH M TEXHMYECKHX XapaKTEPUCTUK
OIIH B cersax 110-750 kB HE0OX0aMMO MPOBEAEHUE PACUETOB B «OCOOBIX» CIyYasXx,
NPUBEACHHBIX HWKE. Pacuerbl MOryT OBITh BBINOJHEHBl AHAJIUTHYECKH WU C
UCIIOJIb30BaHUEM KOMIIBIOTEPHOTO MOJEIUPOBAHMSI IIPOLIECCOB.

11.1. PY ¢ npucoennnennsiMu BJI 500-750 kB gsimnoii 6os1ee 200-300 km

[IpoBeneHue pacueToB BHYTpeHHUX mnepeHanpsbkeHnit Ha BJI 500-750 kB
nuHoi 6onee 200-300 kM u B PY 500-750 kB, x xotopeiM 3t BJI nmpucoeauHeHs!,
HEO0OXOUMO C IENbIO:

— OIpEIENICHUS KBa3UCTAIMOHAPHBIX NEPECHANPSIKECHUN U OLIEHKU X OMACHOCTH
1u1st 000pynoBaHus U, B yactHocTH, Jy1st OITH;

— OINpEIeNeHUsT  KOMIUIEKCa  MEp,  HampaBJICHHBIX  HA  CHIDKEHUE
KBAa3WCTAllMOHAPHBIX TMEPECHANPSIKEHUA B TEX CIOydasix, KOrJa OHH
MPEACTABISIIOT PEATbHYI0 ONACHOCTh [JIsi 00OpYyJOBaHUS; HAPUMEpP TaKHUe
OIIaCHBIE MEPEHAIIPSIKEHUS PE30HAHCHOW MPUPOBI MOTYT BO3HUKATH B LIMKJIIE
OAIIB nHa oTkitoueHHOM (haze JMHUU «PE30HAHCHOW» JJIMHBI, 3aBUCAIIEH OT
YyCJla IPUCOEAUHEHHBIX K HEW IIIYHTUPYIOIIHUX PEAKTOPOB;

— ompenesieHus dHepruu, kotopas Bwiaensiercss B OIIH npu koMmyTarimoHHBIX
MEPECHAIPSKCHUSX.

PacyeTsl BHYTpEHHMX  MNEpPEHANPSHKEHUNM, KOTOPbIE  MOYHO  IPOBECTH

AHAJINTUYECKU WJIM C MCIOJb30BAHUEM KOMIBIOTEPHOIO MOIECIUPOBAHUSA, SIBIISIOTCS
OCHOBOI1 1111 BIOOpa xapaktepuctuk OITH (U ,;,,, W,, ), yctanaBmuBaeMsix Ha BJI 500-

750 kB (Hampumep, B HEMOCPEACTBEHHOW OJM30CTH OT Bxoaa PY s 3ammThl
000pyI0BaHUS OT TPO30BBIX U KOMMYTAIITMOHHBIX TIEPEHAIPSKCHUMN).

11.2. bao4yHble U mory010uHbIe nepenayu 110-750 kB

CxeMaMH, B KOTOPBIX BO3MOXHO BO3HHKHOBCHHE OMACHBIX BHYTPCHHHUX
NIEPEHAIPSHKCHUH, SIBIISIFOTCS TaK Ha3bIBaeMble OJIOYHBIC M MOJTyOJIOUHbIC Tiepeaadn [9,
16], B KOTOpBIX BO3AyIIHAs JIMHUS KOMMYTHPYETCS BMECT€ C  CHJIOBBIM
TpaHCHOPMATOPOM HJIM aBTOTPaHCHOPMATOPOM. B MPOEKTHON NpaKTHUKE CIeAyeT
n30erath OJIOYHBIX M TMOJYOJOYHBIX CXEM KaK OMAcCHBIX JUIsi OO0OpYyJOBaHHS H, B
gactHocTtH, misg OIIH, omHako psig Takux dJeKTporepenad yKe JKCIUTyaTUPYeTCs U
TpeOyeT TPOBENCHUS pACYETOB B paMKax 3aMEHbl YCTApEBIIUX BEHTHJIHHBIX
pa3psiaankoB Ha OITH.

[IpoBenenre pacdyeToB BHYTPEHHHX TEPCHANPSHKEHWA B OJOYHBIX U

noJryOJIOYHBIX Mepeaadax He0OX0IMMO C LENbIO:

— ONpeACIICHHs KBa3UCTAIMOHAPHBIX TIEPCHANPSIKCHUH M OIICHKH WX OMACHOCTH
1u1st o0opynoBaHus U, B yactHocTH, it OITH;

— OompeAeliieHus  KOMIIEKCa  Mep,  HalpaBleHHbIX  HA  CHIDKCHHE
KBa3WCTAIIMOHAPHBIX TEPCHANPSDKEHWH B TeX Ciydasx, Korjaa OHH
MIPEACTABIISIIOT PEATbHYIO0 ONTACHOCTH JIJIs 000PYI0BAHUS;

— omnpezeneHust sHepruu, kotopas Boiaensercs B OIIH mpu KoMMyTallMOHHBIX
nepeHanpsHKeHUsIX.
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Cnenyer moHMMaTh, YTO B OJOYHBIX M MOJYOJOYHBIX TEeperayax HaumOoJblIee
pabouee nampsbkenne OIIH, oOecneunBaromiee ero HaJAEKHYIO SKCIUTyaTalldio IMpHU
KBa3UCTALIMOHAPHBIX MEPEHANPSDKEHUSIX, MOYKET OKa3aThCsS 3aMETHO BBIIIE (Pa3HOTO
3Ha4YeHHs] HauOoJbIIero pabovyero HampspKeHus ceTH, T.e. Takot OITH B psane ciyuaes
Oynet Hed(D(PEKTUBHO OTPpaHMUMBATH TPO30BHIE U KOMMYTAIIMOHHBIC TIEPEHANPSIKCHUS
Ha 000py0BaHUMU.

B kadecTtBe mnpumMepa Ha PUCYHKE HHKE IIPUBEICHA JOCTATOYHO PEIKO
BCTpevaroniascsa cxema mnoiayomounor nepegaun 750/500 kB, B koTopoi BO3myIIHAs
muHust 500 kB MokeT KOMMyTHpoOBaThCsi B OJIOKE C aBTOTpPaHCPOPMATOPOM
750xB/500kB Brixmrouatensmu 750 kB.

E. L 750 kB

A
&)
OITH-500

BJI 500 kB

Cxema noy6mounoii nepemaqn 750/500 xB.

3HauuTeNbHO 00Jiee PaCIPOCTPAHCHHBIMHU SIBISIOTCS TOJYOJIOYHBIE TIEpenayvu
110-220 kB (cM. prcyHOK), B KOTOPBIX MOHMKaromue tpanchopmaropsl (110-220)/(6-
10) kB He umeroT cobcTBeHHBIX BhIKItoUaresneit 110-220 kB u koMMyTUpyIOTCS BMECTe
¢ nuratomumu BJI 110-220 kB — 3To, Kak mpaBuiao, TYNUKOBBIE IIOJCTAHIUU,
TPaH3WUTHBIE TOJCTAHIIMU, MOACTAHIIMU Ha OTnaikax, nutaemsie o BJI 110-220 kB
nHou 110 40-50 km. Helttpanu tpancdopmaropoB 110-220 kB Ha Takux nmoactaHumsx
3a4acTy0 pa33eMJICHBI.

E. L BJI110 kB T 110/10 kB

OITH-110

[Tpumep nomy6iounoii nepexaun 110 kB.

OcHoBubie xapaktepuctuku OIIH mns momyGnounsix mepemau 110-220 kB,
oTIpe/IeJICHHbIC PACYETHBIM ITyTEM M MPOBEPEHHBIC OMBITOM JKCILTyaTaIliy, TAKOBHI:
— wnHaubomnbmee padouee Hanpspkerue OITH 110-220 kB mpunumaercs wa 20%
BbIIIIE HanOoJbIero paboyero (pazHOro) HAMPSHKEHUS CETH M MPUBEICHO B
TabuLe

Knacc HanpsbkeHns, kB 110 220

U ,po. kB 88 176
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— oHeproemkocts Wy, u apyrue mapamerpel OIIH 110-220 kB ompenensrorcs
no n.10.2-10.3.

11.3. PY ¢ ycTaHOBJIEHHbIMH OaTapesiMi KOHAEHCATOPOB
[IpoBenenne pacueToB HEOOXOJUMO C IENbIO OMPEACNICHUSI SHEPTUHu, KOTOpas
Boigessiercss B OIIH npu  KOMMYTAallMOHHBIX —NEPEHANPSIKEHUSX, BBI3BAHHBIX
BKJIFOUEHUEM WIIA OTKJIIOYEHUEM OaTapeil KOHJIEHCATOPOB.
PacueTsl mepeHanpsKeHWd, KOTOPbIE MOYXHO NPOBECTH AHAIUTHYECKH WM C
UCITOJIb30BAHUEM KOMIIBIOTEPHOI'O MOJIETUPOBAHMS, ABIISIIOTCS OCHOBOM IJis1 BbIOOpa
sHeproemkoctu OIIH (W, ), ycranaBmuBaembix B PY. HawnbGonbemee pabouee

HanpspkeHue u apyrue napametpsl Takux OITH onmpenensitores o m.10.1 1 1.10.3.

11.4. dnexTponepenaum, OCHalIeHHbIE YCTPOHCTBAMHM MPOJAOJIbHONH KOMIIEHCALMHA

[IpoBeneHre pacyeToB BHYTPEHHUX MEPEHANPSKEHUH HEOOXOIUMO C LENbIO:

— ONpeJeNeHUs KBa3UCTAallMOHAPHBIX MEepeHaNPsKEHUH (B TOM YHUCIE B PEXKUME
KOPOTKOI'O 3aMbIKaHUs, KOIa TOKM KOPOTKOI'O 3aMbIKaHUs MOTYT CO31aBaTh
3HAYUTEIbHOE NajieHre HanpspkeHus yacToTel 50 ' Ha emkoctu YIIK);

— ompenesieHus dHepruu, kotopas Beiaensercs B OIIH nmpu koMMyTanmmoHHBIX
IIEPEHANPSIKCHUSAX.

PacueTsl BHYTpEHHUX TMEpEHAINPSIKEHUN SBISIOTCS OCHOBOM I BbIOOpa

xapakrepuctuk OITH (U, , W,; ), ycTanaBnuBaeMbIX i 3ammTel YIIK.

11.5. CxeMbl 3JIEKTPOCHAOKEHUS TATOBBIX MOACTAHIIMI
nepeMeHHoro Toka 27.5 kB or cereii 110-220 xB
Pexomennaunu no BeiOopy xapakrepuctuk OITH 110-220 kB, ycranaBinuBaemMbIx
Ha crtopoHe 110-220 kB TsaroBeix mnoactanuuii (TIIC) oxpHoda3zHoro Toka
IPOMBIIUIEHHON 4acToThl 27.5 KB, a Takxke crnocoObl CHUKEHHUS pUCKA MOBPEXKICHUS
stux OIIH mpuBenensl B [16-17]. DTu uccieqoBaHus MO3BOJIMIN C HOBBIX IMO3UIUH
000CHOBaTh HEOOXOJWMOCTh TMPOSIBJICHUS TOBBIIIEHHOTO BHUMAHHUSI K BOMpOCaM
AJIEKTPOCHAOXKEHUS DJICKTPUDUITMPOBAHHBIX JKEJIE3HBIX JOPOT OT BBICOKOBOJILTHBIX
ceTelt o0IIero Ha3HAYCHUS U CAENaTh PSJl BaXKHBIX BHIBOJIOB.
— B TUNOBBIX CXeMax MUTAHUS TATOBBIX IMOJCTAHIINI MEPEMEHHOro Toka 27.5
KB B cilyyae BO3HUKHOBEHUS KOPOTKOTO 3aMBIKAHHUS Ha IHUTAKOIIUX
BO3YILIHBIX JINHUSAX C UX MOCIECAYIOIIMM OTKJIOUYECHUEM BBIJICIISAETCA YYACTOK
CETH C M30JMPOBAHHOW HEUTpasblo, YTO SIBISETCA HapyLIEHHUEM TpeOOBaHUN
Iyo.
— Hamuuune npucoenuuennoro k TIIC BbII€IEHHOTO y4acTKa MUATAIOIIEH CETH C
W30JIMPOBAHHON HEUTPAIbIO MPU ONPEICICHHBIX 00CTOSTEIHLCTBAX MPUBOJAUT
K «oOpaTtHOW TpaHchopMaIum» Ha HETO HAIMpPSHKEHUS U3 KOHTAKTHOU CETH
27.5 kB, u4To BbI3BIBACT B PAAEC CIy4acB OMAacHbIE [JIsi HW3OJSLHUH
000pyI0BaHUsI KBa3UCTAIMOHAPHBIE U KOMMYTAIIMOHHBIE TIEPEHATPSAKEHUS.
— Jlns vckiItoYeHus: MOBpPEXACHUN 000pYIOBAaHUS B CXeMaX MUTAHUS TATOBBIX
MOJICTAHIIUI MEPEMEHHOr0 ToKa 27.5 kB pexoMeHayeTcs:
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" [0 BO3MOYKHOCTH 3a3€MJISITh HEUTpPadu CUJIOBBIX TpaHC(HOPMATOpPOB Ha
TIIC;

" 3aMEHHUTh BEHTWIbHbIE paspanHuku 110-220 kB Ha HenuHelHbIE
OTpaHUYUTENN TepeHanpsHKeHul, HamOosblnee paboyee HaMpsKEHHE
KOTOpBIX U, Ha 20% Oosnbliie GpazHoro 3HaueHus HaubOoJIbIIero pabodero

HaANPSDKEHUST CeTH, a YJeNbHas TorjolaeMasi YHEprusl OJHOTO MMITYJIhCa
W,, >4 xJ[x/kB (npuseneHo k U, );

* o0ecneunuTh KOOPAWHAIMIO JCHCTBHI pPENEHHBIX 3alIUT AJIEKTPUUIECKUX
ceteil  oOIIero  Ha3Ha4YeHWs] M CUCTEMBI  DJIEKTPOCHAOXKEHHS
ANEKTPUPUIIUPOBAHHBIX JKEJIE3HBIX 10POT;

" [Opy KOPOTKOM 3aMbIKaHMM B TMHUTAIONIEH CETH OTKII0YaTh padouHii
tpanchopmarop TIIC ot TaroBoit ceru 27.5 xB (wanpumep,
BBIKJIFOUATeJIeM Ha cTopoHe 27.5 KB) 10 BbIIENeHUS H30JIMPOBAHHOIO
yuacTka nutaromien cetu 110-220 xB.

[lepeunciennple  Mepbl  00ManalOT  pa3nuyHOl  A(P(EKTUBHOCTBIO  H
BO3MOYHOCTBIO peaIU3aliu.

11.6. 3amuTa OT rpo30BbIX NepeHanpsixeHuii uzoasiuu BJI 110-750 kB

B psae cioydaeB, B CWIly OOBEKTHBHBIX NPUYMH (BBICOKHE 3HAUYCHUS
conpoTuBieHus1 3azemiieHuss onop BJI W3-3a BBICOKOrO yAEIBHOIO CONPOTHBICHUS
IPYHTa, HEBO3MOXHOCTh MPUMEHEHHSI TPO303AIIUTHBIX TPOCOB M3-32 BBICOKHX BETPO-
TOJIOJIETHBIX HArpy30K W T.M.) TPAAHUIIMOHHBIE CPEJICTBA TPO303AIIUTHI HE MOTYT
obecreunTh He0OXOoANUMYIO Tpo3oynopHOcTh BJI. B Takux ciydasx JOMOTHUTEIBHBIM,
JOpOTHM, HO d(PPEKTUBHBIM CITOCOOOM MOBBIIIEHUS Tpo3oynopHocTu BJI MokeT cTaTh
ycranoBka OITH Ha onopax BJI 1 3a1nThl €€ U30J1HHU OT NEPEKPBITUIA.

[TogBecusie  orpanwumtenu  nepenampsbkenuit  OINH  110-750 B
yctaHaBnuBaroTcs Ha omnopax BJI 110-750 kB mapamnensHO THUPISHIAM JTUHEHHBIX
U30JISITOPOB, T.€. Mexay (a3HbIM NPOBOAOM M TpaBepcod omopel. Ilpu 3TOoM
UCIIOJIB3YIOTCS JiBa criocoba noaxitoueHus: OITH:

— 0€3 UCKPOBOTO MPOMEXKYTKA;

— 4Yepe3 UCKPOBOM MPOMEKYTOK (HE IMyTaTh C BEHTUIILHBIM Pa3psIHUKOM).

Ha ocnoBe psma pacueroB [9], mpoBeaennbix mist BJI 110-750 kB, caenanbl
cienyromye 0000NIArOIINEe PEKOMEHJAIMA OTHOCUTENHbHO MecT ycraHoBku OIIH,
coracyromecs ¢ 3apy0exHbsiM ornbiToMm nnpuMenenust OITH na BJI:

— s a¢dexTuBHOM  3amuThl  u3oasuuu  Bced  BJI oT  rpo3oBBIX

nepeHanpsbkeHuit Heooxoauma ycranoska OITH Ha kaxnoit onope;

— 1751 9¢HEKTUBHOM 3aIUTHI U30JSAIUU OTACIBHBIX («IpobiIeMHbIX») orop BJI
OT TPO30BBIX MepeHanpsKeHni Heooxoauma yctanoBka OITH Tonbko Ha ATHX
OTopax;

— QI CHUKCHHUS YHCIa TPO30BBIX OTKIIOYEHUH, BBI3BAHHBIX MPOPHIBAMU
MOJIHMM Ha (¢a3Hble NpoBojaa, Hambonee >S(PPEKTUBHO YCTaHABIUBATH
samutHbie OIIH B BepxHue ¢asbl (Ipu BEPTUKAIBHOM PACIIONIOXKEHUU WIIH
pPacnoJIOXKEHUH TPOBOJOB B «TPEYroJbHUK») M B KpailHue ¢a3bl (mpu
TOPU30HTAJILHOM PACIIONIOXKEHUHU TPOBOJIOB);
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— JUISl CHUXKCHHSI YHCJIa TPO30BBIX OTKJIIOYEHMI, BBI3BAHHBIX OOPATHBIMU
MEPEKPHITHSMHI H30JSIIUN ¢ OMOpbl Ha ¢asHble MmpoBoja, ycranoBka OITH
HambOosnee »HPdexktuBHa B KpaitHue @azel BJI ¢ ropusoHTaIbHBIM
PacCIIOIOKEHUEM ITPOBOAOB, a Ha BJI ¢ MHBIM pacnonokeHruem npoBOJIOB — B
3aBUCUMOCTH  OT  CONPOTUBIEHUM 3a3eMJIEHHS omnop (Ipu  MajibIx
CONPOTUBIICHUSX 3a3eMJICHUS — B BepxHUE a3pl, a nOpu OOJBLIMX
COTIPOTHUBIICHUSX 3a3€MJICHUS — B HIJKHUE (a3bl);

— JUISl UCKITIOYEHUS IEPEKPBITUI M30JSMHU HAa OJHOLIEITHOM omnope Heo0xoauma
ycranoBka OIIH cpasy Bo Bce ¢a3bl Ha onope;

— I WCKJIKOYEHUS JBYXUENHBIX MEPEeKPBITUM H30JALMH Ha JBYXUEMHBIX
onopax ycranoBka OITH moctaTouna TobKO B a3kl OJHOM U3 IETIEH.

[Ipn ycranoBke OIIH nma BJI 110-750 xB BaxkHeWmmM sABISETCA BOIPOC O

BBIOOpE €ro sHeproeMkoctd W,,, JOCTATOYHOE 3HAYEHHE KOTOPOH CYIIECTBEHHO

3aBUCHUT OT CJEAYIOIHUX (PaKTOPOB:
— OT BEpOSATHOCTH MpOphIBA MOJHUM Ha (a3HbIi NOPOBOJ, HA KOTOPOM
ycranoBiieH OIIH, a Takke OT CTaTUCTUYECKUX ITapaMETPOB Pa3psa MOJIHUH;
— OT CONpPOTUBIICHHUS 3a3eMieHus onopsl BJI, Ha koTopoii yctanosieH(b1) OIIH;
— ot yuciaa (a3 BJI Ha onope, B koTopsie yctanoBieHsl OITH;
— ot Hamnuus OITH, pacnionoxeHHbIX B TOH k€ (pa3e Ha COCeTHUX ONopax;
— ot tuna OIIH (c uckpoBBIM MPOMEKYTKOM HIIA O3 HETO).
Onpenenenune sHeproemkoctd OIIH B KakaoM  KOHKPETHOM — cilydae
IIPOU3BOJUTCS IO PE3YyJIbTATAM TEXHUKO-DKOHOMHUYECKUX PACYETOB.
HaubGonbmee padouee nanpspkenue OITH (U, ), ycranaBnuBaembix Ha BJI 110-

750 kB, 3aBucut ot tuna OITH (¢ uckpoBbIM IpoMeXyTKOM WK 0e3 Hero). B cimydae
OITH ©0e3 wuckpoBoro mpoMexyTka HauOoJsbiiee pabdouee Hampsikenue OITH
BBHIOMpAETCSd KaK B THUIMOBBIX Clydasx (WM KaKk B OCOOBIX Clly4asiX, €Clid €CTh HX
npuszHaku: Oonbinas juHa BJI, Bo3moxxHOCTh komMMmyTauuu BJI ogHOBpeMeHHO ¢
Tpanchopmaropom, ap. mnpuszHaku). B cmywae OIIH ¢ HCKpOBBIM MIPOMEKYTKOM
pabouee Hanpspkenne OITH BriOupaeTcs ucxoas u3 yciaoBuil obecrieueHrs HaJIeKHOTO
raiieHus: Tyru OT TOKA MPOMBIIUIEHHON 4acTOThl, KOTOPBII MPOTEKAET B MPOMEKYTKE
TOCJIe €ro cpabaThIBaHMS OT TPO30BBIX MEPEHATPSKEHUM.

Ha BJI 110-750 kB pexomennyercs ycranaBnuBath OIIH 110-750 kB c
MPpUMEHEHUEM  OTHCIMTENeH, BKIOYaeMbliX mociegoBarenbHo ¢ OIIH wu
00€eCTeunBaONINX OTCOCAUHEHNE OTPAHUYUTEN TEpPEHANpPSDKCHU B Clydae ero
MTOBPEKICHUS.
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11.7. 3amura ot nepenanpsikenuit KPYJ 110-750 kB

BonbT-cekyHaHas ~ XapakTEpUCTHUKA 3JIETA30BOM  M3OJSIUM  CYLIECTBEHHO
OTIIUYAETCSA OT BOJBT-CEKYH/IHOM XapaKTEPUCTUKU BO3AYIIHONH U OyMa)KHO-MacCIISTHOM.
Y 3merazoBod M30SALMAA HET YNPOYHEHHS H3OJMPYIOIIMX CBOWCTB IPH MAaJIbIX
BpEMEHAaxX BO3JEUCTBUs NepeHanpsbkeHuil. [loaromy miis o0opyaoBaHus ¢ 3J€ra3oBoOid
M30JSIHMENH  OCHOBHYIO ONAacCHOCTh IPEACTABISIIOT TPO30BBIE  MEPEHANPSKEHUS
(MUKpOCEKYH/IHbIE (DPOHTHI) U BBICOKOYACTOTHBIE NEPEHANPSIKEHUS (HAHOCEKYH]IHBIE
(bPOHTHI).

HMCTOYHUKOM TpPO30BBIX TNEPEHANPSKEHUW SBISIETCS TOPAXEHUE MOJIHHUEH
MPUCOEANHEHHBIX BO3AYIIHBIX JIMHUM. ICTOUHMKOM BBICOKOYACTOTHBIX — KOMMYTAallUH
pPa3bEAMHUTENSAIMA W BBIKJIIOUATENSIMA KOPOTKHUX Y4YacTKOB WMH BHYyTpu KPVYD.
BbicokouacTOTHBIE MEpPEHANIPSKEHMSI HE CBSA3aHbI CO CIEUU(PUKON OTIENbHBIX CIydacB
ucrnojip3oBanuss KPVYD, a saBusgrorca crnexactBuem cBoiictB camoro KPVYD, ero
KOHCTPYKIMU. 3allliuTa OT 3TOTr0 BHJA MEPEHAINPSIKEHUN MPEAyCMAaTPUBAETCS 3aBOJOM
nsrorosuresieMm KPYO.

Bb100p 3amuThl OT TpO30BbIX (M KOMMYTallMOHHBIX) nepeHanpsbkenuid KPYD (a
TAaK)K€ MIPHUCOCAUHEHHBIX K HEMY CHJIOBBIX W HM3MEPUTENbHBIX TpaHC(HOPMATOPOB,
ka0eneil) OCYIIEeCTBISAECTCS Ha CTaJAWM MPOEKTUpOBaHHWS. B KadecTBe 3alIUTHBIX
annapatoB npumenstorcss OITH oObrunoro THNA (¢ BO3ayurHou nzonsauuent) wim OITH ¢
anera3zoBoi mzossnueit (coxpamienno OITHD).

B ciyuae 3amuter KPYD ot nepenanpsbkeHnuin HEOOX0IMMO MPOBEICHUE OIEHOK
Y PACYETOB, KOTOPBIE MO3BOJIAT PEUIUTH CIECIYIOUIUE 3aJaUH:

— TMpUHHMas BO BHUMaHHE BBICOKYIO cTtoumocTh KPVYD, obGocHoBarh MecTta
yctanoBku OITH, oGecnieunBaromue HaaexHyro 3amuty uszossiaun KPYD ot
I'PO30BBIX U KOMMYTAlIMOHHBIX MTEpEHANPSKEHUIM;

— BbIOpaTh THN 3amuTHOro anmnapara (OITH wnu Ha nopsinok Oosee noporoi
OIIHD);

— BBIOpaTh xapaktepuctuku OITH u/umu OITHD.

Brei6op xapakrepuctuk OIIH u OITHO, ycranaBnuBaembix mis 3amutel KPYD,
IPOU3BOAUTCS KaK B THUIIOBBIX ClyyasxX (MM Kak B OCOOBIX ClIydasX, €CJIM €CTh UX
npu3Haku: Oonbinas giuuHa BJI, Bo3moxkHOCTH KOoMmMMyTarnuu BJI ogHOBpeMEHHO C
TpaHchopMaTopoM, JIp. MPU3HAKHU).

11.8. 3amura oT nepeHanpsiKeHuii pa3zemisieMoii Heiitpaan 110-220 B

B cBA3M C pa3sBUTHEM DHEPrOCUCTEM YBEIWYMBAIOTCS TOKH KOPOTKOTO
3aMBbIKaHUSl, 4YTO TPUBOJAUT K POCTY JIWHAMUYECKHX BO3JIEUCTBHM Ha OOMOTKH
TpaHC(hHOPMATOPOB, YTSHKEIICHHUIO pabOThl KOMMYTHUpYIOIIEH anmaparypbl. YacTuuHoe
pasz3emiieHue HelTpaned cuiaoBbix TpaHcpopmaropo 110-220 kB npumensiercs B
kauectBe O(DPEKTUBHOW Mephl OTPAaHUYCHHUS TOKOB OJHO(MA3HOTO KOPOTKOTO
3aMbIKaHUS, KOTOpPbIE COCTaBISIOT OCHOBHYIO JOJIO B OOIIEM 4YHCIE KOPOTKUX
3ambikaHuii. Kpome Toro, pa3semiieHne HeHTpasiell CHIIOBBIX TPaHC(HOPMATOPOB B psife
CIIy4aeB CITIOCOOCTBYET OpraHU3AINN PEICHHON 3aIHUTHI.

Paz3emiieHne HeHTpaau CUIIOBOTO TpaHc(hopMaTopa MPUBOAUT K HEOOXOAMMOCTH
3aIIMTHI U30JSLUM HEUTPAJIX OT BO3JECUCTBYIOIIUX HA HEE B IIPOLIECCE DKCILTyaTaluu
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I'PO30BBIX

IMPOBCPCHHBIC OIILITOM JKCILTyaTaluu, IIPUBCACHLI B T36J'II/II_[€.

(M KOMMYTAlMOHHBIX) MEpEeHaNpPsHKEHUH,
yctanaBiauBaTcs cnenuanbabie OITH, o6o3ravaempie OITHH.

JJIs1

q€ro B

HEUTpAJIb

OcnoBuble xapaktepuctukun OITHH, onpenenennbie pacdeTHbIM myteM [9] m

[TapameTp OITH cetb 110 | cerp 220
No . [Ipumevanus
JUISL 3AILUTHI U30JIALUHA HEUTpaIU kB kB
Haubonpiiee paboyee HanpsHKeHNE
. OIIH, ne menee (kB) 52 104
HEProeMKOCTh YKa3aHa
DHEProeMKOCTh OJJTHOT'O UMITYJIbCA TOKA 110 OTHOIICHHIO K
2 | mpomyckHoi crioco6HocTH 2000 MKC 25-3.5 2.5-3.5 | naubGonbuiemy pabouemy
k/x/xB Hanpspkenuto OITH no
MYyHKTY 1
AMIUTATYa TOKA POILY CKHOM ) )
3 crnocooHocT 2000 MKc (A) 550-650 | 550-650
" " KpaTHOCTb yKa3aHa o
XapakTepucTuka "HanpsbkeHue-Bpems .
OTHOILIEHHIO K
4 JlonmycTumast KpaTHOCTD MTOBBIIICHUS 195 195 HanGoMbIIeMy paGoueMy
Hanpspkenus 50 [ mpu BpeMeHu ero ' '
N Hanpsbxenuto OITH no
BozzaercTBus 10 ¢, He MeHee (0.€.)
MYyHKTY 1
Ocratomieecst HaNPsHKEHNE B PEXKAME 3HA4YEeHHE YKa3aHO MPH
5 | orpaHUYEHUs IPO30BBIX 190 380 umIyibce Toka 8/20 Mkc
nepeHanpsbkeHui, He oosee (kB) amrmutynon 10 kA
Ocraronieecs HaPsKEHUE B PEXKUME
ATOT MapameTp
6 | orpaHUYEHUs] KOMMYTAaLMOHHBIX - -
. HEKPUTUYEH
nepeHanpsikeHuii, He oosee (kB)
v HoMuHaneHBIN pa3psaHbIi TOK Ha 10 10
umnyinbsce 8/20 Mkc, (KA)
AMIUIMTY1a UMITyJIbCa OOJIBIIOTO TOKA
8 4/10 MKC, (KA) 65-100 65-100
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12. MYJbTUTPAJIMEHTHBIHN OITH

Cepbe3Holt mpo0siemMoil, TpeOyIolel pelieHus] Mpu CO3IaHUU M HKCILTyaTaluu
OIIH, sBisieTcsi yCTpaHEHHE HEPAaBHOMEPHOCTH PAaCHpENEICHUsl TEMIIEpaTypbl BIIOJb
KOJIOHKH BapUCTOPOB, BBI3BAHHOM:

— misg OIIH 6-35 kB HEpaBHOMEPHOCTBIO OXJIAXKIEHUS KOJOHKHA BapUCTOPOB,
0OyCJIOBJIGHHON pa3IMYHON TEII0OTHadel B paguaibHOM (depe3 OOKOBYIO
MOBEPXHOCTh) M AKCHATBHOM (4Uepe3 MeTaTnyecKkue (pyiaHIbl) HAMpaBIICHUSIX;

— s OIIH 110-750 kB HepaBHOMEPHOCTBIO PACHPEACIICHUS HANPSKEHUS
BJI0JIb KOJIOHKA BapUCTOPOB, OOYCIOBJICHHOM pE3KOMl HEPaBHOMEPHOCTHIO
ANEKTPUYECKOro MoJisi, B kKoTopoe nomemaercsa OITH.

BripaBHMBaHME pacnpeeieHrs TeMIIepaTypbl BIOJIb KOJIOHKHA BapucTOpoB 6-750

KB peann3oBaHO B YHHKaJIbHOM HE MMEIOIIEM aHAJIOTOB 3aLUIMTHOM alllapaTe HOBOI'O
NOKOJICHHSI — MYJBTUTPAJUEHTHOM OIPAaHUYUTENE MEPEHANPSHKEHU HEITMHEHHOM
MOIIH 6-750 kB, 3amumieaaomM [larearom POD.

BrlpaBHUBaHME paclpeiesieHusl TeMIepaTypbl BJIOJb KOJOHKH BapHCTOPOB
orpannuureneit 6-35 kB B HacTosIiee BpemMsi JOCTUTHYTO Jullb B KOHCTpyKunn MOITH
npousBojicTBa AO «3aB0J1 3HEPro3aIIUTHBIX yCTporcTB» [18].

BripaBHUBaHME pacnpeiesieHUs] TEMIIEPATYPhl B0JIb KOJOHKA BapucTopoB 110-
750 kB pa3nuuHBIX HW3TOTOBUTENICH B OMNPENCICHHOW CTENEHH JIOCTUTaeTCs
NPUMEHEHUEM TPAJUWLIHUOHHBIX TOPPOUIAIBHBIX JSKPAaHOB, YCTaHOBKAa KOTOPBIX
HaIlpaBJICHA HAa YCTPAHEHUE MPUYUHBI BOBHUKAIOIIEH HEPABHOMEPHOCTH, T.€. OCHOBaHa
Ha 00eCrieYeHNH PABHOMEPHOCTH AJIEKTPUUECKOrO MOJIS BJOJIb KOJIOHKH BapUCTOPOB 3a
CYeT MmepepacupesiesieHus BEJIMYMH €MKOCTEH BAapUCTOPOB Ha 3€MIII0 M Ha (pa3HbIN
npoBoJ. BmecTe ¢ Tem, HalMuUME SKPAaHOB 3aMETHO CHHMXKAET PACCTOSTHUE OT BEPXHETO
¢dbnanna OITH o 3a3emiieHHBIX KOHCTPYKIUMWA. CHUKEHUE OTMEUEHHOI0 rabapura emie
nonycTuMo Ha BbicoTe A0 1000 MeTpoB Haja ypoBHEM MOps, HO YK€ OmacHO Ha OoJjiee
BO3BBILLIEHHBIX TEPPUTOPUSX, Uil KOTOPBIX XapaKTepHO IOHMKEHHOE [aBJICHHE, a
3HAYUT — CHWKEHHUE pa3pAIHbIX XapaKTEePUCTUK H3O0JSLMM W YBEJIUYEHUE pHUCKa
nepekpoitust OITH (¢ sxkpanoM) 1mo moBepxHOCTU. B KOMITaKTU3UPOBAHHBIX 3aKPBITHIX
pacmpeienuTeIbHbIX YCTPOUCTBAX B OOJBIIMHCTBE CIy4aeB MPUMEHEHHUE HJKPAHOB
TUIIOBOM KOHCTPYKLIMM M BOBCE HEBO3MOXHO. Bwmecte ¢ TeMm, KOHCTPYKLUS
MYJIBTUTPAJAUCHTHOTO OTpaHUUUTENs TepeHanpspkennit Henmmuaeitnoro MOITH 110-750
kB mo3Bomsier »¢d@dexkTuBHO pemaTh 3a7ady  BBIPABHUBAHUSA ~ PacTpeeICHUS
TEMIEPATypbl BAOJIb KOJIOHKHA BapUCTOPOB @K€ NPU OTKa3e OT TOPPOUAATBHBIX
HKPAHOB.

MOIIH 6-750 kB, pa3paboTaHHbIi Kak 3alIMTHBIN anmapar JJisi 0C000 TsKEIbIi
yCJIOBUM pabOThl, MOKET ObITh 3()PPEKTUBHO HCIIOJIB30BAH B OOBIYHBIX YCIOBHUSX C
CYIICCTBEHHBIM YBEIMUECHUEM HaeKHOCTH [18].
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IHPUJIOXKEHHUE 1

OIIH npousBoacrea AO «3aBoJ 3HEPro3alIUTHBIX YCTPOICTB)

CobctBeHHOE MPOM3BOACTBO BapuctopoB AO «3aBox  IHEPro3allUTHBIX
ycTpoiicTB» mo3Bossier u3rotasiuBaTh OIIH ¢ moOGeiMu TpeOGyeMbiMH 3aKa3dyuKy
XapaKTEPUCTHKAMU KaK IO HaumOOJpLIEMY padoueMy HaIpPSKEHUI0, TaK U IO TOKY
MPOIMYCKHOW CIIOCOOHOCTH (SHEPTOEMKOCTH).

Hwxe npusenens! b e OITH 3-750 kB, xapakTepuCcTUKH KOTOPBIX HA OCHOBE
OMbITa OJKCIUTyaTallud W HACTOSIMX PekoMeHnmauuid OyayT JOCTaTOYHBIMU B
MOJIABJISIFOIIEM YHCIIE CITy4yaeB (BO BCEX TUIOBBIX CIydasX U B OOJBIIMHCTBE OCOOBIX).

AO «3aBoa SHEPro3alIUTHBIX YCTPOWCTB» Tak e uzrotaBinuBaeT OIIH mns
cereit mepemeHHoro HampspkeHust 380/220 B u s JKeNE3HOJOPOKHBIX  CETEH
(MOCTOSIHHOTO M TNEPEMEHHOI0 TOKa), OJHAKO BOMNPOCHl 3alIUThl  H30JIALUU
000pyI0BaHUs MEPEUUCIICHHBIX CETEH BBIXOMST 32 PAMKHU HACTOSIIUX PekomMeHaaui.

[To TpeboBanuto 3akazurka OITH 3-750 kB MOryT OBITH U3rOTOBIIEHBI
— OINOPHOTIO THIIA,

— OIIOPHO-IIO/IBECHOI'O THIIA,
— TIOJBECHOIO TUIIA.

[To Tpe6oBanuto 3akazunka OITH 3-750 kB MoryT ObITh OCHAIIICHBI

— mnpucrnocoOJeHueM JUIsi U3MEpPEHHs TOKa MPOBOAMMOCTH MMOJ  pabdoyum
HaIpsHKEHUEM;

— JIaTYMKOM TOKA MPOBOJUMOCTH;

— perucTparopamu 4mciia cpabaTbIBaHUM.

[To TpeboBanuto 3akazumka OIIH, ycranaBimuBaeMble Ha BO3AYUIHBIX JUHUSX,
MOTYT OBITh OCHAIIICHBI CIICIUAILHBIMU OTACTUTEIIME (0T aHri1. «disconnectory).

CrtpykTypa yCIOBHOTO 0003HAYEHUS OTPAHUYUTEIS
OIIHx1—x2/39Y—x3/x4/x5/x6 x7x8

O - OTPaHUYUTENb;
I1 - IIEpEHAIIPSKEHUN;
H - HEJIMHEHHBII;
«1 - OykBa o06o3Havaromas 06sacte ucronszoBanus OITH
(H — 3ammra uzonsiiuu HEHTpasm)
x2 | - OykBa, obo3Hauvaromas Mmatepuai nokpeiiku (I1 — nonmumep; @ — papdop)
39V | - pupma-uzroroButensb (3aBoj1 PHEPTO3AIUTHBIX YCTPOUCTB);
x3 - KJIACC HAIPSKEHUs CETH, KB;
- HanOoJIbIIIee JTUTEIBHO JOMYCTUMOE pabouee HaNpsHKEHUE
x4 (neiictBytomee 3Hayenue), U ., , kB;
x5 - HOMHHAJIBHBIN PA3PSAHBIA TOK, KA;
X6 | - TOK IpomycKHOM cocoOHOoCTH, |, , A;
x7 - ximuMatrdeckoe ucrnoaaenne mo 'OCT 15150;
x8 - kareropus pasmenienus no 'OCT 15150.
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Tunoswie OIIH nas cereit 3-35 kB

Kpartkoe 0603Ha4eHHE OTpaHHYUTEIS [TostHOE 0003HAYEHUE OTPAHUIHNTEIIS

OITH-I1/32Y-3/3,6/10/550 YXJI1
OITH-11-3/3,6 YXJII OIIH-T1/37Y-3/3,6/10/650 YXJI1

OIIH-I1/32Y-6/7,2/10/550 YXJI1
OIIH-I1/33VY-6/7,2/10/650 YXJI1

OITH-I1-6/7,2 YXJI1

OIIH-I1/33Y-10/12,0/10/550 YXJI1
OIIH-I1/32Y-10/12,0/10/650 YXJI1

OITH-I1-10/12,0 YXJI1

OIIH-I1/32Y-15/17,5/10/550 YXJI1

OIIH-1I-15/17,5 YXIII OITH-I1/32Y-15/17,5/10/650 VXJI1

OIIH-I1/32Y-20/24,0/10/550 YXJI1
OIIH-I1/33Y-20/24,0/10/650 YXJI1

OITH-I1-20/24,0 YXJI1

OIIH-I1/32VY-35/40,5/10/550 YXJI1
OIIH-I1/32Y-35/40,5/10/650 Y XJI1

OITH-II-35/40,5 YXJI1

[Ipumeuanue:

— 1o TpeboBaHMIO 3aka3zuumka BO3MOKHO u3roroBiienne OITH 3-35 kB ¢ moOpiMu

HauOO0IbIIUM Pa0OUYNM HANPSKEHUEM U TOKOM MPOIYCKHOM CIIOCOOHOCTH;
orpanuuutenu s cered 3-10 kB mo TpebGoBaHuio 3aka3zunMka MOTYT OBITh
BBITIOJIHEHBI 2-1 kKareropun pazmetenus (Y XJ12) mo TOCT 15150;

orpanuuurenu s certed 3-35 kB no TpeboBaHuio 3aka3uMkKa MOTYT OBITh Tak e
BBINIOJIHEHBI W (Pap(opoBOil MOKpHIMIKE, A8 KOTOPOM €cCTh JiBa BapUaHTa
ucnonHeHus: P — kopnyc aHamorndeH kopnycy paspsanHuka tuna PBO, O — kopmyc,
ontumuzupoBanublil 1iis OITH no rabapurtam u Becy.

Tunosbie OITH nas veiitpaau tpancgopmartoposn 110-220 kB

KpaTKOC 0003HaUYeHNE OTpaHUYNTCIISA ITonHOE 0003HAUEHNE OI'paHUYIUNTCIIA
OITHH-TI-110/56 YXJI1 OITHH-I1/39¥Y-110/56/10/650 YXJI1
OITHH-I1-220/120 YXJI1 OITHH-I1/39¥Y-220/120/10/650 Y XJI1

[Ipumeyanue:

1o TpeboBaHuto 3akazurka Bo3MoxHO uzrorosiaenue OITHH 110-220 kB ¢ nro6bimu
HanOOJbIIUM pabOYNM HANPSHKEHHEM U TOKOM MTPOITYCKHOM CITIOCOOHOCTH;
orpannuntenu OITHH 110-220 kB no tpeboBanuto 3aka3unka MOTYT OBITh TakK e
BBITIOJIHEHBI W (PapPopoBOil TMOKpPHINIKE, [Jisi KOTOPOHM €CTh JiBa BapuUaHTa
ucnoiHeHus: P — kopnyc aHanorudeHn kopnycy pazpsanuka tuna PBO, O — koprmyc,
ornrrumusupoBanHbiii Jyist OITH no rabapuram u Becy.

Tunosbie OITH nas cereit 110-750 kB

Kparkoe 0003Ha4YEHHE OrPAaHUIHUTEIIS [TonHOE 0003HAYEHHE OTPAHUIHTEIIS
OITH-I1/39¥Y-110/73/10/550 YXJI1
OITH-II-110/73 YXJI1 OITH-I1/39¥Y-110/73/10/650 YXJI1

OIIH-I1/35VY-110/73/10/850 YXJI1

OITH-T1/32Y-110/78/10/550 YXJI1
OITH-II-110/78 YXJI1 OIIH-I1/35Y-110/78/10/650 YXJI1
OIIH-I1/33Y-110/78/10/850 YXJI1

OIIH-I1/35Y-110/83/10/550 YXJI1
OITH-TI-110/83 YXJI1 OIIH-I1/35Y-110/83/10/650 YXJI1
OIIH-I1/33Y-110/83/10/850 Y XJI1
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OITH-TI-110/88 YXJI1

OIIH-I1/35Y-110/88/10/550 YXJI1

OIIH-I1/35Y-110/88/10/650 YXJI1

OIIH-I1/35Y-110/88/10/850 YXJI1

OITH-II-220/146 YXJI1

OIIH-I1/33Y-220/146/10/550 YXJI1

OIIH-I1/33VY-220/146/10/650 YXJI1

OIIH-I1/33Y-220/146/10/850 YXJI1

OITH-I1-220/156 YXJI1

OIIH-I1/32Y-220/156/10/550 YXJI1

OIIH-I1/33Y-220/156/10/650 YXJI1

OIIH-I1/33VY-220/156/10/850 YXJI1

OITH-I1-220/166 YXIJI1

OIIH-I1/33Y-220/166/10/550 YXJI1

OIIH-I1/33Y-220/166/10/650 YXJI1

OIIH-I1/33VY-220/166/10/850 YXJI1

OITH-I1-220/176 YXJI1

OIIH-I1/33Y-220/176/10/550 YXJI1

OIIH-I1/33VY-220/176/10/650 YXJI1

OIIH-I1/33Y-220/176/10/850 YXJI1

OITH-I1-330/210 YXJI1

OIIH-I1/33Y-330/210/20/850 YXJI1

OIIH-I1/32Y-330/210/20/1200 YXJI1

OITH-I1-330/220 YXJI1

OIIH-I1/35Y-330/220/20/850 YXJI1

OIIH-I1/32Y-330/220/20/1200 YXJI1

OIIH-II-330/230 YXJI1

OIIH-I1/35Y-330/230/20/850 YXJI1

OIIH-I1/32Y-330/230/20/1200 YXJI1

OIIH-II-500/303 YXJI1

OIIH-I1/33Y-500/303/20/1200 YXJI1

OIIH-I1/32Y-500/303/20/1600 YXJI1

OIIH-II-500/318 YXJI1

OIIH-I1/33Y-500/318/20/1200 YXJI1

OIIH-I1/35Y-500/318/20/1600 YXJI1

OITH-II-500/333 YXJI1

OIIH-I1/33Y-500/333/20/1200 YXJI1

OIIH-I1/35Y-500/333/20/1600 ¥YXJI1

OITH-II-750/455 YXJI1

OIIH-I1/32VY-750/455/20/1600 YXJI1

OIIH-I1/32Y-750/455/20/2000 ¥YXJI1

OITH-II-750/478 YXJI1

OIIH-I1/32Y-750/478/20/1600 YXJI1

OIIH-I1/32VY-750/478/20/2000 YXJI1

OITH-II-750/500 YXJI1

OIIH-I1/33Y-750/500/20/1600 YXJI1

OITH-I1/33VY-750/500/20/2000 Y XJI1

[Ipumeyanue:

— 1o TpeboBaHMIO 3akazunka Bo3MokHO m3rotopieHue OITH 110-750 kB ¢ mo0piMu
HanOOJBITUM PAOOYNM HAMPSHDKEHUEM U TOKOM TTPOITYCKHON CITIOCOOHOCTH;

— orpannuutenu OITH ana cereit 110-750 kB no tpeboBanuto 3aka3zurka MOTYT ObITh
TaK K€ BBITIOJIHEHBI U (apPOpOBOI MOKPHIIIKE.
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Tunoseie OIIH npousBoactBa AO «3aBoja 3SHEPro3allUTHBIX YCTPOUCTBY
(MIOMUMO OCHOBHBIX XapaKTEPUCTHUK — HAWOOJbIIEro padouero HampsokeHus U,,, U
TOKa TMPOMYCKHOW cmocoOHocTH |,, oTpakeHHBIX B oOo3HaueHun OIIH wu
NPUBEIACHHBIX BBHIIIE B TA0JMIIAX) UMEIOT CIIEIYIOUIUE «IIPOYHE» XaPaKTEPUCTHKHU, C
3aMacoM YJOBJIETBOPSIOIIME TpeOOBaHUSM, U3JIOKEHHbIM B TiaBax 6 u 10
Pexomennanuii:

HOMMHAJIbHOEe Hanpsikenue OITH
— B COOTBETCTBHUU C BBIpaKEHUEM
U, 21.25-U

XapaKTePUCTHKA «HANIPSAKEHHe-BPeMsI»
— B COOTBETCTBUM C Tabiuiel (3amaercss B OTHOCUTENbHBIX €IUHULAX U,,, IS

HPO

ciydaeB 0e3 Harpy»keHus (*) u ¢ mpeABapUTEIbLHBIM HarpykeHuem (**));

JnutenbHoCcTh T NMPUIIOKEHUS Jonyctumast kpatHocts K, , (T) MIPEBBILLICHUS
ITOBBINCHHOI'O HAIIPSIKCHNA Hanpsikenus Ha OITH, ne menee

0,1c 1,55*/1,45**

lc 1,48*/1,40**

10c 1,42*/1,35**

100 ¢ 1,36*/1,28**

1200 ¢ 1,28*/1,20**

3600 c 1,24*/1,15**

KPaTHOCTb KS/ZO OIrpaHHUYCHUS I'PO30BLIX nepeHanpﬂmeHm‘i

— wHe 6onee 2.1 nna OIIH 3-35 kB (mpu pacuetHoM Toke 5 KA, 8/20 MKcC);

— He Oonee 2.2 qs OITH 110-330 kB (mipu pacuetHom Toke 10 kA, 8/20 mMkc);

— H©e 6onee 2.1 qs OITH 500-750 kB (mipu pacuetHom Toke 20 KA, 8/20 MKc);
KPaTHOCTb K, OTPAHNYEHUSI KOMMYTAUMOHHBIX NepeHanpsKeHu

— H©e 6onee 1.8 msa OITH 3-220 kB (pu pacuetHoM Toke 500 A, 30/60 Mkc);

— ©e 6onee 1.8 ms OITH 330-750 kB (mipu pacuetnom Toke 1000 A, 30/60 Mkc);
HOMUHAJIbHBIA pa3psaaHbli TOK (popma 8/20 mMkc)

— 10 kA ms OITH 3-220 B;

— 20 kA gst OITH 330-750 kB;
UMITYJIbC 001611010 TOKA (hopma 4/10 mkc)

— 65 kA mst OITH 3-220 kB ¢ Tokom npomyckHoit cioco6HocTr 400 A;

— 100 kA mna OITH 3-750 kB ¢ Tokom nporryckHo# criocooHocT 650 A u Goee.
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HPUJIOXEHMUE 2

IIpumepsl npumenenus OITH

Ha pucynkax mnpuBeaeHbl [1Ba XapaKTEpPHBIX MpPUMEpPA, A KOTOPBIX C HCIOJIb30BaHUEM
HacTtosimux Pexomenpanuu npeninoxkeHbl mecra yctaHOBKM OIIH M MX OCHOBHBIE TEXHMYECKHUE
XapaKTEPUCTHUKHU.

[Tpu BbIOOpe xapakrepuctuk OIIH HeoOxoaumo oOpaTuTh BHUMAHHE HA CIEAYIOLINE
O0COOEHHOCTH JIBYX IIPEAJIAraeMbIX CXEM:
npumep Nel:

— Ha cropore 110 kB cumoBoro tpanchopmaropa 110/10 kB Her BwIKIIOYATENs, T.€. OH
KOMMYyTUpyeTcsi B monyOnoke ¢ murtaromeid BJI 110 kB, 4to sBisercs ocoObiM ciydaem
npumenenus OITH 110 kB;

— wHe#tpans tpanchopmatopa T 110/10 kB HopManpHO pa3zemieHa, T.e. TpeOyeT 3amIUThI OT
NepeHaIpsHKeHU, 4To SBIsieTcs 0co0bIM citydaeM npumeHenus OITH;

— HECMOTpS Ha TO, YTO BBIKIKOYATEIM BaKyyMHbIC, KOMMYTallMOHHBIE IMEPEHANPSHDKEHUS HPU UX
pabote MoryT ObITh omacHbl nuilb st aeurarens 10 kB u tpancopmatopa 10/0.4 kB; mostomy
ycranoBka OITH TpeOyeTcs qaeko He BO Bce siueiiku BeIKirouarenei 10 kB, a uibs co CTOPOHBI
KOMMYTHPYEMOT'0 IPUCOEAMHEHUSA B SYCiKuU ABUraTens u tpanchopmaropa 10/0.4;

npumep Ne2:

— HeilTpans TpanchopmaTopa 110/35/6 3a3emiiena u He TpeOyeT 3alUThI OT MEPEHANIPSKECHHI;

— o0OmoTtku 35 kB cunoBoro tpancdopmatopa u 15.75 kB aBroTpanchopmaropa He UCTIONB3YIOTCH,
T.€. SIBJSIIOTCA XOJIOCTBIMU; OHU TPEOYIOT 3alUThl OT I'PO30BBIX IEpPEHANPSIKEHUI, HO ITO HE
ABIIsIeTCS 0cOObIM citydyaeM nmpumenenus OITH;

— u3MepuTenbHble TpaHchopMaTopsl HanpsbkeHus 220 kB ycranosiensl Ha BJI 220 kB u tpebyror
3alUTHl OT TPO30BBIX TEpPEHANPsHKEHUH, I 4ero HeoOxoamma ycrtaHoBka Ha BJI BOmm3u ot
Bxoga PV 220 kB 3ammrtHeix OIIH 220 kB, xoropsie coBmectHo ¢ OIIH 220 xB y
aBTOTpaHchopMaTropa 00pa3yIoT KaCKaaHyIO CXEMY;

— wu3MepuTenbHble TpaHcopmaropsl HamnpspkeHuss 110 kB, yuuTbiBas O0JbIIOE KOJIUYECTBO
npucoequHeHHblx BJI 110 kB, ycranoBieHbsl Tonpko Ha cOopHbIX mmHax 110 kB; mo sroi
npuunHe ycraHoBka OITH 110 kB Ha kaxayro npucoeaunennyto BJI 110 kB B6nu3u ot Bxona PY
He o0s13aTenbHa, a JoctaroyHo ycraHoBuTh OITH 110 kB nums Ha cOopHbIe MUHBI (B 1OMOIHEHUE
k OIIH y cunoBoro Tpancopmaropa).

B Pexomenpanusx yka3aH AMana3oH TOKOB IMPOMYCKHOH CHOCOOHOCTH, KOTOPBIM SBISETCS
JIOCTaTOYHBIM B T€X WJIM UHBIX ciayyasx. [lpu BbIOOpe KOHKpPETHOM BEIMYMHBI TOKA MPOMYCKHOU
cnocobHocTd |, W3 mpeiaraeMoro JAuana3oHa 3HAYEHWM clelyeT NpUHMMATh BO BHHMMAaHHE
ClIelyolIee:

— eciau B PY ycranosneno 6onbiioe koianyectBo OITH, To TOk mpomyckHO#M cioCOOHOCTH KaXk10TO
OIIH moxer OBITh MPUHIT MUHUMAIBHBIM W3 JUana3oHa 3HAYCHWM, YKa3aHHBIX B JaHHBIX
Pexomenmanusx;

— Y HEHCIIOJIb3yeMbIX OOMOTOK TpaHC(OPMATOPOB M aBTOTpaHC(HOPMATOPOB BCerjga YCTaHOBJIEH
muib ouH KoMmiuiekT OITH, mostomy Benuuuny |, srydiine npuHATH OJMKe K MAKCUMATIbHOMY U3
JMana3oHa 3HaYEHU, YKa3aHHbIX B PekoMeHaanusx;

— 4eM MeHbIe HauOosbiiee padbouee HanpsikeHue OITH mo cpaBHeHHMIO ¢ TUTTOBBIMH 3HAYEHUSIMH,
yKa3aHHbIMU B PekoMeHmanusax, TeM HUKE MO HANpsHKEHWIO BOJIbTaMIIEpHAs XapaKTepUCTHKA
takoro OITH (cM. rmaBy 4) u, npu TexX e YPOBHSIX HEOTPAHUUYEHHBIX MEpeHanpsKeHUH, Ooblie
OyIyT UMITyJIbCHBIC TOKU B HEM.
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IIpumep No2. Ceresas noncranmus 220/110 xB.
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IIpumep Nel. Mecra ycranosku u pekomerayembie Tunbl OITH B cxeMe 21eKTpOCHaGKEHHUs IPEATIPUSTHUS.

# Mecro ycranoBku OITH

Hazuauenue OITH

Pexomenyemsrit Tun OITH

Kommenrapuu

3amura oomoTtku 110 kB

Oco0pr1it cyyait

1 ¥ BeIBOTIOB 1 11? (;IIBOTE %ch)op Matopa TpaHnchopmaTopa OT IPO30BbIX (U OITH-I1/39¥Y-110/88/10/650 YXJI1 (Hozigi:)maﬂ
KOMMYTAIIMOHHBIX) [TepeHANPSKCHHUH 19.1,11.2
. . Oco0pr1it cyyait
2 VY BeiBosa HeTpanu 110 kB 3amnuTa u30JsIuy HelTpanu 1 IOUKB oT OIHH-TI/39Y-110/56/10/650 YXUI1 (sauura Heiftpam)
Tpancopmaropa 110/10 kB IPO30BBIX NEPEHAIPSHKEHUN 191 1118
Y BbiBojtoB 10 kB Tpancdopmatopa 3ammura oomotku 10 kB Tunosoii ciryyait
3 a p p p TpaHnchopmMaTopa OT IPO30BBIX OITH-I1/39VY-10/12/10/550 YXJI1 n.5.3,
110/10 xB .
NepeHanpsHKEHUM 1n.6.1.2, n1.6.2
4 B sueiike 10 kB BoixitouaTens co AT IBHEATEIS OT KOMMYTALOHHEL Tunosoi ciry4ait
% CTOPOHBI KOMMYTHUPYEMOTO T 1 1 YTAIIor OITH-T1/39¥Y-10/10.5/10/550 YXJI1 n.5.4 (5.3),
(¥ TPO30BBIX) EPEHANPSIKCHUHA
IIBUTATEIS m.6.1.2, 1.6.2
Wnu y BeiBog0B 10 kB 3amura oomotku 10 kB " o
tpancopmaropa 10/0.4, wiu B tpancopmaropa 10/0.4 ot Tunosoii cryai
5) . ’ OITH-I1/39VY-10/12/10/550 YXJI1 m.5.4 (5.3),
sueiike 10 kB BbIkItOUaTENS CO KOMMYTAIIMOHHBIX (U TPO30BBIX) 6.1 162

CTOPOHBI ATOTO TpaHchopMaTopa

IIepeHanpsHKEHU I

[Tpumeuanue (*).

Cornacho 1m.6.1.2 B ceTsix 6-10 kB, conepxkanux Bpamaromuecs: MalluHbl, HanOosbiiee pabouee HanpspkeHue OITH cnenyer mpuHumars c
Y4E€TOM JUIMTEIBHOCTH cyliecTBoBaHUs pexkuma O33. g ceTu, conepkailiedl MaloOMOLIHbIE ABHrartenu, corsacHo 1.1.3.2 pexum O33 Moxer He
OTKJIIOYaThCsl B TeueHue 2-X yacoB. CormacHo 6.1.2 M 1o XapakTepUCTHUKE HaIpsDKEHHE-BpeMs, NMpuBeAeHHON B 1.6.3.2, mosyumm, uro OIIH,
YCTaHOBJICHHBIM HEMOCPEICTBEHHO JIJIS 3aIIMTHI IBUTATENS, TOJDKEH UMETh HanbosbIiiee padbodee HanpsikeHue okoso 10.5 kB. Haubonbiiee padouee
Hanpspokenue «mpounx» OITH B cetn 10 kB (#3, #5) BeiOupaem mo ycnoBuio 6.1.1, Tak kak 3T0 o0ecrieunBaeT MOBBIIICHUE WX HA/IEKHOCTH B YCIOBUSIX
cymecTtBoBaHus B ceTy 10 kB AyroBeIx nmepeHanpspkeHMil.
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HpHMep No2. Mecra ycranosku u pekomenayemsie tunsl OITH B cxeme noacranmun 220/110 kB.

# Mecto ycranoBku OITH Haznauenune OITH Pexomenayewmsriii Tun OITH Kommenrapun
V BeiBoI0B 220 KB 3amura ooMotku 220 kB Tumnosoit ciyyait
1 aBTOTpaHC(hOpMATOpa aBToTpaHcopmaropa ot rpo3oBeix (u | OITH-I1/32Y-220/154/10/650 YXJI1 1.9.3 (9.4),
KOMMYTALIMOHHBIX ) NIEPEHANPSKEHUN n.10.1.1, m.10.2
Kackaanplil npyuHIKMIT 3a1[UThI
obopynoBanus PY 220 kB ot rpo30BbIx
2 Ha BJI 220 B NepeHanpsHKeHUH, 00eCIeYnBarOIIHMA TumnoBoii ciyuaii
3’ sGmmsn ot Bxoxa PY 220 KB BBICOKYIO 3alUIIEHHOCTh H30JISIHN OITH-I1/39¥Y-220/154/10/650 YXJI1 1.9.3 (9.4),
aBTOTpaHchopMaTopa; 3amura OT m.10.1.1, m.10.2
IPO30BBIX (M KOMMYTAllMOHHBIX)
nepenanpsixxennid TH na BJI
V Beosios 110 kB amnmra oomoTku 110 kB TunoBoii ciyyai
4 apToTpachopMaTopa aBTOTpaHc(hOpMaTOpa OT IPO30BBIX (U OITH-I1/32VY-110/77/10/650 YXJI1 1.9.3 (9.4),
KOMMYTAIIMOHHBIX) NTepEHANPSKECHUH n.10.1.1, m.10.2
3ammura oomotku 110 kB Tunosoi ciyyait
5 | V BeiBozoB 110 kB tpanchopmaropa TpaHcdopmaropa OT rpo30BbIX (U OITH-I1/32Y-110/77/10/650 YXJI1 1.9.3 (9.4),
KOMMYTAIIMOHHBIX ) epeHaNpsKEHUH n.10.1.1, n.10.2
amnmra ooMoTku 110 kB . .
6 ¥ M3MEPHTEIILHEIX U3MEPUTENIbHBIX TpaHCc(HOpMaTOpPOB OT Tunosoit cy4ait
7’ TpaHcdopmaropoB Hanpspkerus 110 OIIH-I1/33VY-110/77/10/650 YXJI1 1.9.3 (9.4),
<B TPO30BBIX (U KOMMyTaHIfI’OHHBIX) 1.10.1.1, m.10.2
nepeHanpsHKeHun
3amura o6mMoTkH 6 KB Tpancopmaropa Tunosoit cy4ait
8 V BeIBOIOB 6 KB Tpanchopmaropa N OIIH-I1/32VY-6/7.2/10/550 YXJI1 n.5.3,
OT I'PO30BBIX MEepeHATNPSKEHUI
m.6.1.1, 1.6.2
V HEHCTIONb3yeMBIX BHIBOJIOB 35 KB 3ammra ooMoTkH 35 kB TumnoBoit ciyvait
9 rpancdopMaTopa TpaHchopMaTopa OT TPO30BBIX OITH-I1/32Y-35/40.5/10/550 YXJI1 n.5.3,
p p p NIepEHANPSIKEHUN m.6.1.1, m.6.2
V HEHCTIONb3yeMbIX BHBOIOB 15.75 3ammra ooMotku 15.75 kB TunoBoit ciyyaid
10 kB aBToTpaHChOPMATOpa ’ aBTOTpaHchOopMaTopa OT IPO30BBIX OITH-I1/39VY-15/17.5/10/550 YXJI1 n.5.3,
TIepEHANPSKEHUM n.6.1.1, m.6.2
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