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MonHunesawmta BJ1 6-10 kB

AHanu3 onbiTa 3KCMyaTaUmu pacnpenenmtesbHbiX SNEKTPUYECKMX CETEN MOKa3blBAET, YTO MX
HaZEXXHOCTb HUKE, YEM Y CeTel 6osiee BbICOKMX KIACCOB Hanpsi:keHus. MoBpekaeHns B pacnpe-
JenuTeNbHbIX CeTAX 06yC/aB/MBalOT GOJbLIYI0 YacTb yulepba, CBA3AHHOIO C MnepepbiBamu B
3/IEKTPOCHABKEHUU NOTPEBUTENEN.

OAHOM M3 OCHOBHbIX MPMYMH aBapUM M HapyLUEHMI SBAAIOTCA IPO30Bble MEpeHanpsKeHMsa Ha
BO3AYLHbIX JIMHUAX (BJ1), Bbi3blBaKOLME MMMY/IbCHbIE NMEPEKPbLITUS U PaspyLLIEHMS M301STOPOB U
NPUBOAALLME K AYrOBbIM 3aMbIKaHMSAM, COMYTCTBYIOLMM MNOBPEXAEHUAM 060pYJ0BaHMSA, OTK/IO-
YEHMAM JIMHUMA.

ABapuiiHble oTKloueHus BJ1 6, 10 KB no npuymHe rpo3oBbIxX NepeHanpsixKeHui cocTaBasaoT 4o 40%
OT 06LLEr0 YMCA MX OTK/IIOUYEHUM.

M3-3a HWM3KOM MMMYJbCHOM MPOYHOCTU M30/ALMA pacnpeaenmTesibHbiX CeTel MnoABeprKeHa
NepeKpbITUSAM KaK OT NepeHanpsikeHWM Npy NpsAMbIX yAapax MOJIHUMM, TaK M OT MHAYKTUPOBaHHbIX
nepeHanpsxKeHWM Npu paspsaae MoJIHUM BOM3K IMHUK. [ToceaHue ABNAITCA OCHOBHOM Npuym-
HOM rPO30BbIX OTK/IOYEHMI U MOBpEXAEHUN 06opyaoBaHusA ceTer 6, 10 KB, cocTaBnss B HEKOTO-
pbix ciyyasax go 90%, a npu npoxoxaeHmu Tpaccbl BJ1 no necHomy maccmsy 1 go 100% ot mx obLiero
Ko/M4yecTBa.

TaKMM 06pa3oM, HaZIEKHOCTb 3/IEKTPOCHAGKEHMSA NoTpe6buTeneit BO MHOroM 3aBUCUT OT 3ddek-
TUBHOCTM rPO303aLUMTHbIX MEPOTNPUATUMA.

3aKoHoZaTeIbHO TEXHUYECKME TpeGoBaHMS K Mpo303aliMTe pacrnpesenmTesbHbiX ceTel 3aKpern-
JieHbl B “TT0N103KEHMM O TEXHMUYECKOM MOIMTUKE B Pacrpese/IMTe/IbHOM 3/IEKTPOCETEBOM KOMIJIEK-
ce» , yTBepx)aeHHom 25.10.2007 OAO «DCK E3C», 1 cchopMyIMpoBaHbI B C/ieyoLemM BUAE:

Ha BJ1 Heo6x04MMO yCTaHaBAMBATb pPa3pAAHMKM AJIMHHO-MCKpoBble (PAN):

— ANA 3aLWMThl OT NEPEHanPAXKEHMM M NEPEXKora 3alMLLIEHHbIX NPOBOAOB Ha B/ ¢ 3almLLEHHbIMM
npoBoAamMu;

— Ha noAxoAax K pacnpeaenmteibHbIM YCTPOMCTBaM MOACTaHLMM;

— AN1A 3alWMTbl 0C/1abIeHHbIX MECT Ha BJ;

— B palOHax C aHOMaJIbHO BbICOKMM YMCJIOM FPO30BbIX OTK/IOUYEHUM.
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OC06eHHOCTU AJIMHHO-MCKPOBbIX pa3pALHUKOB

PN ABNAIOTCA POCCUIMCKOM pa3paboTKOM M MO CBOMM KOHCTPYKTUBHbBIM NapaMeTpam, TEXHUYeC-
KMM XapaKTepUCTMKaMM (YHKLMOHA/IbHbIM BO3MOMKHOCTAM MNPEeACTaBAAT 0CO6bIM  Kaacc
YCTPOMCTB MOTHUE3ALLMTBI, HE UMEIOLLMIA MUPOBbIX AHAJIOTOB.

MpUHUMN AeMcTBUA BCeX BUAOB PN 3aK/il04aeTcs B OrpaHUYEHUM FPO30BbIX NMEPEHAMNPSAXKEHWUM Ha
BJ1 3a cueT MCKPOBOro NepeKpbITUs MO NMOBEPXHOCTU U30/ALMOHHOIO Te/a Pa3pAAHUKA C AJIMHOM
KaHana paspaga, B HECKOJIbKO pa3 NMPeBOCXOAALLEN CTPOMTE/bHYIO BbICOTY 3alUMLLAEMON M308-
UMM, M ralleH1M CONPOBOXKAAIOLLMX TOKOB MPOMBbILLIEHHOM YaCcTOTbl 3a CYET 06eCneYeHHOro TakKUM
06pa30oM CHMKEHMA BE/IMYMHBI CPeAHEro rpajmMeHTa paboyero HanpsKeHusa BAO/b KaHana
rPO30BOro NepeKpbITHA.

[NaBHbIM OTAMYUTENBHBIM AOCTOMHCTBOM KJlacca ONMMHHO-UCKPOBbLIX pa3pAAHUKOB ABJIAETCA MUX
HenoaBepXeHHOCTb pa3pyLleHUNAM 1 NoBpeXAeHMAM rpo30BbiIMU U YT OBbIMKM TOKaMM, MOCKOJIbKY
OHU NPOTEKAKOT BHE annapaTos, No BO34yXY BA0JIb UX MOBEPXHOCTU.

7O YHMKa/IbHOE /181 TPO303aLLMTHbIX annapaToB Ka4ecTBO HapsAAy C KOHCTPYKTUBHOM MPOCTOTOM
npeaonpeAe /a0 BOSMOXHOCTb MX YCMELLIHOMO NMPUMEHEHMS B KaYecTBe 3(PdEKTUBHOMO M HAE-
HOrO CPeACTBA 3aLLMTbI BO3AYLUIHbIX IMHUIMA U 2IEKTPUYECKMX CETEN OT FPO30BbIX NMepeHarnpsaKeHUM
U UX MOCNIeACTBUMA.

OnbITHO-NpOMBILLNEHHaA 3KkcnayaTauma PAN Havanack B 2000 rogy ¢ MOMEHTa NPUHATMA COOTBE-
TcTBytowero MNMoctaHosnenma HTC PAO «E3C Poccum» 0 nepCneKTMBHOCTU NPUMEHEHUA AJIMHHO-
MCKPOBbIX pa3psaAHMKOB pa3paboTku «HIMO CTtpumep» ana moaHmesawmTtbl BJ16, 10 KB, pekomeH-
[OBaBLUEro yCTaHOBKY Ha BJI Kak C 3alUMmLLEeHHbIMM, TaK M C FO/IbIMW NPOBOJAaMM, OAHOI0 13 BUOB
PAN - neTnesoro paspagHuka PANIM-10.

B Hos6pe 2006 roaa coctoanacb MexseaoMcTBeHHaa kommccusa OAQ «PCK E3C» no npMémKe Tpéx
HoBbIx TMNoB P/ 10 KB:

PAN wneridosoro tuna (PANULL-10-1V-YX/11);
P/l MoaybHOrO TMMNa C A/IMHOM NepeKpbITUSA Mo noBepxHoctu 1,5 m (PAUM-10-1,5-1V-YX/11);
PAM MoaynbHOro TMNa As1a KomnakTHbix BJT (PANM-10-K-11-YX11).

Bce pa3psagHMKM, NpoluejLume aTTecTaumio, NoCTaBeHbI HA CEPUMHOE NMPOM3BOACTBO U BK/IKOUEHDI
B nepeyeHb 060pyA0BaHMA, AONYLEHHOrO K 3KCnayaTaumm B anekTpudeckmx cetax OAO «OCK
E3C».
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PAUN-10-IV-YX/11

JlaHHble pa3spAfHUKM, MMEloWMe B COOTBETCTBUM C yTBepXAeHHbiMM B 2002 rogy TY 3414-023-45533350-2002
C/I0BUAMM OMUMaNbHOE COKpalleHHoe HassaHnuve PAUIM-10-1V-YX/11, npowsv BCe HEO6XOAMMbIE MUCMbITAHMUA M
cepTudmKaumio, NpMHATLI MBK K cepuMHOMY NPOM3BOACTBY M MAaCCOBOM 3KCMJ/lyaTalMu B SHEProcucTeMaXx.

B HacToAwee Bpema PANIM-10-1V-YX/11 HaxoaAaT BCe 60/1ee LWMPOKOE NPUMEHEHME B Pa3/IMYHbIX PErMoHax CTPaHbl Npu
CTPOMTENIbCTBE HOBbIX,  PEKOHCTPYKUMM M TEXHMUYECKOM MepeBOOpYXEeHUU cyulectsyowmx BJ1 6-10 kB, B
COOTBETCTBMM C TMPOEKTHbIMM pPELLUEHUAMM, 6a3UPYOLMMMCA Ha HEOBXOAUMOM HOPMATMBHO-TEXHUYECKOM
JOKYMEeHTaUuu, pa3paboTaHHOM MHCTUTYTOM «OAQ POCIM». Yucno paspAAHUMKOB, YCMELWHO 3KCMyaTUpyeMbiX BO
MHOrmux permoHax Poccum, npesbiwaet 600 000.

PANM-10 npeaHasHayeH ANS 3aliMTbl BO3AYLUHbIX JIMHWIA dNEKTpornepeaayun HanpskeHuem 6-10 KB TpexdasHoro
NepemMeHHoOro ToKa C 3alMILEHHBIMM M HEM30/JIMPOBAHHbIMM MPOBOAAMM OT MHAYKTMPOBAHHbLIX TPO30BbIX
NepeHanpsKeHUM M UX MOCNEACTBMM M paccyMTaH A paboTbl Ha OTKPbLITOM BO3AyXe Mpu TemnepaType
OKpy:Katowero Bo3gyxa ot MMHyc 60° C go natoc 50° C B TeueHme 30-m neT.

KOHCTPYKTUBHbIM 3CKM3, MOKa3biBalOWMM OBLMIA BMA M OCHOBHbIE COCTaBHble YacTW paspAfHMKa NpUBEJEH Ha
p1c.1a. PaspasHMK COCTOMUT M3 COMHYTOrO B BUAE NET/IM METAN/IMYECKOr0 CTEPIKHSA, MOKPbITOro C/I0EM U30ALMMU U3
NO/IM3TUAEHA BbICOKOTO AaBaeHUs. KOHLbl M30/IMPOBAHHOM NET/IM 3aKpensieHbl B 3aXKMMe KPEerJieHMs, C NMOMOLLbIO
KOTOPOro paspsAAHMK NPMCOeAMHAETCS K LUTLIPIO M30a5TOpa Ha onope BJ1. B cpeaHel YacTu neTaiv NoBepx M3oaaumm
pacrosio’eHa MeTa/laMyeckas Tpy6ka. Ha nposose BJI, HanpoTMB MeTalIMYECKOM TPYBKM paspAdHMKa,
3aKpenseTcsa yHMBepCasibHbIM 3aXKMM 418 CO3aHMsA HE06X0AMMOr0 BO3AYLLIHOMO MCKPOBOrO MPOMEKYTKA.

Puc. 1. O6wjuli Bud nemsaesozo paspsdHUKa Ha onope BJl.

nsonsaTop NPOMEKYTOUHblIE KaHan paspsga
3N1eTpoapl

npoBoA

BO3AYLIHbIN
NPOMEXYTOK

ysen
KpenneHus

MeTannmyeckas
Tpy6Ka

YHUBEPCa/IbHbIN
3aXKMM
Ha npoBoge

U30/IMpoBaHHasA
neTna

a) KOHCMPYKMUBHbIU 3CKU3 6) pomoepagus ucneimaruli Ha makeme.
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3aKpensieHne 130/ IMPOBaHHONM NETAM pa3pAAHMKA Ha BJ1 MPOM3BOAMTCS C MOMOLLbIO 3aXKMMa KPEMeHMs. 3a)um
KpenjieHMsl U3roTOBJIEH M3 CTa/IM, MOKPbITOM 3aLLMTHBIM CJIOEM LMHKA, U MMEET KOHCTPYKLMIO, 06eCneymBaloLLyto
HaJleXXHoe KpenieHue paspsafHMKa K dnemeHTam apmatypbl BJI. KOHCTpyKUMA 3aXMMa KpensieHusa paspsagHMKa
MOXeT ObITb M3MEHEHa U MMETb (POpMy, aJanTUPOBAHHYIO MOJ KOHKPETHbIE YC/I0BUA KpenieHua paspAagHUKa Ha
onope BJ1.

YHMBEPCA/IbHbIM 3aXKMM A1 MPOBOJA M3rOTOBJIEH M3 CTa/IM, MOKPbITOM 3aLUMTHBIM C/IOEM LMHKA. KOHCTpyKums
3a3KMMa MO3BOJIAET YCTaHaB/IMBaTb €ro Kak Ha HEeM30JIMPOBaHHbIE, TaK M Ha 3alUMLLEHHbIE NMPOBOJA, 3aXKMM IS
KOTOPbIX UMEET MPOKYChIBAIOLLME LLIMTbI.

MprHLUMN paboThbl paspaAHMKA OCHOBaH Ha MCMoJib30BaHMM 3(hheKTa CKOJb3ALLErO pa3psaaa, KOTopbiM o6ecneymnBaeTt
GO/IbLLYIO AJIMHY WMMIYJIbCHOrO MEPEKPbITUA MO MOBEPXHOCTM Pas3psAfHMKA, M NPeAoTBPALLEHMM 3a CYET 3TOro
nepexoja UMMNyJIbCHOMO NEePEKPLITUS B CU/I0BYIO YTy TOKa MPOMbILLIEHHOM YaCTOTbl.

Mpy BO3HMKHOBEHWUM Ha NpoBoge B/l MHAYKTMPOBAHHOIO FPO30BOr0 MMMYJ/IbCA MCKPOBOM BO3AYLUHbIM MPOMEKYTOK,
KOTOPbIM [I0/IKEH COCTaBATb 2-4 CM MEX/Y YHMBEpPCA/IbHbIM 3a’KMMOM Ha npoBoJe B/l u MeTansmyeckom Tpy6Kom
paspsAaHMKa MpOGMBAETCS, M HanpsKeHWe MNPUKIAAbIBAETCS K M30/AUMM MEXKAY MEeTal/IMYECKOM TPyGKOM M
MeTa/lIMYECKMM CTEPIKHEM NETJIM, UMEIOLLIMM NOTEHLMaN ONopbI.

Moa BO3AEMCTBMEM MPU/IONKEHHOTO WMMIY/IbCHOMO HAMpPsXEHUS BAO/Ib MOBEPXHOCTM M30M1AUMM METIM  OT
MeTa/I/IMYECKOM TPYOGKM K 3aKMMY KpenjeHus paspsAaHMKa (Mo Miedy C MPOMEXKYTOYHbIMM 3/1eKTPOAAMM)
pa3BMBaETCA CKO/Ib3AWMI pa3paa. Bcaeacteme addekTa CKob3Alero paspsaaa Bo/IbT-CEKYHAHAA XapaKTepPMUCTMKa
pa3pAZHMKA PaCrosIoKEHa HMKe, YeM BOJIbT-CEKYHAHAs XapaKTepucTMKa M30/1ATopa, T.€. MNpU BO3AEMCTBMU
rPO30BOro NepeHanpAXeHus paspagHUK NepeKpbIBaeTCs, a U30NATOP HeT.

MMMy /IbCHbIM TOK MOJIHWM, NPOMAA MO NOBEPXHOCTM pa3psHMKa, OTBOAMUTCA Yepes onopy B 3emto. Benes 3a HUM,
noag AencTBuMeM paboyero HaMNpAXEeHWA JIMHMUM HauyMHaeT MpoTeKaTb COMpPOBOXAAWWMMK TOK.
Mpu nepexofe COMPOBOX/AAMLWEr0 TOKA Yepes HoJ/b Ayra racHeT. YTo npeaoTBpallaeT NoBpeXAeHUe MpoBoa U
OTKJIIOUEHUS JIMHUM.

Ha puc.16 npeacTtaBfieH MOMEHT cpabaTtbiBaHMA paspsaAHMKA MNpy  BO3AEWCTBMM PO30BOr0  MMIMYJ/IbCa
nepeHanpsKeHus Bo BpeMs JabopaTOpHbIX MCMbITaHUI Ha MOJIHOMACLLTa6GHOM Moae v TpaBepcbl BJ110 KB.

Ta6bnuya 1. TexHu4Yeckue xapakmepucmuku PANIT-10-1V-YX/11

Knacc HanpskeHus 10 kB
JnnHa nepekpbITUA No NOBEPXHOCTH 780 MM
BHeLHMM MCKPOBOM NPOMEKYTOK 20 - 40 MM
MmnynbcHoe 50%-Hoe pa3pagHoe HanpskeHue, He bonee 110 KB
- Ha MOJIOXKMTE/IbHOM MONIAPHOCTM 90 KB
- Ha OTpMUATE/IbHOM MOJIAPHOCTH
MHOroKpaTHO BblAEPKMBAEMOE BHYTPEHHEN U30N1SALMEN UMMYIbCHOE HAMPSAXKEHME, He 300 kB
MeHee
Bblgep:krBaemMoe Hanps:KeHUE NPOMbILLIEHHOM YacTOTbl, HE MEHee 38 KB
- B CYXOM COCTOAHMM

y 28 kB
- 04, foXAeM
MHOroKpaTHO BblZlep*KMBAEMbIM MMMYJIbCHBIM TOK 8/20 MKC, HEe MeHee 40 KA
Macca 2,4 kr
CpoOK cny»K0bl, He MeHee 30 net

*Hanbosnbluee HanpsykeHue npm cTaHZapTHoM opme umnybca 1,2/50 MK,
NpU1 KOTOPOM 0becrneynBaeTCa 3almTa pa3pAagHMKOM M301ATOPa, Ha3blBAeTCA «HaNpAXeHMEM KOOpAMHALMM>.
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PaspaaHuuk PAMMN-10 npeaHasHayeH Ans 3awimTbl BJ1 6, 10 KB OT MHAYKTMPOBAHHBIX FPO30BbIX MEpeHanpAXKEHUM,
KoTopble AN 60/bWMHCTBA B/l coCcTaBAAOT NMOAABAAIOWY0 A0J0 OT O6LEr0 YMC/la rPO30BbIX MEPEHANPSKEHUM,
CNOCOGHbIX NPUBOAUTb K MEPEKPLITUAM M30AALMM.

M3BECTHO, YTO BE/IMYMHA MHAYKTMPOBAHHBIX NEPEHaNpPSAKEHNIM NPAKTUYECKM HE NpeBOCXoAMT 3Ha4eHms 300 KB, 1 3To
Nno3Bo/isieT Npu NPaBUJIbHOM OpraHM3aLMM MOJIHME3ALLMUTbI UCK/IIOYMTb BO3MOXKHOCTb OAHOBPEMEHHOIO NEPEKPbLITHS
ABYX MM Tpex a3 Ha OAHOM OMope M, COOTBETCTBEHHO, MeXAydhasHbiX KOPOTKMX 3aMblKaHMM. JAas 3Toro
Heo6X0MMO YCTaHaB/IMBATb MO OAHOMY Pa3psAHMKY Ha Oropy C YepefoBaHMeM a3, HanpMMmep, Ha Nepeoi onope
paspsaAHMK YCTaHaBAMBaETCA Ha a3y A, Ha BTOPOM - Ha chasy B, Ha TpeTbelt - Ha a3y C U T. 4. (CM. puc.2).

Mpy TakoM cUCTEME YCTAaHOBKM MHAYKTMPOBAHHOE Ha JIMHMM FPO30BOE MEPEHANPsKEHUE NMPUBOAMT K NMEPEKPLITHIO
paspAAHMKOB Ha pasHbiXx asax COCeJHMX OMnop M O06pasoBaHMIO KOHTypa MexAyda3Horo 3amblKaHMA
COMPOBOXAAIOLLEr0 TOKA CETU, B KOTOPbIW BK/IHOUYEHbI CpaboTaBLUME Pa3pAAHUKK M CONPOTUBIEHUA 3a3EMJ/IEHUSA OMNop
R3 (cMm. puc.2), orpaHMuMBaroLme 3TOT TOK Ha YPOBHE HECKOJIbKMX COTEH amnep, CMOCOBCTBYA €ro raweHuio m
npesoTBpaLLeHMIo OTKAYeHMA BJ1.

PaspsagHble xapaktepucTvkmi PAUM-10 o6ecneunBatoT 3almMTy M305STOPOB BCeX Tpex a3 B AaHHOM CXeme OT
MMMY/IbCHOrO MEPEKPbITUS, MOCKOJIbKY KaXKblM M3 HUX 3alUMILEH Pa3pAAHMKOM, YCTAHOBJIEHHbIM 3/IEKTPUYECKM
napasisiesIbHO eMy M PacroJIOKEHHbIM JIM60 HEMOCPEACTBEHHO PSAOM C M30JIATOPOM, JIM60 Ha COCEAHEN OMNope.

Mpy YPOBHAX WHAYKTMPOBAHHbIX MNEPEHANPSKEeHUM, GM3KMX K MMIMY/IbCHOMY HanpsyKeHUo cpabaTbiBaHMUs
paspAzHMKa, BO3MOXKHO NEPEKPbITUE pa3psaHMKa /IULLb Ha OAHOM orope, NpuBoAsLLee K 04HOda3HOMY 3aMblKaHMIO
Ha 3eMJ110. TOK 3aMbIKaHWs NpY 3TOM He npeBbiwaeT 10-20 A, 1 neTaeBoM pa3paLHMK C 06LLEN AIMHOM NepeKpbiThs 80
CM rapaHTMPOBaHHO UCK/0YAEeT BOZHWMKHOBEHME CUI0BOM AyTH.

Puc. 2 (Cxema ycmaHosKU pa3psAOHUKO8 U usaocmpayus 2-x asHozo K3 yepesz conpomussieHUs 3a3emseHus onop.

UHOM

U30NATOP
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onopa 3_~
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PAUM1-10-1V-YX/11

PAMN1-10 no XapakTepMCTUKAM, MPUHLMIMY AEMCTBUA M HA3HAYEHMIO He OT/IMYaeTcA OT paspAAHMKA
PAMN-10-IV-YX/11, ABNAACH ULLIb €r0 KOHCTPYKTUBHOM MoAUUKaLMEN.

KoHcTpyKTHBHOE oTamume PAUM1T ot PAUIN cBoaUTCA K M3MEHEHHbIM (popMe u3rMba neTau, fetansam ysia
KpenJieHUA 1 cnocoby o6ecnevyeHusa BO34yLHOM0 3a30pa MeXAy pa3pAgHUKOM U YHMBEPCAJIbHOM 3aXKMMOM Ha
npoBoge. KOHCTPYKTUBHBIM 3CKM3, MOKa3blBaLWMIA 06LWMIM BMA U OCHOBHbIE COCTABHbIe YaCcTU pa3pAfHMKa,
npuMBeeH Ha pu1c. 3a.

Puc. 3. O6wul Bud nemnesozo pa3psadHuka PAMI1-10-1V-YX/11

3/1eKTPoJ, pa3pAgHMKa

paspagHuK

YHUBEpCasibHbINA

npoBoj nsonaTop

a) KOHCMPYKMUBHbIU 3CKU3 6) pomoepacpus ucneimaHuli Ha Makeme

MONHUE3AWMUTA BO3AYIUHbIX JIMHUMA SAEKTPOMEPEAAYM m
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PANM-10-1,5-1V-YXJ11

PANM-10-1,5-IV-YXJI1 npeaHa3HayeH AnA 3aWmTbl OT NPAMbIX YAAaPOB MOJIHMM U UHAYKTUPOBAHHBIX FPO30BbIX
nepeHanpsaKeHMM BO3AYLLUHbIX IMHUI d1eKTponepeaayum (B/1) U noaXo[0B K NoACTaHUMAM Hanpsa)eHuem 6, 10
KB Tpexda3Horo nepeMeHHoro Toka C HeM30/MPOBaHHbIMM U 3aLUMLLEHHBIMM MPOBOAAMM.

PANUM obnagaetr HaunyywMMKM BOJIbT-CEKYHAHbIMM XapaKTepUCTMKaMK (CM. Tabauuy 2), UMEHHO MO3TOMY €ero
LlesIecoobpasHo NPUMEHATD A1 3aLUTbl yHaCTKOB JIMHMM:

. 3awWwmTa NoAXoL0B BO3AYLUHbIX MHMK (BJ1) HanpsxkeHuem 6-10 KB K noACTaHUMAM

. Mecta nepeceyenus B/1 6-10 KB ¢ iMHUAMM 35 KB U Bbiwe.

. MecTa nepeceyenmns B/l 6-10 KB c aBToMarncTpanamm, xenesHoLOPOXKHbIMM MYTAMU U BOAHBIMU Mperpajamu.
. Mecta nepexoga BJ1 6-10 KB yepe3 OTKpbITble BO3BbILLIEHHOCTM M CKAIMCTYHO MECTHOCTb.

. MecTa npoxoga B/1 6-10 KB B6/11M31 BbICOTHbIX COOPYKEHMMA.

. MecTa npoxoga B/1 6-10 KB B MECTHOCTM C aHOMaJIbHOM FPO30BOM aKTMBHOCTbIO.

U A WN =

PAMM cocTomMT M3 ABYyX OTpPE3KOB Kabens M3 MOJIMITUIEHA BbICOKOrO AaBJ/IEHUA C PE3UCTMBHBIM KOPAENEM,
COEAMHEHHBIX MeXay co6oM xomyTaMu (Puc. 4). Pa3pAaHMK CHaGKEH OKOHLEBATE/IAMM, C MOMOLLbI0 KOTOPbIX OH
NpUCoOeaMHAETCA NPM NMOMOLLM YHMBEPCA/IbHOTO 3aXKMMa K NPOBOAY M MPU NMOMOLLM KPOHLUTEMHA KPENIEHUS K onope
B/l. DnemMeHTbl KpenneHus AOMNOSIHMUTENIbHO COeAMHEHbl C TPaBepCcoM MOCPeACTBOM LMHbI AN OCYLECTBJIEHMA
3asemneHma. KoHCTpyKuma 3axuma AN NpoBoja MMeeT ABe MoaudbMKauuu, MOo3BOAAKLWME yCTaHaB/MBaTb
paspAAHUK Kak Ha HeM30/IMpOBaHHble MPOBOJA, TaK M Ha 3alWMLLUEHHbIe MPOBOAA, AN1IA KOTOPbIX 3a)KMM UMeeT
MPOKYCbIBaOLLME LIMMbI.

Puc. 4. O6wjuli Bud Mody/bHo20 pa3psadHuka PAUM-10-1,5-1V-YXJ11

Kabenb

NPOMEKYTOUHbIN
371eKTpoA

OKOHUeBaTeJ/lb

a) KOHCMPYKMUBHbIU 3CKU3 6) pomoepagus ucnbimarHuli Ha makeme.

MOJIHUE3AWMUTA BO3AYWHbBIX NMHUN SNEKTPONEPEAAYUYMU @



Ta6bnuya 2. TexHu4YecKkue xapakmepucmuku PAMM-10-1,5-1V-YXJ11

Knacc HanpseHua
JNvHa nepeKkpbITMA MO NOBEPXHOCTH
MmnynbcHoe 50%-Hoe pa3psagHoe HanpsaKeHue, He 6onee

- Ha MONIOXKMTEIbHOM NoNAPHOCTU
- Ha OTpMLl,aTeﬂbHOI‘;i NONAPHOCTH

MHOroKpaTHO BblAepKMBaeMoe BHYTPEHHEN M30NALMEN UMMNYJIbCHOE HaNpsKeHWUe, He

MeHee

BblaepykMBaemoe HamnpsisKeHMe MPOMbILLIIEHHOM YacTOTbl, HE MEHee

- B CYXOM COCTOSIHMM
- NOA [OXAEM

MHOroKpaTHO BblZEP:KMBaEMbIM MMMY/IbCHBIM TOK 8/20 MKC, HE MeHee

TOK KOPOTKOro 3aMblKaHWA B MeCTe YCTAHOBKM, He 6onee

unau

MaKcuMabHO A0MyCTHMas CyMMapHas MOLYHOCTb TpaHC(OPMaTOpOB Ha MOACTaHLMM,

nuTaroLLen ocHallaemyto B/l

Macca

CpoK c/yK6bl, HE MeHee

MpuHumn gencrema PAUM-10-1,5-1V-YX1.

10 kB

1500 MM

100 kB
90 kB

300 kB

28 KB
28 KB

40 kA

5 KA

unu

20 MBA

1,6 Kr

30 net

PAMM coCcTOMT U3 ABYX OTPE3KOB KabenAa C KOpAENEM, BbINOJHEHHbIM U3 PE3MCTMBHOIO MaTepuasna. OTpesku Kabensa
CKpen/ieHbl Mexay co60M TaK, Y4To NpY 3TOM DOPMMPYHOTCS TPU PaspaaHbIX Moay s - 1, 2, 3 (cM. puc.5 a, 6).

OTpe3KM pe3nCTMBHOI0 KopAesiA NoACOeAUHAITCA K MeTa/lIMYECKMM OKOHLEBATE/NSIM Yepe3 BHYTPEHHME MCKPOBble
npoMekyTkn U1, U2, U3, N4, Mpu BO3AEMCTBMM MMMY/IbCa FPO30BOr0 NEpPEHanpAXKEHU OHU MEPEKPbIBAOTCA, M
PEe3MCTUBHbIM KOpZe/ib BEPXHErO OTPe3Ka Kabens, UMeloLmii CONpoTMBAEHHWE R, BbIHOCKUT BbICOKMM noTeHuman U Ha
NOBEPXHOCTb HUXKHErO OTPE3Ka Kabesis B ero cpefHei YacTi. AHasIorMyYHO, PE3UCTMBHDBIN KOPAE/b HUXKHENO OTPpe3Ka
Kabens, UMEKLLMIM TaKKe CONpoTMBAEHWE R, BbIHOCMT HM3KMIM MoTeHuMan 0 Ha MOBEPXHOCTb BEPXHEr0 OTpe3Ka
Kabens B ero cpeHen YacTm. TaknMM 06pa3oM, K KaxkJoMy paspsaHOMY MOAYJII0 OJHOBPEMEHHO NMPMJIOKEHO NoJIHOe
HanpsxeHre U U ana Bcex TPEX paspsAfHbIXx moaynen 1, 2, 3 cosgaHbl yCI0BUA ANA OOHOBPEMEHHOIO Havasa
PasBMTMA CKOJIb3ALLMX PaspsAoB, KOTOpble, MpW MEPEKPbITMM COOTBETCTBYIOLMX MOAYJEN, CO34al0T eAMHbIM,

AI'IMHHbII‘;i KaHa/1 NepeKpbITHUA.

Puc.5. Wnnrcmpayus npuHyuna delicmsus PANM:
U a) KOHCMPYKMUBHAA cxema

nsonaums

nosiynpoBog,.
Kopaesb

paspsg

BHYTpPeHHHe
NPOMEXKYTKM

0
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6) npuHyunuasabHas cxema



YctaHoBka PANM-10-1,5-IV-YXJI1.

OCHOBHble cOCTaBHble YaCcTMU M BapuaHT YCTaHOBKM paspafHMKa Ha onopy B/l npuBeseHbl Ha Puc.6.

[Ansa obecneyeHnsa rapaHTMpOBaHHOM 3awwmTbl BJ1 (y4acTKa BJ1) oT 1t06bIX FpO30BbIX BO34EMCTBMIM, B TOM YMCe,
OT NpsAIMOro yzaapa MoJiHuu B BJ1, He06x04MMO yCTaHaB/IMBaTb paspsaaHUMK moayabHoro tuna PANUM-10-1,5-1V-
VYX/11 Ha KaxAayl ¢a3y Ka)KgoM onopbl 3alWMiiaemMoro yyactka BJ1 (4na cTaHZapTHOM OAHOLIEMHOM
KOHMMrypauuu - no Tpu paspagHMKa Ha ofHy onopy). Mpu 3TOM HEO6XOAMMO 06eCcneynTb HM3KOE (3KenaTesibHO He
60s1ee 10 OM) CONpPOTUB/IEHUE 3a3EM/IEHUS NIULLIb Ha BJIMKAMLIMX HECKOJIbKMX oropax noaxoda BJ1 kK noactaHumm
(moapobHaa unacTpauusa npeacTtaBieHa Ha Puc.7). OctasbHble onopbl MO YCAOBUAM FPO303almThbl CrielmaibHO
3a3eMATb He TpebyeTcsa. B cnyyae ecim TEXHMKO-3KOHOMMYECKMIM aHa/IM3 NMOKa3biBaEeT LieIeCo06pasHOCTb 3aLLMThI
OT NPSAMbIX YAAPOB MOJIHUM HE BCEM JIMHMU, a JIULLb OTAE/IbHbIX YY4AaCTKOB, UX Lie1ecoo6pa3Ho 3alUMLLaThb C/IEAYHOLLIMM
06pa3oM: Ha BCeX OMopax 3allMLLIaEMOro y4acTKa ciegyeT YCTaHOBMTb MO TpW pa3psagHuKa MogyabHoro tTuna PANM-
10-1,5-1V-YXJ11, Ha Bce a3bl. [lBe onopbl, ABAAOLWMMUCA KpaMHUMM C 1IBYX CTOPOH 3aLLMLLAEMOr0 OT NPAMbIX YAapoB
MOJIHMKM yyacTKa BJl, Heo6xoauMO 3a3emnATb, obecrneymBas, MO BO3MOXKHOCTWU, BEJIMYMHY MX COMPOTUBJIEHMA
3a3emsieHna He 6onee 10 Om. Ecim 310 TpeGoBaHMe MO OGBEKTUBHBIM MPUYMHAM HEBBINOJIHUMO, cleayeT
KOMMNEHCMPOBATb 3TO JOMOJIHUTE/IbHBIM 3a3EM/IEHUEM €ELLLE OHOM, MJIM HECKOJIbKMX COCEAHMX OMOP Ha KaxKAoMn U3
CTOPOH yyacTKa. [ln1a ocTanbHbIX OMop AaHHOM0 y4acTKa BJ/1 cneumanbHoOro 3asemieHmsa He TpebyeTcsa

Puc.6. BapuaHm ycmaHosku pa3psoHuUKa Ha B/l

1 - PaspaaHuk PAMM-10-1,5-1V-YXJ11

2 - TMpOKyCbIBAKOLLMI 3aKUM

3 - 3a3eMALWMM NYCK

4 - TpaBepca KpenJjieH1s pa3pagHMKa K onope
5 - Mpoeoaa BJ1

6 - Tpasepca onopbl

7 - CToMKa onopbl

MOJIHUE3AWMUTA BO3AYWHbBIX NMHUN SNEKTPONEPEAAYUYMU @



MakcrmanbHo 3¢pdheKTUBHbIM cnocob
3aWMTbl AOpPOrocTosALWero o6opygoBaHMA NoACTaHLUMUM:

Ana 3amThl NOAXOA0B K NOACTaHLMM OT HaberarLLMX BOJIH FPO30BbIX NEPEHANPAXKEHUA HEOGXO0AMMO YCTaHaB/IMBATb
KOMMJIEKT MX Tpex paspsafHvkoB PAMM-10-1,5-IV-YX/I11 Ha Kaxayo M3 4-x 6MKanWmMX onop K MOACTAHUMM (KaK
npefcTaBneHo Ha Puc.7). [JlaHHble onopbl HEOOXOAMMO 3a3eMNATb B COOTBETCTBMM C  YCTAHOBJIEHHbIMM
HOPMaTMBHbIMM TPE6OBAHMAMM.

YcTaHoBKa KomnsiektoB PAMM Ha GAMKaMLMX K MOACTaHUMM Oropax Mo3BoJjisieT MNpeAoTBpaTMTh 6/IM3KME K
NOACTAHUMM KOPOTKME 3aMblKaHMSA M3-3a TPO30BbIX MOCNAEACTBMM, MNPUBOAAWMX K nNary6HoMmy
3N1EKTPOAMHAMMYECKOMY Yaapy Mo 06MOTKaM TPaHC(OPMATOPOB, YTO 3HAYMTE/IbHO YBEIMUMBAET HALEKHOCTb MX
paboTbl M CPOK CJYKObI.

Puc. 7. YcmaHoska PANM-10-1,5-1V-YX/11 ona Haubonee 3¢ppekmusHol 3aujumsl nodxodos B/l k nodcmaHyuu.
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PANUM-10-K-1I-YX/11

PAMM-10-K npeaHasHayeH ANA 3alMTbl OT MHAYKTMPOBAHHbLIX FPO30BbIX MEpeHanpsKeHuri M UX MocaeacTBUM
BO3AYLWIHbIX JIMHUIM 3neKkTponepedayn (BJ1) HanpsikeHvem 6, 10 KB TpexdasHoro nepemMeHHoro ToKa C
HEen30/IMPOBaHHbIMM M 3alUULLEHHBIMW NPOBOAAMM KOMMAKTHOIMO MCMOJIHEHUA C PAaCCTOAHMEM MeEXIY coceaHUMM
npoBogamu He 6osee 0,5 M 1 c usonATopamu Kiacca 20 KB B paioHax co cTeneHblo 3arpsisHeHus He Boiwwe |l.

PaspsAaHMK COCTOMT U3 BYX OTPE3KOB Kabessl C pe3nCTUBHbBIM KOPAE/IEM M CTEPIKHEBOr0 M30/19TOpa B BUAE TOHKOMO
KryTa M3 CMJIMKOHOBOM pe3nHbl (CM. puc. 9). CTep)KHEBOM U30NIATOP CHAGXKEH OKOHLEBATE/SIMM, C MOMOLLbIO
KOTOPbIX Pa3spAAHMK KPENWUTCA OAHMM KOHLOM K MPOBOAY, a APYrMM - K OMOpe, M CAYXMT A1 obecrnedeHus
HEO6XOAMMOM MEXAHMYECKOM MPOYHOCTM PaspAAHMKA, a TaKKe A/ CO3[aHMs BHELUHMX MCKPOBbIX pa3psaaHbiX
MPOMEXKYTKOB. OTpe3KM Kabens KpeNATCA K CTEPKHEBOMY M30/1ATOPY MPK NMOMOLLM META/IZIMYECKMUX BTY/IOK, 06pa3sys
TPU paspsAAHbIX MOAYNA. 3aKpernsieHue paspAfHMKa Ha BJ1 npom3BOAMTCA C MOMOLLLI0 KPEMEXHOro 3arKmMma.
KOHCTPYKLMA KpEenexHoro 3axkMma paspsAaHUMKa MOXKeT 6biTb M3MEHeHa M MMeTb (OopMy, aZanTMpOBaHHYH Moj
KOHKPETHbIE YC/I0BUA KpenieHus paspsaaHuKa Ha onope BJ1.

Puc. 8. PANM-10-K Ha npomekymo4yHol onope B/I.
—

M30NATOP

3aKMM MPOKYCbIBAOLLMM

npoBog,

TpaBepca ornopbl

paspsAaHMK

.

a) cxema ycmaHosKu 6) pomo ucnbimaruli

MOJIHUE3AWMUTA BO3AYWHbBIX NMHUN SNEKTPONEPEAAYUYMU G



Mpy BO3AEMCTBMM MMIMY/IbCA FPO30BOr0 MEpPEHANpSAKEeHUS CHavasla NepeKpbiBalOTCA MCKPOBblE MPOMEXKYTKMU MO
NOBEPXHOCTM CTEPXKHEBOr0 M30/1ATOPA C 060MX Er0 KOHLIOB MEXKY META//IMYECKMMM OKOHLIEBATENAMM M KPaMHUMM
BTY/IKAMM KpENJIEHWUA K HEMY OTPEe3KOB Kabens. MMnynbcHoe Hanps:keHue 61arogaps NpoBOASALMM CBOMCTBAM
BHYTPEHHMX KOpAeneM ABYX OTPE3KOB Kabens NpuKIaAblBaeTCA OJAHOBPEMEHHO K TPEM pa3pAAHbIM MOAY/IAM, Mpu
MCKPOBOM 3aMblKaHMM KOTOPbIX (POPMMPYETCS 06LLMI A/IMHHbIM KaHa/ EPEKPbITUSA pa3psaaHUKa.

Mocne npoxoxAeHWA MMMY/IbCHOrO FPO30BOr0 TOKa paspsAf racHeT, MOCKOJIbKY MpM 3alaHHOM A/IMHE KaHana
NnepeKpbITUA CUMNOBas Adyra He yCTaHaB/IMBAeTCA, YTO NpeAoTBpallaeT BO3HMKHOBEHME KOPOTKOrO 3amblKaHMA M
OoTKAto4YeHue BJ1.

Ha oaHouenHbix B/l pa3psaaHMKM yCTaHABAMBAKOTCA MO OHOMY Ha KaKAyt Oropy napasiie/ibHo M30/1ATOPY TOJIbKO
cpeaHen dasbl (CM. puc. 8).

Ha aByxuenHbix BJ1 pa3pagHMKM yCTaHaBAMBAKOTCA MO 2 LWITYKM HA KaxKAylo onopy, Mo oJHOMY paspAAHMKY TaK e
TOJIbKO Ha cpe/HIoto a3y KaxkaoM u3 uenei. bnarogapsa Takomy cnoco6y yCTaHOBKM paspAAHUMKOB Ha KOMMAKTHbIX BJ1
npu BO3A€MCTBMU MHAYKTMPOBAHHBIX NEPEHANPAXKEHUIM BO3MOMXKHO TOJIbKO 0fIHO(a3HOe 3amblKaHMe Ha 3emto. Mpu
3TOM COMPOBOXJAKLLIMIA TOK ABISETCA EMKOCTHbIM M B NMoAaBsAoleM 60/bLIMHCTBE CyYyaeB He npesbiwaeT 10 A.
Mo3TOMy OTHOCMTE/NIbHO HEGOJIbIIOM AJIMHbI MYTM MNEPEKpbITMSA MO PaspsAAHMKY [OCTATOYMHO AS TalleHus
COMpPOBOXKAAIOLLENO TOKA.

Mpy BO3AENCTBMM MHAYKTMPOBAHHOIO MepeHanps:keHna Ha BJ1 cpabaTbiBaloT paspsAHMKM, YCTAHOBJIEHHbIE HA
cpeaHel dase, M oHa npuobBpeTaeT Hy/eBOM MoTeHuuan. bnarogaps 60/blIOMY KOSMOUUMEHTY CBA3U MEXKAY
cpefHen M KparHen dasamm KOMMakTHOM BJl, a Takxe BCNeACTBME MAfEeHMSA HAMNpSKEHWS Ha COMpOTMBIEHWM
3a3eM/IeHMA OMop OT TOKa, NPOTEKAKLLEro Yepes cpaboTaBLUMM paspALHMK, HAMPSKEHWE Ha M301IATOpax KpamHUX
(a3 He MpeBbIlAET UX pa3psAAHOe HanpskeHue. TakMm 06pa3om Bce Tpu dasbl B/l okasbiBalTCA 3alMLLEHHBIMK OT
WHAYKTUPOBAHHbIX MEPEHAMNPAXKEHWIA.

paspsgHble MoAy U

Puc.9. KoHcmpykuyua PAVMM-10-K

MeTananin4yeckme oKoHueBaTesm

MeTanin4yeckme BTyJIKM

Tabauya 3. TexHuyeckue xapakmepucmuku PAWM-10-K-11-YX/11

Knacc HanpskeHusa

J/MHa nepeKpbITMA Mo NMoBEPXHOCTH

MmnynbcHoe 50%-Hoe pa3pagHoe HanpskeHue, He 6onee

MHOroKpaTHO BblaeprKMBaeMoe BHYTpeHHeﬁ MBOHHLIMGIZ MMNyJIbCHOE HanpAxeHune, He
MeHee

Bbigepk1Baemoe HanpsKeHue NpOMbILLIEHHOM YaCToTbl, HE MeHee
- B CYXOM COCTOSIHMM
- NOA AOXAEM

MHOroKpaTHO Bbliep*KMBAEMbIM UMMYJIbCHbIM TOK 8/20 MKC, HE MeHee

Macca

CpOK Cnyx6bl, He MeHee

@ MONHUE3AWMUTA BO3AYWHbIX JUHUA INEKTPONEPEAAYMU



PAULL-10-IV-YX1

Pa3psagHuK npegHa3sHadeH Ana 3awmTbl BJ1 HanpsaxkeHnem 6, 10 KB Tpexda3Horo nepemMeHHoro Toka C 3almLwEHHbIMM
M HEWU30JIMPOBAHHbIMM MPOBOAAMM OT MHAYKTMPOBAHHbIX MPO30BbIX MEPEHAMNPAXKEHUA M UX MOCNAEACTBMM B TeX
CNly4anx, Korja Heo6XoAMMO NPUMEHATb ABOMHOE KperJieHMe NpoBOO0B.

KoHcTtpykuma PAMLL-10 nokasaHa Ha puc. 10a. OCHOBHbIM 31EMEHTOM pa3pAAHMKA ABAAETCA OTPE30K CNeLmasbHOro
Kabens C a/toOMUHMEBON MOHOJIUTHOM KUOM AMAMETPOM 9 MM M TPEXC/IOMHOM M30NALMEN U3 CLUMTOMO NOIM3TUIEHA
(M3) o6LIEN TOMLMHON OKOIO 4 MM. TpMAEraloWmi K Kue C/IoM BbiNoJIHEH U3 npoBoAdAllero M3, cpeaHui Cior - U3
YMCTO M30/1ALUMOHHOrO 13, a HapYKHbIM C/IOM - M3 CBETOCTAOM/IM3MPOBAHHOIO TPEKMHrocToMKoro M3. Ha oaHOM U3
niedyen oTpesKa Kabesns YyCTAHOBJIEHbI MPOMEXKYTOUYHbIE KOJIbLEBbIE 3M1EKTPO/bl, o6ecrnevyunBaiolme pasbreHue
KaHasa NnepeKpbITMA Ha OTAe/IbHble 0TPpe3KM. Kabesb CHAGKEH asIloMMHUEBLIMM OKOHLIEBATE/IAMM, YEpe3 KOTopble
una Kabensa BbiCTynaeT 3a npeaesibl U3oauun. PaspaaHMK KpenuTcs K NpoBoAY 3a 3TH BbIMYCKM C MCMOJIb30BaHMEM
3aKMMOB. B cpegHel yacTm Kabens ycTaHOB/IEHA MeTasiiMyeckas TpybKa, 3a KOTOpYH, MOCPeACTBOM CKOGbl M
06BS3KM BA3a/IbHOM NPOBOJIOKOM, OCYLLECTBAAETCSA KPENesK paspAaHMKaA K M301aTopy. K WTbIPHO 3TOrO e M30/1ATopa,
HanpoTMB METaJIZIMYECKOM TPY6KM, YCTaHaB/IMBAETCA CTEPXKHEBOM 3N1EKTpos Ans obecrneyeHus Heo6XOoAMMOro
MCKPOBOro NMPOMEXKYTKA.

Puc. 10. PANLL-10-1V-YX/11 Ha npomexxymoyHol onope B/l

-

KpensieHue

paspsAAHUK

U30nATOp

a) cxemMa ycmaHosKu 6) pomo ucnbimaxuli

MONHUE3AWMUTA BO3AYIUHbIX JIMHUMA SAEKTPOMEPEAAYM @



CoenuHuTenbHbIE 3a)KUMbl M3rOTOBMEHbLI M3 CTanu, I'IOKprTOl7I 3alNTHbIM CIloeM UMHKa, U UMEKT KOHCTPYKLUMUIO,
O6eCFIe‘-IVIBaIOUJ,yIO HadeXHOoe KpenrneHne paspagHuka K nposoay BI. KOHCprKLI,Mﬂ 3aXnma WwumMeeT [OBe
MO,EI.I/IC*)I/IKaLI.I/II/I, nosBosndLine yctaHaBnnBaTb pa3pAaHUK Kak Ha HeU30nnpoBaHHbIe NMpoBoaa, Tak  Ha 3alMLLEHHbIE
nposoaa, ANnA KOTOPbIX 3a>XMM MMeET MNPOKYyCbIBakoLne LWNMbI.

[na gocTtmxeHms HeobxoaMmMoro NCKPoBoro npoMexyTka 20-40 MM BO3MOXXHO M3rMbaHne CTEp)KHEBOMO 3rekTpoaa,
nyTeM NpUoXeHUs yCUnmsi Nocrie ero yCTaHOBKMU.

[Mpy BO3HUKHOBEHUN Ha npoBoae BJ1 MHAYKTMPOBAHHOrO rpo30BOro MMMyMbCa NepeHanpsXXeHus MeTannmyeckas
Tpybka Ha kabene paspsiaHMKa NpUMoOpeTaeT TOT Xe BbICOKUI MOTEHUMan, YTo 1 nNpoBop (BCreacTBue OOrbLLON
€MKOCTHON CBA3M Mexay Tpyokonm n xwunon kabens). NosaTomy nepBOHayanbHO MNPaKTUYECKM BCE TPO30BOE
nepeHanpshkeHne OKasblBaeTCa MPUITOXKEHHBIM K MCKPOBOMY BO3OYLUHOMY MPOMEXYTKY Mexay Tpybkon wu
3a3eMMNEHHbIM CTepXHeBbIM anekTpogoM. [lpu HanpsbkeHun nopsgka 50-70 kB npomexyTok npobusaetcs, u
meTannuyeckas Tpybka Ha NoBepxHOCTM kabens npuobpeTaeT HyneBOW MNoTeHuuan 3emnu. Takum obpasom,
nepeHanpshkeHne OKa3sblBaeTCA MNPUMOXKEHHBIM MEXAY >KUMoM kabensa u MeTannmMyeckon TpyoGKonm Ha ero
noBepxHocTK. Noa BO3AeNCTBMEM STOrO NepeHanpsiKeHns BOONb NOBEPXHOCTU U30MSLUMM paspsiiHMKa pa3BMBaeTCs
CKOIb3LLMI pa3psd, KOTOPbIA MPOXOAUT OT METaNMYeCKon TpyOKn Yepes NPOMEXYTOUHbIE KOSbLIEBbIE 3NTEKTPOAbI K
COOTBETCTBYIOLLEMY OKOHLeBaTernto. [Mposoa BJ1 okasbiBaeTcs cBA3aHHLIM C 3a3eMITEHHOW OMOPOoN Yepes ANUHHBIN
KaHan paspsga, KOTopbi pas3duT Ha OTAeNbHble OTPEe3KM KomnbLEeBbIMU 3nekTpogamu. [locne npoxoxpgeHus
UMMYNbCHOMO TOKa [FPO30BOr0 MepeHanpskeHns Mo KaHany paspsga npoTekaeT ConpoBOXOAKLWMK  TOK
NPOMBbILLIIEHHON YacToTbl. OgHaKo Npu NEpBOM NEPEXOAE TOKa Yepes HOSMb pa3psd racHET, He NEPEXOAst B CUMOBYHO
4yry, 4To npefoTBpaLlaeT BO3HUKHOBEHME KOPOTKOrO 3aMblKaHNA U OTKoYeHue B

Tabnauya 4. TexHu4Yeckue xapakmepucmuku PANLL-10- IV-YX/11

Knacc HanpsaxxeHua 10 KB
JAnnHa nepekpbITUA Mo NOBEPXHOCTH 800 Mm
BHeLIHMIM MCKPOBOM NMPOMEKYTOK 20 - 40 MM
MmnynbcHoe 50%-Hoe paspsagHoe HanpsxeHue, He bosee 110 kB
- Ha MOJIOKMTE/IbHOM NONSAPHOCTH 90 kB
- Ha OTpULATE/IbHOM MOSIPHOCTH
MHOroKkpaTHO BblEPKMBAEMOE BHYTPEHHEN U30/ISILMEN MMMNYIbCHOE HanpsKeHWe, He 300 kB
MeHee
Bbigeprk1BaemMoe HanpsKeHWe NPOMbILLIEHHOM YacToTbl, HE MEHEE 38 KB
- B CYXOM COCTOAHMMU

y 28 kB
- N0A AOXKAEM
MHOroKpaTHO BblAEepKMBAEMbIN UMMYJ/IbCHBIM TOK 8/20 MKC, HE MeHee 40 KA
Macca 2,3 Kr
CpoK c/y»0bl, HE MeHee 30 net

KOHCTpYKUuMA pa3psafHMKa, KpOME TOro, 06ecrneymBaeT yCUIEHWE KpenseHms NpoBo/a Ha ornope, To €CTb PaspsAAHUK
3aMeHSAET 06bIYHbIN Werd ABOMHOMO KpenaeHus.

PaspsgHukmn PAMLU-10 uenecoobpa3Ho NpUMeEHATb AAA 3awmTbl BJ1 6, 10 KB OT MHAYKTMPOBAHHbLIX FPO30BbIX
NnepeHanps:KeHMM B TeX CJlyyasx, Korga Heob6XoAMMO MPUMEHATb ABOMHOE KpenJieHWe MpoBoAoB. MX Hago
yCTaHaB/IMBaTb M0 OAHOMY Ha OMopy € YepeaoBaHWeMm a3, Tak e Kak PAMIM-10.

@ MOJTHUE3AWMUTA BO3AYWHBIX TMHUN SNEKTPONEPEAAYMU



MonHuesawmTa BJ1 6-220 kB

Paspa6oTKka MOJIHME3AWMTHBIX YCTPOMCTB Ana BJ1 KnaccoB HanpsxeHus cBbie 10 KB Ha ocHoBe MpMMeHeHMs
KOHCTPYKTMBHbIX pELUEHWUM, WMCMO/b30BaHHbIX A/ peanmsaumm TEXHOJIOTMKU  AJIMHHO-MCKPOBOrO paspAsa,
TEXHUYECKM KpalHe 3aTpyAHMTE IbHA MO PAAY 06bEKTUBHBIX MPUYMH. 1A obecneyeHms HE06X0ANMMOM Ayroracsiien
cnocobHocT PAIN TpebyeTca CAMWKOM 6onbluas MX AJIMHA, YTO CTAHOBMTCA HEPALMOHAJIbHBIM.

B ocHoBY pa3paboToK MOJIHME3ALMTHBIX Pa3psSAHUMKOB Ha 60/1ee BbICOKME Knacchbl HanpsxkeHui B HMNO «CTpumep»
6bl1 3a/710)KEH MNPUHUMN pa3bUeHus KaHasa paspsfa Ha MHOXecCTBO 4YacTed. [pu 3TOM AyroracutesibHble
BO3MOXHOCTM paspsAfHMKA [O0JKHbI ONpeAenaAThCA, [/aBHbIM 06pPa3oM, KOHCTPYKTMBHO-FeOMETPUUYECKUMM
napameTpamm €ro, TakK Ha3blBaeMOW, MYJIbTUINIEKTPOAHOM cucTembl (MIC), cocToswen m3 60/bLIOro Yucsia
3/IEKTPO/I0B C MasIbIMM MCKPOBbIMM MPOMEXKYTKaMM.

MpoBegeHHbIe MHOTOYMCIEHHBIE TEOPETUYECKME M IKCNEPUMEHTA/IbHbIE MCCIef0BaHMA NOATBEPAUIN BO3MOXKHOCTb
CO3JaHMA paspsAAHMKOB Ha 6ase JaHHOro npuHUMNA Ha 6oJiee BbICOKME KACChbl HAMpsXKeHUA C NpUemMIeMbiMM
rabapmtamu.

B pesynbTaTe MHTEHCMBHbIX paboT MO YCOBEPLUIEHCTBOBAHMIO paspsAAHMKOB Ha ocHoBe MIC 6biia M306peTeHa M
0CBOEHa TEXHOJIOTMS MPUMEHEHMUS My/IbTUKAMeEPHbIX cucTem (MKC) ana co3gaHms yCTPOMCTB MOJIHME3ALLMTbI HA BCE
KNnacchl Hanps»keHus ot 6 Ao 220 kB. Paspa6oTaHHble no 3toi TexHonormu B HMNO «CTpumMep» MOJIHME3ALMTHbIE
YCTPOMCTBa 06pasytoT ABa NPMHUMNMANIBHO HOBbIX BUAA:

- pas3pAAHUKK MySIbTUKaMepHble (PMK);
- U30/1ATOPbI-Pa3pAAHMKU MySIbTUKamepHble (MPMK).

MONHUE3AWMUTA BO3AYIIHbIX JIMHUMA SAEKTPOMEPEAAYM @



Myﬂ bTUKaMepHaA CUCTEeMa

Ha 6a3e TexHonormm MKC B OAO «HMO «CTpumep» pa3paboTaHbl pa3pAgHMKM Ha Knaccbl HanpsaxeHus 6, 10, 20, 35,
110, 220 KB. MNpeanoxKeH TaKKe NPUHLMMNMAIBHO HOBbIM anmnapart: M3018TOp-PaspAAHMK C MY/IbTUKAMEPHOM CUCTEMOM
(MPMK), KoTopbIlt codeTaeT B cebe CBOMCTBA M30/1TOPa U pa3pAAHUKa ofHOBpeMeHHo. Mpu 1cnonb3osaH MPMK
CylLlecTByeT TeopeTuyecKas BO3MOXKHOCTb 0b6ecrneyunTb rpo3osawmty BJ1 no6oro Knacca HanpsKeHus, Tak Kak C
yBeJIMYEHMEM KlacCa HanpAXKeHUA YBE/IMUMBAETCA YUCI0 M30/IATOPOB B T’MPJISIHAE U COOTBETCTBEHHO YBE/IMUMBAETCH
HOMMHaJIbHOE HanpsAXeHMe 1 Ayroracaas Cnoco6HOCTb FTMpAAHAbI 13 UP.

BO3MOXHbI pa3/iMyHble KOHCTPYKLMM M30ISTOPOB CO CBOMCTBAMM pa3pAaHMKoB. OcHoBy MPMK cocTaBniAlOT 06blYHble
MaccoBO BbIMyCKaeMble M30JATOpbl (CTEKAAHHbIe, (hapdopoBbie MM MOJMMEPHbIE), Ha KOTOPbIX CheumasibHbIM
o6pa3om ycTtaHoBneHa MKC. Mpryém yctaHoBKa MKC He NpMBOAMT K YXY/LLEHUIO M30JIALMOHHbBIX CBOMCTB M30118TOPa,
Ho 6n1arozapsa el oH npuobpeTaeT CBOMCTBa paspsaHMKa. Bcneacteue atoro B page ciyyaeB Ha B/l cyuectsyet
BO3MOMHOCTb OTKa3aTbCA OT MPMMEHEHMA NPO303aLLMTHOrO Tpoca. MpM 3TOM CHMKaeTCA BbiICOTa, Macca U CTOMMOCTb
orop, a TaKXe CTOMMOCTb BCel B/l B uLesoM M obecrneymBaeTcA HaAéKHasd rpososalimrta JIMHWMM, T.e. pe3Ko
COKpALLAeTCA YMCI0 OTK/OYEHMM JIMHMMA M YMEHbLUAITCA ylep6bl OT HeAoOTNyCKa 3/1eKTPO3HEPTMM WU
3KCNJyaTauuoHHbIE U3AEPKKM.

OCHOBHbIM 3/IEMEHTOM MYJIbTUKaMepHbIX pa3pagHnkos (PMK) u umsonatopos-paspagHukos (MPMK) asnsetca
MybTUKamepHaa cuctema (MKC) (puc. 11). OHa COCTOMT M3 GOJILLLOTO YMC/lA SNIEKTPOAOB, BMOHTMPOBAHHBIX B
npocnb 13 CUIMKOHOBOM pe3mHbl. Mexay 31eKTpoamu BbiNoIHEHbI OTBEPCTUS, BbIXOAALME HAPYHKY NPOdMAs. T
OTBEPCTUSA 06pa3yOT MUHMATIOPHbIE ra3opaspsgHble KaMepsbl. Mpy BO34eMCTBUM HA pa3psagHMK MMIYJ/IbCA FPO30BOM0
nepeHanpsKeHna npobMBalOTCA MPOMEXYTKM MEXAYy 3/1eKTpojamMu. bnarosapsa ToMy, 4TO paspsafbl Mexay
NMPOMEKYTOYHbIMMU 3/IEKTPOAAMM NMPOUCXOAAT BHYTPU Kamep, 06bEMbI KOTOPbIX BECbMA Masibl, MpU pacLUMpeHNUM
KaHasia co34aéTca BbICOKOe aBneHue, noj AeMCTBUEM KOTOPOro KaHaslbl MCKPOBbIX Pa3psAAoB MEXAY 3/1eKTpojamm
nepemeLlaeTcs K NOBEPXHOCTM M30/IALMOHHOIO TeNa M Aasiee - BblAyBaloTCsA HapyXKy B OKpYKaloWmi paspsaHUK
BO34yX. BcrneacteBuMe BO3HMKaOWEro AyTbA M YAJMHEHMA KaHAJIOB MEXAY 3S/IEKTPOAAMM KaHasbl pa3pAaios
OXNIAXKJATCA, CYMMapHOEe CONpOTUB/IEHUE BCEX KAHAJIOB YBE/IMYMBAETCA, T.€. obLiee CONPOTMBEHME pa3pAHMKA
BO3pacTaeT, U MPOMCXOANT Or paHUYEHME MMMNY/IbCHOMO TOKA FPO30BOr0 NepeHanpaXeHus.

Mo oKOHYaHWU MMNyJibCa rpo30BOro nepeHanpAaXeHnAa K pa3pAagHUKY OCTaéTcA NPUNIOKEHHbIM HanpAaXeHue
I'IpOMbILU.I'IeHHOl\;i YyacToTbl. Kak nokasanam I'IpOBe,D,éHHbIe nccneanoBsaHmA, B pa3pAgHMKax C MKC BO3MOHblI ABa TuMa
ralleHMA MCKpOoBOro paspaaa:

1) npu nepexoge conpoBoxAatolero Toka 50 'y yepes Ho/b (B Aa/ibHEMLIEM TaKOWM TWMN ralleHWs HasblBaeTcs
«TalleHUeM B Hyie»);

2) npn CHUAKEHUN MITHOBEHHOIO 3HA4Y€HMA MMITYJIbCa TOKA MPO30BOro nepeHanpAaxxeHna 4o onpep,enéHHoro YPOBHA
6e3 conpoBoXAdarllero Toka cetm (B ,D,al'leel‘/‘iLlJEM TaKoM TWM ralleHMa Ha3blBaeTCA «ralleHUeM B MMI'IyﬂbCG»).

MexaHW3M raleHus MCKpoBoro paspsaga B MKC HanomMMHaeT MexaHM3M raleHusa AyroBoro paspsga B Tpy6yaTom
paspagHuKe. CylecTBeHHOe OT/IMYME COCTOMUT B TOM, YTO BHYTPM TPYGYATOro paspsagHMKa 4OCTaTOYHO Aoro (4o 10
Mc) ropuT ayra. OHa BblXXMraeT CTEHKM rasoreHepumpytoLlen Tpy6Ku, M 06pa3oBaBLUMECS OT TEM/I0BOrO paspyLLeHMs
rasbl BblyBatoT KaHa/ pa3paja Hapy:Ky. B ciyyae «raweHus B Hyne» MKC gyra HauMHaeTCs B Ayroracaimx Kamepax,
a 3aTeMm 60/1blLas €€ YyacTb BblAyBaeTCSA HApY»Ky B OTKPbITOE NPOCTPAHCTBO. MaTepuan KaMep He ra3oreHepUpYHoLLMi,
AyTbE 06pasyeTCcsa NPOCTO 3a CHET PaCLUMPEHUA KaHana paspaaa, MO3TOMY 3p03nsa CTEHOK KaMEpP HE3HAUMUTE IbHasA.

@ MOJTHUE3AWMUTA BO3AYWHBIX MHUN SNEKTPONEPEAAYMU



B ciiyyae «raweHus B MMMyibCe», AJIMTE/IbHOCTb KOTOPOrO COCTAaB/IAET MUKPOCEKYHAbI MM AECATKM MUKPOCEKYHA,
3PO3MM NPAKTMYECKM HET Aarke NOC/Ie MHOTOKpaTHbIX cpabaTbiBaHMi MKC.

MKC mcnbiTaHbl Ha 31€KTPOAMHAMMYECKYH0 YCTOMHYMBOCTb MMMY/IbCaMM TOKa C MaKCMMaslbHbIM 3Ha4YeHMeM nopAazKa
100 KA.

Puc. 11. MynemukamepHaa cucmema (MKC):

a) cxema, NOACHAWASA HAYa/IbHbIT MOMEHM pasgumus paspados; 4

1 - npodnb 13 CUMKOHOBOM PE3NHbI;
2 - NPOMEKYTOYHBIE SNIEKTPO/bI;

3 - pgyroracAulas Kamepa;

4 - kaHan pa3paja.

6) cxema, NosicHALWAA 3asepwaroujuli MOMeHm passumus paspAcos;

8) o6wuli Bud
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PMK-20-IV-YXJ11

PaspagHuK npeaHasHayeH Aas 3alMTbl BO3AYLIHbIX JIMHUI 3eKTponepeaym HanpsKeHuem 6-20 KB TpexdasHoro
NEPEMEHHOr0 TOKa C 3alMIEHHBIMA M HEW30/IMPOBAHHbIMM MPOBOAAMM OT MHAYKTUMPOBAHHbLIX [PO30BbIX
nepeHanpsKeHMM M Mx NocNeaCcTBUM M pacCUMTaH Aa paboTbl HA OTKPbITOM BO3AyXe MpU TeMNepaType OT MMHYC
60°C go natoc 50° C B TeyeHue 30-m ner.

OcHOBHbIMM 31eMeHTamm PMK-20 (cm. puc. 13a) aBasioTca: My/ibTMKamepHasa cuctema (MKC), HecyLwmi cTepsKeHb 13
KOMIMO3WUTHbIX MaTePMaJIOB U Y3e/ KpenjeHus paspsagHMKa K apmaType usonatopa. Aas 3awmtbl BJ1 co wrbipeBon
usonAaumen (CM. pyc. 136) paspagHMK YCTAHAB/IMBAETCA Ha META/UIMYECKMIM CTEPIKEHb M301STOpPa C MCKPOBbIM
BO3JYLUHbIM MPOMEXYTKOM MEXAY BEPXHUM KOHLIOM pa3psafHUKaA M YHMBEPCa/IbHbIM 3aXKMMOM Ha nposoge BJ1. Mpu
BO3/EMCTBMM FPO30BOI0 MepeHanpsKeHUs CHadvasa Npo6UBaeTCA MCKPOBOM BO3AYLUHbIM MPOMEXKYTOK, 3aTeM, MO
OMUCaHHOMY BbilLE anropmTMy cpabatbiBaeT MKC 0TBOASA MMMY/IbCHBIM TOK MOJIHMM Yepes onopy B 3eMto. Bcieg 3a
HWMM, NOA AeMCTBMEM paboyero Hanps:keHus JuHMM no MKC HauMHaeT npoTeKaTb  COMPOBOMAAMLMM TOK.
B pe3ynbTaTe MHTEHCUMBHOrO AyTbA, MPU NEpPEXOE COMPOBOXKAAIOLLENO TOKA Yepe3 HOJlb Ayra FracHeT (CM. puc. 136).
Y710 NpegoTBpalLaeT NoBpeXAeHMe NPOBOAA M OTK/IHOUEHMSA JIMHWM.

AJ’IFI 3aWnTbl OT UHAYKTUPOBAHHbIX nepeHanpﬂmeHMﬁ paspA4HMKM YCTaHaB/IMBAKOTCA NO OAHOMY Ha onopy cC
yepegoBaHMeEM cba3. an 3TOM TOKM I'IpOMbILLIl'IEHHOﬁ 4aCTOThbl, ConpoBoOXAawlwne MHOI'Od)a3HbIe 3aMblKaHuA,
BbI3BaHHbl€ 'PO30BbIMMU NepeHanpAXeHUAMU, NMPOTEKAKT NO KOHTYpaM, BK/HOYAKWLWMM B cebs CconpoTmuBIEHNA
3a3emJieHnAa onop. 3q)d)EKTMBHOCTb ralleHMAa conpoBoxKAakWmMxX TOKOB TEM Bbllle, YEM MEHbLLE OHU MO BEJIYMHE, a
Hanmvyme COI'IpOTMBl'IeHl/Il\;i 3a3eMJiIeEHNA onop B KOHTYpe 3aMblKaHKA 6}'IaI'OI'Ipl4FITHbIM 06p330M B/IMAET Ha CHUXKEeHUNe
BEJIMYMHbI CONPOBOXAaloLWMX TOKOB.

Tabnuya 5. TexHUYecKue XapakmepucmuKu pa3psOHUKa.

Knacc HanpskeHusA 15 - 20 kB

Yumcno gyroracawmx kamep MKC 40 40

BHELIHWUI MCKPOBOM NPOMEKYTOK 40 - 60 MM 50- 70 Mm

MmnynbcHoe 50%-Hoe paspsagHoe HanpsXeHue, He 6onee 85 kB 85 KB

BblgepskMBaemMoe HanpsisKeHUe MPOMbILLIEHHOM YacToTbl, HE MEHee
- B CYXOM COCTOSIHMM
- oA AOKAEM

30 kB 40 kB
20 kB 30 kB

MHOrOKpaTHO BbIAEPKMBAEMbBINA UMMY/IbCHBIM TOK 8/50 MKC, HE MeHee 20 KA 20 KA

Macca 1,0 Kr 1,0 Kr

CpoK C/lyK6bl, HE MeHee 30 net 30 net
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Puc. 13. PaspsoHuK My/sibmukamepHsili 0148 3aujumsi B/1 20 kB
om UHOYKMUPOBAHHbIX 2p0308bIX nepeHanpsxeHuli PMK-20-1V-YX/11.

KOHLIEBOM 3/1€KTPOg,

y3en KpennieHua

MyJibTUKaMepHaa cMcTeMa
(MKC)

a) obwjuli sud

6) ycmaHosKa Ha JIUHUU 8) pomoepacpus ucnbimanuti

@ MOJTHUE3ALWMUTA BO3AYILUHbIX JIMHUM SNEKTPOMEPELAYM



Monnuesawmta BJ1 35, 110, 220 KB
npy NOMOLWMU MYJIbTUKAMEPHbIX M30JITOPOB-pa3psA4HUKOB

B ceTax HanpsyeHnem 110 KB 1 Bbille OCHOBHbIM CPeACTBOM, 06ECMEUYMBAIOLLMM 3aLUMTY BO3AYLIHbIX AMHMK (BJ1) oT
aTMOCEpPHbIX NEPEHANPSXKEHWM, ABNSETCA UCMOJIb30BaHWE MOJTHME3ALLMTHBIX TPOCOB. 3alUMTHOE LENCTBME TPOCOB
OCHOBaHO Ha 0TBO/le TOKa MOJIHMM OT 3allMLiaemMoro o6opyaoBaHmsa. O6ecneyeHme HaJEKHOM MOHME3ALLMTbI B,
NMPOXOAALMX MO TpacCaM C BbICOKMM Y/esIbHbIM COMPOTUB/IEHMEM TPYHTA (B PaMOHaX BEYHOM MEP3JIOTbl MU MpK
CKa/IMCTbIX FPYHTaxX), ABIAETCSA BECbMA C/I0KHOM 3aJa4el, MOCKOJIbKY He yYAaéTca obecneymTb HE06X0AMMOE HM13Koe
COMpPOTUBJIEHME 3a3EMJIEHMA OMOP.

IMpU BbICOKMX 3HAYEHMAX CONMPOTMB/IEHWUSA 3a3EMJIEHUS, B C/TyYae yaapa MOJIHMM B MOJTHUE3ALWMTHbIM TPOC MU Oropy,
BC/IeCTBME MaJEeHMA HanpsAXKEHUA OT TOKAa MOJIHMM Ha COMPOTMB/IEHUM 3a3€M/IEHMA PE3KO BO3pacTaeT noTeHuman
onopbl, M NMPOUCXOAMT, TaK Ha3blBaeMoe «0OpaTHOE MepeKpbITME» C OMOPbl HAa NMPOBOJA JIMHUM, KOTOpPOE 3aTemM
nepexoamT B CUI0BYIO Ayry. [Py 3TOM IMHKUA JOJIKHA ObiTb HE3aMeA/IMTE/IbHO OTKJII0YEHA BbIKtoYaTensiMu. MoaTomy
TpOCOBas rpo3o3allMTa B TaKMX CJly4asx oKasbiBaeTcs HeaddheKTMBHOM. TpocoBas MoJIHMe3almTa HeaddheKT1BHA
TaKe B To/IoNEAHbIX paMoHax, MOCKO/IbKY CWJIbHbIM rosionén (Puc.14), obpasylolmMica Ha Tpocax, 3avacTyio
NPMBOAMT K UX 06PbIBY M, KaK CNEeACTBUE, - K KOPOTKOMY 3aMbIKaHMIO Ha JIMHUM.

[nhaBka rononena BecbMa pr,qOéMKa M BO MHOIMX C/ZlyHaAax CO3Jaét aBaplfll‘;iHble CHUTyauuun, T. K. Nnpn c6poce rononéaa
NPONCXOANT CUIbHOE KoniebaHne TPOCOB, KOTOPOE 4YaCTOo BbI3blBa€T 3aMblKaHME TPOCa Ha NpoBoA.

Puc. 14. l'ononé0Hble obpa3zosaHusa Ha mpocax B/

-

\\

[Ana obecneyeHms HaLEKHOM MOJIHMESALMTbI BO3AYLLHbIX JIMHUMA dneKkTponepedaym 35, 110, 220 KB oT npsAMbIX
yZapoB MOJIHMM, O6PATHbIX MEPEKPbITUM, WHAYKTMPOBAHHbLIX TPO30BbIX MEpPeHanpsKeHMM M KX MNoCAeACTBUM
NPUMEHSAIOTCA TUPAAHAbLI M30JIATOPOB-Pa3PAAHUKOB  MyJibTMKamepHblix (FTMPMK), KoTopble 0ZHOBpPEMEHHOro
MCMONb3yOTCA KaK B KayecTBe JIMHEMHOM M30AAUMM, TaK M B KayecTBe pa3pAAHMKOB.
TMPMK ycTaHaBAMBalOTCA Ha BCE BMAbl TUMOBbLIX OMOP C FO/IbIMA MW 3alUMLLEHHBIMW MPOBOAAMM M CTbIKYKTCA CO
CTaHAapTHOM apMaTypo.

OcHoBHbIM 3n1emeHTOM TMPMK sBnseTcs u3onsaTop-paspsaaHUK MysbTuKamepHbld (MPMK) (puc.15), rnaBHbIM
paboyMM 3/IEMEHTOM KOTOPOro SIBAAETCA MyJibTMKamepHas cuctema (MKC) (1). MKC ycTaHoB/iieHa no nepumeTpy
usonatopa (4) 1 3aHMMaEeT NpUMEpPHO 5/6 OKpYKHOCTM pebpa. Ha KoHuax MKC nmetoTca BepxHMI (3) M HUKHMM (2)
OTBO/bI.

MOJIHUE3AWMUTA BO3AYWHbBIX NMHUN SNEKTPONEPEAAYUYMU @



Puc. 15. M3019mop-pa3psaoHUK MyibmuKkamepHsbill

-

a) obwjuli sud 6) pomo ucnbimaHuli

MPMK 35 KB B c6bope nokasaHa Ha puc. 16. Ha BepxHeM M301ATOpe YCTaHOB/AEH 31eKTpoh (7) (MoxeT
OCHallaTbCA OAHOKPATHbIM MHAMKATOPOM CpabaTbiBaHMA), KOHeL, KOTOPOro NOAXOAMUT K BepXHeMy oTBoay (3)
BepxHero MPMK, mexay HMMM o6pasyeTcsi BO3AYLIHbIM PaspsfHbld MPOMEXKYTOK. Ha mecTrke HUKHero
U30/1ATOpa-paspAAHMKA 3aKpenIeH HUKHUM 31eKTpog (6) (B caydae ¢ TMPMK 110, 220 KB HUMMXKHMI 31eKTpoA
3aKpensigeTcs Ha noAJeprkuBalollelr apmatype). Mexay HUNKHUM SN1eKTpoaoM (6) M HUNKHUM OTBOAOM (2)
HukHero MPMK Take o6pa3oBaH BO3AYLIHbIM pa3psaaHbii npomexyTok. TMPMK 110, 220 kB umetot
aHaNIorMyHoe pacnosioxkeHue snemeHToB (Puc.17, 18).

Mpy BO3HMKHOBEHMM HA MpOBOAax BJl mepeHanps:KeHWs OMacHOro YpOBHS, CBS3AHHOrO C BO3JEMCTBMEM
UMMyJIbCa MOJIHMK, Ha TMPMK nepeKpbiBaeTcs BO3AYLUHbIM MPOMEXKYTOK NepBoro oT nposoja (9) nsonatopa-
paspAaAHMKA, MEXAY HMXKHWMM 31eKTPoAoM (6) M HWMXHMM oTBogoM (2). [anee, no paHee OMMCaHHOMY
anroputmy, cpabatbiBaeT MKC, KoTopas nepeBoamT pa3psaj Yepes Bo3AyLUHbIM NPOMEXKYTOK HA HUKHWUI OTBOJ
c/lesyolero B rupnsHae usonsTtopa paspsigHuka. MNocne cpabatbiBaHma Bcex MPMK B rupasHae TOK rpo30oBoro
nepeHanpsaxxeHWa oTBOAMUTCA Yepes onopy B 3emto. [loce 3aTyxaHWA UMMYJIbCa FPO30BOro NepeHanpsXeHus K
PaspsAHMKY OCTaéTCA MPUJIOKEHHbIM pabodee HampsKeHWe JIMHUM, NoA LAEMCTBMEM KOTOPOro Mo Hemy
CTPEMMTCS NpoTeYb COMPOBOXKAALWMI TOK. KaK yKe 6blJ10 ONMcaHo paHee, BO3MOXHO ABa BMAA ralleHus
MCKPOBOro paspsaja:

1) raweHue B Hyfe - raweHue conpoBoxzatolero Toka 50 'y ocywlecTBAseTCA NpU ero NnepBom nepexoge
Yyepes HoJlb;

2) raweHMe B MMMYJIbCe - ralleHMe OCYLLeCTBASETCA Cpa3y Mocjie 3aTyxaHWA rpo30BOro Mmmnysbca 6e3
pa3BUTMSA CONPOBOXKAAIOLLENO TOKA CETH.

B 060X cyyanx IMHMA NPOA0IKaET CBOK 6ecriepe6okHyto paboTy 6e3 OTK/IHoUeHMA 1 ATB.

Puc. 16. ['upnaHoa uz mpéx u3o01amopos-paspAaoHuUKos Ha 35 kB

a) o6wuli Bud 6) pomo ucnbimaHuli

@ MONHUE3AWMUTA BO3AYWHbIX JUHUA INEKTPONEPEAAYMU



Yncno n3onATopoB-pas3pAAHUKOB B TMPASHAE 3aBUCUMT OT HOMMHAJ/IbHOIO HanpsxeHua BJ1, rae oHW ycTaHOBAEHDI.
Ana B/ 35kB - ato rpnanga ms 3-x, ana B/1110KB - 3 7-mu, a ansa BJ1220 kB - 13 14-tu UPMK.

Puc. 17. l'upnaHOa u3 cemu u3onamopos-paspsaoHukos Ha 110 KB

/

a) o6wuli Bud 6) pomo ucneimarul

Puc. 18. l'upnaHda u3 14 uzonamopos-pa3padHuUKkos Ha 220 KB

a) obwuli sud 6) pomo ucnbimaruli

MOJTHUE3AWMUTA BO3AYWHBIX NUHUN SNEKTPONEPEAAYUYMU @



OCHOBHble TexHMYecKkme xapaktepmcTkn TMPMK 35, 100, 220 KB npuBeaeHbl B Tabauue 5.

Ta6bnuya 5. OcHosHble mexHuU4YecKue xapakmepucmuku F'MPMK 35, 100, 220 kB

( Knacc HanpsxeHus, KB 35 110 220 h
Haun6osibliee AMTENIbHO A0MYCTUMOE HamnpsXKeHMe NPOMbILLIEHHOM YacToTbl, KB 40,5 73 146
Y1cno M301ATOPOB-pPa3psAAHMKOB B TMPASHAE, WT. oT3 ot7 ot 14
MrHUMaIbHaA MexaHMYecKaa paspyLuarllada Harpyska, kKH 120 120 120
YpoBeHb paguonomex npu 1,1 Hanb, paboyero asHoro HanpsxeHus, He 6onee, /16 55 55 55
Bblaep:KMBaeMoe HanpsKeHWe NPOMbILLIEHHOM YacToTbl, HE MeHee, KB: 80 126 220
AvHa NyTU YyTEYKU, MM 360x3 360x7 360x14
BHelLHWe MCKpOoBble MPOMEXKYTKM, MM 30x4 30x8 30x15
Kon-Bo cpabaTbiBaHUI Npu ToKe K.3. ceTh 10 KA, He MeHee 10 10 10
BpeMs ralueHms ConpoBOXKAAIOLLErO TOKA NPOMbILLIEHHOM YacTOThbl, HE 6osiee, MC 10 10 10
BenunumHa 3apsga, nponyckaemoro Yyepes MKC 6e3 notepm cnoco6HOCTH
K ralweHu1Io COnpoBOXAaloLLero ToKka, He meHee, Kn 30 30 30
Macca, Kr 6,7x3 6,7x7 6,7x14

N y

MpUHMMasA BO BHMMaHWE PAZA XapaKTEPUCTMK OCHaLW@eMoM BJI, MOXHO AaTb PEKOMEHZAUMIO MO KOJIMYECTBY
YCTAQHaB/IMBAEMbIX TMP/AHA M30/IATOPOB-PaspAAHMKOB B 3aBMCMMOCTM OT COMPOTWMB/IEHMA 3a3€MJ/IEHMA U
KOHdMrypaumm Tex onop, Ha KOTOpble OHM YCTaHaB/AMBalOTCA. Huke npeactaBieHa Tabavua 6, B KOTOpPOM
nepeymncieHbl BO3MOXKHbIE BapMaHTbl OCHaLLeHUs BJ1 301aTopaMu-pa3psaaHUKaMM.

Ta6bnuya 6. BapuaHmsi ocHaweHus B/l 2upnaHoamu u30/19mopos-paspAaoHUKO8

e ™
ConpoTtuB/ieHWe 3a3eMieHusA onopbl, Om BJ1, o6opyaoBaHHas rpo3oTpocom B/1, He o6opyaoBaHHaA rpoO30TPOCOM
no5 M30nAaTOopbI-paspALHUKM M30nAaTOpbI-paspALHUKM

yCTaHaB/IMBaTb HET HEOOXOAUMOCTH | HEO0BXOAMMO yCTaHaBAMBaTb
Ha BepxHIoto asy
ot 5 1o 10 M3onaTopbl-pa3psagHMKA M3onaTopbl-pa3psaaHMKA
Heo0b6X0AMMO yCTaHaB/IMBaTb Heo06X0AMMO yCTaHaB/IMBaTb
Ha HMXKHIo hasy Ha BEPXHIO M HUXKHIOK dasbl
ot 10 go 100 M3onaTopbl-pa3pAfHMKA M3onaTopbl-paspaaHMKH
HEeo6X0AUMO yCTaHaB/IMBATb Heo6X0AMMO YCTaHaB/IMBaTb
Ha BEPXHIO U HUXKHIOK (asbl Ha BEPXHIO0 M HUXKHIOK dasbl
q cBbiwe 100 Heobxoaumo ocHawatb Bce dasbl Heo6xoaumo ocHawaTb Bce dasbl )

MpumeyaHme. OKOHYaTENIbHOE PELIEHUE O KOIMYECTBE M30/IATOPOB-Pa3PAAHUKOB M KOHUIypaLum ocHalLeHna MmMu BJ1 npuHumaeTcs
cneumanmcTaMm TexHnyeckor cnyk6bl OAO «HMO «CTpuMep» Ha OCHOBaHMM [aHHbIX O COMPOTMB/IEHMM 3a3€M/IEHMS, TUME OMop M UHOM
CyLLeCTBEHHOM MH(OPMALMK.

@ MOJIHUE3ALMTA BO3AYIWHbIX NMHUN INEKTPOMEPEAAUYM



YcoBepLIEHCTBOBaHHbIM U301ATOP-Pa3pAAHUK MYJIbTUKAMEPHbIM

dyHAaMeHTasIbHble TeopeTMYEeCKME UCCIeA0BAHMA COBMECTHO C MHOMOYMC/IEHHBIMMU 3KCMEPUMEHTaMM, NPOBEAEH-
HbIMM B YHWKa/IbHOM McnbITaTebHoM nabopatopum OAO «HMO «CTprmep», NO3BOJIM/M CO3/aTh YCOBEPLUEHCTBOBAH-
HYI0 KOHCTPYKLMIO M30/18TOpa-paspsaAHMKa, NPUMHUMI AEMCTBMA KOTOPOro OCHOBAaH Ha Ype3BblYalHO MHTEPECHOM
(PHM3NYECKOM ABNIEHMM, MOJTYYMBLUEM HA3BaHME «ralleHue B MMMYJbce». CyTb 3TOro ABJIEHMA 3aK/II0HAETCA B TOM,
yTO, 61aroAaps YHMKabHOM KOHCTPYKLUMM MYJIbTUKAaMEPHOM CUCTEMbI, 3/IEKTPUYECKAsi MPOYHOCTb B 3/IEMEHTapHOM
ZlyroracuMTesIbHOM KamMepe BOCCTaHaB/IMBAETCA HACTOJIbKO GbICTPO, a FalleHMe WMMMYJIbCHOM AYru MPOMCXOAUT
HaCTO/IbKO 3(h(PEKTUBHO, YTO COMPOBOXKAAIOLLMI TOK MPAKTUYECKM OTCYTCTBYET. MCMnoib30BaHMeE NOA06HOT0 NPUHLM-
na no3BoJifAeT, BO-NEPBbIX, MPUMEHATb U30JIATOPbI-Pa3pAAHMKM AaxKe B CaMblX MOLLHbBIX SHEProcMCTEMAX, XapaKTe-
PU3YIOWMXCSA 6ONbLIMMM TOKaMW KOPOTKOrO 3aMblKaHMA, M, BO-BTOPbIX, CHUMaEeT BOMPOC O BblpaboTKe pecypca
[aHHOro TUNa 3alMTHbBIX anmnapaToB, CBA3aHHOMO C 3PO3MEN 3/IEKTPOAOB, BO3HWMKAIOLLEN MPM MHOMOKPATHOM Ccpaba-

TbiBaHUN.
B ocHoBy yCOBepLLIeHCTBOBaHHOl‘/‘i KOHCTPYKUMKN U30TIATOPa-pa3pAgHMKa MOJIOKEHA MHAA MYJIbTUKaMEPHaAa CUCTEMaA,

KOHCTPYKTMBHbIE OCOGEHHOCTM KOTOPOM M MO3BONAKT AO6MTLCA <ralleHUs B MMMY/bCe». M301ATOp-paspaaHUK
HOBOrO TMMNa NpeAcTaB/ieH Ha PUc. 19. K/loueBbIM OTIMYMEM OT 06bIMHOTO M301ATOPa-Pa3pAAHMKA ABIAETCA MMEHHO
MyJ/iIbTUKaMepHas CMCTema, KoTopas HaZeNifieT 3TO M3JeMe YHWKaIbHbIMM CBOMCTBAMM. YCOBEPLIEHCTBOBAHHbIE

Puc. 19. O6wuli Bud ycosepuieHCMBOBAHHO20 U30/19Mopa-paspaoHUKa

CTEKNAHHBIN TapesibyaTbii
nsonartop U120AD

MyJZIbTUKaMepHaAa
CUCTEeMa

BEPXHUM Nog

HUKHUI NOABOAALLMM
3neKTpog,

M30JTATOPbI-Pa3pAAHUKN TOYHO TaK K€ MOryT COCTaB/1IATb TMP/IAHAbI MU301IATOPOB-Pa3pAAHMKOB, NpUYEM KOJIMYHECTBO

3JIEMEHTOB B COCTaBe Nr’MpaAaHAbl 3aBUCUT OT HOMHUHA/IbHOIO HanpAXeHuAa IMHUA.
MyanMKamepHaﬂ CHUCTEMa HOBOIo Tina npeacrtaBndaeT C060MM HE6O/IbLLOE KOIMYECTBO METAJIIMYECKMX 3/1EKTPOAOB,

BMOHTMPOBAHHbIX B NMPOMM/Ib U3  KPEMHUMOPraHMYECKOM pPe3mHbl, KOTOPbIM 3aKpenseTca Ha pebpe CTeKIAHHOro
Tape/ibyaToro M3os1aTopa. Kaxaplii NpOMEKYTOK MEXAY 3N1EKTPOJaMM NpeacTaBAseT co60M MMHMATIOPHYIO yroracs-
Y0 Kamepy, BbIXOAALLYIO Hapyxy pebpa yepe3 OTBepCTME M apMMPOBaHHYHO CTEKJ/IONIAaCTMKOBOM TPYGKOM. ITO
Mo3BOJIET, C OAHOM CTOPOHbI, YBE/IMYUTb MEXAHMYECKYIO MPOYHOCTb AYroracsimx Kamep, a, C ApYroM CTOPOHbI,
[06MTbCA 6oJiee HaMpaB/IEHHOMO BbIXJI0Ma NpM cpabaTbiBaHMKM YCOBEPLUEHCTBOBAHHOMO M30/1ATOPa-paspsaaHMKa, TEM
CaMbIM CHMKas BEPOATHOCTb T.H. «C/IMBA» 06/1aKOB pacKa/leHHOro MOHU3MPOBAHHOTO ra3a, BblJIETAOWErO M3 CONen
COCE/IHNX WM30JIATOPOB-Pa3PALHMKOB, M, COOTBETCTBEHHO, MOBbILAA PaboOTOCNOCOGHOCTb M HAZEKHOCTb AaHHOMO
usgenms. MNpu BO3AENCTBMM HA TMPAISHAY M3 M30/1ATOPOB-Pa3PAAHUKOB MMMY/IbCa FPO30BOrO MEpeHanpaKeHus,
06YC/I0B/IEHHOTO, HANpUMep, MPAMbIM YAAPOM MOJIHMM B BJ/l, NpOMCXOAUT 3NEKTPUYECKMI NPOGOM MPOMEKYTKOB

MOJIHUE3AWMUTA BO3AYWHbBIX NMHUN SNEKTPONEPEAAYUYMU @




MeXAY COCefHVMMM 3NeKTpojamu. brarofaps 3a10KEHHOMY B KOHCTPYKUMM HOBOM MKC MpMHLMMY KackagHoro
cpabaTtbiBaHUA, pa3pAAHble HanpsXeHMA MYJIbTUKAMEPHbIX CUCTEM 3HAYMTEJIbHO HUXKE pa3psAAHOro HanpsKeHms
M30/1ATOpa, NO3TOMY pa3psaf passusaeTcA no MKC, KoTopas 3aHMMaeT npumepHo 5/6 nepvmeTpa mM3onaTopa, Ha
KOTOPOM OHa 3akpensieHa. bnarogapa Tomy, 4TO pas3pagbl MeXAy MPOMEXKYTOUHbIMM 3/IEKTPOAAMM NMPOMCXOAAT
BHYTPM Ayroracswmx KaMep, 06bemMbl KOTOPbIX BECbMa MaJsibl, NPU pacLUMPEHMM KaHasla Co34aeTcA BbICOKOe JaBJie-
HWe, Mo AENCTBMEM KOTOPOro KaHaslbl MCKPOBbLIX PaspAAoB MEXAY 3/IEKTPOJAMM NEePeMELLAlOTCA K NOBEPXHOCTH
M30JIAILIMOHHOI O Te/1a M ja/iee - BblAYBaOTCSA HAPYKY B OKPYKatoLWMM pa3psaHMK BO3ayX. BcaeacTre Bo3HUKatoLero
AYTbA U YAJIMHEHWNA KaHaI0B MEXAY /IEKTPOAaMM KaHa bl Pa3psafoB aKTMBHO OXJIaXKJaloTCA, CYMMapHOe COnpoTUB-
JIeHMe BCEX KaHa/IoB YBe/IMYMBAETCA, T. €. 0bLLee CONpPOTUBEHUE M301ATOPa-Pa3pAAHMKA Bo3pacTaeT, M NPOUCXO-
JOWT OrpaHUYeHMe MMNY/IbCHOrO TOKa FPO30BOro nepeHanpsxeHms. Mo OKoOHYaHUKW MMMYJIbca FPO30BOro NepeHanps-
KEHMA K M30N15TOPY-PaspsAAHMKY OCTaeTCs MPUJIOKEHHbIM HampsKeHWe NMPOMbILLIEHHOM YacToTbl. Kak nokasanu
NpoBeJeHHbIe UCCNe0BaHUSA, KOHCTPYKLMA YCOBEPLLEHCTBOBAHHOIO M3015ATOpa-paspaaHMKa obecneynBaeT rapaH-
TMPOBaHHOE «TalleHWe B MMMysibce». JpyrumMu CnoBaMMu, TMpaAHZA M3 HECKOJIbKMX M30JIATOPOB-pa3pAAHMKOB
obecneymBaeT MCKYEHME Nepexosa rpo30BOro NepeKpbITUA B AyroBoe Npu HaMbosiblieM pabovemM HampsaXKeHUH
MPOMbILLIEHHOM YacTOTbl, CBOMCTBEHHOM JaHHOM BJ/1, n Toke MonHmu 100 KA (Mpu yaape B XOPOLLO 3a3€MJIEHHbIN
06DBEKT), YTO IKBMBAJIEHTHO TOKY Yepe3 oaHy rmpaaHay MPMK 30 KA.

Puc. 20. O6wuli 8ud 2upssHA U3 YcoBeplUIeHCMBOBAHHbIX U30J/IAMOPO8-pa3pAOHUKO8

a) ona B/135 kB

8) dns BJ1 220 kB

6) dns B/1 110 KB
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MpUHUMNbI MOJIHME3ALWMTDbI 3/1IeKTPHMYEcKmnx ceten 6-10 KB
C NMOMOLLbIO AJIMHHO-UCKPOBBLIX pa3psaHUKOB

MpMMeHeHME CyLLECTBYIOLWMX BWMAOB AJMHHO-MCKPOBbLIX Pa3pALHMKOB MO3BOJISET pellaTb 3ajayvy KOMMJIEKCHOM
3aLLMTbI /IEKTPHUYECKMX CETEM OT FPO30BbIX NEepeHanpsKeHUM U UX MOC1eACTBUMA.

YcTaHOBKa paspAAHMKOB Ha BCEM MPOTAXKEHUM BO3AYLIHbIX JIMHUKM (BJ1) M Ha mopxojax K MOACTaHUMAM M
KabesibHbIM BCTaBKaM MO3BOJIAAET UCK/IOUYMTb NEPEKPLITUA U30/1ALMU Ha BJ1 M Bce HeratuBHble CONPOBOXKAalo-
Wye NocneACTBMA Kak Np1 MHAYKTMPOBAHHbIX FPO30BbIX NePeHanpAXKeHMAX, TaK U NP1 NPAMOM YAape MOJTHUM
(MYM). Mpu 3ToM o6ecrieynBaeTca OTCYTCTBME FPO30BbIX OTKJIIOUYEHMM BJ1, paspylueHui M3019TOpPOB, nepeskora
NpoBOJ0B, SKOHOMMSA PECYPCOB M 3aliUTa NOACTaHLMOHHOIro 060pyA0BaHMA.

TexHoMorMsa rpo303almThbl AIMHHO-MCKPOBbIMM paspAAHMKamMM NpUMeHMMa ana BJ1 ¢ nwbbiIMM BMgaMu onop -
KeNe306€TOHHbIMU, META//IMYECKUMM, AEPEBSAHHbIMMU, M30NATOPOB - LUTbIPEBbIMM, HATAMHbIMM, MOABECHBIMM,
bapdhopoBbIMM, CTEKNAHHBIMU, NOJIMMEPHBIMM, M POBOAOB, KaK 3aLMLIEHHbIMM, TaK U HEM30/IMPOBAHHbIMM.

B 3aBMCMMOCTM OT YyCTAHOBIEHHbIX TEXHUYECKUX Tpe6OBaHMl‘;1 no rposo3almnTte y4aCTKOB 3J/IEKTPUHECKMX ceten
BO3MOXHO NpMMeHeHne Ha HUX pa3J/In4HbIX BUAOB pa3pAAHUKOB 1 UX COYEeTaHUM.

3awumTta BJ1 6-10 KB
Ha }XeN1e306eTOHHbIX U MeTa/IJIMYECKMX onopax
OT UHAYKTUPOBAHHbIX NepeHanpsa*KeHUH

[Ana HageXHoM 3alyTbl OT MHAYKTMPOBAHHbIX FPO30BbIX BO3EMCTBUIM HEOBXOAMMO YCTaHaB/IMBAaTb Ha KarKAyto
OAHOLEMHY OMnopy 3alwmuiaemoro yyactka B/l no ogHomy paspaaHMKy. B 3aBUCMMOCTM OT Tuna onop, TpaBepc,
n30/1ATOpOB BJ1 1 apyrmx onpegensaolmx 06CTOATENbCTB MPUMEHAIOTCA pa3pAaHMKK Tpex Tinos: PANM-10-1V-YXJI1,
PAMLL-10-IV-YX1, PANUM-10-K-11-YX/11.

PaspsagHuku netnesbie PANM-10-1V-YXJ/11 MOXKHO ycTaHaB/IMBaTb Ha J1to6ble BUAbI ONop, C YepegoBaHueM das.

Pa3spagHuku wnendosbie PANULL-10-IV-YX/11 uenecoob6pasHo MCMosb30BaTb B MecTax ABOMHOro KpernseHus
npoBoJa, BMECTO NeT/NEBbIX.

PaspagHuku moaynbHble PAUM-10-K-1I-YX/11 npeaHasHayeHbl A4 3awWmThl BJ1 ToNbKO € KOMMNAKTHbLIM pa3me-
L eHMEeM NPOBOAOB, PACCTOSHME MEXKY KOTOPbIMM He mnpeBbiwaeT 50 cM, 1 ¢ usonatopamu LLP-20 B paroHax c He
6osiee, Yem BTOPOM CTEMeHblo 3arpsA3HEHHOCTM aTMocdepbl. ITM paspAAHMKM YCTaHAB/IMBAIOTCA TOJIbKO Ha
cpegHioto pasy.

Ha gByxuenHbix B/l paspsagHMKM 40I3KHbI YCTaHaBMBATLCA Ha 06€ Lienu TaknM 06pa3oM, YToObI Ha KaxK oM 13 ornop
3aLUMLLANACh TO/IbKO O/jHA NMapa O4HOMMEHHbIX a3, C TEM e NMPUHLMMNOM YepeoBaHMsA, YTO U A/1A O4HOLENHbIX BJ1.
HapylieHue 3Toro Tpe6oBaHMs CO3/1aeT BO3MOXKHOCTb KOPOTKOIO MEX/1y(dasHOro 3amMblKaHUA M OTK/IOUEHMS IMHUM
NpyY MHAYKTMPOBAHHOM FPO30BOM MEPEHANPANKEHUM.

Mpu cxeme YCTAHOBKM paspsAAHMKOB C MOC/IefOBaTesIbHbIM YepedoBaHMeM a3 TOKM MPOMBbILLIJIEHHOM YacToTbl,
COMpOBOXAatoWMe MHOrodasHble 3amblKaHWA, 06YC/IOB/IEHHbIE FPO30BbIMM MEPEHANPAXEHMAMM, NPOTEKAT MO
KOHTYpam, BK/IOYAIOLLMM B ce65 CONPOTMBIIEHWA 3a3eMieHns onop. MpuHumn gerctena PAM ocHoBaH Ha npeAoTBpa-
LLeHMU Mepexosa MCKPOBOTrO MEPEKPLITMA B CMJIOBYIO AYrY MPOMbILIEHHOM YacToTbl. Mpu 3ToM 3hdEKTUBHOCTbL
raleHms COnpoBOXAALMX TOKOB TEM BbILLIE, YEM MEHbLLE OHM MO BE/IMUYMHE, a HA/IMUME CONPOTUB/IEHUI 3a3eMIie-
HMS OMOp B KOHTYPE 3aMblKaHWs 61aronpuaTHbIM 06Pa3oM BAMAET Ha CHUMKEHME BEIUUMHbBI COMPOBOXKAAIOLLMX TOKOB.

MO3TOMY C TOUYKM 3PEHMA FPO303aLLMTbl OT MHAYKTUPOBAHHbIX NepeHanpsxKeHuit yctaHoBka PAU Ha onopy B/ He
HanaraeT HUKaKMX CneumranbHbIX TPe6OBaHMM K 3a3€MJIEHMIO OMOPbl, CBA3AHHbIX CO CHUKEHMEM €ro Be/IMUYMHBI.

MOJIHUE3AWMUTA BO3AYWHbBIX NMHUN SNEKTPONEPEAAYUYMU @




CywecTtytouwme HopMbl YD no 3azemnenuto onop Ha BJ/l, yctaHoBAEeHHble B M. 2.5.129  A0/XHbI NPUMEHATLCA C
YYETOM BbILLEU3/IONKEHHOM crielmduKm paboTbl PAM, KoTopas He NO3BONAET OTHECTM A/IMHHO-UCKPOBbIE Pa3psAAHMKM
K "APYrMM YCTPOMCTBaM MOJIHME3ALMTLI" Mo M. 2.5.129-1), TakMM, Kak Hanpumep, Tpy64yaTtble paspsaHUKM, ANS
KOTOPbIX TPeGoBaHME MO CHUKEHWUIO COMPOTUBIIEHUA 3a3€MJIEHMSA ABNSETCS HEOOGXOAMMBIM MCXOAA M3 TaKOM MX
TEXHUYECKOM XapaKTEPUCTMKM, KaK HUKHSAA FPaHMULLA TOKA ralleHus.

W JNMHHO-UCKpPOBblE pa3spAAHMKM B COOTBETCTBMM CO CBOMMM KOHCTPYKTMBHbIMM MapamMeTpamM, TEXHUYECKMMM

R XapaKTEPUCTMKAMM U MPUHLMNY AENCTBMA HE OTHOCATCA K YCTPOMCTBAM, YCTaHOBKA KOTOPbIX Ha BJ1 npuBoauT K
[OMOJIHUTENIBHOMY PUCKY BO3HUMKHOBEHMS aBapUMHBIX PEXKMMOB, TPEGYIOLLEMY NPUHATUA CreLMabHbIX MEP TEXHM-
Yyeckol 6e3onacHocTu. bonee Toro, Hanuume PAN Ha BJ1 o1KHO YCTpaHUTbL BCe ClyYau ogHOMA3HbIX 3aMblKaHWM,
BbI3BAHHbIX FPO30BbIMM NMEePEHANPAKEHUAMM.

CMbICN yCTaHOB/IEHHbIX HOPM Y3 Mo conpoTMBAEHUAM 3a3eMJ/IEHMA CBOAMTCA K OrPaHUYEHMIO YMCI1a FPO30BbIX
OTK/IloYeHMIM. Mo3TOMY Zlaxke HbIHelHAsA pefakuma n.2.5.129 MY aonyckaeT BO3MOXKHOCTb MPEBbILLEHUS COMPOTUB-
JIEHWM 3a3eMJIEHMS YacTU OMop MO CPABHEHWUIO C HOPMMPYEMbBIMM 3HAYEHUSMM, ECIM YLOBNETBOPAETCA /1aBHOE
TpeboBaHWe MO OXMAAEMOMY YMC/Y FPO30BbLIX OTKJIIOYEHMM. YcTaHoBKa PAMI Kak pas 1 o6ecrneymBaeT CHUMKEHME
YMcaa rpo30BbIX OTKJIHOYEHMM, NPU 3TOM A/1S JAHHOM CUCTEMbI FPO303allMTbl YBE/IMUYEHME CONPOTMBIIEHUIM 3a3emie-
HUA NPUHLMNUANBHO MOXET JIULLb NOBbICUTb ee 3P PEKTUBHOCTD.

B cBA3M ¢ 3TMM A4n14 onop BJ1, ocHaLLEeHHbIX A/IMHHO-UCKPOBbIMM Pa3pAaHUKaMM, CiesyeT NPUMEHATDL TE e HOPMbI M0
COMPOTUB/IEHMIO 3a3EMJ/IEHMSA, YTO M /151 ONOP 6€3 YCTPOMCTB MOJIHUESALLMTDI.

3awmTa BJ1 6-10 KB Ha *Kene306eTOHHbIX U MeTalJIMYeCKMX onopax
OT NMPAMbIX YAApOB MOJIHUMU

Mpr HEO6XOAUMOCTU 0BecreyYeHMs rapaHTMPOBaHHOM 3aLMThbl OT JI6bIX TPO30BbLIX BO3AEMCTBUM, B TOM YMC/e, OT
NpsIMOro yaapa MoJiHmM1 B BJ1, HE06X0AMMO yCTaHaBAIMBATb Ha KaXKAyto OMopy 3aliMmiiaemMoro ydactka BJ1 no tpu
paspAagH1Ka mogysibHoro Tuna PAUM-10-1,5-1V-YXJ11, Ha Bce ¢asbl. [pr 3TOM HEO6X0AMMO 06ECNEYNTb HU3KOoE
(»kenatenbHo He 60nee 10 OM) CONPOTMB/IEHUE 3a3EMIEHUA NINLLIb Ha BIMKaMILMX HECKO/IbKMX Onopax noaxoaa BJ1 k
nogctaHuyu. OcTanbHble ONMopbl MO YC/I0BUAM IPO303aLLMThl CrieLMaibHO 3a3eMATb He TpebyeTcA.

B cniyyae, ecmv TEXHUKO-3KOHOMMYECKMIA aHasIM3 MOKa3bIiBaeT Lie/IeCo06PasHOCTb 3aLLMThl OT MPSAMBbIX YAapOB MOJTHWUM
He BCEM JIMHMM, a NINLLb OTAE/IbHbIX YYACTKOB, MX Le1ecoo6pasHo 3almLlaTth ciesytowmm o6pasomM. Ha Bcex onopax
3alUMLLAEMOr0 yyacTKa ciefyeT YCTaHOBMTb MO TPU paspsaaHMKa moayabHoro tuna PAMM-10-1,5-1V-YXJ11, Ha Bce
asbl. JBe onopsbl, ABAAOWMMUCA KPaMHUMM C IByX CTOPOH 3alLMLLIAEMOro OT NpsAMbIX YAapOB MOJIHUMM y4acTKa B/,
He0bX0AUMO 3a3em/1ATb, obecneymBas, No BOSMOXKHOCTM, BEJIMUMHY MX COMPOTUBIEHUS 3a3em/ieHns He 6onee 10
OM. Ecsiv 310 TpeboBaHMe N0 06 bEKTUBHBIM MPUYMHAM HE BbIMOJIHMMO, ClefyeT KOMNEHCMPOBATb 3TO AOMOJIHUTEb-
HbIM 3a3eMJIEHMEM eLle OAHOM, UM HECKOJIbKMX COCEAHMX OMOp HA KaxKJoM M3 CTOPOH y4acTKka. OcTanbHble onopbl
JaHHOoro yyacTka BJ/l cneupanbHo 3a3eMnAThb He Hago.

3awmTa BJ1 6-10 KB Ha aepeBAHHbIX onopax
OT MHAYKTUPOBAHHbIX NepeHanpsaKeHnm

B CyXxoM M YMCTOM COCTOSHUM AEPEBAHHbIE OMOPbl ABNANTCA M30oaATOpamMu. M ecin BGbl OHM He noAaBepraimchb
BO3AEMCTBMIO BNaru U rpsiau, 3allMLLAaTh JIMHUIO OT MHAYKTUPOBaHHbIX NepeHanpsiKeHu He Tpe6oBasloch 6bl, TaK Kak
npyv HaubosbLIEN NMPAKTUUYECKM BO3MOXKHOM BEIMUMHE MHAYKTMPOBAHHOrO nepeHanps:keHus 300 KB nepekpbiTms
M30/1ATOPA M OMOPbl HE MPOMCXO0AMIO0 Obl. OJHAKO NpU 3arpA3HEHMM 1 YBIAXKHEHMM OMOP, YTO 06bIYHO MPOMCXOAMT Ha
NpaKTUKE, OMopbl CTAHOBATCA MPOBOAALLMMM, XOTA U C AOBOJIbHO 60JIbLLMM COMPOTMBAEHUEM (MOPSALKA AECATKOB M
coTeH KOM). Kak nokasanm npoBeféHHble B 1TaGOPAaTOPMM MUCMbITAHUA, B 3TOM CJlydYae npu BO3AEMCTBUM MMMYJIbCOB
rPO30BbIX MHAYKTMPOBAHHBIX NepeHanpsiKeHui Ha Bce Tpu dhasbl BO3MOXKHO 0JHOBPEMEHHOE NepPeKpbITME Ha OAHOM
ornope ABYX M301ATOPOB. [IpyM 3TOM Ha JIMHMM BO3HMKaeT MeXAyda3Hoe KOPOTKOe 3aMblKaHME CO BCEMM
HEMpPUATHbIMK  MOC/IEACTBUSAMM:  OTKJIIOYEHMEM MOTPEGUTENIEM, BO3MOMKHbBIM MEPEKOrOM MPOBOAOB, AYroM
COMpPOBOXAAIOLLErO TOKA, 6O/IbLUMM NIEKTPOAMHAMUYECKMM YAapOM Mo 060pyA0BaHMIo noacTaHuuK. MosToMy BJ1 Ha
AepeBAHHbIX onopax uesecoo6pasHo 3alMiaTh OT MHAYKTMPOBAHHbIX NepeHanpsaXeHU TakMM e 06pasoM,
Kak 1 BJ1 Ha npoBogALwMX onopax.

@ MOJTHUE3ALWMUTA BO3AYILUHbIX JIMHUM SNEKTPOMEPELAYM




3a3eMATb ONopbl, MO YCJ0BMAM Fpo303alLmThl, He TpebyeTcA. lpu cpabaTbiBaHUM pa3psALHUKA, YCTAHOB/IEHHOIO
Ha ornope Ha 0JHOM M3 a3, UCK/IYAETCS NEPEKPLITUE M30/IATOPOB BCEX TPEX (has, TaK Kak pasHOCTb NOTEHLMaI0B
MeKAy NpoBOAAaMM M TPaBEPCOM Pe3KO yMeHbluaeTcs. MOCKO/IbKY COMpOTMB/IEHME OMOPbl BECbMa BbICOKOE, MpU
cpabaTtbiBaHMM O4HOr 0 pa3pAAHMKa Ha ONope NPOMCXOAMT NINLLb HE3HAYMTEIbHOE OF PaHUYEHUE NEePEHANpPAXKEHUA, T.
€. Ha Bcex Tpéx (ha3ax coxpaHAeTCA nepeHanpsKeHWe. ITO nepeHanpsKeHue pacrnpocTpaHAEeTCA MO JIMHUM,
MO3TOMY, B COOTBETCTBUM C TpeboBaHWeM Y3, 06A3aTeIbHO HEOHX0AMMO Ha PACCTOAHMU NPUMEPHO BECTU METPOB
OT nMoACTaHUMM YCTaHaB/AMBATb KOMMJIEKT pa3psaaHmMkos PANMM-10-1,5-IV-YX/11 u onopy 3a3emnatb. [lpu
CcpabaTblBaHMM 3TUX pa3psALHMKOB BOJIHbI MNEpPeHanpsKeHusa, MpUXoAAlMe Ha MNOACTAHUMIO, CyLEeCTBEHHO
cHuKatoTcs. OKOHYaTeIbHO NepeHanpsXeHue, nocTynatLee Ha 060pyAoBaHME MOACTAHLUMM, OFrPaHUYMBAETCA NpU
nomotum OMH.

3awumTta BJ1 6-10 KB
Ha AEepEeBAHHbIX Oonopax OT NPSAMbIX YAapoOB MOJIHUMU

Bo3MorKHbI ABa BapMaHTa 3aLmTbl T [TYM:
3allMTa OMop OT PaCLLEMN/IEHNA, HO HE OT FPO30BbIX OTK/IKOHYEHUI BJT;

*  3alMTa Omnop OT pacLuenieHms 1 BJ1 oT oTKNYEHMIM BCIEACTBME FPO30BbIX NEPEHANPAKEHUN.

A}'IFI MCKIOYEHMA pacllensieHna onop rpo3oBbiIMM pa3pAfamMu uenecoo6pa3Ho NposIoXKKWTb BAOJIb CTOEK ONop
3azemMndanumne Cnyckm m BbINOJIHWUTb MNPOCTOE€ 3a3emM/JieHune, Hanpumep B BUAE OAMHOYHOIO BEPTMKAJIbHOro
3a3eM/IinTend, He CTpeMACb 06ecneyYmTb HM3KOoEe 3HAYEHHNE COMpoTUBIEHNA 3a3EMIEHUA.

3awmrta BJ1 ot rPO30BbIX OTK/IOYEHMM np1 nNpamMomMm yzape MOJIHMM OCYLeCTB/IAeTCA TaK Ke, KakK A/iAa B/l c
’Kene306eTOHHbIMU U METAIJIMHECKMMMU onopamu.

3awumTta noaxoaos BJ1 6-10 KB
K NOACTaHUUAM M KabGesibHbIM BCTaBKaM

HenocpeacTBEHHO 3almTa 060OPYAOBaHMA MOACTAHUMM M KabesbHbIX BCTaBOK ocyulectsasetrca OMH  wmam
BEHTU/IbHbIMM paspsagHUKkamu (PB), ycTaHOBNIEHHbIMM BOM3M OT HMX. Ha NMHMAX C AepeBAHHbIMM OMOPaMM MU C
NpoBOAALLMMM ONopamu ¢ mnsonatopamm tmuna LLUO20 (MM aHaNOrMUYHBIMM UM, MMEIOLMMK MMIYJIbCHOE pa3pAagHoe
HanpskeHue nopagka 150-160 KB) 4oKHbI 6bITb MPUHATLI MEPbI MO OFPaHUYEHUIO MPUXOAALLMX HA MOACTAHLMIO BOJH
nepeHanps:keHui. /Jaa 3awmThbl NoAXoAa K NOACTAHLMM OT Haberatowmx BoJH FPO30BbIX NepeHanpsXeHui cneayet
yCTaHaB/IMBaTb KOMMJIEKT M3 Tpex paspagHukoB PAUM-10-1,5-1V-YXJ11 Ha Tpu onopbl npumepHo 3a 200 M ot
NOACTaHLUMMU MM KabesibHOM BCTaBKM. JaHHble ornopbl HE06X0AMMO 3a3eM/IATb B COOTBETCTBUM C YCTAHOBJIEHHbBIMM
HOPMaTMBHbIMM TPEBOBAHMAMM.

Ha ocTanbHbIX oropax Ao MOACTaHLMM MM KabeslbHOM BCTABKM TaKKe ciedyeT YCTaHaB/IMBaTb PaspAAHMKM. [ns
obecnevyeHua 3alyTbl OT MPAMOro yapa MOJIHUM HEOBXOAMMO YCTaHaBAMBaTb No Tpu paspAagHuka PAMM-10-1,5-1V-
YXJ/11 Ha Kaxayo onopy, ANs 3almTbl TOJIbKO OT MHAYKTUMPOBAHHbLIX NEpPEHanpsXeHUM AocTaTo4YHA YCTaHOBKa Mo
oAHOMY paspagHuky PAMM-10-1V-YX/11 Ha onopy ¢ YepeaoBaHMem da3. [pu 3Tom HEOH6X0AMMO 06ecne mTb HU3Koe
(*kenaTenbHo He 6onee 10 OM) CONpPOTUB/IEHWE 3a3eMJIEHMA Ha BCex onopax noaxofa BJ1 k nmoactaHumu. Ecim
KabesibHas BCTaBKAa MOAXOAMT K JIMHWMM Ha MPOMEKYTOYHOM OMOpe, TO YKa3aHHble Bbille MEPONpUATMA Hago
BbIMOJIHUTb HA JIMHUM C 06EMX CTOPOH OT 3TOM OMOPbl.

MOJIHUE3AWMTA BO3AYWHbBIX NMHUN SNEKTPOMNEPEAAUYMU @




CpaBHMTeﬂbHaﬂ Ta6m4u,a rpo3o3alwmMTHOro 060PYﬂ,OBaHMF|

|[EEE TRANSACTIONS ON POWER DELIVERY, VOL.23, NO.2, APRIL 2008
"Discussion on Measures Against Lightning Breakage of Covered Conductorson Distribution Lines"
Jinliang He, Fellow, IEEE, Shanqgiang Gu, Shuiming Chen, Senior Member, IEEE, Rong Zeng, Senior Member, IEEE, and Weljiang Chen

CPEACTBO OYHKLMA CTOMMOCTb  CTAPbIE /IMHMM  HOBBIE JIHMM JOGEKT OBC/Y}KUBAHWE
Mepexsat npsAMoOro paspsja MoJIHWUM,
r THbIM .
pPO303aLUMTHbBIU YMeHblIEHNE WHAYKTUPOBAHHOIO | gy coraq TpyAHO Nerko cpeaHHit HeT
Tpoc nepeHanpsxeHusa
MornoweHne 3HEpPruM MONHUM U
OnH orpaHuyeHue rpo3oBoro nepeHanpa- | gpicokas TPy AHO nerko ERCOR OYeHb
yactoe
KeHua
MornolweHne 3HEpPruM MONHWUM U
OMH ¢ orpaHM4eHue rpo3oBoro nepeHanpsa- oueHb OuYeHb
KEeHUA MEHbLUEeHMe KoamyecTBa TpyAHO Nerko “ yactoe
3aLUMTHBIM TPOCOM ) yMel BbICOKas BbICOKMM
NoBpeXAeHMM pa3pAaHUKOB
YBenuyeHne nytu paspdaga, . NpaKTUYECKM
PAN yCTPaHEHHME FOpeHIs Ay HU3KasA Nerko Nerko BbICOKMM o
YacTmnyHoe yBenmyeHue YyBennyeHne nyTu paspaja, O4eHb “
BbICOKas TAXKENo cpefHun HeT
TOJILYMHbBI U301ALUM yCTpaHeHWe ropeHus ayrm TAXeNo
EF;::égHenmeasz:L?SOB YBennuyeHne [onycTMMOro MMNy-
nan m:::HMEM [n)ep'el-( o JIbCHOTO YPOBHSA COKpalleHue Yncia HM3Kan HEBO3MOKHO Nerko cpeaHui HeT
B REEP) rPO30BbIX NMEPEKPLITUIA
™A
M3onaumoHHas cuctema ¢ | CoKpalleHue MoBpeXKAeHWM riaBHOM
KacKaZHbIM COEAMHEHUEM | JIMHMM 3@ CYET HaMyMAa MecT co | CPEAHAA | HEeBO3MOXHO | BO3MOXHO BbICOKMI cpegHee
3/IEMEHTOB
Cnoco6cTBOBaHME BO3MOXKHOCTHU
ERERE L € AR ropeHmMs Ayru W HejonyuleHue | BblcoKas TPpyAHO Ierko " HeT
NPOMEXYTKaMM P Y y EEICOKMMA
noBpeXAeHMA NpoBoja
HHbIM HHbIM o~ .
ﬁ;gggp, M saupe " YBenmyeHue JyroCTOMKOCTM MPoBoJa | BbICOKas | HEBO3MOXKHO Nerko cpesHun HevacToe
YacTmMyHas 3aumcTKa Cnoco6cTBOBaHME BO3MOXKHOCTH
. NpaKTUYECKM
M30J1ALMM U YCTAaHOBKA ropeHmMsa Ayru W HegonyuieHue HU3Kas TPyAHO TPyAHO BbICOKMM -
3aXKMMa noBpeXAeHns NpoBoja
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CpaBHMTeﬂbele XapakKTepUctukm 4JIMHHO-UCKPOBbLIX pa3pAAHUKOB

MapameTpbl A4S cpaBHEHMA

PAUN-10-IV-YX/1

PAUN1-10-IV-YX/I1

PANULL-10-1V-YX/11

PANUM-10-1.5-IV-YX/11

PAUM-10-K-11-YX/11

MNprMeHeHus 3awmTa B/l ot AHanorunyeH no AHanormnyeH no 3awmTa B/1 m AHanormnyeH no
rpo30BbIX NepeHan- npumeHenmio PANNM- | nprmeHenumio PAUI, | noaxoaos K npumMeHenuto PAUM,
PAXKEHUM U UX 10, HO He TpebyeT rae Tpebyetca NoACTaHUMAM OT YyUYMTbIBAA OrpaHuye-
nocieCTBMM. yCTaHOBKM ZiBOMHOe KpenneHue | MYM u mnx nocne- HMA Mo rabapuTam.
BosibLoN onbIT npoKasibiBatoLLero nposoja. ACTBUMM. Hamnyuwme
3KCMayaTaumm, 3axMMa BOJIbT-CEKYHAHbIE
ycTaHosneHo 350 XapaKTEePUCTUKM
000 pa3pAAHMKOB.
Tun PANU neTaeBsomn neTneBomn wnerdoBbIi MOZY/IbHbIM MOZY/IbHbIM
MOAUDULMPOBAHHbIN KOMMaKTHbIN
3awmra ot 3awmuiaet 3almaeT 3awmuiaeT 3awmuaeT 3awmiaeT
MHAYKTUPOBaHHOI O
nepeHanpsxeHua
(1n)
3awmTa ot NpsAMoro He 3awpmuiaeTt He 3awpmuiaeTt He 3awmiaeT 3awpmaeT He 3awmiaeT

yZAapa MoJIHUK
(MYyM)

PaspyleHne npu
BosaencTeum MyM

He paspyluaeTcs

He paspyluaeTcs

He paspyluaeTcs

He paspyluaeTcs

He paspyLwaeTcsa

Hanuune ecTb ecTb ecTb ecTb ecTb
npoKasibiBaloLLero

3aKMMa

Opranusaumsa C nomoLwbio C nomoLwbio C nomotbio be3s Bo3aywwHoro be3 Bo3aywHoro
MCKPOBOIro YyHMBEpPCaJIbHOr0O yHMBEpPCaJIbHOro snekTpoga. 4 = 2-4 NPOMEXKYTKa NpoMeXyTKa
BO3/YLUHOro npoKasbiBaoLLero npoKasbiBaoLLero CM.

NPOMeEXyTKa 3axmMma. [ = 2-4 cM. | 3axkuma. [ = 2-4 cm.

Cnoco6 ycTaHOBKM

Mo ogHOMY Ha
ornopy, € YepesoBa-

Mo ogHOMY Ha
ornopy, € YepesoBa-

Mo ogHOMy Ha
ornopy, € YepesoBa-

Mo Tpn Ha onopy
ANA 3alWmThl OT

Mo ogHOMy Ha
onopy, Ha CpejHIoto

Huem a3 Huem a3 Huem a3 MYM; Mo ogHoMy Ha | dasy
ornopy, € Yepeosa-
Huem a3 ans
3awmThl oT UM
OcobeHHOCTH Mpu cmeleHmm Mpu cMeLeHnn Komnnekrauys: Bo3MorkHO KomMnakTHada anHuA,
MOHTaxa / npoBoAa BO3AyL- npoBoAa BO3AyLu- ANA HeN30/IMPOBaHHBIX | noBpekaeHue Nnpu L mexxay dasamm
IKCMIyaTaumm HbI MPOMEXYTOK HbIA MPOMEXKYTOK NPOBOAOE - 3HAYUTE/IbHOM He 6onee 0,5M;

MOXEeT U3MEHATbCA

MOXET U3MEHATbCA

NNaLWeYHbIN 3aXUM;
[N19 3aLLUMLLEHHBIX
NpOBOAOB - MPOKasibl-
BaKOLLMM 3aXKMM

CMeleHnn nposoda

usonatopbl Ha 20KkB,
cteneHb C3A =2
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