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BBEJAEHUE

B mpomecce oskcrmyaTanuu  HM30JAIHUS  00OpPYAOBAaHHS  pacIpeaeuTeIbHbIX
ycrpoiicte  (PY) moxaBepraercs BO3ACHCTBHIO pabOyero HampsuKEHHs, a TakkKe
pPa3JIMYHBIX BUJOB MEPEHANPSKEHUM, CpPeAu KOTOPBIX BAXHOE MECTO 3aHUMAIOT
rpo3oBbIie (aTMOC(hEpPHEIE).

Ilo oannvim OPI'POC monvko 3a nepuoo ¢ 19972, no 2001e. 6 peszyrvmame
ammocephvix 6030elicmsuii No8peoUnoCh CUNOBbIX MpanHcGopmamopos — 68 wm.,
usmMepumenvHolx mparncgopmamopos — 124.

Hanpumep, 25.06.04 2. npouzowen npoboii uzonayuu asmompanchopmamopa
330 kB ua [IC «Tuxopeyxas» MOIOC Fea 6o 8pems 2po3vl. IKOHOMUHECKUl Yyujepd
cocmasun 69,164 yman. pyoneii.

['po30BBIE  MEpeHANpPSKEHUST  MPEACTABISAIOT  PEATbHYH)  ONACHOCTh IS
000OpyI0BaHUsl CEeTel MpaKTUYECKH BCEX KJIACCOB HOMHUHAJIBHOTO HAMpSDKEHUS W,
ClieIoBaTeIbHO, TPeOYIOT pa3paboTku M BHeApeHHUs A((MEKTUBHBIX 3alIUTHBIX MeEp,
OIHOW M3 KOTOPBIX SIBJISIETCS MPUMEHEHUE CIELHAIbHBIX 3allUTHBIX anmnaparoB —
BEHTHJIbHBIX pa3psaHukoB (PB) W orpanuuntenedl nepeHanpsHKCHUH HETMHEHHBIX
(OITH).

3amurtHble cBoiicTBa PB n OIIH ocHOBaHBI Ha HEIMHEHHOCTH BOJBTAMIIEPHOM
XapaKTePUCTHKU HMX pPaOOuMX 3JIEMEHTOB, OOECHEYMBAIOIICH 3aMETHOE CHUKEHUE
COIPOTHUBIICHUS TPY MOBBIIICHHBIX HANPSHKEHUSIX W BO3BPAT B UCXOJHOE COCTOSIHUE
[OCJIE CHWKEHUS HANpsDKEHHUs 10 HOpMajbHOro pabouero. Hwuskas HenmHENHHOCTh
BOJIbTAMIIEPHOM XapaKTEPUCTUKU pabOuMX 3JEMEHTOB B Pa3psAHUKAX HE IMO3BOJIsJIA
o0ecreyuTh OJHOBPEMEHHO U JOCTATOYHO ITyOOKOE OTpaHUYEHUE MepeHanpsHKeHUH, U
Majiblid TOK MPOBOAMMOCTH MPU BO3JACHCTBUU pabOUYero HampsKeHUs, OT BO3JACUCTBUS
KOTOPOr0 yJAJIOCh OTCTPOUTBHCA 3a CUET BBEICHHMS IOCIENOBATENBHO C HEJIWHEUHBIM
AJIEMEHTOM HCKPOBBIX MPOMEKYTKOB. 3HAYUTEIHHO 0OJIbIIAs HEIMHEHHOCTh OKHCHO-
[IUHKOBBIX CONPOTHUBICHUN (BapuCcTOpOB) orpanuuuteneii mnepeHanpstkenuii OITH
MO3BOJIWJIA OTKA3aThCsl OT UCMOJb30BAHUS B UX KOHCTPYKLIMHU UCKPOBBIX MPOMEKYTKOB,
T.€. HennHelHble 3neMenTsl OITH npucoeauHeHbl K CETH B TE€UEHHUE BCETO CPOKa €ro
CITYKOBI.

B Hacrosiiee BpeMs BEHTWIbHBIE pPa3pAIHUKA MPAKTUYECKHU CHSTHI C
IPOU3BOJACTBA M B OOJIBIIMHCTBE CIy4YaeB OTCIYXWJIM CBOW HOPMATHBHBIA CpPOK
cnyxO0bl. IlocTpoeHue cxeMm 3alUThl M30JIALMH OOOpPYNOBaHMS Kak HOBBIX, TaK M
MOJEPHU3ZUPYEMBIX PACIPEAETUTEIBHBIX YCTPOUCTB, OT TPO30BBIX U KOMMYTAllMOHHBIX
NIEPEHAIPSKEHUIN TENEPh OKa3bIBAETCA BO3MOXKHBIM TOJIBKO ¢ ucronb3oBanueM OITH.

WNnentuuHocts ¢GyHkuMoHanasbHOoro HasHauenuss PB u OIIH u kaxymascs
IIPOCTOTA KOHCTPYKIIHMH MOCJIEAHETO YaCTO MPUBOJIAT K TOMY, YTO 3aMEHY Pa3psIHUKOB
HAa OTpPAaHUYUTENIM TMEpPeHANpPSIKEHUH MNpoBOAAT 0e3 MPOBEPKH JOMYCTUMOCTH U
s dexTuBHOCTH HcoNb30BaHus ycraHaBiuBaemoro OITH B paccmaTtpuBaemoil Touke
cetu. BMmecrte ¢ TeM THUNOBBIE CXEMbI 3alIUThl H3O0JSALUU OOOPYIOBaHUS OT
NEPeHANPSHKEHU W XapaKTepUCTHUKHM 3alllUTHBIX —almapaToB ObUTM 0OOCHOBaHBI
HECKOJIBKO JIECATWJIETUM HAa3aJ C MCMOJIb30BAHUEM YNPOILIEHHBIX PACYETHBIX MOJIEIEH,
TaK KaK BO3MOKHOCTH BBIUUCITUTEIHLHOM TEXHUKH OBLIA BEChMa OTPAHUYCHBI.

B wactHOCTM, BOHNpOCHl 3amUTBl  00OpynoBaHus PY  oT  rpo3oBbIX
NIEPEHAIPSIKEHUM ¢ NOMOIIBI0 BEHTWIBHBIX Pa3psAHUKOB PACCMOTPEHBI B IPAaBHIIAX
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ycrpoiicTBa anektpoyctaHoBok ([1YD), rme i pa3iidyHbIX CXEM  OTKPBITHIX
pacupenenuTeNbHbIX YCTPOWCTB B 3aBUCUMOCTH OT 4YHMCJIAa M THIIA BEHTUJIBHBIX
pa3psAHUKOB JIaHbl MaKCHUMallbHblE pPAacCTOSHUS 10 obOopynaoBaHus. Bnepsbie
TpeboBanus [1YD B 4acTu paccTOSHUIN OT BEHTUIBHBIX Pa3PsSIHUKOB JIO 3alHAIAEMOTO
obopynoBanus ObuTH chopmynupoBansl eme B 1961 romy ¢ moMoIeio Tak Ha3bIBAEMBIX
AQHAJIM3aTOPOB TIpO303alIMTBI M € TEX MNOp [0 HENABHEIO BpPEMEHU HE
nepecMaTpuBaiich. OJTHUM U3 MOATBEPKACHHUM 3TOTO CIYXHUT TO, YTO TpeOOBaHHUS 10
3amute obopynoBanus PY 750 kB oT rpo30BBIX mepeHanpsHKeHUH ObBLTH T0OABICHBI B
[1YD numib cpaBHUTEIBLHO HEJABHO, TOTA Kak Kiacc HanpspkeHus: /950 kB nosiBuiics B
CCCP eme B 70-€ roasl.

B mocnenneni (7-i) penakiuu [1YD BrepBbie MIOMUMO BEHTHIIBHBIX Pa3psIHHUKOB
B Ka4yeCTBE 3alIMTHOIrO anmnapara oT TpO30BbIX NEpeHanpsKeHud Ha 00opyioBanuu PY
paccmarpuBaetrcs Takxke u OITH. B atoit pegakuuu [IYD nomycTumbie pacCTOSTHUSI OT
obopynoBanusi PY no OIIH mpennaraercst onpeensiTh B COOTBETCTBUU C 3aIUTHBIMU
xapaktepuctukamu OIIH nHa ocHOBe TpeOoBaHMII K PACCTOSIHUSIM /O BEHTUJIBHBIX
pa3psAHUKOB, NPHUBEACHHBIX B mIpeablaymux pepakuusax [IY3D. CnenoarensHo, 3a
OCHOBY TIOCTPOEHHUS 3alllUThl 000pyAoBaHUsA PY OT rpo30BbIX NEepeHANpPSKEHUNA B
nocneanei penakuuu [1YD nmonoxens! Bce Te ke TpedboBanus [1YD eme 1961 rona,
IIOJIyYEHHBIE B BECbMA YIIPOIIEHHOM OCTAHOBKE HA aHAIU3aTOPax IPO303allUThI.

Pa3BuTne KOMIIBIOTEPHOM TEXHUKH W CHEHUAIA3UPOBAHHOIO IPOTPAMMHOTO
oOecrieyeHusi TO3BOJISIIOT HAa HOBOM YpPOBHE TPOBOAUTH pacCyeThl MEPEXOAHBIX
IIPOLIECCOB B JJIEKTPUYECKUX CETAX Uil ONTUMM3ALMM CXEM 3allUThl HM30JSALHAU
o0opyoBaHusI OT TEpPEeHaNpsKeHHMM W O00OCHOBAaHHOTO  BBIOOpa  OCHOBHBIX
XapakTepUCTHK 3alIUTHBIX anmapaTtoB. (OIHAKO, HECMOTPS Ha BO3MOKHOCTH
MOJENUPOBAHUS U PACUETOB IMEPEXOJHBIX IPOLIECCOB, B Poccum 10 cuX mop IMHMPOKO
UCIIOJIb3YIOT HapaOOTKU MHOTOJIETHEH MaBHOCTH, YTO CTUMYJIHPYETCS OTCYTCTBHEM
IPOCTHIX B MCHOJB30BAHUM M JIOCTATOYHO OOOCHOBAHHBIX COBPEMEHHBIX METOJHK
pacdeTa pa3JIMYHbIX BUJIOB NIEPEHANPSKEHUM.

CnoxuBmmiics B Poccum HEIOCTaTOK CO3BYYHBIX BPEMEHM HOPMATHBHBIX
JOKYMEHTOB M METOJMK pacuera B OOJACTH 3allUThl W30JUMHA OOOpYyAOBaHHUS OT
NEpPEHANPSIKEHU  yCyryOoJisieTcss MacCOBBIM BHEIPEHHUEM B SHEPreTUKY CTPaHbI
3ammMTHBIX anmapatoB Ttuna OIIH, npu wHcnonb30BaHMM KOTOPBIX — 3a4acTyIO
HEKOPPEKTHO pemaroTcss 3anadud 1o BbeIOOpy uwcia OITH, mMect uMxX yCTaHOBKM U
OCHOBHBIX XAapAKTEPUCTHUK, YTO SBIIIETCS NMPUYMHOW MOBBIIMIEHHOM aBAPUMHOCTH Kak
3aluInaeMoro ooopyaopanus, Tak u camux OITH.

Hwxe, ¢ ydyeroM COBPEMEHHOIO YPOBHA 3HAaHUW U  BO3MOYKHOCTEU
MOJIETMPOBAHUS, PACCMOTPEHBI OCHOBHBIE MPOOJIEMBbI, KOTOpPble HEOOXOAMMO pelaTh
Opy TOCTPOGHHMU CXEM 3allluThl M30JSIUM  obopynoBanus PY 0T rpo3oBbIX
NEpPEHAIPSKEHHI C TOMOIIBIO 3alIMTHBIX anmnaparoB Tuna OITH.



1. MPUHLMUIIBI 3ALIUTBI PY 35-750 B
OT I'PO30BBIX NEPEHATIPSI)KEHU
OCHOBHO# NMPUYMHON TPO30OBBIX MEPEHANPSHKEHUN Ha W30JISIIIUU 000pYI0BaHMS
pacnpenenuTenbHbIX yeTpoicTB (PY) 35-750 kB sBisitoTCS BO3ACHCTBHS MOJHHH Ha
npucoequHeHHbIe Bo3aymiHble nuHuK (BJI), BbI3BIBaromme oOpa3oBaHUE TI'PO30BBIX
BOJIH, pacmpocTpaHstomuxcs Baoiab BJI. 3ammra wmsonsiuu obopynoBanusi PY ot
HaOeraromux 1o BJI rpo30oBBIX BOIH OCHOBaHA Ha psific Meponpusituii [1-4]:

— OOyCTpOMCTBO  3alIMIICHHBIX  MOJAXOJOB  BO3AYILIHBIX  JIMHUM K
pacnpenenuTeIbHOMY — YCTPOMCTBY, Ha KOTOPBIX MPHUHATHI MEphbl 10
CHMKEHHIO YMCJIa TPO30BBIX BOJIH C OMACHBIMH MApaMETPAMH, BOZHUKAIOIIUX
Ha n3oJisanuu BJI BenieicTBue ynapoB MOJIHUY;

— YCTaHOBKa B BBIOpaHHBIE MECTa 3allMTHBIX almapaToB ¢ HEOOXOAMMBIMU
XapakTepucTukamu (paHee - BEHTWIBHBIX pa3psaHukoB PB, temepp -
HEJIMHEHHBIX orpaHuunTenell nepeHanpspkennit OITH).

1.1. O6ycTpoiicTBO 3alIMIIEHHBIX 10IX0/10B

IIpu anamms3e rpo3oBeIX nepeHanpsokeHnii B PY 35-750 kB ocHOBHBIMHU
pacueTHBIMH CITy4asiMU SIBJISIFOTCS TIPSIMBIE YAapbl MOJTHUM B MIpUcoeAnHeHHbIE BJI:

— yJaapbl MOJIHUHU B (ha3HbIe TpoBoja (Hampumep, Touka 1 Ha puc.l);

— yJapbl MOJIHHH B OTIOPHI (HampuMmep, Touka 2 Ha puc.l);

— yzaapbl MOJIHHUU B Tpoc (Hampumep, Touka 3 Ha puc.l).

Hus ceret 110 kB ¢ ymapamu MoimHuMM B 3eMir0 BOIu3M OT Tpacchl BJI,
NPUBOASIIMMHA K BO3HUKHOBCHHIO HWHIYKTHPOBAHHBIX TEPCHANPSHKEHUN, MOXHO HE
CUUTATHCS B CHUJY OTHOCHTEIHHO HEOOJBINON BETWYHHBI dTUX MEPEHANPSIKCHUNA 0
CpPaBHEHMIO ¢ NMPOYHOCTHIO n3oJisiiuu BJI u o6opynoBanus PY.
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Puc.1. Bo3moxHBIE MeCTa yAapOB MOJHHUH B BO3JIYIIHYIO JIMHUIO.

TpeboBanuss Kk 0OOyCTPOMCTBY Tak Ha3bIBa€MbIX 3alllMIICHHBIX IOAXO0JI0B
BO3AYIIHBIX JuHUN K PY mnpusenenst B [1YD [3] u HampaBieHbl HA CHIDKEHUE YHCIIA
HaOeraromumx ¢ BJI omacHbIX rpo30BBIX BOJIH, BBI3BAHHBIX yAapaMU MOJHUM B (pa3HbIE
IPOBOJA, B ONOPBI W Tpochl. IIpm 3TOM mnpenmonaraercs, 4To IMOCIE pPEATU3ALNAU
KOMIUIEKCAa MEp YHMCJIO BO3HUKAIOIIMX HAa 3aIMIIEHHOM MOAXOE OMACHBIX I'PO30BBIX
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BOJIH YMEHBIIIAE€TCS, a TPO30BBIC BOJHBI, oOpa3yromuecss Ha BJI Ha paccrosinuu Gosee
JUIMHBI 3alIMIIEHHOr0 TMOAXO0/a, YK€ He NpPEJICTaBISIIOT OCOOO0M OMAacCHOCTH IS
oOopynoBanus PY BcriecTBue 3aMETHOTO YBETMUEHUS JIUTEIbHOCTH UX (DpOHTA H3-3a
VMMITYJIbCHOM KOPOHBI Ha TpoBoaax BJI.

Jls1st 00ycTpoiicTBa 3amuUIeHHBIX 101x010B [1YD npennuckiBaet:

— YCTaHOBKY Ha IOAXOJAaxX MPUCOEAUHEHHBIX K PY BO3IyIIHBIX JIMHUM OJHOTO
WIM HECKOJIbKMX TIpPO303aUIUTHBIX TPOCOB, OOECIEUMBAIOMIMX CHUXKEHUE
BEPOSITHOCTU MpPsIMOTO yJaapa MoaHUM B (asHele mnpoBoga BJI u
COOTBETCTBYIOIIIEE CHIDKEHHE 4YHcla OOpa3oBbIBAIOIIMUXCS Ha  (a3HbIX
IIPOBOJIaX I'PO30BbIX BOJIH;

— BBIOOp ONTHUMAJIBHOTO IMOJIOKEHHS TPOCOB Ha Omope, 00ecrneyrBarouiero
MUHUMAJIBHYIO BEpPOSITHOCTh NPOpbIBA MOJIHMM Ha (a3Hble IPOBOJA
(cHMXKeHME yria o Ha puc.2);

— CHW)KEHHME CONpOTUBJIEHUS 3a3eMieHust Ommkaimmx k PY  omop
npucoenuHeHHbIX BJI, B pe3ynbrare yero npu yaape MOJHHUU B 3a3€MJICHHBIN
TPOC WJIM OINOPY JIMHUHM YMEHBIIAETCS BEPOSITHOCTh OOPATHBIX MEPEKPBITUIA C
Tena omnopsl Ha ¢a3Hble MPOBOJA, T.€. BEPOSITHOCTh MOSBICHUS HA W30JSLUU
PY rpo30BbIX BOJIH C KPYTHIM (DPOHTOM.

Puc.2. Onpenenenue yria & TPOCOBOM 3aIIUTHI HA OTIOPE BO3IYIIHON TUHUH.

1.2. PaccTaHOBKA 3alIUTHBIX aNNapaToB

MecTta yCTaHOBKH B paclpeieIUTEIbHOM YCTPOMCTBE 3alIMTHBIX alapaToB TUIA
PB u OIIH onpeneneHsl B mpaBuiax yCTPOWCTBA 3JEKTpoycTaHOBOK I[IYD, rne B
KayecTBe THUIOBOM paccmaTpuBaeTcsi cxema PV, mpuBenenHas Ha puc.3. Ha stom
PUCYHKE  YCJIOBHO T[OKa3aHO, KakuM 00pa3oM  pa3iuyHoe 000pyIOBaHUE
pacnpeeNIuTeNbHOIO YCTPOICTBa pacioyiaraeTcs Mo Xoay HaOeraromiei ¢ BO3AYIIHON
JIMHUM TPO30BOM BOJIHBI. B pacyeTrax rpo30BbIX NepeHANpsHKEHUN TpaHchopmaTtopsl U
IPYryue BBICOKOBOJIBTHBIE aAINIApaThl 3aMEHAIOTCS CBOMMM BXOJHBIMU €MKOCTSIMU — HA
puc.3 MOXKHO BHJETh €MKOCTH cuioBoro TtpaHcpopmartopa (T) u u3MepuTenbHOro
tpanchopmaropa Hanpsukenus (TH).

YuuTbiBass  KOHEUHYIO  CKOPOCTb  JJIEKTPOMArHUTHBIX  BOJH IIPU KX
pacopoctpaneHnu 1o nposojgaMm BJI u ommHoBKe PY, rpo3oBbie nmepeHanpsiKeHUs B
cxeMe puc.3 MOTYT BO3HUKATh

— Ha m3oysAuu T TOJIBKO B TOM Cilydae, KOrja rpo30Basi BOJHA MPOIIIA 3a TOUKY

ycranoBku OIIH; mpu 3TOM Bo3HUMKaromme Ha T mepeHanpsyKeHHsl HalpsAMYyro
OIIPEJEIISIFOTCS 3AIUTHBIMU XapakTepuctukamu OITH;



— Ha m3ossanuu TH gaxe B TOM cirydae, Korja rpo3oBasi BOJIHA €l1e He JOIIIA 110
OIIH, T.e. OIIH He BcTynui B pabOTy MO OTrpaHUYCHUIO MEpEHANPSKEHUM,;
pu 3ToM Bo3HuKaromume Ha TH nepenanpspkeHus: onpenesstoTess B 0oabLei
CTCIICHH aMIUIUTYJOW T'pO30BOM BOJHBI, HaOeraromed ¢ BJI (1.e.
CONOCTABMMBI C MMIYJIBCHOM NPOYHOCTBIO wm3oisAnuu BJI, koTopas
3HAYHUTENIBHO BHINIE M30JIALIUU 00opynoBanus PY), a B MeHbIEH CTeNeHN —
3aIIUTHBIMU XapakTepuctukamu OITH.

L L

Y

BJl
—_—TH OrlH —_— T

Puc.3. Tunosas cxema 3amuTsl 000pya0BaHus PY 0T rpo30BbIX nepeHanpsKeHui.

B Ttunoeix cxemax Buma puc.3 OIIH ycrtanaBnuBaercs B HEMOCPEICTBEHHOU
OJM30CTH OT CHJIOBOTO TpaHcopmaTopa, Kak Haubojiee JIOPOTrOCTOSIIErO
000OpyI0BaHusl, MOATOMY 3a4acTyl0 MMEET MECTO COOTHOUIEHUE PacCTOsIHUM L, > L.

N3BecTHO, uTO ueMm Bhimie pacctostHue L ot OIIH po 3amwmimaemMoro o6opynoBanus u
YeM MEHbIIE JUIMTEIbHOCTh (pPOHTA 7, HAOEralolmuX TPO30BBIX BOJH, TeM OOJIbIIE

HampsDKeHUE Ha O00OpYJOBaHUU MOXKET mpeBocxonuTh HampspkeHue Ha OITH. Takum
o0pa3oM, HauOONBIIUM TEPEHANPSIKEHUSIM TOABEPraeTcss HE TOJBKO 00OpyIOBaHUE,
KoTopoe o xoay Haberaromieit ¢ BJI rpo3oBoii BoiHbl pacnonoxeHo 10 OITH, Ho u
HauOonee ynanenHoe ot OITH oGopymoBanme. B cxeme puc.3 B KauecTBEe TaKOTO
obopynoBaHus BeicTynaet TH.

’T» L L L

BJl
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Puc.4. Kackannas cxema 3amuthbl 060opynoBanus PY OT rpo30oBbIX MepeHanpsyKeHUH.

B MHpoBOH mpakTHMKe pacnpoCTpaHEHHUE Halllla CXeMa 3allUuThl 000pYI0BaHUS

PY ot rpo3oBeix mnepeHanpsikeHHi, B KOTOpod Ha Bxoae PY ycraHaBiuBaroT

nonomuutenbHpie OIMH  (puc.4), TMO3BONSAIOIIME  CYIIECTBEHHO  IOBBICHUTH

3alUIIEHHOCTh 00OPY/J0BaHUSI OT IPO30BBIX (M KOMMYTAIMOHHBIX) TIEpEHANPSHKCHUH,
TaK Kak B 9TOM Clly4ae:

— Bce 000pyIoBaHHME HaxoauTCs MO Xoxy Haberatomeil ¢ BJI BomHbl mocie

3alIUTHBIX allaparoB, T.€. TPO30BbIC MEepeHANpPsKEHUs Ha o0opynoBanuu PY



ONpeeNsIitoTes 3aluTHBIMU XapakTtepuctukamu OIIH, obecneunBarommmu
ri1y0oOKOe OrpaHuYeHHE MepeHANPSKEHUH;

— CHIDKEHBI PaCCTOSHUS OT 000pYyA0BaHUs J0 3alIUTHBIX aIllapaToB.

CxeMa, nokaszaHHasi Ha puc.4, U3BECTHA JOCTAaTOYHO JABHO U MOJIyYWJIa HA3BAHUE
KaCKaJHOM, OJTHAKO, K coxayneHuto, B [IYD He paccmarpuBaercs. KackaaHblid TPUHIUIT
3alUThl 000pyI0BaHus peanusyercs B ciydae, eciu OIIH ycraHoBieHbl y 0OMOTOK
CWJIOBBIX TpaHC(GOPMATOPOB U  aBTOTPaHC(HOpPMATOPOB, a TaKKe Ha KaxXIOH
npucoeauaenHoir BJI (cm. puc.5), npu stom ycranoBka OITH Ha cOopHBIC IUHBI HE
TpeOyetcsi. BricokoadexTuBHON KackaaHas cxema OyneT MpU BBITOJHEHUU YCIIOBUS
L+L,>L,.
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Puc.5. Ycranoska OITH Ha mpuemMHOM mopraite («B JIMHEHHYIO STUEHKY») KaK OJMH U3 CIIOCO00B
nepexo/ia K KacKaJaHol cxeme 3aiuThl 00opynoBanus PY oT rpo3oBbIX MepeHanpsyKeHUH.

CornacHo pacuyeTaM TpO30BBbIX MEpPEHANpPsHDKEHUH B KackaJHOM cxeme puc.4,
oTJauyaroIeics ot puc.3 HamumuueM Ha Bxoje PY gomomaurtensHbix OITH (Tak
Ha3piBaeMbie OITH nuHe#HO#N sveliku), BEPOSTHOCTh TOBPEKICHHS H3OJSIUH
oOopynoBanusi PY mnpu rpo30BbIX NepeHANpsKEHUSX Ha MOPSIOK MEHbIE, YeM B
TUIIOBOM CXeMe pHc.3.

1.3. OTKa3 0T rpo303alIUTHBLIX TPOCOB
K coxanennto, B okcruryaranmu TpeboBanus I[IYD He Bcerma ymaercs
pean30BaTh B MOJHOM Mepe. B 4acTHOCTH, MOABEPKEHHBIE KOPPO3UU U COCTAPEHHBIE B
MPOLECCE BKCIUTyaTallid T'PO303AIIUTHBIE TPOCHI B pANE CIIy4yaeB, HE BBbLACPKUBAS
BETPOBBIX U TOJIOJICAHBIX HArpy30K, OOpBIBAIOTCSA, CO3JaBasi HAa JMHUU KOPOTKHUE
3ambIKaHus. M3-3a HeqoCcTaTOYHOrO (PMHAHCUPOBAHUSA HEKOTOPHIE SKCIUTYaTHPYIOIIHE
OpraHu3allii BBIHYXIEHBI UJTH HA OTKa3 OT YCTAaHOBKM Tpoca Ha BJI u, B Tom uucie,
Ha noaxonax BJI k PY. Kpome Toro, He Bcerna ymaercs mpuBECTH B COOTBETCTBHE C
TpeOboBanusmu [IYD conportuBienus 3azemsieHusi omnop BJI, koTopeie 3adactyro
MPEBOCXOAT MAaKCHUMaJbHO pAonycTuMble 1o I[IYD 3HaueHwus, 4TO XapakTepHO,

HaIpuMep, ISl palilOHOB CO CKaJbHBIMU U MT€CYaHBIMU TPYHTAMMU.
Bo Bcex mepeuncieHHbIX ciydasx, Korja He BBINONHS0TCA TpedoBanus [1Y D no
00ycTpoicTBY 3amuiieHHbIX mo1x010B BJI k PY, HeoOxoaum anbTepHAaTUBHBIN CIIOCO0
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oOecrieueHus 3aUThl 00opyaoBaHus PY oT rpo3oBbix nepeHamnpsbkeHuil. B kadecTBe
TaKOro Croco0a MOKHO PEKOMEHI0BATh UCIOIb30BaHUE KACKAIHBIX CXEM, KOTOpPhIE 3a
cueT cBoeil 3P(HEKTUBHOCTH MO3BOJISIOT COXPAHUTh 3AITUIIIEHHOCTh 00OpYAOBaHUS Ha
IPUEMIIEMOM YPOBHE JIaXKe B CIIy4ae CYIIECTBEHHOTO pocTa urciia Haberatomux Ha PY
I'PO30BBIX BOJIH.

Ha puc.6 mokazan nHezammmeHHbd Tpocamu mnoaxon BJI k PY. Ha BxomgHOM
noprasie yctanosieH OITH, kotopsiit coBmectHo ¢ OITH y cunoBoro tpancopmaropa
oOpa3yeT kackaaHyto cxemy. CpaBHUTENbHAS 3P PEKTUBHOCTH cXeMbI puc.6 (0e3 Tpoca)
¥ TUIOBOM cxeMbl puc.l (C TpPOCOM) CYIIECTBEHHO 3aBHCHT OT Kjacca HOMHHAJIbHOTO
HanpspokeHust BJI u PY.

Q N

N T

/ ‘s\
PacnpepenutensHoe .
" > . YCTPOMCTBO 5
Onopa Ne1 s S
X Onopa Ne2 P ‘\.“__.____,,--..----

Onopa Ne3
Puc.6. Ycranoska OITH Ha mpueMHOM mopTalie Kak crmoco0oB 0TKasza OT Tpoca Ha noaxozae BJIL.

Hisa knaccoB 220-750 kB ocHoBHOM mpuunHOW oOpa3zoBanust Ha BJI rpo3oBbix
BOJIH SIBJISIFOTCSI yIaphl MOJIHUM B (pa3Hbie ipoBoja. B ciyyae, ecniu Ha BJI ycranoBieH
OMH WX JIBa TPOCAa, BEPOATHOCTH TMpPOphIBAa MOJHUUM Ha (a3Hble MPOBOJIA
COOTBETCTBYET OJIHOMY ciydaro u3 100+1000. Iloatomy mjisi ceTel 3THUX KJIacCOB
HaIpsDKEHHUs] OTKa3 OT Tpoca MPUBOJUT K POCTY YMCIIa yAapoB B ¢a3HbIe MPOBOJA B
100+1000 pa3, Toraa Kak KacKaJHbIE€ CXE€MBbl MOBBIIIAIOT 3alUIICHHOCTL JIMIIL Ha
nopsiiok. TakuM o0pa3oM, YBEIMYCHHE YHCIa TPO30BBIX BOJIH WU BBI3BAHHOE ITHUM
CHUKEHHE 3aIuiieHHoCTH ooopynoBanus PY 220-750 kB oxaspiBaeTcst 3HaunTEIbHEE,
YeM TIOBBIIICHUE 3alIUMIIEHHOCTH OO0OpYyJOBaHUs, JOCTUTaeMOE€ HCIOJIb30BaHUEM
KackaJgHou cxembl. CiaemoBatelbHo, 11d PY 220-750 kB xackagHas cxema He MO3BOIUT
OTKa3aThCsA OT TPOCa, a €€ MPUMEHECHUE PEKOMEHAYETCS JIMIb KakK JOMOJHUTEIbHAs
Mepa MOBBIIIEHUS 3alUIIIEHHOCTH 000pYA0BaHUS.

s knaccoB 35-110 kB mpuumnamu oOpazoBanust Ha BJI omacHBIX Tpo30BBIX
BOJIH SIBJIAIOTCS, TJIAaBHBIM 00pa3oM, oOpaTHbIE MEPEKPHITUS IMPH yaapax MOJIHUU B
Tpockl U onopbl. OTka3 Ha noaxoae BJI k PY ot TpocoBoil 3auThl NpUBEAET K TOMY,
YTO OCHOBHOU MpUYMHON oOpa3zoBaHus Ha BJI omacHbBIX IpO30BBIX BOJH CTaHYT YIaphl
MOJTHUH B ¢azHbie npoBoja. [Ipu 3Tom oOliee Y1cio Tpo30BbIX BOJIH, HAOETaIIMX Ha
PV ¢ nmpucoenunennsix BJI, Bo3pacTer ropasno MeHslle, 4em 3To Obu1o jis PY 220-
750 xB. ITosromy nmns PY 35-110 kB kackajgHas cxeMa IO3BOJIUT B Psje ClIydacB
0TKa3aThCs OT Tpoca 6€3 yXyIIIeHUs 3alUIIICHHOCTH 000pY10BaHHUS.



1.4, Xapakrtepuctuku OIIH, yctanaBiuBaembIxX Ha Bxoje PY
Jlns 3amanHoit koHcTpykumu (mpowmsBogutess) OITH BeiOop HaumbosbIiero
pabouero wHampspkenuss OIIH wu  ero yaenpHOW oSHepruu (TOKa MPOIMYCKHOMN
CIOCOOHOCTH) TPAKTUYECKU OJHO3HAYHO OIPENENIIOT OcTaimbHble mapamerpbl OITH.
[Tostromy BbeIOOp OIIH cBOguTCs K OmNpeneseHrio ero HauOoNbLIero pabodero
HanpsokeHus U,,, M YICIbHOH DHEProeMKOCTH W, C IOCIEAYIOIIEH MPOBEPKOM

COOTBETCTBUS TPOYMX XapaKTEPUCTUK (OCTAIOIIMXCS HANPSDKEHUH M JIp.) BHIOPAHHOTO
tuna OITH KOHKpETHBIM yCIIOBUSM 3KCILUTyaTalUH.

HauGonbmee pabouee nanpspkerne OITH na BJI 35-750 kB BbiOMpaercs Takum
xe, kak u st OIIH B pacnpenenurensHoM ycTpoiictBe. Mckimtouenue cocrasisitor BJI
500-750 kB mmunoi Gosee 200-300 kM, mpu ycraHOBKe Ha KoTopbie U,,, (a Takke

W, ) onpezensercs B pe3yibTaTe CHeHalbHBIX PaCYeTOB.

[TogpoOHee octaHoBUMCcs Ha xapaktepuctukax OITH nmo nomyctumoi sHepruu u
TOKy. CHcTemMa MOJIHUEOTBOJOB MCKIIIOYAET MpsAMbIE YIapbl MOJHUU B 000pYyJOBaHUE
pacnpeaenuTeNbHbIX YCTPOUCTB, a 3Ha4YUT U B ycraHoBieHHble Tam OIIH. B cnyuae
ycranoBkn OIIH Ha omopax BJI cTaHOBATCS BO3MOXHBIMHU NIPSIMBIE yAapbl MOJHHUH B
OIIH, T.e. CylIeCTBYET pealbHbId PUCK BBIXOJA W3 CTPOS 3TUX 3AIIUTHBIX almapaToB.
OcobenHo Takoil puck Benuk B ciaydae ycraHoBku OIIH na BJI, He ocHamieHHBIX
IrPO303alIMTHBIM TPOCOM, TaK KakK B 3TOM CIlly4ya€ MHOTME Yynaapbl MoiHUM B BJI
OPUXOASATCS HE Ha 3a3€MJICHHBIM TPO303alllUTHBIN Tpoc, a B (a3Hble mMpoBoja, T.e.
dakTruecku HenocpeacTBenHo B OITH.

Cumwxenne pucka nospexaenus OITH 35-750 kB B ciyyae ux nmpuMeHEeHHs Ha

BO3IyIIHBIX TUHUAX 35-750 kB nmocturaercs:

— coBMmecTHBIM npuMeHeHreM OITH ¢ rpo3o3amuraeiMu Tpocamy,

— BbIOOpoM OITH ¢ TOBBINIEHHBIMU JHEPrOEMKOCTBIO U JOMYCTUMBIMHU
UMITYJIbCHBIMU TOKaMU;

— yBenuyeHueM uucia onop BJI, Ha koTopsix yctanoBieHbl OITH, Tak kak 310
MPUBOJUT K CHUYKEHHIO BBIJICTISIONICICS SHEPTrUU B OJIHOM ammnapare 3a CHeT
pacceuBaHus dHepruu paspsana moidnun He B oaHoMm OIIH, a B Oomxbiiom
KOJIMYECTBE pabOTAIOIINX MMapajieIbHO anmnapaToB.

Konkpernoe 3nauenue sneproemkoctd OIIH ana BJI 35-750 kB 3aBucur ot

MHOTHX (paKTOpPOB (HAmpUMep, OT HATUYHSI TPO30TPOCa):

— ecnu  TpocoBas 3amuta ecth (puc.5), TO 3Heproemkocts OITH,
yctanaBiuBaeMoro Ha BJI 35-750 kB, moxeT ObITh NMPUHSATA TaKOM ke, KaK U
st OITH B pacnpenenuTesibHOM YCTPOMCTBE; UCKIIIOUEHHE cocTaBisaoT BJI
500-750 kB mmnnoit 6onee 200-300 kM, mpu ycTaHOBKe Ha KoTopele W, (a

Takxke U ,,, ) ONpeaenseTcs B pe3yIbTaTe CIeUAIbHBIX PACUYeTOB;

— ecJIM TpocoBas 3amuTa He ycraHoBjieHa (puc.6), To sHeproemkocts OITH,
ycranaBnuBaemoro Ha BJI 35-750 kB, He pekoMeHayeTcs MpUHUMATh MEHeEe
W,, =4 kJlx/kB (no oqHoMy UMIyIbCy, IpuBeeHa K U, ).

Jns obecneuenus HaaexHou padotel OITH na BJI 35-110 kB, ycranaBimBaemMbIx
Mpy OTKa3e OT TPOCOBOM 3alllUThl Ha Mojaxoaax k PY, pexkomenayercs cxema puc./,
coueraromas B cebe cxembl puc.5 u puc.6. Haubonee omacust ans OITH Tonpko yaapsl
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MOJIHUM B HEMOCPEJCTBEHHON OT HEro OJM30CTH, T.. B TOuky 1 Ha puc./, oaHAKO
Hanuuue Tpoca Haa OITH cyniecTBEHHO CHUKAeT BEPOSTHOCTh TAaKOro yaapa. Y aapbl
MOJIHUU B TPOC M omnopbl (Touku 2,3,5 Ha puc.7) HE MPEACTABISIOT OMACHOCTH JUIS
OIIH, Tak kak SBJISAIOTCS yAapaMd B 3a3eMJICHHbIE KOHCTPYKIUH U, MO3TOMY, HE
npuBoAAT K mporekaHrnto B OITH GonpmiMx MMITYyJIbCHBIX TOKOB. YJapbl MOJHUHM B
(a3HBI TPOBOJAa HA MEPBOM HE3ANMIIEHHOM TpOocoM mpojieTe (Touka 4) BepOsSTHBI
(3TOT mpoJieT He 3alMIIeH TPOCOM), OJJHAKO HE MPECTABISIOT 0COO0N OMACHOCTH IS
OIIH, Tak kKak ecau MOJHUS OblIa «MOIIHOK», TO CKOPEE BCErO MEPEKPOETC N3OS
BJI na onope Ne2, u OITH, ycranoBneHHbIi Ha onope Nel, Oynet uryHTUpOBaH.
Pacuetsl qys cereit 35-110 kB cBUAETENbCTBYIOT, UTO B CXEME pHUC./, HECMOTPS
Ha OTCyTCTBHE Tpoca (kpome Onmkaiiirero k PY mposnera BJI), 1ocTtaTrouHo MPUMEHSTh
OIIH, nmetomuii W, =2.0+3.0 kIx/kB (o ogHoMy ummyibcy, npuseneHa K U, ),

T.. OoOJamalmuii TOM XK€ »HeproeMkocThio, yto u TumoBo OIIH 35-110 kB,
ycranaBnuBaeMbiid B PY 35-110 kB.

/ \\
PacnpepenutenbHoe s,
YCTPOWCTBO LR
) ) < \‘ ‘\
< Onopa Ne2 RSN L L

Onopa Ne3 =T

Puc.7. O6ycrpoiicto 3ammrHOTro nmoaxoaa BJI k PY 35-110 kB, obecnieunBaroriee HaIeKHYIO
skcrutyatanuio OITH, ycranosnennoro Ha BJI.

1.5. HexoTopsle npeaBapuTe/ibHbie BIBOIbI
[IpoBeneHHBIC pacCy ACHUS MMO3BOJSAIOT CAENATh CIEIYIOLIUE MpeBAPUTEIbHbIC
BBIBOJIbI, TpeOytolue Oojiee AeTAIbHOIO OOOCHOBAHMS, KOTOPOE MOKHO BBIMOJHUTH,
HAIIpUMEp, MPU TMOMOIIM TOJPOOHOTO KOMIIBIOTEPHOTO MOJEIHUPOBAHUSI T'PO30BBIX
IIEPECHANPSKECHUM!

— KacKaJHble CXeMbl pekoMmeHmytorcs mius Bcex PY 35-750 kB  kak
BBICOKO(D(DEKTHBHBI Ccroco0 3amuThl 00OpYAOBaHHS OT TPO30BBIX (U
KOMMYTAIMOHHBIX) TTEPCHAIPSKCHHIA;

— st HekoTopbix PY 35-750 kB kackajgHbie cXeMbl TO3BOJISIOT CHU3UTh JTUHY
TpocoBoro noaxonaa BJI k PY unu BoBce oTkazaTbcs oT Tpoca 6€3 3aMeTHOTO
YXYIIICHUS 3aIUIIEHHOCTH 000PY10BaHMUS.
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2. PACHETHAS MOJEJIb IJ1s1 AHAJIU3A
I'PO30BBIX TEPEHATIPSI)KEHUI

Hcnonp30BaHne KOMIIBIOTEPHOIO  MOZCIMPOBAHUSA IMEPEXOAHBIX IIPOLIECCOB
MO3BOJIUT OLEHUTH 3(P(HEKTHUBHOCTh KACKaIHBIX 3allUTHBIX CXEM II0 CPaBHEHHUIO C
TUIIOBBIMH, MPOBEPUTH 0OOCHOBAHHOCTH TpeOoBanuil [1YD k paccTaHOBKE 3alIUTHBIX
anmapatoB B PY u 00ycTpoiicTBY 3aluileHHbIX 10ax010B BJI.

JIns1 pacueToB I'pO30BBIX MEpPEHANpPsKeHU Ha oOopyaoBanuu PY wucnonb3oBaH
M3BECTHBIN KaHaJICKO-aMepUKaHCKUW iporpamMMHsbIi komiuieke EM TP (Electromagnetic
Transients Program [5-7]), mONOJHEHHBIA PSIIOM YHHUKAJIbHBIX CHCIHATA3HPOBAHHBIX
MOZYJIE, TO3BOJSIONIMX YYECThb BOJIBT-CEKYHIHYI0 XapaKTEPUCTUKY H3OJSLNH,
UMITYJIbCHYIO KOpPOHY Ha mpoBoaax BJI, craructuyeckue naHHbIE IO IapaMeTpam
UMITYJIbCa TOKA MOJIHUH.

PacimpeHHblil TONOJHUTEIBHBIMU MOJYJISIMU TIPOrpaMMHbI komruiekc EMTP
MO3BOJISIET MPOBOAUTH PacyeThl T'PO3OBBIX NEPEHANPSIKEHUM Ha 000PYIOBAaHUU TPHU
HOApOOHOM MOJeNMpoOBaHUM ImpoueccoB B PY coBmecTHO ¢ mpouneccamu B
npucoeauHeHHbIX BJI, T.e. paspaborannas Ha 6aze EMTP komnberoTepHas MOACHb s
aHalnM3a TPO30BBIX NEPEHANPSIKEHUA COCTOUT M3 MOJEIU PaCHpeAesIUTEIbHOTIO
YCTPOMCTBA U MOJEJIEN ITPUCOEAUHEHHBIX BO3IYIIHBIX JJUHUN JIEKTPOIIEPEIayu.

2.1. Moaeab pacnpenejuTeJTbHOr0 YCTPoOiicTBa
[Tepexon or peanbHOM cxeMbl PY K pacuéTHOM HKBHUBAJIEHTHOM CXEMeE

OCYIIECTBJICH C YYETOM ONPEACTEHHBIX MPABUI U IOy ICHUIA:

— Cuuratorcs MNpeHEOPEeKMMO MalbIMU IOTEPU B MPOBOAAX W 3€MIle, a TaKkKe
npeHeOperaeTcs BiausiHueM cocenHux ¢a3 (PY cmonmenupoBano B omHO(a3HOM
nocTaHoBke) U 3(p(eKToM KOPOHBI Ha MPOBOAAX OMIMHOBKU PY (KopoHa Ha JUHHH
yureHa). Bo3mokHOCTM — mporpamMmHoro  komrmuiekca EMTP  mosBossitoT
mMozenupoBaTh PY B Tpexda3Hoil mOCTaHOBKE, OHAKO PsJl KOHTPOJIBHBIX PACYEeTOB,
a TakXke JaHHbIe [2] CBHIETEIBCTBYIOT 00 OTCYTCTBHHM TaKOW HEOOXOJIMMOCTH IS
pELICHUS MTPAKTUYECKUX 3a7a4.

— YuyuTeIBasg TO, UYTO pacyeT I'PO30BBIX NepeHanpskeHud B PY mpu oTkaze ot ydera
BOJJHOBOI'O  XapakTepa IMPOLECCOB  MOXKET IMPUBECTH K  CYIIECTBEHHBIM
norpemHocTssM [8], y4acTKu OIIMHOBKH, COCAMHSIOIINE OOOPYI0BaHHE, MPUHATHI
OJIHOIIPOBOJHBIMU JIMHUAMHM 0€3 TMOTepb 3aJaHHOW JJIMHBI M MOJECIHUPYIOTCA
BOJHOBBIMH mapamerpamMu [1,8] (BOJIHOBBIM COMpPOTHBICHUEM Z U CKOPOCTBIO
pacOpoCTpaHEHHs] DJIEKTPOMArHUTHOM BOJHBI, KOTOpas NPUHUMAEMCS pPAaBHOU
v=300 m/MKkc). BoiHOBOE conpoTHBIcHHE Z ONIMHOBKH 3a/JaeTCsl 10 JaHHBIM [1] B
3aBHCUMOCTH OT KJIacCa HOMUHAJIBHOIO HanpskeHus PY.

— TpanchopmaTopsl U Ipyrue BHICOKOBOJIBTHBIC alapaThl 3aMEHSIFOTCS X BXOJIHBIMU
EMKOCTSIMH, YCPETHCHHBIC BEJIMUMHBI KOTOPBIX yYKa3aHsl B [1,9].

— HenuHelWHBIM OrpaHUYUTENL NEPCHAINPSHKEHUH  MOJCIUPYETCA  HEJIMHEUHBIM
compotuBiienueM [10], BoJbTaMIlepHas XapaKTEPUCTUKA KOTOPOTO 3aJacTcs
BelpaxeHueM U = Al“. [Iloka3arenp creneHn o U1 aHAIU3a TPO30BBIX
nepeHanpsskeHuil npuHuMaetrcs o =0.08, a kodpduiMeHT A omnpeaensercs o
OJIHOM M3BECTHOW TOYKE BOJIbTAMIIEPHOW XapakTepucTuku monaenupyemoro OITH, B
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KauecTBE KOTOPOW, KakK IPaBHIIO, HUCIOJIb3YETCA OCTAaIOIIeecsl HaIpsKEHHE Ha
ummybce Toka 8/20 Mke ¢ MakcuMaibHbIM 3HaueHHeM 10 KA.

— HWmnynecHoe compotusiienue 3azemiieHuss OIIH npuHuMaeTcs paBHBIM HYJIHO.
Coenunurensubii  nuterid wmexay OIIH wu  ommuoBkoit PY  momenupyercs
COCPEIOTOYEHHOW HWHIYKTUBHOCTBIO, BEJIMYMHA KOTOPOW OIpPENENACTCS IIUHOU
nieida u ero MOroHHOM MHAYKTUBHOCTHIO (puHsTa paBHOM 1 MK[ H/M).

— Cornacao [11] cuuTaercsi, 4TO IS M3OJSAIMH OOOPYNOBaHHS B DKCIUTyaTalluu
JIOIYCTUMO BO3/IEHCTBHE IPO30BOI0 MEPEHAIPSIKEHUS C aMIUTUTYI01 He OoJiee

u,, =110,,-080,,,), D
rae U,, — HCIBITATEIbHOE HAIPSKEHHUE IOJHOTO I'PO30BOT0 MMITYJIbCAa HOBOTO

obopymoBanus 1o [12], U, — HOMHHAIbHOE HaMpsKEHHE O000pPYIOBaHUS.

HOM

JlommycTuMble KpaTHOCTH T'PO30BBIX MEPEHAINPSKEHUN CUUTAIOTCA OJUHAKOBBIMU
BHE 3aBHCUMOCTH OT (DOPMBI HUMITyJIbCa TPO30BOIO TNEPEHANPSIKEHUS Ha
U30JISIHUU 000PYIOBaHUS.

2.2. Mopaesab npucoefuHeHHbIX K PY BO3AyIIHBIX JTMHUH

B kaxaoM pacueTHOM cilyyae ynaapa MOJHMM B Ty uind uHyro BJI Bce
MpUCOeINHEHHbIE K PY BO3MylIHbIEC JIMHUY YCIOBHO Pa3esiiOTCS Ha ABE TPYIIIIbIL:

— BO3JyIIHAas JIMHUA, ¢ KoTopoil Ha PY wHaberaer rpo3oBasi BOJHA, BbI3BaHHAS
pa3psI0M MOJTHUH B OTIOPY, TPOC Wik (ha3HbIi poBoa 3Tol imanA (puc.l);

— OCTaJIbHbIE BO3YIIHbBIC JINHUMU.

I[lonxon x PY BO3gymHONW JMHUM, OTHOCAINEMCS K TIEPBOM TpYIIIE,
MOJENUpYyeTCsl MOAPOOHO B Tpex(azHOW MOCTAHOBKE B COOTBETCTBUM CO CBOUMH
KOHCTPYKTHUBHBIMH OCOOCHHOCTSIMHU (THII OIOPBI, JIJTMHA MPOJICTa U MPOY. — CM. HHIKE).
Bo3znyuiHabie JIMHUY, OTHOCSIIIUECS. KO BTOPOU Ipynne, MOACIUPYIOTCS YIPOUIEHHO, T.€.
AKTUBHBIMM COINPOTUBIICHUSIMH, PABHBIMU BOJIHOBOMY COMNPOTHUBIIEHHUIO (Da3HOTO
npososa [2].

Omnopa BJI. Ha nogxonax k PY Bce onopsl mospodHo Moaenupyemoit BJI moryt
OBITH IPUHSITHI:

— OJWHAKOBBIMH, COOTBETCTBYIOIIMMH THUIOBOW KOHCTPYKIMU MPOMEXKYTOUYHOU
omnopsl, HauboJsiee MMPOKO HpumeHsieMor ana BJI paccmaTpuBaemoro kiacca
HOMMHAJIBHOTO HANPSHKEHUS,

— Ppa3JIUYHBIMH, XapaKTEPHBIMU 11 KOHKpeTHOU BJI Ha moaxoxne k PY.

B nmro0oM U3 nByX yKa3aHHBIX CIy4yaeB MOJENb KaXJI0W OMOphI, YCTAHOBJICHHOU
Ha noxoae BJI x PV, npeacraBnser coboit HabOp MHAYKTHBHOCTEH [1], BeaMuMHBI
KOTOPBIX OIpPEeNICHbI C UCIOJIb30BAaHMEM HM3BECTHON reomeTpuu omnopbl (cMm. [13]) u
MOTOHHBIX MHAYKTUBHOCTEH omop (okono 0.5+1.0 Mk['H/M 1o [1]); kaxmgas omopa (cMm.
puc.13) 3a3emiieHa yepe3 aKTUBHOE COMPOTHBJICHHWE, MOACTUPYIOIIEE 3a3eMIISIOIIEe
YCTPOMCTBO. BelnunHa CONPOTUBIIEHUS 3a3€MIICHUS OITOP KaXKIbI pa3 OrOBapUBaETCA
OTAEIBHO.

B HopMaTuBHBIX JoKyMeHTax [3] W TPOTOKOJAX HM3MEpPEHUH, Kak IPaBHIIO,
YKa3aHbl COMPOTUBIICHUSI ONOP PACTEKAHUIO TOKA, MOJYYEHHbIE METOAOM «BOJBTMETP-
aMIIepMeTp», OJHAKO MJI1 pacueTa T'PO30BBIX MEepeHANpsiKEeHUU TpeOyeTcs BeluyrHa
MMITYJILCHOTO CONMPOTUBIIEHUA onop. C HEKOTOpOW MOTPEIIHOCTHIO HMITYJIbCHOE
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CONPOTHBIICHUE 3a3€MJICHHSI OIMOPhI MOXXHO TPHHATH PaBHBIM COMPOTHBIICHHUIO
pactekanusi. Takoe JOMyIIeHHE BO3MOXKHO, IIOCKOJIBKY C OJHOW CTOPOHBI B
UMITYJIbCHOM PEXUME U3-32 MPO00sI TPYHTOB MPHU OOJBIINX UMITYJIbCHBIX TOKaX 4yepe3
ornopy Kod(pPUIMEHT UMITyJIbca CTAHOBUTCS MEHBINIEC €IUHUIILI, C APYrod — B TaKOM
peKMME CKa3bIBAeTCA WHAYKTHBHOCTH JIy4ed 3a3eMJIUTENs, YTO YBEIUYHBACT
kodhdunmeHT umiynsca. B utore ymomsHyThie (aKTOPhI B 3HAYUTEIHHOU CTETICHU
B3aMMHO KOMIICHCUPYIOTCS.

da3Hble MPOBOAA M TPOCHI. Bo3ayIHas TUHUSA TPEACTaBICHa COBOKYITHOCTBIO
pacrojoKEHHBIX MEXAy omopamu ydactkoB BJI (mposetoB). Kaxknubiii ydactok
(mpostet) BJI Momenupyercss MHOTONPOBOIAHON JMHHEH, COCTOSIIEH U3 (a3HBIX
IIPOBOJIOB M TPOCOB, B3aHMMHOE PACIOJI0KCHHE KOTOPBIX 3a7acTCS B 3aBUCUMOCTH OT
BBIOPAHHOTO THUIIA OMOPBI C YYETOM JUTMHBI THUPJISHIBI M30JATOPOB. JIJIMHA MPOJIETOB
MOJKET OBITh MPUHSATA!

— ycpennenHo (Hampumep, o nanueiM [13]), pasHoit mis BJI 35, 110, 220, 330,

500, 750 kB, cootBetctBenno, 250, 300, 350, 400, 450, 500 m;

— peasbHOM, uMeromend Mecro maa BJI, mpucOenMHEHHBIX K KOHKPETHOMY
paccmarpuBaemoMy PVY.

N3oasimus BJIL. [lepexpoitre uzonsuuun BJI 35-750 kB Haubosee BeposiTHO Ha
OMope, BIOJb THUPJISHIBI H30JATOPOB, T.€. TaM, TJ¢ DJCKTPUYECKas IPOYHOCTH
IPOMEKYTKA «IPOBOI-3eMJIsI» (KIIPOBOJ-TpaBepca») MHHHMMaJbHA. B03MOKXHOCTH
NEPEeKpPhITHS ~ JUHEHHOW  W30JMAIUA  TPH  Pa3IMYHBIX  BO3JCHCTBYIOIINX
NepEeHANPSHKEHUSIX ONPEEIIIeTCsl €€ MPOYHOCThIO, KOTOpast 3a/1a€TCs BOJIbT-CEKYHTHON
xapaktepuctukorr (BCX) [1,14]. Tlpu Bo3xmelcTBUsX, 1m0 QopMe ONM3KUX K
CTaHIapTHOMY TIpo3oBomy wummynbey 1.2/50 mkc, cormacHo [14] BoOnbT-CeKyHIHAs
xapakTepucTrKa (B KB) onuceiBaeTcst BeIpaKeHHEM

() =K, + 5% 2
rjae t —npeapaspsgaHoe Bpems (B MKc), a KoapduiueHTsl K, 1 K, HaXOIATCS IO JITTUHE
THPJISTHIBI U30JITOPOB L (BhIpa)keHHOM B MeTpax) Kak K, =400-L, K, =710-L. JlnuHa
TUPJISTHIBI U30JIATOPOB MOXKET OBITh IPUHSTA!

— ycpennenHou (Hampumep, o manueiM [13]), pasHoit mis BJI 35, 110, 220, 330,

500, 750 kB, coorBeTcTBEHHO, L=0.7 M, L=125M, L=23 M, L=30 M, L=4.0

M, L =6.0 M; MOJTy4eHHbIE TIPU TAKWX JJIMHAX BOJIBT-CEKYH/IHBIE XapaKTCPUCTUKU

rupistHa u3onstopoB BJI 35-750 kB 0mu3ku k pekomenaanusm [1];

— peanlbHOM, wuMeromerdn Mecto i BJI, NpuCOeIMHEHHBIX K KOHKPETHOMY
paccmarpuBaemomMy PY.

NmnyabcHasi kopoHa Ha npoBoaax BJIL. Ilo ganneim [2,11,15] nuHamuyeckas
€MKOCTh OJIMHOYHOTO KOPOHHUPYIOIIErO0 IPOBOJIa OMHUCHIBACTCS AMIIUPUUYECKOMN
dbopmyIoii:

C, :CO[1+§A(u* - )2’3]

rae u =u/U,, — MFHOBEHHOE 3HAa4YCeHUE HANpsDKEHHE Ha MPOBOJIE B OTHOCHTENBHBIX
equHunax, U, — HavaJbHOE HamNpsDKeHHE OOIIed KOpPOHBI, A — SMIHUPUYECKHIM
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KOO (QUIIUCHT, 3aBUCSIIMKA OT MOJSIPHOCTH HampspkeHus: Ha mpoBoge (4% =0.78,
A9 =0.375).

Emkocth C, — cOOCTBEHHas €MKOCTb HEKOPOHHUPYIOLIEro IMpOBOJA, KOTOpas
MOKET OBITh OIpe/iesieHa Yepe3 NOTEHIHAbHBIN KO3 (UIIMEHT

1 2h
o= In| — |,
272-80 Raxs

c-1,
o

n—1 \/n V)
rae R, =(n-r,-R™)'" — sxBuBameHTHBIH pagmyc pacmiemieHHoro mposoxa [1], r, —

paauyc OJHOrO MPOBOJA, N — YKUCIO MPOBOJOB B PACLICIIICHHOM, Rzglsin(zj —
n

panuyc pacuieryieHus MpoBoJia, D — mar pacuieryICHuUs.
HavaneHoe HamnpspkeHHne o0Ieit KOPOHBI OIpeieieHO BhipaxkeHueM [2,11,15]

r,n
UHalt = 27[80m0E s

“ k,C'
rae m,=0.82 — KO3(pGUIMEHT HETJIaJKOCTH MpoBoja (I BUTOTO MTPOBOMAA); f, —
paauyc TpoBOJa;, N — YKHCIO MpoBoaOB B (aze; C — cpenHsaAs €MKOCTb ¢asbl;
E, =29+33=31 kB/cM — HauanbHas HANpPSHKCHHOCTh DICKTPUYECKOrO OIS,

k,=1+(n-1)-r,/R — o0o3HaUCHNE
COMHOXHUTENS (POPMYJIbI, OOYCIIOBJIEHHOTO PAaCYeTOM BIICKTPOCTATHYECCKOTO OIS
PACIIEIICHHOTO TPOBO/IA.

TunoBsle 3HaUEHHWs 4YKCIa MPOBOJOB B pacileryieHHoN (a3ze n u paguyca r,

COOTBCTCTBYIOIIIAA ITOABJICHHUIO KOpPOHBI,

COCTABJISIFOIIUX MPHUHATHI 110 [16], a pe3yabTaThl pacdyeToB, BBINIOIHEHHBIX TP h=15 M,
D =0.4 M, npuBeneHsl B Tad.1.1.

Tabnuma 1. MicxonHble faHHBIE )i pacueTa eMKOCTH KOpOHUpYIolero nposoja BJI.

U, kB n Iy, CM R, em | Cp,nmd/Mm | U, ,xB
35 1 0.76 0.76 6.7 160
110 1 0.86 0.86 6.8 178
220 1 1.26 1.26 7.2 249
330 2 1.38 7.43 9.3 394
500 3 1.38 13.02 10.2 511
750 4 1.46 19.07 11.0 650

B nporpammuoM kommiiekce EMTP umnynbcHas kopona Ha mnpoBomax BJI

ydTeHa MPHU TOMOIIH JTOTIOJTHUTEIIEHBIX COCPEIOTOYCHHBIX eMKOCTEH (B JIOTOIHEHUE K
COOCTBEHHOW pacIpe/ielieHHOW eMKOocTH C, (a3HOro mpoBoja), BKIHOYACMBIX MEXKITY

(ba3HBIMU TTPOBOJIAMHU U 3€MIICH
5 (- 2/3 . 0.667
c,™™ =c, —CO:CO{gA(u ~1f"° |=c,e67Au 1) (3)
Tak Kak BCe MOJHHUH CYHMTAIOTCS oTpuiareabHbiMu [1,17], To mocTaTo4yHo
MOJICTUPOBaTh HMMITYJIBCHYIO KOPOHY TOJBKO TIpU OTPHUIATEIBHON TMOISPHOCTH
HarnpspbkeHus: Ha (aszHoMm mpoBojsie. B pacuetHoit moaenmn EMTP cocpenoToueHHbie
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E€MKOCTH, MOJCIUPYIOIINE HUMITYJIbCHYI0 KOPOHY TIPH OTPHIATEIBHON IMOJISPHOCTH
HanpsDKEHUsT Ha (a3HOM IMPOBOJEC, NMPHCOSAMHEHBI K (ha3HbIM mpoBogam BJI Ha
pacctossHuU | IpyT OT ApyTa; B Ka4eCTBE BXOIHBIX MapaMeTPOB HEOOXOIMMO 33/1aBaTh
kiaacc HanpspbkeHus gwamn U, (kB), amuny yuactka jwamm | (M), I KOTOPOWM

HOM

BBIYUCIIACTCA CMKOCTD CO| . Jlanee, HCIIOJB3Yys KJIACC HAIIPSKCHUA JIMHHUU ) u

HOM

nanueie Ta01.1, nporpamma EM TP onpenenser 3nauenust C, u U, .
Ha xaxngom mare pacuera B EMTP B kaxaom j-M Ojoke, MOJEIUPYIOIIEM
KOpPOHY, C HCMOJb30BaHMEM €MKOCTH Cy ¥ MIHOBEHHOTO 3HAYECHUSI HAIpPSKEHUS

u; =u, /U M3MEpPEHHOI0 Ha TMPOBOJAE B MeECTE pa3MelleHus j-ro OJoKa,

Hau 1

OCYLIECTBJISICTCS. KOPPEKTUPOBKA YUYUTHIBAIOUIEH KOPOHY E€MKOCTH (Cd EMTP )J. B

COOTBETCTBHUH C BBIpakeHUEM (3).

B nporpammHoMm komiuiekce EMTP yureHo BiausiHME HMMIYJbCHOM KOPOHBI
TOJIBKO Ha ()POHT pacCHpOCTPAHSAIOMIMXCSA OT MecTa yaapa MojaHuu B BJI rpo30oBbIX BOJIH
HaANPsDKEHUS] OTPULIATENIbHOM MOJISIPHOCTH, @ UCKAXKEHUSI «XBOCTOBOI» YacTU UMITYJIbCa
HE Yy4YTeHbl. OJTO JOCTUTHYTO 3a CYeT MOJAKIYEHUs K (a3HbIM IPOBOAAM
MOJICIMPYIOIIMX KOPOHY JMHAMUYECKUX EMKOCTEH (C,,EMTP)j yepe3 AMOAbl, KOTOpbIE
NO3BOJISIIOT MPOTEKaTh MMIYJBCHBIM TOKaM C OTPUUATEIBHO 3apsKEHHOro (pazHoro
OpOBOJAa B HE3apsIKEHHbIE TOJKIIOYEHHbIE €MKOCTH, HO MCKJIIOYalT o0paTHOe
HaIpaBJIeHUE MPOTEKaHUsI TOKA.

2.3. MoaeJupoBaHue UMITYJIbCA TOKA MOJHUM

[Ipyu pemeHun 3amad rpo303alIUTHI A MOJEIMPOBAHUA TOKA MOJIHUHM YacTo

UCIIOJIb3YETCSl IBYXOKCIOHEHIMATbHBIN uMITyJTbC [1,18,19]

() = 7+ 1, - [EXP(-a) — exp(-b1)],
e a U b omnpenensioTcs CKOPOCTSAMHM HapacTaHUsi M cHaja TOKa MOJHUM, ) —
KOPPEKTUPYIOMIUN (HaKTOp aMILUTUTY Il TOKA MOJTHUU.

HatypHble ocuuuiorpaMMbl TOKOB MOJIHUHM [1] CBUAETENBCTBYIOT O HAJTHYUH
HYJIEBOW HA4YaJbHOW MPOU3BOJHOM, B TO BPEMS KaK JBYX3KCHOHEHLMAIbHBIA UMITYJIbC
MMEET MPOU3BOJHYIO OTJIIMYHYIO OT HYJISl B HaYalbHbII MOMEHT BpeMeHH. [lorTomy B
Pa3TUYHBIX MYOIMKAUAX TPEITI0KEHO OO0JbIIOoe KOIMYEeCTBO 00eCIeunBaIOIINX
HYJICBYIO HAYaJbHYIO MPOU3BOIHYIO (DYHKIHM, MOJAETUPYIOMUX (HOPMY TOKa MOJTHUHU.
Hampumep, wacTto BcTpewaromieecs BBIpaKEHHE, 00€CIeUnBaIOIIee HYJICBYIO
npou3BoaHy0 [18,19]

it) =';";Xx(t>- YO = - 20 YD), (4)

(t/t)" t .
rae x(t)=-——-"—, y(t)=exp —— |, n —HOapaMeTp, ONPEACIIAIOINN KPYTU3HY BOJIHEIL.
1+(t/t)" t,

COHpOTI/IBHeHI/Ie KaHaJla MOJIHUHU COCTABJIICT 11O PA3JIMYHBIM OLICHKAM BCIIMYUHY
3001500 Om [1,17].
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2.4. CTaTUCTUYECKUI MeTOo/, HCIO0JIb3YyeMblil VISl aHAJIU3a IPO30BbIX
NepeHanpsKeHnii Ha 000PyA0BaAHUH

Yaap monauu B (da3Hbii mpoBoa BJI mpuBOAMT K BO3SHUKHOBEHHIO TPO30BOM
BOJIHBI, KOTOpasi, paclpoCTpaHssICh B 00€ CTOPOHBI OT MECTa yJiapa MOJHHUU B JMHHUIO,
HaOeraer Ha PY. HaumbGonbumryto omacHocTh ansi obopynoBanus PY mpencraBmisioT
HaOerarIKe rpo30Bble BOJHBI HAIPSDKEHUS ¢ OOJIBIION KPYTU3HOM (PpOHTA U OOJIBIION
ammuatynoi. CoryacHo [1,2] amruinTyaa HaOeraronMx BOJH OrpaHUYCHA UMITYJIbCHOM
npoyHOCThIO n3ossAuu BJI, a kpyTu3Ha ¢ppoHTa — ACiCTBUEM UMIYJIbCHOM KOPOHBI Ha
IPOBOJAX. YYMUTHIBasg JCHCTBUE HMMIYJIbCHOM KOPOHBI, YJAJEHHBIE Ha HECKOJIBKO
KUJIOMETpOB OT Bxoja PY ynapel monnuu B npucoeanHeHHsie BJI yxxe He crocoOHbI
BBI3BATh HA U30JIALIMKU 000PYAOBAHMS OMACHBIE I'PO30BbIE IEPEHANPSIKEHUS U, IOITOMY,
HauMOOJBIUIYIO OMACHOCTh g oOopynoBanus PY mnpeacTaBisiioT Ipo30BbIE BOJIHBI,
BbI3BaHHbIE ONMM3KMMU K PY ymgapamu MoJHHMM, T.€. yJapaMd B 30HE <«OIACHOIO»
noaxoja.

JIst CHYDKEHUS 9ucia yaapoB MOJIHUM B (pa3HbIe PoBoJia Ha moaxoaax k PY nHa
MPUCOCIMHCHHBIX JIMHUSAX YCTAaHABIMBAIOTCS TI'PO303AlIUTHBIC (MOJIHHE3AlIUTHBIC)
tpochl [1,3]. Yapbl MOTHUHM B TPOCOBYIO 3aIIUTY B Psi/ie CIy4aeB MOTYT IPUBOJIUTH K
OOpaTHBIM MEPEeKPHITUSM C Tela onmopsl Ha (asHble mpoBoja. B Takux ciaywasx Ha
(a3HbIX MpoBOJaX 0OpPa3yIOTCsS BOJHBI BBHICOKOW KPYTH3HBI (PPOHTA, KOTOPHIE MOTYT
BBI3bIBATh HAa M30JsIUMU 000pyaoBaHus PY onacHble rpo30BbIe NepeHANPSHKEHUS.

Pa3paborannas B EMTP mognens juist pacdera rpo3oBBIX MEpEHANpPSKEHUN Ha
o0opynoBaHuu PY yuuTBIBa€T CTaTUCTUYECKYIO MPUPOIY MApaMETPOB UMITYJIbCa TOKA
MOJIHUH | yaaleHHocTH oT PY Mecta ynapa monauu B BJI (B dasHblil mpoBo, B TpOC, B
oropy):

1. BriOupaercs i-s nuHust u3 N, TPUCOCAUHEHHBIX K PY BO31yIIHBIX TUHUM.

3aaeTcs pacueTHBIN ciiydai (yaap MOJHUY B TPOC, B OTIOPY, B (ha3HBIH MPOBO/).

3agaercs pacCTOSHUE X OT MECTa yAapa MOJHHUHM B JIMHHIO 10 Bxoja PY.

JUis  BbIOpanHOro ciydags B noapoOoHoii EMTP-momenn PY  MHOrokpartHo

NOBTOPSIETCA pacyeT IPO30BbIX NEpeHaNpsKeHU Ha o0opyaoBaHuu. B kaxaom u3

pacueToB MapaMmeTpbl MMITyJIbca TOKa MOJHUH ((popmMa HUMITYJIbca OIMUCHIBACTCS

BeIpaKEHUEM (4)) NPUHUMAIOTCS C YYE€TOM BBIOPAHHOTO 3aKOHA paclpeieiCHHS

apaMeTpoB TOKA MOJIHUH.

5. DuKcUpyeTCs YHUCIO T'PO30BBIX IMEpPEHAINpPsKEHUH Ha KOHKPETHOM OOOpYIOBaHUU
PY (mampumep, Ha CcHJIOBOM TpaHC(hOpMATOpe) C MaKCHUMAJIbHBIM 3HAYCHHUEM,
IPEBBIIAIOIIMM  JOIYCTUMOE  3HA4YCHUE U aMIUIMTYZbl  TPO30BBIX

HWN

don

IEPEHANPSDKEHUI Ul OTOro 00OpyaoBaHMsA. IIONlyYEHHOE YHCIO OIACHBIX

HEPEHANPSHKEHUI COOTHOCUTCS ¢ OOIIUMM YKMCJIOM BBINOJHEHHBIX JKCIEPUMEHTOB,

YTO JIa€T BEPOATHOCTH IIOSABIEHMS OIACHBIX TIPO30BBIX IIE€PEHANPKEHUM Ha

KOHKPETHOM oOopymoBanuu PY mpu ygapax MOIHHMU B i-YIO IPUCOEAMHEHHYIO
. i o i

muHuto: P,'(x) (mpm ymapax B dasHblii nposoxn), P, .'(x) (mpu ymapax B omopy),

P... (x) (pu ynapax B Tpoc).

6. Ha ocHOBe MOIy4eHHBIX MU i -Oi HPHCOCAMHEHHON NHHUH 3aBucuMocteil P, '(x),

P '(x), P, . (x) onpemensercs HeobXxoaumas 1auHa |

onopa mpoc

3aUINCHHOIO TPpOCaMHU

onacH
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«OIMACHOr0» IMOJX0/a, 3a MpeaesiaMu KOTOporo yaapel MojiHu# B 3Ty BJI yxke He
BBI3BIBAIOT OMACHBIX IPO30BBIX MEepeHANpPsHKEHUN Ha 00opynoBanuu PY.

Ha ocHoBe wuHTErpupoBaHus [ i-OM NPUCOCAWHEHHOW JIMHUUA 3aBUCUMOCTEU
P '(x), P, '(x), P, '(x), HOIy4eHHBIX 110 PE3yJbTaTaM PacyeTOB JJis HECKOIbKHX

np onopa mpoc

onacH

3HAUEHUH PACCTOSHUS X, ONPENENIAIOTCA yCPeJHEHHBIE 110 JUIhHE |, ' «OmacHoro»
i =i

P

mpoc 1

—i
MMOJX0/J1a 3HAYECHU A Pnp , P

onopa 1 KOTOPBIC ABJIAKOTCA HCXOAHBIMH JaHHBIMHU JJIA

IMPOBCACHUA PACUYCTOB TI'OJOBOIo 4YHCIA OIMACHBIX I H30JIALIUN O60py,Z[OBaHI/ISI

nepeHanpspKeHu n o gpopmyie:
) I e | )]

n= 160 ’ 100 ’ lonacn ) nnp Pnp + nonopa Ponopu + nmpoc Pmpoc ' (5)

1

rae T, — YKCJIO TPO30BBIX YacOB B roJly B paiioHe pacrosiokeHusi PY (mo kapte

rpo3oBoii akTuBHOCTH u3 [1]), N — uumcio ymapoB (ma 100 xm mmuasl u 100
IPO30BBIX YacoB) MonHKMU B BJI Ha omopax paccMaTpuBaeMOil KOHCTPYKLMH, N, —

OTHOCHTEJIbHOE YHCJIO YJIapOB MOJIHUU B (ha3HbIM MpoBOJ (BEpOSTHOCTH MPOPHIBA
MOJIHUM Ha (a3HbIe MPOBOJA), N — OTHOCHUTEIIBHOE YMCJIO YIapOB MOJIHHM B

onopa

omnopy, n,,,. — OTHOCHTEIBHOE YMCIIO YAapOB MOJIIHMU B TPOC B CEPEAUHE IIPOJIETA.

Uucnosele 3HaueHuss N, n n n MOTYT OBITH OIpEAENIECHbl IO

np 1 onopa 1 mpoc

pexomenpanuam [1,11,14,20].

OmnpepensieTcss ¥ CpaBHUBAETCS ¢ pekoMeHaarusaMu [1] nokazarenr M =1/n (Unet)
3alUIIEHHOCTH o0opymoBanus PY (Hampumep, cuioBoro TpaHcdopmartopa) OT

IPO30BBIX MEPEHAIPSKEHUMN.
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3. MPUMEP PACUYETA I'PO30OBBIX IEPEHATIPSI)KEHU I
Pa3paGotannpie Momenu Il pacdyeTa TPO3OBBIX MEpPEeHANpPsDKEHHM — Ha
obopynoBanuu PY 35-750 kB ucnonb30BaHbl MpU BHIMOJHEHUU 11€JIEBOM MPOTPAMMBbI
OAO «®CK EDC» mno 3amMeHe BEHTWIbHBIX pa3psiAHUKOB Ha OTrPaHUYUTENH
nepeHanpsbkeHuid Ha mnoxactaHuusax B nepuon 2005-2006 rr., B paMKkax KOTOpOii
IPOBEJCHBI pacyeThl IPO3OBBIX MepeHanpsukeHuit Oonee yeM B cemunecsatu PY 35-750
kB na 35 moacranmmsx. Ha ocHoBe aHanmm3a MOTYy4YEHHBIX B MPOLIECCE BBIMOIHEHUS
9TOM  paboThl pe3yJbTATOB CHEJNaHbl 00O0OIIAIONIME BBIBOJALI  OTHOCUTEIBHO
3amuIIeHHocTH obopyaoBanust PY 35-750 kB oT rpo3oBbIX mepeHanpsiKeHHid, JaHbI
PEKOMEH/IallMK TI0 CITOco0aM ee MOBBIMIECHUS, a TAK)KE MPEITI0KEHUS TI0 KOPPEKTUPOBKE
TpeboBanuii [TY 3.
Huxe B kauecTBe WILTIOCTPALIM MTPUBEICHBI PE3yIbTaThl PACYETOB IPO303aAITUTHI
PY 500 kB noacranmuu «JIyu» (MIC Llenrpa). Beibop moacraniuu «JIyu», koTopas B
IIEJIOM SIBIIIETCS TUIIOBOM B CBOEM Kjacce, OOYCIOBJIEH TEeM, 4YTO U3 JIBYX
npucoeAMHEeHHBIX K 3ToM moxcraniuu BJI 500 kB Ha omHO# 3amuTHBIN ammapar Ha
Bxone PV ycranoBneH, a Ha BTopod HeT. Takum obOpazom, Ha mpumepe [IC «Jlyu»
ya00HO cpaBHUBATh 3(P(EKTUBHOCTh KAaCKaIHBIX CXEM, HMEIIMMX Ha BXxojue PY
3aIIUTHBIN anmnapar, ¢ THIOBBIMHU CXEMaMH, He UMEIOIIIMMH TaKOTO afrmapara.

3.1. Pacuer 10nycTUMBIX PacCTOSTHUI OT 000PYA0BAHMA 10 3AIIUTHHIX aANNAPATOB
B 3aBHCHMOCTH OT UX THINA

Cxema oTkpeITOro pacrpeaenureiabHoro ycrpoiictea 500 kB mnpuBeneHa Ha
puc.8. B PY ycraHoBaeHo 4  KOMIUIEKTa  3alllUTHBIX  anmapatoB  (y
aBTorpanchopmaTopoB AT-1,2,3 u Ha BJI «JIyu - Hmkeropoackas).

CocraBneHHasi C y4eTOM YKa3aHHbBIX BbllIe JomyieHui pacuetHas EMTP cxema
PY 500 kB mnpuBenena Ha puc.9: IJIWHBI Y4acTKOB OIIMHOBKU ONPEACIICHBI IIO0
pasmepHoii cxeme PY 500 kB u yka3zaHel B MeTpax Ha cxeMe pHc.9; eMKOCTH
aBrotpancopmaropoB  (AT), wu3MepHUTENBHBIX TpaHC(HOPMATOPOB  HAMPSHKECHUSI
anekrpomarautHoro (TH) u emkxoctHoro tmma (HJ/IE), BO3ayIIHBIX BBIKIIOUYATENCH
(BB), uamepurensubix TpanchopmatopoB Toka (TT), muuelnbix pazbeauaurteicii (JIP)
NPUHSATH ycpenHeHHbIME it 00opynoBarus 500 kB mo nanubM [1].

W3BecTHO, YTO MPOPBIBBI OTPHUIATEIbHBIX MOMHUNA Ha (azubiil nmposog BJI 500
kB Hanbonee BEpOATHBI MpHU MOJOXKUTEIHHON TMOJSIPHOCTH HANPSDKEHUS HA MPOBOJE
[21,22]. B cxeme puc.9 ymnpoumieHHO HE TOKa3aH MCTOYHHUK HAMPSHKCHUS
MPOMBINUICHHON YacTOTHI, 33al0IIUK HampspkeHue (a3HOTO MPOBOJAA Tak, YTOOBI Ha
MOMEHT yAapa MOJIHUU B (a3HbII TPOBOJ OHO COOTBETCTBOBAJIO aMILIUTye (pa3HOTO
3HaYeHHUs HamOoJjblIero pabdouero HampspkeHus cetu 500 kB (428 kB). [lanee mpu
pacdeTrax rpo30BbIX IepeHanpsikeHud B PY coBmectHo ¢ npucoeaunenHon BJI B psne
cllydaeB y4eT pabouero HampsoKkeHus OyIeT nmpousBeaeH (cM. cxemy puc.13).

B o6mem ciydae mpoBelieHHE pacueToB B cXeme puc.9 BO3MOXKHO C y4eTOM
paznuYusl BOJIbTAMIIEPHBIX XapaKTEPUCTHK YCTAHOBJIEHHBIX 3alllMTHBIX ammaparos,
OJIHAKO YIPOIIEHHO CYMTAeM, YTO BCE YEThIPE 3aIIMTHBIX ammapara, MoKa3aHHbIE Ha
puc.8 u puc.9, UMeroT OJIM3KUE IPYT APYTY BOJIBTAMIIEPHBIE XaPAKTEPUCTUKH B PEKUME
OTPAaHUYEHMsS] TPO30BBIX IEpEHANpPsIKEHUM. PacueTbl npoBeNeHbl I 3HAYCHUU
OCTAIOMIETOCs HAMPSHKCHUS Ha 3amUTHOM ammapare (mvmyibse 8/20 mkc ammmuryaoi 10
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kA): 900 kB, 1050 kB (ormeueno Ha puc.9), 1200 kB. 3nauenue B 1200 kB sBisiercs
OMU3KUM K 3allMTHOMY YypoBHIO paspsaHukoB [23] PBMI-500 u PBMK-500, a

sHauenus 1050 kB u 900 kB mepekpniBatoT AuMama3zoH OCTAIOUIUXCS HaNpsHKEHUN
coBpemennbix OITH 500 kB [1,24].

BI1-500 kB BN-500 kB
KocTtpoma-Ilyy Jlyy-Huxeropoackas

PBMK-500

JHITTH HOE-500
L L
iH1 I—_

TH-500 kB @— H 'Tﬁ H |___| b

licw

| | |
iH1 iH 1 iH1
B-500kB Il c.Lw.
TT-500kB Il c.w

iH1 HH iH1 iH1
| T ] i

H iH 1 H H i H |q

iH1 ! |
! IH iH 1

H H

TT-500kB(! c.w.
BB-500kB|lc.Lwu.

iH1 iH1 iH1

| ] |
iH1
I c.w. H 'T_ rP-500kB AT-1
iH 1 H
WHITITH> < WHITIIH> < THIH> <
PBMI-500 kB PBMI-500 kB PBMI-500 kB
AT-3 AT-2 AT-1
501 MBA 501 MBA 501 MBA

Puc.8. Cxema PY 500 kB T1C «Jlyu» (MOC Lientpa).

Ha puc.10-11 nmpuBeneHbsl pacueTHBIE OCHUUIOTPAMMBI TEPEHANPSIKCHUA Ha
cropone 500 kB aBtorpanchopmartopa AT-2 um nHa wm3mepurenbHoM TH-500 kB,
ycranoieHHoM Ha BJI 500 kB «Koctpoma - Jlyu», momydeHHbie B cxeme puc.9 B
ciyyae, korjaa Ha PY 500 kB o BJI «Koctpoma - JIyu» Haberaet kocoyroiabHasi BOJHA
HanpspkeHus ¢ amrumntyaoi 2500 kB u mmutenbHOCTRIO PpoHTa 1 MKC.
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Puc.10. [Tepenanpsixenns: Ha AT-2 B 3aBUCUMOCTH OT 3aIIUTHOTO YPOBHS BCEX YCTAHOBJICHHBIX B
PV zamutHeIX anmaparos (1200 kB, 1050 kB, 900 kB).
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Puc.11. [lepenanpsixenus Ha TH B 3aBUCHMOCTH OT 3aIlIMTHOTO YPOBHS BCEX YCTAaHOBJIIEHHBIX B PY
3anuTHBIX armnaparos (1200 kB, 1050 kB, 900 kB).

Ha puc.10 nokaszaHo, 4TO NpU CHMKEHUU 3aIUTHOTO YPOBHS OTpaHUYMUTEIICH
nepeHanpsubkeHnid  (pa3psaIHUKOB) MaKCHUMallbHbIC —MepeHanpspkeHuss Ha AT-2
cHmkatorca. Ha cHmkenue nepenanpsbkeHuii Ha AT-2 B mepByro odepellb BIUSET

22



CHUKEHHUE OCTAIOIIEroCs HAIPSKEHUsT OJMKANIIero K HeMy 3alllMTHOTO arrapara H,
YYUTBIBAS 3TO, CHUKEHUE OCTAIONIETOCs HANpsDKEHHWs 3alluTHOro amnmapara y AT-2
MO>KHO HCTIOJB30BaTh IS yBEJIMUEHUS paccTosHus Mexay AT-2 u ero 3anuTHbIM
anmapatom. ClieoBaTelbHO, 3aMEHAa BEHTHJIBHBIX DPa3psIHUKOB (TpeXxae BCero,
paspsaHuKa, yctanoBieHHoro y AT) Ha coBpemennbie OITH 1mo3BOJIAT yBEIHYUTH
JOITyCTUMBIE paccTOsTHUS MeXKAy AT 1 ero 3aiuTHBIM annapaToM.

Ha puc.11l mokazaHo, 4TO NpW CHIDKEHWH 3AIIMTHOTO YPOBHS 3allUTHBIX
anmapaToB MaKCHMMalbHbIE TepeHanpsbkeHus Ha TH He M3MeHSIoTCs, a Hamudue
3alIUTHBIX  amlmapaTOB  CKa3bIBaeTCS  YXe€ TOCiAe TOro, KaKk MaKCUMyM
nepeHanpsbkeHnid Ha 000pyAoBaHuU TOCTUTHYT. ClenoBaTeNbHO, 3aMEeHa JaKe BCeX
BEHTWJIBHBIX pa3psaHUKoB B PY Ha coBpemennbie OITH He mo3BomsieT yBeIMunBaTh
JIOITYCTHMBIE PACCTOSIHHSI 10 HanboJiee yaaleHHOTro o0opyaoBaHus PY.

Hnst  Toro, 4ToOBl YyYecTb BCE BO3MOXKHBIE COYETAHUS I1apaMeTPOB
HaOeraromux Ha PY rpo3oBbiXx BoH ((PpOHT, aMILTUTY/a, HAJIMYKE CPe3a), pacueThl
rpo3oBbix nepeHanpspkenuit s PY 500 kB T1C «JIyu» npoBeneHbl cTaTUCTUYECKUM
METOJIOM.

[Tycts mpucoeamnennsie BJI 500 kB BbeImoNHEHB Ha MPOMEKYTOUHBIX
xene300eToHHbIx onopax tuma [16-500-1, Baentawmii Bun KoTopsix [13] mpuBeneH Ha
puc.12.

[Mpumem mis BJI 500 kB [16]: das3usie mpoBoga 3xACO-400, pamuyc
COCTaBIISIONICH PACIIETUIEHHOTO MPOoBoAa F, =1.38 CM, YHCJIO COCTABISIIOMIMX N=3,

mar pacmeruieHuss D =40 cM; mapka Tpoca C-70, pagmyc Tpoca r =055 cwm;
pacueTHas crpena nposeca npoBoja f, =104 M, pacyeTHas CTpena mpoBeca Tpoca

f,, = 7.8 M; uuHa rposera 450 m.

27.2

Y
Puc.12. X/6 onopa BJI 500 kB tumna [15-500-1 o [13].

[Ipu cTaTUCTHYECKUX pacdeTax IPO30BBIX MepeHanpsbkeHuil B PY cxema puc.9
UCTIONB3YETCSl COBMECTHO C TMOApPOOHON mpuBeneHHOW Ha puc.l3 Mopaensio
npumbikaroniero k PY 500 kB yuactka BJI 500 kB, Ha koTOpOoM mOKa3aHBI
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CIICAYIOIIHNE 3JIEMCHTHI (<KOKMPHBIC» COCTMHUTEIIBHBIC JIMHUU OTBEUYAIOT TPeX(ha3HbIM
3JIEMEHTaM, «TOHKHE» — OJJHO(A3HBIM):

Yetsipe mposera (KaxIplid IpoJieT pa3OuT Ha ABa y4acTka amuHou 225 m) BJI 500
kB Ha omopax I1b-500-1. YaenbHOe compoTHBIEHHUE TPyHTa BAOIL Tpacchl BJI
500 kB mpuaAITO p=100 Om-m, a mapameTpbl BJI 500 kB ompenensrorcs
nporpaMMHbIM Komruiekcom EMTP ¢ ydeTom 4acTOTHBIX 3aBUCHMOCTEH (MOJIENb
JMarti [5]) Ha ocHOBe 3a/aHUsI TEOMETPUUYECKUX XapaKTEPUCTUK Omophl (puc.12)
C Y4eTOM CTpeJI IMpoBeca MPOBOJOB U TPOCOB B CEPEIUHE MPOJIETA.

C onmHOI CTOPOHBI K paccMaTpPUBAEMOMY YYAaCTKy HPUMBIKAET «KOHIEBOMI»
JUIMHHBIN y4acTOK BJI nma Heydera oOTpakeHHMHM OT HPOTHUBONOJIOXKHOTO IO
otHomenuto K [IC «Jlyu» konma BJI 500 kB. C npyroii cTopoHBl K
paccMaTpuBaEMOMY YYacTKy NpuMbikaeT omHodaznas cxema PY 500 kB TIC
«Jlyu» (puc.9), mpucoearHeHHass K OJTHOMY M3 KpailHUX (ha3HBIX MPOBOJOB (Tak
KakK MPOpBIBEI MOJTHUM 1 oOpaTHbIe niepekpritus 1ia BJI 500 kB wa omopax I1b-
500-1 mpakTUYecKHd HMCKIIOYCHBI Ha CpelHuil (ha3HbI TPOBOM), a JBa JAPYTUX
¢azubix mposoaa BJI 500 kB 3a3zeMieHbl 4yepe3 akTHBHOE COMPOTHUBIICHUE, PABHOE
BOJIHOBOMY corpoTtuBiieHuto omuHoBku PY 500 kB (Z =300 Om).

ITo koniam vetsipex nposietoB BJI 500 kB B cxeMy BBeieHBI MOJIEIH TISATH OIIOD,
NpPeACTaBISAIOMNUX U3 ce0s Habop WHAYKTUBHOCTEH, BEJIWYHHBI KOTOPBIX
ONpe/ielieHbl C HCIOJb30BaHWEM H3BECTHOW reomerpuu omnopel (puc.12) u
NOTOHHBIX WHAYKTUBHOCTEH mopTanbHbIX x/0 omop (0.7 Mx['u/m mo [1]); kaxmas
omopa 3a3eMJICHA 4Yepe3 aKTUBHOE COMPOTHBIECHHE, R, =20 Owm, eciin MHOE HE

OTrOBOPEHO.
Ha xaxmoir u3 omop ¢asHeie mpoBoga (ycioBHO o0o3HaueHbl «A,B,C») ot
TpaBepChl OTAEJIEHbl TUPJIAHIAMU JIMHEWHBIX H30JISITOPOB, KOTOPBIE HA CXEMeE
YUTCHBl CBOMMH BOJIBT-CEKYHIHBIMU XapakTepUCTHKamMH (OJIOKM  BOJIBT-
CEKYHHBIX XapaKTEePUCTUK 0003HaueHbl «I» oT aHri. «lnsulation» — uzomnsius).
B cnywyae mnpeBblIeHUS BO3JCHCTBYIOIIET0 Ha M3O0JBILUIO [EPEHANPSKEHUS
3HAYEHUsA, OMNPEAEISIEMOr0 IO BOJBT-CEKYHIHOM XapakTEepUCTHKE, OJOK
¢ukcupyer (akT mpoOOs M30JAUMU U COEIUHSAET COOTBETCTBYIOLIMK (a3HbIN
IIPOBOJI C TPAaBEPCOM OMOPbI; OJOK 3aIyCKAETCs TOJIBKO B CIIy4ae MPEBBIICHUS
HaANpPsDKEHUS Ha U30JISIIIUM MUHUMAJIBHOTO 3HayeHust U, npunaroro pasHeiM 430

kB (Heckonapko Oonblle aMIDIMTYABl  (Da3HOro HaWOOJBIIET0 pabodyero
HanpspkeHust cetu 500 kB). [nuua rupnsHael L, =4.0 M OpUHATA 1O JaHHBIM

[13], a BobT-CeKyHIHAS XapaKTEPUCTHKA B COOTBETCTBUH C BRIpaKEHUEM (2).
broku, monakitouaeMbie dYepe3 AWOIBI K TOPaXCHHOMY MOJIHHUEH KpaiHeMy
¢dazHomy mpoBogxy «C», MOJCIHPYIOIIMNE HMITYJIbCHYIO KOPOHY Ha IPOBOJAX.
brioku mpencTaBisroT co00H TMHAMUYECKYI0 €MKOCTh KOPOHUPYIOMIETO (ha3HOTO
nposojaa BJI 500 kB Ha ero yyactke miuHON 225 M (II0JIOBMHA JUTWHBI TTPOJIETA),
OTpe/ieNIIEMy 0 Ha OCHOBE MTHOBCHHOT'O 3HAYCHHUS HANIPsOKeHHS 110 (3).
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— HWMITynbCHBIN MCTOYHHMK TOKA MOJTHHH, BKIIFOUAEMBIA B MECTO yapa (Ha cxeMe — 3TO
KpaitHuii (azubeiii mpoBox «C» Ha omope Ne2). @opma TOKa 3a4aeTCsi UMITYJIECOM
(4), y koToporo npuHATO n=5. BoTHOBOE CONPOTHBIICHUE KaHaa MOJHUHU TIPUHSTO
MOCTOSSHHBIM W paBHbIM Z =1000 OM BO BCeM JMamna3oHE TOKOB. Pacuersl

BBIIIOJTHEHBI I BEPOSITHOCTHBIX PACIpEAETICHU NapaMeTpoB TOKOB MOJIHUHU
«HUMUIIT» mo [1], cmpaBemauBbIX IS MEPBOH KOMIIOHEHTHI OTPHIIATEIbHON
MOJIHUM, U TIOJIOKEHO, YTO aMIUIUTyAa HUMIyJbca, (QPOHT M JIUTEIHHOCTH HE
3aBuUcAT Apyr ot apyra. B EMTP uMnynbCHBIT MCTOYHHMK TOKa MOMKET OBIThH
noakiroueH Kk BJI (k ¢azHoMy mpoBOAy WM K TPOCY) Ha JIFOOOM PAaCCTOSHUU X OT
Bxoaa PV, onHako panee ympolEHHO YYTEHbl JIMIIb JIUCKPETHbIE 3HAYEHUS X,
KpaTHbIe anmuHe Tpojieta 450 M, T.e. pacCMaTpUBAIOTCS yIapbl MOJHUU B TPOC H
(dba3HbIil TPOBOJIa HEMOCPEICTBEHHO Ha OMOpeE.

Jns BJI 500 kB wuMIiynbcHasi TPOYHOCTh JIMHEWHOW W3OJSIUU JTOCTATOYHO
BEJIMKA, U TTIO3TOMY OOpaTHbIEC MEPEKPHITUS P yAapaX MOJHUU B 3a3€MJICHHBIE TPOCHI
NPAaKTHYECKH UCKIIOYCHBI MPU COMPOTUBJICHUIX 3a3emiieHust ormop meHee 20 Om [1], a
pacuetHbiM ciaydaem i1t BJI 500 kB npu Takux cOnpoTUBICHUSX 3a3€MJICHUSI SIBIISIETCS
MIPOPBIB MOJIHUM CKBO3b TPOCOBYIO 3alIUTy Ha ¢a3Hble mpoBoja. s ciaydas ynapa
mostanH B ¢asuaeiidi mpoBoa BJI 500 kB «Koctpoma - Jlyu» Ha puc.14-16 B kadecTBe
npuMepa MpUBEAECHBI PaCIPEACIICHUSI BEPOSITHOCTH MOSBIICHUS MEPEHANPSKEHUIN BBIILIE
3aJJaHHOTO 3Ha4yeHus (OTKIaabIBaeMOro Mo ocu abcuumcc) mas aus AT-2 m TH,
ycraHoBjeHHOro Ha BJI «Koctpoma - JIyu».

B cratuctuyeckux pacderax, mpoBoaumbix B EMTP, nHambonee wuHTEepecHa
KOOpAMHATA MO OCU BEPOSITHOCTEN TOUKHU MEPECcCeUYeHUs MOIy4YaeMOro pacrpeeeHus
MaKCHUMAJIbHBIX 3HAYE€HHUI TPO30BBIX MEPEHANPSIKEHUN Ha U30JISIIIUU OOO0PYIOBAHUS C
JOMYCTUMBIMU JJIsl 3TOM M30Js1uu 3HaueHussMu. MccinenoBanusi Ha moxaenu B EMTP
MOKa3ajau, 4YTO JJIsl MOJyYEHUsI 3TOM KOOPAUHATHI B OOJIBIIMHCTBE CIIy4aeB JOCTATOYHO
npoBoauTh Bcero 1000 skcnepuMeHTOB, W, T03TOMY, Ha puc.14-16 u B maapHEHIIEM
KakJass M3 KPUBBIX TIOJIydeHAa IO pe3yJibTaTaM CTaTUCTUYECKUX PpPacueToB
nepeHanpsokeHuid, Bbi3BaHHbIX 1000 ynapamu MOJMHMM B paccMaTpUBaeMylO TOYKY
MpUCOSAMHEHHON K TojacTaHIMu BJI, 4TO COOTBETCTBYEeT MUHUMAIIBHOW BEPOSTHOCTH
P =0.001 mo ocu opAuHAT.

JlommycTuMbIE YPOBHHM T'PO30BBIX IMEpPEHAIPSKEHUN HA M30JSLUUA 000pYI0BaHUS
nosydensl 1o (1) u npuBeneHsl B Ta01.2, HO Jaiiee, He Tepsisi OOIIHOCTH PacCyKICHUH,
IpUMEM BO BHHMaHHE TOJIBKO OOOPYJOBaHUE C MOJHOW M30JSAIMed (KJIacc U3O0JAIUH
«b»), mms koroporo Ha puc.14-16 HaHeceHbI IOMYyCTHMbIE YPOBHH TI'PO30BBIX
nepeHanpspkeHui: s uamepurenbbix TH — U, =1568 kB; mis AT u HIAE —

U, =1430 kB.

[IpenacraBnennsie Ha  puc.14-16  3aBucumMocT  ObUTM  TOJY4YEHHI B
IIPENOI0KEHNH, YTO BCE YEThIPEe KOMIUICKTa 3alIUTHBIX allapaToB, YCTAHOBICHHBIX B
PY 500 kB, umeroT oaMHaKoBbIE BOJbTAMIEPHBIE XapaKTEpPUCTUKH: Ui puc.14-15
ocratomeecs HanpsbkeHne Ha uMirysbee 8/20 mic amrumutyaoi 10 kA cocrasisser 1200
kB; s puc.16 ocraromeecs HanpsbkeHue Bapruposaioch (900, 1050, 1200 xB).
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Tabnmuna 2. cnbiTarenbHble HAMPSHKEHUS MTOTHOTO IPO30BOTO UMITYJThCA
obopynoBanus kiracca 500 kB mo 'OCT 1516.3-96 n momycTrMBIe TPO30BbBIE TIEPEHATIPSKEHHS,
Olpe/ieJICHHBIE M0 peKoMeHaanusm [11].

HanpsixeHne moHoro rpo3oBOro UMInyjibca, KB
UcnsiTatensnoe Homyctumoe
Ob6opynoBanue
Kunacc uzonsunn
«A» «b» «A» «b»
CHJIOBBIE TpaHC(HOPMATOPHI 1300 1550 1155 1430
anekTpomarautHele TH 1425 1675 1293 1568
HE, TT, anmapaTsr 1425 1550 1293 1430

N3 puc.14 BUAHO BIMAHHE MMITYJbCHOHM KOPOHBI HA MaKCHMAaJIbHbIE I'PO30BbIE
nepeHanpsokeHuss Ha obOopymoBanuu PY 500 kB, yder koTopoidl TPHBOAHUT K
CYIIECTBEHHOMY CHUXEHHIO BEPOATHOCTH BO3HUKHOBEHUS OIACHBIX MEPEHANPSKEHUN
uist  Bcero obOopynoBanus PY, a ocobeHHO — i HauMeHee 3alllUIEHHOTO
obopynoBaHusi (3JEKTpOMarHuTHOrO TpaHchopmaropa Hanpspkerus TH-500 na BJI
«Koctpoma - JIyu») — oT 3Hauenus P =0.26 10 P =0.057, T.e. IOYTH B IIATh pas.

P(U >U),o.c.
01 - \
, \
JlomycTUMBbIC HATIPSAKCHHUS
1 - n1a AT 500 kB
2 - nist TH 500 xB
Harp. 6e3 y4era KOpOHEHI: ‘\ 6 4
001 1 3 - ma ctopone 500 kB y AT-2 \ \
. 4-naTH-500 «Koctpoma-Jlyu» \ \
Hanp. ¢ y4eTOM KOPOHBI: \ \
5 - ma cropoue 500 kB y AT-2 12 N\ \
6 - na TH-500 «KocTtpoma-Jlyua» \ \
0,001 ‘ | ‘
0 500 1000 1500 200 B 2500

Puc.14. BnwsiHME WMITyJIbCHOW KOPOHBI Ha MaKCHUMaJbHbIE TPO30BBIC TEPCHANPSIKEHUS Ha
obopynoBanuu PY 500 kB (paccmoTpens! yaapsl moaaun B ¢asabiii mposoa BJI 500 kB «Koctpoma -
JIyu» Ha paccrosauu 450 M ot Bxoza [1C «Jlyu»; He yuuThIiBaeTCsl pabouee HANPsHKEHHE Ha MPOBOIAX
BJl u PY).

Ha puc.15 nokazaHo BiIUsiHUE HayalbHOrO pabOYero HampsHKEHUs Ha MPOBOAAX
BJI 500 kB u PY 500 kB B MoMeHT ymapa MoiaHHH (OTpUIATEIBHON IMOJIIPHOCTH) B
npucoequHeHHylo k PY nwmHuio. VYdyer HaubOosnee HeOMAronmpHUsITHOW BEIMYMHBI
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pabouero Hampspkenus (mas cern 500 kB sro +428 kB) npuBOAMT K yBEIMUYCHHUIO
BEPOSITHOCTA BOSHUKHOBEHHUS OMACHBIX MEePEHANPsHKeHU 17151 Bcero obopyaoBanus PV,
a 0COOEHHO — JUIsi HaWMEHee 3allMIICHHOro 000pyaoBaHHs (IJIEKTPOMArHUTHOTO
tpancopmaropa Hampspkenuss TH-500 ma BJI «Koctpoma - Jlyu») — oT 3HauYeHUS
P=0.057 1o P=0.08, T.c. IpaKTUYCCKH B IIOJITOpaA pasa.

P(U >U),o.c.

14 ;
‘————ﬁ_qﬂ\‘_\

!
- \

| JlomyCcTUMBIE HATIPSKEHHS:
1 - ma AT 500 kB \\
2 - qia TH 500 xB \ 6
Harmp. 6e3 yueta pa6. mamp. 50 ['m: \
0011 3 -Hacropone 500 kB 'y AT-2 | 4
4 - na TH-500 «Koctpoma-Jly=» | \
| Hanp. ¢ yuetom pa6. manp. 50 I'u: ‘
5 - "a cropone 500 kB y AT-2 \ \

6 - na TH-500 «Koctpoma-JTya» 1 w
0,001 \ N

0 500 1000 1500 2000

\S)

B
UiB o

Puc.15. Bausaue pabodero HampsuKEHHUs MOJIOKUTENbHOU mosspHOCTH (+428 kB) Ha MakcHMallbHBIE
IpO30BBIE TepeHarnpsokennst Ha obopynoBanuu PY 500 kB (paccMoTpeHbl yaapbl OTpUIATEIbHON
moauM B (pasubrit mpoBoa BJI 500 kB «Koctpoma - JIyu» Ha paccrossuun 450 m ot Bxoza I1C «Jlyu»,
yd4TeHa UMIYJIbCHAsi KOpOHA Ha TipoBoiax BJI).

[IpuBenennbie Ha  puc.16 pacmpeneneHus  BEpPOSTHOCTEH  TMOSBICHUS
MaKCHMAaJIbHBIX TPO30BBIX MepeHanpsokeHud Ha u3oisinun AT-2 (kpussie 3,4,5) u Ha
m3omsiun TH-500 (xpuBbie 6,7,8), moiydeHbl NpU BapbHUPOBAHHU BOJIBTAMIICPHOM
XapaKTEPUCTUKN 3aIIUTHBIX aIlapaToB, MPUHATON OAMHAKOBOW IJII BCEX UYETHIPEX
anmapaTtoB, ycraHoBieHHbIX B PY 500 kB (Ha nmmynbce Toka 8/20 MKC ¢ aMIUTUTy 10#
10 kA ocraromeecs Hanpsbkenue coctaisger 1200 kB, 1050 kB, 900 kB). U3 puc.16
BUJTHO, YTO CHW)KCHHE OCTAIOIIETOCS HAIpPsHKCHUS 3aIUTHBIX alapaToB MPUBOIUT K
CHIKCHUIO YPOBHS MaKCHUMAJbHBIX T'PO30BBIX IepeHanpsikeHudd Ha AT, omgHako
CHUKEHUSI YPOBHSI MaKCHUMAaJIbHBbIX TPO30BBIX MEpPEHANPSIKEHUH Ha YJAJICHHOM OT
3alUTHBIX anmaparoB obopynoBanuu (Ha TH-500 kB «Koctpoma - JIyu») nmpakTudecku
HE TMPOUCXOJUT, T.e. HAACKHOCTh 3aIIUTHI OT TMEPEeHANPSHKEHUNW YyAaleHHOTO
000pyI0BaHUs HE U3MEHSIETCS.

Ha ocHoBe pe3ynpTaToOB pacdeToB, MPOMJUIIOCTPUPOBAHHBIX puc.16, a Takke
ocrmyuiorpammamu puc.10-11, caenansl ciemyromue 0000IIaroITe BHIBOIBI:

— TIPU CHIDKCHHH OCTAOIIETOCS HAIPSKEHUS 3alIUTHBIX allapaToB, YCTAaHOBJIECHHBIX
B PY, MakcumanbHBIC TPO30BHIE TIEPEHANPSIKCHHSI HA 000PY/T0BaHUH CHIDKAIOTCS,
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— CTENeHb CHU)KEHUS T'PO30BBIX MEPEHAIPsDKEHU Ha 00opyaoBaHuu (MpU 3aJaHHOM
CHIDKEHHHM OCTAOIIETOCS HAINPSDKEHUS 3allUTHBIX — allapaTroB) 3aBUCHT OT
YAQJIEHHOCTH 3TOr0 000pYA0BAHMS OT 3AILUIIEHHBIX aIllapaToB,;

— HauOoibllee  CHWKEHHE  NEPEeHANPSHKEHUM — JTOCTUTaeTrcss s CHJIOBBIX
TpaHC(OPMATOPOB U ABTOTPAHCPOPMATOPOB, TaK KaK OHU HamboJee OJIU3KO
pacnoiokKeHbl K 3alIUTHBIM arnapaTam;

— MHHUMAaJbHOE CHU)KEHHE NMEpEeHAIPSHKEHUH XapaKTepHO Ul HanboJjiee yJalleHHOTO
OT 3allIUTHBIX anmapaTtoB obopynoBanus PY.

P(U >U),o.c.

01

— JlomycTUMBbIE HANPSIKEHUSL:
1 - ma AT 500 xB
2 - ms TH 500 xB B
Harmp. na ctop. 500 kB y AT-2:
3 - ocrt. Hamp. 1200 kB
4 - oct. Hanp. 1050 xB
5 - oct. Hamp. 900 kB
Hanp. na TH-500 «K.-JL»: >
~ 6 -oct. Hanp. 1200 xB — U | 1 \ k
7

0,01

7 - oct. Hanp. 1050 kB
8 - oct. Hamp. 900 kB

0,001 T T T T , ]
0 500 1000 1500 2000 2500

Puc.16. BausiHue ocTaromierocsi HarpspKeHHs 3alllUTHBIX amlapaToB Ha MaKCUMallbHbIE TPO30OBBIE
nepeHanpsbkeHus: Ha obopynoBannu PY 500 kB (paccMOTpeHbI yaapbl OTpUIATEIBHOW MOJHHUU B
¢aznbrit mpoBon BJI 500 kB «Koctpoma - JIyu» Ha pacctostauu 450 m oT Bxoaa [1C «Jlyu»; yuteHo
BO3HUKHOBEHHE MMITYJIbCHOW KOPOHBI Ha mpoBoaax BJI u pabodee Hanpspkenue +428 kB Ha mpoBogax
BJI u PY).

3.2. PacueT HeoOX0AMMOIi JUTHHBI TPOCOBOTro noaxoaa BJI

Pacuersl Tpo30BBIX TepeHanpstkeHud (puc.16) mokaszany, 4YTO HaWMeHee
3amuiieHHbIM  obopynoBanueM PY 500 kB npu ymapax momamm B BJI 500 xB
«Koctpoma - Jlyu» sBusiercss uzmeputenbHbiii Tpanchopmarop TH-500 «Koctpoma -
Jlyu». AHaJIOTMYHO TIPUBEIECHHBIM Ha puc.16 pe3yapTaTamM MOXHO MOKa3aTh, YTO MPHU
yaapax moiguun B BJI 500 kB «Jlyu - Hwmxkeropojackas» HauMeHee 3alllUIICHHBIM
obopynoBanueM PY 500 kB sBisiercss u3mMepuTenbHbIN TpaHcHopMaTOp €MKOCTHOTO
tuna HJIE-500 «Jlyu - Huxeropoackas».

Bnusnaue ynanenHoctu mecta ynapa MoinHuM B (asubiii mpooa BJI 500 kB na
MaKCHUMaJbHbIE TPO30BBIE MEPEHANPSIKEHUS HA HAUMEHee 3aIIUIIEHHOM 000pY10BaHUH
PY 500 kB orpaxeno na puc.17 (ymap B BJI 500 kB «Koctpoma - Jlyu») u puc.18
(ymap momauu B BJI 500 kB «Jly4 - Huxeropoackast). [1pu nonydenun puc.17-18 6s110
NPUHATO, YTO BCE YETHIPE KOMILIEKTA 3alIMTHBIX aNnapaToB, ycTaHoBIeHHBIX B PY 500
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KB, UMeIOT 0IMHAKOBBIE BOJLTAMIICPHBIC XapaKTEPUCTHKH (OCTAOIICECs HAMPSHKEHUE
Ha umnyibce 8/20 mxc ammuuty o 10 kA coctasnser 1200 kB).

1 P(U,>U), o.e.

|
5
A\ O\ -
01 \4 \C
| Hanp. na TH-500 «K.-JI»: \ \
1 -mpuOwMm ‘\ | \
N\ 2
0,01 — 2 - pu 450 m \ \ \
— 3 -mpu 900 ™m : '\ \
4 - mpu 1350 m \ \
| JlomyCTHMOE HampsKEHHE: 3
5 - mg TH 500 xB
0,001 T T T T U. B 1
0 500 1000 1500 2000 - 2500

Puc.17. Bnusaue ynanennoctu ot Bxozaa [1C «Jlyu» mecra ynapa moimauu B da3Hsiid mposoa BJI 500
kB «Koctpoma - Jlyu» Ha MakCUMallbHbIE TPO30BbIC TepeHanpsbkeHus Ha wusoisiuuu  TH-500

«Koctpoma - Jlyu» (yureHa WMITyJIbCHAsi KOpoHa Ha mpoBogax BJI; ydureno pabodee HampsokeHHE
+428 kB Ha npoBoaax BJI u PY).

1 7P(U >U), o.e. .
: N
N

1
01 - 3\\ AN
4
Hamnp. na HAE-500 «JI.-H.»: \

1 -1pu O™

2 -npu 450 m

3 - mpu 900 m

4 - pu 1350 m
JomycTumoe HanpsKeHUe:

' 5- s HOE 500 kB \

N -

0,01

0,001 ‘

0 500 1000 1500 o0 KB

2500
Puc.18. Biusinue ynanenHoctu ot Bxoja I1C «Jlyu» mecra yaapa moianuu B ¢asuelid nposoa BJI 500
kB «Jlyu - Hmwkeropoackas» Ha MaKCUMalIbHBIE TPO30BbIE MepeHanpshkenns Ha w3ossiun HJIE-500

«Jlya - Hwxeropoackas» (yureHa HMMIyJIbCHas KOpoHa Ha mpoBogax BJI; ydreHo pabodee
HanpsokeHue +428 kB Ha npoBonax BJI u PY).
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Ha puc.17-18 mnokaszaHo, 4yTO MaKCHUMaJlbHble T'PO30BBIC NEPEHANPSIKEHUS Ha
o6opynoBanuu PY 500 kB Bo3Hukatot npu Hambosnee O6au3kux k PY ynapax monnuu B
npucoenuuennsie BJI 500 kB. C yBenuueHueM paccTOSIHUS OT MECTa yJiapa MOJHUU B
BJI 500 kB no PY makcumainibHbIe TPO30BBIC MEpEHAIpsKEHUsI Ha 00opyaoBaHuu PY
500 kB cHuxawTcs, YTO COOTBETCTBYET YMECHBIIICHHIO BEPOSTHOCTH TIOSIBICHUS
OMACHOTO JIJISl U30JISIIUU TPO30BOT0 NIEPEHANPSIKEHHUS.

B pacuernoit mogenu mpu ynapax monuuu B BJI 500 kB «Koctpoma - Jlyu»
(puc.17) Ha paccrosiauu Oonee 1350 M ot BXoma PY rpo3oBbie NepeHANpsHKCHHS Ha
HauMeHee 3amuuieHHoM obOopynoBanun PY 500 kB Hu B oaHOM U3 ciyyaeB He
IPEeB30LUIA JOIMYCTUMOro A u3oisiuuu ypoBHA. [Ipu ynapax B BJI 500 kB «Jlyy -
Hwxeropojckas» (puc.18) cooTBeTCTBYOIEE PACCTOSHUE MEHBIIE W HAXOJIUTCS B
nuarazone 450-900 M, 4To 00yCJIOBIIEHO HaMYMeM B JIMHEeHHOU siueiike 3toit BJI 500
kB 3anuTHOro annapara.

[IpoBeneHHBIC pacyeThl, TPOMILTIOCTpUpOBaHHbIe prc.17-18 Ha npumepe PY 500
KB, m03BOJIAIOT caenaTh CIeAYOIIUE BBIBOIBI:

— HauOOJBIIYIO ONAaCHOCTh Uil oOopyaoBaHuss PY mpeacTaBisitoT Ipo30BbIE
NEpPeHANPSOKCHNsI,  BBI3BAaHHBIE  yjJaapaMd  MOJHHH B (pa3Hbie  mpoBoja
npucoenuHeHHbx BJI Ha paccrosaum He Oonee 500-1500 m ot PY (mmmua Ttak
Ha3bIBAEMOT0 «OMACHOT0» MOJIX0/a);

— ynapel MoiaHuu B (asHele mpoBojga BJI Ha paccrosaum Oonee 500-1500 m
MPAKTUYECKH HE CIOCOOHBI BBI3BATH OIACHBIX T'PO30OBBIX IEpPEHANPsHKEHUN Ha
obopynoBanuu PY;

— NIl CHUOKEHUS YHCJIa MPSMBIX yIapoB MOJTHUH B (ha3HbIC MTPOBOJIA, @ 3HAYUT U YKCIIa
OMACHBIX I'PO30BBIX MEPEHANPSKEHUN Ha 00opynoBanuu PY, Ha nnuHe «onmacHOro»
noaxona BJI k PY HeoOxoauMa ycTaHOBKA TPOCOBOM 3aILUTHI;

— yBeJIMYEHUE NJuHBI TpocoBoro mnonaxona BJI xk PY cBeille AIMHBI «OMacHOro»
NOJX0/la He HM3MEHseT (He TOBBIIIACT) 3allUIICHHOCTH o0opymoBaHus PY ot
I'PO30BBIX MEpPEHAIPSKEHUMH;

— HauMeHbIlIasg UIMHA <«omacHoro» moaxoxa BJI k PY HeoOxommma Ha Tex
npucoeuHeHHbIX BJI, B JHHEHWHBIX A4YEHKaX KOTOPBIX YCTAHOBJIEHBI 3alUTHBIE
anmapatel (pa3psaaukn wim OITH); Ha moaxomax Ttakux BJI momyctumo He
ycTaHaBiuBaTh Tpoc, Tak kak OITH nuneitHoil siueiiku OepeT Ha ceOsi BBIOJIHEHUU
POJIM TpOCa MO CHUKEHUIO YHCIIA OMACHBIX BOJIH, MPOXOAAIIMX Ha MOJCTAHLHUIO.

3.3. Kackaanble cxeMbl 3alIIUTHI 000py10BaHus U UX 3(PPeKTUBHOCTH

Ha puc.19 B 3aBucuMocTu OT ynajgeHHocTH MecTa yiaapa moinuud B BJI 500 kB
MOKa3aHO W3MEHEHHE BEPOSTHOCTH TMPEBBIIICHHUS] TPO30BBIMU MEPEHANPSKCHUSIMH
JOMYCTUMOTO JUIsl M30Jsuu ypoBHs (kpuBbie 1 u 3, npuBencHHble Ha puc.l19,
TOJIYYCHBI C UCTIOIb30BAHUEM JTaHHBIX prc.17 u prc.18 COOTBETCTBEHHO).

B cootBercTBUM ¢ BhIpakeHueM (5), B koropom s PY 500 kB moryTt ObITh
UCKJTFOYCHBI CllaraeéMble OT OOpaTHBIX MEepeKpbITHii Ha mpucoenuHeHHsix BJI 500 kB
(mpu conportuBieHusx 3azemiieHus omop Menee 20 Om), OlieHKAa 3alUIICHHOCTH
o6opynoBanusi PY 500 kB oT rpo30BbIX mepeHanpspKeHUW mpu yaapax B ¢a3HbIe

nposoaa BJI 500 kB mpomnoprinonansHa miomnaim P_npi (i=12) nox kpuBbIMHE Ha puc.19,
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a HamOOJNbINas 3allMIICHHOCT, OT TIPO30BBIX IMEPEHANPSHKCHUNH OyaeT y Toro
00opyI0BaHus, 1151 KOTOPOTO paccMaTpuBaeMasl IIoIia p MUHUMaIbHA. [Tnommanu mox
kpuBbiMU 1-4 (puc.19) npuBeneHs! B Ta01.3.

0,35

0,3

0,25

0,15 -

01 -

0,05

0

P(x), o.e.

* \:\

— 4

\

| |
VY nap B BJI «Kocrpoma-Jlyux:
1 - na TH-500 «Koctp.-JIyu»
2 - Ha cropoHe 500 kB AT-2

VY nap B BJI «JIyu-Hmxkeropoackas»:

3 - ma HAE-500 «JIyu-Hmx.»
4 - na ctopone 500 kB AT-2

0

500

X, M

1000

1500

Puc.19. Bmusaue ynanenHoctu ot Bxoga [IC «JIyu» mecta ymapa MoiaHuM B ¢a3HBIA MPOBOI
npucoenuaenHsix BJI 500 kB Ha MakcuMallbHBIE TPO30BBIE TEPEHANPSDKEHHUS HA H30JIALUU
obopymoBanusi PY 500 kB (yurena wummyiabCHas KOopoHa Ha mpoBomax BJI;, yureHo pabouee
Hanpspkenue +428 kB nHa npoBogax BJI u PY).

Ta6muna 3. [Tnomans (0.e.X v ) nox kpuebivu 1-4 (puc.19).

HOMEp KpUBOW | ynap MoiHuH B pa3HbId | 00OpyIdoBaHHE JI011a]Tb
o puc.19 nposoa BJI 500 kB OPY 500 kB | mox kpuBoit
1 TH-500 110
"Koctpoma - JIyq"
2 AT-2 43
3 HJIE-500 55
"JIyu - Huxeropoackas”
4 AT-2 5

Ha ocHoBe ananm3a 1a6:1.3 1 prc.19 MoXHO cKasaTh, 4To:
— HarMMeHee 3allUIIeHHBIM oOopynoBaHueMm PV sBisercs oOopynoBaHHE JTUHEHHBIX

sideeK nmpucoenHeHHBIX BJI (pyu 0TCYTCTBHM B HUX 3alIUTHBIX AIApaTOB);

— HaJguM4yue B JIMHEMHOM dA4elike npucoeauHeHHod BJI 3amurHOro amnmapara
(pazpsaauka wiau OITH) moBwIaeT 3alIMIIEHHOCTh OT TPO30BBIX NEpEHANPSKCHUN
ycTaHOBIIEHHOTO B Hel oOopynoBanust (mist PY 500 kB IIC «Jlyu» B 2 paza
coryacHo 1a6.3);
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— HaJIM4MEe B JIMHEWHOM s4erke npucoennHeHHor BJI 3ammTHOrO anmapara
CYIIECTBEHHO IOBBIIIAET 3alMUIEHHOCTh YCTAHOBJIEHHBIX B PY  CHIOBBIX
TpaHcopMaTopoB U aBTOTpaHCHOPMATOPOB OT TPO3OBBIX IEpPEHANPKEHUH,
BBI3BaHHBIX yaapamu MousHUU B 3Ty BJI (mns PY 500 kB IIC «Jlyu» B 8-9 pas
coracHo 1a6:1.13);

— HauboJee 3alIMILIEHHBIM OT I'PO30BbIX MEpEHaIpsiKeHUN OyaeT 000pya0BaHHE TOTO
PY, B kxotopom B JMHEHHBIX s4Ye€MKax NOpucoeauHEeHHbIX BJI ycraHOBIEHBI
3alllUTHBIE almaparbl; B Takux PY NOpakTUUEeCKH HCKIIOUEHBI MOBPEXKICHUS
U30JIALIMM  CHJIOBBIX TpaHCPOPMATOPOB M aBTOTPAaHC(HOPMATOPOB OT T'PO30OBBIX
NepeHanpsHKeHNH, BbI3BaHHBIX HAOErarwolUMu ¢ IpucoennHeHHbIX BJI rpo3oBsiMu
BOJIHAMM.

Cxema puc.20 3ammTsl 000pyaoBaHuu PY OT rpo30BhIX NEpeHANPSIKEHUM, KOTa
no xoay HabOeraromieit ¢ BJI rpo3oBoil BOJHBI MOCIEIOBATEIIBHO yCTAaHOBJICHBI JBa
3alIUTHBIX anmnapaTa (OJAWH — B TUHEWHOW siueiike Win Ha COOPHBIX IIMHAX, BTOPOH — Y
TpaHchopMaTopa WIM aBTOTpaHchopmaropa), Ha3bIBACTCS «KACKAIHOW» U, Kak
NOKa3aJIi UCCIEAOBaHUs, IBISETCA 04eHb dP(HEKTUBHOM AJI 3alMThl 000PYI0BaHUS OT
I'PO30BbIX MEpPEHAINPSKEHUN U 0COOEHHO 3P PeKkTUBHOM npu L, > L,.

L L

.

BII
OIH OIH —— AT

Ha BJI y AT

Puc.20. Kackagnas cxema 3amuTsl 000pya0BaHust PY oT rpo30BbIX NiepeHanpsHkeHui,
BbI3BaHHBIX Haberaromumu ¢ BJI rpo30BBIMHU BOJTHAMHU.

3.4. Y4yer o0paTHBIX NepeKPbITHIA Ha pucoeAuHeHHBIX BJI

Yaaper Monauu B 3a3emiienHbie Tpockl BJI 500 kB He mpuBoasr k oOpaTHBIM
NEPEKPBITUAM C OMOPbI Ha (ha3HbIe MPOBOJA MPHU COMPOTHUBICHUSX 3a3€MIICHHS OIOp,
menbimx 20 Om. Kak mnpasuno, Ha noaxomax BJI xk PY crpemstcs oOecrieuuthb
conpotuBiieHus: 3a3zemisienuss omop BJI, He mpeBocxomsmue 10-20 Om [3], omnHako
U3BECTHBI CIy4yau, KOrja He yAaeTcs 00eCneYUTh HU3KUX COMPOTUBICHUN 3a3eMIICHUS
onop BJI Ha nogxonax PY. B Takux citydasx rpu pacuerax rpo30BbIX NEPECHAIIPKEHUN
Ha oOopynoBaHuu PV, BbI3BaHHBIX yAapamMu B npucoeauHeHHble BJI, HeoOxomumo
YUUTBHIBaTh OOpaTHBIEC EPEKPHITUS Ha (pa3HbIe TPOBOAA HA oaxoaax K PY.

Yapel MONIHMM B TpPOC B CpeaHer yactu mposera BJI moryr npuBoauTh K
0o0paTHBIM MEPEKPBITHSIM Ha ONOPE C 3aMETHO MEHbIIEH BEPOATHOCTBIO, YEM IPHU
yaapax MOJHUM B OMNOpPYy WIM Tpoc BOmM3u Hee. [loaTomMy nanee ympomieHHO He
PacCMOTPEHBbI yIapbl MOJHUU B TPOC B CPEAHEH 4YacTH MpOJIETa, a BCE BHUMAaHHUE
COCPEIOTOYCHO Ha yAapax MOJHHU HETOCPEACTBEHHO B Onopy (yIaJIEHHOCTh X MeECTa
ynapa moiaauu B BJI ot Bxona PY kpatHa mymmHe niposera).

AHAJIOTUYHO CITy4ar yjaapa MOJIHUU B (a3Hblii nmpoBoja Ha puc.21l (yaap B BJI
500 kB «Koctpoma - Jlyu») u puc.22 (ymap monmauu B BJI 500 kB «Jlyu -
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Hwxeropojckas) pacCMOTPEHO BJIMSHUC YAaJICHHOCTH MECTa yJaapa MOJHHU B ONOPY
BJI 500 kB Ha MakcumasibHbIE TPO30BBIC TIEPEHANPSKEHHS] HA HAMMEHee 3alIUIIEHHOM
o6opynoBanuu PY 500 kB. [1pu nonyuenun puc.21-22 6b1710 TPUHSITO, YTO BCE YETHIPE
KOMIIJIEKTa 3alIUTHBIX ammapatoB, ycraHoBleHHbIX B PY 500 kB, nMeroT oauHakoBbie
BOJIETAMIIEPHBIC XapPaKTEPUCTHKH (OcTarolieecs HanpspkeHne Ha ummynbee 8/20 Mic
amumatynoi 10 kA cocraBisier 1200 kB), a compoTuBiieHUE 3a3eMJICHHSI BCEX OIIOP
BJI, B oTinmume OT paHee paCCMOTPEHHBIX CIIy4aeB, COCTaBIsIET R, =50 Owm.

Ha puc.23 B 3aBHCHMOCTH OT yIaJCHHOCTH MecCTa yaapa MOJHHH B omopy BJI
500 kB mokazaHO  W3MEHEHUE  BEPOSTHOCTH  MPEBBINICHUS  TPO30BBIMU
HIepeHANPSHKCHUAMH JOMYCTUMOTO 151 U30Js1uH ypoBHs (kpuBbie 1 u 3, npuBecHHbIC
Ha puc.23, TOJIy4YeHbI C UCIOIb30BAHUEM JaHHBIX pUC.21l U puc.22 COOTBETCTBEHHO).
[Tnomraau mox kpuebiMu 1-4 (puc.23) npuseaeHs! B Ta01.4.

Ta6muna 4. [Tnomans (0.e.X .m ) nox kpusbivu 1-4 (puc.23).

HOMEp KPUBOU yJap MOJHHH B TPOC Ha o0opy0BaHWE | TUIOMIAJh O]
o puc.23 onope BJI 500 xB PY 500 kB KpHUBOM
1 TH-500 34
"Koctpoma - JIyq"
2 AT-2 10
3 HJIE-500 22
"Jlyu - Huxeropoackas”
4 AT-2 1
P(U >U),oe.
6
1 —ﬁ
\ S
Hamp. ma TH-500 «K.-JL»: \
i 1-npulOwm
001 2 - ipu 450 m 4\
3 - mpu 900 M | \ 2
 4-mpu1350m 5N \
5 - ripu 1800 M ] 3
HOHyCTI/IMoe HaIIpsI2KEHUEC: \
0,001 - 6 - nna TH 500 kB I |
0 500 1000 1500 2000 UxB o500

Puc.21. Bnusuaue yganennoctu ot Bxoaa IIC «Jlyu» mecra ymapa momauu B omopy BJI 500 xB
«KocTtpoma - JIyu» Ha MakcuMalibHbIe TPO30BbIe NepeHanpskenus Ha uzonsauun TH-500 «Koctpoma -
Jlyu» (yuTreHa uMIyJIbCcHasi KOpoHa Ha mpoBojax BJI; pabouee Hanpspkenue Ha npoBonax BJI u PY ne
yureno; R, =50 Owm).
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Puc.22. Bausinue ynanennoctu ot Bxofa [IC «JIyu» mecra yaapa monuuu B onopy BJI 500 kB «Jlyy -
Hwxeropozackasi» Ha MakcHMallbHbIE TPO30BbIe TepeHanpspkeHuss Ha wu3onsmun HJE-500 «Jlyg -
Hmxeropojckas» (ydreHa uMITyJibcHasi KOpOHa Ha rpoBojax BJI; pabovee HampspkeHHE Ha MPOBOAX
BJI u PY He yureno; R, =50 Om).

P €.
01 - (x), 0.e

Vaap B BJI «Koctpoma-Jlyu»:
1 - na TH-500 «Koctp.-Jlyu»
2 - Ha cropoHe 500 kB AT-2
VYnap B BJI «JIyu-Huxeropoackas»:
3 - va HJE-500 «JIyu-Hux.»

4 - Ha ctopoHe 500 kB AT-2
0,05

N\
\\3 N
\4\\\

T T X, M
0 1000

0

1500
Puc.23. Bimsinue ynanennoctu ot Bxoga I1C «JIyu» mecra ynapa MOJIHUM B ONIOPY MPHCOEINHEHHBIX

BJI 500 kB Ha MakcumalibHBIE TPO30BBIC MEPEHANPSHKEHHUS Ha U30Jsuu ooopynoBanus PY 500 kB
(yurena wmmynbcHasi KopoHa Ha mpoBopax BJI, paboduee Hampspkenue Ha mpoBomax BJI m PY we
yareHo; R, =50 Om).
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Ha ocHoBe amammza Ta01.4 wu puc.23, yuuThiBass JgaHHbie  [1],
CBUJETEIBbCTBYIOIIME O CYLUIECTBEHHOM BJIMSHUU COIPOTHBIICHUS 3a3€MJICHUS OIOpP
Pa3TUYHON KOHCTPYKIIMM HAa YUCIIO OOPATHBIX MEPEKPBITUI MPU yAapax MOJHHUH OMOPbI
Y TPOCHI, CIICITaHbI CIICAYIONINE BBIBOIGI (B JOMOJHEHUE K BBIBOJIAaM Ha OCHOBE Ta0JI.3):
— yucio Haberaromux Ha PY rpo30BBIX BOJIH, BBI3BAHHBIX yAapaMu MOJIHUHM B ONOPBI

U TPOCHl MNpHUCOEAUMHEHHBIX BJI, CyIIEeCTBEHHO 3aBUCUT OT CONPOTUBIICHUS
3a3emiieHust onop Ha mnoaxoxax BJI k PY; ciemoBarenpHO, 3alIMILEHHOCTH
obopynoBanusi PY oT rpo30oBbIX nepeHanpsiKEHUN TakK e CYIIECTBEHHO 3aBUCHUT OT
COIPOTUBIICHUS 3a3eMJICHUs onop Ha noaxoaax BJI k PY;

— TaK Kak YHCIIO YAApOB MOJIHMHM B OIOPBI U TPOCHI MO KpaWHEHd Mepe Ha MOPSA0K
OoJpIlle YMCiIa TPOPHIBOB MOJIHMM Ha (pa3Hble MPOBOJA, TO BaKHEWIIEW 3ajadeit
3amuThl 000pynoBaHus PY OT rpo30BhIX NEpeHANPSIKCHUN SBISETCS OOecriedeHue
KaK MOKHO 00Jiee HU3KMX CONPOTUBIIeHUM 3a3eMieHus onop BJI Ha moaxonax x PY;

— HauboJnee Ba)XHO OOECIEUYeHHE MHUHUMAIBHBIX COMPOTHBICHUN 3a3emiieHus 2-3
ommxkaimux k PY onop npucoeannenusix BJI;

— B Clyyae HEBO3MOXKHOCTHM OO€CMEeUeHUs MalblX COMPOTUBJICHUN 3a3eMJICHUS
ommwkaiimmx k PY omop mnpucoennHenHodt BJI  BBICOKOW  3alMIIIEHHOCTH
obopynoBanusi PY oT rpo3oBBIX mNepeHAnpsHKeHUH MOXKHO JIOCTHYb YCTaHOBKOM
3anuTHOrO anmnapata (paspsaauka win OITH) B nunelinow suetike aToi BJI.

3.5. Ouenka 4ncJa Jjer 6e3aBapuiiHoi padoThI 000pyA0BaAHMSA
NPH I'PO30BbIX NMepPeHANIPSZKEeHUsIX
Cornacuo pexomennanmsm [1] ais BJI 500 kB Ha npoMekyTOYHBIX ONOpax THIA
[16-500-1 ompenenensl cieayomue HeoOXoaumble Uit pacdera 1o (5) BeTMYMHBIL:
N =84 ynmapa Ha 100 xm mmunbsl BJI u 100 rpo3oBbIX 4acoB; OTHOCHUTENHHOE YHCIIO
(BepOSITHOCTb) ~ MPOPHIBOB ~ MOJHUU Ha (asHbIC IPOBOjA n, =00052 o.e.;

OTHOCHUTEIBbHOE YUCJIO YAApOB MOJHHH B OMIOPY N =024 0.e. ¥ B TPOC N =0.76

onopa onopa

o.e. Ucxonnbie nannbie i pacyera no (5) npuBeneHsl B Tada.5, KoTopas cocTaBicHa
Ha ocHOBe Ta0:1.3-4 u puc.19, puc.23, a pe3yiabTaThl pacueToB cojiepkaTcs B Ta0J1.6.

Tabnuua 5. Mcxomublie gaHHbIe uTst pacyera 1o (5) i HauMeHee 3alMIIEHHOTO OT TPO30BhIX
nepenanpsibkenuit obopyaosanusi PY 500 kB [1C «JIyu».

L —i | ! , R
. ] . ONnacH 0/”0[7(1 ] .
i yfuap MOJIHMH 060py}10BaHI/Ie | ! , KM |0naCH Pnp ’ 0.6.X KM |ona(3H mpoc !
B BJI 500 kB o 0.6.X kKM 0.6.X KM
<200M | 500m o
1 | Kocrpoma- TH-500 1,35 0,110 0 0,034 0
Jlyu
llqu -
2 N HJIE-500 0,45 0,055 0 0,022 0
Hwuxerop.

OO6mmii  ypoBeHb 3alIMIIEHHOCTH PY 0T TIpo30BBIX MNepeHanpsiKeHUN
onpezenseTcss HauOolee yAAJEHHBIM OT 3alUTHBIX amnlapaToB OOOpPYIOBAaHUEM —
u3MepureabHbIMU TpaHchopmaTopamu Hanpsbkenuss TH-500 u HJIE-500, u nostomy B
pe3yJsibTaTeé pPACYETOB TIPO30BBIX IEPEHANPSIKEHUN BaXHO OLEHUTHb JIOCTATOYHOCTh
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3aIMIIEHHOCTH UMEHHO YKa3aHHOTO o0opyaoBaHus. Jjis 9TOro mojiydeHHbie B Ta01.6
OIICHKM M  3allMIIEHHOCTH OOOpYJOBaHUS OT TPO3OBBIX IMEpEHAINPSKECHUN
COITOCTABJIEHBI C PEKOMEHIYEMBIMU YPOBHSMMU.

Tab6aua 6. Orenka 1o (5) 3aIIUIIEHHOCTH OT TPO30BBIX MEPEHANPSHKEHUM HaMMEHEE 3alHIIEHHOTO
obopynosanus PY 500 kB I1C «Jlyu» (npu T, =100 4acos B rox).

i ynap monmauu B BJI | o6opynosanne | R;, OM | n, 1/ron | M, ner
<20 0,00048 2100

1 "Koctpoma - JIyy" TH-500
50 0,00733 140
n ; <20 0,00024 4160
2 Aya-— HJTE-500
Hwxeroponckas 50 0,00468 210

Pexomenmyemsrii [1] mokaszarenb HaeKHOCTH IPO303allUTHl HANOOJIEE TOPOTOro
M OTBETCTBCHHOTO  MOJCTaHIIMOHHOro  obOopyaoBanuss 500 kB  (cuimoBbIX
TpaHchOpMaTOpPOB, aBTOTPAHCHOPMATOPOB U INYHTUPYIOUIMX PEAKTOPOB) COCTABIISACT
M =800+1000 net. Pexomenaamuit OTHOCUTENIbHO 3HAYeHU M 1si TpaHChOpMaTOPOB
HanpspkeHus: 500 kB B [1] Het, Tak ke Kak WX HET W JUIS JAPYTroro oOOPYIOBaHHS
IOMUMO «HauOoJIee OTBETCTBEHHOT0». JTO O3HAYAeT, YTO OCHOBHOE BHHMaHHE B [1]
yAeNIdeTcs 3aluTe OT TPO30BbIX MEpPEHANpsKEHU Haubosiee JIOpPOroCTOAIErO
oOopynoBanusi PV, KOTOppIM U  SBISIOTCS  CUJIOBBIE  TpaHCPOPMATOPHl U
aBTOTpaHC(POPMATOPHI.

[MpencraBnennbie B [1] peKOMEHAAlMU OTHOCUTEILHO JOCTATOYHBIX BEITHYUH
nokasaresis M OCHOBaHBI Ha MPUEMIIEMOM JUJISl SHEPTOCUCTEMbl YUCIIE MOBPEKIACHUMN
HamboJiee JOPOroCTOSIIEr0 O0OPYNOBaHUS OT TPO30OBBIX MEPEHANPSKEHUH B TO/I.
OpHako, nepepbIBbl B CHA0KEHUU MOTPEOUTENEH 2IIEKTPUUECKON SHEPTUEN MOTYT ObITh
BbI3BaHBl  TOBPEXKJICHHEM  HE  TOJBKO  CHJIOBBIX  TpaHCHOpMATOPOB U
aBTOTpaHCPOPMATOPOB, HO U JOOOTO JIpyroro odopyaoBanus PY, a ¢ atux mo3unuit
HSKOHOMUYECKU IIeJIeCOO0pa3Hbli  ypOBEHb HAJEKHOCTH 3alIUThl OT TIPO30BBIX
NepeHanPsHKeHUI TIOJDKEeH OBITh TOCTATOYHO BHICOKMM HE TOJIBKO JIJIsi HanboJsiee Joporo
obopynoBanusi PY, HO u nnsg Bceil mojcraniuu B 1enom. Hampumep, eciu Ha PY
y4ecTh OOJbIIOEe YUCIO TPaHCPOPMATOPOB TOKA, KOTOPHIE ABIAIOTCS BaKHEHIINMU B
opraHm3anuu penerHoil 3amutel Bce PY u mpucoemnunenusix BJI, To TpeOyembiii
YPOBEHbB 3aIIUIICHHOCTH KaKJI0TO U3 HUX OyJIeT Jake BBIIIE, YeM JJIsl YCTAaHOBIEHHBIX
CUJIOBBIX TPaHC(OPMATOPOB U aBTOTPAHCPOPMATOPOB.

VYuuThiBas M3M0XKEHHOE, a TakXe OOJIbIIOE YKCIO BIUSAIOIIMX Ha PE3yibTaThl
pacyeToB M  HUCXOJHBIX JaHHBIX, JOCTOBEPHOE 3HAHME M 3aJlaHhe KOTOPBIX
HEBO3MOYHO, B HACTOSIIIIEE BpeMsI B ONPE/IEJICHHON Mepe Ha3pell BONPoc 00 M3MEHEHUHU
MOJIXOJIOB K BBIOOPY CXeM 3alluThl 000pyAoBaHus PY OT rpo30BbIX mepeHanpsiKeHu.
HoBble cxembl 3amuThl 000py10BaHUs OT TPO30BBIX MEPEHANPSHKEHUH, TOCTPOEHHBIE C
UCIIOJIb30BAaHUEM COBPEMEHHBIX 3amMTHBIX amnmapatoB Tuna OIIH, momxHbI
o0OecnieunBaTh MOBBIIICHHYIO HAJIEKHOCTh Bcero obopyaoBanus PY, a He Tonbko
CWIOBBIX TpaHchopmaropoB. Kak yxke ObUIO TMOKa3aHO, B KadecTBe HamOoJee
3¢ ()EeKTUBHBIX CXeM 3aluThl 000pyaoBaHus PY Tpo30BBIX MepeHANpsHKEHHUM CleayeT
npu3Hath KackagaHbie (puc.20).
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4. AHAJIN3 HOPMATHUBHbBIX JOKYMEHTOB
N ITPEJJIOKEHUSA 110 UX KOPPEKTUPOBKE

4.1. Anaau3 tpedoBanuii I1YD B yacTu rpo3zozamursl PY

3amena PB na OITH. V3nauansHo TpeOoBanus [1YD [3] B 4yacTu rpo303aiiuTh
PY Obutn chopmynupoBaHbl Uisl ClydyaeB NPUMEHEHHS B KayeCTBE 3alllUTHBIX
arrapaToB BEHTWIbHBIX pa3psAIHUKOB. B Hacrosiiee BpemMsi OCHOBHBIM 3alIUTHBIM
arrapatoM OT TPO30BBIX M KOMMYTAIlMOHHBIX nepeHanpsbkennilt spisercs OITH
[1,2,24-28]. Jns cnyuaee npumeHenus OITH B ITYD paccrosiHus, mosydeHHbIE s
BEHTWIbHBIX Pa3pAIHUKOB, NPEIAaracTcsl MepeCYUThIBATh COPA3MEPHO C 3aILUTHBIMU
xapakrepuctikamu OITH (ocrarommmcsi HamnpspkeHHEM B pPEXHUME OTPaHUYCHUSI
I'PO30BBIX TIEPEHATIPSKEHUH).

B mnocnenneit pemakumu I[1YD B rnmaBe 4 B mnpumevanusx k T1a01.4.2.10
(momycTuMBIe  pacCTOSHUSL OT BEHTWIBHBIX  Pa3psIHUKOB  JI0  3alUIIAEMOTO
00opyT0BaHus) yKa3aHo, 4TO:

«lIpu ucnonvsoeanuu OIIH emecmo PB unu npu uzmenenuu ucnolmamenbHulX HANPAACECHUL

3auuyaemozo  060pyo008aHus  paccmosanue 00 CUNOBbIX  MPAHCHOPMAMoOpos unu  0pyeo2o
9NeKMpPo0OOPY08aHUsL ONpedeNsiemcs no gopmyne

L —L UHCH _UOHH
OIIH ~— “-PB U U !
ucrn ~— ¥ PB
eoe L., - paccmosnue om OIIH 0o sawuwaemoeo obopyoosanus, m;L,, - paccmosnue om
paspsonuxka 00  3awuwaemoco obopyoosanus, m;U ., - ucneimamenvHoe HANPAdICEHUE
3awuuaemozo 060py0osanus npu NOAHOM 2po3oeom umnyrvce, kB, U,.., U,, - ocmaioweecs

Hanpsaocenue Ha OIIH (PB) npu moke 5 kA - onsa knaccos nanpsicenus 110-220 xB; 10 kA - ona
knaccos nanpsixcenust 330 kB u abiute.

B ycnoBusax PY 500 kB IIC «JIyu» mist Haubosiee yaaJIeHHOTO 000pYI0BaHUS
(TH-500 kB na BJI «Koctpoma - Jlyu») no I[1YD umeem: U, =1550 kB; U,, =1200

kB; U,;,; =900 kB; nonmyctumo yBennuenne paccrosHuii B K =1.86 pasa. OgHako, Kak

BUHO U3 puc.1l u puc.16, MakcuManbHbIe IPO30BbIE NIEPEHANPSIKEHUS Ha yIaJ€HHOM
obopynoBanuu PY (mas [IC «JIyu» 200 MeTpoB) MNpPaKTUYECKH HE 3aBUCIT OT
OCTAIOILLETOCsl HANpSHKEHUST Ha 3allMTHBIX anmapaTrax, yCTaHOBJEHHbIX B PV, u,
CJIeIOBATEIbHO, PACCTOSHUS A0 3alIUTHBIX allapaToB HE MOTYT OBITh YBEJIHYEHBI
(moce 3amensl PB ma OIIH), Tak kak 3TO CHU3UT 3allUIICHHOCTH YJIAJICHHOTO
000pyIOBaHUs OT TPO30BBIX MepeHANPsLKEHUH [29)].

[IpuBenennas B I[IYD ¢Qopmyna pocrarouno TOyHAa B cilydae, Korua
NIEPECUUTHIBAECTCA PACCTOSIHUE OT TpaHcdopmaropa A0 €ro 3alllMTHOIrO armapara
UCUHCIIIEMOE JEeCATKaMU MeTpoB. HamOosblryro ke OomuOKy, Kak IMOKAa3aHO BBIIIE,
npuBegeHHas B IIYD ¢opmyna ngaer npu mnepecueTe pacCTOSAHMA 10 HauboJsiee
yaajJeHHOro oOopynoBanus mojactaHuuu (npu paccrosHusx Oonee 100 merpoB).
VYuuthiBas H310KE€HHOE, Mpu 3aMeHe pa3psaHukoB Ha OIIH pexkomenmyercs
ucnosib3oBaTh Gopmyny IIYD Tonpko mnpu mnepecyere pacCTOSHUNA 10 CHIIOBBIX
TpaHchOpMaToOpoB, aBTOTpaHCHOPMATOPOB, HO HE JO0 Hauboliee YyAaJEHHOTO
obopynoBanus PY (0o0opymoBaHusl JIMHEHHBIX SYEEK), PACIIONOKEHHOTO JI0 3allIUTHOTO
anmapara (PB wiu OITH) mo xomy HaOeraromux ¢ npucoeanHeHHbIX BJI rpo3oBbix
BOJIH.
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B mnoaTBepikaeHHUE COCTOSTENBHOCTH BBICKA3aHHBIX MPEIJI0KEHUN BBICTYHAET
npumedanue kK Ta61.4.2.8 B rnase 4 u3 [1Y3-6:

«lIpu ucnonvzosanuu paspsaonukos | epynnvt emecmo paspaonuxos || epynner no F'OCT 16357-70 *
paccmosiHus 00 cunoswvix mparcgopmamopos 150-220 kB ¢ yposnem uzonsyuu no I'OCT 1516.1-76 *
mozym bvims yeenuuerwl 6 1,5 paza».

DTO mNOpuMEYaHue €le pa3 IMOKa3blBa€T, YTO MPU HCHOJB30BAHUHU Y
TpaHc(opMaropa 3alllUTHOTO amnmapaTa CO CHMXKEHHBIM OCTAIOUIMMCS HaNpsKEHUEM
MEPECYUTHIBATh PACCTOSIHUE MOXKHO TOJIBKO JI0 CHJIOBOTO TpaHcdopmaTopa, a He s
Bcero obopymoBanus PY, kak ato aenaercs B [TYD-7 [3] u Ykazanusx [24].

Jauna tpocoBoro moaxonaa. IIYD ob6s3biBaeTr 00ycTpauBaTh 3allUIIEHHBIN
tpocamu nojaxoa BJI k PY nnuno# Briots 10 3-4 kM. Pacueramu 1moka3aHo, 4TO TaKoe
TpeOOBaHUE SIBISAETCA M30BITOYHBIM, a MPU HUCIOJIH30BAHUM KACKAIHBIX CXEM 3aIUThI
000pyIOBaHUSI OT TPO30OBBIX TNEPEHANPSIKEHUNM MOXKHO CHU3HWTH JJIMHY TPOCOBOTO
noaxona g0 500-1500 M wim BOBCce OTKa3aThCsl OT YCTAHOBKH Tpoca (IUIsl HEKOTOPHIX
PV 35-110 xB). [Toatomy npemnaraercst B [IYD n06aBUTh MYHKT, KOTOPBINA JTOMYCKAET
CHIKATh JUIMHY TpocoBoro noaxonaa BJI B cinydae ycranoBku nononnurensHsix OITH B
€€ JIMHENHYIO SYEHKY.

AKTHBHOCTH Tpo3oBoii aesiteibHocTH. CoriacHo [30] TpebGomanus I[1YD
PacCTOSIHUSAM JI0 3allIUTHBIX anmapatoB chopmynupoBansl mpu 30 TPO30BHIX Yacax, B TO
BpeMs Kak 1o JaHHbIM [1] mias muHorux PY Ha Tepputopuu Poccuu ciemyeT NpHHSTH
50-80 rpo3oBeix yacoB B roj. [Toaromy npennaraercs B [IYD nath npumedanue o ToM,
4yTO TpeboBaHUs K paccTosaHUsIM chopmynrpoBanbl npu 30 rpo30BbIX Yacax U MeHee. B
cilyyae, eclid 4HMclio Tpo30BbiX yacoB Oosiee 30 B roj, HEOOXOAUMO MPOMOPIIUOHAIBHO
CHIDKaTh JIomycTuMbIe pacctostaus [30].

ConporusBiienue 3a3emJjieHusi omop. I[IYD  o0s3piBaeT  oOecnequTh
COTIPOTHUBJICHUE 3a3eMJICHUS omop mpucoenuHeHubix BJI Ha moaxomax k PY we Gomee
10, 15, 20 OM B 3aBUCHUMOCTH OT YJEIHHOTO CONMPOTUBIICHUS TpyHTa. COTJIACHO OIBITY
3KcIUTyaTanuu MHorue omnopsl BJI Ha mnoaxomax k PY wumMmeror compoTuBieHue
3azemuienus Oonee 20 OM, 9TO MPUBOIUT K POCTY YUCIIa OOPATHBIX MEPEKPHITUI U, KaK
CJIEJICTBUE, POCTY YKCIIa ONACHBIX IPO30BBIX MEepeHANpPsHKEHUN Ha oOopynoBanuu [31].
[TosTomy mpemnaraercs B I1YD no0aBUTh NMyHKT, KOTOPBIM PEKOMEHIYET B cClydae
noBbIieHHBIX (Oosee 20 Om) conportuBieHuit 3a3emienus onop BJI Ha moxomax k PY
ycTaHaBnuBath nonoiaHurensusie OITH, pazmeniaemele B inHenHble ssueriku BJI unu Ha
COOpHBIC IIWHBI, MPU ITOM, MPEXKIE BCETO, BIUSIHUE COMPOTHUBJICHUS 3a3EMJICHHUS Ha
3alMIIeHHOCTh 0060opyaoBanus PY 3amerHo s cereit 35-330 kB.

OTKpbIThIE pacnpeneauTebHble yeTpoiictBa 110-220 kB. B I1YD-7 B rnase 4

ecTh mpuMedanue Kk 1a0:1.4.2.10:

«Paccmosnuss  om  6eHMUNbHBLIX — PA3PAOHUKOS OO0  INEKMPOOOOPYOOSAHUsL, KPOME  CUNLOBbIX
mpanchopmamopos, He O02PAHUNMUBAIOMCS NPU  KoIuyecmee napaiieivio pabomarowux BJI. na
nanpsicenuu 110 kB - 7 u 6onee; 150 kB - 6 u 6onee; 220 kB - 4 u bonee.

Tunossie PY 110-220 kB, xak mpaBuiio, BHIMOTHSIIOTCS 10 CXEME «JIBE CHCTEMBI
IIMH ¢ 00XO0aHOW» (MEXKIYIIMHHBIM BBIKIIOYATEIh HOPMaJbHO 3aMKHYT). Hepemko
mmHa cOopHBIX mUH KpynHeIX PY 110-220 kB ¢ 60ab1IuM 4UCIOM MPUCOSIUHEHUM
npeBocxoaut 200 M. YuuThiBas peanbHble rabapuThl Takux PY, Bo3myuiHble JuUHUH,
NPUCOCTUHECHHBIC K OJHOM cUcTeMe IuH, (pu3ndecku (CKOPOCTh BOJIHBI KOHEYHA) HE
yCIEBAIOT MOBHUATh HA TPO30BbIE NIEPEHANPSIKEHUS HA 000PYI0BaHUM JIPYTON CUCTEMBI
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IIMH ¥ 00OPYIOBAaHMHU JIMHEHHBIX siueek mpucoeanHeHHbIX K Heit BJI (cm.[29]). Kpome
TOTO, CJeAyeT T[OMHUTh, 4YTO YyBEJMYEHHE YHCIa TMPUCOCNUHEHHBbIX BJI
MPOIOPIIMOHATILHO YBEJIMYUBAET KOJUYECTBO IPO30BBIX BOJIH, Haberaromux Ha PY.

Pacuetamu rposoBeix nepeHanpspkeruii B PY 110-220 kB, xotopsie 31ech He
IPUBOMATCS, TMOKA3aHO, YTO JaXe MpU OOJIBIIIOM YHUCIIEC MPUCOSAMHEHHBIX JTUHUN
MaKCUMAaJIbHO JTOMyCTHMBIC PACCTOSHUS 10 YIAJICHHOTO 000PYIOBaHUS TOJDKHBI OBITH
OTpaHUYCHBHI.

4.2. IllpennoxxkeHus no koppekruposke I[IYD
Ha ocHOBe mpoBeIeHHBIX pacdyeToB M PACCYKICHWUW CICIIaHBl CIIEIYIONINe
BBIBOJIBI M TIPEIOKCHHS, KOppEeKTUpYIomKe TpeboBanus [1YD B 9acTH 3aiuTHl OT
I'PO30BBIX MEepeHaNpsHKeHUu obopyaoBanus PY:

— Kak BBICOKOA()()EKTHUBHBIM CIMOCOO 3aIIUThl O0OPYJOBAaHUS OT TPO30BBIX (M
KOMMYTAaIIMOHHBIX) TiepeHanpsokeHud B [1YD MOJDKHBI OBITH PEKOMEHIOBAHBI K
UCIIOJIb30BAHUIO  KAaCKAQJHBIE CXEMbl, B KOTOPBIX 3allUTHBIC ammapaThbl
YCTaHOBJICHBI Ha Kaxaou nmpucoeanuennon BJI 35-750 kB BOmm3u ot Bxoma PY
(«B TMHEHHOM STUCHKE»);

— mnpuBencHHBbIE B Tabmumax I[1YD MakcHMMalbHO JOIYCTUMBIC PACCTOSHHUS OT
000OpyI0BaHUs A0 3alIMTHBIX allapaToB yKa3aHbI PU TPO30BON aKTUBHOCTH HE
6onee 30 rpo30BbIX YACOB B T'OJI; B CIy4ae, €CJIM YUCIIO IPO30BBIX YaCOB B pailoHe
pacnionioxxeHusi 6osnee 30 B roj, MOMYCTUMbBIE PACCTOSIHUSI JOJKHBI OBITh
MPOIOPIIMOHATIEHO CHIXKEHBI,

— mnpu 3amene paspsaaaukoB Ha OITH pasperaercs nepecynThIBaTh IPUBEACHHBIC B
tabsmiax [1YD MakcuManbHO TOMyCTHUMBIC PACCTOSIHUS OT 3aIIUTHBIX alapaToB
70 CWJIOBBIX TpaHC(HOPMATOPOB, aBTOTPaHC(HOPMATOPOB; HEB3sI TIEPECUNTHIBATH
MaKCHUMAaJIBHO JIOMTyCTUMBIC PACCTOSIHHSI OT 3aIUTHBIX alapaToB J0 Hambosee
yaajgeHHoro  obopymoBanuss PY  (oOopymoBaHus — JIMHEHHBIX  SYEEK),
pacmnojoxeHHoro A0 3amuTHbiX anmapatoB (PB wimm OIIH) mo xoxay
Haberaromux ¢ npucoegnHeHHbIX BJI rpo30BBIX BOJIH;

— HeoOXO0IMMO HCKIIOYWTh mpuMmedanue kK T1aom.4.2.10 I1YD, nomyckaromiee He
OTpaHUYMBATH PACCTOSIHUS JI0 YJIaJEHHOTO 000pY/IOBaHUs MpU OOJBIIOM YHUCIE
npucoeauHeHubix BJI 110, 150, 220 kB; npu Gonbmom yuciae BJI B xadectBe
MaKCHUMaJIbHO JIOMyCTHUMBIX PACCTOSHUN OT 3aIlUTHBIX alapaToB [0
YAQJICHHOTO 000pYJIOBaHUS MOXKHO MPHUHATH Te paccTostHUs 1mo 1Y, xotopsie
yKa3aHbI IPHU TpeX U Oosee nocrossHHoro BiroueHHbX BJI 110, 150, 220 B;

— JIONYCKAaeTCsl CHWXKaTh [UIMHY TpocoBoro mnoaxoxa BJI mo cpaBHeHHIo co
3HAYCHHUSIMH, YKa3aHHBIMH B [IY D, B cilydae ycTaHOBKH JomoidHUTEbHBIX OITH
B €€ JIMHEHHYIO STYEHKY;

— B ciydae moBbImieHHBIX (Oonee Benwuudbl 20 Owm, mpussatod B IIYD 3a
MaKCHUMaJIbHO JOMYCTHUMYIO) COMpOTHUBIcHMI 3a3emienus omop BJI 35-330 kB
Ha noxogax kK PY B gomonmuenuwe k OIIH, ycranoBienHsiM B PY y cuiioBbIx
TpaHchOpMaTOpoB U aBTOTpaHcPopMaTopoB, HeoOXoauMo ycranaBnuath OITH
35-330 kB, pa3memaemsbie B tuHeHbBIC ssuciiku BJI unu Ha cOopHbIe muHBI PY.
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3AK/IIOYEHHUE

B HacTosiee BpeMs B OINpeAeNeHHOW Mepe Haspesl BONpoc 00 W3MEHEHUU
MOJIXOJIOB K BBIOOPY CX€M 3aluThl 000pyaoBaHus PY OT Ipo30BBIX MepeHanpsKeHUH.
[Ipunumas BO BHUMaHUS BCE BO3pacTaroue TpeOOBaHUA K  HAJACKHOCTH
ANEKTPOCHAOXKEHHUS, HOBBIE CXEMbl  3alllUTBl  00OpPYJAOBaHUA OT  T'PO3OBBIX
MEPECHANPSKEHUM, TIOCTPOCHHBIE C HCHOJIb30BAHUEM COBPEMEHHBIX 3alUTHBIX
anmaparoB Tuna OITH, nomkxHbl oOecrnieurBaTh MOBBIMICHHYIO 3alIMIIEHHOCTh BCETO
obopynoBanusi PY oT rpo30BbIX nepeHanpsiKeHUH.

Y4uThiBas 3TO, aKTyaJbHBIMU TPEACTABISAIOTCS HM3JI0KCHHBIE B maparpade 4.2
NpeAJIoKEHUsI 1Mo KoppekTtupoBke [IYD-7 B uwactu BbIOOpa CXeM 3alUThl U3OJISLIUU
o0opynoBanusi 35-7/50 kB oT rpo30BbIX NepeHanpsKeHul, KOTopble 0a3upyroTcs Ha
CIEQYyIOIIMX OCHOBHBIX BBIBOJIAX, IMOJYYEHHBIX B pe3yJbTaTe€ MPOBEIACHHBIX
HUCCIIeIOBAaHUM .

— HauOOJIBIIYI0 OMNACHOCTh HJig oOopynoBanuss PY mnpeacTaBisiioT T'pO30BBIE
NEpPeHANpPSOKCHNs,  BBI3BAaHHBIC — yjJaapaMd  MOJHMH B (pa3Heie  mpoBoja
npucoenuHeHHbIx BJI Ha paccrosHum He 6onee 500-1500 m ot PY (mmmHa Tak
Ha3bIBAEMOT0 «OMACHOTO» MOIX0/4);

— ynapel MoiaHud B (asHele mnpoBojga BJI Ha paccrosHum Oonee 500-1500 m
MPaKTUUYECKH HE CHOCOOHBI BBI3BaTh OMACHBIX T'PO3OBBIX TMEPEHAINPSHKCHUN Ha
obopynoBanuu PY;

— 711 CHMOKEHUS YHCJIa MPSMBIX YapoB MOJTHUH B (ha3HbIC MTPOBOJIA, @ 3HAYUT U YHCIIa
OMACHBIX TPO30BBIX MEPEHANPSDKEHUN Ha o0opyaoBanuu PY, Ha ninuHe «omacHOTO»
noaxona BJI k PY HeoOxoMMa ycTaHOBKA TPOCOBOM 3aILIUTHI;

— yBEJIMYEHUE UIMHBI TpocoBoro mnoaxoxa BJI xk PY cBeine mMHBL «OmacHoOro»
NOJX0/la He M3MEHseT (He TOBBIIACT) 3alMIICHHOCTH o0opymoBaHus PY ot
IPO30BBIX NEPEHANPSIKEHU;

— HauMeHbIas JutnHa «onacHoro» noaxona BJI 35-750 kB k PY HeoOxomuma Ha Tex
npucoeauHeHHbIX BJI, B muHEHHBIX sueiikax koTopbiX (T.c. Ha BJI y Bxoma PYV)
YCTaHOBJICHBI 3allIUTHBIC anmapatsl (pa3psaauku i OITH);

— B HEKOTOpBIX ciydasx Ha nmoaxonax BJI 35-110 kB momyctumo He ycTaHaBIMBATh
Tpoc, Tak kak OIIH nuHeiiHON siueliku OepeT Ha ceOsl BBIIOJHEHUU POJU TpOca IO
CHIDKEHMIO YUCJIa OMACHBIX BOJIH, ITPOXOIAIIMX HA PACIIPEACIUTEIBHOE YCTPOMCTBO;

— 4ucno Haleraroumx Ha PY rpo30BbIX BOJIH, BBI3BAHHBIX YJapaMd MOJHUU B OMOPbI
U TpOChl TNPUCOECIUHEHHBIX BJI, CylecCTBEHHO 3aBUCUT OT COIPOTUBIICHUS
3a3eMmiieHUsT onop Ha mnoaxoxax BJI k PY; ciemoBarenbHO, 3alIMIIEHHOCTH
obopynoBanusi PY 0OT rpo30BbIX MepeHAnpsHKEHUN Tak jKe CYIeCTBEHHO 3aBHCHUT OT
COITPOTHUBIIEHUS 3a3eMJICHUS Oo1op Ha noaxoxax BJI k PY;

— TaK KakK YHCIIO YAApOB MOJHHHM B OIOPBI M TPOCHI MO KpaWHEN Mepe Ha MOPSIOK
OoJplIe YMCIIa TPOPHIBOB MOJIHMM Ha (pa3Hble MPOBOJA, TO BaKHEWILEH 3aaveit
3aluThl 000pynoBaHusi PY OT rpo30BbIX MepeHanpskeHui siBisieTcs obecrieueHue
KaK MOKHO 00Jiee HU3KMX CONPOTUBIIEHUH 3a3eMieHus onop BJI Ha noaxonax k PY;

— Hauboree BaXHO OOeCreYeHHEe MUHUMAIbHBIX COMPOTUBICHUN 3a3eMieHust 2-3
ommkaiimux kK PY onop npucoenunennsix BJI,
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B Ciy4ae HEBO3MOXXHOCTH OO€CleYeHHs] MallbIX COMNPOTHUBIICHUN 3a3eMIICHUs
ommxaiimux k PY omop mnpucoenunennoit BJI  BBICOKOM  3alMIIEHHOCTH
o0opynoBanuss PY oT rpo3oBbIX NepeHanpsHKEHUH MOXKHO JIOCTHYb YCTaHOBKOM
3amuTHOTO anmapara (paspsaauka wim OITH) B muneliHoM stueiike 3Toit BJI;
HauMEHee 3alllMIEeHHbIM o0opynoBanueM PV sBnsercs oOopynoBaHHe JIMHEWHBIX
siyeek npucoearnHeHHbIX BJI (pu OTCYTCTBHM B HUX 3aIIUTHBIX AIapaToOB);
HaJlMuhe B JIMHEWHOW s4erKe mnpucoeanHeHHor BJI 3ammrtHOrO anmapara
(pa3psiaarka wian OITH) moBsiaeT 3aMIIEeHHOCTh OT TPO30BBIX MEpEHANPSKCHUN
YCTaHOBJICHHOT'O B HEM 000py10BaHUS,

HaJIu4Yue B JIMHEMHOM s4elike npucoeauHeHHod BJI 3ammrHOro anmapara
CYIIECTBEHHO IIOBBIIAET 3alMIIEHHOCTh YCTaHOBJEHHBIX B PY  cuioBbIxX
TpaHC(OPMATOPOB U ABTOTPAHC(POPMATOPOB OT TPO3OBBIX MEPEHANPSHKEHUH,
BBI3BAHHBIX Y1apamMu MOJHMU B 3Ty BJI,

HamOoJee 3alUIIeHHBIM OT IPO30BBIX MEPEeHANPSHKEHUN OyIeT 000py0BaHUE TOTO
PY, B kxotopom B JMHEHHBIX s4Ye€MKax mnOpucoeauHeHHbIX BJI ycraHOBIEHBI
3alIMTHBIC almaparel; B TakuX PY @pakTUYECKM MCKIKOYEHBI ITOBPEKICHUS
U30JIALIMA  CUJIOBBIX TpaHCPOPMATOPOB U aBTOTPAaHC(HOPMATOPOB OT T'PO30OBBIX
NEepEHAIpPSKeHU, BhI3BAHHBIX HAOEraroluMHu C NMpucoequHeHHbIX BJI rpo3oBeiMu
BOJIHAMUY,;

NP CHWKEHUU OCTAIOIIETOCA HAIPSIKEHUs 3AIMTHBIX alnapaToB, YCTAaHOBJIECHHBIX
B PY, MakcumanbHble IpO30BbI€ IEPEHANPSIKEHHSI HA 000pYI0BAHUH CHUKAIOTCH,
CTEIICHb CHIDKCHUS TPO30BBIX MEPEHANPSIKCHU Ha 000pyaoBaHuK (IIPH 3aJaHHOM
CHIDKCHUHM OCTAIONICTOCS HAMPSHKCHUS 3alUTHBIX — allapaToB) 3aBHCUT  OT
yAAJIEHHOCTHU 3TOro 000pyA0BaHNUs OT 3alllMIICHHBIX allllapaToB;

HauOOJbLIEE  CHWKEHUE  MEpeHAnpsDKeHWl — J0CTUraercss Uil  CHIIOBBIX
TpaHnchopmMaTopoB M aBTOTpaHC(HOPMATOPOB, TaK KaKk OHH Hambosiee OIU3KO
PAcCIIOI0KEHBI K 3aIIUTHBIM arnaparam;

MUHUMAaJIbHOE CHI)KEHHE MepeHaIpsKeHUN XapaKTepHO g HauboJiee yIaJleHHOro
OT 3alllUTHBIX anmnapaTtoB obopyaoBanus PY.
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