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OBLIAA XAPAKTEPUCTUKA PABOTbBI

AKTYaJbHOCTb PaldoTHhI.

B mpomecce skcmtyataruu  wm3onsanms  obopymoBanms moacTtanmmii  (I1C)
MO/IBEPraeTcsi BO3JACHCTBUIO pa0OUYEro HaMpsKEHWs, a TaK)Ke PA3JMYHbIX BHJIOB
nepeHanpsbkennid. Hambonee pacmpocTpaHeHHBIMM 3alUTHRIME anmapatamu (3A),
00€ecrneynBarOIUMHA OrPAaHUYEHUE TPO30BBIX U KOMMYTALIHOHHBIX NEPEHANPSHKCHHH,
ABJIAIOTCA  BEHTWIbHBIC paspsanuku (PB) w  HenuHElHBIE  OTpaHUUMTENH
nepenanpsokeHuit  (OIIH).  Tlpy  mocTpoeHMM WM MOJCPHU3ALMH  YXKe
CYLIECTBYIOLIUX CXEM 3aILUTHI OT nepeHanpsbkeHui odopyaosanus [1C ¢ momomipio
OIIH u PB Heo0xoauMo pemiaTh ABE OCHOBHBIE TECHO CBA3AaHHBIE APYT C APYroM
3a/1auu:

— BbIOOp YHMCIa, MECT YCTAHOBKM M XapakKTEPUCTHK 3A, KOTOpble obecrneuar
HAJEKHYIO  3alIATYy  M30JAALMM  OT  TPO30BBIX WM  KOMMYTalMOHHBIX
MepEeHANPSIKEHUH;

— oOecrnieueHne HaJeKHOW paboTel camMux 3A m0OpU  KBA3WCTALMOHAPHBIX
NEPEHANPKEHASX, JUIsl OTPAHUYEHUS KOTOPBIX OHU HE MTPEHA3HAYEHBI.

3amutHble cBolicTBa PB u OITH ocHOBaHbl HA HETMHEHHOCTH BOJBTAMIECPHOM

XapAaKTEPUCTHKU WX PadOYMX 3JIEMEHTOB, OOECIEUMBAIOLICH 3aMETHOE CHUKEHHE

COMPOTHBJICHUS MPHU MOBBIIICHHBIX HANPS)KEHUAX U BO3BPAT B UCXOJHOE COCTOSHUE

MOCJI€ CHW)KEHUA HANPSKEHHs 0 HOPMAJIbHOro padouero. Huszkas HENMHEHHOCTH

BOJIbTAMIIEPHON XApAaKTEPUCTUKHU padOUuMX 3JIEMEHTOB B pa3psAJHUKAX HE MO3BOJISIIA

o0ecrneynTh OTHOBPEMEHHO M AOCTATOYHO TITyOOKOE OrpaHUYEHUE NIEPEHANPKEHHH,

W Majlblii TOK MPOBOJAMMOCTH TMpPU BO3AECHCTBMM pPadOYEro HamnpsKeHUs, OT

BO3JIEHCTBHS KOTOPOTO YAAIOCh OTCTPOUTHCS 34 CUET BBEJEHUSA IMOCIEI0BATENBHO C

HEJIMHEMHBIM ~ 3JIEMEHTOM  HCKPOBBIX IMPOMEXKYTKOB. 3HAUYMTENIbHO  OoJblIas

HEJIMHEHHOCTh OKHCHO-IMHKOBBIX COMPOTHUBJICHHWH (BapUCTOPOB) OTpaHUUUTENCH

nepeHanpsokennid  OIIH  mo3Bonmiia  oTkasaTeCsd  OT  MCHOJB30BAaHUSA B HX

KOHCTPYKLMM UCKPOBBIX TPOMEKYTKOB, T.€. HeMMHEHHbIE aneMenTsl OITH Haxonarces

noj AccTBHEM pad0Yero HaNpAKEHUS CETU B TCUCHHUE BCETO CPOKA CBOEH CITYKOBI.



B Hacrosumiee BpeMs BEHTHJIBHBIE Pa3PAJIHUKH MPAKTHUYECKH CHATHI C
MTPOU3BOJICTBA W B OOJBIIMHCTBE CIy4YaeB OTCIY)XMJIA CBOM HOPMATUBHBIA CPOK
CIIyKOBbI, XOTA MO-NPEKHEMY HAXOAATCs B SKCIUTyaTaluu. [loctpoeHne cxem 3amuThl
M301S0UH 000PYIOBaHUA KaK HOBBIX, TaK W MOJEPHHU3UPYEMBIX MOACTAHLHHA OT
I'PO30BBIX U KOMMYTAaLIMOHHBIX MEPEHANPSIKEHUNA TENepb OKa3bIBAETCA BO3MOMKHBIM
TOJIbKO ¢ ucnonb3zoBanueM OITH.

HpnentnunocTs (pyHKUMOHaIbHOro HaszHauenua PB um OIIH wm kaxymascs
IIPOCTOTAa KOHCTPYKLUUH IOCJIEAHErO0 4YacTO MPUBOAAT K TOMY, 4YTO 3aMEHY
Pa3psAJHUKOB HA OrPAaHUUYMTEIN TNEPECHANPIKCHUA MNpOBOAAT 0€3 NPOBEPKH
JOMyCTUMOCTH BO3AeicTBUI Ha yctaHaBimBaemblii OIIH u »sddexruBHOCTH ero
WCIOJIb30BAHUSI B PAacCMAaTPUBAEMOM TOYKE ceTU. BmecTe ¢ TeM THIOBBIE CXEMBI
3aIUATEL  U30JALMK  OOOPYJOBAaHUS OT TNEPEHANPSIKEHUH W XapaKTEPUCTUKU
3aIATHBIX anmnaparoB ObUIM pa3padOTaHbl HECKOJIBKO JECATWIETHA Ha3zax C
WCIOJIb30BAHUEM  YHIPOLICHHBIX PACUETHBIX MOJENEH, TaK KaK BO3MOXHOCTH
BBIYMCITUTEILHON TEXHUKHU ObUIM BECbMA OTPAHUYEHBI.

Pa3BuTre KOMMOBIOTEPHON TEXHUKM W CHELUATM3UPOBAHHOIO MPOrPAMMHOIO
o0OecreyeHuss MO3BOJSAIOT HAa HOBOM YPOBHE MPOBOAMTH PACUYEThl MEPEXOIHBIX
ITPOLIECCOB B JJIEKTPUUYECKUX CETAX JUIS ONTUMHU3ALUU CXEM 3aLUUTHl H3O0JALHH
0o00OpYy/IOBaHUSI OT MEPECHANpPSKEHUH W OOOCHOBAHHOTO BHIOOPA OCHOBHBIX
XapaKTEPUCTHK 3alUTHBIX alapaToB.

HecMoTps Ha BO3MOMKHOCTHM MOJEIUPOBAHHA W PACUETOB MEPEXOAHBIX
npoiieccoB, B Poccur 10 cuX MOp MIMPOKO HCMOJB3YIOT HAapaOOTKUM MHOTOJICTHEH
JABHOCTH, YEMY CIIOCOOCTBYET OTCYTCTBHE MPOCTHIX B UCIOJIB30BAHUU U JOCTATOYHO
00OCHOBaHHBIX  COBPEMEHHBIX  METOAMK  pacueTa  Pa3jIMYHbIX  BHUJAOB
nepeHanpsokeHnid.  Crnoxusmmiica B Poccum  HEgocTarok  COBPEMEHHBIX
HOPMATHUBHBIX JOKYMEHTOB M METOJHMK pacyeTa B OOJACTH 3allMThl H30JALHH
000pyAOBaHUs OT TMEPEHAINpPSIKEHUH YCYTyOJIsIeTcsl MacCOBBIM BHEAPEHHEM B
SHEPreTUKY CTpaHbl 3alUTHBIX annaparoB Tuna OITH, npu ucnone30BaHUKM KOTOPBIX
3a4acTyl0 HEKOPPEKTHO PELIAIOTCH 3a7auyd MO BBIOOPY OCHOBHBIX XapaKTEPUCTHK

OlIH, ux yucna W MeCT YCTAaHOBKHM, 4YTO SBJSAETCA NPUYMHON MOBBILLICHHON
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ABAapUMHOCTH KakK 3aiuinaemMoro obopyaosanud, Tak u camux OIIH. Ilostomy

PaccMOTPEHUE BONPOCOB, CBA3aHHBIX ¢ mpuMeHeHueM OIIH, sABnderca akTyaabHbIM.

Heas padoThl.

O0ocHOBaHHWE NTPUHLMOOB BBIOOpPA OCHOBHBIX XapaKTEPUCTHK 3aILUTHBIX
anmapatoB tuna OIIH u cxemsl mx paccraHoBku Asia HambOonee 3¢ddexTuBHON
3aIIUTEl 00OPYAOBAHUS AJIEKTPUUECKUX CETEH OT IpO30BBIX MU KOMMYTaLMOHHBIX
NEepEHANPAKCHUH.

OcHoBHBbIe pemiaemMbie 33124
— Ppa3paboTKa METOJWYECKHX MOAXOAOB K 3alure O00OpYyAOBAHUSA OT IPO3OBBIX U

KOMMYTALMOHHBIX NEPEHANPSKEHNH;

— BbIOOp W OOOCHOBaHME MOJENEH JUIsl PAacueToOB NEPEHANpPsLDKEHHA B
ANEKTPHYECKUX CeTAX U TpeOyembIx xapakrepuctuk OITH;

— mouck Haubomnee 3PPEKTUBHBIX CXEM PACCTAHOBKHM 3aLIUTHBIX alIapaTos.

MeTtoauka npoBeaeHNsl HCCIEA0BAHMIA.

OcHOBHbBIE pe3ynbTaThl PAOOTHI MOJYYEHBI TYTEM HCCIIEIOBAHUS MEPEXOIHBIX
ITPOLIECCOB B AJIEKTPHUECKUX CETIAX HAa AHATUTHUECKUX M KOMITBIOTEPHBIX MOJETAX.
[Ipn moctpoeHnH, BEIOOPE U OOOCHOBAHUM MOJIENEN UCIOIB30BATUCH O0IIAs TEOPU
(YHKIIMOHUPOBAHUA SJIEKTPOIHEPTETHUECKAX CHUCTEM, TEOPHUSA SJIEKTPOMArHUTHBIX
MEPEXOAHBIX MTPOLIECCOB, TEOPHS BOJIHOBBIX MPOLECCOB B LEMAX C PACHPEACTICHHBIMH
napamMeTpaMu. PacueTrbl B CIOXKHBIX CXE€MaX MPOBOJWIUCH C HCIOJIb30BAHUEM
nporpammHoro komruiekca EM TP (Electromagnetic Transients Program).

Hayunast HoBu3HA:

— MNpeAJIoKEeH W onpo0OBaH METOJ CTAaTUCTUUYECKUMX MCHBITAaHUN Uil OLEHKH
3AMUATIEHHOCTH HM3O0JISIAN 000PY0BAaHUS pPacIpeaeTuTeNbHBIX yeTpoiicTB (PY)
110-750 kB mojcraHumid OT rpO30BBIX NEPEHANPSKEHUA M BBIOOpA OCHOBHBIX
TexHuueckux xapakrepuctuk OITH;

— MpeAJIOKEHbl U 00OCHOBAHBI AHAIMTHYECKUMU BBIKJIAJIKAMU M HCCIEAOBAHUAMU
Ha KOMIBIOTEPHBIX MOJENAX METOJAMYECKHE MOAXOABl K BBIOOPY MapaMeTpoB

SKBHUBAJICHTHBIX CXCM OHEProCcucTeM JJ1A pacucTa KOMMYTallUOHHBIX



nepeHanpsbkeHnii Ha obGopyaoBanuu [IC 110-750 kB, a Takke TOKOBBIX U
AHEpreTudyeckux Harpy3ok Ha OIIH;
MOKA3aH MEXAHW3M BO3HUKHOBEHHUS BHYTPEHHUX NEPEHANMPSKEHUA B OJOUHBIX
nepegayax 110-750 kB u gaHbl peKOMEHAlMKU IO CHUKEHUIO MEePEHANPSHKEHUH
no 6e3onacHbix A OITH u u3zonsuun 0o00py10BaHKS YPOBHEH,
NPEYIOKEH W OMpPOOOBAH METOJ CTAaTUCTUYECKUX HCHBITAHUN I OLICHKHU
3aMUIIEHHOCTH W30Jsun Bo3aymHbX jguaui (BJI) 110-750 kB ot rpo3ossix
MEPEHANPAKEHUN 1 BbIOOPA OCHOBHBIX TEXHUUECKUX xapakTtepuctuk OITH.
IIpakTHyeckasi HEHHOCTD.
MOKA3aHO, UYTO B OOJIBIIMHCTBE CJIYYaeB, 32 UCKIIFOUCHUEM HECKOJIbKUX OTJEIBHO
OTOBOPEHHBIX, B TMPOBEJCHUM PACUETOB MEPEHANPSIKEHUH HET 0COO0OH
HEO00XO0MMOCTH, a BBIOOP CXEMBbI 3aluThl 00opyaoBanus ¢ nomoiibio OITH 110-
750 kB M0oxeT ObITh MPOU3BE/IEH YITPOILECHHO;
npuBeAeHsl  xapaktepuctukun OIIH, oOecneuynBatromue, 3a HUCKIFOYEHUEM
HECKOJIBKUX OTJEIbHO OTOBOPEHHBIX CJIYYAeB, HAJICKHYIO 3AIIUTY 000PY/I0BAHUS
PVY 110-750 kB oT rpo30BbIX H KOMMYTallMOHHBIX NIEPEHANPSKEHHIA;
MOSICHEHBl  PEKOMEHAAIMKA MO I[IUPOKOMY MPUMEHEHHUIO OrpaHuuYUTEeH
MEePEHANpPsKeHU B JTMHEHHbIX sueiikax npucoenauneHHbix BJI 110-750 kB kak
VHUBEPCAJIBHOTO CPEJICTBA, TMO3BOJIAIOIIETO HAMOOJiee HAJEKHO 3allUTUTh
obopyoBanue [1C oT rpo30BbIX U KOMMYTALIMOHHBIX EPEHATPSKEHHUIH;
pacueTaMy NPOUJUTIOCTPUPOBAHBI PEKOMEHJAlMK 1Mo 3auuTte u3onsauuu BJI 110-
750 kB ot rpo3oBbix nepeHanpskeHuit npu nomoinu OITH, ycranaBauBaembix Ha
Omnopax, a TaKKe PEKOMEHAAIMHU MO BHIOOPY CXEMbI PACCTAHOBKHU 3THUX anmnapaToB
HA OTMOpax JUHHH.
OcHOBHbBIE T0JI03KEHN I, BBIHOCHMbI€ HA 3AIUTY:
OLICHKA 3allUMIIEHHOCTH u3osauu odopyaoanus PY 110-750 kB noacranimii oT
IPO30BBIX MEPEHANPSIKEHAN C HCHOJb30BAHUEM TMPOrPAMMHOTO KOMILJIEKCA
EMTP,
000CHOBaHME HEOOXOAUMOCTH KOPPEKTUPOBKM MO VYCIOBHAM 3allUTBl  OT

IPO30BBIX TEpeHanpskeHuit TpeboBanuit [1YD cenpMoil penakiuu B 4acTu
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MPEACTbHO JOMYCTUMBIX paccTossHUM oT obopyaoBanus [IC 1o 3amuTHBIX
annaparos;

— METOJUYECKHE TMOAXOABI K BBIOOPY MapaMeTpOB JKBUBAJCHTHBIX CXEM
SHEProCUCTEM Ui pacyeTa KOMMYTAaUMOHHBIX  MEpPEHANpsUKEHWH  Ha
obopynoBanuu I1C;

— NPUMEHEHUE OrpPaHUUYMTENICH  MEPECHANpPIKEHUA B JIMHEWHBIX  sSYEHKax
npucoeauHenubix  BJI 110-750 kB  kak  yHUBEpPCaJbHOTO  CPEJACTBA,
MO3BOJISIIOLIErO HanboJee HaAeKHO 3aluTuTh o0opyaoBanue 1IC oT rpo3oBeIX 1
KOMMYTALMOHHBIX NEPEHANPSKEHUN;

— pacuer rpo30BbIX MNEPEHANPIKEHUN HA W3OJIALMH PA33EMJICHHOW HEWTpaH, a
TaK)ke€ UMITYyJIbCHBIX TOKOB B OIIH, ycTaHaBnuBaeMbIX B HEUTpab,

— BbIOOp xapaktepuctuk OITH 151 ucnons3oBanus B OJIOUHBIX NIEpeavax;

— OLEHKa 3alMMIIEHHOCTH M30sauuu BJI OT rpo30oBbIX mepeHanpskeHUil U BBIOOP
OCHOBHBIX TeXHUUeCKUX Xapaktepuctuk OIIH ¢ ncnons3oBaHreM mpOrpaMMHOro
kommiekca EMTP.

AnpoOaumsi paboThI.

OcCHOBHbIE  pe3yJbTarThl padOThl  AOKIAABIBAIMCE MW  OOCYKJAIUCh HA
MEXAYHAPOJHON HayYHO-TEXHWYECKOW KoH(pepeHnn «HennmHelHble orpaHuuuTeNnn
NepPEeHaNpPsXKeHANH: MPOU3BOACTBO, TEXHHUUECKUE TPEOOBaHMS, METOJbI MCIBITAHHM,
OMBIT 3KCIUTyaTallly, KOHTPOJIb COCTOAHUA», NpoxoauBiueld B Cankr-IleTepOypre 5-
10 nexabpsa 2005 r.

Peasm3anusi pe3yJibTaToOB PadOTHI.

OcHOBHBIE ~ PE3yJIbTaThl  NPOBEJECHHBIX  JUCCEPTAHTOM  HWCCJIEAOBAHUM
WCIOJIb30BaHbl MPH BhIMOMHEHUH LeneBod mporpammel OAO «OCK EDC» mo
3aME€HE BEHTHJIbHBIX Pa3psAAHUKOB HAa OrPAHMYWTENM MEPEHANPSIKEHUH Ha
noAactaniuax B 2005 r., B pamkax KOTOpOMl ObLIM MOPOBEACHBI PACUETHI

nepeHanpsxkeHnit 6osee yem B cemuaecatu PY 110-750 kB na 35 noacraHuusx.



Iyoauxanuu.

Pe3ynbTarhl BBINOSHEHHBIX HWCCIIEIOBAHUN OMyONMKOBaHBI B 9 mMedaTHBIX
paboTax, B TOM YHCII€ B YETBHIPEX CTAThsAX M MATH JOKIAJAX HA MEXAYHAPOMHBIX
KOH(pEePEHITHAX.

CtpykTypa padoThl.

JuccepraunonHas paboTa COCTOMT W3 BBEACHHWA, MMATH TJIaB, 3aKIIIOUCHUS,
CIMCKA UCIOJIb3YEMOM JINTepaTyphl 3 68 HaumeHoBaHui. PaboTa u3noxena Ha 248

CTpaHHIAX, CoaepPkuT 137 pUCyHKOB 1 32 TAaOJIHIIHI.

OCHOBHOE COJAEP KAHUE PABOTbI

Bo 66edenuu 060cHOBaHA aKTYaTbHOCTH PabOTHI, C(HOPMYIUPOBAHBI €€ 1IeIb U
OCHOBHBIE 3aJ1au¥, OTMEYEHA €€ HayuHasl HOBU3HA U MMPAKTHYECKAs 3HAYNMOCTD.

B nepeou 2naee  mpuBeneHBl  PE3YNbTAThl  PAacyETOB  IPO3OBBIX
nepeHanpsykeHnd Ha O00OpYAOBaHUM MOJACTAHUMNA € MCIOIB30BAHHEM H3BECTHOIO
KaHAJICKO-aMEPHUKAHCKOTO MNpPOrpaMMHOro kommiekca EMTP, momomHeHHOrO
JUCCEPTAHTOM PAJIOM CHELUATU3APOBAHHBIX MOAYJIEH, TO3BOJAIOIINX YUECTh BOJIBT-
CEKYHJHYIO XaPAaKTEPUCTHUKY W30JLIMH, WMIYJBCHYIO KOPOHY Ha mnposogax BJI,
CTATUCTUYECKUN XapakTep IMapaMeTpOB HUMITyJbCa TOKA MOJIHWM. PacmmpeHHbIN
JOTIOJIHATENIBHBIMA ~ MOJYJIIMHM ~ IIpOrpaMMHeli - komruieke EMTP  mossosser
MTPOBOJUTH PACUYEThl TPO3OBBIX MEPEHANPAKEHUNA HA MOACTAHLMAX TPH NMOAPOOHOM
MOJEIUPOBAHUH MPOLECCOB B PY COBMECTHO € mponeccaMu B npucoeauHeHHON BJI,
JUIi  KOTOPOM  paccMarpuBaeTcsi mnopaxeHue MoJjiHued. Takum  oOpaszom,
paspaboranHas Ha 0aze EMTP koMmnbioTepHass MOJEnab Uil aHajiv3a TPO30BBIX
MIEPEHANPSIKEHUN COCTOUT M3 MOJAEIH OTKPBITOIO PACHPENEIUTEIIBHOIO YCTPONUCTBA
MOACTAHLUMHA W MOJENIEH NPHUCOCIWHEHHBIX BO3AYIIHBIX JMHUN ASJIEKTPOINEPENAYH.
Pesynprarom  pacdueToB  TrpO30BBIX  NEPEHANPSHKEHHM € MCHOJIB30BAHUEM
pa3paboTaHHON MOJAENM SABIAIOTCS MPEACTABICHHbIE T'pauuecku 3aBUCUMOCTH
KPaTHOCTH MEPEHANPSKEHUNH Ha Kaxka0M U3 3ieMeHToB PY 1IC oT BEposITHOCTH MX
nosiBiieHus. [lomydeHHble 3aBUCMMOCTH  TMO3BOJAIOT OLEHUTH  3aIIUIIEHHOCTD

000pY/I0BaHUS OT IPO30BbIX MEPEHANPSAKEHUM.
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HUcnonws3oBanne mnporpammHoro kommiekca EMTP, apgantupoBanHOrO
JUCCEPTAHTOM K pacueTy TPO30BbIX MepeHanpsskeHud Ha obopyaosanuun [IC,
MO3BOJIMJIO BBISIBUTH HEOOXOAMMOCTh KOPPEKTUPOBKM TpeboBanuil I1YD ceapmoii
pPEeAaKUMU B YACTH MPEAETbHO AOMYCTUMBIX PACCTOSIHUEN OT 3alUTHBIX AMIMapaToB 0
obopynosanus PY TIC.

Bo emopoii 2nage ynpoileHHO AHAJIUTUYECKH MW MpPU  NOAPOOHOM
KOMIBIOTEPHOM MOJACIUPOBAHUU IIPOLECCOB OLIEHEHBI HEOOXOAMMBIE B PEXKHME
OTPaHUYEHHUST KOMMYTALMOHHBIX NEPCHANPSIKCHUA TOKOBBIE M DHEPreTUUYECKUE
xapaktepuctuku OITH, chopmynuposansl Tpeboanus mo ocratomemycs Ha OITH
HanpsokeHuro.  CorlacHO — MCCIIEIOBAaHWAM,  HAuOOJbIIME  KOMMYTALMOHHbBIE
NepeHanpsKeHUs BO3HUKAIOT HA PA30MKHYTOM KOHIIE OJHOCTOPOHHE nuTaeMbix BJI
110-750 B, u, cienoBatenbHO, HAMOOJBIIIKE TOKOBBIE U SHEPrETHUECKUE HATPY3KH
Ha OIIH BosznukaroT npu ux ycraHoke Ha BJI 110-750 kB. Ilostomy npu ananuse
KOMMYTAlMOHHBIX [EPEHANpPSKEHUH B CETAX OCHOBHOE BHUMaHHUE YJIEJIEHO
kommyTarusam BJT 110-750 kB, a ocob6oe Baumanue — cetsim 500-750 kB, B koTOphIX
PacCMOTPEH BOMPOC O HEOOXOAMMOCTU yCTaHOBKM M xapaktepuctukax OITH 500-
750 kB nuneinbix aueek. [Iposeaensl pacuetsl Beiaenstonuxcs B OIIH suepruii npu
nx ycraHoske Ha BJI u, kpome Toro:

— CHCTEMATU3MPOBAHbI MOAXO0bI K BEIOOPY PACUETHBIX CXEM M CXEMHO-PEXKMMHBIX
CUTYaLIlH, ONpEeAessIoIMX MakcuMalbHble TpeboBanus k OIIH mo Toky
MPOIMYCKHON CITOCOOHOCTH M YAEIbHOW SHEPIUH;

— ykazaHbl (aKTOpbl, y4Ye€T KOTOPHIX SABISETCA BAXHBIM TPU  pacdeTax
KOMMYTALMOHHBIX NEpEeHANpPsKeHU 1 Harpy3ok Ha OITH;

— TMOKa3aHo, 4To mnpaktudyecku i Bcex cerel 330-750 kB nmns oGecneueHus
HaJie:)kHOM paboThl obopyaoBanus [1C Heobxoauma ycranoska OITH B nuHeliHbIE
STUCHKH,

— COMNOCTaBJIEHHI ¢ pekoMeHaanusaMu MOK pe3yipTaTel pacyeTOB TOKA MPOMYCKHOM
crnocoOHOCTH U yAenbHOM 3Heproemkoctu OITH 110-750 xB.

B mpemoeit 2nage c WCNONB30BAHWEM COCTABIEHHBIX CXEM 3aMELICHUS

CHJIOBOTO TpaHc(opMaTopa TPOBEACH AHAIMTHYECKUN W KOMIBIOTCPHBIN aHAIu3
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IPO30BBIX IEPECHANPIKCHUA HA Pa33eMJIICHHOW HEWTpPaIM, PE3yabTarbl KOTOPOTO
YAOBJIETBOPUTENBHO COTJIACYIOTCA € DKCIEPUMEHTAIBHBIMU JaHHBIMU. Kpome Toro,
OTpeieTICHbl MaKCUMaJIbHbIE 3HAYeHHS U (popma ummynbcHbIX TokoB B OITH-H npu
I'PO30BBIX MEPEHANPSIKEHUAX, YTO MO3BOJIMIO MOSCHUTH TPEOOBAHUS K OCHOBHBIM
TEXHUYECKUM XapPAKTEPUCTUKAM STHUX 3ALUTHBIX aIllapaToB.

B uemeepmoii 2naeée OCHOBHOE BHUMAHHE YJIEJIEHO TEOPETHYECKOMY
000CHOBaHMID MEXaHW3Ma BO3HMKHOBEHMsS B OJIOYHOM Mepenaye OmacHbIX Ui
o0opya0oBaHUsT BHYTPEHHUX TNepeHanNpsokeHmid. Ha mpumepax OnouHO#M mepemauwn
750/500 kB u 6mounoit mepegaun 110 kB mpu moMoiny mMpOCTHIX AHATUTHUCCKUAX
BBIKJIAJOK  IOKAa3aH  MEXaHW3M  BO3HHMKHOBeHMs  omacHbix gua  OIIH
KBa3MCTALMOHAPHBIX TEPECHANPSHKECHUN, TMPUBEACHBI PE3YJBTAThl KOMIIBIOTEPHBIX
pacueToB ¢ HWCIOJB30BaHWEM mporpaMmHoro komiuiekca EMTP. Kpome Toro,
YKa3aHbl CMOCOObI CHWIKEHUS KBA3MCTALMOHAPHBIX MEPEHANPSHKEHUH W HArJsaIHO
nosicieHa WX 3(PEeKTUBHOCTh, NMPUBEAECHB PEKOMEHAALMH TO BBHIOOPY OCHOBHBIX
TexHuueckux xapakrepuctuk OITH nis ycTaHOBKHM B OJIOYHBIE NTEPEAAYH.

B namoii 2naee npenctasieHsl Kak yNpOLIEHHbIE, TaK U MOJHBIE MOJENH IS
aHanu3a TpO30BBIX NepeHanpsbkeHuil Ha BJI; nokasaHo BiuAHME pa3IWUHBIX
¢dakropoB Ha rpozoynopHocTs BJI mpu ynmapax MOJHUM B TPO303aLIUTHBIE TPOCHI,
onopsl BJI u (aznsie npoBoga. PaccmoTpena 3amiura oT rpo30BbIX NEpEeHANPSIKSHAN
oA BJI ¢ momomisto OITH, a Takke mpeayioKEeHbl METOIMUECKUE MOIX0/IbI K
BBIOOPY MX XAPAaKTEPUCTUK M CXEM PACCTAHOBKM HA OMOPax C YYETOM BIIHAIOLIMX

KOHCTPYKTUBHBIX 0coOeHHOCcTEeH BJI.

OCHOBHBIE BbIBO/IbI 1 PE3YJIbTATbBI PABOTbI
Ha ocHoOBe aHanmm3a HAy4YHO-TEXHUYECKUX MYyOJUKallMh, OTCUECTBEHHBIX H
3apyO€KHbIX HOPMATUBHBIX JOKYMEHTOB, TMOCBAILICHHBIX BOMPOCAM  3alUThI
00OpY/IOBaHUSL ~ DJICKTPUYECKUX CETEH OT TPO30BBIX M  KOMMYTAIMOHHBIX
MEPCHANPSHKCHUH, a TAK)KE HA OCHOBE PACUYETOB, MPOBEICHHBIX AHAUTUTUYECKU U TPH

MOMOIIN pa3pabOTaHHBIX KOMIBIOTEPHBIX MOJENCH:
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v TpeIoKeH W OMpoOOBaH HE WCIIOJB30BABIIMICS paHee ISl BRIPAOOTKH OCHOB
IPO303AIIUTEL  METOJ, CTAaTUCTHUYECKUX MCHBITAHWMN, TO3BOJSAIOIIAN OLECHUTH
3alMIIEHHOCTh M30JAuu  obopyaoBanus PY 110-750 kB mnoacranumii ot
FPO30BBIX  MEPEHAINPAKEHUH; € LEIbI0  TNPAKTUYECKOW  pealm3aluuu
MPEAIOKEHHOIO0 NOAX0/a Ppa3paboTaHbl HEOOXOAMMBIE NPOrPAMMHBIE MOAYIH
s kommuiekca EMTP; Ha OCHOBE TIPOBEOCHHBIX HA TaKUX MOJEIAX
UCCIICOBaHM 00OCHOBAHA HEOOXOAMMOCTh KOPPEKTUPOBKU [1YD ceapmoit
PEMAKIMHM B YAaCTU CXEMBI 3aIUTHl HU30JIALUM OOOPYAOBAHHA PAa3HBIX KJIACCOB
HaIPsKEHAS OT TPO30BBIX MEPEHANPSIKEHUH;

v IpeUIOKEHBI M OOOCHOBAHBI METOJHUECKHE IOAXOABI K BHIOOPY MapaMeTpoB
SKBUBAJICHTHBIX CXEM  SHEPrOCHCTEM  JIA  pacuera KOMMYTAIMOHHBIX
nepeHanpskeHnii Ha odopyaoBanuu [1C, B OCHOBE KOTOPBIX JICXKUT MPHUHIUIL
3allUThl 000PYA0BAHUS OT MAKCUMAJIbHO BO3MOKHbBIX TIEPEHAINPSKEHUH B JAHHOU
SHEPTOCHCTEME; TOKA3aHO CYIIECTBEHHOE YIIPOLICHUE MPOLEAYPBI ONMPEAECICHUA
Tpedyembix xapakrepuctuk OITH mpu TakoMm moaxoje, a TakKe CHUXKEHUE PUCKA
MPUHATHAS OLIMOOYHBIX PEIICHUH M3-3a HEKOPPEKTHOrO BhIOOpA MapameTpoB B
SKBUBAJICHTHOW PAaCUCTHON CXEME SHEPrOCHCTEMBI;, MPUBEAECHBI MPAKTUUYECKUE
MPUMEPBI PEAUTH3ALNH TTPEITTOKEHHBIX MOXO0A0B;

v/ MOSCHEHBI PEKOMEHJAIMK 110 IIMPOKOMY NPUMEHEHHIO OrpaHHYHTENEH
MEPpCHANPSDKCHUW B JIMHEHWHBIX — s4YedKax  npucoeauHeHHbix BJI  kak
VHUBEPCAIBHOIO CPEJACTBA, MO3BOJISIOLIErO0 HAWMOOJIEe HAJEKHO 3AIUTUTH
obopyoBanue [1C oT rpo30BbIX U KOMMYTALIMOHHBIX EPEHATPSKEHHUIH;

v/ COCTaBJIEHBI pacyeTHBIE CXEMbl 3aMEINEHHs CHIOBOTO TpaHcdopmaropa, ¢
WCIIOIB30BAHUEM KOTOPBIX MPOBEACH aHAIW3 NEPEAauYd TPO30BBIX BOJIH 4Yepe3
TpaHcopMaTop B Pa33eMIICHHYIO HEHTpasb; IaHbl OLICHKH KPATHOCTIM U dopme
MMITYJIbCOB T'PO30BBIX MEPCHANPSKCHUN HA HM3OJISALAM PA33€MJICHHOW HEWTpAIIH
cmioBblx TpadchopmaropoB 110-220 kB; pacueTHbIM TIyTeM ONPEACTCHBI
MpeAeiibHbIE MapaMeTpsl UMNysbcHbIX TOKOB B OIIH-H w nmepenanpskenuii B
pa33eMIICHHBIX HEUTpansax, a Takxke TpeOyemble xapakrepuctuku OIIH-H nns

3aLUUATHI U30JIALAN HEUTPAJIEH;
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v/ COCTaBJICHBI pACUYETHBIE CXEMbI 3aMEIICHWS OJIOYHBIX TMEpPeaad, B KOTOPHIX
MIPOBEJEH AHAIN3 BHYTPEHHUX MNEPEHANPSHKEHWUN, NMPEACTABIAIOMMX OMACHOCTH
Ui o0opyoBanus |, npexae Beero, ana OIH; npennoxeHbl Mepbl MOBBILICHUS
Haje:xkHocTu padotel OIIH B Gnounbix nepemauax 110-750 kB U ocHOBHBIE
xapakrepuctuku Takux OIH;

v’ naHbl (DH3HYECKHE OCHOBBI MEPEXOIHBIX MPOIECCOB, mporcxosmux B BJI 110-
750 kB, wzonsauusa kotopod 3amuiieHa npu nomomm OITH moasecHoro
UCTIOJIHEHUA; MpeaIokeH u onpodoBaH B EMTP wmerom craructuueckux
WCTIBITAHUWA Uil OLUCHKH 3alUIICHHOCTH wm3oysumu  BJI  OT  rpo30BbBIX
nepeHanpsKeHU U BBIOOpa OCHOBHBIX TeXHUYECKHX Xapakrepuctuk OIIH; nanbl
00001AOIIHE BBIBOJABI OTHOCHTENBHO BIIMSIHUS KOHCTPYKTUBHBIX OCOOEHHOCTEH
BJI 110-750 kB u conmpoTHBIECHHWI 3a3€MJICHHS ONOP Ha CXEMY PACCTAHOBKH
anrapaToB Ha ONOPE W BAOJAb TPacChl JIMHUM, a TAaK)Ke Ha OCHOBHBIE
xapaktepuctuku OITH, 4To MOXKET OBITh MOJOKEHO B OCHOBY COOTBETCTBYIOILHX
METOOMYECKUX YKa3aHWW 10 MNPUMEHEHHUIO IIOJABECHBIX anmaparoB Ui
MOBBILIEHUA rPo3oynopHocty BJI.

Pesynmprarel  mpHBEAEHHBIX B padoT€  MCCIECAOBAHUW  MO3BOJSAIOT
chopMyTUpPOBAaTh OCHOBHBIE TIOJIOKEHUS METOAMYECKUX TMOAXOAOB K BHIOOPY
TEXHUYECKUX XAPAaKTEPUCTUK U cxeM pacctaHoBkd OIIH B ceTsax nanpsbkeHuem 110-
750 kB:

1. Jlna koppektHoro BbiOOpa xapaktepuctuk OIIH 110-750 kB B o0s3arensHOM
MOpAIKE HEOOXOUMO NPOBEIEHUE PACUETOB!

— BHYTPECHHMUX NEPEHAINPSHKEHUA HA NMOACTAHUMUAX, K KOTOPBIM NPHCOEIHHEHBI
BJI 500-750 kB pnunoii 6oee 200-300 kMm;

— BHYTPEHHMX mnepeHanpsukeHuid Ha nojctanumax 110-750 kB, Ha koTOophIX ¥
CUJIOBBIX TpaHC(GOPMATOPOB H aBTOTPAHC(POPMATOPOB HE YCTAHOBJIICHBI
BBIKJIFOUATEIM HA CTOPOHE BBICOKOTO HampspbkeHus (B OMOYHBIX CXeMax), Ha
IIPaKTUKE ClIeAyeT HM30erarb TaKMX CXEM KaK MOTCHLHMATBHO OMacHBIX MJIA
000pyA0BaHUs C TOYKH 3PEHHSA BO3HUKAIOIIMX NEPEHANPAKEHUH, YTO CHUMET

HEO00XO0JUMOCTb MPOBEICHUS PaCU€TOB,
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rpo3oBeiX mepeHanpsokeHnit wHa  BJI 110-750 kB, we obmamaromux
JOCTATOUYHOW TPO30YHNOPHOCTBIO, € ILEIBI0 ONPEAEICHUA HEOOXOAUMOCTH
yctaHoBku OITH, uncna u MecT UX NMEPBOOUEPETHOIO Pa3MENICHUsA, BbIOOpa
tuna OITH 1 OCHOBHBIX €r0 XapaKTepUCTHK.

B ocTanbHbIX clydasx B IPOBEACHUH PacuyeTOB NEPEHANPSHKEHUA HET 0cO00M

HEOOXOIUMOCTH, U BBIOOP CXEMBI 3aIUTHl 000PYIOBAHHUA MOKET OBITh MPOU3BEACH

YOPOLIEHHO.

2.

Jlia BeiOopa cxemsl 3auuThl 00opyaoBaHus [IC oT rpo3oBbIX nepeHanmpsKeHUul

MOXHO MCTOJIb30BaTh TpeOoBanus [1YD ceapmoil peakiuu K pacCTOAHUSM OT

3AIUTHBIX alIaparoB A0 O60pyI[OBaHI/I$I U JJIAHC 3alUIICHHOIO TpOCaMH

noaxonaa BJI, CKOppeKTUPOBaB UX CASAYIOIMM 00pa3oMm:

npu 3ameHe paspanaukoB Ha OITH momyckaerca mepecunThiBaTh PacCTOSHHS
TOJILKO J0 CHJIOBBIX TPaHC(OPMATOPOB U aBTOTPAHC(POPMATOPOB;

HEJOMYCTUM TEPECUET PACCTOSHUNA A0 HamOoJee YJaleHHOro 000py10BaHUA
PY (oOopynoBanuss JMHEWHBIX A4YEEK), PACMOJNIONKEHHOTO MO  XOAY
Haberaroumx ¢ npucoeAMHEHHbIX BJI rpo30BhIX BOJH A0 3alMTHOTO ammapaTa
(PB wm OITH);

B cllydae noBbllieHHbIX (Oomee 20 OM) conmpoTtuBieHuit 3a3emiienns omnop BJI
110-330 kB Ha noxoaax k [1C HeoOx0AUMO yCTaHABIMBATH JIOMOJHUTEIbHBIC
OIIH 110-330 kB, pa3meinaembie B nuHelHbie sueiikun BJI unu Ha cOopHbIE
mHbl [1C,;

PEKOMEH/IyeTCS OTPAaHWYMTh PACCTOSHUA OT 3alIMTHBIX anmapaTtoB A0
YAQJICHHOTO 000pY/I0BaHUS TpU OOJbIIOM uuciie mpucoeauHennubix BJI 110,
150, 220 kB;

Hanbosee HAACIKHYIO 3aIIUTy OT TPO30BBIX MEPEHANPIKEHUN 000pyI0BaHHS
PV obecneunBatoT cxXeMbl, B KOTOPBIX B JINHCHHBIX SUCHKAX MTPUCOCTUHCHHBIX
BJI ycranosnenst OINH;

JOIMyCKaeTCsl yMEHbIIATh JUIMHY 3alllMIIEHHOro TpocoBoro moxaxoga BJI B

ciyuae yctaHoBku OITH B ee nuHeHYIO sSUeiKy.
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3. Jna BeiOOpa cxembl 3ammTel  oOopynoBaHua [IC  OT KOMMYTalHOHHBIX

NEPEHANPsXKEHUA  AOCTaTOYHO HMCMONb30Barh TpeboBanua I[IYD  ceapmoit

PEAAKIMKU K MECTAM YCTAHOBKH 3allIlMTHBIX allllaparoB, JOMOJHUB UX CIICAYIOINUM

obOpazom: ycraHoBka OIIH Ha npucoeanHenHbie Kk noAacTaniuu BJI no ycimoBusm

3aIUTEl 000PYAOBAHMS OT KOMMYTAMOHHBIX NEPEHANPAKEHUN

He Tpedyercs B ceTax 110-220 kB;

oOs3arenbHa s ceteit 330-750 kB.

4. OcHoBHble xapaktepuctukn OITH 3a uckiroueHHeM ciaydaeB, yKa3aHHBIX B 1.1,

JAOIMYCTHMO OIIPCACIIATH YIIPOINCHHO!

B PEXKMME OTPAHWUYCHHS TPO3OBBIX MEPEeHANPsHKEHMH (MMITyIbC Toka 8/20 mMkc
ammumaty ot 10 kA mns cereit 110-330 kB m 20 kA s ceteit 500-750 kB)
ocratoueecs Hampsbkenne Ha OIIH, sammmmaromem Tpancdopmarop wnm
aroTpancdopmarop, onpeaensercs mo ¢opmyne 11YD cenpmoii penaknum B
3aBHCHUMOCTH OT PAcCTOSHUS [0 3alUIIaeMoro TpaHcdopmaropa wiau
aBToTpanchopmaropa;

B PEKHME OTPAHWYCHHUS TPO3OBBIX  TEPEHANPSKEHUN  OCTaIOIMEeecs
Hanpsokenne Ha OITH, ycTaHOBIIGHHOM B JTMHEHHYIO SUCHKY WU Ha COOpHBIC
IITUHBI, MOKET OBITh MPHUHSITO TaKuM ke, kak i OIH, 3amurmaromniem B 3ToM
PV mzonsmumto TpancdopmaTopa i aBToTpancgopmaropa;

B PEXKXMME OTPAaHWUYCHHUS KOMMYTAIIMOHHBIX TEPCHANPSIKCHHUHA (MMITYJIbC TOKA
30/60 mxc ammumatymoit 500 A mns ceteit 110-220 kB u ammumatymoit 1000 A
i cereir 330-750 kB) ocraromieecs Hanpsbkenue Ha OITH, ycTaHOBIICHHBIX B
PY, nomxno ObiTh Ha 15-20% HMKE, YEM UCIHBITATEILHOE HAMPSKEHUE
3alMIIAEMOTr0 O0OPYJ0BaHUS KOMMYTAaUUOHHbIM wumnyiabcoM mno ['OCT
1516.3-96;

HauOonbiiee padouee Hanpsbkenne OIIH npunumaercs Ha 2-3% BbllIe
HanOoJpIIEro pabovYero HanpsHKEHUs CETH, B KOTOPYIO OH YCTaHABIMBAETCH;
XapaKTepucTHKa «Hanpspkenue-spems» OIIH npuHMMaeTcss THUMOBOM —

A0IMyCTUMO BOSHeﬁCTBHe HAIpPsKEHUEC HpOMBIH.U'IGHHOfI YaCTOThI KPATHOCTHU HEC
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menee 1.25 (o oTHOIIEHUIO K HanbobmeMy padbouemy Hanpspxernto OITH) B
teuenue 10 cex;

HOMHWHAJIBHBIA pa3psAanbiid TOk (ummynsc 8/20 mic) s cereit 110-330 B
npuHuMaetcs paBHbiM 10 kA, a qyis cered 500-750 kB paBubiM 20 KA;
aMITUTYIa UMITyJTbCa O0IbIoro Toka (mmmyssc 4/10 mxc) mis cereit 110-220
kB npuanumactcs pasnoit 65(100) kA, s cereii 330-750 kB pasHoii 100 KA,
ynenbHas osHeprus OIIH (npuBeaennas k  Haubosbiiemy pabouemy
HAMPSKCHUIO), YCTAaHOBJICHHOTO Ha MPUCOCIUHEHHYIO K moacTaHmu BJI (mpu
mmae meree 200-300 kM), TTpH MPOTEKAHWW TI0 HEMY OJTHOTO MMITYJIbCA TOKa
npsamMoyroiibHo# popmel mymrensHocThi0 2000 MKe 3aBucHT OT AyuHB BJI, HO
HE JOJUKHA OBITh MEHbIIE 3HAYEHWH, OOYCJIOBJICHHBIX HAJEXKHOW paboTOi
OIIH B pexxume paccerBaHUS SHEPTUU TPO3OBBIX MEPEHANPSIKEHUN: B CETAX
110, 220, 330, 500, 750 kB cootercTBenno 2.0, 3.0, 4.0, 5.0, 6.0 x/Ix/kB;
ynenbHas osHeprus OIIH (npuBeaennas k  Haubosbiiemy pabouemy
HaANPSOKEHUIO), YCTAHOBIIGHHOTO Yy TpaHcdopMmaTopa, aBTOTpaHcgopMmaTopa
WIA Ha COOPHBIX IIWHAX, MPU MPOTEKAHUH MO HEMY OJHOTO MMITYJibca TOKa
npsMoyrosbHo# dopmbl UTenbHOCTHI0 2000 MKC MPAKTUYECKH HE 3aBUCHT
OT AJUHBI MPUCOCIWHEHHBIX K mojacTaHiuu BJI um nomxHa OBITH HE MEHBIIE
3HauUC€HUH, 00YCIOBJICHHBIX Haj/ie:kHON padbotoi OIIH B pexume paccenBaHus
SHEPruM rpo30BBIX NepeHanpsukeHui: B cersax 110, 220, 330, 500, 750 kB
cootBercTtBenHo 2.0, 3.0, 4.0, 5.0, 6.0 k/[x/xB;

ocHOBHbIe xapaktepuctuku OIIH-H, npenHa3sHayeHHBIX [AJid  3alUATHI
W30JIALIAN Pa33eMIIieMoil HelTpanu cuioBbix Tpanchopmaropos 110-220 kB,
OTpe/AeNeHbl B AMCCEPTAllMA W COOTBETCTBYIOT AaHHBIM «PykoBoacTBa MO
3amuTe snekTpuueckux cered 6-1150 kB oT rpo30oBBIX M BHYTPEHHHX

nepeHanpsbkeHui» (nmox Hayunou penmakuueit H.H.TuxoneeBa. —2-¢ m3m. —

CII6: TISUTIK MunTomsuepro P®, 1999. —355 ¢.).
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