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OBHIAS XAPAKTEPHCTHUKA PABOTBI

AKTyanbHOCTL paGoThi. O6eccneyeHne HANEKHOCTH U ycToiunBocTH paborsl EQC Poccun
B LENOoM, OOCBENMHEHHBIX M OTHAEIBLHBIX 3HEPrOCHCTEM, M B TOM YHCIE, SHEPrOCHCTEM
MCTalloONCOB B ONpeleisiiomeii Mepe CBi3aHO ¢ 3GQEeKTHBHOCTBIO YIPaBICHHS HMH B
HOPMAaJIBHBIX H aBapHHHEBIX pexXUMax.

Oco0GeHHOCTH COBPEMEHHOTO PA3BHTHA SHEPrOCHCTEM METarojMCOB XapaKTepH3yIOTCa Ha
npuMepe MOCKOBCKOH SHEProCHCTEMB! GONBINON KOHUEHTPAINEH TeHEPUPYIOI(HX MOIIHOCTEH K
SNIEKTPHYECKOH HArpy3KM Ha CPaBHMTECNBHO HEGONBMON TEPPUTOPHM; HEHOCTATOMHOM MPOIIYCK-
HOH CIOCOGHOCTEIO CHCTEMOOOpasyIOIMX M PACHPEACIMTCNBHBIX CETel, OrpaHMICHHON
YCHOBHAMH TOKOBOM 3arpy3ku CBa3eil; HEOOXOOMMOCTBIO KOMIIAKTHOTO HCIONHEHHA OOBEKTOB
JNEKTPAYECKHX CETeH BCIEACTBHE BHLICOKOM CTOMMOCTH 3€MJIM; SKCIUTyaTaumedl oGOpyZOBaHHMS
TPAKTUYESCKM Ha KXIO# U3 nopcTaHImi MOCKOBCKOTO perroHa, BEIpaboTaBmero HOpPMaTHBHBIN
pecypc. DT 0C0GeHHOCTH MOCKOBCKOM 3HEPTOCHCTEMEI U OHPEASIAIOT OCHOBHBIC MPOGIEMBI
GbyHxnporupoBanya ((y3KHE MECTa»), KOTOPBIC B NEPCICKTHBE C POCTOM SIEKTPONOTPeOICHUA U
Harpy3kd B MOCKOBCKOM 3HEProcHCTEME, BBOIOM HOBBIX TCHEPUPYIOLIMX MOLIHOCTCH Ha
JJMEKTPOCTaHIMAX Kak B & Mockse, Tax u B MOCKOBCKO# 0GJIacTH, YBENHYCHHEM ILIOTHOCTH
3acTpoiiku OYEYT CYIIECTBEHHO YCYTYOIATHCA.

K TaxuM mpoGieMaM OTHOCATCA: JIOBBIICHHAs 3arpys3ka asroTpancdopmaropos 500/220,
500/110 kB MOCKOBCKOIO KOjbIia; MOBEINICHHAA 3arpy3ka pAna KaGelbHBIX ¥ BO3AYIIHBIX JIMHHM
anexTponepenau U Tpanchopmaropos cetn 220-110 xB; BbICOKHI YPOBEHb TOKOB KOPOTKOTO
sambikanus (TK3); BO3HMKHOBEHME IEpPErpy30K B CETAX BCEX HANPSIKCHWH IpH OTKIIOUEHHH
anemenToB cet 500 xB; moTpeGHOCTE B KOOPJMHAIMY YIIPABICHUS HANPKEHHEM M PEaKTHBHOM
MOIIHOCTHIO.

Kax nokasanu uccleloOBaHMs U PpacueTHl PEXUMOB Ha nepenekTusy 10 2020r. B MOCKOBCKOI
JHEPrOCUCTEME HMECTCA 3HAYHMTEIBHOC YHMCIO INOACTaHIMM, y KoToperx TK3 Ha mmHax
NPEBEINAIOT HOMHKHANBHEIC TOKH OTKIIOUCHHs BBIKNIOUaTeNelf wiy OyIyT NpeBBIIATs WX B
6mwxaiimem GyxymeM. ITosromy B HacTosImee BpeMs npoGieMa IPUHYAUTENHHOTO OrPAHHICHUS
pactymux TK3 B KpYNHBIX 3HEProcHCTEMax METANONMCOB H3-33 3HAYMTENBHOrO pOCTa
3HepronoTpedineHu u pasBurus cereit 110/220_xB sBiseTcs oaHoi u3 Haubomnee akTyanbHBIX.

B nocneanne roapl mpoOleMbl KOMIEHCAllMM pPEakTHBHOM MOIIHOCTH, CBA3QHHBIE ©
00€eCIeueHHEM OrPaHHUCHI HEZOMYCTAMEIX YPOBHEH HAUPSUKEHHA Ha JIMHHAX SNEKTPONEpEIaqn
cBepxBeicokoro HanpskeHus (CBH) 500 xB w Bemme u B Opuieralomux K HAM CETX,
cymecTBeHHO o6octpwmuces. [IpakTeyeckMe pemmeHHs 93To  mpoOneMBl NpHBENH K
nesnecoobpasHocTH ycTaHoBKH B cetix CBH nomonuutenpHbX myHTHpPYIOmUX peakropos (IIIP) s
Ka4eCTBE CPEACTB NONMEPSUHOM KOMIICHCAIMA H30BITOYHOM PeakTHBHOM MOUIHOCTH BO3IYIUHBIX
nunuii (BJI) snexrponepenaun CBH. Bmecre ¢ TeM npu ycranoske IIP imunun snextponepesaun
MEPEXOMAT H3 pPeXKMMa HEJOKOMIICHCAIMM MpakTHUecKd B pekuM 100%-HO¥M koMneHcauu#
3apAAHOi MOINHOCTH JIMHHH, YTO CBA3aHO C BO3HHKHOBEHHEM DPE30HAHCHBIX MEPeHAIPAXKEHHMI
npu HenoNHO(A3HEIX pexuMax paloTsl (HapuMep, B LHMKIE OXHOGA3HOrO ABTOMATHYECKOTO
nosTopHoro BkmoueHust - OATIB). KpoMe Toro, B HenonHoda3HbIX pexuMax M3-3a EMKOCTHOM U
SICKTPOMAarHWTHOK CBA3M oTkmouéHHOM ¢da3el BJI ¢ e& HemoBpexaéHHEIME (asamu,
OCTABHIMMHCA 1OJX pabouMMM HaNpsKEHHEM K TOKOM, B JYrOBOM KaHATE OTKIIOUEHHOH (hasbl
BO3HHMKACT TOK IIOJANHTKH, KOTOPhIM IIPENATCTBYET ObICTPOM NEMOHM3AMM IYrOBOIO KaHAJA.
Bpems ropeHMA AyrE HOANUTKH BO3PacTacT C YREIMYCHUEM AMIUIMTYAbI TOKA NONIMTKH H
CKOPOCTH BOCCTAHOBICHMA HanpsbxeHusA. JInd ycTpaneHMs PE30HAHCHBIX NepeHANpsKEHHH, a
TaKKe I MCKIOYCHHS BIWSAHMA TOKA HOJANMTKM IYTH B HOZOOHBIX PexuMaX MOTYT OBITH
NPHHATHl Pa3NMYHbIe MEPHI, OJHOM M3 KOTOPBIX SBNSETCS YCTAHOBKA TAK HA3BIBAEMBIX
YETBIPEXTYUEBBIX peaKkTopoB, cocrosmux u3 [P u komneHcamuoHHoro peaktopa (KP),
BKJTFOYAEMOTro B 00IIyI0 HelTpans rpynmst 13 Tpéx onHodaznex HIP.




Bumecte ¢ Tem ucnons3osanue IIP s KOMIICHCAIIMY PEAKTUBHON MOIIHOCTH OTPENETHIIO
BO3HMKHOBEHHE IpoOieMsl obecredeHus  (DYHKIMOHHPOBAHHS JIMHEHMHEIX  3JIETA30BBIX
BHIKIIOYaTeNel. B mocnenuue roger B anekrpuieckux cerax OAO «®CK EDC» saduxcuposan
PsIt CePBE3HBIX aBAPUHHBIX pa3spyIeHuit 3Nera30BhIX BHIKIIOYATENCH aBTOKOMIPECCHOHHOTO THIIA
na moxcrannmax (IIC) HanpsoxenweM 500 — 750 xB OpHM WHMUMATM3AUMM OTKIFOYECHMS STHX
BEIKIIOUATENCH. B CBA3M ¢ BBLIBICHHBIMH MOBPEKACHUAMH JIETa30BBIX BBIKIIOYATENEH B CETAX
EHOC (EnuHOM HanMOHAIBHOIM dIeKTpHueckoi ceTu) S00 — 750 kB Heo6XomuMolt YacTEI0 BCexX
TIPOSKTHBIX NpopaGoTOK JUTA TAKOTO KiIacca HAPSKEHMH CTalM MCCISNOBAHUS H NPEIIONKEHHS
JUIE MCKIIOYCHHSA BIMSHHA anepUMOJMUCCKOM COCTaBIMIOMEH B TOKC BBIKIIIOYATENA.
Heo6x0muMoCTs 1 0653aTeILHOCTS BEINONHEHH. TAKOTO POJa POEKTHBIX 0GO0CHOBAHMI MpHUBEIa
k paspaborke B 2012r. @I'BOY BIIO «HOBOCHGHPCKH TIOCYZapCTBEHHBIN TEXHWHUECCKHUM
yHuBepcuteT» craamapra oprammsamuu OAO «®CK EDC» «Meroauku pacueta M Brifopa
CPENCTB, 00ECIEUMBAIOIIAX OTKIIOUCHHE JIETa30BbIX BEIKIIOYATENCH IIPH KOMMYTAIMSX JIHHHIM
SNEKTPONEpeNayr X COOPHBIX MHH, OCHAEHHSIX IYHTHPYIOIUMH PEAKTOPAMID).

K nanbonee axTyalBHEIM TEXHONOrHMYeCKAM mnpoGieMaM B OOIACTH IPOCKTHPOBAHHSA
nporuBoasapuiiroi asromathku (IIA), B 0coOGEHHOCTH I pacnpenequTensHoi cetum 110 kB
MoCkOBCKO# 3HEPrOCHCTEMEI OTHOCHTCS HpOGNEMa BO3ZHMKHOBEHHA NEPErpy3OK JHHMEH
JNeKTponepesayd. Orta npobliema oJHa w3 HauOOlee XapakTEpHBIX M TDKETBIX npobreM
PasBHTHA IHEPTOCHCTEM METANOIMCOB U CBS3aHA C BOSHHKHOBEHHMEM IEPETPY3OK B CETAX BCEX
HaNpsUKCHUMH, Yalne BCErO B PEMOHTHBIX CXEMax M IIPH aBapHUHBIX OTK/IIOYCHASX IEMEHTOB CETH
500 xB, kxorma smeXTpHYCCKas HAarpyska NOTpeOHTenel NOXKUTCS HAa OCTaBImeecs B paGore
obopynosanue. IIpH 3TOM B pesyisTare mepepacupelefieHHs NEPETOKOB MOIIHOCTH 3HAUCHHUE
TOKOB B PAJE JIMHAH MOKET IIPEBBICHTE JUIMTEIBHO JOIMYCTHMOE 3HaJYCHHE TOka B 2,5 — 3 pasa.
Ecnm OTKIIOUATs B TaKHX CIydasX NEperpy:KeHHyro IMHHIO, €& HarpysKa JUDKET Ha IPYTHe CBA3H
7 00yCIOBHT BO3MOXKHOCTh BOSHMKHOBEHHMSA MX NEPETPY30K H HOCIEMYIOMETO OTKIFOUEHHS, UTO
MOKET NPUBECTH B JaNbHEHINEM K KACKaHOMY PasBUTHIO aBapyu.

Pemenue ykasaHHBIX TPOGNEM CBA3AHO € HEOGXONUMOCTBIO pa3spaloTKHM KOMILIEKCA CH-
CTeMHBIX pCINCHHH I OPraHW3alluyi SHEPrOCHaOXKEHUs, CBA3aHHBIX, B TOM 4HCNIE, C CO-
BEPIICHCTBOBAHMEM CHCTEM YIPABICHHA B HOPMANbHBIX U aBAPUHHBEIX peXuMax. BO3MOXKXHOCTE
COBCPIICHCTBOBAHUS CHCTEM YNPABICHUS ONPENCIACTCS B OONBINON Mepe NOCTIGKCHMSMM IIO-
CHEIHUX NECATHWIETHH B OONAacTH CHJIOROM SNMEKTPOHHKH M IpPeoGpasoBaTeNbHON TEXHUKH, KOM-
MBIOTEPHBIX M KOMMYHHUKAIIMOHHBIX TEXHONOTHIA.

Mennto padoTes sBISETCA MCCIEAOBaHME M PaspaboTKa METOLOB M CPEACTB IIOBBIICHHA
3 GDEXTHBHOCTH YIPaBICHUA HOPMAIBHBIMM W ABAPHUHBIME SMEKTPUIECKUME  PEUMAME B
paiioHax MeraroJIucoB.

OcuoBHbie 3a1aun, pemaemble B paGore. [[11 JOCTHKeHNs NOCTABNCHHOMN LENH B paboTe
PEIIAIOTCA ClIeAYIOMIE OCHOBHbIE 3a/1a4u:

1. Hccnenopanue BO3MOXHOCTH GBICTPOTO ONPEACICHHS aMILTUTY/BI IepexoaHoro Toka K3,
B TOM YHCIIC, TP HAJIMYAHM NIOMEX M BIMAHHH HACBIIECHHA TPaHC(HOPMATOPOB TOKA.

2. Mccnenosanme, paspaboTka M peanusallis CHCTeMbl orpanmuenus TK3 u mepexomHbIX
BOCCTaHABIHBAIOIIMX HANPSKEHHH C HCIONIb30BAHHEM BAKYYMHBIX YIIPABISICMBIX PA3PANHUKOB.

3. AHamm3 METONOB M CPEACTB YMCHBIICHWA BIMSAHMSA TOKOB IONNMTKH IYyTH M
BOCCTAHABJIHBAIOIIMXCS HANPSOKEHHM Ha oTKmodeHHO# ¢ase BJI nocne noracanus ayru.

4. Ananus onbITHEIX KaHHEIX yenemsoro OAIIB ma BJI 750 xB Kamuaunckas ADC — [IC
Benosepckas (Uepenopeikast).

5. Uccnenopanus 3MEKTPOMArHATHBIX NEPEXOMHBIX Nponeccos npu K3 1 koMMyTanmsx Bel-
KIIoJateneii B cxeme snexrponepegaqn 750 kB Kamuuuuckas ADC — [1IC I'puboso.

6. CoBepIIEHCTBOBAHNE AMTOPUTMOB ABTOMATHKM OrPDAHHYEHMS IEPETPY3KM JIMHHE 3JIeK-
TpOTepeavy.

OcuoBHBIE MeTOXBI HAYYHBIX MccaeqoBanwil. JIns pellleHus MOCTABICHHBIX 33729 HC-
TOTIE30BAIMCh METOMBI TEOPHH 3ICKTPOTEXHUKH, 3NCKTPOMATHATHEIX NEPEXOIHBIX MPOIECCOB B



JNEKTPOSHEpreTUIeckux  cucreMax (39C), Maremarmueckoro, (Qu3MYecKoro u  (PU3MKO-
MaTeMaTHIeCKOTO MOACAMPOBAHHMSA C NPHMEHEHHEM NPOrpaMMHO-alIaPATHOTO KOMILIEKCA LIS
HCCICROBaHMA H HaNA/IKK YCTPOICTB peneiiHoi 3amurel 1 aBToMaTHKH (YP3A) Tuna DRTS 66.

Hayunyio noBu3Hy paGoTEI IPEACTABIAIOT:

1. Anropat™ 1 MeToaMKa GBICTPOACHCTBYIOLIErO ONPEACICHUA AMILTMTYAB! IPAHYXACHHON
HepHOaMIeCkol cocrapmomeii mepexofroro TK3, ofecneuuparoliie TOBBITEHHE TOYHOCTH
PacucTOB B yCIOBHAX BIMAHUA IIOMEX M HACHIIEHUA TpaHC(HOPMATOPOB TOKA.

2. Crioco6 orparmaeHm TK3 ¥ NepeXoHBIX BOCCTAHABIMBAIONIMX Hanpsmkeruit ([IBH), ocHo~
BaHHBIA HA HCIIOJIL30BAHMM BAKYYMHBIX YHPABIIIEMBIX Pa3spaIHUKOB.

3. PesynbTarsl HCCAEAOBAHMI NIEKTPOMATHHTHEIX MEPEXOXHBIX IPOIECCOB HPH KOPOTKHX
3aMbIKaHUAX M KOMMYTAUMAX BRIKIIOUATENEH B cXeMax snexTponepesawu 750 kB Kamununckas
AJC ~IIC I'puGopo, Kanuannckas AJC — IIC Benosepckast.

4. YCOBEpIICHCTBOBAHHEL alTOPHTM ABTOMATHKY OTPAHHYCHMS [EPErpy3Kd JIHHMM SJEK-
TpONepeaay ¢ KOCBCHHEIM PacyeTHBIM METOOM ONpefeNe U TeMIepaTyps! nposoaa BJL.

HoCTOBEPHOCTE M 0GOCHOBAHHOCTH MONYYCHHBIX PE3YIBTATOB ONPEAEIAIOTCS KOp-
PEKTHOCTBIO NPUHATEIX NONYINEHHIA, HCIIOIB30BaHAEM METOMOBR KIACCHUECKON TEOPHH 3NCKTPH~
YECKHX ernedl H TeopuM 3IEKTPOMArHUTHEIX MEPEXOAHBIX [POLECCOB B AIEKTPOIHEPreTHUECKHMX
CHCTCMAX, CXOIMMOCTBIO PE3Y/IBTATOB, IONYYEHHBIX aHAIUTHYCCKUMHE METOaMA C JAHHBIMH HC~
CleoBaHRH Ha PU3HYCCKUX M MaTeMATUYECKHMX MOJEISX, & TAKKE HATYPHBIX HCHBITAHMI, B TOM
YUCTe, C PE3YNETaTAMH MCCIEN0OBaHMH IPYTHX aBTOPOB, ONYGIHAKOBAHHBIMH B JINTEPATYPHEIX MC~
TOYHHKAX.

CooTBeTCTRHE NACTIOPTY CHEUHATLHOCTH.

Coomeemcmeue Ouccepmayuu opmyne cneyuarsHocmu: B COOTBETCTBHH ¢ (JOpMyIOi
cnemuansHOCTH 05.14.02 — «DnexTpudeckne CTaHUMM M 3IEKTPOIHEPIeTHUECKHE CHCTEMBI»
(TexHHyecKHe HAyKH): B HUCCSPTALMOHHOM paboTe 0GREKTOM HCCIeOBaHHH SBRIAIOTCS Maru-
CTPaJILHEIC JNCKTPHICCKHE CETH BBICOKOTO H CBEPXBBICOKOIO HANPAKEHUSA, IPSAMETOM HUCCICHO~
BaHUHA - 0COGEHHOCTH HOPMAITEHBIX 1 ABAPUAHBIX HIEKTPUYECKHX PEKHMOB B pafiOHAaX METAmoNH~
COB, JICKTPOMATHHTHEIX NEPEXOMHBIX IPOLECCOB NPH KOPOTKHX 3aMBIKAHMAX B JCKTPHYESCKUX
CETAX BEICOKOTO U CBEPXBHICOKOTO HANPsDKEHUA, METOBI H CpecTBa HoBbimeHus 3¢ dexTusrocTn
YNpasjeHUs HOPMaTEHBIME B aBapHHHEIMHY SIICKTPUYECKAME PeXKHMaMH B pat0HaX METAIoIKCOB.

Coomeemcmeue Ouccepmayuu o6nracmu UCCIe008AHUS CHEYUATLHOCMU: OTPAXKECHHBIE B
IUCCEPTANMH HAY4HbIE MONOXKECHHA COOTBETCTBYIOT OONAcTH WCCIEIOBAHMS CHENMATEHOCTH
05.14.02, a uMeHHO:

- 1. 6 «Pa3paboTka METOJI0OB MATEMAaTHICSCKOTO U PU3MIECKOr0 MOJEIHPOBAHHUS B IEKTPO~
SHEPIEeTHKS» MacIopra crnenuanbHOCcTH 05.14.02 COOTBETCTBYIOT METOIMKA PACcUeTOB TOKOB MOJ~
TIMTKU DI’ ¥ BOCCTAHABIIMBAIOIMXCsl HANPSDKEHMI Ha oTkmodeHHoi dase BJI nocne nmoracanwus nxy-
T'd, OTIPEIENCHUs BpeMeHH GecTokoBol may3si OATIB, nccleToBaHus SNEKTPOMArHUTHEIX HEPEXO~
HBIX NPOLECCOB NpH KOMMYTAalUH BEIKIIOYATENCH B cxeMe dnekrponepenaud 750 kB Kanunun-
ckass ADC ~ JIC I'puboBo, BEIIOIHEHHEIX ¢ BPAMCHEHHEM Pa3paGOoTaHHBIX MOAEIEH U METOINK.

- . 9 «Pa3paGoTka METOZOB aHAM3a M CHHTE3a CHCTEM aBTOMATHYECKOIO Pery/HpOBaHUS,
TIPOTHROABAPUHMHOM aBTOMAaTUKM M PENCHHOM 3alMTEI B JNEKTPOSHEPIETUKEY COOTBETCTBYIOT
QITOPUTM M METOAMKA OBICTPOrO OIPENESNCHHA aMIUIUTYABl NPHHYXACHHOW NEPHOIMYECKON
cocrapnsromed mepexonHoro TK3, ccmoco6 orpammueHus TK3 u IIBH ¢ mHenmons3oBaHHEM
BAaKYYMHBIX YNPaBIIEMBIX Da3spsAJHHUKOB, pe3YIbTaTbl HCCICHKOBaHHN  3IEKTPOMATHMTHEIX
TIEPEXOHBIX HPONECCOB MPHU KOMMYTAIIMM BBIKIOYaTelell B cxeMe 3lekTponepenaun 750 kB
Kanununckas A3C — IIC I'pu6oBo, yCOBEPHICHCTBOBAHHEIH aNTOPUTM aBTOMATHKH OrPaHHYCHUA
Heperpy3Ky JIMHHH 3JICKTpoepeaayt, obecneynBaromue nobimenie 3d¢exkTuBHOCTH ypasie-
HHA HOPMAILHEIMH M aBapHIHBIMH SNCKTPAYECKAMH PEKHMAaM B pallOHaX MEramoincoB.

IIpaxTuyeckyo HeHHOCTh PabOTHI HPEACTABISIOT:

1. Paspaborannas cucrema orpasuuenusa TK3 u IIBH na Gase BakyyMHBIX YIpaBisS€MBIX
paspaaHnkos (COT-PBY), skcnepuMeHTaNBHBIH 06pa3el KOTOPOi IOATOTOBJIEH I YCTAHOBKH B
ONBITHYIO SKCINUIYaTallMio Ha MUIOTHOM 00BekTe MarucrpamsHeix 3neKkTprueckux cereit (MOC)
Ilentpa.



2. Merosmka pacycTOB TOKOB MOMIMTKA AYTH W BOCCTAHABIWBAIOIUXCA HAUPMHKEHUHA Ha
orkmoyenHoM ¢ase BJI mocne moracaHus Xyru, OIpeAeneHus BpeMeHH GecTokorod nayssl OAIIB,
KOTOpas B HaCTOSIEE BPEMS HCIIONB3YETC U B JanbHeHIneM MOXeT GBITh MCIIONE30BaHA KaK B IIPaK-
THKE MPOSKTUPOBAHMUA, TAK ¥ IIPH HAYYHBIX HCCICOBAHMIX OOREKTOB BEICOKOIO M CBEPXBEICOKOTO
HAIPSLKCHUS.

3. Pe3ymeTarsl HCCNEAOBAHME 3JIEKTPOMATHHTHBIX IIEPEXOIHBIX IPOLECCOB NPH KOPOTKHX
3aMBIKaHUAX H KOMMYTAllUsX BRIKIFOUaTeNell B cxeMax alekrponepenaun 750 kB Kamuuusckas
ASC —TIIC I'puboo, Kamuurckas ADC — I1C benosepckast, IO3BONAIOMUE YTOYHHTE METOIMKY
NPOSKTHPOBAHMA CXEM BBIIAYH MOIIHOCTH SHEProOGBEKTOB H COCTaBa MX NMEPBIYHOTO 3JIEKTPO-
0o00pyOBaHNA.

4. AnroputM QYHKIMOHHPOBAHHS aBTOMATHKH OTPAHNICHHSA [EPETPY3KH JIMHUH JIEKTPOIIc-
penaun, obecriedHBaIOMMif NOBbIIEHHE 3(dEKTHBHOCTH POTHBOABAPHIHOLO YIIPABICHHS JNEK-
TPUUCCKMMHU PEXUMaM B paOHAaX METalloNHUCoB, KOTOPHIH MOXET GBITh MCIONB30BaH IIPH COBEP-
IICHCTBOBAHMH NIPOGKTHHIX pelleHn i pa3paboTKe IPOrpaAMMHO-TEXHUYECKIX CPEACTB IIPOTHBO-
aBapHHHOIrO YIIPaBJICHUA.

BHeapenne pe3yanbTaTOB HMccaeRoBanMif. Pe3ynsTars! BBINOJIHEHHBIX HCCACAOBAHMHA H
pa3pabOTOK HKCIONB30BAHbl B COCTABE NPOCKTHBIX M HAayYHO-HCCIEHOBATENsCKHX paGor OAO
«Hnrcruryr « OHEPTOCETHITPOEK T», a uMeHHO:

1. Metonuka pacyeToB TOKOB IIOAIMTKY IyTH H BOCCTAHABIMBAIONIMXCA HANPSKEHMM Ha
oTKmoueHHOH daze BJI mocne moracaHms Xyru, ONpeAescHus BpeMenu Gecrokosoii mayssr OAIIB;
PE3yNbTaThl HCCHENOBAHMI SIEKTPOMATHHTHBIX MEPEXOMHBIX HPOLECCOB IPH KOPOTKHX
3AMBIKAHMAX M KOMMYTAallIX BBIKJIOYUATENeH B CX€Max JIMHHM IeKTPONECPENavs BEICOKOTO H
CBEPXBBICOKOT( HATIPSUKCHHS; YCOBCPIICHCTROBAHHEI anrOpUTM aBTOMATHKH OTpaHUUESHUs Niepe-
IPY3KH JIMHUH JJICKTPONCpEaty HCNOab30Bans! ¢ 2009r. IpH MpOEeKTHPOBAHMH OGBEKTOB BBICO-
KOTO M CBEPXBEICOKOTO HAIPSLDKEHHA, B ToM uucie, «BJI 750 kB Kamuuunckas ADC — IIC I'puGo-
BOY.

2. PazpaGorka cuctems orpanudenns TK3 u TIBH Ha Gase BakyyMHBIX yIPaBIAEMBIX pas-
paaaukos 110-220 kB (COT-PBY) Brmnonnena cosmectao ¢ ®I'VII BOU B pamkax BEIIONHEHHS
nporpammel HIOKP OAO «®CK E3C» na 2010-2013r.r.

OcHoBHbBIE M0/10KEHH, BBIHOCHMBbIE HA 3AIIUTY:

1. Anropur™ M MeTOIHKa GBICTPOACHCTBYIOIErO ONPEACICHU AMILIHTYAB IPHHY XK ACHHOM
NEPHOIAUCCKOl cocTaBnsiomel nepexoguoro TK3, ofecneuMsaromivie NOBBIMICHWE TOYHOCTH
PAacUYeTOB B YCJIOBKAX BIMAHHMS IIOMEX M HACHIMEHUS TpaHC(OpPMaTOpoB TOKA.

2. Pe3synbTaTsl aHaTH3a METOJIOB M CPENCTB YMEHEBINCHHA BIMSHHMA TOKOB MOMIATKY JyTH M
BOCCTaHaB/IMBAIOLIMXCS HAIPDKCHAH Ha OTKIOUCHHOM (hase BJI mocne noracanms ayru.

3. Pe3synbTaThl MCCICHOBAHUIN JICKTPOMArHUTHEIX HEPEXOMHEIX HPOLECCOB TPH KOPOTKAX
3aMBIKAHMAX M KOMMYTAlMAX BRIKEOHUaTelelf B cxeMax JIMHHM JIEKTPONEPENAYN BEICOKOTO H
CBEPXBBICOKOTO Hanpsikenus (BJI 750 xB Kammannckas ADC — IIC I'puboso, Katununckas ADC
— IIC Bemosepckasn).

4. YcoBepUICHCTBOBAHHbIH anrOPUTM (GyHKIMOHHPOBAHHS aBTOMATHKH OTPAHHYEHUS NEpe-
TPY3KH JIMHUA JISKTPOHEPENAYN.

Jlnunelii BKIAJ aBTOpa 3aK/IIOMAeTCH B IIOCTAHOBKE WM M KOHKPETHBIX 3a7a4Y HC-
CIEeN0BaHY, Pa3paboTke CTPYKTYpH U anropurmos peanuzauuu COT-PBY 110-220 xB u ce ane-
MEHTOB, pa3palOTKe METONMKHM PacyeTOB IapaMeTPOB KOMIICHCAUMOHHBIX PEAKTOPOB, TOKOB HOA-
TIUTKH TYTY ¥ BOCCTAHAB/IMBAIOIIMXCA HAUPHKSHUIA Ha oTinoucHHOH dase BJI mocne noracauus my-
T¥ ¢ ONpefeieHueEM BpeMeHn GecTokoBoii maysst OATIB, pa3paGoTke MaTeMarM4ecKHX Mojeiei
IJIsL UCCNIEAOBAHMA JNECKTPOMATHUTHBIX NEPEXOAHBIX HPOLIECCOB NPU KOPOTKHMX 3aMBIKAHUSX H
KOMMYTAUMAX BBIKIIOYQTEICH B CXEMaxX JHHHUH 3JIEKTPONEpEeNauy BBICOKOTO ¥ CBEPXBEICOKOTO
HaNpPsKCHHA, pa3spaboTKe YCOBEPHICHCTBOBAHHOTO ANTOPHTMA (YHKIIMOHHPOBAHWA YCTpOHCTBA
AOIUL

Apnpobanus pe3yJbTATOB McCeA0BaHMi. Marepuaisl UCCIENOBAHUMMN JOKIAALIBATHCH X
00CYKIaTNCh Ha POCCHHCKHX M MEXIYHAPORHBIX KOHDEpEHLHAX, B TOM UHCIe, Ha:
MEXKIYHApOJHOM CIEIMATH3MPOBAHHOM CeMHHape «OnmexTphueckue cetm Poccuu 2008», BBIT
(Mocxsa, 2008r.); 1obuneitnoit xondepenmmm k 45-termo OAO «Uncrturyr «OHEPTO-
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CETBIIPOEKT» (Mocxsa, 2008r.); VI MexAyHapomHOH HAyuHO-TEXHHYECKOM KOH(epeHmuu
«JHeprocOepeKeHUE B HECKTPOIHEPIETHKE M MPOMEBINUIEHHOCTH» (Mockea, 2010r.); 100mneiHokM
kondepenmun k 50-netro OAQ «Hucturyr «OHEPTOCETBIIPOEKT» (Mocksa, 2012r.); 1-oit
koHpepenmmu OAO «Poccuiickue cetu» u Poccniickoit akageMun Hayk - « JHEPrHs €IHHOH ce-
ti» (Cankr-Iletep6ypr, 2013r.).

Ily6auxamun. Ilo pesymsraraM nccnexoBaHmit omyGmukopano 30 paGor, B ToM wmcie 7
HaYYHBIX CTarbell B PELCH3UPYEMBIX HAayYHBIX XKyPHalaX, BXOAAINMX B IEPEUCHb PEKOMEHIYEMBIX
m3nasuit BAK PO.

CrpykTypa u 00bem auccepraunu. Jlucceprauya COCTOMT M3 BBEICHHA, YCTHIPEX IJ1aB,
3aKIFOYEHHs, CIIMCKA NMTEpaTypsl M3 84 HauMcHoBamuit M 3 npunoxkenmil. OCHOBHOM TEKCT
BkmouaeT 148 crp., 39 mmn.

OCHOBHOE COJIEPKAHUE PABOTEI

Bo BBefeHuM 000CHOBaHa  aKTY&IBHOCTH TEMBl  [JUCCEPTALMOHHON  paboTHL,
copMyTMpOBaHEI €¢ IEIM M 3aia4d, OTpaXKeHa HaydHasd HOBH3HA M NPAKTHYECKas IICHHOCTH
HOMYYEHHBIX PE3YIIBTATOB, JacTca 00Inasi XapaKTepuCTHKa paboTsl.

B nepBoif ri1aee BeIIOIHEHA OleHKa npoGnems! orpasryeHus TK3 u ITBH B paifonax meraro-
JHCOB, TIPMBEACHB! XapaKTCPHUCTHKA Pa3spsA/HAKOB BAKYYMHBIX ynpaemsieMmbix (PBY), paccMOTpeHb!
npuHIMIE! JeiicTsus U crpykTypsl COT-PBY 1 ee anementoB.

B kadecrBe ofHOH M3 pPaCHPOCTPAHEHHBIX Mep Wil KoopauHauuu TK3 HCIONB3YyIOTCS
ToKoOrpanu-mBaromue ycrpoiicrsa (TOY). Bumecre ¢ TeM m3pecrasie TOY umeror Gomsurue
rabapurel M MacCy, «IOPUBA3aHED» K TONOJOTHH CeTH, 9IO NpH e¢ H3MeHeHuHu Tpelyer
KOPPEKTHPOBKM HMX pPacCTaHOBKM, a4 TAaX:kKe HMEIOT 3HAYMTENbHOE MOTPe(ieHHe MOIIHOCTU B
HOPMalbHOM PEKHME M MOTYT OKa3bIBaTh BIMSHHEC Ha HEONATONPHATHOE YBEINYCHHE CKOPOCTH
NEPEXOAHOTO BoccTaHapuBaromero Hanpspkesua (IIBH) npe otkmoueHun Beixiiovarens. Kpome
TOIO B YCJIOBHAX IIOTHOM 3aCTPOMKM METAMOIHCOB, KaK IIPaBUIIO CYIIECTBYET OCTPHIN NeUIMT B
CBOOORHOM 3eMENBHOM IUIOIAAY.

Hopoe nanpasneHre IO NPUMEHEHHIO YNPABIAEMBIX TOKOOIPAHHYHMBAIOIIMX yCTPONCTB
(TOY), cea3aHO cO 3HAUWTENLHEIM IPOTPECCOM B DPA3BUTHH HMIYIECHBIX TEXHONOTHN M
MOABICHUEM MOILNHBIX KOMMYTalMOHHBIX anIaparoB Ha Gase paspsOHHKOB BaKyyMHBIX
yupaemerx  (PBY).  Ocmoey PBY  cocraBmier OesHaxanpHas  TpPEX3JIEKTPOXHAs
TepMETH3UPOBAHHAS CHCTEMA C JABICHHEM OCTATOUHBIX ra3os (He Goxee 107 ITa), comepxamas
B2 OCHOBHBIX M OIIMH YIIpaBILIOWMI anekTponsl. Bxmodenne PBY ocymectensercs nopaueit
IIyCKOBOTO MMITYI5CA HANIPKEHUA HA YIIPaBIAIOH SNEKTPON.

IlepcnextaBel  Mcnonb3oBaHuss PBY o0ycnoBneHsl TakuMH HX IPEHMYIIECTBAMH IO
CPaBHEHHIO C JPYTUMH THIIAMH KOMMYTHDYIOIIMX YCTPOHCTB, KaKk CLIOCOOHOCTH HPAKTUYECKH He
OKa3EIBaTh BIMIHHME HA HOPMANBHEIC PEKUMEI 00bekTa; Obictpo chwkars TK3 u IIBH; paGorars B
IIHPOKOM J[Malla30He HAaNps)KEHHH H TOKOB; MMETh CPAaBHUTENFHO HHM3KYIO CTOHMOCTh IO
CPaBHCHHIO Ta30pa3pAXHBIMH U IOIYIPOBOJHMKOBBIMH NMpuGopaMu, a Takke HeGonbmmue raGapu-
THI [I0 CPaBHEHHIO C u3BeCTHEME TOV.

B xauectBe ommoro u3z BapuantoB 1TOY OAO «Uucturyr «OHEPTOCETBITPOEKT»
copmectHo ¢ PI'YII «BOH» B pamxax mHHOBanHORHOM nporpamMmel OAO «®CK EDC» mox py-
KOBOJICTBOM H NP YJaCTHU aBTOpa BHOTONHEI Pa3paGorky «Cucremsl orpanutdeHus TokoB K3 u
MEPEXOOHBIX BOCCTAHABIMBAIOINMXCS HampsxeHuit B cemix 110-220 xB Ha oCHOBE BaKyyMHBIX
yupaejseMbIx pazpaauukoB» (COT-PBY).



B Takoit cucreme HeoOxoxumsit HaGop PBY
MOAIXIIOYACTCS K IIMHAM, Y IPUCOSTUHEHHMI KOTOPBIX
Tpebyercss orpanmuenne TK3 (puc.l). Cymmocts
¢yrxmmonuporanuss COT-PBY szakmodaercs B Tom,
gro ecnu npu K3 Ha npucoenusenny 3adukcuposan

)
«OTIACHBIM» TOK, IMyCKOBOE YCTPOHCTBO
f f llm ilmy
5] 5] - OCYHIECTBIET OBICTPOE BKIOUEHHE (EIUHMIBI MKC)
$o[n6]  afmo] PBY, B pesynbTare Yero TIPOMCXOIHUT
ﬁ nepepactpencneHue TK3 wmexmy mectom K3 n
I “

MectoM BimoueHus PBY u cHmxenue yposua [IBH
Ha BBIKIIOYATEIE, T.€. 00cCNEINBAIOTCS YCIOBUS I
OTKIIOYEHHMA  TOKa  BBIKIIOUATENEM. ITocne
OTKITIOUEHHUS BBIKIIOYaTENEH TIPUCOETMHEHUA
paspAIHUKA JOIKHBI OTKIIOUATECA M TaKUM 00pazoM
OCYINECTBIACTCS NOMHBIA NUKN OoTKIIoYeHue K3.

Braronaps ToMy, uTO BpeMs MOIKHIa PaspAiHUKOB (BpeMs MpoGOsA paspsifHHKA H BpeMs
cpabarpiBaHHs GIOKa MOMKHTA) HE MIPEBBIIAET 1 MC, NOSB/ILETCS BO3MOKHOCTE NIO OTPAREHYEHHIO
JuHaMH9ecKoro BosfelicTena yaapsHoro TK3 na oGopynosanue npucoeauuerns. s s1oro Toko-
BBl MyckoBo#i oprad (TIIO) nomxeH BBIABHTH aMIUINTYAY [, NPHUHYXACHHOM NEPUONHYECKOH
cocrapmomed nepsuyHoro omacHoro TK3 u cdopmupoBarh KOMaHAy Ha YIpPaBICHHS
paspaauukamu (momxur PBY) 3a Bpems He Gonee, ueM 3a 2-3Mc.

Teppuanriii TK3 npuHMMaeTcs COCTOAMMM W3 [PHHYX/ICHHOW CHHYCOMAAILHOM
cocTapiLmomed ¢ HavanbHOH (aso B um csoGonmoii amepHoaMUEeCKOM (IKCHOHEHIHANLHOM)
COCTABJAIOMEH, 3aTyXalommel ¢ HOCTOSHHON BpEMEHH T,.

i (t)=11,,.-[sin(w-t—ﬂ)+sin(ﬂ)-e""‘]p-e ey

Ha sxon TIIO momxmodeH BropwyHbli Tok TpaHchopmaropa Toka (TT) samumaeMoro
TPUCOCAMHEHUS, KOTOPHIA MPH OTCYTCTBHH HachlmeHus TT mponopiuoHaneH nepBUYHOMY TOKY
ir(t)= i(t)/n, (n,— xoappuiment rpachopmanum TT).

Jiis obecneyenus TpeGyeMoro GICTPONCHCTBYA IPH ONpeNccHHH I}, HeoOXOAMMa YacToTa
3amMepos MraoscHEoro Toka K3 mopsaka 80+100 touex Ha wmepmwon T=I/f = 20 mc , Te.
J; =4+ 5xl'y (UpH 5TOM AT JUCKPETH3AIIMH BPEMEHH COCTABIeT Az =0,2 + 0,25 mc ).

TpeGosanue k cenexrusHoctH TIIO ompenensercs no cymecTsy TpeGoBaHHEM K TOYHOCTH
ONPEACICHN aMIUIMTYABI NMPUHYXACHHOM COCTaBILIIOEH nepexonHoro Toka K3. Jlomyctumas
OTHOCWTENbHA TOrPemHOCTE ONpEACTCHMs 3HaueHMs [, DpHHMMaeTcs pasHOW +10% npu
TEPBHYHOM TOKE, PaBHOM TOKy cpabareiBanus 110 Ha MHTepBanaxX BpeMeHH Mpolecca, Iie
orcyrerByer Hachlmienwe TT. 310 TpeGosanue o3HavaeT 3amper cpabarsiBanma TIIO mpu
H3MEPECHHBIX 3HAYCHIAX AMIUTHTYIEL {1, paBHBIX WIH MeHee 90% ycTasku.

[l 3ajaHHEIX GBICTPOACHCTBHM K TOYHOCTH ONpPElENeHMs AMIUIMTYARI NEpPUOMUEcKOR
MPUHYXACHHOA cocTapmsomei mepexoxsoro TK3 - I;,, npennaraercs METOAUKA, OCHOBAHHAs Ha
00paboTke BHIGOPOK MIHOBEHHBIX 3HAYEHMH BTOPHYHOTO TOKA TIOBPEKAECHHOTO IIPHCOCIHHEHUS
Ha CKONB3ALICM UHTEpBalle HAOMIONEHHs OTPaHHICHHON JUMTENBHOCTH (opsika 1 MC mpu miare
auckperusanuy Az =0,2 + 0,25 mc ), M Ha PacIo3HABAHWH UHTEPBAIIOB BPEMEHH ¢ HachmmerneM TT,
Ha KOTOPBIX PACCIMTAHHEIC 3HAYCHHS aMILTUTYAB! /1y, IPU3HAOTCA HEAOCTOBEPHBIMAL.

Al HCKTIOYEHHUA BIMAHHS alePHONHICCKOM COCTABISIOMEH HCHONBSYETCs HEPEXON OT
sHaveHui monnoro Toka K3 i = i), k = 0, 1, 2, x mepeeiM pazHocTaM Toxa Ji; Ha rmare
auckperusanum Az, Ilpu manom mare 4¢f 3HaMCHUA ancpHONMYECKOR cocTaBisiomeii Toxka K3 B
CMEXKHBIX OTCUETaX OIU3KH APYT K APYTY H B MPHPAIICHUH TOKa Ai HX PasHOCTS GiH3Ka K HYIIO, a
3aBUCUMOCTH Ai(t;) GIM3KH K CHHYCOMIANIbHEIM.

Ecnu 0603Ha4M T MTHOBEHHOE 3HAYCHHE [IEPBOH pasHocT TK3 B MOMEHT BpeMeHH ),

Vi v(t]J=Al.k= ik - ik-l = l(tk)- l‘(tk- At), (2)
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Puc. 1. Pacnpenencnve TK3 nmpu BxitogeH-
HOM cocrosauy BEK



a ee ammutygy max (vi) = V,, , TO pacdeTHOE BHIPAKEHHE A ONPEACHCHAS AMILIMTYIbI
nepsoi pasHoctu TK3

2 2

= Via T Ve Ve = Vi (3) I =Z_n_= Vm (4)
" 2-cos Ax 2.sinAx ) ’ " A @At

s npumenenns Gopmyn (3-4) HEOGXOAMMO UMETh 5 OTCYETOB MIHOBEHHBIX 3HauyeHui TK3,
C yderoM 3aTpar BpeMEHH Ha HX 06paGOTKy MOKHO CUMTATH, YTO NepBoe oT Hadana K3 3HaucHue
aMIDIATYIBl HPUHYKAEHHOH cocTaBusromeif TK3 - I, MoxeT GBITh HONy4eHO 4epe3 5 maros
AVICKPETH3AAN BpeMeHH, 4To mpy 4¢ = 0,25 mc coctasiser 1,25 mc. Eme 2 3amepa norpeGyior
24=0,5Mc (W1s JOCTOBEpHM3ALMM), YTO ONPENC/IST MUHWUMAILHOE BpeMs cpabaThIBaHMS
TIYCKOBOTO opraHa, pasHoe 7 At = 1,75Mc. Ilpu vactote muckpermsamuu f, = 100f,,,, = 5 xI'n
umeeM At = 0,2 Mc 1 MEHMMaTbHOE BpeMs cpabarpisanus 110 coctasnser 7 47 = 1,4 mc. Ilpu
PeaNbHBIX H3MEPEHMAX AOMOIHHTENBHOE BpeMs NOTpedyeTcs sl (PUABTpalii CHTHANA OT TIOMEX
¥ MHHUMAJBHOE BpeMs cpabarhiBaHus ILyCKOBOIO OPTraHa MOMKET GBITh OKONIO 2-3MC.

Ilpu u3BecTHOM, XOTA GBI NPHONMKEHHO, 3HAYCHUH IOCTOSHHON BPEMERH T allePHOXMUECKOM
COCTAaBILIIOMICH NEpexoaHoro Toka K3 MOXKHO yMEHBINHNTH IOTPEIMHOCTH OUPEICICHHA
aMILIATYOEl OpPUHYKASHHOHW cocraBsmomedl Toka K3 1, HCHONB3ys JABa KOPPEKTHPYIOIIMX
muOokuTens K n KI. Muoxutens K>1 yuuThIBaeT 3aTyXaHHe aNnepHONMYECKON COCTaBIAIOMICH
TOKa Ha HHTEPBAJIC INara JUCKPeTH3alMH Af, BEIMUCIAETCA IO dopmyrte

K = exp (At/7) ©)
H MCTIONE3YETCSA U1 KOMICHCAIMH 3TOTO 3aTyXaHHWA B TEKYIUEM k-OM 3aMepe TOKa KaKk MHOXKHTEID
nipH i B hopmyne (2) onpeneneHus MEPBLIX PA3HOCTEH TOKa:
Aik= Klk - ik-l- (6)

Ompako mpu 3TOM B NOMYYaeMBIX 3HAYCHMAX Aj; YBEIMUMBACTCA M TEpEMEHHAS
COCTABIAOMA] TOKA. JIisl KOMICHCAMH 3TOTO H3MEHCHHS NOMYYCHHbIE 3HAYCHUS Ly pocy JOKHBL
OHITH YMHOMEHE! Ha BTOpoit ko3ddumment KI<l, xoropsiii OXHOBpEMEHHO Y4MTHIBAET (hasHEIA

Tabmuual  CHABHT AX=®A¢ MEXY COCCHHMMM OTCHUCTAMH
TlorpemHoCTH ONpeeNeH s aMIITHTY Ib1 IPHHY KACH- ToKa. 3Hauenne KI onpepenserca 1o
HO# nepromieckoii coctammaomeit TK3 mo 5 orcue- Q)opMyJIe:

TaM TOKa IIpH mare 0,25 MC C NoNpaBKaMH B 3aBHCHMO-
CTH OT IIOCTOSHHOM BpeMEHH 3aTyXaHUT aliePHONMYe-

cKo#f CoCTaBIIOLE}H TOKS Kl= @)
T Y. max(F) | min(F) X X7

¢ ° % % 1 1 B Tabmune | mprBemeHB! MOTPEINHOCTH
0.010 0 0 -0.026 |1.02469 | 0943411 | F ompenmenenus I, (8 mpomentax I,) ¢
;(5) (:)-12111 'g'igj HCTIONE30BAHACM TIOTIPABOYHEIX MHOKHTCNCH
g =V H & q BH ar
0020 | 0 0| -0.026 | Lonz#z [oserres| X # KI 1pu pane smavenuli v M HasansHOM
25 0046 | 0.144 ¢asn1 § Toka K3. IIpi TOUHBIX 3HAYEHIIX TOKA
90 0.064 .0.173 K3 3navenme THOCTOSHHOM BPCMCHHU 7T MOXCT
0.045 0 0 | -0.026 | 1.00554 | 0994782 | OBITH ONpEZENEHO HA CKONMB3ALIEM HHTEPBANE
45 0 0.052 HaOMIOOCHHS, BKIIOYAIOMEM 6 ClelaHHBIX

90 0.002 | -0.06 TOAPAT 3aMEPOB TOKA.
0.100 0 0 -0.026 | 1.0025 | 0.998251 Jinn OTpaboTKM HacTOAIeH MeTOMMKH
;g g 'g'gzé IpH HATMYMH IIOMEX ¥ HACHIEHWH TpPaHC-
0200 | 0 0| 0026 | 100135 | 099525 | QOPMATODOB TOKA  GhIM  HCMOIE3OBAHE!
45 0 -0.027 AKCIICPUMEHTANIBHEIC JaHHBIC OIIBITa
90 0 0.028 geycremuoro onHodasHoro AIIB ¢ nudposoit
0.300 0 0 -0.026 | 1.00083 | 0.999528 | pPerucrpauuedi Toka Tpems  TpaHcdop-
45 0 -0.026 Maropamu Toka. Ha pmc.2 unpusegeHa
90 0 -0.027 HayanbHad yacTh HU(GPoBOH ocIMIIOrpaMMbl




BTOPHYHEIX TOKOB HpH BKIFOYCHUA HA
K3, roe JI;, - Bropuummii TOk
obpasmosoro TT; J2 — BropudHsi
Tok TT-1 xnmacca toumocru 5P,
WMEIOMETO MaJIblif HEMArHUTHBIM
3a30p s OTpaHU-YEHUS
OCTaTOYHOTO HaMaroHYABAHHSL
MarHUTONPOBOJA W3 CTAlX MApPKH
MS5; J3 - propuussni tox TT-2
Knacca TOYHOCTH 5P c

° » 100 w0 20 20 E

Puc. 2 « MarH4TOIIPOBOAOM H3 CTaJId MapKH
HC, 2. JKCTIEPUMEHTaIBHAA OCIIILIOrpAMMa IPHUBENCHHOrO Nep- M5, ¢ TakuMmu ke pa3sMepaMH B TEM

pryHOro Toka K3 (J1) 1 aByXx BropuuHbIX TOKOB (J2, J3) TpaHc-

dopmaTopos Toxa npu Heycnenmom OAITB XC  YMCIHOM  BUTKOB  BTOPHMHOU

obmorku kak y TT-1, mo co
CHJIOIMTHEIM MarHUTOMPOBOIOM.

OcupnorpaMma nepHOAHYECKOM COCTABIAIOMICH TOKa C YaCTOTOM f=f,,,~50 'y 65Ima cHATa
OpM 9acTOTe AMCKpETH3alnH fa=5 KI'Ll, uro cooTBercrByer 100 maram auckpetusamum A=0,2 Mc
Ha nepuof I=20 mc. Ko>ddunuenr Tpanchopmaunu xaxgoro uz tpex TT. Ilpu 310M ammmmTyna
TIPUHYXCHHOH cocTaBnsome#i nepsminoro Toka K3 cocrasmser oxono 22 kA, neicreyromee
3gayeHue okoio 15,6 kA. B toxe K3 mMeercs 3HaunTensHas aneproguUeckas COCTABIAOMAs ¢
HaYaNbHBIM 3HaUcHHEM OKOllo 83 % OT aMIuTymsl NpHHYKASHHON cocrasimomeii Toka K3 u
TIOCTOSHHOM BpeMeHH: T ~ 47 Mc.

B pesyasTare BEIIONHEHHEIX MCCHENOBAHMI OBUIO OHpPENENeHO, 9I0 U HONYYCHHS
npueMiIeMOi TOYHOCTH H  BpeMeHHM cpabGarbiBapmss 11O  wMoxer ObITE  JOCTATOYHOM
TpeXCTyneHuaTas (QuusTparys TOKOB, BKIIOYAMOINAs: JHHEHHOE CIIQKUBAHHE IO TPEM TOYKAM
DEPBUYHEIX 3aMEPOB TOKA HA CKOAL3AMEM MHTEpBaie HAGMIONCHMS; BHIYMCHCHME NEPBBIX
pasHOCTEH ToKa Aij o pe3yasTaraM IEpBOi CTyNeHH (QWIFTpAlMH U JHHERHOE criaxupauue Ai
oo TpeM TodkaMm; (UIETpanms pe3yIETaroB BTOPOTO CIMaXHBaHHMA C HOMOMBIO IUQPOBOIO
SKCMOHCHIMANBHOIO ¢unbrpa HwkHux yacror (PHY), uMeromero nocTosuuyio speMenn Iy = 2
MC.

Bropas niaBa nocpamcHa npoGlicMaM YMEHBIICHMS BIMSHHAA TOKOB MOANMTKE nyrd u ITIBH
B HenonHogasueX pexuMax BJI CBH, B ToM uncne, BHGOPY KOMICHCALMOHHEIX PEAKTOPOB, Me-
TOJIMKE pacyeTa TOKOB noAnuTku xyry, IIBH, speMenn Gecroxopoit nayssl OAIIB, aHanU3y OMEIT-
HBIX JaHHBIX yenemHoro OATIB.

Hau6onee 3¢dexrusnoit Mepoit
o0ecriedeHHs BOMOXKHOCTH TpHMe-

Kammmrcxaz ASC TIC 750 xB I'putoso
@_@ Bl BIT BZ_@_@ Heans OAIIB Ha ANMHHBIX JTUHHSX
> = CBH (3a cuer YCTpaHeHHs
mP1 P2 PC30HAHCHBIX IepeHANpsKeHUM |
- OrpaHHUYCHUA BIHAHHA TOKA
a) TOINUTKY AYTH) SBIAETC YCTAaHOBKA
CIICIAJTBHOTO HYJICBOTO

(xoMneHCcalMOHHOrO) peaktopa (KP)
B Oens 3a3eMIeHHA  HelTpann
Tpéx(hasHOH IPYINBI ITYHTHPYIOIMUX
peakropoB (IIP). Takas rpymnna

peaxTopos, obpasyemas TaK

6) Ha3pIBACMBIH YETHIPEXTTyICBOH

Puc.3. Cxema 3aMemeHm: SNeKTpoNepeady (4) ¥ pacueTHas cxema  PEAKTOp, IPHBOJUT K CHIDKCHHIO
samemenus (6) TOKa OAIUTKH 6naronapa
KOMIIEHCal[H MexIydazHbIX
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emxocteii BJI, koTopble BHOCAT OCHOBHOM BKJIAJ B CO3aHUE TOKA IIOMAIMUTKH.

C menplo pealnsanMy Takoro poja Mep, Halpumep, NpM mpoekTuposaHuu BJI 750 xB
Kamununckas ASC — I'pu6oBo, BO3HHKI2 HEOGXONMMOCTE Pa3paCOTKH OPHEHTHPOBAHHEIX Ha
MIPOEKTHBIE PEllleHHs HHxKeHepHO#t MeTtomuku BeiGopa KP mit BJI CBH, pacderos Toka MOINMMTKH
JYTH ¥ BOCCTaHABIMBAIOMETOCA HAUPSDKEHHA Ha oTkinogeHHo# dase BJI nocne noracanus xyru, a
TakKe oIpeReIeHns BpeMeHH GecTokxoBo# may3sr OATIB,

Metomuka OasupyeTcd Ha aHamM3e HaNpsKEHHM (TOKOB) B pacueTHOM CXeMe
SNMEKTPONEPEIad, B KOTOPYIO BXOAUT BO3AYyIIHAs MUMHUA 3nekrpornepenaty CBH u BKIOUeHHEIE
Ha KoHUeBHIX noacraHmuax IIIP, npennasHaveHHbIE A KOMICHCALMM TeHepUpyeMo#t muHHeH
peaKTHBHOH MOINHOCTH (puc.3).

IIpy  BXFOYCHUM  KOMIIEHCAUWMOHHOTO  (HYIEBOIO) pPEaKTopa ¢  HMHAYKTHBHBIM
CONPOTUBICHHEM Xy B ILENb 3a3€MICHHA HeHTpamn TpéxdasHO# rpymnel IDyHTUPYIOLHX
PEaKkTOPOB, COCIVHEHHEIX IO CXEME «3BE37[a», MMEIOWMX (asHOe CONMPOTHBICHUE Xp, TPYIIA
PEaKTOpOB 3JKBHMBANCHTHA TPEM MHAYKTHBHBIM CONPOTHBICHUSM Xpg, BKIFOYEHHBIM MEXKIY
dasaMu H 3eMIEH, B TPEM HHAYKTHBHBIM MEXAY(a3sHEIM CONPOTUBISHUIM Xp ¢ ¢, COEAMHEHHBIM B
TPEYTOINLHMK, IPHYCM Xpo= Xp + 33Xy, Xpo.o=Xp(3 + Xp/Xy) .

Ilpm ycTaHOBKE ABYX YETHIPEXIYYEBBIX IDYII PEakTOPOB Ha JIMHHH WX HHAYKTHBHEIC
CONPOTHBICHUS Xpg KOMIEHCHPYIOT IPUXOJJIIMECs HAa HUX IOJIOBUHEL E€MKOCTHEIX
NPOBOMMMOCTEH NHHHM HAa 3eMII0 By/2, a MHAYKTUBHBIE CONPOTUBICHUS Xpg o — HOMOBHHEI
MexIyda3HbIX EMKOCTHBIX IIPOBOAUMOCTEH B,/2.

VcmoBrueM  KOMIEHcaMu  MexaydasHBIX eMKOocTHBIX BJI  ABmgerca  paBeHCTBO:
Yoo=I/ppo= xp (3 + xp/xy)= 0,5B,, u3 KOTOPOIO CHEXYET PacdeTHOC BHIPVKCHHE IS
onpezeNeHrs HEOOX0MUMOro HEAYKTHBHOTO COIIPOTHBIICHHS HYJEBOTO PEaKTopa Xy.

MeTtoauxa onpeaeneHus ToKa IOANMTKE YT ¥ BOCCTAHABIMBAIOMIETOCH HAPSHKEHHUSA OCHO-
BaHA HA COOTHOIICHHAX, MONMy4YeHHBIX H3 pac-

2 ¥ 9ETHOH CXEMSI 3MICKTPONepeiady, a TaKkKe Ha
b ) PCKOMCHIOBAHHOM  3aBHCHMOCTH  BpEMEHH
2 -'/ TameHus IyTH HOMIUTKY ¥ OeCTOKOBOM May3sl
2 +f OAIIB oT aMIUIUTYIBl YCTAHOBUBHIETOCH TOKA
- ,/ MONTUTKU L., (I,) (puc. 4). B xauecree
" 7y HCXOOHBIX AaHHBIX 1Mo BJI 750 kB mpuHATH
» 7 CIpaBOYHBIE  IApa-METPBl,  YTOYHEHHEBIC
. Y : 7 pacyeTaMH, YUHTHIBAIOMMMH  KOHKPETHBIE
— s oamm s TEOMETPHYECKUE XapPaKTEPUCTHKH JHHUM C
-5 R AY 3AINPOCKTHPOBAHHBIMU  UIA HeE ONOpaMH,
. i HPOBOXAMH M TPOCAMH.
2 [ i MakcumansHOe 3HaUCHHE yIia ¢ MEXIy
= = BEKTODaMM HaNpsKCHHUM B Hadalle M KOHIE
o LR B JIMHMHM, MCHOJIB3YyEMOE IIPU pacyeTax ToOKa
b = ] MOAMATKH H BOCCTaHaBIHBAIOIIETOCS
o HaNpSOKCHWS, NpuHATO paBueM 241 (A1 —
o1 BONHOBas [UIMHA JIAHUM OO NpsMoii
0.:- $ 10 15 0 3 0 3% 40 “:s- 0 55 6 65 M 15 80 quo MOCIEAOBATCIFHOCTH (1)33)

Pacuernrie BBIDQXCHHSL 1 TOKOB
mommutkd () M BOCCTAHABAMBAIOIIUXCH
Puc. 4. 3aBUCHMOCTb BPeMeHH IalieHHs AyTH MOANNUT-

kH (¢ BEpOATHOCTBI0 90%) 1 GecToK0oBO# nayss: OATIB HalpsKCHAM (Ue):
OT aMIUTMTY IBI YCTAHOBHMBINETOCH TOKA MOZTIATKH JUIA Ilpu K3 B Hagane munun
BJI CBH
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2 k -
Lo=jEue"| Bt Kl ol _j bk oyBip k)0 )
xp.n xp.x 2 xpdl xp.x 2 'px 2
I 1-k, 1-k 1-%
U, =j=2- 9) B =B,+2B, ——4%———2*___x (10
You =J B’ () B.=5+2B, 5. %, %, (10)

IIpu K3 B xoHUEe TMHAA

s _
AN JPsS - JE T 5 WL LS SSY : W S o, R | WA DN A AV
‘b pic 2 xp.x 'xp,n 2 "o 2 Bax
3npecs
X X
R T T R N

x,,+3x, 1+3¢ ’ X, +3x, ’

XNy M Xyx — MHAYKTHBHBIC COIPOTUBIICHHS HEHTPANbHOTO M MIyHTHPYIOWENO PEakTopoB B
HaYalle NMHUH, X, , U Xy, — TO KE, B KOHLE JIUHAH.

Pesyibratsl BRONHeHHBIX Ha mpumepe BJI 750 xB Kamummnckas ADC — I'puGoso
(0=2-A1=31°, MHmyKTMBHOE CONPOTWBIECHHE KOMICHCAUMOHHOTO peaktopa 180 Om) pacderos
OpeACTaBNeHEl B Talmuue 2 M CBHACTENBCTBYIOT 00 3(QEKTHBHOCTH HPUMEHEHHS
KOMIIEHCAIMOHHESIX (HYJIEBBIX) PeakTOPOB Ul CHIKEHHS TOKA NOAIHTKH AyTH, BOCCTAHABIHBAIO-
IIETOCs HanpsHKEHUA M BpeMerH nay3si ipu OAIIB.

Ta6nuua 2
PesyasTaTsl pacueTos TOKa HOANKTKHA AYTH, BOCCTAHARIMBAIOUIETOCS HANIPLKEHHA H TpeGyeMoro BPEMEHH
nayssl OAIIB
HelicTsyromue
3HAYCHHA TOKA Boccran,
e 1 ¢ KP l\lgc-ro TORMATKH, A HANPAKEHHE, Bpema nayset
2w OCTOARHE B inm . | cocTaBmomMe | AEHCTBYIOmEe OAIIB, ¢
no]n::m 3. cTa- | oM. 3HaueHne, KB
THY. MarH.
1 SamysTuposans B Havaixe v korne BJI| masamo 35 34,8 3,7 270 1,1
} 750 xB (1.e. 6e3KP) KOHeI{ 35 34,8 3,7 270 1,1
2 BxynoueHs! B Hauane H konme BJI Hasano 1,43 ) " 283 0.5
. KOHeI[ 1,43 - - 28,3 0,5
3 Bxmouens! Tombko B kouue BJI (s HAYaI0 17,8 18,1 1,43 197 0,61
) T'puboso) KOHEI 194 18,1 3,7 215 0,64
4 Bxmodensr Tonsko B Hagane BJI (5a Hagano 194 18,1 3,7 215 0,64
i KA2C) KOHeI[ 17,8 18,1 1,43 197 0,61

Hammsaanoe npezcrasienue o BoaMOXHEX nporeccax Ha BJI 750 xB Kammmuckas ADC —
IIC TpuGoBo nator 0GpaGOTaHHEIE ONBITHEIC JAHHBIC IIPOLIECCOB (HATYpHAS OCIFULIONPAMMA) npu
yememmioM OAIIB ma BechMa Onmskoli mo mapaMerpam H ycinosusM paGotsi BJI 750 kB
Kamnnunckas ADC — IC Benosepckas. OcumiuiorpaMma 3adMkCHpOBaHa TEPMHHATOM 3alUTHI
BJ1 (7SA522, Siemens) ra TIC Benosepekas 13.07.2007r. B 20ud40m48c npu ogHodasaom K3 dassr
A, BBI3BAaHHBIM IafiecHMEM jepeBa Ha BJI. MoxHo OXKHIATh, YTO TOXOXHME YPOBHM
BOCCTAaHABNMBAIOMIECIOCH HaUpDxeHus Oynyr @meth Mecro W Ha BJI 750 xB Ipuboso —
Kamununckars ADC, nMelomell HEMHOTO MEHBUIYIO IUIMHY, AHAIOTHYHYIO KOHCTPYKIMIO H
OJIMHAKOBBIC YETHIPEXITYISBEIE PEAKTOPH! IO KOHIAM 3NCKTPONEPEAaUM.

B Tperneii ri1aBe BBIIONHEHA OLEHKA 3)dCKTHBHOCTH MEPONPHATHH IO HCKIIOICHHIO BTk~
STHUS AIICPHOAMYECKOH COCTABILIOMEH B TOke HA KOMMYTALMOHHYIO CIIOCOGHOCTE BEIKIIOUATENEH
Ha OCHOBE PEKOMECHAYEMBIX METO/MK (POPMHUPOBAHHMS PACUETHEIX MOJENeH U BEIIOIHCHHBIX Pac-
HeTOB JICKTPOMArHUTHBIX NICPEXOMHBIX MPOLIECCOB B CxeMe artekrponepenaud 750 kB Kanunun-
ckas ADC - IIC FpuGogo.

Kax mokasan aHanus IpoH3OIEXIMNX aBapHii, a Takke BHIIONHCHHEE B 2009T. mox pyKo-
BOJCTBOM H IIpH Y49aCTHH aBTOPa HCCICHAOBAHHS SICKTPOMATHUTHBIX NEPEXOIHBIX IIPOLECCOB B
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pamkax o0OCHOBaHHMA NpoeKTHHIX pemenuii BJI 750 kB Kanununckas ADC — I'puGoBO, IpudH-
HOM BceX 3aMKCHPOBAHHBIX aBAPHIHBIX HOBPEKICHUH BBHIKIIOUATENCH ABIAETCA HENONMYCTUMO
JUIMTENIBHOE TOPEHHUE MYTH B MX MEKKOHTAKTHBIX IPOMEXKYTKaX M3-3a HAIHYUA B OTKIIOYAaCMOM
TOKE 3HaUMTCIIBHON aneproAMdeCckoll COCTaBILIIOMCH, IPEHATCTBYIOMEH IICPEX0ny OTKIIFOYaeMO-
TO TOKa YEPE3 HYICBOC 3HAYCHNUE B TCICHNUE JOCTATOYHO JTATENLHOIO BpeMeHH. IlosToMy B mpax-
THKe NIPOEKTAPOBaHNA JUIg obecneueHns HanexHoi skciuyarammu BJI, ocnamennsrx 1P u sie-
Ta30BBIMM BBIKIIOUATEISIMA C WHTCHCHBHOM CHCTEMON XYrOralicHMS, MPUHATO HEOOXOIMMBIM
TIPOBOAUTD PAcyeThl, CBA3aHHEIC C AHATH30M KOMMYTAIIMOHHOH CIIOCOOHOCTH TaKUX BBIKIIOYATE-
JIeH NpPH OTKIMIOYEHMH M BKJIOYEHHH. Takoro poja MCCIEROBAHUS JICKTPOMATHUTHBIX NEPEXO-
HEIX IpomeccoB mpu npoektuposanuu B 2009r. BJI 750 xB Kamusunckas A3C — I'pubGoso B
GonbImoit Mepe MO3BONHIIH:

- OIPEJETUTh KPUTEPUH OOA3ATEIBHOTO IPOBEACHHUA PacuEéTOB MEPEXOMHBIX PEKHUMOB JUIL
HPHUCOEAMHEHMH NOACTaHIME BBICOKOTO HANPSXKEHMS C LENBI0 BRIABICHHS ONACHBIX 3HAUYeHWH
aneproaMYCCKOM COCTABIAIOMIEH TOKOB B BEIKIIIOYATENAX HPY X KOMMYTAIMAX;

- HAMETHTh METOAUYECKHE MOAXONB! IO OPMHPOBAHHIO PaCYETHEIX MOJEeH, COCTABICHUIO
PacUETHBIX CXEM ¥ BBEIOOpY pacdeTHBIX KOMMYTalluit;

- PacCMOTPETH BO3MOXHbIE MEPOIPHATHS 10 YCTPAHEHMIO HIUTCIBHOR anepHoAdecKkoit co-
CTaBILTIONIEH B TOXE HENOBPEKACHHBIX (as3.

LA HccnemoBanys  3MeKTPOMArHUTHEIX

seor MEepeXOHBIX TponeccoB B mukiae TAITB
g BII 750 xB Kanwmwnckas ADC —
0 I'puGoso TIO3BOJIAIH OIIPENEINTE
BO3MOKHOCTH BO3HMKHOBEHHS JTMTEIIB-
500 HO{ amepHOIMUECKoli COCTaBIgIOmEed B
TOKe HEHNOBPEXKICHHBIX (a3 ITHHAM NPH
1000 HecuMMmeTpuuHEbIX K3  m  oueHuTth
3¢ GexTHBHOCTE psiia MEPOTIPHUATHIA IO ce
1500 YCTPAHEHHIO.

AHanu3 SNCKTPOMAarHATHBIX Hepe-
2000 xonusx npoueccos Ha BJI 750 kB Kamu-
auHckat ADC — I'puGoBo BBIIONHEH Ha
250 . ‘ . . , . ... OcHoBE pacyeTHOM mojenu (puc.3,a), pe-
o4 0.6 0.8 1 12 1.4 16 1.8 ) anu3oBaHHOM ¢ umcmonp3oBammeM 11K

Puc. 5. Tok 9epe3 BRIKIOYATENb B HETIOBPEKACHHOM (ase MATLAB Simulink.

npu OXHOCTOPOHHeM BmoueHun BJI 750 xB KanunuHckas
ADC - I'puboro B uuxine TATIB npu K(1,1) BOnusm muu
Kanununcxoit ASC

Ha purc.5 npusenen rpaguk Toxa B
BBIK/IIOYATENIe HENOBpexAcHHON  (assl
IIpH OJHOCTOpPOHHEM BKmodcHuu BJI 750
kB Kamunuackas ADC — I'puGoBo B 1uk-

Ta6mma3 € TAIIB co cropons! IIC I'pnboro B cmygae K(1,1) y
Bpems nepexona (c) TOKa BEIKIIONATENs mvH Kammaunckoit ADC, a B Tabmune 3 — BpeMa nepexoaa
B HETIOBPEXICHHOM (ase uepes Hyns mpu  TOKA BRIKIIOYATEIIA B HCHIOBPEXACHHBIX (hasax depes HyImb
OJIHOCTOPOHHEM BKIoueHHy BJI 750 kB TpH Pa3IMIHbBIX HECHMMETPUIHBIX KOPOTKUX 3aMBIKAHUSIX.
Kanunuscxan AJC ~ 'puGopo npupas-  Paccmarpuparorca K3 kak BOmmsu mmn Kamuaumckod
AyaHbIX prpax K3 ADC, Tak u B6musu muu [IC I'puGoso. PacdeTs BEI-

2 HIp BJI
Bugn Gy muﬂm K‘;?;?Mm“ TiC | MONHEHEI B CXEME C JBYMS TP mo kouuam BJI Kanuaus-
K3 KABC T'puoso ckast ADC — I'pu6oso.
K1) 2,622 3,082 Bpems or Havana xoMMyTalMy A0 IEpexoia depes
K(,1) 2,480 2,860 HyJIE€BOE 3HQUEHUE TOKA B BEIKIIOYATENE IIOCIIE 3aTyXaHus
K@) 4,020 4,000 KoneGaTensHoi epeXoaHOM COCTABIIOINEN ONpeaensieT-
Be3 K3 3,960 3,960 AL IO BEIPOKCHIAM:
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- UL CXEM € peakTopaMH B Havaine BJI
Inl, -l

t = an.é BHIKA R 13
o e e, (13)
= JUTSL CXEM C peakTopamd B KoHue BJT
by, = M, 14
5,2

- JUIL CXeM C peaKkTopamu, yCTAHOBJICHHBIME IO KOHIaM BJI, HeOGXORMMO MOCTPOUTE OrH-

GarOMIyIo KPHUBYIO
@) =1, ()L )
H OTIPERCIIATE BpeMs €€ Nepexojia Yepes HylieBoe 3HaYEHHE,

Takum o6pasom, i BJI 750 kB Kanununckas ADC — IpuGoso npu paGote ¢ asyms IIIP
XapaKTePHO HANUYME JINTEIBHON aNepHOMIECKOH COCTABIAIONICH B TOKE HEIOBPEAKACHHBIX (a3
TIpH OAHOCTOpPOHHEM BKHroYeHuH BJI. HauanpHOe 3HAYEHHE H CKOPOCTE 3aTyXaHHs ANEPHO MY~
CKOM COCTABILIIOLICH B TOKS TAKOBHI, 9TO TOK BHIKIIOYATEI B HENOBPEKACHHON (ase He mepexo-
ZUT 9epe3 Hynb B Tedenme 2,5 — 4 ¢ B 3aBMcHMOCTH OT BHAa U MecTa K3. Takum o6pasom, npu
IUIAHOBOM BKIIIOYeHMH HIH BKouYcHur BJI B mukne TAIIB B cnyuae Hamwamst Ha BJI HecuMMeT-
praroro K3 oTkimogeHne HEOBPEKACHHBIX (a3 MOxeT GBITh CYHIECTBEHHO 3aTPYIHEHO.

B paGore paccCMOTPEHBI pa3IHUHBIE MEPHl O YCTPAHEHMIO JUIMTENBHON aIepHOAMYCCKON
COCTaBIAIOMCH B TOKe HemoBpekAeHHBIX (a3 BJI 750 xB Kamusubckas ADC — T'puboso:
YIpaBIeHHEe MOMEHTOM BKEOYEHHMs BBIKIOYATens; orwmodenne I[P B mukne AITIB;
IPEABKIIOYCHAE DPE3UCTOPOB; COBMECTHOE NPUMEHeHHe oTkmovenus LIP B maysy AIIB u
NPEBKIIOYCHHS PE3UCTOPOB; YHPABICHHE MOMEHTOM OTKIIOYCHHs HENOBPSKACHHEIX (as. B
KavecTBe OLCHKU 3($eKTHRHOCTH MEPONPHATHN 0 IMKBUAAUMH JTHTEIBHON ANEPHOMMUCCKOM
COCTaBIsIOMEH GUI0 NPUHATO TpeOGOBaHHE HEPEX0Ja TOKA B BEIKMIOYATENE HETOBPEXKICHHOM
¢assl gepes HyIb B TeUCHHE He Goiee 40 MC MOCIE 3aMBIKAHHSA KOHTAKTOB BBIKIIOUATENA.

TIpoBecHEEIC MCCICIOBAHNA BELIBUIIH, YTO BCE PACCMOTPSHHBIE MEPOTPHATHS, HANPAB/ICH-
HEIe HA YMEHBIICHAE aMILIUTYABI M JUIMTEIFHOCTH ANEpHOAMYECKON COCTABIIAIONMICH B TOKE HEIO-
BPEeKICHHLIX (a3, He 00ECIIEUNBAIOT B MONHOM MEPE PelleHue NpoGaeMEl W/ HITH SABITIOTCA XOCTa-
TOYHO JOPOTOCTOAMMMH. )

Nmeromuiicss OMBIT MCCICHOBAHMA U NPOSKTHPOBAHHUA TOKA3HBACT, YTO TPEGYETCH Jaib-
Hefimas yriy6ieHHas npopaboTka U UCCIENOBAHAS MEp 110 HCKIIOUEHHI) BIMSHHS AllepHOIIe-
CKOH COCTaBILAOMEH B TOKE BEIKIIOUATEN Py KOMMYTALH HENOBPEKICHHEIX ()as, B TOM YHCIe,
CO3ZiaHHe CHICLHAILHON ABTOMATHKH MCKIIIOYCHUSA BIHAHMA alCPHOIMYECKON COCTABIAIOMICIH.

UYerpepras rnaBa NOCBANEHA NpobiemaM OOECIEYeHMs ABTOMATUYECKOTO OTPAHMYCHHMS
neperpysku oGopyaosanus (AOIIO), a MMEHHO: aBTOMATHYECKOTO OTPAHKUCHHS TIEPErpy3KH Jin-
HuH (AOILT) u aBTOMATIYECKOTO OTpaHHYeHNs Heperpysku Tparcdopmaropa (AOIIT). Paccmor-
PCHBI 0COGEHHOCTH TEXHOIOTHYECKHX AITOPUTMOB M IPHHLMIIOB PEATH3AIMH YIIPARIFIOLINX BO3-
e CTBHIA.

IIpobnema BOSHAKHOBEHHS TEPMHYECKHX IIEPETPY30K OOOPYIOBAHHA ABISCTCS ONHOM M3
HauboJiee XapaKTepHBIX M TSKEIBIX MPOGIeM Pa3sBUTHS SHEPTOCHCTEM METANIOIHCOB M CBA3AHA C
BO3HHKHOBCHHEM IIEPETPY30K B CETAX BCEX HANPSLKCHUI JaIle BCEIO B PEMOHTHBIX CXeMaxX H IIpH
aBapHitHBIX OTKIIOYCHIIX JNEMEHTOB ceTH 500 KB, KOIla aneKTpuaeckas Harpyska noTpeGHTenei
JIOXHUTCA Ha ocTaslieecs B pabore obopynosanue. IIpn 5TOM B pesymbTaTe IepepacupeleIcHHs
TIEPETOKOB MOLTHOCTH 3HAYCHHE TOKOB B PSIE JIMHMH MOXET HPEBBICHTE JIHTENEHO JOMYCTHMOE
3Ha¥eHue ToKa B 2,5 — 3 pasa. Eci OTKIOYATh B TAKHX CIydYasdX NEPETPYKEHHYIO JTHHHIO, o8
Harpy3ka JSDKST Ha JPYTHe CBS3H M O0YCIOBHT BO3MOXHOCTh BO3HMKHOBCHHA HX NEPETPY30K U
HOCICAYIOEro OTKMOYEHHS, YTO MOXET NPHBECTH B JalbHEMIIEM K KACKaJHOMY PasBHUTHIO
aBapun. C y4eToM BOSMOXHOCTEH COBPEMEHHBIX IIPOrPAMMHO-TEXHHHECKMX CPE/CTB TaKHe
TIPOTHBOABAPUAHEIE MEPONPUATHA MOTYT GBITB GOJle€ COBEPIICHHEIMH 10 CpPABHEHWIO C
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TPagMIUOHHBIMH PCIICHHUAMM, a TakKE NMO3BOJMIOT YTOYHUTh M B KOHEYHOM CYETE€ YMEHBIOUTH
00BEM peaisalliy YIpaBIIAIOmyX Bo3feHeTB1i.

HasuauenueM AOIUI sBngeTcs OrpaHHYeHHe KPaTKOBPEMEHHON aBapuiiHoil meperpysku
JIUHUHA 3CKTpONepeNaYl, XOTOpas MOXKET IIPUBECTH K MOBPESKICHHIO O0OpyZOBaHMUS W JUIA
Bo3aymHbIX JuHME (BJI) k yBeNHYEHHIO CTpensl HPOBECA MNPOBOJOB € MOCICAYIOLIAM
NEPEKPHITUEM MPOMEXYTKA OT HPOBOZA JIO 3€MIIM MM A0 JAPYTHX OOBEKTOB, HAXOJALIAXCSA MO
JIMHHEH.

OCHOBHBIM [TAPAMETPOM, OTPAHUIMBAIOIIUM HEPErPy3Ky JIMHIK IO YCIOBUSAM MEXaHUICCKOU
MPOYHOCTH IPOBOAE, ABIACTCA TEMIEPaTypa NpoBoxa. B TpaIWUMOHHO NPOEKTUPYEMBIX B SNEK-
TPHUECKHX CeTsX ycTpoiictBax AOILI oTCyTCTBYeT HENMOCPEACTBEHHOE H3MEPEHHE TEMIIEPaTyPEI
MpoBOJA, NO3TOMY KOCBCHHas (ukcamys 3ToM TeMmeparypsl HEHf M COOTBETCTBYIOIME NPOTHBO-
aBapuliHEIC YNIPABICHUS OCYINECTBISIOTCS Ha OCHOBE KOHTPOISA 3HaYEHMS IIPOTEKAIOWIETO 110 TIPO-
BOZXY TOKA.

JUTMTENBHO JIOIYCTUMEIA TOK JIMHHH

13 -
5,_, \\ ; OTIPENEISIIOT HA OCHOBAaHUN HOPMYPOBAHHOM
Eu : ~. €70 3aBUCHMOCTH OT TEMIEparypsl OKpyXka-
£, IOIIET0 BO3AyXa (IIPH HOPMHPOBAHHOM TeM-
§°»9 ,,,,,, S S N ", neparype npoBofa Ty, ¥ TIPMHSTEIX CE30H-
fos s — 3 HeX yctaBkax AOIUI no Toxy (3uMa/nero).
g 02 NG Ha (puc.6) mpuBencHa 3aBHCHMOCTH [UIA-

05

o s Ty T e e o T s .‘o P TE€JIBHO JONYCTUMOIO TOK& JMHUU IIPU HOD-

1 — HOPMHDYEMER 38BMCHMOCTD 1 /1,, _ ., = f(T ), 2 1 3 — cesonnbie yeTasku
AONA no Toky {(3wma/AeT0)

Puc. 6. 3aBUCHMOCTD JUTHTEIBHOTO KOIMYCTHMOTO TOKa
muam (it T, =70°C) oT TeMnepaTyphl OKpPYKAIOmMEro

MHPOBAHHON TeMIeparype poBOAa
Top=70°C 1 NpPHHEATEIX CE3OHHBIX YCTaBKax
AOIJ o Toky (B 0.e.) — 1,2 o.e. (3uma), 1,0
o.e. (nero). Ce30HHEIC yCTaBKM cpabarpiBa-

BO3/yXa Hust AOIUI BRIGHpArOTCS AUCKPETHO Omepa-
THUBHBIM 3afaHHEM («3HUMa» WIH «IETO»), 9TO HE BCErAa IO3BOJIAET NOCTOBEPHO YYMTHIBATE pe-
aNbHBIE YCIOBHA HArpeBa M 3a9acTyi0O MOXeT NMpuBecTH k HeaddexTneBo# (M305rrouHoit) peanu-
3l YIPABIIOMUX BO3JCHCTBHIA.

Takum ofpasoM, n1s Goliee MONHOTO MCNOIL30BAHMS Harpy304HOM CHOCOGHOCTH JTHHEIM
3JIEKTPONIepeNa i He0OXOMMMO PEIICHUE CIEAYIONNX 3aa4:

- IOCTOBEPHEI KOHTPOJS TEMIICPaTyphl IIPOROAA;

- OIpeJIeNICHHe NOMYCTUMOM TEMIIEPaTyphl IIPOBOJA € YYETOM TOJIOJIEAHO-BETPOBBIX HArpy-
30K;

- OCYHMIECTBIICHHE yIpaBleHusA (YIpaBIIOMUX BO3AEHCTBHI) B SHEprocHcTeMe ¢ LENBIO
HpENOTBPAIlCHUA aBapuitHON NEperpy3KH TUHMM.

JUIs ACKITIOUESHHA HEAOCTATKOB TPAJMIMOHHOIO PEICHHS [I0X PYKOBOACTBOM M NIPH y4acTHH
anTopa OsuI paspaboran u BHexpeH anroput™M AOIDUI ¢ KOCBEHHBIM pacueTHBHIM METOIIOM Ompese-
JIeHus TeMIeparypsl Iposona BJI Ha OCHOBE HCHONE30BAaHUA TEIUIOBOM MOIENH TMHUM C YUETOM
TEMIICPaTyPsl OKPYKaIOImEro Bo3xyxa (Ha OCHOBAHMH YPaBHEHHS TEILIOBOTO (anaHca IPOBOXHH-
xa). JluHMA MoAeNHpyeTcs WHEPUMOHHBIM 3BSHOM IIEPBOTO NOPAAKA, XapaKTepH3yeMbIM
TIOCTOSTHHO BpeMEHHN Harpena, YTo NO3BOJET YICCTh OCTENIEHHOCTE H3MEHEHHUS TEMIIEPATYPEI B
paccMarpuBarh AMHAMUKY €€ W3MECHEHUS. B kadecTBe MapaMeTpoB, KOTODPHIE ONPEAEILAIOT Harpes
NPOBOJA, HCHOIB3YIOTCA ABE BEIHYMHBI, U3MEPEHHC KOTOPHIX HA IPAKTHKE OCYINECTBISAETCS
JZOCTATOYHO JIETKO: TOK JIMHUM Ha Haubolnee 3arpy:keHHOM Y4JacTKe, TEMIEparypa OKpyXKaroLero
BO3yXa.

B xadecTBe ycraBKy Ui MOIENMPOBaHuS nuHHM B yerpokicrse AOITI ucnonesyercs mo-
CTOSIHHAA BpeMEeHH Harpesa IPOBOJHUKA, KOTOpas, HApuUMep, Ui Kabemst (kaGenbHOro yyacrka),
HAMPHUMEP, IPOJIOKEHHOTO B BO3XYXE, PACCUUTHIBAETCA N0 hopMye:

T= (§+SMeo+ 05 (g +¢)) @. (16)
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rae §; — TemnoBoe comporHBicHHe m3omAuuE kalens, (°C-cm)/Bt; §; — Temmosoe co-
nporusieHue obomouku kabems, (°C-cM)/BT; ¢, — yAEHbHAA TEIIOEMKOCTH KMIBI Kaems,
(BTu)/(cM*-°C); Cys ~ YACIBHAL TEILIOEMKOCTh H3OMSIIM KHIL, Bra)/(eM*°C); ¢y ~ yHETBHAL
TeIoéMKocTh cBrEMNa, (Br-u)/(cv’-°C). VieasHBIE TEMIOEMKOCTH MaTepHaloB SBIAIOTCS CIpa-
BOYHEIMH [JaHHBIMY; TEILTIOBEIC CONPOTHBICHUA ONPENEIAIOTCA YCIOBHAMM IIPOKIaAKH Kabemt i
ONPEIEIAIOTCA PACUETHRIM Iy TEM.

Ilpu u3BeCTHOH MOCTOSHHOM BpEMEHM HArpeBa I MOXHO ONpPENETHTh TEKYIIYIO TEM-
HepaTypy IPOBOAHMKA IO CICAYIOMEMY BBIPAKEHHIO:

0! =6 +(9ycm—0ma'~l)'(l_e_t /T) (OC)’ (17)

Hay

T2 O, — HAYAIBHAS TEMIEPATYPA OPOBORA, °C; O,y — YCTAHOBHBLIAACS TEMIEPATYPA NPO-
Boza, °C; £ — BpeMs ¢ Ha9ala NepeXOIHOro Mpouecca (Wi ¢ Hadana HeGOMbIIOro HHTEpBala Bpe-
MEHH, IPUHATOTO B YCTPOMCTBE 32 PACUETHEII), C.

Kpome TeMneparypsl IpoBoAHUKA, B yerpolictBe AOILI onpeaenseTcs 3HAUYCHAE TOKA, IIH-
TEJIBHO AOIYCTUMOIO WA JMHHMM IIPH TEKYIMX HOTONHBIX YCHOBHAX. JUIMTENBHO HOMYCTHMEIH
TOK Iy — TaKoe 3Ha4eHHE TOKA, [IPM NPOTEKAHHH KOTOPOTO YCTAHOBHBUIASCH TeMIEPATypa Ipo-
BOJHMKA PaBHA AIHTCILHO JOIYCTHMOM, U ONPEAENACTCA HA OCHOBAHMM YPABHEHHS TEIUIOBOTO
Gananca MpoBoJa B ycTaHOBHBLIEMCA pesxume 1o dopmyine (s BJI):

Iy= ’(a,w,,)-fa—e,)—&’ as)

Iie , — AMTENBHO NOIYCTHMAd TeMIeparypa nposoja, °C; 6, — TeMueparypa Bo3zayxa, °C;
P, — momHocTs comHednod panmamuy, Br/M; R, — COIPOTHBIEHHE OJHOTO METpa NPOBOMA NPH
JUIMTENBHO OOMyCTUMOl TeMmeparype, OM/M.

B xauecrse ycraBku cpaGarsiBanus ycrpoiictea AOILI npemmaraercsa MCIONB30BATE 3HAYEC-
HHC JUINTENBHO JOMYCTUMOTO TOKA, PaCCUMTAHHOE IO BHIIENPUBEASHHON GOpMyIe U HOCTOSHHO
OOHOBIIEMOE B HUKIE PAacuéTa yerpoictea. [IyTéM CpaBHEHHS TEKYIIErO TOKA THHHUH C JAHHBIM
3HAYCHUEM (GOPMUPYETCS CHTHAN HEPErpy3KH, KOTOPBIHA HOJDKEH GBITh IEPElaH EPCOHANY IOM-
CTaHIMH WIH JUCHETIEPY.

XoTA BO3HMKHOBEHHS IICPErPy3KH IMHUH (HKCHPYETCS M CHTHAIM3EPYETCA KaK IO e8 TeM-
TICpaType, Tak U o €€ TOKY, ofiHaKo BEIOOp ynpasisuoimmux Bosaeicrsuit (YB) B 3aBHCHMOCTH OT
CTENEHH TOKOBOH NEPSrPY3KU HE NPOM3BOAMTCA, TaK KAaK YBEIMICHHEC TOKA CBEPX HOIMLyCTHMOTO
HE BCEra CONPOBOXKAAETCA IEPErPEBOM NPOBOAHMKA.

Jis aBTOMaTHIECKOrO BEIGOpa HeoGxoamMoro YB B yerpoiictee AOITI morpeGoBaics G5l
crumkoM Gonsmoit 06BEM MH(OpMAIHH, BKIIIOYAs TONONOTHIO IPHICTAONIEH CETH, U CIULIKOM
CHOXKHaA NOrvKa. B cBsi3u ¢ 3rumM BEIGOp Haubonee >hdexruBurx VB ocymecTsnsercs ga OCHOBE
NPeABaPATENHHOrO MOACTUPOBAHNS SHEPTOCHCTEMBL M PACUETOB €€ PEKMMOB.

B npuBencHHOM npuMmepe opraHu-

C""W“" g 34lMH CHCTEMBI AOIII Ha y4acTke ceTH
O e K o~ §f  (puc.7) 3amminacMblif TPAHIHT COCTOMT H3
— " — ;g mByx nunmit A-B 1 B-C ¢ mpoMexyrod-
s P 1l i mes §§ HBIMH OTOOpaMHM MOILHOCTH, MMEIOLIHit
= . O~j:§ HEBYCTOpOHHec muTaHue. B pasHpx mo-
i 4B U g ' &  cneaBapHHHBIX PeKMMAaX HMEET MECTO pe-

e % ﬁ' BEPC NEPETOKOB MOLITHOCTH.
BCK [ [] ] IIpn  HanpaBmeHMEm  MOIIHOCTH
vapyma gy mpme  woyw amyoe A—B—C neperpyxarorcs o6e JIMHAH, HO
Puc. 7. Ilpumep opranmsaiws cucreMbt AOITII Ha yqacTke V IIMH NOACTaHIMM A Haubojee CHILHO
ceT (ronoBEOK y4acTOK). 3HAYMT, TOK HE0G-

XO/IMMO KOHTPOIMPOBATH B 3TOM Mecte. B kavectse mpormBoaBapuiiHoro ynpasnenus (IIAY)
NIPEATIAracT s
- IepBast CTYNEHb — BKIIOYECHHE IIMHOCOCAMHHTENLHOTO BEIKIIOUATENd HA MOACTAHIHE C
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(yBeNIM9YEeHHE IOAIUTKH € HArPy304YHO# CTOPOHEI),

- BTOpasd CTYNCHb — OTKIIOYCHHE HArpy3kd Ha moxacrannusx C, B (ymeHsmenue norpel-
JICHUA HA HArpy304HO# CTOpPOHE).

IIpm ranpasneHun MoimHoctn C—B—A Taixke neperpyxarorcs o6e JIMHUK, HO y ITHH HOA-
crannun C Haubonee CHIILHO, M TOK KOHTPONHPYETCA B 3TOM MecTe. [yt IMKBUIAMH Neperpy3Ka
TIpeIaracTca:

- IepBas CTYNEHb — OXHOCTOPOHHEE OTKIIOUCHUE MMUTAOIIETO aBTOTparc(hopmaropa Ha mox-
crannpy C (OrpaHHYeHHE MOIHOCTH, MOCTYMAIONMEH ¢ MATAIOIEH CTOPOHEL), a TAKKE BKIIOUCHHE
BCK Ha moactaHumu A (YMCHBUICHHE TOTPEOICHIA Ha HATPY304HOH CTOPOHE),

BTOpas CTYNEHb — OTKIIIOUSHHE HAarpy3KH Ha NoAcTaHImaxX A, B (yMeHbImeHHe IOTpeGICHHS
Ha Harpy304HOH CTOPOHE).

Hasnauenmem AOIIT sBisiercs OTrpaHHYCHME KPaTKOBPEMEHHON aBapWifHON Heperpys3KH
TpaHcdOPMaTOPOB CpeHel MOIMHOCTH ¢ oxnaxaenneM tuna J{ u JIII (ecrecTBeHHAS WHPKYISALMA
Macia ¢ XyThEM, NPHHYIUTCIbHAS IUPKYIANMA Macia ¢ AYThEM) IOHH3WTENBHBIX MOACTAHIMi
HanpspkeHHeM 110-220 xB, xoTopast MOXKeT IPHBECTH K HOBPEXICHHUIO ITHX TPaHCHOPMATOPOB
BCIEACTBHE MX IIEPETPEBA UM 00pa30BaHUA YCIOBHH, ONACHBIX IPOGOEM H3ONISIHA.

CymecTByeT aBa OCHOBHEIX crioco0a onpe/ieieHus eperpy3ku Tpancdopmaropa:

- o anropur™My MOK paccunThiBacTCsa TeMNeparypa Hanbonee HarpeToi Touku (HHT) ge-
Pe3 M3MEPEHHOE 3HAUCHUE TEMIIEPATYPHI BEPXHUX CIIOEB MAcIa;

- mo anroputMy IITO paccauThIBacTCA JOMYCTHMAsA JUIMTEIBHOCTD ICPErPY3KH YEPE3 H3Me-
peHHOE 3HaUeHHE TOKa TpaHcdopmaropa.

Tpepsmmenue Temmeparypsl HHT naz Temueparypoii Bepxaux cioés macma A6, mpen-
CTaBIIAeTCA B BUAE PasHOCTH ABYX cocrasnawomux: A, = A6, —A6,, ,
KOTOPBIE ONPEACIAIOTCS PEMEHUEM THPPEPEHIMANBHBIX YPaBHEHMH:

ky-K>-A8,, =k, 7, - df{fm +A6,),
dAg, 19)
(ky -1)-K7 -AB, =(ro/k22)-—:17h£+Ae,,z ,

rae k,, k,y, y— mapaMerpsl pacaTHOH MOIeNH, ONpele/seMble KOHCTPYKLMEH TpaHc-
dopMaropa; K — kosddunment narpysku Tpanchopmaropa; Af,, — pacyéTHOE MpPEBHICHUES
Temneparypst HHT Han TeMneparypoil BepXHHX CIIOEB Maclia B HOMUHATIBHOM PeXUME; T,,,7T, —
TEIUIOBbIE IOCTOSHHBIE BPEMEHH 171 OOMOTKH M BEPXHETO Macia COOTBETCTBEHHO.

Janee remnepatypa HHT 6, onpefensieTcs kak CyMMa TEMIEPATYPBI BEPXHUX CIIOEB Mac-
na 6, u BeMMHMCICHHOTO IpeBsmenus: &, =6, +Af, .

KparkoBpeMeHHas meperpyska B aBapUMHBIX peXxMMax MacisHbIX TpaHcdopMmaropoB (mo
OTHOIIEHHIO K HOMHHAJIBHOMY TOKY) IIPH BCEX CHCTEMAX OXNAKICHHMA HE3aBUCHMO OT JIMTEIIb-
HOCTH H 3HAYEHHs NPEIIIECTBYIOMEH HArpy3KH M TEMIIEpaTyphl OXJIaKAAromed cpes! DoIycKa-
erca (coorBeTcTBHH ¢ 1. 5.3.15 I1T3) B cnenyromux npenenax (tabn.4)

Bo3sMoxHOCTH IO NIEperpy3Ke MaciHEIX TpanchopMaTopor Tabmma 4
[leperpyska mo Toxy, % 30 45 60 75 100
JIMUTEeNsHOCT HEpErpy3Ky, MAH 120 80 45 20 10

JIMUTENFHOCTD NEPErPY3KH MEHEE 5% HeorpaHMICHHA.

Jns orpaHydeHus IEpErpy3ky TpaHcOpMAaTopoB B MPUHIMIE MOTYT GBITH ECTIONB3OBAHEL
TE K€ YIPABJIAIOMMUE BO3AESHCTBUA, ITO U U OTPAHUYEHHS TICpErpy3KH JHHHA, KpOME BBOJA pe-
3epBHBIX MOIMHOCTEH. OHAKO OTKIFOYMEHHE Harpy3ku ¢ 3anpetoM AIIB npousBOAUTCS TONBKO HA
TOW MOACTAHLMM, [e Teperpyxaircs TpaHchopMaropst. Oriuroucuue Harpysku (OH) sBigercs
OCHOBHBIM BujioM VB, ucrionszyeMsiM B AOTIT.
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OCHOBHBIE BHIBOABI 1 PE3VJILTATHI PABOTHI

1. DddexrusrocTs orpanmueHns TK3 B GonbInodi Mepe ompenenserca OslcTpomeiicTBreM
ONPCACHCHNA aMIUTUTYABI Hepuognueckor cocrasisomeif nepexogHoro TK3. Ipeanoxennas
MeToIuKa GHICTPONCHCTBYIOMEro ONpeAeNenns aMILIATYAkl nepexonaoro TK3, ocHoBaHzas Ha
06paGoTke BLIGOPOK NEPBHIX PA3HOCTEH MIHOBEHHBIX 3Ha4EHMH BTOPHYHOTO TOKA TIOBPEXKACHHOTO
IPUCOSAUHEHUA  HA CKOJB3AIIEM HHTEpBalC HAOGNIONCHUA OrPaHMYEHHOM JNHTEIFHOCTH,
00ecneynBacT NOBHIICGHHE TOYHOCTH PACUETOB B YCHOBHAX BIMAHHA HOMEX W HACHINEHHA
TpaHcdopMaTopoB Toka.

2. IlpennoxeHs! # paspaboTaHbl HOBBIH ClIOCOG U cucteMa orparmuerus TK3 1 nepexonnsx
BOCCTAHABIMBAIOIIMX HANPAKECHUN, OCHOBAHHLIN HAa MCIONB30BAHMM BAKyyMHBIX YIIPABIAEMBIX
PaspAIHHKOB. B yClOBUAX CTOXHUBIIHXCA IHEProcucTeM paspaborannas COT-PBY npeacrapmser
c000H Ha CEromHs KOMILIEKCHOE PelleHHE, 00eCIIeIMBAIOIIEe (B TOM YHCAE, IPH MHOIOKPATHBIX
nukjax ATIB): orpanudenne yzapHOTO TOXa B 3allMINASMBIX IPHCOCANHEHUAX 32 CUYCT BHICOKOTO
ObicTponeficTers; orpanmdeHMe TK3, MpOTeKAOIIEro HYepe3 BHIKMIOUATENh TNOBPEXKIESHHOIO
TPHCOCIUHEHMS; CHIDKCHHUE NEPEXOMHBIX BOCCTaHABINBAIOLIMXCA HANPSKEHUH [IPY OTKIIFOUCHHH
BeIkiogareneM TK3; nererpamuio B CuCTeMy yIPABICHHS SHEPIOOGHEKTOM.

3. [ina ycTpaHeHHA Pe30HAHCHBIX NEPCHANPSKCHHIA, & TaloKe JIS HCKIIOUSHHS BIMSHUS TO-
KOB MOJMNHTKM XyTH HA JHHUSX NEKTPONEPERadd CBEPXBBICOKOTO HATIPSKEHHUS C BHICOKHM YpPOB-
HEM KOMIICHCALMK PEaKTUBHOMH 3apAHO# MOINHOCTH JIMHMM HPEIIOKEHB! OPHCHTHPOBAHHBIC HA
IPOCKTHEIS PEHICHUS MHXEeHEpHBie MeTouKH: BriGopa KP ma BJI CBH, pacueros Toka moamuT-
KM AyT# H BOCCTAHAB/HBAIOMIErOCs HAPAKEHNA Ha OTKIIOUeHHOR (ase BJI nocie moracamms xy-
I'H, & TAKKE OIPEIEIICHN BpeMeHH GecTOKOBOM nay3sr OATIIB.

4. Pesynbrare! nccnenosanuii (Ha npumepe BJI 750 kB Kammmwnckas ADC — I'puboBo) cere-
TeNBCTBYIOT 06 3¢ ¢EKTHBHOCTH NPUMEHEHHA KOMICHCAIMOHHBIX (HYNEBEIX) PEAKTOPOB IS CHIDKE-
HHsl TOKA NOMIMTKHA XYI'Hl, BOCCTAHABIMBAIOIIETOCS HAPAKCHUA M BpeMeHH nay3sl mpu OATIB.

5. YonoBws ramenust Tyri IOANMTKH NpH TpexdasHoM oTximoyennd BJI ¢ mynTupyIomuMu
peaKTopaMH CYIIECTBEHHO JICIde, YEM IIPH €€ 0AHO(a3HOM OTKIIOYCHMH, BCICACTBUE YET0 MOXHO
OXMZATh €¢ rallicHHs 33 MHOTO MeHbInee Bpems. [foaTomy B cnyuasx, korma fo ycraHoBku Ha BJI
KOMIICHCAIIHOHHBIX PEaKTOPOB HE YAAeTCs OOECIIEUMTH FalleHHe TyTH 33 IPUEMIIEMYIO IUIA SKC-
ILtyaranuy GecTokoBylo naysy OATIB, BO3MOXKHO IIPUMEHHTS, KaK BPEMEHHYIO Mepy, Tpexdasz-
Hoe otkmoyucHue BJI npu ogHodazusx K3.

6. Hccnenoanua 1 pacueTsl IIPH OHOCTOPOHHEM BKoueHnH BJI CBH (Kamunuuckas ADC
— I'pu6oB0) MoKa3adN HAMUYKE B TOKE IMHHMM JUIATENBHOM allepHOLHYECKON COCTABIIAIOLICH, 3Ha-
9IUTEIBHO 3aTPYAHSIOICH OTKIIOUCHHE HEMOBPEKACHHBIX (a3 IPH [IAHOBOM BKJTIOYCHHUHM WIH
BkmoveHuu BJI 8 muxne TATIB B ciy4ae Hamuuus Ha BJI necummerpuasoro K3.

7. BEMONHCHHEIE B PaGoTe MCCIENOBAHNA PATHIHBIX MEPONPHATHH O YCTPAHCHMIO AIH-
TENbHOH aNnepuonnIeckol COCTAaBIAIOmEH B TOKe HenmoBpexkaeHHsX a3 BJI 750 kB Kanuunu-
ckast A3C ~ I'pu6oBo (ympaBiIeHHE MOMEHTOM KOMMYTAlMM BEIKIIOUATENIS; NPUMCHEHIE mpea-
BKIIOYACMBIX PE3HCTOPOB, OTKIIOUYCHHUE MM IEPEKOMMYyTauus nuHeHHsx IHP ma munst IIC, u
T.IL) TIOKA3aJIH, 9TO BCE PACCMOTPEHHEIC MEPONPUATHS He 06eCeunBaoT B NOMHOK Mepe perme-
HHe NPOGIEMBI H/HIM ABJIOTCA JOCTATOUHO AOPOTOCTOAINUAMH,

8. Vimerommifcs OMBIT HCCIEAOBAHMI M IPOSKTMPOBAHMA [IOKA3bIBACT, YTO Tpebyercsa mane-
Heidmas yrayGieHHas IpopaloTka W UCCHEAOBAHMA MEP 10 HCKTIOUCHHIO BITHAHHS AlCPHONHYC-
CKOIf COCTABILIIOLIEH B TOKE BHIKIIIOYATENA NPY KOMMYTALMA HEIIOBPEXACHHBIX (a3, B TOM IHCIE,
€O3JJaHNe CNIeNHUANBHOM aBTOMATHKH HCKITIOYESHNS BIHAHUA alleprONIECKOM COCTABIISIOIIEH.

9. Hegocrarku cymecTByromeii cuctemsl [1A, ¢ oHOM CTOPOHSL, H, ¢ JApYroil CTOPOHBI, CO-
BPEMCHHBIE BO3MOXHOCTH B O0JIaCTH TENEKOMMYHHKAIMA ¥ NPOrPaMMHO-TEXHHIECKHX CPEICTB
OTIPEASILIOT HEOGXOAMMOCT IAIBHERINErO PasBHTHA METOOB M aNlapaTHOTO OCHAICHHs I1A,
KOTOpOE, KaK U JVIA CHCTeM pelelinoi samutel (P3), HampaBiaeHo Ha MOIHBIA Iepexos Ha MUKDO-
IPOLICCCOPHYIO TEXHHUKY U CBA3AHHOE C 3TUM KAPAMHATIEHOE M3MEHEHHE NPUHIHIIOB B3aUMOAei-
CTBHS M HOMEHKIATYPBI IPOrpaMMHO-TEXHUYECKUX cpeacTs I1A.
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10. K maubonee 3HAYMAMEIM TEXHONOTHMUECKUM NipoGieMaM B 00JacTH NpoekTHpoBakus I1A,
HENPEMEHHO TPeOYIoLMM Hay4HO-UCCIIEI0BATEILCKUX IPOPAGOTOK, OTHOCHTCS, B TOM 1MCIE, pas-
paboTka CTPYKTYpbI IIPOTHBOABAPHIMHOTO YNpaBNeHUs B METAIo/McaX, e BOHAKAOT B NEPBYIO
ouepeb aBapuitHble OHIKEHNSA HAMIPAKCHUA M TCPMUUECKHE IEPErpy3ki 060pYIOBAHUS.

11. Peanusauus npeiokeHHbIX MPUALMIIOR aBTOMATHKH TePMUHUECKOH Tieperpy3ku o6opy-
joBaHusA (MuHMH dnektponepenayn) - AOIIJ ¢ KOCBCHHBIM PacHETHBIM METOINOM ONIPCACIICHUA
TeMiepatypsl Tposona BJI Ha OCHOBE HCTIONIB30BAHHS TEIUIOBOH MOJENH JIMHUK C yCTOM. TeMIe-
PaTyphl OKPYXKAIOILIETO BO3AYXa HO3BOJNSET B ABTOMATHYECKOM PEKHUME THKBUANPOBATE TEPMUTIE-
CKYIO TIEperpy3ky salliliacMoii NMHUK, €€ NOCIeYIOlee OTKIIOUEHNE A BOSMOXKHOE KAaCKaHOS
pazgutHe aBapuu. OAHAKO B GONBIIMHCTBE Clyd4aeB uld ofecrieyeHus IMKBUIALAH Ieperpysku
JMHUK IOMAMO YeTpoiicTBa AOTIJT TpeGyeTcs HCIONB30BAHKE U JAPYTHX YCTPOHCTB 1A, opranu-
3aLMs CBA3M CO CMEXHBIMM 00LEKTaMH, obecrieueHie B3aUMOISHCTBIS CUCTEMEI aBTOMATUKH C
JIUCTIETYEPOM. '

12. Penice 3a1a4 MOBBILICHHs HANEKHOCTH NMEKTPOCHAOKEHHSA, U, B TOM YHCJE, 32 CUET
JMKBUZALMA TIEPETPY3KH TUHUH, HE JOJDKHO BO3IAraThCs TOALKO Ha POTHBOABAPHHHYIO aBTOMA-
Tuxy. ITepBoouepeaHLIMY MepaMu JOMKHBL OCTABATLCH COBEPLUICHCTBOBAHNE NPOCKTHPOBAHAA U
PEKOHCTPYKLUH JEKTPHYECKHX CETeH.

NYBJIMKALIAA [10 TEME JUCCEPTALIMN
Tlo nepeunio penensupyembix u3gannii BAK

1. Boponan B.A. TIpo6rieMs! NPOSKTHPOBAHHS SHEProCHatkeHyA palioHoB MEranonucos// JneKTpuye-
ckue cTaummy, 2014, Ne 2, - c. 43-50.

2. Boponun. B.A. YMEHBIICHHE BIMAHKA TOKOB MOANMTKY AYTH H NEPEXOAHbIX BOCCTAHABIMBAIOIMXCH

HAMpsXERHI B HemomHodasHEX pexumax BJ1 CBH// Dnextporextuka, 2014. Ne 5, - ¢. 9-135.
' 3. Boponun B.A., Imumpues K.C., Heanos H.A., Koconanos A.M., Twéapckuii J.P. OrpaumueHue
TokoB K3 1 epexo/IHbIX BOCCTAHABNUBAIOWAXCA HanpsmieHuit B cetax 110-220 kB// SnekTpuieckue CraHuuM,
2012. Ne 5, - ¢. 50-54.

4. bpyxuc I'JL, Bymuna JLT., Boponus B.A., ?Kmypko B.E. OnsIT NPOCKTHPOBAHNA COBPEMECHHOM CH-
CTeMB! IIPOTUBOABAPHUIHOH ABTOMATHKH TIPH PEKOHCTPYKUMM 3Heproysia KammHHHCKOH ADC// Onexrpuue-
ckue craniwm, 2012, Ne 5, - ¢. 31-38.

5. Bpyxuc I'.JI., Boponun B.A., Huwowun I1B., I'opurosa H.A. Paspa6orka 1 BHEAPEHUE YCTPONCTB
ABTOMATHYECKOTO OTPAHMYEHUS Tieperpy3ky IMHRHA// DRCKTPHYCCKUE CTAHIWH, 2012. No 6, - ¢. 36-42. i

6. Bopouun B.A., /Tio6apcruii A.P., Maxapoecxuii C.H., lTodvaues B.H. O BO3MOXHOM MYTH Pa3BHTHA
ERC Poccny Ha Gase INMPOKOro  HCMONB30BAHAA HAKOMHMTENEH JHEPruu // DNCKTPHUECKHE CTAHIMH, 2012.
Ne 5, -¢c. 14-19.

7. Camnuros B.®., Boponun B.A., Hosuxos HJI. u op. HecuHxponHas CBA3b 03C Cubnpu n Bo-
CTOKA Ha OCHOBE 3aGaiikaNbCKOre MpeofpasoBaTeNbHOCO KOMINICKCA Ha NOACTaHUMHM Moroya /I Onexrpuye-
ckue cranLu, 2007 Ne 5, - ¢. 46-51.

’ IlyGankanay & APYrEX HIAAHHRX

8. Hamenm P® na nonesnyio modens Nel32267. Perynatop nepenasacMoit MOIHOCTH € (pyHKOUEH ak-
TuBHOro YunbTpa/ Boponuu B.A., Ioapsuer B.H., Casonos H.10. Omy6n. 20.03.2014, Bron. Ne8.

9. Boponun B.A. CucteMHEbIE NpoGieMbl NPOCKTHPOBAHMA sneprocuabxenns cereii CBH n paiioHos
Meranoucos// DHEpria eMHoi ceTH, AekaGps 2013 — susaps 2014. Ne 6(11), - c. 6-13.

10. Akunun A.A., Boponun B.A., Heanoe H.A., Koconanos A.M., Twbapexui J.P, Mapycoe HJL.
OrpaHUYEHHE TOKOB KOPOTKOTO 3aMBIKAHUA B SICKTPHICCKUX CETAX 110-220 xB ua Gaze BaKyyMHBIX YNpaBid-~
€MBIX Pa3PANKHKOR// IHEprus euHoM cetH, Aexabps 2013 — amsaps 2014. Ne 6(11). - c. 64-69.

11. Axunun A.A., Boponun B.A., Heanos H.A., Koconanos AM., JlioBapckuii A.P, Mapycos HJL Orpa-
HIEHHC TOKOB KOPOTKOTO 3aMBIKAHHA B HICKTpHIecKuX ceTsx 110-220 kB //SHeprodkcnepr, 2013. Ne 1 (36), - ¢. 34-37.

12. Hamenm PD na nonesuyio modeas Nel31248. Y CTPOACTBO OrpaHUMCHHI TOKOB KOPOTKOrO 3aMbl-
KaHAA B SMEKTPOYCTAHOBKAX BEICOKOro Hampmxenus/ BopomuH B.A.. Konosanon O.A., Tloxbaue B.H., Py6-
1oB A.A. Ony6i. 10.08.2013, Brom. Ne8. }

13. Hamenm P® na nonesuyto modens Nel26193. Tloactanims nepeMenHoro Toka/ Boponud B.A.,
Heiikupx C.B., [Togpaues B.H. Ony6n. 20.03.2013, Bron. Ne8.

14. Hamenm P® na nonesuyio modens Nel32267. YCTpOHCTBO OFpaHHYCHHA TOKOB KOPOTKOIO 3aMbi-
KaHHs B TIEPEXOHBIX BOCCTAHABIHBAIONMXCA HANPAXCHUH B SNIEKTPHYCCKUX COTAX BBICOKOTO HanpsxeHua/
Boponus B.A., MBanos H1L.A., Koconamnos C.B., o6apekuii JI.P. Omy6i. 20.03.2013, Bron. Ne8.

19



15. Bpyxuc I'.JL, BEymuna JLI., Boponun B.A., Kmypxo B.E. PEeKOHCTPYKLs KOMIUIEKCA MPOTHBO-
aBapHiiHoil aRTOMATHKHY SHeproysna KanunuHckol ASC. ONBIT NPOSKTHPOBAHNA COBPEMEHHOM CHCTEMBI IIPO--
THBoaBapHitHOit aBToMarhKW/ DNEKTPOSHEpreTuka PoccHM: COBpEMEHHOE COCTOAHME, NpPOGHEMBI M fep-
cnexTHBEL C6. Hayd. Tp./ 1ox pex. JI.P. MioBapcxoro, B.A. Illyuna/OAO «Hucturyt «9HEPI'OCETHIIPO-
EKT». — UBanoso: [TpecCro, 2012, ¢. 118-131.

16. Bpyxuc I'.JI., Boponun B.A., Huowun I1B., Cenesnesa HA. Onpir paspaGoTKH TEXHOTOTMHECKHX
AIMOPHTMOB M BHENPEHHA YCTPOMCTB aBTOMATHYECKOTO OIrpaHIMCHHA IEpEerpy3KH suHHA//  DNeKTpo-
suepreTuxa Poccmt: COBPEMEHHOE COCTOSHHE, MPoGeMbl 1 mepcnektusbl: ¢6. Hayd. Tp./ noa pex. JLP. Jlio-
Gapcxoro, B A. Illyuna/OAO «Mucratyr « QHEPTOCETBIIPOEKTY. — Hsanoso: ITpecCro, 2012, ¢. 131-144.

17. Boponun B.A., JTwéapcxuii 4.P., Maxaposckuii C.H., Iodvaueg B. H, Bo3MoXHOe HanpapjlcHHE
passuris EDC Poccuu Ha Ga3e IMPOKOrO HCIIONB30BAHMA HAKONMTENEH Jneprun// DuexTposHepreTka Poc-
CHM: COBPEMEHHOE COCTOSHHE, NPOG/IeMBI M MEPCTIEKTHBEL: ¢O. Hay%x. Tp./ TMOA pea. JI.P. JlioGapckoro, B.A.
Iiynsa/OAO «Huctaryt « JHEPTOCETBITPOEKT». — Usanoso: ITpecCro, 2012, ¢. 339-350.

18. Imumpuee K.C., Hearnos H.A., Boponun B.A., Koconanoe A.M., Tiobapcxuii A.P. Cucrema orpa-
HHYEHHS TokoB K3 M HEpexoaHbIX BOCCTAHABIMBAIOIMX HaNpmxeHuii B cerax 110-220 xB// Dnexrposuepre-
THKa POCCHH: COBPEMEHHOE COCTOAHHE, NPOGHEMbI H HEPCNEKTHREL ¢6. Hay4. Tp./ noa pea. JI.P. JlioGapckoro,
B.A. lyura/OAO «Uucruryt « SHEPTOCETBITPOEKT. — WBaHogo: IIpecCro, 2012, ¢. 350-359.

19. Hamenm PP na nonesuyio modens Nelll363.Onexrposuepreriieckas cucrema/ Bopouun B.A.,
TMoasauen B.H., Poauonos B.A., Cazonos HLIO. Ony6n. 10.12.2011, Bron. Ne34.

20. Hameum P® na nonesnyro modenp Nel05087. PacnipeaenurenbHOe YCTPOHCTBO BbICOKOrO Harps-
JKEHIsE TS CeTel ¢ BHICOKMM YPOBHEM TOKOB KOPOTKOTO 3aMBIKanHa/ Boponun B.A., I'puntenxo H.C., Jio6ap-
ckuii J1.P., TTonwayes B.H. Ony6a. 27.05.2011, Bron. Nel5.

21. Boponun B.A., Modvaues B.H., Cazonos H.H0. [peoGpasoparenbHas TEXHIKa — HEOThEMIIEMad Co-
CTaBHAA 44CTh COBPEMEHHBIX JHEPTETHHECKUX CHCTCM H MIEKTPHYECKUX CeTeil / DHEprocGepeKeHue B MeK-
TpOdHEPreTUKe U NpoMbilieHHocTH: V] MesgTyHap. Hayd.-TexH. koHd. — Mocksa, 2010.

22. Hamenm P® na usodpemenue Ne2399136. Crnocol OTKIIHOUCHHUA KOPOTKOIO 3aMbIKAHUA B JICKTpU-

“qecKoli CeTH NePeMEHHOTO TOKa BBICoKoro Hanpsukenns/ Ilompaues B.H., Casonos H.10., Boponuu B.A., Baii-
Gaxoe 10.B., Jo6apckuii JI.P., Jmurpues K.C. Ony6n. 10.09.2010, Bron. Ne25.

23. Hameum P® na usoopemenue Ne2394327. Criocol ynpapleHus MOLUHOCTHIO BCTaBKH NIOCTOAHHOTO
Toka/ Ioasaues B.H., Makaposckuii C.H., Boponut B.A. Ony6n. 10.07.2010, Bron. Ne19.

24, Hlaxapan IO.T., Jlabyuey H.A., Hunuyx H N[, Kaou-Oznvt H.A., Illynszunos H.I., ]eauxos B.A.,
Tyznyxoea E.B., Boponun B.A., 3unaxos B.E., Apwynun C.A. OIUBIT CO3/@HNA H BHCAPCHUA B JNIEKTPOIHED-
FETHKY aCMHXPOHH3MPORAHHBIX TYpGOreHEPaTOPOB// SHEPrOIKCIEPT, 2009. Ne3, c. 46-51.

25. Hamenm P® na uszobpemenue Ne2366055. Crioco6 3alHTH! BLICOKOBOLTHOTO 000pYAOBaHUA OT
TOKOB KOPOTKOTO 3aMbikaus/ Boporus B.A., JTioGapcxwuii JI.P., [oxsaes B.H. OmyGn. 27.082009, Bion N4,

26. Iamenm P® na nonesnyro moders Ne85762. BHICOKOBONBTHOE PaCHpPEACTATENLHOE YCTPOHCTBO/
Boponun B.A., [ogsaues B.H., Konosanor O.A., Ipuuenko H.C. Ony6n. 10.08.2009, Bron. Ne22.

27. Eymuna JLT., Boponun B.A., Tannesckuii /1.A., Kanoaypos JI.H., Xossunoe H.B. Tpotueoasa-
puiinas apTomaruka Konnckoro Tpansuta 330 B/ Dnexrposuepretnka Poccuu: COBPEMEHHOE COCTORHUE,
npobiemsl u neperiextusbr: C6. Hayu. Tp./ Hox pen. M. LH Mucpuxanoea, J{.P. Jlro6apckoro, B.A. IHyuHa.
M.: Dueproaromusaar, 2008, ¢.226-234.

28. Hamenm Pd na usobpemenue Ne2333583. Cnoc06 KOHTPOJIA OTKa3a BRIKITIOUATENS Bopomm BA.,
Ioapsauer B.H. Omy6i. 10.09.2008, Bron. Ne25.

29. 3unvbepman. C.M., Ilaxapau FO.I., Boponun B.A. u op. [lepcriexTuBb IPUMEHEHNA YNPaBISeMOH
TpoJoNBHON KoMieHcalu Ha BJI Casno-Ulymenckas — Hopokystettas/Marepuaist MEXIyHAPOTHOMO GICUATEHPO-
BanHoro cememapa 02-05 rexalpa 2008r. « Inexrpuseciax: cerd Pocon 2008», BBLL, Mockea -2008.

30. Hamenm P® na nonesnyio modein Ne56078. OTKPHITOE pacpe/IeUTEIEHOC YCTpoiicTBo/ EBTY-
menxo B.A., [Tonsaues B.H., Boponun B.A., Adanacsepckuii B.E., Kosnosckuit H.H., Hazapos A.A. Ony6n.
27.08.2006, Bron. Ne24. '

BOPOHHH Baagumup Anekcanaposiiy
TMOBLIINEHKE Y@ PEKTHBHOCTH YIIPABJIEHUA HOPMAJIbHBIMU Y ABAPHITHBIMH
JIEKTPUUECKHUMHU PEXKUMAMH B PAHOHAX METAIIOJINCOB
Astopedepat AuccepTalHu Ha COMCKAHME YUeHOH CTENeHH KaHAUAATa TEXHHYECKHX HAYK
Tewats wiockas. Yen. new. 1. 1,16 Tupax 100 5k3. 3aka3z Ne214
OAO «Uucturyr « JHEPTOCETBITPOEKT» 105318, Mocksa, Tkaukas yn., 1
OrneyaraHo 8 OAQ «Hucrutyr « JHEPIOCETBITPOEKT»

20



