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MEXYHAPO/HBIN
HAYYHO-TEXHUYECKHU OBMEH

I hopMupoBaHUs 6ojiee TIOJTHON KapTUHBI, OIpe-
JleJIeH!sI poJId Y 3HaYeHUSI [TU(PPOBBIX TEXHOJIOTUH, a TaK-
JKe 33/1a4, CTOSAIUX Iepe; TpodeccroHaIbHBIM co001IIe-
CTBOM Ha JIaHHOM 3Tarle, s3kcnepramu 99C CHI npoBesen
OOMIMPHBIN aHATM3 HAyIHBIX paboT 3a 2014-2021 roasl,
TIpEe/ICTaBJICHHBIX B BEAYILUX CIIEJUaIN3UPOBAHHbIX U3/ja-
HUSIX U Ha KPyITHEeHIINX MeXXyHapOAHbIX KOH(pepeHIIUAX
T10 HAIIPaBJIEHUAM HCCIeJOBAHUHN, OTPKAIOIINX TTPeX/ie
BCETO yIIpaBJIeHYECKHE ACTIEKTHI.

OnucaHue HaIpaBJIeHUH HCCIEJOBAHUIN CONEPKUT
060611ieHre HanboJsiee aKTyaJIbHbIX ITPO6JIeM U BBIBOZOB,
a Takke 0003HAUeHHEe TeM, Yallle BCero yIIOMUHAaeMbIX
B HAy4YHBIX TPyZaX aBTOPOB GoJsiee ueM u3 70 CTpaH.

INTAHUPOBAHUE PA3BUTUSA
IHEPI'OCUCTEM N 3KOHOMUMKA

B Hacrosiliee BpeMsi MUPOBast SHEPTETUKA TIEPEKUBA-
€T MepUO/] HEOTIPEIEIEHHOCTY U PA3HOHAIIPABJIEHHBIX W3-
MEHEHUU — TEXHOJIOTUIECKUX, MHCTUTYIIMOHAIBHBIX, pe-
T'YJISITOPHBIX, TOJTUTHYECKUX, KTUMATHYECKUX.

B 3J1EKTPOIHEPTETUKE BBIIESIOTCS TPU 6a30BBIX
TpeH/1a, KOTOPbIE OKa3bIBAIOT HANOOJIbIIIEE BJIUSTHUE Ha €€
pa3BUTHUE U TpaHC(OpPMaIHIO ITPU BCEX CLIEHAPUSIX:

— JayjpHeMIas ssexkTpuduranus (rmepexos Kpyr-
HBIX CEKTOPOB 9KOHOMUKH, HAIIPUMEP TPAHCIIOPTA U OTO-
TJIEHUST, HA UCITOJIb30BAHUE 3JIEKTPUUIECKOI SHEPTHUU) BO
MHOTHX CTpaHaX COIIPOBOXKIAETCS Pa3BUTHEM HU3KOYIJIE-
POHOIM SHEPTreTUKHU. DTO HAIIPaBJIEHUE YaCTO HA3bIBAET-
csl ;ekapboHU3aIel;

— nudpoBu3anys (Kak cCaMUX 3JIEMEHTOB 3JIEKTpUYe-
CKOIf CETH, TaK U CTOPOHBI ITOTPEOIEHYS);

— JlelleHTpaIn3aIiysl.
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B pamkax JIaHHOI TeMBbI pacCMAaTPUBAIOTCS BOTIPO-
CBI IUITAHUPOBAHUS YHEPrOCUCTEM B YCJIOBUSX TTyOOKOM
TpaHCcHOpPMAIUN MUPOBOIT SKOHOMHUKU, N3MEHEHHSI I1a-
pagurMel YHKIIMOHUPOBAHUSI SHEPTOCUCTEM, CBSI3aHHEIE
C CO3JaHMEM MHTEJUIEKTYaIbHBIX 3JIEKTPOIHEPreTUIECKIX
CUCTEM C aKTHBHBIMU MOTPEOUTEIAMHU, IU(PPOBBIMU TEX-
HOJIOTUAMU U pa3H006pa3HLIMI/I NHHOBAIJUOHHBIMU pE-
meHusAMU (B TOM 4mciae HHPOPMAIIMOHHO-KOMMYyHUKa-
IIMOHHBIMU U WHTEJIJIEKTYaJIbHBIMH) B YCIOBUSIX HOBOU
MH(POPMALIOHHOM CPeJIbL.

[T1aHMpoBaHME PA3BUTUS IHEPTOCUCTEMBI HEOOXO/U-
MO OCYILECTBJISTH C YIYETOM JIaHHBIX U3MEHEHUH U Cylile-
CTBYIOIIVX TPEH/IOB.

PaccMOTpHUM JaHHYIO TeMy B HECKOJIBKHX aKTyaJTbHBIX
aCTIeKTax.

ITepgblii — ycuneHue BAUAHUSL COUUAALHBIX PAKMOPO8
HQ cucmemy NPUHAMUSA peuleHull npu NAAHUPOBaAHUL pa3-
BUMLLSL SHEP2OCUCTEM.

OO01IecTBO BCE GOJIBIIE OCO3HAET, HACKOIBKO CYIIe-
CTBEHHO ITOBCEJHEBHAS YKIU3Hb 3aBUCUT OT PEIIEHUI, ITpU-
HUMAaeMBbIX B c(pepe 3JIeKTPOIHEPTETUKH. ITO OCO3HAHUE
06YCJIOBJIMBAET PACTYILYIO POJIb COLMATBHBIX (PaKTOPOB
Y IPO3PaYHOCTU ITPU TUTAHUPOBAHUY MHBECTUITUH B 3JIEK-
TPOCETEBYI0 UH(PPACTPYKTYPY.

IToTpe6HOCTH CHCTEMHOTO IIJIAHNPOBAHHUS HYXK/IAI0T-
cs1 B 3¢ (peKTUBHOM U pa3yMHOM IPUMEHEHUH MPUHIU-
OB MPO3PAYHOCTU U YUACTHUsI OOIIeCTBEHHOCTH. Takoi
TIOZIX071 0OYCJIOBJIEH BHICOKOI CTOMMOCTBIO BHEJIPEHUST HO-
BBIX TEXHOJIOTUI 1 UHCTPYMEHTOB U ell¢ 6ojiee BBICOKOM
IIeHOH OIMOOYHBIX pemieHui. Kypc Ha OTKpPBITOCTh B3SIT
BO MHOTHUX CTpaHaX U SABJIAETCA HOBBIM 3JIEMEHTOM B ITPO-
I[ecce OLIEHKH ITPOEKTOB.

V3mMeHeHHMe KiInMara U 6ojiee TeCHOe B3aUMOJE-
CTBUE OOBEKTOB B PAMKAaX OTPACJIU IPUBOAST K BO3HUK-
HOBEHUIO 0oJiee MPOYHBIX CBA3EHl MEXJy CUCTeMaMu




IPOU3BOJICTBA JIEKTPOIHEPTUH, CUCTEMAMU OTOTIEHUS
1 MOOWJIBHOCTBIO, UTO BJIEUET 32 COO0 yBeIMUeHHE KOJTH-
YecTBa KPUTEPUEB U ITOSIBJICHUE HOBBIX 3aTHTEPECOBAH-
HBIX JIUI] IIPU BBIPAGOTKE PeLIeHU .

LudpoBble TEXHOJIOTUU PACCMATPUBAIOTCS B JAHHOM
KJIFOUYe KaK TeXHUYecKasi OCHOBA ISl (DOPMHUPOBAHUS aHA-
JINTUYECKOHN M JIOKa3aTeTbHOUM 6a3bl TPU BEIPABOTKE 00-
HOBJIEHHBIX KpUTEPHEB 0TOOPA, B TOM YHCJIE C YIETOM CO-
LIMJIBHOTO U DKOJIOTHYECKOTO BKJIAZA, a TAKOKe pacuéra
CTOMMOCTHU Y PUCKOB JKM3HEHHOTO IIMKJIA.

IToTpe6uTenu Bc€ GOJblIE OKA3bIBAIOT BIAUSHUE Ha
PBIHKH 2JIEKTPOIHEPTUU — TYTEM BbIOOpA MMOCTABIIMKA
Y yYaCTHSI B IPUHITUN MHBECTUIIMOHHBIX pereHuit. [lpu
9TOM I[(PPOBBIE TEXHOJIOTUH IIOMOTAIOT BRICTPAUBATH 60-
Jiee TECHYIO U MHTEPAKTUBHYIO CBSI3b C ITOTPEOUTEISIMU,
JUHAMUYHO BOBJIEKATh UX B MIPUHSITUE PELIEHUI.

Bmopoli akmyanvHbLii acnekm — eausHUe NepeMeHHbIX
BHEWHUX (paKmopos Ha ynpasaeHue aKmueamu.

MeTo/1bl OpraHU3aIUN yIIPaBIeHUS aKTUBAMU IIPO-
JleJTajTy IOJITHH Iy Th Pa3BUTHS — OT IVIAHUPOBAHUS TeX-
HUYECKOTO OOCIY)XUBAHUS OT/EJbHBIX KOMIIOHEHTOB
060OpYZOBaHUS 10 HATIPABJIEHUIO JI0 LIEJIOCTHOTO YIIPaB-
JIEHUS SKCIUTyaTaleil U pa3BUTUSL aKTUBOB SHEProcU-
CTEeMBI, C y46TOM (haKTOPOB B3aUMOZECUCTBUSI MEXAY
Pa3IUYHBIMUA KOMIIOHEHTaMU 000PYJ0BaHUS, PHCKOB,
SKOHOMMYECKUX BO3JCHUCTBUU U Pe3yJbTaTOB BEPOST-
HOCTHBIX aHAJIN30B. B KauecTBe IpuMepa MOXKHO IIpHBe-
CTH IOJIUTUYECKUE, IKOHOMUYECKUE, TIOTOJHbIE (DAKTOPHI,
JIeHICTBUS PEry/IsiTOpa, a TaKKe K1bep6e30macHoCTb U hu-
3UYECKYI0 6€30I1aCHOCTb.

Pa3zpaGoTaHHbIE KOMIIAHUSIMHU CTPATETUH MOJICPHU-
3aIMU CETH BKJIIOYAIOT, HAIIPUMeEP, IMILIEMEHTAIUIO CU-
CcTEM MOHUTOPHUHTA, C60p «BOJBIINX TAHHBIX», AHATU3
OCHOBHBIX aKTHBOB, K16ep6e30IacHOCTh, 0COOEHHOCTHU
HICIIOJIb30BAaHUS 060PYZAOBAaHUS U BIAUSHUE U3MEHSIOIIel-
Cs1/HeTUTaHUPyeMO TreHepaIuy Ha JJTUTETbHOCTh CPOKOB
€T0 3KCILTyaTaIUH.

Tpemuii axmyanvHblii acnekm — KOOPOUHAUUSL NAAHU-
poBaHUSA desmeabHOCMU nepedaroujux U pacnpedeaumens-
HbIX 3/1eKmpoceniedblx KOMNAHULL

ITo Mepe TOTO, KaK TeHepalys U CUCTEMbl HAKOIIUTe-
Jielt 3IeKTPO3HEePTUU IpHUobGpeTaroT Beé 6osiee pacIpese-
JIEHHBIN Xapakrep, a motpebjieHre B OOJbIIEi cTelTeH!
pearmpyer Ha [IEHOBbIE CUTHAJIBI, KOOPAMHAIIVS TIAHUPO-
BaHUsI CUCTEM IIePefadl U PacIpesesieHus SHEPIUHU CTa-
HOBUTCST HACYI[HON HEOOXOJUMOCTBIO JIJIST YIIPABIeHUS
IepeTOKaMHM 3JIeKTPOIHEPIUU B 9HEPrOCUCTEMAX.

B 1aHHOM acrieKTe pacCMaTpUBAIOTCS METOJUKH TLIa-
HUPOBAaHUS paGOThl HECKOJIBKUX COEIMHEHHBIX TTepe/ia-
IOIIUX CeTell, B3aMMOAEUCTBHE MEXAY IepefarlliMU
U pacipeze/IUTeIbHBIMU CETSIMU; BOITPOCH! pa3/ieIeHuUs
PaCXO/I0B M/WJIN OPraHU3AIMOHHAS CTPYKTYPa KOMITAHUU
U CTpaTeTys, YIyULIAONYE UIN YXyAILAOIIe TPUHIUTIBI
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KOOPJUHUPOBAHHOT'O IUIAHUPOBAHUS; pa3paboTKa MeTo-
JIOB IVIAHUPOBAHUSI C 1[eJIbI0 COOTBETCTBHUS TPeOGOBAHUAM
WHTeJJIEKTYaJIbHBIX CeTeld, pacpe/ieIEHHON reHepauu
U peryJinpoBaHus notpedseHusi. [{udpoBbie TEXHOIOTUU
TYT TaK)XK€ HOCAT CyHleCTBeHHLIﬁ BKJIaJ B Ka4€CTBE NH-
(popManImOHHO-aHATTUTUYECKON 1 KOMMYHUKAITMOHHOMN

UHPPACTPYKTYPHL.

TEXHUUYECKUE XAPAKTEPUCTUKU
IHEPT'OCUCTEM

B faHHOI 06s1aCcTH HCC/IeOBAaHUI paccMaTpUBAIOTCS
BOITPOCHI OIJ€HKH YCTOHYHMBOCTU HEPTOCUCTEMBI K pas-
JIMYHBIM IMTHAMHUYECKUM BO3MYIIEHUSIM, 3aI1achl €€ cTa-
TUYECKON M TUHAMWYECKON YCTOMYMBOCTH, a TAKXKE PU-
CKU IIepephIBa 3IeKTPOCHAOKEHUS TOTpeOUuTeIek.

AKMyanbHblli acnekm — aHaAu3 UHHOBAUULL 8 pas3-
pabomie MamemMamuuecKux U UMUMayUOHHbIX mooenell,
UHMEANeKMYAAU3AUUsL Memo008 U a120pUmmos pacuéma,
0cob6eHHOCTU 00paGOTKU GOJIBLINX JAaHHBIX, IIOCTYIIAI0-
IIUX C PA3TMYHBIX ITU(PPOBIX CUCTEM U YCTPOUCTB, B TOM
ynce SCADA 1 CMHXPOHU3UPOBAHHBIX BEKTOPHBIX U3Me-
penwuii (Big Data).

OtesibHOE BHUMaHUe YesseTcs OUHAMUUECKUM 803-
MYUWjeHUsAM, BKJIIOUas 3JIEKTPOMArHUTHbBIE TIOMEXH, OIlac-
HBbIE TTOTO/[HbIE SIBJICHHUSI, KOPOHHBIH pas3psiJ| Ha IPOBOAAX
BO3JYIIHBIX JIMHUH, Bo3pacTaroliye 00bEMBI CTOXaCTHU-
YeCKOH reHepaly Ha OCHOBE SHEPIUM COJIHI[A U BeTpa
Y TaK Ha3bIBaeMble TeOMarHUTHO-UHAYLIMPOBAHHBIE TOKH.
J1J1s1 OLIeHKU ITOCJIEIHUX TIpejiiaraeTcst pa3paboTars 6osiee
TOYHBIE MOJIEJIU IIPOBOAUMOCTH 3eMJIN.

PaccmaTpuBalTCsl OT[eJIbHbIE TeXHOJOTHUYECKUe
acrekThl BHeApeHUus Smart Grid, BKJIt09ast BOIIPOCHL pas-
pabOTKH METO/IOB IPOTHO3UPOBAHUS U CITIOCOGOB GOPHOBI
C pacTyIIMMU CIIy4asiM{ BO3HUKHOBEHMS IOICUHXPOHHO-
T'0 pe30HaHCa, BOIIPOCH BHEAPEHUS OOBEKTOB I'eHeparuu
Ha ocHOBe B3O u HakomuTeseil 9HEPTUH, peryJnupoBa-
HHUS CIIpoca, TPUMEHEHUS] MHTEJUIEKTYaIbHBIX TEXHOJIO-
ruil yuéra, KOHTPOJISI COCTOSIHUS ¥ aBTOMATU3aLIU TEXHO-
JIOTUYECKUX ITPOLIECCOB, MHTEIPAIlUU «yMHBIX» IIPUOOPOB
U JPyTUX MTOTPEOUTEIBCKUX YCTPOICTB, MHTErPALlNU TeX-
HOJIOTUI XpaHEHUS YHEPIUH, BKITIOUAs 3JIEKTPOMOOHIIH.

Boavuwoe sHumarue yoeasemes paccMompeHuro memo-
008, Modeneli U NPUEMOB OUeHKU BAUSHUS HA 2AeKmpuye-
CKUe cemu 2po308bix pa3ps00s, npobaemamuke Ka1uecmasa
2/1eKmpo3HepeULl, KOOPOUHAYUU U30AAYUU 8 8bLCOKOBONbIN-
HbLX cemsix nepemeHH020 U NOCMOAHHO020 MOKA, UMUMALU-
OHHOe M0OJeAupo8aHue MeXaHU4ecKoll 3auumsl N0080OHbLX
2neKmpuveckux kabeneli.

OTMmeyaeTcs, YTO B JIEKTPUIECKUX CETSIX C OOJIBIION
Jlosieli reHepany Ha OCHOBe B/ID BO3HUKAIOT CepbE3HbIE
IIpo06JIeMBbl, CBSI3aHHBIE C BBICOKUM YPOBHEM rapMOHUYeE-
CKMX MCK)KEHUH, IPU 3TOM HUMEIOIIMECs B HACTOsIIIee
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BpeMsi IMUTAITMOHHBIE MOJIEJIN 3a4aCTyI0 HE CITOCOOHBI
00eCIIeynThb UX JOCTATOYHO TOYHYIO OL[EHKY.

OTJiesIbHO paccMaTpUBAIOTCS CBEPXOBICTpBIE (F0JIU
CEKyH/]) KBa3UCTaTU4YeCKHe IepeHarnpsHKeHus, BO3HU-
Kalollye BCJIEJCTBUE HECUMMEeTPUUYHBIX K3 Ha 3emIIto,
pasroHa resepaTopa B CJlydae pe3Koro copoca Harpysku,
a TaloKe IPY MHBIX HeOJIArONPUSATHBIX B3aMMOJeHCTBUSAX
peaKTUBHBIX 371eMeHTOB ceTd U D/IC (2J1eKTpOBIDKYILAs
CHJIa) UCTOYHUKOB 3JIEKTPOIHEPTUH.

PocT Mpon3BOIUTETLHOCTH BBIYUCIUTENBHON TEXHU-
KU, 60JIBIION 00BEM U3MepPEeHUIT U OOJIBIIIOe YHCIIO0 (-
POBBIX U3MepUTesiell B COYeTaHUH C BO3MOXKHOCTSIMU aB-
TOMAaTUYECKOT'0 YIIPaBJIeHUS 3JIEKTPUUECKUMU CEeTSIMU
MOT'YT MPEBEHTUBHO M3MEHSATh MOTOKOpacIpeseaeHue
MOIIJHOCTU B 30HAaX C BBICOKOI I'PO30BOII aKTMBHOCTBIO
U TeM CaMbIM YMeHbLIATh BpeMs IIpepbIBaHUS 3JIeKTPO-
CHaGKEHUST TIOTPEOUTEE.

B3pbIBHOI XapakTep pa3BUTHS LU(PPOBBIX TEXHOJIO-
I'Uii CTABUT IepeJi OTPACTIbIO BOIIPOC O OyAYIUX TeHJ|eH-
LIUSIX U TIPUJIOKEHUSX, CBI3aHHBIX C METOOJIOTHUEMN, UC-
I0JIb3yeMOH [IJI1 MOJI@/INPOBAHUS 3JIEKTPOMATHUTHBIX
Iepexo[HbIX MIPOIeCCOB B aHeprocucremax. Ilorpe6Ho-
CTH B TOYHOM MOJIeJTMPOBAHUU PACTyT BCE OBICTpee C LIH-
POKUM BHeZIpEHEM I'eHepaliui Ha OCHOBe B u yBesu-
YeHHEeM MHTETPAll KOMITIOHEHTOB Ha OCHOBE CHJIOBOM
9JIEKTPOHUKH, YTO OIIPABAbIBAET Iepexo], K MOAeJIUpo-
BaHUIO nepexofHbIx mporeccoB (EMT, Electromagnetic
Transients) He TOJIbKO /IJIsT HEGOJIBLINX CeTeH, HO U /I
KpPYITHOMACIITAGHBIX CHUCTEM, TPAJAUIIMOHHO MOJETH-
pyeMbIX B obsactu (a3oBbIX BeKTOpoB. Ilogxon EMT-
MOZIeJINPOBAHUS C TaK Ha3blBaeMBIM I[U(POBBIM SAPOM,
110 MHEHUIO aBTOPOB, MOYKET BCKOPE CTaTh €MHCTBEHHBIM
TIOJIXOZI0OM, UCIIO/Ib3yeMbIM MHKEHEPAMU IIPU MOJEIUPO-
BaHUU TIEPEXO/IHBIX ITPOLIECCOB B 3HEPTOCHCTEMAX.

Byaymue TeHAeHIMH B cepe MOmeIHNpPOBaAHUA
3JIEKTPOMArHUTHBIX II€PEXOJHBIX IPOLEeCCOB (PaKTH-
YeCcKH COBIIAJAIOT C TeHJEHIIMAMU MOJeJTUPOBAHUI
pa6oThI 3HeprocucTeM B HejaoM. OHU IIpeII0IarairT:
MoOJleJIUPOBaHNe KPYITHOMACIITaGHBIX ceTeil co Bce-
MU JeTaIAMHU, AOCTUTAIOIINMH YPOBHS 3JIEKTPOHHOM
(«1yu¢poBoii») KOIHH CETH, IIPOJBUHYTOE YIIPABJIECHHE
JaHHBIMH, MHTETparya U yHU(pUKanysa JaHHBIX, CTaH-
Japrusanusa nHTepgercoB U coepKaHUs Mojee
IIPOU3BOAUTEIEl, COBMECTUMOCTH MEXXAY IIPUIOKEHH!-
sIMU Y 04€HBb OBICTPbIE BHIYHICIEHUS.

Jpyrye TeHAEeHIINY BKII0Yal0T BHICOKOYPOBHEBbIE Me-
TOJbI MOJIEJTUPOBAHUS U SA3bIKU, KOTOPble MOTYT IIpHUMe-
HSATBCS KaK IT0JIb30BaTeISIMU, TaK U pa3paboTINKaMU IIpo-
I'PaMMHOI0 06€ecIIeYeHUsl.

CeTeBble JaHHbIE, CTAHAAPTU3AIM JaHHBIX U CO-
BMECTHMOCTD ABJIIIOTCA KIH0YeBbIMU HHIPeAHEeHTaMU
JUIA IIepexo/ja MHCTPYMEHTOB MOZEe/IMPOBAHMS YIEKTPO-
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MAarHUTHBIX IIEPEX0HBIX IPOIIECCOB Ha GoJiee BHICOKHIA
YPOBEeHb U UX IIPU3HAHMS B OTPACIH.

YHUUIUpoBaHHas cpefia Ha OCHOBE BBIUMCIUTEIb-
Horo szpa EMT-mMozietmpoBaHuUs 103BOJISIET ITIPOBOJIUTD
pa3uyHbIe HUCCIEAOBaHMS, BKIIOYAIOIIME TTIOTOKU Ha-
IPy3KH, KOPOTKHE 3aMbIKaHUS, 3a1IIUTY, Me/IJIEHHbIE U ObI-
CTpBbI€e TIEPEXO/THBIE TTPOIIECCHI.

ToyHOCTh MOZiesIeli ZJ0/DKKHA OBITh CTaHAAPTU3UPOBa-
Ha. Heo6xoamuMo co37jaTh KOHIEIIIUI0 HaBUTraTopa Tou-
HOCTHU, KOTOPBIII CMOYKET aBTOMATUYECKU I0/ICTParBaTh-
Cs1 TI0J], YaCTOTHOE COZiep KaHHe U3y4aeMOoro siBJeHUs. ITo
03HAYaeT, YTO YUCJICHHbIE METOABI C YHU(PUIIMPOBAHHBI-
MU MOJIEJISIMU JIOJDKHBI UMEThH ITPEUMYIIECTBO, YCKOPSI-
SICh 1JIs1 MEJJICHHBIX II€PEXOHBIX ITPOLIECCOB 1 OCTAaBAsSICh
OBICTPBIMU U TOYHBIMU [IJI51 60JIe€ OBICTPBIX IIEPEXOAHBIX
IIPOLIECCOB.

VBesnueHUe TMPOU3BOAUTETBHOCTH BBIUMCJIEHUN
B MOIIIHBIX CpeJiaxX yIpaBJieHUs JaHHBIMU OTKPBIBAET BO3-
MO)XHOCTH JIJISI BHEJIPEHUST MHTEJUIEKTYaIbHBIX METO/IOB
aHaJIM3a YHEProcUCTeM U IIPOrHO3UPOBAHMS AHOMAJIbHBIX
PEXXUMOB UM HecTabUJIBHOCTU. IIpu 3TOM MozeIrpoBa-
HHMEe MHOT'OYMCJIEHHBIX CIjeHapueB, KOTOpble aBTOMAaTH-
YECKU CyMMHUPYIOTCS C OTYETAMU O TMTOTEHIIMATBHBIX ITPO-
GJIEMHBIX YCJIOBUSX, IOJDKHO CTaTh OOBIYHOMN TTPAKTUKOM.
Heo6xoiMbl 3HAUYUTEIbHBIE UCCIIEIOBAHUS JIJIT pa3pa-
GOTKYM UHTeJJIEKTYaJIbHBIX YUCJICHHBIX METOZI0B, KOTOphIE
MUHUMU3UPYIOT BMEIIATeJbCTBO I10JIb30BaTeNsI U B TO
’Ke BpeMs JJal0T BO3MOYKHOCTh OOHAPYKHBATh ITPOGIEMbI
Y MOJIeIMPOBATh ONITUMAJIbHbIE PelleHUs.

OYHKIIMOHNPOBAHUE U YIIPABJIEHUE
IJHEPTOCUCTEMAMMN

OKcIulyaTtaliys U yrpaBjieHUe SHeprocucTeMaMy —
OTBETCTBEHHAs U CJIOKHAsI 33/jaua, YTO CBSI3aHO C BO3pac-
Taromiel CI0KHOCTHIO ONepalui U MoTeHI[uaJbHBIMU
TIOCJIEZICTBUSIMM HEONTUMAJIbHBIX pellleHUH B pexxume
peasbHOTO BpeMeHHU. HoBble TEXHOJIOTUU ITIOMOTAIOT pac-
KPBITh ITOTEHILIMAJI CYILECTBYIOIIUX aKTUBOB, JOOUTbCI UX
TI0JIHOTO MCIOJIb30BaHUs, IO ZiepKaTh ObIcTpoe U 3¢ dek-
THUBHOE BHEJ[peHHe UX HOBBIX (PYHKLIMI 1 BO3SMOXKHOCTEH.

B 3TOM paszesie 06CyxKAALTC MEHAIOWAACA POAb UeH-
mpo8 ynpasaeHus, Ho8ble UHCMPYMEHMbL n000epUCcKU
npuHAMUA peweHull 0as onepamopos, danbHeliuiee pac-
wuperue npumereruss YCBH (ycmpoticmeo CUHXPOHHbIX
BEKMOPHBIX U3MepeHUll) U cucmem MOHUMOpPUH2a nepe-
Xo0Hwix pexcumos (WAMS), npumeHeHue uau gudeHue uc-
KYCCMBEHH020 UHMEeAAeKMA.

M3MeHeHMsI KaK B allllapaTHBIX TEXHOJIOTHSIX, TaK U Ha
CTOpOHE aBTOMATH3AIUH CITOCOOCTBYIOT PEIIeHUIO 3a71ad,
KOTOpble ObLIM BBISIBJIEHBI B paboTe CUCTEM B TedeHUe
HECKOJIBKUX JIeCATUICTUH, B TOM YMCJIe CHIYKEHNE BeJId-
YHHBI TOKOB KOPOTKOI'O 3aMbIKaHUSI, PETyJIMPOBaHUE Ya-
CTOTBI M HAIIPSDKEHUS, yIIpaBJIeHNe Me)XCUCTEMHBIMU CBSI-




3saMU. Bilarozaps MaccoBoil U@ poBU3aL i U Pa3BUTHIO
CPEJCTB CBSI3U OTKPBIBAIOTCSI HOBbIE BO3MOXXHOCTU [IJIsI
MOBBIIIEHUS 3(P(HEeKTUBHOCTH U HA/IEKHOCTH CUCTEMBI.

AKmMYanvbHblil acnekm Homep 00UH — 803MONCHOCMU,
Heob6Xxo0umble 051 pabombl cucmem Gydyuie2o.

HeszaBucuMblii cucTeMHbIN oriepaTop Bpasuanu ONS
M3MEHMJI TI0/IXO0Z, K paboTe ¢ AMCIIETYePCKON JOKyMeH-
Tarnyein u nepemeén K COBpeMeHHOU MH(POPMAIIMOHHOH
cucTeMe, OCHOBAaHHO Ha MCKYCCTBEHHOM WHTEJIIEKTe.
VYKa3aHHBIN HOAXOA IIpeAycMaTpuBaeT oLU(pPOBKY Bcex
JIOKYMEHTOB, HCIOJIb3yeMbIX JUCIETYEPCKUM IIepCOHa-
JIOM, U MHTerparuio JOKyMeHTOB B eJUHYyI0 NH(pOpMa-
IIMOHHYIO CHCTEMY C HCI0JIb30BaHUEM HCKYCCTBEHHOT'O
UHTe/UIeKTa. VI3MeHeHue MOIX0f0B K paboTe MH(pOpMaIiu-
OHHBIX CHCTEeM ISl UCIIeTYePCKOTo IlepcoHaia obecrie-
YUBaeT He0OXOJUMOCTb COBEpPLIEHCTBOBAHUS IIpoliecca
MIPUHSATHS pelleHUuN AUCIIeTYepCKUM IIepCOHAIOM B pe-
aJIbHOM BpeMeHH 23+3,

B sHeprocucreme Bpasmaun®’%>'° ¢ 11es1p10 1pezsoT-
BpaIeHHs BO3/eHICTBIS IT0XKapoB (OCHOBHAS IPHUYMHA OT-
KJIIOYEHUH B CTpaHe) Ha 3JIeKTpoceTeBoe 000py0BaHUe
IIpUMeHseTCs TeOPOCTPAHCTBeHHAs NH(POPMAIIMOHHAS
CHCTeMa MOHUTOPHHTA 000PYL0BaHUS TIepe/latoIleil 31ek-
TpUueckol ceTu. ['eompocTpaHCTBEHHAsI CUCTEMa M103BO-
JIsieT KOHTPOJIMPOBATh COCTOsiHUE TTpocek JIDII Ha ocHOBa-
HUU TPA(PUKOB UX OYUCTKH, OTKIFoueHust JISII u ¢gakroB
BosropaHuil BOn3u JIDII. Best nHbopManus 3arpyxaer-
¢Sl B €JUHYI0 NH(OPMAIIMOHHYIO CUCTEMY, COCTOSILIYIO U3
reorpauyeckoil 6a3bl JaHHBIX (B KOTOPOU XpaHUTCS UH-
dopmarus 06 3J1eKTpoceTeBhIX 00bEKTaxX ¢ reorpaduye-
CKOH TIPUBSI3KOIT), MOGMIPHOTO IIPUJIOXKEHUS 1 Be6-ITpH-
JIOXKeHUs. YKa3aHHas reoMH@opMaloHHas cUCTeMa
MOXKET IIPUMEHSATHCS JUCIIETYEPCKUM IIEePCOHAIOM JIJIst
MIO/IZIePKKU TIPUHATHUS PELIeHU.

B pucneT4epckoM IIeHTpe CHUCTEMHOTrO OIlepaTopa
9HEProcrucTeMbl XopBaTHHU pa3paboTaHa U BHEIpeHA UH-
TeJUIeKTyaJbHasi cucTeMa o6paboTKU CUTHAJIOB O BO3-
MYILIEHUU U OIpefieIeHUU IIPUYMHBI BO3MYILIEHUS J1JI1
TOBBILIEHUSI CKOPOCTH JINKBUJALMK aBapUiiHON CUTY-
aguu #1314 IHTe IeKTyalbHas cUCTeMa IOJIKJIoYe-
Ha k cucreMe SCADA co craHapTHbIM (hopMaToM 0OMe-
Ha faHasiMU CIM/XML 1 paboTaeT B pe)KUMe peabHOTO
BPEMEHM C 33/Iep)KKOI BCEro Ha HECKOJIBKO CEeKyH7. JTa
crcTeMa OCHOBaHA Ha MHOI'OYPOBHEBOM MOJie/Iy ITI0TOKa
JIAHHBIX U COZEPKUT BO3MOXKHOCTb aHA/IM3a IIPUYUH BO3-
HUKHOBEHUS BO3MYylleHUs. TeXHOJIOrus MOHUTOPHUHTA
U yIIpaBJIeHUs] IePeX0JHBIMU IIpOIiecCaMi IPUMeEHSIeTCs
JUUIsL yIIpaBJIeHUs YaCTOTON 3HEeprocucTeMbl C HU3KUM I10-
KazaresieM UHepIuy 516171819,

PaccmaTpuBaeTcss BOSMOYXKHOCTb CKOOPMHHUPOBAHHO-
I'0 yIIpaBJieHHs aKTHBHOU MOIIHOCTBIO pacIipe/ie/IEHHbIX
reHepHpYyIOIINX 00BEKTOB, TAaKUX Kak BOC, COC, Hakomu-
TeJIN 3JIEKTPO3HEPTUH, ITPU U3MEHEHUH YacTOThI B SHEP-

LNOPOBAA SHEPIETUKA

rocucreMe. B flokyazie paccMoTpeHa CUCTEMa, KOTopast
B IIOJIHOM Mepe YIMTBIBAET PETHOHAJILHOE BIUSHUE U3Me-
HEHU YaCTOTHI U IT03BOJISIET YCKOPUTh OTKJIUK FeHEepUpPY-
1o11ero 060py[0BaHMs Ha U3MeHEeHNe YacTOThI [10 CpaBHe-
HUIO C IEPBUYHBIM peryiupoBaHueM. Crucrema paboraeT
C UCTIO/Ib30BaHMeM AaHHbIX YCBU (M3MepeHus yIya 1 4a-
CTOTHI B peJIbHOM BpeMeHM).

Jlnst obecrieyeHNsI BBOJIa TeHepary Ha ocHoBe BUD
U pacnpefe/l€HHON reHepauu B sHeprocucreMy I'epma-
HUM U YCKOPEHHOI'0 BBIBO/IA M3 PAGOTHI TeHePUPYIOLUX
6s10k0B ASC U yrosbHbIX TOC2#2223 Gp11 pa3paboTaH UH-
CTPYMEHT JJIs1 aHA/IM3a U OLIEHKU COCTOSHUSA 3SHEPIroCU-
CTEMBI B peXKHMe, 6IM3KOM K peaTbHOMY BpeMeHH, 1 00e-
CITeYeHMs MO JEP>KKU NIPUHATHS PEIIeHU 0IlepaTopoM
B KDUTHUYECKUX CUTYaIUAX

Ucxopnoit nHpopMaryeil a1 GyHKIIMOHUPOBAHUS
NIPUJIOKEHUN SIBJISIOTCSI UMIIOPTUPYyEMble M3 CUCTEMBI
SCADA faHHBIE, TaKHe KaK TOTIOJIOTUS 3JEKTPUUECKOU
CeTH, U3MEPEHN I1ApaMETPOB PEXXUMA, PE3Y/IbTAThI OLICH-
KU COCTOSIHUS, JAHHBIE T10 JOITYCTUMBIM 3arpy3KaMm 3JIeK-
TpOCeTeBOro 060pyL0BaHUs, IIJIAHOBbIE I'papuKU reHepa-
LIUH U TTOTpebIeHUs U Ip.

Jig yrpaBiieHUs pacTylUUMU J0JIAMU I'eHepaluu
C UCTI0JIb30BaHMeM B3O 1 IpeofoieHUs CJI0KHOCTH I1PO-
THO3MPOBAHUA BBIIAYU MOIIHOCTU JJAHHOIO THUIIA FeHe-
panueii B sHeprocucreme AmoHuu B 2021 rogy BBeieHa
HalMOHaJIbHAs KOOpJUHAI[MOHHAs cHcTeMa GaJlaHCUPO-
BaHUA (UCIOJIb30BaHUE Pe3ePBOB aKTUBHOI MOIHOCTH)
He TOJIBKO IIPU BO3MYIIEHUAX, HO U IIPU OTKJIOHEHUAX
IJIaHOBOT'O I'padrKa reHepaiu ot akrtudeckoro. Koop-
JVHAIMOHHAsI CUCTeMa BBIIIOJIHSAET JIBe OCHOBHBIE (PYHK-
LIMH: YMEeHblIeHHe 00b&EMa BBOJA pe3epBOB aKTUBHOU
MOIJHOCTH U MUHUMM3AIMs 3aTpaT Ha UX aKTUBALIUIO Ha
peruoHaJIbHOM U 00IIeCHCTEMHOM YPOBHE, a TalOKe y4u-
TBIBAET BO3MOXXHOCTDH UCITOJIb30BAHUSA MEXCUCTEMHBIX
CBsI3€ll 11 aKTUBAlLUU Pe3epPBOB B COCEIHUX PEerMOHaJIb-
HBIX 3HeprocucreMax SinoHun>.

s onipesiesieHyst (haKTUUECKUX 3HAYeHUN [JOITyCTH-
MBIX ITOTOKOB MOIIIHOCTH B 33/JaHHBIX KOHTPOJIUPYEMBIX
U UJeHTU(UIIMPOBAHHBIX OMACHBIX CEKIUAX C YIYETOM
(hakTHYIEeCKUX TapaMeTpOB paboThI s3HeprocrucreMsl B E9C
Poccuu pazpaboraHa ¥ BHeZIpeHa CUCTeMa MOHUTOPHHTA
3aracoB yctoiauBocTH (CM3Y), KoTopast aBTOMAaTHIECKU
BBITIOTHSIET Pacu&ThI> 27,

B sneprocucremax Kuras npuMmeHsieTcs CcTeMa OH-
JIafiH-OIIeHKH JUHAMHWYecKoi Ge3omacHOCTH. OHa pas-
paGoTaHa Ha OCHOBe ILIaT(GOPMBI AUCHETUEpPU3ALUU
U yIIpaBJIEHUS MOIIHOCTBIO M MOXKET OL|eHHUBATh CTaOWJIb-
HOCTb B TPEX peskuMax paboTbl, a UMEHHO B PeXHMe pe-
QJIBHOTO BPEMEHHU, PEXKHME MCCIEJOBAHUSA U PEXUME
TpeHﬂa28,29,30,31,32‘

INosiBeHMe pacrpesiesI€HHbIX SHepropecypcos (PIP)
MEeHSIeT CIIOCOOBI BIPAOOTKU U BbIIaYM SHEPTUU B 2JIEK-
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TPUYECKYIO CETb. ATpEerMpOBaHHbIE POP MOTyT MCITI0/IB30-
BaThCS JIJIs1 0O6CTYy)KMBAHUS CETH U 00ecTieueHUsl IByHa-
IIpaBJIeHHOTI'0 IIOTOKA SHEPrUHU. YBeJndeHne 00béMa 3TUX
B3aMMOCBS3aHHBIX PECYpPCOB YCUJIMBAET HEOOXOAUMOCTD
obecriedeHHs HAIEKHOCTH SHEProCUCTEMbI KaK B LITAT-
HOM peXXHMe, TaK U TIPU BO3MYIIEHUSX. YBeJIMUEHUE 00'b-
éMOB POP MO)KeT M3MEHUTDH CIIOCOO B3aMMOJIEHCTBUS
pacrnpeeIMTeIbHON CUCTEMBI C SHEPrOCUCTEMOU U Ipe-
BPAaTUTh paclpesieIMTeIbHbIE CETH B aKTUBHBIE HCTOY-
HUKU KaK 9HEPryy, TaK U OCHOBHBIX YCJIYT IO obecrieye-
HUIO Ha/IEXKHOCTH, TAKUX KaK PeryJTHMpoBaHNe JIMHENHBIX
U YaCTOTHBIX XapaKTepUCTUK. DTU 3HAYUTEJIbHbIE U3Me-
HEHUSsI B pacIIpe/ieIUTeTbHOU cucTeMe, KOTOpble MOTYT
W3MEHUTh HE TOJIBKO IIOTOK MOIJHOCTH, HO U PEaKIUIo Ha
pasyyHble BU/bl BO3MYILEHUH, JOJDKHBI OBITH OLleHEHBI
U YYTEeHBI ITIPU IJIAHUPOBAHNUM U IKCIUIyaTalliU 3HEPro-
CHCTEMBI.

NHO®OPMALNIMOHHBIE CUCTEMBbI
N TEJIEKOMMYHUKALIUA

HoBble nH(MOPMAIIIOHHO-KOMMYHUKAIIMOHHBIE TeX-
Hosnoruu (MKT), B Tom uucie UHTepHeT Belei, 60bIme
JlaHHbIe, aHAJIUTUKA TAHHBIX, UCKYCCTBEHHBIN MHTEJIJIEKT
U MalIMHHOE 00y4YeHHue, BUPTyaJbHas U JIOMOJTHEHHASA
peasbHOCTh, IPOHBI U POOOTHI, a TaKXKe OJIOKYEiH, cTa-
HOBSATCSI peaJIbHOCTBIO Ha 3JIEKTPOCETEBBIX IPENIIPUATH-
six (ICII). OTU TEXHOJIOTUU BHEJIPSIFOTCS, UTO TTO3BOJISIET
yIy4dlIaTh U ONTUMHU3UPOBATH ONEPAIMOHHYIO JIeATeNb-
HOCTb, yTIIpaBJieHHEe aKTUBAMU U PabOTy SHEPTeTUYECKOTO
pbIHKA. OOCY»K/IA0TCS JIeTajld CTpaTeruu u gpuaocopuun
MIPOEKTUPOBAHUS PEaTM30BAHHBIX TEXHOJOTUN U TIJIaT-
(hopM, OXBATHIBAIOLINX CUCTEMHYIO apXUTEKTYPY, KOMMY-
HUKaIlUuW, yIIpaBJeHUe JaHHBIMU U aHAJIUTUKY JAaHHBIX
Ha ocHoBe 1M 1 MO. IlpuMeHeHUs1 COCPeOTOYEHbI Ha
yAy4dLIeHUH paboThl U o6cayxkuBaHus ICII.

ApXUTEKTypa CHCTEMBbI, OCHOBaHHasi Ha MEX/yHa-
POAHBIX CTAaHAPTAX, TAKUX KAaK METOZIOJIOTUS CIleHapUeB
UCIIOJIb30BAHUS UHTEJUIEKTyaIbHOU sHeprun MOK, me-
togosorus npoduieit CIM IEC TC57 u TexHUYeCKUE yc-
JioBUs 7151 oOMeHa moziestsimu o61ieit cetn (CGMES), pas-
paboTaHa 3KcrepraMu U3 BeaukoOpurannu, ®paHmyun
u Tepmanny 3334353, OTMeuaeTcsi BRXKHOCTb UCIIOIb30Ba-
HUS CTaH/IApTOB MH(MOPMAIIMOHHBIX TEXHOJOTHH (CIie-
HapUU UCITOIb30BaHus © UML) U MOZIENTH apXUTEKTYPhI
UHTeJUIeKTyanbHoH cetu (SGAM) 111 pa3paGoOTKU Mac-
ITabMpPyeMbIX U 6€30I1aCHBIX MH(OPMAIIMOHHBIX CUCTEM
J/1s oOMeHa JaHHBIMU MEX/Ty Iepefiatolieil U pacupeze-
JINTEJIbHOU ceTeBOl KOMITAaHUAMU. BbljiesIeHbI TPH OCHOB-
HBIX aCITEKTa: MaCIITaOUPyeMOCTh, 6€30TTaCHOCTb JIAHHBIX
U OIlepaTUBHAsl COBMECTUMOCTb.

SkcrepTh! simoHcknx komianuii Tohoku Electric
Power Co., Inc., Electric Power Development Co., Ltd.
u Chugoku Power Transmission & Distribution Co., Inc.
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IIPOJEMOHCTPUPOBAJIU, KaK pasBuBaroiyecss NKT moryr
VIydHInTh paboty u obcayxuBanue ICII. [IpepcraBieHb
YyeThIpe BapyaHTa NpuMeHeHNs HOBBIX KT B sHepreTu-
Ke:

— mnocTtpoeHue ceTy 10T 1 MHTeJIIeKTyaIbHbIX JaTIYU-
KOB JIJIsl aHAJIM3a TeH/IeHIUi, U o6HapyxeHUs K3 Ha Te-
TIJIOBBIX 3JIEKTPOCTAHITUSX;

— pa3paboTka 6ecrpoBOJHON CETH HAa OCHOBE CTaH-
nmaptoB IEEE 802.11ac fij1s1 06CTy KMBaHUs ITOACTaHIIUH;

— BHeJ[peHHe «yMHBIX» OUKOB JIJIS OIIpe/ieIeHusI pa-
6ouero cocTosiHUs Ha 500 pacrpesfe uTeIbHbIX MO/ CTaH-
LIMSIX, TIOBJIEKIIIee CHIDKEHUE TPyJ03aTpar;

— paspaboTka MPOTOTHIIA WHCTPYMEHTA aHaIU3a
1 06paboOTKU N300paKEHUH B IEJISIX OOHAPY)KEHUST PrKaB-
YHHBI B TpaHC(hOpMaTOopax Ha OCHOBE aJITOPHUTMa KJlacTe-
pusanuu 1o k-cpegaum>’38,

Poccuiickast kommanus AO «PTCodt» paspabora-
Jla apXUTEKTypy U IaaT(opmy JIJIsT UHTEJJIeKTyalbHO-
ro YIIpaBjieHUs pachpesie/lEHHbIMUA SHEPreTUUYeCKUMU
pecypcamu. IlinaTdopma cooTBeTCTBYeT cTaHAapTy 1SO/
IEC/IEEE 42010:2011 u cocTOUT U3 ceMu Mopysneil: H-
TepHEeT Belllel, MHTeJIJIEKTyaJIbHOE YIIpaBIeHNe, TPAaH3aK-
LIMOHHAsI SHEPTHs, OHTOJIOTMUECKUe U MH(POPMAIIMOHHbIE
MOJIEJTH, yIIpaBJIeHUe JIOKYMEHTOO60POTOM, MOHUTOPHUHT
U ZIMarHOCTUKA COCTOSTHUS M MH(pOpPMaI[MOHHas1 6e301ac-
HOCTb. VHTeJI/IeKTyaJIbHble MOJie/Id pa3paboTaHbl JJIs
OLIEHKHU M IIPOrHO3MPOBAHUS I'eHepaluy, oTpebieHus
1 3aI1aCOB 9HEPropecypcoB, MPeAUKTUBHOIO MOHUTOPHH-
ra UCIIPaBHOCTH aKTUBOB U ITPOTHO3UPOBAHUS ITpodrieit
HarpysKu MoTpeduTesieli ¢ UCIoJb30BaHUEM HUCKYCCTBEH-
HBIX HePOHHBIX ceTell IryboKoro o6yueHus. B mpororu-
I1e IJIaT¢OPMBbI peaIM30BaHO peryJIMpoBaHue CIIpoca IIpo-
ChIOMEPOB (aKTUBHBIX MOTpebUTesTeit )3 4041,

PacuminpeHHasi cucteMa yIipaBJleHUs pacipe/le/IEHHbI-
MU 00bEKTaMU T'eHepaliuy Ha OCHOBE BO30OHOBJISIEMBIX
ncTouHUKOB sHepru (DREAMS) ucnonb3yeTcs A1t o6e-
CIiedyeHus yrpasisgseMocTH Hebobinx POP B TaiiBaHb-
CKOH 3HepreTU4YecKoil KOMIIAaHUHM HA OCHOBE Pa3BETBU-
Tes1st Modbus, mmto3a I10T ¥ TeXHOJIOrMH BUPTYyaIN3aliuu
koHTelHepoB Docker. Cuictema DREAMS nomoskeT ycTpa-
HUTb Pa3pO3HEHHOCTh JJAHHBIX, [I03BOJIUT B PEXKUME pe-
aJIbHOTO BPpEMEHU OTCJIeKHUBATh CIIPOC U MPEJJIOKEeHNE
COJIHEYHOI 9HEPTeTHKH, TIPe/IOTBPAIaTh BbIXOA, CETU U3-
107, KOHTPOJISA ITyTEM JAUCTAHIIMOHHOIO yIIPaBJIE€HUs UH-
BepTOpaMM Ha (POTOATEKTPUIECKUX CTAHIIUSX 2.

Pa6oThl 5KCIIEpPTOB YpaabcKoro esepajibHOI0 yHU-
BepcuTeTa IPOAEMOHCTPUPOBAIN BAUSHUE TeXHOJIOTUH
MAIIMHHOTO 00y4YeHUs Ha yIIpaBJIeHUE KU3HEHHBIM I[U-
KJIOM BBICOKOBOJIBTHOTO 3JIEKTPOOOOPY/IOBAHUS, TAKOTO
KaK CUJIOBbIe TpaHC(hOPMAaTOPhl X aBTOMAaTH4YeCKUe Bbl-
KarogaTesnnd. Pacyé€T MHAeKca UCIIPaBHOCTH OCHOBAaH Ha
OCHOBHBIX MapKepax U IapaMmeTrpax (HalpuMep, TaHT'€HC
JleJIbTa 1 COITPOTUBJIEHUE U30JISALNN). 7151 OLJeHKU TEXHU-




YeCKOT0 COCTOSIHHSI CUJIOBOT'O 060pyA0BaHMs ObLIIN pa3pa-
60TaHbl MaTeMaTU4eCKasi MOZIeJIb U MOZIeJIU OLIeHKU CO-
CTOSIHMSI Ha OCHOBE aJI'OPUTMOB MAIIMHHOTO O00y4YeHUs.
[Tony4deHo yaydllleHre TOYHOCTHU Ha 56 % IpU UieHTU(U-
KaI[M TEXHUYECKOTO COCTOSTHUSI CUJIOBOI'O M KOMMYTAIU-
OHHOTrO0 060pyzRoBaHUs. [Ipesaraemasi MofiesIb, OCHOBaH-
Has Ha anroputMax MO, 1a€T BO3MOXXHOCTb OIPEEIUTh
B3aMMOCBSI3H (MIATTEPHBI, HESIBHBIE 3aBUCUMOCTH, KOppe-
JIAIUU U T.J.) MEXIY Pa3INIHbIMU 00BEKTaMU ITOJ[CTaH-
LMY WY 3JIEKTPOCTAHIIUU C LIEJIBIO JI0JITOCPOYHOIO IPOo-
THO3UPOBAHUS UJIEHTU(PUKAIUNU COCTOSHUS CHUJIOBBIX
arperaToB U YIIPaBJIeHUS UX )KU3HEHHBIM ITUKJIOM *>445,

B nsnexTposnepreTvke Kuras akTUBHO BHeZpsieTCs
WHTeJJIeKTya/lbHasl MHCIEKI WS IOACTaHLMK Ha OCHO-
Be MaTPYJIbHBIX pOGOTOB, KOTOpAasi MOXKET 3aMEHUTh pyd-
HYI0 MHCIIEKIINIO 060py0BaHUs NOACTaHLUI. OfHOU U3
OCHOBHBIX CJI0)KHOCTeH /11 UHTeJIJIEKTyaJIbHOM MHCITeK-
MU poboTaMU sBIsieTcss HaBuranuus. OGHapy ) eHH e Tpe-
MISITCTBUI U U3MepeHNe PACCTOSTHUH ITpezijIaraeTcst IIpoBo-
JIUTHh Ha OCHOBe MIyO0KO# HelipoHHO# ceTr Mask R-CNN
U IIyOMHHBIX M300paykeHuil RGB-D. Iliy6okas HeilipoH-
Hasi ceTh o0yJaeTcs Ha IIpeABapUTEIbHO 00pabOTaHHBIX
RGB-u3o06pakeHusix. Paccrosinue ot po6oTa /10 MpensT-
CTBUS U3MePsIeTCs ITyTEM COIIOCTABJIEHNsI Ha YPOBHE IMUK-
cesieil U 1o pe3ysIbTaTaM JIeTeKTUPOBAHUS, TOJTyIeHHBIM
¢ momotisio Mask R-CNN. ITpe/yiokeHHBII METOJ, UMe-
eT IpHeMJIeMyI0 IIOTPEeIIHOCTb, XOPOUIYI0 Ha/EKHOCTD
Y HU3KYIO CTOUMOCTD B MOZIEJTUPYEMBIX Cpefiax 6474849,

Ha BBICOKOBOJIBTHBIX JTUHUSX 3jIeKTponepesaun Ko-
pelickoii aeKkTpo3HepreTudeckoii kopropanuu (KEP-
CO) BHe/IpsIeTCSI CUCTEMa JUArHOCTUKHU C TIOMOIIBIO KC-
I10JIb30BAHUSI aBTOHOMHBIX JAPOHOB. OTCJIe)KMBaHUeE
MapIIpyTOB I0JIETa U aBTOHOMHOE BBINIOJIHEHHUE Ma-
HEBPOB JIJPOHOB OCYIIECTBJISIETCS Ha3eMHOH CHUCTEMOM
yIpaBJieHHUs. [IJ1 BBIIIOJTHEHUS JUarHOCTUYECKOU 3a/ia-
YU pa3paboTaH psiji AJITOPUTMOB TEXHUYECKOTO 3peHUsT Ha
OCHOBE TEXHOJIOTUH MCKYCCTBEHHOT'O MHTEJIJICKTA /IS 06-
Hapy>KeHUsI HeMCIIPaBHOCTEel B 3jleMeHTaX JIMHUH, B OC-
HOBHOM — JleTpailaliiy U30JIITOPOB. PacriosHaBanue nso-
Opa)XKeHUU IPOBOAUTCS C MCII0JIb30BaHHUEM aJTOPUTMa
rry6okoro ooydeHus. C 1e1bi0 OBbIIIeHUS 3P HEeKTUB-
HOCTHU 00y4eHHSsI NCXOJHbIe N300payKEeHUs pas/ieJieHbl Ha
KBaJ[paThl MEHBIINX PA3MEPOB, UTOOBI YBETUUUTD KOJIU-
YECTBO 00YJAIONINX N300paKeHUI (BBITIOJTHEHA CETMEH-
Talus n306pakeHus1). IlpesyioyKeHHbIN aJIFOPUTM HMeeT
KkoadduireHT o6HapyxeHus 94 % 1 TOYHOCTb 95,7 % AJ1sd
orpesiesieHUs Mpo6os U30sITOpa 12,

Wzpaunnbckas komnanus Israel Electric Corporation
Ltd. coBmecTHO ¢ YHUBepcuTeToM Teab-ABHBa paspa-
6aTbIBAIOT IIPOEKT, I1eJIb KOTOPOro — IIPOIHO3MpPOBaHUe
YPOBHS 3arpsI3HEHUS] HApYXKHBIX U30JISITOPOB C yYETOM
omokeHUU nbpin Caxapsl U aspo3oid coselt CpepuzeM-
HOT'O MOps.
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IToMUMO ZIEMOHCTpPAIIUM BCETO IIpoliecca, JIexalle-
IO B OCHOBE pa3paboTKH KapT, B IIPOEKTe I10Ka3aHO, YTO
TNIbLJIEBBIE OTVIOXKEHUsI Caxapbl ¥ a3p030J11 MOPCKOM COTH
BHOCST 3aMETHBIH BKJIAJ] B YPOBEHb 3arpsi3HEHUS U I0JDK-
HbI YIUTBHIBATHCS IIPU OLleHKE YaCTOThI ITePEKPhITUN *.

Ha sHeprerudyeckoM peiHke TamraHaa peajiusyercs
ToproBelii NUJIOTHBIM IIpoeKT pblHKAa P2P B ropozackoii
cpene Ha nmpuMmepe baHrkoka. ToproBbIfi NUJIOTHBIN IPO-
eKT BKJIIO4aeT B cebsl 06IIeCTBEHHbIN TOProBBIM LIEHTD,
LIKOJTy, MHOTOKBApPTUPHBINA [JOM U CTOMATOJIOTUYECKYIO
KJIMHUKY C (POTO3JIEKTPUIECKIMHU ITaHEeSIMU YCTAHOBJIEH-
HOI MOIIHOCTBIO 653 MBT. PesysibraTel Mofie1MpoBaHus
TTOKAa3bIBAIOT, UTO co3/laHue P2P-coo0IecTBa MOXKET I10-
3BOJIUTh COKPAaTUTb IOTpebeHNe 3/IeKTPOIHEPTUM JjaH-
HOI'0 9HepreTUYecKoro oobexra 7o 18 %. BiausHue P2P-
TOPTOBJIM HE BBI3BAJI0O HUKAKUX COOEB B 3JIEKTPOCETH.
OpHako, HeCMOTPSA Ha ITOKa3aHHbIE IIPEUMYIECTBa, Cy-
[IECTBYIOT IOPUMYECKHE U TEXHUYECKHUE TTPOOIEMBI JIJIst
pa3BuTusl P2P-coo01ecTs>>%7,

Power System Operation Corporation Ltd (POSO-
CO), ynpasistomiasi HaluoHaJIbHBIM IEHTPOM U ISATHIO
PErMOHAJIBHBIMU LIEHTPAMHU JUCIEeTYepU3aliu Harpys-
KU, TIPEJI0XKIIIA METOLUKY, OCHOBAHHYIO Ha TEXHOJIOTUU
6JI0KYeITHA U MCIIOJIb30BAHUHN OJHOPAHTOBBIX «YMHBIX»
KOHTPAKTOB JIJISI Peayn3alii OaHKOBCKUX YCJIYT B SHEP-
reTUKe U (POPMUPOBAHUS €IUHOI CXeMBbI COIVIACOBAHUS
COOTBETCTBYIOIINX BOIIPOCOB. Llesb mpeyIoKeHnsT — Co-
3/1aTh OHJIAWH-TIJIAT(OPMY /1JIs IIPOBEEHUS CAEIOK MEX-
[y BCEMU 3aWHTEepPECOBAHHBIMU CTOPOHAMU, HAUMHAA OT
KOHEYHBIX ITOTpebuTes el M 3aKaHuYUBast IPOU3BOJUTEIS-
MU 2JIEKTPOIHEPTUU. TexHOMOTus O6JI0KYeHiHA JTaéT BO3-
MOYXHOCTB 232 3aHTepEeCOBAHHBIM CTOPOHAM 3aKJIH0YaTh
CZIeJIKM APYT C APyroM HampsiMylo, u3berast TakuM oopa-
30M KOMMCCHUI TPeThUX CTOPOH, 33/JiepXKeK U T.II. U yCTa-
HaBJIMBAas I0BEpUe YIACTHUKOB 0J1arofiapsi TOMY, YTO OHU
COTJIACYFOT U BBITIOJTHSIIOT CBOU COOCTBEHHbBIE TPeGOBaHMS,
a He BBIHYXKJI€HbI IOJYUHATHCS TPeOOBAHUSIM TPEThUX
cTOpoH. VICTioIb30BaHNE «YyMHBIX» KOHTPAKTOB HA OCHO-
Be TeXHOJIOTHY 6JI0KYeliHa IT03BOJIUT He TOJIBKO YCKOPUTD
pacuéThl, HO U 00ECIIEUUTh ITPO3PAYHOCTh U TOTOBHOCTH
K ay'uI/ITySS,S9,60,61.

OBOPYAOBAHUE, METO/bI YIIPAB/IEHNSA
AKTNUBAMUA

Pa3BuTHe IMGPOBBIX TEXHOJIOTUI B 3JIEKTPOCETEBOM
OTpAC/TH TIPUBEJIO K TIOBBIIEHUIO 3 (PEKTUBHOCTH U CO-
BEPILIEHCTBOBAHUIO METO/IOB 00ECTIEUEHUST HA/IEXKHOCTH
000py/IOBaHMs, B TOM YMCJIE 32 CYET YAydIIeHUs yIpaB-
JIEHUsI CpeJCTBaMU LIM(POBU3ALIMY, MOHUTOPUHIA U aHa-
JUTUKA. HakoTuieHue JaHHBIX B PEXXUME PeasibHOTO Bpe-
MEHHU II03BOJISIET TPUHUMATE YIIPEXKIAIONINE PEeIIeHs,
KOTOPbIE BIUSIOT HA ITApAMETPhI CETU U MPEOTBPAIIIAIOT
OTKJIFOUEHUS U3-3a CO0eB 000PYLOBAHMUS.
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SanyﬂHeHI/Iﬂ B MOAECPHU3AIIUU CTAPBIX CXEM, ITOCTAB-
Kax 3aIlaCHbIX YacTel U Iepejade 3HAaHUN CIeAy0leMy
TTOKOJIEHUIO BBI3BIBAIOT OOJIBIION MHTEpec U 03a004eH-
HOCTb B OTpacJIiy I10 Mepe TOT0, KaK OCYIIeCTBJISeTCS IBO-
JIFOLIMOHHBIN Tepexof; K 9KOJIOTUYECKU YUCTON U YCTOH-
YUBOI 3HEPTEeTUKE.

AKmyanbHble acnekmal:

— MOZieJIMpOBaHNEe BO3MOKHBIX COOBITUI B 3JIeMEH-
Tax SHeProcUCTeMbl Ha OCHOBAHUU HAKOILJIEGHHOT'O OIIBbI-
Ta U JJAHHBIX;

— MOTeHIMaJl MAIIMHHOIO 06Y4YeHUSI U UCKYCCTBEH-
HOTO MHTEJUJIEKTA B TIOBBIIIIEHUH YCTOMYMBOCTH 3JIEKTPH-
YecKOro 000py/I0OBaHUS;

— MPOEKTUPOBAHHUE U PEKOHCTPYKIMS BO3ZYLIHBIX
JINHUU ¥ MIOACTAaHIMH C YI4ETOM MEHSIOIUXCS KJIUMaTH-
YEeCKHX YCJIOBUH, HOBbIE ITO/IXO/IbI K YIIPaBJIeHUIO aKTHBa-
MU;

— BJIMSIHUE HAa 3JIEKTPUYECKHE CETH 3KCTpeMalib-
HBIX YCJIOBUH 3KCIUTyaTanuH (0CO6€HHO MOPCKUX U IIOf-
BOZHBIX);

— HCIIOJIb30BaHKE HOBBIX MaTepHaJIOB;

— IMpUMeHeHHe HOBBIX TexHoJsioruii Muaycrpuu 4.0
(MHTepHeTa Bellell, BUPTYaJIbHON peasbHOCTH, JOTIOJI-
HEHHOI PeaJIbHOCTHU U JIP.).

OO611eit uepToii 60JIBIIOr0 YHCIA UCCIIeJOBAHUH SIBISI-
€TCsI TO, UTO PAaCXOAbl B T€YEHUE XU3HEHHOTO IJUKJIa SIB-
JISIIOTCSI OCHOBHBIM (DaKTOPOM B IPUHATUU pelIeHUs 00
HCIIO/Ib30BAaHUM TeX WJIM UHBIX Mep MOJIepHU3ALUU WU
Cpe/ICTB IIPeJJOTBpAIlleHUs Y CHIDKEHUS OTPULATeTbHBIX
nocieacTBuit K3.

B Gumkaiiive TObl 0XKUJAETCS YBEJIUYEeHUE TPO-
IyCKHOU CITOCOOHOCTH ceTeil Ha 50 %, YaCTUIHO 3a CYET
CTPOMTEJIbCTBA HOBBIX JINHUU 3JIeKTpoIiepesiauu 1oCTo-
SIHHOTO TOKA. Y4acTHe B SHEPIrOCUCTEME pacIpezieIEHHbBIX
9HEPropecypcoB NOTpedyeT N3MEHEHUS TOIIOJIOTUH U CO-
cTaBa 000PY0BaHUS JIMHUH 3JIeKTpoIepejauk, BBOZA HO-
BbIX (DYHKIIU yIIpaBJI€HUS ¥ KOHTPOJII U COOTBETCTBYIO-
LIMX PeKUMOB UCIIBITAHUM.

BBuy HEOOXOAUMOCTH 60JIee IINPOKOTO BHEAPEHUS
TexHosioruu VIHTepHeTa Belllel, BKJIoYast yCTAHOBKY Ha
MOZICTAHLIUAX AATYUKOB U 3JIEKTPOHHBIX YCTPOHCTB, BO-
MPOC UX 3JIEKTPOMArHUTHON COBMECTUMOCTH MpUoOpeTa-
eT BCE GOJIBIIYIO aKTyaIbHOCTb.

[udpoBbIie TEXHOJIOTUH TTIPEJJIaraloT pa3HOOOpa3HbIe
MIperMyIIecTBa B YaCTU UCIIBITAHUI 000pyZOBaHUS IIepe-
Jlaud U pacripe/ie/ieHus 3JIeKTPOIHEeprun.

Komnanust General Electric GRID Solutions (®pan-
usA) paspaboTaia MoJeab HeMaTepuaJbHBIX aKTHBOB
Ha OCHOBE WHTEJIJIEKTYaJIbHOI'O aHaJn3a JaHHBIX. I1o-
BhIIIeHNE 3(PEKTUBHOCTH, HA/IEIKHOCTH U CPOKA CITY¥K-
ObI IIO/ICTAHIINY SBJISIETCS TAKUM JKe KJII0OUeBBIM, KaK OIl-
TUMU3ALMs COOTBETCTBYIOIIMX 3aTpaT [JJIsl YIIpaBJIeHUs
JKM3HEHHBIM I[UKJIOM CHUJIOBOI'O 000PYJOBAaHUS BBICOKO-
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T'O W CpeJTHero HampspKeHUs . OJJHAKO U3-3a TEXHOJIOTHYe-
CKOT'0 Pa3BUTHSI, KCUE3AIOIIETO OIBITA B 06JIACTU DJIEKTPO-
TEeXHUKH, CTAPEHUSI aKTUBOB U IIOCTOSTHHOT'O /IaBJICHHS Ha
OTIepaIIOHHbIE U KATTUTAJIbHbIE PACXO/BI JIEKTPUYECKIE
ceTu GoJiee TIOJBEPKEHBI BO3AEHCTBUIO CI0XKHBIX YCJIO-
BUI1, UTO yBEJTUYMBAET BEPOSITHOCTH CO0EB. UTOOBI CBECTU
K MUHUMYMY PUCK MHIOUJEHTA, aKTUBBI ITOJABEPTAIOTCA
emé 60yIbIIIeMy MOHUTOPUHTY, TeHEPUPYSI OTPOMHOE YFIC-
JIO JaHHBIX. 3aTeM coOpaHHast MH(POPMALIHS UCITOIb3yeT-
Cs1 JIJ1s1 IPUHSITUST PeLIeHU i 06 06CIy)XUBAaHUU U 3aMeHe
akTUBOB. OIHAKO yBeJIMUEHHE YKCJIa U3MEPEeHUH U Ipo-
BEpOK He BCeryja SIBJSETCS MPaBUIbHBIM pellleHUeM JIJIs
TIOBBIIIEHUS HAZIEXKHOCTHU, JOCTYITHOCTH Y CPOKa CITY)KObI
aKTHBa WM [TapKa aKTHBOB:

— CYIIECTBYeT PUCK ITOHMMAaHUS MPaBUJILHOTO Ha-
3HAYEHUST U3-32 PA3HOTO YPOBHS PEJIEBAHTHOCTH JIaHHBIX;

— KayecTBO PEKOMEHJIAIIUU 3aBUCUT OT KauecTBa MO-
Jlenu;

— OIlepalMOHHBIE PACXO/[bI BO3PACTAIOT C yBEJIHYE-
HHEeM 00BEMa COOPAHHBIX IAHHBIX.

PelreHue 3aKJIIOYAETCSI B TOM, YTOGBI OTCIIE)KUBATH
BBIOOPKY JIaHHBIX, BJIMUSHUE KOTOPBIX SIBJISIETCS 3HAUH-
TeJIbHBIM U IPUEMJIEMBIM C TOYKHU 3PEHHUS] CTOUMOCTH
c6opa. OCHOBHas 3ajjlauya 3aKJII0YaeTcsl B TOM, UTOOBI,
HMes JIEJI0 C TIOZI0OHBIM 00BEMOM PA3HOPOIHBIX TAHHBIX,
BBIOPATH TPABUJIBHBIN THIT Y YUCJIO TIAPAMETPOB, a TakKe
OTIPEJIe/IUTh METOJ U YacTOTy UX c6opa. Takum o6pazom,
MOJKHO pa3paboTaTh U KCIIOJIb30BaTh TOUHYIO MOJIENh aK-
THBA, UMes B BUY, YTO CTOUMOCTh cO0pa AaHHBIX JT0JDK-
Ha 0CTaBaThCS AKTYaJIbHOM 10 CPABHEHUIO CO CTOMMOCTbBIO
CaMOro aKTUBa U CTOMMOCTBIO, CBSI3aHHOM C OTKa30M.
B Mojiesiy TprBeIeHbI CITOCOOBI 0OBETHEHHS PA3IMIHbIX
HMCTOYHUKOB MH(OPMAITUN U UHTEJUIEKTYaJIbHOTO aHAJH-
3a JaHHBIX JIJIsT pa3pabOTKU COIVIACOBAHHOM U peHTa6esIb-
HOI aHAJIUTUKH, OLIeHUBAIOLIEeH peaTbHOe COCTOSTHUE aK-
TUBa%.

CNJIOBBIE TPAHC®OPMATOPBI

Bpa3uibCcKUMU 3KcIepTamMy ObLIN pa3paboTaHBbI JBe
MHOTO(aKTOpHbIe METOAUKH, MOAKpPEIIEHHbIe dKCIIe-
pPUMEHTaJIbHBIM IPOTPAMMHBIM OGecIieyeHueM, C Iie-
JIBIO PAaHXKUPOBAHUS TI0 IPUOPUTETHOCTH CHUCTEM JIaTIU-
KOB U HpI/IJIO)KeHI/Iﬁ OIEPATUBHOI'O KOHTPOJISA B CUJIOBBIX
TpaHcopMaropax u peakropax®$+%. PazpaboraHHas me-
TOLWKA MHJeKca ucrpaBHocTy (M) 10o3BoJIsIeT OLleHuU-
BaTh COCTOSIHME 00OpY[0BaHHUS, a METOAUKA UepapXu-
yecKoro pamwxupoBaHusl (IP) COOTHOCHUT MOJTydeHHbBIE
WH/IEKChI MCTTPABHOCTU 000PYJ0BAHUS C ITOCJIEACTBUSIMU
BO3MOXXHOT'O OTKa3a aHAJTU3UPYEMOTO 060PYIOBAHUS JIJIS
LeJsieit sHeproceTed KoMmnanuu. Merogyka 1P BxirouaeT
B ce0s1 MaTpUILy PUCKOB, KOTOPAasl HCII0JIb3YeTCsl B IIpoliec-
ce OLIEHKH PUCKOB JJ1s1 cooTHeceHus1 IV ¢ MH/IEKCOM BO3-
JIeHACTBUSA, OTIpeAiesisis IPUOPUTETHI TOTEHITUATbHBIX ITPU-




MEHEHMI CUCTEM OTIepaTUBHOIO KOHTPOJIs. [IporpaMMHOe
obecrieueHre COCTABJISIET OLleHKy MaciiTaboB U u UP,
KOTOpasi UCHOJIb3yeTcs JJIsl OllpefiesIeHus] IPUOPUTETOB
U BBIJIAYM peKOMEHZAIUI 0 TIOAXO/ALIel crucTeMe omepa-
TUBHOI'O KOHTPOJISL.

Komnanusi Eletronorte B coTpygHuyectBe ¢ Eng
Smart Lead (Bpasmamna®) BHejgpusa cucremy DianE,
MpeHa3HaYeHHYIO 151 cO0pa MH(POPMAI[UU O COCTOSTHUU
PasJIMYHOrO 3J1eKTpoobopyAoBaHusA. CrucTeMa BKJIIOYAET
pe3ybTaThl (PU3MKO-XMMHUYECKOT0 M XpoMarorpaguye-
ckoro a"aiausa (XAPI') maciia 1 JuarHoCTUYecKux oocJe-
JIOBaHU, IPOBOAUMBIX Ha paGOTAIOLIEM U OTKJIIOYEHHOM
o6opygoBanuu. PazpaboranHoe LeHTpoM Hccae0BaHUM
9JIEKTPO3HEPTEeTHUKH MPUJIOXKEHUE /IS YIIPABIEHUS aKTH-
BaMU MHTETpUpyeT U3BeCTHbIe METOJbl aHaIu3a B eu-
HYIO CUCTEMY, IIOMOT'aOLIyI0 IPUHMMATh pelleHus B Co-
OTBETCTBUU C HYXKJAMU 3KCIUIyaTallud U TEXHUYECKOTO
o6cmyxuBanus. Co3maHa HalfMOHAAbHAs 6a3a pesysbra-
ToB XAPT, copeprkaiias janHble 1o 2783 TpaHcgopmaro-
pam (13077 mpo6 Macia) 3a epuog ¢ 1975 o 2019 rog.

B anexTpuueckux cetsax HopBeruu ympasieHue nap-
KOM TpaHCc(OpMaTOpoB BeJIETCA HA OCHOBAaHUU cO0pa JIaH-
HBIX B OOII[€eHAITMOHAJIBHOM MaciTabe 0 UX COCTOSTHUM,
OTKa3ax U yTUiam3anuu®’.

CoBeplieHCTBOBaHME Ipoljecca c6opa AaHHBIX IIPO-
HCXOIUT 32 CYET COTPYAHUUYECTBA MEXKAY Bia/le/IbllaMU
TpaHchOpMaTOPOB, HOPBEIKCKOU I'PyMIION MO CUJIOBBIM
Y IIPOMBIILLJIEHHBIM TpaHChOopMaTopaMm, CeTeBbIM CUCTEM-
HBIM OIIepaTOPOM U UCCJIe0BATeIbCKUMU MHCTUTYTAMHU.
Meroz, mipe/iioiaraeT OLeHKy UHANBULYAJIbHOTO COCTOSI-
HUS TPAaHC(HOPMATOPOB MTyTEM aHAIN3a U CPABHEHUS 3KC-
IUTyaTaIlMOHHBIX MOKa3aTeseil CO CTATUCTUIECKUMU JIaH-
HBIMH, YTO I103BOJISIET I10Jy4yaTh HapaOOTKU HUCXOs U3
(haKTMUECKUX 0TKA30B TPaHC(HOPMaTOPOB, UCCIeJOBAHUN
YTWIN3ALUU U CTATUCTUKYU COCTOSHUS.

Kommnanueit ABB 1ipejicTaBsieH MUHUATIOPHBIN POOOT
TXplore — MukpocyomapuHa 77151 paboTsl B TpaHCchoOpMa-
TOPHOM MacJie, KoTopasi IpeiHa3HaueHa JjIsl BU3yaJIbHOT'0
O0CMOTpa aKTUBHOH YaCTU MAaCJISHBIX CUJIOBBIX TPaHCHOP-
MAaTOPOB U IIYHTUPYIOLIMX PEaKTOPOB 6€3 MTOJHOTO CJINBA
MacJjia u3 6aka v moJbéMa KoJiokoJjia 6aka. Po60oT ocHaIEH
YeTBIPbMS KaMepaMU JIJIs1 BU3yaJIbHOI'0 OCMOTpPA 1 3aIIUCH
U 06J1a7jaeT MaJbIMU rabaputaMu (IIKMpUHA OPUEHTHPO-
BOYHO 0KO0JI0 30 CM) U BBICOKOH MaHEBPEHHOCTHIO, UTO TI0-
3BOJISIET €EMY ITPOIJIBITH B MAC/ISTHBIX ITIPOMEXKYTKaX MEXIY
AKTUBHOU 4acThIO M 6aKoM TpaHchopmaTopa ‘.

SnexTpoceTeBas komnaHusi Powergrid — kpynHeii-
muil B UHAUU orepaTop MarucTpajbHbIX ceTeil — 3Kc-
ryatupyet 6osiee yem 2800 CHJIOBBIX TpaHC(POPMATOPOB
U IIYHTUPYIOUUX peakTopoB®. J[Jis yIipaBieHUsT TapKOM
TpaHC(hOPMATOPOB U PEaKTOPOB ObUIM pa3paboOTaHBbI [1Ba
1M POBBIX MPOAYKTA — cucTeMa MOHUTOpUHTa TOCMS
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U CUCTEMA TTOJJIEPXKKY TIPUHSATHS PEIIEHUH 110 TeKyIIeid
sKcIuTyatanuu PALMS.

KpynHeiimas ssmekrpocereBas komnaHus CIIIA Ame-
rican Electric Power (AEP) 3amnycrua B pa6oty Kopro-
PATUBHBIH LIEHTP KOHTPOJISI COCTOSTHUSI OCHOBHOTO 000pY-
nmoBauwmst (Asset Health Center, AHC)™. B ocHOBe paGoThI
AHC — nudposas miardgopma, o0befUHSIONIAsT NHPOP-
MallMOHHbIE TEXHOJIOTUU C TEXHOJIOTHUSIMU 00CITYKUBaHUS
3JIEKTPO0OOPYAOBaHUS JJ1s 6ostee 3(pheKTUBHOTO yIIpaB-
JIEHUSI aKTUBaMU 3JIEKTPOCETEBOM KOMITAHUU CO CJIEAYIO-
UMY XapaKTepUCTUKAMHU:

— HM3Kas HaJ&KHOCTb 3JeKTPooOOpyJ0BaHUS
¢ GOJIBIINIM CPOKOM CJIYYKOBI Y1 BBICOKUMH yOBITKAMH IIPU
UX IIOBPEX/ICHUY;

— HeZlocTaTOYHast HabJII0[aeMOCTb COCTOSIHHS OCHOB-
HOTO 3JIEKTPO0OOPY/L0BAHUS;

— HeoOXOJUMOCTb OOCTY)KMBaHUS OOJIBLIOTO IMapKa
TpaHCc(HOPMATOPOB B YCJIOBUSIX OTPAHUUEHHBIX PECYPCOB
1 HeOOXOJUMOCTH CHIDKEHUSI SKCILIYaTaI[MOHHBIX 3aTpPaT.

[IpumeHeHMe 11 POBBIX TEXHOJIOTHUH TTO3BOJISIET 00e-
CIIEUUTD:

— aBTOMAaTHUYeCKUI cOOp JaHHBIX C IATYUKOB U CHU-
CTeM MOHUTOPUHTA OCHOBHOT'O 000PY/IOBaHUS;

— yIIyGJIEHHBII aHAIN3 JAHHBIX O TEKYII[EM COCTOSI-
HHUU Y UCTOPUU SKCIUTyaTalNH JIJIS IPUHSTUS OTIePaTHB-
HBIX PELICHUI 1 BBIIIOJHEHUS JeUCTBUI, HAITPaBJIEHHBIX
Ha OpefynpexxJeHue NOBPeXJeHU U MOBbILIEHUe Ha-
OEXKHOCTH 3JIEKTPOOOOPY0BAHMS;

— TOBBIIIEHNE HAOJII0[aeMOCTU TEXHOJIOIUYECKUX
IIPOIIECCOB U TEXHUUECKOT'O COCTOSTHUS aKTUBOB;

— BCECTOPOHHWI aHAJW3 JAHHBIX JIJIS ITOBBIIIEHUS
3(pheKTUBHOCTH yIIpaBIeHUS aKTUBAMU.

Kpymnnefimas siekTpocereBas KomiaHus Wraauu
TERNA 3amnycrusia IlnardgopMy mofepyKKH SKCITyaTa-
uuu (Operation Support Platform)” ¢ menbto c6opa fan-
HBIX 00 9KCIUIyaTaI[uy U COCTOSTHUY 060PYyI0BaHUM, OIITH-
MU3ALAY KCILIyaTallui U 00CTy>KUBaHUsI 000Py[0BaHMS,
a TaloKe aHaJIn3a [IOBPEXKACHU.

Pa6ora raTdopmel 6a3upyeTcs Ha JaHHbIX, IT0JTydae-
MBIX OT cucteM MOHUTOpUHTra SMOAT, KOTOpast OXBaTbIBa-
eT BCE OCHOBHOE IepBHUYIHOe o60opynoBaHue I1C:

— TpaHCc(OPMaTOpsI, aBTOTPAHC(HOPMATOPHI, ITYHTH-
pYyIOILKE PEaKTOPBbI;

— E&MKOCTHbIE TpaHC(HOPMATOPhI HANIPSYKEHUS;

— TpaHc(OopMaTOPhI TOKA;

— KOMMYTallIOHHbIE aIlIIapaThl;

— OrpaHUYUTENH MTepeHaTPsHKEeHUM.

IocturHyThle 3¢ (PeKTh OT BHEJ[PEHUS CUCTEMBI:

— obecrieuyeHre CPaBHUTEIBHO HIU3KOTO YPOBHS I10-
BpeXJaeMocTu TpaHchopMaTopoB — MeHee 1% B rog
(mapk TpanchopmaTopos cBbiie 800 IIT.);

— CHIDKeHHe YMCJIa He3HAYHTEeIbHBIX 0TKA30B (C Bpe-
MeHeM BOCCTaHOBJIEHUS OT 1 0 7 AHEH).
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B Poccuu co3paHa onepexarouasi BpeMst KOMILJIEKC-
Hasl MHTEJUIEKTyaJIbHasl aBTOMaTU3UPOBAaHHAS CHUCTEMaA
MOHUTOPUHTA, JUATHOCTUPOBAHUS U yIPABJIEHUS TeX-
HUYEeCKUM COCTOSIHHMEM IapKa CUJIOBBIX TpaHC(hOopMaTo-
POB, B KOTOPOH /IJIs1 aHAJIM3a COCTOSTHUSL 000PYL0BAaHUS
UCTIOJIb3YIOTCS] OHJIaifH-CUCTeéMa MOHUTOPUHTA U IaHHbIE
o draitH-6a3bl 3HAHUH, cofieprKallleil TeXHUYeCKUe Xa-
paKkTepUCTUKH, paboyre ImapaMeTpsl, pe3yJIbTaThl Tpau-
[IMOHHBIX UCIIBITAHUI U N3MEPEHUH, SKCIIepTHBIE OLIeH-
KU Y IIPOTHO3BI. B 3TOH crcTemMe 0cOOBIN aKLeHT CAie/laH
Ha HCMO0JIb30BAaHUM METOZO0B aJalITUBHOTO IIPOTHO3UPO-
BaHUSI TapaMeTPOB, KOHTPOJIMPYEMBbIX OHJIANH C yUETOM
B3aMMMHOT'O BJIMSTHUS ITPOLIECCOB, ITPOUCXOAAIINX B TPAHC-
cdopmarope.

PaspaGoTaHHas crucTeMa He TOJIBKO AAa€T OLEHKY Te-
KyIIero TeXHUYeCKOro COCTOSIHUS TpaHc(opmaTopa, HO
U BBIJJAET yIIPaBJIsIIOIINeE CUTHAIBI ¥ PEKOMEH/AIINY TTep-
COHaJTy TI0 HEOOXOAUMBIM U3MEHEHUSAM PEXHUMa PabOThI
TpaHcgopMarTopa, OreparusiM TeEXHIIEeCKOTro 00CIyKUBa-
HUs U peMOHTA. Takasd KOMIUIEKCHAs NHTEeJUIEKTyaJIbHAas
CHCTeMa MOHUTOPUHIA I103BOJISIET C GOJIBIINM JJOBepHUEM
HCTIOJIb30BaTh B 9KCILIyaTalluN pe3y/IbTaThl pACUETOB OH-
JIafH CHCTeM MOHUTOPUHTIA U CAeJaTh paboTy C TAKUMH
crcTeMaM{ MaKCHMaJIbHO T0JIe3HON M MaKCUMAaJIbHO aB-
TOMaTHU3MPOBAHHOI, He BOBJIEKAOIE IIepCOHaJI B IIPO-
Iiecc JUarHOCTUPOBAHNS, BBIZJAIOLEN TTOHATHBIN KOHEY-
HBIHA pe3ysIbTar.

Bo3dywiHble AauHUU

B sHeprocucreme McaaHgMM MCIIOIB3YIOTCS TEXHO-
JIOTMU MCKYCCTBEHHOI'O MHTEJIJIEKTA /i1l KOHTposst BJL.
O6yueHHas cHUcTeMa HMCKYCCTBEHHOI'O MHTeJJIEKTa MO-
JKET BBIINIOJIHATD 33/1a4U 110 KOHTPOJII0 Ha BJI 130/14TOPOB
OIIpeZieIEHHOrO TUIa’? ¢ BBICOKOU JJ0CTOBEPHOCTbIO, Obl-
CTPOTOH, COIVIACOBAHHOCTBIO PE3y/IbTaTOB U 3KOHOMUYe-
CKU 3 PEeKTUBHBIM CIIOCOOOM.

Ha BJI ®paHIiiy MpoBOAUTCS CITyTHUKOBBIN MOHUTO-
PHHT BO3JYIIHBIX JUHUHN.

IIpoBefeHa AeTasbHasl KilacCU(UKALUS 3eMeJIbHbIX
Y4aCTKOB C BBISIBJIEHMEM BO3MOXKHBIX KPUTHYECKUX U3-
MeHeHMH. OCylecTBIISIeTCS OlleHKa TeKYIero COCTOSTHUS
BJI u cocTosiHUSA ApeBECHO-KYCTaPHUKOBON PaCTUTEIbHO-
CTU B OXpaHHBIX 30Hax BJI.

Cy1iecTByeT OMBIT pa3paboTKU po6oTa st GBICTPOIA
U 6e301acHOM yCTAHOBKU MapKepoB”. POOOT ycTaHaBJIN-
BaeTCcsl Ha JIMHUIO IIPU ITOMOIIM BepTosiéTa. Ha ceropnsm-
HUH JIeHb C IIOMOIIBI0 3TOM TEXHOJIOTUH YCTAHOBJIEHO yXKe
6osiee 400 MapKepoB.

B pesynbraTe coBMmecTHOI pa6orel HTIT ®CK EIJC,
ITAO «®CK E9C», ITAO «Pocceru» u IIAO «PocHe(dTH»
B 00J1aCTH yIIpaBJIeHUs 3KCILIyaTalleil BO3JyLIHbIX JIU-
HUH 3JIeKTporiepesaun 6pUI0 MpoaHaan3upoBaHo 10000
aKTOB paccjeflOBAaHUI TEXHUYECKNX HEUCIIPAaBHOCTEM.
39TO MO3BOJIUIIO:

BecTu B anekTpoaHepreTuke | N2 6 (122) 2022

— BBISIBUTh YYaCTKU IIOBBIIIEHHOU aBapuUUHOCTH
(110 THITY BO37IEHICTBUS U TOAAM);

— BBISIBUTh YYaCTKU JIMHUH, HE COOTBETCTBYIOIIUX
KJIMMaTUYeCKUM HarpysKam;

— (opMHpOBaTh lTepeueHb MEPOIIPUATHI 110 CHIDKe-
HUIO aBapUITHOCTH (B aBTOMAT. PEXKUME);

— pPaH)XUPOBATh MEPOIIPUSITHS B COOTBETCTBHUU C I1a-
pamMeTpaMH I10 OTKJIFOYEHUSIM U pa3MepaM MHBEeCTHULINH;

— OCYILIECTBJISATh ITOCTUHBECTUIJMOHHBI MOHUTO-
PHHT peaJIMi30BaHHBIX MEPOIIPUATUI.

ITodcmanuuu

U151 IIaHUPOBAaHUS, TPOEKTUPOBAHUS, CTPOUTEIIb-
CTBA, SKCIUTyaTalluU U 0OCITY)KUBAHUS TIOCTAHIINN KOM-
nanuu TEPCO Power Grid, Inc, Chubu Electric Pow-
er Co., Inc., Kansai Transmission and Distribution,
Inc., Toshiba Energy Systems & Solutions Co, Hitachi,
Ltd., Mitsubishi Electric Co. (Amonus) paspabaTbiBa-
10T U IPUMEHSIOT pa3IMYHble pellleHusl B 00J1aCcTH LUd-
poBHUBanUK >, TakKe Kak: MaTpyJINpoBaHUe C TIOMOIIbIO
6eCIIMJIOTHUKOB, CCTeMa JJUarHOCTUKH C UCII0/Ib30BAHU-
€M HCKyCCTBeHHOro nHresuiekTa (M) Ha ocHOBe IprMe-
HEHMS CeTeBBIX KaMep U aHaIN3a N300payKeHU , cucreMa
TeIJIOBOM OIleHKU TpaHchOopMaTopoB. [ly1s1 ONTUMHU3ALUN
CTPOUTEILHBIX PAGOT MIPUMEHSIOTCST 3D-MO/IeN MO/ICTaH-
UMY, a [ MOAJEPIKKH IKCIIJTyaTal[ud U TeXHUYeCKO-
ro 00C/Iy’)KMBaHUsI Ha yPOBHE IOJCTAHIUU HCIIONb3YIOT-
Cs1 METOZIbl BUPTYyaJIbHOH peasbHOCTH (BP) 1 cmemaHHON
peanbHOCcTH (CP).

Komnanuu KEPCO, YOUHO ELECTRIC u HYUNDAI
ELECTRIC peau3yIoT IOAX0AbI IPYIIIOBON crienuduKa-
LIMH 7151 CUJIOBBIX TPaHC(HOPMATOPOB C UCTIOIb30BAaHUEM
HWHTeJIJIEKTyaJIbHOU CHCTeMbl MOHUTOPHHIA, OCHOBAH-
Hoil Ha TexHosoruu IEC 61850 1 rpaHUYHBIX BBIYUCTIE-
HusAx %7787 [Taryuku VHTepHeTa Belleil pejoCTaBIISIIOT
JIaHHbIE JJIsI MOHUTOPUHTA, YIIPaBJAeHUS U TPOPUIAKTU-
YecKoU IMarHOCTUKHU CUJIOBBIX TpaHchopMaTopos. I'pa-
HUYHbIE BBIYNCJIEHUSI MMEIOT ITPernMyIlecTBa 10 CpaB-
HEHUIO C 00JIJaYHBIMU AJIs1 JUAaTHOCTUKY U YIIpaBJeHUs
CaMHM CHJIOBBIM TPaHC(HOPMATOPOM.

SKcrepThl (PPaHIy3CKOT0 U UTAIbSHCKOTO MTOfpaszie-
neHuit komnanuu GE paccmaTpuBaroT MpUMeHeHUe 1H-
TeJIIEKTYaIbHBIX IATYMKOB Ha 000PYJ0BaHUHU (pa3be -
HUTEJISIX) TOACTAHIME ! 17151 M3MepeHUs TeMITepaTypéhI,
CMellleHUs] KOHTaKTOB U TOKOB YTeUKH, Hapsy ¢ pabo4u-
MM XapaKTepUCTUKaMU JIBUTaTesIel ISl LeJield yrpasJie-
HUS aKTUBAaMU U TEXHUYECKOTO OOCITY)KUBAHUS, a TAKOKe
JIUIS1 pa3pabOTKH UHAEKCOB UCIIPAaBHOCTU 0O'bEKTOB. [laH-
HbI€ TaK)Ke MCIOJIb3YIOTCS [IJIsl CPABHEHUSI C CETeBOU MO-
JIeJTb10 060PYIOBAHUS THUITA «ITU(POBOH IBOHUK.

Oco6oe BHUMaHUe y[iesIs1eTCs] HeHBAa3MBHBIM MeTO-
JlaM OLIeHKHU aKTHBOB /s o6ecrieyeHUsi MOHUTOPUHTA
B IIPOLeCcCe IKCIUIyaTalliy, KOTOPhIH MOXKET IIpejoTBpa-
TUTh BBIHY>KJIEHHOE OTKJIIOUeHHE WJIN BBIBOJ, 000pyAO0-




BaHUS M3 HKCIUIyaTallMM B HEMOXozs1ee Bpemst. JJocTu-
raeTcss BO3MOXXHOCTh OLIEHKU WCIIPABHOCTH KJIIOYEBOIO
000py0BaHMs B IEPUO/bI TMKOBON HAarpy3KU U BBICOKUX
BO3/IEMICTBUIT B CCTEME.

IIpoekt FITNESS («,,YMHas“ MOACTAHIUS JIJIT CETEMN
9JIeKTpOIlepefaun») — MePBbIH )KUBOU TTpUMep UG po-
BOI TIOJICTAHITUM U CUCTEMBI aBTOMATUKH, YKOMILJIEKTO-
BaHHBIX 000PYJJOBAHMEM PA3HBIX ITOCTABI[UKOB, HA 6a3e
MDO3K 61850 B Coegunénnom KoposeBcTBe®. IIpoexT, pe-
aJIN30BaHHBIN 1107 pyKOBOZCTBOM Scottish Power Energy
Network B IIToTsIaHA¥H, TPOILIET ONTPOGOBAHUE U UCIIHI-
TaHHEe COBMECTHO C TPaJUI[MOHHOI TeXHOJIOTUel Ha CU-
cTeMe repeziauu 3yieKTposHepruu Scottish Power. [Jokuiaf,
MOCBAIIEH pa3paboTKe, TECTUPOBAHUIO, HKCILIyaTalluu
Y TEXHUYECKOMY OOCJIYKMBAHHUIO PA3JIMYHbBIX APXUTEKTYP
CBSI3U U pe3epBUPOBAHMSI HA OCHOBE OIIBITA U PE3YJIbTaTOB
WUCTIBITAHUH, TPOBEAEHHBIX KaK 3a MpefielaMyd 00BheKTa,
TaK 1 Ha 00BEKTE B PeXKUMe pPeabHOTO0 BpEMEHH B COOT-
BETCTBUM C TPpeOOBAHUSIMU MH)XEHEPHOTO IpoekTa. Iloa-
YEpPKUBAETCSI HEOOXOAUMOCTh HATUYUS HA/IEIKHON CeTH
CBSI3M 711 6€30TIaCHOUM U HA/IEKHOUM paboThl ITU(PPOBBIX
OACTAaHIIUH.

«Poccetn ®CK EI9C» co3paza U 3amycTusia B IIpO-
MBIIIJIEHHYIO SKCILTyaTaI[UI0 IPOTPaMMHO-TEXHUYeCKUH
KOMILIEKC aBTOMATU3UPOBAHHOTO OCMOTpa 3JIEMEHTOB
o6opyzmoBanus Ha IIC 500 kB. B HEM 3a71efiCTBOBAHbI IUC-
TAQHIJMOHHbIE METOJbl MOHUTOPUHTA o0opygoBaHus I1C,
HCIIOJIb3YIOLMe pelleHusl B 00J1aCTU aHaJIM3a JaHHBIX
U KOMIIBIOTEPHOI'O 3peHUs C IPUMeHEeHNeM HelPOHHBIX
ceTell, MO3BOJAIONME OMEPAaTUBHO CUTHAJIU3UPOBATH
0 Pa3BUBAIOLIUXCS TEXHOJOTUUECKHX HApPYLIEHUSX C Iie-
JIBIO0 UX CBOEBPEMEHHOTO ycTpaHeHus. [IpuMmeHeHne Ta-
KHX KOMILIEKCOB IPYU Pa3BUTHU COOTBETCTBYIOIEU HOP-
MAaTUBHOU 6a3bl MO3BOJIUT OCYILECTBIISATH SKCIUTyaTaIlUIO
0060pyAOBaHUS TIOICTAHIINI Ha OCHOBE OE3J/IF0HBIX TEXHO-
sgoruii. B IITK ucnosib30BaHbl KaK CTallMOHAPHbBIE TLJIAT-
(opmbl, Tak 1 — BIIEpBblEe B MUpE C 33/leliCTBOBAHHUEM
CPEZCTB aBTOMAaTUYECKOT'0 PACTIO3HABAHUS — KBA[POKOII-
Tepbl (BIIJIA). Co6paH YHUKAJIbHBIH fjaTa-ceT, I03BOJISIO-
LM UCIIOJIB30BATh allllapaT KOMIIBIOTEPHOTO 3pEHUS Ha
TOZACTAaHIUSIX II0 BCEMY MUpY JIMIIb C HE3HAUMUTEIbHBIM
BpeMeHeM JI000yIeHH .

KabeavHble cucmemol

SxkcnepTsl, mpexactasisiomue RINA Tech UK, Elec-
tricity Authority of Cyprus, University of Southamp-
ton, pazpaboTasu Ha/IEKHYI0 U MOLIHYI0 CUCTEMY ITpo-
FHO3UPOBAHUS TEPMUUYECKHUX TTOKa3aTesiell KabeabHbIX
MyQT AJ15 OTIepaTUBHOT'0 KOHTPOJISI COCTOSTHUST 000pY/i0Ba-
Hus. [JaHHast cucreMa pa3paboTaHa B COOTBETCTBUU C KOH-
nenuuei Industry 4.0 u 1Mo3BoIsIeT CHU3UThH PUCK OTKa-
30B B 2JIEKTPUUYECKON ceTH. CHcTeMa MIPOTHOCTAYECKOT0
MOHUTOPUHIAa CMOHTHPOBaHA Ha KabesJbHOH MydTe MoJ-
crannuu BH/ CH Ha Kuripe 1 paGoTaeT y>ke 4yeTbIpe rojia.

LNOPOBAA SHEPIETUKA

CucTeMa HCITOJIb3yeT aJITOPUTMBI Ge3HAI30PHOTO Ma-
muHHOTO 06y4yeHusi (MO) JIJ1sT TPOTHO3UPOBAHUS IMHA-
MUKU TeMIIepaTypbl Pa3INYHbIX CeKIUI Kabess. Tak Kak
MO/IeJTb BBITIOIHSIET Pacu&Thl HA OCHOBAaHUU pacIipe/iesIeH-
HBIX U3MEPEHUH TeMITepaTyphl, OHA TTOAXOJUT TOJIBKO JIJIs
KPaTKOCPOYHBIX TTPOrHO30B. Pe3ysbraT paGoThl 3TUX ajl-
roputmMoB MO cpaBHUBaeTcs ¢ PaKTUUECKUMHU UTOTaMU
pacIipe[ie/IEHHOI0 U3MepeHusl TeMIlepaTypbl Ha OfJHOM Be-
Tponapke B BeJlMKOOpUTaHUM U TIOKa3bIBAET JOBOJIBHO XO-
POIIYIO KOPPEISIHIO.

Kumnp xapakrepusyercs KJIMMaTUYeCKUMHU yCIIOBU-
sIMU, OTJIMYHBIMU OT YCJIOBUM BesukoGputanum (Cy-
X0€e JKapKoe JIeTo, Msirkasi 3umMa). CiieJloBaTeIbHO, JIaH-
Hble, COOpaHHbIE B 3THX YCJIOBUSIX, HapsALYy C AaHHBIMH,
coOpaHHBIMHU B BeslMKoGpUTaHUU, MOTYT OBITH KJIIOYe-
BBIM (haKTOPOM J1JISI MCCIIEIOBAHUS CPOKaA CITY>KObI KabeJsist
B pa3JIMYHBIX Cpefiax U pa3paboTku 3¢(eKTUBHOH B pas-
JIMYHBIX KJIMMATUYECKUX T0SICaX YHUBEPCATbHON CHCTe-
MBI TETIJIOBU3MOHHOTO TIPOrHO3UPOBAHUS [JIJIT MOHHUTO-
pPUHTA COCTOSIHUS 060Py0BaHMS*>54,

TexHOIOTUS JIOTIOJTHEHHOH peanbHOCTH (/IP) HUcIons-
3yeTcsl A1l JUarHOCTUKU COeJUHUTEIbHBIX M KOHIIe-
BBIX KaGeJbHbIX My(pT*. B TECHOM COTpYJHUYECTBE C KO-
MaHZIO¥ TTPOrpaMMUCTOB U pa3paboTyrkoB TP KomaH[a
MPOEKTa CO3/IayIa TTUJIOTHBIE TTPUJIOKEHHUS IS JIBYX pas-
JMYHBIX T1aTdopM JIP 1 Ha6op 63 HyHKIIMOHAIBHBIX BO3-
MOXXHOCTEM: IJIaHIIeT JJIs1 ZleTaJIbHOU BU3yaIN3aliuU IIpU
006CIy)KUBAaHUU U 3aMeHe KOMIIOHEHTOB; ouku IP njs
TPEHUPOBKU MOHTa)KHUKOB.

ABcrpanuiickoii kommnanueii TransGrid pazpa6oran
CIT0C006 3alUThl KPUTUUECKUX KaOeJbHBIX TUHUU C TOMO-
IIIb}0 OIITOBOJIOKOHHBIX aKyCTUYECKUX Y BUOPALIMOHHBIX
JIaTYNKOB Ha CTaAUM MOHTaXkases78889  Jlatquku ¢ BoJsIO-
KOHHBIM YyBCTBUTEJIbHBIM 3JIEMEHTOM HaCTPaUBaIOTCS
Ha MeXaHW4YeCKHe paboThl (3KCKaBaTOPbI, OypUIIbHbBIE Ma-
IIMHBI), PhIThE KOTJIOBAHOB, ITIepeMeIlleHre U pa3fiesieHHe
Kabesieil. B caryuae oGHApY)KeHUS TIOTEHITUATBHO OTTACHBIX
MEXaHUYECKUX BO3JCMCTBHI Ha MECTO C IIPOBEPKOM BbIE3-
YKaeT JIe)KypHBIi IaTpyJib.

Cucmembl NOCMOAHHO20 MOKA 8bLCOK020 HANpsiice-
Hus (IITBH)

9kcneptel HYOSUNG Corporation 1 SOONGSIL Uni-
versity (Pecrry6mka Kopest)®*°'92% ripoBesii aHaJIN3 BU-
JIOB U IIOCJIEZICTBUM OTKA30B U aHAJIU3 JiepeBa OLINOO0K JJIs
cucrembl TipeobpazoBareseii Hanpspxenus (ITH) IITBH
C IIEJIBIO OIIPeJIeIUTh KJII0UueBoe 000pyloBaHUe U HANUTU
TIPUYUHBI OTKA30B, OL[EHMBAsl BA)KHOCTh KOMIIOHEHTOB
nogcranumu ITH TITBH. O6cyxmaercs pa3paboTKa jat-
YHUKOB M TTPUOPUTETHOCTD TEXHUYECKOTO 0OCITY)KUBAHUS
00BEKTOB, IIPOBOJUTCS aHAJIN3 YyBCTBUTEJIBHOCTH Jiepe-
Ba OIIMOOK IIpY ONpeZeIEHHBIX clieHapusx. Ilpruopurer-
HOCTb IIOZICHICTEM OIIpEe/ieJIsieTCsl C IIOMOIIIBIO TeXHOJIOTUU
MIPEeBEHTHUBHON JJUAarHOCTUKU, KOTOPask MOXKET OBIThH MPU-
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LNOPOBAA SHEPIETUKA

MEHEHa B 3aBUCUMOCTH OT BaYXHOCTH IIOZCUCTEMBbI CTaH-
nuu [ITBH.

VYrpasiieHue )KU3HEHHBIM LUKJIOM cucteMbl [ITBH
MOJXXeT OBITb PACCMOTPEHO C TOUKHU 3PEHUS ITPOMBIIILIEH-
HOTO cepBuCca®**>*%7 I «3KOCUCTEMBI CEpPBUCa», KOTOpas
BKJIIOYAET ITPOU3BOAMTEIEH, OTIEPaTOPOB U MOAPSTINKOB.
Bormpoch! MOBBIIEHUS JOJATOCPOYHON HAJEXKHOCTH, T'O-
TOBHOCTHU M YCTOMYMBOCTHU PAacCMaTPUBAIOTCA Ha TaKUX
NpuMepax, Kak yIpaBjeHHe KJINMaTUIeCKUMU YCIOBUS-
MU, MUHHUMH3AIMS «OKOH OTKJIIOYEHUS» U MOBBILIIEHHE
usnueckoi 1 KubepOe30racHOCTH. TakKe pacCMOTPEHBI
MEeTO/bl MPOGUTAKTUIECKOTO OOCTY)KUBAHUS, UCTIOIb-
30BaHUE cHCTeM cOOpa JAHHBIX (pPerucTpanus JaHHBIX,
yIIpaBJIeHNEe aKTUBaMU, CO37aHNEe (P POBOTO JBOMHIKA),
yJIydllleHWe aHajan3a IMPUYUH OTKa30B, yIy4ylleHHe COo-
TPYAHUYECTBA, YUET 3aTpaT B CBSA3MU C HETOTOBHOCTBHIO 000-
PYAOBaHUA U MOJEJIU ITOTEHI[UAIbHBIX JIOTOBOPOB IO PSI-
Jla Ha CepBUCHOE 00C/Iy>KMBaHUE.

IIpoexmupoeanue

IlepeoBoe KOMIIbIOTEpHOE IIPOIpaMMHOe obecIiede-
HMe 00ecIIeYMBaeT He TOJIbKO ObICTPbIe Pacy&Thl U aHAJIU-
TUKy. HoBBI€ 1aT(hOpMBI TPOEKTUPOBAHUS B 3D 1103BOJIA-
0T peajin30BaTh LeJbld psf GyHKIUN OT BU3yaIu3alun
pa3BEPTBIBAHUS HAa MECTHOCTH 10 BUPTYaJIbHOTO ITPOEK-
TUPOBAHUS TIOACTAHIINI Y BO3YIIHBIX U KaOGETbHBIX JIU-
HUH.

Tak, HampuMep, B cay4dae ¢ [UGpPOBBIMU U3MeEpU-
TeJIbHBIMU TPaHC(HOPMATOPaMU, Y KOTOPBIX OTCYTCTBY-
IOT BTOPUYHBIE LIEIIH, BO3MOXKEH IIepexo/| OT Kjaaccuue-
ckux noHATHH kepHoB TT/TH 11511 KOMMepuecKoro y4éra
U P3A K ITIOHATUIO YHUBEPCAJILHOTO U3MEPUTEILHOTO 10~
TOKA, KOIJJa OIUH 1 TOT ke I POBOIi IOTOK JaHHBIX CO-
OTBETCTBYET OZJHOBPEMEHHO KJIACCy TOYHOCTH KOMMeD-
YECKOT0 y4€Ta U KJIACCy TOUHOCTU P3A 11 mepexofHbIX
IIPOIIECCOB.

IosiByieHNE «yHU(PUITMPOBAHHOI'0» U3MEPUTEILHOTO
TTOTOKA ITO3BOJISIET PEAJIN30BaTh GECIIIOBHOE Pe3epBUPOBA-
HUE KOMMepUYecKoro y4éra u P3A, OTKpbIBaeT LIUPOKYIO
BO3MOKHOCTD /1151 PYHKIIMOHAJIBHON UHTErpauu BTO-
PHUYHBIX YCTPOMCTB, a 3TO IPUBEJET K KPATHOMY CHIDKe-
HUI0 UX KOJIMYECTBaA.

B ciy4ae ¢ ONITMYECKUMU U3MEPUTEIBHBIMU TPaHC-
(hopmaTopaMm TOKa 3TO MO3BOJISIET 3aKPbIBATH 1[€JIbIH TU-
ara3oH HOMUHAJIBHBIX TOKOB. TakOM MPUHIUIN 3aJI00K€H
B YHU(UIIMPOBAHHBIX KJlaccax TouHocty 1Y, 21, 1P, 2P
CTO ITAO «Poccetm», YTO 3HAYUTEBHO YIIPOIIAET IIPO-
E€KTUPOBAHUE, CHIDKAET Kon4yecTBO 3Ull B 11e10M 110 ce-
TAM (B 5-6 pa3) U TPUBOAUT K CHUKEHUIO Ce6eCTOMMOCTH
3a CYET CHIDKEHUSI HOMEHKJIATYPhI BBIIIYCKAa€MBbIX U3/[e-
JINH IIPOM3BOAUTENIEM, a TAIOKE K CHIYKEHUIO OIINOOK IIPU
IIPOEKTUPOBAHUM U 3aKyIIKe 000PYZLOBaHUSI.

Bo3MoxxHa onTuMHU3anusg TepMUHAI0B P3A myrém
CHIDKEHMSI UX HOMEHKJIATYphl U TTIpUMeHeHus 6ojiee 3¢-
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(DEKTUBHBIX aJITOPUTMOB C YIETOM OTCYTCTBUSI HAMAarHu-
yuBaHud TT 1 yIydiieHHbIX XapakTepuctuk TH.

OObIYHbIE pacuy€Thl pabOYMX XapaKTepUCTUK CUJIO-
BBIX KalOesieli OCHOBaHBl Ha aHAJUTHYECKUX METO/aX,
MIpelyCMOTPEeHHBIX cTaHAapTaMu MIOK. 3Tu MeTofpl, TeM
He MeHee, IPUBOJAT K JJOBOJIbHO KOHCEPBAaTUBHBIM pe-
3yJIbTaTaM, KOTOpbIe ObLIN MPHUEMJIEMbI B IIPOIILJIOM, I10-
CKOJIbKY Ka0esTy BbICOKOTO HampsiKeHUsI 0ObIYHO HE Ha-
IPy’KaroTcs 10 MX TeIJIOBBIX IIPeJiesIoB U, YCIIOBHO I'OBOPS,
SKCIUTyaTHPYIOTCS B XOJIOAHBIX YCI0BUAX. OJ[HAKO SHEPro-
CHCTeMa Mepe)XHUBaeT IIEPeXof, K BO3pacTaoIUM U 6osiee
JTUHAMUAYHBIM HaTrpy3KaMm U, CJIeJI0OBaTeIbHO, K TOTPeGHO-
cTU B 60siee TMOKOM M 0TKAa30yCTOMIMBOM CeTH. DTO OTHO-
CUTCsl, B YaCTHOCTH, K KaOeJIbHBIM CHCTeMaM B FOPOJICKUX
pafioHax. ONTUMU3UPOBAHHOE HUCII0JIb30BAaHUE CYIIECTBY-
IOLIMX U OYAYIINX KaOGeJbHbBIX CUCTEM SBJISIETCS BaXKHEM-
1Ieii XapaKTEepUCTUKOU AJIs1 YAOBAETBOPEHUS PACTYILINX
TpeboBaHUM.

SxcnepramMu JlabopaTOpUM BHICOKOBOJIBTHBIX HCITBI-
TaHuii I'pama B COTpyHUUYECTBE CO CIeUaIMCcTaMu VH-
CTUTYyTa TEXHUKHU BBICOKOI'O HAIIPSKEHUSI U XapaKTepu-
CTUK cucTeM TexHOJIOTMYeCKOTro yHUBepcuTeTa I'paria,
a Taroke ceteBoii kommanuu Wiener Netze GmbH (AB-
CTpUsl) IPOBE/IEH paCHIMPEHHBIN TETIOBOM pacyéT Kaode-
seti 400 KB ¢ u3ossiueil U3 CIIMTOro MOJTUAITHUIEHA IS
TOPOZICKUX CeTell Ha OCHOBE SKCIIepHMMEHTAIbHbIX JaH-
HBIX 3a JUIMTEIbHBIN Tlepuof BpemeHu **°%1% HecmoTpst
Ha BO3MO)XHOCTY KOMITBIOTEPHOT'O ITPOEKTUPOBAHUS, IPH-
HSATBIE METOZBI MOZIEJTUPOBAHUS COMPSIKEHBI C HEKOTOPHI-
MU TPYZHOCTSIMU B OIpe/ieJIeHUN TPAaHUYHBIX YCIOBUM
Y B OTHOILLIEHUH MOZIEJIMPOBAHUS COCTOSTHUS OKpY KaloIIle-
ro rpyHTa. Bo3/elicTBHSI OKpy KaroIel cpezibl (COTHEUHOe
W3JIy4eHue, OCaJKU U T.JI.) OOBIYHO B pacy€T He MPHUHU-
MAroTCsl, XOTSI OHU OKa3bIBAIOT 3HAYMTEJIbHOE BJIUSHUE Ha
TEeMIIepaTypy, a 3HAYUT, U Ha JIOMyCTUMYIO TOKOBYIO Ha-
I'Py3Ky BBICOKOBOJITHBIX KaOeJIbHbIX cUcTeM. VccenoBa-
HUSI IPOBOJUJIMCH Ha CyLECTBYIOLIeH cucTeme kabesei
400 xB. 17151 TpoBepKU pacuEToB OBIJIO YCTAHOBJIEHO 60-
Jiee 70 pa3IMYHbIX AATYUKOB. DKCIIEPUMEHT IIPOBOAUIN
JIBa TOJA IS TIOJIyY€HUSI C TIOMOI[bIO BBIYHUCIUTEIbHBIX
WHCTPYMEHTOB «I[1(hPOBOr0O IBOMHUKA».

OxcnepTel KoMnaHnuu Mitas Industry 1 YHuBep-
cutera Hacettepe (Typiusi) MpUMEHSIOT UCKYCCTBEH-
HyI0 HelipoHHYyI0 ceTh (MHC) 111 MUHUMU3AIUU YCU-
JIUH, 3aTpayMBaeMbIX Ha UH)KEHEpHOe IIPOeKTUPOBaHNE
CTaJIbHBIX IMOKPBHIBAIOIIUX [JIUT OMOPHBIX KOHCTPYKIIUI
nofcTaHnmii 010210 Apxurekrypa MHC 6blia paspado-
TaHa /IS CBSI3IBAHUS ITPOEKTHBIX ITApaMeTpPoB ¢ Tpe6o-
BaHUSIMU B KaYeCTBE IPOCTOU U OBICTPOU aJIBTEPHATUBBI
CJIOXKHOMY aHaJIM3y METOZOM KOHEUHbIX 3jleMeHTOB. Ha
OCHOBAHMH Pe3y/ITATOB MOYKHO CZieJIaTh BBIBOJ, YTO IIPej-
JioxeHHas koHpurypanus MHC crioco6Ha ¢ BBICOKOH TOY-
HOCTBIO IIPeZCcKa3aTh MaKCUMAJIbHOE HAIIpsDKeHUE U MaK-




CHMaJIbHYIO0 aGCOJIIOTHYIO JiehopMaliiio, BOSHUKAIOIUE
Ha KPBIIIKE OIIOPHOTO MU30JATOpa. BBLIO JOKa3aHO, YTO
npejioykeHHas cTpykrypa MHC obasaeT BO3MOXKHOCTS-
MU KaK UHTEPIIOJISIINH, TaK U SKCTPAITOISIINH C BBICOKUM
YPOBHEM TOUHOCTU U OBICTPOAEHCTBUS.

ITepefoBoe KOMIIBIOTEPHOE IIporpaMMHoOe o006e-
criedeHre 006ecTieYrBaeT He TOJIBKO OBICTPBIE PACUYETHI
1 aHAIUTHKY. HoBBIe m1aTopMbl TPOEKTUPOBaHUS B 3D
TIO3BOJISIIOT PeaJin30BaTh LeJIbIi psfi QyHKIWMI: OT BU3Y-
aJU3alUuy pa3BEPThIBAHUS HAa MECTHOCTHU 710 BUPTYaJib-
HOT'0 IIPOEKTUPOBAHMS ITOJCTAaHIIUA U BO3AYIIHBIX U Ka-
GeJTbHBIX JTUHUU.

P3A, uugppoesie nodcmanuyuu

BausiHMe, 3aBUCUMOCTb U BaXKHOCTh KOMMYHUKAIU-
OHHOM ceTu B P3A 3a mocjeiH1e HECKOJIBKO JeCITUIeTHUI
BBIPOCJIY SKCIIOHEHIIMAIbHO. FICTOpUYECKU UCTI0Ib30BaB-
masics s 6a30BOTO yIpaBJeHUsI, MOHUTOPUHIA U TIO-
BBIIIEHUS 3(P(HEKTUBHOCTH CXeM 3alUThI, CETOZHSI OHA
SIBJIIETCSI OCHOBOII MHOTMX P3A, peanunsyst MHOTHE IIpU-
JIO)KeHH s, KOTOpBIe elllé HeCKOJIbKO JIeT Ha3a/, He ObLIN
TEXHOJIOTUYECKU OCYI[ECTBUMBI. DTOT IIPOrPecC yCKOPUJI-
cs1 61aro/iapsi yCOBEPILIEHCTBOBAHUIO TEXHOJIOTUU CBA3U
U BHeZipeHUto cranzapta MIK 61850, KOTOPHIN TO3BOJTHI
co3/1aTh 0010 TIAThOPMY 151 pabOThI, yCTPAHUB MHO-
r'ue U3 IpeXKHUX IIpo6JieM COBMECTUMOCTH. BaykKHO ITOHU-
MaHue IIPeuMYIIeCTB U Mpo6ieM, CBS3aHHBIX C 3TUM HO-
BBIM CITOCOO0M PabOThl, U €T0 BIAUSHUS KaK Ha HOBYIO, TaK
1 Ha CyILIeCTBYIOLYI0 HHPPACTPYKTypy P3A U cBsI3aHHYIO
C Hel SHepreTUUECKyI0 CUcTeMy. 3a I1oC/IeH1E TOfbl ObLI
HaKOIIEH 3HAaUYUTeJIbHBII 00BEM HCCIeJ0BaHUH, IKCIIe-
PHMEHTOB 1 HapabOTOK, U OH IIPOJI0JIKAET PACTH 110 Mepe
TOTO, KaK ITPE0/[0JIEBAIOTCSI HOBbIE TPYHOCTU U UJET pas-
BuTHE P3A p14 Gyzyiero, P3A 1 perieHus 3afa4, CTOsI-
LUX ITepes, PAa3BUBAOIEICS S9HEPrOCUCTEMOM. ITO HEU3-
06e)XXHO MPUBEAET K HEOOXOAMMOCTU 0OMEeHa GOJIBITUM
KOJIMYEeCTBOM JIaHHBIX B 6€30I1aCHOM peXuMe Ha Bc€ 60-
Jiee BBICOKMX CKOPOCTSIX. [IJIs1 IOCTHYKEHUS 3TOM 11eJ11 T10-
Tpebyercst 3pdeKTUBHAS U ONITUMHU3UPOBAHHAS CUCTEMA
CBSI3U, 1 HEOOXOAMMO OyZIeT UCTI0Ib30BaTh IIPENMYIIIECTBA
Pa3BUTHUSI KOMMYHMKAIIUNA 1 HOBBIX TEXHOJIOTUI, a TAKXKe
COOTBETCTBYIOIIVX MHCTPYMEHTOB, CTaHZAPTOB. B CBs3U
C XapaKTepOM HOBOM CJI0’)KHOU KOHCTPYKIMU P3A Tectu-
poBaHNEe U MOHUTOPUHT OYyT UTPATh )KU3HEHHO BAYKHYIO
POJIb, IOCKOJIBKY TPAaJULIMOHHBIE METObI MOTYT 60JIbliIe
He IPUMEHSATHCS 10 Mepe U3MEHEHHUs TeCTOBOUM CpeJibl
U paBGoThI C GOJIBLUINM KOJTUYECTBOM LIM(POBBIX JAHHBIX.
ITo Mepe TOro, KaKk coBepllaeTcs nepexos K Hu(poBsIM
TO/ICTAHIIMSIM, He06X0qUMO OyzieT cpOopMUPOBATH CTpaTe-
THUI0 MUTPAIIUH, ITIOCKOJIbKY CMEIIaHHbIe TEXHOJIOTHUH, 110
BCell BUJUMOCTHU, OyAYT COCYILeCTBOBATD €I1l€ MHOTO JIET.
KoMMyHUKaIMOHHBIE CETHU CJIEZyeT pacCMaTpUBATh yiKe
He KaK OT/eJIbHYIO €JUHUILY, a KAK COCTaBHYIO 4acTb P3A.

LNOPOBAA SHEPIETUKA

CymecTByer mpuMep nHCTpyMeHTapus (McraHust),
B KOTOPOM MOXKHO CO3/laBaTh BUPTyasbHble KOIIUHU Of-
HOI'0 WMJIM HECKOJIbKUX UHTEJJIEKTyaJIbHBIX 3JIeKTPOH-
HbIX ycTpoiicts (M9Y). fABassick BUPTyanbHOI Komuein
(przruecKoro akTHBa, BKJIOYasi MHTep(deiichl, (yHKINO-
HaJIbHbIE BO3MO)XHOCTH U aJITOPUTMBI, IU(PPOBOIL 1BOM-
HUK JJa€T I10JIb30BATEJISIM CUCTEM 3aIIUThI U YIIPABIEHUS
MHOI'OYHCJIEHHbIE IIPEUMYIIeCTBA, TAKKE KaK COKpalleH1e
BpeMeHU BBIIIOJIHEHUS U CTOUMOCTH IIPOEKTOB, 6oJiee 3¢-
(bexTrBHOE OOyUYeHME U yCTPaHEHUE OLINO0K, CBI3aHHBIX
¢ yesioBeueckuM (aktopoMm. [rdpoBeie ABOMHUKU MOTYT
OBITH MCIIOJIb30BAHBI HA BCEX ATAIlaX )KM3HEHHOTO I[UKJIA
P3A 104105106107 gy jr0qast IPOEKTUPOBAHKE M MH)KMHUPHHT,
TIPOBEPKY YCTABOK, KBATM(PUKAIIIO0, 00yueHUe, aHATU3 OT-
Ka30B U TeXHUYECKYIO IIOAIep)KKY. BcTpoeHHbIe cpeficTBa
JUIS1 CTATUYECKUX U AMHAMUYECKUX UCIIBITAHUI TT03BOJISA-
10T MCIIOJIb30BaTh LM(PPOBON ABONHUK 151 KOHPUTYPU-
pOBaHUs, HACTPONKU U UCTIBITAHUS VDY 110/ KOHKpETHbIE
T10JIb30BATEIbCKHE IIeJIH, IIPU 9TOM HH)XEeHepy He Tpe6y-
eTCst IOCTYTI K pu3rdeckum MDY U ncnblTaTeIbHOMY 060-
PYZOBaHMIO, KaK U K IOACTAHLIIMOHHON WIN UCIBITATe Ib-
HOI1 1abopaTtopuu. IIpefrosaraercs, YTo UCIOIb30BAHUE
TaKMX BUPTYaJIbHBIX JBOMHUKOB YCKOPUT U MOBBICUT 3(-
(peKkTUBHOCTD pa3pabOTKU 1 BaJIWUJAIIUM CTAHJAPTHBIX pe-
meHuit P3A, COKpaTUT 9KCIUTyaTalllOHHBIE 3aTPaThI, 00e-
CIIeYnB YCKOpeHHoe uccienoBanue K3, 6oee ObICTPYIO
1 3(pPeKTUBHYIO TEXHUUECKYIO MTOJAEPIKKY, a TAK)Ke CHU-
3UT B3aMMO3aBUCHUMOCTb MEX/y Pa3INYHbIMU IIOApa3/ie-
JICHUSIMHU.

C noMol1bio pa3/ie/IEHHBIX Ha 4acTH parMeHTOB CETU
5G skcniepramu IleHTpa AucnieTYepusaniiu U yrpasJie-
HUA JIeKTpo3Heprueii Kuralickoil ¥0)XKHOUM IHepPro-
cucreMsl, Mccie0BaTeIbCKOro MHCTUTYTA 3JI€KTPO-
9HepreTuku Kuras peaynn3oBaHa MHOTOTepMHUHAJIbHAS
YUCJIeHHas cxeMa AuddepeHupoBaHusl Toka 08109110,
9T0 pelieHHEe BRIOPAHO M3-3a KECTKUX TpeOOBaHUH K 3a-
IIUTE TeJIEKOMMYHUKAIUH (CKOPOCTh, HA/IEXHOCTD U 3a-
JIEPIKKA), JIJIST €r0 peayn3anuy pa3paboTaH MHOTO(PYHK-
IMOHATBHBIN MHOTOMHTEPQeHcHbBIN uTIo3 5G. [IpoBepka
ero 3(gp¢eKTUBHOCTU OblyIa BHITIOJIHEHA IIYTEM I10JIEBOTO
HCHBITAaHUs CETMEHTa MHTEJJIEKTyaJIbHOU ceTu 5G /s
COBMECTHOTI'0 yIIpaBJjeHUsl AuddepeHnaabHON 3au-
TOM U aBTOMaTUKOM. CerMeHTUpPOBaHHas ceTb CBsI3U 5G
MOXKeT YJIOBJIeTBOPUTH TPEOOBAHUS TaKUX IPUIOKEHUHN
P3A u aBisieTca uaeasbHON apeHoH a1 pa3paboTku Oy-
JYUIUX pacIipe/iesIEHHBIX TPUJI0KEHUN MHTEeJIJIeKTyallb-
HBIX CeTeil.

Poct MoliHOCTeH TeHepanu Ha ocHoBe BUD B sHep-
rOCUCTEME MOXKEeT 3HaUYNUTeJIbHO BIUATh HA CTaOUJIbHOCTD
cucrem crenuanbHoi 3amuTel (CC3) U yrpasiieHUe
umy I3 Y1o6pl UATU B HOTY C 3TUMHU U3MEHEHU-
MU U obecrieduTh coorBeTcTBUe CC3 cBOeMy HazHaue-
HUIO, TpeOyeTcss 0OMeH BCE GOJIBIINM 00BEMOM JAHHBIX
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B CETHU I10 CPaBHEHMUIO ¢ 00bIYHbIMU CC3. D10, B CBOIO 0Ye-
penb, TpebyeT 6osee CIA0KHON KOMMYHUKAIIMOHHON WH-
(pacTpyKTypsl U IpefcTaBisieT cob0ii cepbé3HOe Ipe-
nsarcTBue a1 pasButud CC3. B CBSA3U € 3TUM B JIOKJIa/ie
TpeZjIaraeTcs HOBBIM yCOBEPIIEHCTBOBAHHBII KOMMYHHU-
KanMoHHBIN 6710k (PDH-R) /17151 CETH ¢ KOJIBIIEBOI TOIIO-
Joruent. B moxazie onmrcaHbl 0COGEHHOCTU CETH C KOJTb-
1IeBOH TomnoJioruei, ucnosnb3yrwomieid PDH-R, u mokasan
OITBIT €€ MPUMEHEHHUS B HOBeUIel mupoko30HHoi CC3,
a UMEHHO B CUCTeMe KOMIJIEKCHOTO KOHTPOJIS CTaOHJIb-
Hoctu (KKC).

B fImoHMM pOCT MOIHOCTU reHepalruu Ha OCHOBE
BID nipuBes1 K yBeJIMUEHUIO IIeperpy3Ku JIMHUN 3J1eKTpO-
repeiavy ¥ TpaHcopmaTopoB 3118, [ToCKOIBKY pa3BUTHE
3JIEKTPUYECKOM CEeTH He BCeryia BO3MOXKHO, YaCTO MCIIOJIb-
3yeTcsl cCUcTeMa peJsieliHOM 3alUThI OT reperpy3ok (P3II).
TpaauioHHble cucTembl P31 He CIOCOOHBI Y[OBIETBO-
PUTH TOTPEOHOCTU CJIOXKHBIX SHEPTOCUCTEM C PACTYLIUM
KOJINYECTBOM DACIIPE/EIEHHBIX TeHEPATOPOB. DKCIIEPTHI
Chubu Electric Power Co., Inc. u Mitsubishi Electric Corp.
paspaboTaynu HOByIO cucTeMy P3II, o0CHOBaHHYIO Ha KOM-
MyHuKanuax GOOSE u M3K 61850, MCIIONb3YOIYIO ap-
XUTEKTYPY «TOYKa-MHOTOTOUKa». OOGCYK/Ial0TCSI OTHOCH-
TeJIbHbIE JJOCTOMHCTBA HOBOI CUCTEMBI 10 CPaBHEHUIO
C TPAJIUIIMOHHOM.

NCIIBITAHUSA, MOHUTOPUHI, TMATHOCTUKA

MHorue npeAnpusaTHs OTPACId TePSIIOT CTapble KBa-
JUGUIIMPOBAHHBIE KafPbl, IIEPEKUBAIOT COKpallleHUe
HITaTa U repejjauy HEKOTOPBIX BHUJOB AESITEJbHOCTH Ha
ayTCOPCUHTI. ITU (PaKTOpPbI IPUBOAAT K I1O0Tepe 3HAHUU
BHYTPU KOMITAaHUU U (0COGEHHO B OTHOIIEHUH CTaphIX
00bEKTOB) K yTpaTe MHOT'0OJIETHUX HapaOGOTOK, KOTOpPbIe
TPYLHO 3aMeHUTh. HeckosbKko paboT crierjiagbHO ITOCBS-
IIeHbI MEeTOZAM YJIy4IlleH!sI 3HAaHUI 0 COCTOSTHUU 00beK-
TOB U, B CBOIO OU€pPe/ib, CTPATErHsIM TEXHUUIECKOTO 00CITy-
>KuBaHUs. JIydlnee 3HaHHE O COCTOSIHUM 000PY/[0BaHUS
JIOJDKHO YIY4IIUTh YIIPaBJIeHNEe aKTUBAaMU IIPU YCI0BUU
JIOCTaTOYHOI'O ITOHUMaHUS pe3y/IbTaTOB TECTUPOBAHUS.
B nocneiHue TOAbI ObLIO MTPeJJI0KEHO MHOYKECTBO aBTO-
MaTU3UPOBAHHBIX TOAXOAOB /JIs1 06PaGOTKU AAHHBIX — OT
IIPOCTBIX METO/IOB, TAKUX KaK TPEYTrOJbHUK JIT0BaIS s
MHTEPIIPETAIY Pe3y/IbTaTOB aHAIN3A PACTBOPEHHBIX ra-
30B, /10 ropasio 6osiee CI0XKHBIX METOAVK Ha 6a3ze UCKYC-
CTBEHHOT'O MHTEJUIEKTA.

Eciu oTBJIeYbCs OT U3UYECKUX 00 BEKTOB, HY)KHO 3a-
MEeTHUTh, YTO HACTYIAeT 4eTBEPTast HM(POBast IPOMBIIII-
JIGHHasI PEBOJIIONMS, XapaKTepU3YIOUascs CAUSHUEM
TEXHOJIOTHH, KOTOpbIe CTUPAIOT IPAHMIIBI MEXy (hr31de-
CcKoU U 1 poBoH chepamu. B 3eKTposHepreTUKe pas-
paboTaHbl IPUOOPHI M METOZbI, OCHOBAaHHbIE HA IIOHUMa-
HUU (GU3UKHU U XUMUH, JJI5 OIJeHKU KayecTBa IIPOLYKIUU
U CTapeHUs MaTepuasoB. B GyaylieM aHAIUTUKA JaHHBIX
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(HampyMep, MalIMHHOE 00ydeHHe NI HeHfpOHHBIE CEeTH)
1 1udpoBble ABOMHUKY MpPEAJIaraloTcsl B KauyecTBe Io-
TeHIIMAJIBHBIX IIOJXO0Z0B [JIsI ONTUMH3AI[UN PAGOTHI CeTH
Y yIIpaBJICHUS aKTHBaMH.

JKOJIOTMYECKUE ACIIEKTBI, CHI)KEHUE
BO3JEMCTBHS HA OKPY KAIOII[YIO CPE]Y,
JEKAPBOHUM3BAIIVIA

[t 1esieit UHTerpari BO30OHOBJISIEMbIX UCTOUHU-
KOB Y TEXHOJIOTUI aKKyMYJIITOPHBIX CUCTEM HAKOIUUIEHUS
sHepruu (ACHI)!"711811° g kopeHCKyI0 3/IeKTpOIHepre-
THYECKYI0 ceTh Oblla pa3paboraHa KoHIemnuus cTaH-
JlapTHOr'O AM3aiiHa, II0Jy4YuBIIas Ha3BaHUE «MOAYIbHOMN
3es1éHOM nozgcTaHIuK» (MGS). Mcriosib3yeMble TEXHOJIO-
I'MH BKJIIOYAIOT U30JISIIUI0 TPaHC(OPMATOPOB Ha OCHOBE
acupa A8 CHIDKeHUs pUCKa 3arpsi3HEHUS OKpy»Karolei
cpeapl U anbrepHaTUBLL SF6 114 3anonHeHus KPYD. Ta-
KON MOAY/JIbHBIN MOAXO0] 06ecTieunBaeT ObICTpOe pas3BEp-
ThIBaHUE C UCII0JIb30BAHHMEM BCTABHBIX MOZYJIEN U CHCTe-
mbl SCADA IEC 61850 c nHTepdelicoM yepe3 ONTHUIeCcKoe
BOJIOKHO.

VKpauHCKasi KOMIAaHUs «AHUTrep» paspabora-
J1a 120121122 MoGUIIbHOE TIPUJIOXKEHUE 11 MOHHUTOPUHTA
COCTOSTHUSI 3JIeTa30BbIX BBIKJIIOUATeeH, UCTI0Ib3yeMoe
B 9Heprocucreme. /laHHOe pellleHre MpeHa3HaAuYeHO JJIs
c6opa JaHHBIX O TPOU3BOAUTEIHHOCTH IPU paboTe 3J1e-
ra30BBIX BBIKJIFOUATEJIEH, OHO IIMPOKO PacCIpOCTPaHEHO
Y TI03BOJIsIeT U36eKaTh HEOOXOUMOCTH UCIIOIb30BaHUS
CIEI[UAJIBHOTO MTPOrPaMMHOT0 06eCTrieueHus Il CYUTHI-
BaHUS IAaHHBIX C IPUGOPOB.

Tonnanzckas komrnanust Stedin Group paspabora-
J1a 9KOJIOTUYECKU YHUCTYIO IIU(PPOBYIO MTOACTAaHIMIO 50 KB
¢ KPY3D n nosiyunsia Ha Hell IepBBIH MTOJIB30BaTEIbCKAMN
onbIT. {7151 HOBBIX KPYD 6bl1 NpHMeHEH MHHOBAITMOHHBIN
QJIbTEpPHATUBHBIN H30MUpyrouuii ra3 ¢ Hu3skum ITTI (g3).
K cucteme aBTOMaTHKH 1[G POBOI MOACTAHIIUU Ha OCHO-
Be cranzapToB IEC 61850 1 IEC 61869-9-2 6bL11 IO KIIIO-
YeHbl U3MepHUTesIbHbIe TpaHCHOPMATOPbl MaJIOH MOLIHO-
¢t (UTMM). 9TOT NUJIOTHBIN ITPOEKT CIY)KUT B LIEJISIX
JIEMOHCTpAI[UU U OIIPOGOBAHMS HOBBIX TEXHOJIOTUH U Ha-
KOILJIEHUS OTIBITA AKCIIyaTalluu.

RTE — ¢paHIy3cKUii CUCTEeMHBII ollepaTop — Ipu-
JlepyKUBAETCS IMO/IX0/a K AKOJIOTMYEeCKOMY JTN3aiHY, BKJIIO-
yas IOMCK CITOCOO0B YMEeHbIIIeHUs (P POBOTO caesa.

C 2015 roga RTE mbITasiach KOJIMYECTBEHHO OLIEHUTD
BJIMSIHUE ITU(POBU3ALIMHU CeTel, COCTABIIASA OTUET O «CO-
LIMaJIbHO-3KOHOMMWYECKOU 1IeHHOCTH MHTEJIJIEKTyaIbHbIX
3JIEKTPUYECKUX ceTeii». B 2017 ropy faHHOe MCCae/ioBa-
HHe ObLJIO 3aBEPILIEHO C IKOJIOIMYECKOHN OI[EeHKOU TOJIBKO
BBIOPOCOB YIJIEPOAA.

CJ10’)KHOCTb OLIeHKU BHYTPEHHEro (I10JI0KUTEeIbHO-
IO ¥ OTPUIIATEILHOT'0) BO3/eCTBUS IIU(PPOBBIX TEXHOJIO-
I'U Ha OKPY)KAIOIIYI0 Cpely CBSI3aHbl B TOM YHCJIE C O4YeHb




GOJIBIITUM KOJTUYECTBOM 3JIEMEHTOB, ITOZJIEXKAIUX OIeH-
Ke, 1 OTpaHUYeHHBIM 00bEMOM JIOCTYITHbIX JAHHBIX.

MHHOBanuy, obecrieynBaeMble MH(POPMALMOHHBI-
MU TeXHOJIOTUSIMU M KOMMYHUKAITUSIMU: TIpejjiaraeTcst
HCII0JIb30BaTh «MHTEJUIEKTYyaJIbHbIE CeTH» JIJIsl PeLIeHUs
9TUX ITpo0sieM. VX BHeZIpeHe SBJIsieTCs TOTeHIMaIbHBIM
phIUarom Jijisi 5SKOHOMMYECKON ONTUMM3AI[UU BCell 3JIeK-
TPUYECKOU CUCTEMBI, CHUDKEHUS €€ BO3JIeMICTBUS Ha OKPY-
JKAIOLIYIO CpeZly IIPU COXpaHEHUM KOHKYPEHTOCIIOCOOHO-
CTH MPOMBILIEHHOT'O CEKTOPA.

Komnanus 50Hertz Transmission GmbH Benér
BUJIEOMOHUTOPUHT JiJIsi U3yYeHUsl TTOBEJIeHUS IITUI] Ha
MapKUPOBAaHHOM BO3AYLUIHON JIMHUU 3JIeKTpoIlepeiadn
U OllpeJie/IeHUs] PUCKA CTOIKHOBeHU . CHCTeMbl MOHUTO-
PHIHTA C UCTIOIB30BaHUEM BU/I€OKaMep SIBJISTIOTCSI OJHUM
13 BO3MOXKHBIX IIOIXOZI0B /IS U3YUYEHMUSI I0BEAEHUECKUX
peaxiuil ITUI Ha IMHUY 3JIeKTpoIiepejaul U 0GHapyIKe-
HUS CJIy4aeB CTOJKHOBeHUs. HabiromaeMoe KOJTUIeCTBO
IepecedyeHui JJMHUN 0Ka3aJI0Ch HEOXKUAAHHO BBICOKUM
(6omee 4000), 1 OGBLIIO 3aPETUCTPUPOBAHO TISITH CTOJIKHO-
BEHU, B OCHOBHOM KPYITHBIX IITHIL 23124123,

B sHeprocucreMe Bpa3winu pa3paboTaH U UCTIOIb3Y-
eTCst poOOT JIJIsl yCTAHOBKH MTUIE3AIIUTHOTO YCTPOMCTBA
Ha y4yacrtkax JIOII, MpU3HaHHBIX IOTEHLIMAJIbHO ONACHbI-
MU i OTUll. [IperMyIecTBa UCIOJIb30BaHUS 3TOTO Po-
60Ta — COKpallleHle BpeMeHU YCTaHOBKMU, ITOBBIIIEHUE
6€e30ITaCHOCTHU TTePCOHANIa, OTCYTCTBHE HEOOXOMOCTH OT-
KJIIOYEHMS JIMHUU U CHIDKEHUs 9KCILIyaTal[MOHHON Ha-
IEXKHOCTH.

ITo nroram 0630pa IMOATOTOBJIEH GOJBIION TIepeueHb
JICKYCCUOHHBIX BOIIPOCOB [iJIsI COBMECTHOM HX IIpopa-
60TKH pabounmMu cTpykrypamu 33C CHI, 4yTo He TOJIBKO
JIacT CYIIeCTBEHHYIO ITPAaKTUYECKyI0 M0JIb3y MPU LUppO-
BOIi TpaHC(OPMAaILMK SHEProcUCTeM I'OCYJapCTB — yJacT-
HukoB CHI, HO 1 BHeCET BKJIaZ, B pa3BUTHE OTPACJIEBOrO
MEeXAYHAPOAHOI'0 HAyYHO-TEXHUYECKOTO 0OMEHa.
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