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Onuncanue npoexkra «Ludpposas noacranuus»
IpuHOMNIBI MOCTPOEHNUsI HU(PPOBBIX H3MEPHUTEIbHBIX YCTPOMCTB
HoBble TexHOMIOTMH TIPOU3BOACTBA COBPEMEHHBIX CHCTEM YIPABJICHUS NEPELLIN U3 CTaIUuU
HAyYHBIX MCCJIEIOBAaHUN U HKCIEPUMEHTOB B CTAJIMI0 MPAKTHUYECKOro HCIOIb30BaHUS. Pazpaboransl u
BHEJIPSIOTCSI COBPEMEHHBIE KOMMYHHUKAIMOHHBIE CTaHAapThl oOmeHa wuHpopmanueid. [llupoxo
MPUMEHSIOTCS IU(PPOBBIE YCTPOICTBA 3aIIUTHI U aBTOMATHKU. [Ipon3o1uio cymecTBeHHOe pa3BUTHE
anmnapaTHbIX W IPOrPAMMHBIX CPEACTB CHCTEM yrpaBicHus. [losiBIeHHME HOBBIX MEXKIYHAPOIHBIX
CTaH/IapTOB U Pa3BUTUE COBPEMEHHBIX MH(POPMAIIMOHHBIX TEXHOJIOTHI OTKPBIBAET BO3MOKHOCTH
WHHOBAIIMOHHBIX MOXO0/I0B K PEIICHHIO 33/1a4 aBTOMATU3aIlMHU U YIIPABICHUS YHEPTOOOBEKTAMH, TO3BOJISIS
CO3/aTh MOJCTaHLMIO HoBoro tuma - wudposyro mnoxcraniuio (LUIIC). OtiuuuTenbHbIMU
xapakrtepuctukamu  LIIC  sBastorcsa: Hajguuwe  BCTPOCHHBIX B MEPBHYHOE  O0OpYIOBaHUE
WHTEJUIEKTYaJIbHBIX MHUKPOIPOLIECCOPHBIX YCTPOMCTB, HPUMEHEHHUE JOKAIbHBIX BBIYMCIUTEIbHBIX
ceTeil A KOMMYHHUKauui, nudpoBoil cmoco0 goctyna K uHpopManuu, €€ mnepenadye u
00paboTke, aBTOMaTH3aIMs pabOTHI OJICTAHIIMH U IIPOLIECCOB yIpaBlieHus ero. B nepcnektuse udposas
MOJICTAHIIUS OY/IET SABISATHCS KIIOYEBBIM KOMIIOHEHTOM MHTEIICKTYanbHOM cetu (Smart Grid).
Tepmun «lludpoBas mnoacTaHmMs» [0 CHX TMOP TPAKTyeTCsl MO-pa3HOMY Pa3IUYHBIMU
CHEIMAMCTaMH B 00JIACTH CHCTEM aBTOMAaTH3allMU U yrpasiieHUs. st Toro 9ro0b1 pa3oOpaThCs, Kakue
TEXHOJIOTUU M CTAHAAPTHl OTHOCATCS K LU(POBOU MOACTAHILIMHU, MPOCIECIUM UCTOPHUIO Pa3BUTHUS
ABTOMATU3UPOBAHHBIX CUCTEM YIpaBiieHus TexHonorunaeckuM npoieccom (ACY TII) u peneitHoit 3a1uThI
u aBTomatuku (P3A). Buenpenue cuctem aBTOMaTHU3ally HAYalOCh C MOSIBJICHUS CUCTEM TelIEeMEXaHUKH.
VYerpoiicta Tenemexanuku (TM) mo3Bosisiiin coOMpaTh aHAIOTOBBIE M TUCKPETHBIE CUTHAJIBI C
UCIOJIb30BaHUEM MOYJEH YCTPOHCTB cBsa3H ¢ 00bekToM (Y CO) 1 u3MepuTenbHbIX npeodpazosareneii. Ha
Oa3e cucrem TeneMmexaHuku pasBuBanuch mnepble ACY TII snekTpuyeckux MOACTaHIMA |
anektpoctanuuid. ACY TII mo3Bomisiiv He TOIBKO coOMpaTh HHPOPMAIIHIO, HO U TPOU3BOANTDH €&
00paboTKy, a TaKKe MPEeCTaBIATh HHPOPMAIIUIO B yTOOHOM JIj1s TToJib3oBaTesst uHTepdeiice. C
MOSIBJICHUEM TEPBBIX MHUKPOIPOIECCOPHBIX PEIeHHBIX 3allUT MH(QOpPMAIHs OT 3TUX YCTPOICTB Takke
ctana uarerpuponarbes B cucreMbl ACY TII. IlocTeneHHO KOIMYeCTBO YCTPONCTB ¢ UG POBBIMU
uHTepdeiicaMu yBeIMUMBaIOCh (MPOTUBOABAPHIHAS aBTOMATHKA, CUCTEMbl MOHUTOPHUHTA CHUIIOBOTO
000pyI0BaHMs, CUCTEMbI MOHHUTOPUHTA IIMTA TTOCTOSIHHOTO TOKa M COOCTBEHHBIX HYXJI U T.J1.). Bes aTa
uH(pOpMaIKs OT YCTPOMCTB HIXKHETO YpoBHS uHTerpupoanack B ACY TII no nudpoBsiM unTepdeiicam.
HecmoTpst Ha moBceMecTHOE UCTI0JIb30BaHUE ITU(PPOBBIX TEXHOJIOTHH JJIsI TIOCTPOSHUS CUCTEM
aBTOMATH3AIlNH, TaKHE MOJACTAHIIUM HE SIBISIFOTCS B MOJHOW Mepe IMUGPOBBIMH, TaK KaK BCS MCXOJHAS
nH(opMaIs, BKIIt0Uast COCTOSHUS OJIOK-KOHTaKTOB, HAMPSHKEHUSI M TOKH, TIEpe1aéTCsl B BUE aHAJIOTOBBIX
CUTHAJIOB OT paclpeeUTeIbHOTO YCTPOICTBA B ONIEPATUBHBIN MYHKT yIPaBJICHHUS, /1€ OIIU(POBLIBACTCS
OTJIETTHHO KaXXIbIM YCTPOHMCTBOM HIDKHETO YpOBHs. Hampumep, oIHO U TO k€ HanpspKEHHE apalliebHO
moiaéTcsi Ha BCE YCTPOMCTBA HIKHETO YPOBHS, KOTOpBIE MPeoOpa3OBLIBAIOT €ro B HMU(POBON BUA H
nepenaroT B ACY TII. Ha TpaauImOHHBIX MOACTAHITUSAX PA3TUNIHBIC TIOICUCTEMBI HCTIOIB3YIOT Pa3INYHbIC
KOMMYHHKAITMOHHBIE CTaHIAPTHl (IIPOTOKOINBI) U MHGOpPMAIMOHHbIE Mojend. Jns QyHKIMH 3amuThl,
M3MEPEHHs, yuETa, KOHTPOJIS KaueCTBA BBHIMOTHSIIOTCS HHAUBUIYAIbHbBIE CUCTEMBI H3MEPCHUH U
WH(OPMAIIMOHHOTO B3aMMOACHCTBHSI, YTO 3HAYUTEIHLHO YBEIMUYMBAET KaK CIOKHOCTh peallh3alliu
CUCTEMBbI aBTOMATH3aLlMU Ha TIOJICTAHIIUH, TaK U €€ CTOUMOCTb.
[lepexon kK Ka4yeCTBEHHO HOBBIM CHCTEMaM aBTOMATH3allUUd U YIPaBJICHUS BO3MOXKEH IMpHU
WCIIOIB30BaHUH CTAHIAPTOB M TEXHOJIOTHH IUGPOBO MOJACTAHITNHN, K KOTOPBIM OTHOCSITCS:
1. cranmapr MOK 61850:
e  MOJIEJb IAaHHBIX YCTPOUCTB;
e yHU(UIIUPOBAHHOE OMMCAHKE MOJCTAHITNH;
e mpotokoJbl BepTukaisHoro (MMS) u ropusontansroro (GOOSE) oOMmeHa;
e TPOTOKOJIBI IEpeIaui MTHOBEHHBIX 3HAYCHUI TOKOB U HampspkeHuit (SV);

2. uudpoBbie (ONTHYECKUE U JIEKTPOHHBIE) TPaHC(HOPMATOPHI TOKA U HANPSKEHHMS;
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3. ananorossle mynsTumiekcops! (Merging Units);
4. Bwmocusie Mogymu YCO (Micro RTU);

5. MHTeIIEKTyalbHbIE JIEKTPOHHBIE ycTpolicTea (UDVY).

OcHoBHOM ocoOeHHOCThI0O M oTiauureMm ctangapra MOK 61850 «Cerm m cucTembl CBSI3M Ha
MIOJICTAaHIUAX» OT APYTUX CTaHAAPTOB SBJISETCS TO, YTO B HEM PErIaMEHTHPYIOTCSI HE TOJIBKO BOIIPOCHI
nepeaayd MHGOpMALMKU MEXAY OTIEIbHBIMU YCTPOMCTBaMHU, HO M BONPOCH! (hOpMAIN3ALUU OIMCAHUS
CXE€M — TMOJACTAHIMM, 3alUTHl, aBTOMAaTHUKH W HM3MEPEHM, KOH(UTYypaluu ycTpoicTB. B cranmapre
IIPEeyCMaTPUBAIOTCSI BO3MOYKHOCTH MCIIOJIb30BaHMS HOBBIX LU(POBBIX H3MEPUTENbHBIX YCTPOMCTB
BMECTO TPAJAMIMOHHBIX AHAJIOTOBBIX M3MEpHUTENel (TpaHCPOPMATOPOB TOKA W  HANPSHKEHUS).
NudpopmallMOHHbIE TEXHOJIOTMU I03BOJIAIOT HEpedTH K aBTOMATU3UPOBAHHOMY IPOEKTUPOBAHUIO
IUGPOBBIX  TOACTAHIMMA, yINPaBIsAEMBIX IH(PPOBHIMH  HHTEIPUPOBAHHBIMH  CHUCTeMaMu. Bce
MH(GOPMALIMOHHbBIE CBA3M HA TAKUX IMOACTAHIMAX BBIIOJIHAIOTCS LHUGPOBBIMU, 00pa3yHOIUMH E€IUHYIO
LUIMHY Mpoliecca. DTO OTKPHIBAET BO3MOXHOCTU OBICTPOTO MNpsMOro oOMeHa HHGpOpManuenl Mexay
YCTPOHCTBAMHU, YTO, B KOHEUYHOM cCU€Te, Ma€T BO3MOXKHOCTb COKPAILLCHMS YHUCIIA MEAHBIX KaOelbHBIX
CBSI3CH, M YHCIIa YCTPOMCTB, a TaKke 00Jiee KOMIIAKTHOTO UX pactoyoxeHus [1].

Llenu coznanus nUQppoBOi MOJACTAHINH:

e YHuduxanus nHpOopMalMOHHBIX IPOTOKOJIOB 0OMEHA JAHHBIMU.

e Oo0ecneyeHne CiOCOOHOCTH K B3aMOJIEHCTBUIO YCTPOMCTB.

o  CokparleHne kabelIbHOro X034HCTBa.

e Oo0ecrneueHue HabII01aEMOCTH KaHAJIOB cOopa, epeaayu HHPOpMaIUU U yIIPaBICHHUS.

e CHMXXEHME METPOJIOrMYECKUX NOTEPh BO BTOPUYHBIX LIETISAX.

e VYmpomeHue crnocoO0B THPAKUPOBAHUS IEPBUIHON HH(OPMAITHH.

e YmpolueHne MEXaHU3MOB IIOBEPKH YCTPOUCTB.

e IlpumMeHeHue ycTpoHCTB ¢ OOHOBISIEMBIM IPOIPAMMHBIM 00ECIIEUEHHEM.

e YHudukanus MexaHu3MoB KOH(UTYpUPOBAHUSI MTOJICTAHLIUH.

o  @opMHpOBaHHE €IMHOM CHCTEMBI JUArHOCTHKHU. [lepexon K BBITOIHEHUIO YJAJIEHHOU
(YHKIIMOHATIBHON THAarHOCTUKH.

e OOGecneuenue nHGOPMAITMOHHON O€30MTACHOCTH YHEPTOOOHEKTA.

o Ilepexon k HEOOCTY)KHBaEMBIM MOCTAHIIUSM.

ApXHUTeKTYpa HH(PPOBBIX MOACTAHIMIA
Paccmotpum noapoOHee CTpYKTypy HM(PPOBOM MOJCTaHIMH, BHIIOIHEHHYIO B COOTBETCTBUU CO
crangaproM MOK 61850 (puc.1.1).
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Pucynok 1.1 — CtpykTypa 1udpoBoii moaCTaHIUN

Cucrema aBTOMaTH3allUUd dSHEProoObEKTa, NOCTpoeHHOro 1o TexHonorun «lludposas
MOICTAHIUA», NEITUTCS Ha TPU YPOBHS:

e  TIOJICBOM YPOBEHH (YPOBEHB MPOIECCa);

e YPOBEHb IIPUCOEANHEHHUS;

e  CTaHUMOHHBIA YPOBEHb.

IToneBoit ypoBEHBb COCTOUT U3:

1. TlepBUYHBIX TaTYMKOB AJIsl cOOpa TUCKPETHON MH(GOPMALMU U NIepeaud KOMaH/ yIpaBJIeHUs
Ha KoMMyTalroHHble anmnapatsl (Micro RTU).

2. [TlepBuuHBIX MaTYMKOB Uil cOOpa aHANIOTOBOW WH(pOpManuu (mU(ppoBbIe TpaHCHOPMATOPHI
TOKAa Y HANPSKEHUS).

YpoBeHb MPUCOEANHEHHS COCTOUT U3 UHTEUIEKTYAJIbHBIX AEKTPOHHBIX ycTpoiicTB (UDY):

1. VYcrpoiictB yIIpaBJICHUS u MOHMTOPHHTA (KOHTpOJIIEPHI MIPUCOEIUHEHMS,
MHOTOQYHKIIMOHAJIbHbIE H3MepUTeNbHble npubopsl, cuetuynkn ACKYD, cucremMbl MOHHMTOpHUHTa
TpaHc(hOpMaTOPHOTO 0OOPYIOBAHUS U T.11.).

2. TepMUHAJIOB PeNEHHON 3aIIUTHI M IOKATLHON MPOTHBOABAPUITHON aBTOMATHKH.

CTaHUIMOHHBIN YPOBEHb COCTOUT M3:

1. CepBepoB BepxHero ypoBHs (cepBep 0a3bl jgaHHBIX, cepBep SCADA, cepBep TelleMEXaHHKH,
cepBep cOopa U nepeiauy TEXHOJIOTHUECKOM HHPOPMALIUH U T.J., KOHIEHTPATOP AaHHBIX).

2. ABtroMaruzupoBaHHOE pabouee mecto (APM) mepconasna moacTaHum
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Oco0ennocTy HMGPOBHIX MOJACTAHIM A

[TepBoii 0COOEHHOCTHIO MOCTPOCHUS CUCTEMBI ABTOMATU3AINUHN «ITU(GPOBBIX TOJCTAHIIHIN SBIISICTCS
HOBBIN «IIOJIEBOI» YPOBEHb, KOTOPBIHM BKIIIOYAET B ce€0sl MHHOBAIIMOHHBIE YCTPOMCTBA EpBUYHOTO cOOpa
unpopmanuu: BbiHOCHBIE YCO, mudpoBbie H3MEpUTENbHBIE TpaHC(HOPMATOPHI, BCTPOCHHBIE
MHUKPOTMPOILIECCOPHBIE CUCTEMbI TUATHOCTUKU CHUIIOBOTO OOOPYIOBaHUS U T.1.

[{udpoBbie U3MepUTENbHBIE TPpaHCHOPMATOPHI TIEPEIAIOT MIHOBEHHBIC 3HAYCHHS HAPSHKESHUS U
TOKOB 110 poTokosry MOK 61850-9-2 ycrpoiictBam ypoBHs npucoenunenus [14]. CymecTByer 1Ba Buaa
UQPOBBIX  M3MEPHUTENBHBIX  TPaHC()OPMATOPOB: ONTHUYECKHE U JJIEKTpoHHBIE. OmnrHueckue
u3MepuTenbHble Tpanchopmaropsl (puc. 1.2) aBnsroTcs Hanbosee NPeAnOYTUTEIbHBIMU MPU CO3JaHUU
cucrem ympaBicHuss u aBToMatusanuu «l{udpoBoii TonaCTaHIHH», MOTOMY YTO HCIONB3YIOT
WHHOBAIIMOHHBIM MPUHIUN W3MEpPEHUll, UCKIIOYAIOMINN BIUSHUE JIEKTPOMArHUTHBIX MOMEX, TaK Kak
ocHOBaH Ha 3 dekre Dapases. DTO MATHUTOONTHUICCKUH APPEKT, KOTOPBINA 3aKITFOYACTCS B TOM, UTO TIPH
paclpoCTpaHEHUH JIMHEHHO TOJSPU30BAHHOTO CBETa 4Yepe3 ONTHYECKH HEAaKTHBHOE BEIIECTBO,
HaxoJsIleecs B MAarHUTHOM I10J1e, HaOII0JaeTcs BpallleHUEe IUIOCKOCTH MOJISIpU3alliY CBETA, 3aBUCSILEE OT
BEJIMYMHBI 3TOI0 MArHUTHOTO MOJIA [2].

DJIEKTPOHHBIE HM3MEpPUTENbHBIE TpaHChOpMaTOphl pa3paboTaHbl Ha 0aze TPaTUIIMOHHBIX
TpaHcGOpMaTOPOB U UCHOIB3YIOT CHEIHATU3UPOBAHHbBIE AaHATIOTOBO-IIU(POBBIE MpeoOpa3zoBaTeNy.

“‘ ‘\ ft*“ - Y ICTETEARMLE [

Pucynok 1.2 — Tpancopmatop TOKa 3J€KTPOHHbBIN ONTHYECKH

JlaHHble  OT  TPAaJUIMOHHBIX  M3MEPUTENIBHBIX  TpaHC(POpMaTOpoB  Mpeodpa3yroTcs B
mMpoKoBerniarenbupie  Ethernet-makerst ¢ ucmonb3oBanweM  MyabTHILICKCOpoB  (MergingUnits),
npenycMoTpeHHbIXx ctangaprom MOK  61850-9. CdopmupoBaHHbIE MYJIbTHILUIEKCOPAMH  TaKETHI
nepenatotTcs mo cetu Ethernet (mmue mporiecca) B ycTpoicTBa YpOBHS MPHCOSTUHEHHs (KOHTPOJLIEPHI
ACY TII, P3A, ITA u np.).

JlanHble O TMOJOXEHHMM KOMMYTAIlMOHHBIX allapaToB M Jpyras AUCKpeTHas HuHbopmanus
(mosio’keHUe KIIIOYeH pexuma yIrpaBlieHHs, COCTOSIHUE IieTiell 00orpeBa MpUBOJIOB U JIp.) COOMpAIOTCS ¢
UCIOJIb30BaHWEM BBIHOCHBIX Mopyielt YCO, ycTaHaBIMBaeMbIX B HEMOCPEICTBEHHOM ONM30CTH OT
KOMMYTAallMOHHBIX annapaToB. BeiHocHble Moaynun YCO HMMEIOT peneilHble BBIXOABI JUISl yIpaBJICHUS
KOMMYTallMOHHBbIMU anmaparamu. BeiHOCHBIE MOoAyH YCO CHHXPOHU3UPYIOTCS C TOYHOCTBIO HE XYXKeE
geMm | mc. Ilepenava nanHbIX OT BBIHOCHBIX Moayiel Y CO ocyIlecTBIseTCs 0 ONTOBOJIOKOHHOM CBSI3H,
SIBIISTIOIIENCST 9acThIO0 MIMHBI Tporiecca mo mpoTokonry MDK 61850-8-1 (GOOSE). Ilepemaya xoman
yIpaBICHUS HA KOMMYTALMOHHBIE allapaThl TAKXKE OCYIIECTBIAETCS Yepe3 BhIHOCHBIE Moaynu YCO ¢
ucnosb3oBanueM rnporokoiaa MOK 61850-8-1 (GOOSE).[15]
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Taxke cuioBoe o0opynoBaHHME OCHaIaeTcss HaOopoM LU(POBBIX AATYMKOB. CyIECTBYIOT
CTELUAIU3UPOBAHHBIC CUCTEMBI /I MOHUTOPHHTA TPAHC(POPMATOPHOTO M 3JIETa30BOr0 000pYyIOBAHHUSA,
KoTopble umeroT 1udposoit uaTepdeiic s uaTerpanuu B ACY TII 6e3 ucrnoiap30BaHMs THUCKPETHBIX
Bx0J0B U jgatuukoB 4-20 MA. Cospemennbie KPYD ocnamiarorcs BCTpamBaeMbIMH LHHU(DPOBBIMU
TpaHc(hopMaTOpaMu TOKAa W HampsbkeHus, a wkadsl ynpasieHus B KPYD no3BosisioT ycraHaBiauBath
BoiHOCHBIE YCO gns cOopa AMCKPETHBIX CHUTHAJIOB. YCTaHOBKAa IUQPOBBIX gaTuukoB B KPYD
IIPOU3BOJUTCS Ha 3aBOJAE-U3TOTOBUTENE, YTO IO3BOJISIET YIPOCTUTH IIPOLECC MPOCKTUPOBAHUSA, a TAKKE
MOHTaXHBIC U HaJaJ04uHbIe paboThl Ha 00beKTE.[1]

Bropas ocobennocts «l{udpoBoit moacraHIMKU» - 3TO 0OBEAUHEHHE CPEIHETO (KOHLIEHTPATOPOB
JaHHBIX) W BepxHero (cepsepa U APM) ypoBHS B TpaAMLIMOHHONW CXEME aBTOMATHU3allMM B OJUH
CTaHLIMOHHBIA ypoBeHb B cTpykType LIIIC. DTO CBfAi3aHO ¢ €OMHCTBOM IIPOTOKOJIOB IE€pEeNayd JaHHBIX
(cranmapr MDOK 61850-8-1), mpu KOTOpOM CpeaHHI YpPOBEHb, paHEee BBINOJHSABLIMK paboTy TI0
peoOpa3oBaHUI0 HHPOPMALIMHU U3 pa3IuuHbIX (OpMaTOB B eAMHBINH hopMaT Juist uHTerpupoBanHoi ACY
TII, nocTeneHHo TepseT CBOE Ha3HAYECHUE.

VYpoBeHb NPUCOECIUHEHUS BKJIIOYAET B ce0s MHTEIJICKTYaJIbHbIE 3JIEKTPOHHbBIE YCTPOMCTBA,
KOTOPBIE TOTYYal0T HH()OPMAIHIO OT YCTPONCTB MOJIEBOTO YPOBHSI, BHIIOJIHSIOT JIOTHYECKYIO 00pabOTKY
uHpopMalny, IepelaloT YIPABIAIOINE BO3ACHCTBUS Yepe3 YCTPOCcTBa OJIEBOI0 YPOBHS Ha NEPBUYHOE
00OpyZOBaHUE, a TaKKe OCYHIECTBISIOT INepenadyy MHPOpPMAlUU Ha CTAHIMOHHBIH ypoBeHb. K aTHMm
YCTPOMCTBAM  OTHOCSITCS ~ KOHTPOJUIEPBl — NpucoenunHeHus, TepmuHanel MIIP3A  u  npyrue
MHOTO()YHKIIHOHAJIbHBIE MUKPOTIPOLIECCOPHBIE YCTPOUCTBA.

Tpetbst ocobenHoCTh - cTpyKTypa LIIIC 00nanaeT BEICOKON CTENEHbI0 THOKOCTH. Y CTpOicTBa s
U POBOIA MOACTAHIIMK MOTYT OBITH BBHIMIOJIHEHBI 110 MOYJIHHOMY NMPUHIIUITY U TTO3BOJIIIOT COBMEIIATh B
ceOe (YyHKIMM MHOXecTBa YCTpOHCTB. I'MOKOCTh mocTpoeHus HUGPOBBIX MOJICTAHLUUN MO3BOJSIET
MIPEJIOKUTh Pa3InYHbIE PELICHUS C Y4eTOM OCOOEHHOCTEH 3HeprooOwbekTa. B ciiyuae monepHHU3anuu
CYIIECTBYIOIEH MOJCTAHIUU 0€3 3aMeHbl CUJIOBOTO 000pyI0BaHuUs I cOOpa U OLU(PPOBKU MEPBUYHOMN
nH(pOpMaLUK MOXKHO ycTaHaBiIuBaTh mKagbl BBIHOCHBIX Y CO. [Ipu 3ToM BhiHOCHBIE YCO nomMumMo miat
JMCKPETHOrO BBOJIA/BBIBOAA OYAYyT COAEp)KaTh IUIaThl MPSIMOro aHanorosoro Beojaa (1/5 A), xoropsie
MO3BOJISIFOT coOpath, onndpoBath U BbIAaTh B mpoTtokoine MOK 61850-9-2 maHHBIE OT TpaTuIIMOHHBIX
TpaHc(hOpMaTOpOB TOKa M HampsbkeHHWs. B nanbHelinneM mmosiHas WJIM YacTHYHAs 3aMEHa MEePBHUYHOTO
000py/10BaHus, B TOM YHCJIE 3aMEHa 3JIEKTPOMArHUTHBIX TPaHC(HOPMATOPOB HA ONTHYECKUE, HE IPUBEJET
K M3MEHEHHIO YPOBHS NPUCOECIMHEHUS M MOACTaHLMOHHOIO ypoBHs. B ciydae mcnonb3oBanus KPYO
UMEeTCs BO3MOXKHOCTh COBMeleHus: ¢yHkuuii BeiHOCHOrOo YCO, MergingUnit u koHTposuiepa
npucoenuHeHus. Takoe yCTpoWcTBO ycraHaBiMBaeTcss B mkag ympasieHus KPYD u mosBomser
olr(dpoBaTh BCIO UCXOHYIO HH(POPMAIIHIO (aHAIIOTOBYIO UJIN JUCKPETHYIO), @ TAK)KE BBIMOIHITH (QYHKIUU
KOHTpOJUIepa MPUCOCTUHEHUS U (PYHKIIUH PE3EPBHOTO MECTHOTO YIPABJICHHUS.

[TpeumymiectBa peannzanuu npoektos «L{udpoBoit moacraHmMm»:

o [loMexo3amMIIEHHOCTh,  BBICOKAasg  MOXapoOe30macHOCTh,  B3pHIBOOE30MACHOCTH U
9KOJIOTHYHOCTb.

o lcnonb30BaHNe WHHOBAIMOHHBIX M COBPEMEHHBIX CTaHIApTOB U pPEIIeHUi 00ecrneunBaronmx
COBMECTUMOCTH pazinunuabix MDY (MOK 61850).

o [loBbllIEHNE TOYHOCTH U3MEPEHUN.

e 3HauuTeNIbHOE COKpAlIeHHE KaOeIbHBIX CBSI3EH.

o CoxkpaleHne MOHTaXXHBIX U HaJaI0YHBIX PaboOT, MPOCTOTa MPOEKTUPOBAHUS, HKCIUTyaTaIl[UH U
oOciykuBaHus, ymMmeHbl1eHue pazmeposn [1C.

o CHumxeHue KoJIMuecTBa Moysiel BBo1a/BbiBoa Ha ycTpoiictBax ACYTII u P3A.

o CoxkpaleHue CTOMMOCTH KOMIIOHOBKH KOHCTpYKTHBA IKadoB cuctembl TM / CCITU / ACYTII
(xaOenbHast IPOAYKIIHS, KJIEMMHBIE KOJIOJKH U TIp.).
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Co3nanne mnonoOHBIX TpoekToB «lluppoBoll mMmoACTAaHIMKY) HEBO3MOXKHO 0€3 NPHUMEHEHHUS
npotokoma MOK 61850, sBnstomerocs OCHOBOM Bcex NHM(POBBIX KOMMYHHMKAIMA B paMKax
SHEPTrOOOBEKTOB.

OcHoBHBbIE MoJ10:keHus1 mpoTokoJa |[EC 61850-9-2

C nosiBneHreM MepBbIX HU(POBBIX YCTPOWCTB, HaYal (POPMUPOBATHCS TPEOOBAHUS K CHCTEMaM
neperayv JaHHbIX. DTH TpeOOBaHMs KacaluCh HAJEKHOCTH, MPOU3BOAUTEILHOCTH MU COBMECTUMOCTH
IIPOrpaMMHO-aINapaTHBIX PEIICHU.

C 1960-x 10OJI0B OCYHIECTBIISUIOCHh MHOXECTBO MOMBITOK CO3/1aTh CUCTEMY, YJIOBJIECTBOPSIOILILYIO
9TUM TpeOOBaHUSAM, HO H3-3a TEXHUYECKHX CJIO)KHOCTEH JOCTH)KEHUE IIOCTaBJICHHBIX Liejell Obulo
3aTpyHEHO.

Jewxenue k poctmwkennio 100 % HameKHOCTH, COBMECTUMOCTH M TapaHTHPOBAHHOW JOCTABKE
JAHHBIX BEJIOCh HE TOJIBKO MyTeM MOJEPHHU3AIMU KOMIBIOTEPHBIX CUCTEM M CHCTEM CBS3H, HO U IyTEM
pa3pabOTKH HOBBIX MPOTOKOJIOB MEpeaauyl TaHHbBIX.

Kaxpiii mpon3BOUTENs CTPOUIT CHCTEMY Ha OCHOBE TE€X MPOTOKOJIOB MEpelaun JaHHBIX, KOTOpPhIE
OH cyHTal HauOoJee MOAXOIAMMMH IS PEUICHUs TOW WM HWHOHM 3ama4d. VCroiab30BaIMCh TaKHe
npoTtokonbl kak MDK 60870-101/103/104, Modbus, DNP3 u 1. 1. Hekoropsle M3 HHX cTamu Oosee
MOMYJISIPHBIMM, HEKOTOpbIE MEHEe, HO TaKoe pa3HooOpa3sue pelIeHUH MPUBOJIUIO K OTCYTCTBHIO
COBMECTHUMOCTH M B3aMMO3aMEHSEMOCTH OOOpYIOBaHUS U YCIOKHEHHMIO IIpollecca CHCTEMHOMN
UHTErpanuu.

PaccmoTtpum cymiecTByrolue MoaXoAbl K pean3anuu GyHKIUN CUCTEMBI Iiepeaaun HHGOpMaIuu.

[lepenaya curaanoB ot u3MeputTenbHbIX Tpanchopmatopos Toka (TT) u nanpsoxenus (TH)
OCYILECTBIISICTCS 1O KaOessIM ¢ MEAHBIMU KUJIAMH TEPEMEHHOTO TOKa U HANPSKEHHUsI COOTBETCTBEHHO.
Jliia nanHOrO crnoco0a XapakTepHbI MPOOIEMbI, 0 KOTOPBIX JOCTaTOYHO YacTO YIIOMHHAETCS B JINTEPATYpE
[3]:

e 0oJbIlas pa3BEeTBICHHOCTh U MPOTSXKEHHOCTh MEHBIX KalOesel, mpuBosiias K HE0O0X0AUMOCTH
IPUMEHEHHs O0JIBIIOrO YHCIa BCIOMOTaTeIbHOTO 000py10BaHUs (MCIIBITATENbHBIX OJIOKOB, KIEMMHUKOB
U T.J1.) U, KaK CJI€/ICTBHE, K OBBILIEHUIO CTOUMOCTH CUCTEM U CJIOKHOCTH MOHTaXa U HaJIaJKH;

e IOABEPKEHHOCTh U3MEPUTEIBHBIX LIETIEH BO3IEHCTBUIO 2JIEKTPOMAarHUTHBIX IOMEX;

e CJIOKHOCTbH WJIM OTCYTCTBHE BO3MOKHOCTH KOHTPOJISI HCIIPABHOCTH M3MEPUTEIBHOIO KaHala B
TEMIIE MPOIIECCa, CIIOKHOCTh IOUCKA MECTA TIOBPEXKICHUS;

e BIHMSHUE CONPOTUBIICHUS W3MEPUTENbHBIX IIeNed Ha TOYHOCTh U3MEPEHUH U HEOOXOAMMOCTh
cornacoBanust momHoctu TT/TH ¢ compoTuBieHneM Lenei u Harpy3koi mprueMHuKa.

[lepenaya JUCKPETHBIX CUTHAJIOB MEXAY YCTPONCTBAMHU TPAJAMIIMOHHO OCYIIECTBISETCS Moaayei
ONIEpaTHUBHOIO HAINPSDKEHMsI TOCPEICTBOM 3aMBIKAHUS BBIXOJHOIO pEJE OJHOIO YCTpPONCTBAa Ha
JTMCKPETHBIN BXOJ IPYroro.

Takoit crioco6 nepenaun HHGOPMALIMU UMEET CIICIYIOIINE HeA0CTaTKH [4]:

e HE0O0XOIUMO OOJIBIIOE YHCIO KOHTPOJIbHBIX Kalenel, IpOoIoKEeHHBIX MEXAY IKapamu C
anmapaTrypou;

e YCTpOMCTBA JOJKHBI UMETh OOJIBIIIOE YHCIIO JUCKPETHBIX BXOJIOB U BBIXO/IOB;

e KOJMYECTBO II€PENABAEMBIX CUTHAJIOB OrPAaHUYMBAECTCS OIPENEICHHBIM  KOJINYECTBOM
JUCKPETHBIX BXOJIOB U BBIXOJIOB;

e OTCYTCTBYET BO3MOKHOCTb KOHTPOJISI CBSI3H MEXKy YCTPONCTBAMU;

e BO3MOXKHO JIO’)KHOE cpadaThIBaHUE AUCKPETHOTO BX0/Ia YCTPOMCTBA PH 3aMbIKaHUU HA 3€MJIIO B
LIENY [IepEAAYN CUTHAIA;

e LIEIU MOJBEPKEHBI BO3JICHCTBUIO MIEKTPOMArHUTHBIX IIOMEX;

e CJOXHOCTb pacuupenus cucrem P3A.
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OO6men nanabpiMu Mexy P3A u nientpanbaoit npuemonepenaromnieit crannuent (LIITIC) na oObekTe
ocymecTBisiercs B muppoBom ¢opmare. OnHako BBUAY HEOOXOTUMOCTH HMHTETpalMy OOJNBIIOTO
KOJIMYECTBA Pa3IMYHBIX YCTPOMCTB 3TOT CIIOCOO UMEET CIIEIYIOIINE OCOOCHHOCTH:

e CyYIIECTBOBaHHE OOJIBIIOrO KOJMYECTBA PA3IMYHBIX MPOTOKOJIOB IMEpeJadd JaHHBIX, IPUYEM
ycrporictBo LIIIIC ans ycnemHoW HMHTETrpanuu JIFOOBIX YCTPOMCTB JIODKHO MOJCPKUBATH BCE ITH
IIPOTOKOJIBI;

e OTCYTCTBHE €IMHOW CHCTEMbl HAUMEHOBAHUS HaHHBIX, HPUBOJAIIEE K HEOOXOAMMOCTH
NoJiIep KaHust OOJIBIIOTO KOJIMYECTBA OMUCATENFHON JOKYMEHTAIMH, a TAKXKE K CIIO)KHOCTSIM M OLIHOKaM
P HAJIAJIKE;

e OTHOCUTEIIFHO Maylasi CKOpPOCTh Iepefayd NaHHBIX, OOYCJIOBJICHHAS HaJU4ueM OOJIBIIOro
KOJIMYECTBA MOCJeI0BaTeIbHBIX HHTEP(ECcoB.

[lepenaya naHHBIX MEXAy OOBEKTOM M JHUCIETYEPCKUM LIEHTPOM TaKkKe BEAETCS B LU(PPOBOM
dopmare. OOBIYHO I ITUX Iejed HMCHoJb3yrT mpoTokoasl MOK 60870-101/104. OcobenHocTH
peanu3alum TUX CUCTEM CBsi3u [16]:

e HEOOXOIUMOCTh MepeAauu JaHHBIX B MPOTOKOJIAX JUCHETYEPCKOTO YIpaBICHHs, KaK IIPABUIIO,
OTJIMYAIOIIUXCS OT MIPOTOKOJIOB, IPUMEHSIEMbIX Ha MOJCTaHIINH;

e Tepeavya OTPAaHUYCHHOTO KOJIMYecTBAa MHGPOpPMAIUU, YTO OOYCIOBIEHO HEOOXOAUMOCTHIO
[IEpeHa3HauEHUsl BCEX CUTHAJIOB C OJIHOTO MPOTOKOJIA Ha JIPYro, U, KaK CIEACTBHUE, OTEPS] HEKOTOPHIX
JaHHBIX, IIepe/iada KOTOPBIX Ha 3Tale MPOEKTUPOBaHU HE ObLIa COUTEHA 11eTIeCO00pa3HOii;

e OTCYTCTBHE €IMHBIX HAaUMEHOBAHWUN CUTHAJIOB B paMKaX OOBEKTa U B LIEHTpaxX YHpaBJICHUS
cetsimu (L[YC), mpuBopsiee K CI0KHOCTH HAJIAJKU U OTCICKUBAHUSI OIIUOOK.

CymiecTByronye MpoTOKOJIbl CBA3M JOCTATOYHO YCIIELIHO IO3BOJISIOT PEaJU30BBIBATh 337a4u
JTUCTIETYEPCKOTO YIPABIEHUS W WHTETpAIMH JaHHBIX B CHUCTEMBI YIPAaBIEHUS, OJHAKO HE TO3BOJSIOT
peain30BbIBaTh (DPYHKLIMM pEeaJbHOrO BpEeMEHHU (Takue Kak Iepejnadya JAMCKPETHBIX CHUTHAJIOB MEXAY
ycrpoiictBamu P3A, mepemaya MrHOBEHHBIX 3HAYEHHMI TOKOB M HAMpPSDKEHUN) M HE MPEIbSABISIOT
TpeboBaHul K (OpMaIbHOMY ONMUCAHUIO KOH(PUTYpALIUHA TPOTOKOJIOB U MIEPEIaBa€MbIX CUTHAJIOB, B CBSI3U
C 4eM IpoekTHas gokyMmeHTanus Ha cucteMbl ACYTII copepkuT NMIb ONMMCaHUE CUTHAJIOB Ha TBEPIBIX
HOCHUTEIIsAX. [5]

OcHoBHBIE NONOKEHUs pH pazpadbotke MOK 61850

Ucropus cozpanus MOK-61850 nauanacs emie B 1980-x romax B CIIA B letpoiite. Ha 3aBogax,
cOOMparomMX aBTOMOOMIM, OBUIM  YCTaHOBJIEHBI POOOTHI-COOPIIMKH, YIpPaBICHHE KOTOPBIMU
Mpou3BOAMIOCH Mo mpotokony MMS. Hcnonp3oBanue 53TOr0 MPOTOKOJA OKA3aJIOCh JOCTATOYHO
ycremHsM U yxe B 90-x rogax ox Jier B ochoBy UCA2 (Utility Communication Architecture), xotopsrii
aKTUBHO NpUMeHsIca B EBporie B 2JIeKTpO3HEPTeTHKE.

Pabora nax crangaprom MOK 61850 navanace B 1995 roay, npudeMm M3HadalbHO BeJach ABYMS
HE3aBUCHMBIMH, TapajjiebHO paboTaromumu  rpymmamMu  [6]: ogma w3 Hux oOpasoBana UCA
(HEeKoMMepuecKasl OpraHu3alysl, OCHOBHOM J€SATEIbHOCTbIO KOTOPOIl ABJIAETCS MOAEPKKA [T0JIb30BaTEIEH
BO BHEJIPCHHWU CTAHIAPTOB Tepeladyd JIaHHBIX peasbHOro BpemeHw). B Hactosimee Bpemst UCA He
3aHUMaeTcs pa3pabOTKOM CTaHAApPTOB, OJHAKO AaKTHBHO B3aMMOJEHCTBYET C OpraHamMM IO
crannaptuzanuu. IlepBas rpynnma 3aHuManach  pa3pabOTKONM  OOMMX  OOBEKTHBIX  Mojemeit
MOJICTAHLIMOHHOTO 000pyAoBaHus. Bropas rpynmna, o6pa3oBaHHas B paMKax TEXHHYECKOTro Komurera 57
MDOK, 3aHnManace CO31aHUEM CTaHAAPTA HA IPOTOKOJI MEPEIavr JaHHBIX JJIs1 TOJACTAHIIUAM.

[Toznuee, B 1997 roxy, paboTel 006eux rpymni ObUTH 00bETMHEHBI TTOI ATUI0N padboueit rpymmsl 10
TK 57 MO3K, B coctaB koTopoii Bxoaut 6omnee 200 skcrneptoB u3 22 ctpan mupa. Hanbonee mmpokoe
MIPEJICTaBUTENBCTBO B paboueii rpymnmne umerot CIIIA (25 yenosek), @pannus (25 genosek) u Kanaga (21
yenoBek), Poccus mpeacrasnena 13 ygactHukamu. 3aceqaHus paboued TpyIbl TPOBOIATCS YEThIPE pasza
B TOJ1 [UIsl 00CYXJIeHUs pa3zpabaTbiBaeMbIX riaB cranaaptra MOK 61850.

B ocHoBe cTannapTa jexar Tpu MOJI0KEHHUS:
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e OH pomkeH OBITh TEXHOJOTMYECKH HE3aBUCHMBIM, TO €CTb BHE 3aBHCHUMOCTH OT
TEXHOJIOTUYECKOTO MPOrpecca CTaHAapT NOJKEH MOBEPraTbCcsi MUHUMAJIbHBIM U3MEHEHUSM.

e OH gomkeH ObITh THOKUM, TO €CTh JOIYCKaTh PELICHHE PA3IMUYHBIX 33[a4 C UCIOJIb30BaHUEM
OJTHUX M T€X K€ CTaH/IapPTU30BAaHHBIX MEXaHU3MOB.

e OH 10mKeH ObITh PACHIUPSIEMBIM.

Pazpabotka mepBoii penakuuu cranapra 3aHsuia nopsaka 10 ser u mosBuinace B 2003 rony.
OTBeuast NOCTaBIEHHBIM TpeOOBaHMSAM, CTaHAAPT IIO3BOJISIET COOTBETCTBOBATb H3MEHSIOIIMMCS
NOTPEOHOCTSIM AIIEKTPOIHEPTETHKH M MCIIOJIb30BATh IMOCIIEAHNE TOCTH)KEHUS B 00J1aCTH KOMITBIOTEPHBIX,
KOMMYHHUKAI[MOHHBIX ¥ U3MEPUTEIIbHBIX TEXHOIOTUH.

O6nacte npumeHenus ctagaapta MOK 61850 - cuctemsl cBsi3W BHYTPH MOJACTAHIIMU. DTO HaOOp
CTaHJ]ApTOB, B KOTOPBIH BXOAAT CTAHAAPT 110 OJHOPAHTOBOM CBS3U M CBSI3U KIMEHT-CEPBEpP, CTAHAAPT IO
CTPYKTYpe€ U KOH(QUTYpAIIUHN TOACTAHINH, CTAHAAPT 10 METOJAUKE MCIIBITAHUH, CTAHAAPT SKOJIOTUIECKUX
TpeOOBaHUH, CTaHAAPT NPOEKTA.

OcHOBHBIM TpeOOBaHMEM K CHCTeME cOOpa [aHHBIX B CTaHIApTE SBISIETCS OOecredyeHue
CIOCOOHOCTH MHKPOIIPOLIECCOPHBIX AJIEKTPOHHBIX YCTPOMCTB K OOMEHY TE€XHOJIOTUYECKUMHU M JIPYTUMHU
nanHbIMHA. CTaHIAPT MPEABSIBISIET CICAYIONINE TPEOOBAHUS K CHUCTEME:

o BBICOKOCKOPOCTHOI OOMEH JaHHBIMH MHUKPOIPOLIECCOPHBIX IEKTPOHHBIX YCTPOMCTB MEXKIY
co00ii (0OTHOPAHTOBASI CBSI3b).

o [lpuBs3ka K MOJACTAaHIIMOHHOM JIOKAaJIbHOW BhIuncauTensHoM cucteme (JIBC).

o BricOKas HaE)KHOCTB.

o ['apaHTUpOBaHHOE BpeMsl JOCTaBKH.

o ODyHKIMOHAIBbHAS COBMECTUMOCTH 000OPYI0OBAHUS PA3IMYHBIX TPOU3BOIUTEIICH.

o CpencTBa MoaAepKKH YTEHUS OCLIIIJIOTPAMM.

o CpenactBa MoACPKKH Mepenayu Ganios.

o Kondurypupopanue/aBToMaTHueCK0O€ KOHPUTYpHPOBAHHUE.

o [loanepxka pyHKUMN OE30MACHOCTH.

MOK 61850 sBnsercs 0OBEKTHO-OPUEHTUPOBAHHBIM IPOTOKOJIOM, (POKYCHPOBAHHBIM Ha
AaBTOMATH3AIMIO MTOJICTAHIINHI, U 3HAYATEIBHO PACHIMPSET BO3ZMOKHOCTH TPEANIECTBYIOIINX CTAaHIAPTOB
MDO3K. U3-3a cinoxHOCTH TporpaMMHoi peannzanun MOK 61850, yto BiltoyaeT peann3anuio 1eaoro psjaa
cragmaproB mo nepenade gaHHbIXx (MMS ISO 9506, creka mpotokonoB 1SO, GOOSE), Ha phiHKe
MPAKTUYECKH OTCYTCTBYIOT HAJEKHbIE€ TOTOBBIE pEIIEHUS, MO3BOJSAIOIINE TNPUHUMATh JaHHBIE C
ycTpoiicTB, noanepxkuparomux MOK 61850.

Ha ceroansimauit nesr MOK 61850 coctouT u3 25 pa3iauuHbIX JOKYMEHTOB (B TOM 4YHCIIE
pa3padaTbIBaeMbIX ), KOTOPBIE OXBATHIBAIOT IIUPOKUI KPYT BOIIPOCOB H JIENIAIOT €0 ropas3io OoJbie, 4eM
npocTto cnenudukanueil psjga KOMMYHHKAIIMOHHBIX MPOTOKOJIOB. OTMETHMM OCHOBHBIE OCOOCHHOCTH
cranyapra [6]:

e OmnpenensieT He TOABKO TO, KaK JOHKEH MPOU3BOAUTHCS 0OMeH HH(POpMAIME, HO U TO, KaKOM
uHpoOpManMel IOJHKeH TpOM3BOIUTHCS oOMeH. CTaHmapT ONUCBIBaeT aOCTpaKTHBIE MOJCIH
00opy/Z0BaHUS O0BEKTa W BBIMONHAEMBIX (QyHKIMHA. WHpOopMannoHHas MoJenb, Jexalas B OCHOBE
CTaHJapTa, NPEICTAaBISIeTCS B BUIE KJIACCOB OOBEKTOB MaHHBIX, aTpUOYTOB JAHHBIX, aOCTPaKTHBIX
CEpBUCOB U OMMCAHUS B3aUMOCBSA3EH MEXy HUMH.

o Omnpexenser mporecc MPOSKTHPOBAHUS M HAAIKU CHCTEM.

e Ompenensier s3bik onucanus koHpurypamuu cucrembl (SCL). JlaHHBIN sI3bIK OOecrieunBacT
BO3MOXXHOCTh 0OMeHa nHpopMalueil 0 KOHPUrypauu yCTpOICTB B CTaHAaPTU30BaHHOM (hopMaTe MEXIy
POrpaMMHBIM 00€CTIeYeHHEM PA3INYHBIX (GUPM-TIPOU3BOIUTEICH.

e OmnwuceIBaeT METOAMKH UCTIBITAHUN M IPUEMKH 000PYAOBaHUS.

Cornacno MOK 61850 yctpoiictBa P3A o0bequHeHbl MIKWHOW, MO KOTOPOIl caMM YCTpoWcCTBa
0OMEHHMBAIOTCS TaHHBIMU MEX 1y COO0I 1 epelatoT ITH JaHHbIE Ha BEpXHUH ypoBeHb. Takast apXuTekTypa
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yno0Ha TeM, 4TO MPUMEHEHHE TEXHOJIOTHYECKON IMIMHBI 3HAYUTEILHO YMEHBIIAET KOJUYECTBO MEIHBIX
MIPOBOJIOB, YTO YIIPOIIAET HACTPOUKY, MPOCKTHUPOBAHUE M IKCILTYaTAI[UIO0 CHCTEMBI.

JlaHHBIE OT TEPMHUHAJIOB PEJIEHHON 3alUThl MO CTAHIMOHHOW IIMHE MOTYT IepelaBaThCs Ha
BEPXHHI YPOBEHH OMEPATOPY, KPOME TOTO, Y KOHTPOIUPYIOIIUX OPraHOB, UMEIOIINX COOTBETCTBYIOIIUN
YPOBEHb JOCTYIA, €CTh BO3MOXKHOCTD IOJIy4YaTh ONIEPATHBHBIC TAHHBIC C JI000H MOACTAHIIMK U C JTFOOOTO
tepmuHana P3A. Dta nndopmanus mo3BossieT KOHTPOIUPOBATh ACITEILHOCTD MOYUHEHHBIX CITYKO0, U4TO
MOBBIIIAET HAJECKHOCTh SHEPIETHUCCKUX 00BEKTOB B 1eioM [21].

Bo3MOXHOCTH Takoro THOKOro KOH(HUTypuUpOBaHUsS HWH(POPMAIMOHHBIX TOTOKOB IMOSBUIIACH,
OJiaroapsi TOM 4acTu CTaHIapTa, KOTOpas MOCBSAIIEHA TIepe1aue JaHHbBIX.

OCHOBHBIMH TIPOTOKOJIAMH II€peJaud JaHHBIX, coryiacHo crangapty MOK-61850, ssustorcs
npotokosibl MMS u GOOSE.

MMS wucnone3yercst st mepenaun gaHHbX oT TepmuHanoB P3A B SCADA cucremy s
nanpHeimeit susyanusanuu, a GOOSE - ans oOMeHa JaHHBIMHU MEKIy TepMHUHaIami. [12]

BaxxHOi1 0COOCHHOCTBIO IPOTOKOJIOB SIBJIICTCS TapaHTUPOBAHHAS JIOCTaBKa COOOIICHUMH, a
ckopocThb nepenaun JanHbiX y MMS u GOOSE Bbiiiie, yem y Apyrux mpOTOKOJIOB NEpeaun JaHHbIX, TAKUX
Kak, Harpumep, Modbus.

B3anMo3aMeHsAeMOCTh OT/IEBbHBIX KOMIIOHEHTOB CUCTEMBI JIOCTUTAETCS 3a CUET CTaHIApPTH3aIUU
IIPOTOKOJIOB MEepeIavur JaHHBIX, @ TAKXKE 32 CUET )KECTKUX TPEOOBAHUH 110 COBMECTUMOCTH 000Dy IOBAHHUS.

Cucremsl, noctpoennbie Ha MOK 61850, mporre 00cnykuBaTh U3-3a YMEHBIICHHS KOTUYECTBA
KaOENbHBIX JIMHUN CBS3U, YTO ITOJOKHMTEIHHO CKA3bIBAETCS HA HAJC)KHOCTH CHUCTEMBI B I[E€JIOM.
ApXUTEKTypa CUCTEeMbI MHTYUTHBHO TIOHATHA, B PE3yJbTaTe pa3padOTUYMKU U HHTETPATOPHI TPATAT MEHBIIIE
BPEMCHH HA IOHUMAaHUE APXUTEKTYPhl KOHKPETHOT'O 00BEKTA U, KaK CIICJACTBHE, 3HAUUTEIIHHO CHUKACTCS
CTOUMOCTH MPOEKTUPOBaHMS U MHTerpaiuu. OOCIyKUBaHUE TAKUX CHCTEM IO CPABHEHUIO CO
CTaHJIAPTHBIMU B IICJIOM IPOIIE, XOTh U MPEIBIBISICT HECKOJIBKO WHBIC TPEOOBAHUS K OIBITY IIEPCOHANIA.

K HemocraTkaM MOXHO OTHECTH TOBBIIICHHYIO CJOXKHOCTb U HOBU3HY CTaHaapra. Y
pa3pabOTYNKOB M WHTETPATOPOB MAJO ONBITA MOCTPOCHHUS IOJOOHBIX CHCTEM, HO ITOT HEIOCTATOK,
OUYEBUTHO, BPEMEHHBIH.

Pa6oras ¢ MOK 61850, He0OX0MMO TTOHUMATh, YTO CTAHIAPT:

e HE CTaHJApTU3yeT PYHKIIMOHATIHHOCTh U aJTOPUTMBI YCTPOICTB,

e HE ONHUCHIBACT KOHKPETHBIC METOIWKH BHEJPCHUS, KOMMYHUKAIIMOHHBIC apXUTEKTYPhI HITU
TpeOOBaHUs K KOHKPETHBIM MPOAYKTAM;

e chOKyCHpPOBaAH Ha ONMUCAHWUH (PYHKIIMOHATBHBIX BO3MOXHOCTEH TIEPBHYHOTO W BTOPUYHOTO
o0opynoBaHusi, GYHKIIMIA 3alUTHI, yIIPaBICHHUS U aBTOMATHU3AI1H, BUTUMBIX U3BHE.

besycnoBHO, Takas macmTabHas paboTa HE MOXKET OBITh HCAbHOW. B kadecTBe mpumepoB
HETOYHOCTEH M HeJopabOTOK CTaHIapTa, B YaCTHOCTH, HA3BIBAETCS OTCYTCTBHE METOAMK (OopManTbHON
MPOBEPKH COOTBETCTBUS TPEOOBAHUSAM CTAHIAPTA, P TEXHUYCCKHMX HETOYHOCTEH B ONHMCAHUU
MapaMeTpoB U MOJAXO0JIOB K X 00pabOTKe U Tak jaajee.

K HemoctaTkaM cTaHgapTa 4acTO OTHOCAT HEKOHKPETHOCTh OMHCAHMS TPEOOBAHHWM U CIIUIIKOM
00JbIIyI0 CBOOOAY MPU peau3allii, 4To, 0 MHEHUIO pa3paboTYMKOB, KaK pa3 SBISETCS OJHUM M3 €ro
TJIABHBIX JIOCTOMHCTB. EIllle OJHUM HEZOCTaTKOM CHUCTeM, mocTpoeHHbIXx Ha MDOK 61850, sBisercs
MOBBIIIIEHHAs! CTOMMOCTh MHUKPOMPOIIECCOPHOTO obopynoBanust P3A, ogHako, HYHO TOMHHUTH, YTO
npuMeHeHne MOK 61850 maet psa npeumyinecTs, MMEHHO TO3TOMY, KOJIMYECTBO MOJCTAaHIUNA O BCEMY
MUPY, TOCTPOEHHBIX HAa OCHOBE ATOTO CTaHAapTa, yBenuuuBaercs. [13]

MOK 61850 3amymbIBajiics Kak YHHBEPCAJIbHBIH CTaHIAPT, KOTOPHIA ITO3BOJIUT YIMOPSIOYHTH
pa3pO3HEHHbBIE PEIICHUS Pa3IMYHbIX MPOU3BOAUTEICH YCTPONUCTB PEICHHOMN 3alIUThI U CHCTEM Mepeaaun
JAHHBIX, TPUMECHICMBIX Ha MTOJICTAHITUAX.

CrangapT MONYyYHJICS JOCTAaTOYHO CIOXHBIM HMEHHO WU3-3a cBOed yHHBepcaidbHOCTH. OH
OMHCBHIBACT HE TOJBKO, KaK TEPENaloTCs JaHHble, HO M 3aKpervisieT TpeOOBaHWUA K OMUCAHUIO
ANEKTPUYECKUX CHCTEM Ha BCEX YPOBHSX, HaUMHAs OT YPOBHS CHCTEMBI B IIEJIOM, 3aKaHYUBAs
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KoH(urypanueit ornenbHoro TepmuHaina P3A. CornmacHo 3TuM TpeGOBaHMSIM, CUCTEMa OMKCHIBACTCS B
MOHATHOW W CTaHJapTH30BaHHOW (opme. Bes mHoOpmamus o KoHPHUrypanmusx XpaHutTcs B Qaiinax
onpeneaeHHoro GopmaTa. ITO MPUBOAUT K TOMY, UTO pa3padoTka cucteMm Ha 6aze MOK 61850 mpocra u
MIOHSTHA.

IIpuMeHenne nM(PPOBHIX TEXHOJIOTHIl B TeNI10IHEPTreTHKE

BHeznpeHue aBTOMAaTH3MPOBAHHBIX CHCTEM YIIPaBJIEHUS IOJCTAaHUUSAMM IpEACTaBiIseT COO0O0H
CIIOKHYIO 33/1a4y, IUI0X0 Moaonytocs yHuukanuu. [1osiBieHre HOBBIX MEXIyHAPOJHBIX CTAaHIAPTOB
U MHQOPMALMOHHBIX TEXHOJOTHMH OTKPBIBAET BO3MOXKHOCTH COBPEMEHHBIX MOJXOO0B K PELICHUIO TOMH
poOJIEMBI, TTO3BOJISAA CO3/1aTh MOACTAHIIMIO HOBOTO TUMA - IU(poByto. IlIupokue nepcrnekTuBbl B 3TOM
HaIlpaBJIEHUU OTKPBIBAIOT Ipynnsl cranaaproB MOK 61850.

CeromHs BO BCEM MHpPE BBIIIOJIHEHO YK€ MHOTO MTPOEKTOB, CBA3aHHBIX C IPUMEHEHHUEM CTaHJapTa
MD3K 61850, nokazaBimx NpeuMyIecTBa 1aHHOW TeXHOJIOrul. BMecTe ¢ TeM psi BOIPOCoB elile TpedyeT
JOTIOJTHUTEIBHBIX MPOBEPOK M PEIICHUH. DTO OTHOCUTCS K HAJIEKHOCTU HU(POBBIX CUCTEM, K BOIIPOCAM
KOHQUIypUPOBaHUS YCTPOMCTB Ha YpOBHE NOJCTAaHUUM U HSHEProOOBEIMHEHUS, K CO3JaHHUIO
OOIIEOCTYTHBIX HMHCTPYMEHTAIBHBIX CPEICTB IPOCKTHPOBAHUS, OPHEHTUPOBAHHBIX HA Pa3HBIX
IIPOU3BOAUTEINEH MUKPOIIPOLIECCOPHOTO U OCHOBHOI'O 000PY/A0BaHMSL.

[TepBBIM KpYIHBIM MWJIOTHBIM IIPOEKTOM 10 BHepeHuto cragaapra MOK 61850 crana moncrannums
TVA Bradley 500 kB CIIIA, BBenenHas B akctyaraiuio B 2008 r. L{ens mpoekTa 3akiovanach B IPOBEPKE
COBMECTHMOCTH peanm3anuu crtangapra MOK 61850 B ycTpoicTBax pa3iUYHBIX MPOU3BOJUTEICH.
BHeapenue mpoekTa MO3BOJIMIO YAYYIIUTh COBMECTHUMOCTb MEXJy YCTPOHCTBAMM pa3IMYHbIX
IIPOM3BOJIUTEINIEH, TIOBBICUTh KBAIM(PHUKALMIO [IEPCOHANA CETEeBOM KOMIIAaHMM B yacTu craHaapra MOK
61850, a Takxke BBISIBUTH IPOOJIEMbI, BOSHUKAIOLIME IIPU €r0 BHEAPEHHH.

B 2009 r. B Mcnanuu Obuita 3aBepiieHa padoTa HajJ MHJIOTHBIM HpoekToM mojactaniuu Alcala de
Henares 132 kB (r. Manpun). B peanuzanumn npoekra Takxke HCIOJIBb30BAINCH YCTPOICTBA pa3IMYHBIX
npousBoauTeneii. Oco0eHHOCTHIO JAHHOTO MPOEKTa SBISUIOCH dKCIIEpHUMEHTabHOE BHeApeHue «IuHbI
Ipolecca» B 4acTH Meperadyn JUCKpeTHOH MHpopMaruu. CucTeMbl pesleiHON 3aIllluThl U aBTOMATUKU U
ACY TII Ha moAcTaHIIMU MOXKHO YCIIOBHO pa3fefiuTh Ha 4 YpOBHS: BEPXHUH, CTAHIMOHHBIN, YpOBEHb
npucoeauHenus, (ycrpoiictea MIIP3A u KOHTposiepsl NMPUCOCAUHEHMS) U TOJEBOW, BKIIIOYAOIIUN
prOOPHI, YCTAHOBJICHHBIE HA PACIPEACIUTEILHOM YCTPONUCTBE.

B HemocpencTBeHHOM OMM30CTM ¢ KOMMYTAllMOHHBIMH amnapaTaMM Ha pPacHpeieTuTeIbHOM
YCTpOMCTBE ObUTH ycTaHOBJCHBI BEIHOCHBIE MOy Y CO (MicroRTU), KoTOpbIe C TOMOIIBIO ONTHYECKUX
Kabeneil MOJKIIOYAIMCh K KOMMYyTaropaMm, ycraHoBieHHbIM B OITY. Bes mHdopmanus o cOCTOSHUU
KOMMYTAIIMOHHBIX alllapaToB, a TAK)KE KOMAHIbl YITPAaBICHHSI UMU TIEPEIaBAINCH 110 IIU(PPOBHIM KaHAJIaM
ces3u (¢ momomrsto GOOSE-coobuiennit). Ha MicroRTU Obuta peani3oBaHa JHIIb MPOCTEHILAs JIOTHKA C
[ENBI0  TIOBBIICHUST HAJEKHOCTH JTUX YCTpOHcTB. DYHKIHMM ONEpaTHBHON OJOKUPOBKU OBLIH
peann30BaHbl B YCTPOMCTBAaX ypOBHS MpucoeanHeHus. Takum oO6pa3oM, Ha MOJCTAHLIUHU ObUIM BHEIAPEHBI
CIIeAYIONINE BUIBI HH()OPMAIIMOHHBIX TOTOKOB:

o Beprukaibublii GOOSE mis oomena unpopmaipein mexay MicroRTU u ycTpoiicTBaMu ypOBHS
MIPUCOCTUHECHNUS;

o muaroHansHbIi GOOSE mist oomena nunpopmarmerd mexay MicroRTU ogHoro npucoeanHeHus
W yCTPOHCTBAMHU 3alIUTHl M YIPaBIEHHs IPYroro (Hampumep, sl OBICTpOro MH()OPMUPOBAHHS STHUX
YCTPOMCTB 00 OTKA3€ BHIKITIOYATEIS);

o ropusoHTaNbHBIE GOOSE mns oOvena wHpopmammeld MeXAy YCTPOWCTBaMHU YpOBHS
MIPUCOETUHEHNUS (JUTs LieJIel OpraHu3aluy ONepaTUBHBIX OJOKHPOBOK, Iycka ocuuiuiorpada u T.1.);

e Tepenaya JUHAMHUYECKOH WHQopManmuu 1o mporokonry MMS oT  ycTpoicTB  ypOBHS
MPUCOETUHEHNS Ha CTAHIIMOHHBIM YPOBEHb;

e KOMaHZIbI YHPABJICHUA CO CTAHIHUOHHOI'O YPOBHA Ha YPOBCHBb MPHUCOCAUHCHUA IO ITPOTOKOIY
MMS.
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Komanap! ynpaBieHus IpoXoAuiin yepe3 KOHTPOJUIEPhl PUCOSAUMHEHUS, KOTOPbIE TPAHCINPOBAIN
st koMaHabl B GOOSE- cooGmienust ans MicroRTU, 49To mo3BOJSUIO HA ypOBHE KOHTPOJUICPOB
MIPUCOEANHEHUS OCYIIECTBUTH (PYHKIIMH ONEPATUBHOI OJOKUPOBKH.

Ha moxcranmuu Alcala de Henares ne Obutn BHenpeHbl U(POBBIE TPaHCPOPMATOPHI TOKA M
HanpspkeHusa. OHaKo, MPOEKT SBJSETCS KpailHe MHTEPECHBIM C TOYKU 3peHUs UCIoib30BaHusA «InHbI
nporeccay IJis epeaadn TMCKPEeTHOM HHPOPMALIUH.

TectupoBanue uppoBbIX TpaHCHOPMATOPOB TOKA U HAIPSHKEHUS B PEAbHBIX YCIOBHIX PabOThI
npoucxoawio Ha noacranimu Oshaldwick 400 kB, koropast npunauiexut Harmonanbroi cetn NGT U.K.
[IpoBoamIINCh 3KCIIEPUMEHTHI, 11€1b KOTOPBIX 3aKIJlouanach B CPaBHEHUM BPEMEHHBIX XapaKTEPUCTUK
MIIP3A Ha 6a3e TpaaunoHHbIX TpaHchopmaTopoB Toka 1 MITP3A Ha 6a3e nudpoBbix TpanchopmaTopos
TOKa ¢ ucnoib3oBanreM Mergin Units (ycrpoiicTs, nepeaaronumx HHGOPMAIIHIO O MTHOBECHHBIX 3HAUCHUSX
TOKOB M HarnpsbkeHu# mo nporokoiny MOK 61850-9). Pe3ysbraThl mokaszain XOpOIIHe SKCILTyaTal[HOHHbIC
XapakTepucTHKu UPpoBsIx TpanchopmatopoB u MITP3A, moctpoeHHBIX Ha TUGPOBHIX TEXHOIOTHSIX.

Bonpmoe paspurue 1mudpoBeie moactanmuu nonydwin B Kurae. B 2006 r. Obima BBejeHa B
IKCIUTyaTaiuio nepsas nudpposas noacrannus 110 kB Qujing, Yunnan. K 2009 r. Kurait 3aHsut
JUIMPYIOIIee MECTO B MHpPE MO IU(PPOBBIM IOACTAHIMAM, BBEAS B IKcIuTyartauuio /0 moacTaHuuii.
Oxwugaercs, 4To peIHOK IU(PpoBBIX MojacTaHnui B Kutae BoIpacteT 1m0 4 - 4,5 Miupa. 10aHe B Toj 3a
ommxkaiimue 10 aer [7].

3apyOexHbIl OMBIT BHEIpeHHs] cucTeM Ha 0Oa3e cranmapra MOK 61850 mokaspiBaeT, uTO Ha
COBPEMEHHOM JTale HEOOXOIMMO YEeNATh IOBBIIICHHOE BHHMAHHE BOIMPOCAM HAJIEKHOCTH BCETO
M (POBOro KOMILJIEKCA YCTPOUCTB MOACTAHIUU. J[J11 3TOr0 BCe YCTPONCTBA AOKHBI IPOXOJUTh BHAUase
TECTHpOBaHWE Ha (YHKIHOHAIFHOE COOTBETCTBHE cTaHAapTy. [lOCKOJIBKY 3TO TeCTHpOBaHHE
MPEJCTaBIsET caMo MO cebe JIOCTATOYHO CIOXKHYIO 3ajady, Ul ee pelleHuss HeoOXOAMMO CO3JaHHe
CTIEIUANBHOTO CEPTUPHUKAIMOHHOTO IIEHTPA, KOTOPBIH MOT OBl OCYHIECTBISATh B TIOJHOM OOBEMeE
TECTMPOBAaHUE HAa COOTBETCTBHE CTaHJIAPTY JIOOBIX YCTPOMUCTB.

[ToMuMoO pa3oBBIX cepTU(HUKAMOHHBIX HCIBITAHUI TOJHKHBI OBITH OPTaHW30BaHbBI JITUTEIbHBIC
UCTBITAaHUS Ha HAJEKHOCTh, KOTOpble Hambosee 1enecooOpa3HO MPOBOAMTH B IOJHOM cxeme
JCWCTBYIONIEH IOJCTAHIIMM B pEATBHBIX OKCIUTYaTallMOHHBIX YCIIOBUSX. VICTIBITAHUSIM — JTOJDKHEI
MoJIBEpraTbcs B MEPBYIO odepenb LU(PPOBbIE HCTOYHMKM WHGopMauuu. [l pemeHus 3THX 3a1ad
uenecooOpasHo, o onsity CIIA, co3naTe NHIOTHYIO HU(POBYIO MMOACTAHIINIO, 000PYI0BAaHHYIO MOJIHBIM
KOMIUIEKTOM LU(POBBIX H3MEPUTENIBHBIX YCTPOMCTB M MHUKPONPOLIECCOPHBIX YCTPOMCTB 3aIUTHI,
PEeryIUpOBaHUS U U3MEPEHHIA.

Co3znanue nuiI0THOM HM(POBOM MOACTAHIIMU JOKHO 00ECIIEUNUTh PEeLIeHHEe CIEeIYIOUINX Hesel U
3a1au:

e TPOBEPKY OTKPBITOCTH apXUTEKTYPHI HM(POBOM MOACTAHIINU /IS 3aLIUTHI, YIpaBJiIeHUs 1 cOopa
JTAaHHBIX;

e TECTUPOBaHME HOBBIX IIM(PPOBBIX H3MEPUTEIbHBIX YCTPOWCTB BMECTO TPaJUIIMOHHBIX
aHAJIOTOBBIX M3MepHuTenel (TpaHchOopMaTOPOB TOKA U HATIPSKEHUS );

e TIPOBEPKY COBMECTHMMOCTH MHTEJJIEKTYAJIbHBIX AJIEKTPOHHBIX YcTpoiicTB (MDVY) pasHbix
MPOU3BOUTENCH, peanm3yrommx (QYHKIUH yrpaBlieHHss W 3amuThl. [IpoBepKy HACTPOWKH CHCTEMBI
CpeACTBaMH, NPEJOCTABIEHHBIMU IPOU3BOAUTENISAMU YCTPOUCTB 0€3 HEOOXOJUMOCTH MOCTOSHHOU
MOJIICPYKKH CO CTOPOHBI CAMHX TIPOU3BOIUTEICH;

e OLEHKY COMNOCTaBUMOH (YHKIIMOHAJBHOCTH M MPOU3BOJUTEIBHOCTH 110 CPaBHEHHUIO C
TPaTUIIMOHHBIM TPHUHITUIIOM HCTIOJHEHUS TOJCTAHIIMN TPU 3HAYUTEIHHOM YMEHBIICHUH IUIOMIAICH,
3aHUMaeMbIX 000pYJJOBaHUEM KOHTPOJIS U YIPABJICHHUS;

e OIIGHKY YypOBHA O€30MacHON W HAASKHOW pPadOTBI CHCTEMBI B II€JIOM, OCHOBaHHON Ha
CBOEBPEMEHHOW U HAJIS)KHOM Mepeaue TaHHbIX;

e OLEHKY PKOHOMHYECKOW 3(P(PEKTHBHOCTH MPOEKTA; OMBIT, MOJYYCHHBIH B paMKax IMPOEKTa,
J0JKEH OBITh TOBTOPHO MCIIONIB30BaH ISl IPYTUX MOICTaHIINH;
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e VIPOLIEHUE SKCIUTyaTallUh: MOHUTOPUHI W JIMarHOCTHKA CETU JJI1 YMEHBIICHHUS BpPEMEHU
00CITy>)KUBaHHSI, MOHUTOPUHT PabOTOCIIOCOOHOCTH CHCTEMBI;

e TecTHUpoBaHUE 3PPEKTUBHOTO BHICOKOCKOPOCTHOTO YIPaBIIEHUS Iepeiadeil JaHHbIX; IPOBepKa
oOMeHa naHHbIMH Mexay DY

e pPa3pabOTKy METOJIOJIOTMH TECTUPOBAHHUS U MPOBEPKU CHUCTEMBI, B TOM UHCJIE BO3MOXKHOCTH
npoBepku Jr06oro UDY ¢ coxpanenuem padorocnocodbnoctu npyrux DY B onHOI cetu;

e pa3pabOTKy ¥ TECTUPOBAHHME MHCTPYMEHTOB W METOAOJOTHH aBTOMATH3UPOBAHHOTO
MIPOCKTUPOBAHMSI CHUCTEMBI, COOTBETCTBYIOIIUX HOBBIM (YHKIUSM M TMPUHIUNAM pPabOThl CHCTEMBI;
pa3paboTKy pycuUIUpOBaHHBIX U aJATUPOBAHHBIX MO POCCUUCKHUE CTaHAAPThl HHCTPYMEHTOB;

e pa3pabOTKy CHEIHaTbHOIO0 HOPMAaTHBHOTO JOKYMEHTa Ha 0a30BBbIC aJITOPUTMBI JIOTMKH JIJIS
NDY. [8]

B nacrosiiee Bpems Ha Teppuropun Poccun peanusyercsi cpazy HECKOJIBKO MPOEKTOB LU(PPOBBIX
MOACTAHIIMHN, TakWe Kak ONbITHBIA mosmroH «lludposas moxacranmms» Ha 6aze «HTL[ ®CK EDCy,
noxacranims 500 kB «Hanexna» Ha 6a3e MaructpaibHBIX SJICKTPHUECKUX CETeH Ypaia, a TakKe KIIacTep
«OJIBrayroipy.

OnBITHBIN TONMUTOH HU(PPOBOI MOJCTAHIIMHN - 3TO KOMIUIEKC 000PYIOBaHMS U TEXHUIECKUX CPEICTB
JUIS UCIBITAHUSl MPOTPAMMHO- alIapaTHOrO KOMIUIEKca IUGPOBOI MOACTAHIINHU, BKIIOYAIOMIUN B ce0s
MakeT MPOrpaMMHO-ANINAPaTHOIO KOMIUIEKCA, TECTOBO-MOJAEIUPYIOLUINI KOMIUIEKC, LEHTP YIpPaBJIECHUS
MOJICTAHIMEH, CHUIIOBOE O0OpyIOBaHUE, CpelcTBa MH(MPACTPYKTYPhl, KOHTPOJIA U yIpaBieHus. PaboTsl
BhIMONTHSUTHCH B pamkax rporpaMmmbl HUOKP OAO «®CK EDCy» na 2010-2014rr ¢ nepcnextuBoit 1o 2019
roja. ONBITHBIN MOJUTOH COCTOUT U3 2-X YacTel - MOJICTAHIIMOHHOM 1 J1a00paTOpHOIL, CBA3aHHBIX €IMHON
KOMMYHUKAIlMOHHOW Cpeloi. B coCcTaB MOACTaHIIMOHHON YaCcTH BXOAAT: LIEHTP YIPaBJICHUS MOACTAHLIMHU
C TepMUHATAMH 3alUTHl U HU3MEPEHUS, KOMMYHHUKAIMOHHON CEThIO, 00OPYIOBAaHHUEM CHHXPOHU3AINH
BpPEMEHH, U3MEPUTENbHBIE ONITHYECKUE TPaHC(HOPMATOPHI TOKA U HANIPSKEHMUSI, TI0JIEBbIE TpeoOpa3zoBaTesn
AQHAJIOTOBBIX M JUCKPETHBIX CHUTHAJIOB HAPY>KHOTO HCIIOJIHEHHS, pa3MELIEHHbIE Ha OTKPBITOM
pacnpenenuTenbHOM yerporictBe noactanmuu 110 kB. OcHOBY 1a60paTOpHOI YaCcTH OMBITHOTO ITOJIMTOHA
COCTAaBJISIET IPOTrPaMMHO-aNMNapaTHbIA KOMIUIEKC [9]. 3a1aua HAy4YHOTO LIEHTPa 3aKJII0YAETCs B CO3/IaHUU
onbITHOro mojurona Ha 6ase moacranuuu Ne 301 110/10 kB OAO «HTL[ ®CK EDC» u npoBeneHuu
UCTIBITAHUN Ha IMOJUTOHE KOMIUIEKCa 00OpYIOBaHMM, TEXHHYECKUX CPEICTB M MOACHUCTEM LH(POBOI
MOJICTAHIINH, a TAK)KE B pa3pabOTKe U HUCTBITAHUN KOMIUIEKCHBIX TEXHUUYECKUX PELIEHUH 10 yIpaBIeHUIO
TEXHOJIOTHYECKUMHU Tporieccamu noactaniuuu.[10]

B 2011 rony ans obecnedeHus 3Heprerudeckoil Oe3omacHoctu CBepanosckoit obnactu OCK
MIPUHIA PElIeHNe TOCTPOUTh B perHOHe MepByro mudpoByo noacraniuio 220 kB «Hanexna», koTopas
CTaHeT OJIHUM U3 KOMIIOHEHTOB UHTEJUIEKTYalIbHbIX ceTel. CTPOUTENIbCTBO SHEPTOOOBEKTA MPEIIoIaraeT
LENbIA psiJi UHHOBAIIMOHHBIX MOMEHTOB - 3JIEra30BO€ KOMIUIEKTHOE PACIPEAEIUTENIBHOE YCTPOUCTBO,
HCTOYHUKHU Oecriepe0OMHOro MUTaHMsI C MOITHBIMU CHJIOBBIMH MpeoOpa3oBaTesiMu U aKKyMYJIATOPHBIMU
OarapessMu, HEMOCpPeICTBEHHO I(poBoii komriekc 3amuThl U cucreM ACY TII u npyrue. OnHako mno
coctosiario Ha 2019 rox cTpouTenbCTBO 00BEKTa HE 3aKOHYEHO.

3aKOHUEHHBIM U BBEJCHHBIN B 3KCILTyaTallMIO MPOEKT HKU(POBON MOACTaHIUU HA TeppuTopuu PO
tonbko oguH. Pumman [TAO «MPCK Ilentpa» — «benropoasuepro» 5 asrycra 2019 roma BBenm B
JKCIUTyaTanuio «udpoyto mnoactanimio» 35/10 kB Hukonsckoe. OOMeH wuHbopMaIuein MexIy
MIPOrpaMMHBIMH KOMIUIEKCAMHU Ha MUKPOMNPOIECCOPHON 0a3e BBHINOJHEH C NPUMEHEHHEM IMPOTOKOJIOB
M3OK 61850-8-1 u MDK 61850-9-2. MOHHUTOpPUHT M yIpaBie€HHE OCHOBHBIM U BTOPUYHBIM
000py/oBaHUEM, HHKEHEPHBIMHU, OXPAHHBIMU M MHBIMU TE€XHOJIOTUYECKUMHU CUCTEMAMHU OCYIIECTBIISIETCS
JUCIETYEPOM TUCTAaHIMOHHO 1o cpeactam ACY TII.



