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dopmanunsauma PyHKLUUOHANbHbIX TPEOOBaHMMN K pefieMHON 3aluTe
M aBTOMaTuKe LuucpoBon noacTaHUum

A.A. BonomuH, A.A. Jle6enes, /1.O. bnaropazymos, B.A. Bansrep

Cepust cranzaptoB MOK 61850 Ha ceronusmHuii 1eHb — Hanboee pacpoCTPaHEHHbIH HCTOYHUK OMMCAHUS 000PYIOBAHUS U IIPOLIECCOB
HIIC, cnenoBaTenbHO, pa3BUTHE NMEPCIIEKTUBHBIX TEXHOJIOTUI B 001aCTH MPOeKTHpOoBaHust P3A TOIKHO HEN30€XHO YIOBIETBOPATH Tpe-
OoBaHMsIM cTaHgapTa. Ero m3HagansHOE Ha3HAYEHHE OrPaHUUCHO 00IACThIO OMHcaHus 00bekToB U nporieccoB ACY TII, uto cooTBeTCTBY-
I0IUM 00pa30M JIUMHTHPYET U €0 Bo3MOXHOCTH. [IpoexTupoBanue yctpoiict P3A ciexyeT mpoBOIUTh C y4eTOM TPEOOBAHMM, IPEIbSIB-
nsiembix MOK 61850, B To ske BpeMsi caM CTaHAapT He CTPEMUTCS M He 00J1alaeT HHCTPYMEHTApUEM JUIS TOAPOOHOTO OMHCAHUS CTPYKTYPBI
U NpUHIKNA QYHKIIMOHUPOBAHUS yCTPOKCTB P3A, orpaHnunBasich OnMcaHuEeM BHEIIHEro uHTepdeiica 1u1st KOHTPOIIS HEOOXOIMMBbIX JJaH-
HBIX, 4TO SIBISIETCsI JocTatouHbiM ¢ Touky 3penust ACY TII. CymectBoBaHHe MOZOOHBIX OIpaHUYSHUH HAISTHO TPOSIBISETCS MIPU pas-
paboTtke cuctem reHTpanu3oBaHHOH P3A, P3A ¢ MurpupyrommmMu GyHKINSAMH, a TAKKe CHCTEM aBTOMAaTH3HPOBAHHOTO MTPOESKTHPOBAHHS
u koHTpoist LIIC, npenpssistonmx Oosee xecTkue, o cpaBHeHnto ¢ ACY TII, TpeGoBaHUS K OMHCAHUIO CTPYKTYPBI HHPOPMAIIMOHHON
MOJIETIH ¥ HH()OPMALTMOHHOTO OOMEHA MEXy ee YacTAMU. DakT oTnuns HaKTHIeCcKOro aJrTOPUTMHYECKOT0o obecriedeHns GyHKmuid P3A
OT uX HHQOPMALIMOHHBIX MOJIEJIeH OKa3bIBACT BIMSHHUE Ha NPOLECC pa3paboTKK (yHKIHMOHAIBHBIX TPEOOBAHHI K JIOTHYECKUM Y3JIaM.
Paspaborka ¢pyHKIMOHATIBHBIX TpeGoBanuii Kk JIY HeBo3MOkHa Oe3 mpeBapuTeIbHOr0 NOHUMAHUSI CTPYKTYPBI JIOTHUECKOTO yCTPOUCTBa,
KOTOpOe OyZeT oTpakaTh OIpesereHHy0 QyHKIo, oqHako MOK 61850 He HOpMUpYET CTPYKTYpHI JIOTHYECKUX YCTPOICTB. B pesyis-
Tare, KaK CTPYKTypa JOTHUECKHUX YCTPOICTB, Tak M peaan3yeMblid (QyHKIMOHAI B paMKax ogHOTo JIY, MOTYT CyIIECTBEHHO OTINYAThHCS
y Pa3IHYHBIX IPOU3BOANTENEH, UTO HETATUBHO CKA3bIBAETCS HA B3aMMOCOBMECTUMOCTH TIPEAJIaraeMbIX Ha phIHKE pemenuil. Pa3paboTka
JIOTHYECKUX YCTPOUCTB U y3JI0B B paMKaX HCCIIEAOBAHUS BBIIBHIIA PsiJI MPOOIEM, CBA3aHHBIX C 0COOEHHOCTAMH peanu3aund MOK 61850,
MIPUBOJIIIIMX K HEOTHO3HAYHOCTH peanu3annii JIY u Jorndeckux ycTpoHCTB: CTaHAApT HE yCTaHABIMBACT HCTOYHUKH CUTHAJIOB, 0Oec-
neyrBaronuX (yHKnuoHuposanue JIY, He paccmaTpuBaeT (yHKIHOHAT 00pabOTKH M ()OPMHUPOBAHUS U3MEPEHHH [UIS HYX] peleiHOM
3aIIUTHI B COCTaBe NMH(pOpMannoHHON MozenH. B ero pamkax He omucansl (QyHKINH, XapaKTepHBIE IS OTEIECTBEHHON PAKTHKH IPOCK-
tupoBanus P3A, mpu strom xopnioparuBHbIi npop e PCK EDC koHKpeTH3UpYeT UX OMHCaHNe HE B ITOJTHOM Mepe, TOCKOJIBKY HacleayeT
cTpykTypy onucanus or MOK 61850.

[IpencraBieHo U3MeHeHNE TTOJX0/Ja K IIPUMEHEHHUIO JIOTHYEeCKUX y370B. Ha maHHBIH MOMeHT nHdopMannoHHas Mojielb QyHKIMH pe-
CTaBJISIET COOOM JINIIL BHEITHNI HHTEp(elic, MO3BOISIOMHNH MOIYIUTh U3 KHEAP» alTOPUTMUUECKOro obecIiedeH s 3HaYeHNsT He0O0X0-
MBIX CUTHAJIOB € TpeOyeMOi CEeMaHTHKOMU, YTO MPEACTABISACT QYHKIHMOHATBHYIO eHHOCTD Juiib st ACY TII. Takum oOpazom, GyHKIH-
OHANIbHbBIE TPeOOBAHMS K JIOTHYECKOMY Y3ITy JOJKHBI OIPEeNsATh TPeOOBaHMS HE K alTOPUTMUUECKOMY OOECIEUEHHIO, Pealn3yoleMy
GyHKIHMIO, @ K BHELIHEMY HHTEep(EHCy, 4TO HECKOJIBKO a0CypHO. B paMkax cTaTbi MPeUIOKEHO CONOCTABUTh HEKOTOPOE HE3aBHCHMOE
000CO0IEHHOE AITOPUTMHYECKOE 00eCIIeUeHHe ATl KaXK/I0T0 y3J1a TaKUM 00pa3oM, YTOObl CTPYKTYpa aJlTOPUTMHUYECKOTO 00ecIeueH s
COOTBETCTBOBANIA CTPYKType HHPOPMAIOHHOH Moaenu. C ydeToM JaHHOH 0COOSHHOCTH pa3paboTaHbI JIOTHYECKUE YCTPOUCTBA H Y3IIbI,
orpaxatomye GyHKIuH P3A 00BEKTOB CPEIHETO M BEICOKOTO KJIACCOB HANPSDKEHHH, MPOBEAEHA KaTeropu3anus 0ObEeKTOB JaHHBIX Ha
KaTeropuy BXOAHBIX, BEIXOAHBIX CUTHANIOB M MAPAMETPOB HACTPONKH, a TaKXKe pacunpeHne nH(popMannoHHbIX Mozenei JIYV B ciaydae
HEOOXOIMMOCTH.

B xozie uccnenoBanus ycTaHOBNIEH ()aKT MHOXKECTBEHHOTO TPUMEHEHUsI OAHOTHITHBIX Y3JIOB B pa3iuuHbIX GyHKIMAX P3A, npenbssisio-
mux crenuduueckre TpeboBanus K padote JIY, B CBA3M ¢ YeM IPHHATO penieHHe YHH(DUKAUK BCETO crielnpuIeckoro (yHKINOHaa B
pamMkax oxgHoro Turna JIY ¢ BO3MOKHOCTBIO BEIOOpa HEOOXOIMMOTO peknMa pabOoTHI P MOMOIIY apaMeTPOB HACTPOUKH.

Pa3paboTka anropuTMHIECKOTO 00€CTIeUeHNS! BBISIBANIA TIOBTOPSIONINECS TUTIBI CTPYKTYPBI aITOPUTMHUECKOTO 00ECTICUEHHsT TOTHUECKHX
Y3JI0B, KOTOpbIe ObLIN OOBENHEHBI B TPU KaTETOPHU: H3MEPHTEIbHbIE, ITyCKO-(DYKHIIMOHANbHbIE, QYHKIOHaIbHBIE. KakioMy n3 THIoB
JIV cooTBeTCTBYET Onpe/encHHbIN HA00p HYHKIIHOHATBHBIX OJOKOB B coctare JIV.

[Ipoextuposanue ¢pynkuuii P3A Ha ocHOBe HOBOTO mozxoza K mpuMmeHeHuro JIY Hecer B cebe ciemyronye IpenMyIecTBa: MOy IbHAs
CTPYKTypa CXEMBI 3aIINTHI HO3BOJISICT B MIMPOKOM JMANa30He BHIONpaTh (PYyHKIMOHATBHOCTH 3aIUTHI HA STale NPOSKTUPOBAHHUS; CTPOTOe
OTIpe/ieNIeHNe B3aNMOCBsI3eH 1 MH(POPMAIOHHOTO 0OMeHa Meskay JIY ympormaet monnManue GyHKIMOHHPOBAHUS 3aIIUTHI, a TAKXKe AAeT
BO3MOKHOCTb OIIEHUTb BIHMsSHHE pexkuMa paboTsl JIY Ha paboTy QyHKINH 3aLIUTHI B IIETIOM; MOLYJIbHAS CTPYKTYPa CXEMBI 3aILIUTHI C MpeT-
cKa3yeMbIM ToBeieHHeM JIY He TONbKO KOHTPOJIMPYET UCIIPABHYO pabOTy 3aIUThl aBTOMATHYECKUMH CPEACTBAMHM, HO U IIPOCKTHPYET 3a-
[Ty aBTOMAaTHYECKUMH cpeficTBaMu. HenocTaTkoM moaxona sSBIseTCsl HE0OXOIMMOCTh CO3aHMs AITOPUTMHYECKOro odecreuenust P3A
C HyIIsl, IOCKOJIBKY pa3pa0dOoTaHHbIE paHee alTOPUTMBI HE TTOAPa3yMeBalOT CTPYKTYPhl HH()OPMAMOHHONW MOJIEIH.

B pamkax cratbu mporiecc pa3paboTKu JIOTHYECKOTO YCTPOWCTBa paccMoTpeH Ha mpumepe ¢ynkiun MT3 BJI cpennero kiacca Hampsoke-
HUS C HOAPOOHBIM OIMCAHHEM CTPYKTYPbI JIOTHYECKOTO YCTPOHCTBA U Ha3HAaueHHs npecTaBieHHbIX JIY. B xoze paboThl CipoeKkTHpoBaHO
10 xoHpwuryparopa, Ho3BONISIONIETO (HOPMHUPOBATH JIOTNYECKHIE yCTPOHCTBA Ha OCHOBE OMOIMOTEeKH pazpaboranHbix JIY ¢ mocnenyomum
co3aHueM OMHApHBIX (aiiIoB I 3arpy3KH Ha anmapartHyio miardopmy. OqHO3HaYHOE onHcaHue WH(OPMAIMOHHOTO 0OMeHa MeXIy
JIY notpeboBano pacmmpenus SCL-cuHTakcuca, B pe3yibTrare 4ero cOopMUpOBaH HOBBII (opmar ¢aiizoB CLD. MexaHn3M IpHUMEHEHUS
00bekToB HaHHBIX cchuToK BuAa InRef n BlkRef B pamkax crangapraoro cunTakcuca SCL HEPpUMEHUM, IOCKONBKY MTOCIETHIE JTUIICHBI
CeMaHTHYECKOTO CMbICIIA.

OnucaHbl yCIIEIIHbIH MPOLECC TECTUPOBAHMS M aTTECTAIIMU Pa3padOTaHHBIX aJlTOPUTMOB/JIOTHYECKHX Y3JIOB M JIOTHYECKUX YCTPOHUCTB Ha
ammaparHoi miatdopme, a Taxke OOHApY)KCHHBIE B XO/I€ TECTHPOBAHUS IIPOOJIEMBI, CBSI3aHHBIE C OTCYTCTBHEM HOPMATUBHEIX TPEOOBaHUM
K (DyHKIMOHATBHOMY TECTHPOBAHUIO JIOTHUECKUX Y3JI0B U METOAMKAM Y4eTa BIUSHUS PA3INIHBIX METOK KadecTBa OOBEKTOB JAHHBIX.
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Formalization of Functional Requirements for Digital Substation
Protection and Automatic Control Systems

A.A. Voloshin, A.A. Lebedev, D.O. Blagorazumov, V.A. Val'ger

The series of IEC 61850 standards is currently the most widely used source for description of a digital substation’s equipment and processes;
therefore, advanced technologies in the field of designing relay protection and automatic controls (PAC) shall inevitably be developed in
compliance with the requirements of these standards. However, the scope of this standard series was originally limited to describing
SCADA-controlled facilities and processes, which poses certain restrictions on the standard series capabilities. PAC systems should be
designed subject to the IEC 61850 requirements, but at the same time, the IEC 61850 standard does not provide any tools and has no intent
for thoroughly describing the structure and operational principle of PAC devices, and only describes the external interface for monitoring
the necessary data, which is sufficient from the SCADA system perspective. Such restrictions of the standard series can be clearly seen
when it comes to designing centralized PAC systems, PACs with migrating functions and digital substation computer-aided designing and
monitoring systems, which pose more stringent (compared to a SCADA) requirements for describing the information model structure and
for data exchange between its parts. The fact that the actual algorithmic support of the PAC functions differs from their information models
has an impact on designing the functional requirements for logic units (LU).

The functional requirements for LUs cannot be developed unless there is understanding of the logical device (LD) structure that will reflect
a certain function; however, IEC 61850 does not specify any logical device structure. As a result, both the structure of logical devices and
the functions implemented within one LU may differ essentially from manufacturer to manufacturer, which has a negative impact on the
compatibility of the solutions offered in the market. The development of logical devices and units within the research framework revealed
a number of problems connected with the specific features of implementing IEC 61850, which result in lack of unambiguity of LU and LD
implementations. Thus, the standard does not specify the sources of signals supporting the LU operation, nor does it consider a functional
for processing and producing measurements for relay protection as part of the information model. The standard does not describe the
functions typical for the domestically adopted PAC designing practice. It should also be noted that the UES Federal Grid Company’s
corporate profile specifies them only partially since it inherits the description structure from IEC 61850.

The article suggests a change in the approach to the use of logical units. Currently, the function information model represents only an
external interface. This interface makes it possible to obtain, from the midst of algorithmic support, the values of necessary signals with the
required semantics, which is functionally useful only for the SCADA. Thus, it turns out that the functional requirements for an LU should
define the requirements for the external interface instead of the algorithmic support implementing the PAC function, which to a certain
degree makes a nonsense. The article proposes to set up, for each LU, an independent separate algorithmic support, so that the algorithmic
support structure would be consistent with that of the information model. In view of this feature, logical devices and units are developed
that reflect the PAC functions for facilities of medium and high voltage classes. In addition, data objects are classified into input, output
signals and setting parameters, and the extensions of LU information models, should a need to do so arises, are suggested.

The study has revealed multiple applications of similar LUs in different PAC functions, which pose specific requirements for the LU
operation. In this connection, it is decided to standardize the entire specific functional within a single LU type with the possibility to choose
the necessary operation mode by changing the setting parameters.

The development of the algorithmic support has revealed repeating types of LU algorithmic support structure, which were combined into
three categories: measuring, starting-functional, and functional. For each of the LU types, there is a certain set of LU functional blocks.
The designing of PAC functions on the basis of the new approach to the use of LUs has the following advantages: the protection scheme
modular structure makes it possible to select the set of protection functions in a wide range at the designing stage; strict definition of
interconnections and data exchange between LUs simplifies the understanding of protection operation, and opens the possibility to evaluate
the influence of the LU operation mode on the performance of the protection function as a whole; the protection scheme modular structure
with a predictable behavior of LUs makes it possible not only to monitor the correct operation of protection using special automatic tools,
but also to automatically develop protection schemes. The disadvantage of this approach is the need to develop the PAC algorithmic support
from scratch, because the previously developed algorithms do not imply the information model structure.

The process of developing a logical device is shown within the article framework on the example of the medium voltage class overhead power
line overcurrent protection with a detailed description of the logic device structure and the purpose of the presented LUs. A configurator
software was developed during the study, which makes it possible to configure logical devices based on the library of developed LUs with
subsequently making binary files to be uploaded on a hardware platform. The unambiguous description of information exchange between
LUs generated the need to extend the SCL syntax, as a result of which a new format of CLD files was produced. The mechanism of applying
reference data objects like InRef and BlkRef, that are part of the standard SCL syntax is not applicable because they lack semantic meaning.
The article describes a successful process of testing and validation of the developed algorithms/logic units and logic devices on a hardware
platform, as well as the problems revealed during the testing, which are connected with the lack of regulatory requirements for functional
testing of logic units and methods for taking into account the impact of various quality labels of data objects.

Key words: digital substation PAC systems, functional requirements, information model, standardization of logic units, corporate profile,
IEC 61850
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BBenenue

s mccnemoBaHus MpoOIeMBbl ONpeICICHUS (PYHKITH-
OHAJIBHBIX TPEOOBAHMH K JIOTHUECKUM Yy3J1aM B paMKax KO-
muteta B5S CIGRE 6buta co3nana pabouast rpynma B5.64
«Mertoasl onpeaeneHus GYHKIIMOHAIBHBIX TPEOOBAHUN K
pesieitHOM 3aIiuTe M aBTOMATHKE JHeprocucrem». B co-
OTBETCTBHU ¢ oTdyeroM [1], omyOnukoBanubeiM B 2018 T,
M3K 61850 sBnsercs Hamboiee MOMYISPHBIM S3BIKOM
OITMCaHUsI 00OPY/IOBAaHMSI M TIPOIECCOB Ha MOJACTAHIHH.
OTyer NpenMyIIECTBEHHO pacCMaTpUBAaET pacmpocTpa-
HEHHOCTh NPUMEHSIEMBIX METO/I0B M (pOpMaTOB (S3BIKOB)
OITMCaHUsI KOH(UTYpAILIMHU CPEIH YIaCTHUKOB PhIHKA, HO HE
3aTparuBaeT ACTAIFHOTO OMHCAHMS MpoIecca U padouero
ropsiika opmMupoBanus PyHKIIMOHATIBHBIX TPEOOBaHMUI.

B HacTosAmMii MOMEHT aKTMBHO pPa3BUBAIOTCS MPOEK-
THI HEHTPATU30BAHHON pENCHHON 3aIIUTHl U aBTOMATHKH
(P3A), P3A ¢ murpupyrommmu QpyHKIUSIMU, aBTOMaTHYE-
CKHX CHCTEM TeCTHpoBaHUA [2, 3]. Yka3zaHHBIC CHCTEMBI
HETIPEMEHHO JIOJDKHBI OBITh MHTETPUPOBAHBI B IU(POBLIE
noactanuu (LI1C), a ciaemoBareabHO, COOTBETCTBOBAThH
TpeboBannsaM cranmaproB cepun MOK 61850, ommako
orpannueHuss MOK 61850, cBa3aHHBIE ¢ paclIMpeHHEM
00J1acTH MPUMEHEHUS CTaHAapTa B XOJI€ €r0 Pa3BUTHS, BbI-
3BIBAIOT CYIIECTBEHHBIC 3aTPyAHEHHMS IIPU TOIBITKE pea-
JIU3AIUH YKa3aHHBIX CUCTEM.

PaccmarpuBaemast TeMa COIEPKUT B cebe HEKOTOpoe
MIPOTUBOPEUHE, HE TMO3BOJIOIIEE HANpsIMyIO OIlpeje-
JIUTh (DYHKIIMOHAIbHBIE TPEOOBAHMUS K JIOTHYECKHM Yy3JIaM
(JIY). Ono cBsizaHO ¢ TeM (aKTOM, YTO TIPEABSIBICHUE Ka-
KHUX-TN00 (DYHKIIMOHAJIBHBIX TPEOOBAHUH K JIOTHYECKUM
y3J1aM BO3MOXKHO JIMIIb C YYETOM ITOHUMAHUS CTPYKTYPBI
JIOTHYECKOTO YCTPOMCTBA, COCTABHOW YacThIO KOTOPOTO
SIBIISIIOTCSL HOPMUpYeMBble JJorudeckue y3iasl. OqHaKo, Ka-
KOW-TO0 HOPMATHBHOM 0asbl, comepiKaiieil cTaHmapTH-
3UPOBAaHHBIE OMUCAHMS JIOTHUECKUX YCTPOUCTB COITIACHO
unpopmaronnoit mogean MOK 61850, Ha Tekyumii Mo-
MEHT HE CyMIECTBYET. B ¢Bs3M ¢ 3TuM Ut pa3zpaboTdmka
WIN UCCIeaoBaTelsi npodiieMaTnka pa3padoTku (GyHKIH-
OHAJILHBIX TPEOOBAHMI K JIOTHUECKUM y3JlaM HeH30e:KHO
BKITFOYaeT B ceOs mpobieMy pa3paboTku (pyHKIIMOHAIB-
HBIX TPEOOBAHUI U K JJOTHYECKOMY YCTPOICTBY.

«becoBHOe) co31aHNE JTOTHYECKUX YCTPOICTB peseii-
HOH 3aIUTHI B COOTBETCTBHH ¢ TpeboBanmsiMu MOK 61850,
OCHOBaHHBIMU Ha TpamuiuoHHbX Juis CHI' npunimmnax,
HEBO3MOXKHA B CHIIy TOTO (hakTa, 4To HMH()OpMAIIMOHHEIC
MOJIENIU peCcTaBlIeHHBIX B paMkax MOK 61850-7-4 noru-
YECKUX Y3JI0B MOTYT HE MOJpa3yMeBaTh KaKUX-TH00 Tpa-
JTUIMOHHBIX (PyHKIMH Win ocoOeHHOCTEH, Hapumep D3
WM OJIOKUPOBKH Ka4aHW 10 pa3periaroiemMy NpuHINILY
pabotel. B CcBsI3M ¢ 3TUM BO3HUKAECT HEOOXOAMMOCTH pac-
mHpeHust HHHOPMAIIMOHHON MOZEIH HOBBIMH OOBEKTaMU
JTAHHBIX, KJIACCAMHU JIOTHYECKUX Y3JIOB WM HU3MEHEHUEM
MOJX0a K MPUMEHEHHIO cTaHmapTHHIX it MOK 61850-
7-4 y3noB. Apantamueit MOK 61850 x oreduecTBEHHBIM
peanusm ciryxut Koprioparususiii npoduins MOK 61850
[TAO «®CK EO3C». Ha MOMEHT MpOBENEHUSI UCCIIEN0BA-
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HUS OH eIle He ObUT YTBEP)KICH U HAXOHWJICS B CTaJHH
MPOEKTA, B CBSI3M C YE€M MPOBOAUMbBIC U3BICKAHUS IMO/pa-
3yMEBAJIH TIOJHBIA (POHT padoT MO pean3aiuy 0TeueCT-
BeHHBIX nmpuHIUTIOB P3A Ha 6aze MDK 61850. Crnemyer
OTMETHUTh, YTO Jla)k€ B BUJE YTBEP)KICHHOIO CTaHJapTa
OpraHU3aIUK KOPIIOPATUBHBIN MPO(UIIs HE pelaeT IpuH-
[UNHAATBHBIX Tpo0iIeM pa3paboTku  (PyHKIIMOHAIBHBIX
TpeOOBaHNUIl K IOTHUECKUM y3JIaM U YCTPOICTBaM.

Ocodennoctu MIK 61850, 3aTpyaHsioniue
pa3paldoTKy GPyHKIHOHAIBHBIX TPeOOBAHUIA

Omnpenenenre (yHKIMOHATIBHBIX TpeOOBaHUU K JIO-
THYECKUM Y3J1aM HEBO3MOXKHO O€3 IMOHUMAHUS CTPYKTY-
PBI JIOTUYECKOTO YCTPOICTBA, coepkalero Aanusle JIY.
OpHako, Kakoil-mubo HOpMAaTHUBHON 0a3bl, comepiKaiiei
CTaHAAPTU3UPOBAHHBIE OMMCAHMUS JOTHYECKNX YCTPOHCTB
cornacHo nHpopmarmonHo moxemn MOK 61850, Ha Te-
KyLIM MOMEHT He cyliecTByeT. Takum oOpaszom, Juist pas-
paboTumKa MM HCCIIeJoBaTellst podiieMaTuKa pa3padoTKu
(DYyHKIIMOHATBHBIX TPeOOBaHMI K JIOTHYECKUM y3JaM He-
M30€XKHO BKIOYaeT B cedst mpodieMy pa3paboTKu (yHK-
[IMOHAJIBHBIX TPEOOBaHMUI 1 K JIOTHYECKOMY YCTPOHCTBY.

ITockonbKy COCTaB JIOTMUECKUX YCTPOHUCTB HOPMAaTHUB-
HO HE OIpPEIEISIeTCs, BOBMOXKHBI PA3JIMYHbBIC TOIXO/bI K
KOMITOHOBKE JIOTHYECKHUX Y3JIOB B JIOTHUECKHE yCTPOHNCTBA.
B pamkax aHHOTO MCCIIEOBaHUS UCTIOIb30BaH MPHUHIIMII
cootBercTBUs pyHKIMU P3A onpenenenHomy o60co0ieH-
HOMY JIOTHYecKoMy ycTpoiicTBy. IIpu mombiTke mondopa
COCTaBa JIOTUYECKUX Y3JIOB [UISl JJOTHYECKOTO YCTPOHCTBA
ornpezaeeHHoi pynkunu P3A Bo3HuK psin mpoliiem, cpean
KOTOPBIX MOXHO BBIZICTIUTH CJICAYIOIINE OCHOBHBIC.

1. M3K 61850 ne ompenemnsieT HCTOYHUKHA CHUTHAJIOB,
Ha OCHOBE KOTOPBIX (POPMHUPYIOTCS 3HA4YEHHs OOBEKTOB
JTAaHHBIX JIOTHYECKOTO y3/1a. DTO MPUBOJUT K HEOIHO3HAY-
HOCTH TOAX0A0B peanm3anuu QyHkuun P3A Ha ocHOBe
JIOTHYECKHUX Y3II0B, a, CJIJJOBATEIIbHO, M HEOJHO3HAYHOCTH
COCTaBa JOrMYECKHUX Y3JI0B B JIOTHYECKOM yCTpoicTBe. Ta-
KUM 00pa3oM, HEBO3MOXKHO OJHO3HAYHO C(hOPMYITHPOBATH
(yHKIIMOHAIBHBIE TPEOOBaHUS K JIOTHYECKOMY Y3IIy, HE
oTIpeneNss CTPOruM oOpa3oM HabOp BXOMHBIX CHTHAJIOB,
HEOOXOMUMBIX T PabOTHI y3Ia.

Ha mnpumepe cBoOOAHO KOH(MUTYpHPYEeMOW JIOTHKH
tepmuHaoB P3A ¢upmer ABB [4] MoxHO BHIETh, 9TO
MIPOU3BOJUTENH, CTpeMsIIHecs ucnoiab3zoatb MOK 61850
JUI TIOJIHOTO ONHCAHMS CTPYKTYPHO-(YHKIMOHAIBHBIX
CXeM QJITOPUTMAa, BBIHYXJIEHbI AHAJIOTHYHBIM 00pazoM
OIPCACIIATL BXOAHBIC CUTHAJIbI (byHKLll/IOHaJ'I])HI)IX 6J'IOKOB,
COOTHOCSIIIUXCSI C JIOTHYECKUMHU y3J1aMH MH()OPMAIHOH-
HoM Mopmenu. [IpobGiema MaHHON MPAKTHKW 3aKITIOUAETCS
B TOM, YTO BXOJHBIC CUTHAJIbI JIOTHYECKHUX Y3JIOB M CBS3U
MEKIy HUMH OTIPECIISIIOTCS JIMIIb B IponpuerapHom [10
MIPOM3BOAMTENSI M HE HAXOMIT oTpaxkeHus B coctaBe SCL
(haiinos.

2. MBK 61850 He paccmarpuBaeT (DyHKIMOHAT 00-
paboTku U (HopMUPOBaHUS U3MEPEHHId B cocTaBe HHDOP-
MAalMOHHON MOJIEIN, a TAKXKe HE OIPEIENISIeT JIOTHYECKHe
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y3J161 00pa0OTKU ¥ IPe0OPa30BaHMSI U3MEPEHHI JJIsT HYKT
pereitHoi 3amuThl. JlaHHBIH OAX0M 0OeCIeunBacT MoJi-
HYHO CBOOOJy MPOU3BOIUTEISIM B BOIIPOCE 00pabOTKU U
peoOpa3oBaHMsl U3MEPEHUI, YTO TI03BOJISIET IPOIOJKUTh
IIPUMEHEHHE pa3pabOTaHHOIO paHee AITOPUTMHUYECKOTO
obecrieuenunsi. HenmocTatok 3akioyaercsi B OTCYTCTBHU
MTOHUMAaHMs OPSIJIKA paclpeieNeHus] H3MEPEeHHil 1o JIOTH-
YECKUM Y3JlaM — KayK/Ibli JIOTMUECKHM y3€ll, C TOUKH 3pe-
HUs MHGOPMALMOHHON MOJIEIH, YK€ COIEPIKHT HEeoOXo-
JMMBIIl HA0Op MU3MEpPEeHHit, YTO BEleT K HEOAHO3HAYHOCTH
CTPYKTYpBbI peanu3annu (QyHKIM# 32T, a, CIIeI0BaTeIbHO,
u (yHKIMOHANBHBIX TpeOoBaHuid. CiienoBaresibHO, MOXKHO
cZienaTh BBIBOJI, YTO OJHO3HAYHOE MOHUMAHUE aJITOPHUTMU-
YeCKOro MCTOYHMKA MPEoOpa30BaHHBIX M3MEPEHUH B paM-
kax uHpopmaronHoi mogean MOK 61850 orcyrcrByer.
3. MOK 61850 mpeumyIiecTBEHHO ONMHUCHIBAET JIOTH-
YECKHUE Y3JIbl, BBIMOJIHSIONINEG 0a30BbIe (PYHKIIUHU, K KOTO-
PBIM MO’KHO OTHECTH PA3IMYHOTO poja peie. B To xe Bpe-
Msi, OOJIBIIMHCTBO OTEUECTBEHHBIX MOJXOJOB, TAKUX KaK
OJIOKMPOBKH Ka4yaHMH 10 pa3periaromiemMy MpuHIHIITYy pado-
ThI ¥ HEHCIIPAaBHOCTH Lienelt HanpsokeHus, ABP u BHP, so-
ruyeckas 3ammura muH, J[®3 u nmpodyre BBICOKOUAaCTOTHHIE
3aIIUThI, QYHKIMU [TPOTHBOABAPUIHHON aBTOMATUKH U [p.,
k noctpoenunto P3A He npenycMorpensl. CylecTBYOMIMN
xoprioparuBsblid pouie @CK EDC [5] nbiTaercs ajnan-
tupoBatb MOK 61850 k 0TeueCTBEHHBIM peansiM, OHAKO
OTPaHUYHMBAETCS JIUIIb BHEIPEHUEM HOBBIX KJIACCOB JIOTH-

YECKUX Y3JI0B U O6’I)CKTOB JaHHBbIX, B CBA3U C YEM np06ﬂe-
MBI OTCYTCTBUA YKa3aHHBIX HCTOYHHUKOB BXOAHBIX JaHHBIX
1 HEONPEIEIIEHHON CTPYKTYphl JIOTMUECKUX YCTPOMHCTB
aKTyaJbHBI U TSI KOPIOPATUBHOTO mpoduis [5].

H3meHeHnne moaxona K NpUMEHEHHIO CTAHAAPTA
MDK 61850 B yacTn pa3padoTku peeiiHoi
3alUTHI H ABTOMATHKH

Ha Texymuit MomenT MOK 61850 moapa3ymeBaer, uto
UH(OPMALMOHHAsT MOAENb — 3TO JIMIIb CEeMaHTHYECKU
oTpeeIeHHbIN nHTepdeiic A BEIBOAA JaHHBIX HAPYKY,
B TO BpeMsl KaK (DaKTHIECKMMHU NCTOUHUKAMHU SIBIISIETCS all-
TOPUTMUYECKOE 0OecIIeueHHe 3a paMKaMK HH(OPMALIHOH-
HoH Mmozenu. ITonoOHast mpakTHKa MpeACTaBIsieT HHTEpeC
KakK JUIsl IPOU3BOJIUTEIICH, TIOCKOJIBKY HE TpeOyeT CylecT-
BEHHOTO M3MEHEHHs Pa3padOTaHHOIrO paHee alrOpUTMH-
4yeckoro odecrieueHust GpyHkimit P3A, tak u odecrieueHus
Hamagku ACY TII, mOCKOIbKY 3HAYMMOCTH MMEET JINIIb
Habop maHHEBIX U uX Qopmar [6]. Ha pucynke | nmpusenen
IpuMep MoA0OHOTO TEXHUIECKOTO PELICHHSL.

[TpuBeneHHbIN GaKT TOBOPHUT O TOM, YTO MH(OPMALIH-
OHHBIE MOJIEJIH, &, CIIEA0BATEIBHO, U MIPUHINIBI (DYHKIH-
OHUPOBAHUS JIOTHYECKUX Y3JI0B OJTHOTO U TOTO XKe KJacca,
MOT'YT 3HaYUTCIIBHO OTIIMYATLCA Yy PpasHbIX IMMPOU3BOAUTEC-
neii. TlocraHoBka Bompoca onpeseaeHus: (pyHKIHOHAb-
HBIX TPEOOBAaHMH K JIOTHYECKHUM y3J1aM HECKOJIBKO adCypa-
Ha, TaK Kak (QyHKIHMOHAJIBHBIC TPeOOBaHUI HEOOXOANMO,
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B NEPBYIO OuYepellb, ONPEACSTh JUIS AITOPUTMUYECKOTO
obecrieueHusi, a He /Ul UHTep(eiica, N3BIEKAIOIIETO U3
Hero jgaHHble. CIOXUBIIAsiCS NPAKTUKA HCIOIb30BAaHMS
CTaHAapTa XapakTepH3yeTCsl OTIMYHEM CTPYKTYPHI WH-
(hOopMaIIMOHHON MOZIENN OT CTPYKTYPbI &ITOPUTMHUYECKOTO
obecrieueHns, OTCYTCTBHEM OJHO3HAYHO OMPENENIeMbIX
WCTOYHUKOB JaHHBIX Juisd JIY M cranmapTU3MpOBaHHOW
CTPYKTYpBI HHPOPMAIIOHHOH Moienu QyHKIwid P3A, gto
B COBOKYITHOCTH CYIIECTBEHHO IPEISITCTBYET Pa3BUTHIO
TeXHONOrni nentpanuzoanHoit P3A, P3A ¢ murpupyto-
UM QYHKIHSAMHE, 2 TAKXKE aBTOMAaTH3MPOBAHHBIX KOMII-
JIeKCOB TMpoekTupoBanus 1 Hanaaku P3A TIIIC.

B cBsi3u ¢ BOBMOXKHOCTBIO Pa3BUTHSI NEPEUHCICHHBIX
TEXHOJIOTHH OBUIO MPHHSTO PELICHHE O CMEHE MOAXO0Za
MIPUMEHEHHS JIOTHYECKHUX Y3JIOB TaKMM 00pa3oM, 4TOOBI
JIOTHYECKHH y3ell moapa3dymeBan 000COONCHHOE M He3a-
BHCHMOE alropuTMudeckoe obecneuerne ¢pyHkuuu. [Ipu
TaKOM TIOJXO/Ie OIpejelieHne (YHKIHMOHAJIBHBIX TpeOo-
BaHWH K JIOTMYECKHM Y3JaM HJICHTUYHO OMNPEICICHHIO
(YHKIMOHATIBHBIX TPeOOBaHUI K 000COOIEHHOMY ajro-
PUTMHUECKOMY O0ECIHEYECHHUIO JIOTUYECKOTO Y3i1a, B CBSI3H
C 4eM BO3HHUKAeT 3ajiada MOMCKa HeoOXOIMMOro Habopa
BXOJHBIX CHTHAJIOB M JIaHHBIX. B TO *xe Bpems, nuis He-
kotopeix JIY ¢yHKIMOHAIEHOE OOecreueHne OKa3alioch
HAaCTOJBKO PA3JIMYHBIM, YTO BO3HMKJIA HEOOXOIMMOCTH
(hopMUpOBaHUS MTPOU3BOAHBIX HOBBIX KiaccoB JIY, a mpu
orcyTcTBUM Onn3koro K y3inam MOK 61850-7-4 [7] dyHk-
IIMOHaJIa — HEOOXOAMMOCTh OIPEACIECHHS COBEPIICHHO
HOBBIX KJIACCOB JIOTMYECKHX y3710B. HOBBIE KiIacchl JIOTH-
YECKHUX y3JI0B ObLIM ycTaHoBieHb! uis pyHkunit ABP, BHP,
BK, 3/13, 3H®, 3HP, 30®, JI3111, I'3, BY 3amwuT u ap.

B xome wuccrnenoBaHHS COCTaBIIGHBI  JIOTHYECKHE
ycTpoiicTBa, orpaxatomue Gpynkuun P3A 0o0bekTOB cpen-
HETO M BBICOKOTO KJIacca HANpsDKEHWH, JUIS BXOIIIINX B
HX COCTaB JIOTMYECKHUX Y3JIOB BBINOJHEHO pacIIMpeHHe
MHPOPMALMOHHOM MOJiesIn: 00BEKTHI JaHHBIX KaTerOpU3H-
POBaHbI Ha TPYMITBI BXOAHBIX, BHIXOIHBIX CUTHAJIOB U Ta-
paMeTpoB HACTPOMKH; B Cilyuae HEOOXOAMMOCTH J100aBe-
HBI HOBBIE OOBEKTHI IAHHBIX (TIPEUMYIIECTBEHHO BXOJHBIX
CUTHAJIOB); pa3paboTaHO alTOpUTMHYECKOE obOecreueHme
JIOTHYECKHUX Y3JI0B B COOTBETCTBHU C YCTaHOBJICHHBIMU
KateropusiMu. B pesynbrare BbIssBIeHa HEOOXOIMMOCTH
pacmupenus nHpopmarmonnor moxemn MOK 61850 Ho-
BBIMH KJIACCAMH JIOTMYECKUX Y3JIOB, NPEUMYIIECTBEHHO B
CIydasX pea3aliyl OTEYECTBECHHBIX ITOIXO0/IOB K ITOCTpOe-
muio P3A, He mpemycmorpeHHbIX B pamkax MOK 61850, a
TaK)Ke OMMCAHUS JIOTHYECKHX Y3JI0B 00paOOTKH M3MEPEHHUIH.

(I)yHKIII/IOHaJ'l])H])Ie THUIIBI JIOTUYE€CKHUX Y3J10B

ITpu pa3paboTke aarOpUTMUIECKOTO OOECIICUEHHs BbI-
JICTISIFOT ITOBTOPSIIONINECS THITBI CTPYKTYPBI y3JI0B, KIIACCH-
(UIMPOBaHHbIE [0 HA3HAYCHUIO HA!

® 1I3MEepPUTEIIbHBIC JIOTHYECKHE Y3IIbI;

® I1yCKO-()YHKIIMOHAJIbHBIE JIOTUYECKUE Y3IIbl;

® (yHKIMOHAIIbHBIC JIOTHUECKHUE Y3IIbI;

® 6a3oBbIe (00s3aTENBHBIC) TOTHYECKUE Y3IIbL.

BectHuk MOW. Ne 5. 2022

K u3MepHuTeIbHBIM JIOTHYECKHM Y3J1aM OTHOCAT JIOTH-
YECKHE Y3JIbl, BBINOJIHSIONINE UCKIIOYUTENILHO (QYHKIIHIO
(brIIbTpaLK BXOIHBIX MIHOBEHHBIX 3HAUCHHWH TOKa M Ha-
NPSDKEHHS C MOCIEeIYIONINM (OPMHUPOBAHUEM JICUCTBYIO-
XX 3HAUYCHNH ¥ KOMIUICKCHBIX BEJIMYHMH (ha3HBIX/MEKITY-
(ha3HBIX TOKOB, HAINPSDKEHHHA, COTPOTHBIICHUH, a TaKKe
BEIMYMH TOKOB M HANpPsDKEHWH IOCIEI0BaTeIbHOCTEH
OCHOBHOW M BBICIIMX I'apMOHMK; BEIUUYHHY YaCTOTBI M3-
MEpSIEMBIX BEINYHH.

[Tycko-(yHKIMOHAIBHBIE JIOTMYECKUE Y3IIbI 00ecedu-
BAIOT KOHTPOJIb M3MEPSIEMBIX BEJIMYMH, (POPMUPYEMBIX H3-
MEPUTENIBHBIMU JIOTHYECKUMH Y3JIaMH, a TaKKe BHEIIHNX
JIICKPETHBIX CHUTHAJIOB, XapaKTePU3YIOLIMX YCIIOBUs cpada-
TBIBAaHMS JIOTMYECKOTO y3J1a, U B pe3ynsTare padoTsl ¢op-
MHpPYIOT CHI'HaJIbl CcpalaThbIBaHMs ITyCKOBOTO OpraHa Mix
¢yskimu. Hanbonee HamIsaHBIME NPUMEpPaMU TaKMX y3-
0B sIBIISIIOTCA Jtornaeckue y3ibl peie (PTOV, PTOC, PDIS
U T. I1.), OTHAKO K ITyCKO-(hyHKIIMOHAIbHBIM OTHOCST JIOTHYEC-
KHUE Y316l ¥ IpYTUX (QyHKIMI — HanpuMep, pelie Hanpasiie-
ausg MotrHOoCTH (RDIR) mmm 6rokupoBky xadanuii (RPSB).

OYHKINOHATBHBIE JIOTHYECKHE Y3IbI  (HOPMHUPYIOT
KOMIUIEKCHBIE BBIXOJHBIC JIOTHYECKHE CUTHANBI YIIPABIIs-
IOIINX BO3/ICHCTBHUIT HA OCHOBE HAOOPA BXOJHBIX CUTHAJIOB
OT IIYCKOBBIX OPTaHOB M BHEIIHHUX JTUCKPETHBIX CUTHAJIOB.

K 6a30BbIM (00s13aTEIBEHBIM) JIOTHUECKUM Y3J1aM TIpH-
yucssitoT Jorndeckue y3nsl LLNO, LPHD u nornueckuii
y3en SGCB. Jlormueckue y3nst LLNO, LPHD, SGCB, B
coorBercTBUHM C TpeboBanusmMu MDK 61850, momkHBI
BCET/Ia HAXOUTHCS B COCTABE JIOTHIECKOTO YCTPOHCTBA.

Paspaborka nornyeckux ycrpoiicTs (pyHKuumii)
peJieliHOM 3a1UTHI 1 ABTOMATHKH HA OCHOBE
JIOTHYECKHX Y3JI0B HOBOT0 THIIA

B pesynbrare u3mMeHeHMs OAX0AA KaxAbIH JIOrU4ec-
KNI y3eJl CTaHOBUTCS HOCHTEJEM IIEIBHOTO alTOPHTMA,
BBITIOJTHSIONIETO OMpPEACTICHHYIO (YHKIIHIO, a Takke 00-
JIaZaeT OJHO3HAYHO OIPEAEIAEMbIMU BXOAHBIMU U BBIXO/-
HBIMH cUTHaJIaMH. TakuM 00pa3oM, Ha OCHOBE JIOTHYECKUX
Y3JI0B HOBOTO THIIA CYIIECTBYET BO3ZMOXKHOCThH (DOPMUPO-
BaHMsI [IEIILHOTO AJITOPUTMa pelieiiHol 3amuThl. CTpyKTy-
pa aIropUTMHUYECKOTO 00ECIICUSHNS IOy YeHHOH 3alUThI
Oynet naenTnyHa nHMGopMannoHHoH Moxenn MOK 61850,
YTO UMEET PsiJI IPEUMYIIECTB:

® MOIYJIBHYIO CTPYKTYPY CXEMBI 3aIIHTHI: CTPYKTYyp-
HO-d)yHKLII/IOHaHBHaH CXEMa 3alIuMThl COCTOUT U3 HEC3aBU-
CHUMBIX JIPYT OT Jpyra MOJYJIEH, 4TO JaeT LIMPOKUH BBIOOD
TpeOyeMol (yHKIMOHAIBHOCTH Ha 3Tare MpPOEKTHPOBa-
HUs, HAIIPUMEP, KOJIMYCCTBA U THUIIA CTyl'IeHeﬁ B UCIIOJIb-
3yeMOH 3alliuTe, WCIOJIB3YyeMbIX (YHKIMH (ycKOpeHue,
KOHTPOJIb HAIPaBICHHOCTH, U T. II.);

® CTpOroe orpeseNieHre B3auMOCBsI3el 1 nHpopMaIu-
OHHOTO OOMEHa MEXIy JIOTHYECKHMH Y3JaMH, Kak B CO-
CTaBe OHOTO, TaK M B COCTaBE PA3IMYHBIX JOTHUECKUX
YCTPOMCTB, YIIPOIIAET TOHUMAHNE U BOCIIPUSITHE MPUHIIH-
OB ()yHKIIMOHUPOBAHMSI 3AIUTHL, IIO3BOJISIET PE/ICKa3ye-
MO OIIEHHMBATH BIMSHUE M3MEHEHUS PEKUMOB PAOOTHI JIO-
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TMYECKOT0 y3Jia Ha paboTy (QyHKUIMH peneiiHON 3aIUThl 1
ONpeaACIATL UCTOYHUKNU CUTHAJIOB H3MepeHHI7[ JJIA y3J10B,
4TO ABJIACTCA KPUTUUCCKU BaXKHBIM JJIsA q)yHKL[I/IOHI/IpOBa-
HUs LieHTpanu3oBanHol P3A, P3A ¢ murpauueit pyHkumii,
a TaK)K€ aBTOMAaTU3UPOBAHHBIX CUCTEM IPOCKTUPOBAHUSA U
HaJIaIKU IOACTaHIIUU,

® MOZYJIbHAsI CTPYKTYpa CXEMBI 3alUThI C ITOJIHOCTBIO
peaACKa3zyCMbIM MOBCACHUCM JIOTUYECKUX Y3JIOB HE TOJIb-
KO aBTOMaTH4eCKUM 00pa3oM KOHTPOJIMPYET UCIPABHYIO
paboTy 3aIUThl, HO ¥ ABTOMaTHYECKH ITPOEKTUPYET HE0O-
XOJIMMYIO KOH(PUTYPALHMIO 3aIIUT.

Henocrarok nojxosa onpeesaeHust JOrHuecKoro y3ia
Kak 000COOJICHHO# 4YacTH aJIFOPUTMHUYECKOro obecrieue-
HUSI 3aKITFOYAETCsl B HEOOXOANMOCTH ISl TIPOU3BOAUTENICH
MEHATh pa3paboTaHHOE paHee alroOpUTMHYECKOe odecrie-
YyeHHe TePMHUHAJIOB, HE UMEIoLIee 00X YepT CO CTPYK-
Typoit nH(popmarmonnoir moxenn MOK 61850. Cnenyer
OTMETUTD, YTO CO3JaHUC AJITOPUTMOB, COOTBETCTBYIOLINX
CTpyKTYype nHpopmaimonHon moaesin MOK 61850, cozna-
eT po0JieMy pean3alii B paMKax ajJropuTMa o0padoTku
METOK Ka4€CTBa CUTHAJIOB, B TO K€ BpEMs IPUHIMUIIBI IPH-
CBOCHUI METOK Kaue€CTBa BBIXOHbIX CUI'HAJIOB HA OCHOBA-
HUN METOK Ka4€CTBa BXOAHBLIX CHUTHAJIOB HE PCIIIaMCHTH-
POBaHbI M PEAIU3YIOTCSl HA YCMOTPEHHE TPOU3BOIAMUTEIIS.
Takum o0Opa3zoM, cymiecTByeT HOTPeOHOCTh MCIIOIb30Ba-
HUSI €AMHOOOPA3HBIX NPUHIIUIIOB IPH (POPMUPOBAHUH Me-

TOK Ka4€CTBa BHIXOIHBIX CUTHAJIOB JUISl HCKJIFOUEHHSI HE00-
XOAMMOCTH 000COOJIEHHOTO yueTa MOBEACHHS Pa3IMUHbIX
JIOTHUYECKUX y3JI0B.

W3y4uTh CTPYKTYpHYIO CXeMy pa3padarbiBacMbIX JIO-
I'MYECKHUX YCTPOHCTB MOYKHO Ha NpUMEpe pa3paboTKH JIo-
ruyeckoro ycrpoiicrsa MT3, npeqHasHaueHHOTO AJIS BO3-
JIYUIHBIX JJMHUH CPEAHEro ypoBHS HampspkeHUd. OyHKIUSL
MT3 cocTtouT u3 JBYX JIOTHYECKHX yCTPONCTB — HEIO-
CPEICTBEHHO JIoTHuYeckoro ycrpoictsa MT3 u ycrpoii-
CTBa M3MepeHui, cozaepxaumero JIY, ocymecTBiastomux
00paboTKy ¥ Mpeodpa3oBaHUEe U3MEPCHHUN I HYKI pe-
JICMHOW 3allMThbl. BbleneHue J0ru4eckoro ycrpoiicrsa
M3MEpEeHUIl HEeoOXOIMMO, MOCKOJIBKY C(OPMHpPOBAHHBIC
M3MEPEHUS] MOTYT OBITh UCIIOJIB30BaHbI APYTUMH (DYHKIH-
smu P3A, kpome MT3, 4To mo3BOIIsET M30€KATH MOTEPh
BBIYHMCIIUTEIBHOM MOIHOCTH W AyOJIMPOBaHMs BBIUUCIIE-
Huid. Cxema jorndeckux ycrpoucts ¢pynkunn MT3 nana
Ha pHC. 2, a HA3HAYCHHUE JIOTHUECKUX y3JI0B Ha CXeMe MpH-
BeJICHO B TalJuIie.

[IpencrapieHHble JIOTHUECKUE Y3JbI OONIANAOT YHH-
BEPCATbHON (PYHKIIMOHAIBHOCTBIO IS JIFOOBIX MTPUMEHE-
HUi B coctaBe (yHkumii P3A, koropasi orpaHHM4YMBaeTCs
Juist npumenennss MT3 nocpescTBoM KOPPEeKTHOM KOH(DU-
rypauuu Bxoznos JIY u nmapamerpoB HacTpoiku. Tak, mis
y3na ctynean MT3 PTOC B kauecTBe KOHTPOIMPYEMOTO
TOKa BO3MOYKEH BBIOODP (a3HbIX (4) uiau JTuHEHHbIX (PPA)
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Onucanne HA3HAYEHUA JOTHIECKHX y3Ji0B

Jlornyeckue y3ibl B naauuun 8 MOK 61850/
HaHMeHOBaHHUe Ha3HaYeHue THII KII ®CK E3C
dopmupoBaHHUE JEHCTBYIOIIMX 3HAYEHUH TOKOB Ha
IRMXU PMHp — ——
OCHOBE MI'HOBCHHBIX 3HAUCHHUI
dopmupoBaHue ASHCTBYIOLINX 3HAUCHUN HAIPSHKEHUH
URMXU PAMHP Y " P ——
Ha OCHOBE MTHOBEHHBIX 3HAUCHUH
ZRMXU DopMHUpPOBAHHUE JIMHEMHBIX TOKOB, HANpsOKEHUH Ha HU3MEPHUTEIBHBIN /
OCHOBE JICHCTBYIOIINX (pa3HBIX 3HAYCHHI
RSQI BerunciieHne BEKTOpPOB TOKOB M HANIPSHKEHUH CHMMET- /
PHYHBIX COCTABIISIOIINX
IRHAI Pacuer nelicTByrONMX 3HaU€HUH TapPMOHUK TOKOB —/—
SVTR BrokupoBKka HEHCIIPaBHOCTH LIENIEH HAMIPSKSHUS —/+
PTOV MakcuManbHOE pelie  HalpsDKeHHs, KOHTPOIHPYET et
HanpshKeHHe 00paTHOH MOCIIeI0BaTeIbHOCTH
MuHHMalIBHOE — pelie  HalpsDKeHHs, KOHTPOIHMPYET
PTUV N p p. 5 P py +/+
JIMHEHHBIC HAIPSHKESHUS .
YCKO-(YHKIIMOHAIBHBIH
RDIR Pene nanpasnenus MouHOCTH +/+
PHAR Pene mpeBbImeHus onpeneeHHOd TapMOHHUKH TOKa, e
KOHTPOJIPYET 2-10 TApMOHHUKY TOKa
CryneHb MakCUMaJIbHON TOKOBOM 3alllUThI, KOHTPOJIU-
PTOC ++
pyeT (ha3Hble TOKH
OO0beHEHNE CUTHAIOB IyCKa U cpabaThIBaHUs CTyTIe-
GENPTRC . )
Heif 3amuT no cxeme M/MJIN N
06 : (yHKLIMOHATBHBIH
'bEJMHEHUE CUTHAJIOB ITyCKa U CpabaThIBAHMS CTyTIe-
PTRC 5 y P Y it
He 3ammT

TOKOB, TOKOB CUMMETPHYHBIX COCTABILIIOMINX (SeqA) nnu
aBapHUHBIX TOKOB (npupatennii) (4/mA). B pamkax nan-
HOTO JIOTHYECKOTO YCTPOMCTBA KOHTPOJIMPYIOTCS JIHIIb
(a3nble TOKH. B cocraBe y3na mpeaycMOTPEH KOHTPOIb
[IOH pazmunsix CI, koHTpONb TpeGyeMoil HampaBiIeH-
HocTH, MH(pOpMaIHIo 0 KoTopoil ¢opmupyer yzen PHM
RDIR, koutpons BHH ¢ BO3MOXHOCTBIO BbIBOAA KOHTPO-
a1 IIOH wnn HampasineHHocTH npu cpabarsiBannu bHH,
KOHTPOJIb CUTHAJIA CTYTICHH aBTOMAaTHYECKOTO yCKOPEHHUS,
KOHTPOJIb TOJIOKEHUSI Pa3beANHHUTENsT (PUMEHSTCS LISt
aBapuitHo MT3). B pamkax ucronb3oBanust MT3 s
y371a BBEAEH JINIIb KOHTPOJIb CAMHUYHOTO KOMOUHHUPOBAH-
Horo I[IOH u TpeGyemoii HanpaBiaeHHOCTH («BHEpen»), a
TaKkxe koHTposasr bHH.

B pamkax uccienosanus pazpadorano [10 kordurypa-
TOpa, TO3BOJISIONIETO (POPMHUPOBATH JIOTHIECKNE YCTPOi-
CTBa MOCPEJICTBOM JI00ABJICHUS B TIPOCKT U OIPE/IEeIICHUS
COCIMHEHUH pPA3MMUYHBIX pPa3pabOTaHHBIX JIOTHYECKUX
y3510B (IIpecTaBiICHHBIX B pamkax 10 kak OMOIHOTEKH
(YHKIIMOHAIBHBIX 3JIEMEHTOB), KOH(UTYypHpOBaTh J10-
OaBJieHHbIC Yy3JIbl Ui oOecrieueHus: TPeOyeMbIX PexH-
MOB PadOTHI, BBITPY)KaTh OWHapHbIE (alibl MOTyYEeHHBIX
(GYHKIMH, aganTHpPOBaHHBIE IOA TpeOyeMylo IIeleBYIO
iaropmy. Ciaeayer OTMETHTB, YTO B paMKax CTaH/IapTHO-
ro cuaTakcuca SCL (aiioB He mpeayCMOTPEHBI 3IeMEH-
TBI, OTPaKAIOIME BXOIHBIC CUTHAJBI JIOTHYECKHUX Y3JIOB
WM CBSA3M MEXy JOTHYECKUMH y3J1aMH B PaMKaxX OJHOTO
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(hr3n9IecKoro ycTpoicTBa. MexaHu3M NPUMEHEHHUsS 00b-
eKToB JaHHBIX cchUTOK BHa InRef n BlkRef nenpumennm,
MTOCKOJIBKY TTOCIIEIHUE JTUIICHBI CEMaHTHIECKOTO CMBICTIA.
B cBsi3u ¢ jaHHOM MpoOIeMOoi Ul OTpaXKeHUsI U coXpa-
HEHUS CBsI3el JIOTMYECKUX Y3JI0B B MPOEKTE pa3padoTaH
dbopmar ¢aittor CLD, conmeprkaiiuii cTporoe OmnucaHHe
MH(OPMALIMOHHOTO 0OMEHA MEXK/TY JIOTHYECKHMH y3JIaMH.

3akiaouenne

Takum 00pa3oM, pacmpoCTpaHEHHOCTh CEPUH CTaH-
naptoB MOK 61850 1 ux npenMyIecTBEHHOE UCIONb30-
BaHME JUUIsl ONMCAHUsI 00OPY/IOBaHUS MOACTAHLIUK TOApa-
3yMEBaIOT HEOOXOANMOCTh MPUMEHEHHUS CTaHIApTOB IS
HOBBIX cucTeM P3A m HOBBIX 3aja4, OIHAKO TPeOOBaHUA
CTaHAApTa HE 4AANTHPOBAHBI K PeaTn3allii HHHOBAIHOH-
HBIX CHCTEM M pelleHuid B oomactn P3A.

OyHKIMOHANBHBIE TPEOOBAaHMS K JIOTHUECKHM Y3-
JlaM HEBO3MO)KHO OIPEACINUTh 0€3 yTOUHEHHS| apXUTEK-
TYpBl JIOTHYECKHX YCTpOHcTB. OTCYTCTBHE HOPMHPOBA-
HUSI CTPYKTYPBI JJOTHYECKUX yCTPOMCTB MPUBOIUT KAK K
npobremMaM ¢ B3aMMOCOBMECTHMOCTBIO PEIICHUH, Tak 1
pa3MUYHON MpPaKTHKE NPHUMEHEHHs JIOTHYECKHX Y3JIOB.
KoproparuBHbie mpoduin Takke He pelaroT JaHHOK Mpo-
0JIeMBI, IOCKOJIbKY HE COJIEpKaT HOPMUPOBAHHOM CTPYK-
TYpBI JIOTHYECKOTO YCTPOHCTBA 3AIIUTHI.

Peammsanus nentpanuzoBanHoir P3A, P3A ¢ murpa-
el pyHKIUI 1 CHCTEM aBTOMAaTH3UPOBAHHOTO TIPOEKTH-
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poanus u Hanagku TepmuHanoB P3A HIIC cymecTBeHHO
3arpynHeHa pamkamu ctanaapra MOK 61850, ornens-
ouero MHQGOPMaMOHHYI0 MOJENb U alrOPUTMHYECKOE
obecrieuenue. [yt pemnieHUs JaHHOTO BONPOCA CIEAYET
YCTaHOBHUTH COOTBETCTBHE JIOTHUYECKOTO y3JIa ONpeJesIeH-
HOMY H30JIMPOBAHHOMY HE3aBHCHMOMY aJITOPUTMHYECKO-
My 00€CHEeYeHHUIO.

Onwucanue B3aumoaencTus JIY (11 XxapakTepucTUKH
CTPYKTYPBI JJOTHYECKOTO YCTPONUCTBA), a TAKIKE OMpeaese-
HUe (QYHKIMOHAJIBHBIX TpeOoBanuiil JIY u ero anropurmu-
YeCKOro oOecreveHus: TpeOyoT OJHO3HAYHOTO yKa3aHUs
BXOIHBIX M BBIXOJAHBIX HaHHbIX JIY/amropurma. MOK
61850 Ha maHHBI MOMEHT HE YJOBJIETBOPSET ITOMY Tpe-
0OBaHUI0, MOCKOJIBbKY IPUMEHEHNE OOBEKTOB JIAHHBIX CChI-
nok InRef u BlkRef npenocrasisier BO3MOKHOCTB Onpe/ie-
JICHUSI CBA3M, HO MOCJIEIHASA HE 001a1aeT CeMaHTHYECKUM
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Caenenus 00 apTopax:

CMBICJIOM, YTO CYIIECTBEHHO YCJIOXKHSET Mpolecc MpoeK-
TUpOBaHMs/HaNaAKU. HeoOxoquMo pacumpuTh cTaHaaprt
KaK B YacTU OIMCAaHHUs OOBEKTOB JAaHHBIX JIOTMYECKUX
y310B, Tak ¥ B yactu SCL cuHTakcuca Juisi 1OCTHKEHUS
BO3MO)KHOCTH YKa3aHHsI OTHO3HAYHBIX CEMAHTHYECKHU T10-
HATHBIX CBSI3€Hl MEXIYy JIOTHYECKMMHU Y3JaMH B COCTaBe
OJIHOTO (PU3UYECKOTO yCTPOHCTBA.

OmnpezeneHye JOTMYECKOro y3ia Kak CTPYKTYpBI, CO-
JiepKalleil crieruanu3upoBaHHOe allrTOPUTMHYECKOE 00e-
crieueHue, Bievyer 3a co0oii cozaanue Habopa JIOTHYeCKUX
y3J10B, 00ecreunBaonnX npeodpazoBanue U GopMHpoOBa-
HUE U3MEPEHUN I HYK]| PEICHHON 3alUThL.

HeoOxonuma cranpapruzanus [IMU norndecknx ys-
JIOB, & TaK)K€ NPUHLIUIIOB ()OPMHUPOBAHMSI METOK KauecTBa
00BEKTOB JJaHHBIX B paMKaxX (yHKIIMOHAILHOTO odecrieye-
Hus P3A, oTcyTcTBYIONIAs HAa JaHHBIH MOMEHT.
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