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Ilpeodnooicen cnocob memoouuecko2o co8epuEenCmeo8anus aieo0pummos YCmpoucme peielinoll 3auumsl U aemoma-
muku ons peanuzayuu konyenyui « Cmapm-2puody, «L{ugpposas suetikay, «Lugpposas noocmanyusy, «Aymcopcune yciyey
6 pacnpeoderumenvibix dekmpocemsix. Paccmampueaemes nocmpoenue unpopmMayuoHbix 0amuuxos Ol aieopummos
pacnosnasanus cumyayuti «Kopomxoe samvikanue yepes zemnioy, « Omceuxa—Maxcumanbhas moKoeds 3awumay Heuad-
NPAGIEHHOU U HANPABIEHHOU MOK0BOU 3auumpl. IIpugedenvl wuciennble CpagHumebHble aHAIU3bL AP ekmusHocmu aneo-
PUMMOS8 MOKOBbIX 3aWUM HA OCHOBE CUCIEMATMUZAYUL UX CIPYKIYD U CMBICIOBbIX CUMYAYULL 8 CEMU, 8bINOIHEHA UX pe-
cmpykmypuzayust u 0000wenvl noyueHHvle pesyiomamol. Onpedenenbl NpUtUbL HeyCMOUYUEOCmU pabdomvl U3BECHHbIX
anzopummos ycmpoticms. Ilpeonodcena samena kpumepues pabomsi Ha 084 AI2OPUMMA CELEKMUBHO20 NOUCKA — NOBpe-
JHCOeHUsL 8 cemu U HEUCNPABHOCIU 8 060pyOosanuu. Tlokazana 603MOACHOCMb 86€0€HUsL 8 AN2OPUMMbL POPMUPOSAMENs
CMBLCNI08020 CUSHANA OJisL PEAU3ayUU MpPex CMbLCI08bIX OemeKmopos — pene, « Kugyuecmuy, «dgpexmusnocmuy. Pac-
cMompena nepedaia om yCmpoucms moabKo CMbICI08bIX CUSHATI08 C ROCAEOYIOUUM UX 00beOUHeHUueM Ha DoTiee BbICOKOM
uepapxuieckom yposhe 3auumol u ynpasnenus. Tlonyuenvt cnocobbl asmomamuieckozo yCmpaneHust KOHQIUKmos npu
pabome ycmpouicme 015t ROOOEePHCAHUSL OCKAAPUPYEMOU (DYHKYUOHATLHOU YCMOUYUEOCU PAOOMbL.

Knrwouegvie cnosa: cmapm-zpuo, peneinas 3auuma u agmomMamuKa, CpPyKmypHo-JIuH26UCIUYECKUI Men oo,
moKoeasn 3auuma, pacno3nasanue oo6paszoe.

MMOCTAHOBKA ITPOBJIEMBI. Cormnacuo konnenusiM «Cmapm-epuo» (puc. 1), «lugposas nodcmanyusy»
«Aymcopcune ycnyey (puc. 2), TepMUHAIBI peeiinoit 3ammTel ¥ ynpasienus (P3uA mimm RPA) TN, N =1,2... paccmar-
PHBAIOTCSI KOMIUIEKCHO C YYETOM JIOMOJTHUTENBHBIX (DYHKIMH 10 YCTOMYMBOCTH, CAMOKOHTPOJIIO M YIIPABICHUIO B Pa3-
JIMYHBIX PEKUMAX SKCILTyaTanuu cetu. B pa6orax [123] nenaercs BBIBOJ, YTO € OJJHOM CTOPOHBI, MMEET MECTO TIOCTOSH-
HOE€ COBEPIICHCTBOBAHNWE TEPMHUHAIOB IIPU TPAJUIIMOHHOM IIOCTPOCHUH CETEH. A C Apyroil, NOsBISETCS TeXHUUYECKas
BO3MOXKHOCTb OCYIIECTBJICHHSI aBTOMAaTHYECKOTO YIPABIICHHS B 3a/1a4ax, BHIOJHIBIIMXCS paHee B IOJyaBTOMaTHye-
CKOM WM PY4HOM pexuMax. IlokazaHo, yToO OHUM U3 IYTEHl pa3BUTHsI PaCIpPEEIIUTENbHBIX 3EKTPOIHEPIeTUYECKUX
ceTei SIBISIETCS] AyTCOPCHHTOBBIN KOHTPOJIB C IpaMIeCKUMH M MOOWIBHBIMU HHTepdericamu (puc. 2, 3).

PaccMoTpuM BHaualie 3a71a4y COBEPLICHCTBOBAHUS AJITOPUTMOB cesiekTuBHOTO norcka (CIT nim SP) noBpexaeHHOro
MIPUCOENMHEHUS TIPH OAHO(A3ZHOM 3aMBIKaHUH Ha 3emutto (033) [2], paboTaromux B 006JIaCTH HU3KOYaCTOTHBIX COCTAB-
msorux 033 (HUC). BeisicHsieTcsi, 4TO OTCYTCTBYET OTACIBHBIN ICTEKTOP IS ONPEISIICHUS CMBICIIOBOH cutyaruu SN
«K3 uepes zemnon B CTpykTypHOU cxeme ycrpoiictB CII. Ciayuan cMeHbl cMbICTOBBIX cuTyarmii SN «O33»—«K3 uepes
semnion—«O33», «K3 uepesz 3emnion—«033», «O33»w—«K3 uepes semaron, «Hecummempus gar—«K3 uepes zemunion—
«O33» SBIAIOTCS PEOKO BO3HUKAIOIMIMMU OTHOCHUTENbHO obmiero umcia O33. YcTpoiicTBa OGIOKHPYIOTCS KOCBEHHO
BCJICAICTBHE OTCYTCTBHS CEJIEKTUBHBIX HH(OPMAIIMOHHBIX COCTABIISIOMINX JUIs paO0THI OCHOBHBIX JIeTEKTOPOB. MOHHTO-
PHHT BBINIOJHSJICS BHICOKOYACTOTHBIMU PErHCTpaToOpaMH aBapuiHbIX (aitnoB nmepexoaubix npoueccos (I1I1) B pa3Hbix
pacipeneuTEeNbHBIX CETAX ¢ KOMICHCHPOBAHHOW HEHTPAIIBIO.

1 Nikiforov A. Unified smart-detector for electrical power smart grid networks. 13th International Conference on Industrial Infor-
matics (INDIN). Cambridge, UK: 1032-1039, 2015. IEEE: CFP15INI-15, ISBN: 978-1-4799-6648-6/15, DOI: 10.13140/RG.2.1.1812.6487

2 Hukxudopos A.Il. ONTUMHU3aIKMs CHCTEM YIpPABIEHHS B CMApT-TPHl SHEPrOCETAX HA OCHOBE 000OLIEHUS WH(POPMAIMOHHBIX
1moTokoB. Hay4aro-nipomsB. xypHan «TexHrdeckas snekTpoarnHamMuka» NeS5 u Marep. 14 Hayd.-texH. KoH(ep. «[IpobdmeMbl coBpeMeHHOH
anekrporexuuku [ICE-2016». HAH Ykpaunsl. MHcTuTyT 251eKkTpoauHaMuky, - Kues, 2016.-C. 64-66, ISSN 1607-7970

8 Cupoxo6unenko B.®., Huxupopor A.Il. AyTcopcHHI KOHTpoJsi pabGOThI YCTPOHCTB peeHHON 3alluThl M YHpaBICHHSA B
sHeproceTsax smart-grid. Hactes 1 Teopus. Yacts 2 Monenuposanue / Haykosi mpami JJoHHTY. Cepist: EnexTpoTexHika i eHepreTuka.
- Nouenpk: JIBH3 «TonHTY», 2015.-C. 86-102. ISSN 2074-2630, DOI: 10.13140/RG.2.1.4106.2806
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[epeuncnennbie SN BO3HUKAIOT TPH HAKOIUICHUH OCJIA0JIEHHBIX MECT B BHICOKOBOJIBTHOW M30JsiMU ceTh. Harpu-
Mep, YPOBEHb H30JISIIHMH B ITPOIIECCE IKCIUTyaTalliy OKA3bIBACTCSl MEHBIIE JTHHEHHOTO HanpspkeHus. Torma npu SN «/7e-
pexoc gaz cemu (BO3HUKAIOT IIPU ONIEPATHBHBIX MEPEKITIOYCHHUSX, TIOAKITIOYEHHN Harpy3KH | JIp.) MOXKET pa3BUThCs SN
«K3 yepes 3emnro» ¢ GopMUpOBaHHEM CBEpX OOJBIINX CHTHAIOB Ha BEIXOaX TpaHchopmaTopos Peppantu (puc. 4). Ilpu
peanuzanuu ycToHunBo padoTaromux anroputMoB CII B eanHoM Tepmunane Takue SN clieyeT OTHOCHTD K TIOBTOPSIIO-
IIKMCS CIydasmM, CIeA0BaTeIbHO, CTpyKTypa anroput™a CII nospkHa BKIIOYaTh HHGOPMALMOHHBIA JaTYMK COOTBETCTBY-
tomei SN (IeTekTop pa3BUTHS CUTHATIOB IPH mosiBieHUuH SN).

OIMMCAHUE AJITOPUTMA TOKOBOM 3AIIMUTBI. M3BectHa eie o/1Ha 331243 — MOBBIIICHHE YCTONUIHBO-
cTH paboTHl ANTOPUTMa MaKCUMalIbHOHM TokoBoH 3amuThl (MT3) Ha Kpato 30HBI ero paboThl, KOTJla CUTHAIIBI HE 3HAYH-
TebHBI U conoctaBuMbl ¢ T1IT mpu padote o6opynosanus [3—7]. Tlpu 5TOM HapyIIAIOTCS CENEKTUBHOCTD U YCTOHYUBOCTD
anropuT™OB. IS pemeHns 3axadn HeoOX0IMMBI creraibHbie kKputeprn Hammaus SN. OHH O3BOILTIOT paboTaTh, KOraa
¢bubTpanys, TapaMeTprHIeCcKue U JIOTUUECKHE CPABHEHNUS OKa3bIBAIOTCS HE JTOCTATOYHBIMH JUTS IPHHSTHUS PELIEHUH, KO-
rra SN, cJI0KHBIe Ha CTPYKTYPHOM U CMBICJIOBOM YPOBHSIX, IPUBOAT K HENPaBUIILHOH paboTe anroputMoB P3uA, xorna
HEOOXO0MMO pacUIMpEeHNEe 30HbI pabOTHI 3aLIUTHI IIPU CI0XKHBIX KOH(GHUTypanusax cetd. OHaKO TaKue KpUTEPHH SIBHO HE
OTOBapUBAIOTCS, H, CIIEIOBATENLHO, CTOUT 33/1a4a uX pa3pabortku. [Ipu TpaauinoHHOM onucaHuy QyHKIIMOHUPOBaHHE
ITOPUTMOB CBSI3aHO C @HAIN30M SPKO BBIPAKEHHOTO BO3HHUKHOBEHHUS M YCTOWYNBOTO COXPAHEHHMS OINIpEIEIeHHOH aBa-
puiiHo# cutyanuu SN. OOBIYHO OCTPOEHHE ATOPUTMOB OCHOBAHO Ha cTaTHyeckoM pacuere napamerpos I1I1. Ho npak-
THUYECKHE HCCIIEOBAHMUS MOKA3bIBAIOT, YTO 3TO ACKJIApPUPOBAHUE PaOOTHI yCTPONCTB, a TuHaMuueckoe passutue 111 B
yCTpoiicTBax MHOTOOOpa3Hee, a Takke, 4To KpuTepud P3MA paboTaloT B y3KOM CEIIEKTUBHOM JHana3one paszsutus [111.
BHe cenexTHBHOTO nuamna3oHa («OKHa CeJIEKTUBHOCTHY) paboTa KpUTEPHS JIOJDKHA ObITh 3a0JJOKMPOBaHA.

W3BecTHO, YTO NPUHIUII YIIPABJICHUS 110 BO3MYILEHHIO XapaKTEePeH HATMYHEM HeYCTPaHUMBIX OLITHOOK, yMECTEH IPH
KaTacTpoUYecKux oTKazax B o0opynoBanuu. Ho Oosblast 4acTh MOBPEKICHNI BBICOKOBOJIBTHOM M30JISALUK CETH IO
N3BECTHOW CTATHCTHKE MOXKET CaMOJIMKBUAMPOBATHCA. JJI1 3TOTO aJropuTMBl JAOJDKHBI YCTOMYHMBO ONPENEISATh TaKoe
paseuTue [1I1 [ 1-2]. Beiseienue u yerpanerue SN otiiunbix oT SN «Hopmansmuiil pesicum» paboThI CETH, PABHOCHUIEHO
MTOBBIIICHUIO CaMOJIMKBUAAIINH TToBpexkaeHnt B cetr [ 10—11]. Cnenndrka HapymeHns ycToHInBOCTH pabOTHI alNropuT-
MOB KpOETCS B TIOBTOPSIOIIEMCs MHOT00Opa3un curyaruidi SN, HoposkaaeMbIX paboTol ceTH, COUYeTaHHEM I1apaMeTpoB
KOHKpPETHOM ceTH. B raibBaHWYeCKH CBSA3aHHOHN CETH, COocTaBlstontie MHOrooopasuseix I111, He oTHOCsmUeECs K paboTe
000pynoBaHus, OTIEPATHBHBIX M pabOYMX PEXHMMOB, MOTYT IIPHUCYTCTBOBATH B TEUCHUE JUTUTENBHBIX HHTEPBAJIOB Bpe-
MeHu. Tak, eciii MoBpeKAeHHE BEICOKOBOJIBTHOM M30JIAIMH HE IIPUBEIIO K KaTacTpoduieckoMy npo0oto, To HH(popmarust
B COCTaBJISIOLINX AJITOPUTMA TIPHCYTCTBYET. E€ MOKHO aHAJIM3MPOBATh JOTIOIHUTEIEHBIMI CPABHUTEILHBIMHI KPHTEPH-
AMU U MCTI0JIb30BaTh [12%] 1 IpoduiakTHIeCKUX esel, MOHMTOpHHra paboThl ceTH. Toraa TepMUHabI, 00beIUHSIIO-
e HEOOXOAMMBIE alrOPUTMBI, CTAHOBSITCS SIIEMEHTAMH CHCTEMBI YIPAaBICHHS CEThI0. Takoe ympaBlieHHE MOXKET BbI-
TIOJIHATHCS Ha Pa3HBIX YPOBHIX HEPAPXUU aJITOPUTMOB COIJIACHO YKa3aHHBIM KOHIIEIIIHSM.

Takum o6pa3zom, psan nosoxkeHuit nmpu pazpadorke HYC-anropurmor CII u MT3 oka3biBatoTCst 0OIIUMH.

HEJIA PABOTBI. 1.IlpemioxuTs criocoObl aBTOMAaTHYECKOTO pa3pelIeHns] MPAKTUIECKUX KOH(IMKTOB B padoTte
HYC-anroputmMoB TOKOBBIX 3aIUT A coBepuieHcTBOBaHUA anroputMoB CII mpu O33 u MakcHManbHOW TOKOBOM 3a-
muTel (MT3) «Omceuxa—I cmynens MT3-2 cmynens MT3» wm «Cut-off relay» (COR)—«Overcurrent relay» (OCR).
OtcyTcTBHE pereHuss KOHQIMKTOB MPUBOAMIIN K CHIDKEHHIO HaJIeKHOCTH IKCILUTyaTal[uy, HE TIO3BOJISUIN COBEPIIEHCTBO-
BaTh M pa3BHUBaTh cucTeMbl P3MA. KoH(IMKTE HalieHbI MPU MPAaKTUYECKUX MCCIEIOBAHUAX B PEaIbHBIX CETSAX, HO HE
OBUIH peleHbI IpYruMHU MeToaMu. VX nepedeHs paccMOTpeH Jajee B pabote. Panee B penieHur KOH(GINKTOB Mojara-
JIMCh HAa METOABI TEXHUKO-IKOHOMHYECKOH ONTHMHU3AINHU, TPYAHO MPUMEHSIEMbIE I MPAKTUIECKOTO YCTPAaHEHHsI CO-
MHEHUH B IPaBUIIbHOCTH BEIOPAHHOTO crioco0a G0pb0bI ¢ pa3BUTHEM MOBPEXKICHUH.

2. CoracoBarhb peleHus: KOHQIMKTOB C pacCMaTPUBAEMbIMH KOHLCTIIMSMH U KOHEYHBIMHU 1ISJSIMU B BUJIE JIBYX TUIIOB
CMBICIIOBBIX 3a1au — «Kugyuecmv» u «Oghpexmusnocms». B 0CHOBE CMBICIOBBIX 337124 JIEXKAT anropuTMsl P3uA n
JIMarHOCTUKH «110]] HanpspkeHuemy. [lon «Kugyuecmoio» nonnMaercs odecrieueHue 6ecrepeOOHHOCTH TMTaHUsI TOTPeOu-
Tenei X AIeKTposHeprHeil MpHeMIIeMOro KadecTBa IpU OTKa3ax oOOpyHOBaHUS, MOBPEXKACHUSIX M30iIuU U ap. [lox
<« PEKTUBHOCTHIO» TIOHUMAETCSI IOCTHKEHNUE MMEFOLIIMUCS CPEICTBAMH KOHEYHOTO CMBICIIOBOTO Pe3ybTaTa — BO3-
Bpawenue SN «Hopmanvhuiil pescum» TPH PA3NUYHBIX OTKIOHEHMAX 32 HaMMeHblIee BpeMs. To ecTh yCTOHYMBOCTH
paboTsl cet. S-nerexTop «Kusgyuecmu» Gopmupyer nHGpopManuio Ui S-nereKTopa «IPhexmusrnocmoy.

OINMMCAHUE CUCTEMBbI ACHOP. 3nece ACHOP (ASNOM) — cucrema aBTomMarnieckoi cradbwmmsanun SN
«Hopmanvhwlii pescumy». OOIIee TOCTpOEHHUE CeTH TpeacTaisercs uenoukoi «Driver—-EU-OCP» (puc. 1-2). 3nmech
Driver — anroputMmsl ycrpoiictB, EU — HCIOJHUTENBHBIA OpraH yIpaBJSIOUIni 00bEKTOM YIPABICHUS U 3aI[UTHI
(OCP). OCP pa3penen sueiikamu KPY, Ho o6mas nHopMaIwst [ BceX aJrOpUTMOB HaXOIUTCS HA eIHHOM HH(OpMa-
LMOHHOM TI0JIe TepMuHana, nojactaHimu, ACY TII «/'I{V». Tepmunan ¢ Habopom anroputmMoB P3uA sBisiercst oOpa-
6otunkom win faetekTopom curHaioB [1I1 B OCP. Peanusyetcst uzBectHbiii B TAY MeTon cpaBHEHHS BBIXO/a C BXOJIOM
OCP. Tak Ha TepMHHAI MMOCTYyMAeT BXOOHON HH(popMamoHHEIH moTok oT OCP, oOpabartbeiBaercs, 3aTeM popMHPYETCs



BBIXOJIHOW KOMaH/IHBIH HH(DOPMAIIHOHHBIN NOTOK (pHc. 2). TH(MOpPMaIIMOHHBIN MOTOK ITPEACTABISET CO00# CUTHAIIBI ITPO-
MYacTOTHI ® yCTaHOBHBIIErocs pexunma padotst OCP, moxymupoBannslie pazsusaronmmcs [1I1. B Teuenne HanmeHs-
miero BpeMeHu otkioueHus Torr=0.1 ¢ cutyarmuu SN MOTYT CMEHSTBCS, pa3BUBATHCS, YCTPAHATHCS. 3a 3TO BPEeMs aHa-
mm3upytoTes 10 30H MakCHMyMOB HalpsDKEHHS, KOTJa BO3MOXKHBI IPOOOH M30JIALUK WM 5 MaKCHMyMOB HIPH IPOOOSIX
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6AHHAS CXeMA CMAPM=-2PUO  (hopMAYUOHHOL CEmU U CMbLCIO6020 Pucynox 3 — Ipunyun gopmuposanus Srea(t)

cemu Driver—-EU-OCP cuenana S(t) u e2o kowmposs nopoeamu pN ons ooxout uz SN
Ha HalpshKeHUH ogHOTO 3Haka. [Ipu menee karactpoduueckux SN BpeMst Torxyr YBEIIUIHUTCS, HAPUMED, TTPH HAYATEHOM
npo6oe 033 ko BpeMeHHU paboThl CEICKTUBHOTO pene Torxy=1.5 ¢ mpu IeiiCTBUM Ha CUTHAJ C JATBLHCHIITHM MTEPEX0I0M
B K3 1 pabotoit MT3 BTOpoii unu TpeTheii cryneHu nodasutcs Torxr=0.5 mwma 1 c. Janee OCP nepexonpurypupyercs
Jutst Bo3pauieHus B SN «Hopmanvhuiii pescum» anroputmamu aBromatuku AIIB, ABP u naxxe YPOB. Takum o6pazom,
TepMHHAI oTcnekuBaeT passutue 111 B ceTrr psaaoM cMBICIOBBIX BEIX010B pN.

Cucrema ACHOP cocrout u3 0000meHHbIX SkBUBaCHTHBIX cxeM (GES), a umenno GESgrpa, GESocp, GESasnom.
OOparHasi CBSI3b B CHCTEME 3aMbIKaeTcsi curaanoM S(t) mogoGHO TOMY, KaK 3TO HPOUCXOIUIO ObI Yepe3 IKCIEPTHYIO
OLICHKY OIlepaTHBHOrO nepconana (puc. 5). S(t) gpopmupyercs BHyTpr anroputmoB P3uA (puc. 2-3), u 3aTeM MoxeT 00600-
marbes B repmuHanax, ACY TIL. [Ipu tpagunronHoM noctpoenun P3uA Oosibliie BHUMaHUS YAENseTcs pa3padoTKe NH-
(hOpMaIMOHHBIX TaTINKOB C IMOBBIIICHHEM WX TyBCTBUTEIHHOCTH. OOBIYHO pejie UMEET OTMH—TPH CENCKTHBHBIX KPHTE-
pUsl, UTO aHAJIOTMYHO ONEPUPOBAHUIO HECKOIHLKMMH 3HAKAMH MPU pacro3HaBaHUU TekcTa [12]. CTpyKTypa ycTpoiicTBa
P3uA npencrasisier co00il CBSI3KY — CTPYKTYPHO-HH(OPMAIMOHHBIH UM CMBICTIOBOH S-(DMIIBTP 1 MHOTOIIOPOTOBBIi 3J1e-
MmeHT pN. S-punbrp cocrout u3 cxemblr GESgpa hopmupyromeii curnan S(t)=3a(t)-IIpomus(t) (puc. 5). Hdeiictue «3a»
XapaKTepu3yeT HeoOXOIMMOCTh U3MEHEHHUS BBIX0/Ia S-(HUIIbTPa OT YCTAHOBUBIICTOCS COCTOSIHUS, AeiicTBUE «[Ipomuey
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Pucynok 4 — Mooenuposanue 4 yuacmrxos Z4 cemu. Cnooicnas SN « K3 uepes semnion. Cuenansl Ha 8bixo0e mpancgop-

mamopos Deppanmu. Qopmuposanue cuenana Ssp(t) unpopmayuonnvimu damuuxamu Ha PA3HLIX NPUCOCOUHEHUSX

cemu
OTBeUaeT 3a NpeloTBpalieHne n3MeHeHus. Hampumep, s yctpoiicts P3uA u3BeCTHBI Ba albTePHATUBHBIX COCTOSHUS
«Cenexmuernocmov—bnokupoexay. Ipu dopmuposanun S(t) He TepsieTcst BHICOKOYACTOTHAS HHBOpMAlus. DT0 CBOUCTBO
OTJIMYAET CMBICIIOBOH S-QuIbTp 0T 4acTOTHBIX (riibTpoB. Curran S(t) koutponupyercs snementom pN uepes 3agaHHOE
Bpems cpabarbiBanus Torxz. Cmbica noseaenust OCP mpezcrasisercst miomaasio Syax (puc. 3) usmenenus S(t). Ito ok-
BHBaJICHT MOIITHOCTH. [Ipu mpeBbimeHnn moporoB pN BeIar0TCs yrpasJsiionue Bo3aeicteus. S-gpmibtp u pN 00pa3yror
CHUHXPOHHBIH (HarpaBieHHbIil) S-gerekrop cMeicna 11 8 OCP. Kontponupyercs psia moporoB pN — OT HEMEJICHHOTO

OTKJTIOUCHHS 10 CUTHAIM3AIMH, HATIpuMep, pl «Hopmanvhulil pescum», p2 «Heonpedensemany, p3 «Kpumuyeckuiiy, p4
«lIpedasapuiinwiiiy, pS «Asaputinsiii pesicum.



[MpumensitoTes e Moandukanuu S-aerekropa. [lepsoiii Thn «3a—lIpomue» IpUMeEHsIeTCs TS 33]1a4 COBEPIISHCTBO-
BaHHS AITOPUTMOB YCTPOWCTB, BTOPOH THII «1-IIpomue) npuMeHseTcs It OIEeHKH 3P (PEKTHBHOCTH KOHEYHOH paboThI
ycrpoiicts, cucrembl ACHOP, o6opynosanus OCP. Jlnama3zon namenenust 0%<Sgpa(t)<100% OTCUMTBIBAETCS OTHOCH-
TenbHO 3HaueHus 0%. Juamazon mamenenust 0%<Ssmart-err(t)<100% OTCUMTBIBAacTCSI OTHOCHTENBHO 3Ha4YeHHs 100%.
Crioco6 mpecTaBiIcHus Pe3ylIbTaTOB NOKA3aH B BHJIC HIUTFOCTPAIIUH Ha puc. 4-5.

B paborax [**®] mokasaHo, 4To cTpykTypy OCP MOXHO OIHCATh COBOKYIMHOCTBIO cXeM GESgpa, y4acTBYIOIHUX B
ynpasnerur OCP, To ecTh COBOKYITHOCTBIO MX rpaMMaThK Grpa, @ UMEHHO Gocp~XGees=2XGrpa, £ — CyMMa COCTaBIISIOIIIX
mokazaHo. Cxema GESgpa (puc. 5), cocrout u3z Hadbopa cocrostauii TS, NTS, mpaBui P mepexoja Mexay COCTOSHUSIMH.
Cxema GES cocraBieHa ciMsiHHEM CTPYKTYpPHBIX ONMMCAaHMH M3BECTHBIX ycTpoHcTB P3mA. B ee ocHOBe HaxomuTcs CHH-
XPOHHBIN WK OanaHcHbIi faerextop (mpasuna PS9, PS15 wim PS5, PS7, PS6, PS8, PS10). JlepeBbst pacnio3naBanust SyntA
KOHKPETHBIX yCTpoi#icTB cBoasTes K W-ctpykrypam, rae W=A, B... (Tabmn. 1), cienoBaTeabHO, SBISIOTCS YacTbio 0600-
LIEHHOTO JiepeBa pacro3HaBaHus. Takoe equHOe OnucaHne YCTpoicTB cranoBUTCs Z-cTpykTypoit RPA. OOmas ycroitum-
BOCTb Pa0OTHI YCTPONCTB IOCTHTAETCS CTPYKTYpHOH (ubTpanueii curnanos [T aBTomaTom SyntA, mpoBepkoii ncripas-
JICHUSI OIIMOOK KaXK/IBIM MOCIICIYIOIIMM aBTOMAaTOM A, JIOMOJHEHHUEM HEIOCTArOIeH HH(DOPMAIH, Pacioararoieics B
eIMHOM HH(POPMAIIHOHHOM I10JI€, KOHTPOJIE KOHEYHOTO pe3yibraTa 1o curHany S(t).

OIIUCAHHUE III1 B CETU CMBICJIOBBIMU CUTYALNUSMM SN. Kaxxnas touka curaanos I[1I1 3aBucut ot
OCTaJIBHBIX TOYEK M OT TOUYEK APYTMX CUTHAJIOB. B3anMocBs3b Touek npencrasister cTpykrypy I1I1 u curyanun SN. O6pa3
SN nosiBisieTcs Kak BO3MYIIEHUE B paBHOBeCHOM cocTostHiN SN «Hopmansubiil pescum». SN MOTyTUPYET CUTHAIBI ITPO-
MBIIUIEHHOH YacToThl Ha Bbixoje OCP. Tlox cmbicnoBoi cutyanueid SN oapasymeBaercst yactb cxembl GESocp ¢ akTHBU-
POBaHHBIMU KOPHEBBIMH cuMBosaMu Ps, Pg, nanee NTS u TS ot PsSI—TS, PsB1—TS (puc. 5). To ectp nponcxomur
cpabaTbIBaHue OIpeeieHHbIX ist 9Toit SN a1emeHToB nepeBa pacrno3HaBanus (puc. 3—4). CeleKTHBHOCTh KPUTEPHEB
aNTOPUTMa MOKET OKa3aThCs HEAOCTATOUHOH Ut pemreHus 3afnadn o0 ormuanu SN u yeroitanBocTr padoTsl. Mcmoms3y-
erca knaccupukanua?? cutyanuit SN 8 OCP ¢ yueToM UX CTPYKTYPHO-CMBICJIOBOTO aHaIn3a. Bhlensercss MUHUMAIb-
Had, U3MeHseMas 1 KOHTpoimpyeMas uHbopMmanusa. Pa3BuBas Takoil moaxo K aHainu3y ydactka cxembl OCP, mpoBo-
JIITCSL aHAIM3 M CUHTE3 YcTpoiicTB P3MA B IpoCTpaHCTBE CMBICTIOBBIX CHTYAlUi, a HE CUT'HAJIOB.

PykoBonctBysick S-puibrpom, onucanusmu GES, pacunensercs mHoxecTBO coctossuit OCP Ha nHTEpecyromue cu-
tyarmuu SN 1 SN He xapaxrepnsie 1t OCP. B cinydasx mpekparieHust BXOJHBIX CHIHAJIOB HJIM NIPH HE PACTIO3HABAHUN
SN akTHBHPOBaHHBIC AJIEMEHTHI BCE PABHO (HOPMUPYIOT HEKOTOPBIH ypoBeHb S(t), KOTOPBIH MOXKHO OICHUBATH MPHU TIPO-
nomkernu ainroputma CII.

CIHOCOB COBEPHIEHCTBOBAHUSI. Metommueckoe [?%] coepuiencrsosanue Sl-meronom anroputmos (CTT
n MT3) ocHoBaHo Ha B3auMHOM coriiacoBanuu cxeM GESocp 1 GESgrpa corntacHo ux rpammaTtukaM Gocp~EXGges=XGrpa
Y KPUTEPHEB ONTHMH3ALIHU C KOHTPOJIEM Ka4ecTBa pe3ynbTaToB 1o curnany S(t) (puc. 3).

JI7i MakCMMaTbHOTO 3a7IeHCTBOBAHUST HAKOTIJIGHHOTO OMBITA CHCTEMAaTU3UPYEeM CTPYKTYphI anroputMoB MT3 anano-
ruaHo cuctemarusanui anropurmos CIT [12°%]. Jlns storo umerommascs nHGOpMAaIKst pasienseTcs Ha SeMeHTapHBIE CO-
CTaBJISIFOLIKE C TIOCIIEYIOIICH OLIEHKO!M cBsA3el (mpaBmi P) MEKy HUMH C TOMOIIIBIO BecOBBIX K03 ¢uuenToB K 3Haun-
MOCTH, PECTPYKTYPUPYIOTCSI COCTABILIIOIINE IS (JOPMUPOBAHNS YIPABIEHHS CETHIO COTTTACHO KOHEYHOMY CMBICITY 334atH.
[TpuBHECEHHBIE AJIEMEHTHI HE CHU3AT OOIIYIO0 Ha/Ie)KHOCTh, OCKOJIBKY CaMH Y4acTBYIOT B OOIIEM ITOTOKE KOHTPOJIUPY-
Tom1ei nHpopManuy.

Ucxons us Sl-merona [12°] npumennM psijt 06IIMX TIONIOKEHMI COBEPIIEHCTBOBAHMS arOPHTMOB P3HA:

1. PecTpykTypu3aiiist 00IIeH 3a1a4d Ha SJIEMEHTAPHBIC COCTABJISIONIUE C TOCICIYIONIHM BhIICIICHUEM HEOOX0TUMBIX
COCTABJISIOIINX JUISl PEILCHNUS;

BeinosiHenue yncineHHoro KoHTposst o cxemam GES, tabnunam W-ctpykryp RPA, curyarmii SN;
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Pucynor 5 — O60owennasn cxema GESrpa. Ommeuen secy ne-
Hanpasnennwlil areopumm, G3-, G4-cmpyxmypoi

3ajelicTBoOBaHKEe UMeIoNIeHCst HHQOPMaIMU OT BCeX
KosebarenbHBIX KOHTYpoB OCP mist coBepiieHCTBOBa-
HUSI KPUTEPHEB CEIEKTUBHOCTH M OJOKHPOBKH. Tak ce-
JeKTUBHAsE 4acTh cxeMbl GESrpa (CHHXPOHHBIN JeTeK-
TOpP) KOHTPOJMpYeT OAWMH KOoHTyp (puc. 3, 5),
OIOKMPYIOIAs YacTh KOHTPOJUPYET apyrue. YToOsl mo-
SBHJIACh MH(OPMAIMSI B CAMOM MEUIEHHOM KOHTYpE,
JIOJDKEH MTpou30iTh psia coobituii B 111 1 HakonuThes
JIOCTaTOYHBIH 00beM HMHpopManmu. Bemexctue storo
JIBIDKEHHE B CBEPXME/UICHHBIX KOHTYpaxX BO3HHUKAeT
penko, a mosienenue wHpopmarmu 111 Moxer mpepsi-
Bathcs. Kaxmprit Oojiee HU3KOYACTOTHBIA KOHTYP (op-
MHUpYeT OIOKHUPYIOIIYIO HH(POPMAIIHIO TS CETIEKTUBHOM
nHpopManuu Oosee BHICOKOYACTOTHOTO KOHTypa. DTO
BO3MOYKHO BCJICJICTBUE TOSIBJICHUSI HHPOPMALIUK B HU3-
KOYaCTOTHOM KOHTYpE I03XKe€, €€ MO>KHO HHTEPIIPETHPO-
BaTh KaK MHTETPAIbHYIO, HAKOIHUTEIIBHYIO, OTQHUIBTPO-
BaHHYIO;

dopMupoBaHHe CENEKTUBHON M OJIOKMPYIOIIEH WH-
dbopmarum maTunkamu (CHHXpOHHO-(DA3HBIMU, aMILIH-
TYIHBIMH, CHHXPOHHBIMU OTHOCHUTENBHO cTpyKType OCP
WK JIOTHYECKH B3aUMOCBS3aHHBIMH, ACHHXPOHHBIMH,
HaKOIIUTEJIbHBIMH);

®DopMUpPOBaHHE «OKOH CEJIEKTHBHOCTH VISl Ka¥KIIOTO
celeKTUBHOTO KpuTepus. IlocienoBarensHOCT M BpeMeH-
HBIE MapaMeTpbl «OKOH CEJIEKTUBHOCTH» (POPMHUPYIOTCS
aBTOMATOM OJIOKHPOBKH U OTHOCATCS K ONOKHPYIOIINM
KPUTEPUSIM;

KonTpons kadecTBa paboTsl npaBui «3a—IlIlpomusy
S-nmetekTopa 1o KadecTBy GopMmupoBanus curaana S(t).
KoneuHblll pe3yabTaT pabOThl anroputMoB (HOpMHPY-
€TCs COTITIACHO JIOCTIKMMBIM BECOBBIM K03 hHIIMEHTaM
CEJIEKTUBHOCTH U OJIOKMPOBKH Ka)KA0ro MHPOpPMALMOH-
HOro jartyvka. BecoBoit koadduimeHT ycranaBiuBa-
eTcs M TSI BBIX0/1a MHPOPMAIMOHHOTO JaTdnka. Beioop
3Ha4YeHHH MHOTOMOpOroBoro Beixona pN 1yist pacro3Ha-
BaHMA cutyanuii SN, popMupoBaHKs TMArHOCTHYECKUX
COOOILEHMIT;

OrieHKa BBEJICHIA B YCTPOMCTBA TPEX S-IETEKTOPOB —
pene, <«Kusyuecmu», «Idpexmusnocmu» B CHCTEME
ACHOP;

3amMeHa aNroOpuTMOB TPAIWUIMOHHOTO pENe M CaMo-
KOHTpOJIS Ha cenekTuBHbIN mouck CII, a Taxxe CII ¢ mpo-
JIOJDKEHHEM DAaCIIO3HAaBaHMS TOCNe OMOKHMPOBKH MO JIO-
MOJIHUTEIBHBIM ~ KPUTEpUSIM M 3aJIeiCTBOBaHUEM
OTHOCHUTENIBHBIX KPUTEPHUEB;

V3meHeHne BpeMeHH cpabaThIBaHHs YCTpPOMCTBAa B
HOPMHpPYEMBIX npeaenax lorxy B 3aBUCHMOCTH OT BENH-
unnbl S(t);

Bbi1aya COOTBETCTBYIOIIETO JAMArHOCTUYECKOTO CO-

oOrieHus U aBapuitHoro ¢aiina ¢ S(t) 11 ONEeHKH MPaBUIILHOCTH paboThl yeTpoicTB cucteMbl ACHOP.

OPEJJATAEMBIE PEHIEHUSI. Cornacro Sl-metomy paccMaTpuBacTCs HEMPEPBHIBHOEC COBEPIIICHCTBOBAHKE
YCTPOMCTB C paszielicHHEM Ha MepapXuuecKue dtanbl «Auanuz— Cunmes— Koncmpykmug». Kaxaplid 3Tan BBIIOTHSACTCS B
pamkax cuctembl ACHOP «K3». TTonydeHHbIE Pe3yIbTaThl B TIOJHONH MEPE OTHOCATCS K ApyruM yerpoiictsam P3uA [12].

Oman 1 cosepuwencmeosanus — anauz yempoticme RPA. Tlpemiaraiorcs penieHuss M3BECTHBIX KOHPIUKTOB: A)
Heo6xoanmocTh Havyaa COBEPIICHCTBOBAHMUS YCTPOWCTB M HEOCTATOUYHOCTD JI0Ka3aTesIbHOM 0a3bl 1y Havana; B) Pea-
JIM3alus AJITOPUTMOB B €JMHOM TEPMUHAJIE U Pa3HOIUIAHOBOCTB OnucaHust anroputMoB; C) Heo6xoauMoCTh CKBO3HOTO
coBMecTHOTO aHanu3a OCP, ycTpoHCTB 1 rpOMO3AKOCTD MOAEINPOBAHNUS CHCTEM PEATBHOTO BPEMEHH.
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Just pemenus koH(nukra «4. O Hauane cosepuieHcmeo6anusy MPEANaraloTcs Cioco0bl YUCIEHHOTO aHaIu3a U CH-
CTeMaTH3aIlil U3BECTHRIX YCTPOICTB P31A, Ha 0CHOBE KOTOPHIX MOKHO mocTpouTh cuctemy ACHOP. IpuBenena Tao-
muna | cucrematuzammu W-ctpykryp RPA mns [1]. Beinensercs uepapxuueckast JMHHAS Pa3BUTUS CTPYKTYPHBIX CXEM
YCTPOMCTB OT «IPOCTOT0» K «COBEPIICHHOMY» (ITOKa3aHa KpacHBIM IIBETOM Juis cTpyKTyp A<W<Z B Tabu. 1). [1pu sTom
CTPYKTYPHBIE CXEMBI 00JIeE «COBEPILECHHBIX» AJITOPUTMOB JIOTHYECKH CIEAYIOT U3 00JIee «IIPOCTHIX» (ABISIFOTCS YaCThIO
GES). Jlnst ee 3anoyHEHNs TIOICUMTHIBAIOTCS BeCoBbIe KoaduimenTsl Ha cxeme GESgrpa (TI0Ka3aHo Ha puc. 5). Hampu-
Mep, €M y4acTBYeT B (popmupoBanuu mpasuio PS15 ¢ KS=25, To B popMupoBanuu pe3ynbTUPYIOIIETO0 KOHEBOTO Mpa-
Brita PSSB1 yuacteyer nBa mpasuina PSSB1=fe(PsS1, PsB1), rme PsS1=PS15 ¢ KS=25. ITpunsito, uro PSSB1 moacuntsi-
BaeTcsl OTAENBHO JUIs celeKTUBHOM PS 1 Onokupyromeii yacreit cxembl GESgpa.

3neck Tabnuna 1 gomnosnHeHa MoANMHUKALIUSIME OJHOBXOI0BOH G-CTPYKTYpBI, TO €CTh MMEIOLIEH TONbKO HHpopMa-
oHHbIHA Bxox (PS1, PS2), a onopasiii curnan (PS3, PS4) pasen 1 uim 0 B 3aBUCUMOCTH OT peaTi3aliy CPaBHUBAIOLIETO
anemenTa (PS5 u PS6, PS9). [ToBTopenue areMeHToB B 001eM ainroputme, Harpumep, MT3 1 u 2 cTyneneii, ykaspiBaeTcs
JIOTIOJTHUTENIbHBIM TIEPEYHCIICHUEM HIH COOTBETCTBYIOLIHM MHOKHTEJIEM.

Janee nepeurciieHbl BApHAHTHI TPaMMaTUKU G-CTPYKTYpBI.

Yceuennsrit anroput™ «Omceuka—I cmynenv MT3 ¢ 8pema-umnyibCHbIM KpUumepuem»

Gy=(PS1,PS2, PS7,PS8, PS10, PS14,PS15,PS17,PsSB1, PB1, PB10, PB12, PB15, PsSB1), 1)

rae Y=G1 — npu MexaHndeckod peaim3anuu, 0e3 Beiaepxkku BpeMernu At 8 MT3 (nampumep, anroputm PT-80), Y=G2
— ¢ At, PS7, PS8 3amaror BpemMs-uMIyibCHBIM KpuTepuit (Hampumep, K3-37) npu cratndeckoil 1 mporpaMMHO# peann3a-
LHSX.

Becob anroputm «Omceuxa—I cmynenv MT3—-2 cmynenvs MT3»

Gy=(2*{PS1,PS2,PS10,PS15%},PS14,PS22,PS17,PsSB1, 2*{PB1, PB10, PB12, PB15}, PB14, PsSB1), (2)

rne Y=G3 — npu mexanuueckoit, Y=G4 — cratuueckoil, mporpaMMHO#i (HampuMep, TepMHUHAJIbBI), TpaBuia PS22,
PB14 ucmons3yrores ot oobeauHeHus 1, 2 crynmeneit, PB15 s cratudeckoi u mporpaMMHON peaTi3ariwid.

Anroputm «I cmynens MT3-2 cmynenv MT3»

Gy=(2*{PS1, PS2, PS10, PS15}, PS22, PsSB1, 2*{PB1, PB10, PB12, PB15}, PB14, PsSB1), 3)
rne WY=G5 — npu mexannveckoii peanuzaunu, Y=G6 — npu craTiueckoii u mporpaMMHOIA.
Arroput™ «I cmynerns MT3 Gy=(PS1, PS2, PS10, PS15, PsSB1, PB1, PB10, PB12, PB15, PsSB1), 4

rae Y=G7 — npu Mexanudeckoit (Hanpumep, pere PT-40 ¢ 9B-100), ¥=G8 — npu cratuueckoii (Hampumep, peie
PCT-14 wmu PT3-51 ¢ PB-01).

Anroput™ «I cmynens MT3» 6e3 At Gy=(PS1, PS2, PS10, PS15, PsSB1, PB1, PsSB1), (5)
rae Y=G9 — npu MmexaHudeckoi peanusauuu (Hanpumep, pene PT-40), ¥=G10 — npu cTaTHyecKoi U mporpaMmm-
Ho# (Hanpumep, pene PCT-14, PT3-51).

Asroput™ «Omceuka» Gy=(PS14, PsSB1), rne Y=G11— Bce peanuzaiuu. (6)

MHoroo0pasue W3BECTHBIX AITOPUTMOB 00pabOTKH MapaMeTpudeckoi HH(pOpMauu TpeOyeT KOHKYPSHTHOTO BbI-
6opa nyumiero anropurMa. Paccunranol, uto pene nocturaror cpenneit s3dpdextusHocTH padoThl (Kerr=0.5-0.7 npoTHs
1) B 3amaue moctpoenust cucrembl ASNOM. Hamprmep, IporpaMMHBIe HalpaBJIeHHBIE aTrOPATMBI TEPMHHAIOB (QHUPM
«SIEMENS», «<AREVA», «ABB», «SCHNEIDER ELECTRIC» mpeumymiectBernHo otHocsTcs K Ad-ctpykrype GES (ecm.
MeTkH Ha puc. 3) u gocruraiot adpdextruBHocTH Kepr=0.61 ot 060011eHHO#N Z-CTPYKTYPHI.

Janee npuBeeHb! onmcanne, Kerr HalpaBIeHHBIX alTOPUTMOB TOKOBBIX 3allIUT, Pelie MOLTHOCTH aHanoruyHo (1)—(6).

Anroput™ «Obwuti banancuwviil demexmop, peie mowHocmuy 6e3 At

Gw=(PS1, PS2, PS3, PS4, PS9, PS15, PsSB1, PB1, PsSB1), @)
rae Y=Al — npu mexaHuyeckoii (Harpumep, pene mouiHoctd PBM), W=A2 — nipu cratudeckoil (Hanpumep, pele
mortaoctd PCM-13), W=A5 — npu nporpaMMHO# ¢ 9aCTOTHBIM JaT4rkoM (jobasnenne PS18, PsS1).

Anroputm «Cmamuyeckoe nanpaenennoe peie ¢ Aty

Gy=(PS1,PS2,PS3,PS4,PS5,PS6,PS7,PS8, PS10,PsSB1, PB1, PB10, PB12, PsSB1), (8)

rone WP=A3 — nBa gerekTopa ¢ OOIKUM CyMMAaTopoM, MPH cTaTHueckoi (pene mormHoctd PM-12 ¢ PB-01). PS10
HCTIONB3yeTCs sl OOBEIIHEHHUS BBIXOJI0B IETEKTOPOB.

Anroputm «Pene nanpasnennoe ¢ Omceuxou u Aty

Gy=(PS1,PS2,PS3,PS4,PS9,PS14,PS15,PS17,PS18, PsS1, PsSB1,

PB1, PB2, PB3, PB6, PB7, PB10, PB11, PB12, PB13, PB14, PB15, PB16, PB17, PsB1, PsSB1), 9)

rae Y=A4 — nporpammusie TepmuHaibl. PB2 ucnomnb3yercs uis KoHTposis orubaromieii, PB3 — nmomexu, PB11 —
oTcyTcTBUS yacToThl, PB13 — napasutensHo# paboThl 110 HHpOPMaAMOHHOH ceTH, PB16 — 3ananus THa ynpasieHus.

Anroput™ «Hanpasnennoe MT3»
Gy=({PS1,PS2,PS3,PS4,PS9,PS15},{PS1,PS2,PS10, PS15, PS22},PsSB1, PB1,PB10,PB12,PB15,PsSB1), (10)
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rae Y=A6 — npu Mexannueckoit (Hampumep, pene momHocti PBM ¢ PT-40, 9B-100), ¥Y=A2 — crarn4eckoii.

BeiBoapl mo Tabaune 1. [IpuunHa HemocTaToYHOHN CENEKTHBHOCTH M MOMEXOYCTOWYHMBOCTH PAabOTHI HEKOTOPBIX
YCTPOMCTB MCXOIUT U3 aGCONIOTHON GOpMBI 06pabOTKK MH(OPMAIINK TI0 CPABHEHHIO ¢ OTHOCHTENEHOH hopmoit [V29],
[4-9]. KauectBO ompenenennst SN COOTBETCTBEHHO BBIIIE MPH OTHOCHTEIBHOM CIIOCO0e 0OpabOTKU W MPEACTABICHUS
nHpopmManmu. Ha nmytu peannsanuy OTHOCHTENBHBIX AITOPUTMOB CTOSIT «IIPOCTOTa» peanusanuu anropurmMa MT3 u
HArTSIHOCTE CTATHYECKOTO pacyera ero moporos cpabarsiBanus [7-9]. Beemenune ko3 uItieHTOB 3amaca MOKHO pac
CMaTpUBaTh B KauecTBE MpaBmia 0JokupoBKH 0T SN «/Tomexuy, «Heonpedensemasny, a TakKe TOMYIICHUH MTPH pacyeTe
apaMeTpoB alnroputMa. YcrpaHeHue cioxHbIX [1I1 (HeoqHO3HAYHBIX, Pa3BUBAIOIINXCS, HE YCTPAHSIOMINXCS, PEIKUX),

Tosicuenue TaGnuibr 1

Al —mechanic. DOP, PR, Pz=8, Kerr=0.1

RR Ks=279, 7;

A2 — static. DOP, PR, RR Ps=8, Kerr=0.1  G6 — static. CR, 1,2 ocr Ps=20, Ks=719, Kgrr =0.43;
Ks=319, 9;

A3 — static. DOP, PR, RR, P;=13, Kerr=0.2 G7 —mech. CR, 1 ocr Ps=9, K:=309, Kgrr =0.18;

At Ks=464, 8;

A4 —progr. PR, RR, At, cor Ps=25, Kere=0.6 G8 — static. CR, 1 ocr Ps=12, K:=479, Kggr =0.28;
K;=1016, 1;

A5 —progr. DOP, PR, RR P>=10, Kerr=0.2 G9 —mech. CR, 1 ocr ,not At, Ps=7, K;=239, Kgrr =0.40;
Ks=409, ;

A6 —mech.DOP,PR,RR,1 P;=15, Kerr=0.2 G10 —static.CR, 1 ocr,not At, Ps=7, K;=259, Kgrr =0.40;

ocr Ks=434, 6;

A7 —static. PR, RR, 1 ocr P>=16, Kerr=0.3  G11 —CR, cor, notAt, Ps=2, K;=137, Kger =0.08;
K>=589, ;

G1-—mechan.CR, VR, OCR Ps=11, Ks=369, Kgr=0.2 J —SP ‘PZZM1Ar, Ps=20, Kz=678, Kger =0.40;

2;

G2 — static., program. CR, Ps=14, Kere=0.2 H — mechan DP, PR gener., Ps>=17, Ks=554, Keger =0.33;
K2:439, )

G3 —mech. CR, cor,1,2ocr Ps=20, Kerr=0.3 I — DD-balanced (Radio), Ps=13, Kz=411, Kggr =0.25;
K>=569, 4;

G4 — progr. CR, cor, 1,2 Ps=22, Keer=0.4 M — static. RP ‘NFS-SP’, Ps=27, K;=1018, Kge=0.61;

ocr Ks=789, 7,

G5 — mech. CR, 1,2 ocr P,=18, Kerr=0.3  Z — GES, RP ‘U-SP’ Ps=42, K;=1672, Kegee =1.0
Ks=499, 0;

20e RP — peneiinas sawyuma, DOP — Directional Overcurrent Protection wiu nanpasnennas MT3, COR — «Cut-off relay» um Omceuxa,
OCR — «Overcurrent relay» unu MT3, CR — moxoeoe pene, VR — pene nanpscenus, PR — pene mownocmu, RR — pene conpomusnenus, SP —
cenexmugHblil NOUck, mech-static-progr — Mexanuueckas-cmamu4eckas-npoepammnas peauu3ayuy yCmpoucme

Tab6iamua 1— CpaBautenbHblii anaamu3 P-cTpyktyp RPA. TokoBble HeHaNpaBJeHHbIe U HANIPABJeHHbIE AJITOPUTMBbI

Cenexmusnocms_(«3a», ‘For’, TKSN
137 | 142 | 162 [ 182 | 222 [ 227 | 267 | 272 | 277 | 297 | 312 | 327 | 337 | 382 | 392 | 836
0 Gl1
97 G9 G10 | Al A2 Gl A5
144 |
167 G7 A6 G2
187 A3
257 G8
262 A7
272 G5 G3
292 H
401 J
452 G6 G4
626 M
634 A4
836 Z
a TaKKe pazdop aBapUUHBIX CUTYallMil 3aTPYAHEHBI IPU OTIEPUPOBAHUM TOJHKO CUTHAJIOM PEIEHHOr0 JEHCTBUS «BKIIIO-
YeHO—OTKITIOYECHOY, HanpuMep, Tipu cMeHax THIOB SN «Memannuy. K3», «Kneexkuy», «Ymeuxa K3», «Mexanuueckoe K3».
Ucxonast u3 cxemsl ycrpoiictB GESgpa anropurm «Omceuxa—I cmynens MT3—2cmynens MT3» uMeeT CTPYKTypHbIE
OTPAaHMYCHUS 110 CEIEKTHBHOCTH (OTCYTCTBYET OTIOPHBII CUTHAI) U OJOKUPOBKE (3aIEHCTBYETCS TOJIBKO WHEPIIMOHHBIHN
U BPEMEHHOH (QUiIbTp, a TaKkKe KpallHUH MUHUMYM OJIOKUPYIOIIEH 4acTH B BPEMsI-UMITYJIbCHOM Kputepun). O4eBUIHO,
9TO CBS3aHO ¢ HEOOXOMMOCTHIO OTKITIOYSHUS TpH KaTacTpoduiecknx oTkazax B OCP mis MUHUMU3AIIMN TIOCTIEACTBHMA
paspywmenus. Hanpumep, neiicteue anroputma «Omceuxa-MT3» N3Ha4YaNbHO OTPaHUYEHO HEMOJHOTON 3alllMIaeMOn
30HBI IeHICTBHA 3aIIUTHI, 33]JaBA€MOIl pacyeToM TMOPOTa YyBCTBUTENBHOCTH [8]. PemeHus 3aaa4u «IpoCTHIMI» CIOCO-
0aMHu TPUBOAAT K OMIMOKaM cpadaThIBaHWs, HETIOJIHOTE ACHCTBUS 3aIUTHL. Tak, GyHKIMN OIOKMPOBKH OTpPaHUYCHBI
GuIbTPOM (€ro MHEpUHMEil, BpeMsI-UMITYJIbCHBIM KPUTEPHEM, BPEMEHHBIM KPUTEPHEM, BpeMeHHBIM (pritbTpom). Popmu-
poBaHHe MH()OPMAMOHHOTO CHUTHAJa YaCTOTHBIM (PMIBTPOM, HACTPOSHHBIM HA IMPOMYACTOTY CETH, NPUBOAUT K [UTH-

Brokuposka ( ‘Against °’, TKBM
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TesibHBIM coOcTBeHHBIM 11T GhunbpTpa, KOTOpBIE MOATBEPIKAAIOTCS WM YMEHBIIAIOTCS HOBBIMU YAapPHBIMU BO3JICHCTBH-
SIMHU TIPU TIOBPEXKJICHNH 30K, DUIBTPBI IPH MPEPHIBUCTHIX BXOIHBIX CUTHANAX YIIPOIIAIOTCA JI0 HHEPIIMOHHBIX JJ1e-
MEHTOB U HE PabOTaIOT KakK IMOJOCOBbIE (PMIBTPHI MPOMYACTOTHI, ISl KOTOPOH BBITIOJHSIETCS CTaTHYECKash HaCTPOHKa
gyBcTBUTEIbHOCTH MT3. CnenoBarensHO, HAMYNE HECKOIBKUX CTyMeHeH oTKiItoYeHns B MT3 sBisieTcs pacmmpenneM
pUMEeHUMOCTH anroputMma «Omceyka» [7]. OTcrona Ajasi COBEpPIICHCTBOBAHUS aIrOPUTMa M COTJIACHO paccMaTpHBae-
MOMY CIIOCO0Y COBEPIIICHCTBOBaHHMS TPeOyeTCst peanu3anus Bcei cxeMmbl GESgpa 151 KaXKI0r0 K0s1e0aTeIbHOTO KOHTYpa
OCP. Toxe MOXHO OTHECTH M K, Hampumep, anroputMam nuddepeHnnansHo-(ha3Hoi 3ammThl, HanpaBieHHOH MT3,
pelie CONpOTUBIICHHUS, JJOTUYECKON 3alMThl ydacTka, P33 nTiMHUH, KOTOpbIe OKa3bIBAIOTCS MEPAPXUYECKUM Pa3BUTHEM
ITOPUTMA.

s perenus koHauKTa «B. Peanusayus aneopummos...». Ilpemiaraercst COBEpIICHCTBOBaHUE aaroputma «Om-
ceuka—MT3» Ha OCHOBE TIpUBeNEHNS anropuTMa k cxemMe GESgpa, mo0OaBeHN HH(DOPMAITMOHHBIX TOTOKOB. OpraHu3y-
ercsi popmupoBanue currana S(t) a1 GyHKIMIA OMOPHOro CUTHATA C TIepeAayeii ero Mo JOKaIbHBIM HHPOPMAIMOHHBIM
cetsim. Hampumep, B BUC-peructpatope, Tepmunanax P3uA yuactkos cetut ZN. Peanmzyrorcest anropuTMbl EHTPAIN30-
BanHOTO CIT «K3» 1ist Becex yyactkoB ZN 1 cpaBHeHHs curHaiioB S(t). BeinosHseTcs HOMCK MOCIeI0BaTENbHBIX BO Bpe-
MeHH (B nipenene 7orxs) CTPYKTYpHBIX cOOoTBeTcTBUH (11abnmonoB SN) [yist ceNeKTUBHBIX TpaBui PS, O110Kupyromumx npa-
Bun PB u «okon» tumuanbeix SN, SN «He K3», a takxe aetictBuii SN «Heonpedensemasn», «He ceazannas ¢ K3».
IpoBepka nzmenenuii Boimogusercsi B CAIIP ¢ konTposem currana S(t), radnuipt 1, GESgpa.

OGbemuHeHne S-IeTEKTOPOB BBITIOIHSIETCS ocpeacTBoM curtaia S(t), opMupyeMOoTo MoCIen0BaTeNsHO Ha Pa3HbIX

YPOBHSIX HepapXu4yeckoit 00paboTku nHMOpMaIUK 0 paboTe CeTH. ITO MO3BOJISIET PeaTn30BaTh aBTOMATUUECKUN U ayT-
COPCHHTOBBIN CAMOKOHTPOJIb CMBICIIOBOTO cocTosiHust OCP mo curnamam I111.
s permenns koudnukra «C. O Modenupoganuu. ..» BRIIOIHIETCS CKBO3HasI pa3paboTka ycrpoiict B CAIIP, Hampumep,
Matlab, OrCAD mst pernenust 3amau cMapt-rpua. Mcnons3yrores curHaibl oTagoHusix I curyanuun SN «OPGy, SN
«Heonpedensemany 3 00yqaronell 1 KOHTPOJIMPYIOIEH BEIOOPOK peaslbHBIX aBapUitHBIX (aitioB. CUTHAIIBI BBOAATCS B
MaTeMaTH4ecKylo MOJIEb CETH B BUJE NCTOYHUKOB BO3MYIICHHUI, B KaUeCTBE TECTOBBIX CHUTHAJIOB AJITOPUTMOB peallb-
HOTO BPEMEHH YCTPOHCTB. AIITOPUTMBI IEPEHOCATCS B IIEPEPOT pAMMHUPYEMbIE MEKPOCXEMBI, 4eM KOHTPOJIpyeTcs (u-
3MYecKasi pealn3yeMOoCTh IPUHIMAEMbIX PELICHUH.

[pumenen crioco6 [+2°] cokpanienus BpeMeHn pacyeTa Mpu COXpPaHEHWH YCTOHUMBOCTH MoenupoBanus [2]. Crioco6
OCHOBAaH Ha HEPapXHUUECKOM Pa3JIeNCHNH, PECTPYKTYPH3aUH U CKAHNPOBaHNHN MH(POPMAIIMOHHOTO TIOTOKa coraacHo Sl-
Metonay (puc. 4). IIpoexTt pa3zbuBaeTcst Ha HepapXHUECKH MOTIMHEHHBIC BRIYUCTUTENbHBIE YacTH: Nel «Pacuem OCP»,
No2 «MorphAy, N3 «SyntAx», Ned «SemAx», Ne5 «ASNOM». Hacti paboTaroT Ha pa3HBIX BHYTPEHHHX YacToTax. B uTore
MeJUICHHBIE MPOLIECCHl HE OJKUJIAIOT 0oJiee BHICOKOYACTOTHBIE M HE 3aHMMAIOT BBIYHMCIIUTENBHBIE pecypchbl. MUHUMYM
OHOBPEMEHHO PACCUUTHIBAEMbIX JIEMEHTOB MO3BOJISICT COXPAHUTH YCTOMUMBOCTD pacyeTa. YacTh pacCUUTBIBAIOTCS OT-
JIeTIbHO Ha MHTEpBaJle 001Iero BpeMenu pacuera TcacuL. ObecrieunBaeTcss MUHUMYM IiepeaBaeMoi HHpOpMaIuyu MExX1y
STUMHU YacTsIMH. PaccunThiBaeMble MPOMEXYTOYHBIE CHTHAJIBI XPaHATCS B MMEHOBaHHBIX (haitnax curnanoB TS, NTS.
Jist aToro B CAIIP ncrnonb3yroTest IMEIoInecst ICTOYHUKH (PaiJIOBBIX CUTHAJIOB. 3aTeM B MOCIIEAYIOIINX BEIYUCICHUSIX
CUTHAJIBI 33JICHCTBYIOTCS COTJIACHO CTPYKTYpHOMY nepeBy omnpenencaus GES no mepe Heooxoaumoctu. Ha puc. 4 mo-
Ka3aHbl Pe3yJbTaThl MOJEIMPOBAaHMS HH(MOPMAIMOHHBIX HaTdnkoB A4-, M-ctpykryp RPA mns mocrpoenus Z-
ctpykTypbl RPA. Tloka3aHnbl CMBICIIOBBIE CUTHAJIBI sl CMBICIIOBOM cuTyannu SN «K3 uepes 3emnio». AHalorudaHoe Mo-
nenmupoBanue A4-,G4-, J-, M-ctpykryp RPA ms SN «Croorcrvie O33» Oputn BHITIONTHEHHI paHHee B [1, 2].

BbIBO/IbI.

[penrnoxeH criocod METOIMYECKOTO COBEPIICHCTBOBAHMS TOKOBBIX 3aIUT, OCHOBAaHHBII Ha B3ANMHOM COTJIACOBaHUHU
cxem GESrpa, GESocp, GESasnom coracHo ux rpammatikaM GocprXGees=XGrpa, Ha Tabnuiax cucremarusaiuu V-
CTPYKTYp YCTPOWCTB PEJICHHOM 3alUThl 1 aBTOMAaTHKU U cMbIcIoBBIX cutyanuit SN. K cxemam GES mosxHO cBecTH m3-
BECTHBIC JITOPUTMBI 3alUT C PA3HOIIJIAHOBBIMH aBTOPCKMMU OINMCaHUsIMU. B kauecTBe mabinoHoB cxembl GES no3Bo-
JISIFOT TIOJTy9HTh WM HE OCTABUTh 0€3 BHUMAaHUs HEOOXOIUMYI0 HH(OpManuio, paccunTaTh BAPHAHTHI H3MEHEHHH, TIepe-
JIaTh pe3yiIbTaThl I OyIyIINX COBEPIICHCTBOBAHHMA.

ITpuBenen cpaBHUTENbHBIN aHanU3 11 BapuaHTOB OAHOBXOIOBBIX HEHANPABIECHHBIX U 12 MHOTOBXOZOBBIX HAIPaB-
JICHHBIX alNropuTMOB «Omceuxa—MT3» aHaIOTUYHO CHCTEMaTH3aINH AITOPUTMOB CEJIEKTUBHOTO TOMCKA OHO(DAa3HBIX
3aMBIKaHUI Ha 3eMIII0. YKa3aHbl IPUYMHBI HEYCTOMYMBON pabOTHI allrOpUTMOB. JlaHBI PEKOMEHIAIMHU TI0 COBEPIIEHCTBO-
BaHUIO KaYECTBEHHBIX XapPAKTEPUCTUK ArOpuTMOB P-cTpyKTYD.

[Mpennaraetcs 3a1eiicTBOBAHUE CMBICIIOBOTO cUrHAA S(t) 1s peaan3alii KpUTEPHEB 0 00SCIICYSHHIO HAICKHOCTH,
YCTOWYHMBOCTH, YyBCTBUTEIBHOCTH U OBICTPOJIEHCTBHS, OTHOCUTEIIBHOTO CPaBHEHUS, JOIIOIHUTENbHBIX KPUTEPHEB. Tak
B airoput™M MT3 BBoauTCs opmuposarens S(t), Tpu S-aerekropa P3uA, «Kugyuecmovy, «Ipgexmusnocmpy. Boimnoi-
usiercst cpasHenue S(t) pasubix yuactkoB ZN ceTH, IpH ayTCOPCHHTE PaboThI ¢ MOJEISIMU anroputMoB MT3 1 HakoruTe-
HHUEM PEe3yIbTaToOB X PabOTHI, aBapUHHBIX (haliIOB B CETH.

[pensoxkeHo CTPOUTH CTPYKTYPHBIE CXeMbl YCTPOHCTB P3UA Hcxo/s, Ipex e BCEro, U3 HEOOXOAUMOCTH MPUHSITUS
pelIeHus IpH BOZHUKHOBEHUH CMBICIIOBOH cutyanuu «Heonpedensiemasy. IIpu 3TOM cUTyanusi, COOTBETCTBYIOIIAs Ka-
YECTBEHHOMY ONPEAEICHUIO MMOBPEXKAECHHOTO y4acTKa CETH, OKa3bIBACTCA YaCTHBIM CIIy4aeM MHOXECTBEHHOI'O Pe3yJlb-
Tata paboTHI YCTPOHCTB.



13

[IpemiosxkeHa 3aMeHa KpUTepueB pabOTHI TOKOBBIX pelie Ha J[Ba aJrOPHUTMa CEJICKTUBHOTO IMTOMCKAa — MOBPEXKICHUS B
CeTSAX W HEHCIPAaBHOCTH B o0opynoBanud. IIpn oOMeHe nHpopMaImeil ¢ KaxapM yCTPOHCTBOM IO JIOKATbHOH HH(OP-
MaHHOHHOﬁ CCTHU MOABJIACTCA BO3MOKHOCTH ONPEACIUTH HOBpe)K)IeHHbIﬁ Y4aCTOK CCTHU MpHU HU3KOM JOCTOBEPHOCTHU
BXOJHOU MH(pOpMAIH, CMEHE CIIOXHBIX CUTYallui, pa3phIBax ee ciuenoBanus, ctopoHHux I111, momexax u ap.

Pa3paboTaHbl criocoObl aBTOMaTHYECKOTO pa3perieHus] KOH(GIMKTHBIX CUTYyalluid, BO3HUKAIOMINX MpU paboTe ceTn
JUTSL peau3aliiy 3a/1a4 JajdbHeIneld aBToMaTu3anny, TpeOOBaHU HOPMATUBHBIX YKa3aHUH UCXOIS U3 aJlTOPUTMa TOKO-
BOM 3aIIUTHI CETU CMapT-TPUL.

[TpuBeneHb pe3ynbTaThl MOJICIUPOBAaHUS pabOTHl HU3KOYACTOTHBIX HH(OPMAIIOHHBIX TaTYMKOB TOKOBBIX HalpaB-
JICHHBIX ¥ HEHAIPABJICHHBIX aJITOPUTMOB B COOTBETCTBYIOIINX «OKHAX CEJIEKTHBHOCTH» B PeallbHOM MaciuTabe BpeMeHN
MpH TI0J[aYe CUTHAJIOB MEPEXOIHBIX MPOIECCOB B ceTH. J[Jisi mocTpoeHus HH(GOPMAIIMOHHBIX JATYMKOB ycTpoiicTBa «U-
VCR-SP» ¢ Z-ctpykrypoit RPA BriOpans! Hanboee s3dpdexruBabie Ad-, G4-, J-, M-ctpykrypsr RPA.
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YnockoHAJIEHHS] TOKOBOI'0 3aXUCTY Bil KOPOTKHX 3aMHKAaHb B Mepe:xi cMapT-rpig 6-35 kB cTpyKkTypHO-iHdoO-
pmaniiinum Metoaom. Yactuna 1. AHaJji3. 3anpornoHOBaHO CIOCIO METOIUYHOTO BIOCKOHATIOBAHHS aJITOPUTMIB pe-
JMIEHHOTO 3aXHCTY 1 aBTOMATHKH LI peaiizallii KoHuenin «Cuapm-2puoy», «Lupposa komipkay, «ugpposa niocman-
Yis» y pO3MOAUIbHUX enekTpomepexax. Crocid BUXOAUTH i3 CTPYKTypHO-iH(opmaiiiiHoro SI-mMerosa IUHaMIYHOTO
po3mi3HaBaHHSA 00pa3iB, MO PO3POOIAEThCA. SIK MpUKIIaL po3raAaeThcs NOOynoBa iHGOPMAIIHHUX JATYHNKIB IS aJro-
PHUTMIB po3Mi3HaBaHHs cuTyauiil «Kopomxe 3amukanus yepes 3emnion, «Biociuka-Makcumanvuutl cmpymouil 3axXucmy)
HEHANpaBJICHNX 1 HAIIPaBJIEHNX CTPYMOBHUX 3aXHCTIiB. BiAmoBinHO 10 cmoco0y BUKOHAHWN YHCENBbHUH MOPIBHAIBHUN
MHA PECTPYKTYPH3AIlisl i y3araJbHCHHS pe3yibTariB. HaBeneHo mopiBHsUIbHUIT aHaui3 11 BapiaHTiB OTHO BXITHUX HEHA-
npaBieHuX i 12 6araTo BXiIHUX CIIPSIMOBAHUX allTOPUTMIB «Bidciuka-Maxcumanvruii cmpymoeuil 3axucmy aHaJoTidHO
cUCTeMaTH3allii AITOPUTMIB CEJIEKTHBHOTO MOIIYKY 0HO(A3HMX 3aMHKaHb Ha 3eMJIt0, OyOiikoBaHol paniiie. BusHa-
PUTMH CEJIEKTHBHOTO IMOLIYKY — YIIKO/DKEHHS B MEPEXi i HeCpaBHOCTI B ycTaTKyBaHHI. [loka3aHO MOXKIIMBICTH BBe-
JICHHS B AITOPUTMH (hopMyBada 3HAYCHHEBOTO CUTHAY IS peajli3alii TphOX 3HAYeHHEBHX AETEKTOPIB: alTOPUTMY pede,
«WKusyyocmi», «Egexmusnocmiy». 3rigHo SI-MeToly KOHTPOJIIOIOTHCS BCI KOJIMBAIbHI KOHTYpH Mepeski. Tak celekTuBHa
YacTHHA y3arajbHEHOI CXeMH (CHHXPOHHHUH JETEKTOP) KOHTPOJIIIOE OJIMH KOHTYP, YaCTHUHA, 0 OJIOKYE, KOHTPOJIIOE 1HIII
KOHTYypH. Po3risimaeTses mepeada Bl HPUCTPOIB TUTBKM CMHUCIOBUX CHTHANIB 3 HACTYITHUM 1XHIM 00'€JHaHHAM Ha Oi-
JIBIIIC BUCOKOMY 1€PapXiYHOMY PiBHI 3aXHCTY 1 aBTOMATUKU. PO3p0o0IIeHO CIOCOOM aBTOMATHYHOTO YCYHCHHS KOHQJTIKT-
HUX CHUTYalid, 0 BUHUKAIOTH IPUA POOOTI Mepexi, I MIATPUMKH JNEKIApyeMOi (YHKIIOHATBHOI CTIHKOCTI poOOTH,
peanizaiii 3aBlaHb M0aJIbIIOT aBTOMATH3aLlil, BUMOT HOPMaTHBHUX BKa3iBOK. Pe3ynbTaTu 103B0IsIOTH popMyBaTH pe-
KOMEHAII] 3 yZIOCKOHAIIOBAHHS SKICHUX XapaKTEPHCTHK NPHUCTPOIB BUXOJSUN 3 alTOPUTMY 3aXHCTy MEPEXi CMapT-
TpUI.

Knrouosi cnosa: cmapm-2pio, peneiinuii 3axucm i agmomamuxa, CpyKmypHo-ninzeicmuuHuil Memoo, Cmpymo-
6uil 3axucm, po3nizHasanns oopasie.
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Improving current protection against short circuit of smart-grid 6-35 kv network using structural-information
method. Part 1. Analysis. A proposed method is presented for methodical improvement of the algorithms of relay pro-
tection and automation for the implementation of the concepts of "Smart-grid”, "Digital cell", "Digital substation”, and
"Outsourcing of services" in the war-dividing power grids. The method has been developed in a number of articles on the
structural-information (SI) method of dynamic pattern recognition. As examples of perfection, it deals with the construc-
tion of an information sensor for the recognition of situations including "Short-circuit through the earth”, "Cut-off-Max-
imum overcurrent protection” for non-directional and directional overcurrent protection. According to the method, a nu-
merical comparative analysis of the efficiency of the algorithms is carried out based on the systematization of their
structures and semantic network situations, then the results are restructured and generalized. Comparative analysis is
presented of 11 non-directional single input variants and 12 multi-directional algorithms for "Cut-off—-Maximum over-
current protection”. The analysis is performed similarly to the systematization of the algorithms for selective search for
single-phase earth faults, as shown in previous articles. The reasons for the instability of the operation of the famous
current protections are investigated. According to the SI method, all these controlled the oscillating circuit network. So
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part of the control circuit is selected for blocking a part of the other control circuit. As replacement criteria for their work
on the two algorithms, selective search performance in the network and faults in equipment are suggested. The possibility
is investigated of introducing in the algorithms of the generator a semantic signal for the implementation of the three
semantic detectors algorithm relay "Survivability", "Efficiency". Consideration is given to transferring from the devices
only meaningful signals, and then combining them at a higher level of protection and management. Methods are devel-
oped for automatic conflict resolution arising from the work of the network, for maintaining the declared functional sta-
bility, and the implementation of tasks for further automation of the regulatory guidance. The results allow us to form
recommendations for improving the quality characteristics of the devices according to these concepts.

Key words: smart-grid, relay protection and automation, structural-linguistic method, current protection, pattern
recognition, modelling in CAD



