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) FoCeET A BPECINEP

PASBUTUE CUCTEMbl KOMINEHCALIUXA TOKOB
OOHO®A3HOIO 3AMbIKAHUA HA 3EMITIO B
PACNPEOENUTENBbHBIX ANEKTPUHECKUX CETAX

Bcepoccumnckasa Hay4yHO-TeXHMYECKaa KOH(hepeHLMA NO penenHoN 3aluTe 1 aBTOMaTU3aLum IHepreTUYeCKUX cucTem
«TexHonornyeckun cysepenutet Poccumn B obnactv P3A n ACY T 1 ycToM4YMBOCTb B YCNOBUAX CAaHKLMOHHbIX
OrpaHu4YeHUn»

Cekums «MpumereHne obopyaosanuns P3A n ACY TI1 B TEKYLLMX YCNOBUSXY
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bynbiyeB A.B., ConoBbéB WU.B., 000 «HIIN Bpecnep»
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i oSCET 3AOAYU MO PA3BUTUIO CUCTEM KOMMEHCALIMXA TOKOB 033 ABPECTEP

Pa3paboTaTb yCTPONCTBO cCNOCOOHOE paboTaTb B aBTOMAaTUYECKOM PEXUME B CETAX c‘
1 nobon HecummeTpmuen u ¢ ntobolt AOOBPOTHOCTLIO, @ TAaKXKE HE YYyBCTBUTE/IbHOE K
N3MEHEHMIO BEKTOPA HECMMMETPUM KaK No amnanTyae, Tak u no ¢ase.

9 Pa3paboTtatb cunoBoe obopyaoBaHWE, B TOM YWUC/E CYXOrO MCMNOJIHEHUA W
KOMMNAKTHOrO UCMOJIHEHMA, cnocobHoe paboTaTth 6e3 aneKkTponpueoaa. ‘

OcHOBHbIe 3agauu,
HanpaBneHHbIE Ha
pa3BUTHE CUCTEM

KOMMNEHCcaL TOKOB

Paspabotatb obopypoBaHue (cuctemy), cnocobHoe paboTaTb COBMECTHO

3 napannenbHo) co cryneHyatbimu [P B pexxume C NaaBHOM HACTPOUKOMU
0LHO(ha3HOro 3aMbIKaHMS (nap ) Y AP B p P
KOMMNEeHcaLuun.
Ha «3emnto» (O33) B I
pacrnpenenmTenbHbIX
Pa3paboTtaTtb 3aWMUTy C YAYYLWEHHbIMW MOKa3aTeNs MU YYBCTBUTENbHOCTU W
ONEKTPUHECKMX CETAX 4 CeNEeKTUBHOCTU  ANA  NPUCOEAUHEHMA  33a3eMNAKOLWKMX  YCTPOMCTB B
6-10-35 kB 3N1eKTPUYECKmx cetax 6-35 KB.

PaspaboTaTb ycTpoiicTBOo (0bOpyAoBaHME M CUCTEeMy YyhpaBieHuA), CnocobHoe
5 NONHOCTbID KOMMeHcmpoBaTb TOKM 033, BKAKYAA EMKOCTHYIO, aKTUBHYIO W
rapMOHMUYECKYIO COCTaBAAOLLME. |




7 "oceE™ 3TAMNbI PA3BUTUSA CUCTEM KOMMEHCALUMW TOKOB 033 ABPECHEP

C uenbo noBbiweHUs 3hheKTMBHOCTM paboTbl CUCTEM KOMMEHCAUUW eMKOCTHbIX TOKOB B 3JIEKTPOCETEBOM KOMMJIEKCE peanu3oBaH pspg
npoekroB HUOKP

2011-2012 rr. 2013-2014 rr. 2015 -2016 rr. 2017-2018 rr.
® BbiCTPOAENCTBYIOW,AA CUCTEMA aBTOMATMYECKOTO o CTaTUCTUYECKMIL e CHUCTeMa 33a3eMaeHmns
perynmpoBaHma ToKa KomneHcauum 033 B cetax 6-10-35 kB [yroracswmi arperar e 3awyTa ¢ yayuWwEHHbIMM HeWTpanu )
CYXOro UCMONHEHUA ANS noKaszaTensamm pacnpeAennTenbHom
e Cunosoe obopyaoBaHMe 415 KOMMNEHCaUMN EMKOCTHOM KOMMeHcaunu 4YBCTBUTENBLHOCTM U CETM C KOMMNEHCaUMen
cocTasastoLein Toka 033 B ceTax 6-10 KB €MKOCTHOM CeneKTUBHOCTM A1 nosHoro Toka 033 m
cocTasnsolen Toka 033 NpUCcoeaMHeHMS AKTUBHbIM

NPUHYAUTENbHbBIM

rFAIIIAUIAAN NVFIA D AAACTO

B ceTax 6-10 kKB

3a3eMNgis
&
B ceTa).




@ LocE 3TAM 1. HUOKP 2011-2012 T

PaspaboTtaH mMeToa BbICTPOAENCTBYIOLErO aBTOMATUYECKOrO PEryNMPOBaHNS TOKA KOMMEHCALMW B CETAX CpedHero HanpshkeHus (6-35 kB), a Tak xe pa3paboTtaH
KOMMIEKC YCTPOMCTB AN ero ocyuwlectanenus. CosgaHa u onpoboBaHa Ha npakTuke BbICTPOAENCTBYOLWAN CUCTEMA aBTOMATUYECKOrO PEryNMPOBaHNS TOKa KOMMEHCaLmK,
OCHOBaHHas Ha perynmpoBaHun BBeAEHHON 6a30BOM MHAYKTUBHOW COCTaBMAOLLEN TOKA KOMNEHCALIMN.
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e 3TAM 1. HUOKP 2011-2012 JBPECNEP

HocTonHcTeoMm oﬁopy,u,osaHm ana KoMneHcaunn eMKOCTHbBIX TOKOB 033c¢ KOHOEHCATOPHbIM perynmposaHnNeEM ABNAETCA:

HapexHas n npocrtas craTuyeckas KOHCTPYKLUMSA, He Tpebytowas o6CnyxmBaHus.

BbicTpoaencTBue, KOTOPOE OrpaHNYMBAETCS UL CKOPOCTLIO ONpefesieHns aBTOMaTUKON HYXHOW ycTasku Toka [AIP. [NepeHacTponka OT MUHUMYMa O MaKkcuMyMma
[manasoHa npoucxoauT 3a JONW CekyHA, YTO AenaeT Takoe 060pyaoBaHMe camblM ObICTPOAEACTBYIOLLMM U3 CYLLECTBYHOLLMX.

Bbicokasi TOYHOCTb HACTPOMKHM, C NIOOLIM LIAroM PerynnpoBaHuns, 3aBUCALLErO OT KONMYECTBa KOHAEHCATOPOB.

ITnHeHas 3aBMCUMOCTb TOKa KOMNEHCALN OT EMKOCTW KOHAEHCATOPOB.
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e 3TAI 1. HUOKP 2011-2012 JBPECNEP

Pa3paboTaHo cunoBoe 060pyaoBaHue, COCTOSILLEE M3 AYroracsllero peaktopa U NpUCOeanHUTENBHOMO TpaHCGopMaTopa CyXoro UCMOSHEHWS, NpeaHa3HaYeHHoe
[Nt COBMECTHOW paboTbl C YCTPOMCTBOM aBTOMATUYECKON HACTPOMKM KOMMEHCaLMMK.




@ DoccE™ 3TA 2. HUOKP 2013-2014 P

Pa3spaboTtaHo cunoeoe obopyaoBaHue, NpeaHasHa4YeHHoe Ans KOMNEHCaLM eMKOCTHBIX TOKOB 3aMblkaHus Ha «3emntoy B ceTsx 6-10 kB. ObopygoBaHue npeacTaBsnseT
coboi cTaTnyeckoe YCTPOMCTBO, BLIMOMHEHHOE B €MHOM KOPMyce WM Ha eaMHOM MarHutonposoge. PaspaboTaHHoe 0bopynoBaHWe COBMELLAET B OLHOM YCTPOMCTBE BCe
Heobxoaumble OYHKLUMM AN KOMNEHCALMM EMKOCTHBIX TOKOB 3aMblKaHUS Ha «3EMITHO.
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@ [ocE™ 3TA 3. HUOKP 2015-2016 P

Pa3pa60TaHa MUKponpoLeccopHada 3alluTa (33y) C YNyYlWeHHbIMW NOKasaTendaMn 4YyBCTBUTEIBHOCTU W CENEKTUBHOCTU AJIA NPUCOEOMHEHUA 3a3EeMIAKLNX
yCTp017ICTB B 3NEKTPUYECKUX CETAX. Otnnuaetcs o1 UMELLNXCA aHaloOrm4HbIX yCTpOI;ICTB, MOBbILUEHHOM YYBCTBUTEJIbHOCTLIO — 30Ha €€ [eNCTBMS OXBaTblBAeT BCE
ANEMEHTbI NPUCOENNHEHNA OT SYENKN 40 3a3eMMeHHbIX BbiBoAoB [P u pe3ncTopa (I'Ipl/l HaJ'IVI‘-IVIVI).

3awuTa 3a3eMnsAoLWmUX YCTPOUCTB COCTaBNSAET:

—  Knaccuyeckas TpexcTyneHyaTtas MakcumanbHas Tokoeas 3awmra (MT3);

—  HeHanpaBneHHas MT3 oT MexaygasHbIX 3aMblkaHui B 30HaX KabenbHOW BCTaBKM W HeWTpaneobpasytoLlero
TpaHcopmaTopa;

—  [uddepeHumanscHas TokoBas 3aliuta kabenbHON BCTaBKY;

—  [udpdepeHumanbHas TOKOBas 3aluuTa HyneBoi NocneaoBaTesibHoOCTy;

—  3awmra ot ogHoa3HbIX 3aMblkaHuiA Ha 3emnto (O33);

—  Tennosas 3awwuTa (No TemnepaTtype) 3a3eMnsioLLero pesuctopa (Npy ero Hanuunm);

—  Tennosas 3awuTa (No TemnepaTtype) Ayroracsilero peaktopa;

—  CpabartbiBaHue OT JyroBoi 3aLMTbl SHENKH;

—  3awwrta ot obpbiBa hasbl;

—  [lencTeue Ha pene norm4eckomn 3aLiuTbl LLUKH;

—  [eicTteune Ha OTKMOYeHKe duaepa HenTpaneobpasytowero TpaHchopmaTopa, MMbo Ha CUrHanu3aLmio;

—  MeCTHOe 1 AUCTaHLMOHHOE YNpaBneHne LiensamMi BKIKYEHUS 1 OTKITIOYEHNS BbIKNoYaTens guaepa;

—  ®opMuUpOBaHKE CUrHANOB HEUCMPABHOCTY 3aLLMT, LIENEN BKIOYEHNS U OTKMIOYEHUS.




@ DoccE™ 3TAN 4. HUOKP 2017-2018 P

Pa3spaboTaHo ynpaBnsieMoe YCTPONCTBO 3a3eMIIEHUS HENTpanu ¢ yHKUMEN komneHcauun nonHoro Toka O33. YcTpoicTo obecneunBaeT aHanm3 cetu ¢ obpaTHOM
CBSA3bt0. [1pW BO3HWUKHOBEHUM 3aMblKaHUSI BKIOYAETCS YNPaBSEMbIl UCTOYHUK M HAYMHAETCA MPOLECC KOMMEHCaLUMM ToKa B MECTe MOBPEXAEHWS (BKMOYAs aKTUBHYHK U
rapMOHWYECKy0 cocTaBnstowme). [Ans npesoTBpalleHnsi NOBTOPHbLIX ANEKTPUYECKMX NPOBOEB MecTa NOBPEXAEHWS CUCTEMA YNpaBreHUs KOMMEHCaUuen nogaepxusaeTt
BM3Koe K Hyn HanpshkeHne NOBPEXAEHHON hasbl.

Cexupa fqelika sasemnsolLero KabenbHasa  Heltrpaneobpasytolmii MuTaH1e yCTpoicTE
e ycTpoiicTsa o UHKA - dwwtp yrpaBneHus
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@ DoccE™ COCTABNSIOLME TOKA 033 B CETSIX 6-35 kB AEBECHER

_l EmkocTHas COCTaBIiAloLWLIaA I'IpOMbILIJJ'IeHHOﬁ Y4aCTOTbl
Tok 033 moxeT coaepxatb cneayrowme

AKTVBHas cocTaBnstoLlas cocTaBnsamoLue:
CocraBnsiowme
Toka 033 m BbicLuMe rapMOHUYECKMe COCTaBNALLME I 033 — IC + I R + ICR
EmMKocTHas COoCTaB/AOLWanNA O6ycn03neHo Halnm4ymnem pacnpe,u,eneHHoﬁ E€MKOCTU HenoBpeXaAeHHbIX ¢a3 CeTUN OTHOCUTEJZIbHO «3eMJTN».
OCHOBHOM yactoTbli (),
AkTuBHaA cocrasnaowas (Ig), O6ycnoBneHO Ha/MYMeM aKTUBHOM pacnpesesieHHON NPOBOAMMOCTU M30NALUN MEXKAY HEMOBPeXKAEHHbIMM

dazamu ceTn n 3eMnen N NPOBOAMMOCTN MEKAY HENTPANbIO CETU U K3EMIEN Y.

EMKOCTHanA cocTaBaAoWan O6ycnoBneHo HannMumem B ceTu 06OpPYAOBaHMA C HENMHEMHbIMU XapaKTepucTUKamu (TpaHchopmaTopsl,
BbICLUMX FapMOHUK (lg), BbinpamuTenu, OMNH, yacToTHble NpeobpasoBaTenn 1 T.4.).
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ABPECHEP
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TOKa Bbla ycTaHOBMEHa U1
BBEAEHA B paboTy Ha

MC «Oro-BoctouHas» dunmana

MAO «PocceTn Bonray -
«OpeHbypraHepro»
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T PE3YNbTATbI PEANIU30BAHHBIX NPOEKTOB HUOKP ABPECNEP

[naHoMepHasi peanu3auns NOCTABMEHHbIX 3ad4ay NO3BOMNMMA KOMMMEKCHO MOAOMTW K npobrnemam CBsi3aHHbIX ¢ KomneHcauweit TokoB O33 n co3gatb psig HOBOTO
obopynosaHus:

1. PaspabotaH meToa M co3gaHo 06OpydoBaHWE ANS aBTOMATUYECKOrO perynmpoBaHWst TOKA KOMMEHCaLMK, OCHOBaHHbIN Ha OMpeAeneHnt 4actoTbl CBOOOAHbIX
konebaHuin KOHTYpa HyneBon NOCNEA0BaTENbHOCTU CETU.

2. PaspaboTaH KOMMMeKC YCTPOWCTB M co3daHbl 06pasubl COBPEMEHHOrO 000pyAoBaHWMs AN KOMMEHcaUuu eMKOCTHbIX TokoB O33 ¢ KOHAEHCATOPHbIM
pErynnMpoBaH1eM.

3. Paspa60TaH W CcOo3daH CUnoBow nyroracnu.l,mﬂ arperar, BbIMNOSHEHHbIN B €MHOM Koprnyce U Ha €QMHOM MarHMTonpoBoAe, cosmeu.\arou.wlﬁ BCE Heobxoaumble
(byHKLI,VIM Ana KoMmneHcaym eMKOCTHbIX TOKOB 3aMbIKaHWA Ha «3EeMIo», YTO CYLECTBEHHO OTSIMHAET €ro OT yCTp017ICTB aHanornyHoro Ha3Ha4eHu4.

4. PaspaboTaHa ¥ cosnaHa 3aluTa, NpeaHasHadeHHas Ans obecriedeHns 3aluThl duaepa HeltTpaneobpasytollero TpaHcdopmaTopa, Ayroracsiero peakropa
pPEe3NCTopa, C A0CTATOYHON CENEKTUBHOCTBIO 1 BbICTPOAECTBMEM, OTNINYAOLLAACA OT UMEILMXCA aHaNOmMYHbIX YCTPOMCTB, NOBbILLEHHON YYBCTBUTENBHOCTLIO C

30HOM OXBaTa BCEX AMEMEHTOB NPUCOEAMHEHMS OT SYEenKN A0 3a3eMeHHbIX BbiBogoB [P 1 peaucTopa (B cryyae ero yctaHoBku napannensHo [P).

5. PaspabortaHa u cosgaHa ObICTPOAENCTBYIOWAsA CUCTEMA 3a3EMIEHNS HENTpanu ANs pacnpefenuTesbHbIX ANeKTPUYeckuX ceTen, obecneynsaroLas KoMneHcaLmio
nonHoro Toka B Mecte 033 ¢ NpUHYaMTENbHLIM raleHneM 4yr B MecTe NoBPeXaeHNS.

12
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POCCETHU o v OO R T
7| i BbIBOblI ABPECHEP

CTpemutenbHoe pa3suThe pacnpepenuTenbHblx ceteil 6-10 kB (yBennyeHWe NPOTSHKEHHOCTM WM Pa3BETBMNEHHOCTU NMHUA 3rekTponepedaydn) npuBOAWUT K
yBenuyeHunio TokoB 033 1 NOSBEHNIO NEPEHANPSIKEHNIA, BbI3bIBAIOLLMX MHOTOMECTHbIE NOPAXKEHUS M30NALMN B CETU.

2. B ycnosusx HenpeackasyeMocTut 1 CKOPOCTW U3MEHEHMS NapaMeTPOB pacnpenenutesibHbiX cetent 6-10 kB
(B pe3ynbTaTe U3MEHEHW KOH(UIypaLMin ceTeil, BHEAPEHMS CUCTEM aBTOMATUYECKOrO CEKLIMOHMPOBaHKS 1 T.N0.) Ans addektneHon paboTbl [P Heobxoauma

cucTeMa KoMneHcaumm, paboTaroLLas ToNMbKO B aBTOMATUYECKOM PEXIME C TOYHOI «pe30HaHCHOM» HacTpoiikon [P B ntoObix YCNOBMSIX.

3. Ho pgaxe npy aBTOMATUYECKOM pexuMMe paboTbl KOMMEHCUMPYHOLMX YCTPOMCTB B CETU OCTAKOTCA HECKOMMEHCUPOBaHHbIE cocTaBnswwme Toka 033 (akTuBHas u
rapMOHMYECKast COCTaBMALLas), CNOCOBHbIE NOAAEPKMBATL FTOPEHNE AYTN B MECTE NMOBPEXAEHNS.

4.  KomneHcauus akTMBHOM W rapMoHuU4Yeckon coctasnswowmx toka O33 Ha (PoHe «pe3oHaHCHOM» HacTpouku [P ABnseTcs ycrnosuem MoAaBfeHUs [yrosbiX
npoboes.

5. [lpu oTCyTCTBUM AYroBbIX NPOBOEB UCKNIOYAIOTCS NEPEHANPSIKEHNS, BOLENCTBYIOLME B M30MALMN BCEW CETH, YTO NO3BONSET 06neryntb paboTy CPeACTB 3aLuTh
OT nepeHanpsbkeHnit B pexume 033.

6. B Lenax 00CeYEHNs  HaAEXHOrO SJ'IeKTpOCH86>KeHVIFI OTBETCTBEHHbIX I'IOTpe6I/1TeJ'Iel71 Ll,enecoo6pa3Ho NMPUMEHEHNE CUCTEMbI 3a3eMNEHNA HeI;ITpaJ'IM
o6ecneqMBa+ou.\e|71 KOMMEeHCcaLuuto NMoJIHOro Toka B MECTE 033 ¢ aKTMBHbIM NPUHYOUTESTbHBIM ralleHnemM ayru B MeCTe NoBPEXAEHUA.
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CNACHBO 3A BHUMAHUE!

. HAYUHO-NPONIBONCT BENNOE NPELNFYATHE



