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KJIFOUYEBBIE CJIOBA

ABroMaTtmueckuii BBoJ pesepBa (ABP), crammapr MOK 61850, Obictpeiii BBom pesepsa, |EDS
(MHTEIIeKTyalIbHbIC SIEKTPOHHBIC YCTPOICTBA), MEPEKIFOUCHHUE 110 OCTATOYHOMY HANPSIKCHHUIO.

AHHOTALIUS

PacripocTpanenue TEXHOJIOTHIA CAeNano TIo0albHOe pa3BuTHE OnM3Heca Bce Oosiee 3aBHUCAIITUM
OT JIOCTYITHOCTH HaJeXHOro 3HeprocHaOxeHusl. B pesynbraTe, yCTaHABIMBAIOTCS U Pa3BUBAIOTCS
aNbTEpPHATHBHBIC YHEPTOCUCTEMBI JIJIS 3AIIUTHI PACIIHPSIOMINXCS BO3MOKHOCTEH KPUTHIECKH BAXKHBIX
norpebureneil. BBox pesepBa mepeBoaUT 331aHHBIX BasKHBIX NOTpeOuTeNeil Ha pe3epBHBIM HCTOUHUK
NUTaHUS, KOTZa TIOJlydYaeMOM OSHEPruM CTAHOBUTCS HEJOCTAaTOYHO WJIM 3JIEKTPOCHAOXKEHHE
MpephIBaeTCs MO JI000M HenpenBHIEeHHOW Npu4ynHE. B 3TON cTaTbe OmMChIBaeTCS IMPaKTHUECKOEe
NpUMeHeHue, TPeOOBaHHS U peau3alys NepeBo/ia JBUraTeIbHON Harpy3KH Ha pe3epBHbIC HCTOUHUKU
nutanus. [lpemaraercss HOBas BBICOKOCKOPOCTHAs CXeMa aBTOMAaTHUECKOIO BBOJAA pe3epBa,
ucnojn3yoiias nporokoal MOK 61850 Bmecto coemuHeHHsl NPOBOAAMHM, BKIIIOYArOIias B ceOs
(YHKIIMM BOCCTAHOBJICHHSI M pEallM3allMI0 CXEMBI C HCIIOJIB30BAHUEM COBPEMEHHBIX YCTPOWCTB
3aLUTHl 1 BO3MOXKHOCTEH CBSI3U BHYTPH ITOJICTAHLUH.

Ha npakTuke BBOA pe3epBa Ha JI0O0H 3IEKTPOCTAHIUH WIIM HPOMBIIIUIEHHOM OOBEKTE 03HAYaeT
NepeKyIIoueHre Harpy>KeHHOH IWHBI, Harpy3Ka KOTOPOW COCTOMT B OCHOBHOM W3 WHIYKTHBHBIX
JIBUTATENel, Ha pe3epBHBIN UCTOYHHUK MUTAHUs, KOT/Ia OCHOBHOM MCTOYHHK MUTaHHS TIOBPEXKICH WIIH
HYXJIaeTcd B OTKIIOYEHHHM Ui OOEcledeHUs] HENpepbIBHOCTH pPaboThl o0bekTa. JIroOoi
HETPaBIIBHBIA WM HeOE30TMacHBIH BBOJ pe3epBa MOXKET MPUBECTH K CEPHE3HBIM IMOBPEKICHUSIM
JIBUTATENel, TOKIIOYCHHOW K HUM HArpy3kd W HapyUIUTh HENPEPHIBHOCTh TEXHOJIOTHYECKOTO
nporecca. BBoj pe3epBa J0KeH MIPOUCXOIUTH OYeHb OBICTPO M 0€30MacHO, YTOOBI HE OBLIO HUKAKHUX
HE)KENaTeNIbHBIX SKOHOMHYECKHUX IIOCIEICTBUHA Uil Opeanpustus. TpeGoBaHUs K BBOAY pe3epBa
U3MEHSIOTCSL B 3aBHCHMOCTH OT OOBEKTa, OT TMOJKIIOUEHHOW HAarpy3Kh ¥ METOJIOB pabOTHI
npeanpusTusi. B gaHHON cTaTbe aHANMM3MPYIOTCSI THIIOBBIE CXEMBI BBOJA pe3epBa, MPHUMEHsSIEMbIC B
NPOMBIIUIEHHOCTH. Takke B OSTOH CTarbeé MPEACTABICH COBPEMEHHBIH aBTOMAaTHYECKUN
BBICOKOCKOPOCTHOW METOJI BBOJIa pe3epBa, a TakkKe pealn3alus CXeMbl C HCIOJL30BAHUEM
COBPEMEHHBIX YCTPONCTB 3alUThI U CBS3W BHYTPH TOACTAHIIMK, OCHOBAHHOHN Ha OJJHOPAHTOBOMU CBSI3U
no npotokony MOK 61850. Ilpoananu3upoBaHbl pa3iuvHble CXeMbl ¢ 2, 4 U 5 BBIKIIOYATEISIMH,
B3aUMOJICUCTBYIOIIMMH C pe3epBHBIM ['€HEpaTopoM WM JMHUEH, a TakKe aBTOMAaTHYECKOE
BOCCTaHOBJICHUE [TUTAHUSL.

1 BBEJIEHHE

Ha mpaxTuke BBOJ pe3epBa Ha JH000H 3JIEKTPOCTAHIINN WIIH TPOMBIIUIEHHOM O0OBEKTE O3HAYAET
MEPEKIIOYCHUE HATPY>KCHHOM IIWHBI, Harpy3ka KOTOPOM COCTOMT B OCHOBHOM U3 HHIYKTHUBHBIX
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JIBUTATEJICH, Ha pe3ePBHBIA UCTOYHUK IMUTAHUS, KOTJIa OCHOBHOW MCTOYHUK IMUTAHUS MTOBPEKICH WIIH
HY)KIaeTcd B OTKIIOYEHHH Ui OOECIeYeHHs HEeMpepBIBHOCTH paboTel  oOwekTa. JIroboit
HETPaBIIBHBIN WM HeOE30MacHBI BBOJ pe3epBa MOXKET MPUBECTH K CEPhE3HBIM MOBPEKICHUSIM
JIBUTATEJICH, MOJKIIOYCHHON K HUM HArpy3Kd M HapyIIUTh HEMPEPBIBHOCTh TEXHOJIOTHYECKOTO
mporiecca. BBox pesepBa MoIDKeH MPOUCXOIUTh OYCHB OBICTPO U 0€3011acHO, YTOOBI HE OBIII0O HUKAKHX
HEXKENATeNbHBIX YKOHOMHYECCKHX TTOCIEICTBUHA Ui TpeAnpustus. TpeOoBaHUs K BBOJY pe3epBa
MU3MEHSIOTCS. B 3aBHCUMOCTH OT OOBEKTa, OT MOJKIIOYEHHOW Harpy3KH M METOJIOB paboThI
npeanpusitus [1].

2 THUIBI ABTOMATHYECKOI'O BBOJA PE3EPBA

BBox pe3epBa MOkeT OBITH pa3zeiicH Ha TPU OOIIUX THIIA!
e [lapamnenbHeiii («ropsianiiy») BBOA pe3epBa
e  DBrICTpBIil BBOJ pe3epBa
e  OT1noxxeHHBIA BBOJ pe3epBa

2.1 Iapannenvuoiil 6600 pesepsa

OT10 MeTox Ui BBOJA pe3epBa INpH 3alycke OJIOKa MM 3aIUIaHUPOBAHHOM OTKIIOYeHHH. B
JAHHOM METO/IC BBIKIIOUATeNhb 3allyCKAIOUIerocss MCTOYHHMKA BKJIFOYAETCA O  OTKIIOYCHUS
BBIKJIIOUATENs TpaHcopmaropa COOCTBEHHBIX HYXA Onoka. B ngaHHOM MeTolle OTCYTCTBYET
NEepPEeXOAHBI PEKUM Ha INUHE JABUTATENs], TaK KaK pa3Hble KOMIIOHCHTBI CHCTEMBI BCE BpEMs
CHHXPOHHEI. J[aHHBI MeTon TpeOdyeT, KaKk MUHHMYM, yYCTPOWCTBO KOHTPOJSI CHHXPOHHU3MA, YTOOBI
rapaHTUpOBaTh, YTO pasHMIA (a3 Ha BKIIOYACMOM BBIKIIOYATENIC HAXOMUTCS BHYTPH IOMYCTHMOTO
JMana3oHa.

2.2 Bvicmprulii 8800 pesepsa

[Tpu uconb30BaHUU 3TOTO METOJA, BBIKIIIOYATENb TpaHCPOopMaTopa cOOCTBEHHBIX HYXJ O10Ka
OTKITIOYAETCS /10 BKJIFOYCHUS BBIKITIOUATEIS OJKIIoYaeMoro ucroynnka. llluHa nomkHa ObITE Beerga
HOJIHOCTBIO OTKJIIOYEHA OT OOOMX HMCTOYHMKOB Ha KOPOTKOE BpeMs. EIMHCTBEHHBIH KOHTPOIb
OCYIIECTBIISIETCS uepe3 ObICTPOICHCTBYIOIIEe YCTPOICTBO CHHXpOHM3MA. [lepen mpruMeHeHeM 3Toro
MeTo/la HeoOXO0AUMO TIIyOOKOe HM3Yy4eHHE Harpy3kd, 4TOObI ONpPENeNUTh TOYHBIE XapaKTepHUCTUKH
HanpsHKeHUs U (pasbl IUHBI ABUTATENS U TAKUM 00pa30M ONIPEeNIUTh TOYHOE BPEMs I0Jadl KOMaH/IbI
Ha BKIIOYCHHE BBIKIIOYATENS TIOJAKIIOYAEMOr0 HMCTOYHUKA, 4YTOOBI yMEHBUIUTH II€PEXOIHBIH
KPYTSIIUI MOMEHT B JIBUTATEISIX.

2.3 Omnooicennviii 6600 pezepea
Hmeetcs nBa BHjia OTIOKESHHOTO BBOJIA pe3epBa;

a) B ¢ase. D10 Mo CyIecTBY BBICOKOCKOPOCTHAs aBTOMATHUECKAs CHHXPOHM3AIUS MEXKIY
IIMHOW JBUTATEIs] W 3allyCKaeMbIM MCTOYHHUKOM. 3allyCKaeMbli HCTOYHHMK JOJDKCH
MOJIKITFOYAThCS B MOMEHT HYJIEBOTO PACXOXKJICHUS (a3 Ha BBHIKIIOYATENC.

b) Ocrarounoe Hampspkenue. [lepen BKIFOUCHHEM BBIKIIOYATENS TOIKIIOYAEMOr0 MCTOYHUKA
OKHAETCs TIOKAa HANPSDKEHUE Ha IMHE HE OKaKETCsS MEHbIIE 3apaHee 3aJaHHOrO 3HAUCHUS:
00b614HO0 25% 0T HOMHHAJIBLHOTO 3HAYEHMS.

3 HAIPSIKEHUE U ®A3A HA LIMHE BO BPEMS NEPEKJTIOYEHU S

B cxeme Ha pmc. 1 MoOryT OBITH HCIOJNB30BaHBI OJWH WM JBa OJOKa, BBIKIIOYATENs 1
HOPMAJIBHO 3aMKHYT, a BBIKJIIOYATENh 2 HOPMAJIBHO Pa30MKHYT, NMPHU OTKIIOYEHUU TpaHchopmaropa
COOCTBEHHBIX HYXJ OJOKa aBTOMAaTHYECKH BKIIIOYACTCS BBIKIIOYATENh 2, YTOOBI MPOJOJDKUTH
3JIEKTpOCHAOKEeHUE ABUraTesich craniiui. OOBIYHO IPUMEHSIETCS cXeMa OBICTPOTo BBOJIA pe3epBa.

B oOmem ciydae XapakTepuCTHKa HAIPsDKEHUS IIWHBI JBUTATENel MPH TMEPeKIOYSHUH
ompezenseTcsl padOTOW HArpy3KU JBUTATENC B MOMEHT mepekiroueHus. Korma mmuHa oTKIro4aeTcs
or TCH, aBurarenu OyayT co3maBaTh HANpsOKEHUE W3-3a DHEPTHH, 3aMaCEHHOW TOJIEM IBUTATEIIS.
HauanpHOe 3HAaUeHWE HANPSHKEHUS 3aBUCHT OT IIEJIOCTHOCTH HCTOYHHKA TIEPEd OTKIIFOUCHHUEM.
Tpexdasznoe 3ambikanne B TCH, reHeparope, mOBBIIAOIMEM TpaHChOpMATOpe WIM Ha
BBICOKOBOJIFTHOHM IIIMHE OKOJIO DJIEKTPOCTAHIIMH MOYKET IOJIHOCTBHIO PaspsSIuTh TOJIS JBUTATENS, U
pe3yNBTHPYIONIEE HAMpsDKEHHE Oyaer MUHUMAIbHBIM. OJHAKO M1 BCEX APYTHX CIIy9acB Ha IIHHY
JIBUTaTens OyJeT HaBEIECHO 3HAYMTEIILHOC HampshkeHue. HaBeJeHHOe HampsbkeHne OyneT UMeETh
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JIMHAMHYECKYIO XapaKTePUCTHKY HampspDKeHus W (pas3wl, KoTopas OyAeT 3aBUCETh OT WHEPIUHU
Harpy3KH JBUTaTeIei U 3alIaCEHHOM SHEPTUH I0JI IBUTaTENIEH.

CWUCTEMA MEPELAYM

[eHepaTopHbIN
noBbILIAIOLNIA

<] TpaHcopmarop MpumeyaHve: HopmanbHo BoikniouaTent 2 pasoMKHYT

TCH 3AMYCKAIOLMICA
NCTOYHMK XMFR

N -
S ¥

[]

LUMHA ABUTATENEMN

5668

Puc. 1: Cxema mmH, ucnonp3yemas Ha TOL]

Korga mmHa OTKIIOYEHa, MOIIHBIE [IBUTATENU C BBHICOKOMHEPLUMOHHOW HArpy3kol OyayT
paboTaTh, Kak aCHHXpPOHHBIC TeHEpaTophl, CHaOas »dHepruedl MeHbinue aBuratenu. OOmiee
HanpsHKCHHE Ha IIMHE OyleT MMeTh TaKOW CIOXKHBIA CpPeJHHH OTKIHMK, YTO HampshKeHHe Oyner
crmagath OBICTpee, YeM HalpsHKeHUE OTAENBHBIX HAauOOJIBINUX JABUTATE]Ied M MeIUICHHEH, 4eM y
€IMHUYHOTO HEOOJIBILIOTO ABUTATEIS.

OTHoIlIEHNE HAIPSHKEHUsT K 4acToTe pa3oMKHyTod mend UOC MOKHO BBIYMCIIHTB, UCIONB3YS
3aKOH KocuHyca. Eciu pesepBHBII ncTouHuK padotan Ha yacrore 60 ' mepen nepeximoyeHreM:

2
U, =.U:+ Yo —ZUTB*URCOSH

oc f

f = wacrora Ha mmHe B 0.e. pu 60 I'm.
U; =1o.e. mpu 60 I'us.

OTo HampspKkeHHe JIOJIDKHO OBITh OTpaHWYEHO 3HaueHweM paBHbBIM 1.33 o.e. B/I'm, kak 310
3amano crarmaprom  ANSIIEEE C50.41-77: MuorodasHble aCHMHXPOHHBIE IBUTATENH IS
ANEKTPOCTAHIUH.

Ucrnone3yss cxemy puc.l, ObumM TpoOBENEHBI HEKOTOPHIE pAcUeThl [JIsl  ONpEAETICHHS
KPUTHYECKHUX T1apaMeTpoB, HEOOXOIMMBIX JUISI OIEHKHM BO3MOXXHOCTH HCIIONIb30BAHUS CXEMBbI
OBICTpPOrO BBOJA pE3EpBa.

Mogens apurarens, mapameTpsl M pabodre YCIOBHS NPHUBEIEHBI TOJIBKO IJISI CBEIEHHS C
€MHCTBEHHOW IIeJIBI0 MTOKA3aTh SIBIIEHUE. AHATIOTUYHBIN MOIX0A AOJDKEH MPUMEHATHCS U KaXKI0TO
KOHKPETHOTO CITy4ast JIIsl IPHHATHS PEeIeHUs1 00 UCTIONB3YeMOil cXxeMe BBOJIa pe3epBa.

Korma mmHa pBurareneil OTKIIOUEHA, YacTOTa W HAIPsDKEHUE TMajaeT C IEePEMEHHOHN
CKOPOCTBIO, 3aBHCSIICH OT MHEPIIUH JIBUTATENEH, HATPY3KH U yCIOBUiT paboThl. Ha pucyHke KpacHbIM
[[BETOM TOKAa3aHO HANPSKEHHE Ha IIWHE JBUTATENeH, a CHHUM — HaNpsHKEHHE IyCKAOIIEHCs ITUHBI,
KOTOpO€E B JaHHOM KOHKPETHOM IpUMEpE N3HAYaIBHO UMEET Ty ke (asy, uto u mmHa TCH 610oxka.

Kak nBa xommnonenTta Hamnpspkenusi (Ilyckaromiasicss miHa B KayecTBE OINOPHOTO M INMHA
JIBUTATEJIEH) M3MEHSIOTCS, MBI MOXKEM YBUJIETh Ha PHC. 2.
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Puc. 3: Usmenenue Hanpspxeruss UOC Bo BpeMeHH (CieBa) U HAMIPsDKCHKUE Ha IIMHE ABUTaTened u (asa (crpasa)

Ha puc. 3 Mbl MOXeM BUIETh U3MEHEHUE aMILIUTYAbI HAIIPSDKEHHS Ha IIWHE JBUrATels U Gasbl
1o BpeMeHH nocie otkiaodenns TCH.

4 @®YHKUUHU, HEOBXOAUMBIE JIJISA KOHTPOJISAI BBOJA PESEPBA

4.1 Bvicmpuiii 6600 pezepsa

BeicTpeiii BBOI pesepBa TpeOyeT, 4TOOBI BBIKIIOYATENh BKIIOYAIOMIETOCS HCTOYHHMKA OBLI
BKJIIOUEH JI0 TOTO, Kak (haza caBuHercs Boie 30°-45°, a HanmpsokeHne CHU3UTCSI MeHee yeM Ha 20% ot
HOMHUHAJILHOTO (OCTaToO4HOE HampsbkeHue npesbimaeT 80% OT HOMHHAIBHOTO). BhICTpBIA BBOJ
pe3epBa TpeOyeT PyHKIIMIO OBICTPOI MPOBEPKH CHHXPOHM3MA, KOTOpask MOXKET ¢paboTaTh JOCTATOYHO
OBICTPO, YTOOBI TIPEIOTBPATUTH BKJIFOUEHHE BBIKITIOUATENSI PE3EPBHOTO MCTOYHHKA TPU OOJIBIION W
ObICTpO MeHstoLIeHCs dase.

He 3aBucumo ot cocrosiHust (as3pl, yCTPOHCTBO JIOJDKHO CIEAMTH, YTOOBI MaKCHMallbHas
pasHMIla HANpPSHKEHWH, a TakKe MaKCUMallbHas pa3HHWIlAa 4acTOT He OBUIM JIOCTUTHYTHI B JIFOOOH
MOMEHT BpeMeHH, YTOOBI COOTBETCTBOBaTh TpeboBanusm crangapra ANSI/IEEE C50.41-77.

4.2 [lepexniouenue 6 pasze

IMepexioueHre B (aze 03HAYACT, YTO BKIFOUCHHE BBIKIIFOYATENS MYCKAFOMIETOCS MCTOYHHMKA
NPOUCXOJHUT, KOTJIa HANpsDKCHWE Ha IIUHE HAXOAuTCs B (pase ¢ HaNpsDKEHHWEM ITyCKAaIOIIerocs
uctoyHnka. OCHOBHBIM KPUTEPUEM SIBIISACTCS Pa3pellieHUEe BKIIIOYEHHS B UAINla30HE HANPSDKEHUH OT
33% no 80% oT HOMHHAIBHOTO, HCIIOJB3Ys ATOPUTM IPEJCKa3aHusl MOSBICHHS YCIOBHS 10 (ase, u
3aIlyCTHTh MPOLIECC BKIIOYCHHUS BBIKIIFOUATENSI TyCKAOIIErocsl HICTOYHMKA 3apaHee (Ha BpeMsi paboThI
BBIKJIFOYATEIIS) 10 MOSIBJICHHS HYJICBOH (ha3bl.
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4.3 Ocmamournoe nanpsidceHue

@OYHKIUS  OCTATOYHOTO  HAMPSDKCHUSI WCIOJB3YeTCS Ul ONPENCNICHHS  YMEHBIICHUS
HAMpPSOKCHUsI Ha IIMHE HWKE 3apaHee 3aJaHHOTO YPOBHS M Ul 3alycKa MpoIecca BKIIOYCHHS
BBIKJTFOYATENS 03 KaKoro-Jnbo JOTONHUTEIBHOTO KOHTPOJs. OOBIYHO 3Ta QYHKIHS TOMYCKAaeTCs K
HCIIOJIb30BAHUIO, €CJIM HampsDKEHHE OmmyckaeTrcsi Hmwke 25% OT HOMHHAIBHOTO. TakkKe MOXKeT
MOHATO0HUThCS BBIXOJ YaCTOTHOM pasrpy3Kd, KOTOPHI MOMKET HCIOJIb30BATHCS [UIS OTKIIOYCHHS
HArpy3KHd OT INHHBI MEPe] BKIIOUCHUEM BBIKIIOYATENSA. DTO MPUMEHSETCS TOJBKO JJIS JBUraTeseH,
MOJIKITFOUSHHBIX Yepe3 BBIKIIIOYATe b, TAK KaK JBUTATEIH, MOAKIIOUYCHHBIC Yepe3 dJICKTPOMArHUTHBIH
MyCKaTellb, N3HAYAIBHO UMEIOT CXEMY Pa3rpy3KH, OCHOBAHHYIO Ha aMILTUTY/IC HAMIPSKCHUSL.

5 TNMPUMEHEHHE

[Tepen oleHKON MPUMEHUMOCTH CXeMbl BrIcTporo BBoAa pe3epBa, HEOOXOAUMO OLICHHTh
CIIETYIOIIHE MTapaMeTpBL:
1) Omnpenenuth XapaKTEPUCTHKY OCTATOYHOTO HANPSDKCHHS HA MIMHAX MO0 aHATMTHYCCKH,
100 FKCIEPUMEHTAIIBHO.

2) Bpewms BrtoueHHs BoIkimtogaTesnsi, KOTOPbIii Oy1eT BOCCTAHABIMBATH TUTAHKUE IITHHBI
JIBUTATEJICH.

3) HayanbHyI0 4aCTOTY CKOJBKCHHS OCTATOYHOTO HAMPSHKEHUS Ha IIMHAX IBUTAaTES.

4) Bpems HeoOXx0auMOE (ase OCTATOYHOTO HAMPSHKEHHS HA IUHE JBUTATENEH 110 OTHOIEHHIO K
HOBOMY MCTOYHUKY NMUATaHU, YTOOBI poBepHYThCs Ha 360°. D10 Oymer Bpems Brona
pesepaa.

6 PEAJIM3ALUA CXEM NEPEK/JIIOYEHUSA HHINH

BBon pesepBa MMeeT pa3NWYHBIE YPOBHH CIOXKHOCTH, KOTOPBIE COOTBETCTBYIOT 3aJaHHOMN
KOH(UTYpaIH IIHH.

Haubonee 4acTo B MPOMBIIUIEHHOCTH HCIIONB3YeTCs KOHPHUIYpallusl [IMH, MIOKa3aHHAs Ha PUC.
4, tne Beonm A u BBon B muTaroT KaxkIplii CBOM COOTBETCTBYIOIIWE JBHTaTellbHbIE HAarpy3ku. J[Ba
HCTOYHHKA COCTUHEHBI ¢ MTOMOIIIBIO IIIMHOCOSTHHUTEILHOTO BIKto4atels (3). BBoa A moakiIroueH K
CBOECH JIBUTATEJIbHOW HArpy3Ke 4epe3 CTaHIMOHHBIA TpaHcdopmarop u BbiKIodarenb (1), u Takxke
yepes3 CTaHIMOHHBIH TpaHchopMaTop U BEIKITIOUaTeN b (2) moakiroueH Brog B.

Cxema aBTOMAaTHYECKOTO BBOJa pe3epBa TpefHa3HaueHa Ui MPHMEHEHUS C TpeMms
BBIKJIFOUATENIIMA B JIByXCEKI[HOHHOW CHCTEME IIWH, ABa M3 KoTophix (BBox A m B) noakmrouaror
WCTOYHUKH DHEPTHH K JIBYyM IIMHAM, KOTOpbIe MOTYT OBITH BKIIIOYCHBI MapajlieIbHO C MOMOIIBIO
CEKIIMOHHOTO BBIKIIOYaTens. HopmanbHas KOHQUTYpamus CHCTEMBI — C JBYMS BKIFOYEHHBIMH
BBIKJTFOYATEIISIMA BBOJIOB M OTKITIOYEHHBIM IMHHOCOEIWHUTEIHLHBIM BEIKITIOUATENIeM. Peann3oBaHHas
CXeMa BBOJIa pe3epBa M3BeCTHA, Kak OTKPHITOE MEPEKITIOUEHUE, C TOCIEeI0BAaTEIbHOCTRIO ONepaIuii
«Ortkmouenne nepen Brmouenmem» B «Cxeme breictporo BBOMa pesepBa» (B COOTBETCTBHHU CO
crangaprom ANSI C50.41 2000 sto o3Ha4aeT mepekiaroucHue menee dem 3a 10 mepuomoB); 31O
03HAYAET, YTO MOBPEXKAECHHBIA BBOJ OTKIIIOYAETCS paHbIE, YeM BKIIOYAETCS MIMHOCOEAMHUTEIbHBIH
BBIKJTFOUYATEIh (BKJIFOUCHUE IPOUCXOIUT C KOHTPOJIEM CHHXPOHU3MA).

CxeMa aBTOMaTHYECKOI'O BBOJA pe3epBa TpeOyeT OOJbIIOro KOJIMYECTBA JOIHYECKUX CBSI3el U
AIIEKTPUYECKUX B3aUMOOIOKMPOBOK MEXIy Pa3IMUHBIMH yCTPOMCTBAMH 3alllUTHI, BBIKIIOYATEISIMU,
pa3beIMHUTENSAMH, MPEJOXPAHUTENIMA M T.O. YCTPOWCTBO BBOJAA pe3epBa AOKHO IOCTOSHHO
KOHTPOJIMPOBATh 3a/laHHbIE KIIIOYEBHIE B3JIEMEHTHl CHUCTEMBbI, YTOOBI ONpeAeIUTh Oe30macHBId M
Ha/IeKHBIA cIoco0 BBO/A pe3epBa.

TpaguiioHHBIE  YCTPOMCTBa  3alIMTHl  O3HAYAIOT HATW4YWE  OONBIIOTO0  KOJWYECTBA
COCJIMHUTEINLHBIX TIPOBOJIOB MEX/Yy YCTPOWCTBAMH, YTO NMPHUBOJUT K HEOOXOJUMOCTH HAJTHYHS JBYX-
Tpex MaHeNei Ui CO3JaHusl CXeMbl BBOAA Pe3epBa CO BCEMH JJIEMEHTAaMH yIpaBiieHHs. Pa3Butue
COBPEMEHHBIX YCTPOMCTB 3alUTHl, KOTOPbIE MOTYT CBSI3BIBATHCS C JIDYTHMH YCTpPOHCTBaMW,
MCIOJIB3YS OJHOPAHTOBYIO CBsA3b 10 mpoTokony MOK 61850, nmpuseno Kk BO3MOKHOCTH peain3aliui
CXEM C MEHBIIMM KOJUYECTBOM HPOBOIOB, YMEHBIIEHHIO CTOMMOCTH KOMIIOHEHTOB, YBEJINYEHHUIO
Ha/IeKHOCTH, a TAaKKE TOSBICHUIO (YHKIMHA OCLMILIOrpagupoOBaHUsl U PErHCTPALlMH COOBITHHA IS
aHanmM3a Tporecca BBoAa pe3epBa. COBpPEeMEHHBIE YCTPOWCTBA TPEAOCTABISAIOT —IIMPOKHE
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BO3MOXXHOCTH, OTCYTCTBYIOIIME B TPAJAUIMOHHBIX YCTPOHCTBAaX, KOTOpPHIC BKIIOYAIOT B CeOs
BCTPOEHHBIN MPOrPaMMHUPYEMBIA JIOTHYECKHIA KOHTPOJUIEP, TaliMepbl, ITU(PPOBBIE BXOABI U BBIXOHI,
aHAJIIOTOBBIE BBIXOABI H T.J., KOTOpPblE MOTYT 3HAUMTENBHO IIOMOYh B peaJH3alliil CXeM

aBTOMAaTHYECKOTO BBO/a pe3epBa. Ha puc. 5 u 6 nmpuBeeHbl IPUMEPHI TAKUX CXEM.
BBOO A BBOA B

(*)Heobxoamm Tonbko curHan ogHodasHoro Hanpsbkeuus (Pasbl A) Ans paboTbl PyHKLWUKM KOHTPONS
CUHXPOHM3Ma
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Mpumeyvanune: HopmanbHo Bbiknoyatens 3 pasoMKHyT
Puc. 4: Tunosas cxema IIKMH B IPOMBIINIJICHHOCTH

Mpumeyarve: HopmansHo Beikniouatens 24-1 pasoMkHyT
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Puc. 5: BapuaHT cxeMbI IIHH ¢ 4 BBIKIIOYATEIAIMU (BBIKITIOUATENh 24-1 HOpMaJIbHO Pa30MKHYT)

Mpumesianyte: HopwanHo Beikniouateny 24-1 & 53-3 pasomiiyTs!

[[] Beiciosarens sinioven

[[] Beikniovatens orknioven
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Puc. 6: Cxema mmH, ucnonb3yeMast Ha TOLI ¢ 5 BBIKITIOYATEISIMEA U PE3CPBHBIM JU3CIIbHBIM ITUTAHHEM
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Ha puc. 6, B HopManbHBIX paboumx ycnoBusix, 52-1, 52-2&24-2 naxonmsartcst B 3aMKHYTOM
cocrosinuy, 24-1 — B pazoMkHyTOM. 52-3 U 52-ED, moakitoveHHbIE K JAH3ETb-TCHEPATOPY, TAKKE
Pa30MKHYTHI.

B ciyuae notepu HanpspkeHust Ha 52-1 wnu 52-2, Ho He Ha 000oMX, cHCTEMa aBTOMAaTHYECKOTO
HEepPeBOia OTKJIIOYUT COOTBETCTBYIOLIYIO JIMHHIO M BKJIIOYUT CEKIMOHHBIN BbIKIIOYaTenb (24-1),
9T0OBI 3a1TUTaTh COOpHBIC MUHKI A+B+C 0T 0HO¥ JIMHUH.

[Tocne BoccTaHOBIIEHHS TOBPEKACHHON JIMHUM, COOTBETCTBYIOUIMI JIMHEHHBIH BBIKIIOUATENh
OyzeT BKIIIOYEH (Ka)KIbIi BBIKIIOYATENb MOAXOISIICH JIMHUM CHA0XKEH OTACIBHBIM pelie BBIICPKKU
BPEMEHH, ITO3BOJIAIONINM HMETh BBIICPKKY BPEMEHH IPU MOBTOPHOM BKJIIOUCHHH, YTOOBI 3a/1aTh
BpeMsi BKJIIOYCHHS II0CJIC BOCCTAQHOBJICHHS HANpPSHKCHHsS), 3aTeM IOCIE HEMPOJIO0JDKUTEIBHOM
napanieabHol paboThl TMHUHU 1 1 2 oTKIMIOUUTCs BBIKMIOUaTedb 24-1. B ciyuae motepu HampspKeHUst
Ha oOoux BeIKIIOYaTessax 52-1 m 52-2 uMmeercs MOCIEAOBATENbHOCTh MOATOTOBKH K BKIIIOYEHHIO
JM3eIb-TeHepaTopa M aBTOMATHYECKOTO BKIIOYECHHS BBIKIIOUarens 52-3, Korjaa BBITOTHSIOTCS
ycnoBusi «CUHXPOHU3MA». B atux ycnoBusx, koraa noppexacHusle auaun (52-1, 52-2) 6ynyt
BOCCTaHOBJICHBI, COOTBETCTBYIOIIME BBIKIIOYATENN aBTOMATHYECKH BKJIIOYAIOTCS B CIEAYIOIIEH
HOCJIEI0BATEIIBHOCTH

- Ecnu HampspkeHHe BOCCTaHOBHJIOCH TOJBKO Ha OAHOM Bhikmovatene (52-1 wmm 52-2),
MPOM30HAET BKIIOYEHHWE COOTBETCTBYIOIETO BBIKIIOYATENSI C  HEMPOJOJDKUTENLHON
napajuieibHOW  pabOoTOH ¢ AM3elb-TEHEPaTOpoM, IOCJIEe 4Yero BBIKIIOYATENh 52-3
aBTOMAaTHYECKH OTKIIOYHTCS TIOCIE TIOJNyYCHUS TOATBEP)KICHUS  OTKIIOYEHHS  OT
BoIkrouarests 52-ED (renepatopHOro BBIKITIOYATENS).

- Ecam nanpsbkeHHe BOCCTaHOBJIEHO Ha 000mX BBIKIOYaTessx (52-1 u 52-2), mMmeercs cxema
BHEIIHEH B3aMMOOJIOKUPOBKH, KOTOpask BBOAMT BOCCTAHOBJICHHE HA TEPBOW JOCTYITHOM
nuHUK (BbIKIIOYaTenb 52-1 winm 52-2), co3faBas mapaulebHOE MOJKIOYECHHE C JU3ellb-
TeHepaTopoM Ha KOPOTKOE BpEeMsl, IOCIIE 3TOr0 aBTOMATHYECKH Pa3MBIKAETCsl BBIKIIOYATENb
52-3 mocne TONY4YeHUs TOATBEPXKICHHMS  OTKJIIOYEHUS OT BbIKMrouarens S52-ED
(reneparopHoro BwikIto4arens). [locie 3Toro, BeIKIOYaTedb 24-1 OyaeT aBTOMAaTHUYECKH
Pa30MKHYT.

Kak MBI MOXeM BHIETh, W3-3a YPOBHS CIOKHOCTH CXEM BBOJAA pe3epBa M BOCCTAHOBICHUS
NHUTaHUS, PEUICHUs C COCIUHEHHEM IIPOBOJAMH, OCOOCHHO, KOTJa BBIKJIIOYATEIH HAaXOAATCS B
OTAAJIEHUH, HE )KU3HECIIOCOOHBI. Pelenus, HCTIob3yIOIUe PacIpeIeIeHHYI0 CXEeMY C OJHOPAHTOBOH
cBsa3pi0 Mo mpotokory MOK 61850, mpuBoauT TOMy, uTO BpeMs pabOThl OJIM3KO KO BPEMEHH,
HOJTy4aeMOMY TIPH CXeMe C COSANHEHUEM TIPOBOJIAMH.

7 BbBIBOJbI

IIpumenenue cxem beicTporo BBoza pe3epBa U cxeM BBOjA pe3epBa B (a3e ¢ UCIOJIb30BAaHUEM
COOTBETCTBYIOILMX AITOPUTMOB (B YaCTHOCTH AJITOPHTMAa KOHTPOJISI CHHXPOHHM3MA), MPEIOCTABIISIOT
WHTEPECHBIE BO3MOKHOCTH, HO HMEIOT CJICTYIOIe OTpaHMYCHHUS:

1. Beicrpsriit BBOA pe3epsa (Menee uem 3a 30 McC mociie MPUHATHS PEIICHHUS) BO3MOYKHO TOJBKO
JUISL IBUTATENIbHON HArpy3Kd C JIOCTATOYHOM MHEPLHUEH, 4TOOBI 00ECIeYUTh YToJl BKIIOYCHHUS
(30° makcumym) B Teuenue He Gonee 100 mc mocne oTkmouenus BeiKarouaTeas TCH wmm
BBojia. B 100 Mc BXOIUT BpeMsi KOHTPOJSI CHHXPOHH3Ma U BPEMSI BKIIFOUCHUS BHIKITIOYATEIIS.
[lepen mpuMeHeHHEM 3TOr0 MeTO/a HEOOXOAMMO TIHIATENIFHOE M3YUYCHUE M XOpollee 3HaHUE
Harpy3kd. JTo Haubojiee PHCKOBAaHHBIH B MPHUMEHEHWU MeToll. Ero mnpeumyIinecTBoM
SIBJSIETCS. CKOPOCTh, HO, Kak M B JIOOOM JIpyrom ciiydae, OoJbIlasi CKOPOCTh O3HAYaeT
MEHBIIYIO Ha/Ie)KHOCTb.

2. Cxema OTIOKEHHOTO BBOJA pe3epBa B (paze (SBISIOMIASICSA IPYTUM THUIIOM CXEMBI GBICTPOTO
MEePEKITIOUCHHS) TAKKe OrpaHUYEHA BUIAaTEIbHON HArpy3KOil ¢ IOCTATOYHOW MHEpIMEH s
oOecriedeHus IPaBWIILHOTO BBIYUCIIEHHS BpeMeHH, korna 6=0°. [IpuHuMas Bo BHUMaHHE, YTO
MPEJUKTHBHBIM airoputMaM HeoOxoauMo MuHMMYM 100 Mc, JaHHBIX s TPaBHIILHOTO
BBIYUCIICHHS yTIIa, TIONHBIA 000poT ¢a3sl Ha 360° noymkeH npoucxoauTsh MeHee yem 3a 180 mc
(MBI cunTaeM BpeMsl BKIFOYEHHs BeIKIIoUaress paBHbIM 80 Mc). B 3TOM ciiydae Takke BaKHO
Xopoliee 3HaHWe HAarpy3KH U MOJHBIH pacdeT 3(h(HeKTHBHOCTH, YTOOBI IPOBEPUTH, MOKHO JIN
0e3 pHcKa TPUMEHATh NaHHBIA MeTond. [Ipyroil BO3MOXXHBIH MeTOH — coOpaTh JaHHbBIE
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(HanpspkeHue WIWHBI jaBurarens (ammauTyma W (as3a)) W3 MarHUTHOTO TIOJNS  TMOCHe
orkimoueHnu oT TCH mnm oT cOOTBETCTBYIOIETO BBOA.

3. DyHKIHA OCTATOYHOTO HANPSDKEHHUS MOKET OBITH IIPUMEHEHA MTPAKTHYECKH 0€3 OrpaHuICHUS
10 BpeMeHH. B 3TOM cilyuae BayKHO BKITIOUHTH CXEMY YaCTOTHOM pa3rpy3Kd, OCOOCHHO, €CITH
MyCKAIONIWICS MCTOYHHK WMEET HEeIOCTATOYHO MOIIHOCTU JIJIsl OJHOBPEMEHHOTO 3aIycKa
JIBUTATEIICH yKe TOAKIIOYEHHBIX K [IMHE ABUraTeIel TOCIe UCUS3HOBEHHSI HANIPSHKCHUS. DTO
MOXXET OBITb KPHUTUYHO, €CJIM ITYCKAIOUIUICS WCTOYHHUK COCTOMT TOJIBKO W3 JU3CIIb-
reHeparopa. B 3ToM KOHKpEeTHOM ciydae, BEpOSITHO, OYJEeT HEBO3MOXKHO NMPUMEHSTh CXEMY
BBOJIa pe3epaa.

4. Wcnons3oBanue npotokoia MOK 61850 crocobcTByeT peanmsaiiii CXeM BBOJA pe3epBa ¢
0ojee CIOXKHBIMH MEXaHM3MaMHd H OoJblmell  (QyHKIMOHANBHOCTBIO, TaKOW, Kak
aBTOMATHYECKOE BOCCTAHOBJICHUE MTUTAHUSI.
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