5 NMCTOYHUKUN ONMEPATUBHOIO TOKA
5.1 AKKYMYJNATOPHASA BATAPESA

5.1.1. Oowue cBepeHudA

Ha oTBeTCTBEHHbLIX 06beKTax B KayecTBe UCTOMHUKA OMepaTUBHOINO TOKa MCMOSMb3YeTCa akKymyns-
TopHast 6atapes. MpMHATO cunTaTb akKyMynaTopHyto GaTapeto Havbonee HageXHbIM UCTOYHUKOM
onepaTMBHOrO Toka. HanpshkeHvne Ha akKymynsiTopHou GaTapee He 3aBUCUT OT Hanuuns U Benuyu-
Hbl HanpshKeHWsi OCHOBHOW CeTU MoACcTaHuuu, MOWHOCTM BaTtapen [OCTAaTOMHO AN onepauuu
BKMOYEHMA Ntoboro BbikMNtovaTensa Ha obbekTe. YunTbiBas BbICOKYHD CTOMMOCTb M HEOBXOAUMOCTb
MOCTOSIHHOrO 06CnyXMBaHUS 0BbIYHBIX CTALMOHAPHBIX aKKyMYNATOPHbIX B6aTapewn, akkyMynaTOpHble
OaTapen paHee yCTaHaBMMBANIMCb Ha 3MEKTPOCTaHUMSAX WM KpynHbiX nogctaHumax 330-110 kB.
B HacTosilee Bpemsi crneumanunsnpoBaHHble ManorabaputHble HeobCnyXMBaeMble akKyMynaTop-
Hble 6aTapen Bce Yalle UCNOoNb3YTCS B KAYeCTBE MCTOYHUKA ONepaTUBHOIO TOKa Ha NOACTaHUUAX
35-110 kB.

AkkymynsaTtopHas 6atapes paboTaeT B pexume NOCTOSIHHOro NoAsapsida oT chneumanbHbIX BbINps-
muTenen (Hanpumep, Tuna BASI, BYK), koTopble NnogkntoyeHbl K WKMHaM NOCTOSHHOMO Toka U O4HO-
BpeMeHHO obecneymBaeT cTabunmnsaumio HanpsXXeHMs Ha LWMHaxX onepaTMBHOroO Toka. Kak npasuro,
B paboTe OomKHO ObiTb ABa 3apsAdHbIX YCTPOWCTBA, NUTaloMecs OT pasHbiX TpaHcopmaTopoB
COBCTBEHHBIX HYXXA 1 paboTatolmx napannensHO Ha LWWHbI WKUTa NOCTOAHHOIO OnepaTMBHOMO ToKa.
Mpn OTKNOYEHMM BBOAHbLIX aBTOMATOB 3apsAAHbIX YCTPOWCTB, UMM akKyMynsTOPHOW GaTapen SOMmK-
Ha cpaboTaTb curHanusauus, U NPUHATbEI HEMeANeHHble Mepbl MO X 0BpaTHOMY BKMOYEHUIO, TaK
Kak TOMbKO OA4MH U3 3TUX UCTOYHMKOB He obecneymBaeT HagexHou paboTtbl noTpebutenen onepa-
TUBHOIO TOKa. He3aBMCMMO OT HaNUuMsa curHanu3auum, JOSmKeH ObITb OpraHn3oBaH NepUOLANYECKUIA
KOHTpOJb 3a paboTon 6aTapeun u WmMTa NOCTOSTHHOrO Toka. Mpn 3ToM HEOBXOANMO KOHTPONMPOBATh:
ypoBeHb HanpsbkeHust — 220—-230B; TOk akkymynsaTopHOM GaTapeun u noasapsigHbixX arperatoB — Ha-
CTpanBaeTcs Takum o6pa3oM, YTOObI OHM NOKPbIBaNM TOK Harpy3ku wmuTta n obecneynsany Heobxo-
AVMbIV TOK noa3apsaa 6atapeu.

Mpun oTcyTCcTBUM NoAa3apsna akkymynaTopHas 6aTapesi B TeYeHMe HEeCKOMbKMX YacoB MOXET noTe-
pATb CBOW 3apsa 3a CYET ee pa3psga Ha Harpysky NogcTaHuuKn, U yCTPOMCTBA 3alUmThl 1 aBTOMaTu-
KA HEe CMOryT BKMIOUMTL BbikNtovatenb. CornacHo TpeboBaHuam MTS, akkymynatopHas Gatapes
AormkHa obecneynBaTb NUTaHWe noTpebutenen onepaTMBHOrO Toka B Te4eHUn He MeHee 1 Yaca.
BenuuunHa conpoTuBREeHUs U30naLmMmM ceTU NOCTOSAHHOMO TOKa AOIMKHO KOHTPONMpPOBaThCH aBTOMa-
Tnyecku. MNpu CHUWXeHMM conpoTuBneHnsa nsonaumm Huxke 20 kKOM B ceTn onepaTuBHoOro Toka 220 B
(10 kOm B ceTn 110B) cpabaTbiBaeT curHan “3emnsi Ha WnHax onepaTUBHOro Toka“. [pu CHUXEHUN
COMNPOTMBIIEHNSA M3ONALUN HMXKE ITOrO0 YPOBHSA BO3MOXHO NOXHOEe cpabaTtbiBaHue pene npu cry-
YaNHOM 3aMblKaHUM Ha 3eMI0 Y ero 06MoTKM (CM. puc 5.1), n oTKNYEHNe, UNu BKoYeHne obopy-
poBaHus. MoaToMy, npu nNosiBNeHMM curHana “3emnsi” OOMMKHbl OblTb NpekpalleHbl Bce paboThl,

KpOMe MoucKa MecTa 3aMblKaHUsi Ha 3eMIH0.
+onep.Toka -onep.ToKa

Puc 5.1. Bo3aMOXXHOCTb cpabaTbiBaHWst pene npy BTOPOM 3aMblkaHUM Ha 3EMITI0 B CETSIX onepaTmB-
HOro Toka

Mpn cnyyaHOM 3aMblKaHUW Ha 3eMIIK0 KIMEMMbl, K KOTOPOW MOAKMOYEHO pene, COonpoTUBIEHUE
N30ns4MKM BKNOYaeTCa nocnegoBaTesibHO ¢ 0OMOTKONM pene, 1 Ha pene NpuKnagbiBaeTcst Hanpshxe-
HWe, NPONopPLUNOHaNbHOE OTHOLLEHUIO CONPOTUBNEHMI pene 1 usonaumn. MNpyn manom conpoTuBne-
HUM n30NauUMK HanpskeHns Ha pene ByaeT AocTtaTtodHo Ansa ero cpabartbiBaHusA. Beibop BENMYMHDI
CONPOTUBIIEHNS, MpPU KOTOPOM cpabaTbiBaeT curHanusauus, u onpegensietca TpebosaHnem, 4ToObI
curHanusaumsi cpabatbiBana B TeX Cryyasx, Korga 3amblkaHWe Ha 3eMII0 MOXET NPUBECTU K NOX-
HOMYy cpabaTbiBaHWIO BbIXOAHbLIX pene 3awuTbl. [paHuYHble YyCNoBUSA — COMPOTUBMIEHME KaTyLLKM
pene He 6onee 20 KOM 1 HanpspkeHue ero cpabaTbiBaHs He meHee 50% UHOM u onpegenvnu yc-
TaBKy curHanuaaumm: npu conpotusneHmm nsonsaumm 20 kOM Ha pene ¢ CONPOTUBIIEHNEM KaTyLUKM
20 kOm 6yaeT npunoxeHo HanpsbkeHne 50% UHom.

Mounck 3emnu B ceTAX onepaTUBHOIO TOKa 4YacTO OCYLLECTBNAETCS NyTeM noovyepenHoro OTKIYe-
HUSA aBTOMAaTOB (CHATUA NpefoxpaHuTenen). Nocne obHapyxeHus NoBpeXaeHHOro dugepa, onpe-
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AensaeTcsl BO3MOXHOCTb €ro OTKMoYeHUs: puaep BO3MOXHO OTKMOUNTL B Criydae, eCcrnv OT HEro He
nuTaeTcs eAVHCTBEHHOE YCTPONCTBO 3aLUMTbl, @ YCTPOMCTBO aBTOMATUKN MOXHO BbIBECTU U3 pabo-
Tbl. JanbHENLMI NOUCK U YCTPaHEHUE MeCTa 3aMblKaHMs Ha 3eMII0 OCYLLIECTBNAET penemnHbIn nep-
coHan obbekta. CeTn NOCTOAHHOrO ToKa KpynHbix 06bekToB 060pya0BaHbI cneymanbHbIMU YyCTPOR-
cTBamMun (OTeYeCTBEHHbIX npousBoauTenen, Hanpumep Candwup, UM UMHOCTPAHHLIX, Hanpumep
dupmbl Bender 13 N'epmaHnmn), NO3BONSAIOLWNMM OTbICKaTb NOBPEXAEHHbIN hnaep NOCTOAHHOMO Toka
6e3 ero oTkno4eHns. Takme yCTponCcTBa NycKaltoTCsa Npy NOSIBIEHNN 3aMbIKaHUSA Ha 3eMIo 1 onpa-
wusatloT dmaepa. B coctaB ycTponcTea BXOAUT reHepaTop, NOAKMIOYEHHbIN MexXay 3eMien 1 LWu-
HamMu WmMTa nocTosiHHoro Toka (LUIMT), n Ha Tom dugepe, rae ectb TOK, NOChINIAEMbIN rEHEPATOPOM,
dukcupyeTca 3emns. MimeeTtca knellesas npuctaBka, ¢ NOMOLLbIO KOTOPOW MOXHO NPOBEPUTL BCe
LENN Ha HanuMyne ToKa U HaWTU KOHKPETHOE MEeCTO 3aMblkaHusi. [ogobHoe ycTponcTeo paspabo-
TaHHOe C yyacTuem aBTOpPOB, MO 3aka3dy, MOXeT BXOAMTb B COCTaB LIKadoOB ONepaTMBHOrO Toka
WOT-1M (cm. n.5.3). [0ns noBbIWEHMA HALEXHOCTU NUTAHUS 3aLMTbl U YNPaBeHUsS NOCTOSHHbIM
onepaTMBHbIM TOKOM, AOMMKHA ObITb oGecnevyeHa CENEKTUBHOCTb MeXady BBOAHbIM aBTOMAaTOM ak-
KyMyInsaTOpHOM 6aTtapen u aBToMmatamu (npegoxpaHutenamm) otxogawmx ot WWMNT npncoegmHeHWiA.
[obuTtbca Tako CeNEKTUBHOCTU TEXHUYECKM CIOXKHO, rNaBHbIM 0b6pa3om NOTOMY, YTO psia nNpucoe-
OVNHEHMIN NOCTOSAHHOIO TOKa MMeeT GOMbLUOM TOK Harpy3Ku: CONeHoMabl BKIIOYEHUS 3NEeKTPOMarHuT-
HbIX MPUBOAOB, ABUraTeNM NOCTOAHHOIO ToKa. [Ans akkymynaTopHon GaTapen oBblMHOro TMna Tpe-
OyeTcs 6onbllOe NOMeLeHne, cneunanoHoe OToMNMeHWe U BEHTUNAUMS, T.K. Npu 3apsge b6atapeu
BblensieTcs BoOOPOA, NPeACTaBnAWMNA BOMbLUY NOXapHYH onacHOCTb. Heo6xoamMmo nocTosiH-
HO KOHTpONMpOBaTb YpoBeHb 3apsiga Ab, NNOTHOCTb M YPOBEHb ANEKTPONMTa, Nepuogudeckn npo-
N3BOAMTbL YpPaBHUTESNbHbIN 3apsag 3NeMeHTOB. OTU TPYAHOCTM MPUBENN K TOMY, YTO aKKyMynsaTop-
Hble HGaTapen NPUMEHANUCE TONMbKO Ha KpPymHbIX 06bekTax. B ocTanbHbIX cnyyasax npUMEHSNUCh
pasnuyHble BUAblI NEPEMEHHOr0 onepaTMBHOro Toka. C nosiBNeHMeM HeoOCnyXMBaeMbIX repmeTu-
3MPOBaHHbIX aKKyMYnSaTOPHbIX 6aTapen nosiBunack BO3MOXHOCTb CO34aHMUSA KOMMNAKTHbIX LUTOB Mo-
CTOSIHHOIO TOoKa B 04HOM Likady — wkador onepatnsHoro Toka (LLIOT).

5.1.2. HekoTopble anemeHTbI WMUTa noctossHHoro Toka (LUMT)
MpocTenwmnin KOHTPOMb M30MSALUMN BbIMOMHSETCH NO CXeMe npennoxeHHon 6onee 50 neT Hasag Ha-
YyanbHukomM anektpouexa OPMPAOC KasaHckMM 1 npuBedeHHOM Ha puc 5.2.

+ it - T Puc. 5.2. Cxema BKNOYEHUSsT perie KOHTPOMs U30Ms-
[ uwmm WUNT m pacyeT Toka cpabaTtbiBaHUS pene.
R1 R2
R1* (Ru3 + Rpene)
I 1 R=R2+ pene
R1+ Ru3 + Rpene
| R pene
B R Ipene =1 R1
s R1+Ru3+Rpene
o U
[ I= 4?
Ecnn npuHate R1=R2=100 kOM; Rus =20 kOm; Rpene =5 kOm; U=220 B, R=120 kOm; | = 1.83 MA;
| pene =1.53 MA.

[na aBTOMaTUYECKOrO KOHTPOSIS YPOBHA HaNPSKEHUS HY>KHbI pene HanpsbkeHUst NOCTOSIHHOMO TOKa
C BbICOKMM Ko3ahpumumeHTom Bo3BpaTa. lNpuunHa B TOM, YTO 30HA AOMNYCKAeMbIX OTKNOHEHU Ha-
npsbkeHusa Ha LUMT oT HommMHanbHOro coctaBnset He 6onee +5%. MNpu HanpspkeHun 220 B 3710 By-
net ananasoH 210-230 B. lMpu 6onbluem OTKNOHEHUN JOMKHA pabdoTtaTtb curHanusauus. Takum ob-
pa3oM, yCTaBka curHanmsaumm no NoBbILLEHUIO HanNpsXXeHusa gosmkHa coctasuTb 230 B, a no noHu-
xenuto 210 B. KoHTponuvpytowee ycTponcTBO AOSMKHO OTPErynMpoBaHo Takmum o6pasoM, 4Tobbl npm
paboTe B gonyctumon 3oHe 210 —230 B curHanunsauusa He paboTana. Npu koadhduumneHTe Bo3Bparta
0.95 ycTaBka perne nosblleHUs HanpskeHnsa gommkHa coctasutb 230/0.95 = 242 B, a yctaBka cur-
Hann3aumm NoHmxeHns HanpsbkeHnsa npy Ke=1.05 6yget pasHa 210/1.05 = 200 B. CooTBETCTBEHHO,
AnanasoH rapaHTMpPOBaHHOro cpabaTtbiBaHUA curHanusaumm oygeT coctaBnsatb 240-200 B. Xore-
nocb 6bl MMeTb elle 6oree y3kyto 30HYy. 1o 3aToM NpUYNHE JoMNycKaeTCa NPUMEHATb pene KOHTpons
HanNpsKeHNs MOCTOSAHHOrO TOKa TOMbKO C KO3h(pMLUMeHTOM BO3BpaTa, N0 BO3MOXHOCTN O4YeHb 6nn3-
Knm K 1, BO BCSIKOM crlydae He xyxe, yem 1.05 — 0.95. [Insa BbiNoNHeHUs curHanusauumn tpebyetcs
2 perne: O4HO AnNs NOBbILWEHUS HANPSXXeHUs, ApYroe ANA NOHWKeHUs HanpsbkeHus. 3To [iBa pene
MOryT 6bITb 3aMeHeHbl OQHUM perne KOTopoe AOMKHO BbITb cpaboTaHo («NOATSHYTO») B 30HE MEX-
4y OBYMSA yCTaBKaMu — nNpu HanpsbkeHun Bobiwe yctaBkm U2, HO Hwxke yctaBkn U1. Cneposartenb-
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HO, OHO OTMadaeT NpW HanpPsHXKEHUU HUXKE MUHUMANbHOro nopora HanpsbkeHus U2 n Bbile Makcu-
mManbHoro Hanpshkenns U1. OTnagaHue pene o3HavaeT BbIXO[ HanpsKeHUs u3 A4OonyCTUMOW 30HbI,
onpeaensaemMon aTMMKN ycTaBkamu.

Euwe oagHa BaxHaa dyHKuma asToMmatukn LWUIMT — KOHTpONb Hanuumns noasapsga akkyMynsTOpHON
6atapewu. NMpn oTKNOYEeHUN aBTOMaTa akkyMynsatopHon 6aTtapen (AB), nnun paspbiBe uenun 6atapeun
no Apyrum npuymnHam, nutaHne Harpysku LWMNT nponsBoguTca OT BbINPSMUTENBHONO NoA3apsaaHOro
ycTponcTBa. Takum obpa3oM MOXET BO3HUKHYTb CUTyauus, Koraa oTknoyeHne 6atapeun He Gyaet
oBGHapy>xeHo, a Npu KOPOTKOM 3aMblKaHWW, CONPOBOXAALWEMCs rryO0oKon NOCaaKon HanpsKeHus,
ncyesHeT onepaTmBHbIA TOK. LLIMTbl NOCTOSAHHOIO TOKa COBPEMEHHOW KOHCTPYKUMU UMEIT CUrHanm-
3aumo oTknoveHns astomata Ab, ogHako, obpbIB Lenu Batapen MOXeT BO3HUKHYTb U MO OPYrUM
npuunHam. Noatomy, uenecoobpasHo NPUMEHUTb OOMNOMHUTENbHYH CUTHANM3auuio LEenoCTHOCTU
uenu 6atapen No AONOMHUTENbHOMY NPU3HAaKY, HanpumMep NyTeM KOHTPONS Hanuynga Toka noasa-
psga akkymynatopHou 6atapen.

5.2. LIKA® YMNPABJIEHUA ONEPATUBHbLIM TOKOM (LLYOT)

WYOT 6bin paspaboTaH cneumanbHO A4S HebomnblnxX O0OBEKTOB, ANst KOTOpPbIX He TpeboBanach
bonbwaga emkocTb ABb. LUYOT coctouT u3 gByx LKagoB, B KOTOPbIX pPacrnonoXeHo noasapsigHoe
YCTPOWCTBO M ManoMoLHasa akkymynatopHas 6artapesa 220 B, coctosiwas u3 otgenbHbix GaHOK
CBMHLOBLIX akkymynatopoB. LUYOT npumeHsieTcs Ha NOACTaAHUMAX C YNPOLLEHHOW cxeMon. [Mpu muc-
Nnonb3oBaHMM Ha CTopoHe BH noactaHumu BhikNYaTenemn ¢ ConeHoMaHbIMM NpUBOAAMU, BKNOYE-
Hne aTux BbiknoyaTenen ot LUYOT He obecneumBaeTcs, U ANA NUTAHUSA CONMEHOUOO0B BKITHOYEHMUS
ncnornb3yeTca cneunanbHbii BeinpsaMuTenb (Hanpumep, Tuna bIrPY, YKIT). 3t1o o3HavaeT, 4To Ans
BKITHOYEHMS BbIKNOYaTENen Hy>KHO MMEeTb NepeMeHHOoe HanpsKeHne Ha NoACTaHLUUN.

Hunskoe Ka4yecTBO NPUMEHEHHBIX akKyMynAaTOPOB M NoA3apsgHOro YCTPOMUCTBA, a Takke OTCYTCTBME
HeobxoaMmMoro Haasopa NPUBENO K TOMY, YTO CpoK cnyxbbl 6aTtapeun orpaHvumBancs 2-3 rogamu,
nocne 4yero 6atapeto Hy>XHO BbINo MeHsATb. B HacTosWwee BpemMsa Ha MHOrMX nogctaHuusax 6atapeu B
WYOT BbIWAM M3 CTPOA M 3amMeHeHbl gpyrnmu, 6onee coBpeMeHHbIMU akkyMynsaTopHbiMKU BaTa-
peamu.

MpaBuna akcnnyaTaumm ceTn NOCTOsIHHOro onepartmBHoro Toka LWYOT, He oTnu4yaroTcsa OT aKcnya-
Taumm WOT c akkymynatopHon 6atapeen.

5.3. WKA®bI NOCTOAHHOIO ONMEPATUBHOIO TOKA LLUOT-01M
de= § Pl

a) 50 A*y 6) 100 A*y B) 6e3 HmkHero oTceka (AB)
Puc. 5.3. BHelwHun Bug, Wwkacos onepaTUBHOIO TOKa

LWkadbl onepatuBHoro noctosiHHoro Toka LLOT-01 pa3paboTaHbl C y4eTOM OnbiTa 3KCMnyaTauun paHee npu-
MeHsaBLMXcS wkados LYOT. MNMogsapsgHble ycTponcTBa obecnevmBaoT ypoBeHb Nynbcauuin MeHee OAHOro
MPOLEHTa, YTO 3HAYUTENBHO YBEMNUYMBAET CPOK CNYKObl akKKyMynaTOpOB, JOBeAs ero 4O CPOKOB rapaHTupo-
BaHHbIX oupmon — marotosutenem: 10-15 net B 3aBMCMMOCTU OT MPUMEHEHHOrO akKymynsitopa. YpPOBEHb
cTtabunusaumu onepatueHoro Toka 1%. MNoasapsaaHbie ycTponcTea paboTaloT napannensHo, Tak Kak pacnpe-
JeneHne Toka Mexay yCTPOMCTBaMM BblpaBHMBAETCS aBTOMaTMYeckn. NMpMMeHeHHbIE akkyMynaTopHble 6aTa-
peun repmMeTn3npoBaHbl, YTO NO3BONSET YyCTaHaBNMBaTb LWKadbl B OOLLMX MOMELLEHNAX.



TexHu4eckne xapakTepucTukm wkagos LWOT- 01M

Pod moka

OCHOBHbIX Lenen wkadga
nuTarLLEen cetn
HomuHanbHoe HanpsixeHue

Tabnuua 5.4

NOCTOSAHHbIN
nepemeHHbIn,oqHodasHbIn\TpexdasHbIn, 50

OCHOBHbIX Lenen wkada, B =220
nuTarowen cetn, B ~220
ToYHOCTb NoAAEepP)KaAHMSA BbIXOAHOMO HaNpsXXeHns 1%
HomuHarnbHbIG Mok
noasapsiAHOro yCTpoucTea, A 4,8,10,30
notpebnaemblnl noa3apsigHbiM ycTponcteoM, A Ha 14
dasy He Gonee
Konu4yecTtBo nogsapsaHbIX YCTPONCTB LLOT-01-50 -2 LLOT-01-100 - 4
Bug koHCTpyKUMn wkad
Cnoco6 obcnyxuBaHus OLHOCTOPOHHEE
CteneHb 3awuTbl, o FOCT 14254-80 Lo IP54
Pabouunii gnana3oH Temnepatyp -20...+40°C
LLIOT-01-50 LWOT-01-100
MabapuTHble pa3mepsbl Wkada, MM, He bonee 2200x600.600 2200x1250x600

KonnyectBo akkyMynsiTopoB B akKyMyNSSTOPHOM OT-
ceke, LWT.
Cpok cnyx6sbl, neT*

17 vnn 18 no 3akasy
25

*NMpumeyaHue. Cpok cryxbbl yCmMaHOBMEHHbIX 8 WKagy ornepamueHO20 mMoKa 2epMemu3upoB8aHHbIX akKy-

MynamopHbix bamapeli — 8 coomeemcmeuu C 3KCryamayuoHHoU OokymeHmauyuel npednpusmusi-
u3zomosumerisi.
LWkadbl WOT-01M ocHalleHbl KOHTporie-
Asspua () pOM, U3MEPSIOLMM YPOBHWU HanpsXeHns
Ha 1 M3onAuMK, 3Ha4YeHne ToKa B Lenu ak-
3emns Ha 0 o
KymynatopHon 6Gartapewn, obecne4nsaro-
T LLMM KOHTPOJb MCMPAaBHOCTW Noa3apsagHbIX
AKBIOTKS YCTPOMNCTB, OTKIMOHEHMWS] YPOBHSI Harpsixe-
Aptomar Us< U= u> U
ATToMar () o o o4 HUS 3a 3agaHHble npegenbl, NOsSBNEHUS
«3emMnu» B LENsiX onepToka, OTKIOYEHUS

aBTOMATOB OTXO4ALLMX ﬂpI/ICOGLI,VIHeHMIh.

Puc. 5.5 BHelwHWn BUO KOHTpoOsnepa
Wkadpbl LUOT-01M KOMMMEKTyTCA MHAOPMaLMOHHBIM KOHTpornepom (puc.5.5), KoTopbln ycTaHaBnNMBaeTcs
BHYTpU wkada. OH obopyaoBaH aHamnoroBblMu BXO4aMW ANS U3MEPEHUST ABYX MOCTOSAHHbIX HaMNPSPKEHWUN U
NOCTOSAAHHOIO TOKa, 8 AUCKpPEeTHbIMM BXxogamu n nHTepdericom RS485 ansa nepegaym nHgpopmaumm no npoTo-
kony Modbus RTU.
M3amepeHre HanpsbkeHWs NOCTOSIHHOrO ToKa ocyulectensaeTcs B gnanasoHe ot 0 go 250 B ¢ TOYHOCTLIO He
xyxe 0,5%. CyliecTByeT BO3MOXHOCTb YCTAHOBKM MUHUMASbHOIO M MakCMMarnbsHOro AONYCTUMbIX 3HAYEHWUI
n3mepsiemMoro HanpsbkeHus. [lnanasoH 3agaHus Kaxgoro U3 3HavyeHW HanpskKeHust HaxoauTCcsa B AnanasoHe
ot 0 go 250 B, war 3agaHusa 1 B.
Mpw BbIXxoAe 3HAYEHMS HAMNPSPKEHUS 3a AONYCTUMbIE FPaHULbI B XKypHan aBapuiHbIX COObITUIA 3anucbiBaeTcs
cnegyowasa nHgopmaums: gata n Bpems B opmaTe geHb, Mecsl, rod, 4Yac, MMHyTa, CeKyHaa, 3Ha4yeHune Ha-
NPsPKEHWS, @ TaKkKe COCTOSIHME AMCKPETHbIX BXOAOB HA MOMEHT BO3HUKHOBEHUSI aBapuu. [nybuHa apxmBa co-
ctaBnseT He meHee 100 3anncen, BpeMs XpaHeHus MHdopMauun — He MeHee 1 roga.
Cwvrian HeucnpaBHOCTM MOXeT ObiTb nepegaH MO NokanbHOM ceTn. Huskas ctommocTb wkada no3sonseT
NPUMEHATb €ro Ha NOACTaHUMSAX HEOOMbLUOW MOLLHOCTU, UMK UCNOMb30BaTb €ro B Ka4eCcTBe AONOMHUTENBHO-
r0O aBTOHOMHOIO WUCTOYHMKA MWUTaHWS 3aluTbl HA OTBETCTBEHHbIX OObekTax. Lkad ocHalweH aBTOMaTMKOM
oborpesa.

OnpeaeneHue oTxoasiuero omaepa ¢ 3aMbikaHMeM Ha 3eMno

Mpun cpabaTbiBaHWUM 3nNeMeHTa KOHTPONSA U30MALUN MHOTAA BO3HMKAET CIOXHOCTb C onpeaeneHneM duaepa
C 3aMblkaHneM Ha 3emnto. Mo 3akasy wkadbl LUOT noctaBnsoTCca ¢ yCTPOMCTBOM onpeaeneHns nocneaHero
YCcTponcTBO NpeaHasHayvyeHo Ang onepatuBHOro onpegeneHuns otxogswen ot WOT nuHum, Ha koTopon npo-
nsowno 3ambikaHve Ha 3emnto (3H3). Pabota cxembl ocHOBaHa Ha Mopave WMMMyMbCOB MPSMOYrofbHOW
HOPMbl OTHOCUTENBHO «3E€MITM» B CETb W KOHTPOMS MpOTEeKalLWwero B 3TOT MOMEHT TOKa N0 MaKCUMarbHOMY
OTKIMOHEHUIO CTpenoYvHoro npubopa. CneumnanbHbIvi reHepaTop UMnynbcoB (HanpsbkeHneM 220 B nocTosiHHO-
ro Toka) noAkrnoyaeTcs ¢ noMoLbo nepekniodatens SA1T K Noncy ¢ 3aMblKaHMEM Ha 3eMII0, a C NOMOLLbIO
nepekntoyatens SA2 BbibupaeTcs noBpexaeHHbIn dungep. Pexum paboTbl CXembl KpaTKOBPEMEHHbIN, nocne
cpabatbiBaHusa curHanuaauum o Hannuum 3H3 B cetn LUOT-01M.
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Mouck 3aMblkaHKsl Ha 3eMI0 COCTOUT B NOOYEPESHOM U3MEPEHWUM CUTHAMA OT OOMOSIHUTENBHOTO reHepaTopa
Ha KakgoW NUHWMKU C MOMOLLbLI U3MepUTENbHOro Grnoka. OTKINOHEHUE CTPENKUM U3MepUTENbHOro npubopa
NMpoMCXOaWT B TakT C 3aXuraHnem CBeTOAMoAa, a ero rnokasaHusi 3aBUCST OT COMPOTUBMEHUS JIMHAN OTHOCK-
TenbHO 3emnu. MNpu 3aMbikaHUsIX, CONPOTUBEHNE KoTopbiX Bonbwe 1 kOM, MOXeT noTpebyeTcs yBenu-
UYUTb YCUINEHUE C MOMOLLIO PYYKY NMOTEHLMOMETPA Ha NaHernm yCTpoicTBa, Npy 3TOM NPOU30MaeT CMELLeHNe
Hyns.

likagh onepamueHoz2o moka LLIOT-01M-50

Wkadp LWWOT-01-50 (puc. 5.5,a). cocTOMUT M3 METaANNMYECKON HECYLLEN KOHCTPYKLUMW LKadHOro Tuna, npegHa-
3HaYeHHOM OS89 YCTaHOBKM Ha Moy, U pasMeLleHHbIX BHYTpU Hee yanos. Lkad pasgeneH repmeTuyHon ropu-
30HTanNbHOW NEPEropoaKON Ha ABa OTCEKa: HWKHUIM (OTCEK aKKyMYyNATOPHbIX GaTapewn), u BepXHUI ¢ annapa-
Typoun. Ha nepegHein yactu wkada umeroTcs Ase ABepw, 3akpbiBatolme LwKag Ha NosIOBUHY ero LWMPKUHBI Ka-
xaas.

B HmkHeM oTceke Likada onepaTtMBHOIO TOKa ycTaHaBnuBaeTcsa 17 repmMeTusnmpoBaHHbIX HEOOCYXMBaeMblX
aKKyMynATOpHbIX 6aTapen, € HOMUHarnbHbIM HanpsbkeHnem 12 B, nmetowmx yaaponpoyHbIi HEropoynii Kop-
nyc. EMkocTb akkymynaTopHoun 6aTtapen 38 A-4 (Mo enaHuo 3akas4dnka, MoxeT ObiTb yBenuyeHa o 80 A-v).
B OoBepu HKHero otceka MoryT BbiTb BbINOMHEHbI BEHTUNSALMOHHbBIE OTBEPCTUS (Npopesn).

B BepxHeM oTceke CMOHTMPOBaHbLI ABa NoA3apsaHbIX YCTPOWUCTBA, CXeMa pacnpegeneHs onepaTtuBHOro To-
Ka, perne KOHTPOMs HanpshKeHusl, pene KOHTPONSA U3onsAuuu, pene KoHTponsa nynscauvin. Ha asepsx wwkada
YyCTaHOBMEHO Ba amnepMeTpa, BONbTMETP M perne KOHTPOA UCMPaBHOCTU CXEMBI.

Mo cornacoBaHuIO C 3aKa34MKoM, B cxemy Lkada (puc. 5.6) MoryT ObiTb BHECEHBI MU3MEHEHUs (Hanpumep,
W3MEHEH TUM aKKyMYFsiTOPOB, UMW 3fIEMEHTBI CXEMbI).

Llikagh onepamueHrHo2o moka LLUOT-01M-100 (puc. 5.5, 6) cocTonT OBYX METaNIMYECKNX HECYLLIMX KOHCTPYK-
UMK WKagHOro Tnna, npegHasHayYeHHbIX Ang yCTaHOBKM Ha nony. B neBom oTceke wkadga CMOHTUpoBaHbl 4
noAsapsiiHble YCTPOWCTBA, CXema pacrnpeferneHnss onepaTtMBHOrO TOKa, pene KOHTPOMs HanpsbkeHwus, pene
KOHTpONs usonsauun. Ha aBepsix 9Toro oTceka yCTaHOBMNEHO YeTbipe aMmnepmeTpa, BONbTMETP, MUNNNBONbT-
MeTp, perne KOHTPOMSA UCNPaBHOCTM CXeMbl U BbiknoyaTenb oborpesa. Bo BTopom wkady yctaHosneHo 17
repMeTM3NpPOBaHHbIX HEOOCY>XMBAEMbIX aKKyMYNATOPHbIX GaTtapen ¢ HOMUHamnbHbIM HanpsbkeHuem 12 B,
UMEeIOLLIMX YAapOonpOYHbIA Heropounii kopnyc. EMkocTb akkymynsatopHon 6atapen — go 150 A-u.

B HopmanbHoM pexume Bce noasapsigHble YCTPOWCTBaA LKada onepaTMBHOrO ToKa (ero cxema npvsegeHa
Ha puc.5.7) HaxogaTca B pabote. Moasapsaka akkyMynsaTopHbIX 6ataper nponsBogutcs HenpepbiBHO. Mpu
HaNM4YUM HanNpPsHXeHUs XoTa Obl HA OAHOM U3 ABYX CEKUMI CODCTBEHHbIX HYXA NUTaHne noTpeburtenen (LUMHOK
YMpaBneHNs U CUrHanuaawummn) ocyLLECTBISETCS OT NoA3apsaHbIX YCTPOWUCTB, a NPy UCHE3HOBEHWMN Hanpshke-
HMsi COBCTBEHHBIX HYX[ — OT akKyMyNnsATOpHbIX baTapen.
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Puc. 5.7 YnpoweHHas cxema wkadga LLOT-1M-100

Mpy BO3HUKHOBEHMWU HEMCTNPABHOCTM B LUKady ONepaTUBHOrO Toka, NMMbo Ha OTXOASLUMX LUMHKAX yrnpaBreHus
N curHanusauum (HemcnpaBHOCTb MOA3AapPsOHOrO YCTPOWCTBa, cpabaTbiBaHMM aBTOMATMYECKUX BblKMYaTe-
nen, pene KOHTPOMS YPOBHSA HaNpPsbKEHUS UMW perne KOHTPOns n3onsumm), cpabaTtbiBaeT ykasaTenbHoe pene
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HENCMNpPaBHOCTU, a TaKkKe BbIOAETCS CUrHam O HEUCMPAaBHOCTU B LWKady NUTaHUS Yepes CUCTEMY Tenenepeaa-
4n MHGOpPMaLUW.

BuayanbHbIi KOHTPOSb YPOBHSA HanpshkeHust Ha wmnHax =220 B ocyulecTBnsaeTcs no BoOnbTMETpY (Hopmanb-
Hoe 3HadeHue HanpsbkeHusa 231 B). Pabota nogsapsgHbiX YCTPOWCTB KOHTPOIMPYETCS MO MOKa3aHUAM am-
nepmeTpoB. B HopmanbHOM pexume paboTbl Harpyska Ha nog3apsigHble YCTPOMWCTBA pacnpenensercsa pas-
HOMEpPHO.
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Puc. 5.8. Cxema ogHow cekuum wkada LOT-01M-240 n obwuin Bug wkada.

5.1.3. lllkaghb! wyuma nocmosiHHo20 onepamueHo20 moka LLIOT-01M-500 npou3zeodcmea KkoMmnaHuu
«Cucmebi P3A»

Lkadobl npegHa3Ha4veHbl AN NPUMEHEHNs COBMECTHO CO CTaLMOHAPHOW akKyMynsiTOpHOW OaTtapeen, pacno-
naraemow B otaenbHOM nometeHun. OHm MOryT BbiTb MCNOMNB30BaHbl ANS 3aMeHb! LWMTOB ONepaTMBHOrO ToKa
yCTapeBLUMX KOHCTPYKUUIA NpU MOAepHM3auun nogctaHuuu. MNpuHumMnuanbHasa cxema n obwmi By Lwkada
nokasaHa Ha pucyHke 5.8. [lpumeHsemble noasapsgHble YCTPOWCTBA MMEKOT HU3KUIA YPOBEHb Nynbcaummn u
BbICOKYIO TOYHOCTb MOAEPKAHUA HaNpPsSKeHus, YTo obecneunBaeT OANUTENbHBLIN CPOK CryXObl akKkymMynsaTop-
Hon GaTapew.



KOHCTPYKTUBHO LLKad onepaTMBHOrO TOKa COCTOUT U3 ABYX aHanornyHbelx wkadgos (LUOT Net1 n LWWOT Ne2),
npegHasHadYeHHbIX AN YCTaHOBKM Ha nony. B kaxgom Lwkady CMOHTMPOBaHbI MoA3apsifHble YCTPOWCTBA,
CXema pacnpegerneHunsi onepaTMBHONO TOKa, perne KOHTPOMS HanpsKeHWs!, perne KOHTPOMst 3onsuuun.

Ha gBepsix 0QHOro oTceka yCTaHaBnMBalTCA amMnepMeTpbl, BONIbTMETPbI, MUIIIIMBONIBTMETP, Perie KOHTpOons
NCNPaBHOCTM CXEMbI U BbIKIiOYaTeNb 0b6orpeBa. EMKOCTb BHELLUHEN akkymynaTopHon 6atapen — go 500 Ay

Tabnuua 5.9.
TexHnyeckne gaHHble
Pop Toka:
OCHOBHbIX Lenen wkadga — NOCTOSIHHbIN
nuTaroLen cetn — nepeMeHHbIn TpexdasHbin, 500y,
HomMunHanbHoe HanpsikeHne
OCHOBHbIX Lienen wkada, B — =220
nuTarowlen cetn, B — ~220/380
To4HOCTb Noaaep>KaHNs BbIXOOHOTO HanpsKeHns — 1%
HomMunHanbHbIN TOK:
OCHOBHOIO NMoA3apsagHoro yctponcrea, A 30

noa3apsaHOro yCTponcTea

notpebnsaembln noa3apsiaHbIM YCTPOMCTBOM He bonee, A Ha pasy 14
KonuyecTtBo noasapsaHbIX YCTPOUCTB A0 (B KaXA0M)

Pabounn gnanasoH Temnepartyp -20...440°C

B HopmanbHOM pexume Bce noasapsigHble YCTPOWCTBa LWkadpa onepaTMBHOIO TOKa Haxogatcsa B paborte.
Mopsapsgka akkyMynsTopHOW HGaTtapen NpousBoauTCS HenpepbiBHO. [pyn HanMumMmM HanpsKeHus XoTs Obl Ha
OLHOM U3 OBYX CEKUMA COBCTBEHHbIX HYXA, NMUTaHWe noTpeduTtenen (LUMHOK YMPaBEHUA U CUTHaNu3auum)
ocyLlecTBnseTca OT noA3apsaHbIX YCTPOMCTB, a MpPUM UCHE3HOBEHWMM HanpshKeHUs COOCTBEHHbIX HyXd — OT
aKKyMyrnsiTopHon GaTapen.

[Mpy BO3HMKHOBEHUN HEMCNPABHOCTU B LKAy OnepaTUBHOIO ToKa, MO0 Ha OTXOOALWMX LUNMHKaX ynpaBneHust
N curHanusauum (HemcnpaBHOCTb NOA3apsaHOro yCTpowmcTBa, cpabaTtbiBaHMe aBTOMATUYECKUX BbIKMoYaTe-
newn, pene KOHTPOIS YPOBHS HAMpPSPKEHUSA, UMK pene KOHTPonsa nsonsuum) cpabartbiBaeT ykasaTenbHoe pene
HeMcnNpaBHOCTU, a Takke BblAAETCH CUrHan o HeUCNpPaBHOCTY B LKAy NUTaHMS Yepes cucteMy Tenenepeaa-
4 HpopMaLmK.

BuayarnbHbIli KOHTPOMb YPOBHS HanpsbkeHus Ha wuHax =220 B ocyuwectenaeTca no BonNbTMETPY (HOpManb-
Hoe 3HadeHue HanpskeHus 231 B). Pabota noasapsigHbIX YCTPOWCTB KOHTPONMPYETCHA MO MoKasaHUaAM am-
nepMeTpoB. B HopmanbHOM pexume paboTbl Harpyska Ha nogsapsigHble YCTPOWCTBa pacnpenensieTcs pas-
HOMEpPHO.

5.4. BJTIOKU MUTAHUA

BbINpsiMNEHHbIN onepaTMBHbBIA TOK NPUMEHSETCS Ha NOACTaAHUMAX C YNPOLLEHHON NEPBUYHON CXe-
MoW. Ha BbIxoae GriOKOB NUTaHUS MMEETCH BbINPAMIIEHHOE HanpsKeHne, YTo No3BonsieT nuTaTb OT
HUX 3aLlMTbl, pacCYMTaHHbIE HA MOCTOSIHHBIA OonepaTuBHbIN TOK. Bbnokn nutanms (tuna BMNHC wnn
BIMH-1002) nogkritoyaloTcs K TpaHcdopMaTopam HanpsbkeHust (TpaHcdopmaTopam COOBCTBEHHbIX
Hy>Xa), a TokoBble 6noku nutaHus (Tuna bMT-1002) k TpaHcdopmaTopam Toka. bnokn BINHC obec-
NneyYnBaloT Ha BbIXOAE HOMWHANbHOE BbINPAMIIEHHOE HanNpsXXeHne B HOpManbHOM pexume, Npu oa-
HopasHom K3, 1 npun nocagke o 50% HanpsbkeHus Bcex Tpex ¢as. Tokosble 6noku nutanms (BMNT-
1002) o6ecneunBaloT HOMUHANBHOE HaNPSXXEHME Ha BbIXOAeE TONbKO Npu Hannuumn Toka K3. Bbixo-
Abl Bcex GrokoB nuTaHus cobupaloTcs B OOLLYyHO CXeMy BbINPSIMAEHHOTO OnepaTUBHOrO Toka. B
HOpManbHOM pexume nutaHue ycTporucTB P3A ocyllectBnseTcs oT 6/0KOB NUTaHUS, NOAKMOYEH-
HbIX K TH (TCH). Mpun 6nuakom K3, korga HanpskeHne Ha LWMHax nogctaHumMm CHuKaeTcsd, B paboTy
BKITHOYAOTCA TOKOBble Gnoku nutaHus, obecneumBatowmne nutaHue yctponcts P3A ot Toka K3.
Bnokn nuTaHns He BblQAIOT HaNPsS>KeHWe Npy OTCYTCTBUM HaMpPsKEeHUs: Ha NOACTaHLMK, NO3ITOMY He
MOryT ObITb MCNONb30BaHbl A5 BKIIOYEHUS BbIKMOYaTENs, NOAaloWero HanpshkeHne Ha NOACTaH-
LMo, UNun gns oTKNIYeHnsa otaenutensa B 6ecTokoByto naydy. HeobxoamMmMo Tak e yuuTbiBaTb, YTO
CXeme BbINPAMIEHHOro ONepaTMBHOIO TOKa CBOMCTBEHHbI BbICOKUI YPOBEHb NyrbCauvi, U NUKOBbIE
UMNYIbCbl NepeHanpsXXeHWn, YTo 3aTpyaHSAeT UCMNoMb3oBaHWe ee And NUTaHus MUKPOMpPOLLEeCccop-
HbIX ycTponcTs P3A.

Ha puc. 5.9 nokasaHa cxema nutaHma nogctaHumm 110 kB BbINpAMMAEHHbIM MNOCTOSIHHBIM TOKOM.
MoacrtaHumsa nutaetTcs AByMs nuHerHbiMu BBogamu 110 kB n nmeet gse cekummn wnH 110 kB c
TpaHcdopmaTopamm HanpskeHus. CtabunmanpoBaHHble 6nokn nutadma tuna BMNHC HopmanbHO
nUTalTCA OT TPaHCHOPMATOPOB HaNPSKEHUSA PasHbIX CEKLMIA, HO MOTYT pesepBupoBaTb Apyr ApY-
ra, n 6biTb NepeknoYveHsbl Ha oauH TH, B 3aBMCMMOCTM OT OENCTBYIOLLIEN CXEMbl NoacTaHuun. Baa-
MeH 6nokoB BIMHC MoryT ObiTb MPUMEHEHbI HEeCTabunMsMpoBaHHble ONOKWM NUTaAHUA Ccepuun
BlMH-1002. TokoBble 6nokn nutanma (BMNT-1002) BkntoyaoTca Ha oTaeNbHble 0OMOTKM TpaHcdop-
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MaTOpPOB TOKa KaXKaoW NHMK. [Ns Kaxgow nuHMM oamH 6nok BIT BkntodYaeTcs Ha pasHOCTb TOKOB
aByx a3 A n C, a BTopoW - Ha TOk TpaHcdopmaTopa Toka TpeTben dasbl (B).

Takoe nogkntoyeHne obecneymBaeT HannumMe Toka B XOTsl 6bl B OAHOM M3 BFIOKOB NUTaAHUSA NpU Nio-
6om Buae noBpexaeHns u nospexaeHHon gase. Bce 6nokm pabotaloT napannensHo No BbiNpsaM-
NeHHOMY TOKy, NO3TOMY, HamnpshkeHue onepaTtuMBHOrO Toka ByaeT obecneyeHo Npwu HanMyMM Hanps-
XeHnsa unu Toka xots 6bl Ha ogHOM M3 6rokoB NUTaHWA. [N ymeHblleHus Harpy3km Ha TH-110,
MMEeEeTCH BO3MOXHOCTb 3annTKW LUKMH OnepaTMBHOIO ToKa oT TpaHcdopmaTopa CH vepes gononHu-
TenbHbIN 6ok NuTaHus BIMH, koTopbIN B HOpManNbHOM peXnme HeceT BClo Harpysky. OtoTt BIMH mo-
XeT Tak e NoHagobuTbes Ana obecnevyeHns onepaTtMBHOroO Toka Npw nogadye HanpsXeHus Ha nog-
CTaHLMI0 NO pe3epBYy CO CTOPOHbI HU3KOMO (CpeaHero HanpsXkeHns).

[na nuTaHus MMKPONPOLLECCOPHbIX YCTPOMCTB P3A BbINPSAMIEHHBIM OnepaTUBHBIM TOKOM BbIMyC-
KaloTca cneumanbHble 6rokn nuTaHus, obecneunsatome paboTy yCTPOMCTB B HOPMaribHOM U aBa-
PUNHOM pexunme (CM. «3aunTbl C aBTOHOMHbIM NUTaHMeMy»). OHM UMEKT NUTaHmMe oT TpaHcdopma-
TOPOB TOKA W HANPSHKEHUS, HO B OTNNYME OT NpeablayLero cryyas MoXeT BKMYaTbCs Ha obwun ¢
3aLlMTON KOMMIEKT TpaHcopmaTopoB Toka. PaboTta 3awwmTthl B 3TOM criyvae obbl4HO obecnevmBa-
eTCA TOoMNbKo nNpu Hanuumn Toka K3. [ns BbINONHEHUA Apyrux pyHKUMn ycTponcTea TpebyeTcs Ha-
nnymne HanpsKeHus.
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Puc. 5.9 Cxema uenen nutaHns NoACTaHLMM BbINPAMIIEHHLIM OMEPATUBHBIM TOKOM

Mpn MCNONb30BaHUU CXEMbI BbINPAMIIEHHOIO ONepaTMBHOrO Toka AN NUTaHMs MUKPOMNpoueccop-
HbIX ycTponcts P3A Heobxoanmo NpUMEHSATb crneuunanbHble PUNbTPbl AN 3aWwuTbl X OT UMMYIbC-
HbIX MEepPeHanpPsKeHNN. ATO MOryT ObITb crneumanbHble UNbTPLI, Boinyckaemble doupmon , TaBpuaa
OnekTpuk” ans 3awuTbl 6110KOB ynpaBreHns CBOMX BaKyyMHbIX BbikrtoyaTenen. dunbtp npeacras-
nsget cobon aNeKTpoNUTUYECKNA KOHOeHcaTop OONbLIOK €MKOCTU, 3allyHTUPOBAHHLIA pa3psaHbIM
pe3nCcToOpoM, NoAakNoYaeMbl napannenbHO LWMHKaM MOCTOSHHOrO TOoKa 4yepes3 pasfenureribHbIN
avnog.

[na nogaBneHust BbICOKOYACTOTHBIX MOMEX W NepeHanpsikeHWn B Lienax nuTaHusa Mukponpouec-
COpHbIX YCTpoNcTB P3A 1 KOHTPONMEPOB, NMUTAIOLWMUXCA OT aKKyMynsTOPHbIX 6aTapen ¢ yCTPOWCT-
Bamu BAS3I1, nnn ot 6nokoB nutanus BINT/BMNHC, npn yyactum aBTOopoB paspaboTaH cneumanbHbIn
punbTp BY nomex 1 nepeHanpsikeHunii. Ero BHeWwHWA BUA, rabapuTHble pasMmepbl U CXxema Nogkmto-
YyeHus npuBeneHbl Ha prc.5.10. PunbTp paccynTaH Ha HOMUHanbHoe HanpskeHne 220 B n Tok 2
A (MakcumanbHasa npoxogHasi MmoLHocTb 500 BT)



Cxema nogknoyeHus FABAPUTHbIE U YCTAHOBOYHbIE PA3SMEPbI
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Puc. 5.10. dunbtp BY nomex 1 nepeHanpsixeHui
[ns  MMKpONpOLECCOPHbIX YCTPOMCTB MpU y4acTum aBTOpPOB paspaboTaH u dupmon «Cuctembl
P3A» BbinyckaeTcs KOMOWHUPOBaHHLIN GNOK NUTaHUA, paboTaloWUn OT HampsKeHUs U OT TOKa.
brok nmeet BbixogHoe HanpsikeHne 220 B NOCTOSIHHOrO TOKa M ABa WCMOSHEHUS MO BbIXOL4HOWM
mowHocTn 10 n 30 BT n rabaputHbiM pasmepam COOTBETCTBEHHO.
Brnok obecneyumBatloT BbIMOMHEHWE YCTPONCTBOM 3aLUNThl BCEX PYHKLUMIA MPU HANUYUN NEPEMEHHO-
ro HanpshKeHus Ha NOACTaHUMKM, U paboTy 3alnTbl TOMLKO OT TOKa KOPOTKOrO 3aMblKaHWS.

5.5. KOHOEHCATOPHbIE BATAPEU

[na obecneyeHna HagexHon paboTbl ycTponctB P3A 4yacTto mcnonb3yetca aHeprus npeasapu-
TenbHO 3apsKeHHbIX KOHAeHcaTopoB. KoHaeHcaTopbl NpeaBapuTerbHO 3apshkatoTcsa cneunanbHbl-
Mu Bbinpsimutenamu (tTuna blrM3-401) go HanpskeHusa nopsigka 400 B, n npu cpabaTtbiBaHun 3awum-
Tbl NN @BTOMATUKN, paspsikaloTCa Ha KaTyLKy perie (KoMMmyTaumMoHHOro annapara). lNocne ncues-
HOBEHWS MUTAIOLLEro HarnpsKeHUs, 3apsd Ha KOHAeHcaTopax coxpaHsieTcs Ha Bpemd nopsgka 0.5
Yyaca, 1 MoxeT BblTb OQHOKPATHO MCMNOMb30BaH NPy OTCYTCTBUWM HaNPsXXeHMs Ha noacTaHumn. Kox-
TPOfb MCNPaBHOCTU Lienen 3apsaa KOHOEHCAaTOPOB OCYLLUECTBNAETCS aBTOMAaTUYECKN NP MOMOLLN
BCTpOeHHoro B 6510k BIN3-401 pene KOHTPONst HANPsPKEHUS.

CxeMmbl nuTaHus yctponctea P3A oT npeaBaputenbHO 3apsbkeHHbIX 6aTapen koHgeHcaTopos (BK)
OTNNYalOTCH HEBBLICOKOM CTOMMOCTbLH), OTHOCUTESIbHOM MPOCTOTOM U AOCTaTOYMHOW HaOeXHOCThIHO.
[Mo3TOMYy, OHUM LLMPOKO NPUMEHSIETCA AN 3alnThl U aBTOMaTMKU CUITOBLIX TpaHcgopmaTopoB (cxe-
Ma C KOpOoTKO3aMblkaTenem un otaenutenem, Ans OTKMYeHUs otaenutens B 6eCToKoByo naysy), B
cxemax BkrtoyeHus oT ABP, n B page crniyyaeB MCNoOnb3ylTCca ANs NUTaHUSA 3auThl.

Tak, yCTpOMUCTBO pe3epBHON 3almTbl TpaHchopmartopa (P3T), umeeT Ha Bbixode 2 KOHAEeHcaTopa,
obecneymBaloLLMX OTKIOYEHME BblKnoyaTenen (unu 6noka otaenuTenb-KopoTKko3amMblkaTens). 3a-
PS4 KOHOEHCATOPOB ANs OTKMOYeHNa obecneynBaeTcsa OT TOKa KOPOTKOro 3aMblKaHUS.

5.6. PENE NPAMOIro OEUCTBUA

NCTOYHMKOM NepeMeHHOro onepaTtMBHOrO Toka Ans TOKOBbIX 3aLLMT BbINOMHEHHbIX HA pene npsiMo-
ro OencTBuS SABMSIOTCA TpaHcdopMaTopbl TOKa 3almuiaemMoro npucoeavHeHus. Pene npsimoro
OENCTBUA - 3TO 3MNEKTPOMarHUTbl NEPEMEHHOIO TOKa BCTPOEHHbIE B BbiKNtovaTens. OHM BKMOYaoT-
C4 B Uenun TpaHcopmaTopoB TOKa NpUCoeauMHEHUS U OENCTBYIOT Ha OTKMIOYEHME BbIKNoYaTens.
B cxeme Takom 3awmthl (puc. 5.11) 0ObIMHO HECKOSTbKO OTKITHOYAKLWMNX 3NIEMEHTOB (3MEeKTpoMarHu-
TOB), AEVCTBYIOLUUX HA penenHylo NnaHKy npueBoaa, OTKMovaoLwyo BeiknovaTens. Mpyn nossneHun
B KaTyLLKe TOKa, NPeBbIlIaloWero Tok cpabartbiBaHMsa 3neKTpoMarHnuTa, oH cpabartbiBaeT U, AEWCT-
BYS Ha pernemnHylo nnaHKy, OTKMYaeT BbIKNoYaTernb. Takon 3aneMeHT sIBNSeTCA TOKOBbIM perne
MrHOBEHHOro AencTBus (Hanpumep, Tuna PTM). [ns co3gaHus BblOEPXKKM BPEMEHM MOABMKHbIN
NonkC anekTpoMarHuta cuennseTcs (NocpeacTBOM MPYXMHbI) C 4YacOBbIM MeXaHU3MOM. Takyto
KOHCTPYKLMIO MMEET perie C BblAepXXKoM BpemeHn Tuna PTB. [na oTCTponkn oT BpeMeHn paboThbl
npegoxpaHuTenen n ny4ywero CornacoBaHUs yCTaBoK, 3TW perne umMeroT obpaTHO-3aBUCUMYIO TOKO-
BPEMEHHYIO XapaKTEPUCTUKY, BbIXOASLLYIO Ha HE3aBUCMMYIO ee 4YacTb Npu KpaTHOCTM Toka 2-3 lcp.,
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B 3aBMCMMOCTM OT Tuna pene. Tok cpabartbiBaHusa pene PTB nameHsieTcs nepeknioyYeHnem vmcna
BUTKOB KaTyLwku (BeiBogbl 5 A; 6 A; 7,5 A; 10 A), a Bblaepkka BpemeHn cpabaTbiBaHus (YKasbiBaeT-
cs Bpemsl cpabaTbiBaHWsi B HE3aBMCMMOW YacTU XapakTEPUCTUKN) NBMEHSETCSA PErynIMPOBKON OBUX-
Ka yacoBoro mexaHusama. PTB 0o HacTosilwero BpeMeHn LWMpoko npumeHsitoteda B cetax 10 kB. Op-
HaKoO B CBA3UM C UX HEOOCTATOYHOW TOYHOCTbIO M HU3KOW HadeXHOCTblo, PTB nognexart 3ameHe, u
Ha HOBbIX OObEKTax yXKe He NPUMEHSIOTCS.

5.7. CXEMbI OELLYHTUPOBAHUA
TokoBble 3aLUTbl, BbINOSIHEHHbIE MO NPUHLUMIY gewyHTMpoBaHusa (Puc.5-11,12) nuTtatotcs onepa-
TMBHbIM TOKOM OT TpaHCOPMAaTOPOB TOKa 3alLMLLIaeMOro NpPUCoeanHeHus, 1 NoaTomy, obecneyn-
BalOT paboTy 3aWwmnTbl U OTKINOYEHNE KOMMYTALMOHHOIO annaparta gaxe npu notepe onepaTMBHOIO
TOKa nogctaHuun.  BBuay OOCTAaTOYHO BbICOKOW HaAEXHOCTU, OTHOCUTENbHOM NPOCTOThI U HEBbI-
COKOM CTOMMOCTU, TOKOBbIE 3aLUUTbI, BbIMOMHEHHbIE MO NPUHUMNY AELUYHTUPOBAHUS, LUMPOKO Npu-
MeHSITCS B ceTsx 6-35kB, n anga 3awmtel cnnosbix TpaHcdopmMaTopoB nogctaHumim 35-110kB.
Mpun cpabaTtbiBaHMM 3aWnThl cneumanbHoe pene 6e3 pa3pbiBa TOKOBbIX Lienen BKAYaeT paHee 3a-
KOPOYEHHYI (3allyHTMPOBAHHYK) TOKOBYIO KaTyLUKY, YCTAHOBMEHHYIO B NPUBOAE BbIKMOYaTeNs
(kopoTKO3amblkaTend), B Lenb TpaHcopmaTopa TOKa, pasMblkas 3akopaymBalOLUN KaTyLLKY KOH-
TakT (OelWwyHTUpys ee).
Tok OT TpaHcopmaTopa Toka Npu 3TOM NOAAETCS B 9NEKTPOMarHUT nepemMeHHoro Toka, 1 npu goc-
TaTOYHOW BENIMYMHE TOKa, KOMMYTaUMOHHBIA annapaTt cpabaTtbiBaeT. [nsa AelwyHTUpoOBaHMS npume-
HAOTCS anekTpomexaHmnyeckue pene tuna PT-85, PN 341 (Pl1361), nmetowiee MOLLHbIE KOHTaKTbI U
obecneymBaroLmne gewyHTUpoBaHMe Toka BenuumHon o 150A. bonesHbio anekTpomMexaHn4ecKmx
pene, sIBNSETCS OMNACHOCTb NpUBapMBaHWUs KOHTAKTOB, KOTOPOE MPOUCXOAWUT MPU MUX MSIOXOM CO-
CTOSIHUM, YTO TpebyeT TwaTenbHOro HabnaeHNs 3a UX COCTOSHMEM U MEXaHUYECKOW perynmpoBs-
KOW.

TTA PTB1 PT1 PT-85

{re=m=m—————— '

TTC PTB2

M2
PT2 PT-85

Puc. 5-11 Cxema 3awmtbl nn- Puc. 5-12 Cxema 3aWuTbl AUHUKM 6B-
HuM 6-10kB Ha pene npamoro 10kB, BbIMOMHEHHOW MO NPUHUMNY Ae-
dencteua Tnna PTB. LYHTUpOBaHWNA Ha pene Tuna PT-85.

OMB B3amMeH 3MeKTPOMEXaHNYECKOro perie NpMMeHuna ceMmcTop, obecnevmBaroLWni AewyHTUPO-
BaHue Toka Ao 250A. Takne cemmucTopbl AN OEWYHTMPOBAHMSA YCTAaHOBMEHbI B HEKOTOPbLIX MOAU-
dukauuax pene cepun PC80M, PC81, PC83 n Y3A-AT. B kauecTBe oTaenbLHOro annapara Bbinyc-
kaeTcsa 6nok aewyHTMpoBaHua B[l obecneunBarowmMin  OELIYHTUPOBAHUE INEKTPOMArHUTOB OTKIIHO-
YeHMs Npu 3aMblKaHWUM KOHTaKTa 3alnuTbl Ha Bxode 6noka cm. puc.5.13.

Cxema BknoyeHns 6noka gewwyHtmpoaHms b,

TTa

- TA ___C1 TC_C = KL1 I
OS] T e " b =20
TTe 1[2]3]4]5][6 [7 [8]9f10 N1 [12]13]14[15] 16

‘!LEJI - — L

3 .
= KL

K BHelHen cxeme (onums)
Puc. 5.13. Cxema nogkntoyeHunsa 6noka gewyHtnposaHms b
Bl — 6rok AeLwyHTMpPOBaHuS;
Tta, TTB — TpaHcdopmaTopbl Toka; TA, TC — BXogHble TpaHchopMaTopsl;
P3 — ycTpowncTo 3awutel npucoegmHenuns; C1, C2 - BbIXOOHbIE CEMUCTOPBI;
KL — BbixogHoe perne 3awmTbl; KL1 —gononHutenesHoe BbixogHoe perne 6noka b (onums).
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CemucTop HOopMarnbHO OTKPLIT M NPOMNYCKAaET Yepes cebsi TOK Harpy3kn, NMPoTEKaoLWMIA No TpaHC-
dopmaTtopy Toka. [ockonbKy ero ConpoTMBEHME B OTKPLITOM COCTOSIHAM Marsio, TOK B afieKTpomar-
HWT BbIKIOYaTeNnsa npakTuyeckn He nonagaet. NMpu BO3HMKHOBEHMM K3 3TOT TOK NpoaosrmKaeT npo-
TekaTb Yepe3 CEMUCTOP A0 cpabaTbiBaHus 3aWwmThl. [pyn cpabaTbiBaHUM 3aLLMTLI, CEMUCTOP 3aKPbl-
BaeTCs, U BECb TOK NONAAAET B SfIEKTPOMArHUT OTKIOYEHMS, KOTOPbIA cpaboTaeT U OTKNIOYNT Bbl-
KntoyaTtenb. Tepmuyeckas CTOMKOCTb CEMUCTOPA ONpeaensieT BpeMs, B TEHEHUM KOTOPOro MOXeT
CylLlecTBOBaTb TOK, a 3TO - BpeMs AeNCTBUS 3alLnThI.

CemucTtop, NpMMeHeHHbI B annapaTtype dupmbl «Cuctembl P3A», paccuntaH Ha Tok 500A 1 Ha-
npsbkeHne 1000B, 4TO NO3BONSET HAAEXHO pa3MblkaTb TOK 40 250A. TOK KOPOTKOro 3aMblkaHus,
KOTOPbLIN BblAEPXMBAET TUPUCTOP A0 €ro 3aKpbITUA, 3aBUCUT OT BblAEPXKKM BpEMEHU 3alUnTbl. Pup-
Ma rapaHTupyerT:

npu Toke 250A — makcumaneHoe Bpems gencteums 3awmTol 0.5¢; npu Toke 200A — 1.0c; npu Toke
150A — 3.0c.

5.8. 3BAlLNTbI C ABTOHOMHbIM MUTAHUEM

[ns obecneyeHnsa HagexHon paboTbl MUKPOINEKTPOHHBIX (MUKPONPOLECCOPHbIX) YCTPOMCTB 3aLLn-
Tbl, MUTAKOLWMNXCS NEPEMEHHBIM ONepaTUBHbLIM TOKOM, Npu 61M3koM K3 1 cHmkeHun (McHe3HOBEHUN)
HanNpsPKeHNs onepaTMBHOIO TOKa, NpedycMaTpuBaeTCs MX NUTaHue OT uenen TpaHcdopmaTopoB
Toka. Beuay manon notpebnsiemon MOLHOCTU, TOKOBbI BNOK MUTaHWUsT MOXET BKMOYaTbCS Ha 06-
WA C 3almnTOn KOMNIEKT TpaHcopmaTopoB Toka. MNMutaHmne ycTponcTea oT TpaHcopmaTopoB To-
Ka B 9TOM cny4ae obecneunmBaeTcsi TONbKO Npu Hanmumm Toka K3. MNpn 3TOM BbINOMHATCA TONBKO
YHKLMM 3aWnTbl, a ANd BbINONHEHUS APYrMx OYHKUMA YCTPOMCTBA TpebyeTca Hannume Hanpshxe-
HWs1 oNepaTMBHOrO ToKa.

MpumMepom 3awmT, MCMONb3yLWKMX ANsi CBOeN paboTbl onepaTuBHbBIA TOK OT COBCTBEHHbIX TpPaHC-
dopmaTopoB Toka MoryT 6biTb pene cepun PC80M, n OPUNOH (Paguyc-aBTomaTuka),

Mpn y4yacTun aBTOpOB pa3paboTaH M BbiNyckaeTcs crneumanbHbin 6nok nutanus UMK gns mukpo-
npoueccopHbix pene. dPnpma Areva Bbinyckaet pene MiCOM P124 co BcTpoeHHbIM 6110koM nuta-
Husa oT uenen TT. O Kueenpmnbop” Bbinyckaet 6nok NN MP3C ang nutaHnsa cBOMX MUKPOMNPO-
LleCCOopHbIX ycTponcTe 3awmTtel Tna MP3C-05, obecneunBatowmii rapaHTMpPOBaHHOE MUTaHME OT
TCH, TH unn TT. UM MP3C moxeT ucnonb3oBatbCs 45151 NMUTaHNA MUKPONPOLECCOPHbLIX YCTPONCTB
apyrmx upmMm, MakcumMmanbHas notTpebnsaemas MOLWHOCTb KOTOPbIX He npeBbiwaeT 32 BT. A ux ycT-
poncteo MP3C-05M no o6pa3suy pene cepun PC80 yxxe ocHaleHO BCTPOEHHbIM BGMOKOM NUTaHUS
OT Lenen TpaHchopMaTopOB TOKA.

CnenyeT 0cOGEHHO NOAYEPKHYThb LienecoobpasHOCTb NPMMEHEHNA NOAOOHbIX YCTPOWCTB B Y3MOBbIX
TOYKaxX ceTU, B TOM YMCIe NPy HanNnM4Mm Ha NOACTaHUMAX NOCTOSIHHOrO ornepaTUBHOrO Toka. [leno B
TOM, YTO B BONbLUMHCTBE CriydaeB akkyMynaTtopHasa 6atapes aBnseTcs eANHCTBEHHBbIM UCTOYHUKOM
onepaTUBHOIO TOKa, KOTOPLIN MOXET ObITb YTEpsiH Npu aBapuu, u obopyaoBaHme octaeTtca 6e3 3a-
WnThl. Takme cobbITMA XOTS M MPOMCXOAAT HE CMMLIKOM 4acTo, Npy YyCNOBUN TLLATENbHOW JKCMnya-
Tauun CMCTEMbl ONepaTUBHOINO TOKa, OOHAKO YXXe He pa3 NpPUBOAWIMNY K BbIXOQy M3 CTPOS aHeprobo-
KOB Ha 3MeKTPOCTaHUMSAX, TPaHCOPMATOPOB U CEKUMN LUINMH Ha NoacTaHuusax. NMoaToMy MOXHO pe-
KOMeHAoBaTb NMPMMEHEHME YCTPOWCTB C aBTOHOMHbIM NUTaHWEM, Hanpumep Ha BeBogax BH n HH
TpaHcOpMaToOpOB B AOMOSIHEHNE K OCHOBHbLIM 3alUMTaM Ha NOCTOSHHOM ONepaTMBHOM TOKE.

Mpn ncnonb3oBaHUN NOAOOHBLIX aBTOHOMHbLIX MCTOYHUKOB MUTAHWUS NS MUKPOMPOLIECCOPHBIX YCT-
poncte P3A Heob6xooMMo MMeTb B BMAY, YTO NPU «XONOLHOM» BKIOYEHUWM (MOCMe OTKIHYEHMUS
noactaHumm) Ha yctaHoBumBlleecs K3, 3awuTa cpabaTbiBaeT ¢ 3agepxkon (0o 0,3 cek) Bbi3BaHHOM
HanuuMem [OOMOMHUTENbHOrO BpeMEHU 3anycka UCTOYHMKA NMUTaHWUs U NOArOTOBKM K paboTe camo-
ro yCTpomcTBa 3aLUmThl.

5.9. BbIBOP NMPUHUMNOB BbINOJIHEHUA ONEPATUBHOIO TOKA HA NMOACTAHLUMAX

Hanbonee yHuBepcanbHbiM, B GOMbLUMHCTBE Cry4YaeB crieqyeT cYuTaTb NPUMEHEHNE NMOCTOSIHHOMO
onepaTUBHOro Toka. Ecnn o6bekT OTBETCTBEHHbIN, CreayeT paccMoTpeTb LienecoobpasHocTb nNpu-
MEHEHMS 2-X UCTOYHUKOB OMepaTUBHOrO Toka, 0COBEHHO B criyyasix, Korga BblKnovaTenu nmetoT 2
coneHomaa OTKMYEHMs!, U MO3BONAIOT UMETb [BE HEe3aBUCUMMbIe CUCTEMbl OnepaTUBHOIO Toka M
penenHon 3awuTbl. icnonb3oBaHne MMEHHO NMOCTOSIHHOrO OnepaTMBHOIO TOKa, NOo3BONseT peanu-
30BaTb BCE BO3MOXXHOCTM COBPEMEHHBLIX MUKPOMPOLIECCOPHbIX TEPMUHArIOB: TeneynpaBneHue, us-
MepeHue, peructpaumns cobbiTuiA, ocumnnorpadupoBaHmne U.T. 4. AT yHKUMKU pa3pabaTtbiBaloTcs ¢
pacyeToOM UMEHHO Ha MOCTOSIHHbIA ONepaTMBHbLINA TOK, KOTOPbLIN HE UCYe3aeT NpU OTKIKYEHUN NoA-
cTaHuun. YacTb yHKUMIA YacTUYHO MOXHO peanu3oBaTb Npu NUTaHUM OT nepemeHHoro Toka. Oa-
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HaKo He BCe, U C HEJOCTAaTOYHOW HAAEXHOCTbIO, YYMTbIBAs BO3MOXHOCTb MCHE3HOBEHUSA Hanpsxe-
HWUSi HA NOACTaHUMMW.

lMpymeHeHne pasHbIX BUOOB NEPEMEHHOrO (BbIMPSIMIIEHHOMO) ONEPATUBHOIO TOKA MOXHO PEKOMEH-
AOBaTb HAa HEOTBETCTBEHHbIX 06bekTax Tuna T, PI1, rae konmy4ecTBo NpMCOEAMHEHUI HE NPeBOC-
xoaut 10, n He TpebyeTca TenemexaHnsaumsa obbekTa. [py aToM cneagyeT oTAasaTb NpeanoyYTeHne
YCTPONCTBaAM C aBTOHOMHbIM NMUTAHUEM 3aLLUT.

Mpy NUTaHMM MUKPONPOLLECCOPHBLIX YCTpoNCTB P3A OT cxeMbl BbINPSMIEHHOrO OnepaTuBHOMO TOKa
(BMHC+BIMNT, pnc.5.10), HeobxooMmo NpedycMoTpeTb crneunanbHble Mepbl (PUnbTpbl), ANa UX 3a-
LWNTbI OT MMNYTbCHBIX NepeHanpsKeHnin, pacCMoTpeHHbIe B 1.5.4.

Mpy npMMeHeHN €ANHCTBEHHOIO MCTOYHMKA MOCTOSHHOMO TOKa - akKyMynaTopHon 6atapew, uene-
coobpa3HO paccMOTPETbL BO3MOXHOCTb AOMOJTHUTENbHON YCTaHOBKM ycTponcTtB P3A ¢ aBTOHOM-
HbIM NMUTaHMEM, YYUTbIBasi BO3MOXHOCTb NOTEpU eOUHCTBEHHOIO UCTOYHMKA OnepaTUBHOMO ToKa Ha
nogcraHumm.
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