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HNCIIOJIB30BAHUE AKKYMVYJISITOPHO-EMKOCTHOI'O HAKOIUVIEHHUA
B ®OTOJJIEKTPUYECKHUX CUCTEMAX

Beenenue. Mcnons3oBanne kak (HOTOIHEPreTHKH, TaK W aJbTEPHATHBHON SHEPreTHKH SIBISIETCS OJHHM H3
WHHOBAIIMOHHBIX HANpaBieHUi sHepreTuku. [Lmanupyercs, uro k 2040 romy coNHEYHBbIC W BETPSHBIC T€HEPATOPHI
OyayT coctaBiath okoso 40 % Bcex anekrpocraniuii Mupa [1]. Ha ceromust ctout Bompoc o pa3paboTke Kak MOOHITBHBIX
petieHui (yrpaBieHHe JPOHOM), TaK U MAaCIITaOHBIX CONHEYHBIX 3JIEKTPOCTAHIIU.

doTosaneKTprYecKasi CUCTEMa COCTOUT M3 HECKOJIBKUX YCTPOMCTB: COJIHEYHAs MTaHEN b, PEryJIsiTOp 0TOOpa MOIIHOCTH,
aKKyMyJIATOp M HHBepTop. KaxIoe M3 9THX YCTPOWCTB NpENCTABISCT OTACIBHYIO CHCTEMY Iepefadd U IpeoOpa3oBaHUs
SIIEKTPOIHEPTHH, KOTOPBIE COCAMHEHBI MeXX Ty c000i. B naHHOI paboTe ONMHUChIBaeTCs aKKyMYJIATOP, OCHOBAaHHBIH Ha JINTHH-
HOHHOI batapee U CylepKoH/IeHcaTope (HOHUCTOPE), & TAKXKE Ha ATOPUTME aKKYMYJISITOPHO-EMKOCTHOTO HAKOTUICHHSL.

OcHoBHas1 yacTb. B obmactu oTorIEeKTpUIECKUX CHCTEM OJHHM W3 OCHOBHBIX BOIIPOCOB SABISETCS CIOCOO
aKKYMyJSIIMU 3Hepru. OJHUM M3 TOMYJISPHBIX METOJOB aKKYMYJISIIMH SBISIETCS HCIOJB30BAHUE JIUTHI-HOHHBIX
U JIMTHA-TIOJIEBBIX aKKYMYJISITOPOB.

CoBpeMEHHBIC JIUTHII-HOHHBIE aKKyMYJIATOPHI HMEIOT INpH cebe BBICOKHE YICTbHBIE XapaKTePUCTHKH:
100—180 Bru/kr u 250—400 Btu/x [2]. Ux HOMHUHANbHOE HampspkeHHEe — 3,7 BOJIBTA, & MAKCHMAllbHOE —
4,2 Bonbta. [IpOM3BOAUTENN JAHHBIX AKKYMYJIATOPOB MOTYT BBIITYCKaTh PELICHHS 10 COTCH aMIIep-4acoB, a HX pabouue
TemrnepaTypbl Haxoxastcst B uHTepBasie ot —40 °C, no +60 °C. Camopa3psa naHHbIx Oarapeit cocraBuser 4—6 %
3a IMepBbIA MeCsl, 3aTeM HAMHOTO MEHBIIIE: 32 TOJl UCIIOJIb30BaHHUs akKymyusTopsl Tepsitor 10—20 % 3amacenHoit
€MKOCTH, a uX pecypc cocrapisiet npudiuzuresnsHo 1 000 nukIios.
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OnHaKo CYIIECTBYIOT M MUHYCHI Y JI@aHHBIX YCTPOHCTB. BO-mepBBIX, IPUCYTCTBYET HEOOXOAUMOCTh 3AIIUTHI 110
TOKY W HamnpspkeHuto. B wactHocTH, HEOOXOIMMO UCKITIOYHTH BO3MOYKHOCTh KOPOTKOTO 3aMBIKAaHHUS BBIBOJIOB aKKyMYJIsi-
TOpa, MOJa4d HANpPsHKEHUsI 00paTHOH mosipHOCTH, nepesapsiga [3]. Bo-BTOphIX, JIUTHIl-HOHHBIE aKKyMYISTOPBI HMEIOT
CBOMCTBO HArpeBaThCs B 3aBUCHMOCTH OT TOKa 3apsiga/paspsiga. [Ipu CIMIIKOM BBICOKOM TOKE 3TH YCTPOMCTBA MOTYT Iie-
perpeTsest, BCHBIXHYTh M B30PBAaThCs, YTO SIBJISIETCSl ONMACHOCTHIO JUIl KOHEYHOro morpedutens. [loaTomy cymiecTByer
BOIIPOC 00 HCIIONB30BAHNH JAHHBIX AKKYMYJISITOPOB IIPH BBICOKHMX TOKAX, HAIIPUMED, IIPU HAYAIBHOM 3aITyCKE ABUTATEIS.

Jdnst pemieHus NaHHOW IMpoOJNEMBbl IUIAHUPYETCS MCHOJIB30BAaTh CYNEPKOHICHCATOPHI. CynepkoHaeHcaTop
(noHHCTOP) TpencTaBiseT coOOW ABe OOKIAMKM W3 AKTHBUPOBAHHOTO YIS, 3aIUTBIC JICKTPOIUTOM. MEKIy HUMH
pacrosnio)keHa MeMOpaHa, KOTopasi NPOIYCKAaeT BJIEKTPOJIUT, HO MNPEMATCTBYET (HU3MYECKOMY INEPEMELICHHI0 YacTHIL
aKTHBUPOBAHHOTO YIVII MEXJy OOKiIajkamMu. B kauecTBe BBICOKOIUCIIEPCHOTO MaTepuaja B CYNEpKOHIEHCATopax
Oe3abTepHATHBHO MCIONIB3YeTCs aKTHBUPOBAHHBIH yroyib ¢ pa3Mepamy yactul 1—50 MkM, pazMepaMu akTHBHBIX TTOP
0,7—16 M ¥ ymenbHOH moBepxHOCTBIO 10 2500 M?/T. KpoMe 3THX YHHKANBHBIX CBOWCTB, KOTOPHIC MO3BOJSIOT
HaKaruMBaTh OOJIBIIOE KOJIMYECTBO PHEPTHU B CYIIEPKOHJICHCATOpaX, aKTHBUPOBAHHBII yroJjib elle 1 OUeHb JENIeB, YTO
MIPAaKTHYIECKH JINIIAET €TO BCIKUX KOHKYPEHTOB.

CoBpeMeHHBIE CYNEPKOHAEHCATOPBl JOJDKHBI 00J1a71aTh BHICOKMM pecypcoM: mopsaka 700 000 uwmkioB 3aps-
Ja/pas3psiaa, 4To cooTBeTCTBYET oT 5 10 20 net paboThl B 3aBUCHMOCTH OT CTEIIEHH Harpy3KH; Majnoil ce0ecTOMMOCTBIO
IPH pacyueTe Ha OJIMH IIMKJ UCTIOJIb30BaHHs KAK SYHEPIHHU; BO3MOXXHOCTBIO paboTaTh B KPUTHUCCKUX YCIOBHAX (BBICOKAsS
aMIUTUTya TOKOB, MEpeHajbl HAMPSKCHHS, dKCTPEMaJbHBIC TEMIEPATYPHBIC YCIOBHUS); DKOJOTMYHOCTHIO. Makcu-
MaJlbHasi EMKOCTh OTJEJILHOTO CYNEPKOHIEHCATOpa, JOCTUTHYTasi HA MOMEHT HamnucaHus craTbi, coctarisieT 10 000 .
Y MaccoBO BHIITyCKAaeMbIX CyINepoKOHAeHcaTopoB oHa He mpesbimaer 3 000 @. MakcumanbHO IOMyCTHMOE HampsDKe-
HHE Mexay oOkiagkamu He mnpesbimaeT 10 B. Jns cepuiiHO BBIITyCKaeMBIX CYNEPKOHICHCATOPOB 3TOT IMOKAa3aTelb,
Kak TpaBWJIO, HaXoAWTcA B mpenenax 2,3—95,5 B. CynepkoHIeHCaTOPB! CIIOCOOHBI BBIZEPKAaTh COTHH THICSY LIUKIIOB
3apsia/paspsizia, MPEeBOCX0/s 0 TOMY IapaMeTpy akKyMyJIsTopbl mpuMepHo B 100 pas [4].

Ho u y naHHBIX yCTPOMCTB TaKK€ €CThb HEIOCTATKU. B mepByro odepenb CyNepKOHACHCATOPBl UMEIOT BBICOKUMN
TOK YTEUKH, CJIeHOBaTEIbHO, 1 O0JbLInil camopa3psa [5]. Bo-BTOpBIX, MX CTOMMOCTh HAMHOTO BBIIIE CTOUMOCTH aKKY-
MYJISITOPHBIX OaTapeid, a BEIMYMHA 3allacacMoi SHEPriy 3aMETHO HIDKE, YeM y akKyMmyunsTopoB [4]. [ToaTomy HeBO3-
MOJKHO CKa3aTh, YTO MBI MOKEM HCIIOIb30BaTh CYNEPKOHICHCATOPHI KAK AlIbTEPHATHBY aKKyMYJISITOPHBIM OaTapesm.

ABTOpamMH [aHHOW pabOTBHI TpeIaracTcsi HCIOJIb30BaTh AKKYMYISITOPHO-EMKOCTHYIO CHUCTEMY HaKOIUICHHS
3apsiza, COCTOSIIYIO U3 JTUTHH-MOHHOW (MITH IUTHI-TIOJIMEBOIT) aKKyMYJLITOPHOIT OaTapeH, a Taxoke CyNepKOHACHCATOpA.

Ha pucynke 1 npeacTaBieHa CTpyKTypHasi cXeMa MOIYJISI aKKYMYJIITOPHO-EMKOCTHOTO HAKOIUICHHSI SHEPTUH.

B kauecTBe KOHTpPOIUIEPOB TOKOB OBLIO PEIICHO HCHOJIB30BaTh HU(PPoBOH TokoBBIH MoHHTOP INA260 mpowns-
BozactBa “Texas Instruments”. MakcumanpHBIH TOK JaHHOTO H3Aenus — A0 15 ammep, MHTEpBall HANPSIKCHUS —
ot 0 1o 36 BonmbT. Takke TaHHOE YCTPOMCTBO MOKHO 3aIIPOTPaMMHPOBATh Ha MEPEBO/ HANPSIKEHHS HA IPYTyO IIHHY
B 3aBHCHMOCTH OT YCJIOBHH TOKa.

B kxadecTBe OCHOBHOT'O KOHTpOJIEpa PEIICHO HCIIONB30BaTh MUKpokoHTpoiutep STM32F072RBT6, Tak xak oH
IIPOCT B IPOIpPaMMHUPOBAHUH, AEIIEB U TOIYJISIPEH Ha PhIHKE.

AJTOpUTM paboTHI CIeTYIONTNH:

1) nuTaHKe NoCTymaeT Ha KOHTPOJUIep ToKa 3apsiaa. HampspkeHue 1o 5 BOJBT U crnia Toka 10 1 ammepa nocrymnaer
Ha koHTpoiulep AKDB, a takke Ha cynepkonzaeHcartop. KoHTpoiuep TOKa NMpHUCHIIAeT MUKPOKOHTPOJUIEPY XapaKTepu-
CTHKH TOKa B pealbHOM BpeMeHH. Eciii XapaKTepHCTHKH TOKa NPEBHIMIAIOT 5 BOJILT WK 1 ammep, TO MUKPOKOHTPOJLIEP
MePEeKIIIOYaeT KOHTPOJUIEp TOKa 3apsAia. 3aTeM KOHTPOJUIEp TOKa NEepecTaeT MojaBaTh OCHOBHOM TOK Ha KOHTPOJUIEP
3apsia, a nepenaet ero Ha DC/DC-npeoOpa3oBareib, KOTOPBIN yiKe 3aTeM mepeaaeT ToK 5 BosbT 1 amriep Ha akKymy-
JSTOpHYIO Oatapero. B 00oux pexnmax KOHTpOJUIEp TOKa 3apsija NepeaeT YHEPrHio Ha CYNepKOHIEHCATOD;

STM32
MUKPOKOKMPO/ANep
| Hazpyszxa
2-368| Koxmponnep | Koxmposnep
| moka 3apsda | KEPROROEHCAIID | — oo Ha2py3Ku
Dc/0C

npeodpazoBamess|
| Kowmponnep | |Li-lon
|3apsda AKb |AKE

Pucynox 1 — CTpykTypHas cXxeMa MOIY/IS aKKyMYJIITOPHO-eMKOCTHOTO
HAKOIUICHUSI DHEPTUU
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2) B MEpBOM PEKXUME HArPy3KH MMUTAHHE MOTPEOUTENIO HACT Yepe3 KOHTPOIUIEp TOKA HATPY3KH C HUCIONB30BAHHEM
JUTUI-MOHHOH Oarapen. OmnsTh XK€, MUKPOKOHTPOJIEP (HUKCHPYET XapaKTEPUCTHKHM TOKa HArpy3kM B pPEaTbHOM
Bpemenu. [Ipu npesbinieHnd Toka B 3,7 BojbTa W/miik 1 aMep MUKPOKOHTPOJUIEP IPUBOAUT KOHTPOJUIEP TOKA HATPY3KU
B PEXMM IOBBIIIEHHOTO TOKA, B KOTOPOM IHTaHUE HIET OT cynepKoHaeHcaTopa. [Ipu Bo3BpalieHun Toka K COCTOSHUIO
MIEPBOT0 PEKMMa MUKPOKOHTPOJIIEP MIEPEBOIUT TOK KOHTPOJIIEpA HArpy3KHU Ha MOTPeOIeHNE U3 aKKyMYJISITOPA.

W3 mmrocoB CTOWT BBIAEIHTH BO3MOKHOCTH HCIIONIB30BATh MOBBIIMIEHHBIE TOKH 3apAla M TOKH pas3psaa, 3TO
MIOMOXET 3aITyCKaTh M3JCIHA C BBICOKHUM NMOTpeOIeHneM ToKa. Taroke JaHHas CHCTEMaA IEepEaacT CTATHCTHKY B PEaTbHOM
BPEMEHH, U B HEll IPUCYTCTBYET HECKOIBKO BUJIOB KOHTPOJIS TOKA U 3apsIAKH YCTPOMCTB.

B kauecTBe HEIOCTATKOB MOXHO BBIJICTIMUTh CTOMMOCTh JaHHOM CHCTEMBI, MOTpeOJIeHNEe KOHTPOJUIEPOB, 8 TaKxkKe
HEZIONTy!0 paboTy PH HOBBIIICHHBIX HATPy3Kax.

3akiouenue. Vcnone3oBaHne aKKyMYIATOPHO-EMKOCTHOTO HAKOIUICHUS SBILIETCS aKTyalbHOM TeMoil ¢oTo-
JIETPOHUKH, MOTOMY YTO OHO IO3BOJSIET 3aIlycKaTh MPUOOPHI, NMPH BKIIOYECHHUH KOTOPBIX TpeOyeTcs OOJbIIME TOKH
(Hanpumep, myckoBble JBurarenu). st pa3paboTKu CPOEKTUPOBAHBI CTPYKTYPHAS U MPHHIMIHATIBHAS CXEMbI JTaHHOTO
MOJIYJIsl, B JaJIbHEHIIIEM OYAyT IPOBEACHBI SKCIIEPUMEHTANIBHBIE HCCIIEIOBAHUS TIPH 3apsAKe U paspsilKe.
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