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P¥ peasi3anuy aBTOHOMHOTO TUTaHHs
IOBOJIBHO YacTO TAKKe HEOOXOIIMO pe-
QJIM30BaTh HaYaJIbHbIE OOJIBIIUE KPAT-

KOBPeMeHHbIE TOKU (HAIPHMep, PyIHOI JJIeK-

TPOUHCTPYMEHT C aKKYMYJIATOPHBIM ITUTAHU-

eM), 1 060MTHCh TOTBKO AKKYMYJISTOPOM He

IIPEZICTABIIETCS BO3MOXKHBIM. TOITa NCIIOIb3Y-

10T KOMOMHAIIHIO aKKYMYJLATOP (vutH 6atapest)/

9JIEKTPOJIUTIHYECKHIT KOHIEHCATOP. AKKYMYyJIsi-

TOp WK GaTapes peaau3yioT JOJIrOBPeMEHHOE

9HEPrOHe3aBIUCUMOe ITUTAHHeE, a JeKTPOIUTH -

YeCKUH KOHIEHCATOp — KPAaTKOBPEMEHHBIN

60JIBIIION TOK B Harpy3Ky. OTHOCHTEIBHO He-

JABHO ITOSIBUJICS] HOBBII KJIACC IPUOOPOB — HO-

HUCTOPBL. B oTmaue ot 6aTapeit, akKyMyJIsITo-

POB WJIH 3JIEKTPOIIUTUYECKAX KOH/IEHCATOPOB,

TZie UCIOJb3YIOTCSI HeoOpaTuMble, 00paTuMble

XUMIYECKHe PEAKIINH WU KJIACCHYECKUIT 3apsify

KOHJICHCATOPA COOTBETCTBEHHO, B MOHUCTOPAX

IIPUMEHSETCS MEXaHU3M 00Pa3soBaHUS «IBOWI-

HOTO 3JIEKTPUYECKOTO CJ10s». FIoHHCTOPHI 06~

JIANAI0T PANOM HPEUMYIIEeCTB 0 CPAaBHEHHIO

C BBILIETIPUBEICHHBIMH YCTPOMCTBAMHU: 9TO [N~

POKHIT TeMIIepaTyPHBIi [UANa30H, 60JbIIas

HUoHucTopbl Panasonic:
r3uKa, NprUHUMN paboTsbl,

napameTpbl

Mpu npoekTMpoBaHHUM COBpPEMEHHDBIX 3/1EKTPOHHBIX NPUBOPOB M YCTPOUCTB ne-
pea pa3paboTUMKOM [OBOSIbHO YACTO BCTAeT BOMPOC Pe3epBHOro UKW aBTo-
HOMHOro NUTaHuUA cBoero ycTpoicTea. Kak npaBuno, B 3aBUCUMOCTH OT Xa-
pakTepa notpe6neHUs 3/1eKTPOIHEPIrUU U 33,4, B 3TOM C/lyyae UCNOJb3YIOT
3NeKTPOIMTUYECKUE KOHAEHCATOPbI, aKKyMynsaTopbl unu 6atapeu. OgHako uc-
nonb3oBaHMe BblleNnpUBeJEeHHbIX YCTPOMUCTB MKW UX KOMBUHaLUK, B cuny cne-
LUMHUKHU KaXK[Oro YCTPOHCTBA, He BCerga B NOJHOM Mepe No3BONsAET PELUTb

nocTaBJ/IeHHYIO 3apauyy.

€MKOCTB, BBICOKOE€ COIIPOTHBIICHIE U30JISAIUH
(HM3KMeE TOKH yTEYKH ), IIUTEIBHBINA CPOK CITYK-
651, OTCYTCTBHE HEOOXOMMOCTH KOHTPOJIS IIPO-
11ecca 3apsiIKM, 10 HeCKOJIBKHX IeCATKOB ThICSY
IIUKJIOB 3apsi/paspsif,.

CerofiHst HOHUCTOPBI BBIITYCKAIOTCSI MHOTH-
MU IPOU3BONUTEISIMHU, KaK OT€YeCTBEHHBIMH,
TaK U 3apyOeXHBIMU. B TaHHOI CTaThe UCIIONb-
30BaHBl MaTepHabl KoMIaHuu Panasonic,
U Ha IIpEMepe HOHUCTOPOB IAHHO KOMIIAHUH,
nonyduBIInX ¢upmenHoe HasBaHme Gold
Capacitors (Gold Cap), mbt paccMotpum ux du-
3UKY ¥ IPUHIUI Pa6OTHI, BO3MOKHbIE BapHaH-
TBI KOHCTPYKIIMU 1 9KBUBAJICHTHON CXEMBI, Xa-
PaKTepPUCTUKH U TTAPAMETPBI, & TAKKE PEKOMEH-
JAIMH II0 BOSMOKHOMY IIPUMEHEHHIO.

®uU3nMKO-XMMUUECKHE OCHOBbI
paboTbl HOHKUCTOpA

U3BecTHO, 9TO OOBITHBIE KOHIEHCATOPBI HMe-
IOT MHOTOCJIOMHBINA UJIM MOHOJIMTHBIN JUIJIEKT-
PUK MEXTy IByMsI OOKJIaiKaMHL. B aloMiHIEBOM
SJIEKTPOJINTUIECKOM KOHJICHCATOPE, HAITPUMED,

MonoxxutenbHbii aneKTPOL
aKTUBUPOBAHHbIW Yrosb

JlBOIHOM 3/1eKTPUUECKHIt C/IOK Katuon
Mpouecc

3apaga

OTpuuaTeNbHbIi 3NEKTPOA
aKTUBUPOBAHHbIW Yrosb

Mpouecc
paspsaa

Puc. 1. O6pa3OBaHMe [LBOMHOTO 3/IEKTPUYECKOro CN10SA Ha NOBEPXHOCTAX NOJIOXXUTE/IbHOrO U OTPULLaTe/IbHOrO 3/1eKTPOLOB,

K npumMepy, U3 akTUBUPOBAHHOIO yrns

B Ka4eCTBE TUJICKTPUIECKOTO CJIOS HICIIOIb3YeT-
51 IJIEHKA OKCHU/Ia UTIOMHUHUS, @ B TAHTAIOBOM
KOHJIHCATOpe — IUIEHKA OKCHIa TaHTaa. MoHn-
CTOp JKe He IMEET [IUDJIEKTPIIECKOTO CJIOsT, B HEM
IprMeHsteTcst PU3NIeCcKuii MexaHu3M 00pa3oBa-
HUS IBOHOTO JJIEKTPUIECKOTO CI0sI, KOTOPBIA
paboTaeT aHJIOTMYHO 3aPSUKCHHOMY TUAJICKTPH-
Ky. ITporecc 3apsaku/pa3psiKi IPOUCXONUT
B CJI0€ MOHOB, COOPMUPOBAaHHOM Ha IIOBEPXHO-
CTAIX TIOJIOKUTEIBHOTO U OTPUIIATEIBHOTO 3JICK-
TPOJIOB, K IIPUMEpY, U3 aKTUBHPOBAHHOTO YIJIS
(puc. 1). ITox meiicTBHEM IIPUIOYKEHHOTO HATIPSI-
JKEHUS aHUOHBI X KaTHOHBI IBIDKYTCS K COOTBET-
CTBYIOILIEMY JIEKTPOJY ¥ HAKAIUTMBAIOTCS Ha 110~
BEPXHOCTH 3JIEKTPOJIA, 00pasysl, TAKUM 00pasoM,
C 3apsAIOM OJIEKTPOJA JBOMHOM JIEKTPUIECKAI
1011, BesenicTBIe 3TOTO ¥ IIOSIBIIIOCH HAa3BaHHUE
«KOHJIEHCATOP C IBOMHBIM JIEKTPUYECKUM CJIO-
em» (electric double layer capacitor — EDLC).

MpuHuMn paboTbl
U BO3MOXKHbI€ KOHCTPYKLIUK

Cy1iecTByeT 1Ba TUIIA JJIEKTPOIUTOB, KOTOPBIE
YaIIe BCETo UCHOIB3YIOTCA CeiIac MPON3BOJII-
TEJISIMHA HOHUCTOPOB: BOIHBIE (BOOPACTBOPU-
Mble) U OpraHudecKre (BOOHEePaCTBOPUMELE).
be3BonHBII 37IEKTPOIHUT MO3BOJISAET MPUKIIAMIBI-
BaTh HaIpsbKeHue 10 3 B k suelike nOHUCTOPA,
4TO B /IBA Pa3a BBIIIIE II0 CPABHEHNUIO C BOOPAC-
TBOPUMBIM 3JIEKTPOJIITOM, /7SI KOTOPOTO 3TO Ha~
IpspKeHne He npesbiitaer 1,5 B. B nannoMm ciy-
Jae IBOIHOM 9JIeKTPIIECKU CJI0H paboTaeT Kak
M30JIUPYIOIINH U TIPY IPHIOKEHNH TOCTOSHHO-
TO BHETITHETO HAIIPsUKeHUS He TI03BOJIIeT IIPOTe-
KaTh CKBO3HOMY TOKy. ITpi KOHKpeTHOM ypOB-
He HaIpsDKeHNUS OIIpefie/IeHHO ITOJIIPHOCTH 32
CUeT 9IeKTPOXUMUIECKIX ITPOIeCCOB HATHET PO~
TeKaTh TOK. BeJridrHa 9Toro HampsukeHs Ha3Ba-
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Puc. 2. O6pa3oBaHiie BOHHOrO 3/1EKTPUYECKOTO €108 (a) U YBEHYEHHE 3apsaa NpK MPUNOKEHHK HanpskeHus (6)

Ha «HANPsDKEHIeM Pas3yIoKeHNsI» TN «HATIPsDKe-
HHeM 3JIeKTPOXIMHIIECKOTO PacIa/ia 37eKTPOJIH-
Ta». JlanpHeliIIee yBenndeHNe HaITPsDKeHIS 3a-
CTaBUT JIEKTPOJIUT Pa3yIararbcsi Gosiee THTEHCUB-
HO, IPUBOJIS K TTOSIBJICHUIO IOTIOTHUTETHHOTO
TOKA, ¥ HOHUCTOP BBIHeT u3 cTpos. [Toatomy
TIPH 3apsiaKe MPIIIOKeHHOE K HOHUCTOPY HATIPsI-
KeHHe OTPAaHIMIEHO HAIIPSUKEHNEM Pa3JIosKeHNs,
BCJIEZICTBHIE 9€T0 IOBOTBLHO JaCTO HOHHUCTOPHI CO-
eIMHSIOT ITOCIIeOBATEIBHO.

Kak 0b110 CKa3aHO BBIIIIE, TTOJOKUTEIbHbIE
1 OTPHI[ATeNIbHBIE 3apsiibl (POPMHUPYIOTCS Ha T10-
BEPXHOCTH JJIEKTPOJIa, 06pasys, TakuM oOpa-
30M, C 3apsI0OM DJIEKTPOJIa IBOMHOM JIeKTPU-
YeCKHii cJIoil. I'paHuIeli pasjiena B 9TOM ciIydae
GyzeT IBOMHOM JIEKTPHIECKUIT CIION (puc. 2a).
DTa 061aCTh YBEJIMIUBACTCS IIPH MPUIIOKEHUT
60stee BbICOKOTO HampspKeHus (puc. 26), 1 Ha-
KaIUTMBaeMbIH 3apsji yBeIudInBaeTcs. Tommmu-
Ha IBOMHOTO 3JIeKTPUIECKOTO CJIOS OIeHb Maja
7 COTIOCTAaBHMMa C Pa3MepPOM MOJIEKYJIBI, TO €CTh
0K0J10 5-10 HM. B KauecTBe 3J1eKTPOJIOB, HAIIPH-
Mep, B HOHUCTOpax Panasonic HCIIOIb3yeTcs ak-
THBUPOBAHHBII YTOJIb (B BUJIE MEJIKOUCIIEPC-
HOIT (PpaKInm ), U3TOTOBJIEHHBII 10 CIIEI[UaTb-
HOW TIOPOIIIKOBOY TEXHOJIOTUU, ¥ OPTaHUIECKUI
3JIEKTPOJIUAT. DIEKTPOIUT HPOHNUKAELT MEKITY Ja-
CTUIAMU aKTHBUPOBAHHOTO YTJIS, M JJIEKTPOT,
TaKUM 00Pa30M, «IIPOIIUTAH» JIEKTPOIUTOM.
O611yI0 eMKOCTb HOHHCTOPA MOKHO TIPeJICTa-
BUTb, KaK 0OJIBIIIOE KOJIMIECTBO MaJIBIX KOH/ICH-
CaTOPOB, IMle KaKIast YaCTHIA U3 aKTHBUPOBAH-
HOTO YIJIsl — CBOCOOPA3HbIIT 3JIEKTPOJI IS Ma-
JIOTO KOH/IEHCATOpa C eMKOCTbIO, 00y CJIOBJICHHO
IBOMHBIM 3JIeKTPUIECKIM CIIOeM.

O61ast eMKOCTh HOHUCTOPA MOYXKET OBITH
TpeficTaB/IeHa KaK:

c=38/d, (1)

e d — TOJIINHA IBOXHOTO 3JIEKTPUIECKOTO
ciiost 5-10 HM, S — 06111ast IUIOIIAb TOBEPXHO-
CTH 3JIeKTPOJIA U3 AKTUBUPOBAHHOTO YIJIA.

ITockomBKY 371€KTpOJ, MOHUCTOPA TIPe/ICTaB-
Js1eT c060i1 COBOKYITHOCTh OTPOMHOTO KOJIHYe-
CTBA YaCTHUI] aKTUBIPOBAHHOTO YT, OH IMeeT
04eHb GOJIBIITYIO «Pa3BUTYIO» IUIOLIAb OBEPX-
HOCTH, IpUOIN3nuTENbHO 10 2500-3000 cM?/T.
DTO MO3BOJISAET MTOTYIUTh EMKOCTD 10 HECKOJTb-
KHX 1ecsITKOB dapa.

Ha puc. 3 npencrasieHa ofHa 13 BO3MOKHBIX
KOHCTPYKIIUI HOHNUCTOPA B TIOMEPEIHOM Pa3-
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pese Ha npuMepe EN cepun Panasonic. Mexuay
3JIEKTPOAAMU IS IPETOTBPAIIeHNS IIPOHNK-
HOBEHHSI IOHOB PACIIOIOKEH «CeMapaTop» € X0-
POLINMU U3OIAMUOHHBIME CBOUCTBAMH, ITO
TI03BOJISIET He IOMYCTUTh KOPOTKOTO 3aMbIKa-
HUS MKy 97IeKTPOZIaMH.

JKBHBaJIeHTHaA cxema

ITockonbKy IBOMHOM 9JIEKTPUYECKUI CIIOH
chopMHpOBaH Ha TOBEPXHOCTH AKTUBUPOBAH-
HOTO YTJIsl, KOTOPBII HAXOAUTCS B KOHTAKTE
C JIEKTPOJIUTOM, 171 HOHUCTOPOB MOKET OBITH
IIPUMEHEHA 9KBUBAJICHTHAS CXeMa C HCII0JIb30-
BaHUEM YCJIOBHBIX KOHIEHCATOPOB (puc. 4).
Kaknp1ii MaJIblil KOH/IEHCATOP Ha OCHOBE CTPYK-
TYPbI 9aCTUIIA AKTUBUPOBAHHOTO YIJIsl/3JIEKT-
ponut Oyzner o61agaTh €eMKOCTBIO IBONHOTO
3JIEKTPUIECKOTO cs10s — Cn. 3HaUYeHHS COIIpo-
THUBJIEHUI 3apsija R, B mporjecce 3apsija u co-
MIPOTUBJICHNE HECKOMIICHCHPOBAHHBIX HOHOB

dnektpog U3

aKTMBMPOBAHHOTO yr/s Bepxuuii konnauok

Mpoknaaka

Ynnothutens

\ HwxHuit kopnyc

Puc. 3. OaHa 13 BO3MOXHbIX KOHCTPYKLWM HOHUCTOPA
B nonepeyHoM pa3pe3e Ha npumepe EN cepuu Panasonic

R}, MOTYT yBeIMIMBaTHCSA WIN YMEHBIIATHCS
B 3aBICHMOCTHU OT PacCTOSHUS MEKILY «TOKO-
BEJYIIMMUI» JJIEKTPOIAMHU, CKOPOCTHIO IIepe-
IBYDKEHHUS] NOHOB, KOHTAKTHOTO COTIPOTHBIIE-
HUS MEXJY 9aCTUI[AMU aKTUBIPOBAHHOTO YT~
ISl ¥ IPYTHUX ITapaMeTpoB.

DKBUBaJEeHTHAs CXeMa HOHHUCTOPA Ha OCHO-
Be [TAPAJUIEIBHOTO COeAMHEHNS COMPOTHUBIICHHI
7 eMKOCTel MaJIBIX KOHI@HCATOPOB IIpHUBefieHa
Ha puc. 5a. R;, R, u R, — conmportusienus nso-
JIAIWH (BHYTPEHHEE COIIPOTHBIICHUE YaCTHUIL AK-
TUBUpOBaHHOTO yri1st), C;, C, u C, — cooTBer-
CTBYIOIIAst eMKOCTb IBOMHOTO 3JIeKTPUIECKOTO
cios juis conpotuBiaeHui R, R, n R

Eciu nmpunoxunts Hanpsokerwe (V) K 9KBUBa-
JIEHTHOT CXeMe, IPUBeJIeHHOI Ha puc. 50, KO-
TOpast yIUTHIBAET COTPOTUBIICHNUE ITIEKTPOJIOB
1 CerapaTopa, TO 3apsITHBII TOK (1) MOYKHO OIIH-
CaThb COTJIACHO:

= exp(=L
i=Zexp ). (2)

R

Konnektop AnekTponut

ConpoTusreHve

Cenaparop

o

KoHpaeHcaTtop Ha ocHoBe

AN 3apsfa LBOWHOIO 3/IEKTPUYECKOro /108 HEeCKOMMNEHCHUPOBaHHbIX HOHOB

AKTUBHUPOBaHHbIN
yrosnb

Konnektop

ConpoTtusneHu1e ot

Puc. 4. Cxematnueckoe H3o6paxkeHHe MHOrOC/I0HHON CTPYKTYpbl aKTUBMPOBAHHbIA Yro/ib/3N1EKTPOIUT

R_  (ConpotuBneHue usonsumm)
1

C;,C,  — eMKOCTb BOHHOIO 3/1EKTPMUECKOrO C/I0S
Re,, Re, — conpotuenenue anekTposa

Ry, R,  — conpotusnenue nsonaumm

Rg — CconpoTHB/EeHHe cenapaTopa

Puc. 5. BapuaHTbl 3KBUBaNIEHTHOM CXEMbI HOHUCTOPA HA OCHOBE MaslbiX KOHAEHCATOPOB ABOMHOTO 3IEKTPUYECKOTO C/1OS
OT K&XKAOW YaCTHLbl aKTUBMPOBAHHOTO YT ISl U CONPOTUBIIEHMS U30N5LMHK (CONPOTUBEHUS YACTUL, aKTHBUPOBAHHOTO YrAs) (a)

1 C y4ETOM CONPOTHB/EHHH 3N1EKTPOAOB M cenapatopa (6)
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Puc. 6. 3asucumocTb 3apsAAHOro TOKa OT BpeMEHH 3apsja:

a) pacyeTHas U peasibHas 3aBUCMMOCTH; 6) KakK CyMMa TOKOB Yepe3 Masible KOHAeHCaTopbl

Cpa3y nocne npouecca 3apsaa
Mocne paspsga
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MoHwxeHne Hanps>KeHus
M3-3a HeAOCTaTO4YHOro 3apsja

1
0 100
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200

Puc. 7. JkB1BaneHTHas CXxema CO 3Ha4EHWSIMU HaMPsXeHWH Cpady noc/e npoLiecca 3apsaa U nocse paspsaa (a) u noHmwkeHue
HanpshkeHWs B Havane paboTbl BCIEACTBUE HEJOCTATOYHOTO 3apsiAa Maibix KOHAEHCaTopos (6)

Heo6X0mMMO OTMETHTD, ITO IIPU yMEHBbIIIe-
HUY BeJIMIMHBI 3aPSITHOTO TOKA (1) BpeMst 3apsi-
[1a yBEIMIUTCSL. 3aPSMHBII TOK, COITIACHO YPaB-
HeHHUIO (2), rpadudecku OyzIeT MpesiCTaBIIeH KaK
npsivast uHASL. OnHaKO (BaKTHIeCKH KPUBast 3a-
PSIIHOTO TOKA HOCHT 9KCIOHEHI[MaIbHbII Xa-
pakrep (puc. 6a, 6). Tox (i) B mpenenax noHUC-
TOpPa MOKET OBITH IIPENCTABIEH KaK CyMMa TO-
KOB, IPOTEKAIOIIUX Yepe3 KKl U3 MaIbIX
KOHJIeHCaTOpoB (puc. 66, 7a). Tawke HeoOX0m1-
MO OTMETHTD, ITO, eCJTI 3HAIeHNe IOCTOSHHOM
Bpemenu CxR Maito, BpeMst 3apsfKu Toxe 0y-
TIeT MaJio, 1 HaobopoT, ecyu 3HaveHre CxR 60I1b-
1110, BpeMs 3apsinku 0yaer 6omblroe. To ecth
€CITH BpeMsI 3apSIIKH OTPAHUIEHO HECKOJILKIMHU
MUHYTaMH WUIN HCTOYTHUK 3apsiia OTPaHNIeH,
HOHHCTOP He MOYKET TOCTATOIHO 3aPSIIUTCS,
ITOOBI 3aIACTH 3aIAHHYIO 9HEPTUIO B TeIeHHe
HEO0OXOMMOTO BPeMeHN.

3ne|<'rpul|ecxue, JKcnnyatauluoOHHbIe
U Hafe>XHOCTHbIe NapaMeTpbl
HWOHUCTOPOB

Emxocmo

ITpu aHAJIOTHYHBIX YCIOBUSIX SKCIUTYaTAIIMI
U TeCTUPOBAHUY eMKOCTh HOHHICTOPa TOI00Ha
acddexruBHOM emrocTH 6atapen. Kak 65110 cka-
3aHO paHee, HOHUCTOP MOYKHO IPEICTABUTD
B BUJIe OKBUBAJIEHTHOI CXeMbI U3 MaJIbIX KOH-
IEHCATOPOB, UMEIOIIUX Pa3INnIHbIe 3HAUEHUST
comporuBieHust. Ecan HavaabHOe 3apsiTHOe Ha-
MpsDKeHne HIKe HaPsDKeHHsI OJHOTO 3apsiaa
(V,), TO B HaYajIe U3MEPEHUS eMKOCTH HOCIIe
CHSATHS 3aPSIIHOTO HANIPSDKEHUS HATIPsDKeHMe

Vo IR drop

E(V) —»

Bpems 3apsia T

Puc. 8. 3aBucHMOCTb HanpsKeHWs ANs MOHUCTOPa
OT BpemMeHu

Ha HOHHUCTOpe ymazieT BHU3 (puc. 8). Oto cBsi3a-
HO C HAJIMI¥EM He TIOJTHOCTBIO 3aPSDKEHHBIX Ma-
JIBIX KOH/IEHCATOPOB € GOJIBIIIM BHYTPEHHUM
conporusienreM. OTHAKO, YBEIMINBASI BPEMsI
3apSIIKN, ITH MaJIble KOHEHCATOPHI ¢ GOIBIIIM
BHYTPEHHHUM COIIPOTHBIICHHUEM 3aPSIASTCS, ITO
IPUBENET K YBETMICHNIO H3MEPEHHOI eMKOCTH.

EMKOCTb HOHHCTOPA MOJKET OBITH OIleHEHa
CIIeIyIoIuM 00pasoM:

C:L) (3)
(Vl_Vz)

rie C— anexTpocraTrdeckast eMkocTs (O), [—
TeCTOBBIH TOK (A), V|—V, — TecToBBIi nnama-
30H HanpspkeHuit, (B) t— Bpems (c). Emkocts,
KOHEYHO JKe, 3aBUCHT OT TOKa. Ecitu Tok paspsi-
11a GOIBIIION I KOHZICHCATOP PA3PSDKAIICS B Te-
JeHNUe JITHTeIbHOTO ePHoja BPEMEHH, Pe3yb-
THPYIOLIasi eMKOCTh Oyzer Maia. 1 Hao6opoT,

€CJIM TOK paspsifia MaJl HJIM KOHIEHCATOp pa3psi-
JKQJICS B Te9EHIEe KOPOTKOTO IIePHOJia BPEMEHH,
U3MepPEeHHAsI JIEKTPOCTATIYECKAsl eMKOCTh Oy~
zmet 6ostbiitast. [ToaTomy, 9TOOBI UIMETH BOCIIPO-
U3BOMIMBIE H3MEPEHNS, HCIIOIb3YIOT CTaHIAPT-
HBII TOK paspsiaa 1 MA/D.
Brnympennee conpomubnenue

BHyTpeHHee cOIpOTHBIICHNE HOHUCTOPA, Ha-
IIpUMeP, 110 CPABHEHHIO C 3JIEKTPOJIHTHIECKHU -
MU KOHIEHCATOPaMH, BEJIKO, IIOCKOJIBbKY 9K-
BUBAJICHTHAsI CXeMa HOHUCTOPA COCTOUT U3 CO-
eIUHEHHUI OOJIBIIIOTO KOJIMYECTBA MaJIbIX
KOHJICHCATOPOB, IMEIOIIUX PasJIMYHbIe 3HAYE-
HUS BHYTPeHHET0 conpoTusieHust. OOBI9HO
3HAYEHUS TUX CONPOTHUBIICHUI MOTYT OBITH
IIPeZICTaBJICHbI [JISI IOCTOSTHHOTO HATIPSDKEHHSL.
Ho, 9T00OBI TOTYYUTD UX UCTUHHOE 3HAYCHUE,
He0OXOIMMO HCII0JIb30BATh KOMIUIEKCHOE CO-
npotusieHue Z (k npumepy Ha 1 xI'n). Ecin
nU3MepsTh TOK 0T 30 10 60 MUH 1TOCIIE TIPUIIO-
JKeHUSI HOMUHAJIBHOTO HAaNIpPsDKeHUs, OH Oyzer
IOBOJIBHO GOJNBIINOIN, 10 10 MKA, BCIeicTBHE
TOTO, 9TO ATOT TOK SIBJISIETCS CYMMOIT 3apsif-
HBIX TOKOB, IIPOTEKAIOLIUX Yepe3 Majble KOH-
meHcaTopsl. Tak Kak Ype3BBIYANHO TPYAHO
OIIPE/IeNIUTh TOKH YTEYKH B MOHUCTOPAX, UX Ya-
IIIe BCETO He YKa3bIBAIOT B TOKYMeHTanuu. Tpe-
6yercst MuHEMYM 10 9acoB, 9TOOBI OIHOCTHIO
3apSIUTh HOHUCTOP TAK, YTOOBI MOSIBIIIACH BO3-
MOKHOCTD OI[€HHUTD TOK yTEYKH.
Xapaxmepucmuka 3apsoa

XapakTepuCcTHKa 3apsANKH HOHUCTOPA IpU
YCJIOBUU HEKOTOPBIX JIOIYIIICHUI MOKET OBITh
IpecTaBieHa BoIpakeHeM (4):

V=V,(1-exp(-#/CR)). (4)

Ha puc. 9a npuBeneHa 3aBUCUMOCTb HaIlpsi-
skeHust Ha noHucrope Panasonic EECF5SR5U104
OT BpPeMeHU 3apsia P Pa3ITIHOM COIIPOTHB-
neHnn Harpysku. C yBesmdeHreM COPOTHBIIe-
HHSI XapaKTepPHUCTHKA CTAHOBUTCA OoJiee M0JI0-
ras, a BpeMs 3apsIIKY yBeITUINBaeTCs.

Bpems paspsina iy1s MOCTOSHHOTO TOKA 1 IO~
CTOSIHHOTO COTIPOTHBIICHNUS HATPY3KH IIPU Pa3-
psizie IpUBeIeHbI B BEIpakeHUSIX (5) u (6) coOT-
BETCTBEHHO:

t:Cx(V(}—Vl)) o

t=-CxRxIn(V,/V,), (6)

rze: t— Bpemst, C — eMKoCTh, V|, — BHYTpeH-
Hee HalpsDKeHue, V| — HalnpsbKeHue 1mocie #(c),
I— TOK Harpysku, R — CONpOTHBJIEHUE HArPy3-
KI.

Ha puc. 96 npuBeseHa 3aBUCHMOCTD HAIIPSI-
skeHus nouucropa Panasonic EECF5R5U104
OT BpeMeHH Pa3psifia IPH PasIMIHOM BpeMeH!
mpotecca 3apaaku. BugHo, 9T0, Hampumep,
ITpY N3MEHeHNN BPeMeHN MPOIIecca 3apsjia ¢ Ofl-
Horo 4aca 1o 100 gacos, HanpsDKeHne PaKkTh-
YecKu MeHsieTcs ¢ 2,5, 10 2,8 B, To ecTh mpomecc
3apSIKA HOHUCTOPA MOXKET OBITh OY€Hb OBICT-
PBIM.
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Puc. 9. 3aB1CcHMOCTb HanpsixkeHWst MOHUCTOPA OT BPEMEHH 3apsAa NpH PasfiMyHOM CONPOTUBIEHUH (a) 1 BpeMeHH paspsza npu

pa3nuuHOM BpeMeHu 3apsga (6)

Xapaxmepucmuka pazpsoa u camopaspsoa

XapaxktepucTHKa paspsiia HOHICTOPA C yde-
TOM (3) MOXET OBITB TIPECTABIICHA CIIEAYIOITIM
obpasom:

t:Cx—Vl;Vz. (7)

XapaxTeprCcTHKa CAMOPa3psiia HOHUCTOPA MO-
JKeT OBITH TIPEJICTaBIICHA CIICIYIONIIM 00pasoM:

—t
CR,

e R; — compoTtuBieHye H30ILIAE (CyMMa CO-
[IPOTHUBJICHUH YaCTHUI] AKTUBUPOBAHHOTO YIJLS
JJIEeKTPOTIA).
IIpednonazaemvlii cpox sxcnayamayuu,
CPOK CYHKOL U Ly

[IpenmoaraeMplii CPOK IKCIUIYaTAIIMN MO-
KeT OBITh OIICHEH CIIeAYIOIINAM 00pasoM:

V =Vo xexp( ) (8)

IIpednonazaemvlil cpok dIKcnAyamayuu =
= CpoK CryKObL X memnepamypHulii paxmop x
x haxmop Hanpsxenust X paxmop bnaxrocmu.

Cpox ci1yX6B5 HOHUCTOPA, KaK IPABUJIO,
OTPaHIYeH BPEMEHEM lyyjc_yp> KOTOPOE 3a/IaHO
110 YCTIOBUAM OKCIUTYaTALUM. -y, (Back-up
time) — 9TO BpeMsI, KOT[ja HOHUCTOP paboTaer
KaK pe3epBHBII NCTOTHUK MUTAHUS MEXKTY ITHK-
JIaMU 3apsifia ¥ paspsijia.

Hampumep, omeHuM fy,. ., 218 F-Trma
nonucropa Panasonic, EECF5R5H105 (5,5 B,
1,0 @), monusbiit 3apsiz npu 5,0 B mocrosiHHOTO
HAIPsDKEeHU, pa3psaHblil Tok 10 MxA. Temrre-
patypa mpu paspsge —40 °C, HanpsKeHHe,
10 KOTOPOTO pa3psiIuTCs HOHUCTOP, — 2 B.

TTapamerp fi, ., MOXKET GBITH PACCIMTAH Clle-
IYIOIIUM 00pasoM:

fyack up = CVIi= Cx(VymixR=V,)/(I+iy), (9)

rne C— emxocth nonucropa (P), i— TOK B Te-
9EHHE By, pyp (A), i — TOK yTeurH (A), R —
BHYTpPEHHee COIPOTHBIIeHHE HOHUCTOpA (OM
Ha | k1), V|, — HanpspkeHue, 10 KOTOPOro pas-
psanurcst norucrop (B), V) — npunoskenHoe Ha-
npspkenue (B).

Torga C=0,8 ® (1,0 ® —20%), R = 50 Om,
V,=5B, V, =2B, i=10 mxA. CiejoBaTeIbHO:
fhackeup = 0:8%(5-0,0005-2)/(10+2x10) = 55 9a-
COB.

DTOT pacyeT MOKa3bIBAET, 4TO BPEMsI, KOTO-
poe noHucrop Oyaer paborarh IpH IPUBEICH-
HBIX YCJIOBHSIX KaK pe3epBHbII HCTOYHUK ITHTA-
HU, COCTABJIAET OKOJIO 55 9acoB.

Eciu MBI BO3bMeM, HaIIpHMep, PeabHOE 13-
MeHeHHue eMKOCTH B 30% IIpH YeThIpeXKPaTHOM
U3MEHEHUN BHYTPEHHETO CONPOTUBIIECHUS,
mpu 85 °C u 5,5 B, To mocie 1000 9acoB axcrry-
TN fyyci-yp ISMEHUTCA H COCTABHT OKOJIO
38 gacos.

st yaera TemmeparypHoro ¢hakTopa it no-
HUCTOPOB MOKHO HCIIOJIb30BaTh YPaBHEHHE
AppeHnyca, COIJIaCHO KOTOPOMY CPOK CITy>KObI
YCTPOJICTBA yIBAMBACTCS IIPH YMEHBIIICHHH TeM-
TIepaTypbl OKPY>KAIOLIEH CPefibl Ha KasK/ble Jie-
CATb IPAJLyCOB.

2079/10 = 24,5 = 22,6.

[Ipu nuamenenun HanpspkeHus ¢ 5,5 10 5 B
(baxTOp HAIPSDKEHUSI U1 I3MEHEHUST eMKOCTH

EmkocTb (P) [ 106 [ 104 ]

10-2

[ 100 [ 102 [ 104 [ 106

ANOMWHWEBDIN 3NIEKTPOIMTUYECKUI KOHAEHCATOP

WNonucTtop

»
»

Batapen 1 akkymynatopbl

cocrasur 1,1. Takum 06pasoM, npednonazaemulii
CPOK IKCHIYAMAYUU = CPOK CILYKObL X memnepa-
mypHuiil pakmop x gakmop HANPIKeHUS =
=1000 (7)x22,6x1,1 = 24 800 (1) = 2,8 Toma.

[TpuBeneHHBIE OL[EHKH HOCAT PeKOMEHIATENb-
HbIi1 XapakTep. [1pu BbI60pe HOHUCTOPA, KOHEY -
HO, HaJI0 YYUTHIBATH BCE HEOOXOMMBIE YCIIO-
B U (aKTOPEL.

JlmamnasoH eMKOCTel HOHUCTOpA 3aHUMaeT
IIPOMEXYTOYHOE TTOJI0XKEHUE MEXKIY eMKOCTSI-
MH aJTIOMAHHEBOTO 3JIEKTPOJIUTIHYECKOTO KOH-
IeHCaTOpa U aKKYMYJIATOpaMH U 6aTapesMu
(puc. 10). Monucrop riaBHbIM 06pa3oM UCIIONb-
3yeTcsl KaK pe3epBHOE MJIM ABTOHOMHOE TTHUTa-
HHe, a TAKKe KaK 3aMeHa 6aTapert Uin aKKyMy -
JISITOPOB.

Cpox ciryk6b1. Cpok ci1yKObI HOHUCTOPOB
o4eHb 601101, PaKTHIeCKH, KOT/ja HOHUCTOP
HAXOIUTCS B HAIJISKAIUX YCIOBHSX, OH MOXKET
paboTarh CTOJIB JKe JOJIT0, KaK X caMo 060pyIo-
BaHIHeE, B KOTOPOM OH HCIIOJIb3YeTCS.

Iupoxuit pabo4mii TeMIepaTypHBIii JHara-
30H. barapen 06bIYHO BOCIIPUUMYHBHI K TIepe-
I1afilaM TeMIIePaTyPhl ¥ UMEIOT TeHIECHIIHIO Te-
PATH 9HEPTHUIO B IPOIIECCe HAarPeBaHUs WIH IIPH
HU3KUX TeMIepaTypax, Hampumep, Hmke 0 °C.
HexoTopble HOHICTOPBI MOTYT paboOTaTh BILIOTh
JI0 MHJTYCTPHAIBHOTO TEeMIIEPaTypHOTO IHaIIa-
30Ha.

Het Heo6xomMMOCTH B KOHTpOJIE 3apsfa.
Ni-Cd 6arapen BbIIEISIOT TEIUIO B IIPOIIECCe 3a-
psifia WIH paspsiaia, KOTOPOE COKPAIIAeT CPOK UX
CITy’KOBI, T0OITOMY BO3HHKAET HEOOXOIUMOCTb
B CXeMe KOHTPOJIS 3apsijja U Harpysku. Monuc-
TOPBI HEe UMEIOT HUKAKOTO OTPAHMYEHNSI IO TIPO-
I1ecCy 3apsijia ¥ paspsijjia ¥ He Hy)KIAIOTCS B KOH-
TpoOJIe TIporecca 3apsija.

CKopocTb 3aps/a, IOBTOPHBIH 3ap s/ IIUK-
JIBI pa3psna. Iy HOHUCTOPOB BO3MOKHBI OBI-
CTpBIiT 3apsij] 1 GOJIBIIOE KOJMYECTBO IIUKIIOB
3apsin/ps3psiz, (10 HECKOJIBKHX JIECSTKOB THICSY),
IIOCKOJIbKY B HUX He IIPOMCXOJJUT HUKAKUX BHY -
TPEHHHUX XMMHYECKHX PeaKIIHii, KaK, HalpuMep,

— EN-cepus
— SG-cepus
— SD-cepus
—1| Mukpoamnepsi [—— SE-cepus
I NF-cepusi
MowucTopsr |||
Panasonic
‘— F-cepus
OT MUnMamnepos
L1 no Heckonbkux [ HW-cepus
amnepos

Puc. 10. [lnanaso eMKOCTe# MOHHCTOpA, alIOMHHHEBOTO 3/IEKTPOJIMTHYECKOrO KOHAEHCATOpa, akKyMy/IsITOpoB U batapei
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Ta6auua 1. Pekomerpyemble cepum
ANS THMAYHbIX NPUMEHEHNH

Mo6unbHble TenedoHbl EN s
-
DSC EN, SD ,1* f‘
DvD S, 6 © O
Lncpposoe TB SD, SG, NF e Lmm
MK, cepsepbi F l"-
LT
CrpyiiHble NpHHTEpbI SD, SE, SG, NF t = ﬂ ]
CUeTUMKHM 3/1EKTPOIHEPTIH, I:-
rasa 1 Bogbl F r
CeeToaMoAHOE OCBeLLeHHe
C CONHeuHbIMH Hatapesmu, HW
ynpas/ieHue ABuratensimu
Wrpywkn EN ':"ﬂ'
FA, poborsi, IPC F |-
ABTOMOBM/IbHAS
3/1eKTPOHHUKA, NaMATb, HW
JKECTKHE AUCKH

B Garapesx. IOHHCTOPBI HIeaTbHO HOAXOAAT
IUISL CXeM, B KOTOPBIX HEOOXOIMMBI OBICTpbIe
TIPOL[ECCHI 3apsi/ia.

DKosormyeckas YUCTOTa. B moHMCTOpax
Panasonic He UCIIOIb3YeTCSI HUKAKUX TOKCHY-
HBIX MaTepHaJIOB THIIA CBUHIIA, KAIMUS WIH PTY-
ti1. loHucTops! Panasonic yoBIeTBOPSIOT BceM
TpeboBanusm RoHS.

Tunbl U XxapaKTepUCTUKH
noHuctopoe Panasonic

Komnanus Panasonic mpejyiaraet nimpoxuit
IMAa3oH TUIIOB HOHUCTOPOB B PA3THIHBIX
KOpIIycaX. DTH YCTPOICTBA MOTYT OTIMYAThCS
110 pabodeMy TeMIIepaTypPHOMY IUAIIA30HY, eM-
KOCTH, HAIIPSDKEHUIO U TOKY, a TAKXKe IO MpHU-
meHenuio (puc. 11, tabi. 1). B saBucumocrtu ot
TOKA, HOHUCTOPBI MOJKHO YCJIOBHO Pa3eUTh
Ha C1a60-, CpejiHe- U CHIbHOTOYHbIE (Tabt. 2, 3).

Tabnuua 2. [lnanasoH emkocTei

EN3,3B o*

SG5,5B 0

SD5,5B

SE5,5B

o|o|o
o|o|o

NF5,5B

o|o|oflo
o|o|o|o

F55B 0

HB2,3B

Kog emkoctu: 223 = 0,022 @, 104 =0,1®, 106 = 10 ® *EN224=0,20=2,1B

Ta6nuua 3. [lnanasoH Tokos

SG, SD, SE, NF 200 MKA 300 mkA 1MA - -
F 200 mxkA 300 mxkA 300 mkA - -
EL - 300 kA 1MA - -
EN = 10 MkA = o =
HW - - 100 MA 300 MA 1A

HoHUCTOPBI ¢ HeGOJIBIINMHI TOKAMH, KaK IIpa-
BHJIO, HCIIOJIBL3YIOTCS B CXEMaX Pe3epBHOTO M-
TAHUS, TUTAHWS CXeM [aMATH, [U(POBBIX yCT-
poiicTBax u T. . IOHHCTOPHI ¢ 6OIBIINMH TO-
kamu (Harpumep, HW-cepust) ucronnsayiorcst
B CXeMaX yIPaBJICHNUS 9JIEKTPOIABUTATEIISIMH,
B ABTOMOOGHJILHOM 9JIEKTPOHUKE M T. [I.

Kaxk roBopmiiocs panee, mporecc 3apsia 1o-
HHCTOPA C yIeTOM HEeKOTOPBIX JOIYII[EHAI MO-
keT ObITh onucaH BoipakenueMm (4). Ha puc. 12a
[pHBefieHa XapaKTePUCTHKA 3apsiia UL HOHH-

cropa EECF5R5U105 ¢upmsbr Panasonic mpu
IBYX Pa3NNIHBIX CONPOTHBIeHUsX. [Tockompky
3aBHCHMOCTb OKCIIOHEHI[HAIbHA, (DAKTHIECKH
pasnnaus HabIIOMAIOTCS Ha HAYaJIbHOM JTalle
3apsIIKH, B TedeHue 67 munyT. Ha puc. 126 s
3TOTO JKe HOHUCTOPa ITPUBEIeHa XapaKTePUCTH~
Ka camopaspsza. BunHo, 4To mporecc 3apsana
OIITUMaJIeH TIPK BpeMeHH 3apsina Oosbitre 24 qa-
COB, OJTHAKO HA IIPOIIECC CAMOPA3PsIAa BpeMs 3a-
psifa BInseT He CHIbHO, TOCKOJIBKY BHYTPEH-
Hee COTIPOTUBJICHNE HOHNCTOPA B 3TOM CIIydae

u,B

Temnepartypa

<«—+30°C

~+45°C

~+60°C

—

60 80 100 120

t, u.

Puc. 13. XapaktepucTuka camopaspsifa B 3aBUcMMocT oT Temneparypbl ans EECSOHD104V (5,5 B, 0,1 @)

Ycnosus 3apsga: 5 B, 24 vaca

uB U,
5 50 Bpems
— | ’ — 3apana
@V — 1004
4 45
Q ’ — ————<«—24y
S
/\Q/ \\ le—1u
3 // 4,0 T0 mMuR
2 / 3,5
1 3,0
! ! ! ! I I | | | | I I
0 2 4 6 8 10 12 0 100 200 300 400 500 600
E t, MUH. E tu

Puc. 12. XapakTtepucTuka 3apsga (a) 1 camopaspsga (6) pns EECF5R5U105 (5,5 B, 1,0 @) npu +20 °C
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M3MEHSIeTCS JIUIID 32 CIeT COIPOTHBIICHNS IIe-
pepacipesielleHHbIX HOHOB. UeM HIDKe TeMIIe-
paTypa paboThI HOHHCTOPA, TeM O0JIbIIe BpeMst
caMopaspsifia, U CPOK CIyKOBI ycTpoiicTa Oy-
ZeT cyIiecTBeHHO 6osbine (puc. 13). TTockomns-
Ky 3aBHCHMOCTD BPEMEHH Pa3psfia OT eMKOCTH
1 COPOTUBIICHHS HATPY3KHU IIPSIMO IPOIOPIIU-

OHAJIbHAS, @ OT HAIPSDKEHUS — JTOTapudMIrde-
CKast (CMOTpPH 3aBUCHMOCTH 6), TO IPH OOJIBIIIEN
€MKOCTH HOHHCTOPA U COIPOTUBIICHUH HATPY3-
KU, IPU IPOYHX PABHBIX (TeMIIEpaTypa, yCiIo-
BUSI 3apsi/ia ¥ T. [1.), BpeMs IIporiecca paspsina Oy-
net 6orpire (puc. 14a, 6). Xapakrepucruka pas-
psima, B OTIMYHE OT CAMOPA3Psifia, 3aBUCUT OT

TeMIIepaTypsl MeHble (puc. 15). sMmenenue
emkocry, Hanpumep, 1t EECF5R5U104 (5,5 B,
0,1 ®) (ycnosus usmepenust: 5,5 B, +70 °C)
OT TOKA Pa3psifia, IPUIOKEHHOTO HAIIPSDKEHUS
U TeMIIepaTyphI (DaKTIIeCK HAIUHAIOT [IPOSIB-
JIATBCA TIPU BpeMeHH, IpesbiatomieM 1000 qa-
coB (puc. 16).

U,B U,B
5
4 4 \
3 N\ 3
\ \ 1 10F \
2 AN 2
1 \ \ 1 \ \ 5MQ
\ L
0,047F | 0,1F 0,22F MQ 3,75MQ
L L L L L | Il Il Il L L |
0 100 200 300 400 500 120 0 20 40 60 80 100 120
B g, (6] ta

Puc. 14. XapakTepucTuka paspsga AN MOHHCTOPOB pasfuuHOM eMKOCTH npu conpoTueaenn 1 MOM () 1 8 3aBucMocTy ot conpoTvenerns ans EECSOHD473V (5,5 B, 0,047 ®) (6).

Ycnosus 3apsga: 5 B, 24 uaca, +20 °C

M3meHenue emkocti, %

u,B uB
5 5
4 4
3 3
\ +20°C +20°C
2 I 2
— | +40°C \\\\ +0°C
] \N:A ; —40°C \:L/\_
+60°C —20°C
] ] ] ] ] 1 | | ] ] ] 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
2] i 6] b
Puc. 15. XapakTepucTuka paspsifa B 3aBUCUMOCTH OT TeMnepartypbl npu conpotuenenun 250 kOm ans EECF5R5U104 (5,5 B, 0,1 ®). Ycnosus 3apsipa: 5 B, 24 vaca, +20 °C
+20~ +20~
3 ®
£ oofF ) S—
o e}
E :
& —20- & 20~
g :
% —40 % — 40
5 1A i
= —60- 100pA —60- 5,5V 5V av
H 10pA ,
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t, 4. t 4.

| | | | |
100 300 500 1000 3000

|
5000

|
10 000
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Puc. 16. 3aBrcrMOCTb MeXKay TOKOM pa3psaa (a), npunoKeHHbIM Hanpsbkerrem (6), Temnepatypoi (B) W uamerenrem emkoctu ans EECF5R5U104 (5,5 B, 0,1 ).

Ycnosus usmepenus: 5,5 B, +70 °C
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