H3ympya . L. A. XpycTtanes

AKKYMYJIATOPBLI

Hukenb-Kagmmunesbie

Hukenb-meTannrungpugHbie
CBUHLIOBO-KUCNOTHbIE

JINTUA-NOoHHBIE
JinTunn-nonumepHbie

3apsigHbie YCTPOWCTBA

UcTouHUKM nuTanus

Ka'ranor npop.ykuuvn u pELUEHHH

CUCTEMbI
BECMEPEBOMHOIO

ANEKTPONMUTAHUSA

e UbN
© AKKYMYnSTOpbl
. M e Crabunusaropsl
S N 5-98131-001-4 | i @ [nsenb-reHeparopbl

. il . 3n-Taysp |
4 POCCHIICKO-UTaNbAHCKAA KOMIMTaHKUA ‘
95) 956-19-19, thakc: (095) 956-95-55 |-



A XpycTaieB




YAK 621.31
BBK 32.844-04
X95

Xpycranes JI. A.
X95 AxkxymynsTopel. — M.: Usympyn, 2003. — 224 c.: un.

ISBN 5-98131-001-4

B KHHre pacCMOTPEHBI BOTPOCH YCTPOWCTBA HMKEIb-KAAMUEBBIX, HM-
KEJIb-META/UITHAPUAHBIX, CBUHLIOBO-KHCJIOTHBIX, JTMTHA-HOHHBIX U JUTHA-TO-
JIMMEPHBIX aKKYMYJISITOPOB Y aKKYMYIATOPHBIX Gatapeit. OnucaHbl MPUHLIMIL
WX 3apsna v paspsina. PacckazaHo 06 0COGEHHOCTAX CXeMOTEXHMYECKOFO IO-
CTpOeHUs 3apsAmHbIX ycTpoitcts. IIpuseneHa uHdopMauusa o nepesapsikKaeMsix
AKAJTMHOBBIX 3/IEMEHTaX U MOHUCTOpAX.

Knura 6yger noje3Hoit B Ka4eCTBe NMPaKTUYECKOro PYKOBOACTBA ISt WHXKe-
HEPHO-TEXHUYECKOTOo NEpCoHaNa, ISt BCeX, KTO CBS3aH C IKCIUIyaTallHed akKy-
MYJSATOPHEIX Oatapeit Ha pabore M B GbiTy. Ee MOXHO TakXe MCNONbL30BATh B
KayecTBe y4eOGHOro mocoOus sl CTYAEHTOB CPEIHKX M BRICIIMX YUeGHBIX 3aBe-

JEHWH.
YIK 621.31
BbK 32.844-04
ISBN 5-98131-001-4 © 1. A. Xpycranes, 2003

© 000 Haympyn, 2003



BBepenne

TMoapo6Ho paccKa3bBaTh O 3HAYCHUU AKKYMYJIATOPOB U aKKyMY-
JIATOPHBIX Darapeil B COBPEeMEHHOH XM3HHM wanuuiHe. be3 HuX He-
BO3MOXHa paboTa CpeAcTB MOOWIBHON CBSI3M, SJEKTPOHHEBIX
YCTPOMCTB Pa3IMYHOTO Ha3HAYEHUsI, TPAHCIIOPTHBIX CPENCTB.

Y1006bl aKKYMYJIATOPBE CAYKWIM AOCTATOYHO HOATO M HCMPABHO
BBINIOJIHATK cBOM (QyHKLMM, HeoOxonuMo obecreyuTrh UX MpaBUlb-
HYI0 TEXHHUYECKYIO 3KCrutyaTauuio. K coXajleHu1o, B oTeueCTBEHHOM
JIUTEpaType MOCIEIHUX JIET 3Ta TEMA NPAKTHYECKH HE OCBELIEHA, a
CTaThM, HAITMCAHHBIC PA3TMYHBIMU aBTOPAMH, KOTOpHiE MOXHO Haii-
TH B TMEPUOAMYECKON Nevyat U B VIHTepHeTe, N300UNYIOT HETOYHO-
CTAMA M HEBEPHBIMH peKoMeHaauusMu. bonee toro, Hanuwyue B
NpoAaxXe aKKyMyJMATOpoB u Oartapeil, 3apsAIHBIX YCTPOWCTB pa3HBIX
TUIIOB 3aTPYIHSET MPaBUJILHOCTL UX BBIOOpA IS MIPUMEHEHUA B pa3-
JIMYHBIX TIPUIOXEHUAX, YTO TaKXe OOYC/IOBIEHO OTCYTCTBMEM HEOG-
XonuMol MH(pOpMALIUK ISl TOTPEeOUTES.

MOXHO KOHCTaTUPOBaTh M TOT (PaKT, YTO MHOTHE CIIELIMAIUCTHI,
3aHATHIE SKCIUTyaTalUUeH CpeicTB CBA3M, TPAHCIOpPTA, MCTOYHHKOB
BTOPHYHOTO 3NEKTPONMUTAHUA HE YIENSIIOT JOKHOIO BHUMAHUS BO-
MpocaM 3KCIUTyaTallul aKKyMYJSITOPHBIX 0aTapeif, HaWBHO Iojarad,
YTO BCE NMPOOIEMBI 32 HUX PEIIUT 3apsaHoe ycrpoiictso. Ho Benp 3x-
CIUTyaTaluMed akKyMyJIsITOpOB 3aHMMAIOTCA HE TOJIBKO CIEIUATUCTHI,
a 1 OOBIMHEIE TTOJIB30BATENH.

bnarogapsi HOBBIM pa3paGoTkaM B 06JIACTH 3JIEKTPOHMKH B Ha-
CTOSIILlEE BpeMst HECHOXHO NpuoOpecTd COBEplIeHHBIC 3apaIHbIe
YCTPOMCTBA, NIPUOOPHI IS OLIEHKHU KaYeCTBEHHOIO COCTOSAHUS M CTe-
TIEHU 3apsia akKyMYJISITopoB U Oarapeit. Bo3nukaer Bompoc: a Kak
IPaBUJIBHO UX BHIOPATh, MO KAKWUM KPUTEPUSIM?

OTa KHUra MOCBSIIEHA OMUCAHMIO OCHOBHBLIX THUIIOB aKKyMYJIsi-
TOPOB U aKKYMYJATOPHBIX OaTapeii KOMMEDPYECKOro Ha3HayeHWs,
OCOBGEHHOCTEH! WX IKCIUTyaTallid U XpaHEHWsl, METONOB 3apsAna, cXe-
MOTEXHUKH 3apAIHBIX YCTPOHCTB. Ee MaTepran HOCUT TIipaKTUYeCKuit
Xapakrep M OyIeT MoJe3eH KaK VIS CIeUATUCTOB, TaK U Ui 00bIY-
HBIX noTpebuTeneif. KHUTy MOXHO MCITONTB30BaTh M B KaYecTBe y4yeh-
HOro nocobus.



4 Beeoenue

IIpyu ureHun Hamo oGpaTHTh BHMMaHWE HA Clenylollee: TePMUH
«aKKyMyJIsITOp» OO0O3HavyaeT OTHENBHBLIN 3JEMEHT B COOCTBEHHOM
Kopriyce. M3 HeCKONBKUX aKKYMYJIATOPOB MOXeT OBITh COCTaBleHA
6aTapesi, Ho OHHM MOTYT OBITh UCIIOIB30BAHBl M WHAMBUAYAILHO. Tep-
MUH <«3JIEMEHT 6aTaper» OTHOCUTCS K aKKyMYJISITOpaM, He UMEIOLIUM
COOCTBEHHOIO KOpIyca W YyCTAHAB/IMBAEMBIM HETIOCPEICTBEHHO B
CEKHUAX Kopllyca Oarapen. TepMHMH <«akKKyMyiasiTOpHasi Oarapes»
MIPEANOAAraeT, YTo 3TO HECKOJIBKO AKKYMYJISATOPOB WM 3JIEMEHTOB,
COEIMTHEHHBIX OTpeae/ieHHbIM 00pa3oM U YTO OHA UMEECT OIPEACNICH-
HYI0O €MKOCTh U BBIXOJHOe HamnpshKeHue. barapes MOXET COCTOSITh
TOJIBKO U3 OJHOTO aKKyMyNaTOpa, HO IIPH 3TOM MOXET Ha3BIBaThCS
«Barapeci» U3-3a TOTO, YTO aKKYMYJIATOP 3aKJIIO4YEH B NOMOJIHUTCb-
HBI KOpIyc — Kopryc Gataper ocoboil (popMbl, BHYTPU KOTOpOM
pacrtoiaraloTcsl OOTOJTHMTENbHBIC 3JIEMEHTHI, HalpuMep, AaTIMK
TEMIIePaTyphl, IPeNOXPAaHUTENb U T. 1.

XOTsSI U3 MaTepUalOB apXeOJOTHYECKUX PACKOIIOK BBHISICHAETCS,
YTO XUMHYECKUE MCTOYHUKHU 3JIEKTPHUECKOTO TOKA JNIOAH HCIIOIB30-
BaJIK eule B ApeBHeil UHmum u npeBHeM KuTae 3a MHOTO JIeT IO Ha-
LIeH 3pBI, B AEMCTBUTEILHOCTH MBI HE 3HaeM, VIS KaKHX Helieil oHU
TpeTHa3HAYANHCE.

OpuLMaNTbHO CYUTAETCHA, YTO IMEPBBI XHUMHWYECKUH MCTOYHUK
TOKa M300peN UTANbIHCKUH yyeHBIH Ajeccannpo Bonbra B 1798 T.,
BO BpeMsl CBOECH pabOThl B YHHMBEPCUTETE I'. BOJIOHBSI. DTOMY OTKpHI-
TUIO TIPEALIECTBOBAIA MHOTOYMCIEHHBIE OIBITH CHavajla aHTJIMI-
ckoro yyeHoro I'mnbGepra, ocHoBagsliilero B 1600 r. Taxo#l pasnen Hay-
KM, KaK 3JeKTPOXUMMS, a 3aTEM HUTANBSHCKOTO ydyeHoro lajbBaHM,
HCCIIEIOBABIIETO TaK Ha3bIBAEMOE «3JEKTPHYECTBO XMBOTHBIX». OT-
KpeiTe Bosnbra ObIIO OYeHb BaXXHBIM, Bellb BO 3TOrO NMPOBOANIMCH
HCCIENOBAaHUS TOJIBKO CTaTHMYECKOTO 3JIEKTPHUYECTBA, OT KOTOPOTO
JUISL 4eJIOBeYeCTBa NMPaKTUYECKOM IMOJb3Bl He OBLIO HUKAKOM, KpoMe
U300peTeHUsI IPOMOOTBOAA M KOHAeHcaropa. BCITOMHHMM XoOTsl OBl
omnsiTel M. B. JIoMoHOCOBa.

bnaronmapst 11en0i yepene OTKPBITHM, CBA3aHHBIX C MCITOJIb30Ba-
HUEM TIOCTOSTHHOTO TOKAa, OBITM CO3MaHbl 3JIEKTPUYECKHE MAIlVHBI,
CNOCOOHBIE BhIpabaThIBaTh IOCTOSIHHBIA W TEpPeMEHHBIA TOK KOO
MpeBpaIlaTh 3JEKTPUYECKYIO DHEPIHI0 B MEXaHUYECKYIO (2JIEKTpO-
npurarenn). HecMoTpst Ha 3To, XUMHYECKHUE UCTOYHHKM TOKA CBOETO
3HAYEHUS He YTPAaTHIM — OHU W B HACTOsIIEee BpeMsl He3aMeHHMEI B
Ka4yeCTBE HMCTOYHWUKOB NMHUTAHUS MOOWIBHBIX YCTPOWCTB MU MeXaHH3-



Beseoenue 5

MOB: CPEICTB CBSI3H, MOOUNBHBIX KOMITBIOTEPOB, ABTOMOOHIILHOM
TEXHUKH, JEKTPOUHCTPYMEHTOB H T. II.

Ho BepHeMcs K nanbHeiedt cyiapbe u3ob6peTeHus A. Bonwra.
B 1802 r. aurnuiickuit yuyeHslii KpyukinsHk paspabortan nepsyio 6a-
Tapelo, KOTOPYIO MOXHO OBIJIO BBITTYCKATh B IIPOMBILIUIEHHBIX MAacCIl-
tabax. B 1820 r. dpanuysckuit ¢pusux AMiep OTKpPbUI B3aHMOCBS3b
9IEKTpUYECTBA M MarHeTusma. B 1833 r. anmumiickuit pusnk Mavkor
Mapaneit oTKpbUI cBoit 3akoH. B 1836 r. anrmitickuit xuMuk J>xoH
HoHu3n paspewyl npoblieMbl KOPPO3WH 3JIEKTPOJOB B 3JEMEHTE
Bonrsra. Pa3paboTaHHBIIE UM 3/IEMEHT TaK M Ha3bIBaJICAd — 3SJIEMEHT
Iauusna. B 1859 r. dpannysckuit ¢usuk I'acton Ilnanrte nzobpen
CBUHIIOBO-KMCJIOTHYI0 aKKyMYJISATOpHYIo Garapelo. B 1868 r. ¢dpan-
uysckuit xuMuk XKopx Jlekianiine pazpaboran «BIaXHBIM» 3NMEMEHT
BojibTa — TIpEeAIUEeCTBEHHHMK CYXHMX 3JIEMEHTOB, KOTOpPbIE ObLMM M300-
perenbl B 1888 r. amepukanckuM ydeHpIM HoktopoM Kapmom Iac-
cHepoM. Ero n3obpereHne — 3TO Te CaMbie YTOJBHO-LIUHKOBBIE 3Ji€-
MEHTHI, TOJILKO 3HAYUTENBHO YCOBEPIEHCTBOBAHHEIE, KOTOPHIE MPH-
MEHSIOTCSI U B HAcTosIiee BpeMsa. AMepUKaHIbl IEPBBIMH YJIOBHIH
KOMMEPUECKYIO LIEHHOCTh 3TOr0 M300peTeHusa. Yxe B 1896 r. B mTa-
te KojymOust mosiBUTach rmepBasi B MUpe KOMITAHUSI, HayaBlliasi BbI-
NYCK CYXUX D3JIEMEHTOB M Oarapeil B MPOMBILIIEHHBIX MacluTadbax.
Haspisaace oHa National Carbon Company — HauuoHansHas yro-
JIbHast KOMIIaHMsl. BriociaexcTBuu ee HaszBaHMe OBLJIO M3MEHEHO Ha
Eveready, a 3ateM Ha Energizer. OcHoBaTenb 3T0fi KOMIaHuu KoH-
pan XeoGep B 1898 r. paspabGoral KOHCTPYKLMIO 3MEKTPHYECKOTO
¢onapuka.

B 1899 r. mBenckuil yueHsrit Banpamap FOHrHep uzobpen Hu-
KeTb-KaaMueBylo Oatapero. B xauecTse rojOXUTEIbHBIX TJIACTUH B
HEH HCMOJb30BAIUCH IIJIACTHMHEI W3 HUKENS, a B KaYeCTBe OTpULA-
TeNBHBIX — TUIACTUHBI U3 KaaMus. IlIupokoro pacmpocTpaHeHHUs:
3TOT TUIT GaTaped B TO BpeMs He IOJYYUJ K3-3a XOPOTOBU3HBI UX
npoussonctBa. Ho B 1901 r. amepukaHel] DaucoH u3obpen Gonee
JEIIEBYI0O U TNPAKTUUHYIO HUKEIb-XeJe3HYI0 aKKyMYJISTOpHYIo Oa-
Tapen.

B konue XIX Beka Hayasoch MacIITAOHOE MCITOJIb30BAHUE MOIII-
HBIX 3JIEKTPUYECKMX TeHEepaTOpPOB M TpaHC(HOPMATOPOB — Hayaaach
3pa anekTpuuecTtBa. MccnemopaHusi B 00aCTH XMMUUYECKUX MCTOY-
HUKOB TOKa TpoaoKaaIucs. B 1932 r. HeMelkue ydyeHble Illnext u
AxxepMaH H300peNu TIpecCOBaHHBIC IIACTHHBI VIS aKKyMYJNSTOD-
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HbIX Oatapeit. B 1947 1. dpanuysckuit yueHsiii Holiman paspabotan
MIEPBYIO TEPMETUYHYIO HUKENb-KaIMUEBYIO Oarapero.

B 1956 r. xommanus Energizer seimyctusia 9-BonpTOBbIE Oara-
peitku, a B 1959 r. mossBUIHCH MepBBiE AJKAIHHOBBIE 3JIEMEHTHI.
B cepenune 1970-x rogos Obiiu pa3paboTaHbl CBUHUIOBO-KHCIIOTHEIE
aKKyMYNATOpHbIE GaTtapey ¢ peryJIMpyeMBIMH KJIAITaHaMHU.

B 1990 r. Hauanoch KOMMeEpUYecKoe ITPOHU3BOJACTBO HMKEJb-Me-
TA/UITUAPUAHBIX OaTapeii, a B 1992 r. B KaHane — Npou3BOACTBO Ite-
pe3apskaeMBIX anKaTuHOBBIX Oatapeit. B 1999 r. usoGpereHBl JU-
TUIH-KOHHBlE TIOJAMMepHbie Oatapeu. B 2001 r. mossunmMch nepBbie
TOIUIMBHBIE 3NEMEHTHI C MIPOTOHHO-0OMEHHON MeMOpaHOH.

HAnsa xoHeyHOro notpeGuTens 60jiee MHTEPECHBIMHU SIBIAIOTCA I1e-
pe3apsxaeMble WIH aKKyMYJISTOpPHBEE Garapey, 0 KOTOPHIX U MOMIET
peyb B 3TOM KHUTE, U TIPOU3BOACTBO KOTOPHIX B HACTOSIIEE BPEMS
TIpefcTaBisieT Haubosee AMHAMUYHO Pa3BMBAIOLIMICS CEKTOP KO-
HOMUKH,



FnaBa 1
TUNbl AKKYMYNIITOPHbIX BATAPEA

Hosble TUITBI aKKYMYJISTOPHBIX Oatapeil 3a4acTylo XapaKTepH3y-
JOTCS BEChbMa XOpOLIMMM IapaMeTpaMM — BBICOKOM IUIOTHOCTBIO
SHEpPruH, YMCIIOM LMKIIOB 3apsn/paspsaa no 1000, mansimu rabapura-
mu. Ho, K coxaneHuio, BCE NEPEYUCHACHHBIC NapaMeTphi HeJb3s
MPUMEHUTh ONHOBPEMEHHO XOTS OBl K ONHOMY U3 Hux. Ilpm manwix
rabaputax ¥ OONBILIOM TOKE pa3psana Oatapes MMeeT HeOOJBIIOH
CPOK CiIyX6bl. JIpyras 6atapess MOXET CIYXUTb OUY€Hb NOJITO, HO TIPH
3TOM OyIeT rpoMo3aKoii U Tskenoil. Ectb, koHeyHo, 6aTtapeu ¢ BHI-
COKOI 3HepreTHYECKOU TJIOTHOCTBIO U IUIMTENBHBIM CPOKOM CITyX-
6bI, OIHAKO IUI1 KOMMEDYECKOTO NPUMEHEHHUSI OHH CJIUILKOM JI0pO-
TOCTOSIIIIH.

ITpou3BoauTEN aKKyMYJIATOPHBIX Oarapedl paGoTalor B yroay
TMOTpeOUTENsIM M co3naloT OarapeH, Haubosece OTBEeYalolIUe CIelu-
(myeckuM TpeOOBaHMSAM UX NMpUMeHeHWs. Hawnyuummm npuMmepom
MOXET CJIYXHTh pa3BUTHE YCITYT MOOMIIBLHOM CBSI3U. J1JIS COTOBBIX Te~
Je(POHOB BBHIIYCKAIOT GaTaped OYeHb MAJIBIX Pa3MEPOB C BBICOKOM
9HEPIreTHYECKON IUIOTHOCTBIO, ONHAKO TakKas XapaKTepHCTHKa, Kak
CPOK cIyX6bI, OTCTYTIAET Ha BTOPOIl MNaH.

Hukenp-MetayuiruapuaHboie 6aTtaped He 0OOECIEeYMBAIOT aBTOMA-
THYECKH TapaHTHPOBAHHOM BBICOKOM TUIOTHOCTH, KOTOPYIO OT HHX
oxupaior. Hanpumep, mpusMaruyeckue HHUKENIb-METAITHAPHIHBIE
Garapen mns MOGWIBHBIX Tele(OHOB AENAIOT TOHKHMH, U TIO3TOMY
HX TUIOTHOCTb 3HEpPrdu He npesbiiaer 60 Br-u/kr. Yuciao uuxios
3apsn/pa3pan Takux Oarapeit orpanudero 300. K cpasHenuio, mm-
JIMHIPHYECKHE HHUKEIb-METAITUAPUIHbIE OaTaped 0OECIeYHBaIOT
IDIOTHOCTE 3Hepruu g0 80 BT-4/Kr ¥ BbIlIe, XOTA YKCIO IMKIOB 3a-
pan/paspsn y Hux MeHblie. Hukemp-MmeranarunpunHele Gartapeu,
NpUMeHsIeMBIE B IIPOMBIIUIEHHOCTH B KAYECTBE Pe3ePBHBIX HCTOUHH-
KOB TOKa M JUIA 3JIEKTPOTpPaHCIopTa, gonyckaiot 1o 1000 uukios 3a-
pAn/pa3psig NpU CHIKEHUM TUIOTHOCTH 3Heprdd Ha 80 %. OHM co-
CTOSAT M3 LWIMHIPHYECKHX 3JEMEHTOB OONBIIMX Pa3MEPOB ¥ MMEIOT
IUIOTHOCTB 3Hepruu 4o 70 Br-y/kr.



8 Tunwt axxymyaamopuvix 6bamapeii

ITono6HO ¥ TUTUN-MOHHBIE OaTaped IS BOCHHOW TEXHMKH HMe-
I0T CYIUIEeCTBEHHO 0o0Jiee BBICOKYIO IUIOTHOCTh OSHEPIMM, 4YeM HX
«ITPaXIaHCKUIT» SKBUBAIEHT. K coXaneHuio, 6aTaped 3TOFO TUMA Ta-
KOH BBICOKOH €MKOCTM B PyKax OObIBAaTelsl IIPEACTABJIAIOT Ollac-
HOCTb. [103TOMYy OHM M OTCYTCTBYIOT B LIMPOKOU NMpOOaxe.

1.1. CpaBHeHue TMNOB OaTapei

PaccMOTpUM NpEeUMYIECTBA U HENOCTATKM COBPEMEHHEBIX aKKYy-
MYJSTOPHBIX Oarapeif. OHM XapaKTepH3YIOTCS HE TONBKO IUIOTHO-
CTBIO SHEPTUH, HO TAKXKE CPOKOM CIYyXOBI, TpeOOBaHUSIMHU IO yCTa-
HOBKE, CTENEHBIO CaMopa3psaa U 3KCIIYaTAllMOHHBIMU pacXolaMH.
Krnaccukoit cpeny akKyMyIsITOpHBIX GaTapeil SIBJISAIOTCS HUKETb-Kal-
MueBble GaTapeu. [losroMy npuMeM HX 3a 3TaJioOH, OTHOCUTENIBHO
KOTOpPOI'0 pacCMOTPHUM IIIIOCH M MUHYCHI GaTapeil APYTUX THITIOB.

Hukenb-kKaaMueBbie akKymyinsitopHele 6atapen (NiCd) ucmons-
3YIOTCS HOCTATOYHO AABHO, HO MMEIOT OTHOCHTENBHO HMU3KYIO BHEpD-
TeTHYECKYI0 TUIOTHOCTh. OHHM ofecreyuBaloT JIMTENBHBIM CPOK
CIyKOBI, BEICOKME 3HAYCHUS TOKA pa3psiia M, YTO HEMAJIOBAXHO, pa-
3yMHBIe IeHbl. OCHOBHAs 00NacTb WX NPUMEHEHWS — paguoOCTaH-
LIMH, OHOJIOTMYECKOE U METULIMHCKOE 060opyIoBaHue, podeccroHa-
JIbHBIE BHJIEOKaMepbhl M JICKTPOMHCTPYMEHT. HuKenrb-KaaMueBble
Oatape coiepxaT TOKCHYHBIE BElIECTBA M IIPEeACTaBIAIOT COOOI
OIACHOCTD IJIS1 OKPYXKAIOLIEH CpEedsl.

Hukens-MeTamnruapunHbie akkyMyasitopHele G6atapeu (NiMH)
UMeloT DoJiee BHICOKYIO 10 CPABHEHHUIO ¢ HUKEJIb-KaAMUEBBIMHU Oara-
pesIMH BHEPreTHUYECKylo TUIOTHOCTh, HO M MEHBLIIMH CPOK CIIYXOBbI.
OHHU He colepXaT TOKCHUYHEIX BeulecTB. IIpMMeHSIOTCA B MOGHIIB-
HBIX TeJedoHax u HOyTOyKax.

CBHHIIOBO-KHCIOTHBIE aKKYMYJIATOpHBIe Garapeu (SLA, VRLA,
SLI) Haubosee BHITOOHBI TIPH MCIIOIB30BAHUM B SHEPTOEMKMUX TIPH-
JIOKEHHSIX, TIe BOIPOC HX Beca CYLIIECTBEHHOTO 3HAYCHUS HE HMEET.
OHM HauayduimM o6pa3oM TIOAXOIAT A MCHONB30OBAaHUSA B OOJE-
HUYHOM 00OPYIOBaHUHU, Kpecliax-KaTajKaxX, B CHCTeMaxX aBapMitHOTO
ocBellleHMd ¥ MCTOYHHKAX OGecnepeboitHOro nuraHusi, B aBTOMOOH-
JILHOM TEXHUKE.

JluTtHii-uoHHbBIE aKKyMyJIaTopHbie 6arapen (Li-lon) HawTydiium
0o0pa3oM TMOOXOMAT IS TEX TIPWIOXEHWI, B KOTOPBIX HeoOXxomuma
BBICOKAss eMKOCTb GaTapeil ¥ OMHOBPEMEHHO TIPEeXbSIBISIOTCA KeCT-
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ke TpeboBaHMs K UX Becy. OHU 001afaloT OYeHb BHICOKON 3Hepre-
THYECKON IUIOTHOCTBIO U MaJIbIM BECOM — Haubonee BaXHBIMM J10-
CTOMHCTBAMM JIOOBIX aKKYMVIISITOPHEIX Oarapeif. OmHAKO NpH 3TOM
TpeOYIOT CTPOTOro COOMIOACHUA TMPaBUN 3KCIUTyaTalUMM M TEXHMKH
oezonactoct. IlpuMeHstoTcs B HOYTOYKax M MOOWIBHBIX Teledo-
Hax.

JIntuit-monuMepHBIE aKKYMYJSTOpPHBIE Oaraped TIpeAcCTaBIsIOT
Oosee IeLIeBYIO BEPCHIO TUTUH-UOHHBIX Oarapeil: MpUHUMIT UX OeH-
CTBHSI OCHOBaH Ha Tex Xe rmpoueccax. OHM MOIYT MMeTb TOHKMii
KOPIIYC H Yaille BCEro NMPUMEHSIOTCS B MOOUIIBHBIX TeleOHAX.

IlepesapsixaeMble aKaIWHOBBIE OaTrapey 3aMEHSIIOT HEKOTOphIE
TUNBL aKKYMYJISITOPHBIX Oataped Uil  OBITOBBIX 3JEKTPOHHBIX
yeTpoiictB. IX OrpaHUYEHHBI CPOK CIyXOBl KOMIIEHCHUpPYETCS IO-
HIKEHHBIM CaMopa3psiZioM, YTO TO3BOJIAET CUMTATh MAeaJIbHBIM X
MpUMEHEHHE B TIOPTATMBHEIX YCTpOICTBax, QoToanaparax, BCIIBIIL-
Kax.
B TabGn. 1.1 npuBeneHbl CpaBHUTENBHBIE XapaKTEPUCTUKN HIECTH
OCHOBHBIX TUTIOB aKKyMYJSITOpHBIX OaTapeii.

IIpumeHuTenbHO K Tabn. 1.1 crnenyer oTMETUTD CIEQYIONIEE:

¢ BHYTPEHHEE COMPOTUBICHUE OaTapen 3aBUCHT OT BHYTPEHHETO
COTIPOTHBJICHMS KaXIOTo €¢ 3JeMEHTa, TUIIA CXEMBI 3allUTLl U
KOJINYeCcTBa 3J1eMEHTOB B GaTapee. CxeMa 3alIUTHI IMTHI-MOH -
HBIX U TUTUH-ITONMMEPHBIX O6atapei yBEeIMUMBAET UX BHYTPEH-
Hee compoTuBieHUe B cpenHeM Ha 100 MOwm (0,1 OMm);

e CPOK CITyXOBl aKKyMYJSITOPHOM OaTapeu 3aBHCUT OT peryisp-
HOCTH e€¢ obcmyxuBaHMsA. TIOMHBINA NepUOOMYCCKUI paspsm
MOXKET MPUBECTH K €ro YMEHBbUIEHHUIO MOYTH B TPU pa3a 3a Ko-
POTKMI CpOK;

e CPOK CIyXOBl 3aBMCHT TaKXE W OT CTENECHM paspsma — TpH
YaCTUYHBIX pa3psigax oH OONblIe, YEM TIPH ITOJHBIX;

e HauOONBILIMI TOK pa3psiia HUKeJIb-KaAMHEBHIX MU HUKENIb-Me-
TAJUITUIPUAHBEIX OaTaped HOMYyCTHMM Cpa3y Xe IOCke 3apsia,
3aTeM ero 3HaueHue yMeHblaercs. Hukenn-kanMuensie Oara-
peu TepsaoT 10 % cBoeit eMKOCTH B TeUeHHe NEPBHIX 24 4 T10-
cie 3apgana, 3aTeM CHIDXKEHME eMKOCTH COCTaBsaeT okojo 10 %
kaxnapie 30 gHeit. CaMopa3spsn yBeJIMYUBAETCA C POCTOM TeM-
TeparTyphl;

e CXeMa WIM LeINb 3alluThl, YCTaHaBAWBaeMass BHYTPH JIU-
THH-MOHHBIX U JIUTHH-MOJUMEPHBIX AKKYMYJISTOPHBIX Gara-
peit, moTpebseT okono 3 % MX PHEPIHMM B MECHII;
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e THUIIOBOE 3HAaU€HME HAIMPSKEHUd Ha 3JIEeMEHTe HUKeJIb-KaJAMHU-
€BEIX M HMKEIb-METALITMAPHIHLIX Oarapeil cocraBasier
1,25 B B pexumMe X0N0CTOro xoj4a, a ok Harpyskoir — 1,2 B.
3TO CIpaBeIMBO A5 MOOHIX 3/IEMEHTOB Takux GaTapeif;

o JONYCKaeTCs 3apdal KUCHOTHBIX aKKYMYJISITOPHBIX BaTapeil UM-

NyJIbCaMU CHJIBHOTO TOKA.

WHTepecHOo, 4TO HUKENbL-KaIMUEBLIE aKKyMYJISITODHBIE GaTaped
UMEIOT HaUMEHbBIIEE BpPEMS 3apsfa, JOIYCKaloT HAWMOONbIUMHM TOK
HAarpy3ku u o01aJal0oT HauMeHBIIUM COOTHOIIEHUEM IeHd/CpOK
CNyX06BI, HO B TO Xe BpeMs OHHM Haubolee KPUTHYHB! K TOUHOMY CO-
OmoneHUIo TpeOOBaHU M O TIPaBHIBHOMN 3KCITIyaTalyiH.

Tabauya 1.1
Tunol akkyMynsITOpHBIX Gataped
XapaxTepucTuku j- -
NCd | NMH | Kucnomwe| Lifon | Lonmo- | Mepesapmx.
NUMEPHBIE | aNKANVHOBbIE
g:;‘;m”“e“a" MIOTHOCTe, | 45..80 | 60..120 | 30..50 |110..160|100..130| 80
100...200 | 200...300 | menee 100 | 150...250 | 200...300 | 200...2000
%yMps HEE CONPOTHENEHHE, {6arapen | (Gavapes | (Garapen | (6avapen | (Gavapes | (6atapen
Ha 6 B) Ha6B) | Ha12B) | Ha7,2B) [ Ha7,2B)| HabB)
50 (npu
Yueno LuknoB 3apag/paspag 500...100
10 CHAEHY BMKOGTH Ha 80 % 1500 300...500 | 200...300 0 300...500 | cHux. emk.
Ha 50 %)
Bpems 6LicTporo 3apsaa, 4 1 2.4 8...16 2.4 2.4 2.3
flonyctumuift nepesapsaa CPEHWA | HM3KUA BLICOKMH m’;‘; HIA3KM#A cpepHvii
Camopa3spsa 3a Mecsl, npu
KOMHaTHO# Temneparype, % 2 % 5 10 10 03
Hanpsixerue Ha anemente, B 1,25 1,25 2 3,6 3,6 1,5
Tox Harpyskv OTHOCUTENbHO
emkocT (C):
— NWKOBLIA 20C 5C 5C >2C >2C 0,5C
— Haubonee npuemMnembli 1C po0,5¢ 0,2c a0 1C no1C 0,2c
ﬂw’:"%w“ pabowKTOMNEPa- |y 6y | 20,60 | -20.60 | -20.60 | 0.60 | 0.5
Obcnyxusanue yepes 30...60 an. 1 60...90 an. | 3..6 M-ues | Hepern. | He pern. He pern.
Havano npou3ssoacTsa 1950 1990 1970 | 1991 1999 1992




Fnasa 2
HUKEJb-KAJMMEBDBIE
U HUKEJTb- METANNITMAPHUOHBIE
AKKYMYNATOPHbIE BATAPEH

2.1. HuKenb-KagMHeBble aKKYMYNSTOPHble HaTapeu

lenounbie HUKeNb-KanMHUeBEle GaTapen OBIIM HM300pETEHHI ele
B 1899 r. BabamapoMm lOnraepom (Waldmar Jungner). OnHako ma-
TepHasbl IJIs1 TIPOU3BOJICTBA TAKMX OaTapeil CTOWIM IOPOXe MaTepHa-
JIOB I TIpOM3BOACTBA Oatapeil ApPYIrMX THUIIOB, U TIO9TOMY B TO
BpeMd IIMPOKOTO TNpUMEHEHHs OHUM He Hauutd. Tonpko B 1932 1.
ObUla paspaboTaHa TEXHONOIMS HAaHECEHMS! aKTHMBHOIO MarepHaia
IJIACTHUH MyTEM OCAXICHUs Ha ry04aThlit (IOPUCTHIN) TOKPHITHIN HK{-~
KeJieM 2JIeKTpol. A B 1947 1. Hauanmuch paGoThl Hal CO3JaHUEM Tep-
METHYHBIX HHUKE/Ib-KaIMUEBbIX aKKyMYJISITOPOB, B KOTOPBIX GbLIa pe-
ANM30BAHA BO3MOXHOCTH PECKOMOMHAIWW Ta30B, BBIAEHABIIHXCA B
rpouecce 3apsiga, 6e3 UX oTBoia KOHEYHBIM pe3ylIbTaTOM 3THX pa-

®or0 2 1
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6OT U CTANO TIOSBJICHHE TEPMETMYHBIX HUKEIb-KaAMUEBBIX aKKyMYy-
JIATOPHBIX OaTapeil, UCMONB3YEMBIX M B HACTOsLLEE BPEMS.

Cpenu nepe3apsxaeMblX 6aTapeil HUKENb-KaaIMHUEBHIE 1O CHX IIOp
OCTalTCsl Hambosnee BOCTPEOOBAHHBIM THUIIOM Oatapeil, NpuUMEHsie-
MBIX B KadecTBe MCTOYHMKA IMUTAHHWs DPAJNOCTAHLMI, armaparypsbl
CKOpPOM MeIULMHCKON TTOMOIIH, NMpOdeCCHOHATLHBIX BUACOKAMEp U
INEKTPOUHCTPYMEHTOB. QHU «TI0GAT» OBICTPHU 3apsn, MEANECHHBIN
paspsti 10 COCTOSTHUS MOJIHOTO pa3psdfia U TIOA3apsaKy UMIYJIbCaMU
TOKa, B TO BpeMd Kak 0aTrapey APYryuX TUIIOB NPEATOUYUTAIOT YACTHY-
HBIM pa3pso U yMEPEHHBIE TOKU Harpy3ku. Hukens-kagmuesas Oara-
pest — CHJIbHBII, YCEPIHBI M MOTYATUBBIA PabOTHUK. DTO €OUHCT-
BEHHBIN TUIT Oarapeil, KOTOpble CIOCOOHBI paboTaTh B CAMBIX XKECT-
Kux ycrnopusx. OHM He u306anoBaHBl HEOOXOMUMOCTBIO IHSIMH
«CHIETh» B 3apAIHOM YCTPOWCTBE M WCIOJIB30BaThCH CIYYailHO IS
BBITIOTHEHUA 3TTU30AMYECKON paboTHI.

g Huke L-KaIMHUEBBIX OaTapedt KpaiiHe HeoOXOOWM TIOMHBIN
[MEPUOIUYECKHI PA3paml: €C/IU ero He AeNaTh, Ha IUIACTUHAX 3JIEMeH-
TOB HGOPMUPYIOTCS KPYTHBIE KPHCTAUIBI, CYILIECTBEHHO CHMXAIOIUNE
MX €MKOCTh (TaK HasblBacMblii «3ddexT nmamsatu»). B Hactosuiee
BpeMsI 3TH GaTaped COCTaBJIsIIOT MpuMepHo 50 % BceX aKKyMyJsiTop-
HBIX 6aTapeif, BITyCKaeMBIX Ul MMOPTaTUBHOro obopynosanud. On-
HAKO OHM HAYMHAIOT YCTYNaTh MEPBEHCTBO OaTapessiM HOBBIX THUIOB,
AMEIINX Oosee BBICOKHME 3HEPreTHYEeCKUE TIOTHOCTU M B KOTOPBIX
HCIIOIB3YIOTCA MeHee TOKCUYHbBIE METALIBl U COEAUHEHMUS.

Ipu 3apsane (feBas yacte GopMysbl) U paspsine (IIpaBasi YacTh)
HUKEIb-KaAMUEeBOi 0aTapey MpOTEKAT XMMHUYECKHUE PEaKLUU:

Cd + 2NiOOH + 2H,0 < Cd(OH), + 2Ni(OH),.

IpeumyiecTBa HUKEIb-KaqIMHEBBIX aKKyMyISTOPHBIX 6aTapeii:

¢ BO3MOXHOCTH OBICTPOIO UM MPOCTOTO 3apsfia, JaxXe Iocie M-
TEJABHOTO XPAHCHHUS;

o GOJbIIOE YACAO UUKIOB 3apsf/pa3psii. NpH NPaBWIbHON 3Kc-
riyatauuu — 6onee 1000 uuxiios;

e XOpollasi HArpy304Hasi CriocOOHOCTh M BO3MOXHOCTB PabOTHI
MpU HU3KUX TeMIlepaTypax;

e JUIMTEJIBHBIE CPOKHU XpaHEHMS IIpH 100011 cTeNeHU 3apsaa;

e [POCTOTA XpPAaHEHUS ¥ TPAHCTHIOPTUPOBKU (MHOTHE aBUAaKOMITa-
HMM 110 TIEPEBO3KE TPY30B HE MPEIBSBIAIOT K TAKUM OaTapesaMm
HUKAaKUX JOMOJTHUTENBHEIX TPEGOBaHMI);

e COXpaHeHHE BBHICOKOI eMKOCTH NMPU HU3KUX TEMIIEpATypax;
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e HauOOJBIIAS TIPUCIOCOOCHHOCTL IS paboThl B XKECTKUX
YCJIOBHAX 3KCIUTyaTalluy;

e HHU3Kas lLICHA;

o INMPOKUI BBEIOOp OaTapeidl pa3IMyHOrO KOHCTPYKTUBHOFO HC-
MOJIHEHUS U €MKOCTH (OOJBIIMHCTBO 3JIeMEHTOB TaKHMX OaTa-
peil IMTUHAPUIECKHE).

HenoctaTku HUKeJIb-KaIMHEBBIX aKKyMYJISTOPHBIX Oarapeii:

e OTHOCHTEIHHO HHU3Kas IO CPABHEHHIO ¢ HOBBIMHM THIIAMU aK-
KYMYJIITOPHEIX 6arapeif sHepreTH4ecKas IOTHOCTE;

o IIpUCYIIUI 3THM OGaTapesaM 3ddeKkT maMsaTH U HeoOXOTUMOCTh
IIPOBEIEHUA MIEPHOTUYECKHX paboT 10 €ro yCTpaHEeHMIO,;

e TOKCHYHOCTH TIpUMEHSIEMBIX MATEPHANIOB, UTO OTPULATEIBHO
CKa3bIBAETCH HA IKOJIOIMH, 1 HEKOTOPBIE CTPAHbl OrpAHNYMBA-
10T HCIIOJIb30BaHUe Harapeil 3TOro THIIA;

e OTHOCHTEJIBHO BBICOKMI caMopaspsili — ITOC/Ie XpaHeHUsd 00s-
3aTeJIeH LIMKJI 3apsiia.

2.2. HuKenb-MeTannrMapmMAHbIE aKKyMYNSATOPHbIE
6arapeu

PaspaboTka HUKEIb-METAUITHAPUIHBIX aKKyMYJSITOPHEIX OaTa-
pelt Hayanace B 1970 r. B pe3ynabTaTe U300peTeHHs crrocoda coxpaHe-
HHMA BOAOpOIAa B HMUKENb-BOAOPOJHBIX Oarapesx. Huxemb-Bomopon-
Hble Oarapey MCNMOJB3YIOTCA A0 CHX IOp IJIAaBHEIM O0Opa3oM B CIYT-
HUKOBOW ammaparype. OHM TPOMO3AKM, MMEIOT eMKOCTH BHICOKOTO
JaBJIeHUsI LI XPaHCHUS BOAOPONA, U KaXIasd U3 HUX CTOUT THICSYU
IOJUIapOB.

B paHHHUX 3KCIIEpUMEHTAX C HUKENb-METALITUAPUAHEIMH aKKy-
MYJITOpaMH METAJUITHAPHAHBIE CIIABBl B MX Cpelle paboTaniu HecTa-
6uneHO, M TpebyeMoil eMxocTH OaTtapeil JOCTHYL He ymaBanoch. I1o-
9TOMY MX Da3BUTHC 3aJCPXMBAIOCh A0 TeX Mop, moka B 80-x romax
TPOLUIOr0 BeKa He ObUIM pa3paboTaHbl HOBBIE METAUITUAPHUIHEIE
CINIaBbl, KOTOPBIE paboTany cTabwibHO. C TEX ITOp KOHCTPYKIHSA HH-
KeJTb-METAUITMAPUAHBIX O0aTapeil MOCTOSHHO COBEPIICHCTBOBANIACH B
CTOPOHY YBENTWUEHHUS UX SHEPTETHICCKOM IUIOTHOCTH.

VYenex pacnpocTpaHeHHI0 HUKENb-METALITMAPUAHEIX Oarapeit
ofecreyyii BBICOKAS SHEPTETHYECKAs IUIOTHOCTh U HETOKCUYHOCTD
MaTepuajoB, IIPUMEHSEMBIX TIPU UX TIPOU3BOACTBE. 110 CPaBHEHUIO C
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HHUKEJb-KaAMHEBbIMH COBPEMEHHBIC HHKENb-METaNNTUApUIHLE Oa-
Tapeu UMeIOT GoJjiee BHICOKYI0O — IodYTH Ha 40 % — 3HepreTHYecKyio
TUIOTHOCTb. MIMeeTcs1 BO3MOXHOCTh M I AaNbHEHIIero ee MOBBIIIe-
HUsI, HO He 6€3 HeKOTOPBIX HeXenaTebHBIX MTOOOYHBIX 3(eKTOB.

Kak ¥ HUKeJIb-KaAMUEBBIM, HUKENb-METAJUITUAPUIHBIM aKKYMY-
JIATOpPHBIM OartapessM TIPUCYIIl BHICOKMI camopa3psin. Ecaum Hu-
KeJb-KanMueBble Gatapeu tepsiioT 10 % cBoeil eMKOCTH B TiepBhIE
24 yaca nocne 3apsafa, KoTopas 3areM CHUXaercst mpuMepHo Ha 10 %
KaXIBli MECSI, TO HHUKEIb-METANTUAPUIHEIE OaTapeu TepsSIOT 3a
Takoe Xe BpeMd B 1,5 pa3a Gonpuryio eMKocTh. [logGop Merammrig-
PHUIHBIX MATEPHUANIOB, YIYYIIAIONIMX BOJOPOAHBIE CBA3UM W YMEHblA-
I01IUX KOPPO3HIO CIUIAaBa, MO3BOMSIET YMEHBIIUTE CKOPOCTh CaMOpas-
psiza, OMHAKO TIpH 3TOM YBEJIHYHBAETCH LIeHa U CHUXKAETCA 3Hepre-
THYECKasA TIOTHOCTb aKKYMYIATOpHOH OaTapen.

Ilpu 3apsime HUKelb-METAUITHAPUIHBIX OaTtapeil NmpoTekaloT pe-
aKIUH Y TIOJOXUTENBHBIX TLIACTHH:

Ni(OH), + OH™ » NiOOH + H,0 + ¢7;
y OTPULIATENIBHbBIX IUTACTHH:
M+ H,0+e¢ - MHpg,; + OH,

rae M — cnnas, nornomaomuii Bonopon; Hygr, — NMOTIOHIEHHb
CIUIABOM BOZOPOX.
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Ipu pa3psiie POTeKaloT 0O6paTHBIE peakuuu. B KayecTse nornoru-
Tejsl BOJOPOIA TIPUMEHSIIOTCA HUKeJb-XeIe3Hbie, MapraHleBO-LMHKO-
Bble, MAPTAHIIEBO-HUKEJIEBbIE U JIAHTAHO-HHUKETIEBBIE CIUIABbI.

B HacTosilitee BpeMsi HUKEMb-METAJUITUAPUAHBIE GaTapeu rocre-
TIEHHO 3aMEHSIOT HUKEIb-KaAMUEBBIE TIPH UCIIONB30BAHUM UX B Ka-
yecTBE MUCTOYHUKA MUTAHUSA OeCHpPOBOAHBIX CPEACTB CBSI3H U MOOH-
JIBHBIX KOMITBIOTEPOB. 1 BO MHOrMX CTpaHax 3TOT IpOUECC MOmIep-
XKUBaeTCs 3aKOHOAATENbHO C 1ENbIO 3aIUUTH OKpYXKalolllei cpesibl OT
BPEIHOTO BO3EHCTBUS TOKCHYHBIX OTXOIOB.

Ha Bompoc o TOM, yaydiiaTcsl JU KayecTBO M 3HepreTnyeckas
e€MKOCTh HMKEJIb-METAUITHAPUIHBIX OaTapeit B Omuxaiiuem Oyoy-
meM, CHEeIHANTUCTBl OTBEYAIOT, YTO YAYYUIATCS, HO HE3HAYMTENbHO.
TToaroMy HanboNEe NMEPCIIEKTUBHBIM CUMUTAETCH TIOCTENEHHBIN Tepe-
XoI K 06oJiee COBEPLICHHBIM TUTUH-UOHHBIM OaTapesiM.

B Hacrosiiiee BpeMs LieHa Ha HUKEb-METAUITUIAPUIHEIE GaTapen
MPaKTHYECKU CPaBHSUIACH C LICHOM Ha HHUKENb-KaAMHUEBEIE GaTapew.
D10 npousolio 6iarogaps 6ONBIMM 00bEMaM WX NTPOU3BOACTBA U
CTUMYJISLIMHU TIpoliecca fiepexoaa Ha UX Ucnoib3oBauue. [1o okoHua-
HUU TIEpPEeXona 1IeHBl Ha HUX, BO3MOXHO, BO3PacTyT.

IIpeuMyiniecTBa HUKENIb-METAUITHAPHAHBIX aKKyMYISITOPHBIX Oa-
Tapen:

¢ eMkocTb Ha 30—40 % BbIllle eMKOCTH HHUKENb-KaIMUEBBIX Oa-
Tapei, ¥ UMeeTCsl MOTEHIUAT IS YBEIMYCHUS UX SHepreThye-
CKOH TIOTHOCTH;

e 3HAYUTEIHLHO MEHBIIASI, YeM Y HUKeNb-KaJIMMEBEIX Oarapeit,
MOABEPXKEHHOCTh «3hdeKTy maMsITH» (HO HeNb3s CKa3aTb O
€ro OTCYTCTBHUM BOOOLIE);

e TMPOCTOTA XpAaHECHHUSI U TPAHCIIOPTUPOBKH — He TpebyeTcs pe-
TYJIIPHOTO KOHTPONS;

e 3KOJOTUYECKH YMCTBIE — COAEPXKAT TOJNBKO O4YeHhL Clrabbie
TOKCHHBI, BO3MOXHA BTOpUYHas nepepaboTka.

Henmocratku HMKeNTb-METAUITUIPUIHBIX aKKYMYJISATODHBIX 6a-
Tapeii:

e OIPaHUYEHHBIH CPOK CIyXO0bl, OCOOEHHO MpPH BBICOKHX TOKaX
Harpy3ku. EMKocth cHuXaeTcsi yxe mocie 200—300 muxion
3apsna/paspsia. [Ipu sxkcruryatauuu 6ojee MIpeanoyTuTeNeH Ya-
CTUYHBIN pa3psili, HEXeEJIN NOHBI;

¢ OTPaHWYEHHBHIN TOK pa3psla — XOTS 35TU aKKyMVYIATOPHL U JI0-
MyCKAIOT BBICOKWE TOKM pa3psiia, TOBTOPSIOLIMECS DPa3psiibl
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MPU TAKHAX TOKAX CYLIECTBEHHO CHUXKAIOT CPOK CIyXObI Oarta-
peil. Hauny4iiue pe3ynbTaThl TIPH 3KCILTyaTaluu Garapeit 1o-
JIy4aloTCd B TOM CJIy4ae, €CJIM TOK paspsia COCTaBJIsieT
0,2...0,5C (C — Capacity — eMKOCTb GaTapeu);

e HEOOXODMMOCTH 00Jiee CIIOXKHOTO AITOPUTMA 3apsnia, MOCKOIb-
KY B €r0 IPOIECCE BHIAEIAETCH OOJBLIOE KOJTUYECTBO TEIUIA;

e BBICOKMI1 caMmopasps — moyTH Ha 50 % GoJbliuii, YeM Y HU-
KeJIb-KaAMHUEBHIX Oatapeil. HoBble xuMuueckue n00aBKH CHH-
KalT caMopaspsil, HO IIPU 3TOM YMEHBINAETCS U SHEpreTuye-
cKas TUIOTHOCTh Oatapeif;

e IIpH XpaHEHWH IIpU MOBBILIEHHBIX TeMIlepaTypaX eMKOCTb 6Ga-
Tapeif cHuxaercst. Hukenp-MeTaJUIrHApUIHbIE GaTapeu Ciemry-
€T XpaHUThb B TIPOXJIAJHOM MECTE 3apsKEHHBIMM ITPUMEPHO Ha
40 %;

e HeoOXOOUMOCTb yXoma — OarapeM IepHOIHUYECKH TpeOyIoT
KOHTPONBHO-TPEHUPOBOYHOTO ITUKIA (IOJHBIA pa3psin/3apsin)
IUTSL TIPENYTIPEXKICHUS] KPUCTAJUTH3AIINY;

e OTHOCHUTEJIBHO BBICOKHE IIeHBI — IeHbl Ha 3T 0araped B
cpenHeM Ha 20 % Oonblile, YeM Ha aHAJIOTUYHBIE HUKENb-Kal-
MUEBBIE DaTapeu.

2.3. KOHCTPYKLUMA HMKENb-KaAiMHEBBIX
M HMKENb-MEeTANNMMAPUMAHBIX aKKYMYNSTOPOB

Ha 3ape cBoero passutus, B 1700—1800 rr., Kopryca akKKyMyJis-
TOPOB MPEACTABISUIN CO00# CTEXISIHHBIE cTakaHbl. I1o3nHee B UX Ka-
YeCTBE CTAIU MCTIONB30BATh AEePEBSIHHBIE KOHTEHHEPHI, KOTOpHIE W3-
HYTPH IOKDBIBAINCH TePMETMKOM BO M30eXaHUE TIPOTEYEK IIEKTPO-
qura. Korma Bo3HHKIA HEOOXOZMMOCTH YMEHBIIUTh TIabapUTH
37IeMeHTOB ©0arapeif, OBLTM CO3MaHBI UMIWHAPUYECKUE IJNEMEHTEHI.
Tlocne Bropoit MUpOBOil BOWHB TPUMEHEHHE ITUIHHAPHIECKHX 3JTe-
MEHTOB B 0aTapesix CTalo CTaHIApTOM.

IToTpe6HOCTL B MastoraGapUTHBIX aKKyMYJISITOPHBIX OaTapesix Bejia
K JaJTbHEHIIEMY YMEHBILIEHNIO TEOMETPUUECKUX Pa3MEPOB 3JIEMEHTOB.
B pesynwrare B 1980-x rogax GbuiM pa3paboTaHbl TaGIeTOYHBIE 3Jie-
MEHTHI, TTO3BOJISIBIINE BBITYCKATh aKKyMYJSTOpHBIE OaTaper MallbIX
pa3MepoB C IOCTATOYHO BHICOKUM BBIXOIHBIM HanpspkeHWeM. B Hava-
Je 1990-x rofioB, B pe3yJIbTaTe COBEPIIEHCTBOBAHMSA KOHCTPYKIIUHU Ta-
JIETHBIX 3JIEMCHTOB, MOSIBIUIMCH NMPU3MATHYECKUE TIEMEHTHI.
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LiMnuHapHYecKHe aKKyMYnaToOPSI

HurnHaApUYecKUE aKKyMYJATOPLI NPOAOIKAIOT OCTaBaThbCAd Hau-
foJiee IIMPOKO PAcTIPOCTPAaHEHHBIM THIIOM 3JIEMCHTOB aKKyMYISTOP-
HeIx Garapeil. Mx mpeumyliecTa: MpocTota MpOU3BOIACTBA U XOpoO-
[Iye MeXaHUYeCcKue XapakTepucTuky. LywimHap cnocobeH BbIIEPXKU-
BaThb BBICOKME JaBjieHWs. B mpolecce 3apsja AaBICHHUE BHYTPH
3J7ieMEHTa HUKEJb-KaIMUEBOM aKKyMyasATOpHOIl Garaped MOXeT Jo-
crurath 1379 xunonackaneit (xIla), wmn 14 xr/m’. AKKyMyJISITODBI
HMMEIOT CHCTEMY BEHTUJISALMM, KOTOpasi cpaGaThIBaeT, €Cd JaBIeHUE
ra3oB BHYTPM 3jeMeHTa Bo3pactaer no 10,5...14 xr/m’. B HacToauiee
BpeMs BCe BBINYCKA€MEbIE IIIMHAPHIECKHE 3JIEMEHTBI UMEIOT cOOCT-
BEHHBII MEXaHM3M BHYTPEHHEH BEHTWISLWM 1UIS1 OTBOJAA Ta30B, BBI-
JEJSIOLIMXCSL TIPU MX 3apsie U paspsge. Huxenb-KagMueBble 3Jie-
MEHTBl UMEIOT CUCTEMY BEHTWJISIIIMM KiIamaHHoro tuma (puc. 2.1).

Ha puc. 2.2 noka3aHO BHYyTpeHHEE YCTPOMUCTBO LIMAMHIPUYECKO-
ro 3JeMcHTa HHMKEIb-KaIMUEBOH aKKyMyJsITOpHOM Oartapeu. OTpu-
LAaTeIbHBIE M TOJIOXUTENbHBIE TIIac-

TUHBI CKPYYEHBI BMECTe M ITOMellle- Bexmomy Bepuit
o KOHTAKT
HBl B METAUTMUECKHH UWIHHOp. X Yoo, Bentansy,
o OTBEPCTH
pasfesisieT cenaparop, yBIaKHEHHBII Kopnyc

QJICKTPOJIUTOM. BewTuns

0TBEPCTUE

BHyTpeHHee YyCTpOHCTBO LIMJIMH- Mera e

APMYECKOro  HHKEIL-METAUITHAPUA- Puc. 2.1. YcTpoilcTBO M NMPUHUMI

HOTO aKKyMyJdATOpa IIOKa3d4HO HA  paGorpr cHcTeMbl BEHTWIAUMM IH-
puc. 2.3. JIMHAPUYECKUX BJIEMEHTOB

BhiBog "+"

PeayHoBbI ynoTHUTENL

}— YNIOTHUTENbHOR KONbLO
3§ ~M110C0BOM TOKOChEMHMK

KOPWE  Mniocosoit BuBoR
BentmnsupmorHbiA

Knana

Wsonvpyiouiee konbuo
NAOCOBOI TOKOCHEMHMK

Herarvsibie !
nNacTvHL : 4 Cenaparop

: B HeraTuBHbIe TUIACTUHG
Cenapatop To3UTHBHLIE MNACTMHBE

No3uteHbie
NAACTUHL

HykenyposaHHbIA

MUHYCOBLI BBIBOA Buisod "~

Puc. 2.2. YcrpoitctBo Hukenb-kaamue-  Puc. 2.3. YcTpoiCTBO HUKENb-MeTALITHA-
BOTO aKKyMyJIsiTOpa PUIHOTO aKKYMYJIATOPa
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LnnuHapuYecKre akKKyMYISTODEl HMMEIOT YMEPEHHBbIE LEHBI H
00nanaloT BHICOKOM 3HEPreTHYECKON TUIOTHOCTHIO. MX mpumeHsior
JUIST IUTaHUS CPENCTB PagvuoCBA3M, MOOWIBHBIX KOMIBIOTEPOB, Me-
JIMLVHCKOTO 0o0OpyooBaHUsl, SJIEKTPOMHCTPYMEHTA M IPYIHUX
YCTPOUCTB, B KOTOPHIX HE TPeOyeTcs NMpUMEHEHMSt aKKyMYyJASITOpOB
CBEPXMAJIBIX pa3MepoOB.

Cpeny Bcex TUIIOB aKKyMYJSITOPOB, BBINYCKA€MBIX B LMJIMHADU-
YECKHUX KOpITycax, HAUOONBIIMI BEIOOD MPEACTaBIEH HUKEIb-KaaMHU-
€BBIMM M HUKENb~METAJUITUAPUAHBIMU aKKYMYJIATOPaAMH.

HenocrarkoM Oarapeil ¢ LWIMHAPUYECKUMU 3JIEMEHTAMM SIBJIS-
eTCA HEeIOCTATOYHOE HMCIOJNB30BaHMe oObeMa Kopmyca. Ilpu cBopke
Garapeil B KOpIyce OCTAalOTCH IOJOCTH, 3alloJIHEHHbIe Bo3myxoM. [lo
3TOI TIpUYMHE KOPITyca TaKUx OaTtapedl 4acTo UMEIOT CIOXHYIO BHYT-
peHHIo GopMy, YTOGBI TAKMX MOJIOCTEH HE ObLIO.

®opmoska
anemenTa

MpeccoBka kopmyca
1 BbIBOAI0B

=+ P

Ynbtpazeyxoson 3anpeccosxa
KOHTPONb KAYECTBA BLIBOI0B

3anueka

3NeXTPONUTa
KoHtpons

HanpAXeHus

Puc. 2.4. [Ipouecc npou3BoacTBa HUKEJb-METALITMIPHIHBIX AKKYMYJIATOPOB
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B 1ienoM mpoliecc MpOM3BONCTBA HUKENb-METANTHIPHIAHBIX aK-
KyMyJIATOpOB TNokasaH Ha puc. 2.4. [Ipouecc mpousBozctBa Hu-
KeJIb-KaJMUEBBIX aKKYMYJISITOPOB OT HETO HE OTIIMYAETCS.

NMpu3maTHUeCKHe aKKYMYNSITOPbI

TMpusMaTiieckast opMa xapakTepHa [Uisi HEKOTOPEIX TUIIOB HHU-
KeNb-KaAMUEBbIX W HUKEIb-METAUITHAPUIHBIX aKKyMYJISTOPOB M
Garapeil. B Takux akKyMynaropax IMO3UTHBHBIC ¥ HEraTUBHBIE TLIAC-
THHH HaOpaHBl B BHIC COHABMYA U PA3ACHCHBI MeXIy coboil cema-
paropamMy. «C3HABUY» M3 TUIACTUH BCTaBJIEH B KOPIIYC M TE€PMETH-
3upoBaH. KOHCTpyKIUS TIPU3MAaTUYECKOrO aKKyMy/ISTopa TOoKasaHa
Ha puc. 2.5.

W30nsumoHHas npoknazxa TNmocoBoit busoa
CamoyNOTHSIOHMACK
Wsonsrop BEHTUNALMOHHLIM KNlanaH
Ynnotmrens
Heratuenan nnacruna — MMOCOBO TOKOCLEMHHK

- Nosummean nnacvwa

Kopnyc, coeamHeHHbliA
PG — Cenaparop

€ MHHYCOM

Puc. 2.5. KoHCTpyKIMs NpU3MaTHYECKOTO aKKyMyJIsTOpa

TabnetouHsle aKKYMYASTOPbI

TabmeTouHbIe 3JIEMEHTH OBUIM pa3paboTaHel B LENAX MHHHATIO-
PU3aLIMK aKKYMYJISITODHBIX Oatapeil ¥ ynoOCTBa UX COOpPKH M3 TaKMX
3JIEMEHTOB. B HacTosiliee BpeMsl ppIHOYHBI CEKTOP 3THX 3JIEMEHTOB
JIOBONBHO y30K. HemepesapsikaeMble 3JIeMEHTHL IPUMEHSIIOT B 3JIEKT-
POHHBIX 4acax, CIYXOBBIX alfaparax ¥ yCTPOUCTBAX MaMSITH.

IlepesapsikaeMble TaOMeTOYHBIE 3JEMEHTHI IPUMEHSIOTCS B O€c-
TIPOBOAHEIX TenehoHax, MeMUIIMHCKUX NMpUOOpax ¥ B NPOMBILIUICH-
HOM UHCTPYMEHTE. XOTA OHM MMEIOT HeOOMbIINe raGapUThl ¥ HEBBI-
COKYIO CTOUMOCTb TPOU3BOJCTBA, UX HEAOCTATOK — pa3NyBaHHUE IIPU
OBICTpOM 3apsizie U3-3a OTCYTCTBUSA CHCTEMBI OTBoza razos. Ilo 3Toii
NPUYUHE BpeMsi 3apsana TabjEeTOUHBIX aKKyMYJISTOPOB COCTaBAsICT
10...16 yacos.
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2.4. KOHCTPYKUMM HMKeNb-KajMHMEBBIX
M HMKeNb-MeTANNIMAPHAHBIX aKKYMYRATOPHbIX 6aTtapen

DUPMEI-TTPOU3BOTUTENTA AKKYMYJIATOPHBIX GaTapeil BBIyCKalOT
aKKyMYJNATOpHble OaTapen COOCTBEHHON KOHCTPYKLMH, KOTOPHIE
UMeIOT PUpMeHHBIE 0603HAYECHHUSI U MapKHPOBKY.

OCHOBHBIM ¥ Haubosee PalMOHANILHBIM COCOOOM TIPOM3IBOACTBA
HUKENTb-KAAMUEBBIX U HUKETb-METAUITUAPHIHBIX aKKYMYTATOPHBIX
Gartapeil gBiAeTcs UX cHGOpKa U3 OMpeNeIeHHOTO KOMUYECTBA OTHO-
TUTTHBIX aKKYMYIATOpoB (pHuc. 2.6). Cpasy cienyer oGpaTUTh BHUMA-
HUE: COeNNHEHNE DIEMEHTOB MEeXIy COBOI MPOU3BOMUTCS TEPEMBIY-
KaMH ¢ HCITOJIb30BaHUEM TOUYEUHOM cBapkKu. COelMHATh aKKyMYyJIsi-

NniocoBoii BLBOA

| M0COBOH TOKOCHEMHMK

MutycoBbiid BHBOA | [To3UTMBHbIE NAGCTUHG!
HeratvBHbie NNACTUHLE

Puc. 2.6. ITpoiecc cOOpPKM aKKYMYJIATOPHBIX Gatapeil mans MOGWIBHBIX TesedoHOoB
(mpumep)
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TOpbl TP TIOMOLUM TaMKU HENb3sA, TaK Kak B ITOM cCly4ae
HeusbexeH UX MeperpeB M, KakK CleJACTBUE, BO3MOXHO pa3pylleHue
TOKOCBEMHHUKA, BHIXOJ U3 CTPOS TIPEAOXPAaHUTENIBHOTO KJialaHa, BO3-
MOXHBI W HEOOpaTUMBIE XMMWYECKHE TIPOLECCH, TPUBOASIIMNE K
CHIDKEHHIO eMKOCTH aKKyMYJISITOpa ¥ CITOCOOCTBYIOLINE €r0 CKOpEeii-
1eMy BBIXOAY M3 CTPOS.

®upma Panasonic BbITycKaeT HUKETb-KaJIMUEBBIE U HUKEJIb-ME-

TAJUITHAPHIIHBIE 6arapen crnenyrommx Tunos (puc. 2.7):

o F-tuma (F Type), B KOTOPBIX 3JEMEHTHI PACIIONOXEHbBI B DS,
COEIUHEHBI MEXAY COOOI MOCeI0BaTeIbHO HUKEIUPOBAHHBI-
MM TIEpEMBIYKAMU U CKPEIUIEHBl TEPMOYCaqOYHON TPYOKOM;

+ koMbunuposBanHble F-tuma (Composite F Type), B KOTOpBIX
3JIEMEHTHI PACITONOXEHBI B 2—5 psalioB, COEAUHEHBI MTOCIEN0-
BaTe€IbHO U CKPEIUIEHBl TEPMOYCalouHOH TpyOKOH;

o L-tuma (L Type), B KOTOPBIX 3JIEMEHTHI PACIIONOXKEHBI NOCIE-
JIOBATEJILHO B OCEBOM HATIpaBJIeHUM, COeIMHEHBI MeXIy COOOM
MTOCJIEIOBATEILHO HUKEIUPOBAHHLIMU TIEPEMBIMKAMU U CKpeTl-
JIEHBI TEPMOYCaTOYHONU TPYOKOH;

« koMmOmMHuMpoBaHHBIe L-tuma (Composite L Type), B KOTOpHX
3JIEMEHTBI PACTIOJIOXKEHBI TIOCIeHOBATEILHO B OCEBOM Harmpas-
JIEHUHM B 2—5 pANOB, COEOUHEHBI MEXIY COOOM TocienoBare-
JIBHO HUKEJHMPOBAHHBIMU MepeMblYKaMU U CKpeTlieHbl TEPMO-
yCcasiouyHOH TpyOKOiA.

Bonee HarnsimHo KoHCTpyKiusa 6atapeil F- m L-tunmoB npencras-

JieHa Ha puc. 2.8. M3 Hero BMAHO, YTO KpoMe aKKyMYJISITOPOB, OHU

Compaosite F Type

Puc. 2.7. Tunel akKyMyJISTOpPHBIX 6aTapeit 1Ipou3BoacTBa GpUpMBl Panasonic
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Buisop, TepmoycanodHas

TepMmonpeRoxpaHuTEND
a) KoHCTpyKuns Gatapeu F-tuna

TepmoycagouHas
nneHKa

6) xoHcTpykuua 6atapeu L-tuna

Puc. 2.8. KoHcTpykitns akkymyasatopHbix G6atapeit L- 1 F-tumos

HUMEIOT ellle OIVH OOSA3aTeNbHEBIN 3JIEMEHT — TEPMONPEIOXPaHUTENb.
barapen TakuMX THUIIOB MOTYT MMETbh KOPIYC M3 I1acTMaccel. VX BHI-
BOMbI MOTYT OBITH BBIITOJIHEHBI JTHOO B BHIE IUIACTHH OIpele/ieHHOM
KOH(MUIYpaluMy ¥ pa3Mepos (Tabsn. 2.1), nu60 U3 MPOBOJIOKU Onpeje-
JIEHHOTO ce4eHus (Tabn. 2.2). OGKYHO TUTIOCOBOMY BBIBOAY Darapeu

COOTBETCTBYET KPAacHHLIH nposoa, MUHYCOBOMY — ‘IeprIfI.

Tabauya 2.1
Paamepyl BLIBOAOB, MM Tunopaamep akkyMynsiTopos,
Dmna iupuna Tonuuna B KOTOPLIX NPUMEHIOTCA
15 4 0,15 AA v meHee
15 4 0,15 A
20 5 0,15 SC
25 5 0,15 C
30 7 0,15 D u 6onee
Tabauya 2.2
Tunopaamep 6arapeit | CooTBETCTBUE NPOBOAA CTAHARPTAM Lnwta, MM Liger BoiBOAOB
«+» — KPACHBIA
AA 1 MeHee UL1007, AWG24 200 -
«—» — CUHWHA
«+» — KDACHLIA
A UL1007, AWG22 200 .
«— ~ CHHUIA
«+» — KDACHHIA
SC UL1007, AWG20 200
«—» — CHHUIA
«+» — KDACHHN
C UL1007, AWG20 300 e
«—» — CYHUA
«+» — KPACHbIA
D v bonee UL1007, AWG18 300 -
«—» — CUHWIA
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JInsg 3akperuieHUs] 3JIEMEHTOB HCIIONB3YIOT TEPMOYCAJOYHBIE
TpYOKM M3 NOJMBUHMIXIOpHIA TomuuHoi 0,1...0,2 MM COOTBETCTBY-
jolllero [MaMerpa. B KauecTBe 3/IeMEHTA 3aIMTHI VIS TIPEXyTIPEXIe-
HMS TIepe3apsjia M TeperpeBa IPUMEHSIOTCS TEPMOIIPENOXPaHUTENMN,
TEPMHUCTOPBL C TOJIOXUTENBHBEIM TEMIEPATYPHBIM K03bdHmeAToM
CONMPOTUBJICHUS, TUIABKUE NIPEIOXPAHUTEIM, TOKOBAS 3alllUTa U ApPY-
rue KOMIOHEHTH. OHU MOIyT HPHMEHATHCA WHAMBUAYATBHO UAH B
COUYETAHUH C IPYTUMM 3jieMeHTaMH 3auuTel. Kpome Toro, Panasonic
MpeqyiaraeT eule ¥ BCTPOGHHBIC JIEMEHTHI [UISl 3aIIHUTHI TI0 MTUTAHWIO
YCTPOHCTBA — MOTPEOUTENST IHEPTUH.

Batapen, BuinmyckaeMele kommnaHued Golden Peak (GP), nmeror
cOOCTBEHHYIO MapKWpOBKY. Hamnpumep, MapkupoBKa aKKyMyJsTOp-
Hoit 6atapen GP60AAS4BI1P o3nayaeT cienymolee:

GP60AAS 4B 1P

1 2345

I — i snemeHTa (CM. TaOMUIBI B TPUIOXEHUH);
2 — KOJUYECTBO 3JIEMEHTOB B Oarapee;
3 — xoHourypartus 6arapeu (puc. 2.9);
4 — xop, 0003HAYAIOHIMI THUII BHIBOJOB!
1 — mnomocKoBBIN JUIS TaiiKu,
2 — I YyCTAaHOBKH Ha MEYaTHYIO TUIaTy
(0ba OMUHAKOBHIE);
JUISL YCTAHOBKM Ha MEYaTHYIO IUIaTy
(TUTIOC — ABOMHOM, MUHYC — OIWHApPHBIN);
4 — B BHIE IPOBOAA A HAWKH;
5 — KOpOTKMil MOJOCKOBBIN;
6 — CO CBUHIIOBBIM MPOBOIOM;

5 — xon, 0003HaYaIIMA HAIIPaB/IeHHE BLIBOJOB:

P — BBIBOIBI HATIPABJIEHB! B TIPOTHBOIOIOXHEIE CTOPOHEI;
H — BBIBOIBI HallpaBJIEHBI B OIHY CTOPOHY.

Ha mpakruke B NMOPTaTUBHBIX YCTPOHCTBAX Ha MPOBOJOYHEIE BBI-
BOZBI YACTO YCTAHABJIMBAIOT COCIMHUTENU M ynoOCTBa MoJayu TH-
TaHUS Ha IUIaTy 3MeKTPOHHOTO ycTpoiicTtBa. K HUM oTHOCATCS:

¢ YHUBEpPCANBHBIN coenuHuTtens MU;

o coenuHuTens MJ (JST EHR-2);

o coenunutenb ML (Molex 5264-02);

o coenuHuTeas MS (Mitsumi M63M83-02),

Hx BHEWIHUHN BUI IpeiacTaBien Ha puc. 2.10.

w
l
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A B G S

Puc. 2.9. Kondurypaunu akkyMmynsTopHbix datapein GP
U COOTBETCTBYIOLINE UM KOABI

YuusepcanbHbin MU ML MS
CoBmHInans Thna MU JST EHR-2 Molex 5264-02 Mitsurni M63MB83-02

Puc. 2.10. Brewnuit Bun coendHuTeNeH 11s NOAKIIOYeHUs: GaTapeit
K MeYaTHBIM IUIaTaM

[TpousBoaUTENN aKKYMYJSTOPHBIX Oaraped (pedb WIET, TIpeXIe
BCETO, O KOMITaHHMSIX MUPOBOrO MaciiTada, Ybsl NPOSYKIUS CHABUTCH
CBOMM KauyecTBOM) JeJal0T BCce BO3MOXHOE, YTOOBI MNOJIb30BaTeslb
MOT M30eXaTh NMOObIX HEMPUSTHOCTEHM, CBSI3AHHBIX C HapYLIEHUSIMU
pexuma Mx 3Kcruryatauuu. I[TosToMy Gataped TakuX ITPOU3BOAMUTE-
Jieif — 3TO He MPOCTO cOOpKa U3 aKKyMYISTOPOB, COCAMHEHHBIX Ie-
peMbIuKaMH, HO M pa3Iu4yHble AOMOJHUTEIBHBIE 3JIEMEHTHl WU
YCTPOMCTBA: IUIaBKUE MPENOXPAHUTETU, TPEIOXPaHUTEAU MHOTO-
kpatHoro neiicteuss POLYSWITCH™, tepMucTopsl, TepMOBBIKIIIO-
qyaTesu U MHoroe Japyroe. O60 BCeX TAKUX XUTPOYMHBIX YCTPOMCTBaX
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GyJeT paccKa3aHo Jajee, a 11oKa BaXHO 3HaTh, YTO Oarapeio He 1po-
CTO HYXHO cobpaTb, To106paB OMHOTHITHBIE COTTACOBAaHHEIE 1O €M-
KOCTH M BHYTPEHHEMY COIIPOTUBJIEHUIO AKKYMYJISITOPHI, HO U TIpeldy-
CMOTPETh HAJIMYWE B Heil BCTPOEHHBIX YCTPOMCTB, KOTOPHIE obectie-
yaTt ee 3a1UTY ¥ 3POEKTUBHBIA pexXUM 3apsiaa.

2.5. Metopbl 3apaaa HHUKesb-KajiMHEeBbIX
H HMKENb-MeTaNnArMAPMAHLIX aKKYMYNSTOPHbIX Datapen

AXKYMYISITOPHBIE GaTaper B Ka4ecTBE MCTOYHUKOB ITUTAHUS MO-
TYT UCIOJIb30BAThECS LIMKJIWYECKU WM B peXUMeE oxunpanus. Liukmu-
4ecKOoe UCIMONb30BaHUE SBISETCA OCHOBHBIM BapHAaHTOM HX TIpUMeE-
HEHVsI, U OHO XapaKTepHU3yeTCs TIEpUONUYECKHUM 3apsiioM W paspsi-
JoM Oaraped, Korma OHHM SIBJASIOTCS OCHOBHBIM HCTOYHUKOM
muTaHus. Mcnoiab3oBaHUe WX B peXXUMe OXUIAHHS XapaKTepHO IS
MPUMEHEHUST B UCTOYHMKAX U CHCTeMax OecriepeGOHHOro MUTaHWS,
CHCTEMaX aBAPUWHOTO OCBEUIEHUS U T. M., OTIHYAIOIHUXCA T€M, YTO
OCHOBHBIM UCTOYHMKOM MUTAHMUS Harpy3Ku SBISETCS CETh MepeMeH-
HOTO TOKa, a aKKyMyJiATopHast 6artapess HaUnHaeT paboTaTth npu ¢6o-
sIX B ee pabore.
COOTBETCTBEHHO pEXUMY HCTIONb30BAHUS Pa3TUYalOTCs U METO-
OBl 3apsjia aKKyMYJISITOPHBIX Oarapeit (tabi. 2.3). CrienyeT OTMETUTD,
YTO B JMTEPATYpEe 4YacTO IMUIIYT O JABYX B3aMMOCBSI3aHHBIX TpYIITIax
BApUAHTOB NMPUMEHIEMbIX METOOOB 3apsaa:
e METOJBI 3apsfa IO €ro CKOpoCTH (T. €. IO BpeMEHU 3apsana ba-
Tapeu A0 ¢¢ PUBECHUS B pabouce COCTOSIHUE);

¢ METOBI 3apsfa TI0 CIIOCO0Y OTKITIOUEHUS] aKKYMYJISITOPHOI 6a-
TapeH T10 €ro OKOHYaHHUM, TIPM KOTOPOM 00eCIieYUBaeTcsl KOH-
TPOJIb OMHOTO MJIM HECKONBKMX €€ MapaMETpOB, M TPH Xapak-
TEpHOM U3MEHEHUU OIHOIO U3 HUX MPOUCXOIUT MpPeKpallleHHE
LIMKJIa 3apsna.

IlepBag rpymnna 6o/ee TOYHO ONpPEACAsieT METOAB 3apsAaa, & BTO-
past UX YTOUHSET.

Jins 3apsaa HUKeNb-KagMHMEeBBIX aKKYMYJISTOPHBX Gatapeil MOX-
HO UCITONB30BATh OJUH U3 TpeX METOMOB 3apsaa (10 CKOPOCTH 3apsi-
na):

e HOPMA&JIBHBIN UM MelIeHHBIH 3apsan (Slow Charge);

o OnIcTphlif 3apsan (Quick Charge);

o ckopocTtHol 3apsin (Fast Charge).
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Tabauya 2.3
BapuaHT ucnonsaosaxus Boems 33 Y MeTog 3apsga {no cnocoby NouMesaHve
akkym. 6arapen pel PRAa, oTKMOuEHs Batapen) P
AV-33pa AsTOMaTMyeCKoe
OTKNIO4EHUE
AsToMaTUyecxoe
AT-sapan OTKIIOUEHUE
MeToZ4 KOHTPONA HanpaXeHusa AsTOoMaTH4eckoe
1.2 3apsa oTKAIOYeHVe
LAKAHeCKMi pexym MeToA KOHTPONA Cnapa Ha-
NpsXeHUs 3apada
He pexomenyetca uernonb-
30BaHUE 418 33paaa HU-
3apan i NOCTORHHOM 3H3- | yany. canuueRwX GaTapeil
YEHUM HANPAXEHUA UK TOKA
3apsna
6.8 Meron ynpasnenva speme- Asvomatnyeckoe
HeM 3apaaa no Taimepy ' OTKMOYEHUE
15 HopmanbHbiii 3apag OtknoyeHue BpyuHylo
PexuM OXWaaHHs HenpepbiBHsiit 33 Crpyiirti Barapes nocTosHHo A-
pep pRA {KOMNEHCALMOHHbIIA) XnioyeHa

OCHOBHBIE XapaKTePUCTHUKHM KaXKIOTO M3 STHX METONOB IIPHBEJC-
Hbl B Tab11. 2.4. Ho B Helt MeTonsl 3apsaa MpeACTaBlIeHb HECKOIBKO
B UHOM CBeTe. A UMEHHO — 10 CIOCO0Y 3aBepIUeHUs LIMKIIA 3apsafa.
ITogcHUM: METON yIIpaBjleHUs] BpEMEHEM 3apsiia 110 TaliMepy SBIsieT-
CsSl YaCTHBIM CIIy4yaeM HOPMAaILHOTO 3ap#aa; Ha Hero TIOXO0X METO[
OBICTPOrO 3apsiia, HO OH TIpeAycMaTpHBaeT He OTKIIOUeHHe Gartaped
10 CUTHaIy TaiiMepd, a KOHTPOJIb 3a HamnpsLKEHHEM 3apsiia U 3aBep-
ILIEHWE LMKJIA 3apAda MO JOCTHXEHNH HanpsSXKeHUs] KOHIA 3apAna; K
METONYy CKOPOCTHOIO 3apsiia OTHOCSATCA MeTonbl AV- u AT-3apsina.
B 1absn. 2.4 npuBeneHH TakXke M XapaKTEPHUCTUKH CTPYHHOM Ttoa3a-
PAOKY, HO 3TOT METOH, MOCKOJBKY HE SIBJISICTCH OCHOBHBLIM, B HANb-
HellileM AEeTAbHO He paccMaTpuBaeTcd.



Tabauua 2.4

MeTonp 3apsaa
0 HopmanbHbin BoicTphi CxopocTHO#
napameTpu
C OTKIOuEHvEM C oTkmeHenmem no
HopmanbHbi 1o TaiiMepy NOCTUXEHVIO Hanps- AV-3apsg AT-3apag Crpyiiulii
XEHUA KOHUR 33pAaa
Kon-80 coenmreHui
¢ Garapeeit 2 2 2 2 3 2
Bpems sapaga, 4 14...16 6..8 3.6 1.2 1.2 30 u 6onee
Tok 3apana 0,1C 0,2C 0,3C 05...1C 05...1C
Tok CTpyitHoN 0,033...0,05C
K HOU
N - 0,033...0,05C 0,033...0,05C 0,033...0,05C 0,033...0,05C
Crenetib 3apaga
Sarapen, % - 120 100...110 110..120 100...110 -
1. Mcnonb3osanme | 1. Bonee wicoka Ha- | 1. OTHOCKTENbHAA ;omi“;;om we 8 Haubonee | 1. (IPOGTOTa M SKOHOMH-
8 TnoBbix 3Y. BEXHOCTB. npocTora; 1. Hanbonee 4acto wuc- § 0cTe;
OcobexHocTi 2. He nonyckaet nepesapaia u | 2. NPUrOAHOCTb ANS CHCTEM
i. npu;c:;;n;‘a ﬁT mmoem:: npo- iosom BLCOKAS nonLayertca 8 3Y, 6 WEAET HanGorLini COOK | C HOTDEPLIBHOR oA
re : SKOHOM b P ’ sapsna. cnyx6u 6aTaped. Ko# Bavapeit,
— TEPMUHANB JIAHHBIX; .
R M X ~ CHCTEMBE 3BAPMIAHOTO
~ anexTpobpuTesl; | . . | — suneoxamepy; — MOLHbIM AN/MHCTDYMEHT, ;
TlpumensemocTs | -~ paamoTenedonsl; | pan Te"e¢°'::" : 3np a /” " Te! mu, - BecnposoaHoe 060py- | — HOYTOYKM; MOGUNbHIE gczeu‘;lreel:r:'xpauenm
~ WIPYWKA. neXTPOGPHTES. PYMEHT. [L0BaHVE; TenehOHb!. LaHHEX
— MODUABHBIE TENeOHb. )

nadvwipg 219HENAPN2VYDWIW-AVINNN N 2199INWOPDH-VINNE]
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HopmanbHbii 3apsag

Ilpyn HOpMaThbHOM 3apsifie 3apsiAHOE YCTPOHCTBO TpPeNCTaBIsICT
Cc0o00M MCTOYHUK TIOCTOSIHHOIO TOKa, B BBIXOAHYIO MLelb KOTOPOTO
MOCJICAOBAaTeIbHO BKJIIOYCHO CONPOTHBJICHHE, oOecIeyMrBalolce
OrpaHUYeHUEe TOKa 3apsaa 1o HeoOxoauMoit BenuuuHbl (puc. 2.11).

Paccyurath 3apsiAHBIN TOK HECIOXHO:

I, =V,/l -V :V” ~Vsp - N .
R R

R
+ i

WCTouHMK nuTatns
3apsinHoro yerpovicTeal  V, Vea]

—thhk—

Puc. 2.11. CxeMa 3apstHOro ycTpoicTBa HOPMAILHOTO 3aps/a

Ilpn 3apsine 6aTapen U3 HECKOJILKUX aKKYMYJSITOPOB HEOOXOAU-
MO, 4TOOBI OHU OBIIM OTHOTUIIHEI, YTOOBI MOCIEIOBATEIHLHO OBLIO
BKJIIOYEHO KAaK MOXHO MeHbllIee MX KOJUYECTBO, UTOOBI B LIETIH HE
OBUIO HH OTHOTO HEMCIIPABHOTO akKKyMyJiaropa. B cimyyae, ecnan He-
00XOOUMO OJHOBPEMEHHO 3apsiiNTh OOJBIIOE KOJIWUYECTBO aKKyMy-
JISTOPOB, LEeNeco0bpa3HO MCMOJb30BaTh MX CMEUIAHHOE BKIIIOYEHHE
(puc. 2.12, a). Ecan xe TpebyeTcs 3apsSauTh aKKyMYJISITOPBI pa3HOit
€MKOCTH, TO TDYIINBI CAEAYET COCTaBUTh M3 ORMHAKOBBIX aKKyMYJIA-
TOPOB, W [UII KaXIOW Tpylnbl MCIOIb30BaThb CBOHM peocTar
(puc. 2.12, 6). BBuay Toro 4yTo Ha NMepeMeHHOM COIPOTUBJIICHUM, UC-
MOJB3YyEMOM B KayeCTBE pPeoCTaTa, pacceuBaercsl OOJbIIas MOLI-
HOCTb, TaKOil peocTaT IOMXeH OBITh MPOBOJOYHBIM U C BBICOKOH

R
+ v - *
R1[1LR2
¥ct. nvTanna T, nwrarmm - -
wpyopoicra| |V, Va| == = |sap. yorporcrsa | =
- T‘ Veas .? Vierz

a) 6)
Puc. 2.12. OcobenHocTH 3apsiia GOMBLIOTO YHMCIA OOHOTUITHBIX AKKYMYJISTOPOB (a) U
AKKYMYJIATOPOB pa3IMYHOIi eMKOCTH ()

]

+

+—h
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MOLIHOCTBIO pAaCCCUBAHUsA, onpenensieMoil TOKOM Harpys3ku. Paccun-
TaTh MUHUMAJIBHYIO MOIITHOCTL PeOoCTaTa MOXHO 10 (bOpMYJIeZ

P=1*R.

Henb3g nonyckats nepesapsiia 6atapeil B pexxumMe HOPMaJlbHOTO
3apsiia. DTO MPUBOJAUT K MX MOBHILIEHHOMY Harpesy, GBICTpOMY CTa-
PEHUIO ¥ BBIXOLY U3 CTPOA.

BpeMeHHas XapaKTepUCTHKa HOPMAJIbHOIO 3apsiia MpHBeAeHa Ha
puc. 2.13.

la/_y\

]‘l

Puc. 2.13. BpeMeHHAs XapaKTepHCTHKAa HOPManbHOTo 3apsina

Ilpumenanue. B oreyecTBEHHON TeXHUKE, OCOOEHHO B BOEHHOMH, AO
CHX MOp BCE el IHMPOKO NPHUMEHSIOTCA HErepMETHYHBIC HUKETh-KAI-
MHEBBIE aAKKYyMYJIATOPHbIE GaTaped, B KOTODblE 3ajMBacTCAd KUIKUI
3NMEKTPOIUT (PAcTBOP ILEJIOUM IUIOTHOCTRIO 1,12...1,14 xr/n). Ilepen ux
33apAAOM HeOoOXOOMMO BHIBMHTUTH HEBHINMANAIOLIME MPOOKHU JUIS OTBOIA
rasoB, a [I0 OKOHYaHMM 3apsla CHOBAa MX 3aBHHTHUTH, HO TOJLKO ITOCIE
OCTHEIBaHMsl OaTapelf, MHauye MX pasgyeT. TOK HOPMAaIbLHOIO 3apsiga Mid
atnx Garapeit cocrapisier 0,25C, a Bpems 3apsisa — 8 4. O6o3nayeHue
TUMNA TakWX 6aTtapell HAHOCUTCS Ha Kopnyc, Hanpumep, 2HKIT-24, rae
2 — konuyectBo 3meMeHToB, HK — THUN 3jieMeHTa — HUKeTb KagMue-
Bbift, [1 — ocofeHHOCTM KOHCTPYKUMM TUIACTHH, B JaHHOM cAy4yae —
NPECCOBaHHEIE, 24 — €MKOCTh, A-4.

YnpaeneH1e BpemeHem 3apsifia No Talmepy

3apsnHOe YyCTpOHCTBO, paboTaroliee 10 METOIY YIIPaBIEHUS Bpe-
MEHEM 3apsia 1o TaiiMepy, padoTaeT B JBa 3Tama: 3apsan O6aTapeH TO-
koM 0,2C ¢ mepekIioueHHEM ee Yepe3 6 4 B PeXUM CTpyIHOII rmon3a-
psaaku toxoM 0,05C. Ero crpykTypHass cxeMma TipeAcTaBieHa Ha
puc. 2.14, a BpeMeHHBIe XapaKTepUCTUKM TIpollecca 3apsna — Ha
puc. 2.15.
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+

Wer. nutanus
ro

3apAAHO
YCTpOACTBa

Puc. 2.14. CTpyKTypHas cxeMa 3apsHOTO YCTPOHCTBaA C YNPaBleHHEM [0 TaitMepy

"

I

ng%c‘;(a Ocranos

TauMepa

t

Puc. 2.15. BpeMeHHds XapakTepUCTHKA 3apsiia ¢ YIIPaBICHUEM T10 TaiiMepy

Hcnonb3oBaHue 3apsAHbBIX YCTPOHCTB C TalMepoM TIO3BOJISET
YMEHBHIUTL BpeMs 3apsiga Gojice yeM B 2 pa3a O CpaBHEHMIO C 3a-
PSIZHBIMM  YCTPOMCTBAMM HOPMAJIBbHOIO 3apsifia, YBEJWYHUTh CPOK
CITYXOBI aKKyMYJISTOPHBIX OaTapeil. ONHAKO TaKHe YCTPOMCTBA HENb-
351 MPUMEHATH B T€X NPWIOXCHUSIX, B KOTOPHIX M3-3a CPAaBHUTECIBHO
YACThIX BKJIKOYCHUI U BBIKJIIOUEHUUN TaliMep riepesarmyckaeTrcs, T. €.
rnpoluecc 3apsiia, He 3aBePLIMBIUMCE, 3aIIyCKAETCS BHOBB.

BbicTpLIM 3apsag

B 3apanHeIX yeTpoiicTBax, paboTaoliMx Mo METOAY OBICTPOro 3a-
psifa, OTKIIOYCHHE OaTapeu 1O OKOHYAHMH 3apsiia IPOM3BOAUTCA
MnyreM KOHTPOJNS HampspKeHUs Ha Hed. Kak TOMBbKO OHO JOCTMTHET
OTpeNEe/IeHHON BEJWYUHBI, NMPOU3OMIAET NEPEKIIOYeHUE Oataped B
PEXHUM CTPYHHOM ITOA3APSIAKH.

CTpyKTypHas cxeMa yCTpOMCTBa OBICTPOTO 3apsilia NMpUBEAEHA Ha
puc. 2.16. Tlpu takoM cmocobe 3apsiga HEOOXOOMMO YYUTHIBATH W
BAMSIHUE TeMIIepaTyphl OKpyXatolleli cpennl. s 3Tol Uenau B Lenb
yTIpaBI€HHUs KoMITapaTopa BKIoyeH TepmucTop RT. JInsa Toro 4yTo6s
3aUIUTUTh 0atapeio OT mnepesapsfa W Teperpesa, HMMEETCA IBa
YCTPOMCTBA 3alUUTHl — TaliMep M TePMOIMPEAOXPAaHUTE/Nb, YCTAHOB-
JIEHHbIE BHYTPH €€ KOpIyca.



Huxeav-xadmuegvie u Hukeas-memari2udpuonsie bamapeu 31

[k

Puc. 2.16. CrpykrypHas cxema ycTpoiicTBa GbICTPOro 3apsaa

+

. TepMOnpenoxpaHuTenh
WCT. nuTating

MerTon OBICTPOTO 3apsiia UCHOAB3YETCsS TOMBKO IUIS 3apana HU-
KeNb-KagMueBbiX Oarapeif. B HacTodlllee BpeMs OH NMpPaKTHYECKH He
MPUMEHSETCA 110 TOH TIPUYKUHE, YTO OYEHb TPYIHO COIIacoBaTh GaTa-
pero C 3apANHBIM YCTPOMCTBOM: IUT pa3HbIX Oarapedl HampsXeHue
OTKMIOYEHHS Pa3nndYHoO. [TockoneKy momobpaTh €ro TpyaHO, BO3MO-
XeH KaK He[osapsili, Tak M repesaps 6ataped, a 3TO HEAOITYCTHUMO.

BpeMeHHas xapakrepucTvka paboThl YCTpOMCTBa GBICTPOro 3apsi-
Ja IpUBeIeHa Ha puc. 2.17.

Ve
h v

Puc. 2.17. BpeMeHHas xapakTepucTHKa paGoThl ycTpoiicTBa
6pICTPOrO 3apsiia

CKopocTHOM 3apsa

Jnst HUKeNb-KagMHUEBBIX Y HUKENb-METALITHAPDHIHBIX GaTapeii
JIy4ille BCEro NpUMEHSTh MeTon ckopocTHoro 3apsima (Fast Charge).
HopMainpbHblif (MEUIeHHBIN) 3apsal MPUBOIAMT K KPHUCTALIM3ALMM
3JIeMEHTOB 0aTapeu, 4TO CHIKAET WX €MKOCTh U CpoK ciykObl. He-
CMOTpPS Ha TO, YTO Ji1d OopeOH ¢ 3(peKkToM MaMsATH (YMEHBIICHUE
€MKOCTH M3-3a KPUCTAUIM3aLMU aKKyMYJISITOPOB) NMPHMEHSIOT CIie-
LMaJbHEIE METOIBI, KOTOPHIE ITO3BOJISIIOT BOCCTAHOBUTL €EMKOCTD 0a-
Tapeu, CPOK ee CIyXObl IIpH 3TOM BCE PaBHO CHUXaeTcsl. Temmepa-
Typa Oarapeu IIpU 3apsae AOKHA ObITh YMEPEHHON, a HaXoXIeHHE
€€ MpY MAKCUMAJIbHO JONMYCTUMOM TeMIIEpaType JOJIXHO OBbITh Kak
MOXHO MEHBbIIIE.
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BaTtaped 3THX THIIOB He PEKOMEHAYETCS OCTABJSITL B 3aPSIHOM
ycrpolicTBe Gojiee 4yeM Ha HECKOJBbKO AHel, Jaxe IpU MPaBUJILHO
YCTAaHOBJICHHON BeMYMHE TOKAa B pEXUME CTPYHHOMN ITOA3apsAnKHU.
Hdnsi 6ope0Obl ¢ 3@EKTOM TaMAITH HEOOXOOMMO OJUH pa3 B Mecsil
MPOU3BOJUTE KOHTPOJBbHO-TpeHMpOoBOUYHBII UK (KTL) — monHo-
CTBIO Pa3psiiUThL 6AaTApPEI0 TOKOM HOPMAJIBHOTO pa3psiia, a 3aTeM He-
MEIUICHHO 3apsiIUTh €e.

Haubosee TOYHHIM 1 HageXHBIM CIIOcOO0M YNpaBJIeHHS IPOLIeC-
COM 3apsia HUKEIb-KAAMUEBBIX U HUKEIb-METAUITHAPUAHLIX Oara-
pel gBIgeTCA CHOCOO YIpaBlIeHUs 3apsioM IIPU TNOMOIIM MHKpO-
KOHTpOJUIEpa, KOTOPBLIM OCYIUECTBISIET MOHMTOPHUHI HaMpsKeHUs
faTapen M OTKJIIOYAET €€ MPU ero XapakTepHOM H3MeHEeHHH. Takum
XapaKTepHbIM H3MeHEHHEM SBISETCS Pe3KOoe HEe3HAaUMTEeNbHOEe CHM-
JKeHHe HanpsKeHHs Ha 6aTapee B KOHIE 3apsma. Ero HasbIBaloT OT-
pHULATEIBbHBIM JeibTa V (B aHMIOS3BIYHON TEXHWYECKOH JIUTepaTy-
pe — Negative Delta V, unu cokpaiienHo NDV). B oteuecTBeHHOM!
JUTEpaType TAKON METON 3apsiia HAa3hBAIOT MCTOMIOM OTPUUATENHHO-
ro AV-zapsina, MoayepKHBash HEOOJNbLIOE NaJCHUe HampsKeHUs B
KOHIIC 3apsiia, WIM NPOCTO MetoaoM AV-zapsina. CHMXXEHUE Hampsi-
KEHUs B KOHIIE 3apsia UIS HUKeNb-KaaMHEBBIX Oarapeif cocTapiser
10...30 MB Ha a;meMeHT.

Meton AV-3apsina ocoOGEHHO XOpOIIO UCHOIb30BaTh ISl ONpee-
JIeHUs] BPEMCHM KOHIA 3apsia B 3apsIHBIX YCTPOMCTBAX TepMeTHY-
HBIX HHKEIb-KaJIMHUEBbIX 0aTapeil, ITOCKONILKY OH obecrieynBaeT Obl-
CTpPO€ BpEMSI OTKJIHMKA. XOPOILIMX PEe3yIbTaTOB IPH €r0 MCITOJNb30Ba-
HUM JOOMBAIOTCS U NPU TOA3APSAKE YAaCTHYHO WIM TOTHOCTBIO
3apsikeHHBIX Oarapeit. IIpM BKIIOYEHWM Ha 3apsgnKy, HamnpuMep,
MMOJTHOCTBIO 3apsKeHHOM OaTaped HaIpsbkeHME Ha Hell cHavana pes-
KO BO3pacTeT, a 3aTeM Cpasy Xe Pe3KO CHHU3UTCS, UTO IPHUBENET K
TpePBIBAaHMIO Tpoliecca 3apsaa. Takoi UMK TIPOUINTCS BCETO JIMHIb
HECKOJIBKO MHUHYT, B T€UCHUE KOTODPHIX Oatapest He YCIIEET HarpeTh-
cd. YeM Jydllie 3apsiiHOE YCTPOHMCTBO «UYBCTBYET» AV, TeM KadecT-
BEHHee MPOU3oiIeT npouecc 3apsaa. Ha puc. 2.18 nzobpaxeHa Bpe-
MeHHAsI XapaKTepUCTUKa AV-3apsina.

Ecnn xapaktepucTuka Ha puc. 2.18 oToGpaxkaer BCero IHIIb
NpUHLMAN AV-3apsna, To Ha puc. 2.19 uzobpaxeHa pealbHas Xapak-
TEPUCTUKA AV-3apsiiHOTo yCcTpolicTBa. M3 Hee BUAHO, YTO IIpOIIECC
3apsiga HAYMHACTCSA C MHUIIMHPYIOWETO (HAYaJIbHOTO) 3apsifia TOKOM
okono 0,2C. OH ocobeHHO HeoOXoauM, eciu OaTapesi TMOJHOCTBIO
paspsxkeHa. ITocne sToro srara HacTyIaeT aTanm CKOpPOCTHOTO 3apsija.
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VS —AV
L Vs |

t
Puc. 2.18. BpeMeHHds xapakTepuCTHKa AV-3apsina

Nepenan Hanpaxenms —AV,
KOTOPbIM MEET MECTO B TEYEHHE  [Topor nepexiioyenyil B PEXAM CTPYIHON
nepBLX 5 MUK C MOMEHTa Hadana no gg)cmxenuu Hanpsxenvs
ha anemenre 1,95 B

LIMKNa CKOPOCTHOrO o
Ve £
L Vs —AV

MOMEHT Nepexoa M3 pexma CKOPOCTHOD 3aPAEA
B PEXHM CTDYWHOW NOA13apRAKK

HauanbHbM (MHALMMDYIOWMA
:gapaa TOKOM 0, CipyitHas ToKOM 0,05C

sTeyenme 154

t

CopocTHoR TOKOM
("= 10...40 °C)

Puc. 2.19. PeanbHast xapakTepucTUKa pabOTBI CKOPOCTHOTO
AV-3apsiiHOTO ycTpoiicTBa

B ero HavaybHOM YacTH MMEET MECTO HE3HAYUTENBHOE IMaJeHue Ha-
npsixeHust (~AV), HO aBTOMaTHKA OTKIIIOYEHMST He ¢pabaThIBacT, T. K.
OHa HaCTpPoOeHa TaK, YTO B TeYeHHUE 5 MUH C MOMEHTA Hayala CKopo-
CTHOT'O 3apsila He pearupyeT Ha OTPHUIATENbHOe M3MEHEHHe Harps-
XEHMs 3apsina. B KoHIle 3apsiga Ha Gatapee HaGmiomaercs mnaneHue
HampspkeHus u3 pacdera 15...20 MB/35eMeHT, KOTOpOe CIYXHUT CHUT-
HAJIOM JJIs1 BHIKJIIOYEHUS PEXMMa CKOPOCTHOTO 3apsia M Iepexoja B
pexuM cTpyifHoit mon3apsiaku TokoM 0,05C B Teyenue 15 4, mocne
yero Oarapest OTKJIIOYAeTCS OT LEMU 3apsiga nojHocThio. CrpyiiHas
mom3apsnKa KOMIIEHCHpYeT ee caMmopa3spsin. Cama Gatapest TOTOBa K
HCIIONIb30BaHUIO ITPAaKTHYECKM Cpa3y Xe TOCHe 3aBeplleHUsS CKOpPO-
cTHoro 3apsaa. Ecnu aneMeHTH 6aTaped IUIOXO COIJIacOBaHBI, Nepe-
naj HaIpsDKeHWsT —AV MOXET MMeTb Majioe 3HaueHue, HeIOCTaToY-
HOe IS IMEPEKIIIOUYCHUS 3apsAIHOTO YCTPOMCTBA B PEXUM CTPYHHOM
non3apsiaku. B 3TOM ciydae TIpeaycMOTPEHO €ro IIpHHYIUTEILHOE
MepeKITIOUEHME B 3TOT PEXHUM IO JOCTUXEHUM HAIpSIXeHHI Ha 3Jie-
MeHTe 1,95 B.
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Yro6bl MageH1e HanpspKeHUs1 Ha GaTapee B KOHLUE 3apsiia Obuio
JOCTAaTOYHBIM IS ONPEAeICHUS] 3TOr0 TIOpOra, TOK 3apsja JOJDKeH
cocraBisiTe He MeHee 0,5C. Ecau od mensiie 0,5C, nageHue Hamnps-
XEHUS CTAHOBHUTCS TAKUM HE3HAYHTEJIBHBIM, YTO €ro TPYOHO H3Me-
pUTh, OCOOEHHO €CJIM 3/IEMEeHThI Oatapeu IUI0X0 coracoBaHbl. B 6a-
Tapee ¢ HECOIJIACOBAHHBIMHU 3JIeMEHTaMH KaXIbI U3 HUX JOCTUTAET
COCTOSHUY TIOJIHOTO 3apsiia B pa3Hble TIPOMEXYTKW BPEMEHU, U Be-
JIMYWHA Nepelajia HaTpsiKeHHs —AV B KOHLE 3apgna Oarapeu B 1ie-
JIOM CTaHOBHUTCSI MEHee SIpKO BBIPAXKEHHOM, TIpolIecC 3apsiia He OCTa-
HABIIUBAETCsl, H B pe3yNbTaTe Gatapes MmeperpeBaercs, IPOUCXOIUT €€
nepesapsa. [ToatoMy, KpoMe aHamM3a —AV, B 3apsiIHOM YCTpPOMCTBe,
JIOJDKHBI OBITH MPEYCMOTPEHEI U IPYTMe CIOCOOBI IIpephIBAHUS TIPO-
Lecca 3apsanga (HanmpuMep, Mpu HarpeBe OaTapeu N0 MOPOTOBOH TEM-
MepaTypsl HOJKHO cpaboTaTh YCTPOMCTBO TepMo3auIuThl (puc. 2.20).

—®
’:'""-3':'""3. o
Tepmoswimosatens .~ '

Puc. 2.20. BuyrpeHHsis1 cxeMa akKyMyJIsATOpHO# ©aTapeH, npeaHa3HaueHHON
s pabotsl ¢ 3V ckopoctHoro AV-3apsina

Haubojee coBeplIeHHbIE 3apsiaHBIE YCTPOHUCTBA HUKEb-KaaqMUE -
BBIX OaTapeil UMEIOT TePMOOATYNK, KOHTPOJIUDPYIOUIMI CKOPOCTh Ha-
pacTaHHsl TeMIlepaTypbl Oaraped, KOTOpYIO 4acTo O003HayaloT Kak
AT/At (T — temneparypa; t — BpeMs; A O3HayaeT TpUpallieHue), a
METOH 3apsja, TP KOTOPOM OO0ECIIeYHBAaeTCs CJIEXEHHE 3a CKOpO-
CThIO HapacTaHUA TeMIiepaTypht Oarapeu — MeToaoM AT-3apsima (ne-
nera T-3apsma). Takoit Meronx 3apsma 6onee 3¢deKTHBEH, YeM OT-
KJIIO4eHUE OaTtaped IIpU JOCTHXEHHH €€ TOPOroBOil TEMIIEPaTypHI.
OTKITIOUEHHE TIPOUCXOOUT B TOM Cy4ae, €CJU MOBBIIIEHUE TeMIIepa-
Typsl gocturHer 1 "C/MuH. AGCOMIOTHBIN MOpPOT cpabaThIBAHMS 3a-
LIUTEL OT IeperpeBa ycTaHaBIMBaloT paBHEIM 60 °C. CyTb MeToaa 3a-
KJTIo4aeTcsd B TOM, YTO B KOHIIE 3apsiia TIPOUCXOIUT 6oJlee HHTEHCHB-
HBIIi HarpeB Oaraped. M3-3a OTHOCHUTENBHO OOJIBIION MacchHl ee
3JIEMEHTOB 0aTapesl O4eHb KOPOTKHUI IPOMEXYTOK BpeMeHM paboTraeT
B YCJIOBHSIX TIPOIIECCA Tiepe3apAna, TToKa He NMPON30HIET ee OTKIIoue-
HUe. MeTton AT-3apsiia UCIIOJIB3YETCS TOJMBKO B 3apSIAHBIX YCTPOMCT-
Bax CKOPOCTHOTO 3apsiaa.
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BHYTpeHHSAA cxeMa OatapeH, NMpeNHa3HAYEeHHOR i CKOPOCTHO-
ro AT-3apsifa, UMeeT TOTOMHUTEIBHBIN SJIEMEHT — TEPMUCTOP, OOUH
CUTHAJIBHBIA BBIXOI KOTOPOTO BBIBENEH Ha €€ OTIEeNbHBIM KOHTAKT,
o6o3HaueHHBIH OykBo#t «T» (puc. 2.21). CurHan ¢ 3TOro KOHTAKTa
fiofaeTcsl Ha MUKDPOIPOLIECCOD WM CNEUUATU3UPOBAHHYIO MHUKpPO-
cxXeMy 3apsJHOrO YCTPOMCTBA U OOECIeYMBaET MpeKpallieHue LMKia
CKOPOCTHOTO 3apsia o Merony AT-3apsana.

'

Puc. 2.21. BHyTpeHHss cxeMa aKKyMyJIATOpHOH Gatapeu, npeaHasHauyeHHO#M
Juis paboTh! CO CKOPOCTHBIM AT-3apsiiHbIM YCTPORCTBOM

Ilepe3apan ocobeHHO ryOUTenbHO BO3ACicTByer Ha 6Garapero,
€CJIM 110 OKOHYaHMU 3apsifa €€ IMPUHYANTENILHO OTKIIIOYAIOT, a 3aTeM
CHOBA TMOIKIIIOYAIOT K 3apsSAHOMY YCTPOMCTBY. DTO XapaKTepHO WIS
aKKyMyJIATOPHBEIX GaTapeil panMocTaHuMii, TpyOoK pamuorenedOHOB,
KOTOpBIE€ YaCTO BBIHUMAIOT, a 3aTeM CHOBA BCTARJIAIOT B 6a30BOE MIIA
aBTOMOOWJIBHOE 3apsiiHoe ycTpoiictBo. IIpH Kaxnoi takod omepa-
LM MHUIUUPYETCS LUK CKOPOCTHOTO 3apsiia IpH ero BLICOKOM Ha-
YaJEHOM TOKe. TO xXe caMoe XapakTepHO U Ul aKKyMyJIATOPHBIX Ga-
Tapeit HoyTOykoB. I1oJb3ysich HOYTOYKOM, KaK MEPEHOCHBIM MpUGOo-
pOM, CHELUAJIMCT, YacTO HE 3adyMbIBasChb, IMOMKIIOYAET €ro K
CETEeBOMY MCTOYHUKY MUTAHUS, SABJISIOLLEMYCS OJHOBpEMEHHO M 3a-
PSIHBIM YCTPOMCTBOM, a 3aTeM OTKJIIO4aeT. 1O Xe caMoe NpOoucXo-
IUT M NIpYM UCIOJIBL30BAHMM HOYTOYKa NpPHU OOCHYXUBaHUM DJIEKTPO-
ofopynoBaHUs COBPeMEHHBIX aBToMOOwMIeit. YacTole noagxnoueHns K
BHEIIHEMY MCTOYHMKY MUTaHUS YCTPOHCTBA C HUKEIb-KAIMUEBLIMU
WIH HUKEIb-METALITUAPUIHBIMU OaTapesiMU [ENaeT MX <«IIIYXUMU».
HpyruMu cioBaMH, yepe3 KaKoe-TO BPeMsi OHHU TIEPecTaloT «4YBCTBO-
BaTb» CBSI3b C 3aPSITHBIM YCTPOHMCTBOM. 3apsilHble YCTpOICTBa JI-
THR-MOHHBIX Oarapeil yMeoT OIpenensiTb CTeleHb 3apsima 6arapeu
(SoC — State-of-Charge), mo3ToMy MHOTOKpPAaTHbIe MOAKIIOUEHHS,
HalprMep, HOYTOYKOB ¢ TAKUMU OaTapessiMM, He NPUBENET K CPLIBY
Tpoiiecca 3apsiia B KaKOi-T0 MOMEHT.

Db deXTUBHOCTL 3apsia CTAHIAPTHBIX HUKEXb~KaXMHUEBLIX Oara-
peit mpu ckopoctHoM 3apsame (Tok 3apsima 1C) cocrasnsier 91 %, a
npu MemieHHoM (tok 3apsina 0,1C) — 71 %. Bpems ckopocTHOro 3a-
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psiza OOBIYHO — OKOJIO OFHOTro 4Yaca. Eciu Oarapes paspsskeHa yac-
TUYHO WIH €€ eMKOCTb B pe3ynbTare 3 ¢eKTa MaMsiTH YMEHbIIWIACh,
BpeM# 3apsifia cokpaiaercsi. I[1Ipu HOpMaJIbHOM (MeIUIEHHOM) 3apsiie
€0 BpeMs COCTaBUT OKOJIO 14 4.

B teuenue niepBuX 70 % BpeMeHM LIMKIIA 3apsia HUKeTb-Kagmue-
Basg Harapest 3apsxaercs oyt 1o 100 % cpoeir emxoct. HecMotpst
Ha To, uTo OaTapeeil ObL1A TTOTJIOLLEHA OTpeleaeHHas 3HEPTUs, €€ Ha-
rpeB He TIpOUCXONNT. HavyanbHbIA 3apsiiHbIA TOK HUKENb-KaAMHEBBIX
Hartapeit MOXeET COCTaBISITh HECKOJIBKO 3HayeHMi C 6e3 yrpo3sl UX I1e-
perpesa. DToT (PeHOMEH UCMOJIb30BAH B YJIBTPACKOPOCTHBIX YCTPOUCT-
Bax 3apsiia, B KOTOPHIX 3apan 6aTapeu 1o 70 % ee eMKOCTH TIPOVICXOAMT
B CUMTAHHBIE MUHYTHI. [lanee OH mpopomxaercs mpu Gonee HUIKUX
3HAYEeHMSIX TOKA 3apsiia, oKa 6aTtapes He 3apsiAuTCS MOJIHOCTBIO.

Ilo mocTXeHUM rmopora eMKocTH B 70 % GaTapes CyleCTBEHHO
YTPayMBaeT CIIOCOGHOCTH 3amacaTh sHepruto. Ee 3nmeMeHTH HauMHa-
0T BBIOEJNATH raspl. JlaBleHMe MX BHYTPU KOpPITyca YBEJIUYUBAECTCS,
TeMmneparypa Oarapeu pacteT. I1o noctnxernun emkoctd 80...90 % ee
CITOCOOHOCTD 3aTiacaTh SHEPTHIO CHUXaeTcs eule 6onpiue. [1o noctu-
KEHUM COCTOSTHUSA TMOJIHOTO 3apAna HauWMHAETCS Tiepe3apsy OaTtapeu.
Hexoroprie 3apsiqHbIe YCTpOIMCTBa CIIOCOOHBI OOECIEYUTh MHAUKA-
HMIO CTereHH nepesapsiga. Ha puc. 2.22 npuBeaeHb! 3apsiiHbie Xa-
PaKTEPUCTUKH 3JIeMEHTa HUKeIb-KaIMUEBOH OaTapen. 3apsaaHble Xa-
PAKTEPUCTUKHA HUKEThb-METAUITMAPUAHBIX aKKyMYJIATOPOB OT HHX
TIPaKTHYECKHN HE OTIUYAIOTCS.

Ilpu 3apsne TokoM 1C u OGonee HUKeNb-KagMHUeBBle GaTapen
CBepXBOMBIION €MKOCTH UMEIOT TEHIEHIMIO K GONBIIEMY HATPEBY,
YyeM cTaHaapTHbie Oataper. ONTUMANBHBIX 3aPSAHBIX XapaKTEPUCTUK
MOXHO JOGHUTBCS, €ClTd Ha HayaJIbHOM 3Tarle Mpoliecca 3apsaa 3aps-
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Puc. 2.22. 3apsiHble XapaKTePUCTHKH HUKENb-KAAMUEBOTO aKKyMyJIaTOpa
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xaTh 6arapelo OOJBILMM TOKOM, a 3aTeM, II0 Mepe CHIDKEHHS CIIO-
coBHOCTH Oarapeu 3amacaThb SHEPTHIO, 3TOT TOK YMeHbIaTh. TakuM
06pa3oM, MOXHO M36eXaTh CyIlECTBEHHOTO HarpeBa akKyMyJsTOp-
HoU 6aTapeu U JOOUTHCS €€ MOJIHOTO 3apsija.

Ecix mociie Kaxa0ro UMITyJIbca 3apsIHOTO ToKa BGyJeT ClexoBaTh
HMMITYJIBC TOKa paspsna, 3TO YAyYLINT CTIOCOOHOCThL GaTapeu 3armacaTh
sHepruio. Takoil MeTon 3apsiga, MHOIIA Ha3bIBAEMBIA METONOM «OT-
PBDKKH», METOLIOM «OOpaTHOM Harpy3ku», a yaiile BCero — PeBEpPCHUB-
HEBEIM 3apsaoM, obecrieYuBaeT yBeJWUeHe aKTUBHOM IUIOLANM TUIAC-
THH. B pe3ysbTare yBeMMYMBAIOTCSI DHEProeMKOCTh GaTaper M CpoK ee
cyx0pl. MeTon 0OpaTHON Harpy3k TaKKe YJIY4lIaeT IPOLECC CKO-
POCTHOTO 3apsAa, T. K. CIIOCOOCTBYET PEKOMOMHAIINM ra30B, BbLAEIS-
eMBIX B TIpollecce 3apsana. B uTore 3apsii COMPOBOXIAETCS MEHBIINM
BBIIEJICHUEM TeIla M CTaHOBUTCA Oonee 3(hdEeKTUBHEIM, YEM TIPH 3a-
psific TIOCTOSIHHBIM (HE UMITYIBCHBIM) TOKOM. Boiee toro, uccnemona-
HUSA BBISIBUJTM €llle OJHO IPEUMYIIECTBO 3TOTO METOHA: OH CYILECT-
BEHHO CHHUXXAeT OMMaCHOCTh KPUCTAMMU3AIHNA HUKETh-KAOMUEBBIX aK-
KYMYJISITOPOB M YBEIMUMBAET CPOK UX CIYXOBI MpuMepHO Ha 15 %.

ITocne monHorO 3apsna HUKeNb-KanMueBas Garapes NepexoauT B
pPEXUM CTPYHHON TMOM3ApSIIKU U1 KOMIIEHCALIMU €€ camopaspsiga.
Toxk 3apsma B 3toM pexuMe cocrtasnser 0,033...0,05C. C uennio
ocnabneHus a¢exTa MaMsITH BEJIMYHHY 3TOrO TOKA CTApaioTcs Moi-
6MpaTh Kak MOXHO MEHBUICH.

2.6. OCO6eHHOCTH 33psifia HMKENb-MeTannArMaPHAHbIX
aKKYMYNATOPHbIX GaTapei

3apsigHBle yCTPONCTBA HUKENIb-METAUITHUIPMOHHIX OaTapeil 1o
YCTPOICTBY OYeHb MOXOXHU Ha 3apSIIHBIC YCTPONCTBA HUKENb-KAIMH-
€BBIX 6aTapeit, HO UMEIOT OoNee «CEePhEe3HYIO» IEKTPOHHYIO HAYMH-
Ky. Haunem ¢ Toro, 4to mpolecc OKOHYaHMS UX TTOJTHOIO 3apsia Xa-
pPaKTepU3yeTCsl OYEHbh MaJBIM [IaJ€HUEM HAIPSXeHMA Ha Oarapee,
KOoTopoe npu Toke 3apsifa MeHee 0,5C M B pe3yabTaTe pocTta TeMIle-
paTyphl 6aTapen BooOIlie HE3aMETHO. AV ellle MeHbllle, eCNTU 3JIEMEH -
THI 6aTapen He COTIACOBAHBI WIM MIAET MIPOLECC €€ CTApeHHU.

AV-3aps HUKETb-METAUITHAPUAHBIX Oarapeil 3apepluaeTcsl mMpu
OTPULIATENILHOM TiepeIalie HanpsoKeHUsI Ha 31IeMeHTax 6aTtapee B KOH-
Ite 3apsima 16 MB munu MeHee. YBeTUYeHHE YyBCTBUTENLHOCTH y3J1a MO-
HUTOpHUHTa AV Hea(hDdEKTUBHO, NMOCKOABKY (DIYKTyallid HAIpsKe-
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HUS, TOMEXHU M LUYMbl MOTYT NMPUBECTH K JIOXHBIM CpabaTbIBaHHUAM
cucreMmbl. [loaToMy B CKOPOCTHBIX 3apsIHBIX YCTPOMCTBAX HH-
KeJb-MEeTAUNIIMAPUAHBIX Oarapeil NpUMEHAIT KOMOMHMPOBAHHBIE
METOMBI 3apsina: AV-3apsin, AT-3apsii, a TaKXe UCIIOIB3YI0T YCTPOUCT-
Ba OTKJIIOUEHUs Oaraped TIpH HOCTHKEHWM IOPOTrOBOIO 3HAYEHUS
TeMIepatypsl (METON TEeMIepaTypHOH OTCEUKM) U OTKIIOUYEHUS IO
cUTHaJTy TaiiMepa. OTKIioueHue 0aTapeu B [PoLEcce 3apsiia MPOUCXO-
JTAT IO TTEPBOMY CUTHANY OT JIIOOOTO U3 NEPEUYUCACHHBIX YCTPONUCTB.

MeToan AV-3apsna Wiy TEMIIEPATYPHOU OTCEUYKH 00eCIeUMBaIOT
bosice BLICOKYIO 3(eXTUBHOCTb 3apsiiia, 4eM MCHEe arpeCCHUBHBIE
Meroapl. OXHAKO fIpU 3TOM CPOK CiyXObl Oatapeit CHUXKaeETCs MpHU-
MepHo ¢ 350...400 uuknos 3apsan/pa3pan no 300 UMKIOB.

Meton AT-3apsima HUKeNb-METAANTHAPUAHBIX OaTtapeil nmomobeH
TAKOMY Xe& METOMY 3apsia HWKelb-KaaMHeBbIX Oatapeil. Mx otkiio-
YyeHHe TIPOUCXOIMT B TOM CIIy4yae, eclIM CKOPOCTh POCTa TEMIIEPaTypPhbl
nocturHeT 1 °C/mun. Tlpn 3ToM abconoTHBIM Mopor cpabaTbiBaHUs
3auuThl o1 neperpesa cocrapisier 60 °C. Ilocne oKoHYaHMs 3apsina
ocyuiectsageTca noaszapanka TokoM 0,1C B rteuenue 30 MuH s
obecrnieyeHUsT MaKCUMaJTbHOM €MKOCTH 0arapeu, a 3aTeM HauMHaeTcs
Mpoliecc CTPYITHOMN MoA3apsaKu.

BpeMenHoit rpadMK CKOPOCTHOTO 3apsjia XapaKTCpU3YETCS TEM,
Y10 3apaa HayMHaeTcd TokoM 1C, ¥ npu AOCTHXKEHUM TIUKOBBIX 3HA-
YyeHHH HanpsxeHusa Garapest A OXJIAXISHHS OTKIIOYAETCSl Ha He-
CKOJILKO MHUHYT, ITOCJIE Yero 3apsii MPOUCXOAUT TPU MEHBLIEM 3Ha-
YyeHUH TOKa. TakKuM 0Gpa3oM, 3apsil MPONCXOOUT HECKOJIbKUMHU CTY-
MEHSIMH TIPY CTYTIEHYaTOM CHUXXEHHMHU €r0 TOKa.

Takoif MeTon 3apgaa, U3BECTHHIN eHie MMOH Ha3BaHUEM «Iudbe-
peHLMaNbHO-1IATOBbill 3apsAn», XOpOILIO NOIXOTUT IS 3apsiia Kak
HUKEJIb-METAUITHAPUIHBIX, TAK U HUKEJIb-KaIMHUEBBIX aKKyMYJISATOD-
HBIX OaTapeii. B xome ero Tox 3apsiia U3MEHSIETCS B COOTBETCTBHUM CO
cTeneHblo 3apsga batapen (State of Charge unu SoC) u B Hayane 3a-
psifa uMeeT Gonbiioe 3HAYEHME, KOTOPOE MOCTENCHHO CHUXKAETCs 10
YMEPEHHBIX BEIMYWH. DTO IO3BOJIAET OpeAylpeandTh reperpes 6ara-
ped B KOHIIC HHMKJIA 3apsfia, KOTJa ee CIoCOOHOCTh 3aIracaTtbh 3HEp-
THIO0 Pe3KO CHIKaeTcs.

[1a HUKeNb-MeTAITUAPUIHBIX OaTapeit Haubosee MpPeanoyYTH-
TeJbHBl METONBI GBICTPOTO 3apsna, a HaMMEHee -—— HOPMAaJIbHBIMH
(MemeHHbIit) 3apsaa. OcobeHHO KPUTWUYEH [UII HMX BBIOOp TOKa
cTpyiHoiIt mon3apsanku. IToCKOABKY OHM [UIOXO MOTJIOLIAIOT 3HEPTHIO
repes3apsia, TOK CTPYWHOIM IMOA3apsiiKU AOKEH ObITh CYHIECTBEHHO
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MeHblIIE, YeM ISl HUKEIb-KaAMHUeBbIX Oatapei. [Ina Hukelb-MeTal-
ArMAPUAHBIX GaTtapeil peKOMEHIYETCS TOK CTPYMHON mon3apsnaxu He
gonee 0,05C. Ilo sToil npuuuHe 3apsIHBIE YCTPOMCTBa, IpeAHa3Ha-
gyeHHBbIC VISl 3apsIKy HUKEIb-KaIMUEBBIX OaTapeit HEMPUIoAHbI IS
3apAOKM HUKEJb-METALITMIPUIHBIX, HO 3apsfiHble YCTPOMCTBA HHU-
KeJb-METAUITUAPUIHBIX OaTapell MOXHO ¢ YCIIEXOM TIPUMEHATh LI
3apsIKN HUKEJb-KaIMHUEBbIX.

Me/UteHHBIH 3apsl HUKENb-METAUITHIPUANBIX Gatapeil TPYIHO
OCYILECTBUM MWJIM BOOOLIEe HeBo3MOXeH. Ilpu Toke zapsana 0,1...0,3C
OMpeNeNNUTh KOHEL 3apsfa IO CKOPOCTH HapacTaHWsl TeMIIEPaTyphI
farapeH WX fiepenany HalpskKeHUs] Ha HEW CTaHOBUTCS HEBO3MOX-
HoIM. [103TOMY, eciin yCTpOicTBa MENJIEHHOTO 3apsiia ¥ IIPUMEHSIOT,
TO €AMHCTBEHHBIN CMOCOO 3aBepUIEHMS LMKIIA 3apaga — OTKIIoYe-
HME TI0 CUTHaly TafiMepa. Ha3BaTe Takoil METON XOpOLUUM HEJNb3S:
nepe3apsili MOXET NMPUBECTH K I'yOMTENBHBIM [Uist GaTaped MOCIENCT-
BHSIM, OCOOEHHO, €CIM OHa YCTAHOBJIEHAa HA 3apsiaKy B YaCTUYHO
pa3pIXEHHOM WIN B 3apSDKEHHOM COCTOSHMH. To Xxe camoe MOXeT
MMETh MECTO, €C/IM, HafpuMep, 3apsikaTb Oataper, yTpaTHBIIYIO
cBOIO eMKOCTb Ha 50 % M3-3a cTapeHMsI: IIPU 3apsiie B TeYeHUEe PHK-
CHPOBaHHOTO MPOMEXYTKa BPEMEHHU OH JHOJLKEH OBITh pacCYMTaH
TaK, 4TtoObl Gatapess Morna monyuuts 100 % HeobXxomumoil sHepruu.
A eciu oHa criocobHa u3 3tux 100 % B3aTh TonbKko 50 %, 3HAYMT,
OCTaJllbHasl dHEpPIusi BBIICIUTCA B BUAE TeIUla (YWTaii: IPOMU3OMAET
neperpes 0araper coO BCEMHU BBHITEKAIOLIMMU MOCIEACTBUAMH).

Hexortopeie neiieBble 3apsgHbIE YCTPOWCTBA He MoOryr obGecrie-
YKUTh IOJIHOTO 3apsja O6atapeu, T. K. OHU ONPEAEIAIOT MOMEHT KOHIIA
3apsiia 110 THKOBOMY HAIPSDKEHUIO HAa HEM WIM 110 JOCTHXCHHUM €10
TIOPOrOBOi TeMIlepaTyphi. YacTo Takue 3apsifHble YCTPOICTBA peKila-
MUDYIOT, TTIOAUEPKMBas UX HU3KYIO LIEHY U BO3MOXHOCTb OBICTPO 3a-
psaouTh Oarapero. Ho «He Bce TO 30J10TO, UTO OJIeCTUT».

O060061IMM OCODEHHOCTH TIpollecca 3apsifia HUKeIb-MEeTaJJITHI-
PHAHBIX aKKYMYIATOpHEIX Gatapeil. ToK 3apsiza mng HUX AOJKEH
6niTh He MeHee (,5C, Ho He Gonee 1C. Ecau Tok 3apsina BHIGpaTh 60-
Tbule BeaxuuuHBL 1C, TO B pe3ynbTare MOBHIILICHHOIO BhIACICHUS ra-
30B NIPOU30MIET NPUHYAUTEIbHAS BEHTHWIALUA €€ KOpIyca: 1oJ OaB-
JIEHHEM OTKPOETCS NIPelOXPaHUTEbHBIN KIIAallaH U, BO3MOXHO, yTey-
Ka SJIeKTPOJIMTA, YTO MpUBENET K CHUXEHHIO €MKOCTH M CpOKa
CIIyXOBl OaTtapeu.

Ecnu HavaTh 3apsn TMONHOCTBIO Pa3pAXKEHHOM 6araped TOKOM
ckopoctHoro 3apsga (0,5...1C), T0 B TeYEHHME LIMKJA 3apsia €€ eM-
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KOCTh ITOJTHOCTBIO BOCCTAHOBMTb He yaacrcs. [1osToMy Havaly cxo-
POCTHOTO 3apsiia JOJMXeH TNPEIIecTBOBaTh MHULIMMPYIOLIUNA CTpyii-
Hblii 3apsia TokoM (0,2...0,3C. Kak npasumno, ero BpeMsi COCTaBJIsIeT 10
10 mun. Ilocne Toro Kak HaIlpsDKeHHME HA €€ 3JIeMEHTaX AOCTUTHET
3HayeHusa 0,8 B, MoxHO HauyMHaTh 3apsan TokoM 0,5...1C. O6p14HO
3TOT MPOILIECC B 3apsANHBIX YCTPOMCTBAX aBTOMAaTU3UPOBAH.

s npexpalleHus 3apsna 1o oTpuuaTeabHoMy AV nepernany Ha-
MIPAXKEHHUS €T0 BeTMYMHA TOJIKHA COCTaBIsITh He Mehee 5...10 MB Ha
aJieMeHT Oarapeu. s npekpalleHUs 3apsia M0 YBEAWYEHUIO CKOPO-
CTH HapaCTaHMsI TEMNEpaTyphbl 6aTapeu ee 3HaYEHHE JODKHO COCTaB-
ATk B cpenHeM 1...2 °C/MuH.

Hna yBenwdeHHst cpoka cilyXObl Oarapell uUX TeMIlepaTypa He
JIOJIXHA TIPEBHILLATD:

s 55 °C m1sg akKyMyJIsITOpOB TUIOpa3MepoB A, AA u D;

e 50 °C mng akkyMynaTopoB tunopasMepoB QA, AAA u npusma-

THYECKUX;

« 60 °C mnga axxymynaropor L-A, L-fatA, SC.

JlaHHBIE C XapaKTepHCTUKAMM aKKyMyJSITOPOB Pa3IUYHBIX THUIO-
pa3MepoB, BBIMYCKAEMBIX OCHOBHBIMH MPOU3BOIMTEIAMH — KOMIIa-
HusMu GP u Panasonic, — mpezcrapneHb! B PUIOKEHHUSAX.

B kauecTBe albTepHATVIBBI CTPYHHOMY 3apsly MOXHO HCIOIb30-
BaTh MONA3APSAKY HHUKEIb-METAUITHAPUOHBIX Oatapeil MMIyJIbcaMu
TOKa. DTOT METON HaWJIy4yilMM o6pa3oM IOOXOOUT IS Oartapeil, mc-
MIOJIL3YEMBIX B UCTOYHMKAX OecriepeGoitHoro mutaHus. Ilpu sToM 3a-
psill TIPOMCXOMUT UMIYIbcaMy Toka BesmunHoi 0,1C ¢ may3oit Mex-
Iy HUMU. [{JIUTENBHOCTD TIay3Hl OIpeAesicTCsl BpeMeHeM caMopaspsi-
Ja. B xadecTBe KOHTPOJBPHON BeIWYMHBI BBICTYIIACT 3Ha4YeHUE
HanpsDKEHMST Ha 3JIEMEHTE: KaK TOJIBKO OHO B pPE3y/ibTaTre camMmopaspsi-
Ja cHusutca g0 1,3 B, ciaemyer ouyepemHOM KMMITYJIBC TOKa 3apsiha.
Bpems 3apsiia Ipu MCTONIB30BaHHM 3TOr0 METONA cocTasisieT 16 4, u
OH TpeKpalllaeTcs Mo TaitMepy.

2.7. O 3apagHbIX YCTPOMCTBaX HMKENb-KajlMHEBbIX
M HMKENb-MeTaNNrMAPMAHBIX aKKYMYNSATOPHbIX 6aTapen

Bce 3apsinHble yCTpOHCTBA MOXHO pa3fAe/NWUTh Ha NBe OONblLHe
FPYIHIBL: 3apsAOHBIE YCTPOMCTBA MHAWBHUIYAIBHOIO MCIONL30BAHHUA M
MPOMEILIEHHBIE 3apsaHble ycTpoicTBa. K IepBoii rpyIine OTHOCAT-
cA HeJopoTrue 3apsaAHble YCTPOICTBa, NMpefHa3HAYeHHbIC IS 3apsin-
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K aKKYMYJISITOPHBIX Oatapeit MOOMIBHBIX TejiedOHOB, MOPTATUBHEIX
KOMITBIOTEPOB M BHUReokamep. OHM OTIMYAIOTCA YMEPEHHBIM BpeMe-
HeM 3apAama.

B otnmune OT HUX MPOMBILICHHEIE 3apsAHBIC YCTPOHCTBA TIpe-
Ha3HAYEHBI ISl 3apsSIAKM M O0CTyXMBAaHUA OONBLIOTO MapkKa Garapei.
Takue 3apsaAHble YCTPOICTBA TOCTABISIOTCS KaK TIPOU3BOAMTENSMM
aKKyMYJISITOPHBIX GaTtapei (4acTto NMpu MX 0O03HAYEHUU TMPUMEHSIOT
cokpauienue OEM — Original Equipment Manufacturer — npoun3sso-
UTENb OPUTUHAIBHOIO 0OOPYIOBAaHMS), TAK U CTOPOHHUMM upmMa-
mu. Ecmu 3apsinHeie yerpoitctBa OEM oTBeyaloT BCceM OCHOBHBIM
TpeGOBaHUAM, TO 3apsiIHBIE YCTPOICTBA OT CTOPOHHUX NIPOU3BOAUTE-
jieit, [Kabbl 3aHHTEepecOoBaTh MOKYMATeNsi, WMCEIOT HOMONHUTENLHBIE
none3nble GyHkiuy. K HUM oTHOCATCS, HAllpUMeEp, TOA3apsiiKa He-
CHMMETPUYHBIMH HMITYICAMH TOKa, BO3MOXHOCTE pa3paja LI BOC-
CTaHOBJIEHUSI €MKOCTH Oaraped, WHAMKAIIUS COCTOSIHUS 3apsma (B
TEXHUYECKOW MOKyMEHTauMH o0o3Havaercs Kak SoC — State of
Charge), uHauKauus obuiero cocrossHusa 6arapeu (SoH — State of
Health). Cnenyer oTMETHTD, YTO MPOAYKIHMS CTOPOHHHX MPOH3BOIH-
TeNnel 3apsiIHbIX YCTPOMHCTB, KPOME BBICOKUX XapaKTEpUCTUK M IO-
MOTHUTEABHBIX (PYHKUHOHANIBHBIX BO3MOXHOCTEH, HMeeT M O4YeHb
TpUBJICKATeNIbHBIE 1eHbl. HO Heb3s 3a6BBaTh M O TOM, YTO B MPO-
aaxe ect 350MHOXECTBO HEKAUYECTBEHHBIX 3apsAHBIX YCTPOUCTB, U3-
TOTOBJIEHHBIX HUKOMY He U3BECTHHIMU (pupmaMu. Mcrions3oBaTh UX
Hebe30TIaCHO KakK ISl 3A0pOBbSl aKKYMYJSITODHBIX Oartapeit, Tak H
IUT CBOETO COOCTBEHHOTO.

OnHoit U3 npobjeM HEKOTOPLIX 3apSAAHBIX YCTPOHCTB, 0COGEHHO
NPUMEHSEMBIX IS 3apsiAKV HUKENb-KaIMHEBBIX aKKyMVISTOPHBIX
Garapeit, ABAsETCA HEyNpaBaseMblil Tiepe3apsaa Oarapeil. IIpu stoMm
CUJIbHBII HarpeB GaTapeil IPUBOAMT K UX BBIXOAY u3 cTpod. [lepesa-
pan o6BIYHO TTPOMCXOAMUT IOCHE TOTO, KaK B TIpoliecce 3apsga bara-
pes cTaHeT TeIUIoi Ha OlIYIb, T. €. OyAeT UMETh TeMIeparypy, 0au3-
KVIO K TeMIIepaType TeJia YeJIOBEKa.

W36exaTtp Harpesa Oarapeil Mpu 3apsjie yaaeTca He Bceraa. bara-
pesl TOCTHIdeT MakKCHMAJIbHOH TeMITepaTypbl B MOMEHT €€ ITOJHOIO
3apsina. Ee TemmepaTypa B 3TOT MOMEHT yMepeHHa. [1o 3aBepineHuu
3apsiIK¥ HAYMHAET CBETHUTHCS MHIMKATOp roToBHOCTH (Ready), 1 3a-
pSANHOE YCTPOUCTBO MEPEXOMUT B PeXXUM CTpyiHOH (trickle) mox3sa-
psiaxku. batapess MOCTENEHHO OCTHIBAET 0 KOMHATHOM TEMITEPATYPHI.
Eciu Xe ee TeMIleparypa He CHUXAETCS M OCTAeTCH BHILIE KOMHAT-
HOM, 3TO CBHMICTEABCTBYET O HEMPAaBWIBHONH paboTte 3apsamHOIo
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YCTPOWCTBA MM €ro HEeUCnpaBHOCTU. B TakoMm ciyyae GaTapero HyX-
HO M3 Hero M3BjeYb Cpa3y Xe IMOoCcie BKIIYEHHS HHAUKATOpA €€ ro-
TOBHOCTU. JII060€e mponoKeHue Ipoliecca 3apsifa, Jaxe CTPyHHOro,
TIPUBEOET K e¢ BBIXOAY M3 CTposi. OCOGEHHO 3TO MpenoCTEpeXeHHe
OTHOCUTCA K HMKEJIb-METALUITMAPUIHBIM aKKyYMYJISTOPHBIM OaTape-
aM. B pexume CTpyWHOro 3apsiia UMITyJIbCaMM TOKA 3HAYNUTEIBHON
BEJIMYMHBI OHM MOTYT OCTaBaTbCst XOJIOOHBIMH, HO TIPH 3TOM Mpollec-
CHI, TIpDUBOJSIIUE K UX BBIXOAY M3 CTpOs, Oynyt npoxomkarbes. I1o3-
TOMy GaTaped MpU UCTOJIL30BAHUM MONLOOHBIX 3apsIHBIX YCTPOMCTB
JIOJITO CIYKUTh He OYIyT.

3apsKeHHBIC aKKyMyIsaTopHbie faTapeu fyyllle XpaHWTh TAC-HH-
Oyab Ha IOJIKE, YEM OCTaBJISATh BO BKIIIOUYEHHOM 3apsiIHOM YCTPOMCT-
BE€ Ha HECKOJIbKO IHEMN. Jlaxe TIpy Kaxylieicsa 6e301macHOCTH CTpyit-
HOM mom3apsiKd 3apsDKeHHOM Oataped B 3apsifHOM YCTPOMCTBE B
HUKeIb-KaIMHUEBBIX OaTapesix MPOMCXOAUT MPOoLecc KPUCTALTU3ALMHT
XMMMYeCKMX BelliecTB (3ddexT nmamsar). Kpucrtammsaims yMeHb-
1IAeT 3aKTHBHYIO TUIOLIANG TUIACTHH aKKyMYJSITOpa, YTO SKBHBAJIEHT-
HO YMEHBHLIEHUIO eMKOCTH. D¢ deKT maMsATH MPUCYILL ¥ HUKEIb-Me-
TAJUITUAPUIHBIM 0aTapesiM, HO B 3HAYMUTEJIbHO MeHBILIEH CTereHH,
YTO MO3BOJISIET NMPOU3BOAUTENSIM M UX JUWIEpAM B peKIaMHBIX LIEJsX
yTBEpXAath, YTO Takue OaTapey 3TOTO HeAOCTATKA JinilieHsl. [1pu ve-
00X0AMMOCTU MCIIONB30BaHUA DaTaped yepes IJIMTeIbHOE BpeMsl IO-
cJie 3apsiiK, Tiepea UCIIOJb30BaHMEM €€ HeoOXOMUMO IOA3apSIIUTh.
Bce BoImeckazaHHOE HE OTHOCUTCS K JIMTHI-UOHHBIM aKKyMYJISATOP-
HBIM GaTtapesM. BOJBIIMHCTBO M3 HHUX MOTYT OCTaBaThCA TOHKITIIO-
YEeHHBIMHU K 3apsiIHOMY YCTPOWCTBY CKOJIb YTOAHO J0Jro 6e3 yrpossni
BBIXOJIa U3 CTpOSL.

EMKOCTB ¥ CPOK CITykOBl aKKYMYJISITODHBIX Oarapeif oueHb CHIIb-
HO 3aBUCAT OT TUIA U KAYEeCTBA 3apsIAHBIX YCTPOMCTB, HCIIONb3YEMBbIX
JUTS MX 3apsiga, KOTOphle 00eCIeyrBaloT OMNpeneieHHBIN METOI 3apsi-
Ia U BeIOOp pexuMa paspsna. Bribop Xxopoiiero 3apsiiHOro yCTpoii-
CTBa IUIA MOTPEOMTENS 4acTO SIBJASETCS BOIPOCOM BTOPOCTEIIEHHOMN
BAXXHOCTH, OCOOCHHO MPU MCIIOIH30BAHWU aKKYMYJISITOPOB B OBITO-
BOM 3JICKTPOHHOH TexHMKe. ONHAKO 3TO OYeHb BaXHBIM BOIIpOC, U
pelliaTh €ro HyXHO cpa3y, 4ToObl BIOCICACTBUM He YAUBIATHCS, IO~
YyeMy Tak OBICTPO TIPUXOAMTCA 3aMEHSITh LOPOTOCTOSLIYIO aKKyMYJIsi-
TOpPHYIO OaTrapelo Wik ioueMy OHa He JepXUT 3apsn. B GoiapluMHCTBE
CJIy4aeB JI€HBI'U, BJIOXEHHBIE B MPUOOPETEHHE XOPOLIETO 3apsiIHOTO
YCTPOKCTBa, OIPaBAbIBAIOT ceOs1 B pe3ynbTate 3(pPpeKTUBHOMU padOTHI
W JUTUTETBHOrO CPOKa CIYXO0Bl aKKyMYyAsTOpHOH Gatapen.
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JIisi HUKE/b-KaOMUEBBIX U HUKEb-METAUITMAPUIHBIX AKKyMYy-
NATOPHBIX ©OaTapedl cylecTByeT TPH THIIA 3apsAHBIX YCTPOMCTB.
K HUM OTHOCATCH:

1. 3apsigHBIC YCTPOMCTBA HOPMAILHOIO (MEIJIEHHOrO) 3apsiaa
wu Slow Chargers. 3apsaHble YCTpOHCTBa 3TOr0 Kiiacca, mpUMeHsie-
MBIe JUIS 3apsiia akKKyMyJSsiTODHBIX OaTapeil COTOBBIX Teie(OHOB,
MHOIJA Ha3bIBAIOT HOYHBIMU. TOK HOPMAaJBHOIO 3apsia COCTABISIET
0,1C (C — Capacity — eMKoCTb aKKyMyJsiTOpHOUH OaTtapex). Bpems
sapsaga — 14...16 4. TIpy TakoM MajoM TOKE 3apsiia TPYAHO Ofpele-
NUATH BpeMs ero okoH4yaHust. IostoMy 0OBIYHO MHIMKATOD TOTOBHO-
cTv 6aTapeu B 3apsAOHBIX YCTPOHCTBAX IS HOPMAJbHOIO 3apsiia OT-
cyrctByeT. OHU caMble NElieBble W MPEAHA3HAYEHBI TOJMBKO IS 3a-
PSAAKU HUKeNIb-KagMHUEeBbIX Oartapeit. [lns 3apsanku oboUX THUIMOB
aKKyMYJISITOPHBIX 0aTapeil UCMONb3yIoTCs Apyrue, Gojiee coOBeplUEH-
HBIe 3apsiyiHble yeTpoiicTBa. Eciau 3apsaaHblii TOK YCTAHOBJIEH ITpaBH-
JIGHO, TIOMTHOCTBIO 3apsiXKCHHAsA Hatapes CTaHOBUTCS YYTh TEIJIOH Ha
ourynb. B TakoM ciayyae HeT HeoOXOOMMOCTH HEeMEJIEHHO OTKITIO-
YaTh €€ OT 3apsaHOro yCTpoMcTBa. B HeM oHa MOXeT ocraBaThcs 00-
Jlee 4eM Ha OAWH JeHb. Ho Bce Xe ee OTCcOeAMHEHHME cpa3y ITIocie
OKOHYaHMs 3apsana — Jydiuuid BapuaHTt. [IpM MUCNONB30BaHMU TaKUX
3apSAOHBIX YCTPOMCTRAX MPOGIEMEl BOZHUKAIOT, €CIM OHW MCIIOJb3Y-
10TCA 1A 3apanku Gatapeil Manmoi emxoctu (MeHee 1 MA-Y), B TO
BpEMsI KaK paccuMTaHbl Mg pabotel ¢ Gonee MOUIHBIMU OaTapesiMu.
B TakoM ciyyae Gartapesi cTAaHET HArpeBaThCsl YX€ NO MOCTHMXKEHUH
70 % cBoeii eMKOCTH. TTOCKOIBKY BO3MOXHOCTb YMEHBIIUTH TOK 34-
psila WK NMPEKpaTUTh €ro npouecc Booblile OTCYTCTBYET, TO BO BTO-
poli TMONIOBMHE LIMKJIA 3apsiila HayHeTcs MpPoLECC TEIUIOBOFO paspy-
ureHnd G6atapen. EAMHCTBEHHO BO3MOXHBIN CrIOCO6 COXpaHUTH 6Gara-
pelo, 3TO OTKIIOYUTH €€, KaK TOJILKO OHA CTaHeT Teruloi. B ciyuyae,
€CNIM [UIS 3apsSOKM MOLIHOM OaTapeu HMCITONb3YeTcsl HeAOCTAaTOYHO
MOLIHOE 3apsnHOoe YCTpPOMCTBO, Garapest B Tipouecce 3apsnaa Oyaer
OCTaBaThCsl XOJOTHON M HUKOTIA He OymeT 3apsikeHa 1o KoHua. Tor-
Ja u3-3a 3¢ @eKTa NaMsITH OHa IMOTEPSET YAaCTb CBOEH EMKOCTH.

2. Yerporictsa 6eicTporo 3apsaa (Quick Chargers). OHU TO3UMLIM-
OHMPYIOTCS KaK 3apsaHbie YCTPOMCTBa CpeaHEro Kiacca Kak To CKo-
POCTH 3apsia, TaK U 10 LHeHe. 3apsl aKKyMY/IsITOpOB B HUX [TPOUCXO-
IUT B TeyeHue 3...6 4 Tokom okojo 0,3C. B xadecTBe He0OXOMHMOroO
3JIEMEHTa OHM HUMEIOT CXeMy KOHTPONS HOCTIXKEeHUs Oatapeeil ompe-
JEeJICHHOTO HAampsDKEHUS] B KOHIE 3apsia U €€ OTKIIOUEHMS B 3TOT
MoMeHT. Takue 3apsiHbIE YCTPOUCTBa O0eCNEYMBAIOT JydYllee I0
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CPaBHEHMIO C YCTPOMCTBAaMU MEIJIEHHOIO 3apsina oOC/Iy>XXUBaHHe Oa-
Tapei: GaTtapeu CIyaT HOJIBIIE, €CIH MX 3apsKaThb 6ojiee CHUILHBIM
TOKOM, He IOITyCKaTh MX HarpeBa M Iepesapsga. OmgHako pa3dopoc
rmapaMeTpoB Oarapeii MEJaeT MCIOJB30BAHUE YCTPOMCTB OBICTPOTO
3apsaga Hes3h¢eKTHBHBIM. B HacTosmiee BpeMs OHU YCTYITHIM CBOE
MECTO 3apsAIHBEIM YCTPOMCTBAM CKOPOCTHOTO 3apsina.

3. YerpoiicrBa ckopoctHoro 3apsnaa (Fast Chargers). Takue 3a-
PSIHBIE YCTPOMCTBA MMEIOT HECKOJBKO MPEUMYLUECTB Tepel 3apsia-
HBIMM YCTPOHCTBAMM IOPYTUX TUNOB. [JIaBHOE M3 HUX — MECHBILEE
BpeMs 3apsna. XOTsA W3-3a GoJplliell MOUIHOCTH MCTOYHMKA HArps-
XEHUS U HEOOXOAUMOCTH TIPUMEHEHUS CITeHUATBHbBIX Y3JI0B KOHTPO-
Jig M VIIpaBJIEHUs TaKWe 3apsiHbie YCTPOMCTBA UMEIOT Haubosee BhI-
COKME 1IeHBI, OHH OKYTIAIOTCA 3a CUET 00eCIeUeHUs XOPOIIUX XapaK-
TEPUCTUK AKKYMYJISTOPHBIX 6arapeil M ux 6onee IUTENBHOTO CpoKa
cnyx0bl. BpeMs ux 3apsiia B 3apsSAHBIX YCTPOMCTBAX TAKOTO THIIA 3a-
BUCUT OT TOKa 3apsjaa, CTENeHW paspsiaa Oaraped, ee ¢MKOCTH U
tuma. Ilpu Toke 3apsma 1C paspsckeHHasl HUKeNIb-KaaMmuepasi GaTa-
pest 3apsKaeTcd B cpedHEM MeHee 4eM 3a oduH 4ac. Eciu xe GaTa-
pest MOJHOCTBIO 3apsKeHa, HeKOTOPHIC 3apsiIHBIC YCTPOMCTBA mepe-
KJIIOYAIOTCS. B PEXUM IOA3ApSIAKA MOHMXEHHBIM TOKOM 3apsiia M C
OTKJIIOYEHHEM TI0 CUTHaTy TaiiMepa. [1o oKOHUaHUM mpoiiecca 3apsi-
Jla 3apsiiHOe YCTPOMCTBO IMEPEKI0YacTCsl B PEXUM CTPYHHOM noasa-
PSLIKY 1711 KOMITEHCAUUM camopaspsga 0arapeu.

CoBpeMeHHbBIE YCTPOMCTBA CKOPOCTHOTO 3apsifia OOBIYHO MPUME-
HSIOTCS IUIS1 3apSAKM KaK HUKEJIb-KaAMUEBBIX, TAK U HUKEJIb-METAJI-
JITHAPUIHBIX aKKYMYJSATOpHBIX OaTapeil. IToCKOJBKY 3TOT mpoliecc
MPOUCXOAUT MPH MOBBILICHHOM TOKE 3apsifia U 32 HUM HEOOXOIUM
KOHTPOJIb, OY€Hb BaXHO, YTOOBI B KOHKPETHOM 3apsiIHOM YCTPOMCT-
BE 3apsDKANUCh TOJBKO T€ aKKyMYJSITODBI, ITEPEYEHb KOTOPHIX peKO-
MEHIOBaH ero rpousBoaureiaeMm. Hekoroprle GaTaped KOmMpyIOTCS
3JIEKTPUYECKH Ha 3aBOJAX-U3TOTOBUTENSIX C TOH LIeNbl0, YTOOHI 3a-
PSIIHOE YCTPOMCTBO MOTJIO ONpPEIENUTb UX TUIl U OCHOBHBIC DJIEKT-
pUYECKHe XapaKTepucTUKU. Tlocse aToro oHO aBTOMAaTHYECKH BhICTA~
BUT BEJIMYUHY TOKA U 3a1acT aITOPUTM IIpoliecca 3apsiia, COOTBETCT-
BYIOILLIME YCTAHOBJICHHONW B HEro axkKKyMyJIATOpHOW Oarapee.
CBHHUOBO-KHCIOTHEIE U JIMUTUH-UOHHBIE aKKyMYJISITOpHBIe GaTapeu
VMEIOT aJTOPUTMBI 3apsiia, He COBMCCTHMBIE C AJTOPWTMOM 3apsila
HUKE/Ib-KaAMHEBBIX U HUKEIb-METAUITHAPUAHBIX Oarapeit. [TlosToMy
IUTA 3apsifa MOCIeTHUX UX UCTIONH30BATh HENb34.



FnaBa 3
CBHNHLLOBO-KMCITIOTHbIE BATAPEM

3.1. OcO6€eHHOCTH KOHCTPYKLMM CBMHLLOBO-KMCNOTHBIX
6artapen

IlepBriil pabOTOCIIOCOOHBIN CBUHIIOBO-KUCIOTHBIN aKKyMYJISITOP
6501 M306peTeH B 1859 1. ¢paHuysckumM ydyeHsiM [actoHoM IlnaHre.
Ero XKOHCTpPYKUMS TpEACTaBIsla cOOOUM 3JeKTPOAB U3 JIUCTOBOTO
CBHHIIA, DPa3meICHHBIE celaparopaMH M3 IOJOTHA, KOTOpbie ObUIN
CBEPHYTHI B CIIMpaib M MOMelieHsl B cocyn ¢ 10 % pacrBopom cep-
HOM KHUCJIOTHL.

HegoctaTKOM MEpPBBIX CBUHLIOBO-KUCJIOTHBIX aKKyMYJISTOPOB
ObuTa UX HM3Kasg eMKOCTh. IlepBOHAYaIbHO IS €€ YBENWUYEHHUsI TIPO-
BOMMIIN OONBIIOE YHCIO IIUKIOB 3apsma-paspsina. s JOCTIKEHUS
CYHIECTBEHHBIX Pe3y/JbTaTOB TPEOOBAIOCH OO ABYX JIET TaKMX TPECHU-
poBok. TIpyyMHa HexocTaTKa ObUIa SBHOW — KOHCTPYKIIUS TIACTHH.
IMoaToMy nanbpHeillilee COBeplIEHCTBOBAHUE KOHCTPYKLIMM CBHHIIO-
BO-KUCJIOTHBIX aKKYMYIATOPOB ObLIO HAIPaBJICHO Ha COBEPLICHCTBO-
BaHME KOHCTPYKUWM HUCIIONB3YEMBIX B HUX TUTACTUH U CETIapaToOpoOB.

B 1880 r. K. ®op npeanoXui TEXHOTOTHIO N3TOTOBJICHUS HaMa3-
HBIX 3JICKTPOAOB ITyTeM HaHEeCEHHS Ha IUTACTHHBI OKUCJIOB CBUHILA.
Takast KOHCTPYKUHS 3JIEKTPOIOB MO3BONIMIIA 3HAYUTEIBHO YBEIUUHTD
€MKOCTb aKKyMynsTopoB. A B 1881 r. B. MonbKkMap IpeyIoXKII HUC-
TIOIb30BATh B KAvyeCcTBE AJNEKTPOAOB HAMa3HYIO DeulleTKy. B ToMm xe
rony yuenoMy CeJUtoHy OBII BBIIAH TTATE€HT Ha TEXHOJIOTHIO M3TOTOB-
JIEHUS pellieTOK U3 CIlaBa CBMHIIA K CYPHMBI.

ITepBoHaYaibHO TMPAKTHIECKOE NMPUMEHEHUE CBUHILIOBO-KHCHAOT-
HBIX aKKyMYJISITOPOB OBUIO 3aTPyOHEHO M3-33 OTCYTCTBHS 3apsIHBIX
YCTPONCTB — IUIA 3apsiia WCIONb30BaId MEPBUYHEBIE 3JIEMEHTH KOH-
crpykuuu byH3eHa. To ecTb XMMHUYECKUH UCTOYHHUK TOKA 3apspKalcs
OT J[Pyroro XWMHYECKOTO HCTOYHMKA — OaTaped TalbBaHUYECKUX
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oneMenToB. [lonoXeHre KapAWHAJIBHO U3MEHMIIOCH € TIOSIBIEHHEM
HEIOPOTUX reHepaTopoB ITOCTOSSHHOTO TOKA.

HMMeHHO CBUHIIOBO-KUCJIOTHBIE GaTapeu NMepBRIMU B MMpPE U3 aK-
KYMYJATOPHBLIX 6aTapeil HauuiM KkoMMepdeckoe npuMeHenne. K 1890
rojy BO MHOTMX MPOMBIIIJIEHHO Pa3sBUTHIX CTpaHaX OBLT OCBOEH HX
cepuitHbIi BhIMTycK. B 1900 rony HeMenkas ¢dupma Varta BHIITyCTHIIA
TepBhIe CTAPTEPHbIE aKKYMYJISITOPHI I aBTOMOGHIIEA.

B 70-x ropax npouutoro, XX BeKa ObUIM CO3MaHB HEOOCTYXHBae-
Mbl€ CBUHIIOBO-KUCJIOTHBIE OaTapey, criocOOHble paborath B M0OOM
MONOXeHUH. ZKUAKUN 3JIEKTPOJIUT B HUX 3aMEHITH TEJIEBBIM WIH a0-
COpPOUPOBAHHBIM (BIMUTAHHBIM) CETIApATOPaMU 3JIEKTPOJIUMTOM, Gara-
peU repMeTU3UPOBAIM, a [UISI OTBO/IA TA30B, BHIUICJISIONIUXCS MPU 3a-
psfe WIM paspsiie, YCTAHOBWIM Oe3oMacHsele Kiamnadbel. Beliu paspa-
60TaHBl HOBBIE KOHCTPYKIIMH TLIACTHH Ha OCHOBE MeHO-KaJbLINEBEIX
CILIaBOB, TIOKPBLITBIX OKCHUIOM CBUHIIA, HA OCHOBE TUTAHOBBIX, AJIIO-
MHWHHUEBBIX U MEHBIX PEHIETOK.

AKXTMBHBIC BEILECTBA aKKYMYJIATOpPA COCPENOTOUYEHBI B 3MECKTPO-
JINTE M NOJOXHUTEJIbHBIX W OTPULIATENIbHBIX 3JIEKTPONAX, @ COBOKYII-
HOCTh 3TUX BEIUECTB HA3BIBAECTCS 3JNEKTPOXUMUUYECKOI CHUCTEMOIA.
B CBHMHLOBO-KUCIOTHBIX aKKyMYJSITOPHBIX GaTapesX 3JEKTPOIUTOM
SIBJISICTCSI pPACTBOP CEPHOM KUCIOTHI, aKTUBHBIM BEILIECTBOM MMOJIOXU-
TEJIbHBIX MIACTUH — ABYOKMCH CBUMHLA PbO,, oTpHIIaTEnbHBIX Iutac-
TUH — CBUHell Pb.

dns Toro 4yroObl OBIIO Jierye pa3obpaTbcsi B MHOTOOOpa3uu
CBUHIIOBO-KUCJIOTHBIX aKKyMYJSTOPHBIX Oatapei, ciieayeT 3HAaTh 00
WX ACJCHUU Ha TPYIIIBL IO PEXHUMY MX 3KCIUTyaTalluM M O TEXHOJIO-
MY H3TOTOBJIEHUS. DTO IOMOXET IIOHATh, KaK IPaBHJIBHO IONO-
OpaTh axKKyMyJATOPHYIO OaTapero IS pelieHUsi KOHKPETHBIX 3a1ay,
KaK TpaBUJIBHO BBIOPATh PEeXUMBI 3apsiia M pa3psijia, Kakue BHEll-
HUe (aKTOpHl M KakK OyayT BIUATH Ha ee paboTy B IIpOLIECCE SKCILTY-
arailuu.

ITo pexuMy S3KCIIyaraluWd aKKyMyJsITOpHEIE ©Oaraped HNEJISITCS
Ha TPU TPYIIIILL:

1. barapeu mg paborel B 6ydbepHOM pekuMe, Korna Oarapes pa-
0otaeT B Oydepe ¢ OCHOBHBIM MCTOUHUKOM HAMpsKEHUS, HallpuMep,
CeTEBBIM OJIOKOM nuTaHuA. [Ipu 3TOoM OCHOBHOe ee HaszHaYeHHE —
pEe3epBHBIN MCTOYHUK nuTaHus. [lepHonsl pa3psina 6atapeu Mo cpas-
HEHUIO C MEePUORAMU 3apsiia HENpOMOJLKUTENbHBI. BOABIIYIO YacThb
BPEMEHHU OHa TOCTOSIHHO nojasapsixaercsd. B 6ydepHoM pexume pa-
6otaT 6aTapeyd pe3CPBHOTO IMUTAHHS 6a30BBIX CTAHIIUM MOOWIBHOM
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casisu, ATC, ceTeBble KOMMYTaTOPHI NpoBaiinepos MHTepHeT, nctoy-
HUKH OecrepeOOMHOTO MUTAaHMS MEePCOHANBHBIX KOMITBIOTEPOB U
cepsepoB (UPS) u 1. 1.

2. barapen g paboThl B LIHKIMYECKOM DEXHME, KOTOPHI Xa-
paKTepeH HX PaspsiioM B TEYEHHE KaKOrO-TO BPEMCHHU M ITOCIEAYIO-
M 3apsinoMm. Luxknudyeckuit pexxuM paboThl akKKyMYJIATOPHBIX 6a-
Tapeil UCIIONB3yeTCA Topasfno pexe, yeM OydepHslit. IIpuMepom Ta-
KOTO pPEXMMa MOXHO Ha3BaTh paboTy SJIEKTPOTPaHCNIOpTa M
YCTPOMCTB C aBTOHOMHBIM IMTaHUEM: B TeUCHHe paboyero aHA mpo-
MCXONUT Pa3psl TATOBbIX OaTapedl wiu Oatapeil NMUTaHUsA, a TOCHE
ero OKOHYAaHMS 3TU OaTtapeu CTaBAT Ha 3apsid.

3. batapeu st paboTH B CMEIIAaHHOM peXUMe, HapuMep aBTO-
MOGWIbHBIE DaTapeu.

ITo KOHCTPYKUMHU CBUHIIOBO-KUCIOTHBIE aKKyMYJISITOPHBIE Gara-
ped MOXHO pa3[efuTh Ha 0aTapeu C XKUIKUM 3JeKTPOJIUTOM — 00-
CAYXUBaeMble U HeoOCIyXuBacMble — U 6aTapeu ¢ peryjIMpyeMbIMH
xnamadamMyi (VRLA — Valve Regulated Lead Acid batteries) — ¢
VBJIaXHEHHBIMH CelaparopaMd H C TeleBbIM 3JeKTpolnToM. Ha
puc. 3.1 Takoe pasneNeHue IPEICTABICHO CXeMaTHYHO.

B pasnuyHO TeXHUYECKON JIUTEPATYpE MOXHO BCTPETUTDh TaKile
Ha3paHUs Garapeif, kak SLA — Sealed Lead Acid batteries — repme-
THYHBIE CBUHIIOBO-KMUCIIOTHBIE OaTtapen, oTHocsiuMecs K VRLA 6a-
tapesM (¢doro 3.1). XoTa 3TO He BIOJHE COOTBETCTBYET MCTUHE: ab-
COMIOTHO TEpPMETUYHBIX OaTapeH He CyLIeCcTBYeT IO TOW NpHYMHE,
YTO BO BCEX HHX MCIIONMB3YIOTCS KJIATIaHBI IUTS1 CHYKEHUST BHYTPHKOD-
mycHoro aamieHusi. O4eHp 4acTo, IMOAYEPKUBAsA 3TO, BMECTO TEPMMU-
Ha «repMeTUYHble OaTaper» YIOTPeOJIIIOT TEPMHUH <«T€PMETH3UPO-
BaHHEIe Gatapen». Berpeuaercsa Takke HasBaHue Gelcell — Topropast
Mapka reneBnix 6arapeir. CrapTepHbie 6aTapen WHOTAA COKpAllEHHO

Puc. 3.1. Buabl CBUHUOBO-KHCIIOTHBIX aKKYMYJISTOPHBIX Garapeit
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®oro 3.1. SLA Gatapeu nmpouspoacTBa KoMrniaHuu Panasonic

HaszeiBaloT SLI, yto pacummgposbiBacTcsl Kak Start, Light, Ignition —
MYCK, OCBEIICHUE, 3aKUTaHue.

CBHHLOBO-KMCJIOTHBIE aKKYMYJATOpDHBIE Oaraped IO CHX TOp
OCTAalOTCA CaMBbIMU HAIEXHBIMM, JOJTOBEYHLIMU M HE TPeOYIOIIUMH
BBICOKMX 3KCIUTYaTallMOHHBIX 3aTpaT XUMUYECKUMH HCTOYHHUKAMU
TOKa. B Hacrosilliee BpeMsi MPOM3BOMSTCS U AKTMBHO 3KCIUTyaTHPY-
IOTCS aKKYyMYVJISITOpHBIC DaTaper TpeX IOKOJECHUIH:

1. batapeu mepBOro NMOKOJEHUS — GaTapeH ¢ XUIKUM 3JIEKTPO-
JIUTOM OTKPBITOTO WJIM 32KPHITOTO THITA, UMEIOIIUE eMKOCTh OT 36 10
5328 A-g 1 cpox ciayxOnl ot 10 mo 20 u Gonee ner. barapeu oTKphi-
TOTO TUIIA HE UMECIOT KPHIIUEK, W 3JEKTPONUT HEMOCPEACTBEHHO CO-
TIpUKAcaeTcs ¢ OTKPHITHIM BO3AyXoM. OCHOBHEIE 3aTpaThl IIPU UX K-
CIUTyaTauMM — 3TO 3aTpaTbl Ha OOCIYXXHWBAHUE, CBSI3aHHBIE C HEOO-
XOJIUMOCTBIO YaCTON AOJUBKU NUCTWIIUPOBAHHON BOIBI, U PAaCXOIBI
Ha coIepXaHue XOPOILIO BEHTWIMPYEMBIX TIOMELUEHUI, B KOTOPBIX MX
yCTaHAaBIMBAIOT. bartapeW 3akphITOro THIA HMMEIOT CHelUATbHBIE
npobku, obecreunBaloOlIve 3aJepPXKKy aspo30JUM CEPHON KHCJOTHL.
T1po6GKY AJist 3ATMBKY 3MEKTPOJIATA ¥ JOOABJIEHUS BOIBI TIPH 3KCILTY-
arallM¥ BBIBUHYHMBAIOTCS. Batapeu 3akKpHITOrO THUNA MOTYT OBITH U
HEOOCHYXVBAEMBIMU: OT TIPOM3BOIUTENS] OHU ITOCTABIAIOTCH 3AJTUTHI-
MM U 3apsSDKEHHBIMH, U B T€YEHHE CpoOKa CIYXKOBl HeT HeOOXOmUMO-
CTU JOJUBKU BOABI, T. K. KOHCTPYKIIMS MpoBOK Takux Oarapeit obec-
TIeYUBAET yOepXKaHUE €€ MapoB B BUAe KoHIeHcaTa. Kpome ucmonb-
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c—

30BaHMd B KauyecTBe CTALIMOHAPHBIX, 0aTraped 3aKpbITOTO THIIA
gBISIOTCA OCHOBHBIM THUIOM Oarapeif, MCIOJNb3yeMBIX B aBTOTpPaK-
TOpHOU TEXHUKE B KAYECTBE CTAPTEPHBIX M TATOBBIX.

2. barapen BTOpOTO MOKONEHUS, KOTOPBIMM SBJISIOTCSA T€pMETHU-
3UPOBAHHBIE TejieBble OaTape. B HUX BMECTO XHMOKOTO 31ME€KTPOJIHTA
HCITONIB3YeTCs TeneoOpa3HbIi, MpencTaRIsAIOIUA coboit Xene, Mmomy-
yeHHOE B Pe3yJIbTaTe CMEIUMBAaHMSA PacTBOpa CEpHOUM KHCIIOTHI C 3a-
rycTuteseM (OOBIYHO 3TO ABYOKMCH KpeMHUsl SiO, — cHIMKareib).
Texdonoruss TIPOM3BOJACTBA TFeJEBBIX OaTrapedl IoJiyYuria Ha3BaHUE
GEL. T'eneBrie GaTaped B TeYeHME BCETO CpOKa JKCIUIyaTalldM He
HYXAAI0TCSl B OOCIYXXMBAaHUM, MX Helb3s BCKpPHIBaTh. [I1g Mx noasa-
psAfia HEOOXOAMMO MCITOIb30BaTh 3apsiiHbIE YCTPOUCTBa, 0becreynBa-
[olle HeCcTaOWJIBHOCTb HAIpsSDKeHHUs 3apsiia He xyxe *1 % mis
MPEJOTBPAILEHHUS OOMJIBHOTO Ta30BBIACIECHMSI. Takue akKKyMyJsiTop-
Hble 6aTaped KPUTUYHBL K TEMIIEPATYpe OKPYXAIOIIEei Cpebl.

3. batapeu TpeThero MOKOJNCHHUS ~— 3TO TepMETU3UPOBaHHEIE Oa-
Tapeu ¢ aOCOPOUPOBAHHEIM cerapaTopaMy 3JIeKTPOIUTOM. HacTo ux
HA3bIBAIOT OarapesaMu, coopaHHbIMU 10 AGM-texHonoruu. AGM —
Absorbed in Glass Mat, T. €. TEXHOJIOTHS, TIPH KOTOPOU 3JIEKTPOIUT
abcopOMpoBaH B CeIlaparopax M3 CTEKIOBOJIOKHA, pa3MEILCHHBIX
MeXIy aiexrpoaaMu. Takoil cemapaTop TIpeICTaBsgeT co0OM ropuc-
TYIO CUCTEMY, B KOTOPOI KaITWIIAPHBIC CHITBI YIEPXUBAIOT 3JIEKTPO-
qut. TIpu 3TOM KOJWYECTBO SJEKTPOJIUTA HO3UPYETCA TAK, UTOOBI
MeJIKHe TOpHI GBI 3aMOTHEHEI, 4 KPYITHBIE OCTABAJIMCh CBOOOXHBI-
MH U CBOOOAHOM LIMPKYISIIMH BBIIENSIONIUXCH Ta30B. 110 cBOMM
cpolictBaM AGM ©Gataped mnomoOHBI TeNEBbIM, 3a HCKIIOYEHHEM
TOTO, YTO razo00pa3oBaHie B HUX CYIIECTBEHHO MeHbIle, U MeHbIlee
BIMsIHUE Ha WX paboTy OKa3bIBaeT TeMIlepaTypa OKpyXaloliei cpenbl.
Kak u rs reneBHIX aKKyMYJIATOPHBIX Oarapeif, IS HUX TpeGyroTcs
3apsaHBIE YCTPOMCTBa, obecneYrBaloline HECTAOMIBHOCTD HATIpsIXe-
HU 3apsaga He xyxe +1 %.

K coxanenuio, B Poccum repMeTH3MpPOBaHHBIE CBUHIIOBO-KHC-
JIOTHBIE aKKYMYJISAITOPBI HE TPOU3BOMISTCS.

[pu 3apsae CBMHIIOBO-KHUCIOTHBIX OaTapeil MpOTeKaIOT PeaklvH:

e V MOJIOXHUTEILHBIX TUIACTHH:

PbSO, + H,0 + O — PbO, + H,SO,;
¢ Y OTPUUATCIIbBHBIX MJIACTHH!

PbSO, + 2H - Pb + H,S0,.
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Ilpu paspsine CBHHUOBO-KMUCJIOTHBIX OaTapeil MpoTeKaloT peak-
1117078
e Y TIOJIOXHUTEIbHBIX TUIACTHH:

PbO, + H,0 — PbSO, + H,0 + O;
e Y OTPHUATCJIBHBIX TIACTHUH:
Pb + H,80, — PbSO, + 2H.

Ha puc. 3.2 u 3.3 B xadecTBe INpHMepa ITOKa3aHO YCTPOHCTBO
CBUHIIOBO-KUCIOTHBIX VRLA 6Gartapeit mnsi cucreM OecriepebOiRHOro
IMUTAHMS TIPOM3BOACTBA KOMIIaHMM Panasonic M aBTOMOOHIBHEIX
CBUHIIOBO-KUCIOTHBIX VRLA Gartapeit mpou3BoACTBA KOMOAHUM Var-
ta. BeIBOMBI aBTOMOGWJIBHBIX OaTapeil MMEIOT CTaHIapTHYIO ¢GOpMy B
BUIEe KOHyca. BrIBonbI XKe Gatapeit Ipyroro HasHa4eHHSI MOTYT UMETh
pa3NNYHy0 KOHCTPYKUIMIO. bonee mompoGHast HHGOpMALIMSA O KOHCT-
PYKLIMH BBIBOIOB CBHHIIOBO-KUCJIOTHBIX OaTapeil M UX pacroioxe-
HUU TIPUBEICHA B TIPWJIOXKEHUSX,

Ha puc. 3.4. moxasaH TUIOBOM UMKI HpPOM3BOICTBA CBUHIIO-
BO-KUCJIOTHBIX GaTapeil Ha MpuMepe KOMIMaHuu Varta.

TnocoBon BbIBOL

Nepembiuka BepxHsis kpbituka

HwKHAA KpbiwKa

Knanax

MuHycoBbil BbiBOA

Mniocosoit anekTpog

MurycosoW anexrpon

Cenaparop

MoanTMBHbIE NNACTUHB

Heratuanbie nnacTHbl Kopnyc 6arapen

Puc. 3.2. YerpoiictBo VRLA 6arapeu Panasonic
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Pydxa ans nepeHockn

NpoTuBonoXapHan 3alura

or BuGpoca soaoposa

BuiBoppt anemeHTa

MukponopucTsiil KapMaH cenaparopa
C NO3UTVBHBIMU NABCTUHAMM

BoicTynu

Prpe— Herarustbie nnacTuHbl

Puc. 3.3. YcrpoiictBo aBToMOOMNbHOR GaTapen Varta

CBopka anemeHToB ’
Garapeu

YCTaHOBKa 3N1EMEHTOB N
B KOpRyC e

YCTaHOBKa KPbILLKH
C KanaHamu

3an1Bka aneKTpoMTa

[epeuuHbIA 3apaa
(dbopmosKa) g

KoHtponb

YCTaHOBKA 3aLUTHON
HanpsOKeHUst 3

. KPbILIKH
OuucTka

[otoBas npoayxuma

Puc. 3.4. Lluxn npou3BoacTBa aBTOMOGHIBHBIX CBHHIIOBO-KHCIOTHEIX
6atapeit (npuMep)

KoHcTpykuug 6Gatapeit pasivyHbIX (GUPM, HUX BBITYCKAIOIIMX,
MOXET UMETh CBOU OCOOEHHOCTH, HalpuMep, 0co0yI0 KOHCTPYKLIHIO
CenaparopoB WiV peIleTOK WIM NpUMEHEHHe criequpUIeCcKUX noda-
BOK IIpM U3TOTOBJCHUM IIACTUH. YacTo npu 0603HAYCHUM TUTIA aK-
KyMynsiTopHO#l ©aTaped yKa3plBalOT €e MapKHpPOBKY, KOTOpasl OIpe-
Jensgercss KOHCTPYKITMe# TOJIOXUTENbHBIX TtacTuH (Tadim. 3.1).
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Tatnuya 3.1
Mapkupoexa OCOBEHHOCTM KOHCTRYKLMWA Crangapt
CraumorapHbie Gatapeu ¢ NOBEPXHOCTHLIMU NONOXUTENBHBIMY NNACTUHA- DIN 40732
MM B TPAAULMOHHOI KOMNOHOBKE
GroE
CrauyoHapHbie Harapeu ¢ NOBEPXHOCTHLIMIA NONOXMTENBHHIMA NHACTUHA- DIN 40738
MM B Y3KOA XOMNOHOBKE
oPsS CraumorapHble 6atapeu ¢ NaHUMPHLIMY NONOXMTENLHBIMK NnacTuiamu U | DIN 40736
paanenuTensmu DIN 40737
QGi CrauMoHapHbie 6atapeu ¢ petleTyaTbiMU NONOXMTENbHLIMM NACTUHAMM DIN 40734
DIN 40739
ﬂ
GV MoHOBNOYHbIE GaTapeu C PELIeTYaTbIMU NOAOXMTENLHHMMU NAACTUHAMM DIN 43534

I1pu U3roTOBAECHUM CBHHLIOBO-KHCIOTHBIX aKKyMYJISITOPHBIX Da-
Tapeil MpUMEHSIOT XMMHUJYecKue nobaBku. Hanmpumep, K CBMHILYY HO-
OaBisII0T cypbMy (mons B crtase 1...10 %), xoropas obecrieynBaeT
OoJyiee TIPOYHBIM 3JIEKTPUYECKMIT KOHTAKT aKTUBHOIO Marepuana ¢
DeUIETKOH, NpeIOTBPallaeT €70 OCHITIaHNe, YTO NIO3BOJISET YBEJIMYUTD
CPOK CHYyXObI aKKYMYJIATOPDHBIX 6atapeil. KpoMe CBHHIIOBO-CYPbMSI-
HBIX, HCIIONIb3YIOT TAK:XKe CBUHLIOBO-KAAbLIMEBBIE CILIABEI, MTO3BONASIO-
L1e CIenaTh IUTACTUHEBL Goyiee JISTKUMH W TIPOYHBIMU IIpH COXpaHe-
HHHU BBICOKUX 2JICKTPUYECKHUX H MEXaHUYECKHX XapaKTepHCTHK.

IpaBTbHEBI TOO0OP METAUIOB, XUMHUKATOB U NOOABOK ITOMOTA-
€T JOCTUYb KOMITpOMHCCA U OayaHca MeXOY BBICOKOH SHepreTude-
CKOM TUIOTHOCTBIO, MJUTENLHOCTBIO CPOKAa XPaHEHMS, YBEeITHYEeHMEM
cpoKa CcHyxkObl M Oe30IacHOCTLIO MPH 3KCIUTyatauud. Bbicokoit
SHEPTETUYECKOM TUIOTHOCTH MOXHO NOCTMYb CPaBHUTEJNBHO JIETKO,
Hanpumep, 100aBUB BMECTO KOOaabTa HUKelnb. EMKOCTE GaTapeu Ipu
3TOM BO3pacTeT, CHU3UTCA €€ CTOUMOCTbh, HO MIPU 3TOM YXYIIIHUTCH H
0e30TacHOCTD e 3KCInyaTanu. HaunHaloume cBoit OH3HeC KOMIIa-
HHM MOTYT BO IJIaBY YTJIa TIOCTABUTh MaKCHMATbHO BO3MOXHYIO €M-
KOCTb BBITYCKAaeMBIX Oartapeli, npeHeOperast BceM ocTaibHbIM. Ho
MPOM3BOJUTENAN C BBICOKOH pelnyTauuMeil Ha pbIHKE, Takue, Kak
EXIDE, FIAMM, HOPPECKE, Panasonic, Varta u apyruie, Ha mep-
BOE MECTO BCeraa CTaBsT 6¢30MacHOCTL CBOEH TMPOAYKIIMM U TIPOJa-
10T TOJIBKO O€30IacHbBIe U HalleXHbIe aKKyMyJIATOPHEIE BaTapeu.

IlIpuMep KOHCTPYKUMH IpPEIOXPAaHUTEIBLHOTO KJIariaHa CBUHILO-
Bo-kKucloTHOH VRLA Gartapeu nokasaH Ha puc. 3.5, OGBIYHO €ro us-
TOTOBJIAIOT M3 HEOoNpeHa. B pesynbraTe HapylueHUs pexXHMa 3apsiia,
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Pwikcatop knanaxa Pe3nHOBLIN Knana

Puc. 3.5. TIpuMep KOHCTPYKLIMK TIPEAOXPaHHUTENBLHOTO KlanaHa

HeUCHPABHOCTH 3apsAHOrO yCTPOMCTBA, KOTMA 3apsi MPOTEKaeT MpU
MOBBILIEHHOM TOKE, B faTapee MPOUCXOAUT aKTUBHOE ra3000pa3oBa-
une. Korma papieHue raszoB jocturHer Benmymue 7,1...43,6 xIla
0,7..4,45 Krc/M?), KiiamaH OTKpoeTcs mist obecneyenusd BEHTUIALMU
Garaped, M Onarogaps 3TOMY YCTpaHSIETCSI OMAacHOCTb €€ B3PHIBA.
Jpyrast poib KjallaHa — He AOITYCTUTh TMOMAfaHUsl BHYTPb KOpITyca
aTMOC(GEPHOT0 KUCIOpoJa BO U30eXaHWE €ro peaklMH ¢ aKTHBHBIM
MaTEepPHAIOM HEraTUBHBIX IUIACTHH.

BOJBINMMHCTBO THIIOB CBUHIIOBO-KUCIOTHBRIX AKKYMYJSITOPHBIX
farapeit UMEIOT 3JIEMCHTHI pU3MaTuueckol ¢opmel. [ToaToMy mps-
MOYTOJIbHBIE KOpITyca Il HUX M3TOTaBIMBAIOTCA U3 ILIACTMACC.
Xots HekoTopble THITLI GaTapeit VRLA npou3BoasiTcsl Ha OCHOBE 1IHM-
JMHAPWIECKHX 3JIEMEHTOB, COXPAHAs BCe TIPEUMYLIECTBA NOCICIHMX.
OHHU 00ecTeunBaIOT 0oJiee BHICOKYIO CTa0MIBHOCTE PabOTHI DIeMEH-
TOB, OOJILLIMI TOK paspsna, AYYIIYIO TEMIIEPaTYpHYIO CTa0MIBHOCTD
10 CpaBHEHMIO ¢ OaTapesiMM, COOpPaHHBIMH M3 NPU3MAaTUYECKUX 3JIe-
MEHTOB.

HanpsxeHne Ha sJeMeHTe CBHHIIOBO-KMCJIOTHOH GatapeH co-
craiser 2,2 B. Cpean Bcex TUIOB aKKyMYJASTOPOB CBMHIIOBO-KMC-
JIOTHBIE OTJIMYAIOTCS HaUMEHBUIEH SHEPreTUYECKOM IDIOTHOCTBIO.
B Hux otcyrctByeT «addexT nmaMaTH». VIX IpOLOIDKUTENBHBINA 3apsi
HE CTaHEeT MPUYMHOMN BEIXOAA OaTapeu M3 CTPOs.

- Crioco6HOCTb COXpaHATH 3apAA Y 3THX Oarapeil Hamnmyymias U3
BCeX TUNOB aKKyMYJISITOpHBIX GaTtapeii. Eciu HuKenbh-kagmueBbie 6a-
Tapeu B TeUYEHME Tpex MecsaueB TepsioT 40 % coxpaHEHHOHR 3Hepryuu,
TO CBUHIIOBO-KHMCIIOTHBIE GaTapeu TepsiioT 40 % sHepruM TONABKO 3a
rox. OHM HENOPOTH, HO IKCIUTYaTAllHOHHBIE PACXOIbl HA HUX BHILIE,
YEM Ha Te XK€ HUKeJb-KaaMueBble GaTapeH.

Bpems 3apsina. CBUHLIOBO-KMCJIOTHBIX GaTapeil cocTaBisaeT 8...16
JacoB. OHM BCErma AOKHBI XpPaHUTHCS B 3apSKeHHOM COCTOSIHHH,
TaK KaK XpaHEHHE B He3apsKeHHOM COCTOSHUM MPHUBEIET K CYlb(a-
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TAUMUM TJIACTUH — MOPUYMHE TIOTEPH €MKOCTH, 4 B MEPCHEKTUBE U K
TOMY, 4TO 0aTapelo BMOCNENCTBUM 3apAfUTh He YIACTCs BOOOIIIE.

B omimymMe OT HUKeNh-KaJAMUEBBIX CBUHIIOBO-KHC/IOTHEIE Oata-
peu He 00T ryOOoKVMX IIMKIIOB 3apsaa/paspsia. ITonHbli paspsn Mo-
KeT CTaTh MPUYMHON NnedopMallMil IUIACTHH, M KaXIbli LUK 3apsi-
na/paspsiga 6araped BIIOCIEICTBHU BENET K CHUXEHHIO €€ eMKOCTH.
Takue morepu OTHOCHUTENBHO HEBEJUKH, Noka Gatapes paboTaeT B
HOPMAJIBHBIX YCNOBUAX, HO HaxXe €OUHCTBEHHBIM clydyad ee rmepe-
IPY3KM M, KaK pe3yJbTar, IIyOOKOTO pa3psaa NpHMBEIET K MOTepe e
eMkoctd nipuMepHo Ha 80 %. [I1st mpeaynpexaeHHd TaKUX CIydacB
PEKOMEHAYETCS UCIIOJIb30BaTh 6aTapey MOBHIIIEHHON €MKOCTH.

B 3aBucuMoCTH OT IJIyOMHBI paspsna u pabodeil TeMIepaTypsi
pecypc WM CPOK CIYXObl CBMHLIOBO-KHUCJIOTHOM OaTtapeu MOXET
coctaBisaTh OT 1 roga mo 20 u Gosee yer. Kpome TOro, B 3Ha4M-
TEABHOH Mepe CPOK CIIYXKOBbl OnpeiensieTcd KOHCTPYKLHMEH 3JIeMeH-
TOB BaTtapeu.

CyllecTBYET HECKOMBKO CIIOCOOOB YBEIMYEHUS EMKOCTH U CPOKa
CykOBl CBMHLIOBO-KUCIOTHBIX OaTtapeil. OrirumanbHas pabodass TeM-
neparypa IUis TakMx 6atapeit coctapisieT 25 °C, U ee yBeJIM4eHHE Ha
xaxzaele 10 °C coxpaniaetr cpok ciyx0Obt Garaper HamojaoBuHy. Ha-
npuMep, VRLA Garapes npu teMnepaType 25 °C moxer pabotars 10
JIeT, a npu remmneparype 33 °C — TONBKO S JieT, Hy a [pU TeMItepaTy-
pe 42 °C — Bcero nuiub 1 rom.

IIpeumyiliecTBa CBUHIIOBO-KHCIIOTHBIX Gatapeii:

s JIELICBU3HA U IIPOCTOTA MPOU3BOJACTBA — ITO CTOUMOCTH 1 BT - 4
3HEPrUH 3TU 0aTapeu ABISIOTCS CAMBIMU JeIIeBbIMU;

e 0TpaboTaHHasl, HaleXHasi U XOPOIIO TIOHSTHAsl TEXHOMOTHSI
00CITyX1BaHMSA;

e MaJIBIA caMopaspsll — CaMblii HU3KUH IT0 CpPaBHEHHUIO C aKKy-
MYJATOPHBIMH GaTapesiMH OPYTHUX THIIOB;

e HU3KHE TpeOOBaHUS MO OOCAYKUBAHUIO — OTCYTCTBYET «3(-
teKT TTaMAaTh», He TpebyeTcst JOMUBKY IJIEKTPOJIUTA;

e JOMTYCTUMBI BLICOKHME TOKM pa3psiaa.

Henocratku cBUHLIOBO-KHCIOTHEIX Gatapeii:

e He JOIYCKaeTCs XpaHEHME B Pa3psXEHHOM COCTOSIHUM;

e HU3Kas SHEpPreTUyeckas IUIOTHOCThL — OONBLIION BEC aKKyMy-
JISTOPHBIX Garapeil orpaHMYMBAEeT UX NMpUMEHEeHHe B CTAlHO-
HapHBIX M ITOOBHXHBIX OOBEKTAX;
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o JOIMYCTUMO JIMILb OTPAHHMYEHHOE KOJIMYECTBO UMKIIOB MOJTHOTO
paspsiaa;
¢ KUCJOTHBIN 3JIEKTPOJHUT M CBUHEL OKa3bIBalOT BpeQHOE BO3-
© pgefiCTBUE Ha OKDYXAIOILYIO CPEly;
e IIPHM HEITPABWJILHOM 3apsiic BO3MOXEH IEperpes.
~ CBUHIIOBO-KHCJIOTHBIE 6aTapeM UMEIOT HACTOJNBKO HHU3KYIO
SHEPTeTHYECKYIO TUIOTHOCTD MO CPABHEHUIO C APYrMMM TUMamu Oa-
Tapeii, YTO 3TO JIENAET HelleJecoOOPasHbIM UCIIOb30BaHUE UX B Ka-
yecTBE MCTOYHUKOB ITHTAHUS IEPEHOCHBIX YCTPOMCTB. XOTS NpHMe-
pH MX NPUMEHEHUS B IIOPTATMBHON OJIEKTPOHHOM TEXHMKE €CTb.
KpoMe TOro, TpM HU3KHX TeMIlepaTypax MX €MKOCTb CYLIECTBEHHO
CHIKaeTCs.

3.2. 3apaA CBMHLLOBO-KMCIIOTHbIX aKKYMYNSTOPHbIX
6atapen

AJNTOPUTM 3apsiia CBUHIOBO-KMCJIOTHBIX OaTapeit oTau4yaercs Ot
afirOpUTMA 3apsila HUKETb-KaIMHUEBBIX BaTapel — 60Jjice KPUTUYHBIM
ARNAETCST OrpaHUYCHHUE HATPSDKEHUsI, YeM OrpaHWYEHHE TOKa 3apsi-
8. BpeMda 3apsna repMeTUYHBIX CBUHIOBO-KUCIOTHHIX Oarapeit co-
erapistet 12...16 4. Ecau yBENTUYUTL TOK M IIPUMEHUTH METOABI MHO-
TOCTYIIEHYaTOro 3apsiia, ero MOXHO COKpaTtHTh o 10 4 1 MeHee. 3a-
PAOUTDL TepMETHYHBIE CBUHIIOBO-KUCJIOTHBIE 6aTapey Tak Xe ObICTpo,
KaK HMKeNb-KaIMHUEBbIE, HEITh3.

" BooO6lLe, CBUHIIOBO-KUCIOTHbIE GaTapey, KaK ¥ HUKeTb-KamMHe-
Bble, TT0 HA3HAYEHHUIO MOXHO PA3IeIUTh Ha JABE GOJIBLIME TPYTIIIbL:
1. Barapeu, ucronb3yeMble KaK OCHOBHOW MCTOYHMK IMHMTaHMUS,
I KOTOPHIX XapaKTepHHI IOBTOPSIOUIMECS LIMKJIIBL 3apsil/paspsi,
T.'e. 6aTapen LMKIAYECKOTO NTPUMEHEHMHS.

2. Barapeu, MCTOJIb3yeMble B PE3CPBHBIX MCTOYHUKAX ITUTAHUS,
HaripuMmep B UBII, u paboraroinue B OydhepHOM pexxuMe.

CoOOTBETCTBEHHO 3TOMY AEACHUIO PAa3IMYalOTCd M BO3MOXHBIE
METOJBI UX 3apsiaa: IS MepBOM IPYIITEl TPUMEHSIOTCS METOABI 3apsi-
Jia TIpY TIOCTOSIHHOM HaIpsiKeHUM 3apsiaa U TIpU MOCTOSHHBIX 3Haye-
HMAX HaNpsOKeHUS U TOKa 3apsiia, a s BTOPOM — METOH ABYXCTY-
TIEHYaTOro 3apsifa MPU MMOCTOSHHOM HaNpPSIKEHWH 3apsla U MeToN
KOMITEHCMPYIOUIETO 3apsifa (CTpyHHOUN TIOA3apsaKH).
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MeTop 3apsAa NpM NOCTOSHHOM HaNpPsXeHWM 3apsaa

MeTon 3apsiga TIpU TIOCTOSSHHOM HAIPSDKEHMM 3apsiia sSBISIeTCS
OCHOBHBIM METOIOM JUTsl 6atapeil, paboTalolUX B LIMKIUYECKOM pe-
xume. IIpy TakoM MeTolle K BHIBOIAM OaTapeu NPUKIanblBaeTcs IMo-
CTOSIHHOE HampsiXeHUe U3 pacueta 2,45 B Ha 2jeMeHT TIpy TeMIlepa-
type Bosayxa 20...25 °C. BenuuuHa 3TOro HampsKEHHS MOXET s
Pa3TMYHBIX TUIOB Oarapeil OT pa3HBLIX NMPOU3BOAMTENEH He3HAYMUTe-
JIbHO OTIMYAThCA. B TeXHUYECKOM HOKYMEHTALIMU Ha aKKyMYJSTOD-
HBIe GaTapeH YeTKO YKa3bIBAIOT 3HAYeHME HATIPSLKEHUS 3apsiaa ¥ UH-
(opmanuio Mo €ro nmompaskaM JUIS TeX CIydyaeB, KOTAa TeMmIiepaTypa
OKpYXAaIoIeH cpelibl OTIM4aeTcs: oT HopMaibHOit (25 °C).

3apsii cYMTAeTCsl 3aBepILIEHHBIM, €CJIU TOK 3apsia OCTaeTcs He-
M3MEHHBIM B TeUeHHUE TpexX 4acoB. EciM He OCYyIIECTBIATh KOHTPOIIb
HaJl TIOCTOSTHCTBOM HamNpsiXeHUs Ha Oarapee, MOXET HAaCTyIHTH €€
nepe3apsia. B pesynbrare 35eKTpoin3a, M3-3a TOTO, YTO HETaTHBHBIE
TUIACTHUHBI TIEPECTAIOT aKTHBHO MOMIOMIATH KUCIOPOI, BoAa 3JEKTPO-
JIMTa HAYMHAET PasararbCsl Ha KHUCAOpOA M BOIAOPOA, UCTIAPSSICH M3
OaTtapen. YpOBeHb 3JIEKTPOJIUTA B GaTapee CHMXAETCS, YTO MMPUBOAMT
K YXYOLIEHHIO TIPOTEKAaHWS B Hell XMMUYECKMX peaKldil, H ee eM-
KOCTh OyleT yMeHBIIaThCs, & CPOK CIyXObl — cokpauiatbes. [Toato-
My 3apsl TaKuM METOJOM JIOJDKeH IIpoTeKaTh IIpH 00S3aTeJbHOM
KOHTPOJIE HAIIPSIKEHUSI U BPEMEHH 3apsfa, YTO ITO3BOJIMT YBEJINYHUTD
CpOK CJIyXObI OaTapeu.

Ha stor MeTon 3apsina ciemyeT o6paTuTh BHUMaHME, KaK Ha ca-
MBIH npocToi. PaHee B oTe4yeCTBEeHHON JIUTEpaType MpU 3apsiie He-
TEPMETUYHBIX CBUHLIOBO-KHMCJIOTHBIX ©OaTapeil CUMTAIOCh HOPMOW
MMPOU3BOAMTD HUX 3apsll HauyadbHBIM TOKOM, paBHBIM (,1C B TeueHHe
8...12 yacoB mpH HanpsKEHUU 3apsiga U3 pacuera 2,4 B Ha smeMeHT
Oartapen.

Ha puc. 3.6 B xayecTBe NMpuMepa II0Ka3aHbI XapaKTEePUCTHKH 3a-
psina 4-, 6- ¥ 12-BONBETOBHIX CBUHIIOBO-KMCIOTHHIX Gartapeif, pasps-
XKeHHBIX Ha 50 % u 100 %. CrerneHp paspsiga omnpeaessseTca Hanpsi-
JKEHHEM KOHIIa pa3psiia Ha 6artapee.

Ilpu 3apsime mpw MOCTOSTHHOM HamnpsiKeHUM, 3apsiiHOE YCTpOii-
CTBO JOJKHO MMETH TaliMep Ul OTKJIIOUEHMS] O6araped Mo OKOHYa-
HUM 3apsfa WIM IPYroe YCTpOHCTBO, 0OecIieurBalolliee KOHTDOJb
BpeMeHU WJIM CTEIIEHM 3apsiia GaTaped M BBIAAIOINEE CUTHAN OTKIIIO-
YeHUs YIIPABIISIONIEMY YCTPOHCTBY. DTO MO3BOJUT M30€XaTh Kak ce
HEIOCTAaTOYHOro 3apsifa, TaK W Tepesapsgna. Cieayer MOMHUTB, YTO
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MpephiBaHUE 3apsiia COKpaliaeT CPOK CIyXOBl aKKyMYJIATOpHOU 6a-
Tapeu.

Henb3s 3apskate MOJHOCTHIO 3apsikeHHyI0 Oarapeio — mepesa-
PN MOXET TpuBecTH K ee ropye. [lpw LMKIUYHON SKCIUIyaTaluH
6ataper BpeMs 3apsifa He JOJDKHO IpeBHINIATh 24 4acos.

MeTop 3apaga NPY NOCTOAHHbIX 3HAYEHMAX HANPAYKEHMA
M TOKa 3apsina

Hcnionb3ys MeTox 3apdaa MpH ITOCTOSHHOM HAalpsXKeHHU U TOKE
3apsAna, cHayajla BBICTABISIOT TOK 3apsima, paBHHit 0,4C, a 3arem
KOHTPOMUPYIOT BEIMYMHY HAMpSKEHHSI, KOTOpOoe K KOHIY 3apsia
Mpu KOMHaTtHON TteMrepatype 20..25 °C HOXIKHO COCTABRIAThH
2,45 B na snemenT. BpeMs 3apsaga coctasiser 6...12 4acoB B 3aBHCH-
MOCTU OT CTereHM paspsina Gatapeu. I'padmku, xapakrtepusyioniue
HM3MEHEHHE HanpsXeHNs Ha Garapee M TOKa 3apsia, TOKazaHbl Ha
puc. 3.7.

§ HanpsixeHue 3apaga
[~

3

B

= 0

(3

H

g Tok 3apsiaa

a

5

To {1 2 3 & 5 6 Bpemau

Puc. 3.7. XapakrepucTuxu 3apsaa npy MOCTOSHHBIX 3HAYEHUSX HANPIXeHHS
M TOKa 3apsna



58 Ceunuoeo-xucaomnsie 6amapeu

MeTog ABYXCTYNEHYATOro 3apsafa NpH NoCTOAHHOM
HanpseHMM 3apsfa

Meron ABYXCTYIIEHYATOTO 3apsa IpH MOCTOSHHOM HaIlpsXeHUH
3apgaa, Kak M cleayer M3 €ro Ha3BaHUsI, NPOMCXOOUT B ABAa JTara:
CHauana 3apsi mpu 0oyice BHICOKOM HATIPSDKEHUH 3apsia, a 3aTeM 3a-
psAn 1Ipu Gojiee HU3KOM HANPSKEHWH 3apsifia (CTPYHHBIR MM KOM-
nencupylomuit 3apsn). CTpyKTypHas CXeMa 3apsiiHoro yCcTpoMcTRa,
paboTaroiero o 3ToMy METOHLY, IpeAcTaBieHa Ha puc. 3.8. B Hero
BXOIAT MCTOYHHK TIMTAHUSA, JBA KITIOYA HAMPSXEHUs: MOBBILIEHHO-
ro — SWI1 u noHuxeHHoro — SW2, a Takke LemMb KOHTPOJSA TOKA
3apsaa, obecreyrBaoLas YIpaBpieHUe paboToi 3apsaHoro ycTpoit-
CTBa.

PaGoty 3apsiIHOTO yCTpOMCTBa MOSICHSAET rpaduK XapaKTepHCTH-
Xu 3apsiga (puc. 3.9). 3apsa HauMBaeTcst C Mojayu Ha OGarapelo Io-
BBEIIIEHHOTO HanpsbXeHUsl 3apsiga yepes Kimod SWI. Tlpu stoM TOK
Hayana 3apsijia BBIOMpAalOT, Kak TpasBujio, paBHeIM 0,15C, a BpeMs
nepporo stana 3apsga — 10 4. 1o mepe 3apsana Garapeu Tok 3apsana
yYMEHbIIAaeTCd, U, KOIa ero 3Ha4eHHUE NOCTUTHET OlpeAesieHHOM Be-
JIMYUHBI, [IPOM30iiIeT BEIKIIOYEHHEe Kiouya SW1 U BIIOUEeHHE KO-

i Toxowyncmm]

e e 1
% 1]

Puc. 3.8. CrpyxTypHasi cxeMa 3apsiiHOTO yCTpOHCTBa IS
JIBYXCTYIIEHYATOTO 3apsiia
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T
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Bpems 3apsaa
Puc. 3.9. XapaktepucTuku ABYXCTYNEHYATOrO 3apsiia
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ya SW2. 3apsiiHOe yCTPONCTBO MepeiieT B pexXUM CTPYHHOM moa3a-
PSIKH MaJIbIM TOKOM (06sr4HO 0,05C).

TIpu ABYXCTyNeHYaTOM 3apsiic HayaJIbHBIA TOK MEPBOTO 3Tamna He
IOJDKEH TPeBHIIATh 3HayeHus 0,4C, a ToK cTpyHHOMN MOA3apsAAKH —
0,15C. TurmoBbie 3HaYEHUA HaNpPsKeHWH 3apsda NP PasIMYHBIX
TeMIepaTypax OKpyXarolieif cpeasi MpuBeaeHnl B TadA. 3.2.

Tabauua 3.2
3ran 3apaga Hanpsixenne 6atapeu, B Tewneparypa, 'C
. 0 25 40
— ] 6 77 74 7,1
Ocroshoh 12 15,4 147 14,2
[ . L 6 7,1 6,8 6,7
KOMNEHCUPYIOLLNIA {CTPYAHBIN) 2 1 137 134

Kak 6bu10 cKa3aHo BHILiIE, TAKOH MeTOH 3apsna MCIONb3yeTcs B
CHCTEMAaX pe3epBHOTO MUTAHMUS: B UCTOYHHUKAX OecriepeboitHoTO -
TAHUA KOMIBIOTEPOB M anmnaparypbl cBs3W, B CUCTeMaX aBapuifHoro
OCBEIUCHUS U T. A. Ero BaXHBIM IIPeHMYILHECTBOM SIBJISIETCS COKpa-
LIeHHOE BpeMs 3apsiaa O6arapeu npu nepexone U3 pabodyero pexuma B
JEXYPHBIH, 1O COCTOSIHUS CTPYHHOM (KOMITEHCALIMOHHOMN) IoA3apsi-
KU NpY MAIOH BETAUUHE TOKA 3apsifa.

JaHHBIA MeTOM HeNb3si MPUMEHATh, ecay Oarapesi paGoTaeT B
6ydepe ¢ Harpyakoii (T. €. eciM Harpy3ka cOelIMHeHA C Hell Mmapaj-
JIENIBHO).

MeToj| KOMNEHCHPYIOWero 3apsaa

Meron KOMIEHCHPYIOIIETO 3apsina, KOTOPHIH HA3bIBAIOT TakKXke
METOAOM CTpPYWMHOI ITOA3apsAiKy, OOLIYHO TIPUMEHSIOT Ha 3aKTI0UH-
TENbHOM Craguu mpoliecca 3apsna. OmHaKo MPUMEHSAIOT ero U KakK
CaMOCTOATENILHBIN METOH 3apsifa IIpM 3apsiic CBUHIIOBO-KUCIOTHBIX
aKKyMyJIITOpHBIX Oartapeii, paboTamolinx B HeXYpHOM pexuMe, Ha
puc. 3.10 npeacraBieHa CTPYKTYpHas cxeMa MCTOYHMKaA GecriepeGoii-
HOTO TNHUTAaHMS, B KOTOPOM aKKyMyJaaTopHass Gatapess HIpaeT poJjb
BTODUYHOTO — PpEe3ePBHOrO MCTOYHMKA NMUTAHUA U OOJIBLIYIO yacThb
BPEMEHU paboTaeT B ACXKYPHOM PEXUME.

B takom McTOYHMKE B clydae ¢G0S OCHOBHOTO MCTOYHHKA B pa-
GoTy BCTynmaeT akkymynaTopHas Garapesi. Eciu ee paspsa Gbun He-
HAPOJOLKUTEABHBIM, U €MKOCTh CHU3MJIACH HE3HAUUTEALHO, TO A
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Puc. 3.10. CrpykTypHast cxeMa UCTOYHHKA GecriepeGoifHOro MUTaHUsA

3apsna Oyler JocTaroyeH KOMIICHCHUPYIOLWA 3apsn Oataped, KOTo-
PBIif 06GECIIEUUT TTOCTETICHHOE BOCCTAHOBJIEHHE €€ paboyell eMKOCTH.
OnHako Ipd IyOOKOM paspsiie morpebyeTcss ApuMeHEHHe Ipyroro
3apsHOTO YCTPOMCTBA, CIIOCOOHOTO 00ECHEYUTh JOCTATOYHO BBICO-
KU TOK 3apsama. B cnyyae rayOoOKoOro paspsina U Moclefylolei 3a
HUM CTPYHHOH MoA3aps/iKe MOXeET TMPOU3OUTH cynbdaTtalusa Iuiac-
TUH 0aTAPEH CO BCEMHU BBITEKAIOUIUMH MTOCIEICTBUSIMU.

ITpu TakoM MeTone 3apsfa CleoyeT TaKXKe y4ecTh, YTO IJIUTENb-
HBIA 3apsiil TIDM He3HAYMTEIbHBIX KOoJeOaHUAX HampsKeHMs 3apsla
CYIIECTBEHHO CHMXaeT CpPOK ciayxOnt Oatapeu. [losToMy noskHa
OBITH MPEeIyCMOTpPEHA ero cradunu3aiug. OTKIOHEHUE HaTPSKeHHS
3apsifia OT HOPMHI He NOMXHO npeBbluats 1 %. Kpome Toro, mo-
CKOJIBKY 3apsiTHble XapaKTepUCTUKU 3aBUCHMEBI OT TEMIIEpaTyphl
OKpYXalonieil cpenspl, 3apAnHOE YCTPOMCTBO NOJKHO HMETH CXeMy
TEpMOKOMITCHCALIMH.

Henb3g yTBepXaaTh, YTO KOMIIEHCUDYIOLUMIL 3apsii CTOJNb MOJe-
3¢H i CBHUHLIOBO-KHUCIOTHBIX Oarapeif, IOTOMY YTO 3TOT METOZ
OGLIYHO MCITOJB3VIOT B JBYX Cly4yasx: TIPM MX HE3HAYUTEIIBHOM pas-
psAne U U MOA3apANKU 3apsDKEHHBIX 0aTapeil ¢ mebio KOMIIEHCa-
LIMM KX caMopaspsna.

J1g CBUHILIOBO-KMCJAOTHBIX aKKyMYJIATOPOB HEAOIYCTUM HeENOo-
CTATOUHHIN 3apsAd, T. K. 3TO NMPUBOIUT K cyibdaTauuyd OTPULIATED-
HLIX IUIACTHH, HEJONMYCTUM M Tepe3apsid, BbI3BIBAIOIUMI KOPpPO3MIO
[MOJIOKUTEJIBHBIX TIacTHH. TTpu KOMITEHCHpYIOLIEM 3apsiie, €Ciu OH
TIPOIJIUTCST CIUIUKOM JIONITO, HaYyHeTCs Tepe3aps 6aTapeu U, KpoMme
TOT0, OyAET MPOMCXOAUTh BEIKUIIAHUE 3JIEKTPOIHUTA.

MeToa nnasaowero 3apsaa

3apsAn Ha3bplBaeTCs IUIABAIOILIMM B TOM Clyyae, ecliM akKymysis-
TOpHasi 6aTapest TIOAK/IIOYEHA Mapa/UIe/IbHO HAarpy3ke, U OH IMPOUCXO-
IIUT TIOCTOSIHHO. YTIpolleHHass cXeMa MOIKJIIoUeHs 6araper (He ro-
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Ka3aHO YCTPOMCTBO KOHTpOJS Tpoliecca 3apsna) MpeAcTaBleHa Ha
pucC. 3.11.
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Puc. 3.11. Cucrema ¢ 3apsiaxoit 6aTapeyt METOOM ITIaBAIOILIETO 3apsaa

IIpu Takoil cxeMe BKITIOUeHUS] O0coOble TpeGOBaHUS TIpeNbIBIs-
J0TCS K BBITIPSIMUTETIO MCTOYHMKA NUTaHMA. Ero BLIXOOHOW TOK
CKJIANBIBACTCS U3 TOKa 3apsja aKKyMyJIATOPHOU 6aTtaped M ToKa Ha-
Tpy3kd. Harpy3ouHass crmocoOHOCTP MCTOYHUKA TIMTaHUS HOJDKHA
OBITh HACTOJILKO BBICOKOM, UTOOBI €ro BBIXOAHOE HANpPSXKEHWE IIPH
MaKCHMAIBHOM TOKE Harpy3xy OCTaBaJIOCh HPAKTHYECKH HEHU3MEH-
HeIM. HamnpsxeHue IUIaBalolero 3apsga BBIGHPAIOT M3 pacyera
2,23...2,3 B Ha aneMmeHT Gatapeu nipu temmeparype 20 °C. Ilpu usme-
HeHuHu TeMIleparypsl B npenenax —30...50 °C oHoO MOXeT U3MeHAThCS
oT 2,55 mo 2,15B coorBeTcTBeHHO. MCTOUHMK ITUTAHUS JOJKEH OBIThH
CTAOMJIM3UPOBAHHEIM, U KoJieGaHUA HATIpSKEHUA He JOIXHBI Ipe-
peimrate 30 MB Ha 3neMeHT.

MeTto MHOrocCTyneH4aToro 3apsaa

3apsaHOe YCTPOMCTBO MHOTOCTYIIEHYATOTO 3apsiia IPOM3BOIUT
€r0 B TPM CTYIEHM: 3apsil TTOCTOSIHHBIM TOKOM, OCHOBHOM 3apsin U
KOMIICHCUDYIOIUNA 3apsii. 3apsal TOCTOSAHHBIM TOKOM ITpOTeKaeT
NpUMEpHO B TeyeHUe 5 4 U obecneynBaet 3apsy b6atapeu no 70 % ee
eMKocTH, ocraBimecss 30 % €MKOCTH OHa «IoOMpaeT» B TEYEHHE
MEUIEHHOTO OCHOBHOTO 3apsima. OCHOBHOM 3apsii IUIMTCS CIIEOYIO-
mye 5 4, 1 UMEHHO OH OOECNEeYUBACT «30POBLE» AKKYMYJISTOPHOM
Harapen. Ero MOXHO CPaBHUTH ¢ KOPOTKMM OTIBHIXOM IOCJE CHITHOTO
obena, mpenmecTByolero pabore. Eciau Oarapea 3apsawiach He
MOTHOCTHIO, OHA MOCTENIEHHO HAYHET TEPSATh CIIOCOOHOCTb JOCTUTaTh
COCTOSHHUS IOJIHOTO 3apsifia, M €¢ eMKOCTh YMEHBIIUTCH. TpeThs CTy-
TIeHb 3apsSIHOro LIMKJIA — CTpyiHas IMoA3apsinKa, KoTopas KOMIIEH-
CHpyeT caMopa3spsii IMOJHOCTBIO 3apsDKeHHOU Gatapeu. B Ta6m. 3.3
JaHa cpaBHUTENbHASA XapaKTepUCTHKAa OCHOBHBIX METONOB 3apsiia.
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Tabauya 3.3

[ByxcTynexyarbiii 3apsp | 3apag npu no-

Mertop 3apsiga/ Bpems 33 He meHee 6 4; 3apap npu no-
A 33 pe pAfa PAA NP NIPY NOCTOSIHHOM Han- | CTOAHHOM TOKe

NpunoxeHus CTOHHOM Hanpsxenuu 3apsaa . sapam
Hanpsxetue 3apapa 7,25...7,45 B ana
Linknnutiblid (ocHOB- | 6-BonLTOBLIX M 14,5...14,9 B ana 12-Bonb-
HOW) 3apsp ToBbIx Gatapeii. HauansHui Tok 3apspa 0,4C
1 MeHee
HavanbHbid TOK 3apsga

Komneucupytoumid | Hanpsixerve 3apaga 6,8...6,9 B ana 6-801b-
3apag (cTpyiHas | Toebix u 13,6...13,8 B ana 12-BonbToBbix 6a-
nog3apsaxa) Tapen

okono 0,15C. 3apsg 8
pexume CTPYIHOI noa-
3apsaxv — okono 0,05C

Hanpsixenue 3apana 6,8...6,9 B ans 6-8onb-
ToBbix 1 13,6...13,8 B anq 12-BonbToBbIX 62- Tox 3apspa
Tapeit. MNpu nnasaloLiem 3apsae KOMNEHCUpy- okono 0,1C
10TCR GNYKTYaUMI HANPSXEHUS HArPY3KA

[naBatowumid 3apspg

0BbI4HO HCPONB3YeTCa NpU 3apsfe ABYX U

BoccraHosuTens- o
= Gonee Gatapeii, pa3pAXEHHbIX 0 OAMHAKOBO-
Hblid 3apsn
FO COCTORHUS
Annapatypa u cucTembt 06Lero HasHauetms, | Meamumnckoe o6opy-
Npunoxenus NEePeHOCHBIE {B CyMKax) COTOBHE TenedOoHbl, | A0BAHUE, DAANOCTAH-

WBIN, CBETWIbHNKM, INEKTPOUHCTPYMEHT Uun

BoccranoeuTenbHbIM 3apSf

B cnydae, ecim mpousonien ryOokuil paspsin O6arapeu, HeoOxo-
IMMO CPOYHO IMPOU3BECTH €¢ BOCCTAHOBUTENBHBIN 3apsn. Coenartsb
3TO CJeAyeT KaK MOXHO ObICTpee, T. K. XpaHeHHE CIWJIBHO pa3psiKeH-
HOUM CBUHIIOBO-KUCJIOTHOM Oaraped MPUBOAUT K Cyiabdaramuu ee
TUIACTUH U CHHUXKEHUIO EeMKOCTH MJIM BOOOLLIE K €€ BBIXOAY M3 CTpOS.

BoccTaHOBUTENBHBINM 3apsAs TPOBOIAT NMPHU MOCTOSHHOM HaIIps-
JK€HHMH 3apsga U HadyaJbHOM ToKe 3apsna, paBHoM 0,1...0,25C B Te-
yeHHe 24 yacoB. Bua ero 3apsimHOM XapaKTepUCTMKHU MOKa3aH Ha
puc. 3.12.

Ecnu 6artapes cynbdarvpoBaHa, OHa TUIOX0 «bepet» 3apsa. [lpu
HE3HAYUTENbHON cynbdaTallii ¢ Heil MOXHO Gopotbes. s aToro
HCHONMB3YIOT METON 3apsiia aCUMMETPUYHBIM TOKOM. [IpuHIuI ero
TIPOCT: MapaJUleIbHO aKKyMYJIATOPHOH Garapee MOIKIIOYAIOT HArpy3-
Ky, ¥ 3apsil [IPOUCXOTUT UMIYJIbCaMU ToKa. Bo BpeMst neficTBUS M-
TyJibCca 3apsAHOIO TOKa TIPOMCXOOUT 3apsAn GarapeM, a Xorma OH He
JleiicTByeT, OaTapesi pa3psxkaercs Ha HarpysKy. bonee moapo6Ho 06
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Puc. 3.12. Bua xapakTepuCTHKH BOCCTaHOBUTENBHOTO 3apsnia

3TOM METONE PACCKa3aHO HUXe, B maBe «CXeMOTEXHHKA 3apsyIHBIX
YCTPOMCTB».

O BLiGOpe 3HAYEHMA HANPAMEHHS 3apAAA H BAMSHUM TeMnepaTypbl
OKpYMalouieH cpefbl

Tlpu 3apsaae BaxHYIO poJb UTPaeT APaBUIBHBIA BEIOOD MakCHMa-
JABHOTO HANpSKeHWs 3apsiia Ha sleMeHTe Oataper. Ero Tumosoe
3HaueHHe cocrtasnger 2,30..2,45 B. B cnyuae, ecmu npumeHsiercs
METOJl MeJIEHHOTO 3apdNd, a TaKkKe, eCIM KOMHATHas TeMIleparypa
npesbiiiaeT 30 °C, peXoMeHIYeTCsl BBIOMpaTh HalpsiKeHUEe 3apsizia,
paBHBEIM 2,35 B Ha asneMmenTt 0aTapew. A €CIH UCIOJIB3YETCS METON
6ricTporo 3apsma, M KOMHarHad Temneparypa Huxe 30 °C, 1o ero Be-
JMYUHA NOJrKHA cocTaBisTh 2,40...2,45 B Ha snement. Tabn. 3.4 no-
ACHSET, KaKue MpeuMYLIeCTBA U HETOCTATKH O4€T BLIOOp HOMMYyCTH-
MOTI'0 HaTIpSIXKEeHUS 3apsia.

«
Tab6auya 3.4

Hanpsixenue, B/an, MNpeumywecrea

Hepocratku

MakcumansHei  cpok  ClyxObt
Gavapew; B nNpouecce 3apana
0OHa He HarpeBaeTca; A0MYCTUMA

LlnutensHoe Bpems 3apRAa; 3aTPYAHUTENLHO onpeae-
nexwe crenenm 3apaga Gavapen. Ecau we npoiaet
UMKN OCHOBHOMO 3apsijia, CYLIECTBYET BOSMOXHOCTbL
ray6okoro paspsiaa (npovaoiiaeT cynbdaraums), KoTo-
pas NPUBEAET K yMEHbLUEHMIO eMxoCTH Batapen v ee
BbIXORY U3 CTPOS

2,30...2,35 .
TeMneparypa oKpyxalowued cpe-
ek swittie 30 °C
Menbiwee spemMa 3apafa; BO3-
MOXHOCTL Bonee TouHo onpene-

2,40...2,45 JIUTb CTENeHb 3aPRfa; MeHbLLAsA

BEPOATHOCTL Bbixoga GaTapeu u3
CTPOA B pesynbTare nepesapaga

Coxpaluenme cnyxbbl 6atapes n3-3a nosbilleHna ee
TEMNepaTypbl 8 NPOLECCE 3apana. Hanpsxexue Ha Ha-
rpeToii 6arapee u3-3a NarybHoro nepesapsia Moxer
JOCTUTHYTb 3HQUEHWS, COOTBETCTBYIOLEND BEPXHEMY
npeneny HanpAXeHus 3apAja Ha aneMenTe
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CTyrieHb KOMITEHCUPYIOILIETO 3apsiia 3apsiAHOre LUMKIa HauWHa-
eTCs cpa3y Tocje 3aBeplieHns] NOJIHOro 3apsina 6arapeu. Ilpu 3ToM
pPEKOMEHIyeMoe 3HauUCHHMe HaNpsLKEHUS 3apsiaa aist Oarapei, moryc-
KalOIIUX  HM3KOE  BHYTPHKODIIYCHOE  HaBJIEHHE,  COCTaBISIET
2,25...2,30 B. Yare Bcero BHIOMpAIOT €ro KOMIIPOMMCCHOE 3HaYe-
Hue — 2,27 B. Jlna npaBuibHOrO BHIOOpa 3HAYEHMSE 3TOTO HAIIpsiKe-
HUS HeoOXOOUMO YUMTHIBATHL TEMIIEPATYPY OKPYXaIoLeH cpeanl: fMpu
€e BBICOKMX 3HAUEHHUAX TpeDyeTcs ero HEMHOTO YMEHBIUWUTDb, a TIPH
HU3KHUX — YBeJIMYUThL (puc. 3.13). B Xopolmx 3apsmHBIX YCTPOMCT-
Bax, IpeMHA3HAYE€HHBIX JUIST 3KCIUTyaTalluM B IIIMPOKOM IHarna3oHe
TEMIIEpATyp, UMEETCs ClieuMaibHas cxeMa, KOHTPOJIUPYIolIas TeMIle-
paTypy OKpyXatolled cpensl U 00eCIIeYHBAIOUIAs YCTAHOBKY Hampsi-
XCHHUS KOMIIEHCUPYIOLLETO 3apsa B COOTBETCTBUM C €€ 3HAYCHHUEM.
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Puc. 3.13. BrusHue TeMnepaTypbl OKpYXalolleit cpeisl Ha BHIGOD
HaNpSOKEHHS 3apsaaa

Ecnu npu BeIOOPE HaNpsDKEHUs 3apsiia MPaBHIBHO YYHUTHIBATH
TeMIIepaTypy OKpyXalollei cpelbl, TO CPOK CIYXObI 6aTaped MOXHO
yBeJIM4YHuTh TIpK Temmneparype 30 °C nmpumepHo Ha 5 %, mipu 35 °C —
Ha 10 %, nipu 40 °C — Ha 15 % oTHOCHTEIBHO BBIOOpA MOCTOSTHHOTO
HampsEKEHMST 3apsia, COOTBETCTBYIOIUEro temmeparype 25 °‘C, mpu
GoJiee BHICOKMX TeMITEpaTypax.

Bonpocbl, CBA3aHHbIE C 3KCMAyaTayMes
CBMHUOBO-KMCNOTHLIX GaTapen

[IpobGnemoii, 0 KOTOpoi clenyeT yNOMsIHYTh, SIBASETCS HEpaBHO-
MEpHOE CTapeHHe 3MeMeHTOB ofgHoi G6atapen. Co BpeMeHeM BHYTpH
OaTtapeil 0Opa3yloTCsa BO3AYIIHBIE MEIUKU, B HEKOTOPLIX ITPOUCXOIUT
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}36BITOYHOE BBIIENEHUE BONOPO/A, NPYTHe UCTIBITLIBAIOT HEAOCTATOK
gucaopona. XoTsa 3MeMeHThl 6aTaped COETUHEHBI MOCIIEN0BATENBHO,
KOHTPOJIMPOBATH B NPOLECCE 3apsAa COCTOSTHUE KAXIOro U3 HUX He-
posMoxHo. IIpu HaIMYMK B 6aTapee dAEMEHTA ¢ TOHMXCHHON eMKO-
cTHlO, MaleHUe HANPIXKEHUs HAa HeM HauOosbllee, MOCKOJIBKY OH
obafaeT HanboIbIIMM BHYTPERHMM colipotuBnedueM. Ecau B GaTa-
pee MMEETCA HEUCIPABHBIA 3MEMEHT C BHYTPEHHUM 3aMbIKaHUEM
JUIACTHH, TO HaNpsXXeHHe Ha HeM OJIM3KO K HyJ0. B pe3ynbrare 3To-
10 HAIpSKeHME 3apsiga MEeXAy dJeMECHTaMU 0arapen pacrpenensieTcs
HEPAaBHOMEPHO: I KaKOTo-JIMb0 3JIEMEHTa NPUIOKEHHOE Hamps-
XeHHe MOXeT OBITb OOJblie WM MeHblle TpedyeMoro. [losToMy Ga-
tapess HauMHAaeT paspyllaTbCd — Haubonee «cnabble» JIEMEHTHI BbI-
XOIAT M3 CTPOsi OBICTpEE, HApyIIAeTcs PEXUM 3apsua MCIpPaBHBIX
3JIEMEHTOB, YTO BJIeYeT 32 COOOM ¥ BBIXOI MX U3 CTPOSL.

Bemieckd HampsDKeHMs!, KOTOpbIE TNPUKIIANBIBAIOTCSA K Oartapee
BO BpeMs 3apsiia, TAKKE CO3LAI0T MpOOIeMBl 1A CBUHLIOBO-KUCIOT-
HbeIX OGatapeif, ocoOeHHO g Oarapell ¢ XUAKUM SJIEKTPOJIMTOM,
OCHAIIEHHBIX BEeHTWISILIMOHHBIMU KJanaHamMu (VRLA). IIuku atoro
HanpsOKeHUsS CIOCOOCTBYIOT Tiepe3apsAny M BbIIEJIEHUIO BOIOPOIaA, a
CIafBl — DIYOOKOMY pa3psiy ¥ KUCIOPOTHOMY rononaﬂmo Tpouc-
XOIUT UCTOLEHUE 3JACKTPOJIUTA.
~ EmxocTb GaTapen MOXHO OLIEHUTh OJBYMsI criocobamu (tabi. 3.5):
HO IUTOTHOCTH 3JIeKTPOJIUTA U IO HATPSDKEHWIO Ha OaTapee MO Ha-
Ipy3Kkoii. EcTrecTBEHHO, YTO CIOCOO OLIEHKH €MKOCTH MO IUIOTHOCTH
MEKTPOJIUTA NIPUTOEH TOJIBKO I OOCTYXKMBaeMBIX Garapeil.

Tabauya 3.5

Hanpsixexve
EmxocTs MnoTHOCTL Ha Garapee, B
Barapen ANEKTPOAUTA, Kr/n
12-80NbTOBAS 6-BonbTOBaA
100 % 1,265 12,7 6,3
75% 1,225 124 6,2
50 % 1,19 12,2 6,1
25% 1,155 12,0 6,0
NonHwit paspaa 1,12 19 59
Npumeuanue. Hanpsxenue MMEPETCA BONLTMETPOM C HAIPY3KOiA Ha TOK, ONpeaENeHHbIA 4N Gatapen
KOHKDETHOM eMKOCTH.
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Ecim npuBegeHHbIe B Tabi. 3.5 maHHBIE OTHOCSATCS K O6aTapesaM ¢
KUAKUM 3JIEKTPOJIUTOM OTKPHITOTO WJIM 3aKPHITOrO THIIA, TO B TaGI.
3.6 u 3.7 npuBeneHsLl JaHHBIE IUIA OUEHKHU coctosHusA AGM u rene-
BbIX GaTapeil COOTBETCTBEHHO.

Tabauya 3.6
Hanpsaxexue xonocToro xopa, B
CreneHb TnomHocts
3apaga, % 3NeKTPONUTA, Kr/n va 1 anemenTe Ha Gatapee Ha Gatapee
3 3 anemeHToB 13 6 anemeHToB

100 1,300 2,14 6,42 12,84
80 1,260 2,10 6,30 12,60
75 1,250 2,09 6,27 12,54
50 1,200 2,04 6,12 12,24
25 1,150 1,9 5,97 11,94

0 1,100 1,94 5,82 11,64

Tabauya 3.7
HanpsixeHue xonoctoro xona, B
Crenetb TinoTHoCTb
o, % sneaponura, kit Ha 1 ariemenTe wauii1 aﬁr?;;nzeeu;on uang 36:;2:03

100 1,280 2,12 6,36 12,72
80 1,240 2,08 6,24 12,48
75 1,230 2,07 6,21 12,42
50 1,180 2,02 6,06 12,12
25 1,130 1,97 591 11,82

0 1,080 1,92 5,76 11,52

YacTo BCTpPEYaloTcss COOOIIEHHA U PEKOMEHAALIMH 10 IIpUMeEHe-
HHMIO 3apsAfia CBHHIOBO-KMCJOTHHIX Oarapeil MMITYIBLCHBIM TOKOM.
HecMoTps Ha TO, YTO TIPH TAaKOM 3apsiie YMEHBIIAETCS KOpPpO3Ms
3JIEMEHTOB OaTaped, €IMHOTO MHEHMS Y CHELMAIUCTOB O MOJb3e
JIAaHHOTO criocofa 3apgaa HeT. MOXHO TOBOPHTH O HEKOTOPHIX TIO3M-
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THBHBIX CTOPOHAX TakKOro 3apsia W TO, €CJIM €r0 NMPOU3BOIUTH Ipa-
pwibHo. Ho B LieoM pe3ynbTaThl 3apsgaa MMIYJAbCHBIM TOKOM He-
ApencKa3yeMbl.

TepMETUYHBIE CBUHIIOBO-KUCJIOTHBIE 6aTaped HEoOXOOUMO Xpa-
HWUTH B 3aPSDKEHHOM COCTOSIHMH. Kaxniple 1IeCTh MECSHEB MUX Halo
non3apsxarb. I 3Toro NMpUMEHSIIOT HMKJI OCHOBHOIO 3apsiia (3a-
pAl [pH  TOCTOSHHOM  (HEU3MEHSIOLUEMCH) HanpsxeHun). Ero
geab — He HONMYCTHTh NAaNeHUsl HamnpsokeHUss Ha baTapee MeHee
2;10 B Ha 3nemenT. TpeboBanus K pexuMy 3apsiga Uit 6arapedt ot
pAVIMYHBIX TIPOM3BOIAMTENEH MOTYT OTIMYaThCA. B TeyeHuwe uukia
3apsia CJeayeT BbLIEPXHUBATh PEKOMEHAYEMblE BpeMEHHBIE HHTEPBa-
JBl, HEOOXOUMBIE IS OCTHIBAHUs BaTapeu.

TlyreM M3MepeHUs HaTIPSIXKeHUs XOJOCTOro xoma (06e3 Harpy3ku)
Ha 6aTtapee MOXHO TIpUMEPHO OLIEHUTD CTENeHb ee pa3psna. Hanpu-
Mep, HampsixkeHue 2,11 B Ha aneMeHTe Mpy KOMHATHOM TeMIiepatype
CBMIETENLCTBYET O CTETIEHU ee 3apsaa He MeHee ueM Ha 50 %. Ecom
HATIpSXEHME TIPEBBIIIAET 3TOT MOPOT, 3HAUYMUT, OaTapesi HAXOMUTCS B
XOPOLIEeM COCTOSIHUM, W IUTS €€ BBOMA B 3KCIUIyaralliio HeoOXomuM
BCEro JIM1Ib ONUH IOJIHBIA LMK 3apsna. [Ipy nameHUU HanpsKEeHUS
R®onmocroro xona jgo 2,10 B m HMXe, 119 BOCCTAHOBJIECHUSI €MKOCTHU
Gatapeu 110TpeOyeTCs IPOBECTH HECKOJIBKO IIMKIOB 3apsm/pa3psil
{KOHTPOJILHO-TPEHUPOBOYHBIEC IIMKIBI). M3Mepsiss HampskeHue, Cie-
AyeT YUUTBIBATh TEMIIEPATYPY XPAHEHHMs, €CIH OHA OTIMYAeTCs OT
KOMHATHOM: ITpH 00jiee HU3KMX TEMIIEPaTypax HAIpssKeHHUEe XOJIO0CTO-
TO X0[la HE3HAYUTENbHO BO3pacTaet, Ipu Oojice BBICOKUX — Ha00O0-
POT, CHUXAETCA.

“'TIpM MOMYYEHUM CBHHLOBO-KUCIOTHBIX Oarapeil OT MOCTaBIUU-
KOB, CJIVKOB KOHTPOJSl MOKYHAaTeNeid (MpeAripusiTUil U OpraHu3a-
i) He NIPMHUMAIOT GaTapeH, Y KOTOPHIX HATIPSOKEHUE Ha 3IeMEHTe
cocrapiger MeHee 2,10 B. B paspsikeHHBIX GaTapesix aKTUBHeE Mpo-
MCXOIUT MpPOLECC CYIb(aTalMy IUIACTHH, KOTOpas CHUXAET UX eM-
Kocte., [Ing HOBBIX Garapeif BOCCTaHOBAEHHME €MKOCTU BO3MOXHO,
OHAKO 3TO NOTpedyeT MCIOML30BaHUS CIIELMAJIBHOTO ODOpYIOBa-
HHS, HaTUYUEe KOTOPOTo AENacT UX o0CIyXuBaHue 6ojiee 10porocro-
MM U KOTOPOTO y MOJIb30BaTeieit 00BIYHO HeT. UMEHHO TTO3TOMY
Takue Garaped U OTOPaKOBBIBAIOTCS.

«.. IIp¥ 3apane CBMHLIOBO-KHCIOTHBIX 6Garapeil Bcerma HeoOXOOUMO
HMCNONBE30BaTh OTPaHHYMTENb TOKA (Hampumep, peoctart). IIsitasich
BOCCTAHOBHMTB EMKOCTb, MX 3apsiXaloT ToKoM nosHoro 3apsna ('/,,C).



68 Ceunuyogo-xucaomusie Gamapeu

Ecnu B TeyeHue 24 yacoB 3apsifa 6arapes 10 HOPMaJIBHOTO COCTOSI-
HUS He 3apsDKeHa, €€ BOCCTAHOBJIEHHE HEBO3MOXHO.

TIpuMeHeHUe CBUHIIOBO-KUCIIOTHBIX GaTapeit Haubosee IIpen-
MOYTUTENLHO B UCTOYHUKAX Oecrniepedoitnoro muranusg (MBII, axr-
nos3biyHas ab6pepmarypa — UPS, Uninterruptible Power Supply).
Ipu ux pAuTENLHOW TMOA3apsSAKEe B PEXHMME XOJOCTOro xona (KOM-
MEHCUPYIOMIMI 3apsii) peKOMEHIyeTCs NMEpHOIMYECKH YCTAHABIHBATE
MOBBIIIICHHBIH TOK 3apsiza. Takoil 3apsn obecredynBaeT MOJHBIN 3a-
psin 6atapeH U IpenoTBpaliaeT cyibdaranuio ee riactuH. Ilpu atoM
HarpsXeHue Ha 6aTapee B TeYeHME HECKOJBKUX YacOB OyfeT BHIIIE,
yeM OIpeAesieHO MPOU3BOAUTENEM B €€ TeXHWYECKUX XapaKTEepHUCTH-
Kax. B cnydae HapylieHHs TakKoro pexmuma 3apsia TOBBIMIAETCS €e
TeMIlepaTypa, ¥ CYLIECTBYET OMNACHOCTb BHIKUIIAHWS 3JICKTPOJIMUTA.
TTocKONMBKY B TepMETHYHBIX OaTapesiX BO3MOXHOCTh NOJIMBKHU 3JIEKT-
poJIMTA UCKITIOUEHA, 3TO MOXET MPHBECTH K HEOOpAaTHMOMY BBIXOIY
ee U3 CTPOSL.

JUist yBeTMueHUst cpokKa cly>X6bl OaTaped ee HeoOXOIUMO MEPHO-
JUYECKH pa3psaxarh. s 3TOro NpoBOAAT KOHTPOJIBHO-TPEHUPOBOY-
HBIA IMKJT: 6aTapero pas3psKaloT A0 eMKocTH He MeHee 10 %, a 3arem
CHOBa 3apsxaloT. [ToaHblil ee paspsAl HENONYCTUM, T. K. KaXKJIBIHA
DIyOOKUil pa3pai NPUBOIUT K CHMXXKEHUIO eMKOCTU GaTapeu.

B nporiecce 3xcnepuMeHTOB TTPOU3BOIUTENN HCCIEAYIOT Pa3iny-
Hble pexXuMBbI 3apsga. Cpok CIyxXOBl CBMHIIOBO-KUCIOTHBIX OaTapei
C XUAKUM 3JIEKTPOJIUTOM MOXHO YBEJIMYHTb, €CIH TIOJTHOCTBIO 3apsi-
>KeHHy10 6aTapelo, paboTalolylo 6e3 Harpy3ku B JeXYPHOM DEXHME,
He 3apsiKaTh, a [UI KOMIICHCALUM caMopaspsiia TpUMEHATh CTpyH-
Hyl0 moa3apsaky. IIpy 3TOM CHMKACTCS KOpPPO3UsA e€ DJIEMEHTOB.
Taxkoit crmoco® HempuMeHMM, eciii 6aTapesi paboTaeT B Ka4eCTBE MC-
TOYHHUKA 2JIEKTPO3HEPTUM B Oycdepe, HApUMep, ¢ TeHepaTOpOM, U
et HeobxoaMMa TTOCTOSTHHAS TTOA3apsAaKa.

B cayuae ymeuxu 3sexmpoauma u3z xopnyca 6amapeu, npu
GO3HUKHOGEHUN 6 HeM mpeulun om yoapa sexmpoaum caedyem
HemedAeHHo cmbimb 6000k, Llpu nonadanuu ez2o ¢ 2aa3a utu Ha
Koxcy, ux caedyem npomvieams w4ucmoii 600ol 6 meuenue
15 mun, a samem oGpamumsca k epauwy. Jas neimpasusayuu
Kucaonot 8 600y MOXCHO 000a8UMb HEMHO20 NUWEEOL COObL.

HesaBucuMo oT THITA HEOOCHY:KMBAEMBIX CBHHIIOBO-KHUCIIOTHBIX
AKKYMYJATOPHBIX 6aTtapeil MOXXHO copMyIHpoBaTh oduIMe TpeboBa-
HHS 10 MX KCIUTyaTalllH:
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1. HanpsixxeHue 3apsiiHOTO YCTPOMCTBa, U3MepsieMOEe Ha 3aXM-
Max aKKyMyJIsiTopa, JHOJIXKHO COOTBETCTBOBATh PEKOMEHAyeMOMY (3a-
BHUCUT OT THIIA aKKyMYJIATOPAa U TEMMEpaTyphl) U MONIEPXKHUBATHCA C
TOYHOCTEIO He Xxyxe *1 %. Ipu 9TOM 3apsaHbIil TOK, MPOTEKAIOLIUIA
yepe3 MONHOCTBIO 3apAKEHHBIM aKKYMYJISITOP, B 3aBUCUMOCTH OT UH-
TEeHCUBHOCTH CaMOpa3psiia, MOXeT MMeTh 3HaY¢HHe B IIpelesiaX oOT
eIMHMI 0 COTeH MWuIHamIiep Ha kaxaelie 100 amrep-yacoB eMKO-
crin. Kak npaBuio, peKOMEHIyeTCsl SKCIUIyaTUPOBATh aKKYMYJISITODHI
fIpy TIOCTOSIHHOM HampsDKeHuM mopsiaka 2,25...2,35 B Ha onuH ane-
meHT. TouHOE 3HAYEHME HANPSIKCHUSI 3aBUCHT OT THUMA aKKYMYJISATO-
pa M paboueii Temneparypbl. 3apsa 6aTapeu clenyeT IPOM3BOAUTH
NpH BBIXOAHOM HAIPSDKCHUM 3apsigHOTO YCTPOWCTBA W3 pacyera
2,4...2,5 B Ha 37eMeHT ¢ NOCNeyIOIUM TIEPEXOIOM B PEXUM KOM-
TIEHCHpYIOIIEeTo 3apsanaa. Takoil ¢crmoco6 gaeT ONIyTUMBIN BEIUTPHIII BO
BpEMEHM 3apsiia JIMLIb [PU HMCIONB30BAHUU MOUIHOTO 3apsIHOTO
yCTPOHCTBA, CIIOCOOHOTO 00eCNeYnTh HauaJibHBI TOK 3apsaa Nopsia-
ka 0,2C.

2. IIpu 3KcIUTyaTallMd aKKyMyJsSTOPOB B IIMPOKOM IHAIla30HE
TeMIIepaTyp, HeOOXOMUMO OOECIIEUHUTh aBTOMATHYECKYIO PEryJIMpOB-
KY HamnpsDKeHHsI KOMITCHCHPYIOIIETO 3apsiia OT TEMIIEPATypHl B COOT-
BeTCTBHU C peKOMEHIALMSIMHU Npou3BoauTessi. OOBYHO TakKas 3aBU-
CUMOCTb HEJUHEeHHa U cocTaBisieT ~2...-5 MB/ °C Ha omMH 3JeMeHT
(3HaK MUHYC O3HAYaeT, YTO IIPH IOBBIIIEHUM TeMITEPATYPhl HaIIpsi-
XeHue JODKHO YMEHbINaThcs). Takasd Mepa He YCTpPaHSET IOJHO-
CTBIO OTPHMLIATEILHOTO BO3ACHCTBIS U3MEHEHUI TeMIepaTyphl Ha aK-
KYMYJIITOPHYIO 6aTapero, HO CyIECTBEHHO €r0 CHMXACT.

3. B 3aBHCHUMOCTH OT KOHCTPYKIIMHM aKKyMYJISITOPOB 3apsaHBIi
TOK B amIiepax He moJoKeH mpewiuath 0,1...0,3C.

3.3. AKKymynatopHble 6aTtapem B aBTomoOune

AKKyMyJATOpHBIe 6aTaped, ycTaHAaBIMBAaeMBble B aBTOMOOUJISIX
paboTaloT B 0COOEHHBIX YCJIOBHUSAX: BBICOKHE NYCKOBBIE TOKH pa3ps-
Ia, muTaHue 3JIEKTPONPHOOPOB aBTOMOOWIA Ha CTOSIHKE, 3apsi OT
aBTOMOGHMIILHOIO TeHepaTopa, paboTa B IIMPOKOM JHAIIA30HE TeMIe-
paryp, nmoaBepKEHHOCTD TPsICKe M BUOpalMH. Tak Kak BbIXOIHOE Ha-
NpsbKeHWe TeHepaTopa 3aBHCHUT OT 4YacTOTHI BpallleHHsl IBUTATeNs,
Uit obecrieyeHUsI TOCTOSIHHOTO HATIPSDKEHUS 3apsiia CIYXUT pPeryJisi-
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TOpP HanpsiXeHWd. Perynaropsl HanmpsoKeHUs FOJIKHBI 0GecTieYnBaTh
HanpsXeHUe 3apsija B COOTBETCTBUM ¢ HAaHHBIMM Tab. 3.8.

Tabauya 3.8
. Hanpsaxexue perynsropa, B,
Knmartﬂecxuu CpenremecayHas TeM- Bpews roga HoMMHanbHoe Ha- | npu ycraHoBke Gatapen
patioH neparypa B sHgape, ‘C npsixeve, B
CHapyXu | NoA KanoTom
6 73.17 71.15
3uma 12 145..155 | 142..152
24 29..31 -
XOROAHLIN -50...-15
6 69..74 6,6...7,1
Nleto 12 138..148 | 13,2...14,2
24 21..29 -
6 69..74 66..7,1
—~15..-4 12 13,8..148 | 132..14,2
24 27..29 -
YMepeHHbii Kpyrasiid rog
6 6,6..7,1 65..7
—15...+4 12 13,2...14,2 13...14
24 26...28 -

KpoMe perynsropa HanpsikeHUs B LENH aKKyMYJISITODHOH Oata-
peu BKIIIOYEHO M pene obparHoro toka. Ero HasHaueHHWe — Tepe-
KJII0YaTh HArpy3Ky (IIpUOOpBI CUCTEMB! 3aXKUTaHUsI, OCBELICHHS, CUT-
HaM3allu¥ U T. A.) Ha paboTy OT akKKyMYJISTOpPHOH Oaraped B TOM
ciIy4yae, €CjId TeHepaTop He obecrneyuBaeT MUHHMAIBLHO HEOOXOmM-
MOIO HamnpsiKeHWH Uisi ux paborel. Hampumep, IpU OoYeHb MAaJIBIX
000poTax XONOCTOrO XOAa, MPH OTpPhIBe MMM cNaboM HAaTXKEHUH
peMHS TeHepaTopa.

AKKyMyJISITOpHasl 6arapesi Bceraa sSIBISIETCS HArpy3Koil reHeparo-
pa, Ecin ee oTkmiouuTh npu paGoTaollleM ABUraTesie, HaIIPsIKEeHHE
TEHEpaTopa Pe3KOo «CKAKHET» BBEPX, YTO MOXET CTATh IIPHYMHOM BbI-
XO0lla aBTOMOOMJIBHBIX 3JIEKTPOHHBIX YCTPOUCTB (60OPTOBOH KOMIIBIO-
Tep, SAEKTPOHHBIH KOMMYTATOp CHCTEMBI 3aXKUTaHUA U T. A.) M3
ctposi. ITosToMy TaM, rae 3TO NMpPeayCMOTPEHO, CIEAYET IPOBEpSTh
PETYAUpPOBKY pesie oOpaTHOTO ToKa (Tabxa. 3.9).
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Tabauua 3.9
KAMMaTHHECKHH CpenHemecayHas Temne- Bpews rom Hanpsixesme | Hanpsixenue pene
paifon patypa B aHBape, "C 6Goprcetu, B | o6patHoro Toka, B
3uma 12,5...13
XonoaHuin -50...-15 n 12125
eTo .12,
PE— 12
YMepeHHbliA -15..-4 12...12,5
Kpyrnwi roa
Kapkuid, BRaXHbIA -15..+4 11,8..12,2

Oco0rle ycnoBusi 9KCIUTyaTalli aBTOMOOWIBHBIX Garapeil Haja-
raloT ocobble TpeOOBaHUS MO MX 3KCIUlyaTauMu. IIpu rmoBpexaeHun
MaCTHKH, FepMETU3UPYIOLIEH Kopyc 6arapem, Garapelo ciemyer pas-
DAIUTh U CIUTh M3 HEE SJACKTPOJUT ISl NPEeNOTBpAlleHUs B3phIBa

eMydel CMecH.

He pexe onHOTO pa3a B IB€ HEAEIH CIEAYET:

OYMIIATh 6aTapelo OT MbUTH U TPA3M, NPOTHPATh YUCTOM BETO-
b0, CMOYEHHOH B pPacTBOpPE HALIATHIPHOTO CIUPTAa WA
COIBI, MecTa, OOJIHTHIE 3MICKTPOTUTOM;

MPOBEPSITh KayecTBO €€ KpPEIUIEHMS, TUIOTHOCTh YCTAHOBKH
KOHTAKTOB;

OYMILATH KJIEMMBI U BEIBOABI OaTaped M CMa3bIBaTh UX TEXHH-
YeCKHUM Ba3eJIMHOM,

TMPOYMINATH BEHTWISILLMOHHBIE OTBEPCTHUS B MPOOKAaX M KpHIlll-
Kax;

MPOBEPSTH YPOBEHD 2JIEKTPOINTA B O0CAYXUBaeMbIX GaTapesix U
MIpU HEOOXOOUMOCTH JOBOAMUTL €0 10 HOPMBI JOJMBKOMR JHUC-
TWLIMPOBAHHOM BOABI. JIOTMBKA 37EKTPOJIUTOM HEAOIYCTHMA.

3.4. Oco6eHHOCTH KOHCTPYKLUMH CBHHLLOBO-KMCNIOTHBIX

AKKYMYNATOPOB HEKOTOPLIX NPOM3BOAUTENEH

B cuny koHKypeHTHOH GOpHOBI MPOU3BOAMTENM AKKyMYJISITOP-
HBIX GaTapeif ITOCTOSIHHO BeAYT pabOTy Hall COBEPIIEHCTBOBAHUEM HX
KOHCTPYKIIMH, YITY4llIEHMEM UX TEXHUYECKHUX XapaKTEPUCTUK U Ge30-
NacHOCTH, yBeNWMYEHHEM CpOKa CIykObl NpM skcruryatauuu. Ilo
3TOM NMpUYuHE B KOHCTPYKLIMM aKKYMYJISITOPHBIX GaTapeil 3a10XeHb
CBOM «M3I0OMUHKM», O KOTOPBIX UX TTOKYNATEIIO U NOTPEOUTENIO Clle-
AYeT 3HATb.
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CeuHLOBO-KMCNOTHbIe BaTapew bupmbl Varta

Kax 6bu10 0TMeUeHO BhILLE, IIST YIVYIICHUS KauyecTBa aKKyMYJIsi-
TOPOB B HMX MCIIOJIB3YIOT CILTAB CBUHIA ¢ cypbMoii. Hemocratok T1a-
KOTO CTiocoba: IpH YBeJIHYEHWH COIepKaHUSI CYPbMBI TpeOyeTcs yBe-
JIUYEeHUEe 3HaYeHUs TOKa MOCTOSHHOTO NoA3apsAla, a YMEHbLICHUE €€
colepxaHMs HXe 3 % NPUBOAUT K 00Pa30BaHNIO KPHCTAUIHIECKUX
CTPYKTYp B MaTepHane peIlieTOK M, KaK CIEeACTBHE, — TPEI{UH.

®upme Varta ypamoch pa3paboTaTh CIUIaBBl C MaJBIM COAEpXa-
HHEM CYpbMEBI, UMEIONUE OYECHDb TOHKYIO CTPYKTYpY. Takue CIUIaBbI
HE TOABEPXKEHBI KOPPO3MH, M NPH YMEHBIIEHWN COIEPXAHUSA B HUX
CypeMH ¢ 6 % 5o 1,6 % cpok cnykObl aKKyMYJISTOPHBIX Oarapeid
yBeTnuuBaeTcsa B 5 pas. batapeu Varta TpeGyioT 1OCTaTOYHO HU3KOTO
TOKa Moj3apsAna, 061amaoT CTOMKOCTBIO K HUKJIMYECKHMM Harpy3kam
H 6e3yIIpeyHbIM MMOBEAEHHEM TIPH 3apsilie U paspsfe.

s yBelMYeHHs HHTEPBAJIOB IO YXONY 32 OOJBIIUMH CTallHO-
HapHBIMH GaTapessMH ¢ KUAKHUM DJIEKTPOJIUTOM, KOTOPBIE TIO3BOJISIOT
OCYIUECTBJISITb TOJIMB BOAbI, B HHX MCIONB3YIOTCS CIEUHATbHBIC
NpoOKY ¢ KaTaJIuTHUYeCKUMHY Hacamkamu (puc. 3.14). Takue Oarapen
TTONYYWIH Ha3BaHUE «MaJOYXOAHEIX». TIpOGKY BHITIONHEHBI TaK, 4TO
UX THAPOGOGHEIE MOPUCTHIE GUILTPHI MPOIMYCKAIOT Ta3bl, HO HE NMpOo-
TYCKAIOT BOAHBIN 2MekTponuT. Hacagku comepxaT MeTaLTU4YecKue
katanu3aropsl. BoasHoii map, obpasylolnuiicd B aKKyMYJISTOpax,
KOHIEHCHpPYETCS Ha HUX, H BoAa CTeKaeT 00paTHO.

B repMeTH3upoBaHHBIX aKKyMyJIsaTopax Varta MCTIIONB3YIOTCS TO-
KOBENyIIIe BHIBONBI CHEIHANbHON KOHCTpyKiMu (puc. 3.15). C ue-
JIBIO TIOJYYEHUS MUHMMAJIEHOrO COIPOTUBIICHUSI, BHYTPEHHSS 4acTb
BBIBOAA 3 BRHINIOJIHEHA M3 Meau. CHapyX¥ OH TNOKPHIT CBUHIIOM 6.
KoHCTpyKIIMS BHIBOZA O0eCHeUMBACT IEPMETHYHOCTD COSAMHEHUS C

Puc. 3.14. KoHCTpyKUMs TIpOBKYU ¢ KAaTATHTHYECKUMHU HACATKaMHU
GaTapeit Varta
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Puc. 3.15. TokoBeayuiue BLIBOABI FepMETH3HPOBAHHBIX
aKKyMyJIATOpoB Varta

KOpIyCOM 4 3a CYeT 3aXKMMaeMbIX dJICMEHTaMH KOHCTPYKUUH pe3u-
HOBBIX TIPOKJIAZOK 5. 3alllUTHBIN 4YeXosn 2 obecrieyuBacT MexaHuye-
CKYIO 3allUTy MeCTa COEINHEHHS BBIBOJIA C TOKOBEAYLINM IIPOBOIOM.

B repMeTH3MpOBaHHEBIX AKKyMyJATOpax Varta €O CBSI3aHHBIM
(copGMPOBAHHBIM) 3JIEKTPOJIUTOM MCTIONB3YIOTCS  CTEKIOBOJOKOH-
HBIE MAThl C JOTIONHUTENLHHIMU cernapatopaMu. BeICoKue akKyMymsi-
TOpHl TAKOH KOHCTPYKIMH TPOU3BOAUTENb PEKOMEHAYET B CTaLiMO-
HApHBIX YCIOBMSX HCIIONB30BATh «JIEXa», YTOOR OTPaHUYMTDL BBICOTY
cemaparopa.

B akxkymynmaropax ¢ XeneoOpa3HBIM (TejieBbIM) SJIEKTPOJIUTOM
HCIIOMNB3YIOTCS OOBIYHEIE cellapaTophl. Kcrtonp3oBaHHe TaKOro siaeK-
TPOJIMTa UMeeT IMPEUMYILIECTBa: NPU HUKIUYHON paboTe aKKymyiis-
TOpa PasHMIA KOHLIEHTPALIMH 3JIEKTPOJIMTA B BepXHEH U HMXHEH €ro
YacTax He3HayuTeIbHa.

CBHHLLOBO-KMCNOTHbIEe 6atapen mpmbi FIAMM

®upma FIAMM BBITyCKaeT IIMPOKHIA CIIEKTP aBTOMOOWIBHBIX 1
CTALHOHAPHHIX CBHHLOBO-KHMCAOTHBIX aKKYMYAATOPHBIX Oarapeit Ha
eMkocTts or 0,5 no 8000 A-y. Cpeau craumoHapHBIX 6aTapeil 3Ha4u-
TENHBIM 00BeM NMPOMU3BOJICTBA COCTABJAIOT TepMETU3UPOBaHHbIC Ha-
Tapeu ¢ copOMpOBaHHBIM JIEKTPOIMTOM (AGM).

FIAMM BhInTycKaeT MaJIOyXOAHbIE aKKyMY/ISITOPHBIEC OaTapen TU-
nos SD, SDH, SMZA, SMF, SMBF, PMF, nng ycTaHOBKH KOTOPHIX
HEOOXOmMMO CITeLIMANIBHOE BEHTWIHpYeMoe MoMelleHue. Bce OHHU
OCHallleHBl BEHTWISMH-TIPOOKAMH C KepaMHYECKUMU HCKpOTacuTe-
JISIMM.,
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lepMeTH3UpPOBaHHbBIE AKKYMYAATOpHble Oarapeu TuroB SMG,
SLA, UPS, FG MOXHO yCcTaHaBIMWBaTh B MOMEILIEHHUIX C €CTECTBEH-
Hoil BenTHaguueii. OHY OCHalleHBI CTIEIMAIbHBIME HCKPOTaCSIIIUMH
KJIallaHaMM, WCKIIOYAIOIIMMY PACIIBUIEHHE 3JIEKTPOIMTa ¥ BOCIUIA-
MEHEHHe TpeMyUeii Ta30BOM CMecH.

Tlpy W3TOTOBJIEHMU IUIACTMH aKyyMyJIATOPOB TPOM3BOACTBA
FIAMM wucnonb3ylorcs CIUIaBbl CBUHIA M CYpbMBI, CBHHLIA U Ka-
NBIMsA, a TAKKe CBUHIA, CypbMHB # ceneHa. CefleH MO3BONAET
TIpEIOTBPATHTEL CYPBMSTHOE OTpaB/IEHHe aKKyMyasTopos (T. e. obpa-
30BaHHE AEHIPUTOB B MaTepuale IUIacTHH). Bo MHOTHX Mofenax
akKyMynsaTopHeix Oarapeit FIAMM kaxnas 1oracTUHa OTHeNsieTcs
IBOWHBIMH CETIapaTopaMH WM yNaKoBaHa B MHUKPOIIOPHCTBIA KOH-
BepT-cemaparop M3 MUIJiacTa (MOTHBUHMWIXIOpHAa). Konsepr-ce-
MapaTop He TOABLKO IMOBbIIAET CTOMKOCTb IUIACTMH K BUOpaLlHH U
yaapaM, HO ¥ IPeIOTBpalaeT ONHY M3 OCHOBHBIX IPHYHMH BBIXONA
AKKyMYJIATOPHEIX 6aTapel M3 cTpod — UIIooOpa3Hoe pa3pacTaHue
aKTMBHOU Macchl, IIPUBOAMIee K 3aMbIKAHMIO TUIACTUH BHYTpU aK-
KyMyJisiTopa.

Kousepthi-cenapaTophl NIPUMeHSIOTCS B Oarapesix moneneit SD,
SDH, SMZA, SMF, SMBF. B akkymynsaropax Mozeneit SMZA,
SMF, SMBF ucnons3yiorcs Takxe ABOIHBIE cenapaTophl. JlaHHBIE O
KOHCTPYKTHBHBIX OCOOEHHOCTSX CTAllMOHAPHBIX AKKYMYJISITOPHBIX
6atapeit FIAMM npurenens B tadn. 3.10.

®upma FIAMM 11st BceX TUIIOB BBIITYCKAeMBIX aKKyMYJSTOD-
HEIX 6aTapeif peKOMeHIyeT IPUMEHATh METON IJIABAIOUIEr0 MM Me-
TOJI KOMIEHCALIMOHHOTO 3apAna. I1pyn nnasaonieM 3apsfie K Gatapee
HMPUKIIAABIBAIOT HANPSLKEHUE, MpeBhIIIaloliee 10 BeUuuHe ee pabo-
Yyee HANpsDKeHHe. TOK 3apsia MpONOpIMOHANIEH PAa3HOCTH TMPUJIO-
XEHHOTO HaTIpSIKEHHUS M HaIIpSDKEHHUS X0JocToro xoga 6atapeu. Ilpu
TAaKOM METOIE €€ MOXKHO 3apsaauts A0 90 % HOCTYITHOM €MKOCTH.

IIpu KOMITEHCALMOHHOM 3apsife 6aTapelo 3apsiKaloT B [Ba 3Tara:
cHavana GompniuM TokoM (0,15C) B teyenue 10 yacoB o Hanpsxe-
Hus 2,3 B Ha aneMeHT, a 3aTeM B TedeHHe caenyrommx 10 yacos To-
xoM 0,5C po uanpaxenus 2,4 B Ha anemenr. Torna Oarapes Oyner
sapsixeHa 1o 100 % emxoctu. B 1abn. 3.11 mpuBeOeHH 3eKTpyye-
CKHE XapaKTepUCTUKH CTAUMOHADHBIX AaKKYMYJSITODHBIX Oartapeii
FIAMM.

Tlpy XOMITEHCAIIHOHHOM 3apsijie CJAeIyeT YYUTBHIBATH TeMIIEpary-
pPY OKPYXaolilel cpefibl: YeM OHa HIDKE, TEM BHILIE JIOIKHO OBITh Ha-
MIpSDKEHME 3apsiia.



Ceunyoeo-Kucaomsoie 6amapeu 75
Tabauua 3.10
Nonoxu- | Ompuua- N _ | Cpok cnyx6bi, | Pexom-
Tun hf(arenpuan TenbHHe | TenbHuwe Tun;:ena 3"2';?0 netfumucno | GuHaupma EMZOCTb'
0PV | ractwen | nnactuew | PRIOPd UAKNOB ra308 “
! Sb-Se-Pb Ca-Pb Ko-
"8D | Axpun | pewerva- PVC+CB | Xuaxui /1000 Her 80...440
He pobuatwie
Sb-Pb pe- | Ca-Pbko- o
SDH | Axpun wersmwe | pobuamse PVC+CB | Xuaxmit /1000 Her | 480...2240
—
) Sb-Pb pe- | Sb-Phb xo- " _ 2250...400
réMZA Axpun wemvarbie | pobuathie e Kupkn Her 0
P Sb-Pbnan- | Sb-Pb pe- .
SMF | Apun UMDHbIE | WeTyaThie PVC | Xk - fia 50...500
Sb-Pb nau- | Sb-Pb pe- .
LSMBF |  Axpun wHse | woTeaTHE Ve Xunaxuit - Ha | 600...2000
TMomunpo- | Sb-Pb nan- | Ca-Pb pe- . "
PMF e pHwe | weTsamde TNopueTsii | Xuaxui 15 la 25...300
. Sb-Pb nas- | Sb-Ph pe- .
| SMG | ABS pHse | WweTsaThe Mopuctoiit | Tenw 15/1200 Oa | 200...3000
Sb-Pb pe- | Sb-Pb pe- | NMopucrbid
J’SI.A ABS werarye | weranse B lens 10 Jla 25...580
2 Ca-Pb pe- | Ca-Pb pe- .
yPS ABS WeTaTHe | weTaTe Nopwctoid | Tenb 8 la 32.110
Ca-Pb pe- | Ca-Pb pe- . _
FG ABS eTaTHe | WeTaTHe Mopuctoiid | Tenb JiF] 0,5..70
Tabauua 3.11
Hanpaxerine 3apsna, Bfanem. Maxe. Tok Hanpsixe-
h ‘T | Mnasaoumit | Komnewcau, HUe KOHLA C;M;) Mecsl|
3apaa 3apag Sapapa Pa3pAia | paspana, B
SD 2,23 2,23.24 0,15C/0,05C 16C 1,75 1
r-8DH 2,23 223.24 0,15C/0,05C 10C 1,75 1
ﬂZA 2,23 2,23.24 1,14C/0,04C 10C 1,7 1
SMF 2,23 2,23..24 0,15C/0,05C 8C 1,7 1
SMBF 2,23 2,23.24 0,15C/0,05C 5C 1,7 1
’ PMF 2,23 2,23.24 0,15C/0,05C 5C 1,6 1
SMG 2,27 2,27..2,4 0,25C 2,8C 1,67 2
* SLA 223 2,23..2,4 0,25C 2.8C 16 2
UPS 2,23 2,23.24 0,25C 2,8C 1,6 2
' FG 2,25..23 24..25 2C 2C 15 3
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CBHHILOBO-KMCINOTHLIE GaTtapeu (upmbl
Chloride Industrial Batteries

Oco0GeHHOCTIMH CBMHIIOBO-KUCJIOTHHIX Oatapeii ¢pupMmbl Chlo-
ride Industrial Batteries gBIAIOTCS BO3MOXHOCTh PEKOMOHHAIIMM
rasoB IpM 3apsAA¢ M HM3TOTOBJIEHME IUIACTUH M3 YUCTOTO CBHHIA.
OHM BHINIYCKAJOTCH, COOTBETCTBEHHO, II0 [BYM TEXHOJNOTUSIM —
POWERSAFE u Pure Lead Technology.

Akkymyiaropel POWERSAFE — 310 repMerd3vpoBaHHbIE aKKY-
MYJISTOPBHl B MOHOGJIOYHOM MCITOJIHEHHHM € eMKOCTBIO oT 19 1o
1689 A-u. Wx mojgoXurteabHble TUIACTHHBI BHIIIOJTHEHBLI M3 CIUIaBa
CBHHEII—KAJIbUMH—0J10B0. Biaromapst HCIiOAB30BaHHI0 HOHOOOMEH -
HBIX MeMOpaH-CelapaTopoB, obecrieuynBaeTcs pexoMOuHamua 95 %
Ta30B, BBUICJISIONIUXCSA IIpHM 3apsine. PeKoMOMHALMs IPOMCXOAMT C
obGpa3zoBaHMeM BOABL. MaKCHMANbHBIA TOK 3apsAna masg Garapeit
POWERSAFE ne nomxen mpesbiiats 0,1C.

Axkymynaropsl Pure Lead Technology (PLT) uMewoT peiieTku
IUIACTHH M3 YHCTOTO CBHHIA. MIX 0COBEHHOCTH — YMCTOTA Marepua-
JIOB M KCIIOJIb30BaHUE TUIACTHH M3 YUCTOrO CBMHIA 03 CHUXEeHUA
pecypca akKKyMyJIaTopa. [L1acTUHBI U3roTaBIMBAIOTCS HITAMIIOBKOIL C
TIOCTIEIYIOMIMM TIpoKaThiBaHueM. [IpH 3TOM MPOMCXOANT YIUIOTHEHHE
CBUHLIA, 3aKpHITHE TIOp, U, KaK CJIeICTBUE, 00eCciednBaeTCsi BEICOKAS
KOPPO3HOHHAs CTOHKOCTE PEUIETOK TUIACTHH.

Ilo TexHonmormu PLT BHIMyCKalOT aKKyMYJISTODHI CJIEXYIOIHX
THIIOB:

« CYCLON; « GENESIS;

« MONOBLOC; « SBS.

BrieuaTnser aMana3oH pabodynx TEMIIEPATYP 3THX aKKYMYJISITOPOB
(tabn. 3.12).

Tabauya 3.12
Tun Emkocts, A4 Cpok cnyx6et, net Duanason paboyux Temneparyp, C
CYCLON® 25..25 10 —65...65
MONOBLOC 25..8 8 —40...40
GENESIS® 13..38 10 —40..55
SBS™ 73..347 15 —40...55

Axkkymymsaropet CYCLON u MONOBLOC npennazHaueHBl B
OCHOBHOM It pabOTHl B MAaJIOMOIIHBIX NMEPEHOCHBIX YCTPOMCTBAX.
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AxxymynaTopsl CYCLON uMEOT HWIMHAPUYECKYIO KOHCTPYKLIHMIO,
HO TION 3aKa3 MOTYT ObITh M3TOTOBJEHEI TAKUE aKKYMYJ/IATOPBI 3a0aH-
goit opMbI U rabapuToB. DHHEXTHBHOCTL PEKOMOMHALMY Ta30B B
gux coctaBnseT 99,7 %.

CeuHLLOBO-KMCNOTHbIe BaTtapen DRYFIT

Axxymynaropsl no TexdHonorud DRYFIT Brimryckatorcs rpyrmon
epporneiickux nmpouspoauteneit akkymynsaropos CEAC. B akkymynsa-
topax DRYFIT ucrnons3yercs xeneobpasHbiil anekTponur. OHU sB-
JF10TCS aBCONIOTHO HEOBCIYXKMBaeMBEIMHM B TEYEHHE BCETO CPOKa K-
CIUIYaTalliid, MMEIOT BHYTPEHHIOI CUCTEMY DPEKOMOMHAIIMM Ta3oB,
APONOJIKUTENBHEIA CPOK CIIyXOBI, NOIYCKAIOT Tepe3aps, YCTONYH-
BHl K IJIyOOKOMY paspsny.

- AxkkymyngTopel DRYFIT Beimmyckatorest aByX cepuit: A400 — mnsa
pa6oTthl B 6ycdhepHoM pexume U A500 — mia paboThl B pexume «Oy-
¢dep + UKI». AKKyMyasaTopsl A400 MOTYT MMETb EMKOCTB OT 5,5 JI0
180 Ay, a AS00 — or 2 mo 115 A

Axxymynsaropst DRYFIT A400 3apszxalor B peXUMe TUIaBaIOLIETO
3apsaa. HanpsbxeHue 3apsina AOMXHO cocTasisats 2,23...2,3 B/ane-
meHT. [Tpu GydepHOoM pexiMe pabOThl HANPSKEHKUE 3apdsa IIpH TEM-
neparype 20 °C momxHo coctaBuath 2,3...2,35 B. Eciu HanpsokeHue
3apsaia TipeBbIllIaeT BeJWYMHY 2,4 B/3neMeHT, ciaelyeT OrpaHMYHUTh
TOK 3apsana u3 pacdeta 0,5 A Ha KaXnpIi ammnep-yac.

*" Bartapen DRYFIT 1o HasHaYeHHIO NENSTCSI HA HECKOJNBKO IPYTIN
(Tabm. 3.13).

Tabauya 3.13
Haanauetue Tun 06nacts npumeHeHus
DRYAT A-200 OXpaHHbIE YCTPOHCTBA;
0 DRYAT A-300 YCTPOVACTBA ONOBELIERUA O NOXaPe;
B Gatapen DRYFIT A-400 TENEMEXaHNECKHUE YCTPOWHCTRA;
DRYFIT A-600 MeuLMHCKoe 060pyaoBaHue
C. DRYFIT Highpower TenedoHHbE CTaHUMM,
6 PHbIE NPOMBILLNCHHLI DRYHAIT A600 YCTPOWHCTBA CBA3M;
i DRYFT Block 3NEKTPOCTAHUM
! TENeMexXaHUYeckne CUCTEMbI;
Pesepaytie 6arapeu DRYFIT Compact YCTPOIICTBA ONOBELLICHNS;
) DRYHT Ulimatic .
% ELA-AMCTaHUMOHHbIE YCTPOCTBA
DNpusoybie Gatapew ans TpaHcnopT- DRYFIT traction Block 3NEKTPOTPAHCNOPT;
 HbiX CpeacTs DRYFIT traction Pzs E-NOAKM {UMKnnYecKwit npueog)
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CBHHILOBO-KMCAOTHbIe Batapeu kKomnanwuk Panasonic

Komnanus Panasonic BBINYCKAaeT LIUPOKUIM CHEKTP aKKyMYJsi-
TOPHBIX Oarapedl pa3MYHOTO Ha3HAYCHUsA, B TOM YHUCIE U CBUHLIO-
BO-KMCJIOTHBIX. Cpedu HUX XOTEJIOCH OBl BHIIECJIUTh HOBUHKY — HO-
Byl cepuio VRLA 6arapeit MSE-AT. B akkymynsiTopax 3Toil cepun
HCHONB30BaHbl HOBEHIIIME TEXHOJIOFMM IO CILIaBaM Uil IUIACTHUH,
006paboTKe XUMHUYECKH aKTUBHBIX MaTEpHAIOB U MAaTepUaIoB s Tie-
peroponok. I7naBHas KOHCTPYKTUBHast 0OCOOGEHHOCTH Oarapeit
MSE-AT — Momy/nbHast KOHCTPYKIUS IUIS YCTAHOBKH aKKyMYJISTO-
POB B CTONKY B TOPHU3OHTAIIEHOM IOJIOKEHHH. DTO 3HAYUTENABHO 00-
Jeryaer cOopKy Oatapeu M ee noaximoueHue. ITonspHOCTE BHIBOLOB
4yeTKo 0003HaYeHa OJiaromaps MX 3aJMBKE TIpH repMETU3alMM 1IBET-
HbIM 3TMOKCHIAHBIM KOMIIAyHAOM.

Cpok cimyx0pl akkymynsropoB cepuu MSE-AT cocrasnser
20 ner. OCHOBHOE Ha3HAYEHHUE — TMHUTAHUE 3JICMEHTOB CMCTEM MOOH-
JbHOM CBsi3u. B 1abn. 3.14 npuBeneHbl OCHOBHBIE TEXHUYECKUE NaH-
Hble aKKyMY/IITOPOB HaHHOU CepHH. XapaKTEPUCTUKU APYTHX THUIIOB
aKKyMYJATOPHEIX 6atapeif Panasonic TIpuBeIeHB! B TIPUIIOXEHUH.

Tabauua 3.14

Hanps- | EMxocTs, | Uvpu- | Boico- | finuna (rny- { Macca,
Moxen xene, B Ay Ha, MM | T, MM | OuHa), MM Kr Buisonei Kopnyc
Dnaxxosbii
MSE-150AT | 2 150 | 106 | 170 365 12 | usmmcarop, |ABS UL94 V-0
2M10
®naxxosbiit
MSE-200AT | 2 200 | 106 | 170 365 15 | wnpmkatop, |ABS ULS4V-0
2M10
Onaxxosbiii
MSE-300AT 2 300 150 170 365 21 | wspukarop, |ABS UL94 V-0
2 M10
MSE-S00AT | 2 500 | 182 | 28 | 368 | 32 Bg’m“(‘)“‘ PP ULI4 V-0
MSE-5604T | 2 560 | 160 | 183 | 580 | 39 B“;",ﬁg‘” PP ULSA V-0
MSE-640AT 2 60 | 160 | 183 580 4 B"mg“" PPULI4 V-0
MSE-T20AT | 2 720 | 194 | 183 | 580 | 48 B";“;ﬁ;‘“‘ PP ULS4 V-0
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Ipodonxcenue mabn. 3.14

|t [ W | B o W2 | g |
MSE-800AT | 2 800 | 194 | 183 | 580 53 B";‘;‘d“g“” PP ULOA V-0
-

MSESBOAT | 2 | 90 | 265 | 183 | se0 | 62 | DM ppyigsve
MSE-10404T | 2 1040 | 245 | 183 | 580 66 B";“;ﬁg”’ PP UL94 V-0
MSE-1120AT | 2 120 | 281 | 183 | 560 7 B";’a,j‘g‘“‘ PP ULSA V-0
MSE-12004T | 2 1200 | 281 | 183 580 75 B"m‘g"" PP UL94V-0
MSE-1360AT | 2 1360 | 328 | 183 | 580 88 B"j‘;ﬁ;“” PP ULI4V-0
MSE-1440AT | 2 1440 | 328 | 183 580 88 B":a'f,i‘;““ PP UL94 V-0

Inst akkyMynstopHbIx 6arapeit MSE-AT pexoMeHI0BaHO HaIlpsi-
XeHue IaBalouiero 3apsiga 2,23...2,25 B Ha sneMeHT nipu Temriepa-
type 25 °C. Ilpn BoCCTaHABIMBAIOILIEM 3apse HaINpsOKCHWE 3apsiia
BBIOMPAIOT B 3aBUCMMOCTH OT €TI0 NMPOJOJLKUTENLHOCTH (Tabm. 3.15).

Tabauya 3.15

Hanpsixenue 3apaaa, B/anem. Bpems 3apana, 4
2,23..2,25 Gonee 24
2,28 15...20
2,33 3.4
2,40 2.3

CeuHLOBO-KMCNOTHLIE Gatapen hmpmbt HOPPECKE

®upmMa HOPPECKE u3 I'epMaHuM BHIITYCKAaeT HIMPOKHMI Moue-
JIbHBIH PAJ aKKyMYJISITOPOB M aKKyMYJISITOPHBIX Oatapeil st peseps-
HBIX UCTOUHUKOB NMUTAHUS, NPEIHA3HAYCHHBIX I TEAEKOMMYHUKA-
LIMOHHOTO U ceTeBOro obopynoBaHus, GarapeiHBIX CHCTEM aBUaLlM-
OHHOU W XeJIC3HONOPOXHOU TeXHHUKH, 0a30BBIX CTAHUMHA COTOBOH,
TPAHKOBOH U TEUIXMHTOBOU cBsA3U. KpaTkie TeXHUYeCKUe xapaKre-
puctuku akkyMynsropoB HOPPECKE npuseneHs! B Tabi. 3.16.
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Tabauya 3.16

Tun akkymynsiTopa (6arapev)

XapakrepucTuki

GroE OsP 0Gi OPzS HOPzS 0Gi bloc
[Juanason emkocTen, Ay 75...2600 150...4000 | 200..3500 | 150...12000 | 110...1200 18...254
HomuHansHoe Hanpsixerue, B 2 2 2 2 2 4,6
Tun anexTponuTa XULIKHiA XUIKWIA XUOKWA XUQKUH XUOKUiA XAAKKA
Cpoxk cyx6i, ner 25 20 20 15 15 15
Kon-80 UMKNOB 3apsin/paspag
20 yposHs emkocT 80 % 200...300 900 800 1200 1200 600...800

¢ npobkamyt | ¢ npobkamu | ¢ npobkamu ¢ npobkamu
AquaGen — | AquaGen — | AquaGen — Cripobkamu | C nPOGKaMi AquaGen —

TpeGosatus no sesmunsumn | e T | oot | nonobo mA“:;’gﬂG:CR"LA nm?uG:CR_LA 10ROBHO
VRLA VRLA VRLA VRLA

lvana3on paBouwx Temnepa- _90...40 ~20..40 -20..40 -20...40 -20...40
v, C
Bpemsa xpaenun Ges nopsa- 3 3 3 3 3 3
DROKA, MEC.
Camopaspsn npu Temnepary-
pe 20 °C, % B mec. 8 8 3 3 : ?

DIN 40738, DIN 40724, DIN 40738,
CooTBeTCTRMe CTaHnapTy ECa%6.q | 'ECO%1 | \pogopy | IECE961 | IECE96-1 | \engon

Kax suaHo u3 ta6n. 3.16, KpoMe BBICOKUX SKCILTyaTalMOHHBIX
xapakrepuctuk, akkyMmy/sitopsl HOPPECKE ornuyaer npuMeHeHHe
B HUX CIIEIIHANBHBIX MTPOOOK, KOTOPHIE IMO3BOJSIIOT CHU3UTh 00pa3o-
BaHHE BOHOPOIA, €TI0 BHIICICHUE M3 aKKYMYIATOPOB U 00ecrieyuBa-
10T nX Oe3omacHylo pabGoTy B HEBEHTWIMPYEMEIX U IUIOXO BEHTWJIMPY-
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Tabnuya 3.16 (npodoasxcerue)
Tun axkymynsitopa (6arapen)
t XapakTepucTvku
POwer.bloc USV dry Power bloc
usy ors | O liav-bis| OBV | metpower) Copy
Amanaaon eMKoCTeid, Ay 21...336 50..300 | 200...3000 | 30...100 | 18...256 100 50...300
HoMuHaNbHOe Hanpaxenue, B 4,6 6,12 2 12 4,6 12 12
Twh ANEXTPOAUTA KUAKWA KARKUA renesuiit AGM AGM AGM KATIKUH
Cpok cryx6u, niet 12 20 2 10-12 10-12 10-12 20
,g""“’ LIS SPRAGADRA | 600 1200 000 | 500 800 s0 | 1200
¢ npobxamu | ¢ npobkamu
AquaGen — | AquaGen— | VRLA, EN | VRLA,EN | VRLAEN | VRLA EN | VRLA EN
ToeGosanun no seHTTAUM | © 6o | onobwo | 502722 | 502722 | 502722 | 502722 | 502722
‘ VRIA VRIA
mwpm.laaoc HPABOMXTEMNEDA: | o) 40 | -20.40 | -20..40 | —20..40 | -20..40 | -20..40 | -20..40
Bpems ﬁienm 6e3 nop3a- 3 3 3 3 3 3 3
peca'“zo"’p.aac ool 3 3 2.3 2.3 2.3 2.3 2.3
DIN 40737-3, | DIN 40742, DIN 40741, y y
CooTaeTcTaue cTaHmapTy EC896-1 | (i aos1 | 1EC 8962 | 'EC8%2 | pepopp | VEC896-2 | IEC896-2

€MBIX TIOMEINEHMAX. B 3THX MpolOKax, MOAYIMBIINX GUPMeHHOEe Ha-
3Banue AquaGen®, pealn3oBaHa TEXHOJOTUsI PEre€HEPALH: BOJZOPOI
H KUCIOpoa, o0pa3oBaBIIMECd B pe3y/IbTaTe 3JEKTPOJiu3a, CHOBA
TIpeBpalaloTcs B BOLY, HO 6€3 B3phIBa, B PE3YJIbTATE MEUIEHHO TEKY-

HIeH peakLnH.



82 Ceunuoso-xucaomnuvie 6amapeu

Ha puc. 3.16 usobpaxeHa npo6ka Aqua-
Gen® B paspese. I'a3 B Hee NpoHUKAET 4Yepes
abcopbep. B pekoMmOuHarope npoOGKU Haxo-
JUTCS KaTajJu3aTop, B KOTOPOM ITPOUCXOOUT
KOHTPOJIMPYEMBIH TIpoLiecC Tpeobpa3oBaHms
BOJOpOAA M KUCJIOpoAa B BOoy. MaTepuaiom
KaTaausaropa CAYXUT RparOUCHHBIH METaJll.
KI1JL nmponecca nmpeoOpa3oBaHUsl COCTABASAET
okoJio 95 %, T. €., 95 % cMecu BoxOpOIa U
KUCJIOpoAa B MPoLecCce 3apsia aKKyMyJIsiTopa
BHOBb Mpeobpasyiorcd B Boay. Ilockonbky
MpOTeKalonIasl peakius COMPOBOXIAETCS BbI-
Puc. 3.16. Konctpykunss  JeJICHHEM TeIUla, BOAA, NOJyYeHHass B pe3y-

NpO6KH AKEYMYAATODA JIbTate KaTajiu3a, MNpelcTaBisieT coboi map,

Aq‘;;’g;&gﬁ%”"‘ KOTODBIl KOHACHCUDPYETCS] Ha BHeLIHEH 060-

JIOUKe MPOOKM, ¥ BOJA CTEKaeT oOpaTHO B aK-

kymyasrop. [Tpu ucnonb3oBanuu npo6ok AquaGen® HOTUBKY BOIBI
B ITpOIIeCCe 3KCIUTyaTallid He TpebyeTcs.

®upma HOPPECKE Brimyckaer npo6ku AquaGen® mByx Tu-
noBs: SA — g 6artapeit emkocteio 10 500 Ay u D48 — ang Gara-
peit emkocTelo cBbillie 500 A-u. KOHCTpYKIUST MX MOXeT ObITH Bep-
TUKAILHON (TP UCTIONB30BAHUM TaKUX TIPOOOK raGapuThl akKKyMy-
JISTOpa MO BBICOTE CYILECTBEHHO YBeJMYUBAlOTCA) M [-oGpa3Hoif,
MpU KOTOPOU raGapUThl aKKyMYJSITOpPa IO BBICOTE M3MEHAIOTCA He-
cymecTBeHHO. OCOOEHHOCTAMM 3KCIUTyaTallik TPOOOK  SABJISIIOTCS
cleayonue:

1. TIIpo6ku THMNA SA NMpU BHICOKUX HaNpSIKEHUAX 3apsana Heobxo-
IMMO CHMMaTh, a 3apsii aKKyMYJISITOPOB ¢ npobkamMu tumna D48 Mox-
HO TIPOM3BOJUTE 0€3 UX JeMOHTaXKa.

2. [Ipu nonbope mnpobOK cleayeT TIPOKOHCYJIbTUPOBATLCSI CO
CTIELIMATUCTaMHU, T. K. TIPOOKH OJHOTO U TOTO X€ TUTIa UMEIOT OCO-
OCHHOCTA B KOHCTPYKTHUBHOM HCIIONHCHUHM I PA3NUYHBIX TUIIOB
AKKYMYJISITOPOB.

3. TIpo6ku AquaGen® nipenHa3HaYeHbI U1 YCTAHOBKU HE TOJIBKO
Ha CBUHIOBO-KMCJIOTHBIE, HO M Ha MLIECTOYHBIE aKKyMYyJSTODBI
HOPPECKE.

Briroan! ot npuMeHeHus npobok AquaGen® oueBUIHBIL:

1. Her HeoOXomuMoOCTH JOJMUBKU BOABI. COOTBETCTBEHHO, Ha
MPOTSKEHUH BCETO CPOKA CIYKObI aKKYMYJIATOPHI ABNSIOTCA HEOO-
CIIY’KMBAEMBIMHU, M MUCKIIOYEH PUCK UX BBEIBOAA U3 CTPOA TIPH UC-
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—

[ONB30BAaHUM HEKAYECTBEHHOTO 3JIEKTPOJIUTA WIH IUCTWIIMPOBAH-
HOM BOIBI.

2. 3HaYMTENBHO CHUXEH BHIXOJ B3PBIBOOMACHEIX Ta30B M MapoB
afeKTponuTa. [Ipy 3TOM UCKITIOYAIOTCA KOPPO3HOHHBIE SIBIEHMS B
[IPOCTPAHCTBE BOKPYT Garapeu.

3. 3HAUUTENBHO CHMXEHA OIMACHOCTh B3PBIBA, a KepaMUUYECKUit
gopryc npob6ox turna D48 obecrneynBaeT 3alUTy TIPU CIyYaifHBIX
BHELIHHX BO3rOpaHHUsIX.

4. KpaTHoCTs CMEHBI 00beMa BO3AyXa TNpPU BEHTWISALIUM MOXET
6mTh CHIkKeHa (Hopmbl DIN VDE 0510, 4. 2).

YUASA

~ Komnanus YUASA spnsieTcsi poHOHAaYaJIbHUKOM TEXHOJOTMH
AGM YUASA nepBoii Hayana pa3pabOTKy CEpUM CBHHIIOBO-KHC-
JIOTHHIX GaTapeil ¢ aBTOMAaTH4YEeCKOH PEryJUpPOBKOH BHYTPECHHEroO
pasneHus B 1958 rogy. CeronHs 6atapen ocHOBHOIM cepurt NP — 3to
BBICIEE JOCTHXXEHHE Ha OCHOBe Gonee yem 70-T€THErO ONBITA IpPO-
M3BOACTBA aKKYMYISATOPHBIX Garapeit. CoyeTaHue BHICOKOMH IUIOTHO-
CTV SHEPTUN, TIEPENOBON TEXHOJIOTMHU TIPOEKTUPOBKU U TIPON3BOACT-
Ba IUTACTHH, TePMETUYHON KOHCTPYKIUH, 3DGEKTUBHBIX 3KCIUTyaTa-
HMOHHBIX XapaKTepUCTHK Mo3Boinno Gatapesm YUASA cepum NP
draTth caMBIMM HAJeXHBIMH M YHHBEPCAIBHBIMA M3 CYIIECTBYIOILHX
HBIHE CBHMHIOBO-KUCJIOTHBIX OaTapeil ¢ aBTOMaTUYECKON PETYJIMpPOB-
KO BHYTPEHHETO JaBICHHA.
Haub6osee monynsipHsle cepuu Garapeit YUASA:
o NP — Garapeu o6lero npuMeHeHHs Ha HanpsxeHue 2, 6,
12 B 1 emkocth 1...130 A4 co cpoKoM cityxkOwl 10 5 Jer;
e NPL — 6Garapeu ¢ yBeJMYCHHBIM CPOKOM CJIYXOBI Ha HarpsoKe-
Hue 6, 12 B u emxocTh 24...130 Ay co cpokoM ciyx0b1 7—10 ner;
¢ NPC — Garapeu w1 HMKIMYECKOTO UCIOIL30BAHUA Ha HaMps-
xeHue 6, 12 B u eMkocth 8...65 Ay, uMmewine pecypc dosnee
yeM 500 1mKiI0B 3apsAn—pa3pan npy DryouHe paspsga 75 %;
o EN — Oartapeu ¢ yBeMHYeHHBIM CPOKOM CIYXOBI Ha Hampsixke-
HMe 6, 12 B u emkocTs 8...480 A4 co cpokoM ciryx06sl 10 jer;
o UXF — Oarapeu GOJbIIOM 3HEPrOEMKOCTH ¢ (PPOHTATBHBIMU
BBIBOJaMH Ha Hampstxenue 12, 48 B u emkocts 100, 150 Ay
npu 10-TH 4YacoBOM pa3psme cO CPOKOM cnyxOnt 10 ner;
48-ponwroBad Oarapes WIEaNbHO MOAXOAUT ISl YCTAHOBKHM B
19- u 23-moiiMOBBIe LIKA(DHI.
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csB

Beinyck Oatapeit o TexHosnorun Shin-Kobe (Hitachi Group)
non, Topropoil Mapkoit CSB Battery Co., Ltd 6p1 Hauat B 1987 T.
B I. I'vanTsiH (Guantyan) Ha TaiiBane.

Barapen mapku CSB mpekpacHO ceOs 3apeKOMEHIOBAIN B Kaue-
cTBe bartapeii MCTOYHHKOB becriepeboiitoro nuranusa UPS. Bcemup-
HO u3BeCcTHast KoMmnaHus APC peKoMeHAyeT UCHOJIb30BaTh B BHIMYC-
kaeMbIx €10 UBIT akkymynaropHbie 6atapen Mapku CSB.

Haubonee nomynsipHsl CleAyIOLUUE CEPUU aKKYMYJIITOPHBIX 6a-
Tapeit CSB:

+ GP — Oarapeu obGuiero HasHayeHUs Ha HampsxeHue 6, 12 B u

eMKOCTb 4,5...100 A4 co cpoKoM cnyX0sl oT 3 10 5 JerT;

e HR — 6arapen ¢ BBICOKOII 3HEPTOEMKOCTBIO Ha HaAIpSKeHUe

12 B u emxocts 14...120 A-4 co CpOKOM CyXO6bI OT 3 10 5 JIeT;
« HC — OGarapeu ¢ BBICOKOH 3HEPrOeMKOCTBIO M YTOIUIEHHBIMHU B
KODITYC BBIBOJAMM 3allaTeHTOBAHHON KOHCTPYKUIMM Ha HarpsoKe-
Hue 12 B u emkocts 17...28 A4 cO CpoKOM CIIyKOBI OT 3 J10 5 JeT;

o« EVX — Garapen mIS UUKIMYECKOTO HCIIOJB3OBAHWUS Ha Ha-
npsokerue 12 B, emkocts 7,2...100 A4 co cpoKOM CIyXKOBI OT
3 1o 5 ner;

¢ GPL — 6GaTtapeu ¢ GONBLIMM CPOKOM CJIYXOBI Ha HaNpsmKeHHE
6, 12 B u emxocts 7,2...100 A9 co cpokoMm cnyxOb 5—8 ner,

e UP — Oarapen c BBEICOKOH 3HEPrOeMKOCTBIO Ha HAIpSDKEHME
12, 24 B u eMkocthb 51...167 A9 co cpoKoM ciyk0bl 10—14 rer;

o MSJ — akkyMyngaTopbl LI TEAEKOMMYHUKALIMOHHOIO 0bOpy-
IoBaHWA Ha Hampskenue 2 B m emkocts 150...3000 Au co
CpOKOM cItyx0nl 15—20 ner;

e MU — akxymynsTopsl ¢ ¢pOHTAJILHBIMH BBHIBOAAMH Ha Ha-

npsixkenue 2 B u emkocth 220...1500 A4 co cpoKoM CIykOBl
15—20 ner.

BAE

AxkymynstopHbie 6atapen dupmbl BAE (I'epMannsa) nmpemHasHa-
YeHB! JUIsE paboThl B cUcTeMax OecriepeGoifHOTO ¥ aBApUITHOTO JIEKT-
POTIUTAHUsI Pa3INYHOTO Ha3HAYCHMUSI.

I'lo xnaccugpuKanyu eBporeiickoro o0seIMHEHNS MMPON3BOIUTENEH
akkymyastopos EUROBAT ¢upma BAE BBIITycKaeT HECKOJIBKO CepHit
aKKyMyJISITOPOB, HH(MOpMaIUs 0 KOTOPHIX MpHUBeneHa Ha puc. 3.17.



O6aariavenme 0Pz5-6inox OP2L-6nox OGi-Gnok UPS-Gnox OPZS-6nox OGi-anement QG HP-6nox
ol

Cuctema OmxpuToie Omxprrrie Omrpurtoie Otkpbithe OmxpuThe OTxpoiToie FepMeTuiHbe
Emxocts 50300 38-180 25-900 100-1200 2003000 400-2400 42-180
Hanpsixene 12B,6B 12B 12B,6B,28B 12B,6B 2B 28 128,68 12B,68,2B 12B,68B,2B
I . . - Peinerxa c TpaBepca- | Petwetxa ¢ Tpasepca- GuaTsa Pewerka ¢ Tpasepca- | Pewerxa c Tpasepca- i Pewerxa ¢ Tpasepca-
an menwuu ngb, 1 682 F.‘rbSb” 1 & MU KDYTA. CEMeHIs MU KpYTTL. CEYeHis ;bSM T:s: MU KPYTN, CEYEHUA MH KDYTIT. CEHEHMA TPbCaST:" MH KDYTA. CeueHna

' ' PbSb1, 6Se PbSb1, 6Se ’ PbSb1, 6Se PbCaSn PbCaSn
Kopryc SAN SAN SAN SAN SAN SAN PP SAN SAN
Inextpanuy Kot Ko Kupxwi Koot p. ] Ko Tenb Tenn Tens

pHoe 30 MuH— 104 14-3u 5w — 104 Smn— 14 14-104 5 M — 104 10 Mun - 104 30 wmn — 104 5 mmn— 104

lpowe:xyris spesieri >3 et >3 ner >3 ner >3ner >3ner >3 ner He Tpes. He 1pe6. N He Tpeb.
AnR 0NB BoAK
Buwieoa nomoctoro 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 %
Gopra p p p
Cpox cyx6es 16+ ner 12+ net 15+ ner 12+ net 16+ net 15+ pev 10+ per 15+ nev 12+ nev
Kon-80 uMKnos cornac-
o IEC 896-1/2 1200 1000 1000 800 1500 1200 350 1200 800
Bewmunsupn corracto
VDE® 0510 50 % 50 % 50 % 50% 50% 50% 5% 5% B 5%
Hanpsixeame noanep-
FABEIOLEND 33pAI 2,23 Bfan. 2,25 Bfan. 2,23 Bfan. 2,25-2,27 Bfan. 2,23 Bfan. 2,23 Bfan. 2,27 Bfan. 2,25 Bfan. 2,25 Bfan.

Puc. 3.17. Texuuueckue xapakTepUCTHKH aKKyMyasTopos dupmbl BAE

nadvuivg a1uwoyony-0s0nnung?)

8
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Akkymynstoph cepuu OPzS oTHocsiTcs K rpynne 6arapeit oco-
0ol HamexHocT. B HUX MCnodb3yloTCA TpyOyarble (MaHLMPHEIE)
MTOJOXUTENbHBIE TUTACTHHBI, OTIUYAIOUIMECS TOBBILIEHHONH HaJeX-
HOCTBIO TIpY SKCIUTyaTally M UTUTENIBHBIM CPOKOM CIyXObl. biaro-
Japst YBeIMUEHHOMY JI0 § MM CJIOI0 CBHHIIA B aKTMBHAOM Macce 1oJIo-
SKUTEJTBHOrO 3JIEKTpOda M APYTMM IepeIOBBIM KOHCTPYKTHBHBIM pe-
LLIEHUSIM

OPzS snementsl ¢rpmbl BAE obecrieunBalor:

e BBICOKHME TOKH pa3psiga, OJM3KHE K TOKAM KOPOTKOTO 3aMBIKa-
H¥WA;

o 0oJice IINTEIbHOE BpeMs pa3psiia;

e YBEIWYEHHBIM 10 16—18 JeT CpoK CiryKObi;

e BBICOKYI0 UUKJIMYHOCTh MCIIOJIb30BaHUSI.

Ilo xnaccudukauv eBpoTeicKoro o0beIMHEHUs IPOM3BOIUTE-
neit akkyMmyssitopoB EUROBAT akkymynsTtops! cepuu OPzS no cso-
UM TEXHUUECKHMM XapaKTepHCTHKaM OJM3KH K akkymynstopam GroE
€ TIOJIOXUTENbHON TIACTUHOM KOHCTpyKiuM Ilnante. B otnuume ot
MOCAEAHUX OHM O0NaNaloT CIeAyIOIUNMY TIPeUMYILIECTBAMMU:

o JnemieBinie akkymynsTopoB GroE cepuit OpzV, OGi, OGiV,

e TJIANKOCTEHHBIE KOPITyca ¥ BEPTHKAJILHOE PAcIHoNoXeHHe T11a-~
CTHH 00eCIeYMBaIOT BBICOKYIO TINIOTHOCTDL PHEPTHH TIPU He3Ha-
YUTEJIBbHON MIOHIANH YCTAHOBKM;

e [IpO3payHble KOpIyca 00eCIeYyMBaIOT aOCONIOTHBIA BU3yab-
HBIA KOHTPOJIb M, TaKUM 0Opa3oM, 061erdalorT TEXHHYECKOe
obciryXxuBaHue.

AxkymyaaTopsl cepun OpzV ¢upMel BAE xapaktepuaylorcs:

e BBICOKMMHM TOKaMu paspsiia, OJTU3KMMHM K TOKaM KODPOTKOTO
3aMBIKaHMSI;

o Gosice IUTENBLHBIM BPEMECHEM Pa3psa;

e YBEIMYEHHBIM OO 16 JET CPOKOM CIIYyXKOBL;

e BBICOKOH LMKIWYHOCTBIO HCIIOJIL30BAHUA;

e BBLICOKOHM IOPUCTOCTbIO AKTHBHOIO BelIeCTBa IUIACTUH, YTO
CIIOCOOCTBYET JIyulilleMy ITPOHUKHOBEHHIO JIEKTPOJIMTA;

e OTCYTCTBUEM HEOOXOAMMOCTH HpOBEACHUS BLIPaBHUBAIOLIUX
3aps0B MPY HOPMANBHBIX YCIOBUSX 3KCITIyaTalluu;

e YCTONYMBOM pabOoTOH TNpPM HU3KUX TEeMIepaTypax OKpyXKalo-
el cpenbl, Ojaromapss MCIIOJIB30BAHUIO TE€JIEBOH CTPYKTYDHI
3JIEKTPOJIUTA;

e BO3MOXHOCTBIO TOPH3OHTAIILHOTO pa3MeIleHNA.
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B axxymynsitopax ¢upmel BAE cepuun OGi Gpl1a MCIOBp30BaHa
HOBasl CTEPXKHEBAsT KOHCTPYKLIMS TOJOXUTENIbHOM MIIaCTUHBL, OTIH-
yaolascsl 0co00f HAIeXHOCTBIO B 9KCIUTyaTallUM M [UTMTEJIbHBIM
cpokoM cIyXObl. Kpyriibie crep>KHH paciioyloXeHbl KaK B ITOJIOXHTe-
JIBHOM DJIEKTPOJE MaHUMPHOro TUMA W 3aHMMaioT He Gojee 50 %
fUIOILAOM IUIACTHHBLI. Takoe KOHCTPYKTHMBHOE pellieHHEe MO3BOJIUIIO
yBEJIMYUTh KOJMYECTBO CBUHLIA B AKTMBHOM Macce 3JIEKTPOHa U
obecnieyuTh TOKM pa3spsima O6JM3KHe K TOKaM KOPOTKOIO 3aMBIKAHUs
[pY MaJIOM BPEMEHM paspsina, a TaKXe YBEJMUYUTh BpeMs HOPMallb-
HOro paspdia.

ITo xnaccuduKauu eBpONeicKOro o0beIMHEHU TPOU3BOIHTE-
nett akkyMynastopoB EUROBAT axkymynsitopsl cepuu OGi 110 CBO-
MM TEXHUYECKUM XapaKTepHCTHKaM MMPUOIMKEHBI K aKKYMYJISATOpaM
cepun OPzS (akKyMysaTOpBI C MOMOXKHUTENBHOM TIACTUHON MAaHUKP-
HOTO THIIA) U B OTJIMYHE OT MOCHEAHUX UX MOXHO 3KOHOMUYHO HC-
NMOJB30BaTh Jlaxe MPH KOPOTKOM BPEMEHHU pa3psiaa.

AKKyMyssiTopel cepud OGi co CTEpKHEBOI peLIETKON TOXOXH-
TENBHOrO 3JIEKTpoJa 06JanaloT CledyolUMHU MTPEUMYILECTBaMH:

o B 1,5 pa3a neuepie akkymy/siTopos cepun OPzS;

e TIANKOCTEHHBIE KOPITyca ¥ BEPTUKATBHOE pacCIiOOXEHHE TIa-
CTUH 00eCTIeYMBAIOT BHICOKYIO TNIOTHOCTH SHEPIHMHU TIPH HE3HA-
YUTENHHOU TPebyeMOoit TINOWAIN YCTaHOBKY,

» TIpo3pauHbie kopnyca (cepuss OGi-351eMeHT) 00ecrednBaloT
a0COMIOTHBIN BU3YaNbHBI KOHTPOJbL U TaKUM o6pa3om ober-
qaloT TEXHUYECKOEe OOCITy:XKMBAHUE;

e HCIIONB30BaHUe rejeporo aekrponura (cepus OGiV, OGiV
HP) nosBojisieT ycroiuuBo paboTaTth B yCIOBUAX HU3KUX TEM-
reparyp;

© e akkymyasaTopsl cepun OGiV HP no cBoum rabaputrHsIM pas-
MepaM M BBICOKHUM VICIbHBIM XapaKTepHUCTHKAM WACATbHEL
UL IPUMEHEeHMS B ITKaax ¥ CTAHIAPTHHIX CTe/Ulaxax CUCTEM
TENCKOMMYHUKAIUY ¥ UCTOUHUKOB GecrepeSOUHOro nyratus.

CBuHLOBO-KMCAOTHLIe 6atapem tmupmbl COSLIGHT

AxkkymynaropHble Gatapen ¢upmbl COSLIGHT (Kurait) mpen-
HasHaueHH! I paboTsl B cucreMax OecriepeGOMHOrO U aBapUMHOTO
3JEKTPONMUTAHUSA PAa3IUYHOrO HasHAyYeHUs1. Mx BBHINYCKAalOT MO TeX-
Honoruu AGM. Batapeu, 61aronaps cucteMe BHYTpeHHeH peKomOu-
HallUK ra30B, UMEIOT OYeHb HU3KOE rasoBbiaeneHue. OHU ABIAIOTCS
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HeOoOCTYXXUBAEMBIMHU: HOJUBKHM BOIB MJIM JIEKTPOJIUTA He TpebyeTcs
B TEYEHHE BCETO CpoKa ciyXObl. baTtapeu cHabxeHbI 3 deKTUBHBIMU
MpeJOXpaHUTEILHBIMU KJTallaHaMK M NMPU YCTAHOBKE HE TpebyloT Ao-
MMOJTHUTEIBHON BEHTWIALMNU MOMELIEHUS.

Ha oTeyecTBEHHEIH PHIHOK ITOCTABIAIOTCS FepMETH3HPOBAHHBIE
6arapen COSLIGHT cepuit 6-GFM, 6-GFM(C), GFM(Z). Heko-
TOPBIE XapaKTEPHBIE OCOGEHHOCTH S3THX CepHii aKKyMYJIATOPHBIX ba-
Tapeil mosicHseT Tabin. 3.17. Jly4uiee CBOMCTBO 3TUX aKKYMYISTOPHBIX
Oarapeii — UX HU3KaA LieHa.

Tabauya 3.17

CPOK CIYX- } o wname YpaBHM- Hanpskenme 3apta ::;,1: ?1);3“::622
Cepus 6zéeuenr;$- Tens npv:1 836:;; :Mqugep- B LKIMHECKOM Npumeyatne
' ’ pexume, B
6-GFM 5 Her 13,44 14,1 Barapes u3 6 anem.
6-GFM(C) 10 Her 13,44 14,1 Barapes u3 6 anem.
GFM(2) 15 na 2,25 2,37 ARKyMynSITOD

B 6atapesx COSLIGHT cepun GFM(Z) BruepBbie NMpUMeHEHBI
YPaBHUTENU 3apsIIHOro HampspxeHMsa. Kak GBbUIO OTMEYEHO BHIlile,
OMHOW W3 TNABHBIX MPUYWH BBHIXOAA AKKYMYISATOPHOW Oarapeu u3
CTpOsi, OCODEHHO IO Mepe ee CTapeHMs, SIBJIOTCH Dasjinyus B Xa-
PaKTEpUCTHKAX €€ 3JIEMEHTOB, KOTOpHIe II0 Mepe CTapeHHUsl CTaHO-
BATCA ellie ApYe BbIpaxXeHHBIMM. ISl BBIpaBHMBAHUS 3apsIHOrO Ha-
MpsDKEHM Ha 3JIEMEHTax Garapey MCIOJIb3yeTcsl CTieliaibHadg 3MeK-
TPOHHas1 CXeMa, KOTopasi o0eclieyHBaeT MOHHTOPUHI HaIlpsKEeHUs
Ha Hux. Ecnu oHO npeswicur 3Havenue 2,19 B (mpu Temmepatype
25 °C), cxeMa BKJIIOYHT IHYHT IS JaHHOIO 3JeMeHTa. B pesynbrate
JUIIHASA 3Heprus OymeT pacceMBaThCs HA PE3UCTOPAX LIVHTA B BHIE
Teria. OIHAaKO Ha3BaTh 3TO pelueHHe 3(MEHEKTUBHBIM HENb3S: «MOJ-
CaXUBaTb» UCIIPABHBIE JMEMEHTH B YTOAY HEUCIIPABHBIM — HE Nyd-
1llee pellcHUE, CKOpee peKJIAMHBIM TPIOK, PACCYMTAHHBIA Ha Hemo-
CTaTOYHO NMOATOTOBJIEHHBIN I€PCOHAI.



lnasa 4
MUTUHA-UOHHBIE U MIUTUA-NTOSTUMEPHbIE
AKKYMYNATOPHbBIE BATAPEM

4.1. OcobeHHOCTH YCTPOHCTBA NMTHM-HOHHBIX
aKKYMYRSTOpHbIX GaTapen

IlepBole 3KCTIEpUMEHTHI C JIMTHUEBLIMU OarapesiMu ObUIM HadaTsl
eme B 1912 r. rpynmoil yuyeHbIX mox pykoBoacTBoM JIx. H. JIniouca
(G.N. Lewis), HO TonbKO B Hayane 1970-x rogoB MOSBUIUCH ITEPBHIE
HerepesapsskaeMble JTUTHEBbIe Oatapen. TIOmMBITKH paspaboraTh Ju-
THEBbIC aKKYMYJIATOPHEIE 6aTaped BIUIOTH A0 1980-X rojios 3akaH4u-
BAJIMCh HeylayaMH. DTO OBUIO CB3aHO ¢ IpobieMaMM MX Gesomac-
HOCTH.

JIutuit — caMprit nerkuit 13 MetauioB. OH HUMeeT IIPEBOCXOIHBIN
SJIEKTPOXMMHUIECKU TIOTEHIHAN U 00eCTICUMBAET HAWIYYIIYIO SHEDP-
TeTUYIECKYI0 TUIOTHOCTh Ha €MHMILY MAacChl. B TUTHEeBBIX akKyMyJsi-
TOPHBIX GaTtapesiX NPUMEHSIIUCH OTpHILATENbHBIC IUIACTUHEI U3 Me-
TauTMYeckoro nuTus. Takue Garapen obnananu 0osee BHICOKUM Ha-
NpsKeHWeM Ha KaXJOM DBJIEMEHTe M BBICOKOH eMKOCTBIO IO
CpaBHEHMIO ¢ OaTapesIMU IPYTHX THIIOB.

ITocne MHOTOYMCIEHHBIX MCIBITAHUI B TeueHHe 1980-X romos
BEISICHWJIOCH, YTO mpoOjieMa JUTHEBBIX OaTrapeil «3akpydeHa» BOKDPYT
JIMTHEBBIX 3JIEKTPOAOB. TOYHEE, BOKPYT aKTUBHOCTH JTUTUS: IIPOLIEC-
CHI, MTPOUCXOAUBILINE NPU CTAPDEHUHU U U3HOCE 3JEKTPOAOB, B KOHIIE
KOHIIOB, HApYIIAIM TEMIIEPATYPHYIO CTA0MIBPHOCTD XUMHUYECKUX TIPO-
UECCOB, NMPOUCXOAMBINUX BHYTPU aKKyMYNIATOpHOM Gatapeu. B pesy-
JIbTaTe TeMITepaTypa 3JIeMeHTa AOCTUTajla TOYKH TUIABJICHMS JIUTHS, U
npoucxoguwia OypHas peakiiusi, IMOTyYHUBIIAs HA3BaHUE «BEHTWIALMA
¢ BBIOpOCOM IiaMeHW». B 1991 r. Ha 3aBOABI-U3rOTOBUTENN OBLUIO
OTO3BaHO OOJBIIOE KOJIMYECTBO JIMTUEBHIX OaTapeif, KOTOphie BIEP-
BBEIE MPUMEHWIM B Ka4eCTBe MCTOYHMKA TTHTAHUS MOOWILHBIX Tese-
tonos. [IpuunHa — npy pasrosope, KOorna NoTpediseMblit TOK MaK-
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CUMaJieH, U3 aKKyMYJISITODHOM GaTaped NMPOMCXOMUI BBIOPOC IlaMe-
HU, OGXKMTABLUETO JIUIIO MOJIB30BATENO MOOMIBLHOTIO TeledoHa.

H3-3a mpucyieii MeTa/UIMYECKOMY JIMTUIO HECTabUIBHOCTH,
0CODEHHO B Ipoliecce 3apsana, HCCIeIOBAaHUs CABUHYIUCH B 001acTh
CO3MaHUA aKKyMYJISITODHOW OaTapeu 6e3 €ro mpuMEHEHHS, HO C UC-
MOJIb30BAHHUEM €r0 HOHOB. XOTS JTUTHI-UOHHEBIE OaTapen olecreyu-
BAIOT HE3HAYUTEIBHO MEHBUIYIO 3HEPreTMYECKYIO TJIOTHOCTb, YeM
JUTHEBBIE OaTapeH, TeM He MEHee OHU 0e30MacHbl MPU COOMIONEHUHU
MPaBWIbHBIX PEXMMOB 3apsiia U paspsiaa.

B 1991 r. kommanus Sony mepBoil B MUpe Hayala KOMMepue-
CKMi1 BBIIYCK JMTH-UOHHBIX aKKYMYJISITODHBIX Gatapeil. 3a Heil ro-
CIENOBAJIM U APYTHE KOMNAHMU. B Hactosiuee BpeMs NPOU3BOICTBO
JUTHA-UOHHBIX aKKYMYJATOPHBIX Oatapeil MpeacTaBisieT co6oi Obl-
CTPOpAaCTYLIMH U MHOTOOOEIIAIOINHA CErMEHT PhIHKA.

DHepreTudeckas IUIOTHOCTb JUTHH-UOHHBIX 6aTapeil B [Ba pasa
NMPEBBILIAET JHEPreTMIECKYIO TUIOTHOCTh CTAHAAPTHBIX HUKENb-Kall-
MHUeBLIX OaTapeii. CoBepllieHCTBOBAHUE, JOCTHTaeMOe IOAO0POM aK-
TUBHBIX MAaTepHanoB JJEKTPOIOB, B TEPCIIEKTHBE TTO3BOJUT YBENHU-
YUTh 3TO COOTHOUIEHUE A0 TPEX pa3.

Kpome BBICOKOR €MKOCTH, NMHTUI-WOHHBle 0Garaped obranaioT
XOPOIIMMU Harpy30YHBLIMU XapaKTEePUCTHKaMH, TIOXOXMMH Ha Ha-
IPY304YHBIE XapaKTEpHUCTUKK HHUKEJb-KaaMHEBBIX OaTapei. OHUM He-
TpeOOBaTEIbHBI K OOCTYXUBAaHHIO HACTONIBKO, YTO TakKas IPOCTOTa B
OBCIYKMBAHUM HeZOCTUXMMA TS 6atapeit Opyrux TUMOB. Y HUX OT-
CcyTcTBYET «3(deKT maMsITH», Ui HUX He TpeOyercs TIpOBedeHUs
KOHTPOJNBbHO-TPEHNPOBOYHBIX LMKJIOB, MPOUIeBAIOLINX CPOK CIIYX-
Onl. M, HakoHel, caMopa3psfl NUTHH-MOHHBIX Oarapeil, KOTOPHIH
BIBOE MEHBIIIE, YeM Y HUKETb-KaAMUEBBIX U HUKEJIb-METAJUITUIPULI-
HbIX Oarapeil, AefaeT WX HE3aMEHUMBIMU TIPH HCITONB30BAHUMU BO
MHOTHX TIPUJIOXEHUSIX.

Bricoxoe HampsKeHUE Ha 3leMeHTe Gataped NMO3BOJSET MPOU3-
BOIMTENSM BBINYCKATh AKKYMYJISTOPHBIE HCTOYHMKHU ITUTAaHMUS, CO-
CTOSIIKE BCErO JWIIL U3 OTHOTO JIEMEHTA. Takue UCTOUHUKU UCTHO-
JIB3YIOTCI BO MHOTHUX MOIENSIX COBPEMEHHBIX MOOUJIBHBIX Tenedo-
HOB, a IPOCTOTa KOHCTPYKIIMH YIIPOLfaeT NpPOU3BOACTBO Oarapeii.
Ilpu mpousBoacTBe MOILUHBIX 0aTaped, COCTOSIIMX M3 HECKOJBLKUX
BJIEMEHTOB, GOJNbIIIOE TIPEUMYILLIECTBO JAET OUEHb HU3KOE BHYTPEHHEE
COTIPOTUBICHHUE JIUTUI-UOHHBIX 3JIEMEHTOB.

B nocrienHue roabl MOSIBUJIOCH HECKOJIBKO THITOB JIMTUH-UOHHBIX
GaTtapeif, pa3TUYAONUXCS MO KOHCTPYKIUU. B opuruHaabHbBIX GaTa-
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doto 4.1

pesix Sony B KauyecTBE MarepHajia OTPULIATENIBHBIX IDIACTHH IIpHME-
HsUICA KOoKC (TpoayKT nepepaborku yrist). C 1997 1. B GonbUIMHCTBE
JUTUH-WUOHHBIX OaTapeil pasNMYHBIX MPOU3BOAMTENEH (B TOM YMCIIE
¥ Sony) HaMeTHJIACh TEHACHLNS K MCIIoNb30BaHMIO rpadura. I'padu-
TOBBIE TLJIACTUHBI TIO3BOJISIIOT OOECTIeUnTh 00JIee IUTOCKYIO XapaKTe-
PUCTUKY HampsbKeHHUS pa3psna, 4eM Mpu UCIOAB30BaHMH IUIACTUH
Ha OCHOBE KOKcCa. B pesynbTaTe akKKyMyasTOpHBEe Oarapeu ¢ rpadu-
TOBBIMM IUIACTUHAMU UMEIOT HampsikeHue KOHIIa paspsamga 3 B Ha
SJIEMEHT IPOTUB HAIpSAXeHUST KOHIIA pa3psiaa 2,5 B Ha sieMeHT mns
Garapeii ¢ macTuHaMu M3 Kokca. KpoMe Toro, mpM MCIONb30BaHUM
B Oarapesax rpaUTOBBIX IJIAaCTUH AOCTIDKMM 0o0jiee BBICOKMI TOK
pa3psifa, OHM MEHBIIIE HarpeBaloTcs M o0IagaloT MEHBLIMM CaMopas-~
psanoM. Ha puc. 4.1 nokazaHo ycTpoHCTBO JUTHI-HOHHOTO aKKyMy-
JATOpa B IIMHAPUYECKOM KOpITyCE.

B KayecTBe MOJOXHUTENbHBIX IUIACTHH JIMUTUM-MOHHBIX GaTapei
NPUMEHSIIOT CIUIaBBHI JIUTUSI C KODOAJbTOM WJIM MapraHueM. M eciau
TJIACTHHEI M3 JINTHE-KOOATBTOBOTO CIUIaBa CAYXAT JOJbIIE, TO JiK-
THE-MapraHileBble JIACTHHBI 3HAUYMTEIbHO Ge3omacHeil M «IIpola-
OT» olIMOKM nipu 3Kcrutyaraiiuu. HeGonbliine npusMaTuyeckue Jiv-
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MNI0COBOM BLIBOA - KnanaH c6poca gasneqms

MNpepoxpanyens
(pesmcrop ¢ nonox. TKC) CenapaTopbi

Wsonupyiolui crion
R

Kopnyc
=2

MitHycosbii BbiBon

~/

Puc. 4.1. YcTpoiicTBO MTMTUI-HOHHOTO aKKyMynsiTopa

THIi-HOHHBIE aKKYMYJISITOpDHBIE 6atapen Uil MOGHIBHBIX TeledOHOB
C JJUTHE-MapraHIeBbIMH IIACTUHAMM UMEIOT BCTPOCHHBIE TEPMOIIPE -
JIOXpaHUTENb B TepMomaTuuk. Kpome Toro, uMx TpOU3BOACTBO yie-
IIIEBJIAeT MIpHUMeHEHHNE YITPOIIeHHOM CXeMBl 3allUTHI, 6osiee HHU3Kast
CTOMMOCTD CBHIPBSI, YeM Ui MMPOM3BOACTBA Gatapeil ¢ JIMTHE-KOOahb-
TOBBIMM ILIACTHHAMHU.

Ilpu 3apsige TUTHIT-UOHHEIX 6aTapeil IMpOoTeKaloT PeaKIfMu:

e Ha TOJIOXHUTENbHBIX IUIACTUHAX:

LiCo0O, — Li, CoO, + xLi* + xe~;
e Ha OTPULATE/NbHBIX TUIACTUHAX:
C +xLi" + xe” - CLi,.

TIpu paspsime mporekalor obGpaTHbeie peakiuu. IIpolecc 3apsaa
WIUTIOCTpUpPYET puc. 4.2.

Yro KacaeTcsl IKONOTHYECKOM GE30IacHOCTH, JINTUI-HOHHEIE 6a-
Tapeu 3HaYUTENIbHO Oe3omacHee aKKyMyJISITOPHBIX 6aTapeil Ha OCHO-
Be CBHMHIIA MK KaOIMHMsA. A Cpeau NUTHI-HOHHBIX Oartapeil HamboJsee
Oe3omacHb 6aTapeu, B KOTOPHIX MCITOJIb3yETCSl MapraHell.

HecMoTpss Ha Bce TmpenmyniecTBa, Takue Oaraped o0jamalT U
HenocTatkaMu. OHU XpYNKUe U TpeOYIOT MpUMEHEeHUsT CIIELMATbHBIX
cXeM 3alllUTHl I obecrmeyeHUs Oe3omacHoil paborhl. CxeMa 3alu-
Tbl, BCTPOEHHAas B KOpITyc Oaraped, OrpaHUYMBAeT ITUKOBOE HaIps-
KEHUE Ha KaXIOM 3JIEMEHTe B IpOLIecCe 3apsiia U Npeaynpexnaer
najeHue HanpsXKeHUss HUXe JOIMYCTUMOro 3HAY€HMUSA NpH paspsie.
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Puc. 4.2. Tpouecc 3apsaaa TUTHH-UOHHOTO aKKyMyJiATopa

Kpome Toro, 3Ta cxeMa orpaHMYMBAET 3apSIAHBIA U pa3psaIHBIM TOKH,
obecrieynBaeT MOHUTOPHHI TeMIepaTtypsl OaTapen, 4ToOB M30eXaTb
neperpepa. B 1ie1oM npegoxpaHUTeIbHBIE MEPBI ITPEAYIIPEXIAIOT 06-
pa3oBaHUe METALTUYECKOro JUTHUS TIpU mepe3apsie, ONMacHOCTh BEH-
TUJISILMM C BEIOPOCOM TTaMEHU WJIM B3phiBa.

BONBIIMHCTBY THIIOB JIMTUI-MOHHEBIX OaTapeil CBOMCTBEHHO CTa-
penue. Ilo HeM3BeCTHBLIM ITPUYMHAM INPOU3BOAMTENH Oarapeit MH-
dbopmaruio 06 3ToM CKpeIBaloT. MHOTHA B TEXHUYECKUX HAHHBIX ITH-
LIYT O BO3MOXHOCTH HEKOTOPOI'O CHIKCHHSA eMKOCTU bGaTapeu uepes
OIVMH ToJl HE3aBUCUMO OT TOTO, MCIIOIb30BaJACh OHA MJIM He MCIOJh-
30Basachk. Yepe3d 2—3 rojga OaTaped yallle BCETO BBIXOAAT U3 CTPOS.
DT0, CKOpee BCEro, CBA3AHO C TEM, YTO B BellleCTBaX, BXONSIUMX B
coctaB 0arapeif, cO BpeMEHEM IIPOHCXOISIT HeoOpaTUMbIe XUMHYE-
CKHUE TPOLECCH, IIPUBOAAILME OaTaped B HETOJIHOE COCTOSTHHE.

XpaHeHHe Oartapeil B NMpPOXJIAZHOM MECTE 3aMeIIsieT IPOIECCHl
CTApCHUSI IUTUII-UOHHBIX OaTapel Tak Xe, KaK ¥ 6atapeif Ipyrux Tu-
noB. IIpou3BomauTe peKOMEHIYIOT XpaHUThL OaTtaped MpH TeMmIlepa-
type 15 °C. [Ipu sTOM 6atapen DOJDKHEI OBITH MOA3aPSIKEHEI.

O MUTHHA-UOHHBIX OaTapeil HE pPEKOMEHIYeTCsl UIMTENBHOe
XpaHeHue. bonee Toro, B mpoiiecce XpaHEHHsSI OHM JOJIKHBI OBITBH
MOJBEPXEHBl pOTalvu (T. €. UX CJeNyeT NePUOAHYECKU TEPSBOPAYH-
BaTth). Ilpy nokyrnke Oarapeu MHOTpeOUTENb HOJMKEH ObITh TNpExy-
TpexXAeH MPOU3BOIUTENIEM O CPOKe €€ 3aMeHBl. K coxaeHuio, UH-
¢opMalist 0 JaTe BHIITYCKA YACTO KOOAUPYETCA cpeau udp cepuiiHo-
ro HOMepa WIH OTOENbHO, YTO HE TIO3BOJSIET KOHEYHOMY
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MOTPEOUTENIO ONPEAETIUTh NaTy BBIITYCKa 0€3 MCMOAb30BaHUs CHpa-
BOYHOM JIUTEPATYpHL.

ITpousBoauTe I MOCTOSTHHO pabOTalOT HAM YAy4YIUeHHEM KadyecT-
Ba JIMTUH-MOHHBIX aKKyMYJSITOpDHBIX Oarapeii. IlpuMepHO Kaxmbie
MOJIroAa OHM MCITOIB3YIOT HOBBIE WM YNY4YLIEHHBIE XUMHYECKHE CO-
crapel. IlpH Takux TeMmrax CJIOXHO, a TIOAYac U HEBO3MOXHO ycJie-
JUTH 332 JaHHBIMKA O0 M3MEHECHUAX B CPOKE XpaHEHMSA M IKCIayaTa-
LHH.

JAyuinMu 110 COOTHOUWICHUIO LIEHA/€MKOCTb SBASIOTCH WHWNAHI-
pUYECKHE JIMTUM-UOHHBIE aKKyMyJSTOpHble Gatapeu. Yaiue Bcero
OHM NPUMEHSIOTCA B MOOUJIbHBIX KOMIbIOTepax. Eciau HeobOxomuma
fatapesi B Kopnyce Toublle 18 MM, nyqmuit BoiOOp — TNpU3MaTHUE-
CKHe TUTUH-MOHHBIE 3JIEMEHTHI, XOTS1 OHU BIBOE IOPOXE LUIUHIPH-
yeckuX. [Ipu HeobxomuMmocTu Gartapeit B CBEPXTOHKOM Kopryce (To-
Hbllte 4 MM), JIy4llle BCETO MOAONIYT JTHTUI-TIOTUMEPHbIE CHUCTEMBI.

TIpeuMylitecTBa IMTHA-UOHHBIX AKKYMYJIATOPHBIX OaTapei:

e BBICOKasl DHEPreTHYeCKasl TIOTHOCTD;

e HU3KUH caMOpaspsn;

o OTCYTCTBYET «3(h}heKT NaMITH»;

MPOCTOTa OOCITYy>KMBaHUS.

HenmocraTku THTHI-MOHHBIX aKKYMYJIAATOPHBIX GaTapeit:

¢ HEOOXOMMMOCTb CXEMBI 3AIUTH MO TOKY U HANPSIXKEHUIO;

e OTHOCHUTEJIBHO OBICTPOE CTapeHUe. XpaHeHUe Hatapeu B Ipo-
XJIAMHOM MeCTe CHIXKAeT IIPOLIECC CTapeHHsl TIPUMEPHO Ha
40 %;

e YMEpEeHHBI TOK pa3psaa;

e Mpo0yieMbl NIPU IepeBO3Ke OOMBLIMX MAapTHid 6aTapeit — HeoO-
XOIMMO COTJIaCOBaHUE;

e Gonee Boicokas ueHa (Ha 40 % Bollle MO CPaBHEHHUIO C HU-
KeJTb-KaIMUEeBLIMY OaTapesiMu);

e KOHCTPYKIIMS HE JOBeleHa 0 COBEpUICHCTBA.

TIpu pabote ¢ nUTHIi-MOHHBIMM OaTapessMM cClenyeT cOOMIONaTh
MEPHI TIPEIOCTOPOXKHOCTH: HeNb3s 3aMBIKaTh UX BBIBOBI HAKOPOTKO,
JIOITyCKaTh mepe3apsin, pa3oupaTh, MPUKIAALIBATE HANpsKeHHE 00-
pPATHOM MOJASAPHOCTH, HAIrpeEBATh.

CnenyeT UCHONBb30BATH TONBKO JWTHI-UOHHBIC GaTapeu, UMEIO-
WHE CXeMY 3aIUTHI. DJIEKTPOJIUT TaKux OaTapeil JIeTKO BOCIUIaMe-
HSEM.
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Koan4ecTBO THITOB KOPITYCOB JIMTHUH-HOHHBIX AKKYMYJISITOPHBIX
farapeil OrpaHMYEHO HECKOJNbKMMHU THUIOpa3MepaMH, M3 KOTOPBIX
Haubonee momyaapeH 18650 (18 — muamerp B MuwmuMerpax, 650 —
JUutiHa, MM - 0,1). DJIeMeHTHl 3TOro TUIOpasMepa UMEKT €MKOCTh OT
1800 mo 2000 MA-4. EMKOCTB 6oJiee KPYIMHBIX 3JIEMEHTOB THITOpa3Me-
pa 26650 muamerpoM 26 MM aocturaer yxe 3200 MA.

4.2. OCO6eHHOCTH AMTUH-NONMMEPHBIX aKKYMYNSATOPHbIX
6arapen

JIutuii-nonuMepHeple Garaped OTIMYAKOTCI OT OOBLIYHBIX JIU-
TUA-UOHHBIX aKKYMYJSITOPHBIX BaTtapeii BULOM UCIIONb3YEMOTO JJIeK-
tponuta. Pazpaborannrie B 1970-x romax, OHY UCHOJB3YIOT TOJBKO
TBEPABIA CYXOU 3JIEKTPOJUT U3 MOJIUMEpa, KOTOPHIH MOX0X Ha TUIEH-
KY M3 TUIACTHKA, HE IIPOBOMIMIIYIO 3JeKTPHYECKHUIT TOK, HO obecreyn-
BAOIIYIO MoHOOOMeEH (T. €. TipoTmyckawouylo 4Jeped ceds WOHbI —
3JIEKTPUYECKH 3apsEKeHHBIE aTOMBI WM rpynmsl aToMoB). [Tonumep-
Hblif 2JIEKTPOJIUT 3aMeHsIeT TPaAMLIMOHHBIA ITOPUCTBIN Cemaparop,
MPOMUTLIBAEMBIN XUIKUM 3JEKTPOJIUTOM.

Cyxoll TonMMep MOo3BOJISIET YIIPOCTHTDL MPOU3BOACTBO, YIYYIUUTh
6e30IMacHOCTh aKKYMYJIATOPHBIX Oartapeil 5TOro BUAA U TOOUTBHCSH UX
TOHKOINIpoWIBLHON reoMeTpun. IIpu 3TOM MCYE3aeT OMACHOCTH BOC-
TUITaMEHEeHMsT GaTapeif, MOCKOJIBKY B HUX HE UCIONB3YETCS KHUIAKUMN
WU Tee0oOpasHbIil 3EKTPOJIUT.

C TmosiBJIEHUEM 3JIEMEHTOB IUTUH-TIOJJUMEPHBIX aKKyMYJISATOD-
HbIX GaTaped TOMHIMHON Bcero B 1 MM mepesl KOHCTPYKTOPaMH allra-
paTypbl OTKPBUJIUCH HOBBIE BO3MOXHOCTH B OTHOLUEHUH KOHEYHOI
(OpPMBI ¥ Pa3sMEPOB HOBBIX 3NIEKTPOHHBIX YCTPOMCTB. BBUTM CHSTHI
MHOTME OrpaHWYEeHUs KacaTelbHO MMKPOMUHUATIOPHW3ALUM panuo-
3JIEKTPOHHBIX YCTpPOMCTB. HOBBIE MUKPONEMEHTH MUTAHUSA VIS
KOMMEPUECKOT0 UCIOJIb30BAaHUS TTOSIBUIMCh Ha PBIHKE BCErO0 HECKO-
JIbKO JIET Ha3aj.

K coxaneHuwo, HETOCTATKOM JHTUH-TIONTUMEPOB SIBIACTCS HX
Iioxast IpoBOAUMOCTb. BHYTpeHHee COMpOTUBACHUE JIUTHH-IIONU-
MepHBIX OaTapeif CIMIIIKOM BeJUKO M He IO3BOJSIET 00ecrieurBaTh
TOKH, HeoOGXxoauMble Uit paboTbl COBpEMEHHBIX CPEJICTB CBSI3U U pa-
GOThl XKECTKMX IHCKOB TOPTATHBHBIX KOMITBIOTEPOB. XOTS Harpes
37eMeHTa Takux Oarapeil 1o 60 °C u Bbillie ¥ yBEJIHYUBAET NPOBOIU-
MOCTh JI0 HEOOXOAMMBIX 3HAYeHHl, Takoi CHOcO0 CHUXEHHSI X
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BHYTPEHHErO CONMPOTUBIEHUS HE TPUTONEH VIS KOMMEPYECKUX MpU-
JIOXEHUH.

HccnenoBanusi B 00JIaCTH YCOBEPLUEHCTBOBAHUSA XaPAKTEPUCTHUK
JUTUH-NIONUMEPHBIX Oarapeil mpu paboTe B YCAOBHUSIX TeMIIeparyp,
OJMM3KUX K KOMHATHBIM, Tponokaiorcs. Oxupgaercst, 4yTo yXe K
2005 1. nosiBsATCST GaTtapeyd 3TOro THIIA, IPHUIOAHBIE VI KOMMEpYe-
CKOTO MIPUMEHEHUS, CIIOCOOHBIE COXPAHATH PA0OTOCNIOCOGHOCTE NPU
KoNnu4ecTBe HUKIOB 3apsin/paspsan no 1000 u umMeroiue 6oee BICO-
KYI0 SHEPTreTMYECKYK TJIOTHOCTb, YEM BHINIYCKAaEMBbie B HacTOsLIce
BpEMst JIMTUA-UOHHbIE BaTapeu.

B TO Xe BpeMsl TUTHII-IOIMMepHEBIe aKKYMYJISTOPHBIE DaTtaped B
HacToslIee BpeMsl YCIIELIHO NMPUMEHSIIOTCS B UCTOYHUKAX PE3CPBHO-
ro MUTAHUA B CTpaHaX C XapKMM KJIMMaToM. Yaiue Bcero OHM 3ame-
HSIOT CBUHHOBO-KHUCIOTHbIE 6aTapeu (VRLA), KoTopble KpHTUYHBI K
paboTte B YCIOBUSX BBICOKUX TeMIepaTyp.

Muoroa st CHYUXXEHUS BHYTPEHHETO CONPOTUBIIEHUS TATUIA-110-
JIMMEpHBIX 0atapeit TPMEeHSIOT B HUX J00aBKYy TrefieBOro 3JeKTpOin-
Ta. BOJNBIIMHCTBO JTUTHII-TIOTUMEPHBIX Oatapei, UCTIONb3YEMBIX ISt
MMUTaHUs MOOUIIbHBIX TeJe(OHOB, HA CAMOM JieJie SABJSIOTCS THOpHI-
HBIMU, MIPEICTABMSIOMNAMY COO0N HEUTO CPEAHEE MEXIY JIUTUH-UOH-
HBIMHU U JIUTHH-TIOTUMEPHBIMH aKKyMYISTOPAMH, U B HUX MCIIOJb3Y-
€TCs TeJIeBbIH 2J1eKTpoiuT. [IpaBuinsHOe Ha3zBaHWe TakUx Oarapeid —
JUTUIA-UOHHBIE IOJUMEpPHBIE OaTaped, XOTA B DPEKIIAMHBIX LEJSX
MHOTHE TIPOM3BOAUTEIM HA3BIBAIOT UX JIMTUH-TIIONHMEDHBIMH.

KakoBa e pasHULIA MEXAY JNUTHH-HOHHBIMM W JIUTUI-TIONU-
MEepHBIMH OaTapesiMH C TeJIeBBIM 9JIeKTpoTUTOM? XOTS MX XapaKTe-
PUCTHKM M OMU3KHU, B AWTHM-TMOTUMEPHBIX Oarapesix BMECTO cena-
paTopoB MPHMEHSIETCS TBEPHBIA 37eKTpouT. JJobaBlIeHHBII B HHX
reJIEBBIA JIEKTPOJIUT MPeJHa3HAYeH MPOCTO UIA YAYYIIEHUS UOHO-
OOMEHHBIX ITPOLECCOB M, TAKUM OOpa3oM, CHUXXEHMSI BHYTPEHHETO
COINPOTHUBJICHUSI.

TexHUUYeCKUEe TPYAHOCTH NMPH IPOM3BOACTBE NTUTHH-UOHHEBIX I1O-
JIMMEPHBIX OaTapei 3aMeUITIOT UX NpoABUXKeHHe Ha peiHKe. 1 uHBe-
CTODPBI BCEra OLICTPEE XOTAT nonqub OTIayy OT BJIOXEHHBIX B UC-
CIICAOBAaHUS JICHET.

B Hacrosiliee BpeMsi BCe BO3MOXHbIC NpeUMyIlecTBa JIUTHII-TIO-
JIMMEPHBIX OaTapeil moka ellle He peaau30BaHBl: He JOCTUTHYTA MX
0oJice BBICOKAs EMKOCTh — OHAa IOKa BCE €llic MEHBIUE EMKOCTH JIU-
THUI-UOHHBIX OaTtapeif, UX MPOU3BOJCTBO AOPOXE NPOU3BOACTBA TEX
Xe JIUTUH-WOHHBIX Oarapeil. TeM He MeHee, H3-3a BO3MOXHOCTH
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3HAYUTEABHOTO YMEHBUICHHUS TOJIIWHBL JUTHHA-TIOJTUMEPHBIX Data-
pel UHTEpeC K HUM, MpeXIe BCEro NMpou3BonuTeiell MOOUIBHBIX Te-
necdoHoB, He ucye3. KOHCTPYKIIUS KOPIYCOB /1A TaKMX Oatapeit 60-
Jiee MpocTa, WIS UX MPOU3BOACTBA HeobGxoanMa (ojbra, KoTopasi HC-
MOJbL3yeTCsl B MUHIEBOH mNpoMbiiuieHHOCTU. Hopmbl Ha pa3Mepsl
3JIEMEHTOB JIMTHI-TIONMMEPHBIX OaTapeil Moka He pa3paboTaHBbL.

IIpeuMyliecTBa TUTHH-UOHHbBIX TOJUMEPHBIX BaTapeit:

e QUEHb Manas TOJUIUHA, CPABHUMAA C TONIUUHON KpeouTHOU
KapTHI,

e THOKUI (DopM-(DakTOp — MPOUIBOIUTENSAM HE 00g3aTeIbHO
MPUBSI3LIBATHCS K KAKUM-TO CTaHIApTHHIM pasMepam, Oatapeu
MOTYT BBITTYCKAaTbCA JIIOOOTO pa3yMHOro pasMepa ¥ (DOpMBHI;

¢ MAalbiii BeC — TEeJEBBHIN 3JCKTPOIUT HAMHOTIO JIEr4e XKMAKOTO,
ero TpUMEHEHHWE ITO3BONISIET YIIPOCTUTh KOHCTPYKLIMIO KOPITY-
ca M OTKaszaThbCsl OT METALTUYECKOM O0ONOUKM KOpIyca 3je-
MCHTa;

e JIydillag ©€30MacHOCTb IPH IKCIUTyaTallHd — Oarapem YCToi-
YMBBI K TICPE3apsiiy, B HUX HE MOXKET NMPOU3ONTHU yTeuKa dJieK-
TPOJIMTA.

Henoctatku TUTHIA-MOHHBIX NONIUMEPHBIX 6atapeit:

« DoJee HU3Kag IHEpPreTUYecKas MIOTHOCTh U MEHBIIHIA pecypc
M0 CPABHEHHMIO C JIUTUH-UOHHBIMH OarapesiMd, XOTH BO3MOX-
HOCTHU Ui UX COBEPLIEHCTBOBAHUS JaJIeKO HE UCUEPIIAHDL;

e JIOPOTOBM3HA IIPOW3BOJCTBA, ONHAKO IIPH MAacCOBOM IPOU3-
BOJACTBE IIEHbI HA JIUTUN-TTONUMEDDI CHU3ATCS.

ITockONBKY JIMTUH-UOHHBIE TTONUMEpPHBIE GaTaped UMelT IIoc-
KYI0 CTPYKTYPY, B UMIAHAPUIECKUX KOPIYCaX OHH HE BBITYCKAKOTCS.

4.3. Kopnyca nuTHi-HOHHbIX HaTapen

[ogsnenue NMpU3MATHUECKUX STMeMEHTOB (puc. 4.3) crajno orse-
TOM Ha BO3HWKHOBEHME CIIpOCa HAa TOHKHUE IUIOCKHUE aKKyMYJISITOP-
HBIE 6aTapeu. BrnepBele OHU IOSIBIIMCh Ha phIHKe B Hadane 1990-x
rofos. barapen ¢ TakuMH 37MeMeHTaMU OTIMYAIOTCS] BBICOKOM CTere-
HbIO HUCHOJb30BAHUA BHYTPEHHET0 00heMa KopIrryca M TpeHa3Have-
Hbl B OCHOBHOM JJIst ITUTAHUSA MOOUABHHIX TeNedOHOB.

Boiee Bcero Takasg KOHCTPYKUMS 3JMEMEHTOB XapaKTepHa JUIS JIH-
TUA-UOHHBIX aKKyMYJSITODHBIX OaTapeif, KOTOpBIE TakKe BBIITyCKa-
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BepxHas Kpblluka
AHopt QOrBepcTUe ANR 3aNvBKA ANEKTPONUTA

MpefoxpaHuTentHbIA kKnanax

Cneiicep (6akenut)

ToxoBblit kKonnexTop:
-anon — Al, rpadur
- cenapato|

-karop — Cu, LiCoO

Puc. 4.3. KoHCTpYKUMS JIMTHIt-HOHHOTO aKKyMyJdTopa
B TIpU3MATHYECKOM KOpnyce

I0TCSt M B IWJIMHAPUYECKHUX KOpITycaX, a BOT IUTHIT-IIOTUMEpHBIC Oa-
Taped WMEIOT HCKITIOUUTENBHO TPHU3MATHUECKHE 3JEMEHTBHI, U JUIA
HHMX He CYILIECTBYET KaKMX-JIMOO CTaHAapTOB, OIpeAelsTIoIINX raba-
pUTHBIE pa3Mepbl. ITpu3MarHyecKue 3l1eMEHTHl o rabaputaM 4acro
NPUBA3LIBAIOT K THIOpasMepam 340648 u 340848, rme mepBrle nse
uuGpbl 03HAYAIOT LIMPHUHY JEMEHTA, JIBe ApYrHe — €T0 TOJIIIMHY U
JBe MoclienHHe — AIuMHYy. HexoTopble IPOU3BOOUTENH TO3BOJIAIOT
ceBe OTCTYNAaTh OT 3TUX cTaHmaproB. Hanpumep, Panasonic BeImyc-
KaeT 6aTapeu pasMepamu 34 x 50 MM M TOJIHIMHOM 6,5 MM. DTO Jena-
€TCsl YMBILLIEHHO, C LIeNbI0 yBeJIudeHUs1 eMKocTh Oatapen. Kpome
TOT0, MapKHUPOBKa JINTHII-MOHHBIX aKKyMyJIATopoB Panasonic oTim-
yaetcs ropsakoMm 1adp. Harmpumep, CGA103450, rne ABe nepsbie
uu¢pbl 0003HAYAIOT TONMIUHY aKKyMyJIATopa B MHLIMMETpax, ABe
JpyTHe — ero HIMpHUHY, IBE MOCHCAHNEe — BBICOTY. _

HemocratkoM npHM3MaTHYECKHX 3J€MEHTOB SBJISIETCS UX Oojiee
HU3Kasd II0 CPaBHECHUIO ¢ LUUJIMHAPUUYECKUMM 3JIEMCHTAMHU SHeEpre-
THYECKas IIOTHOCTh. KpoMe TOro, HMpOM3BOACTBO MPHU3MATHYECKUX
3JIEMEHTOB OOXOIUTCH TOPOXE, CaMH OHH HE 00ecreyHuBaloT TaKoM
BBICOKOH MeXaHMYeCcKOW TIPOYHOCTH, KaKyl0 OOeCNeYUBaIOT IH-
JIMHIPUYECKHE 5JIeMeHTH. LIS IIpemynpeXIeHUsA pasnyTHs H3-3a
BHYTPCHHErO JaBJIeHUSI Ta30B KOPIYC IIPU3MATHYECKHUX SJIEMEHTOB
MPUXOOUTCS WU3TOTaBIMBaTh U3 0ojiee TIPOYHBIX METALIOB, XOTH
MIPOU3BOAMTENIM M JOIMYCKAIOT BO3MOXHOCTH HX HE3HAYHUTEIBHOT'O
pasmyBaHUS.

Ilpy HeGOMBIIMX TraGapuTax MPUIMATIYECKUE ITEMEHTBI UMEIOT
eMkocTb oT 400 mo 2000 MA-4 u Bhile. [ToCKONBKY IS pasAUYHBIX
MoOJIENied MOOWIIBHBIX Tesle(pOHOB HEOOXOAMMEI OaTapeu onpeneneH-
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HBIX pazMepoB U (HOPMBI, TIPOU3BOIUTEIH aKKYMYIIATOPHEIX 6aTapeit
MTOJTHOCTBRIO YAOBJIETBOPSIOT 3aIIpOChl UX Mpou3Boureseii. Takue 6a-
TapeH He HMMEIOT CHCTEMBlI BEHTWISUMM W MOTYT pasmyBarthcs. Ho,
€CIM COOMIONATh MPaBWIa UX IKCIUIYaTallMH, 3TOTO He TIPOU30MIET.

B 1995 r. BriepBrie ObUTM NMPEACTABIEHBI JIEMEHTHI AKKYMYJIsi-
TOPHHIX OaTapeil B BUIC makera. B oTnuumMe OT JOPOrocTOSIHHX Me-
TAUIHYeCKUX HWJIMHAPOB U HEPEXONOB CTEKNO-METALT VI U3OAALMU
IUTACTHH MPOTHBOIIOJIOXHON TOMSPHOCTH, B ITAKETHBIX 3JIEMEHTAaX
TTOJIOXKUTEIPHBIE U OTPULIATENBHBIE TUTACTHHBI 3aBEPHYTH B THOKYIO
KaporpouHylo Gosry. BblBomel TAKOTO 3J1eMeHTa MPENCTABISIOT CO-
6o npoBoasiIne BLIBOABI U3 GOABIH, K KOTOPHIM NPUIMATHBL 3JIEKT-
pPOABI, U3ONMPOBAHHBIE OT MaTrepuaia nakera. BHeHHMIA Bug naker-
HOTO 3JleMeHTa NMpEACTaBIeH HA puc. 4.4.

W3-3a cBoel KOHCTPYKUMH TAKETHHIN 3/€MEHT M03BOJSIET TOY-
HO «IPUBS3aThCA» K 3aJaHHBIM pasMepaM HeOoOXODMMOTro 3/eMeHTa,
nobuBasick  3¢G@(EKTUBHOCTH MCIONB30BaHUS BHYTPEHHETO IIPO-
crpaHcrBa kopryca B 90...95 %. A 310 HaubGonee BBICOKMI K03(-
guuUeHT HCTONAB30BAHMS MPOCTPAHCTBA KOPIYCa U3 BCEX BUIOB aK-
KyMYJSITOPOB.

B cBa3m ¢ oTcyTcTBHEM METALTMYECKOTO KOPIYCA IAKETHBIE BJIe-
MEHTHI UMEIOT Masbli Bec. OCHOBHEBIE 0OMACTH UX MIPUMEHEHUA: MO-

Tednonosan nognoxxa
€ TOKOCHEMHVKOM 13 TpadmTa

Awop, vz nosumepa

onumep, nporuTanHuii
TefIeBbIM 3NIeKTPONUTOM

L

Katop u3 nonumepa

Tednotiosan noanoxka
C TOKOCHEMHUKOM U3 rpadmra

Puc. 4.4. IlakeTHble 3neMeHThl AMTHH-HOHHEIX 6aTapei
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OWIBHBIE YCTPOMCTBA, BOEHHAs! TeXHUKA CBA3H. PasMephl 3JIeMEHTOB
He CTaHIApTH30BaHbI, OHU BHIMYCKAIOTCS JUIS LIEJIeBOTO HAa3HAYEHUS.
ITo mpuHuMny paboThl TIAKETHHIE 3NIEMEHTHI OTHOCHTCS K JIH-
TUM-MOHHBIM WIH JUTUH-TIONMMEPHBIM aKKyMyJiaropaM. B HacTos-
1ee BpeMs OHH ellle JOCTATOYHO AOPOTH IS MacCOBOTO MPOM3BOJ-
CTBAa M, KPOME TOro, HEAOCTATOYHO HANEXKHBI, UX SHEpreTHyeckas
MAOTHOCTh U TOKM Pa3psifia MEHBIIE, 9EM Y aKKYMYJISSTOPOB OOBIYHOM
KOHCTPYKIIUH, ¥, COOTBETCTBEHHO, MEHbBILIE CPOK CITYXKOBL.

HenpuarHoit aBisieTcsi BO3MOXHOCTh Pas3iayTHs ITAKETHBIX 3M€-
MEHTOB BBIIEIAIONIMMUCS TIPH 3apsiae WM paspsne razamu. Ilpous-
BOOMTENIM YTBEPXKAAIOT M HACTaMBalOT HA TOM, YTO B IIPABUJIBHO
CKOHCTPYUPOBAHHEIX JIUTUU-UOHHBIX U JUTUI-IOJUMEPHBIX 3JiE-
MEHTAaX Yasbl HE BHLACSIOTCS, €CJIM CTPOro COOMIOAAOTCS TpaBuia
MX 3KCIUIyaTauMu: 3apsi NOJKEeH IMPOUCXOIMTH TONLKO TIPU OIpele-
JIEHHOI BeJIMYMHE TOKA, U HaNpsSXeHUE 3apsaa NOXKHO JIeXaTb B
Tpejnenax NOIMYCTUMBIX 3HaueHWi. [IpU pa3padoTKe 3alUTHOTO MO-
KDBITHSI MAKETHBIX 3JIEMEHTOB HEOOXOAMMO TPEAYCMATPUBATH HEKO-
TOpBIH 3anac cBOOOZHOTO 0O0beMa Il MPENOTBPAILECHUS Pa3NyTHs, a
[PH HCHOJB30BAHMH HECKONBKMX 3JEMEHTOB B KadecTBe Oaraped
JIydie He oOBeJUHATh UX B «IIa4Ky», 4 PACIIONAraTh PSAIOM OTUH 33
JIPYTUM.

ITakeTHBIE 3MEMEHTHI OYEHB YYBCTBUTEIBHBI K CKPYYMBAHHIO, a
TAKXKe K TOUCUHBIM HaBlIeHUsM. T103TOMY 3allIMTHOE MOKPHITHE OOJI-
KHO TIPEIOXPAHSTH 3JIEMEHTHI OT TAKOTO BUIA BO3MEHUCTBUM M MeXa-
HUYECKUX yIapoB.

B pasmuuynbix BMHax IUppoBoil ammapaTypbl, B TOM YMCJIe ¥ B
KOMITBIOTEpPHOM TEXHUKE, B Ka4eCTBe UCTOYHHKA ITUTAHUS SHEPTOHE-
3aBUCUMOI TTAMATH MUCIONB3YIOT TabJeTOUHEBIE JIUTUH-UOHHBIE aKKY-
MYJIATOPHL. YCTPOMCTBO TAKOTO aKKyMYJISATOpa TOSICHSET puc. 4.5.

Bbisog aHoga
—— Avog {Li-Af)

Cenaparop
®| | [

Kopnyc anemenTa
Konnextop
Karon (V,0;)

m

Puc. 4.5. YcTpoicTBO TablIeTOUHOTO JIUTHH-UOHHOTO aKKyMYyJISITOpa



Jumuii-uonnvie u aumuii-noaumepnoie Gamapeu 101

4.4. 3apsa MMTHMH-MOHHBIX GaTapei

3apsaHbple yCTPOMCTBA JIMTHUH-MOHHBIX ©Oarapeil IO TPUHLUITY
paboThl MOJOOHEI 3aPAAHBIM YCTPONCTBAM CBHHIIOBO-KUCIIOTHBIX Oa-
Tapeil — 3TO yCTpPOWCTBA C OrpaHMYeHUEM HampsokeHuUs 3apspa. Ot-
JIUYUSE COCTOSAT B 0oJee BBICOKOM HAIIpSKEHHM SJIEMEHTA JIM-
TUA-UOHHOI GaTapen, MEHBIIUX HOTYCTUMBIX OTKIIQHEHUAX HAMpsi-
KEHHA 3apsiila M OTCYTCTBHM HEOOXOOUMOCTH KOMIIEHCALIHOHHOTO
3apsma (CTpyiiHo# NOX3apsaKM) MO HOCTHXEHUU Oarapeed CoCTosi-
HMS MOJHOTO 3apsla.

B T0 Bpems Kak IpH 3apsiie CBUHLIOBO-KUCJIOTHHIX Oatapeit no-
MYCKAEeTCS JOBOJBHO THOKOE ONpelesieHre HaTPSKEHUsT OTCedKM
(KoHUA 3apsia), K BEJIMYHUHE HalpsDKEHUS OTCeYKH TPU 3apsiie Jiu-
TUII-MOHHBIX Oarapeil MpeIbABIAIOTCA XECTKHe TpeOOBaHUS: OHO
JOJDKHO GBITH CTPOTO ONPENEIEHHOTO 3HAUEHUSI.

B HayagbHBINA HEepHOI, KOTHA TOJBKO HOSBHIINCH TUTHH-UOHHBIE
farapeu, UcMonb3yolHe rpaduToBylo cucTeMy, TpeGOBaIOCH orpa-
HMYEHHE HallpsDKeHHUst 3apsga u3 pacyera 4,1 B Ha snemeHT. Xots
KUCIOJIB30BaHUE 60Jiee BHICOKOTO HAIPSKCHUS TIO3BOJISIET YBEIUYUTH
3HEPreTUYecKyIo TIOTHOCTb, OKHCIHTEIIbHBIC MPOIECCHI, MPOMCXO-
JUBHIVE B 3JICMEHTaX TAKOro THUIIA MPH HANPSLKEHMSX, IPeBHIlIAlo-
mux nopor 4,1 B, IPUBOIUAN K COKPALIEHUIO UX cpoka ciyX6b1. Co
BpEMEHEM 3TOT HENOCTaTOK YCTPAHWIM 3a CYET IPUMEHEHUS XUMH-
4eCKMX J00aBOK, M B HACTOSILIEE BPEMS JIMTUH-HOHHBIE 3JIEMEHTHI
MOXHO 3apsixare A0 HarpspkeHus 4,20 B. lonyctuMoe OTKIIOHEHHE
HaIIpsDKEHMS COCTABIsIET BCero JiMinb okono * (0,05 B Ha anemenr.

Mutuii-uosHBIE 0aTapey MTPOMBILIICHHOrO W BOSHHOIO HaszHaye-
HUA JIOJDKHBI MMeTh OONBIIMH CPOK CITYXObI, YeM OaTapeu Ijisi KOM-
Mepyeckoro npumeHeHUs. [loatoMy IIsT HUX TIOpOTOBOE Hampsixe-
HHe KoH1a 3apsana cocrasisieT 3,90 B Ha sneMeHT. X0Ts 3Hepreruye-
cKasl TUIOTHOCTL (cooTHOLIeHUe KBT-4/Kr) y Takux 6atapeit HuXe,
VBEIMUYEHHBII CPOK CIYXObI TIpM HeOONBIINX pa3Mepax, Bece U Donee
BBICOKAs 110 CPaBHEHUIO C DarapessMU IPYTMX THIOB 3HEPreTHyecKas
IUIOTHOCTD CTABAT JUTUH-UOHHBIE 6aTapey BHe KOHKYPEHIIMH.

Ilpu 3apane nUTHI-UOHHBIX Oatapeit Toxom 1C Bpemsa 3apsaa
cocTtasisier 2—3 4. B mporiecce 3apsAna oHu He HarpeBaroTcsi. bara-
pest IOCTUraeT COCTOSHHUS IOJHOTrO 3apsja, Korma HallpsiKeHHe Ha
Heil CTAaHOBUTCS PABHBIM HAIpPSXEHHIO OTCEYKH, a TOK IIpU 3TOM
3HAYUTETHHO CHUXAETCS M COCTABJISIET TIPUMEPHO 3 % OT HayalbHO-
ro ToKa 3apsiia (puc. 4.6).
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Puc. 4.6. I'paduk uMkiIa 3apsaga JUTHH-UOHHOTO aKKyMyJsTOpa

Ecnu Ha puc. 4.6 npeacrasieH TUITOBO# rpaduK 3apsiga OIHOTO
U3 TUIIOB JIUTHH-UOHHBIX aKKyMYJSITOPOB, IMPOM3BOAMMBIX KOMIIA-
Huei Panasonic, To Ha puc. 4.7 npoliecc 3apsna npeiacTaBieH 6ojee
HarmsiaHo. Ilpu yBenuveHUM TOKa 3apsia JUTUH-UOHHOM OaTtapen
BpeMsI 3apsiia CKOJIbKO-HHOYIb 3HAYMMO HE coKpaiiaeTcs. XoTs IIpU
OoJiee BLICOKOM TOKE 3apsifa HanpsikeHue Ha Oarapee HapacTaeT Obl-
CTpee, 3Tall NOA3aPAAKH NOoCie OKOHYAHUA [IEPBOro 3Tara uukia 3a-
psfa [UTMTCA AOJbLIE,

B HEKOTOpBRIX THIIaX 3apsiiHbIX YCTPOICTB IS 3apsada Jid-
THii-uOHHOM OGatapeu TpebyeTcss BpemMa | 4 M MeHee. B Takux
YCTpOMCTBAX 3Tan 2 HCKIIOYEH, U Oarapes IepexXOomUT B COCTOSIHME
«TOTOBO» Cpasy Iocie 3aBeplieHus 3tana 1. B aTtoit Touke oHa Oyner
3apsoKkeHa IpuMepHo Ha 70 %, ¥ 1ocie 3Toro BO3MOXHA €€ IMOA3a-
psIKa.

Croco6 cTpyitHoOI TToA3apsAIKy IS TUTHI-MOHHBIX aKKyMiyJIsITO-
POB HENMPHUMEHHM M3-3a TOTO, YTO OHHU HE CHOCOOHBI MOIJIOUIATh

4208

[1poBOAAT B TeYeHHe CPOKA XpaHEHHR
NPUMEPHO Yepes Kakapie b

HanpsukeHue u Tok 3apana
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Makc. Tok 3apsga : Maxc. 3oglamEm«em«e
3TAT 1 T 3TAN2 )2 3TAND Bpews,u
MomenT Ry 8H1A Japspna.
:g;;ce J'rox Japana, floka Hanps- Makc. HanpsixeHue Ha akyMynsitope Hacrynaeﬁm ¥orda ag?lﬂquua
)KENM.B Ha ne;:nﬂﬂg' )JOCTWI'NE‘P AOCCTUTHYTO. Tok 3apRAA NOCTENEHHO To¥a zapﬂ%a%yueubmmca ao
Noporosoro axaveHwA (4,2 B Yngﬁ:ggﬁﬁg‘;ggg"“ﬁmv Roka o1 3HaveHs 3% OT HayarnbHOM

Puc. 4.7. O606meHH b rpadyK UMKAA 3apsia IUTHH-MOHHBIX aKKYMYISTOPOB
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3HEPrulio Npu mepesapsne. bonee Toro, crpyiHas rnoasapsnka MoxXeT
BBI3BaThb METAUIM3AIMIO JINTHSA, YTO JejaeT paboTy akKymyiasTopa
HecTabuiabHOM. HampoTHB, KOpOTKas NMOx3apAAKa MOCTOAHHBIM TO-
KOM CITOCOOHA KOMIIEHCHpPOBAaTh HEOOMNBIION camopaspsin 6atapen u
KOMIIEHCHPOBATh ITOTEpH 3HEPrUH, BhI3BaHHbIE paboToil ee ycTpoi-
CTBa 3alIUTHL. B 3aBHCHUMOCTHM OT THMIIA 3apsITHOTO YCTPOHCTBA U CTe-
TIEHM caMopa3psaa Garaped Takasd Non3apsaika MOXET MPOBORUTHCSH
yepe3 kaxavie 500 4, wmu 20 nHeil. OGLIYHO €€ ClieayeT NPOBOIUTH
TIPYM CHUXKEHHH HAIpsKeHMst Xonoctoro xona mo 4,05 B/aneMeHT M
3aBepllarh, korga oHo nocturHet 4,20 B/ameMeHT.

A 4YTO MOXET NPOU3CUTU NUPH CRYYAUHOM T[epesapaie ad-
TUI-UOHHOM GaTtapen? Batapeu storo Tuma Moryr 6e3ornacHo pabo-
TaTh TOJBKO NMPU HOPMAJILHOM HATIpsLKeHUM 3apsna. Ecnu oHo Oymet
BBILlIE HOPMAJIbHOTO, DaTapess MOXET paboTarh HECTaOUIBPHO U BBIM-
TH U3 CTPOA. DTO NPOUCXOOUT MOTOMY, YTO MIPU TPEBBIIUCHUM 3HAYE~
HUA HanpspkeHus 3apsnga 4,30 B/oneMeHT HauMHAeT MPOUCXOOUTH
METAIM3A1Ms aHoja JUTHEM, a Ha KaToJe TIPOMCXOAWT AKTHMBHOE
BBIICJIEHUE KMCIIOPONa, U TeMIIepaTypa 6aTapey IpU 3TOM PAcTeT.

BeszonacHo# paGore MTUTHIR-UOHHBIX Oarapeil XOMKHO YAEAIThCA
cepbe3Hoe BHUMaHHe. B 6arapesix KoMMepYecKOro Ha3HauYCHUsT UMe-
I0TCS CIelMaIbHBIE YCTPONCTBA 3alMTEI, MPENYNpPEXAAIOIMUE TIpe-
BHIILIEHNE HANpsoKeHUs 3apsiia BbIlIe OTPEAEICHHOIO IOPOTrOBOTO
3HAYEHHA, KOTOpoe, KaK ObUIO YXE€ OTMEYEHO BHIlE€, COCTABSACT
4,30 B/aneMeHT. JIOMOJHUTENBHBINA 3/IEMEHT 3allUTHl 00eClieYuBacT
TIpeKpalleHue 3apsana, ecId TeMneparypa 6atapew pocrurHer 90 °C.
Haubonee copepiueHHblE IO KOHCTPYKLIMM OaTtaped HMMEIOT elle
OOWH 3MEMEHT 3alUTBl — MEXaHUUYECKUI BBIKITIOYATEND, KOTOPBHIK
cpabarbiBaeT MPU HOBBILIEHUM BHYTPUKOPITYCHOIO AaBieHUs Oata-
per. BcTpoeHHas cucTeMa KOHTPOJISI HANPsSLKEHUsT HACTPOEHA Ha JIBa
HaNpsKeHUSI OTCEYKU — BEPXHETO M HUXHETO ITOPOros.

Ecte ¥ UCKMIOYEHMS — NUTHIH-HOHHBIE Oaraped, B KOTOPBIX
YCTpOICTBa 3alllUTHl BOOOILE OTCYTCTBYIOT. DTO Oarapeu, B COCTaB
KOTOPBIX BXOIMT MapraHell. biiaronaps ero HaJlM4uio, NpH nepe3apsi-
Jie TIpoLecChl MeTAJIN3AlK aHOAA W BBIIEAICHUST KUCIOPOAa Ha Ka-
TOLAE TIPOMCXOAAT HACTOMBKO BSAJIO, YTO CTAJIO BO3MOXHBIM OTKa3aTh-
cs OT UCTIOJIb30BaHUS YCTPONCTB 3aLUTEHI.

JIutuii-noHHBIE OaTaped MMEIOT OTIMYHBIE 3apsiTHbIE XapakTe-
PHCTUKM KaK IIPH BBICOKMX, TaK ¥ IpH HU3KMX TemIneparypax. Heko-
TOPBIE U3 HUX MOXHO 3apskaTh TokoM [ C nipu Temneparypax ot 0 xo
45 °C. BonbIIMHCTBO Xe JTHTHH-UOHHBIX OaTapeid mpu HU3ZKUX TeM-
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neparypax — oT 5 °C U HHUXe — «[IpelrovynTaeTs MeHbIIINE TOKHU 3a-
psiza. [lpu 3TOM cienyeT n3berath 3apsiga IIpH TeMnepaType 3aMep3a-
HMSA, T. K. Ha aHOJIE MPOMCXOANT OCAXKICHHE METAUIMYECKOTO JIMTHA.

Kamezopuueckn sanpewaemca pasdupamv aumuii-uonnste
akKymyaamopul. B cayuae npomeyuxu 3aexmpoauma u e2o nona-
OQHUA HaQ OMKPbIMble YHACMKU KOXCH UAU 6 21a3a caedyem He-
MeO0AeHHO NPOMbBIMb UX HUCTON 6000l U deaams 3mo 68 mevenue
15 mun. Ilocae ueeo caedyem obpamumsca k spayy.

4.5. 3apsg maTui-nonMmepHbix Garapen

Ipouecc 3apsna NUTHIA-TIOTUMEPHBIX Oatapeit mogobeH 3apsioy
JIUTUI-MOHHBIX OaTapeii. B nuTUil-nonMMEPHEIX GaTapesX UCIOJb3Y-
eTcsl cyxoit anextponut. Bpemsi ux 3apsana cocrasnser 3.5 4. Jlu-
THI-TIONMMMEpPHEBIe 0aTaped ¢ TEeJIEBBIM 3JEKTPOJIUTOM Yallle BCETO
K1acCUpUUUPYIOT KaK JUTHH-UOHHBIE, U HX TIpoLiecChl 3apsijia aHa-
JIOTUYHDL.

BONBIIMHCTBO 3apsiAHBIX YCTPOMCTB IpemHa3HAYCHBI UIS 3apsii-
KM KaK JUTUH-HOHHBIX, TaK YU JUTUU-NOJUMEPHBIX Oatapeil. Tak 4to
MMOTPEOUTENII0 HET HEOOXOOUMOCTH 3adyMbIBATHCS, KaKylo OaTapelo
OH MCIIOJIB3YET.

B HacTtosluee BpeMst GOJNBIIMHCTBO JIUTUH-UOHHBIX 6aTapeil KoM-
MepYeCKOro Ha3HAUYCHUSA Ha caMOM JeJie IpelcTaBiser coboi au-
THI-TIONMMMEpPHEIE 0ataped C TeJEBBIM DJICKTPOJIHUTOM, W HeIOpOTHe
JIUTHA-TIONUMEPHBIE 0aTapeu C CYXUM BJIEKTPOTUTOM Uepe3 HEeCKOMb-
KO JIET OYAYT MMH BBITECHCHBI.

4.6. YCTPOHMCTBA 3alUMTbl NIMTHH-MOHHbIX aKKYMYNSATOPHbIX
6arapem

Jlutnii-uoHHBIe GaTraped KOMMEpPYECKOrOo Ha3Ha4YeHHs HMeEIOT
Haubosiee COBEPIIEHHYIO 3allIMTy Cpely BCceX THUTIOB Oartapeii. Takoi
ypOBEHb 3alIUTHl OOYCJIOBJIEH TeM, UTO, Oynydy TIOAKIIOUEHHBIMH K
KaKOMY-JIHOO 3JIeKTPOHHOMY YCTPOMCTBY, OHH MOCTOSIHHO HaXOJST-
cg B pykax 4yenoBekKa. QOOBIYHO B CXeMe 3alllMThI IUTHH-UOHHBIX 0a-
Tapel UCIOJB3yeTCsl K04 Ha I0JICBOM TPAH3HUCTOpE, KOTOPEHIN IpU
IOCTHUXKEHHMH Ha 2jieMeHTe Garapeu HarpskeHus 4,30 B orkpbiBaeTcs
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M TeM CaMBbIM IIpeKpalliaeT mpoliiecc 3apsaa. KpoMe Toro, UMeronii-
¢Sl TepMOIIpedOXpaHUTENb IIpU HarpeBe Oatapeun mo 90 °C oTkmioyaeT
UEMb €€ HArpy3KH, o0ccrieynBas TAKUM 00pa3oM ee TepMaJIbHYIO 3a-
umty. Ho u 510 He Bce! Kaxablil 5ieMEHT MMeeT BEIKJTIOUATeNb, KO-
TOpBIN cpabaThiBaeT TPHU JOCTUKEHUU ITOPOTOBOTO YPOBHS JaBIeHUs
BHYTpM ee Kopryca, pasHoro 1034 kITa (10,5 kr/m?), u paspbiBaer
1enb Harpy3ku. ECTh M cxeMa 3alIuMThl OT TIIYyOOKOTo pa3psna, KOTo-
past cCICOUT 3a HaMpsDKEHMEM OaTaped M pa3pbiBaeT LieMb HATpy3KH,
€CJIU OHO CHM3HUTCS 10 YpOBHS 2,5 B Ha 371eMeHT.

BHyTpeHHEe COMPOTHUBIEHHE CXEMBI 3aIUUTHl AKKYMYJISTOPHOM
batapen MOOUIBLHOTO TestedoHa BO BKITIOYEHHOM COCTOSTHUM COCTaB-
nsget 50...100 MOm (0,05...0,1 Om). KOHCTPpYKTUBHO OHA COCTOUT M3
JIBYX KJTI0Yel, coeAMHEHHBIX MocaenoBaTeNbHo. OMUH U3 HUX cpaba-
THIBAET MPU OJOCTUKEHUM BEPXHEro, a ApYyroil — HUXHEro nopora Ha-
MpskeHUsT Ha Gatapee. OOIiee COMPOTUBIEHNE 3THX KITMouei (hakTH-
YECKM 00ECIIEYUBACT YIABOCHHUE €€ BHYTPEHHETO CONMPOTUBIECHUS, OCO-~
6EHHO eCIM OHAa COCTOMT BCETO JIMIIb U3 OJHOTO 3JieMeHTa. barapen
MUTaHWA MOOWJILHEBIX TeaedOHOB NOJKHBI 0OECHeYNBATh BRICOKHE
TOKHM HArpy3KH, YTO BO3MOXHO NMPH MaKCUMAJILHO HU3KOM BHYTpPEH-
HEM CONpPOTUBICHUM 6aTapeu. TakuMm oOpa3omM, cxema 3allUTHI Mpe-
cTaBigeT coboil NMpensaTcTBUE, OrpaHUYnBalollee ee pabouuii TOK.

B HekoTOphIX TUIIAX JUTHH-HOHHBIX Garapeii, UCIONB3YIOIIUX B
CBOEM XMMMUYECKOM COCTABE MapraHell M COCTOSIIUX U3 1—2 aje-
MEHTOB, CXeMa 3alllMThl He UCMOJIb3yeTcsi. BMecTo 3TOro B HUX ycra-
HOBJIEH BCETO JUINb OAUH mpenoxpanurtensb. M Takue GaTapeu sBJsI-
I0TCA ©€30MacHBIMU M3-3a UX MaJbIX rabapuToB U HU3KOH €MKOCTH.
Kpome Toro, mMapraHell MOBOJIBHO TEPIUM K HApYyIIEHUSM IPaBUII
sKcruyaTaiiui 6ataper. OTCYTCTBHE CXEMBbl 3allIMTBI CHUXAaeT CTOM-
MOCTB JIUTHI-NOHHOM OaTaped, HO IPUBHOCUT HOBBIE MPOBIEMBL.

B uacTHOCTH, TMOJB30BaTEIX MOOWIBHBEIX Tele(OHOB MOTYT MC-
MOJTb30BaTh IJIS TIOA3apsiIKKM UX OaTapeil HelTaTHble 3apsiiHbIe
ycrpoiictea. IIpu Takux HeaOpOTHUX 3apsSOHBIX YCTpOHCTBax, MNpen-
Ha3HAYeHHBIX IS TI0A3apsaKyA OT CETU WIM OT GOPTOBOM CETH aBTO-
MOOMIIS, MOXHO OBITb YBEPEHHBIM, YTO IPH HaNWYUU B Garapee cxe-
MBI 3aIIUThI, OHA OTKJIIOUMT €€ MO JOCTHKCHMHM HaIIpsiKeHUs KOHUA
sapana. Ecimm xe cxema 3aIllfiThl OTCYTCTBYET, TIPOU3OMIET Nepe3apsn
barapeu M, KaK 3TO 4acTo ObIBaeT, €e HEOOPATUMBII BBIXOM U3 CTPOS.
DroT fpoliecc OOBIYHO CONMPOBOXAACTCS MOBBIILIEHHBIM HArpeBOM M
pasnyTHeM Kopiyca Gatapen. KoHeyHO, TaKWX CHUTyaluif ITOMyCKaThb
Henb3ss. KpoMe Toro, mpu BeIxone 6aTtaped Mo NpU4YHHE HCITOIb30Ba-
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HUS HEIUTaTHOTO 3apAIHOTO YCTPOMCTBA 3aMEHE MO TapaHTUH OHa He
TTOJIEXKMUT.

Hpyroe, nutuii-woHHbie Oatapeut ¢ 3JEKTPOJaMHM U3 KOOasbra,
HalpuMep, TpeOyIOT MOAHOH 3amMThl. Pa3psia cTaTUYECKOro 3JeKT-
pUYECTBA WM HEMCIIPABHOCTD 3apsITHOTO YCTPOICTBa MOTYT MOBJIEYD
BBIXOJ, M3 CTPOs CXEMBI 3allIMTHI OarapeH. DTO 3HAYUT, YTO B Pe3yib-
Tare TBEPAOTEIBHBINM KJIIOY CXEMBI 3aIIUTHI ITOCTOSHHO HaXOIMTCS BO
BKJIIOUEHHOM COCTOSIHMM, a IOJIb30BaTesib 00 5TOM He TOAO3PEBacT.
Ilpu sTOoM akkymynaTopHas 6Gatapest MoxeT (GYHKIIMOHUPOBAThH HOP-
MaJlbHO, HO TpeboBaHUsAM O0e30MacHOCTH OHa OTBe4YaTb He OyJerT.
B nipouiecce 3apsiia MOTYT TIPOM3ONUTH €€ TMeperpeB, pa3nyTUE KOPITy-
Ca ¥ B HEKOTOPBIX CAYYasix BHIXOA Ta30B C BOCTLIAMEHEHHUEM («BEHTU-
JISIUMS C TUIAMEHEM») CO BCEMM BBITEKAIOHIMMU TNocaencTBusiMu. Ko-
pOTKO€ 3aMbIKaHM€E BHIBOJIOB HaTapeH TAKKE OITacHO.

IIpou3BOAUTENH TUTHI-UOHHBIX GaTapedl B MX TEXHHYECKMX Xa-
pPaKTEPUCTUKAX CTapaloTCs HE YIMOMHUHAThH 00 MX B3PBIBOOIIACHOCTH.
BMecTo 3TOro OHK MCHONB3YIOT TEPMHUH «BECHTUNSLUA C TUIAMCHEM>.
M xoTs 3Ta peaxuus nNpoTeKaeT MEIJICHHES B3PbiBa, OHA HACTOJBKO
WHTCHCUBHA, YTO NMPUBOJUT K CHJIBHOMY yIapy Ha HeOOJbIIOM pac-
CTOSTHMM OT 0ataped W MOXET BBIBECTH M3 CTPOSl 3JIEKTPOHHOE
YCTPOKCTBO, KOTOPOE IMUTAETCA OT 3TOH Oarapeu.

BonbUIMHCTBO NPOM3BOAMTENEH JNTUTHII-MOHHBIX aKKYMYJSITOPOB
HE NpOoNaOT MX OTIEIbHO B KAYECTBE IEMEHTOB AKKyMYJISITOPHBIX
Garapeil. BMecTO 3TOro OHM BBIMYCKAIOT U MpPOJAIOT TUTHIH~HUOHHBIE
aKKyMYJISTOpHBIE GaTaped CO BCTPOEHHBIMU CXEMaMH 3alllUThI, I1O-
CKOJIbKY TTOHUMAIOT ONACHOCTh, UCXOASIIYIO OT HEYMEJIOTO UX IpH-
MEHEHHSA, U B MHTEpecax MOTpeOUTeNs CTAPAIOTCs MUHUMHU3NPOBATh
BO3MOXHBIE HETaTUBHBIE IMOCJIENCTBHMA, KOTOPHIE MOI'YT BO3HUKHYTh
MPU UX SKCIUTyaTallud. BTUM Xe 1IeIIM CIYKUT M XecTKasi cepTudu-
Kalvg MpOoAYKIIMU KOMITAHWM, MpeAllecTBYIOLIAs MOSABICHUIO HOBBIX
TUIIOB JIUTUH-UOHHBIX aKKYMYJISATOPHBIX GaTapeil Ha phIHKE.

4.7. 3apsp NOAHOCTBLIO PAa3PAIKEHHbIX JIMTHM-HOHHBIX
AKKYMYNATOPHbIX 6arapen

TunoBoe 3HaYeHWe HaNpSCKEHUsS KOHIA paspsga and JH-
THH-UOHHBIX aKKYMYJIITOPOB COCTaBiAeT 3 B Ha 3/IeMeHT, 4 YIIOMU-
HaeMoe BHIE 2,5 B — 3T0 HampsiXeHHe OTCEUKM, MpephIBalollce
npouecc HajibHeilero paspsgiaa. OgHako Ha TPaKTHKE CaydaeTcs,
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YTO TAKME aKKyMYJATOPhI MOTYT OBITh COBEPIIEHHO Pa3psiKeHHl, KOT-
Jla HanpsKeHHe UMeeT 3HayeHue Huke 2,5 B Ha aneMeHT. OOBIYHO
9TO TIPOMCXOOMT TIPH MX IUTEIBHOM XpaHEHUM 0e3 TOA3apsIKH.
B 3TOM ciyyae npoM3BOAWTENU JTUTHH-UOHHBIX DaTapeii peKoMeHay-
IOT TPEXCTYIIeHYAThIH CIoco0 UX 3apsina i nepesona B pabouee co-
CTOSTHUE.

He Bce 3apsmHbie yCTpOICTBA MOTYT OOECIEYMTb 3apsiKy Ju-
THA-MOHHBIX 0aTaped, paspsLKEHHBIX O HAIpAXEHHI MeHee
2,5 B Ha snement. CHayana HeoOXoaMMoO ITOAHATH HANpsKeHUE Ha
Oarapee 10 YpPOBHS, HOCTATOYHOIrO i1 Hauyana paboTel 3apsiAHOTO
ycrpoiictea. TToce 3TOoro HeOOGXOMMM 3apsya MaJIBIM TOKOM Ui BOC-
CTaHOBJIEHUS ee eMKOCcTU. OcoOyI0 OCTOPOXHOCTBL CJIENYET MpOsiB-
JIATH MIPH BO3BpALEHUM K XHU3HH JIMTHI-UOHHBIX OaTapei, KOTOphie
WMENN IJIUTENbHEIN epephlB B 9KCIUTyaTalluM U XPAHWIMCh B COCTO-
SHHAU TIYGOKOro WM TIOHOIO pa3psiaa.

‘B xayecTBe npuMepa MPUBEAEM PEKOMEHIALMH T10 3apsiike MOoi-
HOCTBIO Da3psSKEHHONH JIUTHI-MOHHOH OaTapeu, NMPUMEHSIEMON A
MUTaHUsg MOOUIBHBIX TenedoHoB Siemens cepuu 45 (545, ME45).
B stHx Tenedonax MCIOIB3YETCS JMUTHI-MOHHAsA OaTapes eMKOCThIO
840 MA-u. Poib maTyvka TEMITEPATYPBl B HEH BLHIMTOJIHAET TEPMOPE3H-
cTop compotubieHneM 22 kOM nipu ¢° = 25 °C. B 11e10M yrpaBieHue
MUTAHUEM COTOBOTrO TesiehoHa obecrieunBaeT CrelUATM3WPOBAHHAS
mukpocxeMa (ASIC). [IpousBoauTenb — KOMIIaHUSA Siemens — 4eT-
KO OIpeNesNiMi, YTO HVXKHHUI TIpeJiell HamnpsXeHHs, 10 KOTOpOro
MOXHO paspsOuTh aKKyMYISTOpHylo Oatapero, cocTasiaser 3,2 B.
IToyemy He 2,5 B, kxak 6bUTO yKazaHO Bbrie? ITOTOMY 4YTO TONBKO
MpU HaNpAXeHUH He Huke 3,2 B rapanTuposaHa pabora MOOUIBHO-
ro tesnedoHa. HanpskeHue Xe MOXHOCTBIO 3apSXKEHHO b6atapeu co-
crasnset 4,2 B.

B cayyae, ecny mpousolen mryOboKui paspsa 6arapeu, 3apsiiuTh
ee Kak oObIYHO — 3a 2—3 yaca — He yaactcs. BocCTaHOBHTENBHbBINM
3apsi HeOOXOMUMO BBIMIOJHATH B TPU 3Tamna:

1. 3apsag Garapeu TokoM 20 MA 10 HanpsikeHud 2,8 B.

2. 3apsan TokoM 50 MA 1o HanpsixeHus 3,2 B.

3. HopMmanbHblit 3apsii 1o HarnpsokeHus 4,2 B.

IMpu mosiHOM paspsiie aKKyMYJISTOPHOH ©arapey NpoLEecCOM ee
3apsiia yIpaBiifgeT ClNeUHaJIu3upoBaHHas (3aKa3Has) MHKpOCXeMa
ASIC tuna DO8296B. IlpuueM B HaHHOM CJiydae €€ HUCTOYHHMKOM
MATAHUS Ha MEPBBIX ABYX 3TAmax 3apsiAa sIBJsieTCs 3apsiiHoe YCTPOii-
CTBO, a Ha TPEeThEM — YXe€ caMa aKKyMyJIsITOpHas 6aTapes.
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Kaxnas menouka napajuie/ibHO BKJIIOYSHHBIX JIUTUM-UOHHBIX aK-
KYMYJIATOPOB JOJDKHA HMMETh COOGCTBEHHBIE CPENCTBA MOHHTOPUHIA
UX COCTOSIHMA.

YeM GoJbLIE IEMEHTOB TIOCIEIOBATENBHO COENMHEHO B baTapee,
TEM COBEpLIEHHEE JOJKHA OBITh ee CXeMa 3alHuThl. B KOMMepYecKHX
TIPWIOKEHUAX KOJIMYECTBO aKKyMYJSITOpOB B Oarapee He HOJXHO
MPEBBIIIATD YETHIPEX.



lnaBa 5
AJNTKAJIMHOBbBIE 3JIEMEHTbI 1 MOHAUCTOPDI

5.1. AnKkanuHoBble 35IeMEeHTbl MHOTOKpPaTHOro
HCNONbL30OBaHMA

AJIKATHHOBBIE 3JIEMEHTHI LUMPOKO IPHMEHSIOTCS I IMUTAHUS
OGHITOBOI 3JieKTpOHHOI ammaparypbl. [IpaBunsHee GbUIO OBI Ha3bI-
BaTh UX HIEJIOYHBIMH (OT aHMI. alkali — 11eous), HO, MOCKONBKY Ha-
3BaHME «AJTKAIUHOBEIE» IPUXUIIOCH, OYIIEM HCIIONB30BaTh 3TOT TEP-
MuH. Ha puc. 5.1 noka3zaHo yCTpoCTBO aTKAMTHHOBOTO 3JI€MEHTA.

Hnes mepe3apsanky alKXaIMHOBBIX (LIEJIOYHBIX) Oatapeii He HOBA.
XoTrs Takast BO3MOXHOCTbH IPOU3BOIUTEISAMU He TIOATBEPXAECHA, U3
MpaKTUKH CJEAYeT, YTO TIPH MON3apsIKe Takue Oaraped MOTYT Cly-
XWUTh IUTENbHOe BpeMsi. OnHako noasapsiaka 3¢ ¢eXTHBHA TOJBKO B

linocoson Busog (aHon)

[B-Katoa u3 fsyokucu mapraHya

g —L{nHkoBo-renessiit anop

mTHpb TOXOCHhEOMHMUKE

Npoxnaaka (nnactux) M
poKnaAKa { Q! BeHTUnAUMOHKOE 0TBEpCTUE

Munycoseiil BeiBog (katoa)

Puc. 5.1. YcrpoiicTBO a/IKaTMHOBOI'O 3JIEMEHTA
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TOM CJy4ae, €CIM eMKOCTh 0aTapeH HE yCIesia CHU3UThCS Oosiee YeM
Ha 50 % ot HOMUHAJABHON. YHCI0 BO3MOXHBIX IIMKJIOB MOA3aPSIKH
3aBHCHUT UCKIIOUUTEIHLHO OT CTENEeHU pa3psAna Garaped M B JIydlieM
cIyyae COCTaBIIET HECKOJBbKO pa3. C KaXIbIM IUKJIOM €MKOCTh Oa-
Taped yMmeHblnaercd. Ilpm 3TOM K caMOMy mpoieccy MOA3apsiaKu
cjienyeT MOIXOIMTh OCTOPOXHO: BO BPEMSI HETO BBIIEASIETCA BOAO-
pox — B3pbIBoonacHblif ras. IloaroMy criemyer IpeAnpUHUMATh
Mephl IIPeIOCTOPOXHOCTH.
TecThl, MPOBEACHHBIE C AKKYMYIATOPHBIMU 3JIEMEHTAMHU THIIO-
pa3Mmepa AA, TToKas3ajid, YTO TIOCJIE IePBO Mepe3apsakyu UX eMKOCTh
Oblla GnMM3Ka K HOMMHATbHON. (DakTHyecKu MX IHEpreTHYecKas
IUIOTHOCTH COOTBETCTBOBIA TUIOTHOCTH HHKENb-METAUITHAPUIHBIX
Garapeii. [Toce Toro xak ameMeHT AA ObUI pa3psiXeH, a TOTOM BHOBb
3apsIKeH, ero eMKOCTh YMeHbINnaach 10 60 % u ctana MeHbIIIE EMKO-
CTU HUKeNb-KaAMHEBLIX OaTapeit Takoro Xe pasmepa. Ilpu nanpHeit-
LHIMX UcTBITaHUAX (pa3psia TokoM 0,2C 1o HanpsKeHYs KOHLA 3apsiaa
1 B/3neMeHT U 3apsig) EMKOCTh 3JIEMEHTOB ITPOAOJIKANA CHIXKATHCS.
J1oMOMHUTENBHBIM HEMOCTATKOM TIOBTOPHOT'O MCIONB30BAHMS AJl-
KJIMHOBBLIX GaTapeit sABJIseTCA OrpaHMYCHUE MX TOKA pa3psna — OH
He JopKeH npeBblliaTh 400 MA, U, yeM MeHbllle 3Ta BEJIMYUHA, TEM
JIYYLIKUX Pe3yAbTATOB YAAETCA NOOUTHLCS. XOTA TaKMe TOKU M JOMNycC-
TUMBI TTPH HUCIIOB30BAHNH ANKAJIMHOBBIX GaTapeil B Ka4e€CTBE UCTOU-
HUKOB TutaHusa AM/FM panuonpueMHukoB, CD U KacCeTHBIX Ite-
€pOB U BCIbILIEK s (poToannapaToB, UX HENb3sl UCIIONb30BATh IS
NUTaHUS MOOUIBHBIX TeNehOHOB U BUAcoKaMmep. [loaToMy s mura-
HHMS YCTPOMCTB ¢ 00Jice BBICOKMMHM TOKaMM Harpy3kM CJeAyeT HcC-
TOJIb30BAaTh OOBIYHBIE AJTKAJTMHOBBIE OaTapeu.
JIOCTOMHCTBA aJIKATMHOBBIX Oarapeif MHOroKpaTHOTO HCHOJIB30-
BaHHUS:
e JIENICBU3HA M HEMEJICHHAsE TOTOBHOCTE K IIPUMEHEHUIO CPa3y
Tocse TOKYIKY;

¢ BO3MOXHOCTh 3aMEHBI OOBIYHBIX Helepe3apsnKaeMbixX Oarapeit;

« 0ojice 3KOHOMUYHBI, YEM HerepesapskaeMele 0atapeu, — JO-
TYCKAIOT HECKOJBKO Tepe3apsaok;

e Manelii camopaspsg — HOBbIe Oaraped MOTYT XPaHWTBhCA AO
10 ner;

+ JKOJOTHYECKAS YWUCTOTa — 0aTaped HEe COACPXKAT TOKCHUHBIX
BELIECTB;

¢ TIPOCTOTA OOCHYXKUBAHUA M OTCYTCTBHE «3(dheKTa NaMsaTu».
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HenmocraTKy aKaJlMHOBBIX OaTapeif MHOTOKPaTHOTO MCIO/Ib30Ba-
HUSA:

e OrpaHUYEHHBIA TOK HArPY3KH;

e OTpaHWYEHHBII CPOK IKCIUIyaTallUM.

5.2. MonmcTops!

Honucrop (o 3apy0exHoil TEPMHUHOJIOIMM — CyIepKOHAEHCa-
TOp, WIM supercapacitor) — 3TO 3HEProHaKONMTENbHBIA KOHAEHCA-
TOP, 3aps] B KOTOPOM HAaKarMBaeTCsA Ha TpaHMlle pas3fena IOBYX
cpen — aeKTpoja M anekrpommTa (dboto 5.1). DHeprus B HOHUCTOpE
XpaHHTCS B BUAE cTaTWyeckoro 3apsiia. Hakorutenue mpomcxomur,
ecIM K ero obxkimaakaM OygeT IPUIOXKeHA pasHOCTb ITOTEHLHUAIOB
(mocrosiHHOe HamnpsikeHue). KoHuenuus co3laHUsi HOHHCTOPOB II0-
SIBUJIACh HECKONBKO JIeT Ha3al, M B HACTOsllliee BpeMs OHM HalUIH
CBOIO HHHIy IpUMeHcHUs. VIOHUCTOpHL C YCTIEXOM MOIYT 3aMEHATH
XMMHYECKHE UCTOYHHKH TOKA B KAYECTBE PE3EPBHOr0 (MHKPOCXEMBI
MaMATH) WX OCHOBHOTO I0J3apsKAeMOro (4achl, KalbKYJIATODHI)
WCTOYHHMKA ITUTAHMA.

Ecnu mpocrtoil KoHAeHCATOp IPEeACTaBseT co0o0il 00KIanKM M3
donpru, pasneseHHbIe CYyXUM CENapaTopoM, TO HOHHCTOP — 3TO CO-
YeTaHHE KOHAEHCATOpA C 3JIEKTPOXUMHUYECKOI Oatapeeil. B HeM Hc-
TIOJIB3YIOTCST CTIeIMaIbHbie OOKJIAAKM M JIEKTpOJMT. B KayecTBe 00-
KJIaJIOK MCITOJIb3YIOTCS MaTepHuaibl OMHOTO M3 TPEX THUIIOB: OOKIAJKU
GOJIBIIOH IUIOWIANH HA OCHOBE aKTHBUPOBAHHOIO YIS, OKCHIBI ME-

@oto 5.1. BHEUIHMH BHI OIHOTO M3 THNOB HOHHCTOPOB
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TQJ/UIOB U TIPOBOMSIILIME MONAWMephl. [IpUMEHEHUE BBEICOKOIIOPUCTHIX
YrOJIBHBIX MaTepUajioB IO3BOJSAET MOCTUYDL TUIOTHOCTH €MKOCTHM IO~
psaaka 10 ©/cm3 u Beite. Monuctopsl Ha OCHOBE aKTHBHPOBaHHOTO
yrass Haubolee 3KOHOMUYHBI B TPOU3BOJACTBE. MX ellle Ha3bIBalOT
nByxcnoitHeiMU WM DLC-konpencaropamu (DLC — Double Layer
Capacitor — ABYXCTOUHBIN KOHACHCATOP), MOTOMY YTO 3apsid cOXpa-
HSIETCS1 B IBOWHOM CJIoe, 00pa3sylolieMcsl BOJNU3U MTOBEPXHOCTH OG-
KJIaJIKH.

DIEKTPOIUT MUOHUCTOPOB MOXET OBITh BOXHBIM WM OpraHuve-
CKkMM. MOHHMCTOPBI Ha OCHOBE BOIHOTO 3JIEKTPOJIUTA O0JIafaloT Ma-
JBIM BHYTPCHHUM COTIPOTUBACHUEM, HO HAIpsSXEHUE 3apsna Ui
HuUX orpaHu4eHo | B. A MOHMCTOPBEI HA OCHOBE OPraHMYECKHX IJIEKT-
POJIUTOB 00JanatoT 00jice BBHICOKMM BHYTPEHHHMM COITPOTHBICHUEM,
OIIHAKO 00eCTIeUYnBalOT HanpsKeHue 3apsna 2...3 B.

1 muTaHUS SNIEKTPOHHBIX CXeM HeOoOXOOUMBI GoJiee BEICOKHE
HaNpPSKeHWS, 4yeM 00eCreunBaloT HOHUCTOPH. [Nd nonyuyeHus He-
00XOMMMOTO HATIPSLKEHUS KX BKJIIOYAKOT TIOCAENOBaTENbHO. 3—4
MOHHCTOpAa 00eCrevYuBaloT HampskeHUe [AOCTATOYHOU BETHYHHEL.
Bennuuna 3HepreTHYecKOi eMKOCTH KOHICHCATOPOB U3MEpPSieTCs B
nukodapanax (1 - 10"? @), nHanodapanax (1 - 10”° ®) u Muxpodapa-
max (1-10° @), B To BpeMs KaK eMKOCTb MOHUCTOPOB (CYITEpKOH-
JIEHCAaTOpPOB) TIOMCTHHE OrpoMHa WM u3MepsieTcsi B ¢apanax (D).
B Hux nocTuxuMa sHepreTmyeckasl TUIOTHOCTH oT 1 go 10 Bt/kr.
OHa Gosblle, 9YeM y OOBIYHBIX KOHACHCATOPOB, HO MCHBIIE, YEeM Y
aKKyMYJATOpHEIX Garapeit. CpaBHUTEJbHO HU3KOE BHYTPECHHEE CO-
TIPOTUBJCHHEC UOHUCTOPOB O0ECTIEUUBAET XOPOIIYIO NTPOBOTUMOCTD.

HMoHuctop criocobeH 3amacaTh 3HEPTHIo, HPUMEpPHO paBHyio 1/10
3HEePTMH HUKeJIb-MeTAJUITMIAPUIHOM GaTaped. B To BpeMs Kak akky-
MyJsitopHasi GaTapes BbIIaeT OTHOCHTENIPHO ITOCTOAHHOe padouee
HAaIpsiKeHUE, HANPSDKEHUE HA MOHUCTOPE YMEHBILIAETCS JTUHEITHO OT
paboyero 3HayeHUsT AO HyIs W eMy He TIPUCYIM TaKMe «TUIOCKMEe»
YYaCTKHU XapaKTepPUCTHKM paspsina, KaK y aKKyMYJISTOpHBIX Oartapeii.
Tlo 3TO¥ pUYKHE OH He CTIOCOOEH YIepXUBaTh MONHBIN 3apsia. Cre-
TeHb €ro 3apsnga onpedelsercss B TPOLIEHTAX U 3aBUCUT B IEPBYIO
o4depenb OT TOTO MPUIOXECHHUS, B KOTOPOM OH UCIIONB3YETCS.

Hanpumep, ecam 6-BojibToBast GaTapess NOMYCKAaeT paspsad 1o
4,5 B, noka obopymoBaHME He OTKIIOUHUTCSI, UOHHUCTOP HOCTHTAeT
3TOro MOpora B TeYeHUE TMEPBOI Y€TBEPTH BPeMeHHU paspsana. OcTas-
mascsd B HeM 3allaceHHas JHePrus OKasbiBacTcd HeHYXHOM. s
YBEJIUYEHUSI CTETICHM UCIIONb30BAHUSA 3allaCEHHOU B MOHHUCTOPE



Aakaaunoesie 30emenmsr u uOHUCMOPBL 113

3HEPruM MoOXHO Hcnonb3oBaTh DC/DC mpeoGpaszoBarenu, ofHAKO
Tako! TyTh HEMOCTAaTOYHO 3(hDEeKTHBEH U K TOMY Xe BelleT K YIOpo-
XaHHMIo cuctemst Ha 10—15 %.

Yamie Bcero MOHUCTOPHI MPUMEHSIIOT WUIST MTUTAHUS MHKPOCXEM
MaMATH, U WHOTJA MMM 3aMEHSIIOT 3JIEKTPOXUMUYECKHE OaTapeH.
KpoMme Toro, UX UCITONB3YIOT B LETISIX (DUJIBTPALIUH ¥ CIVIAXHBAIOMINX
unabTpax.

MoryT onu pabGoTtaTh U B Oydepe ¢ DarapessMU B HENSIX 3aLHUTHI
HUX OT pe3KHX OpPOCKOB TOKa HArpy3KH: TMpPH HH3KOM TOKEe Harpy3Ku
faTapest Toa3apsXKaeT CYNepKOHAEHCATOp, U, eCIM OH PEe3KO BO3pac-
TET, CYyMepPKOHJACHCATOpP OTAACT 3alaceHHYI JHEPIHI0, YeM CHU3HT
Harpy3Ky Ha 6Oarapelo. IIpu TakoM BapHaHTE TIpUMEHEHUS €ro pas-
MENIAloT AUO0 HEMOCPEACTBEHHO BO3JIC aKKyMYJIATOPHOI Oarapeu,
60 BHYTPH €€ Kopmyca.

IMpenmyliecTBa HOHUCTOPOB:

¢ OONBUION CPOK CIYXOBI;

e HU3KOE BHYTpEHHEE COTPOTHUBICHUE — OOECIIeYruBaeT Crilaxu-
BaHUE MMIIYIbCOB (OpOCKOB) TOKa HAarpy3kM, €ClMU BKIIOUEH
TapauIeIbHO aKKyMYJIATOpHO# Oarapee;

¢ OBLICTPHIN 3apsii — B TeUCHME HECKONBKUX CEKyHHA U3-3a HHU3-
KOTO BHYTPEHHETO COMPOTUBICHUS;

¢ paboTa npH JIOOOM HaNpsKeHWM, HE TpeBBILIAIIEM HOMU-
HaJIbHOTO;

e HEOTrpaHMYCHHOE KOJUUYECTBO LIMKIIOB 3apsiyi/paspsix;

¢ OTCYTCTBHUE HEOOXOAMMOCTM KOHTPOJIZ 332 PEXUMOM 3apaiKy;

e MpUMEHEHHUE ITPOCTHIX METOMOB 3apsaa;

e IIMPOKWI AuAama3oH padouyux Temneparyp: —25...70 °C;

e JIellIEBU3HA.

HenocTaTku UOHUCTOPOB:

e He 00eCreYuBalOT JOCTATOYHOTO HAKOIUIEHUS] SHEPTUH;

e HHU3Kasl SHEpreTHYCCcKasi MIOTHOCTD;

e HM3KOE€ HAITPSDKEHHE Ha OTAEJbHBIX TUIIAX HOHHCTOPOB,

e JUIA NOJy4YeHUs TpeOyeMOro HalpsKeHUs HeoOXOAUMO Tocie-
JI0BaTelIbHOE BKIIIOYEHHE HE MEHEe TPEX MOHHCTOPOB;

e BBICOKHMIT camopa3psin.

TIpuMmenenue:
e BHUACOMArHUTOGOHEI, TeJeBu30pbl, CBY-Tieun: pesepBHoOe nu-
TaHUE TauMepa;
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¢ BHICOKAMEPHI, IUIAaThI TTAMATH, TIEHIDKEPHI: pe3€PBHOE NTUTAHUE
3aIIOMMHAIONIET0 YCTPOMCTBA BO BpeMsI CMEHEI Garapeii;

e MY3bIKATbHBIE LIEHTPHL: MUTAHHE MUKPOCXEM TMaMATH YCTaHO-
BOK TIOHEDA,

e Tene(OoHBI: MMUTAHUE MAKPOCXEM IIaMATH IS XpaHEHHS HOME-
pOB aDOHEHTOB;

e 3JIEKTPOHHBIE CYETYMKH 3JIEKTPUICCKOM SHEPTHH;

e OXpaHHas CHTHAIM3AIIUs;

e JJICKTPOHHBIE U3MEPHTENbHBIE ITPUOOPH U T. I.

5.3. OcHoBHble CBeeHMS NO MOHMCTOPaM OTE4YeCTBEHHOro
NPOM3BOACTBA

OTeyeCTBEHHOIN TIPOMBIIIIEHHOCTBIO BHIMTYCKAIOTC HECKOJIBKO
TUIIOB HOHUCTOPOB. MX xapakTepucCTUKM mpuBeAeHH B Tabm. 5.1,
a BHEUIHMIT BUA — Ha puc. 5.2,

Tabauya 5.1
Tun vonm- | Emkocts, | HomunansHoe Ha- | BHyTpentee conpo- | [aBapursl a-b-c-d-e, Macca. r
cropa 1} npaxexve, B Tvenexmne, OM MM !
58-3 2 25 30 18,3-x-x-x-2,7 2
58-%a 0,47 25 80 10,5-14-5-26-4,5 0,5
58-%a 2 25 30 19-23-5-38-5,5 2
58-96 0,62 5 60 27-22,5-10-35-13 "
58-96 1 5 60 27-22,5-10-35-13 1
58-96 0,62 6,3 90 27-22,5-10-35-13 1
58-96 1 5 60 21,5-8-5-4-x 8
58-96 0,62 63 %0 21,5-10,5-5-16,5-x 10
Y
HH 2a
Za : R
. KINE
a [
K58-3 K58-9a K58--96 K58-98

Puc. 5.2. BHeMIHHI BUX MOHUCTOPOB OTEYECTBEHHOTO TIPOM3BOACTBA
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Ha puc. 5.3 nipuBeicHb! XapaKTepUCTUKYN caMopaspsga HOHUCTO-
pa MpU pa3TUYHBIX COMMPOTUBIICHUSIX HaTPY3KH.

[Ipy UCNONB30BAHMM HOHUCTOPOB B CXEMaxX 3JIEKTPOHHEBIX
YCTPOMCTB LIETIb MX TTON3aPAIKH O4eHb TIpocTa. OHA COCTOMT U3 OHO-
Ia U TOKOOTPAaHUYUTENBHOrO pesrcTopa (puc. 5.4). Pesucrop ciyxur
JU19 OTpaHUUYEHHUS TOKa 3apsiia 10 5...50 MA.

us
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Puc. 5.3. XapakTepucTHKH caMopa3spsiia MOHHCTOpa
+U,, VDI R1

LC1

1

Pruc. 5.4. Cxema 3apsAaHOI 1eM HOHKCTOpA

R



FnaBsa 6
«PA3YMHDBIE» BATAPEM

OOp1uHas Gatapesi «rOBOPHTH» HE YMEET, OHa — «HeMas», T. K.
10 HEe HUKAK HeJb3st OLIEHUTh HU CTEIIEHHU ee 3apsiia, HU €€ COCTOosI-
Hust. [lonb30BaTemio ocTaeTcss TONBKO HANESATHCS, UTO OTKIIOYeHHAS
OT 3apSAHOTO YCTPONCTBA OHA MCTIPABHO BEITTONIHUT CBOM (DYHKIIUHU.

B mnocnenHee BpeMs Bce Oojiee IIUPOKOE pPACIIpOCTpaHeHME
MOJYYaloT TaK Ha3biBaGMBIE «pa3yMHbie» OGaTapew (Smart batteri-
€s). BHYTpM HHX YCTAaHOBJIEH MHKpPOYHMI, CHOCOOHBI# OOMeHMBa-
TBCSA JAHHBIMU C 3apsSIHBIM YCTPOWCTBOM M BHIIABaTh TMOJIb30BA-
TETI0 CTAaTUCTHYECKUE AaHHblE O Oarapee. OOBIYHO Takue Oarapeun
NMPUMEHSIOTCS [UT TIUTaHHUs HOYTOYKOB M BHUIEOKAMEp, a TaKKe
HEKOTOPBIX THIOB OOOPYIOBAHWS METWUMHCKOTO M BOCHHOIO Ha-
3HAYEHMS.

CyliecTBYIOT pa3IMYHBIE THUIIBI Pa3yMHBIX Oarapefi, oTaWMYalo-
IIUXCcs: YUCAOM GYHKIMIA, IPOM3BOAMTEIBHOCTRIO U LicHOU. Hamoo-
Jlee TIPOCTBIMU CUMTAIOTCSl GaTraped CO BCTPOCHHBIM UYMIIOM, TIpel-
Ha3HaYeHHBIM JJI1 UACHTH(GUKALUY UX TUIA B MHOTOGYHKLIMOHAb-
HBIX 3apsiTHBIX YCTPOHCTBAaX, I TOTO YTOOBI aBTOMAaTHYECKH
BBICTABUTH TPaBHIHHBIA aTOPUTM 3apsiia. barapen co BCTpOEHHOMH
3alIUTONM OT Mepel3apsiaa, Heao3apaaa U KOPOTKOro 3aMBIKaHHS pa-
3YMHBIMM Ha3bIBaTh HEJIb34.

Haubosree coBepilieHHBIE pa3yMHBIe Oaraped o0eCIIeyuBaioT HH-
OUKAIUIO COCTOSHHUSA 3apsiga. Cpeld KOMITAaHUMN, BIIEPBBIE MpPEIIO-
KUBIIMX Takue Garaped Ha peiHKe, 6puma Unitrode.

TlepBble uMMBl It pa3yMHEIX Oarapedl TOABHINMCH B Hauale
1990-x ronoB. B HacTosliee BpeMs MX IPOU3BOACTBOM 3aHMMAaeTCs
Gornbiroe yrucao xoMmanuif. B xouue 1990-x romos 6vlna paspabora-
Ha apXWUTEKTypa pa3yMHBLIX OaTapeil ¢ BO3MOXHOCTBIO CUMTHIBAHUS
creneHu ux 3apsaa (SoC — State of Charge). 910 6bu1H 1- 1 2-mipo-
BOJIHEIE CUCTEMBbI. BONBIIMHCTBO 2-MPOBONHHIX CHUCTEM paboTaeT Io
npotokony SMBus (System Management Bus).



«Pazymusie» 6amapeu 117

6.1. Cucrtemnl ¢ 1-npoBofHLIM HHTEPdecom 1-Wire®

Cucrembl ¢ 1-nmpoBomHbIM MHTepbeiicoM 1-Wire® oTHocsaTes K
Haubosee MpoCcThIM, U OOMEH AAHHBIMU B HHUX OCYIUECTBIISIETCA MO
OoIHOMY TipoBony. baTapesi co BCTpoeHHOI CHCTEMOM ¢ 1-TPOBOAHEIM
untepdeiicom 1-Wire® uMeer Bcero Tpu BBIBOIA: TOJOXMUTENLHBIMA,
OTpULIATENLHBIM U BbIBOI maHHbIX (Data). HexoTophle nmpouspoauTe-
JIK B LETSIX 6€30MacHOCTU BBIBOJ, HaTHHMKA TEMIIEPATYPBI BBIMIOJHSAIOT
OTAENBHO (puc. 6.1).

CoBpeMeHHBIe CHCTEMBI C 1-MpoBomHbIM uHTepdeiicom 1-Wire®
XpaHAT clieuuduUeckre JaHHble 0 Oarapee U OTCIEXKUBAIOT €€ TeM-
nmepaTypy, HamnpskKeHHe, TOK, cTermeHb 3apdazna. M3-3a nmpocToTel M
CPaBHHUTENbLHO HU3KOW LIEHBI OHY HAUDIU IIVPOKOE NMPUMEHEHUE B
6aTtapesix MOOUJIBHBIX TENE(MOHOB, MOPTATUBHLIX PAAMOCTAHIIMIA, BU-
JICOKaMep.

BonbuMHCTBO cucteM ¢ |-npoBogHbIM MHTepGeiicom 1-Wire® He
nmeroT obuiero popM-dakTopa, He CTAHIAPTU3OBAHEL B HUX U METO-

t

was

[anHbie
0100001000

Puc. 6.1. CtpykTypHas cxema Smart-6araped ¢ 1-IpoBOIHBIM
nHTEpdEeicoM 1-Wire®
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Bl M3MEpPEHUs COCTOSTHUSI GaTapeil. Bce 310 B LIEOM BBHI3BIBAET
NnpobGaeMy KOHLENIIMH YHUBEPCAIBHOIO 3apsiIHOTO  YCTPOMCTBA.
KpoMe Toro, cucTeMBl ¢ 1-nipoBomHbIM HHTepdeiicom 1-Wire® mo-
3BOJISIOT OIIPEIeNIATh COCTOsIHUE OaTaped TOJNBKO B TOM CJIydae, €Clu
OHa YCTAHOBJIEHA B CHELUAIHHO Pa3pabOTaHHOE MO 3TY CUCTEMY 3a-
psIHOE YCTPOMCTBO.

6.2. Cucremnl ¢ wmHOM SMBus

SMBus — Haubojiee COBeplleHHAsI U3 BCEX CUCTEM, IOCKOJIBLKY
SIBJISETCS CTAaHAAPTOM [UISI MOPTAaTMBHMX 3JIEKTPOHHBIX YCTPONCTB K
UCITONb3yeT €AVHBIA CTAaHOAPTHBIM TIPOTOKOJ OOMEHa AaHHBIMH.
SMBus npencrasisier coboit 2-nipoBogHOM HHTEPdEIIC, ITOCPEACTBOM
KOTOPOT'O TIPOCTHIE MHKPOCXEMBI CHUCTEMBI 3JEKTPOITUTAHHUS MOTYT
0OMeHUBAaThCa JaHHBIMUM ¢ cucTeMoil. [lo ogHoMy mposony mepena-
JOTCSL JAaHHBIE, MO OPYroMy — CHUTHAIB CUHXpOHU3auuu (puc. 6.2).
OCHOBY 3TOii IIMHBI COCTaBIsieT apxuTektypa muHbel 1°C. Paspa6o-

Puc. 6.2. CTpykTypHas cxema Smart-6arapen ¢ muHoii SMBus
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taHHast ¢upMoit Philips, mmna 1°C npencrasisier co6oil CHHXPOH-
HYI0 MHOTOTOYEYHYIO CHCTEMY IBYHANPABJECHHOrO OOMeHA JaHHBI-
MH, paboTaouIy0 MPpH YacToTe cuHxpoHusauuu 100 kI,

CucreMHass apXHTEKTypa pa3yMHEIX Oarapeif, HUCHoONb3yeMasl B
HacTosiliee Bpemsi, ObUla CTAaHOApTH30BaHa KoMIaHusaMmu Dura-
celi/Intel eme B 1993 r. Jo 3TOro mpoM3BOOMTENH MOPTATUBHBIX
KOMIBIOTEPOB pa3pabaThiBaiM COOCTBEHHBIC pasyMHbie Gatapeu. Ha
OCHOBE HOBOI1 cneindHUKaLMK OB Co3MaH YHHUBEPCAJIbHBIA MHTEP-
deiic, YTO K TOMY XK€ TO3BOJIUJIO ODONUTH HEKOTOpBIiE TPETSTCTBUSA,
CBSI3aHHbBIE C MMATEHTOBAHHON MHTEIIEKTYaJIbHON COOCTBEHHOCTHIO.

Ha3jio npuHATOMy CTaHAApTY MHOTHE KPYIMHBIE TIPOU3BOAUTENU
KOMITBIOTEpOB, Takue, Kak IBM, Compaq, Toshiba, mpomomxwim
BBIITYCK aKKYMYJSTOPHBIX Oarapedl COOGCTBEHHOTO ITPOM3BOICTBA.
OHM MOTHBMDOB&IM CBOE DELIEHHME Te€M, YTO HEe MOTYT TapaHTHUPO-
BaTh 0€30IMacCHOCTH W KayecTBa Oarapeil CTOPOHHHMX TPOM3BOIUTE-
Jneil. OTUMHM KOMHIAHMAMU Obiid  pa3paboTaHbl COOCTBEHHBIE
dhopM-daxTopsl aKKyMyJISITOPHBIX OaTtapeil C Lelblo 3pHeKTUBHOTO
HCIIONB30BAHMS OINpeNeeHHOTO Wi Garapen o6beMa, CHWKeHUS
Beca ¥ rabGapuToB NPON3BOAMMEBIX HOYTOYKOB. B pe3ynbprare OTCYyTCT-
BUSL KOHKYpEHLIMH B 3TOH HUILE pPHIHKA OPWUTHHANbHBIE Oaraped
MIPOJAIOTCA TI0 3aBHILIEHHBIM LIEHaM.

IepBole 0Opasilel aKKyMYJISTOPHBIX Gatapeit ¢ SMBus umenu
MpobaeMBl: 3JeKTPOHHBIE CXEMBI He obecrieuuBaiy 0O6pabOTKM MH-
dopMalMM ¢ JOCTATOYHOM TOUHOCTBIO, HE 06ECHEeYUBAIIOCH OTOOPA-
XeHMe KaK 3HayeHus TOKa, TaK M 3HAUYeHUI HallpsSsKeHUs M TeMIle-
paTypsl B pexXiMe peasbHoro BpeMeHu. CyllecTBOBAJIO MU MHOXECTBO
OPYTHX CyLIeCTBeHHBIX IipoOieM. B pesynbraTe NpakTHYecKH BCe
TeXHUUECKHe peleHHUs, KacalollMecs peaivus3aluM pasyMHoOU Oata-
peu Ha ocHoBe SMBus, ObUIH NTEPECMOTPEHBI.

CMBbIC)I HOBBIX pelICeHHH 3aKIII0YajICs B TOM, YTOOBI MEPEIOXKUTH
GyHKIMM yTIpaBieHUs TIPOLIECCOM 3apsiia C 3apsIHOIO YCTPOHCTBA
Ha aKKyMyJIITOpHYIO Oartapelo. Teneps yxe He 3apsfHOe YCTPOHCTBO,
a cama Oarapes ¢ cucTeMoil Ha ocHoBe SMBus 3amaBana anropuTM
cBoero 3apspa. TakuM o6pa3oM, obOecrneyuBaIUCh COBMECTUMOCTH
3apsAOHBIX YCTPOMCTB ¢ OaTapesiMU pa3iUYHBIX THUIIOB, IpaBWJIbHAL
yCTaHOBKA 3HAYEHUH TOKA M aITOpUTMa 3apsiia, TOYHOE OTKIIIOUEHUE
faTapey B MOMEHT OKOHYAHMA 3apsana. U, yro HeMaJOBaXHO, MOJb-
30BaTeNIO CTAJIO HEHYXHBIM 3HATh, KAKOTO TUIA OaTapeell OH MOJb-
3yeTcs, — BCe ITH 3a00Thl OHa Opaia Ha cebs, a ero PyHKUMHA CBO-
JIUITHCH TOJIBKO K TOMY, YTOOBI CBOEBPEMEHHO €€ 3apsKaTh.
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PaccMmoTpuM, 4TO Xe Takoe pazyMmHas Oatapes usHyTpu. barapes
¢ cucrteMoit SMBus uMeeT MUKpPOCXEMY, B KOTOPOM 3arporpaMMHUpo-
BAHBI TMOCTOSIHHBIE M BpeMEHHBIE HaHHble. [locTOAHHBIE HaHHBIE
MPOrpaMMHPYIOT Ha 3aBOAE-U3TOTOBUTEIC, W OHM BKJIIOUYAIOT HIEH-
TUHUKALIMOHHBIA HOMep OaTapeu, JaHHBIE O e¢ THUIIE, 3aBOACKON HO-
Mep, HaMMeHOBaHMWE IMPOM3BOAMTENS U AAry BEHINIYCKa. BpeMenHble
JaHHbIe — 3TO T€ AAHHBIE, KOTOPBbIE MEPUOANYECKH OOGHOBISIOTCS.
K HMM OTHOCATCS KOJMHWYECTBO LHMKJIOB 3apsja, TIONb30BaTEeAbCKHE
JAHHBIE ¥ 3KCIUIyaTaALMOHHBIE TPEOOBaHUS.

SMBus nmenurcst Ha Tpu ypoBH4. Yposenb 1 (Level 1) B Hactost-
Iee BpeMsl HE UCIIONB3YCTCS, T. K. HE obecrieunBacT 3apal pasidd-
HBIX ITO THITY Dartapeif. YposeHs 2 (Level 2) npeaHasHaueH 1 BHYT-
pucxemHoro 3apsga. Ilpumep storo — 6arapes Hoyrbyka, KOoTopas
3apsexaeTcs, Oynyuu ycraHoBieHHoOH. YpoBens 3 (Level 3) 3apesep-
BMpOBaH ISl TPUMEHEHUsS] B MHOTO(GYHKIIMOHAJBHBIX BHEIIHUX 3a-
PSIOHBIX YCTPOHCTBAX. DBOJBLUIMHCTBO BHEIIHUX 3apSAHBIX YCTPOMCTB
noctpoeHo Ha ocHoBe SMBus Level 3. K coxanenuro, ns-3za ciox-
HOCTH TaKHe 3apsiIHBIe YCTPOMCTBA IOYYaAIoTCS JOPOTMMHU.

Cpenyt pa3nTUYHBIX THIIOB pa3syMHBIX Garapeit nanbosee momy-
JIipHEI Gatapeu dopM-daktopor 35 u 202 (puc. 6.3), BITyCKaeMBIE
TaKMMHU KoMITaHuaMHU, Kak Sony, Hitachi, Golden Peak Batteries
(GP), Moltech (6wiBirast komnanust Energizer), Moli Energy u MHo-
TUMH OPYTUMH.

AxkkymynsaTopHbie 6arapeu ¢ SMBus uMeror u Hegoctatku. Jaxe
caMble MPOCTBIE U3 HUX MPUMEPHO Ha 25 % mopoxe OOBIYHBLIX GaTa-

Puc. 6.3. Smart-6arapen dopm-dakropos 35 u 202
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peit. Hecmotpst Ha TO, 4TO pasyMHble Gataper ObUIM NpelHa3HAYEHEB
JUISL TOTO, YTOOBI YIIPOCTUTh KOHCTPYKIIUIO 3apSAIHBIX YCTPOMCTB, 3a-
pSIIHBIE YCTPOWCTBA YpOBHS 3 CTOAT HAMHOTO JOPOXE 3apsIHBIX
YCTPOMCTB JUTST OOBLIYHBIX OaTapeid.

HUmeerca u emie omHa rpodsieMa — HEOOXOIUMOCTh KATHOPOBKU.
Heno B TOM, 4TO B mpoliecce 3KCITyaTauuu Oarapes Moxer paborars
MpU pa3NUYHBIX TOKAX HArpy3KW, U €€ pa3psii MOXET OBITh HETION-
HbIM. [IpH 3TOM YacTO NMPOMCXOAMT TaK, YTO OHA «3aTTOMMHAET» Te-
KyLLEe COCTOSHUE €MKOCTH, KOTOPOE HE COOTBETCTBYET pealbHOMY
3HayeHU0. [1o3ToMy mepuomMyecKM CledyeT <«INepeydmBaTh» Oara-
pero, I TOro YTOOBl OHa MNP ONpeAcieHU AITOPUTMA 3apAna ydu-
THIBAJIA CBOIO PEAJIbHYIO €MKOCTb. JlenmaeTca 3TO TyTeM BEITTOJIHEHHUS
HMKJIA [IOJIHOTO paspsifa ¢ MOCJHeyIOLIMM ITOJHBIM 3apsaoM. Ilepuo-
JAYHOCTHh TaKOH OMEpalMd — MNPHUMEPHO OIVH pa3 B TpPM Mecsua
win yepes kaxasie 40 nuknoB 3apan/paspaa. Takoil e muki cremy-
€T MPOBECTH U MOCJIE€ IIUTESIBHOTO XpaHEeHMUs OaTapey, iepen ee BBO-
IIOM B 3KCIUTyaTallHIO.

HepoctatkoM sBisieTcs W IpoOjieMa HECOBMECTHMMOCTU: Oojee
no3nHue u Oojee copepnleHHble Bepcuu SMBus HecoBmecTHMBI ¢
60Jice paHHUMHU BEPCUAMH.



lnasa 7
METO[bl PA3PAAA AKKYMYNATOPHbIX
BATAPEMH

HasHayeHue aKKyMyJsTOpHOU GatapeM — HakaIIMBaTh 3Hep-
TMI0, AJIS TOTO YTOOKI 3aTeM OTAABATh €€ B HArPY3Ky B TeUeHMe OIpe-
HNeNeHHOTO BpEMEHU M B OmpenieNieHHOM xohuuectse, C OnHOU cTO-
POHEBI OT Hee TpebyeTcs HAKATUIMBAaTh KaK MOXHO GOJblle SHEPTHH, a
¢ Apyroii ofecrieYuTh ee OTAa4Yy B HATPY3KY B TOM KOJIHYECTBE, KOTO-
poe Heobxoaumo. M elre ogHMM TpeGoBaHHEM K Heil ABJISETCS CIO-
COBHOCTh COXPAHATH HEPTHUIO 03 CYIECTBEHHBIX MOTEPh KAK MOX-
HO JOJbIIE B TOM ClIydae, ec/IM Harpy3ka OTKJIIOYeHa,

B 310i1 maBe Gyayr paccMOTPEHBI BOIIPOCH O TOM, KaK pasiiny-
Hble METOBI pa3psia aKKyMYJSATOPHBIX OaTtapeil BIMSAIOT Ha oGecrie-
YeHHE HATPY3KHM DEKTPOIHEPrueil, KaKoBH TpeGOBaHHMA K HATPY30Y-
HBEIM XapaKTEepUCTHKAM pPasTUUHBbIX YCTPOUCTB, AJA MUTAHUA KOTO-
PBIX MCITOJIB3YIOTCH aKKyMYJISATOpHBIE GaTapeu.

7.1. 3aBMCHMMOCTb TOKA Paspaaa OT eMKOCTH Batapenu

Toku 3apgna ¥ paspsna joboi akKyMyJIaTopHOI GaTapen u3Me-
psAoTCcS oTHOCHTeNbHO ee¢ eMKoctd C. TIpu 3TOM €MKOCTH ITOJ-
HOCTbIO 3apsDKeHHON OaTaped IpUHMMaeTcsa paBHOM 1 wiM, Kak
0o0BIYHO ee 06o3HauyawT, 1C. Ecau rosopgar o ToM, YTO TOK paspsina
Oatapeu paseH 1C, TO 3TO O03HAYaeT €ro YHCJIEHHOE PABEHCTBO 3asB-
JICHHOM NPOU3BOIHUTENIEM HOMHHAILHOI eMKoctH Oaraped. Hampwu-
Mep, €CIM eMKOCTh 6aTaped paBHa 1 A-4, TO TOK pa3psa, COOTBETCT-
Bylonmii 3nauenuio 1C, cocrasut 1 A. Eciu ke TOX paspsina coort-
BerctByeT 0,5C, To U1a maHHOM Garapen oH coctaBuT 0,5 A.

Ilo cyuecTBy, TEPMHH «€MKOCTh aKKyMYJIATOpa» O3Ha4aeT BeJIM-
YUHY TOKa pa3psia, MpH KOTOPOM HMONHOCTBIO 3apsLKEHHAsl aKKyMy-
JIATOpHasA OaTtapesi pa3psAOUTCs N0 HaIpsKeHus KOHIA pa3psia 3a
1 4. [TosToMy, 3Hast eMKOCTb aKKYMYJISITOPA 1 TOK HArpy3KH MOXXHO
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MPUMEPHO PACCUUTATH BpeMsi paboTHl HArpy3KH, €CIM €MKOCTh pas-
JIEeTUTh Ha TOK:

C
t=—.
IH

EMKOCTL 6aTapey OGBIYHO OTIPEAENSIOT TIPYU TTOMOIIU aHAIU3aTO-
pa Oarapeit, KOTOpBIii OTOOpaxaeT ee 3HayeHMe B mpoleHTax. Ha-
npumep, ecau Oarapess eMKocTeio 1000 MA-4 paspsKaeTcsi TOKOM
1000 MA 3a 1 4, To ee eMKocTh pasHa 100 %, a eciim IIpH TOM XKe
TOKE Harpy3ku oHa paspsauTtcs 3a 30 MUH, ee eMKOCTB COCTaBUT, CO-
orBeTcTBeHHO, 50 %. MHorma npu U3MEepeHUH eMKOCTH HOBBIX Oara-
pelt oHa coctasisieT 6onee 100 %, v 310 HopManbkHO. Takoe CIIy4daer-
¢s, KOraa MpOU3BOAUTENIb UCKYCCTBEHHO 3aHHXAET MAacHOPTHYIO €M-
kocTb. Hy, a noTpeGuTenp OT 3T0r0 He B YOBITKE!

Paspsixxas 6arapeto nmpy NOMOIIM aHaJIM3aTOpPa, KOTOPEIH IT03BO-
JII€T YCTAHABNMBATh PAa3IMYHblE 3HAYEHUs TOKA pa3psaaa, MOXHO 3a-
METHTh, UTO €TO [TOKa3aHUs BhIIIE FIPH TOKE pas3psiia MEHbLICH Belu-
guubl. [Ipu paspsne G6arapen eMkoctbio 1000 MA-4 ToxoM 2C (Mu
2000 MA) ananmu3aTop yepe3 30 MUH. MOKaXET 3HAYEHHE TIOJTHOM eM-~
KOCTU. TeopeTHyecKH, TIpH €€ Paspsiie MEHBIIMM TOKOM, T. €. NMpH
0ojiee IUTENIBHOM paspsiie, ero IoKa3aHUs MEHSThCI He JOJIXHEI.
OnHako ecnu Ty Xe 6atapero pasps:xkats TokoM 0,5C B TeyeHue 2 u,
aHAJIN3aTOP IMOKaXeT, YTo ee¢ eMKocTh coctasnger 103 %. Bto npo-
HUCXOOMT H3-33 PayIMYHON CKOPOCTH INMPOTEKAHUA XHMMHYECKHX TIPO-
1ieccoB B baTapee NMpu pasnUYHBIX TOKaX HAarpy3Ku.

Pasnuupe B oKa3aHHUAX aHAIH3aTOpa MPH pasiudYHbIX TOKAaxX Ha-
TPY3KU CHJIBHO 3aBHCHUT OT BEJIMMUHBI BHYTPEHHETO COIPOTHBIICHHS
Garapeu. i HOBBIX Garapeii ¢ Xopollleif Harpy3ouyHO# XapaKTepH-
CTHKOM ¥ MaJbIM BHYTPEHHUM CONPOTHUBJIEHUEM TaKoe pasiuyue co-
CTaBUT BCET'O JIMIUb HECKOJIBKO TIPOIEHTOB, a VIS CTAaphiX C BHICOKHM
BHYTPEHHHMM conpotubienueM — 10 % u Gonee.

Cy1iecTByeT BCero OOWH THII OaTapeif, eMKOCTb KOTOPBIX He W3-
MepsIeTCsl IPH TOKe paspsiaa, paBHOM 1C. DTo CBUHLIOBO-KMCIOTHBIE
Garapeu. s ompeneaeHus UX eMKOCTH MPOU3BOIUTENIH PEKOMEHIIY-
o1 paspsas TokoMm 0,05C B teyenme 20 4. [lpH TakoM MeLJIEHHOM
paspsiie TOYHO OMNpEACIUTh €MKOCTh OaTapeH HOBOJBHO TPYIHO.
Eciu Xe ONpeRe/aTh eMKOCTh CBHHLOBO-KHUCIOTHOM Oartapeu mpu
ToKe pa3psna 0,2C B TeyeHue 5 4, TO MOKa3aHUS aHATU3aTOpa OyIyT
fojiee HM3KUMM, YeM B IepBOM ciy4ae. YTOOBl KakK-TO IPHBECTH B
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MOPANOK BO3MOXHBIE PasHOYTEHHS] €MKOCTH, IPOM3BOAMTENM CAMHU
OTPENETSIOT TIPERENBI €€ BO3MOXHBIX OTKJIOHEHUI.

JIuTnii-nOHHBIE U MUTUH-TIOJIMMEPHbIE OaTaperd UMEIOT BCTPOEH-
HYIO 3alUUTy OT CWIBHBLIX TOKOB paspsga. B 3aBHCUMOCTH OT THIIA
OaTtapeH, BepXHUIi fIpeAes ToKa pa3psiaa onpenensiercss Ha ypoHe 1C
win 2C. W3-3a Hanu4us 3aliMThl JIUTUH-NOHHBIE 6aTaped He UCIO-
JIB3YIOT JUISI TTUTAaHUS MEAULIMHCKOTO OOOpYAOBAHHUS, SJEKTPOHUHCT-
PYMEHTa U MOIUHBIX pagHOCTAHIINM, — UISt UX TIUTAHUST TIPUMEHSIIOT
crapsie 1oOpHIe HUKEIb-KaAMHEeBEIE aKKyMY/ISITOpHbBIE DaTapeu.

7.2. TnybmHa pa3psaa

TunoBoe 3HaYeHUE HATPSKEHUS KOHIA pa3psiia HUKedb-KaIMH-
eBbIX Oarapeit coctasisger 1 B na snement. Takad BenuumHa Hanpa-
KEHMS CBUIAETENBCTBYET O TOM, YTO aKKyMyssiTop otaan 99 % cpoei
SHEPTrUM, W NPHU AadbHENIIEM pa3psine HAMPSXKeHUE OBICTPO CHU3UT-
cs pgo Hyns. Paspsgga Gatapen HuXe HaIpsDKeHUs KOHLIA paspsaa
Bcerna cienyeTr ui3beraTb, 0OCOOEHHO €CIM OHAa MHUTaeT MONIHYIO Ha-
IpY3KYy.

Hu B onHoit Oartapee >MeMeHTHI HE COIIACOBAHB HMAEAJIBHO.
MoXHO TOBOPHUTL JUIE O GONBLIEH MAM MCHBIICH CTENeHH UX CO-
rnacoBanus. Ecnu paspsin G6ataped OyaeT TIPOROJXATLCA TOCTe IO~
CTHXKCHMSI HATIPSKEHUS KOHUA paspsna, Ha Haubojiee «Cnabbix» ee
3JIEMEHTAaX MOXET ITPOM3ONTH MeperoioCOBKa HAINPSXKEHWS, TPYTH-
MM CIOBaMH, IUTIOC CTAHET MUHYCOM, a MHHYC — IUIocoM. M dyem
Oobllie 31eMEHTOB B 0aTapee COeIMHEHO TOCIeN0BaTeNbHO, TeEM 00-
JIBLIIE IHAHC, YTO 3TO CIYYUTCH.

IlepenomocoBKa 3J1eMEHTOB HUKENb-KaIMHEBHIX OaTapeil MOXeT
TPOUCXOAUTE NP CHUXEHWU HanpskeHUst Ha HuX MeHee 0,2 B. Tlpu
3TOM IEPEMNOIIOCOBKA MPOUCXOMUT HA aHoNE (T. €. MOTCHIIMA aHOAa
CTAaHOBUTCA HMXe MOTEHIMaMa Karoma). B TakoM COCTOSHMM 3jie-
MCHT MOXET HaXOAUTLCS HEAOMATo, IMOCKOJIBKY 3TOT MpOLECC CBA3aH
C BBIICJIEHUEM BOIOpPOIA vy aHoxa. I1o Mepe yBemmueHNs BHYTPHKOD-
MYCHOTO JABJIEHUSI HACTYIMUT MOMEHT NMPUHYAUTELHOM BEHTHIIAIINH,
U B pe3yibTaTe cpaboTaeT MNpeAoXpaHUTEeNbHBIN KkinamadH. OmHaKo
ecnu JaTbHEHIIHi pa3psn Gatapeu He OyleT ipexpallleH, MTPOU30ii-
JIET IEPEINoaOCcoBKa 00OMX €ro 3JIEKTPOJOB. Ee pe3yibTaToM cTaHeT
KOPOTKO€ 3aMbIKaHME 3JIEMEHTA (B 3aMKHYTOIl LIEMU K HeMy Oyaer
NPUIOXKEHO HAIPSDKEHUE OPYTHX BJIEMECHTOB aKKyMYJISITOpHOW Garta-
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pen). [TonoOHYI0 HEUCTIPABHOCTL MOXHO YCTPAHHUTDL TONBKO 3aMEHOM
Oartapeu Ha HoBylo. Crapas K JajdbHeHllel sKkcrmyaTaluyy Oyaer He-
MpUrogHa.

Tipu paspsane Garapeu, MOOKITIOYEHHOM K aHAIM3ATOPY €MKOCTH,
TOK pa3psiia KOHTPOJAUPYETCS UM aBTOMATWYeCKH, HE JIOTTyCKas BhI-
X0Ia ero 3HayeHHH 3a Oe3omnacHble npeneibl. Eciu Mpou3onneT mne-
pPEMONIOCOBKA 3JIECMEHTa BHYTpH 0OaTapeH, TOK pa3psla YMEHbBIIMTCSH
HACTOJIbKO, YTO €€ BBIXOAA M3 CTPOsSl He mpowm3oigeT. OmucaHHBI
BhillIe NMpoOOH OyHET BO3MOXEH TOABKO TOrma, Koraa Gartapes WUIu
OYeHb U3HONICHHAS, UJIK CTapasi.

Ecnu ToK pa3spsina npesbilliaeT 3HaueHUe 1C, HanpsxeHue KOHIla
paspsana 60NBITUHCTBA HUKEIb-KAaIMUEBbIX U HUKEJIb-MeTAITHIPUI -
HBIX Oarapeit cocrasnser 0,9 B Ha snement. IlpuunHoil sBisercs
TIOBBILIIEHHOE TIalcHNE HANPSDKeHUsT HA BHYTPEHHEM COMPOTUBJIEHUHT
3JieMeHTa, IIPOBONAX, YCTPOWCTBE 3alIUTHI M KOHTAKTax Oarapew.
KpomMme Toro, ycraHoBKa 0oJie€ HHU3KOTO HallpsKeHHsS KOHLA 3apsna
Ha 3jieMeHTe O00ecleyMBacT JYYINYIO paboTy Garaped NMpU HU3KHUX
TEMITepaTypax.

PexoMeHayeMoe HaNpsKEHUE KOHIA paspsafa TepMEeTUYHBIX
CBMHIIOBO-KUCJIOTHBIX 0aTtapeil mMpUHATO CYKMTATh paBHBIM 1,75 B Ha
ajleMeHT. Ecnu U1 HHUKETb-KAAMUEBBIX Oatapeil IpenrnoyTHTeNbHa
TUTOCKas KpUBAsl HAIpsSDKEHUS TP paspsioe, TPU paspsie CBUHIIO-
BO-KMCJIOTHBIX HaOII0facTcsl pe3KUil cram HanpskKeHUsl B Hadase
paspsiia M OBICTPHIN crag — B ero KoHue (puc. 7.1). XoTst Takoe xa-
paKTepHOe SIBJICHME CYUHTAETCS HEXOCTATKOM, ITO YPOBHIO Hampsxe-
HUS B IpoLeCCe pa3psiga MOXHO ONpEAeNUTh CTeneHb 3apsna Oara-
ped. OgHAKO TOKa3aHHUA HaINpsDKEHUS MEHSAIOTCA [P U3MCHECHUH
CONMPOTHUBJICHUSI HATPY3KM HACTOJBKO, YTO TOYHBEIM TaKOH Crocob
ofnpeneeHUs CTEIIEHH 3apsAna He Ha30BElIlb.

15 cCBUHIIOBO-KUCJIOTHBIX GaTapei cUUTaeTCst AOMYCTUMBIM:

« 150...200 uukioB mojHOTO paspsiaa (rybuna paspsana 100 %);

¢ 400...500 uuxios 50 % paspsana (ranyouna paspsna 50 %);

e 1000 u Gonee UMKIIOB YaCTHUYHOTO pa3psja (TIyOMHa paspsaa

30 %).

CnenyeT OTMETUTD, YTO B MPOLECCE HOPMANTbHON IKCIUTyaTaHUU
JOIMYCTUM pa3psAn Ha 60 % barapeil ¢ relleBbIM 3JICKTPONUTOM W Ha
80 % — ¢ XuaKHUM.

CBUHIIOBO-KMCIOTHBIE 6aTaped HeNb3s HU PaspsiKaTh OO YPOBHS
HanpsikeHust HUxe 1,75 B Ha aneMeHT, HU XpaHWUTb B Pa3psiKEHHOM
cocrositun. Ecau 3To TpebGoBaHME HApPYILUHMThL, TIPOU30MIET Cynbbha-
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Puc. 7.1. XapakTepucTuKu paspsifa HUKEAb-KaAMMUEBbIX
U CBHHLIOBO-KHCJIOTHBIX Oarapei

TAUMS TJIACTUH 3JIEMEHTOB GaTtapeu, U eciid Oarapes OyaeT Haxonu-
TbCS B pa3psSKEHHOM COCTOSSHUM HECKOJBKO AHEH, 3TO MpUBEHET K
€€ BBIXOOY U3 CTPOsI, HEMPUTOAHOCTH K JaJbHEHHICH SKCIUTyaTally.

HanpsixeHne xXoHIA pa3psifa IUTHH-MOHHBIX OaTapeil cocramisi-
eT 3 B Ha 3neMenT, a ;utg GaTapeif, B COCTaB KOTOPBIX BXOJIUT Mapra-
Hell U KoKC — 2,5 B Ha 3jeMeHT. T1ockojibKy Ha NpakTUKe TPYIHO
y3HaTh, UMEIOTCA JTU B COCTaBE GaTape 3T 3JIEMCHTHI, HANPAXEHUE
OTCEYKM B OOJBUIMHCTBE O0OpYIOBAHMSI YCTAHABJIMBAIOT PaBHBIM
3 B Ha sneMeHT GaTapeu IMUTAHUS.

He ciaepyer camiikoM CHWIBHO pa3psXaTb NTUTHH-UOHHBIE Oara-
PEU: UX pa3ps HUXE HaNpsKeHus 2,5 B Ha sjieMeHT IpuBeIeT K OT-
KIIOUEHHIO cXeMBl 3aiuThl. He Kaxnoe 3apsaHOE YCTPOHCTBO Crio-
COOHO 3apsiouTh GaTapelo, PaspsXEeHHYIO 10 TaKoH creneHu!

HexoTopble JTMTHII-HOHHBIE GaTape MMEIOT OYE€Hb HU3KOE Ha-
MpsiXEeHUe oTceyku — 1,5 B Ha 3meMeHT, o AOCTMXEHHHU KOTOPOTO
MPOUCXONUT UX OTKIMOYeHME. Takasg mMepa MPEsOCTOPOXHOCTH HpU-
BOIUT K HEIOMYLHEHHIO Nepe3apsaku 6arapeH, ec/M HalpsDKEHHe Ha
HEell MCHBLIE MHUHHMMAJIBHO HoiyctuMoro. CIHUINKOM ITyOOKMii ee
Pa3psi MPUBOAMT K 0Opa30oBaHUIO MEAHOIO LIYHTA, YTO MOXET TIpH-
BECTH K YACTHYHOMY WJIH OOIIEMY 3JeKTpUUYECKOMY 3aMBIKaHUIO. To
XKE CaMOe MOXET IPOM3OUTH, eC/IH K 3JIEMEHTY OymeT NpHIOXEHO
HampsokeHHe oO0paTHOM MONSAPHOCTH B TeUEHME HEKOTOPOro TpoMe-
XYTKa BPEMEHU.
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TToMHOCTBIO pa3spsKEHHYIO JUTHUII-MOHHYIO 6aTapeio MOXHO 3a-
panuTh TokoM 3apsnaa 0,1C. 3apsan Gatapeu, B KoTopoit copmupo-
BaJICA MEIHBIA LIYHT, TOKOM BeIWYMHONH 1C MpUBEAET K €€ pe3KoMy
HarpeBy. Takue GaTapeu ciemyeT W3bIMaTh U3 oOpallleHus.

CnviukoM mIyboKui paspsn 6aTaped TauTt B cebe euie omHy
npobneMy. Jleno B TOM, 4TO AO CHX TOP PaCCMaTPUBAIUCH BOIIPOCHI,
CBA3aHHLIE C pa3psnoM 6arapeit 6e3 yuyera BAMSIHUA Ha 3TOT IpOLECC
YCTpOMCTBa — NOTpPeOUTENST SHEPTMHM. A Belb IOPOT OTKIIOYEHUS
TMTAHWS MOPTATUBHOTO YCTPOMCTBA TIPH CHIDKEHHUH HaIIpsKeHUs Ga-
Taped OKa3bIBACT BaXXHOE BJIMSHHUE Ha CTETIEHb ee pa3psaga, 0CobeH-~
HO, €C/IM HanpsKeHHUE OTCEYKM Y3/la OTKJIIOUEHHUs OaTtapeu M Takoro
YCTPOMCTBA HE COTJIaCOBAHBL.

I{ndpossie yerpoiicTa aBaA0TCI 0COGEHHOM HArpy3koi mis ak-
KYMYJSITOpHEIX Oarapeil. MoMeHTaIbHash UMITYJIbCHAs Harpyska Mo-
XEeT MPUBECTH K pe3KOMY MalleHHIO HaIpsKeHUs Ha 6atapee, 3Haue-
HUE KOTOPOTO MOXeT Tepeceyb TpaHuny otcedkud. OcoOeHHO ya3BHu-~
MBI K TaKMM Harpy3kaM O0ataped ¢ OTHOCHUTEIHHO BBICOKHM
BHYTPEHHUM coONpoTURNeHUeM. Eciu Takyio 6atapero paspsaauTh Ipu
TIOMOIIM aHAJIM3ATOPa HA HArpy3Ky MOCTOSTHHOTO TOKa 10 HarpsoKe-
HMSI OTCEYKHU, TO OHa GyleT UMETh JOBOJILHO BBHICOKYIO OCTATOYHYIO
€MKOCTb.

O GonblIMHCTBA aKKyMYJISITOPHBIX Oatapeit 6onee npeanoyTu-
TENEH YaCTUYHBIN, HEXeJW MONHBIN pa3psaa. [ToBTOpSIOIMIACS MO~
HBII pa3psil NMPUBOOUT K CHUXEHUIO eMKocTh Oatapeu. HaubGornee
TNIPOTHBOMOKAa3aH TaKOH pa3psii CBUHLIOBO-KUCIOTHBIM OartapesM.
JIns OBRILLIEHMS UX YCTOMYWBOCTH K TIOCIIEACTBUSAM TIOMHOIO paspsi-
Ja B OTHCNBHBIX TUIAX TaKUX Oarapeil MpUMEHAIOT CrICLUaIbHEBIE XU-
MUUECcKHe 106aBKH.

I[Togo6HO CBHHIIOBO-KWMCIIOTHBIM, JIATUI-UOHHBIE ©Oaraped
«TIPEATIOYNTAIOT> pa3pal He Gosee yeM Ha 50 %. IIpu TakoM paspsane
HX pPecypc MOXET cocTasiare ao 1000 uuxinoB 3apsn/paspan. Kpome
pexMMa paspana, Ha Hero BIUAET M MPOLECC CTapeHUst, KOoTopblit ab-
COJIIOTHO HE 3aBHCHT OT TOTO, UCITONB3YeTCA OaTapess WM HAXOXUTCA
Ha XpaHEeHHH.

Ha pabGory HuKenb-KaIMHEBBIX Oatapeil MOBTOPsIIONINECS LIHKIIBI
MOJIHOTO pa3psiia OKa3plBAlOT He3HAYUTENIBHOE BIMSHuE. B 1IeIOM 33
CPOK CIIyKOBI OHM JIOTYCKAIOT HECKONBKO THICSIY IIMKJIOB 3apall/pas-
psan. WUMeHHO mosromy Gataped HaHHOTO THIMA HalLIM IUMPOKOE
NpPUMEHEHHE B KayecTBE WCTOYHMKOB IMMTaHMA pamuocTaHuuM U
3IeKTPOMHCTpYMeHTa. HuKeIb-MeTaIruapusbpe 6ataped B OTIH-
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YHE OT HUKENb-KAOIMUEBHIX He 00eCcneUMBanT OONBIIOrO KOJMNYecTBa |
UMKJIOB FITYOOKOTO pa3psia.

7.3. UmnynbcHBIM paspsag

M3-3a npoucxoasuiux B 6arapesx XWMHYECKUX MPOLECCOB, OHU
MMO-pa3HOMY pearnpyioT Ha pasiudHBIM xapakTep Harpy3ok. Toku
pa3psana MOTYT MMETh pasnUyHBIC 3HAYCHMS: HU3KME WIM YMEDEH-
Hble — JJIS OCBETUTCIBHBIX (pOHApEH, CpeaHUEe — ST SJEKTPOUHCT-
PYMEHTA, BHICOKHME MMITYJILCHOTO XapakTepa — Ui HudpoBOro KoM-
MYHUKaUUOHHOIO 060pYIOBaHMS, BBICOKME HEIPEPBHIBHBIE — IS
3JIEKTpOTpaHcropTa. B Oartapesix MpOHUCXOIAT XMMHYECKHE peaKLUU
MpeBpalleHUsT ONHUX BellleCTB B ApyrHe. CKOPOCTh UX MPOTEKAaHUS B
OCHOBHOM OIIpeieNiIeT Harpy304yHble XapaKTepUCTUKU Oarapeit. OHa
Bbillie B JUTUI-MOHHBIX, HUKENIb-KAJAMMEBBIX U HUKEJIb-METAJATHI-
PUIHBIX DaTapesx, HUXKe — B CBHHUOBO-KMCIOTHBIX. TlosToMy barta-
pey KaXIoro TUIa UMEIOT pa3HBIC Harpy304HbIe XapaKTepUCTUKU.

CBHMHIIOBO-KHCIIOTHBIE OaTapeu JIydilie BCero padoTaloT NpH
MenneHHoM 20-4acoBoM pa3spsiie. XOpolO OHU MEPEHOCAT U UMITY-
JIbCHBIW DPaspsifi, TIOCKOJIbKY MEXAY MMITYJIbCaMK Pa3psifHOTO TOKa
UMEIOTCSI TIPOMEXYTKM IUIA «OTHObIXa». [To Mepe MpuOIUXeHHsT TOKa
paspsna K 3HaueHH1I0 1C 3¢ (peKTUBHOCTh CBUHLIOBO-KHUCIIOTHBIX Oa-
Tapeil yxyauaercs.

PaznuuHpie MeTOOB paspsia aKKyMyJIsATOpHBIX Gartapeil mo-pas-
HOMY BJIMSIIOT HA CPOK MX CnyXObl. EClu HUKenb-KagMUEBBIC M JIU-
TUHA-HOHHBIC OaTaped Oojiee TeprUMbl K UMITYJILCHOMY pa3psany, TO
CPOK CJIYXObl HUKEIb-METAUITHAPUAHBIX Oarapeil, NMPUMEHSIEMBIX
IUTSL IUTaHUST UMBPOBOI HATPY3KH, CYIIECTBEHHO CHUXAETCS.

B xone u3yyeHHs BIUSIHUS XapakTepa Harpy3KM Ha CPOK CIIYKOBI
HUKENb-METAITMAPUAHBIX OaTapeil UIECHTUYHbIE TI0 TapaMeTpaM ba-
TapeH pa3psKalld Ha aHAJOTOBYIO M HHQPPOBYIO Harpy3ky. B oboux
CAy4Yasx paspsin OCYHIECTBIICH 10 HanpsokeHus 1,04 B Ha snemeHT.
Tok paspana TIpyU MUTAHUU aHAJIOTOBOI HArpy3ku cocrasasi 500 MA.
B kayectBe LIU(PPOBOI HAarpy3Kud ObBLT UCIIONB30BAH MOOWIBHBINA TE-
nedon cranaapra GSM, xoropbiii Ha nepenayy moTpebasn TOK HM-
MyJIbCaMHU BEIWYUHON 1,5 A, IUIMTeNBbHOCTBIO 567 MKC W 4acTOTOU
ciaenopanus 4,61 Mc. Tok, morpebisgeMblii B Imays3ax, COCTABJSLI
200 MA. DTO CTaHOAPTHHIN pPeXUM paboThl MOOMIBHOrO TenedoHa
craHgapra GSM Ha nepemauy (puc. 7.2).
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l 461 mMc
567 mkc

han® 1.5 A

1=200 MA

t

Puc. 7.2. ®opMa notpebnseMoro Toka MoOWIbHOro TenedoHa cranaapra GSM s pe-
XKHMMe nepeaauu

TIpu paGoTe Ha aHAJIOTOBYIO HArpy3Ky HHKeJNIb-METAUITHAPUIHAS
OaTtapest MokKasajia CpefHUE PE3YJIbTAThI 110 CPOKY CyxkObl. I1pn cHu-
XeHHH eMKocTH 10 80 % ee pecypc cocrasun 700 LIMKIIOB 3apsia/pas-
psn. Paborast Ha uMdpoByIO HArpy3Ky, OHa IOKa3aja COBEPLIEHHO
JIpyTHe pe3yibTathl. EMKOCTh GaTapen cHU3mwIach 10 80 % yxe depe3
300 nuknos 3apsa/pa3psa.

B obnacTH cpeAcTB NMONBUXXHOM CBS3M HAMETWIACh YCTOMYMUBAsK
TEHIEHLUA Tepexona OT aHAJIOTOBHIX CTAHAAPTOB K LUGpoBEIM. Ko-
JIMYECTBO TOJIBKO aOOHEHTOB MOOWIBHOHN cBsi3U cTtaHmapra GSM B
Poccuu nepemrarayno 14-MUJUTMOHHBIA MOPOT U MPONOJIXAET PacTH.
Kpome cranmapra GSM B Hauleii cTpaHe HMCIONb3YIOTCS U Ipyrue: B
cotoBoii cBsizm — CDMA, NMT-450i, DAMPS, B MHoOroImoJsip30Ba-
TEJIbCKUX CETSIX TPAHKOBOMH cBiA3u — Tetra. B 1abn. 7.1 mis cpaBHe-
HHUS TPUBEIEHBI HATPY30UHBIE XapaKTEPUCTHKH CPEACTB CBSI3U aHa-
JIOTOBBIX ¥ LIU(POBBIX CTAHIAPTOB.

Tabauya 7.1
PaguoctaHumm Mo6unbHbie Tenedorbt
XapakTepucTuku

06bluHbIE Tpaxkosbie (Tetra) GSM CDMA
Cranpapt BHANIOTOBLIA 11dpoBoI 1mdposoi | LmdpoBoi
FlkoB25 MOLOCTS NIEpesaIouIer 2.4 T3 1.2 02
YCTPOACTB], BT
MukoBwiA notpebnsiemsiit Tok, A po 1,5 1Tum3 1..25 0,7

JU1a nutaHuss MOOWIBHBIX Telle(DOHOB HCIIONB3YIOT aKKyMYyJIsi-
TOpPHBIE Oaraped HABYX THUIIOB: HUKEIb-MECTAUITUAPUIHBIE U JH-
TUI-HOHHBIe. Kakue xe U3 Hux Haubojee npennodyrutenbHsi? Hu-
KeJIb-MeTAUITHIPUIHBIE OaTapey, MOKa HOBBIE, UMEIOT IpEKpacHbIe
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xapakTepucTuku. OnHaxko yxe 4yepe3 300 UMKIOB 3apsn/paspsii OHN
HAYMHAIOT OBICTPO YXYMIIATBCS: CHUXAETCS €MKOCTh M yBeTUUnBaeT-
csl BHYTpeHHee conpoTuBiIeHHe. Kak 6bUIO OTMEUeHO B TINI. 2, UM,
KaK ¥ HHUKelb-KaIMHEeBBIM OatapesiM, cBOMCTBeHeH 3¢ deKT MmaMsITH,
XOTsI OH MeHee BhIpaxeH. [103TOMy HeoOXOmMMO XOTS Obl ONMH pa3
B MecCSIIl «TPEHUpOBaTh» 0aTapeio: MOJHOCTBIO paspsiuTh, a 3aTeM
CHOBa HeMeUIEHHO 3apsanTh. DTO He N00aBiseT YIoGCTB MONIb30Ba-
TENMIO COTOBOU CBA3U. Heb3st oCTaB/STh HUKETb-METAITHAPUIHEIE
OaTapeM Ha UIMTEIBHOE BpEMS IOAKIIOYEHHBIMH X 3apsIHOMY
YCTPOMCTBY.

B oTiinuune oT HUX, JTUTUI-UOHHbBIE AKKYMYJISITOPE UMEIOT GoJiee
BBICOKYIO SHEPTeTHYECKYIO FUIOTHOCTh, MEHBIIINE Ta0apUTEL M BEC, HE
TpeOYIOT TIPOBeIeHUs] KOHTPOJBbHO-TPEHHPOBOYHBIX IUKJIOB IUIST BOC~
CTAaHOBIICHHSI €MKOCTU. 1A HUX HE TpedyeTcsl pexXuM CTpYHHOI
MOA3apsIIKU, TIO3TOMY OHM MOTYT OBITh MOAKIIOYEHBI K 3apSAIHOMY
YCTPOUCTBY CKONb yrofaHo nojro. OAHAaKO JUTHI-WOHHEBIE Garapen
MOABEPXKEHBI CTAPEHUIO HE3aBUCUMO OT TOTO, MCIIONB3YIOTCS IH OHU
WIM HaxonaTcs Ha xpaHeHuu. M3 1abn. 7.2 BUAHO, YTO I MMUTAHUS
MOOMJIBHBIX TeJie)OHOB OHHM MPEATIOUTHTENbHEE HUKEIb-METAJUITHI -
puaHbIX. [MaBHOE 3/iech — MNpPHM ITOKYNKE NPOBEPUTH AATy BBIMYCKa
JIMTUH-MOHHOTO aKKyMyJsiTopa (CM. NMPUJIOXCHHUA), KOTopas, K CO-
XaJeHHIO, SIBHO He ykasbiBaeTcsl. OHa Koaupyercst 6yKBeHHO-II(D-
POBBIM KOJIOM.

Tabauya 7.2
Tun Garapen
Xapakrepuctiuxa
Nvii-wotiHas, 3,6 B | Hukenb-merannruppuaHas, 3,6 8
3HepreTMyeckasl NIOTHOCTL, Br-y/fan. 6,5 55
CpeaHee 3Ha4eHve BHYTPEHHEro conpoTuene- 150...250 200...300
Hus, MOM
Camopaspsa B Mecsill, % 10 30
MaxcumanbHbIRA Cpok cyxBbl 2 ropa vnu 500 umknos 500 uyknos

EMKOCTh aKKyMyJSITOPHBIX OaTapeit st MOOMIBHBHIX TenehOHOB
coctasiger 500...800 A-4. DTo 3HAYUT, YTO PA3PAOHBIA TOK MOXET
JocTurath BenmuuuHbel 3C, T. e. TpexkpaTHOH eMkocTH. OcoBeHHO-
CTBIO pabOTHI MOOHMIBLHBIX TeNe(OHOB SIBJISIETCS TO, YTO OHM BCErna
paboTaloT MUHUMAJILHO HEOOXOOUMOIl MOIITHOCTBIO. JIpyruMH ClIoBa-
MH, €CIM abOHEHT HaXOOWTCS HeNaleKo OT 0a30Boi CTaHIMH, 3Ta
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MOIIHOCTb MaJjla, a €CJIM Ha TNpedelbHOM pPacCTOSIHUM, — TO OHa
MaKCHMallbHa. AMNTIapar caM IOACTPauBaeT YPOBEHBb BBIXOMHOMN MOLiI-
HOCTU B 3aBUCHUMOCTH OT CWJIBI IIPMHAMAEMOTO CUTHAJIA U JENIacT 3T0
ctyrieHsMu. OTciona BEIBOABL Pa3psIHBI TOK aKKyMYJISITOpa MOXET
JocTUraTh 3HayeHuA 3C Npu HauXyAIIMX YCIIOBHMSX CBSI3U; BpeMs He-
TIpepPHIBHON paGoThl MOOUJIBLHOTO TenedOHa B peXUMe pasroBopa —
BeJIMYMHA oTHOcUTeNnbHas. Ha puc. 7.3 1 7.4 npencraBieHH pa3psii-
HblEe XapaKTepUCTHKU HHWKeNb-MeTAITHIPHIHBIX U JIMTHI-HOHHBIX
aKKyMYJISITOPOB NMpM 3HaueHUsX Toka paspsana 1C, 2C u 3C.

Kosey paspaga
0 30 60 90 120 Bpemsa, Mun

Puc. 7.3. Pa3psiaHble XapaKTepUCTUKHM HUKEJb-METAUITHIPUAHONK 6aTaped MOOGWILHO-
ro TenedoHa

Koney paspsina
0 40 80 100 Bpems, M

Puc. 7.4. Pa3psiaHble XapakKTepUCTUKHU JTUTUH-UOHHON OaTaped MOOWIbLHOro TenedoHa

7.4. Pa3psa NpH HU3KMX M BbICOKMX Temneparypax

Jlyyiie Bcero Gatapeu (PyHKLMOHMPYIOT ITPH KOMHATHOW TEMIIE-
patype. PaboTra npu MOBBIILIEHHON TEMIIEPATYPe OKPyXalolueni Cpeanl
TIPUBOIUT K CYILECTBEHHOMY COKpAlllEHHI0 CpOKa HX CIyXOBbl.
B ycioBusAX BBICOKMX TEMIIEPaTYp YJIYYIUAIOTCsl XapaKTePUCTHUKHY JIU-
TUI-UOHHBIX OaTapei: IMOBBILIEHHBIE TEMIIEPATypBl BPEMEHHO Ipe-
MATCTBYIOT CHMXKEHHIO MX BHYTPCHHETO CONPOTUBJIEHUS, KOTOpOE
SIBJIAETCA pe3yiabTaToM cTapeHus. OZHAaKo Takoe OJlaro KpaTkoBpe-
MEHHO, T. K. MOBHIIIEHHbBIE TeMIIepaTypbl OOHOBPEMEHHO CIIOCOOCT-
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BYIOT YCKOPEHUIO IIPOLIECCOB CTAPCHUS U JANbHEUILETOo YBEIHYEHUs '
BHYTPEHHETO COTIPOTUBAEHMA.

N3 Becex TUMoB Oarapeil UCKIIIOUEHUEM SIBJISIIOTCSI JIMTHUIA-TIONM-
MepHBIe 0araped ¢ CyXHUM 3JIeKTpoiUTOM. YeMm BpIlIe TeMIepartypa
OKPYXAIOWICH CPeAbl, TEM JIyYllle B HUX MPOUCXOASAT UOHOOOMEHHBIE
npoueccsl. Takue GaTapeu ycToituuBo paboTaloT npu TeMIlepaTypax
60...100 °C. OHM HauUTU IUPOKOE TIPUMEHEHNE B CTPaHaX € XXapKUM
KIuMaToM. YacTo KOHCTpYKLIMS JTHTUH-TTOIMMEPHBIX OaTapei mpeny-
CMAaTpPHMBAET CHUCTEMY BHYTPeHHEro IIoIorpeBa, paboTa KOTOPO#H
OCHOBAaHA Ha IPUHLMIIE HAKOIUIEHUS TEIUIA, BBUACISIONIETOCS ITPU
NMUTaHUM Harpy3kd. Kopmyc takux Garapeit uMeeT XOpollUyo Tellio-
WU30JISILMIO [UIS1 CHUXKEHUs TIOTepb Tea. YacTo B CTpaHax € XKapKum
KJIMMATOM B UCTOYHUKAX PEe3epPBHOTO 3JIEKTPOIMUTAHMS BMECTO CBUH-
LIOBO-KUCJIOTHBIX OaTapeil UCIOMB3YIOT JUTUIi-IoNuMepHble. EauH-
CTBEHHOE, 4TO CAEPXMUBAET MPUMEHEHUE TOCIECIHUX — HX BBICOKAs
LICHA. :
Cpox cnyx0bl HUKENb-METAUITHAPUAHBIX OaTapeil npu padoTe B
YCJIOBUSIX BBICOKMX TEMIIEpaTyp CYLUIECTBEHHO HHUXE, YeM IIPU HOp-
MaJibHOU TeMreparype. ONTHMaIbHOH Wit uX paboOTHl CUMTaeTCs
temrneparypa 20 °C. Hepuonudeckue 3apsn U pas3psii Takux Oarapei
TIpU BBICOKUX TEMITepaTypaxX NPUBOIUT K HEOOPAaTUMOMY CYILIECTBEH-
HOMY CHWXEHMIO X eMKocTH. Hanmpumep, mipu paboTe B YCIOBUSIX
30-rpanyCHOM Xapbl CPOK MX CIIyXObI cokpaTtutcs Ha 20 %, mpH TeM-
meparype 40 °C — Ha 40 %, a npu 45 °C — yxe Ha 50 %. Hu-
KeJib-KaJMUEBble OaTaper ToXe «He JIIO0ST» BBICOKUX TEMITepaTyp,
HO 3TO CBOMCTBO Y HMX BEIPaX€HO HE CTOJIb SIPKO.

Ilpu paboTe B yCIOBUSIX HH3KHX TEMIEpaTyp eMKOCTb OaTapei
CYLIECTBEHHO cHUxaeTcda. [Ipu temnepatype —20 °C HHUKENb-METa-
JITUAPUIHBIE, TEPMETUYHBIE CBUHLIOBO-KUCJIOTHBIE C TEJIEBBIM 3JIEKT-
PONUTOM U NUTUI-UOHHEIE OaTaped IpekpamanT (GYHKUWOHUPO-
BaTh, a4 BOT HUKeEJIb-KaJAMHEBLIE 6aTapen MOIyT paboTaTh NP TEMIIE-
patypax BIoTh A0 —40 °C, omHako TOK pa3psma TpH 3TOM He
nomxkeH npesbiiaTh 0,2C npu S-yacoBoM paspsnme. B Hacrosuiee
BpeMs CO3JaHbl JUTUI-UOHHBLIE OaTtape, CrOCOOHBIE paboTaTh HpH
teMmneparypax g0 —40 °C.

He cnenyet 3ab6BIBaTh 0 TOM, YTO €CU aKKyMYJsITOpHasl Garapest
paboTaeT B YCIOBUAX HA3KHMX TEMIIEPATYpP, TO 3TO COBCEM HE 3HAYMT,
YTO M 3apsXKaTh € MOXHO B Takux ycioBusx. [Ipu HU3KOH TeMIepa-
Type €€ CIIOCOOHOCTb HaKaluIMBaTh 3JICKTPUYECKUI 3apsl pe3Ko
cHKaercd. st Toro 4roGhl 3apsiIMTh aKKyMYJIATOPHYIO OaTapero,
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HEOOXOAMMO, KaK MHHHMYM, 4TOOBbl ee TeMIieparypa Oblia Bbille
TeMITepaTyphl 3aMep3aHHs 3MeKTpoauTa. [Ipn Oosee HU3KUX TeMIle-
paTypax BO3MOXHa TOA3apSIKa TOJbKO HUKENb-KaAMHUEBbIX Oarapei
TOKOM 3apsina BeJMyuHou He Gojee 0,1C.

7.5. NpuHumnel pacyeta batapes

HcxonHbIMU BeIMUMHAMM U pacyeTa OaTapeu ABJISETCA Hanpsi-
KEHME U TOK HArpy3Kku, a TakXKe BpeMs €€ pabOThl OT aKKyMYJSTOp-
HOil Gatapen. HeobxoaguMoe HampskeHUEe aKKyMYJIITOpHOH 6arapeu
JIOJDXHO COOTBETCTBOBATh HANPAXEHWIO MUTAaHUA Harpysku. Komuye-
CTBO 3JIEMEHTOB 0aTapey pacCUMTHIBAIOT 1O opMyJie:

Uy

N =1
UE)J]

roe Uy, — HanpsbkeHue Harpysku; U,; — HalpsoKeHUE 3apsoKeHHOTO
3JieMeHTa 0aTapeu, KoTopoe cocrtapiaseT 1,2 B mns HuKenb-kaamue-
BBIX U HUKEIb-METAJUITUIPUIHBIX, 2,1 B — 1151 CBMHIIOBO-KMCIOT-
HBIX ¥ 3,6 B — Wia AuTHiI-MOHHBIX aKKyMYJISTOPOB.

HMHorma MOILHOCTh HArpy3KH BBIPAXaeTcsl B BOJBT-aMIepax
(BA). B 3TOM cnyyae HEeUCTBUTENbHYIO MOIIHOCTH MOXHO PacCuM-
Tath 10 dopmyIe:

P
o i

ITpu BeIGOpe eMKOCTH 6Garaped CieayeT YYWUTBIBATb TUIT Harpys-
KU, peXUM paboThI GaTaper M BpeMsl HeNpepsIBHONU pabOoTHI MpH TTH-
TAHUU HATPY3KHM OT TOJHOCTBIO 3apsskeHHON Oarapeu. Hampumep,
U1 TIMTAHUS 2JIEKTPUYECKOro (PoHaps, JaMIlouKa KOTOpOro Ha Ha-
npsokeHune 3,6 B morpe6nsier Tok 200 MA MOXHO HCIIOJIL30BATh HHU-
KeNb-KaAMUEBBIE WIM HUKEIb-METAUITUAPUAHBIE TUIIOPAa3MEPOB
AAA, AA, C, D. Ecnu HCconb30BaTh TPU aKKyMYJSITOpPA TUITOpa3Me-
pa D, obecnieynBarolie mMpy MOCNeN0BATEIbHOM BKJIIOUYEHUN HaTIpsi-
xeHue 3,6 B 1 umeromme eMkocTh 1,8 A4, TO BpeMsl HENpephIBHOM
paboTsl ¢poHAps COCTABUT:

1,8

t= = .
02 9 (1)
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B naHHOM cilyyae Ha MEepBEIN B3NN HE YUYUTHIBACTCH, YTO JIAM-
rnoyka B ¢oHape, HanpuMep, HE OymeT CBETUTb IPH HAlPSKEHUHU
MeHee 2,5 B. OnHako 3T0 He coBceM Tak. braroaapst modTH IIOCKOi
KPUBOH pa3psiia HHKelb-KaIMHEBBIX aKKyMyJIATOpPOB (pHc. 7.5) B
JaHHOM CJIydyae CHMXXEHHEM eMKOCTH JI0 Tiopora, Ipd KOTOpOM
YCTPOMCTBO IpekpalliaeT paborarh, MOXHO MpeHeOpeYb.

Hanpsaxenre, B

038+
0 20 40 60 80 100 120 Bpems,

Puc. 7.5. Pa3psiaHasi XapakTepHCTHKA HHUKEJb-KaAMUEBOTO aKKyMyJsiTopa

IIpy UCMONB30BAHUM CBHHIIOBO-KHMCJIOTHOH 0ataped B UCTOYHM-
Ke GecriepeOoHOro NMUTaHUS TIePCOHATBHOIO KOMITBIOTEPA YYUTHIBA-
JOT MOIIHOCTb Harpy3ku U BpeMms ee paborei or MUBIL. Yaunie Bcero
Harpy3ka TpencTaBiseT coBoil cHUCTeMHBIH OIOK KOMITBIOTEPA MOIIL-
Hocteio 200...300 Bt u Moumrtop, morpebiasiomwuit 130...250 Br.
Bpemsa HenpepoiBHO# paGotei UBIT gomxHo cocrapiars S...15 MUH.
Taxkoe BpeMst BBIOMPAIOT 11 TOTO, YTOOBI ITPH TIPOIIAJaHUM HaIpsi-
JKEHHS CETH NMEePEeMEHHOT0 TOKa MOXHO OBUIO KOPPEKTHO 3aBEDLIUTH
paboTy U BHIKIIOUMTH KOMIBIOTEP, a TAKXKE 3aLIUTHUTH €ro oT cboes
NpU KPaTKOBPEMEHHOM TIPOIMMAJaHUM HANpPSXEHUS CETH WIH €ro
ckaukax. KpoMe akkymynaropos MBII momxeH nMeTh O6510K Mpeob-
pasoBareNid HanpsKeHUE TIOCTOSSHHOrO Toka 6...12 B B HanpsixeHue
nepemeHHoro Toka 220 B (DC/AC mnpeoGpa3oBaTenb), 3apsiHOe
YCTPOMCTBO Ui TOA3apsaku Garaped npH paboTe B PEXUME XOJiO-
CTOTO XONa U CXEeMY YIIpaBJIEHHsI, KOTopas o6eCreyuBaeT MrHOBEH-
HO€ TepEKITIOYeHUE Harpy3KH Ha pe3epBHBIN UCTOYHUK MUTAHUS IIPU
MpoNaJaHNX HAIPSXCHUS OCHOBHOIO MCTOYHHMKa. M3 aTux Tpeboba-
HMII BUAHO, 4TO €MKOCTh akKymynasatopoB Wi MbBII Hebonbuioit
MOITHOCTH MOXET OBITh HEBBICOKOM.

[Ipy HeOBXOIMMOCTH TOMYYNTh TpebyeMoe HaNpAXeHHEe HArpy3-
KU aKKyMYJISATOPBI MAK aKKYMYASTOPHBIE GaTapeyl COeAUHSIOT 1ocne-
noBaTtenbHO (puc. 7.6). IIpyu TakoM coeqMHEHWM HalpskeHue Gara-
peH paBHO CyMME HAMpPSIKECHHI BCEX ee 3JIEMEHTOB, & EMKOCTh COOT-
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BETCTBYET €MKOCTH OTHOTO aKKyMyJsaropa
win Gatapeu. EcTecTBeHHO, 4TO BCe aKKy-
MYJIATOPH TIPH COCIWHEHHH MX B Oarapero
JOJDKHBI OBITh OAHOTHITHBIMH, MMETH OIM-
H4KOBYIO €MKOCTDb U, XeJaTe/IbHO, ATy BBI-

TycKa.

anemenm vu1M Garapeu

—4M*I—

Ul+U2+U3
C C1=C2=C3
Puc. 7.6. Tlocnenosarens-
HOE COCHMHEHME aKKyMy-
JATOpOB B GaTapeio

IIpu HeobxoaumMocTH AOOUTBECS Tpebye-
MOH €MKOCTH, aKKyMYJISITOPEI WJIM Oarapeu
aKKyMYJIITOPOB COEAMHSIIOT B Oarapelo ma-

1
—

panensHo (puc. 7.7). Ilpu atoM ee oblas }'}'
€MKOCTh paBHa CyMME €MKOCTeM BCeX TMa- —+—ilip *
paIeNnbHBIX BeTBei. I TOro ytrobnl MCK- L_,h“h
JIOYUTHh OTPULATENBHOE BIHWSHHUE BeTBel v

=C1+C2+C3

Ha a, WUCIOJIB3YIOT Pa3BS3bIBAIO-

ADYT Apyra, yioT p Puc. 7.7. TMapawrensHoe

e THOABI KaK 110 LECIIH 3apsna, Tak U IO

COCIMHEHHE aKKyMYJIsSITOp-
1lenu Harpy3ku (puc. 7.8).

HBIX Oatapeii

1

Puc. 7.8. Pa3Bsizka BeTBeil aKKyMyJIATOPHOM GaTaped Npy MOMOIUM AHCAOB

ITpu rronGope MTHOAOB CIEAYET YIUTHIBATD, YTO MIPSIMOi TOK THO-
JOB B 1IeNH 3apsiia HOJKEH OHITh HEe MeHee MaKCHMAalbHO BO3MOXK-
HOTO TOKa 3apsiia BeTBH GaTapeu, a MpsAMOM TOK TUOAOB B IIEMHU pas-
psiia — He MEHEE MaKCHMAIBLHOIO TOKAa Harpy3ku. O6paTHoe Hampsi-
KEeHME IUOAOB AOMKHO MMETh BEJIMUMHY He MeHee 1,5 - Uj,.

KonnyecTBo Mapa/ulebHBIX BETBeH aKKyMYASITOPHBLIX Oarapei,
00BEIUHSAEMBIX B CHCTEMY MHTaHUsl, OrPaHUYEHO, M UeM OOJblle B
BETBM KOJIMYECTBO ITOCICIOBATEIEHO COeIMHEHHBIX 6aTapeil, TeM Me-
HbIIIe TTApaJUIEBHBIX COENMHEHNHN momyckaercs (Tabi. 7.3).

IIpy HeoOXOOAMMOCTU pacyeTa MOIIHOTO MCTOYHMKA pe3epBHOrO
NMTAaHHUS MCXOAHBIMM BEJIWYMHAMM IS pacyeTra SIBJASIOTCS: MOL-
HOCTb Harpy3Ku, BpeMsi pe3epBa (aBTOHOMHOTO ITMTaHHsl), HaNIpsXe-
HHUE Harpy3KH, HanpspkKeHUe KOHLIAa paspsina Oarapeu. Hanpumep,
HeoOXOOIUMO pacCYMTaTh MapaMeTphl 6aTapey I Harpy3ku MOILUHO-
cTbi0 3,3 kBT, TpeGyronieit 30-MUHYTHOrO pe3epBa U paGoTaoluel OT
ACTOYHUKA HanpsxenueMm 204...268 B.
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Tabauya 7.3
Hanpsxenme cuctemul nuTa- | JlonycTmoe KoAM4ecTso na- OBiuee KOMYECTBO UCNONL3YeMbIX
Hua, B pannentHbiX BETBEM 12-8onbT108bIX Gatapeit

12 12...16 12..16

24 10...12 20..24

48 8..10 32..40

120 6.8 60...80

240 4.6 80...120

360 4.6 120...180

480 4 160

ITopsaok pacueta CleayroIHit:
1. PaccunthiBaeM HEOOXOAMMOE KOJIMYECTBO 3JIEMEHTOB:

N = Usa _ 268 _ 120,17 wm oxkpyrnenno — 120.

U, 233

2. IlpunumaeM pelueHHe, Kakue Oyoku (barapen) GymeM HcCIo-
nb30BaTh. BuiGop — 3- Miau 6-snmeMeHTHble OGaraped Ha 6 WM
12 B cOOTBeTCTBEHHO. bylneM HCHoNb30BaTh 12-BOJBTOBBIE OJIOKU
(6atapen). Ux HeoOX0OHUMOE KOJIUYECTBO COCTABUT:

N 120

N = =—=20.
bil N 6

.61

3. PaccuurniBacMm HanmpsKCHUE KOHLa pa3psana 3JIEMCHTA:

U — UMMHAGBT _ 204 (B)
TN 1200
4. PaccyutbiBaeM eMKOCTh Oarapen. ns storo mo Tabm. 7.3
ompenenseM kKo3gduuuedT K U pacCUUTHIBAEM EMKOCTL 1o ¢op-

MyJIe:

_ Pure _ 5300

- = 23,56 (A-u).
N-K 1201872

5. I1o pesyneTraTaM pacyeToB BhIOMpaeM TUTl Gatapen. OHa noj-
Kiia ObTh 12-BONIBTOBO#M Ha eMKOCTh 24 A-4. Beero ucnonbayem 120
TaKkuXx Oatapeil, coeAMHEHHEIX TTOCIEA0BATENbHO.
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OTO YNpPOIEHHBIII BapMAHT pacuera. JIOMOJIHUTENBHBIE TONPaB-
KH MOTYT NIOTpebOBaThcs, €CNM GaTapesi OyaeT paborarh IpHU TeMile-
paType, OTJIMYAOLICHCS OT KOMHATHOH MJM B LIMPOKOM IHAMa30oHE
TeMilepaTyp. EMKOCTD aKKyMyISITOPOB OT TeMIIEpaTypHl 3aBUCUT He-
JnvHeHo. Ha puc. 7.9 mpuBeneHbl XapakTepUCTHKM TaKOH 3aBUCH-
MOCTU [JISI CBUHIIOBO-KHUCJIOTHBIX aKKyMYJSTOpoB. ISl cpaBHeHUs
TaM Xe H300pakeHa XapakTepUCTHKA 3aBUCHUMOCTH €MKOCTH HHU-
KeJlb-KaIMHEBBLIX aKKYMYJISITOPOB.

Tabauya 7.4

Hanps- BennunHa koapdmumenTa K npu BpeMeHu peaepsa (aBTOHOMHON paboTe)
XeHue

KOHUa | 5 [ 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 60

4 249 1 34 | 5y
paBs/pﬂna, MR ) MRH | MWH | MR | vl | ve | MM | M | mvs | e
0.

1,60 |[54213,884 3,074 | 2,554 [2,211 1,943 |1,767| 1,621 | 1,490 | 1,201 | 0,721 0,524 | 0,346
1,63 15,303|3,864 | 3,016 | 2,533 {2,191 1,938 | 1,747|1,6111,471| 1,198 10,716 | 0,521 0,343
1,65 (5,268 3,806 | 2,984 | 2,513 (2,178 |1,914|1,748| 1,602 ( 1,458 | 1,194 |0,713| 0,518 | 0,341
1,67 |5,173|3,140 (2,952 | 2,503 | 2,159 1,895 1,728 1,589 | 1,445 1,186 (0,708 | 0,515 | 0,339
1,69 |5,056]3,712| 2,922 | 2,477 12,128 | 1,881|1,705| 1,580 | 1,432} 1,174 0,704 | 0,513 | 0,337
1,70 |4,945|3,632 | 2,907 | 2,467 | 2,116 1,872|1,702; 1,567 | 1,422 | 1,171 0,700 {0,511 0,335
1,75 14,692}3,551 282212372 2,048 1,819)1,648) 1,517 11,373 1,151 10,682 ) 0,496 ) 0,326
1,80 [4,493|3,389 | 2,559 | 2,272 | 1,964 | 1,754 | 1,579| 1,444 (1,318 1,086 | 0,658 | 0,478 | 0,314
1,85 14,130, 3,163 | 2,526 | 2,144 1 1,857 | 1,655|1,482) 1,350 | 1,240 | 1,023 | 0,622 | 0,459 | 0,300

120 -
110
o§ 100
5 90 ] /
= Py
§ 80 L CBHHLOBO-KACNOTHBIE aKKYMYNATOPbI
3aKPLITOr0 TNA
i /( ———F—
60 /// T epMETUINPOBAHHLIE CBUHLIOBO-KUCNOTHBIE
MYNATO
w y T pul T T
50 Huxenb-kafMuessie a«xyMynnropuﬂ
[T T T T

-20 -10 0 10 20 30 40 50 60 Tewmneparypa, °C

Puc. 7.9. 3aBHCUMOCTE OTIaBAEMOH aKKYMYJIATOPAMU €EMKOCTH OT TeMIlepaTyphl



FnaBsa 8
CXEMOTEXHUKA 3APSAHbIX YCTPOUCTB

8.1. O6wme NpMHUMNLI NOCTPOEGHMS 3aPSAAHbIX YCTPOMHCTB

Ecnu paccMaTtpuBaTh 3apsigHbBIE YCTPOMCTBA, HE YYWTHIBAs THUIIA
AKKYMYJIITOPOB WITH aKKYMYIISITOPHBIX GaTapeit, IJid 3apgJa KOTOPBIX
OHH HpefHa3Ha4YeHBI, WIS HUX MOXHO chopMUpoBaTh oblIUe Tpebo-
BaHUS.

e MCTOYHWK ITMTAHMS 3apsSTHOTO YCTPOWCTBA NOJKEH obecrneyu-

BaThb JOCTATOYHBIE BHIXOAHBIE HAIPSKEHHE U TOK; '

e 3apsiTHOE YCTPOMCTBO JOJKHO 0O0ECHEYHMBATH PYYHYIO YCTa-
HOBKY WIM aBTOMAaTHYECKYI0 PpETyJUPOBKY HallpSKEHHUS U
TOKA 3apsifia; A1 HEKOTOPBIX TUIIOB aKKyMY/ISATOPOB UX 3Haye-
HHS TOMKHBI OBITh CTaOMIM3UPOBAHBI B IIpeAeax JONYCKOB;

e 3BTOMATHYECKUE 3apPSIAHBIE YCTPOMCTBA MOJGKHBL UMETh OCHOB-
HY10 U OyONHpYIOIIME CXeMBI OTKIIIOYCHMs1 OaTapey I10 OKOH-
YaHUM 3apsIa;

e JOXHBE OBITH IIPEAYCMOTPEHBI YCTPOMCTBA 3aIIMTHI OT KOPOT-
KOTO 3aMBIKaHMSs, Neperpesa akKKyMyJISITOpHOU OaTapeu.

TlocTpoeHHe cXeMBbI TPOCTEHIIETO 3apsAHOTO YCTPOWCTBA 3aBU-
CUT OT NPHMHIUIIOB 3apsAla, KOTOPHIX, B OO0lleM, [[Ba: OrpaHUYEeHUE
TOKa 3apsla U orpaHWYeHHE HaIpsKeHUs 3apsna. [IpuHIuMI 3apsna
C OrpaHHYEHHUEM €r0 TOKA MMPUMEHSETCS MPH 3apsale HUKENb-KaaMU-
€BBIX M HUKCIb-METAIUITHMAPUAHBIX aKKyMYJISTOpPOB, a NMPUHIMI C
OrpaHNYcHUEM HaNpsLKeHUs 3apsia — IIpH 3apsjie CBUHLIOBO-KHC-
JIOTHBIX Y JINTUI-HOHHBIX aKKYMYJISITOPOB.

Ha puc. 8.1 uzobpakeHa cxeMa IpocTeifiero ycTpoicTsa mis
3apsiia HAKeNb-KaIMUEBBIX H HHUKEJIb-METAUITHAPUIHBIX aKKyMYJIs-
TopoB. OHO COCTOMT U3 UCTOYHMKA ITUTAHUS, HAIPUMEDP, CETEBOrO U
peocrara, TIpU ITOMOLIM KOTOPOTO BBICTABISIETCS HAYaIBHBIM TOK 3a-
psifa. BuIxomHOe HamnpsokeHHe MCTOYHUKA HNOJDKHO TIpeBHINIATh Ha
HECKOJIbKO BOJBT HAMpsDKeHUE aKKyMyJATOPDHOM Oarapew, a Joryc-
THUMBII TOK Harpy3Kku JIOJDKeH OBITh HE MEHEE HayalbHOTO TOKA 3aps-
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Puc. 8.1. IpocrTeitilee YCTpOHCTBO AN 3apsAaa HUKEb-KAIMHEBBIX
M HHKEJIb-METALITHAPUAHBIX aKKYMYJIATOPOB

na. TaiiMep B 3T0i1 cxeMe SIBJISIETCS BCTIOMOTaTeJIbHBIM YCTPOHCTBOM,
MpeIHA3HAYECHHBIM Ul TIpeKpallleHus 3apsaa 10 MUCTEYeHUH 3alaH-
Horo BpeMeHu (6...8 u). Tok 3apsza HHUKENb-KaJIMHEBBIX U HH-
KEeMb-MEeTAUITUAPUIHBIX aKKyMYJSITOpoB BeIOHpaioT paBHeIM C/10
JUTISL TEpMETUYHBIX AKKYMYJISTOPOB, a JUISi aKKYMYJISTOPOB CTaphbIX TH-
OB C XXUAKUM UIETOYHBIM snekTponutoM — C/4. Tlpu 3apsine akky-
MYJISTOPBHl MOXHO COEOMHATH B 0arapeM MOCIeNOBaTeNIbBHO WM na-
pawiensHO. COOTBETCTBEHHO B ITEPBOM ClIy4ae MOTpeOyeTrcss MCToY-
HUK TIMTaHUS C BBIXOAHHIM  HAMpPSKCHHMEM, IIPEeBbIIIAIOLIEM
CYMMapHO€ HaTpSKEHHE NOCIEAOBATENIBHO COENIMHEHHBIX aKKyMYJIs-
topoB — N - 1,2 (B), a Bo BTOpPOM ciyuae OH JOJXeH 00eCreuynBaTh
BBIXOJHOM TOK, PaBHBIM CYMMAPHOH BEJIMYMHE TOKA 3apsiia KaxJIoun
BeTBY. ECiU NMpOU3BOANTCA 3apsll aKKYMYJIATOPHBIX 6atapeil pasHoit
€MKOCTH, aKKyMYJSITOpbl OIMHAKOBOM €MKOCTH JOJIKHBI OBbITh
CTPYNIIMPOBAHBl B MOCJIECAOBATEbHBIE LETIOYKM, M IUIS KaXnol u3
HHMX HeOoOXOOMM CBOM peocrar.

IIpocreitime 3apsaHbIE YCTPOMCTBA CBUHIIOBO-KHMCIOTHBIX aKKYy-
MYJATOPHBIX Oarapeii TpeOyIOT NMOCTOSHHOrO HaIpsKeHUs 3apsija.
PaHblile B KauecTBe 3apsiAHBIX YCTPOMCTB Yalle BCEro UCIMOAb30BaIU
ceTeBble OJIOKM ITHTAHWS, BHIXOZHOE HANpPSKEHHE KOTOPHIX PETYNU-
POBANIOCH CTYTIEHYaTO WIM IUTaBHO. B Hacrosiilee BpeMsA B KayecTBe
TIPOCTHIX 3aPSIIHBIX YCTPOUCTB HCIONB3YIOT UMITYJILCHBIE OJIOKUM MHU-
TaHMA WIM TpaHcdopMaTopHble GIOKU IUTAHHUS CO CTabMIM3aLHUeit
BBIXOAHOTO HAMPSIXKCHHUS.

OueHb OBICTPOE pa3BUTHE INEKTPOHUKU, COBEPIICHCTBOBAHME ee
3JIEMCHTHOH ©0a3bl TIPUBEIU K TOSIBJICHUIO CIEHUAIU3UPOBAHHBIX
MMKpPOCXEM 3apsiAHBIX YCTPOMCTB, CIIOCOOHBIE aBTOMAaTHU4YeCKu obec-
MIEYNTH 3apsii aKKyMYJISITOPHOU 0ataped Mo 3a0aHHOMY JITOPUTMY U
npeaHa3HayeHHbIe IS 3apsiia akKKyMyJasaToOpoB Jioboro tuma. Kpome
TOTO, HEKOTOpBbIe THIIBI MUKPOCXEM TOMMMO 3apsma obecreyuBaioT
H3MEpEeHNE eMKOCTH aKKYMYJIATOPA MM aKKyMYJSSTOPHOH 6atapeu H



140 Cxemomexnuka 3apaonbix yempoticme

CTereHU ee paspsina. B aToil TiaBe Mbl pacCMOTPUM TIPUHLIMMBI CXe-
MOTEXHUYECKOTO ITOCTPOEHHUS COBPEMEHHBIX 3aPSIHBIX YCTPOUCTB Ha
OCHOBe HauboJiee MPOCTBHIX MHUKPOCXEM, TIOCKOJBKY OIMMCAHHA IpO-
TPaMMMPYeMbIX MHKPOCXEM 3apsTHBIX YCTPOWCTB IO 0OBHEMY CTOMh
BEJIMKHU, YTO HE TIPEACTABISETCS BO3MOXHEIM MPUBECTH UX B TaHHOM
KHHre.

MUKpOCXeMBI 3apSTHBIX YCTPOHCTB BBIMYCKAIOT MHOTHE (DUPMBI,
MBI Xe TIPUBEACM OINMKCAHUA HEKOTOPHIX MHKPOCXEM IBYX KOMIIa-
auit — Dallas/Maxim u Unitrode', Bxoasiueit B rpynmy KOMMaHui
Texas Instruments. TlpoxyKiIdst 3THX KOMITaHMI XOpOIIO 3HAKOMA H
JIOCTYIIHA Ha POCCHIICKOM DBIHKE.

8.2. 3apsaaHble yCTPOMCTBA HMKENb-KafiMHEeBbIX
H HHKENb-MEeTAaNNTMAPHAHLIX AKKYMYNATOPOB

Hecnoxuble 3apsmHbple YCTpOHCTBA MOXHO peaJiM30BaTh Ha
ocHoBe MUKpocxeM dupmMel MAXIM MAX712 wnu MAX713. Muxk-
pocxema MAX712 wucnonb3yeTcsi U1 CKOPOCTHOTO 3apsiia HHU-
Kelb-KAAMHUEBHIX aKKyMyIaTopoB, a MAX713 — HUKeIb-KaAMUEBBIX
A HUKeNb-MeTAUIMHAPHIHAIX aKKyMyasaTopoB. Hamnpsokenue HcTod-
HUKa TUTAHUS 3apsiIHOTO YCTPOHCTBA MOXET COCTABISATH OT He-
CKOJIBKMIX BOJIBT IO HECKOJNBKUX NECATKOB BOJBT. [1aBHOE, YTOOHI
OHO TIPEBBINIATO MaKCUMaIbHOE HamNpssKeHWe TTOAKIIIOYeHHON aKKy-
MYNATOpHOM Garapen U3 pacuera He MeHee 1,5 B Ha anement. Komnu-
YeCTBO OTHOBPEMEHHO 3apsDKaeMBIX 3JIEMEHTOB IIPOrpaMMUPYETCs H
MOXeT COCTaBIATh OT 1 g0 16. MakcuManbHbIit TOK 3apana — g0 4C.
3apsn npekpaliaercs Mo METoay —AV/At WK 110 TIOPOTOBOMY 3Hade-
HUIO TeMITEpaTypEl baTapen.

Ha puc. 8.2, a noka3zaHa npocTeiiiias cxeMa JUHEUHOro 3apsii-
HOTO yCTpolcTBa, a Ha puC. 8.2, 6 — pacrnosoXeHHe BHIBOJOB MHK-
pocxeM MAX712, MAX713. 3apsanpie ycTpolictBa Ha OCHOBE
MAX712, MAX713 MoryT pa6otaTh WIHM B JUHEHHOM, WJIX B UMITY-
JIBCHOM pexkuMe. Pabora B UMNYyJIBCHOM peXUME MO3BOJISIET CHU3UTH
PaccenBaeMyl0 MOLIHOCTb Ha 3JIEeMEHTaX (Mpexkae BCEro Ha perysu-
pymolleM TPaH3UCTOpE) 3apsAIHOIO YCTPOICTBA.

! ®bupma Unitrode umeer cBow Toproyo Mapky Benchmarq. IMoa 3toit Mapkoit
oT xoMnaHuu Texas Instruments MpoIalOTCsI MHOTHE €€ MHKPOCXEMBbI.
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Q12N6109

K ceresomy anantepy

a)

Puc. 8.2. CxeMa nuHEHHOTO 3apsIHOTO YCTPOWCTBA M PacMOJIOXKEHME BLIBOLOB
mukpocxem MAX712, MAX713

Tok 3apsina akKyMyJlIATOpHOH OaTapeu onpenensieTcss BpeMEHEM
3apsiia: 4eM OHO MeHblIe, TeM Gosblue ToK. Mukpocxemer MAX712,
MAX713 ofecrie4nBaioT MUHUMAJIBHBINA TOK 3apsaa, pasubiil C/4,
4YTO COOTBETCTBYET BpEMEHM 3apsiia 264 MuH (GoJyiee YeThIpeX YacoB).
Tox CKOpPOCTHOTO 3apsiia OIpPEenesaioT N3 COOTHOIUEHHUS:

C

Lyt = 7 ’
rae C — eMKOCTb B MA'4;  — BpeMs, 4; Ior — TOK, A.
Ilpu paboTe B TMHEHHOM DEXUME CIIELYET YIUTHIBATL MAaKCHMA-
JBHYIO MOIIIHOCTb PACCEHBAHUSA:

U UCT.MAKC — UBATMMH

F PACCMAKC = Vi
FAST

Kak mnsi nmuHeHOTO, TaKk W [UT MMITYJBCHOTO PeXuMa paboThl
MaKCUMANbHBIM NOTPeONsiEMBIil TOK MUKPOCXeMBI Yepe3 BEIBON V+
coctabnger 5...20 MA. Mcxons U3 3TOro, pacCYUTHIBAIOT CONPOTUBIIE-
HHE pe3rcTopa R1i:

Rl — UMCT.MMH - 5B .
SMA

ConporuBieHre TOKOYYBCTBUTENLHOTO Pe3UCTOpa Rgpyse ONpe-
aensor o gopMyne:
0,25B

IFAST

RSENSE -
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B nanwnoit ¢popmyne 0,25 B wm 250 MB — niopor uyBCTBHUTENB-
HOCTHU HaNpsDKEHUsi IIPeKpallieHns 3apsiza 1o Merony —AV.

IlporpamMmupoBaHde 3apsIHOTO YCTPONCTBA 3aKIIOYAETCA B
ornpeAeneHHOW KOMOWHAIUU BKJIIOYeHUs: BHIBOgOB PGMO u PGMI1
IUist IpOTPaMMHPOBAHUs YMCIIa 3JIeMEHTOB Oarapeu (Tabm. 8.1) U BbI-
BonoB PGM2, PGM3 — panst mporpaMMUpOBAHUS MAKCHMANBLHOTQ
BpeMEHHM (a 3HAYUT U ToKa!) 3apsiga (Tab:. 8.2).

Tabauya 8.1
Kon-Bo anemenToB Touxa nogxonoueHus uis. PGM1 Touxka noaxnioyeHns sbis. PGMO
1 V+ Vs
2 He noaxn, V+
3 REF Vi
4 BATT- V+
5 V+ He noaxn.
6 He noaxn. He nogxn.
7 REF Henogkn.
8 BATT-- He nopxn.
9 V+ REF
10 He noaxn. REF
1" REF REF
12 BATT- REF
13 V+ BATT-
14 He noaxn. BATT-
15 REF BATT-
16 BATT- BATT-
Tabauya 8.2
Make. Bpems 3apAaa, M npexp::ﬁ::: _32;‘)/ﬂ.qa no Toqx:b'n:n;neal;enm Toqx: b:\:npxggazeum
22 Omxn. V+ He nopxn.
22 Bkn. V+ REF
33 Omxn. Vi V+
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Hpooonwcenue mata. 8.2

MaKc. Bpems 3302, MUK ﬂpexpa::::: ig\)lnna no Toqﬁzupxgﬁ;eum Toqx: ::n:nGa‘ngm
3 Bia. V+ BATT-
45 Ot He nopaxn. He noaxn.
45 Bxn. He nopxn. REF
66 Owa. He nopxn. V+
66 B He noaxn. BATT-
90 Omn. REF He nopxn.
90 Bxn. REF REF
132 O, REF V+
132 Bxn. REF BATT-
180 Omn. BATT- He nogn.
180 Bxn. BATT- REF
264 O, BATT- V+
264 8kn. BATT- BATT-

Kpome Toro, BapnanT nogkiouenus Beisoga PGM3 onpenensier
3HaYeHHEe TOKA KOMIIEHCUPYIOIHETO 3apsna IO OKOHYAHUH CKOPO-
cTtHoro (Tabm. 8.3).

Tabauya 8.3
Touka noKmoeHvst 8ue. PGM3 BenuuuHa TOKa CKOPOCTHOrO 3apAsa Benumzzamﬂcw
v+ 4 Irasr/B4
He nogxn. x leagr/32
REF c Ieasy/16
BATT- cr leasy/8

Ha puc. 8.3 m3oOpaxeHa cxeMa MMIYILCHOTO (KIIOUEBOTO) 3a-
PATHOIO YCTpOIiCTBA Ha OCHOBe MHKpocxeM MAX712, MAX713.
B nanHoM ciyyae BeiBoa CC ycHIMTENs OUIMGOK UCMOIb3yeTcs Kak
KOMIIapaTop. B oTiMuyMe OT JIMHEHHOro 3apsaHOro yCTpOWCTBa Ha-
MpseKeHHe WCTOYHWKA MHTAHUS T HEro BHIOMPAIOT U3 TAKOTO pac-
gera, YTOOH OHO Ha 2 B npeBHINAI0 MaKCMMATBLHOE HAMPSXKECHUE HA
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L1D03340  D1MBRS34ITY
+B..15B ’

T BATTS
il M

Puc. 8.3. MpuHUMIHATBHAS CXeMa HMITYJIbCHOTO 3apgIHOr0 YCTpOHCTBa Ha OCHOBE
MAX712, MAX713

anemeHTe. Hampumep, HEOOXOMMMO H3TOTOBUTH 3apsiIHOE YCTPOICT-
BO Ha YeThIpe HUKeJb-KaIMHUEBEIX 3JleMeHTa. Hanpskenue KOHLA
3apsaa oig HuxX coctaBiset 1,4 B. HanpsokeHue McToyHMka BRIOHpa-
1ot U3 pacyera 1,4 + 2 = 3,4 B/anemeHt. C y4eTOM TOTO, YTO 3JIEMEH-
TOB YEeThIpe, HATIPSKEHUE UCTOYHUKA MMUTAHUS HOIXKHO OBITH HE Me-
Hee 3,4-4=13,6 B.

TIpuBeneHHbIe BBILIE CXEMBI JAIOT MPEACTABIEHUE O TOM, HacKo-
JIBKO TPOCTO NpH HAJIMYMM COBPEMEHHOIT 3JIEMEHTHOMH 0a3bl MOXHO
WU3rOTOBUTH 3apsIHOE YCTPOWCTBO ¢ BHICOKMMH IKCITyaTallMOHHBIMHU
xapaktepucTukaMi. Ha mpaxTuke mobas U3 3TUX cXeM, IIpUHSATas 32
OCHOBY, «oOpacTaeT», JOOABIs 3apITHOMY YCTPONCTBY HOBbLIE BO3-
MOXHOCTH, yjyuniasi ero u 6e3 Toro XopoIiue xapakrepuctuku. Ha-
NIpUMED, JUIS TOTO YTOOHI ellle CYIIECTBEHHO CHU3UTh HarpeB JIMHEH-
HOTO 3apsITHOTO YCTpoiicTBa, HcHonb3yloT HIMM?-crabunusaTop Ha
ocHoBe cxBoeHHOTo Tabimepa ICM7556. Bmecto perynupyiouiero
TPaH3HCTOPa MOXHO BKJIIOUYUTH MUKPOCXEMBI KJIIOYEBOro CcTabuIn3a-
Topa Hanpskenus MAX726. OTo no3BoiuT YBEAMYMTH TOK 3apsana
HUMITYJIbCHOTO 3apgaIHOro ycrpoiictea 1o 5 A. Ecnu HemHoro nopa6o-
TaTh CXeMy M BBECTH B Hee MUKpocxeMy TalimMepa ICM7555, tpaH3u-
CTOPHBI KJIHOY M CBETOHUON C TacCAIlMM DPE3UCTOPOM, HECIOXHO

2 IIMM — LUMPOTHO-HMITYJICHAS MOXYJISLHS.
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obecreunTh MHAMKAILIKIO 3apsifia: B peskuMe OBICTPOTO 3apsiga CBETO-
Juon OyIeT TOPETh HEMPEPBHIRHO, a B PEXXMUME KOMIIEHCUPYIOLLETO 3a-
psida MUTaTh ¢ 3aJaHHOM YacTOTOA.

Ecnu 3apsinHOe yCTpOMCTBO COOMPAIOT «UIsi ce0s1» B KyCTapHBIX
YCIIOBHSX, JOCTATOYHO NMPUOOPECTH HEOOXOOUMBIE NETaNnH, cobpaTh U
OTJIaNUTh YCTPOMCTBO. JIpyroe aeno, eciu Tpebyercss U3rOTOBMTH Ce-
PHIO TIONOOHBIX YCTPOUCTB WM CEPHUH YCTPOIMCTB ¢ OIU3KMMHU Xapak-
TEPUCTUKAMHU, HO pa3HbIMU XapaKTepUCTHKAMHU. B 3TOM ciryyae 3Ha-
YUTENbHO CIKOHOMUTH BPEMSI TO3BOJMT BBIITYCKAEMEIH TOM Xe pup-
MOW, 4YTO M MHMKDPOCXEMBI 3apsiIHBIX YCTPOUCTB, KOMIUIEKT
pa3paboTyrMKa WM, KaK €ro HasslBalOT B MHOCTPAHHOMN JIUTeparype
Development Kit, Evaluation Kit.

Takoi KOMIUIEKT TIpeACTaBIIsIeT cOOOM TOTOBYIO NnaTy, Ha KOTO-
POl CMOHTHUPOBaHBI IETAIM 3apSITHOTO YCTPOMCTBA, YCTAHOBIEHEI
MEPEKIIIOYATEIM, IIO3BOJISIOLINEG M3MEHSTh €ro pPEXUMBI paboOTHL.
KoMMIEKTBI MOTYT BBITIYCKAThCS JUISI OMHONH MHUKPOCXEMEI, 2 MOTYT U
TS HECKOJIBKMX CXOIHBIX MO napaMeTpaM MUKpocxeM. Ha ¢doro 8.1
noka3aH KoMmIuiekT paspabotunka (Fast Charge Development Sys-
tem) DV2004L1 nng co3maHus 3apsOHBIX YCTPOHCTB Ha OCHOBE MUK-
pocxeMbl bq2004 — oYeHb MOIMYJISPHON Y TIPOM3BOIUTEJICH SEKT-
POHHOM TEXHUKHU.

[Touemy Tak momyssipHa bq2004? Ha OCHOBE 3TOM MUKPOCXEMBI
CO30AI0T 3apsiAHBIE  YCTPOICTBA CKOPOCTHOTO 3apsiia Ui HH-
KeJIb-KaIMUEBBIX M HUKEJb-METATHIPUAHBIX aKKYMYJIATOPHBIX 6a-
Tapeil B OCHOBHOM HCITOJIb3yeMBIX B OBITOBOM M NMPOdECCHOHATBHOM
TEXHUKE TOABWIKHOM CBA3M, B APYTUX NPWIOKCHUSIX. 3apsAl B TaKUX
YCTPOMCTBaX IMPOTCKAET B [BA 3Tama: CKOPOCTHOH 3apsAm W NOCHE
HETO BHIPABHMBAIOIIUI MM KOMIIEHCUPYIONIUI 3apsa. BennunHa 3a-
PSITHOTO TOKA TIPOTPAMMMPYETCS U MOXeT cocTaBisATh ot C/4 mo 4C.
Ho rmaBHOe — o4eHB 4eTKOE MpeKpallleHHe TIpollecca 3apsiia mpak-
THYECKU TI0 BCEM BO3MOXHBIM XapaKTepHUCTUKaM 3apsima: Mo CKOpo-
CTH HapacTaHMS TemIepaTypsl AT/At, MO MMKOBOMY HampsDKEHHMIO HA
farapee, IO KpaTKOBPEMEHHOMY CHany HampsokeHusi -AV/At, 10
MaXCHMaIbHOMY HaIpsSKeHHIO, IO MAaKCHMAaJIbHOW TeMIiepaTtype, Mo
curHany taitmepa. OqHako U 310 He Bce! Mukpocxema bq2004 obec-
MeYuBaeT UHAUKAUUIO CKOPOCTHOIO U KOMIIEHCUDYIOLIEro 3apsaa, a
TaKKe TIPUHYIUTENBHBIM KOHTPOJbHO-TPEHHUPOBOUHBIA LMK, IJIA
3aMycKa KOTOPOrO HeoGXOAMMO ONMH pa3 HaXaTh Ha KHOMKY. Cpasy
TOCJIe 3TOTO 3apsgHOe YCTPONCTBO TMOJHOCTHIO paspAOUT aKKyMYyld-
TOpHyIO 6aTapelo, a 3aTeM 3apsiIUT ee BHOBb. DTO O4eHb YNOOHO, U
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®oto 8.1. IInara u3 Komiuiekta paspaborumka DV2004L1 mng cospaHus 3apsaHbBIX
YCTpOHCTB Ha ocHoBe bq2004

JIaXe HeMOATOTOBICHHOMY IT0JIb30BaTeNi0 OYAET HECNOXHO YCTpa-
HUTH mocnencTsusa addexkra nmamatu. Mukpocxema bgq2004 umeer
MonudUKaLUY, KOTOpble HE3HAUUTENIbHO OTIMYAIOTCH IO MHapaMeT-
paM: bq2004, bq2004E, bq2004H.

MukpocxeMbl bq2004 BeimycxamoTcs B 16-BBIBOXHBIX KOpIycax
aByx tunos:. DIP — pmna MonTtaxa B orBepcte U SOIC Narrow
(SN) — nis noBEpXHOCTHOIO MOHTaxXa. PacrnonoxeHue BBIBOHOB IO-
Ka3aHo Ha puc. 8.4.
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ITlo BeiBOmy DCMD (Discharge-befo- w7 wh
re-Charge Control Mode) npoucxoaut yrpasJe- zg; :f;:o
HHE 3amyCKOM KOHTPOJLHO-TPEHHPOBOYHOIO e wve
UMKJIa — rIyOoKoO 3apsiia ¢ MOCACOYIOUIUM He- :’s‘:’é: :g::z
MEIJIEHHBIM 3apsiioM. 3arycK OCYLIECTBASETCS wdh o
Tomayeil Ha 3TOT BHIBOJ OTPHMIIATEIBHOIO UMITy- Il 9ss

nbca. OH MOXeT OBITh MPUHYAUTENBHBIM, €CITH  p,. 84 Pacmonoxe-
MEXIY BBIBOZOM U OOLIMM IIPOBOAOM BKJIIO-  uue BHIBOXOB MHKpO-
YUTh, HAIIPpUMEP, KHOMKY, a MOXET OBITh U aB- cxeMBl bq2004
TOMAaTUYECKUM, ECJIH 3TOT BBIBOJ COECIMHUTD He-

MOCPEACTBEHHO C OOLIUM TMpOBOIOM. B mocnen-

HEeM ciy4yae TMpH KaxIoH yCTaHOBKE aKKyMYJISTOpDHOU Oataped Ha
3apsil OHAa aBTOMATMYECKM CHayaja OyIeT paspskeHa, a Mo OKOHYa-
HUY LIMKJIIA paspsiia HEMEUICHHO 3apskeHa.

Ilo seiBony DSEL ofecnieyuBaeTcsl yrpaplieHHe UHIUKALUEH —
nByMs ceeroguonaMu LED1 u LED2, moakmiouyaeMbIMU K COOTBET-
CTBYIOIIIUM BBIBOJAM MUKPOCXEMBI, KOTOPBIE ITOKA3bIBAIOT COCTOSTHUE
3apAOHOTO YCTPOMCTBA. B 3aBUCHMOCTH OT TOro, Kyia NMOAKITIOUEH
BeIBoZ DSEL, MOXHO BKJIIOYHUTh OOUH M3 TPEX PeXXHUMOB MHIVKALIUU
(tabn. 8.4).

Ilo BeiBoay VSEL npousBomuTcs BHIOOp MeTOZA TPEKpalUEHUS
3apsga. Ecay Ha HeM BBICOKMEH YpOBEHD — MCITONB3YETCS OTKIIIOUE-
HHe OGaTapeu 10 HOCTMXEHHM TIMKOBOTO HarmpskeHusl. Ecnu sTor
BBIBOI HE IOAKJIIOUEH, UCIIONB3yeTcs Meron —-AV 3apsna. Ecnu xe
ypoBeHb Ha BEIB. DSEL Huskuit, To 06a criocoba oTkioueHUs1 6ata-
per HeaKTUBHEI.

YcTaHoBKOM pasnTHyHBIX ypoBHel Ha BhiBogax TM1, TM2 mpo-
TPAMMHUPYIOTCSI PEXUMEI paGoThl TaltMEPOB, KOTOPBIC 3aJal0T BpeMs
OBICTPOTO 3apsifa, BpeMsi OTKJIIOYCHUS TI0 OKOHYAHHU 3apsifia, BpeMs
KOMIIeHCHpyollero 3apsina (tabn. 8.5).

ITo BeiBOomy TCO 3amaercss MakKCUMalbHOE 3HAYCHUE TEMIIEPATY-
pHl 6aTapeu, P KOTOPOH NPOUCXOAMT TIpeKpalleHHe LUK 3apsia.
D10 Tak HaswbiBaeMmas TeMrepaTypa orceuku (Temperature Cut-off).
Ecan morenunan Mexnay seiBogaMu TS u SNS MmeHblIe HanpsXeHUs
Ha Bxoxe TCO, npouecc 3apsiza — OBICTPOro MMM BBIPaBHUBAIOLIE-
ro — TMpeKpaIaeTcs.

TS — Bxon IJis MOAKITIOYEHHUSI TEPMUCTOpA MOHUTOPHHTA TEMIIE-
parypel b6aTapeu.

BAT — BX0ox KOHTpOJIS HanpsikKeHUs Oarapeyd OTHOCHUTEIBHO BbI-
Bozia SNS.
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Tabauya 8.4

Pexum 1

Cocrostue 3apagHoro
YCTPOiCTBa

LED1

LED2

DSEL coeputien ¢ 061w, npoBoaoM

(vss)

barapes He NOAKMOYEH

OxupaHue BbicTPOro 3a-
PSaa UK COCTORHNE
paspsfia nepes sapagom

BuiCTphiil 3apsg

3apsi 3aBepueH, CocTo-
AHAE KOMOIEHCHPYIOLETo
3apsa

Pexaam 2

CocTosHue 3apaaHoro
ycrpoiicTea

LED1

DSEL He nogknioyeH

barapes He NOAKNIOYEHa,
waer GuicTpLit 3apan,
W1 OH 33BeplueH

Oxupanve 6uCTporo 3a-
paga

Mner paspag

Mnet koMneHcUpyiowmi
33psf (CTpyWHas noasa-
praxa)

Pexum 3

CocrofiHue 3apaaHoro
ycTpoiicTea

LED1

LED2

DSEL coeimHeH ¢ Nonox. Bu..

ucr. nutaus (VCC)

Barapes He nogknioYeHa

Oxupasve SiCTporo 3a-
pSaa unu COCTOAHUE
paspana nepeA 3apaaom

18¢c—1
1/8c-0

BLiCTpLil 32pAn

3apsy, saBepueH, cocTo-
AHNE KOMMEHCUPYIOLIEro
3apsfa
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Tabauya 8.5
YpOBHW CUrHAN0B Ha Tunosoe Bpe-
BLIBOJAX . E— B 3navenme | Yacrora
3haverme ] u;c;eg:_ nocre onpe- | 3124 ; MMNYNBCHO- | MMNYNLCOB
TOka Beict- cE;oro 3. | AEnGHHA - HMBaIOI.I?el‘O- Kgn‘:;:::a- n:a(::(caazzz;«
porosapafa | My ™2 psipa, MvH KOBOrO Hanps- 33pABA | UMOHHOTD | HOFO 3aps-
XEHUA nau n
AV, sapaga | e,
C/4 0 0 360 137 oK. oTKII. oTKN.
C/2 He nogxa. 0 180 820 onu. C/32 240
1C 1 0 90 410 OTKN. C/32 120
2C 0 He NoaKn. 45 200 oTKI. C/32 60
4C He NOAKN. | He noaKn. 23 100 OTKR. C/32 30
C/2 1 He noaKn. 180 820 C/16 C/64 120
1C 0 1 90 410 c/8 C/64 60
2C He noaxn. 1 45 200 C/a C/64 30
4aC 1 1 23 100 C/2 C/64 15

Buison SNS mnpencrapiseT coOolf TOKOU3MEPUTENBHBIH BXOI
uenu 3apsna. MiaMeHeHHe CUTHajla Ha 3TOM BBIBOJE BJIMAET Ha CO-
CTOSTHHE BHIXOMA CXeMBI ympabieHMs 3apsigoM MOD. Ecau BuiBOI
SNS coemuauTh ¢ 061UM nposoaoM (VSS), Ha Beixone MOD mos-
BUTCS CHTHaJk JIOT. 1, KOTOpBIM HMHMIHAJIU3UPYET IIpollecc 3apsia.
Ecnmu ke moteHIManm Ha BeIBojie SNS Bospacrter, Ha Beixone MOD
Oyaner cdhopMUpoOBaH curHajn jor. 0, KOTOpBId OCTAHOBMT IIPOLECC 3a-
psina. OMHOBpEMEHHO MOTeHHHan Ha BeIBome SNS siBnsercs omop-
HbeIM 11 BeIBoOB TS u BAT. Ha puc. 8.5, a, 6 nokasaHsl 1ieny Mo-
HHUTOPHMHTA HAIIPSKEHUSA W TeMIlepaTyphl aKKyMyJISTOpHOH Oartape
COOTBETCTBEHHO.

ConportusieHue genurens HampsokeHuss RB1, RB2 momkHo co-
crapiaTh He MeHee 200 kOM u He Gonee 1| MOM. [Ipu arom oTHoIIIE-

HUE CONMPOTUBICHMI PEe3NCTOPOB AOJIKHO OBITH PABHO!
RB1 N

RB2 2

raie N — KoIM4yecTBO 3JIEMEHTOB B OaTapee.
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vee

PACK+

bq2004 |

18
bq2004

BAT!

f--4

RB2

sns PACK- SNS
a) 5)

Puc. 8.5. Llenu MOHUTOpUHTA HaNpsiKeHUa (a) U TeMmepaTypui (0) 3apsnHOTrO
yCTpOicTBa Ha ocHoBe bq2004

B nemvrtens Hanpskenuss RT1, RT2 uenu MoHMTOpPHHTa TeMITe-~
paTypel BKJIOYEH TepMHcTop ¢ oTpuuareisHbiM TKC?, xoropslit
YCTAHOBJNEH BHYTPH Kopliyca Oartapeu, MO0 HETOCpedCTBEHHO CO-
TpUKacaeTcs ¢ 3JieMeHTaMH OaTaped B 3apsiAHOM YCTpOMCTBE.

CoOOTHOIIIEHUST MEXIY HANPSOKEHUSIMU B CUCTEME MOHMTOPHMHTA
ompeaensercs: GopMylaMu:

Vear =Vsws =Verrrs

Vrs - VSNS =Y r1EMpP-

Eciiv BHMMAaTe/IbHO HM3YYHTh XapaKTePUCTUKH MHMKPOCXEMEI
bq2004, To oOpaiaer Ha cebsi BHUMaHUE 3HAYEHHE MAKCHMAaIBHOTO
HarnpstxeHust Ha sneMeHTe. OHo pasHo 0,8 - VCC (B), a ero gonyc-
THMOE OTKJIOHEHHE TI0 NTACIIOPTHBIM JaHHKIM — Bcero 0,030 B. Or-
clolla cleAyeT BOIMpOC: a moyeMy Obl HE MCIONb3oBaths bq2004 B 3a-
pPSITHOM YCTPOMCTBE JIUTUH-HOHHBIX aKKYMYJISITOPHBIX Oatapeil, Belb
U1 HUX OOMYCK HAIpsiKeHUs 3apsiga cocrasiaser +0/,050 B? Ha
pHC. 8.6 mpencTaBjieHa CXeMa YHMBEPCAIBHOTO 3apSAOHOrO YCTPOMCT-
Ba, NpeIHA3HAYEHHOrO IS 3apsAlia KaK HMKeNb-KaIMHEeBBIX W HH-
KeJlb-METAUITHAPUIHBIX, TAK U JIUTHH-UOHHBIX OaTapeil.

IlpencraBneHHas cxeMa 3apsiIHOTO YCTPOHCTBA paboTaer B KIO-
yeoM pexnMe. K seiBogam BAT+ u BAT- moakmioyaoT akKyMyns-
TopHylo Oatapeto. Ecny Garapess HUKEIb-METAUITUIPHAHAS, BBIBOX
SELC ocrasnsitor cBoGoaHbM. Ecnmu ke Tpebyerca zapsgmurs JTu-
THH-MOHHYIO 6aTapeio, ero COSAMHSIOT C BEIBOAOM BAT+.

3 TKC — TeMrnepaTypHblit K03 (MHLHEHT COTIPOTHRIEHHS.
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Meron 3apsma HUKelb-METAUITHAPUIHBIX GaTapeit — OBICTPHBIA -
3apsan ¢ oTxnoyeHueM 1o meroay AT. Karymika L1 HaMoTraHa Ha To-
pounantbHOM  cepmeuHmke  STS50-267 nmnpousBoacTBa  (PUPMBI
MICROMETALS u comepxutr 70 BHTKOB IpoBOAa IHAMETPOM
AWG22*. HavanbHoe 3HauyeHUe ee MHAYKTUBHocTH — 3 MIH. Ilpu
HeOOXOIUMOCTH YBEJIMYNUTD TOK 3apsiia MHOYKTHBHOCTH ClEOYET yMe-
HblIaTe. YacToTa nepexmodyeHus cocrapisgeT okono 30 kI

IIpy 3apsime HUKeIb-METAUITMAPHAHBIX Oarapeil 3apsmHoe
YCTPOMCTBO CKOH(UTYPUPOBAHO, YTOOBI 0GECTICYMTh OCHOBHOIM 3apsil
ToKOM 1C, a Tak:Ke BLIpaBHUBAIOLIUI 3aPsii MAJILIM TOKOM TI0 OKOHYa-
HUU OCHOBHOTO C NEPEX0JOM B PEXUM UMITYJILCHOM CTPYHHOI IToa3a-
psnku. B maHHOM nmpuMepe BeJTMYKMHA ToKa OBICTPOro 3apsiga BeIOpaHa
paBHO# 2,25 A. 3apsiiHoe YCTpOMCTBO TIpeAHa3HadyeHo IS 3apsiia
9-sneMmeHTHOM 6atapeu. ITopor AT-oTKITIOUEHUS OIpemessaeTcs co-
npoTtusiieHueM pe3uctopoB R8 u R9, a mopor orkmodeHua 1o 10CTH-
XKEHMIO aKKYMY/ISITOpaMU MaKCUMaJIbHOM TeMItepatypsl — R5 u R6.

Jng NepexinioueHIs 3apsAIHOTrO YCTPOMCTBA B PeXuM 3apsiia Jin-
THI-HOHHOM 0ataped, Kak ObIO cKazaHo BHIIe, BhiBog SELC coe-
JHHAIOT ¢ BBIBOIOM BAT+. B nmpuBeneHHOM nipuMepe obecrneynBaeT-
Co 3apsAl TUTHH-UOHHOM 06aTapey, cocToAlIeil U3 Tpex CoeTUHEHHBX
napajuieNibHO 1ienodeK. Kaxmasi 1emnoyka COCTOUT U3 TpeX IoCaeno-
BaTeJbHO BKITIOYEHHBIX JTUTHH-UOHHBIX aKKyMYISTOpoB. HayajasHbIH
TOK 3apsifia OTpaHWYeH J0 BEJIWYUHEI 1,9 A TIpu HarpsokeHUW 3apsana
4,225 B. Tlpu 3apsne rpadMTOBBIX JUTHHA-HOHHBIX 3JIEMEHTOB 3TO
HATIpsKeHUe mpu nomMoim pesuctopoB R19, R20 cremyer yMeHb-
muth 10 4,125 B. Tlo oxoHYaHHMM OCHOBHOTO 3apsiia ciaeayeT 6-uya-
COBOI TiepephiB (ycTaHaBiuBaeTcs 1o BhiBogaM TM1, TM2). Hocne
Yero BKITI0YAETCH MHIWKATOP 3aBeplIeHUs 3apsaaa.

8.3. KOHTpONb @ MKOCTH HMKeNb-KagMMEBbIX,
HMKeb- MeTaNNrMAPHAHBIX M NUTHM-MOHHBIX
aKKYyMYnATOpPOB

OyYeHb MOJIe3HBIM IOTIONHEHUEM TS 1I060T0 3apsIHOTIO YCTPOii-
CTBa SBNSIETCA CXEMa KOHTPOJSA €MKOCTH OaTapeu. 3Ty (YHKIUIO
IMPEKPACHO BBHITIOJHSIET CIEUAIbHO pa3paboTaHHAs UIA 3TUX Lieei

4 AWG — American Wire Gauge — aMepyKaHCKHil CTaHAApT KaaccUUKALUY 06-
MOTOYHBIX IPOBOJOB.
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mukpocxema bq2014. Ona no3BojisieT KOHTPOJIUPOBaTh EMKOCTh KakK

HUKEb-KaAMUEBBIX U HUKETb-METAUITHIPHAHBIX, Ta U JUTHA-HOH-

HBIX aKKYMYJISATOPHEBIX Gatapeil. MUKpocxeMa BBIYCKaeTCs B 16-BEHI-

BOIHOM Kopmyce IS nmoBepxHocTHoro MoHTaxa SOIC Narrow. Ile-

PEYHCIIM BCE €€ BO3MOXHOCTHU:

e KOHCEPBATUBHOE M NEPUOANYECKOE U3MEPEHHE JOCTYITHOMN eM-
KOCTU aKKyMYJISITOPHOM OaTapeu;

e BBIXON YIPABJICHWS 3apsAAOM IO3BOJSET IOMONHUTENBHO
VIIPaBASATh KOHTPOJJIEPOM 3apsAHOTO YCTPOHCTBA, HAIIpUMEp,
bq2004;

e OTOOpaXeHME €MKOCTH GaTaped IOCPEICTBOM Iepelavyu JaH-
HBIX 4Yepe3 |-TpOoBOMHOM IMOCNeTOBATEIbHBIN IIOPT WIK HEro-
CPEIICTBEHHO C ITOMOIIbIO 5-CEerMeHTHOIO CBETOAMOTHOIO MH-
JHUKATOPA;

e KOMIICHCAITUsl TOKa 3apsifa B 3aBUCHUMOCTHM OT TEMIICPATyphI
OKpYXalomeil cpennt;

o KOMIICHCAIMs caMopaspsifa OGaTaped C HCIONb30BaHUEM
BCTPOEHHOTO NaTYMKA TeMIIEPaTyphl;

¢ TIPOTPaMMUPYEMBIH ITONB30BATEND ITOPOT IIPeKpallleHUs 3aps-
HOro HHUKIa;

e BO3MOXHOCTb Mepefayu MaHHBEIX O HAMpsSDKCHUM Oarapeu, ee
CTeNEHM 3apsiia, TeMIiepaType U T. 1., yepe3 1-TpoBOAHON no-
clenoBaTeNbHBIN IOPT;

e OYEHb Majioe TOTpebJeHHe B peXuMe OXHUIAHUSI — OKOJIO
120 MKA.

Mukpocxema bq2014 MoxeT paGoTaTh HEMOCPENCTBEHHO ¢ HaTta-

peeit u3 3-4 3J1eMEHTOB, a C JOIMOJHUTCABHBIM YNIPABJISIOUIAM TpaH-

3UCTOPOM, IMOAKTIOYeHHBIM K ee BHBoay REF — u ¢ GonpliuM Ko-
muyecTBOM 3teMeHToB. Ee BriBogbl SEG1—SEGS saBnsiiotcss ogHo-

BpEMEHHO BXOJaMM IS HPOrpaMMHUpPOBAHMS PA3NMNYHBIX YCTAaHOBOK:

flopora OTKIIOYEeHUS GaTapen 110 OKOHYaHHM 3apsiia, KOJAMYeCTBa OT-

CYETOB, YIIpaBJeHUs] KoMIIeHcaneit caMmopaspsiga. IIpu nporpammu-

pOBaHMH TE€ X  BBIBOABI  HA3BIBAIOTCS  MO-APYTOMY — —

PROG1—-PROGS.

Ha puc. 8.7 moka3zaHa cxeMa TUNOBOTO 3apsAHOTO YCTPOMCTBA C
YCTPOHCTBOM KOHTPOJISI eMKOCTH aKKyMYJISATOPHOU Batapen. Mukpo-
cxema bq2014 cxoHdurypuposaHa Tak, 4ToOBl OTOOpaXaTh OTHOCH-
TEJIbHYI0 €MKOCThb Oaraped. [Ipu sToM BeJIMYMHA TOCHEMHEH H3Me-
PEHHOM €MKOCTH MPUHHUMAETCS 33 COCTOSTHUE ITONTHOCTBIO 3apsiXeH-
HoW GaTtapeu. TToxasaHus CBETOOUOAHOTO MHAMKATOPA OTOGpaXaioT
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Puc. 8.7. Tunopast cxeMa 3apsAHOTO YCTPOHCTBA C YCTPOMCTBOM KOHTPONSI €MKOCTH
aKKyMYJATOpHOM GaTtapeu

B NPOLICHTAX CTeNeHb €€ HAa OCHOBAHHH U3MEPECHHSA NOCTYIIHOH eM-
KOCTH M CTENICHH ee¢ paspsana. B cxeMe MCIOJIb30BaH JUCIUIEH KHO-
TIOYHOrO THIIA, TIpH HAXaTHM Ha KOTOPBIH MOMEHTAaJLHO oToOpaxa-
eTcs CTelleHb 3apsiga batapeH.
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Mukpocxema bq2014 obecrieduBaeT MOHUTOPHHT TOKOB 3apsana U
paspsiia, U3Mepsas IaleHHe HanpsKeHUS Ha TOKOYYBCTBHTEILHOM
pesucrope R16. IIpu 3ToM B M3MEpUTENBHOIM LIEH 00SA3aTe/ILHO UC-
nonb3oBanue ¢unsTpa R1C1. OOHOBpEMEHHO ¢ MOHUTOPHHIOM TO-
KOB, MUKpOCXeMa 00ecrieyuBaeT KOHTPOJb IIOTEHIMAJIa Ha 2JIEMEHTE
Oarapen vepe3 BeIBOA SB. BenmuuuHa moTeHLMana onpeaensercs co-
OTHOUIEHUEM COMPOTUBACHUN pe3ucTopoB nenuTesiss R2R3:

Ero xoHTpons HeoOXxomuM IS (GOPMHUPOBAHHUS CUTHAJIOB KOHLIA
paspsiga (IBa 3HAYCHUS: IEPBOE — CUTHAN TIPEAYTIPeXICHHS TIPU Ha-
npskeHuH Ha aneMmeHTte 1,05 B, Bropoe — nosHbIi pa3psin Gatapeun
npu HanpskeHun 0,95 B), MaKCUMaNIbHOTO HaNpsSXKEeHUS HA 3JieMEH-
Te Batapen M €€ OTCYTCTBHS B 3apsigHOM YCTPOMCTBe.

bq2014 ofbecrieyuBaeT KOHTPOJIb TEMIIEPATYPH OKpYXalollei
cpenbl U B 3aBUCHMOCTH OT 3TOTO KOPPEKTUPYET TOKHU 3apsna U pas-
psna. Takasg KOppeKiUusl IPOMCXOOMUT IIOIIArOBO NIPH H3MEHEHUHU
teMIieparypsl Ha xaxnsle 10 °C B npenenax ot —-35 no +85 °C. Koap-
GULIMEHT KOPPEKILIMHU OINpEAesieTcsl TeMIlepaTypoi cpeasl 1o ¢op-
MyJIe:

K =100 +0,05-N,

rme N — xonuuectBo ctyneHeit o 10 *C Hinke temmneparypul 10 °C.
Hanpumep, npu temneparype 0...10 °C K= 0, npu ~10...0 °C K= 1,10
UT I

IIpu remmnepatype 10...40 °C mns 6eicTporo 3apsima K= 0,95, mis
xoMmneHcupymwouero 3apsga K = 0,80. Ilpu temMneparype Buimie 40 °C
s Oeictporo 3apsga K=0,90, nid KOMIEHCHpPYIOLIETro 3apsiia
K=0,75.

Ilo okonuanum 3apsana Ha Bbixone DONE ¢opmupyercs curnan
Jior. 1, obecrieyuBaloOLUii TIEPeX0a B PEXXUM KOMITEHCALIMOHHOTO 3a-
psna. TIpu 3TOM TOK 3apsma Uisl HMKENb-KanMUEeBOH GaTape BbI-
ctaBisterca pasHbiM C/64, a AN HUKeAb-MeTAITHIpUAHOM — C/47.

PaccMOTpeHHas Bblllie CXeMa 3apsAIHOTO YCTpoiicTBa Ha MHKpO-
cxeMe bq2004 MoxeT OBITh JIETKO TOMOJTHEHA YCTPOHCTBOM KOHTPOMNSA
emkoctH. Ha puc. 8.8 mipeacrtaBneHa TpUHHHIIHANBHAS CXEMa
YCTPOICTBa KOHTPOJSI EMKOCTH HMKETb-METAJUITMAPUAHBIX OaTapei,
a Ha puc. 8.9 — nuTHii-MOHHBIX. OCHOBHOE OTIIHYHE MEXIY 3TUMHU
CcXeMaMiy COCTOUT B TOM, YTO B CXeME YCTPOMCTBa KOHTPOJMSI eMKOCTH
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Puc. 8.9. [TpUHIMNHAIBHASA CXeMA YCTPOMCTBAa KOHTPOMIS €MKOCTK

JNIWTHIA~-UOHHBIX Datapei

NUTHR-NOHHBIX Oatapeit Ha BeIBoge PROGS (ato BeiBog SEGS B pe-
XHMME NMpOrpaMMHUPOBAHMA — BHIB. 6) IIOCTOSIHHO TPHCYTCTBYET YpPO-
BEeHb Jior. 1. BTo caenaHo A TOTO, YTOOBI OTKIIOYHTh PEXUM KOM-
TIEHCAIIMOHHOTO 3apsifa. brjarofapsi HW3KOMY CaMoOpaspsay JH-
TUii-HOHHBIE aKKYMYJISTOPHBIC OaTaped B HEM He HYXAAioTCs.
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8.4. OneKTpoOHHble MOAYNM «PA3YMHbBIX» AKKYMYNATOPHbIX
6atapen

DUpMBI 1 KOMITAaHHH, BBIITYCKAIOIINE MHKPOCXEMBI KOHTPOJUIE-
POB 3apsIIHBIX YCTPOMCTB, KOHTPOJISI €eMKOCTH M ApPYrUe, TPOU3BOIST
KaK MUKPOCXEMBI, MCIONb3yeMble B 3JIEKTPOHHBIX IUIATaX «pa3yM-
HBIX» WK CMapT-0arapeil, TaK M TOTOBbIE MOIYJTH. Takue MOAYIN
MOCTaBJISAIOTCA TPOU3BOAMTENSAM aKKyMYISITOPHBIX OaTtapeit. UToOsl
U3AEePXKU TMPOU3BOACTBA OBUIM MHUHHMAJIBHBI, OOBIYHO MX AENaloT
VHUBEPCABHBIMU, MPUTOTIHBIMU [T YCTAHOBKM B HHMKEb-KaIMMe-
BBI€, HUKE/Ib~-MECTAUITHAPUIHEIE ¥ IUTUI-UOHHBIE OaTapeu.

B kaudecrtBe TmpHMepa pacCMOTPUM KOHCTPYKIIHIO MOAYJA
cMapr-6atapen bq2145 mpoussoactsa ¢upmel Unitrode. Ho st Ha-
yaja BCIIOMHUM O ero HasHaueHWH. Moaysib cMapr-0atapen MocTo-
STHHO CJIEJIUT 3a €€ COCTOSTHHEM, TOYHO OMpEIess €e THUIT, EMKOCTb U
cocrosgHue. [Ipy ycTaHOBKe ee B 3apsiTHOE YCTPOMCTBO 3TH JHaHHbIE
MEepeNaloTCss Ha €ro KOHTPOJUIEP, KOTOPBIN BBICTABUT ONTHMATLHBIN
pPEXUM 3apsia, MPOM3BEICT ero U OTKIIOUMT 0aTapero IO €ro OKOH-
YaHUHU.

Ha puc. 8.10 nsobpaxeHa cxeMa IOIKIIOYEHUST MoIyns bq2145.

OcCHOBOI MOAYJS ABNSAETCA MMKpPOCXeMa KOHTpONS €MKOCTH
bq2945. [Tomumo Hee cxema umeeT mukpocxeMy EEPROM mamatu
(3MeKTpUYECKU CTHpaeMOE IOCTOSIHHOE 3alIOMMHAIOIIEE YCTPOMNCT-
BO), IATH CBETOANOMOB I MHIMKAIIMH €MKOCTH OaTapeu BHE 3apsii-

Kopnyc Gatapen

. |" I" i" Illl AneMeHTbl

bq2145 B+

-

PACK- PACK+

Harpy3ka

L. 3apagHoe ycrpoiicTBo

Puc. 8.10. Cxema noakmoyeHus Moayns bq2145
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HOTO YCTpoiicTBa. Monylb MOXeT ObITh YCTAHORJIEH BHYTPU HHU-
KEJib-KaAMUEBbIX, HUKENAb-METAUITUAPUAHBIX WIM JUTHI-MOHHBIX
aKKYMYJISITOPDHBIX Gatapeil miyHo#i 63 MM (2,5 mioiiMa) U TOJHUIMHON
18 MM (0,7 mioitma). Csa3b ¢ XOCT-YCTPOMCTBOM, HampuMep, 3apsii-
HBIM YCTPOMCTBOM, OCYLIECTBIIsIETCS IO NMporokosy SMBus. OcHoB-
HBIMU BbIBOJAMH MOZYJIS SIBJISIOTCS:

B+ — mumocoBoit BeIBOA OaTapeH, MIIOCOBOH KOPITYCHOM BBIBOZ;

P- — MMHYCOBBIH KOPIYCHOIi BHIBOIL;

C — BBIBOJ CUTHAJIOB CUHXpOHM3auuHu wuHel SMBus (SMBC);

D — BHIBOA CUTHAJIOB JaHHBIX IUMHB SMBus (SMBD);

B- — MHHYCOBBIH BEIBOI OaTapew.

KpoMe 3THX BBIBOOOB MMEIOTCS ABA KOHTPOJBHBIX BBHIBOJA —
CP1 u CP2. Ha puc. 8.11 npuBeneHa NpUHIUMIIHANBbHASN CXEMa 3JIEK-
TPOHHOIO MOIYJNs cMapTr-6arapeu bq2145. Tun Gatapeu U KOJIMYECT-
BO B HEil 3JIeMEHTOB 3aJal0TCsl COMPOTHUBICHHUSIMU pCSI/ICTOpOB RS,
R11, R4 (Tabn. 8.6).

BAT+

r B+
D10
BAV56
Ri3 []R12
U2 24LC01
1 P2
A0 vee 1
A1 WR I
He SCL +
VSs  SDA
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Ju
¢ 55 BAV39
R P
TP3 BAV®Y
= R7100 |SMBD
0D
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R15 330 . d PACK- B- .
Lo —% —Op-
Mp : BonycK pesvcropos R4, RS, R11 1%

Puc. 8.11. [IpuHuMnKanbHas cxeMa MoOAyJst cMapr-6arapeun bg2145
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Tabauya 8.6
Tun Gavapeu Kon-Bo anemexToB Conpamenstise pecHeropos, O
R5 R11 R14
2 301k 86,5« 100k
Nutuii-voHHas 3 499 909 100«
4 698« 909« 100x
6 499 162« 100k
8 698« 402¢ 100k
Hukens-MeTanaruapuasas ] 806k 604x 100x
10 909 909 100«
12 909 ™ 86,5«

Monynb MO3BOJIAET NPOBEPUTH COCTOSTHUE OaTapeu BHE 3apsANHO-
ro ycrpoiictBa. Eciim HaxaTh Ha KHomKy SW1 «DISPLAY», Gynyr
CBETUTBCS HECKOJIBKO, B 3aBUCMMOCTH OT €MKOCTH 0aTraped B TeKy-
U MOMEHT BPEMEHH, CBETONMONOB, KOTOPBIE OTOOPAXKAIOT €€ eM-
KOCTb ¢ 1rarom 20 %.

Jnst paGoThl ¢ MOIYJEM MOCTABSETCA CICUMaNbHasl IiaTa MH-
tepdeiica EV2200-45 nnsa ero MOAKIIIOYEHUS K TOCIEIOBATEILHOMY
riopty moboro AT-cosMmecTUMOro komrsiotepa. [locraBnsercas u
MporpaMMHOe OGecrieyeHue, 0becneYnBaloLiee KOHTPOIb Mpoliecca
3apgaaa U paspsma 6arapen, a TaKke ee eMKOCTH Ha aucruiee 11K,

8.5. 3apaaHble YCTPOMCTBA CBHHLOBO-KHCAOTHbBIX
aKKYMYNSATOpPOB

Mpocteie 3apsfHble YCTPOHCTBA

3apsiiHBIE YCTPOMCTBA CBHHLIOBO-KUCIIOTHBIX aKKYMYJISITOPOB U
AKKYMYJATOPHBIX GaTapeil MOryT OBITh IOCTPOEHBI IO Pa3IMYHBIM
cxeMam. Camast TipocTasg M3 HUX — OOBIKHOBEHHBIN BBINPSIMHUTEIb
HaTpsiKEHHUS CETH TIepEMEHHOTO TOKa C BO3MOXHOCTBIO PETYINpOB-
KH BBIXOJJHOTO HaIpsKeHUs IYTEM MEPEKIIIOUEHNS BEIBOIOB BTOPUY-
HOIt 06MOTKM TpaHcdopMaTopa (puc. 8.12). Insi KOHTpossi Hampsi-
XKEeHHS B HMX MCIIONB3YETCS BOJILTMETP, IUIA KOHTDOJS TOKA 3aps-
Ia — aMmnepMmeTp. Takue 3apsiiHble YCTPOMCTBA 4acTo UCIIOIB3YIOT
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Puc. 8.12. CxeMa npocTOro 3apsiiHOro YCTPOMCTBAa CBUHLIOBO-KMCIOTHBIX aKKyMYyJIsi-
TOpHBIX OaTapeit

IUIS 3apsiia aBTOMOOWJIBHBIX aKKYMYJISITOPHBIX OaTapeil, UMU KOMII-
JIEKTYIOTCSI HEKOTOPbIE BUABI apMeNHCcKON TeXHUKHU. [TocKoIpKyY Hava-
JIBHBIHM TOK 3apsja MOXET COCTABJISITh HECKOJIEKO aMriep, B 3apsiIHOM
YCTPOMCTBE CIEeAyET MCTIONBb30BAaTh MOIUHBLINA CUJIOBOI TpaHcdopMa-
TOP U BHIIPAMHTEbHBIE THOOBl C NPSMBIM TOKOM, TIpUMepHO B 1,5
pasa MpeBBLIIAIOIIMM MAKCHMAJIbHEBINA TOK 3apsima. JIuomnl ycTaHaB-
JIUBAIOT Ha OTAEJbHEBIE PaTHATOPHI.

Hna mnaBaolllero 3apsina akKKyMyJISTOpHEIX Garapell pe3epBHBIX
HCTOYHUKOB ITHTAaHUS, 00eCIeYMBAIOIIETO MOANCPXKAHUE TTOA3apsIKa-
eMO Gatapey B COCTOSHHH IOJHOTO 3apsiia, HEKOTOPHIE JUIEPH pe-
KOMEHIYIOT MPOCThIe 3apsiHble ycTpoiicrea. Ha puc. 8.13 mpuBeneHa
CXeMa OJHOIO M3 TaKHUX YCTPOKCTB, COOpPaHHOTO Ha OCHOBE OXHOTO
Y3 THUIIOB MHTETPATBHBIX CTaOMIM3aTOPOB HANPSDKeHWA cepun 142 —
KP142EHS5A.

Hanpsoxenne crabunusauud KP142EHSA cocrasaser 5 B, Ho B
TOM CJIy4ae, eCJId €ro obLui BEIBOI COEMUHEH C OOIleH IIHHOM 3a-
PSIHOTO yCTpoiicTBa. EcTecTBEeHHO, YTO HamnpsiKeHUe 3apsiga 5 B He-
JOCTaTOYHO [UId 3apsiga 6-BossToBOM GaTapeu. ITosToMy mis ero mo-
BBILIEHMS BKITIOYeH pe3uctop R2. Paccuurtarh €ro BeMUMHY MOXHO
13 (POpPMYJIBL:

R1
Uy =Upgp -(1 + E) +1, R,

rae U; — HanpspKeHHE, PaBHOE Pa3HOCTH MaKCUMAIbHOTO HaIpsike-
HMA Ha 3apsKEeHHOUM aKKyMYJISITOPHOI Oatapee ¥ BBIXOZHOTO Hamps-
KEHMsSI UCIIONB3YEMOro cTabunusartopa HanpsikeHus; U,; — BbIXon-
HO€ HAamMpsKCHHE WCIONB3yeEMOTO CTabWIM3aTopa HaTpsKeHHsI;
L., — TOK BHYTPEHHEIO CTAGUIM3aTOpa UCTIOJIB3YEMOH MHKPOCXEMBI,
KOTOPBIF MOXHO Y3HATh IO CIIPaBOYHUKY.

BMmecto R2 MOXHO MCIONB30BaTh U MEPEMEHHBIN pe3ncTop. DTO

0o0eCeYUT BO3MOXHOCTh TUIaBHOM PETyJIMPOBKH BLIXONHOTO Harps-
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Puc. 8.13. Cxema npocToro 3apsiiHOroO YCTPOMCTBA HA OCHOBE WHTErPAIBLHOTO CTaGy-
JIM3aTOPa HANpPSXEeHUs

xeHus. Ho mepeMeHHBII pe3ucTop 003aTeNbHO ClleNyeT 3alUyHTH-
pOBaTh NOCTOSSHHBIM PE3UCTOPOM C TAKMM PacuyeToOM, UTOOBI MX 06-
Liee CONPOTUBJIEHUE PaBHSJIOCH PACYETHOMY.

Ha puc. 8.14, a n3o6paxxeHa cxeMa aBTOMAaTHYECKOTO 3aPSIIHOTO
YCTPOMCTBA [UISl TUIABAIOILETO 3apsifia CBUHLIOBO-KUCIOTHBIX aKKyMy-
JNATOpHBIX Oatapeif. OHO ofecreyuBaeT MojepXaHue MOCTOSHHOrO
TOKA 3apsiia ¥ OTKIIOUAET aKKyMYJATOP IO JOCTHKEHHH YCTaHOB-
JIEHHOTO HAIpsIKEHUS 3apsina.

HMcTouHMK TOKa BBITIOJHEH Ha TpaH3ucTtope VI2 u ceetoguone
VD1, seimonHsomeM GYHKUMH MHIUKaTopa. I10 MOCTHKEHUM Ha-
MpsKeHUA KOHIA 3apsaa, TpaHsuctop V11 3akpeiBaercs. IIpu atom
3akpbiBaeTcs TpaHauctop VI2, u ceerommon VD1 racHer. Hampsixe-
HME KOHLA 3apana 6aTtaped yCTaHABIUBAIOT ITOAO0POM HOMUHAJA pe-
sucropa R1. JIng Toro 4ToOHl 3TO 3apsiAHOE YCTPOICTBO MOXHO OBUIO
HCTIONB30BATE JJIA 3apsina 00Jiee MOILUHBIX, HallpuMep, aBTOMOOUIb-
HBIX aKKYMYRSITOPHBIX 6aTapeif, BMecTo TpaHaucTopa V12 BKIIIOYaloT
cocrapHOM Tpansucrop VI2—VT4 (puc. 8.14, 6). Tpansucrop VT4
caefyeT YCTAaHOBUTh Ha TEIUTOOTBO.

VT3
KT815B

VT4
I R7 Rg KT8190
1% 3200
Q
3

a) 6)

V12 VT2
KT801B KT3156

3

n_
1
3

C1 1000m/258

2 R3*
. yr (%

i,
=

c2 20](:&4%/63
I

Puc. 8.14. CxeMa aBTOMATHYECKOIO 3apsIHOTO YCTPOMCTBA [UTA NJiaBatollero 3apsia
CBUHIIOBO-KHCIIOTHBIX aKKYMYJITOPHBIX Gatapei
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B pesynbraTe HEMpaBUWIBHON 3KCIUIYaTAllMH U CTapEHUS ITPOHC-
XOIMT cyjabdarallys IUIRCTHH CBUHIIOBO-KMCJIOTHBIX GaTapeif. OTo
CHUXAeT UX EMKOCTb M, B KOHIIC KOHIIOB, IPHBOIUT K BEIXOOy bGaTa-
peu u3 cTpos. [N BOCCTAHOBJIEHUS €MKOCTH Oartapeii ¢ cynbdaru-
POBaHHBIMU IUTACTHHAMM HCIIONB3YIOT CIIOCO0 3apsia aCHMMETPUY-
HBIM TOKOM 3apsiia. COOTHOLUEHME €r0 3apsmHON M pa3psmHoil co-
CTaBJSIIOLMX  BbIOMpaloT paBHeIM 10:1 1pH  COOTHOWIEHHH
IUTMTEJIBHOCTH MMIyNbcoB 1:2. dopMa MMITYJILCOB aCHMMETPHYHOTO
TOKA 3apsia rokazaHa Ha puc. 8.15.

Ha puc. 8.16 npuBeaeHa IpHHIMITHAIbHASA CXEMA YCTpOPICTBa 3a-
psAga aCMMMETPUYHBIM TOKOM, PACCUMTAaHHOTO IS 3apsana 12-BOJbT-
oBoif Oarapeu. OHO obecrieyuBaeT TOK 3apsiia 5 A U TOK pa3psiaa
-0,5 A. HampsixkeHue NepeMEHHOT0 TOKa Ha BTOPUYHOIT OOMOTKe CU-
JioBoro TpaHcgopMmaropa cocrapiser 22 B. ITonbopoM BETUYHUHBI pe-
3ucTopa R3 ycraHaBiIuBalOT BETHYMHY pa3psaHoro toka. [1pu atom
HeoOXOOUMO YYHMTLIBATh, YTO CYyMMAapHBI TOK 3apsiia JOJKEH CO-
craBnaTh 1,1 oT Toka 3apsua Garapeu, T. K. pe3uctop R3 nmopxmoueH
¢ Hell TapaJuIesibHO.

T=10mc

Puc. 8.15. ®opMa MMNIYJILCOB ACMMMETPUYHOIO TOKA 3apsia

VT3
KT819r

g Bl

Puc. 8.16. INpunuunuanbHasg cxeMa YCTPOMCTBa 3apsilia aCHMMETPHYHBIM TOKOM
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3apsnx Gatapen BeAyT AO HACTYIJIEHMS OOWMNBHOIO rasoBbLIENE-
HUA BO Bcex OaHKax, MOKa HaIPSKEHUE U IUIOTHOCTH IEKTPONIUTA
He OyAyT TOCTOSIHHBIMU B TeYeHHE NBYX 4acoB moxpsan. Ilo ero
OKOHYAaHUHU CJieAyeT MPOM3BECTH YPAaBHUBAHUE TIOTHOCTH 3JEKTPO-
nurTa B 6aHKax U MPOIOJKHUTE 3apsh eie B TeucHUe 30 MmuH. Henbss
JIOTIyCKaTh TMOBBIILEHUA TeMIlepaTyphl ajieKTpoiuTta Gonee 45 °C. 3a-
psan Oarapeu creoyeT IMPOU3BOAMTB B XOPOLUO NMPOBETPHBAEMOM IIO-
MEIIEHUH, T. K. BO BpEMs €ro ITPOUCXOAUT BhLIEIEHE BOAOPOA.

"VIHTepecHa cXeMa JBYXCTYIIEHYAaTOro 3apsIHOTO YCTpPOMCTBa
CBHHIIOBO-KHCJIOTHBIX Oatapeil. B HeM 3apsal MpOUCXOIUT B OBa 3Ta-
I1a; HA HAYaJIbHOM 3Tarie 3apsi MPOUCXOIUT NMpH 0oJiee BHICOKOM Ha-
TIPSKEHUU M TIOCTOSTHHOM TOKe 3apsiia, Ha 3aKIIUMTENEHOM, KOra
HanpsiXeHMEe Ha OGaTapee JOOCTUIHET OIPENCICHHOM BETHYUHEI
(2,275 B/3neMeHT TIpU TU1aBaloLIeM 3apsiae Win 2,45 B/aneMeHT nipu
LIAKIMYECKOM 3apslie), HanpskKeHHe 3apsia aBTOMATHYECKH YMEHb-
mwaercd. TakuM oOpasom, TIpH ABYXCTYIIEHUATOM 3apsie Iepe3apsi
Daraper HEBO3MOXEH Aaxe NMPpH ATHTEJIBHOM BPEMEHH 3apsja.

Ha puc. 8.17 nokasaHa cxeMa Takoro 3apsiiHOro yctpoycrsa. Pe-
3uctop RS ciyxuT mns ycTaHOBKM HaNpsDKEHUS 3apsga IpH Tpebye-
MOM MHHHUMAJIBHOM TOKE 3apsja, 3ajgaBaeMbIM pe3uctopoM R3, pe-
auctop RISW — mig yctaHOBKM TIopora nepexkjioYeHHss U3 peXuma
OCHOBHOTrO B peXXUM ILIaBaIoIIero 3apsaa.

JIns1 3alUMTH aKKyMYASITOpHOM 6atapeu OT mepesapsiia — OXHOM
M3 MPUYUH MTOBLIIIEHHOTO Ta30BBIIETIEHUs Y BHIKUMAHHS 3€KTPOJIHU-
Ta — MPUMEHSIOT YCTPOICTBA 3alUMTH. BBUAY IIPOCTOTH X peann3a-
UMK MX ONMCaHWE He NpuBOmMTCI. Hanpumep, 3To MOXeET OBITH
TPAH3UCTOPHBINM KJTIOU C pejie B LIETMH HArpy3kKu, KOTOPBI OTKPHIBa-

U1LM317TB

~220B

PN2222
R3

Puc. 8.17. IIpuHuunuansHasg cxeMa yCTpOiCTBA ABYXCTYIIEHYATOroO 3apsifa
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eTCs IpH Ipoboe CTAOHIUTPOHA B 1eNM ero 0asbl B CIyYaeT MOBBI~
1IeHUsT HAIIPSTKEHUS Ha GaTapee MpHU mepesapsie.

3apsmuble ycrpoﬁcraa Ha OCHOB€ CneuManM3MpPOBaHHLIX MHMKPOCXEM

C 1eTbIo YTIPOCTUTE pa3paboOTKy M MPOU3BONCTBO BHICOKOKAYECT-
BEHHBIX 3apsAHBIX YCTPOUCTB MHOTHE IPOM3BOAMTEIIH BBIITYCKAIOT
JUI 3THX Uefiell CIeunain3upoBaHHble MHKpPOCXeMbl. B KauecTse
MpUMepa pacCMOTPUM 3apsiTHBIE YCTPOHCTBA HA OCHOBE MUKPOCXEM
npousBoAcTBa hupMbsl MAXIM u Unitrode.

Ha puc. 8.18 mpencrapieHa cxema 3apsaHOTO YCTpOHCTBAa CBUH-
II0BO-KUCTOTHBIX aKKyMYJISITODHBIX OaTapeil Ha JBYX MHUKpPOCXEMax.
OHo npexHa3HavYeHo Mg 3apaaa Garapeii He6obIION eMkocTH. Oco-
GEHHOCTHIO CBHUHIIOBO-KUCIOTHBIX OaTrapeil siBisieTcss BHIOOp HEOONb-
1Ioro Toka 3apsna. KoHeuHo, 6aTtapero eMKOCThIO 5 A-4 MOXHO 3apsi-
JIUTH 3a 1 yac ToxoM paBHBIM 1C — 5 A, HO Jyunnii Bapuant — 3a-
psixkaTth MeHbIIUM TokoM B 0,1C — 500 MA — 3a 10 yacos. Takoit
BBIOOp HecNy4aeH: TIpu GOJIBIIOM TOKE 3apsiia OYeHb aKTUBHO MpPO-
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Puc. 8.18. CxeMa 3apsmHoro yctpoiicrsa Ha MUKpocxeMax MAXIM
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TEKAIT XMMMWYCCKUE IPOLIECChl OKUCIEHHSI PEIUETKU IUIACTHH. DTo
pPE3KO COKpalllaer cpok ciyO0bl Oarapeil. UMeHHO MMOSTOMY CHavasa
KX 3apskaloT TOKOM OCHOBHOTO 3apsiiia, a 3aTeM MOJHOCTBIO 3apsi-
JKEHHYIO OaTapero Moj3apsax)arT TOKOM KOMIIEHCALMOHHOIO (CTpyii-
HOro) 3apsja o4eHb MaJION BeMMYMHH — vyacto MeHee 0,001C.

B onuceiBaeMOM 3apsiTHOM ycTporcTse MukpocxeMa IC1 Boimon-
HeT (HYHKUMM TTOBBIIUAIOLIETO MMITYABLCHOTO IpeolOpa3oBaressl Ha-
MIPSDKEHMST, 00€CIIEYNBAIOLICTO HOMUHAIBLHOE HATIPSIKEHUE OCHOBHO-
ro 3apsna 12-sonsToBoit Gatapeu pasHoe 15,2 B. IMocie okoHYaHus
OCHOBHOTO HauyuHaeTcs ¢aza KoMIeHcupymwlluero 3apsaa. Ilpu atom
HanpsoKeHUe 3apsia yMmMeHbliaetcst o 13,2 B. Biarogapst ucnomin3o-
BaHMIO UMITYJILCHOTO TpaHchopMmaropa BMECTO KaTyLUKW MHIYKTHB-
HOCTU obecrieyeHa pa3Bsi3Ka MEeXIy UCTOYHUKOM IMUTAHUS U Harpys-
KOH — akKyMymasiTopHoi Oartapeei. ITo3toMy BXOIHOE HampsXeHue
MOXET M3MEHSTBLCS B INMPOKMX Mpeaenax (5...16 B), a BeixoaHoe mipu
3TOM OCTAEeTCA HEM3MEHHBIM.

Hng Hauana 3apsgnga gocraToyHo Haxatk KHONKY START. Muk-
pocxeMa IC2 uaMepsieT TOK 3apsalia. DTO IMPOUCXOAMUT CICHYIONIUM
obpa3oM: Ha BhIB. 8§ (OUT) dopMupyeTcs: TOK, KOTOPBIN U3MEHSIETCSA
MIPOTIOPIMOHAIBHO TOKY 3apsiia HO MMEeT 3HAYMTEIBHO MEHBIIYIO
BeauuuHy — 1/2000 ToKa 3apsna. DTOT TOK co3daeT MaAeHue Hamnpsi-
KEHMsT Ha pe3uctope RS, Kotopoe mpuxiameiBaeTcs K BeIB. 5 (LBI)
MuxkpocxeMbl IC1. Eciu ToK 3apsina 6arapen cTaHeT MEHBIIE 3Haue-
aus, HaripuMep, 0,01C, cpaboraer xoMmaparop MUKpocxeMbl [C1, u
Ha ee BeIB. 4 (LBO) cdhopmupyerca curdan jor. (. IIpn stom Tpan-
suctop Q2 3akpoercs. DTO BHI3OBET M3MeHEeHHWe CHTHaNa oOpaTHOM
CBSI3M, B .pe3yIbTaTe 4Hero HaIpssKeHHe 3apsiia YMEHBIUUTCS IO
13,2 B.

Ha puc. 8.19 usobpaxeHna 3apsigHasl XapakTepUCTHKa YCTPOUCT-
Ba — 3aBHCHMOCTb BBEIXOLHOIO HAalpsKEHHS OT ToKa 3apsina. CHava-
Ja pabora nipeobGpa3oBaTensl HANPSKEHUS Heperyaupyema, T. K. Ha-
npsixeHue Ha Garapee MeHsblie 12 B. Tlo Mepe ero yBenuueHUs TOK
3apsiia U3MEHSIETCA TaK, KaK MOKa3aHO Ha rpaduke.

CoBepllleHHbBIE MUKPOCXEMBI IS 3apsIHBIX YCTPOMCTB CBUHLIO-
BO-KHCJIOTHBIX Oatapeil BuimyckaeT U ¢upma Unitrode. PaccMOTpHM
aBe u3 Hux — UC2906 u UC3906. D111 MUKpOCXeMBbI KOHTPOJUIEPOB
3apsa aHaJIOTMYHEI 110 napaMmeTpaM. OHU 0becreynBaroT:

« ONTHMAJBHOE YNPABICHHE IIPOIIECCOM 3apsiia, YTo CIocobCT-

BYET COXPaHEHHIO MAKCHMAIBHBIX EMKOCTH M CpOKa CIyXKOBI
CBMHLIOBO-KHCJIOTHBIX OaTapei;
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Puc. 8.19. XapaktepucTMKH 3apsiIHOrO YCTPONCTBA IpH Pa3IMYHBIX 3HAYEHMSIX Ha-
NPSOKEHUA TUTaHHSA

e TPEXCTYTIEHYATHIN 3apsal, YIIPABISEMBIA JTOIMYECKUM YCTPOM-
CTBOM MHKPOCXEMHI;

e IIPEIU3UOHHYIO (BBHICOKOTOYHYIO) PETYJIMPOBKY HaNPSIXKEHUS

3apsja Mpu U3MEHEHUHU TEMIICPaTyPhl OKpPYyXaloilei cpebl;

e yIpaBjieHWE KaK BBHIXOZHBIM HaIPSIKEHUEM, TaK WU BBIXOJHBIM

TOKOM 3apsIIHOTO YCTPOMCTBA;

o (DYHKIUU CHUCTEMHOTO UHTEp(eiica;

e TPeIeTbHYIO TIPOCTOTY CXEMBI 3apsIIHOTO YCTPOMCTBA.

B pexuMe OXHMIAHWS MMKPOCXCMBI TOTPEOSIIOT Mablf TOK —
1,6 MA. Hanpsxkenue nuranus cocrasisiet 10...40 B. MuxkpocxeMsl
BBINTYCKAIOTCH B pasIudYHbIX Kopnycax: DIL-16, SOIC-16, PLCC-20,
LCC-20.

Ha ocuoBe mukpocxembl UC2906 (UC3906) MOXHO CO3AaBaTh
3apsiTHBIE YCTPOMCTBA IBYX THUIIOB:

o JIBYXCTYIEHYATOTO IIJIABAIOLIETO 3apsna (3apsd MPH ITOCTOSTH-

HOM HanpsDKeHHMM 3apsiaa);
e JIBYXCTYIIEHYATOI'0 KOMIIEHCAILIMOHHOTO 3apgaaa (3apsan MpH Ho-
CTOSIHHOM TOKE 3apsija).

Ha puc. 8.20 npuBeneHa cxema 3apsiIHOTO YCTpoiicTBa, oGecre-
YHUBAIOLIETO JIBYXCTYIIEHYaThIA IUIaBalOILUMil 3apsanm OGatapeit. 3apsin
MPOUCXOAUT TMo3TanmHo. Ha mepBoM 3Tame Npu BKIIIOYCHHUM HArpsi-
XeHMS TTUTaHUs GaTapest MoA3apsKaeTcs TOKOM CTpPYHHON rmoazapsin-
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UC2906

Puc. 8.20. CxeMa 3apsinHOTO YCTPOMCTBA ABYXCTYIIEHYATOrO
TUIaBAlOLLEro 3apsiia

KU 10 HampsikeHusl V. [1o ero JOCTHXXEHMM 3apsiiHOe YCTPOMCTBO
MEPEXONAUT B PEXHM OCHOBHOTO 3apsina. IIpu 9TOM TOK 3apdma Mak-
cumaneH. ITocae toro xak Garapesi 3apsauTcs, IO JOCTHXEHUH Ha-
npsixeHus V), 3apsiiHOe yCTPOMCTBO OIPENENsIeT €ro KaK HampsiKe-
HMe Tiepesapsna. PexuM mepesapsiga NpOIOJIXAeTCsl HEHOJITo: Korja
HampspKeHMe Ha 6aTapee He3HAYUTETBLHO YBEJIUUYUTCS JO IOPOrOBOTrO
3HAYEHUSI HaNpsKEHUs nepe3apsina V., TOK 3apsiia HauHeT CHIXa-
ThcA. OH OymeT CHUXaThes 00 3HaYeHUS Ioor U, KaK TONBKO JOCTHUT-
HET STOMH BEMYMHBI, Ha BBHIXOAE TOKOUYBCTBUTEIBHOIO YCHIMTENS
TIOSIBUTCSI CUTHANl BBICOKOTO YpoBHsI. OH, IOCTYNIMB Ha BEIB. 8§ MHK-
POCXeMEI TIEPEBEIET €€ B COCTOSIHME TUIaBalollero 3apasa. [Ipu stoM
Ha GaTapee IIOCTOSSHHO OyIeT MOIAEPXUBATHCA HaNpsKeHHe TUIaBa-
lotitero 3apsiga Ve

Ecnu Harpyska repeiaer Ha pe3epBHOE NMUTaHNe OoT 6atapeH, OHa
CTaHET pa3psXaThCsl, U KaK TOJLKO €€ HAMpsSKEHHWE JAOCTHTHET Ha-
TIPSDKEHMSA KOHNA pa3psina V;,, mpouecc 3apsAaa NOBTOPUTCS BHOBb.

Pacyer cxeMbl 3apsIHOTO YCTPOMCTBA MPOCT:

1. Buibupatotr Toxk pexmmrenss RA, RB, RC — I, PexomeHnyercs
€10 3HauYeHUEe TIPUHATH paBHBIM 50...100 A.

2. PaccYWTHIBAIOT CONMPOTUBIIeHHE pe3ucTtopa RC:

RC=23B/I,
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3. PaccyuThIBalOT CyMMapHOe COMPOTUBJICHUE PE3UCTOPOB NEIH-
TenA:

Ryyy=RA+ RB=(V,-2,3B)/ I,

rae V. — HanpspKeHHe IDIaBalollero 3apsia.
4, PacCUMTLIBAYOT CONPOTHBICHKE pesuctopa RD:

RD= 2,3 B- RSUM/(VOC— VF)!

roe Voo — HampsKeHue nepesapsjia.
5. PaccYuTHIBAIOT COMPOTHUBIEHHE pe3ncTopa RA:

RA=(Rgyy+ Ry -(1-23B/ V),

Iae V; — HanpsXenMe Hayala OCHOBHOTO 3apsaa, a Ry=
=RC- RD/(RC+ RD). :
6. Beraucnsiior conpoTHUsieHue pe3ucTopoB RB = Ry, - R, 1
RS=0,25 B/ I,;,ux ({yax — MAKCHMMaNBHLIH TOK OCHOBHOTO 3apsana).
7. OnpenensioT RT:

RT:(V[N" VT_ 2,5 B)/Ir

8. PacCUnTEIBAIOT BEIMYHMHY TOKAa, IIPU KOTOPOM 3apsiHOe
YCTPOMCTBO TIEpeieT B PEXUM IIABAIOIIETO 3apsina: Jocr = ya/10.

9. 3HayeHUs JAPYrUX HaNpsoKeHUil BuIOWpaloTCs M3 pacyera:
V=095 Voe; V3, =0,90 - V.

Ha puc. 8.21 u3obpaxkeHa cxeMa 3apsiiHOTO YCTpoOMCTBa VISl
JIBYXCTYIIEHYATOr0 KOMIIEHCALMOHHOTO 3apsiaa. Ero yno6HO HCIONb-
30BaTh MpU 3apsgie HECKOJbKMX IIOCJIEAOBATEIBbHO BKJIIOYEHHBIX aK-
KYMYJIITOPOB MJIM aKKYMYJISITOPHEIX OaTapeil. PaboraeT oHO ciemyio-
UM obpaszoM. IIpu BKMOYeHUH NMUTAHMS OaTapes 3apsKaercs: To-
KOM 3apsiia, PaBHOMY CyMM€ MaKCUMAajlbHOTO TOKa HOPMAaJbHOTO
3apsna [y, ¥ TOKA KOMIlEHCAUMOHHOTO 3apsina [,. Ilocne Toro xak
HalpsKeHHe darapeu TOCTUTHET 3Ha4YeHUs V|, — HamnpsKeHUs KOH-
11a 3apsiga, NPOM3OHMIET aBTOMATHYECKOE CHUXCHUE BLIXOINHOrO Ha-
MIPSDKEHUS 3apsAHOTO YCTPOMCTBA O HAMPSIKEHUs TUIABAIONIEro 3a-
psiza, ¥ TOK 3apsiia Ipu 3ToM Oyner uMeTb 3HadeHue [;. Ilpu pasps-
Je Oaraped HA HATPY3KY, KaK TOJIbKO €€ HAIPSIKCHUE YMEHBIIUTCS
J0 3HayeHHs V, OHa HayHET 3apsAKaTbCA TOJHBIM TOKOM 3apsiia —
Daax + Ly
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Puc. 8.21. Cxema 3apsaHOrO yCTpOMCTBA IBYXCTYNEHYATOrO
KOMTIEHCALIMOHHOTO 3apsiia

8.6. JliobMTEeNnbCKME KOHCTPYKUMM 3aPSAHBIX YCTPOMCTB
M YCTPOMCTB KOHTPONSA cocTosHus Garapeit

Panuomo6utenbckue peHieHUs] IIPH KOHCTPYMPOBAHMM pas3iidy-
HBIX 3JIEKTPOHHBIX YCTPOWCTB WHTEPCCHBI, TIPEXKAE BCETO, TEM, HTO
4acTO MMEIOT OPUTHHAIBHOE pellieHWe TIPH OTPAaHWYEHHOM BHIGOpE
aJieMeHTHOM 6a3bl. PaccMOTpHM HEKOTOPBIE KOHCTPYKIIUH.

YCTPOHCTBO 3apsifa HUKEeNb-KAMHEBbIX AKKYMYNATOPOB
CONMHEYHOM 3HepruesH

3apsamHoe ycTpoicTBO (puc. 8.22) mpeaHa3HauyeHO AJsI 3apaaa
JIBYX HHWKEJIb-KaJIMUEBEIX KaOMMEBBIX aKKYMYJ/SITOPOB THIIOpasMepa
AA nmu AAA ot conHeyHoi Oatapeu. IIpu momagaHuy COMHEUYHBIX
JIy9e KaXOblil 371EMEHT COJMHEYHOI OaTaped BbImaeT HaTpsKeHUE
0,5 B npu Toke Harpy3aku Ao 25 MA (MCHONB3YIOTCS DIeMEHTH MaJloil
MoiHocTH Ha TokK 25...50 MA). Cra6bunurpoH D1 mnpegorspalunaer
paspsan aKKyMYJISTOpOB B TEMHOE BpeMs CyToK. B macmypHyio noro-
Iy HampspKeHMe COJIHEUHOM GaTtapeu clenyeT YBENMWUUTh NOIKITIoUe-
HUeM JomnoJHuTebHOro 3nmeMenTa SC8. Bpems 3apsinma cocTasnsier
TIPUMEPHO OITUH CBETOBOM IIE€HbB.
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Puc. 8.22. 3apsgHoe ycTpOoMCTBO Ha COMHEUHBIX 3JIEMEHTaX

MpocToe yCTPOHCTBO ANsi 3apSAA HHUKENb-KAAMHEBbIX
AKKYMYNSATOPOB

3apsii HUKCIb-KaAMUEBBIX aKKyMYJSITOPOB € MCIIONB30OBaHUEM
OIKMCHIBAEMOTO yCTpoicTBa (puc. 8.23) IIPOUCXOOUT NPU MOCTOSTHHOM
ToKe 3apana. OHo oGecrieunBaet 3apsn oT 1 10 20 aKKyMyASATOPOB O/~
HOBpeMeHHO Iipu Toke 3apsima 20...200 MA. B xauyectBe uCTOYHMKA
MMUTAHMST UCIIONB3YeTCs] TpaHCGhOPMAaTOp C MOCTOBBIM BHINIPSIMUTE-
neM. BropuuHas o6MoTKa TpaHcgopMaropa IOMKHa 0OecrieynBaTh
Hanpsexenue 24...30 B nipu Toke Harpy3ku He MeHee 500 MA. B xaue-
CTBE peocTara JIy4llle BCEro HCIIOJb30BaTh IIPOBOJOYHBINA TEpeMeH-
HBI# Pe3UCTOp AOCTATOYHOM MOuIHOCTH. TOK 3apsiaa BEICTABISIETCS B
COOTBETCTBHH C €MKOCTHIO 3apsIKaeMbIX aKKyMynaropoB. Ero Benu-
ypHa — 0,1C.

F1 k¢)
VD1-VD4

Cerv ~220B
£
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Puc. 8.23. Ilpocroe ycTpoilcTBO IUTs 3apsila HUKeJb-KaIMHUEBBIX aKKYMYJISATOPOB

MoHntop cocroauma 12-BONBTOBOM
CBMHLLOBO-KMCNOTHOK Gatapen

Ha puc. 8.24 npuBeneHa cxeMa IpOCTOTO MOHUTOPA COCTOSTHUSA
CBMHUOBO-KUCIOTHOI Oarapen. [decaATrh CBETOAMOIOB OTOOPaXaloT
coctosiHue Gatapeu. COCTOAHUIO MONHOCTHIO 3apsiKeHHOW Garapeu
COOTBETCTBYET HanpstkeHue 12,65 B u Gonee, COCTOSHHIO pa3psDKeH-
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Puc. 8.24. MoHMTOp cocTOAHMS 12-BOJBTOBON CBMHLIOBO-KUCJIOTHON BaTapen

Hoit — 11,89 B u MeHee. B cxeMe UCTIONB3YIOTCS TpH CBETONUOAA 3€~
JIEHOTO 1[BETA, KOTOpble 0TOOPAaXaloT CTeNeHb 3apsina O6atapen Gonee
yem Ha 50 %, yeThipe cBeTOAMORa XeaToro 1Beta — 30...50 % eMmKo-
CTH ¥ TPH CBETOIHOLA KPACHOTO LBETA — TIPH 3apsiie Gataped MeHee
yeM Ha 30 %.

IIpy HacTpoiike MOHHMTOpa Ha €ro BXOJ TOHOAIOT HaIpsKeHHE
12,65 B u moacrtpoiikoii moreHuuoMerpa R10 pmobusaiorcss cBede-
HMSI BCEX NECATH cBeTOAMOoHOB. [locTermeHHO CHMXas HanpsiKeHMeE,
nposepsAoT pabory mouutopa. [Ipu ero senmumHe 11,89 B momxeHn
CBETUTBCSI OOWH — TIOCNeAHMM — KpacHBIl cBeromuon. ApkKocTh
CBeYeHMS CBETOAMONOB pETYIUPYETCA IOAOOPOM COIPOTUBICHUS
peauctopa RS. Huox VD1 3amuinaer cxeMy OT MEpETNOMIOCOBKU 110-
JaB4eMOTO Ha Hee HaTIPSIKeHMS.



Flnasa 9
MCTOHYHMKHN NMMTAHMA 3APAOHbIX
YCTPOMCTB

B xauecTBe MCTOYHHKOB HMHTaHHs 3apAAHBIX YCTPOMCTB dYalle
BCEro WCIOJB3YIOTCS TpaHCPOpMATOpHBlE OJIOKM ITUTAHUS, OCHOB-
HBIMH 3JIEMEHTaMM KOTOPBIX SIBISIOTCA CHJIOBOH TpaHcdopMarop U
MOCTOBOI WJIM JBYXIIOJIYNEPHUOMHBIN BREINPAMHUTENb. OHUM obnamaior
TpeMs CYIHECTBEHHBIMH HEIOCTATKAMM: OOJBHIMM BECOM, HH3KHM
KILd w cymiecTBeHHBIM OTKJIOHEHHEM BBIXOTHOTO HATIPSKEHMS OT
HOPMBI IIPH KOJIeOaHHAX HAIPSKEHUSA B CETH.

Bce yamre B kadyecTBe 3aMeHbI TpaHC(OPMATOPHEBIX BJIOKOB IHTA-
HUSI HCIOAB3YIOT OecTpaHchOMaTOpHbIC OJ0KM ITUTAHUSI, KOTODHIE,
KPOME TOTO, HAa3bIBAIOT MMITYIBCHBIMM WM KIOYeBHIMU, OHU JIullie-
HBl OCHOBHBIX BCEX HEJOCTATKOB IIEPBHIX. biaromaps ycuIHIM
(HUPM-TIPOU3BOAUTENEH TTOTYIIPOBOXHUKOBBIX TIPUOOPOB, B MOCIEa-
HHE romasl pa3padoraHbl 3PdeKTUBHEIE MUKPOCXEMBI, HOBBIE TUITHI
TPaH3UCTOPOB, KOTOPHIE MPEeBPATHIM HMITYJIbCHBIC UICTOYHUKHU B CO-
BepICHHBIE M HANEXKHBIE DJIEKTPOHHBIE IPUOODPHI, KOTOPBIE M TP
XKEeTaHWU CHOXHO BBIBECTH M3 CTPOs, T. K. OHM MMEIOT pasMTU4HBIC
YCTpOMCTBA 3aLIMTEI.

Llens 3Toif TAaBBI HE PACCMATPUBATE CXEMOTEXHUKY MUMITYNbCHBIX
HMCTOYHHUKOB HUTaHHsI, HO MO3HAKOMHUTh YUTATENSI C OYeHb UHTEpEC-
Holt mpoaykimeit dupMbl Power Integrations. OHa BBIIyCKaeT MUK-
pOCXEMBI, KOTOPBIE TO3BOJSIOT ITPOCTO WM JIETKO COOpaTh JNETKHd H
HAJEeXHBIA OIOK TIMTAHUS TIPU MUHUMAIBHO HEOOXOAWMOM KOJTHYe-
CTBE HaBECHBIX IJICMEHTOB.

Komnanusa Power Integrations gsasercs BeaylllMM ITOCTaBUIHKOM
BBICOKOBOJIBTHBIX aHAJIOTOBLIX HMHTETPAIBHBEIX MUKPOCXEM I IIpe-
obpasosateneit nanpsixkenus DC/DC u AC/DC. CemeiicTso MUKpoO-
CXeM, BBIITYCKAEMBIX €10, IIPOU3BOAUTCS 110 TIATEHTOBAHHOM TEXHOJIO-
run TOPSwitch.

B 1998 r. xoMITaHHA TIpeICTaBHIa HOBOE CEMEHCTBO MHKPOCXEM
TinySwitch, BbINYIIEHHBIX 110 TexHOAOTHU EcoSmart®, obecriequBao-
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e ere 6omnee 3pPEeKTUBHBIN pe3yabTaT MPpU UX IPUMEHEHHHA B HcC-
TOYHUKAX TIUTAHHUSL.

B 2002 r. xoMIaHMs TpeicTaBWiIa ellie ABa HOBBIX ceMeiicTna
MukpocxeM: DPA-Switch™ — muxpocxem DC/DC npeobpazoBare-
JIlell HATpSXKEHWs: C BBICOKOI CTEeIeHBIO MHTerpauyu, MpeaHas3Ha-
YeHHBIX /UIST CHCTEM pachpejeeHHOro nurtauusi, n LinkSwitch™ —
3(h®dEKTUBHBIX KIIOYEBBIX 3JEMEHTOB, PabOTAIOIIMX IO TPHHIIMITY
CV/CC (He usMeHsIOlUIeec HaNpsXeHUE/He H3MeHSIOUMIICS TOK)
W TIpeAHa3HAYECHHBIX [UISI TIPOM3BOJICTBA HENOPOrviX 3apsAIHBIX
YCTPOHCTB M aJalTepOB MHTAHHUS.

IIpuBoamMasi HUXe CIIpaBOYHAsi MHPOPMAIIUS JaeT TpelacTanie-
HHE O Ha3HaYeHWH U THIIOBOM NPUMEHEHUM MukKpocxeM Power In-
tegrations. B Ta6n. 9.1—9.8 npuBemeHBl KpaTKue XapaKTEePUCTUKHU
MHKDPOCXEM pa3IMYHBIX CeMEHCTB, a Ha puc. 9.1—9.6 m306paxeHHl
THIIOBBIE CXeMBI UX BKIIIOUCHUS.

Tabauya 9.1. Kpamrue ceedenus 0 muxpocxemax Power Integrations

Tun mukpocxembl | CemelicTso NpuMeteHne ) Tun kopnyca
ns VCTOMHUKOB NWTaHVA MOWHOCTHIO Ao 290 BT, DIPT- 282280M7[(): IBB
TOP242-250 | TOPSwitch-GX | Texxonorus ECoSmart, BCTPOEHHbIA KIOYEBOIA TPaH- 10- éﬁ3-7C ’
auctop 10-262
[N 06PaTHOXOAOBLIX UMMYNLCHBIX UCTOYHIKOB MUTa- 70-220-78
TOP232-234 | TOPSwitch-FX | Hus MowwocTsio 0...75 Br, pactumpentibie BOIMOX- '
DIP-8B, SMD-8B
HOCTH, NOBHILIEHHAS 3PPEKTUBHOCTD
[ng UCTOYHUKOB NUTAHUA MOWHOCTSIO 4...23 BT, no- T
TNY264/266-268 | TinySwitch-ll | BbitiieHas 3pQEKTUBHOCTL, TOALKO 18 ManomowHblx | DIP-8B, SMD-8B
VCTOYHMKOB
Dns ucrounukos nutatua 0...10 Br, nosbilueHnan
TNY253/254/255 | TinySwitch | 3ddexTMBHOCTE, TONLKO /i MANOMOLLHBIX MCTO4HW- | DIP-8B, SMD-8B
KOB
s peaepHLIX UCTOYHUKOB NUTAHUA MOLLHOCTBIO
. 0...10 BT ¢ BO3MOXHOCTbIO BnokupoBky npy anuumn | T0-220/3, DIP-8,
TNY256 TinySwitch OCHOBHOTQ NUTaHUSA, C ABTOMATUYECKUM Nepesany- SMD-8
CKOM, G H/A3KUM 3HAYEHWEM [IPOXAHMA H3CTOTHI
[ins pe3epHbIX UCTORHUKOB MUTaHUS MOWHOCTHIO :
i o o | 0...150 BT npu Hanpsixenn ceti 100/110 B uau T0-220/3, DIP-8,
TOP221-227 TOPSwitch-Il mowHocTsio 0...90 BT npu HanpsxeHum cetu nepe- SMD-9
MEHHOro ToKa 85...265 B /,_l
TOPSwitch JNR MCTONHWKOB NuTaHus, paBoTaIoLX NPl BXOBHOM
TOPA12/414 HaNPSXXeHNU NocTosHHOro Toka 18...90 B, MowHo- SMD-8
DC/OC
ctbio 0...21 B
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Ipodoancenue maba. 9.1

Tun mukpocxemsl | CemeidicTeo MNpumeHenme Tun kopnyca
[nq MCTOMHNKOB NUTaKKA, PABOTAIOWMX TIPU BXOAHOM
TOP100-104 TOPSwitch | Hanpsxeruy nepemenHoro Toka 110/120 B, Mowgpo- T0-220/3
croio 0...60 Br
[0 CTOMHNKOB NUTaHMS, PaBGOTAIOWMX NPU BXOBHOM
g ; HanpsoKeHUW NepeMeHHoro Toka 230 B, MOLWHOCTLIO g
TOP200-204/214 | TOPSwitch 0...100 BT wnu npy Hanpsixetin 85...265 B MowwHO- 1022083
cmio 0...50 Br
[ins npumeHeHus B GnoKax NUTaHuA YCTPONCTB, pa-
TOP209/210 TOPSwitch | 60TaiolMX B PEXVME OXUAAHNS, MOLIHOCTBIO DIP-8, SMD-8
0..88Br
[Nl UCTOHHUKOR NUTAHUA UEHTPANBHOTO OGUCHOTO
TENEKOMMYHHKALIMOHHOTO 060pyaoBaHis (xDSL,
. ISDN, PABX); cuctem ¢ pacnpeaencHHbIM NUTaHueM T0-263-7C
DPAMZ3R-426R | DPA-Switch {lumHb iuTaHvs 24/48 B); undposbix TenedokoB n | (kopnyc Tvna R}
TenedoHoB, paboraoiumx B cuctemax VoIP; cuctem
YNpaBnerus NPOU3BOACTBOM (24/48 B)
[N 3aMeHb CETEBLIX TPAHCPOPMATOPOB B UCTOUHM-
Kax NUTaHYA MOWHOCTLIO A0 3 BT; Ana aapaaHbix
LNK501P/ YCTPOIACTB COTOBLIX U GeCiLIHYPOBLIX TenedoHOB,
LinkSwitch | PDA, uudposuix potoannaparos, MP3-nneepos, DIP-88, SMD-88
LNK501G .
aneKTPOOPUTB U T. N.; AN MATOMOLLHBIX HCTONHUKOB
NUTaHUs BLITOBLIX YCTPOUCTB; ANA MUTaHUS Tenesu-
30POB B PEXUME OXMAAHA
Tabauya 9.2. Tabauya evixodHbx mowHocmed mukpocxem TOP242-250
MowHoCTs, BY, Npu BXORHOM HaNpIXeHA
Twn mukpocxe- -2308 ~85...2658
Mbl B -
Ananrep Berrunupyemiii BN Ananrep ;gye M
TOP242P, G 9 15 6,5 10
TOP242R 2 2 1" 14
TOP242Y, F 10 2 7 14
TOP243P, G 13 25 9 15
TOP243R 29 45 17 23
TOP243Y, F 20 45 15 30
TOP244P, G 16 30 1 20
TOP244R U 50 20 28
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IIpodonxcenue maba. 9.2

MotuHocTs, BT, Npyt BXOGHOM HANPRXeHU
Tun mukpocxe- -2308 ~85...265 B
Ml . BeHTwimpyembin
Anantep Bentunupyemwiit b Anantep BN
TOP244Y, F 30 65 20 45
TOP245R 37 51 23 33
TOP245Y, F 40 85 26 60
TOP246R 40 64 26 38
TOP246Y, F 60 125 40 90
TOP247R 2 70 28 43
TOP24TY, F 85 165 55 125
TOP248R 43 75 48
TOP48Y, F 105 205 70 155
TOP249R 4 79 3t 53
TOP249Y, F 120 250 80 180
TOP250R 45 82 32 55
TOP250Y, F 135 290 90 210
Tabauya 9.3. Tabauya ebixo0HbIX MOUHOCMED MUKPOCXEM TOP232-234
Mo1LHOCTb, BY, Ay BXOAHOM HANDAXEHUU
Tun MUKpOCXeMbI ~2308 -85..2658
Anantep | Benmwnvpyembiit Bl Anantep Beumnglgyeu bik
TOP232P
0P 9 15 6,5 10
TOP232Y 10 2 7 15
TOP233P
TOPZ 13 25 9 15
TOP233Y 20 50 15 30
TOP234P
p— 16 30 1
TOP234Y 30 » 20 45
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Tabauya 9.4. Tabauya svixodHbix mowHocmel mukpocxem TNY264/266-268

MotuHocTb, BT, nput BXOAHOM HANpsxeHu1

Tun MUKpOCXeMbi ~230B -85...265B
Aganrep Bentunupyemuia BN AganTep N Bentuanpyembin BN
TNY264P, G 55 9 4 6
TNY266P, G 12 15 6 95
TNY267P, G 13 19 8 12
TNY268P, G 16 23 10 15

Tabauya 9.5. Tabauya sbixodnbix mowHocme mukpocxem TOP221-227

L

MolwunocTs, BT, npu BXOAHOM HaNpsXeHuu

Tvn MAKPOCXEMBI
Nas | ~100/110/230 B | -85..265B
TOP221Y 12 7
TOP222Y 25 15
TOP223Y 50 1 0
TOP224Y 75 45
TOP225Y 100 60
TOP226Y 125 75
TOP22TY 150 9%
TOP221P, G 9 | 6
TOP222P, G 15 | 10
TOP223P, G 2 |
TOP224P, G 30 | 20

Ta6auua 9.6. Tabauya evixodnvix mowrocmeti mukpocxem TOP200-204/214

MowHocTs, BT, Npu BXOAHOM HaNpsXeHu
Tun Mb;KpOCXGMbI OBparHOX0A0BOIA UCTONHUK NUTAHUS her. ”M'Em il';%zﬁzﬁ::;? koo,
=T 85,2658 | -230/277 8
TOP20OVA 0..25 0...12 | 0.2
| TOP201VA 20..45 10..22 20..45
TOP202YAI 30...60 15...30 30...60
TOP203YAl 40..70 20..35 40..70
TOP204YAl 50...85 25..42 50...85
TOP214YAl L 60...100 30...50 60...100
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Tabauya 9.7. Tabauua evixoduvix mowgrocmeld muxpocxem DPA423R-426R
Bxoproe Hanpsxenme noct. Toxka 36..75 B

Tn MUKpOCXEMbI Buix. MOLHOCTL NPWU MOLLHOCTH, PACCENBAEMOIA HAa MUKpOCXeMe, BT MaKc. BbX.

0,5 1 25 4 6 MOLLH., BT
DPA423R 12 16 - - - 18
DPA24R 16 2] 35 - - 35
DPA425R 23 32 50 62 - 70
DPA26R 25 35 55 70 83 100

Tabauya 9.8. Tabruua evixodnsix mownocmeld muxpocxem LNKSOIP, G

Tun MuKpOCXEMb!

]7 BbiX, MOWHOCTL, BT, NpU BXOAHOM HaNpXeHuu nNepeMeHHOT0 ToKa

|

230Bx15%

85...265B

LNK501P, G

|

4

3

TOPSwitch

=

oI jg

Puc. 9.1. Tunosoe BKIIOYEHHE
TOPSwitch

Se—

1~

TOPSwitch-1l

1

=

5

Puc. 9.2. TunoBoe BKTIOYEHHE
TOPSwitch-11
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Ea—

TOPSwitch-FX

L]

y Z
._|
=

‘@:“?

Puc. 9.3. Tunoroe BnoyeHune TOPSwitch-FX

CHO,OWCE] -
== == =
LI -
9 o~
~Un 2] ENIUV ZT
TinySwitch-FX | |gp E "SF
-o ST

Puc. 9.4. Tunosoe Bkmoyerne TinySwitch-FX

o H] . . VYL ——O+
x =+ “Un
g I" CXeMa
| AaTYMKa
u I DPA-SwitchD L 1
~Unx
CONTROL ‘//SZ
cxema cBpocal c
OTCONKM :_] B
t]x G uE
o—

Puc. 9.5. Tunosoe Bxmodenue DPA-Switch

LinkSwitch
D S
+ O+
:
2 S
2
SR
2 g. . T 2
g5
g
a -0 103 Oo-

Puc. 9.6. Tunosoe Bxmovenue LinkSwitch



FnaBa 10

O NpoM3BOACTBE AaKKYMYNATOPHbIX 6aTapen
B Poccum

DKOHOMHYECKUI pOCT, HabaiomaeMbIif B MoOcHeAHHE TOOBI BO
MHOTHMX OTPaciAX OTEYECTBEHHOI NMPOMBILINEHHOCTH, TPAHCIIOpPTA U
TEJIEKOMMYHUKAlIMH, PE3KO YBEJIMYHMI MOTPeOHOCTH B aBTOHOMHBIX
UCTOYHUKAX TOKA.

MpPoM3BOACTBO CBMHLLOBO-KMCNOTHBIX HaTapen

OnHUM M3 BEOYIUIMX OTEYSCTBEHHBIX IPOU3BOTUTENEH CBHHIIO-
BO-KHCJIOTHHIX GaTapeif sBnsieTcss TIOMEHCKHMI aKKyMYJISITOPHEIR 3a-
Bo (TA3). 3a mocieaHue rompl Ha 3aBojie OBIJIO OCBOEHO U MOJIEp-
HU3UPOBaHO 14 TUIIOB CBUHLOBO-KUCIOTHEIX AKDB 115t aBTOTpakTOp-
HOM TeXHMKH, 2 TUIIA IS TEIUTOBO30B, 6 craumoHapubix AKB mis
3JIEKTPOCTAHIIMI, Y3JI0B CBSI3U M ra3onepeKayuBalolNX YCTAHOBOK, 3
TUIIA [UISL HAIMOJBHOTO 3JIEKTPOTPAHCIIOpPTa, a Takke Oatapeun
12CT-85T11 u 6CT-170I11 nnst OpOHETaHKOBOI TeXHMKH. B uucie
HOBMHOK TA3a — mpucIiocobieHHasl K pOCCUMCKOMY KJIMMaTy cTap-
TepHas Gatapes 6CT-132AM, koropasd MMeeT HU3KOE BHYTpeHHee
COIPOTHUBJIEHHE U TIOBBILLIECHHBIA pecype, a ee KOHCTPYKIUS HCKIIIO-
YaeT PasrepMETU3ALMIO U BO3MOXHOCTh KOPOTKOTO 3aMBIKaAHHS.

TIpoayKT BBICOKUX TeXHOJOTHN — HoBas Oaraped 6CT-190AM,
obnagaromas JyYIIMMU MOTpeOUTENIECKUMH CBOMCTBAMM IO CpaBHE-
HMIO C TIpEABIAYIHUMH MofensaMHu. TA3 Hayan BEITTYCK CTAlIMOHAPHBIX
CBMHIIOBHIX aKKyMYJISATOpOB cepun TDH HOMMHaNIBHON €MKOCTBHIO
350-600 A.u, mpeaHa3HAaYeHHBIX I paboTHI B TEEKOMMYHHUKAIIMOH-
HBIX CHUCTEMaxX, Ha aTOMHBIX U TEIUVIOBHIX 3JIEKTPOCTAHIIUSIX, KOMII-
PECCOPHBIX CTAHLMSIX Ia30IIPOBOIOB M IPYIHX 00BEKTaX SHEPTETHKH,
a TaKKe B KaYeCcTBE UCTOYHUKOB aBapUITHOTO 3HeprocHabxeHus. Ux
KOpITyCa BBITIOJTHEHBI M3 MPO3PavyHOro YAapOIPOYHOro COMOMHMEpA
CTHpOJIa, 4 PELIETKH 3JeKTPOIOB W3TOTOBJIEHHl W3 MATOCYPbMSIHU-
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CTOro crutaBa (comepxaHue cypbMbl — 1,5%), CyllleCTBEHHO CHMXa-
JOLIIEro caMopas3psi M ra3oBBIIEIIEHUE.

TaroBble Garapeu UIA 3JIEKTPONIOrpy34rKoB «BajikaHkap» u npy-
TOr0 HAMOJBHOIO TPAHCITOPTa KOMIUTEKTYIOT U3 CBHHIIOBO-KWUCJIOT-
HBIX aKKyMyssitopoB 4Bx200, 5Bx250, 7Bx350 ¢ HamMasHBIMH TOJIO-
KUTENBHBIMA ¥ OTPUUATEIBHBIMU 3JIEKTPOJAMHU, pPa3ieNcHHBIMH Ce-
fiapaTopamMy «MUILIAcT». [1oMUNpOmIeHOBbIE KOpITyca M KPBILKHU
aKKyMVJISITOPOB FEpPMETHYHO COENMHEHHI TIPU MTOMOIIN TEPMOCBAPKH.
MeTtannuueckuit 6ak AKb okpalieH KMCI0TOCTOMKOM KpaCcKOM.

ITox KamoToM KaXxIoro BTOPOro aBTOMOOMIIS, CXOISALIETO ¢ KOH-
Beliepa ABToBA3a, ycraHOBeHa Oarapes TOPTOBOW Mapku «AkTex».
3rot tun 6artapeit BeiTyckaeT OO0 «AKKYMYISTOPHBIE TEXHOJIOTHM»
(r. UpxyTck) Ha oBopyAoBaHMM amMepukaHCKoi ¢upmer Exide. Ac-
COPTHUMEHT «AKTex» BKITIOYAET CyXUe M 3alUThIe GaTapeu ¢ NpsIMoi
M 00paTHOM MOJIIPHOCTHIO eMKOCThIO 55...190 A-u. Ha cBoio nponyk-
LIMIO KOMTIAHMSI TpeNoCTaBJIseT IBYXJIeTHIOW rapaHtuio. B 2001 r.
Dartapen «AxTex» ctany mobeauvreneM KoHKypca «100 yyumx tosa-
poB Poccuu». B X KOHCTPYKIIMU peaN30BaHbl YHUKANbHBIE pa3pa-
BOTKM WHXEHEPOB KOMIIAHMH M yuyeHbIX CHOHUPCKOro OTaeNeHHMS
PAH. Majnoe KoIH4eCcTBO CYPbMEI B CIUIaBe, U3 KOTOPOro U3rOTOBJIE-
HBEl TOKOOTBOJBI, CHHXA4€T PAacXol BOOLI BO BPEMS 3KCIUTyaTallHH.
Cemnmaparop-KOHBEPT U3 MHUKPOIIOPUCTOTO FOJUITHICHA HaleXHO 3a-
IMIIAeT 3MEKTPOABI OT 3aMBIKaHUsI ¥ YIy4YHiaeT TOKOBbIE XapaKTepH-
cruku. PereTka TOKOOTBOIA C PATUANBHBEIM PACHOOXEHHEM XIWIOK
M CMELIEHHBIM K LIEHTPY YIIKOM yiydlaeT CTapTepHbIe XapaKTepH-
CTHKHM ¥ IpHeM 3apsaga. boiblliasi HOPpUCTOCTD MJIACTHHYATHIX 3MEKT-
POZIOB TIOBBIIHAET KO3(PPULHUEHT UCIIONB30BAHNA aKTUBHOM MacChl U
3amac emkoctu AKDB. AKTHBHaAsg Macca COIEPXKMUT CrieUMaIbHbIe JI0-
6aBKY, YBEJIMUMBAOIIKME NMPOYHOCTh 3jekTponoB. Kopmyc 6Garapei
«AKkTex» BBIIIOJNIHEH U3 YIAPOIPOYHOTO MOPO30CTOMKOIO COIOINME-
pa IToIUIponaeHa. st MpOBEpKHU HAXEXXHOCTH TOTOBBIE aKKYMYJsi-
TOPBI MCIIBITHIBAIOT TOKOM ciitoit 8§00 A.

C Becunl 2002 r. KoMITaHHS BBITYCKaeT O6aTtaper HOBOIO IOKOJE-
HUS TOProBOii MapKy «3Bepb» ¢ HEOOBIMHOW «BHENIHOCTHIO». OCKa-
JIEHHasl 3BepHHas MopAa, UIMPOKUE YEepPHBIE IMOJOCH Ha SIPKO-OpaH-
XEeBOM KopIiyce. 3By4HOe UMS U ODUTHHANBHBIA NU3aiiH — He e€AUH-
CTBEHHBIE JOCTOMHCTBA <«3Bepsl». DTO IPOAYKT 3KCTpakiacca,
MPEBOCXOASAMIHIA 110 KaYeCTBY UMITOPTHBIE aKKYMYJIATOPEL. B pe3ynb-
TaTe 6oJice 4YeM IBYXJETHEH HampskeHHON pabOTEl UHXEHEPOB H
y4yeHbIx Upkyrckoro uHcrturyra xumun CO PAH cosmaHel Hacros-
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HMe 3UMHHE aKKyMYJSTOpHBIE 0aTaped eMKocTbio 55..77 A, cmo-
cobOHBIe B JIIOOOH XOJIOI 3aBECTU TMPOMEP3IUUI HA CTOSIHKE aBTOMO-
ounp. Ilo cBOMM TOKOBBIM M €MKOCTHBIM XapaKTepUCTUKAM «3BeEphb»
MPEeBOCXOJUT BCE MMEIOUIMECS Ha pbIHKe aHanord. JlobaBka okcujaa
KpPeMHHsI B aKTHBHYIO MaccCy SJIEKTPONIOB CYIIECTBEHHO TIOBEICHJIA
pa3psaaHbii ToK Oartapeu. OT OaTapeM eMKOCTBHIO 55 A-4 Tpebyercs
obecneuuTs pa3paiHblil ToK 255 A. batapes «3Bepb» Takol eMKOCTH
otnaer Bce 280 A. PaspaboranHast B MpKyTCKe TeXHONOTHS CEPbE3HO
yBEJUYWIA U CPOK cayx0Obl HOBOH OaTtaped. BOJBIIMHCTBO MPOU3BO-
JUTeNiell CBMHILIOBO-KUCIOTHBIX Oartapeil JaloT Ha CBOIO NMPOAYKIIUIO
JIBYXJIETHIOIO FapaHTUIO. «3Bepb» — €AWMHCTBCHHAs HA CETOMHSUIHUHI
JIeHb OTeuyecTBeHHast OaTapesi O CpOKoM rapaHTuM 3 roga. ITo raba-
pUTaM OHa TOJIHOCTBIO COOTBETCTBYET €BPOINCHCKOMY CTaHOApTY
DIN u moaxoauT I O0JbIIMHCTBA OTEYECTBEHHBIX aBTOMOOHIICH U
MHOMApOK.

B uyucne nocaenHux paspadorox AOOT «HHUUCTA» (r. Ilo-
nonbcK MockoBCcKo#l 0051.) — cTapTepHasi CBUHIIOBO-KMCIOTHas 0a-
Tapesi HoBoro tuna HanpstxenneM 12 B m emkocreio 100 A-g, nipen-
HasHa4YeHHas Ui TIycKa OBUTATeNIeil TIXelol TeXHUKH B pa3IMYHbIX
KITUMATHYECKUX YCIOBUSIX.

CsuHnossle craprepusie AKB HoBoit cepuu eMkocThio 63, 115 1
190 A-y uMeloT GOJIBIIYI0O MYCKOBYIO MOIIHOCTh, YBEJIMYCHHBINA N0 6
JIET CPOK CAYyXObI, HU3KOE¢ BHYTpeHHee colpoTubieHue. OHU obna-
Jal0T BHICOKOI 2HEPreTUYECKOM IUIOTHOCTBIO M XOPOIIO COXPAHSIOT
ee TpH HU3KHUX TEMIlepaTypax.

Mo HOBOI TEXHOMOTMM C UCTIONB30BAHUEM TIOCIEIHUX HOCTILKE-
HUH aKKyMYJSITOPHOW TeXBUKH pa3paboTaHa Cepusi cTaprepHbIX Oa-
Tapeil HoMUHanbHONU eMKocThio 110, 140 u 170 A4, npenHasHadyeH-
HBIX JUIs1 paboTsl B yciaoBusix KpaitHero CeBepa. BnekTpoHarpepare-
JIU TUIeHOYHoro Tumna 3a 30 MHMH HarpeBalOT SJEKTPOJUT 3THUX
6arapeit Ha 20 °C — ot —50 no —30 °C.

Bonee 200 THIOB TSATOBBIX CBUHLIOBO-KUCIOTHBIX GaTapei eMKo-
cThio o1 165 o 1200 Ay HanpsixeHueM 12—120 B mis HamosgsHOTO
TPAHCIIOPTa U PE3EPBHBIX UCTOYHUKOB 3JIEKTPONUTAHUS BBHINYCKAET
COBMECTHOE poccuiicko-Oenbruiickoe mnpeanpusatue SSK  Group
(r. Mocksa). barapeu cobHupaloT Ha HOBOM TEXHOJOTUYECKOM 000Dy~
IoBaHuH KoprniopauMd MAG ¢ UCMOJb30BaHWEM KOMITIEKTYIOLLIMX
JIVYIINX eBpomneHcKux mnpousBoauteneir. batapeun SSK ocHalteHBb
MMAHUIUPHBIMUA TOJIOXKUTEJIbHBIMHU 3JIEKTPOJIAMH CO CBMHIIOBBIMU WJTH
MSITKUMU MEOHBIMH TepeMbIYKAMY MeXIY HUMH. MeTtammiueckuil
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KOpOO MOKPBIT LIECTBIO CIOAMU KHUCIOTOYCTOMYMBBIX JIAKOKPACOY-
HBIX MaTePUAJIOB: JBa CJIOA TPYHTOBKM, TPH CJIOS KPACKU, OMUH CJIOH
naka. barapeu BeigepxuBaiot 1500 umKiIoB 3apsna/paspsna. apaH-
TUHHBIA CPOK cIyXkObl Garapeit SSK — 2 roma, Ho He 6onee 1200 3a-
PSAIHO-Pa3psIAHBIX TUKIOB. MX KOHCTPYKUMS U TEXHHUYECKUE Xapak-
TEPUCTUKU TIOJHOCTBIO COOTBETCTBYIOT €BPOIECKUM CTaHIapTaM
DIN u BS.

LLlenoyHbie akKyMynsTopHule 6aTapeu

OnwiTHeIi 3aBog «<HUUXUT» (r. CaparoB) IOATOTOBMI K ce-
PHUITHOMY TIDOM3BOACTBY HOBOE MOKOJEHHWE NICNIOYHBIX HUKEXb-Kai-
MHeBBIX OaTapeif 3Toro tumna ¢ 6oyiee BHICOKMMH TEXHMYECKHMH M
9KCIUIYaTALIMOHHBIMK XapakTepucTMKaMu. K HX IIpeuMylecTsam
MOXHO OTHECTU BBICOKYIO 3HEPIeTHUYECKYI0 IUIOTHOCTh (1o 600
Bt/kT), coxpaHeHHe pabOTOCHOCOOHOCTH TIPH 3KCTPEMANIbHBIX TeM-
neparypax or —60 mo +100 °C, yCcTOHYMBOCTE K JUTUTEIHLHOMY Tepe-
3apsixy TIpY MOBBILIEHHOMN TeMIiepaTrype, COXpaHHOCTh 3apsiia B Teye-
Hue 30—90 cyTOK, CTOHKOCTh K MEXaHWYECKUM Harpy3kaM, BHICOKYIO
HaJIeXXKHOCTh M 0€30TKa3HOCTh IpPU TAPAHTHITHOM CpPOKE CIYXKOBI
3,5—5 7neT, TeXxHUYECKWH pecypc IKCIUTyaTallud He MeHee 8 Jer.
B uucne HoBuHOok «HUUXHUT» — aBualluoHHble Oataped TuUIa
20HKBH-28 u 20HKM-30 ¢ HOMHHaNbHOI €MKOCTBhIO COOTBETCT-
BeHHO 28 U 30 A.4, MOBBLIIIEHHOMH yAapo- U BHOPOITPOYHOCTHIO, Ta-
PaHTUPOBAHHBIM CPOKOM CAYXObI 5—~6 ner. X BBICOKWE 3apsi-
HO-pa3psiHbie XapaKTePUCTUKY COXPAHSIOTCS B MHTEpBaJic pabounx
temrieparyp ot —30 no +50 °C. HoBele 6aTapeu ocHalleHbl OUMeTa-
JMYECKUMHM JaTYMKaMU KOHTPOJS TEMIEPATYphl B TOJETE.

OAO «Ky3zb6accanmement» (1. JlennHck-KysHenkuit KemepoBckoit
00J]1.) — KpYIHEHIIWA NPOM3BOAMUTENb LUETOYHBIX HHUKEIb-KaIMHE-
BBIX M HHUKEIb-XeNe3HBIX aKKyMYJISTOpOB. 82 THMA BBHIITYCKAEMBIX
NPEeANPUSATHEM aKKYMYJASTOPHBIX OaTaped MPUMEHSIOTCS Ha XKeJes-
HOIOPOXXHOM, TOA3EMHOM M HAIOJBHOM 3JIeKTPOTPAHCIIOPTE, B pa-
IHO-, MEAWIIMHCKOW M HaBMTalfMOHHOH amnmnaparype, B aBapHii-
HO-TIOMCKOBBIX CPEICTBAX MOPCKOTO U PEYHOIo CYNOXOACTBA, VIS
ocBellleHHs pabouux MecT B pyAHMKax M uaxrax. IllemoyHbie akky-
MYJISITOpBl eMKOCThIO 400—600 A-u paboTaloT B CPEAHUX U IIUTENb-
HBIX peXHMMaxX paspsiia, He TpeOYIOT CTielIMaNBHBIX YCIOBUI AT pa3-
MeuleHus, paboTocroco6Hbl MpH Temiiepatypax oT —20 no +40 °C,
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OTJIMYAIOTCA BBICOKOM HalnexXHocThio. Mx pecypc mpesbizaer 2000
HMKIIOB 3apsfa/pa3psana. MX BBIMYCKAlOT B METAUIMYECKUX €MKO-
CTSIX, BBLIEPXUBAIOLINMX CHIIbHBIE MeXaHMYECKHE HArpy3KH M BHOpa-
uuu. «KysbaccaneMeHT» OCBOMJ TIPOM3BOACTBO TEPMETHYHBIX, HE
TpeOyIOIMX OOCIYKUBAaHUA HHUKEIb-KaAMUEBBIX aKKYMYJISATOPHBIX
Oarapeit emxoctbio 0,2—0,9 Ay 19 NMUTAHHAA MOCTOTHHBIM TOKOM
TIEPEHOCHOM M CTAlMOHAPHOM anmapaTtypsl Pa3InyHOro HasHayeHUs,
OCBETHTENLHBIX TPUOOPOB, JaMII-BCIBIIIEK, 3JMEKTPOHHBIX KaNbKy-
nsTopob. A nienovHbiMu 0arapesmu 3HITHKIT-10M05 HoMyHaTEHOK
eMKOCThIO 10 A4 OCHALIAIOT HIAXTHHIE TOJIOBHBIE CBETUIILHHKH.

OnHO M3 BeAYIIMX OTEYECTBEHHBIX IPENTIPHSATHN O IIPOU3BOI-
ctBy AKB pasnuuHbIX smeKTpoxuMudeckux cucteM — DI'VIT «Ypa-
JaneMeHT (r. BepxHuit Ydaneit Yensounckoir o65.). TpamuumoH-
Hasl MPONYKIIMS 3aBoja — MajiorabapuTHBIC INPU3MATHYECKUE HU-
Kenb-KagMHeBble  aKKyMYJSTOpbI, aKKyMyJSITOpHBIe  OaTapeu
CMCTEMBI «MarHMH-XJIOPUCTHIH CBHUHEL» C OYEHDb IIMPOKOH 00J1aCThIO
TIPUMEHEHUS] — OT BBICOKOTOYHOM BOCHHOU TEXHMKU HO JIEKTPOOHI-
TOBBIX NMpubGopoB. HuKenb-KagMUeBbIe TePMETUYHBIE AKKYMYISITOPHI
KCPM 0,8 u KCPL 1,5 nuTaioT moCTOSHHHM TOKOM 00pTOBOE 000-
DPYAOBaHUE CYIOB U CAMOJIETOB, PAINO3NIEKTPOHHYIO araparypy, CU-
CTEMBI IIPOTPAMMHOTO YTIPAaBICHHs, OXpaHHOUN M aBapHHHOM CUTHa-
JI3aLMM, SJICKTPOCTUMYJISATOPBl M APYyrHe MEAUIIMHCKHE TPHOODEI.
OHu 00J1analoT BHICOKOH MEXaHMYECKOH IMPOYHOCTHIO, HANEXHH B
3KCIUTyaTalliM, He TpeOyloT yXoma B TEeYeHUEe IJIUTENBHOTO CpOKa
CIIyXOBbI, KOTOpbIM MOXeT mocturarh 10 sner. Lfunuanpuyeckue HHU-
KETb-KaIMHEBEIE aKKYMYISITOPHI CEPHU «BJIeMC» eMKOCThIO oT 0,7 mo
2,8 A4 mpenHaszHa4YeHb! i paboThl B HCTOYHUKAX OecriepeboiHOro
MUTaHUS Pa3TIMYHOM amIapaTypbl, CHCTEM 3HEPIOCHAOXEHUSI KOCMM-
YeCKMX armaparoB, OOpTOBOro 0OOpYHOBAaHMS CYAOB M CAMOJIETOB.
Wx rnaBHble JOCTOMHCTBA — TFEePMETUYHOCTb, IUIMTENIBHBIA CPOK
CIyXObl B IIMPOKOM HATa30He TEMIIEPATYP, MEXaHUYECKHX M K-
TPUYECKUX HArpy3okK, paboToCIoCOGHOCTD MPH JIOOOM MOJIOXKEHUM B
IPOCTPAHCTBE.

Hlenounble akkymyassTopbl cucteMbl MBI ob6nanaor BEICOKMMU
3KCIUTyaTalIMOHHBIMU XapaKTepPUCTHKAMU, HaleXHbI, Hegoporu. Mx
M3TOTaBJIHMBAIOT B KOPITyCax U3 yOapoIlpOYHOH IUIACTMAcChl. AKKYMY-
JSTOpHBIC Oarapen cepuu «bakeH» NpeaHa3Ha4YeHbl B OCHOBHOM ISt
MIUTAaHUSA JIaMIT HAKaJIWMBaHUSI PEYHBIX U OEPEroBHIX CPEICTB HAaBHra-
LIMOHHOTO 0GOpPYIOBAHUS.
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HoBble BuAbl akKyMYNATOPHbIX Batapeh

Bce, 0 4eM uwIa peyb OO CHX NMOP, — 3TO TPAAULIMOHHBIE BUABI
aKKyMYNIATOPHBIX Oatapeil. OmHako 3a mocjenHee BpeMs OBIIO cO-
30aHO OOJBIIOE KOMUYECTBO MPHHIMUITHAILHO HOBBIX aAKKYMYJSTO-
poB. HUAH «Hcrounuk» (r. Cankr-IlerepOypr) sIBiaseTCsS NMpeeMHU-
KOM BcCecoro3HOro HaydyHO-HCCIeROBAaTENBCKOIO aKKyMY/JISTOPHOTO
uHcTHTYTa. EMY MpUMHAAIeXuT pa3paboTka OTeYeCTBEHHOM TEXHOIO-
TUH TIPOU3BOACTBA CBMHIIOBO-KUCIOTHBIX aKKYMYJISITOPHEBIX bartapeii,
co3fiaHue MepBHIX B POCCMM HUKENb-KaIMUEBBIX M HHKENIb-XKeEIe3-
HBIX, CepEeOPAHO-IIUMHKOBHIX M CepeOpSTHO-KaIMHUEBLIX aKKyMYJIATO-
poB. CeromHsi MHCTUTYT pa3paGaThIBAET U BHINTYCKAET aBTOHOMHEIE
MCTOYHUKHU TOKa PA3JIMYHBIX 3JEKTPOXUMUYECKUX CHCTEM HOMMHA-
JibHOM MOIHOCTBIO OT 0,6 1o 200 A4 19 KOCMHUYECKOH ¥ CHelalb-
HOW TEXHWKM, CpENCTB CBS3U, IPOMBIIUIEHHOCTH, TPAHCIIOPTA.
HUAWN «MCTOYHHMK» TNpPOW3BOAMT [Ba THNA IIPHU3MATHYECKMX HU-
KEeRb-KaAMHUEBBIX aKKYMYAITOPOB €MKOCTBIO OT 4 mo 200 A-y: HKT
(c MerajUToKEPaMHUYECKUMH ITONIOXUTEIbHBIMM W OTPHULIATEIBHBIMHU
snexkrponaMu) U HKT'K (¢ MeramiokepaMu4ecKUMHU TTOJIOXHATEILHDI -
MM 3]IeKTporaMH). VX IpeuMylliecTBa: T€PMETUYHOCTh, MUHUMAIIE-
HBIII caMopa3psili, MeXaHH4YecKasl MPOYHOCTh, padOTOCITOCOOHOCTDL B
IIMPOKOM JAMaNa30He TOKOBBIX HATPY30K U TeMmeparyp. CpoK Cliyx-
ob1 — 5—10 jer.

B MHCTUTYTE CO3MaHBI MEPBbIE HUKETb-METAUITHIPHIHBE aKKy-
MynAaTopbl eMKOCTbio oT 20 mo 50 A-4 ¢ BBICOKOIl 3HepreTHYeCKOIl
TNOTHOCTBIO. CPOK UX CIyXObl B 2—3 pa3a Goibilie, YeM aKKyMYJisi-
topoB HKI' u HKTK. HoBEIMUI aKKyMyJISTOpaMH MOXHO KOMILIEK-
ToBaTb OatapeM Ha moboe HanpsokeHue. CaHKT-neTepOypreKuit
HHWAWM -— cosnmarens TepBbIX B MUPE TEPMETHYHBIX HUKEIb-BOIO-
ponHbix akkymyastopoB HB-40 u HB-50 ¢ sHeprerudeckoil TIoTHoO-
CTBIO COOTBETCTBEHHO 48,8 u 58,5 Br-u/Kr. I HUX XapaKTepHBI OT-
CYTCTBUE HEOOXONMMOCTU OOCTYXMBAHUS, IUTHTENBHBIA CPOK CIIyX-
Obl, 9KOJOTMYeCKasg YHCTOTa M 6€30MacHOCTh 3KCIUIyaTallii,
paboTocnocoOHOCTh B JIIOOOM IOJIOXKEHUH, YCTOMYMBOCTE K BO3MEN-
CTBUIO pa3HOOODPA3HBIX MeXaHWYEeCKHX Harpy3ox.

OT'YI1 «YpananeMeHT» BHITYCKAET JJIS1 aBUalud U (ioTa cepeb-
PSIHO-LIMHKOBBIE aKKYMYJIATOpHBIE GaTapeu, sHepreTHYecKas ILIOT-
HOCTb KOTOPBIX B HECKOJILKO pa3 GOJIbIlle, YeM Y OOBIYHBIX CBUHIIO-
BO-KHUCJIOTHBIX Y 1IENOYHBIX aKKyMYJISATOPOB. bojblume paspsnHble
TOKHU CepeOpstHO-LIIMHKOBBIX OaTapeil pacKpyduBalOT MOIIHBIE IBHTA-
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TEJIU B aBapUiHbIX cuTyaluusax. OHU paGoTOCIOCOOHEI MpH TeMITepa-
typax oT 0 o 50 °C mpu OTHOCHTEJIBHOH BIAXHOCTH BO3Ayxa 10
98%. TIponoXUTEABLHOCTL pa3psana Takux Gatapei GOJBUIMMHU TOKA-
MM COCTABJISIET HE MeHee 2 4, MaJlbIMHM — A0 5 CYTOK.

1lInpoxuit acCOPTUMEHT JIEMEHTOB IHUTaHHA U aKKyMYJIATOPHBIX
OaTapeil pas3lIMYHLIX SJEKTPOXUMHYECKUX CHCTEM MNpousBoauT OAO
«Dueprus» (r. Enen Jlumeukoit o6im.). MapraHileBo-uUMHKOBbBIE HC-
TOYHMKY TOKA HEOOXOAUMB U1 3ACKTPONUTAHUS ANIIapaTypsl OCBe-
LUEHUS U CBA3U, pagUONPHUEMHHUKOB M pagMoOCTaHLUi, (poToarnmapa-
TOB, TeO(PU3NYECKUX TPUOOPOB, AEKTPOUIrOPOICH, HABUTALIMOHHO-
ro obopymoBaHMS. A IS 3SHEPTOCHAOXKEHUSA HABUTALIMOHHBIX
puOOpoB Ha Gepery M B BOAE CIIEHANBHO pa3paboTaHbl pa3iHMYHbIC
MOIMGHKAIMH MaNoradapUTHBIX aKKyMYISTOPHBIX Gatapeil «Jlu-
Man». Csbime 80% CIIYXOBBIX allapaToB B MHPE IUTAIOTCS OT BO3-
JYLUHO-1IITMHKOBBIX UCTOYHHUKOB BHICOKOI 3HEProeMKoCcTH. Bhrimycka-
eMmbic OAO «DHeprusi» BO3AYIIHO-UHMHKOBBIE 3JAEMEHTH O rabapu-
TaM, eMKOCTH, IHMANa30Hy ONTUMAIbHBIX TOKOB Pa3psiia MOJHOCTBIO
COOTBETCTBYIOT MeXIYHAapOIHEIM TpebopaHusM. [Ipu HerpepbIBHOIM
3KCIUTyaTaluy o 12 4acoB B CYTKM CJIYXOBLIE alnaparhbl ¢ eIelKUMHI
3JIEMEHTAMM MOTyT paboraTth 3—4 Hemenau W Jonblie. bnaromaps
HU3KOI WEHE OHH AOCTYNHBI AN WHBAJIWAOB U NMEHCUOHEepOB. s
3JIEKTPONUTAHUA HU3MEPUTEILHOM ammaparypbl, HAyYHBIX W APYTHX
npubOpoB IpemlHa3HauYeHbHl MWHHMATIOPHBIE PTYTHO-LIMHKOBBIC 3JE-
MEHTH M ceK1iviy. OHM BBbIAIOT BLICOKME Pas3psaHble TOKHM TIPM CTa-
OMIBHOM HampsikKeHWH, 0€30TKa3HBI B pabdoTe NpH TeMItepaTrypax OT
—30 go +70 °C. OAO «BHeprusa» Boimyckaer takxe JIUT cepwmii
«bmux» 1 CR, BomoakTUBMpYeMBIe X TCIUIOBBIC UCTOUHUKHU TOKA.

O6opynoBaHxe ANSi NPOM3BOACTBA aKKYMYASITOPHBIX
6arapen

[Hupokuit cnexTp HECTAHZAPTHOTO OOOPYIOBAaHMSA IS IIPOHU3-
BOJCTBA CBUHIIOBO-KUCIOTHBIX, LIEJIOYHBIX, TMTUEBBIX aKKYMYJISATOP-
HBIX 0atapeit ¥ rajJbBaHUYECKHX 3JeMeHTOB Ipou3Bogur OAO «Mc-
TOYHHUKM TOKa» (r. CMOJIEHCK). 3aBOJ IOCTABJISIET ABTOMATU3HUPOBaH-
HBble CO0pPOYHbIC JIMHUM, aBTOMATHI, I0OJyaBTOMAaThl U YCTAHOBKHU JUISI
OTHAETBbHBIX TEXHONOTHYECKUX OIepaliHii, aBTOMATH3UPOBAHHBIE KOM-
TUICKCHI ISl UCTIBITAHUSA aKKYMYJNSITOPOB, 3apsAAHBIC YCTPOMCTBA JJISt
aKKyMYJIATOPHBIX O6aTapei BCex THITOB.



NMpunoxenne 1
TexHMYeCKHE XAPAKTEPMCTHKM aKKYMYnaTopoB GP

Hukens-wkapgmmeBble akKymynsitopbl GP ans paboTthl B yCnoBusix
BbICOKHX Temnepatyp (High Temperature Series)

Homun, Hanps- TUnosas eMKkocT JNnamer, Buwicora, B

Tunopasmep |  Mogens - HAMDA- | o Toke paspapa P h €C,

Xenue, B MM MM r

0,2C, MAy

M GP70AAST 1,2 770 144 48.2 21
SubC GP160SCKT 1,2 1760 23 43 4

C GP250CKT 1,2 2750 258 50 72
D GP450DKT 1,2 4950 33 61.5 125

Temneparypa 3apaga 0...70 °C.

Temneparypa paspsga —20...70 C.
Temneparypa xpatienus —20...35 °C.

HuKenb-KagMHeBble aKKYMYRSATOPbl ANS PaboThi NPH NOBLILLEHHOM
Toke Harpy3ku (High Drain Series)

Twnopaamep1 Mozenb T Hoa;g:h:?répm ;:: (;zi: g:;m ﬂ""::":m’ BH::)‘TG, B(:c,
0,2C, MAYy

4/5SubC GP120SCK 1,2 1320 23 43 39
SubC GP130SCK 1,2 1430 23 43 41
SubC GP160SCK 1,2 1760 23 43 46
SubC GP180SCK 1,2 1980 23 43 51
SubC GP200SCK 1,2 2200 23 43 53

D GP450DK 1,2 4950 33 61,5 135

Temneparypa 3apsga 0...45 °C.

Temneparypa ckopocTHoro 3apsaga 10...45 °C.
Temneparypa paspsaa —20...50 °C.
Temneparypa xpanenvs —20.,.35 °C.
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CraHfapTHble HMKENb-KafgMHeBble

akkymynsTopbl GP (Standard Series)

Homuh. Hanpa- TnoBas EMKOCT> Dvamerp, Buicora, Bec,
Tunopasmep Mogene xehue, B PA TOKE pasbana MM MM r
0,2C, MAy
AMA GP30AAAK 1,2 320 10,5 43,7 10,5
13MA GP18AAK 12 200 14,5 16,6 7
23 M GP30AAK 1,2 320 145 28,7 H
2/3M GP40AAK 1,2 450 14,5 28,7 12
2/3 M GP50AAK 1,2 520 14,5 28,7 13
4/5 AA GP72AAS 1,2 760 14,4 42,5 19
A GPSOAAS 1,2 660 144 48,2 19
A GP70AAS 1,2 770 14,4 48,2 21
M GP80AAS 1,2 850 144 48,2 21
M GPI5AAS 1,2 1020 144 48,2 ‘ 24
AA GP100AAS 1,2 1060 14,4 48,2 26,5
7/5 AA GP120AAK 12 1300 14,5 65 3
1/3AF GP25AFK 1,2 270 17 16,3 10
23 AF GP55AFK 1,2 600 16,3 2,7 13,9
2/3 AF GP70AFK 1,2 740 16,3 2,7 16
4/5 AF GP120AFK 1,2 1300 16,5 42 26,5
AF GP140AFK 1,2 1500 16,5 49,3 31,2
7/5 AF GP200AFK 1,2 2200 17,5 67,5 43
c GP65CK 1,2 715 25,8 216 29
N GP23NK 1.2 250 12 30 85
Temneparypa 3apsiga 0...45 °C.
Temneparypa cxkopoctHoro 3apaga 10...45 °C.
Temneparypa paspsga —20...50 °C.
Temneparypa xpaHequs —20...35 °C.
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Cepusi 9-BONbLTOBbIX HHKENb-KAAMMEBbLIX aKKYMYRATOPHbIX

6atapeit GP (9V Series)

HomuH. Hanpg- TUn0Bas EMKOCTS Jvame Bobicora Bec
Tunopasmep Mogens xeﬁﬁe Bpﬂ npu ToKe paspapa MMTp’ - ’ r ’
! 0,2C, MA-Y
N GP12F7K 72 132 17,5(T) 48,5 36
v GP12F8K 84 132 17,5(T) 485 42
WV GP15F7K 7,2 165 17,5(T) 48,5 36
v GP15F8K 84 165 17,5(T) 485 42

Temneparypa 3apspa ~10...30 °C.
Temnepartypa paspsina —20...40 °C.
Temnepartypa xpaHerus 0...35 °C.
Temneparypa KpaTKOCPO4HOro XpaHeHus (He Gonee 1 Hepenu) —20...60 °C.

Hukenb-meTannruapMaHblie aKky MynasTopbl GP noBbilieHHOM

emkocti (High Capacity Series)

HomuH. Hanps- Turiosas eMKOCT [Duamerp, BuicoTa, Bec,
Turiopasmep Mopene xeHue, B npuor,czuéi pMisEﬂna MM MM r
173 AMA GP16AAAM 1,2 168 10,2 14 3,75
2/3 AAA GP37AMAM 1,2 388 10,2 29,2 75
4/5 AMA GP50AAASH 1,2 515 10,5 359 93
AA GP65AAAH 1,2 680 10,5 43,7 13
AMA GP70AAMH 1,2 730 10,5 43,7 13
AA GP75AAAH 1,2 780 10,5 43,7 13
AAL GP80AAALH 1,2 820 10,5 50 15
T/SAAAL | GP100AAALH 1,2 1050 10,5 66,5 19,5
23 M4 GP75AAH 1,2 770 14,5 287 15
A GP150AAM 1,2 1540 14,4 48,2 26
A GP160AAH 1,2 1660 14,5 49,2 26
M GP170AAH 1,2 1750 14,5 49,2 27
7/5AA GP190AAH 1,2 1960 14,5 65 35
4/5 AF GP211AFH 1,2 2170 17 LX) 32
AF GP250AFH 1,2 2550 17 50,2 39
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High Capacity Series (npodoaxcenue)

H : Tunosas eMKoCTb B B
Twnopaswep Mogens OMUH. Hanps AW ToKe paapsna [vameTp, biCOTa, eC,
XeHue, B MM MM r
0,2C, MAY
7/5 AF GP370AFM 1,2 3750 17,2 67 53
/5 AF GP380AFH 12 3800 175 67 535
N GP45NH 12 460 15 291 9,3
18650 GP410LAH 1,2 4220 18,3 65,5 58
18670 GPA50LAH 12 4500 18,3 67 60
4/5 Sub-C GP200SCH 1,2 2100 23 AU 48
Sub-C GP300SCH 12 3300 23 43 61
Sub-C GP330SCH 12 3465 23 4.5 62
C GP350CH 1,2 3850 25,8 50 78,5
D GP700DH 1,2 7350 33 60 155
D GP300DH 1,2 9225 33 60 170
F GP1300FH 1,2 13650 33 90 247
Temneparypa 3apsga 0...45 °C.
TemnepaTypa ckopocTHOro 3apsaaa 10...45 °C.
Temnepatypa paspapa ~20...50 °C.
Temneparypa xpaHenus —20...35 °C.

Hukens-metannarugpuaHbie akkymynaropbl GP ans pab6oTbl B ycnoeuax
Bbicoknx temnepatyp (High Temperature Series)

H i Tunoeas eMxoCTb B B
Tunopasmep Mogenb O::":' Ha';m TipY TOKE pa3paaa ﬂ"i:-‘; P, u:::ra, e:c,
eHme, 0,2C, MA-4
M GP125AAMT 1,2 1280 14,4 48,2 25,5
A5 AF GP160AFHT 1,2 1650 17 43 Ry
AF GP210AFHT 1,2 2160 17 50,2 375
18670 GP40OLAHT 1,2 4050 18,3 67 66
GP220
Sub-C 1,2 2310 23 43 53
SCHT
Temneparypa 3apsga 0...70 °C.
Temneparypa paspsaa ~20...70 °C.
Temneparypa xpanenus —20...35 °C.
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CraHpapTHble HMKENb-MeTanArMApPHAHbIe aKKyMynsatopsl GP
(Standard Series)

HOMUH. Hanps- TunoBas ewkocTs DOuamerp, Beicota, (—Bec,
Tunopasmep Mogens Xerne, B npv ToKe paspaaa MM st r
0,2C, MA Y4
AMA GP30AAAAH 1,2 310 84 40,6 6,5
T/5AMMA GP50AAAAH 1,2 520 84 66 10,5
1/4 AAA GP7AAAM 1,2 80 10 10,3 24
1/3 AMA GP12AMAM 1,2 130 10 13,7 33
1/2 AAA GP25AMAM 1,2 270 10 22 53
2/3 AMA GP28AAM 1,2 290 10 29 6,4
4/5 MA GP40AAAH 1,2 450 10,3 359 8,5
AMA GP55AAAH 1,2 578 10,5 43,7 13
ARA GP60AARH 1,2 630 10,5 437 12,5
1/3AA GP25AAH 12 270 14,5 16,6 7
2/3 AA GP30AAH 1,2 320 14,5 28,7 10
2/3AA GPB0AAH 1,2 660 145 28,7 13
4/5 AA GP121AAH 1,2 1250 145 42,5 22
AA GPG0AAM 1,2 660 144 48,2 15
A GP130AAM 1,2 1400 14,4 48,2 25
12AF GPEOAFH 12 650 17 22 14
2/3 AF GP100AFH 1,2 1080 17 28,7 22
4/5 AF GP181AFH 1,2 1860 17 43 22
AF GP230AFH 1,2 2350 17 50,2 36
/5 AF GP350AFM 1,2 3580 17,2 67 52
1/3N GP11NH 1,2 130 115 15 35
1/2N GP18NH 1,2 200 11,5 16,7 53
N GP36NH 1,2 380 1,5 29,3 8,6
18210 GP8OLAH 1,2 860 18,3 21,5 17
4/5Sub-C | GP170SCH 1,2 1870 23 34 45
Sub-C GP220SCH 1,2 2420 2 43 55
D GP450DH 1,2 4725 33 60 130
Temrieparypa 3apsiza 0...45 °C.
Temneparypa ckopoctHoro paspsaa 10...45 °C.
Temneparypa paspaga —20...50 °C.
Temneparypa xpaHetus —20...35 °C.
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9-BONLTOBbIE HUMKENL-METANNTMAPHAHBIE
aKKymynsitopbl GP (9V Series)

Howut ) Tunosas eMKoCTL i Buicora 8
Trnopasmep Mogens OMUH. HanpA P TOK PA3pAA aMeTp, bICOTA, ec,
xehve, B MM MM r
0,2C, MAYy
W GP15FTH 72 165 17.5(T) 48 5(H) 39
v GP15F8H 84 165 17,5(T) 48,5(H) 42
Temnepatypa 3apana —10...40 °C.
Temnepatypa paspsaga —20...40 °C.
Temneparypa xpanenus —20...35 C.
anBMaTM‘IECKHe HUKenb-metTanirMapuaHbie
akkymynsaropsbl GP (Prismatic Series)
Homu. Hanpa- | Tunosas eMKOCTb NpW Toke
Tunopaamep | Mogens xetve, B paspana 0,2C, MA Pa3smepbl, MM Bec, r
6,1(T)
Prismatic GP4M 1,2 440 17,0(L0) 10,3
31,3(B)
6,1(T) “
Prismatic GPSM 1,2 550 17,0(LL) 12
35,3(B)
6,1(T)
Prismatic | GP5SM60 12 600 17,0(W) 1
35,3(B)
6,7(T)
Prismatic GPF6M 12 600 16,1(tL) 11
33,8(B)
6,1(T)
Prismatic GP7TM 1,2 750 17,0(LL) 16,7
48,0(B)
6,1(T)
Prismatic GP8M 1,2 850 17,0(lW) 17
48,0(B)
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Prismatic Series (npodoaxcenue)

Homu. Hanps- | Tunosast eMKOCTb npu Toke
Tunopasmep | Mopens Xeie, B paspna 0,2C, vAH Pa3mepbl, MM Bec, r
8,3(T)
Prismatic GP10H 1,2 1100 17,0(L) 22,5
48,0(B)
6,1(T)
Prismatic GP10M 1,2 1100 17,0(W) 21,6
67,0(B)
6,1(T)
Prismatic GP14M 1,2 1400 17,0(1) 23
67,0(B)
Temneparypa 3apsaa 0...45 °C.
Temneparypa paspaga —20...50 °C.
Temneparypa xpatenvs —20...35°C.

LMnuHapHYeckme AMTMH-MOHHLIE akKYmynaTopHbie 6atapeu GP

Mogernb :gr:::g::: Tuniosas ew- Pasucps. Bec, r h:::;ﬂ;g:( r;':é::(;
B KOCT, MA4 Auametp | Buicota MA 3apsaa, B
GP1029L15 37 155 10,5 29 | 545 300 4.2
GP1051L35 37 350 10,5 51 10,4 700 42
GP1443L58 3,7 580 14 43 16 870 42
GP1450L70 37 700 14 50 19 1050 42
GP1750L110 37 1100 17 50 % 1650 42
GP1767L125 37 1280 173 673 | 38 1800 41
GP1767L160 37 1600 17 67 37 2400 __ﬁ__
GP1850L120 37 1230 18,3 50 32 1800 J_
GP1850L130 37 1300 18,3 50 31 1950 4,2
GP1865L180 37 1800 183 652 | 41 2700 42
GP1865L200 37 2000 183 | 652 | 43 | 3000 42
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MpuamaTHyeCcKHe NMTHIA-MOHHBIE AKKYMYNSTOPHbIE

6arapeu GP

Mopens ﬁg: :aHt?;: TUnOBaA M- Pasmepkt, MM Bec, r h;:;(;;;f nMpaﬁ':e::e

xenve, 8 | K€ MA MA 3apaa, B
GP3B3450L58 37 580 | 3.6(T)x34,0()x50,0(8) | 16 | 1160 42
GP383455L63 37 630 | 38(T)x34,0()x550(8) | 18 | 1260 42
GP413048L57 37 5710 | 4,1{T)x30,0(L)x48,0(8) | 16 | 1140 42
GP413450L72 37 70 | 4,1(T)x34,0(U)x50,0(8) | 17 | 1440 42
GP503020L21 37 210 | 5,0(T)x30,0()x20,08) | 7 420 42
GP503042L54 37 540 | 5,0(T)x30,00jxa2,08) | 15 | 1080 42
GP503048L72 37 720 | 50T)x30,0()x48,08) | 18 | 1440 42
GP5B2243152 37 520 | 58Mx22,0(W)x48,0(8) | 18 | 1040 42
GP03450L95 37 950 | 6,0M)x34.0(U)x50,08) | 24 | 1900 42
GP623048L85 37 850 | 6,2T)x30,0(LL)x48,08) | 20 | 1700 42
GP813433L70 37 700 | 8,1(Tx34,0L)x33,08) | 20 | 1400 42
GPY01940L63R 37 630 | 9,0(T)x19,0(W)x40,0(8) | 16 | 1260 42
GPO0I4BLB0R | 37 800 | 9,0(T)x19,0{LL)x48,0(B) 1600 42
GP103448L155 37 1550 | 10,0(T)x34,0(W)x48,08)| 39 | 3100 42
GP103450L165R | 3.7 1650 | 10,0(T)x34,0(1)x50,08)| 41 | 3300 42
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TexHHueCKHe XapaKTePHCTHKM aKKYMYAATOPOB

Panasonic

LiunuuapHyueckme HMKeNb-KafMHMEBble aKKYMYNATOPHLIE
6arapen PANASONIC

Mopens Tun Ho::ﬂ}:xa::::? BHa' i‘ﬁ:ﬁm .ﬂu;a:rpepu;a::(,m Bec, r | Tunopasmep
P-11AA N 1,2 120 14,5 17,5 6,5 1/3AA
P-11AAH H 1,2 120 145 17,5 6.5 1/3MA
P-18N N 1,2 190 12 30 8 N
P-25AAA/B N 1,2 280 10,5 45 10 AMA
P-25AAAR/FT R 1.2 280 10,5 4.5 10 AA
P-30AAR R 1,2 330 145 28,2 12 2/3M
P-50AAH H 1,2 580 14,5 48,3 21 M
P-60A4/B N 1,2 640 14,5 50 21 A
P-60AAR/FT R 1,2 640 14,5 483 21 AA
P-60AS S 1,2 660 17 28,5 18 2/3A
P-70AMB N 1,2 740 145 50 22 A
P-70AARC/FT R 1,2 740 145 48,3 2 A
P-100AAS)/B S 1,2 1080 145 50 3 M
P-100MASUFT | S 1,2 1080 145 50 23 M
P-110AS S 12 1180 17 43 25 4/5A
P-120AH H 1,2 1250 17 67 25 L-A
P-120AS S 1,2 1280 17 43 26 4/5A
P-120AAS S 12 1280 14,5 65 31 L-AA
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Huxenvb-xadmueevie akxymyaamopnvte 6amapeu PANASONIC (npodoaxcerue)

o | T || o |y || Trom
P-120SCH H 1,2 1350 23 43 48 SC
P-120SCK K 1,2 1350 23 43 48 SC
P-120SCPJ P 1,2 1350 23 34 39 4/35C
P-120SCPM p 1,2 1350 2 43 47 SC
P-120SCRJ R 1,2 1350 2 33 38 4/55C
P-130SCC R 1,2 1450 23 42 47 CsC
P-130SCR R 1,2 1450 23 43 4 SC
P-140AS S 1,2 1530 17 50 32 A
P-150AS S 1,2 1530 17 43 27 4/5A
P-1405CC R 1,2 1550 2 42 48 CsC
P-140SCR R 1,2 1550 23 43 48 SC
P-170SCRP P 1,2 1800 23 43 49 SC
P-180SCR R 1,2 1950 23 43 49 SC
P-200SCP P 1,2 2100 23 43 52 SC
P-200CK K 1,2 2300 25,8 50 52 c
P-230SCS s 12 2490 2 ) L-SC
P-230CH H 1,2 2500 258 50 78 C
P-240C N 1,2 2600 258 50 7 c
P-280CR R 1,2 3000 25,8 50 79 c
P-400DH H 1,2 4400 33 61 139 D
P-400DK K 1,2 4400 33 61 139 D
P-440D N 1,2 4600 33 61 139 D
P-500DR R 1,2 5500 33 61 145 D
Npumetanus;

1. Tun N — cTaHpapTHbII# aKKyMynsITop.

2. Tun S — aKKyMynSITOP C BbICOKOM EMKOCTBIO.

3. Tun R — ponyckaeT yckopeHHbi 3aps (CKOpOCTHOI U BbICTpbIl).

4. Tun P — fionyckaet rny6okuii paspag u YCKOPeHHbIA 3apsia.

5. Tun H — ponyckaeT kanenbHylo NOA3APAAKY NPY BLICOKOI TeMNepaType cpeast.
6. Tun K — gonyckaeT kanenbHyio noa3apsaxy Npu HU3KoR Temneparype cpeabl.
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uHﬂHHApH‘IECKHe HUKeNb-MeTANNrMAPHAHDIE aKKYMYNIATOPHbIe
6arapen PANASONIC
HomuHanbHoe Ha- | Cpepss em- Pasmepbi, MM
Mopgens Tun —t KoCTD, MAY Lo | Booor Bec, r | Tunopasmep

P-1104 N 1,2 120 145 175 | 65 1/38A
P-11AAH H 1,2 120 145 175 | 65 1/38
P-18N N 1,2 190 12,0 30,0 8 N
P-25A04/B N 12 280 10,5 45 1 10 A
P-25MARFT | R 1,2 280 10,5 a5 | 10 AMA
P-308AR R 1,2 330 145 282 | 12 2/30A
P-50M8H H 1,2 580 145 483 | 2 M
P-60AA/B N 1,2 640 145 500 | 21 M
P-GOAAR/FT R 1,2 640 145 83 | 21 M
P-60AS s 1,2 660 17,0 85 | 18 2/3A
P-7084/B N 1,2 740 145 50 | 22 A
P-TOMRC/FT | R 1,2 740 145 483 | 22 A
P-100MS)B | S 1,2 1080 145 50 | 23 M
P-100MSJFT | S 1,2 1080 145 5,0 | 23 M
P-110AS S 1,2 1180 17,0 43,0 25 4/5h
P-120AH H 1,2 1250 17,0 670 | 43 L-A
P-120AS S 1,2 1280 17,0 230 | % 4/5A
P-120AAS S 1,2 1280 14,5 650 | 31 L-AA
P-120SCH H 1,2 1350 23,0 430 48 sC
P-120SCK K 1,2 1350 2,0 830 | 48 sC
P-120SCPJ P 1,2 1350 23,0 0 | 39 4/55C
P-120SCPM P 1,2 1350 23,0 20 | # sC
P-120SCRJ R 1,2 1350 23,0 30 | 38 4/55C
P-1305CC R 1,2 1450 2,0 Qo | # Csc
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Huxeav-memannzudpuodnste axkymyaamopusie 6amapeu PANASONIC (npodoaxcenue)

-| Cpemn em- Pasmepi, MM
Mogens Tun Homunanbuoe; o | G M:M Bec, r | Tunopasmep
npsxexue, KoCTs, MAY | nuamerp | Bricora
P-130SCR R 1,2 1450 23,0 43,0 47 SC
P-140AS S 1,2 1530 17,0 50,0 32 A
P-150AS S 1,2 1530 | 17,0 43,0 2 L 4/5A
P-140SCC R 1,2 1550 23,0 42,0 48 CsC
P-140SCR R 1,2 1550 23,0 430 48 sC
P-170SCRP P 1,2 1800 23,0 43,0 49 SC
P-180SCR R 1,2 1950 23,0 43,0 49 SC
P-200SCP P 1,2 2100 23,0 43,0 52 SC
P-200CK K 1,2 2300 258 50,0 78 C
P-230SCS S 1,2 2490 23,0 50,0 57 L-SC
P-230CH H 1,2 2500 25,8 50,0 78 C
P-240C N 1,2 2600 258 50,0 75 c
P-280CR R 1,2 3000 258 50,0 79 c
P-400DH H 1,2 4400 33,0 61,0 139 D
P-4000K K 1,2 4400 33,0 61,0 139 D
P-440D N 1,2 4600 30 61.0 139 D
Mpumesanus:
1. Tun N — CTaHgapTHbIii aKKyMynsTop.
2. Tun S — axKymynaTop C BLICOKOH EMKOCTIO.
3. Tun R — ponycxaet yekopeHHbid 33pRa (CKOPOCTHOW W BLicTpiA).
4. Tun P - ponycxaet raybokui paapsfi 1 YCKOPEHHbIM 3apsag.
5. Tun H — ponyckaeT kanenbHylo NOA3aPAAXY NP BLICOKOHA TEMNepaType Cpeay!.
6. Tun K — ponycxaer kanenbHyo noA3apRAKY Py HU3KOH Temneparype cpegy.
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TIUTHI-HOHHBIE aKKYMYASTOPHbIe Gatapen PANASONIC
Linnunapuyeckue Garapen
Homu. Hanps- Tunosas emkoCTb, [namerp, Buicora, Bec,
Moen xeHue, B MAY MM MM r
CGR17500 36 830 16,9 49,6 25
CGR18650HG 36 1800 18,5 65,0 42
CGR18650A 3,6 2000 18,5 65,0 43
Mpumeyanue: Hanpsxetue 3apspa 4,2 B.
Mpuamaruyeckue Gatapeu
Moaer Hommn. Hanpa- | Tunosast eM- | Lnpuna, BuicoTa, TonuwHa, Bec,
on xeHue, B KOCTb, MA-Y MM MM MM r
CGA5330481 386 750 30,0 48,1 535 16,5
CGAB33450A1 36 1035 34,0 50,0 6,35 24
CGA103450 3,6 1800 34,0 50,0 10,5 39
Npumeyanve: HanpsxeHve 3apsaaa 4,2 B; npeaHasHaueHbl TONLKO ANS O/YIHOYHORO MPUMEHEHNS.
TabnerouHblit anemeHT
Homu, Hanps-{  TMROBaA @MKOCTb, Lupuia, Tontuuna, Bec,
Mogene xexve, B MAY MM MM r
CGL3032 3,6 130 30,0 3,2 7




NMpunoxexnune 3
TexHMUYeCKMe XapPaKTePHMCTHMKM LMAMHAPHMYECKMX
TabneToUHbIX aKKYMYRSATOPOB

Tun Hanpsxe- | Emxocts, | Tok paspa- | Tok sapsna, | Avmamerp, | Boicora kopny- | Bec,
Hve, B Ay fa, MA MA MM €a, MM r
Linnunapuyeckue Tabnerounbie NiCd akkymynatopsi (Poccus)
B-0,028 1,25 0,02 2.4 2 11,6 42 - B
A-0,034 Gﬁ 0,03 3.6 3 11,6 54 2
A-0,050 1,25 0,05 5.10 5 155 49 -
0-0,06 1,25 0,06 6..12 6 15,6 6,1 36
1-0,080 1,25 0,08 8..16 8 15,5 7 -
B-0,1 1,25 0,1 10...20 10 20 69 7
B-0,1250 1,25 0,125 12.24 12,5 20 6,6 64
B-0,28 1,25 0,2 20...40 20 25 7 -
m | 1,25 0,26 25...50 25 25,2 9,2 13
0-0,30 1,25 03 30...60 30 25 9.4 -
B-0,550 1,25 0,55 50...100 50 34,6 938 212
A-0,84 1,25 0,80 80...160 80 50 17 -
70-0,1250 84 0,125 10...20 1ﬁ T 24 58 50
104-0,55C1 12 0,55 25..50 20 356 112 310
Linnunppudeckne Tabnetounne NiCd u NiMH axxymynstoput Varta (Tepmanusn)
RX 01 1,24 0,15 30 15 12,9 2 9
RX03 1,24 0,2 40 20 10,5 4 10
RX6 1,24 0,75 150 75 14,5 50,3 24
RX 14 1,24 14 280 140 2% 49 55
RX 20 1,24 4 800 400 335 61 147
RX 20 1,24 1,4 280 140 33,5 61 78
V7/8R ] 0,11 22 1 26,5x15,7x48,5 a7
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Lununopuueckue mabaemounsvie akkymyasmops (npodoaxcerue)

Tun Hanpsixe- | Emkoctb, | Tok pasps- | Tok 3apaaa, | Luamerp, | Buicotakopny- | Bec,
Hue, B Ay I3, MA MA MM ca, MM r
Phone T 356 0,28 56 28 48,0x52,0x10,6 36
Phone S 3,6 0,28 56 28 26 32 36
3NG0H 36 0,06 12 6 16 19,9 12
Unnunapuieckue Tabnetounbie NiCd akkymynsatopb GP (CLUA)
Cepua Standard
GP2BNH 1,2 0,002 - 0,2 6,95 1,75 0,31
GP158NH 1,2 0,015 - 15 95 26 0,7
GP20BNH 1,2 0,02 - 2 115 225 1,0 ]
GP25BNH 1,2 0,025 - 25 11,6 35 1,4
GP40BVH 1,2 0,04 - 4 11,6 55 19
GPBOBVH 1,2 0,08 - 8 15,5 6.3 37
GP150BVH 1,2 0,12 - 12 15,5 7.8 48
GP250BVH 1,2 0,25 - 25 25 6,4 10,9
GP320BVH 1,2 0,32 - 32 25 8,7 14,1
Cepus Economy
GP30BVH 1,2 0,03 - 3 11,6 55 19
GP60BVH 1,2 0,06 - 6 15,5 6,3 36
GP170BWH 1,2 017 - 17 25 6.4 9.8
GP280BVH 1,2 0,28 - 28 25 8,7 12,6
3-BONbTOBbIE TAGAETOUHBIE AMTHH-MOHHbIE AKKYMYNSATOPSLI
SANYO cepum ML
| et o v o | o o T | B, B
psa, MA PAfta, MA 13, MA

ML614 2 0,015 03 1 6,8 14 (018
ML621 35 0,015 03 1 68 2,1 0,3
ML1220 12 0,1 2 5 12,5 2 0.8
ML2016 25 03 8 2 20 16 |18
ML2430 90 0,5 10 20 24,5 3 41




Mpunomenne 4
TexHuyeckme XapaxKTepHCTMKH
CBMHLLOBO-KMCNIOTHbIX OaTtapeit HeKOTOpPbIX
npoM3BoguTenen

CBMHLIOBO-KMCNOTHBIE aKKYMYNATOPHbIE
6arapeu FIAMM

[aBaputal, MM W
Tun Garapew Hanpsixenve, B | Emkocts, Ay Bec, kr
AnMHa LnpuHa BHICOTA
FG 10121 6 1,2 97 24,5 50,5 03
FG 10301 6 3 134 34 60 0,69
FG 10401 6 4 70 48 102 0,82
FG 11001 6 10 151 50 94 2,1
FG 11201 6 12 151 50 94 2,1
FG 20121 12 1,2 97 48,5 50,5 0,58
FG 20201 12 2 178 U 60 0,89
FG 20401 12 4 %0 70 102 1.6
FG 20721 12 72 151 65 9% 26
FG 21202 12 12 151 98 94 42
FG 21803 12 18 181 76 167 58
FG 22703 12 27 166 175 125 8.6
FG 24204 12 42 196 163 174 13
FG 27004 12 70 350 166 174 22,8
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CBMHLOBO-KMCNIOTHbIE aKKYMYNATOpPHbIe 6aTapen GP
Tun Garapen Hanpsxetve, B | Emxocts, Ay Fatepur, b Bec, kr
AMWH LMpYHA BbICOTA

GP 633 6 33 134 A 60 0,62
GP 645 6 45 70 48 102 08
GP 670 6 7 151 KX 975 1,2
GP 6110 6 11 151 50 975 19
GP 1213 12 13 97 43 54,5 0,56
GP 1222 12 2,2 178 AU 64 0,93
GP 1245 12 45 a3 70 102 1,8
GP 1270 12 7 151 65 X 26
GP 12110 12 11 151 98 % 41
GP 12170 12 17 181 76 167 6,1
GP 12260 12 26 166 175 125 9

GP 12400 12 40 197 165 170 14
GP 12650 12 65 350 166 174 22

CBMHLOBO-KHMCROTHBIE aKKYMYNaTopHeie H6arapeu YUASA
FaBapurol, MM
Tun Garapeun Hanpsxenue, B | EMkocTs, Ay Bec, kr
JAmHa WMpMHA BhICOTa

NP3-6 6 3 134 34 64 0,63
NP7-6 6 7 151 4 975 1,32
NP10-6 6 10 151 50 97,5 1,93
NP12-6 6 12 151 50 97,5 20,5
NP1,2-12 12 1.2 97 48 545 0,57
NP2,3-12 12 23 178 K2 64 0,94
NP4-12 12 4 % 70 106 1,57
NP7-12 12 7 151 65 975 2,65
NP12-12 12 12 151 ] 97,5 4,09
NP15-12 12 15 181 76 167 597
NP24-12 12 24 166 175 125 8,92
NP38-12 12 38 197 165 170 1393
NP65-12 12 65 350 166 174 22,82




TexHuuecKkMe XapaKTePUCTUKM CBMHLLOBO-KMCNOTHLIX akkymynaropoe HOPPECKE

OnanasoH em- Tun anektpo- | Bua snextpo- | fuanason speme- | Cpok Chyxbu,
Tun Garapen ObnacTi npuMeHeHn Hanp., B KocTed, Ay KOHCTpyKUMS 1108 wia W1 paspAta ner
|
IneKTPOCTaHUMM, NOBCTAHLIN, . _
GroE 3anycK amaenest 2 75...2600 3akpuiTan Mnante Kupxuit 30c-10y 25 net
OneKTPOCTaHLMK, NOACTAHUMM, Paguanbho-ny- . _
osP aanyox e 2 150...3500 3akpuitan eBO Kupxuit 1My~ 10y 20 ner
0OPzS TenexoMMyHUKaLMN 2 150...12000 3akpbiTan ManumpHbin Kupxmit 15muH — 104 20 ner
. SNEKTPOCTAHLMM, . .
0Gi aanyeK anaeneit 2 200...3500 3akpuitasn HamasHoi Kupkui 1mvH— 10y 20 net
. SNeKTPOCTaHLWK, . o
OGi bloc aanycx naesteit 4 224...256 3akpuitas HamasHoit Kupxmi 1mur— 10y 15 ner
TenexommyHukaumu, MBI, cu-
OPzv CTeMb CUrHaNM3aumM W yrpas- 2 200...3000 | Tepmetuaup. | [MaHUMpPHNIA lenb 15 Mur — 104 20 ner
NEHUS
L N
Cucremb Gecnepeoitioro nu- . Abcopbup. N _
oGV A ——— 4 224..256 | Tepmetuaup. HamasHon anesTpoRHT T mun ~ 104 10-12 ner
. Cucremsl BecnepeboiHoro nu- . ABcap6up. _ .
OGi bloc dry TaHUA, TETRKOMMYHIKALUAN 12 30...100 Tepmetuaup. | Hamasxoit anexmponT 1 mue — 10y 10-12 ner

roc

p anuaxcovndyy
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TexHu4yeckue XaPaKTePUCTUKH CBMHLLOBO-KMCNOTHbIX
akkymynstopos Coslight
Jivanaso Cpox
Tun 6ara- | ObnacTv npume- | Hanp., M Thn anext- | Ban anexT- | Bpems paspa-
pen HeHust B emkocTe, | KoHCTpyKLMS ponos ponuta a copxbu,
Ay ner
Wb, oxpax-
6-GFM xé:zﬁ‘;:z:o‘:r 12 | 1,2-200 |Tepmetnanp. | Hamaswwe Ama‘;'p 10MMH—204| 5
MyHUKaLMY
MBN ]
, HEpreTMKa,
6-GFM(C) | cuctemul Tene- 12 38-160 | Tepmetwaup. | Hamasnwe Aﬁ&(g)aup. SMuH — 20y 10
KOMMYHWKALWIA )
S
3uHepreTika, cuc-
GFM(Z) | Temul TenexoMMy- 2 200-3900 | Mepmetnanp. | Hamasnwme mp' 10muh ~- 10y 15
HUKaLmik
CBHMHLOBO-KMCNOTHbIE AKKYMYNSTOPHbIe Gartapen Casil
TaGapurei, MM
Tun Barapen Hanpsixenme, B | EmkocTs, Ay Bec, kr
Ha LMpHHA BBICOTA
CA 632 6 32 123 32 60 0,6
CA 645 6 45 70 47 101 0,82
CA 690 6 9 151 50 94 2,1
CA 1213 12 1,3 97 43 53 0,58
CA1222 12 2,2 178 k3 60 0,93
CA1233 12 33 134 67 60 1,3 ]
CA 1240 12 4 90 70 1M 1,62
CA 1270 12 7 151 65 95 2,62
CA12120 12 12 151 9 9% 4
CA 12180 12 18 181 76 167 6,1
CA 12260 12 % 166 175 125 9,07
CA 12400 12 40 197 165 170 14
CA 12650 12 6 350 o7 | 18 | B
CA 121000 12 100 415 3 | 2 | W
CA 121500 12 150 495 205 209 42
L
CA 122000 12 200 497 258 209 676
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Mpunoxeunne 5
O603HaueHMsi, HAHOCMMbIE Ha Kopnyce
CBMHLLOBO-KMCROTHbIX Hatapen

TepMeTn3upoBaHHbIe Moanexar BTOPUYHONA
aKKyMyNATOpSI nepepaborke
Hamaauble Cpok cnyw@it
NNACTUHbI 10 ner
HomuHanbHan eMKocTb 3ayura ot rybokoro
or 1200 180 Ay paspaaa

AbconioTo Bnoytoe
HeoGcnyxmBaeMble UCTONHEHKE
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NMpunoxenue 6
Pacnono)eHue nepemblyeK CBUHLOBO-KMCNOTHBbIX
6arapei B COOTBETCTBMM CO cTaHaapTamu DIN
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NMpunoxenue 7
BHeluHWH BHA BbIBOJOB aKKYMYNATOPHbIX

6aTapen
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NMpunoxexnune 8
Ocob6eHHOCTH MAapPKMPOBKM aKKYMYNSTOPHbIX
6arapeit MobunbHLIX TenegoHOB

B MOOWIBHBIX TelehOHAX UCIIOIB3YIOTCI HHKEIb-MEeTANITHAPHN -
HbIE W JIMTUH-UOHHbIE aKKyMY/IITOPHBIE GaTaped pas3iIMIHbBIX IIPOU3-
popuTeneit. /g norpeGuTeNnst BaXXHO 3HATH AATY BBITyCKA puodpe-
TAEMOT0 aKKyMYJISITOpa, OCOOECHHO €ClIH OH NUTUH-WOHHBIM, DTta
Jlata KomMpyercd: rof kKomupyercss oyksoit (K — 1998, L — 1999,
M — 2000, N — 2001, O — 2002, P — 2003), mecsur — uudpoit 1...9
¢ sTHBapg Mo CeHTA0ph, 6ykBo O — okTA6pL, N — HO90ps, D — ne-
Kabpe.

JIuTHii-IOHHbBIC AKKYMYJIATOPHI MMEIOT BCTPOSHHLIH pe3ucTop,
M0 COMNPOTHBIEHHIO KOTOPOTO 3apsIHOE YCTPOHCTBO OIpeacsieT
NIPOM3BOIMTEJA YCTAHOBJIEHHOTO aKKyMYJISITOPA:

¢ 8,2 XOMm — Panasonic;

e 15 xOM — NEC;

e 27 KOM — Sanyo;

+ 56 xOM — He ompeneneHo.

Mprmepbl MAPKMPOBKM aKKYMYNIATOPHLIX GaTtapen

PAN M4 — 6arapes mpon3BoJcTBa KOMIIaHUH Panasonic, BBIITy-
meHa B arnpene 2000 r.

O 7 08 20 M — GaTapest mpou3BOICTBA KoMIiaHuKM Maxell, Boimy-
mena 8 uroms 2002 r. (O 7 08), ee smeMeHTH BuTyHieHs! Ha 20-i1 He-
JieJie TOTO X€ roma, IMPOU3BOAMTENh — 3aBod B BeauKoOpUTAHMHM
(xon M, xon E — Tepmanus).

TOS 8 N9 VA 1 — B Garapee HCITONB30BaHBl 3JIEMEHTHI KOMIIa-
Huu Toshiba (TOS) BocsMoil Momudukaunu, 6aTapes BHINMYLICHA B
ceHTs0pe 2001 r., npousBoautens — Komnanus Varta (VA), 3aBon B
I'epmanuu (xon 1; kon 2 — B Uexun).



NMpunoxenue 9
BapHaHTbl KOHCTPYKTHBHOIO MCMOJNHEHMS
NIMTHM-MOHHBIX aKKYMYNATOPHbIX Garapen
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NMpunoxenue 10
OCHOBHblIE XapPaKTePHUCTMKM MHMKPOCXeM 3apsiiHbIX YCTPOMCTB (DMPMbI

MAXIM

Kon-go NiCD,

Kon-go U-lon

Trinbi 3apAXaeMbix

Merog 3aBepiuenusa

Pexum

Tan w oncare NiMH anemeHToB | anemeHTos 3NeMeHToB Meon sapRna 3apaaa pabotu Wurepgeic
MAX1612: 5-80NbTOBbIA KOHTPONNED MOCTOBOM . . . . —_
Garapen OO TATAHR 7 HOYTOYKDS 2.3 NiCd, NiMH HopmansHuiid Mo Taimepy JlnHednbiA uP
MAX1613: 3,3-BONbTOBLH KCHTPOANEP MOCTO-
80#i 6aTapeu PE3EPBHOTO NUTaHWA Ans HOYTEY- 2.3 NiCd, NiMH HopmansHbiit Mo TaiMepy JHEAHIA pP
(]
MAX1640: perynupyeMbii BbiX0a, AMIybCHui BoicTpiit, .
WCTOMHMK TOKA C CUHXDOHHBIM BLINDAMMTENEM U 2..16 1.6 Li-lon, NiCd, NiMH HOPManbHbIA, Mo nopo::;or:z HanpRXe Kniowesoit uP
TOKOBLIM ATHAKOM {10 BCOKOR CTOPOHE) KOMNGHCHPYIOUIAR » TOky
MAX1641: perynnpyemblii BbIXOZ, MMITYNIbCHBLA BLiCTpiA, u
MCTOMHUK TOKA C CHHXDOHHBIM BRNDAMUTENEM K 2..16 1.6 Li-lon, NiCd, NIMH HOPMANbHbIN, o nop DH:; Y Hanpsxe Kmoveso¥ uP
TOKOBbIM ATYHKOM (N0 HU3KOH CTOpOHE) KOMMEHCHPYIOWMH » ToKY
MAX1645: ynyuIeHHOe 3apRAHOe YCTPOHCTBO Lead Acid, Li-lon,
AN aKKyMynATOpOB M0BOro TUNA ypoBs 2 ¢ 1..8 1.4 NiCd, NiMH, g:"f_?:wem; Onpeu;n‘:ercgano yp:a"'o 2 Knioveson SMBus
OFPaHUMUTENEM BXORHONO TOKA yHuBEpC. P ¢ pr-0atape
MAX1645A: ynyuweHHoe 3apaHoe YCTPONCTBO Lead Acid, Li-lon,
ANA aKKyMyn|TOPoB No6Or0 THNA ypoeHs 2 ¢ 1.8 1.4 NiCd, NiMH, ym":z':mc? Onpenenﬁe:t.:zanowucs o2 Kniouesoi SMBus
QTpaHKYMTENEM BXOAHOMO TOKa yHUBEPC. cMap ¢ Cmapr-oarape




Tlpodonxcenue Ipunoxcenus 10

Kon-s0 NiCD, | Kon-8o Li-lon | Tunet 3apsxaembix Meron saBepuieHust Pexum .
Twn v onvcatve NiMH 108 on Merag 3apspa aapaga paboru Hntepdeitc
MAX1647: ynysienHoe 3apsaHoe YCTPOHCTBO Li-lon, NiCd, . Tlo noporooMy Hanpaxe- "
A8 aKKyMYRSTOPOB NioBoro Tuna 1.8 1.4 NiMH, ynusepc. Mporpamwwpyemtii HWIO, TOKY, TEMnepaType Knres SMBus
, " Li-fon, NiCd,
MAX1648; ynyuiweHHoe 3apaaHoe YCTPORCTBO 1.8 1.4 NiMH YCTaHaBAMBAETCR 10 NOPOroBOMY Hanpsixe- Kn . SMBus
AN aKKYMJISTOPOB NG00 TMNA Yo sepc Pe3NCTOpaM1 HWIO, TOKY, Temneparype IoHeB0
MAX1667: ynyuisenHoe 33pRAHOE YCTPOHCTBO 1.8 1.4 Le;d'cf %,'s;on chnannuaaerc? Onpenenserca no yposHio 2 Kn i | SMBus
Ans cMapT-Garapeit Moboro TMNa yposHs 2 yuv;aepc. ! cMmapT-6arapeei cmapt-6arapen 04€80
MAX1679: 3apRaHOe YCTPOHCTBO /YIS OHODNEMEHTHBIX JIMTUIA-HOM- BLICTDRIA, HAuANBHBIA, flo
Hbix 6aTaped ¥ UCMIONb3OBAHUA C WCTOHWKAMM NUTAHUN C OFPaHU- 1 Li-lon noasapapka nol mﬁuepy) TOKY, Knioseson -
HEHHBIM NPEAENOM NO TOKY OCTORHHEM TOKOM
MAX1736: 3apraoe YCTPOHCTBO ANA OAHOINEMEHTHBIX MTHIA-HOH- BLICTPbIf, HAYANBHBIR, o _
Hbix 53TaPE W UCNONL3DBBHUA C HCTOMHHKAMM NIMTAHWA C OfPaHu- 1 Li-fon NOA3apAAKa Mo noy 00, TOKY PRXe Kniovesod -
YeHHLIM NPeaSnoM no Toky B xopryce SOT23 NOCTOAHHBIM TOKOM '
MAXAT37: aBTOHOMHUIA MMIYALCHIA XOHTPOSIED 33PRAA NM- 1.4 Li-ton YCTaHaBnMBaAETCR ’:‘;nwu “Tce“)n:a"m g Kn . _
THik-WoHHbIX Barapei PE3NCTONaMK » TOKY, paType, 104eB0
Tanmepy
MAX1757: 3BTOHOMHbIA MMNYNLCHBIA KOHTPONREP 33pAna Au- 1.3 Li-lon YcraHasnusaeTcs ::KI;ODU 0BOMy Hanpske- Koesod _
THiA-WOHHRX 63TAPEN CO BCTPOGHHDIM 14-BOLTOBLIM KNOHOM PE3NCTOPaMH : mrya‘ﬁuepys paTyee, o
. . . Tlo noporosomy Hanpsixe-
w17&. ABTOHOMILA MMTYILCHEIR KOHTDOARED 33pAfa - 1.4 Li-ion YcrasagnveaeTcs HWIO, TOKY, TeMTIEpaTye, Kniouesodi _
THiIA-MOHHbIX GaTapedt CO BCTPOSHHBIM 28-BONLTOBLIM KKHOM PE3NCTOPaMHU Taiimepy
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Hpodonxncerue Ipunoxcenus 10

Kon-so NiCD, | Kon-8o Li-lon | Tunti 3apsixaembix Mertoa 3asepuieHus Pexvm .
Tun u onucarve NiMH anemenTos | anemeHToB 3NeMeHToB Meron sapan 3apana paboTul Wnrepdelic
. Lead Acid, Li-lon, .
MAX1 ?72. HEQOPOroe YHUBEPCANbHOE 33pRaHoe 2.4 2.4 NiCd, NiMH, YcTaHagnuBaeTcn Mo noporoeomy Hanpsxe: Knio4esoil _
YCTPOWHCTBO PE3NCTOPAMK IO, TOKY
yHveepc,
MAX1811: 3apsiaHoe YCTPOWHCTBO MMTHIA-WOHHBIX BaTapei ¢ nuTany- BricTpi, To noporosomy Hanpsxe-
. 1 Li-lon NoA33pAAKa NHeiHbI -
em no wuxe USB HIIO, TOKY
NOCTORHHBIM TOKOM
MAX1873: npocToil UMNYALCHBIA KOHTPOASIED . "
o - Li-ton, NiCd, YcraHasnusaetcs Tlo noporosomy Hanpsaxe- .
m NMTHA-HOHHBIX Batapei C orpaHryeHn- 6, 9umm 10 2.4 NiMH, yHvisepc. pesHCTOpaMH WO, TOky Kniouesoi -
MAX1879: npocroe adxbexTveHOR MMNYNILCHOE 3aPAOHOE YCTPOWCT- 1 Li-lon buicTphid, T a— a
80 AR 1-3NeMEHTHBIX MTHIi-UOHHLIX GaTapeil o Y POFOBOMY TOKY
MOCTOAHHbIM TOKOM
MAXT12: Ko en 6 o - i " -deltaV, no maxc. Temnepary-
xmu-meﬁnn pux ﬁa‘ OT0 SapARZ 1..16 NiMH o ne”‘:pu N pe, 1o TaitMepy, N0 MakC. | JIUHEAHbII -
THADHIH Tapen KOMAEHCHPYIOLLW HAMPSXEHUIO
. " -deltaV, no makc. Temnepary-
MAXT1S: KouTROID Gelcrpor spsee 1..16 NCd,NMH | BT o o ey, nowac. | Tuweite |~
Kanmu Tapei OMIEHCHDYIOIM WANDAXEHIO
MAXZAS: AMNYnLCHOE gaprwooe YCTPO#ACTBO 1.4 1.4 Li-lon YcraHagnueaerca Tlo noporosomy Hanpsxe- KinioeBoit _
AMTVIA-WOHHbIX BaTaped pe3ncTopami HUI0, TOKY, Temneparype
MAXBA6GA: Hegoporas BucTphid, nogsapaaxa | Yrusepcanbhoe 3apsanoe
cHeTema : YHHBEPCATbtiaR SApAHaR 1...16 1.6 Li-lon, NiCd, NiMH |  noCTOSIHHbIM TOKOM, | YCTPOWCTBO, PeXUM yCTaHas- |  JinHeiHbiA uP
KOMIEHCHPYIOWWiA NIMBAETCH MONL3IOBATENEM

4 14
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MNpunoxeuue 11
OCHOBHbIE XapPaKTEPHCTHKHM MMKPOCXeM 3apsAHbiX YCTPOMCTB
¢mpmsl Unitrode

Tun 33pagHoro Hanwuue Taitme- | MoHUTOpHHT | KON-BO BLIXOA0B CUrHa-
Tun Hasnauenme YCTpOWCTBa Meron sasepwenws 3apana pa OTKAIOHEHUS | TEMIIEPATYPLI | N1a COCTORHMA 3apaaa

Kormponnep 3apapaa NiCd, NiMH,

BQ2000 Li-lon 1 CBMHLLOBO-KUCNOTHBIX akky- | Kniouesoe flo n¥koBOMY HanpRXEHMI, fa Aa 1

110 MUHUMANTBHOMY TOKY

MyNSTOPOB
Konrponnep 3apspa NiCd, NiMH,

BQ2000T | Li-lon W CBMHLIOBO-KMCNOTHLIX akky- | Kmiouesoe AT, N0 MUHKMANLHOMY TOKY fa Ja 1
MyNSTOpo8

BQ2002 Koxrponnep 3apapa NiCd n NiMH C orpanvyeHvem Toka | —AV, N0 NUKOBOMY Harps- fa fa 1
aKKyMyRSITOPOB 3apspa XEHUIO

BQ2002C Kontponnep 3apsiga NiCd n NiMH C orpaHuyeHvem Toka | —AV, no NUKOBOMY Hanps- fa Ia 1
AKKyMYSIITOPOB 3apspa XEHUIO

BQ2002D Kontponnep 3apspa NiCd u NiMH C orpaHmyeHueM 1oxa AT fa Ja 1
aKKyMYNSTOpOB 3apsfa




Tun 3apspHoro Hannuue TaitmMe- | MOHUTOPUHT | KON-BO BLIXOAOB CMHA-
Tun Hasuaerive YCTpOWHCTBa Meron 3aepuienis 3apana Pa OTIJHONEHWR | TEMNEPATYPH | N2 COCTORHUA 3apRaa

BQ2002E KoxTponnep aapana NiCd u NiMH C OrpaHmuyeHMeM ToKa | —AV, N0 NMKOBOMY Hanps- la fla 1
aKKyMynATOpOB 3apspa XEHWO

BO2002F Koxtposnep sapaaa NiCd u NiMH C orpatmyeHmem 10ka | —AV, N0 NMKOBOMY Hanps- fa Ia i
aKKYMYnSTOPOB 3apsaa XEHWIOA

BQ2002G Korponnep sapsiga NiCd # NiMH C orpanuyeHmesm T0ka | —AV, N0 NUKOBOMY Hanps- Ja la 1
AKKYMYNITOPOB 3apana XEHMIO

BQ2002T KoxTponnep sapana NiCd u NiMH C orpanuyeHvem Toka AT fia fla 1
aKKyMynsTopos 3apaaa
KoxTpoanep iCd u NiMH

BQ2003 ymop:p“m NiCd w Ni Kniovesoe —AV, AT fa fa 2
Kovrponnep 3apsga NiCd u NiMH —AV, 10 NUKOBOMY Hanps-

2004

BQ AKKYMYNITOPOB Knioesoe xenwo, AT fe fe 2
Koxrponnep 3apsina NiCd v NiMH —AV, N0 MMKOBOMY Hanpsi-

BQ2004E AKKYMYASTOPOR Kniosesoe XeHWIo, AT he ha 2
Koxtponnep sapapa NiCd u NiMH —AV, N0 NUKOBOMY Hanps-

BQ2004H Kn ! 2
aKKyMYNISTOPOB 10e80e xenmo, AT fa e

Baos | KOHTPOnneD sapmua NICA uNIMH 1, o AV, AT Iia fla 4

aKKyMYnSTOpo8

) 414
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Tun Hasxavenve T%s;p;gﬂ;ro MeTtoa 3aBepuseHmns 3apsna sznz:rfgjﬂ'ﬁ ::31:;‘;2::; Kﬁ::&:::ﬁ:i:m-
BQog1 | KOMTPOIED SAPAIA CBAKLOBO-KAC- |y e ;2::,;“1'23\7*’:3 :i»tnuzb Ja Ia 3
JIOTHBIX aKKyMYNSITOPOB o T(,)Ky !
BQ2054 KoHTponnep 3apsna Li-lon Garapeit | Kniovesoe Mo MUHAMANBHOMY TOKY JiF] Dla 3
BQ2057 Koutponnep 3apapa Li-lon 6atapeit | Jinneiiroe 10 MUHVMANLHOMY TOKY Her fa 1
BQ2057C | Kontponnep 3apsaa Li-lon 6arapei | finHeitHoe Mo MuHKMANLHOMY TOKY Hert Da 1
BQ2057T | KouTponnep 3apsaga Li-lon 6arapeit | Nuneiaoe 10 MUHAMANBHOMY TOKY Her Ja 1
BQ2057W | Kontponnep 3apsipa Li-lon Gatapen | Jiuueiitoe T10 MUHVMANLHOMY TOKY Her fa 1
BQ24001 | Koxtponnep 3apspa Li-lon 6arapeii | fluneitHoe Mo MUHUMARLHOMY TOKY fa fa 1
BQ24002 | Konrponnep 3apapa Li-lon 6arapei | fluneiiHoe 10 MUHUMANBHOMY TOKY Da Ja 2
BQ24003 | Kontponnep 3apsaa Li-lon Gatapeit | Nuveitroe o MUHUMATEHOMY TOKY Da la 1
BQ24004 | Kontponnep 3apsna Li-lon 6arapeit | fivnentoe [lo MUHUMAIILHOMY TOKY Da la 1
BQ24005 | Kontponnep 3apsipa Li-lon Gatapeit | /ukeiiroe o MUHUMANLHOMY TOKY Da Ja 2
BQ24006 | KonTtponnep 3apana Li-lon 6atapeit | Nuneitroe Tlo MUHUMansHOMY ToKy Da Da 1

11 anwaxcovndyy

Ly 14



Hanune Taime-

Tun 3apaaHoro Mowutopurr | Kon-Bo BoiX0A08 CUHA-
Tun Haskaserue ycTpoiicTea MeTOR 3asepuieHi 3apasa Pa OTKNIOYEHNS | TEMNEPATYPLY | N1a COCTOSHUA 3apaaa

Kortponnep 3apsana 1-anemeHTHbIX
Li-lon 6arapeii ans PDA co BCTpoen- o

BQ24007 HbiM 1OMEBM THHGMGTODOM M CBe- Tluneittoe o MUHAMANLHOMY TOKY fa Ja 1
TOAMOROM
Kontponnep 3apsna 1-3nemMeHTHbiX
Li-lon 6arapeit ana PDA co BCTpoeH- .

BQ24008 HbiM 0B8N TRAHAACTODOM ¥ ARV Jinneiivoe T10 MUHAMBALHOMY TOKY Ja Ja 1
L{BETHBIM CBETOJMOAOM
OnHokpucTansHas MYKpocxema C orpannueHuem Toka

BQ24200 yrpaEeH oM Li-lon 6atapew |sapana Mo MUHUMANLHOMY TOKY fa la 1
OpHOKpUCTaNLHAs MUKPOCXeMa C orpaHuyeHuem Toka

BQ24201 YOAENGHIR 38PN Li-lon Gataped (10 MUHAMANGLHOMY TOKY Ba [Oa 1
OnHoKpUCTanIbHas MUKDOCXEMA C orpanmyeHyes Toxa

BQ24202 yrpaaneHis 3apanom Li-lon Garapew [10 MUHAMANLHOMY TOKY Da Her 1
OpHokpucTanbHas MUKpoOCxema C orpaHnyeHuem Toka

BQ24203 yrpaanesws aapaaom Li-lon Garapew | 3apaa Mo MyHUMANLHOMY TOKY fa Her 1
OnHOKpuCTaNbHas MUKpoCxeMa C orpaHuyeHvem Toka

BQ24204 yripagneHws aapsio Li-lon Garapew | sapaa 110 MMHUMANbLHOMY TOKY Ja Her 0
OLHOKpUCTaNbHAS MUKPOCXEMA C orpaHuyeHueM Toka

BQ24205 yrpaBneHs om Li-lon Garape | aapaa 110 MUHMMANDHOMY TOKY Da Ja ]

9IC
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TOKY

Tun HasHaueHve Tvn 3apagHoro MerTon 3aBepweHvs 3a Hanuyue Taitme- | MorMTOpUHr | Kon-BO BLIXOAO0B CUrHa-
YCTPOWACTBA /] 3aBep pRfa pa OTKMOYEHUS | TEMNEPATYPH! | A2 COCTORHMA 3apsina
TporpaMmupyemoe YCTPOUCTBO CKO-
. . ) [0 NUKOBOMY HANPSAXEHUIO,
BQ24400 | pocTHoro 3apapa NiCd/NiMH akky- | Kniouesoe 10 MAHAMATEHOM TOKY [a la 1
MYNSTOPOB
[porpammupyemMoe YCTPONCTBO CKO-
BQ24401 | poctHoro 3apana NiCd/NiMH akky- | Kniouesoe AT, N0 MUHUMANBHOMY TOKY piF:] fla 1
MyNaTopoB
BQ24700 Battery Charger Controller and Selec- Kniouesoe YnpaBnseTcs XocT-YCIPOACT- Her Her 0
tor with DPM 80M
TB ttery Ch Controller and Sek Yi it
BQ24701 attery Charger Controller and Selec- Kiouesoe NPaBASETCA XOCT-YCTPOACT Her Her 0
tor with DPM BOM
BQ2954 Kontponnep 3apaaa Li-lon Garapeit | Kniowesoe Mo MUHUMANEHOMY TOKY fa fa 2
flo MaxcumansHOMY Hanps-
UC2906 KoHTROTep 3apAIA CBAHLL0BO-KAC TNnneiitoe XEHWIO, N0 MUHUMANLHOMY Her Herv 1
NOTHBIX 3KKYMYNSITOPOB
TOKY
KoHTpon/iep 3apaaa CBUHLIOBO-KNC- flo MaKCUMANLHOMY Hanps-
UC2909 Knioyesoe XEHNI0, N0 MUHAMANLHOMY Her la 2
NOTHBIX aKKYMYNATOPOB
TOKY
Mo MakcuMansHOMY Hanpsi-
KonTponnep 3apsia CBIHL0BO-KIC- .
UC3906 OTHLIX BIKYMYRTODOB Siunennoe XEHUIO, N0 MUHUMABHOMY Her Her 1
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