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NPEANCNOBUE

Lear HacTodulero yue6Horo nocobus — cTporoe u BMecCs
Te C TeM JOCTYynHOe H3J10XKeHHe BONPOCOB TEODHH, YCTPOHCT.
Ba M XaPAKTEPUCTHK OCHOBHBIX THIIOB XMMHYECKHX HCTOYHH-
koB Toka (XHT). IToco6ue HamucaHo AJAA CTYAeHTOB-3JEKT-
POXHMHKOB Ha OCHOBE JIEKUHOHHOTO Kypca, YHTaemoro B Jle-
HHATPaACKOM TeXHOJIOFHYECKOM HHCTHTyTe HM. JleHcosera.

XuMHYecKue HCTOYHHKM TOKa COCTaBJASIOT OJAHO H3 HaH-
6osee OHICTpO pa3BUBAIOUMXCA HanpaBieHuli NpUKJaIHOH
3JIEKTPOXHMHH, TECHO ¢BA3aHuoe ¢ 3aekTporexuukoil. [Ipo6-
aembl pa3BHTHA XHMT KoopAHHHPYIOTCS MHOTHMH OTPAacisMHU
HAayK# 4 TEXHHKH, JJf KOTOPHX XHMHYECKHH HCTOYHHK TO-
Ka— 3T0 Npexje Bcero 60K aBTOHOMHOrQ 3HeprocHalxke-
Hus. [lostomy poctuxenus B obaactu XHMT nepeako ompe-
JEJSIOT Mporpece HayuHO-TeXHHYeCKHX HanpaBJeHHH, co3fa-
10T NPEANOCHUIKH A8 pa3paGoTKu COBPeMeHHOH TeXHHKH OT
KOCMHUECKHX anmapaTos Jo TOBapOB HapogHoro morpebie-
Hus. M Haob0poT, Bo3HUKAOUIUE TPYAHOCTH HA nyTH CO31a-
HHSi COBEpHIEHHLIX HCTOYHHKOB TOKa TODMO3AT pasBHUTHE
ApPYTuX orpacieil TeXHHKH,

B mnoco6un paccMaTpuBaioTcs IVIABHBIM 00pasoM THIIbI
COBpEMEHHBIX HCTOUHHKOB TOKa, KOTOpHE HaXoJAaT Hanbodee
mMHpOKoe NpUMeHeHHe HAH ABAAIOTCS nepCHeKTHBHBIMH B
6amxkaiiem OyayumeMm. ITpugaerca Goabuioe 3HaueHue 06-
LIMM BOMPOCAM TEOPHH, KOHCTPYKLHH H 3KCIAIYaTallHH.

ABTOpHI BHIpAKAIOT HCKPEHHIOW 6/arojapHOCTb DeLeH-
sedram: npog. B. H. ®nepoBy u KoanekTuBy KageipH Tex-
HOJIOI'HH 3JIEKTPOXUMHUYECKHX Npou3soacTB HoBouepKaccKo-
ro NOJHTEXHHYECKOro HHCTHTyTa {3as. Kadenpoil upod.
@, K. Kyko3) 3a BHHMAaTeJbHbIH NPOCMOTD PYKOMHCH H IO-
JiesHkle COBETH. ABTOpH TaKike BeCcbMa NPH3HATeNbHH [-pY
xum. Hayk Y. A. Arydy, n-py Texu. Hayk B. B. TennKoBue-
By H BCeM, UbH KPDHTHUECKHe 3aMeUaHHs 10 OTAEJbHBIM 4ac-
TAM PYKOIHCH NOMOMJIH pafoTe Hajl KHHTO,

I'n, 7 nanucana M. A. Jacodsom, ra. 10 u 11— B. A,
HuxkonnckuM, ocTanbiiol MaTepuan noxroropied B. H. Ba-
punaeBnnM. JlioGbie 3aMe4aHHs W noxedaHus OyAyT npuHS-
TH aBTOpPaMH ¢ 5J1aroLapHoCThIO.

Astopsi
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BBEAEHME

Hcropust BO3HHKHOBEHHS H PAa3BHTHA XMMHYECKHX HCTOY-
IIHKOB TOKa Halllero BpeMeHH CBfi3aHa C HMeHAMH HTAJbsH-
cKHX yyeHnix JI. F'anvBauy u A. Boasta. B 1791 r. JI. [ans-
BaHH, cAyuafiHO peanH30BaB 3AEKTPOXHMHUYECKYIO lenb
(3M1eKTPONTHTOM CAYXKHAA DHIHOTOrHYECKAS HKHAKOCTb MLILI-
Ul JATYIIKH), BHABHHYA HACI0 <«XKHBOTHOIO 3JieKTpHYECT-
Ba». Mnoe ToNKOBaHHe 3TUM Onbitam Aaa A. Boabta.
B 1800 r. B kauecTBe KOKa3aTeabCTB2 CBOMX B3IIS0B OH
npeacTaBHs YCTPOHRCTBA, KOTOpble TeHePHPOBANH 3JMeKTpHUe-
CKHA TOK B LeNH, He CcOJepXalllel JKHBOTHHE TKaHH
(puc. B.1), — 3naMenutrii 8046708 cTO046.

H3o6perernne A. Boasra MPOH3BEN0 HAYYHYIO CeHCAllHIO.
Oco6oe BHHMaHHe MPHBAEKAO AeHCTBHE 3JIEKTPHUECKOro TO-
Ka HA XHMHuecKHe BemllecTBa. Yxke B 1800 r. 3. Kapneiinb
u Y. Hukoascon nabaioganu passnoXeHHe BOALW Ha KHCJAO-
poa u Boaopoa. B 1801 r. pycckuit ecrecTBOMCMBITaTeNb
A. A. Mycun-TTymkun npoaeMOHCTPUPOBa XHMHuuecKoe aefi-
CTBHe BO/bTOBA CTonGa Ha 3aceaanuu IlerepGyprckoii Aka-
ZeMuu nayk. Ilponyckas rajbeannyecKkHil TOK yepe3 yBJaaX-
HeHHble KYCKH ruapokcuzos, I, I{ssu (1807) enepBuie moay-
YHJ MeTajJiHuecKHe HaTpuit H Kaauil. K sToMy spemeHu nog
ReficTBHEM 3/IeKTPHYECKOr0 TOKA M3 BOJAHLIX PacTBOPOR BhI-
Jeasau Meib, WHHK, cepe6po, 3onoro (JI. BpyHusarenan
u Ap.). NanbHeiillee pa3BHTHe HCTOYHHKOB TOKA OHIIO CBA-
3aH0 KaK C ycOBeplleHCTBOBaHHEM 3JeMeHTOR Boabra, Tak
H C MOHCKOM HOBBLIX 3JIEKTPOXHMHYECKHX CHCTEM.

H3yuenne cBoficTE rafbBallH4eCKOTO TOKa MPHBENO K
pe3yJabTaTaM, KOTOpble O3HAMeHOBaJlH Hayalo HOBOH IPH
B yueHuu 06 saextpuuecrBe. X. dpcren (1820) coobuua o
MarHMTHOM AeACTBHM 3NeKTpuyecKoro Toka, I'. Om (1825)
YCTAaHOBHJ MPAMYIO 32BHCHMOCTB CHJIBI TOKAa OT HanpsiXke-
uuda B uenu, A. Amnep (1826) paspaboran TeopeTHuecKHe
OCHOBHI 3JeKTpopuHaMuku, M. dapaneii OTKpHA ABJeHHE
anektTpoMarnutHoll uuaykuuu (1831) u 3axkoHH 3jdekTpoJH-
3a (1833—1834), . Hxoyab (1841—1843) onyGauxkosan
paboThl MO TenAOBOMY AEHCTBHIO 3/IeKTPHUECKOr0 TOKa. DTH
¥ ApYyrHe Hayvlble JOCTHXeNHA 3aJ0XHJAH OCHOBH JBYX
HampapJeHnuil — 371eKTPOXHMHH H 3/J1eKTPOTEXHHKH.
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Puc. B.l. Xumnueckne MCTOUHHKHM TOKa A. Boussb-
Ta:

@ — cepe6PRHO-UBHKOBAS H MeAHo-UHHKOBAA Gumonsp-
Haf OGaTapesa (BOJAbTOBB cTOAGL); 6 — cepeGpsaHO-LHII-
KoBas MOHomoJsApAas GaTapes

JIOCTYnHOCTE H NPOCTOTA 3KCMAYAaTALMH 3AeMeHTOB CTH-
MyJaupoBady paboTel N0 NPAKTHYECKOMY NPHMeHeHHIO 3Je-
KTPHYECKOTO TOK2 H HOCHJM HCKJIOUHTENbHO HOBaTOPCKMA
Xxapakrep. Hanpumep, B 1832 r. ua.-kop. IletepGyprckoft
Axagemuu uayk I1. JI. Iuanuur co3gan cucreMy 3aeKTpo-
MariHdTHOTO TeJerpada, KoTopas MOJOXHAA HAYaldo 3JeKT-
puuecKofi cBA3HM KaK B Halllell CTpaHe, TaK # 32 pybexoM.
Axap. B. C. SIko6u paspa6otan 3MeKTPoABMTaTeNb QA Nep-
BOro B Mupe snekrpocynna (1838). B xauecTBe ucTOUHHKE
3HepTHH cay¥una Garapest u3 320 snementor Jaunens —
Akobu. Pabotast ¢ TeMd XKe 3neMeHTamu, SIKOOGM OTKpHIA
ransBanonaacTuky (1838). B 1840-x rogzax B IlerepGypre
MOABHJAHCEH MepBble rajJbBalyyecKHe MPOM3BOJACTBA, HA KOTO-
PHIX HCTOUHHKAMH 3]MeKTPO3HEpPruH CAYNHAH KpyNHble Mef-
HO-LMHKOBLIE GaTapeu.

HoBbiM 3TanoM B pa3BHTHM HCTOYUHHKOB TOKa SIBHJOChH
€O3/laHHe ralbBaHHUECKHX 3JeMeHTOB MHOFOKpaTHOro HC-
foNB30BAHHA — @KKYMYJAATOPOB.

. Paddapn yxe B 1881 r., ucnonb3osas ycosepuleHCT-
BOBAHHYIO aKKyMyaaTopHylo Gatapeto I'. [Inaute, noctpou
IeKTPO3KHNAK KaK npoobpas COBpeMeHHOro 3JeKTPOMOGH-
Jaa (HanoMHuUM, 410 aBTOMOGUAL Gbll H3oGpeten K. Benuem
5 oner cnycrs). Hcnoabsosae aHanoryuHyio Garapelo,
H. H. Benapaoc u3obpen saektpoceapky (1882). Bckope
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B. IOsdruepom (1900) u T. dauconom (1901) Gulau paspa-
60TaHH NepBHe LIeJOYHbIE aKKYMYJATOPLI, KOTOPHMH NpeA-
NoNarajoch 3aMEeHHTh CAHMIKOM TAXKeJbie CBHHIOBble aKKYy-
myasaTopul. JlananHefilllee pasByTHe TeXHHKH NPHBEJO K TOMY,
4YTO IMeJIOYHLIe H KHCAOTHbe AKKyMyJATOPH HAUNIH IIHpO-
KHe o6sacTy NMpHMeHeHHSA, NMOYTH He HCNBLITHIBAS B3AHMHOH
KOHKY PeHIIHH.

K xoumy XIX B. mmpokoe pacnpocTpaHeHHe NOJYYHJH
3JMeKTPOMArHHTHbE reHepaTophl, BHpabaTuipalomiHe Aellle-
ByIO 3JeKkTpo3Heprdio. C nosBjieHHeM MOLIHBIX 3J€KTPOCTaH-
UHH H CTAIMOHAPHHIX 3JeKTpoceTefi 1eseBoe Ha3HaYeHHE
XHT npetrepneno usveHenne. Hx janbreiiliee pasBuTHe
AMKTORANOCh MOTPeGHOCTBIO MpeXAe BCEro B HCTOYHHKaX
IHEepPromuTaHus AN PA3NHYHHIX BHAOB TpaHcnmopTa (raas-
HHIM 06pa3oM gast aBToMOGHMeli U 3JeKTPOKApOB), a TakXe
B cTAaUHOHApHHLIX 6arapeax AJf cpeiCTB TelerpadHoli u Te-
AedOHHOMN CBA3H, pAaAHOCBA3H, MO3]Hee — pPaJHOBellAHHS.
Bce Goabmee snayeHue npuobperann XHUT B o6aactu BOeH-
HOIl TeXHHKH.

ITocae BTOpO# MUPOROIT BOHHH B yCJAOBHAX HauaBlieficH
Hay4yHO-TeXHHYeCKOH peBOJIOIHH TeXHHYeCKHe TpeGOBaHHA,
npeabasaseMmble K XUT, Hayanu sametHO Bo3pactathb. [log-
BHAACb NOTPeGHOCTE B ABTOHOMHBIX HCTOYHHKAX TOKA C BH-
COKHMH 3JeKTPHYECKHMH H 3KCMAYaTaUHOHHHMH XapakTe-
PHCTHKAMH B LIHPOKOM JHAMNA30He pA3MePOB H YCAOBHH pas-
paza.

HHTeHCHBHBIE HAYYHO-HCCAeJOBATENbCKHE, OMBITHO-KOH-
CTPYKTODCKHe M TeXHOJOTrHYecKHe DabGOThl MPHBEAH K CO3-
AaHuio HoBuiX XHT, B KOTOpBIX HALIIKH NpHMeHeHHe He TOJMb-
KO OpHTHHaJbHbIe 3JIeKTPOAHbIe MAaTEePHANB H 3JeKTPOMHTH,
HO H MPHHULHNHAANBIO Hilbie KOHCTPYKTHBHble pellleHHs.

OGulee KOMHYECTRO @KKYMYJAATOPOR H 3JAE€MEHTOB, BHITYC-
KaeMbIX eXerogHo BO BceX CTP@HAaX MHPA, HCYHCAAETCH MHJ-
auapaamu wtyk. OcHosHylo Yactb ux cocrapasior XHT npu-
MepHO JeCATH 3JeKTPOXHMHUYECKHX cHcTeM. 3HAYHTeNBHO -
6oabilee yHCAO CHCTEM OTHOCHTCH K HCTOUHHKAM TOKa, KO-
TOpHe BHOYCKAIOTCA B OrpaHH4YeHHBIX KOJHYeCTBAX MAH Ha-
XOAATCA B CTAAHH Pa3paboOTKH. YpOBeHb 3JeKTPHHECKHX H
3KCMAyaTAUHOUIILIX XapaKTepHCTHK coBpeMelHbix XHUT Bhi-
COK, a8 chepa HX MPAKTHYECKOro MPHMeHeHHs UPe3BLIYAHHO
miioroo6pasiia. [0 MHeHHIO H3BECTHOr0 COBETCKOFO 3JeKT-
poxumuka npod. B. C. Baroukoro, «Hu OmZHH Apyroit THI
HCTOYHHKOB 3/JeKTPO3HepruH He o6JaxaeT TAKUM pa3Hoo6-
pasHeM BO3MOXHOCTell HCMONB30RAHHSA H TAKOH yHHBepcalb-
HOCTBIO®.
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PA3AEN I

OCHOBbI TEOPUM, KOHCTPYKUMM U IKCNNYATALIMM
XMMHYECKHUX UCTOYHMKOB TOKA

Honroe BpemMsi TeopHs XHMHYECKHX HCTOYHHKOB TOKa
OTCTaBaja OT NpHKJIaJHHX paGoT No CO3XaHHIO HOBHX 06-
pasunoB XHUT. He 6ui0 sficHOCTH naxe ¢ MeXxaHH3MOM 3Jie-
MEHTapHbIX TOKoOOpasylomux peakuufi. Tak, HE3aBHCHMO
OT COCTaBa 3JIEKTPOJIHTA H MaTepHaJa KaToAa €AHHCTBeH-
HOH 3JeKTPOXHMHUYECKOH peakiHei Ha nNOJOXKHTEJIbHOM
anexTpoAe cuuTasH BoccraHoBiaenwe HY uan H,O mo He.
Poct noaspusauun npu paspage XHUT obbsacusnd nosto-
My HaKONJEHHeM ra3006pa3HOro BOXOPOAA Ha 3JEKTPOA-
HOfi MOBEPXHOCTH, a POJb OKHCJHTENs B COCTABE pacTBOpa
HJIH 3JeKTpoaa (KOTOpHIl Ha3BaJH «IENOJSAPH3ATOPOM>)
CBOAMJH K peaKuHH B3aHMOAEHCTBHS ero ¢ BOJOPOAOM, NO-
CKOJIbKY MOJIIPH3ALHA NPH 3TOM yMEHbIaJach.

CoBpemeHHas Teopus XHT HcxoguT #H3 npHopuTera
MepBHYHKX 3JEeKTPOXHMHYeCKHX peakuuii. Hanpumep, npu
paspsne saemenra cucremn Zn|ZnSO,{ HNOs|Pt o6pa-
30BaHHe AHOKCHAA a30Ta BH3BAHO HENOCPEACTBeHHHM BOC-
CT@HOBJeHHEM a30THOH KHCJOTH NO peaKiHH

HNOy+H+ + g~ — NO, + Ho0

a He BTOPHUHOH XHMHUeCKOH peaKkuHel nenoJsipH3aUHH BO-
AOPOAHOro 3JeKTpoja:

1/2Hg + HNO3 — NO4 + Ho0

Posb BTOPHYHHIX NpOLECCOB CYIleCTBEHHA B TeX CJay-
4afgx, KOraa paspsaf npoTeKaeT no MEXaHH3IMY DacTBOpe-
HHe — ocax/JeHHe C o6pasOBaHHEM TPYAHOPACTBOPHMHIX
COJIefi HAW THAPOKCHAOB, KDHCTAJNJAH3YIOWIHXCA HA 3J1EKT-
POAHOMN NOBEPXHOCTH.

Ilpu BceM MHOroOGpasHH 3JEeKTPOXHMHUYECKHX CHCTEM
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XUT npeacrasasieTcs METOAHYECKH BaXKHRIM BHACAHTH 06-
LiHe NPHHIHNLI HX TEOPHH, KaaccHPHKAauHH, KOHCTPYKILHH,
IKCIIyaTallHH, YTO H COCTaBJseT COAepXKaHHe NAaHHOro
pasjena.

fnasa 1
BONPOCH TEOPMM XMT

O6pa3oBanne 3/1eKTpHYECKOH 3HeprHH npu paGorte
XHMHYECKOTO HCTOYHHKA TOKAa MPOHCXOZHT 3a CHer
y6uinn csobonHoii sueprun [H66ca TOKOOGpasyioute-
ro 3JeKTpoxHMHieckoro mnpouecca. I[IpoTekanue B
31eKTPOXHMHYECKOH CHCTEMé 31eKTPHYECKOro TOKa
BO3MOXHO NMPH COGJIIOJEHHH CJAeAYIOUHX YCJAOBHMA: Ha-
JIHUnSl 1BYX 3/eKTPOAOR, X2paKTepH3YIOWHXCA 3JeKT-
POHHOi MPOBOAHMOCTBIO H Pa3JHYZIOIWHMHCH TOTeH-
UMaNaMH; XHAKOTO HJiH TBEPAOrO 3JeKTPOJHTa C HOH-
HOft MPOBOAMMOCTBIO;, METaJJIHYeCKOro NPOROAHHKA,
ofpazyiolwero BHEWHIOIO ileMb.

KnHerHka 3/1eKTPOAHBIX TOKOOOpa3ylomHX peak-
urit noaunusercs obWHM 3aKOHOMEPHOCTAM 3JEKT-
POXHMHYECKOH KHHETHKH, M3BeCTHBHIM H3 Kypca Teo-
peruueckoii 3iexkTpoxumuu, B XHWUT uame ncnoabay-
10T NOPHCThie 3J1IeKTPOALI, ANS KOTOPHIX MpoOuece pas-
psia (Kak npasuso, HeCTAUHOHAPHHIA) JHMHTHpYeT-
CHl MPeHMYIIEeCTBEHHO POCTOM KOHIEHTPALHOHHOH no-
JAPH3ALHH, @ NepeHanpsAKeHHe 3JEKTPOXHMHUECKOH
craauu uepesnko. JlndpdysznonHee orpanHueHHs BO3-
HHKAIOT B HOPaX 3JIEKTPOLOB HE Cpa3y H MO Mepe pa3-
paxa ycuaupaloTcss. MeHee THNHUYHBIM SABJASETCH MPO-
necc, NPOTeKAOIHA B YCJHOBHAX CMENIZaHHON aKTuBa-
HOHHO- IH(DPY3IHOHHOA KHHETHKH.

1.1. Tepmunonorus

XHMHYECKHM HCTOYHHKOM 'TOK2 Ha3HBalOT YCTPOHACTRO
AN HeMOCPeACTBEHHOTO MpeBpallleHHs XHMHYECKOR 3Hep-
THH aKTHBHBIX BELIECTB B 3JIeKTpHYecKyio sHepruio *. Te-
HepHpOBaHHe TIOCTOSHHOrO 3JIEKTPHYECKOTO TOKA MPOHCXO-
RHT B pe3yJibTaTe NPOTEKAaHHS HA 3JEKTPOAAX 3JEKTPOXH-

* Peub uer 06 3JCKTPOXHMHYECKOM HCTOUHHKE 3/CKTpUYECKON
3HePrHH, OAHAKO OOUICNPUHATHIM ABIACTCA TEPMHH «XHMHUYECKHH HC-
TOYHHR TOKa».
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MHAYECKHX peaKuHi. DAeKTPOXHMHYECKH aKTHBHHE BellecT-
Ba MOryT HaXONHTHCS B 30He TOKOOOpasyioulHX peakuuii B
Pa3nnyHOM (DH3HYECKOM COCTOSHHHM: TBepAOM (UHMHK, AH-
OKCHA CBHHUA, XPOMHA MegH H Ap.),

JKHAKOM (rHApasHH, a30THAas KHCJAOTA, p
pacnjaBjieHHHIA HaTpHA M Ap.) HJAH ra- +
3000pa3HoM (KHCJOPOA, BOAOPOA, XJOP
H 1p.).

ITpocrefimiaa Mozens XHT npencras-
ndeT COOOM 3JeMeHTapHYi0 3JEeKTpPOXH-
MHUYeCKYyl0 fiueliky (pHc. 1.1) ¢ npaBHJB-
HO pa3sOMKHYTOH  3JIeKTPOXHMHUYeCKOf

Puc. 1.1. MO}ICJH: XHUMHUECKOr0 UCTOYHHKA TOKA:

1 — OTpHUATENLHMA  3JICKTPOA; 2 — NOMOXKHTENbH b

3NeKTpoA; J -—cenaparop (axadparma); 4 -- pacTBOp
JeKTpoanTa; 5 —kopnyc (cocya)

BUACRANERENIRIARRERNRANISRENNEOINI

AOUUVURNNMNNNRL AN

SILLS ST LTSS

Uenblo, XapakTepHOH AJs XHMHUYECKHX HCTOUYHHKOB TOKA.
[Tpouecc nepexoma xHMHYECKOH SHEPrHH B 3JEKTPHUYECKYIO,
HIH pa3pfi HCTOYHHKA TOKAa, MPOHCXONHT NpH 3aMHKaHHH
BHelllHell 3JeKTPHYECKOfl WenmH Ha OMHYECKOe CONpOTHBJe-
HHe B pe3yJbTaTe OLHOBPEMEHHOFO MPOTEKAHHN ABYX 3Je€K-
TPOAHBIX peakuH#, 31eKTpooxucauresvHol (aHOZHOH) ¢
0CBOGOXAEeHHEM, HIH TeHEPHPOBAHHEM, 3JMEKTPOHOB H JA€K-
TPOBOCCTAHOBUTEAbHOW (KATOLHOH) C MOTJOIIEHHEM JIEK-
“TPOHOB.

HcToyHHK ToKa, COCTOAWHA H3 ORHOM 3JEKTPOXHMHYe-
CKOfi fAyefiky, HA3KBAIOT 2aAbBAHUYECKUM IAEMEHTOM, HIH
3aesmentonm. I'pynna 3neMentoB o6pasyer 2G268aHUYECKYIO
barapero, uau 6arapero. Cornacuo onpeaesenuio 6artapes —
370 ABa # (oJee 3JeMeHTa, COeJHHEHHRX MeXKAY cOo60f mo-
CJef0BATENbHO HAH NMapaJjJeNbHO AN COBMECTHOrO NpOw3-
BOACTBa 3JeKkTpuyeckoii 3neprun (FOCT 15596—82).

OcHOBHEE H JAONYyCTHMBIe 0GO3HAUEHHA 3JEMEHTOB H
‘Gatapeii, NpHHATHE B 3JEKTPHUECKHX CXEMaX, TOKa3aHLI HA
puc. 1.2, a, 6, 8. Caepyer OTMETHTb, YTO 3HAKH NOJASPHO-
ctH XHUT Ha cxeMax 4aCTo OnycKaiof.

B ocnope m060r0 XHMHYECKOr0 HCTOYHHKA TOKAa JEKHT
‘3/IeKTPOXHMHYECKAA CHCTEMa BHAA

(—)A | Pactnop saektpoauta | K( )
SlleKTPOJlHTbI Yy OTPHHATENABHOr0 H NOJOXKHTEJALHOrO 3Je-
KTpoaoB MOTYT Da3JHYATLCA MO0 COCTaBy H KOHLUEHTpALHH,

Hanpumep:
P Zn | ZnSO4 § CuSO, | Cu



®PopMa 3amHCH COOTBETCTBYET MNOJOXHTENLHOMY 3HAUEHHIO
HanpsaXeHus! CHCTeMbl: CleBa yKa3aH OTPHUATeJbHbIR 3Je-
KrpoJ (uMHK), cipaBa — nOJOXKHTeJNbHLI (Mean). B Han-
MeHOBaHHH e HCTOYHHKZ TOKZa nepBbIM NPHHATO HA3LIBATh
NOJIOKHTEJNbHLA 3JeKTPOA: MeJHO-UHHKOBHIH 3JeMeHT.

+

e i
a —jij—
—- =

a J 6

Puc. 1.2, Cxemunie H306pakeHHsi XHMHYECKHX HC-
TOYHHKOB TOKa:

a — 3neMeHT (o06a H300pameHua pasHOUeHHH); 6 — OaTa-
pesl H3 NOcNeAOBaTeNbHO BKJIIOYEHHHIX 3JIeMEHTOB (NHKHee
Hao6pasKenHe AONYCTHMO); 8 — GaTapes ¢ OTBORAMH

3anuch 3dekTpoxumuueckoii cHcremd XHT, xors uco-
OTBETCTBYeT HenpaBHJbHO Da3OMKHYTOH 3JIeKTPOXHMHYe-
cKofl uenu, fBJserca obmwenpuuarofi. OHa ykasbiBaeT Ha
OCHOBHble NOTEHUHaJONpeNeJsniollHe KOMNOHeHTh (aKTHB-
Hble BellleCTBa) 3JeKTpoaoB # 3jaekrposutra XHT B HCXoa-
HOM 3apAKeHHOM COCTOSHHH H He JOJXKHA COMepPKaTbh HH-
¢opManHio o NPOMeXYTOYHHX NpPOAyKTax peakudd, Her
HeOGXOAHMOCTH YKa3unBaTbh H pa3JjHuYHble J00aBKH, BBOAH-
Mble C OnpefieleHHOfi LeJbi0 B 3JEKTPOR HJH 3JEKTPOJHT.
IlostoMy Hu3 ABYXx BapHaHTOB 3anucH CHCTeM cepebpfiHo-
IHHKOBOTO # MapraHuesBo-UHHKOBOrO 3/IeMeHTOB

Zn | KOH | AgO u Zn | KOH, Ka[Zn (OH)) | Ag0, AgO
Za | NH,Cl| MaO; u Zn | NHC1, ZnClp,CaCly | MnO;

BAPUAHTH 3aMHCH C/ieBa SABJSIOTCH MOJHBIMH H JOCTaTO4Y-
HEIMH, a CHpaBa — H3OLITOYHBLIMH, TAK KaK AeMOHCTDHPY-
I0T NPOMeXYyTOYHble NpPOAYKTH pa3pana [okcHA cepeGpa
(I), unakar kaaus] H cnenManbHble JOGaBKH B 3JeKTPO-
JUT (XJOPHAB UHHKA H KaJbUHA).

B XHT ucnonb3ylorT cHCTeMbl KaK C OODaTHMHIMH, Tak
H 1eo6paTHMBLIMH 3JEKTPOXHMHYeCKHMH peakuusamu. Ecan
xota OGbl HAa OLAHOM H3 3JEKTPOLOB OKHCJIHTEJbHO-BOCCTA-
HOBHTe/IbHHI{I MpoOlecc MpoTeKkaer HeoGpaTHMO, TO TaKOH
HCTOYHHMK TOKZ Ha3HBAIOT NEePBULHDLIM XUMULECKUM UC-
rounukom Toka. O cnocoben obecneduTsh JHIIL OAMH He-
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NpepHBHHA HAH NpepHBHCTHA Paspsl, MOCKOJAbKY 3JEKT-
PpOXHMHUeCKas HEO6paTMMOCTb He NaeT BO3MOXHOCTH MNpH-
BECTH paspsXeHHHE 3JeKTPOAH (MAH ONHH H3 HHX) B HC-
XonHoe cocroanne. B HanMeHOBaHHM 3THX 3JeMEHTOB H Ga-
Tapedl CJAOBO <«NePBHYHH{» OOGHYHO ONyCKalOT, HampuMmep
PTYTHO-KaAMHEBHA 3J€MEHT, BO3NYIIHO-UHHKOBaH Garapes.

Bropuunsie xumudeckue UCTOYRUKU TOKG, NN GKKYMY-
AaTopst (aKKyMyasTOpHHE GaTapeH), CO3ZaIOT Ha OCHOBE
cHeTeM ¢ 06paTHMO paboTaioHIHMH 3JeKTPOAAMH H MOTYT
6HTL HCNOAB30BaHW MHOrokpaTHo. Jlas 3roro paspsxen-
HHfi aKKyMyJaTOp NOABEpraioT 3apiaay — NOAAPH3aUHH OT
BHELIHero HCTOYHHKa MOCTOAHHOrO TOKa, MpH KOTOPOM Ha
NOJIOXKHTENLHOM 3]eKTpOfe peanH3yercss aHOAHEA peak-
IHs OKHCAEHHA, 8 Ha OTPHIATENbHOM — KaTOMHas peaKuus
BOCCTaHOBJAeHHsl. B pesyabrare akTHBHHE BeuieCTBa MNpH-
XOAAT B HcxomHoe cocrosnue. IIpu mepexose or paspana
K 3apsily NOMOXMTENbHHH 3aexkrpon (KaTon) CTaHOBUTCH
aHOJAOM, 2 OTpMUATeNbHHH 3AeKTpoA (aHOX) — KaTOROM.
Taxoe YepenoBanue OTpaXaeT CYHIHOCTb 3JEKTPOXHMHue-
CKMX peaKuHii M Jesnaer Heueaecoo6pa3HHM HCNOJAB3OBE-
HHe TEePMHHOB <«KaTOA» M <«aHOR® NPHMEHHTENBHO K akK-
KyMYJATODHHM 3JEKTPOAaM.

1.2. Npouecc paspsja

PaccMoTpEM npuHIMN JefCTBMY MCTOUHMKZ TOKa Ha
npuMepe 3JaeKTpoxumuueckoft cuctemu Zn|KOH|HgO. To-
KooGpasyiouruii npouecc npH 3aMuKaHu¥ BHeEUIHEH 3JeKT-
PHUECKON Lenu TAKOro 3JeMeHTa CBOAHTCH K peaKIusM:

(—)Zn 4 20H— — ZnO + H,0 + 2¢e—
(+) HgO + HyO + 2¢— - Hg + 20H—

CaenoBaTenbHo, TeHEepH POBaHM e IJIEKTPOHOB Mpo-
HCXOMUT NMpPH OKHCJIEHHM BOCCTZHOBHTEAR (B NaHHOM CJAY-
Yae [HHKd) Ha OTPHIATENhHOM 3JeKTpoJe, MOTJOIleHHE
XKe 3/JEKTPOHOB HA APYroM KOHLE LenH NpoTeKaer nmpu BOC-
CTaHOBJIGHHH OKHCJHTeas (B AaHHOM CJyuyae OKCHAA pTYy-
TH) Ha NMOJOXHTEJLHOM 3JekTpoae. [Ipounece paspsaa npo-
HCXOAMT caenylomuM o6paszoM. [lockoanky B cocTosiHuH
Pa30MKHYTOR 1enH Ha rpanHnax ¢as «3JeKTpox — 3JeKT-
POJHT» BO3HMKAIOT CKaiKM NMOTEHIHAJOB, OHH CO3A2I0T Ha
SJeKTPofax pPasHOCTb NOTEHIHAJOB, HAa3LIBAEMYIO Hamps-
XeHnuem pasomknyrofi uwenn (HPLL). Ilpn 3amuikanun
BHelllHei uenu GHKCHpPYeTCH 3JEKTpHYECKOH TOK, COuYeTalo-
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IWHA NOTOK SIEKTPOHOB M HOHOB; HOHHHHA TOK ob6ectieuH-
BaeTcsi 3JeKTpoaHToM H(Mau) pactBoputeneM. CHaa To-
Ka — ¢pynkuus HPL] ¢ nonpaBkofi Ha NOJAPH3aLHOHHOE H
OMHYeCKOe CONPOTHBJEeHHe CHCTeMH H 3aBHCHT OT CKOpO-
CTH NPOTeKaHHA 3JEKTPOXHMHYeCKHX peaKuufi. Hepenko
CKOpOCTb pa3pAfia JAHMHTHpYerca AHGGY3HOHHHIMH Orpa-
HHUEHHAMH Mpollecca.

CymMapnas peaKuus B NpHBefeHHOM NPHMEPe CBOAHT-
C K ypaBHeHHIO

Zn 4+ HgO —» ZnO + Hg

KOTOpOe AEeMOHCTPHPYeT OKHCAHTENbHO-BOCCTAHOBHTEJBbHHIRE
npouecc. B oTaHYHe OT XHMHYECKOH OKHCJIHTeAbHO-BOCCTa-
HOBHTEJBHON peaKIHH 3JeKTPOXHMHUYeCKH{i nmpoiecc pacna-
RdeTcd Ha JABe peaKuud — OKHCAeHHA H BOCCTAHOBJECHHSA.
ITpocTpancrBeHHO OHM pa3fefeHH H YeTKO JOKaJH30BaHB
B 30HaX 3JeKTPOAOB, IPH 3TOM NPOHCXOAHT mepeHOC 3apa-
AOB Yepe3 rpanuubl ¢a3 B Buie PacyJeHeHHHX aKTOB OKHC-
JeHHA H BOCCTZHOBNAEeHHA.

ITpeo6pa3oBanie XUMHYECKOA 3HepPIHH AKTHBHBIX Be-
L{eCTB B 3Heprdi0 3JEKTPHUECKYI0 YacTO MPEACTAaBASIOT KaK
pe3yJabTaT XHMHYECKOH peaKUHH MeXAY OKHCAHTeNeM W
BoccTaHOBUTeNeM. DOpMaAbHO 3TO TaK, H TOrAa, HampH-
Mep, pa3iuuHe B3aHMOAeACTBHA KHCJAOPOAZ C BORXOPOAOM
no XMMHYECKOMY H 3JeKTPOXHMHUYECKOMY MeXaHH3MaM CBe-
ReTcst X TOMY, 4TO B NepBOM cJydYae nepexon 3JeKTpoHa
OT BOCCTaHOBHTeJd (BOAOpOA2a) K OKHCauTemo (KHCJAOPO-
BY) TPOHCXOAMT Ha HHUYTOXKHO MAaJOM PaCCTOSHHH MeXAy
MOJIeKyJaMH — YYaCTHHUAMH PeaKiliH, 2 BO BTOPOM CJay-
Yge TOT Xe NepeXOA 3JeKTPOHOB OCYLIECTBJSAETCH A0 mpo-
BOJHHKY MepBOro pofa KOHeuHOH AJHHH, H NMO3TOMY BOAO-
PORHHA 3JEKTPOR MOXerT OHTbL ynaseH OT KHCIOPOAHOTO:
3JIEKTPOAa Ha JOCTaTOUYHO GOABLIOEe PacCTOSHHE.

HedopMaasiufi moaxon BHABAseT OCOGEHHOCTH 3Je-
KTPOXHMHYECKOTO MeXaHH3Ma OKHCJHTeNbHO-BOCCTAHOBH-
TEeJBHOrO mpouecca, HMelou{He BaXKHHe NpPakKTHUeCKHe MNO-
CIeRCTBHA M He HaGJalomalomwHecs NpH nNpoTeKaHHH XHMH-
YECKOH peakiihd, KOTOpAas ONHCHLIBACTCA TEM XKe CTEXHO-
MeTPHYeCKHM ypaBHeHueM. Bo-nepBHIX, kaToAnas H aHOA-
Has peakKiud, NpOTeKas ¢ OAMHAKOBOHA a6COMOTHOR CKOpO-
CThIO, TeM He MeHee 06AafaloT HHAHBHUAYAJbHHIMH KHHETH-
YeCKHMH 3akoHOoMepuocTaMH, ITo3ToMy Bce ¢akrTopH (Tem-
nepatypa, €OCTaB M KOHIlGHTpaLHA 3NeKTPOAuTa, (PHIUKO-
XHMHYeCKHe CBOHCTBaZ 3JeKTPORXHOA MOBEPXHOCTM), BAHAIO-
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InHe Ha KHHETHKY 3JeKTPOAHWX peaKIHi, BO3ZeficTBYIOT
Ha 3JeKTPOXHMHUYECKHE XapaKTepDHCTHKH 3JEeKTPOAOB pa3-
JIHUHEIM 06pa3oM. JT0 MOXeT NpOABJAATbCA B aKTHBaLHH
OLHOrO 3JIeKTPOZAa H OAHOBPEMEHHO NacCHBAallMH APYroro,
B MaJoH noJasgpu3allud OAHOIO H3 3JEKTPOAOB M 3Ha4H-
TenAbHOR Apyroro. Bo-sropux, Bpems paspsga XHT onpe-
neasieTcsi MpPOJONKHTEbHOCTLIO KAaTOAHOH MJH aHOLHOH
peakuuH, TopMOXKenHe KOTOpOH, HanpHMep, H3-3a NACCH-
BalliH HJH NPH pPe3KOM BO3PACTAHHM KOHIEHTPAIHOHHOIL
NONAPH3ALKHH MOXeT cheaTh JAanabHeHHi pa3psan Gec-
NOJIe3HHIM HAH HEBO3MOXKHKIM. B-TpeTbHX, 3JeKTpOXuMHue-
CKHA npoliecc JIerk0 ynpapjseM B IMHPOKOM JHana3OHe ma-
paMeTpoB B OTAHUYHEe OT TPYAHOYNMPaBAAEMOr0 XHMHYECKO-
ro npoiiecca.

B npuBexeHHOM npHMepe 3JE€KTPOXHMHYECKOE B3aHMO-
JeACTBHEe KHCJAOpPOZAa € BOAOPOAOM MOXKET MNPOHCXOAHTH
NpH CTPOro 3agaHHOH CKOPOCTH OT HHYTOXKHO MaJoi A0 A0-
CTaTOYHO BHICOKOH. XHMHYECKOe B3aHMOAEACTBHE TeX Xe
rasoB NIpOTeKaeT MpH OYeHb BBLICOKOH CKOPOCTH BNJOThH A0
B3puiBa. CoBeplleHHO OYEBHAHO H pa3/HYHe SHEepreTHYECKOH
pe3yNbTaATHBHOCTH OKHCJIHTEAbHO-BOCCTAHOBHUTEJBHBX MNPO-
IeCCOB: B 3MEKTPOXHMHYECKOM BapHaHTe IeHepHpyeTcH
yhopsAaoueHHas 3JeKTpO3Heprusl, XHMHUECKHA BapHaHT cO-
NpOBOXKIAeTCA AHWb TenAoBuiM 3¢ deKToM.

DNeKTPOXHMHYECKHE TOKOTEHEPHPYIOIIHe CHCTEMBI MO-
TYT 06pa30oBHIBATECS Ha OCHOBE aKTHBHHIX BellecTB, He
06A3aTeNbHO ABASIOIIMXCA COCTABHBIMH YacTAMH 3JeKTpo-
noB. IMu MOryr GbiTh KOM{IOHEHTH pPacTBOpa 3JeKTPOJAHTA
®JIH Ja)ke BellleCTBa, NOCTYnalollue B 30HY 3JEKTPOXHMH-
4Yeckoff peakuuu u3sHe. B KauecrBe mpHMepoB paccMOTpUM
CHCTeMbl

Mg | NaCl | H;0 (Pd) u Zn | KOH | 02 (C)

ITepsas 43 HHX uUHTepeCHa TeM, UTO 3Aech AKTHBHEIM
BEIleCTBOM MOJOXHTEJIbHOTO 3JeKTPOAa CAYMXKHT pacTBOPH-
Tellb 3JEeKTPOJAHTAa — BOZA. Marephan 3JeKTpoga 3aKilo-
YeH B Kpyrable CKOOKH, TaK KaK HEpaCTBODHM H MPAMOro
YYacTHs B npoumecce TOKOOGpa30OBaHHA He MPHHHUMAET, XO-
TH H Hrpaer BaXHyIO pOJib TOKOOTBOAA M 3JEKTPOKATANH3E-
TOpa. DAEKTPOAHBIE PeaKIHH ONHCHIBAIOT ypaBHEHHSMH:

(—) Mg + 20H— + Mg (OH), + 2¢—

( 4+ )2H0 + 2¢— — Hg + 20H~
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BTopas cHCTeMa JIeXHT B OCHOBe EpPBHYHOIC BO3AYLI-
HO-HHHKOBOro 3Jementa. IIpH paspane pacXoRyloTcs LHH-
KOBHIi 3JIeKTPOA H KHCJIOPOA BO3AyXa:

(—)Zn + 20H— > Zn (OHy) + 2¢—
(+)1/202+ HO + 2¢~ -» 20H~

YronsHHA 37eKTpPOnN, KaK H NajjiafHeBHi, ABIAeTCH
TOKOOTBOAOM H ORHOBPEMEHHO 3JeKTPOKATaJTH3aTOPOM.

[Iponece paspsza XHUT kak npomecc npespauieHds ox-
HHX XHMHYECKHX BElIeCTB B JAPYyrHe XapakTepHayerca H3-
MEHCHHeM XHMHUYECKOf 3HepriHH cHcreMH. B npeaanHom
Ciayuae B 3JeKTPOXHMHYECKOR CHCTeMe NMPOHCXONHT TepMo-
JAHHAMHYECKH o6paTHMOe mnpeBpamieHHe XHMHYECKHX Be-
wects, [Ipu 3TOM, Kak H3BECTHO H3 XHMHUECKOH TepMOMLH-
HaMHKH, MaKCHMaJibHag 3neKTpHueckafs pa6ora AWyaxe B
H306apHO-H30TePMHYECKHX YCHOBHAX COOTBETCTBYET H3Me-
#eHuio 3Heprun 'u66ca:

AW yape = — AGpT- (L.1)

[Tosromy ¢ yuerom 3aBucumocty AW=2zFE Hanpsxe-
HHe 3JIeKTPOXHMHYeCKOH cHCTeMB E mponopiHOHa bHO H3-
MeHeHuio 3Heprud I'm66ca. BemuuuHa E B n306apHHX yc-
NOBHAX, XapakTepHHX aaf paboru XHT, cefsaHa Takxe c
H3MeHeHHeM 3HTaNbliHH, YTO Chelyer H3 ypaBHeRHA [HO-
6ca — l'esibMroAbKa:

AH dE
E= — H +T(d7‘),,' (1.2)

CoorHomtenne AG/AH Ha3HBalOT TepMOAHHAMHYECKHM
(uneansHuM) k03 PHUHEHTOM nose3Horo Aeiicraua (KI1)
XHMHYECKOrO HCTOYHHKA TOKa 7)r. Ko3dppHuuedAT 7: Xapak-
TepusyeT 3((eKTHBHOCTH NpeBpaiieHHss XHMHYECKOA IHep-
FTHH CHCTEeMH B 3JIEKTPHYECKYIO IHEprHi0 NMpH NPOTeKaHHH
TOKa 6eCKOHeyHO MaJOf BeJHYHHH.

Ins GONBIIMHCTBA 3MEKTPOXHMHUYECKHX CHCTEM, peaJH-
sosanuux B XHT, dE/dT<<0. B 3rom cayuae AG<<AH,
Nr<<l B B annabaTHYECKHX YCJIOBHAX, T. €. B YCJHOBHSX
TeMJIOBO# H3OMAAIMH, EHepHPOBaHHE 3JeKTPHUECKOH 3Hep-
FHH CONPOBOXAAETCA NMOBHUIEHHEM TeMMepaTypH CHCTeMH.
B wu30TepMuuecKHMX YCAOBHAX uaCTh TeMJOTH, COOTBETCT-
Byouiefi TenjosoMy 3¢dekTy peakuHH (2 HMEHHO TENJOTa
ITensToe), Gyaer paccensatscs B OKpyXaiomryio cpeny. Ec-
an dE/dT>0, To AG>AH 4 n:>1. Oto o3Hauaer, uTO
B H30TepMHYECKHX YCHOBHAX B 3JeKTPHYECKYIO 3HEpruio
NEePEXOXHT He TONbKO TemjaoTa peaKiHH, HO H HeKOoTopoe
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KOJHYECTBO TEMJIOTH, MOFJIOLIEHHOH H3 OKpyaiomel cpe-
aH; B aAuafaTHYecKux YCJIOBHAX cuCTemMa Oyaer oxjax-
RaTHes.

B peaabHbix ycaoBuax paspsasa uepe3 XHT nporexaer
TOK KOHeuHoro 3Hayenus /., CHcrema nepecraeT GbITb Tep-
mopnHamuyeckn o6Gparumofi. ITog BiHMAHHEM KHHETHYECKHX
aBaennfi u GaKTOpOB KOHCTPYKUHH HANpsKEHHe NpH pas-
pase U craHoBHTCA HHXe 3HaueHHd E, a mojaHOTa mpespa-
LIeHHA AKTHBHLIX BelleCTB, KOTOPYI0 MOXHO OUEHHTb KO-
spduunenToM Hcnoab3oBaHHA Kucn, — MeHblIe  eIHHHUML
Iloatomy dakruueckuit KIII ncroynuka toka ne 3aMeTHO
HmXe TepMoaunamuueckoro KITJI:

N = NeKycalU /E .- (1.3)

Yacrb noJsessiofi 3Hepruu npH paspsiie TepAercs, mnpe-
Bpallafich B TEMJOTYy. 3aKOHOMEpPHOCTH peaJbHOFO pa3spsja
paccMarpuBaioTc B T. 3 B CBA3H C 0GCYXJEHHEM 3JeKT-
puuecknx xapakrepucruk XHT.

1.3. Bsepgenne B TEOPMIO NOPKHCTOro NEKTPOAA

DHepreTHYeCKHe XapPaKTEPHCTHKH XHMHUECKOrO HCTOY-
HHKA TOKa NOBLILIAIOTCA 00 Mepe CHHXEHHA HCTHHHOH
NJIOTHOCTH TOK2a A0 BO3MOXHO Maibix 3HaueHHfi. OfHako
TexHnueckne rpeGosauns, npeavasasembie k XHT, B Goub-
IIHHCTBE CJyuYaeB MoryT ObiTb peasH3oBaHW npH obecne-
YeHHH BbiCokofA rabapuTHoii nJoTHocTH Toka. CoueraHue
HH3KOH ucTunHodl ¢ BHICOKOH 2abapurroll NJIOTHOCTBLIO TO-
Ka ROCTHraercs 3a C4eT YBEJHUYEHHS MOBEPXHOCTH IJIEKT-
pona Ge3 n3meHeuns ero pasmepoB. Hanbosiee 3pdexTus-
HHii crocO6 Pa3BHTHS 3JEKTPOLHOH NOBEPXHOCTH 3aKJl04a-
€Tcsi B NpHMEHeHHH MOPHCTBHIX 3jaeKkTponoB, Takue 37ekT-
poad ofecneunBalOT HHTEHCH(HKAIMIO TOKOTeHepHPYIOHIHX
npoueccoB # NO3BOJAIOT HauboJee NOJHO HCNOJB3OBATDH
aKTHBHbIE BeHIeCTBa.

XapakrepucTHKa  CTPYKTYpbl MOPHCTOTO  3J€KTPOAa
CKJajbiBaeTcsl H3 COUETAHHS TAKHX NapaMeTpoB, Kak 06b-
€MHAs MOPHCTOCThb, yAeJbBHasl HCTHHHAS MOBEPXHOCTb, 3¢-
3ex'm5nuﬁ nunamerp, Gaxkrop H3BHJIHCTOCTH mnop H Ap.

6vemnod nopucroctoro Il Ha3wBaloT oTHoLieHHe ob6beMma
nop Kk rabapurHoMy obGbemy 3sexrposa. PaxrTop ussuau-
CTOCTY nop B — OTHOLIEHHE YCJIOBHOH YCpeAHeHHOH, HJH
3 deKTHBHON, LJHHB MOPH K TONUHHE 3JeKTpona. Hme-
I0TCA B BHAY TOJBKO CKBO3Hble mopbl, nmodtoMmy p==1. Ilo-
PHCTHI 3nexkTpon obnanaer uypesBhiuafino pasBHTON noO-
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BEPXHOCTBIO, KOTOPYIO Ha3HBAIOT UCTUHHOU Sycr B OTAHYHE
oT raGapuTHOA Srac. BeaHunHa Sycr, OTHeCeHHAA K eHHH-
e rabGapuTHOro o6beMa HJAH MacCH, ecTb ydeavhasn 00-
emnas Sy ¥ ynenbHad MaccoBasi Sm NMOBEpPXHOCTH.

DJeKTPOXHMHYECKHe CBOACTBA HOPHCTHIX 3JeKTPOLOB
ONpeneAslOTCA HX CTPYKTYPOH, KOTOpPafs B 3HauHTEJbHOH
CTeNeHH 3aBHCHT OT XapPaKTePHCTHK HCXOXHOrO MaTepHana.
Yacro nas 310fi HeAH HCHOAB3YIOT NOMHAHCHEPCHble MO-
polIk#, MO3TOMY nOPOBOe HPOCTPAHCTBO INeKTPOAa HMeEeT
CJAOXKHYIO H HePelKO BecbMa NMpPHUYAJNHBYI0 KOHODHTypalHIO.
PasBerBieHHad nocaeaOBaTeJbHO-IapaffiefbHast 3JeKTPH-
yeckas Ilenb NO TOJIHHE HOPHCTOrO 3JaeKTpona obpasyer-
Cf H3 HOHHOTO TOKa 3a cYeT HOHHOH NPOBOJHMOCTH IIEKT-
POJAHTa, 3aMONHAIOMEr0 NMOPH, H 3AeKTPOHHOIO TOKa, 11po-
HH3HIBalOLler0 3epHa TBepAoH
(asH, KaK 3TO [0Ka3aHO Ha
puc. 1.3. Takum oGpasom, mak-
POCTPYKTYpa TNOPHCTOrO 3JekK-
TPOAa CYyIeCTBEHHO BJHAET Ha
MPOXOXKJAeHHe  3JeKTPHYeCKOro
TOKAa H llepeHOC BelllecTB, y4acT-
BYIOIGHX B TOKOreHepHpYIOIIHX
peakuHax. :

SneKTpHYeCKOe CONPOTHBJE-
HHe 3JIeKTPOJIHTZ B Nopax 3JeK-
TpOAa TOMIWHHOR d OLEHHBAOT
3MIHPHUECKON BeJHYHHOH OTHO-
CUTEAbHO20 CONPOTUBACHUR, ANH
K03 HILHEHTOM ocnabaeHns
3JleKTpHYecKO#  NpOBOAHMOCTH,
Puc. 1.3. Cxema obpasosa- &==RuRs7}, rie Rn— 3neKTpHie-
HHA SNMeKTPHyeckoR nenn B CKOe CONPOTHBJeHHe 3JeKTPOJH-
NOPHCTOM 3A€KTpOne: .Ta B NOpax 3neKkTpo;d; R, —
o A — saekrnoinud  JEKTPHYECKOe  CONPOTHBJAEHHE
TOK CAOA 3AeKTPOJHTA TOJIHHOA d.

Koadpdunuenr & ypennunBaercs

N0 Mepe CHHXXeHHf NMOPHCTOCTH H POCTa (paKTopa H3BHJH-
croctH. B pacuerax HCnoAb3ylOT TakKe BEAHUHHY 3¢hhex-
TUBHOU YOeabHOU 3aeKTpudecKoti nPosoduUMOCTU 3MAeKTpO-
JAHTA B nopax ®kse==xe~), [Ipn sTOM HcxoadT H3 monyue-
HHA 00 yCJOBHOH MaKpOCKONHYeCKOH OZHOPOZHOCTH NMOPH-
CTOro MeKTposa. dddeKkTHBHAA 3NeKTPHYeCKaA NPOBOAH-
MoCTb MoxXeT OHITh TakXe HalineHa 1o QopMyle %x,0=
==x[If~?. AHaJOrHYHBIM fABAAeTCA NOHATHe 3PPexTU8HO2D
xoappuyuenta duppysuu: D,g=De".
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C TOUKH 3peHHR pacnpelenCHHs 3.J€KTPOXHMHYECKOro
npoiecca N0 06beMYy NOPHCTHIA 371€KTPOA HEOAHOPOJEeH,
COCTABNAS CUCTEMY C pacnpedeseHHoiMU NAPAMETPAMU.
3P ¢exTHBHOCTD HCMONLIOBAHHS 3;EKTPOAHOR MOBEPXHOCTH
HeO/HHAKOBa, OHa MakKcHMaiabHa B 30He (poHTaabHONK no-
BepXHOCTH, 06palleHHOH K 3.]€KTpOLy ApYyroro 3HaKa, H
y6uBaer no ToamuHe 3aexktpoia. [losromy dakTHueckn
peaansyeMblli TOK pa3paia NpH HEKOTOpPOH 3aAaHHOM
MJOTHOCTH TOKa BCerja HHXe TeOPeTHYeCKOro, onpejense-
MOTrO BEJTHYHHOM Spcr.

CHHXeHHe HHTEHCHBHOCTH 3/I€KTPOXHMHYECKOro mpo-
ecca B 3JEKTPOAe 10 Mepe yJajeHHs OT (pOHTaAABHOH
NOBEPXHOCTH CBH3aHO C JABYMH NpHYHHaMH. Bo-nepeeix, B
ofpeMe MOPHCTOr0 3JEKTPOAA 3aTPyAHEH NOABOA HOHOB,
Y4acTBYIOLIHX B TOKOOOpasyioued peakiHH, H OTBOA mpo-
BykroB 3TO# peakuuH. M3 tpex npomeccoB nepeHoca Be-
fiecTBa, CrnpaBeLJHBLIX AJS TJAaJAKOTO 3J€KTpOJa, — MHr-
pauus, nnbdysnn B KOHBeKUHS — MOCAeAHHA NOUYTH He
MpOTeKaeT, CKOPOCTh e BTOPOro najfaer ¢ yBeJHueHHeM
ray6unbl NOp H CHHXXEHHEM HX IuaMerpa. Bo-BTOphX, mo-
PHCTBIN 3/IEKTPOL NO CPABHEHHIO C FIafAKMM KOMNaKTHBIM
SJeKTpOoAOM obaajaer 3HaUHTENbHO MeHbUIEH 3JaeKTpHYe-
cKoii mpoBopuMocTbio. OMHYecKas COCTAaBAAIOMAA MOTEH-
LHasa pacTeT NO TOJUHHE OT (PPOHTAIBHOM K THIABHOMN
NOBEPXHOCTH, €CJAH 3JEKTPOJ OLHOCTOPOHHHH, H OT MNepH-
epuH K UeHTPYy, eCaH NJOCKHi 3aeKkTpox paboraer c oGe-
HBX CTOPOH HJH 3JeKTPOJ HMeeT LHJIHHAPHYECKYI0 ¢opMmy.

Taxkum 06pa3om, COOTHOLIEHHE NJOTHOCTH TOKAa Ha pas-
JWYHHX Y4YacTKax MOPHCTOTO 3JeKTpPOAa 3aBHCHT OT Xa-
paKkTepa H3MeHeHHs MOJAPH3aUHK MO TOJLIHHE 3/]eKTPOAa,
OT 3HAaueHHS OMHYECKHX COCTABAHIOIHX, 8 TakXe OT 3¢-
dexTuBHOCTH AudGY3HOHHBIX NPOLECCOB, NMPOTEKAOMHX B
nopax. CoBOKYMHOCTb BCEX 3THX 3aKOHOMePHOCTeA Ha3Ba-
Ha MQKPOKUHETUKOH nopucTozc 34eKTpodad B OTAHYHE OT
MHKDOKHHETHKH, KOTOpasi pacCMaTpHBaeT 3aKOHOM@PHOCTH
SNeKTPOXHMHUYECKOH DeaKUHH Ha MHKDPO3JEKTPOAHOH no-
BepxHocTH 6e3 yuera siBAeHHIl 32 ee NpeAeNaMH.

Bakno#i npakTHYecKOM 3ajzaveii ABJASETCA OlLEHKa pac-
npefeNieHHs MAQTHOCTH TOKa NO 06beMy MOPHCTOrO 3J€KT-
pona. IlonyctnM: nopHCTHI 3JeKTpoi HMeeT ¢OpMy naa-
CTHHB ¥ 06pa3yer NceBAOrOMOreHHYIO (OLHOPOAHYIO) cpe-
AY; NAOTHOCTb TOKAa CHHXKaeTcsl B HanpaBJeHHH, HOPMaJb-
RBoM K ¢pontanbHoi naockocTH, H B raybuHe 3aexTpona
AOCTHraer Hyas; KOHLEHTPaUHs 3/JEKTPOJHTAa mO TO/LIHHE
DAaCTHHRL NOCTOAHHA H AH¢GY3HOHHBIE OrpaHHYeHHH OT-
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CYTCTBYIOT; 3JIeKTPHYeCKoe ConporusieHne TBepgofi ¢dasH
3nexTpona npeHeGpexknmo Mano. C yuerom Bcex IepedHc-
JMeHHHX yCJAOBHH pacnpeneieHHe CKOPOCTH 3JEKTPOXHMH-
4ecKoro fnpoiiecca B o6beMe 3JIeKTPofa MOXHO ONMHCATH
CHCTeMOH ypaBHeHHi

d
1= —uaq,d—:, (1.4)

di
ty= —3% =%uf (@ (1.5)
rae ix H iv— NJOTHOCTH TOKa Ha ray6HHe X B pacuere Ha
CeyeHHe NMOp H Ha efHHHIYy o6beMa 3.JleKTpoja; ¢ — NoTeH-
nHaJ.

Taxkum o6pa3om, 3d¢deKTHBHOCTH MOPHCTOTO 3JeKTPOAa
3aBHCHT oT 3(deKTHBHOR 31eKTPUYECKOH MPOBOLHMOCTH
%sp H 30dexTHBHOM KuHeTHUecKOH (MOJASPH3aIHOHHONM)
NPOBOANMOCTH %xus. COrNacHoO onpegenenHio Xxmw=Svioh~,
rae io — NJOTHOCTb TOKa OoGMeHa 3JeKTPOAHOM peaxkuu#, H
b=2RT/F.

Peutenne cucremn ypasnennii (1.4) u (1.5) mpm rpa-
HHYHOM yCaoBHH i,==0 NpH X—o00 JaeT ypaBHeHHe NPOH3-
BOAMTENBLHOCTH MOPHCTOrO 3JeKTpPOAa, MNpeaCTaBARIoLIeH
coboii rabapHTHYIO NAOTHOCTb TOKA is:

Pe 12
Is = (2""“"34) 5 f(?)dv) . (16)
Peo
Ianee, u3 ypasuennfi (1.4) u (1.5) caenyer:
_‘?i _ xun
ax ——“S@ f (%) (1.7

CoorHontenre (%»¢/%xun)'/?, HMeOIIEE Pa3MePHOCTD
AJHHH, Ha3saHo 3PexTusrHoli 2aybuHol nPOHUKHOBERUSR
npoyecca nan xapaxrepHod Oaunod l. TlostoMy BMmecTO
(1.7) moxwuo 3anncarhb

9%

d (x/1y?
IlonycTHM, YTO NJAOTHOCTbD TOK2 JAHHEAHO 8aBUCHT OT NO-
TeHIHAJa; YCTaHOBHM, KPOME TOro, clefyiouue rpaHHiHHe
yeaosus: @=gqp npu x=0, ¢=0 npu x—-co, Toraza ypas-
Henre (1.8) umeer cregyiolllee pellleHHe:

=90 exp (—x/I). (19)

=1 (%)- (18)
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ChenoBaTeIbHO, 3JeKTPOXHMHUECKHH npoLecc B paccMart-
pHBaeMOM 4YaCTHOM CJaydYae 3aTyxaeT no TJyOGHHe 3JeKT-
PoOna IKCNOHeHIHAJNbHO.

PaccMoTpHM 3/eKTPOR KOHeuHOH TOMUHHB d, IPH 3TOM
Heo6xoaumo rpannunoe ycaosne de/dx=0 npu x=d. 310
O3HaydeT, 4TO rpagHeHT MNOTeHUHasa nO TAyOHHe 3JeKT-
pona majnaer H BOAHSH THIABHOA MNOBEPXHOCTH NJAACTHHB
CT@HOBHTCSl PaBHHIM Hyaio. Toraa peleHHe ypaBHeHHS
(1.8) ¢ yueToM npHHATHX AONyumieHHA AdeT BbpaXeHHe,
KOTOpOe XapaKTepH3yeT pacnpelefeHHe NJOTHOCTH TOKa
Ha Tay6GHHy x:

ch [(d — x)/i]
ek (d/l)

Xapaxrepnas aaHHa | CAYXKHT KDHTEpHeM HepaBHOMepHO-
CTH pacnpelefeHHS NJAOTHOCTH TOKa MO TOJILIHHEe MOPHCTO-
ro anekrposa. Ha ray6une [ naotHocts TOKa B e (2,72) pa3s
HHXe, YeM Ha (POHTANLHOH NOBEPXHOCTH, H TaKoe CHH-
XeHHe CKOPOCTH 3JeKTPOXHMHUECKOH peakUHH CUHTaeTcH
npuemyeMbiM. OtHowenne d/I, HaswiBaeMoe modysem Tu-
Ae, XapaKTepH3yeT CTelleHb PaBHOMEPHOCTH paGOThl MOPH-
croro sgekrpona. Ilpu d/fI>1 axekrpos pabGoraer Hepas-
HOMepHO H TeM MeHee 3({eKTHBHO, ueM Bbillle MOAYAb TH-
Jae. Ilpr dfl<] naoTHoCcTb

TOXa pacnpefensercd No ifi
06beMy OTHOCHTEJbHO paB- (0

(1.10)

l:=

HOMepHO.
Ha puc. 1.4 pana rpa-
PpHueckan 3aBHCHMOCTb

ixf/is—x, TocTpoeHHasA ¢
HCNOJb30OBAHHEM  YypaBHe-
Hus (1.10) gas pByx sJex-
TPOAOB, YCJOBHO TOHKOTrO
(dv=0,5l) u rtoacroro ¢
(d2=2,5l). M3 pucynka
BHIHO, YTO B TOHKOM SJieK-  p,, 4 Pacnpeneneune IJIOTHO-
TpoJe yMeHbllleHHe NAOTHO- ¢ty ToRa 1O TOMIHHE B TOHKOM
CTH TOKa no ray6uHe He- (/) u Toactom (2) nOpHCTOM 3JEK-
3HayHTeN bHO M OH pabora- Tpone

er A0oCcTatouHo 3pdeKkTHB-

HO. BenuunHa i, onpelensieTc¥ KHHeTHKOH co6CTBEHHO
3JeKTPOXHMHYECKO#H CTajuH, @ BAHAHHe OMHYECKOH CO-
cTaBafioleii HesHaunTeabHo. Hao6opoT, ToAcThk 9AeKTPOA
paGoTaeT HepaBHOMepHO, MJIOTHOCTb TOKa MO TOJIIHHe na-
naer no Beanunuu 0,15is, npH 3TOM onpeleAIOIlyl0 pOfb
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Hrpaer omuueckufi dpakrop. [Toaromy yBeAHUHBATL TOJLNH-
HY NOPMCTOro 3MeKTPOoAa ¢ LeJbl0 HHTeHcHDUKauH npo-
mecca pa3spsja CjlefyeT B pazyMHbIX Npeaenax.

C pocTOM NJAOTHOCTH TOKA AHHEHRHAs MoJApH3aUHOHHAN
3aBHCHMOCTb NEPEXOAHT B MOJYJAOrapHGMHUYECKYIO, H MH3-
MeHeHMe noTeHuMana no raybuse 3JekTpoaa npuobperaer
Gonee choxHuulll xapakrep. IToBulileHHe BeTHUHHH i, TIPH-
BOAMT K CHHXEHMIO [, mIOTHOCTE ToKa i, nmajaer GoJgee
pe3ko. B pesyabrate nmopuctoift 3aexTpon mo 3ddexkTHBHO-
CTH NpHGIHKaeTCA K IIaJKOMY 3JEKTPOAY.

Ecau snekrpoa paboraer B aubdy3uOHHOM pexume H
OMHYEeCKas COCTaBJAIONIaN MaJja, XapaKrep 3aTyXaHHs npo-
ecca no TOJMIUMHE TaKXKe 3aBMCHT OT coorHomenus dfI,
HO XapakTepHYI0 AJuHy [ pacCuMTHLIBAIOT 1o dopmye

== (zFD,q,/stP)Uz'

- ITpu 3TOoM BBOAAT Aonyutenwe, 4TO KOHCTAHTAa CKOPOCTH £p
NponopuHOHaAbHA KOHUEHTPAaUHH peareHTa (mpoTekaer pe-
akuua nepporo nopfaaka). Kak # npH akTHBauHOHHO-OMH-
YeCKOM pexHMMe pa3psia, POCT NJAOTHOCTH TOKa B 3ITOM
cjlydae CylleCTBeHHO BAHACT Ha mnajeHdHe i NoO TOJILHHE
M 3JeKTPOXHMHUYeCKHHA mpouecc cMewaeTcss K ¢GpoHTaAbHOM
MOBEPXHOCTH 3JEKTpOZa.

Maremarnueckoe MoJenHpOBaHHE MOPHCTOrO 3JEKTPO-
Na CBA3aHO C mocTpoeHHeM (H3HueckHx Mogedeit. [Tpacreft-
Was M3 HUX npeiacTaBaseT coB6ofi cucTeMy napaatenbHbIX
KanH/AJAPOB OAMHAKOBOTO JWaMerpa M BeCcbMa YCJOBHa,
MOZeJib B BHAE MEpeceKkaioHXCd Kan#IAApOB nepeMeHHOro
CeueHHs TO4YHee OTpa’Kaer HeymopAAO4YEHHHN XapakTep
peaiabHbiX MOPHCTBIX 3.1€KTPOJOB, HO B MaTeMaTHYeCKOM
BHIpAXKeHHH aBasercd 6oJee ¢A0XHOI.

ITpu skcnayatauuu XHT nopucThe 3JeKTPoAH Hepend-
KO pa6oralorT B LIMPOKOM AHanNa3oHe TOKOBOA HarpyskH B
YCI0BMAX CMEIaHHOTO aKTHBAaUHOHHO-AHGGDY3IHOHHOIMO pe-
XHMa. MatemarHyeckOe omMcaHHe 3TOrO BapHaHTa C yuye-
TOM OMHUYECKHX (aKTOPOB LOCTAaTOYHO IPOMO3JKO; Ompene-
feHHble 3aTPyAHeHHS BbLI3LIBAET MOJENHPOBaHHe 06beMHHX
U mopdoJoruueckux uaMeHenHMfi B nponecce paspsaia.
B ne.ioM Teopiis MaKpDOKMHETHKM NOPHCTOrG 3JEKTPOAa
(cm.: Kcenxkek O. C. u ap.; Yusmanxes 0. A.) nossoas-
er ¢ noMombio DBM ouensuBaTh pacnpepenenHe npouecca
NOo TOMIHHe 3JeKTpoda H Bui6MpaTh CTPYKTYPY NOPOBOro
npocrpancTea. PexoMennauus obuiero xapakrepa CBOJHT-
csl K Tpe6OBaHHIO ONTHMAJBLHOIO COMETAHHH TOJIIMHLI 3Je-
KTPO1a ¢ J0CTAaTO4IO BLICOKON MOPHCTOCTBIO H OTHOCHTENb-

22



HO HH3KHM (aKTOPOM H3BHJAHCTOCTH; KpOMe TOro, AAfA CHH-
XKeHHA BJHAHHA OMHYECKMX (aKTOpPOB BaxKHO obecneuntb
BHICOKYIO 3JIEKTPHUECKYI0 MPOBOAHMOCTSH SJeKTpona H ane-
krpoanta. CJHIIKOM BHCOKa® MOPHCTOCTb COKPaaeT
YAeAbHYIC NOBEPXHOCTb SAEKTPORa H MOXET OTPa3nTbCH
Ha ero MexaHH4YecKOH HPOYHOCTH.

fnasa 2
BONPOCHE KOHCTPYKUMM M KNACCHUDUKALLMM XMT

KOHCTpYKuHA XHMHYECKOrO0 HCTOYHHKA TOKa AOJ-
KHMa HauayymiHM o6pa3oM cnoco6CTBOBATH pealii3a-
HHH TeX 3JHEepPreTHYeCKKX BO3MOXHOCTeH, KOTOphe
JAKJIOYeHH B KOHKPETHOH 3JeKTPOXHMHYECKO# cHC-
TeMe. KOHCTpPYKTHBHOe YCTPOACTBO OTXENBHOTO 3Ine-
MeHTa n GarapeH B IeJOM HNOAuYHHEHo O6GecieyeHHio
s¢pdexTHBHOR paGOTH 37eKTPOAOB, co3nasas HaunGo-
Jlee GnarofipHATHHE YCNOBH: RAS NPOTEKaHHA TOKO-
00pa3yIoIHX 3J1eKTPOXHMHYECKHX peaKiafl.

OnuoBpemenno koHCTpykiHs XHUT kKak HHKeHep-
HOrO YyCTpPOfCTBA ROJMIKHA COOTBETCTBOBATL TEM Tex-
HHYeCKHM Tpe6OBaHHAM, KOTOpPHE ONpeReasiorcs
061aCTbI0O NMpPHMEHeHHs RaHHOTO HMCTOYHMKA TOKa.
Peun nzer 0 KOHCTPYKTHBHHIX ocoGeHHocTnX, obecne-
YHBAIOWHX HauboJee NOJIHOE MPaKTHYECKOE HCNOJb
30BaMHe HCTOYHHKA TOKa B 32JaHHBIX YCJOBHAN
OKpyXaiomel cpelnt B TeueHHe 3aRaHHOTO OTpe3Ka
BpeMenH. Hepeako Heo6XOZHMO YYHTHBAaTb H KOHCT-
PYKTHBHHE OCOOEHHOCTH H3JEJNHA — NOTpeOHTEeNH
37eKTPO3HEPrHH, B COCTaB KOTOPOro BXOAHT 3JeMeHT
Ha# Garapesd.

K o6a3aresbHnM TpeGoBaHHAM, KOTOpHe Npenb
aBasiorcs K Koncrpykuun XHUT mo6Goro tuna, oTHo-
carea:

~— pasiejieHne  SJIEKTPOROB, NpEAOTBpaiRalollee
KOPOTKOE 3aMHBKaHHe;

— pasBHTHEe aKTHBHOHK 3/1eKTpOAHOA MOBEpXHOCTH;

— obecneyerde ycJoBHA paBHOMepHOH paGoTH
3JIEKTPOLOB;

~— MOAABJAEHHE HeXeJaTeJbHHX MPOLECCOB, BRJIO-
uyas noGouHble peakilHK H YTeUKy ToKa,

— MeXaHHYeCKas NPOoYHOCTb NPH MHHHM 3NbHON
MaTepHaJI0eMKOCTH;
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— co3jgaHue yAOGCTB NPH 3KCIAyaTalHH, KOTOpHE
o6ecneynBaloOTCs, HanpuMep, npH pa3pabGorke repme-
THYHBIX HCTOYHHKOB TOKa.

CoBpeMeHHpIe XHUMHUECKHe HCTOUHHKH TOKa upe3-
BhYafiHo MHOTOO6pa3Hbl H HepeaKo JOCTAaTOYHO CJAOXK-
Hbl N0 KOHCTPYKUHH, OAHAKO HenpeMeHHBLIMH COCTaB-
HHIMH 4aCTAMH JI06Or0 H3 HHX OCTAlOTCH 3JEKTPOAMI,
3NEeKTPONHT H CenaparTop, a TaKXe KOpnyCc C Kpbill-
KOfi.

2.1. dnexrpoas

Tunuunni#t snekrposg XHMT cocToHT H3 akTHBHOH MacCh
H TOKOBEAYILero kapkaca.

AKTHBHa® Macca — 3T0 CMeChb XHMHUYECKHX  BeIlecCTB,
o6ecneyHBalOMIHX NPOTEKaHHe TOKOOGPa3ylOHIHX peaKumi.
Ee KoMnoHeHTaMu sABASIOTCS aKTHBHOE BeuieCcTBO H 106aB-
KH, yayumiaiomue paboToCnOCOGHOCTs 3JeKTpoia. AKTus-
Hoe seuiecT80 — peareHT, KOTOPHIl HenocpeiCTBeHHO yua-
CTBYeT B 3JeKTPOXMMHUYecKoW peakuiuH. HanGoaee pacnpo-
CTPaHEHHLIMH AKTHBHEIMH BeHleCTBAaMH OTPHUATEJBHOTQ
3/eKTPOAA fBJIAIOTCA TaKHe MeTalnbl, KaK CBHHell, HUHHK,
Xeneso, KaaMuil, MarHufi, AuTuil, OKHC/ASIONIHECH NMpH pa3-
paje A0 OKCHAOB, TMAPOKCHAOB HJAH COJeil mpH AOCTATOU-
HO 3JIEKTPOOTpHIIaTeNBHOM moTeHuHate. B otaeabHeix cay-
yasx HMCNOAb3yIOT BOZOPOA, THAPAa3HH H JApyrHe BOCCTaHO-
BHTEJNH. B KauecTBe aKTHBHOTO BelleCTBAa MNOJOXHTENLHOTO
3/eKTpOJa 4Yalle HCNOAb3YIOT OKCHABI HJAH THAPOKCHALE
meraanos (PbO,, MnQ,;, NiOOH, AgO, HgO), koropue
NpH pa3paje BOCCTAHABAHBAIOTCA A0 MeTalla HJH OKCHAaa
(rnapokcnga) Gosee HH3KOM CTeneHH OKHCIEHHs npH Ao-
CTATOYHO 3/EKTPONOAOKHTENAbHOM noTeHuHane. Kpome Toro,
npumensiior CuCl, Kucaopon, pexe — xJ0p, MEpOKCHA BO-
Aopoza.

OcHOBHbIE XapaKTePUCTHKH, MO3BOJfIOUIHE CPABHHTb
3HepreTHUeCKHe BO3MOXKHOCTH AKTHBHHIX BemecTB, ZaHo B
taba. 2.1. YMHOXeHHe a6COJIIOTHONO 3HaueHHA CTaHAapT-
HOro MOTEHUHAJa HA TEOPETHUYECKYID YAEJbHYID eMKOCTb
laeT TeopeTudecKylo YOeAbrylo 3HEP2ui0 aKTHBHOTO Belue-
CTBAa Wy, BHIpaxeHHylo B (Br-u)/r. Uucnosee 3nauenus
Wyx ABJAIOTCA OTHOCHTEAbHBIMH, KAK H CaMM BeJHYHHH
3J€KTPOJHBIX NOTEHIHaNoB, 3aBHCALIHe OT Bubopa 3.ek-
TPOAa CpaBHEHHS.

Jobasku B aKTHBHYI0O MacCy OT/IHYAlOTCA pa3Hoobpa-
3HeM H H36HPaTEeAbHOCTbIO AEHCTBHA, JHIIL HEMHOTHe H3
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Ta6anpua 2.1. IAexTPOXHMHYECKHE XaPAKTCPHCTHKH AKTHBHHX Be-
mects (25° C)
CraH- T:ggg:'
Bemecrso | 1P | Sreqpomenperonn | gt | yirinas
nuan, B A-wr 4
OTpuyaresbrsie 3aexTpodol
Zn NH,Cl Zn — Zn2t+ 4 2¢— —0,763 0,82
KOH Zn+ 20H— ~ —1,245 0,82
—Zn (OH)Q + 2¢—
Pb HeSO, Pb + HSO;" - PbSO, + | —0,359 0,26
+ H¥ 2~
HCIO, Pb —- PD2+ - 2¢—- —0,126 0,26
Fe NaOH Fe + 20H— — —0,877 0,96
- Fe (OH)g + 2e—
cd KOH Cd 4+ 20H— —0,809 0,48
— Cd (OH)g + 2¢—
Mg NaCl Mg — Mg2+  2¢— —2,363 2,20
Li LiOH Li—Li*t 4 e— —3,045 3,86
H2 H2504 H2 —_ 2H+ + 28— 0,000 26,59
KOH Hy 4+ 20H- —0,828 | 26,59
— 2H)0 + 2¢—
N;H,-H;0 |KOH NgH,-H,0 + 40H— -~ —1,160 | 3,34
-+ Na 4 5H0 + 4e—
IToroxuressnoe saexrTpode:
PbO, H.SO, PbO; -+ HSO; + 3H+ + 1,685 0,22
MnO, KOH MnOy 4+ HyO + e— — 035 0,31
- MnOOH + OH—
NH,Cl MnOs + 4H+2e— — 1,23 0,62
— Mn2+ +2H,0
NiOOH KOH NiOOH + H0 + e— — 049 0,29
Ni (OH)z + OH—
AgO KOH AgO + HO +2¢— 0,607 | 0,43
- Ag+ 20H-
Ag,0 KOH Ag,0+ HO + 2¢— — 0,345 0,23
—2Ag + 20H—
HgO KOH HgO + HyO + 2¢— — 0,098 0,25
- Hg + 20H—
CuCl NaCl CuCl + ¢~ —Cu + CI— 0,137 | 027
0% H,S0, 0, + 4H+ - 4¢— —2H,0 1,229 3,35
KOH 0Oz 4+ 2H,0+44e_ -»40H—| 0,401 3,35
Cl, ZnCl, Cly 4 2e—— 2CI— 1,358 | 0,76
Hg0: KOH HO; + H0 + 0,88 1,58
+ 2¢— - 30H—~




3MeKTPOAOB He COAePXKaT Te UAH uuHe u3 Hux. HauGoaee
THNHYHHIMH SBJAIOTCA 3/1eKTPONPOBOASIINE, AKTHBHPYIO-
e, CTaGHAH3HDYIOIIHE H CBA3YIOU[He, pexxe BCTpedaloTcs
ruapoho6H3HPYIOIIHe, KAaTaJUTHYECKH AKTHBHHE H JpyTHe
no6aBky.

SaexTponposodauue do6asKu BBOAAT B aKTHBHYIO Mac-
Cy MNpH HH3KOH 3/MeKTpHYeCKOH MPOBOAHMOCTH aKTHBHOIO
BelleCTBa, YTO XapaKTepHO AJA MOJOXKHTENbHHX 3J1€KTpO-
f0B. Jlumwb HeMHOrHe OKCHAW O6Gaazaior, mogo6Ho PbO,,
LOCTAaTOYHO BHICOKOH 3;eKTPOHHOH mnpoBogHMocTblo. Tak,
yienbHas 3JiekTpuueckad nposogumocts NiOOH paena
npumepno 105 Cm/m, y-MnO;— 1 Cm/m, TOrma kax
B-PbO; — 8 Cm/M u rpadura — 300 Cm/m. Jlan cHuXKenHs
3/1eKTPHYECKOrO0 CONPOTHB.IEHHS aKTHBHOH MacCChl HCMOJb-
3yIOT TOHKOAHCNepCHHIi rpagHr, caXy, MeTaJJHYecKHe
MOpOWIKH HHKensl, cepebpa, Meau. ITH MaTepHaan o6pa-
3yloT cBoeoGpasHblii 3/ekTponpoBoAAlLHl CcKeseT, obecne-
YpBalowHfi nolBoA 3.71eKTPOHOB K peakKiHOHHOH 30He ak-
THBHOTO BellecTBa (NMpPH peakmHH OKHCAeHHH — OTBOJ
anekTpoHoB). Ias makcumanbHoit 3ddexrusHocTn aeficr-
BHA JHCNEepCHOCTb N06aBKH AoaXHa GbiTh GoJiee BHICOKOH,
4eM JHCNepCHOCTb AKTHBHOTO BellieCTBA.

Ha onTtHMa./bHOe COOTHOMIEHHe [HCHEepPCHOCTH 4acTHU
J06aBKH H 3epeH aKTHBHOrO BellleCTBA BJHAET BKJaJ KoOH-
TAKTHOTO 3/1eKTPHYECKOr0 CONPOTHBJEHHS B TOUKAX HX CO-
NpHKOCHOBeHHA B of0umylo BeJHYHHYy oMHuecKol cocraens-
oweil 3nekTpoaHoro norenuHasa. HabGalonaercss TeHien-
UHA pOCTa KOHTAKTHOTrO 3/1eKTPHYECKOTO COMpOTHBJIEHHS BO
BPeMEHH H3-32 OKHCJIEHHA KOHTAaKTHOM MOBepXHOCTH, H
NpH CAHLIKOM BLICOKOR AHCMEPCHOCTH 3JIeKTponpoBoAsfluedl
A06aBKH 3Ta TeHAeHUHS YCHTHBAETCH.

AxTusupyrousue 006a8xu 06.1a8a10T NeNACCHBHPYIOMHM
addekrom. [TaccuBauus ocobeHHO XapakTepHa A OTPH-
UaTe bHbIX MeTa.J HYECKHX 3.1eKTPOAOB H NpOABJIAeTCA B
HauGoablllefi CTeNeHH NpH paspsile B 3KCTPeMa bHLEIX ycC-
JIOBHAX — NPH TMOHHXKEHHOH TeMnepaType HJAH nmpH BLICO-
KOl TOKOBOiHl Harpy3ke. MexaHu3m jJeHcTBHA aKTHBHPYIO-
WHX 106aBOK CBA3aH C HX B.HSHHEM Ha CTPYKTYpHHle Xa-
PaKTEepHCTHKH aKTHBHO{l Macchl H OKCHAHOH I IEHKH, a
TaKXKe C HX CNOCOGHOCTbIO AKTHBHPOBATH 3JEKTPOAHYIO
MOBEPXHOCTb 32 cueT aicopbuuu. I[IpuMepom noGaskH,
AeficTBYIOleR” MO NepBOMY BapHAaHTY, CAYXKHT cyinpar 6a-
pHf, KOTOPHIi BBOAAT B 3.1eKTPOA H3 Fy6uaTtoro CcBHHIA.
ITo Bropomy BapuaHty HeiicTByer Ao6aBka cy.ib(pH1-HOHA,
ajcop6upyloinasics Ha NMOBEDPXHOCTH JKeJ€3HOrO 31eKTpouaa.
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Hasnauenue crabuausupyrouux do6asox — mnpensrcr-
BOBaTh NMpOLECCY CTapeHHs aXKTHBHOA MaccH, KOTOpH# mpo-
ABAAETCA B arjaoMepauuH (CAHNMAHHH) — 3€peH aKTHBHOTO
BelIeCTBA HJAH B PeKPHCTANIH3AUHH MEJKHX KPHCTAJJIOB B
6osiee KpymHule. DTO NPHBOAHT K COKDAILCHHIO 3JEKTPOA-
HOfi NMOBEpXHOCTH H, KAK CJAEACTBHE, K YyXyAlleHHio paGo-
tocnocobuocTH anextpora. K crabunusupyiomum po6Gas-
KaM OTHOCATCA OpraHHYecKHe pacllupHTeNH CBHHIOBOrO
3JeKTpoAa uaH consgpoBas Opakuus A9 KaJgMHEBOro
3/1eKTPOLA.

Ceasyrouwue do6asxu NPHMEHAIOT M7 NPHAAHUA .eK-
Tpoay MexaHH4YecKo# mpouHocTH. Yamie ApyrHX HCMOJAB3Y-
I0T BHICOKOMOJIeKyJNspHHe OpraHHueckue coeanHeHusn, 3¢-
(eKTHBHO NpeNATCTBYIOHIHE OCHNAHHIO AKTHBHOH MAacCCH.
Takne coefHHeHHSl, KaK NMOJAHBHHHJOBHA CIHPT, KapOOKCH-
MeTHALeAI0/103a, noAHTeTpadTOpITHAEH OGpasyioT cBoe-
o6pa3Hbifi XHMHYECKH HHEPTHBHIA Kapkac, JHIIbL He3HayH-
TedbHO 3KpaHupylOWHA akTHBHOe BemecTBO. IToatoMy mpu
cobniopexdy ONTHMaNbHOli (OGHYHO MaNofi) KOHUIEHTpaUHH
cBA3ylollHe A06aBKH NOUYTH He BJHAIOT Ha 3JEKTPOXHMHYE-
CKYI0 aKTHBHOCTb H 2JIeKTPHYECKYIO NpPOBOAHMOCTb AKTHB-
HOfi Macchl.

Tudpodobusupyrowjue u xaraarututecku axrususie 0o-
6asxu mpeAHA3HAYEHH NI YJNydilleHHs paGOTOCNOCOGHOCTH
rJaBHBIM 06pa3oM ra3oAuddy3HOHHLIX 31eKTPOAOB, Ha KO-
TOPHX peafH3ylTca TOKOOOGpa3yloulHe peaKuHu C y4acTH-
eM ra3006pa3sHEX aKTHBHHX BellecTB.

Toxosenymufi kapkac, AKTHBHAS Macca B HCXOAHOM
COCTOSIHHH OOLIYHO mpejcTaB/adeT co6of MOpOuIKooGpa3Hkli
HAH nactoobpa3snbit Matepuas. Kapkac 3snekrposa mnpex-
Ha3uaueH AJs TOro, 4YTO6H 3adHKCcHpOBATH aKTHBHYIO Mac-
cy B rabaputax 3JeKTpoia #H 06ecHeYHTb 3JEKTPHUECKYIO
CBA3b MEXJY 3€pHAMH aKTHBHOrO BelllecTBa H BbIBOAOM
COOTBETCTBYIOUIEro 3HaKa HCTO4HHKA Toka. Kapkac J0J-
XeH 061afaTb BbICOKOA 3JeKTpH4YECKOH MPOBOAHMOCTLIO,
He JONyCKaTb MeXaHHYECKHX NOTepb aKTHBHOM MaccH H
HMETb HH3KYI0 OTHOCHTENbHYI0 Maccy (OTHOHIEHHe MacChi
Kapkaca K Macce 3aektpona). Ilpu atom uem ayumie 3Jjex-
TPHUYECKHi KOHTAKT AKTHBHOH MacCH C KapKaCOM, TeM HH-
e OMHYecKHe TOTepH HANPAXKeHHA ¥ TeM [OJHee HCIOJb-
3yercsl aKTHBHOe BellecTBO MpH pa3spsie.

Pasauualor kapkKacH, cOXpaHAIOlUHE 3JEKTPOLHYIO MHO-
BepXHOCTb OTKPHTOR H 3aKpHBalolliHe 3JeKTPOAHYIO MHO-
BepxHocTb. [lepBhie M3 HMX MOXHO Ha3BaTb KapKacaMH
OTKPHITOTO THNA, BTOpHE — KapKacaMH 3aKpHITOro THNA.
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Kapxac orxpeitozo Tuna BHNOAHSIOT B BHAE INPOBOJOY-
HO#, ceTuaTofil mam peileTuaTod ocHoBH (puc. 2.1), Ha Ko-
TOPYI0 HanpeccoBHBaIOT (HaBaJbllOBHBAIOT) HJAH B KOTC-
pyi0 BMa3HBAIOT aKTHBHYI0O MacCy 3JexTpola. B TakoMm
BHAE KapKaC NPaKTHYECKH He IKPaHUPyeT 3JEKTPOAHYIO
NOBEPXHOCTh M OOJajaer HHU3KOH OTHOCHTeALHOR Maccoh.
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]

Puc. 2.1, Bapuautul kapkaca JIeKTPoAa OTKPHTOrO THUA:

a — nposonounbifi; 6 —.ceTyaThili “3 NJeTeHol CeTKH: 6 — ceTdaThfl
K3 upoceuHo CETKH; 2 — pewieTHaTMR

~

2

Ceruardii uan pelIeTyaTHH KapkaCc MMeeT B Bepxuel uac-
TH NPOBOJOYHLIA TOKOOTBOX HJ/H TOKOOTBOAMILYIO MJA&HKY
¢ yUIKOM, npeiHa3HaYeHHHM JJs COeAMHEHHs C BHIBOJOM
HCTOUHHKA ToKa. [lpHMeHeHHe MOAOGHHX KapKacoB BO3-
MOXHO B TOM C.Jyuae, eCJH aKkTHBHas Macca ob6aaaaer
onpejejeHHHMH CBA3YOLIMMH CBOHCTBAMM H XOPOLIAM.
clenJieHHeM C OCHOBOIi.

Ecan akruBnas macca He umeer Heo6XoaHMOf mpouHO-
CTH H AaXe MEJKOSAYeHCTasi CeTKa He B COCTOSHHH Npeno-
TBPATHTh pa3pylleHHe 3JIeKTPOAa, HCHNOJBb3YIOT KAPKAC 3Q-
KpoiTozo Tuna. B ofwem BHae OH npeacraBaser co6Qil
3aMKHYTYIO €MKOCTb C HECHJIOMIHBIMH CTeHKaMH, KOTOpyio
3an0JIHAIOT aKTHBHOH Maccoil (puc. 2.2). MeraniuyecKue
KapKachl, H3rOTOBJNEHHbIE H3 CeTKH HJH NepdopHpOBaHHOM
JIEHTBl, — T@K HasbiBaeMule JaMesiH, LIHPOKO HCNOAb3yiOT
B UIEJOYHHX KKYMYJAATOpax. AHa/JOrMuHH MeTaJJIHYecKHe
Kopo6uarHe KapKaChl, NpHMeHseMble B HEKOTOPHX CBHHIIO-
BHX akKymyasropax. I[lanuupnee xapkacH Tpy6uarof
¢$OpMBl H3 TOKOHENPOBOASHIEr0 MaTepHana (CTEKJIOTKaHK
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MJIH NJ1aCTMAcChl) JONMOJHAIT CHCTEMOR TOKOOTBOIOB B BH-
JAe Meraaadueckoil rpebedkHu, 3ybubl Koropoll pacnoJara-
1oTca no ocu TpyOok.

K HemocTaTkaM 3JeKTPOAOB JaMeabHOH, KopoOuaToli H
MaHUUPHOA KOHCTPYKLUHHM OTHOCATCH BHICOKAaf OTHOCHTE/b-
Hasd Macca KapKacoB, a TaK¥e CpaBHHTEJbHO BHICOKOE
3JIeKTpPHYECKOe CONpOTHBJEHHE, cBA3aHHOE, B MepBylo ode-
peib, C 3KpaHHpPOBaHHEM 3JIeKTPOAHOH NOBEPXHOCTH CTeH-
KaMu kapkaca. OgHaKo Takas KOHCTPYKUHS 3JeKTPOLOB
JesaeT WX HCKJKYHTENbHO TNPOYHHMH H I0JrOBEeYHHMH,
4T0 gaeT MM oOnpejeseHHHe NpeHMyllecTBa nepej HaMmas-
HbIMH, BaJIbIlOBAaHHBIMH HJIH NPECCOBAaHHLIMH 3JIEKTPOXAMH
C KapKaCoM OTKPHITOTO THNA.

[TpomexkyTouHOE nOJIOXEHHE 3aHHMAIOT METAAAOKEPQA-
Muueckue (cnewennsie) 34eKTPOObL, KapKac KOTOPHIX Npen-
craBaser coboff TOHKONOPHCTYIO MeTaJlJIoOKepaMHUYecKyIio
NJ1aCTHHY H3 BHCOKOIHCIEPCHOIO KapGOHHJBHOTO HHKeJS.
AKTHBHas Macca BBOJAHTCA B NOPHl TaKOH MJACTHHH CIle-
LHaJbHHMH MetogaMH (cM. ra. 9). MeransokepaMuueckui
KapKac npoueH, 3HaYHTEJNbHO MeHbllle, yeM CTeHKH JaMe-
JIH, 3KPaHHPYIOT 3JIeKTPOIHYIO NMOBEPXHOCTH H OAHOBpeMen-

a

Pxc. 2.2, BapuaHnTH Kapkaca 3J€KTPOAa 3aKDHTOTO THNA:
a == naMenbubifi; 6 — KopoGuaTsili; 8 — naHUUPHbBIY

Ho obecneunBaeT XOPOWIHH 3JEeKTPHUECKHII KOHTAKT C 3ep-
HaMH aKTHBHOro BeilecTBa. [l03TOMY 3J/IeKTPOAB TaKOro
THIA OTJHYAIOTCA [AOJrOBEUHOCTHI0 M BHCOKOH paborocmo-
cobroctblo. MIx HegoctaTKaMu ABASIOTCA MNpeXjie BCEro
BBICOKAas CTOHMOCTb M HH3KAaf TeXHOJIOTHYHOCTbL HM3rOTOB-
JIeHHA.
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2.2. DneXTPOANTEI

PacTBOp 3neKTpOAHTA, KAK ¥ SJEKTPOAH, MMeer nep-
BocTemeHHOe 3HaueHue mpu pabore XUT: saekrpoaur Ha-
PHAY ¢ aKTHBHHMH BellecTBaMH 06pa3yeT 3JeKTPOXHMHuYE-
CKYIO CHCTEMY H BO MHOrOM ONpeleasieT BCIO COBOKYNHOCTb
XapaKTePHCTHK HCTOUHHKa TOKa. TokooGpasyiome peak-
IHH NPOTEKalOT Ha 3JeKTPOAAX NpPH NPAMOM YYaCTHH KOM-
NOHEHTOB pacTBOpa 3aekTpoanta. IIpupona, cocraB u KOH-
IeHTPAUHA 3JNeKTPOJHTA CYLULECTBEHHO BJAHSAIOT HAa KHHETH-
yeCcKHe 3aKOHOMepHOCTH npu paspage XHT.

Ilns OgHHX HCTOYHHKOB TOKa 3JEKTPOJHT HFpaeT pOJb
aKTHBHOTO BEILeCTBa, YTO CJAEAYeT H3 CTeXHOMETPHYecKOoro
ypaBHeHHs CyMMapHOW peakuHH pa3psana. Tak, Aas cHcre-
Mu Pb]H,SO,|PbO,; o6pazoBanue. npomyKkroB pa3psana
NPOHCXOAHT NpH HENOCPeJCTBEHHOM YYacCTHH 3JEKTPOJH-
Ta — CePHOHA KHCAOTH:

Pb + PbOj, 4 2H;SO4 — 2PbSO; + 2H,0

B Apyrux cayyasx ydacTHe 3JeKTPOJHTAa HJH PacTBOpHTE-
JA B 3JEKTPOAHHX peaKIHAX He NMPOABIAETCH CTOMb HBHO.
Hanpumep, paspaa cucreMue Zn|KOH|HgO onucuBaercs
cyMMapHbiM ypaBHenueM Zn+HgO—+ZnO+Hg, xoropoe
MOXeT C03/aTb BheYaTJeHHe O HeyYaCTHH 3JeKTpojanTa B
TOKOOOpasyiomeM nponecce. Cyas no ypaBHeHHAM 3JeK-
TPpoaHHX peakunii (cM. pasn. 1.2) 3To He Tak, H MO3TOMY
B NPUKAaTOZHOM CJO€ KOHIEHTPAlHs THAPOKCHA-HOHOB BHI-
e, a B NPHAHOJAHOM — HHXe, YeM B MeX3JeKTPOXHOM
NpPOCTPAHCTBE.

Takum 06pa3oM, nepBoe Ha3HAueHHE 3JEKTPOJHTA —
ofecneynTb SJEKTPORHHE PeaKkIHH YYaCTBYIOIIHMH B HHX
HOHaMH H MoJekyaaMH. [ToaBOA HOHOB K 3MeKTPOAHOH MO-
BePXHOCTH OCYULECTBJAETCH, KaK NpaBHJIO, 33 CUET MHrpa-
nud H aubdysHH, B CKOPOCThL KaXKIAOrO H3 NMPOUECCOB CY-
HIECTBEHHO 3aBHCHT OT COCTaBa M KOHUEHTPALHH 3JeKTpo-
anta. KpoMe TOro, OT NpHPOAHM 3JMEKTPONHTA 3aBHCHT
pacTBOpHMOCTb H CTPYKTYpa TBepAOda3HHX NpPOAYKTOB
paspana. [TostoMy 3neKTPOAHT OKasHBaer BAusHue W Ha
KOHICHTPaUHOHHYIO NMOJNAPH3ANHIO, H HA NMACCHBAIMIO 3JeK-
TPOAHOH NMOBEPXHOCTH NPH pa3psje, YTO B KOHEUHOM HTOre
OTpaxXaercsi Ha 9HEPrOeMKOCTH HCTOYHHKA ToKa. Bropoe
HazHaueHHe 3JEKTPOJHTAa — OGPasOBHBATL BHYTPEHHIOW
9/IEKTPHUECKYIO Hellb MeXAy 3aekrpoaaMH. ITosromy szek-
TPOAAT NONKeH 00Aanarh BHCOKOW HMOHHON NpOBOAMMO-
CTbIO.
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K 3aekrpoasuTaM npeabsBasieTcs H pai APYrHX Tpe6o-
BaHuft. OHH AOMKHB 06aaAaTbh CTaGHABHOCTbIO BO BpeMe-
HH H MHHHMaJAbHOH arpecCHBHOCTHIO MO OTHOLIEHHIO K aK-
THBHbIM BellleCTBAM H KOHCTPYKLHOHHbIM MaTepHajtaM, &
TaKXKe MMETb HeBLICOKYI0 CTOHMOCTb; He JAOJXHbl OKa3hl-
BaThb BpeJHOe BO3JEHCTBHe HA OKPYXaiOllyio Cpely.

B nopasasiomem GoaswnncrBe XHT npumeHlsior Boa-
Hble pacTBOpbl 3JeKTpoJHTOB. HaxoAsT npHMeHeHHe H He-
BOZHbIE PacTBOPH 3JeKTPOJHTOB. Pa3pabaTHBaioTcs HCTO4-
HHKHM TOKZ Ha OCHOBe COJIeBHIX PacnjaBOB, a TaKXe TBep-
AbIX 3JeKTPOJHTOB.

Cpenn 800HBIX 3JEKTPOJHTOB IIHPOKO PacnpoCTpaHeHbl
pacTBopbl FMAPOKCHAOB Kaiaud H HaTpus. Ha puc. 2.3 mo-
KasaHnbl cOyeTaHHA o6GpaTHMbIX B Lie-
JIOYHOM 3JeKTPOJHTe 3JeKTPOLOB, 06-
pas3oBaBLIMX CHCTeMH BCeX, 32 Hc-
KJAloueHHeM CBHHIIOBO-KHCJIOTHOrO,
HaubGojlee pacnpocTpaHeHHbIX COBpe-
MEHHbLIX aKkyMyasaTopoB. PactBop
KOH ucnoab3yercs B psige H3BecT-
HbLIX NepPBHYHLIX 3JMeMeHTOB H@ OCHO-
Be CHCTeMbl anKOH]Me,Oy. rie
Me,;Oy — MnO,, Ag,O, HgO, a Ttak-
Ke 02.

lllenouyHbie 3JMeKTPOAHTH 06aaja-
IOT JOCTATOYHO BHICOKOH 3JeKTpHue-
CKOH NPOBOJHMOCTBIO B LIHPOKOM HH-

Puc. 2.3. O6patumue
TepBaJe TeMneparypbl 3a& CuyeT MOA- 3JeKTPOXHMHYECKHE

BHXKHOCTH K&K KaTHOH&, TdK H THJA- cHcTeMHl Ha oOCHOBe
POKCHI-HOHA. OHH OTHOCHTeNBHO CAa-  WENOYHOro  3JEeKTpO-

60 B3auMOAEHCTBYIOT ¢ &KTHBHHMH "2
cnaowmnan AHHHH — CH-

BeHleCTBAMH (MCKJIOUeHHEe COCTABJAA-  (rema peaansoBata;

7 - INTPHXOBAY  AHHHH —- CH-
eT JKeJe3HHil 3NeKTPOA); HOMyCKAIOT  [MiPHxomsy = auuis - cu-
NpHMeHeHHe B KauyeCTBe KOHCTDYKIIH- UHH; NYHKTHDHAS AWHNS —

OHHOrO MaTepHana MaJOyFAEPOMH-  ipanyuseonore vmeta
CTOfi CTaAH W MHOTHX mJacrmacce; He-
TOKCHYHBI H YMEDEeHHO arpeCCHBHBLI NO OTHOLUEHHIO K OKDY-
XKaioteft cpelie; NOCTYNHH H HeAoporH. HexocraTkoM ine-
JOYHBIX 3JEKTPOJHTOB SIBJAAETCS MNOABepXKeHHOCTh KapGo-
HH33IHH NPH B3aHMOAEHCTBHH C yrJAeKHCJAbLIM ra3oM BO3-
AyXa, YTO NOCTENeHHO CHH)KAET 3JeKTPHYECKYl0 mNpPOBOAM-
MOCTb pacTBopa.

Boabwloe NMpakTHYeCKOe 3HAYEHHe B KauecTBe 3JeKTpo-
JHTa CBHHIOBOrO aKKyMyJsTOPa HMeeT CepHas KHCJAOTA.
K ee npeumyillectBam ClefyeT OTHECTH BLICOKYIO 3J€KTpH-
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YeCKyio NpOBOAHMOCTb, HH3KYI0 TeMNepaTypy 3aMep3aHHA,
HEeBHICOKYI0 CTOHMOCTb. ATPECCHBHOCTb 3ITOr0 3JEKTPOJHTE
N0 OTHOLIGHHIO K OKpyxamwillefi cpele yAaercs MOAaBHTh,
HanpHMep, nNpHMeHeHHeM CllellHaJbHHX K/J1anaHOB, B HeKO-
TOpHX CJAy4YasX HCNOAb3OBAHHEM MAaTPHUHOTO 3JIEKTPOJH-
Ta. Jlpyrde KHCJOTH (HanpHMep, XJOpHas H KpeMmHedTo-
PHCTOBOROPOAHAS) NMPHMEHSIOTCH PEAKO.

Boanbie coseBHe 3JeKTPOMHTH 06aafalor yMepeHHOH
HOHHO/ MPOBOAHMOCTBIO, HX HCNOJL3YIOT B HEKOTOPHIX mep-
BHYHKIX 37ieMeHTaX, B YaCTHOCTH B MapraHileBO-IlHHKOBBIX,
AJsl KOTOPHX HeBHCOKas 3JeKTpHYecKas NMPOBOAHMOCTb He
HMeeT pelliaioliero 3HauyeHHs.

B xesodnbix ssexTpoaurTax HaMGOJBIIHA HHTepeC BH-
SHBAOT CHCTeMH C aMpOTOHHHIMH pacTBOpHTeasMH. OHu
NO3BOJAIOT NPHMeHATh B KauecTBe aHOXHOTO MaTepHa.a
JHTHH, 06JafaloHiHi HaHBHICIIeH CpelH MeTa/s0B Teope-
THYeCKOH yaenbHOH eMKocTbie (cM. ta6a. 2.1). Yame npy-
FHX MCNOJb3YIOT paCTBOPH NepXJoOpaTa JHTHA B NMPONHJeH-
Kapbonate M GpoMHZa JHTHA B CMECH alleTOHHTpHJa C
NponHieHKap6oHaTOM. DTH pacTBOpHTeNH Hapsiy € 3ITHA-
aueraToM H y-GyTHpOJaKTOHOM oOOecneYydBalOT AHCCOIHA-
LHI0 paCTBOpeHHHX B HHX cOJefl JHTHH H NpHeMJeMylo
3JIeKTpHYeCKYI0 IPOBOXHMOCTb pacTBOPOB.

Pacnaassennoie coau, KOTOpHe CPaBHHTEJbHO RKaBHO H
ycnellHO NpHMeHAIOT B TeNJOBHX NepBHYHHX Garapesx
(cM. ra. 5), B HacTosuiee BpeMs NpHBJEeKJIH BHUMaHMe B
CBASH ¢ pa3paGoTKo# HOBHIX THHOB akKymy.astopos. ORHa-
KO BBICOKas paGouas Temnepatypa (300°C u Bbimie) axtH-
BHSHpYeT KOpPDO3HOHHBle NpOLecCH H CO3JaeT Hay4yHO-Tex-
HHuecKHe Npo6JeMbl, KOTOphle C TPYAOM MOAAZIOTCH HHXKe-
HepHOMY pellieHHIO.

Tsepdogasnbie arexTPOAUTH. HAULIH TPaKTHYeCKOe MPH-
MeHeHHe JHUIL B nociegHee BpeMsa. OHH XapaKTepH3ylOT-
€A OTHOCHTeJbHO BHICOKOH HOHHON NpPOBOAHMOCTBIO, KOTO-
pas ofecneunBaeTcsi yallle BCEr0 OJHHM H3 KaTHOHOB.
DNeKTPOJHT NpaKTHYECKH HCKJIioYaeT noGOuHble peaKIHH,
YTO AAET eMy NMPeHMYLIECTBO nepef APYTHMH THNaMH 3JeK-
TPOJHTOB. PasHOBHAHOCTBIO TBepAOro 3JeKTPOJHTA SBJIA-
€TCH HOHHOOGMeHHH i 3/1eKTPOJHT, TakXe 06aanalouHi
YHHNOJSAPHO# NPOBOAHMOCTBIO.

Ocofoe MeCTO 3aHHMAIOT MATPUYHBIE INEKTPOAUTLL.
Oun npeacraBasior co6oft XHAKHe (BOAHWe HIM HEBOX-
HHe) pacTBOpH HJM pacniaBH, 3adHKCHPOBaHHHe B NO-
pax. HenpoBOAsHIEr0 3JeKTPOJIMTOHOCHTeAs. MartpHieit
CAYXKMT OOHYHO TOHKOMOpHCTas AHadparma, nJOTHO npH-
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Jeraoimas K 3jekrpopaM. [Ipu 3tom 3Jekrposnt nproG-
peraer MoJe3HOe CBOHCTBO — OH CTZHOBHTCH HeETEKy4YHM,
XOTH ero 3JieKTpHuYeCcKas NPOBOLHMOCTL CHHXKaerca. IJKC-
NNyaTaMOHHHE XapaKTePHCTHKH HCTOYHHKOB TOKAa C Ta-
KHM 3JIeKTPOJHTOM CylLIeCTBeHHO yayumiaiorca. Pasnosui-
HOCTBIO MATPHUYHOTO 3JeKTPOJATa MOXKHO CYHTATH 342y-
wiennbili 3aexTpoaur. 3nech GyHKUHIO MaTPHUB BHIOJHSA-
€T MaJonojBHXHAA NPOCTPaHCTBEHHad CTPYKTypa H3
MakpoMoJeKyJ, o6pa30BaHHEIX ¢ NMOMOHIbIO THKCOTPOMHAIX
no6aBok (KpaxmaJ, MyKa, KpeMHe3eM).

2.3. Cenaparops!

OcHoBHOe HasHaueHue cenapatopoe XWUT — npenorspa-
UaTh NPAMOH KOHTAKT Pa3HOHMeHHHX 3JIeKTPOJOB BO H3-
GexanHe KOpoTKOro 3ammikanusa. [lostomMy cenaparopmnl
H3rOTOBJARIOT H3 [H3JeKTPHUEeCKHX MaTepHaNoB, a BHYyT-
peHHsA 3JeKTPHUecKas lenb obecneynBaeTCH 33 CyeT HOH-
HO# NPOBOAMMOCTH 3JEKTPOJHTA, 3aNOJHAIOUErO IOPHl HJA
TIPOMeXYTKH B HeCIMJIOIIHOM cCenaparope. B 3asncuMocTH
OT 0COGeHHOCTell 3JeKTPOAHBIX MpONeCCOB H (H3INKO-XHMH-
YeCKHX CBOHCTB AKTHBHAIX MACC MOABJAIOTCH AONOJHHTEJ]b-
Hbhle QYHKIHH cemapaTopa: MeXaHHYeCKH yJepPXKHBaTb
aKTHBHYIO MacCy, IPOTHBOAeCTBYn paspyLieHHIO 3JeKTpo-
Ja WJIH POCTYy AeHJAPHTOB; NPeNATCTBOBATH NMPOHHKHOBEHHIO
MPOAYKTOB pa3psfija OJHOFO 3JeKTpPoAa K MNOBEPXHOCTH
JIpyroro, ycrpaHss BpelHble noGouHble peakuun; o6Janatb
Ta30MpOHHLAeMOCTbl0. B 3JeMenTax ¢ MaTpPHUYHBIM 3IJIEKT-
POJNHTOM cenapaTtop CTAHOBHTCH  3JeKTPOJHTOHOCHTENEM,
yAePKHBAIOHIAM KaNHAJADHLIMH CHJIaMH XKHIKHA pacTBop
HJH pacnjaB y NOBEPXHOCTH 3JEeKTPOLOB.

Cenapartopn JomkHH 06Jajatb XHMHUeCKO# cToiiKo-
CTBIO IO OTHOLIEHHIO K 3JIeKTPOJHTY H @KTHBHBIM MaccaM:
0co0eHHO OmacHb KaK OKHCJHTENH MOJOXHTelbHble 3JeK-
Tpoanl. BaxkHel TakKXke MexaHHYecKHe cBojicTBa, obecmed-
BalOItHe, B YACTHOCTH, BO3MOXHOCTHL [IpHMeHeHHs aBTOMa-
TH3HpOBaHHbIX Junui c6opkm XHT, a Takke AOCTYMHOCTH
ChIpbAl M JellieBH3HA.

Pasnuyaior cenapatopnl Tpex BHAOB: pasjesuTelsu, 110-
pucteie AHadparMe H YJAbTPaMHKDPONOPHCTHE MeMGpaHhI.

Cenaparopeoi-pasdeauresu ABIRIOTCA, 110 CylUleCTBY, IHC-
TaHUHOHHLIMA MPOKJaiKamH, ¢ukcupylomuMue Heobxoau-
MHI 3a30p Mexay 3qekrpoiamu. OHH NpeAcTaBJSAIOT CO-
60fi TOHKHe CTepXHu H3 BHHHIIEcTE, 300HHTA, CTEKJ1A H.IH
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Pe3HHOBHIH LIHYD; BCe IUHPe TPHUMEeHAIOT KpyNHOAYeHCThIe
CeTKH H pelleTKH H3 MO0JH3TH/eHa HJH BHHHILJIACTA.
Cenaparopot-nopuctoie duagppazmel o6pasylor rpynny
pPa3Hoo6pasHbIX MaTepHasOB C TOHKONOPHCTOH CTPYKTYpOil.
OHH HMeT rNajKylo HJIH PeGPHCTYIO MOBEPXHOCTb H HC-
Mo/b3yIOTCA B BHAE KapTouek, JIeHT /M KonpeptoB. K MH-
KPOMOPHCTHIM CenapaTopaM ¢ MaKcHMaJ/bHbhM 3((eKTHB-
HbiM AHaMeTpoM nop Huxe 50 MKM OTHOCATCA MHKPOIOpPH-
CTHi  360HMT (MHIOP),  MHKDONOPHCTHIH  BHHHIJIACT
(MEnaact) u HekoTOpble ApyrHe. K MaKpomopHcThiM cema-
paTopaM ¢ MakCHMaJ/bHEIM JHaMeTpOM nop mopsnka 80—
300 MKM OTHOCATCH pa3J/HYHble CHHTETHYUeCKHe TKaHH, BO-
JOKHHCTHlE H HeTKaHble MaTepHaJbl, a TakKxe DyMmara.
Cenaparopot-yabTpamuKponopuctoe  membpanst mpen-
CTaBARAIOT cO60H NoJIHMepHble MaTepHaJbl, B3aHMOJeHCTBY-
IOIIHe ¢ 3JeKTPOJHTOM. B HCXOJHOM COCTOSHHH TaKo#
cenapatop 6ecnopHCT, OAHaKo NpH HalyxawHH MeMOpaHa
yBe/IMUHBAeTCA MO TOJIIIHHe, NPH 3TOM MOABJAIOTCA MeX-
MoJsieKyaspHble nops 3ddekTHBHOro Axamerpa 2—40 HM,
10 KOTOPLIM OCYlIeCTBJ/AeTCs HepeHoC HOHOB. B oranume

TaGauuna 2.2. XapakTepHCTHKH NOPHCTHIX CEMAPATOPOR

ngbekma-
. Hbl e @
= g\o nopl}H;:MTp % § g
- u=° =g 2
HaumeHoBadne matepraaa e s '.E' = = = za
X 59 L+ E = Eak
E| 3¢ | g2 | & | 8%z
5 83 | i3 g | Ete
~ S = =X |5 OR3
Munaacr 0,3—1,0 39—42{ 35 {10—20|4,0—5,0
(0,8—3,2)*
Munop 0,5--0,8 [50—55] 5 {07—1[4,5-55
(1,4—1,6)*
Ioporuuua 0,5-08 80-—85] 40 8—1513,6—4,0
(1,4—1,6)*
Crekaocenaparop 0,4—0,6 90 | 120 70 j1,2—16
XaopHuHosasi TKaHb 0,3—0,6 |60—65{ 100 |20—-25{1,6—3,0
Kanponosas rtkaun (apr. 0,1 60 | 100 22 3,0
56003)
lenouecroiikass Gymara 0,03%* 100
Herxkansfi noannponunex 0,1-0,4 {66—75{100 20 ]1,56--2,5
TuapaTuennionosnas 0,03** 0,04 8,0
nienka 100
TlpusuTeifl NoAHITHACH 0,03 0,04 { 10—-20

* B ckofkax yxasana raGapuTeas ToMlHHA ¢ yueToM pebep.
** ToamuHa B CyXONM Bujle.
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oT auadparM, KOTOpble HHEPTHH NO OTHOWICHHIO K 3JeK-
Tpoauty, Habyxaiouide MeMOpaHbl NPOSBJAIOT  CeJEeKTHB-
HOCTb, BJHAIOLLYI0 HA MIPOBOAHMOCTb H AHPQPY3HIO TeX HJH
HHEIX HOHOB. BaauMopeficTByss ¢ 3JeKTPOJHTOM, MeMGpaHh
HiepelKo MOJABEpraloTcs pa3pylleHHIO, MOITOMY cCemaparop
0O6LyHO npumeHsioT MHorocaofinbiM. CemapaTopH-meM6pa-
Hb 06/1a1al0T TaKXe KPHCTAJJOAepXaiiHMH CBOACTBaMH,
TIpenATCTBYS CKBO3HOMY MPOPACTaHHIO MeTaJJHYeCKHX
ACHAPHTOB, B 3THX CJAyuafX HX Ha3LBaloT GapbepHbIMH
cenapatopaMu. IIpumMepoM cayXaT TrHApPaTUeJI003Has
naeHka (nessodaH) M nOJHITHIEHOBad MJeHKa C paiHa-
IHOHHO NpHBHTOA akpuJoBOK KHCJOTOR (MPHBHTOR nOJH-
9THJIEH).

IIpeacraBaslor npakTHuYeckHH# HHTEpeC TaK HasbiBae-
Mble JaMHUHATH — COBMEIIEHHbIe B OAMH CJIOH YJbTpaMu-
KPOMOPHUCTHE MJIEHKH, 06aagalollue pasJyuHHMH CBOHCT-
BamH. Takue cenaparopbl HMeIOT yJyuLIeHHHE TeXHOJIOrH-
YecKHEe H 3KCHIyaTaUHOHHHIE XaPaKTEPHCTHKH.

Hexotoprle XapakTepHCTHKH THIHMUHBIX MOPHCTHIX nHa-
&dparM H yJNbTPaMHKPONOPHCTHIX MeMOpaH, NMPHMEHAEMBIX
B oteuectBeHHHX XUT, naunbi B Ta6a. 2.2. [lepBbie uernipe
THNA CenapaTopa NpeJHasHAYEHH AJ8 KHCJIOTHHX, OCTalb-
HEe — JJf UEJOYHHX HCTOYHHKOB ToKa. HerkaHmlii moJju-
TIPOMHU/IEH LIHPOKO HCMOJABb3YyeTCH B HCTOUHHKAX TOKa C He-
BOJHLIM 3JIEKTPOJHTOM.

2.4. KoncrpykmusHsle ocoGennoctn anementos u Garapei

B naunGosnee mpocTHX BapHaHTaX KOHCTPYKIHH mepBuY-
HEIX H BTOPHYHBIX HCTOUHHKOB TOKAa HMEETCH OAHH NOJO-
XKUTENbHHA M OJHH OTpHIUATEJBHbIA 3JEKTPOAHW, KOTOpHie
PacrnoJoXKeHH B3aHUMHO MAOCKONAPAANEALHO, COOCHO WIH
cnupaavno (puc. 2.4). MexXay HUMH NpOKJaiHBaercH ce-
napatop. OAMH H3 3JIeKTPONOB KOHTAKTHPYeT C KOpIycoM,
Apyrofi — ¢ KpHIUKOH, H30JHpPOBaHHOH OT Kopmyca. TakuM
06pa3oM, KOPNYC H KpbILIKA BHINOJHAIT (PYHKUHIO BHIBO-
J0B, NpelHa3HaYeHHEIX AJS COeJHHEHHH C BHelIHed 3JeK-
TpHuecko#i menblo. Tak ycTpoeHH MHOTHe NmepBHYHHIE 3.je-
MEHTH MapraHlUeBO-IHHKOBOR, PTYTHO-IMHKOBOR H JApyrux
CHCTEM, a TaKXe HEKOTOpbie AHMCKOBHIE M IMIAHHAPHYECKHE
LIeJOYHble aKKYMYJIATOPHI.

KOHCTPYKIHS HCTOUHHKZ TOKAa YCJOMXKHAETCSH, €CaH C
Ue1bI0 PA3BHTHSA 3J€KTPOAHOi MOBEPXHOCTH H YBEeJHUEHHS
3amaca 3JHEPrUH BMECTO OJHHOYHBIX 3JEKTPOJOB HCNOJb-
30BaTh MO ABa H GoJee 3JeKTpoAa KaXAOro 3HaKa, coe-
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JHHEHHBIX NapaanenbHO B noaybaokxu. JIBa moay6aoxa H3
NJOCKHX NPAMOYTOJbHHX 3JEKTPOAOB, KOTOpHE 4acTo He-
3bIBAIOT NAacTHHaMH, 06pasyioT saexTpodnbil 6a0k. Takos
ycrpoficTBO 0COGEHHO XapaKTepHO AN aKKYMyJASTOPOB.
[ThacTuHH coegHHAIOT B NOJYGJOK C TOMOHIBIO MeTaJ-
JHUeCKOR 6aperxu, KOTOpas COCTOMT H3 MOCTUKG H B8bL6O-

5

- +

(@

b

a

N
Sl |

Puc. 2.4, B3anMHOE pacnoJOXKeHHEe 3/EKTD\-
OB HCTOYHHKA TOKa:

a — njockonapajiienbioe. 6 — COOCHOe; 6 — CHF
paanioe

da, unn 6opra. K MOCTHKY NpHNaHBaioT HJAH NPHBapHBa-
10T YIIKH OJHOMMEHHHIX MNJacTHH. BuBojg wpomyckaioT
cKB03b KphiliKy. MHorza poss MOCTHKa Hrpaer pasbeMHOe
coeHHeHHe — WINMHJAbKA HAH GoAT ¢ rafikaMH, KOTOpHI#
nponyckaercsi CKBO3b OTBepcTHf B ymkax. Hwmetores u
JpyrHe cnoco6W coeaHHeHHA nJaacTHH. Tak, Kapkac 3.Jek-
TPoAa MOXeT MMeTh NMPOBOJIOYHLI BHIBOJ, B 3TOM CJyuae
TOKOOTBOJB B BHJe my4Ka NMPOBOJOKH BNauBalOT Henocpes-
CTBeHHO B nycToTeablfi 60pH. THNHYHHIe BapHaHTH cOenH-
HeHHS MJAacCTHH B noAy6JoK noka3lanel Ha puc. 2.5.

Kopnyc ucrownuxa toxka wau 6ax (uHOTZEZ — COCYA).
A0.KeH ObiTb XHMHYeCKH CTOHKMM, MeXaHHYECKH npoM-
HbIM, 06.1a1aTb MUHHMEABHHON MACCOH H HepeAKO BBICOKHM
3.1eKTpHYeCKHM conpoTuBjeHHeM. OH H3roToBsafieTcss M3
cTaqH, 360HHTA, MOJIMITH/IeHa, MO.JIHNpONHJAeHa, NMOJHAMH-
da M ApPYTrHX MaTepHa/oB, B PEAKHX CJayuadX — H3 npec-
COBAaHHOro cTekna. Beiop marepHana onpefedsercs Kak
CBOICTBAMH 3/1eKTPOJIHTZ, T@K H YCJOBHSAMH IKCHJAyaTauHH
HCTOYHHKZ Toka. Kpbliika, H3roTOB.eHHAS OGLIYHO M3 TC-
ro e MarepHala, yTO H KOpNYyC, HMeeT OTBEpPCTHs [
BHIBOJOB, a2 TaKiKe AJ8 NpoOGKH HJH KJaanaHa.
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OnHHOYHBIE 3JIeMEeHTH HCMOJb3YIOT Ha NpPaKTHKe OTHO-
CHTeJbHO PeXKO H3-32 HH3KOTO0 pa3psaAHOr0 HanpsXKeHHS,
KOTOpOe AAA TeX HJH HHHX 3JeKTPOXHMHYECKHX CHCTeM
JAexHuT B Ananasone ot 0,5 g0 3 B. llas oGecneuenns 6o-
Jiee BBHICOKOTO HanpAXeHHA 3JeMeHTH COeAHHAIOT mocje-
RoBaTesibHO B Gartapen. B ajekTpHuecKylo Lelb BKJAIOYAIOT
CTPOr0 OJHOTHHHBIE 3JeMeHTH, oGJajgaioltHe OAHHZKOBH-
ME napamerpamt., Tunuumas Garapesa npeacrasiser colof
rpynny nepBHYHHIX 3JICMeHTOB HJH aKKyMyJATOPOB, 3aKJl0-
YeHHHX B OOWIHH KOPNYyC H COeNHHEHHHX MexAy cofol
MeX3JeMeHTHHMH COGAHHEHHAMH, HJH NepeMuukamu. Ba-
Tapes HMeeT ABA H GOJiee BHBOJZA H HepeAKO COOTBETCTBY-
IOLLYI0 MapKHPOBKY.

Kopnyc 6arapeu B 3aBHCHMOCTH OT OcOGeHHOCTeH KOH-
CTPYKIIHH Ha3HBalOT MOHOGJIOKOM, KOHTeHHepoM, Garapefi-
HHM AmukoM, dyraspom. Ecan 6arapes COCTOHT M3 He-
CKOJIbKHX 3JIeMeHTOB, NpEeAROUTHTENeH MJAaCTMacCOBHIA Mo-
HOGJIOK, NpeACTaBAAIOWHA co60H MOHOJHTHHEA Kopmyc ¢
HeoOXOAHMHIM UYHCJIOM f1YeeK, OTAENeHHHX OAHa OT apyrofl
TOHKOH meperopoakofi. IIpumeHeHne MOHO6JIOKa mNO3BOJA-
er o0eCneuHTb XXeCTKOCTb KOHCTPYKIUHMH H CHH3HTb Maccy
Gatapen. B MOHOGJOKH COGHpPAIOT BCe THOH CTAPTEpPHHX

a Jd 4
Pue. 2.5. BapuauTH coelMueHMH IWIacTHH B MO~
Aybsoku:

@ — cBapPHOE COEAHHEHHE C TOMOWIbI0 GapeTkH; 6 —
pazbeMHOe COEAHHERHE C NMOMOILLIO WAKIbKH; 8 — coe-
ARHenne NafixoRt ¢ Momolbio nonoro GopHa

KHCAOTHHX Oatapeit H HeKoTOphe THOH HIeJOYHHX Oara-
pefi. Konrefinep, Garapeiinnfi aumiHK, GyTap — Pa3HOBHA-
HOCTH NJaCTMaCCOBBIX, MeTaJlJIHYecKHX, AepPeBAHHHIX Kop-
OycOB CO CINAOUIHEIMH HJH HecHJAOUWIHHMH CTeHKaMH, B KO-
TOPHX B OfpelefeHHOM fOpfiAKe pa3sMewlaloT 3JeMeHTH
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6arapeu. Oco6eHHOCTH KOHCTPYKIMH 3aBHCAT OT JAONOJHH-
TeJIBHBIX YCJIOBHHA 3KCMuyaTanun Gatapen.

Konctpykyus nepemvidex onpeResNsnercs BeIHUHHOH TO-
KOBOA Harpyaku. B Garapesx Ma/iOfl MOHIHOCTH NpHMEHSA-
JOT MpPOBOJIOUHBE HJH JeHTOYHble NepemuukH. Ux npuna-
HBAIOT HJIH TNPHBApPHBAIOT K TOKOBEAYHIMM YaCTAM cocen-
nux sneMentoB. [Inm aKKyMyJNaTOpHBIX Garapeil ¢ BbICOKO#
TOKOBOl HAarpy3koii mnepeMblYKH HMelOT BHJ MAaCCHB-
HBIX JHTHX nJaHok miam mosoc. Ha 6arapesx, paccunmraH-
HBIX H& yMepeHHble TOKH pa3psja, nmepeMblukn GoJee TOH-
kne. CoeguHeHne nepeMbliek ¢ 6opmamu ObLBaer Hepasb-
€MHBIM, YTO XapaKTepHO AJH MOHOOGJO4YHOH KOHCTPYKILHH,
HAn pa3beMHbLIM. Berpeuaiorcs nmpHXHMHHE KOHTPaKTHbIE
nepeMbiuKy B BHIE KOPOTKHX NPYXHHOK.

Huorpa coenmHeHHe 3JeMeHTOB B NOCJEAOBaTeJbHYIO
menb ocyumiectBasior G6e3 mepeMbiuek. HanGosee coseplieH-
HOW ABJAETCH CBH3b MeX1y 3JeMeHTaMH B GHIOJAPHOH
6atapee. OHa ofecneunBaeTcsi KOHCTPyKIHell GHIONAPHOrO
JIEKTPOAA: KaTOA OAHOrO 3JieMeHTa NJIOTHO COelHHeH C
aHonom cocegnero. Hapexen cnoco6 coeanHeHHs ABYX
aKkKyMyJaTopoB B GaTapeio myTeM CBapKH BIOJb ONHOH H3
CTOPOH CTaJbHHX KOpmycOoB. ILis 3TOr0 KaxJBH H3 aKKy-
MYJSATOPOB HMeEeT 0CO6YI0 pa3BOAKY TOKOOTBOJAOB: B OIHOM
M3 HHX NOJOXHTeAbHbIHI 6JI0K COGJHHEH C KOpiyCoM, &
OTpHLaTeJbHH# BbiBeJeH Ha GOpH; B ApYyroM, Hao6opor,
OTPHLATeNbHbIH 60K COelHHEH C KOpPNyCcOM, a MNOJOXH-
TeAbHHH — ¢ 6opuoM. EcaH TOKH pa3psna HeBelHKH, a
TOKOOTBOZLAMH CJyXar JHO H KpbIlIKa 3JeMeHTa, AOMyCTH-
MO HCNOJbL30BATH NPAMOl KOHTAaKT AHA OJAHOTO 3JeMeHTa
¢ KpHiuKo#t cocegnero. Takol crnoco6 coexuHeHMs Xapak-
TepeH AJH AHCKOBbIX H IHJHHADHUECKHX 3JeMeHTOB; Gara-
pen, co6paHHble H3 HHX, HMEIOT CTOJGuaTyio (GopMy.

2.5. Knaccupuxaumus

HUcropuueckn caoxmniaoch fefleHHe BCeX XHMHUECKHX
HCTOUHMKOB TOK2 Ha TpH O6Osblline IpYNMH: NepBHYHblE
3JeMeHTH M NepBHuHble Garaped; TONMJHBHLie JJeMEeHTH H
3/IeKTPOXHMHUYECKHe TeHepaToOphl, aKKyMYJATOPH H aKKy-
MYJISTOpHble G6aTtapeH.

Mepsnunme asaeMentnl. OCHOBHBIM  OTIHYHTENLHBIM
NpH3HAKOM NEePBHYHbIX XHMHUECKHX HCTOUHHKOB TOKAa $B-
AsieTcA 3JIeKTPOXHMHUeCKas HeoOpaTHMOCTb, CBH3aHHAf C
Heo6paTHMOCTBIO 3.JEKTPOXHMHUYECKOH peaKIlHH Ha OJHOM
Ha4 oboux 3sqexrpopax. [To3ToMy mepBHuUHBIE ITeMEHTH H
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Garapen mpefHasHaueHH AJS OJHOPasoBOro HelpepbHIBHOIO
HAH npepHBHCTOro paspasa. O6parnmocts XHT 3apHCHT
He TOJBKO OT NPHPOAH 3AeKTPOXHMHYECKOH CHCTEMH, HO
H OT HHAHBHAYaJbHOH XapPaKTepHCTHKH NOJYCHCTEMH 3JeK-
Tpoa — saekrpoant. Tak, cucrema Zn|KOH|AgO, o6pa-
THMasi B cAyiae HCHOJAb30BaHHA NOPHCTOr0 LHHKOBOrO
3JIeKTPOZa B OrpaHHYeHHOM o6beMe 3JeKTPOJNHTA, OKa3H-
Baercsl Heo6paTHMO# NO OTPHLATEJNBHOMY 3JIEKTPOALY, €CAH
NpHMEHATs MOHOJHTHH# IHHK, NOTrpyXeHHHH B H3GHTOY-
HH} 06beM 3JeKTpPOJHTa.

Ha cxeme 2.1 npexcraBiienn HanGoJlee H3BeCTHHE 3Je€-
MeHTH H 6aTapeH, a TaKXe HeKOTOpHe MeHee H3BeCTHHe,
HMelolllHe MepCNeKTHBH pa3BHTHA B GuHKaifiem GynyiieM.

Bce nepBHuHHe XHMHYeCKHe HCTOYHHKH TOKa MOXKHO
pasfienuTh Ha aKTHBHHe H aKTHBHpyeMHe. Oco6eHHOCTBIO
GKTUBHBIX INEMENTO6 SBAAETCA HaJHiHe NPAMOro KOHTaK-
Ta 3JeKTPOAOB C 3JJEKTPOJHTOM, uTO OOYyCJAOBAHBaeT HX
roTOBHOCTb K pa3pagy B JioGofi Moment. Ilpn srom BoO3-
HHKAIOT YCJAOBHA AJfl MPOTeKaHHH CaMONpPOH3BOJBHHX MO-
GOUHHX peaKlHii, MPHBOAALIHX K norepe 3HeprHH — caMo-
paspany. AxTusupyemoie, HAH pe3epeHble, INEMEHTLL
(o6nuHo GaTapeH) AJAHTEeNbHOe BpeMs MOTYT HaXOZHTHCA
B Hepa6oueM COCTOSSHHH N0 OZMON H3 TpeX NMPHYHH: FJeK-
TPOHT HajeXHO H30JAHPOBaH OT 3JeKTPOAOB, HaXOAHTCH
B TBepAOM COCTOSIHHH H XHMHYECKH HHepTeH HJH Boobuie
orcyrcrByer. CaMONpoH3BOJIBHAS NOTEPA 3HEPrHH B 3THX
HCTOYHHKaX TOKa cBfi3aHa rM1aBHHM 06pasoM C TBepaodas-
HHIMH TpolieccaMH jJerpapaiHi 3JeKTPOAHHX MaTepHaJoB,
CKOpPOCTB KOTOPHIX 3HAYHTEJBHO HHXKe, UeM CKOpPOCTb pe-
aKuuit Ha rpalune pasjgena a3 3JeKTpox — pacreop. Ias
npHBeleHHs1 pe3epBHOfi GaTapeH B COCTOAHHE FOTOBHOCTH
K JeHCTBHIO OHa JOJNXKHa OHTb NMOABEPrHYTa aKTHBAIHH.

AKTHBHHE nepBHYHLIE 3JEMEHTH, B CBOI0 Ouepels, je-
JATCA  Ha J4eMenTo. C BO0HLIM, HEBOOHbIM W TBepObiM
anexTpoaurom. B sneMenTax mepBOfi MOATPYNMNH HCHOJb-
3yI0T Kak CBOGOAHbIM, TaK H MaTpPHUHLIfi 3JAEKTPOJHT. Dae-
MEHTH cO cBOGOJHBIM 06beMOM 3JeKTPOJAHTa npeobaaiann
B XIX B. H B Hallle BpeMsi BCTPEUYAIOTCA PERKO. DjeMeHTH
C MAaTPHYHHM 3JEKTPOJHTOM (CyxHe 3JeMeHTH) YAOOGHH B
HCI0Ab30BaHHH, COCTABASAIOT OCHOBHYIO MacCy COBPEeMEeHHbLIX
HCTOUHHKOB TOKa He(oabwIOfi MoufHocTH. CpeaH HHX WIH-
pokoe pacmpoCTpaHeHHe HMelOT MapraHieBO-UHHKOBHIE,
BO3YIUIHO-UHHKOBEIE H PTYTHO-UHHKOBbIe 3JieMeHTH H 6a-
TapeH. JJieMeHTH C HeBOJHHM 3JeKTPOJHTOM MOJYYHJIH
H3BeCTHOCTb JHIIb B mocJdefHee Aecartuiaerue. Baarogaps
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{lepinisie
XHMHNECKHe
HCTOMHMKH TOKA
(nepsmmble
anesienTH)

MepHO-IpHKOBEI

MapraHieBo-UHHKOBbIK
coneBoi

[tepBsrainie

AMeMEH THI

1 Garapan
AKTHBRHDYeMbie
(peacpaitsie)

Cxema 2.1. Kaaccupuxauns nepsaunmx XHT

l MapraHueBo-IMHKOBRI I
WENONHOR
I Mapranueso-poayaDibii l
IDEHICO BRI
Inemen Tl
€ BOIHNIM r PryTHo-twHKoBL I
WK TPONHTOM
— Prymioxanmuessin |
[ Cepebpmo-waixonnt |
L—I Bo3yWHO-WaHKOBbIR |
__I_ JluTHi-nMOKCHI CEpI I
—I_ JIHTHA-THOHWIXJIODHR J
InemenTn!
] c uesonMmM Il SIHTHi-IMOKCHA MAPTaHLA |
FieKTpOTITOM —{ Turwi-nonudTopyrnepon |
— Tingwii-orccun sanazns (V) |
IneMenTbl Cepebpo-non J
L1 coreeponv |
WEKTPONKTOM TNutnit-non J
Marnnii-xnopua mean (1) J
Marnui-xn cepelipa
-Bonoak THEHpYe- wikxniopn cepeipa |
| mpetarapen | p—{  Manumixiopmcswi |
Maruuit-qHOKCHI CBMHUA ]
CepeSpsHo-waiKoBas J
AMnysabHbte
Garapen —_ Crimuonan |
AMMHaKaTHaA 4]
KanbBHI-XpOMAT KansuaR |
Tennobbie |
Gatapan " JuTuit-aucynedun xKenesa |

BLICOKHM YJAeJNbHBIM XapaKTepuCTHKaM OHH cnocoGHb yc¢-
NelTHO KOHKYpHPOBATh C 3J€MEHTaMH ApPYr¥X THNOB. Hep-

CHEeKTHBbI

HX MacCOBOI'O PAaCnpoOCTPaHeHHS

CBA33aHH C

npo6/ieMaMH NOBBIIEHHS TEXHOJOTHYHOCTH M CHHXKCHHS
croumocra. IIpakTHueckoe npHMeHeHHE JNEMEHTOB C TBep-
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ABIM 9AEKTPOJTHTOM H3-32 HH3KOH MOLIHOCTH MOKa OFpaHH-
yeHo, MepCNeKTHBa HX pa3BHTHA He BNOJHe ACHA.

Cpean aKkTHBHPyeMblX HCTOUHHKOB TOK@ pasJaHYaioT
8000aKTUGUDYEMble, GMNYAbHbIe W Tenaosvie 6arapeu. Bo-
NOaKTHBHpyeMble HCTOUHHKH TOKa XPaHATCH 10 NpHBeAe-
HHA B JeiicTBHe Ge3 3JeKTPOJAHTA. DJNEKTPOJNHTOM CIAYXKHT
NpHpPOAHaN BOAA, MOCTYNaOWas B JeMeHTH B TpeGyeMblil
moMeHT. K nan6onee uzsectiM XHT storo tHna oTHOCAT
MeIHO-MarHHeBne GaTapeH. B aMnyJbHbLIX HCTOYHHKAX TO-
Ka HCHOJb3YlOT arpeCCHBHBI 3JEKTPOJHT, 3aKJlo4eHHBIH
Ha NepHOJ XpaHeHHs B repMeTHuHpie amnyawl. IIpn axTH-
BallHH 3JIEKTPOJHT aBTOMaTHYECKH pacnpeleasieTcs no
anemeHTam. Hanayumumu xapakTepHCTHKaMH o6aazaior
cepeGpAHO-UHHKOBLIE aMmnydbHble GatapeH. TenfoBnie Hc-
TOYHHKH TOK&@ OTJAHYAIOTCA TeM, YTO B HHX 3JIEKTPOJHT Ha-
XOAMTCA B TBepAOM KPHCTAJIHYECKOM COCTOSIHHH. Batapes
aKTHBHpPYETCH NPH pacniaaBieHHH JeKTPOJNHTZ HHTEHCMB-
HbIM HarpeBaHHeM C MOMOILBIO TENJOBOTO FreHepaTopa.

TonausHue saementH. Jra rpynna XHUT umeer xapak-
TepHble OCOOEHHOCTH MepBHYHBIX 3JeMeHTOB — B HHX, KakK
NpaBHAO, HCNOAL3YIOT HeoOpaTHMble SJEKTPOXHMHYECKHe
CHCTeMbl, KOTOpble NOJABEpraloT HeNpepHBHOMY HAH npe-
pbiBHCTOMY pa3pasy. OnHako TOMJHBHbIE SJeMeHTH, &
TaKXe TONJHBHbe GarapeH, KOTOphle Ha3LIBAIOT 3JeKTPOXH-
MHUYECKHMH reHepaTopaMH, HaCTONBKO cneuHHUYHB N0 ycT-
pofiCTBY H NPHHUMNY pabOThl, YTO HX TPA2AHUHOHHO Bhije-
JAAI0T B OTAeAbHYIO rpynny. B oTAHuHe OT nepBHYHBIX 3.€-
MEHTOB B HHX @KTHBHBE BelleCTB2 NOCTynaloT B 30HH
TOKOOOpa3yiolWHX peakuHit H3BHe. TeopeTHuecKH TOMMAHB-
HbIHi 9/1eMeHT AoJKeH paboTaTh HEOrpaHHUEHHO AOJATO, MO-
CKOJIbKY 3anac aKTHBHBIX BEIIeCTB KaTORa H aHOAA MOXeT
MHOTOKPATHO BOCMOJNHATHCH. (DAKTHUECKH 3JeKTPOXHMHUE-
CKHe TeHepaTopbl HMeIOT OTPaHHYeHHbIA CPOK CJYXKObl, 4TO
CBA32HO C MpOoTeKaHHeM HeoOpaTHMbIX MOGOUHBIX peaKuHH.

CylwecTByeT psj NPH3HAKOB, MO KOTOPHLIM KiaaccHdH-
HHPYIOT TONAHBHblE 3JeMeHTH: MO palouell TeMnepatype
3M1eKTPOJINTE — HA HH3KoTeMmnepatypubie (aHxke 100°C),
cpeanetemnepatypubie  (100—500°C) u BuicokoTemmnepa-
TypHble (Boitie 500°C); no XHMHYeCKHM CBOACTBaM »JeK-
TPOJHTE — HAa IeJOYHbie H KHCAOTHBIC; MO (H3HYECKOMY
COCTOSIHHIO 3JeKTPOJHTa — HAa 9JeMeHThl C JXHAKHM, TBep-
AbIM H MATPHYHBIM 3JeKTPOJHTOM; No ¢H3HYECKOMY COCTO-
AHHIO @aKTHBHBIX BellleCTB — Ha 3JeMeHTH C ra3006pasubniMH,
XHAKHMH M TBepAbIMH peareHTamH. Kpome Ttoro, Tom-
JMBHBIe 3JIeMEHTH DA3JHYdI0T MO BHAY @KTHBHOFO BelUeCT-
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B& OTPHUATENLHOTO 3JeKTpola: BOAOPOAHBIE, THAPA3HHO-
BHle, METaHOJAbHHE H Ap.

AxxymyasTopnl. dra rpynna XHUT otanuaercs or nepshy-
HHX H TOMJIHBHHX 3JieMeHTOB 3JIeKTPOXHMHUeCKo# 06paTH-
MOCTBIO 3JIeKTPOJOB, H MO3TOMY OHH ABJSIOTCH XHMHYECKH-
MH HCTOYHHKaMH TOK2 MHOTOKDaTHOTO HCNOJb30BaHHsA. Pas-
PAXKeHHH aKKyMYJATOP MPHBOAAT B HCXOAHOe 3HepreTHYe-
CKOe COCTOsIHHe NPONmycKaHHeM NOCTOSHHONO 3JeKTPHYeCKO-
ro TOKa B HanpasJeHHH, 06paTHOM HanpaBJeHHIO TOKa NpH
pa3spsae. Uncao nonoGHHX 3apAaHO-pa3pAAHHX HHKAOB MO-
XeT NOCTHraTh JeCATKOB THCAY — A aKKyMyJATOPOB
ONHHX THNOB H OrpaHHYHBaThCs HH(PPORA b — Ana apyrux.

Kucnotuste Caunmoniu
[ ] exwymynsrops CBHHLOBO-BOROPOIHLLE

|

|

— Hixcerv-xeneamai |

— Hucenvkamanesni |

—{  Cepefpmno-waiconnii |

wguymnapn | O]

—-[ Huxens- uHK OBk J
—L Hscens-ponopormi ]
—{  Cepebpmio-sonopommuit l

Bropwnmie
XMMITICCKME
MCTOMHHKM TOKa

(axkymynsrops)

AxxymynaTopn
€ TREpIMM ——-L CepHo-metpuensiii l
WMEKTPONNTOM

AKKYMynnTOpHt XnopHo-nTHe BbIH 1
L] cpacinspaeHnbim
MEKTPONHTOM Cynubmpxeneso-nHrressih I

Cxema 22 Kaaccudpuxauns sropuumnix XHT

Ha cxeme 2.2 noxasann coBpeMeHHHle aKKYMYJASATOPHI,
NOJyYHBIlIHe LIHPOKOe pacnpocrpaHetine, a TaKXe MeHee
pacnpocTpaveHHHe, HO JOCT4TOYHO BaXKHHE C TOYKH 3pe-
HHA nepcnekXTHB HX TeXHHYeCKOro npHMeHeHHA. OCHOBHHM
KNacCADHKAIHOHHHM TMPH3HAKOM CAYKHT THN 3JeKTPOaH-
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Ta. Pasauuaior akkyMmMyasToph € KHCAOTHBIM, M1eJOYHBIM,
TBEPALIM H PacnAaBJeHHLIM 3J€KTPOJHTOM.

TTpOMBILIIEHHOCTh BHIMYCKaeT eAHHCTBEHHbIA KUCAOT-
Holli GKKYMYAATOp — CBHHLOBEIA. HerepMeTHYHLIe CBHHLO-
Bble aKKyMyJSTOPH HMeEIOT pAld PasHOBHIHOCTeA B 3aBH-
CHMOCTH 0T 06J148CTH NMPaKTHYECKOro NMpHMeHeHHs. Bunyck
repMeTusupoBaHHbX (6e3yxoaHnx) CBHHLOBHX Oatapei,
HauaBWIHACA C HELABHEr0 BpPEMEHH, HENpepLIBHO BO3pac-
raer. Ilo macmitabaM npoH3BOACTB2 CBHHUOBO-KHCJIOTHLIE
HCTOYHHKH TOKa 3HAa4YHTeJbHO npeobaagaloT Hajg BTOpHY-
HBIMH HCTOYHMKAMH TOKa JAPYrHX CHCTeM. B ctaauu pas-
pa6GOTKH HAXOAHTCA KHCJOTHBIN CBHHUOBO-BOJOPORHBIA akK-
KyMyJISTOP.

B werounbix GKKYMYAATOPGX HCNOJB3YIOT 3]EKTPOXH-
MHYECKHE CHCTEMHI, MpeACTaBJeHHbe Ha puc. 2.3. B nameit
cTpaHe HauboJee pacnpoCTpaHeHH HHKeJb-Xe/e3Hbe, 3a
py6exoM — HHKeJb-KaAMHeBbe aKKyMyJATOpPH. 3aTeM Mo
mMacmtabaMm npOMBIILIEHHOTO BLHIMyCKa ChlefyioT cepebps-
HO-LHHKOBbIe aKKyMy/aaToph. CepeGpsiHO-KaAMHEBHE aKKY-
MYJATOPH MNOJb3YIOTCA OrpaHHYeHHEIM CHPOCOM H3-38 HX
BHICOKOH CTOMMOCTH. MHOFHe roinl npojoJxaiorcs pabo-
Thl MO YCOBEpUICHCTBOBAHHIO HHKEJ/ib-IIHHKOBOTO aKKyMyJIsi-
TOpa2, MMEIOHIer0 BLICOKHE yAeJbHHle XapaKTepHCTHKH, HO
HeOCTATOYHHIH CpOK CayXOn. CuelyeT OTMETHTb HHKeJb-
BOJOPOAHKA aKKyMyJATOp, NOJOXHBIIHA HayaJo HOBOMY
THIy BeCbMa MNePCNEKTHBHLIX HCTOUYHHKOB TOKa — MeTaJ-
JIOTa30BbIM aKKyMYJATOpaM.

B cramun MHTEHCHBHOH pa3pabOTKH HAXOLATCH AKKY-
MYAATOPLL € T8EPObIM IAGKTPOAUTOM, OONajalomue HCK.IIO-
YHTEJbHO BHICOKOR yHmeJbHOR sHeprueli. Cpegn Hux Caely-
€T OTMETHTh CEpPHO-HATPHEBLI aKKyMyJaTop, paboTaiouiuit
npH TeMnepatype okoJo 300 °C.

Boablioe BHEMaHHe yleaseTcsi CO3LAHHIO GKKYMYARTO-
pos ¢ pacnaiasaernbim drekTpoaurom. [Ipeanoytenne otaa-
etc cuctemawm Buga Li|LiA|FeS, (A — auunon), korophie
ROMKHB 06eCneYnTh aKKyMyJATOpPY He TOJbKO BLICOKHE
)éne.nbnme XapaKTepHCTHKM, Ho M GoJbLIOR  CPOK CAyX-

bl.

CywectByior u uHble npH3Haku Kaaccuduxaumn XHT,
nanpumep ¢opma. Coraacho FOCT 26812—86 Bce, 3a ma-
JAHM HCKJIOYEHHEM, MepPBHYHLIE 3JIeMEHTH H aKKyMYJATOpbI
no ¢bopMe AeJAT Ha NPAMOYFOJbHHE, IHJIHHADHYECKHE H
AHCKOBLIE. BLICOTA HHIHHAPHYECKHX HCTOYHHKOB TOKa 60Jb-
Wle HJIH paBHa AHaMeTpPy, BHICOT@ JAHCKOBHIX — MEHbllle
Anamerpa.
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Ha3spaHMe HCTOYHHKA TOKa ONpeReNsieTci ero 3JeKTpo-
xummuueckofi cucremofi. ITo BO3MOXHOCTH HCHIOAL3YIOT YyC-
A0BHYIO (OpMYy HaHMEHOBaHHsI CHCTEMH, KOTOpas He
pacKpbiBaeT CTeXHOMEeTPHIO aKTHBHBIX BeIIeCTB H 3JeKTPOJH-
Ta, HO fABJserca nocrarounofi. [Toaromy, HampHmep, aKKy-
Mmyasrop cucremnl Fe|NaOH|NiOOH Ha3sHBalOT HMHKeNb-
XeNesHHM, HO He HIeJOYHHM MeTaruapoKCHIHOHHKeNEBO-
xenesusiM. THn ajexkrpoaHTa yKasmBalOT JHIlb B He06Xxo-
OUMHX CAyyasX: TaK, CYHIeCTBYIOT COJNeBOH MapraHiieBo-
IHHKOBHA M uIeNOUHOH MapraHueBO-IHHKOBHA 3JeMEHTH.
OnHako NpM HaUMEHOBAHMH HCTOYMHKOB TOKa HOBBIX CHC-
'rem2liaana1me 3NeKTPOJOB JaeTcs NOJHOCTBIO  (CM. CXe-
my 2.1).

FTnaea 3
NMPAKTUMMECKOE MCNONB3IOBAHME XMT

Haneko He mo6asi 3NeKTPOXHMHUYECKass CHCTeMa
MOxer ObLThb pealH30BaHa B BHIAE 3aKOHYEHHOro HH-
JEHepHOro yCTpoMCTBa — aKKyMyJaaTopa HJAM mep-
BHYHOIO 3JeMeHTa. DTO 3aBHCHT OT pAja HayYyHO-TeX-
HHYECKHX H TeXHHKO-3KOHOMHYECKHX NpeANOChHJIOK —
TEOPETHUYECKHX JOCTHXKEHHMHl 3JeKTPOXHMHUECKOH Hay-
KM, TEXHHYECKOr0 YpPOBHS MaTepHaJoBeReHHs H ApY-
THX CMEKHBIX JMCUMIJNHH, a TaKXKe TEXHOJOTHYeCKHX
BO3MOXHOCTEi M IKOHOMHYECKOH 1eseco06pa3sHOCTH.
ITosToMy HexkoTOpHe CHCTEMH, mNpeAJoXeHHHe B
XIX B., HalAM TeXHHYeCKOe BOIJIOLIEHHe CNyCTA He-
CKOJMbKO JAECATHJAETHH MJAH NPOAOJIKAIOT HAXOAHTHCS
B CTafiHH HCCAEGAOBAHHS.

Tak, cucreMa aas cepeGpsHO-IHHKOBOrO aKKyMy-
astopa, npeanoxennas B. IOnrnepom (1898), 6Guua
peanu3oBaHa aulib B 1943 r. mocne Toro, Kax OHJH
HafigeHbl yCJAOBHS UMKAMPOBaHHA LHHKOBOrO 3JeKTPo-
Aa H 6ba M306pereH Habyxawouiuii 6apbepHHil cena-
patop. Kommepuecknit ycnmex OHJ JZOCTHLHYT CHycTs
eme 10—15 ner, xorna ymanoch NOBHCHTb Xapaxre-
PHCTHKH H yfeHIeBHTb TEXHOJOTHIO H3rOTOBJEHHS ak-
Kymyastopos. [lpyrofi npumep: cucrema Li|LiA|F,,
KOTOpas TeopeTHueCKH 06Jander HAMBHICIIHM 3ama-
COM XHMHMYeCKO# 3HeprHH H NaBHO NDHBJEKaeT K ce-
Ge BHHMaHHMe CNel(HaJHCTOB, QO CHX MOP OCTaercs
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HepeasH30BaHHOA H3-3a HeNpeoJOJHMHX HayuHO-TeX-
HHYECKHX TPYAHOCTER NO CO3ZaHHIO (TODHOFO 3JeK-
TpoJAa.

HJaneko He Kaxinfi TexHHYECKH OCYLIECTBJEHHLIH
BapHaHT aKKyMyJfiTOpa MM 3JeMeHTa HaxXOAHT onpe-
neseHHOe MpaKTHyeckoe mpuMeHeHHe. HaBecTHo, 4TO
6osiee COTHH 3JEKTPOXHMHUYECKHX CHCTeM CyllecTBOBa-
J4 B BHJAe AeACTBYIOIIHX O06pasuOB HCTOYHHKOB TOKa,
OJHAKO HEMHOrHe H3 HHX HaIIJH OTHOCHTEJbHO WIHPO-
Kuit cnpoc # 3anaaun mecro B pagy XHT, suinyckae-
MbIX NPOMBIILIEHHOCTHIO. B Hacrodlllee BpeMsi K HHM
orHocatcs 6—7 oGpatumbix # 12—15 HeoGpaTuMmbix
CHCTEM, TJIaBHbIM 06pa3oM, Ha OCHOBe BOAHHX pacT-
BopoB. HekOTOpHe HCTOYHHKH TOKa BLIMYCKAlOT Orpa-
HHYEHHLIMH NapTHAMH JAs obecnedeHHs pasJHYHBIX
Hay4YHO-TEXHHYECKHX MPOrpaMM.

[TpakTuyeckas 3HAYHMOCTb KaXKAOFO XHMHYECKOro
HCTOYHHKA TOKA B 3HAUHTEJbHON CTeneHH onpenenser-
€l COBOKYITHOCTBIO 3JIEKTPHYECKHX, 3KCNJIyaTauHOH-
HbIX, TEXHHKO-IKOHOMHYECKHX XapaKTepHCTHK, KOTO-
pHMH OH o6nagaeT. OT coueTaHHMs 3THX M APYTHX na-
paMeTpoOB 3aBHCHT KOHKypPEHTOCMHOCOGHOCTb KOHKpert-
Horo ofpasina, ero KOHBIOHKTYpPHble NOKa3aTtesH, B
KOHEYHOM HTOre — HIHPOTa Cdepu H ypOBeHb Macco-
BOCTH NMPaKTHYECKOr0 MpHMEHEHHs, a 3HAYHT, H Mac-
mTabbs NPOMBIULIEHHOrO NPOH3BOACTBA.

3.1. DnexTpruecKMe XAPAKTEPMCTHIK

Hanpaxenwe. Jra xapakTepHCTHKa ABASAETCH OJAHOH U3
BaXKHefIHX 3JeKTPHUECKHX xapaktepuctnk. Cienyer pas-
JIH4aThb HampsKeHHe 3JEeKTPOXHMHYECKOH CHCTEMH, Hanps-
XKeHHe pa3OMKHYTOH Ienu, pa3psajHoe HanpsiKeHHe, HOMH-
HallbHOe HanpsixeHHe. [lJIs BTODHYHBIX HCTOYHHKOB TOKa
npeAcTaBJsfeT HHTEepeC 3apsAAHOe HanpsXKeHHE,

Hanpancenue saextpoxumuveckod cucremor E°, uawm
3JeKTPOABHKYILAA CHJAA 3JEKTPOXHMHUYECKOH  CHCTEMH
(91C), xapakrepH3yer He CTOJbLKO PeajbHLIH XHMHUYECKHHA
HCTOYHHK, CKOJAbKO HMEHHO 3JEKTPOXHMHUYECKYIO CHCTEMY,
Jiexamlylo B ero ocHoBe. Beanuudny E° paccydThIBAIOT 1O
‘ypaBHenuwo T'm66ca — Neabmroanua (1.2), ona npencras-
JisieT co00# pa3zHOCTb CTAHAAPTHBIX MOTEHIHAJOB 3JeKTPOA-
HBLIX peakuHi, NpoTeKalouHX NPy paspane.

Pacyer 3JIC ans HeCTaHAAPTHHX YCJOBHHA NPOM3BOAAT
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no ypaehenuio Hepuera. Tax, nas cucremm A|X, Y|K T0-

Koo6pa3yioliye peakuHH MOTYT ObiTh CJedylolHMH:
(—)aA 4+ x'X—> pP + ¢'Y + 2e—
(+)RK + x*X + 2~ > qQ + y"Y

rie X # Y — KOMMOHEHTH PacTBOpa 3JeKTPOJHTA, yyacT-

Bylonine B peakunsix; P u Q —npoaykTu peakunii; a, &, X,

Y, 2 — CTeXHOMeTpHuecKkne Ko3dduIHeHTHI.

Tlocne sanucu ypasuennit Hepucra pas pasHOBecHbIX

norenunados EP, n EP_ u coorBeTcTByIOWtHX npeo6Gpa3oBa-
HEH NoJyunm

2387 alatoy

2F = a&aﬁa# ’

E'— E% — E? =E°+

rAe @ — aKTHBHOCTH COOTBETCTBYIOUIHX KOMIIOHEHTOB.

Hanpsxcesue pasomxuyroi yenu Upy (HPL) npeacras--
JAseT co60i pa3sHOCTb GeCTOKOBBLIX 3MEKTPOAHBIX MOTEHIIHA-
JOB HCTOUHHKA TOKA, H3MEPEHHYIO MPH PA3OMKHYTOH BHeLl-
He#t uenu. Bemmynna HPLL BkilouaeT Takxe aareGpanue-
CKYyl0 CyMMy  raibBaHM-NMOTEHUHAJOB Ha rpaHHUax
pasHopopHbix meraJsoB uenn. Joaroe Bpems 3JC u HPLL
otoxaecTsaann 1 repmud HPLL He npumensncs, ognako B
ACHCTBHTENbHOCTH JHIIbL B OTAeNbHBIX cayuasx Up,=EP,
yame Bcero Upy<EP. DTra HEHAEGHTHYHOCTH OGDBACHAETCH
NPHYHHAMH, KOTOpHE HJTIOCTPHPYIOT OTJIHYHE peaJibHOro
HCTOUHHKA TOKA OT YCNOBHOH Auefik#, MOAENHpyIOIIed ero
3/IEKTPOXHMHUECKYIO CHCTEMY:

— aKTHBHOE BelIeCTBO 3JEKTPOAAa MOMKeT HMeTb HecTe-
XHoMeTpHueckH#t coctas, Hanpumep MnO, (ycroBHO x=2,
¢akruueckn 2,0=x3»1,7) mam NiO,-yH,O (ycnosuo
x==1,5, pakrHueckn x>1,5);

— 6ecTOKOBHA NOTEHUHAN MOXKeT He ObTb paBHOBeC-
HbHIM, B 3TOM CJlyYae peajin3yeTC CTAUHOHAPHBIH MOTeH-
LHaj, MeHee 3JIeKTPOIOJOXKHTENbHBIH AMS NOJMOKHTEIbHOrO
3JIEKTPONA H MEHee 3JeKTPOOTPHIATEJNbHBIA ANd OTPHUA-
TeABHOr0 3JEKTPoAa, HepaBeHCTBO Upy<EP craHoBHTCH
OueBHAHBIM, HanpuMmep, noaycucrembn Zn|NH,Cl nan
Fe|NaOH;

— aKTHBHAfA Macca Mo XHMHYECKOMY COCTaBy HeHJAEH-
THYHA aKTHBHOMY BellecTBY (OHa CONePXKHT H0GaBKH u
NPOAYKTH MOGOYHLIX peakunii), aKKyMyAATODHWE 3jeK-
TpOAbl conepxkaT MPOAYKTH HeAo3apana;

—COCTaB 3MEKTPOJHTAa OTAHYACTCA OT TEOPETHUECKOro
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HaJHuneM npHMmeceil, K064BOK M NpPOAYKTOB OCHOBHHIX H
NOGOUHLIX peaKmuii;

— BesqnuHHa Upy MOXET OTHOCHTbCH K YaCTHYHO pa3psl-
JKeHHOMY HJIH HemoJHOCTbIO 3aPHIKEHHOMY HCTOYHHKY TOKa.

Pa3spaduoe nanpajxcenue, WNU HanpaXexue HCTOYHHKA
TOKa, OTHOCHTCH K XapaKTepHCTHKaM, Hau0oJee BaXKHHIM
aag norpebureneit XUT. Pasauuaercs nauadbHOe Hampsixe-
uue Uy, KoneuHoe Hanpsikenue Uy H cpejHee HanpsxkeHHe
Ucp. B Kaxnom cayuae HMeeTCH B BHAY HanpsikKeHHe npH
paspsje onpeleleHHLIM peXHMOM, T. €. NPH onpejefeHHHX
napaMeTpax TOKOBOH HarpyskH H OKpyxalouleh temmepa-
TypH.

[Tonnoe ypaBHenne GamaHca paspsfHOrG HanpHXEHHHA
npH ToKe paspaaa | HMeeT CAelyIOUIHi BHA:

U=Upu—")+ — N — AUspr — AU — AU sz-nu — AU, (3.1)

The N4+ H M- — NONAPH3AUHA 3JNeKTPOAOB, NPHYEM YCJAOBHO
1‘|+=E[=o—E[, ‘I|_=E’—'E’=o, Nno3ToMy ‘l|+>0 H ‘l|_>0;
AUsys.r— najeHye HANpsAXKeHHA B cJoe 3JEKTPOJAHTA MeX-
Ay pasHOHMMeHHEIMH 3JeKtpogamu; AU.— najenne Hanps-
KeHHA B cenapaTtope, a ¢pakTHUECKH — B 3JeKTPOJHTe, CO-
JAepxamemcs B nopax cenapatopa; AUs,-xu— najgenne
HanpaAXeHHs B 3JeKTpoaaXx; AUs. — najeHHe HanpAXKeHHs
B KOHTaKTaxX, TOKOOTBOJAZX H JPYFHX y4acTKax BHELIHEro
3JMeKTPOCONPOTHUBJAEHHNA 32 npeleldaMu cOGCTBeHHO 3JeKTpO-
J0B (10 Touek 3amepa Hanpsxkenust). Taxkum ob6pasoM,
pa3paaHoe HanpmxkeHnne Huxe HPLl na cymmy anekrpoxs-
MHuecknx (n++n-) H omuueckux (/ZR;) cocraBAsIOUIHX.
B uacTHHX cayuasx oTAeldbHLHe COCTABJAAIOHIHe MOTYT
O6HTb GAH3KH HAM paBHH Hyaio. Hanpumep, AU.=0, ecin
cenapatopoM SABJAAIOTCA AHCTAHIHOHHEIE OFpPaHHUHTENH;
AUsx-r=0, ecan cenaparopnl NpukKathl K 3JMeKTPOAAM.
Pa3psj XuMHUeCKOro HCTOUHHKA TOKa — NMpPHMEp HeCTa-
UHOHAPHOTO 3JEeKTPOXHMHUECKOTO npoliecca, KOTOpuif CO-
NpoBOXAaeTcsl H3MeHeHHEM BO BpPeMeHH KaK 3JeKTPOAHBIX
NOTEHIHANOB, TaK U HanpsykeHHA B HedaoMm. [IpHuHHamH
HECTANHOHAPHOCTH NapaMeTPOB CJYXKAaT HenpephHBHOEe H3-
MeHenne ¢ a3oBOro H XHMHYECKOro- COCTaBa 3JEeKTPOAOB, a
TaKXe COCTaBa M KOHHIEHTpaluHH 3jekrpoaura. Kpome tu-
rO, B xoje pa3psja MOPHCTOrO 3JEKTPOJa NPOHCXOJHT NO-
cTeleHHoe nepemellieHHe 3JEKTPOJAHLHIX peaklHii oT ¢poH-
TaJbHOH NOBEPXHOCTH B 60Jiee TPYAHOAOCTYNHBIE TOHKONO-
PHCTHE CJOH, 4YTO BH3LBae€T pOCT NOAAPH3AUHH H
NOBuIllleHHe OMHYECKHX NOTepb HampsxkKeHHA. DTOMYy cno-
co6CTBYyeT ycCHJeHHe NacCHBAIHH 3JEeKTPOAOB NPOAYKTaMH
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pa3spaga. B pesyabrate Hanpaxenune XHT B npouecce pas-
paxa napaer.

Ha pue. 3.1 nokasaHH HeKOTOpHe XapaKTepHHe rpa-
¢GuKH 32BHCHMOCTH HanpsiXeHHe — BpeMsl, KOTOpHe Ha3H-
BalOT pa3pAOHLLMU XAPAKTEPUCTUKAMU WIH PA3DAOHLIMUL
Kpusoimu. PaspagHue KpHBHE MOryT HMeTh pas3iHuHYIO
¢opMy, KOTOpasi 3aBHCHT OT NMPHPOAHW 3JeKTPOXHMHuecKoil
CHCTEMH, MeXaHH3Ma 3JIeKTPOAHHX peaKnufl, peXuMa pas-
paja, KOHCTPYKIHH H TeXHOJOrHH H3rOTOBJEHHS 3JIEKTpPO-
AoB. Bauanne 3THX pakTopoB Ha HanpsKeHHe pacCMarpH-

Baerca B pasx. I n III

Uy Ha npuMepe KOHKPETHHX
u, XHUT. Xapakrep n3Mmene-
H¥MA HanpskKennsl OOGHIYHO

onpeAensiercd OJHHM M3

7] P 3JIeKTPOJOB, KOTOpHbIfi

Goabile apyroro nojsep-
XeH nageHuio OGeCcTOKOBO-
ro noreHunana, GoJee ouly-
THMO NOJAPH3YyeTCH, B KO-
TOPOM POCT  OMHYECKOro
conpoTHBJieHHs! Oojee 3Ha-
yHTeNEeH.

Ha «xpuBux puc. 3.1
o603Ha4eHH XapakrepHbie
To4KH —Upy, Un, Ux. Be-
aauana HPILL otBeuaer
pasHocTH G6eCTOKOBHX mnO-
TEHUHANOB HenocpeiCTBEeH-
HO mepel HaualoM pa3ps-
na. Hauaabnoe H3anpsxe-
Hue Uy, Cyas no pHCYHKY,
He 0653aTeNbHO COOTBETCT-
ByeT NepBHM  CeKyHJaM

P P paspsajga, OHO M3MepsieTcsl

) Yyepe3 yCTaHOBJeHHHN npo-

MEXYTOK BpeMEHH M OTBe-

Puc. 3.1. BapuantH paspaamsx YaeT Hauany OTHOCHTEJNbHO
XapDAKTEPHCTHK XHMHYECKHX HCTOY-  CTaGHABHOTO (eepeako
HUKOB TOKa npAMOJHHEAHOro) yuacTka
paspsaaHo# kpusoih. Hoctu-

Xenne Ux osHauaer, 4TO HaMeTHJOCb De3KOe najeHue Ha-
NpsXeHHsA H3-32 TOrO, 4YTO 3anac aKTHBHOro BeulecTBa OJ-
HOro M3 3JeKTpoJaoB (pexe oboMX OZHOBDEMEHHO) MOYTH
ucyepnan (puc. 3.1, a, 6) Han Gonee HH3KOe HanpsKeHHe
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He HMeeT NMpakKTHYeCKOro cMmuicia (pHe. 3.1, 8). HMutepran
Ux—Ux cocTaBasier pabounfi Auana3oH HanpsKeHus, KOTO-
puift BaXen Aaas npakraueckoro npumexenuss XUT. IMTosto-
My, CyAsi nO pa3psajfHOf KPHBOH 8, K OAHOMY H TOMYy Xe
HCTOUHHKY TOKa MOXHO NPeALABAATH pa3fnuHble TpeboBa-
HHSl NO AManasoHy HanpsKeHHH, NMPeANOJOXKHM, Gojdee XKe-
crkne (Uyg—U’c) Ans 3HepronHTaHHs pajHoannapaTypol H
menee xectkue (Uy—U") aas saexkrponrpywks. B obonx
clyyasXx HMeeT MeCTO Hedopa3pAad, HAM pa3audnan 2aybu-
Ha paspada, NOCKOJbKY, CYAsl Mo XapakTepy paspsiHoil
KPHBOH 6, 3anaC aKTHBHHIX BelllecTB npu U, elle He HC-
yepna.

[Tonesnoit aAns pacueToB BEJAHYHHON ABAAETCH CpelHee
Hanpsxenue

T
Ugp=1/% j' Uds,
4]

KOTOpoe MOXeT OHTh npHGAMKEHHO pacCuHTaHo no ¢op-
myJne
N
N\
Up=1/N D Ui,
=l

rde N —uncao 3amepos (He MeHee D) uepe3 OAHHAKOBhie
HHTEPBaNK BpPEMeHH.

Homunaavnoe nanpsscernue Uyow — YCNOBHAA BeNHUHHA
Hanpsxenns, 6au3kas Uy Ono o6LIMHO yKa3aHO HA TOPro-
BOH 3THKeTKe M CJAYXHT ZOCTYNHOA noTpeGuTesl0 Xxapakre-
PHCTHKON HCTOYHHKA TOKa AAHHOrO THMA.

Kak caepyer n3 anaaunsa ypasneuns (3.1), nanpsikenue
npn paspage XHUT 3aeucur oT BeAHUHHH Pa3pAgHOTO TO-
ka I. I'paduueckyio 3asucamocts U—I Ha3blBAIOT 804bT-
amneproti XapaKTepucTUKol UCTOYHAKA TOKA.

B nepsoM npn6anxennn ypasHenne (3.1) MoxHo ynpo-
CTHTb, NPeACTABHB B BHJE

U == Upy— IRy,

rAe R.x — BHyTpeHHee conportuBaenne XUT, pasHoe cymme
MOJAPH3AUUOHHOr0 CONPOTHBAEHHH Rupon==(n++n-)/I, u
OMHUYECKOrO CONPOTHBJAEHHA BCEX KOMMOHEHTOB BHYTPEHHeH
anekTpuueckoit uenH Row=IZR;. Otciona caeayer, uro
BOJbT-aMNepHas XapaKTePHCTHKA AOMKHA rpadHuecKH Bbl-
paXarbcst npsaMofl anHuef,, nepecekalomieii ocb OpPAHHAT B
touke Upy. Ho Beanmunna R., B xoze pa3psana ve ocraercs
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NOCTOAHHOH: pacTeT MOJAPH3AIHA 3AEKTPOAOB, NMOBHIIAET-
C# 3JeKTpHUeCKOe CONPOTHBJEHHE 3JeKTPOAOB 3a cuer da-
30BHIX M CTPYKTYPHHIX NpeBpamfeHHud, H3IMEHAETCHA MpOBO-
AuMocTb 3Jjekrpoaura. [losromy kpuBas U—[ B mupoKOM
AHanasoHe TOKOBOH HarpyskH

U OGLIYHO KpHBOJIHHEHHA,
m Tunuunasg  BoJbT-aMnep-
by Haf XapakTepHCTHKA Npei-

cTaBJeHa Ha pHc. 3.2. IJKcC-
TPanoJslHA NPAMOJHHEAHOTO
y4acTKa KPHBOH Ha OCb OpAH-

u! »-—-..:..__.__
|
|
|
{
If

|

I\ HaT JaeT BeJHYHHY Hanpsxe-
! H A U,. OueBHpgHO, ypaBHe-
I, HHe

Puc. 3.2, THOHUHAA BOJALT-aM- U=Uo—{Rm

nepHa7 XapakTEPHCTHKA XHMH-  JOCTATOYHO TOYHO ONHCHLIBAEeT

YECKOro HCTOYHHKA TOKa 33aBHCHMOCTD U — , B HHTep'
Bajae pa3psgHoro Toka I1—I/s,

AJs1 KOTOPOrO BHYTpEHHee CONPOTHBAEHHE — BeJMHYHHA

NOCTOsiHHAs, NPH 3TOM Ruw=(Us—U,)/I;.

[Tpu 3apage akkKyMyJasaTOpa KOHTPOJHPYIOT 3GpACHOe
ranpsxcenue U, YpasHenne G6ananca HanpsXeHHA NpH 3a-
pRAe BKJIOYaeT Te Ke COCTABJAIOHIHE, YTO H B yPaBHEHHH
(3.1) ¢ yuerom U,>Up,:

i
Us=Upy+4+1-+1 2 R;.

[To mepe 3apapa npu /==const pacrer noaspu3anus
3JIEKTPOAOB, HEPEAKO BO3PACTAIOT H OMHUYECKHE COCTaBJAIO-
arue. [ToatoMy TunMuHas 3apagnas kpuBas U,—rv xapak-
Tepusyerca poctoM U, Ilociie OkOHuaHH# 3apsga Hanps-
XKeHHe CTaGHAH3HpYeTcs, YTO COOTBETCTBYeT CTalHOHAp-
HOMY NPOLECCY 3JEeKTPOJH3a BOAHI.

Emkocts. Paspaduodi emxocroro C Ha3HBAIOT KOJHue-
CTBO 3JIEKTPHUYECTBA, KOTOPOe MCTOYHHK TOKa OTHaeT Npu
3aJaHHOM peXHMe paspafa A0 AOCTHXeHHS 3aZaHHOrO
KoHeuHoro HanpsxeHus Ux. ExnHAUeR H3MepeHHs eMKOCTH
XHUT coraacho T'OCT 4.362—85 sBasercs aMmnep-uac,

Cnoco6 pacuera eMKOCTH 3aBHCHT OT TOKOBOIO peXHMa
paspsaga. B ofiem ciayuae

C == ‘s. Id=x. (3.2)
0



Ecaun paspan seayr crabmuam3mpoBaHHbiM ToKOoM J=const
B TeueHHe BpeMeHH T, To coraacuo (3.2) C=It. Ecan uc-
TOYHHK TOKa pa3psAKaloT NPH NOCTOAHHOM CONMPOTHBJACHHH
BHellHe#t uenu Ry, To TOK pa3pfAga npH 3TOM NJA&BHO CHH-
XaeTcd, H pacueT BedyT N0 ypaBHEHHIO

T

C—=1/R, § Udt=Ugyt/R,.

[MorpewmnocTs pacyera B 3TOM cAydde 3@8BHCHT OT COOTHO-
LIeHHS CONMPOTHBJAEHHS BHelIHed LEeNH H BHYTPEHHero CcO-
nporusiaenns XHUT. Pacuer Tem Toumee, uem Goabuie Ry
no cpasHeHno ¢ Rup.

Cywecrsyer nousitne HOMUHAAbHOU eMKOCTU Cyom, OT-
HECEeHHOH K CTPOro periaMeHTHpOBaHHBIM ycjoBuaM. Ila-
paMeTpams 3THX YCJOBHi ABJASIOTCS TOK paspana HAH CO-
NpOTHBJeHHE BHellHeil IeNH, KOHeYHOe HANpAXKeHHe H TeM-
nepaTypa okpyxalomwed cpeinl. HomunaiabHas eMKOCTb
FapaHTHPYeTCs 3aBOJOM-H3rOTOBHTENEM H HePeAKO BXOAHT
B ycaoBHoe o0o3naueHHe HCTOYHHKZ ToKa. Pakrnayeckas
€MKOCTb JOJXKH2 ObiTb HECKOJAbKO Bblllle HOMHHaJbHOW.
StoT 3anac, KOMNEHCHPYIOLUHi TexHOJorndecKHii pasbpoc
eMKocTH 00pasiuos B napTuu, olpefelsieTc IMNHPHYECKHM
nyTeM.

Ewmkocts XHUT 3aBHCHT OT BHYTPeHHHX H BHelIHHX (ak-
topoB. K BuyTpennum ¢aktopaM OTHOCAT MACCy @KTHBHBIX
BelllecTB, (PH3NKO-XMMHYeCKHe CBOWCTBA @KTHBHOH Macchl,
KOHCTPYKTHBHble 0COOEHHOCTH HMCTOYHHKA ToKa. BHelIHHMH
dakropamMn ABAAIOTCA NapameTpnl PaspAAHOrO TOKa (He-
NpepbiBHbI HAH NPepPLIBHCTHIH pa3pafn, 3HaUeHHe TOKa W
ero cTaGuABHOCTb), TemMneparypa, MNPOLONKHTEABHOCTL
XpaHeHus Jo pa3psaia, BubGpau#s, yCKOpDEHHe #n JAp.— BCE
TO, YTO 32BHCHT OT yCAOBHil 3IKCNJAyaTaUHH HCTOUHHKA
TOKa.

[lpaman 3aBHCEMOCTL eMKOCTH OT MacChl aKTHBHBIX Be-
IecTs Npeicrasaserca ouesnguoi. CornacHo sakony ®da-
panes aas obecneuenus paspsajunofi emkoct C Teopernye-
CKH Macca aKTHBHOTO BelleCTBA 3JeKTpoja M, AOAKHA
COCT2BHTb

m,=gqlt:=qe,

rje g — a.neK'rpoxuanecxnﬁ 3KBHBAJIeHT AKTHBHOrO Be-

IlecTBa.
[lo pagy npuumH aKTHBHOE BelleCTBO MPH pa3paje HC-
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noJb3yercs He noanocTnio. ITosToMy daxkrHyecKas eMKOCTb
3JleKTpoja paBHa

m
C= TKucn.

rle m— Macca akTHBHOro BellecTBa; Kucn — KO3(DHUHEHT
HCNONBb30BAHHA aKTHBHOrO BellecTBa, npHueM Kycn<l.

He Bceraa eMkocTb 3/eKTpORa ORHOrO 3HAKa MOXHO
OTOXAECTBAATD C €MKOCTbIO HCTOYHHKZ ToKa. Bo-nepBHX,
€MKOCTb TNOJIOXHTEAbHbIX H OTPHLUATENbHBIX 3JeKTPOAOB B
HCXOJHOM COCTOSIHHH, KaK NpaBHJO, HeoJHHaKoBa. Bo-BTO-
pbIX, 3aKOHOMEPHOCTH H3MeHeHHH eMKOCTH NOj BJAHSAHHEM
ycnoBufi paspafia ANA KaxAoro H3 3JeKTpojoB cyry6o HH-
auBuayaabunl. HanpuMep, MoXHO CYUHTaTh THNHYHBIM na-
JeHHe eMKOCTH OTDHIATeJbHOro 3JeKTPOxa B YCJAOBHAX
NOHHKEHHOH TeMnepatypbl HJAH MNOBBLILIEHHOrO paspAJHOro
TOK4, 8 najenHe eMKOCTH NOJOXHTEJNLHOro 3JeKTpoja —
B ycaoeuax aaurenbHoii skcnayartauun XHT. Ilostomy
orpasnnuureneM evMkoctn XHUT sBisercda 31eKTPOX C MeHb-
el eMKOCTbIO B JaHHBLIX KOHKPETHbIX YCJOBHAX pa3psla.

Bonbumoe Bauanne Ha Bennuusy Kycn OKasunBaer CTpPyK-
Typa nopHCTOro sjeKtpoia. Kaxauit THRn 3jaekrpola xa-
PaKrepH3yeTCsl onpelleJieHHbHM COOTHOLIEHHeM NapaMeTpoB
CTPYyKTYpnl (CM. 1.3), TakuX, Xak NOpHCTOCTb, (aKTopnl
H3BHJIHCTOCTH H LIEPOXOBATOCTH, YHeJbHAs NOBEPXHOCTb.
HIX onTuMa’abHOCTL onpefensieTc YCJIOBHAMH 3KCIayara-
uun XUT.

CylecTBeHHYIO pPOJIb HTpaeT KOHCTPYKLHS 3JeKTpoja.
Tak, Tokopeaymluf KapKac OTKpDHTOr0 THNa CO3faeT Jyu-
fije NPeANOCHAKH AN BbICOKOTo 3uaueHHs Kycn, ocoGeHHO
npH nosblilenHOd TOkOBOH wuarpyske. EMkocTs 3aBucHT
TaKXKe OT MarepHana H CBOHCTB cenaparopa: TEHREHIHIO K
CHHXXEHHI0 eMKOCTH NPOABAAIOT cenapartopH, obGaajawooline
NOBHUIEHHBIM 3 (eKTHBHHIM 3INEKTPHUECKHM CONpOTHBJE-
HHEM,

Cpean Buemnnx ¢$akropos nepBocTeneHHOe 3HaueHHe
HMeET CKOPOCTb pa3psiga. B 3aBHCHMoCTH 0T pa3psajHOro
TOKa BeMHUHHA Kycn, 2 C Hell H pa3paiHasl eMKOCTb MeH$-
€TCH B IUHPOKHX npeienax. B xauecTse THNHYHOTO npuMe-
pa Ha puc. 3.3 nokasaHwl paspaiHHe KpDHBHE MIeJOYHOrO
HHKe/lb-KaIMHeBOro aKKyMyJATOpa AJAS CHJIBHO pasjH4alo-
HIMXCH TOKOB pa3p#ia, NoCTpoeHHHe B Koopamnartax U—C.
C pocroM BeauuuHe / He TOJMBKO OIYTHMO CHHXKaeTcsl
paspsjHoe HanpsKeHHe, HO H 33aMETHO NajaeTr eMKoCTb.
Bausinne o6bACHAETCA DPa3NHYHBIMH NPHYHHAMH, KOTOpHe
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HocAT obuii Xapaxrep. Bo-nepmeix, pocr Toka, Kak npa-
BHJIO, yCHJIMBaeT 3{deKT nacCHBauMH 5JeKTPOAHON NOBEPX-
HocTH. BO-BTODHX, C POCTOM TOKa MOBHINAeTCs KOHUEHTpa-
IHOHHA#  moJAApu3a-

IHsA, 4T0  ocobeHHO 14

XapakTepHo s no- ;.1'2 1

PHCTHX  3JeKTPpomoB. 3, -

B-rpetsax, pactyr X A N,

OMHueckHe notepu Ha- S 4f 3

npaAXeuusl, uTO, Kak X

CleAyeT M3 YypaBHe- é 20 X 6 80 100

Hua (3.1), npuBomuT Enxacme, % em Womuransiod

K npeXAeBpeMeHHOMY

HOCTHIKEHMIO BelIHuH- Puc. 3.3. Paspsanuie XxapakTepHCTHKH
WeJOYHOI'0 HHKeJNb-KaJMHEBOIO 8aKKYy-

unl Ux. Hakowen, c MyasTOpa:

POCTOM  TOKA BO3DA-  youy paspana K (1), L(2), 1 (3); L=
CTaeT  HepaBHOMep-  =5.=125,

HOCTD  MOJSADH3aUHH :
NOPHCTOTO 3JeKTPoAad, a TaKXe CHHXKaercs ero s¢dekTus-
HOCTb 33 CYeT CMCILEHHS 3JEKTPOXHMHUYECKHX peakuud B
30Hy ¢poHTaabHON noBepxHocTH (cM. 1.3), 4TO 3aMeTHO
CHuXaeT BeJHUYHHY Kucn.

[Mockoasky xapakTepHas AJHHa MOPHCTOrO 3JEKTPOAA
1 no mepe cHHXeHHSl TOKa yBeJHYHBaeTCs, Pa3psif CTyneH-
YyaTHM TOKOM NoBuiiiaeT emkocts XHT

C = Il‘tl-l-lgfg—f- P AT
npu yciaosu#, uro 1 >I:> ... I,. YBenuuenne eMKOCTH Npo-
HCXORHT 32 CueT BoBJeueHHs B TOKooGpasyiomluii npouecc
AKTHBHOrO BellleCTBa, Haxojsllerocs B 60Jee TOHKONODH-
cTOfl YacTH aKTHBHOH MacChl.

Ananoruunnifi 3¢¢dexT noBHlleHHA €MKOCTH HabJaioAa-
eTCl NpH NpPepHIBECTOM PeXXHMe pa3psja No CPaBHEHHIO C
HenpepHIBHHIM Pa3pagoM TeM Xe TokoM. B nepuoan nays
npoucxognt AudpPysnonnoe BHpPaBHHBAHHe KOHUEHTPALHH
3JIeKTPONHTa, 4 B HEKOTOPbIX CAy4afiX — H KOHUEHTDauHH
aKTHBHOTO BellleCTBa. JTO TaKXe MOBHMAET Kycn.

ITpeanpuHuMaanch HeOZHOKpaTHHE MNONHTKH YCTaHO-
BHTb KOJIHUeCTBEHHYIO CBA3b MeXAY TOKOM pa3psga # (ak-
THYeCKOR pa3psagHOR eMKoCTbiO. ¥YAauHOR clelyeT nmPpu3HaTh
aMnupHuecKyio ¢dopmyay Ilefikepra, npelANoXeHHyl0 AJA
CBHHIOBHX AaKKYMYJSATOPOB H, B nepsoM npub6JHXKeHHH,
npHemdemyio Aas XHT ppyrax cucrem:

I*t=K, okyna I*"'C==K, (33)
rae z # K— xoncranTel, 3aBncsamue ot cucremd XHT,
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KOHCTPYKTHBHBIX H TEXHOJOIHYeCKHX OCoGeHHocTedl HCTOY-
HHKa TOKa.

Koncrants 2 u K onpeienfior SMNHpHYECKH JJA Orpa-
HHueHHOro mHTepBala toka fi—Is 3Hasa emkocts C, npH
paspange TokoM /i, MOXHO pacuetHo HafTH eMKocTh Cx
npu toke I, npn ycaosus, uro ) <Ix<Is:

Ce=Cy(Iy/1 >

CyuiecTByioT pa3jiMuHbie Cnoco6b OIEHKH CKOPOCTR
paspaga XHT. KpHrepHeM CKOPOCTH 3JIeKTPOXHMHUECKOHR
peakuuH, Kak H3BeCTHO, CJYXHT MJIOTHOCTb TOKa. IIpn
pa3spsifie KOHKPETHOTrO HCTOYHHKAZ TOKa INIOHiaAb 3JeKTpoA-
HOH nOBepXHOCTH OGHLIYHO OCTAeTCH HeH3BeCTHOH, H MO3TO-
My O CKOpocTH TOoKooGpasylollero npolecca CyadT no Be-
JHYHHE TOKa,

CyuiectByer Apyroff cnoco6, mo KOTODOMY CKOPOCTh
pa3psana olleHHBaeTcS BPEMEHeM OTJa4H HOMHHaJbHOH eM-
kocrn. Hanpumep, 20-uacoBofi pexuMm paspsina o3Hayaer,
4YTO TOK paspapga uncaeHno paeeH 1/20 HomuHaabHON eM-
kocrn XHT, nan Ip0=0,05 CyonA. Ymcio, obpatHoe mpo-
ROMHTEJNBHOCTH pa3psia, NpeAjJoXKeHO Ha3bBaTh HOPMU-
posannbim TOKOM paspsda j. B namiem npHmepe HopMHpo-
BaHHBfI Tok paspsga paeeh 0,05 y~'. Ilaa 5-uacoBoro
pexnma paspana /5=0,2CyonAd; j=0,2 u~, gas 30-MHHyT-
Horo pexuma paspana Jos=2/1=2Cyond, j=2 4! u 1. 1.
TepMHAH «HODMHPOBAHHBA TOK® HeJb3sl NMPH3HATH YNAUHBIM,
HO caMm cnoco6 OLEeHKH CKOpDOCTH pa3paga seanumHoi /:
HJIR j yHHBepcajeH, TaK KaK NO3BOJfeT YHHDHIHPOBATH
peXnMbl pa3pfna He3aBHCHMO OT pasmMepa H THNa HCTOY-
HHK& TOKa.

[Ipunato pasanuath chaepylomine peXHMb paspsaja:
Oaureavuvid npn 1<0,1Cuon, cpednud mnpH 0,1Cuu<<I<
<1Cyou 1 xoporxuii npu I>=1Cyon. HHorpa suaensioT
ceepxxoporkud, win gopcuposannoil paspan npu /=
>3Cnou-

Jpyram BHemHnaM ¢akTOpoM, OLIYTHMO BJHSIOIIHM Ha
emkocte XHT, sBasercss temneparypa saekrpoanra. Pocr
TeMneparyphel N0 CpaBHeHHIO co craHpapTtHoli (25°C), xak
NpaBHJIO, HECKOJBKO yBelHuHBaZeT eMKOCTh 34 CueT Bo3pa-
CTaHus ckopoctd AHd¢y3un HOHOB H NOBHILIEHHS PacTBO-
PHMOCTH NMPOAYKTOB pa3paAna, o6jajaloniiX nacCHBHPYIO-
w#M 3ddektom. CooTBeTcTBEHHO NpPH CHHXEHHH TeMnepa-
TYPbl €MKOCTb yMeHbilaeTcs.

IIpn nomuXeHHOA TeMmepaType OCHOBHOE BJHNHHE Ha
najedue pas3pAKHON eMKOCTH OKa3biBaeT 3aMeajeHue AHG-
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{dy3un B o6bemMe NMOPHCTOrO 3JEKTpPola, a TakiKe CHHKEHHE
PaCTBOPHMOCTH NPOMEKYTOUYHBIX NPOAYKTOB 3JeKTPORHOI
peakuHH, nporekaiolledi no XKHAKOPA3HOMY MeXaHH3My.
IlostoMy no Mepe cHHXKeHHf TeMmmepaTypel JONyCTHMbE
TOKH pa3pfAfa yMeHbumalorcs. ORHOBpeMeHHO BO3pacTaet
BHyTpeHHee omHYeckoe conporHBJeHHe XHT u pesko na-
laeT pa3pagHOe HanpsiKeHHe, YTO TOXe CHHXKaeT pa3psi-
nylo emkocrb. IIpn Temneparype —20°C MHorHe H3 pac-
MPOCTPAHEHHHX HCTOUHHKOB TOKa TEpAlOT eMKOCTb Ha
50—80%.

B o6aactn rtemmeparypml npHGansnTteésbHo or +10 a0
+50°C pas pacuera pa3spsAiHOH eMKOCTH IpH TeMIiepaType
{ MOXHO HCNOJB30BaTh JHHEAHYIO 32BHCHMOCTD:

C;=C25- [l + a(t — 25)},

rge a— TeMnepaTypHbifi koaddHUHEHT, onpenenseMbil M-
HNHPHUECKH.

Ewmkoctb C,, coobuteHHass BTODHYHOMY HCTOUHHKY TOKa
np# 3apsape, Bcerja Bbillle paspsgHofi emkocth C. Pasau-
yHe CBA32HO C NPOTeKAHHEM NPH 3apsje NHOGOYHLIX 3IJeK-
TPOAHBIX PeaKuHi (HanpuMep, SJAEKTPONH3a BOALI), HA
KOTOpble TPaTHTCA 4YaCTh KOJHYeCTBa 3JeKTpHuecTBa. 3¢-
ek THBHOCTb 3apAAHO-Pa3PAAHOTO IHKJIA OLEHHBAETCA KO-
spdpuuneuTom orgaun no emroctH Kc (%):

K. =100 C/C,.

dneprus # MOMHOCTb, C TOUKH 3peHHS ODKCIIYATANHH
XHUT eMmxocTb npeacTaBAfieTcs BaXKHOH, HO HeROCTATOWHON
SJIEKTPHUECKOH XapakTepHCTHKON, MOCKONIbKY OCHOBHas# 3a-
laya pa3spasa HCTOUHHKA TOKa 3aKJlouaeTcsi B reHepupoBa-
HHH 3JIeKTpo3HeprHH. Inepeued XHT naswBaloT 3HEPruio,
KOTOpas OTAAaeTCH BO BHEIIHIO Lenb NMpH pa3paje Ao 3a-
ABHHOTO KOHe4YHOro HampsimeuHsl. Homunarvuyo nepzuto
HCTouHHKa TOoK2 Wyom paCCuHTHIBAIOT N0 dopMyse

Wuou = cuouUcp-

Pacuyet sHeprHH B yC/IOBHSX, OTJIHYAIOMIHXCS OT HOMMHAJb-
HHX, onpejenfseTCss peXHMOM pa3psjga. B obmem cayuae

W=.f IWd-.
0
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an paspajie Ha NOCTOAHHOe BHELIHee CONPOTHBJACHHE

T

W= 1/R, (5 Uzdr.

Ilpn pacuere 3Hepru# Hapsly C CHCTeMHOH eXWHHIeH
(k[I3x) uyacTo HWCMOJB3YIOT TPALHIHOHHYIO BHECHCTEMHYIO
exununy Br-u (FOCT 4.362—85). Hanomuum, urto
1 Br-u=3,6 xI1 x.

Ias cpasunTedbHON omenxkd 3Heproemkoctd XHUT pas-
JHYHHIX 3JIEKTPOXHMHUECKHX CHCTEM, THIIOB KOHCTPYKIHH H
pasMepoB, KOTOpLI€ pa3J#YaiOTCH He TOJNBKO Pa3pARHEIMH
HanpsKeHHeM # eMKOCTDbIO, HO # MaCCOH, CAYXKHT BeJAHYdHA
yOeavrod nepeuu. Hanbosee NpPaKTHUECKH BaXHON. ABAA-
eTCs MaccoBas yAeJdbHas 3HePrHA KaK 5HeprHa npu pas-
pafe, oTHecenHan K enunnme Maccu XUT (Brt-ufkr):

Wyx= W /mxur. (3.5)

B Tex cayuasx, Korga onpeneisioninM (paKTopoM sBJAH-
eTcd He Macca, a o6beM MCTOYHHKA TOKa (Manmpumep, HC-
TOYHHK TOKA AJA 3JAEKTPOHHBX 4acOB HJAH MOPTaTHBHOR
MaKpoDBM), peilaouiyio poJb HrpaeT o6beMHas yaelb-
Han sHepras (Br-u/pm3):

Wyl = W/Vxur,

rie Vyupr —raGapuTHuii 06beM HCTOUHHKA TOKa, AMSE,
[peanocuiakn ajas BucOKo# ygeabHoit 3sHeprum XUT
CO3JaeT BLICOKAR TeOPeTHUeCKAdA YNAeJbHAH 3HeprHA 3JeK-
TPOXHMHUECKOii CHCTeMu W7y, OTHeCeHHas K MacCe TOJbKO
aKTHBHHIX BeHIeCTB (M 3JEKTPOJIATA, eCJH OH CTeXHOMEeTpH-
YeCKH Y4acTBYeT B 3JeKTpPOOHLIX peakumsux). Ilpm sTOM
HCXOHAT M3 uAeadbHHX ycaoBuli: U=E% Kuyn=1. B pe-
3yAbraTe Ha OCHOBe 3aKoHa Papames ¢ yuetoMm (3.5)
HMeeM:
wr w® E°T<
Y2 m 3t m_ + mone =q+l‘t+q._l‘t+qsn-'rl1: =
EO
T g+ +q—+ gons

rae My, M- B Msy.r— IKBHBAJEHTHHE MAacCchH aKTHBHOTO:
BeINecTBa 3JIEKTPOAOB H 3JEKTPOJHTA COrJIaCHO CTEeXHOMeET-
pHYECKOMY YDaBHEHHIO PA3pANA; §4, §— H §sp—r — NEKTPO-
XHMHYECKHE 3KBHBAJEHTH AKTHBHHX BEHIECTB M 3JEKTpO-
JIATA,

Taknam o06pa3oM, BLICOKOH yaeanno#t sHepran XHWUT
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CNoCOGCTBYIOT BHICOKOE 3HaueHHE HAMPAXKEHHS 3JEKTDOXH-
MHYeCKOH CHCTEeMbl H HH3KHE 3JeKTPOXHMHYeCKHe 3KBHBa-
JICHTH BeHIeCTB, YyYaCTBYIOHIHX B TOK0OOGpa3yiomiHX peak-
HUAX.

Macca peaJbHOro HCTOUHHKZ TOKa COCTOHT M3 MAacCCHl
co6CTBEHHO 3JIeKTPOAOB, 3JEKTPO/NHTa H cenaparopa, &
TaKXe MacCH pa3sHoOOGpasHbLIX 3JIEMEHTOB KOHCTPYKIHH OT
Kopnyca A0 TOKONPOBOASHIHX NepeMulueX; B Maccy Gara-
peH MOTYT BXOAHTb BCNOMOTaTejIbHLIE CHCTEMbl TepMOCTa-
THPOBaHHA, KOHTPoJA 3apsaja H Ap. Ilostomy na mnosuiie-
HHE YAeJbHOR 3HEPIHH BJAHAET He TOJbKO YMEHblLIeHHe No-
JSPH3AUHH 3JIEKTPOAOB H YBeJlHuYeHHe KoaddHiHeHTOB
HCNOJb30BAHNA AKTHBHLIX BeHIeCTB, HO H CHHXXEHHe Mmare-
pH2/I0eMKOCTH KOHCTDYKIHH, @ TaKXe npHMEHeHHe KOH-
CTPYKUHOHHEIX MATEePHAJIOB ¢ HH3KO# mjoTHoCTbio, IIpH
3TOM OCT2eTCA aKTyaJbHOfi 3ajaya 3aMeHH MeTaJlJoOB He-
MeTaJl1aMH.

Hapsaay ¢ kospduunenrom Kc (3.4) npumeHsIoT Koad-
¢PuuHeHT oraaun no sHepran Ky (%):

KW = (Wlws) 100 = (CUcp,/Csua.cp) 100 = KCUcp/Ua.cp

rae W u W, — sHeprus, COOTBEeTCTBeHHO OTAdHHAsA NMPH pas-
paze H coobuteHHas npu 3apsae. Ouesugano, Ky<Kc, no-
ckoabKy Ucp/Us p<1.

B pAne cayuaeB npeacTaBAfieT HMHTEPEC MOUHOCTb
XHUT, T. e. KOAHYUeCTBO 3HeprHH, OTAAaBaeMOH B eJHHHLY
BpEMeHH:

N=W/t==1IU.

ITpu pa3psane Toxom /=const momuocts XUT nenpepniBHO
najaer Mo Mepe CHHXeHHA paspsijHoro HanpsixkeHus U.
Jlas KaXAOro HCTOUHHKA TOKa CyHIeCTByeT MaKCHMAaJbHO
JonycTAMas paspagHas MomHOCTb Naon, BhILlle KOTOPOit
paspsan TepfAeT MPAKTHYECKHH CMRICJ H3-32 UYpEe3MepHOrO
CHHXEHHA paspAAHOro HANPHAMKEHHR HJIH H3-32 ONAaCHOro
neperpeBa 3a CyeT BhIjeleHHS [XKOyJeBoil TenJoTH., Bean-
YHHA Njyon 32BHCHT OT pexHMa pa3pfija: mnpH HenpephiB-
HOM pa3psiie OHZ 3aMETHO HHXKe, YeM NPH HMIYJbCHOM,
KDaTKOBpEMeHH4sl Harpyska KOTOpOro yepeayercs ¢ naysa-
MH pa3JIHYHOR NPOAOJIKHTENbHOCTH.

3.2. DKcnnyatauMoHiBIE XAPAKTEPMCTHKM

Cpox cayX6m n TexHrueCKnii pecypc. B mpouecce 3Kc-
IIyaTauHu 3JeKTpHueckHe xapakrepucTHkn XUT yxymuia-
30TCA: NMajaeT cpefHee HANpSKEHHE, yMeHbIIAETCA eMKOCTb,
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CHMIKZIOTCH YyAeNbHbie XapakTepHCTHKH # K03GbGduIHEeHTHE
oTpauH. Pa6orocnoco6HOCTE MCTOYHHKA TOKa, CHHXKalollan-
CH B MepHOA 3KCIIyaTauMd noj BJAHSAHHEM HeoOpaTHMHX
NpOLECCOB, OUEHHBAaETCA CPOKOM cAyXKOH. B ofuiem cayuae
CpOKOM CaywclOvt u3desun Ha3blBAIOT KaJeHAapHYI0 NpoaoJ-
XKHTeNbHOCTb OT HauasNa IKCIAyaTAuHMH 1o Mepexoxa B mpe-
ZeJbHOe COCTOfHHE, T. €, B COCToflHHe HENpHTOJHOCTH K
JajabHeiieMy MCmoJib30BaHHio. Cpoky CayXO6u mpejiect-
BYeT CPOK COXPAHAEMOCTU, T. €. MepHOA XpaHeHHH 10 BBOAA
B 3KCNJAYaTalHIo.

Bausinne ¢akropa BpemeHH Ha xapaxkrtepHcTHkH XWUT
B MEepHOAN XpaHEHHs CYIIeCTBEHHO 3aBHCHT OT TOrO, HMeer-
cqd JH NpAMOR KOHTAKT 3JEKTPOJHTA ¢ 3JAEKTPOAAMH HJIH
Her. B mepBom cayyae XapakTepHCTHKH YXYAIIZIOTCH 3Ha-
YHTeNBHO ObicTpee, ueM Bo BTOPOM. Takum o6pa3om, no-
CAEACTBHA XpaHeHHN HCTOYHHKa TOKa B pabouyeM COCTOAHHH
(3aMMTRIM 3MEKTPOJHTOM) MOTYT OKa3aTbCsi COH3MepHMbI-
MH C NOCJAeACTBHAMH 3Kcmayaranuu. [To3ToMy cpok cayX-
6b1 HCTOUHHKZ TOKa unedecoobpa3Ho ONpeneNaTh CyMMapHoi
NPOAOMKHTENbHOCTBIO XpPaHeHHA B paboueM COCTOSHHH M
3KCNAyaTauHu.

Cpok cayx6m XHUT Bhipaxaercs HHTepBalAOM BpeMeHH,
B TeuYeHHe KOTOPOro HCTOYHHMK TOKAa COXpaHAeT XapaKTepH-
CTHKH, YCTAHOBJIeHHbleé HOPMaTHBHO-TeXHHYECKOH JOKyMeH-
Taudel (CTAaHAE2PTOM WM TeXHHYECKHMH YCJAOBHAMH). DTO
onpeieseHHe NMPHMeHHMO KaK K aKKyMyJasTopaM, Tak H K
nepBHYHBIM 3aeMeHTaM. OAHaKo cnocoObl OUEHKH, a TaKke
NPHYHHB, OrPaHHYMBAIOLIHE CPOK CAYXKOb nNepBHYHBIX H
BTOPHYHBIX HCTOYHHKOB TOKa, Pa3JHUYHbL.

Cpox cayx6u axxkymyasropos. KOHTposbHHM nokasa-
TelleM HCYePNaHHA CPOKA CAYKObl aKKyMyJasTopa HMAM aK-
KyMyaaropHo#t 6arapen oOOGbuHO ABAAETCH €MKOCTb NpH
pa3psage TOKOM HOMHHajabHOoro pexuma. Ecam, HanpuMmep,
CTAHAAPTOM yCTaHOBJeHO, YTO eMKOCTh B Npeneaax CpoKa
cayXOu pgonaxkHa Gbitb He MeHee 0,8 Chou, T0 npn C.<
<0,8 Cyou MCTOUHHMK TOKZ CUHTAETCH HENPHUIOAHBIM K 3KC-
nyaTanuu.

Ilepean m OCHOBHa® npHYHHA, COKpallAIOa® CPOK
CNyXKOB aKKyMyJAaTOpa,— NPOTeKaHHe HeoGpaTHMbIX Mpo-
LeCCOB, NMPHBOAALIHX K MCKAXKEHHIO ONTHMANBHOH# CTPYKTY-
PH aKTHBHBIX MacC, K MaCCHBAUHH 3JeKTPOAHOH NoBepXHO-
CTH, K H3MeHeHHI0 (a3oBOro cocraBa 3JeKTPOROB B 3aps-
XeHHOM M pa3psiKeHHOM cocTosiHHAX. Bce 3TH npomeccn
nabmonalorcs I1aBHRIM 06pa3’oM NpPH UHKAHPOBAaHHH, BCe
OHH TaK HJIH HHaye COKpaHlalOT padouylo MOBEPXHOCTH
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3JIEKTPOAOB H CHHXaIOT KO3(QdHUMeHTH HCNOJb30BaHHA
AKTHBHBIX BellleCTB. B pe3yJibTate HenoCpeACTBeHHOH NpH-
YyHHOH MCuepnaHHs Cpoka CJyXObl CTAHOBHTCH HEBO3MOX-
HOCTh 3apHAATb aKKyMyJasatop no tpeGyeMoit emkoctH. Ilpn
aTom coobllaemMas 3apaaHas eMKOCTb 3aTpauHBaeTcd mnpe-
HMyUECTBEHHO #a nobOuHbIe JeKTPOAHble NMPOUECCH, yalle
BCero — BbiAeJeHHe BOJOPOAa M KHCJAOPOAa.

Btopas npuumMHa, orpaHMuHBaiomlas CPOK CAyXOHW ak-
KyMyJaaTOpa,— KOpPO3HOHHOE H 3DO3HOHHOE paspylleHns
3JeKTPOAOB H ADYTHX 3J]eMEeHTOB KOHCTPYKIHH MOA JAedcCT-
BHeM 3JJIEKTPOJIHTZ, & TaKikKe MeXaHHYeCKHX H TemJOBbIX
Harpysok.

Tperbs mpHunna — napyilleHHe NPaBHJA  IKCIIyaTalHH
aKKyMyJATOpOB. B OTanune OT NepBhIX ABYX 3Ty NMPHYHHY
chenyer cuntath cy6beKTHBHOf,, Tak KaK OHa cBfi3ana ¢
ypOBHeM KBaandukauun oO6CJyXKHBaloUlero nepcoHaja.

B HOpmaTHBHO-TexHMYeCKOH ROKYMEHTALHH Ha aKKyMy-
JATOD HAM aKKyMYJATODHyi0 6arapeio yKa3aH He TOJBKO
rapaHTHpOBAaHHBIH CPOK CAyXKOHW (3KcnAyaTallHH), HCYHC-
JseMbli rOZAaMH, HO H CPOK XpaHEHHS He 3aJIHTOrO 3JekK-
TPOJNHTOM HCTOUYHHKA TOKa. CpOK XpaHeHHst 3aMeTHO 6oJb-
e cpoka CJayXG6bl, OH JHMHTHPYeTCH yaiie BCEro TBepmo-
¢pasnbiMn npoueccaMu HeoGpaTHMOR peKpHCTaMIH3ALHH H
arJIoMepauHH akKTHBHBIX Mace, a TakKXe CTapeHHs HemetaJ-
JIHUeCKHX MarepnanoB. Moryr urparb 3amerHylo poJib #
Nponeccsl KOPPO3HOHHOTO pa3spyllleHHs MeTalJNHYecKHX ne-
TaJei.

Texunueckuii pecypc akKKyMmyJaTopos B nHkaax. PaGo-
TOCNOCOOHOCTD aKKyMYJAATOPOB B NePHOL 9IKCNAyaTaiH#
OLEHHBAIOT TaKXe BeJHUYNHOH TEXHHYECKOrO pecypca B IHK-
Jax, T. €. YHCJIOM 3apAfHO-Pa3pAAHBIX WHKJIOB, KOTOpoOe
BOMXKeH BblAepXHBaTb aKkKymyJdsaTop (6Garaped) mpu 3KC-
NJyaTauuy MM HCNHTAHHAX, NOKa eMKOCTb He CHH3HTCH
IO onpejesieHHOX AOJMH OT HOMMHAJABHOH BeJMUMHH. MHHH-
MaJbHO JONyCTHMas €MKOCTb, OrpaHHuYHBAIOIIa® TeXHHYe-
CKnii pecypc KOHKPETHOTO HCTOYHHKA TOKa, cOBmajaer C
€MKOCTBIO, KOTOpas ONpejensieT ero CPOK CJyXKGH.

Ins cTabuabHOro 3apsAHO-PA3PANHOrO peXHMa pecypce
B UHKJIAX MOXeT GHTbL OnpejefeH B pealJbHHX YCJOBHAX
akcnayataund. OxHako GoJlee BOCIPOM3BOAMMbIE pe3yJbTa-
Thl NOJY42IOTCH B YCJOBHAX CTEHAOBHX HCHHTaHHH, npH
KOTOpBIX peXXHM 3apsja M paspaia MOARAETCH CTPOTOMY
KOHTDOJIIO.

Ilnanason TexHHuecKOro pecypca upesBpluafiHO LIMPOK —
OT NATH A0 JeCATKOB THICAY UHK/IOB B 3aBHCHMOCTH OT CH-
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CTeMH H KOHCTPYKIMM AKKyMyJATODa, 8 TaKXKe pexuma
unkanposandsi. Boabuiyio poab urpaer rayGuna paspsaa:
NpH HEeMoJHOM paspAjge pecypc B HHKAAX 3aMeTHO yBeJH-
ynsaercs. [IpHuMHH CcOKpauieHust pecypca aKKyMyasropa
B HHKAAX TE e, 4TO H JHMHTHPYIOIIHE CPOK ero cAyXObi.

Cpok cayX6n NMepBHYHBIX 3JEMEHTOB. JTOT CPOK CKIAa-
AbIBaeTCH H3 CPOKA XPaHeHHH A0 HAuana IKCMIyaTallun H
cpoka 3akcnayarauud., OfHAaKo B OTJIHYME OT AKKyMYJSTO-
pOB NEpBHUYHBIE 3JAeMEHTH 3KCIIYaTHPYIOTCA 3HAUMTEbHO
MeHee HHTeHCHBHO, NOJABeprasch JHUIb OAHOKPaTHOMY pas-
pany. Pa3spsag moxeT GuHTb HenpEePHBHBIM MJIH NpepbiBH-
CTHIM, uyepenyscb ¢ nay3amu. ITosTomy ecau cpok ciyXGH
aKKyMYJIATOPOB JAHMHTHDYETCH NpOLeccaMH, NPOTEeKAIoHIH-
MH DpexJe BCero NpH IMKJAMPOBAHHH, TO AN NEPBHYHHX
3JeMEeHTOB 4 Garapeft Goablioe 3HAUEHHe MMEIOT NMPOLECCHI,
BAHAIONINE HA NOTePI0 eMKOCTH B MEpPHOA XpaHeHHs A0 Ha-
yana paspsaja.

Cpok xpaHeHHSi A0 Hayana 3KCIVIyaTalH# TapaHTHPO-
BaH HOPMAaTHBHO-TEXHHYECKOW JNOKYMeHTAUHEA H Hepelko
yKkazan Ha toBapHO# 3tHKeTKe. CpOK e 3SKCIJyaranuH
MOJKHO FapaHTHPOBATh JHUIb B TE€X CAyYasX, KOTAa peX#M
paspsajga CTpPoro pernaMeHTHPOBAaH (Hanpumep, Anaa Gara-
ped 3neKrpokapauocTEMyaaTtopa). ¥ noaasJsiomero 60ab-
IWIHHCTBA NEPBHYHHX HCTOUHHKOB TOKA MapaMeTpnl pasps-
Aa (TOK, NpOOJIKHTENbHOCTb, HJIHTEALHOCTb May3, TeMmme-
patypa) H3MEHAIOTCA B LIHPOKHX HpemenaxX H BeCbMa
NpPOH3BOJIbHO, JOCTATOUHO HA3BATh 3JEMeHTH AJAS NMUTAHHA
NOPTATHBHBIX PajHONPHEMHHKOB HJAH MarHuTodoHOB. Muo-
FHe ¥3 HHX ABASIOTCA MHOFOLEJNEBHIMH N0 Ha3HAueHHi0 H
paccunTann Ha pasHooOpasHbie peXHMbl paspsaga. B athx
YCAOBHAIX CPOK IKCNAYaTauHH MOXET H3MeHATHCH B OYeHb
LiZPOKOM HHTEpPBaNe — OT AECATKOB MHHYT fI0 HeCKOJbKHX
Jer.

Ias npoBepkH rapaHTHpPOBAaHHOTO CPOKa XpaHeHHs, KaK
H APYTHX XapaKTepHCTHK, OT KPYNHO# npoMbilliieHHOR nap-
THH 3JIeMEHTOB HAu Oartapei oTOupaior onpexejeHHOe YHC-
N0 06pa3uoB B HX NOABEPraloT HeOGXOAMMBIM  KOHTPOJb-
HHM ncnuTanuaMm. Cpok cayx6u nepsuundx XUT, takam
o6pa3oM, onpenenseTcs B 3HAUATEJNbHOR cTeleHH nortepe
€MKOCTH 32 CY€T NpPOLECCOB, MPOTEKAICIUIHX CAMONPOH3BOAb-
HO A0 Hauyaja pa3psafa WJIH B NEPHOAbL AJNHTEJNbHBLIX Nay3.
XapakrepHCTHKa, HenmocpeJCTBEHHO CBA3@HHAS C 3THMH NO-
6GOuNBIMH TNPOLECCAMM, HA3BIBAETCH COXPAHHOCTHIO 3apsaja.

CoxpaHsocTs 3apaaa M camopaspaa. CoxpanuocTh 3a-
paza XHUT — 3to cBoOficTBO HCTOYHHKA TOKa COXpAHATL eM-
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KOCTb BO BpeMSl XpaHeHHSl NPH Pa30OMKHYTOil BHelIHeil me-
nu. Ecan gna nepBuUHBLIX 3J€MEHTOB COXPAaHHOCTb 3apaja
HenoCpeJCTBEHHO BJHSET Ha CPOK CJYXOBl, TO AJA aAKKY-
MYJAATOPOB NOROOHOH B3aHMOCBA3H HET: MNOTEPI0 eMKOCTH
Np# XpaHeHHH 3apSAIKEHHOTO AKKYMYJATOPA JErko KOMNeH-
cMpoBaTh npu 3apsaje (waH nog3apage). Bo3moxHo TakKe
XpaHeHHe aKKyMyJAATOpa B YCJOBHSX HEeNpepblBHOrO MNOA-
3apaza.

Mepofi noTepu €MKOCTH 3a BPeMAl XPaHEHHS T CJYXKHT
BeJIHUHHA CaMOpa3paAa HCTOYHHKA Toka S: (%):

S, =100 (Co— C)iCy, (36)

rae Co— eMKOCTb CBEXe3apsKeHHOr0 aKKyMyasTopa Ha
npeabiAyHleM LHKJEe HJIH yCpeJHEHHAfl €MKOCTb 3JEMEHTa;
C,—eMKOCTb N0 HCTeUeHHIO BPEMEeHH T NPH pa3psje B TOM
xe pexume. [Ipu pacuere camopaspfiia nepBHUHBIX 3Je-
menToB Beauunny C. CpaBHHBAIOT C yCpeAHeHHOH pa3psl-
HOH €MKOCTBIO FPYynnbl HCTOUHHKOB TOK2 TOH e MpPOH3BOA-
CTBEHHOM NapTHH. :

3aBucuMocTb C.—T, KaK npaBuio, HeJHHeHHa, camopas-
pax OGbIYHO MPpOTeKaeT HanboJiee HHTEHCHBHO B HAyaJbHLIA
nepHOJ XpaHeHHA, a 3aTeM NOCTeNneHHo 3aMmejnJtsercs GJa-
rojapsi MacCHBALHH NOBEPXHOCTH 3JEKTPOAOB NMPOAYKTaMH
peakuuit. ta 3aKoHOMepHOCTL xapaKrepHa aas XUT Gouab-
wHHcTBa chHereM. Mckalouenne cocraBasiior pe3epeHbie HC-
TOYHHKH TOKd, KOTOPHE 3a KOPOTKOe BpeMs caMopaspsixka-
IOTCHl IO HYJIA.

[1prunn, Br3biBalomue camopaspsy XHT, secbma pas-
noo6pasubl. OHH CBA3aHHl KaK ¢ 3JEKTPOXHMHUYECKHMH
CBOACTBAMH, TaK H C KOHCTPYKTHBHBIMH OCOGEHHOCTAMH HC-
TOUHHKA TOKA, a2 TaKike YCJIOBHAMH OKpyXaiomei Cpejbl.

Inaenyio poss Hrpaetr BsaumopeicTBHe aKTHBHLIX Be-
IMeCTB ¢ KOMNOHEHTAMH 3JEeKTPOJHTA, a MHOrKAa — H 3JEK-
Tpona. Hame Bcero camopaspsj mnpoTeKaeT C yyacTHEM
MoJsekya Boawl, HoHoB H+ u OH—. Ilpu stoM sjexTpoxumn-
YecKH o6pasyiorcs BOJZOPOA M (HJIH) KucJaOpoA. [MonoGHwift
MexaHM3M caMmMopaspsfga TePMOAHHAMHYECKH BO3MOMKEH,
€CJIH pPaBHOBECHBIl MOTEHUHAJ 3JEKTPOAA HaXOAHTCH BHE
30HH MeXAY OOpaTHMBIMH NMOTEHUHANAMH KHCJIOPOAHOro H
BOJAOPORHOrO 3JeKTpoaoB wupuuo# 1,23 B (25°C).

Ha puc. 3.4 nokazano B3aHMHOE COOTHOLICHHE MOTEH-
UHAJOB CaMblX PacnpoCcTPaHEHHBIX 3JeKTPOIOB (cM. Tabua.
2.1) ¢ noTeHuHAJaMH BOAOPOZHOrO H KHCJAOPOAHOrO 3JEK-
TponoB npu coorsetctByiomeM pH. Cyas no pucyuky,
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CPel NpPEACTABJAEHHBLIX 3JMEKTPOXHMHYECKHX CHCTEM HeT
HHU OfHOH, y KoTtopoii 06a 3aexTposa HMeau Oul paBHOBeC-
Hble NOTEHIHaNbl BHYTPH 30HBl TEPMOJHHAMHYECKOR YCTOM-
yHBOCTH BOAb. CaenoBa-
TeAbHO, JdI000i1 H3 HC-
TOUHHKOB TOKa (pHc.
3.4) TeopeTHueckdu nof-
BepXeH camMopaspazy,
=71 1 peanbHas CKOpPOCTb KO-
TOPOrO 3aBHCHT OT CO-
- yerauns ¢dakropos,
BJAHAIOMIHX HA KHHETHKY
.———{ 3MeKTPOXHMHYECKHX pe-
akuu#i. Hanpumep, co-
Pb0;) xpanmocTe 3apsna 3ne-
T LS MeHTOB (cM. cxemy 2.1)

MOXeT HCUHCJATbCA AAA

Pic. 3.4. CoorHomende paBHOBECHHX OAHHX CHCTEM Huacampy,
NOTeHWHANOR 3MeKTpoLos uekoropux AJMNH APYTrHX — rojamu.

MEKTPOXHMHUECKHX CHCTEM M noTefl- Tunuynas cxema ca-
uxHanos Bopopoatioro (I} € Kucaopoa- Mopa3psajia OTpHLATeNb-
oro {2) 3AeKTPOAOB B 3ABHCHMOCTH HOTO MeTaNTHIeCcKOro

pH
)

-~
="

12

IH— - /
15 10 -5 0 g

ot pH pactropa: M
cpenis  30Ha — ofnacts TepMOAHHaMuue- .’-)JIEKTpOlla ¢B menoq-
CKOA ycTofHBOCTH BOAW HOM 3JIEKTPOJHTE CYyM-

MHpyeTcs H3 ABYX B3a-
HMHO CONpPSIKEHHBIX 3JeKTPOXHMHYECKHX peaKilHi:

Me + zOH— -» Me (OH),; +- ze— (anoguan peakuds camopa3paia)

2H90 + ze— — z/2 H; 4+ zOH— (xaropnas peakuns
BH/IENIEHHS BONOPOAA)

Me + zH 0 — Me (OH); + 2/2 Hy (cymmapuas peakuus) (3.7)

B KHCAOTHOM 3JE€KTPOJIHTE CAMOPA3PAN OTPHLATENALHOTO
3MeKTPOAA CBOAMTCA K HOHH3auuu Meraana Me—Me?*+
+2¢~, a conpsxeHHOR ABAAETCA peakUHHA BOCCTAHOBJAeHHS
HOHa THAPOKCOHHS A0 BOAOPOJA:

Hi0% + e~ — {/aHy + HaO

Cxkopocth camopaspsia Oymer 3d@BHCETb HE TOMABKO OT
Pa3HOCTH DPAaBHOBECHBIX MNOTEHUHANOB CONPSAXEHHHIX peak-
aHfi, HO M OT BENHYHHH MNEepeHaNpSXEHHS AAfA KaXJAoH H3
peakuuii. [Tonfpuzauua npH OKHCAEHHK 3JIEKTPOXHMHYECKH
aKTHBHBIX MeTa//10B OOGbLIYHO HeBeJNHKAa, M JHMHTHpYIOLeH
B GOAbIIHHCTBE CJYy'laeB SIBJARKETCA KaTOAHAfA PEaKiHs Bhl-
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AeneHus Bogopoaa. ITosToMy NpHYHHH, CHHXKalOLIHEe BORO-
poAHOe nepeHanpsKeHHe Ha 3JeKTPoie, YBETHYHBAIOT ca-
MOpa3pfa, a MOBbIlIeHHe BOJOPOJAHOTO NepeHanpsaXeHH
NPHBOAMUT K CHHXXEHHIO CaMopa3psna H POCTy COXPaHHOCTH
3apsAfa HCTOUHHKA TOKa.

CaMopa3spsii NONOXKHTENAbHOrO 3JAeKTPOAA — Yaiie rHA-
pPOKCHAA HJAH OKCHAA MeTalja —B HIEJOYHOM 3JEKTPOJHTEe
ONMHCHLIBAETCS CJAEAYIOMIHMH THOHYHBLIMH CONPAXeHHHMH
peakImHAMH:

2Me (OH), + 26— - 2Me (OH),—1 + 20H— (xaToauas peakuuu caMo-
paspHaa)

20H— — 1/504 + HyO + 2¢— (anoAnau peakuus BueleHHA KHCJIOPOAA)
2Me (OH)n — 2Me (OH),_; + 1/909+H9O (cymmapuasn peaxuus) (3.8)

B cayuae okcuga meraana MeO, camopaspsiz MOXKeT
nporekato 2o Me,_, (x<71) B IMeJOYHOM 3JEKTPOJNHTE H
10 Me?t (y<2n) B KHCAOTHOM 3JIeKTPOJHTE, AJAA KOTOPOro
CONpsiXKEHHAast pPeaKUHA CBOAHTCA K OKHCJAEHHIO BOAM [0
KHCAOpoJa:

HyO —1/904 + 2H+ - 26—

Berpeuatores # apyrie cxeMbl caMopaspsia no 3Jek-
TPOXHMHUYECKOMY MexaHH3My. TakK, aKTHBHOe BeHleCTBO
OTPHUATEJBHOIO 3JeKTPOAA MOXET B3aHMOAefACTBOBaTb C
OKHCJIHTeNIMH, NMPHCYTCTBYIOIIHMH B 3JeKTPoJHTe (HOHH
Fedt, Co*t, MnQO4~), aKTHBHOE BeILIECTBO MOJOXHTEAbHOro
3NeKTpoJa — C BOCCTAaHOBHTENAIMH, BXOASHIHMH B COCTaB
aKTHBHoft mMacchl (caXa, rpagur). Bo3MOXHO B3aHMozgei-
cTdHe aKTHBHHIX BeHIeCTB MexXAy coGoil B pesyabrate pa-
CTBOpEHHSI OJHOTO H3 peareHTOB B 3JEKTPOJHTE, KaK 3TO
HMEeT MECTO B PTYTHO-UHHKOBOM 3JeMEHTe HJAH cepebpsano-
HIIHKOBOM aKKyMyJasiTope.

OnpejeseHHoe BAHSHHE HA CaMOPAa3psj OKAasblBalOT Mo-
Gounbie XHMHYECKHE peaKuHH. XapaKTepPHbLIMH SABJASIOTCA
peaxkuHH OKHCIEHHA MeTaJJMHYECKOro 3JeKTpoja pacCTBoO-
PeHHbIM B 3JEKTPOJHTEe KHCAOpojoM ¢ obpasoBaHHeM ¢a-
30BbIX OKCHIOB, KaK 3TO HabGalogaercss B CAyuae C LHHKOM,
HJIH NacCHBHPYIOHIMX CJOeB ajAcopGuHOHHOrO xapakrepa,
YTO CBOHCTBEHHO CHCTEMe »eJe30 — KHCJOPOL B ILEJOYHOM
snekrpoante. CHHMKEeHHe eMKOCTH Pa3HOHMEHHBIX 3JeKTpo-
OB npoTekaer € pasjiHyHONH CKOPOCTbIO, MOCKOJAbKY peak-
IHH CaMOpa3paia Ha NOJOXHTENbHOM H OTPHUATENbHOM
3JIeKTPOAax HAYT He3aBHCHMO OfHa ot apyroil. Haume Bcero
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COXPAHHOCTb 3apAjJa HCTOYHHKA TOKZ 3aBHCHT OT caMopas-
psiZia OTPHUATEJbHOrO 3JEeKTpoAa.

Camopa3psi, MOXKeT GbiTb CBfi3aH ¢ OCOGEHHOCTAMH
KoucTpykiun XHT. Tak, ectn akkyMyJATOpH HJH 3JIeMeH-
Thl BXOJAAT B cocTaB 6arapeu u coeZHHeHb NOCJEJOBAaTEdb-
HO, He HCKJIOuEHA NOTepPs eMKOCTH OJHOBPEMEHHO 3JEKTpO-
ZamMu o6OMX 3HAKOB 32 CUeT yTeukH TOKA. JaMKHyTas
3JeKTPHUECKAA WeNb peaJH3yercss nNpu NOSABNEHAH HA
KpBIlIKe MEXJY BbIBOAAMH TOKONPOBOASALIHX MOCTHKOB,
00pa30BaHHbLIX NJEHKOR 3JEKTPOJIHTA MAH aTMocdepHOH
Brard. ToK B UeflH NpPH NPOYHX paBHBIX YCJAOBHAX TeM
GoJbute, yeM Bhillle HANpSAKEHHE MEXJAY Pa3HOHMEHHBIMH
BoiBOAaMH. XOTS OMHUYECKOe CONpOTHBJEHHE NJIEHOYHBIX
MOCTHKOB, KaK npaBuJo, AOCTATOYHO BEJHKO, TEM He MeHee
NOTepH €MKOCTH MOTYT OKa3aThbCA OLIYTHMBIMH H3-32 IJIH-
TeJILHOCTH H HEeNpephIBHOCTH mpolecca.

Hanexuocts XUT. Ito ecrb cBOficTBO COXpaHATb BO
BpEMEHH B yCTAaHOBJIEHHBIX Npejesax 3HAUGHHS BCeX mapa-
MeTpOB, XapakTepH3aylolllkx paborocnocof6Hoe CcoOCTOSIHUE
HCTOYHHKA TOKa. [lapaMeTpnl OXBaTBIBAIOT peXHMbH H Xa-
PaKTepHCTHKH pa3pfja, a TAKKe YCJOBHS 3KCIJAyaTalHH,
XpaHEHHA U TPAHCIOPTHPOBAHHSA,

BaXHocTh HAJEXXHOCTH Kak 3IKCNJYyaTALHOHHOTO CBOM-
CTBa TPYAHO nepeoueHutb. [loteps paborocnocobHOCTH HC-
TOYHHKA TOKA MJH MPOCTO YXYALUGHHE ero XapaKTepHCTHK
JO YpOBHSI HHXeE JONYCTHMOrO, KaK MpaBHJAO, NPHBOAHT B
Hepabouee coCTOSIHHe MOTpeGuTeab 3JeKTpo3Heprud. HMHor-
A2 HEOXHAAHHBIH BHIXOJ H3 CTPOA HCTOUHHKA TOKA MOXeT
BH3BaTh KaTacTpodHueCKHe mocaexcTsud. MamecrHo, na-
npuMep, YTo OTKa3 GOPTOBOro HCTOUHHKA NUTAHHS KOCMH-
YeCKOro Kopabus <«AnoJnoH-13» efBa He CTOMA KH3HH
TpeM aMepHKAHCKHM aCTPOHABTAM.

HapexHOCTh fIBNAIETCH CAOMKHBIM CBOHCTBOM, KOTOpOE B
32BHCHMOCTH OT HasHauyeHus M ycJoBnil npumenenuss XUT
COCTOHT H3 coyeTaHHf 0Ge30TKA3HOCTH, JAOJrOBEYHOCTH H
COXpaHAeMOCTH. b5e30TKa3HOCTbI0O HA3WBAIOT  CBOHCTBO
XHT coxpanaTh paGorocnocoGHOE COCTOAHHE B TeYeHHe
olnpejesieHHOro BpeMeHH HJH HApaboTkn B uuKAax. Joa-
coseqnocty — ceofictB0  XUT coxpanare paGorocnoco6-
HOCTb A0 HACTyILJIEHHA INDPe/eJbHOro COCTOSHHSA N0 €MKOCTH
HJH MPOAOXKHTENbHOCTH pa3pana. CoxpanaemocTo ynomu-
HaJjlacb B CBA3H CO CPOKOM CAYXKOBl H ¢ MO3HUHA HALEIKHO-
CTH 03HAauaeT CBOHCTBO COXPAHATE MOKAa3aTeAn O6e30TKAa3-
HOCTH M JOJI'OBEYHOCTH B TE'GHHE H MOCJTe XPaHeHHs H
TPAHCIOPTHPOBAHHA.
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Kaxaufi HCTOUHHK TOKa MoOXeT OHTbh 0XapaKTepH30BaH
KONHYECTBEHHBIMH MMOKa3aTeJAMH HaJAeXKHOCTH — T2KHMH,
KaK BeposiTHOCTh Ge3orkasHofi paboTtel, cpelHHit pecypc
" ap. (FTOCT 27.003—83). 3uaueHus nokasatefeil Hamex-
HOCTH CYHIeCTBeHHO 3aBHCAT OT YCJAOBHH H peXHMOB pas-
pana. [TockoabKy oTKa3 Kak HapylieHHe paGortocrnocoGHo-
CTH fiBAfETCA CAyualiHuiM COObITHEM, @ MOMEHT HacTynJe-
HHSA 0TKa3a — cayuaiiHOR BeJMHUYHHONH, B TeOpHH HaleXHOCTH
AN MaTeMaTHYeCKOTO BLIDaXXeHHS MoKa3laTelded HaNeXHO-
CTH HCMOJAB3YIOT annapaT TeOpHH BepOATHOCTeH, a AAf
BbID2XKEHHS TOUEYHLIX H HHTEPBaJAbHBbIX OLEHOK Ha1eXHO-
CTH — NpHeMbl MaTeMaTHUeCKOR CTATHCTHKH.

ITpuunnn orkasa npu pabore XHT moryt 6bith CBA3a-
Hbl C BX KOHCTpYKIHeil, C TexHONOrHeli H3roToBAEeHHA H YC-
JIOBHAMH 3KcnAyarauuu. B HauaabHbiii nepuoj skcnayata-
IMH NPOSABAAIOTCA TAaBHBIM 00pa3oM OTKa3H, BbI3BaHHBblE
NMPOM3BOJACTBEHHBIMH NPHUHHAMH: NpPHMEHEHHEeM HH3KOKa-
yeCTBEHHHIX MaTepHaJOB HJAH HapylleHHeM [apaMeTpOB
TexXHoJoOrHueCKoTO fpouecca. B ckpwiToft ¢opme MoryT
NpOSABAATHCA M MPHUHHBI, CBA3anHble ¢ KoHcTpykunein XHT
(nanpumep, y3es repMeTH3aUHH CKOHCTPYHPOB@H HeyNauHo,
YTO 3aTpyAHAeT COOPKY aKKyMyJaATOpa H B OTAENBHBIX CAY-
Yagx NPHBOAHT K TeuH 3NekTpoaura). [lns ocHoBHOro me-
PHOJ2 3KCNAYaTalHH XapakTepHbl peAKHe OTKa3bl, BLI3BAH-
Hble cayuaiHbIMH npHudHamd. B 3akniountenshbiii mepuon
9KCMJIyaTallHH HacTynmaloT OTKa3bl, CBA3aHHble C Jerpajga-
el aKTHBHBIX Macc, CenapaTopoB, repMeTH3HDYIOUIHX
NpOKJafoK B APYTHX MaTepuHajoB H JeTanei. [erpanauus
KaK pe3yJbTaT NpPOLECCOB pPeKPHCTAMJNH3ALMH, KODPO3HH,
3p03HH B APYTHX HeoOpaTHMBIX SBNEeHHH yCHAHBaeTCH MOA
BJAHSIHHEM YCJOBHA pa3psifia HAH UHKAHDPOBaHHSA, ocobeHHO
3KCTpeMaNbHbLIX, TAKHX, KaK MNOBLILIEHHas TeMmIepaTtypa
HJH yBeJlHYyeHHe MeX@HHYECKHX Harpy3ok.

Pasnunuaior BHe3anHble M nNOCTeneHHble OTKasbl. Bre-
3anxbii 0TKA3 o3HauaeT notepio paborocnocoGHOCTH H3-3a
HEOXXHAaHHO NposBHBUIerocs Aedekra aerann HAH cHopoy-
HO#t eHHHLbI MO TNPHYHHE SBHLIX HAH CKPBITHIX TE€XHOJOrH-
YyeCKHX NedexToB, He o6HapyXeHHHX CBOEBPEMEHHO B MpO-
H3BOJCTBEHHBbIX YCAOBHAX (HanpuMep, KOPOTKOe 3@MBIKaHHe
yepe3 TpemluHy B cemnapatope). [locTenennbie OTKA3bL MO-
ryT ObiTh CBSI3aHBl C HefodeTaMu npu pa3paboTke H KOH-
‘CTPYHPOBaHHH HCTOUHHKA TOKZ HJM BLI3BaHBl OTKJIOHEHHS-
MH NMapaMeTPOB TEeXHOJOrHYeCKOro npollecca HJIH KaueCTBa
ucxopuoro coippfl. OHH NPOABAAIOTCS B  NOCTENEHHOM
npexOespeMeHHOM yXORe TeX HAH HMHEIX 3JeKTPHYECKHX
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napamMeTpoB 3a AOMyCTHMble Npelielnl (HanpHMep, OT LHK-
Na K UHKJAY COKpallaeTcs NpPOJOJKHTeJbHOCTH paspsaia
HJH CHHXK@eTcH pa3psaiHOoe HampsixkeHHe). Ecian BHe3amHble
OTKa3bl Pefikd, TO BepPOATHOCTb MOCTeleHHHLIX OTKa30B 3Ha-
YHTEJBHO Bbillle, OCOGEHHO B 3aKJIOUHTENBHBIH MepHO] 3IKC-
nayarauud. BeposTHOCTE OTKa30B MOBHILIZETCH N0 Mepe
YCJAOXKHeHHS! KOHCTPYKIHH HCTOUHHKA TOKa.

YayumweHuio noka3atefefi HaleXHOCTH MelllaeT UeJbl
pan cneuHduueckux ocobennocreft, mpucymux XUT: cuab-
Ha® M HepeIKO TPYAHOMpeACKa3yeMas 3aBHCHMOCTbL 3JeK-
TPOXHMHYECKHX CBOHCTB 8KTHBHBLIX Macc OT MHKpONpHMecei
H CTPYKTYPHbIX MapamMeTpOB, KOTOpble HHOTAA BHLIXOAAT
H3-TI0J, KOHTPOJS H3rOTOBHTeJefi HCXOZHOTO Chipba {(3TO
Kacaercsl NpeXie BCero TOHKORHCHEPCHBIX OKCHIOB M YH-
CTHIX MeTalJOB); GOJbIIOe UHCAO TEXHOJOTHYECKHX CTagHi
NpH H3roToBJeHuH 3JektpoioB H XHUT B uedom; OTHOCH-
TeJILHO BLICOKas yleJbHaf JOJAA PYYHOrO TPYA&, 4TO pac-
wupser 30Hy pa3bpoca NMapaMeTPOB OTAeNbHBIX TEeXHOJO-
rHYeCKHX ONepaiMii; TepMOAMHaMHYeCcKass HeCTaGHJIBHOCTD.
3/MeKTPOXHMHYECKHX CHCTeM, KOTopas HposBasferc MpH
HaJHUHH TIPAMOrO KOHTAKTa MeXIy TBepAO- H XHIKo(a3-
HHIMH (2 HHOrAZ M ra3odasHbiMH) KOMMOHEHT&MH.

Bce 3tu ocoGeHHOCTH MpHBOAAT K 6OJblleMy HJAH MeHb-
weMy pa3bpocy napamMeTpoB OJHOTHMHbIX 06pasuos. Haro-
TOBJIeHHe 3JeMeHTOB Ja)e Ha aBTOMaTH3HPOBAHHOH JHHHH
He N03BOJfleT H36exaTbh MoZOGHOrO HejoOCTaTKa, XOTH 30HA
pa3bpoca MapameTpoB B 3TOM cJAyuae cyXaercfl. IToatomy
nosuilllenne HazexHoctd XUT ceaA3ano nmpexzpe Bcero ¢
ycOBepllleHCTBOBaHHEM TeXHOJOrHH H3TOTOBJEHHS H MOBbI-
lleHHeM KauecTBa H CTaOHJABHOCTH CBOACTB HCXORHOTO
CLIpbSi H MarTepHaJoOB; C co3xaHueM GOJiee COBeplUEHHOTO
TexHOJOruuecKoro obopynoBanus anas npouasoacrsa XUT;
CO CTPOTHM COOJMIONeHHEM TEeXHOJOrHUeCKOH JHCUHMJAHHBI
Ha BCexX CTafHfX MPOH3BOACTBA.

O6menpUHATHM MeTOAOM MOBbIIEHH Ge30TKa3HOCTH
XHUT saBasercs QyHKyuONGAbHOE pe3epsuposarue, KoTopoe
MO3BOJIAET MOBBICHTH HaJeXHOCTb MO NOCTeNeHHbIM OTKa-
3aM. PyHKUHOHAJIbHOE pe3epBHPOBaHHe 3aKJI0OUaeTcsl B He-
KOTOPOM NpeBbillleHHH NapaMeTpoB MO CPaBHEHHIO C rapaH-
THPOBAHHBIM YpPOBHeM 3a CuYeT, HalnpHMep, OfpeleleHHOrO
3anaca aKTHBHOR Macchl HJIH JOMOJNHHTENBHOTO pa3BHTHA
3JeKTpopHO# moBepxHocTH. OHo obecneunBaeTcs Ha cTafuu
pa3paboTKH HMCTOYHHKa TOKa. B pesyibTate (akTHueckas
e€MKOCTh 3JeMeHTa MpH pa3psle B HOMHHaJbHOM DpeXHMe
MOXeT MNpeBbIlIaTh HOMHHAABHYIO eMKOCTb Ha 10—20% =n



Gonee, a CpOK coxpaHsieMocTH MoxeT umerb 20—30% -Huifi
3anac no CPaBHEHHIO C FAPaHTHPOBAHHBIM.

TexHUKO-IKOHOMHYECKHE XapaKTepHUCTHKH. B pa3BHTHH
XHUT cyuiecTBeHHYI0 poJib HMrpalOT 3KOHOMHHeCKHe (paKTo-
prl. CpeiH TeXHHKO-3KOHOMHUECKHX XapaKTepHCTHK AOMH-
HUDYIOHIMMH HBAAIOTCH Ce6ecTOMMOCTbL HCTOUHHKOB TOKA HA
CTajH¥ HX MPOH3BOACTBA H CTOHMOCTb 3JEKTPOIHEPrHH,
KOTOPYIO OHH BLIpa6aThiBalOT NPH 3IKCMJAyaTauHH.

Cebecroumocts XHT B obumem cayyae onpeiensieTcs
CTOMMOCTbIO CHIPbH H OCHOBHBIX MaTepHanoB, TOrAa Kak
IpyrHe 3arparhl (BcnoMmoraTelbHble MaTepHadbl, TOMJIHBO,
3Hepruy, 3apnaara H Npouyee) HMEIOT, KaK MpaBHJO, BTO-
pocTeneHHoe 3HayeHHe. 310 nosoxeHHe ob6baCHACTCH B 3HA-
YHTENbHON CTENEHH TeM, YTO NPH H3TOTOBJEHHH HCTOYHH-
KOB TOKa UIMDPOKO NPHMEHHIOT I BETHLIE METaJJbl BHICOKOR
CTeneHd YHCTOTH KAaK B 3JeMEHTApPHOM BHIe, TAK U B BHAE
coeinHeHn# (coJeit, okcuaoB). HanpuMep, akKyMmyasropHas
NpOMHIULIEHHOCTb notpebaser g0 55% Jao6riBaeMoro B MH-
pe cBHHua, cBbitie 25% kaamus.

CTrouMOCTh LIBETHHIX METaJJOB, JOCTATOUHO BHICOKAH B
Hawu JHH, B Gyayumem Gyiger Heu3bexxHO BO3pacTaTh H3-3a
NPOrpecCHPYIONIEr0 HCTOIEHHS MHPOBBIX 3aMacoB NOJAHMe-
TANNHYECKHX PYA M MOCTENEHHOr0 YAOPOKAHHA AOGBYH H
nepepaboTKH MeTaANYypPrHuecKoro Chipbi. [103TOMY BaxXHH
MEpONpHATHA, HANpaBJeHHbIe HA 3KOHOMHOE pacXxOJOBAHHE
nBeTHeix Metaanos B XHWUT, paboTe No NOBLILIGHHIO YAeJb-
HBIX XapaKTepHCTHK HCTOMHHKOB TOKAa 32 CHET YBeJHYEHHS
KO3(@PHUHEHTAa HCNOAb3OBAHHA AKTHBHLIX Macc. AKTyadb-
HLIMH SBASIOTCH NOHCKH 3aMeHH JAe(HIUTHHIX M JOPOro-
CTOAHIMX MeTaanoB (Hanpumep, cepebpa) merannams, 6o-
Jee AOCTYNHLIMH H JelleBuIMH. BaxHa pereHepauus upet-
HLIX MeTaanoB, u3BjeueHHbix B3 XHT, ucuepmaBmmux cpoxk
CAYKOHL.

B HexkoTOphHx cTpaHax B MpPOHM3BOACTBO BO3Bpa-
utaercs noutd 100% cepebpa u mo 90% cBuuua. IIpex-
craBaseTcs uedecoobpasHoli pa3paboTKa  3KOJIOTHUECKH
YHCTLIX METOJOB pereHepauuH KaJAMHHA, HHKEJIH H LHHKA.

CToMMOCTb 3/M€KTPO3HEpTHH, BhIpaGaThLiBaeMOH mnepBHU-
HEIMH HCTOYHHKAMH TOKA, HA HECKOJbLKO TMNOPALKOB Bhilue
CTOHMOCTH 3JEKTPOIHEprHH, MoJyuaeMoil Ha COBPEMEHHBIX
I'3C uau TIC. Tak, 6arapes «[lnaHeras aas xapMaHHOro
(¢oHaps MpH HOMHHAJbLHOX eMKOoCTH 2 A-u W CcpeiHeM pa3s-
paaHoM Hanpsxenun 3,8 B paer 7,6 Br-u sHepruu crou-
MOCTbi0 oKoso 40 py6 3a 1 xBr-u. Ozpnako caegyer yus-
THIBaTh, 4TO NMOTpeb/ifieMas COOTBETCTBYIOLHMH H3AENHAMH
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3Heprusl CIHIIKOM Maja, a CTOMMOCTb CaMHX H3jeanf
(asrekTpoYacoB, TPaH3HCTOPHBIX NPHEMHHKOB, MHKPOKaJb-
KyJSTOPOB H MHOTOro ApPYroro) HeH3MepHMo Bhillie CTOHMO-
ctu XWUT, npennasnauennnix aas Hux. Kpome toro, mep-
BHYHbIE 3JIEMeHTH, KaK H aKKyMyJAfiTOpBl, HCNOJbL3YIOT B
KauyecTBe aBTOHOMHBIX HCTOUHHKOB NMHTAHUA TOJNbBKO B yCJO-
BHAX, KOMJla HCNOJb30BaHHE JeleBodl CeTeBOH 3HEPrHH He-
BO3MOXXHO HJH HepallHOHAJBHO.

CToMMOCTb 3HEpruH, OTAABaeMOR aKKyMYJAATOPEMH,
3HAYUTENIBHO HHXe 6Jarofapf MHOTOKPATHOCTH MX HCHOJb-
sopaun. OHa CcKJIaAbiBaeTcsl H3 CTOHMOCTH CaMOTO dKKY-
MyJaATOp2 HJAH aKKyMyJATOpHOA 6artaped W 3IKCITyarauy-
OHHBIX 3aTpaT Ha MpOBelieHHe 3apAna, KOHTPOJAR H KOppeK-
THPOBKH JIEKTPOJIHTZ H ApyriHe OnepauHH Nmo yXoay; Cioia
e BXOAHT CTOHMOCTb 3HEDPTrHH, 3aTpaueHHOHR NpH 3apsane.
ITpn paGote ¢ KpymHbIMH aKKyMYyJAATOPHbLIMH OatapesMmu
3KCNAyaTaHOHHKE 3aTPaThl MOTYT IIPeBbICHTb HX HCXOA-
HYIO CTOHMOCTb.

ITostoMy, yuHTBIBaS TEHIEHUMIO POCTa IKCHJYyaTaIHOH-
HBIX pacxOROB, NpeAcTaBasfieTca uelecoobpasHbLIM Be3je, rae
3TO BO3MOXKHO, 3aMEHATh HerepMeTHYHble aKKyMYJATOPH
repMeTHYHbIMH, 3KCIAYaTauusl KOTOPbIX O6XOAHTCH 3HAYH-
TeNBLHO JelleBye.

CToMMOCTD 3HEPrHH AKKYMYJATOPOB TE€M HHXKE, YeM Bbl-
lie pecypC B UHKIAX, MOCKOJBKY B pacuer BXOLHT CymMmap-
Hafd 3Hepruf, noJyueHHas OT AKKyMyJATopa 3a BeCb ne-
pron cpoxa cayx6ei. Tak, CTOAMOCTH 3HEPrHH CBHHUOBBIX
aKKyMyJasTOpoB npu Hapaborke 800 uuKIOB cocTaBAsieT
12—17 kon. 3a 1 kBr-u.

Pasnuuue croumoctd BuipabGarbiBaemo#t XHT saextpo-
3HEepTHH NPHBOLHT K TOMY, YTO NMEPBHYHbIE 3JEMEHThl HC-
NOAL3YIOT NpPEeHMYLIECTBEHHO B H3JeMHAX C HH3KHM YypOB-
HeM 3HepronorpebieHHSA, HCUHCAAEMBIM €AHHHLIAMH BaTT-
4acoB, 8 aKKyMyJATOpHule 6aTapeH — B H3jeJHAX H CHCTe-
Max, KoTtopbie Tpe6yIOT NeCATKH H COTHH KHJIOBATT-4aCOB
3Heprud. B nocrenHee BpeMsl yCHIMBaeTC KOHKYpPEHUHS
€O CTOPOHB MEJOYHBIX MePMETHYHLIX 2KKyMyJsTopoB B 006-
JactH cnaboTOKOBOfi GHITOBOH TeXWHKH, KOTOpas TpajHlH-
oMHO obecneyHBajachb MaprasueBO-{HHKOBbIMH H IPYTHMH
nepBHYHEMH 3JeMeHtamMu. CooTHOLIeHHe TeX H JpYrHX
HCTOYHHKOB TOK2 Ha pbiHKe cOnta OyAeT B 3HaYHTENbHOH
CTeNeHH ONpenesAaTbCs HMEHHO SKOHOMHYECKHMH ¢akro-
pamu.
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3.3. OcobennocTu axcnnyaraymm

dxcnayaranun nNepBHYHMX MCTOYHHKOB TOKa. OCHOBHas
Macca nepBHUHHIX HCTOYHHKOB TOKa He HyXnaercsa B o6chy-
XKHBaHHH H B JI0GOH MOMeHT roroBa K paapsaay. IIpasnia
obpaulenns ¢ 3JTEMEHTAMH CBOAATCA K cobJiofeHHI0 3HAKOB
NpPH MOAKJIOUEHHN HX K BHelHel nemu usneansa-norpebure-
as. Ilocje ncuepnanus eMKOCTH 3JIeMEHTH YAaJAiOT H3 HS-
ZIeJHs, 3aMeHAs HOBHIMH,

ITpn paspsame Hu3koBOJbTHOH Garapeu, cocrosimief, ua-
npuMep, H3 TpexX 3JeMEeHTOB, HCueplaHHe eMKOCTH OXHHM
H3 HHX NpHBEAeT K 32KOHOMEepHOMY OTKa3ly 6aTapeH H3-3a
Pe3Koro CHHXKeHHA paspsaaHoro Hanpsaxenud. Ecau 6arapes
COCTOHT H3 GOJIBIIOro YHCJZ MOCAEAOBATENBHO BKJIIOYEHHHX
3JIEMEHTOB, TO MOJHbLIA pa3psaj OAHOrO H3 HUX He MOBJAHAET
CyLleCTBEHHO Ha Hanmpsixenue 6arapeu B weJoM. B pesyab-
TaTe HCyepnaBUIHf eMKOCTb 3JEMEHT MpeBpamaerca B MO-
TpeGHTeNA TOKa, 2 Ha ero 3JeKTpoaax Ha4YHHAeT NPOTeKaTb
NPOLLECC 3JeKTPOJH3a BOAB HJIH HHEIE 3JeKTPOLHLIe peaKIlHH.
Takoe sBnenne, Ha3BanHOe nEpenoaroco8Koll (3HAKH 3JeK-
TPOJOB MpPH ITOM H3MEHAIOTCH Ha MPOTHBOMOJOXHLIE), MPH-
BOAMT K Pa3orpesy H pa3pyllieHRIO 3JE€MEHTA.

Pesepsunie 6aTapen B OTAHYHE OT JPYrHX MepBHUHLIX HC-
TOUHHKOB TOKAa Mepej HauyajoM Da3pAna HYXKAAITCA B ak-
tuBauuy. IlocrenosaresibHoCTe Onepauuii pjs npHBejeHHSA
pesepeHOi Oarapen B COCTOSIHHE TOTOBHOCTH K HeficTBHIO,
KaK M HX JJHTENbHOCTb, 32BHCHT OT KOHCTPYKTHBHHX 0CO-
GenHocreii 6arapen (cMm. ra. 5).

dKcnayaranus BTOPHYHBIX HCTOYHHKOB TOKa. JKCnIaya-
TallUOHHLIE CBOACTBA aKKYMyJATOPOB BO MHOrOM 3aBHCAT
OT TOFO, ABJAIOTCA JH OHH OTKPHITHIMH, 3aKPHITHIMH HJH rep-
MeTHYHBIMH. OTKDBITBIA @KKYMyJaATOp, Y KOTOPOro 3JeKTpo-
JAUT HENOCPEeACTBEHHO KOMTAKTHPYET C OKPYXKaIOIHM BO3LRY-
XOM, HDH 3apfiie BhjenseT B aTMocdepy GpH3rH KHCAOTH
HJIH IeJIOYH, HYXKJAAeTCHA B YACTOH KOppPEKTHPOBKE 3J]eKTpo-
JuTa, HeTpaHcnopTabesaeH. Bee 3To coazaer ueynobersa NMpH
ero skcnAyrauuu. 3aKpHTHH AaKKyMyJasiTOP HMEET HeCheM-
HYI0 KpPHIWKY ¢ npo6Kofi, BO3MOXKHOCTb HCMapeHHS HJH BHI-
JeneHus GpLI3r 3JeKTPOJATAa B 3TOM CAyude orpaHHueHa.
Takue akKyMyafiTopbl TPaHCNOPTa6eAbHBl H OTHOCHTEJNBHO
yao6ubl B 3KcnayaTauud. [epMeTHuYHbIi aKKyMyJaTop He
BLIfeNfieT TOKCHYHBIX HJH KOPPO3HOHHO-2KTHBHLIX BelUECTB,
AonycKaeT npu paspsie Jiobnle NoAOKEHHS M He HYKAa-
eTcsl B KOHTpOJIe 3JeKTPOJHTAa. AKKyMyJASTOPH 3TOrO THMA
npH 3KCnIyataudu HauGosee cosepuieHHbl. OcobennoctH
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IKCHAYATAUHH AKKYMYJAATOPOB CBA3aHH ¢ HEOGXOAHMOCTBIO
HX MepHOAHYEeCKOro 3apaja, uto Tpebyer cneunanbuoro 060-
PyAOBAHHS H XapaKTepH3yeTCs pa3AHUHOR CTeNneHbIO TPy-
JAOEMKOCTH.

Pasnuyaior caenyiouide ocHOBHHE Cnoco6H 3apsAjna ak-
KyMyJaaTOpa HJAH @KKyMyJsTOpHoH GaTapeu: 3apsn NOCTO-
AHHBIM TOKOM, 3@pHA NpPH NOCTOAHHOM HANDHXKEHHH, KOM-
6uHHDOBaHHBIE PeXHMH 3apsjia.

3apad nocroanneim (CTAGUAUIUPOBAHHOIM) TOKOM CO-
MPOBOXKA2ETCH MOCTENeHHHIM NOBHILIEHHEM HanpsKeHHH 3a
cueT pocTa MoAAPH3aUHOHHOrO conpoTtHBiaeHun (pHc. 3.5, a).
B pesyabrare Ha onpefe/iieHHOf cTaAMu 3apAKa HA 3eKTpO-

U I v I
/”/ \
/4
I
7
< L4
a 7

Puc., 3.5. 3apsannie XapakTepucTHKH CBHHLOBOTO akK-
KYMYJATOpa UpH 3apsiae  cTaGiJIH3HPOBAIHHM TOKOM
(a) v upu craGuamsuposaliitom Hanpsxeiun (6)

Jax HAa4YHHAIOT NpOTeKaTh NoO6OYHbe peakuHH 06pa3oBaHHA
KHCAOPOAa W BOJAOPOAA, CONPOBOKAAIOMIHECH MOBHILEHHEM
Temneparypnl aaexkrpoauta. [1pu stom sddekriBrOCTL NMpO-
uecca 3apsiaa, nepeMecTHBIerocs B rAyOHHY NOPHCTHIX 3J€K-
TPOAOB, MajJ&eT, a BLIXOJ MO TOKY OCHOBHHIX JEKTPORHBIX
peakuufi cHuxkaercs, npubanxasck K Hyao. TakHe npeHMy-
mecTBa cnocofa, K&K MpoOCTOTA TeXHHuYeCKoro obecnevyeHHSA
H JIETKOCTb KOHTPOJAN 32PAJHOI eMKOCTH, He BCEerAa KOMMeH-
CHPYIOT ero HeAOCTaTKH (HeBLICOKHIT KO3(dHUHEHT HCNOJb-
30BaHHA 3/EKTPOIHEPrHH, ONACHOCTh MeperpeBa 3JeKTPOJH-
Ta, NOHHIKEHHAS Pa3psgHas eMKOoCTh). ITH HeNOCTaTKH
MOKHO CHH3HTb yMeHblIeHHEeM 3apfAHOrO TOKa, u4To, OJHa-
KO, YBEAHYHTbL NPOJAOJAKHTENALHOCTb 3apsia.

3apsad npu nOCTOARHOM HANPANEHUU NO3BOASAET Ha Ha-
yaALHOM 3Tane pe3Ko HHTeHcudHUUHpoBaTh mpouece, Ho-
CKO/BbKY 3apajHblii TOK CHaYana BecbMa BeAHK (pHc. 3.5, 6).
Crpemsitcs BuOpath Takoe HaupfxKeHHe, INpH KOTOPOM
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MOXHO GBEIIO 6B HCKJAIOUHTD MPOTEKalHHe MOGOYHEIX peakuHi
H TeM caMuM u3bexarb rasouencuue. IIpu stom pocrura-
€TCA 3HAYMTENbHHIA POCT OTAa4H MO eMKocTH. K KoHuy 3a-
pana, KOraa TOK MHOTOKPATHO CHHXKaeTcfl, 8 XapaKrepuas
AJHHA TOPHCTOro SMEKTPOAA YBEJHYHBAETCH, CO3AAIOTCA
6.aaronpuATHHE YCIOBHA A/ NMPOTEKaHHA peaKuuu 3apsna
B rayGuHe 9/1eKTpOAd, 3TO NMPHBOAHT K BO3pacTaHHIO Ko3b-
dxuHeHTa HCNONb30OBAaHHA AKTHBHOA MaccH. Taxoit cnocob
He JHIICH H HejOCTATKOB: MPOJOJNIKHUTENBHOCTh 3apAlga NpH
U=const 3ameTHO BHille, yeM npu /=const; 3HaueHnue on-
THMAJIVHOTO HAMPAXKEHHA 3apsja H3MenseTCs HoJ BAHSHHEM
TeMnepaTypH u HapabGoTku B IHKJZX, 4TO cuHXaer sddek-
THBHOCTb METORA; BO3HHKAIOT TEXHHUECKHE TPYAHOCTH NpH
CO3JaHHH MOLIHLIX MOTEHIHOCTATOB, KOTOPHE JONXKHH HMETh
3alUTY OT MHKa HauaJbHOrO TOKA.

ITpennoxen paj KOMGHHUPOBaHHBIX PEXKHMOB YCKOpPEH-
HOro 3apaja: CTyneHyaTHe, HMmyJdbcHHe H ap. Mx Ha3uaue-
HHe — HHTEHCH(HIHPOBATh LHKJIHPOBAHHE AKKYMYJISATOPHHIX
Garapefi aaa noBuHUIeHHA 3(GbEKTHBHOCTH HCHONb30OBAHHSA
HCTOYHHKOB TOKa B COCTaBe 3JEKTPOBO3OB, 3JEeKTPOKapOB,
snexrpomoGuseii H APyrux MauiuH.

[TpocTefiunit cpesr Ha3BAHHLIX PEXKHMOB — CTYNEHYG-
Toud 3apad. OH MO3BOJASET OTHACTH O6beAHHHTH NpEeHMYyle-
CTB2 ABYX MepBHX ¢nocoBoB, ob6ecneunBas 10CTaTOUHYIO MOJI-
HOTY 3apAjHOro Mpolecca 3a OTHOCHTENBHO He6oJbLIOH OY-
pe30K BpeMeHH npH BLICOKOH oTpaue mo emkoctd. CHavana
3apsj NpOBOAAT HHTEHCHBHO, Hanpumep, TOKOM I} =0,5C o,
A0 BOCTHXEHMA HanpshKenua U, nmpH KoropoM HauuHaer
BuaensATecA ra3 (puc. 3.6, a). 3areM TOK CHHXKAIOT BABOE
H npojOJIKAIOT 3aPpan A0 HanpsiKeHns Us, nocae 4ero Benyt
3apap npu Toke [3=0,5/;,. Crnoco6 MOXHO YJY4LIHTBH, 3a-
KOHUHB 3apf] NpH CTaGUIH3HDOBAHHOM HanpsxeHHH U.
[1pu 3tom 3a cuet yBeAHYeHHA POAOMKHTENBHOCTH NPOLLEC-
€2 MadhM 3apAAHKIM TOKOM 3apAAHas# eMKOCTb YBeJNHUHTCH
eite Ha 5—7%. 3apax npu ABOfHON cTaGUIM3ALHH napa-
MeTpoB Ha3uBawoT modugpuyuposannvim. CTyneHuaTuii pe-
JXHM 3apfjga JOCTaTOYHO MPOCT H Jerko KOHTpOJAHpyercH,
HO OH He Bcerja 3KOHOMHHYECKH OnpaBlaH H3-32 HH3KOTrO KO-
sbbuureHTa HCNONIb3OBAHHA 3NEKTPOIHEPrHH B CJaydae npH-
MeHeHHS mpocTeAlINX 3apAAHHX yCTpPOHCTB.

Buicokylo ckopocTh 3apsina B HEeKOTOpHX cayuasax obec-
MIEUHBAIOT UMNYAbCHbIE peXcumbl. B HX OCHOBe JexXHT 3apsa
NOBHIUEHHHM TOKOM C OJHOBPEMEHHLIM HJH YepenylowHMea
HRJJOXEHHEM HMMYJABLCHOro TOKa o6paTHON MOASIPHOCTH AAA
cHaAtHa AHGOY3HOHHHX OrpaHHuEHHH 3JEKTPOXHMHUECKHX
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peakunii. Popma ToKa MoxeT GbITh BeCbMa pa3JH4YHZ H MO~
Gupaerca smmupHueckH. HeaocTaTKOM HMIMyJbCHBIX PeXH-
MOB fIBJISIeTCA OMIYyTHMOE€ TelJio- H rasoBHgeNieHHe NpH 3a-
paje, uTo MPHBOJAMT K MpEXKAEeBpeMEHHOMY Buixony Oara-

L/,
0,8

16,6
0%
02

Puc., 3.6. 3apsinubie XapaKTePHCTHKH CBHHLOBOTO AKKYMYJAATOPA
npH KOMGHHHPOBAHHHIX MeTojaxX 3apfia:

a — tpexcTynenyathifi 3apAA cTaGHJAHIHpOBaHHKWIM TOKOM ¢ FWOCJASAYIUIHM
A03apAAOM MNPH CTaGHAH3KDOBAHHOM HaNpAKeHkH; 6 — 3apsA No IKCNaHen-
LHaabsioMy 3akaouy, Tae a=1 (1); a=2 (2); a=6, 4 (3); cnaollHAA JNHHRA —
uapactaune 3apsaAnoll €MKOCTH; IITPHXOBAS JHHKA — CHH)XXeuHe 3apajHoro
TOKa

per n3 cTtpod. Kpome Toro, yxKecrouawoTcss tpeboBaHH K
CHCTeMe KOHTDOJS OKOHYaHHA 3apAaa.

Jlpyras BOSMOXHOCTB YCKODEHHSl 3apfija 3aKJIO4aeTcs
B HCMOJbSOBAHHH 3aPAAHOrO0 TOKA, CHHXKAIOILEroCs B XOA€
npolecca 3KCNOHEHUHa bHO:

[ 1,670, (39)

rie /, — TOK Hayaja 3apsija; @ — OTHOLIeHHe TOKa [y K eM-
koctH Cs, KoTopyio Tpebyetcsi COOGUIHTD aKKyMyJATOpy NpH
3apage.

Haanune B nokasarene ¢yuxuun (3.9) muoxurens a=
=/[u/C, CylleCTBEHHO MOBHLILIAET CKOPOCTH H3MeHeHus /.
YBenHueHHe a NPHBOAHT K GoJiee GLICTPOMY HApaCTaHHIO 3a-
pannoit emxkoctn. Ha puc. 3.6, 6 nana 3aBHcHMoOCTB H3Me-
HeHHs sapapgHoro Toka //l, u sapagno#t emkoctu C or npo-
JOJIKHTEJBHOCTH 3apAja CBHHIOBoH 6arapeu T Npr pasJjHy-
ubix a. Ecau npu a==1 Garapes sapsxaercs go 0,95 C 3a
3 4, a npu a=2 3a 1,5 u, To npu a=6,4 3apax npoxonxka-
erca 0,5 u. Pasorpes 6arapen npH 3TOM MEHbIUe, YeM MNpH
HMOYJBCHOM peXHMe 3apfiaa Tol e MPOROAKHTENBHGCTH.

dueprernueckas s¢pdexrunnocts, uau KI1I 3apsaaa, 3a-
BHCHT He TOJbKO OT PEXHMa, HO H OT THNA NPHMEHAEMOro
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sapanHoro ycrpoficrea. IIpH sapsane 6Garaped HeGoJbliof
eMKocTH (yCJaoBHO mpH 3apsaHom Toke a0 5 A) mepepko
HCHOJB3YIOT NPOCTHE H NOCTYNHHE 3apsagHHe ycTpoHCTBa,
B KOTOpHIX cTaGHA#3auHH TOKd HJIM Hanpaxenua obecneuH-
BaeTcsl peryjupyioiiiM pesncropom (peocratoM). Takue
ycrpoficrsa moryT umerb KITM nnxe 50%, a takxke Huskuit
yPOBeHb CTaGHJIH3aUHH JIEKTPHYECKHX BeJHYHH. DKOHOMHY-
Hee 3apAAHHE YCTPOHACTBZ Ha MOJYNPOBOAHHKOBHIX QHOAAX,
KOTOpHe, OQHAaKO, HMEIOT HeBHICOKHE yaeJbHHe Maccoraba-
pHTHHE NMOKa3aTeJH H3-32 MACCHBHHX CHJOBHIX Tpancdop-
MaTopoB H peryJaupyiomux apocceseii. Han6osee cosepillen-
HHMH ABAAIOTCA KOMNZKTHHE THPHCTOpDHHE SapAAHHE
ycrpoificTea, o6Aanaioliiie HAHJIYYUIHMH yaeJbHHMH H 3JIeK-
TPHYECKHMH XapakTepHCTHKaMH. OHH o6ecneunBalOT HagexX-
HOE peryJHpoBaHHe H CTA6GHAHBALHIO TOK2a H HaNpAXeHHN
C TMOrpelrHocThI0, COOTBETCTBEHHO, He Bhile *+5% n £29
npu KI1 nopanka 90—949%.

lllnpokoe pacnpocrpaHeHHe NOJy4alOT 2BTOMATHYECKHE
3apanHue yctpoitcrBa. KoHTpOAb oKoHuaHHs 3apajga ocy-
HIECTBJIIETCA Yallle N0 HANPAXKEHHIO, N0 KOJHYECTBY 3JIEK-
TPHYECTBZ HJH NO AABJEHHIO 32 CYeT ra3oBbiJieJIeHHS] B KOH-
ne sapana. [TeponekTHBHHIM ABJSETCA KOHTPOJb MO TeMIe-
patype. Bu6op Merofa KOHTpoJS 3aBHCHT OT ocoGeHHocTeH
3JIeKTPOXHMHYECKOH CHCTEMH H KOHCTPYKUHH 2KKYMYyJIATO-
pa, a TakXe OT pexxuma 3apsana. Tak, npu sapsane repMerny-
HbIX aKKyMYJSTODOB HajfexHee BCero KOHTPOJb Mo AaBJe-
HHIO MJH TeMmnepatype; cepeGpSHO-IHHKOBbIE HJH CBHHLO-
Bbi¢ aKKyMyJATOpPH TPeOyIOT KOHTPOJR MO HANpAXKEHHIO, a
HHKeJIb-XeJe3Hue — N0 eMKOCTH.

Pazjuyalor TpH pexkHMa IKCIIYaTaUHH AKKyMyJdATOPHBIX
6atapefi: nepexjioueHns, 6ydepHui 1 aBapuiinui. B Han-
Gosiee pacnpocTpaHEHHOM peXHME nepexasiodenusn (UHKIH-
poBaHuA) pa3psn uepenyercs ¢ 3apsamoM (puc. 3.7, a). Pas-
pan Momxer OuiTh NMOJHHM (HenpephiBHBIM HJH NpephiBH-
CTHIM), 32 KOTOPHM CJHEAYeT MNOJHBIH 3apsf, H HEMNoJHHM
(nerany60kuM), 3a KOTOpHM caenyet nopsapsana. B 6ypeprom
pexcume pa3psjg coBMeHieH ¢ 3apspoMm. JTO O3Haudert, UTO
akxkymyJasitopHas Garapes BKJIOY€HA2 BO BHEHIHIOW Lelb
napajaesbHO ¢ APYTHM HCTOYHHKOM TOKA, HMelOmHM G6JH3-
Koe HanpsikeHue (puc. 3.7,6). Yame Bcero 370 3JeKTpHue-
CKHil regepaTop HAH codneunas 6arapes. [Ipu Bo3pacTanuu
TOKOBOA Harpy3kd Gartapes uacTHYHO Daspsikaercs, MNpH
CHHIJKeHHH HArpy3KH — NOA3apsiKaercs, NPHYEM coueTaHHe
paspsiaa ¢ 3apsaoM HOCHT NMpOM3BoJbHBIA Xxapakrep. Pa6o-
Ta B asaputlinom pejxcume npepycMatTpHsaer pa3psp Oara-
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PeH JHlb [IPH BHE32NMHOM OTKJ/IOYEHHH OCHOBHOIO HCTOYHH-
Ka 3Hepruu. [losToMy GaTapes BKJueHa napaljjejbHO C
OCHOBHHIM HCTOYHHKOM (OGbLIYHO 3JMEKTPHUECKOH Menbio ne-
peMennoro Toka) uepes BmnpsmHTenb (puc. 3.7, 8), nmocro-
AHHO NOA3apAXKAACL MAJBIM TOKOM QA KOMNEHCAalHH moTe-

= + X ‘ — +

R, R,
Fu 74

Puc. 3.7. CxeMu sxjouennsi akkymy.aaTopuoh Oarta-
ped B 3apaiHO-paspAZHYy0 Hellb [IpH PasjJHYHHX pe-
KHMax SKCMJAyaTalHH:

a — nepexJioYeHHs; 6 — Gydepustli; 6 — apapHARBMA

PH eMKOCTH H3-3a2 camopa3psaaa. Takofi nox3apap Ha3LHBAOT
Komnencayuonnovim. B TpeGyembli MOMEHT NMPOHCXOZHT aB-
ToMaTHYECKOe NepeKJioYeHHe Ha pa3paa.

[Tepenoaiocoeka uau gaxe rayGoxuil paspsg akkKymyJs-
TOPa NpH UHKAHPOBAHHH MOXET NPUBECTH K Pe3KOMY yXyA-
HWICHHIO €ro XapaKTepHCTHK BNJAOTb 10 BHIXOAA U3 CTpOA.
Mexay TeM pa3psag akkymyasTopHo#i GarapeH cBsA3aH C
ONACHOCTbIO NEPeNnONIOCOBKH OTAeNbHBIX AKKYMYJATODOB B
Goabilefi cTeneHs, yeM pa3psaj nepsuunoii 6atapen. [leno 8
TOM, YTO BePOATHOCTb [ePeNONIOCOBKH NOBLIINAGTCH He TOMb-
KO C YBeJIHUeHHEM UYHCIa aKKyMyJaAaTtopoB B 6atapee, HO H
no mepe ee uukiauposanus. H3-3a TexHodoruwueckoro pas-
6poca aKkKyMyJAsiTOPbl, BXojfAllHe B cocTaB GarapeH, dak-
THUYeCKH TPeGyIOT pa3jHYHYIO 3apsAAHYIO eMKOCTb H o6aana-
10T HEOJHHAKOBOI pa3pagHoil eMKocTblo. [IpH unKIHpOBAHHH
3TH Pa3jHYHA ycyryGJsioTcs; 4TO NPHBOAHT K CHCTEMaTHUe-
CKOMY Hel03apALYy €JHHHUHBIX aKKYMYJIATOPOB C NOCAeAyIo-
IIHM OTKa30M Ha CTajHH pa3paga. B pesyanraTe cpok clyx-
6nl Gataped cokpaimlaercd, a Ge30TKasHOCTb B paGoTe na-
Aaer.

ToBuilleHHe HageXHOCTH M yBeJHuUeHHe pecypca Gara-
pe#i, paGoTalomux B pexHMax nepexamoueHHs HiaH Oydep-
HOM, CBAI3aHO ¢ pazpaboTKOii W npluveHeHHeM KOMNAKTHHIX
aBTOMATHYECKHX CHCTeM yNpaBieHust skcuryatamueii XHUT
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(ACY3 XHT). ITogo6uue yeTpoficTsa, cHabXKeHHHE MHKPO-
NpoLEecCOpoM, He TOJAbKO 06ecneuHBaioT 3aJaHHHE napaMer-
PH 3apsAna H pa3paAna GarapeH, HO H KOHTPOJHPYIOT HHIH-
BHAYaJNbHHE XapaKTePHCTHKH KAXKAOI'0 aKKyMyJaATOpa, olle-
HHBag H KODPEKTHPYS PACCOTAACOBAHHE HX NMPH UHKAHPO-
BaHHH.

3.4. O6nacTn npumeHeHHS

O6aactH npuMeHeHHS CyIUeCTBEHHO BJHSIOT HAa OCHOB-
Hbleé TeXHHYeckHe TpeGoBaHHA, npeAbABAAEMHE K KOHKpeET-
HBLIM XHMHYECKHM HCTOUHHMKAM TOKA, H HpeonpeneasioT 0Co-
6eHHOCTH YCAOBHH HX 3KCNJAYaTaLHH.

Hepeaxo gns ogHux H Tex e uejiefi HCNOAbL3yIOT B Ka-
4eCTBe B3aHMO3aAMEHAeMHX HCTOYHHKH TOKA pPAa3AHYHBIX
31eKTPOXHMHYECKHX CHCTEM, 4TO CTHMYJMMpPYET HX pa3BHTHE.

[To na3naueHHI0O Bce XHMHYECKHe HCTOUHHKH TOKA MOXK-
HO pa3gefuTb HA CTapTepHbIE, THATOBbHE, TPAHCIOOPTHHIE
(BCNOMOTraTesbHbIE), CTALHOHAPHBIE, NI NprGOpoB M OH-
ToBOA TexHHKH, a Takxke XUT cneunanbumx obaacreit npu-
MeHeHHS.

Craprepnoie 6arapeu npefHa3HaueHsl A 3anycKa JBH-
rareisi BHYTPEHHETO CrOPAHHA H MHTAHHS CHCTEM 3JEKTpO-
O6OPYAOBAHHA PA3NHYHBLIX CPEACTB NepeJBHIKeHHA — aBTO-
mMoOHuJTefi, MOTOUHKJIOB, TPAKTOPOB, CyAOB, caMmojieToB. ABHa-
IHOHHHE CTapTepHble 6aTaped CAYXKAT HE TOJbKO JAJIA aB-
TOHOMHOTO 3anyCKa ABHAIMOHHBIX JABHrarejaeff m GOPTOBBIX
3JIEKTPOArperaToB, HO H JAJf 3HEProCcHAGKeHHS CaMoJieTa
B apapHHHBLIX CHTYaUHAX, HalpHMep NpH OTKase GOpPTOBBIX
reHepaTopoB ToKa. Xapakreplibie 0COGEHHOCTH CTapTePHBIX
Gatapefi — HMNyAbCHBIA PeXHUM pa3psjga, NPH KOTOPOM TOK
KpaTKoBpeMeHHo NoBHLIaeTc A0 5 Ciom, H NepHOAHYECKHH
NoA3apsad NpH CTaGHUIH3MPOBAHHOM HANDPSKEHHH OT pabo-
Talollero reHepaTtopa Toka. BaTapeH HoNXKHH COXpaHATb
pa6orocnocobHocTh B HHTepBaJe Temneparypu or —40 jo
+60°C n BbiZepKHBaTb 3HAYUTENbHBIE MEXaHHUYECKHe Mepe-
rpy3xu. HoMunaabHoe HanpaxeHne 6arapeil gjs Ha3eMHbIX
mauinn 6 nan 12 B, ana aBHanHouHbiX Gatapeft 24 B.

MoHol0/1bHOE NoN0XKEHHE CPeH CTAPTEPHBX HCTOYHHKOB
TOKa 33aHHMAIOT CBHHIOBO-KHCJOTHHe Garapen. B orpahnu-
YeHHOM Maclitabe HCNOABL3YIOT TakkKe cepeGpAHO-UHHKOBHE
H HHKeJlb-KaJMHeBHe aKKyMyasTopubie 6arapeu, obaaznalo-
mue 6onee BHICOKOH CTOHMOCTBIO.

Tacosnie 6Gatapeu ABAAIOTCA HCTOUHMKAMH MHTaHHA
3MeKTpOABHraTeeil cneunafbHBIX BHAOB peldbcoBOro H Ges-
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pPeNbCOBOTO TPAHCMOPTE — PYAHHYHBIX 3JE€KTPOBO30B, 3J€K-
TPOK&pOB, 3JEKTPONOrpy3uHKOB, 3JeKrporarauelf. baraped
paccyduTaHsl Ha rayGOKuit pa3psAn B HHTepBale yMepeHHOMH
tokoBoii Harpy3ku ot 0,05 go | Crom, HX 06bIMHO 3KCHITYa-
THPYIOT HHTEHCHBHO. 3apaj OCyHIeCTBASIOT Ha CNeUHaJbHO
060pyAOBaHHBIX CTeHAaX B ONTHMaJbHbX ycaoBuax. Bara-
ped gomKHb 06MajnaTb BHICOKOA BHO6po- H yXaponpodHo-
cTbi0. [N KOMNAEKTOBaHUA TATOBbIX Oarapefl HCnoJb3yioT
HHKeJb-XKeJle3Hble H CBHHIOBble aKKyMyJSITOPH, OTJIHuaio-
IHeCs HEBBHICOKOA CTOHMOCTDHIO H AOCTATOYHO GOALLIMM CPO-
KOM CAyXKO6bL

JKenesuogopoxnoie (BaroHHHe), cyfOBHE H aHaJOTHY-
Hble UM GaTaped OTHOCATCH K BCNOMO2ATEAbHbLIM TPAHCNOPT-
HelM HCTOYHHKaM ToKda. Bece OHH caykaT AAs 3HeprocHab-
MEHHS CHCTEM OCBeIeHH#, KOHAMIIHOHHDOBAHUHA, CPEACTB
CHrHaAH3aUHH H CBA3H, 3aMEHAN reHepATOPH TOK& B nepHo-
A ux Ge3meficTBun. B wmauGosee xecTkHX ycJoBHAX paGo-
TaloT 6aTapeH KeAe3HOAOPOXKHHIX BaroHOB: TeMnepaTypHbIi
Axana3oln or —50 go +50°C coueraeTcs ¢ BRICOKHMH Mexa-
HNYeCKHMH Harpy3kaMH. PeXxusm 3KCIAyaTauHH MeHee HH-
TEHCHBHBIA, ueM AAs TAroBeix Garaped: paspaj TOKOM OT
0,1 Cyom 80 0,7 C 1o MOXeT GbiTh HerayGOKHM H uepesyercs
¢ nay3amH, nop3apsaj OCyHIeCTBJAHIOT OT reHeparopa ToKa.
Kak u Tarosbie, TpaHcnopTHbie GaTraped CoOHPAIOT H3 HH-
Kelb-)KeJe3HbIX HJAH CBHHUOBLIX aKKYMYJAHATODPOB.

Crayuonapnoie 6arapeu npeiHasHayeHnl A8 NHTaHHR
CHCTEM ynpaBJieHHs, CUrHaau3auuu u cea3u. Kpome Toro,
OHHM CJYXXAT aBapHAHBIMH HCTOYHHKAMH TOKZ Ha NpPOMBIII- -
JEeHHbIX MPeANpHUATHAX, B 34aHuAX oOUeCTBEHHOrO Ha3Ha-
YyeHud H APYyrux obGbekrax, KoTopbie HyxjaioTcs B Gecnepe-
GoiiHoM sHeprocHabKeHHH JAa)ke B CAydae Hapyilenus pa-
6oThl anekrpocery. Batapeu storo THna, K&K NpaBHJAO, IKC-
NJyaTHpyloT B HaHGoJee GAAaronpHATHHIX TeMNEPATYPHLIX
YCJOBHAX, MHOTHE H3 HX Pa3pAXaloTcA MaldbiMH TOKaMH, a
aBapuilHpie 6aTaped HAXOAATCH B COCTORHHH TOTOBHOCTH K
paspaay. CraunHoHapHbie 6aTapeH MOryT MOA3aPHKATHCH
NepHORHYECKH HJH HempepbiBHO B peXHMe KOMIEHCALHOH-
Horo 3apsaa. Mx xapakrepHaa ocobeHHoCTb — MHOTOJMETHAS
6e3oTKa3H0CTb, KOTOpan obGecneyuBaercs 3a c4eT QYHKUHO-
HaJIBHOI'0 pPe3epBUPOBAHUA, 3aJI0KEHHOro B KOHCTPYKLUHIO.
B xauecTBe cTamHOHZPHBIX HCTOYHHKOB TOKA uallle BCETO
HCIOJL3YIOT CBHHUOBBIE 2KKyMYJAATOPH ¢ (PAKTHUECKHUM CDPO-
KOM cayOnl cBbiuie 10 geT.

Hetounnku Toka das nepenocnmx npubopos u 66T0601
TexHuky TIPH BCEM Pa3JHYHH CHCTEM, THAOB H KOHCTPYKTHB-
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HBIX BADHAHTOB HMeIOT MAJyI0 HJAH CPeJHIOI0 eMKOCTb (OT
0,025 no 10 A-u); paccuuraHbl Ha AAuUTeAbHHE (pexe Cpel-
HHE) pexuMul pa3psjga; paboralot, Kaxk NpasuJo, B JiI0GoM
noJoxeHHH; TpebyloT MHHUMAABHOIO YXO0Za HJAH BooGmie
Oeayxoaun. MHorHe 31eMEHTH H AKKYMYJAATOPH 3TOf rpyn-
Nel MHoOroieJeBue u o6ecneunBalor pabory pajgHO3AeKTPOH-
HHX H CBeTOTe€XHHUeCKHX H3jeduil (TpaH3UCTODHLiEe PaAMO-
NpHeMHHKH, NOPTATHBHbE MArHHTOMOHH, KapMaHuble doHa-
PH H Ap.), NepeHOCHuX npuGopoB (Tectepu, NOTEHUHOMETPH
# ap.) u npuGopoB BpeMeHH (3JeKTpPoYachl H 3JeKTPOHHbLE
TafiMepul), NPHOGOPOB MEAHIHMHCKONR TeXHHKH (CAYXOBbE an-
napaTnl, NopraTtHBHbIE 3jJeKTpokapauorpads u Ap.), pas-
HOO6pa3HhX GHTOBHX NPHOOPOB H YyCTPOHCTB (31eKTPOOPHT-
Bbl, 3JeKTpodenn H xp.). CyuiecTByloT H HCTOMHHKH TOKa
Y3KOro npHMeleHus, HanpuMep 6artapeu AAsA WAXTHHX CBe-
THJIBHHKOB.

lupokuit accoptument npuGopos onpejiensieT pasnoob-
pasude ycaosufi sxcnayaranun XWUT. Ecan, uanpumep, 6arta-
pes pJs nepeHOCHoro (MeMe3HoJOpoXHoro) doHapsa 3KC-
nayaTHpyetcs npu Mool TeMmepatype oKpyxKaiollleH cpeibl
H NpH cOBepilleHHO NPOH3BOJABHOM COYETAHHH paspagd H
nays, to Gartapes anekTpokapauoctumyasropa paboraer B
H3oTepMHYecKHx ycaoBuax (36,5+0,5°C), paspsxasch uM-
TIyAbCHBIM TOKOM CTpOro no 3aganuomy pexumy. Heoguna-
KOBHW H TpeGOBaHMA K HaAeXHOCTH: HCTOUHMKH TOKa A
MEIHIHHCKHX LeJeH AOMKHB OLlTh MaAKCHMAJNbLHO HaJEXKHH,
YpPoBeHb HZJEXHOCTH HCTOUMHKOB TOKA AJAS Hrpyilek MO-
XKeT OhITh HHXKE.

CaMpMu pacnpocTpaHeHHBIMH HCTOYHHKaMH ToKa obme-
TO Ha3HAYEHHA SBJAAIOTCA MapraHNeBO-UHHKOBLIE 3JleMeHThI,
HM yCTynaloT TrepMeTHYHHE HHKe/b-KaJMHeBHe, @ Takxke
6esyxofHble CBHHIIOBHE aKKyMyJAsToOphi; Golee yakide Mac-
Wraby NpUMEHEHHH XapaKTePHW JJf PTYTHO-IMHKOBBIX,
BO3/1yIIHO-IHHKOBLIX, Cepe6GpAHO-IAHKOBLIX, JHTHEBHIX 3Je-
MEHTOB, Cepe6PAHO-IIHHKOBLIX @KKyMYAATOPOB.

HicTouHHKH TOKa AAR cneyuassusix obaacreil npumene-
Hua obecneyHBaIOT KOCMHYECKYI0O M BOEHHYIO TeXHHKY,
@ Tak)e MeTCODOJOTHUECKHe M THAPOJOrHYeCKHe HayyHbie
nporpamMmbl. Cpeau 06beKTOB, B KOTOPbIX @BTOHOMHLIMH
Onokamu nutauus cayxkar XUT, MoXHO Ha3BaTbh HCKyCCT-
BeHHbe CNYTHHKH 3eMJH H KOcMHuecKHe Kopabau, Mereopo-
JioTHYecKHe HIApH-30HAN H Ty6okoBogHbe GarHckadwl,
NoxBoJHbE JOAKH H 3JeKTporopnean. B kaxlom cayuae k
NOJAOGHBLIM HCTOUHHKAM TOKA APEAbABAAIOT KOHKPETHbIE Tex-
HHueckHe TpeGoBaHHA, 06yCI0BIEHHBE HePeAKO IKCTPeMab-
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HHMH YCJIOBHAMH 3KClIyaTanuu B ofbexkre. O6mumH Tpe-
6oBaHHAMH HABJAIOTCH BHICOKHE yJeJIbHHE XaPaKTePHCTHKH
H BHICOKas HaJeXHOCTb.

C TouKH 3peHHSl DeXHMOB pa3pfAfa MOXKHO BHACIHTH
nee xapaktepuue rpynnd XHT: cnoco6ubie 32 KopoTkoe
BpeMs paspsna obecneynTbh BHCOKYIO 3JIEKTPHUECKYIO MOLL-
HOCTb M, H20060pOT, NpeJHa3HAYEHHHE AJS JJIHTEJbHOrO He-
npepuBHOro paspana meGoabuiHM ToxkoM. Mmelotcs H npo-
MeXyTounne BapHaHTH. Tak, akkyMyJdaTopHHe G6atapeH
NOABOAHKIX JIOJOK MO pEXHMaM pa3pagd GJH3KH THArOBHM
6atapeaM. Ha xocMHueCKHX 06beKTaX LIHPOKO NMPHMEHHIOT
3HEPTOCHCTEMH, COCTONIIHEe H3 aKKyMYyJaTOpHbIX 6atapeid
NOJyNpPOBOXHHKOBHX COJMHeYHHX GaTtapefi. AKKYMyJATODHI
ofecneynBaioT 3HeprocHabxkenue GoproBofi anmapatypu H
BO BpPeMA HAaXOXKJEHHH Ha OCBELIEHHOM yudacTke OpOGHTH
NepHOAHYECKH NOA3aPHXKAIOTCH OT coJHeuHblx 6atapeit. Ta-
KHM 06pa3oM, akkyMyJsaTopHas GaTtapes 3KCHJAyaTHpyeTCs
B ycJoBHax 6ydepHoro pexnma noasapsana.

HcrounnkaMu Toka cneuHaibHbX ob6JacTell NnpHMEHeHHS
CAYRAT KAK aKKyMYJATOpHbIe 6aTapeH (CBHHLOBLIC, HHKEb-
KajMHeBHe, cepe0pfAHO-UHHKOBHE H Ap.), T2k H Gatapeu
3JIEMEHTOB Pa3JHUHLIX CHCTEM.

3.5. Mcnons30oBaHMe BRIYMCAMTENLHON TEXHMKM™

BhiunciaHTeNIbHAR TEXHHKZ HaXOXHT pa3Hoo6Gpa3Hoe mpH-
MeHeHHe B cjepe XHMHUEeCKHX HCTOYHHKOB TOKZ NPH npor-
HO3HDOB2HHH 3JIEKTPHYECKHX XaPAKTePHCTHKH H ONTHMH3a-
IMH KOHCTDYKUHH, NpH KOMNJexToBaHuu Oataped M jJH-
TeJbHOM HX UHKJIHPOBAHHH, NPH NPOH3BOACTBE HZ YPOBHE
ONHTHHX 06pa3uoB H cepuiinux H3nennid. Buegpenne IBM
3¢ PpexTHBHO pelllaeT 3ajauH NOBHLICHHN HAYYHO-TEXHHYE-
ckoro ypoBus XHT na cragusx ux paspabGoTKH, H3roToBJAe-
HHS M SKCIJIyaTdaUHH, 3af44YH YNPABJCHHA HX Ka4eCTBOM H
HHTEHCHPHKAUHH TeXHOJOFHH HX NPOH3BOACTBA.

Mojennposanne xapaxtepuctuk. IlepBofi nonwmiTkoft yc-
TaHOBJCHHA (PYHKUHOHAJbHOR CBA3H MEXAy TOKOM pa3psia
u emxoctbio XHUT sBasercs popmyaa INeiikepra (3.3). Ilpu-
MEpPOM 3MMHDHYECKOTo NOAX0A2 K MOJCJHDOBAHHIO Paspai-
HbIX XaPaKTePHCTHK CJYXHT H3BeCTHoe ypaBHeHHe Beasena;
peilleHHe 3TOro ypaBHEHHS 3aTDYAHEHO HAJNHYHEM LIECTH
xonc"f:m, onpeneJfeMblX ONHTHHM NyTeM AJA KaXAoro TH-
na XHUT.

* UcnoabzoBanu maveprasu U. @. Jlanuienxo.
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B. B. Pomanosuim 1 IO, M. XaiuleBniM Ha OCHOBE 3JieK-
Tpotexunueckoro anajora XHUT npeasoxeno ypapHeHHe pas-
paga obulero Buja

37
U=Ey+ AL (Cioo— 17) + 9o £XP (—_'—L)—
Cio Caoo
al.
- Uy, {1 + B[l —exp(—cwo_lt)]}. (3.10)

rae Eo—DIC paspaxennoro akkyMmyastopa, Kosdbn-
unentol Uy, Ic, Yo, B, Qo cBA3aHH ¢ GoOpMyNaOH pa3pasHOH
KpHBoil.

Ypapnenne (3.10) He yuHTHBaeT KMHETHYECKHE 3aKOHO-
MepHOCTH 3JIEKTPOAHBIX NPOUECCOB, MPHCYLIHE 3JEKTPOXH-
MHYECKHM MOZeasIM. DTOro HeJOCTaTKa He HMeeT ypaBHeHHe,
npeaaoxenHoe C. M. Xackunoit u U. ®. [lannnenko ajas
HHKeJ/Ib-KaAMHEBOTO aKKyMyJaTopa:

U=Ey+ RI + k(q/(Q— q) + Alexp(— Bg/Q) — 1], (3.11)

rae A u B — koapduunents, cBA3aHHLe ¢ GOPMOi HaYa h-
HOFO ydYacTKa pa3psfHOH KPHBOiH; R — oMHueckas cocTaB-
JfA0uan NOJAHOro BHyTpenHero conpotusienus XHT; k—
KO3(ppHIHeHT, CBA3AHHMA ¢ QHHAMHYECKON 4aCThiO COMPO-
THBJAeHHA; ( — xapaKTepHcTHKAa 3]eKTpoAd, JHMHTHpYIO-
iero paspAAHyI0 eMKOCTb; § — CHATAA €MKOCTh,

Ypaeuenue (3.11) npeacraBaser co6oil MaTeMaTHYECKYIO
MOAeNb pa3pagHON XapaKTepHCTHKH, MOJHOCTbIO OpHEHTH-
POBaHHYIO Ha NPHMeHeHHe BBIYHCAUTENbHOH TeXHHKH. Ollen-
Ky napaMeTpOB YpaBHEHHH NpPOBOAAT ¢ HTNOAL30OBAHHEM
KOMOHHALHA MeTOAOB JAHHEHAHOrO H HeJUHEeAHOro mporpam-
MHPOBAaHHA, YTO CHMIKAET CJOXKHOCTb 3aJa84H OUEHKH HeH3-
BeCTHLIX NapamerpoB (ux scero gsa). [Ipumeunenne IDBM
NO3BOJIAET NMPOH3BOAHUTL pacieT NapaMeTPOB pa3pAAHHX
XapaKTePHCTHK B peXXHMe aBTOMAaTHYeCKOr0 CHATHH KPHBBIX
C HCnOAb30BanueM HHGOPMallHOHHO-H3MEDHTENbHHX CHCTEM
B Hay4YyHO-POM3BOACTBeHHBIX ycaoBusx. [Tonyueunbie aan-
HHe MOryT OpiTh HCMOAb3OBEHH AR NPOTHO3HDOBAHHN pa-
6ounx xapakrepuctuk XUT npu pasanuubix yCAOBHsX pas-
pana.

TlpakTHyecKH BaXHLIM HBJAAETCH MaTeMaTHUecKoe OlH-
CaHue 3apajHOrO Mpoliecca ¢ yueroM Mmuoroobpasus dak-
TOpoB, BAHsOWHX Ha pedyabraT. Tak, H. 0. JIn3aosbwiM ¢
€oTp. moayueno anddepennnanbHOe YpaBHeHHE, ONHCLIBAIO-
1llee CBA3b 3apAAHOTO TOKA ¢ TEKYLIHMM 3HayeHHeM 3apaaHOf
e€MKOCTH 3JeKTpoja. B peayabrare npejpjoiken onTHMasb-
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HHA peXHM 3apAia OKCHIAHOCBHHLOBOTO 3JeKTpoja, obec-
NeuyHBalOHIHA MaKCHMaJbHYIO CKOPOCTb MpoOLecca H BHCOKYIO
OTAauy Mo eMKOCTH.

CymiecTBeHHOe 3HaYeHHe HMeeT MaTeMaTHyecKoe Mpor-
HO3HpOBaHHE TeX He3JNeKTPHUeCKHX XapaKTepHCTHK, KOTo-
pHle ABAAIOTCH onpeeasionuMH npH skcnayarauun XHT.
K HHM OTHOCAT TeMnepaTypy H KOHLEHTpaIHIO 3NeKTPOJIH-
Ta, a TaKXe AaBleHHe B TFepMETHUYHOM aKKyMyJasTope.
BaxHo Takxe MoaeanpoBahHe ¢ nmomouibio IBM rennosoro
6anaHca aKKyMyJasTOPOB, KOTOpOe HEOZHOKPATHO MPOH3BO-
AHAOCH MPHMEHHTENAbHO K aKKyMyJasATOpaM Da3JHUYHbIX CHC-
TEM.

Cpean Apyrux ycnemlHo pellleHa 3ajada MaTeMaTHYeCKU-
IO MOJEGNHPOBAaHHS H3MEHeHHS JaBJeHHsa NpH 3apsale rep-
METHYHOro HHKelb-KagMHeBoro akkymyasrtopa. Ilas peure-
HHA noayuyeHHOH CcHCTeMH YypaBHeHHA OHha paspabotaH
aNropHTM C HCMOJAb30BAHHEM METOJOB HelHHeAHoro mnpo-
rpaMmmupoBaHus H HanHcand ®OPTPAH-nporpaMmH, pea-
JIH3yl0ouiHe 3TOT aaropuT™. Kak 6Gblio moKa3aHo, 3KcrmepH-
MeHTaJbHHe JaHHHe XOpOUIO anmpPOKCHMHPYIOTCA Mpeano-
XeHnHofi MoJenblo.

Pa3spa6oTka koucTpykuud. BoabmHe nepcneKTHBH HC-
MOJIb30BaHHA BHIYHCJAHTENbHOH TEXHHKH OTKPHBAlOTCA B 06-
NacTH NMPOEKTHPOBaHHA XHMHYECKHX HCTOYHHKOB TOKa MpH
MPHMEHEHHH CHCTeMbl @BTOMAaTH3HPOBAaHHOTO MPOEKTHPOBA-
uHsa (CAIIP) kak nepBHUHLIX 31€MEHTOB H aKKyMYJATOPOB,
TaK n Garapefi. CAIIP aBasercs 3ddeKTHBHLIM CpesCTBOM
NOBHIIEHHS KayecTBa H COKPAaHIeHHS CPOKOB pa3paboTkH,
HHTeHcHHKauuH TpyAa pa3paGoTuHKoB-HCcaegoBaTened,
KOHCTPYKTOpoB H TexHogoroB. C momouibio CAIIP yznaercs
pPelllHTh TPYAHYIO 3ajady ONTHMAJAbHOrO CHHTE3a KOHCTPYyK-
unn XHT.

PaccMoTpHM BO3MOXKHOCTH aBTOMaTH3HDOBaHHOTO MpoO-
exTHpoBalna Ha npuMepe CAITP cBHHIOBO-KHCIOTHOM CcTap-
TepHoii GaTapeH.

B cocraBe cHcreMH HMeeTcs HecKoabko mopcHcreM. He-
XOjHO#l ABARETCA MOACHCTEMA, B KOTOPUH XpaHaerca naHHHe
0 (H3HKO-XHMHYECKHX MapameTpax 3JeKTPOJHTAa, aKTHBHHX
Macc, cenapaTopoB H APYTHX COCTaBAAIOMIHX aKKyMyaaTopa,
a TaKXe faHHbie 0 (PH3HKO-MeXaHHYECKHX CROMCTBax, 0co-
GeHHOCTAX OTAEJbHHX 3JeMEeHTOB, KOHCTPYKUHH GaTapen H
ApyrHe cBejeHHfl, Heo6XoAHMHE pa3paGOTUHKY H3AENHA.
Cucrema pa6oraer B AHanoroBoM peXuMe, obecneuHsas
aHalu3 H coobuieHHe O COBMECTHMOCTH HCXOAHHX ZaHHHX B
Xoz4e pealH3aluu TexHuueckoro 3ajgaunusa (T3).
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[Tocsie koppekTupoBKH HCXOAQHBIE AaHHLE BMeCTe € HH-
(opMaNHOHHEIMH MaTepHaJaMH MOCTYNaloT B MOACHCTEMY
ONTHMH3ANHH XapPaKTepHCTHK GJoka 3JjekTpogoB. Cucrema
TeHepupyeT pasjiHuHble BaPHaHTH ONTHMH3HPOBAHHOH KOH-
CTPYKUMH H OJHOBPEMEHHO OTCeHBAeT Te H3 HHX, B KOTOPHIX
HapylleHb OrpaHuyeHHs, yCTaHOBJEHHBIE B HCXOAHHIX jAaH-
ubix T3. CucteMa onepupyeT maremaTHueckofi MoJeJblo
GaTapeu B CTapTepHOM pexuMme paspsja; B KauecTBe ypab-
Henuii MateMatuueckoit mogesnu s CAIIP BBegeHH suHeapH-
3HPOBAHHLIE  3aBHCHMOCTH XapaKTepHCTHK Garaped OT
napaMeTpoB ee KOHCTPYKUHH. B uacTtHoctH, cHcreMa npenyc-
MaTpHBaeT ONTHMH3aIHIO TOKOBEAYIIHX peTajelf, pacuer
OMHYECKHX NOTepb B 3JeKTPOJaX H cemaparope ¢ yueToM
CBOHCTB MaTepHAJIOB.

Huanorosuit pexxum paborm CAITP nossonser paspa-
60TuHKY BMEIIMBaTbCH B NpPOLECC MPOEKTHPOBAHUA AJIA KOH-
Tpoas H oT6opa JyuwmuXx U3 mpelJaraeMbex Baprauros. [Toc-
Jle 3aBeplIeHHs BHUHCACHHA H aHAJH3a NOJNYYEeHHBX pe3ylb-
1atoB CAITP BHJaeT BapHauTH KOHCTPYKIHH 3JEKTPOAUBIX
6J0KOB ¢ yueToM KOppeKTHpYyloulux orpaHuuenufi. Paspa-
60TUHK HMeeT BO3MOXHOCTh BHIOPaTh OKOHYaTeJbHH BapH-
aur.

IToxcucrema rpaduyeckoro AOKYMeHTHPOBaHHS NO3BO-
AAeT pefaKTHPOBATb M YTOUMATb YEPTeXH U NOKyMEeHTH B
peXHMe AHANOra ¢ HCNOJNb30BAHHEM rpadHyecKoro JHCIJIes.
OxoHuaTeJbHO OTpelaKTHPOBAHHYIO IpadHuecKylo HHGOp-
MaIHI0 C NOMOLIbIO rpadonoCTPOHTENA NepeHOCHT Ha Gyma-
ry (HOKYMEHTHPYIOT) H B AaJjbuefiilleM HCNOJB3YIOT B mpO-
necce nopa6oTkH 6Garapen no pesyabTaTaM ONBITHO-KOHCT-
PYKTOPCKHX HCMBITaHHH, a8 TaKXKe Ha CTajHH MOATOTOBKH K
NPOH3BOJCTBY H3Je/IHS.

¥Ynpasaenue kauecrsoM. [Ipo6aema noBHileHHA KayecT-
Ba XHUT uenocpeacTBeHHo cBA3ana C peanu3ainuefi Ha ak-
KYMYJSTODHHIX H 3JeMeHTHBIX 32BOAAX aBTOMaTH3HpOBAH-
HbIX CHCTEM ynpaB/leHHH TeXHOJNOFHUeCKHMH npolleccavMu
(ACYTIN). Buenpenne B npoussojactso ACYTII pewaer u
JApyrue 3aaauu: ONTHMH3HPYIOTCH TEXHOJOTHYECKHEe PesKHMHI,
YBeJIHUHBaeTCd NpPOH3BOAHTEJNbHOCTb O6OpPYAOBaHHA, YJayy-
Wal0TCH YCJIOBHA TpyZa.

ACYTI1 ponxkna oxBaThBarh BCe CTaJHH NPOH3BOACTBA
XHUT or npurOTOBJEHHN @KTHBHEIX MaCC M H3rOTOBJEHHH
KOMIJIEKTYIOUIHX getafelt no c6opku Garapeft u KOHTpOJA
ux kauecrBa. ACYTIT ocywecrsiaser koopauHamuio paGoTw
BCero TexXHoJIOrHuecKkoro o6opylosaHus, pelleHHe 3aaay
OnNepaTHBHOr0 NJAHMPOBAHHA M JAHCNEeTYepH3aIHH, IEeHTpa-
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JIH30BaHHyl0 06paboTKy, XpaHeHHe H Bbiaady HHGOpPMauuu.
Bee 9TH dynkuun Boinonusiores Y BK — ynpasasioniuy Bhi-
uHeAHTeAbHRM KoMnaekcoM ACY., HemocpeacTBeHubifi KoH-
TPOAL W PeryiupoBauHe TEXHONOrHYeCKHX MapaMerpop Ha
NPOH3BOACTBEHHHIX Y4aCTKAaX MPOH3BOAHTCA C MNOMOLUBIO
MHKpOIBM, Oxnoi u3 BaxHehwnx noacucrem ACYTIT ax-
KYMYAATOPHOTO 32BOJAAa ABAAETCA TMOACHCTEMa HCOLITAHUA
AXKYMYJAATOPOB nocjae c60pKH.

HKAHPOBAHUE aKKYMyJATOPOB Ha HCNHTATENbHLIX CTeH~
Aax NpOH3BOAAT KaK C TEXHOJNOTHYeCKHMH LeNsdAMH, T@K H
AAR KOHTPOJSA KauecTBa roToBoii npogykund. KoHtpods 3a-
PAAHO-Pa3PAAHLX XapaKTEPHCTHK B 0OOIIEM CJyuae npOoHS-
BOAAT NEePHOJHYECKHM H3MepeHHEM HANpDIKEHHA Ha KaX-
AOM H3 aKKYMyJAATOPOB, Pe3yJbTaThl OGBIYHO PErHCTPHPYIOT
¢ noMowpio mHdponeuatalowed NPUCTaBKH HAW BPYYHYIO.
Ecau Ha Manbix crefgax Takof cnocolG KOHTPOAR AQMYCTHM,
Ta npu Go/bliux MacwTaGax npousBoscTsa o6beM NOAOGHON
paboThl peako BO3pacTaeT W CTAHOBHTCA TPYAHOBHLIMQJHH-
MHM ¢ ymep6om ans xayectBa uanenufi, [Tostomy menons-
30BaHHe HA TaKHX NpeINnpUATHAX aBTOMATH3HPOBAHHBIX CHC~
TeM ¢ NpYMeHeHHeM yNPaRAAIOUINX BHYHCANTEILHHX MALIHH
(YBM) cyiecTsenno noBhILJaeT KayecTBO H PeIKO HHTEH-
cudHUUPYeT Npouece KOHTPONS.

B aBTOMaTu3sHpOBaHHOM cHCTeMe MCMLITAHHA AKKyMYyJs-
TOPOB APEAYCMOTPEHO: M3MEepeHHe HANpPAXKEHHHE U TOKa, &
TAKKe TOACYET eMKOCTH KaMJAOro aKKyMyJasTopa; nporpam-
MHOe ynpaB/ieHue peKuMaMy HCOBTAHHI NO BPeMeHH, TOKO-
BOil Harpyake, Hanps)KeHHIO0, YHCIy UHK/IOB; Bbj134a B Tpe-
6yeMulli MOMEHT NpPOTOKOJOB HCMbITAMHHA W HUPOPMAUHH O
X0Je HCNHTaHMN; METDOJIOrHYecKas MPOBEPKA HCMLITATENbr
HOro o6OpYyAOBaHHA; peaKUHs Ha aBapPUHHLeE CHTyauuH NpH
HenmranHn, CucreMa noctpoena takuM oBpasoM, uto YBM
nocnpHunMaer uHdopMauuio of HavMepaeMHX napamerpax
XHUT ¢ xamaoro ucnnTaTeALHOTO CTERAA, 8 TaKKe undopma-
IHI0O 6 COCTOSHHH HCNBITaTeldbMoro ofopynosanusa, B cooT-
BETCTBHH ¢ 3aJ0XeuHolt nporpammoit VgM ABTOMATHYECKH
yNpasisierT HCNHTAHHAMH H BHAAeT TEKYIUYIO MAH NepHONH~
YecKylo WHGOpPManHIo, NO KOTOPOit oNepaTop KOHTPOJIHpYeT
X0/ HCNBTaHHA.

Bonee enoxHasi sagaya, BOSHHKAOW2A NPH NPOHIBOA-
crpe Gartapei, coOHpaEMBIX U3 OTACARUBLIX AKKYMYNATOPOB,—
KOMIIeKTalHA aKKyMyJAaTopoB B OGaTapelo no komMBuuauny
onpejeneHHLIX TMpUsSHaKoB, IT8 npobaema, onpejensoman
Kavectso Gartapeit B npouecce HXx AAUTeNbHOA sKcnayara~
UHR.~ 0HA M3 rraBuux B nponssoncrse XUT.



H3-3a Gosbliofl MPOTAKEHHOCTH TEXHOJOTMUECKOli me-
NOYKH H pa3bpoca TeXHOJOTHYECKHX H HHHX NapaMeTpoB
(HanpHvep, cBoificTB HCXOJHHX MaTepHa’loB) obpasud 1a-
we u3 oauofi naptun XHT HeoiunakoBbl NO CBOMM Xapak-
TePHCTHKAM; TAK, HX €MKOCTh MOXeT pa3.JHuaTtbcd Ha 10—
15% n Goaee. KoMmiaextauus 6aTapeii No3ToMy COCTOHT H3
AByX crazanii: nog6opa Heo6XOIMMOTO yYHCJIA OAHOPOIHBIX
akKyMyJaaTopoB nobartapeitno (H HeCKOJIbKO 3aNnacHHX B
KOMIJIeKTe 1A BO3MOXHOM 3aMEHH) H HCNHTaHHA oTo6paH-
HBIX TPYNN aKKyMy.1ATOpoB, cO6paHHHX B NocCj1€10BaTelbs
Hble uenH.

K xapakrepHcTHKaM, MO3BOIAIOUWIHM OUEHHBATh OIHOPOI-
HOCTh 06paslOB H COOTBETCTBEHHO rPYNNHPOBATH HX, OTHe-
CeHH: HaMpPSXKEHHE MO HCTEYEHHIO ONpeleNeHHOro BpPeMEeHH
pa3psaja;, pa3psfiiHas eMKOCTb A0 JIOCTHXKEHHSl ofipeleseH-
HOro HANpHKEHHA; BHyTPeHHee 3JEKTPHUYECKOE COMPOTHB.Ie-
HHe; napaMeTpnl JaBN€HHA, CBA3AHHHE C ra3oNorJiolleHHeM,
H JIDYrHe nmapaMeTphl, 3aBHCSILIHE OT HHAHBHIYaJbHLIX OCO-
6eHHOCTeli JaHHOrO THNA AKKYMY.1ATOpa, KOTOpHeE no3Boas-
10T NPOrHO3HPOBATh HAJEXKHOCTH cofpanHoi 6aTtapeu B npo-
necce aaJbHefiied 3KCJAyaTaLHH.

Ins BoiieeHHS OJHOPOAHBIX TFPYNN  aKKYMy.IaTOPOB
npeLToKeHbl MATEMATHYECKHE AJrOpHTMH paclo3HABaHHSA
o6pa3uoBs, onHchiBaeMbie CHCTeMOH nph3nakos. B stoM cay-
yae B 3@8BHCHMOCTH OT nocrasjJeHuofi 3apaur (xkomnjlexra-
Mg no yucay G6aTtapeit WJAH NO 32IaHHBIM JONYCTHMHM fpe-
JenaM) ¢ novouisio IBM npoussoisar Bue6op rpynn oTHO-
CHTE.IbHO OIHOPOIHBIX AKKYMYJI4TOpPOB, B HanboabiueH cre-
NeHH COOTBETCTBYIOIIHY UedAM KOMNACKTAUHH,

Paspa6oTan Takxke aJropuT™M MamIHHHON KOMNNEKTAIHH
Gatapeit ¢ npumenenneM IBM, B 0CHOBY KOTOpOro moJoxe-
Hpl MapaveTpd KOHEYHOrO yYyacTKa yCpeIHeHHOH paspaArOi
XapakTepHCTHKH. DTH AaHHbie NOJAYYAIOT HA OCHOBe 06paboT-
KH 3HaueHHii Da3psAIHHX XapaKTEPHCTHK Bcefi COBOKyNHO-
CTH aKKyMYJATOPOB, NMpelcTas/JAeHHbIX I NPOBEIEHHST KOM-
NJeKTalHH.

OteercTBeHnoit 3anauefi nBaseTca U obecneyenne cpel-
CTBAVH BBIYHCJIHTEJBHON TEeXHHKH BHICOKOro kKayectsa 0a-
Taped HenocpeiCTBEHHO HA CTAIHH UHKAHpOBaHHA. B xoH-
CTPYKUHH aKKyMyJATOPHHX 6atapeff, K KOTOPHM npelbsBs-
NA0TCA NOBHilleHHHE TeXHHuUECKHE TpeGoBaHus, npeaycMoT-
peH nosjleMeHTHbIA BLIBOJ1 BCeX aKKyMYJISTOpPoOB AASl NOJy-
yeHHss mudopMaunH 06 H3IMEHEHHAX HX XapPaKTEepPHCTHK B
npouecce 3KCNAyaTauHH, AHAJIH3 COCTOAHHA Ka)J0ro U3 ak-
KyMY.TATOPOB C NPHHATHEM HeOOGXOAHMHX pelIeHu#i ocylecT-
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BJIsieTCA ¢ NOMOILbI0 MHKpONpoleccopHo#t TexHuku, Paspa-
6oTaHnt KOMNAKTHHIE 3apAJHO-pa3pAAHLIE ABTOMATH3HPO-
BaHHbie ycTpoficTBa, npejHa3HayeHHLe AAA LHKJIHPOBAHHSA
B 3aJaHHOM pexXxHMe, YcTpoficTBa, HMelolIHe B CBOEM COCTa-
Be ynpasasiomylo MEKpo9BM u 3BM coraacosanns, obec-
NeyHBaioT HaGJioOfeHHe U YNpaBjleHHe OTAeJbHBLIMH &KKY-
MYJATOpaMH, KOMIVIEKTYIOMHMH Gatapeto. IlpeaycmoTpena
BO3MOXHOCTb NpexpallleHHsa 3apaja Jio6oro U3 HHX NpH 3a-
JAaHHBIX NpefeJbHLIX 3HAUEHHAX HANpSXKeHHHA, eMKOCTH H
tTemnepatypel. CHCTeMa no3BoJISIeT KOHTPOJHPOBATb TAKXKe
napaveTrpu pas3pajnd, M3MEHTb HX BeNHYHHY B 38JaHHLIX
npejesax, 8 Takxe OCyILIECTBJIACT KOMMNEHCALHIO HEKOTOPHIX
OTK@30B OTAeJbHHX &KKYMYJATOPOB C He3HAUHTEJbHHIM
yXyAUleHHeM XapaKTepHCTHK 6arapeH.

ChaeayerT oTMerHuTb, 4TO MacmiTaGnl NpHMeHeHHs BBIYHC-
JIUTeNbHONR TEXHHKH B 06/1aCTH XMMHYECKHX HCTOYHHKOB TO-
Ka NoKa YTO HeBeJHKH, UTO YKa3LIBaeT Ha HaJHyHe GOJBLIHX
pe3epeoB B janbHelillleM noBumenHn kKauecrBa XHT u un-
TeHCH(HKALHH HX NPOH3BOACTBA.

KOHTPONbHLIE BOMNPOCHI U 3AAAHMA

1. B uyem 32K.MOYA0TCA NPHYHHB B.IHAHHA [OPHCTOCTH, 3¢-
ek THBHOrO anaMerpa nop, raGaputnolt n.10THOCTH Ha 3bdexk-
THBHOCTb paboTH NOPHCTOTO SJeKTpoda?

2. Tlouemy B ognux XHT npumesieHHe NOPHCTHX 3.JE€KTPO-
AOB HEo6X01HMO, 2 B APVIHX HE HMEET cMbc.a?

3. Jokaxure, yro 3dderrnsuaH I.Ty6HHA NPOHHKHOBEHHH
npouecca u3 ypasueuus (1.7) u3vepsiercs B eIMHMLAX ZMHH.

4. Oueunte nNpedMyIecTBa H HelOCTaTKH TOKOBEAYIMHMX Kap-
Kacos pa3amuynux THnos. Hanpumep, cpaBuuTe wmex1y coGoit
pellieTKy, JaMelbHYl0 KOHCTPYKUHIO H MeTa.LIOKepaMHYECKYIO

n.1acrmﬁr.
5. Ha rakue xapaktepucTHKH XHUT m kaknm oGpasom B.amsi-
0T MaTFF"aJ H cBoOHCTBa cerapartopa?

6. Ilpenaoxkure cBoét BapHaut Kiacchduxanuun XHUT, manpm-
Mep, N0 NPH3HAKY AKTHBHOTO BEILECTBA OIHOrO H3 3.JEKTPOLOB
HJIH B 3aBHCHMOCTH OT Ha3HaueHHs.

7. Touemy B Ganauc nanpsxenus XHT Bxoamr me 3JC,
a HPLI?

8. Kakue xapaKTepuCTHKH MO3BO.THIOT cpaBumBath XHT
MeXly co6oil He3aBHCHMO OT CHCTeMbl M NapaMerpoB?

9. OGocHyfiTe ocuoBHHE MyTH NOBHeHus HazexnocTH XHT.

10. Kakue npuunHb MOTYT BH3BaTh IEPENOTIOCOBKY OTIE.Tb-
HOro aKKyMy.uTopa .u60 aKKymy.JdsTopa H.1u 3Jementa B Gara-
pee? KakoBH noc.TeicTBHH NepenoliOCOBKH?

11. B ueM MnpeHmymecTBa CTYNemyaToro M MOAHQHEHPOBAH-
HOTO 3apHia aKKyMY.IfTOpa C [IO3HIHH TEOPHH NOPHCTOTO 3.1eK-
Tpona?

12, B uevw sakaiouaeTcs NPaKkTHYECKO® 3HAYeHHe MATEMATH-
YeCKOro MOJe.1npoBauus XapakTepuctHk XUT?
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PA3AEN NI
NEPBHUYHLIE U TONNMUBHLIE 3JIEMEHTBI

B 1800 r. A. Boabra ony6ankosas onucaHue ABYX Ba-
pHaHToB nepBHYHLIX Oatapefi. Bunoaspunas Garapes co-
CTOAA2 U3 CJOXKEeHHLIX NMONapHO AMCKOB H3 cepebpa H IHHKA
HJIH MeLH H LHHKa; KaXAasd mapa oTaeasacb OT COCERHHX
KPY»KaMH H3 CYKH&, TPONHTaHHOI'O PacTBOPOM CepHOM KHC-
JOTH HJH NoBapeHHo# coan. Batapesa pacnonaranach Bep-
THKaAbHOo (cM. puc. B.l,a) u nostomy, Kak yXe orMeua-
Joch, Onhila Ha3BaHa BOALTOBHIM cToNGoM. MoHonoasipuas
6atapes npeacrasasaa cobofi pAn ualleKk ¢ pa3basjeHHOR
cepHo#f KHcJOTOH, COeHHEHHHIX MeXay cofo#ft noJjockaMu
TeX XXe MeTaJoB, ONyIEeHHHX B paCTBOP H CHafAHHHMH MO-
cepeaune (cM. puc. B.1, 6).

Naabheitmee pasputue Haes BoabTa nmoayunia B MegHo-
nuHKoBoM 3jemente Hanuens (1836). ITo cpaBHeHHIO C 3ae-
MeHroM Boabra 3zech Ghila HCMoJb30BaHa NOpPHCTas AHa-
¢parmMa, no3BoAHBIIAA NOrPy3HTb LHHKOBHIE 3JEKTPOX B
pacteop ZnSO,, a MenHuil B pactsop CuSO,. B pesyabrare
NpH pa3pane Ha NOJNOKHTENbHOM 3JeKTPOAE BOCCTaHaBIH-
BaJach Mejb, @ He BOJAOPOA. ITO pe3Ko MOBHICHJIO CTAGHIb-
HOCTb HanpsAXeHHs, NOCKoAbKy peakuus Cu?t+2e——Cu
npoTeKaeT NpH He3HAYUTENbHOH NOAAPH3AUHU.

Ias nosuitienns nanpsaxenus B. I'poys (1839) samenua
MeIHLIH 37eKTPoA 3MeMeHTa JlaHHens NAaTHHOBLIM, NOTpy-
XeHHLIM B KOHLEHTPHPOBAHHYIO 230THYIO KHcAoTY. Bnepsue
6LiI0 MOKa3aHo, YTO NMPHMEHEHHEe 3HEPrHYHOro OKHCAHTENA
yBenuunBaeT 3¢dekTHBHOCTb PaboThl  MOJAONKHTEABHOrO
3J1eKTPOAA, NMO3BONASA NOBLILIATh He TOJAbKO HaNpsixKeHHe, HO
H TOK paspana.

P. Byusen (1841) vopepHuaupoBan saement I'poysa,
3aMeHHB INe(HIHTHYIO NAaTHHY 3HauHTeJAbHO GoJee AoOCTyn-
HHIMH yroJbHLHIMH 3aexkTpoiaMu. O6a 3jeMeHTa MOrAH pas-
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PAXKATLCA PEKOPIHO BHCOKHM TOKOM, OAHAKO BbiIEJAJH NPH
paspsaie TOKCHYHBIE OKCHAB a30Ta M GPHI3rd a30THOA KHC-
JOTHl, ITH HEAOCTaTKH GHUIH ACKJIOYEHH Yy 3JeMeHTd, npen-
Jdoxendoro P. Bynsenom u U, Iorrennopdpou (1842) u yco-
BepwexcTeoaHHoro JK. 'pene (1856), B koTopoum Gbur He-
NOAb30BAH 3HAYMTEIbHO MeHee TOKCHYHBIA OKHCJAHTeJb
(KgCl‘gO7 HJIR N32CI‘207).

[Moapaedne 3aementos, usob6perenbix K. Jlekaanire
(1865) u &®. Jlanaunou (1882), ozHavenoBajo nepexox OT
HHIAKHX OKHCAHTeNell K TBepAWM — AHOKCHAY MapraHua #
okcnay venn (I11) cootBercTBenso. Okcuaw MertalsioB ob6aa-
Aa]1n pAaoM NpeHMylLlecTB: NO3BOJAIH OTKa3aThCH OT arpec-
CHBHOI'O 3/€KTPOJHTA, He BbLI3bIBAJH CaMOpaspsal 3/eveHTa,
6bi1n GesBpeaHw. KoHCTPYKTHBHO OKCHA MeTalJa BXOAHMT B
COCTaB NMOJOMXHTEIbHOIO 3JeKTpoda H fABJASJICH, MO CcyLlecT-
BY, @KTHBHLIM BELECTBOM, XOTH J0JAroe BpeMs NPOAOJKa.1
Ha3bBATbCA IeM0.19pH3aTOPOM.

B Bo31ymHo-uunkoBoM 3jgeveHTe ®epn (1914) snepsue
B KayecTBe aKTHBHOI'O BELIECTBA GLIT HCMOJb30BAH KHCJIOPO
BO31yxa. Fl1ed mosoXATEIBHOrO KHCJOPORHOro 3JeKTpola
BNOCJEICTBHA GH1a peaH30BaHa TakKXKe B TONJHBHHX 3.1e-
MeHTax.

PaccyoTpentbie Bolile XHMHYECKHe HCTOUHHKH TOKa 06-
Jaiaan Hau6o.ee NpHEeMJIEMEIMH Ia4 CBOEro BpeMeHH Xa-
paKTepuCTHKaMH. B 3HaunTebHOIl cTeneHH HMEHHO OHH OT-
paxaloT 3BOJIIOLHIO MEPBHUHLIN 3.1eMEHTOB, HauHHas C 31e-
MeHTa Bo.abTa, X014 1aqeko He mcuepnHBaloT Bce Te 06pas3-
ust XUT, kortopule mnpeiaarainch B 3TOT MEpPHOI Bpe-
MeHn.

o konua 1940-x roios saeMenTH JlexkaaHie, Jlaaania,
I'pene ocraBanich npeo6.1a1a10WKUMH CPEIN NEPBIYHEIX 31€-
MenToB. O1HakKo po3pocuine B jadbHeilllleM TeXHHueckKue
TpeGoBauns CO CTOPOHH Pa3AHUHHEIX OTpac’Iell HayK#s H Tex-
HHKH NMPHBEIN K PE3KOMY YCH.IeHHI0 pa6oT B ob6.aacte XHUT.
IMoayuuan passuTiie CyxHe 3.1eMeHTH, paciiHpH.Iach cdepa
HX MPaKTH4YeCKOro Hemoab3oBanuA. Buan pa3paboTaHbl HO-
Bble NMPHHUHNL KOHCTPYKUMH, NO3BOJIHBIINE pealn30BaTh
BeCcbMa 3HEProeMKHe CHCTEMH H C0331aTh Pl pe3epBHBIX
(akTuBHpYeMHX) 6aTapeii. KpyvnHbuie uccielosanus B 06.1a-
CTH IEKTPOXHMHH HEBOJIHBIX CHCTEM NPHBEIN K CO3I1aHHIO
JHTHEBHX 3.1€MEHTOB, 06.121aI0IHX YHHKAJIbHBIMH Xapak-
TepHCTHKAMH.

B nocaeanne tpuiunarh JeT GHIH TOCTHIHYTH TaKxe yc-
nexy B 06.;1acTH pas3paGOTKH 3J1€KTPOXHMIUECKHX reHeparo-
poB Ha 6a3e TONIHBHBIX 3.1eMeHTOB. X0Td npob.aeMa TOMINB-
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HOro 3JeMEHTa HMEET NOUTH CTOJCTHIOIO HCTOPHIO, OHA Npo-
JoJKaer HHTepecoBaTh CHEUHAJNHCTOB H OCTaeTcs fepcehex-
TUBHOI.

Fnaea 4
DNEMEHTH C BOAHLIM K HEBOAHMM 3NEKTPORAMTOM

XapaktepHo#t 0co6eHHOCTbIO AKTHBHMX 3/IEMEHTOB
¢ BOAHKWIM HJIH HEeBOAHHM 3JEKTPONIHTOM ABASKETCH Ha-
JAHYHe NPAMOro KOHTaKTa AaKTHBHMX BEIIECTB C S/€K-
TpositToM, uto obecneyyBaeT HX NOCTOAHHYIO OTOB-
HOCTb K paspapy, HO H co3flaeT yCaoBHA A% CaMopa3-
psina kdK mpouecca TepMoAHHaMHuecKH Hen3bexHoro.
K srtoit rpyntie HCTOUHHKOB TOK2a OTHECEHB 3JEMEHTH
13 anexTpoxuMHuecKHX cHCTeM (cM. cxemy 2.1). B feit-
CTBHTENIBHOCTH MX 3HauynTeabHo Goabuwe, Cpean Heua-
3BAHHHIX ORHH MPEACTABASIOT JHIIbL HETOpHUeCKUA nu-
Tépec (a/ements Boabra, [daHueast u 1. A.), Apyrie
HMEIOT HefiCHKE MEPCMeKTHBH TEXHHYECKOro npEMeHe-
HHSl HAH BBIMYCKAIOTCA OrPaHHYCHHBIME NA&PTHAMH, 06-
flafas  Y3KOCHEUHAJbHBIMH XapPAKTEPHCTHKAMH, HJH
HaxoaaTca B craguy paspabotku. B nanuoft raase oc-
HOBHOE BHHMAaHHe yJeaseTcs 3JAeMeHTaM u Garapesm
TeX HEMHOTHX CHCTeM, KOTOphle HaLlJIH UIHPOKOE Npax-
THUECKOe NpHMeHeHHe AnGO NpeACTaBJAIOTCS HecoM-
HeHHo NepCNeKTHBHHMH B HeAanexoM Gyayuiem.

4.1, Maprasyeno-UnHKOBLI® INEMEHTLI

CoBpemennne Maprauueso-uunkossie (ML) saemenTn
NPH BCEM HX KOHCTPYKTHBHOM MHOroo6pasnH B 3aBHCHMOCTH
OT ¢ocTaBa H pH 3MeKTPOJMTA ACIAT HA COMNEBHE U LLEJOY-
Hiie. B coaesoix ML 3nemeHTax HCNONLIOBEMA 3JMEKTPOXH-
muyeckan cucrema Jleknanwe Zfi| NH(CI{MnO,, B weaou-
Abix MII saementax peaansosana cuctema Zn|KOH [ MnO,.
Contesnie s/1eMenTh 6osee NPOCTH B H3TOTOB/NCHHH, XaPAKTE-
pasylorcs neteBH3nol H HaxexuocTbio, Hlenoynwe anemen-
TH OTAHY2I0TCA BEICOKOHR paBoTocnocoGROCTHIO NPH NOHHXKe-
HHH TeMIepaTypel HJH NOBHILIEHHH Da3PAZKHOTO TOKE, Jyd-
HHMH YAENBHBMH XapaKTepHCTHKaMH, HO OHH ClOXKHee No
KOBCTPYKIRHH H Gosee TPyAOeMKH NPH H3rOTOBJASHHH.

MLl sseMenTH ABAAIOTCH MHOTOUCJAEBHIMH H CAYMKAaT He
TOYHHKAMH @BTOHOMHOI'O MHTAKHA NEPEHOCHOH pajnHo-, do-
To- U 3JEKTpoannaparypst (TPaH3HCTOPHHIX PaiHONPHEMHH-
KO0B, KacceTHHx MarHutooHoB, pasuonepeRarunkos, $Horo-
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BCMbIIEK,  KHHOKamep, TeCcTepoB-OMMETpoB M Ap.),
MHKDOKaJbKYJAATOPOB,  3JEKTPOYacoB, 3JeKrpodoHapei,
3JIeKTPOHrpylIeK ¥ MHOTHX JADYTHX H3jeaH#l ¢ HEHHTEHCHB-
HeIM noTpeGJieHneM 3JeKTPOSHepraH B pacyere Ha AocTa-
TOYHO NPOJOJIKHTENbHBIH CPOK CAYXObl HCTOUHHKZ TOKa.
ITpeoGaapnaior MajoraGapuTHbie IHJAHHADHYECKHE 3JEeMeH-
Thl, HO BHIMYCKAlOT H OTHOCHTEJAbHo kpynune MLL Garapen,
npejiHa3HayeHHbIe, HANDHMeED, ANS MHTAHHA HABHTAaIHOHHBIX
CHTrHaJBHbIX YCTPOKCTB.

Ha npoueccei, npotekaiouine B ML anementax npu pas-
psife H camopa3psage, Gosblioe BIHAHHE OKa3bBaeT COCTEB
H KHCJIOTHOCTH 3JIeKTpoJnTa. BaXkuyio pojb HrpaloT cTpyK-
TypHble B (a3oBHe XapakTePHCTHKH 3JEKTPoAa, KOTophie
N8 COJIEBHIX M HIENOYHBIX 3JE€MEHTOB HEOJHHAKOBBLI: B CO-
JeBOM 3JIEMeHTe aHOJOM CJYXHT KOMNAKTHHA MmeTaiafnye-
CKHA HHMHK, B HICJOYHOM — MOPHCTHIA HHHKOBHH 3JeKTPOJ,
pasauyaiorca (a3oBbifi COCTAB ¥ AKTHBHBIE MACCH NOJIOXH-
TeJIbHHX 3JeKTPOJOB.

Teopus conesmx MIL sjaemenToB. OcHOBHOM KOMNOMEHT
3JIeKTPOJNHTAa COJIEBBIX  3J€MEHTOB — XJODHA  aMMOHHS.
C yuetoM npuMenseMux go6asok ZnCl, u CaCly kncaor-
HOCTb Takoro 3jekrpoaura 6in3ka pH 5. [Tostomy npu pas-
pAle IHHKOBOrO 3JEKTPOAA NepBOHAYAJbHO DPeakmus cBO-
JAHTCA K aHOZHOMY DacTBODEHHIO IHHKA:

Zn - Zn2+ 4+2e— E0= —0,763B

OpHako B @aMMOHHAHO-XJODHAHOM 3JEKTPOJIHTE UHHK NpH
pHZ=5 o6pasyer avMnakaTHble  KOMIJIEKCH THINA -
[Zn(NH3)2]Cl,. IIpn aToM npenMyHiecTBEHHO npoTeKaeT
BTOpHYHaA peakums ¢ o6pa3oBaHHeM XJOpDHAA JAHaMMHH-
IHHKA:

Zn2+ -+ 2NH,Cl — [Zn (NH;),] Cl, + 2H+

[To Mepe ucToLIeHHS 3JEKTPOJAHTA CTAHOBHTCA 33aMeTHOA
peaxnus rHApoJH3a XJOpHAa UMHKa ¢ o6pa3oBaHHeM c1abo-
PacTBOPHEMOro OKCHXJOpDHIA IHHKA:

5ZnCly -+ 8HyO— ZnCly-4Zn (OH), + 8HCI

¥YKkaszaHHpie peaklHH AAaJeKo He HCUEpPNBLIBAIOT Bce BO3-
MOXHble MPOLECCH, NMPOTeKaloUiHe B COJEBOM 3JIeMEHTe ¢
yuacTHeM HOHOB IHHKa. Tak, B ycJOBHAX MOCTENeHHOTo pPo-
cra pH pacreopa Bmillle 5, npoucxoaflero Noj BJIAHAHHEM
KaTOJHOTO Npomecca, HaGaionaeTcs BbiajeHHe B 0CaAOK
XJODHAZ AMAMMHHUHMHKE, YTO BbI3bIBAET 3KPaHHPOBaHHE IO-
BepXHocTH anoaa. IlogoGHoe neficTBHE OKa3biBaeT H OKCH-



XJAOPHJI HHHKA. DTH Xe YCJAOBHA CMOCOGCTBYIOT NPOTEKAHHIO
APYroro TOKOTeHepHPYIOLlero npouecca, KOTOPHf CTaHOBHT-
CA AOMHHHDYIOHIHM:

Zn 4+ 20H— — Zn (OH)g + 2~ (4.1)

¢ NocJeyIOlHM Pa3JoKeHHeM rHIPOKCHAA UHKa HA OKCHI,
uHHKa H Boay. O6pasyiouiniics 3ateM TPYAHOPaCTBOPHMBIN
retaspoant ZnO-Mn;O; Takke MacCHBHpPyeT 3JeKTPOAHYIO
HOBEPXHOCTD.

He Menee ciroxna KapTHHa paspsifa NOJOXKHTeAbHOrO
3JIeKTPOAa COJIeBOTo 3JleMeHTd, aKTHBHER Macca KOTOpOro
coJlepXKHT n06aBKY rpadurTa HAH APYroro YriepoAHCTOrO
MatepHana. XoTd JHOKCHA MapraHua oGaafaeTr 3JeKTPOH-
HoOi#i NpPOBOAMMOCTHIO, COH3MEPHMO/i MO BeJHUHHe ¢ HOHHOA
NPOBOAHMOCTBIO 3JeKTPOJHTa, 3JeKTPonpoBojafias ao6ae-
Ka ofecneuHBaer GoJiee MOJHHN paspAf H CTaGHABHOe BO
BPeMeHH HamnpaxKeune.

B HCxoaHOM COCTOSIHHE NPH HaJHYHH CAa6OKHCIOrO XJ0-
pHAHOro pacteopa HabaiogaeTcs KaTOLHOe BOCCTZHOBJAeHHE
IHOKCHAA Maprauiia ¢ o6pasoBaHHeM XOpOLIO paCTBOPHMO-
ro xnopuna Mapranua. TokooGpasyiofilylo peakuHio MOXHO
npeACTaBHTH CAELYIOHIHM 06pasom:

MnO, + 2H,0 + 2¢— — Mn2+ 4 4OH-  Eo=1,23B

IIpn stoM npoHCXOAHT noAileNauHBaHHe NPHKATOLHOrO
CJI0fl, YTO OTpaXdeTcA Ha MeXaHH3Me Pa3pAAHOA peaKIHH.
ITockoabky B mefiTpadsHo#t H TeM GoJlee HieJOuHOH cpene
RHMOKCHA MapraHua HepacTBOPHM, pa3psan npH pHZ=7 npo-
Tekaer B TBepnoil dase 3epna MnO; no ypaBHeHHIO

MnQ; + H;0 + e~ - MnOOH 4+ OH— £0=0,35B (42)

[TpoToHH, OTWENAAACH OT MOJIEKYA BOAH, MOTAOILAIOTCA
TBeploft ¢a3ofi OkCHAa, a 3J1eKTPOBOCCTaHOBAeHHe Mn** 4
+e~—Mn3+ npoHCXOAHT HenoCpeACTBEHHO B y3/1aX KPHCTa-
AuyecKoit peileTkH. OcobGeHHOCTh Mpolecca 3aKJaiouyaeTcs B
HenpepbiBHOA AHGb(Y3RH MPOTOHOB OT nepHdepHH B rayGH-
HY 3epHa C OLMOBPeMeHHHM [IpOTeKaHHeM N0 HHHM TpaekK-
TOPHAM B TOM XKe HanpabJeHHH 3NeKTpouHoro Toka. Judody-
3HOHHHe OrpaHH4YeHHS B TBepJol da3de ABAAIOTCA OCHOBHOH
npHuxHOf poCTZ NOASPH3ALMH MPH MOBHIIEHHH Pa3PAAHOrO
Toka. XapaKTepHo, 4TO NpH Hcrmoab3oBaunu pacrBopa KOD
B D;O noaspu3auua nosutiaercs na 10—30%, uro cayxur
elife OLHHM JOBOJOM B NOAB3Y 3JeKTPOHHO-TIDOTOHHOIO Me-
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XaHH3Ma BoccTaHopJenus MnO,. ITosToMy cywHOCTs TOKO-
ofpa3yoilleit peakiHin MoXeT GHTb BHpaXeHa TaK:

MnO; + H+ + e~ — MaOOH

flo cyuecTsyioiHM NmpeACTaBJAEHHAM Ha NMEPBOH cTaauH
pa3psfa MPOHCXOAHT TaK HashiBaeMOe 20MO2EHHOE B80CCTA-
HOBAeHue RHOKCHAA Mapranma Ao MnOy, rme x~1,7 npu
coXpaueHHH HCXOAHOA KpHCTaalHuecKo#t cTpykryps. Bro-
pas cragma pa3psana (cerepozentoe 80CCTAHOBACHUE) —
obpa3oBaHHe HOBOH KpHCTaJinyeckod ¢a3sl MaHranHTa
MnOOH — o3navaer nepexom or MnO. iz K MnO. s,
InaBuoe n3meHeHHe OKHCAECHHOCTH MOXHO TPaKTOBaTh Kak
o6pa3soBanne TBepmoro pacrsopa yMnOOH:- (1 — y)MnO,.
BennunHa y MakCHMaJabua Ha TpaHHUe 3epHa C 3JeKTPOJH-
TOM B 30He KOHTaKTa C 3JeKTponpoBoAsdlled Hacruuel u

YMeHbIUIaeTcs K USHTpY.
Ha puc. 4.1 nokasan xapaktep H3MeHeHHS NMOTeHuUHAJa
NOJOXHTeAbHOro 3JeKkTpona £, npu paspange (yuacrok ab)
H mocae  pasMEIKaHHsA

£ uenu (yuacrok 63). Mu-
e y 7 HHMaJbHOE 3HaveHwe
;" s noTeHuUHasa B Touke O

' MOMEHT TOKOBOH Nay3m

. ’ COOTBETCTBYET yCpeAHeH-
. /f HON BeJHUYHHE Yuaxe B
P MOMEHT 1. B nepsniit

03pnd

naysa Lpam é naysa 11—T; HKCHPYeTCs cKa-
] _ YOK OMHueckoit cocras-
0 g g < naomedt (yuacrok 066),

a 3areM HabJaopaercs
Puc. 4.1. UsMenenwe noremumasa  NaAaBHuii pocr E;  no
no.nom.irre.nb;l:r: 3pa:::r£onanep1:'l(!’.l paancg!;)ecnoro noTeHiHa-
aeMenTa rnpH pa B " Jna +, OTBeyaloiero
At ToxosoR naysu ycJ0BHIO y==const. B ne-

pPHOA Ti—T2 NPOHCXOBHT

MeAnennoe nuPpPy3noHBoe BHIPABHHBAKNE OKHCIGHHOCTH HO

ToJIliHe 3epeH (yuacTok g2). IIpu MOBTOpPHOM BKIIOHEHHH

TOKOBOM Harpy3k# (vs—ts) KapThHa HOBTOpAeTcHd, HO

E,”<E’;. PaBHopecHmi#i morenunan EP, B aoGolt oTpe3ok

BpeMeHH NpH YCJOBHE y==const coriacHo peaxuun (4.2)

MOXeT GuiTbh BHpaxkeH ypaBHenneMm Hepncra

a T a
B, = B 4 ALy Hu0  RT, “Ma0,
F " aogy— F " apsoon



DeKTPOXHMHUECKO® MOBe1eHHEe JHOKCHIA Mapranua 3a-
BHCHT He ToIbko oT pH 3.1eKTpoJHTa, HO H OT KpPHCTAaH-
yecKoil CTpYKTYPH, colepXaHHUA npuHMecefl BOIn H MeTaJ-
J0B, 3leKTpHuyeckoil mnpoBoluMocTH MnO, a Takxke oT
CTPYKTYPHBIX mapaMeTPoB MMOPHCTON akTHBHOH Macehl 3.J€K-
Tpola.

H3psecTHol no Mebluefi vepe nATs KpHCTaJdorpadgnye-
CKHX MOlW(HKaUHi AHOKCHIAa Mapranlla, JIBe H3 KOTOpPHIX
006.121a10T CBOACTBAaMH 3.JeKTPOXHMHYECKH AKTHBHOrO pellle-
CTBA: MHPOAIO3HT B=MnO; u HcyTuT Yy=MnO,. [Tupo.ro-
3uT — CTEXHOMETDHYeCKHA IHOKCH1 Maprasuna, CocTaB.Ifio-
HiT OCHOBY MNPHPOIHOro MHHEpAaJa TOro XK€ Ha3BaHHA.
Hcyrur — HecTeXHOMETPHYECKHIT OKCHI YCJIOBHOTO COCTaBa
MnO, (x<2) u npeiacrap.aser coboii cMellaHHYIO CTPVKTYPY
paMclIeqTHTa ¢ paBHOMepHO pacnpeledeHHBIMH MHKDO-
BR.TIOHEHHAMH mHpo:aio3nTa. Moandnkanuio y=MnO; no.y-
yailoT yallle 3JeKTPOXHMHUECKHM, peXe XHMUYECKHM OKHC-
JeHHEM COOTBETCTBEHHO CY.1b(aTa HJAH HHTpaTa MapraHua.
B 3aBHCHMOCTH oT crnoco6a moayueHHs MPOIYKT Ha3biBaeTCH
3.1eKTPOJIHTHYECKHM HJAH XHMAueCKHM IHOKCHIOM Mapranua
(3.IM nau XIIM). Otanunteasnoit ocabennoctsio y=MnO,
ABJISETCH OTHOCHTEJIBHO BHICOKAs KOHHEHTpauHs npHwmeceii,
npeXie Bcero BoIW. B mMoindpukannu p=MnO; coiepxur-
cs oko.10 1% Boan, B y=MnO; — a0 20%: 8 3AM-2, npx-
MensieMoM B TexHo.dorun XUT,— nopaaka 7% (DAM-1 kax
pasHOBUIHOCTE 3M 31€KTPOXHMHYECKH HeaKTHBEH).

Boia npucytcTeyer B 3epHax MnO, B aicop6upoBannoM
Il xeMoCOpGHpOBaHHOM CcOCTostHHAX. [lepBocTenenuyio pob
B NOBbILIEHUH 3]eKTPOXHMHyecKo#i akTHBHOCTH MnO, urpa-
eT xemocoplipoBanHas Bola, KOTOpas BXOIHT B KpHCTan-
JHYECKYI0 pelieTKy InokcHia B ¢opme HO, OH- n H30+,
o6pa3vs XHMHuecKHe coeluHeHHS Tuna MnOy—.(OH)gx-
-mH,0. XemocopGupoBanHad BOla SB.ISETCS HCTOUHHKOM
NPOTOHOB, pacnpeleleHHbX B peteTke MnO,, Koropste cro-
COGCTBYIOT MPOTEKaHHIO HOHHOrO TOKAa B TBEpl1o# ¢ase ak-
THBHOTO BelllecTBa.

[Moewienne Kospduuuenta ncnoab3oBanus MnO, npu
pa3psiie 3JeMEHTa 3aBHCHT He TOJIbKO OT KOMIEHTPaUHH
MPOTOHOB B KPHCTALTHYECKOIl DellleTKe, HO H OT YI1€IbHOIl
NOBEPXHOCTH Sy M VIeIbHOM 3.1eKTpHUYECKON NPOBOIHMOCTH
# IHOKCHIa Maprasua:

Sy Mr %, Cu/v
Hupomosutr . . .. .. 7—17 0.15—0.5
3M2 . Lo 28—15 25—1
XoM .o Lo 55—88 €
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Xota 3TH naHHBe ODHeHTHDOBOYHHE, MOCKO.IbKY 3dBH-
CAT OT TEeXHO.10rHueCKHX ocobeHHOCTell 06pa3LOB H MeTO1H-
KH H3MepeHHA, OHH MOKa3uBalOT, YTO DOCT YIelbHOH mnoO-
BEPXHOCTH yJayullaeT KayeCTBO KAaTONHOrO MarepHajia A0
ONpejie;leHHOr0 ONTHMAJbHOrO 3HaueHus. HeficTBHTEIbHO,
HaH6oJiee BHICOKOH 3.1eKTPOXHMHYeCKOH aKTHBHOCTBIO 06.1a-
naer 3[IM-2, HecMoTps Ha TO, YTO €ro yAeibHas NOBEpX-
noctb Huxe, ueM y XJIM. CymecrBenHast poab 31eCh npHHai-
JAeXHT CTPOEHHIO H pa3MepaM Mop, KOTOpble ONpefeasioT
3¢ ¢pekTHBHOCTb paboTH MOpHCTOro 3.eKTpofa (cM. ra. 1).
Baxno, uro XJIM cozepXHT MeHbllle XxeMoCopOHPOBaHHOH
Boabl, yeM JIM-2. B 3THX ycI0BHAX HeKoTopoe nmpenmyute-
crBo XJIM no yaedabHofi 3jexTpHYecKo# NPOBOXHMOCTH He
HMeeT pelulaloutero 3HaYeHHs.

Camopaspad coresozo MIl 3nremenra onpeneisiercs
rAaBHbBIM ofpa3oM camopa3pfioM (Koppo3Heil) UHHKOBOrQ
aHona. BaaumopeiicTBHe UHHKA C 3.TeKTPO.IHTOM, €r0 OCHOB-
HBIMH KOMIOHEHTaMH H NPHMECAMH NMPOHCXOLHT N0 MeXaHH3-
MY 3JeKTpoXHMHYecko# Koppo3uH. OKHC/IHTETb B C1aGOKHC-
No# cpele — karnoHn H+, B HefiTpa.1bHON M WesouHON cpe-
e — Boaa. Kpome Toro, nesasucamo or pH pacrsopa snep-
THYHBIM OKHCJIHTE1eM MOXKeT CTyXKHTb KHCIOPOA, PaCTBOpeH-
Huit B saektpoaute. IIpoiykrom camopaspsaa sBasercs
npexie BCEro X.JI0pH1 AHaMMHHIHHKA:

Zn -+ 2NH,CI — [Zn (NHy)) Cl; + Hp (4.3)

a takXe ZnCly-4Zn(OH),-H:0. 3TH coan BHN2Ia0T B
ocajlok B Anadparme 1 Ha NOBepXHOCTH 3.1€KTPOJOB, 3aTpyl-
HASl pa3pAn H yXyAlas 3JIeKTPDHYECKHe XapaKTepPHCTHKH
3N1eMeHTa.

AmaabraMHpoBaHHe IIHHKOBOrO 3.1€KTPoAa, NOBbiLIAloLIee
NepeHanpsxeHHe BHJAE1eHHA BOAOPOAA, NMO3BO.I1eT CHH3HTH
CKOpOCTb camopaspana. Kpome Toro, amajsraMHpoBaHHAN
3JIeKTPOAHAA NoBepxHoCTb obaanaer Gogablllel 3.1€KTPOXH-
MHYecKoii onHoponHocrbio. Hao6opoT, yCKopsioT Koppo3Hio
HHHKa MeTaaiaw ¢ 6osiee HHIKHM, YeM Ha LHHKe, BOJAOpOA-
HHM nepeHanpsKelneM, TakHe, Kak Xe1e30, HHKeab, CypbMa,
MbLBLAK. OHH nonmajzalor Ha nNoBepXHOCTb &HONA 3J€KTpO-
XHMHUECKHM IyTeM H3 MNOJOXKHTEJIbHOrO 3.1eKTpola H.IH
3JIEKTPOJIHTA, KOHTAKTHO BOCCTAHABJIHBAafACh Ha LHHKe, a
TaKXe MOFyT COJdepXaThCi B LHHKe B KauyeCTBe NMpPHMeCe:.

B cayuae npepmBHCTOrO paspsja caMopa3psl 3.1eMeH-
T2 YCHAHBZeTCA: NMPOHCXOIHT NOAKHCAeHHe [IPHAHOAHOrO
€105, KOTOPOe MOBHIIIdeT CKOPOCTb mpouecca (4.3) B me-
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pHOAB may3. YCKOpAeTCA CaMOpa3psii H NpH NOBHUICHHH
TeMnepatyphl.

B3anmozaeficTBHe UHHKA C KHC.IOPOIOM
Zn + '/,0; + H0 — Zn (OH), (44)

nporekaer ¢ AHPGPYy3HOHHEM KOHTpO.1eM. [TosToMy ckopoctb
peakuHH onpeleqsieTcs KOHUeHTpalHeli pacTBOPEHHOro B
3;TeKTPOJIHTE KHCI0poAa, KOTOpafl, KakK MNpaBHJO, MaJa.
Ecan HenocpencTBEHHBIM HCTOMHHKOM KHCIOpOAa ABAAETCH
BO31yX, YTO XapaKTEPHO 115 HerepMEeTHYHOrO 3/J1eMeHTa, TO
CKOpPOCTb caMOpa3pfila BO3paCTaeT BO 2—4 pa3a; yCHJH-
Baetrcsl J0KaJbHasg KOppo3us uHHKa. B repMernuHom sae-
MeHTe KHCJI0pOj MOXeT Mel1eHHO nocTynaThb H3 aKTHBHOM
MacCH NOJ0KHTEIbHOro 3.1eKTpoJa.

ITpu camopaspsane, kak, BnpoueM, H npH paspsine, UUHK
CKJOHEH K HepaBHOMepHOMY pacTBOpeHHI0. [1puuHHB 3TO-
ro ABJ1eHHA a3 JHYHBl — 3TO CTPYKTypHas HeoIHOPOLHOCTb
MeTa.L1a, HaJaHYHe MHKponmpuMecefi, NOCJI1eI1CTBUA TEXHOJO-
ruveckux onepaunii. [losromy Bpex oT camopaspsaaa cBoant-
CH1 He TO.TbKO K NOTepe aKTHBHOIO BeIIeCTBA, HO H K MOsIBJe-
HHIO CKBO3HBIX 04arOB KOPPO3HH B LHHKOBOM aHoxe. B nexo-
TOPHIX BapHAaHTaX KOHCTPYKUMH NHTTHHrOBas KOPPO3HA
NPHBOAHT K BBIXOAY 3JeMeHTa H3 cTpod. [las nmoaaBiaenus
HepaBHOMEPHOCTH pPaCTBOpPEHHS WHHK .erHpyloT CBHHLOM
(0 0,6%) H kaamuem (a0 0,06%). O6umee TpeGosanue K
HCXOJZHBIM MaTepHa/iaM — BBHICOKHH ypOBeHb YHCTOTH LHHKA
H KOMNOHEHTOB aKTHBHOH MacCCH MOJIOXKHTEJNBHOIO 3JeKTpO-
Aa ¥ 3J1eKTpO.IHTA.

Teopus wenounnix MIL saemenros. B oranunme or cone-
Bbix B menouHux MLl sxemeHTax HCNOAL3yIOT NOPHCTHIM
UHHKOBBI 3JIEKTPOJ, 3JAEKTPOJHTOM cayxut 8—12 M pac-
TBop KOH. Ha nepso#t cranuu pa3spana npoTekaer nepsus-
Hblll npoyecc okucrenun UHHKA ¢ 06pa3oBanHeM LHHKarTa,
HMeEIOLero BRICOKYIO (10 2 MO.b/.1) pacTBOPUMOCTh B Ilte-
JIOYHOM pacTBOpe:

Z; + 40H- — Zn02~ +- 2H,0 -2~  E0= —|,216B (45)

B ycioeusax orpanuueHHoro o6bema 3.1eKTPO.IHTa B No-
Pax 3.JeKTpola NpoHCX0aHT GHICTPOe HaChlLleHHE pacTBOpa
UHHKATOM, 4aCTHYHO MepexOAAIIHM B TeTparH1pOKCOLHHKAT-
Hou [Zn (OH,4) J*~. B pesyabTate naunnaercs 870puynbLi npo-
yecc okucaeHus LHHKA

Zn + 20H~ — Zn (OH); + 2e—  E0:= —1,245B  (46)
C HOCJ!G.TIYIOIHHM pacuaneHHeM rnnpoxcuna ILTHHKA 1o peaK-
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unn Zn(OH);—~ZnO+ H,0. Tpu paspsaie no peakunu (4.6)
pacxo] IleJ0YH NO CPaBHeHHIO ¢ peaKlned (4.5) cokpamaert-
cs B1BOe, YTO B yC.10BHAX AH(PDY3HOHHHX OrpaHHYeHHii no
OH~-nonaw obl.leryaer npoTeKkaHHe mpouecca. IIpoiIyKTH
pa3psia He 1alOT NIOTHLIX MaCCHBHPYIOLIHX N.1e€HOK, & upe3-
BLIYafHO Pa3BHTasi 3.1eKTPOJIHasi NoBepXHOCTb 06ecneyHBa-
eT HH3KYIO HCTHHHYIO N.IOTHOCTh TOKa laXe B C.Iy4ae KOpOT-
KHX pexXHMOB pa3psia. [1o3ToMy nopHcTeiii UHHKOBBIf 3.1€K-
Tpo1 00.1a12aeT NOBLILIEHHON pabOTOCNOCOGHOCTBIO B pa3.aHy-
HbIX VCIOBHAX, BK.1lOYasi 3KCTpeMaJIbHble. TaKHe, KaK BhICO-
Kasg CKOpDOCTb pa3psila H.Id TOHHXKeHHas TeMNepaTypa.
KoshuunesT HcnoIb3oBauHs$ NOpouiKoOGpa3HOro LHHKa
MPHMEPHO HA NOPSIOK Bhillle TOTO Xe MOKa3aTel1s [1a1KOro
UHHKA H npH6.IHXKaeTcA K Npele.lbHOMY 3HaueHHIo. [lag Jyu-
Lllero HCNo.1b30BaHHA BTOPHYHOIO NpoLecta pa3psla B HCXO1-
HOM lLeTOYHOM 3.1eKTPO.IHTe HepelKO C031al0T (POHOBYIO
KOHIleHTpaUHI0 LHHKAT-HOHA NpelBapHTE.IbHLIM pacTBOpe-
Huem 0,5—0,7 M0b/.1 OKCH1a LHHKA.

[Ipn npeBulilieHHH oNpeleleHHOH KPUTHYecKoll N.10THO-
CTH TOKa Ha6.1101aeTcs NacCHBaUKA LHHKOBOIO 3JeKTpoia Ha
CTaIHH KaK MepBHYHOrO, TaK H BTOPHYHOrO mpollecca OKHC-
JeHHs. TOK maccCHBauHMH 3aBHCHT OT TeMNlepaTypnl, COCTaBa
H KOHIeHTPallHH 3.1eKTPO.IHTA, a TaKXe CTPYKTYpHl 3.1€K-
TpOAa.

Pa3spax noaoxuTelsHoro 3.JekTpoia wedoysoro MIL
3.1eMeHTa NPOXOIHT NO MeXaHH3My TBeploda3HOrO 3.1ek-
TPOHHO-NIPOTOHHOTO  BoccTaHOBleHHs MnQOp 10 MnOOH
(4.2). B otaHuse OT X.10pHAHOTO 3.1eKTPO.THTA B KOHUeHT-
pHpOBaHHOH llle1OMH MaHraHHT pacTBopsieTcs ¢ o6pasoBa-
HHeM TeTparHlpokcoMaHrauut-uona [Mn(OH).]- FB IM
KOH pacresopumocts 1octuraer 4,4-10-% moab/a). 3to
co3laeT yc.10BHA 1.8 la.lbHeifilero BOCCTAHOB.1eHHS Map-
ranna no cxeme Mn(lil)->Mn(il) ¢ o6pasoBannem
Mn (OH)3, xoTOpOe mpOXORHT HCK.IIOYHTEIBHO MO XKHIKO-
$ha3HoOMy MeXaHH3MY.

Canopaapsad weaounozo MIl 3aementa, xak u coaeBo-
ro, IKMHTHPYeTCsl KOPpO3Heli LHHKOBOrO 3.1eKTpola. Tunuu-
HO# AB.AeTCH 3.JeKTPOXHMHYECKasi KOPpO3Hf, NpoXoislas
€ yYacTHeM MO.1eKy.l1 BOAbl B KaYeCTBE OKHC.IHTEIsl N0 peak-
LHH

Zn =+ HyO - ZnO - H, 1.7

CxopocTb KOppO3HH UHHKA B IUeJOYHOM 3.1eKTPOIHTE B
2—3 pa3a HHXe, UueM B aMMOHHHAHO-X.JOPHIHOM, HECMOTpPSA
Ha TO, YTQ NOPOWIKOOGpa3HbLIl LHHK 3.1€KTPOXHMHYeCKH GO-
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Jee aKTHBeH, yeM LHHK KOMNaKTHHA. Bo-nepBuix, paBHOBec-
Hblit NOTeHUHa/ BOAOPOAHOTO 3JEKTPOAa MpH nepexoje OT
COJIEBOr0 K L1E/OYHOMY 3JEeKTPOJHTY CMeLiaercs B CTOPOHY
OTpHUATEIBHOTO MOTeHIlHasNa He MeHee ueM ua 0,6 B, roraa
KaK paBHOBeCHbIi NOTEHUHAaJ [HHKAa — TOAbKO Ha 04—
0,5 B. Ilpn sToM pasHOCTb MOTeHUMaNOB ANt CONPSIKEHHBIX
peakun#l npn nepexoge ot ypaBuenus (4.3) xk (4.7) yMenn-
uiaercs, 4yro B ob6iieM cayyae TOpPMO3HT Koppo3Hio. Bo-Bro-
pHIX, B IMEJAQYHHX 3JIeMEHTaX BeJHYHHa BOJOPOAHOro Hepe-
HallpsXKeHHA Ha IMHKe Bbilie H3-3a GoJee BHICOKOH KORIeH-
TpauuH PTYTH B aMaabraMe IHHKa. B-TpetbHX, ckopocTh
KOPPO3HH IHHKA Najaer MO Mepe PoCTa KOHIeHTPallHH LHH-
Kar-uona B pacrBope. lllenounnie 3ieMeHTH, KaK NpaBHJO,
repMeTHYHbI, YTO JeNaeT HeBO3MOXHBM MNOCTYNJeHHe B HHX
arMochepHoro KHCJAOpoJa, B3anMOLeACTBYIOHIEr0 € LHHKOM
no peakuun (4.4).

TO Kacaercs caMopa3paia NOJOXKHTENLHOro JeKTpoaa,
TO CKOPOCTb CaMOMPOH3BOJBHOrO Pa3JOXKEHHs JTHOKCHAA
Mapranua ¢ BbiAeseHHeM Kuciaopoaa Manaa. [Ipouecc H3yueH
cnalo; Bo BCAKOM cayuae, Boccranoslierne MnO; 10 MnOOH
MOJIEKleaM!{ ROAB TEPMOANHEMHYECKH NPEaACTABHTDH HEBO3-
MOJXKHO,

¥crpoficTB0o MapraHueBo-UHHKOBHX 8JeMeHTOB. Pasnn-
YaloT UMJIHHADPHYECKHE, TPAMOYToJbHbie H naockae MLL anxe-
MeHTH; KaXkAas Pa3HOBHAHOCTb HMeeT CBOM XapaKTepHhe
ocofennoctn KoHCTpykuuH. CyHIeCTBYIOT THNOpa3MepHbie
pAAH, KOTOpHe yTBepMAeHs MexayHapoAHofi 3JeKTporex-
Ruveckoit komuccueft (MIK) c neabio ynnbnurposats raba-
PHTHHe pa3MepH ¥ TOKOBHIBOAB 3JeMEHTOB MHOTOIleJNEeBOTO
HASHaueHNs, BHNYCKaeMbiX B pa3jHYHbIX CTpPaHaX; HMeeTcR
MeXAyHapoAHas HHIAEKCAUUS ITHX 3JeMeHTOB.

CaMbiMH MHOrOYHCJIEHHBIMH ABAAIOTCA YUAUHOPpUKECKUE
3aemento.. HauMenblinlt 3 HHX ¢ maccoft 1,4 r paccunran
Ha paspsa TokoM jo 0,06 MA, nanGoJsee kpynHuRi ¢ MaccoR
910 r paspsaxaercsa TokoM Jo 1,5 A. Onnako u3 14 sneMeH-
TOB, pexoMeHoBaRHuX MIK, noctaTouno ycrofiunBHM cnpo-
COM noabgyiorces He Gosee 6—8 snemenros. B CCCP Bminyc-
KR10T UHJAHAADPHYECKHe 3JleMeHTH 9 THNOpasMepoB aHaMeT-
pom or 10,5 o 51 MM u BuicoTodt ot 30,2 no 125 Mm. Camuie
nonyispHHE H3 RUX npeiAcTaBaenH B Ta6a. 41 (FOCT
24721-—81),

Byksa A (uan L B oGoznauennax MIK) coorsercreyer
wenoyHoMy saemenTy. ieMEHT B TPONHYECKOM HCHOJHEHHW
o6osnauen Oyksofi T. Hapaay c uienounnMH 3JeMeHTaMH,
YKa3aHHLIMH B Ta6anie, BRNYyCKaloT MoAHQHUHpOBaHHLE



TaG6aunua 4.1. Mapamerpu uexoTOpHx uMAuuapudeckux MILL sae-

MEHTOB
wm::me . Paamepnt, MM
cccp MBK nan:g:g:gine amamerp | smcora Macca, ©
316 R6 |¥Ypau M 14,5 50,5 20
A316 LR6 |Ksanur 14,5 50,5 25
336 R12 |Ilaanera* 21,5 60,0 45
4336 LR12 [Cger* 21,5 60,0 55
343 R14 |Omutep M 26,2 50,0 52
A343 LR14 |Camor 26,2 50,0 70
373 R20 {3aement 373 34,2 61,5 115
373 R20 |Opmon M 34,2 61,5 110
A373 LR20 |3kctpa 34,2 61,5 140

* HanmeBopamHA OTROCATCA K GaTapems 3336 B A3336, cocTosfimtHM M3 Tpex
COOTBETCTBYIOUHX 3NeMeHTOB,

BapHaHTH ¢ HauMeHoBaHdeM «IIpuma», oTIHYalOUHeCH
y.1ydlleHHBIMH Pa3pSAHHMH XapaKTepHCTHKaMH.

Yerpoiictso THnHyHoro cosesoro MIL 3aemenra 373 no-
KasaHo Ha puc. 4.2, a. OCHOBHLIMH COCTaBHHIMH YacTAMH
3JleMeHTa ABJAAIOTCH OTPHIATEJbHHA H NOJOXHTe bHHMH
3/JeKTPOAH, cemapatop M Yy3el repMmerH3auun. Ortpu-
nate.bHHi 3JeKTpoJ 6 H3rOoTOBJEH H3 YHCTOTO UHH-
Ka HWJH OHHKa, JernpoBaHHoro cBHHnoM (~0,5%) u
Kaamuem (~0,05%) u umeer dopMy crakama. DJeKTpod
OJHOBpeMeHHO BHIMOJHAET (QYHKUHIO KOopnyca 3JeMeHTa H
Ao/KeH o67azaTth oOnpeneleHHOR MeXaHHYeCKOA npoyYHO-
CTbiO, MO3TOMY Macca IHHKa 3HAYHTEJILHO npeBbilllaeT Tpe-
OyeMylo 1is TOKOOGpasyiomlefl peakuHH.

[TonoxutenbHHH 37€KTPOJ COCTOHT H3 aKTHBHOH MacCH
7 ¥ TOKOOTBOJa B BHAE YFOJbHOrO CTepxHa §&. Diektpon
HMeeT (OpMYy UHJIHHApDA H paCHOJOXeH MO OTHOLIeHHIO K
HHHKOBOMY aHOAY CooCHO. B cocraB akTHBHOM Macchl, KOTO-
pyI® yacTo HaswlBalOT arJoMepartHoli (MJM arJoMepaToM),
BXOJAAT: MPHPOAHLIA AHOKCHA MapraHina — NHPOJIO3HT, HC-
KyCCTBeHHHI guOKCHa MmapraHna (oGuiyno DJIM-2, pexe
XIIM), saekTponpoBoasuse J06aBKH (rpadHT H aueTH.Te-
HOBaf caxa), 3.eKTpo;HT. B HeKOTOpRIX 3JeMeHTaxX HC-
NOJIB3YIOT TOJbKO HCKYCCTBeHHHH JHOKCHX MapraHua, B
3TOM CJydae B aKTHBHYIO MaccCy BBOAAT J06aBKy OKCHAA
IHHKA, KOTOpas CHHXKaeT MOTeHuHaa H, CJeJoBaTelbHO,
HanpsXXeHHe Ha 3J]eMeHTe B Hayaje paspsia. HOas 6o.1b-
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HHCTBAa 3JIeMEHTOB COOTHOLIEHHe MacCC NHOKCHAA MapraH-
Ua M yraepogHCTHIX MaTepHaJIOB COCTaBJfeT OKoJo 4--5.
Aas 3neMeHToB, PaCCYHTAHHBLIX Ha NOBbilIEHHbE TOKOBHE
Harpy3k# HJIH NOHHXKeHHYIO TeMmepaTypy, 3TO COOTHoLle-

5] S WA

Puc. 4.2. Yerpofictuo nuansapuueckux MILL aneMenTos:

a —conepoli saement 373: [—xoanawok, 2, 4, 5§ — malGu; 3 — GHTYMHAH KOM-
fOo3HUNA, 6 — OTpHUaTeAbNLA 3JEKTPOA, 7 — aXTRBRAs Macca MNOAOKRTEALHOTO
SAEKTPOAa, 8 — TOKOOTBOA, 9 — ceHapaTop, /0 — npokAaAaxa;

6 — MopepHH3IBEpOBaEHLIA Conesolt siaement 373 «Opmon M»s: [ — kphimxa, 2—
TOKOOTBOA; 3 — 3AeMEHT, 4 — Kopnyc, § — raabsa, 6 — AHo;

8 — menounnii sneMest A373: ! — npoxaaaka, 2 — xopnyc, 3 — axTHBHas Macca
NONOKHETEABHOr0 SAeKTpoAa, 4— nacToBas Auadparma, 5 — axKTHBHaH Macca oOfT-
PHLUATEALHOrO 3JeKTpoAa, 6 — TOKoOTBOA, 7 — H3OASTOP, 8§ — Kphlluxa

HHe npu6anXKaerca K 3, aKkTHBHasA Macca npu 3ToM obaafa-
€T NoBLILIEHHOA 3MeKTpuueckof npoBoAHMOCTBIO, HO GoJee
HE3KHM K03 HIHEHTOM HCIOJb30BAHHUA.

CenapatopoM 9 cayxHuT menodecroiikas GyMara-MaTpH-
12, Ha KOTOPYIO NpeABapHTEeAbHO HAHOCAT CJIOA 3aryleHHo-
ro 3JIeKTPOJHTa; TaKol cenaparop HasnBaiOT NacTOBOH AHa-
¢parMoii. Oaun u3 BapuahtoB anekrpoanra: NHCl— 7%,
ZnCly — 5%, CaCl; — 3%, HgClz — 5—10r/a. Hasnauenne
XJAOPHAA MHHKA — NOAAEPXKHBATL CTAGHJBHYIO 3JeKTpH4Ye-
CKyio npoBoguMocTts 1 pH pacrsopa, xJiopsa KaJellHA BBO-
AAT Aa8 obecrneyeHns paboTOCNOCOGHOCTH NMPH MOHHXKEHHOMH
TeMneparype H Kak fo6aBka, NpenaTCTBYION2A BbiCbiXaHHIO
TacThl, XJAOPHA PTYTH (CyJaeMa) CAyXKHT AAA aMaasraMupo-
BaHHA NOBEPXHOCTH IHHKOBOro aHoja. 3aryllleHHe 3JeKTpo-
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JHTA NPOH3BOAAT C MOMOUIBI) KAPTOPEALHOrO HAH KYKypys-
HOro KpaxmaJja ¥ HieHHYHOH MyKH.

Kapronuasn mpoknanka 10 npenATCTByeT KOPOTKOMY 3a-
MHKAHUIO MeXAy JekTPpoAaMu. MeTaanruuecknit konnauok J
CAYMKHT BHELIHHM KOHTAKTOM MOJOKHTENBHOTO 3JeKTPoAd.
C nomomblo mait6 4 4 § guxcupyercs rasoBoe MPOCTPAHCT-
BO AAA BONOPOJA, BHAeNAIOUIETOCS NMPH camMopa3pape sae-
MenTa. Ciofi GHTYMHOH KOMOO3HUHH 3, NPHKPHITHIHN CBepXy
AeKOpaTHBHOM wafboi 2, npeanasHayeH AJA repMeTHIAIUA
aneMenTa. dnemenT 373 uMeeT TaKMe KaPTOHHYIO 3aIHTHO-
AeKOpaTHBHYIO THAB3Y-PyTAAp (Ha pHCyHKe He MOKa3aHa),
KOTOpaA 3allluiiaer G0KoByIO NAOCKOCTh 9/eMeHTa H CHAGXKe-
H8 TOBapHOH 3THKETKOMN (B APYTHX CAyHanX ITHKETKY Hak/e-
HBAIOT HeNOCPeACTBeHHO Ha WHHKOBH CTaKAH).

OuennBas npesMyulecTBa PacCMOTPEHHOTO BapHAHT2
KOHCTPYKILHH, OTMETHM ee KOMNaKTHOCTb H fpocroty. B ane-
MEHTe OTCYTCTByeT CBOGOAHHA 006beM 3JeKTpPoayTa, KOTO-
phifi HaxOAHTCA JHWb B MOPHCTOA arJoMepaTHOR MacCe H
nacrosoft Auadparme, NJOTHO NPHXKATOR K INEKTPOAaM.
Tukcorpontoe cocToanHe MATPHUHOIO EKTPOJHTA NpensT-
CTBYeT ero nepeMeuleHHIO # yredke. OGpamaer sa ceba BHu-
MaHHeM MaJoe PACCToAHAE MeXIy 3/eKTpoAaMy, paBHOE TO-
un#e nacroBof Anadparmu nopsaaka 0,5 MM. 3To npenenbHo
yMeHbUIACT OMHYECKHE NOTepH HANPSKEHHa u co3naer Oaa-
FONpHATHHIE YCAOBHA A5 60/iee pABHOMEPHOrO PacTBOpeHHs
HHHKOBOFO aBO/AA. D/eMeHT 3arepMeTH3IHPOBAH, XOTA cnacob
repMerTH3alKH e rapaHTHPYeT MOJHYI0 H3ONAUHIO 3/eKTpo-
AOB ¢ 3/18KTPOIHTOM OT OKpyXaluiek arMocdeprl. [Ipocrora
KOHCTPYKUHH npeionpejenser BBICOKYIO TeXHOJOTHYHOCTD
IEMEHTA H HH3KYIO €T0 CTOHMOCTD.

[IpuMenenHe TOHKOCTEHHOrO LHHKOBOFQ 3JEKTPORa ROA-
roe BpeMA OTHOCHAH K NPEHMYIHeCTBaM KOHCTPYKIHH, mo-
CKOJBKY 9TO NO3BO/INJIO OOXOAUTECA 6€3 CHelHaJbHoro Kop-
nyca o, c/el0BaTensbHo, COKpalllaio ¥ yACenasl0 TeXHo0-
ra10. OHaKo NHTTHHrOBAR KOPPO3HS, KOTOPOH noxBepraerca
CTEHKa UHWMKOBROrO0 CTaKaHa, COKpAaUlaeT CPOK CAYXKOH
NeMeHTA; KOSPPHUHEHT HCNOAbIOBaKHA WHHKA, # O3 Toro
Maani, cHumaerce eme Goawme, Kpome Toro, BHTekamomui
NPH STOM S/IEKTPOJIHT JOCTATOYHO KOPPO3HOHHO AKTHBEH.

C ueabio yeTpanenns aTux HeRocTaTkos GHJ paspaBoran
MOAEPHH3KPOBAHNBLIA BAPHAHT KOUCTPYKLEH, NPHMEPOM KO-
roporo seasercs saement 373 «Opuon M» (puc, 4.2, 6).
TpunuunHaILHOE OTIHYHE ITOrO 3JIEMEHTA OT 3aemenTa 373
3aK/I0NReTCA B TOM, UTO 3Aech COGCTBEHHO 3neMeHT 3 3a-
KJIUeH B KOpryc U3 Genroit xeetu 4, OTHENCHHH A OT MHHKO-
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BOrO CTaKaHa KapTOHHOH FHAbL3oH O, BunoJHmiowedl ¢yHk-
IHIO 3JIeKTPOH30AATOpA. JHaK «MHHYC» SAeMeHTa BHBEAeH
Ha JHo H3 Gesoft XeCTH 6, 3HaK «NJIOC» — Ha KPHIUKY H3
TOrO JXe MarepHania I, NAOTHO MPHXATYIO K YroJbHOMY TO-
KoOoTBoAy 2. B aneMeHTe HCONB30BaH CyXOH NacTOBHA ce-
napaTop roauuHof oxoso 0,2 MM, a BA2XHOCTb arioMepar-
HOM MaccH yBeaHueHa jgo 20%. B cayuae ckBosHOro pacTBo-
pPeHHA UHHKOBOH CTEHKH SJEKTPOJHT BIHHTHBAaeTCA KapTOH-
Hofl THAb30t 6 H He BHITeKaeT HapyXy, CPoK CayxOu H
ko9phHIHEHT HCNONB30BAHHA HHHKA MPH 3TOM OMIYTHMO
NoBHIIZIOTCA.

OrMeTHM, 4TO NPH COXPaHEHHH THNOpasMepHHX raba-
PHTOB H MacCChl HCTOUHHKAa ToKa pasMepn H Macca cofcr-
BeHHO 3JeMeHTa B «OpHoHe M» 3ameTHO MeHbllle, ieM B
saeMente 373 (coorBercrBenHo 84 H 115 r), omHako em-
KOCTb ero Bhlllle. Buille H HajaexXHocTh saementa, [losromy
HCTOYHHKH TOKa B NOAOGHOM KOHCTPYKTHBHOM BapHaure
3aHHMAIOT NMpeHMYyIlecCTBeHHOoe NOJOXEeHHe CpeAd LUJIHBA-
PHYECKHX COJeBHX SjaeMeHToB, Buinyckaemwx B CIUA,
Sinonnn, ®PT u gpyrux crpanax. B CCCP Takas KOHCTpYK-
IHA NpHHATA AAs 3jeMeHTOB 343 u 373. lan anemenTa glﬁ
HCOJAB30BaH KOMOPOMHCCHHA BapHaHT: ero Kopmyc-aHoX
3aKAI0YeH B MOJHBHHHJXJOPHIHYIO TepMoycaiouuylo Tpyb-
Ky, KOTOpas HajeX#uo 3amHiuaer GOKOBYI0 NOBEpPXHOCTh
IHHKOBOrO CTaHKa, 0CTAaBJAAA OTKPHTHMH TOKOOTBOAN — AHO
(MHHYC) H KoamauoK (mJaioc).

OcHoBHas 0COGEHHOCTH LIENOYHBIX IJIEMEHTOB 3aKJIo4a-
ercs B NPHMeHeHHH NOPHCTOro OTPHIATENLHOrO SJeKTpofa
Ha OCHoBe IHHKOBOro mopowxa, Takofl 9jeKTpo& obaanaer
BHICOKOH 3JIeKTPOXHMHYeckofi 3(deKTHBHOCTbIO, HO €ro Me-
XaHHYecKas NPOYHOCTb B OTJAHUHE OT MOHOJHTHOrO IIHHKOBO-
ro anona Manaa. [loaToMy BHJIHHApDHYECKHE ILENOYHHE 3Je-
MeHTH, ABNAAACH N0 CBOHM raGapHTHHM pasMepaM aHajora-
MH CoJIeBBIX, HMEIOT NPHHUHNHANBLHO HHYIO KOHCTPYKUHIO,

Paccmorpum yerpoficteo menournoro ML snemenra A373
(puc. 4.2, ), HMelOmero TakHe Xe raGapHTdHe pasMepH,
Kak u conesoft MLL saeMent 373. Kopnycom aneMenTa cay-
XKHT CTaJbHON HHKENHPOBaHHMHA CTaKaH ¢ KOHTAKTHHM BH-
crynoM 2. [To BHyTpeHHefi moBepXHOCTH CTakaHa pacnpeje-
JleHa arJoMepaTHad Macca NOJOXHTENIbHOrO 3JeKTpoAa 3,
HMelomasn (HOpMy WIHPOKOro TOJACTOCTEHHOro xoanua. Takum
06pasoM, Kopnyc BHNOMHAET TakKe GyHKLHIO KapKaca H To-
KooTBoAa. ArioMepaTHasd Macca COCTOHT H3 CMecH AHOKCHAA
Mapratna MapkH 3JIM-2 B aaexrponpoBoAfiuaX A06aBOK ~—
rpapura n anernaeHoBofi caxu. [lacroBas Auwadparma 4
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npencrasaner co6ofi caofi 3aryuieHHoro KpaxmaJjoM IHeJ0OY-
HOTO 3JeKTpoAHTAa Ge3 Kakux-au60 TKaHeBHX nan GyMaxk-
HHX MaTpHI. DNeKTPOJIHTOM ABJSETCH PacTBOP THAPOKCHIAA
KaJlHa KoHueHTpannu 640 r/a, B KoTopoM npeBapHTENbHO
pacreopeHo 40—50 /a1 okcHAa UHHKA.

OrpuilaTeJbHHA 3M€KTPOA HMeEeT LHAHHADHYECKYio (op-
My H pa3MellleH o ocH 3aeMeHTa. [lactupoBannas akTHBHAA
Macca & COCTOMT H3 CMeCH IIHHKOBOI'O NOpolIKa H HeGoAbLIO-
ro KOMH4YeCTBa XXeATOIo OKCHAA PTYTH C 3aTyUleHHHM utenoy-
HHM 3JeKkTpoauToM. OKCHA PpTYTH NpesHa3HadeH AJas aMadb-
raMupoBaHns IMHKA, 3aTYHICHHH A 3JeKTPOAHT CAYKHT CBH-
3yiomuM. B neHTpe pacnosoxeH JaTyHHHA 0J0BSHHPOBaH-
HHA Tpy64aThii TOKOOTBOZ 6; B 3JeMeHTaX MeHbLIero
pa3Mepa npHMeHSIOT CTePXHEBOH TOKOOTBOJ H3 CTajbHoOMH
OJ0BAHHPOBaHHOMA npoBoJsokH. KoHTakT mMHKa C 0J10BOM C
 TOYKH 3PeHHs 3JEeKTPOXHMHYECKOH Koppo3nM NMHKa Heona-

CeH, TOCKOJbKY BOAOPOAHOe nepeHanpsKeHHe Ha aMadbraMu-

POBaHHOM oJiOBe BeCbMa BEJHKO H BH/e/NeHHe BOJopoja
Nourn ue npoHcxoaut. TokoOTBOA, BHIOJNHAR poJb Kapkaca
NacTHPOBAHHOIO 3JeKTpoja, XKeCTko 3adHKCHpPOBAH B 3Je-
MeHTe: HHXKHHM KOHIOM OH ynHpaercsl B CTAJbHYI0 HHKeJH-
poBaHHyI0 KPHIIKY 8 (3HAK «MHHYC»), apMHPOBaHHYIO NOJAH-
3THJEHOM, BEpPXHHM KOHIOM — B NOJHBHHHJIXJOPHAHYIO
npoKaagKy-Hsoasrop 1.

FepMerH3anua 71eMeHTa OCYWIECTBAACTCA 3aBaJdbIOBKOH
KPOMKH CTaJbHOro Kopnyca NO NJAOCKOCTH NJAACTHYHOIO IO-
Au9THAEHOBOrO ynioTHenus 7. [Ipo6aeMa repMernsanun ue-
JOYHOTO 3JeMeHTa — KaK MapraHieBO-IlHHKOBOTO, Tak H
JAto6ofi Apyrofi CHCTEMH — OTHOCHTCH K HanGoJiee TPYAHHM
TexHuueckuM BonpocaM. lllenouHof pacTBop o6aasaer BHCO-
Ko apresnedl ¢ KOHCTPYKIMOHHHMM MaTepHaJaMH M NO3TO-
My NPOSABJAET CBOACTBO «NOJ3ydecTH», NMPOHHKAaA 8a CUeT
KanuJaJaspHOro faBJieHHA Mepe3 ToHYafuHe IIEJH H HenJoT-
HOCTH HapyxXy. Boporbcs ¢ 3ruM aBaenneM Henpocro. Jas
HCKJIOYEHAR Teun JMEKTPoNnTA 3apy6GexHue pHPMH BHITYyC-
KaloT meJoyHHe uuannapuyeckie ML sneMeHTH HeCKOJb-
KHX pa3MepoB B JONOJHHTEJLHOM MeTalJHYeCKOM Kopmyce,
aHaJoTHYHOM Kopmycy aaeMenTa 373 «Opuol Mb».

Haaunaprueckie aleMeHTH YZAoGHO HCNOJAL30BAaTh B CO-
craBe Garapefi. XapakrepHHM NpHMepoM ABJAETCS COJNEBas
6artapes 3336 «Ilnanera» u ee sapyGexHbe aHaJOTH NMOJA
unekcoM 3R12. Barapea «Ilnanera» cocronT H3 Tpex cone-
BHX 3JeMeHTOB 336, BKJAIOUEHHHX C NMOMOLILIO THOKHX nepe-
MuYeK nocJenoBaTeNbHO, HMeeT KapPTOHHHA MM miaacTMac-
COBHIi KOPNYC M Ba BHEIIHHX BHBOAA NPOTHBOMOJIOXHHX
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3HakoB. CyileCTByeT H HIeJOYHOH BapuaHT Garapeu, HMelo-
uHi o6o3nauenne A3336 u Te Xe raGapurnble pasMepH.

Hpanoyzorenoie ML coresoie IaemenTor nPHALANHANLHO
He OTJMYaIOTCH OT UHJIMHADHYECKHX SJeMeHTOB. B Hux mpu-
MEHSIOT NPSIMOYTOJIbHHA KOPNYC H3 JIHCTOBOTO IUHKA H nps-
MOYFOJIBHHA NMOJIOXKHTENbHHA 3JIEKTPOA, C YrOJAbHEM TOKOOT-
BOAOM u arJOMepaTHOH MaccOf aMaJOrHUHOTO COCTaBa.

K naocxum ML anementanm otHocsiTCA TaK HasHBaeMHe
rajieTHue, TOHKHE H YaUIeuHHE 3JIeMeHTH, KOTOpHEe HCIOoMb-
3yI0T HCKJIOYHTEJBHO B
6arapeax. IlepBue H BTO-
pHe H3 HHX — CoJieBHe,
nocjiefHHe — [[eJOYHHE
3JIeMEeHTHI.

YcerpoiicTBo  2aaeTHO20
MI] 3neMenta noKasaHo
Ha puc. 4.3. INonoxurennb- N
HH# 3aekTpon I mpeacraB-
aser coGo#t nuockuit Gpu-
KeT, CnpecCOBaHHbIA H3 ar-
AOMepaTHOR Macchl O6HY- )
woro cocraBa. OH uMeer
NpAMOYTOJBHYI0O GOpPMY C
KPYriLM BHICTYNOM B I€H-
Tpe AJs KOHTaKTa C OTPH-
HaTeJbHHEM  3JIEKTPOLOM
cocefHero 9JjeMeHra. By-
MaxHaa AuadparMa 2, B
KOTOpyI0 OGepHyT 3JeK-
TPOld, NpeAOTBpaHiaeT BH-

KpaniBaHue aKTHBHOM — -/
MaccH. K wnefi NpHMbIKaeT Puc. 4.3. YerpoficTBo ranerno-
nacToBas AuadparMa 3 B o MI] snementa:

BUAe TOHKOH KabeabHoi I — NONOKHTEAbHKA 3JeKTpOR; 2 —
GyMar#, NOKPHTOR ¢ of-  SyMawdas amadperua; 3 oo
HOR CTOPOHH 3arymeHWHM sacktpon; 8 SAEKTPOUPOBOAAIHE
SJIeKTPOJHTOM, 1O COCTaBY '

M KOHIEHTPAaHH HEeCKOJb-

KO OTAMYAIOHIUMCH OT 3JeKTPOJIHTa HH/JIHHIPHYECKHX 3je-
MentoB. B uactHocTH, OH cojepXHT 3 r/n AHXpoMaTa Ka-
AuA — WHrAGHTOP KOppo3uH uHHKa. Jluadparma HakieeHa
NacTOBHM CJIO€M Ha LUHUHKOBHHA 3jeKkTpol 4, uMelouluit BHA
raagkoli TOHKofi naactuHu. Ha apyryio CTOpoHy 3JeKTpo-
1a HaHeceH SJeKTPONPOBOASUIMA cJOR 5, HempoOHHilaeMH
ANA SJEeKTPOJHTA H COCTOSHA H3 CMecH OYyTHIKayuykKa,
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rpapura u caxn. Ero HasHayeHHe — He NOUYCKaTh CMa-
YMBaHHA KOHTAKTHOH# NOBEPXHOCTH LMHKOBOIO aHONa 3JeK-
TPOAUTOM H B TO XK€ BpPeMs CJAYXHTb TOKOOTBOAOM MOJO-
IHTEABHOMY 9JIeKTPORY COCE/iHero JieMeHTa. .

Bce peranu sieMeHTa mJIOTHO CTHHYTH [0 MNEepHMETpPY
NONIHBHHHJAXJIOPHAHKM KOJbUOM 6, NIPU 3TOM IPaHH 3JeMeH-
Ta OKpyrjeHn H OH npHoGperaer ¢opMy, HanoMHHRIOLLYIO
rajery (orciofa TpaaHUHOHHOe Ha3BaHHe 3JIeMEHTOB H 6a-
Tapeit).

lajernne 6atapeu, KaK NpaBHJIO, COCTOAT H3 MOCAeNO-
BaTeAbHO HJH MAPaJJIeNpH0 COeAHHEHHHX CeKIHA. DieMeH-
TH COeAHHEHH B CEKUIHR NOCJER0BATENbHO, BHCTYH arjoMepa-
Ta OAHOTO 3/]eMEHTa KOHTAaKTHpyeT C 3JeKTPONPOBOAHHM
caoem cocexnero asnemenrta (puc. 4.3). Ias Hapexuoro
KOHTaKTa 9JEMEHTOB KaXJas CeKIH® CraHyTa GyMaikHOH
JeHTORf H 3arepMeTH3HpOBaHa C MOMOWIBIO NapadHHO-KaHH-
doavHOlt KoMnosHUAKR. CnamHpbe Mexay coGolt cexkuHu
pasMellleHH B QPyTasdpe, okJeeHHOM NAOTHOH GyMaroil.

Coueranne «oTpHUATENbHE 3/1€KTPOJ — 3JEKTPONPOBOA-
HuIft CNOH — NONOXHTEALHHI 3JIEKTPOA» NpeACcTaBaAseT COG0M
OHNOJNRPHHE 31€KTPON, HOCKOABKY @HOA OZHOrO 3J1eMeHTa
COefHHeH HAaKOPOTKO C KAaTOROM COCeAHero sJeMeHTa, co-
CTaBJsA ofHO Uenoe, TakHM 06pa3oM, rajierHule 6atapeH GH-
NoJispHH H 06J24al0T npeHMyLIeCTBaMH, nNPHCYLIHMH
OHMONAPHBIM 3JIEKTPOXHMHYECKHM YCTpOfcTBaM, T0 KOM-
HAKTHOCTH KOHCTPYKUHH, MHHHMaJbHbie OMHYECKHEe NOoTepH
HanpAXeHHs B [enH, HA3Kafw MATEPHaJOEMKOCTb H, Kak
CAeACTBHE, BHICOKHE YA eabHB e 3IeKTPHYECKHe Xa PaKTepHCTH-
KH (yZenbHas 3HeprHsa ranerHnx Garapeit B ~ 1,5 pasa BH-
e, yem y Gartapefl H3 UHAHHADHYCCKHX :memenroag.

Tonxue ML saemenrol GH paspa6oTann B 1970-e roau
8 CLUA n fIlmonnn. Ux xapakrepHas 0cO6eHHOCTb — MaJas
TOJIHHA, He npesnmacman 1,5 MM, H naacruunocTb, no-
380JAOUIAN NPH Heo6XOoaHMOCTH H3THGATH 3JeMeHT. OnHH
H3 BAPDHANTOB KOHCTPYKIHH — rH6Kan NaacTMaccoBas paM-
Ka, B KOTOpYIC BMOHTHpOBaH ceflepatop, NPONHTaHHHIR
ClIoeM KJefikOro jeKTpoJHTa Ha OCHOBE XJIOPHAA aMMOHHSA
H XJIOPHAA NHHKa ¢ A06GaBjaeHHeM noaunaxkpHiaamuaa. Ha on-
Hy CTOPOHY cenapaTopa HaJOxKeH c0i arjoMepaTHoOfi MaccH
o0uivHoro cocraBa. C apyrofi CTOPOHH K cellapaTopy npHXKa-
TA UHHKOBas QoJbra, TaKXKe NOKpHTas chAoeM KJaeHKoro
snexkrpoanrta. Kpas pamkn H ¢oabroBoro aHosa COefHHEHH
No RepuHMeTPYy, NpEenaTCTBYA yTedke 3JekTpoanta. Cuna
8Are3HH SJEKTPOJHTAa C SJIEKTPOLAMH H ceNapaTopoM Tak
BEJIHKA, YTO ZONOJMHHTENbHEX NPHCNOCOGIeHHA /A COeARHe-
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HHA COCTABHHIX YacTeil 3neMenTa He tpelyerca. JaemeNr
TOJMHHOK 1,3 MM 06GepHYT B HIONAUHOHHYIO (NJEHKY, 3aBa-
PEHHYIO O nepuMeTpy, B KOTOPOi UMEIOTCR ABa OTBEDPCTHR
Ans BuBoxoB. U3 aneMenTOB nerko cobpath 6Gatapeio Heobxo-
ZHMOro pasmepa.

Tonxue 3nemenTs GunoaspHON KOHCTpPyKUu#R paspabora-
HH Ha 6ase rH6Koro GunoaspHoro 3aekrpopa. OcHoBo# Ta-
KOFO 3JIeKTPOJa CAYXHT aJIOMHHHeBAas HA# cranbuas $oib-
ra, NOKpHITas C JBYX CTOpPO# 3JeKTPONPOBOAAINMM KJAEAKHM
MarepHaJoM. B xadecTBe OCHOBH HCHOJB3YIOT TAKXE NOJHBH~
HAAXJOPHAHYIO HJH HNOAHAKPHIOHHTPHAOBYIO NJAEHKY C
SJEKTPONPOBOAAIHM HanoJHHTeseM. Ha oguy cropouy oc-
HOBH HaHeceH ToHkufi caoii arnomeparHoit Maeck, Ha Apy-
Tyio MpUKAeeH UHHKOBH{i amon. Muorosaemenrnyw Gara-
peio cobHpaioT, Yepenys GuNONAPHHE 3aeKTPOfH ¢ Gymaxk-
HHIM# CehapaToOpaMH, MPONHTAHBHLIME  KJEGHKHM COJeBHM
sjekrpoauroM. Bucerynalomue yyacTks OCHOBH H cenapa-
TOpa CKJCHBAIOT, COGJHHHA C HADYXHBIM 4eXAOM K3 HOAM-
MEepHOTO MaTepHana.

Hafinyne B 3sekTpoadTe OPraHHYECKOro CBA3YIOILETO
32MeTHO MOBHINAET BHyTpeHHee OMHUECKOR CONpOTHBIEHHE
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Puc. 4.4. VYerpoficreo uameunoro Maprauieso-
HHHKOHOIO IEMEHTA:
I — HOMOXKKTEAbHMA 3AeKTPoA; 2 — Kapxac; 3 — OTpH-
KaTenbERft SAexTpoRd; 4 — Kopnyc: § — wactopan aB-
adparma; § — TOKOOTSOAM
3aneMerita. Uem BHIIE cofepaHue CBAZYIOMIEro, Tem GoJib-
e CPOK CAYKGH 371eMEHTd u TeM Ha MeHbmiuf Tok pasps-
Ja OH pacCuHTaH,
AneMeutnl wawewnold Koncrpyxyuu (puc. 4.4) xoMnaex-
Tylor wenouHylo Garapeio «Py6un». aeMeHT COCTOHAT H3

103



OJ{HOTO NMOJIOXKHTENBHOTO U IBYX OTPHIATEILHHX 3JIeKTPONOB,
COe[HHEHHHX NapajjenbHo. [loMoXHTeNbHHA 3mekTpod 1,
CTpecCOBaHHHIA H3 arJoMepaTHOH MacCH Ha OCHOBe JHOKCH-
na mapranina Mapki JJIM-2, umeer npoBoSOYHHH TOKONPO-
BoAAiMA KapKac 2 ¢ BbiBOAOM. ArjioMepaTHu OpHKeT 3a-
XaT MexXAy AByMA OTpHIATEJbHHIMH 3JeKTpoiamu 3. Kax(:
AHA U3 3JeKTPONOoB MpeACTaBiaseT CO60A NacTHPOBAHHLIK
UHHKOBBII aHoJ, SaNpeccoBaHHHA B yalleo6pasHuil Kopnyc
M3 MOJHBHHHJXJOPHIHON NJeHKH 4, MO3TOMY TaKHe 3JeMeH-
TH Ha3biBAIOT uYailley-
HeiMH. MeXxay pasHo-
HMEHHHMH 3JeKTpoja-
MH pacno/ioXeHa nacro-
} Se— Bas auadparma & B BH-
Ae chof 3arymieHHoro
—————] IleJOYHOr0 3JeKTpOoNH-
ta 6e3 Kakoro-iyu6o Ho-

X CHTeJIS. TokoorBogH

VA IMHKOBHX aHofoB 6 co-

@ elHHEeHH MexJy coGoit

A H C TOJNOXHTEJbHHM

2 P 3/JIeKTPOAOM COCeAHEero
3JIEMEHTA.

Puc. 45. PacnoaoxeHHe sieMeH- Barapeas  «PyGun»

TOB B GSTOPEHX 3336 «IlnaHera» COCTOHT U3 Tpex pacmno-
(a) u «PyGun» (6) NOMEHHHX OQHH Hal
ApYyTHM 4YailleYHblX 3Je-
MeHTOB. Heo6biuHas oBajibHO-BHTAHYTaf (opMa 3jeMeHTa
oObsAcHAeTCA TeM, 4TO GaTapes ABASETCA aHAJNOrOM coJje-
Bofi Garapen 3336 «[lnanera» u mo3roMy HOJNXKHA HMETh
TakHe ke raGapuTnnie pasmepnl H KoHOQHrypauuio. Pasau-
yHe KOMIaHOBKH 3/1eMeHTOB B Gatapesax «[lnanera» u «Py-
6uH» mokasaHo Ha pHc. 4.5. Uamleunne 3seMeHTH . Xapak-
TepHSYIOTCSI KOMIAKTHOCTbIO H YBEJHYEHHOH NMOBEPXHOCTHIO
3/IeKTPOJIOB, OfHAKO OH# B H3BECTHOR Mepe ysA3BHMbI AAf
TaKHX HeXeJaTeNbHbIX ABJEHHHA, KaK KapOOHH3ALHA 3JeK-
TPOJIHTA H BHCbIXaHHe macroBofl JHadparmH.
dnekTpHYecKHe W SKCIJIyaTaUHORHBE XaPaKTePHCTHKH
ML ssiemeHTOB. OTH XapaKTEePHCTHKH CYHIECTBEHHO 3aBHCAT
OT BHYTPEHHHX (DaKTOpOB, TAKHX, KaK COCTaB 3JIEKTPOJIHTA
H aKTHBHHX MacC, KOHCTPYKTHBHHE 0COGeHHOCTH 3JIeKTpo-
AoB, THI cenapartopa. Tak, yBeqHuenHe 10 KTHOKCHAA Map-
ranila mapka DJIM-2 B arnomepaTHofi Macce yBeJTHUHBAET
€MKOCTb H paspsiiHoe HanpsiXXeHHe, a TAKXKe CHHXaeT caMo-
paspsaj; noBHiledHe KOHIEHTPAIHH XJOpHAa UHHKa B COJie-
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BOM 3JIEKTPOJIHTE NO3BOJIAET paCIlHPHTb AHANa30H TOKa
paspfia H yBeJHYHTb €MKOCTb NIPH NMOHHXKEHHOH TeMnepary-
pe, HO CoKpamlaeT CPOK XPaHEHHA; LIeJOYHHE 3/eMeHTH 06-
AanaloT 6onee BHCOKHMH 3JeKTPHUECKHMH XapaKTepPHCTHKA-
MH, Y€M COJIeBHE 3JeMEHTH IpPH pa3psale TeM e TOKOM
[J1aBHHM O6Gpa3oMm GJarogaps npHMEHEHHIO MaCTOBOTO IIHH-
KOBOrO aHoza.

Ha xapaxrepHcTHKn 371eMeHTOB 60J/bLIOE BJHAHHE OKa-
SHIBAIOT K BHellHHe (aKTOpDH — PeXHM pa3psaa, OKpyXKaio-
H1as TeMneparypa, yCJAOBHA XpaHeHHs Q0 Hadanda paspsaa.
B 3aBucHMocTH or Ha3HayeHus MLI snemeHTH npH 3xcnaya-
Talliy Pa3psaKalOTCH HenpepuBHO (B SJeKTpodyacax), nepHo-
AHYECKH NPH onpejesieHHOM YepelOBaHHH pa3psAfa H mays
(HaBuramuoHHue npu6opu, paboralomue B HOYHOE BpeMms),
NepHOAHYECKH NPH COBEPLIEHHO NMPOH3BOJBHOM COOTHOLUEHRH
MNPOAOMKHTENBLHOCTH Pa3psifia H nay3 (B pajHONpHEMHHKaX,
MHUKPOKaJIbKyAATOpax, ¢hoHapsax ¥ Ap.). XapaKkrep H3MeHe-
HHA HanpAXeHHA H CyMMapHas eMKOCTb npH 3ToM OyAyT
CHJBHO Pa3aHYATHCA.

Ha puc. 4.6 npeacrasneHn paspajHne KPHBHE COJEBO-
ro ML saemenra 343 npu HenpepuBHOM (KpHBast 1) u npe-
puBucTOM (KpHBas 2) pa3panax, a Takxe meaounoro ML
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Puc. 4.6. CpaBHHTeNBHEHE paspAiHbe
XapakTepPHCTHKH COJIEBOTO H MIEJIONHO-
ro MLl snemenTa npu Toke paspsaa
40 MA, 20°C:

] — anement 343, pa3psia uenpepuiBHBA; 2 —
sneMenT 343, paspaa nxgpunnc‘rui mo 4 4
B CYTKH; 3 — 3JeMeHT 43, paspsa Henpe-
PHBHBIH

sneMenra A343 Tex e Pa3MepoB NPR HeNpepHBHOM pas-
Pane TakHM Xe TOKOM. PHCYHOK neMOHCTpHpyer Xxapaxrep-
BHe njs ML snemMeHTOB HecTa6HJbHHE MO HANpAKEHHIO
(nagaomue) paspannuie kpuswe. Henpepushoe cHuxenne
HanpsKeHHA CBA3aHO NMpexXJe BCEro C 3JEKTPOXHMHUYECKHM
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NOBeeHHEeM TNOJOXKHTeNbHOrO 3Jjektposta (cum. pue. 4.1).
Onpenenertioe BAHAHHE OKASHIBAGT POCT NONAPH3ALMH OT-
PHUATENbHOrO 3JIeKTpoja, KOTOPHHA MpofBasercs 0co6eHHo
32MEeTHO Ha INIaAKOM [uHKe H Pe3Ko YCHJHBAeTcs mo Mepe
pocTa paspaAHOTro TOKA HJM CHHIKEHHs TemnepaTypH. B me-
pHox GectokoBofi naysm (cM. puc. 4.1 U 4.6) NPOUCXOAMT
AuddysnonHoe BHpaBHHBaHHE COCTZBA aKTHBHOTO BelllecTBa
Karoaa. B pesyabrare KaroAHKi NOTeHUHAJ yBeAUYHBACTCH,
HanpsKeHHe HA 3JeMelTe NnoBHllaeTcs, CyMMapHas paspaa-
Has eMKOCTb BO3DAaCTaer.

Hauasbnoe sanpsxkenue cojeBoro 3Jiemenra (pHc. 4.6)
BhHIlle H3-32 GoJee Huskoro pH 3ajekrTpoJHTa, OAHAKO pas-
pPAAHO® HaNpsXKEHHEe I[E0YHOrOo 3JeMeHTa crabuibHee, a
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Puc. 4.7. Paspsaune xapaxkrepucruxku ML saemeu-
TOB NpH PaaUbiX TOKAX paspana, 20°

a — conepofi sfdeMeitt 316: [ —10 mA, 2—20 wA, 3-—
50 MA, 4— 70 MA;

6 — mesouHofi sjaementT A316: /25 MA, 2—50 MA, 3 —
100 MA, 4 — 200 MA

eMKkocTs Goubuie. DToMy CHocOGCTBYeT psp NpHYHH: Bo-
nepBbiX, NpHMeHsAEMas B HIEJOYHBIX JeMeHTaX arjomepar-
Has Macca Ha ocHoBe HCKJOuuTeabHO y=MnO,; oc6aranaer
Gosiee BLICOKOH 3JEKTPOXHMHYECKOH aKTHBHOCTBIO M 3JeK-
TPHYECKOA NPOBOAMMOCTHIO; BO-BTOPHX, B ArJOMepPaTHYIO
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Maccy WeNoyHoro sneMenta H3-3a ocoGeHHocTell ero Koucr-
PYKUHR 3a/10XKeHo GoJiblle aKTHBHOTO BEIIECTBa; B-TPETbHX,
NOPHCTHA UMHKOBHIR aHOA paboTaer B yCAOBHAX HH3KOH He-
THHHOH NJAOTHOCTH TOKa NpH MaJjo noaspusanu#d H obaa-
Aaet Gojee BHICOKHM K03 HIMEHTOM HCIOJNb30BaHHSA, YeM
riaajgkufl IMHHK,

HsMeHenHe Toka pa3psla OHIYTHMO CKa3blBaeTCH Ha
3JIeKTpHYeCKHX XxapakrTepucTukax MLl 3snemenros. Homu-
HaJIbHBIM MOJXHO ycaoBHo cydtath 100-yacoBolt pexnM pas-
pAxa no KoueyHoro Hampsixeuus 0,9 B. BmpoueM, HopMa-
THBHO-TeXHHYeCKaf AOKYMeHTaUHR OOHYHO perJaMeHTHpyeT
He pa3spaIHHI TOK, a CONpOTHBJAEHHe BHellHe#l wnemnu, Io-
CKOJIBKY TaKOH peXXHM MHOIOYaCOBHX KOHTPOJbHHX HCIHTA-
Hult Jerye peannsoBaTh Ha npakTiuke. Ecin 3neMeHT MHoro-
neneBoff, To YyKasHBaeTCsi HECKOJBKO peMHMOB paspaaa.
Hanpumep, nas sjaeMenra A316 'OCT 24721—81 ycranas-
JHBaer CeMb BAPDHAHTOB paspAla 0pH CONPOTHBJAEHHAX
BHewHel wenu or 5 1o 300 OM.

Xapakrep BAHSHHA Pa3pAAHOro TOKa Ha XOJ KPHBHIX Ha-
npaxeHne — speMa ML] saeMeHTOB noka3al Ha puc. 4.7. Us
PHCYHKa BHIHO, YTO JKana3oH npHeMJjeMol TOKOBOH Harpya-
XH, NpH KOTOpo# COXpaHAETCH OTHOCHTEAbHAasA CTabHJIBHOCTH
HanpsXeHHus, KaK H NPOAOJKHTENBHOCTh pa3pafa, AJR CO-
JIeBHIX H IIENOYHHIX 3JeMEeHTOB 3HaYHTEJbHO pasjHydercs.
Jna 3Toro n0CTaTOYHO CpaBHHTL KpHBHE Pa3psia OfHHAKO-
BHIM TOKOM, Tak, ecan coneBoit aneMednt 316 paspsaxaercs
TokoM 50 MA 3a BpeMs HeMHordM Gosee 5 4 mpu cpefHeM
paspaanoM Hanpsixkeuuu 1,15 B, To aas wenoyHoro sseMen-
ta A316 npu paspsale TakHM }Ke TOKOM 3TH BeJHYHHH CO-
crasasior 20 ¢ 4 1,25 B, IllenouHofi sneMent cnocoGex pas-
paxarbcs TokoM 300 u naxe 500 MA, a5 coneBOro sseMen-
Ta Tox 100 MA GaH30OK K MpeieNbHO AONYCTHMOMY.

B 3aBucuMocTH or pexxuMoB pa3psna ML aneMentn Mo-
TYT GMTbh HCNOJb30BaHH B O4YeHb WIHPOKOM TeMneparypHOM
uurepBaJge ot —40 a0 + 50°C. I1pu noBuiileHnH TeMmepaTy-
PH JIEKTPHYECKHE XaPaKTEPHCTHKH HECKOJBKO YJy4lliaioTCs
33 Cyer CHHXKEHHS MOJAPHU32LKHH H YMEUbUICHHH OMHYECKHX
norepb HanpsKeHHsd, HO BO3pacTaeT CaMopa3psl; NPH TeM-
neparype Huxe 0°C 3aMeTHo nafaer W HanpsXeHHe, H eM-
koctb. [Ipu —20°C npoldo/KuTeNbHOCTs paspsila COJeBHX
3JIEMeHTOB cocTaBJaser okojo 20%, a npy —40°C — nuiub
5% or Beaxuunu, otHecennoft K 20°C (npu paspsie 3JjeMeH-
ta 316 Ha BHeumHee conporuBiaenne 200 Om u 3neMenToB 343
% 373 —Ha 20 OM). Illesounble 31eMeHTH B TaKHX XKe YCJIO-
BHSIX HMEIOT 3HAYHTEJbHO JyYlIHe napaMerpHl.
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¥Yaenbhble XapakTepHCTHKR MIL a1eMeHTOB B 3aBHCHMO-
CTH OT peXXuMa pa3paja H TeMIepaTypol KoaebaioTcs B UIH-
pokux murepsanax. [Ipa GaaronpusthoMm 100-iacoBom pe-
X#Me paspsana # KoMHaT#Of TeMmmepaType yaeibuas suep-
THSA CBEXEH3TOTOBJEHHHX COJIeBbIX MHIHHIPHYECKHX 3JeMeH-
TOB pa3fHYHHX pa3mepoB ue npesumaer 50 Br-u/kr u
110 Bt-4/am3. VaeabHHe XapakTepHCTHKH LIENOYHHX SJe-
MEHTOB 3a cueT GoJlee BHICOKHX YyIeJbHON eMKOCTH # cpen-
Hero HanpsiKeHHs npémMepHo BABOe BHIIE, YeM COJEBHX
3JIEMEHTOB TOrO XKe pa3Mepa; no Mepe yBeluyeHus paspsl-
HOTOo TOKa 3TO NPEeHMYIIeCTBO yBeluuuBaercs B 5—6 pas
u Gonee.

IFapaurufiubifi cpok xpauenus ML snemeHTOB cocraBas-
€T B CPellHeM OJRH roi. B Teuenue 3TOrO BpeMedu CHuXKaer-
€ He TOJBKO eMKOCTb, HO # pa3psllHoe uanpsxeHue dne-
menta. Tlpu HefocTaTOyHOH TrepMeTH3aud# NPOHCXOLHT
yCHAGHHHH caMopa3pa u3-3a B3aHMOZeHACTBUS HHKA C KHC-
JopoJOM BO3[yXa, a TaKXKe BHCHXaHHe Cenaparopa H pes-
Koe BO3pacTaH#e BHYTDeHHEro 3JeKTPHYECKOro CONpPoTHBJE-
Has. Hanayuuiue ycaoBus AN XpaHeHHss 31eMEeHTOB — TeM-
neparypa ~0°C # ymepeH#ass BJAaXKHOCTb. 32 NepHOl Xxpa-
HeHus gonyckaercs noreps 30% emxocTd coneBHX 3aeMmeH-
toB & 10% menoyHHX 3JAeMeHTOB.

Texuoaoruns nPoH3IBOACTBA MApPraHUeBO-UHHKOBHX 8Jie-
MeHTOB H Garapefi. B ofuieM Brae TEXHOJOrds MPOH3BOACT-
Ba COCTOHMT K3 CTal## TNpPHTOTOBJCHHS aKTHBHHIX MacC H
3NIEeKTPONHTA, HITOTOBJEHHS OCHOBHHX (3Je€KTpod, Kopmyc)
H BCIOMoratenpHHX (npokaanke, wakbu u Ap.) Aeraned,
KOTOpHE MOCTYnaioT Ha C60pKy HcToud#koB Toka. Kaxpmas
CTall#sl BKJIOYaeT HECKOJAbKO TEeXHOJOTHYECKHX omnepalluil.
MaKcHMaJbHoe YHCAO KOMNJAEKTYIOUIHX deTanell #3rorosias-
eTcsl Ha MecTe, 2 He MOCTynaer ¢ APYTHX NpeAnpHATHH, 4TO
XdpaKTepHO # AAs HCTOYHHMKOB TOKa Apyrux cucrem. ITocae-
JOBaTeJIbHOCTb, COYeTaHue HWIAH COBMeHIeHHe TeXHOJOornye-
CKHX cranHii, KaK H #e06X0ZH#MOCTb T€X HJAH HHHX onepaudl,
onpejensiercs HayYHO-TeXHHYECKHM COBEPIIEHCTBOM KOHCT-
PYKUHH, BKJIOYas ypoBeHb TEXHONOTHYHOCTH HCTOYHHKE
ToKa. Cornacio 'OCT 4.362—85 ocHOBHHM# noKa3aTeNaMu
TeXHOJOTHYHOCTH SBJAAIOTCH YAedbHafdA MaTepPHaI0eMKOCThb
H3Je/NHN H yAeNbHasi TPYAOeMKOCTb €ro H3roTOBJeHHS; Bce
9T0 BJHSAET Ha o6beM aBTOMAaTH3aUWH ¥ MeXaHH3aUHH npo-
H3BOACTBA.

PaccMOTpHM THMHYHYIO TEXHOJOIHYECKYIO CXeMy NpoH3-
BOACTBA uuauHgpaveckd coneBx MILL snemenros (cxema
4.1).
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AraoMepaTHYIO Maccy FOTOBAIT H3 CAEAYIOHIHX KOMIOHeH-
-TOB: NMHPOJIO3UTa B BHIe KOHUEHTPaTa MapraHieBod pyiH,
HCKYCCTBEHHOTO JHOKCHAa MapraHila Mapki DJIM-2, rpadu-
Ta, CaXH, KPHCTaAJIHYECKOr0 XJOPHAA aMMOHHSH, COJieBOro
snekTposnTa. CMech THIATENbHO NepeMelllHBaiOT B CMECHTe-

Harorosnenwe
I'lpuoronanemge [TpuroToBnexne 2CTOBOR
arnomeparioi ] }_p
M3CChI < AMEKTPONKTA amacparmbt
> Koxmpons
CGopxa aneMenToB 1 nementos >
Haroronnenna Harotosnexue [puroroanekxye
OTPHUATENBHBIX wai6 * HIONUpYOWeR
WNEKTPOACB npoKAanox KOMNO3NIHH
Yroasubre
TOKOOTBOALI

Cxema 4.1. Kparxas TexHOAOFHMECKAN CXEMA NPOHIBOACTBA UMAAH-
apaveckux ML, snementoN

J9X cHaqaJsia 6Ge3 3JIeKTPOJNIHTA, 3aTeM RpPH nojade SJeKTpo-
JHTa. DAEKTPOAHT ANA yBAaXKHeHHA arjoMepaTHOR MaccH
COJIePKHT XJOPHAH IIHHKA W KaJblHH#, a TaKXe Kpaxmad.
AKTHBHYI0 MacCy BHAEpPXHBAIOT ABO€ CYTOK B repMeTHYHOM
KoHTefiHepe a8 paBHOMEpPHOro pacnpefefieHHst BJarH Mo
BCeMy o0beMy CMeCH H 3aTeM HCHOJb3yIOT JAsi H3roTOBJe-
HHA NOAOXKHTENAbHHX 3JeKTPOJOB.

H3srotoBaeHHe UHAMHADHYECKHX UHHKOBHX 3JeKTPOAOB
TIDOH3BOAAT Ha aBTOMaTHYECKHX APeccaX MeTONOM IKCTPy3H-
OHHOM BHITSAXKH, HCNOJAB3Ys SIBAeHHe TeKy4YeCTH MeTaJJa
noX AaBJaeHHeM. HCXOJIHHMH 3arorToBKaMn c.nyx(a'r JAHCKH-
poHieaH B3 uyucroro uuHka Mapku L0 wam L1 aHGo nern-
poBaHHOTO CBHHUOM H KagMueM, Ilia npuganna Meraany
MaKCHMAaJbHOH NJaCTHYHOCTH pOHlleJlH pasorpesaior A0
150—180°C.

CenapaTop H3roToBARIOT C NOMOILLIO NacTOBoA MaLIHHH
HaHeceHHeM TOHKOro CJofi 3arylleHHOro 3JeKTPOJHTa Ha
OyMaXHoe MOJOTHO ¢ nocjeAyiouiedi cymkod. DAeKTPOJHT
Ans nacroBof AHadparMu KpoMe XJOPHAOB LUHHKAa H KaJb-
IHA copepXKHT XJOpPHA MarHHd, a TakXKe HHTHOHTOpP KOppO-
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8MH IHHKa (HanmpHMep, cyaeMy) H sarycTHreau. Pyaon mac-
TOBOH AHadparMb pexyT Ha JeHTy COOTBETCTBYIONIeH WHPH-
HH H B TAKOM BHJE NMOAAIOT Ha COOpPOYHHA yuacTOK.

CGopKy 3/1eMEeHTOB NPOH3BOAAT Ha BHICOKOMPOH3BOJAH-
TeJbHBIX aBTOMaTHYECKHX JHHHAX CO CJeAyloiled nocJjeno-
BaTEAbHOCTbIO ONepalHii: B UHHKOBHHA CTakaH BCTaBJAASTCH
CBepHyTas B OHAHHAp macrosas paHadpama, 3areM Ha AHO
yKJaAHBaeTcd KaproHHas H3O0JHpylolias NPoKJalKkd; B
KOpnyc ajeMeHTa BNPECCOBHBaeTCA arjJoMeparHas Mmacca,
a BcAeA 332 ycTaHOBKOH mafGH — yroasHH# TOKOOTBOL.
Takoit cnoco6 H3rOTOBJEHHS NOJOXKHTEJNBHOrO 3JeKTpolda
HENOCPeACTBEHHO B 3JeMeHTe 06ecneuHBaeT MaKCHMaJbHYIO
NpOYHOCTb araoMepara H ONHOBpEMEHHO MHHHMaJbHOe
Mex3JeKTpoaHoe paccrosuHe. [laJjee, Ha npHMepe 3Je-
meHra tHna «OpHoH M» npoH3BoaHTCA O6XKHMKa H 3aBafb-
IOBKAa BepXxHefl 4aCTH CTaKaHa; 3JEeMEHT BCTaBJAAETCA B
QyTJaAp ¢ THIb30H, 32JHBAaETCA H30JHPYyIOUEA KOMNO3HIH-
efl 1 HaKpHBaeTCs KpHILIKOH; BHIOJHAETCA 3aBaJbIlOBKa
BepxHero kpas odyraspa.

IoroBhie 37eMeHTH aBTOMaTHYeCKH OTGPaKOBLIBAIOT NO
NPH3HAKY OTCYTCTBHA HJH nouHxenHofi Beanynnsl HPLL
HEemoCpeACTBeHHO mnocae c6opkH. YHcao 3a6pakoBaHHBIX
sJeMeHTOB 06HuHo He npesbiuaer 0,1%. 3areM 3neMmeHTH
BHAEPXKHBRIOT HECKOJbKO CYTOK IJf JAHdHY3HOHHOTO BH-
pPaBHHB2HHA KOHUEHTPAUHH 3/EKTPOJHTa H NOABEPraioT
BHGOPOYHOMY KOHTPOJIIO HanpsxXKeHHd Pa3OMKHyTol uenH H
NOoA onpeAesieHHOM TOKOBO# Harpyskod. Kpome Toro, KoHT-
poJaupytor rabapuTHHe pasMepH, Maccy, NIpaBHABHOCTb Map-
KHPOBKH, K24eCTBO 3THKETHPOBAHHS.

B npousBoacTBe HHAHHAPHYECKHX meJoyHHX MLL aue-
MEHTOB MHOrQ O6GIIero ¢ NMPOH3BOACTBOM COJIEBHIX 3J1€MeH-
TOB, HO HMeIoTcsl H CBOM OcoGeHHocTH. Ha npenBaphrTeasHbix
STanax roTOBAT JJEKTPOJHT, arJOMepaTHyi0 MacCy H aKTHB-
Hy10 Maccy OTPHILaTeAbHOTO 3JEeKTPOAa, a TaKXKe H3roToBJs-
0T KOpnyC H ApyrHe MeTaJJHYecKHe H HeMEeTaJJIHYeCKHe
KoMnJexryloue geraan. Ha sakaiouMrensHoMm 3rame mpo-
H3BOAAT c6opky 3JieMenToB. JL/ig HSTOTOBJEHHS arJoMepar-
Holt MaccH OGHYHO HcmoJb3yioT cMech DJIM-2 ¢ rpadurom
H caxefi, ypaaxuennyio 10 M pacrsopom KOH. AxrHBHYIO
Maccy OTPHIaTeNbHOro 3JeKTPOJa FOTOBAT H3 CMecH KpYnHO-
3ePHHCTOro IHHKOBOTO NMOPOMIKA C XEeJATHM OKCHAOM PTYTH,.
B koropyio BBoasAT 12 M pacreop KOH ¢ no6aBxofi kpaxmana
Ang o6pa3oBaHHsi nacToo6pa3HOfi KOHCHCTeHUHH. 3arymuieH-
HH 3J1eKTPOJHT AJA nacToBOA AHadparMsl roToBAT H3 pac-
tBopa KOH 71ofi xe konueHTpauH# c noGasiaenueM 50 r/x
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ZnO 1 250 r/n Kpaxmadna. LlunnuapHueckHe Kopnyca HSro-
TOBASAIOT METOAOM NOCJAEA0BaTeNbHOH HITAMNOBKH CTa/lbHONR
JIeHTH ¢ nocaeaylolledi o6peskofi J0 3aJaHHHX pa3MepoB.
Kopnyca nokphBalOT 3alHTHO-AeKOPAaTHBHHM CJIOEM TaJib-
PAHHHECKOrO HHKENN TOJMIIHHOR 10 6 MKM.

IMonoxHTebHHE 9J1eKTPOAL H3FOTOBJAIOT Ha ABTOMATH-
YeCKOH yCTaHOBKe NyTeM HanpecCOBKH KOJbLEBOrO CJos
arjJioMepaTHOH MaCCH Ha BHYTPEHHIOI0 MOBEPXHOCTh KOpNyca.
Unepalliy H3roTOBJeHHS LHHKOBOro 3JeKTpoaa H AHadpar-
MH COBMEUIeHbl H COCTABJAIOT C HeNoCpeaACTBeHHOH c6opkoit
M repMeTH3alHedl 3eMeHTa eAHHHA ABTOMATH3HPOBAHHKI
npouecc. B nonocrs Kopnyca nonaercq noa BLICOKHM AaBJe-
HHEM ONHOBpEeMEHHO MaCTHPOBaHHHWN MHHK M 3aryLleHHHi
3/IGKTPOJIHT, NIPpH 3TOM (QOPMYIOTCA COOCHO PacnoJOXKeHHHe
HMHKOBHHR aHon M AnadparMa. 3aTeM BCTaBJAETCH TOKOOT-
BOJA, pHKCHpyeTCH apMHPOBaHHAas KpPHIIKa H Kpa# Kopmyca,
NpeABapHTEJbHO NMOKPHTHII cheltHadnHol cMa3kolf, 3aBalib-
uoBHBaeTcs. ABTOMaT OT/IHYaeTCs BHICOKOA NpOH3BOAHTENb-
HOCTbI0. OnepanHy KOHTPOJIA LIENOYHHX 3TEMEHTOB MPHHIH-
NH#aABHO He OTJHYAIOTCH OT KOHTPOJS COJIEBHX 3JIEMEeHTOB.

IMpousnoacreo ranerusix ML] Gamapefi ocHoBaHO Ha Tex
¥e TeXHOJNOrHYecKHX NpHeMax H OnepauHaXx, KOTOpHe HC-
NOJL3YIOT NPH NPOM3BOACTBE LHIHHAPHYECKHX 3JIEMEHTOB,
HO ypoBeHb aBTOMaTH3allHH 3Jecb HHKe. OTyacTH 370 06D
RACHAETCH TeM, UTO HOMEHKJaTypa rajierHnix Garapei aocra-
TOYHO BeJIMKa NPH CPABHHTENbHO HeGOMbIIOM 06beMe BHIyC-
K8 B3Ae/Inil KaXa0ro HaHMeHOBaHHA.

4:2. PTYTHO-LMHKORBIE DAIOMERTRI

ManoraGapuTHbe repMeTHuHble pryTHO-uHHKOBHE (PLI)
SAeMeHTH GniaH pa3paboTanu B Hadane 40-x rogos B CHIA
C. PyGenom u sckope pupma Mallory nprcrynuaa K ux ce-
prAHOMY BRnycKy. B Hacrosmee Bpems Pl ncrounnku Toka
BHnyckaiorca B pane crpaH, skaiouag CCCP. Ot aneMentn
‘MO cpaBHennio ¢ ML saeMenramMu ofnanalor 60Jiee BHCOKH-
MH XapakTepHCTHKaMH (cpok cayxOH, yaeabHas 3Heprus,
cTa0HABHOCTL Pa3pALHOr0 HanpsAXeHHd, MeXaHHYecKas
npouHocrb). HecMoTpst Ha BHICOKYIO CTOHMOCTb H GoJiee HH3-
Kyl0 TeXHOJOTHYHOCTb, PLL aneMeHTH HaXOAAT ycCTOMMHBHIH
cnpoe KaK aBTOHOMHbI¢ HCTOYUHHKH INHT3aHHA MaJlOl‘aﬁapHT-
HHX npuGOPOB H YCTPOACTB N0/AroBpeMeHHOro noJb30BaHHA,
BKAOuas 9aeKTpouacH, GoToannapartypy, CAyXoBHe annapa-
To B ap. PLl Gatapen HCMOAB3YIOT B KayeCcTBe HCTOYHHKA
CTaHASPTHOro (ONOPHOro) HAmpAKeHusi B Pa3JTHYHHIX KOHT-
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POABLHO-H3MEpHTEeNbHHX, JO3HMeTPHYECKHX H HHHX YCTPOR-
CTB&X.

Teopun. OCHOBY PTYTHO-IIHHKOBOI'O 3JIeMeHTa COCTaBJfA-
er 3neKTpoxuMuyeckas cucreMa Zn|KOH|HgO. ITockoabky
B 3JieMeHTe HCNOJb30BaH MOPHCTHA [HHKOBHA 3JEKTpOL H
pacrsop KOH B ManoM o6beMe, peakius pa3psifa IHHKa
nporekaer no ypaBHeHHio (4.1), KOHeUHHM NpPOAYKTOB pa3s-
paia ABAAETCA OKCHA LHHKa. 3aKOHOMEPHOCTH 3TOrO Mpo-
uecca cM. 4.1. Paspaa OKCHAa PTYTH ONHCHBaeTCA peakiuel

HgO -+ H;0 + 2¢— - Hg + 20H— E0 =0,098B

B nauane paapana Ha norennnasabHof Kpuso#t Ei—v
HabJiofaercs KpaTKOBpPeMeHHHI Ciiafy MNoTeHIHaJa, YTO BH-
3B4HO KPHCTaJAJNH3aIHOHHON moasipu3anuelt npH o6pasoBa-
HHY MepBHIX MHKpOKaneas PTyTH. B NaasHefiilleM KaTORHHI
NOTeHIHaA COXpaHsaer cTaGHABHOCTb MOYTH A0 KOHLa pas3ps-
Ja, NOCKOJAbKY NOASpH3alHA MaJjia, a OMHYECKHe TNOTepH
HanpfXeHHS B aKTHBHOH MacCe O Mepe nepexoid OKCHAa
PTYTH B MeTaJJHYeCKylO PTYTb CHHIXKAIOTCH.

CoxpaHHOCTb 3apaja 3JeMeHTa onpeleasieTcss caMopas-
pPHAOM IHHKOBOI'O 3J€KTPOJad, NMPOTEKAIOWHM IO peaKLHH
(3.7), npnueM AHMHTHpYIOWER ABAAETCR KaTOAHaA peaKiHs
BOCCT2HOBJEHHS BOAHW JO BOJOPOAa. DAEMEHT AOJXKEH CO-
XpaHATb FepMETHYHOCTb B TeUeHHE HECKOMbKHX JIeT, No3TOMY
CKOPOCTb CaMOpa3psifa JOJXHa OHTb HacToJAbLKO MaJof,
yTOOH He CO34aBaJoCh H36HTOYHOe JaBJeHHe, CnocoOHOe
paarepMeTH3HpoBaTh 3aeMeHT. [ CHHXKeHHS CKOPOCTH Ca-
MOpaspsia UHHKOBOTO aHOJa NPHHHMAIOT CAeyIOUIHe MepHh:
HCHOJAB3YIOT 0c060 YHCTHI IHHK; C [ebi0 PE3KOro nosHiile-
HHA  BOJAOPOZHOIO MNepeHaNpAXeHH [HUHK OOHJbHO
aManbraMHpylioT; NoAaBAAIOT BbiiefleHHe BOAOPOAAa Ha No-
BEPXHOCTH JPYrHX MeTaJJIOB, KOHTaKTHPYIOHIHX C HHKOBHIM
aHOJAOM; B KauyecrBe 3JIEKTPOJNHTZ HCNOJB3YIOT pPaCTBOP
KOH BHCOKO#i KOHIeHTpaUHH, KOTOPH® npeaBapHTe]bHO
HaCHUIZI0T UHHKATOM KaJHfA; CTPYKTYpPY aKTHBHOH MacCH
OTPHILATEJNbHOIO 3JeKTpoja CO34ai0T AOCTATOYHO rpyGoAMC-
NepCHOM, AAS 3TOr'0 NPHMEHSIOT IHHKOBHE OMHAKH HJH LHH-
KOBHIi MOPOHIOK KPYNHHX (paKmuii.

¥Yerpoiicreo. CylllecTBYIOT AHCKOBHe (HAH NyrOBHuHHE)
H UHAHHAPHYECKHE PTYTHO-IIHHKOBHE 3JeMeHTH pa3JHYHbIX
pa3MepOB H KOHCTPYKIHH. B JHCKOBHIX ajieMeHTaXx 3JeKTpo-
JAH NJOCKHE H OpHEHTHPOBAHH FOPH3OHTAJALHO, B IHAHHADH-
YeCKHX 3JeMeHTaX 3JleKTPOJHHe MOBEPXHOCTH LHAHHApHUe-
CKHe H pacmnoJoXeHH BepTHKaJabHO, CaMHit MHHHaTIOpHHI
H3 sJeMeHTOB — AHCKoBHIl THn PL] eMxocrsio 0,02 A.y, ero
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anamerp 6 MM, BHcora 3,5 MM, macca 0,45 r. CaMuit xpyn-
Holfl — uuaunipugecknii anement PLI-93 emxocrbio 15 A-u,
ero fuaMerp 32 mm, Bacota 60 Mm, Macca 170 r,
Hau6onbuee pacnpocrpanenne noayuuian guckosue PLI
SJIeMeHTBl. YCTpOACTBO RHCKOBOTO 3aeMenta (puc. 4.8) non-
YHHEHOo TJaBHOH 3apmade — obec-
NeYHTb CoueTauue MHHHMAJbHO- 1 2
To caMmMopaspsfna C HaZlexHofl
repMeTHIHOCTbIO.
IMoNoXATENbHHA  3/1eKTPOX
npexacrasaser cob6oll aXTHBHYIO
Maccy 5, BnpeccoBaumyio B
<¢ranbHofl Kopnyc 6. AKTHBHas
Macca COCTOHT M3 TOHKO-KpHC- 6 5
TaJNHYecKOr0 KpacCHOTO OKCHIA
PTYTH, B KoTOpuH jaoGaBiennl 5::6 ;Eﬁzgg:ggzgrgm;;:-_
rpadur n ayburear BH®. Ma- | .pa:
JIO30JIbHH A MEJKOMOJIOTH i FPa- | — kpuwka; 7 —axrueuas mac-
<uT NOBHINEHHOA UHCTOTH CJy- o SwPidatersuero  sietrpona:
KHAT TOKOl'IpOBOllﬂmeﬁ 110638- AKTHBHAR MACCa HOMOXKHTENbHOrO
kol [lucnepratop ayGmrean O"eXTPoAd: 6~ wopnyc
BH® xak opranuueckoe ro-
BEPXHOCTHO-aKTHBHOE BEHIECTBO aacopGuUpyeTca HA PTYTH,
npenATCTBYn 00pa3oBaHHIO KPYNHBIX Kanedb MeTaJla.
B pesyabrare nucneprupoBaHHasi pTyTb paBHOMEpHO pac-
npefeasercs B ofbeMe 3JE€KTpola, NOBHIUIAN €ro 3JEeKTpH-
YecKyio NpOBOAHMOCTb M obecneuuBas BHICOKHA Koaddumu-
€HT HCno/ab3oBaHHA. KpoMe Toro, KpynHue KanJin pPTYTH,
nonaB B MEX3JEKTPORXHOE NPOCTPAHCTBO, CNOCO6GHH BLI3BATD
KOPOTKOE 3aMHKaHHe U BHIBECTH 3JEMEHT M3 CTpod.
Kopnyc, B xoTopHifi BipeccOBaHa OKCHAMOPTYTHAA aKTHB-
Haj Macca, CAyXKHT OJHOBPEMEHHO KapKacoM 3JieKTpoja H
NOJIOKHTEAbHLIM TOKooTBoAOM. OH BHIITAMNOBAH H3 CTAJb-
HO#H JsenTw ToJuiuuofi 0,3—0,4 MM 1 3amUIIEeH OT KOppPO3HH
3JIeKTPOJUTHIECKHM HUKeseM.
OTpHuaTe/bHHM 3JeKTPOAOM ABJAETCA CTajbHaf KpHII-
Ka I, B KOTOpYi0o 3anpeccoBaHa aKTHBHAA Macca 2 — IHHKO-
BHe ONHIKH, G1arofaps uemy 3Jekrpon obGiaagaer Heo6Xxo-
AuMoil npodHoctbio. Jlns GopbGH ¢ camMopa3spaaoM IMHK
aMaJsibraMUpYIOT, COfepXKaHUe PTYTH B aKTUBHOH Macce JO-
cruraer 10%. Kak u kopnyc, KpHiIka Kpome CBOero mps-
Moro Ha3HaueHHS BbLINOJHAET PYHKIHM KapKaca 3JeKTpoaa
U TOKoOoTBOJa. Baxnyio posb Hrpaer KoMmakTHoe H JOCTa-
TOuHO ToJictoe (Okoso 20 MKM) oJioBAHHOe NOKPLITHE, KO-
TOpOe CJYXKHT AJA 3aHHTH CTAJbHON MOBEPXHOCTH KPHIUKH
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OT KOPPO3#H, H NPENATCTBYeT caMopa3pasy UHHKA, TOCKOJb-
Ky nepeHanpsiXeHsde BHeJeHHA BOJOPOAa Ha JeJiese ropas-
J0 HHXKe, UeM Ha aMaJbraMHPOBaHHOM OJIOBE.

HeemoTps Ha To uTO oKcHA pryTH 3HayHTelbHO Aopoxe
UHHKA, OKCHAHOPTYTHAA aKTHBHAs Macca Gepercs B H3OHTKe,
H MO3TOMY eMKOCTb 3JeMeHTa JIHMHTHPYeTcs UHHKOBBIM
aaexktposoMm. Ecau 6H eMKoCTb orpaHHu#Bajach MOJOMKH-
TeALHHM 3JIeKTPoAOM, To BCien 3a pa3psagoM HgO na nuke-
JIHpOBaHHOM NOBEPXHOCTH Kopnyca HayaJics GH npoiecc pas-
PAAKH MOJIeKyJ BOAH ¢ o6pa3oBaHueM Bonopola. Bepoar-
HOCTb pa3pylleHHs 3JeMeHTa U BHTeKaHHSl PTYTH NPH 3TOM
BeCbMa BeJHKa,

B PLI 3semelTax B KauecrBe 3JIEKTPOJIHTA HCNOJABIYIOT
7—11 M pacreop KOH BuICOKOfi cTeneHH YHCTOTH, B KOTO-
pHii npeaBapuTedbHO BBOASAT OKCHA LHHKAa AJas o6pa3oBa-
HHSl UHHKaTa Kanans. MHoraa B pacrBop 406aBJSIOT AHOKCHA
KpeMHHA, YTO 3aMelJsieT CTapeHue 3JEKTPOJaHTa, npenarcr-
ByeT NpexjeBpeMeHHOMY pacnajeHHIo TeTparHApoKCOIHHKa~
Ta. DAEKTPOJAT NPONHTHBACT 3JEKTPOAHHE aKTHBHBE Mac-
CH K cenapatop-giHadparmy. duadparma 9 cocroHt u3 2—4
cJloeB HieJoyecToAKOR XJonkoBof GyMarH, o6aafaiouiedl BH-
COKOfl MOPHCTOCTbIO H TMAPOGHIBHOCTBIO, BIHTHBaIOLIEH 10
BOCBMHKpaTHOro o6beMa 3J1eKTpoJIHTa, NJIOTHO SaNoJHAS BCe
MEX3J1eKTPOAHOe MPOCTPaHCTBO.

IepMern3auns saeMeHTa OCYHICCTBJSAETCS € MOMOLIbIO
pesHHOBOro HJAH NAacTMacCCoBOro KoJbua 4, KoTOpoe fABAA-
ercss OZHOBpPEMeHHO H H30JATOPOM MeXAy 3JIeKTPoAaMH.
JlaBneHne Bozopoaa wu3-3a MaJoro caMopaspsija MOBHILIA-
eTcsl MelJIeHHo, OLHAKC H OHO cnocoGHO €O BpeMeHeM pas-
repMeTHsHpoBaTb 3jeMeHT. [Ipu 3aBaJbuOBKe Kopmyca
obeCneYHBalOT TaKoe CXaTHe pe3HHH, 4YTOOGH HCKJIOYHTb
BHITeKaHHe 3JIGKTPOJHTA H B TO Xe BpeMfl JXaTh BO3MON-
HoCTb Bojopoldy MelJeHHo DH(pdyHAHpOBaTH B arMocdepy.

PTYTHO-uHHKOBHE 3JIeMEHTH HCNOJB3YIOT He TOJbKO HH~
AMBHAYyaJibHo, HO H B cocraBe Gatapei. Jlas 3toro #HX
KOMIJIEKTYIOT B CeKUHH no 2—10 wT., coexuHsas nocJeno-
Bate]bHO C MOMONLIbIO HHKeaeBOR JeHTH. KopnycoM cekuHH
CJHYXKHT TPy6ka H3 MHOrOCAOHHO# NONHMEPHOM MJIEHKH.

Xapakrepuctixu. I'aGapHTH, Macca H eMKoCTb HauGo-
Jee pacnpocrpaneHHHx PLI 3jiementoB coraacto TI'OCT
12537—76 npeacraBJeHH B TabJa. 4.2.

Homunanbnas emkocrts PL] saemeHTOB paBHa eMKOCTH
npu Iioo m 20°C (paspsa no Hanpswerus 1,0 B). Ilpx
50°C emkocTb 6au3Ka MaKCHMaJbHO AOCTHIHMOR H Ko3(-
¢bHUHeNT HchnoAb3oBaHMA NHHKa npubiaumaerca k 100%,
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npu 20°C —xk 90% u npu 0°C—k 80%. B konme asyx-,
TPEXrOAHYHOre CPoKa XpaHeHHA €MKOCTb 3JeMEHTOB NOJIK-
Ha O6uTb He HuKe 0,9 Cuou.

Hanpaxenne pasomknyroft mend PLl 3aemeHTOB CO-
crasaser 1,35 B npu 25°C n npu CHHXXEHHH TeMnepaTypH
yMeHbIIaeTCs He3HauHTeJbHo. TUNHYHWeE paspAfHHe Xa-

Ta6auna 42 lapaMerpsl HEXOTOPHX PTYTHO-HMHKOBHIX SACMEHTOR

Pasmepsi, MM
QObosuatienne Homuuanab-
Macca, ¢ Hag eM-
femerTa AHRaMETP BEXCOTA xoc-rb.eA-l:
PLI53 15,6 63 4,6 03
PHI55 15,6 12,5 95 0,55
PLI63 21,0 7,4 11,0 0,65
PL165 21,0 13,0 18,1 1,1
PL173 25,0 8,4 17,2 1,1
PLI75 25,5 13,5 273 18
PL|83 30,1 9,4 28,2 1.8
PLI8S 30,1 14,0 39,5 28

PaKTepHCTHKH Ha nNpHMepe QucKoBoro saeMenra PH73 mo-
KasanHu Ha puc. 49 (kpusne I1—38). XapakrepHas ocoGeH-
HOCTb 3JIeMEHTOB — CTaGHJIbHOE pa3pAAHOe HanpsiKeHHe Ha
NpoTAXKeHHH NOYTH BCero paspaja TokoM [ H Huxe. Ipn

7
w %
212 =
E" AN \ I
FONONT
o 74

25 7/ 75 00
Emracms, % om Homunamerod

Puc. 4.9. Paspagube XapakTepHCTHKH JHC-
koBoro aviementa PL[73 H TeMHeparype
50°C (1), 20°C (2) u 0°C (3—5):

paspaz Tokom: 1, 2, 3—001 Cy,; $—0,02C,,
5—0,08 Cpop

TOKe BHile /30, @ TaKXKe NPH CHUXKEHUH TeMMepaTypH Ha-
THHAIOT NPOABJATLCH KaK OMHYECKHe NMOTepH HanpsKeHHs,
TaK H, OTYAaCTH, KOHIEHTpPalHOHHad noJfpHsanus. [Tosto-
My no Mepe pOCTa TOKOBOH Harpysku He TOJbKO yXyAilaer-
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¢H cTaGHABHOCTh pa3psajHON KpHBoH, HO H 3aMETHO YMeHb-
aercH eMkKocTh (KpuBhe 3—5). AHaJOrH4YHOe BJHAHHE
oKka3nBaer Temneparypa. Hanpumep, npH CHHXKEHHH TEM-
nepatyp ot 20 mo 0°C cpexHee Hamps:keHHe 3JeMeHTa
P1173 npu paspsise TokoM 0,02 Cuou yMeHbaercs ot 1,15
Zo 1,05B, emkocrs nagaer or 1,0 mo 0,50A-u, yaeanHas
sHeprus cocrasaser 67 u 31 Br-u/kr coorserctenno. [Ipu
HOMHHAaJBHOM peXuMe pa3pafa yAeJbHas 3HEPrus TOro Xe
snementa paBHa 95 Bt-u/kr.

Boabmwuacreo PLL 3neMeHTOB pacCuHTaHO Ha IJKCHAya-
TaluI0 B TeMmmepaTypHoM untepBane or 0 go 50°C npu To-
Kax paspsifa meHnee /,o. [leperpes anemenTa npH NOBHIIEH-
HHX KaK TOKOBOA Harpyske, Tak W OKpyXaioulefi TeMmme-
parype, onaceH H3-3a pHcKa pasrepMmernsalind. Hexkoropuie
9JeMeHTH pPa3paboTaHnl AJA 3IKCTPEMaJbHBIX TeMIepaTyp-
HHX ycaosuii. Tax, anement PLI82 BujepxuBaer neperpes
Ao +470°C, anement PLI85 paGorocnocoGen npn Temnepa-
Type ot —30 no -+50°C.

PTyTHO-UHHKOBHE 3JeMEeHTH OTAHYAlOTCA BBICOKOH Me-
XaHH4YecKOH NpPOYHOCTHIO, OHH YCTOAYMBH K BuOpalwuH, yia-
pam, nenrpo6exnomy yckopennio. OHH Takke paborocno-
COGHH B YCNOBHAX KaK NOBHUIEHHOTO JAaBaeHHs (IO
10¢ I1a), Tak u ray6okoro Bakyyma (okono 10— Ila), nas
Hux HeomacHa 98%-Haf BAaxHOCTb. YaeabHads 3IHEprHs
Ayumux o6pasuoB pocraraer 110 Br.u/xr, uam okKoao
400 Br-4/a; cpok cayx6u 3—5 ner npu camopaspsje 3a
TpH rofa we Bume 10% (20°C). HepocraTkamu 3jeMeH-
TOB fABJAAIOTCA HX HH3Kafl TeXHOJOTHYHOCTb, & TaKXe BH-
COKasl CTOMMOCTh, O6yCJOBJeHHaA NpUMEHEeHHeM JOporo-
croslleit n neduunTHOR PTYTH H ee oKcuia. [IpousBoacrso
PLL anemeHTOB, cBfi3aHHOE € NpPUMEHEHHEM TOKCHUHHIX Be-
HiecTB, TpeGyer cneuuHaJbHHX Mep N0 TeXHUKe Ge3onacHO-
CTH; HEOOGXOAMMOCTb COGJMIOAGHHA 3IKOJOTHYECKOA YHCTOTH
BH3HBaeT JONOJNHHTEAbHHE TPYAHOCTH.

Pryrro-xaamuesniit (PK) saemenr. PK snemenr asas-
erca anajoroM PILI aaemenroB. Ilpakruueckas peanu3sa-
uua cucreme Cd|KOH|HgO no3soanaa co3narb HCTOUHHK
TOKa ¢ OYeHb HH3KHM CaMOpa3psAnoM, CnOCOGHHA paboTaTh
npu temneparype Bnaorb o —55°C. Paspax PK anemen-
_ Ta NMPOTeKaeT MO0 CYMMapHOH peakiiHH

Cd + HgO + H;0 »Cd (OH); +- Hg ~ B0=0,907B

Mopucrufi xaaMueBH i 3aekTpon obJajaer meubiuefi no
CpaBHeHHIO C LIHHKOM naccHBHpyeMmoctbio. Kpome Toro, ca-
MOpaspsn KaaMusl B HIeJOYHOM 3JeKTPOJHTe 3a cyer B3aH-
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MONEHACTBHA ¢ Boxo#i TepMORHHZMHYECKH HeBO3MoXKeH (CM.
puc. 3.4). [MosToMy CHuXkeHHe eMKOCTH 3JeMeHTa NMpH Xpa-
HeHHH NPOHCXOAHT u3-3a2 PacTBOpPEHHN OKCHAa PTYTH, KO-
TOpoe B KOHLEHTPHPOBaHHOH uenou# He3dHauHTeabHo. O6-
pasywomuecs npu 3tom uohd [Hg(OH).])%~ auddyunnupy-
I0T K OTpHIaTeNbHOMY 3JIEKTPOLY H KOHT2KTHO BOCCTZHaB-
JAHBAIOTCA N0 PTYTH C OKHCJIEHHEM AKTHBHOTO KaJAMHA.
[To ycTpofACcTBYy AMCKOBHI DPTYTHO-KaAMHEBH 3Ja€MeHT
No CYHIECTBY He OTIHYAETCH OT TaKOro xe pPTYTHO-ILHHKO-
BOTO 3JeMeHTa, B Hu3- 0
/ad

KOTEMNepaTypHHX 3¢

MEHT&aX  3JeKTPOJHTOM .E: 28 =\
CAYMKHT CMECh KOHIEHT- §$ » z\’
PHPOBZHHHX DAaCTBOPOB & = \
FHAPOKCHIOB Kanug H § \ 7
ne3us, Naxe  npH A 7

—60°C  o6aapawmas A ]
NpHEMJIEMOH  3JIeKTpH- Emrocms, % om HoMuHanbHOT

YeCKOH NpOBOXHMOCTDIO.

[Ipu manrenbHHX pe- Puc. 4.10. Paspaniue XapakTepHcTHKH
xumax paspaga PK ::;:c;?oro PTYTBO-KAAMHEBOTO  sJie-
3JMEMEHT  WMeeT CTa- Teunepatype 100°C (1), 36°C (3), §°C
6uabHOE HampHiKeHHE B - O 0 c 8w —85°C (5); paspa To-
HHTEpBaie TeMnepary- oM
pa ot —55 g0 +100°C
(pac. 4.10). Yanenpnas sneprus PK anemeHTra npuMepHO
BaBoe Huxe, uem PILI sxemenra, u pocruraer 65 Br-u/kr,
a camopaspsa cocrasaser ot 0,2 ao 1% npu 20°C u no-
paaka 20% npu 70°C B roa. Orciona caeayer HCKJIOUH-
TeNbHO BHCOKAaf COXpaHHOCTb 3apsla, AOCTHraiouias
10 ner, 4TO XxapakTepd3yeT 3TOT UCTOUHHK TOKa Kak HaM-
Gonee AOJTOBeYHHR Cpeld 3JeMEHTOB C BOLHHM 3JeKTpO-
JutoM. OrpaH#ueHHOe TeXHHYecKoe NpHMeHeHHe pTYTHO-
KaJAMHEBHX 3JeMeHTOB CBSI32HO C HMX OTHOCHTEJAbHO HH3-
KHM HanpsiKeHWeM H BHICOKON CTOMMOCTBIO, a TaKke OT-
9acTH C HeJAOCTaTOYHO BHICOKHMH YAEAbHHMH XapakTepuc-
THKaMH.

4.3. CepeGpsnHo-UuHKOBRIE SNEMEHTR

daektpoxumuueckan cucrema Zn|KOH|AgO peaauso-
BaHa B HCTOYHHKAX TOKa TpeX THNOB: B Cepe6pAHO-MHHKO-
BHMX akkymyasropax (cM. ra. 10), B cepeOpsiHO-IHHKOBHX
aMnyabHHX Oarapeax (cM. ra. 5) M repMeTHuHHX cepeG-
pano-uunkoBux (CLl) anementax, moayusBLIHX pacnpocT-
PaHeHue JHWb B nocaeiHee Bpems.
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CIl saeMeHTH BHIOAHO OTJHYAIOTCH OT MapraHueBo-
IMHKOBHX GoJiee cTaGHAbHOX paspAaHOf XxapakrepHCTHKOH
B COYETaHHH ¢ JJMTEJbHHie CPOKOM XDaHEHHS H BHICOKOH
yaeanHofk suepries. [TostoMmy, HecMOTPS Ha BHCOKYIO CTOH-
MOCTb, HX OXOTHO HCNOJBLSYIOT B MHKpPOKaJbKyJATOpPaXx,
SJIeKTPOHHHX 4acaX, CAYXOBHX annaparaX. [lo cpaBHeHuio
¢ PL, o6naxaomumu TeMH Xe npeumyuiecrBamu, CLI ane-
MEHTH HMeloT 6oJiee NOJOryi0 BOJbT-aMNepHYI0 XapaKTepH-
cruky. [TosTtoMy OHH MeHee YYBCTBHTEJNbHH K NMOBHILIGHHIO
TOKOBOHi Harpy3kH, HanpuMep, NPR BKJIOUEHHR MNOACBETKH
uudepbiara suaexrpouacoB. PazpaGoran THnmopasmepHH it
pAx repMeTHUHHX AHCKOBHX Cl] 3/jemMeHTOB eMKOCTbIO OT
15 no 250 MA -1 maccoi or 0,33 no 3,5 r.

Paspaanasa kpusasa Cll ucrounuka Toka (cm. ra. 10)
HMeeT ABe CTYNeHH, H3 HHX BEpXHAA BHIpaXKeHa TeM ueTue,
4eM HHXe pa3pAaHHA TOK. BhicokMe TpeGOBaHHA K CTa-
6usbHOCTH pa3pagHofi xapakrepuctyku Cl] ajemeura BH-
HYXAAI0T YCTPaHHTL BEPXHIOK IJIOILAAKY Ha pa3pAgHOf
KpuBofi. [l1n 3TOr0 aKTHBHYIO MacCy KaTola TOTOBAT Ha
ocHOBe OKcHRa cepeGpa (I) mam okcupa cepebpa (II), mo
Bcerna co caoeM Age0, o6pauienHLIM K cenaparopy. B o6o-
HX cJydasix MOTeHUHaJONpeAeasionias peaKins

Ag:0 + HyO 4 20— > 2Ag +20H—  E0=0,345B

o6ycJIoBJHBaeT NOCTOSHCTBO KAaTOAHOrO MNOTEHIHaJa NpH
paspsaze saemenra. [lepBuii Merox GoJee TeXHOJOrHYHHIM,
ero npumensior daue. Ha orpuuaresbHOM 3JeKkTpoje I1po-
TeKaer OKHCJeHHe LIHHKa ¢ o6pa3oBaHHeM OKCHAa lHMHKa,
MOSTOMy CyMMapHas peaKHHMA pa3pfja CBOAHTCA K ypaB-
HeHHIO

Ag0 +Zn -+ 2Ag 4+ Zn

[ToBHilleHHe comep:kaHHA B KAaTONe METaJJH4YecKoro ce-
pebpa CymiecCTBeHHO CHHXKaeT OMHYeCKHe MOTepH HampakKe-
HHA, KOMIEHCHDYS HeKOTOpoe BO3pacTaHHe NOJAPH3aLHH
MUKOBOrO aHoja. B peayiasTare npuH paspaae TOKOM
0,01 Crou M HHKE Ha 3]EMEHTe NOAJAEPKHBAETCHA CTaGHJIb-
HOe HanpsiXeHHe B HurepBaJe 1,556—1,50 B na nporsxke-
HHH TOYTH Bcero BpemenH paGorh; HPIL] cocraBaser oko-
Jo 1,60 B.

KoHCTpyKIHS AMCKOBOro CepeGpAHO-IMHKOBOTO SJeMeH-
Ta (puc. 4.11) Hmeer Hekoropue ocoGenuocTH. [lacrupo-
BauHHA apox / M3 IMHKOBOro Nopolika ¢ n06aBKOW PTYTH
3anpeccoBaH B CTaJLHYI0 IIO30JI0YEHHYI0O ¢ ABYX CTOPOH
KPHUIKy 2, BO3MOXHO NpPHMeHeHHe TpHMeTaJJla HHKeJb-
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cTanb-Menb. AKTHBHaA Macca KaToia 4 Ha OCHOBe OKCHIa
cepe6pa (1) ¢ aaexrponpoBoasuielt no6aBKoi rpaduta
(amrexkTpuyeckan nposoguMocTb Ag;0 He mpesnuaer 0,6)
X10—* CM-M~!) sanpeccoBaHa B CTaJAbHOH HHKEJHPOBAH-
nbiéi kopnyc 5. Cenapa-

TOp 6 COCTOMT H3 He- 5
CKOJbKHX CJIOeB FHjppar- 1z /
HeJJION03HOH  NJAeHKH
HAH ApPYroro Marepua-

£ BSIHSSN
7

I3

Ja, Habyxaouiero B me- | [l -
JIOYHOM 3JIeKTpPOJHTe — ;:;:;:;:;:;:;:;:::;_; 4
KOHILIEHTDHPOBAHHOM pa- teteteintartanny)
crsope KOH ¢ no6as- P

Kol OKCHIa LHHKA.
HckiaounTteabHo BaX-
HHM C TOYKH 3peHHA
HaJZeXHOCTH 3JeMeHTa
SBJSAETCA KayecTBO y3-
Jna repMernsauun. BH-

Puc. 4.11. YcrpoiicTB0 ARHCKOBOro
cepeGpsiHO-IHHKOBOTO 3JleMEHTa:

I — axTEBHAR  Macca  OTPRIATEALHOrO
SJIeKTpoAAd; 2 — xpeixa; J - mpoKaan-
Ka; 4 — axTHanas macca NOJNOAXBTENLHO-
ro 3sJekTpoAa; §—xopnyc: 6 —cena-
patop

coxas ajaresnsi pacTBO-
pa KOH ¢ Merannuyeckof NOBEPXHOCTbIO CO3JaeT PacK/H-
HuBalomuii 3pdexr B 30He ynJOTHEHHs KopmycCa ¢ KpHILI-
Kofi. Teun aaexTposnTa CHOCOGCTBYIOT TaKie MHKPOHEPOB-
HOCTH H MHKPOTPelIHHH NO KpasM Kopnyca H KpHILIKH,
u3bexaTb KOTOPHE TeXHOJOrHueck# TpyaHo. as uckaioye-
HUf TeYH HCIOJL3YIOT (QHUTYPHYI0 NPOKJAamgKy-HsoaaTop 3
H3 HefiuoHa wW.am Apyroro Marepd#ana, obaanaiomero BH-
COKOH YNpYyrocThio # Xopoilefi XJaJOTeKyyecTsio, a caMy
TepMeTHsauuio nposoisr B ABa npuema. Cuayana nocae
c60pKH 3JeMeHTa NpOH3BOAAT pajHajbHoe 00xkaTHe No me-
pUMETPY KOpnyca Mo HanpaBJeHHIO CTpeaxku A, 3aTeM cae-
yeT 3aBaJbllOBKa Kpas KOpnyca MO HanpaBJeHHIO CTped-
Xu 5. B pesysbrare naomaab ynJOTHEHHS 3aMeTHO yBe-
JHuuBaerc, a dPdexkTuBHOCTD repMETH3AUUM CYLIECTBEH-
Ho BHmie, yem B MU, PU wu apyrux me’aoYHHIX HCTOYHH-
Kax Toka.

Baarogaps npuuathiM MepaM camopaspan CL anemen-
Ta He npesuuaer 10% B rox (20°C), a coxpanHOCTH CoO-
CTaBasieT He MeHee ABYX JeT; B 3arepMeTH3HPOBAHHON
MHepTHOH arMocdepe COXPaHHOCTb YBEJAHYHBAeTCA HO NATH
ner. PaGouynii uHTEpBaJ TeMnepaTypl, OTBedaIOMHH Ha-
npsxkenuio 1,50—1,60 B, naxoaurcs B npemenax or 0 no
40°C. Yameabnasi 3Hepras MPH paspane TokoM Iijp0 BO3pac-
T2eT Mo Mepe yBeJdyeHHs pasMepa siaemenra or 80 1o
110 Br-y/xkr.
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4.4. Bo3pywHO-UMHKOBBIE INGMENTH

Bosaymno-unnkode (BLL) aneMeHTH oOTJIHYalOTCH OT
JOpYTHX 3JIeMEHTOB ¢ IKHHKOBHM aHOJOM OPHIHHAaJbHHM NO-
NOXHTEJbHHM 3JeKTPoaoM. AKTHBHHM BeHIeCTBOM KaTona
CAYKHT KHCJIOpOA BO3JyXa, KOTOPHIil NpH paspafie BOCCTa-
HaBauBaerca A0 OH—-nonoB. B 3anementax PepH, ocBoeH-
HEIX NpoMHUAeHHOCTHIO B 1930-e rogw, HCHOAb3OBaJICH
raagkufi OHHK H cosneBoil saekTpoaut. B coBpemennnix BIL
3neMeHTax NpHMeHRIOT Iieso4HOf 3Jjektpoant, Hx npen-
leCTBeHHHKOM fiBasercH 3nemeHt Cnupuuonosa (1939), B
KOTOpOM BnepBHe O6bJ HCNOJB30BAH KOHIEHTPHPOBAHHHIK
pacteop KOH u raszognd¢ysnonHne nopHucTHe 31eKTpo-
AW Ha OCHOBe aKTHBHPOBaHHOrO yris, NOJYyYeHHHE MeTo-
JOM NpecCOBAHHA CO CBA3YIOMIUM.

Teopust. LiunkoBufi anektpony BLL 3nemenra moxer
6LITE MOHOMMTHHM HAM NOPHCTHIM. B mepBoM ciayuae pas-
pan nportekaer no peakunu (4.5) ¢ o6pasoBaHHeM Terpa-
FHADOKCOIMHKAT-HOHA, MO3TOMY 00beM 3JeKTPOJHTa ROJ-
®ed Outb Goasmum (mo 10 Ma/A-u). Odas noBHUIEHHST
yAeJbHOR 3HEPTHH B 3JEKTPOJAHT BBOAAT H3BeCTh. B pe-
3yibrate peaKUHu

{Zn (OH)4]2— + Ca (OH), - CaZnO, + 20H— 4- 2H;0

ob6pasyercs TPYAHOPAaCTBOPHMEIA LHHKAT KaJbLHA H OXHO-
BpEMEHHO pereHepHpyeTcs uienoub. Jra Mepa NO3BOJAET
NpHMEpHO BTpOE YMEHbUINTb 06beM CBOGOAHOrO0 3JeKTpO-
JHTA.

[TopHeThifi HHHK HCMOMAB3YIOT B 3JEMEHTaX C MaTPHUHHIM
3NEeKTPOJHTOM, 06BeM Kortoporo HeBeauk [~ 1 ma/(A-u)).
ITosromy TOK0OGpasylouiuii pouecc B 3TOM Clyuae HHYEM
He OT/AHYaeTCH OT NpOTEKaloiiero, HanpHMep, B HIEJOYHOM
ML 3nemente. :

Hasnauenue nonoxurenbHoro 3JeKTposa — CO3naTh He-
06X0MMHe YCJIOBHE AJ8 NPOTeKaHHS TOKOreHepHpylouiek
peakuun

/20 + HyO + 2~ -~ 20H—  ES;,, =0,40B (48)

Ias 310r0 37I€KTPOA AONXKEH HMeTb Olpefe]eHHYIO HO-
PHCTYIO CTPYKTYpY H o06sagaTb BHCOKOH 3JeKTpPHUeCKOH
NPOBOAHMOCTHIO H 3J€KTPOKATaAHTHUECKHMH CBOACTBaMH,
KOTOpHle 06eCneYMBaIOT aACOPGUHIO MOJeKyJ KHCAOpoAa
Ha NOBEepPXHOCTH NOP, CMOYEHHON 3JeKTPOJHTOM, H mocJe-
AylO{He aroMH3alMIO H paspsan KHcaopoaa. Crpykrypa
9JIEKTPOAA XapaKTepH3yeTcs onpeiefeHHLIM COOTHOLIeCHHEM
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ra3oBHX H MHIKOCTHHX NOp, IPHYEM 3JEKTPOX He JoJXKeH
NPONHTHBATECA PACTBOPOM HACKBO3b, HHaue €ro 3JeKTpo-
XHMHuecKan 3¢QeKTHBHOCTb ynaJer H NOABHTCH BO3MOX-
BOCTb BbIT€KaHHR 3JekTpoauta, C 3Tofl HeAbld 3JeKTpok
BEA2IOT ABYXCJAOHHHM, HAPOMHAbHHM CO CTODOHH cena-
patopa u rHAPodoGHHM ¢ BHeUIHeHd CTOPOHH.

¢ deKTHBHBIMH 3JIEKTPOKATaMH32TOPAMH KHCJAOPOAHOrO
3JIeKTpoAa fBJAIOTCH NAaTHHOHALI H cepeGpo, KoTopbie B
BLl sneMeHTax NPHMEHATb, MNO-BHAHMOMY, 3KOHOMHUYECKH.
HeueNecoobpasno. OGHYHO HCMOJb3YIOT YrAepPOAHCTHE Ma-
TepHaJH, o6Jafalolie KaTaJdHTHUECKHM JefcTBHEM, OTHo-
CHTENbRO CAalGHM, HO JOCTATOYHBLIM C YuUeTOM MaJibiXx Be-
JUYHH TMJOTHOCTH TOKa, pealH3yeMHX B 3JeMeHTax. Boas-
MOXHO HCIIOAL30BAHHE B KaueCTBe KaTainsaTopa LIMHHe-
aefi cocrapa CoO-Al;O3 nan MnO-AlLO; (cMm. ra. 6).

CrauvoHapHHHA NOTeHILHaJ KHCJIOPOLHOTO 3JEKTpoaa Ha
0,1—0,2 B nnxe E° n3-3a nporekaHns! noGOYHOH peakiHH

0; + H0 + 26~ + HOp +OH—  Efy;=0,088  (49)

KOTopas MoXeT pacCMaTpHBAaTbCS KaK NPOMeXyTo4YHas npH
BOCCTaHOBJEHHH KHchopoaa mo peakuuu (4.8). Hakonue-
HHe NEpPOKCHIA-HOHA B 3JEKTPOJHTE COrJMacHO YPaBHEHHIO
Hephera cHHXKaer KaTOAHHA NMoTeHIHaJ H NMOSTOMY Bech-
Ma HeXeaareabHo. IToaTomy KaTox aoaxeH OHTH KaTajH-
THYUECKH aKTHBHHIM IO OTHOLIEHHIO K peaKIlHH pa3foXeHHS
NepoKCHA-HOHa Ha Kucaopol H OH—-uomn.

Ycrpoitcteo ¥ xapaxrepucTHkH. CymecTByloT NpsaMo-
yroabHHe, DHAHHAPHUYeckHe H 1nyockie BIl saemenrs.
lIpamoyzossnbie 3nemeHTHl H GaTaped emKocrsio ot 300
Xo 3300 A.u npeaHasHaueHbl AN CPeACTB CHrHaAH3aUHH
H CBA3H, BKJIOUasd NHTaHHE CBETOBLIX M 3BYKOBBIX HaBH-
ragHoHHbIX npHGopoB. B HHX HCHOJAbL3YIOT MOHOJHTHHE
OHHKOBHe aHOAH H JAOCTATOYHO MaCCHBHBblE ABYX- HJAH MHO-
rocaofinbie Katoaw KopoGuarofi ¢opmu. Caoli H3 yraepon-
Horo MarepHaia (IpeBecHOro yrisi, Ca}XH H AP.) KOHTaKTH-
pyeT co CBOGORHHIM 3JeKTPOJHTOM H COAEPXKHT B He6OJb-
oM KOJHUeCTBE KaTaAH3aTop H rHApodoGHIHpYIOUHe J0-
6apku. Breminnfi cnofi KOHTaKTHpYeT ¢ BO3LyXOM, MPOHH-
KaeM AAf KHCJopoJda H HeNpoHHIaeM AAA 3JeKTPOJHTA; B
€ro CoCTaB Ha OCHOBe YrJepPOAHBIX MaTepHaJoB BBOAAT 3¢-
texrHBHHe ruapodoOH3aTOPH, Hanpumep ¢TOPONAACT.
Takum o6pasoM, crenenb FrHAPoGHOGHOCTH MO TOJMUIHHE 3Je-
KTpPoAa MoBbIILAETCA, OCTaBasACb HaHMEHbLIeA CO CTOPOHMI
aJlekTposnTa. [as npuaaHus MeXaHHYeCKOH MNPOYHOCTH
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3/IeKTPOA apMHPYIOT MeraJJIHYecKOl CeTKoW, KoTopas BH-
TIOJIHAET TaKxKe PYHKIHIO TOKOOTBOAA.

B naocxkux BLl 3neMeHTaX MCHOJAB3YIOT NAACTHHYATHIHA
KaToA TosuinHoi 0,5—2,0 MM, NMOpHCTHIA IHHKOBBIA aHOX
H 3arylleHHH 3/JEKTPOJHT; B KOpIyce HMEETC OTBepCTHe
AN MOCTYNJEHHS KHCJopoaad.

BosaymHo-IHHKOBHE 3/€MeHThl pacCynTaHbl Ha AJH-
TeJbHblfi HelpepHBHHH HJH NPepHBHCTHIA pas3spAll TOKOM
I 000 1 HMXe. OHH HMelOT CT2OHJABHYIO PaspagHyIO Xapak-
TepHCTHKY npH cpeamem Hanpskenun 1,25—1,15 B (20°C)
H paborocnoco6Hn 6e3 CyuiecCTBEHHOH noTepn eMKOCTH B
HHTepBane TeMneparypd or +40 go —10°C. C pocrom
TeMnepaTypnl eMKOCTb CHHXKaeTcsl H3-3a TOro, UTo THAPO-
¢0o6HOCTD YroJNIbHOTO 3JeKTpoAa NOCTelleHHO Najgaer, OH
NPOMHUTHIBACTCA 3JEKTPOJHTOM H TepseT 3JeKTPOXHMHYe-
CKyi0 aKTHBHOCTb. [IpsAMofi KoOHTaxkT 3jeKTpola C BO3AY-
XOM OrpaHHYHBaeT CPOK CJHYXKOb 3JMeMeHTa MO PSAAY NpH-
YHH. NPOHCXOAHT KﬂpﬁOHﬂaauHﬂ 3/1eKTPOJANTE, B NepHOAb
nay3 UHHKOBbH 3JIEKTPOA OKHCJAETCA KHCJIODOZOM H CHH-
XKaeT eMKOCTb, @ 3arymieHHbHi 3JeKTPOJHT MNJOCKOTro 3Jje-
MeHTa Tepder BJAary H orcilanBaeTcs.

B xauecTBe npuMepa Ha pHC. 4.12 naum paspsiaHbie Xa-
paxTepucTHKH nuckosoro BLI snemenra eMkocrbio 0,3 A-u

w ff
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X 1 N\
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s VIR IAY ¢
= ] 700 150 200 €y

Puc. 4.12, Paspsaaune XxapaKTepHCTHKH IMEJOYHHX
MajioraGapHTHHX 3N1eMeHTOB:

1 — mapranieBo-UHHKOBRA; 2 — cepe6pnHO-UBHKOBRA; 3 —
PTYTHO-UHHKOBHIA; 4 — BO3AYWHO-UHHKOBLIA

Aas cayxoBux annapatoB ¢pupmMni VARTA (®PT), a rak-
ke MM, PH u CL saeMeHTOB aHaNOTHMYHHIX pa3MepoB.
Yaenvnasa sueprus BLl snemenra Macco#t 1,75 r (muaMerp
11,5 MM, BHcora 54 MM) npeBbimaer 200 Br-u/xr, nan
700 Br-u/amd.

BosaymHo-mapratnueso-uHikossle aaemenT. PasnoBna-
HocTbio BLl 3neMeHTOB ABARIOTCA BO3LyUIHO-MapraHileBo-
unHkoBble (BMLL) sneMeHTH, B COCTaB KaTOAa KOTOPBIX
BBeIeHO HeKoTopoe KoamuectBo MnQO,. B pesyabrare B
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TiepHOJ YBeNAHYeHHs TOKa paspsila, Korla CKOpOCTh peak-
uH4 (4.8) orpanuuuBaercsi ycioBHsMH audPysHoHHOTO
KOHTPOJIsSl 1O KHCJOpOAY, H4YHHAeT NPOTeKdTh paspsiMasi
peakuus (4.2). KpoMe TOro, AHOKCHA MapraHua KaTaJu-
THYECKH pa3naraeT nepoKCHI-HOH.

llpencraurenem BMIl 3neMentoB sBasiercss aneMenr
YailleyHoi KOHCTPYKuun Garapen «Kpona BLI» (puc. 4.13).
DJeKTpOAH pasMelieHH B MOJH-
BHHHAXJNOpDHAHOM Kopnyce 1,
BHIOJIHEHHOM B (opMme nJjoc-
Koit kopoOoukd. Huxusis vacrs
Kopnyca 3anoJHeHa UHHKOBo#
AKTHBHOW MaccOR 5, copmepxa-
wef 1% xeatoro okcuma pry-
TH. [losoXuTenbHBI 3JeKTpPold
HMeeT BMA ABYXCJofHoO# nJhoc-
Koft TabaeTKH, apMHPOBaHHOMH
cTanbHOf  ceTkoHl. AKTHBHasx
Macca 3JeKTpofla COAEepPXKHT
50% ApeBecHO-yroNbHOA mNbIIH,
30% nuposio3uta u 20% aue-

7

THAeHOBOW caxH. JlpeBecho- ‘;";mz‘_':épxﬁl?e‘ﬁm‘; ol
yroseHasi MeIb oGnafaer 3MeK- o7 o yeira Garapen «Kpo-
TPOKATANHTHYECKUMH  CBOMCT-  ya Bll»:

BaMH, caxa Oaaronapsi Bhico-
Kofi BJaroeMKOCTH NpensirCTey-
eT BHICLIXaHHIO aKTHBHOA Mac-
ce. B RapyxHuHifi ca0oft  3/eKk-
Tpoga 2 BBeldeH TruApodobH3a-

I — Kopnyc; 2 — raapodobunid
caoft  DOJAOKHTENbHOTG  3/EKTpO-
Rga; 3 — ruzpodmasEnt cloli HO-
AOKUTEABHOTO 9sieKTpORa; 4 —
3JEKTPONHT; 5 — aKTHBHAg Mac-
ca oTphllatensHOr0 SReKTpPOAA;
6 — TOKoOTaoa; 7 — SNOKCAAHAR
KOMNO3ULKA

T0p (nmapaduH), BHYTPeHHHH
caoit 3 ruppoduaen. IDaeKTpo- :
AN pasfeleHH CJloeM 3&CyIleHHOTo 3JeKTpoauta 4, B CO-
ctas Koroporo Bxomur 12 moas/n KOH, 0,6 moas/n ZnO
H 3arycturesb (KpaxmaJ H NileHHYHan MyKa).

CkBO3b AHO KOpnyca NMPOXOAMT CIHPadbHHI TOKOOTBOX
6 OTpHUATENBHOI'O 3JeKTpoAa, XKecTKO 3adHKCHPOBAHHHIA C
TOMOLIbI0 3NOKCHAHON TepMeTH3UpyIoLlel KOMMO3HUHH 7.
SnemenTH co6paHH B GaTapeid MNOC/AeNOBATENbHO TaAKHM
o6pasoM, 4TO TOKOOTBOJ OAHOIO NPHXAT K INOJOXKHTENb-
HOMY 3JeKTpoly cocelHero, a BCe ceMb o6pa3yioT CeKkIMIO
Ccroabuatoit popmu. Cexknus nomeinieHa B MeTaJIHYECKHM
HJIH NJaCTMaCCOBHA KopnycC ¢ ¢(HUrypHhIMM BHIBOJAMH Ha
KpHIIKe, K KOTOPHM MNOABEAeHH TOKOOTBOAH OT KpafHHX
3JieMeHTOB. B Kphiillke HMeeTcsi oTBepCTHE, yepe3 KoTopoe
KHCJopoA NOCTynaer BHYTpPn GatapeH. B mepnon xpaunenus
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6arapes W30/MpOBaHa OT OKpyXKaiomiei arMocdepn noJaH-
STHJIEHOBBIM YeXJIOM.

Coraacio I'OCT 17659—79 Garapes «Kpona Bll» c
HOMHHAaJIbHHM HanpsikeHneM 9 B npeanasnaveHa Ans nu-
TaHHA NOPTATHBHLEIX PaJHONPHEMHHKOB H TNPH KOHTPOJb-
HOM TpepLBACTOM pa3psane (4 4 B cytkn npu 25°C) uepes
BHelHee conporuBienne 900 Om JAonxHa paGoTarb He
meHee 85 u. Barapea pa6orocnoco6Ha B HHTepBajte TeM-
nepatypd ot 450 go —10°C u mocae xpaHeHus B Teue-
Hue 9 Mec HMeeT eMKOCTb, paBuyio 0,6 Cuow.

Ban3kne xapakrepuctukn uMeer Garapesa <«KopyHas,
KoTopas OTJAHY3aeTCA H3MEHEHHHM COCTaBOM IOJIOXKHTeab-
Hofi axkTuBHOH Macch. ITpumeHenne MCKycCTBeHHOro IHOK-
cuaa Mapranna Mapku SJM-2 no3BoJHaO NOBHCHTH pa3-
paiHoe HanpsXeHHe Ha 3neMeHTe nmpumepHo Ha 0,1 B n
6/1arogapa 3TOMY YMEHbUIATb UHCJO 3JeMeHTOB B GaTapee
1o 6, yBeiHUHB eMKOCTb npHMepHO Ha 15%.

4.5. SneMenTl C HEBOAHBIM SNEKTPONHTOM

HOas GoAbLIHHCTBa NEepBHYHLIX HCTOYHHKOB TOKa pa3-
JHUHHX CHCTeM B KaveCTBe aHOJAHOrO MaTepHala HCNOAL-
3YIOT UHMHK, KOTOpPHIA YX06HO coueTaercs ¢ UeNAHM pAAOM
KaTOAHHX aKTHBHHIX BemiecTB. MHoroJeTHnfi oNHT NpoH3-
BOACTBA H IKCNAYaTallHH NOATBEPAHJ HeCOMHeHHHe Tex-
HHKO-IKOHOMHUYECKHE MpenMyllecTBa NOoZOOHHX 3MEeMEHTOB
H Garapefi. OgHaKo 3aauu fajbHefllero KOpeHHoro MoBH-
UIeHHsl yAEABHLEIX XapaKTepHCTHK, pacillipeHHs AHalna3oHa
pabouefi TeMnepaTypH, YAJMHHEHHA CPOKa CJAYXKOH He Mo-
IyT GHTb pellleHH YCOBEepPIIeHCTBOBaHHEM H MoAepHH3alHel
TpaanunoHHHx XHUT. TpeGyloTcs HCTOUHHKH TOKa HOBOTO
NOKoJieHns, HCNoAb3yloHiHe Golee 3IHEProeMKHe 3JeKTpo-
XHMHUYeCKHe CHCTeMH NpPH YCJOBHH NpHEMJIEMHX pacxoJoB
Ha HX MaccoBoe HaroToBaeHue. HanGosee mepcneKrnBHEMH
CpeAM HHX MNpeJCTaBAAIOTCA JATHEBHeE 3NeMeHTH H Oa-
Tapen.

JIATH{ u3BecTenm KaK CHJBHHH BoCCTaHOBHTeAb, 006Ja-
LamoiHii cpean MeTalloB HanGonee BLICOKOH TeopeTHYe-
cKoll yAeabHofi eMkocTbio (cMm. Ta6a. 2.1). Pacyerd mnoxa-
3aJH, YTo JATHEBHH HCTOMHHK TOKa JOJXKeH HMeTb Gecnpe-
IeJeHTHO BHICOKHE 3JJEKTpHUYECKHe H IKCIJIYaTalHOHHHE
xapakrepuctuka. OLHaKo BONJIOTHTb B peaJsbHYI0 KOHCT-
PYKUHIO JHTHEBYIO CHCTeMY JoJro He ylaBaJocCb, MOCKOJb-
Ky B BOAHHX pacTBopax JIHTHA aKTHBHO pearspyer c Ho-
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HaMH THADPOKCOHHA (THAPDATHPOBARHHHM HNPOTOHOM), MOA-
Beprafcb GLICTpOMY caMopa3psilly.

Ycnexu B o6aacTH HCCAelOBaHHA aNPOTOHHLIX 3JeKT-
PposnToB no3soauny B 1960-e roan peanu3oBaTbp HAEIO JH-
THeBoro 3neMenTa. IlepBbie onbiTHbie 06pa3ilbl NOATBEpPAH-
JIM TeopeTHuecKHe NpOrHo3bl, JIuTHEBbie 3JeMEHTH C XJO-
PHAHHMH, GTOPDHAHLIMH, 8 MO3AHee H OKCHAHHMH KaToAa-
MH HMeJH pa3psgHoe HampsixkeHnue Bbilie 2,5 B n yrenn-
Hylo 3HeprHio Goabuwe 200 Br-u/kr. [IpumeHeHne KHAKHX
KaTOAHHX OKHCAHTeNell Mo3BoAHJI0 B HauboJsee Gaarompu-
ATHBIX YCAOBHAX pa3paga gocrurats 500 Br.u/kr, uto B
3—4 pasa npesniiiaer yzeabnylo 3Hepruio P u CL axe-
meHToB. IlocKoabKy JHTHH B anpoToHHOH cpele BHoJHe
ycToAuHB, JAHTHEBble 3JIEMEHTH MOrYT HMEeTb MHOrOJeTHHH
CPOK XpaHeHHS NPH He3HauHTeJbHOH nOTEepe €MKOCTH 3a
cuer MOGOUHBIX NPOLECCOB.

B HacTofllée BpeMs B HEKOTOPHIX CTpaHax HaJaxeH
NpOMbILINEHHBIE BHIIYCK JHTHEBbIX 3JeMeHToB H GaTapef,
HCUHCASAEMBIH COTHAMH MHJJHOHOB WITYK B FOA, eMKOCTbIO
B AuanasoHe or 30 MA-u no 17 kA-u. He6wBanso Beico-
KHe nmapaMeTph 3THX HCTOYHHKOB TOKa NMO3BOJSAIOT 3aMeTHO
CHH3HTb pa3Mepnl H MacCy annapaTyphl, KOMILJIeKTyeMOH
aBTOHOMHHIMH HCTOYHHKaMH nHTaHHA. He MeHee BaXHo H
To, YTO OHH CTHMYJHPYIOT pa3paboTKy HOBbIX BHAOB COBpe-
MEeHHO! TeXHHKH.

Bonpoc TeoOpHH JAHTHeBHIX 8aeMeHTOB. Cpeln MHOrHX
BapHAHTOB CHCTEMbl JHTHi — OKHCJAHTEAb HaHOoJee ynay-
HBIMH OKa3aJHCb 3JeKTPOJHbIe Napnl JHTHH — JHOKCHA ce-
Py, JHTHA — THOHHJAXJOPHA, JHUTHHR — NOAHGTOPYraepol,
JAUTHA — ZHOKCHA Mapranmna B Cpefle anpOTOHHBIX 3JEKT-
poanroB. MeTtannnueckufi JHTHA 3AEKTPOXHMHYECKH XOpo-
IO COBMECTHM C aNPOTOHHBHIMH 3JMEKTPOJIHTaMH. JTO O3Ha-
4YaeT, 4YTO JHTHH YCTOHYHB B TAKOM 3JIEKTPOJHTE H CHO-
co0eH aHOLHO OKHCAATLCA C 3aJaHHOA CKOpPoCTbiO B ycJo-
BHAX paboThl raibBaHHYECKOro 3J1eMEHTa.

AnpoToHHB 3/1€KTPOJHT mpejAcTaBAseT coGof Heopra-
HHYECKYIO COJIb JHTHS, pacTBOPeHHylo B oprannueckoM (pe-
e HeopraHHUECKOM) GNPOTONHOM OUNOARDHOM PpACTBOPU-
Tese (ALIP). Ilpakrnueckoe npHmeHeHAe HAUIIH Te HEMHO-
THe COMH JHTHA, KOTOpble YAOBJETBOPHTENbHO pacTBOpA-
10tca B AIIP u o6GecneunBaloT pacTBOpy AOCTAaTOYHO BLICO-
Ky0 3]eKTpHYeCKylo npoBoguMocTb. K HHM OTHoOCAT nep-
XJopat u GpOMHA JHTHA, a TaKXKe HEKOTOphle JHTHeBHE
COJMH ¢ KOMNJeKCHbIMH aHHoHamH, Takne, Kak LiAlCly,
LiBF,, LiAsFs.
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AJIP umeior pax ocoGeHHOCTeH, KOTOpHe OGYCAOBHIH
npuMeHeHde WX B HCTOYHHKAX TOKA: MaJas MOABHXXHOCTD
BOAOpPOJAA B MOJIeKYJe TaKHX pacrBopurenefi, cnocoGHOCTL
pacrBOopaTb OpraHHuYecK#He H HeOpraHHYeCKHe BellecTBa,
BKJIIOYan ra3oobpasnbie; Haj#uyde AHNONSA, KOTOPHA BHI3H-
Baer AHCCOUHANHIO cONefi ¥ oO6pa3oBaHWe KOMILIEKCOB C
HeopraH#ueckuM# HoHaM#u., Takdée CBOACTBA NPHCYLIH, B
YaCTHOCTH, HEKOTOPHIM MPOCTHIM ¥ CJOXHBIM TJaBHBIM 06-
pa3oM nuxauaveckum 3dupaMm. Hepeako ucmoabsyior cMecu
AP, o6aazajouiHe onTHMAJbLHBIM COOTHOLIeHHeM Tpebye-
MbIX T2PaAMETPOB.

B JauTUeBbIX 3JeMEHTAX HCHOJAB3YIOT 3JEKTPOJNHTH Ha
ocHoBe AJIP, kKoTOpHe HMeIOT YyAeJbHYI0 3JeKTpHueCKylo
npoBogumoctb He HHxe 0,1 Cm/M, o6GecnednBaioT HOpMaJb-
Hoe 1poTeKkaHue KaToAHO# TOKooGpasyiomied peakuu#, He
NOABepraloTcas HOGOUHLIM XHAMHYECKHM H 3J€KTPOXHMHue-
CK#M peakuusM, o6J1afaloT LIHDOKUM TeMIepaTypHHIM HH-
TepBAJIOM XHAKOTO COCTORHHA (f,,<<—40°C), oTHOCHTENB-
HO Hejopord# M Gesomacuul B o6GpamieHHH. DAeKTPOJHT JOJ-
XKeH COJepXKarTe MHHAMAJNbHOE KOJHYECTBO BOAB H APYrHX
BpeAHHX npumecefi.

Pa3spagnas peaknus JHTHEBOrOo aHoOJa CBOAHTCH K HO-
Hu3anun autua: Lio-Lit4-e—. Cranpaprtheifi snexrponnsifi
NOTeHUHaN YHCTOTO JHUTHA B JHTHACOAEpIKAHIeM 3JeKTpo-
JuTe Ha OCHOBe, Hamp#Mep, nNponu#aeHKap6oHaTa cocTaBaA-
er —2,890 B. B peanbHoM 3JeMeHTe MOBEPXHOCTb JHTHEBO-
ro 3JeKrpoja BCerja 3akpeita CJOXHO# nmo cocraBy ¢aso-
BOi nJeHKofi H3 NMPOAYKTOB B3aHMOACHACTBHA JHTHA C
COJIbIO, pacTBopdTeneM # npuMmecimu. Ee Haanune okasmi-
BaeT 3HAYUTeJbHOEe BJAHAHHE KaK Ha BEeJHYHHY PaBHOBECHO-
ro noreHu#ana, Tak M Ha KuHeTHuecKHe 3aKOHOMEpHOCTH
3JIeKTpoJa.

Bnarogaps HMeHHO 3amidTHOM MJeHKe 3JEKTPOAHAA NO-
BePXHOCTb NOAAEPKHUBAET CTAUHOHAPDHOE COCTOAHHE H Npel-
OXpaHseT aHoJ OT caMopa3psia, a ee KaTHOHHAs NPOBOJH-
MOCTb COXpaHAeT COCOGHOCTb JHTHSA K pPaCTBOPEHHIO C Bbl-
coXof cKopoctbio (20 5 kKA/M2).

B kayecTtBe KaTOAHOrO AKTHBHOIO BELIECTBA YCHEUIHO
HCTIOJNb3YIOT TBepAble OKHCAuTend — okcuan (MnOp, CuO
# V20;), cyabpuan (CuS # FeS), HekoTopwie coau. Ka-
TOJHKE peaKluy# NPOTEKAIOT Mo TakoMy Xe TBepaodasHo-
My MeXaHH3MY, Kak ¥ B BOJHHX pacTBOpax; poJb MPOTOHA
BHNOJHACT KAaTHOH JHTHA, HMEOUIdA MaJHA HOHHHA pa-
auyc (7,8-10-2 HM) # oTHocHTeNbHO BHCOKHA Ko3pdHIH-
eur andPysuu. Hanpumep, paspsaj okcuaiHoMapraHieBoro



KaTola ONHCHBaercs ypaBHeHHeM, aHajornunbiM (4.2):
MnO, + xLi+ 4 xe— — MnOOLi

Oco6oe MecTo CpeiH KaTOAHHX MaTepHalOB 3aHHMaer
nonudropyraepon (CFx),, mnoayuaemuit ¢TopHpoBaHHEM
rpadputTa B HMelomIHf BHCOKYi0 3HeproeMkocTb, Katognas
peaKuHs CBOAHTCA K BOCCTZHOBJEHHIO pacnpejejeHHOro B
pellletke rpadura ¢dpropa xo Propuia no ypaBHeHHIO

(CFx)n + nxe— - Cp + nxF—

H npoTeKaeT NpH NJoTHOCTH Toka Ao 100 A/M? u npuem-
JAeMoit BeanyHne noaspu3auuH. CKopocTb KaTOAHOTO BOC-
CT2HOBJIEHHA OKCHAOB H cyJabduzos aumutupyerca auddy-
3HOHHHIMH OrpaHHYeHHSIMH B TBeplAoH (a3e #, Kak npabBy-
J0, He npesuinaer 10 A/mM2. TlosToMy oHH paccuHTaHH Ha
pa3pan ANHTENbHHMH peXXHMaMH TOKOM [io0 H MeHbile.

Hcilefi sneprerHyeckoii 3d¢exTHBHOCTbIC o6aafaior
XKHAKHE HEODraHHYecKHe OKHCJAHTeJH THOHHJAXJODHA H
pacrBopennnii B AJIP nunoxcug cepu. OHE HMeloT foCTa-
TOYHO BbICOKYIO TEOpPeTHYeCKYyio yAeAbHYyio eMKkocTb (0,45
H 0,42 A.-u/r COOTBeTCTBEHHO) H BOCCT2HABJAHBAIOTCHA CO
3HauuTebHO 60abliefi NO CpaBHEHHIO C TBePAKIMH OKHCJH-
TeJISAMH CKOPOCTbI®, DJEeKTPOJHT, COCTOAHIHE H3 pacrBo-
PEHHHX B CMeCH aIeTOHHTPHJA C NponuieHKap6oHATOM AH-
OKcuia cepn (cooTHomieHHe Macc 1:2) u GpoMuaa auTHA,
o6aafaer BHCOKOH yAeldbHOA 3JeKTpHYeCKON NpoBOAH-
Moctbio: 5,8 CM/M npu 50°C n 2,4 CM/m npu —50°C. Croas
cnabast 3aBHCHMOCTb NPOBOJHMOCTH pacTBOpa OT TeMIiepa-
TYPH B COYeTaHHH ¢ HH3KOH BH3KOCTbIO NMO3BOJSIET peaJtiH-
80Barb npH paspsje WHPOKHA HHTepBaJ TeMmnepatypu OT
470 no —60°C npu Tokax pa3spsina no /1o M BHIileE.

Tuounnxnopny obecneunBaer peKOPAHO  BHCOKYIO

YAeAbHYIO 3Hepruio JuTHeBoro saeMenTra. O6aajgas Xocra-
TOYHO GONbIIOA YAEABHOX eMKOCTbIO, OH ABJASETCR OAHO-
BPeMEHHO KaTOAHHM aKTHBHHM BeIHECTBOM H PacTBOpPHTe-
JieM, YTO CBOAHT Maccy H3OHTOYHONO 3AEKTPOJNHTE K MH-
BHMYMY.

aToAHHEe PeaKUHH C yYacTHeM XXHAKHX OKuCAHTeldelt
NIPOTeKalOT N0 ypaBHEHHAM:

280, +- 2Li+ + 2¢— — Li2S;04
2S0Cly + 4Li+ 4 4e— — 4LIiCI 4- SOy - S

O6pasyioumnecss npH pa3pfie HepacTBOPHMHE COMH JH-
THOHHTA M XJODHAZ JHTHA BHINaAalOT B OCaJoK H MOCTe-
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neHHo maccuBHpYioT KaTol. IToaToMy anexTpoanas moBepx-
HOCTb MOPHCTOr0 KaToja HOJIXKHA ObiTh Ype3BWuafiHo pas-
BHTOH, AN51 3TOrO B COCTaB yraepoOAHOH KOMMO3HUHH BBOAAT
caxy.

B anemenTax ¢ XKHAKHMH OKHCAHTeNAMH HaGmwojaercd
OuYeHb HH3KHI CaMOpa3pal JHTHH, HECMOTPA Ha OYEBHAHYIO
TePMOAHHAMHYECKYIO HecTaGHAbHOCTH cHcTeM Li—SO. H
Li—SOCl,;. KunerHueckHM cTaGHAH3HPYIOHUIHM ¢aKTopoM
CJAYXHT HalHuHe NMacCHBHpYIOINEH NJEHKH, KoTopas BO3HH-
KaeT Ha NMOBEpPXHOCTH JHTHA B MOMEHT KOHTAKTa C OKpY-
xajowe# cpenoi. [Tnenka o6pasyercs 3a cueT aHeprH4yHO-
FO B3aMMOJEACTBHA KAK C OKHCJHTEJEM, TaK H C aKTHBHH-
MH NpPHMECHMH B 3JexTpoJHTe, Hanpumep ¢ Bojo#. ITocre
¢opMHPOBaHHSI NOCTATOYHO KOMNAKTHOH HEeABHO KpHCTal-
JIHYecKofi mepBHYHOMA NJEHKH TOJIUHHOMA nMopfjKa JecsTKoB
HaHOMETPOB CKOPOCTh OKHCJHTENbHO-BOCCTAHOBHTEJNBHOrO
npouecca majgaer, npubanxasch K Hymo. Tak, npn B3aH-
MOJEficTBHH JHTHA C AHOKCHAOM Cepbl HJAH THOHHJXJOpH-
JOM 3aHHTHAA NJEHKa B OCHOBHOM COCTOHT H3 JAHTHOHHTA
HAH xJaopuia JuTHA. IlocKoNbKy mnjeHKa HMeeT KaTHOH-
HYI0 NpPOBOLHMOCTH, ABJAASACH HOHHBLIM [OJYMPOBOAHHKOM,
OHa He NpenfATCTBYeT HOHH3AUNHH JHTHH, XOTH H JHMHTH-
PYeT CKOpOCTb pa3psaa. B mepHoAb TOKOBHIX mays3 3alHT-
HHf cJ0fi MEAJNeHHO YTOJNHiaeTcsl H3-3a 00pa3oBaHHA BTO-
pHuYHO#i nmaccHBHpyoulell MJEHKH, cocTosiulell mpeHMYyHiecT-
BeHHO H3 HENpOBOAAHIHX KPHCTAJJOB. DAekTpHuUecKas rnpo-
BOAHMOCTb BTOPHUYHOA mnJeHKH ofyCJoBJeHa ee MOpHCTOo-
CTbiO H YyXyZAUIaeTcss BO BpeMeHH NO Mepe YnJoTHEHHA H
yBeanueHHs Toaumuubl. [TostoMy B HauaabHHI nepHon pas-
pAna H3-3a2 HAaJAHYHA NepeMEeHHO# OMHYecKol cOCTaBAaAiO-
Wefi HabmiogaeTcs BpemMeHHOe CHHIKEHHe 3JeKTpoJHOro no-
TeHIHaNla AHTHEBOrO aHOAA.

YcTpoficTBO M XApAKTEPHCTHKM JAHTHEBBIX SJEMEHTOB.
B autHeBhix anementax (JID) HCnoab3YIOT KOMODAKTHHI
JUTHH B BHAE NOJOCH HJAH (oJbrH, pexe BcTpeuaeTcsl nac-
THPOBaHHAsl AKTHBHas Macca, HaHeCeHHasd Ha MeTalJHue-
CKylo cerKy. Kartox — mopHcTHi, Ha OCHOBE YrAepoAHHX
MaTepnanoB. B aneMentax ¢ XKHAKHM OKHCAHTeNEeM NpHMe-
HAIOT TOHKHe FHOKHe KATOAH, NpeicTaBAsiomHe Coboil Me-
TaJJHUECKYi0 CeTKy, Ha KOTOPYIO HanpeccoBaHa CMecb rpa-
buta ¢ caxeli H cBAsywoHHM (MoaMNpoNHAeH HJH (TOpO-
naact); adpdexTHBHOCTD 3MexTposa OnpesensieTcs ONTH-
MaJbHHM COOTHOLIEHHEM 3JeKTPOKATAJHTHYECKOH AaKTHB-
HOCTH, 3JIeKTpHUYeCKOA NpPOBOAHMOCTH, MPOYHOCTH H APYrHX
CBORACTB.
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3apyGexHue (uPMH BHINYCKAaIOT JuTHeBHEe TepMeTHY-
HHe 3JeMeHTH B ABYX BapHaHTax: IHJHHApHYECKHE H JHC-
koBule. Ux muamerp cocrapaser or 14,5 no 42 MM, BHCo-
Tta—or 1,6 no 140 mm. HsroroBasiorcs Takike nJIoCKHe
rubxue 3JeMeHTH ToJuHHOH 1,6 MM.

Huckossie JID no yerpoiicrsy GJaumsku anckosuim CII
uan PLl anemeHTaM, UHJHHApHYECKHE XK€ MMEIOT OTJHUYH-
TelbHble OCOGEHHOCTH (pHC.

4.14). ®oasropuii aHog 5, 2 3
rubxnft xaton 6 u cenaparop 7
M3 noJunponuieHa 7, nJaor-
HO CBepHYTHe CIOHpaJbHO B
pYJIOH, NOMEIIeHH B CTalb-
HOM HHKEJNHDOBAHHOM KOp-
nyce I. AHoJ coejHHeH TOKO-
OTBOJOM ¢ KopmycoM, Ka-
TOL — C TepMOBHIBOAOM B
KpHillKe 2, HMEIOHIHM CTekK-
aauHbf H3oasTop. Iepmern-
3auMs 3JeMEeHTa NMPOH3BOAHT-
csl  3JeKTPOHHO-Jy4eBOH CBap-
Kol KpHIllkn 3 ¢ KopnycoMm.
Ha xpHiiiKe AAf HCKJIOYeHHS
B3pHB2 HMeeTca Kaanan 4
A4 crpaBanBaius u306BITOY-

OOOOANNA

OGO

POCKOOO

NS w

HOTO JaBJeHHsl, KOTOpoe Mo-
JKeT BO3HHKHYTb NpH Hapy-
HICHHH NpaBHJA 3KCnayaraunH
HMJIH XpaHeHHsl, HanpuMmep B
clydae nepenosioCOBKH 3Je-
menta. Paspaborans unauug-

Puc. 4.14. ¥YctpofictBo mMJIHHA-
pHYECKOr'0 3JeMEHT28 CHCTEMH
«JIHTHR — AHOKCHJ CepLi»:

I — Kopniye; 2 — repMgoBHIBOA; & —
XKpHIKa; 4 — KJamaH; 5 — QTpMIA-
TeAbHBIA SACKTPOR; 6 — MOAOKETENAD
HHi#A 3JeKTpoR; 7 — cenapaTop

pugeckne JID ¢ COOCHHM

pacnosoxennem 3Jaekrposos. OHu Gojee NPOCTH B H3ro-
TOBJIEHHH H PaCCuHTaHH Ha AMHTeNbHHR pa3paj npn Ma-
Jofl NJIOTHOCTH TOKa.

K HauGonee ypauueiM orHocAt cucremy Li|LiBr|SO..
Pag 3apy6exunix ¢upm BHNycKaeT 3JeMeHTH H GarapeH
emkocrsio ot 0,5 g0 30 A.u wa rokn paspaza or 0,5 1o
0,0001 Cyou u HHXKe. PacTBopuTeNeM CAYXHT CMeChb aLeTo-
HHTPHJI2 € nponHJeHKapOOHATOM, B KayecTBe 3JeKTPOJHTA
napany c¢ LiBr necnoasayor LiAlCl,, LiClO,, LiBF,.

Anement Li—SO, 061a1210T HEKOTOPHIM NPEHMYLIECT-
BOM. Pa3psjubie XapaKTepHCTHKH OTJAHYalOTCH cTabHAbHO-
CTbi0 MOYTH Ha BCeM NPOTHAMXKEHHH paspAxa M NPH KOMHaT-
Holt TeMmepaType JexaT Ha yposHe or 2,7 B npu Toke
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Lo 10 2,9 B npu toke l1o00- YAeNbHag 3SHEPrHsA 3JEMEHTA
npu sroM pocruraer 340 Br.u/xr. Hanpumep, unannapu-
ueckufi snement 373 (R20 mo crangapty MIK, cM. Taba.
4.1) npu HomunaabHOA emxoctH 10 A-u (/30) u Macce
94 r umeer yaeabnyio 3nepruio 300 Br-u/kr. CraGHABHOCTD
HanpsXeHHs COXpPAaHAETCA NPH CHHXKEHHH TeMneparyps A0
—50°C. DaemeHTH pa6oTocnoco6HH B HMHTEpBaje TeMme-
parypa or —60 po +470°C, npuueM npH remneparype OT
—30 no +60°C n roke Izpp M HHXe EMKOCTb MaJjlo 3aBH-
cur or TeMneparypd, a npu 20—30°C B npenenax Ijo—
Ii000 €MKOCTb MOYTH He 3aBHCHT OT TOKa paspAna (pHC.
4.15). Tlopo6unle pesyJbraTHl HMeEIOT GOJBUIYIO MpaKTHuUE-
CKYI0 LEHHOCTb H HeJOCTHXKMMH JJf HCTOYHHKOB TOKa ApY-
THX CHCTEM.

Cpok xpaneuus JID gocruraer 10 aer. 3a 3TOT mepHOR
noteps emkocrH npn 20°C cocraBaser oxoao 10% or mo-
munajbno#i. I1pu remne-
parype 70°C camopas-
pan 3a moaroza KoJeG-

aerca or 12 no 35%.
/ Tlo-BHauMOMYy,  Tako#

pa3bpoc CBA3aH C fABJe-

0

3

N.J] HHEM yTeukH JHOKCHI2
cepHl, KoTopas COCTaB-

1
2
-5
/ | nser o;amy M3 TexHoJO-
pd

8

FHYECKHX TpofJaem npo-
HM3BOACTBA HCTOUMHKOB
TOKa 3TOI'0 THHA.

Emxocms, % om womunansroil

25 DuaeMeRTH C LHOKCH-
AOM Cepbi MMEIOT H He-
AOCTAaTkH. Tak, mocJae
0 APOAQIKHTEIBHOIO Xpa-

el e 50 ¢ .go HeHH$, OCOGEHHO pH
’ DOBHEIGHHOH TeMHAepa-

P:c. 4.15. BnHﬁHHe{;‘[geMnepaTypH Ha Type, B OepBbie CEKYH-

<H-

cuocry Saeueits STS s b g @ snym paspana
psiza: Habawgaercs HoHHXKe-
10,001 Cpopi 2— 0,05 Cpops 8 — HHE HanpsXeHds, CBA-
0.025 C, o0 4—0,1 Cpy, 3aHHOEe C HaNHYHeM Ha
IOBEPXHOCTH gHOAAa nac-

cuBHpyiomef naeskH. IIpHXoguTca CYUHTATbCA H C TeM, UTO
3JeMeHTH paboTaloT TWOJ AaBJEHHEM, COOTBeTCTBYIOHIMM
NapuHaAbLHOMY f{ABMACHHIO AMOKCH/la CePhl NMpH 23LaHHOH
HCXOAHOR KOHUEHFPAMHH BellecTBa B pacTBoOpe, 4TO COC-
raBaser 0,3 MIla npu 20°C u 1,5 MI1a npn 70°C. B x0-
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Je pa3pana nmo mepe pacxopoBanns SO, naBieHHe naza-
eT, TeM He MeHee TeXHuYeckHe TpeGOBaHHs K y3Jy repme-
TH32LHH 3JEeMeHTa HCKJIOUHTEJNbHO BeJHKH, 0coGeHHO ¢
yueTOM MHOFOJeTHero cpoka cayx6ul. IIponssomcrso saze-
MeHTOB TpeGyeT NMpHMEHEHHA HOBEHIIHX H ZOPOTOCTOSINUX
TEXHOJIOTHYECKHX NpPHEMOB, TaKHX, KaK 3JIeKTPOHHO-Ayde-
Bas cBapka, c6opka B HuepTHoi cpexe u ap. Iloatomy
CTOHMOCTb 3THX 3JEMEHTOB BbICOKA.

Onpenenennbie AOCTOHHCTBa HMEIOT H APyrHe 3JeMeHTH
C ANTHEBLIM aHOJOM, XOTA NO MaciuTab6aM NMPOH3BOACTBA B
CHJy Pa3JHuYHBIX NpHYHH OHH YCTYnaloT 3JEMEHTY, pac-
CMOTPEHHOMY paHee.

Anemento cucremnl Li|LiAICl,|SOCI; ycrpoens ana-
JAoryuno 3neMentam ¢ SO, u o6nanaloT HenpeB3oH EeHHOH
yaeApHOH 3Heprueii, npepnmaromiefi 600 Br-u/kr. Jromy
cnocob6CcTBYeT BbICOKOE pa3pAfHOE HaNpAXKeHHe, HHU3KHE
9AEKTPOXHMHYECKHE 3KBHBA/JeHTH AKTHBHHX BEllecTB, a
TaKXe COBMelLleHHEe B THOHHJIXJOpHAe (YHKUHH OKHCIHTE-
At U pacTBOPHTEA.

Tax, snement 373 Ha OocHOBe 3TOH CHCTEMH DpH pa3paje
tokom 30 MA (20°C) nmeer emkogrth Goaee 16 A-u u mpH
cpeaeM HanpaxewnH 3,4 B —yneabHylo 3HeprHio
~630 Bt u/kr.

daementol Li—SOCI; Hmelor craGuiabHyio pa3psiHylo
XapaKTepHCTHKy Ha ypoBHe 3,2—3,5 B B 3aBHCHMOCTH OT
TOKOBO# Harpy3kH (/1o—I1000). Onn paGoTocnecobusl B HH-
TepBase TeMmuepatypn or —70 Ao +470°C, uTo CBA8aHO C
WHpoKo# TemnepatypHoit 3oHoit (oTr —105 1o -80°C)
XUAKOrO COCTOSIHAS THOHHJAXJOPHAZ. DJeMEeHTH B HCXOM-
MOM COCTOSHHHM He HMEIOT H3OHTOYHOTrO AaBJeHHs, 4TO
H03B0JAA€ET, BO-NEPBHX, OTKA3aThCA OT KJIaOaHa, yCAOMCHRIO-
HEro KOHCTPYKUHMIO, BO-BTOPLIX, pa3pabaTHiBaTh ¥ BHEYC-
KATH MCTOYHHKHM TOKa KOJOCCaAbHONH emxoctd. Tax, $pupma
Honeywell mpegnaraer sneMeHTH eMkocTsio 17000 A-w;
HpA pa3paie OAHOTO Takoro saemMenra Maccoli 91 xr
obvemon 0,05 M® sHpaGaThsaerca Goaee 50 xBT-u 3aext-
pO3HeprHH.

Cepbe3sHHM HEZOCTATKOM 3JeMEHTa SBASETCA BHCOKAN
XHMHYECKas AKTHBHOCTh THOHUAXAOPHZA 70 OTHOMIEHHIO K
MeTajulaM M HeMeTaAAaM. 3TO OOGCTOATEALCTBG CO3jaeT
TPYAHOCTH NpH BHOODEe KOHCTPYKHHOHHMHX MATEPHAAOGB.
Meranangeckue JeTalH H3TOTOBAAIOT M3 HUKEAS H JAEFHPO-
BAHHOH CTAaAH, H3QJHPYIOUINEe TDPOKIAAKH — H3 CTeKAa H
froponaacra, cenapaTopoM CHYX#uT cTekJoTKaub. Homoa-
HUMTRAbHHE OCAOXKHEHUS CBA33HL ¢ TOKCHYHOCTHIO THOHUA-
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xjaopuna. B ueaom ncrounmku toxa Li—SOCI, ornocsres
K HanGonaee nepcrneKTHBHLIM.

B oTanuMe OT 3/MeMEHTOB C XHAKHMH OKHCAHTEASMH
aneMents Li—MnQ,, Li—V30;5, Li—CuS u gpyrue umeror
Gosiee BLICOKOE BHyTpPeHHee CONPOTHBJIEHHe H 3HAUHTeNbHbe
TIOJAPH3aUHOHHBIE NOTEPH HanpsXeHHs, NOITOMY OHH pa-
60ToCnOCOGHLE! NPH NJHTEJNBHHX pexHMax pa3psing # TeM-
neparype He Huxe —20°C. M3 HHX caMHM aemeBLIM fB-
JReTCA 3JeMEeHT Ha OCHOBe 3JeKTPOAHOH napu JHTHHA —
ILHOKCHA MapraHia, B KOTOPOM HCHOJL3YeTCs B KaueCTBe
pPacTBOpHTeJ MoJHNponHAeHKapGoHaT HAH y-GyTHponaak-
TOH.

B papge crpan BHNyckaloT MaJjoraGapHTHbie RHCKOBHE
H muanHapHueckne aaemeHTH Li—MnO, emxoctsio ot 0,03
Ao 1,4 A.q, Mmaccolt or 0,8 no 14 r. dakruueckas nmponoa-
XKHTENbHOCTh pa3pajia B 3aBHCHMOCTH OT Ha3HadeHHs €o-
craBiasger or 20 u go 5 Jer, TeMnepaTypHHH HHTepBaJ —
or —20 no +-50°C. IToTenuman gHOKCHAa MapraHua B Ha-
4dje paspsia BHCOK, MOITOMY Ha 3JeMeHTaX He HabJio-
laeTcsi HauaJbHasd 3alepPXKa HanpPAXKeHHS, B HeJOM Xe
pa3spagHas XapakTepHCTHKa MeHee cTaOHAbHAZ, YeM Jpy-
rux JID. VYaeapHas 3HepTHs 3aBHCHT OT pa3Mepa 3JeMeH-
Ta M pexXHMa pa3pafa M JeXHT B npegeaax or 120 go
225 Br-u/xr (400—610 Bt.u/xmM2). Camopa3psn cocras-
aser 2—3% B rog M MOITOMY CPOK XpaHeHHR 3JIeMEeHTOB
npesHimaer 6 Jer.

ManoraGapurHble 31eMeHTH PYJTOHHON KOHCTPYKIHA Ha
ocHoBe anekrpoxumuueckolt cucreMul Li|LiBF,| (CFy), 6u-
An paspaboraun anoHckoft ¢upMoit Matsuchita 1 noayun-
Jn H3BecTHocTb B 1970-e roanl Gaarogaps BHCOKHM yAeJib-
HEIM XapakrtepHcTHkaMm, jgocrurasmipm 300 Br-u/kr. dae-
MEHTH HMenn Hanpsikehue 2,6—2,3 B npum Toke paspaaa
0,01 Cyou ¥ HExe. B gaabHefilieM npHMeHeHHe B KadecTse
3]eKTPONHTa NepxJopaTa JHTHA B NponHJAenkapOoHaTe, a
TaKke M3MeHeHHe TEeXHOJOrHH M COCTaBa aKTHBHOH MacChHl
NOSBOJIHJIO PE3KO YBEJHUHTh KOIDGHUHEHT HCHOJB3OBAHHA
noaudropyraeposa H, Kak cAeACTBHe, NOCTHTHYTb ylelb-
Hofi 3Hepruu B npeneaax 320—470 Br.u/xr. K nenocrar-
KaM 3THX 3JIeMeHTOB CJeIyeT OTHeCTH HX BHICOKYIO CTOH-
MOCTh M HEJOCTaTOUHYI0 TeXHOJOTHYHOCTh. JIEKTPOXHMH-
YeCKHe CBOHCTBaZ MOJOMKHTENBHOro 3/eKTpoja B 6oabuIoi
CTeNnenH 3aBHCAT OT TEXHOJOTHMYecKHX Napamerpos, 3TO OT-
HOCHTCA mNpexJe Bcero K YCJAOBHAM CHHTe3a moJudTOopyr-
Jepoja.

3acayKHBalOT BHHMaHHA 3JeMeHTH JHTHA-CyAbdHA XKe-
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Jiesa, KoTopHle HMEIOT HOMHHaJbHoe Hanpaxenue 1,5 B u
TaKUM o6pasoM MOrYT 3aMeHATh cepe6GpAHO-UHHKOBHE HJIH
PTYTHO-IHHKOBRIe 3JeMeHTH. OHH OTAHYAIOTCA ASHUTENbHEIM
CPOKOM CJYXOH M HMeIOT XopollMe HH3KoTeMNiepaTypHule
XapaKTepHCTHKH.

CpasHHTeAbHAn OLEHKA AHTHEBHIX SaeMenTos. B paay
nanGoJiee BaKHBIX XaPaKTePHCTHK MoKa3aTeJbHOR ABJsET-
CSl BeJUYHHA YAeJbHOH 3Hepruu. YJAesbHbe XapakKTepHCTH-
KH JIHTHeBHX 3JIeMEeHTOB, Kak H JIOGHX APYrHX, 3aBHCAT
OT pa3Mepa, KOHCTPYKIHH, peXHMa paspsia, Cpoka xpa-
Henusa. B raba. 4.3 npuBeAeHH NpPaKTHYeCKH JOCTHTHYTHIE

TabGanna 4.3. Hexoropme HApAMETDH ANTHCBHIX SACMEHTOB WO Cpas-
seumo ¢ CI| u PLL saemenTamnm (20 °C)

Hanpaxe- |, _z,"' MpaxTute-
BAEKTPOXEMHIECKa nwe, B "'5%* m:n‘ﬁ:ﬁ'-
f'gllc'reua Pacrsopuresb g >-",’,§ :grn SHEPrHH
sfc | Uy [gS2&
""‘ sz B-r-u/lrlB-r-qInl'
Li| LiAICL|SOCI, |Tuouunxacpua |3,7 |33 |1510 | 660 |1100
Li|LiClO.| (CFx)» [IIponnmenxap- |45 |25 [2190 | 470 | 620
GoHaTt mml
x==
Li|LiBr|SO, AueToHuTpHA +
npomuieHKap- 29 127 |1090 | 340 | 560
GoHaT
Li|LiClO,| MnO, l‘;l:onnneﬂxap- 40 [29 1140 | 225 | 610
HAT
Li|LiClO|CuS Terparaapody-
paH+

JAHMETOKcHsTaH | 2 1,7 1050 | 195 | 410
Zn|KOH|Ag.O Boaa 160 1155 | 288 | 110 | 260
Zn|KOH|HgO » 1 125 | 257 ] 110 | 450

3HaYeHHA yAeAbHON 3HeprHH, NoaydyeHHble B HaHGoJee 6aa-
TONpPHATHLIX YCJOBHAX pa3psia JID B mopsaike yGLiBaHHA.
Cpeau npeacTaBieHHBIX 3JEMeHTOB 3HAUMTENbHOE MpEHMYy-
HIeCTBO MMeeT 9JIeMeHT ¢ THOHHAXJopuAoMm. Caexyer oTme-
THTb, 4TO MO Mepe NOBHIUEHHS TOKOBOA Harpy3kH H CHH-
¥KeHHs TeMNepPaTyYpH yAelbHas JHEPrus 3JeMeHTa ¢ NoJH-
¢bropyraeponom cramosutcs Gojee HH3KOA, ueM 3JeMeHTa
€ AHokcHAoMm ceph. M3 jpanHHX Ta6a. 4.4 BUAHO TIpeBOC-
XOACTBO 3JIGKTPHYECKHX XaPaKTEPHCTHK JIMTHEBHIX 3JeMeH-
TOB [0 CPABHEHHIO ¢ JAYULIHMH 3JeMeHTaMH c BOJHBIM 3Jie-
KTPOJIHTOM.
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ITo nanumiM puc. 4.16, Gosee BbHICOKAs CTAaGHIBHOCTD
paspsaAHOro HanpsKeHHA HaGJiofaerci y 3JeMEHTOB C
KHIKHM OKHCJIHTEJEM, NOCTaTOuHO craGHMJibHa H pa3pal-
Has KpuBasi  MOJH-
) ¢$TOpYrIepoAHOAHTHEBO-
! ro anemenra. [Ilourn
iI Bce JHTHeBHIE 3JeMeH-

o

|

|

.

|
=

Thi MMEIOT HampsXeHnHe
: Bume 1,5—1,2 B u ne
a : i o0JajaloT mMo3TOMYy B3a-
' HMO3aMeHSIeMOCTbIO  C
CL, Pl wu apyraMH
HMHKOBHIMH  3JEeMEeHTa-
MH. DTo 06CTOATENbCT-
BO OKa3niBaeT OTpHIa-
TeJbHOe BJHAHMe Ha
KOHBIOHKTYPY J1D.
TemnepatypHuil  HH-

Puc. 4.16. Cpasuutensinle paspaaue reppay JID ¢ TBEpABIM
XaPAKTEPHCTHKH JNTHEBHX 3MEMEHTOB (o uomyreneM He OMYyC-

C SMPOTOHHHIM 3JEKTPOJHTOM: or.
1 — ARTHA-THOHHIXJAODHA; 2 — anTurit-ANOK- Kaercsl HHXKe —20 C ’
CHA Mapranifa; J— JAMTHA-AHOKCHA  cepbi; 3JJeMeHTH ¢ XHIKHM

¢ — axcHf-noaRgropyraepoL OKHCIHTeNeM  paboTo-

cnocoGHH  BIJIOTH A0
—60°C. Croab riry6okas MopO30CTOMKOCTb KaK HOBOe 3KC-
nayarandonnoe Kauyecrso XWT nosbilaer uurepec kK 3Je-
MeHTaM STOI'O THNA.

Cpok XpanenHst JHTHEBbIX 3JeMEHTOB He HMeeT OJHO-
3HAYHOM OIIEHKH, 3JeCb MHOrMOe 3aBHCHT OT TEXHHYECKOro
YPOBHS NpPOH3BOACTB2Z KOHKPETHHX HCTOYHHKOB TOKa.
Y ayumux ofpasuoB cpox xpanenns 5—10 uer, a agd
arcKosoro avieMeHTa cucreMsi Li|LiAsFg|Ve0s ¢ Merua-
dopmMAaTOM B KauecTBe pacTBOPUTEJSI CPOK XpaHeHHS npor-
Hosupyerca Gosee 20 Jer.

C TOYKE 3PeHHs HAXeXKHOCTH JHTHeBHE 3JIeMEHTH Olle-
H#BAIOTCH BHICOKO, CPeXH HHX HPEANOYTHTEJbHee, NO-BHAH-
MOMY, 3JIeMEHTH TBEPAbLIM OKHCJIHTeaeM, pabGoraiomue 6e3
H3GLITOYHOrO JaBJICHAS.

O6ugii# HeNOCTATOK JHTHEBLIX HCTOYHHKOB TOKa — HX
BHCOKas CTOHMOCTb, CBA3aHHAA OTYACTH CO .CJOMXKHOX MHO-
roonepanuosHofi TexnoJorwel, OCHOBaHHON Ha HOBEHAIHX
HayYHO-TeXHHYECKHX JOCTHIKeHHAX. OnHaKo no psAny MpH-
U#WH OHM SKOHOMHUYHee, yeM IIeJOYHbie LHHKOBHe 3]eMeH-
TH. Tak, cokpamtaioTc 3KCMAyaTalmHOHHbBIE PacXOAH, CBf-
sanHbie ¢ 3aMenoil XHT uad HX TepMocTaTHpOBaHHEM, YTO
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ocofeHHO BaXHo AN annapaTypH, WCROJb3yeMol B yj&a-
JIeHHBIX MeCTax HJIH B 30Hax ¢ HHM3KOA TeMmepatypoil. Bui-
cokufi 3xOHoMuueckH{ 3ddeKkT co3RaeTca 3a cueT yBeaH-
YeHHs pecypca paborbl annmapaTypa Ha KOCMHUYECKHX, NoA-
BOAHBIX H Apyrax o6bekrax, Ha KOTOPHIX 3aMeHa HCTOYHH-
KOB TiHTaHHA HeBO3MoXHa. Eciiu cpaBHRTE CTOMMOCTL 3Je-
KTPO3Heprau, Boipa6oTaHHON NepBAUHLIMHE HCTOUHHKAMH TO-
Ka Pas/HYHbLIX CHCTEM, TO OKaxXercs, 4To JID nmelor 60Jb-
uioe npenmyuiecrBo nepex PLL n ocobemno CLI anemenra-
MH, o0pasys cleAylomuit pag B TNopRAKe BO3paCTaHHA
cronmocta 1 Br-u:

L1—SOCly < LI—MnOp < Li—S0; < LI — (CF¢)p < Zn —
—HgO < Zn — Agi0

B 1980-x romax GoJbUIMM CHPOCOM NOJB3OBAJHCH 3JIe-
MenTH Li—S50,, orsmuaioninecss yRHBEpCaJbLHOCTIO Xapak-
Tepucruk. Buanmo, B 6anxaliniem GyAymieM no Mepe mpo-
MBbIIJIEHHOTO OCBOEHHA ¢ HHMH GyAyT yCHeLIHO KOHKYpH-
POB2Th WIEMEHTH C THOHHJAXJOPHAOM. B HOBBIX n3jennsx
n ob6bekrax JID ¢ TBepAWM OKHCJIHTEJNEM NOCTENEHHO 3a-
MEHAIOT LHHKOBble 3JeMEHTHl ¢ HIeNOYHHM 3JeKTPOJIHTOM.
Bce uame JID HaxonATcs BHe KOHKYpEHUMH NpPH HCNOJb-
30BaHHE B CHCTeMaX 3auiuthl namarn DBM, B azxexrpon-
HHIX cHCTeMaX OXpaHHOH CHTHAJH3AIHH, CAYXKAT GJOKAMH
NIATaHUg MHKPONPONECCopoB, BCe lnpe NpPHMEHAOTCA B
pasHoo6pa3ubiX NOPTATHBHLIX ycTpoficTBax. JIuTHeBHe Ga-
Tapen ycmeilHo HCNOJAB3YIOT [JI 3HePrONHTAHMA, KapAHO-
CTUMYJATOPOB, 2 Takke B BOeHHOH TexHuke. [lepcmekTHB-
HOCTb HCTOYHHKOB TOKa C aNpPOTOHHHIMH paCTBOPHTENAMH
HecoMHeHHa.

fnasa 5
PE3EPBHLIE BATAPEM

PesepBunle, man aKkrHBHpyeMHe, XHMHYeCKHe HC-
TOYHHKH TOKA NpeACTaBJAfIOT co6od GaTrapen nepBHY-
HEIX 3JIEMEHTOB, B KOTOPHIX 3JIeKTPOAb B IEPHOA
XpaHeHHs He KORTAKTHPYIOT ¢ XHAKHM 3JIEKTDPOJHTOM
H NpPHBOASITCA B paGouee cocrosiHne (aKTHBHDPYIOTCH)
Henocpe/AcTBeHHO nepex paspagoM. B pesepsunx Ga-
Tapesx CcOYeTaloTc# MHOroJieTHHi CPOK XpaHeHus <
HHTEHCHBHHIM pa3psgoM, NPH KOTOPOM BCA €MKOCTb
3MeMeHTa peajusyercs 3a BpeMsl OT CeKyHX do He-
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cKoabKHX uacoB. KparkoBpemeHHoCTb paGoTH NO3BO-
JIAET HCNOJb30BaTh IHEpProeMKHe CHCTeMH, o06Jajalo-
mue BHICOKHM caMopa3spsioM. CBoeo6pasHa H KOH-
CTPYKIHH 3JIeMEHTOB, B KOTOPHX AJA CHHXeHHH Aud-
(y3HOHHHX orpaHHYeHuH NPHMEHAIOT rAajKHe 3JEKT-
poiH H B OTAEJbHHX CcAyYasX LHPKYJAIMIO 3JeKT-
poJHTa.

Coraacho knaccupuxauuu (cM. cxemy 2.1) axrn-
BHpyeMHe HCTOYHHKH TOKa AENAT Ha BOJOAaKTHBHpYye-
Mble, amnyJbHHE H TenJoBHe -pesepBHHe 6aTapeH.
Camyio MHorouHcaeHHyl0 rpynny o6pa3yloT Boldoak-
THBHpYyeMHe GaTapen. MIx minpoko mpHMeEHsIOT B Me-
TeopoJorHueckoii, okeaHorpaduueckoit anmapartype.
OHn uMelOT nmpocToe YCTPOHCTBO, OTHOCHTEJbHO HH3-
Kyl0 CTOHMOCTb M HaHGoJjiee GesoTkasHn B paGore.
AMnyJbHHe H TemJoBHe GaTaped OTJHYAIOTCH BHCO-
Kofi yZeabHOH MoOIIHOCTBIO, paboTocnoCOGHOCTHIO B
caMBiX pa3HOOGpa3HHX YCJAOBHAX 3JKCIJyaTallHH, HO
HMeloT GoJjiee CJAOXKHYIO KOHCTPYKIHIO H  BHICOKYIO
crouMoctb. OCHOBHast 061aCTh HX MPHMEHEHHS — KOC-
MHYeCKas H BOGHHAd TeXHHKa.

5.1. Bogoaxtusupyemmie Garapen*

B BojoakTHBHpyeMHX Garapesx 3JEKTPOJHTOM CAYXHT
HpHpoAHas BOA&, KaK NMpecHas, TaK H CONeHas (MopcKas).
PeHMYyIeCTBO TaKoro 3JeKTpoJIHTa — JOCTYNHOCTb H He-
arpecCHBHOCTb, HEAOCTaTOK — HeBHICOKad 3JeKTpHYeCKas
nposoguMocrb. IlepBHe BogoakTHBHpyeMHe GarapeH, B Ko-
TOpPHX HCNOALIOBAJACh CHCTEeMa MarHHii — xaopui cepe6-
pa, nosBuanch B CIIIA (1943).

Barapen 3Toro THma pacCUHTaHH NPEHMYHIECTBEHHO Ha
CpeliHHe peXHMH pa3psafa H 06JafaloT CPaBHHTEJNbHO He-
BHICOKHM IJI aKTHBHPYeMHIX 3JIEMEHTOB CaMOPa3psaioM,
4T0 06DbACHACTCH YMEpeHHON 3JIeKTPOXHMHYecKo# aKTHBHO-
CTbIO NMpHMeHAeMHX cHcTeM. B xauectBe anoga o6HuYHO HC-
TOJIb3YIOT MaruueBHe cnaaBH. KatoaHHM MaTepHaJoM ua-
Hle CAYXHT OfHa H3 xJopnauHx coaelf — CuCl, AgCl wm
PbCl,; npuMensioT TakXe KoMOaKTHHH AMOKCHA CBHHIA.

Bonpocs TeopHH. THNMYHHM mnpeACTaBHTeJeM TrpPyNIbl
BOLOAKTHBHPYEMbIX HCTOYHHKOB TOKa HBJASETCH 3JeMEeHT
Mg|NaCl|CuCl, sa npuMepe XOTOporo pacCMOTPHM OCHOB-
Hble 3aKOHOMEPHOCTH pa3psja M caMopa3psja.

* Ucnosbaosaun Matepuanu IO. I1. Xpauunoaa.
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Tokoob6pa3syioulas aHoAHa#® peaKiHs CBOLHTCA K HOHH-
3allHH MarHys:

Mg-» Mg+ + 2~ Eo= —2,37B (6.J)

B ycAOBHAX okpyXalomiefi cpefn MarHHi HaXoIHTCS B
NacCHBHOM COCTONHHH, peakuns (5.1) craHOBHTCA BO3MOX-
Holi NpH YaCTHYHOM pa3pyUIeHHH NaCCHBHpYyIouiel INJIeHKH
noa AeficTBHeM XJOpHA-HOHOB. [lemaccHBanns mo Mepe poc-
Ta TOKAa YCHJIHBAETCH.

INockoabky mpH pa3spsife MOBepXHOCTh MarHHA Nepexo-
AHT B aKTHBHOe COCTOAHHe, peaJsiH3yeTcs IaJjibBaHHYECKMi
KOpPOTKO3aMKHYTH i SJIEMeHT MarHHfi — Boja NpPH Pa3HOCTH
CTaHAaPTHHIX 3JIEKTPOAHHIX NoTeHIHaJJoB Gosee 1,56 B (3Ha-
vene E° nas BogopoaHoro 3jexrpoaa npu pH 7 cocras-
aser —0,41 B u npr pH 14,0 —0,83 B). B pesyabrare
Ha 3JeKTPOJNHOH NOBepXHOCTH OXHOBpeMEHHO C pa3paaOM
NpOTEeKaeT CaMOpa3pAj] MAarHH#A, KOTOPH{ CyMMHpPYeTcH H3
AByX CONpHAMXeHHHX peaKuufi: aHOAHOIO paCTBOpPEHHN Mar-
HHA H KaTOAHOro BOCCTAHOBJEeHHR BoAH N0 BOJAOpOAa:

Mg + 2H,0 -~ Mg (OR); + H, (52)

C pocToM TOKa CKOpOCTb caMopa3pfifia yBeJHUHBaercH. ITO
ABJeHHe, HA3BaHHOE OTPULATEALHLIM PA3HOCTHLIM apder-
oM (Hau Ouppepeny-shhexton), uMeer cepnesHbe IMO-
cleAcTBHA. Bo-mepBHX, aHOAHHA CTamHOHapHHIN MOTEHIH-
ajl MarHHA OKa3HBaeTCH KOMIPOMHCCHHM IO OTHOLIEHHIO
K paBHOBeCHHIM NOTEHIIHAJaM HOHH3aIHM MarHHA H BOC-
CTaHOBJIEHHN BoJopojJa H NO3TOMY 3HayHTENbHO HHXKe
oXHaaeMoro (B Mopckofi Boae okoJo —1,4 B). Idas cme-
UIeHA KOMIDOMHCCHOrO HOTEHIHa/Na B OTpPHUATEIGHYIO
CTOpOHY Heo6XOAMMO Tak MOAHGHIHPOBaTH NOBEPXHOCThH
MarHus, 4ro6H YMeHbIIHJOCh NepeHanpsiXKeHHe peakiHH
(5.1) man yBenwunioch nepeHampsiKeHHe BOCCTAHOBJEHHH
BOnopoaa. Takyio MoanuKanuie MoXHO AOCTHTHYTH Je-
FHpoBaHHeM MarHus MeTaJJaMH, HMEIOUHMH BHICOKOE me-
peHanpsixenHe BuaeneHHn Bopopoaa (Pb, Tl, Hg u ap.),
HJIB aMaJisraMHpoBaHHeM {I0OBEPXHOCTH Marnis. Bo-BTophix,
1o 3Tof NpHYHHe JaXe B CaMHX GJaronpHATHHX yCJOBH-
AX paspaia ko3(HUHEHT HCHNOJIBL3OBAHHA MarHus He mpe-
Bulllaer 65%. B-TperbHX, NPOHCXONHT 3HEeprHYHOE BHAE-
JieHre TemJoTH, 06pa3youlefics HenocpeACTBeHHO NpPH pas-
pfe, H TEMJIOTH, B KOTOPYIO MEPEXOAHT H3MEHEHHe XHMH-
4eckol 3Hepruu no peaknnu (5.2). IloBuileHHe TeMmepa-
TYPH yCKOpsieT caMopa3spsj.
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Onnako Gaarojapsi camMopa3orpeBy BOLO@KTHBHpYeMHe
HCTOUHHKH TOK2 MOXKHO 3KCIJIyaTHPOBAaTh NPH TeMIepary-
pe oxpyxaiomefi arMmochepu Ko —55°C.

B menoM sBJeHHe OTPHIATENBHOTO pPasHOCTHOTO 3¢-
(dexTa He MO3BOJIAET peaJH3OBATb BHICOKHE 3HepreTHIecKHe
BO3MOXHOCTH, 3a/I0XKEHHHEe B MarHHH KaK aHOJHOM MaTe-
pHaJe.

ITponecc 3./exTPOBOCCTaHOBNGHHS XJOPHAHMHX KaTONOB
fipOTeKaer uepe3 CTafHIO NpPeABapPHTENbHOr0 PaCTBOPEHHA
aKTHBHOTO BeH[eCTBA B XJODHAHOM 3JeKTPOJIHTE, T. €. MO
MexaHH3My pacTBopeHHe — H{dy3na. Hanpumep, paspan
KaTofia MeAHO-MarHHeBOT'0 3JIeMeHTa MPOHCXOLHT NO cXeMe

CuCl 4 Cl— — CuCl3 (crazusa pacTsopennn)
CuCly + e=—+Cu + 2Ct — E0=0,137B (craaun paspspa) (5.3)

AHaJorHuHHM 06pa3oM B npollecce pa3psifa yd4acTBYIOT
annoHd CuCl;?~. BecrokOBHe NOTeHUHAaNH XJOPHAHHX Ka-
TONOB ABJSIOTCA PaBHOBECHHMH, NPH pa3psize cMelieHHe
NOTeHIHaNa B OTPHLATEAbHYIO CTOpOHY HeBeanko. ITo me-
pe pa3psjna KOHIEHTPALHA XJOPHA-HOHOB pacTeT, NPH 3TOM
KaTOAHHH moTeHnHaa no ypasHeHHi0o HepHcTa HeckoJabko
CHHXaeTcsl, HO aKTHBH3HpyeTcss pa6oTa MarHHeBOro aHOAA.

Pacreopumocts CuCl B xsaopumHoM pacTBOpe, Goaee
Bucokas, ueM AgCl uan PbCly, 3ameTHo yBennuuBaercs c
NOBHIIeHHeM KOHLEHTPAaUHH XJOpPHA-HoHoB. Ilostomy ca-
MOpa3psjA KaTofAa H3 XJOpHAa MeAH AOCTaTOYHO OLLYTHM
ocobeHHO B MOpckoil Boae, a K03bdHIHEHT HCNOAB30BaAHH
KaTORZHOro MatepHana cocrasaser He Goaee 70%. ITorepn
€MKOCTH KaToZa CNOCOGCTBYET TaKiKe peakLusi THApDOJH33

2CuCl 4 Hg0 2% Cug0 + 2HCI

¢ 06pa3oBalHeM 3JEKTPOXHMHUeCKH HHEPTHOro OKCHAa Me-
au (I), xora c pocrom xonuenrpannn Cl—-HOHOB rHaposH3
3aMefNfAeTCs.

HeratuBhHe sBaenns BH3HBaeT KOHTZKTHOe BOCCTaHOB-
JeHHe MelH Ha NOBEPXHOCTH MarHHeBoro aHona. OGpasy-
oliHeCcs MelHHe MHKPOKAaTOAHW YCHAHBAIOT Pa3HOCTHHIA
ap¢dekr, moBHuUIaw CKOPOCTh peakuru (5.2); Bospacraer
ONACHOCTL ROSIBJEHHS MeJHHX MOCTHKOB, MPHBOAALIHX K
KOPOTKOMY 3aMHKaHHIO H NpeXAeBpeMeHHOMY npeKpaiie-
HHIO paspsaja.

Toxoo6pasyiownft npolecc B 3neMeHTaX ¢ KaToAaMH Ha
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OCHOBe XJOPDHAOB Me[lH, CBHHUa H cepefpa ONHCHBaercs
CJIeAYIOUIHMH CYMMapHHIMH ypaBHEHHAMHA:
Mg + 2CuCl —2Cu + MgCl,
Mg -+ PbCis - Pb MgClz
Mg 4+ 2AgCl — 2Ag + MgCl,

Paspan 3aemenra cucremu Mg|NaCl|PbO; npoxopur
aHaJOrHYHO C TOM OCOGEHHOCTbIO, YTO Paspsl NONOKHTeb
HOro 3JIGKTpoAa COMpPOBOXKAaeTcs MOAluleNauHBaHHeM Hel-
TPaJbHOTrO NMPHKATOAHOTO CJAOSl COTJACHO PeaKuuu

PbOy 4 HyO 4 26— -»PbO 4 20H—  E0=0,2478

Caeur pH NpHBORHT K 3aMeTHOMY CHHIKEHHIO KaTOZHO-
ro moTeHUMaNa H COOTBETCTBEHHO NMaJeHHIO HanmpsKeHHs Ha
a/eMeHTe Ha HavyaabHOR cTaand paspana. CymmapHoe cre-
XHOMETpHYEeCKOe yPaBHeHHe 3JeKTPOAHHX peaKUMmii:

Mg -+ PbO; 4 H0O - PBO + Mg (OH),

Cuuxenne temneparypnl A0 °C # NoOBbILIEHHEe TOKa pa3ps-
Jla NPHBOAAT K MAaCcCHBALMH KaTOAa H3-3a 06pa3oBaHMA Ha
SJIEKTPOAHO/i NMOBEPXHOCTH OKCHJAA CBHHUA HECTEXHOMETpH-
geckoro cocTaBa PbO; - 0,4H;0.

YerpofictBo H XxapakTepHCTHKH. BojgoakTusupyemble nc-
TOYHAKH TOKa oQopMasioTcsl B BHAe GaTapef,, coGpaHHbIX
C NpHMeHeHHEM OHMNONAPHHIX 3JIEKTPOAOB, MHGO NMOCHAeLOBa-
TeabHOli COOPKOH OTHOCHTENBHO TOHKHX MOHOMOJASPHBIX
3/MeMEHTOB. DTO NO3BONAET YMEHbUIHTh 06beM HCTOYHHKA
TOKa Ha eanHnuy otAaBaeMol sneprun. Heaocrackom G-
HOJRAPHBIX BLICOKOBOABTHHX Oarapefi aABaAsieTcA HanaHuHe
YTeUKH TOKa, BO3HHKaiOHlell NPH MOCAEROBATENbHOM COeIH-
HeHnH GOJBIIOrO0 YHCJAA 3JEMEHTOB, HAXOAAUIHXCH B 06-
meMm o6beme 3NeKTPOAHTA. BenencTBue OTHOCHTENBHO He-
BLICOKO/i 3JIeKTpHYeCKOHi MPOBOAMMOCTH MOpCKoi# BoaW (OT
2,9 Cm/m mpn 0°C no 5,85 Cm/m npu 30°C, uto na nops-
JOK HuXe, YeM y pacTBOPOB KHCJAOT H uienouefi, npuMeHse-
MEIX B aKKyMYJAsATOpax) NOTEpH €MKOCTH H3-3a YTEUKH TO-
Ka B BogoakrnBupyembnix XUT neBeanku.

OtpunartessHbll 37eKTPOj NpeacTaBasier coboft TOHKHIH
JIHCT HJIK BJacTHHY u3 cnaapa MmarHusa. O6bluHO nMpaMens-
0T aepopMupyeMble MarHuesnie cnaaBd MA-8 (1,5—2,5 %
Mn u 0,15—0,25 9% Ce) nau MA-2 (3—4 % Al, 0,2—0,8 %
Zn, 0,15—0,5 % Mn). Katoau us xaopuuos cepeGpa, Me-
2r {I), cBHHUa W3rOTOBASIOT METOAAMH NpECCOBaHus, Ha-
MAa3KH, POKATKH HJH JHTbA, 8 TaKXe MPOTAXKKH KapkKac-
HOfi ceTkH 4Yepes pacniaB akrTHBHOf MaccH. Cyurectsyor
MEeTOAH H3FOTOB/ICHHA KaTOJAOB 3JNEKTPOXHMUYECKHM HJIH
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XHMHYECKHM mNyTeMm, HalpHMep OKHCJeHHeM cepebpa 10
AgCl aHOZHHIM TOKOM HJM CYXHM XJOPOM TNPH BHCOKOHR
temneparype. B coctaB akTHBHOW MacCH Kpome XJopHAa
BBOAAT 3JEKTPONPOBOAANIHE, CBA3yIOHIHE H ApYyrHe [0-
6GaBKH.

B BogoakTuBHpyemMHx Garapesax «JIHMOK» ¢ KaToOnaMH
Ha OCHOBe AMOKCHAAa CBHHLA HCMOJAb3YIOT TOJbKO MOHONO-
JApHHe 3jJeMeHTH. Karoa H3roTOBJHIOT 3JEKTPOOCaXKAeHH-
eM KomnakrHoro cjaos PbO; H3 pacrBopa HHTpaTa CBHHIA
Ha KapKac H3 NacCHBHPOBaHHOH CTaJH.

B Garapesix HeGOJbIUOH MOHIHOCTH € MJIHTEAbHHM Bpe-
MeHeM pa3psaia HCMOJAB3YIOT MOPHCTHE cemapaTopH H3
TKaHH, BOJIOKHa, HEKOTOPHIX cOpToB Gymard (aJHrHAHa),
KOTOpHE CJYyXaT TakKe H AJA yaepXaHHA 3JEKTPOJHTa,
NPen:ATCTBYS €ro HclapeHHIo, HampuMep, NpH pabore B yC-
JOBHAX BaKyymMa Ha G6OJAbilHX BHICOTax (MeTeopoJioruue-
CKHe paZuHo3oHAH). B Garapeax G6Goabuiof MOLIHOCTH
OGHIYHO NMPHMEHAIOT NPOTOYHHI 3JEKTPOJHT, H B HHX ce-
napaTopu BHNOJHAIOT JHUIbL (QYHKIOHIO ¢HKCAaTOpPa MeX-
snekTpogHoro paccrosiHus, MiMu moryTt 6HTH 3anpeccoBaH-
HHle B aKTHBMHA MaTepHan CTeKJAHHHE HJH RJAaCTMacCo-
Bble [IapHKH JHGO BOJOKHA H3 CHHTETHYECKHX MaTepHaloB,
pacnonoxeHHbie MO HanpaBJAEHHIO NOTOKA 3JEKTPOJHTa.

CoennnenHe ssemMeHTOB B GaTapeio ocyurectBasercsd
NPOBOJOYHHMHM HJAH (OJBrOBHMH TOKOOTBOAaMH. B GHmO-
JAPHHX OarapedXx AJA 3TOF0 HCHNOAB3YIOT 3JeKTponpoBO-
DAWHA cAOH H3 CMecH rpadHTa H GyTHAKayuyka, HaHeceH-
HOrO NMpoKarkofi Ha MarHHA HJH CLIMBKY H3 MmemHofl npo-
BOJIOKH, CKPenJsiomyl0 MarHHeBHA aHOL M TOKONPOBOAH-
mMA Kapkac MejHO-XJOPHAHOro KaroAa (B nmoclegHeM cay-
Yae 3JIEKTPOAHW pPa3jeseHH NOJHITHJICHOBOR MJEHKOM).

BJox 3JeKTPOfOB pa3melIalOT B HerepMeTHYHOM KOpP-
nyce ¢ OTBEPCTHAMH HJH LIEASMH JAJIA 3anoJHeHHs Garapel
BOOA, uaH BooGme Ge3s ana. Bona mauMHaeTr nocTynartb,
Kax NMpaBHJO, CHH3y HJH COOKYy HemejJeHHO nocJe norpy-
XeHHs OarapeH, KOTopas Yepe3 HeKOTOpoe BpPeMs NpPHXO-
AHT B paGouee coctosHHe. OTpe3ok BpeMeHH, HEOGXOAHMH A
Ans npHBeneHHs GatapeH B paboydee COCTOsIHHE, Ha3HBa-
10T B8peMenem GKTUBGYUU, TPH 3TOM AOCTHTaeTcs 3ajaHHOE
HanpsiXXeHHe NPH BKAIOYEHHOA TOKOBOH Harpysxe.

OHfITHE «aKTHBallHA HCTOYHHKAa TOKa» BKJiOYaer B ce-
651 psa nocJemoBareJbHO-NapayiebHHX CTafZHA: 3amoJ-
HeHHe BHyTpeHHero o6bema GarapeH BOAOH, MPONHTKY ce-
naparopa 3JEKTPOJHTOM, NeNacCHBAUHIO MarHHEBOro aHo-
Aa, aKTHBAIHIO XJOPHAMOrO HJAM OKCHIHOro Karona, o6o-
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rameHHe 3JeKTPOJHTa B MeX3JeKTPOAHOM 3asope XJIOPHA-
monamu. ITocnennas cragua oco6eHHO BaXKHa B TeX CJy-
yanx, Korla Garapeio aKTHBHPYIOT npecHOd BONOH, o6.aa-
JAaomedi craboil 3NeKTpHUECKOH NMPOBOLHMOCTBEIO H He CO-
AepXallefi aKTHBaTOp — XJAOPHA-HOHH. AKTHBauua Gara-
pen npecHOH BOLOH CTAaHOBHTCH BOSMOXHOH 6Gaarogaps To-
My, 4T0 GymaxkHHe cenapaTops HNpeABapHTENbHO HPOMH-
THBAIOT (C NOCNEAYOIIHM BHCYLIMBaHHEM) PacTBOPOM
xjopuiaa Kaiausa. TakHm o6pasom, o6oramenne 3J1eKTPOJHTA
XJIOPDHA-HOHAMH HNPOHCXOAMT mpeXae Bcero B pesy/nraTe
PacTBOpeHHs COJH, COMepXKalledca B cemapaTope, H TOJb-
ko 3atem — o peakuun (5.3). ITostoMy Bpema akTHBamuu
CyHIECTBEHHO 3aBHCHT OT TeMmepaTypu H MCXOAQHOrO co-
craBa (coneHoctH) BoaH. Tak, MeaHO-maruHeBas GaTapes
«Masuox» akrHsHpyercs 8a BpeMsa or 30 mMuH (npecuas
Boxa npu 4°C) no 3 muu (mopckas Boaa mpu 30°C).

PexXuMu pa3pana BOAOZKTHBHPYeMHX Oarapefi Hecra-
OUALHH M JeXaT B MHrepBane Toka oT [0 A0 I, nmpu Tem-
neparype or —1 no 450°C. Paspaauoe HanpaxeHne 3ne-
MEHTOB HM3-32 pasHOCTHOrO 3¢p¢eKra ropasgo HHXe, ueMm
AC (ra6a. 5.1).

Tab6auua 5.1. 3nauenus SJIC n paspapnoro HanpsXeHHH BOROAK-
THBNPOBAHHLIX 3ACMCHTOB

CucreMa 31C, B U, B
Mg|NaCi|AgCl 2,59 1,6—1.3
Mg|NaCl|CuCl 2,51 1,6—1,2
Mg|NaCl| PbCl, 2,10 1,0—0.8
Mg{NaCl|PbO, 2,62 1,6—1,3

Tunuunsle paspagHuHe XapaKrepHCTHKH naas Gatapefi
«Masguox-2» u «J{HMOK», COCTOALIMX M3 ABYX 3JEMEHTOB,
npeacraBienn Ha pHc. 5.1. XapakTepHHM #HBJfeTCH MNO-
CTeneHHOe MOBHIIEHHe HaNpAXeHHA Ha CTaAHH aKTHBALHUH
Gatapen ¢ XxJOpPHAHHM Karoaom (xpuBne 3 u 4) M, Ha-
oBopor, cHHXKeHHe HanpsXeHMs B Hauade paspsja Gara-
peH ¢ oxcuaHnm katoaOM (xpuBHe I m 2). IIpHuHHH 3THX
ocobenHocrefi 6un o6cyxaenn panee. Ha pucynke nemon-
CTPHPYeTCs TaKXe BJHAHHe TeMmepaTypH M  COJEHOCTH
SAEKTPONHTa Ha HampAKeHHe H eMKOCTb.

Teopernuecku cyxosapsxeHnHe 31eMeHTH BOAO2KTHBH-
pyeMHx Gatapefi MOTYT XpPaMHTBhCA HeorpaHHUeHHO LOJTO.
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B IneficTBHTENBHOCTH XJIOPHJHHE KaTOAW B3auMOJeficTBYy-
OT C BJAZXHEIM BO3AYXOM H NOCTENEHHO CHHXKAIOT 3JeKTpO-
XHMHUECKYI0 akTHBHOCTh. HanMenee ycrofiuns xJopui Me-
An (1), okucasomufica A0 MaloaKTHBHOTO T'HAPOKCHXJO-
pHAa MeXH NO peakuHH

2CuCl + 2Hz0 + 1/905 — Cug(OH);Cl + HCI

[MostoMy Garapen cucreMa Mg—CuCl xpausit B repme-
tauHofi ynakoBke. Oxmncaenne CuCl saMenjstercs B rpH-
CYTCTBHH TaKHX BOCCTa-

HoButenefi, kak SnCl,,

g4 LeKCTpHH, I'JTiOKO3a, TH-

! IPOXHHOH, KOTOpHE BBO-

« JZ IAT B aKTHBHYIO MacCy

¥ ¥ NOJOXKHTENbHOTO 3JeKT-
s 3 poAa.

E N Hanayumeii ycroii-

S 28 ~ N\ | UMmoctsid ma  nosayxe

= 4 \ ofJsafiaeT XJOpHA CBHH-

% & & 1 na, oaHaKko Garapen CH-

cremad Mg—PbCl, nme-
10T 6oJsee HH3KHe

Puc. 5.1. Paspagnue xapaktepuctuxu YHACJAbHHE XapakTepHC-
BoROaKTHBHpYeMHX Gatapeii «Jn- THKH, YTO OTpaHHUHBAET

Emkacms, % om HoMuHGsHED

Mok» (1, 2) u «Manuok» (3, 4): HX npHMeHenHe.
aKTHBauHa coaenoRt somofl nps 30°C (7, 3) Bricokue yaenbHas

& npr 1°C (2. 4
" Bpecnol npw 1°G (2.4 3Heprus (mo 120

Br-u/kr) ® yaeabHasn
moutHocTh (Xo 1200 Br/kr) xapakrtepHu ans Garapefl ci-
cremd Mg—AgCl, KoTopHe MOTYT NMOJHOCTbIO paspsKaThb-
CA 33 OTpPe30K BpeMeHH OT JecATKOB cekyna o 500 u.
Hs-3a neduuuTHOCTH H BHICOKOH CTOHMOCTH cepebpa Ce-
pe6GpaHo-MariHeBne GaTapeH npAMeEHNIOT TOJAbBKO B OTBeT-
CTBEHHHIX HSJeJHAX, HaNpHMep AJA IHEProllHTaHHA TOp-
nej, MHH, aKyCTHYeCKHX Gyes.

5.2. Amnynshnie Garapex

ITorpe6HocTs B HCTOYHHKAX TOK3, KOTODHE COYETANH
0u B cefe MHOTOJETHHH CPOK XpaHEHHs C NOCTOSIHHOH TO-
TOBHOCTBIO K pa3pAly (POpPCHPOBAHHHIM DeXHMOM, NpHBe-
Ja ¥ pa3paGorke aMmnyasHbix Garapedi. Hauunas c 1950-x
TOJOB OHH BOJYYMAH JOCTATOYHO HIHPOKOE pacnpocTpaHe-
Hue. B H¥X HCHOABL3YIOT aKTHBHEIE 3AEKTPOXHMHYECKHe CH-
CTeMH, CHOCOOHbWe 00eciicYHTh BBICOKYIO YAENhHYIO MOLU-
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HOCTb H SHeprHio. KpaTKkoBpemeHHOCTb pa3psAfa mo3Boaser
npeneGpeub caMopa3paLOM, CKOPOCTb KOTOporo Beanka. Ha-
3BaHHe Gatapefi oGbACHAETCA TeM, YTO B NepHON XpaHe-
HEA B HepabOueM COCTOAHHH 3JEKTPOJHT 3aKMOUeH B OT-
ACJLHYIO eMKOCTb — aMnyJjy, KOTopas #BJseTcs COCTaBHOM
9aCThi0O HCTOYHHKA TOKa.

AMnyapHbe GaTapeM HMelOT MHoro ofINero ¢ Bofoak-
THBHPYEMBIMH MCTOMMHKAMH ToKa. B Tex M ApYyrHX anekTt-
poAHble 6J0KH HaxoAdaTcd B CyXo3apsiXKeHHOM COCTOSHMH;
AO aKTHBAlMH OHH COXPaHAIOT 3JEKTPHYECKYI0 IHEpTHIO
RoJaroe Bpemf, HCUHCJAAeMOe TodaMH; NPHBOAATCA B pabo-
gee COCTOSIHHe 3anoJHEHHeM 3JIeMEHTOB 3JeKTPOJHTOM H
B 3aJIATOM COCTOAHHH HMeIOT orpaHHYeHHHH CPOK CAyXKOH.

XapakrepHofi 0COGEHHOCTBIO COBpeMEHHHX aMNyJbHHX
Gatapefi aB/seTCA TO, YTO B HHX HCNOJAB3YIOT arpecCHBHHE
SJeKTPOJHTH (XaK npaBHNO, KOHIEHTPHPOBAHHHE KHCJOTH
Bau uesaoyn), obnaafaioHe BHICOKOA 3JeKTpHyecKodl npo-
BOJMMOCTbIO. 3a/1HBKa 3JIEKTPOJHTA B 3JeMEHTH NpPOH3BO-
AATCA NOA AaBJeHHeM. DTO NPHBOAHT K CYLIECTBeHHOMY
H3IMEHEeHHI0 TEeXHHKO-IKCINyaTalUHOHHHX XapaKTepPUCTHK:
nipuBellcHHe GaTtapeH B
pafouee cocTofiHHe npo- ._r—c'_/_.
HCXOAMT  HHTEHCHBHO,
3aHHMAas B HEKOTOPHX
cayyasX ROJAH CeKyHAH,
¢ HeMmeJJNeHHHM JOCTH-
¥KeHHeM MaKCHMaJIbHOH 1Y
MOILHOCTH paspala.

JdHcraHHOMHO aKTH-

BupyeMas  aMnyJbHas I~
GaTtapes — CJOXHBIA
arperar, B COCTaB KOTO-
poro xpome 6/0Ka 3/€- pyc 52 Ycrpofictso aMnyanHOR ce-
MEHTOB BXOAAT CHCTE€- pebpaHo-uuukoBo#i  Oatapern ¢upMu
MH, of6ecneynBaiomne Eagle — Picher:
XpatieBHe IMeKTPOAMTA [ Xaamaw 2o ovcrofumx; S Gox sner
¥ ADAaNy ere B TpPeby- reuecparop asaemis
eMuf MoMeHT B 3JeMel-
TH, BHBOJ T'a3006pasHHIX NpOAYKTOB NOGOYHHIX peaKuui,
pasorpes HAH TepMOCTaTHpPOBAHHe 3JIEKTPOJIHTA NPH MOHH-
XKeHHo#l TemnepaType oKpyXaiouied Cpen.
¥cTpoficTBO amMnyabHOA CepeGpsiHo-UMMKOBOH Gartapen
Hpmu Eagle — Picher cxematnuno nmoxasaHo Ha puc. 5.2.
3neMeHTOB 3 MMeer OOLIYI0 MarucTpalb AAA NoJa%H
$aexrposdTa (HOKasamo CTpeNKof), KOTOpas 3aKaBYHBA-
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eTCH OTCTORHHKOM 2 ¢ NpeAOXpPaHHTeJbHHM KJaanmaHoM [.
MeraJsinueckas aMIy/ia B BHAe 3MeeBHKa 4 mepekpHTa C
JABYX CTOPOH TOHKHMH METaJIHYeCKHMH AHadparmamu 5.
AMnyna Takoit POPMH (CYHIECTBYIOT M LHJIHEADHYECKHe
aMnyabl) BHepXKHBaeT BHCOKOe AaBJeHHe H HMeeT pas-
BHTYIO MOBEPXHOCTb, NMO3BOJAIOMIYI0 NpPH Heo6XOAHMOCTH
GHCTPO Pa30rperh 3AeKTPOJHT.

lenepatop nasienns 6 npejacraniner cofofi Merasinye-
CKHA IHJHHAD, B XOTOPOM MOMEIIeH NMHPONATPOH C 3JeKTPO-
BOCIJIAMEHHTEJeM.

Iaa npuBenenns GaTapen B paGouee COCTOAHHe AOCTa-
TOYHO 3aMKHYTh Lielib SJEKTPOBOCHJIaMeHHTeasd. Bocnaa-
MEHHBUIAACA MHPOCMECh reHepHpyer ras, AaBjieHHe B leHe-
parope 6 pe3ko Bo3pacraer, paspHBaer AHadparMH 5, H
9JIeKTPOJIMT MO MHTaloUIel MAarHCTPaJH MOCTyNaeT H3 aM-
nyas B SJemeHTH. H3GHTOK 3JeKkTpoauTa monajaer B OT-
CTOMHHK, 3aNOJHeHHHA NopHCTHM aGcopb6eHToM.

KOHTaKT 3JIeKTPOJHTa C 3JEKTpPOJaMH He HBJHETCH JO-
CTATOYHHM YCJOBHeM NpHBeieHHs Oarapen B JeficTBHe.
3neck TakKe TpebyeTcs HEKOTOpoe BpeMs, HeoGXOxHMOe
AN NPONMHTKH CeNapaTopoOB H BHBEJEGHHH 3JIEKTPOAOB H3
noJynaccHeHoro cocrosna. Ho B oTiHuHe OT BOAOaKTH-
BHDYeMHX SJIeMEHTOB aKTHBAIH aMNYJbHHX 3JIeMEHTOB
nporekaer ¢opcHpoBaH-
HO, 3aHHMaa ot jgoJelt
T CeKYHAH 10 HeCKOJbKHX

8

HBecATKOB CeKyHx. Bpe-
MA aKTHBAaIHH 3aBHCHT
OT NPHPOAW AKTHBHHX
MacC H 3JeKTPOJHTa,
L KOHCTPYKIHH  3JIeKTpO-
k7] W ¢ MAOB M 31eMeHTa, Mare-
c |, M _| PHala cenapaTopa, cmo-

! cofa mogaud  3JEKTPo-

Puc. 53. Paspsaasas XapakTepucteka JHTa B GJIOK 3/1eMEHTOB
aMnyanbHo# cepelGpsiHO-UMHKOBOW GaTa- ap.

pen ¢upmu Eagle — Picher THnHuHas  paspsai-

Has XapaKTepPHCTHKA aM-
nyJabnoi cepeGpano-nmnukoBoit Gatapen ¢upmMH Eagle—
Picher mokasana Ha puc. 5.3, H3 KOTOpOro CaegyeT, UTO
akTHBalua Gartapen mpoulta 3a 2 ¢, a paspagHoe Hamps-
JKeHHe OTJHYaeTCH CTAGHABHOCTBIO, 3TO HBJAETCH XapaK-
TepHOA OCOGeHHOCTHIO Cepe6pAHO-IMHKOBHX HCTOYHHKOB
TOKa. Darapes moXer pa6oraTh B jHana3OHe TeMmepaTy-
pH oxpyxaiomefi cpean or —48 g0 +70°C.
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PasanynnMH dupMamu BHnyckalotcs amnyabhne CLI
Gatapen maccoit ot 0,14 no 400 kr, paccunTaHHHE Ha Ipo-
JXOMKHTEAbHOCTh pa3pana or 10 ¢ no 45 MHH ToKOM B HH-
tepBate no 480 K ﬁx yaenbHas JHEprus B 3aBHCHMOCTH
or pa3mepa cocrasaser or 1! no 66 Br-u/kr npu ynean-
Hoili mouiHocTH B cpeanem 180—250 Br/kr. K ayuuinm no-
cruxennam oruocarcs CLI amnyabHee GatapeH, HMeloniHe
npu yaeabHolt momHocrH 500 Br/kr yneabnyio 3xepruio
78 Bt-u/kr.

B Garapesx paccMaTpuBaeMOro THHa Hapagy C cepe6-
PAHO-LIMHKOBOH HCNOJAB3YIOT H JApyrHe 3/eKTPOXHMHYeCKHe
cHcTeMH, B Taba. 5.2 nmpHBeJeHHW KX HEKOTOpPHE XapakKre-
PHCTHKH.

Ta6auua 52 DxexTpuyeckue XapaxTePHCTHKH aMnysbHbix Gatapeit

PSAA CHCTEM
YaenbHbe XapaKTepHCTHKE
c Hanpaxenne*

HeTeMa npx paBspsme. Brfxr Brwic
Zn|KOH| A, 1,6—1,35 100—1000 10—80
Pb HCIO.thO, 1,8—1,6 1o 250 20—40
Pb{HBF,| PbO, 1,7—1,5 100 10
Zn|H,SO,|PbO, 2,3—-2,1 24—500 20—70

1,6—13 — 80—115

Mg|Mg(ClO¢)2]| MnO.

¢ Pacuer Ha OAHH 3JEMEeHT.

Batapen neppHX ueTHpex CHCTEM aKTHBUPYIOTCH @BTO-
MaTHYeCKH H NpefHa3HaYeHH AJAA Pa3psafia KOPOTKHMH pe-
xaMaMH. X cpok XxpaHeHH® B HeaKTHBHPOB2ZHHOM COCTOSH-
8HH nocruraer 10 Jer. MapranneBo-marnneBas Oarapes
MOXeT NpHBOAHTbCE B pafoyee COCTOSHHE BPYYHYIO HJH
aBToMaTHueckn H paccynraHa Ha 10—100-uacoBoii pexum
pa3psana. B orauume or uerHpex npeanAyHIHX oHa Ges-
onacHa B JIKCOAyaTalUHH, NMOCKOJNbKY NpHMeHAeMHA B Hel
3MIeKTPOJHT He CTONb arpeccHBeH, PaGounii HHTepBa) TeM-
TmepaTypH JAeXHT B npexenax or —55 no 4-20°C, cpok xpa-
HeHus B HepaGoueM COCTOSIHHH OT 3 a0 5 Jer.

OcHoBHan 06.1aCTh NPUMEHEHHS aMOyJAbHHX HCTOYHHKOB
TOKa C KOpDOTKHMH peXHMaMH pa3pajfa — aBHaKoCMHye-
€Kas ¥ BOGHHas TeXHHKa, GaTapeH C AJHHHHIMH peXHMaMH
Pa3psana HCMOAB3YIOT B NEpPeHOCHHX pajHOCTaHUMAX, JO-
KalluOHHHX paauOMasnKax # JApYyrod amnaparype CBA3H.
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5.3. Tennossie Garapen

BuicoxoremnepaTrypHHe TepMHYeCKH aKTHBHPyeMHe Hc-
TOYHHKH TOKAa, HJIH TenJoBHWe GarTapeH, npHobpenn H3BecT-
HOCTb B 1946 r. B HMx ocHoBe JieXaT BHICOKOAaXTHBHHE 3Jie-
KTPOXHMHYECKHe CHCTeMH C pacmlaBJEHHBIM 3JeKTpPOJIH-
TOM. [Ipu Temneparype okpyxaioweff cpefll 3JAeXTPOJHT
HaXOIMTCHd B TBEPAOM COCTOAHHH, HOHHOA NPOBOAHMOCTLIO
He obsagaer H CHCTeMa COXPaHAeT HHEPTHOCTb HEOTpaHH-
YeHHO Aojroe BpeMms. [locne akrHBanuM, KOTOpas NMPodoJ-
xaerca 0,1—3 c u 3axkmiouaercs B 6HCTpPOM pa3orpese A0
400—600°C ¢ ueabio pacniaBAeHH 3JEKTPOJHTA, 3JeMEH-
T 6atapen nepexomAaT B paGouee cocrosnne. PaBHomep-
HHHA pa3orpes 3a MoaH CEKYHAH BO3MOXKE€H NPH HeGOJbLUIHX
o6beMax GaTapeH, MO3TOMY AJA HHX XapaKTepHH MaJibie
pasMepn M Macca (npeHMyHiecTBeHHO B mpemenaax ot 0,04
no 3 xr). Bnarogaps Buicokofi yZAeabHOR 3JeKTpHYECKOi
MPOBOAHMOCTH PacNJaB/eHHOr0 3JEKTPOJHTa H MaJjoH mo-
JAAPH3YEeMOCTH 3JEXTPOAOB TENJOBHE 3JEMEHTH MOryT pas-
pAXaTbcs upe3BbYaiiHO HHTEHCHBHO NJIOTHOCTBIO TOKa RO
7 KA/M? (a npH HMNYJAbCHO Harpyake — 3HAYHTENbHO
6oabuie) npu HanpsxenuH Buiie 2 B. OnTHmaabHas npo-
AOJKHTENILHOCTb MX paspsafia COCTaBJAfeT NPHMEPHO OT
0,5¢ no 5munA; paspsaa moabiie 15MHH, Kak NMpaBHJAO, He-
BO3MOXEH H3-32 OCTHIBaHHA 6atapeH H 3aTBepAeBaHHA Iae-
KTPOJIHTA.

B kauecrBe aHOAHOTO MaTepuata HCHOJB3YIOT METaJJH-
YeckHA Kasabiuid, pexke MarHui. [loreniunan KaJjbiHeBOro
aHofa GoJsee 3JNEKTPOOTPHUATENbHHH, H HanpsXkKeHHe HA
KXaJjabineBoM 3ajemente Ha 0,6 B suwe, pocruraa 3 B. Ka-
TOAHLIM aXTHBHHIM BELIECTBOM CJYyXKaT TBepPALe OKHCJHTE-
Jan — okcuaAn Vo0s, WO3, xpoMaTs xanbitug, CBHHUE H Ip.
SnekTpoANTOM B GOJLLIHHCTBE CAYuaeB ABJIAETCH IBTEKTH-
yeckads cMecb XJopugos JautHs H kaaua (61% LiCl) ¢
TemMnepaTypofi nuasnenna 352°C, xoropas nospoaser obe- -
cneuHBarb pa6orocnocO6HoCTh GaTapen B TeMhepaTypHOM
HHTepBaJe OXpyiKalomied cpenn or —50 mo +4-100°C.

JlyumiaMu XapaxTepHCTHKaMH 06/ajaloT TemjaoBHe HC-
TounHkH Toka cHcremun Ca|LiCl4-KCl|CaCrO,. Cymmap-
HYI0 TOX006pasylOiyl0 peaxiuHio B NepBoM NPHGAHKEHHH
ONHCHBAIOT ypaBHEeHHEM

3Ca + 2CaCr0, X% 5Ca0 4 Cr;0,

Mpu HPLI, pasuom 3,2 B, pabouee HanpamenHe sje-
MeHTa JeXHT B WHrepBane 1,7—2,5 B. Xapakrep paspsaa-
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HOM KpHBOH 3aBHCHT OT pexHMa pa3pfla, 3 TaKXKe KOHCT-
PYKUHOHHHX ocOGeHHOCTefi 3JeMeHTa, KOTOphle onpeneas-
10T BpeMsl aKTHBAlMK H 3anac eMkocTH (puc. 5.4).
Pazanuaor sameunsii (3axgu'ruﬁ) H OTKpHTHHA Bapu-
aHTH KOHCTPYKIHH 3JeMeHTa. B TpaanuHoHHOM BapHaHTe
B NJIOCKHA HHKeJeBHA Kopnyc (9allKy) noMellaloT OAHH
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Hanpamenue, B

Puc. 54. Tunnunbie paspsanble XapakTe-
PHCTHKH TemIOBHX GaTapeR B pacuerTe ua
3NEMeNT:

I — GucTpOaXTHBRpYeMast Gatapes, paccYHTaB-
Hasi Ha KpaTXoBpemenHbilt paspam; 2 ~- Gartapes,
paspaKaeMas HOMHHAALALIM PefKHMOM

aHOA M OQHH HJH JBa KaTOAa, pa3jiefieHHHe CTeKJOTKaHbIO
Han acOecTOBOH TKaHbIO, NPONHTAHHOA 3JEKTPOJHTOM H3
cmecn LiCl u KCl. Kopnyc cayXHT TOKOOTBOAOM KarToaa.
IMox kopnycoM mnomelraloT HarpeBartefb— AHCK H3 CMECH
UHDKOHHA M XpoMaTa 6apus HJAH APYroro nNHPOTEXHHYECKO-
ro coctasa; NpoAYKTH CropaHHs cMecH o6pa3syloT H30JH-
pylomyio kepaMH4eCKyl0 Maccy.

Bonee cosepuiennofi apasercs oTKpHTas, HAH TabJerod-
Hafl, KOHCTPYKUHA, He HMEIOMaR HHAHBHAYAALHOrO KOpIY-
ca. Taxoft 3/leMeHT COCTOHT H3 KOMGHHAIHH YepelyIouHXCH
TOHKHX TaGJIeTOK aHol — 3JeKTPOJAT — KaToj — Harpeba-
Teab. YacTo npHMeHSIOT TOHKHe AHCKH H3 CMeCH OKHCJH-
TeAd, SJEKTPOJHTa H CBH3yioHlero (TOHKOAHCHEPCHOTO
KpeMHelaeMa HJIH Ka0JHHAa), KOTOpHeE NPHXAaTH K aHOgaM.
Baement orpannuen NJIOCKHMH HHKeNeBHMH TOKOOTBOAA-
MH H HMeer ToqmuHy 1—1,5 Mm. HcrounnkoM Tenna ciy-
W¥T NIACTHHKA, CNIPecCoOBaHHAN H3 CMECH NepXjopara Ka-
AN ¥ XKeje3a; NOcae CropaHHs JIJIAaCTHHKA CTaHOBHTCH
SAEKTPONPOBOAHON, o6ecnevnBas KOHTAKT MEXIY COCSAHH-
K 3neMeHTaMH.

Tennosnie 6arapen 3aKkJiOYeHH B TepPMETHUMBIA HHAAAA-
PHUSCKHA KOpnyc ¢ repMoBBofaMH, Garapes NOBHILIEHHOrO
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Hanps)XeHHs HJH NMOBHIIEHHOH MOLIHOCTH KOMMJIEKTYIOTCH
H3 ceknuil, Kaxpas cekuusa cha6xeHa 3JeKTPHYECKHM mH-
posanajioM AJas BOCMJIaMeHeHHs NHPOCMeECH, pas3orpeBao-
et sseMenTH. [To OCcH 3JeMeHTOB HMeeTcsl CKBOSHOf Ka-
naxa. IlapaMmerpwm G6arapeit, 3aBHcHIHe OT pasMepoB, KO-
JIHYeCTBa H NMpHHUHNA CGOPKH 3JeMeHTOB, pasJjH4YaioTcs B
IMHPOKHX npenenax. 3apybGexHue PpHpMH BHNyckaior Ga-
Tapes HanpaxeHHeM o 450 B. K naHGosee MHHHATIODHEIM
oTHocHTca 20-BoabToBas Gartapea (¢pupma Catalist Re-
search) nuamerpoM 13 MM B BoicoToii 19 MM, Koropas ak-
THBHpYerca 3a 0,01 ¢ H cnoco6Ha obecneudTh KpaTKOBpe-
MeHHBIi pa3pan roxoM 5 A. CaMas KpymHas H3 TEeNJIOBHX
6arapelt (¢pupma Eagle — Picher) npu gumamerpe 0,18 M,
Buicote 0,4 M & Macce 20,4 kr paccyHTaHa Ha BpeMs aKTH-
Bauug 3,5 ¢ 1 ToKX paspsga po 1000 A.

Haa TtennoBhix Garapefi xapaKTepHa BHICOKas ygelb-
Has MollHoCTs, JocTHrawmas 600 Br/xr, oanako HX
yaeabHast 3HeprHA HeBeauka (8—30 Br-u/kr). Drto ced-
3aHo ¢ HeBHICOKHMH Ko3(dHuHeHTaMH HCNOAB3OBaHHA aK-
THBHBIX MacC H Opexje BCero KaJniHeBoro aHoxa. Jaae-
Hefilllee yJyylleHHe yAeNbHHIX XapaKTePHCTHK CBA3HBAIOT
¢ npuMeHeHHeM B TeNJOBHX GaTapesx 3JeKTPOAHOH Napul
JAuTHE — qHOKCHA Xenesa. [lo pannnM ¢upMm MSA, B
3TOM cJAyuae yAaercs YBEJHYHTh MJIOTHOCTH TOKAa NpH pas-
pase nourn no 20 XKA/M? H COOTBETCTBEHHO MOBHICHTL
yAeasHyi0 MolIHOCTs Ao 1500 Br/xr; B onTHMajbHHX yc-
JIOBHSIX PaspsiHOro pexHma [OCTHTHYTa yjAeJbHas 3Hep-
rua 100 Br-u/kr.

Tnasa 6
TONAMBHLIE INEMEHTM

Tonausuuit snement (TD) — 310 XHMHueckHi HC-
TOYHHK TOKa, B KOTOPOM aKTHBHHE BellecTBa MOCTY-
naioT K 3JeKTpoAaM H3BHe MO Mepe HX pacXOZOBaHHA
NPH HenpepHBHOM OTBOAe NMPOAYKTOB paspsga. Cko-
pOCTH MOCTYIJIEHHS BemecTB, KaK H CKOpPOCTb OTBOAA
NPOAYKTOB TOKooOpasyoulHX peakKnu#, nponopuno-
HaJbHa TOKOBOM Harpyske Ha ajeMeHT. 3amac aKkTHB-
HEIX MaTepHAaNOB MOXeT GHTh KaK yrogHo BeJHK, H
Teoperdyeckd TD cnocoGeH paGoTaTe HeorpaHHuYeHHO
JoJro.
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6.1. Ornuunrensnme ocobennocTu

TonaueHuf 3JeMeHT, ABJAAACH, KAK # BCe MEpPBHUHHE
3JIEMEHTH, HCTOUHHKOM TOKa OJXHOpA30BOr0 pa3psRa, Xa-
pakrepusyercs psanoM ocobGennoctedi. B oramume or mep-
BHUHHIX 3JeMEHTOB 3JEeKTpoin T He H3MeHAIOT B XOe
paspana cBof XUMHYECKHHA COCTAB M CTPYKTYpY, HX HA3HAa-
qeHue — o6ecney#BaTh NMPOTeKaHHe TOKOOGpA3yIOMHX pe-
aKIMA ¢ 3aJ8HHOH CKOPOCTBIO, 8 TAKXKE CJHYXHTb TOKOOT-
BonaMu. AkruBHHMu BeulecrBaMu T sasasiores, kak npa-
BHJIO, ra3006pasHHe HAM XHJIKHe BOcCTaHOBHTENM (HX
NPHHATO HA3HBATH TOMJHBOM) M OKHCJIHTENH, KOTOpHE HaH-
Gosee yao6HO nOAABATH B 30HH 3JEKTPOXHMHUECKHX pe-
aknuft. Pazpaauoe Hanpakenwe T oTauMuaercss HCKJIIOYH-
TEeAbHOJ i CTaGUABHOCTBIO, 8 3JJEKTPOAH — MAJIO# NOAAPH-
3yeMOCThIO.

ITepeoHayanbHAA HIeA TOMJHBHOTO 3JEMEHTA, BHJBH-
HyTas H3BecTHHIM (pu3auko-xumukoM B. Ocreaabnzom (1894),
3aKJI0YaJNach B NOJYYeHHH HeLIeBOf 3JIEKTPOIHEpru#d mpH
«3/IeKTPDOXMMHUYECKOM CXKaraHud» yrad. J[lefAcrBaTenabHO,
MaDIHHHHA CNoco6 NOJYYeHHs 3JeKTPOIHEepPTrdd No CXeMe
NapoBOf KOTeJ — napoBasti TYpOHH2 — reHepaTop TOKA H B
Haille BpeMs TeXHHuYecKd cjaoxeH u Heleiwres. Ilocsaenora-
TeJbHOoe NpeBpauieHHe XHMHYECKOH 3HEpPrud yras B Ten-
JIOBYIO, 8 38TeM B MEXaHHYECKYyl0 H B 3JEKTPHYECKYIo
IHEpPrHH CONpOBOXAAETCA B JydileM cJyyae norepefi 60—
70% ucxonHOf 3Hepruy TONAHBA, CTO JeT Ha3aj 3TH MOTe-
pu npesuimann 90%. ITosyyenue sHepru# NOCTOAHHOrO TO-
Ka 0e3MaillHHHHM cnoco60M HeNnoCpeACTBEHHO H3 yras o
KHCJIOPOAA BO3AYXA CYJWJO THTAHTCKYI0 3KOHOMHIO TOMN-
JHBa, MOCKOJbKY Ha HauaJbHOM 3Tane pa3sutHa T3 npexn-
nonaraica KIIJl npeepamenus AH—AW, Gauskufi Teope-
THYECKOMY.

HUccnenosarenu (E. Bayp, O. K. lastau u gp.) Ha nyTH

K MpaKTHIeCKOR peanwsauuu mpomecca C4 O, —E<=—- CO,

CTONKHYJHCb C HENpeoAOJHMbIMH TPYAHOCTAMH. BHsAcHu-
JIOCb, YTO AaXe NpH TeMnepatype BHiue 750 °C ckopocTa
OCHOBHHIX peakiuii HeBeJHKH, a YCTPAHHTb MOGOUHHE peak-
o#y, 1ecTabUIM3upYIOLIHe NpoIlecc, HEBO3MOXHO; YTOJb CJie-
AyeT NPUMEHSTh TOJbKO XHMHYECKH YHCTHIA, KOpPO3HOHHAN
aKTHBHOCTb PACILIABAEHHOTO 3JEKTPOJHTAa PE3KO OrpaHHYH-
B8eT CPOK CJYKOH.

K cepeaune 1950-x rogoB OT Haed IKOHOMHUHOH 3Je-
KTPOXMMHYecKOHA nepepaboTKd NPHPONHOrG TONMJHBA NpHII-
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JOcb OKOHYaTenbHo OTKasaTbcd. OxHako paGoTH Haj HC-
TOUHHKaMH TOKA [JHTeNbHOIo AeACTBHA ¢ HenpepHBHOH
mofaveli aKTHBHHIX BellecTB, 3a KOTOpPHMH 3aKpenHIoch
Ha3BaHHE TONJHBHHIN 3JeMEHT», NMOJYUHAH HOBHHA CTHMYJ.
Hcenenosanne u TexHHueckoe BONJMoOHIeHHe B  peanbHol
KOHCTPYKUHH 3JeKTPOAHHX Nap BOAOPOA — KHCAODOA, THA-
pasHH — NepoKCHA BoAOPOZa, METaHOJ — KHCJAOPOL M ApY-
rHEX MoKasajo, YTO NoJoOHHEe MCTOMHHKH Toka o6aajaioT
HenpeB3ofileHHHM coueTaHHeM BHICOKOH yleabHo#t 3HeprHH
CO 3HAUHTEJbHOA MOLIHOCTbIO NMPH HeNpepuHBHOM paspaie
1000—5000 u. Oco6oe sHaueHHe OHH NpHOGpeNH KaK aBTO-
HOMHHE HCTOYHHKH NMHTaHHA IAAA KOCMHYECKHX H NOABOA-
HHX HCCJeNOBaHHA.

B uvacrHOCTH, TONNHBHHE 6aTapeH MOSBOJHJH ycheEUIHO
pean#soBaTh aMepHKaHCKYyl0 nporpamMmy nosaeros Ha JiyHy,
OHH Xe cayXar 6JOKaMn MHTaHHA KOCMHYECKHX Kopabaeil
MHOrOpasoBoro HcmoJb3oBaHHA  NporpamMmu  «llarta»
(CLIA).

B nocaensee BpeMs MNOBHCHJCA HHTEpeC K MOHIHHIM
CTallAOHADHEIM 3HEPreTHYECKHM YCTaHOBKaM Ha OCHOBe
TOMJHBHHX 3JIEMEHTOB C HCMOJb30BaHHeM BTOpHYHOro TON-
JHBa, HanpHMep BOZOpOAa, HMOJy4YaeMoro napoBoil KoHBep-
CHel npHpoAHoro rasa uau rasubuxanued yras. IIpn arom
HA NepegHHH NJaH BHABHraoTCcA TpeGoBaHHA BHCOKHX TeX-
HHKO-3KOHOMHYECKHX MoKasaTeneil.

dNeKTPoXHMHYECKHe CHCTEMH, NpHMeHAeMHe B TOMJHB-
HHX 3JIeMeHTaX, oTJHYAIOTCA BHICOKHM TepPMOAHHaMHYECKHM
KNA, ans vexoTopux u3 ®HX 1.>1(dE/dT>0). Hanpn-
Mep, TeMuepaTypuuit ko3pbunuenr dE/AT peakuuit B3au-
MOJAeAcTBHA IHApa3HHA ¢ NEePOKCHAOM BOAOpOJa M MeTa-
Ho/Na c a3oTHOM KueJoTolt cocrasaser 0,34 # 1,64 mB/K,
9T0 COOTBETCTBYeT 3HaYeHHMAM 7)., paBHuHM 1,056 n 1,83.
Sddexrupauft (paxrnueckuit) KIII coraacHo ypaBHeHHIO
(1.3) swmaumrenbHo HHXe H Ajs ayymux oGpasumo TD
JAeXHT B npenenax 50—75%.

B oruanume ot TpagunHonunx XHUT paspsax Gatapen Ton-
JIABHHIX 3JIEMEHTOB HeBo3MoXeH 06e3 cHcTeM, oGecnednBaio-
mux ee pabGorocnocoGHocTb. B cocraB 3nekTpoxHMuYecKo-
ro reieparopa (IXI') xpome Garapem TD Bxoaar (cxema
6.]1) cHcreMu XpaHeHHs, NOATOTOBKH H NOAaYH aKTHBHHX
BeUHeCTS, OTBOJAa TeNJOTH H NPOAYKTOB peakiluif, a TaKxke
CHCTeMB aBTOMAaTHYECKOro KOHTpOJAS H peryJHpoBaHHA na-
pamerpoB, ofecneunsaioniHe ynpaBieHHe paGoroi IXT.
IlosToMy npu paspaGorke DXT mapsaAy ¢ 3/4eKTpoxHmuve-
CKHMH nNpo6jeMaMH NPHXOAMTCH pellaTbh NpoGAeMH Ten-
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JIOTeXHHKH, 3JEKTPOTeXHMKH, T[HEBMaTHKH, THAPaBJMKH,
ACY wu ap.

Kaxzaasa wus cucreM Moxer GHTH JOCTaTOYHO CJOXKHON
H MartepHanoemkot. Macca BcnoMorareabHoro o6opyio-
BaHHS 3aBHCHT ot ycrpofictBa M MomuocTH DXT, ot BuO-

C va ﬂorpeﬁl:'em Cm“u.n
r Xpatiey
XpaHEHUR e OKHCINTENN
TOMNUEa
Cucrema C“:;‘o‘::““ Cucrema
peryn
TIORTOTOBKH MEKTPHIECKIX NOArOTOBKY
TonTHRa napameTpoB OKHCANTENN
A
\ y
Crerema Barapea Cucresaa
nogaus TOITHBHBIX - nonava
TO0NANB IEMEHTOB OKMCANTERS
Cncremz
Cucrema N :lmmm B
TepMO- -t Tpona m > Wu ™ "mm
CTATHPOBAHWA yOpaBneHus pesKimm

Cxema 6.1. dyukunoHadasHan cxeMa 3ACKTPOXHMHYECKOro rexepartopa

PaHHO# 3MeKTPOXHMHUECKOH CHCTeMH H ycaoBHfi 3kenaya-
TalluM 3HepreTHUecKo# ycraHoBk. [lasa paspa6oTaHHHX
SXT', mommoctsio 1—5 kBT Macca BcmomorareabHHX CH-
creM (6e3 yuera Macchl TOMJHBAa # OKHCAMTENs1) npuG.u-
S8HTeJbHO paBHa Macce Oarapen 3aeMentoB. Iloatomy pe-
allbHHE YyAeJbHBHle 3JeKTpHYecKHe xapakrepHCTHKH ISXT
SHaYMTEJGHO HHMXKEe AOCTHIHYTHIX Ha OTJAEALHHX TONJAMBHHX
SJieMeHTax, KOMNJACKTYIONHX GaTapeio.

Knaccapuxkauus TONJAMBHHX 3/1eMEHTOB B 3aBHCHMOCTH
OT HEKOTOPHX OTJHYHATENbHHX NPHSHAKOB Aaua B pask. 2.5.

6.2, Ycnosus nporeKanMa INEKTPOAHLIX NPOUECCOB

B GoawiuncrBe coBpeMentnix TD B KauecTBe aHOLHOTO
MaTepuasa (TonAHBa) NMPHMEHAIOT rasoolpasubii BOAOPOA;
orpaHHYeHHOe MpHMeHeHHe HallUIH TEKKe KHAKHE BOCCTa-
HOBHTEJIH — FHAPasHH, MeTaHOJ, ITHACHIIHKOAb. KaTonnuM
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MaTtepHaJoM (OKHCJIHTENEM) 4acCTO ABJsercA atMocdepHHIR
HJB YRrcTHA rasoo6pasHHi KHCJIOPOA; B OTAENbHHX CJy-
9asfix HMCHOJb3YIOT XHAKHA NepOKCHX BOAOpPORa, a TaKxke
a30THYI0 KHCJIOTY.

¥YvyacTHe mnepeYnC/IeHHHX Ta3006pa3HHX H XBAKHX Be-
HiecTB B TOK006pasylomuxX peakiHaX Bo3MoXHo JHIIL Ha
SJeKTpoaHof moBepxHocTH, o6aagaiollel SJeKTPOKaTaJH-
THYECKOH aKTHBHOCTHIO. UeM Jyville KataJHTHYecCKHe CBOH-
CTBa SJIeKTPOAa, TeM BHillle CKOPOCTb 3JEeKTPOXHMHUECKoH
peaKuud ¥ Goibllle MOLUIHOCTb TOIJIHBHOrO 3JeMeHTa. IIpo-
HJIIOCTPHpPYEM pOJib 3JeKTPOKaTajJH3a Ha npHMepe pa6o-
TH BOZOpPOAHOIO 3JIeKTPOAA.

ITponecc aneKTpooK#caeHHS BOAOpoAa € eHepHpoBaHH-
€M 3JeKTPOHOB CKJaAWBaeTCA H3 HECKOJbLKHX TNocaeloBa-
TEeJNbLHHX CTafni:

1) pacrBopenne raszoobpasHoro Bojopolla B 3JEKTpO-
JIATE;

2) audpdysua pacTBOpeHHOro BOAOPOAA K MOBEPXHOCTH
ajieKTpoaa;

3) aacop6imrs MoJexkyJH BOACPOA3 Ha SJIEKTPOAHOH mo-
BEepPXHOCTH;

4) paculenyieHne MOJeKyJH BOAOpofa Ha aACopGHpo-
BaHHbe aTOMH (aZaTOMH);

5) paspag, T. e. HOHH3aLHa aXcopGHpoBaHHOrO aTOMa
C NepeHOCOM 3JIeKTPOHa

HJH TlocJe CTafHR 3
Hagye + H0 —» Haof'm + Hage + e~

6) necop6uHa HOHAa TRAPOKCOHHSA.
B nenoukxe cragui

1 23 4 § 6
Hy*Hapaey = Hoagc~2H axc™ Hso;" e = e—+HOt (6.1)

3JIeKTpOKaTaJHTHYSCKHe CBOACTBA 3JeKTpolda HanboJee Yer-
KO MPOABAAIOTCH HAa CTaAHAX alcOpPOLUHR H ATOMH3AIHH H
3aTeM NpH NepeHoce 3apsAlla Yepe3 IpaBHily 3JeKTpoA—
saekrpoanr (craaua 5). Caexosarensho, 3¢deKTHBHOCTD
KaTaJIH3aTOpa, BBOAWMOrO B COCTaB 9JIeKTPOAa, TECHO CBfl-
8aHa €O CTpPOeHHeM HOHHOTC ABOAHOrO CJiofl, 3aBHCAUIEro
OT NHANa30Ha 3JeKTPOAHHX NOTEHUHAJOB.

BHCOKHMH KaTaJHTHIeCKHMHR CBOHCTBaMH 06JiafaioT He-
KOTOphle METaJJH H CHJaBH, OKCHAH, KapGuan. Cpean
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HHX — MeTaJIIH NJAaTRHOBOA rpynnu, cepebpo, Kkap6ux
Boabpama. Hexorophle cnjaBbl (30J10TO — MJaTHHE, MAa-
THHa — naJJaaufi) xapaxrepHayioTca Gosee BHCOKoA ak-
THBHOCTbIO, 4eM UHCTHe KOMNOHEHTH CHJaBa.

Jaa xaxmofi KOHKPETHOR peaKUHH CyIIeCTBYIOT CTpOro
HHAMBHAYaJIbHBIe KaTaJHsaTopH, JlaIs BOAOPOAHOrO 3je-
KTPOAa B IENOYHOM SJIEKTPOJIHTE JYUIIAMH ABJAIOTCA Naa-
THHOBHIAi B TNJaTHHo-naJsajHeBuii, a H3 GoJiee JoOCTYI-
HHX — CKeJIeTHHI HHKeJb;, AJS KHCJOPOAHOrO 3JeKTPoaa
B TOM e pacTBOPe — COOTBETCTBEHHO 30JI0TO-ITaTHHOBBIMN
H ckejeTHoe cepefpo. B xHCJIOTHOM 3JIeKTPOJHTE Mpeanoy-
THTeNbHH IJIaTHHa H Kap6HA BoJbdpaMa 1JA BOAOPORHOIC
SJieKTpoaa, CnJaB NJaTHHAa — HPHAHA AJA KHCJOPOAHOrO
aJleKTpoaa.

C pocrom pabouefi TeMmepaTyphl NPOHCXOZHT HHTEHCH-
¢duKauHsa 3JeXTPOAHHX NpoueccoB H TpeGoBaHHA K KaTaJH-
THYECKOH aKTHBHOCTH 3J€KTPOAOB CMArYaloTCA: YAeNbHHHA
pacxof KaTaJIH3aTOPOB YMeHbIIaeTCsA, 3TO AeJaeT BO3MOXK-
HHIM NpHMEHEeHHe MeHee aKTHBHHX, Ho 6oJjiee fellleBHX KaTa-
JI#3aTOPOB.

UYpespuyafino BaXXHH CTPYKTYpHHe XapaKTepHCTHKH H
LHCIepPCHOCTh KaTaaM3aTopa. Tak, H3 NJaTHHOBHX HaHGo-
Jee 5¢pdexTHBHH KaTaJH3aTODH Ha OCHOBe NJaTHHOBOR
uyepHH, Buicoxas KartaanTHueckasi S¢ppeXTHBHOCTHL CBOfiCT-
BeHHa CKeJeTHHIM KaTaJIH3aTopaM, KOTOpPHe NoJydYaioT H3
CNJaBOB KaTaJHTHYECKH aKTHBHBIX MeTaJUIOB C HeaKTHB-
HHMH afiOMHHHEM, MarHueM, uHMHKoM. M3 cnaaea npuro-
TOBJAIOT NOPOLIOK ONTHMaJbHof NHCHNEPCHOCTH, H3 KOTOpPO-
ro saTeM HeakTHBHYI0 COCTaBJAIOHLYIO BHIlEJ2YHBAIOT.
TeXHoJIOrHS NPHrOTOBAEHHS CKENETHHX KaTaJH3aTOPOB OT-
JHYaercs CAOXKHOCTbIO, 0cO6eHHO €C/IH YyuecTh, YTO CBOM-
CTBa KaTa/lH3aTopa OYeHb YYBCTBHTEJbHH K TeXHoJoruue-
CKHM NapaMeTpaM H YCJOBHAM OKpyXaiomed cpeAd (Ha-
npeEMep, HHKeJeBble CKeJeTHHe XaTaausaTopn nHpodop-
Hu). Karaausatop ZoKeH 06/1anaTh NOCTATOYHQ BHICOKOM
sneKTpHueckofi npoBoaHMocTbio, JKecTKHe TpefoBaHuHSH
npeABABARIOTC H K aHTHKOPPOSHOHHOH CTOAKOCTH KaTaJH-
8aTopa, KoTopas Bo MHOIOM S3aBHCHT OT BeJHUYHHH GecTo-
KOBOro noreHlidalla, a TaKXe HHTepBaJa pa6odHX mnoTeH-
un;mon 3MeKTPoAa (mpexne BCero 3To OTHOCHTCH K KaTo-
ay).

KopposHs saekTpolla — oaHa H3 OCHOBHHIX NPHYHH, Or-
PaHHUHBAIOHIHX  pecypc  paGoTH  TOMJIHBHOrO  3Je-
MeHTa. [Jlpyras TpHuYHHa cBsisaHa ¢  motepeil
KaTaJHTHYeCKOA aKTHBHOCTH H3-32 afcOpOUHH KaTaJHTH-
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ueckHx fAA0B (coeguHennfi cepH, MHIIbAKA H Ap.). Tperns
NpHYMHa — coKpallleHne paGouell NOBepXHOCTH 3JIEKTPOAa
3a CyeT BTOPMYHHIX fABJeHHHA (HanpuMep, <«NpPOMOKaHHHA>
ajeKkTpoaa).

HeTHHHaA NJAOTHOCTL TOKa Ha 3JEKTPOAMOH MOBEPXHO-
CTH jJaxe B MPHCYTCTBHH KaTajusaropa HeBenauka. [loato-
MYy ANA NOAYYeHHs TEeXHHYECKH NpHEMJEMBbIX TOKOB pas-
pAAa NPHMEHAIOT NOPHCTHeE 3JNeKTPOAH C PasBHTOH BHYT-
peHnedi noBepXHOCTHio. JPPeKTHBHOCTL paGOTH TaKHX
3JIeKTPOROB 3aBHCHT OT TOTO, HACKOJILKO KHHeTHYecKu 6Ja-
FONPUATHH H CTaGHJbHH YCJOBHSA AJS NpOTEKaHHA KaXXAOH
H3 NoCJefloBaTe/JbHHX CTaAHA TOKOTeHepHpyloulero mpo-
Hecca. XapakTepHHIMH B 3TOM OTHOLICHHH ABJAIOTCH 2a30-
HUOKOCTHble UMK 20300UPHY3UOHKbIe INEKTPOAH  KHCJIO-
POAHO-BOJOPOSHOTO TOMJHBHOTO 3JieMeHTa, KOTOPHHA moJjy-
M)l NPeHMYMECTBEHHOe TeopeTHYeCKoe H HpaKTHYeCKoe
pasBHTHE.

Mogenb ra3oXHAKOCTHOTO 3J€KTpPOAa NpeAcTaBjsder
co6oll roMOMOPHCTYIO NMAACTHHKY, 06/1221010yi0 3]1€KTPOH-
HOH NPOBOAHMOCTLIO, OQHa CTOPOHAa KOTOPOH TrpaHHYHT C
3NEeKTPOJNIHTOM, apyras —c ra3oM, Paspax aacopGupoBaH-
HBHIX MOJeKyJ rasa, TakiM o6pa3oM, NPOXOZHT B o6beMe
ajekTpona Ha rpanune tpex ¢pa3. CraGHABHOCTL peakUH-
OHHOM NOBEPXHOCTH H ¢aMa BO3MOXCHOCTH 3JEKTPOXHMHue-
CKOfi peakUuH 3aBHCAT OT COOTHOLIEHHS [AaBJEHHA rasa
Pras B CYMMH KanHJJAAPHOTO Px H THAPOCTATHUECKOrO pPr
AaBaeHus 3aekrpoanra, IIpu peas>pe+pc ras Gyaer BH-
TEeCHATb 3JEeKTPOJHT H3 mop H G6ap6oTHpoBaThb B pacTBOD,
TNPH Pras<pPxtpPr 3INEKTPOMHT 3aNOAHAT NOPH, NPOH3OH-
JleT npoMOKaHne 3neKTpoaa. B 06oHX cayvyasx pa3pAnHbii
TOK Gyner MHHHMAJIbHLIM.

Tpexda3snan rpaHuna pazgena oKaxercs MakCHMalbHOH
B TOM cayyae, Cenu AJA KakAOH H3 CKBOSHHX mop Gyner
€O6MIOZaTbCA PABEHCTBO Pras==pPx-+pr. OfHaKo peasbHBIA
raszogutpPy3HoHHHA 3NEKTPOL He ABAAETCH TOMOMOPHCTHIM,
T. €. NOpH B HeM He ONMHAaKOBH MO FeOMEeTPHYECKHM mapa-
MerpaM. CoOTBETCTBEHHO H KamHJJIApDHOe JAaBJieHHe Kak
BeJHYHHA, 3aBUCfad OT paguyca NOpH, GYyAeT pasfud-
HHM B pa3HHIX TOYKax 3JekTpoga. B pe3sysabrare ogHH mo-
pul GyayT 3amoJHeHH 3JIEKTPOJIHTOM 4YacTHYHO, ApyrHe —
TWOJIHOCTBIO, 9epe3 TpeTbH ras OGyAeT NPOXOAHTL CKBO3b
asextpos. CyHIeCTBYIOT pa3jH9Hbie cNocoGW cTaGHIH3a-
uun tpexcdasnol rpaHHUN pa3gesa Ha ypOBHe MakCH-
MaAbHO AOCTHXHMOf 60 HOMHHaJLHOA NJOTHOCTH TOKA.

IepBuiit cnoco6 OTHOCHTCH K THAPODHABHHM 3JEKTPO-

154



HAaM M 3aKJioYaerci B NPHMeHeHHH JBOHHON NMOPHCTOCTH.
SeKTpoA COCTOHT H3 ABYX CJI0eB, HMeIOWMX PasJHIHYIO
CTPYKTYpY: raso3alopHoOro €Josd, o6pameHHoro K 3JeKTpo-
JIMTY, ¥ aKTHBHOIO cjofl, o6pameHHOro x ras’oBof KaMepe
(puc. 6.1). 3amopuuii c/IOf EMeeT MeNKo3epHHCTYIO CTPYK-
Typy H 3JeKTPOXHMHYECKH HeaKTHBEH, ero 3aja4a — OGHTb

Puc. 6.1. Cxema asyxcnolfiHoro rHapo-
HALHOTO Ta30XKHAKOCTHOTO  3JeKTPoAa
@) W pacnpejieneHus 3JeKTPOJHTE H Ta-
38 H aKTHBHOM cJioe snekrpoaa (6):

a — I —rp3o3anopnuit  caofi; 2 — BXTHBHK#A
cioft; 6 — I — KHAXOCTHBR mnoOpPB; 2 — I'B30BASA
nopa

3an0JTHEHHEIM 3JIeKTPOJHTOM NpPH JIO60M JONYyCTHMOM JaB-
Jenuu rasa. Kanunasproe naBienHe CBA3aHO C paaHycoM
HAeaNbHON NMOPH 7 3aBHCEMOCTLIO
20 cos B

r.

Px ’
flle O0— NOBEPXHOCTHOE HaTAXKeHHe XHAKOCTH; O —Kpae-
BOM yroJ CMayHBaHHA 3JIeKTPOJHTOM MaTepHalla 3JeKT-
poxa.
[Mo3aroMy pammyc caMHX KPYNHHX NOpP 3anOpHOro CJOA
JOJXeH 0TBe4YaTb YCAOBHIO
20 cos b
r ¢ ——————,
Praz — Pr
AKTHBHHH cJof H3rOTOBJAAIOT H3 NOpOIIKOOGPAIHOro
KaTaJH3aTOpa METOJOM IPeccoBaHHd MJIH NPOKaTKH C Ha-
nonHutTeneM. Ero crpyktypa Gojlee kpynHONMopHCTa H He-
OAHOpOAHA, 4YTO onpelesercs XapaKTepoM AHCNEPCHOCTH
HaMoJIHuTeJI, KOTOPHA yAajsercd MNpH BHICOKOTEMIepa-
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TYPHOM CNekaHHH 3JeKTpoAa. B pesyabTate nmpH HekoTO-
poM nepenaie XaBieHHA Gosee KPYNnHHE NMOPH 3aNONHAIOT-
Csi ra30M; HX Ha3HBaIOT ra30BLIMH B OTJIHYHE OT XXHAKOCT-
HHX 1Op, 3allOJHeHHHX 3JIEKTPOJHTOM. Bce MHAKOCTHHe
nopu JAOJXKHH O6HTb paBHOMepHO pacnpefefeHH B 00b-
€Me aKTHBHOrO 0o M COeAHHMEHW ¢ 3JIeKTPOJHTOM BHE
3JleKTpoAa.

dJekTpoXxUMHUecKas peakiHA NPOTeKaeT NpeHMyIlecT-
BEHHO B 30He MEHHMCKA XHAKOCTH B mope. TaM 3jeKkTpoaur
of6pa3syer TOHKYIO KOJbIleBYl0 NJEHKY, CKBO3b KOTOPYIO
pacrBopeHHHf ra3 Guicrpo AndOYHAMPYeT K 3JIeKTpoxHOH
nosepxuocrd (puc. 6.1). MakcuMajbHas NOBEPXHOCTb TOH-
KOMJIeHOYHO# YacCTH 3JeKTPoJHTa oObecrneuHBaercs ONTH-
MAanbLEEIM COOTHOIIEHHEM Ta30BhHIX H MHAKOCTHHX nOp ak-
THBHOIO ¢J0A 3jektpoaa. fIpu sToM H36HTOYHOE AaBiieHHe
o6uyHO He npesbitiaer 0,1 MIla,

Io aApyroMy cmoco6y crabuabHas rpaHHUa pasfena
¢as pmocruraerca ruapopobusauuelt akrupHoro caofl. Ta-
KOfi 3JIeKTpOA TOTOBAT H3 CMeCH KaTaju3aTopa C THApO-
¢o6HHM BeuiecTBOM, HanpHMep ¢ QTOpPONAacTOM HJIM nO-
JuatuaenoM. COOTHOLIEHHE XHAKOCTHHIX H TIasoBHX nOp
3aBHCHT OT COOTHOLIEHHS AMCHEPCHOCTH H Macchl KOMNo-
HeHTOB cMecH. Urobu H36eXarb NpocauHBaHHA 3JIEKTpO-
JIHTa Ma ra3oByI0 CTOPOHY 3JIeKTPoJa, ee NOKPHBAIOT TOH-
KHM MeJKONOPHCTHM THAPOGOAHHM  (THAPO3amOPHHIM )
cJIoeM.

Hocrouncreo rasoxuakocraoro ruapodo6usnpoBaHHoro
3JIeKTpoAa 3akalouaercs B €ro pa6orocnoco6HOCTH NpH ar-
MocdepHoM AaB/JeHHH. DTO HO3BOJAET MCNONB30BaTh ero
B Ka4yecTBe MOJOXHTEJNbHOTO 3JEKTPOAa BO3AYIIHO-BOAO-
ponsoro aneMeHnta. Kpome TOro, akTHBHHA CJIOH Takoro
3/1eKTpoAia MoXeT uMeTb ToauguHy 0,05 MM, T. e. Ha nopa-
JOK MeHbllle, YeM TOJIIMHZ THAPODHIBLHHX 3JIeKTPOAOB C
rasosanopubiM caoeM. Onnako HajaduyMe THApopobH3aropa
B CTPYKTYpe 3JIeKTpOja CHHXaeT ero 3JeKTPHYecKylo npo-
BOAHMOCTb; NpH AJHTEJbHOM paspsle H3-3a NOCTENEHHOro
yXynuieHdA rHAPoGOGHHX CBOHCTB rasoBhie MOPH aKTHBHO-
0 C0A NOCTENeHHO 3anOJHAIOTCA  IJNEKTPOJHTOM, YTO
yMeHblIaeT CKOPOCTh TOKOOGpa3yiomies peaKkiHH.

Yrofu H36exmaTh 3aTONJEHHEe HOP, NPHMEHSIOT KOMOH-
HAPOBaHHHA TpexcAoRHH{i 31eKTPOAR, COCTOALHA H3 aKTHB-
Horo rHApo¢oGHSHPOBaHHOrO CJ0A H ABYX TOHKHX 3amop-
HHIX CJI0eB— 'a303aMopHOrC CO CTOPOHH 3JEKTPOJHTE H
FHAPO32aNOPHOrO O CTOpOHH rasa. Takod 3jekTpox pac-
cyMTaH ua paGoTy NpH MOBHIUEHHOM AaBJeHHM rasa H npH
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AJuUTeNsHOM pa3pdAne CcoXpaHAeT Xopollyio paboTocnoco6-
HOCTb.

CymecTByer emte OAHH cnoco6 CTaGHAH3AUHH COOTHO-
IIeHHA XHAKOCTHHX H TasOBHX NOpP, XOTOpHH CBOAHTCA K
NpHMeHERHIO MaTpPHYHOrC 3JeKTposuta. B 3ToM cayuae
CTporo orpaHHueHHHH 06beM 3JIEKTPOJHTZ pacmpenenser-
CH MeXAy NODHCTHIM CenaparopoM — MaTpume# H aKTHB-
HHIM FHAPOQHIBHEIM CJ1I0eM, OCTaBJsAd YacTb MOP 3JEKTpPO-
JAa He3anoJHeHHOH.

6.3. KucnopofHo-BOAOPOAHbIE TONNMBHME INCMEHTR

Hau6osbllee pasBHTHe MOJYYHJIH KHCJIOPOXHO-BOZOPOA-
HHe TomauBHHe 3JeMeHTH H JXI' Ha HX ocHoBe KaK Hau-
Gosee 3HeproeMkKHe H KoMnakrHHe. IlpeamecTBeHHHKOM
KHCJ0poAHo-BodopoaHoro T saeuaca anement I'poysa ¢
NJaTHHOBRIMH 3JeKkrponaMu (cM. pasa. IIT). I1. M. Cnupn-
AoHoBHM (1941) Guan co3gaHH 3jeMeHTH ¢ rasoxudody-
SHOHHHIMH YFOJbHHMH 3INEKTPOAAMH, cnoco6HHe paboTaTh
npH nuaotHoctH Toka 300 A/m®. Hauunas c 1950-x ronos
TeOpeTHYECKHe W NpHKJIajHHe HCCAeAOBaHH® B 3Tofi 06-
Jnactd, noaysus wupokoe passutHe B CCCP, Anraum,
®PI', CIIIA, npuBenn k pa3paGoTKe KOHKpeTHHX ofpas-
nos IXI. Coepemennne TD cucremu Hp]KOH|O; orau-
qai0TCA pasHoo6pasHeM KOHCTPYKTHBHHX pelleHHA npH
COXpaHeH## eJHHOro MexaHH3Ma NpOTeKaHHs TOKOreHe-
PHPYIOIIUX peaKmui.

Ilpn paspsize menouyHoro TD Ha oTpHIATEJbHOM 3JIEKT
Poae BoLOpPOA OKHCJRETCA ¢ 06pasoBaHHEM BOAH IO Mexa
HH3My (6.1). CymmapHas peakuus:

Hy 4 20H— —2H;0 + 2~  Edy, = —0,83B

BoccranosaeHHe KHCIOpOAa Ha NONOXKHTENbHOM 9JIEKTpO-
aAe nporekaer no peakuuu (4.8). Ilapannensho (ambo Kak
mepBas crafHs mNpolecca) MPOHCXOAHT BOCCTaHOBJEHHE
KHCIOpoAa X0 NepokcHa-HOHa no peaxuun (4.9). ITo aroi
TIpHYHHe, 2 TaKXe #3-3a APYrHX noGouHHX peaknui (Ha-
NpHMep, OKHCJEHHe 3JeKTPOAHOR MOBEPXHOCTH) CTalHO-
HapHH NOTEHUHaJl KHCIOPOAHOTO 3JeKTpoxa 3aMeTHo HH-
Xe paBHoBecHoro. CyMMapnasi peakiHs paspsia CBOAHTCH
K 3JIeKTPOCHHTE3y BOAH:

2e—
Ha+ 1702 £=—~ H0

Paspa6orano HeCcKOJbhKo PasHOBHAHOCTEH KHCJIOPOLHO-

BOAOPONHHX TONJHBHHX 3JIeMEeHTOB: CO CBOGOAHHIM H MaT-
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PHUHHIM 3JeKTpoJauroM; 6es auadparMH, ¢ KanHJAAsApHOHk
AHadpparmofi H ¢ HOHOOOMeHHON MeMOpaHOil; HH3KOTeMne-
paTtypuble u CpelHeTeMIepaTypHHe.

CxeMa T3 c nuockonapaliebHHIMA 3JeKTPOAaMH H
cBOGOJHHM O6BEMOM 3JIeKTpoJiNT2 AaHa Ha pHc. 6.2,a, rae
noka3aHu reApodHIbHEE INEKTPOAH C ra303aNOPHHM CJIOEM,
OHAKO BO3MOXHO HCe
noJbL30BaHHE W THAPO-
¢o6H3HpOBAHHHX 3JIeK-
TPOAOB ¢ TIHApO3anop-
HEM ciaoeM. Boaopom
H KHCIOpOJA NOCTYnZioT
nop IAaBJeHHeM  uepes
nAockue  HieaH — raso-
BHle Kamephl, NpHMHKa-
joHe K 3JeKTpojaM.
Corylacno  ypaBHEHHIO
Hepucra 3J1C anemenra
C POCTOM AaBJEHHA ra-
30B MOBHIIZeTCA.

B Huskoremneparyp-
HOM 3JieMeHTe Boaa, 06-
pasyiomascs Ha BOAO-
POIHOM 3J€KTpode, Bbl-

62, HCAODORHO- . BOgHTCA C 3JIEKTPOJH-
b S SeMeen oo cnobon.  TOM, M1 CTEKaeT B C6Op-
HHM (@) ¥ MarpuuHHM (6) saexktpo- HHK, HJAH OTCACHIBaeTCH.
JHTOM: B cpemnereMnepatyp-
e e, 4 S ietaops HOM_ 3JI€MeHTe BONA HC-
uuf saextpoa; § — KMclopoAHas Kamepa napsercs ¢ NOBEePXHOCTH

3JeKTpola B MOTOK Npo-
XoAfiNero BOAOPOAE H 3aTeM pereHepHpyercs MepeBogoM B
Kuakyio ¢pasy. CHcreMa ynasenns BoAH OGHYHO CBA3aHa C
cucTeMoli ylaneHHA H3OLTOUHOM TEeNnJOTH, OCYHIeCTBJAI0-
mielt repMocTaTHpoBaHKe 3JaeMenrta. B nekoropux THnax TI
3TH onepauyH COBMeMleHH (OAHOKOHTYpHaA CHCTeMa): Ha-
npumep, UHPKYJHPYIOUHU JIEKTPONHT HIAH BOJOPOR BHINOJ-
usetr o6e pynkuun oguoepemenno. Hmeioren TI, B KOTOPBIX
ylajeHue BOAH H TEMJOTH NPOHCXOAHT PasgenbHO (ABYX-
KOHTypHasi CHCTeMa).

TonauBubifi 3/1eMeHT ¢ MaTPHUHLIM 3J1EeKTPOJHTOM (pHC.
6.2, 6) orauuaercd KOMIAKTHOCTbIO. DJEKTPOJIHT HaAXOIHT-
c B CJ0e MeJKOMOpHCTOH AuadparMu, HanpuMep U3 XpH-
sotujoBoro acGecra. Takam aunadparMa, HMes TOJIUIHHY
nopaaka 0,6—0,2 MM, oGjalaer BHCOKOH 3JeKTpHuecKon
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NpPOBOAHMOCTHIO, Ta30HENPOHHIAEMOCTbIO,  XHMHYECKOH
HHEPTHOCTbIO B leNOYHOH cpele. B 3rux cayyasx HCnoJb-
3yl0T OJHOCJOMAHHE TOHKHE THAPOMHAbHHE 3JeKTPOAH.
Crporas mosMpoBka o6beMa 3JeKTPOJHTZ NpPeNnsTCTByeT
3aTONJIEHHIO T'a30BHX MOP, a POJIib ra303anopHOro C€Jos BH-
noJHser Anadparma-MarTpuua.

Boablofi #HTepec nNpeACTaBAAIOT TONJAHBHHE 3JeMeH-
TH C HOHOOOMeHHHMH MeMGpanaMH, B KOTOPHX #apsaay C
nlajabuefillefi TeHaeRIHeA XK yMeHBbUICHHIO TOJIIHHH 3JIEKT-
poanoro 6,0ka NpOABJANETCA CTPeMJieHHe YNPOCTHTb Ome-
pauuio yAajleHds BoAH. Ycneiu-
MO pasBuBaetTc: paspaborka TD
¢ xarwonooGMenHnM# MeMGpa-
HaM# Ha OCHOBe CHHTETHYECKHX
nepdTopupoBaHHEX  nOAHMEp-
nux cmos. Takas auadparma
o6nanaer CBOfICTBAMH TBEPAOTO
3JeKTPOJNTa, H MOITOMY BOAA
KaK DpoayKT pa3psaa o6pasyer
OTACNLHYIO (a3y, YTO ynpouiaer
yAajenne ee #3 3JeMeHTa.

PaccMoTpuM HeCKOABKO KHC-
Joponno-sogopoauux IXI, mo-
Jy4uBlI#HX Ha#6GOJABIIYIO H3BECT-
noctb. Tak, B 1950-e roam
®. Bsxowom (Auraus) 6uaa
paspaborana craunonapuam 6a-
Tapes ¢ NBYXCJIOHHHMH MeTaJ-
JOKepaMHYeCKHMH HHKeJIeBHMH
3JeKTponaMu # CBOGOLHKHIM 3Je-
KrpoautoM — 30%-HHM pacTBo-
pom KOH. Barapes moumuocTtbio
a0 5 xBr paGorana npu 200—
240°C u pamiaeHuu rasoB 2—
4,5 MIla, yro cnoco6¢cTBOBAJO
JOCTHIKEHHIO BHICOKOTO pa3psl-
Horo nanpsixenus 0,9 B na sue-
MEHT INpH MJOTHOCTH ToKa Pue. 63,  Saexrpoxummue-
1 xA/m? u 07 B npu 4 kA/u2, CKHA ;,e;;‘;gmpng"v:gc Pratt

YcoBepuIeHCTBOBAHEE 3M1€- oo kopaban eAnonnons
MedTH D3kona nocayxuiH oc-

RoBo#t DXI' mowHocTbio 1,4 KBT gJ19 KOCMHYeCKoro Xopa6as
«Anosnon» (pupma Pratt and Wittny, CILIA). Buemunit
B DXI' npeacrasieu ua puc. 6.3. Ycaoeua paGorn age-
MEHTOB M3MEHHJIHCh: JJIA yMeHbIUEHHS MaOCH HCTOYHHKA
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TOKa naBjeHHe raios cHuxeno po 0,4—0,5 Mlla, anexrtpo-
autoM caymur 85%-uuiit pacrBop KOH npu pa6oueit rem-
nepatype 200—260°C. B unTepBase naorHoctH Toxa 0,25—
1,0 kA/M? Hanpamenne Ha 3jieMeHT cocraBaser or 1,1 go
0,9 B. Kucaopon u Boxopon XpaHarca B CIHXKeHHOM COCTO-
AHHH B KpHOCTaTax Hoj xabjeuuem 6,2 u 1,7 MIla coorser-
<CTBeHHO H MOAAIOTCA B 3JeMeHTH MNocJe NMogorpesa go 65°C
H penyllHpoBaHHA nasieHusi. Bo Bpema paGora TD npu Bu-
paborxe 1 xBr-4 ajnexrposuepriH obpasyerca ~0,4 kr
BOJH, KOTOPas HCHOAB3YeTCR B CHCTEMAaxX XH3HeoGeclieueH s
KOCMOHaBTOB.

710 craBAT kHCAOpPOoAHO-BoAopoaHHe IXI' BHe KoHKypeH-
uHH no cpaBHeHuio ¢ DXI Apyrax cHcreMm.

Henocratox cpeaHereMneparypHux Garapeft — HeBH-
COKHfi pecypc paboTH, XoTOpH#i N0 HelaBHero BpeMeHH He
npeBuian 2500 4. Pecype Brme 5000 4 HMeIOT HH3KOTEM-
neparypusie IXI', B KOTOPHX CKOpoCTh HEOGPAaTHMHX Npo-
LeCCoB JerpajainHH MaTepHAJOB He TAaK BHCoka. ToOMJaHB-
HHe GarapeH TaKoro THNA CO3ZaHH pPAZOM 3apyGexHbIX
¢upm. DneMeHTH co CBOGOAHHM 3JMeKTpoAHTOM pa3pabo-
TaHH HAa OCHOBe YTOJbHHX 3JeKTPOJOB PAa3NHYHOH KOHCT-
PYKUHH rojmHHo# 0,5—2,0 mMm. Boaopoauuit anexkTpoa
(ruzpoo6H3HPOBAHHHN HAH FHAPOPHIBHHA) aKTHBHpYeT-
CA NAATHHOH, KHCAOPOAHBIA — MAaTHHOH, Ccepe6poM HJAH
aNIOMHHHEeBO-KO6ANbTOBHM IINHHEJNLHHIM  KaTaJMH3aTOpPOM.
ITonoxHTenbHHe 37eKTPOAN MOryT paboTaTb MpPH HCHOJb-
30BaHHH YHCTOro H armocdepHoro KHcAOpoAa.

BoazyuwHo-BofopojHHe TonAHBHHE GaTtapen Gojee
TNpocTH N0 YCTPOHCTBY, HMEIOT COKpamleHHHH pecypc
paborH H3-3a NOCTENEHHOro OTPaBJeHHA KaTajlH3aTopa
JHOKCHIOM YyriepoRa, a Takxe KapGoHH3auuMH mIeJn0Y-
HOTO 3JIeKTPOJHTa; HZOMYCTHMAs [MJIOTHOCTb TOKAa Ha HHX
BJBO€ HHXeE.

B anemeHTax ¢ MaTpH9YHHM 3JE€KTPOJHTOM (HHPMH
Allis Chalmers (CILA) ncnonb3oBaHH HHKeJeBHeE BHCO-
KONMOPHCTHE 3JEKTPOAH ¢ NJAATHHOBHM AJAf BOJOpPOAA H
cepe6pAHLHIM A KHCAOpPOAA KarajH3aToOpoM, auapparma
ac6ecroBas. DaekrpoaHT — 30%-uuit KOH. Baaroaaps
OTHOCHTEJIbHO BHICOKo# Temmneparype (zo 93°C) Garapes
MomHoCTbI0 5 XBT npH HanpsxeHHH Ha 3nemente 0,93 B
HMeeT yJIe/ibHyl0 MAaxCHMaJbHyI0 MomHoctb o 75 Br/kr,
uto BHllle, YeM Ha DXI' aaa «Anoanona». CpaBHHTeNbHEE
BOJbT-aMNlepHHe XapaKTepPHCTHKH KHCJAOPOAHO-BOZOPOIHHX
T3 ganu ua puc. 6.4.

HekoTopue opuenTHpoBoYHHE NapaMeTpH KHCJAOPOLHO-
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Bogopoauux DXI no cpaeuenmio ¢ IXI' apyrux cucreM
npeacrabJeHd B Ta6J. 6.1.

Beayrcs paGoTH no COSAAHHIO KHCJAOTHHX BOSAYIIHO-
BopopoaHuix IXI' ¢ nporHosupyeMuM pecypcoM no
40000 qu. Mix npeumymiect-
BO nepej meaouduiMu Ga-
TapesM# 3aKJiouaercs B
HeuyBCTBHTEJbHOCTH K KOM-
noenraM Bosayxa (CO,
H 1p.). Onuako npumeHe-
HHe  KOHIEHTPHPOBaHHOMN
KHCAOTH (HoSO,  naam
H3PO.) s3acrasaser pe-
maTb 3ajayy KOppO3HOH-

Ly o
T

|

Hanpawenue, 8
)
>

HOH CTOHKOCTH KaTaJin3aro- 0 1 2
POB H MATEepPHaJOB KOHCT- Mromuocme  mona, KA/}
PYKIHH.

Nanvuefimiee passBuTHE pye, 64. BosbT-aMmepnas  xapax-
TOMJIHBHHIX 6aTapefl Olipe- TepucTHKE  cpeaHeTEMMepaTypHOro
AeSeTCH NepCneKTHBOR ux () u muusxotemmepatypHoro (2)
HCIOJb3OBAHHA B KOCMHYe- KHCJIOpPOAHO-BOAOPOAHOTO TOIIVINB-

HOTO 3JieMeHTa
CKOH H TCdIAPOACrHYECKOH
TexHuKe, AJAA IneprocHalb.
JKeHus 3JeXTpoMobuJieli’ ¥ B KayecTBe MOMIHHX (NMopaaka
JNeCATKOB MeraBaTT) CTallHOHapHHIX Garapeli B cucreme BO-
Aopopuofi 3xHepreruky. [Ipo6aeMH pa3BHTHA CBA3aHH ¢ He-

TaGauna 6.1. Cpapauteannnie xapaxrepuctnxn  IXI  pasanunbix

cEcTeM
c ol R ) P 5 ey
HCTEMA n:t;r:. xenne, B | Pecype, 1 llolgw J B?wjxr'
Hr—0, 0,5—24 | 26+5 5000 5—60 | o 900
H—0.* 6—9 | 60—90 | 5000 | 25—45 » 600
N:H,-H,0—H,0, 30 262 — Ho 200 | » 300
CHsOH—O,* 003 10506 | 1500 — » 300

¢ Kucsopox Bosayxa.

06X0N#MOCTbIO CYHIeCTBeHHOro cHuXeh#n croumoctH IXI
H OoBHleHHs pecypca paGoTu. I[To-BHAMMOMY, OCHOBHHIM
THnoM TD ocTaHeTcs KHCJIOPOAHO-BOAOPORHHH 3JEMEHT; HC-
noib3oBaHHe THAPasHHa H MeraHoda CHePXKHBAeTCs HX
“TOKCHYHOCTBIO.

161



KOHTPOALHBIE BONPOCHI U 3AAAHMA

1. PaccuntafiTe TeOpeTHYECKYID YAGIbHYIO 3HEprHio 3JieMeH-
Ta BoasTa.

2. NMoueMy ans cAMXKEHHSA caMopaspala UHHKOBOTO SJeEx-
TPOAa NPHHUMAIOT MepH Aaf NOBHUIEHMS BOAOPORHOrO mepena-
npsKeHuss Ha OTPHHATEJAbHOM 3JIEKTPOJe H KOHTAKTHPYWOILHX C
HHM MeTaJJuyeckux nosepxnocTax? [IpueeauTte HpuMephL.

3. lNoyeMy nopHcTHi UHHKOHLI 3/CKTPORX He NpPHMEHSIOT B
coneBbix MIL snemenTax?

4. CywecTByer Aua Bapnanta menounux MLl Hcrounuka
TOKa B raGaputax GaTaped 3336. Uem paszanyalorcs HX Xapak-
TepHCTHKH? Raxoﬁ BAPHAUT BL cuMTaeTe GoJee NepcrnekTHBHLIM

H ﬂOlleuﬁ?

5. Iloctpoiite 3aBucumocTH Wyp==f(Nyp) ans cosesux u
MIE0YHHX 3/IEMEHTOB, HCNOJAbL3Ys AONOJHHTEAbLHYIO JHTEPAaTYpY,
pkmoyasi TOCTu. [IpoauanuanpyiiTe nosyueHHsie pesyabTaThl.

6. O6bsicuuTe npuynub BHCOKOR yaenbHol speprun PLl n
BI1 anementoB.

7. Novemy B PL| 3seMeHTaX OTPHHATENLHYI0 AKTHBHY0
Maccy rOTOBAT Ha OCHOBe TrpyGOAHCNEpCHHX KHHKOBHX nopowl-
KOB H Jla)Ke HHHKOBBIX ONHJOK?

8. Kakne sJjextpoAn orpammunsapt emgocts MIIL, PLI, BLL,
CLI sneMentoB? llahTte obGocHOBamHe.

9. Kak CcOBMECTHTb BHICOKYI0 3JIEKTDOXHMHYECKYI0 8KTHB-
HOCTL NMTHA C OuYeHb HMH3KHM CaMOpa3pAfioM JIHTHEBOrO SVIeK-
TpoAa B IEKTPOJAHMTE C aNPOTOHHLIM pPacTBOPHTENEM?

10. IIpoauanusupyiite NPHYHHE BHICOKHX YAeNbHHX Xapak-
TepucThK JI3.

11. TloueMy BogmoaxkTuBBpyeMbe OGaTapen o06aafaT cpas-
HHTEIBMO MeBHICOKOR yAeabHOf suepruefi, HecMOTps Ha GoJbliHe
SHepreTHYecKHe BO3MOXHOCTH NpUMeHAeMHX B HHX CHCTeM?

12. Tlovemy B 3neMenTax amnyabHbix GaTapefi, Kak NpaBu.o,
He NPHMEMHIOT NOPHCTHE SNACKTPOABI?

13. Cpasunte Mexnay coGOf NOJOXKHTEAbHHE 3JMEKTPORH BO3-
AYUIHO-MapraMiieBoro, BO3AYLIHO-BOAOPOAHOTO H KHCJIOPOAHO-BO-
AOPOAHOrO TONJBBHLIX 3JieMEHTOB. B weM oTaH4He ycTpolcTBa,
ycnoBuii paGOTH H KHHETHYECKHX XapaKTepPHCTHK?

14. PaccuntafiTe TeopeTHHeckyl0 YAelbHYI0 SHEpruio HH3KO- #
CpEeXHETEMHEPATYPHOTO  KHCJAOPOAHO-BOAOPORHMOTO  TONAHBHOrO
aflleMEeHTa ¥ CpaBHHTe NOJAYYEHHHe 3Ha4YeHHs C PeasibHO AOCTHr-
HyTuMH. Ilpoanasu3upyiiTe npuYMHLI padjiHYHA.



PASAEAR I
AKKYMYJIATOPLI

Mepeas nyGauxaua o6 oTkpHTHH <«o6paTHoro TOKa»
npunapaexur U. Parrepy (1803). Or nponyckax 1ok 4e-
pe3 NJIACTHHKH, pa3fieieHHHe BJAXHHMH NpoKJaAKaMH,
Xo6uBasichb pas3JIOXeHHs BOAH, H Nocje NpeKpaileHHA
3JeKTposu3a HaGiaioXan Tok ob6paTHoro HanpasjeHus.
A. Boabra o6bacHHa 3toT 3P deke HakomjeHHeM Ha 3JekK-
TpoAax Bojopola H KHciopoXa. ¥. I'poys (1839) cospan
Ha 3TOM NpHHUHNe 6aTapeio, COCTOAINYI0 H3 3JIEMeHTOB C
MJIATHHOBHIMH 3JIEKTPOAAMH H CePHOKHCJIOTHHM 3JIeKTpO-
autoM. Ilpn sapsane (sjekTposiuse) Ha sJjekTpogax obpa-
SOBHBAJHCH KHCJAOPOA M BOJZOpPOA, Npu paspsje npoTeKa-
Ja ob6paTHas peaknus cHHTesa BogH. Barapes I'poysa —
NepBH{ ONHT CO3AaHUA BTOPHYHOrO XHMHYECKOIo HCTOY-
HHKA TOKa.

HsobperateneM nepBoro B MHpe akKyMyJasaTopa aBJs-
erca I'. [laante, koropuii B 1860 r. npoaeMoHcTpHpoBad
CBHHIOBO-KHCJIOTHYI0O GaTapeld #3 JeBATH 9JEMeHTOB,
BKJIOYeHHHX napaJJueapHo. Axkymyastop [laadre npen-
CTaBJAJ cOGoff JABA JIHCTa CBHHIA, CBepHYTHe CNHpaJLHO
H pasiejeHHHe NOJOCKaMH pe3HHH; 3JIeKTPOAH MNOrpyxa-
auce B 10%-#uft pacTBop cepHoft kucaoTH. Jas noBHule-
HHA eMKOCTH aKKyMyJSiTOp HofBeprajci MHOHOKpaTHO#
noJiApH3alliH OT SJeMeHTHOfi GaTapeH, nmpH STOM Hanpas-
JieHHe TOKa MNepHOAHYECKH MeHsJdocb. Tak 6bla H306pereR
npouecc ¢opmuposanus. K. ®op (1880) npepsoxna yse-
JAHYHTb €MKOCTh HaHeceHHeM Ha NOBePXHOCTb 3JI€KTPOAOB
NacTH H3 OKCHAOB CBHHOA. JJsa ayuilero ymepxaHHa nac-
TH Ha nosepxHoctH O. ®oubkMap (1881) samenun raan-
KHil JHCT CBHHUOBOA pewleTkoff, KOTOpas nosgHee GuJa
ynpoiHeHa JerupoBaHneM ceHHUA cypbMofi (A. Ceaon).
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3apsn akKKyMyAsTOpPOB MauanH NPOBOAHTb, PHMEHAR 3J€K-
TPOMArHHTHHIE reHepaToOpw MnocToAHHoro Toka. IToche 3THX
YCOBepIIeHCTBOBAHHA HOCTOMHCTBA BTOPHYHBIX HCTOYHHKOB
TOKA CTaNH OYEBHIHBIMH.

B 1890-¢ roam B. IOHrmepom u He3aBycHMo OT Hero
T. dnuconoM 6winu paspaboraHm obuiue MPHHOHOH KOH-
CTPYKIIHH HIeJoYHOro akkymyasropa. OcHoBHas ujes 3a-
KJ104anach B NPHMEHEHHH MeTalJMHYeCKHX NMOJLX TOKOOT-
BOJOB C NepopHpPoBAHHHIMH CTeHKaMH. ITo NO3BOJSJIO
HCNONb30BATh B KaueCTBe aKTHBHHX BeHieCTB CHNyiHe H
obanapaomye HH3KOH NPOBOAHMOCTbIO JHEpProeMkKkHe OKCH-
Apl 1 ruapoxcuan. B 1900 r. nosBHACH HHKenb-KanMHeBMl
akkyMyastop lOurwepa u B 1901 r.— Hukeab-XKenesubift
aKKyMyJaaTOp DAHCOMA, BNOCAEACTBHH HX HA3BAMH JaMeJb-
HuMH. B 1940-x ronax 6wiau cosgamn GesjamesbHHE HIe-
JoYHbEe aKKYMYJATOPH.

HoBHe 3JeKTpoxHMHYecKHe CHCTeMB OHJHM peann3oBa-
Hol B cepeGpAHO-IIEHKOBOM aKKyMyJasTOpe, H306peTeHHOM
I'. Augpe (1943), 2 TakXe B Meranno-rasoBHX H APYTHX
akkymyastopax (cm. ra. 11).

Tnasa 7
CBHMHLULOBLIE AKKYMYNATOMMI

Kuciornbie CBHHHOBHIE AKKyMyJASTOPH HBJSIOTCSH
nanboJiee pacnpoCTpaHeHHLIMH CpefH BTOPHUHHIX XH-
MHUYECKHX HCTOUYHHKOB Toka. O6Jamas cpaBHHTEALHO
BHICOKOH yaeAbHOH MOHIHOCTBIO B COYETaHHH C Ha-
AeIHOCTbIO H OTHOCHTEJIbHO HH3KOH CTOHMOCTBIO, 3TH
aKKyMyJaATOpH HaxXoRAT pasHoobpasHoe npaxTHue-
ckoe npumenenne. CBoefl MonyJaspHOCTbIO H LIMPOKHM
MacurraboM NMPOHSBOACTBA OHH 00M3aHB CTapTepHHM
Garapesm, NpefHASHAYCHHHIM A5 PASJHYHBIX CPEACTB
nepenBHXKEeHHA H Npexie Bcero aBTroMobuaell. B srof
06JacTd HX MOHONOJbHOE NoJoXenHe ycTofiumBo H
coxpanuTcs JoJiroe Bpema. Ha 6ase CBHHIOBHIX ak-
KyMyJsTOPOB KOMILIEKTYeTCH mnopaBadiomee G6oOab-
IIHHCTBO CTANHOHAPHHX H SHAYHTeJbHas 4acTb Ba-
rounnX Garapefl. Ycnemmno XoHKYpHPYOT C Iieno4-
HHMH TArOBHE CBHHIOBHE AKKyMYJIATOPH.

Bce Gonee mmpokoe pacnpocTpanenne TNoJydaior
MafloyXonHuule craprepHple 6atapeH, a Takxe Gesyxon-
HHe (repMeTHsHpoBaHHHE) GaTapeH, npenHasHadeH-
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HHe B OCHOBHOM JAJIf MUTAMHA Pa3n#IHHX npuabopos
GHITOBOH 3JIEKTPOTEXHHKH.

Ecas B xonue XIX B. HoMuHanenas yneanHas
aveprud Jydmu#X CBHHUOBHX AaKKyMYJATODOB INOCTH-
raja 8 Br-u/kr npu pecypce ao 100 mukaos, To Aad
coBpeMeHHHX 006pa3smoB 3T# BeJWIHHH COCTABJAAIOT
30—35 Brt-u/kr u 300—500 uukJOB, Jyull#e TArO-
BHe aKKyMyaaropw oGnapaiorT pecypcom no 1800
IUKJIOB.

7.1. Teopus CBMHUOBOIO BKKYMYNATOPSB

daexTpoAHNEe NpoueccH Npu 3apane B paspspe. Cor-
JIACHO COBpPEMEHHHIM npeAcTaBleHdAM, NoTennHanobpasy-
I0IHH nponece, mpoTeKaUl#l Ha OTPHIATEALHOM 3JeK-
TpPole CBHHIOBOTO aKKyMYJATOPA B CEPHON KHCJIOTe, HMe-
€T BHA

Pb + HSO; - PbSO, + H+ + 2e— (7.1
INorenuuan, oreevaiomuit pasuosecuio (7.1), paseH
2,3RT Sut
2 J =
EP = E0 ¢ oF g . EO0 4
HSO;
2,3RT 2,3RT 2
+ oF 1g KHSO: —_— oF lg asOg » (7.2)

rae Ko — — xoMcranra nucconwanuu wonos. HSO;. Co-
4

raacHo ypaeHen#io (7.2) aGcomioTHoe 3HaveHue paBHOBeC-
HOrO NMOTeHH#aJa CBHHIOBOTO 3JIEKTpoAAa Bo3pacraer C
yBeJHYeHHeM aKTHBHOCTH cepHofi kuchord. IIpoumece (7.1)
npeacrasaser cobofi B ynpouieHHOM 3an#c# paBHoBecHe
CBHHIA C ero ABYX3apAAHHMH HOHAMH

Pb2+ 4-2¢—:2Pb
AAA KOTOPOrO PABHOBECHMBHI MOTEHIHAN COCTAaBJASET

o 2,3RT
EP = Epya+ fpy + o l28ma+. (7.3)

AKTHBHOCTH HOHOB CBHHIA MOXHO BHIPAa3HTH uepes ax-
THBHOCTb CyJbdaT-HOHOB ¢ MMOMOMILIO NMPOH3BEAeHHA PacT-
BopuMocTé Lpyso’

82+ = ‘Lpbso‘/asoz_. (74)
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IoncraBHe BupakenHe (7.4) B (7.3), moayuHM ypaBHeHHe
(7.2), B xoTOpOM

2’3RT
BO=Ep ot ey + 55 — 1€ Lpnso,-

0 = =
Hockomxy  ED,, o= —0,124Bn Lpyey, =10-8, 1o E0=

- 0,356 B.

[orenunano6pasyomnft npouecc, nporexalomuii Ha
rpaHnLe AHOKCHI CBHHIA — cyabdar cBHHUa B pacrsope
CepHOH KHCJAOTH, 3aNHCHBAIOT

PbO; + HSO -+ 3H+ - 2e— 2= PbSO 4 2Ho0 (75)

PaBHOBeCHbIi MOTEMUMaJ NHOKCHAHOCBHHIIOBOTO 3JEKTpO-
Aa coraacHo (7.5) Buipaxaercs dopMyaon

3
2,3RT_, Byt BHSO,

2F aﬁ,’o
4
2,3RT 2,3RT Byt 650%™
+ 2F Ig Kusog + 2F Ig agho - (1.6)

Kak Buano H3 (7.6), moreHuHaXl AHOKCHAHOCBHHLIOBO-
ro 3JeKTpofia TaKxke yBeJMYHBAETCA C POCTOM KOHIIEHTpa-
nrH saexTpoaura. TaxuMm o6pasoM, cyMMapHH® nponecc B
CBHHIIOBOM aKKyMyJsiTOpe @pH ero pa6oTe onHCHBaercs
ypaBHeHHeM

PbO; + Pb + 2H,S0, %ﬂ' 2PbSO, + 2H:0 (7.7)

a DJIC axxymyasropa coraacio (7.2) u (7.6) cocrasaser

2,3RT a
E=2,041 4 ’315 ig Ha804 . (78)
8H,0

Teopus dsodinod cyassparayuu, cornacHo KoTopoii Ko-
HeuHHM MNPOAYKTOM pa3psAa Ha OGOHX 3JeKTpOoAax ABJfA-
erca cyabdar ceuHua (7.7), 6nua npeanoxena JI. aan-
croHoM u A. Tpafiom (1882).

Haa TepMoanHaMuuecKOro o60CHOBaHHA TeOPHH NBONH-
Hofi: cyapdpaTauHe GulJo Hcnoab3oBaHO BhiuHciaeHHe DJIC
aKKyMmyJaropa no ypaeHeHHw ['n66ca—IeanMrodsia
(1.2). Pacuer, nposenennnit A. K. Jlopennem ans cephoft
Kucjaota (ot 0,49 no 40,71%), mokasaa, urc paccudraH-
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nble ¥ u3Mepennne 3HaueHns DI C coBmazalor ¢ TOUHO-
crbio go 0,979%.

MexaHnn3M NponeccoB, NPOTEKAIOHIAX HA aKKyMyJs-
TOPHHX 3JEKTPOjax NpH paspsie H 3apaje, CAOKEH H K
HacrosuleMy BpeMeHH H3yuyeH HejpocrarouHo. O6cyxaaer-
CA BO3MOXHOCTb NapaJJeJbHOrO NpPOTeKaHHH peaknuid B
pacreope u B TBeprofi ¢a3e, npHueM COOTHOLIEHHE CKOpO-
crefl 3THX peaKuuid BO MHOTOM 33aBHCHT OT YCJOBHA nojs-
PH3aKHH.

IIpn paGoTe oTpHmATENbHOrO 3JEKTPOAAa NpeHMYLLECT-
BO HMelOT XHJAKoda3HuHe NpOIeCCH, NPOXoAsAllHe N0 Mexa-
HH3MY «pacTBOpeHHe — ocakjaeHne», HauaanHolt crazueil
paspsja CBHHIIOBOTO 3JeKTPOJAa B CEpHOKHCJIOTHOM 3JeK-
TpOAHTE uBAseTcH HOHM3anns cBHHna Pb—-Pb(II). Ilpn
aroMm, Hapsay ¢ umoHamu Pb*t o6Gpasyiorcs pacrBopuMue
XOMIIeKCH JBYXBaJeHTHOrO CBHHIA. Tok oOMeHa paBHO-
Becuss Pb=Pb(II) Becbma Benuk, pocraras 0,8 Ajcm?, Ho
UpH HaJHYHH NMACCHBHPYIOUlEro CyJAbdaTHOro CJOS B Cep-
HOKHCJIOM pacrBope BeJuuHHa iy majnaer no 0,4-10—5 Ajem2
Auajornunuii, Ho MeHee BblpakeHHbI >(dexkr Habmona-
ercA npu agcopbuMr Ha 3neKTpole NOBEPXHOCTHO-AKTHB-
HHX BellecTB.

[Mocnenyioman cragus pa3psaa — KPHCTaJUIN32LHA HA
ajJlekTpole Cyibdara CBHHILZ, HAUMHAIOWAACH TNOCAe ROC-
THXEHHH 3HAYHTEJbHOTO NepecHUIeHHH NPHIAEKTPOLHOro
ciaos. DToT Mpomece, Kak m pacrsopedne PbSQ,, sBasercs
peakuueli nepBoro NMOPAAKAa H XapaKTepPH3YeTCH CKOPOCTHIO
Uxp6- 10-3 cm/c (20°C).

[pn 3apajge oTpHnETENLHOrO 3MEKTPOAE CBHHILOBOTO
AKKyMyJATOpa2 HaualbHad CTajHi — paCTBOpeHHe CyJbda-
T2 CBHHIIA MPOTEKdeT CO CKOPOCTbIO, PABHOM NMPHMEPHO Ukp.
Tlocaenylomias  CTaaus — 3JeKTPOBOCCTAHOBJEHHE HOHOB
Pb(II).

leteporeHHe HeasleKTPOXHMHYECKHe peakuuH (KpHC-
TaJJIn3aUNs H pacrBopeHHe cyabdara CBHHIE) Hapsaay C
Anddysnefi ABARIOTCH CTaZHAMH, ONpPEJEJSIOUIHMH  CKO-
pocts paspanunoro (Pb—-PbSO4) u sapaauoro (PbSO~
—Pb) nponeccos. Peakuun Kpucraiausamuu m pacrsope-
HHUH pE3KO 3aMelJAIOTCH NpH CHHXKEHHH TeMhepaTypH.
Ato Hapany ¢ MOHMMKEHHeM CKOPOCTH MaccoliepeHoca o6yc-
JIOBAHBEET NajeHHe pa3pAfHOil eMKOCTH 3JeKTpoia NpH
HH3KHX TeMneparypax.

HenocpencrBennofi mpuumnolt, orpaHnunBaiomefl BO3-
MOXHOCTb NpOBeNleHHA pa3pAia CBHHIOBOTO 3JeKTpOAa,
CAyKHUT o6pa3oBaHHe Ha ero MOBEPXHOCTH MaCCHBHPYIOLIe-
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ro cyashatHoro caos. Cyasa no 3NN4NCOMETPHUECKHM Nad-
HBIM, MePBOHAYaNbHO Ha MOBEPXHOCTH AHOAHO MONAPH3Ye-
MOro cBHHIA o6pasyercsi cyibdaTHas NJeHKa TOMLIHHOH
70—90 uM c Goaswoft nopucrocrbio (>90%). B xoze
AajbHefillero pa3pAia 3JeKTpolda NMOPHCTOCTb NMajaer, mo-
CTeneHHO NMPHOAHXKAACL K HYJIO, H HOHH3ANHA CBHHIA CTa-
HOBHTCH HeBO3MOXHOH. CHiXKeHHe TeMllepaTypH BH3bIBaeT
POCT YAENbHOTO KONHYECTBA KPHCTANNHYECKHX 3apOoauILIed
PbSO, #a moBepxuocr# 3JNeKTpola H, Kak CJelCTBHe,
yMeHblIeH#e TOPHUCTOCTH, YTO BeleT K YCKOPeHHOH naccH-
Balld¥ 3JIeKTpOAa.

i sapAAdo-paspANHHIX peaKN#d, npOTeKalOHHX Ha
MONOXHTENbHOM 3JeKTpofe, HauGoJee..BePOATHHIM CUHTA-
ercsi TBepaodasnunit MexawwsM. B mpomecce KaroaHoro
BoccTaHOBAeHus (paspaga) adokcan cBuuna PbO, (1,9<
<n<2,1) nocreneHHo CH#Xaer CTrelnedb OKHC/IEHHA B pe-
3yJbraTe yAaJeHHs KHCAOPOAa H3 KPHCTaJJHYeCKoH pe-
meTKd. STOT NpoUecC MOXeT NMPOTeKaTb MO cxeMe

PbO,, -+ 28H+ 4 28e— — PO, _, + 3H;0

¥ TIPOHCXOAHT Ge3 W3MeHeHHs CTPYKTYpH # (asoBoro co-
CTaBa BOJOTb A0 06pPa30BaH#A HHU3KOOKUCJAEHHBIX OKCHAOB,
COAepXKaHHe KHCJIOPOAa B KOTOPDHX 3aBHCHT OT KpHCTas-
AdUeCKOW MoAHpHKalH# [NHOKCHIa CBHHUa: a=PbOr~
—PbOy 44; p=PbOsr>PbO; . Houu sogopona moryr nud-
byHaupoBaTh B KPHCTAANUYECKYIO pelIeTKy AHOKCHIA
CBHHLA #3 pacrBopa. Caenyer émerb B BHAY, 4YTO HOHH
H+ BXOAAT B COCTaB KPHCTANIHUECKON pelIeTKH LHOKCHAA
CBHHIA, o6ecrey#Bas (HapAAy c BaKaHCHAMH# B KpHCTaJ-
JId4ecKofl pelleTKe) BHCOKYIO 3JEKTPHYECKYI0 NPOBOLH-
mocrb PbO,. B nenoM Hanwune BOLOpOAa B COCTaBe aK-
THBHOH MacCH, NO-BHAHMOMY, OGYCJOBJHBaeT 3J€KTPOXH-
MHYecKyl0 aKTHBHOCTh AHOKCHAa CBHHLA.

MaJiookdc/eHAHe OKCHAW CBHHIA, O6pasylolidecH Ha
HauaJbHHX CTaAWAX pa3pAAHOrO Npolecca, B3auMoAefiCcT-
BYIOT 3aTeM C CepHOKHCJOTHHIM 3JeKTPOJTHTOM, Mepexolds
B CpelHHH # OCHOBHHe cyabtard. B uacrHocrd, uccaeno-
BaWHs NOCNAeJHHX JeT MOKa3al# BepOATHOCTb NPOMeEXy-
TOYHOr0 06pa30BaHHs TPEXOCHOBHOTO CyJabara CBHHIA
3PbO-PbSO4-HyO. Takum o6pa3oM, paspsaaHHii mpoumecc
Ha JHOKCHAHOCBHHIIOBOM 3JieKTPode MOXeT GHTb INpel-
CTaBJieH cXeMo#

|
PbO, - PbO,_, —3PbO-PbSO,- H0 — PLS04
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Kax u B cayyae orpHMUaTe]bHOro 3J€KTPoAa, KHHETHKa
paspafZa MOJOXKHTENbHOrO 3JEKTPoAa CyiIeCTBEHHO 3aBH-
CHT OT CKOPOCTH HE3JIeKTPOXHMHYECKHX MpOLeCcCoB, TAKHX,
Kax auddysua uoHoOB, 3sapoabmeobpasoBaHHe M KpHCTaJa-
JAu3auHa HoBHX (a3.

MexaHnnsM 3apAga NOJNOXKHTENbHOTO 3JeKTpoga H3yueH
HejocTaTo4Ho. MoXHo moJararb, 4TO B INpollecce 3apaaa
HMeeT MECTO aHogHoe okKHciaeHue mouoB Pb?+ na nosepx-
HOCTH 3/eKTpoaa ¢ nocjenylomum o6pasoBaHHeM KpHCTaJ-
JNHuecKol pellleTkH AHOKCHAA CBHHIA. BosMoXHo Takxke
npoTekanue aHoaHofi peakiMH no TBepAodasHomMy Mexa-
HH3My C TpPOMEeXYTOUHHM BO3HHKHOBeHHeM MAaJIOOKHCJEH-
HHX OKCHAOB CBHHLA

PbSO, + nHy0 — PbO,, + (2n — 1) H+ + HSOF + 2 (n — 1) e—

KOTOpHe B mpolecce 3apsAja MOBHUIAIOT CTENeHb OKHCJe-
Hua. Conepxanue KMCIOpPoaa B aKTHBHOA Macce 3apsiKeH-
HOTO MOJIOXKHMTEJAbHOTO 3JeKTPoZa 3aBHCHT OT YCJOBHHA
npoBelleHHAA 3apsAja M 0COGEHHO OT KOHEYHOro 3apsaAHOro
noreuuHana.

Npoueccn camopaspsana. Camopaspsn CBHHIOBOro ak-
KyMyJATOpDa B OCHOBHOM ONpefelfieTcss CKOPOCTbIO CaMO-
pacTBopeHHs CBHHIIA N0 PeaKIHH

Pb 4 HySO4 = PbSO¢ + Ha (79)

B orcyrcTBHe MOCTOpPOHHHMX NpHMecefl peakuusi NPoTeKaeTr
MeJJIeHHO H3-32 BBICOKOro MNepeHanpsiKeHHs BbieNeHHs
Bonopona Ha csuume. I[IpakTHueckn y Bcex meranioB, fB-
JSAOUHXCA JEerHPYIOIHMH J06aBKaMH, a TakKKe BCTpeyaio-
IHXCS B KauecTBe NpHMecefi B AKKyMYJAATOPHOM Chipbe,
3HaueHHe BOJAOPOAHOIrO NMEPEHANpPSKEHHA HMXKe, YeM y YHC-
Toro cBuHua. [losTOMy nosABJeHMe 3THX METaJJIOB Ha Io-
BEpXHOCTH OTPHIIATENLHOTO 3JE€KTPOAA YBEJHUHBAET CKO-
poctb peakuuun (7.9), mpuueM BpexHoe AeficTBHe NMpHMe-
cefi MOXHO KayeCTBEHHO 0XapaKTepH3oBaTb 3HAaUeHHEM
BOJIOPOAHOro nepeHanpsxenua Ha HUX. C poCTOM Temme-
paTypu H KOHLEHTPALHH 3JIeKTPOJHTA CAMOPa3pAjx YCHIH-
BaeTcH.

Ha npaktuke neficTBHe, oka3biBaemoe MHOIMMH TpHMe-
CSIMH, NepeKpHBaeTcss JefiCTBHEM CypbMH, CogepxKaHHe
KOTOpPOH B aKKyMyJATOpHOM CliaBe Jgoxomutr no 6%.
CypbMa, cofgepXkamascd B TOKOOTBOJe OTPHIATENLHOrO
SJeXTPONa, CyllleCTBEHHO He BJAHAET Ha CKOPOCTb CaMopas-
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Pana, Tak Kak pas3psa BOAOpOJa POHCXOAHT B OCHOBHOM
Ha NOBEPXHOCTH ry6uaroro CBHHNA. 3aMeTHOE BJIHsHHE
OKa3HBalOT KOMMIOHEHTH TOXOOTBOA3 MNOJOXKHTEALHOIO
anexTposa (BKJNIOuas CYpbMYy), KOTOpHe MepeHocATes Ha
OTpHIATENbLHHA 3JEKTPOA B Mponecce 3apffa, yckopss ca-
Mopaspsa.

Ancop6uusi HeKOTOPHX OpraHWYecK#X BeiiecTB (HHru-
6G4TOopoB caMmopa3psiia) Ha OTPHIATENbHOM 3JeKTpoje
TIpUBOAUT K CYyLIECTBEHHOMY POCTY BOAOPOAHOro NepeHan-
pAXeHHS, YTO IKBUBAJEHTHO CHHIKEHHIO CKOPOCTH CaMo-
pacTBopeHH#s CBHHIA. Tak, B KauecrBe HHrubGdTOpa caMo-
pa3pana noayuy#sa H3BeCTHOCTh a-HadToa, aas KOTOpOro
XapaKTepHa MHOrocjofiHasi aacopbuiust Ha CBHHIE H CYyNb-
¢dare ceunpa. Ilpu xonueHrpanuu o-Hadrosa, GAH3KOH K
HaCHIeH#I0, TOJUIHHA ajcopOudoHHOA NNACHKH JOCTHraer
~20 M.

Pocty caMopa3psaia MoXeT cnoco6CTBOBaTb KHCIOPOL,
PacTBOpPEHHHIA B 3AEKTPOJHTE:

Pb + 1/,07 + HzSO, -» PbSOy + Hy0 (7.10)

CxopocTb peaknu# JNuMHTHpyercsi mpoueccom AHGGy3un
KdclopoJa, KOHUEHTpauuss KoToporo Manaa; no mepe oGpa-
3oBanHa cyabdarHoli MJeHKH peaKuus 3aMennsercs.
B urore mpu padTENbHOM XpaHeHHH aKKyMyJasTopa caMo-
pa3psii CBHHIOBOro 3J€KTpoja NpoTeKaeT MNPeHMyILecT-
BeHHo No peaknnu (7.9).

Camopa3psi NoAOXKHTENBHOTO 3JEKTpoja, KaK NpaBH-
Jio, HeBeNHK # 06yCIOBNAEH CaMOHpPOH3BOJBHLIM BOCCTaHOB-
JieHHeM IHOKCHAa CBHHLA MO peaKu#H

PbO; + HpSO4 — PS04 +1/502 + H0 (7.11)

CKOpPOCTh KOTOpOi Bo3pacraer ¢ NOBHIilieH#eM KOHLEHTpa-
uus HoSO4 3amerHnoe BausAHde OKAa3HBAIOT NPHMECH, CHH-
Kalonide NOTeHIHANA BLIJENeHHUA KHcJaopojd, HanpHMep
cypbMma # cepeGpo. JIpyrofi mpHu#HOH MOTEpH EMKOCTH SB-
JisieTcsl NPAMOR KOHTAKT NOMOXHTEAbHOR AKTHBHON MacChl
C MaTepdaJoM pelleTrKkd, B pe3yJbrare 4Yero nporeKaer
peakuus ¢ obGpasoBaHHeM cyab®ara cBuHua. Ilpu onpene-
JIEHHOM COYeTaHWH cOCTaBa CniaBa, TeMnepaTypH H KOH-
UEHTPAIHH KHCHOTH CKOPOCTh CaMopaspaja MOXET cylle-
CTBeHHo Bo3pacrartb. OgHOBpeMeHHO yBeJluuuBaeTcs Mepe-
XOJHO€ 3]€KTPoCONpOoTHBACHHE HA rpaHHNe pelleTK# ¢ ak-
THBHOH MacCoff, Takxe CHHXalollee eMKOCTb.
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7.2. YcTpo#HcTRO cTapTepHLIX cBMHLLOBLX Garapeii

HomHHaJbHOe HampsXKeHHe CBHHIOBOro AaKKyMyJsaTOpa
pasio 2 B. [las nonyueHHs crapTepHOro MCTOYHHKA TOKA
¢ HanpsxenneM 6 mau 12 B akxkymyastopn nocieaosa-
TeNbHO COeqHHAIOT B GaTapeH. YcTpofcTBo crapTepHor Ga-
TapeH HoKasaHo Ha pucC. 7.1.

Barapen 0o6uH4HO COGHpPAlOT B ONHOM MHOroAueeYyHOM
S60HHTOBOM MJH MIacTMacCCOBOM Kopmyce — MoHnoGJoke 1.
Ha nue nueek MOHOGJAOKA HMMeIOTCH ONOpHHE NPHIMH 2,

Pxc, 7.1. YcTpoicTBO cTapTepHON aKKyMYIHTOPHOH GaTapen:

1 — moHoGJa0K; 2 — oUOpHHE NPH3IMM:. 3 — GJAOK 5]1eXTPOAOB; 4 — MOAYOJNOH HOJMO-

MHTEALHHX 3JCKTPOAOA; 5 — OTpPHUATEALHHA SAeKTPOA; & — cemapaTop; 7 — mo-

JNOKHTEAbHLA 3JEKTPOA; 8 — HoAYOGJOK OTpHUATEALHHX SAeKTpoAoa; 9 — Gaperxa;

10 — murox; 11— MOCTHK; 12 — HpmKa; I3 — HpoOka; /4 — nepeMutika; 15—
H

Ha KOTOpHe ONHpaercs 3JeKTpoAHHA 6aok. IlpocrpaHcr-
BO, OrpaH#ueHHoe OMOPHHIMM NPH3MaMH, CAYXKHT IJA Ha-
KalinBaHHy WIJaMa, 4TO mpefoTBpallaer 3aMHKaHHe UIJa-
MOM pa3HOMMEHHHX 3JEeKTPOLOB.

B kaxnof suefike MOHOGJ0KA NOMEHIEHH NaCTHPOBaH-
Hhe (HaMasHHe) OTpHHAaTe/NbHHE 5 M MOJAOXKHTEAbHHE 7
SNAEKTPOAH AKKYMYJATOPa, pasaejieHHHe cemapatopaMu 6
B co6pannne B 6a0ok saextpoaos 3. Kaxaui axexTpox
COCTOHT H3 aKTHBHOH MaCCH # METaJIJIHYeCKOA pellleTKH,
KOTOpasi CJAYXHT KapKacoM H TOKOOTBoAOM. B Bepxueft
YacTH pellleTKa #MeeT TOKOOTBOAfulee yiIko. OanouMen-
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HHe 3JeKTPOAW CBapeHH MexXAy co6ofi mocpeacTBOM MOC-
tuxa 11, o6pasyomero BMmecrte ¢ BuBOZOM (6opHoM) 15
Gaperxy. Pemterku u GapeTKu H3rOTOBACHH M3 CBHHIOBO-
CypbMsAHOro cniaBa. UHCI0 OTPHIATENABHHX 3JEKTPONAOB Ha
onMH Goablle, 4eM MOJOXKHTEAbHBX. OTpHIaTe bHHE 3JeK-
TPOAH HMEOT MeHBUIYIO ToamuHy. MHKponopucrne cena-
paTopH 6 HM3roTOBNEHH H3 KHCJIOTOCTOAKOro MaTepHana:
MHKPOTIOPHCTOro 960HMTa (MHNOpa) HJIH MHKPONOPHCTOR
naacrMacce (Muniacra M Ap.). O6uH4HO cenapaTOpd HMe-
10T ¢ OnHON cTOpoHH peb6pHCTYI0 MOBEPXHOCTb, KOTOpas
oA Jydllero Jocryna 3aeKTpoaMra ofpallleHa K NOJOMKH-
TeAbHOMY 3JIeKTPoRy. B KauecTse fonoaHMTEnbHOrO (Kpym-
HOMOPHCTOr0) cenapaTopa, NMPHKATOr0 K MOJOKHTEJNbHOMY
3JIeXTPOAY, NPHMEHAIOT JHCTH M3 CTEKJAHHOrO BOJIOKHa,
NpoNMTaHHHE KHCAOTOCTOAKMM CBA3YIOMHM KOMIayHAOM.
Takne xoMGHHHpOBaHHHe cenapaTopsl obecneyuBaior Go-
Jee AAHTENbHHH CPOK CAYXKGH 6GarapeH. XapaKTepHCTHKH
HEKOTOPHX cCenapaTopos np#eefeHn B Tabu. 2.2. Ceepxy
Hal cenmaparopaMM yCTaHaBJa#BaeTcd 36G0OHHTOBHA HJIH
naacTMaccoBHi nepdopupoBaHHHA wHTOK /0, npemoxpa-
HAIOWMA BePXHHe KPOMKH CemapaTopoB OT MeXaHHYeCKHX
TOBpeXXJeHHA npu 3aMepe reMmepaTypH, YPOBHA M IJOT-
HOCTH 3JIEKTPOJIHTA.

Kaxpaul#t akkyMyasaTop 3aKpHBaeTcA OTAEAbHOM KpHIl-
Koft 12, m3roTopaseMofi M3 360HMTa HJAH NIaCTMAaCCH.
B xpHllike HMeIOTCA TPH OTBePCTHA: ABa KpafiHHX HJA BH-
BOAOB H CpefiHee /A 3aJHBKHM 3JeKTpoJHTa. B KpafiHHX
OTBEePCTHAX 3anpecCOBAHW CBHHIOBHE BTYyAkH. OTBepcTHE
U1 3aJIHBKH 3JeKTPOJHTa 3akpuBaercs pe3n60oBofi npo6-
kofi 13, HMelomeRd BEHTHAANMOHHOE OTBEPCTHE AN BHIXO-
Ja ra3oB H3 pa6oTraioliero akKyMyJaaTopa H OTpaXaTelb
ILJA NPenoTBpallleHHA BHNJECKHBAHHA 3JIEKTPOJHTa NPH
sKcnayaTtalun Gatapen. IIpoGKH M3roTOBAAIOTCA M3 36OHH-
Ta HJIH NJAaCTMaccH. AKKyMyJATOPH COEIHHAIOTCA nOCcJe-
JosareiibHO nocpeacrsoM nepemwiuex /4. Ilpu cBapke Gop-
Ha C NepeMHYKOH ONHOBPEMEHHO CBAaPHBA€TCA BepXHAA
4aCTb CBHHIOBOH BTYJKHM, SaNnpeccOBaHHOA B KpHIlKe,
obecneunBas HaleXHOe YNJIOTHeHHe OTBEPCTHA KPHIUIKH B
MecTe BHXonAa GopHa. ['epMeTH3aumMa B Mecrax conpsmxe-
HHA KPWIIEK CO CTeHKaMH MOHO6/0Ka ofGecrneuHBaercd 3a-
JHBOYHONA MaCTHKOM.

Hna yMeHblleHHA BHYTDeHHHX mOTepPh HaNpsXeHHA B
COEJHHHTEJbHHX 3JIeMEHTaX HHOI3a NPHMEHAIOT GOpHH C
MeJHHMH BKJAaAHINAMH H NMePEeMHUXH C MEAHHMH IlJaHKa-
Mu. CylecTBYIOT TaKXe yCOBepIIEHCTBOBaHHHE CNOCOGH
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COCAHHEHHS AKKYMyJATopPoB MNOCPEACTBOM YKOPOUEHHHX
WrHpel, CABHHYTHX K NepPeropoikaM H CBApeHHHX MeXAy
cobofi HenmocpeACTBeHHO Hajx NeperopoikaMH MoHOGJ0Ka
HJAH CKBO3b OTBEPCTHE B neperopojake nox obuie#t KpHIlU-
kot (puc. 7.2). CoegnHeHHe aKKyMyJAsTOpDOB uepe3 mepe-
rOpoAKH MOHOG6J0Ka 3aMeTHO COKpaulaeT pacXoll ch.jaBa,
WMAyHiero Ha H3roToBJeHHe NMepeMHYeK, H CHHXaeT oMuYe-
CKHe noTrepH, ocoGeHHO NPH GoJbUIHX TOKOBHX Harpy3skax.

= ki
Ium *

Pic. 7.2. Cnoco6H coeayHeHns aKKyMyJHTOPOB:

& —¢ HRpYXKHHM DPACHOAQKEHHEM MepeMiiuek; 6 — vepes nNeperopoaxy Moz 00-
medi Kpoilikoft; 8 — cKBO3b OTBepCTHe B Meperoposke HoA oOuieft kpwmko#d

B nocaeanee BpeMs MHOMMMH 3apyGeXHHMH (pHpMaMH,
a TakXe y Hac B CTpPaHe OCBoeHo MaccoBoe MIPOH3BOACTBO
MaJnoo6CayKHBaeMHX cTapTepHHX Gartape#i. OHM oTaHYa-
I0TCA OT TPafZMIHOHHHX Gartapefl mpHMeHeHHeM MaJocypb-
MAHHX HJIH CBHHIOBO-KaJblHeBHX cnaaBoB. Huskufi ypo-
BeHb ra3oBHe/NeHHs Ha pelleTKax H3 3THX CnJAaBoB NpH
3apsane M MHOrokKpaTtHoe CHHXKeHHe CKOpPOCTH caMopaspsana
o6ycjoBIHBaeT He3HAYKTeNbHLHE NOTePH 3JeKTpoauTa. Baa-
ropaps 3ToMy ormajaer Heo6XOAMMOCTb B 4acToH HAOJMB-
Ke BOAM H KOPPeKTHPOBKe KOHIEHTPAlHH CepHON KHCJIOTHI
npH axkcnayaranMH Garape. DBarapen wuMelor o6uiyio
KpHIIKY M ABa Kpa#HMX GOpHa, NOCKOJbKY COeIHHEHHe
aKKyMyJIITODOB BHIOJHEHO CKBO3b NeperopoAXH MOHOGJIO-
Ka. [TonoxuTenbHHe MAACTHHH 3aKMOYeHH B CEnaparopsi,
HMelonine ¢opMy dyraspa, nostoMy mIaMoBoe NpoCTpaH-
CTBO He Tpebyercs.

B CCCP npunara cjenyiomass cucreMa HaHMeHOBaHMH
CTapTepHHX CBHHIOBHX Garapefi: mepas nudppa — uucao
aKKyMysatopoB B Garapee (6 man 3), mepsoe GyKBocode-
Tauue — HasHauenne OGartapen (CT nasa asToMoGuaef,
asrobycos, TpaktopoB; TCT ana ROPOXKHHX M APYTHX Ma-
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UIHH, SKCNAYATHPYeMBIX B TAXeabX YCJOBHAX), BTOpas
uHdpa — HOMHHAAbHAA eMKocTb, BTOpoe GyKBoCOueTa-
HHE — MaTepHaJ MoHOGJoka (D — sGomut, T — TepMo-
naact) # cemaparopa (M — munaacr, P — mHnmop, C—
crek/oBoJokHo). HanpuMep: 6CT-759PC, 3CT-2153M.

7.3. YCTpoOicTeO CEMHILOBMIX BKKYMYRATOPOB APYrMX THNOS

Crauponapunie akkymyaatopn. B uauledt crpaHe BH-
NyCKAlOT ABA THNA CTANHOHAPHHX AaKKyMyJAATOpOB. B ak-
KyMylstopaX TpaiMiuoHHOA  KOHCTPykuuH cepun C
(cranuonapuuiit) u CK (cranuonapHul A7 KOPOTKHX PeXH-
MOB paspfifia) HCHoJb3YIOTCH NMOBEPXHOCTHEIE MOJOXKHTEMb-
HHe W KopoOuaThie OTpHHATEJbHHE 3JeKTPoAW (nmAacTH-
Hu). [loBepXHOCTHHE MJACTHHH OTJAHBAIOT H3 YHCTOrO
CBHHII2 B BHJE JHCTOB ¢ DH(JEHOH NMOBepXHOCTHIO TOJILH-
Hoit no 12 MM, uro ofecneyuBaer #M IJIHTEJbHHA CPOK
cnyx6u (Gonee 10 ser). Tak Ke poArobeyHH M Kopobua-
Thie nAacTeHH (cM. ra. 2). OgHaKo 3T aKKyMyJSTOpH,
He HMelolll#e MJIOTHHX KpHlleK, HeyAoOHH B 3KCOJAyara-
I##, 2 #X NPOH3BOJACTBO CBA3aHO ¢ MOBHIIEHHHIM pacxo-
IOM CBHHila. YCTpoACTBO CTanm#OHapHOTO aKKyMyJsaTOpa
N0Ka3aHo Ha puc. 7.3.

CranHoHapHHe akKKyMyJaTOpu HoBoit cepH# CH Bunyc-
KaloT B 3aKpPHTHX 6akax, #X MOXHO 3KCNJyaTHPOBaTb B
nomeinew#sax, rae ycTaHOBAeHH Apyru#e npubGopu # anna-
paTtH. B HoBof cep## HOAHOCTBLIO YCTpaHeHW BCe HeaoC-
TaTK#H aKKyMYJAATOPOB € NOBEPXHOCTHHIMH # KopoGuaThM#
naacraHamd. Pacxog cB#HmMA B H#X yMmeHblIeH Ha 25—
50% 3a cuer npumeHeHHs HamasHEX nJaacruH. [laoTHO 3a-
KphiBaemas KpHIUKAa CylecTBeHHO yMeHbllaeT HcllapeHde
BOAH # YCTpaHAeT Heo6XoAHUMOCTb uacToff noJjuBkd. Jlnsa
NOJOXHTEJNbHEX 3JeKTPOJAOB HCNOJL30BAHL peLIeTKH TOJ-
WHHOA 7 MM € QHArOHaJbHHIM paclioOXEeHHEeM JXHAOK,
AN OTPHIATEJNbHHX 3JEKTPOJOB NPHMEHEHH pelIeTKH TOJ-
mHHOA 5 MM (cpeanwe maacrunn) # 3,4 MM (KpafiHue
njaactaHu). TlaacTeHH craprepuux Garapeit aHaMOr#HuHH
1o yCcTpo#CTBY, HO 3HAUHTENAbHO TOHbIIE.

Cenapatopd B akkyMyasropax CH cocroar us tpex
ciaoes (puc. 7.4). IlepBuit cnolt 43 CTeKAAHHOro BOJOKHA
npRieraer K NOJOXUTeNAbHOMY 3JeKTPOAY H NpeloXpaHsger
aKTHBHYI0O MacCy oT onaunBaHu#a. Bropofi ciofi, #3roroB-
JeHHHA M3 neppopHpoBaHHOrO ropUpPOBAHHOTO BHHH-
naacra, yBeJHYHBAET MeX3JeKTpoJAHHHA 3a3op # obecne-
q4BaeT HeOGXOAHWMHI 3amac MEKTPONHTA MeXKAY SJMEKTPO-
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Puc. 7.3. ¥YeTpoficTBO CTallHOHAPHOTO aKKYMYJIHTOPa:

1, 2— wHAM AAs COGAHHEHHA NJIACTHH ORHOFO 3HAKA; 3 — COCYR; 4 — H30AATO-
pH; 5 — 60K NAACTHH, YCTAHOBAGHEMWA B cocyze; 6, 7, 8 — KOMNJeKTH HaacTul
H cenapaTopos; 9 — OTpHUATeAbHAs OJjacTHHa; [0 — cemapaTop; [/ — ONOXH-
TeAbHas NAACTHHA; /2 — pelleTKa OTPHUBTeNbHOR OABCTHHE; I3 — cTeanax; /4 —
cranuoHaphas GaTapex

Pl

Puc. 74. KoBBepToBKa MOJOXKHTEJILHHX SAEKTPOAOB AKKyMyas-
TopoB THna CH:

1 — naactTu#a TNoONOKHTEAbHasn, 2 — CTEKAOBOAOKHO; J — BHHHOAAaCT HED-
dopuposauLill, roPpRPOBAHELIR; 4 — H3OASTOP BHEMILARCTOBLA; 5 ~ MHHOD
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JAamu. Tperuit caoft H3 MHNOpa HAH BHHHNOPA NpHXAT K
OTpHLIATENIbHOMY 3JIeKTPody, NpenATcTBysA OHoJ3aHHio Iy6-
qgaroro cBuHuA. BeprTHkaanHHe pebGpa MOJOXHTENbHLIX
NJACTHH SaliMieHH HBOJATOPAMH H3 JHCTOBOTO BHHHMJA-
CTa, KOTOPHEe OXBATHBAIOT TaKXe CTEKJIOBOHJOYHHA H BH-
HHNJIACTOBHII cemapaTopH. BepxHHe H HHXHHE KDOMKH
cenapaTopoB SHAYUTENbHO BHICTYNAIOT 3a KPOMKH mJjac-
THH. BCe 3TO NpPaKTAYEeCKH HCKJIIOYaeT BO3MOXHOCTh BO3-
HHKHOBeH#A MPOBOAALIKX MOCTHKOB MEXKAY Pa3HOHMEHHH-
MH naacrunamu. C6opka akkymyastopoB thna CH npous-
BOJAHTCH B 360MHTOBHX HJIH CTeKAAHHHX cocyldax. Baox
OTPHLATENBHHX NJACTHH ONHPAETCA HA NPH3IMH, NOJOXH-
TeAbHHE MJIACTHHH HAXOAATCA B NOJBEMIEHHOM COCTOAHHH
onHpasch Ha YCTYNH GOKOBHX CTEHOK.

B xpuiumixe akxkymyastopa CH npeaycMorpeHo oTBep-
CTHe JJA AOJAHBKH BOAW C 3aBHHUHBalouieficas npo6Gkoii, B
KOTOpO#l cAenaH BeHTHAA-
IHOHHHA KaHuaj AJIA BRIXO-
1A ra3’oB ¢ PHALTPOM, yJaB-
JHBAIOLHM KHCJOTH.

Tarosste akKyMyaaTo-
pn. 32 pyGexxoM THroBHe
aKKyMyJATOPH BHNYCKAmOT
¢ TpyGuarHMH (MaHLHPHH-
MH) H HAMAa3sHHIMH NAACTH-
nHami. IlepBue ¢ GoJiee Hus-
KHMH YIeNbHHMH 3JeKTpH-
YeCKHMH XapaKTepHCTHKa-
MH 06J1afaioT MPHMEPHO HA
50% GoabiIKM  CPOKOM
CNyxOH.

B coBpeMeHHHX MaH-
UHPHHX 3JeKkTpoxax (pHC.
7.5) aKTHBHa® Macca 3a-
nosauser Tpybuaryio o6oi-
My, KOHCTPYKUH# KOTOPOH
OTAHYAEeTCA  JOCTATOYHOMH
Puc. 7.5. Konctpykuus tpy6uaroro JK€CTKOCTBIO H NPOYHOCTHIO.
(naHuupHOro) snexTposa: Jns naroroenenus tpy6Gua-
J—commuonuf tokoorsox; 2—Tpyks;  THIX o6oiiM Yailie MpHMeHs-

10T TepHJeH, JaBCaH HJIH
CTEKJIOBOJIOKHO B CO4eTa-
HHH C nep(bopnpoaanuum BHHHNJAACTOM HAH Ge3 mero. s
o6pa3oBanud HHXKHero pe6pa MaHLHPHOR NNACTHHH HCNOJb-
3yioT IJIacTMaccy, HanpuMep noAnsTuiaen. ToKoOTBOA B BHAE
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fapa/l/ielbHO COeAHHEHHHX LITHpeft OTAHT H3 CBHHIOBO-
CYPEMAHOTO CnJjiaBa. AKKyMyJAATOpH COGHPalOT B MeXaHH-
yecKn NPOYHHX SGOHHTOBHX RJH NJAaCTMacCOBHX 6akax,
CTOAKHX B YCJIOBHAX YAapOB H BHOpalnH.

B nawe#& crpadHe paspa6orana KOHCTPYKIHSA TATOBHX
aKKyMYJATOPOB C HaMa3HHMH mnJacTHHaMH. Hanpuamep,
650Kk 3JexTpoaoB akkymyiastopa DH-200 cocront us ue-
THpPEX NONONKHTEALHHX M NATH OTPHIATENbHHX NJAaCTHH
ToamuuHoft 6 mm. IIpumenena rpexchofinas cemapanus H
cxema c6opkn, ycrpaHsgiouias oO6pasoBaHHe MOCTHKOB Yy
KPOMOK IJIaCTHH, aHAJOrHYHAad PACCMOTPeHHON BHIie (CM.
PpHc. 7.4).

Morpyxusie akkymyasrops. B CCCP paspaGoranu
norpyxune akkymyaatopu tHna CI1-200 u CII-680 aas
riy6oKOBOAHHX GaTnHCKadoB, B KOTOPHX [ KOMIEHCAIHH
HAPYKHOTO JaBJICHHA HCNOJL30BaHZ CHenHanHasd Kame-
pa — KOMIeHCaTOp ¢ 3JaCTHUHHMM CTEeHKaMH, 3aNoJHeH-
Has 3JeKTpoJHTOM. KoMmmeHcaTop coeiHHEH C KOpPIYyCOM
KyMyJaTOpa H3rOTOBJeH H3 mnoaH3THJAeHa. [IpHHATas
# HMMeeT CTPaBJHBaIOMIH{ Kjaanmaw, cpabGaTHBaloumt#iit npH
onpepefeHHOM H3GHTOYHOM NaBJCHHH BHYTPH aKKyMyJs-
Topa. Bce ToxoBeaymHe nerajiM TINATENbHO H30JHPOBAHH
cocraBaMH, CTORKHMH B MopcKo#t Boge. Kopnyc (6ak) ak-
KyMyJaTOpa H3roTOBJAeH H3 mnoJnsTHJeHa. IIpuuaras
KOHCTPYKIHA oGecneudBaeT paGoTy aKKyMyJATOPOB Ha rJy-
6ane no 6000 M ¥ npoBeneHue moj BOAOH 10 NATH 3apand-
HO-pa3pAfHHX OHKJOB Gea pHCKa MexaHHYecKoro paspy-
IIeHH 4.

7.4. dnexrpuuecKne M SHCHAYATAUMONHMIE XAPAKTOPMCTMKM

daexrpHueckne xapaktepuctukd. [Ipu 3apajge cBHHIO-
BOro aKkKyMyJaTopa Hanps:keHHe Pa3oMKHYTOH UenH BO3-
pacraerT ¢ yBellHYeHHEM XOHIEHTPAalHH 3JEKTPOJHTA. Be-
anunny HPLL MOXHO NpHGJIHXEHHO PacCIHTATL MO SMIH-
pHYeckoit dpopmyde

tAe d — NJOTHOCTb CepHOA KHCJOTH, rfcms.

Mo Mepe 3apaaa akkyMyJasaTOpa yCH/JHBAeTCA KOHIICH-
TPalHOHHAs MNOJAPH3ANHA 3JEKTPOLOB. 310 06YCAOBJAHBA-
€T YCKOpeHHHH pocT HanpsXKeHHA NO CPaBHEHHIO C POCTOM
HPLl akkymyasropa. TloteHUHANH 3JeKTPOXOB B mpolec-
Ce 3apana AOCTHralOT 3Ha4YeHHH, NPH XOTOpHX HauHHaETCH
3aMeTHOe BHfeJeHHe ra3oB. Ha 3aBepmaiomedi craaudH,

177



KOrZa Becb TOK NPAKTHYECKH PAacXOAYeTCA Ha 3JIEKTPOJH3
BOAH, Ha rpadMxax 3aBHCHMOCTH HANpfXKeHHA H MOTEHIH-
ajioB OT BpeMeHH MOABJARIOTCA TOPH3OHTAJbHHE YYaCTKH,
CBHIETeJbCTBYIOIHe 00 OKOHYaHMH 3apsga. XoX H3MeHe-
Hua Hanpsxeuus, HPI] u noreHumanoB sJjekrponoB npH
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Puc. 7.6. Hamenenne uanpuxennsa (1),
HPL| (4). noteHuHEaNa NONOKHUTAILHO-
ro (2) u orpumareabioro (3) suek-
TPOAS CBHHMLOBOrO AaKKyMYJSTOpa B
npouecce 3apsna
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Pre. 7.7. Usmenenue nanpsxenus (1),
HPLl (4), noteEnuaina nosn0XKMTENBHO-
ro (2) 'u orpumareaphoro (3) 3viex-
TPOAA CBHMIOBOTO aKKYMYJHTOpPa B
nponecce paspaaa

3apsfie MOKAa3aH HA pHC.
7.6. 3HayeHHs MOTeHIHA-
JIOB NpeACTaBJGHH MO
OTHOMEHHI0O K KajiMHe-
BOMY 3JIeKTPOLy CpaBHe-
HHR, KOTOpHHA fBAAeTCH
oOHIeNPHHUATHM NPH pa-
GoTte.cO CBHHNOBRIMH K-
KYMYJSTOpaMu
(ECd2+/C = —0.40 B)'
Paspsaanne KpuBbie
HanpsxeHus npH [=
=const, KaK # H3MeHe-
HHe MNOTeRUHAJOB H
HPLl, npaBesesn Ha
puc. 7.7. Paspaa conpo-
BOXNaeTcs  NajaeHHeM
KOHIEHTPALHH KHCJAOTH,
oco6eHHO B mopax 3JeK-~
TPOAOB; INPOHCXOAHT Ha~
pacraioniags naccHBauHL
3JeKTPOLOB, IPH 3TOM
paxrnueckas NNOTHOCTb
TOKa HenpepuHBHO yBe-

JHUHBAETCA; K  KOHIY
paspsfa  NOBHIUAeTCA
yheJbHOE  CONPOTHBJE-

HHe 3JeKTpoaura. Bcee
3TO MPHBOAMT X IJIaBHO-
My H3MEHeHHIO Hanpsxe-
HHA H NOTEHIIHAJIOB 3JIeK-
TPOJOB, CHHXKAaeTCcR CO-
raacHo ypaBHenuio (7.8)
H Beanuuna HPLI, 6aus-
kaa Beanuune IDJC.
Pe3skoe H3aMeHeHHe Ha-
npAxeHus CBHIETENbCT-
Byer 06 HCuepnaHHH eM-
KOCTH OGOHX HJIH OQHOIO
H3 3JeXTPONOB.



EMKOCTL CBHHIIOBOrO AKKyMyJSTOpa 3aBHCHT OT KOH-
NEeHTPAUHMH 3JEKTPOJHTA H YCNOBHA paspsna, a Takxe OT
ocobGeHHOCTEi KOHCTPYKIHH aKKyMmyJaatopa. B obumiem cay-
yae eMKOCTb Pe3KO yMeHbLIaeTcsl ¢ pOCTOM INIOTHOCTH TO-
ka (puc. 7.8). Ilpu nocratouHoM 3anace KHCJAOTH B aKKy-
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Puc. 7.8. 3asucumocts eMko- Puc. 7.9, Bausnue TemneparypH

CTH cTapTepHuX Gatapeli or Ha pa3pfAuble XapaKTepHCTHKH Oa-

INIOTHOCTH PaspAAHOTO TOKA 'raperéog(il'-lm npH paspfAfe TO-
KOM

MyJfTOpe M MaJHX naorHocrax Toka (<100 A/M2) ewm-
KOCTb OTpPaHHUMBaeTca naccuBanued azexrponos. Ilpu
GoabwHX MAOTHOCTAX Toka (>1 kA/M2) mapany ¢ naccH-
BauMell CKa3HBAaeTCd TaKXe CHHJKEHHe KOHUEHTPanHH KHC-
JOTH B MOpax MJACTHH, cBAsaHHOe ¢ NHGPOY3IHOHHBIMH
orpannvenuaMu. IIpH HM3KHX TeMnepaTypax pa3pAaa eM-
KOCTb OrpaHHYHBAETCA MaccHBamHedA OTPHIATENBHOTO 3JIEK-
Tpoaa.

TeMneparypa omyTHMO BJHMSET Ha XOX PaspAXHON KpH-
Bofi. CHHXXeHHe TeMnepaTypn NPHBOAMT K CHHXEHHIO KaK
eMKOCTH, TaK H paspaaHoro Hanpsxkenus (puc. 7.9). Cyute-
CTBEHHYIO POJIb MPH 3TOM HrpaeT H H3IMeHeHHe BHYTpeHHe-
ro CONPOTHBJIEHHA aKKyMyJATopa Rass, XKOTOpPOE B 3aps-
JKEHHOM COCTOSIHHH XOTS M HCYHMCAAeTcAa THICAYHHMH JOJIA-
MH OMa, HO K KOHIY pa3psa pe3kKO yBeJIHIHBaeTcH.
C nouukeHHeM TeMMepaTypH yAeJNbHOe 3JIEKTPHYECKOe CO-
NpPOTHBJCHHE JIEKTPONHTa Bo3pacraer H npu —40°C cra-
HOBHTCA npuMepHo B 8 pas Goubie, yeM npu 30°C. Oxwo-
BPEMEHHO yBelHYHBAETCA €ro BASKOCTb, 3aTPyAHseTcH
nponecc auddysuu 3JeKTPOJHT2 B NMOPH AKTHBHOA Mac-
CH, YTO NMOBHIIAET KOHUCHTPANHOHHYIC NMOJAPHIAIHIO SJEK-
TponoB. DTH 3b(EKTH CTAHOBATCA OCOGEHHO 3aMETHHMH
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OpH KOPOTKHX pexXXHMax paspsafa akkyMmyasropa. Ha puc.
7.10 nokaszan xapakTep pacnpenesieHHs NOTepb Hanmpsxe-
HHS 12-BoabTOBOMi AKKyMyJsiTOPHOH GaTapeH NpH CHHXKe-
HHH TeMNeparypu or +30 no —30°C.

EMxocTh axkyMyasropa CyLleCTBeHHO 3aBHCHT OT TOJM-
IHHH H MOPHCTOCTH IJACTHH, ocoGeHHO Mo Mepe pocra
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Puc. 7.10. Pacopenenenne cocTaBaHio-
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Puc. 7.11. CpeanecyTounniii camopas-
paa craptepiofi Garapen npu Xpaue-
HHH B TeuenHe 14 cyT B 38BHCHMOCTH
OT TeMIepaTypH:

B sauane (I), cepeaume (2) B» xouue (3)
cpoxa cayxKOu

paspaaHoro TtoKa. Ilo-
3TOMy, HanpHMep, nJa-
CTHHH CTapTepHHX 6ara-
peii, pacCuMTaHHHIX HAa
paspsn GOJbUIMMH TOKA-
MH, HMMEIOT BO3MOXHO
Maayio ToauuHy. Paxrn-
yeckan o6bemMHas nopn-
CTOCTh 3@pAXKEHHHX OT-
pHLaTeNbHHX aKTHBHHX
Macc OOHYHO COCTaBA-
et 50—60% co cpegHum
ahPpeKTHBHHM JHaMer-
pom nop 5—10 mkMm. [las
NOJOKHTEJbHOA aKTHB-
Holi wMmaccH obbemHas
HOPHCTOCTh  JIOCTHraeT
54—58% co cpepHuM
anamerpoM mop 11—
5 mxm. Bosee mopucTHe
MacCH He MNpPHMEHAIOT,
TaK KaK 3TO MOXeT BH-
3Barb yCKopeHHoe pas-
pyuleHHe NJaCTHH H OF-
paHHuATb CPOK CJYXKOH.

Camopaspsaa cBuHIO-
BHIX aKKyMYyJIfTOPOB
YBeJIHUHBAeTCH B Npo-
necce I3KCIJIyaTalHn H
CHHXaeTcd C NOHHKe-

HHEM TeMneparypH
(puc. 7.11). Camopas-
pax oTeuecTBeHHHX

craprepHux Oarapeidt B
Hagalle CpoKa CAyXOH
He suinre 20 % 3a 28 cyr,
AR CralMoHapHHX aK-
KYMYJATOPOB He BHIIE
30 % npn 25°C.



YiesbHEe 3JIeKTPHYECKHE XaPaKTePHCTHKH CBHHIOBHIX
aKKyMyJATODOB #MeEIOT I#pOKHA uHTepBal or 3—5 10
40 Br-u/Kr B 3aBHCHMOCTH OT peXXuMa paspsla, a TaKKe
yCTpPOHCTBa 3JIEKTPOJOB, THIIA CENapaTOpPOB # APYrHX ¢ak-
TOPOB KOHCTPyKu##. EcAM HOMMHaAbHas yAeAbHAad SHep-
rdf Jy49IDHX CTapTepHHX Garapeft npu 20-yacoBoM pexH-
Me paspsana # 25°C cocrasiager or 30 go 35 Br-wkr, 10
npu yBeadueHud TokKa 10 3 Cp oHa yMeHbmaercsa go 10—
13 Bt ufkr. CHHXeH#e TeMOepaTypH pe3Ko yXyAlllaeT pas-
pAAHyl0 XapaKTepHCTHKY, YTo moka3aHo Ha puc. 7.9. Ilo-
9TOMY, HampuMep, npu rteMneparype —25°C # Toke pas-
pana 3 Cz yaeiabHas 3Heprusi mnagaer A0 4 Br-ufkr.
CranHoHaphHe akxyMyasatopu cepun CH HMeior yzedb-
Hyio 3Hepr#io ot 11 go 19 Br-u/Kkr, morpyxHue akkyMy-
aaTopu aaa Garackados — 32—35 Br-u/kr.

Bansnne noGaBok Ha emkocTh saexrponos. Kosdpounu-
eHT HCNOJb30BAHHA AKTHBHOM MacCH 3JIEKTPOJOB B COB-
peMeHHHX CBHHIOBHX aKKyMyJATOpax He NpeBHINaer
45—50%. DTo ykasnBaer Ha NPHHOUNHAIBHYIO BO3MOX-
HOCTh YBEJAHYeHHSI eMKOCTH 3JEeKTPOAOB 32 CYET AKTHBHDY-
om4x 106aBoK, BBOJHMHX B aKTHBHYI0O MacCcy, B CIJaB
pellleTK# HJI# B SJEKTPOJHT IOTOBOTO aKKyMyJasartopa. Me-
XaHH3M BJHAHHA 106aBOK pasJIH4eH.

PaccMorpuM go6aBkH, yJayymaiomue paGorocnoco6-
HOCTb NOAOMUTeAbHOo20 3MekTpona. Cpefd HHAX pasH4aioT
BellleCTBa, BJAHAIONIHE Ha mnepexoiHOe CONPOTHBJIeHWe Ha
TpaHHlle pellileTKa — aKTUBHas Macca, Ha MopdoJiortio
AHOKCHA2a CBH#HIZ, a TaKXe Ha CTPYKTYpPY aKTHBHOH
MaccHl.

Ho6aBkH nepBoro THNa NpelHa3HayeHH [Js BO3AeH-
CTBHA Ha CTPYKTYpy NepeXoJHOro CJosi Ha NOBEPXHOCTH
pemerkH, KoTopas OKa3biBaeT 3aMeTHoe BJHAHHE Ha eM-
KOocTh 9JeKTpola. Hanpumep, Ha rpauune pelneTkd 3
CBHHIIOBO-KaJIbIIHEBOro CIJIaBa ¢ aKTHBHOH maccolt o6pa-
3yercd MJOTHas CyAbQaTHas nJieHKa ¢ BHICOKHM SJIEKTpH-
YeCKHM COTPOTHBJeHHEM, KOTOPas He OKHUCJAAETCA A0 AHOK-
CHAa CBHHIIZ JaXe Np# ANUTEJbHOM 3apfge. DTOT Heloc-
TaTOK yCTPaHAIOT A06aBieHHEM B 3JEKTPOJHT HEKOTOPOro
KoanuectBa ¢ocdopHoit KUCHOTH.

HeficTBie 106aBOK, BJIMAIOUHX Ha MOPQOJIOrdio aKTHB-
HO#t MacCCH, HOCHT, KaK mnpaBHJO, aZcopOuHOHMBEI Xapak-
Tep. Ancop6upyach Ha KpHcraiiaax PbO; 9ot noGasku
npuBogAT K 06pa3soBaHHI0 AMCHEPCHHIX OCajJKOB, YTO YBe-
JHYHBAaeT aKTHBHYI0O MOBEPXHOCTb 3JEKTPOAa H CHHXaeT
HCTHHHYIO NJOTHOCTL TOKa. BriGop no6aBok kpafive orpa-
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HHYeH, TaK KaK OpraHHYecKHe BellecTBa NMpPH MOTEHIHaJNaX,
peanHsylOUIHXCA Ha NMOJOMHTENbHOM 3JeKTpPOAe, Kak mpa-
BHJIO, OKHCAAIOTCA, @8 MHOTHe HeOpraHHYecKMe BelIeCTBa
Jn6o GecnonesHn, AH60 OKasSHBAIOT CHJALHOE paspyulalo-
mee peficrHe (BaSO4 SrS0,). K no6aekam, GaaronpH-
ATHO BJHAOUIHM Ha MOpPQOJOTrHIO aKTHBHOH MacCCH, cle-
AyeT OTHeCTH COMH MHUIbAKA, CypbMHl, Ko0aasTa H AP.
AHanorayHoe BJAHSAHHE OKaSHIBAIOT H MHOTHe KOMIOHEHTH
aHONHOrO CnJaBa, B YacCTHOCTH cypbMa. Takum o06pasoM,
NpHMeHeHHe B aKKyMYyJATOpax CBHHIIOBO-CYpbMSIHOTO cnJjia-
Ba CHOCOGCTBYeT MNOBHIUIEHHIO yAeAbHO# eMKOCTH MOJOXH-
TeNBLHOTO 3J1eKTPOAa.

Ho6aBKH TpeTbero THNAa, Tak Ha3nBaeMHe nopoobpaso-
BaTeJH, BBOASAT B 3JEKTPORHYIO MacTy Ha CTaiHH H3FOTOB-
JeHHa naactHH. K HHM oTHocsTCA CyJbdaTH aNIOMHHHA H
MarHus. B npomecce ¢bopMHpOBaHHA NJAACTHH 3TH COJH
nepexoasiT B pacrBop, yBeJHuHBas o6beMHYI0O NOPHCTOCTb
aKTHBHOA MacCh, 3TOMy CHOCOGCTBYET H NOBHILICHHOE CO-
nepiaHHe cepHoH KHCJOTH B macTte.

Han6onee apdexTHBHHA Crnoco6 nNOBHIIIEHHA XapakKTe-
PHCTHK OTpUUQTEAbHO20 3NEKTPOAa — NpHMeHEeHHe OpraHH-
YeCKHX NOBEPXHOCTHO-2KTHBHHX R06aBOK, HrpalOUIHX pOJb
pacumpHTeas (nenaccHsaropa). Lllupokoe pacmpocrpane-
HHe KaK paCUIHPHTENL MOJYYHA TaKXKe Cyandar GapHd,
ReficTBHE KOTOPOrO OCHOBaHO Ha H3oMopdH3Me KpHCTaJ-
jgos PbSO, u BaSO, ¥crauoeaeno, uro uacrnuu BaSO,
MOTYT CJAYXHTb [EHTpaMH KpHCTAaJJH3aUHH Cyabdara
cBHHIla. Bo3MOXHO BO3HHKHOBeHHe H CMeLIaHHBIX KPHCTaJ-
JoB. CpHHel, o6pasyiouniica B pe3yabTaTe BOCCTaHOBJE-
HHUs TAaKHX KPHCTAJAJO0B, JOMXKEH OTJHYATbCA BHICOKOH HHC-
nepcHoctelo. KpoMe Ttoro, KpHCTaanH3auHss Ha cyabdarte
6apHs cnoco6CTBYeT NOBHIUEHHIO MOPHCTOCTH CyJbtbaTHOH
DACHKH, YTO BeAeT K pOCTy pa3spsiHOfi eMKOCTH 3JeKTpo-
aa.
ITomo6wo cyabdary Gapud, neficrByer nobaBka SrSO,,
KpHCTaAJMH KOTOpOro Takxe H3oMoppuu PbSO,.

OpraHHyeckHe N06aBKH, MpHMEHsEeMbe NpH H3rOTOBJe-
HHH OTPHIATeNBHOTO 3JEKTPORa, TakK e, KaK H Cyabdar
GapHA, 0GYCNOBAHBAIOT NMPOTHBOYCAaROYHHNA 3ddekT, npe-
NATCTBYS pPEKPHCTaANH3alHH ry6uaToro CBHHIZ, BeXyuleH
K CHHXEHHIO 3JeKTPOAHOA NOBEpPXHOCTH. ODTH BeLIECTBa
OKa3HBalOT TakKXe CyleCTBEeHHOe BJHSIHHe Ha npoilecc
aHOXHOHW NAacCHBAalHH CBHHIIA, HMEOUIHA MeCTO NpH pa3s-
palde OTPHIATENLHOrO 3JeKTpoAa. B npHCyrcTBHH nK06a-
BOK-/1e[IaCCHBATOPOB BO3pacTaeT NOPHCTOCTL H 3¢deKTHB-
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Haf ToJIWHA Cyab(paTHOR NJAEHKH, YTO 3IKBHBAJEHTHO
pocTy paspsaHOH eMKOCTH 3JeKTpoAa. Bumanme oprannue-
CKHX BEIIECTB Ha NAaCCHBALHIO CBHHIa OCOGEHHO CKa3hBa-
€TCA NPH paspafe 3JeKTpola GOJbUIMMHM IJIOTHOCTAMH TO-
Ka ¥ NpH HHSKHX TeMIepaTypax.

ITo treopun B. H. Ka6anoBa MexaHH3M BJIHAHHA CBASAH
¢ aacop6uHedl noBepXHOCTHO-aKTHBHBIX 9aCTHIL Ha pacry-
KX rpaHsax cyabpara cBuHIAE, 06pas3ylOUIeroCH NpH pas-
paie. Baarogaps 3toMy nosyuaercs peHxJas NJeHKa, CO-
CTOALIAA H3 OTHOCHTENbHO KpYMHHX Kpucramios PbSO,.
Takas naenka AJAMTeNLHOEe BPpeMA HMe NpensATCTBYeT npo-
HHKHOBEHHIO CepHOR KHMCAOTH K MOBepXHOCTH cBHHIA. ITo-
BHIHMOMY, cyiabbar Gapns wurpaer B aKTHBHOH Macce
OTPHUATENLHOrO0 3JeKTPoja poJib CBOeoGpasHoro aeno Aas
opraHMYeckux zaenaccuBaTopoB. OpraHuueckHe BellecTBa
ajncopbupyiorcs Ha Kpucraanax BaSO, u nocreneHmno mo-
cTynaioT B 3omy KpHcTaaamsaiuu PbSO,, obycaoBanBan
paspbixiente cyabdatHoii naenkn. B. @. JlasapesnM BH-
CKa3aHO NPeANOJOXKeHHe O TOM, YTO NpH AHOAHOH NMOJAApPH-
3alliH CBHHIOBOTO 3JeKTpoJa OpraHnyecKHe AOGAaBKH MO-
TyT H3MEHATh CTeNeHb NePeCcHIeHHA MNpPHINIEKTPOLHOro
CI0f MOHaMH CBHHIIA BCJAEACTBHe 06pa3soBaHMs aacopGuH-
oHHHX coexnHenuft ¢ BaSO; u PbSO,. 310 sBAenne Tak-
XKe npenarcreyer GuicTpoil naccHBalluH 3N€KTPOJA.

S/1eKTPOHHO-MHKPOCKONIHYECKHEe HCCAeAOBAHHA IOKas3a-
JH, 4YTO paCUIMPHTENH CHOCOGCTBYIOT 3aMeTHOMY yKpymnHe-
Huio Kpucraanos PbSO, o6pasyommnx nacCHBUPYIOHIYIO
cyabhatHyio nieHky. Beesenne opraHMyeckMx HHTHOGHTO-
POB caMopa3pfja, Hao6opoT, BeJeT K AHCIEePrHPOBAaHHIO
kpucraanoB PbSOg M ynsoTHeHMIO MacCHBHpYIOLIed nJjeH-
KH, 4TO BH3HIBaeT CHMXeHne paspaiHoi emixocrn. Crezno-
BaTenbHO, HHCHGMTOPH  CaMopa3pslla  OTPHLATENbHOTO
3JeKTPOAa MOXHO HCNOJb3OBAaTh TOJALKO COBMECTHO C 3¢-
dexTuBHEIME pacummmpHTeasiMu. Ilog6op AByx oprandue-
CKHX 106aBOK, BHINOJHAICHIMX pasiaMyubie QYHKIMH, CBH-
3aH C onpejeNleHHHIMH TPYAHOCTAMH, OCOGEHHO eCJM Belie-
CTBa, CJyXallHe [enacCHBAaTOPOM H HHTHGHTOPOM,
CYLIIeCTBEHHO pasJH4aloTcA no crpykrype. Hao6opor, Be-
mecTea, 6An3KHe MO CBOeil mpHpoje, Kak NpPaBHJO, MOTYT
GHTb OAHOBpPEMEHHO HCNOJb3OBAHH B AKKyMyJaATOpe B Ka-
yecrBe N063aBOK pa3iiMyHoro Hasuavenna. HauGoanillee
pacnpocTpaHeHHe B OTe4eCTBeHHOH AKKyMYJATOpPHOH mnpo-
MHULIEHHOCTH B KayecTBe pacCIINpHTeNs HMMeeT AyGuTenb
BH®, a B kauectBe HHrHGHTOpa caMopaspajga — a-uad-
TON.
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Pecypc u cpox cayxk6u. Texunuecknii pecypc craprep-
HHX aKKyMyJsTOpPOB cocraBiaszer 250—300 uukaom, rsaro-
BHX ¢ HaMa3HbMn NaacruuaMy — 1000 uMKIOB, THroBHX C
MaHnUPHLIMM NJacTHHaMu — He MeHee 1500 npuxyos. Coor-
BeTCTBEHHO CPOK CJAYXKOH 3THX AKKYMYJSATOPOB JEXHT B
HHTepBaJie oT ABYX [0 NATH JAer. PaccMOTpHM npoueccH,
onpeneasioniHe CPOK CHAYXGH, HA NpHMepe CTapTepHHX
aKKyMyJATOPOB. AKKYMYJATOPH 3TOro THNAa BHXOAST H3
CTpO# riaBHHM 06pasoM NO ABYM NpHUHHAM: H3-3a KOp-
posnu pemerkH (~42%) M onanBaHHA AKTHBHOA MacCH
(~36%) nonoxureabHuXx naactud. OcranbHsie 22% npu-
XOAATCH NPeHMyIIeCTBeHHO Ha Heo6paruMyl0 cylbdara-
LHI0 M KOPOTKHE 3aMHKAHHH B pe3yJbTare HOBpPeXACHHA
cenaparopa. IIpHaHakoM HeNpHroZHOCTH aKKyMyJasTOpa K
Ranbueiiefi pa6ore cunraercs CHHXEGHHE €eMKOCTH [0
0,4 CHOH-

Kopposus pemeTkn NOJOXHTENBHOTO 3JeKTpoia 06yc-
JoBJleHa TepMOJHHAMHYECKOH HeyCTOHYHBOCTBHIO CBHHIA B
KOHTaKTe ¢ AHOKCHJAOM CBHHIIA M YCYryb6aseTcs aHoXHON
noJspH3anHell 3JeKTPOAa Ha CTajHH 3apafa. 3HauHTeNb-
HOe BJHMAHHe Ha KHHETHKY aHOAHOW KOPPO3HH OKa3nBalOT
¢asoBuii cocraB M (H3HYecKHe NMapaMeTpu o6pasylomux-
€# NJACHOK (MX TOJHIMHA, NOPHCTOCTH M aJATC3HOHHHIE CBOM-
CTBa), KOTOpHE, B CBOIO Ouepexb, 3aBHCHT OT COCTaBa
cnnaBa. DTo BJAHAHHE CBOAUTCA K H3MEHEHHIO CKOPOCTH
OTAEJNbHHX CTafuii OKHCANTEJBHOrO IMpoLecca, NMpoTeKalo-
HINX MapajJejbHO B TBepjo#l M Xnakoi ¢asax.

CKOpOCTb KOPPOSHH CBHHLIOBO-CYpPbMSIHOTO CnjiaBa 3a-
BHCHT OT ero CTPYKTYpH, B TOM uYHCJ€ OT CpeAHedl Beln-
yHHH 3epHa. [IpuMecn u n06aBku, HepaCTBOpHMHE B Me-
Tajaje, KOHIEHTPHPYIOTCH Ha MOBEPXHOCTH 3epeH B TOHKHX
MeXKPHCTAJNJHTHHX npocaofikax. Oco6ulii xapaKrep CBR3H
aTOMOB MEXKDHCTAJJIHTHHX NPOCAOEK jaejlaeT HX aKTHB-
HHMH B OTHOLIEHHH BCAKOrO poAa (PH3HKO-XHMHYECKHX
npoueccos, BKJIOYMas aHoAHOE okucaenne. YeMm rpyGee
CTPYKTypa CniaBa H TOJIHIE MEXKPHCTaJAJIHTHHE NPOCJOH-
KH, TeM MHTEHCHBHee MpOTEeKaeT KOppPO3HR MeTalna.
U naobopor, auCeprHpoBaHMe CTPYKTYPH HA CTajHu JH-
TR PEIeTOK YBEeJIHYHBAET KOPPO3HOMHYIO YCTOHYMBOCTH
CBHHILA.

TunHuHEMH MoaHHKaTOpaMH, H3MEAbYAIOUINMH CTPYK-
TYPY CBHHLOBOrO CIUIaBa, ABAAIOTCH cepa, MHIIbAK, cepe6-
Po, KaJbIHii.

Onavisanue aKTUBHON MACCHl MONOXKHTENLHOTO  3JeK-
TPOAa 3aKJIIO4aeTca B NOcTeneHHOM nepexoie ¢ MOBEPXHO-
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CTH B 3JIeKTPOJHT MeJbyaRUIuX KPHCTAAJNOB # 3epeH NHOK-
cufa cByuia pasmepom MeHbiue 0,1 mxm. OnanBanue npo-
HCXOAWT [AaBHHIM 06pasoM B XoHLe 3apsfa noA AefcTBH-
eM BHIENAIOUIErocss XHCJIOpoJa H B Hayaje pa3psalia u3-aa
AepopMaluus NOBEPXHOCTHOrO CJIOSt B pe3yjbrare GasoBHX
npeBpauieHuil. AkruBuas onaHBalomias Macca o6pasyer
1J1aM, ocelaiolluil Ha JHO MOHOGJ0Ka. CXOpoCTb ONJKBa-
HHSl ONMpeAefAeTCa Npexjie BCero CTPYKTYPOA # YCJAOBHAMH
KpdacTaanusauud cyabdara ceuuia npu paspage. O6pa-
3oBaHHe MOPHCTHIX OCaAXoB cyabdara AOMKHO CHOCOGCT-
BOBaTh YMEHBINEHHIO paspylieHnss aKTHBHOR MacCH, Tak
KaK Takofi cyabdar npu 3apsile nepeXoAdT B NPOYHYIO
axXTHBHYI0O MacCy, COCTOAMIYIO MpenMYILEeCTBEHHO H3 Kpym-
HOKPHCTAJHYECKOro AuoKCHAa CBuHua. B ToM cayuae,
Korja NOBEepXHOCTh 3JEKTpoja NmpH# pa3spsiie NOXpHBaercd
NAOTHHM CJAOEM TOHKOLHCIEPCHOro cyabdara CBHHUE, 06-
pasyiouiHecs npu 3apsage kpucraaad PbO, pacryr npe-
HMYHIECTBEHHO B BHJe NEHADHTOB, 06aafalowux 6oaee Hu3-
ko#t mpouHoctbio. IToaTOMy ueMm BHille NJAOTHOCTb TOKa
KOHUEHTpAHs CepHOM KHCJAOTH H HHXe TeMneparypa npd
paspaje, TeM culbHee oNJLBaHuHe.

MHor#e mpuMecH BHI3HBAIOT YCKOPEHHOe pa3pylleHHe
aKTHBHON MacCH NOJOXHTENABHOro 3aexTpoga. K rtakum
npuMecM OTHOCHTCA cyJbar Gapna, MexaHu3Mm jefict-
BHA KOTOPOrO HOCHT KPHCTaMJd3allHOHHHK Xapakrep H
npoTexaer Tak Xe, XaK W Ha OTPHILATENBHOM 3JEKTpOAe,
BH3HBas 3)pdexr paspuxaeHus CTpyKrypH. OnaunsaHue
aKTuBHOM MaccH MOXeT GHTb BHI3BZHO TaKXe paAoM IpY-
r4X NpPAYHH, X YHCAY KOTOPHX OTHOCATCA: OGbeMHHE H
mopdosoraueckue H3IMeHeHHs B Npolecce UHKJIHPOBAHHA,
sJieKrpoanrHieckas 3pposus PbO,, naoxas aaresus mac-
CH # pellleTKH M Ap.

Oas G6opb6H ¢ ONAHBaHHEM NPUMEHAIOT AOMOJHHTENb-
Hble cenaparopH M3 CTeKJOBOJIOKHZ, XOTOPHE MeXaHHYeCKH
NpenaTCTBYIOT paspyuleHdio saexkrpoga. IIpu arom Boapac-
TA€T CpoK CAYXKOH # ONHOBPpEMEHHO HECKOJbKO CHHXKaeT-
€ eMKOCTb 3]eXTPOAd, NOCKOJBbKY 3arpylHsierca Auddy-
3HA XHCJAOTH B NOPH aKTHBHON MaccH.

Hau6onee nepcnexTHBHHM CPeACTBOM YNDOYHEHUs aK-
THBHON MaccH clefyer CYHTATH BBefleH#e CBA3YIOH[HX AO-
6apox. HexoropHe u3 TaxHMX BeHIECTB yXe HaLLI@ MNpo-
MuuljieHHoe npuMeHeHne. K HuUM oTHocarcsa ¢roponaacrsl
R NONHBMHHMJIXJOpPHHOBOE BOJIOKHO. YBeJu#yeH#e Cpoxa
CAYXKOH oOGBACHAETCA yNpoueHHeM axTHBHOH MaccH noJo-
XKHTENLHOrO 3JeKTpoJa B pe3ylbTaTe 06pa3oBaHdsi BHYT-
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peHHell CTPYKTYpH (Kapkaca), yAepXusawiled YacTHLH
PbO, or onauBanug.

Heobpartumas cyarsgparayusa njaactuH CBfA3aHA C pe-
KpucrajaH3auned cynsbpara CBHHILA, B pe3yabrare 4ero
obpasyercs CHJIOUIHOH CJiof  KPYNMHOKPHCTaJ/JIHYEeCKOro
cynbpaTHoro ocafka. 3apaAMTh TaKyl0 NJNaCTHHY 3HauH-
TeAbHO TPyAHee, TaK KaK CKOpPOCTb PaCTBOpEHHS MakKpo-
KpHCTa//0B B OTJAHYHE OT MHKDOKpHCTaAsnoB Maja. Ilpx
3TOM €MKOCTb 3JeKTPOROB pe3Ko Hajaer.

Heobparnmas cyabaTtauds Moxer GHTbL BH3BaHa Xpa-
HeHHeM He3apsiKeHHOTO HJH YaCTHYHO pa3psKeHHoOTO akK-
KyMyJaaTopa, HOBHUIEHHHM CaMoPa3pafAOM NoA JAeACTBHEM
pa3auuHHX (paKTopoB (mpHMecH, Temneparypa), CHCTeMa-
THYECKAMH TJNYOOKHMH pa3psafiaMH HJIH HENoJHHMH 3aps-
AaMH, JJHTENbHLIM XpaHEHHeM 3apsXKeHHOTO AaKKyMyJs-
Topa.

OcHoBHOM NpHUNHOA yMeHbUICHHA CKOPOCTH pacCTBope-
HH® cyandara ceunna (no B. H. Ka6awosy) sAsasercs
ancopbuus Ha HeM NMOBEPXHOCTHO-AKTHBHHIX BEHIECTB, NPH-
CYTCTBYIOIIHX B KauecTBe npuMmeceil B cepHofl KHCJoTe HJH
BHIIeTaYHBAEMHX H3 CenapaTopoB, aKTHBHHIX MacC # ApY-
FHX MaTepHa/loB, CONPHKACAIOMIHXCH C 3JeKTpoautoMm. Tor
t¢axT, 4T0 NMOJNOXKHTe/NbHHE NJIACTHHH 3HAUHTENbHO MeHb-
Hie MOABepxKeHH cyabaraunn, oGBACHAIOT OKHCIEHHEM Ha
HHX NOBEPXHOCTHO-aKTHBHHX BeHIeCTB NMpH aHOXHOM Moad-
pH3alMH.

B. H. Ka6anos npennoxua 3dpdexkTHBHHA MeTox HC-
npaBjeHHs 3acyAndarnpoBanHHX NJAACTHH, 3aKJIIOUalONIHii-
CH B yAalleHHH aACOpPOHPOBaHMHX BeHIECTB C HX NOBepX-
HOCTH NpH 3apafgHoft muorHocts ToKa 0,1 AfcM? wam B
10 pas npesnmalomedi o6uunyo. TexuuueckH Gosee AO-
CTYNHHM SABAAETCA APYrof METOA: 3JEKTPOJHT 3aMeHSIOT
AHCTH/IJIEDOBAHHO! BOJOH, B KOTOPOH paCTBOPHMOCTb CYJb-
¢aTa CBAHLA 3HAYATEJbHO BHIIE, $ NPOBOAHAT 3apsj TO-
koM 0,025+0,01 Cgou. ITocne nOCTHXeHHE NOCTOAHCTBA
KOHUEHTpAUHH CepHOH KHCJOTH 3JEKTPOJHT BHOBbL 3ame-
HAI0T BoJioH H onepalHi0 NOBTOPAIOT.

7.5. Npasuna skcnnyarayumus

¥Yxon 3a CBHHUOBHIMH akKKyMyJATOpaMH B Ipouecce HX
IKCILTyaTalln# CBOAHTCH K NOAAEPIAHMIO YHCTOTH, NEpHO-
AHYECKOMY 3apAfy HJIH NOA3apHAY ¥ CBOEBPEMEHHOH KOM-
MeHCcallHH NOTePb 3JEKTPOJTHTA.

Pexum sapspa, HanGosee noCTYymHHIM MeTONOM $BJS-
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‘eTcA 3apaf CTaGHAH3UPOBAHHHIM TOKOM, paBHHM 0,1 Ca.
[IpusHakoM OKOHYaHHS 3apfjAa CAyXaT MOCTOAHCTBO MJIOT-
HOCTH (KOHIEHTPALHH) 3JeKTPONHTA, a8 TaKkKe MNOCTOSAHCT-
BO HanpsxeHus, kotopoe gocturaer 2,5—2,7 B. Kostpdu-
IMuEHT OTAaYH N0 SHEPrHH aw NPH 3TOM COCTaBJAseT OKOJO
0,75—0,80. K koumy 3apaga MOXer HaGJAIOA&TbCA 3HAUH-
TeNbHOE NOBBHILIEHHe TeMnepaTypbl dekrtpoaura. Koraa
TeMneparypa Aocruraer 45°C, HeoGXOAHMO JHGO CHH3HTb
T0K B 2 pa3a, AHGO npepBaThb 3apAA AJA OXJAAKACHHA
aaekrpoanta go 30—35°C.

3apax npH NMOCTOSHHOM HANMPSAXKEHHH MOYTH He CONpO-
BOXJaeTcs rasoBbljeNleHHeM H NOBbILIeHHEM TeMnepary-
PHl, 3HEpreTHYeCKH BeCbMa 3KOHOMHYeH H GoJiee mpoOROJ-
XKHTeNeH. 3apsAA BeRyt npH HanpsxewnH 2,3—2,4 B. Pac-
TpOCTPaHeH NMOA32PAA NPH CTaGHAH3NPOBAHHOM HampsXke-
HHH, B TAKOM pexkHMe pabGoTaioT Bce craprepHbie GaTapeH.
OnrHMalbHoe HanpsiKeHHe Ha 6Gatapee JOJKHO ObITbH
13,8—14,0 B. Tlpeacrasaser uurepec H MOAH(HUHPOBEH-
HHA 3apag (cM. ra. 3). Ilpumepnl 3apaxHoOro pexuMma
CBHHIIOBHIX aKKyMyJATOpOB NpHBeAeHn Ha puc. 3.0 u 3.6.
Ecan Heo6X0AHMO B KOPOTKOe BpeMsi BOCCTaHOBHTb pabo-
TOCHOCOGHOCTb TAYyGOKO paspsxeHuofi aKKYMyJSTOPHOMH
Garapes, npuMeHSAIOT CTyneHYaTHR (HOPCHpPOBAHHHA 3apsA.
Takof 3apsig MoXeT NMPOAOJKATLCA He Gojiee Tpex uacos.
Hanpumep, npu Toke 0,7 Cg NPORO/KHTENBHOCTb 3apAna
cocraBasier He Gosee 20 muH, npu Toke 0,5 Co — 45 MHuH,
npn Toke 0,3 Cgo — 90 Muu. CucreMarnueckoe HCHOJL3OBA-
HHe STOr0 MeToAa OTPHHATENbHO OTpa)kaeTcd Ha CpPoKe
CAyXO6bl aKKyMyJATOPOB, NO3TOMY €ro CJAeAyeT NPHMeHATb
B BHAE HCKJIOUEHHSA.

INpakrukylor ypaBuHTeabHbA 3apag TokoM 0,1 Ca, HO
B TeyeHHe HeCKOAbKO OOJbLIEro BpeMeHH, uYeM OGBIYHO.
Ero nenp — o6ecneunTh noaHoe BOCCTZHOBAEHHE AKTHBHHX
MacC. YpaBHHTeNbHH 3apsaf HeATpanH3yer HeraTHBHOE
BO3AeHCTBHe TAYOOKHX pa3psajoB Ha OTPHIATENbHBE JeK-
TPOAH H peKOMeHAYyeTcs KakK npoduaakTHueckas Mepa,
ycrpausiomas HeoGpaTHMYi0o cyabdaraluio 3JeKTPOAOB.

Anexrpoaur. IIpaBHAbHHA BHGOP KOHIEHTPAUHH 3JEK-
TPOJIHTE HEe TONbKO YAydLiaeT JMeKTPHYECKHe XapaKrepHC-
THKH, HO H yBeJlHYHBaeT CPOK CAYXKOH. B 32BHCHMOCTH OT
TeMneparypHHX YyCHAOBHH IKCIIyaTanuu craprepHHx Garta-
pefi onTHManbHAaA KOHIEHTPAUHS CePHON KHCJIOTH pasfinu-
Ha. B yacTHOCTH, 3JeKTPOJHT MOXET 3aMmep3artb, MO3TOMY
Anfl PaiioHOB C CYPOBBIM KJIHMaTOM NPHMEHSAIOT HaunGoaee
KOHIEHTPHPOBAHHYI0 Kncaory. B Ttabn. 7.1 npusegena
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Ta6anma 7.1. InOTROCTE SEEKTPOANTA AAN CTAPTEPHLIX CBRAKOBHIX

GaTapel :
I1noTHOCTB suexéponnn.
KnaMartHueckas soka riew (15° C)
(cpeansis TeMnepaTypa Bpexu rona
sapaps, °C) 3aprKentol
32/MBAEMOr0 Tapen
Oyen» xosnoanana {(—50=+ 3ama 1,290 1,310
+—30) :
Jleto 1,250 1,270
Xonopnas (—30+—15) Kpyraui ron 1,270 1,290
Yuepennas (—15+—4) » » 1,250 1,270
Tennas (—15%+4) » » 1,230 1,250
Xapkas saaxnas (44— » » 1,210 1,230
= +6)

NIOTHOCTb KaK 3aJlHBaeMOro B cyxyio Gatapeio 3JexkTpo-
AHTa, TAK H 3JEKTPOJNHTA NOJHOCTHIO 3apsXKeHHOH Gara-
peH NpH LHKAHPOBAHHH.

ITo Mepe akcnayaTanuu U 0cOGeHHO MPH 3apsje YpOBeHb
3JeKTposnTa NoHHXKaercs. JlOAMBAIOT AKKYMYJAATOPH JHC-
THAJHPOBAHHOA BOJAOH H TOJbKO NPH HeOOGXOAHMOCTH MJOT-
HOCTb PaCTBOP2 KOPPEeKTHPYIOT KOHILEHTPHPOBAHHOH KHCJO-
To#t. Cesyer nOgYepkHYTb, YTO B CAyYyae KOHIEHTPALHH
HHXe HOPMH aKKyMyJATOD BPeMEHHO CHH3HT eMKOCTb, HO
€CJIH KOHILeHTPalHs OKa3ajacb Bblllle HOPMBI, TO 3TO NpPHBe-
AeT K NpexjieBPeMeHHOMY BHXOLY GaTapeH H3 CTPOA.

Xpasnenne, AKKyMyJATOpHHE GaTapeH 10 NPHBEAeHHA B
pa6oyee cOCTOAHHE MOTYT HAXOAHTbCA H2 XPAHEHHH B CyXOM
BHJE He MeHee TpeX JeT, IpH 3TOM TeMnepaTypa BO3Jyxa
JOJIKHA GHTb He HHXKe —30°C u He Bume +50°C. XpaHenHe
npH GoJlee HH3KOH TeMnepaType MOXKeT NPHBECTH K pacrpec-
KHBAaHHIO TepMeTH3HpYyIOulefi MaCTHKH, a npH GoJee BHICO-
KOofi — K ee onauBaumio. [Ipo6km AOMXKHH OHTH IJIOTHO
BBHHYEHH.

XpaHHTbCA MOTYT TOJBLKO MNOJHOCTbIO 3apaKeHHHWe 6a-
TapeH H JKeJaTeJbHO NpPH NOHHXeHHOA Temneparype (ue
seile 0°C). ITockonbKy camopaspsj aKKyMyJATOPOB NpH
LJHTENILHOM XPaHeHHH NPHBOAHT K MeoGpaTHMOf cyabdara-
IHH NAACTHH, HEOGXOZHMO e€XKeMeCAYHO KOHTPOJNHPOBATH
IVIOTHOCTb 3JIEKTPOJNHTZ H, ecJH OHA  CHH3HJAaCb Ha
0,04 r/cM® B Gonee, npoBecTH mnoazapai. PexkomeHzyercs
TaKxe pas B TPH Mecfla NPOBOAHTb TPEHHPOBOYHHHA IHKJ
paspsa — 3apsj.

Pa3spa6oran HoBHIit MeTOA, KOTOPHH CBOAHTCH K 3aMeHe
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3JIeKTPOJIMT2 Ha BpeMs XpaHeHHs pacTBopoM GopHoft kuc-
Jorhl. [lns 3Toro akKyMyJsaTopHyio 6artapeio MOJHOCTbIO
3apaXaloT, 3aTeM CJAHBAIOT 3JIEKTPOJIHT, ABaXAb NMPOMLBA-
JOT AUCTHJLIHPOBaHHOM BOAOR M 3annBaloT 5Y%-HHM pacrBo-
pom H3BO;. Heo6xogumocTb B KOHTpoOJe H NOA3APAAAX NPH
TAaKOM XpaHeHHM NOJHOCTBIO OTRajaeT, OAHAKO TeMepaTypa
XpaHeHHs Aoaxua 6HTb He HuXe 0°C Bo HabexkaHHe 3aMep-
3auHs pacrBopa. [lepex 3kcmayaranuefi pacrBop GopHoft
KHCJIOTH BHUJIHBAIOT H 32JIMBaIOT CEPHOKHCJOTHHA 3J]eKTpo-
Jut naoruoctbio 1,28 r/emd. Iocae 40-MunyTHOR NPONHTKH
Harapes roroBa K paGore.

7.6. BeayxoaHslli CBMHILOBBIH BKKYMYNRATOP

Be3syxoaHuM, HJIH repMeTH3HPOBAHHHIM, Ha3HBAIOT CBHH-
IOBHH aKKyMyJATOp, KOTOPHE uHe TpeGyer HM KOHTpOJS
SJIeKTPOJIHTA, HH NepHOAHYECKOR HOMHBKH BOAE M KHMCJOTH.
On, xaK 4 repMeTHUHHA aKKyMyasTOp, He BLieJfeT Kaneab
H nmapoB 3JeKrpoJHra, MoXeT paboraTb B JIOGOM MoJoXKe-
HMH, HO B OTJHYHe OT MOCJefHero CHabGxeH peryJaspHo
QYHKUHOHHPYIOHIHM KJamaHoM. 3ajava KJanana — CTpas-
JIHBaTb ra3ul, KOTOpHe 06pa3yloTes NMPH 3apsie H caMopas-
pane akkyMyasropa. Besyxoauble CBHHIOBHE AKKYMYJATO-
PH HMeIOT yAeAbHylo 3Hepruio Ao 35 Br.u/kr, consmepumyio
€ yAelbHOH 3Mepruefl NyymInX HHKeAb-KaAMHEBLHIX aKKyMY-
JIITOPOB, IPH 3HaYUTENbHO 60Jiee HH3KOH CTOHMMOCTH.

KoHcTpyKkTHBHBIE 0COGeHHOCTH. ['epMeTH3HpOBaHHHE aK-
KyMYJIATOPH HMEIOT CJefylollHe KOHCTPYKTHBHEIE 0COGeHHo-
CTH: BMECTO XHAKOro HCHOJIb30BaH rejeobpa3unfi HIH MaT-
PHUMH 3JIeKTPOJHT, CYyPbMAMHA chJaB CBHHIIA 3aMeHeH
OecCypbMAHLIM CNIABOM MJH YHCTHM CBHHIOM, H3MeHeHo
COOTHOLIeHHe AKTHBHHX MacC Pa3HOHMEHHHIX 3JIeKTPOAOB,
NpHMeHeHB KPYIHOMOPHCTHE CenapaTophl HJH CenapaTophl-
pasgenutenyu. Kaxjgoe H3 3THX TeXMHYeCKHX ycoBepLIeHCT-
BOBaHHR HMeeT cBoe oGocHoBauue,

DNeXTPOJHT Ha OCHOBe CepHOf KHCJOTH CTaHOBHTCA He-
NOABHXHEIM ((GHKCHPOBAMHHM) € MOMOIIbIO KpeMHHeBoMH
KHCJ0TH HAH MEAKOAHCIEPCHOro AHOKCHAA KpPeMHHus, NpHO6-
perast THKcoTponHue cBofictBa. TaKo#f 3JieKTPOJIHT COXpaHs-
€T BLICOKYIO 3JIeKTPHYeCKYIO NPOBOLAHMOCTb CepHOH KHCJOTHI,
B TO 3Ke BpeMs GJaaroaaps reiieo6pasHoMy COCTOAHHIO Npak-
THYECKH MOJHOCTbIO YCTPaHsAeT oNJHBaHHe aKTHBHOA MaccH
NOJIOXKHTEAbHHX 3JIeKTPOAOB, CaepXuBaer pa3byxaHue ry6-
YaToro CBHHIA Ha OTPHIATEJbHBIX 3JeKrpodax. [losromy He-
06xoAHMOCTb B MPHMEHeHHH MHKPOMOPHCTHX CenapaTopos,
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pa3fensioUHX 3NeKTPOAH, HO H CO3AaIOMHX AHdDy3HOHHHE
orpaHu4YeHHs AaA rHApocyabdar-uoHos, ornajgaer. Henoas-
3YIOT CTeKNOBOHNOUHHN cenaparop ¢ 06beMHOH NOPUCTO-
cTbio BHile 90% HAM nAacTMaCCOBHe paMOuHHe pa3genure-
JH; B MOCAeAHeM CAyuae POJAb MOPHCTOrO Cenaparopa HrpaeT
reqe06pa3HHil 31eKTPOMUT (BCIOMHHM nacTOBYIO auadpar-
My menoyHux ML saementos!).

MarpHuHblii 3NeKTPONHT He COACPIKHT reeo6pa3yioLIHx
no6aBoK. HenpoaHBaeMoCTs 3/MeKTPOJHTa JAOCTHraercs 3a
cuer a6cop6uUHH pacTBOpa CepHOfi KHCNOTH B NMOPax OTHOCH-
TeJBHO TOACTHX MHKPONOPHCTHX CenapaTopoB, KOTOPHe 3a-
HONHAIOT MeX3JeKTPOLHOe NPOCTPaHCTBO, 8 TaKXkKe B MOPax
aKTHBHHX Macc. B Hacrofiniee BpeMs. TaKOi 3JeKTPOIHT HC-
NOAB3YIOT BCE Yaie.

ITockoabKy repMeTH3auUHsi CBHHIIOBOTO aKKyMyasTOpa
Tpe6yeT MHHHMaABHOrO Fa3oOBHJeNeHHs, CBHHIOBO-CYpPbMS-
Hule CONaBH JAf H3rOTOBJeHHA TOKOBeAYHIMX JeTajefl Oka-
3bIBAIOTCA B JAHHOM CJlyuae HeNPHTOAHHIMH, TaK Kak HaaH-
YHe CypbMH 3aMeTHO CHHKaeT KaK BOJAOPOAHOe NepeHanpi-
}KeHHe Ha OTPHLLATENBHOM 3JEKTpOAe, TaK H KHCJAOPOAHOe
NepeHanpsixKeHHe Ha MOJNOXKHTeJLHOM 3JeKTpoie. Brcokoe
NepeHanpsXeHHe BHJAeJEHHS KHCJIOPOAA M BOAOPOAA CBOH-
creenno cnaasy Pb—Ca (0,1—0,2% Ca), uto oGecneunBaer
uu3KkHit camopa3spax akkymyasropa. Kpome Ttoro, srtor
cnnas o6aagaer BHCOKOH KOPPO3HOHHOH CTOMKOCTBIO, Mexa-
HHYeCKO! [POYHOCTBI0O H HeBHICOKOH cTomMOCThi0. UMmeloTca
M HeJOCTATKH: NOHHIKeHHHe NuTeliHHe CBOHCTBA, HecTabHAL-
HOCTb COCTaBa H3-32 NOBHIICHHON OKHCASEMOCTH KaJbLHA,
BHICOKOe mepeXOfHOe 3J€KTPHYeCKOe CONPOTHBAeHHe Ha rpa-
HHYe pellleTKa — AHOKCHA CBHHUIA. OKHCAfeMOCTb KaJbIlHA
yMeHbLIAIOT, JerHpya cnaae aaiomuinem (0,05%); mepexon-
HOe CONPOTHBAeHHe CHHXKAIOT, BBOAA B 3JeKTPOAHT A0GABKY
dochopHofi KHCAOTH,

‘B repMeTH3HpPOBZHHOM aKKyMyJAATOpe OTpHIaTeNbHHe
NNACTHHBI RAO/KHH HMETh GOJee BHCOKYIO 3apARHYIO eM-
KOCTb, YeM NOJOXHTelbHHe. B 3TOM clydae X MOMeHTY noJ-
HOTO 3apsAfa MONOXKHTEABHOrO 3MeKTpPoJa OTPHUATEeNbHHIT
3JIeKTPOJ, 6y ieT HAXOAHTHCA B HeA03aPSAXKEHHOM COCTOAHHH,
NPaKTHYeCKH HCKJAIOYAIOHIEeM BO3MOXHOCTb pa3pfila HOHOB
sojopoaa. Kucaopos, suaensionuiics Ha IHOKCHIe CBHHILA,
MOXeT 4aCTHIHO OKHCAATH TyGuaTHli CBMHell M TeM CaMHM
NpenATCTBOBAaTh BHAeJeHHIO Bogopoaa. IIpuMeHeHHe Kpyn-
HOMOPHCTHX ra3sONPOHHIAeMKX CenapaTopoB CHOCOGCTBYeT
nepeHOCy KHCMOPOAA K MOBEPXHOCTH OTPHIATENBHOTO 3JeK-
TpOAa.
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¥crpolicTBo W xapakTepHCTHKH, BesyxonuHe CBHHIOBHE
aKKyMyJaaTopHbie GaTapeH, BbinyCKaeMbie Pa3JHYHBIMH (Hp-
MaMH, HMeIOT CXOZHYIO KOHCTPyKunio. Hauie Bcero Garapelo
COGHpAIOT B MJIaCTMaCCOBOM NPSMOYroJbHOM MOHOGJ0Ke C
ob6ujefi KpHXof, B XOTOPYIO BMOHTHPOBaHH TPH HJAH LIECTh
KJanaHoB (Mo YHCAY aKKyMyasTopoB B Garapee). Mexae-
MeHTHHE COeAHHEHHA H BHBOAHHE GOPHb YTONJEHH B yr-
JAy6eHHAX KPHIIKH C HapyXKHOA CTOPOHB H 3aJHTH MaCTH-
kofi. B HeKoTopbiX BapHaHTaX KOHCTPYKUHH NPHMEHAIOT
oxHH OGuIHf A8 BCeX aKKyMyasdTopoB KianaH. ['epmerHsa-
11 GOPHOB NPOH3BOAHTCA NOCPEACTBOM YNJAOTHHTeNbHHX
mai6 u 3aaHBousoff MacTHku. lllnamMoBoe npocrpancTso oT-
cyrcrByer. B knamansHoM ycrpoiicTBe nmpenyCMOTpeHH pesn-
HOBHl KNalaH H OTpaXaTesb, CAYXKaMHA AAA yAaBAHBAHHA
Kaneab 3JIeKTPOJHTA.

3a py6exoM BhLINYCKalOT aKKyMYJAATOPH M GaTapeH nps-
MoyroasHoit ¢opMH emkocTeio ot 1 o 36 A-u, cnoco6une
pa3paxXaThcs B PeXHMax oT AJAHTeAsHOro fo GopCHpoBaH-
Horo. Tak, CyAs no paspaaHbIM KPHBHM aKKyMyaaTopa GHp-
M Sonnenschein (®PT'), Tok paspsana JeXHT B HHTepBaJe
OT HOMHHAJBHOIO I3 N0 GJH3KOrO K TOKYy KOPOTKOTO 3aMH-
Kanusa 3007y (pHC. 7.12). AkkyaysitopH paGorocnoco6HL B
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Prc. 7.12. Paspanvme XapaKTepHCTHKH TeDPMETHUHOTO CBHHIIOBOrO aK-
Kymyaatopa ¢upmm Sonnenschein npu pasiuuMhHX TOKOBHX Marpys-
xax

RHana3oHe TeMneparypn or —45 no +50°C, ux pecypec —
He Menee 200 nukioB npu ray6okoM paspsae (0,8 Cuou) H
cehie 1500 nuuknos npu Heray6oxkoMm paspsane (0,3 Cuon).
Cpok cayX6H AOCTHTaeT yeTbipeX JeT H OrpaHHYHBaeTcs
KOppO3Me#i TOKOBeAYHI#X neTajJed MOJOXKHTENLHOTO 3JeK-
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Tpona. YnenabHast 5Hepras Gartapelt nmpu paspsaae ToKoMm [z
B 3aBHCHMOCT# OT paaMepa H KOHCTPYKTHBHHX Oco6eHHOCTeH
cocrasaser or 20 go 34 Br-u/kr. Camopa3pan 3a roa npu
Témneparype 20°C ue npesnuiaer 35%.

®dupmbl General Electric (CIIA), Chloride—Gates
Energy (AHrausl) ¥ gApyrse BHOYCKAIOT HHAHHADHYECKHE
6esyxoauble aKKyMyaaTopsl emkoctbio ot 1,9 a0 31 A-y, ana-
JIory4HHe Mo YCTPOACTBY HHKeJb-KaAMHEBHM aKKyMyJdATO-
pam pyaouHofi xoHCTpykKiuH. AKKymyaatopu pupMu Gates,
HanpuMmep, 3aKJI0UeHH B cOCyAl C KPHIUKOH, BHNOJHeHuHIH
H3 noJunponuaena, KOTopH i BCTaBJeH B aJIOMHHHEBHHA Kop-
nyc. TOKOBeAylI#e OCHOBH HOJOMHTENbHHX W OTPHILATE]b-
HHX NJaCTHH WITOTOBJEHH W3 YMCTOro CBUHIA. IAeKTPoau-
TOM CJAYXHT PacTBOp CepHO# KHCJOTH, NOJMHOCTBIO a6cop6H-
pOBaHHHF B BHCOKONOPHCTOM CeNapaTope, COCTOAINEM 3
YAbBTPATOHKHX CTeKAAHHHX BOJOKOH. DJEeKTPOAH H CeNapa-
IHs CKPYyYeHH B CN#pajb # BCTaBJeHH B cocyl. Bepxuas
KpHIlIKa RpuKpenas-
eTcd K KOopnycy ¢ mo-
MOUIbIO 32BaJbLOBKH

4 H cHabxena npejo-
« \ XpaHATeLHHM  KJa-
v L 4 J 2|1 naHOM.

g ' Huaanapuveckue
gw aKKyMyJASTOPH  HMe-
S 10T crabuibanie pas-
= 0 pAAHHe  XapaKTepH-
CTUKH NpH# TMoBHIle-
{ 10 20 30 40 lli(r)mc'roxa pa3paga no
Emicocmp Ay nom H CHHXEHHH
’ TeMIIepaTypH Ao

O,
Puc. 7.13. Paspsanse xapakTepucTa- —40°C. Ha puc. 7.13
KH RHIMHAPHYECKOFO TepPMeTH3HDOBaH- A3HH paspaAHble KpH-
HOro CBHHIOBOro axKxKymyaaropa ¢Hp- BHE UHIHHAPHYECKO-
Mul General Electric: IO aKKyMyaAsTOpa eM-

g e o0, it C s KOCTBIO 2,7 A-4, HMe-
250 MA jomero pasmeps MI]
sneMenta 373 rumno-
pasmeproro papa MIK (cm. Taba. 4.1), mpu pasauunoit
TeMneparype. llaxe npu —40°C eMKoCTb aKKyMyaaTOpa BH-
we 0,4 Cyow Npu HanpsXKenuu He HHXKe 1,6 B. Homunanbuas
ylenbHas SHeprda pasua ~ 30 Br-u/kr, camopaspag ~ 50%
3a rog.
CyitecrBeHHoe 3HaYeHHe AAA KCIIAyaTallné epMETH3H-
POBEaHHHX CBHHHOBHX aKKyMyJATOPOB HMEeT ONTHMaJbHHMA
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pexum sapana. I[Ipexnoururenen 3apai npH NOCTOSHHOM
HanpsKeHHH, 3HaAYeHHe KOTOPOro He JOMKHO HAMHOrO Mpe-
Buimiatb HPLl akkymyastopa. IIpH Takux ycJHOBHAX TOK
pacxojyercss B OCHOBHOM Ha BoccraHoBienHe PbSO,—~Pb u
okucaenne PbSO—~PbO, 1 anuib B He3HaUHTebHOR CTene-
HH — Ha no6oyHble peaKuHH. BoabmHHCTBO GUPM peKkOMeH-
JyeT 3apsaj NpH NOCTOSHHOM HampaxeHHH 2,25—2,30 B npu
pabore akkymyasaTtopa B 6ydepHOM pexxHMe H HanpsKeHHH
A0 2,40 B npu unkaupoBannn. Buit npensioxen yckopeHHbif
peXHM, pH KOTOpOM 3apsaj 6aTapeH CHauajla NPOBOJMAT TO-
KOM 0,15 Cyrou A0 AOCTHXKeHHA HanpaxkeHHda 2,47 B na akky-
MyJSATOp, MOCJe Yel0 3apAj MpeKpauiaior, AH60 MpPOAOKA-
10T npy Hanpsixkenuu 2,20 B,

BesyxoaHbie CBHHIIOBble aKKYMYJATOPH HaxORAT BCe Go-
Jlee IIHPOKOe NpHMeHeHHe B GLITOBOM 3/1€KTpo-, paiHO- H Te-
Jileannaparype, yCnelltHO KOHKYpHpySl € MEepBHYHBIMH H BTO-
PHUYHHIMH HCTOYHHKAMH TOKAa APYFHX CHCTEM.

7.7. NpouasoacTao craprepHsix Garaped

Cpean cyuiecTByIOHIHX CBHHIIOBBHIX aKKYMYJHTODOB HaH-
60Jiee pacnpocTpaHeHbl aKKYMYJAATOpPH C NaCTHPOBAHHBIMH
(Hama3npIMH) NAACTHHAMH, KOTOpHE NMPHMEHSIOT FIaBHHM
06pasomM B NIPOHSBOACTBe CTapTepHHX Gartapeii. Bonbmwuncr-
BO CTapTepHbiX GaTapefi H3rOTOBJAAETCH NO NOPOLIKOBOH TeX-
HOJIOTHH, COTJIaCHO KOTOPOHA HCXOAHBIM ChHIpbeM JJIs IPHTo-
TOBJIEHHS aKTHBHHX MacC (macT) CJyXHT CBHHLUOBHH OKHC-
Jennblfi nopowok. IIpunuunuanbHas CxeMa NPOH3BOACTBA,
TIpeAyCMATPHBaIOHIas HCIOJAb30OBaHHe BbICOKONMPOH3BOAHTeNb-
HOro 060pyAOBaHHN H COBpeMEHHLIX TeXHOJIOFHUYeCKHX NpHe-
MOB paboOTH, NOKasaHna Ha cxeme 7.1,

oJlyueHHe CBHHI{0BOTO nopowka. CBHHIOBBIA MOPOIIOK
H3TOTOBJAIOT BO BPam[2IOIHXCA MeJbHHI[aX, B KOTOpHe aB-
TOMAaTHYECKH NOAAZIOT CBHHUOBHe GDYCKH — uymIkH. PasMon
MaTepHaja NPOHCXOAHT 32 CueT AedOpMAIHH H YCTAJNOCTHO-
r0 pa3pyLieHHl MeTalsa MO NMJAOCKOCTSM CKOJIbXKeHHA KpH-
CTanJoB CBHHLA. Baxnyio poab HrpaloT BHelllHHe YCAOBHA H
npeXje BCEro TeMIepaTypa H BAAXHOCTb BO3AyXa, KOTOphle
CNOCOGCTBYIOT OKHCJIEHHIO CBHHIIA C NMONABJeHHeM MHOMOYHC-
JIeHHEIX MHKPOTpeHIHH Ha MOBEPXHOCTH MeTaJsaa. Peryanpys
CKOpOCTb MORAYH H TeMNepaTypy BO3AyXa, a TaKXe YHCJO
06OpOTOB MeJAbHHIILI, MOXXHO H3MeHATb OKHCJAEHHOCTb NMOPOLI-
Xa M creneHb ero JucnepcHocTH.OGEYHO CBHHIIOBLIA MOpOUIOK
cogepxHT or 55 o 656% OKcHAa CBHHUA, pacnpeleleHHOro
Ha NMOBEPXHOCTH YaCTHL, & JOJf YacCTHI, C pasMepOM HHXe
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53 mxwm npesuimaer 90%. oToBufi nopowok nogaercs WIHe-
KOBHIM TpaHcnoprepoM B GyHKep-HAKORMTEJb.

Jlntse pemerox m xpyrux aeradefi. CeHHeL HCMOAL3YIOT
TaKXe 1J5 NPHrOTOBJEHHS CBHHIOBO-CYpPbMSIHOTO CnJjaBa, H3
KOTOPOro MeTOJOM JHTbS HSNOTOBAAIOT 3JEKTpOJHbe peller-

MosoGnoxu
Hlpurovosncuine Hamaxa Kpatuncy
nacre B Cyuma .
BONORATEALMMX 3 AONOAMNTE:IMMX Cenaparopu
acnu nAacTIN Bapercy n
T ApyThe geTamn
Iipurotoniienne .
g.mwmo Harotosnenne opmiporanne CGupka
nopounca pelueTox TuracTi uitaped
A
llpwroron;ienue Hlanaaka 5
nacTst ucywka Konrpons
Lt otp::;::mx Gavapen

!

Cxema 7.1 Kparkas TeXHOAOTHUECKAA CXeMa NPOM3BOACTBR CTap-
TepHLIX CBHHUOBHIX Oaraped

KH, 6apeTKH, BTYJIKH, TepeMuuKH, NPYTKH a4 nafiku. [Ihas-
JleHHe KOMIIOHEHTOB cnJjaBa, NepeMeliiBaHHe H 110Ja4a ocy-
WecTBIAIOTCH MarHHTORMHAMHYECKAM MeTOAOM. YCTaHOBK®
ofecreudBaeT MeXaHA3HPOBAHHYIO 3arpy3Ky dyidleK CBHHUA
H CYDHMH, a TaKkXe yCTPOACTBO AJIfi aBTOMAaTHYECKOro MOJ-
JNEPXKAHHA YPOBHA H Temmepatyph cuiasa. K JHHeRAWM
apTOMaTaM cilaB nogaercs no Tpybam.

Hau6Goabillne TexHHYeCKHe TPYAHOCTH BLIZWBAeT JHThe
TOHKHX peuieTok. KauecTBo JHTHA 3aBHCHT OT TeMmnepatyp-
HOIO pEXRHMA, COCTABA CNABA, KOHCTPYKUUHU JUTEAHHX QOpM
u apyrax bakropos. [Ipa 9TOM ocofioe BHHMAaHHE yAeAseTCH
ofecnieveHHI0 PABHOMEPHOA TeMilepaTypu nO BCceH nNOBEPX-
HOCTH QOpPMH, TaK Kak neperpes, ocOGEHHO MeCTHHIH, HDH-
BOAHT K BO3HHKHOBEHHIO BHYTPEHHHX HANPSKEHAH B OTAUB-
Ke # 06pasoBaHHuI0 TpeindH. Pabouyio NOBepXHOCTh YOPMH
NOKPHBAIOT TENACHIOARPYIOMHAM CJIOEM, COJlepKailuuM npob-
KOBYI0 MYKY H CHAHKAT HATPH#A, KOTODH#H obecreuuBaer pas-
HOMeDHoOe 3anoAHeHHe KAHAAOB PACHJIABJCHHHM METadJOM.
Yame scero npumeHsior cnunas, cogepxamnfi 3—5 % cype-
Mol H 0,1 —0,3 ¢ Mumbaka.

Hsrorosaeane nacruposaHnux naacrul. Ias npHroros-
JIEHHA NACT NPHMEHAIOT CBHHUOBHIA NOPOINOK, CepHYI0 KHC-
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Aoty # BOoAy. B cocras mactT AAA OTpHLATENLHHIX 31eKTPOJOB
BXOANT TakxXe pacuwHputean. CymHocTb Bpouecca CBOAHTCH
K CMEleHHIO PelleATYPHHX KOJHUECTB KOMIIOHEHTOB, B pe-
3yabTaTe 4ero obpa3yerca CROXKHAA cMeCh Cyab(haToB CBHH-
42 pa3NAYHO#l OCHOBHOCTH, OKCHAA CBHHLA H METaJNJIHYECKO-
ro ¢sHHua. A npUroToB/ieRHs NacT APHMEHAIOT HENPephiB-
#0 AeficTBYIOLIHE CMeCHTEAH IMHEKOBOTO THHA, a TaKke Me-
182Ky ¢ Z-06pa3HbiMH AONACTAMH A MeaakH 6eryHkoBoro
T™HAA,

Hasecenne aacThl Ha aKKYMYAATOPHYIO pelieTKy {facTH-
poOBafNe) MPOH3IBOJAHTCA C AOMOMBIO HAMA30ufloli MamHHH.
CaexenaMazanHble RAACTHHH NOABEPTaOT NPOKATKE WA
HApecCcoBKe AN BHPABHABAHHA NOBEPXHOCTH, YRJIOTHEHHA
HACTH, OTXKHMA BAATH H YIYUMIEHHA KOHTAKTa MeXKAY AacTo#
{akrasro#f Maccoil) H pemeTkon.

3aTteM nAACTHHE NPOXOAAT CYHIRY, RpH xOTOPOH H3 €HHUX
yaaasercs Goaee 30% Baaru. Jas npenotapamienun o6pa-
308aHHA TPeitlHH, OCOGeHHO NpPH HHTEHCHBHHX PEXHMAX
CYWIKH, MAACTHHH Nepel, FOCTYAJIEHHEM B CYIIHJIO BHIEP-
JHBAOT Ha CTeANaXax HPH KOMAATHOH Temmeparype B
TeveHue 2—3 cyT /inGo moABeprasot kapOoHusauuu o6pa-
6ovxoft B ciaGoM pacTsope Kapfonara amMMouusn. O6pador-
Ka 3aHHMAaeT He 60aee 2—3 MAEH H MOKeT OSHTH HPOU3BLACHA
ORyHaHWeM HAH opowlenseM. O6pasyomancs APH 3TOM HO-
BEPXHOCTHAA NJAeHKa H3 KapOodaTa ceuHMA ToAmwuHod 10—
30 MxM 3aminEInAET BRACTHAY OT PACTPECKABANHA 8 APOHEcTe
CYMIKH, ROTOPAA DPOBOAHTCH B MHONC30HAALAMX TyAMens-
HHX KOHBEHCPHHX CYMINAAX HENPEPHBHOIC AefcTBHA, palbo-
TAMWAX RO APHAUMAY KOHBEKUMA.

Han akKyMyasTOPHHX NAACTAH XapaKTepHa pa3anIHan
HONEPUHORWOCTS J0Ned BAAKHOCTY H TeMUeparypui: Harpes
HAACTHH APOHCXOANT 3WAVHTEILHO WHTEHCHBHee, YeM obes-
soXHBaNUe. ITC OrPaHHINBALT BO3IMOXKHOCTL HATERCRPUKA-
UMW RPOUCCCA CYWKE 33-32 ONACHOCTH NOABACHHUY TPLWAH M
yEyailenfs aiaTesns NacTd K pewerxe. [losucuts cropocrs
CYMIRN RO3BOARET PAAHAUNCHHO-KOHBexTHRULIG Netod. Tlpe-
UMYWECTBO 3T0r0 METOR2 COCTOAT B TOM, 4r0 OpU CymHKe
NAICTHY € NOMOWBIO HHPPAKPACHOTO USTYYCHHA HHTEHCUSB-
HOCTh HCRAPEHHR BAATH {HO CPABHEHHI0  KOHBEKTHBHOM
cy1nrofi) 3navHTeasHO yeenuuyHsaercd. Jlan onruMusaunu
CKOpPOCTed Harpesa W OGE3BOXKUBAUMN NacTl NpeltoXed
CROCO6 OCHUAAHPOBAHUSA, T. €. NONEPENeHULIN Harpes ¥
OXNAKACHNE RAACTHH 4epe3 oOfNperecieHHHe NPOMeXYTKH
BpeMel. 3710 RO3BONHAET RCHOALIOBATE BHCOKOTEMATHA-
TypHHill Harpes RPH COXPAHEHNH HEOBGXOAHMOTO KauecTsa
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NAaCTHH H CYHIECTBEHHOM COKpallleHHH TNPOJONKHTENbHO-
CTH CYLIKH.

PopmHpoOBaHHe NJAACTHH. BHCyllleHHHe MIaCTHHH NOCTY-
naioT Ha CKJaA-HaKOMHTeJb H OTTYyNa — Ha (opMHpOBaHHe,
CYIHOCTb KOTOPOro CBOZHTCS K KaTOZHOMY BOCCTaHOBJEHHIO
coelHHeHHH ABYXBaJeHTHOro CBHHUA A0 METAJJHYeCKOoro
CBHHIZ Ha OTPHUATEJbHHX NAaCTHHAX, H 2HOXHOMY OKHCJie-
HHIO Tex Xe COefHHEeHHH [O AMOKCHAA CBHHLA Ha MOJOXKH-
TeAbHHX naacTHHaX. OGHYHO NPHMEHAIOT coBMecTHoe ¢op-
MHpOBaHHe Pa3HOMMEHHHX IJACTHH, KOTOpoe HPOBOAAT B
QopmHpoBoYHHX GakaX HJAH B GarapefHHX MOHOGJOKEX.
B nocaelHeM ciayyae BHCYIIeHHHe MJAaCTHHH NOCTYNaloT
CHayala Ha c6opKy Oarapell H TONbKO NOCJe 3TOro MOABEp-
raiorca GopMHPOBEHHIO.

®opmupoBalHe NMPOBOAAT B pa3baBieHHONi CepHol KHC-
JIOTe NpH NAOTHOCTH Toka He Bue 200 A/m2, ITpu norpyxe-
HHH NAACTHH B SJAEKTPOJHT TPeXOCHOBHHH Cyabdar CBHHUA,
HaxonAuMics B NOBEPXHOCTHOM CJIO€ 2KTHBHOH MacCH, 3Hep-
FHYHO B3aHMOJAEHCTBYeT ¢ CePHON KHCAOTOI:

3PbO- PbO,- H;0 -+ 3H;SO, — 4PbSO, + 4H,0 (1.12)

AHaNOrHYHO pearHpyeT € 3JeKTPOJHTOM OKCHA CBHHUA.

Ha orpuuarenbHuHXx naactHHax oOpa3oBaHHe KpHCTaJ-
/0B CBHHU2 HaYHHAeTCA B TOYKaX KOHTaKTa pelieTKH C &K-
THBHOH Maccolt. Ix maubHelmufi poct NMPOHCXOAHT Mapad-
JeJbHO 06pa3oBaHHIO HOBHX LEHTPOB KPHCTaAMH3alMH.
Taxum o6pa3om, noBepXHOCTb GOPMHPYEMOH NAACTHHH CO-
CTOMT H3 6eCHOpSfOYHO OPHEHTHPOBAHHHX HeHAPHTHHX
KPHCTAJJHTOB CBHHIE, pAcNOJOXKeHHHX Ha doHe cyabdara
CBHHLA,

®opmupoBaHHe NONOXKHTENbHHEX MIACTHH TaKe HayHHa-
€TCA y NMOBepXHOCTH peuleTKH. B oTdopmupoBaHHOH aKTHB-
HOW Macce MPHCYTCTBYIOT ABe KPHCTalJHueCKHe MOXHdHKE-
uHH, poMbuyeckas a-PbO; n Terparonanbhas B-PbO,, npu-
yeM BTOpas aABAAerCs npeoGaanaoueit. Kpucraaan a-PbO,,
HMelolne GoJiee BHICOKYIO 3JEKTPHYECKYIO NPOBOXHMOCTD,
npH onpeaeNeHHHX YCJIOBHAX CO3NaIOT NPOCTpPaHCTBEHHYIO
SYEHCTYIO CTPYKTYPY, KOTOpasi CnoCOGCTByeT CHHIKEHHIO
OMHYECKHX MOTepb HanmpsxKeHHA B aKTHBHOH Macce H yBeJH-
YEHHIO CpoKa CAyXOH 31eKTponoB. YCcTaHOBJeHo CHMOaTHO®
H3MeHenHe KoHuenTpauun 3PbO-PbSO,-H,O B macre u
. a-PbO; B oTdopMHpOBaHHOK aKTHBHON Macce.

ITpoueccH XxHMHYECKOTO B3aHMOLEACTBHS KOMIMOHEHTOB
nacTd ¢ cepHoli KHCJOTON H 3JeKTPoXHMHYecKoro obpaso-
BaHHA JHOKCHAZ CBHHUA MpoTekaloT napaanaenbHo. [To gan-



HuM [, T[laBnoBa, ocHoBHHE CyabdaTH pasnaraloTcs no pe-
akuuu (7.12) B TeueHue mepBHX ABYX 4acoB (OpMHPOBaHHSA,
TOrJa KaK peaKuus NpeBpallleHHs OKCHAa B CyJdbdaT CBHHIIA
npojoaxaerca BTpoe Aoabwe. IloaTtoMy cHauala CcJaof
PbSO, B naacruHax HapacTaer M TOABKO CNYCTS NMPHMEpHO
4 y HaYMHaeT yMEHbINATbCA 32 CYeT aHOLHOrO OKHCAEHHS 10
PbO.. Ha uavaabHofi craguH ¢OpMHPOBaHHA NPOHCXOAHT
npexMyniecTBeHHoe OKHCeHHe OCHOBHEX CYab{aToB M OKCH-
Aa cBuHia a0 a-PbO,, B nanbuefieM o6pasyercs $-PbO, 3a
CueT oKHCAeHHA Cyabpara cBHHIE. B nesoM ¢gopMupoBaHHe
npoTeKaeT HepaBHOMEPHO MO TOJLIHHE NAaCTHHH: B 0THOPMH-
poBaHHHX 3JeKTpojax Moauduxamus B-PbO, moxanusosa-
Ha NpeHMYINeCTBEHHO Ha HapyXHOH NOBEPXHOCTH, a
a-PbO2 — Bo BHYTpeHHHX CJIOAX aKTHBHOA MaCCH. PopMu-
pOBaHHe NPOBOAAT B 3GOHMTOBHX HJAHM  CTEKJONAZCTOBHIX
KHCJIOTOCTORKHX 6aKax, CoeJHHeHHHX nocaeaoparenbHo. Ha
60KOBHIX CTeHKax 6akOB HMeEIOTCA BepTHKaJAbHHEe MNasH, B
KOTOpHE BCTAaBAAIOT, YepPEeAyR, NOJOXKHTeNbHHe H OTpHIla-
TeNbHHE NAaCTHHH, COEXHHAR HX napallaeabHo.

ITocne cGopxu naacTuH 6aku 3aJHBRIOT 3JEKTPOJHTOM
(cepnofi kucaotofi naorHocteio 1,06—1,12 r/cm3) u ocras-
asior va 1—2 4, IIpn 3ToM CO3ZalOTCA YCAOBHS AN B3@M-
MOAeACTBHS OCHOBHHX CyAbdaToB ¥ OKCHAAZ CBHHIZ C Cep-
HOM KHCJOTOM; KOHIEHTPAIHA 3JEKTPOJAHTa COOTBETCTBEHHO
cHHXKaerca. 3areM BKAOYaIOT ToK. OGHYHO IPHMEHSIOT ABYX-
cTyneHuaToe ¢opMHpOBaHHe: HalmpuMep, NPH NJIOTHOCTH TO-
ka 90—100 A/M2? anexrpoaus Beayr 10 u, npu 70 A/m?—
eme 5—8 u, Takofi pexxuM yMeHblllaer rasoBHJENEHMHE Ha
IJIaCTHHaX H MOBHIU&eT 3(¢eKTHBHOCTL mpolecca. Temme-
parypa aaeKkrpoaura Moxer gocturatb 60°C. OxoHuaHue
(GhopMHpOBaHHA ONpEAENAIOT N0 HampAXeHulo, KoTopoe, AO-
CTHrHyB 3Hauenus 2,6—2,7 B, noMxHO oCTaThCA NOCTOSAH-
HHM He MeHee ABYyX uacoB. [Tpekpaiuenne pocra KOHIEHTpa-
IIHH 3JeKTPOJHTA TaKkKe CJAYXMT NPH3HAKOM OKOHY&HHSA
npomecca.

®opmupoBaHye MIaCTHH NMPOM3BOAAT Ha Kousefiepe. B
KauecTBe ONTHMaJbHOrO BapHaHTa MOXeT CJAYXHTb THAPO-
TONKAIOUIMA nojBecHofi kKoHBefiep, KOTOpHHA npeiHa3HaueH
AJS TPaHCMOPTHPOBaHHA 6aKoB C MAaCTHHAMH, 06beAUHEeH-
HHX B (OpMHpOBOYHHE rpynnH. [[BuxeHHe KoHBeHepa —
nyJabcHpyioizee.

OrdopmupoBaHHHE NAaCTHHH NOABEPraloT CyllKe ro-
paunm Bo3ayxoM (ne Buiwe 140°C) npH MHTEHCHBHOH LHP-
KyJsiHH (CKOPOCTb ABHXKEeHHs Bo3jgyXxa nmopsika 4—6 M/c).
g npesorepaiteHus o6pasoBanus Ha MOBEPXHOCTH CBMH-
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1k0BOH Iy0KH MJOTHOIO CJIOSt OKCHAA CBHHLA B aKTHBHYIO
MacCcy OTPHLLATEJNbHOTO 3JeKTPOAd Ha CTaJAMH HPHTOTOBJe-
HES NacThi BBORHTCSE HHTHOHTOD OKHCJeHHS CBHHIA, HanpH-
Mep a-oKcuHadroRHas KHCIOTa; NPOM3BOLHTCA TakikKe obpa-
6otka pacreopem H;BO;.

CGopka 6arapeit. [laa c60pkH akKyMyAsropHoi GaTapen
NJIaCTHHHE KaXKAOTO 3HaKa KOMILIEKTYIOT B moay6Jokd, K
yIIKaM OJHOHMEHHHX NMJIaCTHH APHNAHBaioT 6aperky. daek-
TpogHue 610kH, co6paHHble B3 ABYX NONYOJ0KOB H CHa6XKeH-
Hble cemapaTopaM#, BCTaBJAIOT B suefik® kopnyca (MOHO-
6aoka). Ilosepx kaxxporo 6s0ka pacnoJaraioT nepdopupo-
BaHHHH IIHTOK W KPHILUKY. AKKYMYJATOpDH COeJHHSIOT
nepeMHYKaMy nyteM nafikn. Kpuulky repMeTH3HPYIOT C MO-
HoGa0oKoM 3aaHBouHON MacTHko#. CoGpanHHe TakaM o6Gpa-
30M 6aTapeH nocae BBHHYHBAHHA npobok npeanasiasior OTK,
3aTeM OHM NOCTYHAIOT Ha CKJIaJ FOTOBOA HPOAYKIIHH.

Hpr c6opke Garapeil mHPOKO NPUMEHRIOT KOoHBefiepHHE
JHHHH, 06OpyAOBaHHHE NOJYyaBTOMaTaMH, OJHaKO JAONH
PY4YHHIX onepauHii A0CTaToOYHO Beauka. [lostomy GoubiuuH-
€TBO NMPOH3BOJACTB OTJIHYAETCH TPYAOEMKOCTHIO H HeBHICOKOM
NpOH3BOAHTENbHOCTHIO. B mocneanee BpeMs HeKOTOpDHEM 3a-
py6exnbiM ¢upmMaM yiaaJoch CO3RATE BhICOKONPOM3BOJAH-
TeJbHbie aBTOMaTH No cOopke CrapTepHuX Oartapefi, ocna-
mennnie ACYTII. C6opounble aBTOMaTl NPOH3BOAMTEIbHO-
croio nopaaka 100000 Gatapet B rox npeamoaaraercs
HCNOAb30BATb HA OTEYECTBEHHHIX AKKYMYJIATOPHHX 3aBO-
nax.

TexHuxa GesonacHOCTH M oxpaHa Tpyaa. CBHHel H ero
COeIHHEHNS ANOBHTH, NO3TOMY TeXHHKZ Ge30omacHOCTH AJA
paboralomux Ha aKKyMyJATOPHHX 3aBogax mnpuoGperaer
nepBOCTEeMeHHOe 3HaUCHHE,

ITpexkne Bcero Heo6XOAMMO OGECHeYHTb MaKCHMAJbHO
BO3MOXKHYIO FepMeTH3aHHI0 MallHH H MeXaHH3MOB, 3 TaKxke
HaJXKHYIO NPHTOUHO-BHTHXHEYID BeHTHAAnMO. Ocoboe BHH-
MaHHe yIenqioT y4acTKaM NpPHrOTOBJEHHA CBHHILOBOTO MO-
polika ¥ RacT. YpessuyafiHO BaXHO CO6/MI0AaTh B LieXaX YHC-
TOTY H NOPRIAOK, 8 TaKXe npaBuja Ju4Hoil rarHeHH. B pab6o-
YBX NOMEIeHHAX 3aNpeuaeTcss XpPaHHTb H NPHHAMATD NHILY;
pa6oTaTs Ge3 pecnHpaTopa ¥ HEpuaTOK Ha BCeX onepaiusX,
vae 370 npeaycmorpeto. Ilpu pabote ¢ cepHoit kucioTolt He-
06X0HMH 3aIIHTHHIE OYKH, CANOTH, NepuyaTKH, papTyku BO
u3b6exanne oxoros. ITokuaaTh TeppHTOPHIO L€Xa HIAH 3aBO-
Za B cnenojexje HepronyctuMo. Paboraiomne co CBHHIOM H
€F0: COeAHHEeHHAMH HaXOJATCH NMOJA NMOCTOAHMLIM BPayeGHLIM
nabJloneHneM.
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7.8. flepcriexTuebl Pa3BMTHSE

BaxueflilunM HanpaBieHHeM JajbHeflirero pasBuUTHS
€BHHIOBHX 2KKyMYJATOPOB OCTa€TCs NMOBHINEHHE HX XapaK-
TePHCTHK, NpexAe Bcero yaeabHoll sHepruy 1 cpoxa cayx6ul;
paciiHpeHHe AHana3oHa paGoded TeMnepaTypH, NOCKOJBKY
yxke npn —30°C paGorocnoco6HOCTb aKKyMYJSTOpa pe3ko
TajdeT; MaKCHMaJbHoe ynpolliexHe 3xkcnayaraiuy. Ocraercs
akTyaabHofl ¥ 3afaua yayullieHHS TeXHOJOIHH.

YayuuleHHe XapakTepHCTHK COBpeMeHHBX CBHHUOBHX aK-
KyMyJSiITOPOB MOXeT GHTb ZOCTHI'HYTO 32 CueT JaJbHeRiuero
COBEpIIEHCTBOBAHHA KOHCTPYKIHH B NpHMEeHEeHHA HOBHIX Ma-
TEpPHANOB, a TaKKe B pesyjbraTe MOBHIIEHHA Ko3(pQuiMeH-
Ta HCNOJBb30OBAHHA aKTHBHHX Mace, KOTOpHi xaxe NpH JA1H-
TelbHBIX DeXHMax paspsia ensa nocruraer 50%, a mpu
KOPOTKHX pa3psjax cHHxaercs fo 5—10%.

Hosewuenue cpoxa caymbot aKKyMyASTOPOB ¢ HaMa3HH-
MH NJAaCTHHAMH Onpefeasiercsi rJaaBHHM o6pasoM MepaMH
6opn6H ¢ ONJALIBaHHeM aKTHBHOK MaccH. HanGonee nepcrex-
THBHBEIE€ H3 HHX — NpHMeHeHHe 3((EeKTHBHHX BOJOKHHCTHX
CBA3YIOIHX, @ TaKXKe HIHPOKOe HCNOJb30BaHHE cemapaTtop-
HEIX 4eXJOB H3 BHICOKOMNOPHCTHIX TOHKHX H 3JaCTHYHHX
NOJAHMEpPHEIX MaTepHaJoB. PagHkaJAbHEM ABASETCH 3aMeHa
RaCTHPOBaHHBIX NOJOKHTENbHEX NJIACTHH 3JIeKTPOLAMH NaH-
uupHoi koHCTPYKUHH. [Ips 3toM nosHOCTBIO ycTpaHsercs
OnJbIBAHHE aKTHBHOH MacCCH M Pe3KO CHHKaercsi CKOpOCTh
KOPPO3HH TOKOOTBOAsIEro kapkaca. [las noBulilleHHs CpoKa
cayx6u cTapTepHOro akkymyJasropa rpe6yercs paspaborarb
NaHUUPHHA 3JeKTPOR, obaapatomuii MUHHMAJBHHIM 3JeK-
TPHYECKHM CONMPOTHBJeHHEM, 3TO NO3BOJHT HCNOJb30BATh
€ro He TOJIbKO NpPH CPEAHHX, HO H NpPH KOPOTKHX pexHMax
paspana.

Haa yseaunenun ydesrvnod snepeutt aKKymyasaTopa Tpe-
bOyercs Hpexje BCEro YJAyuYlhHTb paboTocmocO6HOCTL OTpH-
HaresbHoro saexkrpoaa. Mcnoabsyemue B HacTosee BpeMs
pacuiHpHTeaH HenoctaTouHo sp¢exrnsn. Heobxonumo npo-
BefleHHe MOHCKA HOBHX paciiupHTeNefl, cnoCOGHHIX CylecT-
BEeHHO MOBHICHTb KO3(pHUHEHT HCHOJL3OBAHHA OTpHUATEND-
HOH aKTHBHOM Macchl, oco6eHHo npu paboTe B IKCTpeManb-
HHX ycaoBuAx. CTaBHTCA TakxKe 3ajada yJayylleHHA 3apsaxKa-
€MOCTH 3JIeKTPOJa NpH HH3KHX Temneparypax. [IoHCKH HOBHIX
paciiMpHTenel OCJHOXKHEHH OTCYTCTBHEM TEOPeTHIeCKHX
npeacTaBaeHHA O CBA3# CTPYKTYPH OpraHM4ecKHX COeAHHe-
HHiA ¢ Bx agcop6uHoHHHMY cBoAictBaMu. Teopus, KoTopas
no3soJuna 6 npeackasarbh aAcop6IMOHHOE NOBeAeHHe TOro
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HJH MHOTO BElLleCTBa, HAXOJAMTCS B HaYaldbHOH CTagHH pa3-
BHTHSL.

Kaxk nokasnBalor pacuers, Ko3(QHIHEHT HCNOJb30BE-
HHs aKTHBHHIX MaceC npd JJMTEJbHBIX Pa3spsAnax MoXHo yBe-
JHYMTh npEMepHO Ha 10% 3a cuer H3MeHeHMA CTPYKTYpH
akTuBHO Macchl. [TepcneXTHBHLIM HBJIAETCA METON LeJeHa-
npaBAeHHOro BJIHAHHS HAa NMPOHHIAEMOCTb NacCHBHpYyloOlLed
nJeHKH CyJabdara CBHHILA C MOMOILBIO aKTHBHPYIOIIHX Koba-
BOK, W3MEHAIOUHX CTPYKTYpHBIe XapPaKTepPMCTHKH aKTHBHHIX
Mace M cyJabdaTHuXx nuenok. Ilpyras BoaMoXHOCTb 3aKai0-
4aercsl B MCNOJb30BaHHH BHeUIHHX (aKTopoB, cnoco6CTBYIO-
HIHX MOBLIMIEHHIO MPOHHILAEMOCTH CYAb(ATHLHIX NJEHOK H
YJIYYIIEHHIO KOHBEKTHBHO-AHGGY3HOHHLIX YCJIOBHA B mopax
aKTHBHLIX MacC, TaKHX, KakK yJbTpa3ByKOBbe KoJeGaHHa HJIH
NPUHYAHTEIbHAA HPKYNALHA SJIEKTPONUTA.

AKryaJbHO#R 3afaueit SBASETCA MaTeMaTHuecKasa H Qu3u-
yeCKast ONTHMU32LMA KOHCTPYKIHH CBUHLIOBOTO KapKaca JAJA
ofecnedeHHss MaKCHMaJbHOH 3JIEKTPHIECKOH NPOBOAMMOCTH M
MeXaHHYeCKOX npOYHOCTH TOKOOTBOAZ NPH MHHHMaJbHOH
3aTpaTte MarepHaja. YMeHblUIeHHe MacCu TOKOOTBOAA OTpH-
LaTeNbHOTO 3JeKTPoJa MOXKHO AOCTHTHYTb 3aMeHOH! CBHHLIO-
BOro CnJjaBa Gojee JierKMMH MaTepHaJaMu (MeTaJJH3upo-
BaHHAdA M NpoBOAAUlAA NJACTMacCa, THTaH, aJIOMHHHA H HX
CNJIaBH ),

Onna u3 HauGoJsee CJIOXKHEX mnpoGaeM — obGecneuenHe
paboTocnoCOGHOCTH CBHHIOBHIX AKKYMYJSATOPOB B 064acTu
ruskod Temneparypol Bnjotb 1o —50°C. EMKocTb 3JeKTpo-
JOB NPH 3TOM Pe3Ko najaer H3-3a CHHXXEHHs 3JeKTpuiuecKoi
NPOBOJAMMOCTH H POCT2 BA3KOCTH JeKTPOJIHTA, @ TAK¥E CHH-
XKeHHs pacTBOPHMOCTH CyJbdaTra CBHHIA M YNJIOTHEHHs nac-
CHBHpYOLIMX cyabdaTHLX nJjeHoK. DBosee dyBcTBHTENeH K
3THM H3MeHEeHHSAM OTPHUATEeNbHH 31eKTPoJ, KOTOPLIA H JH-
MHTHPYET eMKOCTb aKKyMYJIATOpa npy HU3KMX TeMneparypax.
[Mpoasasier ce6s u TaK Ha3blBaeMas 2e0AHAR NACCUBAYUA —
BhINajleHHe KPUCTAJJIOB JbAa Ha NMOBEPXHOCTH IJEKTPOROB.
Ona CTaHOBUTCS BO3MOXHOH M3-32 CHHUIKEHMSI KOHIEHTpa-
IMH 3JIEKTPOJIHTA B mpoilecce paspsana, oco6eHHO B 30He No-
JOXHTeJNbHOTO 3JeKkTpoaa. [To-BuguMoMy, HauGoJee noJHoe
peurenue 3rofl npoGJeMul ZOCTHTAETCA 3@8MeHoH CBHHILOBOrO
3JIeKTpoAa HenacCHBUPYIOUIMMCH BOAOPOAHLIM. DTO NPUBORHT
K pa3pab6oTke M NPOMHILIJIEHHOMY OCBOEHHIO NO CYLIeCTBY
HOBOro CBHHIOBO-BOAOPOLHOrO aKkymyJasropa (cM. ria. 11).

Ynpowenue npasus sxcnayarayuu CBMHIOBHIX GaTapef
pelraercss ycopeplleHCTBOBaHHEM KOHCTPYKIIMH H CO3XaHH-
€M TEeXHOJOTHH NPOHM3BOJACTBAa MaJIoOGC/AYyKHBAEMHIX aKKYy-
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MYJSTOPOB, OMHCZHHBIX BHUIe. B GynymeM B MaJnoo6CHyxH-
BaeMOM BapHaHTe AO/KHH BHNIYCKaTbcA He TOJABKO CTap-
TepHHle GaTapeH, HO H aKKYMYJATOPH APYTrHX THNOB — CTa-
IlHOHAPHLIe, TATOBEE, BarOHHHE.

ITpencrour Gonbiuaa pabora no CO3NAHHIO B HALIEH CTpa-
He NPOH3BOACTBA MaJoro6apHTHHX G6e3yXoAHLIX CBHHIOBO-
KHCJIOTHHX aKKYMYJAATOPOB, NP#3BAHHBIX YaCTHYHO 32MEHHTDH
B npubopax # annaparax OLITOBOM TEeXHHKH repMeTHYHLIe
HUKeJb-KaiM#eBHe aKKyMyJasaTopH.

Fhasa 8
HUKENL-YKENE3HLIE AKKYMYNSTOPH

lllenounbie naMenbHHE 2KKyMyJAATOpH SauHMAlOT
BTOpOe MeCTO Cpej# BTOPHYHHX HCTOUYHHKOB TOKa MO
Maclmita6aM NMPOMHILEHHOr0 NPOW3BOACTBA, YCTyINas
JAHilb CBHHUOBHM aKKyMmyJsTtopaM. 3a pyGexoM mpe-
o6aanalor HHKeNb-KagMHeBble aKKyMYASTOPH, B Hauled
crpane Gosee pacnpocTpadeHhl HHKesb-XXeJe3HLle
(H)X) akxkymyastopH.

ITepcnexruBHocts H)XK akkyMmyasropos onpeneas-
eTcsl PAOM NMPEeHMYILECTB, OTAHYAIOLIHX HX OT CBHHIIO-
BEIX HCTOYHHKOB ToKa. Dto GoJbLIOA pecypc, AoCTHra-
omu#t  2000—3000 u#KaOB; BHCOKas MexaH@ueckas
NPOYHOCTb; NMPOCTOTa IKCIAYATAUHOHHOTO OGCAYKHBA-
uus; 6oNlee KOPOTKHA pelkuM sapsja; ayuilas obecne-
YeHHOCTH CHpheM. B ori#ude OT HHKeNb-KaAMHEBHX
H)X akkymyasTopH cpaBHUTE]bHO JelieBH.

STH npenMyinecTBa o6ycJOBHNH MOHONOJABHOE MO-
JAoxenue H)K akkymyasTopoB cpens TATOBHX aKKyMy-
JASTOPOB OTEYECTBEHHOI'O NPOH3BOACTBA, peAHa3HAYeH-
HHX A/ aBTOHOMHOrO NUTaHusA 3JEKTPOKAPOB, 3JEKT-
pONOrpYy3Y#KOB, PYAHHUHHX 3JeKTpoBo3oB. KpynHbli
nefocrarok H)K akkymyastopoB — BHCOK#il caMmopa3s-
pan, HO gAs TATOBHX Gartapel, UMKAHpPYeMHX BechMa
HHTEHCHBHO, 3TO He WMeeT CYIIeCTBEHHOTO 3HauYeHHs.
¥cnewdo npuMensior H)K akkymyaaTopH Ha xeqes-
HOJOPOXKHOM TPaHCHOpTe AJs SHeprocuabikeHusa 3jex-
Tpoo6opyAOBaHHA NaccaKHPCKuX u pedpuxeparopubx
Marucrpaabdbix BaronoB. U B 3toM cayuae nosbimles-
HHA caMopaspsan He €rpaer poJH, NOCKOAbLKY Garapex
paboraioT B pexuHMe NOTEHIHOCTATHIECKOrO MOA3apAAa
OT BaroHHOro 3JeKTporeseparopa.
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8.1. Teopus HMKENL-HKENEIHOTO AKKYMYNATOPA

AaexrpoxuMnyeckylo cucremy H)K axkymysaropa npx-
HATO 3aNUCHIBATH TaK: FelKOHfNiOOH. B oTHOHIeHHH OK-
CHIHOHAKe/IeBOro 3JeKTPoAa 3Ta 3aNHCh B H3BECTHOR cTeme-
HH YCAOBHA: aKTHBHOE BelleCTBO NMOJCKHTENBLHOro 3JeKTpo-
Aa NIPeACTaBasAeT co6oft OKCHA HeCTEXHOMETPHYECKOro COCTa-
Ba. AKTHBHHIM BelleCTBOM OTPHIATENBHOrO 9JEKTPoOAa
ABNAETC BHICOKOMOPHCTas JKele3Had ryGxa. CyMMaphoe
yPaBHeHHe pa3pspa:

Fe 4- 2NiOOH - 2H,O — Fe (OH)3 4- 2Ni (OH), (8.1)

Tokoo6pa3yioutuit npomecc Ha Xexe3HOM 3JieKTpOse Npo-
TeKaer Mo peaKuHH

Fe 4+ 20H— —Fe (OH)y +-2— E0= —0,877B

KOTOpas BKJIOYaer ABe craiun. Ha nepso# cranuu nponcxo-
JZHT OKHCJIeHHe XKene3a ¢ o6pa3oBanHeM B pacTBope (eppur-
HOHa

Fe + 30H— - HFeO;™ + HyO + 2e— (8.2)

PacreopuMocTb deppHTa KaJHs NPH KOMHAaTHoOM TeMmepary-
pe nocruraer 1-10~° Moab/A; HachlieHHe HM NpPH3JEKTPOA-
HOTrO CJIOst 3JIeKTPOJIHTa MPHBOAHT KO BTOPOH CTAAHH — THA-
pon(nI:«i))t ¢ BHNafieHHeM pHIXJOro 0CafKa THAPOKCHAA XKeJe-
3a :

HFeO; + Hy0 — Fe (OH), + OH— (8.3)

Paspan no xuikoda3HoMy MexaHH#3My OCJI0KHER OKHCIAEHH-
€M aKTUBHOH MOBEPXHOCTH XKeJe3a, HampHMep, NO peaKUHH

Fe + 20H~ — FeO + H0 -+ 2e—

BoamoxkHO o6pasosanne H Apyrax okcunoB: FepOs, FeOOH.
BeposTHO, pacTBOpelHe Xese3a NPOHCXORHT CKBO3b OKCHA-
HYIO INTEHKY, HO H3MeHeHHe ee (PH3HKO-XHMHYECKHX CBOHCTB
NOA BAUSHHEM Pa3NHYHHX PaKTopos TOPMO3HT aHOAHYIO pe-
akuuio (8.2) u NPHBOAHT K MacCHBALHH 3NeKTpoka, KOTOpas
YCHIHBEETCH 1O Mepe MOHHXEeHHH TeMIepaTypH 3JeKTpOJH-
Ta, a TaKXe NpH yBeAHUeHHH pa3psagHoro Toka. CnocobeTBy-
10T NaCCHBAallHM H pasnWuHble NMPHMECH: MHIUbAK, CypbMa,
HHKEJIb, MapraHell, Maruui.

FlpakTHueckn eIHHCTBEHHHM 3(¢dEeKTHBHHM NenaccHBa-
TOPOM KeJe3HOro aHoAa ABJRETCH CyAbdHA-HOH, CIOCOGHHIA
ocaabHTh BAHSAHHE TOTO HJHM HHOrO naccHBHpyiouero ¢axro-
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Pa HJIH Jaxe NMOAABHTb ero JeficTBHe, €C/IH 3TO Kacaercs
BpeRHbIX npuMecedl. [Tpouno ancopOHpyAaChb Ha 3JeKTpoXe,
S?-HOH aKTHBHpYeT NOBEPXHOCTL JKese3a.

Paspagnas eMKOCTb NMOPHCTOTO JKeJNE3HOTO 3JIeKTPOAa
OrpaHH4HBaeTCA HE TOJbKO NacCHBauMel, Ho H BO3pacTalo-
HiHM QMHYECKHM CONpPOTHBJEHHEM aKTHBHOH MaccH. I'nma-
pokcua xenaesa (I11) kak npoaykr paspsana o6pasyer B 06b-
eMe Xeae3noft ry6Ku H30JHPYIO-
miue TMpOCJHOHKH, H3-32 y4ero
MJIOTHOCTb TOKa pacnpejensercs 04
N0 3JIEKTPOLY HEepPABHOMEpPHO, OT-

JeJbHHE Y4YaCTKH paspsaXalorcs °°‘_ 3
manospdektustio n Koapduuu- § ¢

€HT HCNOJb3OBAHHA aKTHBHOH 3 1 2
maccu najaer. [losuiaer nepe- -4 /
XO[lHOE OMHYECKOE CONpOTHBJIE- & /[_J

HHe u cyabdun-won. Ilosromy
paspsaHas XapaKTepHCTHKa ie-
JIe3HOTO 3JIeKTpPOoAa ¢ JenaccH-
BHpyIouieii 1o6aBKOA S2~ nexuT
B obuacTH Menee oOTpuLATeNb- Puc. 81. HMsmeneHue noTes-
HOro MNOTeHUHasa, HO JAeMOHCT- uHalos Xenesuoro (I, 2)
pBPYET 3HAuHTeZbHO Goabllylo X = OkeMAworirerenoro (3)
BPONO/IKHTEJLHOCT  paspana To;a“,’lp‘:l Daspane: yuyad
(pHC. 81) 1 — meneannili saekTpox Ges me-
)Ke;[eg,ﬂuﬁ SJIEKTPOJI CIoco- naccHBaTtopa; 2 — XKejeaHbill
GeH ROABEpraThC TAYBOKOMY  02% Feb o oooormaropou
pa3pany ¢ AaJjbHeHlHM OKHCJe-
HHeM rugpokcuaa xemnesa (II), uTo coorBercTByeT BTOPOH
naoHLasKe Ha paspaaHHX KpuBhX (pHc. 8.1). OecnoBuO#H fB-

JifeTca peaKuus
Fe (OH)g + OH— —» 3-FeOOH -+ HyO 4 e~ (84)

ITo Mepe oGpasoBanus Merarnapokcuza xedesa (III)
C€TaHOBHTCH BO3MOXHON nMOoGOYHaA XHMHYECKas peakuus

Fe (OH)g + 23-FeOOH — Fe304 + 2H,0

KOTOpoii cnoco6CTByeT NOBHIICHHE TeMIepaTypH H KOHIEH-
TpamuH 3jJeKkTposanra. O6pasyomufica MarHeTHT XapaKTepH-
syercsl NMOHHXKEeHHON 3JIGKTPOXAMHUECKOH AaKTHBHOCTBIO Ha
CTajHH KaTOJHOrO BOCCTaHOBJEHH® N0 Xese3a. Hajanune B
agTuBHOR Macce ¢pasu §-FeOOH, nao6opor, 6aaronpuarHo
BJHsAeT Ha IIyGHHY 3apAfa xesesHoro sJjektpoaa. [Tosromy
4YeM riyGike pa3psikeH SJEKTPOA, T€M NOJHee NPOHCXOAMT
Hpouece SJeKTPOBOCCTAHOBJEHHA A0 METaJJIHYeCKOro XxeJe-
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3a no peakuusam (8.2)—(8.4), nporekaouium B o6paTHOM
HanpaBJieHHH MO CXeMe

3-FeOOH —» Fe (OH)y —» HFeO;” — Fe (85)

3JT1o o6bACHAETCA TEM, uTo §-MoaHbHKauUMA MeTaTHAPOKCHAA
xenesa (II1) o6nanaer BHCOKOA AuCMEPCHOCTHIO H Pa3yno-
PALOYEHHOCTbIO KpHCTaJJHueckofi  crpykTypu, Iloatomy
CTPYKTYypa npoMexytounoro coegntenns Fe(OH). B uemou-
Ke mpespaurendii (8.5) okasuBaerca GoJiee TOHKoOAHCHepC-
Hofi, yeM cTpykrypa Fe(OH),, o6pasyiouierocs npu o664HOM
Herny60KOM pa3psilie KaK KOHeUHH# npoaykr. B pesysabrare
CTazus pacTBopeHus THApokcHaa xenesa (II) c mocaenyto-
MM BOCCT2ZHOBJEHHEM 10 MeTaJia MPOXOAMT GoJiee MOJIHO.

ITpouecc 3apsana OTPHIATEJbHOTO JIEKTPOAA COMPOBOXK-
Jaercs noGoyHoH peakumedi BOCCTaHOBJIEHHS BOAHW A0 BOJO-
poAa, CKOPOCTb KOTOPOi#i YBeJHYHBAETCH MO Mepe CMeLIeHHs
(dpoHT2 OCHOBHOM peaku#H B riayGuHy. DTOMYy cnocoGCTBYeT
6aM30CTb paBHOBECHHX TNOTEHIHAJOB 060#X NPOIeCcCoB, a
TaKXe HH3Koe BOJAOPOAHOE HampsieHHe Ha XXeje3Hof ry6-
Ke, T. €. C POCTOM NOJIAPH3ALHHA NaPUHaJbHEE TOKH OCHOBHO-
ro H mo60YHOro NpoueccoB cOJHKAIOTCA H CT2HOBATCA COH3-
mepumuMH. [To3TOMy BHXOJ MO TOKY XKeje3a npH 3apaje He
npesumaet 70%, a adpdexTHBHOCTD 32psAa 3aBHCHT OT dak-
TOPOB, BJAHAIOUIHX Ha NepeHanpsKeHHe B AeJeHHs BOLOPOAR
Ha NOBEPXHOCTH 3JEKTpoja.

PapHoBecHHA moTeHH#aJ XKeJe3HOTo 3JeKTpoxa B mie-
JOYHOM 3JekTpoaute Ha 0,05 B orpruarennhee paBHOBECHO-
ro BOAOPOZHOTO MOTeHuHaJa B TOM e pacrsope. B artux
YCJOBHAX XKeJe3HKA 3JeKTPOL TePMOJHHa MHYECKH HeyCTOH-
YHB H NMOJBEpraercs caMopaspaay no cyMMapHof peakuHH

Fe 4+ 2H;0 —» Fe (OH), + Hy

CaMonpoHn3BoJIbHOE OKHCIEHHE XeJle3a NMPOHCXOAHT TaKke
noj peficreaeM armocdepHOro KHCJIOPOAa, paCTBOPEHHOTO B
aaekrpoaute. CaMopaspsa ycKopsieTcs NOJ BJAHSAHHEM NpPH-
Meceil B 3JIeKTPoLe H 3JEKTPOJHTE, 2 TaKXKe NIPH NOBHIIeHHH
TeMnepaTypu. B pesyabrare moteps eMKOCTH 3JeKTpoja H3
YdcToro Xese3a NPH KOMHaTHOA TeMmmepaType JOCTHraeT
40% 3a mecsill, 2 H3 TeXHHYECKOTO XKeJe3a npesuuiaer 80%
H 32BHCHT OT YHCTOTH NPHMEHsEMEX MaTepHaJioB.
Hcxonnaa akTHBHas Macca 3apaiKeHHOTO MNOJOXHTeNb-
HOTO 3JIEKTPOAa COCTOHT M3 Meraruapokcuaa Huxeas (III) B
CMeCH C 3JeKTponpoBojsied no6askofi rpadura. B axtue-
Hoft Macce Tpy6YaTHX MJIaCTHH BMeCTO TpadHTa HCOJAB3YIOT
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TOHKHE HHKeJieBhle JeNeCTKH. Paspsm MONOXKHUTEJNbHOTI'O
3JeXTpoaa ONUCHBAIOT ypaBHEHHEM

NiOOH + HyO + e——Ni (OH); +-OH—  E0=~0,5B (86)

B peficreurennHoctd TOKOOOGpasyiomufl npouece nporekaer
no 6oJee CAOXKHOMY MeXaHHBMY.

HMeercss HeCKONbKO NpeANOCHJOK, ONpeXesiOmHX 0CO-
GeHHOCTH KaTOZHOrO mpouecca ¢ 06pasoBaHHeM MMAPOKCHAA
nuxkens (I1) u aHogHoro mpomecca 8apsifa OKCHAHOHHKeJe-
BOro anekrpoga. Bo-nepeux, Merarugpokcuga Hukeas (III)
cyuiecTByetr B Mogudukanuax - u y-NiOOH, orauuaiomux-
cs 1o cBOACTBAaM, COCTaBy H CTpyKType. Bo-Bropux, daxru-
YyeCKas OKHCJAEHHOCTb HHKeJsl B 3aps:KeHHOM 3JeKTpoAe 8a-
METHO BHIE CTeXHoMeTpuueckodt. B-Tperbux, HH ogHa u3
moaHdukaunii NIOOH nepacrsopuMa B meN0YHOM 3J€KTpO-
JHTE.

MexaunuaM paspsfga no peaknuu (8.6) Tpaxryerca kxak
TBepaoda3nuii, OH 3akAi0uaeTcs B nepexoje NPoToHa U3 BO-
JAH B THAPOKCHA C ZaabHefell aud¢dysnelt OT NOBEPXHOCTH
paszena ¢as K UEHTPY 3epHa aKTHBHOrO BemecTBa. Koagodu-
uMeHT AHd¢y3HH NPOTOHA B OKCHAHOHHKENEBOM KPHCTAJJIH-
Te OueHHBaerca 3nauennem 10-1'—10-'2 cm2-c'. Jlaa obec-
TIeYeHHA BHICOKOH pa3psAHON NJIIOTHOCTH TOKa Ha 3JeKTpoje
aKTHBHAf Macca AOJXHa GHTb BechbMa JAMCHEprupoBaHHOMN,
a4 pa3mep olipeAeNeHHON JONM YacTHI, TpadHTa A0NAXKeH GHTD
MeHbille pa3Mepa YacTHIL aKTHBHOTO BemlecTBa. CHHXeHue
noTeHIManNa B Xofe paspana (cM. puc. 8.1) mpoucxogur u3-
3a AMGY3HOHHHX OrpaHHyeHHHA MO MPOTOHZM H OMHYECKHX
TIOTepb B TOUKaX KOHTAKTa SepeH aKTHBHOMO BellecTBa C
rpaduroM. Ilpu ucnonb30BaHHH J1€NeCTKOBOrO HUKeJNs Hepe-
XOZHOe OMHYEcKOe CONMpPOTHBJeHHe 3HaYHUTENbHO MeHbllle H
6oaee crabHALHO.

Takam 06pasoM, cymlHOCTh pa3psagHOA peakluu Goaee
“TOYHO OTpaxKaeTcs ypaBHEeHHeM

NiOOH + H+ + e— - Ni (OH),

3aKOHOMEPHOCTH pa3psja OKCHAHOrO 3JeKTpoAa 1O TBep-
J0da3HoMy MeXaHuaMy GHau paccMorpeHH (cM. 4.1) Ha
npuMepe OKCHAHOMapraHIeBOIo 3JeKTpoja.

Koaddpunuenr ucnonrnzoBaHHs akKTHBHOA MacCH NOJO-
JKHTENBHOrO 3J1eKTpoZa B HauGoJee 6JarONPHATHHX YCJIO-
BUAX gocturaer 80%, a peaJbHHA npoAyKT paspsaia Xa-
&ax'repns eTcsi  OKHCAGHHOCTbIO HHKeass B hpejenax

i01,,—NiO,,;. [Ipexpamenue pa3paaHoro npouecca BH3IH-
BaeTCsl pe3KHM BO3paCTaHHEM OMHYeCKofi cocTaBasioulelt
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SJIEKTPOAHOTG NOTEeHHHANa U3-32 UPESBHUAHHO HH3KOH 3J€K-
TpHYeCKofi npoBonHMocTH ruapokcuna uukeas (I1), o6pasy-
I0IEr0 NOTEHUMaMbHHA 6apbep B NOBEPXHOCTHOM CJOE
3epeH.

Ilpu 3apsje NOJOXKHTENABHOTO 3JIEKTPOAa NMPOTEKAeT pe-
aknuA, obparHas peaxkuun (8.6). CyuiHocTh mpouecca CBO-
AHTCA K AHQ(PYSHY nNpOTOHOB B HampaBJieHH# 30H KOHTaKTa
sepHa ¢ TokonpoBoasuied AoGaskoii. C pocroM creneHu
OKHCJICHHS 3JIeKTPHUecKasi NpPOBOAAMOCTb TBepAoH da3n
yBe/uuuBaercs, 4T0 cnocobcrByer Gosee mnoJaHOMy mpore-
KaHuIO 3apsifHOro mnpoilecca B o6beMe AKTHBHOH MacCCHL.
OanoBpeMeHHO CO3AAIOTCA YCAOBHA AJAA H3GHTOUHOH OKHC-
JeHHOCTH, OpeBHiHalouelt crexnoMerpuyeckyio NiO;s. dro
ABJICHHe PACCMATPHBAETCA KaK OTpaXKeHHe HEKOTOPOH Hs3-
GHTOUHON KOHUEHTPAaIHH NPOTOHHHX Ne(deKTOB KPHCTAJIAH-
YecKoll pelleTKH ¢ noasieHneM HoHoB O?—, Haanuve ciosnc-
TOW CTPYKTYpPH MNO3BOJNAET CYHTaTh BeCbMa BEPOATHHM
yuyacTHe B 3apALHOA PeaKUHH MPOTOHOB MENKC/IOeBOH BOXH.

Mockoasky ucxoanan ¢asa npeacrabiaser coboii MoxH-
duxanuio §-Ni(OH)z, npu sapsane o6pasyercs npexMyiiie-
creeHHo §-NiOOH, o6aagaiomuit Toff Xe rekcaroHa/JsHOR
pellleTKOi C He3HAYHTeJbHHM H3MeHeHHeM KpHCTaJaorpa-
(Quueckux napamerpos. OaHOBPEeMEHAO NPOHCXOAXT 06pa3o-
BaHue Moaupukanuu y-NiOOH. Pocry noau y-pass ciocob-
cTBYIOT (aKkTOpH, NpensTCTBYIOU{He NPOTEKAHHIO YHOPARO-
4eHHOr'o mpolecca, a UMEHHO: BHICOKafl CKOPOCTb 3apnia,
NOBHWeEHHas TeMiepaTypa H KOHUEHTpallusi SJeKTPO/HTa.

O6a MerarHapoKcHAA B 3apAXKEHHOM COCTORHHH OTJIHYA-
I0TCA OKHCJEHHOCTbIO, MpeBHilialoulefl CTeXHOMETPHILCKYIO:
g-base coorBercrByer creneHb okHCeHHA NiO. g H paspna-
HHA noTeHnnaa nopaaka 0,45 B, y-¢ase-— coorsercTaeHso
NiO; 70—NiO, 35 B norenunan oxoao 0,40 B. [losmmennas
OKHCJIEHHOCTb ABJAETCA HepaBHOBECHON H TIOCTENEHHO CHY-
xKaercs ¢ 0CBoGOXKAeHHeM H3GHTONHOrO KHCIOPOJA, COOTReY-
CTBEHHO MeRJIeHHO MajaeT O6ecTOKOBHE HOTeHUHAN 9jeK-
Tposa.

daexrpoxumuueckas obparasocrs B-NiOOH suute, Ho
BHille # caMopaspni; BIpoueM, nocaeguee B cayuae HXX
AKKYMYJATOPAa HECYHIeCTBEHHO H3-3a 3HAWHTENbLHO Goabiie-
TO caMOpa3psaa Xeaesnoro saextposa. Tlaornocts y-NiOOH
(3,85 r/cm3®) 3amerHo Huxe, yem $-NiOOH (4,15 r/cm3),
RO9TOMY yBeJlHuYeHHe AO0MH Y-MOAHDHKAURH YCHAHBAET POCT
o6beMa aKTHBHON Macchl H B ciydae WAOCKHX AaMelell Bu-
3HBaeT AONONHHTENbHYI0 AedopMauusdo saekTpoga. Ilpea-
noutHTennHee paborars ¢ p-NiOOH, oanako B peasapuux
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YCJOBHAX IKCIIyaTalUHH aKKyMyJsTOpa HaGaionaerca o6pa-
30BaHHe cMecH 06eHX MoAH(pHKAUMA,

Ipu sapsane mo Mepe pocTa aHOLHOTO NMOTEHUHAJ]a NOSIB-
JASIOTCH YCNOBHSI ANSi MPOTeKaHHs noGouHol peaKuHH OKHC-
JieHHs THAPOKCHA-HOHOB 10 KHCJIOPOJAA NO. ypaBHEHHIO

40H— >0+ 2H,0 +4e— EJy =0,408B (8.10)

Ilpn koMnartHOfi TeMneparype Bhle/eHHe KHCJAOPOJA HAYH-
Haercsl mocse coOGLIeHH 3NEKTPORY OKOJO NOJOBHHH 3a-
PAKHON eMKOCTH, OAHZKO C MOBHILIEHHEM TeMIepaTypu mepe-
HallpsXXKeHHe BHJENeHHs KHCAOPOAAZ CHHXKAeTCA H PeakuHs
{8.10) Haumnaer nporekarb Ha G6oJee paHHeRA CTaiHH
3apsna.

TlonoxurenbHHA 3J4€KTPOA B MeHbLIeR creneHH, YeM OT-
prlaTeNbHH A, OABepXKeH OTPaBJEHHIO MOCTOPOHHHMH HOHA-
mu. [IpamMecn Marnug, kpeMHHs, Xeje3a CHHXAOT pa3psak-
Hy!0 emkocTb. Jlo6aBkn 6apust 1 ocoGeHHo Ko6aabTa, Hao60-
POT, ABAAIOTCA aKTHBHDYIOHIHMH H cNOCOGCTBYIOT, 6oJee ray-
0OokoMy paspsany, CyumieCTBeHHO yBenHuHBasi KO3pQHUHEHT
UCIIOJIL30BaHHA aKTHBHoOA Maccnl. Honw aurus, agcop6u-
Pyfcb Ha 3JEKTPOAHOA NMOBEPXHOCTH, NOBHIIAIOT KHCJIOPOX-
Hoe MepeHanpaxeHue H OJarofaps 3TOMY NOJOKHTENbHO
BAHAIOT Ha rayGuny 3apsasa. Kpome roro, surmii BXogut B
pelmieTky rHApOKCHAa, 3aMmeiiasi NPoToH. DTo ABJAEHHE NpH-
BOJAHT K CTabHNH3auMH AHMCIIEPrHPOBAHHOH CTPYKTYpPH aK-
THBHOMA MaccH, NpensiTcTBysi arjoMepainHH 3epeH. B pe-
3yJbTaTe npouecc AerpajauHH 3JeKTpoia 3aMeiansercs H
CPOK cyKOH aKKyMY/IATOpPa YBEJHYHBAETCH.

8.2. YerpolicTao HHKenb-KENnesHbiXx SKKYMYNSTOpos

Tanuunnit H)K akkymyastop npeacrasaser co6oii 640k
WAOCKONapa/lIeNbHEX 3J1IeKTPOZOB, NOMEHeHHHA B CTaJbHOMR
AHKeAupOBaHHH KOpIyc (cocyn) npaAMoyroJsHoli (OpPME.
Bopuw shipejieHH Yepe3 KPHUIKY, MEX1Y HUMH pacroJioxe-
Ha KJamaHHas ApoBKa, NpenaTCTBYIOUIas BRLIHBAHHIO 3JIeK-
TPOJNTA.

Xapakrepucrika H)K akkymyastopa sabucar npexie
BCEro OT KOHCTPYKIUHR H TEXHOJIOTHH H3TOTOBJEHHS 3JIEKTPO-
R0B, KOTOpLie PasJuYalOTCA MO THITY TOKOBEAYIEro KapKaca.
B naMenbHLX S/EKTPOAaX aKTHBHAs Mmacca 3aKjaioueHa B
CTa/NLHYI0 nephopHpoBaHAYi0 0060/0YKy, B 6e3jiaMesbHRIX
SJICKTPOA2X HaNPeccoBaHA HIH HABAJbLOBAaHA Ha CTa/BHYIO
cerky. TpanuuuoHHHA nBANeTCH JaMeabHasi KOHCTPYKHHS,
pacnpocrpanenuan Kak B CCCP, tak u 3a py6GexoM. daek-
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TPOA € NJOCKHMH NaMeNsAMu Ha3HBalOT JaMeasHOH nuacru-
HOH, aJeXTpox ¢ Tpy6uaTHMn JaMenaMn — TpyGuarToil.

B oreuecTBeHHHX 06pa3iax HCIOAB3YIOT TONBKO NJIOCKHE
JaMeaH. DTO y3KHe NPOAOArOBaThie KOPOGOYKH LIMPHHOR
13 MM ¥ BHCOTOR 2,8 MM Aaf OTpdIlaTeJbHOR NAACTHHH H
4,0 MM a9 OJNOXKUTENLHOA naacTHHH. JIAuHa JaMenn 3aBH-
CHT oT pasMepa akkyMyasaropa. Ilepdopanus npsaMoyroas-
noft popmu (0,35X 0,18 Mm) zannmaer 15—18% nosepxno-
CTH 3JeKTpOAa (ITOT MOKasarelb HAa3HWBAOT CTENeHbIO OT-
KPHTHS 31eKTpoAa). JlaMe/ib H3rOTOBJRIOT M3 ABYX CTaJb-
HHX JeHT TosuuHOf 0,1 MM (A/19 MONOXKHATENBHHX NMAaCTHH
JieHTY HAKeJHPYIOT), OXHY H3 KOTOPHX Npoduianpyior B ¢op-
Me xenoba, gpyras o6pasyer KpHmKy. CxeMa ¢opmoobGpa-
30BaH#A JNaMeJs NOKasaHa Ha puc. 8.2, a.

[TnockHe aMenn pacnonaraloTCs B NAaCTHHE TOPH3OH-
TaJbHHMH PAfaMH, NMJIOTHO COeAMHeHHble OAHA C JApyroi
«B 3aMok» (puc. 8.2, 6), ckpensienHHe 1O KpPasAM CTa/bHbIMH

AZN/NANNA)
SR
<, 0.0 OOX]

0
l\ [
Puc. 82. Cxema ¢opmooGpasoanns naMenn (a) i “Hnlm ‘;“H :ll ‘
)ity ‘ IR
il

H coeflHHeHHe ABYX COCeXHHX Jameseli <«B 3a-

il

1

nor> (0) I
H“ it N i
G
il

Puc. 8.3. Baok snektpopos aamensioro H)K “Uﬂ

akgyMYnATOpa

pe6paMH-TOKoOTBOZaMH. CBepXy NpuBapHBaeTCH KOHTaKTHad
NJIdHKa C YIIKOM Aasl c60pKH naacrul B noay6iok. Jisa no-
Jy6a0Ka pa3Horo snaka o6pasyloT 640K 34eKTPooB (pHC.
8.3), cnabeHHH 360HHTOBHIMH MaJOYKaMH, KOTOPHE CJy-
AT cenapaToOPaMH AJA pa3gesieHHst NAaCTHH NPOTHBONOJOXK-
HHX 3HaKOB. B KauecTBe cemapaTOpOB MOTYT NMpPHMeHATHCH
TaKiKe pe3HHOBHe XKTYTH, KPYNHOAYEHCTHe NOMHITHACHOBHE
CeTKH H ApyrHe KOHCTPYKIHH, 06eClieyHBaIOHIHE MEXAY JJeK-
TPOAEMH PaCCTOSIHAe NOPAAKE 2 MM.
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Ilnockue namen# OTHOCHTENbHO MPOCTH B M3TOTOBJEHHH
H J0NyCKaioT npuMeHeHHe BHICOKONMPOH3BOAHTENBHOTO 060-
pyRoBauna. Oanako onn e 06jajaloT HeoGxoauMoOl Mexa-
HHYECKO# NPOYHOCTBIO # NOJ AaBJeHueM Habyxalouieli oKcH-
AOHH#KeJeBOH akTHBHON MaccH 3aMeTHO JRedopMupyercs,
yroaiasch Ha 35—40%. I'lo 31olt e npaudHe HCXOAHAH
IJOTHOCTb  MOJIOXHTeJ/IbHON
aKTHBHOH  MacCei, paBHas
1,7 r/cm3, memoctaTOyHO BB \)
COK3a, 4YTO OTpaxaercd Ha
YAeAbHOH eMKOCTH 3J1eKTPOAA.
DneKTpHYecKoe COMPOTHBJe-
HHE 3JIeKTPOZa B mpoiecce
UHKIHDOBAHHUA YBEJHUHBAET-
CH M3-32 OKHCJIEHHN KOHTaKT-
Holl noBepxHOCTH rpaduTa
KaK 3JjeKTponpoBojslleil jo-
6aBkn; xpome Toro, ¢ rpadu-
TOM B aKTHBHYID MAacCy BHO-
CHATCA BpeiHnle npHmecH. [lo-
9TOMY aKKyMYJSATOPH € 3JeK-
TPoAaMH TAaKOro THNA HMEIOT
HECKOJIbKO NOHHIKEHHRIe 3JeK-
TPHUYECKHE H 3KCIJyaTalHOH-
Yble XapaKTePHCTHKH.

Bonee cosepirenn no I . M .‘ “ |w
TeXHHYEeCKHM napaMmeTpaM Mo- Ilwl 1 1| |x |l |‘ MI\
JIoXHATeNbHEIE Tpy6uaTHie naa- I i " I\ .’ II 1 l\ ! |‘ w
ctHHbl. TpyGuatne Jjameinn w—

Anametpom 4,5 uam 6,4 MM 5
CKpyunBaloT #3 nepdopupo-

BaHHOH JeHTH cnupanbHo H  Puc. 8.4. Brewnni sup namenn
3aTeM 3aNOMHAIOT aKTHBHoi PY0Uatoll KoHCTpYKuEM (a) H
Maccoii. CoeanHuTeNbHREI TpyGuatoh naactaiu (6)

HIOB TH[ATe/IbHO Cr1aXKHBAIOT,

Ha TPyOKy ANS NOBHILIEHAA NPOYHOCTH HAREBAOT GeCHIOB-
Hpie Koabua. Ilepdopauus kpyrao# ¢opmu anamerpom
0,2 MM H MeHbille NO3BOJIAET MNOJYYHTb BLICOKYIO CTENeHb
OTKPLITHA 3JIeKTpOoAa Ge3 ocnabieHHs MPOYHOCTH CTEHKH
JAamenn. Bueummmun#t pan Takof JaMenu nokasaH Ha pHC.
84,a.

Tpy6uateie nnacTaHb 061324a10T BRICOKON yAeNbHOH eM-
KOCTbIO, NOCKOJIbKY MAOTHOCTb aKTHBHON MAacCH B TpyGKax
YAaerca nosectn no 2,5 r/cm® 6e3 onacenun nedhopMHpOBaTh
SJIeKTpon BO BpeMs paboTH. B kauectBe TOKOMpOBoAmILed
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N062aBKH B aKTHBHOA Macce HCHOJB3YIOT JeNneCTKOBbIA HH-
KeJib, HMEIOUIuA B oT/AMYMe OT rpadura craGHIbHYIO Bo Bpe-
MeHH 3JIeKTPHYeCKYI0 NMPOBOAHMOCTb; TPYGKH pacnoJaraiot
B IJacTHHe pepTHKaJbHO (pHC. 8.4,6), 2 MeXaJeKkrpoaHoe
paccTosHHe cokpamaior Ao 1 MM. Bce 3TH oco6eMHOCTH KOH-
CTPYKUHH H TEXHOJOTHH C y4eTOM CTelNeHH OTKPHLITHS 3JeK-
Tpoaa no 30% cHMHXKaIOT OMHYECKHe HoTepH HANPAXKEHH:A B
3JeKTpoAe 10 MHHEMaJbHOTO 3HayeHns. B pesyibrare yaeib-
HHe 3JIeKTPHYEeCKHe XaPaKTePHCTHKH aKKYMYJIATOpPoB ¢ Tpy6-
yaTHMH naacTHraMu Gojee BbICOKHE, YeM C NJOCKHMH Ja-
MeJbHBIMH NJAaCTHHAMH; Bblllle H HX pecypC B LUHKJaX.

H)K akkyMyJIATOPH C 3JIeKTpoAaMH NOA0GHOA KOHCTPYK-
[HH He MOJYYHJIH MaccOBOro pacnpocTpanenHs H3-3a HebJa-
roNpHHATHX TEXHHKO-3KOHOMH4ECKHX NokasaTtened. Tpy6ua-
Thi€ MJIaCTHAN 3HAYATENbHO GoJiee TPYAOEMKH H TpebyloT He-
NOJIb30BaHHA CJAOXKHOTO H MaJONPOH3BOAHTENLHOro o6opy-
NOBaHHS, MO3TOMY HX CTOHMOCTb 3HAUHTE/NbHO BHILIE, YeM
IJIOCKHX JlaMeJbHHX maacTtHn. Ecan uX npuMeHeHHe TeXHH-
4eCKH ONpaBAaHo, TO TOJbKO AJf NOJOXHTEJIbHBLIX 3J1eKTpo-
Jil):%
N anburefiniee ycoBepuIeHCTBOBaHHE OTPHILATE/IBHBIX 3JI€K-
TpPoNOB CBA3ano ¢ 3aMenofl JaMeabHolt KOHCTPYKUHN Ge3Ja-
Menbnofi. H3BecTno Meckosabko BapHanToB 6e3/laMeJbHHX
JKeJe3HHX 3JeKTPOoLOB, Pa3JHYAIOUIHXCSA TJIaBHbBIM 006pasoM
TexHoJorHeR HarotoBienHs. IIpeccoBanubifi XKenesomennnift
ssextpon npuMensiercsd B H)K akkymynaropax ¢paniysckofk
¢upmut SAFT. On o6nanaer npouynocTbio, CTaGHABHOCTDIO
XapakTepHCTHK u GoablIHM pecypcoM B HukIax (zo 3000).
Onuako B TEXHOJOTHYECKOM OTHOLIEHHH STOT 3JEKTPOA
cJOoXeH, OTHHYaercsi GoJbUIOA TPYJAOEMKOCTbIO H, CIeA0B&-
TeJbHO, BHCOKOH ceGecronMocThio. Ero Temneparypunifi Ha-
TepBaJ Heseauk: or 10 no 45°C.

BoJiee foctynHofi H pelleBofi ABJAAETCA TEXHOJOTHA H3TO-
TOBJICHHA BaJbUOBaHHHX 3JIEKTPOLOB H3 TOHKOAHCNEPCHOH
Xenesnofi ry6kun, paspa6orannas B CCCP. KapkacoM syek-
TPOAa CAYXKHT CTaJbHas cerka. BrniCokoBoCCTanoBJIEeHHOE
ry6uaToe kesie30 noJy4aloT H3 YHCTHX OKCHAOB XeJesa, OO
o6aafaer pasBHTOA MOBEPXHOCTBIO H XOPOLIHMH TEXHOJOTH-
YeCKHMH CBOMCTBaMH. DTOT 3JIeKTPOA OTJHYAeTCs NpPOYHO-
CTbIO, CTaGHJIBHOCTBIO 32 PAAHO-PA3PAAHBIX XaPaKTEPHCTHK H
HMEeT psii HeOCOPHMEIX NPEHMYIIeCTB MO CPaBHEnHIO C Ja-
MeAbHHIMH 3JeKTpogamu (Taba. 8.1).

CaMofi nA3Kofl ce6eCTOHMOCTHIO JoJ/KeH 06Ja1aTh HaMa3-
Hoft XxenesHH it 3JEKTPOA C NONHMEPHHM CBA3YIOIHM, OHa KO
NoKa ero ynejbHasi eMKOCTb HeBeJaHKa.



TaGauma 8.1. XapaxTepHCTNKH XMCAE3NOr0 SJeKTPOAA pasxwunol

KOHCTPYKUNN
Aaextpon
XapaxTepHcTHKE
AaMeAbELR Geananenpuufl
YaeasvHas eMKOCTb, A-u/Kr 68 110
TInotHoCTL akTHBHOM Macch, r/cm® L3 23
Mac. noas akTHBHO# MaccH Mo OT- 40 70
HOILIEHAI0 K Macce ajiekTpoAa, %
OTHOCHTe/LHO® yAeJbHOEe 3JIeKTPH- 1 0,51
YecKOe CONpOTHBAeHHe NIeKTPOAa

B xoncrpyxuan HX akkyMyaaropa npeaycMoTpeHo mJia-
MOBOe NpoCTpPaHCTBO NOA 6J0KOM 3JIeKTPOAOB, a TaKXe noj-
KpHIIeyHoe npocTpaHcTBo. AKKyMYJIATOpH BHIYCKAIOT B Me-
TaJHYeCKHX KOphnycax ¢ HSOJAUHOHHHM NOJAHMEPHHM Io-
KpPHTHEM HJH B De3HHOBHX H30JALHOHHHX Yexiax. Oraein-
Hhle THNH aKKyMyJSTODOB HMEIOT MNJacCTMacCOBHH Kopmyc.

[Tonaeasiomee GoabUWIHHCTBO GaTapell KOMIIEKTyeTCH H3
OTAENBHHX aKKyMYJATOPOB, pasMelleHHHX B pelleriaThX
AMIHKaX HAH Kapkacax. Mexay akkyMyasropaMu oGecrned-
BaloTCH 3a30pH AJNn Gonee 3 exkTHBHOro oxJaxaeHHn Ga-
rapeH. Tax, akkyMyaaTopu eMKocTbio 00 100 A -u cHa6xeHH
nandamy (LHIMHApHIECKHMH BHCTYNIaM4 Ha Kopmyce), ¢ Tio-
MOIIbIO KOTOPHX OHH KpenaTcH# B paMke Kapkaca. Cymecrsy-
10T ¥ Garape#, pasMelleHHHe B NJaCTMaccOBOM MoHo6.oKe.

8.3. XapaKkrepMcTHKKM M NPABKMAA IKCANYATALMM

Jlamensne H)XX axkyMyasropw sHmyckaior 8 CCCP
B IIHPOKOM jaHana3oHe eMkoctH or 8 a0 1150 A-u. I'a6apur-
HO-MaCCOBHE H HeKOTOpHe 3JeKTPHUeCKHe XapaKTepHCTHKH
HaHGoJlee pacnpocTpaHeHHHX H3 HHX NpeaCTaBJeHH B
taba. 8.2,

B yciaoBHoe o6o3HaueHHe aKKyMyJaTopa MOTYT GHTh
BHECEHH CJAeNyIOmHe cBeleHHHA: o06JacTb NpeHMYHIECTBeH-
Horo npumenenus (T — TaAroBHi), 3neKTPoXHMHUECKas CHC-
rema (H)X), xonxpernoe mHasHaueuwe (LI — waxtHuil,
® — ¢onapHHii), HOMHHaJIbHas eMKocTb B A-u, KI#MaTH-
yeckoe HcnonHeHne (Y), kKateropua pasmemenusa (2 —Ha-
seMHOe MJH 5 — noj3eMHoe waxTHoe), IIpu oGosHaweHHH
6arapen 106aBJIsRETCH MHCAO NOCAEN0BaTEdbHO COEAHHEHHHX
aKKyMyJaaTopoB, Hampumep: Garapes SH)K-100, Garapes
90TH)KII-550-Y5.

211



Ta6anna 82 Mapamerpu HERKOTOPLIX AAMEABHLX HHKCAL-IKEAEIHLIX
axxymyastopoB no F'OCT 9241—79 (cepus H)K) u
FOCT 19484—80 (cepus TH)K)

@ Koneumoe nanpa-
PaaMepni, MM E‘ XeHHe npH TOXe
% paspsaa, B Ofaactb npeHMy-
OGoanauenne & » |uiecTaeHHoOro npH-
AXKYMyJHTODA '., LRy 2 H 2 | menennn wan ua-
2 E g g | & (&) sHaveRHs
Ele |8 188(=] |3
7 E| 3 g g < =) =3
H)X-22 34 | 107% 216 | 1,69] 1,0 dnexTpHIeCcKHe
H)X-45 55 | 107*] 216 | 2,78] 1,0 annapath, npH-
HX-60 47 | 131*| 352 | 4,46} 1,0 Gopul M cpejcT-
HX-100 72 | 131*} 352 | 6,60} 1,0 Ba CBA3HM
TH)X-350-¥2| 132 | 167 | 368 [17,0 1,0 | 0,8 [DnexTporenex-
K
TH)X-550-¥9 130 | 167 | 561 |25,0 0,9 | 0,8 [Daextporarauy,
3eKTponorpys-
quxy
TH)XIH- 155 } 167 | 647 | 33,0 1,0 | 0,8 |Pyanuqnue
650-¥5 3JIeKTPOBO3H
THXX-1150- | 195 | 167 | 785 51,2 1,0 | 0,8 |Saextponorpys-
Y2 GHKH

¢ Bes yuera nand.

3a HOMHHaJbHYI0 eMKOCTb akkymyasrtopa cepaH HDOK
NPHHAMAIOT eMKocTb npH 10-uacoBoM pa3psje H Temnepa-
Type 20°C no nanpsaxenus 1,0 B, HOMHHANBHHIM PeXHMOM
TAroBHX akkymyastopos cepun THIK sapasercs 5-uacosoit
paspsan fo HanmpsKeHus,, ykasanHoro B Ta6a. 8.1.

CeexesapsxkenHnft H)XK akxymynasrop nmmeer 3HaueHne
HPL] oxoao 1,48 B, koTopoe fio Mepe nepexona NOJAOXKHTENb-
HOro 3JeKTpoxa B PaBHOBeCHOe COCTOAHHE CHHIKaercss N0
1,35 B. HomnnanbHoe paspsagnoe HanpsikeHHe NPHHATO
paBHuM 1,2 B, H3MeHeHHe ¢aKTHUECKOTO HaMpsXKeHHs NpH
paspsane TokoM or o0 A0 [ moka3ano ua pHc. 8.5. Paspan-
Hbie XapaKTeDHCTHKH NEMOHCTPHPYIOT XapakTepHylO AAsf
NaMeJbHHX aKKyMYJASATOPOB 32BHCHMOCTb HanpsXeHnsa 1 eM-
KOCTH OT TOKOBOH HarpyskH, I'aBHas NpHYHHA CHHXKeHHA
HanpskKeHHss H eMKOCTH — BHICOKOE BHyTpeHHee CONpOTHB-
Jenne, ycyry6asiomeecs NacCHBainel XKeJAe3HOro 3JeKTpo-
aa. ITostoMy pa3psaa TokoMm [), mpu KOTOPOM KoHeuHOe Ha-
npaXenune cocrasaser 0,5 B, npencrasasercs npeneabHo
AOMYCTHMBIM.

ITo Tem Xe npuumHam 3ameTHo yxynuiaetcss paGorocmno-
cobHocts H)K akkymyasropa npn noHuXKeHHoN Temnepary-
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pe. Tak, npn —20°C emkoctb npn 10-uacoBoMm paspsazxe pas-
Ha ~0,7 Cyon # npu 5-uacoBoM pexxuMe Gauska 0,6 Cpop.
IToBrimeHHe TeMnepaTypsl 3JAeKTPOJHTA BhILIe ZONYCTHMORN
45°C npeBOAHT X COKpAIEHHIO CPoka cayXG6u. Tak, npa
CHCTeMaTHuecKoM neperpese JekrTposaura go 70°C Hapa6ort-
Ka (pecypc) TAroBoro akKyMyJasTopa coxpaliiaercss ¢ 1000
X0 500—400 guxaoB us-

32 CHHXEHHSI EeMKOCTH "
NOJIOXHTENBHOTO  3J1eK- A AN —
TpoAa. = \\

Camopaspan HX ak-  § 12N
kymyasaropos npu 20°C & N \\ N 7
cocraBafer or 50 g0 § TS N A
80% 3a mecax B saBucu- § | P NI |2
MOCTH TJIaBHHIM 06pasom 48 A R ]

OT YHCTOTH aKTWBHOH
MAcChl KeJe3HOro 3Jiex-

EMioCmB, % 0M HOMUHATbHOL

Tpoaa. Puc. 8.5. Paspagnune XxapakTepHCTHKH
OcHoBHbIE TIpaBHJIa  pamenpuoro H)K akkymyastopa npu

skcnayataunu H)K ak-  Temneparype 20°C:

KYMYJSATOPOB CBOASTCH  PaspsR Toxom G0l Cy o (1); 0125 Crou

K NpOBeAEHHI0 HOpMaJib-

(2); 05 Cpoy (305 1 Cppy (9)

HHX # YCHJIEHHEIX 3apf-
JIOB, KOHTPOJIIO H KOPPEKTHPOBKE 3JEKTPOJHTa, CBOCBpEMEH-~
HOHi 3aMeHe Ce30HHBIX 3JIeKTPOJHTOB, NOAAEPXKAHHIO YH-
CTOTHI,

HopmaabHbiM 3apaguniM peXuMoMm fBJAETCH 3apal To-
koM /; B TeueHne 6 u. AKKYMyJaaropy coo6Ilaercs eMKOCTb
1,5 Cyon H, CICAOBATENBHO, KOJHUYECTBO 3JIEKTPHYECTBA, PaB-
Hoe 0,5 Cyon, 3aTPaudBaeTCs Ha NOGOYHLIA NPOLECC 3JEKTPO-
nu3a Boadl. [Tepuoanueckn npoBomAT ycHJeHHbfi 3apan TeM
*e TokoM B TeueHue 10—12 u. Pacxon soau (~0,3 r Ha
1 A-uy nepesapsama) KOMIOEHCHPYIOT, KOHTPOJ#PYS ypOBeHb
3JACKTPOJHTA, KOTOpHH NOJXKeH OHTb Bhille 6J0Ka 3Jek-
Tponos Ha 25—30 mM aaa akkymyJastopos cepun TH)K u na
10—15 mm aas akkymyastopos cepun HIK.

CocTas # KOHIEHTpanuioc paGouero 3JeKTPOA#TA BbiGH-
PaioT B 3aBHCHMOCTH OT TEMNEPAaTypPbl, NPH KOTOPOH 3KCHJIY-
aTHpPYIOTCA aKKyMmyJasaTtoph (Ta6Ja. 8.3).

Pacreopst KOH o6aapnaior GoJiee BbICOKOH 3JeXTpHue-
CKOH NpOBOAMMOCTBIQ H NMO3ITOMY Np# HH3KOH Temneparype
npeanoutateqbHn. Opuako npu remnepartype suie 35°C
NpHMEHeHHe 3TOTO 3INEKTPOJHTA HEeJONMYCTHMO: arjomepa-
UH#A aKTHBHOH Macchl NMOJOXHTEJNbHOrO 3JEKTpoAa MPH 3TOM
YCKOpAETCA B aKKyMyJATop #eolpaTHMO Tepsier eMKOCTb,
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Ta6auuna 8.3. Bubop saexTpoaHTa B 38BHCHMOCTH OT TEMNepaTypHl

-Tunepmpn. °C Svextpoast | IlaoTHOCTD, rfcm® JoBapxa
5<t<<40 NaOH 1,18—1,20 10 r/a LiOH-H0
—15<t<35 KOH 1,19—121 20 r/a LiOH-H0

t<<—15 KOH 1,26—1,28 Bes ao6aBku

HecMOTps Ha noGaBxky THApoxcHAa AHTHA. Pas B xBapraa
3JEeKTPOJINT AAA KODPEKTHPOBKH aHaJH3HPYIOT, onpeaenfs
KOHIIEHTPaLHIO menouH H Kap6owaroB, KapOGouarH KajaHA
HAH HaTpHA obpa3yiorca 3a cueT norJomesna CO. H3 BO3-
Ayxa, a TaxXkKe NpH OKHCJIeHHH rpadHra B aKTHBHOH Macce,
oco6eHHO NpH noBHUIeHHOH Temneparype. Pocr koHllenTpa-
UHH xap6oHAaTOB CHHXX@eT 3JEKTPHYECKYI0 NPOBOJHMOCTb
3NeKTPONHTA, @ TAKKE YXYyAUIaeT 3apAxKaeMOCTb XKeJIe3HOTO
3JeKTPOAd, MO3TOMY NPH ZOCTHXEHHH KOHUeHTpauuH 70 r/n
3MeKTPOJHT CAeAYeT 3aMEHHTb CBEXHM.

ITpu cTporom cobiiofeHHH NMPaBHA IKCIJYATAHH CPOK
cny6H namenpHux H)K akkyMynsiTopoB MOXHO 3HayH-
TeJIbHO YBEIHUHTb NO CPABHEHHIO C TaPAHTHPYEMHM.

8.4. NepcnexTuBL PAIBHTHA

CoBpemeHHHe JaMe/bHhie HHKeJb-XKeJe3HHe aKKyMyJf-
TOpH HMEIOT YAeJbHYI0 3HeprHio B npegeaax or 20 no
28 Br-u/xr npu mapabotke or 1000 go 1500 uuknoB. ¥aenb-
nas suepraa H)K akkymyastopos ¢ Ge3naMe/NbHHIMH KeJe3-
HHMH 3JeKTPoAaMH gocTHraer 32 Br-u/kr H coH3mepuma ¢
TeM XKe napaMeTpoOM JNYYLIHX TATOBHX CBHHIOBHX aKKyMY-
JATOPOB C NAaHUHPHHMH 3eKTpogaMH. OIHAKO BO3MOIKHO-
CTH HHKe/b-)XKeJle3HOHM CHCTEeMH A0 HAaCTOAMIEr0 BpeMeHH
naneko He Hcuepnavu. IIpomonkaer ocraBaTbCd HH3KHM
(na ypoBre 25—20%) x03pdHUHEHT HCNONB3OBAHHA Kees-
HOA aKTHBHOH MaccH. Beaunka MerannoeMKOCTb 3J1€KTPOXOB
H aKKyMyJTOpa B [eJIOM.

[IpencraBafiioTcs nNepCneKTHBHHIMH HanpaB/eHHA, CBA-
3aHHHE C KOpeHHHM YCOBEpUICHCTBOBZHHEM 3JEKTPOJOB H
APYTHX 3/1eMeHTOB KOHCTPYKLHH, BKAIOYas KOpnyc.

Cpean Ge3naMeNbHHX OTPHUATENbHHX 3JEKTPOJOB HaH-
Gonee MHOrooGemialOWHM ABAACTCA XKeNe3HH CheueHHHH
3JIeKTPOJ, KOTOPHI# NONyYaloT cnexa{HeM B BOAOPOZHOM aT-
Mocepe YHCTOrO BHICOKOAKTHBHOTO KENe3HOIO NOPOLIKE.
Ilpn paspsge TOKOM TpexuacoBoro pexuma OH obecneun-
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Baet 40% -Hoe HenoOMBL30BaHHe AKTHBHON Macehl IPH cTaGHIb-
Hoft eMKocTH. [IpHMeHHB 3TOT 3JIeKTPOJA B Nape € MeTaJIO-
KepaMHUeCKHM OKCHJHOHHKeJEeBHM, IMOHCKHE HCCJeJOBaTe-
JIH JocTHraR yaeabHo#t sueprun H)K akkymynaropa nopaz-
ka 55 Br-u/kr.

Peanbnoe noBuilleHne yZaeabHoH eMkocTH nHa 40% no
CP@BHEHHIO C TPAaJHUHOHHEM JaMeJbHEIM NMOJYYeHO NpH pa-
60Te ¢ MOHOJ2MeJNbHHM OKCHIHOHHKEJEBHM 3JEKTPOJOM.
Jlons akTHBHOTO MaTepHaJla B Macce 3JeKTpofa NOCTHUrJa
70% no cpaBHeHHIO ¢ 50% y cymiecTBYOmHX. 3HAYHTEABHO
CHHXeHO BHYTpeHHee OMHUECKOEe CONPOTHBJAEHHe.

HoBue Hpaen kacaioTcs cenapHpOBaHHA 3JeKTPOAOB, 06-
JelyeHHs1 Kopmyca, yJayullleHHi paGoTocnocoGHOCTH MmoOJO-
JXKHTeJBLHOTO 3JIeKTPOAa NMPH JJHTEJbHOM UHKJIHDPOBAHHH.
OfHOBpeMeHHO NpeACTOMT HAHTH HOBHE TeXHOJOrH4eCKHe
peilleHHA, HanpaBjeHHHe HAa CHHXKeHHe TPYAOeMKOCTH H ce-
6ecroumoctn n3genudt, [ToBHileHHe 3JeKTPHYECKHX H 3IKC-
NAyaTauHOHHHX XapaKTepHCTHK NpeJCTaBifeTCAd HeBO3-
MOXHBIM Ge3 yXeCcTOueHHS TeXHHYeCKHX TpeGOBaMHH K yH-
CTOTe 3JeKTPOIHTE, HCXOXHOrO CHPbA H MaTepHAJOB.

Peannsauns 3THX ¥ JPYrHX NOTEHUHAJBHHX BO3MOXHO-
ctefi MO3BOJHT, KaK CYHTAIOT CnelHasHCTH, co3nate HOK
aKKyMyJATOPH HOBOTO NOKOJNEHHSl ¢ yHeJbHOH 3HeprHed Jo
70 Br-y/kr u pecypcom go 2000 uuknos. Ilpn ocBoeHHH ce-
puitHoro npou3sBoacTBa YycosepileHcTBoBaHHHe HJK akky-
MYJAATOPH CMOFYT IO TeXHHKO-3KOHOMHYECKHM NOKA3aTeasIM
NpeB30HTH TATOBHE CBHHLOBHE AKKYMYJATOPH B TpaaHIH-
OHHHX 06/1aCTAX NpPHMeHeHHS, @ TaKXe NPeJCTaBAT HHTepec
KaK HCTOUHHKH NUTAHHA NepPCHeKTHBHHIX Mojesel 3JeKTpo-
MoGuaedl.

Tnasa 9
HWKEND-KARMMEBLIE AKKYMYNIATOPKHI

Huxkenb-kagmuesne (HK) akkymyasTtop no epas-
nernio ¢ H)K o6aagator nyumieli pa6oTococoGHOCTHIO
B YCAOBHAX MNOBHIIEHHON TOKOBOH Harpy3kH H INOHH-
JMEHHOH TeMmepaTypH, a Takxke MaJHM caMopaspf-
oM. Jlamenbine HK akkymyasTopu, aHanorsuuue no
yerpoficrsy HJ)K, npuMensiioT B cocrare THATOBHIX #
Ipyrux Garapeil.

B 1950 r. nosiB#aHCH NPOMHLLIeHHEIe 06pa3nu rep-
MetHunHx HK akkymyasrtopos. 3a nocjienmee BpeMs
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aKKyMyJASITOPBl 3TOTO THIA NOJYYHAK WIHPOKOE pacnpo-
cTpanHenne. JTOMy cnoco6GCTBOBaNH clejyiolllie mpe-
HEMYIeCTBA: OTCYTCTBHE BblAeJNeHHSA 3JeKTPOJHTA H ra-
30B, HCKJIIOYeHHE KOHTPOJAA H KODPEKTHPOBKH 3]€KTpO-
auta, pabora B A1060M NOJOXKEHHH, CNOCOGHOCTb BhI-
JepxHBaTh (GOPCHPOBAHHLIA 3aPAX H paspaj, HeyyBeT-
BHTEAbHOCTb K Nepe3apany, cTaGHJIbHOCTb PaspsiHLIX
XapaKTepHCTHK B HIHPOKOM TOKOBOM HHTepBaJje, BO3-
MOXXHOCTb 3KCNAyaTalliy B fHANAa30He TeMIepaTypH OT
—40 o +50°C.

Hepocratok HK akkymyasiTopoB — HX BblCOKas
CTOHMOCTDb, CBAI3aHHAS C TPYJOEMKOH TeXHOJOrHeH H ¢
neHIMTHOCTBIO KAAMMA H HHKeNs.

9.1. TeopMl HMKENb-KAAMMEBOrO AKKYMYynaropa

IMo ananorHH ¢ HHKeab-XKeJe3Hoft HHKeJb-KagMHeBas
aneKkTpoxuMuyeckan cucrema Hmeer sujg Cd|KOH|NiOOH.
Ipu pa3spsage npoTtekaeT cyMMapHas peakuus

2NIOOH + Cd + 2H;0 — 2Ni (OH), + Cd (OH),

DNeKTPOXHMHAUECKOE MOBeJeHHe NOJOMKHTENbHOro 3JeK-
TPoAa B uHienouHoM 3nexkrpoante (cm. ra. 8) B HK u HXX
aKKyMyJaTopax oguHaxkoBo. OcraHOBEMCSl Ha 0CcOGEHHOCTAX
peakuuil, XapaxTepHBIX AJsl KaJMHEBOrO 3JeKTpoja.

Ha neppoit cTagun pa3psaa NPOHCXOAHT OKHCJACHHe Kaj-
MH§l 10 THAPOKCHAA, MpHYEM 3TOMY NpejilecrByeT o6pa3o-
BaHHe ajACOpPGIHOHHOrO FHAPOKOMIIEKCA:

Cd + OH— = CdOH_

aac

CdOH;, + OH— —+Cd (OH); + 2e— E0= —0,809-B (9.1

XC

Hapaay ¢ yerohunBofi B-MogudukaunHeri o6pa3yercs ak-
THBHas HeyctoilunBas mopHdukauua a-Cd (OH), kotopas,
NO-BHAKMOMY, onpejensieT CKOPOCTb PacTBOPeHHS THAPO-
KcHaa ¢ o6pa3opanneM KagMaTHOTO KOMILIeKca:

Cd (OH); + 20H— —» [Cd (OH),]2—

PactBopuMoOcTb TeTparngpokcokagMara Kaausi OTHOCHTEJb-
HO HeBeJHKa M cocrasasger 1,3-10—* mouan/a, ognako daxrtH-
yecKas KOHLUEHTPalHA SHAUHTENbHO BHIIE H3-33 NepecHIe-
HHA NpHINeKTpoaHOro cnod. B pesyabraTe nmpoucxoput pac-
najeHne XagmMaT-HoHa N0 peaKNHH

[Cd (OH),)2— — 8-Cd (OH)3 + 20H—
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Ocajok ruApPOKCHAA He KOMIAKTHHIA, U MO3TOMY NaCCHBALHIO
KaJMHEBOTO 3JI6eKTPOAa CBA3HIBAIOT C TOPMOXEHHEM MepeHo-
ca OH--uoHoB cxBo3b nopucTHi caoi p-Cd (OH).. Cymecr-
BYIOT H HHHE NpEeACTABJAEHHA O NMacCHBALMH KagMHA; TaK,
HEKOTOpOe 3Ha4YeHHe MpHAalT OKCHAY KaAMH$H, Npeanoso-
XHATEJbHO GJOKUDYIOHMIEMY 3JEKTPOAHYIO TIOBEPXHOCTD.

Kak u B cayuae Xele3HOTO 3]1eKTPOAd, NaCCHBAIMA Kaj-
MHS YCHJAHBaeTCH 0 Mepe poCTa pPa3spARHOro TOKAa H CHHXKe-
Hu Temneparypu. O6aacTb aKTHBHOIO PacTBOPEHHA Kaj-
mueBofl ryGkn 1O STHM mapameTpaM 3HaUHTeAbHO UIHpe H,
KPOMe TOTO, CHAbHO 3aBHCHT OT KOHCTPYKUMH H TEXHOJOrHH
OTPHLATENbHOIO 3JIEKTPOAA.

[Ipn 3apsne nepBuuHOfl #ABAAETCH peakUHd BOCCTAHOB-
JIeHHH TeTParHJApOKCOKaAMAaT-HOHA N0 KAAMH#A, yOHJIb KOH-
[eHTPAUMH KOTOPOrO HENpPePHBHO KOMIEHCHDYETCH PacTBO-
peHneM ruapokchna kaamusl. [lepeHanpsXKeHHe 3JeKTPOX-
HOA  peaxuuu HeBeanko. [lockoAMbKy ~ BOZOpPOZHOE
nepeHanpsiKeHAe Ha KaJMHH 3HAUHUTENbHO, 2 DaBHOBECHbIH
MOTeHUHE BOROPOAHOTO 3JeKTpoaa Gojee 3JeKTPooTpHLA-
TeJbHHH, yYeM PaBHOBECHHH MOTEHIHAA KAAMHEBOTO 3JeK-
Tpoma, 3apAn nporekaer 3dpdexrTuBHo co 100%-HbIM
BbIX0OJOM 1O TOKY. ToJIbkO moce COOGIEHHA 3MEKTPORY OKO-
Ao 80% sapsaHOR eMKOCTH HauuHAeTCA MOGOYHAA PeaKuHR

1
7
o i
[ 2
g4
]
5
E- 12
X
1’00 50 100

Emxocms, % om HOMUHANbHOL

Puc. 9.1. VaMeHeHHe HanpsKeHHT npu 3a-
psifle HerepMetrHuHoro (/) H repMeTHYHOro
(2) HK akkymyasropa

Bujenenusn Bopopoxa. Ha puc. 9.1 (kpuBasm I) mokasan
MOJAbeM HANDAKEHHA H TODH3OHTAJNbHBIA BepXHHHA yuacToK,
OTBEuAIOUIHH PeaKUHH 3JeKTPOBOCCTaHOBJAeHHS BOAHW 0 BO-
hopona.

Oco6as poab OTBOAHTCH KaAMHEBOMY 3JeKTPOAY B rep-
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mernuHoM HK akxymyaartope. Ogunm u3 ycaoeuit repmern-
3auHH ABAACTCA OCyUleCTBAEHHE 3aMKHYTOTO KHCJAOPOZHOro
unkaa. CymiHOCTb €ro B TOM, YTO KHCAOpPOxA, o6pasyloutufics
NpH 3apsize Ha NOJOXHTENbHOM 3JEKTPOAe NO peaKuuu

40H~ — Oy 4 2H,0 + de—

cnocoG6eH BOCCTaHaBAWBaTbes Ha Kagmun no OH—-nomnos.
ITpouecc npotekaer B pexxunMe paGoTH ra3ogudPy3nOHHOrO
saektpoaa (cM. 6.2) npu coGalofeHHn onpepedeHHHX ycJao-
BHii. Tak, HenoAb3oBaHHEe TOHKOCAOAHOTO MaTPHYHOTO 3JIEK-
TpoAHTa mospoafer Hanbonee 3ddeKTHBHO OCYyMECTBAATDH
TPaHCIOPT KHCJAOPOJa K 3MeKTPOXHOH MOBEPXHOCTH; ONpeje-
JIeHHOe COOTHOLIeHHe CTPYKTYPHHX Xa3paKTepHCTHK cenapa-
TOpa ¥ KajgMHeBOTO 3JeKTpOojxa paer BO3MOXHocTb Obectie-
YHTb Ty ra3’oHamOJHEHHOCTb NMOp, KOTOpas OTBEYaeT ONTH-
MaJbHEM YCJAOBHAM HOHH3AUMHK KHCJIOPOAA.

Tlo Mepe moBhiLIeHHs CKOPOCTH PeaKUHH

0 + 2H;0 + 4e— — 40H— (9.2)

Kotopad O6HuHO AMMHTHpYeTCA AMUIbL AudQy3nOHHHMA Or-
PaHHYEHHSAMH, COOTBETCTBEHHO CHHKAeTCH CKOPOCTb peaKutn
3apsna

Cd (OH)y 4 2¢— - Cd 4 20H—

Tlosromy npn moctuxenunu 100%-Horo BrXofd MO TOKY MO
peaknun (9.2) mpouecc 3apsga KaxMueBOro SJEKTPOAa npe-
Kpamaercs. JTo JOJNXKHO NPOU3OATH A0 Hauana BHAENEHHS
Ha KagMHeBOM 3nekTpoie Bogopoxa (pmec. 9.1, kpumas 2).
O6pa3osanne Hy Ha oTpunaTesibHOM 3JeKTpoae He mpore-
KaeT B TOM CJlyuae, ec/lH OTpHUATENbHAN aKTHBHAA Mmacca
HaxoguTCA B M3GBITKE NO OTHOLIEHHIO K aKTHBHOIN Macce Io-
JOXHTeJbHOro 3JjeKkrpona. Ha mpaktnke 3ToT H3GHTOK B
pacuere Ha 3apAXHYI0 eMKOCTb cocTabasier ot 20 no 1009%.

Camopaspsig KagMueBOro 3/eKTPOA@ C BHIJAENEHHEM BO-
A0pOfa TepMOJHHAMHYECKH HEBO3MOXeH (cM. puc. 3.4).
Cuuxenne emkocrn sapsaxkennoro HK akkymyasropa npo-
HCXOAHT H3-32 NMOGOYHON peakuHH OKHCJIEHHA KaJIMHS pac-
TBOPEHHHIM B 3JEKTPOJHTE KHCJAOPOZOM C 06pa3oBanHeM
MJAOTHHX IJIOXO PaCTBOPHMHX OKCHAHHX ciaoeB. CyilecTBen-
HHA BKJaj B Camopaspsj aKKyMyJasiTOpa BHOCHT NOJOXH-
TeJbHHH 31eKTPOA, KOTOPHA CHHIKaeT eMKOCTb C Bbigeje-
HHeM Kucaopoasa. Ha ckopoctb caMopa3spfina BAHSIOT NPH-
MeCH B 3JIeKTPOJIHTe H aKTHBHHX Maccax, TeMneparypa, oco-
6eHHOCTH KOHCTPYKUHK 3NEKTPOMOB.
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9.2. YCTPOHCTBO M XaPaKTEPHCTHKM

Hukenb-kaaMueBHe akKyMyJaaToOpH OTAHualoTess 6oJb-
IIHM pa3Hoo6pa3HeM KoHCTpyKuuf. B 3asucamocTs ot pyHK-
ILHOHAMbHO-KOHCTPYKTHBHHX 0COOGEHHOCTeH aKKyMyJasaTophl
JAeNAT Ha NaMeabHLe H Ge3naMelbHHeE, a TaKXKe Ha 3aKpH-
Thie ¥ repMernuHue. ITo ¢popme Kopnyca pa3nanyaioT akky-
MYJATOPH MpH3MaTHYeCKHe, AHCKOBHE H IHJIHHADHYECKHe.

Jlamesrvnoie HK aKkyMyassTopH aHaJOTHYHH JaMelb-
Hom H)K akkymyasropam (cM. ra. 8). B oTeyecrBeHuHX 06-
pasuax HCmoJb3ylOT TOAbKO MAOCKOJaMeabHHEe MAaCTHHH, B
3apy6eXXHHX — MOJNOXKHTeAbHEE NAacTHHH Tpy6uaTol KoH-
CTPYKUHH, OTPHUATENbHHE — MJI0CK0AaMeabHOH.

Coraacio 'OCT 9240—79 suinyckaior aameabHue HK
2KKyMyJASTOpDH HOMHHAJAbHOA eMKocTbio ot 13 mo 125 A-.y,
uX Macca ¢ 3aekrpoantom ot 0,75 no 6,60 kr, HomuuansHas
€MKOCTb COOTBETCTBYET pa3pany TokoM Iig Ao HanpsiKeHHS
1,0 B, HomnHaabuoe wanpsaxenne 1,20 B. EMKocTb akkymy-
JAATOpa 37Ol cepHH npH Temnepatype —20°C cuuxkaercs xo
0,6Crom 1 npn —40°C —ue uuxke 0,2Cy4om. Camopaspsan 3a
MeCAl He MpeBbiliaer

25% u B AalbHelimieM o b

pacrer  MemneHuee: ;.

noc/e noayroaa Xpa- :I' — N~ M
HEHHSl B 3apAXEeHHOM ;/,”\ RAY
coctosunn mpu 20°C s . T N\;
COXPaHSeTCs eMKOCTb 54 N\,

He Meuee 0,5 Cyou. = W 3 5 & @

O6wmas  uapaboTKa
OpH  UHKJAHPOBaHUH
HOMHHAJMbLHLIM peXH-

Emracms, % om Homunanenad

MOM COCTaBJSIeT He
menbiie 1000 uukaos.
Paspaauwe xapakre-
PHCTHKH JaMeNbHOTO
aKKyMyJsTopa  MOpH

Puc. 92. Paspsanuble XxapaKTepHCTHKH
namensHoro HK agxkyMynsTopa apu
remneparype 20°C u paspsne Toka:

1—01 C 2—-05 C 3I—1 ¢
4—-2¢C

non’ HONY Hom’

HOM

paspsne ToKoMm oT [io Ao 2/, moka3aHH Ha piac. 9.2. ¥aens-
uas sueprua HK akkymyasTopos Toro xe nopsillka, 4To H
Aamensiux HJK (1. e. we npepwwaer 25 Br-ufkr), u
3aM§')rHo CHHXaeTcsl C pOCTOM TOKOBOH Harpysku (cM.
ra. 8).

B Geasramenvnoix aKKyMyasTopax NPHMEHSIOT 3JeKTpO-
JIH HECKONbKHX KOHCTPYKLHi: MeTaaloKepaMHyecKHe, Qolib-
TOBLI€, BabLIOBAHHHE, NPECCOBAHHBE, HaMa3HHe.

Merannokepamuueckufi creueHHHH 31eKTPojA NMpeACTaB-
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AsieT co60i BHICOKONOPHCTYIO HHKeJeBYIO MJAacTHHY (mopH-
croetb — 10 80%) ¢ anamerpom nop mexee 10 MkM, B 06b-
€M KOTOpPOH BBejeHa akTHBHaA Macca. [1nacTHHY HSroToB-
JSIOT METONOM CneKaHns B BogopogHofi artMoctepe npm
temnepatype go 900°C u3 cMecH nopouIKOOGpasHOro Kap-
6oHHJIBHOrO HHKeAst ¢ nopooGpasopaTesieM, HalpHMep Kap-
6aMugoM. B xauecTBe TOKOOTBOAAILErO KapKaca HCNOJAb3Y-
10T pelIeTKY HJH CeTKY H3 HHKeNs HAH HHKeJHPOBaHHOM
CTaJIH ¢ YIIKOM.

TlnacTHHY 3anoJIHAIOT AKTHBHOR MaccOf MHOTOKpaTHO
yepeaylouieficss NPONMHTKH pacTBOPAMH COOTBETCTByIOLLEH
coqn M menoud. JINs HSroToBJeHHA NOJOXKHTENLHOro 3JeK-
TPOAZ HCMOAbL3YIOT PACTBOP HHTpaTa HHKeJd, AJS H3TOTOB-
JIeHHs OTPHIL@TEeNbHOrO 3JEKTPOjJa — PacTBOp XJOpHAa Kaj-
MHS.

MerannokepaMHuecKHe 3JeKTPOAH NOJYYHJAH pacnpo-
CTpaHeHHe GaarofapsA BHICOKOH 3JIeKTPHUeCKOH NPOBOIHMO-
CTH H YCTOHYHBOMY KOHTAKTY ZKTHBHOH MacChl € METaJJo-
KepaMHuYeCKHM TOKOOTBOAOM, NMPOYHOCTH H CTaGHABHOR TOJ-
ItHHe NPH nUKAHpoBaHHH. X HegocraTkoMm ciejyer CUHTaTh
BHICOKHIi ynenbHHH pacxoj HHKeJs, KOTOpHH cOCTaBiseT
15—20 r/A-y no cpasHenHi0 ¢ 4—4,5 r/A-u y JAaMenbHHX
3JIEKTPOJOB, & TaKXKe CJHHUIKOM TPYZOEMKYyIO TEeXHOJOTHIO.
IToaToMy cTOHMOCTb @KKyMyJAATOPOB € TaKHMH 3JeKTPOAa-
MH BecbMa BHEICOXa.

PasHoBuAHOCTbIO MeTansOKepaMHYECKOTO JIEKTPOaa fAB-
asierca GHoAbroBHi 3/1€KTPOA, npeacTaBaAfomuA coboi rub-
Kyl0 MeTaJJioKepaMHuecKylo JeHTty romuuHofi 0,4—0,6 MM
€ KapKacoM H3 HHKeJeBO#A (oabry.

Orpunaresbiue KagMHeBHe 3JeKTPOAH MOryT OHTH
TdaKXe BaJIbIlOBAHHHIMH, NMPECCOBAHHHMH HJ HaMa3HHMH;
B KauecTBe TOKOBEAYHLIEro Kapkaca HOMNOJb3IYIOT MeTaJiaHue-
CKyIO ceTKy, pellerky HaH mepdopuposaHnyio oabry. Ax-
THBHasl Macca rOoTOBHTCA HZ OCHOBE OKCHAZ KajJMHA H CO-
HePXKHT CTa6HAHINPYIOWLYI0 J062BKY THAPOKCHAA HHKeAs H
akrupHpyiomylo no6asky ITAB (ofe noGaBku BBOASTCH H
B MeTaJoKepaMHuecKHi 3aeKkTpox). Takue 3/1eKTPoAH 3HaE-
YHTEJIbHO JelleBJie, TEXHOJOTHA NOXRAeTCd MEXaHH3amuH.
OnHako oHE MeHee NPOYHH, HMEIOT XyAIIYIO SJIeKTPHUECKYIO
NPOBOAHMOCTb H NPH HCMOJb30OBAHHH B FepMeTHUHHX ZKKY-
MyasTopax He cTosib S deKTHBHH.

TTosoxHTeabHHe Ge3naMeAbHEe SNEKTPOAH He Habyxa-
IOT NPH OHUKJAHPOBAHHH, 3TO NMO3BOJAET CHH3HTb MeX3Jek-
TPOAHOE PaccTOsiHHE 1O MHHHMaJbHHX pa3Mepos. [las sroro
HCNOAb3YIOT TOHKHe CenapaTtopd H3 TKAHH HJIH HETKaHOro
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MaTepHaja THNa nepXJopBHHHAa HAH noannponuiena. Ce-
napatopsl AOMKHH OHTb THAPOPHABHHMH, XHMHUYECKH
CTOAKHMH, XOpOLIO NPOHHIIAeMEIMH A5l KHCIOPOAa.

3aKpHTHe aKKyMyJSTOpH ¢ 6e31aMeAbHBIMH 3JeKTPOosa-
MH HMEIOT TpaaunHoHHoe ycTpolcTBO. KoHeTpyKiHA repMe-
THYHHX aKKYMYJAATOPOB HMeeT ocoGeHHOCTH, B ¢Bs3H ¢ 3THM
KPaTKo PacCMOTPHM OCHOBHHIE NPHHIHNK T'epMeTH3AIMHH aX-
KyMyJadaropa.

HcrounnkoM naBaenHs, cnoco6HOro pa3pyWHTs NOJHO-
CTbI0 3arepMeTH3HpOBaHHBIA aKKYMyJaATOp, ABJASIOTCA KHC-
JOPOA H BOJOPOJ, BHIAENSIOUIHECH HA AeKTpolAaX B KauecT-
B€ nOGOYHEIX NPOAYKTOB NpH 3apsiie HJH nepe3apsapge. Yro-
6Ll npeBpaTHTh aaBjeHHe B GelomacHHN ¢axTop AnGo He
JZONYCTHTh ero pocT, Tpe6yercss peaJH3oBaTh OJHO H3 CJe-
AYIOUIHX ycaoBHii: 1) cHabaHTh aKKyMYJAATOp NPOYHHIM KOP-
nycoM, cnoCo6HEIM BHAepXKaTb npejmnonaraemMoe AaBJieHHe;
2) HCk/IOYHTL MPHOGOPHBIMH METOLAMH OMACHOE NMOBLIIICHHE
JaBJeHHs NpeKpauleHHem 3apaja; 3) co3narth YCJAOBHA AJA
Peann3alMH 3aMKHYTBIX [a30BHBIX IHKJOB; 4) cHabauTh ak-
KyMyJAaTOp NpeJOXpaHHTeAbHEIM KJanaHoM (Tako# akky-
MYJATOp Ha3LIBAIOT FepMETH3HPOBaHHBIM, CM. pa3a. 7.6).

Peaansanusa nepeoro ycjoBHSl BeAeT K yTAXeJNeHHIO KOH-
CTPYKIHH, CHHIKEHHIO YIeJbHHX XapakTepHCTHK H aony-
cTHMZ aJaa ofpasmoB MannX pasMepoB. Bropoe ycaloBue
peaansyercs B CNeLHaNbHEIX CAyYadX mpHMEHEHHeM 3apsaj-
HO-pa3pALHHX ABTOMATH3HPOBAHHLIX YCTPOHCTB (CM. pasn.
3.4). EnnHcTBeHHHM YHHBEPCAJBHEIM cnoco6oM OKasbiBaer-
CAl pealH3allus 3@MKHYTOro KHCJOpPOAMOro IHKAa NpH of-
HOBPEMEHHOM HCKJIOYeHHH BHiAeJeHHs Bojopona. Pacuer Ha
BOROPOAHHH IHKA Heo6OCHOBAZH, NOCKOJBKY CKOPOCTH HO-
nu3auun Hy Ha oKCHIHOHHKe/IEBOM 3JeKTpoJe 3HAaUHTeNbHO
HHXKe CKopocTH HOHH3auHH Oy Ha KagMHeBoM anekrpone. Ha
npaKTHKe OJHOBpeMeHHo NpH6eraloT K HeKOTOPOMY ynpod-
HEeHHIO KOpmyca, pacCYHTaHHOMY Ha onpejefieHHOoe H36H-
TOYHOE pnabBJieHHe, KOTOpoe He HCKJIIouaeTcs fPH IKCIIaya-
TanHH akKymyastopa. OHo nake XKeaarelbHO, TaK KaK yc-
KOpSieT npolecc HOHH3alHH KHcaopoja. [IpuMeHenne mpe-
JOXPEaHHTENBHOTO KJA&MaHa JOMYCTHMO A aKKyMyJafTopOB
HEeKOTOPHIX THMOB, paboTaloUHX B cocraBe GaTtapeH, Tak Kak
HCKJIOYaeT OnacHLie NOCAENCTBHA MePenoJioCoBKH (nepe-
pa3pana), Takxe BH3bBaiollell ra3oBHe/eHHE.

Takum o6pasoM, B KOHCTPYKUHH FepMeTHUHOIO aKKyMy-
JAATOpa JONKHO OHITH MpefycMOTpeHo cJeaylollee: NJoTHAA
c6opxa 3MeKTPOLOB C CenapaTopoM, Jerko NpOHHIaeMEIM
AN KHCJopoJa; MaTpHUHHHA 3NeKTPOJAHT, gonyckaoumi or-
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KpHTHe YaCTH NOp KajMHEBOTO IeKTPoAa IJIA peadH3alHH
ycaoBHA TpexdasHo# rpaHHUM (cM. rJI. 6); H36HTOUHOE KO-
JHYECTBO pa3psXKeHHON OTpHUAaTeNbHON aKTHBHOH MacCH;
JOCTATOYHO NPOYHHI KOpnycC.

TlpaMoyroJibHHe  (MpH3IMaTHUYeCKHe)  aKKyMyJsaTOpH
OOLIYHO HMEIOT MeTaJJIOKepaMHUYeCKHe 3JeKTPOAH, HO JO-
CTaTOYHO Y2CTO OTPHUATENLHHN 3JEKTPOA ABJAETCH BaJb-
IOBAHHHM HJH nNpeccoBaHHHM. CrasbHON TOHKOCTEHHHIH
Kopnyc ynpouHeH pe6pamu XecTxocTH — rodpamu. CorJaac-
1o FOCT 24958—8! Bunyckaior akkymyasropu cepun HKI
(HMKesb - KaAMHEeBH A
repMeTHUHHi) eMKO-
crbio ot 0,4 10 16 A-y,
pa6orocnoco6ne B
HHTepBaJe TeMmepa-
‘N 2 Typu  OKpyXamome#
Ne T cpenst or —20 1o
W W ww Wi DA5°C. mpmuem e

E 9 . KOCTb &@KKYMYJAATOpa
MKOCIMb, 1o OM HOMUHANbHOU npH —20°C cocTaBiafi-
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Puc. 9.3. Paspsanbie XapaKTepHCTHKH
repmetkudoro HK akkymyasrtopa npu
TemnepaTtype 20°C u paspsje Toka:
1—1 Cpppi 2—2 Cppps 3—3 Cpgps ¥—
5 Cﬂl’lﬂ

eT He Menbiie 0,3
Cuon. THDIHUHHE pa3-
psiHHe XapakTepH-
CTHKH TaKHX aKKyMy-
ASITOPOB NAHH Ha PHC.

9.3 u 9.4, CpenHsas Ha-
paboTka HpH UHKJIH-
pOBaHHH MOXeT J0O-
cruratb 1000 nHKIOB,
W ¥ NpH 3TOM BPH3HAKOM

4 -
3 0TK232 CYHTaeTCHA eM
KocTb HHXe 0,6 Cyom-
B AMCKOBHX akkyMy-
AATOP2aX TNPHMEHSIOT
NPecCOBaHHHE  3JIeK-
TPOAH, 3akJIOUeHHHe
B JaMmesiH H3 HHKeJe-
BOH CeTKH, H pexe —
MeTaJlIoKepa M H 4 e-
CKHe (cneueHHHe).
Tak ycTpoeHH RHCKO-
BHe akkyMmyastopu cepun [ (TOCT 112568—79) or 1-0,025
no J1-0,55 momuHaabHok emxocrbio or 0,025 no 0,55 A-u.
HX KOHCTpYKUHA B NMPHHNKIE He OTJHYEETCS OT KOHCTPYK-
NHH repMeTHUHHIX AHCKOBHIX HCTOYHHKOB TOK&@ RPYrHX CHC-
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Puc. 94. BaksAune TeMmnepaTypH Ha
paspsaMble XapaKTEPHCTHKH TrepMeTHd-
unoro HK akkymyasropa npu TOKe
1 Cuou B TeMNepaType:

fe-20°C; 2—0°C; 38— munyc 10°C; 4—
uEEYCc 20°C



TeM, XOTH HEKOTOpbie XapaKTepHbie OCOOEHHOCTH HMeEIOTCs
(manpuMep, HaJHuHe MeXAY KpBHIIKOH H OTPHIATENbHHM
3JIEKTPOJOM T'a30BOTO NPOCTPaHCTBA, o6pasyeMoro nJoCKoH
KOHTaKTHOH# npyxXuHoii).

Axxkymyastopnt cepu JI paocunTaHH Ha AJHTeJbHHR
(7uom=0,1Cyon) uan cpemsuii (Juom=0,2Cuom) pexxum pas-
pPRAa npH TeMneparype Okpyxaioue# cpean or —20 go
45°C. Cpox cayKGH TaKMX aKKyMyJsSTOPOB COCTaBJseT He
MeHee JABYX JeT.

HunuuapHueckHe aKKyMyJATOpb HMMeIOT yaiie BCero
cneuenHble (QOJbroBbie) 3/EKTPOZDLI, TYTO CKpyueHHHE CIH-
panbHo. Bnarogaps HaNHUHIO TOHKHX 3JeKTPOJOB C npe-
JenbHO Pa3BHTON paboyell NOBEPXHOCTBIO AKKYMYJATODPH
3Toro THna B HanbGoJblledl creneHH npHcnocobaenn Kk pabo-
Te B IKCTPEMaJbHbIX YCIOBHAX 3KCIUyaTallMH, Jyuuie Apy-
THX BblJepXXHBAlOT KOPOTKHE peXXHMbl pa3psjga H ¢opcHpo-
BaHHble PeXHMbl 3apaja.

B nocnegnee gecATHaeTHe Gb HajaxeH NPOMBILLIEH-
Hbl BBHITYCK UHJAHHADHYECKHX aKKYMYJATOPOB pYJOHHOM
KOHCTPYKIHH CO CNEYeHHBbIM MOJOXKHTEJNbHbBIM H BallbllOBaH-
HbIM OTPHUATEJAbHHM 3JeKTpojaMH. 3TH aKKyMyJATOpPH
emkocTbio o1 0,15 go 4,0 A-u HmeioT pasmepbl, COOTBETCT-
ByiOlllHe CTaHAAPTHOMY PAAY LHIHHIPHYECKHX HCTOUHHKOB
TOKa MHOIOLleJIeBOTO Ha3HaueHHd, yreepxaeRHomy MIK
(cm. Taba. 4.1).

OHn paccuMTaHH Ha pa3paj B LIHPOKOM aHana3oHe TO-
KOBOM HAarpy3kH H TemMneparyph, CHaGXeHH LIapHKOBHIMH
HIH HHHMH KJanaHaM MHOT'OKpaTHOrOo neHCTBHs, HCKJIO-
YalOHIHMH OnacHoe NOBbILIeHHe AaBJeHHS NPH HapyLIeHHH
peXHMa 3KCnuyaTalH.

IFepMeTHuHble HHKeJb-KaiMHEBHE aKKyMyJATOpH 06.aa-
JAI0T BHICOKHMH 3KCIJIyaTallHOHHBIMH XapaKTepHCTHKaMH,
BKJIiOY2A MHOTOJIETHHH CPOK €YK OH, MHOI'HE M3 HHX OTJH-
4aI0TCA AOCTaTOYHO BHICOKOH yaennnoft MmomHoctbio. Hx
yae/bHaA 3HeprHs B cpegHeM He npeBuimaer 20—25 Br-u/xr
H gas ayqumex ob6pasuos gocruraer 40 Br.g/kr.

DaKTopoM, OrpaHHIHBIOUIHM PacnpocTpaHeHHe HHKelb-
KagMHeBbIX aKKyMYJHATOPOB, OCT2eTC HX BHICOKasd CTOH-
mocTb. TeM He MeHee uX LIHDPOKO HCMOAB3YIOT AJA MHTaHHA
pangHoannaparypu, MeJHLHHCKOR annapaTypH, B CBeTOTeX-
HHMKe, B KauecTBe aBapMAHbIX H GydepHbx HCTOYHHKOB NMH-
TaHHS.
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Tnasa 10
CEPEBPAHO-LLIMHKOBDLIE AKKYMYNATOPHI

CepeGpsno-unnkosrie (CLl) akkyMyastopun npHoG-
peJiH H3BeCTHoCTh GJarofaps BHICOKOH yAeJBHOH 3Hep-
rud, B 3—4 pa3a npeBHILIAIOLIEA YNeJbHYIO SHEPrHio
JyylIHX @8KKyMyJdSTOPOB ApYyrHX cHcreM. Mx nepoctar-
KOM SIBJSIOTCS Manbl¥ CpPOK cayXOH ¥ BHCOKafl CTOH-
MOCTb.

B uacrosimee spemsa CLl akkymyasaTtopn Haxoasat
NpHMEHEHHe B CaMHIX pa3noobpasHuXx obnacTax Hay-
KH H TexHHKH. X HCnoam3yloT B paiMo- M Teseanna-
patype, B KOHTPOJILHO-H3MEPHTENbHHX H MEJHIHHCKHX
npubopax, B 29pOKOCMHYECKOH H BOEHHOM TexHHKe,
NpH ApPOBefeHHH OKeaHOrpadHYeCKUX HCCAeJOBaHHH
u ap. Hanpumep, dupma Yardny (CIIHA) srmyckaer
19 tunopasmepoB CLI akKyMyJsTOpOoB eMKOCTbIO OT
0,5 mo 525 A-u, kortoprie nmpumeHsior Gojee uem B 50
BHAAX Pa3/IHUHLIX H3AEJHA.

10.1. Teopus cepebpaHO-UMHKOROrO aKKYMyNATOPa

B CL] akkymyastopax peajiH3ayeTcsl 9JeKTpPOXHMHUYECKas
cucrema Zn|KOH|AgO. Kak H B paccMaTpuBaeMHX BHIille
(cM. ra. 4) uIeIOYHLIX NEPBHYHLIX JEMEHTaX, 3J4eCb NpH-
MEHSIOT NOPHCTHA UHHKOBHA 3J1eKTPOX, 06JanalollHi BECO-
KOH sJiekTpoxuMHuecKolt oGpatumoctbio. [Ipoaykramn pas-
psia ABAAIOTCA MeTaJJIHuUeCKoe cepe6po u OKCHA (HAH THA-
pokcHa) munka. TokooOGpasyiomiuit mpouecc onHchHBaercs
cymmapHofl peakuuefl

AgO+ Zn—>Ag -+ ZnO

[Ipn paspsiae OTpHIATENBHOro 3JeKTPOAa COXpaHAIOTCHA
ofune 3akoHoMepHoctH (cM. ra. 4). TokooGpasyioias
aHOJHAA peaKIHs MHOrOCTYNeHYaTa H MoXetT GbiTh ONUCaHA
cxeMo#Ht

Zn =22 MM (74 (OH) 2~ > Zn (OH)3 > ZnO  (10.1)

Taxum o6pasoM, aHOAHOe pacTBOpeHHe IIHHKA B LIEN0Y-
HHX 3JIEKTPOJIHTaX CONMPOBOXKAaeTcH 06pa3oBaHHeM LHHKaT-
HHX pacTBOPOB NMOBHILIEHHORA NMPOTHB paBHOBECHOH KOHILEHT-
pauun uunkara, Tak, B 10 M pacrteope KOH xuHmHuecKkH
pactBopsierca 88 r/a uHHKa, anekTpoxumHuecku — 250 r/a.
O6pasoBanie NepeCHINEHHHX IHHKATHHX PacTBOPOB B ycC-
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JIOBHAIX OrpaHHYeHHOro ofbeMa 3JeKTPONHTa NPHBOAHT K
Pa3N0XeHHI0 NWHKaTHOrO KoMnJjekca. Bunagaomnii B oca-
JIOK OKCHI IMHKAa XapaKTepH3yeTcs PHXJOH# CTPYKTypof,
Onaronaps ueMy NMacCHBALHA 3JeKTPoJHOH MOBEPXHOCTH He
HaCTymaeT, XOTA M CO342I0TCA NPeANnOCHLIKH A9 KOHIEeHTpa-
UAHOHHOK NOAAPH3IAIHA.

CyMMmapHasi CKOPOCTb @HOJHOTO PACTBOpPeHHS [HHKZ B
1[eI0YH onpeAefeTCA CKOPOCTbIO COOCTBEHHO 3JeKTPOXHMH-
yecKoro nponecca. MakcuMaabHeii TOK B obaacTH akrTHe-
HOrO PacTBOpeHHS 3aBHCHT OT KOHUEHTDaUHH IIeNOYH, TeM-
nepaTypnl H KOHCTPYKIHH 3AeKTpoaa. HlnuKoBHe SaeKTpoan
€ NOCTaTOYHO pa3BHTOH MOBepXHOCTbIO MOryT obeclieunBaTh
paboty npu naoTHOCTAX ToKa ao 3 kA/m2 Ilpouecc anonHO-
ro pacTBOPeHHS IMHKa NMPeKpallaeTcs B pe3yabTaTe ero nac-
cuBanun. KoHeuHas npHYMHZ NacCHBalHH B YCJAOBHAX Or-
pannyenHoro ofbeMa 3JaeKTpoauTa —obpa3oBanne Ha no-
BEPXHOCTH 3JIeKTPOA@ YNJIOTHEHHOrO CJ109 OKCHAA IHHKA,

3apsan oTPHILATENBHOrO 3JeKTPoAa MpoTeKaeT Mo XKHAKO-
¢asnomy mexanusmy. ITepBuuHniM siBAsieTcs mpolecc 3JeK-
TPOBOCCT2HOBJIEHHS TeTparHipOUHHKAT-HOHA 40 MeTajJHye-
cKoro nHHKa. M3-32 CKJIOHHOCTH IMHKZ K AeHApHTO0Gpaso-
BaHHIO CTPYKTYpa aKTHBHOM MaccHl noJyuaeTcsl pa3BeTB/eH-
HOW H 97AeKTpOXHMHueckH aKTHBHOH. [las Toro wrobu sTOT
nponecc 6bi JOKaAH30BaH B MIOPaX M He BHIXOAHA 32 npe-
Jenbl NAaCTHHbI, HCTIOAb3YIOT TeCHYIO C60pKYy 3JeKTPOAOB €
MHHHMaJAbHHIM CBOGOAHHM 06beMoM 3JaexkTpoanTa. B mpo-
THBHOM CJyuae NEHIPHTH IMHKaZ NPOPACTaloT CKBO3b Cena-
paTop M BHI3bLIBAIOT KOPOTKOE 3aMHIKaHHe 3JIeKTPOAOB.

Pa3papx noaoXuTeAbHOTO 9J1eKTpoAd NpoTeKaeT Nno cA0XK-
HoMy MexaHu3Mmy. Ha nepsofi cragnn nponecca noTeHuuan-
onpejensioues ABaAgeTCA peaknus

2Ag0 + Hy0 + 26—+ Ags0 +20H—  E0=0,604 B (102)

INocne Toro kak noBepXHOCTb 3e€peH aKTHBHOrO BeLIECTBa
noKpoeTcst TOHKHM cJioeM OKcuua cepebpa (I), morennnan-
onpeaensomef CTaHOBHTCA peakuus

Agi0 + HO 4 2e— - 2Ag 4- 20H— E0=0,345 B (10.3)

XOTl eMKOCTb 3JeKTpoja No-mpexKHeMy onpejeisercs ¢a-
3oit okcnpa cepe6pa (I1). I1pn sToM norTennnaa saexTpoxa
cunsnTcs npuMepro Ha 0,25 B. CrynenuaTmifi xapaxrep Ka-
TOAHOHR XPOHONOTEHUMAJAbHOA KPHBOA onpepensieT paspai-
Hywo xapakrepuctuky CLl akkymyasropa. Ha pnc. 10.1 yer-

Ko5 5Bbw.enﬂm\cﬂ IABe CTyeHn HanpsaXenna —npn 1,85 n
1,55 B.
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3apan cepeGPAHOrO 3JeXTPOAa MpOTeKaeT TaKKe ABYX-
crynenuaro, Ha HauajbHOM 3Tane cepe6pO OKHCAAETCA KO
okcupa cepe6pa (I):

2Ag -+ 20H— — Agy0 + Hy0 + 2¢—

Drofi peakHHH OTBeYaeT HHXKHAA IJIOWIAAKA Ha 3apAZHOR
kpuBo#t puc. 10.1. Ognako Ag,O sBaAsercs NOJYyRPOBOAHH-
KOM ¢ ygeJbHOH  3JjleKTpHUeCKOH NPOBOZHMOCTBIO
~ 10-6 Cm/M, mosTomy nocje o6pasoBaHUs OKCHIHOH MJeH-
KH (ee ToamuHa ~ 20 monocaoe AgyO) Hacrynaer maccu-
BanHa 3JexkTpoga. IloreHmuas nosuilaeTcss NPHMEPHO Ha
0,3 B g0 3naueHHd, OTBeHZOUIErO CAefyiOHIeMy aHOZHOMY
nponeccy — o6pa3soBanuio okcuaa cepebpa (II) nmo cymmap-
Ho#t peaKIHH

Ag + 20H— > AgO + H,0 + 2Ze—.

DToT nponecc npH 3apage ABAseTcs nNpeobaanaioOUIHM H CO-
orBeTcTByeT ~ 70% coobiraeMolt 31eKTPOAY €MKOCTH, 4TO
ciegyer M3 COOTHOUIEHHs BepXHefi M HHXKHell MJolagoK 3a-
pagHoit xpusof puc. 10.1. K koHlly 3apsaga B 3JexTpoae oc-
raerca ao 4% Meransauueckoro cepeGpa, o6pasyolnero To-
KONMPOBOAALIRA Kapkac, a TaKxke HeKOTOpPOe KOJIHUeCTBO
Ag,0. Ko3pdunmenT HCnoab3osaHHA aKTHBHOA MaccH ce-
pebpsanoro anekrposa cocrasaser or 80 no 60% B 3aBHCH-
MOCTH OT peXHMa pas-

< l 1 psiaa, a oTaaua no eMKo-

o 2 cru Gauska 100%.
£ OkoHuaHHe 3apsja
X 16 ~ Jﬁ yeTKO (HKCHpPyeTca HO-
&4 BHIM MOABEMOM Hamnpsa-
= 12 XKeHHA [0 IJIOLIagKH,
W e e o
POOKHCJACHHA BOZBI

. )
Emnocms, % om Homunansuad 0 KHCIOpOAa.

CaMonpoH3BoJIbH 0 €
. 1. MeHeHHe  HAMpAaXenus
g:zcedplsiontl)-uﬂrl:;noro axxyl?ynmopa pacrsopenHe I1HHKa B
Hpu aapsne (I) u paspape (2) rokoM IIEJOYH —OZHZ H3 OC-
0,1 Cuou HOBHHIX TPHYHH TIOTEPH
€MKOCTH cepebpaHO-IHH-
KOBOI) aKKyMyJaTopa NpH ero AJAHTEJNbHOM XpaHeHHH B 3a-
pAXEHHOM COCTOAHHH. Buigesenne Bogopoga, COmyTCTBYIO-
giee 3TOMY Npoleccy, 3aTPyldHAeT KOHCTPYHpOBaHHe repme-
THYHOrO MCTOYHHKa ToKa. CKOPOCTb caMopa3pfifa 3aBHCHT
rJaBHHM 06pasoM OT NMepeHanpsKeHHs BHACJEHHS BOZOPO-
JAa HAa IHHKOBOM 3JekTpoge. IIpn 3ToM mnepBocTeneHHYIO
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posb HIpaeT CTeneHb YHCTOTH LIHHKA H 3neKkTpoaunra. Hau-
Gojiee BpeauH NpHMECH HHKeJNA, MHIIbAKA, CYPbMH H OCO-
OeHHO XkeJjie3a, COlepPXKaHHe KOTOPOro He JOJIKHO IpeBH-
wats 0,0005% B akTHBHOA Macce # 0,003 r/a B saekTpoaHTe.

BBeneHne B IHHKOBHA 3JE€KTPOL METaNNHYeCKOA pTYTH
METOAOM amalbraMalHH Pe3KO CHHXKaeT CKOpPOCTb caMopas-
pana. OntumaasHoe copepxkanne prytd 2%.

10.2. YcTpoHCTBO M XAPAKTEPHCTMHM
cepebpaHO-UMHKOBOrO AKKyMynsTopa

Ias CLl agkymyasropoB xapakrepun (puc. 10.2) nps-
MOYTOJIbHAA ¢opMa Kopnyca, IJIOCKONapaJiielibHoe pacho-
JNOXKeHHe 3JAeKTPOAOB H MATPHUYHHHA 3MEKTPOJHT.

IMonoxurennuntii anekrpor I npepcrasaser cobofi maa-
CTHHY, H3TOTOBJEHHYIO H3 cepeGpAHOro MOpPOUIKA HpPeccoBa-
HHEM C NOCJeNyIOLHM CreKaHH-
em npH Temnepatype 450°C. To- 7
KOOTBOJOM CAYXHT cepeGpsaHas
nposojoka §. OTpHuaTeabHHIH
3JeKTpol 2 TOTOBAT H3 CMeCH
IHHKOBOrO NMOPOLIKA € OKCHAOM "\‘
uHHKa ¢ go6aBaenHeM KapGOKCH- 3
METHAUEANION03H HAH Apyroro ™
CBA3YIOLIET0; KapKac — NPOBO-
JNOYHHN HAH ceTHaTHIH.

JKecrkue Tpe6oBaHHA npenb- 7~
ABAAIOT K cenmapartopy 3, KOTo-
pH poaxeH o6a3gaTh BHCOKOH
CTOHKOCTBIO B KOHICHTPHPOBaH-
HEIX pacTBOpax MIeJOYH NPH
Temnepatype or —50 no 120°C;
OLITh YCTOHUHBHM MO OTHOWIE- Pge. {02, Yerpoicteo ce-
HHIO K TAKOMY CHJIBHOMY OKHCJ/IH-  peGpAHO-IHHKOBOTO aKKyMy-
TeJio, kKak okcHu cepeGpa (II); amropa:

HabyXxaTb B JE€KTPOJHTE, YBeJNH- | — DOROMETEALEMA  52eKTPOR;
UHBas B 2—3 Pasa CBOIO TOMIIH- 5 conaparopt o opryes 8
Hy, AAIA OGECMeYeHHA MJOTHOR [0Koorol 6. Gopa; 7—xxa-
COOPKH 3A€KTPOAOB; NPensATCTBO- )

B&Thb TNDOPACTAHHIO [AEHJPHTOB

HHHK3 H KONVIOHAHHX yacTHIL cepebpa. Jlyullle apyrux yano-
BJIETBOPACT 3THM TpPeGOBaHHAM IMAPATUENJNIONO3HAS IJIeH-
Ka. [IpHMeHAIOT KOMGHHHPOBaHHYIO CENapauHio: K TpeM-ye-
ThIpeM CAOAM NOAHMEpPHOH maeHkH no0aBAAIOT CAOH Kanpo-
HOBOA TKAaHH CO CTOPOHH NOJOXKHTEABHOTO 3JEKTPoaa AJAA
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3aHIHTH IJIEHKH OT npaMoro Konrakra ¢ AgO u cJaolt meso-
yecToi Kol GyMarH, B KoTopyio 06epHYT LHHKOBHH 3JIeKTPOA.

daexrpoant (10 M pacrsop KOH) nponurnpaer smex-
TPOAH H cenapaTopH H NMOYTH He HMeeT cBoGogHOr 0 06BbEMa.
ITosromy mpn 3apane B 3/1eKTPOXHMHYECKOM Mponecce yua-
CTBYeT JHIb [IHHKAT, HaXOAAIHHACA B Nopax. DTo 3aTpyAHS-
er o6pa3oBaHHe IHHKOBHIX AEHAPHTOB 32 NpejefaMH 3JeK-
TpoAa.

- Kopmyc 4 n3roroBjen H3 npouHoit npo3paunoft (HAH mO-
Jynpo3pauyHofi) miaacTMaccd (HanmpHMep, COMOJHMEepa ak-
PHMAOHHTPHAA CO CTHPOJOM), YTOGH MOMKHO GHJIO BH3YyaJbHO
KOHTPOJHPOBaTh ypoBeHb JeKTposnnTa.-Ha xpuike 8 nme-
eTcsl /Ba MJH ueTHpe GopHa 6 (KOHCTPYKIHIO CM. DHC.
2.5,8), a TakkKe knanau 7 jAA CTPABAHBAHMA o6pasyloie-
rocs npH caMopaspsiie BOZOPOAa.

Cepe6pAHO-IHHKOBHE aKKYMYJAATOPH XapaKTepH3yIoTcs
coueTaHHeM BHICOKON pa3pagHOA MOHIHOCTH ¢ GoJblloi
YAenbHoH 3Heprueli, JocTHrajouiel TPH HOMHHANbHOM peXH-
Me 120—135 Br-u/kr. JIna 3Toro HMEIOTCA e yIOlHe npeg-
TIOCHJIKH: BHCOKasd TeopeTHYecKasd yjaelbHas €MKOCTb ILHH-
Ka H okcuaa cepeb6pa (II) (cm. raba. 2.1); Beicoxne xodd-
dHnHeHTH HCNOAb30BAHHA aKTHBHHX BemiecTs (Zo 60%

ANS  OTPHLATEJbHOro H

a0 80% ana mosoxu-

s TeIBHOTO  3JEKTPOJOB);

3 N LOCTaTOMHO  BHICOKOE

§ — paspsaHoe HanpaKeHHe

g \\, 7| (~15 B); nnsxas or-

$ \ \y 2 HOCHTeAbHaA Macca 3Je-
P55~ MCHTOB KOHCTPYKUHH.

Paspaanne xapaxre-
puctaxu CLL akxymyas-
Puc. 10.3. Paspsinnne xapaktepucrukn TOPOB, CYAA N0 JAHHHM
CLL axxymyaaropa mnpu Temnmepatype puc. 10.3, oTaHualOTCA
f"_f‘ W paspsie Toka: CTaGHJBHOCTBIO, eC/IH He
i—2C ' CYHTATh HayaJbHHHA y4a-

CTOK HanpsKeHHsd, KOTo-

putit TeM Kopoue, YeM BH-
e paspaaHuii ToK. Bo3pacranne Toka Malo BAHfAeT Ha
€MKOCTb H pa3pagHoe HanpsxKenHe. DTa 3aKOHOMEPHOCTD,
CBA3aHHad KaK ¢ MaJoH moAsipu3anHell 3JeKTPoAoB, TaK H
¢ oueHb HHM3KHM BHYTPEHHHM 3JIeKTPHUECKHM CONpPOTHBJE-
HHEM, ABJAeTCH OTAHUHTEAbHON ueprolt cepe6pano-LHHKO-
BHX HCTOYHHKOB TOKa.
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Pa6ounm HHTEpBaJiOM TeMIepaTyph CUYHTaeTcd AHama-
30 or 70 ao —20°C, xorsn paborocnoco6HOCTb COXpaHAeTCs
u npu —40°C. IToHHXKeHHe TeMmepaTypH NOBHIIAET BHYT-
pelHee 3JeKTpHUeCKOe CONPOTHBJECHHE H YCHJIHBAET NMpouec-
cHl maccHBauMHu. Tak, NpH CHHXEHHH TeMmepaTypw ¢ +20
a0 —20°C paspsaHoe HanpsXKeHHe NPH HOMHHAJAbHOM TOKe
pa3paxa Io ymenbmiaercs ¢ 1,55 no 1,40 B, a emxoctb H3-
MeHseTCs caeayiomum obpa3zom:

Temneparypa,

°C . p -yp_ .. 20 0 —10 —15 —20 —25
EmMkocts, % oT

Coomw - .. - 100 95 82 63 50 40

[ToBuitlenHe TeMnepaTypH HECKOJbKO YJyuYLIZeT 3JeK-
TpHYECKHe XapaKTeDHCTHKH, HO 3@MeTHO COKpamiaeT CpOK
CTyX6H.

CHL akkymyasTopH 06J1anaioT CpaBHHTENLHO HH3KHM Ca-
MOpa3psaAOM, KOTOpHH He npesumuiaer 2—4% B mecsn. Ha
Jyuiinx o6pasnax aTor mokasaresb cHHXeH xo 15% B roa.

OcHoBHo#lt HegocTaTok CLI akkyMyJsaToOpoB — MaJinifi pe-
cypc (Hapa6oTKa) B UHKJIZX, YTO CBA3AHO MpeXae BCero C
NOSIBJIEHHEM TOYEYHHX KOPOTKHX 3aMHKaHHE CO CTOPOHM
OTPHIATEJIBHOTO 3JIEKTPOAa B Npolecce UHKAHPOBaHHSA.
LIHHK B ycnOBHAX 3apsja CKJIOHEH K JeHAPHTO0Gpa30BaHHIO,
YTO OTMeuaJsJoch B, DTa TEHAEHIHA yCHJIHBaeTCH C IO-
BHIIIEHHEM TOKa B COYETZHHH C YBeJIHUHBAIOMEeHACH KOHIEHT-
pannoHnol noaspusanue. [TosToMy AeHIpPUTH uyame nosB-
JAAI0TCA K KOHLY 3apsaia B 30Hax Kpaesoro 3ddexra, T. e.
no xpaaMm 3JeKrpofoB. Oco6eHHO HEZOMYCTHM C 3ITOH TOUYKH
3peHus nepesapsi HHHKOBOTO 3JeKTPola.

Yem Ha Goabumit TOK pa3pafia pacCyHTaH akKKyMyJasTop,
TeM Kopoue CpoK cayXO6u. IloBuhmienne Toka B H3BeCTHOH
CTeleHH yBeJHUHBZeT KOHUEHTPANHIO UHHKaTa B TOW 4acrTH
3JIeKTPONHTE, KOTOP@# HAXOZHTCH BHe 3JEKTpPoAa (HampH-
Mep, B FHApaTHeTIONO3HOH nieHke). OQHOBpeMeHHO poCT
TOKOBOH Harpysku neperpeBaer akkymyastop. Pocr temme-
paTypH B CBOIG Ouepefb YBeJHUHBAET pPACTBOPEHHE OKCHIOB
cepebpa B 3JEKTPOJIHTE, KOTOpHE B pe3yJbTaTe OKHCAHIOT
NOJHMepHYIO IUIeHKy, pa3pymias ee. O6a o6croaTeNnbcTna
NOBHILIAIOT BePOATHOCTb NMPOpPACTaHHA cenaparopa AeHApH-
tamH UHHKA. [TosToMy akkyMyasTopH, paccuuTannbe Ha
Tok 2/, MMEIOT rapaHTupoBaHHH# pecypc 10—I15 uukioB,
a Te, KOTOpHE NpeAHa3HayeHH AJA AJHTEJbHBIX Pa3pAdOB,
MoryTt pa6orarb B TeuenHe 80—100 uuakion.

KTyalbHOH 3ajauefi mepcmekrusHoro passuras CLI
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aKKyMyJSTOPOB SIBJISIETCA MOHCK HOBHIX MaTepHAJIOB AJf ce-
naparopa, Kotophe 06Jagaior GoJiee BHICOKOH XHMHUECKOH
CTOAKOCTBIO, 4 TaKXKe MOBHIICHHHEMH KPHCTaJIOAepKallH-
mH cBoficrBamMi. HMeloTcn cooGumenns o pa3paboTKe HOBHX
cenapatopoB (¢pupma Yardny, CIIIA), xoTopue no3BosniaH
noBHCHTb pecypc a0 400 nHKJIOB.

Cepe6paHO-UHHKOBHE aKKYMYJATODH 3apsiKaloT HJH
craGuan3npoBauHuM Tokom 10—20-yacoBoro 3apsga Ao Ha-
npaxeuna ue e 2,05 B, uan crabuan3vpoBaHHHM Ha-
npaxennem 1,96—2,00 B B TeueHne ~ 16 u. Xpauurts akky-
MYJSTOPH Jyuille B Pa3pAXKEHHOM COCTOSHHH BO H3GexxauHe
pacTBOpeHHS OKCHAOB cepebGpa, pa3pyilaloUIHX THApaTHeN-
JI0JIO3HYI0 MJIEHKY.

Cronmoctb CLI akKyMyJsTOPOB ZOCTAaTOYHO BHICOKA, NO-
3TOMy HX NpHMeHeHHe ONPaBAAHO B TeX H3JENHAX, AJs KO-
TOpHX BHCOKHE yAeabHue xapakrepuctikd XHUT urpaior pe-
WAIOLLYI0 POJib.

Fnasa 11
AKKYMYNATOPH APYIMX CHCTEM

11.1. Hukens-uMHKOBbME AKKYMYASTOPS

Hurepec x unkenp-nunkosoMy (HLL) axkymyasropy
00yCJIOBJIeH PAAOM €ro AOCTOHHCTB: OTHOCHTEJNbHO BHICOKH-
MH yAeJabHO# 3HeprHeil H pa3paAHHM HanpsKeHHeM B IIH-
POKOM HHTepBaJieé TOKOBHX Harpy3ok m TeMmnepaTyphl, CHo-
co6HoCTBI0 K GHICTpOMY 3apsiy. DTOT CPaBHHTENbHO HeZO-
POrofi aKKyMyJaTop paccMaTpHBAaeTCH KaK NEepCHeKTHBHHMA
ANA 3HeprocHaGXeHus 3JeKTPpoMOGHJIeR W APYrHX M3jeNHil.

daexrpoxumuueckan cucreMa Zn|KOH|NiOOH pas ak-
KyMyJasitopa Guaa npegioxenHa ®. Muxaisosckum (1899).
B 1930-e roagm Guiam nmpesnpuHATH GoabLine, HO MaJoyc-
neiwnsie ycuana (. HOpymm, T, H. Kaxafiza u np.) ans
NpaKTHYEeCKOA peann3anuH cHcreMH. ToJbKo nocJe pas-
paboTkn o6paTHMHX HHHKOBHX 3JekTpogos aas CLI akky-
MyJasTopoB B 1950-e¢ roan GHIH BO30GHOBJEHH paGoTH Mo
HHKeJIb-UHMKOBOH cHCTeMe.

Ipu paspage HL| akkymyasropa Ha NOJOXKHTeNbHOM
SAeKTpone mporekaer peaknus (8.6), a Ha oTpHIlaTeJbHOM
snexTpole — peakunsa no cxeme (10.1). Cymmapuoe ypas-
HeHHe TOKooGpa3yiollero npouecca HMEeT BHA

Zn -+ 2NIOOH + H;0 - 2Ni (OH), + ZnO (11.1)
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Kak Buawo u3 ypasuenun (11.1), KOH npu paspsane,
kKak M B cayuae CLl akkymyasTopoB, He pacxoayercsd. DTo
N03BOJIAET YMEHbLIaTh 00beM 3JEKTPOJNUTZ N0 MHHHMYMA,
Heo6X0AUMOro nJis NPONHTKH aKTHBHHIX Macc # cemaparo-
poB. Ilpu paGore pacxomyercs TOJbKO BOAd, B CBH3H C
yeM ypoBeHb 3JIEKTDOJHTa B AaKKyMyJaTOpPe MNOBHIIAETCH
TIpH 3apsje H COOTBETCTBEHHO MNOHHXKaeTcH B MNpollecce
pa3spana.

OtauuureNbHan 3IKCNAyaTrandoHHast ocoGeHuocts HILI
aKKyMyJIATOpa — HeOGXOAHMOCTh TNpOBefeHHs! NepHoZHYe-
CKHX TJyGoxkux pa3psgoB Lias obecnededHss crabuasHolt
pa6oTH Mo CPoKy CAYKOH. ITo CBA3aHO C pa3JjHuYHOM oTAa-
yefl O TOKY Y OKCHIHOHHKeJIEBOrO H IMHKOBOrO 3JEKTpO-
JoB. 3apan IHMHKOBOrO 3JIEKTPOAAa NpPOHCXOAHT NpH Npak-
Tauecku 100%-HoM #CNOJb30OBAHHH TOKA, TOTARZ KaK AJA
TIOJIHOTO 32pAfa OKCHAHOHHKENeBOro 3JeKTpoga hHeobOxolH-
Mo coobmuth 30—35% u36uTOUHON eMKocTH. DTo NPHBO-
JHUT K MNOCTENeHHOMY HaKONJEHHIO 3apsXehHod ¢asu B
aKTHBHOMA Macce IHHKOBoro sJjexrpoia. [loaromy npu xaJjs-
HefllleM OMKA#pOBaH#H TpebyeTcs HJH NpepHBaTh 3apaAxk
aKKyMyJATOpa MO NOCTHXEHHH NOJHON 3apAXKeHHOCTH [HH-
KOBOro 3JIeKTpold, HJH NpPofoJKAThb 3ap#aA B YyCJOBHAX
BHIJie/IeH#s BOJOPOJA2 Ha IHHKE, 4TOOHW MOJHOCTbLIO 3apf-
IHTb OKCHAHOHHKeNEeBHR 3jnexkTpod. O6a 3TH NMyTH HeXena-
TenbHH. [lepBuifi #3 HuxXx yxygllaeT yneablnle XapakrepH-
CTHKH aKKyMyJaTopa, BTOpOH Np#BeAeT K YCKOPEHHIO npo-
pacTanus UHHKOBHX REHAPHTOB uepe3 cenaparop.

[To cBoelt KOHCTPYKUHH MHKENb-IHHKOBHIA AKKYMYJATOp
B TPaJHIHOHHOM HCIOJHEHHH aHaJor#ueH cepedpHHO-IUH-
KOBOMY.

dnexTponHHit 60K HMeeT MJIOTHYIO YNAKOBKY, @ SJeKT-
ponaH NPOTHBONOJOMHOIO 3HaKa OTHENEHH APYr oT Apyra
HECKOJLKHMH CJIOIM# cenaparopa.

OcCHOBHHM KOMMNOHEHTOM AKTHBHOA MacCH oTpHuIaTelb-
Horo 3Jekrpopa, Tak Xe kak # B CLl akkymyJasrope,
SIBJIeTC OKCHA IuHKAa. B xauecrBe CBA3yioHlero HCMOJb3y-
ior go6aBky 5—10%-Holt smyabcun droponaacra. Hau
CHHXKEHHS caMopa3pHia BBOAAT MHruGUTOPH KOPPO3HH;
06uYHO 3TO MeTaJan (PTYThb, CBHHEN, KaAM#H OTHeABHO
HJIH B pa3jHyHHX KoMOHMALHfAX), NOBHIIaION[He nepeHa-
npsixeHHe BHAeJEHd#s BOROPOAZ Ha LUHMKe. DJEKTPOAH H3-
TOTABJIHBAIOT METONOM [PEeCCOBAHHA HJH BaJbIeBAHHHA HA
TOKOOTBOAAIIUA KapKac, KOTOPHM CJHYXKHT MeRHas ceTKa
HJH pacraxkuas ¢oJbra 6e3 MOKPHTHA HIAW NMOKPHTad Kajg-
MHeM HJH cBéHIOM. A8 aKKyMyJfATOpPOB AJHTEJHHOTO
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cpoka cayXG6H B cocTaB akTHBHON maccw Beogsar Ca(OH)q,
o6pasyomuit TpyIHOpacTBOPHMHN IHHKAT KaJbIHA.

B kauecTBe MOJOXKHTENLHOrO 3JEKTPOZZ HCMNOJAb3YIOT
MeTaJJoKepaMHueCKH OKCHIHOHHKeNeBH 3MeKTpPOA, NpH-
MeHfieMbil B HHKedb-KagMueBHX akkymyasropax. O6aanas
BHICOKOH pabBoTOCHOCOGHOCTLIO, B TOM YHCJHe IPH XKeCTKHX
peXXHMax I3KCIJIyaTamHH, Takof 3JeKTPOX HMeeT BHCOKYIO
CTOHMOCTDb, MOCKOJbKY NP# €r0 H3rOTOBJEHHH HCNOJAB3YyeTCs
Kap6oHaabHHN nuKeab. OAHaKO 3JeKTPOAW JaMelbHON
KOHCTPYKIMH #3-32 6GoJlee HH3KOHX 3HEProeMKOCTH H OTPaB-
JIeHHS! IHHKATHHMH HOHAMH B HHKeNb-IHHKOBOM aKKyMy-
Jafrope He npuMeHsioTcA. BemyTcs uccaenoBanua no pas-
paboTke TEeXHOJIOTHH H3rOTOBJIeHHAI HecrneueHHHX Ge3Ja-
MeJbHHX NOJOXHTeAbHHX 3JIeKTPOXOB, KOTOPHE B CBA3H C
MeHblielt Maccolt oCHOBH ob6aapmalor 6ojJee HHIKHM pacxo-
AOM HHKeJS Ha eIHHHIY eMKOCTH 3JieKTpojga H B 2—3 pa-
3a MeHbluelf CTOHMOCTBIO O CPaBHEHHIO ¢ MeTaJJoKepaMu-
yeCKUM 3nekTpogoM. o HacTosuiero BpeMeHH 3JIEKTPOAH
aToro THna oG6JapaioT NoHuxeHHol yHedbHOM 3Hepruedt u
He6OoJIbIIHM CPOKOM CayIKOH.

Hanckanne cenapaTOpHHX MaTepHaJOB JJA HHKeJb-
IHHKOBHX aKKyMyJATOPOB BCTpeuaeT JAONOJHHTeJbHBe 3a-
TPYAHEHHSI MO CpaBHeHHIO C CepeOpAHO-UHHKOBHMH. 3TO
BHI3BaHO HEOGXOXMMOCTbIO Mepe3apsiia OKCHAHOHHKeJeBOro
3NeKTpONa, B XOfe KOTOPOTO BHJEJAIOMIHACA KHCJOPOXR
OKa3uBaeT pa3pymaioiiee HelicTBHe Ha cenapartopu. Ha
- MONOAKHTEJNbHOM 3JIEKTPOAEe NPHMEHAIOT HeTKaubie MaTepHa-
JH, obGecneynBaioliye AOCTATOYHOE KOJNHYECTBO 3JEKTPOJH-
Ta y 3Jexrpoga. Ha orpuumareJbHOM 3JeKTpole HCNOJb3Y-
IOT THAPAaTIeMNIONO3HHe NJEHKH, XKOTOpHe OAA yBeJHYeHHS
croiixocth 06pa6aruiBalOT  pacTBOpaMH, COZepXKaIHMH
HOHbI Cepe6pa U JPYTrHX TAXKEJHX MeTaJJoB,

Kax B oreuecrBeHHON, Tak H B 3apyGexHoll npaKTHKe
O6GHIYHO HCMOJIB3YIOT 3JEKTPOJHT, copepXauinit 5—7 Moab/a
KOH. Ilpa rakolt KOHUeHTpallyH yMeHbLUaeTcs pa3pylue-
HHe MeTaJIoKepaMHUYeCKHX OKCHAHOHHKeJeBHX 3JEKTPONOB,
a o6pardMOCTb NHHKOBHIX 3JEKTPOAOB OCTaeTCH AOCTATOY-
no Bucoxofi. Kpome toro, 7 M pacrsop KOH obaanaer
nHanbonee HH3KOA TeMnepaTypoli 3aMep3aHHA H MaKCH-
MaJibHON 3JeKTpHUECKOH NpoBoAuMocTbio. laa obecneuenns
6osee ray6oxoro sapsila OKCHIHOHHKENEBOro 3JeKTPo-
Aa B 3jgeKkTpoaut BBoguTca no6aeka LiOH-HO c¢ conmep-
xanuem 10—15 r/a. OnHoBpeMeHHO oHa ABAAETCA 3aMel-
JHTeAeM CTapeHHS LHHKaTHOro pactBopa. s crabuju3a-
IHH CBOACTB HHHKOBOTO 3JIEKTPOAA B 3JEKTPOJHT MOIyT
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BBOAMTb TaKXe pa3jHYHHE NOBEPXHOCTHO-ZKTHBHHE 10-
6aBKH.

IMo cBOMM ylAeAbHHM XapaKTepHCTHKaM HHKeJb-IHHKO-
BHII aKKyMyJATOP ycTylaeT cepe6GpAHO-IHHKOBOMY H CpaB-
HUM ¢ cepe6psHo-KaamueBHM. Ero yneibnas 3Hepras co-
craBiaser 50—75 BrX
Xu/Kr, uro B 2—3 pa3a |
sumwe HK u H)XX akky-
myastopos. HII akxy-
MYJAATOpPH HMeEKT mnojo-
ryio paspsaaHyio KpHBYIO
B UIHPOKOM JAHanasoHe
paspaaHHX TOKOB (pHC. J21
11.1) u TemnepaTyps 0 250 100

(puc. 11.2). Emnocms, % am HoMUHGAbHOD
Hukeap - nHHKOBBIA

aKKyMyJasaTop moxXer Puc. 11.1. Paspsanne xapakrepucT-

paspaxarbca  OTHocH- K¥ HLL axxymyastopa mpH Temmepa-

TeNbHO GoJbilmm To- 1YPE 20°C u paspsze Tokom:

A

S
A

Hanpamenue, 8
-t
-

-
(]

KoM — 10 4 Cuox. TIpH 1 =006 Cooui 2—05 Cpoi 3— 1 Cyop,
BOCHMHYACOBOM 3apsifle

MOCTOSAHHHM TOKOM OT-

natg/? nlc_)l TOKY COCTaBifieT 1ﬁ§

70%. IloBHUIeHHe OoTAE- & ] R e Y

M o ToKy Ao 85% moc- % \\\ ~
THr@ercd nposenenneM & ¢ \ \ ﬂ\'
3apsila NPH MOCTOAHHOM S 19 . WAL
HaOpsiXeHHH. DTOT cno- = ol 4 J {
co6 mno3BoJfler CcoOKpa- o7 25 &0 % 100

THTb  NPOAOHKHTENb- Ennoems, % om nomunanbHod

HOCTb 3apalda Ao 2,6—

3,5 4. Bennunna paspan- Puc. 11.2. Bamsune TtemmepaTypu Ha

HOft eMKOCTH aKKyMyJsi- ﬁaspuﬂue xapaktepucTukd HLL akky-
yautopa npu Toke 0,5 Cauon M TEM-

TOPa 3aBHCHT OT CTeMe-  penarvpe: -

HH nepe3apana NOJOXH- 1—920°C; 2—5°C; 3— umnyc 10°C; 4—

TeJIbHOro 3JleKTpoja. Mumyc 20°C

OnTuMaibHHM € TOYKH

3peHHs1 obecevyeHHs! BHICOKHX YAeJbHbIX XapaKTePHCTHK H

IJHTEJNbHOTO CPOKa CJAyXOHW sBasleTcs mnepesapsan 120—

140% ot HoMuHaAbHOA eMKOCTH.

Camopaspan HIl akkymyasropa ofycioBieH camopas-
PAAOM NOJOXKHTEJNLHOrO 3JeKTPOAZ KaK H3-32 HeCTaGHJb-
HOCTH BHICHIHX OKCHAOB HHKeJsl, TaKk H B CBA3H CO CHHXe-
HHeM 3JIeKTPOXHMHYeCKOH aKTHBHOCTH IPH HAX0XIEHHH B
uHHKaTHOM pacrBope. CyMmapHo 32 6 Mec xpaHeHHs B 3a-
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PAXEHHOM cOCTOAHHH Tepsiercs no 30% HoMHHadbHON eM-
KoctH, Camopa3apsix IHHKOBOIO 3JIeKTPOAa C BhIReJeHHeM
BOJAOpOAa NpPH HCNOJB30BaHHH HHrHGHTOPOB KOPPO3IHH Ha-
XOAMTCA Ha ypoBHe camopa3psia anekrposa CLI axkymy-
JaTOpa.

Jlo nacrosiumiero BpeMeHH pecypc aKKyMyJlfATOpOB HeBe-
JIHK H cocrasaser 150—200 nukaoe npu ray6uHe pa3pazga
no 80%. ITpu ucroabsoBanun w©Ha 30—25% HomHHANLHOR
eMKocTH HapaGorka yBeaHyuBaercs jgo 400 mukaos. Em-
KOCTb MNOJIOXKHTEJNLHOIO 3JeKTpoia ymeHbluaeTca Ha 15—
20%, H CBAi3aHO 3To B OCHOBHOM C OCaXJeHHeM OKCHRa
IHHKa B Nopax 3JjexkTpoja, o6pasyiomerocss NpH CTapeHHH
IHHKaTHHX PacTBOPOB.

OcHoBHOH ¢aKTop, JHMHTHPYIOUIHA CPOK CAyXKOH,—
H3MeHeHHe ¢$OpMH IHHKOBOrO 3JeKTpoja NPH AJHTEAbHON
obparaMoii paGore. B cBfA3H co 3HaUHTENbHOA pacTBOpH-
MOCTBIO LIHHK2 B IIEJOYHOM 3JEKTpOJHTe Habaojaerca
nocTeneHHass NOTEPA MacCH ¢ KpaeB H BepXHed uacTH
3JleKTpoAa M ee HaKomjeHHe B cpejHell. DTo MPHBOAHT K
YMEHbIISHHIO AKTHBHON NAOHI2AH 3JeKTPoxa M npeXieBpe-
MEHHON NacCHBaIHH NPH aHOAHONX MNOJAPH3ALUHH YPe3BH-
yailHo ymIoTHeHHOR cpeaHell uacTH. AKKYMYJAATOp Tepsier
pa3pajHyi0 eMKOCTb, CO3AaioTCsl 6AaronpHATHHE YCJIOBHSA
AN BO3HHKHOBEHHA KOPOTKHX 3aMHKaHHH.

Jlas ymeHbiIeHHS NOTepH IHHKa ¢ MOBEPXHOCTH 3Je€K-
Tpoaa Heo6XOZHMO CO3JATb TaKHe YCJOBHA, YTOOH IHHKO-
Bt anexTpos paGoran npedMymeCTBEHHO Ha BTOPHYHOM
npomecce. YCKOpHTb BHINdJeHHe B NMOpax LHHKOBOro 3JeK-
TPOAa OKCHAA IIHHKZ MOXHO BBeJeHHeM B 3JEeKTPOJHT
cnellHadbHbix A06aBoK. YXxyJlleHHe 3AeKTPOXHMHYECKHX
cBofiCTB IIHHKOBOTO 3J€KTpoJa CBA3aHO TakXe C yKpynHe-
HHEeM AKTHBHHX Y4CTHII NPH UHMKIHPOBAHHH. [{ncmeprupo-
BAHHA AKTHBHON MaCCH MOXHO JOOHTBCA NPHMEHEHHEM B
KauecTBe J062BOK BHCOKOMOJIEKYJSIPHHX NOBEPXHOCTHO-3K-
THBHHIX BELIECTB.

Buixos akkymyasropa 3 crpos, kak u giasa CL akky-
MyJfropad, CBf3aH B NepByl0 odepeab ¢ HosBJEHHEM LIYH-
THPYIOUIHX MeX3JeKTPoAHbIX 3aMbikdHHHi uepes o6pasylo-
mMHueca NPH 3apsaie AeHAPHTH HMHHKA. CPoK CAYXKOH aKKy-
MYJSiTOPa  CYHIECTBEHHO  3aBHCHT OT NpHMeHAeMOro
cenaparopa. YcCoBepuIeHCTBOBaHHe CenaparopoB HAeT IO
JHHHH CHHXEHHS CTelNeHH HaGyXanHs CHAPaTHeAJIONO3HHIX
NAeHOK, @ TaKXKe B HANPABACHHH H3WCKaHHA HOBHIX XHMH-
yecKH CTORKHX CenapaTopos.

[TpomuliljienHoe BHeldpeHHe HHKeNb-IMHKOBHIX aKKyMYy-
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JIITOPOB CAepXKHBaeTc HeGOABLUIHM CPOKOM CAyXKOH H BH-
COKOM CTOMMOCTBIO MeTaaJIoKepaMHYeCKoro OKCHIHOHHKe-
JieBoro snekrpoja. OnpejeneHHHe yCmexH B yBeJHUEHHH
cpoka cayxO6u aocTurHyrd npm paspaborke HII axkymy-
JiaTopa ¢ BHOGDHPYIOHMIEM LHHKOBHM 3JIEKTPOAOM HJH Ce-
napaTopoM.

Boabuioe BHHMaHKe B MoOCjejHee BPeMA YAeJSeTCS CO3-
JA2HRIO TePMETHYHHX HHKeNb-IMHKOBHX aKKyMYJaAaTopOB,
KOTOpHE€ MOryT GHTh NpHMEHEHH [Jf NMHTAHHA annapary-
pu B3amen HK u CII akkymyasropos. Paspabarnbaerca
“TEXHOJIOTHA H3TOTOBJAEHHS MHMHHATIOPDHHX HHKeNb-IHHKOBHIX
AKKyMyaASiITOPOB AHCKOBOH KOHCTDYKIHH.

11.2. CepebpsaHO-KBAMMEBLIC BKKYMYNSTOPS

Banxahomit ananor CLI axkymyasropa — cepebpsno-
xagmueBult (CK)  akkymyasrtop, npeanoxenHHi B
1950-e roau. ITo xoncTpykunH oHm GAH3KH H HMEIOT aHa-
JIOTHYHHE: cepeGpAHHN cneueHHHH 3JeKTpOA, MHKponops-
CTHH, HabGyxaliouuii B meJOUYH NOAHMEpHHE cenaparop,
asaektpoaut — 10 M pacrsop KOH, npospaynnit TOHKO-
CTEHHHH KOpPNyC H3 NPOYHOrO MNOJAHMEDHOro MaTephana.
KagmureBuit npeccoBaHHHN (HJAH BaablOBaHHHN) 3JIEKTPOA
apMHPOB@H CeTYaTHM KapKacoM.

baaronaps 3amene nHMHKOBOIO SAEKTPOAA KaJMHEBHM
aKKyMyJaaTop npuobpen menHune 3KCNAyaTalHOHHHE CBOMi-
ctBa. B CK axkymyasrtope coyeralorcs BHCOKas yAeldbHas
MOIIHOCTb H CTaGuabHOCTH pa3pagHoft xapakTepucrukn CLI
HCTOYHHKOB TOKa C GOJbLIIMM CPOKOM CJAyxROH, Xapaxrep-
HuM aas HKI akkymyastopoB, Xorsi mocaeaune uMeioT
BABoe Gojiee HH3KHE YAENbHHE XaPaKTePHCTHKH.

OcHoBHHE TOKOOGpasyiomne peakilni OHUJIH paccMoOTpe-
HH paHee H ONHChHIBalOTcA ypaBueuuamu (9.1), (10.2) =
(10.3). Taknm oGpa3oM, cymMMmapHas peaKuns paspsaia

AgO + Cd + H,0 — Ag + Cd (OH),

3uavyenne IAC cocrasaser 1,413 B, yto 6an3ko 3nave-
unio HPL, npu remneparype 20°C. HomunanbHoe uanps-
xeune CK akkymyasropa 1,1 B coorsercrByer Hampsixke-
HHio npu 10-yacoBoM pexume paspsaga. I[lpn Toke I1
Hanpsixenue cunxkaerca ao 1,03—1,00 B, no crabuabHOCTh
paspsHoM xapakrepHCTHKM coxpausercs. PaGounm aBas-
€TCcsl uHTepBan teMnepartypu ot +70 g0 —20°C.

3aKOHOMEpHOCTH BJHAHHA Pa3pAAHOrO TOKa H TeMnepa-
TYpH Ha 3JeKTpHueCKHe XapaKTePHCTHKH, CBONCTBeHHHE
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CLL akkymyJasropaM, cnpaBefauBH B ocHoBHoM u aas CK
aKKyMYyJATOPOB.

Camopaspax CK akkymyasTopa cocTaBlseT NOpSAKa
15% B rox ¥ JuMuTHpyeTCA NpoueccaMH, NMPOTeKaloUMH
C yyacTdeM MNOJOXHTeJAbHOro 3JeKTpofa. B HX ocCHoBe Je-
XKaT NpedMYIecTBeHHO PeaKiuH BasHMOLEACTBHA rHAPOKCH-
OB HJH OKCHIOB Cepebpa ¢ THAPaTHENTIONOSHOA NJAeHKOH
aubo npopykTamu ee paspyilends. [TepBofi U3 3THX peak-
nuit npexiulecTByeT pacTBopeHHe okcHios cepebpa B pacT-
Bope KOH; ckopocTb pacTBopeHHs yBeJHuYHBaeTC# C po-
CTOM TeMmmepaTypH H paspsagHoro Toka. B pesyabrare
KoMmiekcH cepe6pa tuna {Ag(OH)s]*— Boccranasnupaior-
€A Ha NOBePXHOCTH IUIEHKH J0 MeTajjipueckoro cepe6pa,
paspyiias cemaparop. Bropas peakinusa NPOXOZUT Ha mo-
BEPXHOCTH TBepHOil a3kl U NPHBOLHT K BOCCTAHOBJCHHIO
AgO no Ag;O u Ag.O no Ag, Hanpumep, NPOAYKTaMH [e-
CTPYKHH# TIACHKH.

Cpok cnyx6n CK akkymyastopa B 5—10 pa3 mpeBH-
mwaer cpok cayx6u Cll akkymyastopa. Pasauune o6bac-
HAETCH TeM, YTO 3JEKTPOKPHCTaJJH3al#A KaJMHA NpH 3a-
pale He compoBoXiaeTcA oGpa3oBaHueM AeHAPHTOB Nojo6-
HO IMHKOBHM, H ONACHOCTb NpeXAeBPeMEHHHX KOPOTKHX
3saMblkaudil MCKJIouaeTcs. Pellaiomee 3HaueH#e B ompene-
JIeHHH pecypca B nuKAax npuoGperaer Nmpoiecc XHMHUECKO-
ro # oTyiacTd MeXaHHYECKOro paspyllleHus cenapartopa.
B saBncuMocTH oT rayGHHH paspAia pecypc COCTaBJaseT
or 200—300 nuxaoB npu rayGokux paspsaax ao 600 u
GoJbllle npy raybune paspana 25—50%.

Emgocts CK, kak u Cll akkymyasdropa, B obumem cay-
yae JHMHTHDYETCHA eMKOCTBIO MOJIOXKHTEJIbHOIo 3JIeKTPOAd,
HO MO Mepe NHKAMPOBAHHA YXYHIIAIOTCA XapaKTepPHCTHKH
# oTpumateibHoro 3nekrposa. HaGaionaercs arjomepanus
aKTHBHO MaCCH # NMpeXjeBpeMeHHasu NacCHBALUHA KaAMHH
C Pe3sKHM CHHXKeHHeM KodddHuHeHTa HCnmoab3oBaHus. [liaa
TOro 4TOGH 3aTOPMOSHTb 3TH NPOLECCH, B aKTHBHYID Mac-
cy Beoasat ruppokcuy Hukeaa (II) B kauectBe noGaBkH,
crabuausupyioulefi CTPYKTYpy KaiMueBoll ry6ku, ¥ NOJH-
3THNIEHOKCHJ KaK AenacCHBaTop NpH pa3psnie.

CK akkymyJsaTopH NpAMOYrodbHOA M AHCKOBOA (DOpMBI
BHITYCKaI0OT HeKoTophle 3apybexHule dupmu. Tak, ¢pupma
Yardny npemaaraer 16 THnopa3MepoB aKKyMyJHTOPOB C
HoMuHaJbHoA emkocTbio oT 0,1 mo 300 A-u. Vix ymeasHast
3Heprus JeXuT B dHTepBade 48—75 Br-ufkr uau 90—
160 Bt-u/mm3.

CK akyMyJaTOpH OTHOCAT X HauGolee JOPOTOCTOALLIHM
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BTOpHUHHIM HcTounH#KaM Toka, Kak m Cl| akkymyJasrTopH,
OHH cofilepXat okoJo 4—5 r/A.u MeTamIHueckoro cepebpa.
Ilosromy Hx nesecoo6pasHO MPHMEHATL B TeX CAyuYasx,
KOTla HCTOYHHKH TOKa APYrHX CHCTeM OKa3HBalOTCH C TOY-
K# 3DeHHs 3MeKTPHYeCKHX H 3IKCIIyaTanHOHHHX XapakTe-
PHCTHK HenoCTaToyHo 3¢hGeKTHBHHIMH.

11.3. MeTannorasoshie aKKymynsaropsl

MeTraanorasopuMH HasHBalOT akKKyMYJATOpH, y KOTO-
PHX OAHH H3 3JIEKTPOAOB ABJAETCA ra3oBHM, @ APYrod —
TBepAodasnuM. Maes repMeTHUHOro MeTassIOras’oBOro ak-
Kymyastopa npuuaaiexur B. U. Leurepy u A. H. Kaoccy
(1964), xoTopHe NpemJOXKHJIH cepe6pAHO-BOJOPOAHDBIA, KHC-
JOPOAHO-KaAMHEBHH H HHKeJdb-BOROPOJAHHHA aKKyMYyJATO-
po. Tlocnmennufi M3 HHX, OCHOBAHHHHA Ha cHCTeMe
Hz| KOH|NiOOH, nanGoiee yaaueH.

B uukeab-sogmopoanom (HB) akkymyasrope HcnoJbso-
BaHH BOJAOPOJAHHA ra3oXHIKOCTHOH 3JeKTPOA B BHAe TOH-
KOH MeTraanokepamMHuecKofi NAaCTHHH ¢ NJIATHHOBHM Ka-
Taau3atopoM (TakKHe 3JEKTPOAW NPHMEHAIOT B TOMJIHBHHX
afeMeHTaXx) H MeTaJJOKePaMHYeCKHH mNOJOXHTeNbHHA
anekrpon, HK axkkymyasrtopa. MaTpHuUHHA 3JeKTPOJAHT
HMeeT AO03MPOBAHHWA 06beM, MPONHUTHBANA 3JEKTPOAW H NO-
pHCTHA cemapaTop H OCTaBJAA 4acTb NOP OTKPHITHMH.
B0k 3/1eKTPO0B NOMEIIeH B repMeTHUHH A MeTaaaHuecKui
XOpnyC I#JHHADHuecKO# HJAH cdepoHaHoR ¢opmu, cHab-
JKeHHHH repMOBHBOJEMH.

Ilpu paspsae Ha OTPHUATEJAbHOM 3JIeKTpole IPOHCXO-
JAHT OKHCAEHHE BOAOpPOJA@ A0 BOAH, 2 Ha MNOJOXKHTENHHOM
nporekaer peakuHsa (8.6). Toxorenepupyiomufi npouecc
ONHCHBAETCA ypaBHEHUEM '

2NIOOH + Hy—»2N1(OH); E0=1,32B

Ilpu sapajge peaxuds nporeKkaer cnpaBa HaleBO H Ha OTPH-
IaTeNbHOM 3JeKTpose ofpasyercss BoAOPOA, KOTOpHIl Ha-
KanjaupaeTcss B 3a2aMKHYTOM obGbeme Kopmyca A0 3aJaHHOTO
AasJeHnsn B npeaeaax or 3,5 po 10 MIla (puc. 11.3).
HB akxymyastopu ymo6uo coGupars B Gartapeio B 06-
HieM Kopnyce Ge3 omaCeHHs yTeUKH TOKa: OTCYTCTBHE CBO-
GOZHOTO 3JIEKTPONHTA HCKJIIOYaeT BOIMOXHOCTh NMOABJICHHH
INYHTHPYIOmM KX Lenefd. AKKYMYyJATOpDH B cocTaBe GarapeH
06J124210T PeKHM NPeHMYIIeCTBOM GHTb HEUyBCTBHTENb-
HHIMH K nepe3apsfy HJH nepepaspsiy NpPH IHKAHPOBaHHH.
[Ipn nepesapsge Bech o6pasyiouuiics Ha NONOKHTENbHOM
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SJexTpoje KHCJIOpOJA NOCTYIaeT Ha BOJOPOAHHA 3JIeKTPOR
H TaM KaTaJHTHYECKH B3aWMojefiCTByeT ¢ BOAOPOAOM C
o6pasoBanneM Boau. [laBieHHe npH STOM He Bo3pacraer H
JHWb Habaogaercs
NoBHLIeHHE TeMnepa-
TypH. [Tocje noatoro
paspaaa  nauGoaee
cnaboro akkymyJsro-
pa (eMKOCTb JIHMHTH-
pyeTca NOJOXHTENb-

// HHM  3JIEKTPOAOM),
/ Py KOTAa AaBjeHHe rasa
N nagaer gpo 0,4—

0~ 2 3 4« s 0,6 MIla, B pesyabra-
Emracms, A-y TE NepenoJIOCOBKH Ha

Puc. 11.3. Hamenenwe HampaxeHus HoTOXHTEIbHOM S1ex-

o e . 4) l;lll:" sapi- TpoAe HAauyHHAET BH-

ze (1, 3) u paspupe (2, 4) HB akxy- ASAATBCA  BOROPOA.

MynaTopa eMkocTsio 40 A-u Ero o6vem pasen

o6beMy  BOJAOpoAa,

pa3pagHBLIerocss Ha OTPHILATEJNbHOM 3JIEKTpolde, NOSTOMY
HHKaKHX BPeJHHX NOCHEACTBHA He Habmonaercs.

Paspannue xapaxkrepuctukda HB akkymyasaropa npocra-
TOYHO CTaGHJAbLHH NPH cpelHeM Hampaxehun 1,25 B. Mak-
cuMaabHHill Tox paspaga HB axkkymyasrtopa pocrHraer
2 Cxou, €ro pecypc coctaBiager or 600 (npa 100%-HoM
paspage) no 10000 uwkaos (npu 30%-Hoft ray6une pas-
gosma). Yaenvnas sueprua HB Garapefi emkocrbio 3—

A.u gocratouHo Beamka (55—70 Br.u/xr). Hegocrarok
HB akkyMmyasropa — BHICOKHA caMopa3pall B mnpelesax
6—12% B cyrkH, BH3BaHHHA B3auMoaefcTBHeM BOZOPOAZ
C THAPOKCHAOM HHKeJNf, NO3TOMYy 3TH MCTOUHHKH TOKa
HMEIOT OrpaHHuYeHHOe TeXHHUECKOoe NpHMeHeHHe.

B CUIA HB Garaper ucmoab3yior aas paborn B Gy-
¢depHOM peXKHME Ha CNYTHHKAaX 3eMJH NpH JAJHTENbHOCTH
UMKAHPOBaHHA A0 5 ner. OHM npeacTaBAAIOT HHTEpeC TakK-
Xe B KaueCTBe HCTOYHHKOB SHepProcHaGeHHs 3JeKTPOMO-
Guaeft,

OnHa H3 raaBHHIX NPO6aeM pAa3BHTHH — CHHXXEHHE CTOH-
MoctH 6aTapei, 4TO BO3MOXXHO NPH 3aMeHe NJaTHHOBHX Ka-
TaN¥3aTOPOB H METANJNOKEPaMHUECKHX 3JeKTpojoB GoJaee
lelleBHIMH MaTepHaJlaMH.

B nocneaHee BpeMs HHTEHCHBHO pa3palaThiBaeTcs rep-
MeTHUHHH CBHHIOBO-BOAOPOAHHMA aKKyMyJafiTOp, peatH3yio-
mui cucremy Ha| H:SO,| PbO,.
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KOHTPONbHLIE BONMPOCH U 3AAAHUA

1. afite TepMoauuaMuueckoe oGOCHOBaHHE TEODHU ABORHOR
cyibaTaiuy CBHHOBOTO AKKYMYJATOpA.

Kakne ¢axtopn BJAHAIOT Ha CaMOpaspHA CBHHWOBOTO
aKKyMYJHTOpa?

3. OGocuynire onTuManbuyw IAOTHOCTh 3AEKTPOJHTA CBHH~
1noBOro akkymyaaropa. Ilosesy B crapTepulix GaTapesx ONTH-
MaabHa® NJIOTHOCTD KucaoTH 1,28 rfcmd, a B crauuoHapHHX
1,20 rfcm®?

4. o KakuM npuuuHaM (He Meuee GeTHPEX) NPOHCXOAHMT
ONALIBaHHE AKTHBHOA MacCH NOJIOKHTEAbHOro 3JieKTpoAa CBHH-
HOBOro aKKyMyJfiTopa?

5. Kaxkue ycioBug ofecmesnBalOT co3jaHne repMeTH3HpOBaH-
HOrO CBHHEOHOIO aKKyMy./sTOpa?

6. B ueM oTanune ManooGcayxuBaeMoro oOT GesyxoaMorg
CBBHILOBOrO aKKYMYyJHTOpa?

7. CpasuuTe Mexay coGofi XapaKTepHCTHKH KEJNe3Horo M
KaJIMHEBOTO 3JIEKTPOAa MIEAOUHHX aAKKyMYJaaTopoB. Kakue mpe-
HMYNIECTBA M HEXOCTATKH BMeeT KaXAWHK u3 Hux?

8. Cdopmynupyiite npenMymiecTBa ¥ HENOCTATKH JaMedb-
uhx u Geanamensunx HK akxymyauropos.

9. YeM o6bAcHHTL pasiHyne 3apsAMHX XapaKTepHCTHK Trep-
metHuHoro n nerepmernunoro HK akkymyaaropa?

10, PaccmoTpure YCAOBAM NpOTeKaHds Ha KaJMHEBOM 9JieK-
Tpoae mpu 3apaRke HK akkymynsiTopa Tpex KaTOAHBX peakiuuii:
BOCCTAHOBJEHHe THAPOKCHAA KaaMusi, BOAH, KuHCJopoaa.

11. B ueM 3akmoudeTcH OnacHOCTh nepesapssa CII akky-
MyJsaTopa?

12, Kakne snexTpoaN onpeneasior cpok eayx6m H)K, HK,
CIll, HII akkymyastopos? Jlafite 060CBOBanne.

13. IMocrpofite 3anuckMoctH Wya=[(Nya), npusaexas no-
NOJHHTEJLHYI0 JHTepaTypy, Aas csunnoBhx, H)K, HK u CII
AKKYMYRATOPOB M MpPOAHANHIHPYATe HX H3aHMHOE pACNIONOMe-
HHe.

14. Mpepnoxure 3—4 Bapuanta 12-BOJLTOHONK aKKyMYyJs-
TOpHORK GaTapen AnA NOPTATHHHOrO TeleBu3opa. OGocuyfiTe BH-
6op. PacnonoXnTe GaTapen BHOGPAWHHX CHCTEM B NOpAAXe
NPEeAHOUTHTENLHOCTH NO pa3AHUubiM HanGoJsiee BaXKHLIM C Baiedh
TOUKH 3peHHs XapPaKTepHCTHKaM,

15. B ueM 3akMmOYalOTCH NpeBMYLICCTBA B HEAOCTATKH Me-
TaJUIOra3oBHX AKKYMYJHTOPOB?
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