EJEKTPOXIMIYHI KOHAEHCATOPH

[IpeacTaBieHo OrJisi CydacHOi JIITEpaTypu MO €JIEKTPOXIMIYHHMX KOHJAEHCATO-
pax, sIKi MiAPO3AUIAIOTHCS Ha IUTIBKOBI (J1€IEKTPUYHI), €IEKTPOIITUYHI 1 CYIIEPKOH-
nencaropu (CK). OcranHi B CBOIO 4epry MOJUISIOTHCS HA JABOIIAPOBI KOHACHCATOPHU
(JAIK), ncesnoxkonaencaropu (I1cK) 1 riopuani konaencatopu (I'K). ¥V JIIK Buxo-
PUCTOBYEThCA Tiepe3apsia nojasitHoro enekrpuunoro mapy (ITIEIT) na Bucokopo3Bu-
HeHi Mikda3Hii noBepxHi enekTpoaiB. Y IIcK HarpomamkeHHsI €IeKTPUYHOTO 3a-
psny BiIOYBaeThbCs 3a paxyHOK (papaZe€eBChKOI MCEBIOEMHOCTI JOCUTh OOOPOTHHUX
penokc-peakiiit 1 emHocti [IEHI. ¥V 'K 3acTOCOBYIOTBHCSI €1EKTPOAN PI3HUX THIIIB.
Posrnsinyra makpokinetuyna teopis podotu K. [IpoananizoBaHo BIUIMB pi3HUX
(dakTopiB, SKI BIUIMBAIOTh HA BJIACTUBOCTI €JEKTPOJiB, 3acTocoByBaHux y CK. 3a-
nponoHoBaHo HoBui Tun 'K, axuii cknagaeTbes 3 yTpUMYIOUYOro HETaTUBHOTO €JeK-
TPOJia HA OCHOBI aKTUBOBAHOI BYTJIEIEBOI TKaHUHU i mo3utuBHOro PbSO,/PbO,; ene-
KTpoza. PO3risiHyTo T€opito KanuispHOi pIBHOBArd B TEPMETUYHUX €IEKTPOXIMIYHUX
KoHJieHcaTtopax. [lokazaHo 0coOIMBOCTI 3aCTOCYBaHHSI MOTEHIIIOIMHAMIYHOTO Ta iM-
MEJJAaHCHOTO METO/IIB JIJIsl AOCHiKEeHHs enekTpoxiMiunux mpoieciB y CK. HaBeneno

MOPIBHSJIbHI XapaKTEPUCTUKH €IEKTPOXIMIYHUX KOHJIEHCATOPIB 1 aKyMYJISITOPIB.

Beryn

OctaHHIM YacoM poO3pOoO0JIeHUN LUK Pl HOBUX THUIIB KOHAEHCATOPIB, AKI 3a-
CHOBaHI Ha MPOTIKaHHI PI3HUX EJIEKTPOXIMIYHUX mponeciB. 3riiHo KoHBero, enexT-
POXIMIYHUMHU KOHJIEHCATOPaMU € €JIEKTPOXIMIYHI MPUCTPOI, Y SIKUX MPOTIKAIOTH KBa-
31000pOTHI €IEKTPOXIMIUHI 3apsAI-pO3psAaHI mpouecu 1 (popMa raabBaHOCTATUYHUX
3apSAIHUX 1 PO3PAHUX KPUBUX, OJIU3bKa A0 J1HIHHOI, TOOTO OJM3bKa 10 GOpMH Bif-
MOBIAHUX 3aJICKHOCTEN IS 3BUYAHHUX €JIEKTPOCTaTHYHUX KOoHJeHcaTopiB [1]. Ene-
KTPOXIMIYHI KOHJEHCATOPU MOXYTh OyTH MOJICHI HA TUTIBKOBI (J11€IEKTPUYHI), eJe-
KTponiTuuH1 i cynepkonaeHcaropu (CK) siki, y cBOI udepry, NOAUISIIOTHCS HA JBO-
mapoBi konaeHcaropu (JIIK), ncesnokonaencaropu (IIcK) 1 ribpuani KoHaEeHCATO-
pu (I'K). Konnencatopu BUKOPUCTOBYIOTHCS B MPUCTPOSX IMIYJIBCHOI TEXHIKH, SK

HaKOMU4YyBayil €JIEKTPUUHOI €HEPT1l, a B TEXHII[l CHHYCOiaJIbHUX CTPYMIB - K peak-



TUBHI €JIEMEHTH, 10 POOJIATH OMIP 3MIHHOMY CTPYMY IPAKTUYHO O€3 BTpaT €HEeprii.
BoHU mIMpOKO BUKOPUCTOBYIOTHCSI B €EHEPIE€TUYHUX Ta 1H(POPMALIMHUX MOPTATUBHUX

MPUCTPOSIX.

EjexkTpoJiiTH4Hi KOHAEHCATOPH

EnexTpomiTH4H1 KOHJIEHCATOPH 3 €JIEKTPOJaMU Ha OCHOBI allOMiHI€BOI (OJIBIH
Ta 3 PIAKKAM €JIEKTPOJIITOM BIIOMI BXXE KiIbKa JAECATKIB pOKiB. JlieIEKTpHUYHUM IIIa-
POM y IIUX KOHJIEHCATOpaX € TOHKUH (TOBIIMHOIO MOPSAKY MIKpOMETpa) map OKCUIy
AIIOMIHII0, YTBOPEHUH HIJISXOM €JIEKTPOXIMIYHOTO OKCHIYBaHHS allOMIHIEBOI (OJIb-
ru [2,3]. ToBmuHa miiBku ctraHoBuTh 120-140 aM/B npuknageHoi Hanpyru, 1o Bij-
noBifae Hampysi mpo6oro ~10” B/em [4].

Henonikamu antoMiHIEBUX €IEKTPONITUYHUX KOHJIEHCATOPIB € 3aJIEXKHICTh 1XHIX
napaMeTpiB BiJl TeMrOeparypu W 3HauyHi BTpaT [S]. Po3umHu 1yisi €IeKTpONITUYHUX
KOHJICHCATOPIB TOBMHHI MaTH HACTYIIH1 BJACTUBOCTI [6]: BUCOKOIO €JIEKTPONPOBIIHI-
CTIO, IIUPOKOIO POOOUOI0 00JACTIO TEMIEPATyp, BUCOKOIO 3/IaTHICTIO 10 CAMOBIIHO-
BJICHHSI OKCHUJIHO1 TUTIBKY Ha Al. B SIKOCTI €JeKTpOJIITIB [IJIsl aIFOMIHIEBUX €JIEKTPOIIi-
TUYHUX KOHJICHCATOPIB BUKOPUCTAIOTHCA Pi3HI CHOJIYKH: COJl aiMiHOBOI, TPU(PTOPO-
LTOBOI, CAMIIIOBOI, JUMOHHO1I, BUHHOI i1 MypamuHoi kucioT [4]. B amomiHieBux
EJIEKTPOITUYHUX KOHJEHCATOPAX 3aCTOCOBYIOTHCSI TAKOK OPraHiuH1 €JEKTPOIITH Ha
OCHOBI eTHIIeHKapOoHaTa, raMma-oyTtuposaktona (I'bJI) ta 1u. [6, 7].

Sk TBepUi €NEKTPOJIIT B €ICKTPONITUYHUX KOHJIEHCATOPAX MPOMOHYIOTHCS CO-
mi 7.7.8,8-rerpaunanoxinonoaumeran (THX/I) xommnekcy [8-11] 1 N-n-OyTun 130xi-
o (THX/),, [12]. B [8] B sikocTi qoHopa enekTponiB ans TIX /] komrmiekcy OyB
BukopucTtanuit N-13onponui-4.4'-0inipuaud. €MHICT KOHAEHCATOpA 13 UM TBEpP-
JIUM €JICKTPpoaiToM ckiana 600 ad/cm’ |

VY NOpiBHSHHI 3 ANIOMIHIEBUMH €JIEKTPOJTITUYHUMH KOHJIEHCATOpAMH KOHJIEHCa-
TOPHY Ha OCHOBI TAHTAJIOBUX €JEKTPOIIB BOJOI1IOTH OUIBIII BUCOKOK MUTOMOIO €MHI-
CTIO, MEHIIIMMH CTPYMaMH BTPAT, OUIbILI TPUBAIMM YacoM 30epiraHHsi, Kpaliumu Te-
MIIEpaTypPHO-YaCTOTHUMH XapakTepucTukaMu [5]. 3HayHO OUIblIa MEXaHIYHA Mill-

HICTh TaHTaJTy J03BOJSIE€ 3aCTOCOBYBATH HMOTO Yy BUIUISIAI OUIBII TOHKOI (DOJBIH, IO



J0JIATKOBO 30UIbIIY€ €MHICTh. OJJTHAK TAHTAJIOBI KOHJIEHCATOPHU € OLIbIIE JOPOTUMH,
YUM aJIOMIHIEBI.

B nam yac BemyTbhCsl JOCHIIKEHHS MOKJIMBOCTI MPAKTUYHOTO 3aCTOCYBAHHSI B
€JEKTPOJITUHYHUX KOHAEHCATOPaX OKCHU/IIB HI00110 1 TUTAHY, 110 BOJO/IIFOTH BUCOKOIO
TIEJEKTPUYHOIO CTAJIOK M OUIBII HU3BbKOKO BapTICTIO, YUM OKcUJ TaHTany. [lomin-
IIEHHS BJIACTUBOCTEH €JIEKTPOJITHYHUX KOHJIEHCATOPIB 31MCHIOETHCS IO HACTYITHUX
HaIpsMKax: 3Ha4uHe 3MEHIIEHHS PO3MIpiB KOHIAEHCATOPIB, PO3IIMPEHHS TPAHUIIL PO-
00uMX TeMmepaTyp, MOJIMIIEHHS €IEKTPUYHUX XapaKTEPUCTUK, 30UIbIICHHS Ha1i-

HOCTI ¥ TPUBAJIOCTI )KUTTSI KOHJICHCATOPIB MpH 30epiranHi i ekcruryaraiii [4].

CynepkoHaeHncaropu
eowaposi konoencamopu
3azanvHi nOA0JICEHHS

[Tepmmit marent 13 onucom K OyB onmyOnikoBanuit B 1957 p. [13]. ALK Oy-
mu Takox po3pobieHi B PCOCP (min kepiBuunrom H.C. Jlimopenko 1 A.M. IBaHo-
Ba) [14]. Bonu Oynu Ha3BaHi "MOJIEKYJISIPHUMHU HaKOMUYyBayaMU €JIEKTPUYHOL €HEep-
rii" a6o "ioHicTopamu'.

JIIIK ckiamaeThes 13 IBOX MOPUCTUX MOJISIPU30BAHUX €NEKTpoiB. [Ipoiiec eHe-
prozoepexxenns: B JJIIK 3aiiicHIO€TBCS 32 JOMOMOTOI0 OAUTY 3apsly Ha JIBOX €JIeK-
TPOJaX 3 JOCUTh BEIUKOK PI3HUIICIO0 MOTEHIIAaNIB MK HUMH. EIEKTpUUHUI 3apsi
JIIIK Bu3HauaeThcsa eMHICTIO moJBiMHOTO enektpuunoro mapy (ITELL). Enexkrpoxi-
miunuii nponec y AIIK moxna npeacraBut sik [15]:

TMO3UTUBHUH €JIEKTPO]I
E+4 o E' 1A +e, ()
HETaTUBHUM €JIEKTPOJT
E +K'+e © E //K", (2)
CyMapHa peaxiris
E+E +K' +A < E //K'+E /A, 3)
ne E, , npencrarisie noBepxHio enektpona; // - IIELL, ne 3apsn akymymtoeTbcsi Ha

000X HOro cTopoHax, K* 1 A" - KaTlOHU ¥ aHIOHH E€JIEKTPOJITY.



[lig yac 3apsiay €NeKTPOHU MEPEHOCITHCS BiJl MO3UTUBHOTO €JIEKTPOIA O Hera-
TUBHOTO 4Y€pe3 30BHINIHE JKEPENO CTpyMy. loHU 3 00'eMy €NEKTPOJITY PyXaroThCs
1o enexktpoAiB. I1ig yac po3psiny eneKTpOHU MEePEMIlIatoThCsl BiJi HETaTUBHOTO €JeK-
TpOJa 10 MO3UTHUBHOIO Uepe3 HABAHTAXKEHHS, a 10HM MOBEPTAIOTHCS 3 MOBEPXHI B
o0'eM enextponity. [lin yac 3apsay ¥ po3psiy 3MIHIOIOTBCS TYyCTHHA 3apsjly Ha rpa-
HULI1 PO3JIUTY ¥ KOHIEHTPAIIiS €JIEKTPOITITY.

TeopeTnuHi peACTaBICHHS MPO NMUTOMY (HA OJIMHUINIO PEeaIbHOI MMOBEPXHI eJie-
ktpozaa) emHicTh [IEII 3acHOBaH1 Ha B1IOMUX KJIACUYHUX TEOPISAX MOJBIIHOTO MIapy
I'ensmromneia, lTepna, I'yi -Hanmena, ['pema Ta 11. [16-18].

OnuuM 3 HanpsAMKiB cydacHux pociimkens [IEI € BcTaHOBIEHHST B3aEMO3B'SI3-
Ky MDK PI3HUMH XapaKTEpUCTUKaMU MPUINOBEpXHbOi oOnacti [17]. Jo HUX BiIHO-
CSATHCSI TUTOM1 EMHOCT1 B TOYKAX HYJIbOBOI'O 3apsjly 1 IPU BEIUKUX KATOJHUX MOTEH-
1iajgax, poOOTa BUXOJy METaliB, iX J1OQUIbHICTh, MOTEHIIAIM HYJIbOBOIO 3apsly,
€HEepTisi yTBOPEHHS OKCH/IIB.

VY naniBmikpockoniynux mozensx I[1EI map npunsdraiounx 10 eiaekTpoaa Mo-
JIEKyJl pO3UMHHUKA OMUCYETHCS HA OCHOBI MOJICTLHUX YSIBJIEHb PO MOKJIMBI OpIEH-
Tallii MOJIEKYJ BIJIHOCHO €JIeKTpoja. MeTaneBuil eneKTpo/ 1 pO3UMHHUK 032 BUJII-
JICHUM TIPUEIEKTPOAHUM IIAPOM OIMHUCYIOTHCA B paMKaX KJIACHYHOI €JIEKTPOCTATUKHU.
Po3uMHHUK pO3risigaeTbesi, K OE3CTPYKTYpPHE CEpEIOBHINE, METaly BiJIBOJUTHCS
poJib 001aCTI1 MOCTIHHOTO moTeHIiany. [Ipu TakoMy miaxonai Bes crnernudika KOHTaKTy
BPaxOBYETHCS B MOJICKYJISIPHIN MOJIeJ1 PUEIEKTPOTHOTO HIapy.

"KonextusHi" moaeni [TEI 3acHoBaH1 Ha MeTO/1aX TeOpli CUCTEM OaraThoX 4a-
CTOK, III0 BUKOPUCTOBYIOThCS y (hi3ulll TBEPAOrO TijIa K Teopii piiuH. Y HUX Bpaxo-
BYIOThCSl KOJICKTUBHI €JIEKTPOHHI BJIACTMUBOCTI METany M CTPYKTypa pO3UYHMHHHKA B
KOHTaKT1 3 HUM. Llei miaxij mpUBOAUTH A0 MEPErIsiay KIAaCHYHUX YSIBICHBL PO Oy-
JIOBY KOHTAKTy METaJ/pO3UMHHHUK, II0 ICTOTHO MIHS€ IHTEPHPETAIil0 TPaIUIIHHUX
€eMHICHUX BUMIpIB [17].

Brnepiite Touku HyJIbOBOIO 3apsAy JUJIsl PI3HUX BYTJICLIEBUX MaTepiaiB Oy BU-
3HadeHi B pobotax A.H. ®pymkina [19-21]. B ymoBax 3apsiay Ha MmikdazHiil rpaHuill

enextpona JIIK nepeOyBae HamIuIIOK 3apsiy, MO0 TOUKU HYJIHOBOTO 3apsny. Lleit



HAJUIMIIKOBHM 3apsij], aKyMyJIbOBaHMI Ha MbK(a3H1i rpaHULll €IEeKTpoAa, 1 BU3HAYAE
emuictp [1EIIL.

s orpumanns Bucokoi emHocTi JIIIIK HeoOXigHO BUKOPHCTATH €JIEKTPOJIH 3
BHCOKOIO MUTOMOIO MOBEPXHEI0, B MEPIILY YEPry €JIEKTPOAN HA OCHOBI aKTUBOBAHOTO
Byriuis (AB) [22-29] abo aktuBoBaHOi ByrieneBoi Tkanunu (ABT) [30-33] 3 niuto-
MO0 TuIolIEel0 moBepxHi nopsanky 1000-3000 M°/T. BelMYMHE MHTOMHUX €MHOCTEHt
[TEIII nnist pisHUX BYTJICIIEBUX MaTepialiiB HaBeeHl B Ta0u. 1 [34].

Taéauus 1. EmuocTi [IEH ny1s1 pi3Hux ByrieneBux MarepiaiiB [34]

Byrnenesuit matepian Enextpomir Huroma eMHlCT? Inoma nosepxHi M*/r
[TENI. Mx®/cm
AKTUBOBaHHH BYTiJIb 10 mac. % NaCl 19 1200
Caxa 1 M H,SOq4 8
31 mac. % KOH 10 80-230
ByrneneBa TkannHa 0.51 M Et4NBF, B IIK 6.9 1630
Ipagir Bucoxo opieHTOBaHMiA
0a3ucHa rpaHb 0,9 M NaF 3 o . .
IIpU3MaTHYHA I'PaHb 50-70 MIpOITHIHHH rpagir
ITopomok rpagiry 10 mac. % NaCl 35 4
I'padiroBa TKaHKWHA 0.168 M NaCl 10,7 630
CkoJioByTI€1H 0.9 M NaF 13 TBEpAUN
Byrnenesuii aecporens | 4 M KOH 23 650

BennuuHM nMUTOMOT €MHOCTI BYIVIELIEBUX MaTepialiB ICTOTHO 3ajeXaThb Bij ic-
3MOUYYBAHOCT1 MOBEPXH1 PI3HUMU €JIEKTPOIITaMu 1 T.1. BHACIIIOK NOPIBHSHHS PO3-
MIpIB JESKUX 10HIB 1 MOJIEKYJ 3 PO3MipaMH MIKpPOMOp y HUX MIKpOIOpax MOXe pea-
nizoByBatucs 1Hma Oynosa [IEIL, BinMiHHa Bix Ti€l, ika Mae Miclie AJi BIATOBIIHOT

raakoi mopepxHi [35].

Makpoxkinemuuna meopis pooomu J[LLIK [36]

SIKiI0 NpUMyCTUTH, IO MOPUCTUN ENEKTPOJ € 1/1€aJIbHO-MIOJISIPU30BAHUM, TO B
3arajJlbHOMY BHIaJKy OCHOBHHUMH IMpoIecaMu, o BinOyBatoThes npu podoTi K,
€: HectamioHapuuil nporiec 3apsykens [IEI Ha po3BuHyTiH Mibkda3HIA MOBEPXHI

€JIEKTPOJI/ENEKTPOIIT Y Topax, AUGy31iHO-MIrpalliiHUui TepEeHOC 10HIB B €JIEKTPOTi-




Ti, U0 3HAXOJMUTHCS B MOpax, 1 BHyTPIIIHROOMIYHI BTpaTU €HEprii y TBepaiil ¢asi
eJeKTpo/a.
3rinHo [37, 38], MokHa 3amucaTv HACTYIIHI PIBHSHHS JJI MPOILIECIB MEPEHOCY

10H1B B 1-1-3apsiiHOMY €JIEKTPOIIITI, 10 3HAXOIUTHCS B MOPaX €NEKTPOY:

aJ" | ox = (8/ax)|D* (0c/ 6x) + D" c(GE" / &x)| = Si(E")/ F 4)
aJ " /ox =(0/x)\D (éc/ox)— D c(BE" | ox)| = Si(E")/ F (5)
ne D/ =u/RT/F,u’ 1J’ -koedimieHT qudy3ii, pyXxJauBIiCTh 1 MOTIK j-TO 10HA.
E'=EF/RT, E - TIOTEHIaN, S - IHTOMA IUIOMIA [IOBEPXHS eIeKTposa [eMY/eM'], i -

2 - - 3
JIOKaJibHA TYCTUHA CTPYyMY [A/CM”], ¢ - KOHIEHTpaIlisl €JIEKTPOJIITY [T-€KB/CM”].

HeoOximgHO BpaxyBaTH TaKoX PIBHICTH JJIsI TIOTOKIB aHIOHIB 1 KaTioHIB J/[T-

exs/cMc]:

J =T (6)
3BiacH
dc/ox =—|(D* =D )Y(D* + D )(OE" ax) = (7 —1")c(PE" / o), (7)

ne ¢/ - aucio mepeHocy j-ro ioHa. IlincraBusmm (7) B (4) 1 BpaxoByOUH, 110

D’ =t'kRT/cF?, (8)
0JIEPKYEMO

26t k(0*E/x*) = Si(E) , 9)

ne k - eheKTUBHA €NEeKTPOINPOBIIHICTh EIEKTPOIIITY B MOpax.
I'yctuna cTpyMy i BU3HAYAETHCS 3apsiAHOI0 €MHICTIO MOABIHHOIO €JIEKTPUYHOTO I1a-
py:

i=CaE/or, (10)

ae C - mMToMa emuicth [IEI Ha oguMHUIIO TUIOLII MOBEPXHI, 7 - 4yac. [ paHuuHi i

MOYaTKOB1 YMOBH JJisi cucTeMu piBHsIHG (9) 1 (10) matoTs Burisn [38]:

1=2"1k(OE | ox) _;; (OE/ax) _=0; Eery = Eo (11)

Bonu BiJIMOBIIAIOTh TraJbBaHOCTATUYHOMY PEKHUMY POOOTH MOPHUCTOTO E€IEKTPOa

I0CKOi (OpMU 3 BIIOMHUM Y MOYATKOBUM MOMEHT (T = () 3HaUYEHHSM MOTEHIIATY



E=E,. Tyr L- TOBIIMHA €JIEKTpoJia: x = L - (PPOHTAIBHA CTOPOHA CJIIEKTPO/Ia, ITOBEP-

HyTa J0 MPOTUBOEIEKTPOAY: x =0 - oro THibHOTO ("'3aneyaTana') cTopoHa.

(a)
[e)
°1
)
I I

U,B

0,6L

[=}
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Puc.1. Po3psnno-3apsinni U, t-xpusi ALK, po3paxosani 3a ¢popmyinoro (14), i ekcriepuMeHTalbHI:
a- enexrpoiit 10 M KOH, i=0,03 Alem?; 6- enekrpomit 10 M KOH, i=0,16 Alem?; B- enekrpoir 1
M LiAIF+I'BJL, i=0,16 A/em?®; 1 - pO3paxyHoOK, 2 — eKcriepuMeHT [36].



[Ticns mepeTBOpeHb OTPUMAHO PE3YyJIbTATH:

o0

Z{(—l"“)/kz‘e'& cos(kﬂx/L)} (12)

k=1
} (13)

e iv— ryCTHHA CTPYyMY Ha OJMHUIIIO BUJIUMOI OBEPXHI €JIEKTPoAa. k - HOMEp uJieHa

E \=Ey(ly /0)kt (SLCg)+(3x —L*)/6L+2L/ 7

(l,7)

o0
E(L,7) = (E,i, /k){kr/(SLCS) +L/3-2L/n? Z‘(l/kz)e_'&
k=1

B pAAi pitieHHs. B = (k*7w’k) /(L*CyS).
Js ALK stkuit ckinaga€eThbest 13 BOX OJHAKOBHX MOPUCTUX €JIEKTPOJIIB 1 IOPUC-
TOTO cenaparopa 3 TOBUIMHOK Ly MPOCOYEHOTO PO3YMHOM EJIEKTPONITY 3 €(EeKTHUB-

HOIO €JIEKTPOIPOBITHICTIO kg 3allekHICTh Hanpyru U Ha kiemax [IIIK Big wacy

|

Je El.O’E2.0 U0 = El.O _E2_0 - MOYaTKOB1 3HAYEHHS (PPOHTATBLHUX MOTEHIIIAJIB €Jie-

po3psiay i 3apsay mae Burisia (14):

o0
U=E ~E,~iyLg kg =U, —iyLg kg = 2i,t (LC S) = (2iy, /k){L/3—2L/7z2kZ:1‘(l/k2)e_'BT

KTpOAIB (MpU x = L) 1 HANIpYTH, a E, 1 E, - TOTOYH1 3HAYEHHSI (PPOHTAIBHUX MOTEHIII-
aiB €JIEKTPOJIB MpU Po3psAll (i, >0) 1 mpu 3apsal (i, <0). 3 piBHsIHHSA (14) BUILIIH-
Ba€, 110 NIPU TOCUTHh MAJUX 3HAUYCHHIX L 1 BEJIUKUX 3HAUYCHHSAX B II€ PIBHSIHHS Nepe-
TBOPIOETHCS Y HACTYIIHE:

U=U,~i L /K _=2i T/(LC S) (15)

XapakTepHe Ui 17lealbHOro KoHjaeHcaTopa. [lpu oMy po3psiiHi il 3apsjiHi 3a1ex-
HOCT1 HOCSTH JIIHIMHUM XapakTep, 1 Ma€ MICIe MAaKCHUMaJbHO MOXKJIMBA IS JaHUX
CIEKTPOJIIB €MHICTh Ha oguHKLI 00'eMy enexTpona (Cuuix), piBHA C e = CgS /2. Ilpn
JIOCUThH MaJIUX 3HAYEHHAX B PO3PANHI i1 3apsiH1 3aJI€KHOCTI TOMITHO BIAXUIISIOTHCS
BiJ JiHIMHUX, 1 eMHIcTh JIIIIK 3MeHIIyeThcs 31 30UIbIIEHHSIM CTPYMY. 3HAU€HHS B

3MEHUIYEThCS 31 30UIBIIECHHSAM 3Ha4€Hb L, CS,S 1 3 3MeHIIeHHsIM k. OcTanHs 00-

CTaBHHA MOSACHIOE TOW (PaKkT, 10 MPU BUKOPUCTAHHI HEBOJHUX EJIEKTPOJIITIB, y AKUX

BEJIMYMHU k 3HAYHO MEHIII, HIXK Y BUKOPUCTOBYBAHMX BOJHMX €JIEKTPOJITIB, MPaK-



TUYHO JIHINHI pO3PSAHO-3apsAAHI KPUBI BUXOISTH MPU TYCTUHAX CTPYMY, 3HAYHO
MEHIINX, HIX JJIs1 BOJHUX €JIEKTPOJIITIB.

bnuspkuii 30ir cnoctepiraeThes Uisl KPUBUX, PO3PAXOBaHUX MO piBHSIHHIO (14) 3
excriepuMenTanpHuMu kpusumu it JUIK i3 enexrpomamu 3 ABT (S = 600 m*/r)
(puc. 1), 1m0 CBIAYUTH MPO MPABWIBHICTH 3pOOJICHUX JOMYIIEHb PO MOXKIUBICTH 3a-
cTtocyBaHHs Bupa3zy (14) ans po3paxynky i ontumizanii JIHIK.

PucyHok 2 nae ysBI€HHS MpO BIUIUB OMIYHUX BTPAT B €JIEKTPOJAAX 1 MPUPOAH
po3unHHuKa Ha enekTpuuHi BractuBocti JJIIK. [Tix yac BiACYyTHOCTI OMIYHUX BTpaT
B €JIEKTPO/IaX PO3PSIAHI XapaKTEPUCTUKU MOBUHHI Oyiu O sSBISATA cOOOI0 MpsMi JiHIT
3 TAHTE€HCOM KyTa Haxuiy, o0epHeHo nponopiiiinum emHocTi JIIK. B opraniunomy
po3unHHUKy €MHICTh [1EIIl € icTOTHO MEHIIIO10, 110 ¥ BUPAXKAETHCA BEIMKUM KyTOM
Haxui1y po3psaHOi KpuBoi. binbiiia a00 MeHIIa CTyiHb BIIXUICHHS XapaKTEPUCTUKU
B1JI IPSIMOI JIiHIT BIANOBIJA€ OUTHIIMM a00 MEHIIUM OMIYHHM BTpaTaM 1 HEPIBHOMIp-

HOCTI pO3MOAUTY NOTEHIIaJIy IO TOBUIMHI OPUCTOIO €J1EKTPOIa.

0 200 400 1.c

Puc.2. Po3zpsaani U, t-kpuBi JLIK 3 pisaumu enexrpoiitamu: 1 - 35 mac.%
H,SO04, 2 - IM KOH, 3- IM LiAIE4+IBJL: i= 10 mA/cM? [36].
Sk 6auuMo 3 (puc. 2.) KpaliuM € eIeKTPOJIT Ha OCHOBI CIpYaHOi KUCIIOTH, BHA-

CI1OK HaMOLIBIIIOT MUTOMOT €JIEKTPOIIPOBITHOCTI.

Ilumoma enepeia JIIK

Bigomo, mo emuicts JIIIIK Bu3HaYa€THCS K



C = qmax /Umax (16)
ne U, - MakCUMaJIbHE 3HA4YE€HHSA po3psaaHol Hanpyru Ha knemax UK, ¢ - Makcu-

ManbHui 3apsa JUIK. AxkymynsoBana B [JIIIK makcumManbHa €1eKTpOoCTaTUYHA €HE-

prit A 1npu C = const :

m
max max

Ay = [Udg= [q/Cdq=gq}, 12C (17)
0 0

[Tincrasmsitoun ¢3 (16) onepxyemo

4 =cU? 2 (18)

max max

3 piBusinna (18) BummBae, mo peanizoBaHa B [[ILIK enepris BuzHauaeThcsi KBaapa-
TOM Hanpyru. Lle mpakTUYHO Ba)KIMBO Y BHUIIAJKY MOPIBHSAHHS XapaKTEPUCTHK BOJ-
HUX 1 HEBOJAHUX E€JEKTPOJITIB, AKi BUKOpUCTOBYIOThCS y K. ¥V neskux Bumankax
€JIEKTPOJIITH 3 OPraHIYHUMHU PO3UYMHHUKAMH MOXKYTh BUSBUTHCS KpaIlMMH 32 BOJHI

(puc. 3.) [36].

A JIx/em?
80—
40—
1
2
3
| | | |
10 1 10 10> mA/cM?

Puc.3. [lutoma enepris B 3aJIeKHOCTI Bixt cTpyMy po3psiay s AILUK npu pi-
3amX enekrpomitax: 1 - 35 mac.% HySO4, 2 - IM KOH, 3- 1M LiAlF4+T'BJI:
i=10 mA/cM [36].

MoXIHUBICTh BUKOPUCTAHHS OLIbIIE BHUCOKHMX POOOYMX HANpPYr MPUBOJUTH, HE3Ba-

KAlOYM Ha BIJHOCHO HEBEIUKY MUTOMY €MHICTh, O OUIBIIMX MUTOMHUX EHEPTIi.



Oco6n1Bo Benukui 11ed eeKT NMpu MaduxX CTpyMax po3psiay, KOJIU HU3bKA €JIEKTPO-
MPOBIJHICTh €JIEKTPOJIITY 3 OPraHIYHUM PO3YMHHHUKOM HE MPUBOJUTH JI0 ICTOTHUX
OMIYHUX BTpaT B €JIEKTPOJaX 1 cenapaTopi.

V 3araqbHOMY BHIAJIKy, KOJIM MIHIMaJbHa Hampyra po3psay He JOPIBHIOE HYIIIO, 3a-
MicTh (18) onmepxyemo Bupas (19) nns peansHo peanizoBaHoi eneprii po3psay JIIK:

A4=1/2C(U,,)* -(U,,)’] (19)

ne U, 1U_ - IOYaTKOBE Ta KIHIIEBE 3HAUEHHS PO3PSAIHOI HAIIPYTH.

Jlist ranbBaHocTaTuyHOTO pexumy podortu JIIK BenndnHa eMHOCTI po3paxoBy-
€TBCS 13 3apsiAHOTO ab0 po3psiaHoro crpymy (1), yacy 3apsimy abo po3psaay (T) 1 3MiHK
HaIMpyTu KOMIPKHU:

c=It/(U,, -U,.) (20)

[lutoMa eHepris eneKTpoJia BUBHAYAETHCS MOT0 MUTOMOIO €EMHICTIO i1 po00UYO0I0
HaIpyror
4, =1/4C,U? (21)

Tyr C,- muTomMa €MHICTH €IEKTPOAHOrO MaTepiamy, U - MakCUMalbHa poOo4a Ha-

Mpyra KoHJAeHcaTopa.
MakcuMainbHa MUTOMA €HEPTisl €IEKTPOIIITY BU3HAUAEThCS SIK [ 15]:

A, =1/20QU =1/2acFU (22)
ne Q- NUTOMUU 3apsii TUCOLIMOBAaHUX 10HIB B €JIEKTPOJITI: C- KOHIEHTpALlls €JIEeKT-
pouity: F - crana @apajes: a - cTaja, 10 BUPaXae YaCTKy PO3UMHEHOT PEYOBUHHU,
MEePEMIIIYBAHOTO 3 00'eMY €JIEKTPOJIITY 3a Yac 3apsiy.

Pe3ynbTyroua MakcuMmanabHa MUTOMA €Heprig (A), 3acHOBaHA Ha 3arajibHIA Maci

a00 00'eM1 enekTpoa il eIeKTPOIIITY:

+ (23)

ir_r,.
A Ae Ae]l

A= %‘(acCpFUz )/(acF +C,U) (24)

HoBwuit mingxia, 3acHOBaHUN Ha KOMIUIEKCI IMIIETaHCHUX BUMIpPiB, OyB 3aCTOCO-
BaHUH B [39] 1 NOpIBHSHHS XapaKTEPUCTUK KOHJICHCATOPIB, OTPUMAaHUX 3 9 pi3HUX

¢dipM. Bennurna yaBHOT YacTHHU iMIIeIaHCy Z'" BUKOPUCTOBYBaiacs AJisl pO3paxyH-



Ky €Heprii KoHjaeHcaTopa 1o piBHsHHIO (18), ne C=-1/2#/,Z"), f,- XapaKTepucTUy-

0
Ha 4acToTa JJig 3HaueHHs azoBoro kyta ¢ =45".

Konpgencarop A/M. JIx/r A/V JIx/cm3
Powerstor 1.3 1.9
Maxwell PC 0323 6.2 6.9
Maxwell PC 7223 9.7 12.8
Maxwell PC 0223 4.5 9.9
Cap — XX card 0.0047 0.062
Cap — XX 120F 7.4 7.0
Cap — XX 30F 1.3 1.3
Cap — XX 10F 0.54 0.61
Cap — XX 250F 2.2 1.6
ELNA 4.4 5.0
Panasonic 6.7 7.2
ELIT94 F 0.093 0.31
ESMA 2.2 4.3
Powercell 7.3 10
Elit 20 KJ 1.2 2.7
ECOND 8/16/08 0.68 2.1
ECOND 8/16/10 0.51 1.7

Jyist MOpIBHSIHHA PI3HUX KOHJAEHCATOPIB po3paxoByBanucs BennunHu A/M 1 A/V, ne
M1V - Maca i 06'em koHAeHcaTopa (Tada. 2). Sk BUIHO, Ma€E MICIE ICTOTHE PO3XO-

JOKEHHST BEIMUMH MUTOMOT €HEPTii 11 KOHASHCATOPIB PI3HUX (HipM.

Tlomenyioounamiunuti memoo oocnioxcenns LK

3a pomnoMororw noteHuioguHaMmiudoro mMerony (IIJIM) BuzHavaroThbCs IUKIIYH1
3asie’kHOCTI cTpyMy | Bt Hanpyru E nipu ioro diHiKHIN po3ropTiii 3a 4ac T 31 MBU-
KICTIO v=dE/d7 . [Ipu ubomy I =vC nae C - nojisspu3zaiiifHa €MHICTh LIJIOTO €JIEKTPO-
aa.

Posrnsinemo kpuBy Ha (puc. 4.) oTpuMaHy B iHTepBaii Bia E, 10 E,. ko pis
JUIK sxuii ckiagaeTbest 13 JBOX OAHAKOBHUX €JIEKTPOMAIB, MOTEHI[IATU €JIEKTPOIIB
OyJu BIAMOBIIHO PiBHI E, 1 E,, TO B IIPOLIEC PO3psiAy NOTEHI[1a] HETATUBHOTO €JIEK-
TpoJa Oyne 30uiblryBaTucs BiA E, 10 E,, a NOTEHLIa] NO3UTUBHOIO eJeKTpoaa Oyae

3MeHIyBaTucs Bii E, 10 E,. IIpu uboMy 3HaueHHs qudepeHiiiaibHOT EMHOCT1 KOXK-




HOTO 13 IIUX €JICKTPOAIB OyyTh 3ajexaTu Bij MOTeHIIany E BIAMOBIIHO 10 IUISTHOK

AB 1 DN nukiiyHOi KpUBOi 3 BpaxXyBaHHIM TOro, 1m0 C, =/,/v3, a 3Ha4YEHHS MMOTEH-

miany E, BIANOBIZa€ YMOBI PIBHOCTI 3Ha4€Hb IHTErpaIbHUX 3apsiaiB Q, 1 O, 000x

€JIEKTPO/IIB:
EO EO
[1E =~ [ 1dE =v0 (25)
E E

1 2
[Tpu 3apsai ALK 3anexuocTi audepeHiiaibHOol €eMHOCTI KOXKHOTO €JIEKTPOjia
B1Jl MOTEHIlIAy BU3HAYAIOTHCS JJIsI HETaTUBHOIO ¥ MO3UTUBHOTO €JIEKTPOIB BIJIO-

BimHO Bigpizkamu ND 1 BA nukinigaoi kpuBoi Ha (puc. 4.).

I. MA
20—
10— F
D |
0 - |
E, Eg0-5 AJE, 1.0 E.B
B!
C |
10

Puc.4. Torenuiogunamitna kpuBa J[LIIK orpumana B inTepBaii noreHmianis 0-
0,9 B. Enekrpomir 35 mac. % H,SO4[36].
Jlist Toro, mo0 3 manux (puc. 4.) oaepKaTH BIANOBIAHY 3aJE€XKHICTh TUdeEpeHIliaib-

HOI €MHOCTI KOHJieHcaTopa Bia Hanpyrd U, BapTO COYaTKy BHU3HAYUTH 3aJ€KHOCTI

E, Bin E, miist 000X €JEKTPO/IiB, BUXOSYH 13 IpaBUiia pIBHOCTI 3apsaaiB Q, = 0, 000X

€JIEKTPO/IIB:
E+AFE, E,+AE,
[E=-" [1dE (26)
AE AE

1 2

JIJist KO’KHUX 13 JBOX BIAMOBIAHUX OJWH OJHOMY 3Hau€Hb E, 1 E, MOTPIOHO pO3-

paxyBaTH 3Ha4eHHs AudepeHIialbHol eMHOCTI KoHAeHcaTopa Cpk 13 BIATIOBIIHUX



3HAYEHb MOJIAPU3ALINHOI €eMHOCTI C, 1 C,000X €IEeKTPOIIB BIAMOBIAHO 10 MpaBHIIa
JUTSI EKBIBAJIGHTHOI CXEMH 13 ABOX MOCHIIOBHO 3'€ITHAHUX KOHIAEHCATOPIB:

CaCK = CICZ /(Cl + Cz) (27)

Ha (puc.5.) nodynosana 3anexHicts BintnocHoi emnocti K C . /C e B U

OTpHMaHa 13 KpuBoi (puc.4.) BIAMOBIAHO 10 OMMCAHOT METOIUKH.

2C_aCK / CaCK

0 0,2 0,4 0.6 U.B

Puc.5. 3anexnocti BimHocHOI audepenuianbuoi emuocti UK Big nHampyru
JIIIK, po3paxoBaHuX il peaibHOI KpUBOi 1 1 7S TIMOTETUYHOTO BUMAIKy He3a-
JISKHOCTI €MHOCTI BiJl MOTEHIIANY 2 MpH OJHAKOBUX 3HaueHHSIX Comx A7 000X
enekTpoiB [36].

InrerpansHa emuicTs C e B IHTEPBaN] HaIPYT Bix U =0 10 U, BH3HAYA€THCS

3a GOpMYJIOIO:
U

Come = /Up) [ CpuedU (28)

0
3 BHKJIAACHOTO SICHO, 1O C e = 0,5C, =0,5C, TINBKU Yy BUIIAAKY, SKIIO MOTEHIIi-
OJIMHAMIYHA 3aJIeXKHICTh MPEJICTABISETHCA TOPU3OHTAIBHOIO MPSMOIO JiHIEW. Yum
OUIBII MOTEHIIOJUHAMIYHA KPHUBA BIJIPI3HAETHCA BiJl MPSAMOI JIiHIT TUM MEHIIE 3Ha-

geHHA C . . OCOOIMBO 11€ CTOCYETHCSA BUNIAJKY HAABHOCTI TOCTPHX MAKCHMYMIB, 11O

HE BIAMOBIJAIOTH OJIMH OJIHOMY IO IIKaJIl MOTEHIIaJiB Ha aHOJAHOMY Ta KaTOJHOMY

X011 MOTEHIII0IMHAMI9HOT KPHUBOI.

Imneoancnuti memoo oocnioxncenns J{IIIK
Brnepiiie Teopist iMrnienancy Juisi HOPUCTUX €IEKTPOAiB Oyna po3BuHeHa Jle Jlesi

[40.41]. Bin po3risiiaB HWIIHAPUYHY MOPY HAMIBHECKIHYEHHOI JIOBKUHH, 3allOBHE-



HO1 €JICKTPOJIITOM. Y BUIAJIKY 11€aJIbHO MOJISPU30BAHOI MMOBEPXHI €JIEKTpoja, TOOTO
B1JICYTHOCTI NMPOTIKAHHA €JIEKTPOXIMIYHUX PEaKIlii, eKBIBaJ€HTHA €EKTPUYHA CXeMa
B Takiil mopi Oyna 3mojenboBana TpancMiciiuuM RC - koiom, 110 MiCTUTh OJHAKOBI
OIOPH €JEKTPOJIITY R, Bi AKUX BIATAITYXKYIOThCS €JIEKTpUUHI eMHOCTI C, MOABINAHO-

ro eJIEKTPUYHOIO IIapy OJIHAKOBOI BenuuHU (puc.6.) [40].

E+dE E. .
i i-di
—_  — —» —» —_
L (I -
Rdx ldl
_ __Cdx
- X X + dx S

Puc.6. ExBiBanieHTHa elleKTpUYHA cXeMa IS 11ealIbHO MOJISIPU30BAHOTO MTOPUCTO-
ro enekrpoaa [40].
B [40] 6ynu oTpumani pitieHHs AuQepeHliaTbHUX PIBHSAHB IS JIOKAIBHOTO MOTEH-

umiany (E) 1 nokansHoro crpymy (1) ax dyHKIii koopauHatu (X) B3JOBXK OCl OpH i
qacy 3apsaHOTro mpoiiecy T. st TOTEeHIIOCTATUYHOTO PEXKUMY
i(x,7) = (I/R)OE/ox) = ERexp(—t" /T)(RC/ nr)""? (29)
J17151 30BHINIHBOT CTOPOHU TTOPH
i(0,7) = (E/ R)\J(RC/ zt) (30)
e v =x’RC/4 - XapakTepHa cTajla yacy. Y BHIIAQJKy 3MIiHHOTO MOTCHIIATY wr 1
PO3B’SI30K Ma€ BUTJISII:
E=E, exp‘—(2a)r*)”2‘sin‘a)r —(2001'*)”2‘ 31)
i(x,7) =~/ R)(OE | dx) =
=(E/R)(I/20wRC)"* exp[— (2a)r*)”2]{sin‘a)r - (2001'*)”2‘ + cos‘a)r —(2001'*)”2‘} (32)
i(0,7) = (E/ R)(I/20RC)"* [sin( @t ) + cos(wr)] (33)
ne [ =4(r/RC,)"* - XapakTepHa JOBKWHA MPOHUKHEHHS MPOIECY 3apsIKA-PO3PSIKH
B 110 TOpH (€7IeKTPoIa).
3 BupaziB (31) 1 (33) BumiuBae, 1o $Ha3zoBuil KyT ) MK NPUKIAACHUM MOTEHIII-
anom, E(0,7) 30BHIIIHBbOI CTOPOHU MOPHU U BIAMOBIIHUM CTpyMoM i(0,7) piBHUI 45°
HE3aJIeXKHO B yacToTu . OTxke, rogorpad iMienancy MOpPUCTOro ieanbHO MOJs-

PU30BAHOTO €JIEKTPOJa, y sIKOoMY BifOyBaeThcsi mpouec 3apsmkenns [IEII mae Bu-



TSI IpsiMoi JTiH1i 3 pazoBuM KyToMm ¢ = 45° [40,41]. Lleit rogorpad noBHicTIO 301ira-
€Thcs 3 rogorpadom iMnenancy BapOypra, sikuit xapakrepusye qudy3ito 10 MI0CKO-
ro enekrposa abo Big Heoro. 3rigHo e Jlei dazoBuit kyT nns npouecy audysii B
TOPHCTOMY €IIeKTPO/Ii 3MEHITYEThCs BABIUi # nopiBHioe 22,5°.

B [34. 42] ronorpad imMnenancy mopucTOro €IEKTPOoa Ma€ TPOXHU 1HIIUI BUTIISIA

(puc.7.).
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Puc.7. a - exBiBaJIeHTHa cXeMa IMOPUCTOTO €JIEKTPOAa, O — IMIe1aHC Ha Aiarpama s
IIOPUCTOTO eneKTpoaa [42]

EkBiBasieHTHE KOJIO BKIJIFOYAE OIIp €JIEKTPOJIITY BCepenHi mopu R;, omip enexktponi-
Ty no3a nopoto Ry, 1 nBomapoBy emHicTh Becepeaui nopu Cs. [Ipu BUcokux yactorax
(dazoBuit KyT piBHUHM 45°, 1 BIAPI30K, IO BIATHHAE HA OC1 Z PIBHUI OMOPY PO3UUHY
no3a nopoto. [Ipu o — 0 excrpanmossiis 3aleXHOCTI Ha BiChb Z JJa€ CyMy 10HHOTO
OMOpYy BCEPEUH1 MOPUCTOT CTPYKTYPH ¥ 30BHILIHBOTO MOCI1IOBHOTO OIOPY.

Onnak BUMIpIOBaHI Ha MPaKTUIll rogorpadu iMneaaHcy sl pealbHUX €IeKTPO-

JIiB HA OCHOB1 aKTUBOBAHOTO ByTJeLO [36,43] BIAPI3HIIOTHCS BiJ 11€aJIBHOTO TO/I0T-



pada, 3anpononoBanoro Jle Jlesi. [lo-nepiiie, KyT Haxuiay KBa3impsiMOi JIiHIT 1ICTOT-
HUW ane BiApi3HA€ThCs Bia 45° 1, mo-apyre, rogorpad 4acto siBliss€e cO00I KPUBY
OJIN3BKY 10 MIBKOJIA.

OcranHe, UMOBIpHO, OOYMOBJIEHO MPOTIKAHHSAM PEIOKC-pEaKIliii MOBEPXHEBUX
IpyIl, HAMIPUKIIAJl XUHOH-T1IAPOXIHOHHUX (UB. Jai).

433 0.0391

HaBaunraxenns

I
Puc.8. Exsianentna cxema JIIK (0,68 @ 11 B) [45]
B [44] Oyno nmokazaHo, 110 HE3aJIEKHUN BiJ 4aCTOTU ® (azoBuil Kyt ¢ = 45°

criocTepiraerbest TUlbku Tipu 3apskenni [IEH y npsamiit mopi. O6aik OuIbIn CKIa-
HUX (OpPM MEPETUHY MOPU MPUBOAUTH A0 3MIHU BEIUYUHU P U O HENMIHINHOCTI (o-
pmu rogorpada B Z", Z - KoopAuHATaX JJisl KOKHOI KOHKPETHOI (popMu TopH. Y psifi
poOiT [34, 45] B axux mocinimkyBaBcs iMnenanc enekrpoais LK, orpumani romor-
padu IHTEPIPETYIOTHCS €KBIBAJICHTHOIO €JIEKTPUYHOIO CXEMOIO, sIKa 3BEThCS "CX0/10-
BOIO" 1 mpejcTaBiisie coO00 KiJIbKa mapalieIbHUX KOHJeHCcAaTopiB 3 eMHOCTsIMU Cg 3
BIIMIOBIJTHOIO KUIBKICTIO TOCTIMOBHUX omopiB R;. OxgHe abo mexiibka Kidl B CXOIWH-
KaX MOXYTh BIAMOBIAATH 3a MapalieIbHO MPOTIKalo4dil Ha €NeKTpoal (apasieeBChKI
npoiiecu. Y Mipy IpOoCyBaHHS BiJl MOYATKY JO KIHIS I[bOTO JAHI[I0KKaA (30UIbIICHHS
HoMepa n) BenuuuHu Cg Ay’Ke CUIBHO 3MEHIIYIOTHCS, a BEIUYUHU R, TyKe CHUIBHO
30UTbITyI0ThCS (prc.8.) [45]. Ilpu nboMy IIpH JOMYCKAETHCS, IO HAMPSIMOK BiJI IMOYa-
TKY JIO KIHIIS JIAaHITFOKKa BIJMOBIAA€ HANPSAMKY B1J MOYATKy MOpHU B ii rmubuny. 30i-
JBIIECHHS OTMOPIB €IEKTPONITY R; y IIbOMY HaNpsAMKY 1HOJ1 MOSACHIOIOTH 3MEHIIIEHHSIM
HOT0o KOHIIEHTpAIlli BHACIIIOK HEPIBHOMIPHOCTI TYCTHHHU CTPYMY IO JOBXHHI TOPH.

OI[HaK, Ha Halll Iorjeig, 0 rmoACHCHHA HCAJOCTATHBO apryMCHTOBAHE, 3 OIJIAAY Ha TC,



1[0 TYCTUHA CTPYMY 3BHYAITHO 3MEHIIIYETHCSI B MIpy MPOCYBaHHS B IO €NEKTPOJa,
a BUXOJUTh, KOHLUEHTpAIisl €JEKTPOJITY M CTPYMOM, HAaBIAKH, 3pOCTAE B LOMY
HanpsMKy. BianosinHe x 30u1bIIeHHS BeaWYMHU €MHOCTI Cg y MIpy NMpOCYBaHHS B
0 eNeKTpo/ia B3araii HisIK HE MOSICHIOEThCHL.

Ha nam nornsia, peansHuit Mexanizm npotieciB B enexktpoai AIIK, mio mpuso-
JUTH 1O €KBIBAJICHTHOI CXEMU THITY, MPEJICTABICHOT HA (PUC.8.) € TOCUTH CKIIAJTHUM 1
HEOJHO3HAaYHUM. MOXIINBO, 11 cXeMa BijoOpa)kae He TUIBKH PO3MOALT €JIEKTPOXiMi-
YHUX TIPOIIECIB MO JTOBXKUHI MOPH, TOOTO MO TOBIIUHI €IEKTPOIa, ajle i PO3MOILIT HOP
Mo IXHIX po3Mipax, 0cOOJUBO il Mikpornop. Bigomo, mo B Mikporopax 3 0coOJIHUBO
MaJliMH po3MipaMu (TIOPSIKY AECATUX YACTOK HM) HE peanizyeTbes "HopMalibHUN"
ITEII [35]. Otxe, Benuuuna emHocti [IEI y 3aranbHOMY BUNAIKY 3aJICKUTH BiJT
po3Mipy nop. Kpim Toro, 3a Hammum JaHWMH, BHECOK MOpP B CyMapHy MUTOMY MPOBIJI-
HICTh eneKTpomiTy B enektpoal LK 3anexuts Bl iXHIX po3MipiB, a HE TUIBKH Bij
00'€MHO1 YaCTKU HOp KOKHOT'O JAHOIO PO3MIpy. 30KpeMa, BHECOK MAKpPOIOp Yy IO
€JIEKTPONPOBIIHICTh MEHIIIE BHECKY MIKPOIOP MpHU OJHAKOBOMY ixHbOMY 00'eMi. Lle
MPUBOAUTH 10 YCKIAJHEHHS €KBIBAJICHTHOI eNeKTpuuHOoi cxemu. [{ikaBo, 1110 exBiBa-
JICHTHA €JICKTpUYHa cxeMa Ha (puc.8.) MICTUTH JyK€ Majy MO BEJIMYMUHI 1HIYKTHB-

HicTh 0.1 MxI'H [34].

Bnaue nopucmoi cmpyxmypu i 2iopoghinbro-2iopogoonux enacmueocmeti 8yneyesux
eneKmpooi8 Ha iX NUMOMY EMHICHb.

VY pobori [46] Oyno npoBeaeHo gocuimkeHHs S0 pi3HUX aKTUBOBAHHUX BYyTJIelle-

BUX MmaTepianiB. OCHOBHOIO METOIO0 POOOTH SBIISIOCS BCTAHOBJICHHSI B3a€EMO3B'SI3KY

MDK HOPUCTOI0 CTPYKTYPOIO MOBEPXHI 1 ii MUTOMOIO €MHICTIO. Haiibuibina eMHICTh

Oyna BcraHoBiieHa juis Byruuia Mmapku M20B (413 @/r). [Tutoma emuicts TTEI (C)
B [46] npeacTaBieHa IK cyMa

C=CES.+ClS, (34)

ne C{ - emuicth IIEIIl Ha oawHMIO 30BHIINIHBOI TUIOINII MOBEpXHI, Ci - EMHICTH

[MEI Ha oguHUIIO0 TOBEPXHI MIKPOIOp, S, - MJIOIIA MOBEPXHI MIKpOMmop, S, - 30B-

m



HIITHA 1UIomIa noBepxHi. [1i7] 30BHINIHROIO IJIONICIO MOBEPXHI aBTOpHU [46], oueBUI-
HO, MAIOTh Ha YBa31 IUIONIY MOBEPXHI MaKpPO- 1 ME30IOP.

3 niH1MHO1 3anexHocTi C/S,. BiA S, /S, ouiHtoBanaca BeauunHa emHocTi [TEILT

Ha OJMHUIIO PI3HUX IUIONI MOBEpXHI. /[ aKTUBOBAHMX BYTJEHEBUX MIKPOTpPaHYJ

cs (74 mk®/cM’) 3HAUHO Ginbme, HiK At ABT (7,5 Mrxd/cm?). Po3xomKkeHHs y C¢

st Hux HesHaune (19.5 i 14.5 mxd/cm?). e mosicHIoeThest B [46] PO3XOIKEHHIM
MIDXK 30BHIIIHBOIO ¥ MIKPOMTOPHUCTOIO MOBEPXHSAMHU. Y 11l poOOTI nepeadayaeThes, 1o
4yepe3 Mauii po3Mip MIKpONOpP MPUCYTHICTh TaKUX (PYHKIIOHANBHUX TPYI, SIK Kap-
Ookcui, kKapOoHLI, (DEHOJ, XIHOH - TIPOXIHOH 1 T.J., HA MOBEPXHI MIKPOIOP Majo-
iMoBipHO. J[J11 30BHINIHBOT MOBEPXHI1 MPUCYTHICTh PI3HUX (YHKI[IOHATBHUX TPYI
MOKe BifirpaBatu BaxuinBy poJib B yrBopeHHi [IEII. Ha ngymky aBTopa [46], mpucy-
THICTh BEJIMKOI KUTBKOCT1 (PYHKIIIOHAIBHUX T'PyI HA 30BHIMIHIN moBepxHi ABT 3Hu-
kKye 3aranbHy eMHicTh [IEII, ToMy 110 ¢yHKIIOHAIBHI TPYHH MOXYTh BiAirpaBaTu
pOJIb HaMIBIPOBITHUKIB, 3apsij MPOCTOPOBOTO IIapy SKUX [Ii€, K MaJCHbKUN KOH-
eHcaTop 3 eMHicTio 2-4 MkD/cM’, 110 3HAYHO 3HIDKYE 3aranbHy emHicTh [TEII rpa-

Hutli noaury. Tomy st ABT C§, Moxe OyTH BiTHOCHO MaJia.

Vo, oem’/r
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Puc.9. InterpanbHi KpuBi pO3NOAUICHHS MOP MO pajiycam, BUMIPSIHUX
criocoboM BumnapoByBaHHs okTana (1) i Boau (2) [47].

Binomo, 1o nmopucra CTpyKTypa B Iy’Ke BEJUKiN CTENEH1 BIUIMBAE HA €IEKTPO-
XIMIYHI XapaKTepPUCTUKU MOPUCTUX €IEKTPOAIB. [ MOCHiIKEeHHST TOPUCTOT CTPYK-

TypH ¥ riipodoOHO-T1IpOPUTLHUX BIACTUBOCTEN €JIEKTPOIIB 1 cenapaTtopiB OyB BHU-



KOpUCTaHUM po3pobisiennit B [HCTUTYTI enekTpoximii iM. A.H. @pymkina Meto] eTa-
nonHoi nopomeTpii (MEII) [47]. Ha (puc.9.) HaBeAeHa iHTeTrpaibHI KPUBA PO3MOALILY
BCixX nop no paxaiycax (moporpama) qisi ABT "Buckymak", oTpuMmana nuisixom BHMa-
Py OKTaHy, a TaKOXX Moporpama TUIbKU AJi T1ApOodUIBHUX MOp, OTpUMaHa MIISXOM
Bunapy Boau [47]. Ilopucra ctpykrypa 11i€i ABT mae Oinucnepcuuit xapakrep (Kpu-
Ba 1 puc.9.). € B 0OCHOBHOMY MIKpOTIOpH 3 pajilycaMu I < 1 HM 1 MaKpoOIopu 3 1 = 10°
-10° M. 3HauHa YacTHHA Mikporop i muTomoi mosepxui ABT (Big 20 xo 70%) € ria-
podobHOI0 1 He Oepe yuacTi y redepailii [IEI y Boguux enekrposnitax. Y pe3ynbTaTi
3aCTOCYBaHHS PI3HUX METOAMK Tiapodinizarii moBepxHi nuroma emHictb ABT 3poc-

na Bix 130-150 no 200-300 @/r [48].

Bnaue ¢pynxyionanenux epyn na xapakmepucmuxu J[LLIK

[IpucyTHICTh PyHKIIIOHAIBHUX TPYI HA OBEPXHI BYIJICIIEBUX MATepialliB BIUIH-
Bae Ha emHicTh JIIIK, mo-nepiie, BHACIIIOK MOXKIMBOTO MPOTIKAHHS OKUCIIOBAJIb-
HO-BITHOBHMX (hapaJieeBCHbKUX peakiii 3a ydacTio mux rpyn [49-52] 1, mo-apyre,
BHac110K 3MiHU tuToMoi eMHocTi [IEII Ha oauHMII0 peanbHOT Mixk(a3zHOT TOBEPX-
Hi. ABT 3 pi3HUMU NOBEPXHEBUMH KUCIOTHUMHU (YHKI[IOHATBHUMH TPyHaMHU MO-
XKyTh OyTH OTpUMAaHI1 MpPHU 3MiHI YMOB €JIEKTPOXIMIYHOrO okucitoBaHHs [53]. [lpu
€JIEKTPOXIMIYHOMY OKHCIIIOBaHHI BYI'ULIs 30UIBIIYETHCS HOTO 3MOYYBAHICTh, 3aBJs-
KM 30UIBIIEHHIO BMICTY KHCHIO, MOB'SI3aHOTO 3 T1APO(UIbHUMU MOBEPXHEBUMHU TPY-
namu [54]. Tlicnst eneKkTpOoXiMIYHOTO OKUCIIOBAaHHS rpadiTy Ha HOTro MOBEpXHIi 30i-
JBIIYETHCS KOHIICHTPAIlISI CUJIBHUX 1 CTA0KMX KUCJIOTHUX TPy, 10 OYyJI0 BCTAHOBJIE-
HO METOJIOM TUTpyBaHHs [49]. 301IblIeHHsS €MHOCTI eflekTpoaa Bia 156 go 220 ®/r
MICHS €IEKTPOXIMIYHOTO OKUCITIOBAaHHS B [49, 50] MOSICHIOETHCS 3pOCTaHHSIM KOHIIE-
HTpaIli KHCJIOTHUX MOBEPXHEBUX Py 1 3MIHOIO PO3MIpPIB MHOP.

B [51] OyB mocaimkeHui BIUIMB KUCIOTHUX (DYHKIIOHATBHUX TPy HA MOBEPXHI
aktuBoBaHoro Byruuig (AB) na BnactuBocti ALK 13 Boguumu enextponitamu. [lpu
aHoAHIN monsipu3anii cnoctepiraerbest BunauieHuss CO 1 CO,, Ha noBepxHi AB 3 Bu-

COKHM BMICTOM KUCHIO. AB 3 BUCOKOIO KOHIIEHTpALI€I0 KUCIOTHUX (PYHKIIIOHATIBHUX



rpyI BUAUIAIOTH OUIbIIE a3y, TOMy aBTopu [S1] poOasiTh BUCHOBOK PO T€, IO MO-
KJIMBA peaKIlis, y AKiii OepyTh y4acTh L1 TPyIu.

Bruiue TepMidHOi 06po6Kku Ha cramii xapGorizamii (1000°C), Ha BmacTHBOCTI
ABT 0Oyno nocinimxkeno B [52]. Ilicns TepmiuHoi 00poOKHM aKTUBHI KMCHEBMICHI TPY-
I TEePETBOPIOIOTHCS YV (DEHOJIbHI I XMHOHHI. 3HUXKEHHS CTPYMY BUTOKY KOHJEHCa-
TOpa 3 enekTpoaaMu BurotoBiaeHuMHU 3 ABT micis TemnoBoi 0OpoOKH MOSCHIOETHCSA
B [52] 3MEHIIIEHHSIM €JIEKTPOXIMIYHOIT B3a€MO/Iii TOBEPXHEBUX (PYHKIIIOHATLHUX TPy

3 PO3YMHOM EJIEKTPOJIITY.

Tabauus 3. BrnactuBocTi ByriieneBuX MaTepiaiiB Micis iXx 00poOKku pizHUMHU MeTonamu [34].

Merton Pesynprar
OxwucneHHs B piakii ¢azi (ku- | 30UTbIICHHS IO TOBEPXHi Ta MOPUCTOCTI, 3HWKEHHS T'yCTHHH,
CHEBMICHUMH KUCIIOTAMH ) 30UIBIIICHHS KOHIICHTpallii MOBEPXHEBUX (PYHKIIOHAIBHUX TPYIL.
OxwucneHHs B ra3osiii ¢asi 301UIbIICHHS 0111 TOBEPXHI Ta MOPUCTOCTI, 3MEHIIIEHHS I'yCTH-
(02, H,0) HU, 30UTbIICHHS KOHIICHTpAIlii TOBEPXHEBUX (YHKIIIOHAIBHUX
Tpy1.
O06pobka ma3Moro 301UIbLICHHS IUIOII1 TOBEPXHI Ta MOPUCTOCTI, HOJIMIIEHHS 3MOUY-

BaHOCTI, 30UIbIIEHHS KOHLEHTpAIlil TOBEPXHEBUX (DYHKIIOHAIIb-
HUX TPYIH, 3HIKEHHS €JICKTPUYHOTO OTIOPY, 30UTbILICHHS eEKTPO-
KaTaJIITHYHO1 aKTUBHOCTI JIJIs POLIECY BiTHOBJICHHS KHUCHIO.

TennoBa 0OpoOka B iHepTHO- | 3MEHIIICHHS IO MOBEPXHI Ta MOPUCTOCTI, OUTBIIT BUCOKA T'YCTH-
My cepenoBuiii (N,) Ha, 30UIbIIEHHS cTyneHs rpadirtarii moBepXHi, 3SMEHIIEHHS KOH-
LEHTpallii TOBEpXHEBUX (DYHKIIOHATBHUX IPYII.

st crBopennst JIILIK 3acTocoByroThCsl ByTjelneBl MaTepianu, Ki MOMEPEAHBO

Oynu 00po0IIeH1 a30TOM, KUCHEM a00 mapamu Boju (Tadu. 3 [34]).

Texnonoeiuni eapianmu sucomoenenus LK

BnactusocTti K 13 enektpogamu 3 antomiHi€BoOi (oabru abo eneKTponpoBi-
HOTO MeTaly 3 HaHeceHuM mapoMm AB omnucani B [55-58]. CyMimii TeTpaeTUIaMOH1I0
terpadropbopara 1 mpomninenkapoonata (I1K) BukopucToByBanucs sik pO3UUHH €JIEeK-
tpouity. €muicts JLIK miamerpom 50 MM 1 noBxkuHO0O 125 MM cknana 500 O.

Y JUIK 3actocoByroThes Takox ABT, BoJlOKHA SIKMX 34Y€IICH] 3 METallYHUMHU
BOJIOKHAMH MPUOJIM3HO TaKO1 K JOBXKHUHM [59, 60] a0 ogHa cTOpOHA BYTJIEIIEBOTO
BOJIOKHA MMOKPUTA IIAPOM €JIEKTPOIPOBITHOIO MeTaty [61].

Jlnst ctBopenns J{IIK 3acTocoByIOThCS TaKOX 1HIIT KOMIO3UTHI MaTepianu. [Ipu

HarpiBaHHi CyMilllei TTMHUCTUX MIHEPAIiB 1 BYTUIBHOTO MOPOILIKY OTPUMYIOTh KOM-




MO3UTHI MaTepiaju, IO BOJOIIIOTH TAPHOIO EIEKTPOIPOBIIHICTIO. IXHS NUTOMA €M-
HicTb - 7 MKD/cM’ y BOJIHUX 1 OpPraHIYHUX €JIEKTpoIiTax [62].

3acTocyBaHHs (peHoIPopMaNbIETIIHOT CMOIH Il OACP>KaHHS BUCOKOE(EKTUB-
Hux enektpoaiB A JIIK omucano B [63-67]. Inst onepxkaHHS €1EKTPOAIB CyMIII
nopoiiky AB i deHondopManbieriiHoi cMoJid HaHOCHUJIAcs Ha METAJEBY OCHOBY.
[Ticnss 0OpoOKM TiJ TUCKOM 1 KapOOHI3allli OJEepXKYIOTh aKTUBOBAHUN BYTIIELIEBO-
ByruienieBuii kKoMno3uT (AB/B), 1o 1 6yB BUKOPUCTAHUM SIK MaTepiai JJisi BUTOTOB-
nenns enexkrpoaiB JIIK. AB/B xomno3ut mae 6uibiny mionty noBepxsi 1300 M /T i
Hu3bkuit omip (0.01 Om cm). €Emuicts [TEIT B AB/B (70/30) komnio3uta B 30 mac. %
H,SO, piBaf 68.5 ®/r [63]. AudepenmiaabHa eMHICTh enekTpoaa 3 ABT Ha ocHOBI
(benonpHOT cMonu B po3unHax [1K cranoButs 113 O/r [65.66].

B [67] 00roBopro€ThCs BILTMB 0OPOOKH XOJIOJHOIO IUIa3MOI0 €l1eKTpoiiB 3 ABT
Ha BiactuBocTi JIIIIK. O6poOka XO0JOJHOI TJIa3MOI0 MOXKE 3MIHUTH IMOBEPXHEBI
BJIACTUBOCTI BYIJICLIEBUX MaTepiaiB 0e3 3MiHM iXHIX 00'eMHUX BiactuBocTel. [licis
00poOKHU 3pOCTa€ BITHOCHA KUIbKICTh MIKPOMOp, @ TaKOX KOHIEHTpallisl KUCHIO Ha
noBepxHi. Po3psiiHa €éMHICTh Y KOHACHCATOPIB 3 €JIEKTpoJaMu micisi oOpoOku Oyna
BHIIIE, HDK Y KOHJICHCATOPIB 3 €JIEKTpoAaMu 0€3 MmI1a3MoBOi 0OpOOKH.

VY psai po6it [68-71] posrnsaarorses JIIK 13 enekTpogaMu Ha OCHOBI aepore-
neii. [Tnoma TxHpoi moBepxHi cranoButh 500-800 M>/r [68] B acporeisix icHYIOTH pi-
3H1 BUJIU 1op: Me3omnopu (Bia 2 10 50 HM), 0OyMOBIEHI MPOMIKKAMU MDK Tepeciy-
HUMH JIAHIIOTAaMH YacTOK, 1 MIKpONOpH (<2 HM), Kl 3HAXOJAThCSl YCEPEAUH1 YaCTOK.
€wmnuicts [IEII nns ByraeneBux aeporeneil ctaHoBUth 95 @/t [69]. Byrnenesi aepo-
resii BUKOPUCTOBYIOThCS siK enexktpoau JIIK 3aBnasiku ixHii rapHii €1eKTpONpOBiI-
HocTi [68,70]. ALK 13 enekTponamu 3 aeporeiyieil BOJIOAIIOTh TPUBAJIOK IIUKIIIUHIC-
10 (>4 x 10° mukis) [71].

ITomamenoBi matepianu B skocTi enektpomiB ana JIIK Oymu gocmimxeHi B
[72,73]. BoHM BUTOTOBJISIIOTH IUIAXOM MipOJITUYHOT 00poOKu (PeHondopmanbaeria-
Hoi cmonu ipu 500-700 [74]. KonaeHcaTopu TaKOro TUITY BOJOAIIOTH BUCOKOIO 000-
POTHICTIO i BucOKO0 mBHaKoxiero. [Ticns 10° MUKITIB €MHICTh TAKOTO KOHAEHCATOPA

MO’e€ CTaHOBUTH > 70% BUXITHOT BETUUYUHU.



Enexmponimu, wo euxopucmosyromucs 6 /LK

BuxopuctoByBani B JIIIIK enekTponiTu MOBUHHI MAaTH MaKCUMAaJIbHO BHUCOKY
HaIMpyTy po3KIJaay 1 MUPOKY 00JIacTh MOTEHIlIANIB €NeKTPOXIMIYHOI CTaOUIBHOCTI,
BOJIOJIITH CTIMKICTIO B 00sacti Temmnepatyp Big -25 g0 70°C. OCHOBHMUMH HeAOJiKa-
MU BOJASHUX PO3UYMHIB €: HU3bKa PO3psaHA HANpyra, By3bka poOoua TeMmIiiepaTypHa
o0JnacTh, BUCOKA KOPO31iHA aKTUBHICTh. HEeBOIHI PiAKi €JIEKTPOIITH MaOTh BUCOKY
Harnpyry po3kiany (>2.3 B), mupoki obnacti pobounx temnepaTryp, BUCOKY KOpO3iii-
HYy CTIMKICTh. Jl0 IXHIX HEMOJIKIB BIAHOCSThH: HU3bKa €JIEKTPOMPOBIIHICTh, HEOOXII-
HICTh PETENIbHOI 130711111 B1Jl 30BHINIHIX BIUIMBIB, BUcOKa BapTicTh. Onnak JIIIK i3
BOJTHUMH €JIEKTPOJIITAMHU MaIOTh OUIBII BUCOKY 3arajibHy €MHICTh, YUM 3 HEBOJHUMH,
BHACJIJIOK 1XHBOI 3HaYHO OUIBII01 BUCOKOI muToMOi eMHOCTI I1EIL Ha onuaMIIO pea-
JLHOT MMOBEPXHI.

€mnicte JIIK 13 HEeBOAHHMU €NEKTPOIITAMU 30UIBIIYETHCS 31 3MEHIICHHSIM
po3Mipy 10H1B [75]: BF, > PF, > Et,N".

B [76-78] nocnimkeHl BIACTUBOCTI €JIEKTPOJITIB, OTPUMAHUX Ha LUKIIYHUX
apoOMaTUYHUX COJIAX iMifa3zona. BoHM MarOTh BUCOKY €JIEKTPOIPOBIIHICTh, ITUPOKY
o0nacTh enekTpoxiMiyHoi ctabubHOCTi (>3.5 B). €Mmuicts UK 13 ByrinsHuMH ee-
KTpoJaMu U eeKTPOIiTaMu 13 cosiel imigaszona ckiana 129 d/r [75].

VY po3BeneHuX po3uMHAX HEAOCTATOK EJIEKTPOJIITY MOKE CHUJIbHO BIUIMBATH HA
3apsinHo-po3psaany noeninky JIIK. Bnius onopy enekTposiTy Ha mpouec aKkymy-
TMOBaHHA 3apsany y ByruibHuX enektpoaax JAIIK 13 po3unnamu TerpaeTuiaMoHis Te-
tpadtopoopata i IIK Oyno mocnimxeno B [79]. 3apsia, po3paxoBaHUM 13 MUKIIYHUX
BOJIbTAMIIEPOrPAMM 3HUKYETHCS 31 30UTHIICHHSM IIBUIKOCT1 pO3TOPTKH MOTEHITIATY .
Ileit edexT cTae OUIbIIE MOMITHUM 31 3HM)KEHHSIM KOHIICHTpAIlll €JIEKTPOJITY, IO
MOB's3aHE 31 30UIBIICHHSAM HEIOCTYITHOCTI MOP MAaTPHIll €JIEKTPOaa ¥ 31 3pOCTaHHSAM
OMOpYy E€JEKTPOIITY, @ TAKOXK 3 HECTAuel0 €JIEKTPOIITY MiJ Yac 3apsay J0 OUThIINX
BennuuH Hanpyru (3B). Ilpu nmepexoni Bif 3apsiAHOTO 10 PO3PSAHOTO CTPYMY CIIO-
cTepirajiocs pi3ke crajaHHs HaNpyrH, 0 NOSICHIOETHCS B [79] BIUIMBOM OMOPY €JeK-

TPOJIITY 1 IEPEPO3MOALIIOM 3apsly B Opax.



Y JIIIK 3actocoBytoTbesi Takoxk TBepal moiiMepHi enektponitu (TIIE). Bonu
MaroTh HACTYIHI NepeBaru [75]: BIACYTHICTIO CTPYMiB BUTOKY, MaJIOI0 3alMUCTICTIO,
MOXJIMBICTIO TOHKOIIAPOBOTO 3acTocyBaHHs. Onnak TIIE nmorano mpoHUKarOTh y MO-
pH, 1 TOMY eJeKTpo mpaiftoe He noBHIcTI0. Opraniydi TIIE MaroTh HU3BKY €eKTPO-
npoBigHicThb. B [80-82] 6ynu nocnimxkeni BnactuBocti TIIE ana crBopenns K 13
enextpoaamu 3 ABT. TIIE ckiananucs 3 KOMIUIEKCY MOMIETUICHOKCH]T 3 100aBKaMHU
MOJIIMETUIIMETaKpUIIATy ¥ cosieit TeTpaankiiammoHis [80], nomiakpunoniTpuia, 11K 1
cosieil TerpaankiiammoHnis [81]. Ilpu ctpymi nukny 0.5 MA MakcumanabHa €MHICTb
enexktpoaa ckiana 20 @/r. B [82] sik TBep/l €NEKTPOIITH BUKOPUCTAIHCS CHOJYKU
tuny (1-x)Na-f - ALO, +xC (ne x < 0.6).

JUIK 13 enexkTponamu 3 i30TponHoro rpadity Bucokoi ryctunu i TIIE Oymu no-
ciimkeni B [83,84]. Sk enextponit OyB Bukopuctanuii nomietwieHokeun (ITEO) 3
LiClOy, 1 I[TEO 13 TIK 1 LiClO4 [83]. EnexTpomiT ckiiagaBcs 13 KPUCTAIIYHOTO KOM-
mwiekcy 1 amopduoi dazu. €muicts JIIK 13 IIEO/ LiClOy, (8:1 mo maci) mpu 80°C
ckrana 1.94 m®/em’, a JIIK i3 [TEO/IIK/ LiClO,, (8:8:1) mpu 20° - 1.29 m®/cm’
(po3paxoByrOUMd Ha reoMeTpuuHy noBepxHIo enektpona) [83]. [TEO momimeTunme-
takpuiat (IIMMK) 1 nomiakpunonitpun (ITAH) y cymimi 3 LiClO4 yTBOpATH rene-
Buit enexktpoait. €Emuicts JIIK 13 IIAH 1 [IMMK reneBuMu enexkTpoiiTaMH CKJiajia
20 m®/cm” [84].

KoMmno3uTHuUii eneKTpoI, M0 CKIAJAEThCA 3 alleTUJICHOBOI CaXKi M MOJIBIHLIAC-
HpTopuaHoro (IIB®D) reneBoro enekTpoity, fociipkeHuit sk enekrpoa ais K B
[85]. Kommo3uTHI €IeKTpoaM MOKa3adu OUIBII BHCOKI €MHOCTI W OLIBII HU3BKUU
omip audy3ii 10HIB BCepeIMH1 €NeKTPOIa, YUM BYTUIbHI enekTpoau 13 [IBO cnonyu-
HuM. HallOinbil BUCOKAa €MHICTh Oyiia OTpUMaHa JJisi KOMIIO3UTHOIO €JIEKTpoja Ha
ocHOBI areTuieHoBoi caxi 1 30 mac. %. [IB®. lle nosicHIOETHCS TAPHUM KOHTAKTOM
MK aneTusieHoBoro caxkero 1 [IB® reneBum enextpomitom. JIIIK 13 KOMIO3UTHUMH

CJICKTPOAMH BOJIOMIIOTh FAPHOIO MHKIIi4HicTIO (Ginbure 10° MUKITIB).

Ilpoyecu oeepaoayii ILIIK



Xoua mmkiiynicts JIIK Hamg3BuyaiiHO BHCOKa (COTHI THCSY 1 MUTBMOHU ITHK-
JiB), OJIHAK 1 IM BJIACTUBI MEBHI MPOIECH Jerpaaaii # Kopo3ii, 0COOJMBO SKIIO BU-
KOPUCTOBYETHCS HEMPUITYCTUMO BHCOKA 3apsiaHa Hampyra: Ouieie 1 B st BogHux
eJeKTpoIITIB 1 Oubie 3 B miist HeBoaHuX enekTpoditiB. Ocobnusictio podbotu K
13 enektpoaamu 3 AB € yTBopeHHSs nesikoi kuibkocTi CO; y npotieci poOOTH mpH 1o-
tenmianax >1 B [86]. Anani3 310panoro ra3zy mius JIIK i3 enextpomitom 38 mac. %
H,SO, noxkazag, mo npu noreHmianax < 1 B BiH ckimagaeTbes nmepeBaxHO 3 N, 1 O,
31 cnigam CO; 1 HyO. s 3apsmxenoro K ra3 cknagaersest B ocHoBHOMY 13 CO,
3 HEBENUKUMU KUTBKOCTAMHU Ny, 1 Oy, 1 mapu H,O. [IpucyTHicTh mapu BOAH BKa3zye,
110 €(hEeKTUBHICTh KOHJIEHCATOPA MOKE 3HIXKYBATHUCS 3rOJIOM YEpe3 BTPaTy €IEKTPO-
JTy, IO MPUBOJUTH A0 3HUKEHHS €MHOCTI KOHJeHcatopa. lle moxke matu micue
tutbku 111 HerepMmetuunux J(IIIK. ABropamu [86] He OyB 3HaiijaeHu cmociod, 110
703BOJIsI€E YHUKHYTH HarpoMmakeHHs: CO,, y mpouect poootu JIIK. Jlnsg nporo npo-
MOHYETHCSI BAKOPUCTATU BUITYCKHUM KJanaH. B iHmMX pobdoTax KianaHu HE 3aCTOCO-

ByBanucs [87, 88].

Cynepkonoencamopu Ha 0CHO8I NCe800EMHOCMI (NCe800KOHOeHCcamopu)
Enextpuunuii 3apsia y ncesaokonaencaropax (I1cK) nakonuuyerses 3a paxyHOK
(bapazeeBChKOI MCEBIOEMHOCTI IOCUTh O0OPOTHIX penokc-peakiii 1 emHocti [TEII
Icnye kinbka THNIB (hapaneeBchkux mpoieciB B enekTpoaax [IcK: o6opoTHi mpoiiecu
(HanmpuKIaa: OCaJKeHHS BOJIHIO ab0 CBUHIIO Ha moBepxHi Pt abo Au), okucHo-
BIJTHOBHI peakiIlii OKCUAIB mepexiqHuux MetamiB (Hanpukian: RuO,, IrO,, 1 pi3HuX Cy-
Milel OKCH/IIB); 0OOPOTHI MPOLIECH EIEKTPOXIMIYHOIO AOMIpYBaHHs - AeAOMIpyBaH-

HS B €JICKTPOJIaX Ha OCHOBI MPOBIIHUX MOMIMEPIB [34].

llcesookonoencamopu 3i nogepxHesUMU CROIYKAMU
VYV TIcK moxyTh BimOyBatucsi 000poTHI (apajeeBChbKI MOBEPXHEBI PEIOKC-
peakilii 3 XIMIYHUMU CHOJIYKaMH, €JIEKTPOCOPOIIHHUMH a00 1ecOpOIIiHUMHU 3 TIepe-
HocoM 3apsay [1, 89]. JloOpe BUBYEHI €IEKTPOXIMIUHI MPOIIECH OCAIKEHHS BOJHIO

Ha Pt [90] 1 Pb Ha Au [91].



VY Bunaaky ocamxens Pb na Au nporikae HacTynHa peakiis [1]:
Au + xPb** + 2xe <> AuxPb (35)
JIe X MPEJICTABISE CTEXIOMETPII0 XeMOCOpOOBaHUX aTOMIB Pb BiMOBITHOMY 4acTKO-

BOMY MOBEPXHEBOMY MOKPUTTIO Pb—0,,. [Ipouec Moxe OyTH OnucaHUl 130TEPMOIO
Jlenrmropa [1]

0,,/(1-0,,)=Kc .. exp(~EF/RT) (36)

Pb2+

ne E- enexrponuuii noreniiai, K - koHcTaHTa afcopOIiiHOI pIBHOBArH, c, ,. - KOH-

Pp**
neHTpanis Pb> y po3unHi. 3 (36) BUIUIMBAIOTH JIBA BaKIMBUX BUCHOBKH. 1. IcHye
NPOTsKHA 00JIaCTh MOTEHIIANIB, 10 BIAMOBIAA€ 00acTi 3MIHUM BeIWYuHU 6, Big 0
1o 1. Ha BiagmiHy BiJ €IEKTPOXIMIYHOI peakilii B akyMyJsITOpi, /e B i7icalbHOMY BH-
MaJKy ICHy€ PIBHOBAXKHUI MOTEHIIIAN €JIEKTPOXIMIYHOT peaKIlii, A 1€l CHCTEMU HE
ICHy€e BH3HAYC€HHUM MOTEHIIaNl peakiii ocamkeHHs. 2. Jna peakuii (35) eMHICTh Bu-
3HAYAETHCS K

Cr =qpdOp, | dE (37)
1€ q,, - 3apsall, HEOOXIAHUI JJi1 MOBHOTO MOHOIIIAPOBOIO 3alIOBHEHHSI CBUHIIEM I1O-
BepxHi Au. Bin mopisaioe 400 MxKi/cm®, C, 3HaXomuThCS 3a HOIOMOroo (37) Bin-
noBijiae (apaJeeBCKOil peakilii i Ha3MBAEThCA NCEBIOEMHICTRIO. OTxEe, C, HE €
€IEKTPOCTATUYHOIO EMHICTIO, Mo110HO emHocTi ITEILI.

I
+
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N

Puc.10. 3anexxHIiCTh CTpyMY BiJ HOTEHLIANy /Ui ICEBIOKOHAeHcaTopa [1].
Jlns IIcK Bua MOTEHIIOAMHAMIYHOT KPUBO1 3aJI€KUTh BiJl BEIMYUHU IIBUIKOCT1

po3roptku noteHuiany (v=dke/dr ) [1]. Y upoMy BUIaKy Mae Micie nepexij Bijl mo-



BHOI O0OOPOTHOCTI MK aHOJHOIO W KAaTOAHOIO TJIKAMHU MOTEHI10JMHAMIYHOT KPUBOT

(v<v,) uepe3 4aCTKOBY OOOpPOTHICTh, KOJH v =V, 0 MOBHOI HEOOOPOTHOCTI, KOJIHU
v>v, (v, - AesKa KpUTUYHA MIBUAKICTh PO3TOPTKU MOTEHIIANY, 10 JOCATHEHHS SIKOT

npoiiec 00opotHiil). [loTeHiionMHaMIYHa KpUBa AJi1 BUNAAKYy MOBHOI 0OOPOTHOCTI
(dapaneeBcrkoro mnpoiiecy npeacraieHa Ha (puc.10.) [na JUIK y Takomy Bunmaaxky

CIIOCTEPITa€THCSl TOBHA OOOPOTHICTD.

Ilcesookondencamopu 3 okcuoamu Memanie
Sk enextponu qs [IcK naiiOinbie qoOpe TOCHIIKEH] OKCUIU METAIIB IJIaTH-
HOBOI rpynu. Ha Ru mpu TpuBanmx nukiax BiIOYBAa€eThCS PICT OKCUAHOI TUTIBKU
[92,93]. EnextpuuHuii 3apsii Ha €JIEKTPOl 3 OKCUY Ru HaKOMUUYETHCA 32 paxXyHOK
emuocTi [1EII 1 dhapaneeBchkoi CEBIOEMHOCTI, MOB'SI3aHOI 31 3MIHOIO CTYIICHSI OKH-
cienHss Ru B okcuaniit moniBui. OKHUCHO-BIAHOBHUM MpPOIEC BiIOYBAETHCS JTOCUTH
o0opoTtHO B obOnacti norexiianis Big 0.1 1o 1.3 B (1010 BogHEBOTO €1€KTpoAa B TiM
e po3uunHi) [92]. ¥V mapi okcuay Ru B mporieci okucieHHs - BIIHOBJICHHS Bia0OyBa-
IOThCSl TIPOLIECH IHTEPKAISIIL 1 [udy3ii MPOTOHIB, SIKI MPUBOJAATH A0 3MIHU CTYIICHS
OKHCIJICHHS 10HIB Ru B okcuaHii mutiBIi [94].
Oxcua Ru # rigpat oxcuny Ru Oynu nocnimxeni sik enexkrpoau ais [IcK B [15,
92, 95-97]. EnektpoxiMiuHi peaxiiii, o BinOyBatoThes B Takux lIcK, B [15] mpen-
CTaBJICHI B TaKUi cocio:
TMO3UTUBHUH €JIEKTPO]I
HRuO, <> H,_;RuO, +SH" + Se (38)
HETaTUBHUM €JIEKTPOJ]

HRuO, +SH" + e <> H, ;RuO, (39)
3arajibHa peakiis
HRuO, + HRuO, <> H, ;RuO, + H,,; RuO, (40)
ne 0<6 <1, aRuO; 1 H,RuO,, npencraBisioTh J0JaTHIN 1 HETATUBHUM €JIEKTPOJIN B

MOBHICTIO 3aps/I)KEHOMY cTaHi. [IpoToHU mepeMilaroThes BiJl OJTHOTO €JIEKTPoJia 10



THIIIOTO Yepe3 cemaparop MijJ 4ac 3apsaay ¥ po3psay. Y TOM ke 4ac pyX €JIeKTPOHIB
3MIMCHIOETHCS Yepe3 JHKEPEesio CTpyMy a00 30BHIITHE HABAHTAXKEHHS.

OcnoBue po3xomxenns Mk [lck 1 LK nonsirae B Tim, mo B I1cK He icHye cy-
MapHOI0 10HHOTO OOMIHY MIK €JIEKTPOJOM 1 eJeKTpoiToM. ToOTO KOHIEHTpallis
€JIEKTPOJIITY 3aIUIIAETHCS MOCTINHOIO MiJ Yac 3apsany U po3psaay. Heob6xigHo Bia3Ha-
yutH, 0 eMHicTh [1EI y moaiOHMX cucTeMax 3aBKAM CHIBICHYE MOPST 13 MCEBIO-
eMKocThlo. OiHaK 3BUYaliHa KUIbKICTh 10HIB, [0 OEPYTh Y4acTh Yy MPOIEC] YTBOPEH-
us T1EILL, 3ra4HO MeHIIe KUTBKOCT1 MPOTOHIB, 110 OOMIHIOIOTBCS MK JBOMA €JICKT-
ponaMu. TakuM 4MHOM, B OJHIN 1 T1M K€ CUCTEMI IICEBIOEMHICTh 3HAYHO OUTBIIIE €M-

gocri [TEIL.
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Puc.11. [TopiBHSIHHS pO3pAAHUX KPUBUX Ui ABoIIapoBoro (1), dapaneeschkoro (2),
1 cymu aBomapooro ta (apaneescbkoro (3) mpouecis maius yactok RuO, - xH,O ni-
amerpoM 5 uM (i=0.001MA/cM?)
MaremaTtrdHa MOJAEIb €IEKTPOXIMIYHOTO KOHJIGHCATOpa 13 JBOIIAPOBUMH 1 (a-

paJieeBCbKMMH TpoliecaMu po3pobieHa B [98]. KongeHncatop ckimamaeTbes 3 ABOX
RuO, - xH,0O €NeKTpO/liB, pO3IUJICHUX 10HOMPOBITHUM cenapaTopoM. B [98] mokazano,
110 4Yac po3psiay st gapageeBCbKOro Mpolecy HabaraTto OUIbIIE, HIXK Yac po3psly
Uit [BoapoBoro npouecy (puc.11.). Ile cBimunuTh npo BaxIUBICTh (DapaieeBCHKOrO
npoiiecy A 30UIbIIEHHS MUTOMOI eHeprii koHaeHcaTopa. KoHnaeHcartop, Ha €eKT-
po/ax SIKOro BiIOYBalOThCS JABOIIAPOBI 1 apafe€eBChbKi MPOIECH, 3BUYANHO Mae Oi-
JBITY TUTOMY €HEPril0 B MOPIBHSAHHI 3 KOHACHCATOPOM, Y SIKOMY Ma€ MiCIE TIIbKU

nBomapoBi abo (apaneeBchbki mpoiiecu. Mojens, 3anpornonoBana B [98], Takox mpo-



rHO3Y€E, M0 (papaneeBChbKUIl MPOIEC 3HAYHO 301IBIIYE MUTOMY €HEPrilo0 KOHASHCATO-
pa 11 NUTOMUX NOTYykHOCTer >100 kBT1/11.

VY xpucraniunomy RuQ; -enexTpoai eHepro30epe:keHHs 31IMCHIOETHCS TUIBKU B
Horo nmoBepxHeBux mapax. B amopduiit ¢aszi RuO, - xH,O0 OKUCHO-BIJHOBHI peakiiii
B110yBalOThCA HE TUILKM Ha MOBEPXHI1, ajie ¥ B 00'eMi. ToMy MUTOMA €MHICTh €JIEKT-
poaa 3 amopdHoi pa3zu RuO, -xH,0 (768 @/t [95]) 3HauHO Oisibllle EMHOCTI, OTpUMA-
HO1 7151 KpucTtaniyHux RuO, -mniBok (380 d/r) [92]. OnHak BUCOKA MUTOMA EMHICTD
enekTponaa 3 amopduoro RuO, moke mpuBecTd 10 301AHIHHSA a00 TMepeHACUYCHHS
MPOTOHAMH BHYTPIIIHBO1T 001acT1 enekTpoaa [99], mo Moxe 0OOMEXKUTH MaKCUMallb-
HY MIBUIKICTH 3apANly - pO3pSAY 1 MOTYKHICTh KOHIEHCATOPA.

JInst 301IBIICHHST €IEKTPOMPOBIAHOCTI €lIeKTpoaa mopomok amopdHoro RuO,
OyB 3MIIIaHUN 3 BUCOKOIMOPHUCTOIO caxero. [luToMa eMHICTh TAKOTO KOMIIO3UTHOI'O
eneKkTpoa, mo ckiamaetbesa 3 80 mac. % RuO,, 1 20 mac. % caxi, ckimama 570 @/t
[100]. TLmiBkoBi enekTpoau 3 amophHOro RuO, MarTh OUIbII HU3BKUN KOHTAKTHUU
omip, YUM €JIeKTpou 3 nopouky amoppuoro RuO, [100]. J1yist maiBKOBOTO €IEKTPO-
na, ocajkenoro npu 200°C na Ta-miacTaBui, Oyjia oTpuMaHa MaKCUMajibHa €MHICTh
590 @/r.

[IcK i3 momiOHMMU OKCHAHMMHU €IeKTPOJaMM BHCOKO OOOPOTHI. IXHS €MHicTb
3MIHIOETHCSI HE3HAYHO HABITH IMICJISI TPUBAJIOTO HUKIIOBaHHA mpoTsiroM 800 Tuc. 1u-
KiiB [45].

C-Ru-kceporeni, oTpuMani mpu kapOoHizalii pe3opuuH-GhopManbIeriTHUX CMOJ
1 RuO, Oynu BuBueni B [101]. V mpoueci kapOoHizamii okcug RuO, - xH,O BIIHOB-
moeTbest 1o MetaniyHoro Ru. ITig yac mepuioro nmkiy 3apsa - po3psan Ru oxucnsi-
€ThCS, TIEPETBOPIOIOUNCH B aKTUBHY (Qopmy okcuiy Ru. EnekTpoxiMiuyHa €MHICTbH
MX MaTepianiB 3pocTae 31 30UIblIeHHSIM BMicTy Ru B kceporemni. [lutoma eMHICTh
eJeKTpoia, mo MIicTuTh 14 mac. % Ru, ckmama 256 O/r.

Bucoka BapTicTh OKCHAIB 0JIarOPOJIHUX METaIiB OOMEXKYE iX IHUPOKE MPaAKTUY-
HE 3aCTOCyBaHHA. TOMy OCTaHHIM 4acOM BEIEThCS MOUIYK IHIIUX MaTepiaiiB, M0 BO-

JOAIIOTh MOJAIOHUMH BIACTUBOCTSIMU. Lle MOXyTh OyTH 3MilllaH1 METajeBl OKCUIU



OJIaropoHUX Ta HIIKMX METaliB, oca/keH1 Ha MeTaneBi ocHoBH [102-105] 1 ocHOBH 3
nopucroro Byruero [106, 107].

B [102] sk enexTtpoau Ajisg €IEKTPOXIMIYHMX KOHJAEHCATOPIB MPOMOHYIOTHCS
Ru0O,-VO, - enekTpoau, 1mo BOJOAIIOTh BUCOKOAKTUBHOIO MTOBEPXHEID. EMHICTH €lle-
ktpoma RuO, (33 mac.%) - VO, (67 mac.%)/Ti 3 okcuasuM mokputtsiM 0.7 mr/cm
cxnana 162 MKi/em®. Bemmumna 3apsigaoi emuocti wist RuO, (33 mac.%) - VO (67
Mac.%)/Ti - enexkTpona Maitbke B 50 pa3iB mepeBUIlye BEIUYUHY 3apsIAHOI €MHOCTI,
orpumanoi aiist RuO,/T1 - enektpona [102]. dns enexkrpoais RuO,; - ZrO,/Ti 31 BMmic-
toM RuO; 50 momn. % BenuuuHa nceBnoeMHocTi ckiana 200 mKi/mr [103].

Ocamxenns yactok RuO, Ha ByrueneBi aeporeii 3Ha4HO MOJIMIITY€E iXHI €Hepro-
30epiratoui xapakrepuctuku [104]. €Emuicts [IEII ByrneneBux aeporeneit ckiana 95
®/r [69]. IIpucytnicts yactok Ru (35 mac.%) Ha moBepxHi BYIJIEIIEBOIO aeporens
30UIBIITYE MUTOMY €MHICTH elIeKTpoja 10 200 d/r 3a paxyHOK nceBaoeMHOCTI [104].
B [105] 3anponoHoBaH1 €N1eKTPO/IU, 1110 CKIAJAI0THCS 3 MOTPIAHUX OKcuIiB Ti-V-W-
O/T11 Ti-V-W-0O/C. MakcumanbHa €MHICTb €JIEKTPOAIB 1IbOro TUMy - 125 O/r.

CyMilll OKCH/IIB PI3HUX METaJliB Ha OCHOB1 OKcuAy Mn Oyna qociiikeHa sk ma-
tepian ais enektpoaiB [IcK B [108]. ITutoma emHuicTh enexkrpona - 200 d/r.

B [109,110] sk 3aminauku RuO, 3ampomnonoBani Hitpuau Mo, Mo,N 1 MoN,
OTpUMaH1 OcaJUKeHHSM Ha T1 - OCHOBY. byJi0 BCTaHOBIIEHO, 110 IJIIBKU HITpUAIB Mo
MPOSIBISIIOTh EMHICHY MOBEAIHKY, 0A10HY A0 noBeaiHku RuO,. [Ipuuomy ocHOBHUI
BHECOK y BUMIPIOBaHY €EMHICTh BHOCUTb OKHCHO-BITHOBHUI TIPOIIEC, 110 BiAOYBA€ThH-
Csl B IOBEPXHEB1M 00J1aCT1 HITPUAHUX TUTIBOK:

Mo™ + N"2H" +e <> Mo™ + NH; (41)

[lapanenbHO 13 MCEBIOEMHICTIO ICHYE ¥ JIBOIlIapOBa €MHICTh. BaxkinBe po3xo-
JOKEHHS MK HITpUAHUMU IU1iBKamMu i1 RuO, monsirae B ToMy 0 Y BOJASHHUX PO3YH-
Hax 00JacTh MOTEHIlaliB OOOPOTHOI €MHOCTI JJi HITPUJHHUX IUTIBOK CTaHOBHUTH
Tutbku = 0.7 B B To#t yac sk 11 RuO; 151 obmacts cranoButh = 1.4 B [92]. [1o3a mi-
€10 po00YOI0 001acTIO B1AOYBAETHCS PO3UMHEHHS HITPUIHUX TUTIBOK. Lle mpuBOaUTD
JI0 IeSIKOT0 OOMEKEHHS IXHhOTO BUKOPHUCTAHHS sIK 3aMiHHKMKA RuO,.

A. ImneoancHun memoo oocnioncenns llcK



Ha (puc.12.) naBenena 3anpomnonoBaHa Jle JIeBl ekBiBajieHTHA cxeMa JJis TTOPH-
CTOTO €JIEKTPOJIa y BUTJIAJl TPAHCMICIIHOT JIiHI1, [0 BPaXOBY€ HE TUIbKU MPOIIEC 3a-
psoxenust TIEIN, ane i nportikanns ¢gapaaeeBcbkoi peakinii [40, 41]. Kpim eneMeHTiB
cxeMu Ha (pHC.6) I cXeMa MICTHTh TaKOXX IMIIETaHC €JIeKTPOXIMIUHOI peakiii Zg

napaebHO MIAKIIOYEHHUN 0 KOKHOI EMHOCTI.

E+de E
i i-di
— — ] —> | — —» 1 —
i i
ZF X
Cydx
X x+dx S

Puc.12. ExBiBasieHTHa cXeMa JJIsl MOPUCTOTO €NEKTPOAa 3 BpaxyBaH-
HSIM TpOTiKaHHS (apaneeBcbKoi peakiii [40 41]
TeopeTnunuil aHadi3 IMIIEAAHCY TMTOPUCTOTO €IEKTpoa s (papageeBChKUX pe-

aKLii Ty
O,+ne—>R, (42)

OyB npoBenenuii B [111]. IMnenanc BU3Hauae€ThCs O PIBHSHHIO

Z, = cos(ml) /(kAgm) (43)
1e | - JOBXXUHA MOPH, K - TUTOMA €JIEKTPONPOBIIHICTh €IEKTPOIITY, A, - IUIONIA IMo-
IIEPEYHOr0 Iepepi3y MOpH, m = ‘(l/k/ lpCS +(pCp)/(pCLR +1)]1/2 Cs 1 Cy - nBOmApoBa 1
dapaneeBcbka €MHOCTI; k' =kA,/S; S - IJomIa MOBEPXHI MOPHCTOTO €JICKTPOJa Ha
OJIMHUIIIO IOBXXUHU TIOPH, p - ¢akTop neperBopeHHs Jlammaca, R - omip dapaneeBch-
KOTO TIPOIIECy 3apsiay.

Y BHIAJKY, KOIMH @ —> 0200 |ml| — oo piBHAHHA (43) MEpeTBOPUTHCS B PIBHIHHS
mudysiitHoro iMnenancy BapOypra 1 gazoBuil KyT 3anexHOCTI AopiBHIOE 45°. B 00-
JacTi HU3BKUX YacTOT HpHU |mi| — 0 ko |oC, Rl da3oBuii KyT 3poctae 10 90° (puc.
13.). Iloxibuwuit rogorpad imnenancy 0yB orpumanuid B [112] nnas OKCHAHOI IUTIBKH

Ha Ru.

Ilcesookondencamopu Ha 0CHOBI eleKMPOHO-NPOBIOHUX NOJIMEDI8



OnHuM 3 JOCSTHEHb E€JEKTPOXiMii OCTAaHHBOTO POKIB Oyja po3poOKa eleKTpo-
HonpoBinHux nomimepi (EIIII). ¥V miit obnacti Oyna omyOnikoBaHa J1yKe BEeJIUKa Ki-
JBKICTh po0iT, Hanpukian [113-123]. OkucHO-BITHOBHI peakiii moiaiMepiB 13 CUCTE-
MOIO CHOJIy4eHUX NOABIMHMX 3B'a3kiB: momianeTtwieHa (ITAm), moninapadenineHa
(III®), nmonituodena (IIT), momianinina (ITAn), momimippona (III1) ta iHIIUX -
JIOCUTH OOOPOTHI 1 MPOTIKAIOTH SIK IMiJl BILTMBOM XIMIYHUX PEAreHTIB, TaK 1 €JIEKTPO-

XIMIYHHUM IILISIXOM.

ow—0

45°

Z
Puc.13. Teopetnunuii ronorpad immenanca mopucroro exexrpoxaa [111].

VY X0l KOKHOI TaKOi peakiii yTBOPUTHCS MONICHOIYKA MK OKUCIEHUM a00 B1JIHOB-
JIEHUM TOJIMEpPOM 1 10HAMU MPOTUIIEKHOTO 3HAKY (IPOTHMBOIHOHAMM), BIIPOBAJIKE-
HUMH (IHTEPKAILOBAHHUMH) B TIOJIIMEPHY MaTpuilto. EXeKTpoHHA MPOBIAHICTD 3/1H-
CHIOETHCSI B PE3yIbTaTi JOMIPYBAHHS WIJSXOM YTBOPEHHS MEJIOKAII30BAHUX T -
€JIEKTPOHIB ab0 AIPOK 1 MEPEHOCY iX MiJ BIUIMBOM €JIIEKTPUYHOTrO MOJS MO CUCTEMI
MOJIICTIONYYEHUX MOABIMHUX 3B'A3KIB, SKUMU Bosojle Oyab-saxuii EIII. OcHoBorO
Bukopuctanus psany EIIIl sk enexktponiB IIcK € moctaTHs oOOpOTHICTH pemOKC-
peakKIliil ix eJeKTPOXIMIYHOTO JOMipyBaHHsA-IeaonipyBanus [1, 122].
[Iporiec 0OOPOTHHOTO EIEKTPOXIMIYHOTO JOMIPYBaHHSA-IEIONIPYBAHHS MOXE
OyTH MPeICTaBICHUI HACTYITHUMHU PEAKIIIMU:
P, —xe+xA” <> P A (44)

P +ye+xM* <> P "M’ (45)



ne P, - moJIIMep 13 CUCTEMOIO CIIOJYYEeHHUX MOJBIMHUX 3B'S3KIB, m - CTYyIIHb MOJIMe-
pm3arii, A" - anionn, M' - xationn. TyT 377iBa HaNmpaBo iXyTh peakilii JOMipyBaHHs, a
y 3BOPOTHOMY HamNpsIMKY - peakiiii nenonipyBanns. Peakiis (44) € peakiii€ro OKUCHO-
ro p-IomnipyBaHs, a peaxiis (45) - peakiie€ro BIAHOBHOTO n -AOMipyBaHHs. bilbliicTh
EIIIT moxyTth OyTH TUIbKHM p-pomnipyBaHi. OnHak aeski EINIT moxyTs Oyt 000pOTHI
SK pP-IOMIpyBaHi Tak 1 n-gonipyBani. Jlo Hux BigHocsaThes [lar, [T 1 ixHi moxigHi.

Binomi tpu tunu enextpoximiunux xkouaencaropis (I, II i III), y sikocti akTuB-
HUX €JICKTPOJAHUX MaTepianiB sikux BukopuctoByroThes EIIIT [124, 125].

Jlo Tumny | BiTHOCUTBCSI KOHAEHCATOP, BUTOTOBJICHUN HA CUMETPUUHIN KOHQIry-
pauii 3 IIEHTHYHUMH aKTUBHUMHU MaTepianiamMu Ha OCHOBI p-pomipyBaHux EIIIT (na-
npukian, Ha ocHoBi IIIT) Ha 06ox enekTpomax. Ha (puc.14.) HaBemeHi po3psaHO-
3apsiiHI XPOHOIMOTEHIIIOMETPUYHI KPHBI, 110 XapakTepu3yoTh noeainky CK 13 aBo-
Ma enekTpogamMu Ha ocHoBi I1IT [126].
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Puc.14. 3apsnHO-po3psiiHI XPOHONOTEHIIadbHI KPHBI, I0XapaKTepHU3YyIOTh
noseninky [IcK 3 nBoma enekrpogamu Ha ocHOBI noutiniposia. Enekrpodir: 0,5
M LiClO4 B IIK [126].

Konnencarop tumy Il mMae acumerpuuny koH(irypamito 13 JABoMa Pi3HUMHU p-
nomnipyBaHuMu akTuBHUMH Matepianamu (Hanpukiaa [1I1 1 IIT) na koxxHOMY 3 enek-
TPOJIB.

Tpetiit 1 HallOUTbIII EPCTIEKTUBHUM, 3TinHO [124], TN KOHAEHCATOpa 3aCHOBa-

HUi Ha onHOMY 1 TiMm ke EIIII, mo moxe OyTu sk n- Tak 1 p-AOMIpYyBaHUM E€IEKTPO-



xiM1uHO. 3apskenuit konnencarop tumny Il cknagaeTses 3 omHOro enexkrpoxaa (He-
raTUBHOI'0) B TIOBHICTIO N-JOMIPYBAaHOMY CTaH1 Ta 1HIIOTO €JIeKTpojia (TO3UTUBHOTO)
y MOBHICTIO p-nonipyBaHomy ctadi. [licns po3psiny o6oe EINIT nepebyBatoth y neno-
nipoBanoMmy ctaHil. Konnencarop tuny III mae HacTynHi mepeBaru B MOPIBHSHHI 3
konaeHcaTopamu I 1 Il Tunis: 1) konaeHcaTop tumy III Moxe MaTH BUCOKY Hampyry -
0mm3pk0 3 B B HEBOJHUX PO3YMHAX EJIEKTPOJITIB 1 MOXKE pealli3yBaT CBIA 3apsj y
pexuMi JomipyBaHHA; 2) y 3apsakeHomy ctani o6oe EIII, nepeOyBatoun B gomipo-
BAaHOMY CTaHl, MalOTh MAaKCUMaJIbHy €JICKTPOHHY MpoBiAHICTh. Ha mpoTuBary 1po-
My B koHgeHcaropax TumiB [ 1 II EITIl na ogHOMY 3 eneKkTpo/iiB nepedyBae B AeA0Mi-
poBaHiii (popMi, 110 Ma€ HU3bKY €JIEKTPOHHY MPOBIIHICTH, 110 TPUBOAUTH 10 3HH-
KEHHS MUTOMOI MOTY>KHOCT1 B MOPIBHSIHHI 3 KOHAeHcaTopoM tumy III; 3) BHacmimok
ICTOTHOTO MOJIUTY 00JlacTel MOTEHIlIaNiB N- 1 p-IONIPYyBaHHS BECh 3apsi]l pealli3y€Th-
Csl IPpY BUCOKUX 3Ha4YeHHsAX Hanpyru (y Bunmaaky [T - B intepsani Big 3 10 2 B). To-
My koHAeHcaTopu Tumy [l MaioTh HalOIBII BUCOKI BEIUYMHU MUTOMOI E€HEPTIi,
OJIM3bK1 10 BIAMOBIIHUX BETUYUH JIJIsl aKyMYJISITOPIB.

Tinbku oomexene yncio EINIT Moxe OyTH eneKTpoXiMidHO N-I0MIPOBAHO, 3BU-
YaliHO MPU BUCOKHUX BIJHOBHMX (HETaTHMBHHUX) MOTEHIIaJIaX, 1 TOMY Kpallle BUBYEHI
BractuBocti p-ponipyBanux EINIL: TIIT [127-131] 1 ITAn [127, 128, 132-134]. Bonu
MOXYTh OyTH BUKOPUCTAH1 HE TUILKH B HEBOJIHUX, aji€ ¥ y BOJHUX PO3UYMHAX EJICKT-
pomitiB. Jlo n-gomipyBanux EIIII BimHocuThes 1AL [122, 135-139]. ITA1 mae po6o-
4y 00JaCTh MOTEHIliaMIB, 0 NIAXOIUTh K Juisi podotu aHona [140-143], Tak 1 kaTo-
na [122, 144-150]. IIII®D mae mie OUIbII MIUPOKUM pOOOUMIA /1ama30H MOTEHIIIAIB 1
Moxke OyTu momipoBaHuil enektpoximiuyno [151-154]. Ognak ITAn 1 III® norano
MIAXOJIATh Y SIKOCTI aKTUBHUX MaTepiaiiB KOHJEHCATOPIB BHACIIIOK OCOOIMBOCTEM
MPUPOJIA MPOLIECIB IXHBOI AOMIPOBKHU 1 Jy>KE€ BUCOKUX 3HAUE€Hb iMIeaHCy. Bucokoro
O0OOPOTHICTIO BOJIOJIIOTH Mponecu h- 1 p-pomipyBanss IIT [155-158] 1 itoro nmoxia-
Hux [159-163]. Tomy 11 EIIII € nyxe nepcnekTuBHUMH A1 3acTocyBanHs B [1cK.

EnextpoximiuHi BaacTuBOCTI n- 1 p-gomipyBanux EIIII, mo 3actocoByroThCs y
ITcK I tumny, 300pakeno Ha (puc.15.) [124]. Sk BugHO, BC1 TpU MOTEHIIOAMHAMIYH1

KpUB1 MalOTh MO JIBl 3aMKHYTI NETJI1, MOTEHIIIAIX MiKIB IKUX BIICTAIOTh OJIUH B OA-



HOTO Ha BenuuuHy Onm3bko 3 B. OpHa 13 1ux merenb XapakTepusye peaxiito (44)

OKHCHOT'O p-JOMIpyBaHHs, a 1HINA - peakiito (45) BIAHOBHOTO n-jomipyBaHHsA. Haii-

OUIBITY EMHICTh Ma€ KOHACHCATOP 3 €IEKTPOJaMU Ha OCHOBI NoJH-3 -(4-pTopdenun)

tuodena [124].

0

1
£B

Puc.15. Iluximiuni BodbT-aMIEpHI KpHBi, OTpUMaHi A IUNBOK mojitnodena (1), momi-3-
¢denintuodena (2) i nomi-3-(4-dpropdenin)riopena (3) HaHeceHUX Ha ByrieueBuil namip. Enxexrpo-
ait: 1 M TerpadropOopat Terpaetunamonis (Et4NBF4) B aneronutpune. IIBUAKICTD PO3rOPTKH

notenmiany 0,025 B/c [124].

B [164] nna xonaeHcaTtopa Ha OcHOBI mnouni-3-(4-etunenaiokcu)tuodena 0.1 M

LiClO4 enekTpoJiiTOM B alETOHITPUIl OyJIuM OTPUMAaH1 HACTYIMHI XapaKTEPUCTUKH:

Harnpyra 0.8 B, nutoma enepris Bia 1 1o 4 BT-roa/kr, nutoma notyxHicTh 2.5 BT/kr

Tpu rycThHi cTpymy 1 MA/cM’.

Ta6u.4. Benuunau mutoMoi aHOJHOT Ta KaTOJHOI €MHOCTI (Ha onuHUI0 Macu akTuBHOro EIIIT)

pi3HUX NOXinHUX (Top3amimeHux noipenintuodena [165]

IInt. anogHa
€MHICTD

IInt.xaTomHa

Cepenns cra-

Cepennst cra-

EIIIT €MHICTb OUIbHICTH aH. | OUTBHICTH KaT.
MA-TOI/T MA-TOI/T eMHoCTi % eMHOCTI %
[Tomni-3,4,5-tpudropdeninruopen 32,1 284 99,53 99,90
[Tomni-3,5-nudropdenintuoden 35,2 29,0 98,37 99,92
[Tomni-3,4-nudropdpenintuoden 21,3 28,5 99,85 99,88
[Tomni-2,4-nudropdenintuoden 23,9 23,5 99,76 99,91
[Tomni-2-gropdenintuoden 22,6 26,8 99,80 99,94
[Toni-3-gropdenintuoden 26,8 26,7 99,88 99,87
IToni-4-gropdenintnoden 14,8 30,6 99,88 99,87

B [165] HaBeneni BeIMYMHN MUTOMOI aHOJAHOT Ta KaTOJAHOI €EMHOCTEH (Ha OJH-

Huio macu aktuBHoro EININ) piznux nmoxigHux ¢rop3aminieHux nonaigeHuituodena




B 0.25 M po3uuni TeTpabytunammoHis tetpadgropoopara B [1IK mist nepuioro nukiy,
a TaKOX BIAMIOBIJTHOT BEJIMUUHU CEPEAHBOT CTA0LILHOCTI AaHOJIHOI Ta KATOJAHOI €EMHOC-
te nns nmepmux 100 mukmiB (ta6n.4.). 13 wmiei tabmuui BUAHO, 1O MOJi-3-5-
mupropbenuiTuoPpeH Mae HaMBUII BEIMYMHU MUTOMOI aHOJHOT 1 KaTOJHOI €MHOC-
Tell. 3HaueHHs1 MakcuMaibHO1 Hanpyru 17 Beix uux EINIT 61u3eki no 3 B.

JlocuTh BUCOKI BeMYMHU MUTOMOI eHeprii Oynu otpumani st [IcK Ha ocHOBI
nonu-3 [126], noni-3-(3,4-mudropdenin)ruodena i nomni-3-(4-nmuanopenin)ruodena
(Tabn.5.) [166].

Ta6a.5. IopiBusneHi xapaktepuctuku [IcK Ha ocnoBi momi-3 [126], noni-3-(3,4-nudropdenin)

tuodena (IIIDPDT) [166] 1 moni-3-(4-unanodenin)ruodena (IMLDT) [166]

. Hanpyra na xomipui. | Yac po3psiny. | [Tutoma  enepris | [IutoMma  mOTyXHICTH
[Tommep . .
B C Br-roa/kr nonimepa | Br/kr noximepa
[Tomi-3 2,7 10 26,5 8
[MADDT 2,8 10 33 11
[HOT 2,9 10 45 11

B [167] 6y mocmimkenuit IIcK III tumy, BuroroBienuit Ha mnoii-(3-mapa-
dbropdenin)tuodeni. Sk enekrpomT BukopuctaBcs 2 M EtyNBF, B anetoniTpumi.
Yactka eMHOCTI, oTpuMaHoi mpu 200 MA/cM” Bix eMHOCTI, oTprManoi mpu 10MA/cM?,
JIOCHTH BeHKa i ckinana 85%. Jst IIcK Gymo mposenero o 2.7-10° mukmis. s iM-
MyJILCHOTO PO3psiay mpoTaromM S5 mc nutoma eHeprig [IcK (Ha oauHuIO HOTO Barm)
cknana 10 k/x/kr, a nuroma noTyXHICTb - 2.0 KBT/kT.

B [168] nocmimxyBamucs IIcK II Tunmy, BuroroBneHni Ha mnomi-3-(3,4-
mupropdenun)tuodeni. Y 11poMy BUNAJAKY MPOBEIACHO 107 mukmis. [Ticns gecsTuMin-

JIOHHOIO LUKy 3anumanocs uie ouipme 50% eMHOCTI.

A. Makpokinemuxa npoyecie ¢ EIII
VY GinpmiocTi poOiT 3 enekrpoximii EINI maiBku mpoBiIHUX MOJIMEPIB PO3TJIA-
JAI0ThCS K KOMITaKTHI, TOOTO Oe3nopucTi. 30BCIM OYEBUIHO, IO Oyb 1€ TaK, TO Hi
npo sike npaktuuHe 3actocyBanHs EINII y I1cK 1 xiMiuHuX mKepenax CTpyMy HE MO-
1710 OYyTH i MOBH, OCKUIBKHU B IIbOMY BHIIaJIKy MOXYTbh p€aji30BYBATUCA TUIbKU JAYyKe

MaJil cTpyMu 3apsay ¥ po3psaay. B [169,170] metonamu prytHoi napometpii (MPII) 1




€JIEKTPOHHO1 MIKPOCKOIIi OYyJI0 BCTAHOBJIEHO, LIO L IUJIIBKM MalOTh BHYTPIIIHIO TO-
puctictb. OHAK 111 METOAN HE BPAaXOBYIOTh TOT0, IO 10HOTEHHI MOJIIMEpH Habyxa-

I0Th Y PO3UYMHHHUKAX, 1110 PUBOJUTH 1O CUJIHHOT 3MIHU iXHBOT TOPUCTOI CTPYKTYPH.

.
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Puc.16. Mogens ctpykTypu enekrponaa Ha ocHoBi EINIT: 1- cTpyMOBiIBiI JOCTIIKYIOUOTO EIEKT-
pona, 2- mopUIpoCcoYeHi eneKTpoaiToM, 3- 6e3nopucti pedpunu EINI, 4- antuenexrpon [178].

VY pobotax [171-175] ana pocniympkenns nopuctoi crpykrypu Ilan 1 I1I1PD Oys
Bukopuctanuii MEII [176,177]. ¥ MEII, na Biaminy Bin MPII, He BukopucraeTbcs
BJIaBJICHHS PIAMHU B MOpHU MiJ OUIBIIMMHM TUCKAMH, 10 BUKIOYAE AedopMalliro
CTpykTypu noiimepiB. Kpim toro, ayxe BaxiuBo, mo MEII MoxHa BUKOpHUCTOBYBa-
TU J11 BUMIPIOBAHHS 3MOYYBAHOCTI PIUH, Y TOMY YHCII M TUX, K1 € pOOOUYUMU ISt
JociKyBaHuX 00'exTiB. B pesynbrati 3a monomororo MEII Oynu Bnepiie goci-
JOKEH1 pealibHl, TOOTO HAOPSKIIl B pO3UMHAX €JIEKTPOJIITIB, IOPUCTI CTPYKTYpPHU PALY
3azHauenux EIIIl. byno BcTaHOBIEHO, IO B Pe3ybTaTi MPOCOUYECHHS E€IEKTPOIITOM,
BHACJIJIOK COJIbBATAllli aHTHUIOHIB B1I0YBA€THCS PO3XOJIX)KEHHSI TTOJIMEPHUX JIAHITIOT1B
1 30UIBIIEHHSI MOPUCTOCTI Ta MUTOMOI MOBepxHi. HaOpsikiai B €IeKTPOJITI IUIIBKH
EIIIT MaroTh BUCOKOJIUCTIEPCHY MOPUCTY CTPYKTYPY 3 BEIMUMHAMH MOPUCTOCTI B Ki-
JIbKa JIECSITKIB 00'€eMHUX BIJICOTKIB, AY’K€ BEJIMK1 BEIMUYUHHU IMTUTOMOI1 MMoBepxHi Big 80
10 600 M*/em’, 3 pagiycamu mop Bix 1 mo 100 HM i i3 cepennimu pagiycamu Gecriop-

ctux ¢i0pun Bix 2 1o 10 am. [Mopucta ctpykrypa EINIII icTOTHO 3a1€XUTh Bl CTyMe-



Hs 1X JOMIpyBaHHS, BiJ] CIOCOOY MoOJIiMepH3allii, Bil BUIY aHTUIOHIB 1 BiJl TEXHOJOT11
BHUTOTOBJICHHS eJeKTpoiB [171-175].

i maHi mpo MOPUCTY CTPYKTYPY MOCIY>KUIIA OCHOBOIO ISl pO3POOKH MaKpOKi-
HeTHYHO1 Mojienl pobotu enektpoxdiB 3 EINII [172, 175, 178]. Ha (puc.16.) HaBeneHe
cxemaTuyHe 300paxeHHs cTpykTypH enekrpoza 3 EINII [178]. lua nmpoctotu npuiiH-
ATO, IO €JIEKTPOJ CKIAAAETHCSA 3 KOHTAKTYIOUMX MK COOO0 HMHIIHAPUYHUX (iOpuI
EIIII 13 cepennim pazaiycom Ry, mo moxe Oytu BuzHauenuit MEIL ITpomixku mix
BOJIOKHaMH (TIOpH) 3amoBHEH1 eneKTposiToM L — ToBmmHa enektpoaa. Posrmsna-
€ThCSl MAaKpPOKiHETHKA peakiiil (44) 1 (45) nonipyBanus-neaonipyBanns EINII anTtuio-
HaMH. Y TpoIeci JOMIpyBaHHS aHTUIOHU NUPYHAYIOTH MO MPOCOYEHUM EJIEKTPOITi-
TOM TOpax /10 30BHINIHKOT MOBEPXHI OECOPUCTUX (PIOPHII, TOTIM BIPOBAIKYIOTHCS
Bcepenuny piopuit 1 AMGYyHAYIOTh Y HANPSIMKY IXHBOTO LIeHTpa (Y310BX oci p). IIpo-
1[eC JIeNIeTyBaHHS BIIOYBA€THCA Yy 3BOPOTHHOMY HANpsIMKY. PIBHSIHHSA 1Ji1 HECTaIlio-
HapHO1 TBepAoda3zHoi nudy3ii aHTHIOHIB BCEpeIHH1 eleMeHTapHo1 Oeciopuctoi Pi-
Opwiiy, BIIMOBIAHO 10 Apyroro 3akony dika, mae BUTIISA

(6c/dt)/ D =0d%c/dp* +(dc/dp)/ p (46)
7€ C - KOHIIEHTpallisi aHTHIOHIB, po3urHeHUX y ¢iOpunax, D - ixHiil koedilieHT
tBepaodazHoi qudysii y pidbpunax, t - yac. st MIKpOKIHETUKH €JIEKTPOXIMIUHOI pe-
akiii (44) a6o (45) Oyno BUKOPUCTAHO HACTYIHE PIBHSHHA 3 T€OPii BHOBLILHEHOTO
po3psay (MIKpOKIHETUYHA 3aJIEKHICTB):

i, = +iy{(c, /¢, exp(aEF | RT) - exp|— (1- @) EF / RT|} (47)

ne i, - JOKaJibHa TyCTHHAa CTPpyMy Ha OJMHMIIO MiX(a3zHOi MoBepxHl (iOpu-

nmn

7a/eneKkTpodiT B nopax, E - momapuzanis, "+" - qus po3psany, "-" - mns 3apsay, Co -
KOHIIEHTpaIlisi aHTU10HIB Ha noBepxH1 ¢i6pun EINII. ¢; - koHIIeHTpallisi aHTHUIOHIB JI0
MOYaTKy po3psiay, To0To npu t = 0.
Jliist po3noainy mossipu3aiiii B3JI0BK OC1 X HAIIPaBJiI€HOT HOPMAJIbHO J0 MOBEPXHI
€JeKTPOo/ia, CIPABEUIMBE HACTYIIHE PIBHSHHS:
Si(E, x) = 2t0[k(EOE | ox)]/ ox (48)
K€ BpaxoBye Ipoliecu Mirpaiiii Ta qudy3ii 10HiB y O1HAPHOMY PO3UHHI €IEKTPOIITY

B MOpax, a TAKOXX MIKPOKIHETHKY €IeKTPOXIMIuHOi peakili. TyT k - epekTuBHA eek-



TPOMPOBIAHICTD €IEKTPOIIITY B NIOPAX, ¢ - UACIO MEPEHOCY aHTUIOHIB B €JIEKTPOJIITI.
S - muroma moma nosepxHi EIIIT (o0ymosnena MEII), i- nuTtoma nokajibHa IyCTH-
Ha CTPyMY Ha OJMHUIIIO peanbHO1 moBepxHi EINII.
['ycTuHa J0KanbHOTO CTPYMY 1 piBHA CyMI I'YCTUH CTPYMY €JIEKTPOXIMIYHOI pea-
Kuii (i,) 1 3apsmkenns IIELI (i,):
i=i +i (49)
W i =C (0E/07) (50)

C, - nutoma emHicTb [IEI Ha ogunuiio mixkdaznoi noBepxHi EINI/enexTpomnit.

EB

1 1 3 [ 'l
0 0.2 0.4 q

Puc.17. 3niBcraBieHHs po3paxoBaHoi (1) 1 ekcriepuMeHTanbHOI (2) po3psaHuX
KPUBHUX JJIs NEKTPOXIMIYHO CHHTE30BaHO1 colli mouiaHiamiHa [TAuBF, B 1 M
LiBF, B T'BJI npu rabaputhiii ryctuni crpymy i= 2mMA/cm” [175]

I3 1i€i cuctemu piBHSIHb BUILIUBAE, 110 €JIEKTPOJI € CUCTEMOIO 13 JBi4l PO3MOi-
JIEHUMH TapaMeTpaMHy - MO KOOpAUHATaX X U p . B3MOBXK IUX KOOPAUHAT 3MIHIOETh-
Cs KOHIICHTpAIlisl aHTUIOHIB. [[aHa cucTema piBHSIHb O0YHCIIOBAIacs 3a JOTIOMOTOIO
komm'torepa [172, 175, 178]. Ha (puc.17.) HaBefeHe CIIBCTaBICHHS pO3PaXyHKOBUX 1
€KCIEPUMEHTAIBLHOT PO3PSIAHUX KPUBUX JJI €JIEKTPOXIMIYHO CUHTE30BaHO1 COJI1 TO-
mianianina [TauBF, mpr i = 2 MA/cM® (Ha OJMHHIIO 30BHINIHBOT OBEPXHI EIEKTPO-
na), noOyJaoBaHUX y KoopauHartax nonspu3zaiii (E) - BiiHOCHa KUIBKICTB 3apsay (q)
[175], ne

q =3it/(SR,LFc,) (51)



3 (puc.17.) BUMINBAE, 110 € CHIBMAJaHHS MK €KCIIEPUMEHTAIbHUMU PE3yJibTa-
TaMHl Ta HABEJICHOIO BHINE TEOPI€I0, IO CBIAYUTH MPO aJE€KBATHICTh MPUUHITOI B
[172,175,178] moneni po6oTu enexktpoAiB Ha ocHoBi EIIII. Kpim Toro, 4iTko BUaAHO S
- TOAIOHUI XapaKTep PO3PSAHUX KPUBUX, 10 CKIAAAIOTHCS 13 TphOoX AUIsHOK. [Toya-
TKOBA Ta KIHIIEBA JAUISTHKA Ha pO3psaHii KpuBiid oOymoBieHi 3apspxenusam [IEILL, a
cepeaHs AUISHKA 31 3HAYHO MEHIIINM HaXWiIoM OO0yMoBJieHa (apaZic€BCbKOIO peakili-
€10 JomnipyBaHHs-AeaomnipyBanusa. Otxe, 3apsmkenuit [1ELL BHOCUTh y cymMapHY eM-
HicTh gaHoro EIIIl BHecok, IiIkOoM MOPIBHSIHHHUM 13 BHECKOM, BHECEHUM (papageeB-
CBKOIO MCEBIOEMHICTIO. le 00ymMoBI€eHO TyKe BUCOKUMHU (Y KUJIbKA COTEHb M°/T) Be-
nuyuHaMu nutomoi noBepxHi EIII y HaOpsikiioMy B €1€KTPOIIITI CTaHI.

3a3HaueHul S-MoJIOHUN XapakTep po3psaHux KpuBux enektpoxaiB i CK nHa oc-
HoBI1 EIIII € 3aranbHuM, ane Ha MPaKTHIIl BIH YaCTO BUPOJIKYETHCS B KPUBY, OJIU3bKY
70 TIPSIMOI, Ha SAKIM Malke He MOMITHI TpH 3a3HadYeHUX AUIIHKU (puc.14.). Lle o0y-
MOBJICHO MEBHUM CITIBBIIHOIIEHHSM CTPYKTYPHUX 1 KiHeTuuHuX mapameTpiB EIIII, a
TaKOX MapameTpiB, 110 XapaKTepU3ylTh PEKUM POOOTH €IEKTPO/Ia, HAIIPUKIIAI, BiJI-
HOCHO BUCOKMMU 3HAYCHHSIMU I'yCTUHU cTpymy [172, 178].

brnu3bpkuil 10 AHIKHOTO BUJT PO3PAIHUX 1 3apSAHUX KPUBUX JJISI YACTUHU PEIKU-
MiB ekcruryaTtarilii IIcK Ha ocnosi EINIII npuBiB aesxkux aBTOpiB 10 MOMHIJIKOBOTO BH-
cHOBKY 1ipo Te, 1o 1ie JIIK, To6To OyB mMOBHICTIO 3ITHOPOBAaHUN BHECOK Yy iXHIO CY-
MapHy €MHICTb (papaZie€eBChKOI MCEBJIOEMHOCTI OOYMOBIEHOT IPOTIKAHHSIM E€JIEKTPO-
XIMIYHUX peakiii gonipyBaHHsA-aenonipyBanus [179, 180]. s nmomuika oueBuIHA,
Mo-Tepiie, TOMy, 0 HEMae HISKUX MiJCTaB ITHOPYBaTU 3a3HA4YeHY (apageeBChbKY
peaKIliro 1 Mo-apyre, TOMy, IO SKIIO BCIO BUMIPIOBaHY €KCIEPUMEHTAILHO €EMHICTD
BigHecTu 1o 3apsmxens [IEI, Toai moTpiOHO Habarato OUIBIIOrO 3HAYEHS MUTOMOT
MOBEPXHI, YUM Ti 3HAYCHHSI, SIKI EKCIEPUMEHTAJIbHO OTPUMAaHI1 1 HaBITh Y MPUHIIHUIIL
MOXYTh MaTu Micuie ajs peanbuux EINTL.

3 i"moro 60Ky, po3psanna kpusa s [IcK sikicHO Biapi3HSIETHCA Bl pO3pAIHOL
KpUBOi ISl 3BUYANHOTO aKyMYJIITOpa, OCKUIBKU PO3psAJIHA KPUBAa OCTAHHBOI'O MiC-
TUTh OCHOBHY JIUISHKY, IO BIAPI3HIETHCS MPAKTUYHOIO HE3AJEXKHICTIO HAMPYTH BiJ

crynens po3psany. Jdus I1cK na ocunosi EINI HaBiTh cepenns - GapaaeeBchka AUISHKA



PO3PSAIHOT KPUBO1 Ma€ IUIKOM MoMiTHUM Haxui (puc.17.). lle nmoB'sa3ane 3 Tum, 110
3aJIeXKHICTh MOTeHIiany Bix cryneHs pospsay EINIl mae micue HaBith mpu 1 — 0,
BIAMOBIHO 110 piBHAHHA HepHcTa, sike BXOAUTH B SIKOCTI CKJIQJ0BOT YACTUHHU B MiK-

pOKiHETHYHOMY piBHsIHHI (49) ny1s hapasieeBCbKOI peakiiii.

T'iopuoni konoencamopu

V¥ I'K BUKOpPUCTOBYIOTHCS €IEKTPOIM Pi3HUX TUMIB. Hampukiaa, oquH eneKkTpo
- OKCHUJ MeTajy, a IHIIHWKM eJIEKTPOJI Ha OCHOBI aKTUBOBAHOT'O BYIJICIIEBOI'O Martepia-
ny. 'K tumry "NiOOH/KOH/C™ pospo6ieni Pociticeknmu dipmamu "Daut" i "dema"
[181-187].

Bukopuctanus AB y sIKOCTI OCHOBM JJisi HEFaTUBHOIO €JIEKTPOJia B TIOPUIHUX
CUCTEMAaX JI03BOJIWJIO BJB1Yl PO3MIMPUTU OOJACTh 3MIHM MOTrO MOTEHIIAy B MOpPIB-
a1 13 JIIIK, To6TO 3 cucTeMOI0, 10 CKIAAAETHCS 13 JBOX EJIEKTPOIIB Ha OCHOBI
AB.

Bcei npouecu, mo BigOyBarOThCA B 00'eM1 MO3UTHBHOIO €JIEKTPOJAA Ta Ha HOro
MOBEPXHI, aHAJIOT14YHI MpoiiecaM, 110 BiOyBatoThes B NyxHUX Oarapesx. [Ipu 70-80
% creneni 3apsaay NiO, elekTpoaa MOKIHUBE BUAUICHHS BUIBHOTO KHUCHIO, IO MPH-
BOAMTH J10 PyWHYBaHHS HecTeXioMeTpUUHUX OKCUIIB HiKemto (NiyOyxyo8...1) pu mepe-
3apsani. Tomy He cnia nmoBHICTIO 3apsypkatu Ni1O, enexktpoau I'K. Ilpu po3psiai Bia-
OyBa€eThCSl MPOTOHI3ALlISI KPUCTATIYHOI PEUIITKH MMO3UTUBHOTO €JlekTpoaa. B obnacri
BHCOKHUX PO3PSAHUX CTPYMIB €EMHICTh riOpuaHoro kounaencatopa C/NiO, KOHTpoOJIIO-
eTbesa eMHICTIO N10; eleKTpoia, sSiKa 3aJeKUTh BiJ MBUIAKOCTI €JIEKTPOIHOIO IIPOIIe-
cy Ha upoMy enektponi [182]. Poboua obnacth moTeHIianiB KOHJIEHCATOPA CTaHO-
BuTh 0.8 — 1.7 B. OcHoBHi xapaktepuctuku ['K ¢ipmu "Dnut": nutoma enepris 4-5.1
Br-roa/kr, nutoma noTyxHicTh - 1300-2300 B1/kr [182]. IIutoma eneprisa 'K Buie,
Hik y JJIK 1 Huokde, HiX B akymyasiTopis [181].

Makcumanbna nutoma enepris 'K ¢ipmu "Ocma" cknana 11 Brroa/kr [183-
187]. €mHIiCcTh HBOTO KOHAEHCATOPA MPAKTHUYHO JIOPIBHIOE €MHOCTI HETaTUBHOIO
eqieKkTpoaa U ictotHo Bule eMHocTi BianosigHoro UK. Pecypc pobotu Bu3Haya-

€THCSI TO3UTUBHUM €JIEKTPOJIOM, JI€ B1IOYBAaIOTHCS MPOLIECH JIeTpadallii.



I'K 13 RuO,'xH,O - MO3UTHUBHUMH €IEKTPOJIaMH 1 HETaTUBHUMH €JIEKTPOIaMHU
Ha OCHOBI aKTHBOBaHOro Byremo Oymu BuBueHi B [188]. 'K Takoro tumy maroTh
emMHICTh 770 @/r 1 BUCOKY nUTOMY eHeprito (26,7 Br-ron/kr). IIpo MoxinuBoCTI CTBO-
penns 'K 13 enekrponamu 3 y-MnQO, 1 akTHBOBaHOTO BYIJIEI[0 onrcaHo B [ 189].
Po3po6ineni takox 'K 3 aHOIM 13 €IEKTPOIITUYHOTO KOHJIEHCATOpa M KaToJlaMu
Ha ocHOBI okcuay Ru [99, 190]. [Tutoma eneprist nux 'K BusiBUnacst MmeHIe, HixK Jist
CUMETPUYHOTO KOHJIeHcaTopa 3 RuO, enektpomamu [99].
VY 3AT "Uukap" 1 B [HcTuTyTI enekrpoximii im. A.H. @pymkina PAH po3po0ie-
Hui HOBU TN ri6puaHoro enekrpoximiynoro CK (I'ECK) [48], sxuit mae mopuctuit
MOJIMEPHUHN CelapaTop, HETaTUBHUN TMOJISpU30BaHUN ejaekTpoa Ha ocHoBl ABT
(S=1000-2500 M*/T) i IO3UTHBHMI MAIOMOSPH30BAHMIT €IEKTPO Ha OCHOBI CHCTe-
mu PbSO4/PbO, Ha siIKOMY B CIPKOKHCIOTHOMY €JIEKTPOJIITI MPOTIKA€E HACTYITHA pea-
KIT1SI.
PbO, + H,SO, +3H" +2e <> PbSO, +2H,0 (52)
Ha neratuBHOMY enekTpoii BiiOyBaeThes npoiiec nepesapsaxenns [TELL:
(H"),,/E, +H,S0, <> H" +(HSO,),, | E +2e (53)
CyMapHa peakilisi B KOHJIEHCaToPi:
PbO, +2H,SO, +(H")., | E. <> PbSO, +2H,0+(HSO;),,/ E (54)

ne E 1 E, - NO3UTUBHO 1 HETaTHBHO 3aps/KEHa IMOBEPXHS aKTUBOBAHOT'O BYTJelle-

BOr'0 MaTepiany.
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Puc.18. Cxematuune 300paxkeHHs TIOpUAHOTO KOHAEHcaTopa; l-kopmyc, 2-i3onstop, 3-

CTPYMOBI/IBi/I, 4-HETaTUBHUI €NEKTPOJ, S-NO3UTUBHUHN €NeKTpoAd, O-MOpUcCTHil cemapaTtop, 7-

TFEpPMETHK.



I'ECK moxe 0yTu BiiHECEHUN J0 €IEKTPOXIMIYHUX €IEMEHTIB MAaTPUYHOTO TH-
1y, TOMY IO €JIEKTPOIIT TIIBKH B MOPUCTOMY MPOCTOP1 000X €IEKTPOAIB 1 cemapa-
TOpa Ta BIICYTHIN y BiibHOMY cTaHi (puc. 18) [48,87,88]. OCHOBHI XapaKTepUCTUKHU
I'ECK mnpexacraBieni B Tada. 6. CriBBIIHOIIEHHS aKTUBHUX Mac 000X €JIeKTPOIiB
niAOUpanocs TaKUM YMHOM, 1100 KOHAEHCATOp MPALIOBaB y PEXUMI, y SIKOMY €M-
HICTh BHU3HAYanacs MOJISIPU30BAHUM €IEKTPOoJIoM. ToMmy pO3psiiHi 1 3aps/iH1 KpHBI

MIPU HE BEJIMKUX CTPyMax MarOTh MPAKTUYHO JIHIMHUI BU/I.

Taoauusa 6. Ocuosni xapakrepuctuku ['ECK, po3pobneni B 3A0 ,,Iukap” i B IEJT im.. A. H.
®pymkina PAH.

Hassa nmapamerpa BennunHa napamerpa
[Tutoma eMHICTh ByriieneBoro enekrpona, @/r | 600

[TuToMa MacoBa €HEProEMHICTB, Brron/kr | 20-25

Iutoma 06’eMHa eHeproeMuicts,  Br-rom/mm® | 60-65

MaxkcumanbHa Harpyra po3psay, B|2.0

MinimanbHa Hampyra po3psny, B|0S5

BuyTpimHii ormip, MOM | 3-5

[ukniaanii pecypc (uxomm) | 10000

Yac 3apsny, xB. | 20-30

Jliana3zoH poOoumx TeMIepaTyp, C | -40...+60

Ha mingcrtaBi cTexioMeTpii eNeKTpOoXiMIYHUX MpolieciB, 1o npoTikaioth y 'ECK
(54), 6yna po3pobiieHa MeTOIMKa po3paxyHKy 3MiH 00'emy enektponity B 'ECK y
mpotiect 3apsaay W po3psay, a TakoX 3MiH 00'eMiB TBepIOi 1 ra3oBoi ¢a3. byno BcTa-
HOBJIEHO, IO B MPOIEC] pO3psly BiAOYBa€eThCs 3MEHILIEHHS 00'eMy piakoi (a3u Ha 5-
20 % 1 3MeHUIeHHs! KOHLIEHTpauli exexkTpodity Ha 15-50%. Ilpu nboMy 30 U1bIIyETHCA
o0'eM TBepaoi Pa3u 3a paxyHOK piIMHHO-TBepaoda3zHux peakiiii Ha PbSO4/PbO, -
eJIEKTPOIi 1 3MEHITy€eThCs BHYTPIIIHil THCK rasis Ha 3-12.2 kITa. FiMoBipHoO, i3 umu
MpollecaMy MOB'sI3aHa CIIOCTEpEeKyBaHAa Ha MPAKTUIIl ICTOTHA 3MiHA BHYTPIIIHBOTO
onopy I'ECK y nporueci 3apsany i po3psay. [lpu cepeaHix cTyneHsX 3apsKEHOCT1
I'ECK omnip MiHIManbHUM, a MpU 3MEHIIECHH] Ta 30UIBIICHH] CTYIEHS 3apsAXKeHOCT1
B110yBaeThCs Horo 30uibiieHHs [48, 87, 88]. Pi3HUMU aHATITUYHUMU METOIaMU OyJio
BCTAHOBJIEHO, 110 Ha enekTpoAl 3 ABT ocamxyeTbCcsi CBUHELD, 1110 NEPEMIIIAETHCS 3
MO3UTUBHOTO €JEKTpoAa, y KiabkocTi 0.5-2 MI/CM, IO TPUBOIHUTH IO 30LIBIICHHS
€MHOCTI HETaTUBHOTO enekTpoaa. [Ipu oMy ICTOTHO 3MEHIIYIOTHCS CTPYMH BUTO-

Ky. 'ECK 3acTOCOBYIOTBCS SIK TSTOBI JpKEpesa CTpyMY B MalluX TPAHCIIOPTHUX 3aCO-




0ax, HAMPUKJIAJ B IHBAJITHUX KOJISICKAX 1 BI3Kax, a Takox y JixTapsax. Kpim toro, ix
IJIAHYETHCS 3aCTOCOBYBAaTH B MOPTATUBHUX MPUCTPOsX (paniorenedoHax, Biieoka-
Mepax, mieepax) 1 1.1. Ogaum 3 nepeBar ['ECK nepen 6aratbMa akymynisiTopamu €

MOXJIMBICTD MIBUAKOTO 3apsaay - 20-30 XB. 3aMiCTh AEKUIbKOX roauH [48].

TEOPIS KAIIUISIPHOI PIBHOBATY B TEPMETUYHUX EJIEKTPOXIMIYHWX
KOHIAEHCATOPAX

Onrtumizaiiis cTpykTypu enektpoiiB 1 cenapatopa 'ECK 3acHoBaHa Ha BUKOpPH-
CTaHHI SBUIA KAMUISIPHOI pIBHOBArd PO3YMHY €JIEKTPOJITY B CHUCTEMI MOP €JIEKTPO-
xiMiyHOi rpymu (EXI'p) maHOrO MaTpu4HOro €JIeMEHTa, IO MPEACTaBIIA€ COOOI0
I[IIBHO MPUTUCHYTI OJMH JO OAHOTO enekTpoau U cemapatop [191]. Cytb manoi
TepMoAuHaMiuHOi Teopii [191] monsrae B ToMy, 110 BEIMYMHHU KaNUISPHUX TUCKIB
HETaTUBHOT'O (p;) 1 TO3UTUBHOTO (p:) €JIEKTPOJIIB 1 cemapaTopa (p:) y CTaH1 Kari-
JSIPHOT PIBHOBAru MPakTUYHO PIBHI MK COOOIO:

p.=p.=p. =D (55)
BennuunHa >k KanuIsspHOro TUCKY p, Y MEHICKY pIIUHHU B mopi 3a 3akoHoM Jlaruiaca
piBHa
p,=p,—p =20cosO/r (56)
n€ p, 1 p, - TUCK PiIMHU 1Tra3y B Opax, r- pajlyc Iop, G - IOBEPXHEBUHI HATAT PO3-
YUHY €JEKTPOJITY, 6 - KpalOBUN KYT 3MOYyBaHHS.

ExcnepumenTtansno 3a nonomororo MEII BUMIpSIIOTECSA 130T€pMHU KaIUISIPHOTO
TUCKY, TOOTO IHTErpasibHI PYHKIIT pO3NOJUTY PiIUHUA (PO3UUHY EJIEKTPOJITY) MO Be-
JUYUHAX p, JJIS BCIX IIUX MOPUCTHUX TLII:

v=rp2), =), v =1"(pl), (57)
ne v' - 00'eM pinuaM (200 TIOP) Y KOXKHOMY 13 IIUX TUT i. Y BUIAAKY TTOBHOI 3MOYYBa-
HOCTI JUIsl BCIX IIUX MOPUCTHUX TUT (0~ ~ 0 ~ 0" ~ 0) MOXKHA Oep>KaTH BIAMOBIIHI QY-
HKIIii pO3MOAUTY MOP MO pajiiycax:

v =¢7(r) vi=97(r) v =9'(r) (58)



ExcnepumeHTanbHO MOXKHA BU3HAYUTU CyMapHUi 00'eM V poO3uuHY €lIeKTpOi-
Ty B KOHJIeHcaTopi. Benuunny V MoXHa TakoX OJiepkKaTH, MiJICYMOBYIOUH BEIUYUHU
JIOKaJbHUX 00’ €MIB €JIEKTPOTITY Y KO)KHOMY 3 MOPUCTUX TLI:
v=r )+ o)+ 1 (0= 0lp.) (59)
[ToTiM 3 piBHSIHB (55)-(59) MOXHA OiEpKATH 3AJIEKHOCT1 BMICTY €JIEKTPOJITY Y
KOXXHOMY OPHCTOMY Tl Big V:
U ) I o () Al T TR (9) (60)
ne ¢7'(V) - 3BopoTHa QpyHKuis Bix Gynkmii (59).
Taxkum yuHOM, BuUMIpsBIIM 3a gonomoroto MEII 130TepMu KamiJispHOTO THUCKY
JUIsl 000X €JIEKTPO/IIB 1 cenapaTopa, MOXKHa, 3HAIOUM V, BU3HAYUTHU BMICT €JIEKTPOi-
Ty KOXHOTO 13 UX nopuctux Tul. [Ipyu nboMy HEOOX1THO BpaxyBaTH 3MIHY CTPYKTY-
U MIO3UTHBHOTO €JIEKTPO/Ia B MPOIIEC 3apsiAy Ta po3psay, sIK mokazaHo Buie. OcHO-
BOIO ONTHUMI3AIlll B3aEMHUX MOPUCTUX CTPYKTYP €IEKTPOJIIB 1 cemaparopa € Te, 110

CTYIIiHb 3aTOILIEHHS (v,) OP KOKHOTO i3 IIMX MOPMCTUX TiJ i MOBUHHA IEpeOyBaTH B
neBHUX Mexax. [Ipu manux BeaudyuHax v, BETUKI OMIYHI BTpaTU HAMNpPYTH, a MpHU

Maif>ke MOBHIM 3aTOIICHHI TOP T€HEePOBaH1 IPH 3apsi/ii i mepe3apsiii ra3u He MOXKYTh
13 TOCTATHBOIO MIBUIKICTIO TPAHCIIOPTYBATUCS 0 aHTHUEIIEKTPOJIIB IJI pereHepartii.
Jlo nmpoBeaeHHs B3aemHoi ontuMizanli ctpyktyp y 'ECK Mana micue HeCyMICHICTb
CTPYKTYpH cemapaTopa 3 HETKAaHOTO MOJIMPONUIEHY 31 CTPYKTypaMU €JIEKTPO/IIB.
Tomy OyB 00panuit OUIBII NIAXOAIINUN 32 CTPYKTYypoto cenapaTtop. Kpim Toro, Oyna
oOpaHa onTUMajibHa BeIW4YMHaA cyMapHoro ob'emy enektpoiaity V y I'ECK. V¥ pe-
3yJbTaTi MPOBEAEHOT onTuMizailii mopuctoi ctpykrypu EXI'p HaBiTh mpu ABOpa3o-
BOMY mepe3apsl (Mo KUIBKOCTI BUTPA4Y€HOl1 ENEKTPUKU) mpu rycTuHi ctpymy 0.5
A/cM” THCK ra3iB BCepeInHi repMeTHIHOr0 KOHAeHcaTopa Oyio MeHe 5 klla, mo He
MOX€E MPUBECTU JI0 pO3repMeTH3ailii KoHaeHcaTopa. JlonaTkoBUM CBITUEHHSIM pere-
Hepallii KHCHIO Ha HEraTUBHOMY €JIEKTPOo/l € (hopma Horo 3apsaHux KpuBux (puc.19),
SIK1 BUXOJSTh HA "TIaTo" Mo ImKani moTeHmianaiB. Lle moscHIoeThes THM, IO B il 00-
JIACTI1 MOTEHIIAIIB CTPYM €JIEKTPOBIIHOBICHHS! KUCHIO CTa€ HabaraTo OUIbIlIE CTPyMY

3apsimkenHs [1ELL 1 mpakTUYHO BCs €IEKTPUKA BUTPAYAETHCS HA MEPIIU MTPOIIEC.
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Puc. 19. 3apsgHo-pospsiani kpusi aist TECK mpu i=10 mA/em?; 1 — manpyra U na ki1emax TECK;
2, 3- norenuiamu E+, E. enexTpo1iB BiTHOCHO BOJHEBOIO €JIEKTPOAA B TOMY K PO3UHHI.

OT1xe, MOBHA pereHeparliss Ha aHTUEJIEKTPOAaX, BUAUISIOMMXCS P 3apsil 1 me-
pe3apsiaii ra3iB 3abe3leuye CTBOPEHHSI MOBHICTIO TE€PMETUYHUX KOHJEHCATOPIB, B
AKX HaBITh HEMa€ HEOOXIAHOCTI POOUTH KJIAMaHU JJIsl aBapiifHOTO CKUJAHHS ra3iB.
JlaHa Teopis KamuIsIpHOT pIBHOBArd 3aCTOCOBHA JJISI T€PMETHYHOIO €JIEKTPOXIMIYHO-

ro KOHJIeHcaTopa OyAb-SKOr0 TUIY 3 PIAKUM €JIEKTPOJIITOM.

I[NOPIBHAHHA XAPAKTEPUCTUK EJIEKTPOXIMIYHUX KOHJAEHCATOPIB I
AKYMVIJIATOPIB

OcHoBHOIO TipuunHOI0 po3poOku LK Oyna HEoOX1HICTH B IEpe3apsIKaEMHUX
€HEPreTUYHUX MPUCTPOAX, Kl MalOTh OUIbII BUCOKY MUTOMY MOTYKHICTh 1 LIMKII4-
HICTh HIX akymynsitopu. UK Binpi3HSAIOTECA Hy*,e BUCOKOIO OOOPOTHICTIO 3apsii-
PO3PSAIHUX MPOLIECIB y MOPIBHSAHHI 13 TPAAUIIHHUMH aKyMyJsiTopamMu (IUKIITYHICTIO
MOPSIAKY TUCSY - MUIBHOHIB IIUKIIIB 3aMICTh JIEKUIBKOX COT€Hb 200 TUCAY LIUKJIIIB JJIs
aKyMyJISITOpiB), 3[aTHICTIO BiJJIaBaTH BHUCOKI MOTY>KHOCT1 (BIAMOBIIHI T'yCTHHAM
CTpyMiB y coTHi MA/cM®) MPOTArOM KOPOTKHX MPOMDKKIB 4acy, MpaLe3JaTHICTIO B
nyke mupokomy iHTepBaii temneparyp (-50...+60°C), repmeTuyHICTIO. 3aBISIKU Tie-
pepaxoBaHUM BUIIIE IKOCTSM O0COOJIMBO nepcneKTuBHUM € 3actocyBanHs J[IIIK y my-
CKOBHUX KOHJeHcaTopHux cucrteMax, ae LK npuennyertscs napanenbHO A0 aKyMy-
nsitopHoi O6arapei. Bukopucrtanusa JJUIK npuBoguTh 10 i1CTOTHOTO 30UTBIIECHHS Tep-

MIHY CIIY>KOU akymyJsTopa 3a paxyHok Toro, mo JIIIK Gepe Ha cebe mikoBi HaBaH-



TaXEHHS NpH 3anmycKy ABuryHa. OcoOmmBo Benuka nepeBara BuxkopuctanHs JIIK
MpU HU3BKUX TemmepaTypax Bif -20 no -50°C. Jlyke BaxJIMBOIO 00JacTIO 3aCTOCY-
BaHHA [[ILIK € BukopucTtanHs ix y KoMOiHaIli 13 IBUT'yHAMHU BHYTPIIIHBOIO 3TrOPSIHHSA
B aBTOMOOWISAX 3 METOK peKymepallii eHeprii TopMo3iHHg aBToMoOuUIa. Ll enepris
MPOTSITOM AY>K€ KOPOTKUX 1HTepBaliB uacy 3amnacaerbcs B JIIIIK, a moTim Bignaerbes
iM y mepioau, Kojiu NoTpiOHA peanizallis Jy>Ke BEJIMKOI MOTYKHOCTI. AHAJIOT14HE 3a-
crocyBanHa [IIIIK y pi3HMX cy4acHMX TiOpHIHHUX CUCTEMaXx IJIAaHYEThCS OaraTbMa
¢dbipmamu. OgHUM 13 NPUKIAAIB TaKol TOPUIHOT CUCTEMH € KOMOIHAIllsl MaJIUBHUM
enement — JIIIIK B enektpomoOini. ¥ miit cuctemi [JIIK BukopuctoByethes y pe-

KUMax peaizailii MaKCUMallbHOI MOTYKHOCTI.

[Tutoma enepris. Br-roa/kr
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[TuTomMa noTyxHicTs. BT/Kr

Puc.20. 3anexHicTs muTOMOI eHeprii Bix muromoi motyxHocti uist: 1-/JHIK, 2- enexTpomiTuayHuX
AFOMIHIEBUX KOHACHCATOPIB, 3-5 akymynstopiB pisHux tuniB — Pb(3), Ni-Cd(4), Li(5) [192].
3a nutromoro eneprito JIIK 3aiiMaroTh cepeHe MONTOKEHHS MIXK €IEKTPOTITHY-

HUMH KOHJIEHCaTopaMH Ta akymyisaTopamu (puc. 20) [192]. OxnHak y giteparypi 3y-
cTpidaroTbest ¥ Outbini 3HaueHHs eMHocTi CK (1o 20-25 Brromn/kr [34, 193]. AIIK
MarTh Kpalli, YUM aKyMYJSITOpPH, MOKa3HUKU MO IMIBUIKOCTI BiAgadi eHeprii (puc.
20). binpmoro nepesaroto CK € Te, 1110 BOHM MarOTh BEJIUKY MMUTOMY HOTYXHICTh. CK
MOXYTh 3aMIHUTH aKyMyJISITOpU B JKepeliax Oe3nepeOidiHOro xapuyBaHHS (HampH-
KJIaJl, Y KOMIT'IOTEpax).

CrtBopennst CK 13 BUCOKOIO MOTYKHICTIO ¥ OUIBIIOI MUTOMOIO €HEPri€r0 € Oc-

HOBHOIO METOIO JIOCIIIPKEHbB, K1 MPOBOSITHCS B 11€H Yac.



BUCHOBOK

Posrasinyro MakpokinetTuuny teopito podotu JIIK. YcranosneHno BmiuB nopu-
CTOI1 CTPYKTYpPH, TApOPLIbHO-T1IPO(GOOHUX BIACTUBOCTEN 1 MOBEPXHEBUX I'PYI aK-
TUBOBAHUX BYTJICIIEBUX €JIEKTPO/IB HA eneKkTpuuHi xapaktepuctuku JIIK.

OnucaHo 0coOIMBOCTI €1EKTPOXIMIYHUX IpolieciB, 1o Bia0yBatoThes B IIcK Ha
OCHOBI (hapaJie€BCHKOI MCEBIOEMHOCTI, €JIEKTPONPOBIIHUX MOJIIMEPIB, a Takoxk y ['K.
[Tpunymeno noBuii Tun 'K, 110 MICTUTh HETATUBHUI €JIEKTPOJI HA OCHOBI aKTUBOBA-
HOTO ByrjeneBoro martepiainy i nmosutuBHuii PbSO4./PbSO, enexkrpon. PosrasnyTto
TEOPII0 KaMUISIPHOI PIBHOBArd B TE€PMETHUUYHMX EJIEKTPOXIMIYHUX KOHJEHCATOpax.
IlokazaHo 0cOOIMBOCTI 3aCTOCYBaHHS MOTEHI[IOAMHAMIYHOTO Ta IMIIEJAHCHOTO ME-
TOMIB JJisi JAOCIHIJIKEHHS eJIeKTpoxiMiyHuX mpoueciB Ha enektpoaax CK. Ilpoanari-
30BaHO BIUIMB PI3HUX (PAKTOPIB HA BIACTHUBOCTI €JIEKTPOJIIB, BUKOPUCTOBYBAHUX Y

CK. HaBeneno pi3Hi TexHOJIOT14H1 BapiaHTH BurotoBieHHs CK.



