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BBEJAEHUE

YuebHoe nocobue coOCTaBIEHO B COOTBETCTBUU C OCHOBHBIMU TOJIOKEHUSIMU
TUCITUTUTNHBI « DJICKTPOXUMHUS, IPETHASHAYCHO TSI METOIMYECKOTO O0SCTICUCHUS
00111e# TOATOTOBKH CTY/ICHTOB B 00JIACTH TEOPETUYECKON AIEKTPOXUMUH.

[TocoOue comepXUT 3amadu IO CICAYIONIUM pasjeiiaM TEOPETHIECCKOU
IEKTPOXUMHUU: PACTBOPHI DJEKTPOJIUTOB, IJICKTPOTHOE PABHOBECHE, KHHETHKA
IEKTPOTHBIX  MPOIECCOB,  HM3ydyaemass ¢  TNPUBICYCHUEM  Pa3TUIHBIX
AIIEKTPOXUMHUIECKUX METOJIOB HCCIICAOBAHNS.

B xaxmo#i riaBe MpHUBOIATCS OCHOBHBIC YPaBHEHUS M TMPHUMEPHI PEIICHHUSI
3amad. Takke KpaTKO OCBEIICHBI TEOPETHYECKHE BOMPOCHI MO TEPMOIUHAMHKE
DIIGKTPOXUMUYECKUX  CHCTEM W  KHHETHKE  JJIGKTPOJHBIX  IPOIIECCOB,
KOHTPOJIUPYEMBIX MTEPEHOCOM 3aps/ia, XMMUIECKOU cTaanei u nuddy3uei.

PaccMoTpeHbl OCHOBHBIE METOJBI HCCIENOBAHUS DIIEKTPOIHBIX PEAKIIUN:
METOJ CTAllMOHAPHBIX IMOJSIPU3AIMOHHBIX KPUBBIX, TajJbBaHOCTATHYCCKUH,
MOTCHIIMOCTATUYECKHIM, TOTCHIIMOANHAMUYICCKAN METOJI, METO/ BPAIIAFOIIETOCST
JTIMCKOBOTO AJICKTPO/Ia, METOJT IEPEMEHHOTO TOKa.

[Tocobue mpu3BaHO TOMOYBL CTYJAEHTAaM B OCBOCHHH TEOPETUYECKOTO
MaTepuaia MPH BBHIMOJHEHUN TPAKTUYECKUX 3aJaHUN 10 OCHOBHBIM pasjeiam
IEKTPOXUMUH, TIPH IMTOATOTOBKE K MPAKTHICCKUM U JTA0OPATOPHBIM 3aHSATHSIM.

OHO MOXeET OBITh HCIOIB30BAHO JIJISI CAMOCTOSITEIIBHONW pabOThI CTY/ICHTOB
(CPC) nHeBHOro M 3a04HOrO OOYUCHHS, a TaKKe JUId YIIyOJICHUS 3HaHUM
ACIIUPAHTOB 10 TEOPETUYECKOMN IIIEKTPOXUMUHU.

[Ipu Hanucanuu MocoOus aBTOPHI UCTIOIB30BAIIA PE3YbTAThI, TOJYYCHHbBIC
KOJUIGKTUBOM  DJIGKTPOXMUMHYECKOM  HAy4YHOM  MIKOJBI ~ DHIEIbCCKOTO
TEXHOJIOTUYECKOTO0 MHCTUTYTA, PE3YJIbTaThl COOCTBEHHBIX UCCIIEAOBAHUM, a TAKKE
JIPYTUX aBTOPOB.



I'JTABA 1. PacTBOpBI 3JIEKTPOJIUTOB

VBenndeHne OOMIEro 4YHCIa 4YacTHI[ PAcTBOPEHHOTO BEHIECTBA IIPH

3HeKTp0HHTquCKOﬁ Jucconuanmn
Mv+ v— S, MZ+ +v_A?
YUYUTHIBAETCH M30TOHMYECKMM KO()(DUIIMEHTOM i, PACCUUTHIBAEMBIM 110 (POPMYIIE:
i=1+a(v-1), (1.1)

IJIe 0. — CTCTEeHb TUCCOIUAIMN; V = V4+ + V. — KOJHYECTBO YACTHIIL, Z +, Z - — 3aPsi/
HOHOB.

OcHOBHEIE YpPaBHCHH:, OIIMCBIBAIOIINC CBOICTBa HACAJIbHBIX PaCTBOPOB
5JIEKTPOJIMTOB!

_: ) . poM g _ .
=1-C-R-T, =1——C; AT=1-KxC; 1.2
" P =000 K (12)

/1€ T — OCMOTHYECKOE JIaBJICHUE;
C — KOHUEHTpalus;
R — razoBast mocTostHHAs;
T — remnieparypa,
p — JaBJICHUE T1apa HaJl paCTBOPOM;
Po — JABIEHUE TIapa HaJl YUCTBIM PACTBOPUTEIIEM;
Mo — MOJIEKyJIsIpHasl Macca pacTBOPUTEIIS;
AT — u3MeHeHHe TeMIlepaTypbl 3amep3aHusl (KUIEHHUSA) 3IIEKTPOJIUTa IO
CPaBHEHUIO C YUCTHIM PACTBOPHUTEIIEM;
Kk (K») — kpuockonuueckas (30yIHOCKOIMYECKasi) TOCTOSIHHAS.

OHeprusi, BBLACIAIONIASCS IMPU B3aUMOJACHCTBUM HMOHOB 3JIEKTPOJUTA C
YaCTUIIAMU PACTBOPUTEJS, HA3bIBAETCS SHEpruen conbBaTanuu Us, a oTBeyaromui
el TerutoBoi 3P eKT — SHTANBIUEH conbBaTarmu (A4Hs).

OHeprusi cojpBaTalMd HOHA IO bBopHy onpenensercs pa3HOCTBIO €ro
NOTEHIIMAIIBHON SHEPTUU B BAKYYME U PaCTBOPE:

2,2
z'e 1
8-7w-&y T, £

TJ€ e — 3apsij JJIEKTPOHA;

€0, € — IUDJIEKTPUYECKAS IPOHUIIAEMOCTh BOJIbI M PACTBOPA, COOTBETCTBEHHO;

I — paanyc MOHA.

OHTAIBIUS M DHEPTHS COJbBATAIlMU CBS3aHBI MEXIy COOOM ypaBHEHHEM

Bbopna-breppyma, corjiacHO KOTOpOMY B IepecyeTe Ha 1 MoJib

2,2
z’e 1 T oe
—AH, =N, ——|1-=—-——— | (1.4)
2
8- mw-gy-m, e g° 0T
AHaTUTHYECKHE METO/IBI pacyeTa Jal0T XMMUYECKYIO SJHEPTHUIO COJIbBATAIH
MOHA, YKCTIEPUMEHTAIBHO MOJTYYAI0T PEallbHYIO.



I[JI}I TCpMOHHHaMquCKOﬁ KOHCTAaHTBI JUCCOIIHMAIIH K)I CIIpaBCAJIMBbI
dinK, AHy

dT RT?’
lodpda mna ycrmoBuit paBHOBECHS: AGS] =-RTInK; ypasuenne I'm66ca-

ypaBHeHus1 u300apel Bant-I'odda: ypaBHEHUE U30TepMbl BaHT-

I'enpMmrompana: AGBI :AH%—TASS]. OnpenensieMble W3 H3THUX BBIPAKCHUI

SHTANBMNS, FHTpONUs, SHEeprus [ mdOca quccoluany yYuThIBAIOT OJJHOBPEMEHHO
MPOLIECCHI AUCCOLUALIUU AIEKTPOJIUTA U COIbBATAIIMM HOHOB.

TepMmoguHaMuyeckue XapakTEPUCTUKKA PACTBOPOB PACCUMUTHIBAIOTCS B
COOTBETCTBHUU C YpaBHEHUEM DUpUHTa:

h-N, s * h-N -
e AST/R QAHT/RT _ A . @AG'/RT

LV Y | (1.5)
AG,” =RT[(In(v-M)~In(h-N,)], (1.6)
AH," =23R- Algv. (1.7)
AUIT)
AS, - AH —AG / (L8)

rJIe 7 — TMHaMU4YecKasl BI3KOCTh pacTBopa, 77 = v-p, [la-c;
V — KHHEMATU4eCcKas BI3KOCTh PACTBOPa, MM%/C;
p — IJIOTHOCTb PacTBOPa, I/cM°;
AG* — cBoOOAHAS SHEPIUsl aKTUBAILIMK BS3KOTO TeUeHUs, J[>k/MOJIb;
AS* — BHTpOMNUA aKTUBAIMHU BA3KOT0 TeueHus, J»/(Mmonb-K);
AH* — sHTaIBIMS aKTUBAIIUM BSI3KOTO TeUeHUs, JK/MOb;
M — cpennuii MOJEKyISpHBII BeC KOMIOHEHTOB PAacTBOPA, I/MOIb;
M = Zui -M; (vi — MombHas g0y I-TOrO KOMIIOHEHTa pacTtBopa, M —

MOJICKYJISIpHAs: Macca I-TOro KOMIIOHEHTa pacTBOpa);
h — nocrosiHuas [Tnanka, 6,626-1073* Ix/c;
N 4 — uncno Asoraapo, 6,02-10% mons L.

MarnopacTBOpUMBIE B BOJIE TBEPAbIC COCAMHEHUS OOBIYHO MPEACTABISIOT
CcO0OM CHUJIbHBIC JJIEKTPOJUTHI — TMPU MaJOW PaCTBOPUMOCTH B PacTBOpax OHHU
MOJTHOCTHIO JIUCCOLIMMPOBAHBI HA UOHBI.

PacTBOpUMOCTh — KOHIIEHTpalMs HACBIILIECHHOTO HUJKOTO pacTBOpa B
pPaBHOBECHM C HEpaCTBOPUBIICHCS TBepAOW (pa3oii. DTO paBHOBECHE MOXKHO
BBIPA3UTh YPAaBHEHUEM

4, B, 5 <> V,Ap +v_By

[IponsBeaeHre paCTBOPUMOCTD JIEKTPOJIUTA — IPOU3ZBEACHUE PABHOBECHBIX
AKTUBHOCTEM MOHOB B €r0 HACBHIIIEHHOM pPacTBOpPE, B3STBIX B CTEIICHHU,
COOTBETCTBYIOIIEH CTEXHMOMETPUUECKUM KOd(PHUIIMEeHTaM MOHOB B PABHOBECHOM
peakiuu auccoruanuu. B cioydae, xorga TBepaas (aza mpeacTaBiseT coOou
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YHUCTOC BE€IICCTBO, AKTHBHOCTH KOMIIOHCHTaA B HEH paBHa CIUWHHUILC, TOIrJa
MMPOU3BCACHHUC PACTBOPHUMOCTH BJICKTPOJIMTA

ImP=al*-a~ =y -m>-m"-. (1.9)
[T05TOMy IPOM3BEACHHE PACTBOPHMOCTH DJIEKTPOIMTA B KOHKPETHOM

pacTBOpPHUTEIIE 3aBUCUT TOJIBKO OT TEMITEPATyPHI.
B ciy4yae pactBopeHns ManopacTBopumoro siektpoimta A, B, B uncroii

BOJIC U B BOAHBIX pacTBOpax MHAU(DPEpeHTHBIX (HE MMEIOIIUX OOIIMX MOHOB C
A, B, ) CHJIBHBIX DIEKTPOIUTOB €IMHCTBEHHBIM MCTOYHHKOM HOHOB A*" u B*

ABJISICTCS. MaJIOPACTBOPUMBIN JJIEKTPOJIUT. MOJSIbHBIE KOHIUEHTPAllMd HOHOB
CBSI3aHBI C PACTBOPUMOCTBIO AJIEKTPOIUTA Ms: M+ = v4Ms, M- = V_'Ms, BEIPAXKEHUE
s [/P nmeeT BUL

v, +v_

IIP=y " -m-m" =y w e omge ™ (1.10)

[Ipu pacTBOpEHHM COEAUHEHUN ¢ MAJIBIMU 3HAYEHUSMU [[P B 4ACTOW BOJE
KOJIMYECTBO HMOHOB B pacTBOpe Mano, KO3(Q(UIHMEHT akTUBHOCTH y: = 1. B
cootBercTBUM ¢ ypaBHeHHeM (1.10) pacTBOpuMOCTh Mgy DIEKTPOIMTA B YUCTOMH

BOJC:
1/v

/v
mso:i' L : (1.11)

Vi

1% V_
Y« \v, vV V.tV

Vi
B pacCcTBOpPC I/IHI[I/I(l)(bepeHTHOFO CUJIBHOI'O J3JICKTPOJINTA, OIIPCACIIAIOIICIO HMOH-
HMOHHOC B3aHMOH€ﬁCTBI/Ie U 3HAYCHUC KOS(b(bI/II_[I/ICHTa AKTHUBHOCTU y;l:: Ms = mso/yi.

Jlnst snextponuta BateHTHOro Tna 1-1 (vi =1, v_=1,v=2): Mg, =~ 1IP; Mg =
mso/yi = '\IHP/ V.

PactBOpuMOCTH ManiopacTBOPUMOTO COSAMHEHUS OyIET PE3KO CHUKATHCS 110
CPaBHEHMIO C Mgy B CIlydyae MPUCYTCTBHUS B PACTBOPE MOCTOPOHHETO CHIILHOTO
AJIEKTPOJIUTA C OTHOMMEHHBIM HOHOM (C KOHIICHTpAaIIUeH 3TOr0 MOHA, 3HAYUTEITLHO
OombIeit HaOM0IaeMOM 111 MaJlOpacTBOPUMOTO COEIMHEHHUS B ynucTOr Boje). K
IpUMEPY, €CIU TOCTOPOHHUM AIICKTPOIUT MMEET OOLIUH C MajJopacTBOPUMBIM
COCIMHECHUEM KaTHOH A”', TO KOHIIEHTpAallMs STUX KaTHOHOB M. OynmeT 3ajaHa

IIOCTOPOHHHUM JJICKTPOJIUTOM. B »Tom clry4dae
1/v

1 1P )
[P =y mme =y me mg e mg = |

V_\ 7+ 'mi+

(1.12)

HNonnas cuna pactsopa
1
|:§Zcizf. (1.13)

Pacnpenenenrie u B3aUMOJICCTBUE HOHOB B pPAacTBOpax 3JIEKTPOIUTOB
OTpakaeT CpemHUN KOIPPUIIMEHT aKTHBHOCTH f., IUIs ompenmeneHws KOTOPOTo
BbIBeZIeHBI ypaBHeHUs [lebas-Xiokkens. B pasbasnennsix pactBopax (m < 0,01
MOJIB/KT) mpuMeHumMo | mpubnmkenne [{adas-Xokkens:
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lgf=-h|z,-z_|JI. (1.14)
Koncranta h — TeopeTruecku ompeeiseMblii MmapameTp, 3aBUCAIIMA OT
CBOMCTB PACTBOPUTEIISA U TEMIIEPATYPHI:

B FZ.e- 2.7 p
(4-7-65--R-T)*?.In10’
rae Na — umciio ABOragpo, Mok & e — 3JIeMEHTAPHBIN JIICKTPUYECKHIA 3aps; p —
IJIOTHOCTh PACTBOPUTEIIS; £y — DIEKTPUUECKas NOCTOSHHAS; & — JUAJIEKTpHUECKas
IPOHUIIAEMOCTh PACTBOPUTEI; R — yHHBepcaiibHas ra3oBas nmoctosHHas; F = e-N
—nocrosinHas Papanes; 7' — aOcomoTHas TeMIieparypa; npu remmneparype 298,15 K
1718 BOAHBIX pacTBopos 3Hauenue h = 0,51 xr?mons™? (p = 997,07 xr/m3, & =
78,25).
Bropoe npubmmkenne [lebas-Xrokkens npumeHumo 10 m = 0,1 mosb/kr

_h|z+-z_|\/T

1+aB+/1
/i€ a — PacCTOSIHUE, 10 KOTOPOTO MOTYT CONMKATHCS SJIEKTPUUECKUE LIEHTPHI IBYX
HOHOB;

lg f = (1.15)

B=5,03-10"/(¢-T), ¢ — nudneKTpuyeckas NPOHUIAEMOCTb pacTBopa, I —
TeMIiepaTypa.
B tperbe mnpubmpkenue Jlebas-Xrokkens Obuia (opMalbHO BBeJeHA
sMIupudeckas KoHcTaHTa C, BEIpa)KEHUE OMUCHIBAET YKCIIEPUMEHTAIbHbBIC IAHHbBIE
JI0 KOHIIEHTpauuu M = 1...2 MOJb/KT

hlz, -z |1
lgf =———* +CAI. 1.16
: L+ aBl (1.16)

VYenbHas 3J€KTPONPOBOAHOCTH PACTBOPA JJICKTPOJIMTA X CBSA3aHA C €ro
YVAEIbHBIM  CONPOTUBICHWEM p, OKBUBAJECHTHOM A W  MOJSPHOH Ay
AIEKTPONPOBOJHOCTAMU COOTHOLIECHUSIMH::

x=1lp=0-C-n-A=a-C-Aiv =1-C/1000. (1.17)

Onpefenenne 3IeKTPONPOBOHOCTH PACTBOPOB 3JIEKTPOJIUTOB MIPAKTHUECKH

CBOJMTCS K U3MEPCHHIO MX CONMPOTUBICHUS. CONMPOTUBICHUE PACTBOPA 3aBUCUT OT

pa3MepoB DIIEKTPOIOB U PACCTOSHUS MEKIY HUMU, UX (OpMBI, 00beMa pacTBopa.

Ecnu paccrostHre MeX Iy 2JEKTPOAaMH COCYAa paBHO ¢, IJIOMAAb UX MOBEPXHOCTH

S ¥ p yAeIbHOE COMPOTHUBICHHE, TO COMPOTHUBICHHE PAaCcTBOpa dJIEKTpoinTa R,
U3MEPEHHOE B 3TOM COCY/IC:

R=p- €IS (1.18)

[TockonbKy € 1 S B JAaHHOM COCY/I€ TIOCTOSIHHBI, TO UX MOKHO OOBETUHUTH B

OJTHY TIOCTOSIHHYIO BeTMuuHy K = /S, Ha3pIBaeMyI0 MIOCTOSIHHAS COCYAa. Y IebHask
AIEKTPONPOBOJHOCTH PACTBOPA paBHA:

%x=kIR. (1.19)



[Ipu  OeckoHeYHOM  pa30aBIEHMM  MOJISIPHAsE  BJIEKTPONPOBOJAHOCTD
AIIEKTPOJIUTA PAaBHA CYMME MOJIIPHBIX 3JIEKTPOMPOBOJHOCTEN KATUOHOB U aHUOHOB

— + -
A =+ (1.20)
MOJ'UIpHa}I QJICKTPOIIPOBOOHOCTL HOHA IIPpH 6€CKOHC‘IHOM p8,36aBJI€HI/II/I
BBIpAKACT €TI0 ITIOABUKHOCTD. HOI[BI/I)KHOCTI/I HOHOB MOKHO BBIPA3UTb TAKIKC UCPC3

nx abcomoTHbIe ckopocTH VO (TO €CTh CKOPOCTH IBUKEHHS HOHOB IIPU TPAJHUCHTE
anekTpuyeckoro noys 1 B/ecm):
2=V>F u 2=V°-F (1.21)
rae F —uucno ®@apanes.
OTHoOIIEHNHE MOJIIPHOM AJIEKTPOIPOBOITHOCTH MTPHU JAHHOW KOHIIEHTPAIUH Ay
K MOJIIPHOW  DJICKTPOIMPOBOJHOCTH TIpH OECKOHEYHOM pa3OaBIICHUH Ao
IpECTaBIsIeT cO00M Al caboro 3MEKTPOIUTA CTEMEeHb AUCCOLUAINK o, a TS
CHJIHOTO JJIEKTPOJIUTA — KOAPPHUIIMEHT 3JICKTPOIPOBOAHOCTH f
azimllw; f,1 =m [ oo (122)
JIist ommcaHWsT paBHOBECHS] MEXAY HOHAMH W HEIUCCOITMHUPOBAHHBIMU
MOJICKYJIAaMH CJIA00TO JJICKTPOJIUTA TMPUMEHUM 3aKOH JEHCTBHUS MaccC, KOTOPBIH
uMeeT BUJl 3aKoHa pa3BeneHust OcTBaibaa
_ella]_etc o
[M4]  1-a @Q-a)V'
rae C — KOHILIEHTpalus, MoJib/11; V — pa3BesieHue, jJ/MoJb.
Wonnoe mnpoussenenue Boasl Ky = [H] - [OH] =10 Bomopoausri
moKasatesib pH pacTBOpa — OTPHIATEIBHBIN ACCATUYHBINA JTOTapu(M aKTUBHOCTH

(1.23)

+. —
noHoB H™: pH =—Ig a,. - (1.24)
KOHCTaHTy Arucconrany BEICCTBA MOKHO paCCYUTATL 11O COOTHOICHHIO!
ye
Ky=—"/'—-. (1.25)
Ao (A = A)
[ToaBMXKHOCTH I-TOTO MOHA CBsI3aHa C €ro paanycoM I ypaBHeHuem CTokca:
|z;|e-F
= (1.26)
6-7-n-r,

JUis OJHOrO M TOrO >K€ HOHA WIM DBJEKTPOJUTa MpU OECKOHEUHOM

pa3BeCHUU
Aew10 = CONSL. (1.27)

YpaBHEHUE SBISIETCS KOJWYECTBEHHBIM BBIPAKEHUEM ITpaBwiia BanbaeHa-
[IncapxkeBckoro.

Jlonst TOKa, mepeHocumasi JaHHBIM BHJIOM HOHOB, TaK HA3bIBAEMOE YHCIIO
nepeHoca, OMpeesaeTcs MOJBUKHOCTAMUA MOHOB. {71 OMHApHOIO 3JIEKTPOJIUTa
CIIpaBEUIMBBI PABEHCTBA:

A A A A
= S0y = T T o= (1.28)
Aoy + Ao A Aos + A0 A

o]




Pacuer wuucna mepeHoca, ompeneneHHoro no wmerony [urtopda,
POU3BOAUTCS 110 (hOpMyIIe

q.

t.=—"

q
rae (i — KOJMYECTBO DJICKTPHUYCCTBA, IMPOIIOPHHMOHAIBHOEC IIO 3aKOHY dDapazLeﬂ
HN3MCHCHUIO KOJIMYCCTBA BCUICCTBA B KATOAHOM HJIM dHOAHOM IIPOCTPAHCTBAX,
q- o6mee KOJIMYCCTBO JJICKTPHYCCTBA, IIPOIICAIICC YCPEC3 quﬁKy.
Yucio IICpCHOCA, OIpCACIILICMOC MCTOIOM ,HBH}KymeﬁCH I'paHHUIbI, PaABHO
:E-S-F-C-Z:U-F-C-Z, (1.30)

q | -7
rae { — pacCcTOsHUE, IPOMEHHOE TPAHULIEH, CM:;

S — mwromans TpyoKH, CM?;

C — KOHIEHTPAILHMs SIIEKTPOINTA, MOJIL/CM,

(| — KOJIMYECTBO JIIEKTPUYECTBA, IpoIIe/Iee 3a Bpems 7, Kii;

0 — 00BEM, TIPOMICHHBII IpaHuIei, cM?,;

Z — BaJICHTHOCTB DJIEKTPOJINTA;

T — BpPeMs OIIBITA.

JInsg pa30aBIEHHBIX PACTBOPOB 3aBHCHMOCTH DIIEKTPOIPOBOJHOCTH OT

KOHIIEHTPAIMH olpeaensercs ypaBHeHueM Jlebas-I tokkensa-Onzarepa:

(1.29)

t.

A=A, ~ (B + B2, )C, (1.31)
rae B, =8,248.107" #, Cm-M2-Mop 32
ne-T
B, =8,204-10° ﬁ, Moutp Y2,
(C,' .

TemneparypHasi 3aBHCHMOCTHh DKBHBAJICHTHOW AJICKTPOIPOBOTHOCTH IS
y3KOT'0 HHTEpBaJIa TEMIIEpaTyp BbIpaKaeTCsS YpaBHEHUEM
Ars = Anll—a, (T, = T))), (1.32)
rae oy — sMIupudeckuii kodpdunuent, K1,
Koaddummentsr quddy3nn noHOB CBs3aHBl ¢ aOCOTIOTHBIMU CKOPOCTSIMU
JBUKEHUS NOHOB WJIM C UX TMOJBUKHOCTSIMUA COOTHOIICHUSIMHU:
_RT .o  RT . _ RT ,0o RT
D+_—V+ _—21+’ ==V T -2
z, F z F lz_|F |z_|F
3aBucuMocTh Kod(pdurmenta nud@py3uu HOHOB OT TEMIIEPATYPHI U BI3KOCTH
pactBopa onpezensiercs ypaBHeHrneM CTtokca-DUHIITeHA:
k-T
Dj=———,
67 -n-T,

A0

(1.33)

(1.34)

rie K — nocrosiHas bonbiimana.
Koadpdumment nuddysun snexrponura D, cBszan ¢ koddduiimeHtamu
mudPy3un OTAETBHBIX HOHOB 3aBUCUMOCTBIO



_(z,+|z_|)D,D_
3 - .
z,D,+|z_|D_
Jubdy3noHHBIN MOTEHIIMAT @¢ HA TPaHUIE paszesia paCTBOPOB OAHOTO U
TOTO K€ AJIEKTPOJIUTA, HO PA3HON KOHIIEHTPAIMU, OTIpEAeIsieTCst POopMyIIOif

RT 2°-22 C,
= . In

(1.35)

_ , (1.36)
TR LG,
WJIN IS KOHOCHTPUPOBAHHBIX PACTBOPOB
RT -1 a
P45 = L (1.37)

. n .
0 0
F /17 + A + a2
I{Hﬂ PaCcTBOPOB ABYX PA3JIMYHBIX 3JICKTPOJIHUTOB C OJHHUM 06HII/IM HNOHOM,

HaHpI/IMep, AHUOHOM, U O,Z[I/IHaKOBOf'I KOHHCHTpaHI/Ieﬁ

RT. 2°+2°% RT. 4
=— Ih=—"L - |n ==L, (1.38)
F o2+ /132 F A,

Py

IIpumeps! penienus 3agay

Ilpumep 1.1. PactBOp XmopucToro kanwms, coaepxamuii A = 14,9 r 8 1000 r
Boxbl, 3amepsaer mpu -0,68°C. Onpenemurs ocMoTuueckuii Kod(QPUIUEHT | K
koadumment Baut-I'odhda, ecnmu kpuockonmueckas mnoctosHHas Kx = 1,86,
IJIOTHOCTH pacTeopa p = 1,004 r/cm®.

Pewenue. OcmoTndeckuii KOXPPUIMEHT | HalIeM U3 ypaBHCHHUS
AT =1- KK . C,

B KOTOPOM KOHLIEHTpaLMsl PaCTBOPA BbIPAXKEHA B MOJISIPHBIX €MHULIAX
e 4 _ 14,9
M(KCIl) 74,6
C- 1000- p-m _ 1000-1,004-0,2
m-M +1000 0,2-74,6+1000
- AT, _ 0,68 _

KcC 186-0,198
Xnopua Kanmus JAMCCOIMUPYET Ha 2 MOHA, CIeAO0BaTelbHO, V=2,

OCMOTHYECKHI PakTop

g=t 18 o975
v 2

=0,2 moua B 1000 r BOIbI.

=0,198 Monp/m.

Ilpumep 1.2. Tlpoussenenue pactBopumoctu AgoCrOs B Bose npu 298 K
[1P=4,7-10"*?. Bpruucaure pPacTBOPUMOCTh JAHHOW COJIM B YUCTOM BOJE; B
0,005momw/kr BommHOM pactBope KNOs3; B 0,005 moms/kr BogHoM pactBope AgNO:s.
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Pewenue. Conp AQ2CrO4 B BOIHOM pacTBOPE — CUJIBHBINA 3JIEKTPOJIUT, B
HACBIIIICHHOM PAacTBOPE KOTOPOTO paBHOBECHE

Conps Ag2CrO4 B BOTHOM pacTBOPE — CHIIBHBIN AJICKTPOJIUT, B HACKIIIICHHOM
pacTBOpe KOTOPOTO yCTaHABIMBAECTCSI pABHOBECHE

Ag,CrOyrp) < 2Ag; +CrOZ
CJIeI[OBaTeJIBHO v+ =2,v_= 1, BIpaXeHNe NPOU3BEIAECHUS PACTBOPUMOCTH:
IP=a"a" =y mm"~ =y>m’m_.
Konuenrpanuu KaTHOHOB Ag+ u anumoHoB CrO f_ CBs3aHbl C
PacTBOPUMOCTHIO MAJIOPACTBOPUMOM COJIA Mg: My = 2 Mg; M_ = Ms.

P 1 _|IIP
Torna, IIP = y3(2ms)*mg = 4y>m3; mg =3—5 =—3|—.
4y re V4

I[J'ISI MaJIOPACTBOPHUMOI'O BCIICCTBA B YHUCTOM BOJC ’Yizl , TOraa

Mg, =3 11P/4 =3/4,7-10"?/ 4 =1,1-10* monb/xr.

I[Ipu pactBopenun AQ,CrO, B 0,005 MOJNB/KT  BOJAHOM  PacTBOpE
IIOCTOPOHHETO AJIEKTPOJINTA BaJICHTHOT O TUNA 1 -1, mocneaHnii 3JeKTPOIUT CO31aeT
MOHHYIO CWJIy pacTBOpa, KOTOpas B JIaHHOM CJy4yae paBHa MOJISTIBHOCTH
IOCTOPOHHET0 3JeKTponnuTa. CpenHuid HMOHHBIA KO3(DPUIMEHT aKTUBHOCTH
MaJIOPaCcTBOPHUMOTO COSAMHEHUS BBIYUCIISIETCS 110 €T0 BAJIGHTHOMY TUITY (B JAHHOM
ciaydae 1-2). B pactBopax KNO3z mm AgNQO3 ¢ mossuieHOCTRIO M = 0,005 MOJIB/KT
1 kodddunmenta akTUBHOCTH 7+ (AQ2CrO4) mosryanm:

lg 7, =0,511:|1- (=2) | /0,005 = —0,0723; y = 10-°723= 0,847.

B pactBope wunmuddepentnoro saextpormura KNO;  oTcyTCTBYIOT
OJTHOMMEHHBIE HOHBI, T03TOMY pacTBOpuMOcTh AQ2CrO, B 0,005 Momb/KT pacTBOpe

12
KNO3: mg =i1/HP = 1 31/4’7 10 =1,3-10"* Mmonw/kr.
v. V4 0847 4

B 0,005 mons/kr BogHOM pactBope AGNO3; mpucyTCTBYeT OJHOMMEHHBIN
noH Ag" ¢ xonnentparmeit 0,005 Mojb/KT, Mo3TOMY JiIs pactBopuMocTd AgoCrO,

B OTOM pPaCTBOPEC MOIKHO 3aIlMCaThb:
-12
Mg =m_= 13713 > = 4’73 10 > =31-10"" Monb/kr.
ysm?  0,847°.0,005

Ilpumep 1.3. Paccuutath cpeannii kodhduimeHT akTuBHOCTH f. pacTBOpa,
conepskariero 0,001 M MgSOy, ipu 298 K, h = 0,51.

Pewenue. Cpenuuii k03 OUITMEHT aKTUBHOCTH DJIEKTPOJIUTA PACCUUTHIBAEM
o @opMyne Jle6a51—F}01<1<eJ151 onpeensisi HOHHYIO CUITy pacTBoOpa:

ZC, 2 = (0001 22 10,001 22 )=0,004.
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lg f. =—h-|z, -z_|- VI =-051-]2- (-2)},/0,004 =-0,1285.
f, =0,7439.

Hpumep 1.4. BuluuciauTh SKBMBAJIEHTHYIO 3JIEKTPOIPOBOJHOCTH alleTaTa
aMMOHUs NIpY OECKOHEYHOM PpAa3BEIEHUM, €CIIM 3HAUEHHE STON BEJIMUMHBI IS
XJIOpH/Ia aMMOHMS, alleTata HaTpys U xjuopuaa Hatpus npu 25°C cooTBETCTBEHHO
pasHbl 129,9-1074; 91,01-10* 1 108,9-10~* Cm-m2-Mom15 .

Pewenue. 3nadenre NCKOMOHW BETUYIMHBI HaleM 110 popmyiie
A, (NH,Ch=2 _+4% : A, (CH,COOH)=1 + A0

NH CH,C00™ H*?

A, (CH,COONa) = A° + 1° A,(NaCl) =23 . + 2.

CH4CO0™ Na*
A, (CH;COONH ,)=4_(NH,CI) + 1, (CH;COONa) — 4, (NaCl) =
=129,9-104+91,01-10*—-108,9-10* =112,01-10* Cm-m?momp L.

Ilpumep 1.5. Tlocne snekrponusa pactBopa CdCl,, conepxamiero 0,202 %
XJIOP-UOHOB, C KaJIMHEBBIM aHOJIOM M IUIATHHOBBIM KAaTOJIOM aHOJHUT MaccCOi
33,991 conepxan 0,0802 r XJI0Op-MOHOB, a B CEPEOPSHOM KYJTOHOMETpE 3a ATO
Bpems Belnenuiaocsk 0,066 T cepeOpa. Haiitu uncna nepenoca t+(Cd?*) u t_ (Cl-),
CUHTasI, YTO B DJICKTPOTHBIX PEAKIUIX YIaCTBYIOT TOJIBKO HOHBI KaIMHUsI.

Pewenue. CoctaBUM MaTtepualibHBIA OanaHC i KaTOJHOTO M aHOJHOIO
MPOCTPAHCTB MU IpoxoxaeHuu 1 F snekrpuuectBa, yunutsiBas, uto t + +t_ = 1.

JI1s1 KaTOTHOTO MPOCTPAHCTBA
~ % Cd* +t, %5 Cd* -t Cl =—(1-t+) % Cd* -t _Cl-=-t_% CdCl, mons.
Jlns cpenHero npocTpaHcTBa
—t+ % Cd* +t_Cl +t. % Cd* -t_Cl =0.

JIns1 aHOTHOTO TPOCTPAHCTBA
¥ Cd?** —t. % Cd* +t _Cl =(1-t+) % Cd** +t_Cl =t_% CdCl, mouns.

N3 matepuanbHOro OanmaHca cieAyeT, YTO MPU DJIEKTPOJIM3€ B KAaTOIHOM
npoctpanctBe yosiBaeT Y2 t _ moap CdACl,, KoHIeHTpamus BelecTBa B CpeaHEM
MIPOCTPAHCTBE OCTAETCs 0€3 U3MEHEHH, B aHOAHOM MPOCTPAHCTBE MPUOBIBAaET 2 t_
moub CdCl,.

Haxoaum dnciio nepeHoca XJa0p-uOHOB, IPEIBAPUTEIBHO paccuuTaB (ci U (:

(Myaw =Mior)- F -2~ (0,0802—0,0678) 965001

A.- 355

€ Mpay, Mkgog — Macca MOHOB XJI0pa A0 M mocJje 3aekTposn3a B 33,59 r aHouTa,
COOTBETCTBEHHO.
Macca HOHOB XJ10pa nociie 3neKkTpoiau3a B 33,59 r anonuta

Myoy = —33’52(')8’202 —0,0678r.

=33,7Ku,

Oo- =

[To 3axony Dapanes
12



M, "F 2, 0,066-96500-1

gq= =59,58 Ki1.
. 107,87
Ag
Tormat = Ao = 33,7 =057; t+=1-t_.=1-0,57=0,43.
q 59,58

3aga4uu AJ151 CaMOCTOSITEILHOTO penleHust

1.1. Boansiii pactBop, coaepamuii 9 r ruapokcunaa Hatpus B 1000 r Bojpl,
3amep3aer npu —0,667°C. HaiiTu cTeneHp AUCCOLMALMU TMAPOKCHIA HATPHS B
TOM PacTBOPE, €CIIU KPUOCKOMMYECKasi KOHCTaHTa paBHa 1,86.

1.2. Ocmotrueckoe napieHue kposu npu 37°C cocrasmser 0,811 MIla. Kakosa
No/bKHA ObITh KoHIeHTpamus pactBopa NaCl, 4roObl 3T0oT pacTBOp OBLI
U30TOHWYCH ¢ KpoBblo. Ctenens nucconmanuu NaCl 0,95,

1.3. Bomnsrit pactBop NH4Cl, konnientpanus koroporo 0,1 Monb/Kr, 3amep3aeTt
pu —0,344°C. Haiiti TeMmepaTypy KUIIEHUS PACTBOPA, €CIIM KPUOCKOIMIECKAS U
70yIMOCKONMYeCcKasi KOHCTaHThI paBHbI 1,86 1 0,51, COOTBETCTBEHHO.

1.4. laBnenne napos Boasl npu 80°C pasuo 47,3 xIla. Beruuciurs naBieHue
napoB Boael Haja 3,73%-abM pactBopoM KCIl mpu Toit ke Temmepatype, eciu
Kaxymascs crenenb qucconuaiuu KCl pasna 0,788.

1.5. Bogubie pactBopel cBekiioBuyHOro caxapa U KNO;s; H30TOHUYHBI TpU
koHneHTparuu 1,0 u 0,6 Moyb/1, COOTBETCTBEHHO. ONpeAciuTh KaKyIIYyIOCs
creneds gucconuanuu o coaru KNOs.

1.6. Onpenenuth SHEpPrur0 rujpataiuu no bopHy W TemIoTy ruapartanuu Mo
ypaBHeHuto bopHa-bbeppyma moHOB, mpuBeneHHbIX B Tabnwuie. Koaddurment
deldT = —0,356 K1, remneparypa 25°C, ausnekrpudeckas NPOHHIAEMOCTE BOJIbI

e =178,3, 3apsn snextpoHa e = 1,6-1071° Ku.

HNounnsie paauycel no [lonuury
(paanyc COOTBETCTBYET KOOpAMHAIIMOHHOMY uucity K'Y 6)

DJIEMEHT Lit Na* K* Rb* F-
Panuyc, HM 0,060 0,095 0,133 0,148 0,136

1.7. Ha ocHOBaHMM MaHHBIX IO KHHEMATHYECCKOW BS3KOCTH V W IJIOTHOCTH
pacTBOPOB p pacCUMTANTE BEIMYMHY TUHAMHUYECKOW BSI3KOCTH # PAacTBOPOB,
TEPMOJIMHAMHYECKUE CBOMCTBA PAaCTBOPOB: BEIIMYUHY SHTpONHH AS*, sHTAIbINN
AH*, cBobomHoM osHepruu aktuBanuu AG* Baszkoro TeueHus. IlocTtpoiite
rpagu4ecKyr0 3aBUCHUMOCTh 71, AS*, AG* OT KOHIEHTpanuu TpHU Pa3TUIHBIX
TeMIlepaTypax.
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[1I0THOCTH BOJHOTO pacTBOpa cylb(ara HUKeN (p, T/cm’)

% C(NiSQ4 - 7 H20), r/n

90 182 362 634 817 870 1000
20 1,027 1,062 1,126 1,202 1,252 1,269 | 1,308
30 1,024 1,055 1,124 1,200 1,248 1,264 | 1,303
40 1,023 1,052 1,121 1,198 1,245 1,260 | 1,302
50 1,020 1,048 1,117 1,195 1,241 1,258 | 1,300
60 1,017 1,045 1,114 1,193 1,238 1,257 | 1,298
70 1,014 1,041 1,108 1,189 1,236 1,252 | 1,293

KuHeMaTHuecKas BA3KOCTh BOAHOTO PacTBOpa Cyib(ara HUKEN (v, MM%/C)

o C(NiSOy4 - 7 H,0), /n
! 90 182 362 634 817 870 | 1000
1 2 3 4 5 6 7 8
20 0975 | 1,201 | 1,406 | 1,612 | 2,366 | 2,599 | 2,830
30 0,815 | 0,993 | 1,206 | 1,394 | 1,995 | 2,287 | 2,555
40 0,736 | 0,850 | 1,070 | 1,348 | 1,668 | 2,064 | 2,248
50 0,647 | 0,742 | 0,950 | 1216 | 1,468 | 1,786 | 2,029
60 0579 | 0,694 | 0,815 | 1,070 | 1,302 | 1,626 | 1,816
70 0514 | 0631 | 0,755 | 1,017 | 1,186 | 1519 | 1,682

1.8. OTHOIIEHNE KOHIIEHTpAIMU BOJAOPOIHBIX HOHOB B pactBope CsHsCOOH k
ee koHnctante auccoraru C(H)/K; = 99. HaiiTu cTenieHb UCCOIMALINY (.

1.9. Ilpu xakoM pa3BeaeHNN KOHIIEHTpanuu HoHoB H' B pacTBope (eHoa Oymer
pasaa C(H") = 10° mons/n? Koncranra gucconuanuu enona cocrapisier Ky =
1,28-10°%,

1.10. Beruucnuth MOHHYIO CHITy BOJHOTO pacTBOpa, coaepkamiero 10 Mmois/in
CaCl, u 100 mmous/1 Na SOq.

1.11. Yemy paBua nonnas cuia 0,02 mouib/kr BogHOTro pactBopa KAI(SO,),?

1.12. Nonnas cuna pactBopa KCI | = 0,2. KakoBa ero mossiibHOCTh? Kakosa
JI0/DKHA OBITh MOJISTBHOCTD pacTtBopa BaCl, Toit sxe noHHOM CribI?

1.13. Beiuucnuth MOHHYIO CHIly pacTBopa, coaepxaiiero 0,01 mons HySO4 u
0,02 momnst MgSQO,4 B 1000 T BOBEL.

1.14. Ucnionb3yst | mpubnmxenue Jlebas-I'rokkenss BHIYUCIUTh KOADOUITHESHTHI

axTuBHOCTH HoHOB K*, AIR* 1 SO?™ B 0,001 Mons/1 pactBope KAI(SO4), mpu h =
0,51.
14



1.15. Ucnonb3yst | mpubnwkenne  JleOas-I'tokkenss ~ HaWTH — cpeaHuUit
kodduiment aktuBHocTH HOHOB f. B pactBope K3Fe(CN)g, MOISIBHOCTH
xotoporo 0,001, h =0,51.

1.16. Beruuciuts Bennuuny kod¢pdumuenta aktusaoctu . (HCI) mpu 25°C B ee
0,01 M BogHOM pacTBOpe, IpeAroiaras CupaBeiIMBOCTb 3akoHa Jlebas-I tokkens,
¢ yuetoM pa3Mepa noHoB. Koaddumuents h u B st nanHoro cirydas pasasl 0,513
u 0,307-10%. Cpennuii 5pdexTuBHbI nuameTp noHa a = 5,3-10°8 cm.

1.17. Cpennue xoddduimeHTsl aktuBHOCTH 3,0 MMmojw/kr pactBopa KCl u
1,0 mmonb/kr pactBopa BaCl, pasuer 0,94 u 0,88, coorBercTBeHHO. CunTast, 4ToO
K03 PHIMEHTHI aKTUBHOCTH OTICIIbHBIX MOHOB B pactBope KCl omnHakoBbl n
3aBHUCST TOJIBKO OT HOHHOM CHIIBI PAaCTBOPA, HAUTH KOA(DPHUIIMEHT aKTUBHOCTH HOHA
Ba?* B pactBope BaCl,.

1.18. Paccuutath cpennue xodddurments aktuBHoctrn HCI, KCl u ZnCl; B
BOMHEIX pacTBopax mpu 25°C no ypasuenuro | mpubmmwkenns Je6as-Itokkens n
CPaBHUTH MX C IKCIICPUMEHTAIBHBIMH KOd(PHUITMEHTaMU, TPUBEICHHBIMU HUXKE.
Onpenenuth, B 00JaCTH KaKMX KOHUEHTpAUil MPUMEHUM NPUOIMKEHHBIA 3aKOH
Jebas-I'tokkemnsa?

MOJIAJIBHOCTH

pacTBopa, 0,001 | 0,005 | 0,01 | 0,02 | 0,05 | 010 | 0,20
MOJIb/KT

f.(HCI) 0,966 | 0,928 | 0,904 | 0,876 | 0,830 | 0,796 | 0,766
f.(KCI) 0,966 | 0,927 | 0,902 | 0,862 | 0,816 | 0,770 | 0,718
f.(ZnCly) 0,881 | 0,789 | 0,731 | 0,665 | 0,578 | 0,515 | 0,459
1.19. Beruucnute cpennue kodddunmenter aktuBHoctm HClI u KCl B

0,01 mons/1 BoaHbIX pacTBopax mpu 25°C, ucnons3ys ypasaenue || mpubmmxenns
Jebas-I'tokkena. CpegHue 1uaMeTpbl MOHOB B paCTBOpaxX NPUHSTH paBHbIMU 0,530
1 0,410 uMm, coorBercTBeHHO. Kondpuments h = 0,512, B = 0,329-108.

1.20. Y nenbHas a5ekTponpoBogHOoCcTh 4 % BomHoro pacreopa H,SO,4 nmpu 18°C
pasaa 0,168 Om-cm !, mmotnocts pactBopa p =1,026 r/cm®. Paccuutath
HKBUBAJICHTHYIO JIEKTPONPOBOJIHOCTb PACTBOpPA A.

1.21. Monsapuas snekrponpoBogHocts 0,5 M cynbdara kamus npu 25° C
Ay=162,7Omt-cM?.  BBMHCINTH  YAENBHYKO 3 M DKBHUBAJIEHTHYIO A
ANEKTPOTPOBOTHOCTH MIPH ITOM TeMIiepaType.

1.22. 70%-nas  H,SO; mmeer npu 18°C p=1,615r/cM® u ynensHyIO
3JIEKTPONPOBOAHOCTD 2 = 0,215 Omt-cm L. HaliTn SKBUBAJIEHTHYIO A U MOJISIPHYIO
Ay DACKTPOTIPOBOIHOCTH.

1.23. Yaenbnas snekrponpoBogHocTh 0,135 N mponroHOBOM KHUCIOTBHI — MPHU
18°C % =4,79-10* Om *-cM . BoIYMCINTE SKBUBAJIEHTHYIO DIEKTPOIPOBOAHOCTD
A, CTENEHB AIEKTPOIMTUICCKON TUCCOLUAIINH O, KOHIICHTPAIIUIO HOHOB BOJIOPOA
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C(H+), KOHCTAHTY 3JIEKTPOJIMTUYECKON NUCCOLMALINU Kﬂ. IHoaBM>XxHOCTE MOHOB
2 =37,2 Om -cm?, A0 =349,8 Om t-eM?.

C,HsCO0™
1.24. KoHcTanTa JUCCOLMAIMM  XJIOPYKCYCHOM — Kmciotel Kp=1,4-1073,
DKBUBAJICHTHAs 3JIEKTPONPOBOTHOCTD KUCIOTHI A ipu pa3Beaenun V = 256 1/momb
pasHa 1748 Oml:cM?.  HaiiTu  JKBUBAJEHTHYIO  3JIEKTPOIPOBOJHOCTD
XJIOPYKCYCHOM KUCIIOTBI Ao IPU OECKOHEUHOM pa3BEICHUM.
1.25. DKBHMBAJIEHTHAS 3JIEKTPONPOBOAHOCTL 1,59 -10* M yKCyCHOM KHMCIIOTBI
mpu 25°C 1 =12,77 Om t-cM?. Berumcnuth KOHCTanTy muccoumanun Ky u pH

PacTBOPA, €CIIU MOABUKHOCTH HOHOB lgﬁ =349,8u /lgH coo- = 40,9 Om t-em?,
3

1.26. PaccuutaTh mipu 25°C 3KBHUBAJICHTHYIO 3JIEKTPONPOBOIHOCTH A pacTBOpa
srmtamuHa (CoHsNH3OH) ipu passeaennu V = 16 51/Momb, eciii SKBUBaJCHTHAs
5JEKTPOIPOBOJHOCTE HpPH  OCCKOHEYHOM  Pa3BENEHUM A, = 232,6 Om 1-cm?,
yaenpHas  »aekTponpoBogHocTh 2 = 1,312:10° Omt-cm?. Haiitu crenens
JTUCCOLUAIIMKN ¢, KOHIEHTpauu ruapokcu-uonoB C(OH') u KOHCTaHTy
nucconnanvu K.

1.27. Koncranra mucconuanuu macisHoi kucinorel CsH,COOH K= 1,54-107°.
BrruucianTs crenens 1UCcCOUaliy o, BOJHOTO PACTBOPA KUCIIOTHI ITPU pa3BECHUU
V = 1024 n/monb, KoHIEHTpanuoo HoHOB Bogopoga C(H') B sTom pacTBOpe M
HKBUBAJICHTHYIO 3JIEKTPOIPOBOIHOCTD MPU OECKOHEYHOM PA3BEACHUH Ao, €CIIU A =
41,3 Om t-cm?.

1.28. Beiuucnuth SKBHBAJICHTHYIO 3JIEKTPONPOBOJHOCTh MPH OECKOHEYHOM
pasBeneHNM A, pacTBOopa noaara cepedpa AglOs, ecnu 3HaueHUE 3TON BETUIMHBI
1151 pactBopoB NalOz, CH3COONa u CH3;COOA(g paBHBI, COOTBETCTBEHHO, 79,6;
78,16 u 88,8 Om *-cm?.

1.29. ITpu 18° C ynaenbHas 3aeKTPONPOBOIHOCTh 5%-Horo pactBopa Mg(NOs),
x=4381020Om e, ero mmotHocts d=1,0381/cM3.  Bwrumcauts
AKBUBAJICHTHYIO AJICKTPOIPOBOJTHOCTD A 3TOTO PAacTBOpa M KAXYIIYIOCS CTCTICHB

JHUCCOLMALIMNU COJIM B PACTBOPE (1, €CIIU MOJABUKHOCTU MOHOB PABHBI /1&92+ =446 n
/1:(\)105: 62,6 Om™* -cMm?.

1.30. ITpu 25° C nnst MacnsiHOM KHCIIOTHI mpu pasBedeHuu V = 64 j1/Moib
yaenbHas  dyeKTponpoBogHocTh  x = 1,812:10%Omt-cm?.  DxBuBanenTHas
3JIEKTPOIPOBOIHOCT MPU OECKOHEUHOM Pa3BeeHHu A,=232.,6 Omt-cm?. Haiitn
CTENEHb AUCCOLMALMU ¢, KOHLEHTPALUK MOHOB Bojopoaa C(H) u KoHCTaHTy
auccounanuu K.

1.31. Yaenbnas snextporpoBogHocTs 0,05 N pacTtBopa yKCyCHOW KHCIIOTBHI
»x=2324-10*Omt-em ™. V nenbHas 5JIEKTPOIIPOBOTHOCTD 0,0001 N
yKCYCHOKHUCI0ro Hatpus » = 7,75-10° Om*-cm L. TloaBuskHOCTH HOHOB BOOPO/A

0., u Hatpusi A} ., coorBercTBeHHO paBHBI 349,8 u 50,11 Om*'-cm?. Haiiru
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KOHCTaHTy AHWcCcOIManuu Ky YKCYCHOM KHCJIOTBI, CUUTas COJb MOJHOCTHIO
JTUCCOIIMMPOBAHHOM.

1.32. Koncranra mucconuanuu rugpokcuaa ammonus Kp=1,79-10°. Haiitn
kounentparmio NH,OH, mpum kortopoir cremens auccommaruu o = 0,01,
SKBUBAJICHTHYIO 3JICKTPOIPOBOJHOCTh 3TOI'0 PacTBOpa A, €CIU IOJBMKHOCTH

0 _ . 10 _
HOHOB P 0ECKOHEYHOM pa3BeeHUN iNH+ =73,7 Om t-c™?; /IOH, =200,0 Om t-cMm?.
4

1.33. Beruucnure yaenbHYIO 3JIEKTPONPOBOJHOCTh HACBHIIIEHHOTO BOJHOTO
pactBopa AgBr mpu 25°C, ecnm npomssenenue pactsopumoctn AgBr mpu sToi
temmnepatype 1P = 4,810, MmonspHBIe 3J1€KTPONPOBOIHOCTH BOJAHBIX PACTBOPOB
AgNO3, KBr, KNO3 ipu 6eckorHeunoM pazbaBienuun paBubl 133,4; 151,6; 145,0
CM'cM*MOIIb 1, COOTBETCTBEHHO. YenbHast 3JIEKTPONPOBOJHOCTH BOIBI PAaBHA
5,5:108 Cmrem L.

1.34. Jlpe MeaHbIe IUIACTHHBI IIOMANLI0 S = 4 M? pacrookKeHsl NapasieasHo
npyr apyry Ha paccrosiuuu ¢ =11 cm. TlpocTpaHCTBO MEXIy HUMH 3allOJTHEHO
0,68 N CuSO4. DxBuBajeHTHasI AJIEKTPOIPOBOJHOCTh pPacTBOpa CysbdaTa Meau
4 =287 Om?! -cm? Kakoe Hanpsixenure U TOKHO OBITH IIPUIIOKEHO K IUIACTHHAM,
yToOBI cuiia Toka | 6pu1a paBaa 700 A?

1.35. Cocyn nmns usmepenusi asnekrpornpoBonHoctn HamomHeH 0,1 N CuSO..
[Inomans kaxmoro snektpoma S =4 cm? Paccrosaue mexay HumMu € =7 cM.
ComnpoTHBIICHHE CJIOS paCTBOPA, 3aKITFOYCHHOTO MEX Y dekTpoaamu, R = 230 Om.
Haiit y1enbHyI0 2 1 9KBUBAJICHTHYIO A 3JIEKTPOIPOBOJHOCTH PacTBOpa.

1.36. B cocyn st u3MepeHusi 3JIEKTPOIPOBOJIHOCTH MOMEIIEHBI IUIATUHOBBIC
anekTpoabl B (opme mauckoB guamerpoMm d =1,34 cM, paccTOsHHE MEKIY
anektpogamu £ = 1,72 cm. Cocya 3anonnen 0,05 N NaNOs. Ilpu nampsoxeHuun
U = 0,5 B uepe3 nanusIif pacTBOp mpoTekaeTt rnepeMmenHbiil Tok | = 1,85 MA. Haiitu
BEITUYMHY YJEIHHOM > 1 SKBUBAJICHTHOM A anekTporpoBoaHocTH pacTBopa NaNOs.

1.37. CompotuBiieHne daeKTpouThdeckor suerku (mpu 25° C), HanoJIHEHHON
0,02M KCI, paBao 50 Om. KakoBa mocrtosHaas cocyma k? KakoBo Oymer
compotuBnenue cocyna R, ecnmu ero Hamoinauth 0,1 N AgNO;3? Vapenpnas
snektponposogHocts 0,02 M  KCl 5 =0,00277 Omt-cml;  »kBuBanentHas
snexrporpoBoaHocTs 0,1 N AgNO3 Aagnos = 94,3 Omt-em?,

1.38. Comporusnenue pactBopa KCl konuentparuu 0,02 MOJB/T COCTaBISET
82,0 Owm, a conporusnenue pactBopa KoSO4 xonnentpamuu 0,0025 Monab/1 B ToM
ke cocyae paBHo 650 OM. Omnpenenutrb  MOCTOSHHYIO — COCyda W
AEeKTponpoBOAHOCTh K2SO4, eciii u3BeCTHO, UYTO YIENbHAS DIEKTPOIIPOBOIHOCTH
xj10puaa Kanus cocrasisger 2,768 - 10 3 Om?t - cm L,

1.39. YenbHast 31eKTponpoBOAHOCT, Tpu 18° C HaCBIMIEHHOTO pacTBOpa

BaCOs »=25475-10°% Omt-cm?. TMomemxkrocts moHOB A° ,, =55 Om t-cMm?,

Ba2+
/1202, =66 Om-cM?.  VjeneHas dJIEKTPONPOBOAHOCTH BOJBI, B3ATOH IS
3
PacTBOpEHUS COIM, Npu dToM Temmeparype x(H,O) = 4,5:107 Omtem ™.
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BEIMHCINTE PAaCTBOPMMOCTE CONM  (MOIB/JI), €CJAM CYMTAaTh €€ IOJHOCTHIO
JIUCCOLIUMPOBAHHOM.

1.40. TIpu 16,3°C HacCBIIIEHHBI pacTBOp MIABEICBOKHUCIOr0 Oapus HMeeT
YAEIBHYIO 5JEKTPOIPOBOIHOCTb 6,77-10° Om t-em 2, yAeNbHas

AJIEKTPOIPOBOIHOCTh BOJBI, B3SITOM MJisi pacTBOpeHUs, coctaBiser x(H.0) =

1,20-10° Omt-cm L. TlomBuxHOCTE Katrona Ba** u anmona C,04% paBHbI /1(1)9# =

50,6 Om t-cm?; /12 o= 58,4 Omt-cm?. Tlpunsas, uro BaC,0; muccormuposaH
2Y4

Hareno, HaiTh ero pactBopumMocth S(BaC,04) B 4KMCTO# BOJIE B MOJISIX HA JIUTP U
MIPOU3BEJICHUE pacTBOpUMOCTH [1P.

1.41. Y nenbHas snekrponposoanocts pactsopa Kl »(KI) = 0,8900 Om t-cm?, a
pacteopa KCI Toii xe xonuentpamun »(KCl) = 1,8653 Om *-cm . IIpurorosnen
pacTBOp, cojJiepKaliuii 00e COJH, ylIelbHas 3JIEKTPOIMPOBOJIHOCTh KOTOPOTO ¢ =
0,9845 Om t-cm L. Beruncnuts npouentHoe copepxanue KCI B pactsope.

1.42. Y nenbHas snextporpoogHocts 0,5 N pactBopa KCl mpu 18°C cocrapiser
512:102 Omt-em L. TemnepaTypHbIii k03 dunrent YAEIbHON
AJIEKTPONPOBOTHOCTH o = 0,0208. Borauciauthb SKBUBAJICHTHYIO
AIEKTPONPOBOAHOCTH 3TOro pactBopa npu 20°C.

1.43. TIpu 18°C abcomoTHBIE CKOPOCTH KaTHOHOB Bojgopoaa V +0 ¥ annoHa V'
BaJIEPHAaHOBOM KHCIIOTHI COOTBETCTBEHHO paBHbI 3,242-10 cm/c m 2,662-10* cm/c.

Temnepatypubie KOAhOUIIMEHTHI CKOPOCTH vt ATUX HOHOB COOTBETCTBEHHO

paBHbl 0,0154 u 0,0244. Halitn 3HaueHHE SKBUBAJICHTHOM 3JICKTPOIPOBOJHOCTH
pu 0ECKOHEYHOM Pa3BEICHUU A, BOJHOTO PACTBOPA BaJICPUAHOBOM KHUCIIOTHI NPU
25°C.

1.44. DxBUBaJICHTHAS DJIEKTPONPOBOIHOCTh BOAHBIX pacTBOpoB KNO3 mpu t =
8°C B 3aBUCMMOCTH OT KOHIIEHTPALMKU COJIM B PACTBOPE UMEET 3HAUCHUE:

C,N 0,0005 | 0,001 | 0,005 | 0,01 0,05 0,1 0,5

A, OM*-cm? 124,4 | 123,6 | 120,5 | 118,8 | 109,9 | 104,8 89,2

BrruucianTh 5KBUBAJICHTHYIO 3JIEKTPOIPOBOJIHOCTD MTPU OECKOHEUYHOM Pa3BE/ICHUN
Jo (KNO3).

1.45. DxBHBaJIeHTHast  AJEKTPOnpoBOoAHOCTL A  pactBopoB KCI  pasnoit
KOHIICHTPAIIUU UMEET CIICTYIONTNE 3HAUCHUS:

C,N 0,01 0,005 0,002 0,001 0,0002 | 0,0001
A, Omt em? 122,4 124.4 126,2 127,3 128,8 129,1

BBIYUCIATH S5KBUBAJICHTHYIO 3JICKTPOIPOBOAHOCTD MPU OCCKOHEYHOM Pa3BEICHHUH
s, HOCTpOUB Tpadhuk 3aBucuMocTH A o1 VC.
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1.46. Y nenbnas sanexkrpornpoBoaHocts 0,0109 N pactBopa NH,OH mipu 18° C » =
1,02-10* Om*-cm?, a ynensHas snekrponposogaocts 0,0219 N NH,OH mipu Toii
ke temmeparype » = 1,50-10% Om t-cm !, BeraucanTs 118 yka3aHHBIX pacTBOPOB
CTETIeHb JUCCOIMALINY 0. U KOHIICHTpamuto ruipokcui-uoHoB C(OH). [IpoBeputsb,
Hackoysibko TouyHO pactBopbl NH4OH crieayror 3akoHy pasBeieHHUs, €CIIU

- 0 -
TIO0JIBMKHOCTH HOHOB PABHBI /’LONH+ = 63,6 OM *-cMm?, Aoy-= 174 Om Lem?.
4

1.47. Yepes pactBop CdCl, mpomyckany MOCTOSIHHBIN TOK MEX]Ty TUTATHHOBBIMHU
anekTpoaamu B TeueHun yaca. Cuna toka | = 0,2 A. Yucno nepeHoca tC 42 = 0,414.

Haiitu yosuts CdCl, B kaTomuTe 1 aHONHTE.

1.48. Berumcnuth uncia nepenoca t. ut monos Cu?* u SO4% B 0,2 M pactsope
HAa OCHOBAaHMUU CJENYIOIIMX JIaHHBIX: OOBEM KaTOJuTa IOCJE dJIEKTPOJIM3a
36,433 mut; kommdecTBO Meau B HeM 0,442 T; KOJTMYECTBO cepedpa, BBIICIUBIIETOCS
Ha Karojie KyJoHometpa, 0,041 r.

1.49. B pe3ynbTare 37€KTpOJIM3a BOJHOTO pacTBOpa cyib(hara Meau Ha KaToJie
BbIemoch 0,229 r menu. Jlo snekrponusa pactBop y aHoga cogepxain 1,195 r, a

nocyie anekrposn3a — 1,360 r meau. Haiitu yucia nepeHoca tCu2+ ut

S05°

1.50. PactBOop azoTHOKHCOTO cepebpa, comepkammii Ha 25 T Boael 0,185 T
HUTpaTa cepedpa, MOABEPrajcs 3JEKTPOJIU3y C cepeOpsHbiM aHoaoM. Ilocne
AJIEKTPOJIN3a aHOTHOE MPOCTPAHCTBO coaepxkaio 23,140 r Boast u 0,236 r HUTpaTa
cepeOpa. B mocnenoBaTenbHO BKIIOYEHHOM CEPEOPSHOM KYJIOHOMETPE 3a 3TO

Bpems Beiemmitock 0,078 T cepedbpa. BerancauTs uncna neperoca t A B o -
3

1.51. PactBop, conepxkammuit 0,182 % enkoro kamus, ObUT TIOJABEPTHYT
ANEKTPOJIM3Y MEXKIY IJIaTHHOBBIMU AJICKTpoAaMu. B kaTonurte, Macca KOTOPOTO
64,5 r, mocie anekTposmsa coaepxkanochk 0,126 T eaKoro Kaaus, B TO BpeMs Kak
KOHIICHTpAIMsl CPEIHEW dYacTh SJIEKTPOJUTa HE HM3MEHWJIach. B cepeOpsHOM
KYJOHOMETPE 3a BpeMs DJICKTPOJM3a BBIACIUIOCH KOJHUYECTBO cepedpa,
skBuBasiecHTHOE 0,031 1 egxoro kanus. Haittu yucia nepenoca tH+ ut oH- -

1.52. PacTBOp COJITHOW KUCIOTHI OBUT MOABEPTHYT AJIEKTPOIU3Y B IPUOOPE IS
OmMpeNeieHusl Yucea IMepeHoca ¢ IUIATUHOBBIMU 3ekTpoaamu. KatomgHoe
OTAEJIEHUE coaepkano 110 ekTposusa 0,177 u nocne snexkrponusa 0,163 r-uoHos
xyopa. B cepeOpsiHOM KyJOHOMETpe, BKIFOUYEHHOM IOCJIEI0BATEIbHO, BBIACIINIICS
ocaziok cepeOpa, sxkBuBaneHTHbIH 0,083 r-noHoB xnopa. Haiit 4ucia nepexoca t .

Hu tcr'

1.53. Yucno nepenocoB moHoB Bojopoaa t» B 0,05 N HCI ompenensim mo
MeToay ABWXKyIIed rpanunel. [log aeiictBuem Toka cuoi | = 0,003 A rpanuna
npouwta 00beM, paublii 0,159 cm® 3a 5 Mun 11 ¢. Uemy paBHO umciio neperoca H*?

1.54. Ha kakoe paccrosiHue rnepeMectuTcs rpanuna conpukocHoBenus 0,2 N
NiSOy4 ¢ pactBopom K;SO4 B TpyOKe nuameTp KOTOpOi paBeH 1,5 cMm, ecnu TOK
cunoii | = 0,002 A nponyckanu B TedeHuu 3 yac? Yucno nepeHoca tNi2+ =0,404.
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1.55. Yepes y3kyto TpyOKy, B koTopoii Hax 0,333 M CdCl; manut 0,073 M LiCl,,
npomyckanu Tok | = 5,594 MA. I'panuna pasnena nepemeniaiach BHH3 U 4epes3
3976 ¢ mpouuta anmuHy TpyOku, coaepxkamreit 1,002 mn pactBopa. Haiitu umcino
nepenoca nonos Cd?",

1.56. Yepes pactBop CuSO4 mpomyckanu Tok cuioit | = 0,15 A. Hucno neperoca

t.2+ PaBHO 0,4. CKOJIBKO T-MOHOB MEAM MPONAET yepe3 MONEPEYHOE CEUCHUE

anexTponuTa 3a 30 MuH?
1.57. B pactBope NH4Cl uucio mepenoca anmmona Cl~ t_ = 0,491. Haiitn

0 0
a6COJII-OTHy1-O CKOpPOCTH V+ N II0ABHNKHOCTD ﬂq_ KaTHuOHa, CCJIM OKBHBAJICHTHAs

3JIEKTPOIPOBOJHOCTE PACTBOPA IIPH OECKOHEYHOM Pa3BEICHHH A, = 149 Om L-cm?,

1.58. Yucna nepenoca annonoB t- B 0,1 N pacrBopax NaCl, KCl u NaBr npu
temneparype 18°C coorBercTBeHHO paBHbI 0,603; 0,504, 0,605. Onpenenutp yncia
meperoca t . u t. . B 0,1 N KBr npu toit xe temneparype (B3aHMOJACHCTBHEM

MEXIy HOHAMU TIpeHeOpeyb).
1.59. Haiitu xosddunrient nud@y3uu 71eKTponnuTa B enu
(-) Zn | ZnSO4 + H,O | Zn (+)
npu 25°C, eciu aGCOMIOTHBIE CKOPOCTH IBHKEHHS KATHOHA M AHMOHA COCTABJISIOT
36-10° cm?c 2B 1u 74:10° cm?¢ 1B 1, cooTBeTCTBEHHO.

1.60. Paccuutath kodddunment nuddy3nn omHO3aPSIAHBIX MOHOB PATUYCOM
2,8:101° m B Boge mpu 25°C, B musTHnOBOM >dupe mpu 100°C. BsskocTs BoAbI U
nusTHIIOBOrO >(HMpa IpU JaHHBIX Temieparypax coctasiasior 0,894-10 2 u
1,69-10 3 TIla-c.

1.61. KakoBo m0KHO OBITH COOTHOIIeHHE MexXAy akTuBHOocTsmu HCIl B aByx
pactBopax ai/a; npu 18°C, uTo6b! (U (y3UOHHBIH TOTEHIUAN @y, BO3HUKLIUN Ha

uX Tpanuie, obu1 pasen 0,1 B? TTogBMKHOCTH HOHOB /121+= 315 OmLem?, A2 =

c
65,5 Omt-cm?,
1.62. Beraucnuth nudPy3uoHHBIN TOTEHIIMAT @4, Bo3HUKaromui mpu 18° C Ha
rpanutie pazaena 0,01 N u 0,001 N pactBopor NaCl, eciu cpenuuit koaddurment

axtusHoct NaCl B mepsom pactBope fi= 0,903, a Bo Bropom fZ2= 0,97,
OnpenenuTe KakoM W3 pacTBOPOB 3apaautcs nosoxurenbHo. Ilpm  18°C
HOJBU>KHOCTH HOHOB /1?\]&+ = 43,5 Omt-eMm?, ﬂgl, = 65,5 Omt-cMm?.

1.63. Ilo mpasumny I[lucapxkeBckoro-Banbaena mpousBeneHHe >KBUBAJICHTHON
AIEKTPONPOBOJAHOCTA  DJIEKTPOJIUTA,  SKCTPANMOJMPOBAHHOM 1O  HYJIEBOM
KOHIIEHTPAINH, A, Ha BI3KOCTh YHCTOT'O PACTBOPUTEIISI €CTh BEIMYMHA ITOCTOSTHHAS,
KOTOPYIO MOKHO OLICHUTh TEOPETUUECKU

Jolfo = CONSt = Z-ep'F / 671,
rie I — paanyc UOoHa, Z — €ro 3apsj
BLIYUCIUTL Ao JUIS OJHOBAJEHTHOTO MOHA paamyca 3 A B BogHOM
pactBope npu 25°C, O1IeHUTh HOHHYIO MTOJBUKHOCTH ITOTO HOHA MPU OECKOHEYHOM
pa3BeJEHUU B METAHOJIE, IS KOTOPOro Mo=5,46-1073 nyas.
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1.64. MocTuk, 3aroIHEHHbIM HACHIIIEHHBIM PAacTBOPOM XJIOpUJA Kallks, YacCTO
OPUMEHSIOT g ycTpaHeHus Au(Qy3UOHHBIX MOTEHUMAIOB, Ha TrpaHUIaX
COMPUKOCHOBEHUS AJIEKTPONUTOB. Brraucnuth AuQ¢y3nOHHBIN MOTEHIMANT s
TPaHUI] COMPUKOCHOBEHHUS HACBHIIMIEHHOTO pacTBOpa XJOpuUaa Kaius (YUCIIO
nepenoca karuona t,=0,491) c¢ (a) 0,01 M HCI (t. = 0,821) u (6) 5 M CaCl; (t. =
0,438).

1.65. AGcoitoTHas CKOPOCTh JIBWIKEHHUS MOHA Kallis B BOJHOM pacTBOpEe Ipu
25°C pasma 0,76-:107" m®>B1-.cl. Ouennts momsmwxnocts K* B dopmamumzme u
MeTujaleTaTe, €cid BS3KOCTh (opmamuza B 3,7 pasa Ooiblle, a BSI3KOCTb
MeTuiamerara B 2,6 pa3a MEHbIIIE, YEM BS3KOCTh BOJIbI.

1.66. Paccuutath paanyc «mo CTOKCY» OTHO3apSIHOTO HOHA, €CIH €ro
IOJBMKHOCTh B OECKOHEYHO Pa30aBlIeHHOM BOAHOM pacTtBope mpu 25°C pasna
38,7-10* Cm-M?Moib 2, a BA3KOCTB BOJBI IpH 3TOM Temnepatype 0,894-10-3 Ia-c.
O1eHUTh NOJIBUKHOCTh 3TOr0 MOHA MpU OECKOHEYHOM pa3BE/ICHUU B INIULIEPUHE,
BSI3KOCTh KOTOporo pasHa 1,49 Ia-c.

1.67. Paccumraiite 3¢dekruBnbiii paguyc mona N(CyHs)s*, ncnons3ys 3akoH
Crokca, ecnu mpeAenbHas MOJSpHAs DJIEKTPONPOBOJHOCTh JAaHHOTO HOHA B
BoxHOM pactBope mpu 25°C pasna 32,6 Cm-cm?Momb-L. Baskocts Bogsl npu 25°C
pasna 8,90-10~* Ia-c.

1.68. C mnomompro ypaBHeHus [leOas-I'tokkens-OH3arepa  OIEHUTH
anektponpoBogHoctu npu 293 K nmna 0,01 mons/n pactBopoB cuiibHOro 1-1-
3apsAHOTO dIIeKTposuTa B Boze (7 = 1,005-10 = ITa-c, ¢ = 80,4) u B popmamuze (7
= 3,75-103 Ila-c, ¢ = 111,5). Koncranra ¢popmynsl Bansaena-ITucapxeBckoro B
000uX CIlyyasx ofuHaKkoBa u pasHa 1,457-10° Cm-m?-momp *Ila-c.

1.69.1lo0 nmaHHBIM O TPOU3BEJECHUU PACTBOPUMOCTH MaJOPaCTBOPUMBIX
coenuuenuii B Boge npu 25°C paccunTaiite pactBopuMOCTh dnekrposuTa C: a) B
YUCTOM BOJIe; O) B BOAHOM PacTBOPE AMEKTpoiuTa D ¢ MOJSIbHOM KOHIIEHTpaIuen
M1; B) B BOJHOM pacTBOPE DJEKTPOJUTa E ¢ MOISIBHONM KOHIIEHTparuen Mmp.
Cpennuii HOHHBIH KO3((ULIHUEHT aKTUBHOCTH MaJIOpaCTBOPUMOIO COEIMHEHUS B
€ro HACHIIICHHOM pPAacTBOPE PACCUUTANUTE MO TMEPBOMY MPUOIMKCHHUIO TEOPHH
Jle6as-X1okkenss. B pacuere MOHHOI CUITBI PacTBOpPa YYUTHIBAUTE TOJIBKO MOHBI
MOCTOPOHHUX CHIIBHBIX SJIEKTPOIUTOB.

N anexTposut C anexkTponaut D anekTposuT E
COCTaB I11P COCTaB M1, MOJIB/KT' | COCTaB | My, MOJB/KT

1 | AgCl 1,77-101° | AgNO3 0,0095 NaNO; | 0,0082

2 | Ag,SO; | 1,510 | K,SOs3 0,0031 KNOs; | 0,0077

3 |BaCrO; |1,17-107'° | Ba(NO3), |0,0028 KNO; | 0,0043

4 | BaSOq 1,8-101° | Ba(NO3), |0,0014 KNO; | 0,0073

5 |Pb(l10s), |3,69-10 | Pb(NOs), |0,0025 NaNO; | 0,0032
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T'JIABA 2. JjiekTpoXuMHYeCKHe CUCTEMbI B PABHOBECUH

DNEeKTPOXUMHUYECKUE CUCTEMbI, HaXOMSIIMECs B PaBHOBECHH, Ha3bIBAIOTCS
obpatuMbIiMu TalmbBaHWYecKUMHU deMeHTamMu (OI'D). C ux momornpio yao0HO
OTIpEeICTIATH TEPMOANHAMHYECKHE XapaKTePUCTUKH pa3INYHBIX
IEKTPOXUMUYECKUX TMpoueccoB. OcHOBHON Xxapakrepuctukoid OI'D sBisgercs
HanpspkeHue Mexay annekrpogamu OI'D mpu pa3oMKHYTOM BHEHIHEH LEenu WM
anexTpoaBmxkyias cuia (3C) OI'D.

N3menenune cBo6oHOM 3Heprun [ n66ca AG — 310 paboTa, KOTOPYIO MOXKET
npousBectd OI'D (pu MOCTOSIHHBIX TABJICHUH U TEMIIEPATYPe):

AG =-1z-F-E, (2.1)
/1€ Z — YMCJIO AJIEKTPOHOB, YYaCTBYIOIIUX B 3JIEKTPOTHON PEaKINH;
F — uucno ®@apanes;
E-2]1C OI'D.
W3 TtepMoaMHAMUKH HW3BECTHO, YTO HM3MEHEHHE JHTAIBIUU U SHTPOIHUH
BhIpa)kaeTcs ypaBHeHUsIMHE (2.2) 1 (2.3), COOTBETCTBEHHO:
AH=—z-F-E+z-F-T-(dE/MT),, (2.2)
AS =z - F - (dE/dT), (2.3)
rae (dE/dT) — remnepatypubiii koahduiuent I/C.

Taxke g pacuera TEPMOJMHAMUYECKMX BEJIMYMH  HCIIOJIB3YIOTCS

BBIPAKEHUS:

AG = AH - T4S. (2.4)
AH=-0Q, (2.5)
8(AG)/OT = — AS, (2.6)

rae Q — reroBoit 3pexT peakuu.

To ects mpu u3BecTHOM BenuunHe IDJJC oOpaTUMOro rajabBaHUYECKOTO
AJIEMEHTA, 3Has U3MEHEeHHE £ OT TemMrepaTypbl, MOKHO HAWTH TEPMOAMHAMUYECKIE
(GYHKIIMH TaHHOTO 3JEKTPOXMMHUUYECKOTO MpoIiecca.

U3 cootnomenntit (2.1-2.6) u ypaBuenus [ m66ca-I"enpmromnbiia

AG = AH + T 2(46) (2.7)

oT

Q (an
cienye E=—"+T| —| . 2.8
AEAYET zF T Jp (28)

Mexny DC OI'D u KOHUEHTpauHWell YYaCTHHUKOB 3JIEKTPOXMMHUYECKOMN
peaKkuuu CynecTBYET 3aBUCUMOCTb, ycTaHoBiIeHHass Hepuctom B 1889 r.

J1st peakiuu: Ox + ze = Red
ypaBHeHue HepHcera nmeer BU:
E=E+ Ry 8o (2.9)
ZF  Agey

/1€ Aox — AaKTUBHOCTh OKUCIICHHOW (hOpMBI pearupyroIiero BemecTna,
Ared — AKTUBHOCTHh BOCCTAHOBJIEHHOM (hOPMBI pearupyroIiero BeniecTna,
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E° — crangapraas DJ1C OI'D.

Crangaptaas DJIC (E°) nomywaerca mpu a = 1. Benmuuny E° moxHO
paccuMTaTh W3 TEPMOIWHAMUYECKHX XapaKTepucTuk. J[as ompemeneHHBIX
>JEKTPOIOB 3HadeHMss E° mpuBeneHsl B TaOnMIe CTaHIAPTHHIX ITOTCHIHAJIOB
OTHOCUTEIHLHO CTAHIAPTHOTO BOJOPOTHOTO AJICKTPOa CPABHCHHUS.

DNeKTpOAHbINA NOTEHLHAJ CBSI3aH C KOHCTAHTOM PaBHOBECHS COOTHOLUIEHUEM
=Rl Kp. (2.10)
ZF

3nauenne DJIC 30€KTPOXUMHUYECKOW LIENHA PaBHO PA3HOCTU AJIEKTPOIHBIX
NOTEHIMAJIOB IPAaBOTO M JIEBOTO JJIEKTPOJAOB M ONPENEISAETCS BEIMYUHOU
u3MeHeHus dHeprun ['nd0ca B xo/1e TOKOOOPA3yIOIIel peakuuy Npyu MOCTOSIHHBIX
JaBJICHUU U TeMIeparype. OTO U3MEHEHUE PaBHO MaKCUMaIbHON 3JIEKTPUUECKOMN
padote Wiax, KOTOPYIO 3JIEKTPOXUMHUYECKAs! LIETIb MOTJIa Obl IPOU3BECTH

WMAx:Z -F-E=-AG. (211)

JI1s caMonpou3BOJIBLHO paOOTaAONICH SJIEKTPOXUMUUECKON 1enu Ha Oosee
MOJIOKUTEIIBHOM 3JIEKTPOJIE MPOTEKAeT MPOLIECC BOCCTAHOBIIEHUSA, Ha OoJiee
OTPULIATETTLHOM — OKHUCIICHUS.

JInsg nenu, COCTaBJIEHHOM W3 OJMHAKOBBIX JJIEKTPOJIOB C PA3IUYHBIMHU
AKTUBHOCTAMHM TTOTEHUIMAJIONPEAEISIIONIMX BEIIECTB (KOHLEHTPAMOHHAsS IIEIb),
DJ1C ¢ yuetom nuddy3MOHHOTO MOTEHIIUAA JAETCS CICAYIOIIMMU BhIPAXKEHUSIMU
JUISL 3IEKTPOIOB 00paTUMbIX OTHOCUTENBHO KATHOHA U aHMOHA, COOTBETCTBEHHO:

v-R-T Ay
In
Z * F ai(l)

E:Z'[_b—olgﬂai‘4 =t_ : E:2t+b—0|g17ai”', (2.12)
Z z
rae by = 2,3RT/F;
@+ — CPEIIHSSI aKTUBHOCTD.

Jnst nuddepeHnuanbHO €MKOCTH ABOMHOTO 3JIEKTPUYECKOrO CJIOS Ha

rpaHulile pasjena IByx ¢a3 crpaBeJINBO PABEHCTBO
= dgq : (2.13)
dE

[To 3aBUCHMOCTH TTOTpaHUYHOTO (MexK(a3HOTO0) HATSHKEHUSI 0 OT TOTSHITHAIIA
AJIEKTPOJIA, TAK Ha3bIBAEMBIM AJIEKTPOKAMMIIIIPHBIM KPUBBIM, MOKHO OTPE/IETUTh
NOTEHLMaN HYJEBOro 3apsna FEg-o, MOBEpXHOCTHbIE W30bITKH [ (azcopOuuio)
KOMITOHEHTOB Ha TpaHuIle pazzena (a3 u Apyrue XapakTePUCTHKHU AIEKTPOIa.

N3 0CHOBHOTO ypaBHEHHS NEKTpOKaMWILIIsIpHOCTH 110 A.H. @pymMKuHy

do=-qdE-RT > IdIna (2.14)
i=Hgs"
IIOJIy4aeTCsl, KaK YaCTHBIN Cllydail, ypaBHeHue Jlunnmana
do
— | =-0. 2.15
(dEjm q 215)
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VYpaBHeHue, cBs3biBarolee 3apan aud@dy3Horo ciosi (; ¢ MOTEHUIHATIOM
BHEIIHEW MJIOCKOCTH | enbMrobia 7R KOHIIeHTpareil HoHOB C ObLIO TOTyYEeHO

O.llItepuom u, Bnocuencreuu, J.I'pamom

z-F-y,
=./(2¢,6-R-T -C)sh) ———— |, 2.16
Ay =20 ) [ SR j (2.16)
ORT a a’ v
OTKYZa W, = In a + A +1 :
ZF 1 2/2606-R-T-C (8gps-R-T-C
rae & — JOUDJIEKTPMYECKas IPOHUIIAEMOCTh pacTBOpUTENsA (BOAbI) U & —

0
IUBJIEKTPUYECKas IPOHULIAEMOCT BaKyyMa, paBHas 0,88542-10° 1 (d-mY).

IIpumeps! perienus 3agay

Ilpumep 2.1. B anemente Becrona oOpaTuMo ¥ M30TEPMUYECKU MPOTEKAET

peakuus
Cd + Hg;SO, = Cd?" + SO,* + 2 Hg.

HanucaTth 37€eKTpoAHbIE peaKlMU, CXEMbl 3JIEKTPOAOB U 3JIEKTPOXUMHUECKON
LEeNH, ypaBHEHUS 3JeKTPOAHBIX mnoTeHuuanoB u DJIC snemenTta. Boruncnuth
u3MeHeHue sHepruu ['md0ca, SHTATIBIIUM U SHTPONUHU PEAKINH, TPOTEKAIOIICH B
anemente npu 303 K, ecim mnepBbId  HM30TEPMUYECKUN  TeMIEpaTypHBIN
ko> unuent DJIC snemenTa pasen — 4,06-10° B-K%; BropeiM koddduimenTom
npeHeopeyb.

Pewenue. CymmapHoe ypaBHEHHE pPEakiMd B 3JCMEHTE IMOKa3bIBAaET, YTO
MCXOIHBIMH BemmecTBamu sapistorcs Cd u HY,SO4, a npoxykramu peakiuu — Cd?,
SO,# um Hg. Mcxoms w3 5TOro, >IEKTPOMHBIE PEAKIUM MOXKHO 3aIlicaTh B
CJICIYIOIIEM BUJIE:

Cd = Cd?* + 2¢;
Hg,SO, + 2e =2Hg +SO%".
CxeMa 3IIEKTPOXUMHUYECKOM IIeTTH 3JICMEHTA:
Hg, Cd | CdSO4 | Hg2SO4, Hg.

Onextpoanbie noTeHuanbl 1 IJC anemMenTa BRIUUCISAIOT 10 GopMyIam:

a_ o,
E,=E) + R G ;
2F  acy(ng)
E;=Ey MY B
a
o RT aCd2+ g2
E=E,-E,=E’-——In i
2F  agy(ug)
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OJ1C anemeHTa BBIYUCISIOT IO opMyJIe:
E =1,0181 - 4,06-10° (303 - 298) = 1,0179 B.
N3menenue saeprun ['m606ca BeraucauM mo Gpopmyie:
AG=z-F - E = - 2-96487-1,0179 = — 196,4 x> Moub .
N3 ypaBuenus ['n66ca-I'enbmrosibiia HaXoauMm

AH, = Z'F{T(g—f) —E}:2-96487[303(—4,06-10‘5)—1,0179]=
.

— 199 kJIx-MOb
M3MeHeHne SHTPOIUH OMPESIMM 110 COOTHOIICHUIO:
AS=2z-F (dE/dT),=2 - 96487(- 4,06-10°)= —7,83 Jl-moap ~K.

Ilpumep 2.2. Berancnute 3/1C ranpBaHUYECKOT0 3JIEMEHTA
Zn | ZnCl; (0,005 momw/n) | AgCI, Ag
npu 298,2 K, eciu cpeguii ko3(PUIMEHT aKTUBHOCTU XJOpUAA IMHKA B
yKa3aHHOM pacTBope paseH 0,789. [IpuBecTr cXxeMaTUUECKYIO 3alUCh AIEKTPOJIOB,
AIIEKTPOJHBIE PEAKIIMHU U YPAaBHEHUS PAaBHOBECHBIX MOTEHIIUAJIOB.

Pewenue. Cxema »snexTpoaa, 3JIEKTPOJHAs pPEAKIUs U PABHOBECHBIN
BHCKTpOIIHLIﬁ IMOTCHIO WA MUMHKOBOI'O 3JICKTPOda:
Zn?*| Zn;
Zn** + 2e = Zn;
RT

=0
EZn2+|Zn - EZn2+|Zn + oF In aZn2+

rae E§n2+|2n =—-0,7628 B — cTaHapTHBIN NOTEHIHAT [IMHKOBOTO JIEKTPOA.
AHaIOTUYHO 3aMUIIeM JJIs XJIOPUACEPEOPSTHOTO AIIEKTPO/Ia:
C17|AgCl, Ag;
2 AgCl + 2¢ = 2Ag + 2CI;
0 RT 2

ECl’lAgCI,Ag - ECI’|AgCI,Ag T oF Ina

0

rne ECI‘|AgCI,Ag

AJIEKTPOIA.
DJIC uenu HailieM Kak pa3HOCTh JIEKTPOAHBIX TOTEHIINAIOB:

0 0 RT, » RT

b= EC1’|AgCI,Ag - E2n2+|2n - Ecr|AgC|,Ag - E2n2*|2n T oF In ac- ~ oF In a2 =

=E° —%In(a ,.a’ )

Zn Cl™

= 0,2221 B — cranmapTHBIA TOTEHIHMAN XJIOpHIACEPEOPSHOTO

qu/ITBIBaﬂ, YTO B 00JIACTH MaJIBIX I(OHI.[CHTpaI_[I/Iﬁ C = m UMeEeM

a,,ay. =a; = m,f, =./4mf, = J4cf, .

Torna
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= _go 3RT
oF

=1,1806 B.

In(\/4cf, ) = 0,2221— (—0,7628) —1,5-0,5921g(1,587 - 0,005 - 0,798) =

3aavu AJIs1 CAaMOCTOSITEILHOTO pelleHust

2.1. Paccuwnraiite unciaeHHoe 3Hauenue 111 2,303RT/F mpu 50°C.

2.2. Paccumraiite TouHOe 3HaueHue mnoteHnuaia st Ag,AgCl-anextpona B
pactBope 1 moiw/kr NaCl.

2.3. PaccunTaiiTe TOUHOE 3HaUYCHHE MOTEHITMaa MuHKa B pactBope 0,01momb/kr
ZnCl 2.

2.4. PaccunTaiiTe MOTEHITMAT BOJIOPOIHOTO AJIEKTpoa B pacTBope ¢ PH =7 npu
napuuainbHoM naBieHuu Bogopozaa 0,05 Mlla u remnepatype 40°C.

2.5. HanpspkeHue Ha siuedike, COCTOSIIENH M3 IIMHKOBOTO aHOJla U BOJAOPOJIHOTO
anektpoaa (katoma) B 0,5 mos/kr pactBope ZNnCly, paBuo 0,590 B. Kakoso
3Hauenue pH pactBopa?

2.6. Paccunraiite DJ1C nienu, cocToseld U3 MEIHOTO U BOAOPOIHOTO ( Pu,=

0,2 MIla) snexktponoB B pactBope CuSO, (aktuBHOCTH CU paBna 1) ¢ pH = 1.
OnpenenuTe MOJISIPHOCTD STYCHKH, KAKOU 3JICKTPOJT SBIISICTCS aHOAOM?
2.7. Paccuuraiite DJIC nenu (ipu 40°C):
Pt (tB.) | O2 (1.) | H2O | O (1.) | Pt (TB.)
p=0,1MIla p=1,0Mlla
KakoBa noJiipHOCTh SUEVKH U KAKOW 3JIEKTPOJL SIBJIAETCSA AaHOIOM?
2.8. Paccumraiitre DJIC menu, cocTosmIe U3 BOJIOPOIHOTO ( Pu,= 0,1 MIla) u

KHCJIOPOAHOTO ( Po, = 0,05 Mlla) snexrpomos B 0,5 moins/kr pactope NaOH.

Omnpenenure MNOJSAPHOCTh U AJIEKTPOJ, SBJSIONIMICS aHOAOM (CUMTalTe, YTO
KHUCJIOPOJIHBIN 3JIEKTPOa 00paTHM).

2.9. luuak norpy3uiu B pactBop CuCl,. Kakas peakiusi mpu 3TOM HpOTEKaeT,
IIpH KAKOM COOTHOLIEHHH aKTUBHOCTEH azn?*/acy®* peakuus mpexparurcs?

2.10. Paccunraiite DJIC memm, cocTosield M3 JKEJIe3HOTO M CBHHIIOBOTO
SJIEKTPOJOB, MOTPYKEHHBIX B PAcTBOp, coaepKammii woHbl Fe?* m Pb?* ¢
OJIMHAKOBOM aKTUBHOCTHIO. Kakoii 31eKkTpo 1 OyaeT KoppoaAUpOBaTh IPH KOPOTKOM
3aMBIKaHUH STYEUKU?

2.11. Paccuurats TemnoBoii 3¢ dekt QP XUMHUYECKON peakiiuu

Zn + CuSO4 = ZnSO;4 + Cu,
nporekatoumied B anemeHTe Jlanuens-fAkoOu, M MakCcUMaibHYIO padoTy,
COBEpIIAEMYIO UM B CTaHAAPTHBIX ycioBusx npu 298,2 K, eciiu J1C sneMenrta npu
temneparypax 273,2 K u 276,2 K pasnst 1,0960 u 1,0961 B, cooTrBercTBeHHO. B
paccMaTpuBaEMOM HMHTEpBAJIe TEMIIEPATyp TEIJIOEMKOCTh KOMIIOHEHTOB peakluu
He wu3MeHseTcs. HammcaTp cXembl 3JIEKTPOJOB W PEaKIMH, MPUBOIAIINE K
BO3HUKHOBEHHUIO  JJIEKTPOAHBIX  IOTEHIIMAJIOB, TPUBECTH CXEMbl 3aIHUCH
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AIEKTPOXUMHUYECKOHN 1LIeNH 3JeMEeHTa U o0lee TEPMOJUHAMUYECKOE BBIPAKEHUE
s DJ1C nenu.
2.12. O/1C sneMeHTa, B KOTOPOM MPOTEKAET peaKius
Ag + 2 Hg.Cl, = AgCl + Hg,
paBHa 0,0456 B mpu 2982K wu 0,0439 B mpu 293,2 K. Hailtu wusmeHeHue
CTaHAapTHHIX 3HaueHui sHeprun ['u66ca AGP, suransmumn AH® u saTporun AS°.
2.13. BbaucauTh TeraoBoi 3PGeKT U H3MEHEHHE SHTPOMUHU PEaKIuu
Cd + PbCl, = CdCl; + Pb,
MPOTEKAIONIEN B TaJibBaHU4YeCKOoM 3iieMeHTe npu 298,2 K, ecnu DJIC snemenTa
pasHa 0,1880 B, a remneparypHslii kodddunuent pasen —4,8-10* B/rpan.
2.14. TennoBoii 3¢ ekt peakuu
Pb + 2 AgCIl =PbCl; + 2 Ag
pasen 105,1 M/lx/kmons. DJIC ameMenTa, paboTaromero 3a C4eT 3TOH PEakIlny,
paBHa 0,4901 B mipu 298,2 K. Beruncnute I/1C snementa npu 293,2 K.
2.15. TemnoBoii 3¢ ekt peakuu
Pb + Hg2C|2 = PbClI, + 2Hg
paBen 94,2 M/Ix/kmone npu 2982 K. DJIC snemeHTa, B KOTOPOM OOpaTUMO

IPOTEKAET 3Ta Peakiys, Bo3pacraeT Ha 1,45-10* B mpu noBbIIIEHNH TEMIIEPATYPHI
na 1°C. Beruuciuts DJIC 21eMeHTa U n3MeHeHue SHTponuy npu 2982 K.
2.16.lo TepMOOMHAMHUYECCKHM CIPABOYHBIM JIaHHBIM (TIPWIOKEHUE 2)
BBIUUCIIUTH CTaHAAPTHBIC TOTCHIIUABI CICAYIOMINX SJIEKTPOIOB:
a) AF*|AL;  B) Ni#*|Ni; 1) CI|Cl,, Pt;
0) Zn**|Zn; 1) Ag'lAg; e) F|F,, Pt.
2.17.Tlo TepMOIUHAMUYECKMM CIIPABOYHBIM JIaHHBIM (TPUIIOKEHUE 2)
BBIYHUCIIUTH cTaHfapTHbie DJ]C clieyronmx 3J1eMEHTOB:
a) Pb, PbCl; | KCI | AgCl, Ag; r) Pb, PbCl; | KCI | Hg.Cl;, Hg;
0) Pb, PbBr, | KBr | AgBr, Ag; 1) Pb, PbSO,| K;SO4 | Hg2SO4, Hg;
B) Pb, PbO | KOH | HgO, Hg.
2.18. BJ1C rnemenTa BecToHa, B KOTOPOM MPOTEKAET PEAKITUS
Cd+ Hg2804 =CdSO, + 2 Hg,
U3MEHSETCS C TEMIIEPaTypOil 10 YPaBHEHHIO
Ep =1,01830 — 4,06-10 (T —293,2) — 9,5-10 /(T - 293,2)>.
Boruucautes OJIC snemeHTa M TemmoBor 3G(EKT AIEKTPOIHBIX pPEaKIUuil Mpu
273,2 K.
2.19. Paccuurtarh U3MEHEHUE YHTPOIMH TATbBAHUYECKOTO PJIEMEHTA
Ag, AgCl | HCI | Hg.Cl;, Hg,
eciu TemreparypHbiii koddpumuent DJIC snemenra pasen 3,39-10 4 B/rpan.
2.20. Haiitu u3mMeHeHue S3HTPOIUU peaKuu
Cd + 2 AgCl = CdCl, + 2 Ag,
MPOTEKAIOIIEH B TalbBAHWYECKOM DJJIEMEHTE MPH CTAHJAPTHBIX YCIOBUSX, €CIIH
B/IC ero paBna 0,6753 B u cranmapTHbIE TEIUIOTHI OOpa30BaHUs XJIOPHUCTOTO

27



KaaMusi W xjopucroro cepedpa paBubl —389,0 u —127,0 Mx/kmoiib,
COOTBETCTBEHHO.
2.21. Haiitu TerioBo# 3 peKT peakiuu
Cd + PbCl, + 2,5 H,O = CdCl,-2,5 H,O + Pb
npu 2982 K, ecnu DJIC sneMeHTa, B KOTOPOM IPOTEKAET ATa peaKkUus, paBHA
0,188 B, dE/AT = — 4,8-10 * B/rpax. Haiitu paGoTy, coBEpIIaeMyIO 2JIEMEHTOM B
YCIOBUSIX PAaBHOBECHS.

2.22. Haittu TerioBoi 3QQeKT 1 u3MEHEeHHE SHTPOIHH XUMHUYECKON PEaKIIiH,

POTEKAIOIIEH B TaJlbBAHUYECKOM AJIEMEHTE

Pb | Pb(CH3;COO), || Cu(CHsCOO); | Cu
npu temmneparype 298,2 K, ecimu wu3BectHo, uro JOJIC paBna 0,4805B wu
TemmnepaTypHbiii Kod(¢uument pasen 4,1-10“ B/rpax. Haiith MakcHManbHYIO
MOJIE3HYIO pabOoTy, COBEPILIAEMYIO FJIEMEHTOM.

2.23. Paccunutarh M3MEHEHHWE MaKCHUMaJbHOW paboThl M TerioBoro 3ddekra
XUMHUYECKOM PEaKIMH B TaJIbBAHUYECKOM 3JIEMEHTE MPU MOBBIIIICHUU TEMIIEPATYPHI
OoT 293,2 K mo 298,2 K, eClIn Z = 2, E293,2 = 0,023 B, Ezgg,z = 0,019 B.

2.24. Crangaprasie D/[C rabBaHMYECKUX 2JIEMEHTOB

Pt, H,|H,O | O, Pt m  Pt, Hy| KOH | Ag20, Ag
paBHbl 1,229 u 1,180 B, cooTBeTCTBEHHO. BBIUUCINTE CTaHAAPTHOE W3MEHEHHUE
M300apHO-N30TEPMHUUECKOTO TOTEHITHANIA AJIs1 PEaKIIH
4 Ag + O, =2 Ag,0.

2.25. DJIC ueneit: Fe, Fe(OH),| Ba(OH),| HgO, Hg u Pt, H,| Ba(OH),| HgO, Hg
npu 298,2 K pasubl 0,973 u 0,927 B. B npouecce o6pa3oBaHusi U3 KUCIOPoOJa U
BOZIOPO/Ia KUAKOM BOJIbI M3MEHEHHWE H300apHO-U30TEPMHUUYECKOTO MOTEHIIUAIa
coctaBisier —236,6 MJDx/kmonb. Hailitu AG npu o0Opa3zoBaHUU H3 DIEMEHTOB
Fe(OH); B TBepmoit da3e.

2.26. Haiitn koncTtanty paBHoBecus peakiuu Cd + ZnSO4 = CdSO,4 + Zn npu
298,2 K.

2.27. HailTu KOHCTAaHTy paBHOBeCHs peakiuu, mpoTtekaromei npu 298,2 K B
ranbBaHUdYecKoM oyeMeHTe  Zn | Zn?*|| Ni?*| Ni. CrangapTHble IIOTEHIUANIBI
AJICKTPOJIOB TIPUBECHBI B MPUIIOKESHUN 3.

2.28. 3meHeHne TepMOIMHaMUYeCKOTo MoTeHITnata ['nboca s peakuu

AgClTB + % H,=H"+Cl|l + AgTB
COCTaBJIAET AG® = —2,14-10* xJ]x/MOJb. Paccuurarh CTaHJIAPTHYIO
AIIEKTPOJBIIKYIIYIO CHITY CUCTEMBI.

2.29. CranmapTHas 3JIEKTPOIBUXKYIAs CUJIa CUCTEMBI, B KOTOPOH MPOTEKaeT

TOKOOOpa3yrolas peaKiuys
Cd** + Zn = Zn** + Cd,
paBHa 0,36 B. Paccuntats u3aMeHeHHUE TEPMOAMHAMUYECKOTO MTOTEHIIMAA.

2.30. OnpeaenuTs NOTEHIIMAT BOAOPOAHOTO JIEKTpoaa B unctor Bojie U B 1,0 N
mesno4n. IIpuHATE, 4TO KOHCTaHTa MoHu3anun Boakl mpu 25°C pasna 1,008-107%4,

2.31. PaccunTaTh NOTEHIMA HACKHIIEHHOTO KaJOMEJILHOTO 21ekTpoaa rpu 6°C.
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2.32. 3mepeHHOe KOMITIEHCAIIMOHHBIM METOJIOM 3HAY€HHUE MOTEHIMala pTyTHO-
OKCHUJHOTO D3JIEKTPOJIa B PACTBOPE C HEU3BeCTHHIM pH 1o HacklllEHHOMY
kanoMmenbHoMy anekTpoxy mpu 25°C pasuo 0,03 B. Onpenenuts 3Hauenne pH
pacTBOpa, B KOTOPOM MTPOU3BOIMIIA U3MEPCHHUS.

2.33. Kak M3MEHHUTCS IIOTEHIMal BOJOPOAHOro snekrpoga mpu 25°C ¢
YBEJIMYECHHEM MapUuagbHOro AaBiaeHus B 10 pa3?

2.34. PaccunTaTh CTaHAAPTHBINA JIEKTPOMHBIA MOTEHIMAN daekTpoga Mn?|Mn
npu temmeparype S50°C. Uzorepmuueckuii TemmepaTypHbIi K03 duIueHT
coctasiset —0,08 mB/rpan.

2.35. CMemansl  pacTBOpHI, coaepkamme uoHel Fe?*, Fe¥* wu Sn?*, Sn*,
OnpenenuTh KOHCTAHTY paBHOBECHS NPOTEKAIOUIE B pacTBOpe peakluuu u
HAIIpaBIEHKE, B KOTOPOM moiiaer npomuecc. Temmeparypa 25°C.

2.36. C moMomib1o TabJIUIIbI CTAHIAPTHBIX JIEKTPOIHBIX MOTEHIIMAJIOB 3aIUCATh
cormacHO  MeXIyHapoJAHOW  KOHBEHIIMM  DJIEKTPOXUMHUUYECKHE  CHCTEMBI,
OTBEUAIOIIUE CICAYIONIUM PEaKIIHS:

a) Al,O3; + 6 H + 6e = 2Al + 3H,0;
6) 2 SO; + 4H* + 2e = S,0% +2H,0;
B) BiO™ + 2H" + 3e = Bi + H,0;

r) Sb,03 + 6H" + 6e =2 Sb + 3 H,0.

2.37. KakoB, cormacHoO MexXayHapoaHOW KOHBEHIMHM, 3HAaK IOTEHIMaa
DIIEKTPOJIOB METAJI-MOHBI METajUla B 3aMUCaHHBIX CIEAYIOMUM 00pazom
cucremax? C TNOMOIIBIO TaOJMIBI CTAHAAPTHBIX DJIEKTPOJHBIX MOTECHI[UATIOB
IIPOBEPUTH MPABUIBLHOCTH 3aITHCH:

a) Mg | Mg®* || H*| Hp, Pt; B) Pt, Hy| H*|| Cu?*| Cu;
6) Hg | Hg?" || H* | Ha, Pt; r) Pt, H,| H*|| Cd?*| Cd.

2.38. Hanncatp peakuuu, IpOTEKAIOIINE Ha JIEKTPOJaX U CYMMAapHBIE PEaKIIUH,
MPOTEKAIONIUE B CUCTEMAX:

a) Pt, Hy | H,SO,4 | Hg.SO,4, Hg;
0) Pt, H2| HBr | Br, Pt.

2.39. Onpenenuth TEPMOJIMHAMUYECKOE HAMPABIICHUE PEAKIIMH HA OTICIhHBIX
AJNIEKTPOAAX M BO BCEM CHUCTEME B IIEJIOM ISl CJICAYIOMUX SJICKTPOXHUMHUECKUX
LETICH:

a) Pt, H2| HCI | AgCl, Ag;
0) Pt, H,| NaOH | HgO, Hg;
B) Pt, Hz| Boxn. pactB. NaOH || Bogn. pacts. HCI | Hy, Pt.

2.40. Onpenenuth peakiuu, UAyIMe Ha OTACIbHBIX IEKTPOIaX, 1 CyMMapHbIE
peaKkiuu B dJIEMEHTAX:

a) Co | COSO4| H92804, Hg; F) Pt, H2| H,SO,, ZnSO4| n;
0) Pt, Hz| H2SO4, CuSO4| Cu; 1) Zn | ZnSOq4|| NiClz | Ni,
B) Sn | SnSO,4 | HY,SO,, Ho;

2.41. CocTtaBUTh DIEKTPOXUMHYECKHE IIETMH, JUISI KOTOPBIX CYMMAapHBIMHU

peakuusiMu OyayT:
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a) 2 Me + O + mH,0 = 4 OH™ + 2 Me?"-hH,0;
6) Cl, + Mg =2 Cl~ + Mg#;
B) Ni?* + Zn = Zn?** + Ni;
r) 2 AgCl + Mg = MgCl; + 2 Ag;
a) HgO + Zn = ZnO + Hg;
e) O, + 2Fe + 2H,0 = 2 Fe(OH)y;
) 2 CUCI + Mg = MgCl, + 2 Cu;
3) PbCl, + Mg = MgCl, + Pb;
u) 2 MnO; + Zn + H,0 = Zn0O + 2 MnOOH,;
k) AgO + Zn =Zn0 + Ag.
2.42. KakoBa TeopeTrudecKas 2JIeKTPoABIKymas cuia npu 25°C u HanpasieHue
TOKa IJIs1 CJIICAYIOINNX 3JICMCHTOB!
a) Mg | Mg# (a=0,001) || Zn?>* (a=1) | Zn;
6) Mg | Mg?* (a=1) || Zn* (a = 0,001) | Zn.
2.43. PaccunTaTh 3HaAUCHUE JIEKTPOABIDKYIINX CHIT CIICAYIONINX JIEMEHTOB IIPU

25°C. Kaxkoii u3 51eKTpoJ0B OTpHIaTeaeH?
a) Zn|Zn* (a=1) || Pb* (a=1)|Pb;
6)Cu|Cu*(a=1)||Ag* (a=1-10") | Ag;
B) Ag|Ag” (a =5) | Hg** (a=1-10"°) | Hg.

2.44. 1lenb cO CTEKJISTHHBIM AJICKTPOJIOM
HCI ZnCl,
0,005M pH =2
nmeer DJIC 0,01 B mpu 20°C. Koop(pHUMEHT aKTMBHOCTH COJISHOM KHCJIOTHI

0,9294. BeruucnnuTh MOTEHIMAT ACUMMETPHUH CTEKIITHHOTO JIEKTPOJIA.

2.45. Berunciauts 3/1C KOHIIEHTPAIIMOHHOTO 3JIEMEHTA, COCTaBICHHOTO U3 ABYX
cepeOpsiHbIX 31eKkTpoioB, norpykeHHbiX B pactBopel 0,1 N u 0,01 N AgNOs,
COOTBETCTBEHHO. UHCIIO mepeHoca tNO3‘ B pactBope paBHo 0,527. KoaddummeHt

KCI

Hacwiuy.

Ag, AgCl Hg,Cl,, Hg

CMeEK10

aKTUBHOCTH A30THOKHCJIOrO cepebpa s mepBoro pactsopa paseH 0,872, s
BTOPOIr0 pacTBOpa MPUHATH KO3PPUIMEHT aKTUBHOCTH paBHbIM 1. Temneparypa
18°C.

2.46. Beraucoute OJ[C snmemMeHTa, COCTABIEHHOTO W3 JBYX BOJOPOJHBIX
3JIEKTPOJOB C KOHLIEHTPALUEH COJITHOM KHUCIOTBI MpH 18°C 0,1 N u 0,01 N,
COOTBETCTBEHHO. Umcno mepeHoca noHa Bomgopona paBHO 0,84. Berauciauth
ornenbHo au(Qy3noHHblid noteHuuan U OJIC KOHUEHTpaUMOHHOW Lenu 0e3

nepeHoca.
2.47. Beruucnuts ipu 25°C o6parumyro DJIC ciemyromero sIeMeHTa
ZnS0, H,SO,
Zn Hg,S0O,, Hg .
C=005M|C =01M

Cpennmne ko3(hQHUIMEHTH aKTUBHOCTH TPHUHATH PaBHBIMHU: CEPHOM KHCIOTHI —
0,265, cynbdara mmuuka — 0,2.
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2.48. 3HadueHWEe CTAllMOHAPHOTO TMOTEHIMANla CEpPeOpPSHOro JJIEKTpPoaa B
pacTBope HHUTpara cepedpa OTHOCHTEIBHO HACBHIIMIEHHOTO KaJOMEIbHOIO
anektpoaa paBHo 0,5231 B. Onpenenuts akTUBHOCTh PacTBOpa HUTpaTa cepedpa.
Juddy3noHHBIM MOTEHIIMATIOM MEXAY SJIEKTPOJOM CPaBHEHHS U CEpeOpSHBIM
3IIEKTPOJIOM MpEeHEOpeyb.

2.49. KakoBo 3nauenue pH pactBopa mpu 25°C, ecnu MeEXIy BOIOPOJHBIM
AIIEKTPOJIOM, TIOTPY>KEHHBIM B PaCTBOP, U HOPMaJIbHBIM KaJIOMEIBbHBIM AJIEKTPOIOM
Habmomaercs 3/[C = 0,703 B. IlapruanbHylo YyNpyroctb BOAOPOJA MPUHSTH
paBHOH 1 aTtm.

2.50. B Tabnuue mnpuBeACHBI MJaHHBIC SJICKTPOKANMWUIAPHBIX H3MEPEHUIL:
3aBHCHUMOCTb IIOBEPXHOCTHOT'O HATSHKEHHS Ha TPpaHUIle pa3zaesna pTyTh - 1,0 Mo/
CsCl or mnoreHmmana »HIEKTpoJa OTHOCHTEIBHO OOpPAaTUMOT0O KaJIOMEIBHOTO
3NIEKTPOZA B TOM e pacTBOpe. BbIUMCINT MOBEPXHOCTHYIO IUIOTHOCTH 3apsia Ha
METAJTIMYECKOM 3JIEKTpoAe U AUPPepeHInanbHy0 EMKOCTh €ro ABOWHOTO CJI0s B
3aBHCHMOCTH OT IMOTEHIIHAJIA 3JIEKTPO/Ia.

Moresmuan, wB | oo e | Tomemuan, B |
0 345,0 —-700 419,9
—-100 376,4 —-800 414,0
—-200 397,1 —-900 405,6
-300 410,5 —1000 395,1
—-400 418,7 —1100 382,9
-500 422,6 —1200 369,2
-600 4229 —1300 353,6
2.51. TlorpannuHoe HaTsHKEHUE npu MOTEHIMAJe MaKCUMyMa

SIIEKTPOKAMMILIAPHOH KpHuBOH FEg=0=-0,260 B mms 0,1 N pactBopa LINO; B
JIAMETHI(POPMAMHIE COCTABIAET O a=376,1:10 H/M. PaccunTaTs morpanndnoe
HATSHKEHUE U EMKOCTh JBOMHOTO CJIOS HA TPAHMIIE PTYTH C YKa3aHHBIM pacTBOPOM
npu morteHnuane snekrpoaa —0,310 B, ecam 3apsg MOBEpXHOCTH COCTAaBIISET
10 Mxxyn/cm?,

2.52. BeruncauTh 3HaueHHE Wo-moTeHImMana auddysnoro cmos B 0,01 N
pacteope NaF mpu 25°C wu mnoreHumane, mnpumaraeMoM K JBOMHOMY
anekTpuueckomy cinoro, E = —0,90 B. CooTBercTByromuii 3apsiji Ha €IUHUILY
IIOBEPXHOCTH 2JIEKTpoaa paseH ( = —0,0734 Ki-M 2, audaeKTpuuecKas IoCTOSHHAS
BOJbI paBHa 78,25.
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I'JTABA 3. HepaBHOBeCHBbI€ 3JIEKTPOAHbIE MPOLECCHI.
3.1. 3akonbl 1ekTpoau3a. Kyjonomerpus.

B anekrponmsepe (Hampumep, rajgbBaHHUYECKas BaHHA) 3a CUET SHEPTHH,
NOCTYIAOIIEH OT BHEIIHEr0 HMCTOYHUKA TOKA, OCYIIECTBIIIIOTCS AJIEKTPOJIHBIE
peakiuu. KonmuecTBeHHbIE 3aKOHBI 31eKTpoin3a chopmynupoBansl M.Dapaneem.
OO0bennHEHHBIN 3aKk0H Dapajiest ONHUCHIBAETCA YPABHEHUEM:

Mieop = Mox- 1 -1, (3.1)
I71€ Myeqp — Macca BEIIECTBA, IPOPEArMPOBABILIETO HA AIEKTPOJIE, T;
M., — MoJIIpHas Macca IEKTPOXUMUYECKOTO SKBUBAJICHTA, T/(A-c) wiu r/(A-4);
| — cuita Toka, A,
t — BpeMs 2yeKTpoIn3a, C.
MonsipHyt0o Maccy 3JIeKTPOXHMHUYECKOTO SKBHBAJICHTa MOXKHO HAWTH TIO
CIIPaBOYHUKY UJIM PACCUUTATD:

M,x=M/ (z-F), (3.2)
rae M — MolsipHas Macca pearupyrouero BemecTBa;
F — uucno ®apanes, 96487 A-c/mons (Kn/monw) unu 26,8 A-4/Mob,
Z — YUCJIO 3JIEKTPOHOB, YYaCTBYIOLUX B pEaKLUU.
[lapannenbHoe NpPOTEKaHHE Ha 3JIEKTPOJAE €LIe KaKUX-JIUOO IMPOLECCOB
YUYHUTBIBAETCS BBIXOAOM 1O TOKY BT:

BT = Mup_ 1009, (3.3)
Mreop
re Myp— hakTHUEeCKOe KOJIMYECTBO BEIIECTBA, IPOPEarupoBaBIIEro Ha AJIEKTPOIE;
M7eop — TEOPETUUECKH BO3MOYKHOE KOJMYECTBO BEHIECTBA (BBHIYUCIISIETCS IO
3akony ®Dapanes).
Ananornyno ¢popmyie (3.1) MOKHO paccUyuTaTh 00BEM BBIJCIUBIIETOCS TPU
AIIEKTPOJIN3E Ta3a:

V=V, -t =(Vulz:F)-I-t, (3.4)
DJIEKTPOXMMHUYECKUE CHUCTEMBI, B KOTOPBIX Tmporecchl uayt co 100%
BBIXOJIOM IO TOKY, IPUMEHSIIOTCSI B KaU€CTBE KYJIOHOMETPOB — JJISI U3MEPEHUS
KOJIMYECTBA MPOIYIIEHHOTO 3JIEKTPUYECTBA.
B BecoBbix KynoHOMeTpax (cepeOpsiHbIM, MEIHBII) B3BEIIMBAIOT MAaccCy
MeTasuia (M) Ha KaTojie, OMPESISIOT KOJTUYECTBO MPOMYIIIEHHOTO JIEKTPUIECTBA:
Q=I-t=m/M,.. (3.5)
B razoBbix KyJoHOMETpax H3MEpSIOT OOBEM Ta30B, BBIACIMBIIUXCS Ha
anexkTpoaax. [Ipu anexTpoau3e Boasl U3MEPSIOT 00beM BOJOPOAA U KUCIOPO/IA.
B TuTpalimoHHBIX KYyJIOHOMETpPax KOJIMYECTBO BEIIECTBA OMPEIEIICTCS
TUTPOBAHHEM.
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IIpumepsl penieHus 3a1a4

Ilpumep 3.1. Tlepxmopat HaTpusi oOpa3yeTcs Ha aHOJE 10 PEAKIHH
NaC10; + H,O = NaC10,4 + 2H" + 2e.
Yemy paBeH BBIXOJI 10 TOKY ITEpXJIOpaTa HATPHsI, €CIIH 33 BPEMSI DJICKTPOIIN3a
obpazoBamocs 2,51 NaClOs a B cepeOpsHOM KyJOHOMETpPE, BKIIOUYCHHOM
MOCJIEIOBATEIRHO ¢ TYEHKOM, BhIIenuiaoch 4,9085 r cepedpa?

Pewenue. Paccuuraem MOJISIPHBIE MAaccChl BJIEKTPOXUMHUYECKHUX
HKBUBAJICHTOB cepelpa U mepxyiopaTa HaTpuUs 10 COOTHOIICHUIO:
M.(Ag) =107/(1-26,8) = 4,025 r/(A-u),
M, (NaC10,) =122/(2:26,8) =2,276 t/(A-1).

ITo macce cepeOpa, BBIJICIUBIIETOCA B KYJIOHOMETpE, HailieM MpOoILIe/Iee
yepe3 pacTBOp KOJUYECTBO AJIEKTPUUYECTBA MO 3aKkoHy Dapajes:
Q = mag/M,, = 4,9085/4,025 =1,22 A-u.

Macca NaC104, 0Opa3oBaBIiasicsi B pe3yJjbTare 3JIeKTPoJIr3a, paBHa
Mineop = MyrQ = 2,276 1,22 = 2,78 .

Brixosa o Toky nepxiopara HaTpusl ONpeieuM 1o popmyie:

BT = 25 -100% = 90%.
2,78

Ilpumep 3.2. Metamnnueckuil npeaMeT, TIOMAAb MOBEPXHOCTH KOTOPOTO
100 cm?, Tpebyercs mokpeITh HuKeneM ciaoeM 0,3 mM. IIIOTHOCTL HHMKENs paBHA
9,0 r/cm®. CkolbKO BpeMeHH TpeOyeTcs MpOIycKaTh TOK cuioit 3 A, ecim 10 %
TOKa TepsieTcs B anmnaparype?

Pewenue. Onpenenum Maccy HUKEIS, HEOOXOIUMYIO JIJISl TOKPBITHSA:
m=S-6-p=100-0,03-9,0=27r.
ITo 3akony Dapajnes HaliieM He00X0IUMOE KOJIMYECTBO IEKTPUUECTBA!
m m-z-F_ 27'2'96500:88800A-c.
M, M 58,63
[Tpu cune Toka 3 A BpeMmsi 3JIEKTPOJIN3a COCTABIISIET:
t = Q/1 =88800/3 =29600 c.

YurteMm 10 % BO3MOKHBIX MTOTEPH:

t = (29600-100)/90 = 32800 ¢ = 9 u 8 muH.

Q=

3anaqn AJIH CAMOCTOATEC/IBHOIO PCIICHUA

3.1. Tok cumoit 1,5 A mpoxoauT 4epe3 pacTBop Cyib(dara Menu B TCUCHUE Yaca.
Haiitn maccy BelIeIMBIIENCS MENIN.

3.2. CKOJIbBKO BPEMEHH HY>KHO MPOMYCKAaTh TOK CHIJION 1 A, 4TOOBI BOCCTAHOBUTD
70 IBYXBAJIEHTHOTO BCE TPEXBAJEHTHOE Xeye30, comepxamieecs B 80 ma 0,1 M
pactBopa?
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3.3. IIpu npoxoxkaeHuHu TOKa Yyepe3 pacTBOP KUCIIOTHI 32 6 MUHYT BBIJIESETCS
120 cm?® Boopoaa (npu 17 °C nox nasnenuem 98 910 ITa). Paccuurars cuily ToOKa.

3.4. CKoJIbKO BpEMEHH HYXHO MPOITYCKaTh TOK CHJION 2 A, YTOOBI BBIACIUTH U3
pacteopa KOH 300 cm® rpemyuero rasa mpu 0°C u 1,0-10° I1a?

3.5. Ha monoxuteabHOM 3JIEKTPOJIE CBUHIIOBOTO aKKyMYJISITOpa MpU paspsiie
POTEKAET PEeaKIIHS

PbO, + SO + 2e = PbSO, + 2 H,0.

Ha ckonbko M3MeHmnach Macca MOJIOKHUTENIBHOIO 3JEKTPOIa, €CIU aKKYMYJISTOP
paspspkaiu TokoMm 200 A B Teuenue 5 c?

3.6. CrumaB mequ ¢ cypbMoit, coaepskantuii 47 % cypbMbl, aHOJTHO PACTBOPSIIIU B
teueHue |4 npu cune Toka 0,02 A. HailTu KOIWYECTBO MEIU U CYPBMBbI,
nepelie/ee B pacTBOpP, €CJIM Ha aHOJIe MMPOTEKAIOT TOJIBKO MPOIECChl HOHU3AIUH
M€ ¥ CYPbMBI:

Cu=Cu*+2¢ u Sh=Sb* + 3e.

3.7. Ilpu snexrponuze pactBopa NaNO; momyueno 0,1336 r NaOH, 0,0326 r
NH; 1 1876 cm® H, (1pu HOpMalbHBIX yCIOBHSAX). BBIYMCIUTE BHIXOJ MO TOKY IS
KaXXJ0TO U3 MOJIYYCHHBIX BEIIECTB.

3.8. ConstHas kucnoTa (4 Mi1) KyJOHOMETPUYECKH TUTPYETCS SIEKTPOIUTHUECKU
reHepupyemeiMu B pactBope moHamu OH™ mpum mocrosHHOU cuie Toka 50 MA.
Touka 5SKBHBAJEHTHOCTH JocTHraercsa dvepe3 5 muH 15 c. Paccunmrars TuTp
uccienyemoro pacrsopa nmo NaOH.

3.9. Uepe3 pactBop KI B Teuenme 19 mpomyckanum TOCTOSHHBIA TOK. Ha
TUTPOBAHME BBIJIENUBIIETOCA Hoaa mnorpedoBasock 20 ma 0,05 M pactBopa
Na,S,03. OnpenenuTs CULy TOKa.

3.10. Yepe3 onekrponuzep, coxaepxammii 21 15 % pactBopa NaOH,
npomnyckaics TOK cujod 5 A B TedeHue Tpex cyTok. OmnpeneiauTb MPOLEHTHYIO
koHueHTpaiuo NaOH nociie anexktponusa, eciu mioTHocTh 15 % pactBopa NaOH
pasna 1,1665 r/cm?.

3.11. B  ngBa mocnemoBaTelbHO COCAWHEHHBIC KYJOHOMETpa  OITYIISHBI
TUTATUHOBBIC SJICKTPOABL. B mepBoM KylIOHOMETpE COIEP>KUTCS PacTBOp HHUTpaTa
MeTasuia, a BO BTOpOM — pa3daBieHHas cepHasi kuciota. [Ipu nponyckanuu Toka B
IIEPBOM KyJIOHOMETpe BbLaenmnock 0,675 T meramna, a Bo Bropom — 73,1 cm®
Bogopoaa npu 16 °C u 1,03-10° [Ta. PaccunTaTh SKBHBAJIEHTHYIO MACCy METAILIA.

3.12. Tlpu KyJOHOMETPHYECKOM TUTpoBaHMU 10 cM® pacTBOpa IepMaHTaHara
KaJdus DIEKTPOIIMTMYECKM TEHEPUPYIOTCS B pactBope moHbl Fe?*. Ha
BOCccTaHOBJIeHHE MOHOB MnQ,~ moHamobunochk 28 muH. mpu cuie Toka 100 MA.
Onpenenuts Tutp pactBopa KMnO, (r/cm’).

3.13. Onpenenure 06bEM BogOpona (MpU H.Y.), BBIACISIIONIETOCS 3a 2 4. Ha
LIMHKOBOM 3JIEKTPOJIe IuTomaasio 1 M2 u3 kucioro pacteopa, i = 1 A/em?,

3.14. Ins  xanuOpoBKM IIKajdbl ammepMmerpa, wumetomed 100 genenHwmid,
WCIIOJIb30BAIM  Ta30BbI  KYJIOHOMETpP, BKJIIOUCHHBIH TOCIEAOBATEIIbHO C
amnepmeTpoM. Cuily TOKa B IIEMH YCTAaHOBWJIM paBHOW 50 ACICHUSIM IIKAJbI
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amnepmetpa. 3a 100 ¢ s5mekTposan3a B KyJoHOMeTpe Bbleaunock 9,47 cm® cMecu
CyxHx rasoB (Bojopon M kuciopon). O6sem mszmepen npu Temmneparype 20°C,
nasnenuu 100 xIla. Yemy paBHa 11eHa AeneHus aMriepMerpa?

3.15. Comepxanne  Mend B QJIIOMHHHEBBIX  CIUIaBaX  OMNpeaessuid
KYJIOHOMETPUYECKUM TUTPOBAHUEM, KOTOPOE MPOBOIST 3JIECKTPOTE€HEPUPYEMBIM
JIBYXBaJICHTHBIM OJIOBOM:

Sn** + 2e — Sn%*,
Sn** + 2 Cu** — Sn** + 2 Cu™.
KakoBa oTHocuTeNnbHas omuOKa 3TOr0 METo/a, €clid mpu aHanuize 1,2 r crjiasa,
coxepxaiero 1,5 % Menu, cuiia Toka coctabisiia 88 MA, SKBUBAJICHTHAs TOYKa
ObLJ1a IOCTUTHYTA Yepe3 5 MUHYT?

3.2. KuneTruka 3/1eKTPOAHBIX IPOLIECCOB

[Ipy paBHOBECHOM TOTEHIMANE JJIeKTpoAa FEp  ycTaHaBIMBAaeTCA
JUHAMUYECKOE PABHOBECHE, XapaKTEPU3yeMOE PAaBEHCTBOM CKOpPOCTEH paspsia
(KaTogHAsT COCTABISIONIAS TUIOTHOCTH DSJICKTPOJHOTO TOKAa Ik) W WOHH3AINU
(aHOHASI COCTABJIAIOIAS 1a):

iK = iA = io. (36)

Ecnun B 25€KTpOJHOM mpolecce MEUIEHHOW CTaIueU SBISIETCS pa3psl-

MOHU3AIMs, TO CyMMapHBIN U3MEPSIEMBIN TOK

i=i, eXp[%?n}—exp[— -a)z-F '77} , (3.7)

R-T
rne n = (E — Ep) — mnepeHanpspDKEeHHE, CABUT IOTEHIHMAIa, OO0YCIIOBICHHBIN

3aMeJICHHBIM MPOTEKaHUEM CTaIUH pa3psiaa-HOHU3AINH.
[Tpu || < RT/F (nepenanpspkenue He npesbimacT 15-20 MB)

il (3.8)

[Ipy aHOAHBIM M KAaTOOHBIX MEpEHANpPSHKEHUsX, npesbimamommx 0,1 B,
3aBUCUMOCTb TEPEHAIPSHKEHUs OT Joraprudma IIOTHOCTH TOKa UMEET JIMHEUHBIN
xapaktep (TadeneBckasi 3aBUCUMOCTb). JIJis KaToIHOTO TIpoliecca

R-T i R-T .
=—Ini, -23————gi, 3.9
7 a-z-F ° oc'Z-Fg (3.9)

17001 n=a+blgli| (3.10)

[To HakyOHY TadeneBCKOH NPSIMOM MOXHO HaWTH KOdPPHUIHMEHT D wu
paccuntath KOd()PUIIUEHT TIepeHoca o, a 3aTeM ONpeaeauTh KodhPUIMeHT a no
OTpE3Ky MpPsSMOM, OTCEKaeMOMY Ha ocu mepeHanpspkenus (77) mpu Igi = 0 u
paccuuTarh IIOTHOCTh TOKa OOMEHa o, B cooTBeTcTBUM ¢ ypaBHeHueM 3.10. Tak
e TPOBOJIUTCS aHAIM3 B KoopauHarax FE - Igi, rme mepeceyeHne KaTOTHOW U
aHOJIHOM 3aBUCHUMOCTEN UMEET MeCTO Ipu Ep. ITO OUH U3 CIIOCOOOB ONpPEIEICHHUS
Ep ipu Mansix Toka oOMeHa.
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[Tpu 3amemieHHON cTammoHapHOW MU(PGY3UH U H30BITKE MOCTOPOHHETO
(maAUdPEPEHTHOTO ANEKTPOTUTA)
C:OX,S

[
=1-—, (3.11)
C:OX,O Id
rne Coxs — KOHIIEHTpalusi OKHCIECHHOW (opMbl BeliecTBa y MOBEPXHOCTH
ANEKTPOAA;
Cox,0 — KOHIIEHTpAIUs OKUCICHHOU (DOpMBI BelllecTBa B 00bEME pacTBOpa.
[TpenenpHbiil AU(QY3HOHHBIH TOK 14 paBEeH

ig=2-F-D;-Ciy-87, (3.12)
rae D — koapdunment nuddysuu;
0 — ToJIUHA TUPEGHY3UOHHOTO CIIOS.
[lepenanpsixenne qudGy3un ONMUCHIBACTCS YPABHECHUEM:

C -
ny =Ly ~oxs _RT |n(1—_ij. (3.13)
Iy

ZF Coo ZF

B ocnoBe BwiBoma 3aBucumoctu (3.13) Jexar Tpu  ypaBHEHUSA
muhPy3MOHHON KUHETUKHU:

| ypaBHEHHE: i=—z-F-Jp, (3.14)
rae Jg — notok qudPy3un pearupyrommx 4acTUL] y TOBEPXHOCTH AIEKTPOA;
RT C
Il ypaBueHue: =——In=%: 3.15
yp = e, (3.15)
dC . d’C
Il ypaBHeHue: =D : 3.16
P dt dx? (3.16)

IlepBoe u BTOpO€ ypaBHEHUE NU(PPY3NOHHOW KUHETUKH CBS3BIBAIOT TOK U
nepeHanpsbkenne a1ud@ysun ¢ pacrpeneseHueM KOHIIEHTPALMU Pearupyroliero
BEIIICCTBA Y TOBEPXHOCTH dJiekTpoa. Tpethe ypaBHenue (3.16) u3BecTHO, Kak 2-i
3aKkoH PUKa U €ro pelieHre No3BOJISIET HATH pacnpeneneHue konuentpauuu Cy
MOBEPXHOCTH 3JIEKTPOJa BO BPEMEHHM t M OT pacCTOSHHUSA X.

Eciu B pactBope oOTCyTCTBYeT WHAUD(PEPEHTHBIA HIIEKTPOJIUT, TO
nepeHanpsbkeHne UPppy3un CoAep UT MUTPALMOHHYIO COCTABIISAIONIYIO:

M4 U 1——(1_t*)5 i, (3.17)
ZF D-z-F-C,

rae t+ — yucio nepeHoca KaTUoHa.

[To w3MeHenuto u BeauuuHe dS(PPEKTHBHON SHEPrUU  aAKTHUBAIUH
SIIEKTPOXMMHUYECKON pPEaKIMUd MOXKHO OIPEICINUTh HMPUPOAY IepEHANPSKEHNU.
Db GheKTUBHYIO SHEPTUI0 aKTUBAIMK Angp BBIYUCIAIOT MO HAKIOHY TMPSMBIX B
xkoopaunatax Igi- (1/T) (rne T — abcosoTHas Temreparypa) IMpH MOCTOSHHOM
noTeHIrale (MepeHaIPSKEHNH ):

36



Algi
AL/T) 77'

B cnyuae nudy3MOoHHBIX TOKOB, SKCIIEpUMEHTAIbHAS SHEPTUs aKTUBALlUU
KOTOpBIX He mpeBbiaeT 21 k/[»/Monb, TemnepatypHbiid koapduimeHt paseH 1,5-
2,0% rpax®. Jlna mpemenbHBIX KHHETHYECKUX TOKOB, OKCIIEPHMMEHTAIIBHO
HaWJCHHBIC DSHEPIHM AaKTUBAIIMK KOTOPHIX OOBIYHO BbIme 42 kJ[k/MOIb,
TeMIIEpaTypHbIH K0>()PUIMEHT, KaK IpaBuio, Bbime 2,5-3% rpag . Jlnga Hux xe
3¢ ¢deKTUBHAS SHEPrUsl aKTHUBAIMHM IJIABHO CHUXKAETCA C POCTOM MOJSpHU3AIUH
3JIEKTPOJIa, TOT/Ia KaK B clydae 3aMe/IeHHOM Mudy3un He 3aBUCUT OT HEe.

[Ipn KOHTaKTe METAJIOB c
OKPYXarLEel Cpeiod BO3MOKEH MPOILECC UX -E
CaMONPOU3BOJILHOTO pa3pylieHusl (KOppo3usi).
Jlns ompenencHUs TOKa CaMOpPacTBOPEHHS I¢
MOJIIPU3AIIIOHHbIE XapaKTEePUCTUKHU
IPOTEKAIIMX Ha JJIEKTPOAE IHPOLECCOB
NPEACTABIAIOT B TOJYJIOTapUPMUIECKUX E
koopauHaTax (puc.3.1). Touka mepeceycHHs
NOJISIPU3AIMOHHBIX KpuBBIX |g i, cormacHo HyEp]
pucynky 3.1, cooTBeTcTBYeT 3(EKTUBHBIM
CKOPOCTSIM pacTBOpeHHs Metamia (i)
BbIICTICHUS Bojopoaa (i2) Mpu TOTEHIHAJE
Kopposuu Ec. Eciin B cucteme NpUCyTCTBYIOT Puc.3.1.

JBa JJIEKTpoJa KaTojaa (WJIM aHOAA) U OJUH
anoj (wm katox), 1o Ik = Ixg + lx2 (wmm 14 = 14, + |42) IpU BBEINOJTHEHUH YCIOBHS
IK = A.

CreneHp KaTOAHOTO M AHOJIHOT'O KOHTPOJISI KOPPO3HOHHOTO MPOLIECCa MOKHO

ONPEIEIUTh IO COOTHOLIEHUSAM

AE AE
- — K ___100%; K,=——42_100%. (3.19)
AE gy +AE AE g +AE 4

Ay =2, (3.18)

Me-Ep'

Kk

IIpuMepsI pelieHus 3a1a4

Ilpumep 3.3. 3aBHCHUMOCTH TICPCHANPSDKEHUS OT TUIOTHOCTH TOKa JIJIS
NBYXJJIEKTPOHHOM KatoaHOM peakunu npu 298,2 K cnenyromas:

i-10%
Alcm?

n,B |1-0,212|-0,258 | -0,2/7 | -0,307 | -0,315 | -0,326 | - 0,334 | —0,341

2 10 20 50 80 120 160 200
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Omnpenenuth ko3pduumentel a u b ypaBHeHus Tadens ¥ KHUHETHYECKUE
napamMeTpbl o U lg, TIPUHSB, YTO 3JIEKTPOJHBIA MPOILECC ONMUCHIBACTCS TEOpHEH
3aMEeIJIEHHOTO pa3psijaa.

Pewenue. Tloctpoum 3aBucumocts #-1lgi1 m ompemenum u3 rpaduka
3HayeHus ko3ddunmenta au b: a =— 0,45 B; b = 0,064 B.
3HaueHUe o paccyuTaeM u3 ypaBHeHus (3.9):
23-R-T 23-R-T 2,3-8,31-298
=—————,TorJa a = = i
a-7-F b-z-F  0,064-2-9,65-10
3HaveHue Iy onpenenaum o popmyie: a =— Db Ig o, Ig io = — 0,45/0,064 = —7;

i0=1,0-10 7 A/em?.

b

Ilpumep 3.4. BolyuciIuTh TUIOTHOCTh TOKA aHOAHOTO PACTBOPEHUSI HUKEIS
npu 25°C, ecnu nepeHanpsbkeHue Ha anoje pasHo 0,1 B, a miioTHocTs Toka 0OMeHa
Ha HHUKeNle B 5ToM pacTBope paBHa 1-108 A/cm?. AHomHOE pacTBOpEHHE HUKEIS
OTNUCHIBACTCS TEOpUEH 3aMEIJICHHOTO paspsga, U KodpuiuueHT mnepeHoca
aHoHOTO TIporecca o = 0,5.

Pewenue. TImoTHOCTh TOKa Ha aHome paccuutaeM 1o (opmyne (3.7),

npeHeOperass BTOPHIM WICHOM B CKOOKaX, MOCKOJBKY IMepeHanpshKeHUe OOJIbIIe
25 MB:

0,5-2-9,65-10*

.01|=4,92-10" A/cm?.
8,31-298,2

i, =i, exp%-n =1-10"%exp

3aualm I CAMOCTOATE/IBHOI'0O PECILICHUA

3.16. Ilpu kaTtomgHOW MOMSAPU3AIMH JKEIE3HOTO AJIEKTPOAa IJIOTHOCTHIO TOKa
0,001 A/cm?, morenmman coctapisieT —0,916 B otHocutensHo 1 N KaoMeTbHOTO
anektpona, PH snextponuta 4,0. KakoBo 3HaueHUe nepeHanpssKeHus: Boaopoaa’?

3.17. IloTeHnuan Karoaa, Ha KOTOPOM HJIET pa3psa noHoB H' mpu mimoTHOCTH
toka 0,001 A/cm®> coctaBnger —0,92 B OTHOCHTENBHO —XJIOPHACEPEOPSHOTO
anextpozaa B 0,01 N pactBope KCI ipu 25 °C.

a) KakoBo 3HaueHne moTeHIMana KaToja no CTaHJapTHONW BOJOPOHOMN IKaje?

6) Ecmu pH osnexkrponura paBHO 1, KakoBO 3HAUEHUE TEpPEHAINPSIKEHUS
BOJIopoaa?

3.18. IloTeHmuan MIaTHHOBOIO aHOJA, Ha KOTOPOM IMPOHCXOAMUT BBIACICHUE
kuciopoaa u3 snekrponuta ¢ PH 10, paBen 1,30 B oTHOCUTEIEHO HACKIIIICHHOTO
KaJIOMEJBHOTO AeKTpoa. KakoBo nepeHanpsixkeHue kuciopoaa?

3.19. IloTennman MeAHOTO AJEKTpoja, Ha KOoTopoMm u3 0,2 MOJIB/KT pacTBopa
CuSQ, paspsaxatorca monbl Cu?*, cocrtaBmsier —0,180 B ornocutensno 1 N
KaJIOMEIBHOTO 3JIeKTpoia. KakoBa mosspu3alivs dJIeKTpoja B BojbTax? B kakyro
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CTOPOHY TIOTEHIIMaJ »JJIEeKTpoJa CMEIIeH B pe3ylbTaTe MoJspu3alu B
HOJIOKHUTEBHYIO MJIM OTPULIATENIbHYIO?

3.20. B Tabnuiie mpuBeACHBI pe3ybTaThl IO BBIAEICHUIO Bogopoaa mpu 20°C B
2M pactBope H3SO4, cpemnmit koddpdunuent axtuBHocTH pasen 0,1275.
Paccuntars ko3¢ huLMeHT nepeHoca u IIOTHOCTh TOKa 0OMEHa.

TIIOTHOCTE [Torenuman, B
Toka, Av? | pp Zn Sh Mn Cu Cd
10 -1,05 -0,83 -0,63 -0,58 -0,63 -0,51
50 -111 -0,95 -0,70 -0,64 -0,66 -0,65
100 -1,14 -1,01 -0,72 -0,67 -0,70 -0,71
200 -1,17 -1,05 -0,76 -0,69 -0,74 -0,77
400 -1,20 -1,10 -0,79 -0,72 -0,78 -0,84
600 -1,22 -1,13 -0,81 -0,74 -0,80 -0,87
1000 -1,24 -1,17 -0,83 -0,76 -0,83 -0,93
2000 -1,26 -1,22 -0,86 -0,79 -0,86 -1,0

3.21. [Ipu xaToAHOW MOJIIPU3AIMH INIATHHOBOTO 3JIeKTpoaa B pactBope HySO4
(pH 1,0) ero moTeHmMan (OTHOCUTEIBHO HACBIIICHHOTO KAJIOMEIIBHOTO 3JIEKTPO,1a)
cocrasyser —0,334 B npu mnotaoctu Toka 0,01 A/em? u — 0,364 B npu 0,1 A/cm?.
Paccuwnraiite 3Ha4eHHE 0. U lp 1J1s TIpoliecca paspsaa H* B aTom pacTBope.

3.22. Paccunrath cKopocTh paspsaga nona HzO" (ix) B A/M? Ha pTyTHOM KaTtoje
u3 2,5 M pactBopa cepHoit KucioTel nipu £ = —0,9 B, ecnu u3BecTHBI TapaMeTpbl
ypaBueHust Tadens mis pryrHoro katoga @ = 1,41 B u b = 0,116 B. Cpennwmii
ko> dunment aktusHocTH HoHOB H30" 1 SO4% B 5TOM pacTBope pasen 0,136.

3.23. Beiuncnaute nepeHanpspKeHUE Ha ITMHKOBOM KaTo/€ MPH YCIOBUH, YTO
yepe3 sueiiky ¢ 1 M ZnCl, npoxoauT TOK, YUCIEHHOE 3HaueHne Kotoporo B 200
pa3 Oosble MIOTHOCTH TOKa oOMeHa. Temneparypa paBHa 25°C, ko3hpuieHTs!
ypaBHeHus Taderns Ha TMHKOBOM KaTtoje paBHbl @ = 1,24 Bu b = 0,12 B.

3.24. OueHuTh NOTEHIMAI KEJIEe3HOro Katojaa miomansio 100 cm?, ecnu npu
anektponuse 1,25 mons/n pactBopa FeSO, pu Temmieparype 298,2 K uepes siueiiky
npoxoauT Tok 5-107° A. Tox oOMeHa Ha KeJIe3HOM DJIEKTPOJE B 3TOM PACTBOPE
COCTaBIISIET 108 A/em?. CudraTh  BO3HHKAIONIEE  MEPEHANPKEHHE
IEKTPOXUMUYECKUM, KOIDPHUITMEHT MepeHoca KaToAHOro mpoiiecca paBHbiM 0,5.

3.25. Kunetuka snekrpocaxaenus meau B pactBope 0,5 mons/m CuSO, +
0,5wmomp/n HySOs mpu ManbIX TUIOTHOCTSIX TOKa OMHUCHIBACTCS TEOpHEH
3aMeJICHHOTO paspsaa. [1o naHHbIM:

E,B 0,3 028 | 026 | 0,25 | 0,24 | 0,23 | 0,22 | 0,21

100

ic-10%, A/cm? 8,3 178 | 37,2 | 52,5 | 759 144,5 | 204,2
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onpenenuth KodQGUIMEHTH ¢ U D, KMHETHYECKUE mMapaMeTpbl a U lg, eciu
CTallMOHAPHBIA MOTEHLIMAI MEAW B 3TOM pactBope paseH 0,334 B, temneparypa
298,2 K.

3.26. Dnektpomn3z 1 M pactBopa CuSO, mportekaer 0e3 mepeMemuBaHUS C
pactBopumbiMH  anogamu  npu  20°C. Cuuras, uTO mHONApPHM3ALMA HOCHT
KOHIICHTPAIIMOHHBIM XapakTep, OIEHUTh BEIUYMHY IOTEHIMANa aHojAa, MpH
KOTOPOM BO3MOXHO oOpazoBanue ocamka CuSO,-5H,0O Ha moBepxHOCTH aHOMA.
PactBopumocts CuSO4-5H,O mpu s1oit Temmeparype paBHa 1,22 moib/i,
CTAaIlMOHAPHBIN MOTEHIIMAI MEAM B A3TOM pacTBOpe 0e3 BHEIIHEW MOJISIpU3aliu
pasen 0,332 B.

3.27. Beruucnute aud¢y3noHHYIO TIOTHOCTh TOKa U KoHueHTpamuio NiCl, B
PacTBOpE IIPH SIEKTPOOCAKICHUU HUKENS, €CJIHM NPH INIOTHOCTH Toka 310 A/m?
nepeHanpsbkeHre Ha katoje paBHsioch mpu 25°C n = —20 mB. Kosddunuent
nud@ysun nona Ni?* pasen npu sToii Temmepatype, 6,9-107° M%/c, a Tommmua
nuddy3HOro cios B 3TOM pacTBope paBHa 3,5:107° m.

3.28. Berunciauth TonmmHy Au¢G@GYy3MOHHOTO CJIOS B CAHTUMOJISIPHOM BOJHOM
pactBope CuCl, npu ero nsnexkTponuse, ecinu mnpeaenbHas Auddy3rnoHHas
IUIOTHOCTH TOKA II0 pa3psuKaroIquMcss MoHam Mead npu 25°C pasHa 5,0 A/M2.
[Ipenensubiii ko3pduuuent qudPysun nonos Cu?* paBeH Ipu Toi TeMIeparype
7,2:10710 m?/c.

3.29. leunmomnsipueiii  pactBop CdCl, moaBepraioT SJEKTPOIM3Y MEXKIY
KaJMHUEBBIMHU dJIeKTpoaamu npu 25°C. Onpenenurs KoHIEeHTpauo nonos Cd?* y
MIOBEPXHOCTH 3JIEKTPOAA, €CIIM HAOIIOAA€TCs KOHIICHTPAIIMOHHAS oysipu3anus AE
=0,0592 B.

3.30. DnekTpoocaknenne muHKAa mpoBomaT Tpum 298 K w3  pacTtBOpa,
conmepxkamiero 0,1 moms/n ZnSO; u 2 monws/m Na;SOs mpu MIOTHOCTH TOKa
1,5 A/nm?. PaccuutaTte TOmmuHy IU(QQy3HMOHHOTO CIOS, €CIM KOHIEHTpALUS
MOHOB IIMHKA Yy TOBEPXHOCTH Karoja B 4 pa3a MeEHbIIE, YeM B PacTBOPE,
ko3 puent auddysun nonos nuuka paser 0,72-107° ecm?/c. Yenosus quddysuu
CUUTATh CTAIIMOHAPHBIMH, YHUCIIOM IEPEHOCA HOHOB IIMHKA MPEHEOPEYb.

3.31. lluHK oOcaXmarOT Ha IUIaCTUHY pasmepoM 5x5cm? mpu 2982 K.
Bosnukaromiee npu stom nuddy3uoHHOE nepeHanpsikeHue cocrapiuser —29,3 mB.
KakoBa cuia Toka, mpu KOTOPO BEAETCS SIEKTPOIN3, €CIIH MpeeNibHas INIOTHOCTh
Toka qu(y3un B JaHHBIX yCIOBHAX paBHA 2 A/nm??

3.32. DaexTpoocaxkaeHne cepebpa mpoBomwd npu Temmneparype 298 K wu
nnoTHocTH Toka 31074 A/cm? W3 OBYX pacTBOpOB: MEPBBIA PACTBOP COAEPKAT
0,1 mome/m AgNO3, BTOpoit — 0,1 moms/m AGNO3; u 2 mons/m KNO;. Ywucno
nepeHoca Ag* B epBom pactBope paBHo 0,468. Koapduument muddy3uu Ag* B
pacTBopax OJMHaKOB M paBeH 1,65-10°cm?/c, Tommuna auddy3nOHHOTO CI0g B
pactBopax oxmHakoBa 1,59-1072 cm. B KakoM M3 pacTBOPOB NEpEHANPSIKEHHE
OombIe (1o abCcoTOTHOM BeMrunHe)?
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3.33. OnpeaenuTts npeaeabHyo AudPy3uoHHYIO IIIIOTHOCTh TOKA B 3JIEKTPOJIUTE
cocrtaBa 0,085 monb/1 CdSO,4 ¢ yueTom 1 0€3 yueTa MUTPAI|H, €CIIH U3BECTHO, YTO
ko> unuent nuddys3un MOHOB KaaMus B daexTponuTe pasen 8,0-10° cm? ¢,
tomuuHa auddyszuonnoro cuos 0,02 cm, uucno nepenoca t(Cd?*) = 0,35.

3.34. PaccunTaiiTe HCXOTHYIO aKTUBHOCTh HOHOB cepedpa AJis TaTbBAaHUIECKOTO
snementa Ag|Zn|Zn* |Ag*|Ag, ecaum KoHeuHas aKTUBHOCTH COCTaBMIIA
0,2 MOJIB/JI, KOHIIGHTpAIIMOHHAs TOJIAPU3allds CEpeOPSHOTO JJIEKTpOaa paBHA
0,1 B. Haiinure 3/IC snemeHTa B HadalbHBI MOMEHT BPEMEHHM, €CJIM HUCXOHAs
aKTHBHOCTbh HOHOB IIMHKA cocTasiseT 1073 Monn/m, Temneparypa 298,2 K.

3.35. Ilpu W3y4YeHHH OSJIEKTPOOCAXKACHUS MEIOW W3 PacTBOpA, COACPIKAIIETO
CuSO4 0,1 monb/n, stunenguamun 0,2 mosb/im, Na;SOs 0,5 Moab/1 mOTYUHIH
CIEIYIONIYIO 3aBUCUMOCTh SHEPTUU AKTUBALNU Arg OT oNsipu3anuu AE"

AE,B |0,10/0,19/0,30|0,36 | 0,40 | 0,45|0,50 | 0,55| 0,60 | 0,70 | 0,80

Aad)v
kJ[>K/MOJIb

Onpenenuts NpUpOy NOJSPU3ALNNA NPU BBIACICHUN ME]IA.

58,5|41,8|29,3|22,2/19,6|18,0(18,0|1/7,6 |18,0|18,4|18,0

3.36. [Ipu n3ydeHnn KMHETUKH BBIJCICHUS BOJIOPOIa HA MOHOKPHUCTAIIC METN
B KHCJIOM PacTBOPE MOJIYICHBI CICAYIONNE JaHHBIC:

n, B 0,30 0,35 0,40 0,45 0,50 0,55 | 0,60 | 0,65
i, Alcm?
(7= 293 K) 0,0115| 0,019 | 0,044 | 0,110 | 0,305 | 0,77 | 1,65 | 3,00
I, Alew’ 0,0162 | 0,022 | 0,073 | 0,195 | 0,535 | 1,28 | 255 | 4,25
(T: 303 K) ) 1 1 1 ) ) ) )
i, Alcm?
(T=313K) 0,022 | 0,044 | 0,11 0,29 0,75 1,72 | 3,16 | 5,20
I, Alew? 0,037 | 0,072 | 0,19 0,51 1,15 250 | 4,30 | 6,60
(T: 323 K) ) ] ] ] ) ) ) )

Paccunraiite KO3 UIMEHT MEpeHoca o U TOK oOMeHa iy MPH BCEX YKa3aHHBIX
temnepatypax. [loctpoiite 3aBucumocts Ig i = T (1/T), npu # = const onpenenute
DHEPTHUIO0 AKTUBAIIUU.

3.37. YCTaHOBUTh CTENEHb KaTOJHOTO M aHOJHOIO KOHTPOJsS IIporecca
caMopacTBopeHus >kene3a B 3%-HOM pacTBope moBapeHHOU comu mpu 2982 K,
€CJIM TOTEHIINAJ JKee3a B 3ToM pacTtBope paBeH — 0,30 B. Kopposus xenesa B 3 %-
HoM pactBope NaCl uaeT ¢ KuciIopoaHOM AemoIsIpU3aIUe.
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3.38. Haiitu Tok caMmopacTBOpeHHs Kejle3a MO MPUBEICHHBIM HUXKE TaHHbBIM:

i, Alcm? Ex, B E., B
0 —0,265 —0,265
0,0004 —0,295 —0,240
0,001 —-0,330 —-0,220
0,004 —-0,395 —-0,175
0,01 —0,440 —-0,150

3.39. Paccuurath Fpa(i)H‘IeCKI/I Ha OCHOBaHHUHN IIPUBCACHHBIX HHIKC JTdHHBIX
MaKCHUMAaJIbHBIN KOppOSPIOHHBIﬁ TOK AJIsI CHCTCMBI Zn—FeZn, cuuTasi, 4To Iiomanab

IIMHKa paBHA 74 % OT IUIOIIaI1 BCero oopasiia.

ia, MA/ cM? Ea, B ik, MA/cM? Ex, B
0 0,777 0 -0,703

0,5 —-0,767 0,3 —0,706
0,75 —-0,761 0,7 -0,720
1,25 —-0,759 1,2 —-0,740
2,0 —0,755 1,5 —0,755
2,9 —-0,752 1,8 -0,773
4,0 —-0,748 2,6 -0,822

3.40. Ha ocHOBaHWM TIPEICTaBICHHBIX B TaOJHWIE [aHHBIX MPOU3BECTU
rpauyecKkuii pacyeT KOPOTKO3aMKHYTOM TPEX3JIEKTPOAHOW KOPPO3HMOHHOMN
CUCTEMbI, T.€. HAUTH OOIIMHA MOTEHIHMAT W CUJIY TOKa CUCTEMBI, OMNPEIEIUTh
MOJISIPHOCTB M CHILY TOKA JUJISL KQXKJIOTO JIEKTPOJIA, YCTAHOBUTH MMPUPOAY KOHTPOJIS
Y J1aTh €r0 KOJMYECTBEHHYIO XapaKTepUCTUKY. [1momanp Kaxxaoro u3 alneKTpoaoB
pasHa 10 cm?,

] ITorenmuan xkaronaa, B ITorenmnman anoga, B
i, MKA/cM? _ _
Cu Ni Al Cu Ni Al
1 2 3 4 5 6 7
0 0,151 -0,042 | -0,865 | 0,148 -0,035 | -0,726
1,5 0,103 -0,109 | -1,000 | 0,335 0,360 -0,700
3,75 0,053 -0,161 | -1,007 | 0,371 0,840 -0,670
50 0,029 -0,228 | -1,012 | 0,365 0,883 -0,626
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1 2 3 4 5 6 7
6,5 0,002 —-0,247 | -1,027 | 0,358 1,009 | -0,525
10,0 -0,054 | -0,257 | -1,045 | 0,362 0,963 | —0,465
17,5 -0,255 | -0,278 | -1,162 | 0,359 0,986 | -0,418
23,0 -0,388 | -0,306 | -1,197 | 0,358 1,023 | -0,389
37,5 -0,779 | -0,485 | -1,231 | 0,367 1,083 | -0,356
50,0 -0,874 | -0,578 | -1,260 | 0,369 1,102 | -0,351
75,0 -0,906 | -0,684 | -1,2/8 | 0,392 1,106 | -0,324

3.41. [Ipn wccrmenoBaHUU BIMSHHUS Ha CKOPOCTh CAaMOPACTBOPEHHS JKeje3a B
pactBope 1 monb/n HCl no6aBok cepoyriepojga ¥ HM300yTHIAMUHA ITOJTYYCHBI
JTAHHBIE:

Cocras »>nextponmura | Igix, A/em? Ex, B lgik, A/cm? E, B
a) HCI 1 momw/n -1,0 —0,58 -1,0 -0,08
0e3 1o0aBKu -15 —0,56 -15 -0,10

-2,0 -0,46 -2,0 -0,15

-3,0 -0,32 -2,5 -0,19

-3,5 -0,28 -3,0 -0,23

-3,5 -0,24

0) HCI 1 momaw/a + -1,0 -0,50 -1.0 -0,22
CEpOYyTIEPOT -15 -0,45 -1,5 -0,25
-2,0 -0,39 -2,0 -0,31

-2,5 -0,35 -2,5 -0,32

-3,0 -0,32 -3,0 -0,32

-4,0 -0,32 -4,0 -0,32

B) HCI 1 monb/im + -2,0 -0,54 -2,0 -0,07
U300yTUIIAMUH -25 -0,46 -2,5 -0,08
-3,0 -0,37 -3,0 -0,09

-3,5 -0,30 -3,5 -0,10

-4,0 -0,27 -4,0 -0,12

-50 -0,20 -5,0 -0,17

[Tosib3ysICh METOAOM COBMEIICHUS MOISPU3AIMOHHBIX KPUBBIX, ONIPEIACIUTD
BEJIMYMHY CTAllMOHAPHOTO IOTEHIMAJa M IUIOTHOCTH KOPPO3HMOHHOTO TOKA JJIS
Bcex Tpex ciydaeB. OOBSICHUTH MOMYyYEHHBIE PE3yIbTaThl, UCIIOIb3YSl YPABHCHHE
3aMEJICHHOTO pa3psija, CYuTas, 4YTO IMPOIECC MPOTEKAT C BOJOPOIHOMN
JETOJISIPU3ALUCH.
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I'JTABA 4. MeToabl ucc/ieIOBAHUSA KMHETHKH 3JIEKTPOXUMUYECKUX peaKkuuid

B memooe nomenyuocmamuuecrkozo exnrwuenusa (I11C) Ha ucciemyemsiii
AIEKTPOJ TMOMAETCS MOCTOSHHBIA MOTEHIMAT U U3MEPSETCA TOK, MPOTEKAOIIUN
4yepe3 JIEKTPOS.

B cnywae 3ameieHHOTO TepeHoca 3apsia HadaiabHbIA ydacTok IIC i,t-

KPHUBOM CTPOUTCS B KOOpAWHATAX i- Jt, AKCTPAIOJISALMS MOTYYEHHON 3aBUCHUMOCTH

Ha Jt = 0, Mo3BOJIAET pacCYUTATh IUIOTHOCTh TOKA MPHU HAJOKEHUU MOJSPU3AIUU
Ha sexTpo i(0).
B cnyuae 3amenmnennoin mud¢dysun HadanbHbli ydacTok IIC i,t-kpuBoit

CTpoHMTCS B KoopauHaTax I-1/ Jt. To HAKJIOHY TOJIY4YEHHOW 3aBHCHMOCTH

onpenensercs kodppunueHt mupdysun D mnm npoussenenue Cg VD, rze Cs-

MOBEPXHOCTHAsI KOHIICHTPAIMs PEarupyroniero BeIecTna.
B nomenyuoounamuueckom memooe (XpoHOBObMAMNEPOMEmMPUs) Ha
ANEKTPOJ TOJAETCS HENPEPHIBHO U3MEHSIONIMICA IO ONPEICICHHOMY 3aKOHY
noTeHIan (IpoU3BOAUTCS pa3BepTKa NMoTeHIMaNa). Ha moTeHnnoamHaMu4ecKux
kpuBbIX (ITJIK) mpu 3TOM BBISBIIIOTCS pasinuHbie MHKH (i), XapaKTEepU3YIOIINE
MPOIIECCHl OKUCIJICHHWS WM BOCCTAaHOBJIIEHUS, MPOTEKAIONIE Ha BJIEKTPOAE.
3HaueHUs] TOTEHIIMAIOB, MPHU KOTOPHIX (UKCUPYIOTCI MAaKCUMyMbl TOKa,
XapaKTepU3yIT IPUPOy IpoleccoB. [IMOTHOCTh TOKa B MHUKE MPU 3aMEIIEHHOMN
nuddy3un onuchHIBaETCs YpaBHEHUEM:
i, =30-10°-z-(a-z,)"?-D"?.0}/?.CO, (4.1)
rae (az,) — kaxymuics KodpPuImeHT neperoca.

Tok nuka ip MpormopIruoHalieH KBapaTHOMY KOPHIO HX CKOPOCTH Pa3BEPTKH
MOTEHIIAAJIa, HO, KOrJa JJIEKTPOIHBIA MPOLECC KOHTPOJIUPYETCS OJTHOBPEMEHHO
CKOPOCTBIO IepeHoca 3apsia U CKOpOCThIo 1u(dy3uu, 3Ta 3aBUCUMOCTh ITEPECTAET
OBITH JINHCHHOM.

B memooe zanveanocmamuuecxkozo exntouenuns (I'C) Ha »srnexTpon
MOAAETCS MOCTOSIHHASA IUIOTHOCTh TOKA, IMPU 3TOM PETUCTPUPYETCS U3MEHEHHUE
MOTEHIIMAJIa BO BpeMeHW. [Ipy BKIIOUEHUU MOJSPU3YIOMIETO TOKA H3MEHEHHUE
KOHIICHTPAIIMU 3JIEKTPOJIUTA Y MOBEPXHOCTU BJEKTPOJA PABHO HYIIO, U CKAYOK
MOTEHIIMAJIa BKJIIOYAET TOJIbKO OMUYECKOE MaJieHue MOTeHIInana, 00yCI0BIECHHOE
COIPOTHBIICHUEM CJIOS SJICKTPOJIUTA U TOBEPXHOCTHOTO cjios (puc. 4.1).

Cnenyromuii yuactok xpononotreHuorpammel (BC) — emkoctHoii. Ilo ero
HAKJIOHY MOYKHO PacCYUTaTh €MKOCTh JBOWHOTO ci1os (Cy):

Cp=itL, (4.2)
AE

Jlns ompenesieHUsl MEPEeXOJHOT0 BPEMEHHM 7 IMPOBOJUM KacaTelIbHbIC K
BOCXOJISIIIIMM BETBSIM KpUBOH E - t no nepeceuenus ¢ unaueit CD.

BenuuuHa nepexoqHOro BpeMeHU cBsizaHa ¢ KoddduiueHtom auddy3uu
ypaBHEHUEM:

44



T ZF 2
r:—D(_—CO) : (4.3)
4 v

rae C° — 00beMHast KOHIEHTPALUS PEATHPYIOIIETO BENIECTBA;
V — CTEXUOMETPUYECKHI K0d(h(PHULIMEHT.

E

t
Puc. 4.1. Cxema XpOHOMOTEHIIMOTPAMMBbI

[Ipy HM3KUX TUIOTHOCTSX MOJIAPU3YIOIIEro ToKa, koraa Ha E,t - kpuBoit He
HaOoMaeTcst BToporo Bocxoasmiero yyactka ([E), mepexomHoe BpeMs MOXKHO
OTIPEJICTUTH U3 COOTHOIICHHUS:

Iv/T =const. (4.4)

[Ipy u3BECTHOM 3HAUYEHHM MEPEXOJHOTO BPEMEHU MOKHO PACCUUTATH
nepeHanpspkerue auddys3uu:

=Y RT 5309 1—\ﬁ . (4.5)
z-F T

B ranpBaHOCTaTUYECKUX YCIOBHUSX, KOTJIA CKOPOCTh AJIEKTPOJHON PEAKIIUU
onpenensieTcss AMOPy3nOHHBIMUA OTPAHUYCHUSIMU, KOHIIEHTpAIMs Y TOBEPXHOCTH
3JIEKTPOJa B MOMEHT BpeMeHH t

(4.6)

cjls(t)zcjyouz_- Vi k.
T 7-F \/HJ

B memooe epawarowecoca ouckogozo rnekmpooa (BJ1D) snextpon nmeet
dbopmy cTepkHs, OOKOBasg MOBEPXHOCTh KOTOPOIO M30JUPYETCs (PTOPOITIACTOM.
Paboueii MOBEpXHOCTHIO SIBIAECTCS HIDKHHMUM (TOpreBoil) nuck. BJID Bo Bpewms
pabOThI MPUBOUTCS BO BPAIICHHUE C TIOMOIIBIO IBUTATEIIS.

Cxopocts Bpamenus BJID peryaupyercs u IekuT B peaenax 1o 10* pan/c
(Ipu 3TOM cOXpaHsieTCs JJAMUHAPHOE TEUCHHE KUIKOCTH ).

[lnotHocts mpenenbHoro auddysmonHoro Ttoka (i) OMHUCHIBaETCS
YpaBHEHUEM:
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iy =062-2-F.C°.D?3.y V8. pt'2 (4.7)

TJie V — KHHEMATHYECKas BA3KOCTh PacTBOpa, M%/C;

(0 — CKOPOCTh BpAILICHUS DIIEKTPOIA, Pa/c;

D — xoapdunuent quddysum, M%/c;

C° — 0ObeMHas KOHLIEHTPAIUS PEATUPYIOMIETO BEMECTBA, MOJIb/M>,

Tonmuna 1uddy3nOHHOTO ClI0s paBHa:
5=161-DY2 .12 . V2,

(4.8)

Ecnu npenenbHas miIOTHOCTh TOKA 3aBUCHUT OT Jo IPSIMOJIMHEWHO, TO 3Ta
npeeibHas MIOTHOCTh TOKa sIBIAeTCs YucTo nudPpy3nonnoi. [Ipu HezaBucuMocTu
MPEeNeIbHOTO TOKA OT CKOPOCTH BpAILIEHUSA DJJIEKTpOAa ASTOT TOK SBISIETCS
KUHETHUYECKUM (Ix) U ONIPENIeISIeTCs] YPAaBHCHUEM:

ik =2-F-k-C?, (4.9)
rie K — KoHCTaHTa CKOPOCTH JICKTPOXUMHUYUECKOM CTa/Inu.
[Ipu HanmoXeHUM KUHETHYECKUX W NU(PPY3UOHHBIX (PAaKTOPOB MOCTPOCHUE

1
3aBUCHMOCTH - — —— TI03BOJISIET PA3JCIUTh KUHETUUYECKUN U TU (P Yy3MOHHBIHA
e N@
TOKHA B COOTBETCTBUU C YPABHECHUEM:
1 1 1,61- Y8
i 7 FKC ZF-DP.CO.g? (4.10)
HPEH . . . . . . . a)
1 _ 1 1
NJIn | = |_ + I—1/2 .
TPE] k d
1 1 1
DKCTpanoJIsIus 3aBUCUMOCTH HA ® — © (T.e. ——>0)

iHPE,ZI \/5 \/5

NIO3BOJISIET ONPEAEIIUTD BEJIMUNHY KHHETHYECKOIO TOKA.

[Ipu3HakoM CTaIUMHOTO NPOTEKAHUS AJIEKTPOJIHBIX MPOLIECCOB C OJHOU
auMuTUpyomen M- craauein (1 < M < n) dgBIsSeTCS 3aMETHOE OTKJIOHEHUE
BEJIMYMHBI OTHOIIEHHUS KaXylIIUXcsl KOA()(PUIMEHTOB IMEpeHOca aHOIHOIO H

KaTtogHoro TporeccoB &/ f ot enunuibl. Kaxymuecs ko3 UIUEHTHI IepeHoca
aHOJHOTO M KaTOJIHOTO IPOIecca HAXOAAT M3 HAKIOHA 3aBUCHUMOCTH HCTHHHOMN

CKOPOCTH aHOJIHOTO Ipn M KATOJHOTO Ik MPOILECCOB OT MEPEHANPSHKEHUS 7,
COOTBETCTBEHHO:

on _23RT [ on 23RT
Mexay KaXyIIUMHUCS M HMCTHHHBIMM KOX(PQUIMEHTaMH II€peHoca IS

MHOT'OCTaIMMTHOTO C OJTHOU JINMUTHPYIOIIEH M-I CTaAuen 3IEKTPOIHOrO MpoLecca
CYLIECTBYIOT COOTHOILIEHUS:

(4.11)
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l-a)=m-1+(1-a),u a=n—-m+an, (4.12)
r1e om 1 (1 — a)m — ucTuHHBIE K02 OUIMEHTHI IEpeHoca M-I cTaauu.

O craauiiHOM NPOTEKAHUU PEAKIIMH MTEpexoa CO CPAaBHUMBIMHU CKOPOCTIMHU
CIEAYIOUIUX JAPYT 3a IPYyroM CTaAuil MOXHO CYJUTh HAa OCHOBAHHM CIEAYIOIIUX
KPUTEPUEB:

1) kputepuss deTrepa — MO HECOBNAJACHHUIO TOKA OOMEHA, ITOJYYCHHOTO
AKCTPAINOJIAINKMECH Jajaekod o0JacTH aHOAHOM BeTBH TadeIeBCKOH MPSIMOM, C
BEIIMYMHOW TOKAa OOMEHA, IOJIYYCHHON TaKHM JK€ CIIOCOOOM JIJIs KaTOJIHOM BETBH
(loa # l0K); OJTHAKO HEOOXO0MMO YYUTBIBATb, 4TOo COBIIAJICHUE
HKCTPANOJIMPOBAHHBIX TOKOB OOMEHA MOKET HaOJII0JaTHCS U B CITydae OJTMHAKOBBIX
WM OJIM3KHX TOKOB OOMEHA CTaauM;

2) KpUTEpHs M3JI0Ma — MOSABICHUIO M3JI0Ma Ha OOBIYHOM HOJISPH3AI[HOHHOM
KpUBOM IIPU JOCTATOYHOM yJAaJICHUH OT PAaBHOBECHOI'O MOTEHIIAAJIA WJIX Ha KPUBOM
WMCTUHHOM CKOPOCTH Mpollecca B 00JIACTH PABHOBECHOTO MOTEHIIMAJIA; HAIMYUE
MEJUICHHOW TMpEAIIeCTBYIOMEeH XuMU4Yecko wiu auddy3uoHHON cTaauw,
OMHUYECKOE IMAJICHUE MOTEHI[MAajda B PACTBOPE M MACCUBALMS JJIEKTPOJA TAKKE
MOT'YT IPUBOJUTH K MOSIBIICHUIO U3JIOMa Ha MOJSAPU3AIMOHHON KPUBOM, OJTHAKO B
ATUX CIOy4asX Yy4aCTOK 3TOM KPHUBOM MOCJIE M3JIOMAa HE JOJKEH MHOJYUHATHCS
TadeneBCKOM 3aBUCUMOCTH; BO3MOXKHBI W JIPyrU€ MPOLECCH, MPUBOJIAIINE K
MOSIBJICHUIO H3JIOMA;

3) xpuTepuss CyMMBI KO3(DPHUIIMEHTOB MEPeHOCa — MO0 OTKIOHCHHIO CYMMBI
3HAYEHUN KaXyluxcsa K03 UIIMEHTOB MEPEeHOCca, MOTYUYCHHBIX HE3aBUCHUMBIMU
U3MEPEHUSAMH TIPU 3HAYUTEIBHOM YJIaJICHUM OT PaBHOBECHOTO MOTEHIIMAna, OT
06IIIero YKCIIa FNEKTPOHOB, YIaCTBYIOMHX B AIEKTPOIHOM Hporecce (& + (1— «))
<2;

4) xpuTepusi UCTHHHOTO TOKa OOMEHa — TIO pPAaCXOXKICHHWIO BEIHYUH
UCTUHHOTO TOKa OOMEHa lp, HAalJICHHOTO U3 HE3aBUCUMbBIX U3MEPCHHI (HaIpumep,
PaAMOXUMUYECKHX ), U BEJIMYMHBI TOKA OOMEHA, ONPEAEICHHON IKCTPANIOJIALIMEH.

st peakuuu tina O + ze S R, BKIIIOYAKONIEH €MHCTBEHHYIO MEIJICHHYIO
CTaJNI0, KOTOpast TOJDKHA MTOBTOPUTHCS V Pa3, YTOOBI OCYIIECTBUIIACH PEAKIIHS B

uenoM (3aMeljieHHas CTafus — IepeHoc Z/v  BIEKTPOHOB), CHPABEIHBBI
ypaBHEHUS:
i —i,dexp @/v)-a-z-F-n _exp _@/v)-Q-a)-z-F-n . (4.13)
RT RT

H 1 alv —a)V

IO,HCT:;Z'F'kS -C8y” - Clad. (4.14)
OtHowenue V/ig Ipy HU3KUX MEePEeHANPKEHUIX MOKHO PACCUMTATE
(iﬂj _v RT (4.15)
o )i, 1y ZF

CTeXHOMETPUUYECKOE YHUCIIO MOKHO HAUTHU IO YPABHEHUIO
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z_23RT(1_1) @.16)
1% F b, by

rae ba u bx — HaKIOHBI TadeneBCKUX 3aBUCUMOCTEH ISl aHOJTHOTO U KATOHOTO
HampaBieHus:  peakuwil.  Ecim  mepeHanpsbkeHne  OOycNOBIEHO — Kak
KOHIIEHTPAIMOHHOW MOJISIPU3aLUEH, TaK U MEJJICHHOCTbIO KUHETUYECKUX CTauM,
To b W bx — HakioHBI TIpsAMBIX 3aBHCUMOCTH E —Ig # JUIS aHOJHOH H
Iy —
KaTOJAHOM MOJSPU3ALUOHHON 3aBUCUMOCTH, COOTBETCTBEHHO.

Uucno HeE3aBUCHMBIX IYTEW MHOTOCTAAUMHON JJIEKTPOJHOM pPEaKIUuu
onpexaensercs p = (S — 1), rae S — umcIo 3MEMEHTapHBIX peakuuid; | — 4dwncio
HE3aBUCUMBIX ITPOMEKYTOUHBIX BEIIECTB.

B ycrnoBusix, xorma st mpomecca tuna O + ze S R cmemaHHoe
NepeHanpsskeHne  €CTh  CyMMa  KOHIIGHTPAIlMOHHOW — TOJIApU3aivi U
NEePEHANPSDKCHNUST  CTalud  paspsia-uOHM3AIMU, IS MAajblX OTKJIOHCHHH OT
COCTOSIHHSI PABHOBECHS

_RT i_&ox +&Red

n=—1- , (4.17)
nF I0 COX,O CRed,O

TIE (;X: = Cj’SC Cio ; J = Ox unm Red.

.0 j.0

Eciu Bpems mnozauum BO3MyLIarOUIero cucreMy wumnyiasca t— 0, TO
KOHIIEHTpalMoHHas nosipu3anus A E — 0 u o01iee nepeHanpspkeHue

_RT T (4.18)
t—0 zF I0

B otcyTcTBHE MOCTOPOHHETO 3JIEKTPOSIUTA Uil OMHAPHOTO ZA,Zp-3apsSIAHOTO
ANEKTPOJUTA, B KOTOPOM MpPETEPHEeBAET 3IEKTPOXMMUYECKOE MpPEeBpalICHUE
BEIIECTBO A, HaOMIOJaeTCsd OMUYECKOE MaJeHHE MoTeHuuana B AU(PPy3nOHHOM

CJI0€:

RT [
AE,, =———In|1-—|, (4.19)
F I
ZE d,A
T.e. mnepeHanpsbkeHue auddy3un u omMHUUeckoe TaaeHHe TOoTeHIHMada B
TG PY3MOHHOM CII0€ B 3TOM CIIydae MPHU BCEX 3HAYCHHSIX TOKA M KOHIICHTPALUH
PaBHOBEJIMKH, €CJIN 3apsIJIbl HOHOB |Za| = |Z5|.
KoHIIEHTpallMOHHYIO TOJSIPU3AIMI0 TPU | = CONSt MOXKHO 3amucarh Kak
(GYHKUIHIO BpEMEHHU:

(4.20)
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3nech OTpUIaTEeNbHBIA 3HaK O3HayaeT OOeNHEHHEe, a MOJIOKUTEIbHBIA —
o0oraileHue pacTBopa y MOBEPXHOCTH 3JEKTPOJIa pPEarupyroluM BEIIECTBOM.
Bpewmsi, Heobxoammoe i yCTAaHOBJICHHS CTallMOHAPHOTO pexkuma Tuddy3uu
YaCTO OKAa3bIBACTCS CIUIIKOM OOJBIITUM M HEMPUEMIIEMBIM JIJISI TPAKTUYCCKUX
neneit. [losTomy OOBIYHO HWCCIEAYIOT HECTalMoHapHyl auddy3no wim
Pa3MEIIMBAIOT YJICKTPOJIHT, YTOOBI OBICTPO JOCTUYD CTAITMOHAPHOTO COCTOSTHUS. B
METOJIC XPOHOIIOTCHIIMOMETPUH TIPH MaJIbIX NepeHanpsukeHusx || << RT/(zF) u
t<<1y CyMMy KOHIIEHTPAalMOHHOM TOJSIPU3AUMA U BJIECKTPOXHUMHUYECKOTO

HIepeHANpPsKCHUsT MOXHO pa3nenuTh. ['paduk 3aBucumoctu 7t = (7 + AE) ot Jt
MpEACTaBIACT COOOM MpsIMYI0, 3KCTpamosisinued kotopod Ha t =0 mnomydaror
AIIEKTPOXUMHUYECKOE MIEPEHATIPSKEHHUE.

Cornacio Tamiocy, st OOpaTUMBIX — DJIEKTPOJHBIX  MPOILIECCOB,
npotekatomux no tuny O + ze S R, KOHTpOJIHUPYEMbIX CKOPOCThIO Tuddys3uu,
npenenbHas —IUIOTHOCTL Toka ig  (A/cM?) 1 HEKOTOphIX — Hambolee
pacnpoCTpaHEHHBIX METOJOB M3YUYECHHS] KHHETUKH DJIEKTPOJHBIX IPOIECCOB
BBIpa)KaeTcs OOIIMM pPaBEHCTBOM (mpenamnosaraercs, 4to auddys3us nuHeitHa,
MUTpalus, €MKOCTHbIe 3((EKTbl U COCTOSIHUE TOBEPXHOCTU DJJIEKTPOJa HE
YUHUTBIBAKOTCS)

H -1/2

iy =KCyx7, (4.21)
/1€ X — KHHETUYECKUH mapaMmeTp; K — KOHCTaHTa, XapaKTEPUCTUUYECKAs ISl METOIA.
3nauenust K npuBeieHbI B TAOJIHIIE:

Meton [Tapametp X Koncranta K

z-F.DY?

XpoHOaMIIEpOMETPHUSI t —7[1 >

2., FE.pY2

XPOHOMOTEHIIMOMETPHS t )

XpOHOBOJILTMAIIEPOMETPHS> 1/v; 2,69-10°-z%'2.DY?

Meron Bpamaromerocs

JIUCKOBOTO AJIEKTPoJia (B

YCJIOBHSX JIAMUHAPHOTO 1/m 0,61-z-F-D%3.y71/6

KOHBEKTHUBHOI'O ITEPEHOCA

JEToJsipu3aTopa)

! B 5TOoM ciydae BMECTO IpeaeNbHON MIIOTHOCTU TOKA B YPABHEHHE BXOIUT CUIIA
IIOCTOSIHHOTO TOKa, UCIIOJIb3yeMas B HCCIIEI0BAHMH.

2 Jlng ciaydas oOpaTMMOro MpOIecca, NPOAYKT KOTOPOIO HEPACTBOPUM, CIIEHYET
UCIIOJIb30BATh YUCIIOBOI MHOXkHTENb 3,67-10° BMecTo 2,69-10°.
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JUist cymMMBbl TepeHanpsbkeHuid nepexona v Au(dy3ud NpU  BBICOKHX
RT . .
nepeHanpsLKeHUsIX nepexoga 7 >> F oOpaTHOM peakireil MOXKHO MpeHeOpeyb,
z

U JIJIs1 KATOHOM COCTABJIAIOIICH IJIOTHOCTH TOKa IpH | — 1 | >> | g |

: (4.22)

TJIC Pk j — MOPSIOK KATOTHOM ICKTPOXHUMHYECKOMN peakiuy 10 KOMITOHEHTY |.

[Topsimok peakiuu MO AAHHOMY BELIECTBY pi(a)j ONPEAEISIIOT, UCCIETys
3aBHCHUMOCTb IUIOTHOCTH TOKa | CTaauM pa3psaa-duOHU3ALUU OT KOHIICHTPAIMH
BemecTBa C npu MOCTOSHHBIX KOHIIEHTPALMSIX OCTAIBHBIX BEIIECTB:

olg|i] .
a Ig CJ = pK(A),j ; (4.23)

1 j
WJIM, HM3y4dasd 3aBHUCHMOCTb TOKa oOMeHa io OT KOHOCHTpAaOWH BCHICCTBA IIPpH
ITOCTOSTHCTBE KOHLEHTPALUK BCEX APYTUX BEIIECTB:

olgi,

Z VA

21gC. =pA,j+(l—a)Vj7“:pK,j—avj7“, (4.24)
1#]
i€ Z — YMCJIO DJIEKTPOHOB, IPUHUMAIOIIUX YU4aCTHE B CYMMAapHOM ITPOIIECCE;

Z, — YUCIIO DJICKTPOHOB, IPUHUMAIOIIMX YYACTHE B DJICMCHTAPHOM aKTe;

Vj — CTEXMOMETPUUCCKUH KO3 (DUIIECHT B AIEKTPOTHON PEaKIIHH.

[TopsmoK DIIEKTPOXUMUYECCKOM pEakIUd MOXKET OBbITh TaKKe HaWIcH U3

3aBHCHMOCTH lp OT PaBHOBECHOT'O MOTEHIMANA Ep IpH U3MEHCHUH KOHICHTPAIIUU

C]‘ KakK 1mapamMeTpa U HOCTOAHCTBC KOHHGHTpaI_[I/Iﬁ BCCX OCTAJIbHBIX BCIICCTB:

M —i (1_a)+m.z_a —ZF a_‘_h.z_a

CEp ), RT vi z) RT| v, z

2,303 (4.25)

CKOpOCTh TOMOTEHHOW XMMHYECKOW peakiuu oOpa3oBaHUsl BEIIECTBA |,
oOpa3oBaHME€ WJIM pacnaj KOTOpPOro SABISETCA 3aMEIJICHHOW  CTaauei,
ONPENEIISIETCS PABEHCTBOM

v =0, 1—(%)10 =v,(1-u"), (4.26)

I7Ie Vo — CKOPOCTh, C KOTOPOWM MPOTEKAIOT MPOTHBOIMOJIOKHO HAIpPaBICHHbBIE

peakiuu rpu paBHoBecun, C — paBHOBECHas KOHIIGHTPAIIMs BEIIECTBA |, KOTOpast
COOTBETCTBYET 3aKOHY JIEMCTBUS MAcC B IIPUMEHEHUU K TOMOT€HHOW XMMUYECKOU
peakimn; C — KOHIICHTpAIlUMsl BEIISCTBA |, COOTBETCTBYIOIIAS OINpPEACICHHON
CKOPOCTH JIEKTPOJHOU PEAKLINH; p — NOPSAOK XUMUYECKON PEAKIUH.

Otcrozia nepeHanpspKEHUe peakimu
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ViR, C (4.27)
= n—. .
T I

IIpenenbHas IUIOTHOCTh TOKA PEAKIMU, MOSABJAIONMIAACS B PE3YJbTaTe
MPOTEKAHUS 3aMEIJIEHHOW TOMOT€HHOW XUMUYECKON PEAKIINH,

(4.28)

TonmmuHa peakuMOHHOIO CJOsl, B KOTOPOM B OCHOBHOM IIPOUCXOIUT
00pa3zoBaHUE BEIIECTBA |
F =
op =—D(C-C). (4.29)
Vil
j
Jl7ig peakiuu mepBoro nopsiaka op He 3aBUCUT OT INIOTHOCTH TOKA:
DC
Op = .| —. (4.30)
Uy
B obnactu, riae 3Hak nepeHanpspKeHUs o0paTeH 3HaKy MepeHanpsHKEHUs B
00JIaCTH TpeIeIbHOTO TOKa PEaKIH, T.€. TIpH (#p/vj) > 0, BBIpaXeHUE IS 7jp UMEET
BU/I, XapaKTepHbIN 111 ypaBHeHUs Tadens:

2vi RT lip| 2vj RT
z(p+1) F ‘1/ ‘ z(p+1) F
U3 rpaduka 3aBUCUMOCTH #7p — |gi MOXKHO OTIpEICTUTH OPSIOK PEAKIIUH p U
BEJIMUMHY Z/Vvj — 9HCII0 3IEKTPOHOB, puHUMaeMoe z/vj; > 0 umu otaaBaemoe z/vj < 0
MOJIEKYJIOH |.
Ecnu mpenenbHBIE TOK XHMMHUYECKOM peakiuu Ip, MPEAIIECTBYIOIIEH
AJICKTPOJIHON pEeaKIUh, MHOTO MEHBIIE MpEeaeTbHOTr0 Toka auddys3uu, TO IO
3aBHCHMOCTH Ip OT KOHIICHTPAIIMHU BelIecTBa Y MOXKET OBITh OMpPEICICH MOPSI0K

XMMHUYECKON peakiuu IO 3TOMY BEIECTBY. /[l TrOMOreHHOW 3aMenyieHHOU
peakuuu

e = Inil. (431)

ollipl| 1 w-w (4.32)
olgC, Cim 2 1%

rae Vy, Vi M V — CTEeXMOMETpUYEeCKHE KO3(P(QHIHMEHTHl COOTBETCTBEHHO LIS
BemecTBa Y B CYMMAapHOM SJEKTPOJHOM peakiuu, s BemectBa Y u O B
XUMUYECKON pPEakiuu; py — MOPSJAOK XMUMHUYECKOW pEeaKIMu 1O BEHIECTBY Y.
BemectBo O obpasyercs B pesynbTaTe NMPOTEKAHHUS 3aMEIJICHHONW XWMHYECKOMN
peaKuuu.

JIns1 reTepOoreHHoN 3aMe1JIEHHOM PEaKun

aIg | iP |
B ——— = Z) . 4.33
olg C, Y ( )

Cj:tY
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B cnydae anekTpogHOTO mpoIecca ¢ MPEAIISCTBYIOIMICH 3aMeICHHON
XUMHUYECKON peakiuell IepBOro MopsaKka oO0pa3oBaHUS peardupyromero Ha
AJIEKTPO/IE BEIIECTBA:

Y—>0O+ze<R
JUISL  Pa3JMYHBIX METOJOB HW3YYCHUS KHHETHKHA DJCKTPOIHBIX IPOIECCOB
CYIIECTBYET 00II1ast 3aBUCUMOCTb:

. . i

i,x"? =Gi,x"*-B———f—, (4.34)

P d 1/2

K(k + k)
rae Ip — TOK, KOTOPBI HaOJIIOJaeTcsi TOJNBKO B pe3yjbTaTe IPEIIIeCTBYIOMICH
XUMHUYECKOM peakIuu o0pa3oBaHUs pEarupyromiero Ha 3JeKTPoJie BellecTBa
(KUHETUYECKUM TOK);
lg — TMpeAenbHBI TOK, KOTOpBIM HaOmogaics OBl B  OTCYTCTBHE

MPEIIIECTBYIOMIEN XUMHUYECKOW pEaKIINK;

R, E U kK — COOTBETCTBEHHO KOHCTAHTa PaBHOBCCHA, KOHCTAHTBI CKOPOCTH
IIPOTCKAaHUA B IIPAMOM H O6paTHOM HallpaBJICHUHU Hp@,[[HIGCTBYIOHIGﬁ XUMHYECKOU
PCaKInu 06pa30BaHI/I$I PCarupyromero Ha 3JICKTPpOAC BCIUICCTBA,

G u B — xoHcTaHTHI AJI1 JAHHOI'O MCTO/JZid, BHAUYCHHA NX IPHUBCACHLI HUKC:

MeTton Koncranra G Koucraunra B

[Monstporpadust . 1

0,886
XPpOHOBOJIbTAMIIEPOMETPHS 7. E V2
oOpaTUMBIii TpoI1iecc 0.98 0,462 - (ﬁ)

1/2

HEOOpaTHMBIH TIPOLIECC 0.98 0.521. {a -z, F }
XPOHOIIOTEHIMOMETPHUS 1 05 72
Merton BpallaroIerocs DY/6
JUCKOBOI'O JJIEKTPOaa 1 W

Ha pucynke 4.2. mpuBeIEeHBI 3aBUCUMOCTH i/7, OT | 3JIEKTPOTHOTO

IpoLecca, N3y4aeMoro MeToI0M XpOHOIIOTEHIIUOMETPHH.
B ciydae aieKTpomHOTO mnpouecca, KOHTPOJIUPYEMOTO TOJBKO CKOPOCTBHIO
b y3un, noayyaeTcs npsmas IMHUS, NapajiiesibHasi OCH IJIIOTHOCTEHN TOKa:

lim (i/zp) =iz, - (4.35)

i—0
Ecnu | He cnumkoM Benmka, To i./7, — IMHEHHAs QYHKIUS TUIOTHOCTH TOKA
i, IIpU4YCM HAKJIOH 3aBUCHMMOCTH TCM 60HBH_IC, 4CM MCIJICHHCC IIPOTCKACT PCAKIIUA.

M3 5TOro HakjIOHa MOXHO OIPENeIUTh KOHCTAHTY CKOPOCTH 0O0pa3oBaHUs
BemecTsa O 1Mo NpeIuecTBYONIEN XUMUYECKON pPEAKIINU:
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dije)  r 1 [ 7 1 e
di KK + Kk 2K V1+K™ \/i’ .

C
rac K= C_ - KOHCTaHTa PaBHOBCCHS IPCAMICCTBYIOIICH XUMUYICCKON PCAKITNHU.
j

I\/7p Puc. 4.2. 3aBucumocts i /z, OT i B

CIy4dae BJEKTPOJHOTO Mpolecca C
MPEAIIECCTBYIOIIEH XUMUYECKOU

\ 1 peaKIMer IepBOro NOPsIKa:
1 — nudpy3mnonHsIii porecc;
2-5 — 171 YBEJINYHBAIOIIUX CS

3HayeHnii K (E + E)l/ 2

i
[Ipu noctatoyHo OOJIBIION TIOTHOCTU TOKA, KOT/Ia Tp HACTOJIBKO MaJio, YTO
(k +k)7zp <01, mpoussenenue i\/Z HC 3aBHCHUT OT | U CBA3aHO C PaBHOBECHOM
KoHIeHTparuei OX popmynoit Canna:
I/7p =057 -Dgy - z2-F -Cpy . (4.37)
B 3Tux ycnoBusX IJIOTHOCTh TOKa HACTOJBKO BBICOKA, & Tp M TOJIIHMHA
peakuMoOHHOro cioa O =,/2D7, HAacCTOJBbKO  Majbl, 4YTO BIIMSHUEM
MPEANIECTBYIONIEH PEaKIIMU B 5TOM TOHKOM CJI0O€ MOYKHO MPEHEOPEYb.
[Ipu 04eHb MAJIBIX IIOTHOCTSAX TOKA i\/g CBsI3aHO (hOPMYJIOHN C CyMMapHOU

koHueHTpamein O u Y, Tak Kak BCE KOJWYECTBO COCIUWHEHHUS Y, CIIOCOOHOE
MOAOUTH K AJIEKTPOAY 3a BpEMS 7, YCIIEBAET MpeBpaTUThCS B O U MPUHSATH y4acTHE
B peakiuu. Takum o00pa3oM, M3MEPUB T MPU MaJbIX U OOJBIIUX I, MOYHO
paccuutats K

. lim(iv/7) o

o i—0 1= _
K Iim(i\/a . Iim(i\/r,.) L (4.38)

BnusiHne npeamecTByomei roMOreHHOM XUMUYECKON peakIIuyi CTAaHOBUTCS

3ameTHBIM, Koraa poussenenne K (K +K)z, <500 ¢ ~12,

[lpy npUMeHEHHH XPOHOMOTEHIIMOMETPHH JUIS HW3MEPEHHUs aJcopOmuu
muHa (apaaeeBckoit 3aaepkku (I - 7) Ha KpUBOHM 3apsHKEHHUS MPOIMOPLIHOHAIbHA
KOJIMYECTBY BEIICCTBA, BCTYMHMBIIETO B peakiuio: i -7 =1-71 +1- -1, rae (i - ) u
(i - 72) — KOJIMYECTBO DIICKTPUUECTBA, M3PACXOJAOBAHHBIC HA CHATHE C AJICKTPOJA
aJICOpOMPOBAHHON TUICHKH PEarupyroliero BeliecTBA W Ha BOCCTAHOBJICHUE
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(OKHCIIeHUE) MOJIeKYJI, KOTopble poandGyHAUpOBaIM K DIIEKTPOAY YXKE B XOJC
3JIEKTPOJIN3a, COOTBETCTBCHHO. Bemmuunna (I - 72) HOHWKAETCS ¢ POCTOM I, TOATOMY
(i - 71) TIpONOPIMOHATIBHO BETUYHMHE AACOPOIUU [, MOKHO OIPEICIUTh ITyTeM
SKCTPAIOJISIIIMKA BEJTUYHUHBI 3aJIepKKH (I - 7) Ha OECKOHEYHYIO TUIOTHOCTD TOKa. J{ist
CXEMBI «a7IcopOaT MOTOMY MPEIIIOKEHO SIS SKCTPATIOJSAINHN BRIPAKCHNE

1/2 1/2
(i-r)llz:(z-F-F)1’2+E(E) ,mebm:z-F-C.%. (4.39)
|

/4

B caydae, xorna muddyHaupyoT U3 odbemMa U aJcOpOMpOBaHBI 3apaHee
YacTUIBl OAHOW TMPUPOJABI M  aacopOuus oOpaTuma, MPUDIEKTPOIHYIO
KoHleHTpauio Cs U aicopOUpPOBAaHHOE KOJUYECTBO MOXKHO CBSI3aTh M30TEPMOI
OpyMKHHA:

B.C, = % cexp(-2-a-0), (4.40)

TZIe @ — MapaMeTp MEXMOJCKYSIPHOTO B3aMMOACHCTBUS B aJICOPOIIMOHHOM CJIOE
(aTTpakuMOHHAS TIOCTOSIHHAsA); B — KOHCTaHTa aJcCOpOIIMOHHOIO paBHOBecHUs;, 6 —
CTEIICHb 3aIlOJIHCHHS IMMOBEPXHOCTH J3JICKTPOJa OPTaHWYECKHM BemecTBOM. 1o
JVMHCHHON SKCTPANOJISAIUU  SKCIICPUMEHTAIBHBIX 3HadeHWid (i 7) Ha v B
HACBIIIEHHOM PacTBOpE, MpoBeAeHHOM B koopauHatax (i - 7)Y2 - iV2, nomywaror
koHcTauThl (2°-F-I) u B.

[lepeHanpspkeHHEe KPUCTAUIM3AIMA MOXHO —OIPENCTUTh TI0 OCTaTKy
U3MEPEHHOTO TEPEeHANPSHKEHHs TOCNIe BhIUETa IEpEHAIpsDKEHHs Tepexona U
KOHIICHTPAITMOHHOM MOJISIPU3AIIAN, €CJIA HET MePEHANPsDHKEHUS PEeaKIIH:

ik = AEopum — 17 — AE.

Bo3HUKHOBEHHE  TMEpeHANpPSsDKEHUS — KPUCTAUIM3allMA  OOBSICHICTCS

OTKJIOHCHHEM KOHIICHTPAITUH aa-aTOMOB Caj OT pABHOBECHOM KOHIICHTPAITHH C_Aﬂ

. [loaTomy BenmmumHa aacopOIHOHHON eMKOCTH Caj aACOPOMPOBAHHBIX ATOMOB

d
OoNpCACIIACTCA U3 HAYAJIBHOI'O HAKJIOHA (ﬂ 1 paBCHCTBA

t—0
i 2°F? —
Cy= = Coi» 4.41
AT (dUK) RT ATl ( )
dt t—0

rJie | — IJIOTHOCTh TOKA B CJIyYae KPUCTALTU3AIMOHHBIX OTPaHHYCHHUH.
ITo Opaeit-I'py3y u @onabMepy 4UCI0 00pa3yIOMIUXCS HA TTOBEPXHOCTH TIPU
KAaTOJIHOM BBIJICJICHUU METAJJIOB TPEXMEPHBIX 3apO/IbIIIei
N, =a-exp| — b (4.42)
K= Pl ——= | -
rae a u b — mocTosHHELIE.

B memooe nonapocpagpuu B xauecTBe KaToJa NPUMEHSAETCS PTYTHBIN
kanatouuii anexrpo. [Ipu T=298 K npenenbusiit auddy3nonnsiii Tok (lg) nonaun

54



pearupyroIiero BemecTBa K 3JeKTpoIy 3a Mepuo/1 >ku3Hu H( - Kariu onuchiBaeTCs
ypaBHeHHeM MbkoBuya:
|, =607-m?3.7Y%.7.pY2.CO, (4.43)
rae lq — npenenbHbiil 1U@Yy3MOHHBIN TOK, MKA;
M — CKOPOCTh UCTEUEHUS PTYTU W3 KANEIBHOTO JICKTPOA, MI/C;
7 — MIEPUO/]T KanaHbsl, C;
C°— 00beMHAs KOHILIEHTPALKS PEATHPYIOIIErO BEIECTBA, MMOJIK/II.
[TonsipuzarnmonHas kpuBas (MOJApOrpaMma) UMEET BHUJ BOJHBI, KOTOpas
ONHUCHIBAETCS] YPABHECHUEM:

RT I
E= E1/2 - In ) (444)
zZF 1y -1
I€ Z — YWCJIO DJICKTPOHOB, YYaCTBYIOIIMX B 3aMEIJICHHOM CTaauu paszpsja -
noHU3aIuu; E1/; — MOTEHIMAI MOJTYBOJIHBI.

[To «xputeputo CemepaHo» s 3aBucumocty Igin- Igo (in— Tok muka, v —
CKOPOCTh Pa3BEpPTKH), TMOJYYEHHOM METOJOM Iojsporpadbur ¢ JHMHEHHO
W3MCHSIOIMMCST HaIpsHKEHUEM, TaHreHc yria HakioHa paseH 0; 0,5; 1 mua
MTPOLIECCOB, JTUMUTHUPYEMBIX KUHETUYECKUMU, nuddy3nOHHBIMU u
a7COpOIIMOHHBIMU 3aTPYAHEHUSIMU, COOTBETCTBEHHO. bojiee TOYHO yKa3aHHBII
KpUTEPHUI MOKET OBbITh HAalJIEH U3 TAHT€HCA yTila HAKJIOHA 3aBUCHUMOCTHU

v
r7ae S — MOBEPXHOCTh KAl B MOMEHT MaKCUMaJIbHOTO TOKA;

M — CKOPOCTh UCTEUEHUS PTYTHU ISl KAlAOILIEro 3JIeKTPo/ia, MI/c;

TA — BpeMs 3aJI€P’KKU UMITYJIbCA, C;

Exyn — HanpspKeHWe MUKa Toka (MepBoi MPOU3BOAHOM), B;

Enay — HanpspKeHHne Havyasa CHITUS OCLIMIUIONONApOrpaMmel, B.

B memooe nepemennozo moka (umnedancmempus) Ha 3NEKTPOJ MOIACTCS
NMEPEMEHHBIM TOK Pa3JIMYHON YacTOTHI M OMNpEACNsieTCss WMIeNanc (MOJIHOe
COTPOTHUBIIEHUE TIEPEMEHHOMY TOKY). 13 00111e#i BeTMYrHBI UMITEITAHCA BBIACIISIOT
€MKOCTh  JIBOMHOTO  3JIEKTPUYECKOTO TOKa, CONPOTUBJIEHUE  pPacTBOpa,
COTIPOTUBIIEHUE M E€MKOCTh JJIEKTPOXUMHUYECKOW cTaauu, umnenaaHc auddy3uu
(BapOypr, W).

DJIEKTPOXUMHYECKYIO CUCTEMY MOXKHO MPEACTABUTh B BUJI€ SKBUBAJIECHTHOMN
anekTpuueckoir nenu. Ha puc.4.3. Ry — compotuBieHue snektponuta; Chpp —
€MKOCTb JBOMHOIO CJOs, KOTOPYIO JIsi MPOCTBIX PAacCCMaTPUBAEMBIX CIy4YacB
MOYHO CUHUTATh YaCTOTHO HE3aBUCUMBIM AJIEMEHTOM paccMaTPUBAEMOM CXeMbl; Zg
— 0000OIICHHBIN UMMIEAAHC YIEKTPOXUMHUUECKON CUCTEMBI, BO3HUKAIOIIUMA B CBSI3U
C KOHEYHOM CKOPOCTBIO CTAAUN DIIEKTPOXUMHUUECKOU PEAKLINH.

B mporieccax, KOHTPOJIUPYEMBIX CKOPOCTbIO MEPEHOCca 3apsia, SJIEKTPO.
BeJIEeT ce0s1 Kak OOBIYHOE OMUYECKOE COMPOTUBIIEHUE, ITYHTUPOBAHHOE EMKOCTBIO
JIBOMHOT'O CJIOS.

2/3
lg(in/S) — lgv, re S = 0,85m2’3{73 ; &} | (4.45)
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Zo Puc.4.3. DKBUBAJICHTHAS
I JJIEKTpUYECKass cxema JUIs
AJICKTPOXUMHUYECKOMN

R>

Ecnu skBHBaJIeHTHasi cXeMa JIEKTPOJIa MOXKET OBITh MPEJCTaBICHA B BHJIE
NapauIeIbHOTO  BKJIIOUEHHUS E€MKOCTH JBOWHOTO DJJIEKTPUYECKOTO CJOS |
dapameeBCKOro WMIIEAAHCa, COCTABIEHHOTO W3 CONPOTUBICHHUS TIepexoja W
i dy3noHHOTO UMIIEaHCa

Zy =1~ j)-%, (4.46)

— KOHIOCHTPAOIWMOHHAA ITIOCTOSHHAA, UJIK ITIOCTOSHHAA

R-T
72 . E? C_J 2-D,
BapOypra, To oMmu4eckas KOMIIOHEHTa (hapaJeeBCKOro NMITeIaHCca
RT 1 RT 1

roe W =

Ry, =Ry, + Ry = —+ f= : 4.47
T T2 F iy n®F? C,- 2D w (447)
[MTpu wncro quddyznonaom koutpone (Rpy = 0)
1
C.=Cp+———, 4.48
- P 2w Ve (449
2-W
R.=——; 4.49
-~ (4.49)
B=1+2-W-C; Vo, (4.50)
/e / — TAHTEHC yIJia HaKJIOHA CBUra (a3 UMIIeIaHca dJICKTPO/Ia;
1
=tgf=——""——=w-C_-R_. 451
petgf= o =wC R (4.51)

ITocrosinnas 2WCjp onpenesieT XxapakTep JIEKTpOAHOTo uMiieaanca. Eciam
ona otBeuaet ycnosuo 2WCjg < 0,010 Y2, pausHreM JBOWHOTrO 3JIEKTPHYECKOTO
CJIOSI MOXHO TIpeHeOpedub M  CYUTaTh, YTO MMIIEJAHC HMMEET YHUCTO
KOHIICHTPAIIMOHHYIO MpUpOoAy. Torja TaHTeHC yriia caBura (a3 He 3aBUCUT OT

4acTOThl. B MpOTUBHOM cily4ae f mpencTaBiseT cO00M JIMHEHHYI0 PYHKIUIO v @ ,
OTCEKaIOIIUN OTPE30K, paBHBIN 1, 1 nMeroIIyto HakiIoH, paBHbI 2WC ;.
JIns 5KkBUBaNIEHTHOU cxeMbl BKItouaromieil Crg, R v Zw, 3aBucuMoctu Re-

V@ OTCceKaeT OTPEe30K, paBHBIA CONMPOTUBIICHUIO Mepexona. B atom cinyuyae Cpp
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0OBIYHO OonpcACIAI0T BKCTpaHOHHHHCﬁ Ha 6CCKOH6‘IHYIO 9aCTOTY B KOOpIHWHATAaxX

c 1

- oR_
AxtuBHas Rd u peaktuBHas 1/(wCqy) cocraBisioniie umrenaanca 1uddy3nu

JMHEHHO 3aBUCST OT 1/(\/5) U CTpeMsTCA K HyIo npu w—oo. [losTomy mpu
BBICOKHMX YaCcTOTaX UMITeITAaHCOM JTH(P G Y3HH MOKHO IMpeHeOpeyb.

Moxuo onpeaenuts Ry u Crp 111 paccMaTpUBaeMOM CXEMbI HE3aBUCUMBIM
MyTEM, TPOBOSI U3MEPEHUS TIPU TEX K€ YCIOBUSX, IPU KOTOPHIX MPEANOIAraeTcs
B JIaHHOM CJly4ae U3y4yaTh »OJEKTPOXMMHUYECKYI0 pEaKIui0 B PacTBOPE,
comepxarieM Toiabko WHAH(PGEepeHTHBIM (OH. 3aTeM MPOBOIAT W3MEPCHHS B
UCCIIeyeEMOM pacTBOpE U 00pabaThIBAIOT JIAHHBIE CJIETYIONIUM 00pa3oM:

1) BeruntaroT U3 Ry (CONMpOTHBICHMS, W3MEPEHHOIO IO TOCICI0BATEIBHOM
CXeMe 3aMelleHus1) COpOTUBIeHUE Ry;

2) Cni 1 Rp-R5 mepecunThiBatoT Ha MapauieIbHYIO CXEMY 3aMEIICHHUS;

3) u3 nosydeHHO# eMKocTH C- BBIYMTAIOT eMKOCTh Cjip, @ ocTatok (C= — Crp 1
R-) BHOBb IepECYUTHIBAIOT Ha MOCIEIOBATEIILHYIO CXEMY;

NRo=Ryu+WVw) un Co=UWNw) tme W=1U-wCs -
KOHIOCHTPAIIUOHHAA ITIOCTOAHHAA, KOTOpasd HC JOJIKHA MCHATHCA C Y4acTOTOM.
HpH MePeCUCTC MOJIB3YIOTCA CIACAYIOINNMU COOTHOIICHUAMM:

R.=(+p*)R,; (4.52)
C_= ﬂ—zzcn. (4.53)
1+p

[Tapametpsl umnenanca Crg, Ry 1 Zg onpenensitorcst B OJHOM OIIBITE.

OCHOBHOI  XapakTepUCTHKON cTaguu au@QPy3un MOpU UMIETAHCHBIX
U3MEpPEHUsIX sABIIAeTCS KOHCTaHTa BapOypra W:

W= RT
2?F2C°2D

U3 HEe MOXKHO paccuuTath ko3P dunment auddysun D.

IIpy 3amenyieHHON CTaauM pas3psAa-HOHU3ALMM UMIIEIAHC IPEICTABIISET
co0ol akKTUBHOE CONPOTUBIIEHUE O:

(4.54)

= . 4.55
ZF i, ( )

OTKy/1a MOKHO pacCYHMTATh IUIOTHOCTh TOKa OOMeHa i
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IIpumepsl penieHus 3a1a4

Ilpumep 4.1. Boruucnuts MOTEHIIHAI MOJTYBOJIHBI npu
3J1EKTPOBOCCTaHOBIeHNH HoHOB Zn(OH)3™, ecnu depes monsporpadpuuecKylo
sUerKy ¢ pactBopoMm 6,92 r/n1 ZnCl, u 120 r/n NaOH npu notennuane —1,3216 B
(H.K.3.) mpoTekaeT Tok 2 MKA. 3a 1 MuH u3 kanmuusipa BeiTekaeT 30 Kamneib pTyTH
maccoii 0,116 r. Koadduuunent muddysun nona Zn(0H)%™ pasen 4,18-107° cm?/c.
Temnepartypa 298,2 K.

Pewenue. Beraucium cpeiHee 3Ha4€HUE NPEEebHOIO ToOKa JUPPYy3un s
KaIeJIbHOTO JIEKTPo/1a N0 ypaBHEeHUIO MibkoBuya:

i, =607-2-C, - D2 q2/3. ;16 _

2/3 1/6
=607-2(6’92'1000)(4,18-10—6)”2(116j (GOJ — 224 MKA.

136,38 60 30
Harinem noreHuman rmoryBoJIHBI:
Eyp =E+  in—' = _13216+0,029lg— > ——138B.
ZF g - 224 -2

Ilpumep 4.2. Ha puc.4.4 mpuBeneHa MOIIpOrpaMma, MOJTydeHHas MpU
temneparype 298,2 K. Onpenennts NOTEHIHAA MTOTYBOJIHBI U YUCIIO 3JIEKTPOHOB,
YYacCTBYIOIIMX B peakiuu, npuass a = 0,5.

A Pewenue. 1loTeHunan  TOJYBOJIHBI
HaliileM u3 Trpaduka Kak abciuccy
TOYKH, OpJIUHATa KOTOpOil paBHa l4/2.
Uucno 3JeKTpOHOB, YYaCTBYIOIIMX B
AIEKTPOJHON PEaKIru, OMPEaeIuM 0
142 | 14 YTJIOBOMY KOB(b(bI/IHI/IeH"Ey KacaTeanoﬁ
K monsporpaduyeckoil KpuBOM B
J000i1 ee TOYKE MOXKHO HAaWTH

lg

nuddepeHIpoBaHIEM ypaBHEHUS
| C |Ewp | D nossiporpaduueckoi KpUBOM 1o
0,55 0,60 065 - E,B  THOTeHumany. Jlns ciydyas KaToaHOIO
. BOCCTAHOBJICHHSI
Puc. 4.4. TIpapuueckuit pacuer
di zZF 1(ly -1)
MOTEHIIMaja TIOMYBOJHBI W  YHUCIA E- RT I
DJICKTPOHOB, Y4acCTBYIOIIIMX B d
3IEKTPOHON PEaKIUn Ipu | = 1¢/2 nonyuaem

(d_l} _F 2 _AD_ 1y
dEJe,, 4RT ¢ 1025 ° CD CD’
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3HadyeHue yrioBoro koddduimenta Haitnem u3 Tpeyroiabauka ACD. Otpesok CD,
oTcUMTaHHbI B MB mo rpaduky, ais odpatumoro npornecca npu 298,2 K paBeH
50 mB, u3 ypaBaenus — 102,5/z. TTorenmman mosyBoiusl E1, = — 0,62 B. Yucio
AJICKTPOHOB, YYACTBYIOIIUX B PEAKIIAN

_ 1025 1025 _205 z=2.

CD 50

Ilpumep 4.3. DnekTpoocakacHUE KaIMUs U3 pacTBopa, conepxkamiero CdCl,
1 2 mMosb 1 1 KCl, BenyT Ha qMCKOBOM KaToJe, BPAIAIOILEMCS CO CKOPOCThIO 120
006/vMun npu 25°C. TlepeHanpsbkeHue Ha Kak IIpU IWIOTHOCTH Toka 21,1107 A/em?®
paBHO — 15 MB. Paccunrats TonmmHy Aud¢Gy3nOHHOTO CJI0s Ha TUCKOBOM KaTOJIe
¥ KOHIIEHTPALMIO KaJMHUs B pacTBOpe, eciy Kodpduuuent qupdysun Cd** pasen
0,72:10° cm?cl, a kuHemarmyeckas BA3KocTh pactBopa v = 1,4:102%cm? ¢l
Yuciom nepeHoca HOHOB KaaMUsl PEHEOpEeYb.

Pewenue. Tonuuny nudPy3uoHHOTO €105 onpeiesiuM 1o popmyie:
5=161-DY3Y64,»/2 —161(0,72-10°)Y3(1,4.107%)/6(2.314. 2) 2 =
=45-103cm

Brraucium KOHIIEHTpAIMI0 HMOHOB KaJMHS, IPEIBAPUTEIHLHO PAaCCUNTAB
npenenbHyo U Py3noHHYIO INIOTHOCTh TOKA:

AE=RTjpl1- 1}
ZF Iq

-3
—0,13:0,029|g[1_%];
Id
ig=32,2-10 3 A/em?;
Id—061 7-F. C D2/3 -1/6 a)llz.

3,32-103=0,61-2 - 96500 - Co- (0,72:10%)?2- (1,4-1072) 2% (2.3,14-2)"2;
Co = 10 ~* monw/cm® = 0,1 mMoub/m.

Ilpumep 4.4. [1lpy U3ydeHUN KUHETUYECKUX 3aKOHOMEPHOCTEH BBIJCICHUS
cepebpa u3 nupodochaTHO-aMMHAKATHBIX ANEKTPOJIUTOB METOAO0M
raJIbBAHOCTATUYECKOTO BKIIIOUEHUS 110 3HAYEHUSAM HAKJIOHA Ta()EeIeBCKUX MPSIMBIX
paccunTad K03 GUIMEHT IepeHoca aHOAHON peaKINK

Ag(NH3),P,05™ +e— Ag + 2NH 5 + P,O7, a = 0,46.
OkcTpanosnsiueit TadeneBCKuX IpsaMbIX 10 7 = () HalIeHbl 3HAYCHUS
a(In'iy) _oag: 0nio) a(Inig)

3— - = 1’05 1 = _0,42 .
ol C(Ag(NH ,), P,03 )] a(nCyp,) o Cpoe )

OnpenenuTes MOPSNOK KAaTOJHOM peakUuu MO KaXIOMy KOMIIOHEHTY M
IPUPOJTY BELIECTB, Pa3psKAIOLINXCS HA KAaTOJIE.
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Pewenue. Crexuomerpuueckre K03QQGUIHUEHTH B CyMMapHOU AJIEKTPOIHOM
peakmuu v (Ag(NH3)» P,037)=+1; v(NHs)=-2; v(P,04)=-1. Yuciuo
ANIEKTPOHOB, YYACTBYIOIINX B CYMMAapHOM IIPOLIECCE U DJIEMEHTAPHOM aKTe, Z = Z,
= 1. JIng kaTOAHOM peakiu CTPaBEeAJIMBO PABEHCTBO:

olglo) | _ . Za
(8('9Cj)]c __pK’J “VKT

N3 KOTOPOT'O IIOJIydacM:
st Ag(NH3)» PZO?_ 0,38 =p—-054; p=0,92~=1;
st NH; 1,05=p-0,54-(-2); p=-0,03=0;
s P07~ -0,42=p—-054-(-1); p=-096=~-1.
CnenoBatesibHO, B pa3psijie y4acTBYET
1-Ag(NH3),P,03" —0-NH3 —1- P,04 = Ag(NH3) 3.

I1#]

Ilpumep 4.5. V3mepeHus Ha cepeOpPSHOM DBJEKTPOJIE B DIIEKTPOIUTE
cepebpenus npu Temmeparype 298,2 K, xaromaom toke 3-107° A, nonspuzanuu
0,15 B gamm 3aBHCHMOCTBH cocTaBisitomux uMmienanca Cr U Ry, U3MEpeHHBIX 110
MOCJICIOBATEIFHOM CXEME 3aMEIICHUS, OT YaCTOTHI TOKA, IPUBEACHHYIO HIDKE.

f, I'n 2500 | 900 | 600 | 400 | 320 | 250 | 180 | 120 | 90 | 60 | 45

Cn, Mx® | 31,9 33,8408 | 51 |69,2|90,8| 136 | 263 | 442 | 875 | 1440

Rn, Om 20 |40 60| 78| 10 |12,1/131|150| 16 |[16,3|16,5

1
w-Cp,’

Om 20 |52 |65|78|71|70/|65|50|40]|30]|24

[Io wmeTomy KOMIUIEKCHOM IUIOCKOCTH, OINPENEIUTh €MKOCTh JIBOMHOIO
JIEKTPUYECKOTO CJI0s, COIIPOTUBIICHUE PACTBOPA, COIPOTUBIICHUE IIEPEX01a U TOK
oOMeHa, MPUHUMAs YUCIIO JIEKTPOHOB Z = 1.

Pewenue. Vimnienanc MOXXHO TPEACTaBUTH TOYKOW B KoopAuHaTax Ry —
1/(wCn). Tlpy W3MEHEHHWH 4YaCTOTHI IEPEMEHHOTO TOKAa 3Ta TOYKA OIHUIICT
TPAaeKTOpUIO, Ha3bIBaeMylo rojorpadoM, XapakTep KOTOpOH  MO3BOJISET
OTIPENICTUTh AJIEMEHTHI AIEKTPOXUMHUYECKOHN 1enu. Ecnu cuctema ommchiBaeTcs
CXEeMOM  TOCJIEIOBATEIbHO  COCJAMHEHHBIX  CONPOTHUBJICHHUS  TEpexoja H
nuddy3rnonHoro ummneaanca (puc.4.5), To, paccuuTaB akTUBHYIO Ry U peaKTUBHYO
1/(wCn) cocTaBnsiomue H3MEPSIEMOr0 HMIIEJAHCA, OTIOKUB IIOKa3aHHUS IIPH
pa3IMYHbIX YacToTax B KoopauHaTtax Ry — 1/(wCr), mony4ator rogorpad (puc.4.6),
KOTOPBIN Ha OCH a0CIIUCC MPU IKCTPATOJISAINYA Ha OECKOHEYHYIO YaCTOTY OTCEKAeT
OTpPE30K, paBHBIN Ry,
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[lepecuntaB cocTaBigOIIME HMIIEAaHCA Ha MapajUIEIbHYI0 CXEMY
3aMeIleHnss W TOCTPOMB 3aBUCUMOCTh R-— 1/(wC-), aHaIOrHYHO MOXHO
onpenenuts Cpg IpH (@ —> 0.

U3 rpaduka (puc.4.6) nHaxonum R = 2 Om; conpoTtuneHue nepexoaa Ry =
15 OM; 9acToTy, COOTBETCTBYIOIIYIO BEpXHEU TOUKE OKPYKHOCTH rojorpada, fo =
340 I'n.

Haxonnm eMKOCTh IBOMHOTO 3JIEKTPUYECKOTO CHOS:

1 1

Cup = = =312-10°®.
27 fo Ry 6,28-340-15
Berancnum Tok oOMeHa:
. RT 1 2 _
ig=-— _00592 425 10734,
ZF Rpr 2315
L, Om
C()CH
10 Ra( Rux ;l
CI[B
|
R> 5
— —
RHZ[
—
0
0 5 10 15 Rrr. OM
Puc. 4.5. OkBuBanentHas  Puc. 4.6. Onpenenenue Ry u Rpy metomom
ANEKTPOXUMHUYECKAas  CXeMa  KOMIUIEKCHOM TIOCKOCTH
VTS H3y4aeMoro
AJIEKTPOJIHOTO MpoIiecca
Ilpumep 4.6.  Haxnonsl  TadeneBCKMX  MPSMBIX  NPU  HUBKUX

HEePEHANPSHKEHUAX IS PEaKIMU
2H,0S5 0O, +4H +4e

2RT
Ha UpUIUHU COCTABJIAIOT JJI1 aHOJHOI'O U — TI{J’IH KaTOAHOI'O HAIIpaBJICHUA

peaxuu. [Ipu G6oee BRICOKHX aHOIHBIX MEPEHANPSIKEHUSX HAKIOH TadeneBCKoi
. 2RT
NPSAIMON CTAHOBUTCSI PAaBHBIM = OnpenenuTs CTEXMOMETPUUECKOE YUCIIO TTPU

HU3KUX TIEPECHANPSDIKECHHUSAX U II0Ka3aTh, YTO JKCIEPUMEHTAJbHBIE JaHHBIC
COIIAaCyIOTCSI C MEXaHU3MOM <«DJIEKTPOXMMHYECKOM OKUCHOW IUICHKW», JJIs
KOTOpPOT'0 BTOpas CTaAus JUMUTUPYIOLIAS:
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K

HO S OHpg+ H +e (0 << 1); (a)
k
OHap S Oax + H + e (ckopocTts onpenensiomas craaus); (0)
k
Ki
20a15 02 (00 <<1). (B)

Ol'[peI[eJII/ITB, KakKad CTaauda 3aMCIAJICHHA IIpWM  BBICOKHMX  AdHOIHBIX
MCPCHAIIPAKCHUAX.

Pewenue. Ctexuomerpuueckoe ymncio v no [lapconcy

| _ZF (alni, ok, N
RT\ on on )’

AF(3F F j‘l
RT\2RT ' 2RT

Jlns1 3aMemiieHHOM ctaanu (0) aHOMHBIN TOK

Tak kak cTaauio (a) MOKHO CUMTATh OOPATUMOM, JIJIsl HEE UMEEM
Oon (1—6on) ™ =K -C. exp(zF /RT).

Tak kak Ooy << 1, T0 (1 — Opoy) = 1. Pemras coBMECTHO JiBa IOCIIEIHHUX
ypaBHEHHUS, IOJTYIUM

i, =4F(k-K-C)exp[(L+1-a)yF /RT],
wm i, +INC. =IN4FkK +(2—-a)nF /RT.

Auddepennuposanue 5TOro ypaBHeHHs NPK NOCTOsHHOHA C . naet

on 2RT
. = , YTO M HAOII0MaeTCs UCXOA U3 JaHHBIX 3aJIa4u.
oini, c 3F

H

+

I[JISI KaTOAHOI'O HaITpaBJICHUA pCaKIINH CHUJIa TOKA BBIPA3UTCA PaABCHCTBOM
i =4F k-6, -C . exp[-a-n-F/RT].
[TockonbKy cTannio (B) MOXKHO CUATATh KBA3UPABHOBECHOM, TO MOIYYUM
2 =
Oy (1—6,)" =K po,

rne Po, - NapUHMANBHOE ABIEHAE KUCIOPO/IA.
Ipu 0p<<1 umeem I, = 4FE(kl Po, )1/2CH+ exp[-anF /RT],

on __2RT
olniy ) F
2

OTKyJa CIEAYET, YTO [
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3TO COOTBETCTBYET Hab/M01aeMoMy TadeIeBCKOMY HAKJIOHY ISl KATOIHOTO
HaIpaBJIeHUs Ipolecca.
Ecnu ckopocTh peakiiu onpenenser craaus (a), To aHOAHBIA TOK
on _2RT

1, =4FKexp[(l— a)nF /RT], otkyna _ :
olni, Coe F
2

4TO COrjIaCycTcCs ¢ AaHHBIMHU IJISI BBICOKHUX HepeHaHpﬂﬁ(eHHﬁ.

Ilpumep 4.7. DnexTpomiHOM peakUWH, B KOTOPOM YYacCTBYIOT HOHBI
BOJOPOJA, MPEIIIECTBYET 3aMEJICHHAs TOMOTEHHas XHMHYECKash peakius -
JUCCOLIMAIUS KUCIIOTHI, KOHIICHTpAIMs KOTOpoi B pacTBope paBHa 0,3 monb/1, pH
4,3. Jlns peakiuu

N

HA <_kz H"+A"
k
k=810°1-Momb -c’l. BBIYHCINTD NEPEHATPSIKCHHE pEAKIMH, IPESTbHYIO
IUIOTHOCTh TOKA PEAKIMH, TOIMIUHY PEAKIMOHHOTO CJIOS, CKOPOCTh 0Opa30BaHHMS
MOHOB Boopoa. IIpuasaTh, 4to ko3 duuuent mupdy3ruu HOHOB BOIOPOIa PaBeH
7-107° cm*cL, mopsnok peakuum 1, Temneparypa 298 K, KOHIEHTpanus MOHOB
BOJOPO/IA B INIOCKOCTH MaKCUMAILHOIO HPUOIMKEHHS K OBEPXHOCTH SIEKTPOIA

C;{+ =5-10"" MOJIB/11.
Pewenue. Onpenennum paBHOBECHYIO KOHIIEHTPAIMIO HOHOB BOJOPOA
pH=-1gC,.;1gC,.=-43; C, . =510 moms/m.
CKOpOCTh TOMOTE€HHOTO O00pa30BaHMS HMOHOB BOJOPOAA OIPEAENAEM IO
bopmyie:

I o cS.
U:kCHA_kCAfCHJr :kCA,CH+ ]__L ’
Cy-
P
cS.
L=0g|1- H ,
Cy-

rae vg =kC,-C . =KCpp - ckopocTh 00paTHOM peakiiy Npu PaBHOBECHH;
C,-
3aKOHY JEHCTBYIOIIMX MacC B IPUMEHEHHMM K TOMOI€HHOW XWUMHYECKOU
peakuuu;

— PaBHOBCCHAs KOHLCHTPpAaIHA HOHOB BOAOPOAad, KOTOpasaA COOTBCTCTBYCT

S
C ;;+—  KOHIGHTDAIlMs ~ HOHOB  BOJIOPOZA,  KOTOPas — COOTBETCTBYET

OINPEICIICHHON CKOPOCTH DJJIEKTPOJHOM peakiuu, T.6. B IUIOCKOCTH
MaKCUMAaJIbHOTO MPUOIMKEHUS K TTOBEPXHOCTH JIEKTPO/IA;
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p =1 —nopsiok peakiuu.

1
5,0-107

v=8-10°.0,3- 1—[ 5} —2.10° monn/ - ¢
50-10"

[lepenanpsikeHHe peakIMi KaTOHOTO BBIICICHHUS BOJIOPOa HAXOAUTCS 110
bopmyie:

viRT _ C3.
77P = 2,3 Ig
ZF e+
i€ Vj — CTEXUOMETPUUECKU KOA(OUIIMEHT B CYMMAapHOM 3JIEKTPOIHON PEaKIIUu.
-7
Np= 0,0592 Ig % = —0,12 B
50-10"

HPGIICJIBHEI}I INIOTHOCTDb TOKA PCAKIIMHU HAXOOUTCA I10 (IJOpMy.]'IGI

. z 2p S
ip=—"F | .p,-C>,-D. ,
P Vj \/p+1 0 + H

ip = —96500\/12—'11 .8-10°-0,3-1073.5.1077.1072.7-10™° =—0,3A/ cu?.
+

TonuuHy peakliMOHHOTO CJI0A HaliJIeM U3 YpPaBHEHUS:

D,-C,,- D,-C- 107°.5.107°
513:\/ HH _ R H 710 55 10 =1-10""cm.
UO kCHA 810 0,3

33&3‘{]{[ I CAMOCTOATEC/ILHOI'O PCILICHUA

4.1. Iorenunan nonysoaasl Cd?* Ha pore 0,1 mons/n KCl paBen —0,6 B (H.k.3.).
Paccuntate TOK, TpoxonmAmMiA 4epe3 TMoJsporpadUUecKyro  SUYEHKy TpHU
noternuaine —0,55 B (H.k.3.), ecliu KOHIIEHTpalMs HOHOB KaJIMHs B pAaCTBOPE paBHA

240 mr/n, koddppunuent muddysun Cd* pasen 7,15-10° cm?- ¢ L. [lepuon kananus
JU1sl Kanuiuisipa pasel 3,16 ¢, macca 50 kanens pryTt paBHa 0,168 r, temnepatypa
298,2 K.

4.2. B pactsope 12,24-1072 mons/n PB(NO3), u 1,0 mons/n KNO; npenenbHblii
mupdy3nonnbii Tok paBeH 50,0 MkA. YacTora majneHus kamnenb pTyTH paBHA
18 kanens B 1 munyty, 10 kamens wumeror Maccy 3,82:1072r. Berumciurh
kodppumuent muddysum Pb?*. KakoBa Oymer BenMYMHA IPENEILHOTO
nuhPy3MOHHOTO TOKa, €CIU KaNWJUIAp 3aMEHUTh Ha JIPYrou, UMEIOIINNA TIEPHOJ]
KalaHus 3 ¢ ¥ Maccy JecATH Kanenb pryta 4,2-1072r.

4.3. Ilpu CHATHM BOJBTAMIIEPHON KpPHUBOM Ha PTYTHOM KalaroIleM 3JIEKTPOJE
OBLIIM MOJYYEHBI CIIETYIOIINE TaHHbIE
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Bapuant

a 0 B r
E, B I, MKA E, B I, MKA E,B I, MKA E, B I, MKA
—-1,2757 1 -2,0110 3 - 0,6702 1 -0,2209 2
—1,2830 3 —2,0246 5 - 0,6881 7 -0,2392 8

—1,2879 6 —2,0601 17 | - 0,6962 14 —-0,2525 20

—1,2959 16 -2,0771 27 | -0,7058 24 -0,2611 33

—1,3046 31 —-2,1090 49 | -0,7153 31 -0,2795 68

-1,3121 40 -2,1461 65 | —0,7237 34 —0,3008 92

—1,3243 45 -2,1974 71 | -0,7298 35 -0,3279 99

OHpGIIeJII/ITB IMOTCHIOMAJI IIOJIYBOJIHBI H YHCIIO 3JICKTPOHOB, YYAdCTBYIOIIHMX B
PCaKInU.

4.4. Ilpenenvubie n1uddy3nOHHBIE TOKM HA KamleJIbHOM PTYTHOM JJIEKTPOJIEC B
pactBope, conep:xameM uorsl Cu?" u TI*, paBasI 1,02 1 6,55 MKA, COOTBETCTBEHHO.
XapakTepucTuku Kamuuispa: M = 12 wmr-c?, 7 = 4 c. Ucnons3ys ypaBHEHHUE
WnpkoBHUYa, OMPENETUTh KOHICHTPAMIO HOHOB MEIW W TaUTHs, €CIH HUX
ko> punuents! quddysun pasusr 7,2-107° u 20-10°°, cooTBeTCTBEHHO.

4.5.]lng  KaTroAHOro Tpoliecca, JHUMHUTHPYEMOTO CKOpPOCThIO auddys3uu,
paccuuTaTh MEePEXOHOE BpeMs M KOHIICHTPAIMIO Pa3psiKaroulerocs BEIIECTBa Y
MOBEPXHOCTH dYepe3 4 ¢ OT Hayaida mpolecca, eciu B o0beMe pacTBopa
koHuentpanua ero 1,17-10° mons-n?, xoopduuuent mupdysuu 1-107° cm?c?,
ik=-0,1 MA-cM 2, vj=2,Z2=2.

4.6. Ilpu aHOTHOM PACTBOPEHUM METaJlIa MPOTEKAET CyMMapHasi dJIeKTpOIHas
peakiusi M + A~ — MA,; + e. B raibBaHOCTaTUUECKUX YCIOBUSX YeEpe3 2 € Mocie
3aMbIKaHUS 1ETH NepeHanpsbkeHrne coctaBuiio 32,7 MB. TlepexoaHnoe Bpemsi paBHO
4 ¢, remrnieparypa 303,2 K. MoXHO I CYUTATh, 9YTO TOPMOKEHHUE PEAKIIMH UMECT
1 py3MOHHOE TPOUCXOXKIEeHUE?

4.7. TepumiepoM METOJIOM IMOTEHIIMOCTATHYECKOTO BKJIIOUEHUS I Tpoliecca
paspsizia MOHOB LIMHKA M3 pacTBopa, coxepskamiero 0,02 mons/n Zn?* u 1 mons/n
NaClOg, Ha syiekTpojie U3 aMajabraMbl I[IMHKA MOJy4YeHa 3aBUCUMOCTD IJIOTHOCTH
TOKa B MOMEHT BKJIFOUCHHS OT TIEPCHANPSDKSHUSI poIiecca:

n, MB _66 —99 —142 —156 _174
i t=0, MA/cM? 21 —40 92 ~120 ~169

OnpeneauTs NPUPOAY JUMUTHPYIOIMICH CTaauu JJIEKTPOJHOTO IIporiecca,
ecim ip=5,8 MA/cM?, a=0,75, z=2 n temneparypa 298,2 K. Jlua sToro xe
AJIEKTPOJIa TIOJyYeHAa 3aBUCUMOCTH IIJIOTHOCTH TOKa OOMEHa OT PaBHOBECHOTO
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NOTEHIIMAJIa, BEJIMYMHA KOTOPOTO BapbHUPOBajach HM3MCHEHHUEM KOHIICHTPAIUU
IIMHKa B amanbrame. OnpenenuTh NopsaI0K 2IEKTPOXUMUYECKOH peakiuu Pr(Zn?*),
Pa(Zn) u peaknuto epexoa.

Ig io
-1,0

-15 .

-2,0 RS
£ B s
-2,5 :

30
35 S T A

ST e A tE

-4,0 3) = <

45 e e s
5,0 e

-0/8 -0,76 -0,74 -07/2 -07 -068 -066 -064 -062 Ep B

Puc. 4.7. 3aBUCMMOCTD IIOTHOCTH TOKa OOMEHa lp OT PaBHOBECHOI'O IMOTCHI[HAIIA
Ep amanberamel uHKa ¢ KOHIeHTparuen Zn, monw/i: 1 —0,5; 2 —-0,04; 3—-0,02; 4 —
0,01;5-0,05; 6 —0,0025

4.8. Ilpu »IEKTPOOCAKACHUH 0JIOBA M3 pacTBopa, coaepskamero 0,125 Momw/n

SnSO4 u 1 mone/n HSO4, o0mmias moaspusamus 3IeKTpoaa

A Eos = Vom + 11 + AE + nx

(Vom — OMHUYECKOE NajieHUe HANPSKEHKs) ITPU IIOTHOCTH Toka 42 MA/cM? paBHa
63 MB. Cuutas, 9T0 COMPOTUBICHUE MEXKIY IJICKTPOIOM U SJIECKTPOIUTHUECKAM
kmodoM paBHO 0,26 OM-cM?, OIpeenTh BEJIUYMHY KPHCTaIIM3alHOHHOTO
(pazoBOrO) MEpeHANPSIKEHUS #k, €CITM U3BECTHO, UTO TOK 0OMEHa Ha 0JIOBE PaBEH
43 mA/cm?,  kodduuuent mnepenoca  0,56.  Kospduument  audpdysuu
paspskaromierocs nona 3,8-107° cm?/c, Tommuna muddysuonnoro cnos 1,5-1073 cm,
temneparypa 293, 2 K.

4.9. MeTo1oM XPOHOIMIOTEHIIMOMETPUN W3YYAIOT AJIEKTPOJIHYIO PEAKIIUIO0 THUIIA
M# + e — M*. Kosppuuuent quddysun paspsoxaromuxcs nonos 1-107° ecm?-c
KOHLIEHTPALMM MX B 00BEME pPAcTBOpa 2 MOJb-JI Y, KOHBEKIMS M MUIPALHUS
IMMUHUPOBaHbL. Yepe3 2 ¢ mocie BKIOYEHUS TOKa, MPU KOTOPOM HPOLECC
mumutHpyeTcs nudQysueli, KOHIEHTpauus y MOBEPXHOCTH cTaia 1,3 Momb-rt.
Cuily TOKa YBEJIMYIIIA BJBOE U MPOLECC BKIIFOYEHUS TOKA MOBTOPWIIM JJISI CBEKEH
nopuuu 3aekTponuta. [Ipu 3TOM KOHIIEHTpauus y NMOBEPXHOCTH CTaja PaBHOU
HYJII0 yepes3 4 ¢ oT Havana npouecca. Ocranach Jiv 3aMeJIEHHAsl CTaius Mpoliecca
TOM e B HOBBIX YCIIOBUSIX?

4.10. B ranpBaHOCTATUYECKUX YCIOBHAX IPH | = —9 MA/cM? epexo1Hoe BpeMs
paBHO 3 c¢. Ilpu miotHOCTH TOKa —14 MA/cM? KOHIIEHTpAIMsi y MOBEPXHOCTH
IIPUHUMAET HYJIEBOE 3HaUeHuE yepes 1,24 c. Kakas crtaaus 3JIeKTpoaHON peakiuu
SABJISIETCS 3aMeNJIEHHOM ?
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4.11. Tlo HakioHy Tad)eNeBCKUX MPSIMBIX IS BOCCTAHOBJICHHS HHKENS U3
CMENIAHHOTO KOMILIEKCa

Ni(NH,), P,OZ™ +2e — Ni +2NH, + P,0O5~
paccuutan koddduiment nepeHoca a = 0,22. Dxcrpamnonsiueid TadeIeBCKHX
3aBUCHMOCTEN 10 7 = 0 OJTy4eHb] BEJIMYUHBI INIOTHOCTH TOKa oOMeHa (A/cm?). Ux
3aBUCUMOCTh OT KOHIICHTPAIIMM KOMIIOHEHTOB (MOJIB/JI) TIpuBecHa Ha puc.4.8.
OnpenenuTe NOPsIAOK KaTOAHON peaklUK MO KaXXJI0My KOMIIOHEHTY.
lgC
-3,0

-3,5 -3,0 -2,5 -2,0 -15 -1,0 -0,5 0,0 Ig io

Puc.4.8. 3aBUCHMOCTD BEJTMYHMHBI INIOTHOCTH TOKa 0OMeHa Ig OT KoHIeHTparuu C
YYaCTHUKOB peakiuu: 1 — KOMIUIeKe, 2 — aMMuak, 3 — nupodocdar

4.12. {nst anextpoanoit peaknuu KA + HO S 3 K' + A~ + 2¢ Ha miaTHHOBOM
KaTrojie HaOMIoAaeTCsl TPEACNbHBIA TOK, BEJIMYMHA KOTOPOTO HE 3aBUCUT OT
WHTEHCUBHOCTH TIEpPEMCIIMBAaHUS pacTBopa. [IpM HCHOIB30BaHWM APYTrOro
MJIATHHOBOTO KaTOJla TOW JK€ TUIOMAAM CPETHSS BEIMYMHA TPEICTHLHOTO TOKa
CHW)KAeTCA BJBOC. 3aBUCUMOCTb TNPEICIbHONW IUIOTHOCTH TOKa ipp  OT
koHIeHTparuu Cya IPUBEICHA HUXKE:

Cka, MOJIB/T 7,42:107 2,24-107 8,13-103 1,35-10°3
inp, A/cm? -5,01-10°3 ~1,445-10°3 -5,63-10* -1,0-10*

Haiitu nopsinok XumMmudeckom craauu no Bemectry KA.

4.13. JInst cyMMapHO#M AJIEKTPOTHOM peaKInu
Zn(NH,),P,0™ +2e — Zn+3NH, + P,0;~
METOJIOM TaJbBaHOCTATUUECKOrO BKJIIOUEHHUS OIpe/esieHa 3aBUCUMOCTb TOKa

ani
oOMeHa OT KOHIICHTPAIlUM aMMHaKa C YIJIOM HAaKJIOHA nC 0 _=0,45 u nopsamok
n

NH,

OJIEKTPOXUMUYECKON PEaKIUK MO aMMHaKy Py, = —1,02. Haiitu koapumment
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nepeHoca Ui aHOJHOW peaklMM, cuuTas, 4yTo crneuuduueckas aacopOuus u
XeMOCOpOIMsl B CUCTEME OTCYTCTBYIOT, 3aMEJIEHHAsl CTaaus — Iepenada ABYX
JJIEKTPOHOB.

4.14.Tlo nmaHHBIM XpoHOMOTeHIMOrpamMmbl (puc.4.9), TOIyYEHHOU TMpH
IUIOTHOCTH ToKa 25 MA/CM?, ONpENENUTh CONPOTHBIECHUE PACTBOPA MEXKIY
pabouynM DSIEKTPOJOM M HOCHMKOM Kamwuisipa Jlyrruna, nuddepeHnuanbHyio
€MKOCTb JIEKTPOJIa U KOHUEHTPALNIO pearupyromero seuiectsa. I lpunsaTe z = z, =

1,v=1,D;= 1-10°° cm?/c, T = 298,2 K. HccnemyeMslii 37€KTPOJL — Karuls pTyTH
panuycom 0,05 cM, MCXOIHOE BEHIECTBO W NPOAYKT DJIEKTPOJHOW pEaKUUU
PacTBOPHUMBI B DJICKTPOJIUTE.

_E,B
1,2

11 I/ /

1,0
; /

0,9 e -
0,8 /
0,7

0,6

0,5

00 02 04 06 08 10 12 14 1102 ¢
Puc. 4.9.

4.15.Tlo npuBeAEHHBIM HA PHUCYHKAX TaJbBAHOCTATUYECKHUM KpPHUBBIM
ONpEEIUTh OMHMYECKOE IaJ€eHUE NOTEHIHAIA, IMOTEHIMAJ Hayaja peakluH,
€MKOCTb 3JIEKTPOJIa, IEPEXOITHOE BpeMsl IpapuuecKu U aHATTUTHYECKH, MOIb3YSICh

COOTHOIIeHUEM 1,/7, = const. TlocTpouTs moJsIpU3alMOHHYIO KpuByl0 E - 19 1.

Bapuantsr: 1 — puc.4.10; 2 — puc. 4.11; 3 — puc. 4.12; 4 — puc. 4.13; 5 — puc. 4.14,
6 — puc. 4.15; 7 — puc.4.16.
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Enks,B

0,0 /
6 J
//
0,4 4,4 3
—
06 o — 2
N4 1
1,0
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 t, c

Puc. 4.10. I'aneBanocTatnueckue kpuBbie (I'C) moTeHIMAN - BpeMsl IPH KaTOTHOM

BOCCTaHOBJICHHH 1 M XpOMOBOM KHCIIOTHI IIPH IJIOTHOCTH Toka: 1 — 5; 2 — 30; 3 —
60; 4 — 100; 5 —200; 6 — 300 MA/cMm?

Enks., B
-0,2

0,0
0,2 /

N4 i
Nl

\

3
e 2
0,8 7 1
" |
1,0
0,0 1,0 2,0 3,0 4,0 5,0 6,0 70 t cC

Puc. 4.11. I'anpBanoctatuueckue kpusble (I'C) noTeHuman - BpeMs npu KaToJHOM
BOCCTaHOBJEHMM | M XpOMOBOW KHCJIOTHI Ha Bpaujaroumemcs rpapuToBOM
3JIeKTpojie mpu TioTHocTH Toka: 1 — 5; 2 — 30; 3 — 60; 4 — 200; 5 — 300; 6 —
400 MA/cm?
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Enks, B

0,0

0,2

0,4

0,6

0,8

1,0 ~

1,2

/ /
Pannn = H
7 gEssssemiscC=c
/ 2
/L EEEEEE!
//-/_/
0,0 1,0 2,0 3,0 4,0 50 6,0

t,C
7,0

Puc. 4.12. I'C-kpuBble Bocctanosierus 2,5 M CrO3 npu 30°C npu miioTHOCTH TOKa:
1-5;2-10;3-40;4-80;5- 100 mA/cm?

t,C

Enks,B
0,0
/6
S ———
-
0,2 /’/— 5
~
0,4 /
I/ 4
0,6
3
08 _ —
' / AR ——— 2
&4 SEEaEEEEES 1
1,0 — —
1,2
0,0 1,0 2,0 3,0 4.0 5,0 6,0

7,0

Puc. 4.13. I'C-kxpussle Bocctanoienus 4 M CrOs npu 30°C npu mnotHoCTH TOKA:
1-10; 2—-20; 3-40; 4 - 300; 5 400; 6 — 500 MmA/cm?
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Enks,B
1,35

1,30 / !
1,25 // ;
1,20

1,15 3

1,10 ///ﬁ
1,05 // 2
/

100 /-
0,95

0 1 2 3 4 5 6 t,C

Puc. 4.14. I'C-kpuBble MOTEHIIUAI - BpeMsI KaTOJHOTO Tpoliecca Ha ZN-3JIeKTPoie

B 2 N pacTBOpe mepxiiopara IWHKA Mpu MI0THOCTH Toka: 1 —1; 2 — 5; 3 — 60; 4 —
100; 5 — 120 MA/cm?

Euks,B
1,30
/ °
1.25
; 4
1.20 3
== 2
115
1.10 / /___/ 1
1,05 ///
1,00
V
0,95 ‘
0 1 2 3 4 5 6 , C

Puc. 4.15. I'C-xpuBble NOTEHIIMATI-BPEMS KaTOAHOTO Ipolnecca Ha ZN-31EeKTPOJIE B
4 N pactBope mepxJjiopara MHKA MpH TI0THOCTH Toka: 1 — 20; 2 — 60; 3 — 80; 4 —
120: 5 — 150 MmA/cm?
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Enks, B

1,25
1,20

/ 4
1,15

/ 3
1,1
1,05

1,00

[

0 1 2 3 4 5 6 t ¢

Puc. 4.16. I'C-xpuBble TOTCHIMAI-BpEMS KaTOIHOTO Tporiecca Ha ZN-3JIEKTPOJIE B
0,5 N pactBope nmepxiiopaTta IUHKA MpH TUIOTHOCTH Toka: 1 —1; 2 — 3; 3 —5; 4 — 10;
5—20 MA/cMm?

4.16.Tlo npuBeNEHHBIM Ha PHCYHKE MOTCHIUOJUHAMUYECKAM KPHBBIM
ompeneautb  Kodhdurment audQy3urd  MOTEHIMAIONPEACISIONIEro  HOHa
(puc.4.17).

i, MA/cM?
25

NN
20 2

15
N EEIN
: DN

0

O\

)

5 = 4
N 3
] —
10 2
Q 1
-15
-1,0 -0,5 0,0 0,5 1,0 15 E,B

Puc. 4.17. Iuknuueckue noteHuoauonamuueckue kpusbie CgCrOsz-karoga B 1 M

LiClO4B cMmecu mponuieHKapOOHaTa M TUMETOKCHUAITAaHa IIPU CKOPOCTSIX pa3BEPTKH
noTeHuuana, vy, MB/c: 1 —80,2—-40,3-20,4-8
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4.17. OnpeaenuTh KOHCTAHTY CKOPOCTH peakuuu U koddduimeHTtsl auddy3un
MOTCHIIUATIONPEACTSIFONIET0 MOHA TPH PA3JIMYHBIX TEMIIEpaTypax Ha OCHOBAaHUHU
MOTEHITUOCTATHYCCKUX KPUBBIX 1 - t. OmpenenTh S3HSPTHIO aKTUBAIIMH TIpoIecca U
YCTaHOBUTH IPUPOY TUMHUTHpYFOIIek ctaauu (puc. 4.18).

i, MA/cm?
30

25

20

i\
o\

\\ EEeas
—— R 308 K
k// §\: 303K
—— 298 K
5 293K
0
0 10 20 30 40 50 60 ¢ ¢

Puc. 4.18. [TorennmocTatnyeckue i,t-KpuBbIe BHEAPEHUS JIUTHS B A TFOMHHUCBBIN
KaTOoJl IpY NoTeHuuae —2,9 B 1 pa3nuyHbIX TeMneparypax

4.18. Menp ocaxaaroT u3 pacTBopa, coaepkaiero 0,1 moas/m CuSOs u 1 Monb/n
H,SO, npu 298 K Ha MemHBIA IHUCK, MOBEPXHOCTH KOTOPOro paBHa 60 cM?, mpH
noctosiHHOM cuiie Toka 0,5 A ¢ HepacTBopuMbIM aHojoM. OOBEM pacTBOpa,
B3SITOrO I 2JiekTposinza 0,5 JI, 3JIeKTPOJI BpallaeTcsi Co CKOpocThio 60 00/MUH.
Kunemarudeckas BA3KOCTh pactBopa 1,62:1072 cm?/c, koddpduuuent audpdysuu
nonoB meau 0,72-107° cm?/c. PaccunTaTh, 9epes Kakoe BpeMsi HAYHETCS BBIICIICHHE
Bogopona. Cuurtarh, YTO BOJOPOJ BBIIETSETCS TMOCIE TOCTMXKCHHS TPEaesIbHON
i Py3MOHHON TUIOTHOCTH TOKA 110 MOHAM MEJIH.

4.19. Dnekrpoau3 pacteopa, coaepxariero 0,2 mons/a FeCls 1,13 mons/nm HCI,
BEAyT INIPH KaTOAHOM IoTHOoCTH ToKa 2-1072 A/cM? Ha TUIATUHOBOM JIHCKE
mnomanso 50 cm?. Jluck Bpamaercs co ckopoctbio 80 06/mMuH. Kartomnoe u
aHOJTHOE TIPOCTpPAHCTBA pas3feicHbl auadparmMoii; 00bEM KaTOIMTa COCTaBIISCT
800 cm®. Kondppuuuent muddysun wnonos Fe¥* pasen 0,6-107° cm?c?
KMHEMAaTU4YeCKas BA3KOCTh pacTBOpa IOCTOSHHA M paBHa 1,24-1072 cm?-cl,
temneparypa 293,2 K. Belaensiics M B MpoLECCe DJIEKTPOJM3a BOAOPOI, €CIU
anekTposn3 awics 20 MunyT? CuuTaTh, 4TO BOJOPO BBIACISIETCS TOJIBKO MOCIIE
JTOCTUXKEHUS TpeiebHON TudPy3nOHHON TIIIOTHOCTH TOKA MO MOHAM Fe3*,
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4.20. Jlyst mporecca KaTOJTHOTO OCAXACHUS MEIW U3 IIUAHUCTOTO DJIEKTPOJINTA,
cojepkamiero IwaHua meau 44 r/a, nuaHua  Kaiaus 65 /7, 3aBUCHUMOCTh
NPEICIbHOTO TOKa Ik OT CKOPOCTH BpamieHHUS N JUCKOBOTO 3JIEKTPOJIA
MpECTaBIICHA HIKE:

n, 06/c 4 6,75 16 36 49 67
i, MA/cM? 9 13 19 26 32 37

Kaxkas CTauA 3JICKTPOIHOTO ITPOLCCCa ABJIACTCA SaMGHHCHHOﬁ?

4.21. Ha pwuc.4.19. mnpuBeneHa JmorapupMuyueckas 3aBUCUMOCTb ITHKOBBIX
3HAYCHUH TOKa Irj (MKA) oT ckopoctH v (B/C), n3MeHeHUs HANpsHKSHHS TTpoliecca
BoccTaHoBlneHus uoHa Cd?* ma ¢ome NaNO; konuenrpaunueii 1 MOmB/mI.
Onpenenuts, NPUMEHSI «KpUTEpUl ckopocTu» (kputepuid CemepaHo), IpUPOTY
3aTPYJHEHUM [JIsI 3TOTO TMpoIlecca MPH CIASAYIOUINX YCIOBUSX SKCIIEPUMEHTA:

C(Cd?*) =1,0-10* monb/n, BpeMs 3aiepsKKd umiyibca 3 =5c, Ey=-0,10 B,
HanpspKeHue muka Toka £y = —0,598 B, ckopocTh MCTEUEHHS PTYTH KaIaloIIEero
anektpona m = 0,48 mr/c.

Ig in

2,2

2,1 o7

2,0 -

1,9 -

18 4+ @~ .

1,7
-1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2 04 Igv
Puc. 4.19. JlorapudMuyeckas 3aBUCUMOCTb TOKa IMHKa I OT CKOPOCTH 0 U3MEHEHUS
NOTEeHIMaIa

4.22. TlocTpouTh KpUBBIC | Vo n kpuBbie 1/i -1/ Jo. OmnpenennTsb
KMHETHYeCKU U nu@Qy3noHHBIM TOkM nmpu @ — 0 u @ — . [lo BenruuuHe
peaeIbHOrO ToKa UG GY3Uu paccuyuTaTh TOIIIHMHY AUQPPY3HOHHOTO ciios (0) u
MOCTPOUTH 3aBUCUMOCTH J OT @, TA€ = 2:7*N, N — CKOPOCTb BpaIllEHUs 3IEKTPOIA.
Bapuanter: 1 — puc. 4.20, 2 — puc.4.21, 3 —puc. 4.22, 4 — puc. 4.23.
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i, Alem?

50 ~ | 2725 00/MuH
40 - — / 2100 06/Mun
// —_~ | 1060 06/vun

3,0

y / A/ EES== 645 00/MuH
7/
0,0 //

ME /e
1/

-2,0 -1,5 -1,0 -0,5 0,0 0,5 10 E,B

Puc. 4.20. TloTeHmMOOWHAMUYECKAE KPHUBBIC BPAIIAOMIETOCS  ITHHKOBOTO
5JIEKTPOJIa B PACTBOPE XPOMOBOM M xjopHOM kucaot mpu 20°C, v, = 80 MB/c u
Pa3IMYHBIX CKOPOCTSX BPAIICHUS JJICKTPOAA

i, MA/cM?
500 ’J 2130 06/Mun
- — 1460 06/Mmun

400 ‘J/ 960 06/MuH

//j 610 00/MuH
/// it
200 / /
100
0 T
0,8 0,4 0 -0,4 -0,8 -1,2 E, B

Puc. 4.21. 3aBucumMocTh MOTEHIIMAJNIA BPAIIAONIETOCs TpauTOBOTO 3JIEKTPOaa B
6 M CrO3 0T III0THOCTH TOKA KaTOAHOW MOJSPU3AIUN MPU PA3TUYHBIX CKOPOCTIX
BpAaICHUS JIEKTPOaa
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lg i [MA/em?]
4,0

2725 06/MuH

7 6470 o6/MumH
3,5 4/ 3980 o6/MuH
! /

/

L

2100 o6/MuH
645 00/MuH

3,0 /

N
w4

2,0

\\:x\

0,0 0.2 0.4 0.6 0.8 1,0 1,2 14 E B

Puc. 4.22. AnonHblie KpuBble TUHKOBOTO 3JeKkTpoaa B 2,5 M CrOsz mpu pa3iaudHbIX
CKOpOCTSIX BpAIIEHUS 3JIEKTPOIa

lg i [MA/em?]
3,4 1 3260 06/mMuu
- _———— " 2130 06/Mun
// 960 06/MuH

/ 610 06/MuH

NEEI
N V4
N/

1,4

-0,8 -0,6 -0,4 -0,2 0 02 E,B
Puc. 4.23. AnonHble TONIAPU3AIIMOHHBIE KPUBBIE CIUIaBa aJTIOMUHUS B PacTBOPE
a30THOM U COJISTHOM KHCJIOT TIPU PA3IMYHBIX CKOPOCTSAX BPAIICHUS JJICKTPOa

4.23. Meroaom moasporpadyMuecKoro MCCIeI0BaHUS MOTCHIIMOAMHAMUYSCKUM
METOJZIOM 3JIeKTpoBoccTaHoBIeHNs annoHa POz B pacmiase KCI-LiCl momyuensr
nipu 973,2 K skcnepuMeHTalIbHbIE JJAHHBIE:
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C(PO3), monb/cm® v, B/c i, A/cm? D(PO3), cm?/c

4,0 16,0 0,28 1,0
6,0 8,0 0,36 1,2
8,0 2,0 0,40 2,3

PaCC‘-II/ITaTL, HCXO0OA H3 TCOPHUHU HOJUIpOFpa(bI/II/I N SKCIICPUMCHTAJIbHBIX
JAAaHHBIX IIPH JOIIYINCHHUH 3aMCIJICHHOCTH pa3spsaa AJIsd BHGKTpOﬂHOﬁ pPCaKInu

PO3 +5¢ > P +3 0%
npousBeicHuE (a - Z,) AIEKTPOAHOTO mpoliecca. PacueT nmpon3BoauTs no popmyiie:
1/2
a-z,-F-v
RT '

4.24. ]Insi OKMCIUTEIbHO-BOCCTAHOBUTENIBHOTO TPOLIecca, MPOTEKAIOIIETo Mpu
298,2 K, omuyeckas KOMIOHEHTa (apajeeBCKOro mmienaHca pasHa 9 OM-cm?,
[TpuHSB, 4TO TIpoOIlecC HE OCIOKHEH ajcopOIued, XUMUYECKHUMH CTaIUSIMH, B
SIEKTPOJHOM pEeaKIMM y4acTBYET OJUH SIIEKTPOH, TOK oOMeHa 3 MA/cM? HalWTH
conpoTuBIeHUE TUPPy3Un.

4.25. Tlpu >IeKTpOOCAKICHUN cepedpa W3 I[HMAHWCTOTO DJIEKTPOIMTA TIPH
298,2 K omuueckas KOMIIOHEHTa (apajeeBcKkoro nmieaanca npu yactore 130 I'ng
pasHa 19,9 Om-cm?. KonneHTpanus HoHOB cepebpa 3a npeaenamu 1uddy3noHHOro
cnoa pasHa 1,25-107 mons/n, kospdumuent auddysuu 1,0-10° cm?/c. Ipunss,
YTO MPOLIECC HE OCIOKHEH afcopOIMell U UMIIeIaHC peakuu (KpUCTAILTA3AIN)
PaBEH HYJIIO, HAUTH COMTPOTHUBIICHHE ITEPEX0/ia U TOK OOMEeHa.

4.26. [Ipu m3ydeHUH 3aBUCUMOCTH €MKOCTHOH M OMHYECKOW COCTaBISIOLINX
umrenanca cepedpsiHoro anektpoaa B pacriae KCI-NaCl mpu 1098,2 K naiineno,
YTO TAHTEHC yTiia caBUra (a3 cOOCTBEHHOTO MMIIEAaHCa AJIEKTPOia [ 3aBUCUT OT

iH:O,496-z-F-D1/2-C-{

V@ COIJIaCHO CICAYIOIIHUM OJAaHHBIM!:

o', ¢ 1350 (310|250 (225|170 | 140 | 110 | 90 | 75 | 60 50
B 1,46 1,40|1,32(1,28(1,23[1,18(1,15(1,12/1,10| 1,09 | 1,08

EmKocTh JBoiiHOro cnos Cpg He 3aBUcUT 0T w'? m cocraBmser 58 Mxd/cm?.

OnpenenuTs MPUPOSY DIEKTPOAHOTO HUMIeAaHca. Paccumtarh kodhdUIHEHT
muddy3un HOHOB cepedpa B YCIOBUSX OIBITa, €CITM KOHIIEHTPAIIMS HOHOB cepedpa
B pacmuase C(Ag*) = 5,89-10° mons/cm?.

4.27. Tlpu uccnenoBaHUH aHOTHOTO OKUCIICHHS KUIKOTO TAJTTUEBOTO AJICKTPOAa
B pacTBope 1ienoud KoHmeHTparuu 0,1 MOJB/T  METOIOM  M3MEpPEHHS
AIIEKTPOXUMHUYECKOTO HMIIEJJaHCa 10 TIOCTENOBATEIbHON CXeMe 3aMEelICHHUS
MOJTyYEHBI CIICAYIONINE 3HAYCHUS EMKOCTHBIX M aKTHBHBIX CONPOTUBJICHHMA IS
NIEPEMEHHOT0 CHHYCcOUAaabHOro Toka (motennuan 1,0 B, remnepatypa 305,2 K):
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R,Omcm® |125|13|145(155|175(205| 23 | 29 |305| 32 [335
1

wC’ 4 (55| 7 | 85| 9 |112/115|/ 10| 75|65 | 2
OM-cM?

OHpeI[eJ'II/ITB COIIPOTHUBIICHUC PACTBOpPA U COITPOTUBJICHUC IICPCXO/IA.

4.28. Tlpu MIIeqaHCHBIX U3MEPECHUSIX TSI TPOIecca pacTBOPEHUS MTACCUBHOTO
IMMHKAa B MIEJIOYM JJIs TapajUICIbHOW CXEMBl 3aMEIICHUS TIOCJIEe BBIYETA
COTIPOTUBIICHUS PACTBOPA MOJIYUEHBI CIEAYIONIUE TaHHBIC:

w, 115000 64000 28000 11500 6400 5000
C-,mx® | 0,3685 0,3708 0,3875 0,4084 | 0,4335 | 0,4500
R-, Om 250 425 625 1075 1300 1450

[Tnomans obpasua coctasiser 0,01 cm?. HaiiTu eMKOCTb JBOWHOIO cJ0s M

3HaYCHUE KOHIICHTpallMoHHOW moctosiHHOM W B ciiyyae, eciu CKOpOCThb 00IIei
ANEKTPOXUMUYECKON PEaKIuu OMpeNesieTcsl TOJBKO 3aMeUIeHHON muddy3ueit
WJTM KOHIICHTPAIIMOHHBIMH 3aTPYTHCHUSMH.

4.29. VI3 kpuUBBIX YaCTOTHOW 3aBMCHMOCTH TaHTE€HCa yria caBura a3z f s
rpaUTOBOIO 3JIEKTPOJIa B PACTBOPE XPOMOBOU KUCIOTHI (puc. 4.24) onpeaenuThb
KOHCTaHTy BapOypra. Paccumtarh MNOBEpXHOCTHYIO KOHIICHTPAIIMIO AHUOHOB
XpPOMOBOM KHUCIOTHI. M3BECTHO, YTO €MKOCTh JBOMHOTO 3JIEKTPUYECKOTO CIIOS
cocraBiser, Mk®/cm* a-8,3;6-17,3;8-11,2; T - 5,6.

B

10
Seecs 50°C
8 go—c
/ _— 30°C
6 “ — 0
g _— 1 10°C
4 Sseatteaaieei et
? e
A/
2 e 0°c
0
0 100 200 300 400 500 600 700 800 /e

Puc. 4.24. YactoTHasi 3aBUCUMOCTh TaHT€HCa yria caBura ¢gas s rpaguToBoro
anektpoja B pactBope 2,5 M CrO; +3 M HCIO, ipu pa3indHbIX TeMIieparypax
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4.30. YactoTHasa 3aBUCUMOCTh eMKOCTHOU Cs 1 oMuueckorl Rs cocraBisgrommx
UMIIEJJaHCa MEIHOTO JJIeKTpoaa B 2 M pacTBOpe XJOPHOW KHCIOTHI IPH
paBHOBECHOM MNoTeHInalie u teMneparype 20°C npenicraBieHa TaOIUIIEH:

f, kI’ 3 5 / 10 20 30 50
Cs, MKD/cm? 87 70 60 o1 39 34 30
Rs, Om-cm? 0,60 | 0,465 | 0,387 | 0,327 | 0,260 | 0,225 | 0,190

[IpoBecTn rpadoaHaTUTUYECKOE HCCIEIOBAHUE TMPEACTABICHHBIX B TaOIHIle
JaHHBIX M OIpPEAEIUTh CONPOTUBIECHUE DIIEKTPOJIUTA Ip.pa, EMKOCTH JBOMHOIO
anekTpuudeckoro cios Cpp, KOHCTaHTY BapOypra, conpoTuBieHue repeHoca 3apsiaa
6 ¥ III0THOCTH TOKAa 0OMeHa. [1oCTpOUTh 3aBUCUMOCTH TNIOTHOCTH TOKa OOMEHa g
OT KOHIICHTPAallUd B JIOTapU(MHUUYECKHX KOOPJWHATAX, OIMPEACIUTH MOPSIOK
peakUuu.

4.31. MeTtogoM TalbhbBAaHOCTATHYECKOTO BKJIIOYCHHUS W3yUCHA AJICKTPOIHAS
peakius, CKOPOCTh KOTOPOM OMNpeAessieTCsl HaJ0XXEHUEM MepeHanpsHKeHUs

muddy3un u peakuun. Halineno, uro otHomenue /7, /74 = 0,0962 npu BbICOKUX
INIOTHOCTSAX TOKa, mpuaeM (K +k)-z,< 0,1. [IpomnsBenenue i/7p HpU HUZKUX
TUTOTHOCTSIX TOKA JJMHEHHO 3aBUCHT OT I ¢ KoadurrenToM Hakiona (—0,5). Haittu

3HaueHust K u K, ecam 3aMeiyieHHAs] XUMUYECKash PEaki(yst IEPBOTo MOPSIIKA.

4.32. ]Ins 5AEKTPOMHOTO TIpollecca ¢ TMPEAMISCTBYIONMIEH peaKIuel MepBOro
NOpsJIKa TajdbBaHOCTATUYECKUM METOJIOM MOJyY€Ha CIEAYIoIas 3aBUCUMOCTb
MEPEXO0IHOTO0 BPEMEHHU OT IJIOTHOCTH TOKA!

-i, MA/cM? 0,10 0,20 0,40 0,60 1,20 1,60 2.44
Tp, C 2134 | 406 | 062 | 0114 | 0,0041 | 0,0023 | 0,001

KonnenTparust pearupyromiero Bemiectsa 0,05 monw/n, koadduuuent auddy3nu
1-10°° cm?-c™}, mponece ABYXDIEKTPOHHBIN. BEMUCINTS KOHCTAHTY PABHOBECHS U
KOHCTaHTBI CKOPOCTH XUMHYECKOW PEaKITHIH.

4.33. IlpeanonoxkuB, 9TO cxeMa Ipoliecca paspsijia HOHOB BOJOPOJia Ha CTaIH B
pactBope 0,1N H,SO,4 + 0,9 N Na,SO4 numeer Bu:

k2
H ads + Hads >Hy,

Hads <> Haps:

(peaxuust BeIICJICHUS BOAOPOa IpOoTeKaeT 1o Mexanusmy Donbmepa-Tadens)
ONpEJENUTh 3aBUCUMOCTH MIPUIIOBEPXHOCTHON KOHIeHTpauuu Bogopoga C> u
CTETICHH 3arOJHEHUS MOBEPXHOCTH METallla aIcCOPOMPOBAHHBIM BOJOPOJAOM Oy OT
MOTCHITMAIA €T0 BBIJCICHUS.

3aBUCUMOCTh TOKa OT TPUIOBEPXHOCTHOW KOHIICHTPAIMK BOAOPO/A
onuckiBaercs ypasaenueM iy = (F - D - C3°) / L, rae D — koo dpunuent quddysuu;
L — TommHa MeMOpaHBbI.
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3aBUCHUMOCTh TOKA OT HH OIMMCBIBACTCS YPABHCHHUEM

F- kabs

iy :L—.QH =k-F-6y,

1+ —k
D des

riae K — kunetnko-nud y3noHHas KOHCTAHTA.
3aBUCUMOCTH MOTOKA TBepaodazHoi auddy3un BOoAOpOaa OT MOTCHIIHAIA
TOJISIPU3AIlNY MPUBEICHA HAa PUCYHKe: a — puc.4.25; 6 — puc.4.26.

iH, A/M?

0,6

0,5

0,4

0,3

0,2

0,1

S ammEEEEEEL oot

~

o

N

J/

£

0,30 0,35 0,40 0,45 0,50
Puc. 4.25. 3aBUCUMOCTB TOKA BbIJIEJIEHUS BOJOPO/IA OT IOTEHIMANA TOISPH3allUH,
L =250 mxm, D = 5-10° cm?c L, k = 2,5-107° Mmoms/cM?-c.

iH, A/M?

1,4
1,2
1,0
0,8
0,6
04
0,2

0,0

055 060 065 _E B

o

o

Fa

/

/

/

/

0,40 0,45 0,50 0,55

0,60 0,65 —E,B

Puc. 4.26. 3aBucuMOCTb TOKa BBIAICIICHUS BOJIOPO/Ia OT MOTEHIIMAJIA MMOJISpU3alliH,
L =400 mxm, D =5-10° cm?®ct, k= 1,8:107° momp/cm?-c.
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4.34. DNeKTpOJHON peakluuyd MNEepBOro MOpsAJKa MPEAIIEeCTBYET 3aMeJIeHHas
rOMOT€HHasi XMMUYECKasl peaklus — JIUCCOLUalUsi KHUCIOThl C 00pa30oBaHUEM
YYaCTBYIOIIMX B 3JEKTPOJIHON peaKMy HOHOB BOJOPOAA

k

HA ==H"'+A"

«—

k

Bpuncnuth mNepeHanpsskeHUe Ppeakiuu, NpeAesibHYI IUIOTHOCTh TOKA
pEeakLny, TOJNIIUHY PEAKIIMOHHOIO CJI0sI, CKOPOCTh 0Opa30BaHusl HOHOB BOJOPO/IA.

napamMeTpbl BapHaHTHI

peakunn a 0 B T I e

K, m-momp Lt 5-10° | 8,2:10° | 7,8:10° | 7,3-10° | 7-10° |6,5-10°
C, MOJIB/ 11 0,1 0,15 0,2 0,25 0,3 0,35
pH 4,42 4,2 3,8 3,6 3,2 2,8

D(H*), em/c 7.10°% | 7,3:10% | 7.10° | 6,5:10° | 8105 |7,5:10°5
T,K 293 298 300 293 298 300
C> ., Mo/ 0,110 | 5107 | 6107 | 6,2:107 |55107 |6,5-107

4.35. DNeMEeHT COCTaBJICH U3 BOJOPOJHOTO DJJICKTPOJA, ITOMEIICHHOTO B
anektposiut HCOOH xonnentparuu M(HCOOH) [koadduiimeHT akKTHBHOCTH
nonoB Bojopona f.(H"), korcranta mucconmanuun Kn(HCOOH)], npoayBaemoro
BoAOpoaoM oA nasieHueM p(Hz), n xsmopuacepeOpssHOro 3JaeKTpoaa B pacTBOpe
KC1 xonnenTpanuu m(KCI), koapdumuent akruBroctu f- (Cl7). Beraucmurs 9/1C
u pH pactBopa npu 298K. uddy3uoHHbIi TOTEHIHA B pacyeTaxX HE yUUTHIBATb.

BapHaHTHI

rapameTpbl

a §) B r bi
m(HCOOH)
[m*(C,HsCOOH)], 0,1 0,2 0,5 0,4* 0,6*
MOJIB/KT
f.(H") 0,778 0,734 0,685 0,762 0,769
p(Hy), atm 1,4 1,2 15 1,2 1,4
K,(HCOOH) 104 104 104 Q-5 (-5
[K ,(C,HsCOOH)] 1,77-10 1,77-10 1,77-10 1,34-10 1,34-10
m(KCI), Mmob/kr 0,2 0,1 0,5 0,2 0,3
f (CI) 0,72 0,77 0,65 0,72 0,688
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4.36. CkopocTh peaklud KaTOAHOTO BOCCTAHOBJIEHHUS BOJOPOJia Ha TBEPIbIX
METaulaX OMNpECNAeTCs] CTAHJAAPTHOM IUIOTHOCTBIO TOKA Iy3 MPH IMOTEHIHAJIE
HYJIEBOTO 3aps/ia U yAaJ€HUEM IOTEHIMANIA dJIEKTPOJa OT IMOTEHIMaNa HyJIE€BOrO
3apsiga MOBEPXHOCTH 3!

R-T
CpenHee 3HAUCHUC BEJIMYMHBI In3 JUIT METAJUIOB, KOTOPBIC XapaKTePU3YHOTCS
MEXaHU3MOM 3aMEJICHHOTO paspsifa P OTPHIIATESIHFHOM 3aps/ie MOBEPXHOCTH,
cocraBnger (2,1£0,5)-10° A/cm?. s MeTamioB, XOpOWIO ajCOPOUPYIOLIHMX
BOZOPOJ (BEPOSITCH MEXaHU3M 3aMEIJICHHOHN 3JIEKTPOXUMHUYECKOU JECOPOITUH TIpr
paspsze uMOHOB Bomopoxa), im=(1,0£0,5)-10°3 A/cm?. Kakoli MexaHH3M
BBIJICTICHUS BOJIOpO1a O0JIee BEPOSITCH JUTS TJIa KO TIIATHHBI?

Onpenenuth BeIM4YUHY Ip3 B pactBope HpSOs m = IMmonw/kr, cpeaHuit
K03 pHIMEeHT aKTUBHOCTH 7151 pacTBopa KUcioThl f(H2S04) = 0,1316, moreHnma
HyJleBoro 3apsima Metamia Eps = 0,15 B, kxoaddumment nepenoca a =0,5,
Temnepatypa I, HaBieHHe BOJAOpOIA Py , KOHCTaHTa ypasHeHust Taderms a,

i =iy, exp{—a' F(E- EH3)]

TOTESHITHAIT AJICKTpoIa £, TOK BBIZICICHUS Bogopoa |, mromntane anexrpoaa S.

napaMeTpH BaPpHUAHTLBI

a §) B r
T, K 295 310 300 295
PH,,la 1,01-10° 0,8-10° 0,8-10° 1,0-10°
a, B ~0,23 _0,21 ~0,23 ~0,21
E,B ~0,2 ~0,23 - -
I, A - - 25 2.0
S, nm? - - 0,25 0,15
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I[MTPMJIOKEHUE 1

HpI/IMepBI BBIPAXKCHUA CPCAHUX MOHHBIX BCIIMYUH CHIIBHBIX 3JICKTPOJIMTOB
PAa3JINYHBIX BAJICHTHBIX THIIOB

BAJICHTHBINA TUII

snextporura | DR Ve Ve M- a
OMHApHEIE KCI, 1 (p+- )V m M2 52
1-1; 2-2; 3-3 ZNnS0Oy, -
LaFe(CN)g
TepHApPHBIE CaCl,, 3/4=1,587 | (y,- y2 )3 43.m 4-m3 53
2-1;1-2 Na,SOs (205 *
-
kBapTepHapubie | LaCls, 7= | @ yH¥ | 277m | 27mi

3-1;1-3 KsFe(CN)s 2,279 (53 5 )
A

4-1;1-4 [ Th(NO3)y, | 8256= | (. 7*)¥5 | 256%5M | 256ms. ;8
KaFe(CN)e | 3,081 | (4., 1

3-2 A|2(SO4)3 5 108 = (?/3 . 7/:_3)1/5 108%5-m 108-m®- 7f
2,551
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Tepmoannamuyeckue GyHKIIMN HEKOTOPBIX BeriecTs pu 7 = 298,2 K,

p = 760 MM.pT.CT

[TPMJIOKEHUE 2

BemiecTBo CocrosHue AH®, x]JIx/Monb SO, Jx-momp LKt
Al TB 0 28,32
Al p —524,6 -313,3
Zn TB 0 41,62
Zne* P 1524 —106,5
Ni TB 0 30,12
Ni% p - 64,01 -1594
Ag - 0 42,70
Ag* p 105,9 73,92
Cl, r 0 2229
cr D ~167.4 55,09
F, r 0 203,3
F p -329,1 - 9,62
H, r 0 130,6
H* p 0 0
AgCl TB —127,0 96,09
AgBr TB —99,48 107,1
Ag TB 0 427
PbCl, TB -359,1 136,4
PbBr, TB - 277,0 161,5
PbSO, TB —918,2 147.3
PbO 5 (a) ~217.8 69,44
Pb TB 0 64,88
Hg.Cl, TB —264,9 195,8
Hg.SO, TB — 7419 200,7
HgO 15 (B) 90,69 71,95
Hg X 0 77,39

85




I[MTPUJIOKEHUE 3

CraHgapTHbI€ IEKTPOHbIE MOTeHIHalbl pu 298,2 K

DIEKTPO.T DIIEKTPOAHAS PEAKIHS E° B
OH | H, | Pt 2H,0+2e=H,+20H" -0,8281
Fe?* | Fe Fe?* + 2e = Fe —0,4402
S0%, S,0%, H* | Pt 2 SO; +4H" +2e=S,0+2H,0 | —0,221
H* | Al,Os, Al Al,O;+6 H*+6e =2 Al +3H,0 | —0,154
Fe3* | Fe Fe3* + 3e = Fe — 0,037
H+ | H, | Pt 2H"+2e=H; 0
H* | Sh,0s, Sb Sh,03 + 6e + 6H* = 2 Sh + 3 H,0 0,152
ClI~ | AgCl, Ag AgCl+e=Ag +CI- 0,2224
CI~ | Hg.Cl;, Hg Hg.Cl, +2e=2Hg+2Cl- 0,2678
BiO*, H* | Bi BiO* + 2 H* + 3e = Bi + H,0 0,32
OH~ | Ag20, Ag Ag, O+ H,O+2e=2Ag+20H" 0,345
Fe(CN)s , Fe(CN)¥ | Pt Fe(CN)¥ +e = Fe(CN)g 0,36
OH | O, | Pt %0, +H,0+2e=20H" 0,401
AsO3, AsO,, H*| Pt HsAsO4 + 2H" + 2e = HAsO, + 2 H,O | 0,56
SO | Hg2S0., Hg Hg,S0, + 2e = 2 Hg + SO%™ 0,6156
CsH402, H*, CsH4(OH)2 | Pt | CsH4O2 + 2 H* + 2e = CgH4(OH), 0,6999
OH~ | HgO, Hg HgO + H,O +2e =Hg + 2 OH - 0,92
H*| O | Pt 15 0z + 2 H* + 2e = H,0 1,229
MnO;, Mn?*, H* | Pt MnO; + 8 H* + 5e = Mn?* + 4 H,0 1,51
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