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1. DaeKTPOABMKYIIAS CHJIA U 3JIEKTPOJAHbIE NOTEHIUAJIbI
CKkauku nomenyuanos Ha medxcghasnvix epanuyax. Mexanusm 603HUKHOBEHUS DJlEK-
mpoono2o nomenyuana. Ypasnenue Hepncma. Knaccugukayus snekmpooos.

Inexmpoosuxicyujas cuia.

[Ipu cOonpUKOCHOBEHUH IBYX XMMUYECKU WU (DU3UUECKU PA3HOPOIHBIX Ma-
TEPUATIOB MEXTY HUMH BO3HHKAET PA3HOCTh MOTEHIIMAI0B. Hanbonpimmii mHTEpEC
MPEICTABIISIOT KOHTAKTHI TPOBOJIHUKOB: MeTasl1 (1) - meTai (2), MeTai - pacTBOp
COJIM MeTaJjuia, pacTBOP iekTpouta (1) - pacTBop snekTpoauta (2) u T. 1. (pUCyHOK
1.1). 3meHeHue noTeHIIMalla MpU MEPEX0/Ie Yepe3 rpaHuIly MPOUCXOIUT PE3KO, TO-

9TOMY I'OBOPAT, UTO UMCCT MCCTO CKAYOK nomeHyuaa.

MQ%M

Pucynok 1.1 — KoHTaKTbI pa3inyHbIX TPOBOIHUKOB

Bo3HHKHOBEHHE CKauKa MOTEHIMAIA BBI3BIBACTCS PA3JIMYHBIMUA IPUYMHAMU,
3aBUCSIIMMH OT NMPUPOJIbI KOHTAKTUPYIOIINX MaTepranoB. [ TaBHOW IPUYMHON SIB-
JsieTcsi OOMEH 3apsHKEHHBIMU YaCTULIAMHU, B PE3YJIbTaTe KOTOPOTO CO3JAeTCs N30bI-
TOK HOCUTEJIEN JIEKTPUYECTBA TAHHOTO 3HAKA 0 OJTHY CTOPOHY M MX HENOCTATOK
[0 JIPYTYI0 CTOPOHY IpaHMibl paznena. OOMeH 3apsKeHHbIX YaCTHI] IPUBOAUT K
BO3HUKHOBEHHUIO JBOWHOI'O JJIEKTPUYECKOrO CI0s1. JIBOWHOU DJIEKTPUUYECKUM CII0N

1moI00€eH 3apsSKEHHOMY KOHJIEHCATOPY C OMPEeICHHOM PAa3HOCTHIO MOTEHIIUAIOB

MEXTy OOKJIaJIKaMH.



Wuoraa nepeHoc 3apsyKeHHBIX YaCTHI Yepe3 TpaHuIly pasneia gpa3 HeBo3MO-
€H (BOJIHBII pacTBOP 3JIEKTPOJIUTA — BO31yX, BOAHBIN pacTBop ITAB — BOo31yX 1 T.
1.). B aTOM ciiydae ckadok moTeHIMaga BO3HUKAET B pe3yibTaTe aJcopOluu pac-
TBOPEHHBIX BEIIECTB HAa TPAHUIIC pa3fielia, mpuueM o0e «0OKIaIKm» KOHAEHCcaTopa
HAXOJIATCA B 3TOM CJIy4ae B JKUJIKOU (paze.

Mexanuzm 603HUKHOGEHUA I1€KMPOOHO20 nomeHnyuana. Ilpu KOHTaKTe
METAJTMYECKON TJIACTUHKU C BOJOW PACIOJIO0KEHHBIE HA MOBEPXHOCTU KATHOHBI
MeTajuia TUJIPaTUPYIOTCS TOJIIPHBIMU MOJIEKYJIaMH BoAbI (pucyHok 1.2, a). Beije-
JISIOIIAsICA TIPU 3TOM SHEPTUs THApaTaluu £y UAET Ha pa3pbiB CBSI3U MOHOB C KpHU-
CTAJUIMYECKOM perieTkoi metamia Ey. Benencrsue 3Toro pacnosnokeHHbIE Ha MO-
BEPXHOCTU KAaTHOHBI MEPEXOJIAT B BOJAHYIO (azy. MeTammnyeckas IjIacTUHKA MPU
ATOM MPUOOPETACT OTPUIIATEIBHBIN 3apsij, a OJU3ICKAITUN CIION BOJIBI — IMOJIOXKHU-
TeabHBIA. TakuM 00pa3oM, Ha TpaHUIIE pa3jiesia MeTall — BOJia BO3HUKAET JBOMHON

SIIEKTPUUYECKUi ciioi (pucyHOK 1.2, 6).
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PI/ICYHOK 1.2 — Bo3HHKHOBEHHE CKauKa MOTCHIMAJIa HA TpaHULIC pa3[icyia MCTAJUI — BOJda

Cka4ok mOTeHIMaa, BO3HUKAIOIINI Ha TPaHUIIE pa3jiesia METaT — pacTBOP
€r0 COJIM, HA3bIBACTCS AJICKTPOIHBIM TIOTCHIIAIIOM (.

C Bo3pacTaHueM 3apsjia CKOPOCTh mepexoaa V., HOHOB U3 MeTajlIa B KHU/I-
KOCTh YMEHbIaeTcsa. B To ke BpeMsi CKOpoCcTh 00paTHOTO mporiecca V., Bo3pac-
taeT. [Ipu onpeneneHHOM 3apsi/ie MeTalljla yCTaHABIMBACTCSl paBHOBECHE, KOTOPOE

XapaKTEPHU3yeTCs] PaBEHCTBOM CKOPOCTEH MPSIMOTO M OOPATHOTO Mporiecca



Vyox = Vioyn. YCTaHABIMBAIOMIASACS MPU 3TOM Pa3HOCTh MOTEHIMATOB B
JIBOMHOM DJICKTPUYECKOM CJI0€ 3aBUCUT OT IPUPOIbI METAILIA, PACTBOPUTEIIS U TEM-
nepaTypahl.

Bbonee cnoxHyto kKapTHHY HaOII0aI0T, KOT/Ia METAJIJI KOHTAaKTUPYET HE C YH-
CTOM BOJIOH, a C paCTBOPOM COJIA 3TOT0 MeTasuia (pucyHok 1.3). Hampumep, B ciny-
yae s1emMeHTa SIkoOu - JlaHuaIsi HMHKOBAs MIACTUHKA MOTPYKEHa B paCTBOP IIMHKA
cynb(dara, a MeHas - B pacTBOp Meau cynbdata (pucyHok 1.3, 6). BosHukHOBEHNE
3JIEKTPOHOTO IMOTEHIHAIa 00YCIIOBICHO 00PATUMBIM ITEPEX0I0M KaTHOHOB M*" 13

MeTaiia M B pacTBOp €ro conu u 00paTHO M** yeran>*M*" pacrsop-
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PI/ICYHOK 3 — BO3HMKHOBEHHE CKayKa NOTCHIaia

Ha rpaHule pasacia METAII-pacTBOP €ro COJIU

[TycTh Vy—p - CKOPOCTH MEpexoia HOHOB M*" U3 MeTasuia B pacTBOp, a Vp_y -
CKOPOCTb IIepexoja TeX K€ MOHOB U3 pacTBOPa Ha MOBEPXHOCTh MeTaiia. B oOmem
ciaydae Vy—p 1V, HEOIMHAKOBBL. OHU CTAaHOBSATCS PABHBIMH, KOT1a MEXKIY KU~
KO U TBep/oH (ha3aMu yCTaHABIIUBAETCS paBHOBECHE.

Ecnu B Ha4anpHBIE MOMEHT CKOPOCTh Vy_p > V., METAIUI 10 OTHOLLEHUIO
K pacTBOPY 3apsiKaeTcs OTPULATENIbHO, a OJIM3IeKalluil 10 pacTBOpa — MOJIOKH-
TenbHO. IIpu 3TOM 110 Mepe nepexoia HOHOB B paCTBOP Vy—p YMEHBILACTCH, & Vp_y
Bo3pacraet. [Ipu onpeneneHHOM 3HAYEHUM CKAdKOB IMOTEHIMala B CUCTEME yCTa-
HaBnuBaetcs paBHoBecue (Vy_p = V). Hanpasienne caMonpon3BoiIbHOTO mepe-

X0J1a MOHOB (M—p WJIM p—M) U PAaBHOBECHOE COOTHOILIEHUE CKOPOCTEN Mepexoa



noHOB (Vy—p U V) omnpenensitorcs sHepruei I'm60ca 3tux nmpoueccoB. OCHOB-
HYIO POJIb UTPAET COOTHOIICHNUE YHEPTHH COJIbBATAIIMA MOHA METaJJIa MOJIEKYJIaMU
pactBopuTelsa EM SHEPTUU CBS3H MOHA B KPUCTATMYECKOMN perieTke meTtamia E,
(aHTanbnUiHBIE cocTaBistomme 3Heprun ['mdoca). Ecnu E.> E,, T0 camonpous-
BOJILHO UJIET Ipoliecc M—P. B Takom ciryyae MeTasi B pacTBOpe COOCTBEHHOM COJn
3apsbKaercs orpuuareiabHo. Haobopor, korma E, > E., uner oOpatHblii mpoliecc
p—M, T.€. METAJUI B paCTBOPE COOCTBEHHOM COJIM 3apsiKaeTcs MOJIOKUTENbHO. [Ipu
TOYHBIX pacueTax sHepruu ['néoca u COOTBETCTBYIOUIETO JIEKTPOIHOIO MOTEHIIN-
ajia HeOOXOAMMO YUUTBIBATH TAKKE SHTPONUIHYIO COCTABIIAIONIYIO.

Takum 00pa3oM, Ha OCHOBE 2-TO 3aKOHA TEPMOJUHAMUKUA MOKHO MPOTHO3HU-
pPOBaTh 3HAK OKUCIUTEIbHO-BOCCTAHOBUTEIIBHOTO MOTEHITMANA. 3aBUCUMOCTD HJICK-
TPOJHOTO MOTEHIIMANA OT MPUPOIBI METaJlIa, aKTUBHOCTH €r0 MOHOB B PacTBOPE U
TEeMIIepaTyphbl KOJIMYECTBEHHO BBIPAXKACTCS YPABHEHHEM, BBIBEJICHHBIM HEMEIKUM
¢usuxom B. Heprcrom (1864-1941).

Ypasnenue Hepncma BHIBOANTCS Ha OCHOBE YPAaBHEHUS N30TEPMBI XUMUYE-
CKOM PEaKInu, T.€. SBJIACTCS OJJHUM U3 CICACTBUHN 2-TO Hayajaa TePMOJUHAMUKH.

[IpuHUMast akTUBHOCTH METaJlIa B TBEPJOM COCTOSIHUHM PABHOMW €IMHHMIIC, TT0-
JTy4arT ypaBHeHre HepHcTa utst anekTpogHoi peakiiuu M + ze” = M B Bue:

0v= Q" t (RT/zF) In a(M*"). (1.2)

[Tpu akTHBHOCTH MOHOB a(M*")= 1, u3 ypaBHeHus (1.1) cienyer @y= @y°.

Cmanoapmuulym 31eKMpoOHbLIM NOMEHYUATIOM (,,° HA3bIBAIOT CKauYOK IMOTEH-
IMaia Ha TPaHuUIe pasjiesia METalul — PaCTBOP €0 COJIM C aKTUBHOCTHIO HOHOB M*"
paBHOI1 1.

Koaddurment aktuBHOCTH pa30aBIICHHBIX PACTBOPOB OJIM30K K €UHUIIC, U
BMECTO aKTUBHOCTH MOXHO HCIIOJIb30BaTh KOHIICHTpaIuio. Y paBHeHne HepHcTa B
ATOM CiIy4ae UMeeT BUJ:

Ov= @y’ T (RT/zF) In c(M*). (1.2)
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Pucynox 1.4 — BogopoiHbIi AJIEKTPO/T

Booopoonwiit 3nekmpoo. Bonopoansiii anekTpoa (pucyHok 1.4) mpencras-
JsieT coO0M MOKPBITYIO IJIATUHOBOM YEPHBIO TUIATUHOBYIO IJIACTUHKY, HACHIIICH-
HYIO ra3000pa3HbIM BOJIOPOJIOM, KOTOpasi OMyIlleHa B BOAHBIN pacTBOP KUCIIOTHI.

Bonopon, pacTBOpeHHBII B IIIATUHE, YACTUYHO, MO JEHCTBUEM CHIIOBBIX I10-
JIeil aTOMOB IUIATHHBI, TUCCOIMUPYET HA TIPOTOHBI M AMEKTPOoHBL: Hy <> 2H™ + 2e™.

B pesynbrare Takas miaThHOBas IJIACTHHKA TPUOOPETAET CIIOCOOHOCTH 00-
MEHUBAThCs C pACTBOPOM HOHAMU BOJOPOAA:

H+(Pt) + H,0 < H30+(Pt)

Bo3Hukarommii mpy 3TOM NOTEHIMAN 3aBUCUT OT aKTUBHOCTH MOHOB BOJO-

poaa B pacTBOPE M BOJIOPOJA B IUIATUHE:
2H30+(p) +2e < Hz(Pt) +2H,0

AKTHBHOCTH BOJIOpO/ia B TJIATHHE MPOMOPIIMOHAIIbHA JaBICHUIO ra3000pas-
HOTO BOJOPOJA.

KonnuecTBeHHO 3Ta 3aBUCUMOCTH BbIpaxkaeTcsi ypaBHeHueM HepHcra:

oH2 = ¢°H, + (RT/2F) In a?(H")/p(Hy),

rae oHo—moreniman BogopoaHoro anekrpoaa, B; ¢°Hy - crangapTHbIl noTeHIMANT
BOJIOPOJTHOTO 3JIeKTpoAa, B; T - abcomoTHas Temneparypa, K; R - razoBas mocro-
sHHas, paBHas 8,32 JDx/(monb-K), F - mocrosunas ®apazges, paBHas 96500
Kin/monb; a(H*) - aktuBHOCTL MOHOB Bomopoaa, Mous/am®; p(H,) - nasnenue raso-

oOpazHoro Bogopona, I1a.



CranaapTHbIM BOAOPOJIHBIM 3JEKTPOAOM HA3bIBAIOT BOJAOPOAHBIN 3JIEKTPO/I,
B KOTOPOM JaBJICHUE ra3000pa3HOro Boopoaa noaaepkubaetcs paBapiM 101 kl1a,
a aKTUBHOCTh MOHOB BOJIOPO/Ia B pacTBope paBHa 1.

[ToTeHnman CTaHAAPTHOTO BOJOPOJHOTO 3JIEKTPOJIa YCJIOBHO MPUHSAT 3a
HYJIb:

([)OHz =0

[Tpu Bcex Apyrux akKTHBHOCTSIX MOHOB BOJIOpOJA TpH ycinoBuH, uto p(Hy) =
101 kIla ypaBHeHue HepHcTa 17151 BOIOPOIHOTO AJIEKTPOAA IPUHUMAET CHEAYOIIUI
Bun: oH, = (RT/F) In a (H"), umu ¢ yaerom, uto — Iga(H") = pH

¢oH,=-2,303(RT/F) pH. (1.3)

CranpapTHbId BOOOPOIHBIN 3IEKTPO UCIIOIB3YETCS KaK 3JIEKTPOJI, OTHOCH-
TEJILHO KOTOPOI'0 U3MEPEHBI MOTEHIIUAIBI BCEX OCTAJIBHBIX AJIEKTPo10B. Bomopo-
HBII JIEKTPOJ] B KAUE€CTBE MHANKATOPHOTO MPUMEHSIOT 111 onpeaesneHust pH cpenbl
B COOTBETCTBUH ¢ ypaBHeHHeM (1.3).

Jlns u3MepeHust 3JIEKTPOAHBIX MOTEHIMAIOB COOUPAIOT TajlbBaHHUYECKYIO
LEMb, COCTOAILYI0 M3 HCCIEAYEMOIrO 3JIEKTPOJia U CTaHAAPTHOTO BOJOPOIHOTO
ANEKTPOJA.

CraHaapTHBINA IEKTPOIHBIN MMOTEHIIMA YUCICHHO PABEH JICKTPOIBHKYIICH
CHUJIE CO 3HAKOM «1» WUIIN «—» TaIbBAHUYECKOTO 3JIEMEHTA, COCTABIICHHOTO U3 CTaH-
JIAPTHOTO BOJOPOJIHOTO U CTAHAAPTHOTO TAHHOTO AJIEKTPOJIOB.

N3MepeHHble CTaHIAPTHBIE AJEKTPOIAHBIE (OKHCIUTEIHHO-BOCCTAHOBUTEIIb-
HbIE) MOTEHIIMAJIBI PACTIONIaraloT B PsJl B MOPSAJIKE YObIBAHUS UX YHMCIIOBBIX 3Haue-
HUU.

[TocnenoBaTenbHOCTh METAIOB, PACIOJOKECHHBIX B TOPSAKE yOBIBaHUS
(BO3pacTaHusl) 3HAYEHUN UX DJICKTPOJIHBIX MOTEHIIMAIOB, HA3BIBAIOT JICKTPOXUMHU-
YECKUM PSIIOM HaNPSIKECHUM.

Psinom HanpsikeHU MIMPOKO MOJB3YIOTCA IS MPE/ICKa3aHusl HalpaBICHUs
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUNA, YUUTHIBAS, YTO MEXIYy CBOOOIHOMU

sHeprueit ['md60ca G u 3nMeKTpoABIKYIIEH CUION E CyIIecTBYET B3aUMOCBSI3b:

AG = —nEF, (1.4)



r7ie N — YUCJI0 SKBUBAJICHTOB BEIIECTBA YYACTBYIOIINX B JIEKTPOXUMHYECKOM IPO-
uecce, F — uncno ®@apages.

XuMUYecKasi peakiysi MPOTeKaeT CaMOMPOW3BOJIHO, €CJIM 3HAYCHHUE DIICK-
TPOJBIDKYIIEH CHIIBI E°, BEIYMCIICHHOE KaK Pa3HOCTh OKHCIUTEILHO-BOCCTAHOBH-
TENBHBIX MMOTCHIIMAJIOB KATOJHOTO U aHOTHOTO MPOIIECCOB, MOJTOKHUTEIBHO.

Haubomnee akTHBHBIC METAJIIBI PACIIONIaral0TCs B HaUase psijia HaIpsHKCHU.
BoccranoButenbHas akTHBHOCTD 3JIEMEHTAPHBIX METAJIJIOB BO3PACTAET B HAIIPaBJIe-
HUM HavaJia psjia, a OKUCIUTENbHAS CIOCOOHOCTh MX THAPATHPOBAHHBIX HOHOB IPH
3TOM majiaet. [103ToMy MEeTaJlTbI, CTOSIITNE B PSITY HAIIPSHDKSHUH 10 BOJAOPOIA, CIIO-
COOHBI BBITECHSITH BOJIOPO] M3 KUCIIOT. MeTasutbl, CTOSAIINE B Py HAMIPSHKECHUH 10
MarHusi, MOTYT BBITECHSITh BOJIOPO/J] HE TOJIBKO U3 KHCJIOT, HO U U3 BOJIBI.

MeTtasutbl CHOCOOHBI BEITECHSThH U3 PACTBOPOB COJICH APYTHE METAIIBI, CTOSI-
M€ Mociie HUX B psiy HanpsbkeHuil. OTHAKO 9TO UMEET MECTO TOJIBKO JJI METall-
JIOB, PACIOJIOKEHHBIX B PsIy HANpPsDKEHUH TMOCIe MarHus, Tak Kak aKTUBHBIE Me-
TaJUTBI BEITECHSIOT BOJOPO/ U3 JIFOOBIX BOJHBIX PACTBOPOB.

B 3aBuCHMOCTH OT CBOWCTB BEIIECTB, YYACTBYIOIIUX B DJIEKTPOIHBIX MPOIIEC-
cax, BCE DJICKTPOJIbI MOYKHO pa3/Ie/IuTh Ha HECKOJILKO THIIOB.

Anexkmpoowvt nepgozo pooa. K 3roMy THUITY DJIEKTPOJOB OTHOCATCS BCE METAJI-
JMYECKUE DJICKTPOJIbI U BOJOPOIHBIN BJICKTPOJ. YCIOBHBIE 0003HAYCHHS TaKHUX
DJIEKTPOIOB:

Merammueckue snekrpoast: MelMe?*, nanpumep, CulCu®*

Bopopoansrii anexkrpon: (Pt) HolH™.

BepTukanbHas yepTa CHUMBOJIM3UPYET MOBEPXHOCTH pazjaena ¢asz. O0umm
JUTSL 9TUX DJIEKTPOJIOB SIBJISIETCSI TO, YTO B PAaBHOBECUU HA AJIEKTPOJIC YIACTBYIOT
HEHTpaJIbHBIC aTOMBI (MM MOJICKYJIBI) K OJIMH BUJ] KATHOHOB. Takue 3JIeKTPOIbI SB-
JISTFOTCSI 0OPAaTUMBIMUA OTHOCUTEITFHO KATHOHOB.

Anekmpoovl 6mopozo pooa. Takue IEKTPOJBI COCTOAT U3 Tpex ¢as:

METaJUT TIOKPBIT CIIOEM TPYIHOPACTBOPUMOKN COJIM ATOTO METalia, a B pacTBOpE,
KyJla OH ONYIIECH, HAXOIATCS T€ K€ aHUOHBI, KOTOPHIE BXOJISAT B COCTaB TPYIHOPAC-

TBOPUMOM COJIH.



Hanpumep:

Xnopcepedpsabiii anektpoa: Ag, AgClIKCl

Kanomensnsrii anekrpoa: Hg, Hg,ClIKCIL

Mexny TBepaoii (ha3oit u paCTBOPOM BO3ZHUKAIOT CICTYIOIINE PABHOBECHS:

Ag+ ClI'—¢é « AgCI

2Hg +2CI" — 2 & <> HQ.Cl,

B otnuyme oT 37€KTpOIOB MEPBOTO POJia 3€Ch B PABHOBECHUSAX yUaCTBYIOT
aHUOHBI, T.€. DJIEKTPObl BTOPOTO poJa 0OpaTUMbl OTHOCUTEIHHO aHUOHOB. Benu-
YUHA TOTCHIIMAJIA ATUX JJIEKTPOIOB 3aBUCUT OT KOHIICHTPAIIUH aHUOHOB:

PAg, AgClKCl =0°Ag, Agcl, kel — 0,059 1g ccr (1.5)

OTHU 3JEKTPOJIbI B 1a0OPATOPHOUN MPaKTHUKE OOBIYHO MCTIOIB3YIOT B KaUYECTBE
AJIEKTPOJIOB CpaBHEHUS. BOAOPOMHBIN 3JIEKTPO JTOBOJIBHO CIOXKEH B M3TOTOBIIC-
HUU, 1 UM TPYJIHO TMOJB30BATHCS MPU CTAHAAPTHBIX yciIoBUsIX. [loaToMy npakTuye-
CKUA yJ00HEee M3MEpPATh MOTCHIHMAIbl Pa3IUYHBIX AJIEKTPOJOB MO OTHOIICHUIO K
XJIOpCEpEeOPSHOMY WIIH KaJIOMETbHOMY 3JIeKTpoay. VX MOTEeHIHamsl 1Mo OTHOIIE-
HUIO K BOJOPOJHOMY dSJIEKTPOIY M3BECTHBI. TakK, €CiIu MPUMEHSATHh HACHIIICHHBIC
PacTBOPHI XJIOpHUA Kajlus, TOTEHIMaJ XJopcepeOpsiHoro anekTpoaa mpu 25°C pa-
BeH 0,22B, a kanmomensHoro 0,24B.

OKucaumenvHo-60ccmanogumenvhule 31eKmpoosl. ITU SICKTPOAbI Ipe.-
CTaBJIAIOT COOOM TUIACTUHKY WJIM MPOBOJIOKY M3 OJAropoJHOTO MeTaia (yarie
BCETO IJIATUHBI), IOTPYKEHHYIO B paCTBOP, COJAEPKAIUN HOHBI OJTHOTO 2JIEMEHTA B
PAa3HOU CTENIEHU OKUCIICHUS.

Hanpumep: Pt/Fe3*, Fe?*; Pt/Sn**, Sn?*.

Ha noBepXHOCTH MJIaTHHBI MPOUCXOIUT OOMEH JICKTPOHAMU MEXTY HOHAMH
W YCTaHABJIMBAIOTCS PAaBHOBECHS:

Fe?" — ¢ « Fe®*

Sn?* — 28 <> Sn**.

[InaTiHA B 3THX PaBHOBECHSAX HE YYAaCTBYET W UTPAET POJIb NMEPEHOCUUKA
AJIEKTPOHOB. BenwunHa mOTEHIMANa MOXKET OBITh pacCuMTaHa MO YPABHEHHIO

HepHcra:



(PSn+4, Sn+2 = (POSn+4, Sn+2 + (0;059/2) Ig (COK./CBOCCT.) (16)

B 5TOM ypaBHEHHMH Qsp™ sn™? - OKHCIMTENBHO-BOCCTAHOBUTEIBHBIN ITOTEH-
nuai; ¢°sn™ sn™? - CTaHIAPTHBINA OKHUCIUTENLHO-BOCCTAHOBUTENBHBIM IOTEHIUAI; Z
- YKCJIO 3JIEKTPOHOB, YYACTBYIOLIUX B 3JIEKTPOAHON peakuuu (sl JAHHOW CUCTEMBI
Z=12); Cox. U Cyocer. - KOHLIEHTPALIMS NOHOB B BbICILIEN M HU3LIEH CTENIEHU OKUCIICHUS.

W3 ypaBHeHus cienyer,

— YTO CTAHAAPTHBIA OKUCIUTEIBHO BOCCTAHOBUTEIBHBIA TOTEHIMAI - ITO I10-
TEHIUAJI AIEKTPOJA IIPH Cox. = Cpocer. = 1.

BennunHa CTaHIApTHOTO OKUCIUTENBHO-BOCCTAHOBUTEIBHOIO MOTEHIHAAJIA
XapaKTEepU3yeT CBOMCTBA OKUCIUTENEN U BOCCTAHOBUTENEHN, 4 UMEHHO:

—YeM BBILIE BEJIMUMHA (°, TEM 00JIe€ CUIIbHBIM OKUCIUTEINEM SIBIISIOTCS HOHBI
B BBICILIEY CTETIEHU OKHUCIICHHS;

— 4eM HIKE BEJIMYMHA (°, TeM 00JIe€ CUIIbHBIM BOCCTAaHOBUTENIEM SIBIISIOTCA
VOHBI B HU3IIEH CTENIEHU OKUCIICHUS.

CpaBHuBas 3Ha4YCHUS (°, MOKHO CJIIEJIaTh BBIBOJ, YTO HOH MnQO4~ gBusieTcCs
GoJiee CUIILHBIM OKUCuTeNeM, 4eM Fe®*, B 1o ske Bpems Sn?* - Goee CHITbHBIN BOC-
CTaHOBHTENb, 4yeM Fe?*. Pacmosaras BenmauHaMu ¢°, MOKHO NPECKA3aTh, KAKHE
OKHUCIIUTEIIBHO-BOCCTAHOBUTEIBHBIE PEAKIIMM MOTYT IIPOTEKATH CAMOIIPOU3BOJIBHO.
Tak, peakuus:

Fe3* + Sn?* = Fe** + Sn*

MOXET IIPOTEKATh CaMONPOU3BOJIbHO. Peakmus:

TI* + 2Fe3* = TI3* + 2Fe?*

B IIPSIMOM HANPABJIEHUU MTPOTEKATH HE MOKET.

Honooodmennwtit 3nekmpod TpeACTaBISET cOO00W MeMOpaHy, B KOTOpPOH
HAXOJATCA MOHBI, CIIOCOOHBIE OOMEHUBATHCS C MOHAMH, COAEPKALIUMUCA B pac-
TBOpe. [Ipennonoxum, 4To MeMOpaHa COePKUT HOHBI M, a B pacTBOpE €CTh HOHBI
P*. B pe3ynbTate HOHOOOMEHHOTO TPOIIECCa YCTAHABIMBACTCS PABHOBECHE:

M*y + Py & M%) + Py,

Nunexc «M» yKa3bIBaeT, 4YTO COOTBETCTBYIOIIMN HMOH HAXOIWUTCS B MEM-

Opane, a «P» yka3bpIBaeT Ha coJiep:kaHue B pacTBope. B pe3yibTaTe yCTaHOBICHHUS

10



paBHOBECHsI Ha TOBEPXHOCTH paszzesia MeMOpaHa-pacTBOpP BO3HUKAET JBOMHOMN
ANEKTPUYECKUH CJION U ONPEICIICHHBIN CKaYOK MMOTeHIMala. BennurHa noreHuuana
3aBUCUT OT KOHIICHTPAIIMM COOTBETCTBYIOLIMX HMOHOB B pacTBope. BaxHenmum
Cpely AJIEKTPOJOB JAaHHOIO THUIIA SIBIISIETCA CTEKJISIHHBINA 31eKTpod. OH mpeacTaB-
JsieT co00M TOHKOCTEHHYIO KOJIOOUKY M3 CHEIMaIbHOTO CTEeKJIA C BIAsSHHOM B Hee
cepeOpsiHOI MPOBOJIOUKOM. DJIEKTPO/T 3aMIOJIHEH HACBIILIEHHBIM PACTBOPOM XJIOpU/Ia
cepebpa B constHol kucnote 0,1 Mons/am®. Ha IIOBEpXHOCTH 3I€KTPO/Ia yCTaHABIIH-
BAETCS MOTEHIMAN, BETMYMHA KOOPOTro MponopLuroHaibHa pH pacTtBopa, 3J1€KTpO.I
UCIIOJIB3YETCSl B Mape € AJIEKTPOJOM CpPaBHEHMS, HAPUMEpP, C XJIOpCepeOpsHbIM
AIEKTPOJOM.

B nacrosiiee BpeMs CyIIeCTBYeT MHOKECTBO MOHOOOMEHHBIX 3JIEKTPOIOB,
KQK/IbIM U3 KOTOPBIX M30MPATEILHO PEarupyeT Ha KOHLIEHTPALMIO B pACTBOPE ONpe-
JIeJICHHOT'O BUa MOHOB (KaTHoHBI MeTaiuioB, aHnoHbl Cl",Br- NO7; u np.). Takue
ANEKTPOAbI HA3bIBAOTCS NOHOCEIEKTUBHBIMU.

["asibBaHMYECKUIN 3JIEMEHT MPEACTABISIET COOOW ANEKTPOXUMHUYECKYIO CH-
CTEMY, COCTOSIIYIO U3 IBYX AJIEKTPOJIOB (JIFOOOTO TUTIA), TOTPYKEHHBIX B PACTBOPHI
ANEKTPOIUTOB (OOBIYHO 3TO PACTBOPHI COJIEH METAJUIOB, U3 KOTOPBIX BBIIIOJHEHBI
AJIEKTPOIbI), COCTUHEHHBIX C IMTOMOIIBIO COJIEBOTO MOCTHKA - CTEKJISTHHOM TPYOKH,
3al0JIHEHHOUW pacTBOpOM xJiopuaa Kaius. CoaeBol MOCTHK MPEMSITCTBYET CMEIIIH-

BAHUIO PACTBOPOB, TPOBOJUT JIEKTPUUECKHUM TOK.

MPOBOASAIINN MOCTUK

Pucynok 1.5- I'anpBanudeckuii snement SAxobu — Jlanuams
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PaboTy XuMHUECKOTO HCTOYHUKA TOKA yI00HO PaCCMOTPETH Ha MIPUMEPE dJie-
MeHTa Skobu - Jlanuais. IToT 35eMeHT (pucyHok 1.5) npencrasisieT coooi cocy,
pa3eICHHON MMOPUCTOM IIEPETOPOIKOM Ha ABE YacTH. B 0HOM YacTu cocyia conep-
KHUTCS pacTBOp IUHKA cyibdara C(ZNSO4) = 1 MONB/T, B KOTOPBIN OMYyIICHA IIWH-
KOBas IU1acTUHKa. B apyroi yactu - pactBop meau cynbdara C(CuSO,) = 1 Mo/
Y COOTBETCTBEHHO MeJHas IUIacTHHKA. [Iph 3aMbIKaHUU MOJIIOCOB 3JIEMEHTA IPO-
BOJTHUKOM (BHEIIHSIS €T ) JIEKTPOHBI IEPEXOJIAT IO HEMY C IIMHKOBOM MJIACTUHKHU
Ha MEJHYI0. DTOT MPOLECC COMPOBOXKIAETCS NMEPEXOAOM HOHOB ITUHKA C IUHKOBOTO
AJIEKTpOAA B pacTBOp. B pe3ynbrare pacTBOPEHUS IIMHKOBOM IMJIACTUHKHU YBEJIUYHU-
BaeTCs KOHILIEHTpalusl pacTBOpa IMHKaA cyinbdaTta. Ha MenHoM snekTpoae Halmro-
JTAETCSl YMEHBIIICHUE KOHIEHTPAIIMU MEIU Cyib(aTa BCIEICTBUE MEPEX0/ia aHUuO-
HoB SO4%* B IepByI0 yacTh 1 ocaxkaeHusa kaTnoHoB Cu?" Ha MeHOM mIacTHHKE. DTH
MPOIIECCHI MOKHO PacCMaTpUBaTh KaK pe3yJbTaT OKUCIUTEIbHO-BOCCTAHOBUTEIIb-
HOM peakunu. Ha MUHKOBOM 3JIEKTpO/I€ MPOTEKAET MOIYPEAKIIUS OKUCIICHHUS:

1. Zn (1) < Zn?** (p) + 2&;AG °1= —146 ]Ik,

a Ha MEJTHOM — TOJIypEaKI1sl BOCCTAHOBJICHUSI:

2. Cu?* (p) +2é < Cu (1); AG °, = —66 k]JIx.

CrnenoBaTeNbHO, AJIEKTPUUYECKUN TOK OOYCIIOBIIEH CYMMapHON OKHCIIH-
TEJIbHO-BOCCTAHOBUTEIILHOW PEAKIIAECH:

Cu?* (p) + Zn (1) <> Cu(1) + Zn? (p); AG® = AG®; + AG® = 212 k]JIk.

Oc00EHHOCTh OCYIIECTBICHUS OKUCIUTEIHHO-BOCCTAHOBUTEILHON PEaKIINU
B raJbBAaHUYECKOM DJIEMEHTE COCTOUT B TOM, UTO AJIEKTPOHBI OT BOCCTAHOBUTEIIS
(Zn) x oxuciuremo (Cu?*) mepeHOCATCS MO BHENIHEH LENU M MOTYT COBEPIIATH
eKTpuUeckyto padoty W,;.

PacTBOp B MpUAIEKTPOTHOM MPOCTPAHCTBE IIMHKOBOTO 3JIEKTPOjIa 0Ooraiia-
€TCsl MOHAMM IIMHKA, @ METHOTO 3JIEKTpo/ia 00eIHsAeTCS noHaMU Meu. Beenctaue
ATOTO CyIb(haT-uOHBI IEPEMEIIAIOTCS Yepe3 MOPUCTYIO MEPETOPOAKY M3 pacTBOpa
cyJibaTa MeM B pacTBOP CyJib(aTa IMHKA (BHYTPEHHSIS 11eMb). Bo3HUKaeT 3aMKHY-

TBI KOHTYP 3JIEKTPUYECKOTO TOKA.
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B npouecce paboTsl rampBaHndecKoro sjaeMeHta pactBop ZnSO4 oboraria-
erca nonamu Zn?*, a pacteop CuSO, nonamu SO42 (yosuas Cu?"). D10 00ycaoBiu-
BaeT 3aTPy/AHEHHE IIEPEX0/1a B PACTBOP HOHOB Zn2* M3-3a OTTAIKUBAHKS OJHOUMEH-
ueiMu voHamu. Ocenannme ke Cu?* Ha Katone OyIeT TOPMO3UTBCS NPHUTHKEHUEM
oTpuLaTenbHBIX HoHOB SO4%". B pe3ynbTate NpOM30MIET CABUT SIEKTPOHHBIX I10-
TEHIIMAJIOB B CTOPOHY HYyJIs (TaK Ha3bIBacMas KOHIICHTPAIIMOHHAS MOJIIPU3ALINS).
[IpeIOTBPATUTH 3TO ABIEHKE TIO3BOJIAET BHIPABHUBAHKME KOHIEHTPALUH HOHOB Zn2*
1 SO4%* 3a cueT MUrpalMy UX Yepe3 IOPUCTYIO IIEPETOPOIKY MIIU MO TPYOOUKE, 3a-
MOJTHEHHOM 3JIEKTPOJUTOM (JIEKTPOJIUTUUECKOMY KIII0UY). B ragpBaHn4eckux aie-
MEHTax APYTHX THIIOB MOKET UMETh MECTO BOJOPOAHAS MOJIIPU3AIUS BCIIEICTBUE
BBIJICJICHHSI BOJIOPOJA.

Hanpumep, B amemente Bosbra: (—)Zn | H.SO4 | Cu(+) MeaHbIH 31eKTpoa B
pe3ynbraTe KaTogaHoro npomecca 2H" + 2& = H; mokpbIBaeTcsi TOHKAM CJIOEM BOJIO-

poJa, IPEeNATCTBYIOMUM pa3psamy nonos H*, oruero E(Cu?

|Cu) cmeraeTcst B OTpH-
[aTeNbHYIO CTOPOHY. BoopoaHas monspuzanus ycTpaHseTcsl BBECHHEM BEIIECTB
nenoasipuzatopos (MnO,, Oy, Ag.0 u 1.4.).

Hampasnenue Toka B 11en OTNPEeIIeTCsl HapaBiIeHHUEM OKHCIUTEIBHO-BOC-
CTAaHOBUTEJIBHOM pPEAKIMH, KOTOPOE MOXHO MPOrHO3MPOBaThH HA OCHOBE 2-TO
Hayayia TepMOJIMHAMUKY IO U3MEHEeHUIo sHeprun ['nooca AG°.

Jns anementa SAko6u - Januang AG® = - 212 k/[x. [Tockonbky npuparienue
sHeprun ['mb0ca peakiuy MMeeT OTPULATENIbHBIN 3HAK, BOCCTAHOBJICHHE HOHOB
MeAH IMHKOM HJIET CaMOIPOU3BOJIBHO, ITMHKOBAS TUIACTHHKA SIBISIETCS aHOZIOM, a
MeJIHasl TUTaCTUHKA — KaTOJ0M UCTOYHUKA Toka. [Ipupamenue snepruu ['mb0ca pe-
aKIMU TO3BOJISIET PACCUUTATh MAaKCUMAJIbHYIO AJIeKTpudeckyto paboty W,,, KoTO-
PYIO MOXHO TIOJTyYUTh C TIOMOIIBIO0 JAHHOTO UCTOYHUKA. [Ipn pacTBopernu 1 Momib
Zn 5Ta paboTa COCTaBUT:

W, = AG® =— 212 x]JIx.

OnemeHT SAko6u - JlaHnaiid siBAsieTCs IpUMEpPOM 00paTUMOM TrajlbBAHUYECKOM

eI, TaK KaK IIPH IMPOIIYCKAHUHN JJICKTPHUICCKOTO0 TOKAa OT BHCHIHCTO MCTOYHMKA

HaIpaBJICHUC SHCKTPOXI/IMH‘{CCKOﬁ PC€aKI MCHACTCS Ha O6paTHOC:
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Cu q +2Zn % ;) <> Cu®* (p) +Zn (1) ; AG ° =212 JIx.

[pupaienune sHeprun ' u6G6ca B 3TOM IIPOIECCe UMEET II0JI0KUTEBHBIN 3HAK
¥ TIPOTEKAHNE PEAKIIMU OKMCIEHUS MEIM 00YCIOBIMBAETCSA PabOTON BHENIHETO HC-
TOYHHKA.

Amnanorndno snementy SkoOu - JIaHHDJIA Ha OCHOBE 3aKOHOB TEPMOJIMHA-
MHUKH MOKHO PacCMaTpUBaTh CaMble€ PAa3JIMYHbIE XMMHUYECKHE UCTOYHUKU TOKA M
IIPOrHO3MPOBATE UX PaboTy. PaccMOTpHM MpUMEpHI IPYTHX ralbBaHUYECKUX BJIe-
MEHTOB.

ITpumep 1.

(PY) Ha| H,SO4 | CuSO. | Cu

[Tporecchl, MPOTEKAIOMIUE B 3TOM DIEMEHTE:

(-) Anox H, — 2¢ — 2H"
(+) Karox Cu®* + 2¢ — Cu

H, + Cu?*=2H*+ Cu

Toxoob6pa3yromias peakius: Hy + CuSO4 = H,SO4 + Cu

[Tpumep 2.
Pt | Sn(SO.),, SNSO, || Fe2(S04)s, FeSO, | Pt
ITporiecchl, MPOTEKAIOIINE B 3TOM 3JIEMEHTE:

(-) Arox Sn** — 2 —»Sn #

(+) Katon 2Fe®* + 2 — 2Fe?*

Sn?* + 2Fe3* = Sn** + 2Fe?*

TokooOpa3yroras peaknus: SNSO,4 + Fez(S04)3 = SN(SO4), + 2FeSO,

[Ipwu 3anncu ranbBaHUYECKUX LETIEN U YPABHEHUN PEAKLUN, IPOTEKAIOIIUX B

HUX, HeoOXxoauMo cobJroaaTh mpaBuia, pekoMenaoBanHbsie MIOTTAK (1953).
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1. 'anpBaHUYECKHI DIIEMEHT TIPENICTABIIECT COOOM AIEKTPOXUMHUIECKYIO CH-
CTeMy, MPOU3BOIAIIYIO pPaboTy, a He MOTpedstonyto ee, modTomy DJIC snemenTa
1[€JIeCO00pa3HO CUUTATh TOJIOKUTEIbHON BETUYHHOM.

2. OJIC snemeHTa pacCUUTHIBAIOT, BEIYMTASI U3 YMCIOBOTO 3HAYEHUSI MOTEH-
1Masa mpaBoro eKTpoja (KaToaa) YMCIOBOE 3HAUCHUE TTOTEHIINAIA JIEBOTO DJICK-
TpoJia (aHozAa) (MpaBUJIO «MpaBoro ruirocay). [loaToMy cxemy sjemMeHTa 3alUChi-
BAIOT TakK, YTOOBI JIEBBII 3JIEKTPO/I ObLIT OTPULIATENIHHBIM (IIPOTEKAET MPOLECC OKUC-
JICHUS1), a PABbIH - MOJOKUTETBHBIM (MMPOTEKAET MPOLIECC BOCCTAHOBJICHUS).

3. I'panuny paszgena mexay nmpoBogHuKoM I poaa m npoBoanukom Il pona
o003HavaroT oHOM yepToi. Hanpumep, 11t rpaHUIlbl METAILT - PACTBOP:

Zn | ZnSO4 (p); CuSO4 (p) | Cu

4. I'panunyy paznena Mexay AByMs mpoBoaHukamu Il poma uzobOpaxator

MyHKTUPHOU uepToil. Hampumep, At pacTBOPOB 3JEKTPOIUTOB:
ZnS0O4 (p) CuSO4 (p)

5. Ecnu Ha rpanune paszaena IByX nNpoBOAHUKOB Il pomga ucrons3yror snek-
TPOJIUTHBIN MOCTHK JJIsl SIIMMUHUPOBaHMS AU Y3MOHHOTO MOTEHIMaa, ero 000-
3HAYalOT JBYMS YEepPTaAMU:

ZnS04 (p) || CuSO4 (p)
6. KomnoHeHTsI 0/1HOM (Da3bl 3aMMMCBHIBAIOT Yepe3 3aliTyIo:
Pt | Fe*, Fe?*; Pt, H,| HCI

7. YpaBHEHUE JIEKTPOTHON PEAKIIMH 3alUCHIBAIOT TaK, YTOOKI CJIEBa Pacio-
Jarajiich BeliecTBa B okuciaeHHoU (Ox) ¢gopme, a crpaBa - B BOCCTAHOBJICHHOM
(Red) dopme:

Cu** +2¢=Cu
Cl; + 2e =2CI-

B oOmieM Buje OKHCIUTEIHLHO-BOCCTAHOBUTEIBHYIO PEAKITUIO 3aIMMCHIBAIOT

TaK:
Ox + zé = Red*
Hcxons U3 npuHATHIX MPaBUJil, TaIbBAHWUYECKUH 3neMeHT SkoOu - [lanuans

MOJKHO 3amucarh ciaeayrommM oopazom: Zn | ZnSO4(p)CuSO, (p) | Cu
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DNEeKTpOABMKYIIAsl CHUJIa TaJdbBaHWYECKOM LIEMHM paBHA anredpandecKou
CyMMe€ CKa4KOB MOTEHIIMAIOB HAa BCEX TPaHMIIaX pasjena (a3 paBHOBECHOM 3JIEK-
TPOXUMHUYECKON CHUCTEMBI.

B 3amMKkHyTOM ranbBaHMYeCcKOM 3JeMeHTe SkobOu — JlaHuang umerorcs ye-
ThIpe Tpanulibl ¢a3: rpanuibl Zn | ZnSO4 (p) u Cu |CuSOq (p); rpanuna Zn | Cu;
rpanuia ZnSO, (p) CuSO4 (p).

DNEKTPOABMKYLLYIO CHILY 3JIEMEHTA PACCUUTHIBAIOT COOTBETCTBEHHO KaK aJl-
reOpandecKylo CyMMy YEThIPEX CIaraeMbIX:

E=@cu—¢@zn t o« + ¢p.
I71€ Qcy, Pzn - CKAYKHU MOTEHIIMAJIA, BOSHUKAIOIINE Ha TpaHule (a3 npoBOAHUK [
pona | nmpoBoanuK Il poma, Ha3pIBAIOT ANEKTPOJHBIMHU MOTECHIIUAIAMU U B 00IIEM
ciydae 0003HAYAIOT Qy; Px — CKAYOK MOTEHIMAIA, BOSHUKAIOIINI HA TPAHUIIEC pa3-
Jiea IBYX MPOBOJHUKOB | posa, Ha3pIBatOT KOHTAKTHBIM MOTEHIIUATIOM; (Pp - CKAYOK
MOTEHIIMaa, BO3HUKAIOIINI Ha TpaHUlIe pa3jienia 1ByX npoBoaHukoB I pona, - nud-
(y3MOHHBIM MOTEHLHAATIOM.

KoHTakTHBIN MOTEHIIMAN Ha TpaHulle pasaena MetawioB Cu | Zn cocTaBisieT
¢x=0,033 B. D10 3HaueHue B 00I11IeM cllydae ONpeaesieTcs pa3HOCThIO paboT BbI-
X0/1a CONPUKACAOIINXCS METAJIOB.

JIns ycTpaHEHHUsI BIMSIHUSL KOHTAaKTHOrO MOTeHlHana Ha uaMepenune DJ[C
AIEKTPOXUMHUYECKYIO 1IeNb COOMPAIOT TaKUM 00pa3oM, YTOOBI OHA 3aKaHYMBAJIACh
MeTaJuIaMH OJTHOM M TOM ke pupobl. B anemente SIkobu - JlaHud7s ¢ 3TOM 11eThI0
K IIMHKOBOMY 3JIEKTPOJy TPUCOECIUHAIOT MEIHBIM IPOBOJ UM K MEIHOMY LIMHKO-
BBIM:

Cu, /n | ZnSOqy CUSO4 | Cu
Zn | ZnSO4 Cu SO4 | Cu, Zn

CobOpanHyI0 TakKMM 00pa30M TaJIbBAaHUYECKYIO IIEMb HA3BIBAIOT MPABUIHHO
pa3oMKkHyTOH. OOBIYHO, CTIeMaIbHO HE OTOBapUBasi, MPEAoIaramT, 4To 00a BbI-
BoJia (TI0JIFOCA) AJIEMEHTA CJIeJIaHbl U3 OJHOTO U TOTO e MeTaslia.

Juddy3noHHBII MOTEHIIMAN (p BO3HUKAET BCIEACTBHE PA3IMYUi B CKOPO-

cTsX MU Py3uu KaTHOHOB U aHMOHOB. Tak, HAIPUMED, B LIETIN:
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pactBop HCl pacteop KCl

¢ (HCI) = 0,1 mons/a1 ¢ (KCI)= 0,1 Mmoan/a
ko3 dunmenT nuddy3un noHa Bojgopoja oosbiie kodddunuenta 1udPpy3un noHa
xsopa D(H") >D(C1"), a koaddunuentst uddy3un HOHOB KaIus U XJI0pa MPHOIH-
sutenbHo onuHakoBeie: D(K') = D(C1Y). B pesynbrate nuddy3nonnsiii notok HCI
CO3/[aeT B MOTPAaHUYHOM CJIO€ pacTBOpPA XJIOpUJIa Kausi U30BITOK MOJIOKHUTEIbHbBIX
3apsA0B, @ B IOTPAHUYHOM PACTBOPE COJISTHON KUCIOTHI M30BITOK OTPUIATEIHHBIX
3apsanoB. Auddy3uoHHBIN TOTEHIMAT JJIsl paccMaTpUBAaEMOM TPaHULIbI pa3zena Op
=0,0028 B. JInuddhy3rnoHHBIN TOTEHIIUAI HE SBJISIETCS PABHOBECHBIM, HO B OOBIYHBIX
YCIIOBHSIX OCTAETCSI MPUOIM3UTEIBHO TTOCTOSHHBIM B TCUCHUE JJIUTEIHLHOTO TEepPH-
ona. [{ns yctpanenus snusaus quddysunonnoro norennuana Ha /1C anemenTa uc-
MOJIB3YIOT COJIEBOI MOCTHK. Mex Ty mpoBogHuKamMu 11 posa raapBaHUYECKOTO JJ1e-
MEHTa MMOMENIAeTCsl TPOMEKYTOUHBIN KOHIIEHTPUPOBAHHBIN PACTBOP DJEKTPOJIUTA.
DNEKTPOJIUT oI0UpaeTcs Tak, 4ToObI K0dPhuIMeHTs TudPy3uu KAaTHOHOB U aHU-
oHoB ObuTH Oym3ky (darie Bcero KCI, NH4NO3).

DneKTpoABMKYIIEH cuitol (3.1.¢.) E Ha3pIBaeTCst pa3HOCTH JEKTPOIHBIX TTO-
TEHI[MAJIIOB B PA30MKHYTOM TajIbBaHUYECKOM JJIEMEHTE. J./I.C. BCET/Ia SBISETCS Be-
JIMYAHOW TOJIOKUTEIBHOM.

YtoOsl paccuuTaTh BETUYUHY 3.]1.C., HEOOXOIUMO BBIUYHCIUTH 110 YPABHEHHIO
HepncTa moTeHnmaibl 000MX 3JIEKTPOJAOB M BEIYECTh M3 IMOTCHIINAJIA TTOJIOKUTEb-

HOTO 2JIEKTPOia BEIMUMHY 00JIee OTPUIIATENIHHOTO MOTeHIMana: E= @+ — ¢_,

2. TepmoauHaMuKa 3apPSIKEHHON TPAHULIBI
Aocopbyuonnvie A61eHUs U MeMOOblL U3VHUEeHUsL OBOUHO20 JNIeKMPUYECKO20 COSL.
Ilomenyuan nyneeozo 3apsoa. Mexanuzm 6oznuxnosenus 3/[C anexkmpoxumuye-

cKou yenu. CmpoeHue 06011020 INNEKMPUUECKO2O CIIOAL.

[Tepexox ameKTpoHa M3 MeTalla Ha YaCTHILY, HAXOISAIIYIOCS B PACTBOPE, HIIH
oOpaTHBIN TIpoIlece, MEPEHOC JJIEKTPOHA C YACTHUIBI HA AJIEKTPOJ (T.e. OCHOBHOMN

AIEKTPOXUMUYECKUIN MPOIIECC) MPOTEKAET Ha TpaHulle pasjaena (a3 u 3aBUCUT OT
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TOT0, KaK yCTpOeHa 3Ta rpanuna. [103ToMy 3HaHNE CTPOSHUS TPAaHUIBI MEXKTY DIIEK-
TPOJOM U PAacTBOPOM HMMEET OUY€Hb OOJBIIOE 3HAYEHUE B IJICKTPOXUMHH. Bes
“npama’”, Ha3pIBacMasi JIEKTPOAHBIM IIPOLIECCOM, PA3bITPHIBAETCS HA 3TOM IpaHuULIe.

Heo0OxoaumMo yyuThIBaTh JABa OCHOBHBIX SIBJICHHSI, CBS3aHHBIX C 00Opa3oBa-
HUEM TpaHMILIbl pasziena dJIeKTPOA-pPacTBOpP.

1. DHepreruueckass 0COOEHHOCTh I'PAaHUIIBI 3AKJIIOYAETCS B TOM, YTO PaBHO-
BECHAsl KOHIICHTpAIMs Ha TPaHUIIC U B 00BEME pacTBOpa HE paBHBI APYT APYTY. ITO
SIBJIEHUE MOJIyYNJIO Ha3BaHUE aocopbyus. [IpuunHa agcopOIy 3aKIII0YaeTCsl B TOM,
YTO Ha TpaHULEe paszena (a3 Bcerna UMEITCs CBOOOHbIE BaJleHTHbIE cBsA3U. [lo-
3TOMY, 4YeM OOJIbIlle TPaHUIA, TEM BBIIIE aacOpOIHs. DTO B OAMHAKOBON CTEIIEHU
KacaeTcs ¥ 3apsKEHHBIX YaCTHUI M 3JIEKTPOHEHTPaIbHBIX IOBEPXHOCTEM.

2. Bropas npru4ynHa 4nucTO dIeKTpoxuMudeckas. OHa CBA3aHa C TEM, 4TO I0-
BEPXHOCTb 3apshkeHa. BeneacTBue 3Toro, MpoMCXOAUT 3JIEKTPOCTaTUYECKOE B3aU-
MOJIEHCTBUE, KOTOPOE MOKET BBI3BIBATH KaK AJIEKTPOCTATUYECKOE IPUTSKEHUE, TaK
U OTTAJIKUBAHUE, T.€. aICOPOIIHS MOXKET OBITh MOJIOKUTETHLHONU U OTPUIIATEILHOM.

[TockobKy B pacTBOpE HAXOATCS 3apsyKEHHbIE YAaCTHIIbI, B 00bEME pacTBOpa
3a npeaenamu ciost X1 (pUCyHOK 2.1), BBIIOTHSAETCS yCIOBHE dIEKTPOHEHTPATBLHO-
cti. BHyTpu e atoro cinos npu X < X; yCJIOBHE 3JIEKTPOHEUTPAILHOCTH YK€ HE
BBITMOJIHAETCS. DTOT CJIOW HOCUT Ha3BaHUE IBOMHOTO 3JIEKTPpUUECKOTO ciosl. OH cy-
IIECTBYET Ha BCEX 3apsHKEHHBIX MOBEPXHOCTAX: B @3PO30JISX, B TIOOBIX TUCTIEPCHBIX
cucTeMax (pacTBopax, ra3ax u T.[.), B TOM YHCJI€ U Ha 3JIEKTPOJaX B ANEKTPOXUMHU-

YCCKHUX CUCTEMAX.

(i
NOAOXUME/IbKAA A0Copoyus
| )’
0 |
(i~ =
Ompuyame/ibHas aocopoyus
|

X X
Pucynok 2.1 — [lonoxxuTenbHast 1 OTpHULIATENIbHAS aIcOPOLIMS Ha TPaHUIIE pa3/iena
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Memooovt usyuenusn 060iUH020 INEKMPUUECKO20 C10A

1. Hau6onee cTappiM METOAOM M3yUYEHUS IBOMHOTO SIEKTPUUECKOTO CIIOS SB-
JsieTcsl afcOpOLMOHHBIA METOH, BIEpBbIE NpeiokeHHbI A.H. ®OpyMKUHBIM U
AN. llneiruasiM. iMeHa ABYX 3TUX YYEHHBIX HEMOCPEACTBEHHO CBsI3aHbI ¢ MoJI-
noBoi. A.H. ®pymkun poauiicsa B Kumnere B 1895r., a A.W. Llneirun 6611 niep-
BbIM 3aBeAyoluM Kadenpoi ¢puznueckoil xumMun KnmmHEBCKOro rocyjapcTBeH-
Horo yHusepcuteTa B 50 rogsl XX Beka.

MeTton npumeHsieTcsl Ha 3JEKTpoJax ¢ OUYeHb OONbIION (pa3BUTON) MOBEPX-
HOCTBIO. Ha 3TuX 35eKkTpogax BuiuMasi 1 ICTUHHASI IOBEPXHOCTh CWIIBHO pa3inya-
torcs. Uctunnas nmosepxuocts B 10% - 10* pa3 Gonpiue, gem Bumumas. Hanpumep,
3TO YCJIOBHE BBIIIOIHIETCS IS IJITATUHUPOBAHHOMW IIJIaTUHBI.

Merton 3aknroyaercs B TOM, YTO U3MEPSAETCS U3MEHEHWE KOHILICHTPALMU B
00BEME, U 110 U3BMEPEHUSIM ITON KOHIIEHTPAIUU MOXKHO CYIUTh 00 afgcopOuuu B 3a-
BUCUMOCTH OT IIOTEHIIMAJIA 3JIEKTpoaa. MeTo HEIPUMEHNUM JUIA IVIaJAKUX JJIEKTPO-
JIOB.

2. Meron paaMOaKTHBHBIX MHAWKATOPOB. MCIONB3YyIOTCS pagrOaKTUBHBIE
M30TOIBI PA3JIMYHBIX HOHOB, IPH ATOM aJCOPOLIUS U3MEPSIETCS C TOMOILIBIO CYETUHU -
KOB paJMOaKTUBHBIX YacTull. [loBepXHOCTHBIN U30BITOK B 3aBUCUMOCTH OT IIOTEH-
uaia 3JeKTpoja npuBenéH Ha pucyHke 2.2. [loreHuuman, npu KOTOPOM KaKou —
100 3aps]l Ha TOBEPXHOCTH OTCYTCTBYET, Ha3bIBA€TCS MOTEHLIMAIOM HYJIEBOT'O 3a-

psna.

Zi, F, Fi, mKi/em”®

10 Na sor
N

0 q=0 0.5

PucyHok 2.2 — AicopOLdst HOHOB HaTpHs M SO, B 3aBUCUMOCTH OT NoTeHImana (4 = 0 coor-

BETCTBYET MOTEHITMATY HYJIEBOTO 3apsifa, Zi F I'i —ToBepXHOCTHBII N30BITOK)
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3. MeTtoz kBapieBOro KpucTauimueckoro Mukpobananca. [lozsomsier omnpe-
nenuTh W30BITOYHBIA BeC, M3MEpsSEeMbI B HaHOrpamMmax. B Hacrosiiee Bpems
HauboJee LIMPOKO MPUMEHSAEMBIA METOT [J1s1 TBEPBIX AIEKTPOIOB.

4. DnexTpokanwIsipHbIi MeTon (MeTon JlunnMana). [IpuMeHUM TONBKO K
XKUJKAM 3JIEKTPOJaM, HallpuMep, pTyTu. MeTo OCHOBaH Ha MCCIICJOBAHUU 3aBH-
CUMOCTH ITOBEPXHOCTHOTO HATSKEHHs OT IMOTEHIMAJIA 3JIEKTPOJA B JTAHHOM pac-
TBOpE. MI3MEeHEeHne NOBEPXHOCTHOTO HATSKEHUS 3aBUCUT OT MOTEHIHMAa CIEAYIO-
UM 00pa3oMm:

do =-qde, (2.1)
IZI€ G - IOBEPXHOCTHOE HATSKEHUE, ( -3aps]l MIEKTPOAA.

Hanuuue 3aps/10B IpUBOJUT K COBEPIIEHUIO paOOThI, HEOOXOIUMOM JIJIsl yBe-

do
JIMYEHUS TIOBEPXHOCTHU 3JIEKTPOAA, T.€. G. B Makcumyme OTHOIIEHUE o =0, no-
%

9TOMY IIOTCHIHA HYJICBOI'O 3apsaa COOTBECTCTBYCT MAKCHMMYMY Ha JJICKTPOKAIIHUII-

JIIPHOU KPUBOU B JAaHHOU CpeZE.

Pucynok 2.3 — DnexTpokanuuisipHasi KpuBast

Ha pucynke 2.4 moka3aHo, 4TO aHUOHBI XJIOpa, OpoMa U Hoaa MOTYT CIeIIH-
dbuuecku acopOUPOBATHCS HA AJIEKTPOJIC U TEM CaMbIM CMEIATh MOTEHIA HY-

JIBOTO 3apsja.
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NaF

NaCl

NaBr

NaJ

0 0,5 1,0

Pucynok 2.4 — Anicop611ust aHMOHOB XJI0pa, OpoMa U ioaa

YMeHbIlIeHHEe MAakCHUMyMa Ha 3JICKTPOKANWIIAPHOW KPUBOW CBHUAETEIb-
CTBYET 00 a/IcCOpOIMK aHHOHA.

5. 3mepeHne EMKOCTH JBOMHOIO AJIEKTPUYECKOro ciosl. [IockonbKy IBOM-
HOM DJIEKTPUYECKHUM CIIOM HUYTO MHOE, KaK KOHJAEHCATOP, TO, ONpenessas EMKOCTh

ﬂBOﬁHOFOBHeKTqu€CKOFOCHOﬂ,MOHGﬂ)OHpeHCHHTBHOTeHHH&HHyneBOFOSapHH&

_dF

C=—1
de

(2.2)

B Touke HyNeBoOro 3apsjia I0mKeH HAOMIOAAThCsI MUHUMYM €MKOCTH JIBOM-
HOTO JICKTPUYECKOTO CJIOSI.

Mexanuszm eo3nuknogenusn 3/C rnexkmpoxumuueckoit yenu. Ileppoii ru-
MMOTE30M, OOBACHSAIOMEH MexaHu3M BO3HHKHOBeHHs OJIC, Oba rumore3a A.
BousbTa. OH npeanoioxKuil, 4To NpuaruHoi Bo3HUKHOBEeHUS DJC sABIsIeTCS] KOHTAKT-
Hasi pa3HOCTh MOTEHLIMAIOB MEXK/1y Pa3IMYHbIMU METAJIAMH, U HAa 3TOM OCHOBE CO-
3/1J1 IEPBBIN UICTOYHUK dJIEKTpHUUecKkoro Toka. CornacHo A. BosbTa OCHOBHOM CKa-
YOK MMOTEHIIHAJIAa UMEET MECTO MEXIY JIByMsI METaJlJIaMHU.

Cornacuo B. Hepucty npuunnHoil Bo3HukHOBeHUsI DJIC sBisieTCs] HaIM4KMe
JIBOMHOTO 3JIEKTPUIECKOTO CJI0sI, B KOTOPOM HaOJIt01aeTcs NajeHue MOTSHITNAIOB.
OpnHako, 3TO 03HAYAET, YTO €CJIM UCIIOIb30BaTh JIBA JIEKTPO/IA, KaXKIbI U3 KOTO-

pBIX OyIeT HaXOAUThCA B TOUKe HyJieBoro 3apsiaa (4 = 0), To 9J1C He 10KHO OBITh.
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y JIEKTPOJIUT

JIBOHHBIE HOHHbBIE CJIOH

a 9]

Pucynok 2.5 — Ilpupona BozuukHoBenust /1C no A.Bosbta (a) u mo B.Hepucty (0)

OpnHako 3T0 oKa3anoch He Tak. Haubomee moyiHoe npeacTaBieHue 0 MEXaHU3Me BO3-
HukHOBeHUs1 DJIC B anekTpoxumudeckoi nenu o010 gaHo A.H. @pymMKUHBIM, KO-
TOpbIid nokazai, yto J/]C BO3HHMKAET, Kak BCJIEACTBUE KOHTAKTHOW Pa3HOCTH IO-
TEHIIMAJIOB, TAK U CKayKa MOTEHIMAJIOB B JABOMHOM JJIEKTPUYECKOM clioe. Takum
0o0pa3oM HaJMuue ABOMHOIO 3JEKTPUUYECKOrO CIIOS SIBISETCS OJTHOM M3 OCHOBHBIX
OPUYUH (HO HE €TUHCTBEHHON) BO3HUKHOBEHHUS DJICKTPOJABUKYIIEH CHIIBI B DJICK-
TPOXUMHUYECKON CHCTEME.

Mooenvuvie npedcmagienus 0 CmpoeHuu 080HUHO20 INEKMPUYECKO20 CNLOA.

1. ITepBoit MOJIETBIO TBOMHOTO JIEKTPUUYECKOTO CII0s ObLTIa MOJEIIb, TIPEIIIO-
»keHHas ['. ['enbmroneieM (1853 r.). OH mpeAnosiokKui, 4To ABOMHOMN dJIeKTpUYe-
CKUI CJIOW TIPeICTaBIIsAeT COO0M KOHACHCATOP, PACCTOSIHIE MEXKTY OOKIaKaMu KO-
TOPOr0, PaBHO PAJNYCy MOHA. JTa MOJENb MPABWIBHO MpEJICKa3biBana EMKOCTb
JIBOMHOTO AJIEKTPUYECKOTO €105, 00bsICHSIA GOPMY IEKTPOKAMUIUISIPHBIX KPUBBIX,
HO HE MOTJIa 00 BSICHUTH 3aBUCUMOCTH EMKOCTH Y MMOTPAaHUYHOTO HATSKEHUS OT KOH-
[EHTPALUK PACTBOPA, HAMPSHKEHUS U TEMIIEPATYPHI.

2. Teopus XK. I'tom (1910r) u J[. Yanmoana (1913r) (Teopus muddysHoro
JIBOMHOTO cJ10s1). COryIacHO 3TOM TEOPUU HECKOMIIEHCHPOBAHHbIE 3aps/Ibl pa3MbIBa-
FOTCSI BCJIEACTBHUE TEIUIOBOTO JIBMKEHUA. T€0OpHUs YACTUYHO COOTBETCTBYET COBpE-
MEHHBIM MPEICTABICHUSM, OJJHAKO MOJIy4aeMbI€ C €€ MOMOIIbIO 3HAYEHUSI EMKOCTHU
OTJIMYaEeTCs Ha 6 — 7 MOPSAJIKOB BEJTUYUHBI.

3. Teopus O. IItepna (1924r). CornacHo 3Toil TeopuH JBOMHOM CIION CO-
CTOMT U3 JIBYX YacCTEH: MJIOTHOM (TOMMHON X1) (BHYTpEeHHsS MIOCKOCTh ' I'enbM-

rojiplia, paauyc cnenuduuecku agcopOMpOBAaHHOTO MOHA), M CJIOSI TOJNIIMHON X
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(BHemHss TiockocTh I ['enpMronbia, paanyc rugpaTupoBaHHOTO HoHA). O0mas

TONIINHA c0s Xp TPUOIU3UTENbHO 3 — 4 A. B cioe X; nmeer mecto OpHEHTALIUS
JUTIONEN PacTBOPUTENS, KaK MO IEHCTBHEM SJIEKTPUUECKOTO TOJIsl paCTBOPUTEII,
TaK U B pe3yJbTaTe crenu(puieckoro B3auMoIeiCTBHS ¢ METaJUIOM. 3a MpeaeaaMmu
BHeHel iockoctu . ['enbmrounbiia HaxoauTes Aud@ysHas 4acTh JBOMHOTO CIIOS,

06YCJIOBJICHH&H HaJIMYUEM PA3JIMYHBIX 3apAd0B BCICACTBUC TCIINIOBOT'O ABUIKCHUA.

OTa 4acTh MPOCTUPAETCS 10 PACCTOSIHHUM MPUOTUZUTEIHHO B 10A.

DIEKTPUYECKOE M0JIE€ CYIIECTBYET TOIBKO B JBOMHOM 3JIEKTPUYECKOM CIOE,
HO DTO DJIEKTPUYECKOE MOJIE YPE3BBIYAHOM BHICOKOH HampshkéHHOCcTH ~107 B/M.
Takue HanpsikérnocTn ~107 B/M. SABJISIOTCS CIIEACTBHEM OYEHb MAIIbIX PAa3MEPOB
JBOMHOTO 3JIEKTPUYECKOro ¢ia0s1. OQHAKO CYIIECTBYIOT pACTBOPHI, B KOTOPBIX pa3-
MepbI IBOMHOIO CJIOSl BEJIMKU U MOTYT U3MEPSTHCS B MUJUIUMETPAX U JIaXKe B CaH-
TUMETpax. ITO pacCTBOPBI OYEHB €1a00 MPOBOAAIINX KUAKOCTEN (Maciaa, Opranuye-

CKHE KUJKOCTH U T.[I.).

3. HepaBHOBeCHBIE 3JIEKTPOIHbIE SIBJICHUS
Memoowvl usmepenus nomenyuana noo mokom. Cmaouu 31eKmpoxXuMudecKou pe-

axyuu. Ilouamue rumumupyroweti cmaouu. Knaccugurxayus nepenanpsiicenui.

Panee ObLI pPAacCMOTPEH MEIHO-IIMHKOBBIN TajbBAHUYECKUM DIEMEHT C
HanpsokeareM U = 1,1 B. Kak u3MEHHUTCS H3MEPEHHOE 3HAYEHUE HAMTPSDKCHHS DTOTO
3IIEMEHTA, €CIM €r0 U3MEPUTH IPUOOPAMH C Pa3HBLIMH BXOIHBIMH COIPOTHBJIEHH-
svu? TIpu mpoBeieHNH U3MEPEHUI TPUOOPOM C BHICOKHM BXOJIHBIM COITPOTHBIIC-
HHEM (HarpuMep, MOCTOM IOCTOSHHOIO TOKA HWJIM JIAMIIOBBIM BOJIETMETPOM) H
BOJIBTMETPOM C HU3KMM BXOJHBIM COIPOTUBIIEHMEM MBI IIOJIyYMM Pa3HbIE 3HAUCHHSI
HanpsokeHuid. EciiM B cucTeMe IPOTEKAeT TOK, TO MIOTEHIHAT OyIET CMEIIAThCS OT
paBHOBecHOTO 3HaueHus (pucyHok 3.1). B. HepHcrom Obl1o BBEAEHO MOHSTHE ne-
penanpsicenus (overpotential). Tlepenanpspkenue 77 onpenessieTcss Kak pasHOCTh

MEXIy MOTCHIMAIOM IO TOKOM ¢(i) M paBHOBECHBIM IMOTEHIIMAIOM, KOTOPBIN
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ompenensiercs o ypasuenuto B. Hepracra. [lotenmnuan mox TokoM Beeraa OyaeT oT-
JMYaThCS OT PABHOBECHOTO 3HAYEHUS @), IpUUEM ueM OoJiblie OyJIeT BEIUYHHA
MIPOXOISIIETO TOKA, TeM OOJbIle OyAeT oTinuane (1 Hao00poT).
Takum 006pa3om, MOXKHO 3aITUCATh:
=)=, (3.1)

rac n - NICPCHAIIPAKCHUC.

Il

Pucynok 3.1 — 3mMeHeHue moTeH1mana mnoj TOKOM

Paznuila Mexay mOTEHIMAIOM MOJ] TOKOM M MOTEHIMAIOM 00ECTOYEHHOTO
AJIEKTPOAA Ha3bIBACTCS nosspuzayueti. 3aBUCUMOCTD TOKa (TJIOTHOCTH TOKA) OT T10-
TEHIMala WU MEePEeHANpsHDKEHUs Ha3bIBACTCSl MOJISIPU3ALMOHHON 3aBHCUMOCTBIO.

OOBIYHO 3Ta 3aBUCUMOCTh HEJTMHEWHA (PUCYHOK 3.2).

o(n)

Pucynok 3.2 — Paznuunbie (popMbl NOTSAPU3ALUOHHBIX KPUBBIX
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JI71st TOro 9TOOBI M3MEPUTH TOTCHIIHAI (TIEpEHAIPSKEHUE) HEOOXOAMMO U3-
MEpUTh MOTEHIMAI 110]] TOKOM WJIM TOK MpH omnpeieéHHoM noteHuane. [lpudopsi,
KOTOpbIE TIO3BOJISIIOT OCYIIECTBUTH MOJOOHBIE M3MEPEHMs, HA3bIBAIOTCS IOTEH-
nuocraraMmu (rajibBaHoctaTaMu). [Ipu ucnoap30BaHUM MOTEHIIMOCTATHYECKOTO Me-
TOAAa WU3MEPEHUN 3aAa€TCs MOTEHLHAN 3JIEKTPOJla OTHOCUTEIBHO CTaHJIAPTHOIO
AJIEKTPOJIa CPaBHEHUSI U U3MepsieTcss TOK (IJIOTHOCTh TOKa) pabouero (ucciemye-
MOT0) JeKTpoaa. Takoll METOJI Ha3bIBAETCSl MOTEHIIMOCTATUYECKUM. BO3MOkeH u
JPYroil METOJI, MPU KOTOPOM 33J]a€TCs TOK (TUIOTHOCTh TOKA), @ U3MEPSETCS OTECH-
nuan. Takod METOl Ha3bIBAETCA rajlbBAaHOCTATHYECKMM. B ToM ciydae, korga mo-
TEHIMAJ UM TOK JJEKTPOAA U3MEHSAIOTCA C ONPEAETEHHON CKOPOCTBIO, METOJT U3-
MEpPEHUN HOCHUT Ha3BaHHUE IMOTEHIMOJAMHAMHYECKOTO (TajJbBaHOAMHAMUYECKOTO)
METOJA.

[TogoOHBIe M3MEpEHUs BaXKHBI TOTOMY, YTO B OJTHUX U TEX K€ YCIOBUSAX Tajlb-
BaHOCTAaTUYECKUH (raIbBAaHOJAMHAMUYECKUI) U MOTEHIIMOCTATUUECKUH (TOTEHIINO-
JTWHAMUYECKUI ) METOJIbI MOTYT JJaBaTh pa3HbIC PE3YJIbTAThI.

Hampumep: B cirydae mosisipu3aiiioOHHON KPUBOH, M300paKeHHOM Ha PUCYHKE
3.3 0/IHOM BEJIMYMHE TOKA 11 COOTBETCTBYIOT, KAK MUHUMYM, TPY 3HAYCHHS TOJTyYa-

CMBIX ITOTCHINAJIOB.

e —

? P G oM

Pucynok 3.3 — Bo3MOKHOCTB TOTy4eHUS pa3IHIHbIX 3HAYCHUH TIOTEHIINAIOB TIPU TaTbBAaHOCTa-

TUYICCKOM METOJAC UBMEPCHUA 3aBUCHUMOCTHU INIOTHOCTH TOKA OT MOTCHIMAJIa

25



CoBepIilIeHHO OYE€BUIHO, YTO B 3TUX YCJIOBHSIX MPHUEMIIEMbIM METOAOM SIBIISI-
€TCsl TOJIbKO MOTEHIIMOCTATUYECKH WM MOTEHUMOoAWHaMudeckuil merona. Oue-
BUJHO TaKXe, YTO U NOTEHUMOCTATUYECKUH M TaJIbBAaHOCTATUYECKUN METOMbI
MOJKHO HCTIOJIb30BaTh TOJIBKO MPH MPUMEHEHUH TPEXAICKTPOAHOMN sueiku. OauH
U3 AJIEKTPOJIOB IIPU 3TOM sBJIAE€TCA pabouuM (aHOJOM MJIM KaTOJOM), a APYroi —
AJIEKTPOJIOM CpaBHEHMs (BOIOPOAHBIN, XJIOpCepeOpsHbINA, KaJIOMENIbHBIN U 1p.).
TpeTbuM ke 3IEKTPOAOM SIBISIETCSI BCIIOMOTATENbHBIN 3JEKTPOJ], 00ecreynBaio-
M IPOXOXKIECHNE TOKa uepe3 suerky. [Ipu 3Tom pazHuna noTeHuuagos Mo To-
KOM MEXAY pab0drM 3JIEKTPOJIOM U 3JIEKTPOJOM CPABHEHUS U3MEPSIETCS MPUOOPOM
C BBICOKHM BXOJHBIM CONPOTUBIIECHHEM (BBICOKOOMHBIM BOJIBTMETPOM). DTO O3Ha-
YaeT, YTO TOK B IIENH pabOYEro AIEKTPO/Ia U 3JIEKTPOOB CPaBHEHUS IPEHEOPEKUMO
MaJ M0 CPaBHEHHUIO C TOKOM MEXIy paboduM 3JEKTPOAOM M BCIIOMOTATEIHHBIM.
MeHsist TOK WK OTEHIHA MEKIY pab0ouuM 3JEKTPOIOM U JIEKTPOJIOM CPaBHEHUS
(BcoMoOTaTeIbHBIM JIEKTPOAOM) U U3Mepss TOK (MOTEHIMaN), MOKHO MOJIYYUTh
3aBHCHUMOCTH TJIOTHOCTH TOKa OT TMEpPEHANpsOIKEHUs, T.€. 3aBUCUMOCTh CKOPOCTH
AJIEKTPOJIHOM peaklMU U COOTBETCTBEHHO CKOPOCTH, HalpUMED, JNEKTPOXUMUYE-
CKOM 00pabOTKH OT MOTEHIHAIA.

CaM 3JeKTpOXUMUYECKUI MPOIIECC COCTOUT U3 HECKOJIBKUX CTaJNuil, OJTHAKO,
KaK IIpaBUJIO, TOJBKO OJHA U3 CTauil (camasi MeJUIeHHAs1 ) ONPEEIIIeT CKOPOCTh pe-
akiuu. Takas cTaaus HOCUT Ha3BaHUeE Jumumupyroweli. IMeHHO OHaA ompezenser
OOIIYI0 CKOPOCTh 3JIEKTPOXUMHUYECKOTO MpoLiecca.

YToOb! yBENUIUTH CKOPOCTH MpoIiecca HE0OX0IUMO, MPEKIE BCETO, BO3ACH-
CTBOBATh Ha JIUMHUTHPYIOIIYIO CTAIHIO.

B snexTpoxuMuueckux mnpoueccax JTUMUTHPYIOIIMMHA MOTYT OBbITh CJeaylo-
M€ CTAIVH:

1. Cranus nepexoa (mepeHoca 3apsia).

2. Ctagusi XUMHUYECKOHN peakiiu (KOTopas MpeAIIeCTBYET UITU CIIEeIyeT MOocie
CTaJui TepeHoca 3apsa).

3. Cranus nuddysun (koHBeKTUBHON MU dy3nn) — MOABOJ UM OTBOJ pea-

reHTa (IPOyKTOB peakiuu) OT (K) MOBEPXHOCTH JICKTPO/IA.
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4. Ctanus KpucTaIM3auy (IIpU 3JIEKTPOOCAKICHUHU WM 00pa30BaHUU KPH-
CTAUTMYECKUX aHOJIHBIX IJIEHOK).

5. Cranus ancopOIuu.

Ecnu kakas-nmu6o u3 aTux craguii OyaeT onpenessTh CKOPOCTh Beei (001eit)
peakuuu, To TorAa nepeHanpskeHue OyaeT onpeaenaTbes 3Tor ctaaueit. [loatomy
Ui cTaguu 1 -3To mepeHanpshkeHue nepexoja (nepexoca 3apsana). s cranum 2 -
3TO TMepeHanpsikeHne peakuuu. s ctaauu 3 -3T0 nepeHanpstkeHue nuddysuu.
Co00TBETCTBEHHO NEPEHANPSKEHNE KPUCTAIIM3ALMU U aJICOPOLIMOHHOE NTepeHanpsi-
xenue. Cymma nepeHanpsbkeHuil peakund 1 guddy3un (KOHBEKTUBHON nuddy-
3MM) HOCUT Ha3BaHHE KOHIIEHTPALIMOHHOTO NEPEHANPSIKEHHUS.

JUi Kask10ro U3 BUAOB MEPEHANPSIKEHUS XapaKTEPHbI CBOU OCOOEHHOCTH, U
UX HAJl0 3HaTh, YTOOBI KMETh BO3MOKHOCTh BO3JIEMCTBOBATh HA JIUMUTHUPYIOLIYIO

CTaINI0O U TCM CaMBbIM YIIPABJIATH CKOPOCTBIO BHGKTPOXHMHHGCKOﬁ PCaAKINU.

4. Inddy3nonnas KMHETHKA
Pacnpeoenenue konyenmpayuii 6 nocpanuunom cnoe. Cmayuonapuas ouggysus 6
VCII08USAX eCMEeCMBEeHHOU U BLIHYHCOEHHOU KOHBeKyuu. Bpawarowutics ouckoswiil

SHQKmpOa U eco npumMeHeHue.

Panee ObIT0 TTOKA3aHO, YTO JEKTPOXUMHUCCKAS SIYCHKA WIIH DJIEKTPOXUMH-
YyecKas Lelb MOXKET padoTaTh JIMOO0 KaK 3JIEKTPOJIU3EDP, TMO0 KaKk HICTOYHUK TOKA.

B nepBom ciydae snmekTpuyeckast SHEPTHs, TOCTYIA0IIAss OT BHEITHETO MC-
TOYHHMKA TOKA, 3aTPAYMBACTCS Ha MPOBEJICHUE KAKUX - JINOO 3JIEKTPOXUMHYCCKUX
peaknuii. brarogapst HUM MOTYT OCYIIECTBIISITHCS DJICKTPOXUMUYECKAsT pa3MepHast
00paboTKa METAJIOB, JIEKTPOOCAKICHNE CTIOEB Ha TOBEPXHOCTH KaKOTO - THOO 13-
JIEJHS, DJIEKTPOXUMHUYECKUN CUHTE3 KaKUX - TMO0 MaTepuasioB, SJIEKTPOITUTHIECKOE
MOJIyYEHHE ra30B (BOJAOPOAa, KUCIOPOa, XJIOpa U APYTHUX).

Bo BTOpOM Citydae MpOUCXOIUT MCIOIB30BAHUE JIEKTPOXUMHUECKUX PEaK-

AN C LEJIBIO TOJIYYEHUS DJIEKTPUIECKOTO TOKA, T.€. MIEKTPOXUMHUYECKHUE PEAKLINH,
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MPOUCXOIAIINE HA TPAHUIIE DJIEKTPOJI — SIEKTPOIUT MOTYT UCIOJIB30BATHCS KAK T'e-
HEPaTOPHI AIECKTPOIHEPTHH (0aTaper, aAKKyMYJIATOPHI, TOTUTUBHBIC SJIEMEHTHI).
ITon TokoM oO1IIee HANIPSHKEHHE STUYSHKH BCET/Ia OTJIMYACTCS OT HAMPSHKCHUS
B OTCYTCTBHE TOKa, T.€.:
U, =U,, (4.1)
B nepBom ciyuae, T.e. Korja 3JIEKTPOXUMHUECKas siueiika paboTaeT Kak
BJIEKTPOJIU3ED:
U,),>U, (4.2)
Bo BTOpOM ciydae (siueiika sSBisieTCs UICTOYHUKOM TOKA):
(UI)MT <LJl:O (43)
To ecTh peanuzyemMasi MOIIHOCTh UICTOYHHUKA TOKA BCET/1a MEHBIIIE €r0 T€O-
PETUYECKON MOIITHOCTH:

(1U,),, <UL, (4.4)

Jlnis cirydast, Korja cucteMa paboTaeT Kak 3JIEKTPOJIM3EP, MOKHO 3aMHUCaTh:
(lU,), >Ul (4.5)

Takum 00pa3om, Bcerya ecTb JOMOJHUTENBHOE MaICHUE HAIPSKEHUs, HE00-
XOJUMOE JJIsl TOTO, YTOOBI MOKHO OBLJIO OCYIIECTBUTH PEAKLIHUIO C KOHEYHON CKOPO-
CTb0. M 3TO TONONHUTENBHOE NTAJICHUE HAIPSKEHUS TeM Oouiblie, yeM OoJIbllie Be-
JUYMHA TUIOTHOCTU TOKA Ha 3JIEKTPOJE, U CBsI3aHA OHA, KaK SICHO U3 BHILIENPUBE-
JIIEHHOTI0, C MEPEHANPSKEHUEM.

[lepBbIil BUI EepeHANIPSKEHUS, KOTOPOE OYIET pacCCMOTPEHO, ATO - MEepeHa-
npsbKeHue, 00yCIOBIEHHOE pa3HUIIEH KOHIIEHTPALlMK Ha MOBEPXHOCTH JIEKTPOAA U
B 00bEMe pacTBOpa. Pa3HMIIa KOHLEHTpalUKi BCeraa MPUBOIUT K HAJMYHUIO Tepe-
HOCa Macchl (MaccorepeHoca).

Cy1iecTByIOT TpU MEXaHHW3Ma MacCOIEepEeHOca:

1. monexynapHas auddy3us; ABMKYIIAs CUia 3TOTO Hpolecca — pa3Hula
(rpaAneHT) KOHILIEHTPAIUK;

2. Murparus (IepeHoc B AIEKTPUIECKOM I10JIE);

3. KonBek1us (epeHoc 4acTull B CBSA3U C JBUKEHHEM PACTBOPA, €ro epeMe-

IHI/IBaHI/IeM); B YCIOBHUAX OTCYTCTBHA INICPCMCHIMBAHUA TICPCHOC OCYHICCTBIIACTCA
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MIOCPEACTBOM €CTECTBEHHON KOHBEKIUHU, O0YCIOBIEHHOW IPaJUeHTOM IUIOTHOCTH
pacTBopa.
B cny4ae Hanuuus rpajiieHTa KOHIICHTPAIIUU BO3HUKACT MOTOK MU Gy3HH |p,

0OyCJIOBIICHHBIN pa3HUIIEH KOHIICHTPAIIIH:
. oC .
io = —Da (nepBbIit 3aK0H DuUKa) (4.6)

[ToacTaBnsis B ypaBHeHHE U1 3akoHa Dapajies 3T0 COOTHOLIEHUE, TOKAXEM,
4YTO B TOM ClIy4ae, KOT/la CKOPOCTb JIEKTPOXUMHUYECKON pEeakluu OmpeesieTcs
muddysueit (T.e. IMMUTUPYIONIECH CTaue CyMMapHOTO JIEKTPOXUMHUYECKOTO MTPO-

necca sipisiercs 1uddysusi), Mbl MOKEM HAITUCATD:

ip ==NF(Jp)s0 =nFD(§]X=O (47)

OX
VYpasuenue (10.7) - ocHOBHOE ypaBHEeHHE TU(DPY3MOHHOW KUHETHKH, T.€. Ta-
KOT'O AJIEKTPOXUMHUYECKOTO MPOIIECCa, KOTOPBIM OMpenesieTcsl CKOPOCTbIO AUPPy-
3un. [Ipu 3TOM Bce ero ctaauu npeanoiaraloTcs paBHOBECHBIMU, 3 HEPAaBHOBECHOM
sBIIsIeTCS TOJIbKO MU dy3noHHas ctanusa. B 3ToM ciyyae AOMKEH CyIlecTBOBATh
HEKOTOPBIN CJIOM TOJIUHON & , B KOTOPOM OYyJeT HAOII0AaThCsl Pa3HOCTh KOHIICH-

tpauuit (cM. pucyHok 4.1). [ToBepxHOCTHas KOHIIGHTpanus: C’OyAeT W3MEHSThCS

IIpH UIBMCHCHUHU IMOTCHIMXAJIA, IIOTOMY 4YTO 6YI[CT YBCIIMYNBATLCA CKOPOCTH OKHCJIC-

HUs (BOCCTAHOBJICHHMSI) TIPU POCTE TTOTECHIIHAIA.

C, 0
I | C’ (p=0)
|
|
AL
G4 o=z
s T =g
2 Ci e~
0=-0>Q
G d X

Pucynok 4.1 — PacnipesieneHre KOHIIEHTPALUMHU Y TIOBEPXHOCTH 3JIEKTPOJIA.

C?-00bEMHAsI KOHLIEHTPALUS KOMIIOHEHTA AJIEKTPOJINTA, KOTOPbII BOCCTaHABIMBACTCS UITU
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OKHCIISIETCS Ha MOBCPXHOCTH 3JICKTPOAA,; C’ -IMMOBECPXHOCTHASI KOHIEHTPALHS TOTO K€ KOMIIO-

HCHTA, 3aBUCALICTO OT NPUJIOKCHHOI'O NOTCHIHMAJIa

JI7ist 9TOM KOHIIGHTpAIMK 10 ypaBHEHHIO HepHcTa MOKeT OBITh paccunTaH
PaBHOBECHBIN OTEHIIMAN. B OTCYTCTBUE TOKAa HUKAKUX M3MEHEHUI KOHIICHTPAITUN
npoucxoauth He Oymer. IIpu MOsSBIEHWMM TOKa B MPOIECCE SIEKTPOOCAKICHUS
HEIMOCPEICTBEHHO Ha MOBEPXHOCTH KOHIICHTPAIUS CHU3HUTCS, MMOTOMY YTO YacTh
HMOHOB MeperaET B MeTAITNYECKYTO ¢aszy. O0macTb, B KOTOpOit OyAeT HaOII01aThCS
ATO U3MEHEHHE, 0003HaYaeTCsi OyKBOW § M HOCUT Ha3BaHue qudPy3MoHHOTO morpa-

HHYHOTO CJI0s. DTOT IPOLECC OYAET IPOUCXOAUTE IIPU @ =@, # @, .

OueBHUHO, YTO:

1. Bcerna Oyner cyiiecTBOBaTh HEKUM CIOW, BETUYMHON & ,KOTOPHIN Ha3bIBa-
ercst T Gy3UOHHBIM MMOTPAHUYHBIM CIIOEM, BHYTPH KOTOPOTO KOHIIEHTparus Oy-
JIET OTJIMYATHCS OT OOBEMHOMT;

2.TpaueHT KOHIEHTpAIMK OyJeT TeM BBIIIE, YeM B OOJBIICH CTEHEHH TMO-
TEHIUaN Oy/IeT OTINYAThCSI OT PABHOBECHOTO WJIM, YeM OOJIBIIYIO TUIOTHOCTh TOKA
MBI OyJIeM MPOIyCKaTh Yepe3 TUEHKY;

3. IOJKHO CYIIIECTBOBATh MPEACIbHOE COCTOSTHUE, P KOTOPOM, KaK BHIHO
u3 pucyHke 4.1, moBepXHOCTHAsI KOHIIEHTpaIusi (KOHIIEHTpaIKs Ha MOBEPXHOCTU
C’) cTaHeT paBHOW HYIIIO.

[Toustue o nuddy3noHHoM ciioe Briepsbie 06110 BBeneHO B.HepHucroM. Yuu-

THIBAsI BBIIIEU3IIOKEHHOE U ypaBHEHUE (4.7), MOXKHO 3aMUCaTh:

. c’-C}
i, =nFD, ——t (4.8)
)
WIH B TIPEICIBHOM Cilydae mpu C° =0, MOJyUIHM:
0
i’ =nFD, C (4.9)

N3 ypaBuenus (4.8) u (4.9) cnenyer, uro BenuunHa AU (Py3MOHHOTO TOKA

(TUIOTHOCTH TOKA) 0OpaTHO MPOTMOPIIMOHANIBHA ToMIHE TU(dy3noHHOTO ciosi. B
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oOmiem ciydae TonmHa Judy3HOHHOTO CI0ST 3aBUCUT OT TEMITEPaTyphl U BI3KO-
CTH PacTBOpPA, OT CKOPOCTH €T0 NIEPEMEITUBAHUS U OT KOOPIMHATHI Ha TOBEPXHOCTH
3JIEKTPO/IA, T.€. €r0 TOJIIHUHA MOXKET OBITh PA3JIMYHOM JJI Pa3HBIX TOYCK MOBEPX-
HOCTH 3JICKTPOJIa.

B Tom ciydae, eciu MPOUCXOAMT aHOJTHOE PACTBOPEHHUE METallia, MOBEPX-
HOCTHAsI KOHIIEHTpaIHs OyaeT 0ojiee BRICOKOH, ueM 00bEMHAsT KOHIICHTPAIIHS, 10-

CKOJIbKY MOHBI HE OYAyT yCIIeBaTh OTBOJUTHCS OT IOBEPXHOCTH (PUCYHOK 4.2).

Pucynok 4.2 — PacnipeienieHre KOHLIEHTpaluil B TUGPy3MOHHOM CJI0€ IPU PaCTBOPEHUH DJICK-

Tpoaa (YBCJ'II/I‘ICHI/IC HOBerHOCTHOﬁ KOHIOCHTPAWU IIPpU YBCIIMYCHUU HOTCHHI/IaJ'Ia)

CornacHo ypaBHeHuro (4.9) npenenpbHOe 3HAYCHUE TNIOTHOCTH TOKA CBSI3aHO
C YCTAHOBJICHHEM Ha MMOBEPXHOCTU TAKUX YCIIOBHI1, KOTJa JOCTUTAETCS MPEAEIBbHOE
3HA4YCHUE MMOBEPXHOCTHOM KOHIICHTpAIuu HOHOB. [Ipu 351eKTpoocaKieHuu 3TO Hy-
JeBasi KOHUEeHTpauus. [Ipy aHOAHOM pacTBOPEHUU ATO OYEHb YACTO KOHIICHTPAIUs
HACBIIIEHUS, OnIpeesieMast IOCTHKEHUEM TPOU3BEICHHUS PAaCTBOPUMOCTH.

Dopma nOAAPU3AUUOHHOU KPUBOU NPU HATUYUU CHIAOUU MACCONEPEHOca.

VYuuThiBas, 4TO NepeHanpskeHue (77) €CTb HEe YTO MHOE, KaK:

RT RT, C°

. RT
n=¢() =9, =@+ = C’)~(p, + =INCY) :ch_ﬁ’ (4.10)

I7ie ¢, - PABHOBECHBII MOTEHIMANI, a OTHOIEHHE C°K C; MOXKHO MPEJCTaBUTh, UC-

X044 U3:
i = KCC (4.11)
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B TO BpeMS KakK:
i, =K(CS-C) (4.12)

TOr1a, UcnoJib3ys ypaBHeHus (4.11) u (4.12) MOXxHO 3anucaTh, 4TO:

c’ i
C—'():Ll—_l%} (4.13)
OTKy/1a, CIICAYET, 4TO
RT i
n=ﬁln(1—l%] (4.14)

MpbI OJTy4nIIM B3aUMOCBS3b MEXAY MEPEHANPSKEHUEM U TIJIOTHOCTHIO TU(-
(Gy3MOHHOTO TOKA, T.€. POpMY NOJSAPU3ALUOHHON KPUBOH B YCIIOBUSAX 3aMEIJIEHHO-
CTHU CTaJIMU MaccorepeHoca (pucyHok 4.3).

9Ta 3aBUCUMOCTH UMEET BUJT:

-
Ip

¢=q n

Pucynok 4.3 — [onsipu3anoHHast KpuBast P 3aMeIJICHHOCTH CTaIUM MaccolepeHoca

(i -npenensubiit quddy3nOHHBIA TOK (IpenenbHas INIOTHOCTE AU((Y3HOHHOTO TOKa))

Benmuuuna 5 mpu TOCTYKEHHH TPEACIBHOTO TOKa (MepeHANpPSDKCHHSI) CTpe-
MUTCSI K 0€CKOHEYHOCTH. DT0 BUAHO U3 (4.14): ipu i, =i BbIpa)keHHE B CKOOKax
cTaHoBUTCS paBHbIM 0, a 77— oo. CornacHo B. HepHceTy BennunHa § HE MOXKET ObITh
paccuuTaHa, a UCIOJIb3yeTCsl KaK HeKas (PMKTUBHAS BeJIMYHHA. FI3BECTHO TOIBKO TO,
YTO OHA 3aBUCHUT OT CKOPOCTH MEPEMENTUBAHUS, YMEHBIIASICH C YBETUYCHUEM TI0-
cinenneid. CreoBaTeNbHO, U MPEAETbHBINA TOK AU Y3UH TODKEH 3aBUCETh OT CKO-

POCTH ICPEMCIINBAHUA.
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B nacrosiiee Bpems CyIlecTBYET psiJ THAPOJUHAMUYECKUX CUCTEM, JJIsA, KO-
TOPBIX BETUYMHA MPEACTHFHOTO TOKA (IIPEeleTbHON MIOTHOCTH TOKA) MOXKET OBITH
paccunTaHa. Takou CUCTEMOM SBJISIETCS BPALAFOIIUICS TUCKOBBIN JIEKTPOI, KOTO-
pBIiA peacTaBiIseT cOO0M TOpel HHIIMHAPA, IOMEIIEHHOTO B 3JIEKTPOJIAT, OOKOBAs
MTOBEPXHOCTH KOTOPOI'O MOKPHITA U3OJISITOPOM. ITOT IEKTPOJ BPAIIAETCS B JKHUIKO-
CTH C ONPeACIEHHOM YII0BOH CKOPOCThIO @ (pUCYHOK 4.4).

Teopus BpallieHHs: TUCKOBOTO JIEKTpojia Oblia pazpadborana B.I'. JleBuuem.
Benuuuna nuddysuonnoro Toka no B.I'. JleBuuy ornpeensieTcs caeayomumM ypaB-
HEHUEM:

i, =0.62nFD?? V%" (C? - C?), (4.15)
rae D, - koapuuuent nupdy3un; v - KHHEMaTUYeCcKasl BI3KOCTh PacTBOPA; @ -
yIJ0Bask YacTOTa BPAICHUS JHUCKA.

OueBHUHO, YTO:

i”” =0.62nFD"*v °0"*C? (4.16)

N3 ypaBHenus (4.16) BUIHO, 4TO AJ1s1 BpaIIArOLIErocs AUCKOBOTO JIEKTPO/Ia:

1. BenmuumnHa npeaeabHoro 1ud¢y3noHHOT0 TOKa MOXKET ObITh PACCUUTAHA;

2. OHA TIPOTIOPITMOHAJIEHA KBaJIpPaTHOMY KOPHIO M3 YaCTOTHI BPAIIECHUS ®
(puc. 10.5);

3. OHa MPOMOPIMOHANIBHA KOHIEHTPAIIMH JIICKTPOXUMHUYECKH aKTUBHOTO
WOHA;

4. Ha ocHoBaHuu (4.16) MoxeT ObITh paccuuTaHa BelnurHa K B ypaBHEHUU
(4.11)u (4.12)

5. TIPU U3BECTHOM BA3KOCTU M KOHIICHTPALIMUA MOKET OBITh paccuuTaH Kod(-
dbunuent muddy3uu; i"”” HE 3aBUCUT OT Pa3MEPOB AKMCKA; TAKWE TTOBEPXHOCTH HOCSIT

Ha3BaHUE pasHOOOCMYNHbIX B TU(HPY3NOHHOM OTHOIICHUU TTOBEPXHOCTEH.
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- _ - T Nuso_mmop -

Pucynok 4.4 — Cxema Bpaiaromerocs JUCKOBOTO 3JIEKTPOL

C noMoupro Bpalaromerocss TUCKOBOTO MIEKTPOJAA MOXKHO OIPEIEIHUTh CO-
CTaBJISIOLIME TOKA, KOTOPBIE HE 3aBUCAT OT NU(PPy3un, T.€. U3y4aTb KHHETUKY dJIEK-

TPOXHUMHUYICCKUX peaKuHﬁ.

-
Ip

- Vo

Pucynok 4.5 — 3aBucumocTs npenenabHoro qu¢¢y3Horo Toka oT 4aCTOThI BpalleHUs

Ecnu 661 MOXHO OBLIIO TOCTUYL OECKOHEYHO OOJIBIION CKOPOCTH BpalllCHHUS,
TO TOrJla MOSIBUJIACh Obl BO3MOXXHOCTh MOJIHOCTBIO JTUKBUAUPOBATH KOHIIEHTPALIM-
OHHbIE OrpaHuyeHus. YUCTO MaTeMaTHUECKH 3Ty IMpOOJIeMy MOXKHO PELIUTh, MO-
CTPOMB 3aBHCHMOCTb OOPATHBIX BETHYNH IUTOTHOCTH TOKA OT Veo K SKCTPATIOIHPYSI
TOK (TUIOTHOCTH TOKa) Ha OECKOHEYHO OOJIBLIYIO0 CKOPOCTh BpaIICHUS.

Bpamarommiicss IUCKOBBIN JEKTPO HE SABJISAECTCA €AUHCTBEHHOW CUCTEMOU C
PaBHOAOCTYITHOM NMOBEPXHOCTBIO. J[pyrMMH TaKMMH CUCTEMAaMU SIBIISIFOTCS: DJIEK-

TpOoa B STUCHKE C MEXaHUYECKUM MNEpEMCIINBAHHUEM, paCHOHO)KeHHHﬁ HCIIOCPECa-
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CTBEHHO O] MEIIAJIKOM, DJIEKTPOJ] B OKPECTHOCTH TOUKH HaOETaHUsI, paCTIOI0KEH-
HBII HA TOBEPXHOCTH 0OTEKAEMOTO 11apa, TUCKa, Bpallalomuics MIMHAPUYECKUN
ANEKTPOA U JIp.

B ob6mem cirygae TommuHa 1udy3MOHHOTO CIIOS 3aBUCHT OT Pa3MEPOB JJICK-
TPOJla, TOCKOJIbKY TOJIIHMHA JU(PPY3NOHHOTO MOTPAHUYHOIO CJIOSI & 3aBUCUT OT
TONIIUHBI THAPOJUHAMHUYECKOTO MOTPAHUYHOTO CJIOS, KOTOPBIA MHOTIa HA3bIBAKOT
cnoeM [lpanarns. ['mapoamHaMUYecKuid MOTPAHUYHBIN CIOM — 3TO TaKOM CIIOH, B
KOTOPOM IIPOUCXOJIUT UBMEHEHHE CKOPOCTH TEUEHHUS KUIKOCTH OT HYJIEBOM (HEmo-
CPEICTBEHHO Ha MOBEPXHOCTU TEJa) JI0 MOCTOSHHOU B 00BbEME AIEKTPOIUTA (CM.

pUCYHOK 4.6).

O X

PI/ICYHOK 4.6 — 3meHeHue CKOPOCTH TCUYCHUSA KUAKOCTH 110 MEPC HpI/I6J'II/I)KeHI/I$I

K TBEPOMY Teiy, rae ( 6, -THAPOJUHAMUYECKUN TTOTPaHUYHBIN CIIOM,

X — paccTOsIHUE OT MOBEPXHOCTH 3JIEKTPOA)

B OOBIYHBIX JKHUIKOCTIX

5~015,, (4.18)
VYpaBuenue (4.18) cobmrogaercs B TeX ciayyasx, Korga 0e3pa3MepHblid KpuTe-
o |4
puii (aucno Ilmuara) Sc = 5 103,
HMeHHO Takue BETWYUHBI SC HAOTIOTAI0TCS B OOBIYHBIX KUAKOCTAX, U B TUX
YCJOBUSX BbINIONHSIETCA cooTHOIeHue (10.18).

Ecan unciao Hlmuara ~ 1, To

5~5,, (4.19)
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T.€. 11U Y3MOHHBIN TOTPAHUYHBIA CJIIONW YUCICHHO PAaBEH THIPOJIWHAMHYECKOMY
MOTPAHUIHOMY CJI010. Takum 00pa3oM, B OOBIYHBIX KUIKOCTSIX HAOIIOAACTCS Cle-
IYIOLIAas CTPYKTYpa MOTPAHUYHBIX CIIOEB:

1. ruapOIMHAMUYECKHUI OTPAHUYHBIN CJIOM;

2. mupdy3MOHHBIN MOTPAHUYHBIN CIIOK;

3. nuddy3Has 4acTh JBOMHOIO CIIOS;

4. IIIOTHAs 4acTh IBOMHOTIO CJOS.

N3BecTHO, 4TO TeUEHUE KUAKOCTH MOKET ObITh, KaK TJAMUHAPHBIM, TaK U TYp-
OyneHTHbIM. B mocieaHem ciydae B ®UJIKOCTH BCera HaOM0at0Tcsl PIIyKTyauu
CKOPOCTU TEYEHUS, a, CJIENOBaTeIbHO, QuykTyauuu Iud@Py3MOHHOTIO MOrpaHuy-
HOTO CJIOS © .

CoBepIlIeHHO OYE€BUHO, YTO B TAKOM CJIy4yae MpeAesIbHBIN TOK OyJIEeT KoJie-
0aThCsi BOKPYT HEKOTOPOTO CPEAHErO 3HAUYEHMSI, YTO CBSI3aHO C KOJICOAHUSIMH TOJI-

IIUHEI O .
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Pucynok 4.7 — Tlonsipyu3zaniioHHbIE KpUBBIE NP JIAMUHAPHOM (a) ¥ TypOyJIeHTHOM (0) TedeHUH

pacTtBOpa B YCIOBHUAX 3aMCAJICHHOCTH CTaAWUH MaCCOIIECPEHOCA

Kak BunHO U3 pucynka 4.7 Ha npeiesbHOM TOKE HaOIIOAA0TCs MyJbCaluu
IUIOTHOCTH TOKA, YTO CBSI3aHO C ITyJIbcaluen oO.

Huddy3nonHas KHUHETHKA SBIISETCS OCHOBOM CIEAYIOUIMX MPaKTHYECKUX
IIPUJIOKECHUM:

1. onpeneneHne KOHLIEHTPALMK BEUIECTB B PAcCTBOPE (3JIEKTpOAHAIUTHYE-

CKasi XUMHSI ); TTOCKOJIbKY MPeIeTbHBIN TOK MPSIMO IPOIMOPIIMOHATIEH KOHLIEHTPAIUH,
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TO 3TO UCTOJIb3YETCS IS ONPEIEICHNS] KOHLIEHTPALUH 3JIEKTPOAKTUBHBIX COEINHE-
HUU B pacTBOPE;
2. onpesieNieHue CKOPOCTH TEUEHUS U pacIpeIeeHUs CKOPOCTEH (ITOCKOJIBKY

i” 3aBUCUT OT CKOPOCTH TEUCHUS).

3. uccrnenoBaHue TypOYyJIECHTHOCTH;

4. XeMOTpOHHUKA (CO37jaHKE JaTYMKOB, HAPUMED, B ceiicmoniorun). 1o kosne-
OaHMSAM MPEIETLHOTO TOKA MOKHO CYJIUTh O 3€MJIETPICEHUSIX, B3PbIBAX U T.1I.:

5. HaTM4YmMe MPEACITHPHOTO TOKA B AJICKTPOXUMUYECKON CUCTEME UMEET OTPOM-
HOE 3HAYEHHUE JJISl DJICKTPOXUMHUUYECKOU TEXHOJOTHH, TOTOMY YTO KaueCTBEHHBIE
OCaJIKH B raJIbBAHOTEXHUKE MOTYT MOJTYYaThCsl TOJIBKO MPH TUIOTHOCTSIX TOKOB HUXKE
MIPEeEIbHBIX, a PU aHOTHOM PACTBOPEHUH B YCIOBHUAX MPEICTBHBIX TOKOB HAOJIO-
JTAETCS DJIEKTPOIOJIUPOBAHUE.

Teopus nudPy3noHHON KUHETUKH (KUHETHKA - 3TO HayKa O CKOPOCTU XUMHU-
YECKHUX PEAKITNIA) TIO3BOJISIET YIIPABJIATH CKOPOCTIMHE JIEKTPOXUMHUECKHUX MPOIIEeC-
COB, OMpeJEsieMbIX CKOPOCThIO MubPy3un (KOHBEKTUBHON Mud(y3un) ¢ 1ebio
YMEHBIIICHUS TOJIIPU3ANA AIEKTPo0B 1 yBenmmueHust KITJI anexTpoxuMuyaecknx

YCTPOMCTB.

5. DyekTpoXuMHYeCcKasd KHHETUKA
Teopus 3ameonenHo20 paspsaoa. nekmpoxumuieckoe nepeHanpsxcenue. Ypaehe-

Hue Tagens. bezbapveprulil u 6e3aKMUBAYUOHHBIU PA3PSO.

Cramusa MaccomnepeHoca MpUCYIa JIOObIM T€TEPOTEHHBIM PEAKIHMSIM, HO B
AIEKTPOXUMHUYECKUX MPOIIeccCax MPOUCXOIUT €Ile U MEePEX0/l 3apsSKEHHBIX YaCTHUIL
yepes rpaHully pasjaena. Ecium ata cranus aBisieTcs JUMUTHPYIOIIEH, TO COOTBET-
CTBYIOIIIEE ATOMY IPOIIECCY MEePEHANPsHKEHNE HA3BIBAETCS MEPEHANPSIKEHUEM TIe-
pexojia (mepeHanpsKeHue paspsiia - MOoHU3auuu). B aToM ciiyyae 3aMeisIeHHOM sB-
JSIeTCSE COOCTBEHHO AJIEKTPOXUMHUYECKAS CTA NS

Jlosiroe Bpemsi CUMTanIoCh, YTO CKOPOCTh IepeHoca 3apsanaa (3JIEKTPOHA) He

MOJKET OBITH SaMe,HJIeHHOﬁ, IMOCKOJIBKY €€ CKOPOCThb BCCTJa CYHICCTBCHHO BBILIC,
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YeM CKOPOCTH JIFO00M Ipyrou craguu Bcero mporecca. Tonpko B 1930r. M. ®@onb-
mep (Iepmanust) u T. Dpueit-I'py3 (Benrpus) copmynupoBamu TEOpUIO 3aMeIICH-
HOTO pa3ps/a, HO3BOJISIONLYI0 OOBICHUTh TaKyl0 BO3MOKHOCTb. B 1933r. sTa Teo-
pust Ob1a ycoBepuieHcTBOBaHA A.H. @pyMKUHBIM, KOTOPBIA YUY€l BIMSHUE DJIEK-
TPUYECKOTO TOJIS JBOMHOTO CJIOS HA IEPEHOC 3aPSYKEHHBIX YaCTHULL.

PaCCMOTpI/IM AJICKTPOXUMHNYCCKYIO PCAKIINIO BOCCTAHOBJICHHUA!

Ox+n§#Red (5.2)

OO61mwmit TOK (TMIIOTHOCTH TOKA, CKOPOCTh PEAKIUN) OYAET ONpPEeAeIaThCs

ypaBHeHHeM (5.1)
i (5.1)

(5.2)
OTOT TOK (IJIOTHOCTh TOKA) i, HOCUT Ha3BaHUE TOKA OOMEHa (TOYHEe, IJI0T-

HOCTH TOKa OOMeHa). DTO OJIHa M3 BaOXXKHEUIIHUX XapaKTEPUCTHK SJIEKTPOXHUMHUYE-
CKOM peakuuu. Yem BbIIIEe IJIOTHOCTh TOKAa OOMEHAa, TeM C OOJIBIIIEH CKOPOCTHIO
MIPOUCXOIUT KaK MpsiMasi peakiius (BOCCTAHOBIICHUE) TaK U 00OpaTHasi (OKHUCIICHUE),
T.€. OBICTPO BOCCTAHABJIMBAECTCS paBHOBECHE. Peakiinu ¢ BHICOKHMMH TJIOTHOCTSAMU
TOKa 0OMEHa Ha3bIBAIOTCS OOPAaTUMBIMU B OTJIMYKE OT PEAaKLUU C HU3KUMH IJIOTHO-
CTSIMH TOKa 0OMEeHa, KOTOPHhIE Ha3bIBAIOTCSI HEOOPATUMBIMH.

[Ipu numMuTHpyIOIIEeN cTaguu pa3psaa — MOHU3auu (peakuus 5.a) Hapylia-
eTCsl caMo 3JIEKTPOJIHOE paBHOBECHE U ypaBHeHHE HepHcTa, KoTopoe cripaBeasinBo
JUTSI paBHOBECHBIX TPOIIECCOB, HE MOXET OBITh MCIOJIB30BAHO ISl pacuéTa dJeK-
TPOJHBIX MOTEHINAJIOB.

M. ®onsmep u T. Dpaeii-1'py3 nokazanu, 4To B ITOM CIy4ae BEJIMYMHA TUIOT-

HOCTH TOKa (CKOPOCTH PEaKIMH) OMPEIEIICTCs CICAYIOIMNM COOTHOIIIEHUEM:

onF _(I-a)nF

i=k,Ce® —kCe * (5.3)
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rae k., u k - KOHCTaHTBI CKOPOCTH MPSIMOM 1 00paTHOM peakiuu, COOTBETCTBEHHO
KAaTOAHOU (BOCCTAHOBJICHHSI) M aHOJHOU (OKucaeHus), C,u C,- KOHUEHTpAIMU BOC-

CTaHOBJICHHOW (DOPMBI M OKUCIICHHOW (POPMBI, o - KOIPPHUIIUEHT TIepeHoca.
Jlnist 0OBIYHBIX peaknuii o = 0.5, 0AHaKO, TOT KOI()PHUIIMESHT 3aBUCHUT OT IIe-
pEeHANPSHKEHUS U TIPHU BHICOKHX HIIM HU3KUX 3HAUEHHUSX ATOTO MapaMeTpa OH MOXKET

MpuHUMATh 3Ha4eHud oT 0 10 1. YuuThiBas, 4TO B COCTOSSHUM PABHOBECHS:

anF _(I-a)nF

K.Cee® " —k Ce * =i (5.4)
U, 9TO:
n=9-9, (5.5)
noay4yum u3 (5.3):
anf (-a)nF
i =i, {e RT™ _g RT } (5.6)

N3 ypaBHeHus (5.6) cienyer, 4TO CKOPOCTh AJIECKTPOXUMUUECKON peakiuu
PsIMO MPOMOPIIMOHANIbHA INIOTHOCTH TOKAa OOMEHA U pa3HUIIE JBYX IKCIIOHEHIU-
ABHBIX YICHOB, COJEPIKAIINX TepeHaIpsKeHue. To €CTh, CKOPOCTh IEKTPOXUMHU-
YECKON peakiuu OMpeaeseTcs: TUIOTHOCThIO TOKa OOMEHa, MEepeHaIpsSKEHUEM U

koadurmenTom nepenoca. CootHormenue (5.6) cnpaBeayiuBo, ecinu C,u C He 3a-

BHCAT OT INIOTHOCTHU TOKA HWJIM IIOTCHIOHUAJA, T.C. B OTCYTCTBUC 3aMCIJICHHOCTHU CTa-
AWK MaCCOIICpPCHOCA.

Ceoiicmea ypasnenus meopuu 3ameo0n1eHH020 pa3paoa.

1. |n << % B stom ciyygae:

. . nF
I~I0ﬁ77 (57)
WIN
RT i
U—FE (5.8)

VYpaBuenue (5.7) ciaeayet u3 ypaBHeHuUsl (5.6) mpu MajbIX IEpEeHANPSIKEHUSIX.
B sTOoM cimydae cOOTBETCTBYIOIIAs SKCTIOHEHITMAIbHAS 3aBUCUMOCTh TTPUMEPHO MO-

KeT ObITh 3aMeHeHa JinHelHoH, Tuna (5.7) u3 kotopoi cienyer (5.8).
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N3 ypaBHeHnus (5.7) u (5.8) cineayeT, 4TO IPU MajbIX MEPEHANPHKEHUSX T0-
JSIpU3AIMOHHAs XapaKTepPUCTHKA NP 3aMEIJIEHHOCTH CTaIUY TIEpeHoca 3apsia
JVHCWHA, a BeTMYUHA

_ RT

0=—
I,nF

(5.9)

HOCHUT Ha3BaAHUC COIIPOTUBJICHUA CTAAUH PA3PALA - MOHU3AIUH. Kak BHUJIHO, OHO TCM

MEHBIIE, YEM BBIIIE INIOTHOCTh TOKa 0OMeHa. [Ipu miotHoCcTH TOKa 0OMeEHa i, —

MBI IM€EM, TaK Ha3bIBAEMBIN, UI€aIbHO HEMOJISIPU3YEMBIN 3JIEKTPO, HO TOJBKO 32

cuéT cTaauu paspsaa - nonnzauuu. [pu i, — 0 anexTpos OyaeT naeaibHO NOJISAPU-

3yeMbIM. [ToTeHIan Takoro 3JIEKTPo/1a MOXKET OBITh CMEIIEH OT PABHOBECHOT'O 3HA-
YEHUSI YPE3BbIYAITHO MaJIbIM TOKOM.

DJIEKTPOJIbl CPaBHEHUSI OOBIYHO M3TOTABJIMBAIOTCS TaKUM 00pa3oM, YTOOBI
IIPU U3MEHEHUH IIOTHOCTH TOKA MOTEHIMAN HE U3MEHSJICA, HE OTJIMYAJICS OT CBO-
€ro paBHOBECHOI'O 3HAYEHUSI, UHBIMU CJIOBAaMM, OHU M3TrOTaBIMBAIOTCA Ha OCHOBE
CUCTEM C OOJBIIMMH MIOTHOCTSIMU TOKa OOMEHa.

Ha pucynke 5.1 mokazaHbl CX€MaTUYECKA CUCTEMBI ¢ OOJBIIUMHU TUIOTHO-

cTsiMH TOoka oomeHa (1) u manbimu (2).

lgi

n=0 i
PI/ICYHOK 5.1 — 3aBucuMoCTH MCKAY IJIOTHOCTBIO TOKA U MEPCHANPAKCHUCM U UACAIIBHO

Henossipu3yemoro (1) u uueansHo MoIApU3yeMoTo (2) 3IEKTPOI0B
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RT o
2. |n|>> = B atom cityyae MokHO nipeHeOpedb CKOPOCThIO 0OPAaTHOM 3JIeK-

TpOXHMPI‘ICCKOﬁ peaKHHGﬁ, H 3aI1uCaTh.

. . _onF . onF
ixie—n=i,exp| —
“RT m=1 Xp( RT 77} (5.10)
N3 (5.10) monyydaem:
. . onF
ni=i, +—n, 511
° " Rr T (5.11)
OTKy/1a CJIeIyeT, 4TO:
RT . RT . .
=——Ini, +——1Ini 5.12
1= T o (5.12)
RT . . 2.3RT ,
Ecnu BBecTH 0003HaUEHUS, YTO a:——FIn ip,a b= , TIOJIyYUM, YTO:
an
n=a+blgi (5.13)

VYpaBuenus tuna (5.13) HazpiBatoTcs ypaBHeHusmu Tadens. Y. Tadens Brep-
BbIe B 1905T sKCniepMeHTAIBHO MOTYYHIT 3aBUCUMOCTD (5.13) A1 peakiuu Bbljie-
JIEHUs1 BOAOPO/IA.

Kax BumgHO, M000HAs 3aBUCUMOCTh MOXKET OBITh CIIECJCTBUEM 3aMeEIJICHHO-
CTH cTaauu nepeHoca 3apsna. KoncranTa b mokaspiBaeT HACKONBKO HYXKHO CMe-
CTUTh MOTEHIIUAT AJIEKTPOJa, YTOObI YBETUYUTh CKOPOCTh PEAKIIMKM Ha MOPSIOK.
OnHOBpEeMEHHO, 3Has KOA(D(UIIMEHT 8, MOXHO OMPEIEIUTh IUIOTHOCTh TOKa 00-
MeHa. 13 ypaBaenus (5.13) cienyer, 4To npu 3aMeIJIEHHOCTH CTaJIuU NIEPEHOCa 3a-
psiZia 3aBUCUMOCTH TUIOTHOCTH TOKa OT TIEpeHANpPsDKeHUs OyIeT TMHEHHOM B MOITy-
JorapupmMuyeckux KoopauHaTax (n—Igi). OOBIYHO MOJSPUALMOHHBIE KPUBBIC

CTPOSITCA UIMEHHO TaKUM 00pa3oM.

n
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Pucynox 5.2 — IonspusaiimoHHble KpUBBIC TSI CTaIUN pa3psiaa HOHU3AIUN

B TIOJTYJIOTapH(PMHUECKIX KOOPANHATAX

N3 pucynka 5.2 BUAHO, YTO INIOTHOCTh TOKa OOMEHA MOXHO MOJIYYUTh JKC-
TpanosIue aHOTHON U KaTOJHOM TaeNeBCKUX KPUBBIX MPU PAaBHOBECHOM IOTEH-
nuane (7 =0). M3 atoro xe rpaguka BUIHO, YTO CKOPOCTh pEaKLUH MIPH 33JaHHOM
nepeHanpsbkeHny OyieT TeM OoJIblie, YeM MEHbBIIIE HAKJIOH MOJIIPU3allMOHHON KpU-
BOM OTHOCHUTEJIBHO OCHU MEpEHANpsKeHus. B npenene MoxXeT ObITh JOCTUTHYTA Ipe-
JiebHasi CKOPOCTh MPOLECCa, HE 3aBUCALIAs OT NEPEHANPSIKEHUs. JTO CBA3aHO C

n3MeHeHneM KoadduiMenTa rnepeHoca « .

n

Ig i
Pucynok 5.3 — [Tonsipu3zannonHas KpuBas B IIMPOKOM MHTEPBaJIe MEePEHANPSKEHHUS.

| - obmacte 6e30aprepHOro paszpsiaa, |l -ob6macts 06sUHOTO pazpsia,

Il -o6macTe 6€3aKTUBALIMOHHOTO pa3psiaa.

Taxum 00pa3om, CyIiecTBYET TPU TUIIA SJEKTPOIHBIX POIIECCOB, MEJIEHHOM
CTaJMel KOTOPBIX SBJSETCA cTaius paspsinaa: O6e300pbepHblie (0=1), 0oObIYHBIE
(0 < <1) u 6e3akTuBaMOHHBIE (0=0).

Kak BuaHO u3 pucyHnka 5.3, o61acTb 6€3aKTUBALIMOHHOTO pa3psiia — HOHU3A-
MY HAOJI0Iae€TCs NPU OYEHb BBICOKUX IJIOTHOCTSAX TOKA. DKCIEPUMEHTAJIBHO Ta-
KM€ MpoIecChl HEe ObLIM 3aperucTpupoBanbl. OgHAKO pEerucTpaiys MNpPOLECCOB C
HU3KMMHU 3HAYEHUsIMUA O ObUIa 3aUKCHpPOBaHA B AKCIEPUMEHTAX, YTO KOCBEHHO

MNOATBCPIKAACT BO3MOKHOCTb CYIICCTBOBAHUS U 6633KTI/IBaHI/IOHHBIX IMpoIcCCoB.
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B nocnennem ciiyuae n3MEHEHUEM MEPEHANPSHKEHUS HEIb3s1 YBEIUYUTh CKO-
pocth peakiuu. [IpeacraBienne noasipu3alMOHHBIX 3aBUCUMOCTEH B (hopme, Toka-
3aHHOMW Ha pUCyHKax 5.2 u 5.3, Ha KOTOpBIX PyHKIMEH ABIseTCs Ig 1, a aprymMeHTOM
NepeHanpsHKeHUE He SBISETCS OOMEeNnpUHATHIM. YacTo MOXKHO MCHOJB30BaTh 00-
paTHYIO 3aBUCUMOCTb, ITPU KOTOPOU (DYHKIIMEH SBIIIETCS MepEeHANPsHKEHHE, a apry-
MeHToM |g i. Kak mpaBuiio, BEIOOP IMOT0OHBIX 3aBUCUMOCTEH ONPEIEISICTCS TEM, UTO
3a/1a€TCA B SKCIIEPUMEHTE: TUIOTHOCTh TOKA UJIU MTEPEHANPSLKEHHE, T.€. KaKOM METOT
UCIIOJIB3YETCSI: TMOTEHIIMOCTATUYECKUN (MOTEHIIMOJUHAMUYECKU) UM TajbBaHO-

CTaTUYECKUH (TalbBaHOAMHAMUYECKU ).

6. ®a3oBoE NMepeHaANPAKECHUE
Ilepenanpscenue npu rumumupyrowetl cmaouu 00pa308aHus

O0BYMEPHBIX U MPEXMEPHBIX 3aPOObIULELL.

DJIEKTPOJIHBIE TTPOIIECCHI C 00pa3oBaHUEM HOBOM (pa3bl (BBIACICHUEM TBEP-
JIBIX METAJUIOB U IPYTUX COEIMHEHUH, 00pa3oBaHue Tra3000pa3HbIX IPOAYKTOB U
JIp.) YpE3BBIYANHO PACTIPOCTPAHEHBI, MHOTOOOPAa3HbI U IHUPOKO UCHOIB3YI0TCs. K
HUM OTHOCATCSI, HAIIPUMEDP; IEKTPOOCAXKICHNE METaJlIA:

Cu* +2e »>Cu, (6.a)

Zn* +2e — Zn, (6.0)
BbIJICJICHHE ra3000pa3HbIX MPOAYKTOB:

2H*+2e >H, T, (6.8)
aHOJHOE 00pa30BaHUE MaJIOPACTBOPUMBIX OKCHIOB, THAPOOKHUCEN WM COJIeH Me-
TaJUJIOB.

M. ®onbmep u T. Opueii—1'py3 B 193 1r. BeIABUHYIH MPEAIIONOKEHHE, YTO HA
UJCaNbHO TBEPAON MOBEPXHOCTH 3aMEIJICHHON MOXET OBbITh CTaaus 00pa30BaHUS
KPUCTAJUIMUECKUX 3apOJIbIIIEH (JIBYMEPHBIX WM TpEXMepHbIX). [lo nByMepHbIMU
3apoJIplllIaMy TTOHMUMAIOT OOpPa30BaHMsI, UMEIOIIME TOJIIMHY OJHOTO aTOMHOTO

CJIOs1.

43



[Ipennonaranock, 4TO ABYMEPHBIA 3apOJIBILI, pa3pacTasiCh, 3aMOJHSIET BCHO
MOBEPXHOCTh. 3aTeM, Ha 00OpPa30BAaHHOM CJIO€ BO3HUKAET HOBBIN JABYMEPHBIIN 3apo-
apim U T.40. M. @onsmep u T. Opaeii—1'py3 nokazaiu, 4To 3aBUCUMOCTh TOKA OT

nepeHanpsLKeHUsI TP 3aMeIJIEHHOCTH 00pa30BaHMsI HOBBIX 3apO/IbIIIEH HMEET BU/L:

k
Ig I :kl__21 (61)

77 %

rzie 7 * -MepeHanpsbKeHne o0pa3oBaHus IBYMEPHOTO 3apojibliia, k, U k, -KOH-
CTaHTBHI.

B 1955r. 6onrapckue uccinenosarenu E. byaesckuii u P. Kamues nokazanu,
YTO MPH IEKTPOOCAKICHUH cepedpa Ha MOHOKPUCTAJUITMUECKON rpaHu cepedpa Bbl-
nosusiercs (6.1).

M. ®onbmepom u T. Dpaeii—I'py3oM ObLIIO TOKA3aHO TAKKE, YTO €CIIH JIUMHU-
TUPYIOIIEH cTaaueil siBiseTcs cTaaus 00pa3oBaHUs TPEXMEPHBIX 3aPOJIbIIICH, TO

3aBUCUMOCTH TOKA OT HepCHaHpH)KeHI/IH OHPCI[GHHGTCH ypaBHCHI/IeMI
ke

2 )
(7%)

rZie 7 * -NepeHalpsHbkeHne 00pa3oBaHUs TPEXMEPHOTO 3apO/IbIIIIA.

g1 =k, - (62)

P. Kammes ¢ coTpyiHMKaMuy OKa3ajiy, YTO TaKas 3aBUCUMOCTb HA0JII01aeTCs
IIPU DIIEKTPOOCAKICHUHU cepedpa Ha MOHOKPUCTAJUIE IIATHHBI.

3aBUCUMOCTH HAOJIOAAIOTCS HAa UACAIBHBIX B (DPU3MUECKOM OTHOILICHHUH T0-
BEPXHOCTSAX. ITO BOBCE HE 03HAYAET, UTO ITU 3aBUCUMOCTH UMEIOT YHCTO TEOPETHU-
YecKui uHTepec. Pa3BUTHE AIEKTPOHUKH B TIOCIIEHEE BpeMs TpeOyeT mnepexoia K
TTOBBIIIICHHBIM TOYHOCTSIM METOJ0B 00paOOTKM W TOJIYYCHHS COBEPIIECHHBIX (0€3-
JUCIIOKAITMOHHBIX ) TTIOBEPXHOCTEH. DTO TaK’KE€ CTAHOBHUTCSI OUYEHb BAXXKHBIM B YCIJIO-
BUSIX MUKPO- U HaHO- 00pa0OTKH, T.€. KOTJIa XapaKTepHbIe pa3Mepbl 0OpadaThiBae-
MBIX IOBEPXHOCTCH HM3MEPSIOTCS MHKPOMETpAMHU M HaHOMeTpamu. MHbIMH cllo-
BaMH, TTOJISIpU3AIUS TIPU 00Pa30BaHUU JBYMEPHBIX M TPEXMEPHBIX 3aPOIBIIICH MO-

’KET UIMETh OYCHb OOJIbIIIOE 3HAUCHHUE B COBPEMCHHBIX BBICOKHMX TCXHOJIOTUAX.
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Ilepenanpasxcenue nosepxnocmuou oughpyzuu npu 31eKmpoocar;coeHuu
Memannos. /{715 NOJIMKPUCTAIIMYECKUX TIOBEPXHOCTEN OJITy4EHHBIE 3AKOHOMEPHO-
CTH HE UTPAIOT CYIIECTBEHHON POJIH, OJTHAKO B 3TOM cliydae 00IbII0e 3HAYECHUE MO-

KET UMETh TOBEPXHOCTHAs AU y3Hsl.

KPHCTAIINTHYCCKHUE
IIJIOCKOCTH

‘all - aTOM

PI/ICYHOK 6.1 — CxemaTH4uecKoe I/I306pa)KCHI/Ie Pa3JIUYIHBIX ITOBEPXHOCTHBIX COCTOSIHUM ITOJIUKPHU-

cTajia. S — CTyleHH aTOMHO# BbICOThI; K —kuHKH; | —p&6epHble BakaHcuu; h —apipku

OOpa3oBaBLIUIICS B Pe3yJIbTaTe MIEKTPOXUMUYECKON PEAKIIMN MOBEPXHOCT-
HBIM aTOM MeTasuia (Ha3bIBa€MBbIM aJ1 - aTOMOM) JIOJKEH OBITh BCTPOEH B KPUCTAII-
JUYECKYI0 pemieTKy MeTaia (pucyHOK 6.1), 1 CKOpOCTh ATOTO MpoIecca MOXKET
OBITH OTpaHUYEHA OBEPXHOCTHOU nuddy3ueit ax — aToma.

J1. BokprcoM ObLIO MOKa3aHO, YTO B ATUX YCJIOBHUSX 3aBUCUMOCTH CKOPOCTH
pEaKIuu OT MepeHANPSKEHUS MOKET OBITh OMMCaHa YPABHECHHEM:

. ..[ a'nF —(1-a=*)nF
|:|O(e o 1e ( RT) 77], (6.3)

o
rac a*:T,a

.. _ Iy [nFD,C
o= P (6.4)

a* u i, d3bdexTuBHBIN KOdhHUIHEHT nmepeHoca u dPppeKTuBHAS TUIOTHOCTH TOKA
JUISL 3aMEIJIEHHOCTH CTaJUU MOBEPXHOCTHOM AU(Py3uH COOTBETCTBEHHO, a 2X, -

pPacCTOSIHUE MEKIy ABYMs NapajUIeIbHBIMU CTYIIEHAMU. Jpyrumu cioBamu, 3aBU-
CUMOCTbh IJIOTHOCTH TOKa OT MOTEHLHMAJa MPU MOBEPXHOCTHON TUDPy3un O4YeHb
HaIlOMMHAECT NOJSIPU3ALHOHHYIO B YCIOBHUSAX 3aMeUIeHHOTo paspsazna. [loaromy

TOJIBKO Ha OCHOBAHWH CTAIMOHAPHBIX ITOJIAPU3ALNOHHBIX HSMepCHHﬁ HCBO3MOXHO
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OTBETUTh HA BOMPOC, OMPEACIISIETCS JIU MPOLECC IMEKTPOOCAKIEHUS MTOBEPXHOCT-
HOM mudy3ueit Win 3aMeJIEHHBIM Pa3psaoM.

B HekoTOpBIX ciaydasx 3aMeJIEHHYIO IMOBEPXHOCTHYIO NHGPOY3HI0 MOKHO
O0OHApYKUTh XPOHOTIOTCHIIMOMETPUIECKH, T.€. IO U3MEHEHHUIO MTOTEHITAAJIa BO BPE-
MEHHM TIIPH TTOCTOSTHHOM TOKe. [Tpu MeneHHoli nmoBepxHOCTHON quddy3un T0KHA
HAOJII0IaThCS JIMHEHHAsT 3aBUCUMOCTD MEXKAY BenuurHamu lg(n, —n) u t (7, - cTa-
[IHOHAPHOE MEPEHANPSKEHUE TTPU 3aJJAaHHOM TOKE, 77 - TEKYIIIee MepeHanpsKeHUE B
MOMEHT BpeMeHH t).

Ilepenanpsaicenue odpazoeanus ny3vipbKoe 2aza U C6A3b PA3Mepo8 ny-
3bIPbK08 ¢ NOMEHUUAaaom. 4Yacto >1EKTPOXUMUYECKHUE MPOIECCHl MPOUCXOISAT C
oOpa3zoBaHKEM MMy3bIPHKOB T'a30B Ha 3JIeKTpojax. Ha 3ToT nporecce Takxe TpaTUTCs
DHEPIus, a, CJIS0BATEIbHO, IIEPEHANIPSKEHNE MOXKET OBITh CBSA3aHO C MX 00pa3oBa-
HueM. OJTHaKo OHO, KaK IIPaBUJIO, HEBEJIMKO U COCTaBIISICT Npuoau3utesnbHo 50...70
MB. [Toatomy 3Ta cTanus, Hanpumep, sl KATOJHOIO BBIJEICHUS BOJOPOAa MOXKET
0Ka3aThCsl JIMMUTUPYIOIIEH JIMIIL Ha KaToJaX ¢ OY€Hb HU3KUM BOJOPOJIHBIM Iepe-
HaIpspKeHUEM (HarpyuMep, Ha TUIaTUHUPOBAHHOM IUIATUHE WU TJIATUHOBOW YEPHU).

BenuunHa my3bIpbKOB CBsI3aHA C MOTEHIIMAIIOM JIEKTPO/Ia, TOCKOJIBKY pas-
MepbI OTPBIBAIOIIUXCS MTY3bIPHKOB ONMPEESIOTCS KPAeBbIM YIJIOM CMauynMBaHus, a
MOCKOJIbKY MOCIIEIHUN 3aBUCUT OT MOTEHIIUAJIA, Pa3MEPbI MYy3bIPHKOB JOJIKHBI

OBITH MAKCUMAaJIBHEI BOJIM3HU IMoTCHOMAaJIa HyJICBOI'O 3apsaa.

d, mm

' 0,1HHSO,

0,01H NaOH

¢, B (1.B.3)
1 1 1
05 10 15

Pucynok 6.2 — 3aBUCHMOCTB AMaMETpa OTPHIBAIOIIUXCS MY3bIPHKOB OT MOTEHIIMAJIa PTYTHOTO

anekTpoa B pactBopax H2SOs 1 NaOH (o manasiM A.H. ®@pymkuna u b.H. Kabanosa)
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Ha stom npuniumne (cMm. pucyHok 6.2) ocHoBaHa 3j1eKTpodioTamus, T.e. Me-
TOJI pa3JeIeHUs )KUIKOM 1 TBEPAOH (a3 MpH BbIAECICHUH JIEKTPOJIU3HBIX ra3oB. Pe-
T'YJIUPOBAHUE Pa3MEPOB IMY3bIPHKOB OCYIIECTBIISICTCS M3MEHEHHWEM MOTEHIIHaIa
ANEKTPOJIA.

Ilpeodenvuvie moxu npu 3nekmpoocaxcoenuu. Igppexkm M.A.Jlowmkapéea.

BJIGKTpOOCB,}KIIGHI/Ie METAJIJIOB OOBIYHO OCYHICCTBJIACTCA IIPU INIOTHOCTAX TOKaA CYy-

o . 1.
HIECTBEHHO MEHBIIUX MPEIeTbHON MIOTHOCTH TOKa TUDPYy3un i =§I””)' On-

np (ioc

HAKO IMpH 3JIEKTPOOCAKIECHUN MOTYT HAOIIOAAThCs MpEAeIbHbIE TOKH, HE CBS3aH-
Hble ¢ auddy3uei. B ornmune oT TOKOB 0€3aKTUBAIIMOHHOIO IMpoIecca KOTOPhIE

CYIICCTBCHHO BBIIIC inp 9TH TOKH Ha HCCKOJIBKO ITOPAAKOB BCIMYHNHBI HUXKC IIPC-

JeNbHBIX AUPQGY3UOHHBIX TOKOB. JTOT 3(dekt (HazpiBaembld 3ddhextom M.A.
JlomkapéBa, BIEpBbIE €r0 OMMCABILEr0) CBA3AH C aACOpPOIMEe OpraHuYecKUX Be-
HIECTB Ha MOBEPXHOCTHU 3eKTpoaa. OOBACHIETCS HAIMYUE TAKUX NPEIETbHBIX TO-
KOB 3aM€JIJIEHHOCTBIO IPOHUKHOBEHHUS OCAK1a€MbIX 4acTHIL Yyepe3 aacopOupoBaH-

HBIH CIIOH. B 5TOM cllydae BEIMYMHA i,, HE 3aBUCHUT HE TOJBKO OT IOTEHIMANa (Ie-

peHanpsHKEHMs) HO TaKXKe U OT NMEpPEeMEUINBaHU B OTJIMYME OT MpeneabHbIX Tud-
¢by3uoHHbIX TOKOB. M.A. Jlomkap€BbsiM OBUIO MOKA3aHO, YTO TaKHE MpeebHbIC
TOKHU ONPENETAI0TCS YPABHEHUEM:
i,, = KCoexp(—ad™), (6.5)

re 6-CTerneHb 3amoJHEHUs aJcOpOUPOBAHHBIM BEIIECTBOM (A <1), m>1, k u a
=const.

Kax BuiHO, U3 cootHomeHus (6.5) BeTMunHa TaKMX NpeeIbHBIX TOKOB OIpe-
JEJSETCS TOJIBKO KOHUEHTPALMEN 3JIEKTPOAKTUBHOIO KOMIIOHEHTA U CTEIIEHBIO 3a-

MIOJIHEHUSI TIOBEPXHOCTHU aJICOPOMPOBAHHBIM BEIIIECTBOM.
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7. PeakumoHHOE NepeHanpsiKeHue
DNeKmpoxumuyecKue npoyeccol 8 YCio8Usax MeONeHHOU 20MOEHHOU XUMUYECKOU
peaxkyuu. Kunemuueckue u kamanumuueckue moxu 31eKmpoXuUMu4eckKux npoyec-

co6. Kpumepuu onpeoenenusi npupoovl IumMumupyroujeti Cmaouu.

Teopust nBoitHOro ciosi, nudgdy3ruoHHAsS KUHETHKA ((PHU3UKO-XUMHUYECKas
TUJPOJIMHAMUKA, HOHHBIM MacCOIEepPEeHOC), TEOpUs CTaJIUU pa3psiaa - MOHU3ALUH, a
TaK)Ke 3aKOHOMEPHOCTU 00pa30BaHusl HOBOM (pa3bl SBISIIOTCS TOM OCHOBOM, Ha KO-
TOpoi Oa3upyeTcsi COBpEMEHHAasi AJEKTpOXUMHUUYecKass KuHeTuka. OJHaKo Jaxe
AIIEKTPOAHBIE MPOIIECCHI, TP KOTOPHIX HaOMIOAaeTCs coueTanue TudQpy3ruoHHON
CTaJuU U CTAIUU pa3psiaa-uOHU3ALMU OTHOCATCS K YUCITY IPOCTBIX JIEKTPOXUMHU-
yeckux mpoiieccoB. Tak, HanpuMep, B Hanbojee N3y4eHHOM MPOLIECCE PEAKIIUU BbI-
JIeJICHUS] BOAOPO/Ia OAHOM U3 3aMEIJICHHBIX CTaIUi MOXKET ObITh HE AIEKTPOXUMU-
YyecKas peakiius WM KOHBEKTUBHAsA TudPy3usi, a XuMHUUECKasi peaxifusl.

Huxe OyayT paccMoTpeHbl 001IHe 3aKOHOMEPHOCTH 3JIEKTPOIHBIX MPOLIeC-
COB, B KOTOPBIX 3aMEJJICHHOW SIBJISECTCS CTAAUs XMMUUYECKOW peakuu. BapruaHToB
MOXET OBITh HECKOJIBKO:

1. 3aMensIeHHOCTh TETEPOTEHHON XMMHUYECKOW peakIiiuu, Mpyu KOTOPOU Me/I-
JICHHOM SIBJISIETCS MOCIEAYIOMIAs MOCIE IEKTPOXUMUYECKON CTa U XUMHUYECKas;

2. 3aMEJICHHON SIBJISETCS TPEIIISCTBYIONIAS JJICKTPOXUMHUYECKOMY TIPO-
LEeCCY CTausd XUMUYECKON PEaKInu;

3. IpeaIecTBYOAas AIEKTPOXUMUYECKON CTaluM, CTalusl TOMOTEHHOM XH-
MHUYECKOU PEAKLINH;

4. mocyienyruias Mocjie IEKTPOXUMUYECKONW CTANH, CTaJUs TOMOTE€HHOU
XUMHUUYECKOMN pEeaKIUU sIBJISICTCS 3aMeIJICHHOM;

K 3T0i1 ke Kareropuu mporeccoB OTHOCSATCS KUHETHUYECKUE U KaTalluTU4e-
CKH€ TOKH, OTIPEIEISIONTUE CKOPOCTh 0OIIEro AJIEKTPOIHOTO Tpoliecca.

CrnenyeT moauepKHyTh, YTO BCE OCTaJbHbIE CTaAUU OYyAYyT MPHU 3TOM PaBHO-

BCCHBIMHU, T.C. IOTCHOHUAJI IJICKTPOJa MOKCT OBITH paccunuTaH C UCIIOJIb30BAHNCM
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ypaBHeHus1 HepHcTa, HO 3HaYeHWE MOBEPXHOCTHON KOHIIEHTpAIUU OYIET OTJIH-
4aThCsl OT PABHOBECHOTO 3HAYEHUSI, XapaKTEPHOro JJsi 00bEMa pacTBopa, U OyneT
OTIPEIETSATHCS CKOPOCTHIO COOTBETCTBYIOIIEH XUMUYECKON PEaKIUH.

Ectp obmiee, uro oObeaunaseT audGy3uoHHBIE U 3JIEKTPOIHBIC TTPOIIECCHI C
3aMeJICHHON XMMUYECKOW peakiueil. DTo TpagreHT KOHIEHTPAlUi MEXIy Io-
BEPXHOCTBIO 3JIEKTpoa 1 00EMOM pacTBopa. [loaTomy monspuzanus (mepeHanpsi-
YKEHHE) TaKOTO POoJia OOBIYHO HA3BIBACTCS KOHIICHTPAIIMOHHOM MOISpHU3aIued W
nepeHanpsHkeHrneM. TakuM 00pa3oM, KOHIICHTpAIMOHHAsT TOoJsipu3aius (rmepeHa-
npspkeHre) oOyclIoBIeHa TeM, YTO Ha MOBEPXHOCTH pasfiena u B 00bEMe pacTBopa
KOHIICHTpAIUS 3JICKTPOAKTUBHOTO KOMIIOHEHTA Pa3iMyHa, HO MPHUPOJIa 3TOTO pas3-
JINYHST HEOJIMHAKOBA.

B ciayyae nuddy3nornHOro nepeHanpsiKeHUsT pa3HUIa KOHIIGHTPAIUN Orpe-
JIEJSIeTCSl MaJION CKOPOCThIO AU dy3un (KOHBEKTUBHOM nu(dy3un), B IPyrom Ciy-
Yae 3aMe/INIEHHOCTBIO CKOPOCTH XUMUYECKON peaKIIiu, TPEAIEeCTBYIONIEH UITH clie-

JYIOIIEH TOCIIE 3IEKTPOXUMUYECKOM:
+ne
A — Ox —)(T R (7.a)

MenyienHol craaueii B peakiuu (7.a) SBisieTcs MPEANIeCTBYIONMIAs JIEKTPO-
XUMHUYECKOMY IPOLECCY XUMUYECKas peakuus. To, 4To OHA MEJJIEHHAs CIEIYET U3
camoil opManbHOI 3anucu peakiuu (7.a) (CTpeska TOJIbKO B OJIHY CTOPOHY, UTO
CBUJETEIBCTBYET O TOM, UTO 3Ta PEAKIMs SBISAETCA MPAKTUYECKH HEOOpaTUMOi).

Bo3MoxkeH Takke 1 BTOPOW BApUAHT:

+ne

Oxe——=R—B (7.6)

N3 conmocraBnenus peakiuit (7.a) u (7.0) ciaegayer, 4To 3aKOHOMEPHOCTH Ka-
TOJHOrO Tpolecca C 3aMEJICHHOM IPEALIECTBYIOIIEN XMMHYECKOU peaKkuuen
JIOJKHBI TTOJTHOCTHIO COOTBETCTBOBATH 3aKOHOMEPHOCTSIM aHOHOTO Mpoliecca ¢ 3a-
MEJJICHHOCTBIO MOCTEAYIONIEeH XUMUYECKON peakiuu. DTO CIeAyeT U3 CHMMETPHY-
HOCTH ypaBHeHHH (7.a) 1 (7.06). K aTiM ke mpoiieccam OTHOCATCS ¥ KaTATUTUYECKUE

IPOIIECChI, ONUChIBAEMbIC YpaBHEHHUSIMH (7.B):
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+

A+B0 Oxgzm=—=R->B+C (7.8)
—ne

B peakiuu (7.B) BelecTBO B SABISETCS KaTaIu3aTOPOM M MaJiasi CKOPOCTb €ro
oOpa3oBaHus U3 BelecTBa R OyAeT onpenessiTh o0IIyI0 CKOPOCTh peakuuu. Bo Bcex
9THUX ClydasaX BCIIMUYMHA ITOTCHIHAIAa MOKCT OBITH pacCyuTaHa I10 YPABHCHHUIO

HepHcra.

_RT_[0x]
(/)—(/)O+Flnm (7.1)

C uenbto nosryuyeHus: 0000IEHHON 3aBUCUMOCTH IS 3aMEJICHHON XUMUYe-
CKOM peakuuu, onpeesstoned oOuyo CKOpoCTh 3JIEKTPOIHOrO Ipoliecca, pac-
CMOTPHM CIEAYIOIIYI0O XUMUYECKYIO PEAKIUIO:

Ox+nell pR—B (7.r)

DT0 ANIEKTPOXUMHUYECKAs peaklins BOocCTaHOBIEHUs okucauTens OX, 3a KOTo-
poOii crenyeT XMMUYEecKas peakiys peBpalleHus BoccranoButens R B BemecTso B;
P - TOPSOOK PEaKIUH.

ITopsnok peakiuu - 3TO CTENEHb BINUAHUA KOHIICHTPALMU HA CKOPOCTh peak-
uuu. Hanpumep: aiig Becex 1uddy3noHHBIX TPOLECCOB XapaKTepHa JIMHEWHAs 3aBU-
CUMOCTb CKOPOCTH peakimu oT KoHueHTpauuu V =k(C, —C,) ~kC, pu ¢ ~ 0. Oue-
BHJTHO, YTO B 3TOM CJIy4yae NopsAIoK peakunu p =1. B Tex cimydasx, Kkorna oTcyT-
CTBYET 3aBUCUMOCThH CKOPOCTH PEAKIINH OT KOHIICHTPAINH MOPI0K peakimn P =0.

B o01iem citydyae mopsiiok peakiuu He 00513aTeNIbHO JTOJKEH OBITh 1IEJI0YHUC-
-
aeHHbIM. O003HAYUM CKOPOCTH MPSMOM peakimu npeBpaiieHus R B B, kak V , a

CKOpOCTh 00paTHO# peakiuu V . U3 ypaBuenus (7.0) cienyer, 4To:
V <<V (7.2)
[TockonbKy IMEHHO peakius npeBpaiieHus R B B sBIseTcsS TUMUATHPYOIICH

CTaJMeH U onpenensieT oOIyr0 CKOPOCTh PEaKIMK, MOKHO 3amucaTh:
V =V-V =kCf -V (7.3)
O603HaunM yepe3 C, PaBHOBECHYIO KOHIIEHTpalMIO BemecTsa R. B ycio-

BUSAX PAaBHOBCCH:
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V =V =V, =k(C,)" (7.4)
Ecnu nmeetr mMecto m30BITOK BemiecTBa B, TO ecTh oOpatHas peakuus (13.e)

ABJIAETCS OBICTPOM, TO MOXKHO 3aIIMCaTh:
C P
V =k(Cq)" —k(Cr)" VOHC=RJ —1} (7.5)

Y1005l HCpGI?ITH OT CKOPOCTH XUMHYECKOMN PCaKu K IIJIOTHOCTHU TOKaA, He00-

XOJUMO BOCIIOJIE30BaTHCS AU(PPY3MOHHBIM YpaBHEHHEM, OTPAXKAIOIIUM OallaHC Be-

mecTBa R.
dc, i
dt nF (7.6)
B CTAalMOHAPHBIX YCJIIOBHAX:
dC,
=0
o (7.7)
OTKyZa
i—-nFV =0 = i=nFV, (7.8)
TOTa:
. (e, Y
=nFV =i || == | -1,
i=n iy [(CRJ } (7.9)
i, =nFV (7.10)

TZI€ i, -TUIOTHOCTh TOKA OOMEHA MPU 3aMEJIJICHHOW XUMUYECKON PEaKIUU.

[TockoJibKy ITpHY 3aMEINICHHOM XUMHUYECKON PEAKIINU JIJI TIOTEHIIHAIa Mbl MO-

JKEM HCIIOJIB30BAaTh YPABHCHHC HCpHCTa, 3alIuIICM:

_RT _C,

=—h==X
7 nF " Cs (7.11)

[ToncraBuB C,u3 (7.9) B (7.11), nomyqaem:

n=%ln[1+.l} (7.12)

YpaBuenue (7.12) npencrapisieT coO0M BbIpaxeHUe IS MOJSIPU3ALIMOHHON
KPHUBOU NPH 3aMEJIEHHOCTH CKOPOCTH XUMHUUYECKON PEAKLIUH.

PaccmoTtpum cBoiicTBa ypaBHenus (7.12).
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[
A. Ilpn ManbIX KaTOOHBIX NEPEHANPSKEHUAX IPUMEM, UTO — <<1 H, 3aMe-
I0

HsA J'IOI‘apH(i)M YHUCJICHHBIM OTHOIICHUCM, ITOJITYUHUM:

RT i
UZE'E (7.13)

To ecThb IIpU MaJIbIX KAaTOAHBIX IICPCHAIIPIKCHUAX Ha6J'II-0I[aeTCSI JIMHEHHAs
3aBUCUMOCTDB INIOTHOCTH TOKa OT IICPCHAIIPAKCHUS, a4 HAKIIOH ATON 3aBUCHUMOCTH
6YI[CT OIIPCACIIATBCA CKOPOCTBIO 3J'ICKTp0XPIMH‘I€CKOﬁ PCAKIOHNHU U ITOPAIKOM PCAK-

uu p (cM. ypaBHenue (7.13)).

[
b. [Ipu 60apIMX KATOIHBIX MEPEHANPSDKEHUSIX CUUTAs, UTO — >>1 MOJY-
I0

YUM:

__RT . RT
U——W m°+pn_F gl (7.14)

VYpaBuenue (7.14) - 310 aHayor TadeaeBCKOH 3aBUCUMOCTH, B KOTOPOM POJIb
KO3 PUIIMEHTA IEPEHOCA @ UTPAET MOPSIOK PEaKIIH;

B. Ilpu Gonpmmx aHOAHBIX MEPEHANPSIKEHUSX, TNIOTHOCTh TOKA HE MOXKET
IPEBBICUTH IJIOTHOCTh TOKa OOMEHa, TO €CTh i, —> i, =77, —> o0 .DAKTUYECKU 3TO

OOBSICHSICT CISAYIOITYIO 3aBUCUMOCTh TUIOTHOCTH TOKA OT MIePEHAaIPsHKCHUS (PUCY-

HOK 7.1).

g1

A

Pucynok 7.1 — Ilonsipu3zanionHas KpuBasi Ipy 3aMeJIEHHOCTH XMMHYECKON peaKInu:

karoaHad (1) u anogHas (2) BeTBU.
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[Ipu mpoTekanuu ke KaTOJHOIrO MpoIecca ¢ MEIJIEHHON MpealIeCTBYOIIEH

XUMHUYECKON PEAKIHEH, JOIKEH HAOIIOAAThCS IPEAEIbHBIA KAHETHYECKHUHI TOK i,

a MpY IPOTEKAHUHU aHOAHOTO IpoIlecca TOJKHA HAOMI0AAaThCs TadeneBcKas 3aBu-
CUMOCTb U HA000POT.

VYpauenus (7.13) u (7.14) cnpaBeAJivBbI, €CIIU CTETIECHB 3aI0JHEHUS TTOBEPX-
HOCTH BelecTBoM R mana. YpaBuenue HepHcta BbINIOTHSETCS, €CITU acOpOLIUs Be-
HIECTBA Ha 3JIEKTPOE MPOMOPIIMOHANIbHA €r0 aKTUBHOCTH B 00BEME pacTBopa. Ecin
K€ CTENEHb 3aMoJHeHUs 6 — 1, TO MPU KaTOAHOM MPOIECCE C MOCIEaYIOEeH 3aMme/-
JICHHOM XMMUYECKOH cTainel (COOTBETCTBEHHO JIJIsl aHOTHOTO C MPEAIIECTBYIOMIEH
3aMeIJIEHHOM cTajueil) 1o KeH HaOIIoAaThCs MPeAeIbHBIA KHHETHYECKUN TOK. Be-
JIMYUHA €ro ONpeeseTcs] ypaBHEHUEM U30TEPMbI aJicopOIuu BellecTna R.

VYpasuenue (7.14) Briepsoie Obu10 nonyueHo M. Tadenem mpu paccMoTpeHnu
MEJIJICHHON CTaauu PeKOMOUHAIIMU aTOMOB BOJOPOJa B PEAKIIMHU €0 BBIJCICHUS.
[Toatomy Teopus Tadenst Ha3bIBa€TCS PEKOMOMHALIMOHHOM TEOPHEN.

InekmpuuecKue npoueccol 6 Ycao8uax Meo1eHHOU 20MO2EHHOU Xumuue-
cKoit peaxkyuu. IlonuManue U onucaHue MOJOOHBIX MPOIECCOB SIBISETCS Oojee
CJI0°KHOM 33/1a4€M 110 CPABHEHUIO C OIMCAHHOM BBIIIE, IOCKOIBKY HAPSIAY C YUYETOM
CKOPOCTU XMMHUYECKOM peakInu He00X0IMMO paccMoTpeHue audhys3uu.

[lepBoii KOJINYECTBEHHON TEOPHUEN MEIJIEHHOW TOMOT€HHOM XNUMHYECKOM pe-
akuuu O0w1a Mojiens P. bpanuku u K. Busnepa (1947 r., koH1enus T.H. peakiinoH-
HOTO CJI051).

Paccmotpum peakiuto:

A2 Ox+ne—R (7.11)

[Ipennosaraercs, 4To 3aMEIJIEHHON SIBJISIETCS MPEAIIECTBYIOAsi TOMOIEH-
Hasl Peakiusi ¢ KOHCTAHTAMH CKOPOCTH MPIMOTo Ki 1 oOpaTHOTO K) TIpoiieccos.

[Ipennosaraercsi, 4TO CyLIECTBYET TPaJMEHT KOHIIEHTpAlMU BemiecTBa A
(BciencTBre 3aMEUICHHOW XMMHUYECKON peakiu), a Ha MOBEPXHOCTHU MPUCYT-

CTBYET HEKHMU CJIOW TOJIIMHOW &, B KOTOPOM IOBEPXHOCTHAS KOHIICHTPAIHs Be-
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mectBa A ocrosHHas. [Ipu &) > x > 5, HabmogaeTcsa N3MEHEHHE KOHIIEHTPAIliH Be-
mectBa 4. Ci0ii TONMIMHON &, HA3bIBAETCS PEAKIMOHHBIM clioeM. CpeliHee BpeMs

ZKHU3HHN YaCTHUIbI Ox B PCAKOINOHHOM CJIOC PABHO!

t, =— (7.15)

C.

' ' X
5 o,

Pucynok 7.2 — KoHlleHTpalnoHHBIN TPO(UIIh MPU 3aMEeAJIEHHOCTH MPEALIECTBYIOIIEH TOMOTeH-

HOM XUMHUYECKON peakiiu (KOHIEHIHS PeaKIIMOHHOTO CII0s).

[DK
i =nFk.C; k—pancf\ dkk, (7.16)
1

3aBHUCHUMOCTD MNECPCHAIPSKCHUSA OT IIJIOTHOCTU TOKA UMCCT BU/L

2RT . 2RT

n=———Mni,+————i,
(p+DnF (p+1nF

(7.17)
rIe:

iy = . (7.18)

Kpumepuu onpeoenenusn npupooul iumumupyiouwieiicmaouu. 13 paccmor-
PEHHBIX BBIIIE 0COOEHHOCTEN MTPOTEKAHUS JIEKTPOXUMHUUECKUX PEAKIIUM B 3aBUCH-
MOCTH OT MEPEHANPSKEHUS U MIIOTHOCTH TOKA, MOKHO BBIJIEIUTh CIEAYIOIIUE KPH-

TE€PUHU ONIPEAEIIEHUS TPUPOIBI TMMUTHUPYIOLIEH CTAIUN:
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1. 3aBUCUMOCTH CKOPOCTH PEAKITUH OT IMepeMENTuBaHUs (CKOPOCTH BPAIICHUS
JMCKOBOTO 3JIEKTPOIA, IIMTHHIPUIECKOTO U JIP. ); HATMYHUE COOTBETCTBYIOIIEH 3aBH-
CUMOCTH OJTHO3HAYHO YKa3bIBAIOT HA 3aMEIJICHHOCTh CTa MU MacCOIEepeHoca.

2. ompeieNieHre HAaKJIOHOB TOJIIPU3AIIMOHHBIX KPUBBIX;

3. ompenenenue KO3PPUIMEHTA TIEPEHOCA @ W €r0 3aBUCUMOCTH OT IUIOTHO-
CTH TOKa (ITOTEHIIHAJIA);

4. ompe/eneHne YUCla JIEKTPOHOB CYMMAapHOM AJIEKTPOXUMHUYECKON peak-
1UH;

5. ompeneneHNe KOHEYHBIX MPOAYKTOB PEaKITHH;

6. ompezeneHue TUIOTHOCTH TOKa 0OMEHa M €T0 3aBUCUMOCTH OT KOHIICHTpa-
IIUU BEIECTBA;

7. IpsIMOE OTIPEICIICHUE MMPOMEKYTOUHBIX MPOTYKTOB PEAKIIHH;

8. omnpeseneHue mopsijKa peakiuu.

OnpeneneHre 3TUX MapaMeTPOB (YACTUYHO WJIM TOJHOCTBHIO) TO3BOJISET

ONPEAECTUTH NPUPOTY JTUMUTUPYIOIIEH CTAINH, a TAK)KE MEXaHU3M PEaKIIUU.
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