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BBenenue

K smexTpoxuMum 0OBIYHO OTHOCST CIEAYIOIIHE pa3niensl (u3mdeckoit
XMMHH: TEOPHIO PACTBOPOB DJIEKTPOIMTOB, JIEKTPOXUMHUECKYIO TEPMOJHMHA-
MHKY ¥ KHHETHKY MIPOIIECCOB, MPOTEKAIOUINX HA 3JCKTPOJaXx.

[Mpennaraemoe mocodue MpeacTaBiIseT COOOH PACIIMPEHHBIH KOHCHEKT
JICKIUH TI0 AJEKTPOXUMHUUYECKON TEepMOJMHAMHKE (TepPMOJUHAMHUKE TajbBaHU-
4ecKoro deMenTa), yntaeMbix B PXTY um. /1. M. MeHneneeBa B COOTBETCTBHH
¢ yueOHOM IPOrpaMMoii 3Toro pasjelia B Kypce GU3MIECKONH XUMUH.

B nocnennne roas! HabmogaeTCS YCTOHUNBAs TEHICHINS K COKPAIICHUIO
YHCIIa ayJUTOPHBIX YacoB (M B 3HAYUTEIILHOM Mepe JICKIIMOHHBIX), OTBOJISIIHX-
csl Ha M3ydeHHe (PU3MUYECKOW XMMHHM IPH HEM3MEHHOH OOIIeH TPyI0eMKOCTH
qucnuiuHbL. [1o 3TO mpu4MHE JIeKTOop, MoAdYac, He B COCTOSHHM B ITOJHOM
o0beMe AeTadbHO M CHCTEMAaTHYHO JOHECTH y4eOHBIH MaTepHal J0 CTYHEHTa,
OTJENbHbIE pa3/ienbl JalTCsA B CKATOM U “ype3aHHOM™ BHIE, APYrHe MepeHo-
CATCSA Ha CAMOCTOATENBHYIO paboTy. C Ipyroil CTOPOHBI B CBSI3H C PEKOMCH 1A~
musiva MEIOTTAK mo yHu¢pmKanmmn HOMEHKIATYphl XHMHUYSCKHX COSAWHEHHH,
TEPMHUHOJIOTHH M CUCTEMbI 0003HAYCHUH B XMMHH BO3HHMKJIA HEOOXOJMMOCTH B
MepecMOTpe U YTOUHCHUHU PAAA MOHATUH M TEPMUHOB, SIUHUI] U3MEPeHHs (u-
3WYECKNX BEIMYHH B Kypce QU3MUECKOIl XMMUH, B TOM YHCIIC M B 00JIACTH DIICK-
TPOXUMHUUYECKOH TEPMOAMHAMUKH.

OTO mpuBeNo K M3MEHHIO MOAXOAOB B MPEMOAaBaHUU (U3UUCCKON XU-
MUH, OOJBIINH AKIEHT AeTaeTcd Ha CAMOCTOSATEIBHYIO PadOTy CTyACHTA, 4TO

motpedoBao Oolee TIIATEIFHOTO 0TO0Opa MaTepHata s oCcoOus.

HpeﬂnaraeMoe yqe6Hoe rmocobue umeeT LCJIBI0 MaKCHMaJIbHO IIOMOYb
CTYACHTY B OCBOCHHH ITOJI0KCHHUI 3HeKT‘pOXHMH‘I€CKOﬁ TEPMOANHAMHKHU, B TOH
WIM MHOM CTEIEHU HEJOCTATOYHO OCBEUICHHBIX B JICKIIMOHHOM Kypce, U TeM

CcaMbIM B TIOJTHOH Mepe OBJIaJAeTh TEOPETHUCCKUMH OCHOBAMH TaHHON Y4eOHOM



JUCHUILTIHEI U €€ MPAaKTHYeCKUMHU MPUI0KEHHIMU. BMecTe ¢ TeM OHO TOKHO
MIPUBUTH CTYJCHTY HAaBBIKM CaMOCTOSTEIFHON pabOTHl M CTpeMieHHe K Oojee
IIIyOOKOMY M3y4YEHHIO PEIMETa, II0ITOTOBUTE K JIA00OPaTOPHOMY MPAKTHKYMY.

B nepBrIxX riaBax Jaercs clipaBka 00 MCTOPUU BO3HUKHOBEHHS U Pa3BU-
THS TIPE/ICTABICHUI O FaJIbBAHUYCCKUX SBICHUSIX, OCHOBHBIX MOHATHAX U OMpe-
JICNICHUSIX, HEOOXOANMBIX JJIsI JAJIBHEHIIEro pacCMOTPEHHUS, TIPUPOJIE BO3HUK-
HOBEHUsI CKayKa IOTEHLlMajla Ha IpaHulle paszjena (a3 ¥ CTPOSHHs JBOHHOIO
IEKTPUUECKOT0 ClIod. B mocneayromux riaBax OCHOBHOE BHIMaHHE yeNAeTcs
TEPMOJIMHAMHYECKIM acleKTaM U aHaJI3y paboThl TallbBAHMUYECKOTO SIIEMEHTa,
paccMaTpHUBAIOTCSl PA3JIMYHBIE TUIBI OOPATUMBIX 3JIEKTPOJOB U AJIEKTPOXHUMH-
geckux 1eneil. Ocoboe BHIMaHHE YAEICHO BONPOCAM MPHUMEHEHUS H3MEPEHHH
SJIC nnst ompezneneHus: TEPMOJMHAMUUECKAX XapaKTEPUCTHK XUMHUYECKUX pe-
AKIMH, ONpPe/IeNICHNIO aKTHBHOCTEH KOMIOHEHTOB U pH pacTBOpoB, MOTEHINO-
MeTpHUYeCKOMY THUTpoBaHMIO. OTAenbHas TaBa IOCBSAIICHA XMUMHUYECKHM HC-
TOYHUKaM Toka. Kak mpaBmiio, Bce MPUBOAMMBIE B 1TOCOOMU (HOPMYIIBI U ypaB-
HEHUsI TEPMOANHAMHUYECKH 00OCHOBAHbI M JIaHBI B JIOTHYECKOH 110CIIE10BaTEb-
HOCTH, C NMOJPOOHBIMH MOSICHEHHSIMHU, TIPUBEICHBI IPUMEPHI PEIICHNS TUIIOBBIX
3a7a4, HeOOXOIMMBIC PUCYHKH, CXEMBI M TPa(UKH.

YueOHbIi MaTepran u3jnoxkeH B GopMe, MaKCUMalIbHO IPUOIMKEHHON K
HopMaTuBHBIM pekomenaaiusiM MFOITAK B obnactu ¢pusnueckoil XUMHUH.

ABTOpPBI BBIPQXAIOT HMCKPEHHIOI OJaroJapHOCTh pPELEeH3CHTaM Ipod.
Ckynauny A. M. u npod. Kysuenosy B. B. , B3sBImmM Ha cebs Tpyx 1o o3Ha-
KOMJICHHIO C PYKOMHCBHIO M C/ENABIIUM Psif IIEHHBIX U KOHLENTYaIbHBIX MpeJ-
JIOKEHNH ¥ 3aMeuaHuil 10 COAEpKaHWI0 M3IaraeMoro MaTepuana, y4eT KOTo-
PBIX TTO3BOJIMJI 3aMETHO YIIYUIIHTh Ka4€CTBO JAHHOTO TTOCOOHS.

ABTOpHI 61arogapHsl pepaktopy 3axoaskuHoi H. A., yka3aBiueil Ha Tex-
HUYECKHME W CTHIMCTHYECKHE HETOYHOCTH B TOAa4Ye TEOPETHUECKOTO M rpadu-

YCCKOIro Mmarcpuasia.



1. TATBBAHUYECKHWH DJIEMEHT.
HUCTOPHYECKHWI DKCKYPC

XapakTepHOoll 0COOEHHOCTBIO DIIEKTPOXMUMHUYECKUX CHCTEM SIBISACTCS HX
CIOCOOHOCTB MPOBOJNTE SJCKTPHUYCCKUI TOK. Pa3nmuyaroT 1Ba BMIa MPOBOIHU-
KOB 3JICKTPUYECKOTO TOKA — 1po8ooHuKu 1-20 u 2-20 poda. K mepBbIM OTHOCST-
Csl IPOBOIHUKH, TIEPEHOC NMEKTPUIECTBA B KOTOPBIX OCYIIECTBISCTCS 3a CUCT
JIBIDKCHHS DJICKTPOHOB (271eKmponHas npogooumocms). [IpoBogHukamu 1-ro
poJia SIBISIFOTCS. METAUIbI B TBEPJIOM M PACILIABJICHHOM COCTOSIHHUH, CYIbGUIbI U
KapOuaBl psifa MeTawioB, rpadgut. HocurensaMu Toka B MpOBOJHHUKAX 2-TO poja
BBICTYIAIOT MOHBI BEIECTBA — KATHOHBI M aHUOHBI (UOHHASL NPOBOOUMOCHD).
[poBogHuKHU 2-r0 poaa (WIH WHAYE, 3J1eKmpoumosl) — XAMHYCCKHE COCIIHE-
HUSI, KOTOPBIC HAXOIICh B TBEPJOM, PAaCTBOPEHHOM MM PACILIABICHHOM CO-
CTOSTHHM TPOBOMAT AJICKTpHUSCKUH Tok. Cpean HUX MOXKHO BBIICIUTH COIH,
MHUHEPAJIbHBIC U OPraHUYCCKUE KHCIOTHI U OCHOBAHHS, HEKOTOPHIC IOIUMEp-
HBIC MaTepHabl (TOTHAICKTPOIUTHI), OKCHIBI, TaJOrSHHUIBI PSa METAJIIOB.

Eciu morpysurbh MeTaJIMYECKylO IJIACTUHKY (IIPOBOAHUK l-ro pona) B
pacTBOp 3JIEKTPOJINTA, HAIPHIMEP, B PACTBOP COJHM 3TOr0 MeTauia (IPOBOJHUK
2-r0 poja), TO B pe3ynabTaTe OOMEeHa 3apsUKCHHBIMU YacTHIIAMU (MOHAMH, JJIEK-
TPOHAMH) Ha TPAHMIC pas3/ieNa >KUIKOM W TBepIod (a3 BOZHUKACT pasHOCHb
nomenyuanog WIN CKayox nomeHyuanda. ITO SIBICHUE JISKUT B OCHOBE pabOTEHI
2anb8AHUYECKUX DIIeMeHMOo8 — YCTPOUCTB, TPEoOpasyIomnX SHEPTHI0 XUMUYe-

CKOM peakuuu, HpOTeKa}OH.[CfI B 3JIEMCHTC, B DJICKTPUYCCKYIO SHCPI'UlO.

INosiBeHME MEPBBIX XUMUYECKUX HCTOYHUKOB HJICKTPHUCCKOTO TOKA CBA-
3aHO C UIMEHAMH M3BECTHBIX UTANbIHCKUX yueHbIX JI. [anpBanu (1737-1798) u
A. Bonbra (1745-1827). CoBepimuM KpaTkuif 3KCKypC B UCTOPHIO OJHOTO U3
CaMbIX 3aMEYaTeNIbHBIX OTKPBITHH UEI0OBEYECKO MBICTH — MCTOPHIO CO3IAHHS

TaJIbBAHNUYCCKOI'O 3JICMCHTA.



INanpBaHm ((u3NONOT U aHATOM, podeccop MeTUIHUHBI boIoHCKOrO yHH-
BEpCUTETa) 3aHUMAJICSA M3YYCHHEM BIMSHUS HJICKTPUYECTBA HA (H3HOIOTHYE-
CKHe CBOWCTBa OMosorndecknx o0bekToB. CBOM OMBITHI ["albBaHU MPOBOJIIII C
Pa3IMYHBIMU JKUBOTHBIMHU, HO Yallle BCEro C JIATYIIKAMH, YTO H YBEKOBEYEHO Ha
MEMOPHAILHON JIOCKE, YCTaHOBIEHHOW Ha JoMe y4eHoro B r. boiouws (Ura-
qust). B 1786 1. mociie MHOTHX JIET HayYHBIX W3bICKaHUi ['alibBaHU ¢ COTPYIHH-
KaMM OOHapy Wil SIBJICHHE COKpAIEHHUsI MBILIL CBEXENpernapupoOBaHHON JIsi-
TYIIKA [PU MPUKOCHOBEHHH K HUM METAJUIMYECKOTO CKAaNbIeNs, eCIH B 3TO
BpeMst BOJIM3M MPOCKAKUBAJIN MCKPBI OT 3JIEKTPOCTATHUECKOW MamnHbl. ['anbBa-
HY MHTYUTHUBHO IOHSUI, YTO IIepe]] HUM OTKPBHUIOCH HEM3BECTHOE JOCENe SIBIIe-

HUE, U 3ar0PCJICA CTPACTHBIM KEJIAHUEM pasraaatb NPUIUHY HIPOUCXOAAIICTO.

JI. TameBanm (1737-1798) A. Bonbta (1745-1827)

B xoze cBOMX MHOTOYHMCIEHHBIX YKCIEPHMMEHTOB [ albBaHH, jkenas mpo-
BEPUTH BIMSHHE aTMOC(EPHOTO IEKTPUIECTBA HA ITOBEICHUE MBIIIIIB JIATYII-
KM, IOJBECUJI IIPENapUpPOBAaHHYIO JAINKY, 3aKPEIUIEHHYIO HAa MEIHOM KPIOUKE, Ha
KeJe3HyI0 pelleTky 3abopa. Ho Tak u He H0KIAaBIIMCH pa3psaa MOJIHHUHU, C JO-
caJoil ImpuKaja MEIHBIM KPIOUYOK BMECTE C JIAIKOM JIATYIIKH K JKEIE3HOM pe-
IIETKEe W HPH TOJHOM CBOEM H3YMJICHHHM OOHApY)KWJ MOAEPIMBAaHNE MbIIILIEI
Jla)ke B OTCYTCTBHE JNIEKTPUUECKUX Pa3psAA0B, TOYHO TaKOE XKe, KaK B OIBITAX C

anekTpodopHoit MammHO#. Tak BHepBele OBITa peann3oBaHa CBOeOOpa3Has



INEKTPOXUMHUYECKAs LIeMb, COCTOALIAsi U3 IBYX Pa3HbIX METAJUIOB M MBIIIEYHON
TKaHU JIAIIKU JIITYIIKH, KOTOPas OJHOBPEMEHHO HIpaja poib JJIEKTPOJIUTA U
YyBCTBHUTEIFHOTO PETUCTPHUPYIOIIETO MPpHOOpa (TaIbBAHOMETPA).

Orto OBUT mpUMEp THIUYHOTO ClydaiHOro OTKphITHS. Ho Hamo ormathk
JIOJDKHOE UTAIIbSIHCKOMY Y4E€HOMY, KOTOpBIi Oiarogapst Bceil cBoel mpesiecT-
BYIOIICH HAYYHOH JESTEIEHOCTH OBLT BIIOJIHE TIOATOTOBJICH K TAKOMY CITy4aro U
CMOT CHeNaTh TPaBWIBHBIC BBIBOJABl B OTHOIICHWH HAOIIOAaEMOTO SBICHHUS.
AHanu3upys TMOJIy4eHHBIE Pe3yibTaThl, [ albBaHW BBICKA3al T€HUATBHYIO IS
CBOET0 BPEMEHH JIOTaJIKy O TOM, YTO HECMOTPS Ha OTCYTCTBHE UCTOUHHKA dJIEK-
TPUUECKOM SHEPruM, COKpAILEHHE MBIILILB] JIATYIIKY TPOUCXOJUT MO/ BO3JEH-
CTBHEM 3JIEKTPHYECTBA.

Cnenyer OTMETHTb, YTO B TO BPEMS TAKOI'O MOHATHUS KaK JIEKTPUUYECKHUIl
TOK €llle He CYIECTBOBaNO, a 3akoHbl M. ®Dapanes (1791-1867) 6bun chopmy-
JIMPOBAHbI JIMIIb MOJICTONETHs cycTs. Ha Bompoc o Tom, OTKyaa Oepercs d1ek-
TpUYECTBO, ['aIbBaHH BBIABUHYJ THIIOTE3Y O CYIIECTBOBAHUHU TaK HA3BIBAGMOTO
“>KUBOTHOIO” 3JIEKTPUUYECTBA, MOJIarasi, YT0O UCTOYHUKOM 3JIEKTPUUYECKON 3HEp-
THH SBJISETCA CaM XUBOM OpPraHu3M, T.e. JIalKa JArymku. 1 xoTs, kak 0bu10 ye-
TAQHOBJICHO BIOCJIEJCTBUM, BOSHUKHOBEHHUE JIEKTPUUECTBA B 3TUX OINbITaX 00Y-
CIIOBJICHO WHBIMH IIPUYMHAMHM, CaMa Hes O TOM, YTO OPTaHbl M TKAHH KHBOTO
opraHmsMa (MBIIIIBI, HEPBBI, MO3T) CIIOCOOHBI BBIPAOATHIBATH AIICKTPHUUCCKHH
TOK, a DJIEKTPUYECCKHE TIPOIIECCHI JIE)KAT B CaMON OCHOBE XXH3HH, MOJTHOCTBHIO
nmoaTBepauiack. VccnenoBanus ['ampBaHW, TakuM 00pa3oM, MOCITYKIIH OT-
MIPaBHOIM TOYKOH K MOSBICHHUIO HOBOTO HAYYHOTO HANpaBICHUSA — ICKTPOduU-
3HOJIOTHH, HAYKU HCCIEeIYIOIEH 2JIeKTPUYECKUe SBJICHHS B dKUBOM OpPTaHU3ME.

IMocne Toro, xak I'aneBaHM OMyONIMKOBAT PE3yIbTaThl CBOMX HMCCIICAOBA-
HuH noJ Ha3BaHMeM “TpakTar o CuiIax 3JIEKTPUYECTBA IPU MBILICYHOM JBHXKE-
aun” (1791 r.), HOBas o0nacTh SBICHUN MpHBIEKIa K ce0e BHUMaHUE MHOTHX

YUCHBIX, B KX YUCJIC YK€ U3BECTHOI'O B TO BPEMS UTAJIBAHCKOI'O (I)I/IBI/IKa Bobra.
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IToBTOpPHB ONBITHI CBOEro COOTEUECTBEHHUKA, OH OOpaTui BHMMaHHE Ha TOT
¢axT, uTo 3(h(hexT, CBA3AHHBINA C COKPALICHUEM MBIIIIBI JIATYIIKH, CYIIECTBCH-
HO 3aBHCHUT OT NMPHPOBI “3aMBbIKaeMbIX~ Ha JaNKy MeTamiaos. [Ipu aToM B cay-
Yyae MCIONB30BaHUS Pa3HbIX METAUIOB B LEMH C JIAKON JISATYMIKH BO3HUKAIO-
muit 5QQeKT okasbIBaJCsS 3aMETHO BBIIIC, YeM IPH 3aMBIKAaHUHM OJIMHAKOBBIX
MeTa/U10B. ['pynmnupys MeTasibl 10 UX “3eKTpudeckoi cune”, BonbTa coznan
MPEANOChUIKA K YCTAHOBJIEHHIO 3HAMEHMTOIrO psfia HANpsDKEHWH METaloB —
OCHOBBI OCHOB COBPEMEHHOI AIEKTPOXUMHUH.

Eciun INanbBann He mpupan 3TuM (akTaM JOIDKHOTO 3HadeHus, To Boib-
Ta, pa3IessIBIIMI Ha TEPBIX MOpax U [anbBaHu O ‘“KUBOTHOM  DJIEKTpUUeE-
CTBE, HANPOTHB, YCMOTPEI B pa3inuuu >(PdeKTa COKPAIICHUS JIANKN JISTYHIKHA
IIPU TIepexofe OT OAHOTO MeTayljaa K APYroMy HNPHUYMHY NPHHIUIHAIEHOTO Xa-
paktepa. OH cuyMTal, YTO eciy Obl BO3HHMKAIONIEE B ONbITaX ['anbBaHM 3IEKTpH-
YECTBO UMEJIO “KHUBOTHYIO MPUPOAY, TO BEIUUHNHA COKPAICHUS JTAMKU JIATYII-
KU HE JIOJDKHA Oblza Obl 3aBHCETH OT NMPHUPOJIBI METAJUIOB, HCIIOJIB3YIOMINXCS B
Ka4ecTBEe TOKOOTBOJIOB.

OT0 NpOTHBOpEUYHNE IKCIIEPUMEHTANBHEIX (DaKTOB ¢ Teopuer [ambpBaHm
HaBeJ10 BonbTa Ha MBICIIB O TOM, UTO JIAaIlKa JISATYIIKHA BOBCE HE 00sS3aTeNbHa IS
noydenus snekTpudyectsa. CobOpas Lenb U3 ABYX Pa3HBIX META/UIOB (B MEPBBIX
OTBITaX 3TO OBLIM MeJb WM cepeOpo B Ka4eCTBE OJHOTO M3 HUX U OJIOBO WU
IIMHK B KaueCTBE JIPyroro), KOTOPbIC Pa3AeisINCh KApTOHOM, CMOUCHHBIM Pac-
TBOPOM coJH, BoiibTa peann3oBan nepBblii XUMUYECKUH UCTOYHMK DJIEKTpUYE-
ckoil sHepruu (1800 r.). CKkOHCTpYHUpOBaHHOE YCTPOMCTBO B YecTb MEPBOOT-
KPBIBATENS IBJICHUS MTOTYYNIIO Ha3BAHHUE 2Alb8AHUYECKO20 dlleMeHmd.

[Tourn cpa3y xe BonbTa npeayoxkuin coeJUHeHNE SJIEMEHTOB B OaTapero
— “BOJIBTOB CTOJIO”, B KOTOPOH TOC/IE0BATENEHO YePEJOBAINCH MEAHbIE U IIUH-
koBble quckd. [TocnenHue oTaensyuch APyr OT Apyra CyKOHHBIMH IMPOKIaaKa-

MH, TPOTIMTAHHBIMU pacTBOpoM KucioTsl. Cam BonbTa He mpuaan ocodoro 3Ha-
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YCeHUsSI BOBMOXKHOCTH COCJIMHCHUS DJIEMECHTOB B Oartapero. Ho co3manue “Boiib-
TOBa CTON0A” B MPAKTUUECKOM IUIaHE OBUIO CTOJb XK€ BaXKHBIM, KaK U OTKPBITHE
€aMoro rajbBaHUYECKOI0 JEMEHTa, TaK KakK JaBajlo Uccle10BaTessIM yI00HbIi
UCTOYHHK 3NEKTPUIECKON 3Heprun. MIMeHHO 3 heKT yBenUIeHUS HANPSHKCHHS
IIPU COSIMHCHUH OTJICIIFHBIX JIEMEHTOB B OaTapero MO3BOJIII OCYIIECTBHTE BCE
MTOCIIEAYIOIINE OTIBITHI, CBSI3aHHBIC C MIEKTPOXMMUIESCKUMH MTPEBPAIICHUSIMH.

[lepBble 3EKTPOXUMHUYECKHE OMBITHI C UCIIOIb30BaHUEM ralbBaHUUECKOM
Oarapen ObuH TIpoBeneHbl yke B 1800 r. Aurnmiickue yuensle A. Kapneiins u
V. Huxoncon m3roroBunn 6atapero u3 36 cepeOpsiHBIX M IIITHKOBBIX KPYKKOB,
OT KOTOPOH OTBENH JIATyHHBIC MPOBOJOYKH M ITOMECTHIH MX B CTEKISTHHYIO
TpyOKy ¢ peuHO# BoJ0i. BbUIO yCTaHOBJICHO, YTO HA OJJHO M3 MPOBOJIOYCK BBI-
JIeJIsiIcst BOOPOJ, a Ha Apyroil kuciaopoa. [IpoBosouka, Ha KOTOPOU BbIIENAIC
KHUCJIOPOJ, B TEUEHHE OMbITa TYCKHENAa U CTAHOBUJIACH YEPHOM, UTO CBUIETENb-
CTBOBAJIO 00 ¢ OKHUCJIEHHM BCJIEJCTBHE B3aUMOJCICTBHUS C BBIACISABIIEMCS Ha
Hell kuciaopoaoM. B xone skcrnepuMeHTa, 04€BUHO, IPOUCXOAMIIO HIIEKTPOXH-
MHUECKOe pa3lokeHHe BoAbl. lccrmemoBarteneil 0COOEHHO MOpa3swio, 4To CO-
CTaBJISIIOLINE BOAY DJIEMEHTHI, T.€. BOJAOPOA U KUCIOPOJ, MPU €€ INEKTPOXUMHU-
YEeCKOM Pa3I0’KEHUH BBIICIAIOTCS Ha Pa3HBIX MOTIOcaX. DTOT 3((HEKT MOIyIHI
WU3BECTHOCTD KaK “rapasokc Hukoscona”.

[Mocne otkpeiTust BonbTa Hauanoch HacTosIIee “‘COCTsI3aHNE” B CO3aHIH
HauOosiee MomHoN Oatapen. B 1803 r. pe3ynbTaThl CBOMX HCCIICAOBAHUN 10
Pa3JIOKEHUIO BOABI IEKTPOIU3OM OMyOIMKoBan pycckui ydensiit B. Iletpos
(1761-1834). OH cobOpax rpanano3nyto Oatapero u3 2100 MeTHO-IIMHKOBBIX Map
KPYTJIBIX IUIACTHHOK, B KOTOPOH MeAh M LUHK pa3fesUINCh KapTOHHBIMH IIPO-
KJIaJIKaMH, IPOIMTaHHBIMU PACTBOPOM XJIopHJa aMMOHMs. batapes cocTosina u3
YEThIPEX TOPU3OHTAIBHBIX TPEXMETPOBBIX PSIOB, COETUHEHHBIX METHBIMU CKO-
Oamu, u naBajna HarpspkeHue 10 1600 B. Meanyro miacTuHy mepBOro psija u

TIOCJICAHIOKD IMMHKOBYIO INUIACTUHY OH HAa3BaJl noJjrocamu 6aTapeH — IIOHATHC,
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KOTOpPOE MPOYHO BOILIO B 3JICKTPOXUMHUYCCKYIO TEPMHUHOJOTHIO. C MOMOIIBIO
9T0i1 Gatapen IleTpoB BHepBbIe HAOTIOJAN IEKTPUUCCKYIO TYTY.

V3 mepBBIX UCCICIOBAaHUN O JCKTPOIH3Y HauOOoJiee 3HAYMMBIMU OBLITH
pa6oter I'. [IaBu (1778-1829), xotopslii anexrponu3oM pacmiasa KOH momy-
YUJI HA OTPUIIATEIILHOM TIOJII0CEe Karelbku MeTaiudeckoro kanus (1807 r.), a B
MOCTIEAYIOMHUX padoTax MoJOOHBIM 00pa30M BBIJCIWI B YUCTOM BHUJIE U HEKO-
TOpBIE IPyTUe MICTOYHBIC U MIETIOYHO3EMETBHBIC METAJLTHI.

JlanpHeiiee pa3BUTHE 3JIEKTPOXUMHUH ITPOXOIUIIO IO JIMHUHU YCOBEPIICH-
CTBOBAHHMS IEPBBIX XHMHYECKIX NCTOYHHKOB TOKA M Pa3pabOTKe HOBBIX, OT Ye-
r0 BO MHOTOM 3aBHCENl IIPOTpecc B AaHHON obmactu 3HaHHMH. Cepbe3HBIM J0C-
TH)KEHHEM B 3TOM HaIlPaBJICHUH SBUIIOCH M300pereHue Jx. JlaHmanem u mpak-
THYECKH OJHOBpeMeHHO b. fko6u B 1836 r. anmeMeHTa U3 IUHKOBOW M MeTHOMN
IUTACTHH, TIOTPYKEHHBIX B PACTBOPBI CBOMX CEPHOKUCIBIX COJICH, KOTOpBIE pas3-
JICJIIACh  HOPUCMOL nepe2opookoli. DNeMEHT SIko0n—/]aHuas MO3BOIAT TeHe-
PHPOBATh JOCTATOYHO OOJBIIUE KOJHMYCCTBA MICKTPUICCTBA IIPH CPABHUTEIBHO
IPOCTON KOHCTPYKUUHU. VI3 MHOTUX APYTHX UCTOUHUKOB TOKA, Pa3pabOTaHHBIX B
cepennae XIX B, Hambonee W3BECTHBIM SBISCTCS JJCMCEHT, HPEII0KCHHBIIN
¢dpaniy3ckum uccnenoBatenem . Jlexmanme. B HECKOIBKO MOAESPHU3HPOBAH-
HOM BHJIC OH HAXOJUT MPUMCHEHHE JI0 HACTOSIIETO BPEMCHH.

Hemuorum mo3ske ¢panmy3ckuM uccraenosarenem . ITmante (1859 r.),
OBLT CO3aH MEPBBI CBHHIIOBO-KHCIOTHBIH aKKyMYJISITOP, IPOMBIIUICHHEBIE 00-
pasibl KOTOPOro NosBUIKCH K KoHy XIX B.

OCHOBBI TEPMOJTUHAMUYCCKON TEOPHH T'aIbBAHUYECKOTO DIIEMEHTa OBLIH
3anoxkeHbl padotamu J[x. ['n606ca (1839-1903) u I'. 'enpmronsia (1821-1894),
KOTOpBIC YCTAaHOBWIIU CBsI3b MeAy D/]C rajJpBaHHUECKOTO 3JIEMEHTa H SHEPTHU-
eil mportekaromeil B HeM xuMudeckoi peakiuu. B 1889 r. B. Hepucr (1864-
1941) nonyuun ypaBHEHHE, CBA3BIBAIOIIECE MTOTSHIIMAI JIEKTPOia C KOHIIEHTpa-

IUAMHU BEIICCTB, YYACTBYIOMINX B DJICKTPOXUMHUYCCKOM IIPOIICCCE.
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B mauane mpomwioro cronetus 6maromapst uccienoBanmsam K. [ym, [I.
Uanmena u O. lltepHa ObUIM 3a0KEHBI OCHOBBI TEOPUHU CTPOCHHUS ABOWHOTO
anexTpudeckoro ciost ([I3C) Ha TpaHuUIle pasjena MeTalI—pacTBOP AIEKTPOIIHU-
Ta. B nampreitmenm teopus [19C Oblna ycoBepiieHcTBOBaHa B pabotax J[. I'pama
n A. ®pymkuna (30-e rr. XX B.).

B 1894 1. B. OctBanbaom Obina chopMyIrupoBaHa Uaes 0 BO3MOXHOCTH
MPSAMOTO TIPEBpPAIICHUS XUMHYECKOW SHEPrHH TOIUTHBA B AIICKTPUYCCKYIO B
UIEKTPOXUMUYECKUX YCTPOHCTBAX (TOIUIMBHBIX 3JeMeHTax). Ho numb B KoHIE
50-x romoB XX B. aHrimiickoMmy uHxeHepy T. BakoHy ymanmoch CKOHCTpyHpO-
BaTh JeecrocoOHy0 Oarapeto m3 40 TOMIMBHBEIX 3JIEMEHTOB, KOTOpas MOTJIa
MIPUBOJUTH B ICHCTBUE IICKTPOKAP U PSII IPYTUX arperaros.

VHTepec K TOIUTMBHBIM 3JE€MEHTAaM BHOBB BO3POJMIICS B CBSI3H C OCBOE-
HHEM KOCMOCa, KOrJa MmoTpe0oBaMCh HEOOMbBIINE IO Macce aBTOHOMHBIC HC-
TOYHMKH IMUTAHU, a CTOUMOCTh MeNa BTOPOCTEIICHHOE 3HaueHne. B cepenune
60-x . XX B. TOIUTMBHBIC BOIOPOIHO-KUCIOPOIHBIC 3JIEMEHTHI OBLIH HCITBITA-
HBI Ha aMEPHKAHCKUX KOCMHUYECKUX Kopabmsax “J[keHHMHU-5, a 3aTeM — Ha KO-
pabnsax “Anmoson” aisa nojetoB Ha JIyHy u mo nporpamme “Ilatn”. Binskue
[0 XapaKTepUCTUKAM IIEIOYHBIC BOJOPOIHO-KHCIOPOIHBIC IEMEHTH ¢ MOII-
HOCcThIO 10 KBT MCIONB30BaIICh BO BPEMS ITOJIETa COBETCKOTO MHOTOPa30BOTO
TPAHCIIOPTHOTO KOCMUYEcKOro kopabis «bypan» B 1988 .

B cBs131 ¢ TOTpeOHOCTRIO B O0JIee COBEPIICHHBIX HCTOYHUKAX JICKTPOIIH-
TaHus UIs1 POTO- M KMHOKaMep, COTOBBIX TeIe(QOHOB, KaIbKyISITOPOB, HOYTOY-
KOB M IPYTUX MOOMIBHBIX YCTPOMCTB B KOHIIE TPOIIIOTO CTONCTHS OBUT pa3pa-
0oTaH UENbIA Pl HOBBIX MUHHATIOPHBIX MCTOYHHKOB DJIEKTPUYECKOTO TOKA C
BBICOKHMH yJICNIEHBIME XapakTepucTukamu. OcoOble ycrieXu ObUTH JOCTUTHYTHI
B CO3/IaHUU JIMTHEBBIX MEPBUYHBIX SJIEMEHTOB U JIUTHUEBBIX aKKyMYJISITOPOB.

Konen XX — nayano XXI B. 03HaMEHOBaHbI JOCTHIKEHUSIMU KOHCTPYKTO-

POB U MHKCHEPOB-3JICKTPOXNUMHUKOB B obactu pa3pa60T1<1/I BBICOKOIIPOMU3BOAN-
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TEJIEHBIX HCTOYHUKOB aBTOHOMHOT'O MUTAHUS IS 971eKmpoMoOuis — aBTOMOOH-
JIsl, IPUBOIMMOrO B JABM)KEHHE HE JIBUraTeJIeM BHYTPEHHErO CrOpaHMsl, a OAHUM
WM HECKOJIbKUMH DJIEKTPOIBUraTeNISIMU C THTAaHUEM OT aKKyMYJISTOPOB HIIU
TOIUIMBHBIX 3JIEMEHTOB.

Takum oOpazom, OTKpBITHS ['anbBanu W BonbTa manyu MOUTHBIA TOTYOK
CHUCTEMaTUYECKUM U LIEJICHANPABICHHBIM UCCIEI0BaHUSIM raJbBaHUYECKUX SB-
JICHUH W, TO-CYIIECTBY, TOJOKWINA HAYAIO MOSIBJICHUIO HOBOI 00JacTH 3HAHUM
— 2JIeKMpOoXuUMuyu — HayKy, NU3y4arolleil MpoLecch U SIBICHUs, KOTOPbIE UMEIOT
MECTO Ha MMOBEPXHOCTH pa3zzienia (a3 ¢ yuacTHeM 3apsDKCHHBIX YacTHIl (MOHOB U
9JIEKTPOHOB) B AIEKTPOXUMHUYECKUX CUCTEMAX.

Dnexmpoxumuyeckumu cucmemamu, WIA 9NeKMPOXUMUYECKUMU Yensamu,
Ha3bIBalOT CUCTEMBI, COCTABJICHHbIE U3 IPOBOJHUKOB 1-ro u 2-ro pona, B KOTO-
PBIX OPOUCXOJAT JIMOO XUMHUYECKUE NPEBpallleHHs] BEILECTB BCIEJACTBUE IPO-
XOKJCHHUS AIIEKTPUYECKOT0 TOKAa OT BHEIIHETO MCTOYHHKA, JTHOO TeHEepHpOBa-
HUE DJIEKTPUUECKON PHEpruu B pe3yJbTaTe CaMONPOHM3BOJILHOIO MPOTEKaHUS
xumMuuecko peakuuu. Ilpoueccel, mporekaroniye Npu UCHOJIb30BAHUU AJIEK-
TPUYECKOM SHEPTUU OT BHEIIHET0 UCTOYHHMKA TOKA, HA3BIBAIOTCS JJ1EKMPONIUZOM.
Bo BTOpOM ciydae 35eKTpoXHUMUYecKas cuctemMa cama (yHKIIMOHUPYET Kak WcC-
TOYHHK JIEKTPUYECKON SHEPTUH.

B nanHOM mocoOuMH peds MOHMIET O Mmpoleccax M YCTPOHCTBaxX, B KOTO-
PBIX 32 CUET DJEKTPOXUMHUYECKHUX MPOLIECCOB, MPOTEKAIOLUIMX Ha JJIEKTPOAAX,

BBIPa0aTHIBAETCS AIEKTPUUECKast SHEPIHs.

2. OCHOBHBIE INOHATUSA U OINPEJAEJEHUSA

BaxHEHIIIMH TOHATHSAMH 3JICKTPOXUMHUYCCKOH CHCTEMBI (3JCKTPOXH-
MHUHMYECKOH 1IeNH) ABISIOTCSA MOHSATUS DIIEKTPOJa, FaJbBAHUYECKOrO HIIEMEHTa,
JNEKTPOXUMUYECKOTO MOTEHIMaNa, TalbBaHU-NOTEHIUANA, JEeKTPOABIKYIIEH

CHUJIBI U DJICKTPOJHOI'O MOTCHIMAJIA.
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2.1. DaexTpoa. O6paTumbie H HeOOpPaTHMBbIE 3TEKTPO/IbI

Dnexmpodom (nonysnemenmonm) Ha3bIBACTCS DIIEKTPOXUMUYECKAS CHCTE-
Ma, BKJIFOYAIOIIAs KaK MUHIMYM JIB€ KOHTAKTHPYIOIMINE MPoBOAAIIHe (Ha3bl, 011-
Ha U3 KOTOPBIX SIBJISCTCS METAIOM (IIPOBOIHUKOM 1-TO poza), MOIyIpOBOAHHU-
KOM WJIM MOHHOM MeMOpaHOM, a fpyras — pacTBOPOM HIJIM PACIUIaBOM 3JICKTPO-
nuTa (MPOBOJHUKOM 2-TO POAA).

YcnoBHas 3amuch IEKTPOAA, T.€. MPEACTABICHUE ICKTPOJa MOCPEACT-
BOM XHMHYECKHX M MaTEMaTHYECKHUX CHMBOJIOB, MPOM3BOIMTCS CIICTYIONIIIM
obpazom. I'pannma pasgena IBYX KOHTaKTHPYIOMUX (a3 n300paxaeTcst BepTH-
KaJIbHOM 4epTOi. DIEKTPOXUMHYECKH aKTHBHBIC BEIIECTBA, BXOJSIIHE B COCTAB
xuakoi dasel (ha3a ¢ HOHHOI MPOBOANMOCTBIO), YKA3bIBAIOTCS CJICBA, a Belle-
CTBa, MPEACTaBIAIOMHNE TBEPAYIO a3y ((a3a ¢ 3TEKTPOHHOI MPOBOIUMOCTHIO),
— crpaBa OT BEPTHKAIBHOM 4epThlI.

B xauecTBe mpuMepa IpUBEIEM YCIOBHYIO 3aIHMCh CIEAYIOIUX 3JIEKTPO-
JIOB: MEIM B pacTBope cyibdara Meau (a), INIATHHOBOW IJIACTHHKH B PAacTBOPE,
coJiepKaIieM CepHOKHCIBIE CONM BYX- W TPEXBaJICHTHOTO Xkeie3a (0), n men-

HOU TPOBOJIOKH, IIOMEIICHHOI B PACTBOP CEPHON KUCIIOTHI (B):
2+
a) CuSO4 |Cu WA Cu™" |Cu

6) Fe,(S0y),.FeSO4 [Pt mm Fe>*,Fe?t | Pt

B) H,S0,|Cu wm H"|Cu
BMmecto hopMysl XUMHUYECKUX COCIWHEHHH (DIEKTPOJUTORB), ITHUCCOIUU-
PYIOIIKX B pacTBOPE HA MOHBI, OITYCKACTCS YKa3bIBaTh TOJIBKO MOHBI, TIPUHH-
MAIOIUe HEMOCPEACTBCHHOE Y4YacTHE B IJIEKTPOXHMHUYECKOM Ipolecce Ha
anektpone. Ecam ogHa u3 Qa3 BKIIOUAET HECKOIBKO BEMIECTB, MPUHUMAIOIIUX
ydacTHe B DJIEKTPOJHOM IIPOLECCE, TO UX CUMBOIBI OTIEISIOTCS 3aIlsiTOH, Kak,

HampuMmep, B cirydae dekTpona (0).
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IIporekaromuii Ha MEKTPOLE DIEKTPOXUMUYECKUH OKUCIUTEIBHO-BOC-
CTaHOBHUTEIBHBIN MPOLECC HA3BIBAIOT 2IEKMPOOHBIM NPOYECCOM, NeKMpPOOHOL
noaypeaxyueil W 2J1eKmpooHOll peakyuetl.

Paznuuaror obpatumele u HeoOpaTuMBbIe eKTpoasl. Ilon o6pamumeivu
91eKkmpooamy TIOHUMAIOT 3JIEKTPOIBI, Ha KOTOPBIX IIPH M3MEHCHHH Halpasiie-
HUS DJICKTPUYECKOTO MOJIs (TOKA) Ha MIPOTUBOIIOIOKHOE IPOTEKALT Ta XK camast
[0 XMMHUYECKON MPHUPOJE dIEKTPOAHAS MOIypeakius, HO B 0OpaTHOM HaIpaB-
neHnu. B cioydae meobpamumozo snexmpooa M3MEHEHHE HAIpaBICHUS JICK-
TPUYECKOr0 TOKA COMPOBOKJAETCS N3MEHEHUEM U CAMON XUMUYECKOH MPUPOJIBI
MIPOTEKAIOIIEro Ha HEM JIEKTPOXUMHUYECKOT0 Ipolecca.

[Tpumepom 06paTUMOro IEKTPOJa SIBISETCA MEeIHBIN 21eKkTpoa (a). Ecin

IpU MPOXOXKACHNU TOKA B 3aIaHHOM HAIIpaBJICHUHW Ha HEM IMPOTCKACT MPOIECC

2+ -
okucaeHus: Cu—>Cu”" +2e , To Npu U3MEHEHHU HANpaBlIEHHs dIIEKTpUYe-

CKOr'o I10Ji1 UMCCT MECTO 06paTHI>II>'I mpouecc, a UMCHHO, ITPOIECC BOCCTAHOBIIC-

mns: Cu’t +2¢” —Cu. B LI€JIOM OKHCJIMTEJIbHO-BOCCTAHOBUTEIBHBIM Ipoliecc,
MIPOTEKAOMINI Ha MEJJTHOM 3JIEKTPOJIE, Iepe/lacTcs ypaBHEHHEM:
2+ -
Cu“" +2¢ =Cu,
T.C. BEUIECTBA B OKHUCIICHHOH (JOpME M 3JIEKTPOHBI 3aIMCHIBAIOTCS CIIEBa, a Be-
IIIECTBA B BOCCTAHOBIICHHOW (hopMe — CIIpaBa OT 3HAaKa « T2 », KOTOPBIH Toa4ep-
KHBaeT 00paTUMBIH XapaKTep MPOTEKAIOIIETO Ha 3JIEKTPOJIE Mpolecca.
OOpaTUMBI ANIEKTPOXUMUYECKHI Tpoliecc Ha dieKkTpoje (0) 3anuiercs
CIIeTYIOIIM 00pa3oMm:
+ - 2+
Fet +e = Fe
B o01memM Bruie OKHCIUTENFHO-BOCCTAHOBUTEINBHBIN IIpoIiecc Ha o0paTu-
MOM 3JICKTPO/IC MOXKET OBITH IPEJCTABIICH C HTOMOIIBIO yPaBHECHHUS:

Ox +ze  Z2Red,

rjae Ox — okucnenHas ¢opma, a Red — BocctanoBneHHas popma dIeMeHTa.
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[TpuMepoM HEOOPAaTHMOro HIEKTPOAA MOXKET CIYXKHUTbh JJIEKTpoX (B).

OKHCIUTENBHBIN TIpoIlecC Ha HEM, KaKk U Ha OOpaTMMOM METHOM DIIEKTPOJe,

IIPOUCXOIUT B COOTBETCTBUU C YPABHECHUEM: Cu—Cu?* +2¢ ; Opu U3MeHe-
HHUHM K€ HalpaBIeHHs 3JIEKTPUYECKOro TOKa HaOmomaeTcsi He OOpaTHBINA Ipo-

necce (HpOI_ICCC BOCCTaHOBJICHHA MCIU U3 paCTBopa), a BBIJICJIICHUC ra3006pa3H0-

ro Bosopoza o ypasuenuio: 2H' +2e” — H,, T.e. Ha HEOGPATHMOM 3IIEKTPO-

Jie TIPF N3MEHEHUH HATPaBJICHHUS TOKA WAYT PasIMdHBIC 10 XUMHUYECKOH MpHpo-
JIe 2IEKTpOoHBIC mporecchl. Ha HeoOpaTHMBIX 3/IEKTPoAax AaXke B OTCYTCTBUU

QJICKTPHUYCCKOr'o TOKa MOI'YT IPOTCKATh XUMHNYCCKUEC MPOLIECCHI.

2.2. N'aabBaHMYeCKUIi JIEMEHT.

THunel JIEKTPOXUMHYECKHUX HeTeil

T'anveanuueckum anemenmom Ha3bIBAIOT NIEKTPOXHUMUYECKYIO CHCTEMY,
KOTOpasi BBIpAOATHIBACT DJICKTPUYECKYIO SHEPTHIO B PE3ysIbTaTe CaMOIIPOM3-
BOJILHO NMPOUCXOJSIIUX B HEH XUMHUYECKHX MPeBpalieHnil. DIeKTPOXUMUIEcKast
CUCTeMa, COCTABIEHHAs W3 OOpaTUMBIX AJEKTPOJOB, MPeACTaBiIsieT coOoi 00-
paTUMBI rabBAHUYECKUI JIEMEHT.

B mpocrefimem ciydae ragbBaHHYECKHII >JIEMEHT coOMpaeTcs W3 JIBYX
51eKTpooB . [IpH 3TOM BO3HHKAIOT BA BUA MCKTPOXUMHUECKHX LEMeii: 1160
¢ onHuM (00mmM) pacTBopoM (puc. la), 1160 ¢ 1ByMsI pa3NIUYHBIMHU PacTBOpa-
MU 2JieKTposiuta (puc. 10,B).

KoHTakT ABYX XKHUAKUX (a3 MOXKET OCYIIECTBIATHCS KaK 4epe3 MOPUCTYIO
KEepaMUUYECKYI0 WM CTEKJISHHYIO IEpEeropojiKy, Ha3blBaeMylo auadparmoii
(MemOpaHnoii) (puc. 10), Tak W TOCPEICTBOM 2IEKMPOIUMUYECKO20 KIIOYA

(conesoco mocmuka) (puc. 1B), KOTOPBIA TpeACTaBISICT COOOH MEPEBEPHYTYIO

3
3H€KTpO[[OM 4aCTO Ha3bIBAIOT JIMIIbL OJAHY 3JICKTPOHHO-IIPOBOJSLIIYIO d)a3y, Hanpu-
MEpP, MECTAJUIMYCCKYIO IIPOBOJIOKY, IIOMEUICHHYIO B paCTBOP BJICKTPOJIMTA.
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U-00pa3Hylo CTEKISIHHYIO TPYOKy, 3alOTHEHHYI0 KOHLEHTPHPOBAHHBIM pac-
TBOPOM DJJIEKTPOJUTA C OJIM3KHUMH TIOJBMYKHOCTSAMHU (CKOPOCTSIMH JIBHIYKESHIISI )
KaTHOHAa W aHWOHa, Jare Bcero pactBopoMm KCI. Jlns 3amoiHEHHsS COJEBOTO

MOCTHKa TaKxke ucnonbsytores pactsopsl NH4Cl, KNO3, NH4NO;5.

a 3] B
O muadparma_@ .. comeBoi MOCTHE 65(6
h‘[l '[l IVI] 4 | & ‘[1 h‘[}

73
M| <O &= M,

Puc. 1. CxeMbl 21€KTPOXUMUIECKHUX [EHeH:

i

(=)

a— C OJTHIM pacTBOPOM, O 1 B — C IByMs pacTBOpPaMH (C KOHTAKTOM JKUJKUX (a3)

[Ipn ycioBHOI 3amncH rajJbBaHUYECKOTO IEMEHTA IIPUMEHSETCS CXeMa,
B COOTBETCTBHUH C KOTOPOH ClieBa yKa3bIBAeTCS METaUT (IPOBOAHUK 1-To poja)
Oosiee OTPHLIATEIBHOIO AIIEKTPOJA, PACTBOP ANIEKTPOIMTA, B KOTOPBIA OH TO-
MEIICH, 3aTeM BTOPOH PacTBOp (NIPH €ro HAIWYMK) U METall BTOPOro, doiee
MIOJIOKUTENTBHOTO IeKTpoaa. KoHTaKTHpyIonie Mex Iy co0oif 1Be MeTauTnye-
CKHE WM MeTaJuIndeckas M >KuAKas (a3bl OTAEINSIOTCS BEPTHKAIBHBIMH
CIUIOIIHBIMU JIMHUSIMH, 2 KOHTAKT JIBYX PacTBOPOB M300pa’kaeTcsi BEPTUKANIb-
HOM IITPUXOBOH JIMHUEH.
Torna, Hanpumep, >JEKTpoXUMHUYecKas Lenb (puc. 10) (B oTcyTcTBUM
TOKOBBIBOJAIINX IPOBOJOB) OyAET 3amucaHa Tak:
M, [L | Ly My, (A)
rne My u M, — merammdeckue dasel, a Ly u Ly — pacTBOpBI 311€KTPOIUTOB.

HpI/IBe,I[eHHaﬂ YCJ1I0BHaA 3aIIMCh OTBCYACT HenpasuibHOo pa30MKHym012 DJICKTPO-

XUMHUYecKOH nerm. Ha KoHIax Takol memu HaxomsaTcss MeTamisl My u Ms,

pa3in4HbIC 11O CBOEH XHUMHYECKOM npuponae.
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[Ipu MOAKIIOUEHUH TalbBAHUYECKOT'O JJEMEHTa K BHELIHEW Harpyske
(COTIPOTHBIICHUIO, M3MEPHUTEIEHOMY MIPHOOPY) K €T0 MOJI0CaM HAJO0 TOABECTH
TOKOHECYIIHe MpoBoaa. Eciy, HampuMep, HCHONB3YIOTCS MPOBOAA W3 METajlia

M, To 31eKTpoXuMHUecKas Lemnb (puc. 16) OyaeT npeAcTaBiIeHa 3alUChIO:
|
M; Ly | Ly [Ma[M; ®)
U HOCHUT Ha3BaHWE MPABUILHO PAZOMKHYMOU JIEKTPOXUMHUYECKON Lenu  (Hiu
MIPaBIJIBHO PA30MKHYTOT'O FaJbBAHUYECKOTrO JIEMEHTA).
[Ipu ncrionb30BaHUM COSANHNUTENBHBIX IPOBOJOB U3 MeTaIa M, ycIoB-

Has 3aIMMCh CTIU UMCCT BU/T .

My M [L; | Ly M) ©)

Ha rpanuue pa3szena Jito0ObIx IByX (a3 BO3ZHHKACT Pa3HOCTH MOTCHIHAIOB
(M cka4ok moteHuuana). s NpUBEeAEHHOrO BBIIIEC MPABHIBHO PA30MKHYTOI'O
raJbBaHUYECKOTO dJIeMeHTa (puc. 10) MMeeM deThIpe cKadyka ITOTEHIHaNa: Ba

CKauka Ha rpaHune metamui—pactBop (M |L; u L, |M;), ckadok moTeHnnama
Ha rpaHule ABYX MeTauioB (M, [ M) U ckadok IOTeHIMala Ha FPaHULE IBYX
pactBopoB (L;|L,). Ckauok nmoTeHnunana Ha rpaHule ABYX METaJUIOB Ha3bIBa-

10T KOHMAKMHOU pazHocmuvio nomenyuanos. CKadok TOTCHIHA a Ha TOBEPXHO-
CTH pa3zieiia AByX KOHTAKTUPYIOLIMX PAcTBOPOB, PA3IMYAIOIINXCS XUMHUYCCKOM
IPUPOJOH MM KOHLEHTpaLMUEN JIEKTPOIUTA B OHOM U TOM K€ PacTBOPUTEIE,
Ha3bIBAIOT OuQys3uonnviv nomenyuaiom. IIpuauHON BOSHUKHOBEHUS UG DY-
3MOHHOTO MOTCHIMANIA CIYKHT Pa3lIndue B CKOPOCTIX ABIKCHUS (IupPy3un)
MOHOB Yepe3 rpaHHMIly paszesna KUIKUX a3 (PaCTBOPOB IIEKTPOIUTOB).

Ecnu nuddy3uoHHBIH NOTEHIHAN KaKUM-IMOO CII0OCOOOM YCTpaHEH
(3MMMUHUPOBAH) WM CBEICH K MUHUMYMY, HAIIPUMEP, MOCPEIACTBOM COJIEBOTO
MOCTHKA, TO B YCIIOBHOM 3alUCH T'aJlbBAHUYECKOT0 IEMEHTa 3TO 0TOOpaXkaeTcs

JABYMs BEPTHUKAJIbHbIMU (CHJ'IOH.IHLIMI/I nJ H.ITpI/IXOBI:IMI/I) JIMHUSAMMU

MLy || Ly M My mmm - My |Ly § Ly [M; [ M (D)



20

IIpu ucronp30BaHMM B KadeCTBE TOKOMOABOMAIMIMX MPOBOIOB KaKOro-
100 TPeThEro MeTaia YCIOBHAs CXeMa MPABIIBHO PAa30MKHYTOTO TajbBaHH-
YECKOro 3JeMEHTa OyJeT BKIIOYATh yXKe [Ba CKauka MOTCHIMala Ha TpaHUIle
paszgena Meramanueckux ¢as, a umenHno, M3 | My u M, | M5 (puc. 1B):
M3 M |Ly || Ly [M; [ M3 (E)
[IpyHLIUOBEl NPUMEHEHUS YCIOBHOM 3alUCH BJIEKTPOXUMHUYECKOH Lenu
paccMOTpUM Ha IpHUMeEpe 00pPaTIMOro 3IIEKTPOXUMUUECKOTO 3JIeMEHTa SIKoOon—
Hanmons (puc. 2). Dnement SIxkoOu—/{anmsms n3o0pakeH 3aMKHYTHIM Ha BHEII-
HIOIO HAarpys3Ky, B JaHHOM ClIydae Ha rajpBaHometp (puc. 2a). KonrakT pactso-
POB 3IIEKTPOJIUTOB B 3JIEMEHTE OCYIIECTBIIAETCS Yepe3 MOPHCTYIO MEPETOPOIIKY
(mmadparmy). Ha rpanuiie 1ByxX BOAHBIX PacTBOPOB (CyIb()aTOB IIMHKA U MEIH)

BO3HHKACT AU(PPy3NOHHBIA MOTSHINAL.

Puc. 2. Dnement SIkoou—/lanuss:

a — ¢ BHEIIHEH Harpy3koi, 6 — NPaBUIbHO Pa30MKHYTBIH, B — HEIPABUIIBHO PA30MKHYTBII

Ecnu orcoenuHuTh OT 3nemMenTta SkoOu—/laHuais TaibBaHOMETp, TO OC-
TaBIIasICA IEKTPOXUMHUECKas enb OyIeT MpeCTaBIsATh COO0H MpaBUIIBHO pa-
30MKHYTBIH 9JIEMEHT ¢ MEAHBIMH TOKOTIOABOSAIIMMY NMPoBoAaMH (puc. 20):

Cu|Zn| Zn** : Ccu?* |Cu
[Mpu ymaneHnn METHBIX TPOBOJIOB, MOJYYUM HEMPABUIBLHO PA30MKHYTYIO

ANEKTPOXUMHUUYECKYIO IIETh C IIMHKOM M MEJIbI0 Ha KOHIIaX dJeMeHTa (pHc. 2B):

Zn| Zn2+:Cu2+ |Cu
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[Tpy MOAKITIOUCHNH HETIPABUIIBHO Pa30MKHYTOHN IENTH K BHEIIHEH Harpys-
Ke, HallpuMep, ¢ MOMOIIBI0 METHBIX MPOBOAOB, HA JIEBOM €€ KOHIIE BO3SHHUKAET
JIOTIOJTHUTENBHBIA CKa4YOK IMoTeHIrana Ha rpanune Cu|Zn, KoTopslil OyzaeT xa-
BaTh CBOW BKJIAJl B HANPsDKCHHE JIEMEHTA, 110/IaBa€MOE BO BHEIIHIONO Iemb. B
CHITy 3TOTO, JJIS1 YCIOBHOTO MPEACTABICHHS TATEBAHWIECKOTO 3JIEMEHTa CIeIy-
€T UCII0JIB30BATh CXEMY NPaBHIBHO PA30MKHYTON JIEKTPOXUMHYECKOH LeTIH.

Haxonen, mpu ycTtpanennn nnud@y3nOHHOTO IOTEHIMANTa CXeMa Ipa-
BUJILHO Pa30MKHYTOT0 3JieMeHTa SIkoOn—/{aHnais oTBeyaeT 3amnucu:

Cu|Zn|Zn**||Cu®*|Cu wm Cu|Zn|Zn>"!!Cu®*|Cu

PaccMOTpUM 37EKTPOXUMHYECKHE TPOIECCHI, TPONUCXOANINE B 00paTh-
MOH U HEOOPAaTHMOHN IJIEKTPOXUMHUECKOH LIEIsIX, HapUMep, B dieMeHTe SIko-
ou—/lanuais u snemente Bombra.

Ha neBoM 1 npaBoM 2JIEKTpoiaX 00paTUMOTO rajJbBaHUYECKOTO JICMEHTa

SxoOn—/laHuWdI1s1 UIYT, COOTBETCTBEHHO, CIEAYIOIINE MPOIECChI:
Zn—7Zn*t + 2e , Cu*t +2¢” >Cu
CymmapHasi TokooOpa3yromas peakius:
Zn+Cu?* = Zn’* +Cu
[Tpu mpoxokIeHNH TOKa B 00OpaTHOM HampaBieHUH (TTOJKIIOUEHHIE BHEIII-
HETro MCTOYHWKA DJIEKTPUIECKON SHEPrHH) MPOTEKAIOT T€ e MPOIecChl, HO B
06paTHOM HampaBJICHUU, a UMEHHO:
Zn%* +2e” — Zn, Cu— Cu’" +2¢7,
a cyMMapHasi 3JIEKTPOXUMUYECKasl peaKiys:
Zn”" +Cu =7n+ cu?t

[MpumepoM HEoOpPaTUMOM SJICKTPOXUMHYCCKOW IENMU CIYXKHUT DICMEHT

Bosbra, cocTosIuiA U3 HIUHKOBOH U MeIHOM miacTuH B pactBope H,SOy:

Cu|Zn|H,SO,4|Cu
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Ha neBom u npaBoM 311eKTpoaax d1aeMeHTa Boibra uayT npoueccsl:
2+ - + -
Zn—7n"" +2¢, 2H" +2¢ —H,
CoOTBETCTBEHHO CyMMapHasi peakiHs BbIPaKaeTCsl ypaBHEHUEM:
Zn+2H" =7n%" +H,

Ecnu HanoXuTh Ha JaHHYIO AJIEKTPOXHUMHUYECKYIO LIEMb BHEIIHEE dJIeK-
TPUUECKOE II0JIe, TO TOK IOMIET B OOpaTHOM HAIpaBIeHWH, W IeTb OyneT
(YHKIIMOHMPOBATh Kak »JIeKTpoim3ep. Ha amexTpomax OyayT mpoTeKkaTh HHEIE
MIPOLIECCHI, TIO CPABHEHUIO C TEMH, KOTOPbIE UMEIH MECTO TMPU paboTe dIEKTPO-

XUMHUYECKOHU OCIIH B KAYCCTBC IraJIbBAHUYCCKOI'O 3JICMCHTA, 4 UMCHHO !
+ - 2+ -
2H" +2¢ - H,, Cu—>Cu™ +2e
W CyMMapHasl peaKius:
2H* +Cu=H, +Cu**

B pamkax nmocTaBieHHOH 3a/1au Mbl OyJieM aHaIM3UpOBaTh padboTy obpa-
THUMBIX (TEPMOIMHAMUYECKN 0OPATUMBIX) TaJIbBAHMYECKIX JIEMEHTOB, T.€. 3JIe-
MEHTOB, (DYHKIIMOHUPYIOIIHUX B COCTOSIHUHM CKOJIb YTOJIHO OJM3KOM K paBHOBEC-
HOMY. YCIIOBHEM, OHPEACISIONINM TEPMOANHAMUYECKYI0 OOpaTUMOCTH 3JCK-
TPOXUMHYECKOH IIeTH, SIBISCTCSA OTCYTCTBHE MIIM MPOTEKaHHe uepe3 Hee OecKo-
HEYHO MAJIOTO IEKTPUIECKOT0 TOKA. DTO peann3yeTcs, HalpuMep, MyTeM KOM-
nercaru DJ[C ranbBaHMYECKOTO JIEMEHTAa BHELIHEH NPOTHBOIONOXKHO Ha-
MIPaBJICHHON Pa3HOCTHIO MOTEHIMAIOB, KOTOPAsk HA HIYTOXHO MAJIYIO BETHIHHY
Menble D/1C snementa. PaBHoBecHe Ha MOBEPXHOCTH 3JIEKTPOJA HE SIBISIETCS
CTaTMYECKUM, a HOCUT JTMHAMHMYECKHH XapakTep, T.e. Ha IpaHule pasziena ¢as
MIPOUCXOIUT OOMeH 3apsinaMu (MOHAMH), HO CKOPOCTH MPOTHBOIIOJIOKHO Ha-
TIPaBJICHHBIX JICKTPOAHBIX TPOIECCOB MPaKTHUeCKH paBHBI. Eciam B siekTpo-
XUMHUYECKOH CHCTEME MPOTEKACT U3MEPUMBIH TOK, OHa IepecTaeT ObITh TEPMO-
JUHAMHUUYECKH 00paTUMOI M MPOHCXOASIINE Ha JIEKTPOAAX MPOIECCH OMUCHI-

BAarOTCsA 3aKOHaMH BHCKTPOXHMHHGCKOﬁ KHWHCTHUKH.
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2.3. DJIeKTPOXMMHYECKHIi MOTeHIHAJI.

Ckayky noteHuana Ha Me:kga3HbIX I'PAHULIAX

DHepreTHYecKoe COCTOSHHE BEIIECTBA (YaCTHIEI) B TSPMOJHHAMHYICCKOM
CHCTEMe, He HeCyIIel >JIeKTPHUYCCKUX 3apsAloB, XapaKTepU3yeTCs BEIHMYHHOI

XMMHUYCCKOro IoTeHIraIa W;:

oG
= = 2.1
Hi on; .1)

! p,T,}'l J#l
MIPEACTABIAIOIETO COOOH YacTHYIO MPOHM3BOAHYIO OT 3Hepruu ['mbbca G mo
YHUCITy MOJICH i-T'0 KOMIIOHEHTa IPH YCIIOBUH MOCTOSHCTBA JIABJICHUS, TEMIIepa-

TYpBI M Y9HMCIIa MOJICH BCEX APYIHX KOMIIOHEHTOB, KpOME i-r0 (71,,;). Ilosromy

Hepexo]] He3apsHKEeHHOW YaCTHIBI U3 OJHOMU (ha3bl B APYTYIO OOYCIOBICH pa3iu-
YHEM B BEJIMYMHAX €€ XUMHUYCCKOT0 IMMOTEHIIMANA B 3THX (a3ax.

CocTrosiHMe K€ 3apsLKEHHON YacTHULIbl ONPENEeNsieTCsl He TOJIbKO JaBJICHU-
€M, TeMIIepaTypoi M COCTaBOM CHCTEMbI, HO M HANpPsKEHHOCTBIO BJICKTpHUe-
CKOro mossi B AaHHON Touke. IlepeHoc 3apsKeHHON 4acTHUIlbl 4Yepe3 TpaHUIly
paszzmena ¢a3 TpeOyeT IpeooNIeHHs He TOIBKO CHII XUMUYECKOTO B3aUMOICHCT-
BHUS, HO M COBEPUICHHS PaOOTHI MPOTUB CHJI AIICKTPOCTATHYECKOTO OTTAKUBA-
HUA. JI7s omMcaHMS COCTOSHUS 3apsDKCHHOW YacTHITH MCIIONB3YIOT BEIHUHHY
anexmpoxumuyeckoeo nomenyuana fi;. Cormacio 3. I'yrenreiimy (1933 r.)
EKTPOXUMHUYECKUI MOTEHIMAN MPECTaBIseT co00i CyMMy ABYX ClIaraeMbIX

— XMMHYECKOTO MTOTEHIIMANA YacTHIBI |l; ¥ €€ SJIEKTPUUCCKOH SHEPTuu:

b =p; +z;Fo (2.2)
TIe z;— 3apAA0BOE YUCIIO 9acTulbl, /' — KoHcranTa (dmcno) Dapanmes, 96485
Kn/mone, @ (wnmm ¢— apyroe HammcaHue TOW ke OYKBBI) — GHYmMPEeHHUll no-

meHyuan TAaHHOW (a3bl, KOTOPBIA paBeH padoTe (B pacyeTe Ha MOINb) IO IHepe-
MELIEHHIO JJIEMEHTAPHOTO MOJIOKHUTEIBHOTO JIEKTPHUYECKOTr0 3apsiaa 13 Oecko-

HEYHOCTH B BaKyyMe BHYTpPb JIaHHOHU (pa3bl.
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IockombKy 31€KTPOXUMHUYECKHE TOTCHIIUANBI 3apsKEHHOH 4acTUIIBI pa3-
JIMYHBI B pa3HbBIX (a3ax, To OyaeT IPOUCXOANUTH MEPEX0]l 3TUX YaCTHUI] U3 OJTHON
¢assl B mpyryro. J[BIKyIel cuiol, BBI3BIBAIOIICH TOT MEPeXol, CIYKUT pas-

HOCTDB JICKTPOXUMUNYCCKUX MOTECHIINAIOB YaCTULIBI B KOHTAKTUPYIOIINX q)a3ax:

i -1 =+ 2P )~ + 20N = (uf —uf) +zF (P -0 23)

[epexon 3apspkeHHON YacTHIIBI, HanpuMmep, 13 ha3el oo B pa3y B mpouc-
XOJIUT MIPH YCIIOBUH:

i >l
T.e. U3 ¢a3sl C OONBIINM 3HAYCHUEM HICKTPOXMMHUYECKOTr0 MOTeHI[Haa B (hazy ¢
MEHBIIMM ero 3HadeHueM. OYeBUIHO, YTO 3TOT MPOIECC COMPOBOXKAACTCS Ha-
pylIeHHEeM OaraHca ISKTPUUSCKIX 3apsi/IoB B KaX 0 (ase.

Ecnu 3apsan nepemernaromeiics yactuusl z; >0, To dasa o mpu 9ToM 3a-
psDKaeTcs OTpHIATeNbHO, a paza § — momoxwurensHO. [Io 06e CTOpoHBI OT To-
BEPXHOCTHU paszena (a3 KOHICHTPUPYIOTCS MPOTUBOIIOJIOKHBIC 110 3HAKY 3apsi-
JIbI, YTO BBI3BIBAET MOSBICHHE CKauka MOTEHNMana. Bo3HuKaromee 3iekTpude-
CKO€ TOJIe MPEIATCTBYCST JaJbHEHIIEMy Mepexoy 3apsDKCHHBIX YacTHIl U3 OJI-
HOU (ha3sl B apyryro. [1o MCTeYeHNH HEKOTOPOro BPEMEHH HACTYMAeT COCTOS-
HHE JMHAMHYECKOTO PAaBHOBECHS, KOTOPOMY OTBEUaeT PAaBEHCTBO SJIEKTPOXU-

MHYECKUX MOTEHINATIOB 3apsHKEHHON YacTHIbl B 00eux (azax:
fif* = f (2.4)
W3 (2.3) u (2.4) caenyer:

o_ B
ABp=of —r =B HL ZF“’ , 2.5)

T.€. COCTOSIHUE PAaBHOBECHS JIBYX (a3, COICpIKAIIUX 3apsHKCHHBIC YaCTHIIBI, Xa-
paKTepU3yeTCsi CKAauKOM IMOTEHI[Hada Ha FPaHMIE UX CONMPUKOCHOBeHUs. Bemu-
YHHA Ag(p, ompejensieMas pa3HOCTbIO BHYTPEHHUX IOTEHIHAJIOB KOHTAKTU-

pyromux (1)33, Ha3bIBACTCs calb6AHU-NOMEHYUATIOM.
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Ananu3 BelpakeHUs (2.5) NpUBOAUT K ABYM MPHUHLUIHUAIBHO Ba’KHBIM
BBIBOJIAM.
Bo-mepBBIX, MOCKOIBKY XMMHYECKHE IMOTEHIMANbl Pa3TIHYHBIX (a3 He

OJIMIHAKOBBI, TO MEK/y JIByMsl JIOOBIMH KOHTaKTHPYIOIMMH (a3amu, coJlieprka-

IUMHU 3apAKCHHBIC YaCTUIIBI, BCET/Ja BOZHUKACT CKAYOK IMOTCHIMAa A(Bl(p, OII-

peuenﬂeMHﬁ Pa3sHOCTbIO BHYTPEHHUX NOTCHIIUAJIOB 9TUX (1)33.
BO-BTOpLIX, HECBO3MOKHO OKCIICPUMCHTAJIBHO U3MEPUTH PA3HOCTH IMOTCH-
IUaJioB MEXAY TOYKAMHU, HAXOIAIMIMMUCA B Pa3TIUYHBIX (ba3ax, T.€. BCIIMYUHY

rajJljbBaHU-TIOTCHIIMAJIA, TaK KaK HEJb3s OIPCACINUTH a0COIIOTHBIC BEIMYUHEI

XMMHY€ECKHX MOTEHIUATOB [§ 1 },t? . VI3aMepuTh BO3MOXKHO JIMIIH PA3HOCTH MO-
TCHIMATIOB MEXAY TOYKAMH, HaXOAAIMINMHUCS B MICHTHIHBIX 110 XUMHYECKOMY
cocTaBy (pa3ax, HaIpuMep, MKy IByMs OpyCKaMH OJHOTO U TOTO K€ MeTaisa
WIIN MEXy JTIOOBIMH JBYMSI TOUKAMH B BaKyyMe (BO3IyXe).

BHyTpeHHHII TIOTEHIIHAT (@ MOXKHO MPEICTaBUTh KaK CyMMY IBYX BEJH-

YUH — NOBEPXHOCMHO20 nomeHyuala ) W eHeulneco nomexnyuala \J, T.C. Ha-

npuMep, uist Gpasel o

0% =x" +y® (2.6)

PaccmoTpuM ipupo Iy MOBEPXHOCTHOTO M BHYTPEHHETO MOTeHIHAaIoB. [Tpu

COIPUKOCHOBEHUH KOHICHCUPOBAHHON (ha3bl C BAKyyMOM (BO3IyXOM) BO3HH-

KaeT HEKOTOPBIA Medcazuvlil uau noepanuynblil cioil, B KOTOPOM MPOTEKAIOT

T¢ WJIM WHBIC IPOLECCHl Mepepaclpee/icHus] 3apsHKCHHBIX 4acTUll (HOHOB,
JIIEKTPOHOB) U MOJISIPHBIX MOJICKYII.

Tak, Ha rpaHHIle METaJUT — BO3AYX (BaKyyM) SJICKTPOHBI MeTasua, o0a-
JTAFOIUE TOCTATOYHON KHHETHYECKOW DHEPrHel, MOTYT BBIXOJHUTH 3a MPEICIbl
KPHCTAJUIMYECKON PEIIeTKH, 00pa3yst CBOCOOPa3HbIH AIEKTPOHHBIN Ta3. DMHC-
CHSI QJIEKTPOHOB B BO3/YX OIpeIeNsieTcsi paboToi BEIXOAa AIeKTpoHa. [Ipu aTom

4YEM MCHbIIC pa60Ta BbIXOJa 3JICKTPOHA, TEM JICTUYC IIPOUCXOANUT SMUCCHUS IJICK-
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TpoHOB. [loBepXHOCTH TBepOH (ha3bl, JHUMIASICh HEKOTOPOTo KOJIMYECTBA AJICK-
TPOHOB, MPHOOPETACT ONIOKUTEIBHBIN 3apsi. B pesynapraTe STHX MPOIECCOB Ha
IpaHUIle METaJI-BO3AYX BO3HUKAET CKauOK NOTEHIIHANA.

Pactipenienierre MOJIEKyJT pacTBOPUTENS BOJM3M TPAaHUIBI JKUAKOCTH —
BO3/IyX 3aMETHO OTIMYAETCS OT XaOTHYECKOTO paclpeieiieHns B o0beMe (a3bl.
[penmouTnTensHass OPHEHTANNS TOMAPHBIX MOJCKYJ PAacTBOPHUTENS HA 3TOI
TpaHMIe TPUBOJNT K TIPOCTPAHCTBCHHOMY Pa3IeNCHNIO 3apsIOB M, KaK CIIE/CT-
BHUE, MOSBICHUIO PA3HOCTH ITOTEHIHAIOB.

Bosznukaronuii B MpUIIOBEPXHOCTHOM CIIO€ KOHACHCHUPOBAaHHOU (as3bl ¢
BaKyyMOM (BO3IyXOM) CKAa4OK MOTCHIIMANA HE CBsA3aH C 3aps0oM caMoil (asbl u
TIOYYMJI Ha3BaHUE TOBEPXHOCTHOTO MOTeHIHANA Y . [losexnocmuslii nomenyu-
an oTBedaeT paboTe MmepeHoca IEMEHTAPHOTO MOJIOKHUTEIBFHOTO 3apaaa U3 TiIy-
OuHbI (ha3bl B TOUKY B BaKyyMe, PACIOJI0KEHHYIO B HEIIOCPEICTBEHHON OM30-
CTH OT €€ TIOBEPXHOCTH (OOBIYHO MPUHUMAETCS 10°8-107° M).

Brnewnuii nomenyuan y ($asel o 0TBedaeT paboTe mepeHoca IeMeHTap-
HOTO0 HEMaTepHaJIbHOTO 3apsiga U3 OECKOHEUHOCTH B TOUKY B Bakyyme (BO3[Y-
X€), PAacloJIOKEHHYIO Ha PAaCCTOSHUU 108 -10"%ym or MMOBEPXHOCTH JTaHHOU
(a3sl. BO3HUKHOBEHNE BHENTHETO NMOTEHIMANA 00YCIOBICHO HATHYIHEM Y (ha3bl
aNIeKTpudeckoro 3apsiaa. Ecnu dasa He HeceT 3apsana, TO JIEKTPUUECKOE MOje
BOKpYI' Hee OTCYTCTBYeT, a BHewHMI noreHuuan \y =0. Toraa u3 ypaBHEeHUs
(2.6) cnenyet, 4TO BHYTPCHHHUI MOTCHIINAI (ha3bl COBIIAAET C TOBEPXHOCTHBIM
[IOTEHLAJIOM.

Pa3Huma BHEITHNX MOTEHIMAIOB ABYX (a3 (HampmMep, MeTajlia U pacTBO-
pa ANIEKTPOJINTA) HAa3bIBACTCA 801bINA-NOMEHYUATIOM Ag\u:

Py .7)

BOHLTa-HOTeHHI/Iaﬂ PaBCH HYJIIO, €CJIM CONPHUKACAIOIINECs (1)21351 HC HECYT

Ay =y

QJICKTPUYCCKOI'O 3apsaa. B otnnuwme ot raJJbBaHU-IIOTCHIMAJIa, BOJIbTA-IIOTCH-
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LUaJ MOJIaeTCs SKCICPUMEHTAIBHOMY OIIPENICICHHIO, TIOCKOIBKY TOYKH, MEXK-

Iy KOTOPBIMH ITPOBOJIMTCS M3MEPEHHE, HAXOISTCS B OTHON (ase (BO3IyXe).
CBs13b MKy PACCMOTPEHHBIMU BBIIIC CKAYKaMU [MOTCHIIMAA HA TPAHUIIC

pa3zmena 1ByxX (a3 MOXKHO MPOMIUTIOCTPHPOBATE C MTOMOIIBIO CXEMBI, TIPHBEICH-

HOIi Ha puc. 3.

Puc. 3. Ckauky noTeHuMana Ha TpaHUIle pa3zena AByX (a3

Ecnn npoBectr 00xox rpaHuib! pazaena a3 oo ¥ [ 10 IPOM3BOJILHOMY
KoHTYypYy ( Harmpumep 1-2-3-4-1), To Ha OCHOBaHMHM CXEMBI, IPEICTABICHHON Ha
pHC. 3, MOXKHO YCTAaHOBUTH CBSA3b MEKAY FJIbBAaHU- U BOJIHTA-TIOTCHIHATIOM:

Abo=Aby+7P —“ (2.8)

CrnenyeT MOMHUTH, YTO XUMHUUECKHH U NEKTPOXUMUIECKUI TOTEHIHAIIBI

AMEIOT pa3MepHOCTh dHeprun (J[x/Mons), a ranbBaHHU-TIOTEHIMAT U BOJIbTA-

MOTEHIIHAI — Pa3MEPHOCTb AICKTPUIECKOro moTeHmana ( B).

2.4. JNeKTPOABIKYIAS] CHJIA TAJILBAHNYECKOT0 3JIeMEeHTA

Dnexmpoosudicyweti cunoti E Ha3pIBarOT pa3HOCTh MOTEHIIMAIOB HA KOH-
1ax MpaBUIBHO PA30MKHYTOTO OOPaTUMOrO TaJbBAaHUYECKOTO JIEMEHTA.
PaccmoTpuM mpaBUIIBHO PAa3OMKHYTYIO DJIEKTPOXUMUYECKYIO LeMb (Taib-

BaHM4eckui anemeHt) M |L; | L, | M, | M, npuBenenHyto Ha puc. 4.



ce E Ted
ae Tep
M,
M,
[ ]
M,
[ ] [ ]

Puc. 4. Cxema npaBuJIbHO Pa30MKHYTOM JIEKTPOXUMUYECKOH LIenu

Kak ormedanoce BBIIIC, OMPCACINUTD OKCIICPUMCHTAJIIbBHO Pa3HOCTDb 3JICK-

TPUYECKUX MOTEHIMAIOB MEXAY IBYMs pasHbIMM (a3amu, T.e. TalIbBaHHU-IIO-

TEeHLHAI Ag(p, HEBO3MOXkHO. HanpoTus, HanpsikeHue 3JeKTpOXUMUYECKOH 1ie-

nu E MOXHO HENOCPEICTBEHHO M3MEPUTh, TaK KaK OHO OTBEUYaeT Pa3sHOCTHU IO-
TEHIIMAJI0B MEX/y TOUKaMu a u b , nexanumu B ogHoil daze M :
E=0,—0, 29
Kaxk u nns snexkTpuuyeckol LNy, COCTABJIEHHOM U3 MPOBOJHUKOB 1-ro
poaa, pa3HOCTh MOTCHIIMAJIOB HA KOHIAX JJICKTPOXHMUYECKOW IIeTTH paBHA
CyMMe TaJeHUH HaNpsDKEHHS Ha OTIACIBHBIX €€ ydJacTKax. TONBKO B CiIydae
raJbBaHMYECKOTO 3JIEMEHTa CIeAyeT MPOBECTH CYMMHPOBAaHHE CKauyKOB MOTECH-
I[aja Ha BceX Mexx(pa3HbIX rpaHunax. [lopsaok 3amucu ranbBaHU-MOTCHIUATIOB
oIpeseNseTcs HallpaBlIeHneM 00Xo/1a KOHTYypa.
CosepunM 00xoa cucteMs! (puc. 4) IPOTUB YaCOBOM CTPENKU OT TOUKH a
JI0 TOYKH b, a UMeHHO, o mytn  Mj(a) ->L; - L, - M, — M;(b). Buauane
IepecekaeM TpaHHIly pasziena Mexay MeTauioM | u pactBopoMm 1 (ckadok Tmo-

TEHIIHaNIA (AII\‘/}I(p). Jlanee mocnenoBaTeI-HO MPOXOANM Yepe3 IpaHHIly pa3ziera

L
JIBYX pacTBOpPOB (ALIZ(P)’ TpaHuIly pa3jena BTOPOro pacTBopa M BTOPOTO Me-

M
Taja (ALZZ(p) U, HakoHel, (a30ByI0 TPaHHUIly ABYX MeTaluioB M, u M,



29

M
(Ay @). st 3aBepuieHns LUK, T.e. IS BO3BPAILCHHS B NCXO/IHYIO TOUKY a,
2

HEOOXOAMMO TAKKE YUECTh PAa3HOCTh BHYTPEHHHMX MOTCHIMAIIOB MEXKAY TOUKa-

MU a U b (@, —@). EcrecTBeHHO, 4TO NpH NPOXOKAEHUU IO 3aMKHYTOMY

KOHTYpPY CyMMa BCEeX 9THX CKauKOB MOTEHIIHAIA JOJKHA PABHSITHCS HYIIIO:
Ahl(p+ Aflch +AE/[22¢+ Amlzm (9 —pp)=0 (2.10)
Tax kak (@, —¢p) =—(@Qp, — ¢, ), TO ypaBHeHue (2.10) npuHuMaeT Bu:
E=¢pp—0, = A 1(p+ A (p+A 2(p+AM(p (2.11)

W3 Beipaxkenus (2.11) cienyer, 9To pa3HOCTh MOTEHIHAJIOB (HAIPsDKE-
HHUC) Ha KJIIEMMaX rajJbBaHUYCCKOTO JIEMEHTA CKIIAJbIBACTCS M3 YCTHIPEX ralb-

BaHU-TIOTCHIIMAJIOB: JIBYX TAJIbBAHU-IIOTCHINAJIOB Ha T'PAHUIE METAJLI-PaCTBOP

(Ai/} ¢ u Aiﬂch), KOHTAaKTHOH Pa3HOCTH MOTEHIIMAJIOB (Am1 @) ¥ rajibBaHu-
1 2 2

— AL
TNOTEeHIHANA Ha TPAHALIE ABYX PACTBOPOB (AQ,,¢ = AL1 Q).

Ecmn nuddy3nonHbIl moTeHnMan ycTpaHeH, TO pa3HOCTh IMOTEHIIHANIOB

Ha KOHIIaX rajbBaHndeckoro snementa My |L;||L, | M, | M; Oyzner paBHa:
E= A (p+A (p+A 0= A (p A (p+AM(p (2.12)

JInst TaTbBaHMYECKUX DJIEMEHTOB, B KOTOPBIX K TOMY K€ OTCYTCTBYET
KOHTAKT Pa3HOPOTHBIX METAJLIOB, HAIIPUMEDP, XUMUYECKUX DJIEMEHTOB, COCTaB-
JICHHBIX W3 PEIOKC-3JCKTPoAOoB (cM. pasn. 9.2), BenmuuumHa E ompenensercs

TOJIBKO CKauKaMH IIOTCHIIMANIa Ha FPaHULe pa3zielia MeTalI—pacTBOP:
E= A ,0- ALl(p (2.13)
ITockoJbKy BENMMYMHA TalbBAaHU-IIOTCHIMATA HE IMOAJACTCS DKCIICPHUMEH-

TaJIbHOMY OIIPCACICHUIO, PACCUNTATh PA3HOCTh NMOTCHIMATOB Ha KOHLAX 3JICK-

TPOXUMUYECKOHN TeTIH ¢ TIOMOIIbI0 ypaBHeHmid (2.12) u (2.13) Henb3sl.



30

[oncrasnsas ypaBHenue (2.8), CBs3bIBaoOIIee MEXKAY COOOH TalbBaHU-
MOTEHIAl W BOJIbTA-TIOTEHIIMAT Ha TPaHUIE pa3lena JoOBIX NIBYX ¢a3, B

(2.11), mony4ynm BeaHuuHY F, BRIPAXCHHYIO Yepe3 BOIbTA-TIOTECHITHAIIBI:
L M L M
E= A w+ A7 2y + +A72y + AL
MV FAL Y L VoMY

B 251eKTpOXUMHUYECKOH e ¢ OJTHUM PacTBOPOM djieKkTponuTa (puc la),

CKauOK NOTCHUMaNa A@,,q4 OTCYTCTBYET IO ONpPEICICHHIO, U HAaNpPsUKEHNE Ha
ero KjieMmax OyIeT Bcerjia paBHsThCS CyMMe TPEX rajlbBaHU-[OTCHIIUAIOB:
L M M
E=Ay 0+ ALz(p+AM‘2(p (2.14)

CrnenoBatenbHo, (G y3MOHHBII MOTEHIIMAI BOBCE HE SBISIETCS 00s3a-
TEJIEHBIM CJIaraeMbIM HaIPsDKEHUS TaTbBAHMYIECKOTO JIEMEHTA.

BaxHo oTMeTHTh, 4TO Ha ()a30BBIX I'PAHUIAX METAIUI—PACTBOP DIICKTPO-
JIUTA U METAaJNI-METaJlI B pe3ynbTaTe 0OMeHa 3apsHKeHHBIMH YacTHUIAaMH (MOHA-
MH, JIEKTPOHAMHI) B KOHEYHOM CYETE YCTAHABIMBACTCS PAaBHOBECHOE COCTOS-
HHUE, KOTOPOMY OTBEUAIOT OIpEeIeIeHHbIE [0 BETMUNHE CKauKU MOTEHIIHAaa.

Hanporus, Ha rpaHuue ABYX pPacTBOPOB MPOMCXOJSAT HEPaBHOBECHBIE
mporecchl Tu(G@y3ur HOHOB AIICKTPOJIHUTA, CBA3aHHBIC C PA3IMYUEM CKOPOCTEit
nX IBIDKeHUS (TIOABIKHOCTEH). BO3HMKAIOMMIT IPH 3TOM CKadoK IOTEHITHATIa
HE SIBJSJISIETCS PABHOBECHBIM, a NPEJCTABISIET COOOM HEKOTOPYIO CTALMOHAp-
Hytwo BeinunHy. CrenoBarenbHO, AU((y3HOHHBIA MOTCHIMAT HE SIBISACTCS HE-
N30CKHBIM CIEACTBHEM MPHUPOJIBI AICKTPOXUMHICCKON CHCTEMBI M HE MOXKET
CIIY’)KUTb €€ TEPMOAMHAMUYECKOIN XapaKTepUCTUKOM.

OMIC (E), TakuM 00pa3oM, OTBEYAaeT Pa3HOCTH MOTEHIIMAIIOB Ha KOHIAX
PaBHOBECHOH 3JICKTPOXUMHYECKOH IIETTH, B KOTOPOIl Ha BCeX MeX(a3HBIX Ipa-
HUIaX JIOCTUTAETCs] COCTOSIHUE paBHOBECHs, a JUPPY3MOHHBIN MOTEHIIUAI dJIH-
MuHHpOBaH. OHa ABJIIETCS TOI MpeAeIbHON BETHUUHOI, K KOTOPOH CTpeMuTcs
HanpsDKeHWe Ha KiieMMax ajieMeHTa, korna [ — 0. B oomem ciydae D/1C coot-

BETCTBYET aNredpandyeckoil CcymMme Tpex rajbBaHU-MOTEHIUANOB (2.12).
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2.5. DuexkTpoansblii norenuunala. Ceasp IAC

3J16KTp0XHMI/lquK0ﬁ Henu € JICKTPOAHLIMU MOTCHIIMATIAMHA

ITockombKy 3KCIEPUMEHTAIBHO ONPECIUTh TalbBaHU-TIOTCHIINAT HEBO3-
MOYKHO, JJISl OIIEHKH BEJIWYHHBI TOTCHITHANA HJICKTPOJa MCIIONB3YIOT CHCTEMY
OMHOCUMENbHBIX I/IeKMPOOHbIX NOMeHyuanog. B 3TOH cucTeMe MOTEHIHal
9JIEKTPOJIa ONPEEIeTCs 10 OTHOIICHUIO K JPYroMy MPOW3BOJIBHO BBIOpaHHO-
My 3JIEKTPOLy (cmanoapmuomy 31eKkmpody), MOTEHIHANl KOTOPOTO YCIOBHO
NPUHUMACTCS PaBHBIM HYyINO. B KadecTBe Takoro “HyJeBOro” 3JeKTpoja

HepHCT MMPEAJIOKHNIT UCITIOJIB30BaTh CTaHI[apTHLIﬁ BOZ[OpOZ[HBIﬁ DJICKTPOA.

Dnekmpoonwlit nOmeHyuan 6 6000POOHON uiKane

Bopopoansiit anextpon (puc. 5) mpeacrarisier co00i MIATHHOBYIO Iia-
CTHHKY, YaCTUYHO MOTPYKCHHYIO B PacTBOp, COJCPIKAIIUN HOHBI BOIOPOJA.

Yepes pacTBOp MpOITyCKaeTCs ra3000pas3HbIil BOJOPO/I.

Puc. 5. BonopoaHslii 3iexTpo:
1 — cocyn ¢ pacTBOPOM DJIEKTPOJHUTA, 2 — IUIATMHOBAsl IUIACTHHKA C 3JIEKTPOCAXICHHON

1aTHHOBOM uepHbto (Pt/Pt-anektpon), 3 —kpanbl, 4 — cuoH, 5 — rUIPaBINYECKHUN 3aTBOP

IInatunoBasi miactuHKa (2) MOKPBHIBAETCS BBICOKOIMCIEPCHON “ryOua-

TON” TUIATUHOW — IUIATUHOBOW YEPHBIO B IPOLIECCE AIEKTPOJIM3a M3 BOJHOTO



32

pacteopa xnoprnarusata kamus Ky [PtClg|. Tlomydaembiii miaTHHIpOBAHHbIH

mIaTHHOBBIN 2nekTpon (Pt/Pt-anextpom) obnamaeT BBICOKOPA3BUTOW ‘‘aKTHB-

HOU” MOBEPXHOCTHIO, B COTHH pa3 MPEBHIMIAIONICH er0 BUANMYIO TTOBEPXHOCTb.

Cmanoapmuwiii 6000pOOHbBI 21eKMPOO — BOJOPOTHBIN dIEKTPOJI C aKTHB-

HOCTBIO MOHOB BOAOPOAa (TUAPOKCOHUS) B PacTBOpe a+ =1 u naBneHHEM BO-
opona pyy, =1 at™M. Dnexmpoouwili nomenyuan cmaHoapmuo2o 8000POOHO20

2NeKmpo0a NPUHUMAEMCsL PABHLIM HYJIIO NPU 8CeX MeMNepamypax.

[lon omuocumenvhvim 51€KMPOOHBIM NOMEHYUATIOM WA TPOCTO 2/1eK-
mpoonvim nomenyuanom MoHUMAOT DJ[C 3NIeKTPOXUMUYECKON LIEMH, COCTaB-
JICHHOH U3 ITaHHOTO IEKTPosa (B CXEME CIpaBa) U CTAHAAPTHOTO BOJIOPOIHOTO

areKkTpoja (B cxeme ciera), T.e. JIC rnemenra:

Pt Hy (py, =lan) [ H (ay. =1)[|L|M|Pt (F)

H' ~

3HaK MOTEHIMada UCCIEAYeMOro 3JIeKTpoJa copnagaer co 3HakoM D/IC
npuBeneHHoH nenu. Anu¢hdy3HoHHbIH MOTEHINAI JOMKEH OBITh CBEACH K HYIIIO.
CraHnapTHBI BOJOPOAHBIN 3JIEKTPO/, CIEI0BATENBHO, CIYKUT BJIEKTPOJIOM, C
MOTCHIIUAJIOM KOTOPOr0 CPaBHUBAIOTCS MOTCHIHUANBI BCEX IPYTUX DIICKTPOJOB
(9nexmpooom cpasnenus). IloTeHIaN IEKTPOa, ONpPEACTICHHBII TakuM 00pa-

30M, TAK)XXC Ha3bIBArOT 3/l€Kmp0()HblM NOMeHYyuaiiom 6 6000p0()HOL7 uikaie.

Cea3b /]C anexmpoxumuueckou yenu
€ IIeKMPOOHBIMU ROMERYUAIAMU
ITycth mMeeM anekTpoxuMudeckyio 1enb (D), mpuBenaeHHyto Ha puc. 4
(cMm. pazn. 2.4), B koTopoid AudPy3nOHHBIN TOTSHIIAAT CBEJICH K HYITIO:
M [Ly || Ly [My [ M
OJC npuBeeHHON Iienu (ralbBaHHUYECKOTO AJIEMEHTa) MO YpaBHEHUIO

2.12 Gynet onpenenseTcs CIeIyONM BEIPaXKCHUCM:

E=0p, M, = OL, M, T OM, M,
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PaCCManI/IBaCMaH QJICKTPOXUMHYCCKAA €L COCTOUT U3 OBYX JJIEKTPO-

qoB: Ly |M; u L, |M,. CormacHo ompeaenacHuIo IeKTPOAHBIN MOTEHIHAN Ka-

)aoro u3 HuX ecth DJ]C raapbBaHUYECKOrO 3JIEMEHTA, COCTABJICHHOTO U3 JJAHHO-
ro 2JeKTpoja (B CXeMe CIpaBa) M CTaHIAPTHOTO BOJOPOJHOTO 3JeKTpona (B

cxeMe cieBa), T.e. DJIC cienyrommux nemnei:
1) Pt|H, (pyy, =lamw) |[H' (a, =D)[| Ly | M, |Pt
2) Pt|H, (pyy, =lan)| H (a. =1)[|Ly | M, | Pt

Torma B COOTBETCTBUM C ypaBHeHHEM (2.12) moTeHIManbl yKa3zaHHBIX

anekTponoB L;|M; u L, |M,, paBusle D/IC npuBeIeHHBIX BBILIE IEKTPOXU-
MHYECKHX [IENeH, OyIyT ONMPenesaThCs CICAYIONIMMHA BRIPaKCHUSIMHE:

— IMMOTCHIIUAJI JICBOT'O DJICKTPOJa

Ey=Ey v, = Ao+ AL o+ APt(p (2.15)
— INOTCHIHAJI IPaBOro JJICKTpOJa

Ey =By, =Abo+ A} 2o+ AM 0, (2.16)

rae A{))t(l) — lraJIbBAaHU-TIOTCHIHUAJI CTAHAAPTHOI'O BOJOPOAHOI'O BJICKTpOAA.

Brranras u3 (2.16) ypasaenue (2.15) momrygaem:
_ _(AM Pt )\ (AM Pt )
E, - E (AL (p+AM2(p) (ALI (p+A (p

Pt Pt
( 2p- A (p) (AMZ(p A (p) 2.17)
Kak BMIHO, ralbBaHU-TIOTEHIMAIBI CTAHAAPTHOIO BOJOPOIHOTO DIEKTPO-
aa (A}Igt(p) HpI/I BBIYUTAHUHN B3aMMHO yHI/I‘ITO)KaIOTCﬂ.

[Ipoananmmsupyem BTopoe ciaraemoe ypaBHenus (2.17). B coorBercTBUM

¢ (2.5) MmoxeM 3amucaTth:

Pt Pt
Ay @=0p —0m; B Ay 0 =Ppr — Py,
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WU nanee:
Pt Pt M
AN, @ =Dy, 0= Omy — O, = Ay @ (2.18)
Toncrasmsas (2.18) B (2.17), oOKOHUATETBHO UMEEM:
M M M
E,-E = AL22(p —ALll(p + AMlz(p (2.19)

CpaBuuBas BeipaxeHus (2.19) u (2.12), HaxoauM, 4TO OHU TOJIHOCTHIO
coBnafaoT. OTcI0a MIPUXOANM K CIEAYIOMIeMy BaKHOMY Pe3ylbTaTy:

E=F,-E (2.20)

Taxum obpazom, B/]C eanveanuueckoeo 1emeHma MOXKET OBITh PacCUH-

TaHa KaK Pa3HOCTb JIEKTPOIHBIX OTEHINAIOB IPaBoro (0osee MoJ0KUTEIEHO-

o) U JIeBoro (0osiee OTPULATEIBHOT0) AIEKTPOIOB. [10I0XKUTENBHBIH AIEKTPOA

raJbBaHMYECKOTO 3JIEMEHTa, K KOTOPOMY MepeMeIaloTcs MOI0KUTEIBHO 3apsi-

KEHHbIE MOHBI — KaTHOHBl U HA KOTOPOM IPOHCXOIUT UX IEKTPOXHMMHUECKOE

BOCCTAHOBIICHHE, HA3BIBAIOT KAmMoO0OM, OTPHLATEIBHBIA 3JIEKTPOJ], K KOTOPOMY

MIEPEMEIIAIOTCSI AHUOHBI M Ha KOTOPOM ITPOTEKAET MPOIECC UX 3IEKTPOXUMHIYE-

CKOI'O OKHCJICHUA, — AHOOOM.

W3 paccCMOTPEeHHOTO BHIIIE CICAYST OTHOCHTEIBHBIN (YyCIOBHBIN) Xapak-
TEp BEJIMYUH DICKTPOHBIX ITOTCHIHAIOB, BHIPAKCHHBIX B BOJOPOJHOMN IIIKAJIC.
Jlpyrumu cioBamH, B Ka4eCTBE CTAHJapTHOTO (ITAJIOHHOI0) JIEKTPOJA CpaBHe-
HUSI, TI0 OTHOLICHUIO K KOTOPOMY IPHUBOAATCS BEIMUYHHBI MOTEHIIMANIOB BCEX
JPYTHX BJIEKTPOJIOB, MOKHO BBIOpaTh JIF000M »iektpon. [Ipu sToM uncieHHble
3HAYCHUSI HJICKTPOJHBIX MOTCHIMAIOB B HOBOM IlIKaJle CTAaHYT MHBIMH 10 CpaB-
HEHHIO CO 3HAYEHHUSIMHU B BOJOPOAHOM IIKalle, HO BCE OHU MU3MEHATCA Ha OHY U
Ty K€ BEJIMUMHY, a2 IMEHHO, Ha BEJINUMHY, PAaBHYIO Pa3HOCTH TaJlbBaHU-TIOTEH-
LIAJIOB JII00OTO APYroro 3JIeKTpoja, BHIOPAHHOTO B KAayeCTBE A3TaJIOHHOTO, H
CTaHJIapTHOTO BOAOPOAHOTrO 3j1eKTpona. OueBHIHO, YTO HAa PACUUTHIBAEMOE
3HaveHne DJ[C rajbBaHMYECKOTO 3JIEMEHTa BBIOOP AIIEKTPOJa CPAaBHEHUS HU-

KOUM 06]3&30M HC BJIMSCT.
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2.6. Muddy3noHHbIi MOTEHIUAT U MEXaHU3M

€ro BOBHUKHOBCHUSA

Jughpysuonnviii nomenyuan BOZHVKAET Ha I'paHUILE pasjelia IBYX pac-
TBOPOB, KOTOPBIE PA3IHUYAIOTCS JINOO 1O MpUpoje, OO0 MO BEIHMYHHE KOHICH-
Tparu dneKkTponuTa. [IpudnHa BO3HHUKHOBEHHS AU((Y3HOHHOTO MOTEHIHANA,
KaK OTMEYasoch BbIILIE, KPOETCS B PA3IMUHON CKOPOCTH IBMKEHMS (MOIBUAKHO-
CTH) KAaTHOHOB U aHUOHOB JIEKTPOJIHTA.

Paccmorpum Bo3HMKHOBeHHE NU((Y3MOHHOTO MOTEHIMAla HA TPaHUIIE
JBYX KHAKUX (a3, MpPEeACTABIAIONMX CcOOOW, HampuMep, BOJHBIC PACTBOPHI

AIEKTPOIUTA MV+AV7 pa3IM4YHON KOHLEHTpaIuu (puc. 6).

M, A, =v.M7+v M| | My A, =v.M*"+v_M*"
+ - N l+ f
I = 1+ v I
— + v
al -——l—l—+ a2
-
A(Pﬂmb

Puc. 6. CxeMa, HOACHSOIass MEXaHU3M BO3SHUKHOBCHUS

11 dy3MOHHOTO MOTEHIMANA Ha TPAHULE ABYX PacTBOPOB (ay < a,)

Bceneacreue paznmuust akTHBHOCTEH (KOHICHTpPAIM) KOHTAKTHUPYHOIIIX

pactBopoB Houbl M°" u A®” Gynyr muddyHaMpoBaTH Yepes MOPHUCTYIO Jua-
¢parmy (OTMEUYEHHYIO Ha CXeMe JBOWHOM IITPUXOBOH JIMHUEH) U3 Ooyiee KOH-
LECHTPUPOBAHHOTO pacTBOpa B MEHEE KOHIICHTPUPOBAHHBIA (B CXeMe CIpaBa
HaneBo). Ecim Ob1 CKOPOCTH NIBUKEHHS KaTHOHA U aHMOHA ObLIM Obl OJMHAKO-
BbI, TO HPOLECC Mepexo/ia HOHOB 4Yepe3 rpaHuily paszena pactBop (I)—pactBop
(IT) daxTrueckn ObUT OBl aHaymoruueH AUdPy3un He3apsHKEHHBIX dacTull. Of-
HAKO CKOPOCTH MOHOB B 00ILEM ciIydac He paBHbBI. [103TOMY HOHBI, IBUTAIOIIKC-

csi ¢ GoIbIIeil CKOPOCThIO, HAKAIUIMBAIOTCSL CO CTOPOHBI Oojiee pa30aBICHHOTO
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pactBopa (I), BcieacTBHE Yero MOBEPXHOCTH CIeBa OT IuadparMbl 3apspKaeTCs
3HAKOM 3apsIOBOTO YUCIIA STHX MOHOB U MPOTUBOIIOJIIOKHBIM 3HAKOM CO CTOPO-
HBI OoJiee KOHIIeHTprpoBaHHOTO pacTtBopa (II). Eciu, Hanmpumep, Gombineit cko-

POCTBIO 00NIA/IAI0T OTPULIATENBHO 3aPSIKEHHBIE HOHBI (V_ >V, ), TO CO CTOPOHBI

Gonee pa30aBIEHHOTO PacTBOpa BO3HMKAET M30BITOK aHHOHOB A”™, a co cTo-

POHBI G0JTee KOHIIGHTPUPOBAHHOTO PACTBOPA HAKATLIMBAKOTCS HOHBI M*T .

B pesynbraTe pasnencHus 3apsioB U 00pa3oBaHMsl ABOWHOIO 3JIEKTpHUE-
CKOTo cJI0sl Ha MeX(a3HO# rpaHuIle BO3HUKAET Pa3HOCTh MOTCHIIUATIOB, KOTO-
past OyaeT TOPMO3UTh JBUKEHHUEC aHUOHOB Yepe3 TpaHuIly paszena (a3 u, Ha-
000pOT, YCKOPSTH IBH)KCHHE KATHOHOB. B Kakoii-TO MOMEHT BPEMEHH CKOPOCTH
JIBIDKEHHS U TE€X U PYrHX HOHOB Yepe3 MOBEPXHOCTh paseina (a3 cpaBHIIOTCS,
1 OHH OYIyT MEPEHOCHTHCS Yepe3 IPAHUILy pa3jieia B SKBUBAJICHTHBIX KOJIHYC-
CTBaxX, a YCTAHOBHBIIHMCCS 3HAYCHHC CKadyKa MMOTCHIMAjga 0oJiee MEHSTHCS HE
Oyner. B pe3ynbTraTe ycTaHABIMBAETCS CTAIIMOHAPHBIN PEXUM [IEPEHOCA HOHOB,
KOTOPOMY OTBEYaeT HEKOTOPOE MOCTOSIHHOE 3HaueHHe UG PY3MOHHOTO MOTEH-
uana.

[TockoNbKy COCTABBI TPABOTO U JIEBOTO PACTBOPOB IO 00€ CTOPOHBI MO-
pucToii juadparMbl pasMyHbL, TO BeAHMUYMHY JU(P(Y3MOHHOrO MOTEHIMAIA
TOYHO M3MEPUTh HEBO3MOKHO.

PaccMOTpUM MOAXO/BI K PacueTy BeauuuHbl Ju((HY3MOHHOTO MOTEHIHA-
na. Tuddy3uoHHBIA MOTEHIMAN HE SBISETCS TEPMOMHAMUYECKON BETHIMHOM,
ITOCKOJIBKY OIPEACISIETCS] KHHETHYCCKUMH XapaKTePUCTHKAMHE (ITOBHIKHOCTHIO
noHoB). TeMm He MeHee, JUIS MPHOIMIKCHHON OLIEHKH TU(PPY3HOHHOTO TMOTECH-
[[Maja BCE YK€ MCHONB3YIOT TEPMOIMHAMUYECKUN MOJXO0/, CYTh KOTOPOrO CBO-
JIUTCSI K ONPEJIeNICHUI0 paboThl IIepeHOCca MOHOB Yepe3 IMOBEPXHOCTh pasjeia
JIBYX KOHTAKTHPYIOIIHUX PACTBOPOB.

BbIBO/I pacueTHOrO ypaBHEHHsI OCHOBBIBACTCS HAa TOM JOMYIICHUH, YTO

IIPU CTAI[MOHAPHOM PEXHMMe (KOTJa pachpeaercHHe KaxX0ro HOHa B PacTBOPE
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HE TIpeTepreBaeT M3MEHEHHH BO BpeMeHH) paboTa, coBeplIacMasl BO3HHKAIO-

MM Ha IPaHULE JBYX PACTBOPOB dJIEKTpHUECKUM noneM (SW, ), paBHa yOblIH
sHeprun ['m66ca mporiecca nepenoca aUGGHYHIUPYIONINX HOHOB (dG;mq))5
dG g =W, 2.21)
[Tpu npomyckannm 96485 Ki snexTpudectBa uepes3 pacTBop OyneT mepe-
HOCUTBCS #;/ z; MOJIb HOHOB JAHHOTO COPTA.

SHGMCHTapHaH XUMHYCCKasg pa60Ta 10 MEPCHOCY 3TOIr0 KOJIMYECTBA HO-

HOB OIPECACTIACTCS BbIPAKCHUEM

dG, =L dy, =i RTdIng,
y4 Z:

I 1°
i i

DneMeHTapHast AJIEeKTpUYecKkas pabdora:

SVVS :FdA(P):[H(l)

J1,1

[ToncTaHoBKa ATHX BhIpakKeHUH B (2.21) MpH yCIOBUM ydeTa U3MEHEHHS
sHepruu ['mOOca [T BCEro MOTOKAa HOHOB, IEPECEKAIONINX T'PAHUILy pasjeia
MEX]y TBYMSI PACTBOPaMH, MIO3BOJISIET OJTYYUTh HHTETPAIbHOE ypaBHEHHE IS
pacueta nuHy3nOHHOrO MOTEHIMANA (MHTETPUPOBAHNE TTPOBOJUTCS B TIpeie-

nax nuddy3noHHOTO citost Mexay pactBopamu I u II):

)
RT t,

AQuip == j > Lding;, (2.22)
o

rae ti —YHCJIO MICPCHOCA i-ro BUJa HMOHOB, Z; —3apsaA0BOC YHUCJIO HOHA C yHe-

mom €20 3HaKkd, d; —aKTUBHOCTb MOHa.

TouHoe pemnieHue ypaBHeHUsS (2.22) HEBO3MOXXHO, TOCKOJIBKY OHO CO-
JIEP>KUT aKTUBHOCTU OTAENbHBIX MOHOB. HO eciin akTUBHOCTH MOHOB 3aMEHHUTHh
KOHIICHTPAIUSIMU M 33J1aThCSl HEKOTOPHIMU MOJICIIEHBIMU TIPEACTABICHUSMHU O
pacrpeeJICHU KOHIICHTPAIUii HOHOB B ITEPEXOIHOM CIIO€, pa3zeisionieM oda

pacTBOpa, TO yAaCTCA OUCHUTDH BSJIMIYNHY A(pﬂﬂfb .
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[MpubnmxenHoe pemieHue ypaBHeHus (2.22) mis pa30aBICHHBIX PAcTBO-
poB 6bu10 nano [Tmankom u 'ennepconom (1907 r.). Hcxoast u3 mpeamonoxe-
HUS O TOM, YTO Ha TpaHMIC ABYX PACTBOPOB HMMEETCS TOHKHH TEPEXOIHBIH
CJIOH, BHE KOTOPOTI'O COCTaBbl PACTBOPOB NMPAKTHYECKH HEM3MEHHBI, a pacipe/e-
JICHHWE MOHOB B IIpeJiesiax MEePEeXOJHOro CIJI0si M3MEHSETCSl JIMHEHHO, aBTOPbHI
MIPUILTH K BBIPAKCHUIO:

7\‘1' 0
Z —(¢i1—¢i2)
] > B A C
A(Pllﬂlb __RT Zi In Z ,00Ci,2 ’
F 27\5,@ (ci,l _Ci,2) Z)“i,ooci,l

(2.23)

rae A, —IpeaeabHasi MOJSIPHAs DICKTPUUECKas IPOBOIUMOCTE [-TO BHIA HO-
HOB, C;|, Cj 5 — KOHIICHTpAIINY [-T0 BUJa HOHOB B pacTBopax I u IL.

Jlnst cnygas 1,1-BanentHoro snexrponuta (Hanpumep, AgNO;) ypasHe-
Hue (2.23) npuHumaet popmy:

RT 7"+,oo _7"—,00 lnc_z

AQ, 4 = — .
P vy

2.24
F (2.24)

+,00 S

TZe ¢, Cy —KOHLEHTPALUH DJIEKTPOJINTA B KOHTAKTHPYIOIIUX pacTBopax. Kon-

HCHTpAall MOHOB M DJICKTPOJIMTA B 3TOM CJiy4dae, OYCBUIHO, PaBHbI (Ci =cC )

Beenenue B (2.24) yncen nepeHoca HOHOB

Ao A
lL,=—"—unt =—"—,
7"+,oo + }“—,oo }“+,oo + 7\'—,00
JacT:
RT . ¢
A =2t -1)—In-2, 2.25
(Pﬂn(b ( ) F Cl ( )

3amMeHsis KOHICHTpAallu MOHOB Ha CPEAHNC MOHHBIC aKTUBHOCTH, IOJTY-

4aeM ypaBHEHHUE, KOTOpOe MPUMEHUMO JUI PACTBOPOB TH000H KOHIEHTPALUU:

RT
Ay = (21 -7 In 22 (2.26)

a+ |

5
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Hecmotpst Ha psAx AOMyIIEHUN NpH BBIBOAC ypaBHeHHH (2.24) — (2.26),
pacyeTsl M0 HUM HEIIOXO0 KOPPENHPYIOT C ONBITHBIMU JaHHBIMH. Bompoc o my-
TSX YCTPaHEHUsI (PE3KOr0 CHIKCHUS) BEMUUMHBI AU((HY3MOHHOTO MOTEHIMAIa

OyzeT paccMOTpeH B pasa. 9.3.2.

3. BOBHUKHOBEHUE CKAYKA IIOTEHLUAJIA
HA I'PAHUIE PA3JIEJIA ®A3

3.1 ®u3uyeckas U XUMUYecKasi TOUKHU 3peHus Ha npupoay IC

Ilocne Toro kax BonbTa CKOHCTPYHMpPOBaN NMEPBBIH IEKTPOXUMHUUYECKUN
JJIEMEHT U MPOJEMOHCTPUPOBANl BO3MOKHOCTb MOJIYYEHHUS DIEKTPUUYECKOI
9Heprum 0e3 yJacTHs KaKoii-THOO OpraHMYecKod CyOCTaHIIUH, MPEACTaBICHHS
lanbBanu 0 “KMBOTHOM™ TPOUCXOKACHUM DJIEKTPUUYECTBA MOTEPSIIM CBOIO OC-
HOBY. YMBI UCCIIElOBaTeNeil Ternepb 3aHUMal BOIIPOC O MPOUCXOXKACHUN DIIEK-
TpudecTBa B 31IeMeHTe Bomnbra. OQHMM U3 MEpBBIX, KTO CHOPMYyIHPOBAI ITOT
BOIPOC B KaUECTBE BaKHEHIIICH MPOOIEMbI rajlbBAHNYECKUX SIBICHUH, OBLT caM
BosnbTa, KOTOPBII COCPENOTOUNIT BCE CBOE BHUMAHHUE HA BBISICHEHUH PA3IHUHBIX
CTOPOH PabOTHI raIbBAHUYIECKOTO HIEMEHTA.

Jlo m3o0pereHnss Boibra eIMHCTBEHHBIM HCTOYHHKOM AIICKTPHUCCKON
SHEpruu ObUIN BJEKTPO(OpHBIC MalIMHBI, ACHCTBHE KOTOPHIX OCHOBAHO Ha
JNIEKTPOCTATUYECKOM HMHAYLMPOBAHUU 3apsAA0B U UX MOCIEAYIOIEM HaKOILIe-
Huy. Takue MallMHbI JaBaJld BO3MOMKHOCTb IOJIYYEHUS JIMIIb KPAaTKOBPEMEH-
HBIX MCKPOBBIX pa3psAnoB. ['anbBaHMYECKHMl SJIEeMEHT, co3laHHbIA Bobra,
MIPEACTaBIIsI COBEPIIEHHO HOBOE YCTPOHCTBO, KOTOPOE BIEPBbIE IO3BOJMIIO
HOIYYUTh HENpepbl6Hblll NOMOK 9NeKMPUIECKUX 3aps006 (10 TEPMHHOIOTHH
Bombra — anexmpuueckux ¢aioudos) B TeueHNE AIUTEIBHOTO BPEMEHH, T.€. TO,
YTO MBI CeYac Ha3bIBACM DIEKMPUUECKUM MOKOM.

Vcnonb3ys pa3nuuHble METAIbl IPU COCTABIEHHH 3IEKTPOXUMHUUECKHX

ueneﬁ u Ha6n}o,ua51 U3MCHCHHA B BCJIIMUUHC BO3HI/IK3IOHICI71 Pa3HOCTH NOTCHIINA-
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JI0B, BosibTa mpuiien K BBIBOAY, YTO NMPUYMHOMN NOSBIEHUS SJICKTPUUECTBA B
rajbBaHMYECKOM 3JIEMEHTE ABJIIETCS KOHTAKT JIBYX PA3HOPOIHBIX METAJJIOB.

Jlnst moATBep KAeHHs CBOMX B3MIAI0B BonbTa mpoBen npoctoit oneit. OH
MIpHUBEN B CONPUKOCHOBEHUE JIBE PUIILTN( OBAaHHBIE TJIACTUHKH U3 JIBYX Pa3HbBIX
METaJUI0B (LIMHKA U MEAM) U 3aTe€M C IIOMOILBIO AJIEKTPOCKONA Hallell, 4YTO MeJlb
IIPU KOHTAKTE C IIMHKOM MPUOOPETACT MOJOKHUTEIBHBIN 3apsil, a IIUHK — OTPHU-
LaTeNbHBIA. DTO CO BCel 0UEBUIHOCTHIO CBUETEIHCTBOBAIO O MOSBICHUH pa3-
HOCTH IOTEHLUAJIOB IIPU KOHTAKTE JABYX METAJJIOB.

Tor ¢akT, 9To B IeNH, COCTABICHHONW M3 OJHUX TOJIHKO METAJUIOB, HE-
BO3MOXKHO ITOJYYHTH DIICKTPUUCCKHN TOK Boibra 0OBSCHSI TeM, Y4TO BCE OT-
nenbHbie D/1C, BO3HUKAIONIME MPU KOHTAKTE JIBYX PA3IMYHBIX METAIIOB, KOM-
MIEHCUPYIOT APYT Apyra Npu COEIWHEHUHU B 1enb. Hannuue xe B “BOJIBTOBOM
CTONOE” MEXKAY METalIaMH TPOKJIAIKHA M3 MPOBOJHUKA 2-TO poja IMO3BOJICT

COXpPaHUTh BOSHUKIIKE 3a CUCT KOHTAKTa MECTAJUIOB PaA3HOCTU IMOTCHIHMAJIOB.

KonrakTtHas Teopus Bonbra Oblia mojjepkaHa MHOTUMH YYEHBIMH, B
ocobennocty, (usnkamu. OHa MMO3BOJSUIA OOBSICHUTH OJMHAKOBBIA XapakTep
HN3MEHEHUs BOIbTA-NIOTEHIMANA M HAMPSYKEHHS HA KIEMMaX COOTBETCTBYIOMINX
SJICKTPOXUMHYCCKUX Heﬂeﬁ, HO OblIa HE B COCTOSIHUH OOBSICHHUTH 3aBUCHMOCThH
OJIC OT KOHLIEHTPALUU BEIIECTB, YYaCTBYIOMIUX B AJICKTPOXHMUYECKUX peak-
oUsAX Ha anekTpojgax. Kpome Toro, mockoneky mnpu paboTe raJbBaHUYECKOrO
JJIEMEHTa IPaHHULA KOHTAKTa [BYX METAJUIOB HE MPETEepIEeBAaeT HUKAKUX HU3Me-
HEHHH, To Teopust Bonbra He Moryia OOBSCHHUTH, 32 CUET KaKUX MPOIECCOB Ha
IpaHulle IBYyX METaIOB BO3HUKACT Pa3HOCTh NOTEHUMANOB. [Ipyrumu cioBamy,
COTJIACHO B3IUIAZaM BonbTa raabBaHMYECKHH 3JIEMEHT CIIOCOOCH UTMTENIBHOE
Bpemst paboTtathk 0e3 3aTpaThl 4ero-nmoo, T.e. GaKTHIECKH MpeacTaBiIseT co0oi
BCUHBIN JABUTATEIIb, YTO IMIPOTUBOPEUYUT 3aKOHY COXPAaHCHHUSA DOHECPIUU.

Koneuno, BonbTa 3Ha1 0 TOM, 4TO MpH pabOTe TaTbBaHUUECKOTO dJIEMEH-

Ta UMCIOT MECTO paSHOO6paSHHC XUMHUYCCKHUC NPpEBpaIleHs, B YaCTHOCTHU, CaM
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Habogan oOpa3zoBaHue ra3oB (BOAOPOAa U KUCIOPOa) Ha JIEKTpoax IpHu pa-
6ote Oatapen. Ho oH HHKOTJa HEe CBA3BIBAJ BOSHUKHOBCHHE JJIEKTPUIECKOTO
HaNpsOKEHUS ¢ XUMHUYECKUMU TMPOLECCAMH B DJIEMEHTE W, MO-CYIIECTBY, MPH-
JeprkuBaiics puanueckoid Touky 3penus Ha npupoxay I/C.

ToT dakT, 4T0 B OIBITaX, HOZOOHBIX TeM, KOTOPHIe TIpoBOoWIH [ ampBaHM
u BosnbTa, Becerna MMEIOT MECTO XMMHMUYECKUE MPOLIECChI, IPUBEN K MOSBICHUIO
UJeH 0 XUMHYECKOW MPUPOJIe TATbBAHNYECKUX SBICHUH.

Tak, U. Puttep o6Hapyxui, 4To psa Bonbra coBnagaer ¢ psaaoM CpoacT-
Ba METAJUIOB K KUCIOpony. Ha 3TOM OCHOBaHMH OH ClIeiai BBIBOJ O TOM, YTO
MMEHHO MPOLECC OKUCIECHUSI METAJIOB SIBJISIETCS] IPUUMHOM, MPUBOISIIEH K 11O-
SIBJICHUIO AJIEKTpUYecTBa B dseMeHTe Bosbra. Mnes o xumumueckoil mpupone
raJbBaHUYECKUX ABICHNH Obuta monnepxkana Papameem (1791-1867), koTopsrit
B 30-x rr. XIX B. OTKpbUI KOJMYECTBEHHBIE 3aKOHBI DJIEKTPOJIN3A, CBS3bIBAIO-
e KOJUYECTBO MPOMYIIEHHOTO Yepe3 JJIEKTPOXHUMUYECKYIO CHCTEMY JJIeK-
TPUUECTBA C KOJTMUYECTBOM OOpa3YIOIIUXCS Ha DIIEKTPOAaX MPOAYKTOB. MIMEHHO
®apaneil BBel HOBYIO TEPMUHOJOTHIO B OOJACTH DIICKTPOXUMHUU: 391€Kmpoo
(kamood u anod), saeKmpoIum, NEKMpOIU3, UOHbL (KAMUOHbL U AHUOHDL), KOTO-
pas okazanach O4eHb YJIauHOW U MPOYHO BOILIA B AJIEKTPOXUMHIO.

XuMuueckasi TOUKa 3peHUs] UCXOMIA U3 TOT0, YTO HCTOYHUKOM JIEKTPH-
YecKOW DHEPruM B TajlbBAHUYECKOM DIIEMEHTE SIBIISETCS SHEPrHsl XMMUYECKOM
peaxuu, MpoTeKAroIel B rajlbBaHNYeCKOM dieMeHTe. CBOE KOIMYECTBEHHOE
BEIpOKCHHE XUMHUUECKas TeOpHs Modydmia B Tpyaax B. Heprera, paboraBmero
accuctenToM y B. OctBanpaa (1853-1932).

CornacHo Bo33peHHsM HepHcTa enMHCTBEHHON NMPUYHHOMN, MPUBOIAIICH
K BO3HHKHOBCHHIO CKadyKa MOTCHIIMAJIOB, SIBISICTCS OOMCH 3apsyKCHHBIMH Yac-
TALAMH (MOHAMH) MEXIY METaJUIMYeCKON u xunkoi ¢azamu. Hepuer monaran,
YTO KKABIH MeTalul 00JiafaeT onpeaeeHHONH ClIoCOOHOCThIO HAMIPABIISITH CBOU

HUOHBI B paCTBOp, KaK €CJIN OBl 5TH HOHBI HaXo0AWJIUCh IO HEKOTOPBIM JaBJICHHU-
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eM (NIEKTPOIUTHUECKAs! YIPYToCcTh pacTBOpeHHs1). Co CTOPOHBI pacTBOPa ITOMY
IpoLEecCy MPOTUBOCTOUT OCMOTHYECKOE JaBlIeHHE. B 3aBUCHMOCTH OT COOT-
HOIICHUS 9TUX BEIMYMH HAOTIONAETCS MM MEepexo] KaTHOHOB M3 METaia B
pacTBOp, WK, HA00OPOT, U3 PACTBOpA HA MOBEPXHOCTh MeTamna. Eciu, Hampu-
Mep, peodIagaeT mpolece Nepexoaa KaTHOHOB U3 METallIa B KUIKYIO ¢asy, TO
MOBEPXHOCTh METajuIa (3a c4eT M30bITKa HEKOMIICHCHPOBAHHBIX JJICKTPOHOB)
3apsHKACTCsl OTPHULIATENIFHO, @ CO CTOPOHBI PACTBOPA I'PYIIIMPYETCS CIIOH KaTHO-
HOB. B pesynbraTe Ha rpaHuIe paszaena ¢a3 IPOUCXOAUT GOPMUPOBAHUE ABOM-
HOT'O 3JIEKTPHUYECKOTO CJIOS, B PE3yJIbTaTe 4ero Ha rpaHie paszaena (a3 IosBis-
eTCsl CKauOK MOTeHIMana. Bo3HUKAIOMNI CKavoK MOTEHIHala TOPMO3HT IPO-
Iece mepexoja KaTHOHOB U3 METAIIMYECKOi (a3sl B pacTBOP M YCKOpsieT 00-
paTHBIH Ipolece — MPOIecc MepPeHoca KaTHOHOB K MeTauty. Yepes 10cTaTouHO
MaJlbli IPOMEKYTOK BPEMEHH CKOPOCTH 00OMX MPOIECCOB YPAaBHUBAIOTCS U Ha-
CTYIaeT COCTOSHHC PAaBHOBECHSA C HEM3MCHHBIM 3HAUCHHWEM pA3HOCTH IMOTEH-

II1aJIOB Ha MeK(pa3HOi rpaHHIe.

INonaras, 4ro anexTpuyeckas paboTa MO MEPEHOCY MOHOB paBHA paboTe
CHJI OCMOTHYECKOTO JAaBleHUs, HepHCT MOMy4yr CBOIO 3HAMEHUTYIO (OpPMYITy

JJIA TIOTCHIMAaIa 3JICKTpoJa:

3.1)

RT
_ 0
EL/M _EL/M +—ZF lnCMer

Tak Kak MOTEHIHAT AJIEKTPOJA 3aBUCUT OT KOHIICHTPAIMH, TO M3MEHSS
MIOCIIETHIOI MOYKHO T0100paTh TaKOW PacTBOp, B KOTOPOM OTCYTCTBYET Tepe-
XOJl MOHOB U3 OHOH (ha3sl B Apyryro. B aTom ciaydae no HepHeTy moBepXHOCTH
9NEKTpoJia He OYAET HECTH c80000H020 3apsioa W, CIEOBATEIbHO, Ha TPaHUIIE
METaJUI-PAacTBOP DJIEKTPOJIUTA HE JOJDKEH BO3SHHUKATH ABOWHON CIOM M3 MPOTH-
BOMOHOB. PacTBOpHI, OTBeHalOIMe yKa3aHHONW KOHIIEHTPALUU, HAa3bIBAIOT HYJe-

6bLM, A TIOTCHIIHATI DIIEKTPO/IA B TAKOM pactBope ( E,—q) — nomenyuanom Hyne-

6020 3apsada (ITH3) unu nynesoii mouxoi memania.
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Jlis MeTannoB B KUAKOM (pacliaaBIEHHOM) COCTOSHUU (PTYTH, Tailiusd,
psma APYTWX METauIOB) MOTCHIMAN HYJIEBOTO 3apsiia MOXKET OBITh 3KCIICpH-
MEHTAJIbHO OLpPEJEJIEH Ha OCHOBAHUU TAK HA3bIBAEMBIX DJIEKTPOKANUIUIAPHBIX
KPHBBIX, BBIPAXKAIOLIUX 3aBUCUMOCTb 00paTUMOIl MOBEPXHOCTHOH paboThl G OT

moTeHIMana 31ektpoaa (puc. 7).

Ny
>

g=0 E.B

Puc. 7. DnexrpokanwiisipHas KpuBas

Hannune Ha moBepXHOCTHM MeTalljla MOHOB OJIHOTO 3HAKa NPUBOAMUT K
YMEHBIICHUIO TTOBEPXHOCTHOT'O HATSHKCHHS M3-32 BO3SHUKHOBEHUSI MEXKY HUMH
CUJI B3aMMHOTO OTTajKuBaHusl. OUeBUAHO, YTO B OTCYTCTBUH M30BITOUHBIX 3a-
PAI0B IOBEPXHOCTHOE HATSHDKEHUE JOCTHTAeT CBOETO HAaUOOJIBIIIETO 3HAUYCHHS.

[Tonarasi, 4T0 €IUHCTBEHHON NMPUYMHOW BO3HHUKHOBEHUS CKayka MOTECH-
Lyaja Ha TPaHUIEe METATMYECKOr0 AJIEKTPOJa C PACTBOPOM SIBIISICTCS HATMUHE
HMOHHOTO JBOMHOro ciosi, Hepuer u OcTBanbJ NPUIUIM K BBIBOAY O TOM, YTO B
TOYKE MaKCHMyMa 3JIEKTPOKAMMWIISIPHON KPUBOM PTYTH HYJIIO paBeH HE TOJBKO
3apsii MeTallia, HO M IMOTEHITUAI DJIEKTPOJIa, KOTOPBI OHU HA3BaM aOCOIOM-
nvim Hynem nomenyuana. OTCIOAa CIeI0BaNo, YTO MOTSHLUAN YIEKTPOIa, U3Me-
PEHHBIN 1O OTHOMICHHI0O K KaKOMY-JMOO APYroMy 3JEKTPONY B €ro HYJIEBOM
pacTBope, OTBeUaeT abCOTIOTHOMY 3JICKTPOJHOMY MOTEHIUANY (T.€. rajlbBaHU-
MOTEHIMAy) JaHHOTO 3JEKTpona. TeM camMbIM OTKPBIBAJICS MyTh K OMpeiaese-

HUIO aOCONOMHbIX BENUUUH 3ﬂekmp0c)nbzx nomeHyuaioes.
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Torenuman Hynesoro sapsna amst prytd (E,—g) B pacTBOpax nosepxno-

CMHO-HeaKkmueHnbvlx eeujecmes, T.€. BEUIECTB IMMPAKTUYCCKU HE a,I[COp6I/IpyIOH_lI/IXCH
Ha rpaHule pasacia (1)8.3, 110 OTHOIICHHUIO K CTAHAAPTHOMY BOJOPOJHOMY JDJICK-
TpoAy ONpEACIICH JOCTATOYHO TOYHO U (HO JaHHBIM Ppa3/IMYHbIX aBTOpOB) Co-

crapisier —0,193 B. Torga jas nosiydeHus: abCONIFOTHOTO MOTEHIIMATA KaKoro-

6o QJICKTpOJa JOCTATOYHO M3 BCJIUYHMHBI €ro 3JICKTPOJHOI'O IMOTCHIIMAJIa BbI-

YECTb NPUBEACHHOC BBIIIC 3HAYCHUC Eq:() JUIA PTYTHOI'O DJICKTPOJaA.

C apyroii CTOpOHBI, €CJIM COOPATh MEKTPOXUMUYECKYIO 1IeIb, B KOTOPOI
00a 3JIeKTpoIa HAXOAATCS B CBOMX HYJIEBBIX pacTBOpax, TO Pa3HOCTh MOTCHIINA-
JIOB HA TIOJIFOCAX TAKOW Ienu Mo Teopun HepHcTa OKHA paBHATHCS HYIIO, a
MOTEHIMABl HYJICBOTO 3apsla B PacTBOpPax IOBEPXHOCTHO-HEAKTHBHBIX Be-

ICCTB JOJIKHBI OBITH OJJMHAKOBBI JJI1 BCEX MCTAJIJIOB.

Pa3pa60TKa TOYHBIX METOAOB U3MCPCHHA IMOTCHIIMAJIOB HYJICBOI'O 3apsaa

MIO3BOJIMJIA OTIPENICINTh UX AJIS MHOTMX METaoB. (Tadum. 1).

Tabauna 1
IMoTeHUHABI HYJEBOIO 3apsiaa PsAa METAIIOB B BOAHBIX

pacTBOpax NOBEPXHOCTHO-HEAKTHBHBIX 3JIECKTPOJIUTOB

MeTamn quo,B
Pryts -0,193
Tammmia -0,69
OnoBo -0,43
Bucmyr -0,38

DKCIIepUMEHTAIbHbIEC JaHHbIE, IPUBEICHHBIC B Ta0JI. 1, MOKa3bIBAIOT, YTO

BCJIMYMWHBI ITOTCHIMAJIOB HYJICBOT'O 3apsaa IJid Pa3sjInYHbIX METAJUIOB CYHICCT-
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BEHHO Pa3IMYarOTCs MEXy co00i 1 BeIBOJBI Teopuu HepHeTa, cregoBaTenbHo,

HaXoOsATCA B IPOTUBOPECYNU C OITBITOM.

Takum oOpa3om, HU (Gu3nuecKas (KOHTAKTHas) Teopus BonbTa, HU XUMH-
geckas Teopus HepHcTa HEe B COCTOSIHUM OBIITM AaTh HEMPOTHBOPEUMBOTO 00B-
SICHEHHMs MEXaHM3Ma BO3HHKHOBEHMS PAa3HOCTH IOTCHIMAJIOB HA KOHIAX JJICK-
TPOXMMHUYECKOW Henu. B pesynbraTe B 3JIEKTPOXMMUHM BO3HHMKIM JBE IpoOie-
MBI npodaema Bonvma u npobrema abcontomno2o ckauka nomenyuana. Ilepsas
n3 HUX, chOpMyIMpOBaHHAs emle caMuM BombTa, CTaBUT BOIpOC O MPHUPOIE
IpoleccoB, o0yciaoBnuBaomuX nosiieHne DJC IeKTPOXUMHUYECKOH e |
BKJIaJI¢ BOJBTA-TIOTEHIMANA (KOHTAKTHOW Pa3HOCTH MOTCHIMAIIOB) B €€ BEJINYH-
Hy. Bropas mpoGiiema cBs3aHa ¢ BOmpocoM 00 aOCONIOTHOW BEIMYHMHE TaibBa-

HU-TIOTCHIMAJIa Ha I'PaHULIC METAJLJI-PaCTBOP.

Pemmrenne npobnemsr Boisra 65110 1ano @pymkuasmM B 30-40 rr. XX B.,
KOTOphIN mokaszai, uto DJ[C anexkTpoxuMudeckoi nenu 06e3 KUIAKOCTHOTO CO-
€AMHECHUS MOXKET OBITh MPUOIIKEHHO MPECTaBlICHA Kak anredpanyeckas cyM-

Ma TpeX CKauyKOB TOTEHIIHAaJa: BOJbTA-MIOTEHIINATA Ha TPaHUIle JBYX METAIIOB
(Ai}‘z\u) U JBYX CKaYKOB IOTCHIMAJa B MOHHBIX JBOWHBIX CIIOSIX, @ UMEHHO,
A, Ha rpannne M;|L u A@, Harpanune M, |L coorBeTcTBEHHO:
E~AMy + (A, — Ag)) (3.2)
~ MZ\V P2 D1 .
W3 ypaBHenus (3.2) BUIHO, 4TO eciy 00a MeTaja HaxoIsITCS B CBOMX
HyneBbIX pactBopax (A@; =0, Ap, =0), To 9/IC nenu, a cienoBaTenbHO, U

PasHOCTh MOTCHIMAJIOB HYJCBOTO 3apsaa ABYX MCTAJIOB, JOJDKHA HpI/I6JII/IBI/I-

TCJIBHO COOTBCTCTBOBATH BOJIbTA-IIOTCHIINATY

M
Eq o=~ AM;‘V (3.3)

Hao6op0T, Ipu JOCTATOYHOM YAAJICHUW NOTCHIHAJA 3JICKTPOAOB OT IIO-

TeHIMana ToyeKk HyneBoro 3apsnaa DJIC snexTpoxumMudeckoil nenu OyneTr omnpe-
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JACIATBCSA B OCHOBHOM CKadKaMM IIOTCHIMaJIa B MOHHBIX HBOﬁHBIX Cl104X, T.C.
CKa4YKaMH IMOTCHIHMaJIa, CBA3aHHBIMU HCKIIIOYUTECIBHO C MpoHeccaMu mnepepac-

npeacjaICcHus MOHOB BOJIM3U T'paHULBI pasacia METalll—pacTBOp, a BEITMUMHOMN

BOJIbTA-IIOTCHII MAJIa A MOXHO HpeHerqu.
[\/]2 \V

VYpasuernune (3.2), nomydeHHOe PPYyMKHHBIM, MO-CYIIECTBY W SIBISETCS
pemreHueM mpobsieMbl Bosbra, KoTopast B TOH MM MHOH (hopMe cTosuia mepen
aekTpoxuMukamu noutu 150 nger. OHo oOBenuHACT MpecTaBieHus BoabTa U
Heprcra 0 MexaHM3Me BO3SHHKHOBEHHS Pa3sHOCTH NOTEHIIMAJIOB B 3JEKTPOXHU-
MHYECKOH IENU: B TCOPHH BoJbTa YYUTHIBAIOCH TOJNBKO ITIEPBOE ClIAracMoe

ypaBHenus (3.2), B Teopuu HepHcTa — TONBKO BTOpOE.

[TockonmbKy BeNMYMHA BOJIETA-MOTEHINA MOXKET OBITh 3KCIICPUMEHTAIb-
HO HM3MEpPEHa, TO TOSBIISCTCS BO3MOKHOCTH MPOBEPKU YACTHOTO CITy4as ypaB-
HeHus (3.2), a uMeHHO BbIpaxkeHus (3.3). B tabn. 2 npeacraBieHbl JaHHbIE IO
BEJIMYUHAM BOJBTA-TIOTCHIIHAIIOB U PA3HOCTH TOTCHIIMAJIOB HYJIEBOTO 3apsjia

JUTA TIapbl METAJJIOB, U3 KOTOPBIX COCTAaBJICH raJbBaHHYCCKHUM JIEMCHT.

Tabmuma 2
Pa3HOCTh MOTEHIHAIOB HYJI€BOI0 3apsiia U BOJIbTA-MOTEHI[AAJIbI

ABYX KOHTAKTUPYIOIIUX METAJJIOB B BOJJHBIX PaCTBOpPax

DNEeKTPOXUMHUYECKast AE ., B Aﬁlz v.B
cucreMa
PryTh—CcBUHEN 0,45 0,46
PryTp—Tanmit 0,60 0,53
OJI0BO—CBHHEI] 0,28 0,24
OJ10BO-TaJIHI 0,46 0,42
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C AE AMiy 06
OITOCTABJICHUEC BCIINYHNH q:() nu MZ\V 0 Hapy)KI/IBaeT Xopomee CO-

OTBETCTBHE MEXJy HHUMH, UTO TTOJTBEP)KJACT CIPABEINBOCTH NPHBEICHHBIX
Bblle ypaBHeHul (3.2 — 3.4).

Uro xacaercst mpoOsieMsl aOCOTIOTHOTO CKadka MOTEHI[Hala, TO elle pa3
OTMETHM, YTO SKCHEPHUMEHTATBHO M3MEPUTh BEIWUYHHY TajlbBAHU-TIOTCHITHATIA
(T.e. pPa3HOCTH MOTEHIMAJIOB MEXK/LY Pa3IMYHBIMU IO IPHPOJIE WM COCTaBy (a-

3aMM) B MPHUHLUIIE HEBO3MOXKHO. [I0ATOMY OMBITHBIM myTeM Mpobiemy abco-
JIIOTHOTO CKayKa MOTEHIMalla PeIIUTh Helb3s. Bennunna Alﬁd(p HE MOET OBITh
paccuuTaHa U YMCTO TePMOAUHAMUYECKUM MmyTeM. OJIHaKO Ha OCHOBE psiAa J0C-
TaTOYHO OOOCHOBAHHBIX MOJEIBHBIX MPEACTABICHUN B HACTOSIIEE BpeMs yia-

CTCA OLCHUTH BCIMYMHY NOBCPXHOCTHBIX MNOTECHIIUAJIOB pacTBOpa (XL) u HE-

KOTOPBIX METAJLIIOB (XM ) . I Torna oka3piBaeTCsl BO3MOYKHBIM pacueT rajibBaHu-
M Y
IIOTCHIIMAaj1a AL (0 IO ONBITHOU BCIMYUHE BOJIbTA-IIOTCHIIMAJIA HA TPAHUIIC pac-

TBOP—METAaJII (A%’I\y) o ¢opmyie (2.8).

3.2 CoBpeMeHHbI€ PEACTABICHUA 0 CTPOEHUH IBOITHOTO

JICKTPUIECKOT0 CJIOSI HA TPAHUIE METALJI—PacTBOP

Bo3HHMKHOBEHHE CKayka MOTEHIMAda Ha T'PAHUIE METAJUI-PACTBOP DJIEK-
TPOJIUTA CBSI3aHO C HEIKBUBAJIEHTHBIM OOMEHOM 3apsDKEHHBIMU 4acTHLIAMU
MKy KOHTAaKTHPYIOMMMH ¢a3amu. [Ipw morpykeHHH MeTajaia B PacTBOP
JIIEKTPOIUTA MTPOMCXOANUT MPEUMYILECTBEHHBII NIEPEHOC HOHOB B KAKOM-TO OJI-
HOM HAampaBJICHUU: U3 MeTajjla B PacTBOP HIIHM, HA0OOPOT, U3 pacTBopa B Me-
Taul. B pesynbraTe, MO OIHY CTOPOHY TPAaHMIBI pa3fena CO31aeTCsl M30BITOK
HOHOB JIaHHOI'O 3HAKa, 10 APYryl0 — UX HEIOCTAaTOK. Takol HE3KBUBAJICHTHBIN
MOHHBII 0OMEH MPUBOJUT K Pa3/eleHHIO 3apsAA0B M BO3HHUKHOBCHHUIO JBOIHO-

T'0 JICKTPHUICCKOTr'O CJI0 U KaK CJICACTBUC K MOABJICHUIO Pa3HOCTHU MOTEHIIUAIOB
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MEXIy MeTaIn4ecKoi (a3oi u pacTBopoM 31exTponuta. [lo mepe yBenuueHus
Pa3HOCTH MOTEHIMAIIOB CKOPOCTH NMEPEX0/ia NOHOB B 00OMX HAINPABICHUSIX BBI-
PaBHUBAIOTCS M HACTYNAET COCTOSHUE PABHOBECHS, KOTOPOMY OTBEYAET PABHO-
BECHBIM CKa4OK MOTEHNMala Ha TpaHulle pa3gena (a3 — ranbBaHU-MOTEHINAL.
COCTOSIHHIO PABHOBECHS OTBEYAET PABEHCTBO IEKTPOXMMHUYECKHX MTOTCHIIHA-
JIOB 3apsDKEHHBIX YaCTHI] B 00enx Qazax:

~M _ ~L
|

Ecnm 1ekTpoXuMHYecKrid MOTEHIIMAI KATHOHOB B MeTaie OOJIbIIe, YeM
UIEKTPOXMUMUYECKUI TOTEHIMAI KaTHOHOB B PacTBOPE, TO HOHBI OYAYT Mepexo-
IUTHh U3 MeTayuia B pacTBop. Cama MeTayummyeckas ¢aza mpu 3TOM MpUoOpeTaeT
OTPHLATEIBHBIA 3aps]] 32 CYCT IOSBICHHIS HEKOMIICHCHPOBAHHBIX AJICKTPOHOB.
[epemenimme B pacTBOp KaTHOHBI MPUTATUBAIOTCSA K TOBEPXHOCTH MeTailla H
oOpa3zyeTcst TBOMHON 3IEKTPUUYECKHUI CIIOW, B KOTOPOM OJHOW OOKIIaJKOH CiTy-
AT MOJOKUTEIBHBIC 3apsiIbl CO CTOPOHBI PACcTBOpa, IPYroi OOKIAaIKOW — OT-
pHILIATETIFHO 3apsDKEHHAs MOBEPXHOCTh MeTaiuia. Hao0opoT, eciiu AIeKTpOXH-
MHYECKHH TTOTEHINA KaTHOHOB B METaJIe MEHBIIIE, YeM B pPacTBOPE, TO HOHEI
MePeXOAT U3 PACcTBOPA HA MTOBEPXHOCTh METAJlIA, KOTOpask MpHOOpETaeT MoJIo-
JKUTCIBHBIN 3apsii U MPHUTATMBACT aHHOHBI M3 pacTBopa. B oOpasyromemcs
JIBOWHOM Clioe OOKJIaJiKa CO CTOPOHBI METaJlIa 3apsKaeTCsl IMOJIOKHUTEIBHO, CO
CTOPOHBI PACTBOPA — OTPHULIATEITBHO.

Jpyroil Ipu4rHON MOSABICHUS CKAayKa IIOTEHLMAla HA IPAHULIE METasl—
pacTBOp clieAyeT NMPHU3HATh MPEUMYIECTBEHHYIO (M30UpaTeNbHYI0) aficopOuuto
HMOHOB OIIPEJICIICHHOTO 3HaKa Ha IIOBEPXHOCTH pasnena (a3, BEI3BAHHYIO CHIIA-
MH HEDJICKTPOCTATHYECKOTO TIPOUCXOXKACHU. Takylo ancopOunio MpuHATO Ha-
3BIBATh cheyughuueckoll adcopoyueil (xemocopbyueti), TOCKOIbKY HAKOTIJICHHE
HOHOB Ha MOBEPXHOCTU DJIEKTPOJA MPOHCXOAUT IMOJ ACHCTBUEM XHMUYECKUX
cuwi. Crierududeckas ancopOuus B OOJbIICH CTEIICHN XapaKTepHa JJIsl aHHOHOB

1 B MEHBIIEH — I KaTHOHOB. D ekt crennpuueckoii agcopobun HabIro1a-
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€TCsl U Ha He3apsLKEHHOW MOBEPXHOCTH, T.€. B YCIOBMSX, KOIJJa HOHHBIA 0OMEH
MEXIYy METaJUIOM M PacTBOPOM OTCYTCTByeT. Crnenmdudecku aacopdupoBaH-
HbIE HOHBI M COOTBETCTBYIOIIEE UM KOJIMUYECTBO MPOTHBOUOHOB 00pasytoT JIDC,
JIOKaJIM30BaHHBIA BHYTPU XHUIKOW (pasbl (TBepaas (asza Ui MOHOB HEMPOHH-
IjacMa) B HETIOCPEICTBEHHOI OJIM30CTH OT TPAHMUIIBI pa3zieiia MeTalI—PacTBOpP.
Bo3HukHOBeHHE CKadka MOTCHIMAA MOXKET OBITh TAK)KE CBSI3aHO CO CIIO-
COOHOCTBIO MOJSIPHBIX MOJEKYJ, B TOM YHCIIE€ MOJEKY] PacTBOPUTENS, OPUEH-
THPOBAHO a/ICOPOMPOBATHCS Ha TpaHHIE paszena ¢a3. BemecTsa, criocoOHbBIE
crienu(UUecKH aIcopOMPOBaThCS HA TPaHUIE pa3geia (a3 Ha3bIBAIOT nO6epX-
nocmuo-akmuenvimu (IIAB). B aToM citydae oauH U3 KOHILIOB AUIIONS TOISIPHOM
MOJICKYIBI 0OpaIIeH B CTOPOHY 3apsHKEHHON TMOBEPXHOCTH 3JIEKTPOAA, a APYToit
— B CTOPOHY JKHAKOH (pa3sl. B BOIHBIX pacTBOpax 3JIEKTPOJHNTA HA TPAHUIIE Me-
TaJJI-PACTBOP BCET/Ia MPUCYTCTBYET JABOMHOM AMEKTPUYCCKUIT CI10ii, 00s13aHHBIIH

CBOWM TIPOMCXOX/ICHHEM OPHCHTUPOBAHHON a/ICOPOITMH MOJIEKY BOIBI.

PaccMmoTpuM cTpoeHHE TBOWHOIO AIICKTPUYECKOTO CIIOS, T.C. pacmpeiese-
HHE 3apsA70B Ha TPaHUIlE pa3/iena KOHTaKTHpyomux ¢a3. Ciaenyer cpa3y oTMe-
TUTB, 4TO cTpoeHue J[DC He CKa3pIBAeTCs Ha BEIWIMHE PABHOBECHOI'O 3JIEK-
TPOJHOI'0 MOTCHIMANA, HO MMEET BaKHOC 3HAUYCHHUC JJIs TIOHUMAHUS U UHTEP-

HpeTalry KNHETHYECKUX 3aKOHOMEPHOCTEH JJIEKTPOXUMUYECKHUX PEaKInii.

IlepBble mpencTaBieHUs. O CTPOCHUU JBOMHOIO 2JIEKTPUYECKOIrO CJIOS Ha
IpaHHIE METAJUI-PACTBOP OTHOCATCS K cepequne XIX B. M CBS3aHBI ¢ HMEHEM
I'enpmroubua. ITo I'enbMroapiy 4BOMHON 3IEKTPUUECKUN CIIOH PEACTaBISIETCs
KaK IJIOCKMH KOHAEHCATOP, O/IHOM M3 00KIIaJ0K KOTOPOTO CIY>KUT MOBEPXHOCT-
HBIM CJIOH 3apsiioB Ha MeTajlle, APYrod — MOHBI IPOTUBOIIOJNIOXKHOIO 3HAKA B
pacTBope, NMPUTAHYTHIE K TMOBEPXHOCTH METaja 3a CYET AIEKTPOCTaTHYECKHX
cun (teopust kouneHcupoBannoro J2C). KonmuecTBo 3apsiioB Ha oOKIagKax
KOHJIGHCAaTOpa CO CTOPOHBI MeTajula M CO CTOPOHBI PacTBOpa JOJKHO OBITh

OJIMHAKOBBIM U B3aMMHO KOMITEHCHPOBATH Apyr apyra. Tommmaa 129C npumep-
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HO COBMAJaeT C PaguyCcoM COJIbBATUPOBAHHOI'O HMOHA, a MOTEHLHUANl JHUHEHHO
U3MEHSeTCs IPU YAAJICHUH OT MOBEPXHOCTH paszena das.

HenocrtatkoMm Teopuu I'enbmrosnbua sSBIsUIOCH TO, YTO OHA HE MOTrja 00b-
SICHUTB U3MeHeHue cBoiicTB J|DC ¢ H3MeHeHHEM KOHIICHTPAIH U TeMIIepaTyphl
JJEKTPOJIMTA.

IMozmuee K. T'ym u 1. Yanmen (1910-1913 rr.) npemasioXuinm TEOPUIO
muddysHoro asoitHoro cios. CoriacHo Teopun ['yn—YamveHa GpopmupoBanne
nonHo# oOknanku JOC mMPOUCXOMUT TMOJ BIUSHUEM JIBYX IPOTHBOTIOIONKHO
JEHCTBYIOMMX (DaKTOPOB: TEIUIOBOTO JBIDKCHHS HOHOB M CHJI TPUTSDKCHHS-
OTTAJIKMBAHMSA CO CTOPOHBI 3apsHKEHHOI MOBEpXHOCTH MeTa/uia. CHITBI AJIEKTpo-
CTaTUYECKOr0 MPUTIKEHUsI MPEMSATCTBYIOT MEpeIeAInM ¢ MeTaljia B pacTBOp
MOHAM YXOJHUTh BHYTPb JKUAKOW (hasbl, TOTAAa Kak B Pe3yjibTaTe TETIOBOI'O
JIBUKEHUSI MOHBI CTPEMSITCS HMOKHHYTh MPHUIJIEKTPOJHOE HpOCTpaHcTBO. B pe-
synetate JIDC mpuobperaer pasmbiToe nuddysHoe ctpoeHue. DpdeKkTuBHAs
TOJILIMHA JBOMHOIO CJIOSI CYLIECTBEHHO 3aBUCHUT OT KOHILIEHTPALMU PacTBOpa
9NEKTPOJINTA, 2 UMEHHO, YMEHBIIAETCS C €€ YBEJIMUeHUEM (JIBOMHOMN CIION Kak
061 cxuMaeTcs ). C MmoBBIIIeHHeM TeMriepatyphl Toimuaa J19C, Hao0opoT, yBe-
JMYUBACTCS, a caM JABOMHOMN cJ0if cTaHOBUTCS OoJee Tu(Qy3HBIM (Pa3MBITHIM).
[loreHuuan B ABOMHOM 3JIEKTPUYECKOM CJIO€ SKCIIOHEHLUHUAIBHO CHUXKAETCS IO
Mepe yAaleHHUs OT HOBEPXHOCTH METaJlia.

CoBpeMeHHbIE MTPEJICTABICHUS O JBOMHOM 3JIEKTPUYECKOM CJI0€ OCHOBBI-
BAalOTCS HA TEOPETHUECKOI MozaemnH, BEIBUHYTOH B 1924 r. O. lItepHoM, koTO-
pOMY yAanoch COeqUHUTH BoeauHo Teopuu ['enbmronsua u ['yn—Hanmena. Kpo-
Me Toro, IlITepHOM OBITM YYITEHBI CHIIBI HEAIEKTPOCTATHUECKOTO B3aUMOJICHCT-
BUSL MOHOB C METAJUIOM, YTO IO3BOJIMJIO MHTEPNPETUPOBATDH SIBJICHUS, CBS3aH-
Hble cO crenuduueckoit aacopbuuelr noHoB. B nanpueitmem teopus Lltepna
Obina ycoBepuieHcTBoBana J[. ['pamom u A. @pymkuabsiM. MOJIEKyIIsipHOE CTPO-

enue JIDC B paMKax 3TUX MPEJICTABICHUH CXeMaTHYHO H300pakeHo Ha puc. 8a.
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B coBpemeHnHOI Teopuu mpefmnonaraeTcs, 9To HoHHas ooknaaxa JI9C co-
CTOUT M3 JIBYX YacTel: miommuoeo cnos O (crnoa Ienvmeonvya) n ouggysnozo
cnosi A (cnos I'yu). Ha puc. 8 oHHM OTIENICHBI IPYT OT Jpyra ITIOCKOCTHIO, HAXO0-

Jsiieiicss Ha pacCTOSIHUM X = X, OT TpaHulbl pasznena ¢as. Ee oOb4HO Ha3bIBa-

IOT @HewHell NI0CKOCbIO FefleZO/lbL[(l.

a
o pacTeop |
] !
i |
= '
=7
2L
_
T
gl
el
—
i

Y

X

Puc. 8. MonekynsipHas kaptuna ctpoenus J|OC Ha rpaHuLie MeTaI—pacTBop (a)

u pacrpeznenenne norenuaia B J[3C (6). (IToscHenns B Texcre)

ECJ'II/I, KakK B paccMaTpuBacMOM cCliy4ac, 3HeKT‘pOXHMI/I‘ICCKI/Iﬁ noTCHIHaI

KaTUOHOB B pAaCTBOPE MCHLIIC, YEM B METAJJIC, TO KaTUOHLI U3 METajlla Iepe-
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XOIAT B PAaCTBOP M METAJUIMUECKas MOBEPXHOCTh 3apsKAeTCs OTPHLATEIBHO.
Co cropons! pactBopa JI9C ¢dopmupyeTcs U3 THAPATHPOBAHHBIX (COIBBATHPO-
BaHHBIX) KaTHOHOB, MEpEIICANINX B PacTBOP, T.€. U3 HOHOB HECYIIMX 3apsj,
IIPOTUBOIIONIOKHBIA M0 3HAKY 3apsAy MOBEPXHOCTH MeTaula. DIEKTPUUECKHE
LICHTPHI KATHOHOB, KOTOPBIE BMECTE CO CBOMMH THAPATHBIMH 000JI0UYKaMH TPHU-
TSTUBAIOTCS K MIOBEPXHOCTH METAJIIA TOJBKO 3@ CUET IICKTPOCTATHYECKHUX CHUII,
HE MOT'YT HaXOJIUThCS OT JIEKTPOJIa Ha PACCTOSHUM OJIMKE BHELIHEH MIIOCKOCTH
enbMrosplia, ¥ TOJIIMHA TUIOTHOW YacTH JBOWHOTO CJIOSI O OKa3bIBAETCS CO-
U3MEpHMa C PaJyCcOM COIbBATUPOBAHHOTO HMOHA (X, ~0,2—0,5 HM).

Ecnm B pacTBOpe 3JEKTPONUTa MPUCYTCTBYIOT KAaTHOHBI WM aHHUOHBI,
CKJIOHHBIE K CTIeII(HUYIecKOi afcopOIiy, TO OHH MPOHHUKAIOT BHYTPh IIOTHOM
gactu JIOC, IpH TOM YaCTUYHO WM MOJHOCTBIO IeTUAPATUPYSICh, U 00pa3yoT
XMMHYECKHE CBSA3M C TIOBEPXHOCTHBIMH aTOMaMH MeTajuia. [ImockocTs, Ha Ko-
TOPOH JIOKAJIM3YIOTCSl JIEKTPUUYECKUE LEHTPBI CreU(UUECKN aJcopOnpoBaH-

HBIX HOHOB, Ha3bIBAIOT GHYmpenHell niockocmyio I erbmeonvya (X =xp).

CornacHO MPUHLUIY 3JEKTPOHEUTPaATbHOCTHU 3apsi MOBEPXHOCTH MeTall-

na (gy1) KOMIOEHCHPYETCsl 9KBUBAJICHTHBIM KOJIMYECTBOM 3apsJI0B B paCTBOPE:
am =_(Qm1 +q,um1))’ (35)
TIC Gy M Gy — 3aPAIBI I0THOHM 1 uddy3Ho# acteit 1DC cOOTBETCTBEHHO.
Bennuunna ckauka moTeHLMala Ha IOBEPXHOCTH Pa3jieia MEeTaljI—pacTBOp
(Ak,[(p) CKJIaJbIBA€TCSI W3 IaJeHUs IMOTEHIMajda B IUIOTHOM YacTH ABOWHOIO
cios () ¥ mageHus noreHnuana B auddysHoit yactu (). B maoTHOM 9acTn

J3C (3), koTopasi SKBHBAJCHTHA IDIOCKOMY KOHJCHCATOPY, MOTCHIUAN IPaK-
TUYECKH TMHEHHO U3MEHSIETCS C YBEITMUSHUEM PACCTOSIHHS OT IIOBEPXHOCTH Me-
Taya (puc. 80).

Honsl nuddy3HOro ciost pacroyararoTcs 3a IpeieiaMy IUIOTHOH 4acTH

J2C. quddy3Hblil cnoii, B KOTOPOM NMPUCYTCTBYIOT KaK KaTUOHBI, TaK U aHHO-
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HBI, B PACCMAaTPUBAEMOM CIIydae, B LIEJIOM XapaKTepH3yeTcs H30bITOYHOI II0T-

HOCTBIO TIOJIOXKUTEIBHOT0 3apsiaa. Tommuny nuddysHoro cnod (A=x, —Xx,) U

€ro BHEIIHIOK IPaHHIly TOUYHO yCTAHOBHUTH MPAKTHUUECKU HEBO3MOXHO. Teope-
THUYECKU 3Ta TPaHHLA OTBEYAeT IJIOCKOCTU X =X, (pHc. 8a), BOIM3M KOTOPOH
KOHIICHTpALHs KATHOHOB M aHHOHOB B IU((PY3HOM CJI0€ CTAHOBUTCS IIPaKTHYC-
CKH PaBHOH 0O0BEMHOIl KOHIICHTPAIWH, a TNIOTHOCTH MOJOKUTEIBHBIX M OTPHU-
LATeNIBHBIX 3aPs10B BEIPABHUBAIOTCSI.

JUis olleHKH TONIIUHBI UG Y3HOTO CIO0ST BBOIUTCA MOHATHE 2¢hdexmus-

Hotl monuunsl Ou@p@Pysnozo cnos (hy), MO CBOEMY CMBICITY BO MHOTOM aHAJoO-
rHYHON d(PEKTUBHOMY paJMycy yCIOBHOW MOHHOW atmocdeps! B Teopuu /[le-
Oas—Xrokkend. DddexTuBHy0 TonmuHy Juddy3Horo cnosd (A, =x3 —x,) I0-
Jy4aroT MPOJOJDKEHUEM JIMHEHHOrO ydacTKa I1aJeHHs MOTCHIHaNa B IUIOTHOM
gactu JI9C no nepecedenus ¢ ocbto x (puc. 86). Tommuua quddy3HOi dacTu
J5C B 3aBHCHMOCTH OT KOHLEHTPAIMH U TEMIEPATYPhl MOXET KoieOaTbCs B
npenenax 1077 =10 % cm.

[Mpy HU3KUX KOHLEHTPALUAX MIEKTPOJIHNTA MTO-CYIIECTBY BCE HOHBI B pac-
TBOpe pacnpenenensl quddy3Ho u crpoenue J[IC mpakTHYeCKH COBMAAACT C
MOJIEIbHOM KapTUHOM, BeITeKarowell u3 reopuu I'yn—Hanmena. C yBenuueHueM
KOHIIGHTpauK pacTBopa auddy3Has 4acTb JBOHHOrO CJIOSI CKUMAETCS, IUQ-
Gby3HbIH OTEHIMAN Y| YMEHbIIAETCs, a CKAuOK MOTEHIHala B IJIOTHOH 4acTu
JOC yBenuuuBaercs. B 10CTaTOYHO KOHIEHTPUPOBAHHBIX pacTBOpax AU dy3-
Has 4acThb JBOIHOIO CJIOS MPAaKTHYECKH BBIpoXaercs u crpoenue J1OC mpu-
OmIKaeTcsl K MOJIGNH, IPEJIOKEHHON | ebMrosbIem.

Ecnn nmpuHATh BO BHUMaHHE OPHUEHTHPOBAHHYIO a/ICOPOLMIO MOJISIPHBIX
MOJIEKYJT pacTBOpUTENS (pHUC. 8a) H BO3MOXKHOCTH CIENU(UISCKON aJIcopOIim
OpPraHMYEcKHX MOJIeKysd, To ctpoeHue JIOC emie Ooiee YCIOXKHACTCS M MOXET
CYIIECTBEHHO MOBJIUATH HAa XapaKTep paclipe/iesIeHns] MOTeHIINala Ha IpaHuLe

METaJI—PacTBOp.
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4. TEPMOJAUHAMMUKA OBPATUMBIX
IJIEKTPOXUMHNYECKUX CUCTEM
4.1. IIpaBuiio 3HakoB J/IC ranbBaHUYECKUX 3JIEMEHTOB

U 3JICKTPOAHBIX NOTCHIUAJIOB

Baenenue Bog1opoaHOM MIKallbl HOTEHIIMAIOB MO3BOJIWIO MPUITUCATH pas3-
JIMYHBIM 3JIEKTPOJAM BIIOJIHE OINPEJEICHHbIE YUCIOBBIE 3HAYCHMS, YTO AAJIO
BO3MO)KHOCTh CPaBHHBATh MX ITOTEHIHAIBI Mk Ty coboil. OHaKo ocTanach He-
ONpeAeICHHOCTb B TOM, KaKOM 3HaK MpUIucaTh NoTeHIuany sJekrpoga u DJC
rajlbBaHUYECKOr'0 SJIEMEHTA.

Bompoc 00 yHu(HKamy 3HAKOB 3IEKTPOAHBIX MOTCHIHAIOB OBUT perieH
MexayHapOIHBIM COIO30M IO YHCTOW U MPUKIAIHON HIEKTPOXUMHHU Ha KOH(e-
penumu, cocrosiBiieiicss B Ctokronsme (IlIBenwms, 1953 r.), Ha koTopoit ObLia
[IPUHATA KOHBEHLUS O 3HAKaX 3JIEKTPOAHBIX MOTEHLUUAJIOB, NpaBWIax 3allcu
COCTaBHBIX YacTel 3JIEKTPOXUMHUUECKOH CHUCTEMBI, 3JIEKTPOAHBIX MPOLIECCOB U
CyMMapHOH 2JIEKTPOXUMUYECKON peakuun. CorjaacHO NPUHITON KOHBEHIIUH Be-
mmanHa DJ[C (HampspKeHWs) TaJbBaHWYECKOTO SJIEMEHTa CUHTACTCS MOJ0XHCU-
MenbHOU, €CIN AIEKTPUUECKUN TOK (JEKTPOHBI) BO BHELIHEH LEnH Te4yeT OT
JIEBOTO 3JIEKTPOAA K IIPaBOMY, YTO TOXKAECTBEHHO YCIOBHIO, COIJIACHO KOTOPO-
My NOJIOKUTENIBHO 3apsyKCHHbIE MOHBI BHYTPU I'aJIbBAaHUYECKOT'O 3JIEMEHTA IIe-
PEMEILAIOTCS B TOM K€ HaIlpaBJICHUH.

Ipu cobmroaeHNN yKa3aHHOTO IOAX0/a Ha MPABOM 3JIEKTPOJAE UMEET Me-
CTO IPOLIECC BOCCTAHOBJICHUSI U OH SIBIISICTCSI MOJIOKUTEIBHBIM II0JOCOM I'allb-
BaHMYECKOro ayieMeHTa (karojaom). Ha seBom ayiekTpojie MpoTeKaeT Mpouecc
OKHCJICHHUS U OH CIIy’KHT OTPULATEIbHBIM MOIIOCOM rabBAHUYECKOTO JJIEMEHTa
(aHonOM). YpaBHEHHE JJICKTPOTHON pEaKIMH 3aliCHIBAIOT TaKUM o00paszom,
9TOOBI B JICBOI YaCTH pacIiojlaraJiuch BEIISCTBA B OKHCICHHON (opme, a B Tpa-

BOM — MMPOAYKTBI UX BOCCTAHOBJICHUS.
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B coorBeTcTBUM ¢ KOHBeHIHMEH, npuHsTOH Ha KoHpepenmn, DJC ranb-
BaHMYECKOTO AJIEMEHTAa CUUTAETCA MOJIOKUTENBHON, €ClIM MOTEHLHUAll [IPaBoOro
a5IeKTpoa Oojee MONOKUTENEH, YeM IOTEHIHAT JIEBOTO MIEKTPOa:
E=E)-E=E,—E ;>0 4.1)

OnekTpudeckas YHEprusi, KoTopas BbIpabaThIBacTCs B oOpaTumo pabo-
TAIOUIEM IaJIbBAHUUYECKOM 2JIEMEHTE, OIPEEIIAETCS BBIPAKCHUEM

W,,=zFE, 4.2)
rae E — sneKkTpoABIKyIas CUiia TallbBAHUYECKOTO dJeMeHTa, B, z— umcio
3JICKTPOHOB, YYAaCTBYIOIIUX B 3JIEMCHTAPHOM aKTC 3HeKTpOXHMH‘ieCKOﬁ peak-
nuy, F'— xoHcTanTa (yncio) Dapanest.

CoryacHO TepPMOJIMHAMHYECKOW TEOPUU TIPH MOCTOSHHBIX p U T MakKCH-
MalibHasl MoJie3Hast paboTa XMMHYECKOTr0O TPOIecca COOTBETCTBYET YOBUIH 3HEP-
ruu ['ub6ca:

Wnax = _Aer,T (4.3)

HpI/IpaBHHB IIpaBbIC YaCTH JABYX IMOCICAHUX BBIpa)KCHI/Iﬁ NMECM!

~AG, 1 =2FE (4.4)

W3 ypaBHenus (4.4) cinenyer, uyto npu nonoxurenbHot DJC snemenTa
(E>0) uzmenenue sHeprun ['mb6ca peaknuu, mpoTeKarollell B ranbBaHHUeE-
ckom anemente, AG <0.

Takum o0Opa3oM, cucTeMa 3HaKOB, MpenioxkeHHas CTOKIOIbMCKOW KOH-
depentmeit mist DJIC, oTBedaeT cUCTeMe 3HAKOB JIJISi XUMHYECKOTO CPOICTBA,
BBEJICHHOH ['MO0COM, 1 TO3BONISIET YCTAHOBUThH HAIPaBICHUE PEaKIWH, MpOTe-
Kalollel caMOIPOU3BOJIBHO B TalbBAHUUECKOM JIEMEHTE.

W3noxeHHOE BBIIIE MPOUILUTIOCTPUPYEM Ha MPHMEPE IIEKTPOXUMHUECKUX

MIPOIECCOB, MPOTEKAOMMX B dneMenTe Skoou—/lanudns (cm. pazn. 2.2). Ilo-

TEHIMaJl CTAHJApTHOIO MEIHOIO JJIEKTPoAa (Eg =0,337 B) 6onee no-

uw?*/Cu

JIOKUTEJIEH IO CPABHEHUIO C MOTCHIHAJIOM CTAHAAPTHOI'O HMHKOBOI'O 3JICKTPO-
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na (E; =-0,763 B). [TooToMy B YCJIOBHO 3allMCU CXEMBI JAHHOTO dJe-

n**/Zn
MEHTA CIIPaBa JI0JDKEH YKa3bIBAThCS MEIIHBIM, a CJICBA — IUHKOBBIN 3JICKTPOJI:
© Cu|Zn|ZnSO, ||CuSOy4 |Cu @
Ha monoxutensHOM 2JIEKTpo/ie 00paTUMOro paboTaroIIEero rajibBaHryYe-
CKOTO 3JIEMEHTa Oy/IeT IMETh MECTO MPOLIECC BOCCTAHOBIICHHUS HOHOB MEITH:
Cu* +2e” =Cu,
Ha OTPHIATEIHHOM DIIEKTPOJIE — IIPOIIECC OKUCIICHHS IIWHKA!
IneZn’ +2e”
CymMapHast peakiusi:
Cu®t +Zn =Cu+ Zn>*

B toM, 4To Ha 37eKTpoAax 3aeMeHTa SkoOu—/laHnsIs MPOTEKArOT MpUBe-
JICHHBIC BBIIIC MPOIECCHl BOCCTAHOBIICHUS M OKHCIICHUS, HETPYAHO yOSIUTHCS,
€CJIH Yepe3 Kakoe-TO BpeMsi paboThl dJIEMEHTa B3BECUTHh MEIHYIO U ITUHKOBYIO
IUTACTUHKU. MBI OOHAPY)KUM, YTO MEJHAsl IUTACTHHA CTAHET TsDKENee U IOKpPO-
€TCs HAJIETOM CBETJIO-PO30BOTO I[BETA CBEKEOCAKICHHOW Meau. OUeBHIHO, 3TO
CBUJICTEIBCTBYET O TOM, YTO Ha HEH MPOMCXOJUT BBIJCICHIE MEIN M3 PacTBOpa
cynbgata meau (II). [{uaKOBas ke TIACTHHA TOTEPSET B BECE, UTO YKa3bIBACT
Ha PacTBOPCHHUE LUHKA BCJICJCTBUEC MIPOIECCA OKUCIICHUS.

Cranpaptaas D/IC snemenTa SIkoOu—/laHnaiis coCTaBIsIeT:

EO

E°=E° —
cu?t/cu Tzn®*t/zn

=0,337-(-0,763)=1,10 B.
CranzapTHoe U3MeHeHHe SHeprun ['nb0ca onpenensercs Mo ypaBHEHHIO:

Gy =—zFE° 4.5)
Ioncrasnsas E° B (4.5) momydaem ArG;’T =-21226,7 Ix < 0. Creno-

BaTEJIbHO, 00paTUMasl peakuus Cu” +7Zn =Cu+ Zn* [IPOTEKAeT B JJIEMEH-

Te SIkoOu—J[aHnAIIs clieBa HATPaBo.
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3HaKky MOTCHLUAIOB 3JICKTPOJOB YCTAHABIUBAIOTCS HA OCHOBAaHUU NIPHUH-
LUIIa CaMOIIPOU3BOIBHOTO MPOTEKAHUS DJIEKTPOAHOTO MPOLECCa, IIPH YCIOBHH,
4YTO BTOPBIM 3JE€KTPOAOM TallbBAHUYECKOTO JJIEMEHTA SABIAETCS CTaHAAPTHBII
BOJOPOAHBIN 3eKTpoA. Ecau B mape co cTaHAapTHBIM BOLOPOIHBIM 3JIEKTPO-
JIOM Ha JIJAHHOM DJIEKTPOJIE NPOTEKAET MPOIECC BOCCTAHOBIEHHMS, TO TIOTEHIMA-
JIy DJIEKTPOJa NPUIMCHIBACTCS NOJI0JCUMENbHOe 3HAYCHHE, €CIIH IIPOLIECC OKHUC-

JICHUS — ompuyameiibHoe.

4.2. TepmonnHaMHu4ecKoe ypaBHeHue, cBszbiBarouiee I1C

3JIEMEHTAa ¢ aAKTUBHOCTAMHU YYAaCTHUKOB XMMHYeCKO Peakuuu

[TycTs B raabBaHNYECKOM 3JIEMEHTE NMPOTEKAET CIEAYIONast OKHCIUTENb-
HO-BOCCTAHOBHTEIbHAS PEAKIIHS:
v10x; +v,Red, 2 viRed; +v,0x,, (A)
rne Ox —okwucnenHas ¢popma, Red — BoccranoBieHHas hopMa peareHTOB.
Ha nonoskurenbHOM 3J1€KTPO/Ie UIET IPOIECC BOCCTAHOBICHUS:
Ox, +z;e” =Red, B)
Ha oTpunaTtensHOM 371€KTpOe — IPOLECC OKUCICHUS:
R€d2 = OX2 +2267 (C)
YMHOXasi ypaBHEHHE TIporiecca BoccTaHoBieHus (B) Ha vy, a mponecca
oxucnenust (C) Ha vV, W MPOBOAS 3aTEM CIOKEHHE 3TUX YPaBHEHUH, MOITydaeM
ypaBHeHHe peakuuu (A), TmpoTeKarolmeld B TaJlbBaHUYECKOM dyieMeHTe. [Ipu
3TOM YHCIIO 3JIEKTPOHOB, IPUHUMAIOMINX Y4acTHE B CYMMapHOH 3JIEKTPOXUMH-
YEeCKOH peakiuu, B Cllydae OJHOKPAaTHOI'O €€ MpOTeKaHWs (OJHOro mpobera),
HaXOJMIM B COOTBETCTBHUH C YCIIOBHUEM:
Z=ViZ] =VjyZ;,
T.c. OHpeAesieM KaK HauMeHbIIee ofInee KpaTHOE YHCeN 3JICKTPOHOB, ydacT-

BYIOIIUX B 3JICKTPOAHBIX IIpOLECCaX BOCCTAHOBJICHUS Z; U OKHUCJICHUA Z) .
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XHUMHYECKOE CPOJCTBO (_AGp,T) U1t peakuuu (A) ompezesnsieM B COOT-

BETCTBHH C YPaBHECHHEM H30TE€PMBI XUMHUUECKOH peakimy Bant-T'odda:

av4
AG=-RTInK® + RTIn 11 @ ——RTInK® + RTIn Rea, 0%y (4.6)
Vi 2
= dox, IRed,
Komb6unupyst ypasuenus (4.4) u (4.6) Oyaem UMeETh:

RT. Aiq A0

1 K°— 2 n M .7
ZF zZF g g2

0x, “Red,

Eciu peaknug OCYHECTBIACTCA B CTAHAAPTHBIX YCJIOBUAX, TO aKTUBHOCTHU

Ka)IOTO YYaCTHHKA dJICKTPOXHUMUICCKOW PEaKI[H PABHBI CMHUIIC, 4 BEINYNHA
cranpaptaoit DJIC (E°) OyzeT cBa3aHa co cTaHIapTHOI (TepMOAMHAMUYECKOL)

KOHCTaHTO# paBHOBecust (K°) XMMHYECKOH peakiuu, MpoTeKaomeii B 3meMeH-

TC, BbIPAXKCHUCM

RT
zF

E°="mK° 4.8)

IMoncranoska (4.8) B ypaBHenue (4.7) naer:

(4.9)

B momydeHHOM ypaBHEHHHM B YHCIIHTENC CTOSAT aKTUBHOCTH IPOTYKTOB
peaknuu (A) B CTENEHSIX, PaBHBIX CTEXHOMETPHYECCKHM KOX(PQHUINCHTAM, a B
3HaMeHaTeJe — aKTHBHOCTH NCXOJIHBIX PeareHTOB.

Vpasuenue (4.9) MOKHO TiepenucaTh U TaKUM 00pa3oM, YTOOBI B YHCITH-
Tese pUrypupoBav ICXOIHBIE BEIIECTBa, a B 3HAMEHATeJIe MPOYKTHI PEeaKIuH.

Toraa nepex gorapu(pMHUECKUM YICHOM OyIEeT CTOSTh He 3HAK MUHYC, a IIJIIOC:

(4.10)
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Jns 1octaToyHo pa3daBIeHHBIX PacTBOPOB y; —> 1 U a; =myy; =m;, U TO-

rjia BMECTO aKTMBHOCTEH MOKHO MCIIOJIb30BaTh KOHLCHTpalWu:

o RT. "Rl Mox
E=E°- —In——1 72 (4.11)

zZF v Y2

Ox; "'Red,

VYpasuenus (4.9) — (4.11) ananoruunsl ypaBHeHuto (3.1), BrnepBbie Moiy-
yeHHoMY Hepucrom. IlosTomy ypaBHeHus, kotopsie cBs3biBaloT DJ[C ¢ akTHB-
HOCTSIMU BELIECTB, IPUHUMAIOLINX YYaCTUE B 2JIEKTPOXUMHUYECKOHN peakuuu B
rajlbBaHM4eCKOM 3JIEMEHTE, Ha3bIBAIOT ypagHeHusmu Hepnema.

B xagecTBe mpumepa paccMOTPUM NIeMEHT SIkoO0u—/{aHu3i1s1, B KOTOPOM

CaMOITPOU3BOJIBHO MPOTEKALT peakius (cM. paszmern 4.1):
Cu’* +Zn = Cu+7Zn**

CornacHo (4.9) ypaBuenue HepHera jist snemenTta OyaeT UMETh BUA:

_RTy

zF a2+ zn

aCu aZn2+

E=E° (4.12)

AKTUBHOCTH OTJEJIbHOI CaMOCTOSTEIBHO cymeCTBonmeﬁ CI)aSBI 110 o11pe-

JIEJIEHUIO PAaBHA EIMHULIE, T. €. acy =1, az, =1.
Torna ypasaenwue (4.12) mpuHAMAaeT B

a
oo RLy Sz (4.13)
zF [2
Cu

e z = 2 — 9HuCio OJIEKTPOHOB, IICPECHOCUMBIX YEPE3 DJICKTPOXUMUYCCKYIO LEITHh
IIprU OAHOKPATHOM IPOTECKAHUU XUMHUYECKOH peakuunu.

Ilepexons K AecATHYHBIM JorapudmaM U yuuThiBas, uto mpu 25 °C
2,3RT
—=——=0,059, nonyyaem:

a
_0,05% lgi (4.14)
2 aCu2+

E=E°
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4.3. 3aBucumoctb IJ1C raJbBaHHYECKOT0 3JIEMEHTAa

OT TEMIIEPATYPHI

TepMoanHaMUYeCKUE COOTHOIIEHHs, ONUCHIBAIOIINE BIUSHHE TeMIepaTy-
pst 1 naBieHus Ha DJ]C raapbBaHHUECKHUX 2JIEMEHTOB, MOTYT ObITh YCTAHOBJICHBI
Ha OCHOBE YyPaBHEHHH, BBIPAXKAIOUINX 3aBHCUMOCTb W3MEHEHHs dHepruu [uob-
6ca XIMUYIECKOW PeakIliy OT TEMIepaTyphl U TABICHHUS COOTBETCTBEHHO.

IMpousBoxnas sHeprun ['m60ca XUMHYIECKOI peaknny o TeMIlepaType mpu

p =const paBHa U3MEHECHHIO YHTPOIIMU CO 3HAKOM MHUHYC:

(_aArGj —A,S (4.15)
or »
Komo6uanpys ypasuenus (4.4) u (4.15) momygaem:
(2£) -4 @16
oT » zF

OFE
Bennuuna (—j Ha3bIBaCTCs memnepamypHoim ko3 guyuenmom 3/]C.
P

U3 (4.16) cnenyet, uro BiausiHue temriepatypsl Ha D/]C ranpBaHHYECKOTO
JJIEMEHTA OIPEEIIACTCS 3HAKOM H3MEHCHHUS SHTPOIUH MTPOTEKAIOIICH peaKIInu.

[Mpoananu3upyeM MosyueHHOE BeIpaxkeHue (puc. 9):

1) ecmn A.S =0, To TemnepaTypusiii koaduiment I/C (2—?) =0wu
P

E = const nipu pa3nU4HBIX TeMIepaTypax (TOpu30HTaNbHAs THHUS 1),

2) ecn AS >0, To [8_Ej >0 u DJIC Bo3pacTaeT ¢ yBeIHUUCHUEM TEM-
P

nepatypsl (kpuBsbie 2a, 20, 2B),

3)ecin A.S<0, 10 (2—?} <0 n OJIC magaet ¢ yBenu4eHUEM TeMIIepa-
P

Typsl (KpuBas 3).
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0 3

AN
7

T
Puc. 9. 3aBucumocts 3/IC raapBaHUYECKOT0 3JIEMEHTa OT TEMIIEPATypBhI:

1-[2E) —0,2-[2E) S0:a-a,C,<0,6-A.C,=0,8-A,C,>0,3- [ 2E] <o
ar ), ar ), r r r ar ),

Bun 3aBucuMocTeif, oTBeHaromMX KpUBLIM 2 (puc. 9), ycTaHaBIUBaeTCS
O’E

110 3HaKy 2-1 npoussognoi DJIC no remneparype —
or

p

: (4.17)

oT> p_zF or F T

Pr) 1) 16,
P
T.C. [0 3HAKy U3MCHCHMs TErnoeMKocTH (A.C),) XUMUYECKON peakUuy poTe-
Karoleil B ralbBaHN4IECKOM JJIEMEHTE!
a) A;C), <0: BbIyKIast KpUBast
0) A;C), =0: npsimasi muHUs
B) A.C, >0: BorHyras Kpusast

OueBUIHO, YTO PAaCCMOTPEHHBIC TPHU THUMA KPUBEIX (2a, 20, 2B) MOryT
HUMETbh MECTO HE TOJIbKO JJIS SJIEMEHTOB C IOJIOXKUTEIBHBIM, HO U OTPHULATEIIb-

HBIM TemieparypHbiM kKoaddurrentom D/1C.
Benmuunner temnepatyproro kodddurmenta I/IC HEeBEIMKH U OOBIYHO
JIeXKaT B IIpelenax 10°+107° B/K. Jli psiga ralbBaHUYECKUX 3JIEMEHTOB OHU

MIpUBEICHBI B Ta0I. 3.
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Tabnuma 3
Temneparypusblie k03ppuuuentsl I/IC pazauuHbIX

raJbBAaHU4Y€CKHUX 3JICMCHTOB

TanbBaHMYECKHUIA EB [ OE j 10°, B

JIEMEHT orT » K
Zn|ZnCl,(c =0,555M)| AgCl | Ag 1,0150 -4,02
Pb|Pbl, |KI(a=1,0)| Agl| Ag 0,2107 -138
T1| TICIO,(c = 0,1 M) | TI(Hg) (x; =0,085)| Pt | 0,0710 +1,80
Ag|AgCl|KCl(a=1)|Cl, | Pt 1,1401 +1,85

4.4. Bnrusinue aajaennsi Ha 3J[C rajibBaHHYeCKOTro0 dJIeMeHTAa

Juddepennupyst ypaBaenue (4.4) mo masiaeHuto npu 7T =const Tmoiyda-
eM ypaBHeHue 3aBucuMoctd DJ]C ranbBaHHYCCKOTO JIEMCHTA OT JIaBICHHS

OF) _AY (4.18)
op), zF

rge A/ — usMeHeHue oObeMa B XOz€ XMMHUYECKOH peakluy, IPOoTeKaromen
B TaJIbBAaHIMYECKOM JJIEMCHTE.
U3 ypaBueHus (4.18) BbITEKaeT, 4TO XapakKTep BIUSHUS JABJICHHUS Ha
OJIC ranpBaHM4eCcKOro 3J1€MEHTa ONpeENaeTcsa 3HakoM AV
oF
I)ecmn AV >0, 10 [5J >0 u 3/1C ranpBaHUYECKOr0 dJIEMEHTA pac-
T

TCT C YBCJIUWYCHUEM HNABJICHUSA B CUCTEME,

2)ecaun AV <0, 1o (g—E] <0 u 3/IC magaer ¢ pocToM JIaBJICHUS,
PJr

3)ecimn AV =0, 10 (Z—EJ =0 u O/IC He 3aBUCHUT OT JaBIICHUS.
T

P
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OueBunHO, 4To BiusHUE gaBieHus Ha DJIC OymeT CyIIeCTBEHHO TOIBKO

JUTA TATbBAHUYECKUX 3JIEMEHTOB C Ta30BBIMHU JICKTPOaMH, TIOCKOJIBKY JHIIb B

3TOM clydyae u3MeHeHue obdbema (A V) B Xone peakuuu, mpoTekaromeil B
raJIbBAHUYECKOM 3JIEMEHTE, MOXKET OBITh CYIIECTBCHHBIM.

Jn1st 571eMEHTOB, KOTOPbIE COCTAaBIICHBI M3 AJIEKTPOJOB, BKIIOYAIOMINX BeE-

IIecTBa B KOHJACHCHUPOBAHHBIX (pazax, BimsHue naaBineHus Ha DJIC He3Haum-

TEJIBHO W JICKHUT B INpejenax 10_6 —10_7 B/arm, T.e. maxke npu M3MCHCHHU

nasienns Ha 1000 atm nsmenenne DJIC He nmpeBbimaeT 1MB (AE <0,001 B).

4.4. TepmoanHaMuyecKkuii aHAIN3 PadOThI
rajJibBaHM4ecKOro 3j1eMeHTa
TepMO[[I/IHaMI/I‘{eCKI/Ie COOTHOLICHUS, MO3BOJIAIONINE MPOBECTH TEPMOIAU-

HAMHAYCCKHH aHaIu3 paGOTBI TaJIbBAHUYIECKOI'0 3JICMCHTA BBITCKAIOT U3 YypaB-

"enuit ['u66ca—I enpmrombna:

AG=AH-TAS=AH+ T[aArG] (4.19)
oT
P
ITpu noncranoBke BeipakeHuit (4.4), (4.15)u (4.16) B (4.19) momydnm:

zZFE =—AH + zFT o (4.20)

or

r
Wi

Ez—A’H—irT o (4.21)

zF or »

VYpaBuenust (4.20) u (4.21), KOTOpBIE CBS3BIBAIOT JICKTPUICCKYIO PabOTy

(W, = zFE) i DJIC 2neKTpoXUMUYECKOU LeNH ¢ TeIIOBBIM (P dexToM Xu-

mudeckont peakiuu (A H ) u TemneparypaeiM ko3 duimenTom I/1C (g—fj ,
P

Ha3BIBAIOT 91eKMpoXumMuyeckou popmoit ypasuenuii I uboca—I envmeonvya.
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B ypaBuenun (4.20) A.H xapakTepusyeT TemaoBoi 3(dekT peakuuu
IIpU ee HeoOPaTUMOM NIPOTEKAHUH B YCIOBHSX p = const , a BEIpAKCHHE

ZFT (a—EJ =TAS=0 4.22)
or ),

MPEJICTABIIsIET COOOH TEIIOTY 00PAaTUMO NMPOTEKAIOIEH XUMUUYECKOM PeakinH.
[poananu3upyem paboTy rajibBaHHYECKOro dieMeHTa. [Ipexie Bcero He-

00XOAMMO OTMETHTh, YTO DJICKTpUYECKas paboTa raabBaHHYECKOrO 3JIEMEHTa

He 00s3aTeabHO paBHA TemaoBoMy 3¢ dexry xumuueckoi peaxkuun (A H). B

COOTBCTCTBUH C XapaKTCPOM 3aBUCUMOCTHU 3HC TraJJbBAaHUYECKOI'O 3JICMCHTA OT

TEMIICPATYPbl MOXKHO BBIACJIUTH CICAYIOHIUE TPHU Cil1y4dasd.

1) (g—g] =0. DJIC rnemeHTa He 3aBUCUT OT TEMIEPATyphl U TOT/A:
P

W, =zFE=-AH
OueBHUIHO, TaKOW 3JEMEHT OyIeT BBIPa0aTHIBATh AICKTPUICCKYIO dHEP-
THIO, T.€. MIPOU3BOJUTH TOJIOKHUTEIBHYIO JJIEKTPUUECKYI0 paboTy TOJNBKO TpH
YCIIOBHUH, YTO XMMHUYECKasl PEaKIIHsl, IPOTEKAOMAs B TabBAHHYECKOM dIIEMEH-
Te, ABNsAETCA dK30TepMuueckoi (ALH <0). Dnexkrpudeckas pabora B JaHHOM
cilydae TOYHO PaBHACTCS TEIUIOBOMY 3 dekTy Xummudeckoit peakuuu. [Ipu aTom
paboTa TarbBaHMYECKOTO JIEMEHTa HE COIMPOBOXIACTCS OOMEHOM TEIIOTOH C

OKpY’KaloIen cpeion.
OFE
2) T <0. DJIC sneMeHTa majaer ¢ yBeJIMUECHUEM TeMIEepaTyphbl, a
r

NIeKTpUYecKkas paboTa MEHBIIIE SHTAIBINUI XUMUYECKONW PEaKIin:
W, =zFE<-AH
Ecmn Temneparypnsrii koaddunuent 9/]C oTpunaTeneH, TO dIEKTpHUe-

CKast SHEPIrusd MOXKET OBITH NOJMYYCHA, KaK U B IPEAbIAYLICM CJIydae, TOJIbKO IIpU

YCJIOBUHU, YTO XUMUYCCKAA pPCaKIUsd, IPOTCKarOIas B raJlLBAHUYCCKOM 3JICMCH-
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Te, ABIsAETCA dKk30TepMudeckoil (ApH <0). IIpu 5TOM NHIIbL YaCTh SHEPTUM XHU-
MHYECKOH peakIMu MpeBpalaeTcsi B JJIEKTPHUECKYI0 paboTy, JIpyras ke ee

OF
4acTh, a UMeHHO Q =zFT a7 ) BBIJICJIICTCSA B OKpY’Karolyto cpeny. Toraa,
P

B YCJIOBUAX TCINIOU3OJIAIMN WK INIOXOI'O TGHHOO6MCH3, raJbBaHMYCCKUN dJIe-

MEHT npu pabote Oyner HarpeBaTbes. JlaHHAs 371€KTpOXUMHYECKas 11enb OyneT
OF
(byHKIMOHMPOBATH JNUILIb NPU YCIOBUM, uTO —A H >|zFT| — | |, T.e. Temno-
P

BOH 3 PexT XUMHUYECKOil peakIyu, MPOTEKAIONIeH B ralbBAHMYECKOM dJIEMEH-
Te, JOJDKEH OBITh OOJBIIE TTOTEPh TEIIa B OKPYKAIOIIYI0 cpeny. Takoi pexum
OCYIIECTBIACTCS IS OOJBITMHCTBA ANEKTPOXUMHUYECKHX [IETIeH, HapuMep, It

MEPBBIX JBYX IPHBEACHHBIX B Ta0I. 3.

OFE
3) (—) > 0. DJIC sneMeHTa BO3pacTaeT ¢ yBEJIMYECHUEM TeMIIepaTyphl,
p

a 3JIeKTpHYecKas padoTa OOIIbIle BEIMYHHBI TEIIOBOIO 3 (ekTa peakiuu:
Wy =zFE>—-AH

IMockompky TemmepaTypHblii kKodpdumuent DJIC MONOXKHTENEH, TO
A.S >0, a 3HauuT, raabBaHUYECKUH 3JIEMEHT paboTaeT C MOIJIONICHHEM TeIlia
13 OKpYyKaromien cpeabl. Eciin aieMeHT u30JupoBaH OT OKpYKaroIie cpeasl, TO
B TIporiecce paboThI OH OyeT OXITaKAATHCA.

B paccmarpuBaeMbIX YCIOBHUSIX SJIEKTPUYECKash DHEPrHsi B TalbBaHHYE-
CKOM 3JIEMEHTE MOXET OBITh TOJyYeHa IPH MPOTCKAHUU B HEM KaK dK30T€PMHU-
YECKOH, TaK U HHIOTEPMHUUECKON PEaKIMHU.

a) ArH <0. Ecau peakuus K30TepMHUecKas, TO dJIeKTpHUeckas pabora

COBEpIIAETCS U 3a cyeT yObuid dHTanbnuu peakuun (A H <0), u 3a cyer dH-

. oE
TPOIMMMUHOTO 4JI€HA zFT (— , T.C. TCIIa 3aUMCTBOBAHHOI'O M3BHCE. Taxum
p
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o0pa3omM, aneKTpudecKkas paboTa OKa3bIBacTCsl OOJIbIIE BEIMYMHBI TEIUIOBOTO
s¢dekra npoTekaroleil B HeM XUMUYECKOH peaKInu:
Wy =2zFE >-AH
[TprMepoM 3IIEKTPOXUMHUYECKOI CHCTEMBI MOJOOHOr0 THUIA MOXKET CIy-
KHUTh MEHO-CBUHIIOBHII ralbBAHNYICCKUH IEMEHT:
Pb | Pb(CH;COO0), || Cu(CH;CO0), | Cu
TS KOTOPOT'O (O—EJ =3,85- 10_4 E
orT
P
Ha B03MOXHOCTb CO3JJaHUsI SJIEMEHTOB, B KOTOPBIX I10Jy4aeMasi SJIEKTPH-
geckas paboTa oKa3bIBanachk OBl OOJIBINE TEMIIOBOTO AP (PEKTa PEaKINH BIIEPBEIC
ykazanu (paniysckue ucciegonarenu [1. @asp u @. Payns. CrieyeT OTMETUTS,
YTO TTOCKOJIbKY paboTa 10 pacCMOTPEHHON CXeMe OTBEUYaeT MPOTEKAHHIO Peak-
U ¢ BO3pacTaHWEM DHTPONHHU, TO 3TO, B MEPBYIO OuYepeib, JOIKHBI OBITH
raJbBaHMYECKUE JIEMEHTHI, B KOTOPBIX PEaKIHNH HAYT C BBIIEICHHEM Ta3000-
Pa3HBIX BEIIECTB.
0) A H =0. Dnexrpuyeckas paboTa raJbBaHUYECKOIO 3JIEMEHTa B JaH-
HBIX YCJIOBUSIX HE MOXKET COBEPIIATHCS IOCPEICTBOM HCIOJIB30BAHHS XUMUYeE-
CKOM DHEPIUU Peakluy, a MPOU3BOJIUTCS UCKIIOYUTEIBHO 3a CUET MOTJIOMICHUS

TeIIa U3 OKPYXKATOMIeH CpeIbL:

W, =zFE=zFT [G_Ej
oT »

B) ApH >0. 'aibBaHUYECKHH DIEMEHT MOXKET BbIPAOaThIBATh dJIEKTPHYE-

CKYI0 DOHEPruro 1 B Ciiydac 3HHOTepMI/IquKOf/‘I pCaKkunu, HO JIMIIb IMPHU YCIIOBUH:
OE
|—AH | <zFT (a—T
p
Torga yacTh TerIa, MOMIOMAEMOTr0 M3 OKPYKAKOIIEH CPeIbl, 3aTpaurBacT-
Cs1 Ha COBCPUICHHUE BHCKTpI/IquKOﬁ pa6OTLI, Apyras €ro 4actb MACT HAa yBCJIMYC-

HHEC SHTAJIBIINHU CUCTCMBI.
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5. KIACCU®UKALUA OBPATUMBbIX DJIEKTPOJ10B

CornacHo TepMOJIMHAMHYECKOW KJIACCU(PUKAIMK BBIIEISIIOT CISAYIOIINe
OCHOBHBIE THITBI 3JICKTPOIOB:

— 3JIEKTPOABI 1-To pona

— BJIEKTPOABI 2-T0 pojia

— DIIEKTPOABI 3-TO poaa

— Ta30BBIC AICKTPOIBI

— OKHCITUTEITBHO-BOCCTAHOBHUTEIIEHBIC STIEKTPO/IBI.

Crnenyet, 0OIHAKO, 3aMETUTh, YTO €IMHOW KIACCU(PUKAINH DJIEKTPOIOB B
HACTOSIIIECe BpeMsl HE CYILECTBYET M HPUBEICHHAsS 3/IeCh KiIacCH(puKanus odpa-
TUMBIX JJIEKTPOJIOB HE SIBISICTCSA OOMICPUHATOH. OTHENBHYIO TPYIITY COCTaB-

JISTFOT MeMOpaHHbIe (HOHOOOMEHHBIE) SJIEKTPO/IbI.

5.1. Daexrpoasi 1-ro pona

K obpamumvim snexkmpooam 1-20 pooa 0OBIMHO OTHOCAT JIECKTPOXUMHUYE-
CKHE CHUCTEMBI, COCTOSIIIME U3 METaIa (HEMETAJIa), IOMEIIEHHOTO B PacTBOD,
COJICpIKAIIINil HOHBI TOTO K€ MeTasuia (HeMeTauia). Takue 3JICKTPOXUMUYCCKUE

CHCTEMBI Ha3bIBAIOT JIEKTPOAaMH, OOPaTHMBIMU 110 KATHOHY (aHHOHY).

Dnexkmpoodwl 1-20 pooa, o6pamumsle RO KAMUOHY

YcnoBHoe 0003HaUeHNE MIEKTpoaa 1-ro poma, 0OpaTEMOro MO KaTHOHY,

+
M”" | M. Ha nosepxHocTu MeTaia M OJHOBPEMEHHO HPOTEKAIOT [Ba IIPOTH-

BOIIOJIO’KHBIX ITpOIECCa: BOCCTAHOBJICHNE KAaTHUOHOB MZ+PI3 pacTBOpa U OKHC-
JICHHE aTOMOB MeTajia. B paBHOBECHBIX YCIOBHUSIX CKOPOCTH 00OMX MPOIIECCOB
PaBHBI. 3J‘I€KTpOZ[Ha$[ MoJIypC€aKkuus: 3arrCbIBaCTCA CICAYIOIINM 06p330MZ
M +ze  2M
B Ka4CCTBC IIpUMCEpPa paCCMOTPUM BBIBOA YpPaBHCHUA HepHCTa JJIs1 DJICK-

Tpoaa 1-ro poaa, 06paTI/IMOFO 110 KaTUOHY (BTI/I OJICKTPO/Jbl TAaK)XC HA3bIBAKOT
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uOHHO-M@maﬂ]lﬂM’l@CKZ/IMM). CocTtaBUM QJICKTPOXUMHUYCCKYIO LEIb U3 JAHHOI'O

3IIEKTPOZIa U CTAHJAPTHOI'O BOJOPOIHOIO:
Pt|Hy (py, =lamw) | H' (ay =1)[M* (M, A, )| M|Pt
DJIeKTPOIHBIE TMOJYPEakiiy, MPOTEKAIONINE Ha IJIEKTPOAAX DJICMEHTa,
MOTYT OBITh NPEICTaBICHbl YPaBHEHUSIMU:
Ha MPAaBOM JJIEKTPOie (BOCCTAHOBIICHNUE):
M** 1ze" 2M

Ha JIEBOM DJIEKTPO/JIe (OKUCIICHUE):
1 + —
5 Hz (ﬁ H" +e

IMTockosbKy 4HMCIO 3JIEKTPOHOB, YYacTBYIOIIMX B IIpoleccax Ha oboux
UIEKTPOJAX JTOIDKHO OBITH OAMHAKOBO, TO YpaBHEHHE MONYpPEaKInHu, MpOTeKa-
IoMIel Ha BOJOPOTHOM D3JIEKTPOAE, JOJDKHO OBITh YMHOXXCHO Ha BEIHYMHY Z.

CyMMapHOe ypaBHEHHE PEaKIiH, TPOTEKAIOMIeH B 3JIeMEHTE, IMEeT BHUI:
z
M7t JFEH2 2M+zHY

Janee BbIBoA ypaBHeHuss HepHcTa aHanorndeH pacCMOTPEHHOMY ISt
raJlbBaHMYECKOTO dJIeMeHTa (CM. pasf. 4.2).
3amumem ypaBHeHHE H30TepMbl BanT-I'odda 111 oKncIuTensHo-BoCcCTa-

HOBHTEIBHOHN peakiuu (A):

k ay a’
AG=-RTInK® +RTIn M & =—RTInK° + RTIn—H _
i=1 aygz+ Ay,
OOBbenuHsIsl oclieIHee ypaBHEeHUE ¢ (4.4) MOTyduM:
z
_RT o RT .,  amdy+
EMZ+/M —;an —;ln—z/z (51)

ay o+ aH2

AKTHBHOCTb HOHOB BOJOPOJA B PACTBOPE ANEKTPOIUTA A+ = 1. Axrus-

HOCTb Ta3000pa3HOr0 BOJOPO/A IO OMPEEICHUIO BhIpaKaeTcs: GopMymnoi:



rae sz — (yrUTUBHOCTB Ta3006pa3HOro BOAOPoaa, f° —(yrdTUBHOCTD rasa B

craugaptHoM coctosaun ( f° = p® =1atm).

IIpu HEBBICOKHMX MaBICHHUAX (DYTMTHBHOCTh NMPAKTUYECKH COBIATACT C

naBieHueM rasa. Torma:

Pu, . PH,
Oy =TT PHy T = P, (arm), (5.2)
- Pu
rie py, =—02 — OTHOCHUTENIFHOE JaBJIeHHE Ta3000pa3Horo Bojopoaa (6e3-

pa3MepHasi BEIUYHHA).
U3 (5.2) BBITEKACT, UTO aKTUBHOCTD T'a3a Yu/CleHHO COBIAIACT C JaBICHU-

€M, eCJI OHO BBIPAXKCHO B aTM. Torja, eciam AaBJICHHE BOAOPOJA PH, =latm,
TO aKTUBHOCTb apy, =1.
2
C y4eToM U3JI0KeHHOTO ypaBHeHHE (5.1) mpuHUMET BUA:

E EanO _Elna_M

z = 53
MT/M R zF  a (5-3)

MZ+
B CTaHAApTHOM COCTOAHHNU AKTUBHOCTH Ka)XI0r'0 y4aCTHHKA J3JICKTPOXHU-

MHYCCKOTO IMpo1ecca Ha 3JICKTPOAC paBHA CAMHHULEC: dp; = 1 , a4 = 1 , Torga:

M

RT
N =—InK° 4
Mt M - g R (5.4)

rie E® —crangapTHbli 50eKTpoaHblii notTennuan, K° — cTangapTHas KOHCTaH-
Ta paBHOBecHs peakiun (A).

IMoxcrasmss (5.4) B ypasuenue (5.3) OynemM UMeTh:

E N Eln M

= - , 5.5
M* /M M*™ /M zF a4 (5.5)

MZ+
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[IpyHuMas BO BHHMMaHHE, YTO AKTUBHOCTb UYMCTOM KOHJEHCUPOBAHHOM

dasbl ay =1, nomydaem:

_ 0 &l
EM” M EM”/M + = In ay i+

(5.6)
IMpu 298 K u mepexoje K AecATHYHBIM Jorapupmam ypaBHeHue (5.6)
mpeoOpasyeTcs K BUAY:

0,059
_ 0 s
EMZ+/M =V M + - lgaMz+ 5

(5.7)

rae z=z,, T.6. YACIO DJIEKTPOHOB, NEPEHOCHUMBIX B JJIEKTPOJHON IOJIypeaK-
IIUH, COBMAJACT C 3aPsIOBBIM YHCIIOM MOTCHIINATIONPEACIAIONIETO KaTHOHA.

W3 ypaBuenuit (5.6) u (5.7) BUAHO, 4TO MOTEHIMAN IeKTpoja 1-ro poaa
3aBHCUT OT aKTUBHOCTH JIUIIH OJHOTO OIMPENIEICHHOT0 copTa HOHOB. MOHBI, He-
MTOCPEICTBEHHO OMNPEACIIIIONINE BEIWYHHY 3JIEKTPOJHOTO MOTEHIHANA, IOIY-
YHJIH Ha3BAHUE NOMEHYUALONPEOETIOUUX.

[IpuBenemM HECKOIBKO MPUMEPOB AIIEKTPOJOB 1-T0 poaa, oOpaTUMBIX IO

KaTHOHY.
o MeOoHnuliit 21eKkmpoo: Ccu?’ |Cu mwmn CuSOy |Cu,
AIIEKTPOJIHAS TTONYPEaKIusl:
Cu*t 426" 2Cu, z=z, =2,
ypaBHeHue HepHera:

RT
° +—Ina

- o B
Eowrr oo = Bowt e SF Mo Foucu T 0,337 B

o Cepebpsnviii onekmpood: Ag' | Ag wm AgNO; | Ag
3IIEKTPOIHAS MIOTyPEaKIIUs:
Agt+e  2Ag, z=2z, =1

ypaBHeHue Hepuera:

RT
EAg+\Ag_EAg+\Ag+ lnaAgH EAg*/Ag 0,799 B
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Dnexkmpoowt 1-20 pooa, odpamumple no aHUOHY

VYcnoBHOe 0003HaYCHKE ANIEKTpoaa 1-ro poaa, 00paTUMOro Mo aHHOHY,
A®"|A. Ha moBepXHOCTH 2JIEKTpOJa IIPOTEKAET PEAKIUA HOHM3ALMH aTOMOB
N s
HemeTasuia (A) 1 oOpaTHas ed peakius pa3psija OTpUIaTeIbHBIX HOHOB (A ):
A+ze =A™

VYpasuenue HepHcta miist moTeHImana siuekrposa cormacuo (5.5) u (5.6):

a, .-
E..,  =E°_ _ R GA =E°__ —Elnaz,
ATIATTATIA T ZF gy ATIA zF A
Wnu npu 298 K:
0,059
E=E° - =1 _ .
AIAT 5 By (5-8)

rae z=|z_|, T.e. YHCIO BJIEKTPOHOB, YYACTBYIOIIMX B OJHOM IPOOETEe dJICK-
TPOIHOMN TTOTypeaKIny, COBIAAACT ¢ aOCOMFOTHON BETMYMHON 3apsAI0BOTO UHC-
JIa OTEHIUAJIONPE/IEIIIOIEr0 aHHOHA.

[Ipumepamu >5eKTpoaoB 1-ro pojga, 0OpaTUMBIX IO AHHOHY, MOTYT CIy-

HKUTb CEIICHOBBIN (Sez_ | Se) nnm TerurypoBblit (Tez_ | Te) snekTpopl.

o Cenenoswiii 21eKmpoo: Se?~ |Se,
JIEKTPOJIHAS TTOYPeaKLusl:
Se+2e” =Se’”, z=z =2,

ypasHeHue Hepuera:

RT
_ o L
ESe/Sez__ESe/Sez_ 2Flna 2, ES Se2 /Se = 0,920 B

Cornacuo (5.6) u (5.8) moreHmuan ayekTpoaa 1-ro pojaa JUHEWHO 3aBH-
CHT OT JIorapu(Ma KOHIICHTPAIINH ITOTECHITHATIONPEIeITIoMmuX noHoB. Ho eciit B
ciIydae 3JIeKTPOJIOB, OOPaTUMBIX MO KaTHOHY, TPU YBEIHMYESHUH WX KOHIIEHTpa-
IIMA B pacTBOpPE MOTEHIIMAJ 3JIEKTPOAa CTAHOBUTCA 00Jiee TONOKUTEIBHBIM, TO

B CITy4ae 3JIeKTPOAOB, 0OPaTUMBIX IO aHHOHY, — 60JIee OTPHUIIATEITHHBIM.
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CJ'IGI[YGT OTMETUTD, YTO OIIOCPEAOBAHHO 3J'IeKTpOHHI>II\/’I IIOTCHIMAJl 3aBU-
CUT U OT KOHHOCHTPAIUN APYTUX HOHOB B PACTBOPE, IMTOCKOJIBKY UX MPUCYTCTBUE

MIPUBOJIMT K N3MEHEHHIO (YBEITMYCHUIO) HOHHOW CHIIBI pacTBopa [
1 2
I:EZmizi, (5.9)

[lpu yBenmuueHWH MOHHOW CHJIBI KOX(p(UIIMEHT aKTUBHOCTHU, a CJEI0Ba-
TEJIBbHO, U aKTMBHOCTb IIOTEHIMAJIONPEEIIAIONIEro HoHa (a; = m;Y;) yMeHblla-
1orcsi. B pesynbrare, corsiacHo ypaBHeHUAM (5.6) u (5.8), moTeHLuan 3JIeKTpo-
JIOB, 00pPaTUMBIX 10 KATHOHY, CTAHOBUTCS MEHEE IOJIOKUTEIBHBIM, a, JJICKTPO-

J0B, O6paTI/IMBIX 10 aHHOHY, — MCHEC OTpPHULATCIbHBIM.

Amanveammusie I1eKmpoovl
K snexkrponam 1-ro popa HPHHSITO OTHOCUTH TAKXKE AMATbZAMHbIE K-
mpoObl. AMabraMHbIE 3JIEKTPOJbl TMPEACTABIAIOT OO0 amanbramy merasuia

(CHJ'IaB PTYTH C JaHHBIM MCTaHJ’IOM), KOTOpasd HaXOAUTCA B KOHTAKTEC C pacTBO-

POM, COZIepIKaIIIM HOHBI 3Toro Metamna: M*F | M(Hg).

Ha sniektpojie IMeeT MeCTO CIIeayoIas MoJypeaKiusi:
M*" + ze~ 22 M(Hg)
VpaBHEHHE IS pacyeTa MOTECHIMAIa aMalbraMHOro 9JeKTpoaa (ypaBHe-
uue Heprera) mmo ¢opme aHamorndHo ypaBHEHHIO (5.5):

a
E E° EIHLH@,

. = - 5.10
M**/M(Hg) M /M(Hg) zF a ( )

MZ+

C TOH JIMIIB Pa3HULEH, YTO BMECTO aKTMBHOCTH YMCTOTO METAJlIa B YHCIIHUTEIIE
¢urypupyeTr akTHBHOCTh aMajbrambl Metamiaa. YpasHenue (5.10) oObraHO me-
PEMHCHIBAIOT TaK, YTOObI KATHOHHAs (hOpMa METa/lIa CTOSUIA B YUCITUTENE:

£ o RT . ay™™"

e~ e vt T F g G-1D

rme z==z,.
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B otnuume ot ymcroro (6e3mpUMEcHOr0) MeTaia, akTHBHOCTh MeTalia
B aMalbraMe dyqyg) # . Takum 00pa3om, MOTEHIHA aMalbraMHOTO JIEKTPO-
Jla 3aBHCHUT HE TOJIFKO OT aKTHBHOCTH MOHOB MeTayjla B pacTBOpE, HO M OT ak-
THUBHOCTH (KOHLCHTpallMM) METaula B CIUIABE CO PTYTbIO. B 3TOoM coctout
[pUHUMOHaIbHOE pasnnune ypaBHeHui (5.5) u (5.11). CiegyeT oTMETUTH, UTO
PTYTH HETIOCPEICTBEHHOTO YJaCTHA B 3JICKTPOIHOM TIpoIiecce He IPHHIMAET.

[TprMepoM MOXKET CITy’KHTh KaIMUEBbIH aMaJIbTaMHBII 3JIEKTPOI.

o Kaomueswlil amanbeamHulil 21eKmpoo: cd?t |Cd(Hg),

3IIEKTPOJIHAS TIOYPEaKIus:

Cd** +2¢” = Cd(Hg), z=z, =2,

ypaBHeHune Hepaera:

RT . Gego

2+ +—ll’1
Cd"/Cd(Hg) 9oF Aacd(Hg)

_ 10
Ecg /Cd(Hg) — E

(o]
MO
M** /M(Hg)

CTaH,HapTHLIﬁ NOTEHI AT aMaJIbl'aMHOT'O JJICKTpOJa

JKET HE COBIAAATh C BEJUYHHOU El?/[z M OTO 3aBUCHT OT BEIOOpa CTaHIAPT-

HOI'0 COCTOSIHMS METaJlIa B aMaJibrame.
AManbraMHblil 3JIEKTPOJ SBJSETCS YAaCTHBIM CIIydyaeM CIUIABHBIX JJIEK-

TPoJOB (He 00s3aTeNbHO KUAKNX). [loTeHnnan 31eKTpoaa, COCTaBIEHHOTO U3

KaKoro-nubo Merajia ¢ JApyruM Oojee HJIEeKTPOMOIOKHTEILHBIM METallIoM,

BBIPAXKAETCs ypaBHEHNEM, aHAJTOTHYHBIM (5.11).

5.2. DaekTpoasl 2-ro poaa

Dnekmpoovl 2-20 poda MPENCTABISAIOT COOOH METAIUTMYECKYIO TIACTHH-
Ky, TIOKPBITYIO CIIOEM MaJOpacTBOPUMOIO COCIMHEHHUs] 3TOro Mertayuia (coi,
OKCHJIa WIHM THUAPOKCHIA) U TMOMENIEHHYIO B PAacTBOP DJEKTPOJIUTA, KOTOPBIH

COOCPKUT aHNOHBI, OTHOMMECHHBIC C aHHOHOM MAaJIOPACTBOPUMOTO COCTNHCHNA.
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YcoBHas 3amuch MEKTPoa 2-ro poja:
Az_|MV+AV7 M
DIIeKTPO/IHAS peaKIIns:
M, A, +z&" 2Vv,.M+Vv_A"",
Tae z=V,z, =V_z_.

VYpaBuenue HepHcra:

E,. =E°,.. -—Ih—A— 5.12
ATM A, M AT M A, M E g, (5.12)

vy v
vi v

C Y4€TOM TOr0, 4YTO aKTUBHOCTU OTACIBbHBIX YUCTBIX TBEPABIX (1)33 PaBHBI

enunnie (ay =1, am, A, = 1), ypaBuenwue (5.12) mpeobpasyeTcst K BUY:
LAV

RT
E, .. =E° — na, ., 5.13
A ’MV+AV_ /M AZ_’MV+AV_ /M ‘ z_ | F naA ( )

rae z_ —3apsaa0BOC YUCJIO0 aHUOHA.

W3 ypasrenns (5.13) cienyer, 4To, 37I€KTPOABI 2-TO poja SIBISIOTCA 00-

DAmMuMbLMU RO AHUOHY .
ITokaskeM, 4TO 3JEKTPOA 2-ro poja sABiIsSeTcss 0OpaTUMBIM HE TOJIBKO MO
annony A”” , HO M OIHOBPEMEHHO 06PaTHMBIM TI0 KaTHoHy M” ™.
Ipoussenenue pactsopumoctu (K umi IIP) coequuenus M, A, BbI-
pakaeTcs CJelyromuM 00pa3om:
KoM, A, =0 a, (5.14)

BbIpazuM akTHBHOCTH aHWOHA W3 ypaBHEeHUS (5.14):

Ksm, A, |-
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U TIO/ICTABUM TOJTydeHHOE BhIpakeHHe B (5.13). Tlomydnm:

- _go __RT nKs,MwAv_
z— - —
AT My A M AT M, A, M v |z | F

Vi

a .

[Mocie HECIOKHBIX IPe0Opa30BaHUil MOCIeIHEE YpaBHEHNE TIPIMET BH:

- RT
EAZ+,MV+AV_ M EMZ+/M + Z+—FlnaMz+ 5 (515)
rac
RT
(] (]
= -—InK 5.16
MM AT M, A, M ZE My Ay (5.16)

Takum 00pa3oM, MOTEHUHAN 3JEKTpoJa 2-TO pofa MOXKET ObITh Hpen-

CTaBJICH KaK (byHKL[I/IFI AKTUBHOCTHU (KOHHGHTpaI_II/II/I) HOHOB METaJL1a 4, .. , BXO-

M

JIAIIEr0 B COCTaB MaJIOPACTBOPUMOTO COETUHEHUS Mv+ A, . Tlostomy snek-

TPOABI 2-T0 poAa B U3BECTHOH Mepe MOKHO PacCMaTpUBaTh U KaK 3JIEKTPOAbLI
00paTHMBbIE IO KaTHOHY.

BoiBox ypaBHenus HepHera aiis 31€KTpoIoB 2-ro poja, TAKKe Kak U JUIs
JPYTUX THIIOB 3JIEKTPOJIOB, KOTOpPBIE OyIyT paccMaTpHUBaThCs Jlajiee, aHaJIOTH-
YeH NMPUBEACHHOMY IS AJICKTPOJOB 1-ro poja (pekoMeHIyeTcs CAenaTh caMmo-
CTOSATENBHO).

PaccmoTpum HekoTOpbIe HanboJee YacTo BCTPEYAIOIIMecs: B jadboparop-

HOU MPaKTUKE IPUMEPBI IEKTPOIOB 2-T0 poja.
e Kanomenvnwuii snexmpoo: KCl |Hg,Cl, |Hg |Pt, E°=-0,268 B
AIIEKTPOJIHAST PEaKIIHsL:
%Hg2C12 +e &= Hg+Cl, zz_=1,
ypaBuenune Heprcra:

RT
_ o _
ECI_,Hg2C12/Hg =& Q" HeCly, /Mg~ Inag,-, (5.17)
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YCTpoicTBO KaJTOMETBHOTO IEKTPOo/1a MoKa3aHo Ha puc. 10.

Puc. 10. Cxema KajgoMeJIbHOTO 3JIEKTPOAA:
1 — pryrs, 2 — miaTuHOBas NpoBOJOKa, 3 — macra u3 kanomenu Hg,Clh, 4 — crexnsHHas
TpybKka, 5 — pactBop KCl, 6 — ropsoBuHa Jyis 3aIMBaHUs pacTBOpa, 7 — MEIHAs IIPOBOJIO-

Ka, 8 —npoOka, 9 — CTEKIISIHHBIN CU(OH ISl COSAMHEHUSI C JPYTUM 3JIEKTPOIOM

JUI IPUTOTOBNIEHHUS KAJIOMENBEHOTO IEKTPO/IA NCTIONB3YIOT XUMHUYECKH
qyuctyro kanomenb Hg,Cl,, KOTOpyio mepen HCIOIb30BaHUEM pAacTHPAIOT B
¢dapdopoBoii gamke ¢ HEOONBIINM KOIMYECTBOM KUAKOI pTyTH. [lomydeHnyro
CMech TIOMEIIAloT B PAaCTBOP XJIOPHAA Kalusi Hy)KHOW KOHIICHTPALMH U pa3Me-
IIMBAIOT [0 TOJyYCHUS CYCIICH3UH. B CTEKIAHHBIN cOCy BCTaBISAIOT CTEKJISH-
HyI0 TpyOKy 4 ¢ BHAssHHOH IJIaTUHOBOW NMPOBOJIOKOH 2 M 3aKPeIUIAIOT ee ¢ Mo-
MOIIBIO0 NMPOOKH 8. 3aTeM uepe3 TOpJOBHHY 6 B CTEKISAHHBIN COCYH 3alUBAIOT
CHaYasa He0OXO0IUMOE KOJIMYECTBO PTYTH VIS ITOJHOTO MOKPBITUS IIATHHOBOT'O
HaKOHEYHWKa, a, 3aTeM, O00pa30BaBIIYIOCS CYCHEH3HUIO, NPEIBAPUTEIBHO ¢
B30ousTaB. [lopkiIroyeHHe K M3MEPHUTENIFHON CXEME OCYLIECTBISIOT Yepe3 Mell-
HYI0 TIPOBOJIOKY (KOHTAKT) 7, CHASHHYIO C TUNIATHHOBOM MPOBOJIOKOA.

Heo6xoaumMo 3aMeTHTh, 4TO KOHIICHTpPALUs MOHOB XJOpa OMpEeIsieTCs
He TOJBKO KoHIeHTparmel pactBopa KCl, HO W KoIM4YecTBOM MOHOB XJODa,

TIOABJIAIOIUXCSA B PACTBOPE BCJICACTBUEC PACTBOPCHUA MaJIOPACTBOPHUMOIO CO-
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enqunenust Hg,Cl,. Ha npaxruke koanyectBoM noHoB Cl™, IpOUCXOAAIIUX U3
212

Hg,Cl, , npeHeOperaior u3-3a MaJOCTH 3TOI BEJIMYMHBI B CPABHEHUH € KOJIMYE-
ctBoM Cl~ -noHOB, oOpasyrouixcs mpu aucconuarym KCl.
o Xnopcepetpsnnuiii anekmpoo: Cl~ | AgCl|Ag, E°=-0,222B
ANEKTPOHAS TTOTYPEAKITHS:
AgCl+e =2 Ag+Cl, z=z_|=1,
ypaBHeHue HepHera:

RT
_ © _
Ecr agct/ag = Eor agci/ag F na- (5.18)

o Pmymno-oxkcuonsiii onexmpoo: OH™ |HgO |Hg, E° =-0,098 B
3IIEKTPOHAS MOTYPEaKIUs:

HgO+H,0+2¢” =2Hg+20H, z=|z_|=2,
ypaBHenue Hepuera:

EOH_,HgO/Hg - EOH_,HgO/Hg a FIHGOH’

Dnnekmpoosl 2-20 pooda Kak 31eKmpoovl CPaeHeHUA

DNEeKTPObI 2-TO pojia XapaKTepU3YIOTCsl YCTOMYMBBIM U BOCTIPOU3BOIH-
MBIM OT 3JIEKTPOJIa K DJIEKTPOY 3HAUYEHUEM MOTEHIIMAA, IPOCTHI B H3TOTOBJIC-
HUM M YIOOHBI B KCIUTyaTaluu. biaromapsi 3TUM KayecTBaM 3JCKTPOABI 2-TO
pona HamboJiee YacTO UCIOIB3YIOT B KaUueCTBE DIIEKTPOJOB CPaBHEHUS, MO OT-
HOIIECHUIO K KOTOPBIM OJKCIEPUMEHTAIBHO HM3MEPSIOT IMOTCHIUABI JIPYTHX
AJIEKTPOJIOB M 3aTEM IEPECUUTHIBAIOT 10 OTHOLICHUIO K MOTCHIMATY CTaHIapT-
HOT'O BOJIOPOJIHOTO DJIEKTPOIA.

JIy1s mosTydeHus 3HaYeHUs TTOTEHITHANIA 3JIEKTPOIa IO BOJIOPOTHOM IITKae
nepecyeT NPOU3BOAUTCS MO hopMyIie:

E=E, ., +E (5.19)

cpaB



78

BoJopoHbIii JIeKTPO, HANIPOTUB, CPABHUTEIBHO PEIKO HCHONIB3YIOT B
KauecTBE JJICKTPOAA CPaBHEHMSI BBHIY CIOXXHOCTH €ro JKciuryarauuu. Jlms
(YHKIMOHMPOBAHUS BOJOPOJHOTO 3JIEKTPOJa HEOOXOANMO UMETh OAJIIOH C BO-
JIOPOJIOM U MOAJEPKUBATH JAABICHHE BOJOPOJA MOCTOSHHBIM. Kpome Toro, mo-
TEHIHAJI BOJOPOJHOTO 3JIEKTPOJa BECbMa YYBCTBHUTENCH K 3arps3HEHISIM U
MHKpPOTIPEMECSIM B PAacTBOPE, KOTOPBIE aCOPOMPYIOTCS HAa TOBEPXHOCTH ILIa-
THHAPOBAHHOTO TUTATHHOBOTO JIEKTPO/Ia, OTpaBisis ee. U, HakoHen, mpu paboTte
C BOJOPOJHBIM JICKTPOJOM HEOOXOIMMO COOIOATh MOBBIIICHHBIC MEPHI Tpe-
JIOCTOPO’KHOCTH U3-3a B3PBIBOOMACHOCTH T'a3000pa3HOro BOAOPOIA.

Ha npakxTuke B KauecTBe 3JIEKTPOIOB CPABHEHMS IPUMEHSIOT CJIETYIOIIHE

ANIEKTPOJIBI 2-TO POJa:
— xanomensnbiid Cl™ | Hg,Cl, |Hg | Pt,
— xuopcepebpsubiii Cl™ | AgCl | Ag,
— PTYTHO-CYJb(paTHBII SO%‘_ | Hg,SO4 |Hg | Pt,
— prytHo-okcuaubiii OH™ | HgO | Hg | Pt.
KanoMenbHBIN 3IIEKTPOJI CYLIECTBYET B BHJEC TPEX MOAMU(PHUKAIMIA: HACHI-

LICHHBII KaoMenbHbIH d5ekTpo (koHueHTpanus KCl oTBeyaeT KOHICHTpALUH

HACBIIICHHOTO pacTBOpa) M 31eKkTpoasl ¢ KoHneHtpauueidr KCl, pasnoit 0,1 u

1,0 mosb/ . TloTeHuunansl Ha3BaHHBIX A1ekTpooB ( £, B) B unTepBase temie-
o .

patyp 0—100"C 11 BOAHBIX paCTBOPOB ONHUCKHIBAIOTCS YPABHEHUSAMMU:

Eg v =0,3341-8,75- 107 (1 —25)—3-10"%(r - 25)

E p =0,2812-2,75-1074(t —25)-2,5-107%(1 - 25)2
E. e =0,2415-6,61-107 (1 —25)—1,75-10"° (r —25)*

H

pu 25 °C noTeHIMAaNbl JaHHBIX 3JIEKTPOIOB COOTBETCTBEHHO PABHBI:

Egim=0,3341B, E=0,2812B, E,. =0,2415B
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KanomensHble 1 xyopcepeOpsHbIC IEKTPOIBI CPABHEHHS HAXOIAT IIUPO-
KOe TPIMEHEHHE BCIICACTBHE MAaJOro 3Ha4eHHs AN (GY3MOHHOTO MOTEHIIHANA,
BO3HHKaromero Ha rpanune pactsop KCl-uccnenyemsrit pactsop.

PryTHO-Cynb(aTHBIN 31EKTPOA PEKOMEHAYETCSl NMPHMEHSITh B KauecTBe
UIEKTPOJa CPABHEHUS TOT/A, KOT/[a UCCIIEAYEMbIH pacTBOP COICPXKUT CyTbpar-
MOHBI. MeTaJul-OKCHHBIE 3JICKTPOJIBI [EJIECO00Pa3HO YIOTPeOIATh ISl U3Me-
peHus MOTEeHLMaNa B PacTBOPax KUCIOT U Inesnouei. [ CHUKEHUs BeINUUHBI
qudy3UOHHOTO TMOTEHIHATA P KOHTaKTe C MCCIEeIyeMBIM PacTBOPOM IEK-
TPOJBI CPAaBHEHHs CIAEAYET 3aMONHATh PACTBOPAMH DIIEKTPOIUTOB C KOHIIEHTpA-

e, 6JM3KOM K KOHIEHTPALMU N3y4aeMOTo pacTBOpa.

5.3. DaekTpoabl 3-ero poaa

Dnekmpoovt 3-20 poda MPENCTABISAIOT COOO0H AIMEKTPOXUMHUYECKYIO CHC-
TEMy, COCTOSIIIYI0 M3 MeTayula M, TIOKPBITOTO TIOCIIEIOBATEIFHO IBYMS Mallo-
PAcTBOPUMBIMU COCTUHCHUSIMU C OJHUM U TEM YK€ aHHOHOM: MEHEE PacTBOPHU-
Moro coequHerust M, A, TOro xe Merajuia i 60j1ee pacTBOPHMOro M'V+ A,
JIPyroro MeTtajnia, KOTopasl IIOMEIIeHa B PacTBOP JJICKTPOJINTA, CONESpIKAIIHI
KaTHOHBI BTOPOTO MeTalIa:

M=t | M’V+ Av_(TB) | N[v+ AV_(TB) |M

DrekTpoabl 3-ro ponxa ObUTH MPeIoKeHbI JII0TepoM Ui METaJlIoB, XH-
MHYCCKHU B3aPIMOI[CI7[CTByIOH.[HX C BOHOI>'I C BBIACIICHUEM BOAOPOJa (B TOM 4YHUCIIC,
IIEJIOYHBIX U LIEIOYHO3EMENIbHBIX METAIJIOB), U3 KOTOPBIX, CIIEI0BATEIbHO, HE-
BO3MOYKHO MPHUTOTOBUTH 3JeKTpoJ 1-ro pona. B kadecTBe npumMepa ajekTpojia
3-r0 poga pacCMOTPHM CHUCTEMY, B KOTOPOIl METaJTHUeCKast PTyTh, HAXOAUTCS B

KOHTAaKTE C JIByMs MaJOpacTBOPUMBIMU CEpHOKHCIbIMH coismu Hg,SO4 n

CaSOy, mpuiem K yo 50, << K, caso,

Ca®*|CaSOy ) | Hg 3804y [He| Pt
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DIeKTpOAHAsS PeaKLus:
Hg,SO0, 1y + Ca™ +2¢” 2 2Hg + CaSOy ).

T.€. B IIPOILIECCE BOCCTAHOBJICHUS MPOUCXOIUT MPEBPAILICHUE MCHEE PAaCTBOPHU-
MOTO COeIMHEeHNUs B 0ojIee pacTBOPUMOE.
B cootBercTBUM ¢ mOTeHUIMANONpEALAoNel peakuueil ypasaenue Hep-

HCTa [JId 3JICKTpOJa 3-ro poaa 3anmumeTcs CJICAyInM 06p2130MI

E=E+ R g (5.20)
2F

Ca2+ >

T.€. 3JIeKTPOA 3-ro poja oOpaTHM MO KaTHOHAM METaila TOr0 MajopacTBOPH-
MOTO COCANHEHHSI, KOTOPOE XapaKTePU3yeTcs OOJIbIIEi pPaCTBOPUMOCTBIO.

Bce paccmoTpenHbie Bbile 37eKTposl (1-ro, 2-ro u 3-ro poaa) xapakrte-
PHU3YIOTCS TEM OOIIUM CBOWCTBOM, YTO METAJUI JIEKTPOJIa UTPAET POJIb HE TONb-
KO “mocpenHUKa” B Iepeaaye 3JIeKTPOHOB, HO M SIBISETCS XMMHYECKH aKTHB-

HBIM KOMITIOHCHTOM I-)JICKTpOZ[HOfI OKHUCJIUTEIbHO-BOCCTAaHOBUTEIbHOM peakuuu.

5.4. I"'az0BbIe 3J1EKTPOABI

T'azosvie 21ekmpoObl COCTOSAT U3 METAIUINYECKOTO TPOBOAHUKA, KOTOPBII
KOHTAKTUPYET OMHOBPEMCHHO M C DJICKTPOXUMHYCCKU AKTUBHBIM Ta3oM, IIPO-
IIyCKaeMbIM 4epe3 pacTBOP IJEKTPOJINTA, U C CAMHUM PAcTBOPOM, COAEPIKALINM
HOHBI, IPpUPOJa KOTOPBIX COOTBETCTBYET HNPOAYKTaM OKHUCJICHHSA WM BOCCTa-
HOBJICHHS 3TOTO ra3a Ha 3JeKTpoje. MeTauIndecKui MpoBOAHNK (0OBIYHO, TIIa-
THHOBAs ITPOBOJIOKA, MOKPbITast OCAIKOM IUIATHHOBOH yepHu — Pt/Pt-amexrpon)
BBIMOJNHAET (QYHKIHMIO MHEPTHOTO MPOBOJHUKA W HE MPUHUMAET HEMOCPEICT-
BEHHOTO Y4YacTHs B JJICKTPOAHBIX PEAKIMSIX BOCCTAHOBICHUS MM OKHCICHHS
(XMMHMYECKH HE aKTHBEH), HO JIMIIb KaTaIU3UPYET MPOIECC YCTAHOBICHHS all-
COpOLMOHHOTO paBHOBecHs. AncopOupysck Ha moBepxHocTH Pt/Pt-anekrpona,
MOJICKYJIbI Ta3a JUCCOMUUPYIOT HA aTOMBI, KOTOPBIC U ABJIAIOTCA NMIPAMBIMHA y4a-

CTHHUKaMH 3JICKTPOAHOI'O IIporecca.
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I"a30BBIC AMEKTPOIBI MOTYT OBITH OOPATHMBI KaK OTHOCUTEIBHO KaTHOHA
(BOIOPOIHEI NIEKTPOST), TAK U aHWOHA (XJIOPHBIN, KHCIOPOIHBIN 3JEKTPO/IB).

[IprMephI Ta30BbIX IEKTPOIOB.
o Xnopuuuii anexkmpoo: Cl™ | Cl, | Pt,

OJICKTPOJAHAasA MOJYpCaKIIHA:
1 -
EC12+6 (_Cl , Z:|27|=1,

ypaBHenue HepHera:

_ RT, 9cr o _
Ecr i, =Ecuc, = In 2 Ecr o, =136 B
cl,

[Ipm HEBBICOKUX TABICHUAX acy, = 1~7C12 = pcl, (atm) . Torma:

RT a. ..

_ [ _RL Y
Ecr/a2 =Ecici, F In—775
cl,

Hanomuum, uto B ypaBHeHue HepHceTa nis ra3zoBoro 3Ja€KTpoaa clenyer

OACTaBJIATh UJIM OTHOCUTCIIBHOC 1aBJICHHUC ﬁi , LI JaBJICHUC p; B aTM.

e Bodopoonwlii anexmpod (kucaas cpeda): H |H, | Pt

Ha TMOBEPXHOCTU BOAOPOAHOIO BJICKTPOAa YCTAHABIUBACTCA PaBHOBECUEC

MEXJly MOHaMHU BOJIOPOJIA, aICOPOUPOBAHHBIM U Ta3000Pa3HBIM BOJOPOOM:
" _
2H" +2e 22H,, . 2H,

HpI/I 3allMCH JJIEKTPOIHOTO Mpomecca IMPOMEKYTOYHOE aZ[COp6HI/IOHHOG
COCTOSIHHUE BOAOpOAa 00BIYHO OIIYCKaroT:
R
H" +e :EHz, Z:Z+:1.

HOTeHI_lI/IaJ'I QJICKTPOJa pAaCCUYUTHIBACTCA IO YPABHECHUIO!

RT . 4+
E., . =E° —+—Wh-H.  fg° =
H"/H, H"/H, F ]31/2 H'/H,
H,

0,0B (5.21)
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Ecnu jrarenne MOIEKy/ISpHOTO BOZOPOaA pyy, =1larm, To mpu 298 K

ypaBHeHnue HepHcTa npuHHMaeT BUA:

RT
Eygs g, =5 Inays ==0,059pH (5.22)

® Bodopoousiii snexmpoo (wenounas cpeda): OH™ |H, | Pt
B nannoMm ciyuae mnatuHOBas rutactuHKa (Pt/Pt-aiaexTponm) momemnraercs
B pactBop menoun (KOH mnmu NaOH), uepe3 KOTOpBIH mpomyckaeTcsi raz000-

Ppa3HbIil BOJLOPO/L.
[ToTenumanonpenesonil 3MEKTPOAHBINA MPOLIECC MPOTEKAET B COOTBET-

CTBHUU C YPABHCHHUCM!
2H,0+2¢ =2 H,+20H",

a MOTEHLIMAJ 3JIEKTPO/Ia 3aBUCUT OT aKTUBHOCTH MOHOB TUpokconust OH :

2 ~
_ 170 _ E aOH_ sz
Ey oronm, =& - In—=7
2 ,Hy H,O0/OH ,H, 2F aHZO

(5.23)

AKTHUBHOCTH BOJIBI B pa36aBJ’IeHHHX BOJHBIX pacTBOpax JJICKTPOJIUTOB

[IPUHUMAIOT PAaBHOM €MHULIE (aH20 =1), Torna:

RT 2 .
_ o AL
EHzO/OH’,Hz B EHZO/OH",Hz 2F ln(aOH’ PH, )

uecmn py, =larm, To npu 7'=298 K umeem:

E _. =E° +0,059pOH, E° =-0,828 B (5.24
H,0/0OH ,H, ~ "H,0/OH,H, PR H,0/OH",H, ’ (5-24)

)Ianee, C YYETOM BBIPAKCHUA JJId NOHHOI'O IIPOU3BEACHNSA BOIbI

K

w=da

- (5.25)

MOJKEM 3aI1mcarhb:

o RT

RT
EH20/OH’,H2 = ]51{2<)/01r,}12 _FIHKW + 711161 (5.26)

H+
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IlockonbKy B BOZHOM pPacTBOpE 3JICKTPOJITA BCErla NPHCYTCTBYIOT U

+ _
noHb! Bogopona H™, u monsl ruapokcuna OH™, To moTeHIMa: 0OJHOTO W TOTO
e BOJJOPOJTHOTO IEKTPOA MOXKET OBITh MPEACTABICH Kak ypaBHeHHeM (5.21),

Tak u ypaBHenueM (5.23), a mpu 298 K — coorBetcTBeHHO (5.22) 1 (5.24).

JetictBuTensbHo, ycTh pactBop umeer pH 3. Torma, B COOTBETCTBHM C
ypaBHeHUeM (5.22) monydaem:

EH+ M, —-0,059pH =-0,059-3=-0,177 B

C npyroii cTOpoHBI, cortacHo (5.24):

= o — — . —
EHZO/OH’,Hz _EHZO/OH‘,H2 +0,059pOH =-0.828+0.059-11=-0,179 B,

T.€. C YUYETOM HETOYHOCTHU MHOXKUTEIA NEPE BOAOPOAHBIM I1OKA3aTCIIEM (TO‘-I-
aee 0,05914) momyvaeM MpakTUYECKH COBIAIAIONIIE 3HAUYCHHMS.
TakuMm 00pa30M, IOTCHIIUAT BOJOPOJHOIO 3JIEKTPOJIA KaK B KUCIBIX, TaK

U IEJIOYHBIX cpeiax sABIseTcs JuHelHon GpyHkiueit pH pactBopa.

U3 conocraBienus ypaBHeHUi (5.22) u (5.26) BBITCKAECT:

E°, —E° ) =—EanW (5.27)
H*/H,  H,0/OH ,H,

o Kucnopoouwiii 21exkmpo0 (wyenounas cpeoa): OH™ | O, | Pt,

DJICKTPOJAHAA OJYypeaKIns:
%oz +H,0 +2¢ e 200, z=z_|=2

ypaBHeHue Hepuera:

2
RT a _
_=E° ——In-9_ E°=0,401B 5.28
H,0,0,/0H H,0,0,/OH" 2F t ]332 ’ ’ (5.28)
2

Ecin naBienye MoJeKy/IspHOro KMCIopoia po, =larm, 1o ypaBhenne

(5.28) MoxHO TIepenucaTh CIeIyIOIUM 00pa3oM:

RT
_=E° ——1 _ 5.2
H,0,0,/0H" ~ “1,0,0,/00"  F COH (5.29)
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C yd4eToM BBIpQKEHHUS ISl MOHHOTO TPOMW3BEICHUS BOJIBI TIOCIETHEE
ypaBHeHue (5.29) npuHUMaeT BUA:

RT RT
Y AL
H,0,0,/0H" EHZO,OZ/OH’ 7 Ky +—rlnay, o (5:30)

e Kucnopoonsiii anexmpod (kucias cpeda): H' | O, | Pt,

3IIEKTPOIHAS TTOIYPEaKIus:

1 -

502 +2H" +2¢” 2H,0, z=z |=2
ypaBHeHue Hepacra:

RT 1
_ 0 kT 1 o B
By 0,10 = By o, im0 27 W3 02 Eigonr o, =12298 (53D
ay+Po,

IIpu ro, =larm n 298 K

RT
+ = E° +—1 =E° -0,059pH (5.32
H',0,/H0 ~ “HY,0,/H,0 T F CHY T Phyomt,o, 0P (5-32)

Conocrasnenue ypaBaenuit (5.30) u (5.32) mo3BomisieT CBsi3aTh MOHHOE
MIPOU3BEICHHUE BOJIBI CO CTAHIAPTHBIMH MOTEHIIMATIAMH KHUCIOPOIHOTO 3JIEKTPO-
J1a B KMCJION U LIEJIOYHOM Cpeax:

E°, ~E° :—EanW (5.33)
H*,0,/H,0  OH /H,0,0, F

Creyer OTMETHTB, YTO 110 HEKOTOPBIM KIacCH(UKAaLUsIM Ta30BbIC JJICK-
TPOABI OTHOCAT JMUOO K 3nMeKkTpoxaMm 1-ro mmm 2-ro poma, MO0 BKIIOYAIOT B

TPYIITy PEROKC-3TIEKTPOIOB.

5.5 OxkHuCIUTEIBHO-BOCCTAHOBUTENbHBIE JJIEKTPOABI

HasBanue oxucnumensno-6occmanogumenshvie dNEKTPOALI (MM pedokc-
21eKmpoObl) 3aKPETIUIOCH 3a TPYIIION IEKTPOIOB, KOTOPhIE MPEACTaBISAIOT CO-
6011 mHepTHHIN mpoBomsuid Matepuan (Pt, Ti, C), morpyxeHHBII B pacTBOp,

coaepmamnﬁ OKHCJICHHYIO U BOCCTAHOBJICHHYIO (I)OpMy OJITHOI'O U TOT'O XK€ dJIC-
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MeHTa. OCOOEHHOCTB ATOrO THIA JJEKTPOJOB COCTOUT B TOM, YTO METAJLI DJIEK-
Tpoaa HE MPETEPICBACT XUMHUYCCKUX HpeBpaH_[eHI/H\/‘I B DJICKTPOXUMHUYECKOM
Ipolecce Ha JIEKTPOJE, a JIMIIb SBIACTCS IEPeIaTIMKOM JICKTPOHOB MEXKIY
OKHUCJIIMTCIIEM U BOCCTAHOBUTCIICM.
VYcioBHas 3amKuch peJOKC-JICKTPOAA:
Ox,Red|Pt,
rre Ox — okucnennas gopma, Red — BocctanoBnennas gpopma pearenra

DNEeKTpOoTHAS PEaAKIIUS:
Ox+ze =2 Red

Yucno DJICKTPOHOB, NEpCAaBa€MbIX B CIUHUYHOM OKHUCIUTCIIBHO-BOCCTA-
HOBUTCJIBHOM ITPOLIECCC, paBHO Pa3HOCTHU CTETCHEH OKHUCIICHUS dJIEMEHTa OKHC-

JIMTENsI ¥ BOCCTAHOBUTEIA: Z = Zgy | —| ZReq |

IoTeHnman pegoKc-3IeKTPoIa ONPEeIIsIeTCsl OTHOIICHHEM aKTHBHOCTCH
OKHCJICHHON M BOCCTaHOBJIICHHOW ()OPM YYaCTHHKOB DJICKTPOIHOTO MpOIIecca:
Eox/Red :E(%X/Red +Elna& (5.34)
zF dRed
Pa3nnyaroT 1Be TPYMIIIBI OKUCIUTEITHHO-BOCCTAHOBUTEIBHBIX IEKTPOIOB!
3JICKTPOAbI, NOTCHIIUAI KOTOPLIX HE 3aBUCUT U NMMOTCHIHAJTI KOTOPBIX 3aBUCUT OT
KOHIICHTPAIMK HOHOB BOJOPOa B pacTBope (miu pH pacTBopa).
HpI/IMepBI OKHUCJIIUTCIIBHO-BOCCTAHOBUTEIIBHBIX JJICKTPOJAOB, MOTCHIIAAJI

KOTOPBIX He 3aBUCHUT OT pH pacTBopa.
o snexmpoo: F&’' Fe?" [Pt, EX5. 5. =0,771B
QJICKTpOJAHAsA PCaAKIINA:

Fe*t +e” 2 Fe?t, z=z 2

F pe2r =3 2=1

YpaBHEHHUC HepHCTa JUTA 3JICKTPOAHOIO MOTCHIMAIa:

a
E 3+ a2t =E® 3+ a2t +Eln£;
Fe’" /Fe Fe’" /Fe F a
Fez+
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3- 4-
o 3reKmpPOd: [Fe(CN)6] ,[Fe(CN)d IPt, E°=0,36B,
DIIEKTPOIHASL PEAKIINS:

- 4-
[Fe(CN)é] te = [Fe(CN)6] C T ot~ ey =327

YpaBHCHHUC HepHCTa JUTA DJIEKTPOAHOTO IMMOTCHIIHAIA .
a, 3—
RT Fe(CN
E[F (CN)6 T~ /[Fe(eNyg ] E[OF (CN)6 T [FeeNyg |~ Fln e
¢ 6 ¢ 6 € 6 € 6 a, -
[Fe(CN)o]*
IIpumepsl peaoKc-311eKTPOAOB, IOTEHIMA KOTOPBIX 3aBUCUT OT pH.
, — 2
e Dnexmpoo: MnOy,Mn~" H" | Pt, El(\)/InOZ,HWl\/[nz* =1,51B,

9JIEKTPOIHAS pEaKIUs:
MnOj +8H" +5¢” 2 Mn>" +4H,0, z=7-2=5,

ypaBHeHue HepHceTa Ais 371€KTpOAHOr0 MOTEHIUANIA

8
o RT . “Mno; 9"
E — 17+ »w =k - 17t 2++—111—,
MnOy4 . H" /Mn MnO,,H" /Mn 5F a
Mn2+

o Xuneuopomnmuwiii 21ekmpod. XUHTUAPOHHBIN JJEKTPOJ] COCTOUT n3 Pt-
IUTACTUHKY, MOTPYKCHHOW B HACBIIICHHBIH MOIKUCICHHBIN PacTBOP XUHTHUIPO-

Ha CqH40, - C¢H4(OH),, KoTopblii nIpeacTaBiseT coOoi MalopacTBOPHMOE B
BOZIe SKBUMOJIEKYJIIPHOE cOeAMHEeHNne XHHOHA () M MPOAYKTa €ro BOCCTAHOB-
nenust — ruapoxuHoHa (QH,).
Venosnas 3anuch snektposa: CqHy0,,CoHy (OH),, H |Pt,
JIIEKTPOAHAS PEAKINS:
CcH40, +2H" +2¢” 2 CHy(OH),, z=0-(-2)=2,
ypaBHeHue HepHcTa A71s1 3JIEKTPOIHOTO MOTEHIUANA:

2
o LRI ot

E =K + + =Y, B
ontsom, ~ oo, T oE M0 = Font o, %07




87

IlockonbKy pacTBOpP XUHIHMAPOHA BCIEACTBUE €r0 MaJIOM pacTBOPUMOCTH
SIBIISIETCSl CHJIBHO Pa30aBICHHBIM, & XWHOH U THAPOXHHOH HAXOISTCS B HACHI-

IIEHHOM PaCcTBOPE B SKBUMOJICKYJIAPHBIX KOJIMYECTBAX, TO CIQ = aQH2 n ypaB-

HEeHHe JUIA pacyera MOTCHIMAala XHHTHAPOHHOTO AIekTpoaa npu 298 K npuHu-

Maet Gpopmy:

o RT o
EQ,H*/QHz —EQ,HJ,/QH2 +71naH4r —EQ,HJr/QHZ —0,059pH (5.35)

braronaps NCKIIOUUTENBHO XOPOLIECH BOCIIPOU3BOAUMOCTH 3HAUYEHUH I10-
TEHLMala XUHTUIPOHHBIN ANIEKTPOJ| SBISETCA MPEBOCXOAHBIM HHIUKATOPHBIM
anexkrpogoM B pH-meTpuun.

OIeKTpOAbl, Ha KOTOPHIX OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIN MPOIECC
IpoTeKaeT 0e3 N3MEHEHHUs COCTaBa y4acTBYIOIMX B HEM MOHOB U CBSI3aH JIMIIb

C M3MEHEHHEM WX 3apsi/a Ha3bIBAIOT HPOCMbIMU PEIOKC-IEKTPOAAMHE, HAMPH-
Mep: Fe3+,Fe2+ |Pt. Takue 37IeKTPOIbBI, KaKk MnOZ,anJr,HJr | Pt u xuHTHA-
POHHBIH, OTHOCAT K TPYIIIIE CIONCHBIX PEIOKC-3JICKTPOOB, MOCKOIBKY B 3TOM

ClIydac MpOUCXOAUT UBMCHCHHUE HE TOJIBKO CTCIICHHU OKHCIICHUA 3JIECMCHTA, HO U

XUMHUYECKOI'0 COCTaBa YYAaCTHHUKOB 3JICKTPOAHOTO IIpoIiecca.

CHC}Z[yeT OTMCTUTDH, YTO HA3BaHUC PACCMOTPCHHBLIX B JaHHOM pasaciic
SNIEKTPOJIOB HEJb3sl MPU3HATH YAAYHBIM, TaK KaK OKHCIHUTEIbHO-BOCCTAHOBH-
TCJIBbHBIE MTPOUECCHI MPOTEKAIOT HE TOJIBKO Ha PEAOKC-3JICKTPOJAAaX, HO U BJICK-
TpoJax Jo00ro IPyroro THIIA.

B 3akiroueHe JaHHOTO pa3felia YKaKeM Ha Psiji TOJI0KEHHN, KOTOPhIE

TIOMOT'YT B YCBOCHHNHU U IMTPUMCHCHUHN N3JIOKCHHOI'O BBIIIIE MaTepuraa.

Bo-nepebix, OTMETHM, YTO 3HAK CTAHAAPTHOTO SJIEKTPOIHOTO MOTCHINAIA
(B BOJIOPOIHON NIKAIIE) He 3a8UCUMm OM MO020, KAKOU dAEeKMPOXUMUYECKUL NPO-
yecc npomexaem Ha 1eKmpooe — npoyecc 80CCMAHOBNICHUs Ul NPOYecc OKUC-
JleHusl, SIBISIETCSl A TaHHBIA SJICKTPOJ MOJIOKUTEITBHBIM WU OTPUIATEIHHBIM

ITIOJIFOCOM TaJIbBAHUYCCKOT'O DJICMCHTA.
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Paccmorpum aBe nemnu:
Pt|Cu|Cu®" || Fe**,Fe?* | Pt (A)
Cu|Zn|Zn*" ||Cu®* |Cu (B)
B nienu (A) MeaHbIN 37EKTPO ABJISETCS OTPUIIATEIIBHBIM ITOJIFOCOM Tajlb-

2+ -
BaHMYECKOI'0 3JIEMEHTA ¥ Ha HeM ujeT nporecc okucienus: Cuz= Cu” +2e .

B uenu (B) MEIHBIN SJICKTPOA ABJIACTCA IMOJIOKHUTCIBHBIM MOJOCOM U Ha HEM

MIPOTEKAET MPOLECC BOCCTAHOBICHUS: Cu2++2e_<:>Cu. B ob6oux ciygasx

CTaHJAPTHBIA MOTEHIMAI MEIHOTO IEKTPOJIa UMEET OJHO U TO XK€ 3HaYeHUE U
0 1% v
oIuH M TOT e 3Hak 1 (E° =0,337 B), Tak KaK OTHOCHTEIBHBIH AJICKTPOTHBIH

noternuan ectb IJ{C apyroil raapbBaHUYECKOH 1IE€TIH, @ UMEHHO, IIeTH, COCTaB-

JICHHOM U3 JJAaHHOTO DJICKTpOAa U CTAaHAAPTHOI'O BOAOPOAHOIO IJICKTPOAA.

Bo-emoppix, BeIMUNHA U 3HAK CTAHJAPTHOTO 3JIEKTPOAHOTO MOTCHIMANA
XapaKTEepPU3YIOT 80CCMAHOBUMENbHYIO (UNU OKUCTUMENBHYIO) CROCOOHOCMb XU-
MUYecKo20 dj1eMenmad, UsMeHAIowe20 C6010 Cmenetb OKUCIeHUs B OKUCIUTEITb-
HO-BOCCTAaHOBHUTENIBHOM peakiun Ha 3j1eKkTpoje. Yem Oosee MOMOKUTENEH TI0-
TEHIMAJ 3JIEKTPOJa, TeM CHUJIbHEE BBIPAYKCHA OKMCIHMTENIbHAS (QYHKIMS YKa3aH-
HOTO 3JIEMEHTa (CIIOCOOHOCTh OKUCIIATH JPYTHe 3JIEMEHTHI) U TeM HHXKE — BOC-
ctaHoBHuTenbHAs. Haobopot, dyem Gonee oTpUIATENbHOE 3HAUCHUE UMEET JJICK-
TPOJHBIN TTOTEHINAJ, TEM BbIIIE BOCCTAHOBHUTEIbHAs (DYHKIIMS JIEMEHTA, Me-
HSIIOIIETO CBOIO CTENICHb OKHUCICHUS (CaM OH IPHU 3TOM OKHUCIISCTCS).

CpaBHUM OKHCIIHTEIBHO-BOCCTAHOBUTEIBHYIO (DYHKIIHIO MEIH U cepedpa,

JUTSL 9er0 COTOCTaBUM CTaHAAPTHBIE MOTCHIIMAIBI MEIHOTO (CuZJr |[Cu) u ce-
+
peopsiroro (Ag™ | Ag) 31eKTpO0B. 3HAYCHUE CTAHJAPTHOTO MOTCHIIMAA ME/I-

HOTO 3JIEKTPOJIa Eg =0,337 B, a cepebpsuoro — E° . =0,799 B.

u?t/Cu Ag”T /A
O4eBHUIHO, TOTEHIHAT CEPEOPSHOrO AJIEKTPOJa MUMEeT 0ojee MOJOKUTETBbHOE

3HAUCHUC. HpI/I COCAMHEHNHN 3TUX JJICKTPOAOB B rajibBAaHUYCCKYIO LICTIb Ha CC-
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PEOPSIHOM 3IIEKTPOJE, MONUAET MPOIECC AMEKTPOXHMHUYECKOTO BOCCTAHOBIICHHSI
HMOHOB cepebpa:
Ag'+e 22 Ag,
a Ha MEIHOM 3JIEKTpoje (MEHee MOJOKUTEIBFHOM) OyIeT MPOTEKaTh MPOIece
OKHUCIICHHS METAJUTMIECKOM MEJTH:
Cuz Cu®t +2¢”
XuUMHUYIeCKast peakiusi B SJIEMEHTE, COCTABJICHHOM M3 STHX 3JIEKTPOJIOB:
Cu+2Ag" 2 Ag+Cu?t
Taxkum o6pa30M, MEAb B paCCManHBaCMOﬁ PpCaKIu BBICTYIIACT BOCCTA-
HOBHTEJIEM, 8 HOHBI cepebpa — OKHCIIUTENIEM, YTO TOATBEPKIAET OoJiee BBICO-
KYI0 BOCCTaHOBHUTENLHYIO (M 00Jiee HU3KYIO OKHCIUTENBHYIO) (QYHKIHIO MeIu
0 CPaBHEHHUIO C cepeOpOM U, HATIPOTHB, 6OJIee BRICOKYIO OKUCIUTENBHYIO CIIO-
COOHOCTH cepedpa Mo CPABHEHHUIO C MEIBIO.
B-mpembux, TOTCHIIHAT 3JIEKTPONA HE 3AGUCUM OM CIMEXUOMEMPUIECKOl
Gopmbl 3anucu ypaenenus s1ekmpoono2o npoyecca. Hampumep, 3MeKTpOIHbIH
MPOIIECC HA BOJOPOIHOM BJIEKTPOJIEC MOKHO BBIPA3UTh C MOMOIIBIO JTFOOOTO 13

IIPUBEJCHHBIX HUXKE YPaBHCHUMN:
+ -_— 1
H" +e ;> — HZ
2
HIIN
2H" +2¢” &2 H,

Torna ypaBaenue HepHera B mepBoM citydae OyzeT 3alMCaHO B BUAE:

a.
E=p°+ Ry, -
F PH,
a BO BTOPOM:
a.
E=p0+ R S
2F
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Hetpyano nmokasaTe, 4TO BTOpOE ypaBHEHHE MPE0OpazyeTcsi K MepBOMY:

2

a a a
=g+ KL du _ o, BTy, s o+ By RiE
F by, 2F | Bl RTE

Kak BunguM, s obenx (Gopm 3amucu JIeKTPOJHOro Ipolecca Moxydaer-

CsA OAHO U TO K€ YPaBHCHHUE I pacdyeTa NMOTCHIMAIa DJICKTPOAA.

6. AIZIMTUBHOCTDb CTAHOIAPTHBIX DJIEKTPOJAHBIX
IHHOTEHIINAJIOB

Mexay cTaHZapTHbIMU MOTEHLUUAIAMHU IPOCTBIX PENOKC-3JIEKTPONOB U
CTaHJApPTHBIMU IOTEHLUAJIAMU HMOHHO-METAJLIMYECKUX 3JIEKTPOAOB 1-ro pona

CYIIECTBYET ONpe/eiCHHast CB3b. [lycTh HEKOTOpHIH MeTamur M obpasyer mo-

JIOKMTENIBHO 3apsKEHHBIE HOHBI JBYX cTermeHeill okucnenus: M u M?2 | rae

Z] U Zp —3apsA0BbIC YHMCJIa KATHOHOB METaJllla COOTBETCTBCHHO B 0oJiee HU3KOM

u 0oJsiee BBICOKOW CTENEHHM OKHCJIeHMs. BoccTaHOBIIEHHE KaTHOHA Mz2 J10 M-

Tauaa M MOXHO OCYIIECTBUTH JIHOO HETIOCPEICTBEHHO B OIHY CTaIHIO:
M?2 +ze” 2M (AGY), (A)
00 Yepes JBe MoCIe0BaTeIbHbIC CTaIUH:
M?2 +(zy —z71)e” 2 M™ (AGY) (B)
M7 +ze" 2M (AGY) ©
Cas3p npespaniennii (A), (B) u (C) npencrasnena Ha puc. 11. V3 mosc-
HSIOIICH CXEMBI CIICIYeT:
AGy = AGS +AGY
[IpuruMas Bo BHUMaHHue, uTo AG® = —zFE°, nonydaewm:

22E

I(\)/IZZ e (2, —zl)EI(\)/I + ZE° (6.1)

2 /M7 M7 M
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Cootnomenue (6.1), u3BecTHOEe Kak mpasuno Jliomepa, MO3BOISET pac-
CUHUTATh CTaHI[apTHBII\/‘I TIOTCHIIHAJI moboro u3 TPpEX MPUBEACHHBIX BBIIIC DJICK-
TPOOB, €CJIM U3BECTHBI CTAHJAPTHBIC IIOTCHIHANIBI IBYX ApyruX. [Ipasuio Jlo-
Tepa MPUMEHSIOT B TEX CIIydasX, KOI/ia HeloCPeJACTBEHHOE OINpeeIeHHe OJHO-

T'0 U3 CTaHAAPTHBIX NMOTCHINAJIOB 3aTPYAHUTEIILHO NI HCBO3MOKHO.

+Zze_

M?*2 >» M
AG?

+(22 —Z )67 AGS AG:? +Zle_
M

Prc. 11. Cxema 271€KTpOXMMHUYECKOTO BOCCTAHOBJICHHS MOHA, HAXO ISIIEr OCs
B HaWBBICIIEH CTENEHN OKUCIeHuss M™2 , o metaiuia M B oany (A) u ase (B u C)

crajuu (4epe3 06pa3oBaHue HOHA C IPOMEKYTOYHON CTENEHBIO OKUCIIEHH M)

Tak, HanpuMep, CTaHAAPTHBII MOTEHIMAN 371eKTpojaa 1-ro pona Fe?* | Fe,
M3MEpHTH HEIIOCPEICTBEHHO HE YIAETCA H3-3a HeyCTONIMBOCTH HOHOB Fe’¥, ko-
TOpBIE B KOHTAKTEe C META/UIMIECKNM JKEJIe30M B BOJHOM PACTBOPE BOCCTAHAB-
muBatorest 10 Fe’'. B 5ToM ciiyuae cTaHmapTHBIA MOTEHIHMAI STOTO 3IEKTPOIa

MOKHO HAWTH 1O 3HAYCHUSIM CTaHJAAPTHBIX MOTCHIIUAJIOB MOHHO-METAJIJINYEC-

3+’Fe2+

xoro Fe’* | Fe 1 OKHUCITUTEIbHO-BOCCTAHOBHUTEIILHOTO Fe | Pt a;mexTpo-

JIOB, TOCTYIIHBIX HerocpeacTBeHHOMY u3Mepenuto. CornacHo (6.1) umeem:

1 2
E° =—E° +ZE° 6.2
Fe>* /Fe 3 Fe** /Fe?t 3 Fe?* /Fe 6.2)
Pacuer no ypaBHenuto (6.2) naer:
o 1

=—-0,771 +Z- (—0,440)=—-0,036 B,
3+
Fe’"/Fe 3 3

YTO OTBCYACT CIIPAaBOYHOMY 3HAUYCHUIO.
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AHaNIOrMYHBIM 00pa30M MOXHO YCTAHOBUTH CBSI3b MEKAY CTAHIAPTHBIMH

MOTEHIIHAIAMHU YJIEKTPOJIOB: Cu?* |Cu, Cu2+,CuJr |Pt u Cu*|Cu:

EO

=2E° —2E° 6.3
Cu*/Cu cu®*/Cu cu?t/cut 6.3)

C mmoMoIis1o IpaBuia J'[}OTepa YAACTCA ONpeACInTb CTaHAAPTHBIC ITOTCH-

ouajbl U B 0oJiee CIIOKHBIX ciyJasx. HaanMep, us3 COG,[[I/IHCHI/Iﬁ MapraHua

C Pa3IMYHON CTENEHBIO OKMCIICHHSA MnHSO4, MnWOZ u KMnVHO4 MOKHO

COCTaBUTL TPHU OKUCIUTCIBHO-BOCCTAHOBUTECIILHBIX CUCTEMbL (Ta6ﬂ. 4)

Tabmuna 4

OKHCJIUTEIbHO-BOCCTAHOBHTEIbHbIE CHCTEMbI HA OCHOBE MaprabHua

DnexTpon DneKTpoaHas NOIypeaKIHs E°,B

H*,MnO7,Mn?" [Pt | MnOj +8H"' +5¢~ =Mn>* +4H,0 | +1,510
H*,MnO;,MnO, |Pt | MnOj +4H" +3¢” =MnO, +2H,0 | +1,695

H*,Mn?* MnO, |Pt | MnO, +4H" +2¢” =Mn?" +2H,0 | +1,230

Bzanmocss3b IIPUBEACHHBIX B Tabl. 4 OKUCIUTEIHLHO-BOCCTAHOBHUTEIID-

HBIX CUCTEM MOKHO YCTAHOBUTH C ITOMOLIBIO CXCMBI, HpHBeHeHHOﬁ Ha puc. 12:

+ 5S5e
Mn (VII) » Mn(ID)
EY
E3 E3
+3e¢ +2¢
Mn(1V)

Puc. 12. Cxema, nosicHs011as BO3MOXHBbIE ITyTH

- 2+
3JIEKTPOXHMHUYECKOT0 BoccTaHoBIeHnst noHa MnOy no nona Mn
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Kak BuIHO M3 NpUBEIECHHONW CXEMBI BOCCTaHOBIeHHE MOoHAa MnOy 10

JIByXBaJICHTHOTO HOHA Mn?" BosMOkKHO OCYIIECTBUTH JTHOO B OIHY CTa IO
Mn(VII) ->MD),
00 B JIBE IOCIEIOBATEIFHBIC CTAUH C 00pa30BaHHEM B KaueCTBE IPOMEKY-

TOYHOTO MPOAYKTA AUOKCHIA MapraHiia co cTeneHbio okuciaeHus (IV):
Mn(VII) - M(IV) — Mn(1I)

13 npuBeieHHON CXEMBbl BBIBOJMM:

3 2
E°, L, ==E°., _ +ZE°, - (6.4)
H",MnO; /Mn** 5 H'*,MnO;/MnO, 5 H',MnO,/Mn

Tlocne IIOACTaHOBKH 3HAYCHUU CTaHAAPTHBIX JICKTPOAHBIX ITOTCHIIMAJIOB!

Eo+ ) . :3.1,6954_2.1’23:1,51]3
H",MnOy4 /Mn 5 5

Takum 06p330M, IIpaBUJIO J'I}OTepa MO3BOJISICT YCTaAaHABJIMBATDH CBsA3b MECK-
Ay CTaHAApPTHBIMU IMOTCHUHAJIAMH OKUCIHUTCIbHO-BOCCTAHOBUTCIILHBIX JJICKT-
POAOB, HA KOTOPBIX NPOTEKAIOT JJICKTPOXUMHUYCCKUEC PCAKIIUU C YIAaCTUEM XU-
MHYECKOr'o 3JICMCHTA, IMPOABJIAIONICIO B UHTEPBAJIC OT BBICIIICH 0 HU3IICH CTe-

TIICHU OKHUCJICHUS U APYrue (HpOMe)KyTO‘{HLIG) CTCIICHU OKHUCJICHUA.

7. OBJIACTB JIEKTPOXUMHUYECKOUN YCTOMYUBOCTHU
BO/IbI

Ha ocHoBanuu 3HayeHU# MOTEHIMAIOB BOAOPOJHOTO U KHUCIOPOIHOIO
JIIEKTPOJIOB MOXKHO YCTAHOBHUTEH OONACTB 21EKMPOXUMUHYECKOU YCMOUYUBOCTNU
BOJIBI, T.€. 00JaCTh MTOTCHIHAIOB, B KOTOPOH MPU HAJIOKCHUH Ha DIICKTPOJIHTH-
YECKYI0 BaHHY BHEIIIHEH pa3HOCTH MOTEHIIMAJIOB HE MPOUCXOAUT DJIEKTPOXUMHU-

YECKOT'0 Pa3IoKEHHUA BOJAbI HA BOAOPO U KUCJIOPO IO YPaBHCHUIO!

HzO —> H2 + %OZ (A)
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I[J'IH 9TOro pacCMOTpUM 3aBUCUMOCTH NMOTEHIMAIOB BOAOPOAHOTO U KHU-
CIIOpOIHOTO 3J1eKTpoa0oB oT pH pactBopa. YpaBuenue Hepuera st BonopoaHo-

ro anekrpoxaa ( PH, =1arm) B pacTBopax c¢ J00bM 3HaueHueMm pH mpu 298 K

nmeeT Gopmy (5.22), (5.26):

RT
EH*/HZ = EHZO/OH’,HZ = ?lnaw =-0,059pH

JIitst KuCIopogHOTO 3MeKTpoaa ( Po, =larm) (5.29), (5.32):

— _ r© _
EH*,Oz/ H0 EHzO,Oz/ OH EH*,oz/Hzo 0,059pH

CJ'IG[[OBaTeHBHO, BCJIMYMHA MOTCHIUAJIOB U BOAOPOJAHOI'0, U KUCIIOPOAHO-

r'0 3JIEKTPOJOB JIMHEHHO CHIKaeTcs ¢ ypenuueHuem pH pactsopa.

CocTaBUM U3 JJAHHBIX JIEKTPOIOB HIEKTPOXUMUUECKYIO [ETb:
S Pt| Hz(pH2 =larm| HZO,(H+,OH_) | 02(p02 =larm)|Pt @ (B)
Hanpspkenune Ha kiieMMax pa3oMKHYTO# menu (B) ompenensiercs pa3Ho-

CTbIO MOTCHLHUAJIOB KHCJIOPOAHOI'O M BOAOPOAHOIO S3JICKTPOAOB M B JaHHOM

Cj1ydac COOTBETCTBYET PAa3HOCTU UX CTAHAAPTHLIX MMOTCHINAJIOB!

E=E,-E=E° -E° =
20717 THY0,/H,0  HY/H,
= E° _E° . =1,229B
H,0,0,/0H"  H,0/OH,H,

CrnenoBaTenbHO, Pa3HOCTh MOTEHIMAIOB Ha KOHIAX MPaBUIBHO pPa3oM-
kHyTOH 1enu (B) ecTh BenmuunHa NOCTOSIHHAS, HE 3aBHCsALIas OT pH cpenbl.
Ha npaBoM amektpone oOpatumoii snexkTpoxuMudeckoii nenu (B) mveror

MECTO CJICAYIOIIUE DIICKTPOXUMHUYICCKUE TPOLECChI:

1 _

502 +2H" +2e” 2H,0 (xucnas cpefa) (©)
50070

1 _ _
502 +H,0+2e” 220H" (uienounas cpena) (D)
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Ha neBom, MeHee MOIOKUTENEHOM, AJIEKTPOJIe MPOTEKAIOT MPOIECCHI:

%Hz 2= H" +¢ (xucnas cpena) (E)

Wi
H, +20H Z22H,0+2e  (umenouHas cpena) (F)

CyMMapHast 00paTiuMasi peaKIusi:
H2 + %02 ﬁ Hzo (G)

Ecnm BHemIHee HampspKeHHE, MPUIIOKEHHOE K 3JICKTPOINTHUCCKOI BaHHE
U <1,229 B, To snekrpoxumuyeckas cucrema (B) paboTaer kak HCTOYHHK

ANEKTPUYECKOHN SHEPTUH (T.€. KaK raTbBAHMYESCKHI 2JIEMEHT) U B HEll TPOTeKaeT
peaxuus (G), a Ha BOZOPOIHOM U KHUCIOPOJHOM 3nekTpoaax npouecchl (C)—(F)
B IIPSIMOM HAINpaBiICHUU. J[pyruMu cIOBaMH, IPU YKa3aHHBIX YCIOBUAX paOOTEI
NIEKTPOXUMUYECKOH CHCTEMBI BOIa TEPMOJMHAMUYCCKN YCTOWYMBA (pasiioxe-
HUSI BOJBI HA BOJJOPOJ U KUCIOPOA He mpoucxoaut). IIpu HanoxeHun Hampsxke-

aus U >1,229 B anekTpoxXvMHUYecKas CHCTEMa HaYMHAeT (YHKIIMOHHPOBATH

KaK dJIEKTPOJIU3EpP, BOAA MEpPecTaeT ObITh JIEKTPOXMMHHUYCCKH YCTOWYMBOH M
CTaHOBHUTCSI BO3MOXKHBIM IIPOLIECC €€ Pa3JIOKEHHs Ha BOJOPOJ M KHCIOpPOJ B
COOTBETCTBHH C peaxumeil (A). Dnexrpoansie nporeccs (C)—(F) B aTom ciryqae

UAYT B OOpaTHOM HAaIlpaBJICHUHU.

Ecnu mpencTaBuTh 3aBUCUMOCTD MMOTEHLIUATIOB 00PaTUMBIX BOJIOPOIHOTO
1 KUCJIOPOJHOTO AJIEKTPOJOB Kak (yHKuuio pH cpexs! Ha ogHOM Tpaduke, TO
TIONTYYUM QUaepammy daeKmpoxumudeckotl ycmotnusocmu 600wl (puc. 13). JIu-
HuH ab U cd BBIPaXKarOT COOTBETCTBEHHO 3aBUCHMOCTH MOTEHIIHANIA 00PaTHMO-
r'0 BOAOPOJIHOTO M KUCIOPOJIHOTO AIeKTpo1oB oT pH pactBopa. Beime muaun cd
(o6mactp 3), T.e. Ipu TMOTEHIHATIAX OOJIEE MOJIOKHUTEIbHBIX, YeM PaBHOBECHBIN
MOTCHIIMAN KHCIOPOJHOIO AJICKTPOA, Ha JaHHOM DJICKTPOAE OyIeT MPOUCXOo-

JIUTH TPOIECC PA3JIOKEHHUSI BOJBI C BBIICICHHEM KUCIOpOnaa (B COOTBETCTBHH
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C ypaBHEHHEM, NPUBEICHHOM Ha puc. 13). Hmxke npsmoii ab (obmacts 1), T.e.
IpU MOTEHIHalaxX OoJiee OTPHLATENBHBIX, YeM MOTEHIHal o0paTHMOro BOO-
POIHOTO 3JIEKTPO/Ia, Ha BOJOPOHOM JIEKTPO/IE Oy/IeT MpoTeKaTh MpoLecc pas-

JIOKCHUA BOAbI U BBIACIIATHCA MOHeKyJ’IHpHBIﬁ BOIOPOA.

EB PaznoxkeHne BOIBI
’ C BBIICIICHHEM KHCIOpoaa
1,25

H,0 >1/20,+2H" +2¢”

0,6
1/20, +2H" +2¢” »H,0
OfpazopaHue BOTEL

0,0 1/2H, +OH” - H,0+¢”

-0,6

)

H,O0+e —1/2H, +0OH"
PaznoxkeHne BOIBL 1
-12r ¢ BBIICIICHHEM BOMOPOZA

| | | | | |
0 4 8 12
pH

Puc. 13. lnarpamma 3JIeKTPOXUMHUUECKOH yCTOWIMBOCTH BOIBI

OO0JtacTh 2, pacroyioKeHHass MeXKAY JUHUSAMU ab u cd, OUYeBUIHO, U 5IB-
nsieTcs 00JacThIO ICKTPOXUMHYECKOH yCTOHUMBOCTH BOJBI. B 3T0M 00mactu
MOTEHIIMAIOB MOT'YT IPOTEKATh TOJIBKO MPOLECCHl OKUCICHUS BOAOPOAA U BOC-
CTAaHOBJICHUSI KHCJIOpOAa ¢ 0Opa3oBaHWEM BOAbL Pa3ilokeHHe BOJBI MOXKET
HUMETh MECTO TOJIBKO BHE 00JaCTH, O4epUCHHOI TuHUSAMHE ab u cd.

Ilpn paccMoTpeHHMH Bompoca 00 3NIEKTPOXUMHHYECKOH YCTOIHYHMBOCTH
BOJIBI HAJIO TPUHUMATEH BO BHUMAHUE SBJICHHUE NEPEHANPSHKEHUS (TTOISIPU3aIiN )
3JIEKTPOJIOB, T.€. OTKJIOHEHUsS IOTEHIHANA JICKTPO/Ia IO/l TOKOM OT €r0 PaBHO-

BCCHOI'O (CTaI.lI/IOHapHOI‘O) 3HAYCHUS. HpI/I 9TOM €CJIA DJICKTPOXUMHUYIECCKAA CUC-
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TeMa CIIY)KUT JIEKTPOIU3EPOM, TO HaNpsbKeHue Ha Heit Oyner 6oxnbe D/1C 00-
paTuMoii snekTpoxumudeckoit rienu (B), U, HA060POT, eciu cucTeMa cama re-
HEPUPYET TOK, T.C. MO-CYILICCTBY SIBISICTCS rallbBAHMYCCKAM 3JICMEHTOM, TO Ha-
MpsDKEHUE Ha ero KieMMax Oyner MmeHsblie, yeMm 1,229 B. B pesynbrate, neicr-
BH€ BOJIOPOJHOTO TIEPEHANPSIKCHUST TPOSBIISIETCS] B CMEIICHUU TPAHUIIBI TIpa-
KTUYIECKOW YCTOMYMBOCTH BOJBI B 00JIACTh 00Jiee OTPHUIIATEIBHBIX 3HAYCHHI TT0-
TEHIIHAJIA, & KHCIOPOIHOE ePCHAIPSHKCHNE MIMEET CIICCTBUCM CABHT TPAHUIIBI
YCTOHYHMBOCTH BOJBI B 00J1aCTh OOJIee TOJOKUTEILHBIX 3HAYCHHUH MOTEHIIHAIA.
Takum 00pa3om, peaiibHasi 00JIaCTh YCTOMYMBOCTU BOIBI OYAET LIMpE YKa3aH-

Holt Ha auarpamme (puc.13), T.e. OyneT mpessliaTh BenuuuHy 1,229 B.

8. MEMBPAHHBIE (MOHOOBMEHHBIE) 3JIEKTPO/bI

8.1 O0mue nmpeacTaBeHNs: 0 MEMOPAHHBIX JIEKTPOAAX

Oco0yro Tpymiy 371eKTPON0B MPEACTaBIAIOT MeMbpantble UIH UOHO0D-
MeHHble 371eKmpoosl, BOSHUKHOBEHUE IOTEHIMATa Ha KOTOPBIX HE CBS3aHO C
OKHCIIUTENIbHO-BOCCTAHOBUTEIBHBIMI TIPOLIECCAMH HAa IIOBEPXHOCTH pa3zena
¢a3, a IpPOUCXOAUT B pe3yNbTaTe IepepaclpeneeHus HOHOB MEXy MeMOpa-
HOH M pacTBOpoM 3iekrponuTta. [lox MeMOpaHHBIM AIEKTPOJOM MOHUMAIOT
cucTeMy, KOTOpast BKJIIOYACT JIBA pAacTBOPA JIEKTPOINTA PA3HOH KOHICHTPALUH,

paszzesieHHbIX MOJyNpoHuLaeMoil MeMOpanoil (puc. 14).

pacteop (1) MeMOpaHa pacteOp (2)
A(P,umb
Agy Ag,

Puc. 14. Cxema MeMOpaHHOTO (HOHOOOMEHHOT0) JIEKTpOa

MemOpaHBl HPEACTABISAIOT cOOOH TOHKHE IUIACTHHYATHIE NEPEropoKH,

XapaKTepU3yronuecs pa3nan0171 MNPOHUIAEMOCTBIO JJI1 MOHOB PAa3HOr'o CopTta.
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B kagecTBe MOJYNPOHMUIIAEMBIX MEMOpaH MpPU H3TOTOBICHUUM HOHOOOMEHHBIX
IEKTPOJOB HCIONB3YIOT pa3lINYHbIE MOHOOOMEHHBIE MaTepHalbl — HOHHUTHI

(TBepIbIC MM JKUJKHE TTOJIMMEPHI), & TAKKE CIEIHAIbHbIE COPTa CTEKOI.
SIBreHre BO3HMKHOBEHMs CKayka IOTCHIMAja Ha TpaHuIe MeMmOpaHa—
pacTBOp BIIEPBbIC OBUIO YCTAHOBJICHO M HCCiIe0BaHO B Havane XX cronetust O.
JlonnanoM. PaccmoTpum mpocToii mpiuMep MeMOpPaHHOTO paBHOBECHUS JUIS BOJI-
HBIX PAacTBOPOB, cozepxkamux 1,l-BaneHTHBIN 3nmekTposut MR, auccoumupy-
roumii Ha kKatoHsl M* u ammonsl R™, u snextporut MA , auccomuupyio-
it ¢ o6pasosanueM nonoB M u A~ Jlns anuono R~ Mem6paHa HEMPOHH-
naema, a nousl M' u A” cnoco6HbI CBOGOIHO MPOXOAUTH uepe3 MeMOpaHy.
HcxoaHOE COCTOSHME CUCTEMBI M300pa)keHO Ha puc. 15a (my,m, — UCXO/HbBIE

MOJIAJIBHBIC KOHIECHTPAIMU HOHOB, HA KOTOPBLIC NUCCOLUMUPYIOT JSJICKTPOJIUTEI

MR u MA).

a
I B 1I 1 § 1I
M® RT H M® A M"™ RTATH MT A~
HM*', A~ H
my my E my my m+x ny X gmz—x my—-x

Puc. 15. Cxema MeMOpaHHOTO PaBHOBECHS:

a — MCXO/IHOE (HEPaBHOBECHOE) COCTOSTHUE CHCTEMBI, O — PABHOBECHOE COCTOSIHHE CHCTEMBI

B Takoii HepaBHOBECHOM CHCTEME HAUMHACT MPOUCXOIUTD Iepexon (Iud-
¢y3ns) aHHOHOB A~ depe3 MeMOpaHy cIIpaBa HaJIeBO, MOCKOJIBKY H3HAYAIBHO
9THX MOHOB B oTaAejcHUU | HeT (puc. 15a). DT0 BBI3bIBACT SKBUBAJICHTHBIN Iie-

CHOC B TOM JKC HaIIpaBJICHUU KaTHUOHOB M+ HCCMOTpPs HA TO, YTO UX KOHIICH-
b 2

Tpamus B oTheneHnu | MoxkeT ObITh U Oonbine, yem B otaenenun 1. I[lepenoc
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noHoB Meramma MY u3 orgenenms II B oTmenenue 1 oOyCIOBIEH YCIOBHEM
AIIEKTPOHEHTPAIIBHOCTA PACTBOPOB 1O 00e CTOPOHBI OT MeMOpaHbl. [Ipomecc
MepeHOCa MOHOB MPOUCXOAMT JO MOMEHTA YCTAHOBJICHUS COCTOSIHUS paBHOBE-
cusi. Ilpu ycraHoBHBIIEMCS paBHOBECMH OOMEHHOIO Tpolecca MOBEPXHOCTH
MeMOpaHBI U PacTBOP IMPHOOPETAIOT AIICKTPUICCKUE 3apsAbl IPOTHBOIOIOKHO-
ro 3HaKa, T.e. Ha TPaHHUIle pas3jena MeMOpaHa—pacTtBop BosHuKaet J[DC, koTo-

POMY COOTBETCTBYET CKa4OK NOTEHIIHANA (OOHHAHO8 NOMEHYUAT).

PaBHOBecHBIC KOHICHTpAIlM MOHOB B OTACIICHUAX In H, COrIaCHO CXEM€E

(puc. 150), cocraBmustot (x — yObuI1h KOHIEHTpauuu MA B otaencuu II):

cieBa oT MeMOpaHsbl (oTaeneHue 1):

mM+(l) =m1 + X, mR+(I) :ml, mA_(l) =X
crpaBa oT MeMOpaHns! (otaenenue II):
Myrany =M2 =X Mp-qpy =M2 =X

B cuity 51eKTpOHEUTPaTbHOCTH PacTBOPa B MOMEHT JIOCTHIKEHHUSI COCTOS-

HUS paBHOBecHs B oTaeieHusX | u 11 OyayT BEITONHATECS paBeHCTBA:

My =Ry Y-y e an T A (n
I[lepepacnpenenenne noHOB ekTposita MA 1o 06e cTopoHBI MeMOpa-
HBI TIPUBOJIUT K IOSIBJIICHUIO PAa3HOCTU MOTEHIMAIOB Mexy pactBopamu [ u I,
KOTOpasi Ha3bIBACTCA MeMOPAHHOU pazHOCmblo nomenyuanoé E,s. MemOpan-
HYIO Pa3HOCTbH IOTEHIMAJIOB MOXKHO M3MEpHTh, eciin B pacTBopbl | n Il momec-
TUTh JIBa OJIMHAKOBBIX JJIEKTPOJA CPaBHEHHs (HANpUMeEp, KaJOMeNbHbIC WU
XJ0pcepeOpsIHbIe) MPH yCIOBUU YCTpaHeHHUs MU((QY3HOHHBIX ITOTCHIHAIOB Ha

rpanunax pactopos I u Il ¢ pacTBopaMu 25E€KTPOIOB CPAaBHEHHUS:
Ag| AgCl| KCl|| pactBop I | MmemOpana | pactBop IT || KC1| AgCl| Ag  (A)

YPaBHeHI/Ie JUIA M€M6paHHOI‘O NOoTeHIIMaJIa MOXKXHO IOJYYUTb TEPMOAU-

HaMHUYCCKUM NYTEM, UCXOAS U3 PABCHCTBA JJICKTPOXMMHUYCCKUX MOTCHIHAIOB
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HOHOB. B paccmaTtpuBaeMoM ciiydae 3TO pPaBEHCTBO JOJDKHO COOMIOAATHCS IS

noHoB M¥ 1 A”, criocoGHBIX MPOXOIUTH Yepe3 TMOTYPOHHUIIAEMYI0 MEMOPaHy

u3 pactBopa II B pactsop I:
':‘M*(I) = rlM*(n) ’ ﬂA’(l) = ﬁA’(II) 8.1
C yuetoMm (2.2) paBeHcTBa (8.1) NpUHUMAIOT BU:
gy T 2680y =My + 2659
Ha-y ~2-F0@) =Ha-ay —2-Far 3.2)
CkyazipiBasi IOWICHHO TH PAaBCHCTBA M MIPHHAMAs BO BHIMAaHHE, YTO IS

3IEKTPOIINTA BaJleHTHOro Tuna 1-1 z, =|—z_|=1, Haxogum:

Hyveeay PHA- T Hveran T HA- (8.3)
XI/IMI/IquKI/Iﬁ IMOTCHIIMAI U AKTUBHOCTH MOHA CBsA3aHbI ypaBHeHI/IeM:
W =uf +RTIng; 8.4

Tak xak CTaHAAPTHBI XUMUYCCKHUH TTOTEHITHAT JaHHOTO HOHA B OHOM U
TOM K€ PaCTBOPHTEIIC HE 3aBHCUT OT COCTaBa PacTBOPA M €ro KOHICHTPALUH, TO
u3 ypaBHeHH# (8.3) u (8.4) BeITEKaeT CleayoNee yCI0BHEe MEMOPAHHOTO (JI0H-
HaHOBOTO) PaBHOBECHS:

DM m9a-@ T Mmran?an (8.5)

IMoxcrasnsas B mroboe u3 paBeHCTB (8.1) BBIpakeHHE IS XMMHYECKOTO

noteHiana u3 (8.4), mosydaem:

HK/F(I) +RTIna (D) +z For = ”K/[*(H) +RTIn ey +z, Foq

+RTIna —z_Fop =

H'OA* M A= (T) +RTIna _ZfF(PH

[0)
Ha-an A (D)

+ —
U3 stux PaBCHCTB, C YYETOM OJHO3apsAJHOCTH MOHOB M™u A , BBITCKa-

€T CJICAYIOIICC BbIPAKCHUC IJIL MeM6paHHOfI Pa3HOCTH NMMOTCHIIMAJIOB!

RT . ayq RT, d_
Envp= (PH_(P1=—lnﬁ:_1n an

(8.6)
Foaaq Fooaq
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ITomMuMO cKkauKoB IMOTEHNHANA Ha (pa30BBIX rpaHUIIAX MEMOpaHa—PaCTBOP
HEOOXOAMMO NMPUHMUMATh BO BHUMAaHHE Takke BeMnanHy nuddy3snoHaoro ckay-

Ka MOTEeHIIHaJIa BHYTPH CaMOH MeMOpaHBI (A(anp ), KOTOpBII BO3HHUKACT HM3-32

pa3iniursg CoCTaBa IMOBCPXHOCTHBIX CJIOCB, HAXOAAIINUXCA B JOHHAHOBOM paBHO-
BECHM C pa3IMYHBIMH pacTBopamu. IlosToMy B obmieM cilydae MeMOpaHHas
PasHOCTh NOTCHIINAIOB CKIIAABIBACTCA N3 TPEX CKAYKOB IOTCHIIHAIA:

Envp =A@ =A@y + AQyy, (8.7

Bennunna A(pﬂl/l(b CPaBHUTECJIIBHO HEBEJIMKA 1 HE BHOCUT CYIIECTBCHHOT' O

BKJIaJa B 3HaUeHUE E, .

8.2. CrekJasIHHBIN JIEKTPOI

M. Kpemepom (1906 r.) u ®. T'abepom (1910 r.) 6610 0OHAPYKEHO, UTO
MEXIY ABYMs pacTBOPaMH, Pa3eICHHBIMU TOHKOW CTEKIITHHO ITeperopoakoii,
BO3HHUKAET Pa3HOCTh MOTEHIMANIOB, 3aBUcsAIas oT pH pacTBopa. DT0 MOCTyXH-
JIO TOJNYKOM K CO3IAHHIO CMEKIsHHO20 3iekmpooa (puc. 16) — Haubosee u3-

BECTHOTO TPEACTABUTEIST MEMOPAHHBIX (HOHOOOMEHHBIX) JIEKTPOJIOB.

Puc. 16. CTeKISIHHBIN 3IIEKTPOJI:
1 — crexnsHHAs TpyOKa, 2 — xmopcepeOpsiHblii (BHyTpeHHHUH) smektpos, 3 — 0,1 M pactBop

HCI, 4 — BHewHui (aHaIM3UPYEMBblii) pacTBOP, 5 — MOJIBII CTEKISIHHBIN apuk (MemMOpaHa)
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CTexJISHHBIHA 21eKTPOA MpeCTaBIsieT coO00H CTEKISIHHYIO TPYOKY C Hama-
SITHHBIM TIOJIBIM TOHKOCTEHHBIM (0,01-0,001 MM) CTEKJISTHHBIM MIApUKOM (MeEM-

OpaHoif) M3 CIICIMATBHBIX COPTOB CTEKJIA (C TIOBBIIICHHBIM COJICp)KaHIEM HOHOB
uenounbix Metamios Na®,K*,Li* u np.). Buyrps mapuka 3anmBaercs pac-
TBOP COJITHOW KHCJIOTHI OIpe/eIeHHOI KoHIeHTpamu (00sraxo, 0,1 M HCL), B
KOTOPBIN TOTPYKACTCA XIOPCEPEOPSHBIN AIEKTPOI.

CTCeKJISIHHBII AJIEKTPOJ MOXKHO IPEICTaBUTh C IIOMOIIBIO CICAYIOIIEH
CXEMBI:
BHEIIHNH | CTEKJISIHHAsI | PacTBOp

AgCl | Ag (B)
pactBop | memOpana | 0,IM HCI

Agy Ay AP AgCl/ Ag

Kak BHIHO M3 NPHBEAEHHOW CXEMbl NOTEHIMA CTEKJISTHHOTO AJIEKTPoJa
SIBIISIETCST anreOpandeckoil CyMMOH TpexX CKauyKoB MOTEHNHana: (a30BBIX CKad-

KOB Ha IPaHML@AX pasjiena BHEIUHWH pacTBOP—CTEKIO (A@Q;) U CTEKIO-BHYT-
peHnwmii (Mn cravmapTHei) pacTBop (AQ,) M TalbBAHU-TIOTEHIMANA XJIOpPCe-

pedpsHOTO AIIEKTpOIa (A(PCI‘, AeCl/ Ag)'

Cornacuo teopun b. Hukonsckoro (1900-1990) , mporuece, omnpenemnsto-
LI CKa4OK MOTEHIIMaNa Ha (a30BOM TpaHHIle PACTBOP—CTEKIIO, 00s13aH 0OMEHY
MEXIy MOHAMH [ICIOYHOTO METaJlIa, BXOISIIMMHU B COCTaB CTEKJIA (€r0 MOXKHO

paccMaTpuBaTh KakK TBep,E[LIfI 3J'IeKTp0J'II/IT) 1 MOHaMM BOAOPOJa B pacTBOpPE:
+ + + +
Mg +Hy 2 M, +H, ©)

TakuMm 00pa3oM, cTekiI0 (haKTHUECKH OOHAPYKHUBACT CBOIICTBA MOHOOO-
MEHHOW MEMOpaHBI, MPOHUIAEMOI TONBKO U1 KATHOHOB, a TOTCHIHAT CTCK-
JITHHOTO 3JICKTPOAA SIBISICTCS MeMOpaHHBIM moTeHnuanoM. PasHoBecue (C) ye-
TaHABIMBACTCA HA 00CHX CTOPOHAX CTCKIISTHHON MEMOpaHbI 1 B HEM YYaCTBYIOT

CPaBHUTCIIBHO HeOOIIbIITNE ITOBCPXHOCTHBIC CJION. B oOMeHHOM mpouoecce, npo-
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TCKAroIeM Ha MMOBEPXHOCTHU CTEKJISTHHOU M€M6paHH, 3JICKTPOHBI HE YYAaCTBYIOT,

a MMEpPCHOC JJICKTPUICCTBA YCPE3 I'PaHUILy pa3aciia (1)3.3 obecrieunBaeTCs HOHAMU

H+I/I KaTHOHAMU IICJIOYHBIX MCTAJLIIOB.
CrocoOHOCTh HOHA ICJIOYHOI'0 MCTajllla, HaXoAAECrocsa B CTEKIIC, K 00-

MEHY Ha MOHBI BOJOPO/a B PACTBOPE BLIPAkaeTcs KOHCTaHTOH oOmena K g :

ay g Appe
Ky=—2 H (D (8.9)
AN (er) Ml

Tae a — COOTBETCTBEHHO akTmBHOcTH MoHoB H' m M™ B pacTtBope,

Ht’ aM+
a a — AKTHBHOCTH HOHOB B CTEKJISIHHON MeMOpane. Beanmumna
H (cr)’ IM™ (en) p

KOHCTaHTbI OOMEHHOT'O paBHOBECUA 3aBUCHUT OT CBOMCTB CTEKJIa B TEeMIICpaTy-

pbl. JI71s OONBIIMHCTBA CTEKIITHHBIX 2JIEKTPOJI0B K 5 = 1071010712,

+ +
Tak kak B nporecce 0OMEHa Ha rpaHHIIe pacTBOP-CTEKII0 HOHBI H™ 1 M
B3aUMHO 3aMEILAIOT IPYT Ipyra, TO MOXKHO MPUHSITH, YTO OOMCHHAs €MKOCTb

CTCKJIa ITIOCTOSITHHA:

Ay ery T OM* (er) = A =const, (8.10)

O0benunsis ypaBHeHUs (8.9) u (8.10) mpuaeM K COOTHOIICHHIO:

a :Koﬁ'aH*+aM* :aH++KI_I/1\,[~aM+ ®.11)
Kos A A ’ '

H+

g+ (er)
1
race KH/M =—
Ko6
VYcnoBue paBHOBECHS JIIST 3apsDKEHHBIX YacTHI (HApuMep, HOHOB BOJIO-

poja), yuacTBYIOLIMX B MOHHOM OOMEHe Ha TpaHHIe pa3jiena pacTBOP—CTEKIIO,

OyzeT ompenenaThCs ypaBHEHUAMH, aHaTornyHbMH (8.1) 1 (8.2):
P =i en

Rer py 20 FPp = Py ery + 24F P (8.12)
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[oncrasnss ypaBuenue (8.4) B ypaBHenue (8.12) u mpuHUMas BO BHUMa-

HUE, 4TO z,_, =1, OyAeM UMeThb:

H

(o] o
l/LH+(CT) My (p) " E Iy

F

A;T(P =Qcr —Pp = In

DYt (er)
(o] o
Mt e " Mat )
F

BBIIIIE YpaBHEHHUE ¢ ydeToM (8.11) mpuHUMaeT BUI:

BeeaeMm o6o03HaucHUE =AIC)T(p°. Torma moJy4eHHOE

RT . ay+ + Ky -ay
Ao =A@ + —1n H M
P(P P(p F A

(8.13)

Pa3HOCTh NMOTEHUMAIOB, BO3HUKAIOWMX Ha BHEIIHEH (A@) M BHYTpeH-
Hel (AP, ) TTOBEPXHOCTSX CTEKIAHHON MEMODPAHBI, T.€. TIOTEHIUAT CTEKISTHHOTO
3NIEKTPOJIa, OyIET ONPENENAThCS yPABHEHUEM

RT .y *Kyym-aye
ECT:A(Pl_A(P2:71n H M

p —, (8.14)
aH+ +KH/M 'CIM+

+ +
A€ dy M Gy, — AKTHBHOCTH HOHOB H™ m M Bo BHeIIHEM pacTBoOpeE, a’H+ u

’

ay

— aKTUBHOCTH 3TUX MOHOB BO BHYTPECHHEM paCTBOPC.

IMockonmbky BHyTpeHHUH (cTanmapTHeIi) pactBop (0,1 M HCI) cogepxut
TOJIBKO MOHBI BOJOPOJA M HE COAEPKHUT MOHOB IIEIOYHBIX METAIIOB, ypaBHe-

Hue (8.14) npeobpaszyeTcs K BUIY:

RT . v + Kyym-ay

E,=—In 8.15
o= g a ) (8.15)
B kucnbIx u cnaboenoyHsIx pacTBopax, rae aye >> Kyyyn - ay e > ypas-
Herne (8.15) mpuHIMaeT cieayomuii BUa:
RT 4
Eq= —ln a}{+ , (8.16)

H+
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Ha ocnoBe opmansHoro ananu3a ypasHeHus (8.16) MOKHO IpUiTH K 3a-
KIIFOUYCHHIO, YTO TIPH OJAWHAKOBOM COCTaBE O0OMX PAacTBOPOB (ha30BBIE CKAYKHU
MOTEHNMaMa Ha O0CHWX TPaHHIAX PACTBOP—CTEKIIO JIOKHBI OBITH OIMHAKOBBI.
OpHako B Ipolecce M3TOTOBICHUS AIIEKTPoJa (B pe3yabTaTe MEXaHHUECKOH u
TEPMHUUCCKOH 00pabOTKH) BO3HUKAIOT ONPE/ICIICHHBIEC PA3IHYUS BO BHYTPEHHUX
HaNpsHKEHUSAX M KPUBH3HE 00€MX NMOBEPXHOCTEH CTEKISIHHOM MeMOpaHbl, U HO-
9TOMY (U3MKO-XUMHYCCKAE CBOMCTBA €€ BHYTPCHHEW M BHEILIHEH IOBEPXHO-
CTel, KaK MpaBmIIo, pa3nudatoTca. CIeCTBHEM 3TOTO ABISETCS BOSHUKHOBEHHE
(IpE MOTPYKEHUN CTEKISHHOTO 3JIEKTPOJa B PACTBOP) TaK HA3BIBAEMOTO TIO-

TCHIMaJIa aCUMMCTPUU EaC'

INoTeHnman acMMMETpUM OTBEYAaeT PAa3sHOCTU IOTEHIMAJIOB Ha KOHIAX
LieNH, B KOTOPOI C BHYTPEHHEH U BHEIIHEH CTOPOH CTEKJIIHHOIO 1l1apuKa HaXo-
JIATCSL PACTBOPBL OAMHAKOBOM KOHLIEHTPALUY, T.€. PA3HOCTH IIOTEHLIUAIOB JJIEK-
TPOXUMHYECKOH CUCTEMBI:

Ag|AgCl]0,1 M HCI| crexio

0,1 M HCl1| AgCl| Ag (D)
C ydeToM MOTEHIMAlla aCHMMETpUN ypaBHeHHe (8.16) 3ammmercs cie-

ITYIOIIAM 00pa3oM:

a
E =Eac+%ln H' (8.17)

cT '
+
H

BenuunHa MoTeHIMAaNa aCHMMETPUH HE TIPEBBIIACT HECKOJIBKUX MB.
[MpuHUMas BO BHUMaHKE, YTO COCTaB CTaHAAPTHOTO PAcTBOpPa €CTh BEIH-

YHHA [TOCTOsSIHHAA, YpaBHeHHe (8.17) mpeobpasyercs K BUAY:

= (8.18)

RT
E. = E((:)T'i' ?IHCIH_,_

e Eg, =E,, — gln dr -

Takum O6p330M, NOTCHUOHAJI CTCKIITHHOI'O 3JICKTPOJa B KHUCJIBIX U cnabo-

MICJIOYHBIX Cpeaax 3aBUCUT TOJIBKO OT KOHLEHTpAIlMU NOHOB BOAOpOAA.
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B obmem cnyyae B coorBercTBHM C (8.15), 2MeKTpOAHBIA TOTEHIIMAT

CTCKJIAHHOTO DJIEKTPOJa OIMMMUCBIBACTCA YPAaBHCHUEM !
RT
o
ECT:ECT+Tln(aH+ +KH/M'CIM+), (819)

W3 ypaBuenust (8.19) crmenyer, WTO CTEKJSTHHBIN OSJEKTPON SIBISIETCS

q)yHKI.IPIeFI AKTUBHOCTHU KaK MOHOB BOJOpPOJa, TaK U HOHOB HICJIOYHOI'O METaJlJIa

M™*, T.e. cTeknanHas MeMOpaHa 06JafaeT CBOMCTBAMU M BOJOPOJHOTO JIEK-
TpoJa, 1 HOHHO-METAJTMYECKOTO.

B xuCIBIX ¥ c1abOMEeTI0YHBIX PacTBOPAX, TAC d

H >>KH/M -a, +, CTCK-

M
JITHHBIN 2JICKTPOJT BEJIET ce0sl, MO-CYIIeCTBY, KaK BOJOPOIHBIN d1ekTpos (8.18).

B cuspHOIIENOYHBIX pacTBOpax, Iae a, . << Ky v -a

- > oy daem:

ECT:E§T+%anH/M+%In a (8.20)

M+)

T.€. CTeKJISIHHBIH 2JeKTpo]1 OyAeT 00paTUM IO HOHAM ILEJIOYHOr0 MeTaa.
C npyroit CTOpOHBI, MOTEHIIMANI CTEKSTHHOTO DJIEKTPOJa M B HIETOYHOM

pactBope octaeTcs hyHkuueit pH pactBopa. JleficTBUTENBHO, B IIEIOYHBIX pac-
TBOpaxX KOHIIGHTpaIus HOHOB mienounoro meramma (Nat, K™, Li*) mpaxrtuue-
CKH paBHa KoHIeHTpanmu noHoB OH™ (ecnu mpeneOpeyb KOHIIEHTpaLued no-
HoB OH ™, mpoucxonsamux u3 Bojel). [Toaromy B ypaBHenuu (8.20) akTHBHOCTH

HICJIOYHOT0 ME€TaJlJIa MOXKXHO 3aMCHUThL Ha aKTUBHOCTb HOHOB TMAPOKCHJIA:

ECT:E((:)T-F%IHKH/M-{'%IHG (82])

OH™
Js BogHOTO pacTBOpa mienouyu (Hampumep, pactBopa NaOH), kak u
M000ro Apyroro BOJAHOTO PACTBOPA, BBINOIHSACTCA ycnoue: K, =ap.dq,- .

- +
Beipaast aktuBHOCTh HOHOB OH ™ uepe3 akTuBHOCTh HOHOB H™ :

It Fou- T,
H+
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Y TIOJICTABIISIS TIOCIeHee BhIpaxkeHue B (8.21), momydyaem:

E

CcT

:E§T+%anH/MKW—R—FTln a (8.22)

H+ >
T.€. NMOTEHIHAJ CTEKIIIHHOTO BJIEKTPOJa M B KHCIIOM, B ILEIOYHOM PacTBOPaxX
SBJIACTCS JorapupMuueckoil QyHKIMEH KOHIEHTpAIlMi HMOHOB BOJOPOIA WU
¢byukuueit pH pactBopa.

bonee neranbHbId aHaaM3 MPOLECCOB, NMPOTEKAIOUIMX HA CTEKJISHHOM
3NIEKTPOJIC, TPUBOJUT K HEOOXOAMMOCTH ydeTa AN(PQY3HOHHBIX ITOTCHIINAIOB
Ha BHELIHEH M BHYTPEHHEH I'PAaHUIIAX CUCTEMbl PACTBOP—CTEKIIO. BO3HUKHOBE-
HUe UG QGY3NOHHBIX MMOTEHIINAIOB CBA3aHO C Pa3HOM IOABMKHOCTHIO MOHOB
IIEJIOYHOT0 METalla ¥ BOJ0pOo/a. DTO IPUBOAUT K 3aMEHE B ypaBHeHHsX (8.15,

8.19-8.22) xoHCcTaHThl Ky Ha BEIMUUHY KO2¢hduyuenma s1eKmpooHoiil ce-

nexmuenocmu  Kiy it

' Z/lM+
Kam= Kuam " (8.23)
H+

rae I/IH+ nu — IMMOABUKHOCTHU COOTBECTCTBYIOIINX MOHOB.

M+

IMTockombKy KaxIbIi CTEKISTHHBIN SIICKTPO]] HHANBHIYAJICH, TO BEITHIMHEI
CTaHJaPTHOTO MOTEHIMaNna Eg, JUIsl Pa3HbIX 3J1EKTPOJOB pasindHbl. OHHU Ompe-
JIENIAIOTCS B MPOIIECCE CIICIMATbHON KaTHOPOBKM TIO CTaHAApTHEIM Oy(epHBIM
pactBopaM ¢ TOYHO BbIBepeHHOH BennuuHoi pH. C 3To# 1enpio mpoBOAST 1MO-
cnenoBarenbHoe mM3MepeHne DJ[C 3IeKTPOXUMHUYECKOW IIeNH, COCTOALIEH H3
CTEKJITHHOT'O JIEKTPOJIa M KaKOTro-THU0O0 3JIEKTPO/ia CPABHEHUS, C PAa3IHYHBIMU
OydepabiMU cMecsMH. Ha OCHOBaHMUM MOTYYEHHBIX JaHHBIX CTPOUTCS KaTHOpo-

BouHBI Tpadux pH= f(E.) u mocrexyromeii sxctpanonammn Kk pH =0 Ha-

XOJIIT 3HAYEHHE EST JUI TaHHOTO CTEKJIIHHOIOo 3JiekTpona. McmnonpzoBanue

CTEKJISIHHOTO 3JIEKTpoAa Il u3MepeHus pH pactBopoB Oyner paccMOTpeHO

HUxe B paza. 11.
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8.3. HoHoceneKTUBHBIE 3JIEKTPOABI

CTEeKJITHHBIA 3JEKTPOJ, PAcCMOTPEHHBIM BBIIIEC, SBISICTCS OJHUM H3
Mpe/cTaBuTeNel OONBIION TPYIIBI MOHOCEIEKTHBHBIX AJIEKTPOJOoB. HoHoce-
JleKmueHbvle 371eKkmpoosbl — 3TO OIUH U3 BUIOB DIICKTPOXMUMHYECKUX JTaTUNKOB
(aneKmpoXuUMUYecKUX ceHcopos”), KOTOpbIE MO3BOISIOT H30HPATEIBHO OIpEe-
JISITh aKTUBHOCTD (KOHILIEHTPALIMIO) OAHUX HOHOB B IPUCYTCTBUU APYTHX.

OCHOBHBIM KOMIIOHEHTOM 3THX JJIEKTPOJIOB SIBISIETCS HOHOUYBCTBHUTEb-
Has MeMOpaHa, IpoHHIIaeMas Il KOHKPETHOT'O THUIA HOHOB. XapaKTePHUCTUKH
9TOil MeMOpaHbl BO MHOTOM U IPEIONPEICISIOT BO3MOXKHOCTh BBICOKOCEICK-
TUBHOTO ONpeIeNIeHNs] KOHIIEHTPAIlUN TaHHOTO MOHA B aHAIM3MPYEMOU cHCTe-
Mme. [lonynponuiaemMas MeMOpaHa pa3jiensieT BHyTPpeHHHI (CTaHIapTHBINA) pac-
TBOP C OIPEJCICHHOI KOHICHTpAIMEeH ONpee/iieMOro HOHA, U aHAIU3UpYe-
MBI pacTBOP, OJTHOBPEMEHHO 00ecreurBasi dJIEKTPOTUTHUECKUI KOHTAKT MEXK-
Iy HUMH. V3MepuTenbHas 2JIeKTPOXHUMHUYECKas IIeNb BKIFOYACT TAKKe dJICKTPOT

CPaBHEHMSI, KOHTAKTUPYIOIINH C aHAJTU3UPYEMbIM PACTBOPOM:

3JIEKTPO/Jl |[aHAJIN3UPYEMBbIii|CEIEKTUBHAS [BHYTPEHHUH [BHYTPEHHUI )
CPaBHEHUS pacTBop MeMOpaHa | pacTBOP | 2JIEKTpPoOA

HOHOCEICKTHBHBII DJICKTPO
B OTCYTCTBUU NOCTOPOHHHUX HMOHOB B aHAJIU3UPYEMOM PACTBOPE MOTCH-

nyajl MOHOCCIICKTUBHOI'O JJICKTpOAa EI/IC3 OIMCBHIBACTCSA YPABHECHUCM
RT
0
EI/IC3 = EI/IC3 + Flﬂ a;, (824)

rie, Ejjcy — CTaHAApTHBIH MOTEHIMAT HOHOCENEKTHBHOTO SEKTPOAA, d;— ak-

TUBHOCTDb OIIPCACIAACMOI0 HOHA (KaTI/IOHa nim aHI/IOHa).

*3J'I€KTpOXI/IMI/I'-ICCKI/Ie CCHCOpPHI (Pa3sHOBHJHOCTh XMMHYECKHX CEHCOPOB) HPE/ICTaB-
JISIIOT CO0OI TOPTaTUBHBIC NAaTYMKU (YCTPOMCTBA), B KOTOPBIX aHAINTHYECKUI CHTHAII oOec-
[1€YUBACTCSI IPOTEKAHUEM DJICKTPOXUMHUECKOro mnpouecca. [103BosioT nosryyats JaHHBIE O
XMMHUYECKOM COCTaBe cpejibl (pacTBopa) 06e3 0TOOpa aHATM3UPYEMOi TPOObI U ee CIeHalb-
HOM MOJITOTOBKH.
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B Gonee cnoxHOM ciydae, KOTJia MCCIEeIyeMbIii pacTBOP COIEPKUT IBa
uitm Golee onmpeaenseMbIX HOHOB (HATpEMeEp, Ba OHO3apAIHBIX KaTHoHa A™
u B"), ypaBHenue mus Eyc» Oyner conepxarbh KOI(DQUIMEHT 3IEKTPOAHOM
CeNIeKTUBHOCTH K ;g U 110 (hopMe COBIALATh C YPAaBHEHHEM [JIsl CTEKIIIHHOTO

anektpona (8.21):
RT ,
Eycs = Enen + ?ln(ay +Ka/B 'aB+) (8.25)

CpCZ[I/I HMOHOCCJICKTUBHBIX JJICKTPOJOB (HOTGHHI/IOMeTpH‘IeCKI/IX CCHCO-
pOB) MOKHO BBIJICTIATH CICAYIOIMUE OCHOBHBIC TUIIBI:

— DJIEKTPOJIBI C TBEPIOH MEeMOpaHOii,

9JIEKTPOIBI C KUIKOW MeMOpaHoH,

ra304yBCTBUTEIIBHBIC 3JIEKTPOJIbI,

— (epMeHTHBIE 3JIEKTPObI (JIEKTPO/IBI AJIsl ONPEACTICHHs] KOHIICHTPALUH
OMOJIOTNUECKUX BELIECTB)

OCHOBHBIMH XapaKTEPUCTUKAMH, HA OCHOBAaHWUH KOTOPBIX MPOBOJIST
OLIEHKY 3] ()EeKTHUBHOCTH MOHOCEIEKTHUBHBIX 3JIEKTPOJOB, CIIYXaT Mpeses oOHa-
pYXKEHHUS BellecTBa, KOO(OGHUIUNECHT 3JIEKTPOIHON CEJIEKTHBHOCTH M BpPEMs OT-
KIIHKa (BpeMs pelaKcalun).

Ilpeden obHapyscerusi — STO MAHHUMAIBHOE KOJHYECTBO BelecTBa (MO-
Ha), KOTOPOE aHATUTHYECKH OIpeessieTCsl PU HCIOIb30BaHUN HOHOCEICKTHB-

HOTO 3JIeKTpoa. J{Jist OOIBIIHHCTBA 3JICKTPOIOB 3Ta BEIMYNHA JICKHUT B TIPEIe-
nax 107> =107 moms/ 1.

Kooppuyuenm snexmpoonoii  cenekmusnocmu Ky g XapakTepusyert
” o z;
‘OTKIIMK” DJIEKTPOJIA Ha ONpeeseMblii HOH (A;') B IPUCYTCTBMU MELIAIOLIErO

z.
noHa (B;): uem menbue BenmumHa Kod(dunuenta Ky g, TEM BEIIIE CEleK-

TUBHOCTB 3JIEKTPOJa K OmpenensieMoMy HOHY. Jpyrumu cioBamu, ko3¢ uim-

CHT SHCKTpOI[HOﬁ CCJICKTUBHOCTU AA€T KOJIMYCCTBECHHYIO OLICHKY CIIOCOOHOCTH
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3JICKTpOAa COXPAaHATh CBOIO OCHOBHYIO q)yHKI_II/IIO IO OIPEACICHUIO KOHLICHTPA-
UH OoNpeAcIsIEMOro MOHa B MPUCYTCTBUH IMOCTOPOHHHUX MOHOB. Xopou_me Ho-

HOCEJIEKTHBHBIC JIEKTPO/IbI XapaKTePU3YIOTCsl KOIPPHUIIMEHTOM CEIEKTHBHOCTH

nopsiaka 1073 +107>. B srom ciydae Jake THICSYCKPaTHBIE M30BITKH IOCTO-
POHHHX MOHOB HE BIIHSIOT HA aHAJHTHYCCKOE OIPEACICHHE HCKOMOTO HOHA.

Bpems omknuka — IpOMEKYTOK BPEMEHH MEXy MOMEHTOM MOTPYXKECHUS
AJIEKTPOJa B pacTBOp (HMJIM 3aMEHBI PACTBOPA) M MOMEHTOM, KOIJa ITOTCHIIHA
AJIEKTPOJa JOCTHTAE€T PaBHOBECHOI'O (CTallMOHAPHOTO) 3HAa4YcHWs. Bpems ort-
KIIKa CYIIECTBEHHO 3aBHCHT OT KOHIICHTPAI[MH PAcTBOpA: NMPH YBEINICHUH
KOHIIEHTPAIMU OHO YMEHBIIAeTCs, IIPH YMEHBIICHUN — BO3pacTaeT. Bpems or-
KIIMKa JUIS 3JCKTPOIOB C TBEPAOH MEMOpaHOii, 0OBIYHO, COCTABIISACT JOJHU Ce-
KYHIIBI, AJIs1 DIICKTPOAOB C JKUAKOM MeMOpaHO#l — HECKOIBKO CeKyHI U Oonee. B
CBSI3H C TE€M, YTO BPEMsI YCTAHOBIJICHUSI PAaBHOBECHOTO (CTAIIMOHAPHOT'0) 3HAUE-
HUSl TIOTEHLIHANA SBISETCS CIOXKHON (YHKIMEeH MHOTMX KWHETHYECKHX Mapa-
METPOB, Ha MPAKTUKE 3a BPEMs OTKIMKA 4acTO MPUHUMAIOT BPEMs, B TCUCHHUE
KOTOPOTO MOTEHIIHAI AIICKTpoa m3MeHseTcs Ha 90% OT BETHYNHBI MaKCUMAaJIb-
HOTO M3MCHEHHS IPHU TepeHoce 3JIEKTPOAa U3 pacTBopa, B KOTOPOM OH COAep-
XKHUTCS, B UCCIIETYeMbIH PacTBOP.

Dnexmpoodsl ¢ meepooii Membpanoil B Ka4eCTBE UyBCTBUTEIBHOTO 3IIe-
MEHTa HMCHOJNB3YIOT BEIIECTBA, 00JaNarollie MOHHOH IPOBOAMMOCTHIO TO Ka-
THOHY WJIM aHUOHY M MaJlol PacTBOPMMOCTBbIO. MeMOpaHbl JUIsl TaHHOTO THUIIA
NCD n3rotoBnuBaloTCs U3 KAaTUOHO- WM aHUOHOOOMEHHBIX CMOJI (MOHHMTOB),
Pa3IMYHBIX COPTOB CTEKOJ, MAJIOPACTBOPHMBIX OCaJKOB MOHO- U MOJHKPUCTAI-
JIOB, a TakkKe IMyTeM IPECCOBAHUS WM CIUIABICHHS MOPOIIKOOOPA3HBIX COCIH-
HEHUI WM UX cMeceil.

Cpenu 3JeKTPOIOB ITOH TPYIIITEI CBOCH BBHICOKOW CEICKTHBHOCTBIO BBIJIC-
TSAI0TCS (PTOPHUIHO-CENEKTUBHBIE SJICKTPOIBI. B KadecTBe TBepmoit MeMOpaHbI B

HUX MCHOJB3YIOTCS TOHKHUE MIJIACTUHKHM MOHOKpHCTAaJlIa (I)Topl/I)la JJaHTaHa
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LaF;, neruposaHHOro HeGOIBIINM KoJanuecTBOM (ropusa esponus (~ 1 %) mms
MOBBIIICHUS 3JICKTPUYECKOI MpoBoguMOCTH. [lepeHoc 3apsiaa B MOHOKpHUCTAILIE
LaF; ocymecTBiseTcss noHaMu (TOpa MO BAKAHCHAM KPHCTAJUIMYECKOIH pereT-
KH COTJIACHO MeXaHNU3My DpeHKens:
LaF; +Bakancus (jisipka) = LaF, +F~
[MoTteHumnan JgaHTaHGTOPUIAHOTO 3JIEKTPOJA MHOAUYMHSICTCS YPABHEHHIO

HepHcTa BIIOTH 10 KOHLEHTpALUil mopsaka 10~7 mons/ (mpenen oOHapyxe-
Hust F -noHOB):

_po K4
E=F°-="Ina_ (8.26)

JlaHTaH(MTOPHIHBIA IEKTPOJ XapaKTEPH3yeTCs HCKIIOYHTEIBHOM crie-

MU(GUIHOCTBIO MO OTHOMICHUIO K (Topua-noHaMm. ONpeAercHHI0 HE MEIIaroT

JlaXke ThICAueKpaTHble W30BITKU mocTopoHHuX MoHOB (Cl, NO3, POy u np.).
Memator onpenesaeHuo GpToprua-HOHOB BBICOKOBAJICHTHBIE KAaTHOHBI, JAIONIHE
KOMIUTEKCh ¢ (ropuaamu, takue, kak AlI’", Fe’”, Cr’* u ap.). Onpenencuue
(GTOPUA-MOHOB MMEET BaXKHOE 3HAYCHNE TIPU aHAJHM3€ IMUTHEBOH BOJBI, TIPHUPOI-
HBIX U CTOYHBIX BOJ, OYB, BO3/yXa, COPOCOBBIX I'a30B.

[[Iupokoe mpUMEHEHNE HAXOMST SJEKTPOJIBI C TBEPAOW MeMOpaHOW Ha
ocHoBe cynbduaa cepebpa (Ag,S). DTo BemecTBo Omaromaps cBoei Maioi
PacTBOPUMOCTH, HU3KOMY OMHUYCCKOMY CONIPOTHBICHHIO U XOPOMIEH yCTOHYH-
BOCTH K OKHCIHTEIISIM M BOCCTAHOBHTEISIM CIY)KHT HACATEHBIM MaTepUaIOM
IUTSL IPUTOTOBIICHHSI HOHOCEJICKTHBHBIX 371eKTpoaoB. Cyinbdua cepedpa HCHoib-

3yeTcsl He TOJBKO TSI CO3JIaHMS DJIEKTPOIOB C BEICOKON M30MPATEIBHOCTHIO TIO
OTHOIICHUIO K MOHAM AgJr u S2 ", HO U SIBJISIETCS PEBOCXOHON MaTpULIeh JIst

raJJorcHna0B cepe6pa U MHOI'MX CyJ'IL(i)I/IZ[OB ABYX3apsAaAHbIX METAJIJIOB, CILJIaB-

JICHUEC WJIM IIPECCOBAHMUE C KOTOPBIMH IMO3BOJIACT IOJTYyYaThb M€M6paHLI, YYBCT-

2+ 2+ 2+
BHUTEJIbLHBIE KO MHOI'MM HMOHaM: rajgorenuaam, karmonam Cd=", Cu”", Pb~".
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Dnexmpooul ¢ HCUOKOU MeMOPAHOTU (HCUOKOCIHBIE INEeKMPOoObl) B Kade-
CTBE MEMOpaHBI HCIIONIB3YIOT PACTBOP MOHOOOMEHHOTO COCIWHEHHS B OpPTaHH-
YECKOM PacTBOpHTENE (KHJKHE KaTHOHUTHI WM AaHHOHUTHI), KOTOPEIH HE cMe-
IMBAETCS ¢ BOAON M 00JanaeT BBICOKOW AMANEKTPUUECKON MPOHHUIIAEMOCTHIO.
Yarre Bcero 3To pa3nuyHbIe dPHUPHI, HAIPUMED, OKTUIOBBINA U JEIMIOBBII 3(hu-
poI GochOPHOIT KUCTOTHI.

Bce Gonbiiee mpuMeHeHHE HAXOJAT TUICHOYHBIC WM TUIACTU(GUIMPOBAH-
HBIE JJIEKTPOJIbI, B KOTOPBIX aKTUBHAs (ha3a ((KUIKHH MOHUT) BHEAPSIETCS B IJIa-
CTHHY C TOPHCTOI WIJIM T'elIeBOH CTPYKTYpOi, HanmpuMmep, Te(IOH WM MOJIUBH-

nunxinopuz. Ecau opranndeckas dasza comepxkut snektpoauT MR, opranuue-
CKHIl aHHOH KOTOpOro R ™ He MOXeT mepexoIuTh B BOAHYIO (a3y m oOnamaer

CBOICTBOM HM30MpaTenbHO CBA3BIBATH KaTHOH M™, To Takas memGpana Gymer
CIIY’>KUTb OCHOBOH YKHJKOCTHOTO IJIEHOYHOTO JIEKTPOJa.

B kauecTBe nprMepa MOXXHO yKa3aTh Ha KaJbIIMEBbIH 3JeKTpo (puc. 18),
B KOTOPOM HOHOOOMEHHOI TpYIIION SIBISICTCS aHUOH THAIKII(POCPOPHOH Ku-

cinotsl ¢ ankunpHbIMU LiensMu Cg —Ci, @ OpraHM4ecKMM pPacTBOPUTEIEM —

muoktmidenundochonar CgHsPO(OCgH7),.

Puc. 17. oHOCENEeKTUBHBIN KaJIbIIUEBHII SIEKTPOJ € JKUIKOM MEMOpaHOii:
1 — BHyTpeHHHiT 37eKTpo], 2 — BHYTPEHHHI pacTBOp, 3 — pe3epByap ¢ HOHOOOMEHHBIM

pacTBopoM, 4 — KopItyc, 5 — nopucTasi MeMOpaHa, IpONUTaHHAs FOHOOOMEHHBIM PaCTBOPOM
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Kanbiuii-ceneKTUBHBIN dJIEKTPOA € KUIKOW MEeMOpaHOH HCIONB3YeTCs B
KOHLICHTPALlUOHHOM HHTEpBAje 1071 +107> moms/n npu pH 6—11 u xapaxre-

pHU3yeTcsi TOBOJBHO BBICOKMM KOX(PQMHUIIMEHTOM DIIEKTPOAHON CEIeKTHBHOCTH

[0 OTHOIICHHUIO K MEUIAIOIIEMY MOHY, HalpHMep: K’Caz+ Mg =102, Bpewms

YCTAHOBJICHHA PaBHOBCCHOT'O IMOTCHIMAJIA JJIA paCTBOPOB, COACPIKANIUX TOJIBKO

von Ca’*, e npesbimact 2-x c.

Tazouyscmeumenvhvie  21eKmMpoobl  (NOMEHYUOMEMPULECKUE  2A308ble
cencopwl) peIHA3HAYCHBI TSl OTIPE/IeTICHHS COAEPKAHMS ra3000pa3HOro Bele-
cTBa 1H00 B pacTBOpe, TMOO0 B CMECU C APYTUMH razamMu. BaxkHBIM CTPYKTyp-
HBIM DJIEMEHTOM TOTEHIIMOMETPUIECKOTO Ta30Boro ceHcopa (puc. 18) sBisiercs
ruapodobHas razonpoHunaeMas MmemOpana 1, oTmesnsrolias BHEUIHUI (aHAHU-
3UPYEMBIil) PacTBOp 3JEKTPOJIHTA 6 OT OKpyKarolieil cpeasl. ITa MemOpaHa

HETIpOHUIIaCMa JJIA DJICKTPOJINTA, HO IPOHUIIACMa JIJIA KOHTPOJIMPYEMBIX I'a30B.

Puc. 18. IlpunnunuansHas cxema razouysctauresnsHoro MCO:
1 — rasonponuiaemasi Membpana, 2 — BHYTPEHHHMII (CTAHIAPTHBIIA) pacTBOP, 3 — BHYTPEHHHUI
WH/IMKaTOPHBIN AIIEKTPOJ, 4 — 3JIEKTPOJ CpaBHEHHs, 5 — mopucTas neperopojka (nuadpar-

Ma), 6 — BHELIHUI (aHAIM3UPYyeMBlil) pacTBOp

B ocHOBe neiCTBUS ra304yBCTBUTENIBHOIO JJIEKTPOJA JIEXKUT IIPOMEKY-

TOYHAass XMMHUYCCKasaA peakKlus, COIMPOBOKIAANOIIASACA IMPEBPAICHUEM MOJICKYIT
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AQHAIM3HPYEMBIX Ta3000pa3HbIX BEIIECTB B MOHBI B aHATH3HPYEMOM (BHEIIHEM )

pacTBope, HallpuMep:

CO, +H,0=H" + HCO3 (F)
X, +H,0=2H" +XO™ + X", rae X=Cl, Br, I G)
NH; + H,0=NH} +OH™ u np. (H)

KoHreHnTpaiust 006pa3yonuXxcsi HOHOB OMPEEISIETCS ¢ MOMOIIBI0 COOT-
BETCTBYIOIIETO HHMKATOPHOTO AJIEKTPOJa 3, MOMENICHHOr0 BO BHYTPCHHHIA
pactBop 2. IToCKOJIbKY B MPHBEACHHBIX BBIIIE XUMHYESCKUX PEaKIUsIX 00pa3y-
I0TCSL WJIM PACXOYIOTCS HOHBI BOAOPO/A, T.€. MPOUCXOAUT U3MEHEHHE KUCIIOT-
HOCTH CpCIbl, TO B Ka4CCTBC HMHAMKATOPHOI'O JJICKTpOAA IJIsI M3MCPCHUA pH
aQHAJIM3UPYEMOT0 PACTBOpa OOBIYHO HCIOJIB3YIOTCS CTEKISIHHBIC 3JICKTPOIbI.
KoHTakT Mexly aHalIu3upyeMbIM U BHYTPEHHUM PacTBOPAMU OCYILECTBIIIETCS
yepes nopuctyo auadparmy (5).

B MOTEHIMOMETPUIECKOM Ta30BOM CEHCOPE, PearupyroiiuM, HalpuMep,
Ha JMOKCH] yrjiepoja, MeMOpaHa JO/DKHA ObITh MPOHUIAEMOM Uil MOJEKYI

CO, . IlpoTekaromiasi B aHAIU3UPyEMOM pacTBope XxuMuueckas peakuus (F) xa-

PaKTEpU3yeTCH KOHCTaHTOM paBHOBECHUA:

a. .. d.
KO —_HCO; H (8.27)

dco, 94,0
MoxHo IMPUHATH, YTO NIPU HEBBICOKUX MNAaBJICHUAX aKTUBHOCTH YTJICKH-

cnoro rasa B BO/iC (dcq, ) opuuHseTes 3akony I'enpu:
aco, =kvPco, -
riae k. — koHcranra ['eHpH.
[oncrasnsis ypaBHenue I'enpu B ypaBHeHue (8.27) nmonydaem:

0 9CO, 9H,0 kxpco, 41,0

=K°
“Hcoy “Heo;

a,. =K (8.28)
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Bripaxenue (8.28) moka3eiBaeT, 4TO aKTUBHOCTh MOHOB BOjOpoaa OyneT
MIPOMOPIIMOHATBHA JTABIICHUIO Ta3000pa3HOTO AUOKCHIA YTIIepoaa MPH YCIOBUH,

4YTO aKTHUBHOCTHU MOHOB GHCO, n aHzo B XOA€ OIlbITa 6yﬂyT 0CTaBaTbLCA IpPaK-
3

TUYECKU HEU3MEHHBIMU. DTO JOCTUTAETCS TEM, YTO B aHAJIM3UPYEMBI pacTBOD
BBOZAT omnpezeneHHble konuuecta coneii NaHCO3 u NaCl ¢ rakum pacue-

TOM, YTOOBI KOHIICHTPAINS YKa3aHHBIX BEIIECTB COCTABIIA ~ 1072 mous IIM_3.

B stux YCJIOBHUAX NMOTEHIIUA Ta30BOI'0 3JICKTPOAA OKa3bIBACTCA MPONOPIHUOHA-

nieH norapudmy nasinenus: CO,:
o RT .
E=E"+ ? In pc02

OnHUM 13 Hanbosee M3BECTHBIX Fa30BbIX HOHOCEIEKTUBHBIX AIIEKTPOJIOB
SIBIISIETCSI DJIEKTPOJ C YyBCTBUTENIbHBIM 2JIEMEHTOM Ha aMMHak. V3amepurenbHas
CHCTEMa BKJIIOYAET KaTHOHOCEICKTUBHBII 3JeKTpoa U THAPOoPoOHYyI0 MeMOpa-
Hy, TPOHHUIIAEMYIO JJIs Ta3000pa3HOr0 aMMHaKa, HO HE TMPOHUIAEMYIO IS Ta-
KuX HOHOB, kak Na', K, NH,". MemMmOpaHa OTHessIeT UCCIeAYSMbIH IET0THON
pactBop oT BHyTpeHHero pactBopa 0,1 M NH,4Cl, B KOTOpBIH MOTPY»KEHBI CTEK-
JISTHHBIH 3JIEKTPOJL U XJIopcepeOpsHbIi asekTpox cpaBHeHus. Juddysns ammna-
Ka yepe3 MeMOpaHy BbI3bIBacT u3MeHenne pH pactsopa (peakumst H), Haxons-
ierocs MeXIay MeMOpaHO! M CTEKJISIHHBIM 3JekTponoM. Tlocnequuii peructpu-
pyeT Habmogaemoe n3MeHeHue pH u BeITaeT coaepkaHue aMMHUaKa B aHAJIH3H-
pyeMoM pacTBope.

Depmenmuvle (GH3UMHBIE) 2MeKmpoObl, pa3padaTbiBaeMbie ¢ 1967 r.,
MPEACTABIIAIOT HOBBII TUI 2IEKTPOXUMHUYECKHX CHCTEM B MOHOMETPHH. B cooT-
BeTcTBUH ¢ HOoMeHKiatypoit MIOITAK ¢epMeHTHBIH 37IeKTpoa ompeaessercs
KaK JaT4yMK, BKJIIOYAIOIIMN MOHOCEJIEKTUBHBIA 3JEKTPOJ MOKPBITHIA CI0EM
(depMeHTa, KaTaTU3UPYIOIIET0 PEaKkIHi0 KaKoro-mmbo OpraHHYecKoro WM He-
OpraHUYecKoro coefuHeHus (cyocrpara) ¢ oOpa3oBaHUEM MPOAYKTOB (MOHOB),

K KOTOPBIM YyBCTBHUTEJIEH UHAUKATOPHBIN 31ekTpos (puc. 19).
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Puc. 19. ®epMeHTHBIN dIIEKTPOI:
1 — BHYTPEHHMIi SIEKTPOJ, 2 — CTEKISHHBIA MHIUKATOPHBIA 3JIEKTPOA, 3 — BHYTPEHHHI

pactBop, 4 — cl0i UMMOOHITM3UPOBAHHOTO (pepMeHTa

Co3niaHue JaHHBIX HJIEKTPOJIOB CBSI3aHHO C UCIIOJIBb30BAHUEM (DepMeHmos
(9H3uMO08) — OUOIOTHUYECKUX KaTalIn3aTopoB. DepMeHTH! 00J1a1al0T YHUKATIBHOM
KaTaJINTHYECKO CENEeKTHBHOCTBIO — CIHOCOOHOCTBIO KaTaIW3UpPOBATh MpEBpa-
IIIEHHE TOJIBKO OJHOTO CAWHCTBEHHOTO COCAMHEHHUS M3 CMECH OY€Hb OJIM3KUX
M0 XMMHYECKOW MPUPOAE BEIIECTB, YTO X BHIFOJHO OTIHYACT OT KaTalU3aTo-

POB HE()EPMEHTHOTO IIPOUCXOXKIACHHS.

CrnenyeT OTMETHUTh, YTO HATHBHBIM (MCXOAHBINH) (DEPMEHT COXpaHSeT
CBOM CBOWCTBA JIMIIb B TCUCHUE CPABHUTEIBHO KOPOTKOro BpemeHu. [yt To-
BBIIICHUS CTAOMIBHOCTH 3JIEKTPOJA, T.C. YBEINUCHNUS MTPOJOIDKUTEILHOCTH JAeH-
cTBHA (DepMEHTa MPU COXPAHCHWM €ro KaTAINTHYECKOH aKTHBHOCTH, MCIIOb-
3yeTcsl omepanus Tak Ha3bIBaeMOH MMMoOOMIM3anuu (epMeHTa, KoTopas 3a-
KJIIFoYaeTcss B “ 3aKperuieHHH” (epMeHTa Ha MOBEPXHOCTH MEMOpaHBI WU B
TUTEHKE Tes (WM TIOPUCTOTO TTOJIMMEpa), HaHeCeHHOH Ha MeMOpany. [Ipu sTom
(epMeHT 3aKperusieTcs, NMepecTaeT OBITh MOJBIDKHBIM M HE BBIMBIBACTCS W3
6uocinos. [Ipy uMMOOUIM3aMKM SH3UMOB HEOOXOIUMO CIEIUTh 32 TEM, YTOOBI

HE ONPOUCXOAUIIO MPOLCCCOB, BEAYLIMX K JACHaTypaluu (norepn aKTI/IBHOCTI/I)
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(epMeHTOB. AHATUTHYECKUE ATYMKU, B KOTOPBIX PACIO3HABaHUE OMpeJersie-
MOTO BEIIECTBA OCYIIECTBISICTCA C IOMOIIBI0O MIMMOOMIM30BaHHOTO OMoMare-
puana, T.e. pepMeHTHBIE 3IEKTPOAbI, HHAYE HA3BIBAIOT OuOCeHcopamu.

[MpuHIMI paboThl (EMEHTHOTO IEKTPOA AHAIOTMYEH PACCMOTPEHHOMY
BBIIIIE JUIS Ta30BOrO aiiekTpona. Onpenensiemoe BemiecTBo (cyocTpar) aupdyH-
JMPYET 4epe3 MOJIyIPOHHUIaeMyl0 MeMOpaHy B TOHKHI CIIOH OMoKaTaau3aTopa,
B KOTOPOM IIPOTEKaeT ()epMEHTaTHBHAsI peakuus. B pesynbrare 3Toi peakuun
o0pa3yeTcst 3JIEKTPOAKTHBHOE BEIIECTBO, KOTOPOE JETEKTUPYETCS MPU MOMOIIN
MOTECHIIMOMETPUIECKOTO WIIM aMIIEPOMETPUIECKOTO AaTIUKA.

®DepMeHTHBIC 3JIEKTPOIbI TTO3BOJISIOT MPOBOJUTE OBICTPBIN KIMHHYECKAN
aHaJIN3 Ha TJI0KO3Y, MOUYEBHHY, aMUHOKUCIIOTHI U IPYTHe METAOOJIUTEL.

Paccmotpum, Hampumep, (EpMEHTHBIH IEKTPOA ISl ONpPEACICHHs CO-

ACPIKaHNs MOYCBHUHBI B paCTBOPAX HUJIHU OHOJIOrMYECKHX KUAKOCTAX. DTOT 3J1eK-

o o +
TPpOA BKIIHOYACT CTCKIIAHHBIN 3JICKTPOI (CGHCKTI/IBHHI/I K NH4 -I/IOHaM), Ha I10-

BEPXHOCTH KOTOPOTO B TENICBOM cJloe (HUKCHpyeTcs (epMEHT — ypeasa, dyBCT-
BUTEJIBHBINH K MoyeBHHE. [Ipy mMoOMeIeHny 3JIeKTpoaa B pacTBOp, CoAeprKalui
MOYEBHHY, cyOcTpar A GyHIUPYET B releBblid CIOH UMMOOMIN30BaHHOTO HH-

3UMa 1 MMOABEPracTCsa ruApoin3y:
CO(NH,), + H;0" + H,0 —2*% 5 2NHj + HCO3

OO6pa3yrommecs: HOHbI NHZ[ PEruCTPUPYIOTCS NHX -CEJICKTUBHBIM CTEK-
JITHHBIM DJICKTPOJOM. MHAMKATOPHBINA 3IICKTPO], COJCPKAIIMN (epMEHT ypea-
3a, 06J1a1aeT XOpolei cTaGHMIBHOCTBIO, HO Ha ero paboTy BIustoT HoHbl Na™t u
K™, HexenarensHoe BO3/ieiiCTBHE KOTOPBIX IOJKHO OBITH ycTpaneHo. 1107106-
HBIH K€ IEeKTPOJ IPUMEHSETCS sl ONPEAeICHUs] MOYEBUHBI B CTOUHBIX BOJAX.

HoHocenekTuBHEIC OJICKTPOABI M, B YaCTHOCTH, (I)epMeHTHLIG DJICKTPOIHI,
MO3BOJISIOT ¢ BBICOKOM TOYHOCTHIO OnpeACIATh COACPIKAHUC UCCIIEAYCMOI'0 XU-

MHUYECKOTO COCANMHEHNA B CJIOKHBIX ITO COCTaBy CMECAX. O0macTp ux IIpUMEHE-
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HUS Ype3BbIYaiiHO mmpoka. OHU UCTIONB3YIOTCS B OMOJIOTUN U MEAULUHE, KIU-
HUYECKOH MPaKTUKE, MOHUTOPUHIE OKPYKAIOLIEH Cpelbl, arpOXUMUU U [IOYBO-
BefieHUH. OTINYNTENbHBIMA KaueCTBAMH HOHOMETPHYECKHX METOJOB aHalU3a
SIBISIFOTCS. HAJI@KHOCTh, HKCIIPECCHOCTh M BO3MOXKHOCTH OIpeeNeHus: Oe3 Ha-

PYIIEHUSI ENOCTHOCTU 00BEKTA UCCIICAOBAHUSL.

9. OCHOBHBIE THUIIbI 'AJIBBAHUYECKHUX
SJIEMEHTOB

['ajpBaHMYECCKHE 3JEMEHTHI (DIEKTPOXUMHYCCKUE LENN) KIacCUPUIIH-
PYIOT TIO IBYyM OCHOBHBIM TIPU3HAKAM

— TI0 UCTOYHHKY DJIEKTPUYSCKON dHEpruu ((pu3uuecKkue, XUMHUECKUE U
KOHIICHTPAIMOHHEIE),

— IO HAJMYHWIO WIH OTCYTCTBHIO B IIETTH TPAHHUIIBI pa3zena Kuiakux das (c

TIEpEHOCOM HJTH Oe3 TiepeHoca).

9.1 ®dm3nyecKHe raJibBaHNYECKHE YJIEMEHTHI

B usuueckux eanveanuueckux snemenmax UCTOUHUKOM 3IIEKTPUUECKON
SHEPIHU CIIy’KaT Paszinyus B (QU3MUECKOM COCTOSIHUHM OJIMHAKOBBIX MO CBOEMY
XUMHUYECKOMY COCTaBY 3JIEKTPOJOB, U3 KOTOPHIX coOpaHa AaHHas Lemb. B mpo-
necce (QyHKIMOHUPOBAHMS (PU3NIECKON LEMH JIEKTPO, HAXOASAIINNICS B MEHEe
YCTOHYMBOM COCTOSIHHH, TIEPEXOAUT B O0Jiee YCTOHYNBOE COCTOSIHHUE.

Cpenu (GU3HUECKHX TalbBaHHUECKUX JJIEMEHTOB BBLACISIOT aJUIOTPOIH-
YecKre, TPaBUTAIlMOHHBIE W TEPMOTaIbBaHHYECKIIE.

Annomponuueckue 2anvéanuueckue d1eMeHmbl — 3TO CHCTEMBI, COCTaB-
JICHHBIC U3 Pa3IMYHBIX AIJIOTPOIHBIX MOIU(UKAIMII OXHOTO M TOTO Ke dIEK-
TPOAHOIO MaTepHaia (MeTania), MOTPyKEHHbIE B PacTBOp KakKoro-mubo ero
PacTBOPUMOTO COCANHEHNS, HAIIPUMEDP, COIM 3TOr0 MeTasua:

M(o) IMA [M(B) (A
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[Tycte M(at) TepMoanHaMUYecKH Oojee yCToiumBas KpHcTawiorpadu-
geckas MoAn(UKaIMs TaHHOTO MeTaimna, a M(P) ero meHee ycroiumBas (Me-
TacTabuibHas) Momudukamus. [1o cpaBHEHHIO cO CTAOWIBHON MoampHKaImei
MOCIeIHAS 00JIafiaeT MOBBIIICHHBIM 3aI1acOM CBOOOHON SHEPTUH U B MpOIECcCe
9KCILTyaTALUH HJIEMCHTA MIEPEXOAUT B O0JIee YCTOHUMBYIO MOAUDUKAIIMIO:

M(B) — M(a)

DHeprus, BEICBOOOXKIaeMas B Xo/1e (ha30BOTO aJUIOTPOIHOTO Tepexoia, u
SIBISICTCS] HICTOYHUKOM TIOJTY4aeMOM AIIEKTPUIECKON SHEPTHH.

I pasumayuonnvle eanrveanuyeckue d1eMeHmbl BIEPBbIC OBUTH pean3o-
BaHbI pycckuM snekTpoxuMukoM P. Kommu (1875 r.). IlepBas rpaBuTaninoHHast
L[EMb PEICTABIISUIA COO0M CUCTEMY M3 IBYX PTYTHBIX 3JICKTPOOB, KOTOPBIC IO~

rpyxanuce B pactBop Hg,(NO3), (puc. 20).

Puc. 20. Cxema rpaBUTAI[IOHHON PTYTHOH JICKTPOXNMHYECKOH IIeTIN:
1 — pryth, 2 — pacTBOp HHUTpaTa PTYTH, 3 — KepaMudecKas MeMOpaHa, MpOHUIAaeMas [UIs

HOHOB Hg22+ H HeTIpOHULaeMas st METaJNTMYECKOU pryTH, 4 — TOKOOTBOAbI

JleBbrif sekTpon (¢ Goee BEICOKUM YPOBHEM PTYTH /) XapaKTepHu3yeTcs
TIOBBIIICHHBIM 3a1acoM HOTeHHHaJ'ILHOfI OHEPIUU 10 CPABHECHUIO C IPAaBbIM (C
0oJiee HU3KUM YPOBHEM PTYTH /). B pacuere Ha 1 MOJIb METalTMYECKOH PTYTH

H30BITOK HOTCHHHaHBHOﬁ OHEPIruu JICBOI'O JJICKTpOAA COCTABIISCT:

TIOTEHI[
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rae My, —MoIspHas mMacca pTyTH, g —YCKOPCHHE CHIbI TAKeCTH, Ah—pas-

HOCTb YPOBHEW PTYTH JIEBOTO M MPABOr0O 3JIEKTPOOB.

Ha 11eBOM 311eKTpo/ie IPOMCXOIHUT IIPOLIECC PACTBOPEHUS. PTYTH:
1.2
Hg(hy) — Eng +e,

Ha npaBom si1ekTpojie HaOII01aeTcst BbIICNICHUE PTYTH U3 PacTBOpa B pe-

3yIbTaTe paspsia MONOKHTEIbHBIX HOHOB Hg, '
L2 o
SHey +e — Hg(h,)

CyMMapHBIi IIPOIIecC B TPaBUTAIIMOHHOM T'aTbBAaHHYECKOM dIIEMEHTe Oy-
JIET COCTOSTh B IIEPEHOCE PTYTH U3 OoJiee BEICOKOTO JIEBOTO JIEKTPosa B Ooree

HU3KUH NPaBblii:
He(hy) — Hg(hy)

KoHeuHbIM pe3ynbTaToM MPOTEKaHUs AJIEKTPOXUMHUYECKUX MPOIECCOB B
9JIEMEHTE SIBJISICTCS BBIPABHUBAHUE YPOBHEH PTYTH B 000UX MOTYdIeMEHTaX.

Ilepenoc 1 Monst PTYTH U3 JIEBOM YacTH 3JIEMEHTa B MPaBYIO COOTBETCT-
BYET MPOXOXICHUIO Yepe3 cUcTeMy | F' AJIeKTPUYECTBA U IMTOJYICHUIO DIIEKTPH-
yeckoit sneprun FE . [lpu paznoctu yposHei prytu B 1 M O3/IC rpaButaninoH-
HOMH 1IN COCTaBUT:

£ Mngght_0.201-9.81-1

=2,04-107°B 9.1)
F 96485

W3-3a manoii Benuuunsl DJIC rpaBUTallMOHHBIE LIENIU HE UMEIOT IIPAKTH-
YECKOI'0 3HAYCHMs M MHTEPECHBI JMIIb KAK IPUMEP, WLIIOCTPUPYIOUIUNA 3aKOH
IpeBpallleHHs] OJHOTO BUA SHEPTUU B APYToi, a IMEHHO, MTOTEHIHAIbHON (Me-
XaHHUYEeCKON) SHEPTUH B DIEKTPHUECKYIO.

Tepmozanveéanuueckue 1emenmyl COCTABISAIOT U3 OJMHAKOBBIX 110 XUMHU-

YecKOW M (PU3UIECKOH MPUPOJIE AIEKTPOOB, HAXOAIINXCS TIPU pa3HOU TeMIie-

parype.
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HpI/IMep0M MOXKET CIYXUTH JJIEMCHT C HOHHO-METANIMYECKUMU DJICK-
tpogamu 1-ro pona (7; > 75 ):
(77) Ni[NiSO4 || NiSO4 [ Ni (73),

DIEeKTPOXUMHUYECKHI MPOIECC COCTOUT B PACTBOPEHUH HHUKETS OoJiee ro-
PpsIYero 3JCKTPOAa U BhIIEIICHHH (pa3psi/ic) NOHOB HUKEIS U3 pacTBOpa Ha AJICK-
Tpoje, HaxoasdmuMces npu 6osee HU3Koil Temmeparype. OJ1C TepMO37IEMEHTOB
HeBenuka: mpu A7 = 50° e npessrmaet 30-40 MB.

OcoO0BbIif HHTEpPEC MPEICTABISIOT TSPMOTATFBAHNICCKUE DIICMEHTHI, B KO-
TOPBIX AIICKTPOJIUTOM CIIYKAT PAcIUIaBbl COJICH WIIM JPYTUX BelIecTB. B oTim-
9He OT JJIIEMEHTOB C BOJHBIMH PAaCTBOPAMH, I/Ie pa3IndHe B TeMIIEpaTypax Io-
pAYEro W XOJOJHOTO JIEKTPOAOB He MOKeT mpeBbimarh 100°, pabounii uHTEp-
BaJl TEMIIEPAaTyp Ui JJIEMEHTOB C PACIUIABICHHBIMH 3JCKTPOJIMTAMH MOXKET
COCTaBJIATh HECKOJIBKO COTEH TPaaycoB, a BozHuKatomas tepmMol/IC noxoaut
1o 100 MB u Ooree.

TaxuM 00pa3oM, TepMOTATFBAHNIECKHE TEMEHTHI TPEICTABISIOT COO0MH
MpUMeEp CHCTEM, CIIOCOOHBIX IPOU3BOIUTH paboTy 3a cYeT (PU3UUSCKOTrO Mpo-

Iecca mepeHoca TeIIOThl OT 0oJiee HarpeToro MIEKTPOAa K MEHEE HarpeToMy.

9.2. XuMHUYeCKHE TaJIbBAHNYECKHE JIEMEHThI

Xumuueckue eanveanuueckue snemMeHmsl — 3TO QJICKTPOXUMHYCCKUEC TIC-
1, HCTOYHUKOM BHCKTqueCKOﬁ OHEPIUU B KOTOPBIX CIIYXUT XUMHYCCKasA pC-
aKlus, NpoTeKaronas B 3JICMCHTC. PaznuyaroT nBa BHJa XMMHYECKUX LICTICH:

npocmule (be3 nepeHoca) u crodcHvie (C nepeHocom).

9.2.1. XumMnyeckue 3j1eMeHThI 0€e3 nmepeHoca
K npocmuim xumuueckum anemenmam (3nemenmam 6e3 nepenoca) OTHO-
CAT ICKTPOXUMHYECKHUE IEIH C OJJHUM OOLIUM pacTBopoM (puc. 1a):

& M,|L|M,|M, @
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OTnuYuTeabHON 0COOCHHOCTRIO LieTiell 06e3 mepeHoca SBISIeTCS OTCYTCT-
Bue (G Qy3NOHHOTO TOTCHIHAIA.
Xumudeckre 1nenu 0e3 nmepeHoca MoryT OBITh IBYX THIIOB:
— OJIMH W3 JIEKTPOJIOB 00paTHM 110 KATUOHY, APYrOil — IO aHHOHY
— 006a anexTpoaa 0OpaTHMBI IO AHUOHY
B nepBoM citydae rajibBaHHYCCKHE 3JIEMEHTHI MOTYT OBITH COCTAaBIICHBI
13 CIEAYIOUINX Map AICKTPOOB:
aeKTpo 1-ro pona (0OpaTUMBI IO KATHOHY) — 3JIEKTPOJ] 2-TO poJia
& Pt|Cu|CuCl, | AgCl | Ag | Pt ©
Ta30BBIN 3JIEKTPOJ — Ia30BBI 3JEKTPOJ
© Pt|H, |HCI|Cl, |Pt ®
anexTpo] 1-ro pona (0OpaTHMBIH IO KATHOHY) — TA30BbIM AIEKTPOS
2 Pt|Zn|ZnCl, |CL| Pt &
ra30BbIN 3JICKTPO — AIEKTPOJ 2-T0 poja
2 Pt| H, | HCI |Hg,Cl,JHg | Pt @
aMalIbraMHBII AIICKTPOJ — IEKTPOJ 2-TO poaa
2 Ag|Pt|Zn(Hg)|ZnCl| AgCl| Ag @
B kadecTBe mpuMmepa paccMOTpUM pabOTy ralbBaHHYECKOTO 3JICMCHTA,
COCTaBJICHHOT'O U3 BOAOPOIHOTO U XJIOPCEPEOPSHOTO IEKTPOIOB:
© Pt|H, |HCl| AgCl | Ag | Pt © (B)

Ha ImpaBoOM (60]’[66 HOJ'IO)KI/ITCJ'ILHOM) SJICKTPOAC TaJIbBAaHUYECKOT'O 3Jie-

menTa (E° =0,222 B) umMeeTr MecTo Mpolecc BOCCTAHOBICHUS, a Ha
CI™,AgCl/ Ag

sieBoM (OoJiee OTPHUIIATEIEHOM, El(_’I e 0,0 B) — niporiecc oKHMCICHHUS:
2

AgCl+e” =2 Ag+Cl™
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CyMMapHast peakius:
%HZ +AgCle2 Ag+HY +CI™

VYpasuenune Hepucra s pacuera DJ1C snemenTa:

RT Qp+Q
E:Eo—?ln% (9.2)
Pu
2
Tax xak a.a.- =ayc =a§, To npu py, =l amm ypaBHEHHE (9.2)

MPUHUMACT BUMI:

2RT

E=E° —R—FTlnaHCl —E°-“""Ina, 9.3)

CrenoBaTenbHO, U BIEMEHTOB 0€3 TepeHOca aKTUBHOCTH OTHEIBHBIX
MOHOB MOT'YT OBbITh 3aMEHEHBI Ha CPEJTHAEC NOHHBIE AKTHBHOCTH JICKTPOJIUTA.

VYpasuenne HepHera s snexkrpoxumudeckoit nernu (C) MOXKHO MOTy-
9UTH U IPYTUM ITyTeM, a UMCHHO, CXO/ U3 ypaBHEeHUH HepHcTa 1uis Kaxkmoro
U3 COCTABIIAIOIINX IEKTPOXUMHUYECKYIO CHCTEMY JIEKTPOIOB.

Jist ipaBoro (xJ1opcepeOpsiHOT0) K TPoaa:

RT
— — 0 — —
Er =Ecr agcr/ag = Eor aect/Ag F nag.-

Jist meBoro (BOAOPOAHOTO) AJIEKTPOIA:

RT . 9+

_ _ o H
E]—EH+/H2—EH+/H2+—F ln——ﬁl/z
H,

Ecmn PH, =1amm, o D]IC ranrpBaHIYECKOTO 3JIEMEHTa COCTABIISET:

a
E=Fy B = £ - Xing | Eg+ 8L f |-
F Cl F P]}l/22
o RT o 2RT
=F —FIHaHJraCl,—E —Tlnai,

rne EC=E3 —E}.
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Takum oOpa3zom, ypaBHeHue, cBsizbiBaromee J/IC menu ¢ akTHBHOCTSIMHU
MTOTEHIIHATIOTPEICTISIONINX PEareHTOB, MOYKHO TOJIYYUTh BOSIKO: JINOO Ha OC-
HOBAHHUHW YPaBHEHUS MPOTEKAIONICH B HEW XMMUYECKON peaKIiu, JTUOO HUCTIOh-
3ysl ypaBHeHHe HepHCTa U1 9IeKTPOI0B, COCTABIISIONINX HIEMEHT.

Cpeay pa3inYHbIX XMMHYCCKHX LEMell C OIHUM 3JICKTPOIUTOM OCOOBIN
WHTEpEC TMPEACTABISICT TaK HA3bIBAEMBIA HOPMATbHLIL (CMAHOapmHbLil) die-
Mmenm Becmona, npennoxennsiii O. Becronom B 1892 r. Dnement Bectona co-
TOWT M3 aMallbTaMHOTO KaJIMUEBOTO ¥ PTYTHOCYJIb()ATHOTO 3IEKTPOIOB U MPE.I-
cTaBmsieT coboit H-oOpasHblii cocyn, 0oOpa3oBaHHBI IBYMs, COCIUHEHHBIMH

MeXy cO00¥ CTEKISTHHBIME TpyOKamu (puc. 21).

Puc. 21. HopwmanbHblii a1emMeHT Becrona:

1 — nacsuuennsiii pactsop CdSOy, 2 — kpucramsr CdSOy, -8/3 H,0O, 3 — amansrama

kaamus Cd(Hg), 4 — nacra us pryru u cynsdara prytu Hg,SOy, 5 — pryms

B omHOM M3 KoJeH (Ha cxeMe — mpaBoM) Haxoautes 12,5 % -Has amanb-

rama KkagMus 3, a BO BTOPOM (JIEBOM) KOJICHE — JKUJKAsl PTYTh 5, MOKPBITAs! CIIO-

€M TacThbl, IPUTOTOBICHHON M3 CMecH PTYTH ¢ cyinbdaTtoMm pryTn 4. IToBepx
sTuX (a3 pacrnonaratotes kpucramisl CdSOy -EHZO 2, KOTOpble obecreunBa-

IOT HACBIIMICHUEC pacTBOpa IPU U3MCHCHHUHU €T0 TEMICPATYypPhI. 9IICKTp0JII/ITOM
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CITy>)KUT HACBIIICHHBIN pacTBOp cynbdaTa KagMus |, TOKOIOIBOJ OCYIIECTBIS-
€TCsl Yepe3 IIaTUHOBBIC KOHTAKTBL.
VYcnoBHas 3anuch dneMeHTa BecToHa BEIMIAANUT CIETYOUMM 00pa3oM:

© Pt|Cd(Hg)|CdSO, (sac.)| Hg,SO, |Hg |Pt @

Ha 3JICKTPOJAax 3JIEMCHTA Becrona MPOTEKAIOT CJIACAYIOIINE SJICKTPOAHBIC

TIPOIIECCHI:
Hg,SO, +2¢~ == 2Hg+ SO;
Cd(Hg) &2 Cd** +2¢~
CyMMapHast TokooOpa3syromias peakius:
Cd(Hg) + Hg,S0, = 2Hg + Cd** +805~
OJ1C snemeHTa ONpeeNnseTcs BRIPAKCHUEM:

E=g° KT}, 4Cds0,.

9.4
2F acd(Hg)
OnemenT BecTtona xapakrepnsyercsi CTaOWIBHBIM (HEH3MEHHBIM BO Bpe-

Menn) 3naueHneM DJ[C: E

20°C = 1,0183 B. 3aBucumocts DJIC ot Temmeparty-

PHI BBIpaXkaeTcs ypaBHEHHEM, B:
E=1,0183-4,06-107(—20)—9,5-10"" (¢ — 20)?
Jpyrum nOCTOMHCTBOM 3jieMeHTa BecToHa sBIIsI€TCsl €ro Mallblid TeMIle-

parypHsblii koappunuent DC (% =-5.107 g) Brnaropaps sTUM UCKIIOUU-

TEJBHBIM XapaKTepUCTHKaM dJieMeHT BecTona, HaunHas ¢ 1908 r., 6611 oduim-
aNBHO TPUHAT B KAYECTBE MCTOYHUKA 3TAIOHHOTO HAIPSHKCHHS B METPOJIOTHU.
Jlo HemaBHETO BpeMEeHH 3JeMeHT BecToHa B Ka4decTBE ucCmOuYHUKA CMAaHOapm-
HO20 Hanpsicenus TIPUMEHSUICS B TIOTCHIIMOMETPUYICCKUX CXeMax JJIsl H3Mepe-
HUSl 9JEKTPOIHBIX moTeHuuanoB u JJIC ranpBaHMYECKHX DJIEeMEHTOB. B Ha-
cTosIIee BpeMs JIeMeHT BecToHa Kak HCTOYHUK CTAHJIAPTHOTO HATIPSDKEHUS He

HCIIOJIB3YCTCA.
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XHUMHYECKHE TallbBaHWYCCKUE 3JEMEHTBI, B KOTOPHIX 00a 3JIeKTpona
o0paTuMbl MO OJHOMY M TOMY K€ AHHOHY, MOXXHO COCTaBHTb M3 Ta30BBIX
9IEKTPOIOB, IEKTPOIOB 1-ro posa, 0OpaTHMBIX [0 AaHHOHY, U HIEKTPOLOB 2-T0
pona:

3NIEKTPOA 2-T0 poJia — ra30BbIi MEKTPOS

© Pt|Hg| Hg,Cl, |[KC1|CL | Pt @

anekTpo] 1-ro pona (0OpaTHMBII TT0 AaHHOHY) — BIIEKTPOA 2-TO poja

© Pt|S(m)|Na,S|PbS|Pb|Pt ©

00a asekTpoaa 2-ro poaa

& Pt|Hg|Hg,Cl, | KC1| AgCl| Ag|Pt &

B kauectBe npumepa paccCMOTPUM TajlbBAHUUYECKUM JIEMEHT, COCTaBIIEH-

HBII M3 KaJIOMEIIBHOTO M XJIOPHOTO 3JIEKTPOIOB.

Ha IIpaBOM U JIEBOM DJJICKTPOJAAX 3TOr'0 3JIEMCHTA MPOUCXOIAT CICAYIO-

IUE SJICKTPOIHBIC TPONECCHI:

%(212 +e 2CI

_ 1 _
CyMMapHaﬂ peaKkuus:
1

VYpaBuenue HepHcTa corimacHo 3TON peakiuu:

1/2
RT angClz

E=E°+Fln RT

—E - mp 9.5)
~1/2 Cl
aHg . I:Clz 2F 2

Hrax, DJIC rampBaHUYECKOTO djeMeHTa 0e3 MepeHoca, COCTaBICHHON U3
AJIEKTPOJIa 2-TO pOja M ra30BOT0 AJIEKTPOJIa, OOPATHUMBIX 11O OJTHOMY M TOMY JKe

AHUOHY, HE 3aBUCUT OT KOHICHTPAIIUU PACTBOPA JJICKTPOJIUTA, a ONPEACIACTCA

TOJIBKO JaBJICHUEM ra3006pa3H0ro BCIICCTBA.
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9.2.2. XuMu4yecKkue 3J1eMeHThI ¢ IePeHOCOM

CrooicnbiMu XumuyeckumMu s1emenmamu (2neMeHmamu ¢ nepenocom) Ha-
3bIBAIOT AJIEKTPOXUMHUUECKUE LIEIH, KOTOPbIE BKJIIOYAIOT AJICKTPOJBI C pa3iny-
HBIMH II0 COCTaBY PacTBOPaMH NIEKTPOIUTOB. KOHTaKT MeX1Ty ABYMS PacTBO-
paMH OCYIIECTBIICTCSA JINOO HEMOCPEICTBEHHO HYepe3 MOIYyNPOHUIAEMYIO TO-
PHUCTYIO CTEKJISIHHYIO UJIM KEpaMHUECKYI0 eperopoky (puc. 10):

© M, ML [Ly [ M; &,
60 C MOMOUIBIO COJIEBOTO MOCTHKA (pHcC. 1B):

S My [M;|L[|Ly M, ®

DIEKTPOXUMHUYECKHE TIETIH C TIEPEHOCOM TPEJICTABISIOT Hauodomee 00-
IIMPHBIA KJIACC XUMHYECKHX TAIBBAHMYCCKHX AJIEMEHTOB. KomOWHHpys pas-
JIMYHBIC THUITBI 1EKTPonoB (1-ro u 2-ro poja, ra3oBble, OKUCIHTEIFHO-BOCCTA-
HOBUTEIIBHBIC), MOXKHO MOJIYYUTh OONBIIYI0 FAMMY Pa3HOOOPa3HBIX XMMHYEC-
KHMX 2J1eMeHTOB. Huke npuBeieHbl MpuMepbl HEKOTOPBIX LENel ¢ IEPEeHOCOM:

anektpon 1-ro poxa — anekTpos 1-ro poma

© Cu|Zn|ZnSO4||CuSO4|Cu @
9JeKTpoJ 1-ro pona — anekTpos 2-ro poaa
& Ni|NiSOy4 || KCI|Hg,Cl, |[Hg|Ni @
ANMEKTPOo. 1-ro poa — peTOKC-IIIEKTPOL
© Pt|Cd|CdSOy4|| Fe’" Fe* [Pt @

JJEKTPOJ] 2-T0 POjia — Ta30BbIM IEKTPO/]

& Pt|Hg|HgSO4 | Hg,SO, || KCI|CL | Pt @

PEIMOKC-3TCKTPOT — PEIOKC-IIIEKTPOJT

€ Pt|Sn*",Sn*" || Fe*' Fe*" |Pt @

PaccMoTpuM TIpoIriecchl, MpoTekaroliye B anemMente Skoou—/lanusst, ko-
TOPBIN COCTOUT U3 ABYX dJIEKTPOJIOB 1-r0 pona (puc. 2):

© Cu|Zn|ZnSO, || CuSO, | Cu @
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Ha 1eBoM (LIMHKOBOM) 3JICKTPO/IC MTPOTEKACT MIPOIIECC OKUCICHHUS
nz=2 Zn%" 4 2¢”
Ha mpaBom (MeTHOM) DIIEKTPOIe — MPOLIECC BOCCTAHOBJICHUS
Cu*t+2¢" =Cu
[MoTeHuManbl MUHKOBOIO M MEIHOTO 3JEKTPOJOB PACCUMTBHIBAIOTCS IO

ypasHeHusiM HepHcra:

_ _ 0
B = EZn2+ /Zn EZn2+ /zn T 2F Zn*

RT
_ _ o o~
By =Eopr o = Ecr o T 3 M0

OJ1C snemenTa orpeesnsieM Kak pa3HOCTb JIEKTPOJIHBIX TOTEHIIMAJIOB:

RT 4~ 2 a, o
E:EZ—EIZEO"F —IHL:EO—EIHL,
2F a, o 2F a2+
rae
0 _ 10 70 _ 10 _ 0
ET=Ey —Ey =Eqpe 0, ~ Bz 7,

Kak BUIHO, 3TO BBIpaKEHUE TTOTHOCTHIO COBMANAET ¢ ypaBHeHHEM (4.13),
MOJIyYSHHBIM PaHee, OCHOBBIBAsCh HA YPaBHEHMH XMMHUYECKOW pEakLuH, Ipo-
TEKAIOLIEH B JJIEMEHTE.

HemocTaTkoM XHMHYECKHX 3JIEMEHTOB C TIEPEHOCOM SBIISCTCS HEBO3-
MOXHOCTb TouHOro pacueta DJIC, uTo 00ycnoBiaeHO Haau4YHeM IU(Py3UOHHO-
TO IMOTEHIMAJIa Ha TPaHUIIE JBYX KOHTAKTUPYIOIINX PACTBOPOB a TAKXKE C HEH3-
0eXXHOM 3aMeHOIl aKTMBHOCTH OTJICJIbHBIX HMOHOB B ypaBHeHmH HepHcra Ha
cpezHMe HOHHBIE akTUBHOCTH. Tak, 1uist anemenTa Sxkoon—/lanuas:

E—FE°_ ﬂlnM (9.6)
2F  a,(CuSOy)

XUMUYECKHE TaTbBAHUIECKHUE YJIEMEHTBI HMEIOT OOJIBIIOE TPAaKTHIECKOe
3HAYCHHE, TIOCKOJBKY, MO-CYIIECTBY, JII0OOOH U3 HUX MOXKET CIY>KUTh UCTOYHH-

KOM JJIEKTPUYECKON SHEepTuH (CM. pasm. 12).
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9.3. KoHlleHTpanMoOHHbIE raJbBAaHUYECKHUeE 3J1eMEHTbI

KoHIIeHTpallMOHHBIC TaJbBAHUYECKUE JJIEMCHTHI OOpPA3yHOTCS M3 DJICK-
TPOJOB, HACHTUYHBIX MO CBOEMY (DPU3MYECKOMY COCTOSIHHIO U XUMUYECKOIl IpH-
pone. OmHAKO 3JEKTPOMBI, COCTABIIONIAE YICKTPOXUMHUYCCKYIO IIEMb, Pa3iIi-
YarOTCsl aKTUBHOCTSMHU (KOHICHTPAIMSIMU) PEarcHTOB — YYaCTHHKOB OKHCIIH-
TEJIbHO-BOCCTAHOBHUTEIBHBIX AJIEKTPOJIHBIX IMpoleccoB. Ha MoiokuTeIbHOM U
OTPHUIIATEIBHOM TIOJIFOCAX KOHIIEHTPALMOHHOIO 3JIEMEHTa UMEIOT MECTO OJIHH U
Te K€, HO TIPOTHUBOIIOI0KHO HAIIPABICHHBIEC 3JICKTPOIHBIC PEAKIHH, TaK UTO pe-
3yJIBTUPYIOUIMM CYMMapHBII IIPOLECC HE CBA3aH C MPOTEKAHUEM XMMHUYECKOU
peakiuu. VICTOYHNKOM 3JIEKTPUYECKOM IHEPTHHU SBISICTCS Pa3Inyne B SHEPTHIX
I'm60ca omHUX M TeX Ke AICKTPUYSCKN aKTUBHBIX KOMITOHEHTOB, 00YCIIOBJICH-
HOE Pa3HBIMH UX KOHLEHTPALMSIMHU B MOITYIJIEMEHTAX.

PaznuuaroT JBa TUIA KOHLEHTPALMOHHBIX AJIEMEHTOB: KOHYEHMPAYUOH-
nvle anemenmol 6e3 nepernoca (C OTHAM PaCTBOPOM) U ¢ nepenocom (C ABYMs

pacTBopamn).

9.3.1. KoHlleHTpanOHHbIE 3JIEMEHTHI 0e3 epeHoca
KOHI.[CHTpaI_[I/IOHHLIC rajJbBaHUYECKHE JJIEMEHTHI Oe3 nepeHoca MOryT
OBITh COCTABJICHBI H3:
— amajbraM MeTaJUIoB (CIUTAaBOB METAJIOB CO PTYTHIO) Pa3HBIX KOHIICH-
Tpaunﬁ, HaxoasAmuXxcs B OJHOM U TOM K€ paCTBOPE JJICKTPOJIMTA,
— OJIMHAKOBLIX I'a30BbIX 3JICKTPOJAOB, pa60Tanu_{Hx IIpU pa3HbIX JaBJICHU-

AX JIEKTPOXUMUYECKU aKTUBHOT'O rasa.

Amanveamnsie KOHUEHMPAYUOHHDbLE IT1EMEHMbL
VcaoBHas 3ammMch aMajlbraMHOIO DJIEMEHTA MOMKET OBITh IpeacTaBJICHaA
CIIeAyIOUIeil CXeMOii:

© M(Hg) (a)| MA|M(Hg) (a;) & ©
ap>ap
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Kak BHIHO, 2JIEMEHT COCTOUT U3 JBYX aMallblaMHBIX 3JEKTPOIOB, OTJIH-
YaloIMXCs TOJIBKO KOHLIEHTpaLUel MeTajuia B €ro >KUAKOM WM TBEPJOM CILIa-
Be cO PTyThio. Ha JeBOM 211€KTpo/ie MPOUCXOIUT MPOLECC MOHU3ALNHU (OKHUCIIe-
HUS) MeTalula M U ero mepexom B pacTBOp H3 Oojee KOHICHTPHUPOBAHHOM
amanbramsl (). Ha mpaBoM snekTposie TOT ke caMblii 10 XUMHUYECKOH mpupo-

It BHSKTpOZ[HHﬁ mpouecC NpoTeKacT B IMPOTUBOIIOJIOKHOM HaIllpaBJICHUU U BbI-

pakaeTcs B paspsae (BoccraHoBieHHH) HoHOB M”' Ha smextpone ¢ MeHbIeit

KOHIIEHTpaluel MeTanIa B aMainbrame (a,):
M +ze” 2 M(Hg)(ay)
M(Hg)(a) 2 M™" + ze~
CymMapHbIi Ipoliecc B KOHLIEHTPAMOHHOM 3JIEMEHTE:
M(Hg)(a)) —>M(Hg)(ay)
B cootBerctBUM ¢ cymmapHbIM niporieccoM it DJIC KOHIIEHTpaMOHHO-

ro asieMeHTa coriacHo (4.19) momydaem (E>0):

g Ry @ RTy a ©.7)

zZF a zZF a

OueBugHo BenmuuuHa crangaptoit DJIC paccmaTpuBaemMoil —1enu
E°=E5 —EP =0, a unclo 51eKTPOHOB, yYacTBYIOLIMX B 3JIEKTPOIHbBIX MOIY-
peakIMsAX, COOTBETCTBYET 3apsI0BOMY YUCIY HOHA MeTallla, T.e. Z =z .

CyMMapHBI# 3JICKTPOXUMHYCSCKHIA MPOIIECC B KOHIICHTPAIMOHHOM aMaJlb-
TaMHOM DJIEMEHTE COCTOUT, CIICAOBATEIbHO, Kak OBl B ITEpeHOCEe MeTalIa u3 0o-
Jiee KOHIICHTPHPOBAaHHOI aMaJlbraMbl B aMajibraMy ¢ MEHBIIeH KOHIIEHTpanuei
MeTayIa, T.e. B Iporecce paboThl AIEMEeHTa MPOUCXOAUT BBHIPABHHBAHUE KOH-
LEHTpaiii MeTama B obenx amanbraMax. [Ipu moJTHOM BBIpaBHHBaHHWH KOH-
LeHTparuii (aKTUBHOCTEH) MeTaia B 00eux aManbramax, KOrja JJIEKTPOJIBH-
XKyIasi CHJIa JIEMEeHTa CTaHeT PaBHA HYIIO, KOHIICHTPALMOHHBII AJIEMEHT mpe-

KpaTUT BEIpaOaThIBATh AICKTPHUCCKYIO 3HEPTHIO.
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TI'azo6vie Konyenmpayuonnsle r1emMeHmyl
I"a30BbIC KOHIIEHTPAIIMOHHBIE AJIEMEHTBI COCTOSIT U3 JABYX OJMHAKOBBIX
ra30BBIX 2JEKTPOJAOB, Pa3IMYaAIOMINXCSA TOJBKO AaBIeHUEM rasza. lIpumepom
MOXKET CITy’KHTb 3JIEMEHT, COCTABIEHHBII U3 JBYX BOJOPOAHBIX IEKTPOIOB:
Pt|Hy(p) [HCL Hy(p2) | Pt (D)
ITycTs naBneHne BOAOpPOJA B JEBOM IOy JIEMEHTE MEHBINE, YeM B Ipa-
BOM (p) < p,). OmpeznenuM NOIAPHOCTh 31eKTponoB. [Ipennonoxum, yro 6o-
Jiee TOJIOKUTENBHBIM 3JIEKTPOAOM SIBISCTCS 3MEKTPOJI, PACHOI0KEHHBIH clipaBa
(c Gonee BBICOKMM [aBJIEHHEM BOJOPOAA p,). 3alUILIeM >JIEKTPOAHbIE MONY-
peakiun:

Ha npaBom anekrpoze:

_ 1
H+ +e (:)EHz(pz)

Ha neBom DJICKTPOJAC:
1 .
EHz (p)eH +e

CymMapHbI# Iporecc:
H; (p) —>Hy (p2) (E)
Torga 3/1C razosoro snemenTa (D) qomkHa BeIpakaThCsi ypaBHEHUEM

2F ;o 2F p

B cooTreTcTBUM € yClIOBHEM p, > p; TTOJIy4aeM E <0.

Ho nockonbky 3J1C nomxHa Bcerjia ObITh MOJIOKUTEILHON BEJIMYMHON Ha
OCHOBaHWH TIOJYYSHHOTO pe3yJbTaTa 3aKjiovaeM, 4TO TOJSIPHOCTh IOJTydJie-
MEHTOB BBIOpaHa HEBEPHO. A HMMEHHO, IOJIOKUTEIBHBIM ITOJIFOCOM JJIEMEHTA
(D) siBnsieTcst 3IEKTPOJ ¢ MEHBIINM JAaBIEHHEM BOfopoaa ( py), a OTpULATeNb-
HBIM — 3JIEKTPOJ] ¢ OOJBIINM JAaBICHHEM Boxopoaa ( p,). B razoBom smemente

(D) 6yner nporekats He npouecc ( E ), a obpaTHblil emy mporiece, Uit KOTOPOTro
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AG <0. Cxemy paccMaTpUBaeMOH LEMH HEOOXOAUMO MPEACTaBUTh TaKUM 00-
pa3oM, 4TOOBI OoJiee MOJIOKHUTEIBHBINA 3JIEKTPOJ HAaXOJMIICs clipaBa, a Ooiee
OTpHUIIATEbHBIN — ClIeBa:
€ Pt[Hy(py) |HCI|Hy (p) | Pt © (F)
P> P

B oToMm ciiydae Ha mpaBoM dIeKTpoe (dMEKTPOIe C MEHBIINM JaBICHUEM
BOJIOpOAa) OyeT MPOTEeKaTh MPOIIECC BOCCTAHOBICHHS HOHOB BOJIOpOa ¢ o0pa-
30BaHHEM I'a3000pa3HOro0 BOJOPOJA, @ Ha AJIEKTPOJIE C MEHBIIUM JIABJICHUEM —
IIPOIIECC OKUCICHUS, a UMEHHO, HOHHM3aLUs MOJICKyIsIpHOro Bomopoxaa. Cym-
MapHBII TPOIIecC, MPOTEKAIOIINI B JIIEMEHTE:

Hy (p2) > Hy (p),

a DJIC nerm (F) Oyzmer mojoxuTenbHa:

2F  pp 2F p

TaxuMm obpa3om, B Xxone pPabOTHI KOHIIEHTPAIIMOHHOTO Ia30BOT0 JIEMEH-
Ta IIPOUCXOUT BEIPABHUBAHNE JTABICHUH BOJOPO/Ia B 000OHX MOy IICMEHTaX.
CBocoOpa3Hyr0 KOHIICHTPAMOHHYIO IIeTh 0e3 IepeHoca MOXHO co0paTh
13 IBYX OJUHAKOBBIX XHMUYECKHX JIEMEHTOB 0€3 mepeHoca C OHUM U TeM XKe
IEKTPOIMTOM, HO Pa3HOW KOHIIEHTPALINH, COSMHNB X HABCTPEUY IPYT APYTY,
T.€. OJMHAKOBBIMH TONfOcaMH. [IprMepom TakoW CIBOCHHOH LM MOYXKET CITy-
XKUTb cUCTeMa U3 IByX Xumudeckux snementoB Ag|AgCl|HCl|H, |Pt ¢ pas-
Hoii koHneHTpanueid HCl, HO oqMHAKOBEIM JaBJICHHEM BOJOPOAA B 000X BO-
JTIOPOHBIX AIEKTPOIAX:
© Ag|AgCl|HCl(q))|H, | Pt|H, |[HCl(a,) | AgCl| Ag © (G)
@ a > ay 1)
Ecmu aktuBHOCTE HCI B neBoM oTnenennu (I) ciBoeHHO# 1ieru Oouiblire,
gem B mpaBoM (II) (kak B mpuBeneHHoW menu (), TO COTIACHO YpPaBHEHHSIM

Hepucra nst xmopcepeOpssHHOTO W BOJIOPOAHOTO d1ekTpoaoB (5.18) u (5.21)
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MOTSHIIMAI XJIOPCEPEOPSHOTo AIeKTpoaa B oTaeseHu 11 OymeT Oonee monoxu-
TEJTBHBIM, YeM MOTEHIIMAI dTOr0 AIEKTpoja B otaeneHnu |. Hampotus, moreH-
LMaJ BOJOPOJHOTO 3JeKTponaa B oTnenenuu Il Oyner Gonee oTpuLaTeNbHBIM B
CpPaBHEHUU C MOTEHLMAIOM 3TOro dekTpona B otaenenuu 1. Torna 3C npaso-
T'0 BOJIOPOIHO-XJIOPCEPEOPSHHOTO IeMeHTa OyIeT OoJiee MOIOKUTEIEHON, YeM
3/1C neBoro, a HaNpsDKeHNE Ha KOHIAX cBoeHHOM 1enn (G) — Gompie Hyst. B
uenu (G) MPOTEKAIOT CIEAYIONINE MPOIECCHI:
Otnenenue [ | Otnenenue 11

XnopcepeOpsHbIi 2IEKTPOT

Ag+Cl™ =AgCl +e” ‘ AgCl+e =Ag +CI™
Boznopoauslii anekTpon,
+ -1 1 -
H" +e :—H2 —H2:H +e
2 2

Xumuueckasi peaxius

—E %HZ +AgCl:Ag+HC1(a2)

Takum o0pa3oM, B KaxkIOM OTAEICHHU dJekTpoxumuueckoil nemu (G)
MIPOTEKAeT OJ{HA U Ta XKE PEaKIUs, HO B IPOTUBOIOJIOXKHBIX HallpaBlIeHUAX. [Ipu
nmpoxoxaeHun 4epes enb | F anexrpuuectBa B neBom otnenenuu (I) B xome
peaxumu pacxonyetcs 1 mons HCI, Torma xak B mpaBom otnenennu (I1), Hampo-
THB, oOpazyercs Takoe xe konumdectBo HCI, T.e. kak OBl MPOMCXOANT MEPEHOC
1 mons HCl w3 neBoro pactsopa B IpaBbIid.

CymmMmapHsIi nporiecce B nenu (G) oTBeUaeT ypaBHEHHIO:

HCl(4) > HCl(«,),
a pa3HOCTh MOTCHIIHAJIOB CABOCHHOM IIETTH BBIYMCIISACTCS TI0 YPAaBHCHHIO:

RT
——1In
Faye F ay g

a 2RT, a
E= 2,HCl _ In +,HCI(1)

9.9)
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Vpasuenue Hepucta nnsg DAC caBoeHHON LENM MOXHO MOJTYYHUThH MPH-
MEHsII MHOW TOAXOA, a MMEHHO, Pa3sHOCTh MOTECHIIHAJIOB HAa KOHIAX JIF00O0M
AIIEKTPUICCKON IIENH JOJDKHA PaBHATHCS CyMME TTafICHUI HANpsDKCHUS Ha BCEX
yudacTkax nenu. B ciydae nenu (G), koTopas BKIIOUAaeT ABa MOCIEA0BATENBHO
COCAMHCHHBIX 3JIEMEHTA, PA3HOCTh MOTEHINATIOB Ha KOHI[AX C/IBOCHHOH Iemu
oynet paBra cymme DJIC atux anmementoB. 3JC mpasoro 3iementa (1) B coor-
BETCTBUM C 3alMCBI0 CABOCGHHOW menu Oonbiie Hyns, a DJC nesoro (I) —
MeHblIe Hymas. CyMMHpPOBAaHHE C HCIONb30BaHHMEM ypaBHeHus Hepucta (9.3)
st DJIC BomopotHO-XITopcepedpssHHOro nemMenTa (B) maet BeipakeHue, KOTO-
poe moJaHOCThIO coBnaaaer ¢ (9.9):

E=E,-E :[EO AT e, HC]J—[EO R g HCljZElnw
F ’ F ’ F aype

VYpasuenue (9.9) moka3siBaeT, YTO CABOCHHAS LT IM0100HAa KOHIICHTPA-
LUOHHOMY 3JICMEHTY, Pe3yJIbTaTOM PabOTHl KOTOPOTO SBISICTCS BHIPAaBHHBAHUE
KOHIIEHTPaMil pacTBOPOB, BKIIOYCHHBIX B IIEMb 3JIEMEHTOB. J[OCTOMHCTBOM
CIABOCHHOM TN SBISICTCS OTCYTCTBHE AU (D (HY3HOHHOTO MOTEHIIHAA.

Ecnm 1Ba BOZOPOIHO-XIOPCEPEOPSIHHBIX JIEMEHTa COCAUHUTH HABCTpE-
9y YT APYTY XJIOPCepeOPSIHBIMH JIEKTPOIAMH, TO TTOJIyIUM IIETIh!

2 Pt/H, | HCl(ay) | AgCl | Ag | AgCl | HCl(a,) | Ho/Pt © H)
a < ap
CoriacHo MPUBEICHHOI cXeMe /Ul MPaBOro rajibBAHUYECKOTO JIEMEHTA

casoenHoit nenu (H) E, <0, a ms neBoro snemenrta £y >0; no adbcomoTHOH
BenuuuHe | £y |>| E, |. Toraa HanpsbkeHUe Ha KOHIAX caBoeHHol nenu (H):
RT RT RT . a
E= EO ——lnal HCl |~ EO ——111612 HCl | = —lnﬂ >0 (910)
F ’ F ’ F aLHCl
CyMMmapHSIii iporiecc B cBoeHHOM 1iennt (H) BeIpaskaeTcst ypaBHEHHEM:

HCl(a,) —> HCl(q)),

T.¢. B mporecce paborsr uaer neperoc HCl u3 mpaBoro otaeneHust B j1eBoe.
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9.3.2. KoHlleHTpallHOHHBIE 3JIEMEHTHI C IIepeH0CoM

Konyenmpayuonnvie snemenmeol (yenu) ¢ nepenocom COCTOAT U3 JABYX
OJIMHAKOBBIX 3JIEKTPOAOB C Pa3IMYHON aKTUBHOCTBIO OJHOI'O U TOrO K€ JJIEK-
TPOJIUTA B KOHTAKTHPYIOUIUX pacTBOpaX. Mexay AByMs PacTBOPAMHU 3IEKTPO-
JIUTA IMEETCs TPAHUIIA CONPUKOCHOBEHUS (Auadparma, CoIeBOI MOCTHK).

B 3aBucuMOCTH OT TOTO, ITO KAKOMY BHIY HOHOB JIEKTPOJIHATA OOPATHMBI
00a »JIeKTpo/ia, Pa3IMvaloT JIBa THIIA KOHIICHTPALMOHHBIX LENeH ¢ MepPeHOCOM:
KaTHOHHbIE U AaHHOHHBIE.

B kamuounwix KOHYeHmpayuoHHuIX Yensax ¢ nepeHocom 00a 3IEKTpoa
obpatuMbl 1o KatHoHy. OHM MOTYT OBITH 00pa30BaHbl JIMOO HMOHHO-METal-
JUYECKUMU 3JIEKTPOAAMHU:

& M|MV+AV7 (a) | MV+AV7(a2)|M @, @
a < ay
HanpHMep,
© Ag|AgNO;(ap) | AgNOs(ay)| Ag O,
a < ap
100 ra30BBIMH JJIEKTPOJAMU C OJMHAKOBBIM JaBJIEHHEM Ta3a, HalpuMep:
2 Pt|H, |HCl(q)) HCl(a,)|H, |Pt © Q)
a<ap

Tak kak AIeKTPOJbI, 00pa3yrole KOHLEHTPALMOHHBII 3JIeMeHT, 00pa-
TUMBI 110 KaTHOHY, TO MOTEHIMAN JJIEKTPO/a, IIOMELNIEHHOIO B MEHEE KOHIIEH-
TPUPOBAHHBIH PAaCTBOP KAaTHOHHOH KoHIeHTparwoHHOW mermw (I) (¢ akTWBHO-
CTBIO @), OUEBUJHO, OyaeT Oosee OTpULATEIbHBIM, YeM IIOTEHIIUAT NIEKTPOa,
HaxoJAIerocs B 0osee KOHLEHTPUPOBAHHOM PacTBOpPE (C aKTUBHOCTBIO ).
ITosTomy Ha mocieaHeM OyzAeT MPOTEeKaTh MPOLIECC BOCCTAHOBICHHSA, U OH OY-
JICT ABJSATHCS MTOJIOKUTEIBHBIM TIOJIFOCOM JIEMEHTA. DIEKTPOJ XKe, HaXOAAIIHH-
cs B MEHEe KOHLEHTPUPOBAHHOM pacTBOpE, OyIeT CIyKHTb OTPULATEIbHBIM

IIOJIFOCOM 3JIEMCHTA, U HAa HEM 6yII€T TIPOUCXOOUTH ITPOIIECC OKUCIICHUSA.
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B anuonnvix xonyenmpayuonnvix yenax ¢ nepeHocom >IEKTPOABI o0pa-
THUMBI 110 aHHOHY. OHHE MOTYT OBITH 00Pa30BaHbI KOO MEKTPOJAMHU 2-TO Poja:
S MM, A, (TB) | A* () | Az_(a2)|MV+AV7(TB)|M @, XK)
a > a
Harpumep,
2 Ag|AgCl|HCl(¢) | HCl(a,)| AgCl| Ag ©, @)
a > a
700 Ta30BBIMH 3JEKTPOIAMH C OWHAKOBBIM JaBICHHEM Ta3a, HalpuMep:
@ Pt|Cl, |HCl(¢)) | HCl(ay)|CL, |Pt ©
a > a,
B aHMOHHBIX KOHLEHTPALMOHHBIX LEISAX, B OTIMYME OT KaTHOHHBIX, 0O-
Jiee MOJIOKUTENBHBIM OyIeT ABIATHCS IEKTPOJ, HaXOAAIIMICS B Oonee pa3das-
JIGHHOM PacTBOpE (C aKTUBHOCTBIO @), TOTA KaK BTOPOIl 3JIeKTpoA OyneT oTpu-
LaTeJILHBIM TIOJIIOCOM 3JIEMEHTA.

Kak ormeuanock B pasj. 3.4, Ha rpaHule pasjeia IByX pacTBOPOB pasHOU
KOHIIEHTPAIINH BCIEACTBUE PA3THYNIA B ITOABIKHOCTSAX MOHOB BO3HUKAET IU(-
(y3MOHHBIN MOTEHIIMAN U IO3TOMY Pa3HOCTH ITOTCHIMATIOB Ha KOHLAX KOHICH-
TPALIMOHHOTO BJIEMEHTA C IEPEHOCOM OyeT BKIIOYATh 3Ty BEJIMUMHY.

PaccMoTpuM mpomecc mepeMeIieHusl HOHOB U BO3HHKHOBEHHE PAa3HOCTH
MOTECHIINAIOB Ha KOHIAX KOHIIEHTPALMOHHOIO 3JIEMEHTa ¢ TIEPEHOCOM Ha IIpH-
Mepe KaTuoHHOH 1enu (M), COCTaBIeHHON U3 ABYX CepeOpsSHBIX IIACTHH, IO-
TPY>KECHHBIX B PAaCTBOPHI HUTpaTa cepedpa pa3IiMIHON KOHIICHTPAIIIH:

© Ag|AgNO;(a)) | AgNO;(ap)[Ag @ M)
a < ay

OO1ee KOIMYECTBO 3JIEKTPUUYECTBA, MPOXOAAIIEe Yepe3 pacTBOp, HAXO-

JUTCA KaK CyMMa KOJIMYECTBa 3JIEKTPUUIECTBA, MEPEHOCHMOr0 MOHAMH (KaTHO-

Hamu Q. ¥ aHHmoHaMu (Q_) B 00OMX HaIpPaBICHUAX:

Q:Q++Q7



137

Ecnn uepe3 cucremy mponyctuts 1 F anexrpudectsa, To 4epe3 pacTBOp

TpoiizieT £, MONb KaTHOHOB Ag ™ W 7_ Monb annoHoB NO3, KOTOpBIE TEpeHe-
CYT COOTBETCTBEHHO clieyromue komuyectsa: Q, =7,Q u Q_=7_Q.

I[J'I}I COCTaBJICHUA MaTCpUATIBLHOIO OajaHca 10 KaTHOHAM U aHHOHAM B

000WX TIOTYDJIEMEHTaX BOCIIONB3YEMCsI CXeMO, TIPEJICTaBICHHON Ha puc. 22.

Ag I ~1F II Ag

—> 1, Momb Ag”
t_moib NO3 =——

— +
Imoms Ag™ Imoms Ag™
Ag” NO3 Ag” NO3
a+(1) a_(]) A(Pﬂnd) a+(2) a_(z)

Puc. 22. Cxema, mosicHsIfoIIast mporecc

+ _
COCTaBIICHUs MaTephalbHOro 6ananca o monaM Ag~ u NO3

ITpu npoxoxaennu 1 F anexTpudecTBa B momyaieMeHTax menu (M) mpo-

HCXOJIAT CJIEIYIOIINE MPOLIECCH TepepacipeieeH s HOHOB.
B neBom nomyanemente (I):

- +
— pactBopsiercst 1 Monb cepebpa: Ag —e =Ag ™, B pe3yJbTare KOTOpPOro

B PacTBOP MepPeXoAuT 1 MOIb KaTHOHOB cepedpa,

— uepe3 IpaHully MEXIy ABYMs PacTBOpPaMH U3 JIEBOTO MOIYdJIEMEHTa B
IpaBbli MepelaeT £, MOJIb HOHOB Ag*,

— W3 NIPaBOro MoJy>JCMCHTA B JICBBIN IOCTynaeT /_ MOJIb MOHOB NOg

B PE3YJIbTAaTC MPOTCKANOIIKUX IMPOHECCOB COCTAaB pacTBOpa JIEBOr'o IMoJy-

JJIEMEHTa U3MEHUTCS CIETYIOMUM 00pa3oM:
Imonms Ag™ — 1, Moms Ag '+ t_ Mo NO3 =7 mons AgNOs5,

T.e. KOJMYECTBO HOHOB Ag " 1 NOy, a 3Hauur u Bcero >nextponura AgNO;, B

JICBOM IIOJYDJIEMEHTE (I) BO3pACTET HA 7_ MOJIb.
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B mpaBom nonysnemente (II):

— Ha IMOBEPXHOCTU MOJIOKHUTCIBHOIO MPABOTO OJJICKTPOJa MPOUCXOIUT

BBIJICJICHHE METAILIHUecKoro cepedpa: Ag™ +e~ = Ag, clle/ICTBHEM 4ero sBIs-

eTcs 06eTHEHNe TIPaBOTO PacTBopa Ha | MoNb KaTHOHOB Ag ™,
— depe3 TpaHMIly pasznena a3 u3 JIEBOTo MONTyJIEMEHTa B TIPABBIN MOCTY-

maeT ¢, Momb HOHOB Ag*,

— M3 TIPaBOTO TOIYJIEMEHTA B JIEBBIH yXOOUT /_ Mosb HOHOB NO3.

B pesysbTate 3THX MPOIECCOB COCTaB PACTBOPA MPABOTO MOTYIJICMCHTA

N3MEHHTCS CJICIYIOINUM 00pa3oM:
~1moms Ag™+¢, Momb Ag™ —¢_moms NO3 =—7_ Monb AgNO;,
T.. KOJIMYECTBO 000X MOHOB, a 3HAYMT M Bcero anekrpoiauta AgNOj5, B mpa-
Boii gacT (II) amemMeHTa yMEHBITUTCS HA /_ MOJIb.
CymmapHsIit iporiece B nenu (M) cocToHT, TakuM 00pa3om, B IepeHoce
{_ Monb 000MX MOHOB U3 NPHAIEKTPOTHOTO MPOCTPAHCTBA MPABOTO MOIy3JIe-
MmenTa (II) B mpudIeKTpOIHOE IPOCTPAHCTBO JIEBOTo moyuiemenTa (I):

¢t womb Ag™ (1) +¢_moms NO5;(II) —z_monb Ag"(I)+¢_momm NO5 (D)

NIIN
1_AgNO;(IT) —> 1_AgNO;(T)

Pa3HOCTh MOTEHITMAIOB HA KOHIIAX KOHIIEHTpAIIMOHHOW 1iern (M):

t

_RT | 9AgNO5(2)

E In 9.11)

9AgNO; (1)
YuuTeiBasi, 4TO aKTUBHOCTH dnekTponutra AgNO 5 cBsizaHa C ero cpeaHeit
MOHHOH aKTUBHOCTBIO YPaBHEHHEM d = ai , 1ot nenut (M) mosydaem:

a.
E=2r Rl 5@ (9.12)

(1)
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B CJIy4ae DJICKTPOJIUTa MV+AV7 Pa3HOCTh NOTCHIMAJIOB Ha KJIEMMax pa-

30MKHYTOH KaTHOHHOM KOoHLeHTparuoHHoi uenu (I) paBHa:

a
_ VRT n =0

E=t , (9.13)

zF ai(z)
rne v=v, +v_, z=v z, =|v_z_|.
W3 ypaBuenus (9.13) mns snekrponmTa BaneHTHoro Tuma 1:1 (mems (J)
niu (M) nerko nosyyaetcst ypasuenue (9.12).

AHanoruyHsIM 00pa3oM MOXKHO MOJY4uTh ypaBHeHHe HepHcrTa muist aHu-

OHHOW KOHIICHTPAIIMOHHOM IIETH C TIEPEHOCOM.

B cnyuae snexkrponuta M, A, ms annonnoit nenu (K) Oyznem umers:

a
F=r YR 0 (9.14)
zF ClJ_r(2)
Jliis annoHHOM KoHueHTpanmonHou nenu (L) (anexkrponut HCI):
a
E=2, By &0 (9.15)
a£(2)

BBI/IZ[y OTCYTCTBUSA B KOHICHTPAIIMOHHBIX HEIAX C MEPEHOCOM KOHTAKTa
JABYX pPa3HbIX MCETA/UIOB PA3HOCTH IMOTCHIHAJTOB Ha €€ KOHIAX CKJIaAbIBACTCSA

TOJIFKO M3 TPEX CKauKOB MOTeHImaNa (2.11): ckaykoB MOTEHIMAa Ha TPAaHAIIAX

AJIEKTPOI—PacTBOP Alﬁ/{(p u Aﬂ(p u 1 Py3nOHHOTO MOTEHIIATA (A‘anp):
L M M M
E=Ajjo+ ALZ(P+A(P;114¢) :AL2q)—AL](p+A(qu) (9.16)
C yuerom (2.13) u (2.20) ypaBHeHue (9.16) npuHIMaeT BUI:
E=(Ey = E)) + MA@y, 9.17)

T.€. Pa3HOCTh MOTCHIMAIOB KOHIIEHTPALMOHHOT'0 JIEMEHTa C IIEPEeHOCOM Hpe/-
CTaBIIsIET COOON CyMMy 2-X CIIaraéMbIX: Pa3HOCTH HMOTEHINAJIOB MPAaBOTO U Jie-

BOTO 37EKTPOROB (£; — Ey) n mnddysnonnoro noteHuuana (AQ,,q) -
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Korza moaBHKHOCTH HOHOB 3JIEKTPOJIUTA OAMHAKOBBL: £, =f =0,5 mim
1 y3nOHHBIN TOTEHIINAT HIMMUHAPOBAH ypaBHeHue (9.17) npuHuMaeT BUL:
E=FE,-F
B sToM cnydae, HampuMep, Ads KaTHOHHOW KOHIEHTPAIMOHHOM IIENH
(M), cocTaBIeHHOH U3 3MEKTPOIOB |-ro pojaa, MOKHO 3alHCaTh!

a.
E=E,-E =X 2@
F

(9.18)

ax(1)

TaxuMm 06pa3oM, pa3HOCTB TTOTECHIHATIOB KOHIICHTPAI[MOHHOTO YIEMEHTA C
neperocoM E He ecth ero D/IC, mockonbKy oHa BKIOYaeT Auddy3noHHbIH 10-
TeHnuan. Ee cienyeT Ha3bIBaTb pa3sHOCHbIO NOMEHYUAN08 UIMH HANPAdCEHUEM
Pa30MKHYTOW LETIH.

IloncranoBka ypaBHenuii (9.12) u (9.18) B (9.17) no3BossieT noay4uTb

BeIpakeHue s Tu(@y3HOHHOTO MOTEHIMala B CAydae IEKTPOIHTA BaJleHT-

Horo tuna 1:1 (sanpumep, AgNO3):

Mg = E-(Ey-E)= =) Tl ™G,
a+(1)
KOTOpOeE coBnajaer ¢ ypaBHenueM [lnanka—I ennepcona (2.26).

Ecmu t_ >¢ 4+, T.C. TIOJIBUKHOCTh AHHWOHA BBIIIC TMOJBUKHOCTU KaTHOHA,
TO, KaK cienyer u3 (2.26), A, >0. D10 o3HayaeT, 4T0 A Y3HOHHBIA 110-
TEHIMAJl yBETUYMBAET HAMPSHKEHUE KATHOHHOTO KOHIIEHTPAIIMOHHOTO dJIeMEHTa
¢ mepenocom. HaoGopot, ecnu 7_ <7, TO AQ,,, <0 1 1udpdy3noHHbIH MOTEH-
IIMaJl yMEHbIIAET HapsDKeHNs: £ Ha kineMMax sneMenta. [pu 7_ =1, muddysn-
OHHBII MOTEHIINAT 00pamaeTcs B HyJIb.

Bennunna nuddy3MoHHOro MOTEHIHMAaNa, OOBIYHO, HEBEIHMKA, U HE Ipe-
BBIIIAET HECKOJIBKHUX JiecsATKOB MB. Tem He MeHee Hanmuune auddy3noHHOTO
MOTEHIIMAJIa Ha TPaHUIIEe ABYX PAaCTBOPOB IMPEMATCTBYET ToUHOMY pacuety DJC

TaJJbBaHUYCCKOI'O 3JICMCHTA.
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Memoowt yempanenus oughghyzuonnozo nomenyuana
C 1enblo ycTpaHEHHs WIM CBEACHMS K MUHUMYMY AH(G(Y3HOHHOTO TO-
TEHIIMAJIa UCTIONB3YIOT Pa3INYHbIe MeTOAb! (TIpreMsl). Hike mpuBoasTes HeKo-
TOpBIC U3 HUX.

e HanGonee pacipocTpaHEHHBIM METOIOM YCTPAHCHHS AQ,,q, ABIACTCS

BKJIIOUCHHE MEXKAY JIBYMsS PacTBOPAMH DIICKTPOXMMHUYECKOW IEIH TaK Has3bl-
BaeMOTO COJICBOTO MOCTHKA (IJIEKTPOIUTHYECKOTO KIF0Ya) — MPOMEKYTOIHOTO
KOHIIEHTPHPOBAHHOTO PACTBOPA HIICKTPOIUTA C BO3MOXKHO Oojee OIM3KUMH Be-
JMYUHAMH TTOJBI)KHOCTEH KaTHOHOB M aHHOHOB (pHC. 1B), HampuMep, BOIHBIX

pactBopoB KCl, KNO;, NH4NOj3, psiga 1pyrux CHIbHBIX IEKTPOIUTOB.

Peskoe cHixeHHe BeIMYMHBI JU((Y3MOHHOTO TOTEHIMAA [IPU UCIIOJb-
30BaHMH COJICBOTO MOCTHKA CBA3aHHO C TEM, UTO T PY3HOHHBII TOTEHIIHAT Ha
TpaHMIE JBYX KOHTAKTHPYIOIIMX PacTBOPOB 3aMEHSCTCS ABYMsS APYTHMH TU(-
(y3MOHHBIMH CKa4yKaMH MOTCHIHANA (Ha TPAHMIAX PACTBOPA 3ICKTPOIHUTHYC-
CKOTO KJIF0Ya C paCTBOPAMH 3JIEKTPOIUTOB) CYIIECTBEHHO MEHBINCH BEITHYNHEI.
[Ipu >TOM BO3HHKAIONIME CKAYKH MOTEHIHAA OKA3BIBAIOTCS TPOTHBOIOIOXKHO
HaNpaBJICHHBIMHU H, TAKUM 00pa30M, KOMICHCHPYIOT APYT ApyTa.

e B HEKOTOPBIX CilydasiX MPUMEHSETCS BBEICHHE B KOHTAKTHPYIOIIUC
PacTBOPHI 3JIEKTPONUTOB 3JIEKTPOXMMHUUYECKONH Ienu HHAH(p(EpeHTHOH coun,
Hanpumep, KCl, NH4NO;. Ilpu nocraToynoil KOHIEHTpauuu 106aBIEHHOTO
JNIEKTPOIUTA UMEHHO OH Oy/eT OCHOBHBIM IIEPEHOCUYUKOM DIICKTPHUECKOTrO TO-
Ka Ha TPaHUIIEe JBYX PAacTBOPOB. BIM30CTh MOABMKHOCTEH KaTHOHOB M AaHHOHOB
JI00ABIISICMOTO AIICKTPOJIHUTA, KOTOPBIA B 3TOM CITy4ae MEPCHOCUT MPAaKTHUCCKU
BECh TOK, MPHUBOJUT K yMEHBIIEHHI0 MU(Py3noHHOro moTeHimana. OmHako
CIIEZyeT UMETh B BHIY, YTO J0OaBICHNE B KOHTAKTHPYIOIINE PACTBOPEI TaibBa-
HUYECKOTO AJIeMEeHTa MHIN((EPSHTHOTO 3JIEKTPOIHUTA COTIPOBOKIACTCS YBEIU-
YEHHEM HMOHHOM CHIIBI ATUX PACTBOPOB, CIEACTBHEM UETO SBISIETCS M3MEHECHHUE

AKTUBHOCTHU IOTEHIMANIONpeaenaomux noHoB 1 DJ1C aneMeHTa.
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e CaMbIM YAa4HBIM PELICHUEM SBJISCTCS HCIOJIb30BAHHE JICMEHTOB C
OJIHUM PacTBOPOM dJeKTpoiuTa (0e3 mepeHoca), 4TO B MPHUHIIUIE HUCKIIOYAeT
BO3MOKHOCTh BO3HHKHOBCHHMS AU (PY3NOHHOTO TIOTCHITHANA.

Ponv ougppysuonnvix nomenyuanos 6 npupooe. Jnddy3nonnsie moTeH-
LUaJIbl HECYT BAXKHYIO OHOJIOTMYECKYI0 HArpy3Ky, IOCKOJIBKY OHH OTBETCTBCH-
HBI 32 BO3HUKHOBEHHE OMOTOKOB (OMOTOTEHIIMANIOB) B JKHBOM Opranmu3me. Tak,
B TeJax IEKTPUICCKAX YIPeH W CKaTOB ITOCIEIOBATEIHFHOEC COCAMHEHHUE 0O0ITb-
LIOTO YHCJIa CHCHHATU3UPOBAHHBIX KICTOK CO3aeT Pa3HOCTh MOTCHIHATIOB JI0

500 B, koTOopyt0 3TH PHIOB! HCIOTB3YIOT KaK A 3alIUTHI, TAaK U HATACHUS.

BuonoTeHnuansl 4yBCTBUTENbHBI K  (PU3HOTOTHYECKUM H3MEHEHHSIM,
MIPOMCXOISAIIMM B KJIETKE KHBOIO Opranu3Ma. Ha 3TOM OCHOBaHO, B YaCTHOCTH,
MIpUMEHEHNE METOI0B dJeKTpokapauorpadgun (M3MepeHne OMOTOKOB cepliia) u

anekTposHIedanorpadun (M3MepeHre OMOTOKOB MO3Ta).

10. METOAUKA USMEPEHUSA D1C

[Ipu pabGoTe raJpBaHUYECKOTO DIIEMEHTa B KadyeCTBE HCTOYHHMKA TOKa
pasHocTh noTeHuuanoB U Ha kieMMax 3jeMeHTa He cooTBeTcTByeT ero DJIC.
Peanuzyemast MourHocTh ucTouHMuKa (/U ) OKa3bIBaeTCss MEHBIIE €ro TEOpeTH-
geckoi (MakcumanbHOW) MomrHOCTH (/E). DT0 00yciOBICHO OBYMs (akTopa-
MH: OMHYECKHM TaJIcHIEM HarpspkeHus /R W mossipu3anueil (mepeHanpsyKeHn-

€M) KaKJI0T0 JJIEKTpoaa M :

U=E-(M,+n)—IR,
rae E - QJICKTPOABUIKYIAA CUJIa TAJIbBAHUYCCKOI'O 3JICMECHTA, [ — cnma TOKa,
IIPOTEKAIOIIEro B 1€, R — BHYTpEHHEE COMPOTUBIICHHUE IEMEHTa, M, ., M_ —
MePEHAIPSIKCHUE MTOJI0KUTEIBHOTO U OTPULATEIEHOTO 3JICKTPOIOB.

BHyIpeHHee COITPOTHUBJICHUE 3JICMCHTA ONPCACIIACTCA, I'NTaBHBIM 06pa30M,

COINIPOTUBJICHUEM CJIOS BJICKTPOIMTa MEXTy 3iekTpomamu. IMomapusanus (me-
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peHanpspkeHue) — sIBIeHHEe W3MEHEHMs IOTEHIMaia dJIEKTPOJa, BBI3bIBAEMOE
MIPOXOXKICHUEM Yepe3 CHCTEMY 3JIEKTPUIECKOTO TOKa, — OO0YCIIOBICHA KOHEY-
HOM CKOPOCTBIO 3JIEKTpOXMMHYecKoro mpouecca. Ilomspusanus kaxaoro us
9JIEKTPOJIOB OTBEYAET Pa3HOCTH 3HAYCHHU MOTEHLUANa JEKTPOia MO TOKOM U
PaBHOBECHOTO (0ECTOKOBOTO) MMOTEHIINAA.

Ecau BHewmHsIst Harpy3ka UMeeT CONpPOTUBIEHUE R —> 00, TO 4Yepe3 3JIeK-
TPUYECKYIO IIEIh MPAKTHICCKN HE TPOTEKAeT deKTpuIeckuit Tok (/ — 0) u To-
rna umeem: U = E . Takum o6pazom, DIC MOXKHO ONPEIeNUTh KaK HpeAeIbHOES
3HaYeHHE PA3HOCTU MOTEHIIMAJIOB Ha KJIeMMax rajJbBaHHUUECKOTO DIIEMEHTa MpH
TOKE, CTPEeMSIIEMCS K HYJTIO (HaIpsDKCHNUE Pa30MKHYTOM IICTIH).

Ilooromy BakHeimum ycinoBueMm uszMepeHus OJC rajibBaHUYECKOTO
JJIEMEHTA SIBISIETCS MPAKTUYECKOE OTCYTCTBME TOKA B DJIEKTPUUYECKOW LIEMH.
DTo AocTUraeTcsi MPUMEHEHHEM KOMIIEHCAIIMOHHOTO MeToza (puc. 23), B KOTO-
POM pa3HOCTh MOTEHIIMAJIOB HAa KOHIAX 3JIEKTPOXMMHMYECKON LIeH KOMIEHCHU-
pYyeTcsl BBIBEPEHHOM 110 3TaJOHY Pa3HOCTBIO MOTEHLNAIOB BHEIHETO UCTOYHU-

Ka TOKa.

*
1

|12

Puc. 23. Dnextpuueckas cxema usmepenus D/1C snemenra:
AK — BHEIIHMH MCTOYHHK TOKa (aKKyMyusiTop), P — peoxopn (kaanOpoBaHHOE CONPOTHBIIE-
nue), I' — ransBanometp (Hynp-npudop), O, — HopManbHbI 31eMeHT (Bectona), O, — uens

¢ mamepsiemoii DJIC, I1 — nmepexmoyarens, K — moaBMKHON KOHTaKT
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BHEmHIM HMCTOYHHUKOM TOKa CIYXKUT aKKyMyJsSTOp AK, HMOACOETUHEH-
HBII K KOHIAM (A u B) menmrens HampspkeHHs — peoxopaa P, uto mosBosser
CHHUMATh C aKKyMYJIATOpA JIF0OYI0 Pa3HOCTh MOTEHIMANOB B qUano3oHe 0+ E4
IIyTeM TepeMEICHUs TOABIDKHOT0 KoHTakTa K BIONb peoxopaa. AKKyMyJIsiTOp
U rajgbBaHUuecKuii anemMeHT, DJIC KOTOPOro MOAIEKUT U3MEPEHHIO, BKIIIOYEHBI
HaBCTpedy Ipyr Ipyry OJHOMMEHHbIMH mHomrocamu. Ilepensuras kontakt K
BJIOJIb PEOXOPJIa, MOKHO HAlTH Takoe moJiokeHue, npu kotopoM DJIC snemen-
Ta TOYHO KOMIIEHCHPYETCS MaJ€HUEM HANpsDKEHHS Ha COOTBETCTBYIOILEM yda-
cTKe peoxopaa AB.

CHayvana nepexitouatensb [1 cTaBsaT, HanpuMep, B MOJOKEHUE IS U3Me-
penust DJIC uccneyeMoro raibBaHUYECKOTO 3JIEMEHTa (KaK MOKa3aHO Ha PHUC.
23). Ilepemenias 1mo peoxopAy MOIBH)XKHOW KOHTAakT K 10OMBarOTCS MOJHOIM

komrercaunn JJIC anemenTa (£, ) pasHOCTBIO MOTCHIMAIOB OT ACIHTENS Ha-

npsbkeHus P, T.e. HaxoasT Takoe nonoxkenue (AD), mpu KOTOPOM TrajJbBaHOMET
I' moka3piBaeT OTCYTCTBHE TOKa B LEMH. 3aT€M MEPEKIIOYAIOT LIENb Ha ITaJIOH-
HBIH (HOPMaJIbHEIN) 3JeMeHT BecToHa (IOKa3aHO IITPUXOBOW JIMHHEH) U (QUK-
CHPYIOT HOBOE TonokeHue Ha peoxopae (AC), orsevaromiee koMmnencauu SJC

snemenTa Becrona ( E,; ).

Nzmepsiemass O/1C raqpBaHUUECKOIO 3JEMEHTA PACCUUTBIBACTCS IO IPU-
BEJICHHOH HIKE (hopMyIie:
AD
=F

E TAC

X

(10.1)

rae AD n AC — paccTosiHue IO PEeoXopAy OT ero JieBoro konua (A) 1o mnoi-
BIDKHOT'O KOHTAKTa, TIPU BKIIOUSHHUH B IeNb eMeHTa, DJ[C KoToporo usmMepsi-
ercs, U dyieMeHTa BecToHa COOTBETCTBEHHO.

B nacrosimee Bpems usmepenne DJC rajbBaHUYECKUX JJIEMEHTOB OCY-

MECTBJIAIOT HCTOCPECACTBEHHO C TOMOMIIBIO BEICOKOOMHBIX BOJIBTMETPOB, KOTO-

pBIe 0071aJaf0T BBICOKUM BXOJHBIM CONPOTHBICHUEM ( R > 10° OM).
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11. IPUMEHEHUME U3MEPEHUM D/IC.
HOTEHIIMOMETPUS

IHomenyuomempusi — METOJL OTIPECICHHsT TEPMOANHAMUUECKUX XapaKTe-
PUCTHK U (HU3MKO-XUMHUYECKHX CBOMCTB XMMHUYECKHX CHCTEM M XUMHUYECKHX
mporieccoB Ha ocHoBe u3MepeHust DJIC anexTpoxummuueckux Inernend. Iloren-
LIHOMETPHYECKUM METOJIOM MOTYT OBITh OIPE/ICJICHbl KOHCTAHThl PABHOBECHSI U
TepMOJUHAMHYECKHE (YHKIMU XUMUYECKUX PEeaKIuid, KOd(PPHUIUEHTH aKTUB-

HOCTH JJICKTPOJHUTOB, pH pacTBOpOB, MPOM3BEACHHE PACTBOPUMOCTH. MeTox

IIUPOKO UCIOJIB3YCTCA IJIA aHAITUTUICCKUX ueneﬁ.

11.1 OnpenesieHue KOHCTAHTHI XUMUYECKOT0 PABHOBeCHUSI

Jns ompeneneHus] KOHCTAHThl PABHOBECHSI XMMUYECKON peakluu HeoOXo-
JUMO COCTaBHUTbH 'albBaHHUECKHH 3JIEMEHT, B KOTOPOM 3Ta Peakiys Moria Obl
OBITH OCyILleCTBIEHA. PacueT KOHCTaHTBI PaBHOBECHUS IPOBOAMUTCS B COOTBETCT-

BHMHM C ypaBHeHHEM (4.8) Ha ocHOBaHMHM 3HauyeHUs craHaaptHoil DJIC snemenTa
E°, onpesiensieMoii Kak pa3sHOCTh CTAHAAPTHBIX MOTEHIMANOB TION0KUTEBHOIO

(E3) u orpunarensuoro ( Ey’ ) 21eKTposios:

, (11.1)

rae KO — CTaHJAapTHasd (TepMOZ[I/IHaMI/I‘-IeCKaH) KOHCTaHTa paBHOBECUSA XUMUYC-
CKOM peakuuu; z — YUCIO BJCKTPOHOB, HNPOXOAAIIUX YEPE3 DICKTPOXUMHUYC-

CKYIO LIeTb TIPH OJJTHOKPATHOM MPOTEKAHUH Peaknuy (0JHOM Mpodere peakuum).

HpuMep 1. Ha ocHoBanum CIIPaBOYHBIX JAaHHBIX O CTAaHAAPTHBIX 3JICK-
TPOAHBIX MOTCHIHATaX B BOAHBIX pacTBOpax COCTABbTEC raJibBaHUYECKUM 3JIe-

MEHT U paccuHTaiiTe KOHCTaHTy paBHOBECHs MpOTEKarolleil B HeM 00paTUMOit

XHUMHYecKol peakiun Ag' + Fe?* =2 Ag+ Fe** npu 7' =298 K
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Pewenue. TlpuBeneHHyI0 pEakIUIO MOXKHO HPEICTABUTh KaK COBOKYI-

HOCTH JIBYX Tojypeakimii: BocctanoBienns (Ag'+e” =2 Ag) u okucienus

(FezJr <:>Fe3 * +e7). o crpaBounnky [10], HAXODMM, YTO TH TIOTypPEAKIHHI

TpoTekaloT Ha anekTpose 1-ro pona Ag' | Ag (EO .
Agt/A

=0,799 B) U pesoKC-
g

smexrpone Fe’*,Fe" | Pt (E;’ et =O,771B) cootBercTBeHHO. Tak Kak
(S (S

0 (3]

> F , TO DIEKTpoa A *| Ag SBISIETCS TIOJOKUTEIBHBIM IO~
Agt/Ag  Fe*t/Fe*t P g |Ag

JIFOCOM TaJIbBAHWYECKOTO HJIEMEHTa M B CXEME 3allMBaeTCs CIIPaBa, a JNIEKTPOJ
Fe’* Fe?* | Pt — OTpHUIATENBFHBIM MTOJFOCOM U YKa3bIBACTCS CIIEBa!
© Pt|Fe>t,Fe’t || Ag” |Ag|Pt ®
Crannaptraas 3JIC aiemMeHTa paBHa:
E®=ES —E’=0,799-0,771=0,028 B
IMoxcrasnsas 3nauenune crangaptHoi DJ(C B ypaBuenwue (11.1) u yanTsI-

Basd, YTO z = 1, BbIYUCJIAEM KOHCTAHTY paBHOBECHUS XHMHUYECKOH peaKkum:

zFE° ; ) .
_ el 96485-0,028/8,31-298 _ 2,98

K° =ex
P RT

ConocTaBuM MOJNYYeHHYI0 BennunHy K °c¢ KOHCTAaHTOM, paccuMTaHHOM

¥3 TEPMOJMHAMUYECKHX JaHHbIX. [1o ciipaBounnky [10] Haxogum A G5og.

A.G39g =| AsGS +A:G° —| AfG® +AsG° =
10298 ( £0298,Ag + A0 g0 o3+ 908 agt T A1 Y20g Fe+

=(0-10,53)—(77,10-84,88) = 2,75 Kl

1 nanee o IpuBecHHO HInKe Gopmyite onpenensieM K :

AGlos | _ 2750/831298 _ 5 13

K° =exp| —
P RT

Kak BuiHO, pe3ynbTaThl pacyeTOB KOHCTAHTHI paBHOBECUS OOOMMHU CIIO-

cobamu HaxXoOATCs B XOpOMIEM COIJIaCuU MEKAY c00o0ii.
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11.2. PacueTr TepMoAMHAMUYECKUX (PyHKIMIA
XHUMHUYECKHX peakuuii
Jis pacuera TepMOAMHAMHYECKHX (DYHKIHMH XHMHUYECKOH peakunu W3-

mepsitor DJIC ranbBaHUYECKOTO dJIEMEHTa IIPU PA3IMYHBIX TEMIIepaTypax |

OTIPEIEIAIOT TeMITepaTypHBIi KodpduuneHT J/IC, T.¢. BETHINHY (8E/ or )p.

TepmonnHamMuveckue GYHKIMH PEaKIMHU, MPOTEKAIOIICH B AJIEMECHTE TIPU
3amaHHO# 7, paccuuThIBaIOT o Gopmynam (4.4), (4.16), (4.20).

Ilpumep 2. JIns peakuuu, MPOTEKAIOMIEH B TajJbBaHUYECKOM 3JIEMEHTE
Pt|H, |HCl1| AgCl| Ag|Pt, paccuurats A.G°, A,H® u A.S® npu 298 K.
3aBucuMocTs crangapTHoil DJIC oT TemmepaTypsl BBIPaKaeTCs ypaBHEHUEM:
E°,B=0,222-6,33-1074(T - 298)—3,20-107%(T — 298)°

Pewenue. B ranmpBannueckom snemente Pt|H, |HCI| AgCl| Ag| Pt mpo-
TeKaeT XuMHUUecKkas peakuus (cMm. paza. 9.2.1):

H, +2AgCle2 2Ag + 2H +CI™
IMoncranoBka T =298 K B ypasuernue E° = f(T) naer E° =0,222 B.

Haxomum npousBosiHyto ot crangaptHoi 3/1C o Temneparype:

(aEO/aT) =-6,33-107%-2-3,20(T -298) =—6,33-10 4 B/K
P

¥ Jlajiee PaCCUMTHIBACM TEPMOIMHAMHYCCKIE QYHKIMH PEaKINH:
A GSog =—zFE® =—2-96485-0,222 =—42,84-10° JTx

OE°
ApSyog =zF [ o7

J =2.96485-(—6,33-10%) =—122,15 Ix/K
p

A HS05 = A;GSog +298A,.S50g = —42,88-10° —298-122,15=-79,82-10% JIx

[IpoBeneM BBIYHCIICHHE TEPMOIUHAMUYCCKUX (DYHKIMHA TaHHON peaKIiu

I10 CIPpaBOYHBIM JaHHBIM O CTaAHAAPTHLIX TCPMOAMHAMHUYCCKNUX BEIMINHAX [10]
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A1G3og = ArGlog agcl ~ArGly, - =2+131,29+2:109,54=—43,50 1/l

ArSSog = (2539& Ag 28 +2SY j (58, +258ec1)-
=(2-42,55+2-0+2-56,74)— (130,52 +2-96,23) = —124,40 Jl/K
A HS95 = A, Gg +298A, 5% = —43,50-10° —298-124,40 = -80,57-10° [l
Takum 06pa30M, JaHHBIC o6onx croco0oB OIIpE€ACIICHUA TCPMOIANHAMU -

4ecKUX (DYHKIUH JaroT OJIM3KHe 3HAUCHHUS.

11.3. Onpeaenenne akTUBHOCTEH* 1 KO3 PULMEHTOB

AKTHUBHOCTH

OmnpeneneHne aKTUBHOCTEH M KO3()(DUIIMEHTOB aKTUBHOCTH DJICKTPOJIHTA
y0OHO MPOBOAUTH C MCIOIB30BAHUEM DJICKTPOXUMHUUECKOH 1enu 6e3 mepeHo-
ca, OJTMH U3 3JIEKTPOIOB KOTOPOH 00paTHM 10 KaTHOHY, APYTOil — IT0 aHHOHY.

[TycTh TpeOyeTcsi OnpeenuTh aKTHBHOCTh U CPEIHHIA MOHHBIN KOd(PQH-
LUCHT aKTHBHOCTH CHJIBHOTO JJIEKTPOJIUTA MV+AV7 . Jlnst 3TOTO COCTAaBUM ralib-

BaHUYECKHUN DJIEMEHT M3 DJIEKTPOAOB 1-T0 U 2-T0 poja, 0OpaTUMBIX COOTBETCT-

" _
BEHHO 110 KaTHoHy M”" 1 aHnoHY A°™ M MOTrpy)KEHHBIX B PACTBOP JJIEKTPOJIUTA

3a1aHHOW KOHLICHTPALNH 711
© PtIM[M, A, (M™",A")(n,moms/xr)|M, A, |M [Pt &
Ha snexTpoaax nporekaroT cieayrome npoueccs (cM. pasa. 5.1,5.2):
M, A, +ze” 2v, M +v_A"
MM +z.e”
CymmapHas peakuust (C y4eToM TOro, 4T0 Z=V_z_ =V, .z, ):

M, A, +Vv.ME v, M +v, M7 +v_ A"

* O B3aMMOCBSI3M aKTUBHOCTEH B Pa3/IMYHBIX KOHILEHTPALMOHHBIX LIKAJIaX CM. B MPHU-
JIOKCHHUH 1.
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HpI/IHI/IMaﬂ BO BHUMAHHUE, YTO aKTUBHOCTH YHCTBIX (1)8.3 av = 1, anr =lm

am, A, = 1, mony4aem creaytomiee Beipaxkenue s DJC snemenra:

E=E° —%lnal\\/ﬂ*ﬂaz; =E° —%man+ A, (11.2)

I/IH,I[I/IBI/IZ[yaJ'IBHLIe AKTUBHOCTU MOHOB, CPEAHUC MOHHBIC aKTUBHOCTH, aK-

TABHOCTH U MOJIAAJIBHOCTB DJICKTPOJINTA 1\/[V AV CBsA3aHbl YPABHCHUAMU

vy vV_ v
aM, A, =4 _air(MerA\,_)’ (11.3)

Ay =MLYy = Vliry, (11.4)

IMoncranoska Beipaxkenuit (11.3) u (11.4) B ypaBHenue (11.2) naer:

RT VRT
E=£°-Y"1n Y v, m 11.5
MM, A Jp VY (11.5)

JlanbHENIINHA X0 ONpeNeNeHus a, d. U Y4 3aBHCUT OT TOTO, U3BECTHBI
WM HET BEJIMYUHBI CTAHJAPTHBIX JICKTPOIHBIX IIOTCHIIMATIOB.

Benuuunst cmandapmmubix 91eKmpooHbIX NOMEHYUAN08 U3EECMHbL

Omnpenenss sxcnepuMenTansHo DJIC aneMeHTa M MCHOJb3ysl 3HAUCHUS
CTaHIAPTHBIX IOTEHIMANOB 3JEKTPOAOB 1-ro U 2-ro poja, MO ypaBHEHUSIM

(11.2), (11,3) n (11.4) BBIYHCISAIOT BEIUYUHBI d, dy U Y4 DIEKTPOIHTA.

. )
Benuuuna cmanoapmnoii 3JJC (E”) neuzgecmua

CHavasa HeOOXOIMMO SKCTIEPMMEHTAIBLHO ONPENEUTh Benuanny E°.
Jnsa nmocrarouHo pazdaBieHHBbIX pacTBopoB (/ <0,01) cnpaBeminBo

ypaBHEHHE IpeenbHoro 3akoHa Jlebas—XoKkkens:

lgys =—Alzz |NT |

roe A= f(e,T), z, U z_— 3apsJ0BbIE YUCIA HOHOB, / — HOHHAs CUJIA PACTBOPA.
VouHyro cuity pacTBOpa, COAEPAKALIEro dIeKTponut M, A, ¢ Mosub-

HOU KOHIICHTpAIMEH m, BBIYUCIIOT 1o hopmyre (5.9):

1 :%Z:mizi2 :%(mgf +m_zz) = %(erzf + V_Zf)m
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Torna ypaBHeHHE IpeAeIbHOro 3akoHa J{e6as—XoKKems IPUHUMAET BU:
1
lg s =—A|z+z|ﬁ/52m,-z? =B, (11.6)

1 2 2
B=A|z z_| 5(v+zJr +v,z,)

rue

ITocne mogcranoBku (11.6) B ypaBuenue (11.5):

RT RT
E=E° YL lnm, +¥°2 BYm

zF - zZF

i

VRT VvRT
E+"Inm, =E°+-—-BJm, 11.7
F + F (11.7)
W3amepstst 9/1C nienu npu pa3nuYHEIX KOHIEHTPALUSIX 3JIEKTPOINUTA, CTPO-

SIT TpauK 3aBUCUMOCTH ) = F + gln my=f (\/Z ) (puc. 24).
z

0,240
0,230}

0,220

0 0.2 0.4 Im

Puc. 24. K onpenenenuto BenuurHbl cTangapTHON DJ[C ranbBaHUYecKOro 3JIeMEHTa

B o6nactu pa36aBJ’ICHHLIX PacTBOPOB, TA€ BBIINOJIHACTCA HpC,I[GHLHBIﬁ

3aKkoH Jlebas—XIOKKes, SKCIIepIMEHTaIbHAs 3aBUCHMOCTE ) = f (\/m) MIPUHHU-

MaeT JIMHEMHBbII XapakTep. DKCTparoJupysl 3Ty 3aBUCUMOCTb K MOJISJIBHOM

KoHIeHTpanuu m — (0, onpeAensoT BenuunHy ctangaptHoi DJIC (mepeceue-

HUE JTMHCHHOTO y4acTKa KpUBOU y = f (\/m) C OCBIO OpJMHAT).
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Wcnonw3ys HaiimenHoe 3Havenue E°, namee mo ypasHeHuio (11.5) pac-
CUMTHIBAIOT 3HAYCHHWE CPEJHET0 MOHHOTO KO3(h(HUINEHTa aKTHBHOCTH JUIA 3a-
JTaHHO} KOHIIGHTPAINH 3JIEKTPOJINTA.

Ha puc. 24 noxazano ompenenenue crapaaptaoil DJC ams snemeHTa
Pt,H, |HC1| AgCl| Ag | Pt . Kak Bunno u3 rpaduka, E° =0,222 B, 4to oTBeua-

€T 3HAYCHUIO CTAHAAPTHOI'O MMOTCHIMa1a XHOpC€p€6p${HOFO 3JIEKTpOoAa.

Ipumep 3. DJIC snementa Pt,H, |H,SO,|Hg,SO, |Hg |Pt npu 25 °C
cocrapisier £ =0,737 B. PaccunTaiite akTUBHOCTb, CPEAHIOI0 MOHHYIO AKTHUB-
HOCTb U CpeJHMI MOHHBIN Kod(duuueHt aktusHoctu H,SO4 B BogHOM pac-
TBOpe ¢ KoHUeHTpanued m =0,1 Mojb/kr. Mcnons3yiite cripaBoYHbIC JaHHbBIC
0 CTaHJIaPTHBIX 3JIEKTPOJHBIX MOTEHIIHANIAX.

Pewenue. Ha HauansHOM 3Tarie pemeHus HEOOXOJUMO COCTaBUTH YpPaB-
HEHHWE XUMHWYECKOW PEakIiH, TMPOTEKAIomel B JaHHOM TalbBAHWYECKOM 3JIe-
MEHTE.

Ha snexTposax 3JeMeHTa UMEIOT MECTO CIISAYIOIIHNE TTPOLECChI:

Hg,SO, +2e” &2 2Hg+S0;

1 _
EHzﬁH++e

CyMMapHast peakiusi:
HgSO, +H, = 2H" +S03 +2Hg
ypaBHeHI/Ie HepHCTa JJI1 COCTaBJICHHOI'O TI'aJIbBAHUYCCKOI'O 3JIEMCHTA,
TIpH yCIOBUM, YTO py =latm u z= 2, 3amuIIeTcs CIeIyIonnM 00pa3oM:

RT 0,059
EZEO—EIHCIHZSO4 ZEO— 5 lgaH2504,

OTKYyJda HaXOOHUM:

2AE°—E) 2-(0,615-0,737)
lgan,s0, == 059 - 0,059 =136
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Ucnons3ys ypaBuenus (11.3), (11.4), BbruuciasieM UCKOMbBIE BEIMYHUHBI:

ay,s0, =7.31-107
a, =d"3=(7,31-107)3 20,0418

v = (v )Y o) P s

a, 0,048

=0,264
vem  1,58:0,1

Y+ =

Paccunrannoe 3HaueHUE CPpEAHCTO MOHHOI'O KOB(b(I)I/II.[I/IeHTa AKTHUBHOCTHU

(7+,H,50, =0,264) B pactBope 0,1 M H,SO4 HaxoauTes B XOPOIIEM COTIACHH

¢ TaOIMYHBIM 3HaueHueM v, = 0,265.

11.4. Onpenenenue pH pacTtBopos

K umcny Hanbosee pacpoCTpaHEHHbBIX MPUIIOKESHHN MOTCHIIHOMETpHYE-
ckoro Meroja otHocutcs onpenenenue pH cpensl. s usmepenus pH pactso-
POB COCTABJISIOT I'aJbBAHUYECKYIO LEMb U3 WHIUKATOPHOIO JNEKTPoja (MOTEH-
[ran KoToporo 3aBucuT ot pH) u amekTpona cpaBHeHusi. B kauecTBe MHaMKa-
TOPHBIX BJIEKTPOIOB OOBIYHO HCMOJIB3YIOT BOJIOPOHBIN, XUHIHAPOHHBIA HITH
CTEKJISIHHBIN 3JIEKTPO/IbI.

Onpeoenenue pH pacmeopa ¢ nomowpio 6000p0ooH020 1eKkmpooa.

WHAMKATOPHBIM DJIEKTPOJOM B JIaHHOM Cilydae CIYXKHUT BOZOPOJHBIH
anekTpol. IIpu MCHoNb30BaHUN B KQUeCTBE BCIOMOIATEIBLHOTO AJIEKTPOJa, Ha-
HPUMEP, HACBIIIEHHOTO KAJIOMEJIBHOIO JJIEKTPO/IA, CXeMa U3MEPUTENILHOM Lenu

3aIMIIETCs CIACAYIOIINM 00pa3zoM:
+
Pt Hy (pyy, =larm| H (pH =) KClyg, | Hg,Cly | Hg | Pt
OJC cocTaBneHHOH LENM PacCUUTHIBACTCS KaK Pa3sHOCTh MOTEHIMAIOB

HACBIIEHHOTO KaJoMenIbHOTro (5.17) U BOAOPOAHOTO 31eKTpoaoB (5.22) (nud-

(y3MOHHBII MOTEHIMAN JOKEH ObITh ycTpaHeH). [Tpu 298 K Oynem nmets:
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E:Ez—E] :EKan_EH+/H2 =

Ean — (—0,059pH) ,
OTKyza
pH= E= By (11.9)
0,059
PaGora ¢ BOJOPOIHBIM AJIEKTPOJIOM, KaK OTMEYAJIOCh BBIIIE (CM. pasj.
5.2), conpsKeHa ¢ U3BECTHBIMHU TPYIHOCTSIMH, BCIEJACTBHE YETO €0 PEAKO MpH-
MEHSIOT B KQUeCTBE MHMKATOPHOI'O 3JIeKTpoa AJst u3Mepenusi pH pacTBopos.
Onpedenenue pH pacmeopa ¢ nomowpio XuneuopoHHo20 31eKmpood
[ToTeHunan XUHTHAPOHHOTO 3JIEKTPOJA B KHUCIBIX M CIa0OMIETOYHBIX
cpenax sBiseTcs nuHeiHo! yHkimed pH pactBopa (5.35). Cxema anekTpude-

cKoll nenu st u3mepenust pH pacTBopa ¢ XUHIMIPOHHBIM NIEKTPOJOM U KaJlo-

MelnbHbIM AtekTponoM cpaBaenust (0,1 M KCI) umeer Bun:
Pt|Hg|Hg,Cl, | KC1(0,1M) || CcH40,,CsHy4 (OH)2 ,H+(pH =7)| Pt
O/1C npuenenHoit uenu npu 298 K:

E=E,—E =E —Eg,; =Eq.—0,059pH - E;

t:h)
OTKYyJa MoJiydacMm:

:E)(()F_EKaJ'I_E

11.10
0,059 ( )

pH

HecoMHEHHBIMHM JIOCTOMHCTBAMH XHHTHAPOHHOTO 3JICKTPOAA SIBISIOTCS
OBICTPOE YCTAHOBJICHHWE PABHOBECHOT'O 3HAYECHUS AJIEKTPOJHOrO IMOTEHIIHANa,
IIPOCTOTA aNmapaTypHoro oOpMIICHHS U OTCYTCTBHE HEOOXOIMMOCTH B Kano-
pOBKe yeKTposa. K mpakTH4ecKMM HeZOoCTaTKaM XHHTHAPOHHOTO 3JICKTPOAA
OTHOCHTCS OTpaHMYCHHAs 00acTb pH, B KOTOPOil OH 1aeT 1OCTOBEPHBIC 3HAUE-
uust (pH 0—28). IIpn pH =8 runpoxuHoH Benet ceds kak crabast AByXOCHOBHAs
KHCJIOTA, B pe3yiIbTaTe JUCCOLMAIIMU KOTOPOIl B pacTBOPE YBEINYMUBACTCS KOH-
LEHTPALUs] HOHOB BOJOPO/IA, a MOTECHIINAI JI€KTPOAa IPUHUMAET Oojee MoJIo-

JKUTEJIbHBIC 3HAYCHUS, YeM 3TO cleayeT u3 ypasHenus (5.35). [pyrum Heno-
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CTAaTKOM XHUHTHAPOHHOTO 3JIEKTPOJa SIBJISETCS] €ro BOCIPUMMYMBOCTh K HaJlu-
YUIO B aHAJM3UPYEMOI CUCTEME OKUCIIUTENEH U BOCCTAHOBUTENIEH, ITOCKOJIBKY B
TaKUX Cpefax MPOUCXOANUT WM OKHCIEHHE THAPOXUHOHA B XMHOH, WIIM BOCCTa-
HOBJICHME XMHOHA JI0 TUIPOXUHOHA. BelieAcTBUE ATOr0 HE BBINOJIHSETCS PaBeH-

CTBO aKTHBHOCTCH XMHOHA M IMIPOXHHOHA B BOLHOM pacTBope (dag = aQH2) u

pacuet pH o ypasuenuto (11.10) Oyzmer HeTOUeH.

Onpeodenenue pH pacmeopa ¢ nomoupio cmekisiHHo20 91eKkmpooa

[pn m3mepernsx pH pacTBopoB B mabopaTopuu WM Ha ITPOU3BOJICTBE,
KaK MPaBUIIO, UCIIONB3YeTCsl CTEKISIHHBIN DIEKTPOA, KOTOPHIH (B KauecTBe MH-
JTUKaTOPHOTO 3JEKTPO/Ia) MOCTYX U OCHOBOU At co3panust pH-wempa — mpu-
6opa s onpenenenus pH cpensl.

B pH-MeTpe cTekNIsSHHBIN 3I€KTPOA, KaK MPaBUIIO, COUYETAIOT C XJopce-
peOpSHBIM MK KaJTOMEIbHBIM 3JIeKTPOJAAaMH CpaBHEHHs. V3MepuTenbHas cxema
UTEKTPOXUMUIECKOH 11erT pH-MeTpa BBITIISIUT CIEAYIONIM 00pa3oM:

Pt| Ag| AgCl|KCl|| pH=?|ctexmo | HCI(0,1M) | AgCl| Ag| Pt

O/1C snexrpoxumuyeckoit uenu pH-merpa npu 298 K:

ES —0,059pH —E (11.11)

RT
_ © -~ _
E=Eg+=—Ina,. —F, oI AsCl/ Ag

CI™,AgCl/Ag —
OTC}O}Z[a MOJIy4acM BBIPAKCHUC IJIA pacyeTa pH
0
Eer Ele,AgCI/ Ag
0,059

E
pH=

HOCKOHBKy NMOTCHI AT DJICKTpOAda CPaBHCHHA CCTb BCIMYHWHA ITOCTOSH-

Hasi, To B o01ieM ciaydae ypaBHenue (11.1) npuHumaer Bua:

E =const —0,059pH, (11.12)

rjie const BKMoYaeT Eg. M NOTEHLIMAN UCTIOIL3YEMOrO JIIEKTPO/IA CPABHEHMUS.
JlocToBepHble 3KCIEpUMEHTaNIbHbIE JaHHbIE 10 omnpeneneHuto pH pac-

TBOPOB C HCTONB30BaHueM pH-MeTpa nonyyarot B quamazone pH ot 0 mo 12. B
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9TOM IHMAaINO30HE TOTCHIMA AJIEKTPOJa JHHEIHO MajaeT ¢ yBeiamdeHueM pH
pactBopa (puc. 25). BHe 3TOro mHTepBasia BOAOpoaHAS GYHKIHUS CTCKIITHHOTO
9JIEKTPOJIa CYIIECTBEHHO UCKaXKaeTCsl. B CHIBHOIIETOUHBIX CPelax CTEKIISIHHBIH

aneKTpo, npuodbperaer OH-pyHKIMIO, T.C. SABIACTCSA UyBCTBUTEIBHBIM K H3Me-

HeHusM pH pactBopa, ¢ TOH TOJNIBKO pa3HULIEH, YTO IPOU3BOLHAS MEHSET

dpH
3HaK C OTPULATENBHOTO Ha MOJOKHUTENIBHBIH, a Ha KpuBoW E = f (pH) BO3HUKa-

€T APKCTpeMasbHas TOYKa. B CHIBHOKHCIBIX pacTBOpax M3-3a aM(pOTECPHOCTH

SiO, CTEKISHHBIN 3JIEKTPOJ MPOSIBIISIET OCHOBHBIE CBOMCTBA U M3MEHEHUE I10-

TCHOHAJa 3JICKTpOoJa OT KHUCIOTHOCTHU CPEAbI IMPU HU3KUX pH OTKJIOHACTCA OT

JUHEWHOI 3aBucHMOCTH (puc. 25).

—-E.MB
600[

4001

200

/'4

Puc. 25. 3aBucumMocTh MOTEHIIMANA CTEKIITHHOTO 3JeKTpoaa oT pH pactBopa

JIOCTOMHCTBOM CTEKISIHHOTO 3JIEKTPOJa SBIAETCS JOCTaTOYHO ObIcTpoe
YCTAaHOBJICHUE PABHOBECHOI'O 3HA4YE€HMs IOTEHIMAa, BEJIMYUMHA KOTOPOrO HE
HCKa)KaeTCsl IPUCYTCTBUEM B PACTBOPAX OKUCIIMUTENEH U BOCCTAHOBUTEIEH, CO-
Jed TAXKEIbIX METallIOB, ANIEKTPOJHBIX SIIOB (CEPHUCTBIX, MBIIIBIKOBUCTBIX U
WHBIX COCJMHEHNI) N OPTaHWMYECKUX COSNMHECHUI. B paBHOW Mepe CTeKIITHHBIH
JIEKTPOJ], MOKHO UCIOIb30BATh Ul U3MEPEHUs BOJOPOJHOIO MIOKA3aTellsl B OK-

palI€HHbIX 1 MYTHBIX Cpe€aax.
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Ilpumep 4. Onpenenuts pH pactBopa, eciniu I/IC raibBaHUYECKOro de-

MEHTa, COCTaBJIEHHOIO M3 XMHTHIPOHHOIO 3JIEKTPO/A, TOMEIICHHOrO B aHAJIU-
3UpYEeMbIH pacTBOp, U AELUMOISAIBHOIO KAJIOMENIBHOTO AMEKTPOJa KaK DIIeKT-
pona cpaBHenusa npu 7 =298 K cocrasnser E =0,220 B. J/lanHble 0 3HaU€HU-
SIX CTAaHJApPTHBIX 3JIEKTPOIHBIX MTOTEHIMAIAaX BO3BMHTE B cripaBounuke [10].
Pewenue. CocTaBnsieM TadbBaHWYIECKYIO IETIh W3 XHHTHIPOHHOTO H Ka-
JIOMEJIBHOTO 3JIEKTPOAOB (XMHTUAPOHHBIN 3JIEKTPO] Kak Ooliee IMOJIOKHTEIb-

HBIH 3alKCBHIBAEM CIIPaBa):

Pt|Hg | Hg,Cl, | KC1(0,1 M) || H",C¢H40,,C4H4 (OH),, pH="?| Pt

s Beramcienus: pH ucmnosnb3yeM mosrydeHHoe Bhiie ypaBHenue (11.11).
[ozcTaBnss B 3T0 ypaBHeHue 3HaueHus Ey. = 0,699 B n Eian0,im) =0,3341B

paccunTheiBaeM pH mccienyemoro pacteopa:

~0,699-0,3341-0.220
0,059

pH =245

Ilomyuennoe 3Hauenue pH yka3blBaeT Ha KUCIIYIO CpELy.

11.5. OnpenesieHne Npou3BeAeHUs1 PACTBOPUMOCTH

HOTCHL{I/IOMGTPI/I‘ICCKHIZ METO/ MO3BOJIACT HAXOAUTH MIPOU3BEACHUE PACT-

BOpUMOCTH K M PacTBOPMMOCTh S (KOHIEHTPAIMIO HACBILIEHHOIO PacTBOpa)

MaJIopacTBOPUMBIX COEIUHEHHH, B NMEPBYIO ouepeab, coseil u ocHoBaHUM. Jlnis

3TUX LIeNeH MOTYT OBITH UCIIONB30BAHBI PA3JIMYHBIC STEKTPOXUMHYECKHE IICTH.
Onpeodenenue K, ¢ nomowwlo Xumuyeckux snemenmosg bes nepenoca

Hcnmonp3oBaHrne XUMHYCCKUX IICTICH 0e3 MEPEHOCA MO3BOJIACT HEIIOCPECI-
CTBCHHO OIIPCACIATH NPOU3BEACHUE PACTBOPUMOCTU MaJIOPACTBOPUMOTO JJICK-

Tponuta. Paccmorpum ompenenenne K, Ha npumepe comu AgCl, koropas B

v —+ —
BOJTHOM pacTBOpE JIMIIH B MaJIOH CTETIeHH TUcconnupyeT Ha HoHBl Ag' u Cl™.
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CocTaBmsieM COOTBETCTBYIOIIHIA 2IeMEHT 0e3 mepeHoca:
Pt| Ag| AgCl|KCl|Cl, (PC12 =larm)| Pt,
B KOTOPOM TIPOTEKAIOT CIIEIYIONIUE IIEKTPOIHbIE peakimn (z =1):
%Clz +e =Cl
Ag+Cl =2 AgCl+¢
CyMMapHast peakiusi:
Ag+ %Clz = AgCl(tB)

OKCIEepUMEHTAILHO olpenesieHHas BennuuHa DJ]C npuBeneHHOro 3ie-
MeHTa 6e3 nepenoca nipu 298 K cocrtaBnser E =1,136 B 1 He 3aBUCUT OT KOH-
nentparuu KCl B pactBope.

IMomyunm ypaBHenue 1ia pacuetra DJIC JaHHOTO 3JIEMEHTa KaK Pa3HOCTh
MIOTEHINAJIOB XJIOPHOTO U XJIO0pcepeOpsiHOro 31eKTpooB. [Ipu 5TOM mocie Hmii

yI0OHO MPEeCTaBUTh KaK 00paTHUMBbIi 1o kaTnoHaMm (5.15). B aTom ciyuae:
RT RT
E=E,-E~=|E° -——1 | - E® +—1 =
2 [ c,er - F o j [ Agt/Ag F naAg*j

RT
=| E® -E° - —1 -
( cL/cr Ag+/Ag) 7 e, eag),

Iockomnbky a A or = K, Agcl > Tonydaem:
RT
E=\E. . ~E - Sk 1112
[ Clz/C17 Ag+/Ag] F n S,Agcl5 ( )

OTKyJa onpenenseM npousBenenue pactBopumoctn AgCl npu 7 =298 K.

CrpaBouHble BEIMYMHBI CTaHJAPTHBIX MOTEHIUAJIOB CepeOpsHOro u

XJIOPHOT'O AJIEKTPOJIOB PABHBI: EZg +/Ag =0,779 B, E((;lz - =1,360 B. Torna:
8] 0]
(ECIZ/CI’ EAg*/Ag) £ _(1,360-0,799)-1,136

12K Agc1 = =—9,746

0,059 0,059
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Ky agc1 =1,79-107"°
Crnpaounas Bemuanua: K aqc1 =173 10719,
M pacuera pacrBopumoctu AgCl B uncToil Boae (Spgcy) 0e3 Oombmoit

OLINOKA MOXKHO IIPUHSATE Y+ Aecy =1. Tlomydaem:

[ -5
SAgClchgClzmAgCl: Ks :1,33810 MOJIb/ 11
Onpedeﬂeﬁue Ks C NOMOUbIO XUMUYECKUX DTIeMEHIM08 C NepeHoCoM
B xumMuueckom sjiemMeHTe ¢ IEPEHOCOM OJUH JJICKTPO JOJLKCH OBITH 00-

paTUMbIM 1O OAHOMY M3 HOHOB MaJOPACTBOPUMOI0 COCAUHCHUSA, a BTOpOﬁ

OIIEKTPOX — DJIEKTpofoM cpaBHeHns. Jlns onpenenenust Ky aoc yAOOHO HC-

MOJIB30BaTh JICKTPOXHUMHUUYECKYIO I1IeMb, JUIl KOTOpol MuddQy3HOHHBIH MOTEH-
IIMall CBEAEH K MUHUMYMY:
Pt| Ag| AgCl|KCl(m=0,1)|| KCl(m=0,1)| Hg,Cl, | Hg| Pt
Wsmepenne DJIC mpusenenHoit nemu npu 298 K maer E=0,0456 B.

Borauciisiem moTeHIman XﬂOpCCp€6pﬂHOF0 DJICKTpOJa:

ECl’,AgCl/Ag =FEn—E=0,3341-0,0456=0,2885 B

3amuceiBaeM ypaBHeHHe HepHcra ams xjmopcepeOpsHOro 3yekTpoja Kak

obparumoro o noHam cepebdpa (5.15):

K.
Ry L —E° LB Beagal

. _ - 11.13
CI",AgCl/Ag ~ “Agt/Ag F A" TAgtiAg T F ( )

a,-
Jlanee nemaeM JIOMyIEHHE, YTO AaKTUBHOCTH MOHOB XJIOpa B PacTBOpE
paBHa cpenneit nonHou aktuBHOCTH KCl:
a_=dag =nyy
3HaueHue cpenHero HoHHoro kodd¢ummenta aktuBHoctn KCl mist koH-

uentpauun m=0,1 Monb/Kr Gepem u3 cnpasounuka [10]: v gy =0,770.

W3 ypasrenns (11.13) mpn 298 K naxoaum K aqcy:
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0,2885—E° 1 _0,2885-0,779

o _1g0.1-0,770 =—9,766
0.059 T 0.059 &

IgK¢ aoc1 =

-10
K, agc1 =1.71:10
Pacuem KS,AgCl HA OCHOBAHUU 3HAYEHULL cmandapmnblx 3fleKmpode1x

nomenyuanos E° u E° . .
Cl™,AgCl/Ag Ag'/Ag

DneKTpoabl 2-ro poja o0paTuMbl Kak 10 aHWOHAM, TaK W MO KaTHOHAM
MaJopacTBOPUMOTro dJieKTpoiuTa. B pasa. 5.2 momydeHo ypasaenue (5.17), yc-
TAHABJIMBAIONICE CBS3b MPOM3BEICHHS PACTBOPUMOCTH MAJIOPACTBOPHMOTO CO-
€JIMHEHUS] ¢ BEIUYMHAMH CTaHIAPTHBIX MOTEHIIMAIOB JEKTPOAOB 1-T0 U 2-ro
porna, oOpaTHMBIX IO MOHAM 3TOTO COeTMHEHHUS. B ciaydae mamopacTBOpHMOro

COCJIMHCHUA AgCl 9TO YpaBHCHHEC 6yz[eT COACPKATh CTAaHAAPTHBIC MMOTCHIIUAJIbI

cepebpsroro Ag* | Ag u xnopcepe6psiroro Cl™ | AgCl| Ag 3mexTpoios:

RT
S L =E ——InK pgcy
Ag"/Ag < CI,AgCl/Ag F A8

Peimasi 510 ypaBHEHHE OTHOCHTEIBHO K Agcy, MTOTyYaCM:

ES—E° 0,222-0,799
leKsncct="0050 = o059

-9,78

K

-10
5,AgCl =1,00-10
Takum 00pa3soM, Bce pacCMOTPEHHBIC METO/BI JAIOT BEMUIHHBL K Ao(

Onu3Kue K CIIPAaBOYHOMY 3HAYCHUIO.

11.6. PacyeT MOHHOTO MPOU3BEIEHUST BOIbI

B BOJHOM pacCTBOpEC 11100010 QJICKTPOJIMTA BCCraa NPUCYTCTBYIOT U HOHBI

Bojopona H', u wonsl rugpoxcuna OH ™. T103TOMy BOJZOPOIHBIH 3IEKTPO,

MOMEIICHHBIA B TaKoOM pacTBOpP, MOXKET pacCMaTpHUBATLCA 06paTI/IMBIM OJIHO-
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BpeMenHo n 1o HY, u mo OH ™ monam, a Ju1a pacdeTa MOTEHIHANA >JIEKTPOaA
MIPUMEHUMO Kak ypaBHeHue (5.21), tak u (5.24). Pacuetr moHHOTO Ipou3Beie-
HMe BOjbl K, MPOBOAUTCS B COOTBETCTBUU C ypaBHeHueM (5.27):

0 _ 0
H,0/OH ,H, H'/H,

nkK, =
W RT/F

IMepexons k necatuaHbM Jorapudmam mpu 298K 6ynem uMeTs:

] _E°
H,0/OH",H, H'/H,
0,059

IgK,, =

[MoncTaBinsist B 9TO BhIpaKEHUE 3HAUEHUS CTAHIAPTHBIX MOTCHIINAIOB BO-
JIOPOZTHOTO 3JIEKTPOIa B MIEIOYHOM M KUCIION cpenax, npu 298 K nonygaewm:
-0,828-0
K,=10 %059 —1071% oy pK, =14

11.7. OnpenaesieHue 4Yuces nepeHoca HOHOB

JIis HaxOXKJICHHST YHCel TIEPeHOCa MOHOB B PACTBOPE HCIIOJIB3YETCS Me-
TOJI, OCHOBaHHBINA Ha u3MepeHuH D/]C KOHLEHTPALMOHHBIX LENel ¢ IEPEeHOCOM.

Eciu TpeGyercs, HAIPUMED, ONPEIEUTh Yncia TiepeHoca HoHoB A u

+

M®" nns snexTponuTa M, A, _, TO COCTaBIACTCS COOTBETCTBCHHO 00 KOH-
[EHTPAIlIOHHAsl KaTHOHHAS IeTh ¢ mepeHocoM Tuma (1), mbo aHHOHHAS LeTb
tuna ( K) (em. paza. 9.3.1).

Torza uncio nepenoca anuona A”~ BprumcsieTcs 1o ypasaenuio (9.13):

a
_zZFE 1)

z )
VRT ai(z)

a 4mcyIo mepenoca katnona M” T — o ypasrenuio (9.14):

a
_ zFE In +(2) ’

* VRT ai(l)
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IPU YCIOBUH, YTO M3BECTHBI 3HAYCHUS CPEIHUX MOHHBIX KOI(P(PUIUCHTOB aK-
TUBHOCTHU WJIM HETIOCPEICTBEHHO CPEAHNX MOHHBIX aKTHBHOCTEH JaHHOTO 3JIeK-
TPOJIUTA B 00OMX KOHTaKTHPYIOMHNX pacTBopax. [Ipm 3ToM KOHIICHTpauy IBYX

PpacTBOPOB 1y U my HC NOJDKHBI CUJIBHO pa3IM4aThbCs, TaK Kak 4HucCjia IIEpeHOoCa

HOHOB 3aBHUCAT OT KOHUEHTPAUUM dneKTposuTa. OmpeneneHHble U3 dKCHepu-
MEHTa 4YHcia nepeHoca Oya1yT OTBeuaTh HEKOTOPOH cpeHel KOHLIEHTPALUU 71 .
INockonmpKy dmcia mepeHoca KaTHOHA M AHMOHA CBS3aHBI MEXIy COOO0I

BBIPpA)KCHUCM f+ +l_=l, TO OIpPEACIUB YUCIO IIE€pCHOCa OJHOTO M3 HOHOB

ANEKTPOJIMTA, JIETKO PACCYUTATh M YUCIIO MEPEHOCa BTOPOTO HOHA.

JI1st HaXOKIAeHUsl YKCel TIepeHoca HOHOB BOBCE HE 00s3aTeNIbHO 3apaHee
3HATh CpelHUE WOHHBIE KOY()PHUIMEHTH aKTUBHOCTU dJEKTpoiuTa. JeHcTBu-
TEJBHO, €CJIH, HAIlPUMeEp, COMOCTaBUThL ypaBHeHUe (9.12) i HanpsHKeHUs pa-
30MKHYTO# KaTHOHHOHW KOHIIECHTPAIMOHHOH Ienu ¢ repeHocoM (J), cocTaBieH-
HOW W3 JIByX BOJOPOAHBEIX AJIeKTponoB ¢ snekrpointoM HCl, m ypaBHeHHe
(9.10) nnst DAC caBoennoit nenu (H) ¢ TeM ke 3MEKTPOIUTOM, TO MOJIydaeM
BBIPQKCHHUE, [TO3BOJISIONICE ONPEACTUTh YHCIIO IICPEHOCAa AaHHOHA!

_ED)
~ E(H)

rae E(J) — nanpsbkeHue KaTHOHHOM 1ienu ¢ ieperocoM (J), E(H) — pasHocTh

MOTCHIIMAJIOB Ha KOHIIaX c¢/BocHHoM nenu (H).

[MomuepkHeM, 9To B 00€UX IEMIX MPOTEKAET OJAMH M TOT K€ CyMMAapHBIH
npouece HCl(ay) — HCl(a).

W3 ypaBuenuit Hepucra st anmoHHOM koHueHTpauuonHoi uenu (L)
(9.14) u cnBoennoii nenu (G) (9.9), cyMMapHBIif poLIecC B KOTOPBIX MEpeaaeT-

cst ypasuennemM HCl(ay) > HCl(a,), nomxydaem BbIpakeHHE UIS 4ucia ITepe-

HOCa KaTuoHa:

, _E®)
T E(G)
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11.8. IloTeHHOMeTpHYECKOE TUTPOBAHUE

3amayeii J000r0 TUHTPUMETPHUECKOIO METO/IA aHAIN3a SIBISETCS ONpeie-
JICHHE KOJMUYECTBA aHATH3UPYEMOro BEIECTBA HA OCHOBAaHUU U3MEPEHUS KOJIU-
4yecTBa (KOHIEHTPANN) mumpanma — BEIeCTBa, UCIOIb3yeMOT0 IS THTPOBa-
Hust. OKOHUaHKME TUTPOBAHUS ONPENEISAIOT M0 MOUYKe IKEUSANEHMHOCMU, KOTO-
PYIO YCTAaHAaBIUBAIOT PA3IMYHBIM CIOCOOOM (B 3aBUCHMOCTU OT IPUMEHSIEMOTr0
METO/1a FCCIIEAOBAHNS), B IIPOCTECHIIIEM CIydae — M0 M3MEHEHHUIO OKPACcKH MHTH-
KaTopa, 100aBIsIEeMOT0 B TUTPYEMBIH PacTBOP.

Ilpu nomenyuomempuueckom mumposanuy aHATU3UPYETCS U3MEHEHHE
MOTeHIIANIa MHINKATOPHOTO AJIEKTPOJa OT COCTaBa MCCIETyeMOTOo pPacTBOpA.
KonuuecTBeHHOE omnpejiesieHne METOAOM MOTEHIIMOMETPHYECKOIO TUTPOBAHHS
BO3MO>KHO IIPU TOM YCIOBUH, YTO AHAIU3UPYEMBIH KOMIIOHEHT SIBIISIETCS] y4acT-
HHUKOM 3JIEKTPOJHOTO OKHCIUTEIHHO-BOCCTAHOBUTEIBHOT'O TIPOIIECCa.

[NoTeHIMOMETPHYECKOE THTPOBAHUE MPOBOAAT IO CIEAYIOMIEH CXEMeE.
W3BecTHBIN 00BEM TUTPYEMOIO PacTBOpa 3alIMBAIOT B COCY[, B KOTOPBIH MoMe-
IIaeTcsd MHAUKATOPHBIN AIICKTPO, T.€. MEKTPOJ, Pearnpyromuil Ha H3MCHEHHE
aKTUBHOCTHU (KOHIIEHTpAIMK) aHATH3UpyeMoro BemecTBa. Cocys ¢ HHIUKATOP-
HBIM 3JIEKTPOJIOM COEAMHSIOT ¢ KaKUM-JHOO JJIEKTPOJOM CpaBHEHUs, 00pa3ys
UIEKTPOXUMUYECKYIO LETh (TallbBAHMUESCKHN JICMEHT).

K pacTtBOpY MCClemyeMoro BemecTBa MOCTEIIEHHO NMPHOABIIAIOT PacTBOP
B3aMMOJICHCTBYIOIIETO C HUM peareHTa N3BECTHON KOHICHTPAINH — CIAHOAapm-
HOLI, Ulu mumpogannslll, pacmeop (TUTPAHT). B pe3ynbraTte XUMHUYIECKOTo B3a-
NMOJCHCTBHS TUTPAHTA C AHATM3UPYEMbIM BEIICCTBOM KOHIIEHTpANUs MOTCH-
I[UaJI-ONPECNAIOINX HOHOB B PACTBOPE CHMXKACTCS, BCICACTBHE YErO M3MEHS-
erca 3HaueHue DJIC COCTaBICHHON INIEKTPOXUMUYECKOH LEmH. 3aBUCHMOCTH
n3MepsieMoil B mpouecce TurpoBaHus DJIC oT o6bema BBEAEGHHOrO TUTPAHTa

E = f(V) npencraBisieT co00it Kpugyio nomenyuomMempuiecko2o0 mumposanius

(puc. 26a).
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Puc. 26. Kpupble NOTEHIMOMETPUUECKOTO TUTPOBAHUS:

a — MHTCerpaibHast KpUBask TUTPOBAaHUS, 0 — muddepeHnnanbaas KpuBas THTPOBAHUSL

Ha unTerpanbHoOil KpUBON NOTEHIMOMETPUYECKOIO TUTPOBAHUS MOMKHO
BBIJIEIIUTH TPU XapaKTEPHBIX y4acTKa, OTIMYAIOIIUECS TEMIIOM M3MEHEHUs I10-
TeHIMala MHAUKATOPHOTO AJIEKTPOJa IO Mepe BBEICHHUSA B aHAIU3UPYEMBIH
pacTBop TUTpaHTa (puc. 26a). B 00:1acTH 10 TOYKU SKBUBAIEHTHOCTH (IIpUMEp-

HO 10 npuiuBanus 90 % TeopeTHdeckr HEOOXOAMMOTO KOJMYECTBA THTPAHTA)
MIPOMCXONT MEUICHHOE MOHOTOHHOEC W3MEHEeHHe TOTeHImanaa. Ha cpemHem
yYacTKe KPHBOI Take HE3HAUNTEIFHOE T00aBICHUE TUTPAHTA BEI3BIBACT PE3KOE
M3MEHEHHE TOTEHIMa a deKTpoaa. 11o AToMy pe3koMy H3MEHCHHIO (CKa4Ky)
JIIEKTPOJHOTO TOTCHIMANa Ha KPUBOH THUTPOBaHUS (Teperm0y Ha KPHBOI
E=f(V) n onpeaenstoT TOYKY SKBHBAJIECHTHOCTH (T.3.), B KOTOPOH KOJIHYECT-
BO 100aBJICHHOTO B PAaCTBOP THTPAHTA CTPOTO SKBHBAJIECHTHO KOJIMYECTBY OIpe-
JleNeMoro BemiecTBa. [Ipn manmpHeleM mo0aBIeHHH THUTPAaHTa TEMI H3MEHe-

HUSI TIOTEHIIHAA BHOBD CYIIECTBEHHO 3aME/IJISIETCA.

B ciyuae, koraa TOYHOE HAXOXKJIEHHWE TOYKH SKBHBAJICHTHOCTH 10 HHTE-
rpanbHOi KpuBol E = f(V) He mpencraBiseTcss BOBMOKHBIM (HampuMep, Ma-
JIbIe 3HAYCHUS] KOHCTAHTBI PABHOBECHsSI XUMHYECKOH PEakiMu), NpHOeraiT K

noctpoeHuo auddepeHaTbHOl KPUBOH THTPOBaHHSA, T.€. 3aBUCHMOCTH

dE
W: f (V) (puc. 260). Touka S5KBUBAJIEHTHOCTH ONPEACISAETCS 1O IKCTPEMaTb-

HOU Touke (MaKCUMyMY) Ha TuddepeHIaIbHON KPUBOIA.
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MetoJ MOTEHLIMOMETPHUYECKOTO TUTPOBAHUs IO3BOJNSET MCHIOIb30BATh
JUISl aHAJIMTUYECKOTO OTIpeeIeHHs CyOCcTpaTa pasindHbIe 110 MPUpPOJIe XUMHUYe-
CKUE PEaKIMU: KHUCIOTHO-OCHOBHOTO B3aUMOAEHCTBUS, OCAKACHUS, OKHCICHUS -
BOCCTAHOBJICHHUS, KOMIUIEKCOOOpa3oBaHus. [y Kakq0i KOHKPETHOH aHaIUTHU-
YeCcKOW 3a7auul MOoA0UPAETCs] COOTBETCTBYIONIMI WHANKATOPHBINA DIIEKTPOJ, MO-
TEHLHAJI KOTOPOro 3aBHCUT OT KOHIEHTPALUH OMPEAEIIEMOro HOHa, a MOCTO-
POHHME HOHBI IPAKTUYECKU HE OKA3bIBAIOT BIMSHUS HA €r0 BEIUUYHHY.

Tak, B clydae KUCIOTHO-OCHOBHOTO TUTPOBaHHS B Ka4eCTBE MHIUKATOP-
HOTO 3JI€KTPOJa UCIOIb3YIOT CTEKISAHHBIN 31eKTPOJ, MOTEHIMANl KOTOPOro JIn-
HelHo 3aBucuT oT pH cpenbl B IIMPOKOM UHTepBalle 3HaueHui pH.

Ha puc. 27 npuBeneHbl KpUBble IOTEHIUOMETPUUECKOTO TUTPOBAHUS CO

CTEKJISIHHBIM 3JIEKTpojioM pactBopoB cuibHoii (HCl) u cnaboit (CH3COOH )

KHCJIOT PacTBOPOM CHIIBHOT0O ocHoBaHus ( NaOH ).

E.B

N
T3 VNaOH-MT

Puc. 27. KprBble NOTEHIIMOMETPUYECKOIO TUTPOBAHMS

pactBopoB cuibHOU (1) 1 cnaboii (2) KUCAOT CUITBHBIM OCHOBAaHHEM

Kak BumgHo u3 puc. 27, xpuBast TUTPOBaHUS claboil KUCIOTHI (2) Gosee
rmoJiorasi, YeM B CiIy4ae CHIbHOU KMCIOThI (1), a CKavyoK MOTeHIIMala, OTBEYato-
LU SKBUBAJICHTHOW TOYKE, HE CTOJb pe3kuid. [lo »Toii mpuunHe onpeneneHue

9KBUBAJICHTHOM TOYKH JIJIs c1a0bIX KHCIIOT MEHEE TOYHO, YEM [1JIs1 CUJIBHBIX.
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HOTGHL[I/IOMeTpI/I‘-IeCKOC TUTPOBAHUC YCIICHIHO MPUMECHACTCA U Jid aHa-

JIM3a CUCTEeM, COAEPIKAIIMX HECKOJIBKO BellecTB. I[IycTh pacTBOp COAEPKUT ABE
coi, qucconuupyromnme ¢ oopasosanueM annoHoB Cl- u [ . TTockonbky oba
YOHa 06pa3yIOT MaJOpPAcTBOPHUMBIE COSIMHEHHS ¢ MOHOM Ag™, To menecool-
pa3HO BBIOpATh MOTEHIMOMETPHYECKOE THTPOBAHHUE MO METOIY OCAXKICHHUS C
HOHHO-METAITHYECKIM cepeOpsHbIM d1ekTponiom (Ag' | Ag).

IloTeHnoMeTpruYecKoe OIpeNeIeHue KOHLEHTPAlU HOHOB, KOTOpbIE
00pa3yroT MaJopacTBOPHMBIC COCTUHEHUS C OJHUM M TE€M K€ TUTPAHTOM, BO3-
MOKHO, €CJIM IIPOU3BEJCHUS PACTBOPUMOCTU 3THX COEAMHEHUH CYIIECTBEHHO

paznnuarotest (He MeHee, 4eM Ha 3 mopsiika). [IoCKONbKy MpOW3BEACHHE pac-

TBOPUMOCTH Hoauaa cepebpa (K Ag1=8,10~10_17) ropassio MEHbLIE, 4eM

xnopuza cepedpa (K aoc :1,73~10_10), TO AHAJIUTHYECKOE ONPEICICHUE
KOHIIEHTpali yKa3aHHLIX aHHOHOB IIPU MX COBMECTHOM IPHUCYTCTBUM B pac-
TBOPE JJAHHBIM METOJIOM BIOJIHE OCYIIIECTBHMO.

KpuBble NOTEHIIMOMETPUUYECKOIO TUTPOBAHUS CMECH COJIEH rajoreHuI0B
xamms (KCl n K1) pactBopom HuTparta cepebpa Mo METOLY OCAKICHHUS TIPE]l-

CTaBJICHBI Ha pHC. 28.

£ .mMB
600

400

[CI + Ag* > AgCLL|CL™ + Ag" — AgClY

[T +Ag" > Agld

0 150 Vo
Puc. 28. Kpusble TUTpOBaHUS XJI0pUA-HOHOB (1) M MX cMecH ¢ noaua-uoHamH (2)

pactBopoM AgNO; ¢ NCTIOTB30BAHUEM CEPEeOPSHOTO HHINKATOPHOTO JIEKTPOIa
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[Ipn HanMM4MKU B pacTBOpPE TOJIHKO XJIOPHUJA MIEIOYHOIO METaIa Ha KpH-
BOW MOTEHIIMOMETPHYECKOTO TUTPOBaHU (KpuBas 1) OymeT HabIronaThCA eAUH-
CTBEHHBIH Meperud, Mo KOTOPOMy OIpPEAEISIETCS TOUKa SKBUBAJIICHTHOCTH.

Pacuer KOHIEHTpAaLUK XJIOPUA-MOHOB B PAacTBOPE B COOTBETCTBUM C 3a-
KOHOM S5KBHBAJICHTHOCTH IIPOM3BOAUTCS IO HIKETIPHBEIACHHOMY YPaBHEHHIO

((baKTOp SKBUBANEHTHOCTH JUISL 0GOMX DIEKTPOIMTOB OJUHAKOB, [ =1/1):

oo = CAENO; VagNo,
KCl — % >
KCl
TIIe CAgNO, — KOHUEHTPALMS PacTBOpa THTPAHTA, Monb/ 11, Vi) — 00beM aHa-
JIU3HPYEMOT0O pacTBOpa, MII, VAgNO3 — 00beM THTpaHTa,MII.
IIpucyrcrBue B pacTBOpe ABYX COJIECH MPUBOJUT K IIOSBICHUIO Ha KPUBOKI
TUTPOBaHMA YK€ JBYX TOYEK HKBHUBAJIEHTHOCTH (KpuBasg 2). Ha mepBom sTame

Ipu 100aBIEHUH K HCCIETyeMOMY PacTBOPY HUTpaTa cepedpa UAET OCaKACHHE

Agl, MOCKONBKY €ro Mpou3BeICHNUE PACTBOPHUMOCTH IOpa3io MEHBIIE, a 3aTeM
BhIMagaeT ocanok Ooiee pactBopumoro AgCl. Torma mepBas Touka SKBHBa-
JeHTHOCTH (T.3. (1) oTBedaeT o6bemy AgNO 3, mouleanieMy Ha THTPOBaHHE CO-

mu KI, BTOpas Touka S5KBUBaJEHTHOCTH (T.3.(2) — 00BeMy TUTpaHTa, 3aTpayeH-
Homy Ha B3anmojelctBre ¢ KCl (B orcyrcTBum coocaxnenus Agl u AgCl).
MeTo MOTeHIIMOMETPHYECKOTO TUTPOBAHUS UMEET PSIT IPEUMYIIECTB 10
CPaBHCHHUIO C BH3YallbHBIMH METOJAMU aHAM3a: OH 0ojiee 4YYBCTBHTEICH, a
IIPH €T0 HCIOJIB30BAaHUH HCKIIIOYAeTCsl CyOhEeKTUBHAS OIMMOKA B OINPENEICHUN
KOHIIa TUTPOBAHUs, MO3BOJISICT MPOBOAUTH ONpPECIICHUE aHAIM3UPYEMOro Be-
IecTBa B OKPAIIEHHBIX M MYTHBIX Cpelax, IJe HEBO3MOXHO HCIOJIb30BAHHE
LBETHBIX HWHIWKATOPOB. MeTol MOTEHUHOMETPUYECKOT0 TUTPOBAHUS MOXKET
MIPUMEHSITECS JIJISl aHATTN3a MHOTOKOMIIOHEHTHBIX CMECel BellecTB 0e3 UX mpe-
BapUTEIBHOTO Pa3/ICICHHs, YTO 3a4acTy0 3aTPYAHUTEIBHO MIPH UCIIOJIb30BAHUI

MHOTUX APYTUX METOAOB.
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12. XUMHUYECKHUE NICTOYHUKHA TOKA

XuMudeckue TagbBaHUUECKUE DJIEMEHThI UMEIOT Ba)KHOE MPAKTHUYECKOE
3HAYEHHE, MTOCKOJIBKY JIFOOOH M3 HUX MOXKET CIYKHTh XUMHYECKHM HCTOYHU-
KoM 3jekTpudeckoro toka (XWT). BaxkHO MOAYEpPKHYTH, YTO T'abBaHUYCCKHEC
AJIEMEHTHI SIBISIFOTCS aBTOHOMHBIMH HCTOYHHKAMH JHEPromuTaHus. B raneBa-
HUYECKHX JJIEMEHTaX HET MEXaHWYECKHX TPYIIMXCS JeTaledl W MOTOMY OHHU
OeciryMHBI B paboTe M CIIOCOOHBI K JUIMTEIBHOW SKCIUTyaTallMd B IIMPOKOM
JTUara3oHe U3MCHEHHS BHEIIHUX YCIOBUiIl. XUMUYECKHE UCTOYHUKU TOKA HaXO-
JIAT MIMPOKOE NMPUMEHEHNE B TEXHHKE — OT KapMaHHBIX (POHAPHKOB, MOOWIIb-
HBIX TeNe(OHOB, pa3HOOOPa3HOW ayaHo- W BHICOANIIapaTyphl 10 YHEProycra-
HOBOK IOJIBOJHBIX JIOJOK U KOCMUYECKHX KOpadiiei.

XuMHYeCKHe HCTOYHUKN TOKA ACIATCS HA UCMOYHUKU 0OHOPA308020 Oeli-
cmeus W nepsuytble UCMOYHUKY MOKa (3TO TI0 CYIIECTBY XUMHUYECKHE Tallb-
BaHMYCCKHE DJICMEHTHI C IEPEHOCOM HIIH 0€3 IIEPEHOCA) U UCHMOUHUKU MHO20PA-

306020 Oelicmeus UIN 6MOpUUHbLe UCMOYHUKY MOKA (AKKYMYJIATOPSI).

12.1. llepBuYHbIe U BTOPHUYHBIE HCTOYHHUKH TOKA
IIpesuunsvie ucmounuku moka
4] MPOMBIIIJIICHHOUCTIOJIB3YEMbIX TICPBUYHBIX (0)1Hopa30131)1x) HCTOYHH-
KOB TOKa Han0oJjiee N3BECTHBIM SIBIISICTCS MapraHLeBO-LIMHKOBBIN dJIeMeHT JIek-
JIaHIIe.
VYcmoBHas 3ammch deMeHTa JlexmaHme (¢ COJIEBBIM ANEKTPOIUTOM) MO-
KeT OBITH NPECTABICHA C IOMOLIBIO CXEMBI:
2 Zn|ZnCl,, NH4«Cl, MnO, |C &
Kak Buzmno, smement Jleknanme (£ =1,45 B) coctonTt u3 HOHHO-MeTan-
JIMYCCKOr0 NUHKOBOT'O JJICKTPOAA U OKUCIUTEIbHO-BOCCTAHOBUTEILHOI'O TBEP-
JOTO MapraHIeBOro 3JIeKTpona. IIepBbId CIyKHT OTPHLATEIBHBIM IIOIIOCOM

OJICMCHTA, BTOpOﬁ — INOJIOKUTCIIBHBIM.
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DIEKTPOXUMHUUECKHE TPOIIECChl, MpoTeKatomue B snemMente Jleknanie,

JOCTATOYHO CJIOKHBI. HpI/I6J'II/DKeHHO MX MOHO BBIPAa3UTh YPABHCHUAMMU:
MnO, +H" +¢~ = MnO(OH)
2+ 4 _ _
Zn+ 2NH,Cl = Zn[(NH3), |7 +2H" +2C1 + 2¢

TokooOpasyromas peaxius:

Zn+2MnO, + 2NH,Cl=| Zn(NH; ), |Cl, + 2MnO(OH) (A)

VYerpoiicTBo snemenTa Jleknanie ctakaHduKoBoro Tumna (puc. 29).

~

Puc. 29. Dnemenr Jleknanue:
1 - OeclIOBHBIN IUHKOBBIH CTAKAaHYMK (OTPULATEIILHBIN 3JIEKTPO.); 2 - M30JMPOBAHHBIN KOP-
yC M3 TOHKOW CTasm; 3 - rpaMTOBBINA CTEPKEHB (IOJOKUTEIBHBIHA IIEKTPO); 4 - OpUKET U3
CIPECCOBAHHOI aKTUBHOM MacChl MOJIOKUTEIBHOTO IEKTPOJIA; 5 - MacTO00pa3HBIi 3JIeKTPO-
JHT; 6 - CBOOOIHOE TIPOCTPAHCTBO; 7- N3OJIALMOHHBIC TPOKIAKY; § - METAIIMYECKast KPbILLI-

Ka; 9 - MeTaJNINYeCKUii KOHTAKTHBIN KOJIIMa4yoK

CrakaHYMKOBbIE JIEMEHTHl UMEIOT LMIMHAPUYECKYIO (pHc. 29) wiu nps-
MOYToJbHYIO (opMy. TOHKOCTCHHBI LWHKOBBIA CTaKaHYUK |, BBIOIHIS

(YHKIIIO SalIUTHOrO Kopmyca (TpH OTCYTCTBHH 3aIlIUTHOH METaUTHIeCKON
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000JI04KH), OJJHOBPEMEHHO SIBIISIETCSI OTPUIATEIBHBIM DIIEKTPOIAOM (aHOJIOM)
snemeHTa Jleknanmie. B cpenHell yacT HaXOAMTCS TaK Ha3bIBa€Mblil “‘ariome-
par” 4 — akTHBHas KaTOJHAs CMECh M3 CIIPECCOBAHHOTO THOKCH/IA MapraHIa M
rpadura ¢ 706aBKOIl TEKTPOIUTA, B KOTOPYIO BIPECCOBAH YTOJbHBINA CTEPKEHb
3, ciyKaluii MOJOKUTEIBHBIM JJIEKTPOJIoM (KaTogoMm). B BepxHeit wacTtu aie-
MEHTa UMEETCSI TIPOCTPAHCTBO ISl PACIIUPEHHS 6, CITy)Kamee sl CKOIUICHUS
ra3000pa3HbIX IPOIYKTOB caMOpa3psijia U pa3psiia — BOJOPOa M aMMHUaKa.

Jlisi CHW)KEHHSI CKOPOCTH KOPPO3MM B LIMHKOBBIA aHOM M DIICKTPOJIHUT
aneMeHTa JlekaHIie 700aBISIOT HHTHOUTOPBI KOPPO3HH.

B menounom ananore snemenTa JlekiaHiie OTpUIATEIbHBIM U TIOJI0XKHU-
TEJIEHBIM 3JIEKTPOJAaMH CIIyKaT Te e MaTEepPHaJbl, YTO B COJIEBOM JJIEMEHTE, a
JNEKTPOIUTOM — TeneoOpasHblil KOHIEeHTpupoBaHHbIH pacTtBop KOH. O6mee

YpaBHCHHUEC TOK006pa3y}0mero mnmponoecca MMECT BU:

Zn +2MnO, + 2H,0 = Zn03~ + 2MnOOH + 2H" (B)

B kadecTBe okucauTENCH B COBPEMEHHBIX IIEIOYHBIX DJIEMEHTaX IIOMHMO
OKCHJ]a MapraHiia TaKkKe IPUMEHSIOT OKCUABI MEJH, HUKEIs, PTyTH, cepebpa. B
Ka4ecTBEe aHONA HapSAAy C TPAJAWIMOHHBIM ITMHKOM, WCIONB3YIOT KaJMHUH, HHU-
KeJIb, JKEeJe30.

B mocnenHne roapl BCe MIMPE UCTIONB3YIOTCS TUTHEBBIC HCTOYHUKH TOKA,
(ocobeHHO B MOPTATHBHBIX YCTPOWCTBax). [IpuMeHeHHe TUTHSA B Ka4eCcTBE OT-
PHUIATEITHHOTO AJIEKTPOJIa MO3BOJIMIO Pe3Ko (B pa3bl) YBEIMYHUTH Kak padouee
HaNpspKEHHE HCTOYHHKA TOKA, TaK M €0 YISIBHYI0 eMKOCTb.

CpoK 3KCIUTyaTallud XMMHYECKUX MCTOYHHKOB TOKA OJHOPA30BOTO Jei-
CTBHS OTPAaHUYHMBACTCS: 3al1aCOM AKTUBHON MAacCChl OTPUIATEIFHOTO 3JIEKTPOAa
(aHoma), pacxomyrouieics B TOKOOOpa3yloliel peakiuy, CHIKEHHEM eMKOCTH
MOJIO)KUTEIBHOTO 3JIEKTPO/a BCIICACTBUE MPOTCKAHUS HAa HEM TEX WM HHBIX
(U3UKO-XUMHYCCKUX TPOLIECCOB, PUBOSIINX K H3MCHEHHIO €r0 CTPYKTYPBI U

COCTaBa, U CaMOpa3psAA0OM IIpU XpaHEHUHN B Pa30OMKHYTOM COCTOSHUU.
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IlepBUuHBIC UCTOYHUKU HE TEpe3apsKaroTcs, T.€. U3PACXOJ0BAHHBIC aK-
THUBHBIE MaTePHAIBI HE MOTYT OBITh B HUX PETEHEPUPOBAHBI MM 3aMeHEHHI. [1o-
3TOMY KOT/Ia TaKHe MaTepHallbl PACXOAYIOTCSI TOJHOCTBIO (WJIH B CYIIECTBECH-
HOM CTeNeHH), MIePBUYHBIM HCTOYHUK TOKA TePAeT CIIOCOOHOCTh BhIpPAaOaTHIBATh

IEKTPUIECKYIO YHEPTHIO U IOJKEH OBITh 3aMEHEH.
Bmopuunsie ucmounuxu moka (AaKKymyasamopot)

HCTOYHHKM TOKa MHOT'OPa30BOT0 JEHCTBHS WJIM BTOPUYHBIC MCTOYHHKH
TOKa XapaKTEePH3YIOTCS CIIOCOOHOCTHIO BOCCTAHABIHMBATH 3aIlac aKTUBHOW Mac-
CBI B TIpOIIECCe 3apsijia U TIOATOMY MOTYT OBITh HCIIOJIB30BAHBI MHOTOKPATHO.

PaccmoTrpuM mpuHIIMT paboTHl HauboJIee PACcIPOCTPAHEHHOTO Tepe3apsi-
YKAeMOTO 3JIEMEHTa — CBUHIIOBO-KHCIIOTHOTO aKKyMYJIATOpA.

Ceunyoso-kuciomusiii akKyMyasamop COCTOUT U3 MOJIOKUTENBHOTO U OT-
PHUIATEIBHOTO DJIEKTPOJIOB, CEMAapaToOpOB (Pa3JeUTeNbHBIX PEIIETOK) M JJICeK-
TpoiuTa. [IOJIOKHUTENBHBIA DJIEKTPOA  TPEIACTABISIOT CO0O CBUHIIOBYIO pe-
mETKY ¢ aKTUBHBIM BEIISCTBOM B Bue nuokcuaa ceunia (PbO,). Orpunarens-
HBIN DIIEKTPOA TaK¥Ke MPEACTABIAIOT COO0H CBUHIIOBYIO PEHIETKY, 2 AKTUBHBIM
BEIIECTBOM sBJIsIeTCS TyOouaThiii cBuHel] (Pb). DiIeKTposMTOM CIIY)KUT KOHICH-

TPUPOBAHHBIN pacTBOp cepHOil kucaoTsl (35 — 40 %):
& Pb|H,SO,4 |PbO, |Pb @

Ha DJICKTPOJaX CBUHIOBO-KHUCIOTHOI'O aKKyMYyJIATOpa HOPOTCKArOT Clie-

JAYHOHIHUEC DJICKTPOXUMHUYCCKHUE ITPOILECCHI:

pa3psn

@ PbO, + HSO +3H" + 2™ 2> PpSO, +2H,0, ES =+1,685B
3apsj
& Pb+HSO; e PbSO, + HT —2¢™, E? =—0,359 B
3apsj

CyMMapHast TOKooOpa3yromas peakius:

Pb + PbO, + 2H,S0, o2 2PbSO, + 2H,0, E° =+2,044B (C)
3apsiz
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Taxum 00pa3om, B mpolecce dKCIUTyaTallui aKKyMyIsITopa HaOIro1aeTcs
pacxoJl0BaHUE CEPHOI KHUCIIOTHI U €€ KOHIIEHTpalus B pacTBope cHmkaercs.. Ha
000HX NIEKTPOAAX TP 3TOM (POPMHUPYETCSI MAJIOPACTBOPUMBIH CyIb(haT CBUHIIA
(IPOMCXOAUT TaK Ha3bIBaeMasl JBOMHAS Cyab(aTalys NEKTPOIOB).

B cootBercTBuM ¢ cymmapHoii peakuueit (C) 9C cBUHLIOBO-KHUCIOTHOT'O

AKKYMYJISTOPa BBIPAXKAETCsl YPaBHEHUEM:

2

a a,
E:Eo_%ln%:Eo_ﬂlnH_zo
9502+ 4,50,

B 3aBucumoctn ot KOHICHTpAalIuN KHUCIIOTBI QI[C 3apsKCHHOI'O 3JICMCHTA

mpu 298 K coctasnsier 2,05—2,15 B u B xo1e paboThl MOCTENEHHO Ma1aeT.

[Ipu nponyckaHuK TOKa B IPOTUBOIOIOKHOM HAMPABIEHUH OT BHELIHET O
HCTOYHHMKA TOKAa B aKKyMYJIATOpE MPOTEKAOT 0OpaTHBIE IPOIECCH, a IMEHHO,
AKKyMYJIATOP 3apsDKaeTcsi, M CHCTeMa BO3BpAIAeTCs B MCXOTHOE COCTOSHUE,
BOCCTAHABJIMBAS 3aI1ac AKTUBHOH MacCHI 3JIEKTPOJIOB.

TaxuMm o6pa3om, B OTIHUYHE OT NMEPBUYHBIX UCTOUHUKOB TOKA JUIA CO37a-
HUSI BTOPUYHBIX UCTOYHHMKOB JJIEKTPUYECKON SHEPTUH — aKKyMyISTOPOB HpHU-
MEHSIOTCSI TOJNBKO OOpaTHMBbIe 1eKTposl. [ToBTOpeHne MUKIOB pa3psa-3apsi
(HeCKOIBKO COTEH, a /sl HEKOTOPBIX THIIOB O0Jiee THICSYH) MO3BOAET HCIOb-
30BaTh CBUHIIOBBIH aKKyMYJIATOD (M JIF0OOH Ipyroif) MHOrOKpaTHO.

Kak # B ciay4ae mepBHYHBIX MCTOYHHKOB TOKa OOJBIIOE PACIIpOCTpaHe-
HUE MOJyYUIH JIUTHEBbIE, a TOUHEE JUTUNH-UOHHBIC U JTUTHH-TIONUMEpHBIC aK-
KyMynaTopbl. Tak jkeé Kak B NEPBHUHBIX JTUTHEBBIX 3JIEMEHTAX, EPEHOCUUKOM
TOKa BO BTOPUYHBIX JHTHEBBIX HMCTOYHHMKAX TOKA SABIAIOTCS HOHBI JIUTHA, HO
AQHOJIOM CITY)KHT HE METAJUITMYCCKUH JINTHH, a YIIEPOAHBIH MaTepHal Co CTPYK-
Typoit Tuna rpadura. B xauecTBe kaToJa HCHONB3YIOTCA OKCH/BI KOOAIbTa, HU-

Kenst WM JuThii-mapranuesbie mmuHenan (LiMnOy). DnextponutoM cimyxkat

HEBOJHBIE TeIe00pa3HbIC PACTBOPHI COJICH TUTHS.
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[Tpu paboTe MUTUH-MOHHOTO aKKyMYJIATOpa B PEKUME paspsia MPOUCXO-
JIUT JIEUHTEPKAISIHS (BBIXO/) TUTHS U3 YIIIEPOJHON MATPHUIIBI AaHO/A U €T0 WH-

TCPKAJAAIUA B KaTOM. HpI/I 3apsac nmpouecCobl UAYT B O6paTHOM HaIlpaBJICHUM:

paspsia

Li;_,CoO,+ xLi* + xe” &———= LiCo0,
3apsz
. — __paspan .
CLi, — xe 2> C+ aLi*
3apsij
CyMMapHBIi Iporiecc:
. . paspsn .
Li;_,CoO,+CLi, &=——= C +LiCo0O, (D)
3apsi

Pabouee HampspkeHHE JTUTUEBBIX aKKyMYJSITOpoB pocturaer 3,5 — 3,7 B,

a EMKOCTb — COTCH aMIICp-4acoB.

12.2. ToniuBHBIE 3JI€MEHThI

Oco0yro Tpymiry raJbBaHHYCCKUX HJICMEHTOB NPEJCTABIAIOT TaK Ha3bl-
BaeMbI€ TOIUTHBHBIEC YJIEMEHTHI (3JEKTPOXUMUICCKHE TCHEPATOPHI ).

Ha coBpeMEHHBIX TEIUIOCHIOBBIX YCTAHOBKAX XUMHYECKAsi JHEPIHs TOTI-
JMBa CHayaja MPEeBpallaeTCs B TEMJIOBYIO SHEPIUIO, 3aTeM B MEXaHHYECKYIO
SHEPTHUIO TypOWH M, HAKOHEI], B YICKTPHUCCKYIO YHEPTHIO:

XUMHYECKasi SHEPTUS — TETUIOBAsi — MEXaHW4ecKas — DIIEKTpUYIecKas

OdeBUIHO, YTO MPH CTONb CIOKHOM MHOTOCTYIIEHYATOM IIpoIiecce Tpe-
BpaIlleHUs] XUMHUECKOH SHEPTrUuM B DIEKTPUUECKYI0 HEH30€KHBI 3HAUYNUTEbHbIC
norepu dHepruu U kodppunuent noneszHoro aeiictus (KIIJ) termoBeix ma-
mvH He npesbimaer 30 —40 %.

Tonnusnvim 2nemenmom (TD) Ha3BIBAIOT YCTPOHCTBO, B KOTOPOM XHUMHU-
geckasi 9HEPTusl KaKoTO-JTHOO TOIUIMBA UM MPOIYKTOB ero mepepadotku (Ha,
CO u 1p.) yTeM 3IEKTPOXUMHYECKOTO OKHCICHHs HerocpencTBeHHo (0e3 ka-

KHX-TTHOO0 TIPOMEKYTOUHBIX CTAIHN) IpeoOpa3yeTcs B dJIEKTPUIECKYIO.
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Y CI0BHO TOIUIMBHBIN JIEMEHT 3aIMCHIBACTCS CICAYIOLIMM 00pa3oM:
© M | TOruMBO | 3eKTpONHUT | oKucauTens| M @

HpI/IHI.lI/IHI/IaJ'ILHaH CXE€Ma TOIUIMBHOI'O 3JIEMEHTA IPUBECJICHA HA pUC. 30.

3MEKTPUYECKHUI TOK

TOIUIMBO —= =—— OKHCJIUTCJIb
(Hp) (02)

%
ook

R

GRS

7
oFatetet
7

%5
T
Statels

OCTaATOK TOILNINBA =— — BOJa + TCIJIOTA

(Hp) aHOA KaTox
3JICKTPOJIUT

Puc. 30. [IpuHMnuanpHas cxeMa BOJOPOIHO-KUCIOPOTHOTO DIIEMEHTa

F33006pa3Hoe WA KUAKOC TOIJIMBO IMOCTYMNACT HA aHOJ (OTpI/II.laTeJ'ILHHﬁ

nositoc TD), Tie MPOUCXOAUT €ro dIEKTPOXUMHUIECKOEe OKUCICHUE:

TOITMBO = MPOIYKT OKHUCICHUS + ze
B kauecTBe TOIIMBA B TOIJIMBHBIX JIEMEHTAX MOXKHO HMCIONIB30BaTh Ho,
C, CO, CH;0H, N,H, u psin apyrux “Toruius”.
Ha karon (momoxxutensHeIN momtoc TO) momaeTcs OKUCINUTENb, KOTOPBIM

00BIYHO CIIY)KUT YUCTBIN KHUCJIOPOA MJIM KUCJIOPOJ BO3ayXa:

OKHCIIUTENb + z€ = IPOJYKT BOCCTAHOBJICHUS

MeXaIeKTPOAHOE MPOCTPAHCTBO 3AMOTHACTCS JEKTPOIUTOM, KOTODPBIN
MOXKET OBITh KUAKAM, TBEPBIM MM PACIIABOM, T.€. OKHCIUTEIbHBIE U BOCCTa-
HOBHTEJIbHBIE TIPOLIECCHI B TOIUIMBHOM DJIEMEHTE ITPOCTPAHCTBEHHO PA3/ICIICHBI.

CyMMapHast peakius:

TOIUIMBO + OKHUCIHTENb = MPOAYKTHI CTOPAHHS + SJIEKTPHIECTBO

Takum 00pa3oM, B TOIUIMBHOM JIEMEHTE PEAIM3YeTCsI PEaKLUs OKHCIIe-

HUs (CrOpaHus) TOIJIMBA, B pe3ylbTaTe MPOTEKAaHHUS KOTOPOH BhIpaOaThIBACTCS

QJICKTPUYCCKasa SHCPIusi.
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OTIUYUTETHHON 0COOCHHOCTHIO TOILTHBHBIX 3JICMEHTOB SIBISICTCS TO, YTO
ANEKTPOXUMHUUYECKU aKTHBHBIE BEIIECTBA HE 3aKJIAJBIBAIOTCS 3apaHee B KOPITYC
W3TOTABIMBAEMBIX 3JICKTPOAOB, KaK JJIs OOBIYHBIX MCTOYHHKOB TOKa. Boccra-
HOBHTENb (TOIUIMBO) U OKHCIUTENb (KHCIOPOJ) MONAIOTCS B TOIUTUBHBIN die-
MEHT U3BHE IT0 MEpe X PACXOJOBAHHSA, U dICKTPHUYCCKAsT YHEPTHsl BEIpabaThIBa-
€TCsI IO TeX MOp, TOKa TOIUIMBO M OKHCIUTEIh MOCTYMAOT B TOIUIMBHBINA dje-
MeHT. CleoBaTeIbHO, pecypc padoThl TOIUITMBHOTO AJIEMEHTA OIIPEAeIseTCs He
3aracoM aKTHBHOM MacChl aHOJa, a 3a11aCOM TOIUTNBA M OKHCIHTENS. [IocKobKy
(YHKIIMOHHPOBAHIE TOILIMBHBIX JIEMCHTOB HE JIMMHTHUPYETCS Maccol aHona,
OHH MOTYT O0OECTICUHTH JOJTOBPEMEHHOE M CTAOMIBHOE IOyYCHNE MICKTpHYIe-
cKoif sHepruu. KartanmnTudeckn akTHBHBIC MaTepHUalibl 3JEKTPOJOB TOILTHBHOTO
3JIEMEHTA B MpoLecce ero padoThl HE PACXOTLyIOTCS.

Hauboiree n3BeCTHHIM U pa3paObOTaHHBIM TOTUIMBHBIM SJIEMEHTOM SIBIISIET-
sl BOAOPOTHO-KUCTIOPOIHBIN 3JIEMEHT, KOTOPBIN BKIIIOYAET MEIKOIIOPHCTHIC HU-
KeJIeBbIe JIEKTPOAbI (0OBIYHO C HAHECEHHOM HA HUX MEJIKOJUCIIEPCHOH IMaTu-

HOH), HOTPYKEHHBIC B IIETOYHON FUTH KHUCIIBIH PACTBOP AICKTPOIHTA!
2 (PtYNi|H, | KOH(30-40 mac.%)| O, | Ni(Pt) &

Ha DJICKTPOAAaX BOAOPOAHO-KHUCIOPOJAHOTO TOIIJIMBHOTO 3JIEMEHTA IIPOTE-

KaroT CICAYIOINE DJICKTPOXUMUYCCKUE ITPOLCCCHI:

l02+H20+2e‘—>20H‘, E° _=0,401 B
2 H,0,0,/0H

H, +20H —»2H,0+2 , E° _ =-0,828B
H,0/OH ,H,

TokooOpa3yromas peaxitus:
1
HZ + 502 = HzO

Kak BumHO, cyMMapHas peaknus B JIEMEHTE MPEACTaBIsIeT co00H peak-

IO OKUCIICHHS BOJOPOJIa KUCIOPOIOM ¢ 00pa3oBaHUEM XKUIKON BOJbI. Teruto-
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Boit s ekt peaxtmn npu 298 K: A H° =-285,8 kJ[/Monb. DieKTpuyecKas
SHEpTus, BEIpabaThiBaeMast B pacdeTe Ha MOJIb MIPOIYKTA PEaKIIUH:
W,, =zFE® =2-96485-1,229=237,16 xJlx/Monb

Orcrona Teopernueckuii KITJ TorusHoro anementa mpu 298 K:

KIIJT =&100 %:MIOO % =83 %
A H° 285,83
T

HOZ[ Harpy31<0171 HaIllpsOKEHUE Ha KIEMMax BOAOPOJHO-KHCIIOPOAHOI'O

anemenTa najgaet a0 0,85—-0,95 B u KIIJ[ camxaercs no ~ 60 %, Bce ke oc-

TaBasCh 3aMETHO Bbiile, yeMm KITJ] TermnocunoBrix yeranoBok (30 —40 %).

Hecmotps Ha cronb Bbicokue 3HaueHus: KIIJI TominBHBIE 3J1eMEHTHI Bee
eIlIe He HAIIJIH IUPOKOTO MpUMeHeHUs. [IoMrMO TPy THOCTEH TEXHOIOTHIECKO-
IO M 3KCIUTYyaTallMOHHOTO XapaKTepa, OJHON M3 CEepPbe3HEHIINX MPHUYWH, CIep-
JKUBAKOIINUX UX HIMPOKOE MPAKTHUYECKOE MPUMEHEHHE, OCTAETCS CPABHHUTEIBLHO
HU3Kask CKOPOCTh IEKTPOXUMHUECKUX MPOIIECCOB Ha dJeKTpoaax. OTcioaa Bax-
HeWIel 3a1aueill py CO3aHUH TOTUIMBHBIX 3JIEMEHTOB SIBIISETCS MOMCK M pas-
paboTKa HOBBIX BBICOKOTIPOU3BOAMTEIBHBIX DJIEKTPOI0B-KATAIM3aTOPOB.

Hcuepnanve HEBO30OHOBISIEMBIX HMCTOYHUKOB JHEPTETHUECKOTO CBIPHS
(YTt m yriIeBOJJOPOIOB) M BCE BO3pACTAIOIINE IKOJIOTHYECKHE MPoOIeMBl 3a-
CTaBJISIIOT YEJIOBEYECTBO MCKATh HOBBIE MCTOUHUKU DHEPTUU U MYTH UX MPeoo-
pa3oBaHMs B DJIEKTPUUECKYIO dHEPruio. M 31ech CBOIO PONb JTOJMKHBI CHITPaTh
TOTUTUBHBIC DIIEMEHTHI, KaK allbTepHATHBA TPAIUIIMOHHBIM METOAAaM MPOU3BO/I-
CTBa AJICKTPUYCCKON PHEPIHH Ha TEIUIOBBIX AIEKTpocTaHIUsIX. OHU MOTYT OBITH
WCIOJIB30BaHbl M KaK CTAllMOHAPHBIE T€HEPATOPhl AJIEKTPUUECKON SHEPruu, u
KaK MCTOYHUKU DHEPTHH Ha TPAHCIIOPTE W B MOOWIJIBHOM DJIEKTPOHHKE. 3aMeT-
HbIe JOCTIDKEHHS HA 9TOM MyTH yXe ecTh. HecoOMHEHHO, BHICOKOA((HEKTHBHBIC
TOILIMBHBIC 3JICMEHTBHI — KJII0Y K PCIICHUI0 MHOTHUX YHEPreTHYECKUX MPoOieM,

CTOSIIIIMX Ha CETOAHSIIHUN JIeHb Mepe]] MUPOBOM IMBHIIN3AIIMEH.
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IIpunoxenne
B3anMocBsI3b aKTHBHOCTEH
B MOJISLUIbHOI M MOJISIPHOI KOHIEHTPAMOHHBIX HIKAJIAX
JIys OIHOTO M TOTO K€ COCTaBa pacTBOpA AIEKTPOIUTA:
8] o]
mg # (g, Ym,B ;'“/c,B > Oy #Ac U Wy # e,
rlie HIOKHUW HHAEKC "m" yKa3pIBaeT Ha BEJIMYHMHBI, BEIPAKCHHBIC B MOJISUIBHOM
KOHIIEHTPAIIMOHHOHN IIKase, sl KOTOPhIX CTaHJAPTHBIM COCTOSIHHMEM CIIY>KHUT
TUIOTETUYECKUH OJHOMOJISUIBHBIA PAacTBOP (mO =1 Monb/Kr), ob6imamaronuit
CBOWCTBAaMHU IIPEICNIFHO Pa30aBICHHOTO PacTBOPa; HIKHUHN HHACKC "¢" yKa3bl-
BacT HAa BEJMYHMHBL, BBIPAXCHHBIC B MOJISIPHOH KOHIICHTPAIIMOHHOW IIKAaje
(CTaHIapTHOE COCTOSHHE — OJXHOMOMAPHBIH pactBop (¢ =1Momb/11) co cBOii-
CTBAaMH TIPEJEITFHO pa30aBIEHHOTO pacTBOPA).
HanpoTus, BeTMyMHa XUMHYECKOTO TIOTEHIMAIA YIIEKTPOINTA [, HE 3a-
BHCHT OT CIIOCO0a BBIPaXKECHUsI KOHIIGHTPAIIUU PAacTBOPA, T.C.:
(o] (o]
oy =M, + RTIna,, =p; + RTIna,
B npenensHo pazbaBieHHOM (HaIpuMep, BOXHOM) PaCTBOPE XMMUYECKUI
b3
MOTEHIMAJ JAHHOT'O JJIEKTPOJIUTA [, OyIeT OoNpenenaThes Kak:
% * * * *
Way =W, +RTIng,, =p.+RTha,,
sk b3
ay ¥ d, — aKTUBHOCTH JIEKTPOJINTA B MPEJIEIBbHO Pa30aBICHHOM PacTBOPE.
V3MeHeHne XHMIYeCKOro MOTEHIHANA | MOJIS 3JIeKTPOIUTA TIPH IIePeXo-

A¢€ OT IPEACIIbHO pa36aBJ’ICHHOF0 pacTBOpPA K paCTBOPY 3aJaHHOT'O COCTaBa:

* a a
Hog — Moy = RTIn—"% = RTIn—>

am aC
OTKyna cienyer:
a a
== (1
al’l’l aC



177

AKTUBHOCTB 9JIEKTPOJIUTA CBSI3aHA CO CPEJHEH MOHHON aKTUBHOCTBIO BbI-

pakeHHEM:

a, =al, @)

rae v=v, +v_. U3 nocirennux ypasaenuii (1) u (2) nomxyuaem:

YuureiBas JaJIcC CBA3b CpeZIHCﬁ HOHHOW aKTUBHOCTH C KOHHCHTpaHPIeﬁ

SIIEKTPONIUTA (dy = Vo114 ) MOKEM 3aIUCATD!

At m ay ¢

* ok - * %
Vil Yim Vi€ Tie
B mpenensHO pazbaBieHHOM pacTBope K03(p(HUIIMEHTH aKTUBHOCTH JUIS
BCEX KOHLEHTPAIMOHHBIX IIKaJI CTpeMATCs K eunuie (v, —>1).

Torna:

e “)
m

MOJ'ISIpHa}I 1 MOJIsJIbHas KOHOEHTpAaluu B NpEACIbHO pa36aBJ’IeHHOM pac-

TBOPC CBA3aHbI BBIPAKCHUCM !

mp

¢,MOJIb/ 1= ———
1+mM2

)

rae m (MONB/KI) — MOJISUIBHOCTB PAacTBOpa 3IEKTPOINTA, M (KIr) — MOIsIpHas
Macca 3JIeKTpoJuTa, p (Kr/J1) — IIOTHOCTH PACTBOPA JIEKTPOJINTA.

B mpenensHO pa30aBIEHHOM PacTBOpe KOJIHMUECTBOM PACTBOPEHHOTO Be-
mectBa (m, =mM,) 0 CpaBHEHUIO C Maccoil pactBopuTens (my =1 Kr) Mox-
HO IpeHeOpeub, a MIOTHOCTh PacTBOpa (p) U pacTBOPUTENS (P, ) HPAKTHYECKH

OJMHAKOBHI (p=p,). Torna u3 ypaBHeHus (5) mosydaem:

* *

c =pym (6)
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INoxcrasnss mocnenHee BEIpAXKEHNE B ypaBHEHUE (4) OyIeM UMETh:
A+ o =P m
[Mpuanmas Bo BHMMaHHUe, 4T0 mpu 298 K miotHOCTH BOAEI P, = 0,997
KI/JI, TO 7T BOJHBIX PACTBOPOB MOXKHO ITPHHSATH:
A c =0+ m )
JlaHHOE BBIpAXKEHHE CIIPABEUIMBO TOJIBKO JJIsl BOJHBIX PAaCTBOPOB; Ha He-

BOJHBIC paCTBOPBLI OHO HE pacHpOCTPaHACTCs, IIOCKOJIBKY JIsI HUX P #1 xr/mn.
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