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AHHOTAIMA.

JlaHHBIE ~ JIGKIIMOHHBIE ~ MaTepualbl  COJEPXKAT  OCHOBHBIC
TEOPETUUECKHUE OCHOBBI  3JeKTpoxumuu. [IpencTaBieHHbI  KypC
YUTAaEeTCsI HAa 2 Kypc€ XHUMHYECKOTO OTACJIEHUS €CTECTBEHHOIO
(dakynbTera. Moxer  ObITh  TIOJNIE3€H  TNPU  OpraHU3AIUU
CaMOCTOSTEIBHOII  pabOThI CTYJICHTOB, M3YYAIOIINX OCHOBBI
AJEKTPOXUMUH , a TAKXKE MOJIOJIBIM MPENOIaBATEISIM.
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Coaepxxkanue

OCHOBHBIE [TOHSTHUSI DJIEKTPOXUMUMU.
KJIACCUYECKAS TEOPUS DJIEKTPOJIMTUYECKO
JIVICCOLIMALIIN.

VIOH-JIMTIOJILHOE B3AUMOJENCTBUE B PACTBOPAX
SJIEKTPOJIUTOB.

MIOH-UOHHOE B3AUMOJIENCTBUE B PACTBOPAX
SJIEKTPOJIUTOB.

HEPABHOBECHGLIE SIBJIEHUS B PACTBOPAX
SJIEKTPOJIUTOB.

IHOABMKHOCTD NOHOB. ®AKTOPLI, BJIMAIOIINE HA
[HOABMKHOCTDH NOHOB.

DIEKTPOJIU3 PACTBOPOB U PACIIABOB

OJICKTPOJIUTOB.

OJIEKTPUYECKUE IIOTEHIHWAIJIBI HA
O®A30BbLIX 'PAHUIIAX.

OJIEKTPOABIMKVYIIIAA CUJIA U DJIEKTPO/IHBIE
INOTEHIHNAJIBI.

KJIACCUPUKAINA DJIEKTPOXVUMUNUYECKUX LEIIEN.

JIBOMHOM DJIEKTPUYECKUM CJION U EI'O POJIb B
KMHETUKE DJEKTPOHHBIX I[TPOLIECCOB.
SIBJIEHUE TOJISIPU3ALIMUY DJIEKTPOJOB.

SIBJIEHUE ITEPEHAIIPSIKEH .

KOPPO3UA METAJUIOB U SJIEKTPOXUMUWYECKUE
NCTOYHHUKHU TOKA.



JIEKIIUA 1. OCHOBHBIE TIOHATHUA JIEKTPOXNMHUUN

ONeKkmpoxumusl, UOHUKA, INEKMPOOUKd, OKUCIUMETbHO-80CCMAHOBUMEIbHbLE
peaxkyuu, INeKmpoxumuieckue peakyuu, anoo, kamod, nposoonuxu I u Il pooa;

3JZ€Kmp00HblZZ npoyecc, aa1eKkmpojusep, 2anbBAHUYECKUU DJIEMEHM.

OcHOBHbBIE TOHSATHSA IJIEKTPOXHUMMHH. JTanbl Pa3BUTHA JJCKTPOXHMMHUHU.
XuMHYeCKui H 3.]'leKTpOXI/IMI/I‘leCKI/Iﬁ CIIOCO0BI OCYIIECCTBJICHUSA
OKHCJINTEIbHO-BOCCTAHOBHUTEIbHOM PC€aKIIuN. BHeKTpOXHMI/I‘IeCKaH menb H

€€ KOMIIOHCHTBbI. Onpezle.lle}me TeopeaneCKoﬁ IJIEKTPOXUMHUH.

Beeaenue. Ilpeamer u cogepkanue.

DNeKTpoXuMHUs - 3TO HayKa, M3y4arollas HOHHbIE CHCTEMbl (MOHUKA) H
IIPOLIECCHl W SIBJICHUSA, NIPOTEKAIOIIME Ha TPAHULE JJIEKTPOIUT-METAIUI HWIIU

MOJIYIIPOBOJAHUK (3JIEKTPOIUKA).

[IpeamMeToM HMOHUKHM SBISIETCA CTPOEHHUE PACTBOPOB U  PACILUIABOB
ANEKTPOJIUTOB, HX DJIEKTPONPOBOJUMOCTh W JPYrH€ CBOMCTBA, MNPEIMETOM
ANEKTPOJIUKUA - CTPOCHUE ABOMHOIO SJIEKTPUYECKOIO CIIOS, BO3HUKAIOUIETO HA
rpa”uie pasnena a3 3JeKTPOIUT-METAI, FIECKTPOXUMUYECKasT TEPMOJUHAMHUKA,
M3y4arollas paBHOBECHE HAa T'PaHUIIE pa3/ielia, U AJIEKTPOXUMHUYECKAsT KUHETHKA,
WM KUHETHKA SJIEKTPOAHBIX MPOILECCOB, PACCMATPUBAIONIAs 3aKOHOMEPHOCTH,
KOTOPBIM TOJYUHSIETCA CKOPOCTh IMPOLECCOB HA TPAHULE pa3feia U MEXaHU3M

MPOTEKAOIIMNX MPU 3TOM PEAKIUM.

Taxkum 06p330M, IJNICKTPOXUMHUA - ITO OTpPaAC/Ib XMMHUYECKOi HAYKH ,
nm3yyamumasi ycjaoBud M MEXaHU3M XUMHUYECKOT0 MNpeBpali€cHUd YaCTHUII

pearupymoumero BelecTrBa B IJCKTPOJAUTAX H HaA MQ)K(])EII}HLIX IrpaHumax ¢




BbBIACJICHUEM BO BHCHIHIOIO II€IIb 0o norJiomeHmuemM (OT BHCIIHET' O

HCTOYHHKA TOKa) IJICKTPOHOB.

B Hacrosimiee BpeMss BO MHOTHX OTpacisiX IPOMBIIUICHHOCTA MIPU
MPOBEICHUU BAXKHEUIIIAX TEXHOJIOTMYECKUX onepanuii MPUMEHSIOT
ANeKTpoXuMudeckuii metona. ['myOokue uccienoBaHUs MeXaHU3Ma W MPUPOJbI
AJEKTPOJHBIX MPOLIECCOB, MPOBEACHHBIC 3a MOCICIHUE JECATHICTUS, BCKPBLUIH
HOBBI€ MYTH HCIOJb30BAHUSA 3TOTO METOAA. BBUIO YCTAHOBIEHO, YTO C MOMOIIBIO
ANEKTPOXUMUU MOTYT OBITh MPOBEIECHBI MHOTHE PEAKI[MU, HE OCYIIECTBIsIEMbIC

HJIK C TPYAOM OCYIICCTBIIKICMbBIC IPYTHUMH U3BCCTHBIMU crocodamu.

Pa3Butre OTEYECTBEHHOW JJIEKTPOXMMHUU HAYaJIOCh C  BBIIAIOIIUXCS
uccienopanuii IletpoBa B.B. 1o 37€KTpPOJMTUYECKOMY PA3JIOKEHUIO BOJBI H
npyrux xkuakoctei (1801 r.). Bekope (1805 r.) I'potryc @.®d. pazpaboran Teoputo
AJIEKTPONPOBOIHOCTH PACTBOPOB (MEPEeX0J, MPOTOHOB OT HMOHOB K MOJEKyJIaM
BoJibl). B 1865 1. MenneneeB co3aan XMMAUYECKYIO TEOpHIO pacTBOpoB. KoHoBaoB
JI.II. omHUM M3 TEPBBIX MNPUMEHWI TEPMOJUHAMHYECKUN METOJ ISl U3y4YeHUs

pacTBOpPOB.

B 1902 r. KabnykoB W.A. co3man mnepBbii B Poccun yueOHUK
anexktpoxumuu, a B 1921 r. ®enoree ILII. u3man 1 ydyeOHUK TEeXHUYECKOU

ANEKTPOXUMUH, CHITPABIINM OOJIBITYIO POJIb B TOATOTOBKE KaIPOB.

B Poccuu 0b110 ceiaHO MHOTO KPYMHBIX OTKPBITHUH HE TOJBKO B 00JacTH
TEOPUU HJICKTPOXMMHUHU, HO W B MPWIOKEHUU STOH TEOPUU K MPAKTUYECKUM
3agadam. Tak, B 1837 r. SIkoOu OTKpbLUI rajJbBaHOIUIACTUKY - OCAXACHUE METAJJIOB
Ha HEMPOBOSIIMX TelaX. DTO OTKPHITUE MPUBEIO K PA3BUTHI0O MHOTUX APYTUX
METOJIOB dJIeKTpoocaxaeHus MeramioB. barparuon I1.P.(1884 r.) uzobpen “cyxoit
anemeHT’, CocHoBckuil (1866 r.) u SA0moukoB (1884 r.) mpenoKUIN Psii HOBBIX
XUMUYECKUX HCTOYHMKOB TOKa. BmepBbie 3iexkTpoxumus Oblla NpPUMEHEHA B

TEXHOJIOTUY HEOpraHndecknx BemecTs B 1879 r. Baurykom u ['myXoBsim.



Coznana Oofblias IIKOJA 3JIEKTPOXUMHUKOB, KOTOpas 3aHUMAET OJHO W3
BEAYIIUX MECT B MHPOBOUW Hayke. [IpenMeTom HCCIeNOBaHUS YYEHBIX SIBUIIUCH
MPOIIECChl, MpoTekaromue Ha rpanule (a3. OCHOBOMOJIOKHUKOM 3ITOM IIKOJBI
apisuicss Opymkun A.H., KOTOphIii BHepBble YCTAaHOBUJI, YTO HaumOoJiee MOJHOE
MPEJCTABJICHHE O CTPOCHUM JIBOMHOIO CJIOS Ha MOBEPXHOCTH METAILIA,
MOTPYKEHHOTO B PAcTBOP, MOXHO MOJYYUTh, HAOJIIOAAs BJICKTPOKAMWILIAPHbBIC
ABJICHUS. DONBIION BKJIAJ B Pa3BUTUE BJIECKTPOXHUMUYECKON KUHETHKH CHEIIAIH
Hamackun b.b,, Jleeun A.W., IIpockypun M.H., Jlepur B.I'., Ecun O.A.,
Crpombepr A.T'., lllymunosa H.A., Mopa 3.A. u ap.

OTkpbITHE U pa3pabOTKa HOBBIX 3aKOHOB SJEKTPOXUMUUYECKON KUHETHKU
MPUBEIN K BO3HUKHOBEHHUIO MPUHIUIHUAIBHO HOBBIX TEXHOJOTMYECKUX MPOLIECCOB
C TIOJIyYEHHUEM LEHHEUIINX MPOAYKTOB. ITOMY CIOCOOCTBOBAJIO Pa3BUTHE
BBICOKOTEMIIEPATYPHOM AIEKTPOXUMUHU, 3JEKTPOXUMUU OPraHuYeCKuX
COCMHECHUMN, a TaKXe€ HCIOJb30BAHUE HEBOIAHBIX M TBEPABIX  DIJIEKTPOJIUTOB.
DIIEKTPOXUMUYECKU METO/]I OTJINYAETCS oT TEPMOXUMHUYECKUX,
MAPOMETAJUTYPIrUYeCKUX M JPYTUX CIOCOOOB MepepabOTKU ChIPbS TEM, YTO

IIPUMCHCHHC CBOMCTB BCIICCTBA NJOCTUTACTCA C IOMOIIBIO SJICKTPHUYICCKOI'O TOKaA.

COBpeMeHHaﬂ QJICKTPOXUMHNYCCKAsA IMPOMBIIIJICHHOCT HMCCT BaKHOC
3HA4YCHHUC B HApPOIHOM xo3sicTBe. Tak IMOJIYYCHHUC TAKCJIbIX HBCTHBIX, JICTKHX,
6J'IaFOpOI[HBIX n PCAKHUX MCTAJJIOB, TIaJibBaH. 3alllMTHBIX, JICKOPATHBHEIX,
aHTHKOPPOSHﬁHBIX u ap. HOKpI)ITI/Iﬁ, HU3bICKAHNC HOBBIX H COBCPHICHHBIX
XUMHYCCKUX HCTOYHHKOB BHGKTqueCKOﬁ OHCPIrur, II0JIY4YCHHUC  CIIJIaBOB,
XCMOTPOHHKA U T.A. - BOT JAaJICKO HC MTOJTHBIN MIEPCUYCHb oOnacTe IMpou3BOACTBA,

HCITIOJIB3YIOIINX BHGKTPOXI/IMI/I‘-IGCKI/Iﬁ MCTOM.
OcHOBHBbIE IOHATHS IJIECKTPOXUMHUH.

YtoO05I CO31aBaTb HOBBIC PAllMOHAJBbHBIC TCXHOJIOTUYCCKUC CXCMBI U CO3HATCIIBHO
COBCPIICHCTBOBATh TCXHOJOT'HIO BHCKTpOXI/IMI/I‘-ICCKI/Iﬁ IIPpOU3BOACTB, H€O6XOI[I/IMO

rIyOOKO pa30upaThCs B CYIIECTBE U MEXaHU3ME HaOII0/IaeMbIX P JIEKTPOJIN3E



IIponecCCoOB, 3HATHb 3aKOHBI H 0C06€HHOCTI/I, COIMPOBOXKAAIOIIHUEC IIPCBPAIICHHC

AIEKTPUUYECKOU SHEPTUU B XUMHUUECKYIO U 0OpaTHO.

JIroOble OKHUCIUTENBbHO-BOCCTAHOBUTEIBHBIE MPOLECCHI, B 3aBUCUMOCTH OT
YCJIIOBUM IIPOBEJEHHUSI, MOTYT COIIPOBOKIATHCS MIEPEXOIOM XUMHUYECKON IHEPTUH B
TEIJIOBYIO WM 3J€KTpUUecKyt0. OOBIYHO OHHU SIBIISIOTCS PE3YJIBTATOM COYIAapEHUN
pearupyroumx 4YacTull, OO0ECHeYHMBAIOIIUX BO3MOXHOCTh HENOCPEICTBEHHOTO
Iepexoa JJIEKTPOHOB OT OJHOM 4YacTHUUBl K Jpyrod. OTH COyHapeHus
OOyCJIOBJIEHBl ~TEIUIOBBIM JBMKEHUEM, M IOITOMY MEPEXOJbl 3JIEKTPOHOB
IIPOTEKAIOT XaOTUYECKHU, YTO U IPUBOJUT K BBIICICHUIO SHEPTUU B BUJIE TEIUIOTHI.
DJIeMEHTapHBIN aKT TAKOI'O IPOLIECCa BO3MOXKEH JIUIIb IPU YCIOBUH, YTO SHEPIUS
CTAJIKMBAIOIINXCS YaCTHUIl IPEBBIIAET HEKOTOPYIO MUHUMAJBHYIO BennunHy. [Ipn

9TOM JHCPIvA aKTHBAIIWHU ITPOLCCCA 3aBUCUT OT IMPHUPOALI PCAruPpyIOIMIUX BCHICCTB.

Jns  Ttoro,  4TOOBl  OKUCIUTEIBbHO-BOCCTAHOBUTENIBHBIM  Mpoliecc
COMPOBOXKJAJCS  BBIJCICHUEM HE TEIUIOThl, a JJIEKTPUUYECKOW SHEPruu,
HEOOXOJMMO CO3/1aTh TaKUE YCJIOBUS, IPU KOTOPHIX JIEKTPOHBI OT OJTHUX YaCTHII
K JIpPyTUM NEPEeXOauIn Obl HE XaOTUUYECKH, a B OMPEICICHHOM HamlpaBieHUU (T.K.
ANEKTPUYECKUI TOK OOYCIIOBIIEH HAMNpPaBICHHBIM JBHKEHUEM BJIEKTPOHOB).
Heo6xoauMble yCclIOBUSI BOBHUKAIOT B AJIEKTPOXUMUUYECKUX CUCTEMAX, COCTOSIINX
W3  pactBopa (WM paciiaBa),  YYacTBYIOIIETO B OKHCJIMTEIBbHO-
BOCCTAHOBUTEJIHHON peaklUK 3JEKTPOJIUTA, U MOTPYKEHHBIX B HETO JIByX KYCKOB
MeTalia (3JEKTPOJ0B), KOTOPbIE COEIUHEHBI MEXKIy co00l mpoBoanukoM I pona.
[IpoBognukamu 1 poma Ha3bIBalOTCS TBEPAbIE U KUJIKUE MPOBOJHUKH,
MPOXOXKIACHUE Yepe3 KOTOphIE SJIEKTPUUYECKOrO0 TOKa HE BBI3bIBAET IEpeHOca
BEIIECTBA B BHUAE HOHOB. OJEKTPUYECKMHM TOK B MNOpoBoaHMKax [ pona
OCYIIECTBIISIETCS MMOTOKOM SJEKTPOHOB. K HHMM OTHOCSITCS TBEpIbIE U KUIKHE

METaJIJIbl, HEKOTOpbIE HeMeTaIIbI (Tpadut, cynbuasl uuHka u Pb).

K npoBoanukam I ponma, wim 3J€KTPOHHBIM MPOBOJHUKAM, OTHOCSTCSI BCE
METaJUIbl U MX CIUIaBbl, rpaduT, yroyib, a TAaKKE€ HEKOTOPbIE TBEPJbIC OKHCIHI,

KapOuabl W Ccynb(Quabl MeTaIoB. MeTalsinyeckue MPOBOJAHUKH COCTOAT U3



MOJIO)KUTEIBHO 3apsHKEHHBIX HMOHOB M OTPHUILIATENIBHO 3apsKEHHOro “rasza’,
00pa30BaHHOTO KOJUIEKTUBU3UPOBAHHBIMU 3JIEKTpoHaMU. COTJacHO 3JIEKTPOHHOMU
TEOpHUH, MPOTEKAHUE TOKA B MPOBOAHMKAX [ po/a compoBOXKIaeTcs pa3iuyHbIMU
(¢u3uYeCKUMU SIBJICHUSIMU (HarpeBaHWe, HaMarHWYMBaHWE U T.lI.), HO BechbMa
pEIKO TPUBOAUT K XUMHYECKUM M3MEHEHUSIM. OIJIEKTPONPOBOAHOCTh TaKHUX
MIPOBOIHUKOB OTHOCUTEJILHO OY€Hb BHICOKA M 3aBUCUT CYIIIECTBEHHO OT BOJIHOBBIX
CBOJICTB SIIEKTPOHOB H OT t. YCTAHOBIIGHO, YTO yACIbHAS IEKTPOIMPOBOIHOCTD

npoBoIHKKOB I poma ¢ poctom t’ yMEHBIIASTCSL.
dx
Kt = K18|:1_E(t_18)j|

K,,K s - YAEJIbHas DJIEKTPOIIPOBOIHOCTD IIPU "t u 18°C

[Ipumecu Takke OOBIYHO CHUIKAIOT 3JEKTPONPOBOIHOCTH MPOBOJHUKOB I

pona.

B Takux cucremax 3jeKTpOHBI OT OAHOM PEarupyrolleil YacTULbl K IpyTrou
epexoAas T HE TMNpPpU  MX  CTOJIKHOBEHHMSX, a  KOCBEHHBIM  IyTEM:
BOCCTAHABJIMBAIOIIASICA  YACTULA OTHUMAET JJEKTPOHBI OT OJHOTO W3
METAJUIMYECKUX JJIEKTPOJIOB, B TO BpEMS KakK OKHUCISIOMIAsACS OTIAE€T CBOHU
AJIEKTPOHBI APYTOMY 3JEKTpoay. B mpoBOAHUKE, COEAMHAIOIIEM 3JIEKTPOAbI MPH
ATOM BO3HHUKAET MOCTOSHHBIN 3JEKTPUUECKUN TOK (BHEIIHSIS 1LIETh). AHAJTOTHYHO
ANEKTPUYECKUN TOK OT BHEHIHETO MCTOYHHUKA MOXET BBI3BIBATH OKUCIUTEIBHO-
BOCCTAaHOBHUTENIBHBIN Mpoliecc B pacTBope (wiu paciuiaBe). Muaue pactBop
AJIEKTpOIUTA Has3biBaeTcs npoBoaHUKOM II poma. Bee BemiecTBa, mpoOXoXkIaeHUE
4yepe3 KOTOpBIE AJIEKTPUUYECKOrO TOKA BBI3BIBAET IMEPEIBUKEHHUE BELIECCTB B BUJE
MOHOB U XMMHUUYECKHE TMPEBPAIICHHUS B MECTaX BXOJla M BbIXOJla TOKa (DJIEKTPO-

XUMUYECKHUE peaKlliK ) Ha3bIBatoTCs npoBogHukamu Il pona.

B  mpoBomnmkax Il poma  3aeKTpUYECKMH  TOK  MEPEHOCUTCA

MOJIOKUTENIbHBIMU U OTpULATENIbHBIMU 3apsanamMu (noHamu). OHHM 0051a1a10T



3HAYUTEJILHO MEHBIIEH MPOBOJAUMOCTBIO, 4YeM mnpoBoguuku | poma. HUx

QJICKTPOIMPOBOAHOCTL BO3PACTACT C pOCTOM tO .
dx
K =K. | 1+—(r-18
= 1 1)

Takum 00pa3oM, JJIEKTPOXHMHUYECKAs] PeaKkmusi OCyUIeCTBJIfAETCHA B
pe3yJibTare [ABYX OJHOBPEMEHHO MNPOTEKAKWINMX MPOLECCOB HA TIpPaHUIEe
pa3gena Mexkay JjekrpoaamMu (mposBogHuk I poma) m pacrBopom (WM
pacmiaBom) (mpoBoanuk II poma). OTtu mpoiiecchl 00YCIOBIEHBI BTOPBIM

QJICKTPOHHBIM CJIOCM Ha YKAa3daHHBIX I'PaHUIIAX.

BHeKTpOH, Ha KOTOPOM IIPOUCXOAAT MPOIECCHI npnoﬁpeTeHml
pearupyiomumMmu = JactTumamMmm pacrBopa (pacn.ﬂaBa) IJICKTPOHOB, T.€.
NnpoueccCbl BOCCTAHOBJ/ICHUA, HA3BIBACTCHA KaTOAOM. HpI/I 9TOM YaCTHILbI TCPAIOT

MOJHOCTBIO WJIM YaCTUYHO U3MEHSIOT CBOM 3apsi/Il.
[Ipumepamu KaTOHBIX PEAKIUNA MOTYT CITYKUTh:

Cu*" +2e¢ —> Cu
Fe* +e— Fe**

2H,0+2e—> H, +20H"

AHOIlOM Ha3bIBAIOT JJECKTPOA, Ha KOTOPOM IIPOTCKAIOT PpPC€aKIHuHu C

HOTepeﬁ JIEKTPOHOB YaCTHIHAMM B€IIECCTBA, T.€C. pCaAaKINUHU OKUCJICHHUSA.

Fe* —e — Fe**
Zn—2e — Zn**
201" ~2¢ — CI!

Crnenyer  pasnuuarb  HOHATHS -  JJIEKTPOAHBIM  INpomecc U
3JIeKTPpOXuMuYeckas peakuus. [1o 371eKTpoAHBIM TPOIIECCOM MOAPA3YMEBACTCS
BCSI COBOKYITHOCTD SIBIICHUM - JIEKTPOXUMHUYECKUX, XUMHUYECKUX, aJICOPOITMOHHBIX
U TUQ-HBIX, KOTOPBIE MPOUCXOAT IPU MPOMYCKAHUU IEKTPUUECKOr0 TOKA Yepe3
pacTtBop (pacrmiiaB) W 4epe3 rpaHuily (a3 seKTpoaA-31aeKTponuT. [loHsTue xe

ANEKTPOXUMHUYECKAST peakius OmpenesseT co0oil COOCTBEHHO B3aUMOJICHCTBUE



MEXK]ly YaCTUI[aMU PEarupyromiero BeniecTra (MOHaMH, aTOMaMu U MOJIEKyJIaMu) U

3JIEKTPOHAMMU.

B mpoTHBONONOXKHOCT XUMHUUYECKUM pPEAKIUsM, HUIAYIIUM B 0O0beMe
pacTBopa  JJICKTPOXMMHYECKHE  pPEaKIMU  MPOTEKAIOT B TOHYAMIIEM
MMOBEPXHOCTHOM  (IBOWHOM  JJIEKTPHUYECKOM) CJIo€. OTH PpEaKIHH TaKkKe
MPOUCXOIAT B CJIO€ aJACOpOMPOBAHHBIX Ha MOBEPXHOCTH BJEKTPOJa YaCTHII.
[Ipouiecchl B aacopOLIMOHHOM CJIO€  TakXKe SBISETCS TE€TePOreHHBIMU. 37eCh
MaTepuana 3JIEKTPOJia, OTIMYAIOIIUINCA HEKOTOPHIMH CIelUuUIeCKUMU (U3UKO-
XUMUYECKUMHU XapaKTEPUCTUKAMHM, BBINIOJHSAECT poib Kt. B kakoi-to Mepe,
CJIE0BATEIIPHO, JJICKTPOXMMHYECKHE PEaKIUM NPUOMIKAIOTCI K IpolieccaM
reTeporeHHoro karanusza. OQHaKoO JJI 3TUX PEaKIHUil XapaKTepHO 3HAYUTEIBHOE
3aTpyJHEHUE Pa3BUTUS OOJBIION 3JIEKTPOJAHOW MOBEPXHOCTH B MaJOM O0BEME
PEAaKIHOHHOTO MPOCTPAHCTBA. DTO CBSA3aHO C TE€M, YTO K 3JEKTPOJIY MOJABOIUTCS
WM OTOMpaeTcss OT HEro JJIEKTPUYECKHH TOK BeChbMa OOJBIIONW IIJIOTHOCTH.
[TosTOMy OIHMM W3 BaXXHEUIIMX YCIOBUM OCYIIECTBIICHUS 3JIEKTPOXUMHUYECKOTO
mporecca SIBJISETCS COONIOJICHHE ONTUMAIBHOTO COOTHOIIECHUS MEXIY padoueit

IMOBCPXHOCTHIO 3JICKTPOAOB U 00BEMOM QJICKTpPOJIUTA, T.C.

K = S9,7er<mp
V

Daexmponuma

XapakTepHoit O0COOEHHOCTBIO AIIEKTPOXUMHUYECKUX peakuuid,
ONpPEAEISAIONIEH 3aKOHOMEPHOCTH €€ KHHETHUKHU, SABJISETCA TO, YTO DSHEPrus
aKTHBAllMM, HEOOXOoIuMMas Jid TMPOTEKAHUS AIEKTPOXMUMHYECKUX PEaKIHil,
CYIIECTBEHHO OTJIMYAETCS OT SHEPrUU AaKTUBAIMU OOBIYHOTO XHUMHUYECKOTO
rpolecca, TaKk OHa 3aBUCUT HE TOJIBKO OT MPUPOJbI PEAruPYyIOMINX BEMIECTB, HO U

OT MaTcCpHralia 3JICKTPOJda U BCIINYHWHBI CI'0 IIOTCHIIKAJIA.

Hpouecc BOCCTAHOBJICHHUA HJIN OKHCJICHUA Ha ANIECKTPOaaxX
KOMIIOHCHTOB, COCTaABJIAIOIIINX JNICKTPOJINT, COMMPOBOKIAACTCH

npnoﬁpeTeHneM HWINn HOTepeﬁ JIEKTPOHOB YaCTHIHaAaMH pearupyroumero



BellleCTBA B pe3yJibTaTe JJIEKTPOXHUMHYECKMX peakuuil, Ha3bIBAeTCs
3JIEKTPOJIU30M. JInst  ocymiecTBIEHUS  JJEKTpoiM3a  HeoOXoauma
AIEKTPOXUMHUYECKAs] cucTemMa (siueiika), KOTopas COCTOUT U3 CIEIYIOIINUX

KOMIIOHCHTOB:

1). PactBopa, pacmiaBa, TBEpJOro 3JekTpoiura - npoBogHuka Il pona, B

KOTOPOM pCarvupyronme BCUIeCTBa AMCCONNHUPOBAHbI HA NOHBI,

2). lIlo xpaiiHeil Mepe, IByX NpPOBOAHUKOB | poja, MOrpy>KEHHBIX B

QJICKTPOJIUT - DJICKTPOAO0B,

3). DnexTpoHHOro MpoBoaHUKA (I posia), COeAUHSIONMIETO IEKTPOILI MEKTY
coboii MO0 C BHEUIHUM

HCTOYHHKOM TOKa (BHGHIH)IH

< e
£
; 1IeTIh ).
1- aHOJ
(TOJIOXKUTENBHBIN
2 A
— . TIOJIIOC);
M
4 2- KaTong
(oTpunaTenbHbIN

TIOJIIOC);
3- ICTOYHHK WJIM IOTPEOUTEIb TOKA.
Kak BHJIHO, MpH 3TOM BO BHEIIIHEH IS BCETIa HAXOIUTCS JTUOO MCTOYHUK

AIEKTPUUYECKOTO TOKA, JIMOO KaKOH-TO MOTPEOUTEIb SIEKTPUUECKON SHEPTUH.

B Tom cly4dac, €CJIH XUHMHYECCKad peaKlus B sAuenke 6yIleT IMPOTEKATDb C
BBIACJICHUEM 3JleKTpH‘IeCKOﬁ JHEPrum BO BHCHIHIOK LI€IIb, siuelika
Ha3bIBaA€TCA XMMHYCCKMM HCTOYHHKOM 3.11eKTpnqec1<0i71 JHEPIruu NJIn
raJJbBaHH4Y¢CKUM 3JI€MECHTOM, €CJINn Ke XMMHUYECKUM nmpouecc

COMPOBOKIACTCHA IIOIJIOIIICHHUEM 3.11eKTp1/1qec1c0171 JHEPIrum 0T BHCHIHEIO



HCTOYHHKA TOKAaA,- ﬂqeﬁky Ha3bIBAKOT IJNIEKTP OMy(l) oM nJjIn

IEKTPOJUTHYECKON BAHHOM.

T.x. TedeHHE DIIEKTPOXMMHYECKOM pEaKIUh CBSI3aHO C MEPEHOCOM
OTNPEACICHHOTO  KOJWYeCTBAa  OJEKTpUYECTBA IMOJ  JECWCTBUEM  Pa3HOCTH

MOTEHIIUATIOB, TO pabOTY JIEKTPOJUTUUECKON BaHHBI MOXKHO 3aMUCATh:
Wg=QV,
a UICTOYHHUKA TOKa-3JIEMEHTA:
W,=QE

B cnyuae, korma ¢akTop €MKOCTH CBA3aH C MPOXOXKJIECHUEM HEKOTOPOTO
KOJIMYECTBA DJIEKTPUUECTBA Yepe3 T'PaHUIbl KATOA-3JEKTPOIUT, 0003HAUYUM €ro

Qx, aHO-37EKTPOIUT Q, U COOCTBEHHO 3IEKTPOIUT Q,, HETPYJAHO 3aMETHUTh, UTO

QK:Qa:Q3:QBHCHI [erm- KPOMe TOro Q: I-t.

@aKkTOp HANPSKEHHOCTH WA MHTEHCUBHOCTH E M V CBs3aH cO CKaukamu
MOTEHIIMAJIOB Ha MOJIOKUTENbHBIX ((P+)d OTPUIATENBHBIX ((.) MOIIOCAX AJIEMEHTA,
nub0 B BaHHE HA TPaAHUIIE AHOA-3JEKTPOIUT ((,), KATOA-3JEKTPOIHUT (@) U

MaJICHUEM HaMpPSKEHUS BHYTPU SIEKTPOIIUTA.
Takum oOpazom, E u V npencrasistor coboil anredpandeckue CyMMbI:
E=(@s-0)-& 1  V=(Qa- Py)-es,

B KOTOPOW YUYUTHIBAETCSI CYMMApPHOE MAaJCHUE HAMPSIKEHUS SJIEKTPUUECKOTO TMOJIA
WM KOMIIOHEHT HANPSDKEHUS 3JEKTPUUECKOTO MO B KAaKOM-IMOO HampaBiICHUMU.

E n V Bcerma mosigoXuTeabHBbI.

Bripaxkass paboTy 3JE€KTPUYECKOrO0 TOKa Yepe3 KOIM4YecTBEHHBIM (akTtop Q u

(bakTop unTeHcuBHOCTU Yepe3 E u V MOXHO onpeaenuTh eIMHULBI U3MEPEHHUS.

Ennnuna cuiiel Toka - A, €CTh BEJIMYMHA HEU3MEHSIIOIIETOCS TOKA, KOTOPBIH,

GYI[Y‘II/I NOoAACPKMBACMBIM B JABYX IIapPaJICIIBHBIX ITPOBOAHHKAX OeCKOHECUYHOU



JJIMHBIHUYTOKHO MaJIOr0 KPYIJIOoro CEYCHUA, PACIIOJIOKCHHBIX HAa PaCCTOAHUA I m
OIWH OT APYroro B BAaKyyMC, HPHUBOAUT K IIOSABJIICHUIO MCKAY IPOBOAHHUKAMU

CHUJIbI, pABHOU 2:107 emUHUI[ CUIIBI HA KaXK MBI metp aaunbl (1 A=0,1 abc 2. en.)
Envnnna paGoTs - 1k
Enununna MOIIHOCTH - BT

Ennnuna xomudecTBa snekTpudectBa - 1 kK =(A cek) - ecThb KOJHYECTBO
JJIEKTPUYECTBA, NMpoTeKalllee Yepe3 MonepeyHoe cedeHHe NPOBOJHUKA B

TeuyeHue 1 cex npu Hem3MeHsOIEeMcs Toke B 1 A.

Enununa  pa3HOCTH  BIEKTPUYECKUX  MOTEHIMANIOB,  JJIEKTPUYECKOE
HarnpsbkeHue, 3.4.C. - BoJbT (B) - pa3sHocTh mMOTeHUMATIOB MexaAy IBYMS
TOYKAMU JIUHEIHOT0 MPOBOJIHUKA, 10 KOTOPOMY NPOXOIUT HEeHM3MeHI0IUuics
JJIeKTPUYecKUuii Tok B 1 A, KOrjga MoOIHOCTb, Pa3BUBaeMasi MeK1y 3THUMHU

TOYKaMHU, paBHa 1 BT.

V. E
3akoH Oma [ == JEKAT B OCHOBE OMNPEACIEHUS E€IWHUL, NMPUMEHHM K

QJICKTPOXUMHUYCCKUM CUCTCMaAM.

BOHpOCbI AJId CAaMOIIOATOTOBKMH:.

1. UTO U3y4aeT 3IEKTPOXUMUS?

2. Uem OTJIMYAETCS OKHCJIMTETBHO-BOCCTAHOBUTEIbHBIN pouecc OT
AIEKTPOXUMUYECKOTO?

3. Jlaiite onpenenenue nposoanukam I u Il poga?

4. IIpuBeaute npumepsl npoBoAHUKOB [ u Il pona u nalite XapakTepUCTHUKY.

5. Kakoil 31eKTpoJ Ha3bIBA€TCsl KATOIOM?

6. Kakoil 31eKTpoj1 Ha3bIBa€TCsl aHOAOM?

7. IIpuBenuTe MprUMeEpPHI KATOJIHBIX U AaHOJIHBIX PEAKIIHM.



8. [IpuBenute XapakTepHble OCOOCHHOCTH  DJIEKTPOXMMHUYECKHUX  PEaKIHil,
ONPEAEIAIONINE 3aKOHOMEPHOCTH €€ KHHETHKHU.

9. Kakoli mpouecc Ha3bIBalOT AIEKTPOXUMHUYECKMM? YUeM OTIMYaroTCs MOHATHUS
AIEKTPOXUMHUYECKUN MPOLECC U BJIEKTPOXUMUUYECKUE PEAKIINM ]

10. [laiiTe onpeneneHue “TalbBaHUYECKUN AIEMEHT U “IIEKTPOIU3Ep”

Jlutepartypa:
1. T'epacumoB .M. u ap. Kypc pusnueckoit xumuu. T.II, M., “Xumusa™. 1966,
c.149-206.

2. Namackun b.b., Iletpuit O.A. OCHOBBI TEOPETUYECKON SIECKTPOXUMHHU. M.,

Bricmas mkona. 1978. C. 262-283.



JEKLMA 2. KTIACCUUECKAS TEOPHUS DJIEKTPOJIUTUUYECKOM
JTUCCOLMALIMM

Teopusa Appenuyca, 3axkon paszsedenus Ocmeanvb0a, KOHCMAHMA OUCCOYUAYUL,

Hedocmamku meopuu Appenuyca

3KcnepnMeHTaanme A0Ka3aTeJIbCTBAa CYHIECTBOBAaHUS HMOHOB B pacTrBOpax

IJNIEKTPOJIUTOB. OcHOBHBIE MOJIOKEHUS U HCAOCTAaTKH TCOPHUHU AppeHnyca.

B 3akoHUYeHHOM BUAC IPCACTABIICHUA O TOM, YTO PACTBOPLI 3JICKTPOJIUTOB

coacpxkar CBO6OI[HI>I€ HOHBI HC Cpa3y YTBEPAHJIIOCE.

CyliecTBeHHBI mAr K COBPEMEHHOMY NPEACTABICHUID O CTPOEHUU
pacTBOpoB 3eKkTpoanToB OblT caenan dapageem B 30-x romax XIX B. Dapaneit
OJIMH W3 MEPBBIX YKa3ajl Ha BO3MOXXHOCTh AUCCOLUMAIMU SJIECKTPOJIUTA HA HOHBL.
OnHako, MO €ro MHEHWUIO, 3TO SIBJIEHHWE MPOUCXOJUT TOJIBKO IOJ BIUSHUEM
anekTpuyeckoro mojs. Orcrofa ¥ OyKBaJdbHBIM CMBICI TEPMUHA ‘‘DIIEKTPOIUT
npeanoxeHHoro dapaneeM, KOTOPBII B TMEPEBOAE C TPEUYECKOrO O3HAYAECT
“pasznaraeMblii AIEKTPUYECTBOM . BO3HUKIIME B pPE3yJIbTAaTE€ TAKOTO PA3JIOKECHUS
WOHBI, YCTPEMJIASICh K  JJIEKTpPOJaM  TOJA  JEUCTBUEM  AIECKTPUUYECKOTO
B3aMMOJICMCTBUS, IEPEHOCIAT TOK 4Yepe3 pacTBop. B nmanpHeimeM 0ka3anoch, 4TO
npeactasienust Papazaes 00 0Opa30BaHUU MOHOB MO/ ACHCTBUEM 3JIEKTPUUECKOTO
MOJIsI ONPAaBIBIBAIOTCA B PACTBOpaAxX, CHAOBIX 3JEKTPOJIUTAX MPU OYEHb OOJIBIINX
HaMnpspbKeHHOCTAX nons. Tak, Hampumep, npu HanpspbkeHHOCTH monst X~50 MB/m
JUCCOoIMalus caadoro 3JIEKTPOJIUTa CTAHOBUTCA MPAKTHUYECKHU MOJHOW. OHAKo
YAaCTUYHO WJIM MOJHOCTBIO THCCOIMALIUS JIEKTPOJIUTA B PACTBOPE MPOUCXOAUT U

0e3 BCSIKOro HayoxkeHus nojs. O0 3TOM CBUIETEILCTBYIOT CIEAYIOIINE TPYIIIbI




HBJIGHI/II\/'I, O6Hap}I)KCHHI)Ie pasiIMdHbIMU ~ UCCJIICAOBATCIIIMU  I[IPH  HU3YUYCHUHU

PacTBOPOB AJIEKTPOJIUTOB.

1.OcmoTnueckoe pasieHue. Kak ciegyer u3 Teopur pacTBOPOB, B JOCTATOYHO
pa30aBIEHHBIX PACTBOPAX OCMOTHYECKOE [ABJIIEHHE T CBS3aHO C MOJIIPHOU
KOHIICHTpAIIMEN C ypaBHEHUEM:

n=cRT
rae R- razoBag nocrostHaas, T- aOcomroTHad t.

JInst pacTBOpPOB HERJIEKTPOJMUTOB 3TO YypaBHeHue (caxap B H,0), xopomio
COTJIaCyeTCsl C IKCIEPUMEHTAIbHBIMU AaHHBIMU. JIJIsl pacTBOPOB 3IEKTPOJIUTOB
AKCIEPUMEHTAJIbHbIE 3HAUYEHUS T OKa3bIBaeTCA OOJIbllle paccuuTaHHoro. Jlis
(hopManbHOTO YUYEHUS 3TOTO SIBICHUS ObLI BBEJAEH M30TOHUUYECKUU KOIPDUIIMEHT
Bant-I'obda 1 u cooTHolleHHE [Jii OCMOTHYECKOrO JABJICHHUS B PacTBOpPaAX
anekTponuToB 3amuchiBaii: m = 1 ¢ R T, rnme 1>0. ComnocraBienune Qopmyi
HATaJKUBAJO0 Ha MBICJb, YTO OOIIEE YUCIO YacCTHUI[ B PACTBOpPAxX d3JIEKTPOIUTOB

BLIIIIC, YCM B PACTBOPAX HECIJIICKTPOIINTOB TOM Xe MOHHpHOﬁ KOHICHTPAIIHUH.

2. JlaBileHne mapa Haa pacTBopamMH. PacTBOpeHHOE BEIISCTBO CHHXKAET
JaBJICHHE I1apOB JKHJKOCTH HaJ pPacTBOPOM IO CPaBHCHHIO C YHCTBIM
pactBoputeneM (Ap). B goctatouHo pa30aBIeHHOM pacTBOPE P MOXKHO
paccumTaTh:

_PM,

Ap =
Y =000

rac P() - JaBJICHUC IIapa HaJl YMCTBIM PAaCTBOPUTCIICM,

M) - MoJieKysipHas Macca pacTBOPUTEIS.

Kak m B omblTax MO OCMOTUYECKOMY JIaBJICHUIO, HKCIEPUMEHTAJIbHbIC
3Ha4YeHUs1 Ap B pacTBOpPax JIEKTPOJUTOB 3aMETHO MPEBBINIAIOT PACCUYUTAHHBIE TIO
dbopmyie, B TO BpeMsl Kak JiJisi paCTBOPOB HEANEKTPOIUTOB HAOIIOAETCA XOpoIliee

corjiaCcue TCOpruHr U OIIbITA. HpeﬂnonoxceHHe 0 OOJIBIIIEM YMCIIE 4acTul B paCTBOPEC



ANEKTPOJINTA, T.€. BBeAeHUE B Gopmyny kosdduiuenta 1>1, MO3BOIUIO

YCTPaHUTh 3TO MPOTUBOPEUHE.

3. Kpuockonuueckue u 30y 1JINOCKONUYECKUE H3MEPEHM .

JloGaBIeHHe PACTBOPEHHOTO  BCIIECTBA  BBI3HIBACT  IIOHIKCHHE  t
3amep3anust (ATs,, ) 1 moBbinenne t kumeHus (AT qy) PACTBOPA MO CPABHEHMIO C
YUCTBIM pacTBOpuTeiIeM. B 1ocTaTouHO pa30aBi€HHBIX PacTBOpPax BEJIUYUHBI
AT,z ¥ AT MOXKHO CBSI3aTh C YACJIOM PACTBOPEHHBIX YACTHIL:

_ RT’M,
1000 AH

RT: M,

Kun

“" 1000+ AH,,,

0
rae Tpp A Ty - t TUIABIEHUS U KUTIEHUS PACTBOPUTETS,
AHy; 1 AHp,0 - CKPBITBIE TETUIOTHI €r0 TIJIABJICHUS M TTapooOpa30BaHMUS.

0 0

N3mepenus t 3aMep3aHus U t KUNEHUS PACTBOPOB JIEKTPOIUTOB MMOKA3aJIH,

910 AT, U ATy, 3aMETHO MPEBBINIAIOT PacCUUTAHHBIE MO (opMyliaM, a TakxKe
AKCIIEPUMEHTAJIbHBIE JAHHBIE JJIsI PACTBOPOB HEAIEKTPOJIUTOB TOH K€ MOJSPHOU

KOHICHTPAIlUU

4. TensoBoii 3¢dexT peaknum HeiliTpanmzanmuu. TemioBod 3ddexT peakuu
HEUTpaIu3alMi CUJIBHOW KHUCJOTHl CHIIBHBIM OCHOBaHHMEM B pa30aBICHHBIX
pacTBOpax MPAKTHYECKH HE 3aBUCHT OT XUMHYECKOM MOPUPOIBI KHUCIOT U
ocHoBaHuM. Hanpumep, 1 2-x peakuuu:

HCl + NaOH — NaCl + H,O0—-AH,
HNO, + KOH — KNO, + H,O—-AH,

N3menenus saTanenmuu oauHakoBel AH;=AH, - 57,3 x/[x/monb (tipu t° =2OOC),
XOTsl TPUPOJia PEearupylolux BEMIECTB M MPOJYKTOB pPEaKIHH COBEPIICHHO
paznuyHbl. B TO e BpeMs mpeicTaBiICHHUE O AUCCOLMAIIMUA KUCIOT M OCHOBaHUU

MO3BOJIAJIO OBl CBECTH PEAKIIMU K OTHOMY U TOMY K€ IPOLIECCY:



H"+0OH — H,O
KOTOPBI COMPOBOXKAAETCS BIOJHE ONMPEACICHHBIM TEIIOBBIM 3 (PEKTOM.

5. llapajuiesin3aM  MeXKAY KATAJIUTHYECKHM JeHCTBHEM KHCJIOT W HX
3JIEKTPONPOBOAHOCTHIO.

Uem Oosbllie 37€KTPONPOBOJAHOCTh KHUCIOTHI MPU JAAHHOW KOHIIEHTpAllUU,
TeM OoJiee CWIbHBIM KaTanuTHdeckuil »(P¢eKkT oHa oOKa3bIBaeT Ha MPOIEecC
TUAPOIU3A CHOXKHBIX 3(UPOB. DTOT MAPATIIEIU3M HEJIB3s1 OOBSICHUTH C TOYKHU
3penus Teopun dapajies, HOCKOIBKY COTJIACHO 3TOM TEOPHUH, JIEKTPOIPOBOIHOCTD
CBSI3aHA C BOBHUKHOBEHHWEM HOHOB MOJI ICHCTBUEM AJIEKTPUUYECKOTO MO, TOTaa
KaK TUAPOIN3 3PUpOB ucciaeayeTcss B oTcyTcTBre noiig. C apyroit CTOpOHBI, MpU
JOMYIIEHUH O CAMOMPOU3BOJIBHON NMCCOLMAIMUA KHUCIOT U 3JIEKTPONPOBOAHOCTh
pacTBOpa KHUCJIOTHI, U €€ KAaTAIUTHYECKOE JEHCTBHE MOXHO CBS3aTh C OJHUM

o0mwuM (pakTOpoM - KOHIIeHTpaIrue noHoB Ho.

PaccmoTpeHHble SKCIEPUMEHTANIbHBIE (PAKThl TMOCTYKWJIA OCHOBOW JjIsi
TEOPUU DIEKTPOIUTUYECKON IUCCOIMAllUM, KoTopas Oblia chopMylMpoBaHa B

1857 r. Appenunycom.
Teopust AppeHnyca BKJI04asia OCHOBHBIE TTOJOKECHHUS :

1. [Ipy pacTBOpEHUM MOJIEKYJl HEOPraHWYECKUX M OPraHUYECKHUX KHCIIOT,

OCHOBAHMU U COJIEW TUCCOLMUPYIOT HA HOHBI:

— } - )
HClI H"+Cl"; NaOH Na* +OH

« «
- B ->_ . 5
NaCl ~Na* +ClI” K,S0, 2K'+S0,
« «

HNonbl npenctaBisitor co00i 3apsiKEHHBIA YaCTHUIIbI, KOTOPBIE COCTOST WU U3
OTACJNBHBIX aTOMOB, WIM M3 Trpynn atomoB. [Ipeamonaranoch, 4TO HOHBI B
pacTBOope BeayT ceds MOJOOHO MOJEKyJIaM HAEaNbHOro ra3a. Puznueckue
MPUYUHBI, KOTOpPHIE NPUBOASAT K JUCCOLMAIIMU DJJIEKTPOJIUTOB, B TEOPUU

Appennyca He paccMatpuBaiuch. He oOcyxkmancs Tak k€ BOINPOC O TOM,



Mo4yeMy  3apsOKEHHbIE  YacTUIIbl, Ha  KOTOPOM  JOMKHBI  ObLIM OBl
pacpoOCTPAHATHCS 3aKOHBI JJIEKTPOCTATHKH, HE B3aMMOJAECHCTBYIOT JIPYyr C

JIPYTrOM B pacTBOpax.

. ducconuanusi MOJIEKYJ Ha MOHBI SIBISIOTCA HE MOJHOM, T.€. HE BCE MOJIEKYJIbI
ANEKTPOJINTA, a JIMIIbL HEKOoTopas HUX [JOJsl ¢, Ha3BaHHAas CTEMEHBIO
JIUCCOIMAllUM, pachajgaeTcs Ha HWOHBL: a0is Moidekyn = (1-a) octaercs
HeauccolMupoBaHHOM. Takum 00pa3om, MpU THUCCOUMALMHU OJHON MOJEKYIIBI
ANEKTPOJIUTa OOpa3yeTrcss V HOHOB, TO KOHILEHTpalMsi HMOHOB B pacTBOpE
OKa3bIBAECTCSl PABHOM VOIC, 2 KOHIIEHTPAIIHUS HETUCCOLMUPOBAHHBIX MoyieKkyn (1-
o)c. CnenmoBarenbHO, 00IIas MOJSpHAs KOHIEHTpalMs YacTHUIl B PacTBOpe
coctaBuTt (1-a)c + vac = c[1+a(v-1)]. Beipaxenue [1+a(v-1)] nokaseiBaet, BO
CKOJIBKO pa3 YBEIMYMBAETCA OOIIas MOJSpHash KOHIIGHTpAIUsi  YacTUIl B
pacTBOpe 3a CUeT AUCCOIMALUU HJIEKTPOJIUTA, T.€. IKBUBAJIECHTHO IO CBOEMY
¢u3MYecKOMy  CMBICTYy  H30TOHHYeckoMYy Koadduuuenty Baut-I'oddda.
ITosTomy o Teopun AppeHuyca

i=1+a(v-1) (*)

IMockonbky v>1, a >0, To i>1 u ypaBHeHue (*) mo3BOJsAET AaTh pa3yMHOE
O00BSCHEHUE HKCIEPUMEHTATIBHBIM JaHHBIM MO OCMOTHYECKOMY JaBIECHUIO, MO

0
M3MEHEHUIO JaBJICHWS Iapa HaJ pacTBOpaMH, a TakXe IO CHIDKCHHUIO t

0
3aMCpP3aHUs U 110 ITOBBLIIICHUIO t” KUTICHUA B pacTBOpax 3JCKTPOJIUTOB.

. K mponeccy 31€KTpOJUTUYECKON NHCCONUAIMU MPUMEHUM 3aKOH JEHUCTBUSA

Macc. Tak, ecnu B pe3yabTare AUCCOLMALMM MOJEKYJBI 3JeKTposmta MA

_)

[I0JIy4acTcs 1 KaTUOH u 1 AHHUOH MA M"+4, TO
<_

[MA]l=c(l-a); [M*]=[A ]=ac¥u JJ8 KOHCTAHTBI BJIECKTPOIUTHYECKOMU

nucconnanuu K no teopun AppeHunyca rnojayqaem:

o MAT] a’c
[MA]  1-«a




I[To Teopum Appenmyca koHcTaHTa K SBISIETCA NOCTOSSHHOW [JI JTaHHOTO
anekTpoauta. [I03ToOMy MOXKHO pacCcuuTaTh CTENEHb AUCCOUMAIMNA B 3aBUCUMOCTH
OT KOHIEHTpAlMU JJIEKTponuTa. Pemas ypaBHeHWe yuurtbiBasg, 4to >0,

OJIy4acMm:
a=(K?*+4Ke -K)/2c

Ucxona w3 ypaBHenusa mnpu c¢c—>0 wm npu K—oo, a—1, T1.e. s3nekTponur
CTAHOBUTCA IMOJHOCTBIO NHCCOUMUPOBAHbIA. (C Ipyrod CTOPOHBI, MPU MAaJbIX
KOHCTaHTaX JIMCCOIMALIMKU U MPU HE OUYEHb HU3KUX KOHILIEHTPALHUSIX JIEKTPOJIUTA,

Korja K2<<4KC,

a~=+K/c

OTHU COOTHOUIECHUS MPUMEHUMBI TOIBKO JIJIl PACTBOPOB CUMMETPUYHBIX OMHAPHBIX
AJEKTPOJUTOB, Koraa 1 Mosnekyia anektponuTa naet 1 katnoHn u 1 anmoH. Ecin xe
JJEKTPOJIUT HUMEET HECUMMETPUYHBIA BAJEHTHBIA THI WJIM HMMEETCA CMECh
AJEKTPOJUTOB, TO MATEMATUYECKUE COOTHOLICHUS, OMNUCHIBAIOIINE 3aKOH

HCﬁCTBHH MacCC M BBITCKAOMMUE U3 HUX CIICACTBHA YCIIOXKHAIOTCA.

Teopust AppeHuyca TMO3BOJIMJIa JIETKO TPAKTOBAaTh JIIOObIE SIBICHUS,
CBSI3aHHBIE C HOHHBIMM PAaBHOBECUSIMM M Ji€rJla B OCHOBY KAa4e€CTBEHHOI'O U

KOJIMYCCTBCHHOI'O aHAJIM3a.
HenocraTku KJacCHYeCKoH TCOPHUA 3JIeKTp0JII/ITI/I‘IeCKOﬁ AUNCCOIMAIINH.

Hapsany ¢ nNoJIOXHTENBHBIMH CTOPOHAaMH, TeOpusi AppeHuyca umena 2

CYHICCTBCHHBIX HCAOCTATKA.

[lepBblii OBLT CBSA3aH C TE€M, YTO TEOPHUST UTHOPUPOBAJa B3aUMOJCHCTBUE
noHoB ¢ aunonsmu H,O wnm npyroro pacTtBOpuTens, T.€.  HMOH-JUIIOJIBHOE
B3aUMOJICHCTBHE. A UMEHHO 3TO B3aUMOJICHCTBHE SIBIACTCS (PU3NUECKON OCHOBOM
o0pa3oBaHus MOHOB B PaCTBOPE MPH PACTBOPEHUHU 3JeKTpoiuTa. Takum oOpazom,

0e3 ydeTra MOH-AUMOJIBHOTO B3aUMOJICHCTBUSI HENb3sI ObUIO OOBSICHUTH IPOIIECC



o0pa3oBaHUs MOHOB M YCTOMYMBOCTh MOHHBIX cucteM. W teopus AppeHuyca

OCTaBJIslJIa OTKPBITEIM BOIIPOC O IMMIPpUYHMHAX BHGKTpOHI/ITI/I‘-IeCKOI\/,I AJUCCconuanmm.

Bropoii  HemocTaToKk  CBSI3aH C  WTHOPUPOBAHUEM  MOH-MOHHOTO
B3anMOACHCTBUA. MOHBI paccMaTpuBaIINCh KaK YACTULBI HJICAIBHOrO rasa, a,
CJIeIOBaTENIbHO, HE YYHUTHIBAJIOCh OOYCJIOBJIEHHOE KYJIOHOBCKUMHU CHJIAMHU
MPUTATATENLHOE B3aMMOJCHCTBUE KATMOHOB M AHHWOHOB M OTTAJIKHUBATEIBHOE
B3aUMOJICHCTBUE OJJHOMMEHHO 3apsSKEHHBIX HOHOB. [IpeHeOpekeHne noH-HOHHBIM
B3aMMOJICMICTBUEM IMPUBOAWIO K HAPYIICHHI) KOJIWYECTBEHHBIX COOTHOIICHUU

Teopun AppeHuyca.

HUrnopupoBanue B3anMOAECHCTBUS YACTULl PACTBOPEHHOTO BEMIECTBA MEKY
coOOl U ¢ MOJEKYyJIaMH PACTBOPUTEIS SIBJISJIOCH OCHOBHBIM OOBEKTOM KPUTHUKHU
Teopun AppeHnyca. B 4acTHOCTH, B MPOTUBOIOJOKHOCTh AppeHuycy u Bant-
I'oddy, koTOophle paccMaTpuBalid PacTBOPhl KaK MEXaHUUYECKYIO CMECh MOJIEKYJI
H,O ¢ monexynamu u MOHAMU 3IEKTPOJIUTA, MEHIeNeeB TOBOPUII O XUMUYECKOM
B3aMMOJICHCTBUH, 32 CUET KOTOPOTO 00Pa3yIOTCs KUAKUE HEMPOUHbIE COCTUHEHUS
B COCTOSIHMM Juccolranuu. 1IonbITKH KOJIMYECTBEHHO YY€CTh MOH-JIUMOJIBHBIE U
MOH-UOHHBIE B3aUMOJICUCTBUS NPUBEIU K (POPMHUPOBAHUIO COBPEMEHHBIX TEOPUU

PacTBOPOB AJIEKTPOJIHUTOB.
Bomnpoch! aj1s1 caMONOATOTOBKH:

1. IIpuBeauTE S3KCIIEPUMEHTAIBHBIE TPEAIOCHUIKN CO3IAHUS TEOPUU AppeHUyca.
2. ChopMynupyiiTe OCHOBHBIE MOJOXKEHUSI TEOPUU AppeHuyca.

3. B 4yeM oCHOBHBIE HEeIOCTAaTKa TeOpur AppeHuyca?

OcHoBHas JuTEpaTypa:

1. Jamackun b.b., Ilerpuit O.A. OCHOBBI TEOPETUYECKOU SIECKTPOXUMHH. M.,

Bricmas mkona. 1978. C. 264-268.



JEKIUA 3. MOH-JUITOJIBbHOE B3AUMOJENCTBUE B PACTBOPAX
AJIEKTPOJIUTOB

9H€p21/lﬂ KpucmaﬂﬂuquKoﬁ pewemKku, Yuki BopHa; cuia sjiekmpocmanmuieckozco
npumAdICeHUA, cuia ommailkKueaHusl. 9H€p21/lﬂ colbeamayuu, ypaeHeHue EOpHCl-

Ebeppyma; PealbHAaA U XUMUUECKAA SHEP2USL COlbeamayuu

MexaHU3MBI oﬁpasoBava pacrBopoB IJNICKTPOJIUTOB. 3Heprm{
KpI/ICTa.]IJII/I‘IeCKOﬁ PCLICTKHA. BHCPFHH coJIbBaTaluu. PeanbHas H

XMMHUYIECCKasA JHEPIrud coJdbBaTanuu.

MexaHu3zm OﬁpaSOBaHI/IH PacTBOpPOB 3JICKTPOJIUTOB

TepMuH «AIEKTPOIUTUYECKAS THUCCOLMAIMSANIONPA3yMEBAET 00pa3oBaHUE
HMOHOB B PAacTBOPE MPH PACIAI€ HEUTPAIBHBIX MOJIEKYJI PACTBOPSAEMOTO BEILIECTBA.
Onnako (akTUuecKu 4YacTO HMOHBI CYHIECTBYIOT YK€ JI0 pacTBopeHus. Tak,
HanpuMmep, TBepabiii NaCl mpeacTtapiser coO00i KpUCTalll, TOCTPOCHHBIM U3 HOHOB
Na' u CI', TIpu pactBopernn NaCl npoucXoauT paspyleHHe KpUCTalia 3a cueT
B3aUMOJICHCTBUSI MOHOB C JUMOJAMH pacTBOpUTENs. UTOOBI JOKa3aTh 3TO, HY>KHO
paccuuTaTh SHEPrUI0, HEOOXOAUMYIO JUISl Pa3pyIICHUS] KPUCTAUNIMUECKON pelieTKr
U CONOCTaBHUTh €€ C SHEPTrUEUl CONbBATALMH, T.€C. C BBIUTPHIIIEM YHEPTUU 32 CUET
B3aMMOJICICTBUSI HOHOB C PAacTBOpUTENEM. ECiau 3TH 3HEpPrum OKaxXyTcs OZHOTO
MOPsIAKA, TO BBIBOJ] O Pa3pylICHUU KPUCTAJUIMYECKON PEIIETKU COJIA 32 CYET UOH-

JUITIOJIBHOTIO BSaHMOHeﬁCTBHH MOJXHO CUHUTATh IIPaBUIbHBIM.

B psnme cmydaeB pacTBOp AIEKTPOJUTA JIEUCTBUTENBHO MOJYyYaeTCs HPHU

PaCcTBOPCHHU BEIICCTBA, COCTOAIICTO U3 HCfITp&J'IBHI:IX MOJICKYJI.




Tak npu pacTBOpeHMHM B BOJE€ Tra3000pa3HOro0 XJOPHUCTOIO BOAOPOJA
MOJIy4aeTcs pacTBOP CHIIbHOTO AnnekTpoauTa - HCI kucnoTel. OgHako u 31€ch A0
ceoaurcss He K amccoumauumum Monekyn HCL a x ux XuMuueckoMmy

B3aNMOJAEUCTBUIO ¢ MosneKysamu H,O

HCIl+ H,0 — H,0" +CI"

npu KoTopod mpoToH mnepexoaut oT Moiaekyiasl HCl k monekyne H,O ¢
+
oOpa3zoBaHueM HOHa rujipokconms. Kpome Toro, o6pazoasmmecs nonsl H;O™ u
Cl' ctynaroT B MOH-JIUIIOJIBHOE B3aUMOJEUCTBUE C M30BITOUHBIMH MOJIEKYJIAMHU
H,0. Takum oOpazom, npu obOpazoBanuu pactBopa HCl kucnoTsl sHeprus,
HeoOxomammasi i1 paspbiBa xumudeckorl cBs3u H-Cl (432 kJIx/Monb),
KOMIICHCUPYETCSl DJHEprueid CBA3M TMPOTOHA C MOJIEKYJIOM BOJbI B HOHE
%) + -
TUAPOKCONMII U 3Heprued ruapatanud MoHOB H3O  um Cl. TakoBbl 2 OCHOBHBIX

MCXaHH3Ma O6p2130BaHI/I$I pacTBOPOB DJICKTPOJIHUTOB.
3Hepl“l/lfl KpHCTaJIJIPI‘IeCKOﬁ PCLICTKH.

DHeprus KpUCTAUIMYECKOM PelIeTKH MPEACTaBIISIET CO00M paboTy, KOTOPYIO
HY>KHO 3aTPaTUTh ISl Pa3pyLICHUS PEIIETKHU, T.€. ISl Pa3BEJCHUS COCTABISIONINX
€e MOHOB Ha OECKOHEYHO OOJIbIIOE PACCTOSIHUE B BaKyyme. OHeprus
KPUCTAJJTMYECKOU PEIIETKH PACCUMUTHIBACTCS HAa MOJIb MCCJEAYEeMOTrO BelleCTBa.
JIist OLIEeHKM STON JHEPTrUM BOCHOJB3YyEMCS MOJEIBHBIM METOJ0M, KOTOPBIH
npeanoxeH bopHoM. PaccMoTpum 2 MpPOTHBOMNOJIOKHO 3apsKEHHBIX HOHA,
COCTaBISIIOIIMX  JIAHHYI0  KPUCTAJUIMYECKYIO  PEIIETKY, KOTOpPhle HMEIOT
a0COJIIOTHBIE 3aps/Ibl Z1€) U Zp€) U HAXOASATCSA JIPYr OT APYyra Ha PacCTOSTHUM «I».
Cunmy BIEKTPOCTATHYECKOTO B3aWUMOJCHCTBUSA (NMPUTSHKCHUS) MEXKIY JTUMHU

HOHAaMHM MOXHO OIIPCACIINTD ITIOBEPXHOCTHU 3dKOHY KYJ'IOHaI

P25 (1)

2
! 4re,r
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r7e €0 - TUDIICKTpUYECKast
MIPOHUIIAEMOCTh BaKyyMma. (&0
=0,88542-10" d/m) MOXHO
NPEIIOIOKUTh , YTO TEPBBIA HOH

3aKpeIvieH B moJiokeHuu r=0, a cuia
F,, nelictByer Ha BTOPOM HOH B
HapaBJICHUU MEPBOTO HOHA.
[Tockonbky HampasieHue cuibl F,y
MPOTHUBOIIOJIOKHO HAINPABICHUIO OCH T
, To F,;<0. OIHOBpEeMEHHO Ha HWOHBI

JEUCTBYET CWJIa OTTAIKUBAHUS Fprra;,

O6y0JIOBJI€HHaH BSaHMOHCﬁCTBHeM QJICKTPOHHBIX 000I0YEK M HE ITO3BOJJIAIOIIAsA

MOHAM OE€CKOHEYHO OJIM3KO MOJIOUTH JIPYT K APYTY.

[Ipenmnonoxum, uto cuibl Fo., Takke mpunoxkeHa KO BTOPOMY HOHY (puc. ).

[TockonbKy HampaBlIEHUWE CWJIBI COBIIAJAET C HAMPABICHUEM OCH I, TO Fqp>0.

Cuny Fy;. MOXHO NpecTaBUTh

omm. ~

)

rie B u n - koHcranTel, mpuuem n>1. Takum o00pa3oM, cyMmapHasi CHJIbI

B3aUMOJIENCTBUS MOHOB

F=F +F =

o1

z.z,e B
_J17270 — (3)

2
drg,r™ 1

omm

IToBepxHocTH onpenenenuto, F=-dv/dr, rae v - moTeHIuaabHas YHEPTUS CUCTEMBI.

[loaTomy, uHTerpupys BenuuuHy F OT paBHOBECHOTro paccTosHUA (T)) MEXIY

HOHaAMH B KpPICTElJ'IJ'IH‘-IGCKOfI peuicTKC g0 1=°0, MOXKHO HAaWTH W3MCHCHHE

HOTGHHH&HBHOﬁ OHCPIUHU AU, COOTBCTCTBYIOHIICC YAAJICHUIO 3TUX PACCMOTPCHHBIX

HMOHOB Ha OECKOHEYHO OOJIBIIIOE pacCTOsSTHUE (PHUC. ):
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Koncranty B MoOXHO paccuutarh IMOBEpPXHOCTH YypaBHeHUIO (3), T.K. B

PaBHOBECHOM COCTOSIHMH, Koraa r=ry, F=0. CrnenoBarenbsHo,

2 .n-1
_ Z,Z,e,r

4re,

U ypaBHeHUE (4) MOXKHO 3alUCaTh:

AU = ﬂ[l _lj
4re,r, n

)

®opmyna (5) moisydyeHa Ajig JAaHHOM mHapbhl MOHOB. UTOOBI mepedTH K SHEPruu
KpUCTAJUIMYECKON PEUIEeTKH, PacCUUTHIBAEMON Ha MOJb BEIECTBAa, HEOOXOIUMO
yMHOXkUTh AU Ha umcio Aaraapo Ny M y4ecTb B3aMMOJEHCTBUE MEXKIY BCEMU
MOHAMH, KOTOpbIE ONPENEISIOTCS HMX B3aUMHBIM pACIOJIOKEHHEM B 00beMe
pemerku. [locneqHsas nonpaBka SKBUBAJIEHTHA BBEICHHIO €I11€ OJHOTO MHOKHTES
A - KOHCTaHTBl MozienyHra, KOTOpPbIA pacCUUTHIBAETCS KaK CyMMa psifa U 3aBUCUT

OT THUMa Kpucrtamuinuecko pemetku. Hanpumep, mist NaCl:

12 8 6 24

Ejtﬁ——é‘ﬁtﬁ...

A=6- =1,7476

Takum 06pazom, monenb bopHa aiisg sHEPrUM KPUCTATUITMUECKON pEelIeTKH
MPUBOIUT K PopmyIe:
2
Z,Z,€e 1
AG =N A-2270 1—— (6)
4re, 1, n
PEeHTreHOCTpYKTYpHBIM  aHamu3  MO3BOJISIET yYCTAHOBUTH T'€OMETPUIO
KPUCTAJJIOB M OmNpenenuTh mnapametpel A u 1. KoHcTanta n  0OBIUHO

pPaCcCUUTBIBACTCA nus3 JaHHBIX IOBCPXHOCTHU CXKNMAacMOCTH KpHUCTAJIJIOB

MOBEPXHOCTH (hOopMYyJie:



18 7,

PAe 5 )

n=1+

rae B - koadpduuuent cxumaemoctu. s NaCl nmomyueno n=7,5 mns npyrux

coJieil 3HaueHue n Kojiebercs B mpeaenax ot 5 o 12.

Pacuer moBepxnoctu ¢opmyne (6) mokassiBaeT, yto ansa NaCl sHeprus
. 5
KpUcTtaJinyecko pemetku =7,624-10° Jx/Monb=762 kJ[k/MOIIb CTOJIb K€

SHAYUTCIIbHBIC BCJIIMYHUHBI U UL JIPYTUX COJICH.

Jlnst onieHku ToyHOCTH (hOpMyIbl (6) TPEACTaBIs€T UHTEPEC COMOCTABUTH
AGn,c) € U3MEHEHUEM SHTAIIBIINU B XOJI€ Pa3pyLIEHUS] KPUCTAJUIMYECKON PEIIETKU
NaCl AHy,cr. Benmnunna AHy,cp MOKHO ONpeAeNuTh MNpHU MOMOIIM CIETYIOLIEro

TCPMOINMHAMHNYICCKOI'O IUKJIA:

NaCl(xkpucm.)—*2< > Na! =~ + Cl )
+é AH, e AH,
Hs Na,, Cl(za'})
3 AH, L AH,
Na,,, + 1 Cl,

3nauenue AH B [ npuOmmxkeHMM MOXKET NPUPABHATHCS MMOTEHIHUATY
noHu3auu Na, B3sTOMYy ¢ 00paTHbIM 3HaKOoM. M3menenue sntansnuu AH, Takxke
~ ompenensercss CcpoAcTBOM K anekTpony artoma Cl,. Bemuuunna AHj
COOTBETCTBYET TEIJIOBOMY 3(PheKTy MNpu KOHJEHCAIIUU Ta3000pa3HOro HATpHs, a
AHy - TenmoBomy 3¢ exTy npu cxxuranuu Metan. Na B armocdepe razoo00pa3zHoro

Cl,. DkcniepuMeHTaIbHO HAHIEHO, YTO



AH. = —496 HOCKOHBKY B 3aMKHYTOM TCPMOJUHAMHWYCCKOM IIHKIJIC
1

AH, =365 nosepxnocTH 3akony 'ecca T AH;=0, T0
AH, =109
AH, =-121 AH, ., =—(AH, +AH, + AH, + AH, + AH ) = 772« | monw

AH; = —411 xJlx/Momb
VYuuThiBBas naHHble MOBEpXHOCTU Ternoemkoctu NaCl,

0
MOKHO OLIEHUTH npousBeaeHne T A S, kotopoe npu 25°C cOoCTaBiIsI€T TPUMEPHO
15 xJIx/mMonb. Takum 00pa3om, st SHepruu kpuctamndeckod pemetku NaCl
AGnac=757 kJ>k/MOJIb, YTO XOPOIIO COTJACYETCs C BEIMYMHOM, PacCUUTAHHOU

noBepxXHOCTH opmyiie (6).

Wrtak, oOpa3oBaHuE MOHOB MpPHU Pa3pyIICHUU KPUCTAIITUYECKON pEIIEeTKU
TpeOyeT 3aTtpaThl O4YE€Hb OOJBINON »HHeprur. Ecim Okl 3Ta JHEprus HE
KOMIICHCUpOBaJdach JHEpPruel  coipBaTalud, TO CTENEHb JIUCCOLMAIUU
MpakTHUeCKu paBHsach Obl Hymto. Konctanta nuccoumaruu NaCl B BogHOM

128.8

pacTtBope mpu 3ToM cocTaBuiaa k~10 MOJIB/I, U cnegoBarenbHo, 1sa 0,01 M

pacTBope
a~~Clc~107

DTOT pe3ynabTaT I[OKa3bIBAET, YTO BO3PAKEHUS NPOTUBHUKOB TEOPUU
AppeHnyca, WTrHOPUPOBABIIEH HOH-IUMNOJIBHOTO B3aUMOJCWUCTBHUS, BIIOJIHE

000CHOBAHBI.
JHeprusi coJbBaTallMH

DHeprusi coiabBaTalluu MPEICTABISIET COOOM BBIUTPHIII B YHEPTUH, KOTOpAs
MOJYyYaeTCAd MPU MEPEHECEHUN MOJISI UCCIEAYEMBIX HOHOB M3 BaKyyMa B JaHHBIN
pactBoputenb. Ilpm 3TOM mpenmnonaraercs, YTO TAaKOW BBIMIPBHIII DHEPIUU HE
BKJIIOYAET 3JIEKTPOCTATUYECKOTO0 B3aMMOJECHCTBHUS HMOHOB, KOTOPOE HEU30EKHO
CKa3aJoch Obl y)Xe MpHU BBEICHUHM B pacTBOpuTedb Il U Kaxxaoro mocienyrooero
noHa. YToObl M30€XaTh 3TOTO OCI0XXHEHHUS, PACTBOP HYKHO MOJAACPKUBATH

BHCKTPOHCfITpaHBHBIM, T.C. BBOOUTH B HCTO COOTBCTCTBYIOIICC KOJIMYCCTBO NOHOB



IIPOTHUBOIIOJIOKHOI'O 3HAKA, 4 IPUTATaTCIIbHOC BBaHMOHeﬁCTBHC MCKY KaTHOHaMHU

1 aHMOHAMHM YJIMMUHUPOBATh JIOCTaTOYHBIM pa30aBICHUEM PacTBOpA.

Haubonee npocrtas Moenb JJIsl OLIEHKU YHEPTUH COJIbBATAIIUU MPETI0KEHA
Bbopuom. CornacHo 3TOM MOJENN MOH PACCMAaTPUBAETCS KaK 3apsHKEHHBIM IIApUK
paauycoM T, a pacTBOPUTENIb KakK CIUIOIIHAas OJHOPOAHAas cpena ¢

TADJIEKTPUYECKON MMOCTOSIHHOM €.

[Mpomecc mepeHoca 3apsbKEHHOTO MApUKa U3 BaKyyMma B cpely pa3OuBaeTcs

Ha 3 prama:

1) pa3psn mapyukKa B BaKyyMe,
2) IEePEHOC HE3apsLKECHHOI'O IIapuKa U3 BaKyyMe B PaCTBOPUTEIIb,
3) 3apspDKEHHE IIapruKa B Cpee.
I[Ipy »>TOM Tpenmosaraercss, 4TO

Wi -
@ 'O pabora Ha II »rame W,=0, a nmna

pacuera pabotsl Ha 1 u 3 atamax (W,

u W;) wuchnonp3yercss OCHOBHBIC

W2

3aKOHBI AIEKTPOCTATUKH. Tak,
I corlacHO 3akoHy Kynona, cuibl
- - - A 4
(e w O B3aMMOJICHCTBHISA 3apafioB ; U ¢ (¢
Y4E€TOM 3HaKa), HaXOJSIINXCS B Cpelie
C IURJIEKTPUYECKOW MOCTOSHHOM € HAa PACCTOSIHUU T paBHA: F = 49, (8)

dne,r’

[TosTroMy HampspkeHHOCTH moyist X, T.€. KOTOpas HAeucTByeT Ha 3apsan +1,
HaXOJSIIUICS B CPEAE HA PACCTOSIHUM T OT 3apsa (, COCTABIISIET:

X = —92 9)

dre ,er’

[TockonbKy HAmpsI)KEHHOCTh MOJIs CBA3aHA C AJIEKTPUUYECKUM MOTEHIUATIOM
¢ dopmynont X=-do/dr, To n1g noTeHIMana Ha MOBEPXHOCTH cdephl paauyca T,

ITOJTyYaeM:



n U q dl" q

¢=—fXd"=—f4 2= (10)
o0 o0 7[808]/ 7[808}’[

r¢ HIWKHUA Tpelel WHTETPUPOBAHUS COOTBETCTBYET BBIOOPY HYJIEBOTO

MOTEHIMada Ha 0€CKOHEYHO OOJIBIIIOM PACCTOSHUM OT paccMaTpUBaeMoOM cepshl.

N3 ypaBuenus (10) BeiTekaer cnenyromas dopmyna st pabOThl 3apsiKeHUs

chepsl:

q q 5
qdq q
W = d = e

_([(p ! ‘([47780873 87e e, (11)

B cootBerctBuu ¢ hopmyrnoit (11) ansa padotr W, u W3 nostydaem BbIpakeHUst

2.2 2.2
z; e, z; e,

W, =— W, =—

&gy, : 8ree,r;
rJe zep - 3apsa MOHa.
VYyuThiBas, 4To CBOOOAHAsI SHEPrus cojbBaTaluu AG, = N AZVK , BBIBOJIUM

CJIETyIOLIYI0 OCHOBHYIO (hopmyity moaenu bopha:

Zl.zeg 1
_AG. =N, -1 (12)

Ecnu Bocnionb3oBaThes ypaBHeHueM ' nb0ca-I'enpMromnpa:

At =AG -7 YE9D)

TO U3 ypaBHEHHUS (12) MOXXHO MOTYUYUTH JJIsI SHTAIBIUU COJIbBATALIUN:

2 2
~AH, =N, 2% (1—1—1£J (13)

8re,r,
VYpasuenue (13) - ypaBuenune bopHa-boepdyma.

DHeprus TUApaTalud, PACCUYUTAHHBIE IOBEPXHOCTH MoAenu bopHa, BecbMa

3HAYUTEIILHLI M BIOJHE MOXKET O0eCIeunTh paspymcHue KpHCTaHHH‘IeCKOﬁ



pemeTku npu oOpa30BaHUU PACTBOPOB IJICKTPOJIUTOB. ITO Hauboyiee BaKHBIN
Ka4EeCTBEHHBI BBIBOJ M3 T€OpHUH bOpHA, KOTOpBIM IMOKa3bIBAET, YTO OCHOBHOM
MPUYMHON 00pa3oBaHUsI M YCTOMYMBOCTH PACTBOPOB BJIEKTPOIUTOB CIIYKHUT

coJibBaTanus HOHOB.

JIist KONMMYeCTBEHHOM MPOBEPKU TEOpUHM coJibBaTanuu bopHa yao0OHO
BOCIIOJIB30BAaThCA  CleAyIOIUM crocoOoM. CHOXHUM SHTANbIIUKM TUApaTaluu
KaTMOHA U aHHWOHA (U3 TalJ.) U CPAaBHUM C TEIUIOBBIM 3(P(HEKTOM COJIbBAaTallUU

COOTBCTCTBYIOIHGI)'I COJIM, BBIYUCJICHHBIM HW3 TCPMOJHMHAMHNYCCKOIO IIHUKIIA,

Hanpumep:
NaCI(Kpucm.)M)Naém) + Cliay
L AH, VAH,
Hpacm  Na* (a0 + Cl™ (a0

rane  -AH,uen- TemnoBod 3(G(GEeKT pacTBOpEHUs, HSKCTPANOIMPOBAHHBIMA Ha

OECKOHEUYHO pa30aBIICHHBIN PACTBOP COJIH.
N3 storo mukia a1 TernaoBoro 3¢ @exra coibBaTauu

AH " = AH{ + AH = AH ,,,,, — AH ¢ = 4 =772 = =768k]Dc | monw

pacm

AHaJOTMYHO MOXKHO PaCCYUTATh JJISI APYTUX COJIEH.

Paccuntanneie noBepxHOCTH bOpHY BEIMYUHBI AH“™  3HaumTeBHO
MPEBBIIAIOT COOTBETCTBYIOIINE IKCIEPUMEHTAIbHBIE 3HAYEHHS. JTO YKa3bIBACT
Ha BeChbMa NPUOJIMKEHHBIM XapaKTep JAOMYIIECHHH, MOJOKEHHBIX B OCHOBY MOJIENU
bopua. IlostoMy ObulM TpeANPUHSATH HEOJHOKPATHBIC MOMBITKU YTOYHUTH
TEOpUI0 coJibBaTauuu bopHa. boiiee CaoXKHbIE MOAENU ITO3BOJIAIOT YCTPAHUTH
pa3nuYus MEXIY PACCUNTAHHBIMU U SKCIIEPUMEHTAIBHBIMU BETUYNHAMU AHg™ .
OmHako 1Tpu  JETalbHOM  NPOBEpPKE  ATUX  MOJENEed  BCTAaeT  3ajada

SKCIICPUMCHTAJIBbHOI'O OIMPCACICHHUA SHCPIrUr COJIbBAaTaAllMM OTACIBbHOI'O MOHA, T.K.



+ -
Mpu CyMMHUpOBaHUU pacyeTHbIX BenuuuH AHg u AHg omumOku, 00ycinoBlIeHHbIE

HCIO0CTAaTKaM1 MOACIIN MOTYT KOMIICHCUPOBATBLCH.

PeasbHasi 1 XuMu4ecKas

M TEOPUA COJIbBaTallun

[Ipennonoxum, 4To

A]\l
v MeTali M IIOrpyKeH B

pacTBOp  COJH  3TOTO

3 MeTalia " MEXIy

S - S ANEKTPOJOM U PacTBOPOM

— — MY —— YCTaHOBWJIOCH

QJICKTPOXUMHYCCKOC

paBHOBECHE. B  armux
yCIOBHSAX paboTa mepeHoca moHa M’ uepes rpaHMIly METaII-pacTBOP paBHA
Hyn0. Mexny Toukoil 1 BOMM3M MeTalljia M TOUKON BOJIM3U pacTBOpPA CYIIECTBYET
n3MepseMas pa3HOCTh IMOTEHIMAIOB A’y - BOJIBTA-MOTEHIMAT METAJUI-PACTBOP.
MBICIEHHO COBEPIIMM CIEIYIOMMNA LUKINYecKuid mpouecc. Mcmapum 1 moib
aTOMOB MeTajla, 4To NoTpedyeT 3arparbl dHepruu AGeys,. HMoHHM3MpyeM 5Tu
aToOMbl B TOUKe 1 BOJIM3M MOBEPXHOCTH METallia, 3aTpaTUB Ha 3Ty padboTy AG,ey.
Bo3Hnukiire mnpu 3TOM 3I€KTpOHBI BBeJeM oOpaTtHO B Metaiul. [lonmydenHsiil 3a
CYET ATOTO BBIUTPHIII SHEPTUU COCTABUT Z®, TNI€ M- pabOTa BBIXOJA AJIEKTPOHA
u3 Metamia. Monsl metamnia M”' u3 Touxu 1 nepeseneM B TOUuKy 2. [lockonbky

MEXIY 3THMHU TOYKAMHU CYIIECTBYET Pa3HOCTh MOTEHUUAIOB A’y , TO MPHU 3TOM

Oyzaet 3arpadeHa padbora N ze, A’y =zFA vy , tae F=ey)N, ancino @apanes
y p p A 0= m M p

lanee unoHBI MeTauia BHeceM B pacTBOp. COOTBETCTBYIOIIMMHU 3ITOMY
MPOIIECCY PHEepreTuyeckuil 3Pp(eKT paBEeH TaK HA3bIBA€Mbl peaibHON IHEPTrHHU

+ +
coapBaTamuu noHoB M” AGs"™. J[ns 3aBeplICHNs LHKIA IepPEHECeM HOHBI M”



U3 pacTBOopa B MeTaUl. B yCIOBUSIX 3JEKTPOXMMHUYECKOTO paBHOBecHsl padoTa

ATOTO IPOLECCa PaBHA HYIIIO.
[ToBepxHocTH 3aKk0HY I'ecca

AG,.,, +AG,, —z0, +zFA v + AGY* =0.

cyon M

U caenoBaTenbHO,

AGE™ =—AG,;, —AG,, + 2@, — ZFNy (D

cyon

Bce Bennuunbl B paBoi yacTh ypaBHEHHs (1) TOCTYHHBI SKCIEPUMEHTAILHOMY
ONPEAECIECHUID W 3TO OTKPBIBAET IMyTh JJISI pacyeTa pealbHOM JHEPruu
COJIbBATallMM ONPENECICHHOTO BHUJAa HMOHOB. HMues 3Toro Merona HaXOXKICHUS
AG** Gpita BeiaBuHyTa ®pyMKHMHEIM. Ha rpaHHIE BO3IyX-pacTBOp M3-3a
ONPEAECIECHHOW OPUEHTALIMU JHUIOJIEM PACTBOPUTEINSI BO3HHMKAET MOBEPXHOCTHBIN
noteHuuan . [lostomy sueprerudeckuit 3¢p@Pext, CONMpOBOKIAIOIIMI MEPEHOC
3apsKEHHOM YacTULBl 4Yepe3 TPAaHUIy BO3AYyX-pacTBOp [Touka 2 B TOUKy 3],
OTPAXXaeT HE TOJbKO HOH-IUIIOIBHOE B3aMMOJICMCTBUE, HO U BJIEKTPUYECKYIO
paboty, KoTopas [JIsi MOJSi HMOHOB C 3apsaoM ziey paBHa N,ziepy = ziFy.
N3menenne cBOOOHOM IHEPruM, 00yCJOBJIEHHOE TOJbKO B3aMMOJeHCTBUEM
HOHOB C JMIIOJISIMH PACTBOPHUTE/ISA U OTHECEHHOE K MOJIK0 HOHOB, HA3bIBACTCS

XHMHYeCcKOii YHeprueii coapBatamun AG™™,

Takum o0pa3zoM, MEXIy peaibHOM U XUMHYECKON IHEPTUSIMU COJIbBATAIINU

CYmECTBYCT ClICAyroias CBA3b:
AG™ = AG™ + z,Fy (2)

Pean) pemmunner AG™

DKCNEPUMEHTAIBHO MOXKHO ONPENETUTH TONBKO AGq
u z;Fy oneITHOMY onpeieneHn o HeaqocTynHbl. C Ipyroil CTOPOHBI, BCE MOJIEIILHBIE
MeToxb! pacdersl 1atoT AG\ ™ u, ciexoBaTenbHO, CTPOras SKCICPHUMEHTAIbHAS
IOpOBEPKA OTHX MOJENEH HEBO3MOXKHA. [l09TOMY HEOOXOAMMO IOOHTHCS

COIJIAaCOBAHHOCTH PC3YJIbTATOB B PaMKaX Pa3JIMYHbIX MOJICJIbHBIX PACUYCTOB. OI[I/IH



A3 CIOCOOOB TAKOrO COIIAacCOBAaHHS OOBIYHO OCHOBBIBASTCS HA YHCTO MOJIEIBLHOM
pacyeTe XMMHUYECKOW SHEpPruu Tuaparanuu voHa. [pyroit cmoco® cOCTOUT B
) (comn)
Pa3IOKEHUN SKCIEPUMEHTAIBHOM BeauduHbl AHj Ha 2 cjaraeMbIX, MPHYEM
MPaBWIO, TOBEPXHOCTH  KOTOPOMY  TIPOM3BOJMUTCS  TAaKOE  Pa3JIOKEHUE
OCHOBBIBACTCA Ha JPYrOM MOJEIBHOM mpeanoiokennn. OaHaKO BEIUYUHBI
AG5™) 111 0THOTO M TOTO XK€ MOHa, paccuMTaHHBIE Pa3HBIMH METOJAaMHU, HHOIIA
ornuyaroTcst Oonee vem Ha 100 x/[x/monb. Ilpu MOCTOSHHOW W HM3BECTHOM

pean)

Bemmanae AG,' B COOTBETCTBUU C YpaBHEHHUEM (2) 3TOT OTBEYAET PA3IMUUEM B

IMOBCPXHOCTHBIX ITOTCHIMAIAX, IIPCBBIIIAI0ITUM 1 B.

OTH  pasiuuMs  3HAYMTEIBHO  IMPEBOCXOMAT  BO3MOMKHBIE  OIIHOKH
COBPEMEHHBIX MOJEIBHBIX OIIEHOK Y. Takhe ONEHKH JUIs BOJHBIX PacTBOPOB
HoKaspiBaoT, 4ro y~+0,1 B. ITosroMy B HacTosIiee Bpems HambOJee TOUYHBIE
spauerHnst AG™ MOXHO paccumMTaTh MOBEPXHOCTH YPAaBHEHMIO (2), HCIIOIB3YS
ombitHbIe AG, """ 1 3HAUCHHE 7, TOTYICHHOE HA OCHOBE MOACIBHBIX OLEHOK. [T
BOJIHBIX PacTBOPOB mpu ycioBuu, uto ¥, = 0,1 B, zF; ¥ =10z; k/>x/mMonb, r1e z;

YUYUTBIBACT HC TOJBKO BCINYKWHY, HO U 3HAK MOHA.

B kauyecTBEHHOM corjacuu C MOJENbK0 bOpHAa XUMHYECKOW 3SHEPTUU
rUApaTaliii MOHOB MaJaeT ¢ POCTOM paauyca uoHa. OaHAKO, MPU OJAMHAKOBBIX
pa3Mepax KaTUOHOB M aHMOHOB MOCJIEHUE TUJIPATUPYIOTCA CHIIbHEE. DTO MOXKET
ObITh OOBSICHEHO aCHUMMETPHUEH  JUIOoJie BOJAbI  Onaromapss KOTOPOMY
MOJIOKUTENbHBIA KOHEI[ JUMOJIST OJIMKEe MOAXOAMT K ILEHTPY aHMOHA, Y€M €ro
OTPHUIIATENIbHBIM KOHEI| K LUEHTPY KaTtuoHa. [[ns OGosiee ctpororo ydera sddexra
aCUMMETpPHUHM B COBPEMEHHBIX Mojenax moJsiekynsl H,O paccmaTpuBaercs He Kak

AUIIOJNIN, 4 KaK KBaAPYIIOJIH.

BOITPOCHI U1 CAMOITIOAT'OTOBKMH:

1. IlpuBeauTe OCHOBHBIE MEXaHU3MbI 00pPa30BaHUS PACTBOPOB JEKTPOIUTOB.



. UTo 03HAYaET TEPMUH - «IHEPTUSI KPUCTATUIMYECKOUN PEIIETKI» ?

. CoBmafaeT 1M BEJIMYHMHA «IHEPrusl KPUCTAIUIMYECKONW PEIIETKN» CO 3HAUYECHHEM
«TeTioBOro 3 (eKra KpUCTALTUYECKON pemIeTKu» ?

. Ha ocHOBaHMM KakuxX 3KCIEPUMEHTAIBHBIX JAHHBIX MOXET ObITh OMNpeaesieHa
BEJIMYMHA «NY»

. Harimmure ypaBHeHue bopHa 11 TEOPETUYECKOrO pacyera DHEPIUHU
KPUCTAJUIMYECKON PEIIETKH.

. Kakum oOpa3zoM MOXHO TMpPOBEPUTH CHPABEIIMBOCTh PACCUUTHIBAEMOM
MMOBEPXHOCTH YPABHEHUIO bopHAa BEIMYMHBI?

. UTo 03HAYaeT TEPMUH «IHEPTUS COTbBATALIHI»?

. B ueM paznnumne «XuMHA4EeCKOW» SHEPTUH COJIbBATALIUU OT «PEATBHON»?

. KakoBo cootnomenne mexny AG u AH conpBaTanun.

JIMTEPATYPA:

. Jamackun b.b., Ilerpuii O.A. OCHOBBI TEOPETHUECKOW 3IEKTPOXHUMHUU. M.,
Bricmas mkoma. 1978. C. 17-24

. AatponnoB JI.W. Teopernueckass snmektpoxumus. M., Beicmas mxona. 1969.
C.58-80, 1975. C.57-87.

. Ckoprenetru B.B. Teopernueckas anexkrpoxumus. JI. Xumus, 1974, c.30-45.

. 'epacumoB A.U. u np. Kypc pusnueckoit xumuu Il . M., Xumus, 1966. C.177-
183.



JEKIUA 4. AOH-UOHHOE B3AUMOJEVCTBUE B PACTBOPAX
JEKTPOJIUTOB.

Kosgpuyuenm akmusnocmu,; cpedrnsas akmusHocmo, cpeonuti Kosghguyuenm
AKMueHOCMU, UOHHASA cula pacmeopa, meopus /eban-1tokkenn;, nomenyuan
UOHHOU ammocghepbl, xapakmepucmuydeckas onuna,; ypaeuenus 1111

npubaudsxicenuss meopuu /{eoan-Ioxkxenns.

TepmoauHaMuyeckoe ONUCAHNE PABHOBECHI B PACTBOPAaX 3JIEKTPOJIUTOB.
ITousiTHe 0 cpeaHeM KOG PULMEHTEe AKTUBHOCTH OTAECIbHBIX HOHOB U
cpeaHeil akTUBHOCTUH. OCHOBHBIE 10J10:KeHUus Teopus ledan-I"okkes.
IHorenuunan nonHon armocgepsl. YpasHenud I, I1 u 111 npubiamxkenus

Teopus /ledan-I'tokkeJs.

B cBsa3u ¢ MMpCAIIOIOKCHUEM O TTOJTHOM AUCCONMUAN CHUJIIBbI J3JICKTPOJINTOB

HE00X0UMO OBLIO HAWTU CIIOCOO OIIEHKH CBOMCTB 3JEKTPOJIMTOB B PACTBOPAX.

HoBbilf mpuemM ajis OUEHKU CBOMCTB CHUJIBHBIX BJEKTPOJIUTOB OBbLI
MPEJIOKEH aMEPUKAHCKUM YUYEHBIM JIBIOMCOM; OH MPEIIOKHUI XapaKTEPU30BaATh
OTKJIOHEHHUSI CBOWCTB OJJIEKTPOJIUTA OT HUJCAIBHOTO COCTOSIHUSL B pPAacTBOpE C

MOMOIIBIO BEJIMUUH, KOTOPbIE OH Ha3Basl KO3 (PUITMEHT aKTUBHOCTH.

CmpiCT  3TOrO mOpUeMa COCTOMT B ciueayromeMm. HW3BecTHO, 4YTO
TEOPETUYECKOE COCTOSHUE BEIIECTBA B HJICAJTBHOM pPAcCTBOPE OMNpEaesieHa IpH

MTOMOII XHMHYECKOTO MOTEHITHAJIA |, KOTOPBIA PaBEH:
U= +RTInC

OTO ypaBHEHUE SBISETCS CIEICTBUEM MPUIOKEHHUS K PacTBOpaM HJI€AIbHBIX
ra3oBbIX 3aKOHOB. K peanbHbIM pacTBOpaMm 3TO YpaBHEHHE HEMPUIIONKUMO, s

HUX wMexay W u C  cymectByeT Oojee ClOXHas 3aBUCHUMOCTh. Bun




(YHKIIMOHAIBHOM 3aBUCUMOCTH JJISI pealibHBIX PACTBOPOB OCTAETCSI TEM K€, €Clu

BMECTO KOHIIEHTPAIIMH BOCTIOIH30BAThHCS apTyMEHTOM a:
U=+ RTIna

BenuunHa a Ha3pIBaeTCs aKTUBHOCTHIO. OHA onIpCACIACTCA SKCIICPUMCHTAJIBbHO U3
TCPMOIUHAMHUYCCKHUX CBOMCTB pacTBOpPOB. CootHomieHue MCKY aKTHBHOCTBIO U

KOHIIEHTpaIMel onpenensercs KodpPuiueHToM akTUBHOCTH:

rac ¢ - MOJsIpHasa KOHOCHTpaOus pacTBOpPa, a; - aKTHBHOCTD.

dusnueckuid cMbIch K03 uiieHTa akTUBHOCTHU f, MOXeT OBITh YCTaHOBJIEH
cienyromm oOpazoM. [IpeacraBum cebe 2 rpaHHYHBIX MEXIY co0O0il pacTBOpa
OJIHOTO W TOTO K€ BEIIECTBA B OJHOM M TOM K€ PACTBOPUTENE, MPUUEM OJUH U3
ATUX PACTBOPOB HWJCABbHBIN, a JIPYyrou - peanpHbld. 1IOCKONBKY B HAEaIbHOM
pacTBOpe B3aUMOJCHUCTBHE MEXKIY YacCTULIAMU PACTBOPEHHOTO BEIIECTBA
OTCYTCTBYET, a B PEaJbHOM OHO HMMEETCs, TO MEPEXOJ M3 OAHOIO pPacTBOpa B
apyroii TpeOyeT HekoTopoi 3arparsl padorsl W. CoriacHo 3akoHam
TepMOJMHAMHKH, d3Ta pabora mnpu P, t=const paBHa  Pa3HOCTH
TEPMOJMHAMHUYECKUX TMOTEHIIMATIOB BelnlecTBa B peaibHoM (D) U B uaeaIbHOM

(®’) cocTosinum, T.€.
W=ao-o’

Hudbdepenuupyst 3T0 ypaBHEHHE MOBEPXHOCTH YUCIY MOJEH 1-TOr0 KOMIIOHEHTa

npu t u P=const u ynciie MoJieil OCTalbHBIX KOMIIOHEHTOB PacTBOpa n’, MOJYYUM

8”!’ P.T.n' 8111. P.T.n' ani P,T,n'



Benuuunbl, npuBeleHHbIE B MPaBOM YACTH YypaBHEHUS MPEACTABISAI0 CcOOOMH

XUMUYECKUE MOTEHIIUAIBI 1-TOTO0 KOMIIOHEHTA B PeaJIbHOM (L) U B UJIealIbHOM (ﬁ i)

pactBopax. Cie1oBaTelIbHO,

— [ OW
M —H; = ( J (1)
P.T.n'

on,

HO, KaK M3BCCTHO, I HACAIIBHBIX paCTBOPOB

u, =u’ +RTnC (2)
rae uio - CTAaHJIAPTHBIA XUMUYECKUH MOTCHINAIL.
a;= f, Cj, TOo 7151 peanbHBIX PACTBOPOB MOKHO 3aIUCATh:

u, =u' +RTna, 3)

OTKyJa CJIEAYET, YTO aKTUBHOCTb M XHUMHWUYECKHAW MOTEHIMAJ, TECHO CBSI3aHHBIC
noHsatus. DopmaabHO TOBOPS, MOKHO BMECTO AKTUBHOCTH  BBIYUCIIATH
XUMHAYECKHUM MOTEHIMAN TAHHOTO KOMIIOHEHTA B PACTBOPE MOBEPXHOCTU OJJTHOMY
W3 CBOWMCTB pacTBOpa IMpH JaHHOM KOHIEHTpAllMM €ro, a IOBEPXHOCTH
HaJICHHOMY NMOTEHUUATY ONPEACIUTh 0 COOTBETCTBYIOIIUM YPABHEHUEM JPYTHUE

PaBHOBECHBIE CBOMCTBA pPacTBOpA.
Ho na npaktuke yaoOHee nojib30BaThCs KOAPOUIIMEHTOM aKTUBHOCTH.

t,=p +RTIC, +RTIn f, =p,+RTIn f, “)

H, CJI€A0BATCIbHO,

In f, =5 (5)

[loacraBnss Beipaxkenue (1), momyyaem:

wp o LW
" RT\ On,
t /) p,T,n



Takum 00pazoM, KOA((PUIMEHT MOXKHO BBIPA3UTh uyepe3 paboTy mepexoja u3
pEaTbHOTO COCTOSIHMSL B UJCAIbHOE, OH XapaKTepU3yeT OTKIOHEHUE CBOICTB
paccMaTpuBaeMOM CHCTEMBI OT CBOMCTB HJEaIbHBIX CUCTEM, WJIU, TOYHEE, OT
CBOMCTB, KOTOPBIMU 00ajajia Obl CHCTEMA, COCTOSIIAS U3 TaHHBIX KOMIIOHEHTOB,
eciu Obl OHA MpUHAANEkKATA K UACATbHBIM cucTeMaMm. OJJHaKO HEMOCPEICTBEHHO
U3 TEPMOJIMHAMHUKHU BBIYUCIHUTH KOAI(PPUIHEHTh aKTUBHOCTH (M aKTUBHOCTBH) HE
MPEACTABIACTCS BO3MOXXHBIM, T.K. OHHM YYUTHIBAIOT B3aUMOJIEUCTBUE MEXIY
YacTUIIaMH BEILIECTBA, HE paccMmaTpuBaeMoe TepMmoauHamuko. Kosdduiuuents
AKTUBHOCTH MOTYT OBbITh HaMJIEHbl CpPAaBHEHUEM C OSKCIECPUMEHTAIbHBIMU
3HAQYCHUSIMU KaKOW-TMOO BENWYUHBI, BBIYMCICHHOM W3 TEPMOJUHAMHYECKUX

YpPaBHEHU I UACATBbHBIX PACTBOPOB.

B 3aBHCUMOCTH OT TOr0, B KaKUX BEJIMYMHAX MPEACTaBICHA KOHIIEHTpAIUs
pacTtBopa pa3IMyYalOT HECKOJbKO CHOCOOOB BbIpaXeHUs KO3(DPUIIMEHTOB
akTUBHOCTU. Hanbosnee YacTo NPUMEHSIOT TaK Ha3bIBa€MbIE MPAKTUUYECKUE
KO3(PPUIUEHThl  aKTUBHOCTH, IPU HCHOJB30BAHUM KOTOPBIX KOHIICHTpaIus
BBIpAXKAETCs B MOJSX Ha JIUTP pacTBOpa; B HTOM cllydyae KOHIIEHTPAILMIO
ob6o3nauvarot C, a ko3 purmeHt aktuBHOCTH f,. ECiin s)ke u3MepsaTh KOHIIEHTPALIUIO
B MoJisix Ha 1000 T pacTBOpUTENS, COOTBETCTBYIOLIME 0003HAYEHHUS B 3TOM Cllydyae
OynyT m u vy;. YnucnoBble 3HaUCHUSI KOHLIEHTpAIMi, BBIpa)KEHHBIE Yepe3 C U m,
MPaKTUUYECKU HE Pa3IMyaroTcsl MpU KOHIEHTpaluu pactBopa Menbiie 0,1 M. B
TakOM cliydae Oe3pa3indHo, OyaeM Mbl IMOJb30BaThCsd KOA(PhUIIMEHTOM

aKTUBHOCTH f, Wiu y;,

[TockonbKy B pacTBOpE CHIIBHOTO JIEKTPOJIUTA CYIIECTBYIOT TOJIBKO MOHBI,
ClielyeT yYHUTHIBAaTh AKTUBHOCTH KATHOHOB 4. M aHMOHOB a. U COOTBETCTBEHHO
ko3¢ durmentsl f; u f, HO pazmenpbHOE WX OMpeeIeHUEe HEBO3MOXKHO, IMO3TOMY
UCIIOIB3YIOT CPEHUE AKTUBHOCTU 4y U CPeAHHE KOIPDUIIMEHTHI aKTUBHOCTH f.

Takum o6pazom,

a¢=Cfi



AKTUBHOCTH KaTMOHAa M aHUOHA MOTYT OBITh TakK K€ BBIPaXXEHBI B BUJC
MPOU3BEACHUIN MOJISIIBHBIX KOHIIEHTpAuid m Ha KO3(PPUIMEHThl aKTUBHOCTH Y4+ U

Y. KATUOHA Y aHUOHA!

a . =my, a_=my._

Torma
a,uex = (m7/+ )(mV,) = m27/j
r7e y, - cpeaHuil ko3 PUIUMEHT aKTUBHOCTH dJIeKTpoiuTa 1-1.

Orcrona cienyer

ye=(, +77)%

Cpenauii  WMOH. KO3(POUIIMEHT AaKTUBHOCTH  MOXET OBITh  OmpeieicH
IKCIIEPUMEHTAJIbHO. 3HAUYCHHWE €ro CYWUTaeTCs IPHMEPHO paBHBIM 1, Korma
KOHIICHTpAIUS MeX MPUOIMKACTCS K HYJII0. AHAJIOTUYHO C ¥, CPEIHSST aKTUBHOCTD
MOHOB 3JIEKTPOJUTA paBHA CPEIHEMY I'€OMETPUUECKOMY aKTUBHOCTEW KAaTHOHA U
aHHMOHA 3JICKTPOJIUTA U CPEIHSS KOHIIEHTpAIUs MOHOB 3ekTponuTta C. - cpeaHee

rcoOMCTPHUICCKOC KOHI_IGHTpaI_II/If/’I KaThuOHa U aHHOHA.

Cpenusass koHueHTpauusi HOHOB dnektponuta (Ci) oTiauyaercs OT

KOHIICHTPAIIMU JIEKTPOJIUTA (C) HA MHOXKUTENb ¥, , KOTOPHIA paBeH 1 Toibko B 1-1

anektposute (vi=v=1). [l HECUMMETPUYHBIX JIEKTPOJIUTOB, Y KOTOPBIX Vi .V,

OH OTJIn4YaeTcd ot 1.

Ucnionwiys kordpunuentst f,, fy, f) MoxHO poBOAUTE TpeOyeMble pacueThl
JUISL CWJIBHBIX BJEKTPOJIUTOB C TMOMOIIBIO OOBIUYHBIX TEPMOJUHAMHUYECKUX
ypaBHeHHi. OJHaKo, HEOOXOAMMOCTh B  KaXJOM  OTJIEIBHOM  Ciy4ae
AKCIEPUMEHTATIBLHO OMPENEIATh BEIUYUHBI 3TUX KO3(P(PUIIMEHTOB JeNaeT TaKkou

MECTON HGYI[O6HBIM AJI IMIPAKTHYCCKOro IIPUMCHCHU .



OCHOBHBIMU METOAaMU OIIpCaACICHUA BCINYHUHBI Vi ABIISACTCA

KPUOCKOIIUYECKUUA METOJ 3.]1.C.

KpoMe Toro wu3yyanuch 3aBUCUMOCTH  BEJIMYMH  KO3(P(PUIIMEHTOB
AKTUBHOCTH, a TakK)Xe aKTHUBHOCTEW OT cocTaBa pacTtBopa. JIpromcom u €ro
COTpYJIHUKAMU ObLJI YCTAHOBIICH PsiJl BAXKHBIX AYMIIMPUUECKUX 3aKOHOMEPHOCTEN U
npaBwi. B yacTHOCTH, OHM HAIIUTH, YTO B 00JIACTH HU3KUX KOHILIEHTPALIUN CpeaHue
KO3(PUIUEHTHl  AKTUBHOCTU  DJIEKTPOJIUTA  OMPEACNSIOTCS  BaJICHTHOCTHIO
0o0pa3yronmxcsi HOHOB U HE 3aBUCST OT JAPYrux cBoicTB. [lanee ObLIo HaiizieHO,
4TO CcpenHre Kod(PQPUIMEHTh aKTUBHOCTU MJIi OYEHb Pa30aBIIEHHBIX PAaCTBOPOB
3aBUCAT OT OOIIEH KOHILEHTPAIMU BCEX MPUCYTCTBYIOUIUX 3JIEKTPOJIUTOB U UX
BAJICHTHOCTEW, HO HE OT XMMHUYECKON MPUPOABI IEKTPOIUTOB. B CBSA3M ¢ 3TUM
JIptouc m PeHpmann BBenM TIOHATHE «HOHHAsA CHiIa» pactBopa [, koropas
ompeAenseTcsl Kak MOoJyCyMMa MPOU3BEACHUN KOHLUECHTpPAUWMH HMOHOB Ha KBaJpaT

WX BAJIECHTHOCTEM.

I= AZQZ?

YpaBHEHHE ATO MOKa3bIBAECT, YTO 1-1 BAJIEHTHBIX 3JIECKTPOIUTOB HOHHAS
CUJIa COBIAJAET IMOBEPXHOCTH BEJIMYMHE C WX KOHLEHTpaUueu, a s APYrux
AJIEKTPOJIMTOB OHAa Bcerja Oonblie KoHUeHTpauuu. Hampumep, mis  2-2
BAJICHTHOT'O CHJIBHOTO DJIEKTPOJIUTA C MOJSPHOCTBIO € ( HpH JONYIIEHUHU, YTO

o=1,c,=c=c), noHHas Cuja paBHa:
I :%(C-z2 +C-2%)=4C

bbiio yCcTaHOBIEHO TakXe, 4TO B pa30aBICHHBIX PACTBOPAX CHUIIBHBIX
AJIEKTPOJIUTOB JorapudM cpeaHero kodp@uiimeHTa aKTUBHOCTH DJIEKTPOJIUTA

JIMHEWHO 3aBUCUT OT KBaJPATHOTO KOPHS U3 €r0 MOHHOM CHJIbI
lgf. = —h1 h = const

C moBbIIIICHUEM KOHICHTPAIIMH 3TAa 3daBUCUMOCTb HApYIIacCTCA.



Teopus [dedas-X0KKes.

KonuuecTBeHHass Teopusi CHIIBHBIX 3JEKTPOIMTOB paszpaborana Jlebaem u
XrokkeiaeM. OHa HCXOAUT M3 IIOJOKCHHS O IIOJHOM JUCCOIMAIMM CHIIBLHBIX
ANIEKTPOJIUTOB HA MOHBI U YUUTHIBAET COBOKYITHOCTH B3aMMOJEHCTBUS KaxKJOTO
JAHHOTO (LIEHTPAJIIBHOT0) MOHA CO BCEMH OKPYKAoMUMU ero. JIjis yueTa BIUSIHUS
PacTBOPUTENS B TEOPHIO BBEJACHO MOHATHE MAaKPOCKOIMYECKOU AUAICKTPHUICCKOM

MOCTOSHHOM.

BribepeM Ha m0cTaTOYHO

dx OJNIU3KOM paccTostHUU (r ) OT

g Z dz
f OCHTPAJIBHOI'O HNOHa

y
HEKOTOPBIN 3JIEMEHTapPHBIN

o0beM pactBopa dV=dx dy dz u

. X Oynem HaOdIO/IaTh 32 MOHAMH,

e MMpOXOdAITUMHU qcpe3 9TOT

\

Y A e ____ g 00BEM.

B Teuenue HekoTOpOrO
OTpe3Ka BpPEMEHH B 00BeMe V IOOBIBA€T OOJIBIIOE YHCIO TMOJOXUTEIBHBIX U
OTpULIATENIbHBIX UOHOB. HO T.K. LEeHTpanbHbI MOH OyAeT OTTAJIKUBATH OT CeOs
MOJIOKUTENIbHBIE HOHBI U TPUTATUBATH OTPUIATEIbHBIE, HO 3a 1000 JOCTATOYHO
OOJIBIIION MTPOMEKYTOK BPEMEHH T YHMCIIO OTPUIATEIBHBIX HOHOB, MTOOBIBABIINX B
rccieayemMoM oobeme, OyaeT OOJbIIe COOTBETCTBYIONIETO YUCIA TTOJ0KUTEIbHBIX
noHOB. [lonyuurcs, uto 00beM V B cpelHEM BO BPEMEHH 00J1aJaeT HEKOTOPHIM
M30BITOYHBIM OTPUIIATEIILHBIM AJIEKTPUUYECKUM 3apsioM. Mbl BeIOpaiu o0beM B
MPOCTPAHCTBE BOKPYT MOHA MPOU3BOJBHO M IMOATOMY Takas »*e€ KapTuHa Oyner
HaOmoaTbest B JIIO0OM  TOYKE MPOCTPAHCTBA, JOCTAaTOYHO OJU3KOM K

OCHTPpAJIbHOMY HOHY, TaK yTOOBI CHJIBI QJICKTPOCTAaTHICCKOI'O BSaHMOHeﬁCTBHH
222

e
F = D HE CTAJIN UCYE3aI0IIE MAJIBIMU.
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CrnenoBatesibHO, BOKPYI LIEHTPAJIbHOTO MOHA CYHIECTBYET Kak Obl 00JaKO
IIPOTHUBOIIOJIOAKHOTO 3apsiia, KOTOPBIM TaK T HA3bIBAETCS MOHHBIM OOJAaKOM, WU

MOHHOU aTMOC(hEpoi.

[Tockonbky B KadecTBE LIEHTPAJbHOIO HOHA MOXET OBITh JIFOOOW HOH B
pacTBOpe, TO, OYEBHMJHO, UYTO KaXIblii M3 HMOHOB, COCTABISIOIIMX HOHHYIO
atMochepy, Oyaer OKpyXeH CcBoell HOHHOM aTMmocdepoil, Hecymiel

MIPOTUBOMOJIOKHBIN 3aPsA]l U B3aUMOJCUCTBYIOIIUHN C TAHHBIM HOHOM.

o T.k. gaxxe B pa3BeICHHOM pacTBOPE

@ HAXOJUTCS TPOMAJHOE YHUCIO HOHOB, TO
KaX7as TOYKa pacTBOpa HCIBITHIBACT

@ CyMMAapHO€ JICMCTBHE BCEX ITUX MOHOB. B
N | CBA3M C YKAa3aHHBIM, DJIEMEHTAPHBIMA
é @ o0beM HOHHOM  aTMocdhepbl  MOXKET
@@ XapaKTePU30BaThCSI HEKOTOPOU
IUIOTHOCTBIO  3apsifga p  (KOJWYECTBO

3apsifa, TPUXOMSIIEeCs Ha  CIUHUILY

00beMa) W HEKOTOPBIM ITOTCHIIHAJIOM (.

OdeBHIHO, YTO YeM OOJIbIIIe PACCTOSHUE

I OT HCHTPAJIbHOI'O HMOHaA 10 BBI6paHHOFO

IUIOTHOCTH

3JIEMEHTApHOTO O00beMa, TEeM MEHBIIE
OyneT B 3TOM oObeMe IUIOTHOCTH 3apsja,

T.K. CHIIa QJICKTPOCTATHUICCKOI'O

>

paccrosuue f B3aUMOJICUCTBUS ~ yObIBaeT  oOpaTHO

MPOMOPILUOHATILHO KBaJpaTy pacctosinus (3akoH Kyrnona).

CyuiecTBoBaHUE TMOTEHIMANa \y HOHHOM armocdepbl O3HA4YaeT, uYTo
MepeMeICHUE MOJOKUTETBHOTO UM OTPUIATEILHOIO MOHA U3 OECKOHEUHOCTH B
o0bem dV TpebyeT 3aTpaTbl HEKOTOPOU pabOThI MPOTUB AIEKTPOCTATUUECKUX CHUJI,

PaBHOM +€Z( UK - €ZQ.



[lorenuman QJICKTPHUYCCKOTO IO Yy, BOKPYT KaKkoro-mmbo HuoHa
CKIIAAbIBACTCA M3 IMOTCHIOHUAIA \J, OIIPECACIIACMOro 3apsaJoM 3TOro HCHTPAaJIbHOTO

MOHA, U U3 MOTEHINANA [, MOHHOUN aTMOCHEPHI, T.€. Yy = @ + Y,.
HaMm Hy>XHO onpenenuTh NOTEHIIMaI HOHHOU aTMOC(EpHI.

1o 3akony bonbiMaHa, yncio HOHOB, 00JAJAIOIINX SHEPTUEH, JOCTATOUYHON

. 0
JUTsI COBEPIIIEHUSI TaKOM pabOThI B pacTBOpE MpH t =const paBHO:

ez

0 4
Juis karnonos Cy = Cre * dv

ez,

RT Wa’v

+
0
Jins ammono C, =C e

0 0
rae C, , Co — o0lee KOIU4YEeCTBO KATHOHOB U aHHOHOB B €IUHUIIE 00bEMa

pacTBopa.
Ci, CA— KOJIMYECTBO KATHOHOB M aHHOHOB, HAXOIAIIINXCSI B 00beMe dv.

OuyeBUIIHO, TIOTHOCTH 3apsiga B oO0beme dv ajis OMHApPHOTO SJEKTPOIUTA

paBHa:

ez, ez,

— — 0, rr” 0 rr”
p=(zC,—z,C,)e=¢ z,C.e -z,Ce

ez;

“rr”

i
. 0
B 00mmem xe ciaydae P = ez z,C/e
1

Kpome Toro, nmoreHnuan u mioTHOCTh 3apsiia HOHHOU aTMoc(ephl TOJKHBI
YAOBIIETBOPSTh M3BECTHOMY B TEOpPUH DJJEKTpUYecTBa YypaBHeHHIO I[lyaccoHa,

KOTOpI)IfI YCTAaHABJIIMBACT CBsA3b MCKAY CPpCAHHUM 3HAYCHUCM Y U ITINIOTHOCTBIO

3apsiaa p:



Ny=———p (1)

3necs A* — oneparop Jlamnaca.

Tak uro

2 2 2y
:d l//+d l//+d

Az
4 dx*> dy*  dz’

)
[Ipumensiem ypaBuenue Ilyaccona, JleGait ynmomgoOmnsieT pacTBOpP CHUIBHOIO
AJIEKTPOJIATA DJIEKTPUYECTBY, 3alOJHAIONIEMY MPOCTPAHCTBO C Pa3IMYHOU

IJIOTHOCTHIO. TakuMm 00pa3om, u3 Beipaxxenuit (1) u (2)

Are 3 —
Ay = —721121.(71.06 RT 3)

DTO ypaBHEHUE SABJISETCS UCXOAHBIM B Teopuu Jlebas-Xrokkens. OnHako,

IIPU €0 BBIBOJIE ObUIH C/IEJIAHbI CIAEAYIONINE TOMYIICHHE:

A) K MOHaM NPUMEHUM CTATUCTUUECKUHU 3aKOH pactnpeneneHus bonbimMana,
YTO TIO3BOJIUJIO CJOHOE B3aWMOJICMCTBUE MHOTMX HOHOB 3aMEHHUThH Oosee

MPOCTHIM B3aMMOJEHCTBHEM UX HOHHBIX aTMocdep.

b) pacTtBopeHue He U3MEHSIET AUAIEKTPUUYECKON MOCTOSHHOM pacTBOpa U
pacTBOpUTENSl pPaBHbL. OTU JONYIICHUS OTPAaHUYUBAIOT MIPUMEHUMOCTh

ypaBHeHus. I[loaTomy aBTOpsl Teopuu mnOpuOEraTu K 2 JONOJHUTEIbHBIM

YIPOLICHUSAM

1) WOHBI XapaKTepU3yIOTCA TOJIBKO CBOMM 3apsiiOM, a pa3MepaMH UX MOXKHO
npeHeopeyb.

2) Jlns wuHTEerpupoBaHusi ypaBHeHUs (3) OSKCIOHEHIMAIBHBIM 4IieH
paznaraeTcs B pAl, T.€.

\ T oz, L( pz 1( pz,
zCl% R =N Oz |1 -Ly +—| 221 N Y sl
Z o 2.Clzf 1= v M rr?) Talrr”



n COXpPAaHAIOTCA TOJIBKO 2 IICPBBIX UYICHA PAa3JI0KCHHA, a OCTAJIbHBIC

OTOPaCHIBAIOTCA.
[Tpu ycaoBUM 3IEKTPOHEHTPATEHOCTH

> Clz, =0 Q)

U, CIeJI0OBATENIbHO, | WIeH pa3ioKeHUus MOJ| 3HAKOM CyMMbI oOpaliaercs B HYyJb.
JIJ1s1 CHMMETPUYHBIX 3JICKTPOJIUTOB (Zx=Z4) ypaBHeHue (3) elie ynpoiaercs, T.K B
ATOM CJIyyae COKpAIlalOTCsl BCE YJIEHBI B YETBEPTOM cTereHu. Takum o6pa3om,

Ky =2 S5y

DRT

YToOBI pemnTh 3TO YpaBHEHNE 0003HAUYNM

2
R o Y

DRT

" HCpCﬁI{CM K IMOJIAPHBIM KOOpAHWHATAaM, AJIs1 KOTOPBIX

py =L i[rzdwj d’y | 2dy
2\ dr dr dr? rdr

Takum o6pazom,

d’y  2dy 2
— + =k
dr? rdr v

Ecnu 0603HauUTh «7 = y, TO MOTYUUM:

A dy

dr? dr

2

2 2
dy_dl//+dl//+rdl//= dlé/+2dl//

&t dr  dr  de’ de dr

dzy
dr?

2
X y=



Pemenue Takoro YpaBHCHHUA NMCCT BUA:
y — Ale—Kr + Aze+l{r

CrnenoBaTebHO,

Jns onpeneneHus MOCTOAHHBIX A; W A, 3aMETHUM, YTO NPU r—>00 BEIUYMHA \J

ctpemutcsi K HyJo. CrnenoBarenbHo, A,=0. IIpenmonaras ganee, 4TO 30HBI HE

MMEIOT pPa3MEPOB, MOJy4dyuM, 4YTO Tr—>(0 TNOTEHHHMan Y [OJKEH CTPEMHUTBHCI K
PZ;

MOTCHIOUAIy TOYCYHOI'O 3apsaa Pz, KOTOpBIﬁ B JUDJICKTPHUKC PAaBCH F , T.C.
r

Pz _ A

V.50 ZWZEZ p

OTKyJa

Takum o0pa3oM, MOTEHIMAN B TOYKE, OTCTOSIIEH Ha PACCTOSHUU T OT

OCHTPAJIBbHOI'O HOHA OIMPCACIIACTCA, paBCHCTBOM

' pZ i _—Kr
= e
v Dr

Ho »ToT moTeHuuan co3gaercs W 3apsjoM IEHTPAIbHOTO MOHA, U MOHHAS
atmocdepa. [loTeHMan LEeHTPaIbHOrO HOHA, PAaBEH

_ P

*
v Dr

Y TOT/ia MOTEHIMaa HOHHOU aTMOC(heEphl paBeH

w=Wwﬁ=%%@w—0



ITorenmuan uoHHON aTMochepbl B TOYKE, 3aHMMAeMOW IIEHTPAJbHBIM HOHOM

(T=0) ycranaBnauBaetrcs no npasuiy Jlonurans:

Pz,
D

WO :limWr—)O - K

OTKYya INOTCHIUAJIbHAA SHEPTIUA HCHTPAJIbHOI'O MOHA

2
V=pzy®= —p—lZ)"K

1
PaccmarpuBasg 5TO ypaBHEHHE, MOXHO 3aMETUTh, YTO BEIUYMHA —
X

aHAJIOTUYHO PaJNyCy HOHHOU aTMoc(ephl U 00JaaeT Pa3MEPHOCTHIO ITTUHBI (CM).

1 o
— - paanyc MOHHOU aTMOC(hepbl — UMEET OOJIbIIIOE 3HAUYEHUE B TEOPUU PACTBOPOB

ANEKTPOJIUTOB, T.K. OH XapaKTepu3yeT coOOW HEKOTOPYIO CTaTHUecKylo cdepy,

OKPYKaIOIIYI0 HEHTPaIbHbIA HOH.

CymectBoBanue MOHHBIX atMochep mo Jlebaro u ['rokkento, U OTIUYaeT
peanbHbIE PACTBOPHI AJIEKTPOIUTOB OT UACaNbHbIX. [[OHSITHO, YTO paguyc HOHHOU
aTMoc(epbl HE UMEET CTPOrO OMPEEICHHOTO 3HAUCHHUS, T.K. TEIJIOBOE JBUKECHHE
MPUBOJUT K TOMY, UTO OJIHU U T€ K€ HOHBI HE MOTYT IIOCTOSIHHO BXOJUTh B COCTAB
chepbl U KpoMe TOro, B MPOTHUBOIMOJOXHOCTh KpPUCTAJIJIaM HOHBI B PacTBOPE,

COCTaBJISIIOIINE UOHHYIO aTMOCc(epy, HE COXpaHsIOT (PUKCUPOBAHHOIO TMOJOKEHUS

1 o
OTHOCHUTCJIbHO HICHTPAJIbHOI'O HOHA. YacTto — Ha3BIBAIOT XapaKTCPUCTHICCKOU
X

JUTMHHOMN. OYEeBUIHO YTO:

naxomum L= | DRT
1 \4mp’ Y Cz;



Takum oOpa3zoM, xapakTepucTUUecKas JJIMHA 3aBUCUT OT JIUAIECKTPUUECKON
MMOCTOSAHHOM, KOHIEHTpaluu U 3apsaaa uoHa. C poctoM koHueHtpanuu C; paanyc
MOHHOM aTmocdepbl yMeHbIIaeTcs, T.€. arMmocdepa cxumaerca. Poct
[MDIEKTPHICCKOH  MOCTOSHHOM ¥ t', HA0GOpPOT, BBI3BIBACT DACIIHPEHHUE

aTMocdephl.

[Tonp3ysich 3HAaUEHNMEM MTOTECHIIMATIBHON SYHEPTUHA MOHOB, MOXHO MOJACYUTATh
paboty 3apstkenust W. [[1s 5Toro BBeIeM HEKOTOPBIA MHOXKHUTENb A MpHU 3apsje

pZ, Tak, 4TOObI YJOBJIETBOPSIOCH YCIOBHE:
0<1<1

Eciu A=1, To 3apsn wuoHa Q,=ApZ, =pZ,, 4YTO OTBEYAET pPEAJbLHOMY

pactBopy. [ns uneansnoro pactsopa A=0 u Q=0.

[Ipu mepexone OT UACAITHLHOTO PACTBOpPA K PEaIbHOMY A, OUYEBHUAHO, OyJeT

pactu ot 0 1o 1, a Q; — ot 0 10 pZ,. Eciin Takoil mepexo COBEpUIATh MPH t"=const

u P, TO AJIA JFO00T0 IMPOMCIKYTOYHOI'O COCTOSTHUA MOKHO HAIIMCATh:

Arp> 2 s
=,—)> CZ =21
Z& \/ DRT z i Z
Q,=pZA dQ=pZdA.
Pa6ora 3apspxkenus ogHoro nona ot Q; g0 Q;+dA coctaBut

2 212
aw, =y, (0, =LE2 iz,

A 1151 3apsbKEHUst BCETO pacTBopa, conaepxainiero C; — MOHOB 1-TOro TUMA:

2

W = E CwW :—E C —— z Zzzfizdi
. "D
0

CrnenoBaTebHO:



2
w=-LELN 7

1 1

3D
1 ow
[loms3ysace paBeHCTBOM: In . = ——— ——
AR P Ju="%r oC,
ITomyuum
2,2 4gp*> ' C.7Z?
g = P2 |4 2.CZ
2DRT DRT (18)
Inf, =—hz>\T

2
rae h=04343p% 7P — const
A P\ DRrT

VYpaBHEHHE TMOKa3bIBAE€T, YTO B Pa30aBICHHOM pacTBOpe KO3 UIIMEHT
AKTUBHOCTHM MOHA 3aBUCUT OT €ro 3apsja, MOHHOW CWIbI, JAUAJIEKTPUYECKOMN
OCTOSHHOM cpembl U t . CIIeI0BaTebHO, BCe OJHOBATCHTHBIC HOHBI (M +, U -) B
OJIHOM M TOM K€ PacTBOpe OyAyT UMETh OJUHAKOBBIE KOA(DPUIIMEHTHI aKTUBHOCTH
HE3aBUCUMO OT WX XUMHUYEeCKOM mnpuponsl. HMonnas cumna [, Bxomsmas B
ypaBHEHHE, paBHA:

leiCizf =1(C1212 +Cyz) +.t anj)
2 2
Takum o6pazom, K0d(PUITMEHTH aKTUBHOCTH MOHOB JTAHHOTO 3JIEKTPOJIUTA

3aBUCAT TOJIBKO OT KOHLHCHTPALIHH JJICKTPUICCKHUX 3apsAa0B BCCX HOHOB pacTBOPaA.

[lonsiTue 00 WOHHOW cuiie UMeeT OOJbLIOE 3HAUCHHE MpU H3YyYEHUU
pPacTBOPOB CMECE 3JIEKTPONIUTOB. B pazdaBjieHHOM pacTBope ¢ JAHHOH MOHHOM
CWJIO Bce JMCCOLMMPOBAHHBbIE HOHBbI BelleCTBAa HMEKT OJAUHAKOBBIE
KOI(PUUMEHTHI AKTHBHOCTH, He 3aBHCHAIIME OT NMPHUPOAbI U KOHUECHTPALUH
JAHHOTO BelleCTBa, HO OmpeAe/sieMble YHCIOM U BAJEHTHOCTHIO €ro MOHOB

(3aKOH MOHHOM CHJIBI).



VYpaBuenus (18), (19) oOblyHO Ha3bIBAlOT ypaBHEHUSIMU | mpUOIKEHUS

teopuu Jlebas u ['tokkens, uiu npeaeabHbiM 3aKkoHOM Jlebast.

Henocratounoe coBnajeHne pe3yiabTaTOB pacdeTa MO 3THUM YPaBHEHHSIM
noOyauiio Jledas u ['tokkes monbITaThCs YIyUIIUTh CBOIO TeopHio. [Ipexe Bcero
HEO0OXOIMMO OBLJIO OCBOOOJIUTHCS OT HEBEPHOIO MO CYIIECTBY IOMYLIEHUS 00
OTCYTCTBUU COOCTBEHHBIX pa3MepoB y MOHOB. Ha camoM Jnerne moHsl 00Ja7aroT
KOHEYHBIMU pa3MmepaMu. Ecnu npeacTaBuTh ceOe MOH B BUJIE IIAPUKOB pajHyca T,
HECYIIMX HA CBOEH NOBEPXHOCTH 3apsAT PZi, TO MOXKHO 3aIKCaTh

dy) _(dv*

l//r:a = l//r:a 2 dl" = dl"

r=a r=a

I7ie Y - IOTEHLKAJ BHE 1l1apa pajnyca a
y* - mOTeHIIMa BHYTPH IIapa pajanyca a.

Kpowme Toro

D l+ax
HCHOJ’IBBYSI 9TH ypaBHeHI/ISI, MOXHO HOHy‘-II/ITB

pz; K
D l1+ax

CooTBeTCTBEHHO, A KO3 PUIMeHTa aKTUBHOCTU UMEEM

2_2
pz; K

In fa, =
f D l+ax

i

D10 ypaBHeHue HazbiBaeTcs Il mpubnmxenuem Tteopun JleOas-I'tokkens u

3amuchIBaeTcs B hopMme:

hz2 T _ [8mp?

Infa,=————=,THC g =
1+ag\/F Dal’




Benuunna a npencrasisieT coOOi TO MpeeabHOe PACCTOSIHUE, Ha KOTOPOE MOTYT
CONM3UTHCS Pa3HO3APSKEHHBIE MOHBI B PACTBOPE U KOTOPOE, OUEBUAHO, JOJIKHO
OBITh paBHO CYMME MX PaJINyCOB. DKCIIEpUMEHTalIbHas npoBepka Il mpubnrmkeHus
teopuun Jlebas-['tokkens 3arpyAaHeHa TeM, YTO BEJIMYMHA a TOYHO HE HU3BECTHA.
UTtoObl MOpPOBEPUTH COBMAJCHHE TEOPUU C ONBITOM, MOXHO, U3MEPUB
KOA(pUIIUEHTHI aKTUBHOCTHU, TIOJICUUTATH a. BTOpoe npubnmxeHnue AaeT xopoiiee

coBHmajgeHue AJI 3HaueHUsI HoHHOM cuibl I 1o 0,1.

['tokkenb 3aMeTWJ, YTO B OYEHb KOHIICHTPUPOBAHHBIX PACTBOpPAX KOIPDUIIMEHT
AKTUBHOCTHU CTaHOBUTCA OoJibliie 1. DTO yKa3bIBaeT Ha TO, UTO B TAKUX pacTBOpax
npeobsialaeT OTTAJKMBAHUE HOHOB M3-3a WX B3aUMOJCHCTBUS C MOJEKyJIaMu
pactBoputens. llpuHuMas BO BHHMMaHUE 3TO B3aUMOJACHCTBHE, HEOOXOIMMO
YUYUTBIBATh M3MEHECHHUE [HUAJICKTPUUECKOM NOCTOSHHOW MpPU PACTBOPEHUU U €€
3aBUCUMOCTh OT KOHILICHTPAllUH pacTBOpa. PacmnosioxkeHne MOJIEKy pacTBOPUTEIA
MO/l BJIWSHUEM HOHHBIX IOJEH YHNOPSAOYUBAETCA, MOJIEKYJIbl OPUEHTUPYIOTCS.
Takass opuWeHTalMsl AUIMOJBHBIX MOJIEKYJ BOJBI WM JAPYTrOrO PacTBOPUTENS C
MOJSPHBIMA  MOJIEKYJIAMU JIOJIPKHA TIOBECTH K M3MEHEHHIO JUAICKTPUYECKOU
MOCTOAHHOM pacTtBopa. T.K. € pOCTOM KOHLUEHTPALUMH HMOHOB PACTET MdOJA
OPUEHTHUPOBAHHBIX MOJIEKYJ, TO JUAJEKTPUUYECKas MOCTOSHHAs pacTBOpa Magacrt.
N3 stux coobpaxxenuil ['Tokkeap mpuIien K HeoOX0MMOCTH BBECTU B YPaBHEHUE

II  npubmmxeHuss AOMOJHUTEIBHOE  CjaraeMoe BZCI‘zi2 =B, TaK 4TO

OI[HaKO HCXOJHBIC IIOJOXKCHHA, IIPHUHHUMABIIHUCCSA ['tokkenem IIpu BBIBOJC €TI0
(pOpMYHBL HC COOTBCTCTBYIOT OIIbITY, TaK Ha3bIBacMad AUIJICKTPHUICCKasA
IIOCTOsAHHAs paCTBOPOB, HAYMHAA C HCKOTOPBIX KOHI_IGHTpaI_II/If/'I HC YMCHBLIIACTCA, a

BO3pacCTacT.



BOHpOCbI AJId CaMOIIOATOTOBKMH:.

1. B 4dem 3akirodaeTcs METOl aKTUBHOCTH ?

2. Kak MOXHO UWHTEpHpeTUpoBaTh (u3nuecKuid cMmbici Kod(uireHTa
AKTUBHOCTH ?

3. KakoBo coOTHOIIEHHME MEXAy oOOlmeld U cpelHel aKTUBHOCTAMH
3JIEKTPOJIUTA B pacTBOpe?

4. TloscHUTE TEPMHH «MOJISIPHBIN», «MOJISUIBHBIN», «pPalMOHAIBHBIN

K03 DUITMEHTHI aKTUBHOCTH.

Kaxk paccuuTbiBaeTcst HOHHAs cujia pacTBopa’?

Cdopmynupyiite npaBuiio HOHHOM cuitbl JIbtonca u Penpana.

ChopmynupyiiTe oOCHOBHBIE NOJI0kKeHUs Teopun Jlebasi-Trokkens.

[Ipusenure ypaBuenus I, II u I npubnuxenus teopun Jledas-Trokkens.

A e AN

[TosscHuTE TEpMUH “TIOTEHIIMAT HOHHOM aTMochephl”.
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3. AntponoB JL.LU. Teopernueckas snektpoxumus. M., Beicmias mkomna. 1969.
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JIEKIIUA S. HEPABHOBECHBIE ABJIEHUA B PACTBOPAX
JIEKTPOJIUTOB

Hudbdysus, Murpanusi HOHOB; JIEKTPOXUMUYECKUM MOTEHI[MAT; YPaBHEHUE
HepHcTa-DitHuTeliHa; yaenpHas, SKBUBAJICHTHASIMBAJICHTHAS
3JEKTPOINPOBOIHOCTD; YHCIIO MEPEHOCca; METOA TUTTOpAA; METOI MOABUKHOU

TpaHULIbI

OO0mas XxapakTepuCTHKA HEPABHOBECHBIX SIBJIEHUH B PACTBOPAaX
3J1eKTPOauTOB. {uPy3us u MUrpauusi MOHOB. Y/1eJbHAS U SIKBUBAJIEHTHAS
3JIEKTPONPOBOIHOCTH PACTBOPOB 3JIEKTPOJNTOB. Unc/1a nepeHoca u MeTobI

X OKPYIJICHUSI.

Oﬁmaﬂ XapPpaKTCPUCTHKA HCPAaBHOBECHBIX siBJICHUH B pacTBoOpax

IJICKTPOJIHUTOB.

PaccMoTpeHHBIE HOH-AUIIOIBHBIE W  HOH-UOHHBIC B3aUMOJICHCTBUS
OTHOCWJIUCh K PAaBHOBECHBIM YCIOBUSIM, KOTJla MaKpPOCKOIHMYECKOE COCTOSHHE
CUCTEMBbI, XapaKTEepU3yeMoe TEPMOAMHAMHYECKUMHU (PYHKIUSIMHU, HE U3MEHSIOCH
BO BpeMmeHU. OJHaKO paBHOBECHE B PACTBOpPaX AJIEKTPOJUTOB BCErJa SIBIISICTCS
JUHAMHUYECKUM, YCPEIHEHHBIM IO BPEMEHM U MO O0BEMY YaCTHUIBI pacTBOpa
(MOHBI M TUTIOJIM PACTBOPHUTENISI) BCE BPEMs COBEPIIAIOT Xa0THUYSCKUE JIBUKCHUS,
KOTOpPbI€ OCYILECTBISIOTCS MEPUOJAUUYECKUMU IMEPECKOKaMH C OJHOTO MecTa Ha
npyroe. Ho B cpegHeM 3T mepemelieHuss YacTHUI] CKOMIICHCHPOBAHBI, TaK 4TO
HaIMpaBJIEHHOTO MaKPOCKOIMYECKOT0 MEPeXojia HOHOB W JUIOJIEH B YCIOBHUIX
paBHOBecHsi He mpoucxoauT. Ecim B pacTBope 3eKTpoinTa HAOII0JAr0TCs

VMOHHBIE PABHOBECHSI, TO OHH TAK)KE HOCAT JUHAMUYECKUN Xapakrep. Hanpumep,
_) B
CH,COOH +H,0 ~CH,COO™ + H,0*
e

MpOTEKaeT B 000MX HAMPABICHUAX, HO CKOPOCTH MPSIMOTO M 0OpaTHOTO IMPOIIECCOB
MpY PaBHOBECHMH OJWHAKOBBI, TaK UYTO CPEIHSIS KOHIICHTpAIlMS HOHOB W

HCIAUCCOOMHNPOBAHHBIX MOJICKYJI B PaCTBOPC OCTACTCA MOCTOSIHHOM. BbI3BaTh B




pacTBoOpEC  JJICKTPOJIMTOB  HCPABHOBCCHLIC  SABJICHUA  MOXHO  CIICAYIOINNMU

crrocooamu:

1. u3MeHeHueM KOHIEHTpaluu (AKTUBHOCTH) PACTBOPEHHOTO BEIIECTBA B OJHOM
YacTU pacTBOpa MO OTHOIICHUIO K ApYroil 0e3 HM3MEHEHHS XUMHYECKOTO
COCTaBa pacTBOPA;

2. HAJOXXEHHEM DJIEKTPUUECKOTO TMOJis, KOTOPOE BBI3OBET HAMpaBIECHHOE
nepeMelleHne 3aps>KeHHBIX YacTHll;

3. U3MEHEHUEM COCTaBa PacTBOpPA MO OTHOILICHUIO K PABHOBECHOW KOHIICHTPAIIUU
BO3MOXKHBIX JUIsl JAHHOW CUCTEMbl BEIIECTB B HANPABICHWU YMEHBIICHUS €€
KOHIICHTPAIIMU OKa3bIBaeTCsl OOJIbIE, YEM KOJMYECTBO MEPECKOKOB 3TOMU
4acTUIlbI B OOpaTHOM HampaBieHUU. B pe3ynbTaTe 3TOr0 BO3HHUKAET IMOTOK
mudpy3uu.

Hampumep, »51eKTpoau3 B  pacTBOPE COMPOBOXKIACTCS HU3MEHEHUEM
KOHIICHTPAIIMM PEarupyrolux BEIIeCTB BOJM3U MOBEPXHOCTH HJIEKTPOAOB IO
CPaBHEHHUIO C KOHLEHTpalUeil JSTUX BEIIECTB B 00bEME pacTBopa, TO
3aKOHOMEPHOCTH IU(P(GY3UH HOHOB HMEIOT HEMOCPEJACTBEHHOE OTHOIICHHE K

QJICKTPOXUMHUHU.

Bo Il cnocobe HanmoXeHue 3JIEKTPUYECKOTO TMOJIsI U3MEHSIET BEPOATHOCTD
MEPECKOKOB 3apsUKCHHBIX YaCTUIl MO MO0 W MPOTUB TOJS: y KAaTHOHOB
KOJIMYECTBO MEPECKOKOB IO IMOJI0 MPEBBIIIAET KOJIMYECTBO MEPECKOKOB MPOTUB
MoJsi, y AaHWOHOB HaOmomaeTcs oOpaTHoe. Takum oOpa3oMm, B pe3yibTaTe
HAJIOXKEHUSI AJIEKTPUUYECKOTO TOJII BO3HUKAIOT MMOTOKM MHTPAllMM KAaTHUOHOB U
aHUOHOB. Murpanusi HWOHOB, COCTaBIAIOIIAs OCHOBY 3JIEKTPOIPOBOJHOCTH
ANEKTPOJIUTOB, COMPOBOXKAAET PaOOThl AIEKTPOXUMUUYECKUX CHUCTEM M TaKKe

HCIIOCPCACTBCHHO CBA3aHO C BHGKTpOXI/IMI/Ieﬁ.

B III cnocobe n3MeHeHne cocTaBa pacTBOpa HapyllaeT HOHHOE PaBHOBECHE
Y BBI3BIBAET XUMHYECKYIO PEAKIIHIO, B XOJI€ KOTOPOH MPOUCXOAUT BOCCTAHOBJICHHUE
WOHHOTO paBHOBecHsi. MoHHBIE peakiuu B  pacTBOpax  AJIEKTPOIUTOB

MPEACTABIAIOT COOOM YacTHBIM Cllydall TOMOT€HHOM XUMHUYECKOW peakuuu u



U3YYaroTCs B OCHOBHOM XMMHUYECKON KUHETUKON. OTINYUTENBHOW 0COOEHHOCThIO
MHOTHX W3 HHX SBJseTCAd OOJiblasg CKOPOCTh 10 CPABHEHUIO  C JIPYTUMHU
IporieccaMu B pacTBOpax. HeEKoTopele W3 HOHHBIX pEAKLHN, HaIpUMep,
accolMalMsl aHMOHA KHCIOTHOIO OCTaTKa M MOHA TUAPOKCOHUS, HIYT O€3 3HEprUU

1
aKTUBAIIUU U XapaKTePU3YETCsl KOHCTAHTAMU CKOpOCTH mopsiaka 10 j1/mob c.

NHorma  mpomecc  2JIEKTPOJIM3a  CONPOBOXKAACTCA  XUMHYECKHM
IIPEBPALICHUEM  pPEArHpyIOIIUX  BEIIECTB WJIM  IPOAYKTOB  pPEaKIMM B
MIPUAJIEKTPOAHOM CJIO€ PacTBOpa JJIEKTPOJIUTA. Tak, IMpU DIEKTPOXUMHUYECKOM
BOCCTAHOBJICHUM INUPOBUHOTPAJHOM  KHCIOTBI HAa PTYyTHOM  Karoge B
ONPENEICHHBIX YCIOBHSAX B DJJEKTPOJHOM pPEaKUMM YYacTBYIOT  TOJIBKO
HEJMCCOLIMUPOBAHHBIE MOJIEKYJBl 3TOM KHUCJIOTBI, TOrJa KaKk B pPacTBOpe
npucyTcTByioT moEEl H;O' m CH;COCOO". IlodToMy 3MeKTpOAHBIE PEaKIHH

npcAMCCTBYCT TOMOIrCHHAsA XUMHUYCCKasA pCaKus:

CH,C30C00™ + H,0" — CH,COCOOH + H,0

U €€ KHHCTHYCCKHC 3aKOHOMCPHOCTHM OTpPaXaroTCd Ha CKOPOCTH BCETO
QJICKTPOXUMHYCCKOIo  Imponccca. B »s1ux YCIOBHUAX  OJICKTPOXMMHUYCCKHUC
HU3MCHCHUA IIO03BOJIAAIOT OINPCACIUTb KOHCTAHTY CKOPOCTHU COOTBGTCTB}’IOIHCFI

XUMHAYECKOW PEAKLIHH.
JAuddy3uss 1 Mmurpanuss HMOHOB.

Hudbdys3us u murpanust 00yclIOBICHBI OOJBIINM KOJIMYECTBOM MEPECKOKOB
MOHOB 32 €JWHUIY BPEMEHHU B HEKOTOPOM OIPEEICHHOM HAIPaBICHUHU 10
CpaBHEHHMIO C JpyruMu HampaBieHusiMu . Crartuctuueckas o0paboOTKa 3THUX
MPOIIECCOB TMOKa3bIBA€T, 4YTO MOTOK AuDPy3unjg, T.e. KOIUYECTBO YACTHIL
mubPyHIUpYIOMKUX Yepe3 EIMHUYHYIO IUIOMAAKy B E€IUHHILy BpPEMEHH,
MPOMOPLUUOHATLHBIMA ~ KOHILIEHTpanuu 3Ttux vactuny C; W TpagueHty ux

XMMHYCCKOI'O IIOTCHIIMAJIa:

Jjy=—k,-C, - gradu,



rae k,- KOHCTaHTa NPONOPLHMOHAIBHOCTH , KOTOPYKO MOXKHO BBIPA3HUTh 4Yepes
CPEIHIO UIMHY HOHa | M HEoOXOAUMYI0 IS H3THX MEPEeXOJ0B JHEPTUs

AKTUBHOCTH AG7;
I? AG’
k, = exp| —
2hN, RT

rae h — nmocrosinnas [1nanka, Ny — mocTosiHHast ABaraipo. 3HaK «-» yKa3bIBaeT Ha

TO, 4YTO 4YaCTUObl IICPCMCINAIOTCA B  HAIIPABJICHHUH, IIPOTHBOIIOJIOXKHOM

YBEIIMYEHUIO KOHLIEHTPALMK. Y PaBHEHHUE MOKHO MPe0oOpa3oBaTh:

Jj, =—D,gradC, - 3akon ®uKa,

In f,
rae Di:k(,RT1+d /
dInC

j D; — koappunuent nuddysuu.

i

C npyroil CTOpPOHBI, MOTOK MUTPAIMHU jJ, OKa3ajcsi MPONOPLHUOHAIBHBIM

KOHICHTpAaWK NOHOB Ci W I'PAUCHTY 3JICKTPUYICCKOI'O IOTCHIIMAJA:

__Z

j,w uicigradq)

1

2

KoncTanta mpomopruoHaIbHOCTH 3AE€Ch SBISICTCA BeIWYMHA U;, Ha3bIBaeMas
a0COJIFOTHOM CKOPOCTBHIO JIBIXKEHUSI MOHA, TOCKOJIBKY OHA OMPENEINeT CPEIHIO0
CKOPOCTb JBIIKCHHUS MOHA TIPH €AUHUYHON HAMPSIKEHHOCTH AJIEKTPUIECKOTO TTOJIS.
u;=Vi/X, Vi- CKOPOCTb MEPEMEILICHHSI NOHOB, 3HAK «-» B YPaBHEHHUH CBSI3aH C TEM,

YTO JIBU>KCHUSI KATUOHOB (z>(0) coBmajaet ¢ HampapieHueM nois X, a X=-grad ¢.

B oOmem cnydae WOH [JBHXKETCS KakK TMOJ JEUCTBUEM TIpaJUCHTA
XUMHAYECKOTO MOTEHLHANa, TaK W MOJ JIEHUCTBUEM TPaAUEHTa SICKTPUUECKOIO
noteHuana. [loatomy oO1Iuii MOTOK MOHOB MPEJCTABISIET COOOM CyMMY MOTOKOB

mudPy3un 1 MUTpaALUN
J =Jwutjo
a o0mieil nelcTBYIONIe Ha MOH CHUJION SIBISICTCS TPAJAMEHT AIEKTPOXUMHUYECKOTO

IIOTCHI MAaJIa.



M, =u +z,Fp
TakK 4TO
grad;i = grady, + z,Fgradp

Ecnu voHbI copTa 1 B cpelHeM MepeMeIiaTcsi B pacTBOpe, T.€. j,1j,=0, To

gradyu, = 0. VI3 ypaBHeHus, cneayet gradu, =—z,Fgrady

NHave roBopsi, HE M3MEHAIOIIUECS BO BPEMEHHM PACHPENCICHHUS AAHHOTO
COpTa MOHOB B pPacTBOpE HE 00sA3aTEIBLHO COOTBETCTBYET gradu. =0 U gradp =0, a
MOXET ObITh PE3YJIbTaTOM B3aUMHOM KOMIIEHCAIIMU TPATUEHTOB XHMHYECKOTO U
AJEKTPUYECKOr0 MOTEHIMAIOB. OTO TMO3BOJSET YCTAHOBUTH CBS3b MEXAY
a0COJIFOTHOM CKOPOCTHIO JABUWKEHMSI MOHA U; U Kodpduuurentom muddysuu D; u3
ypaBHeHUu . j,1j,=0 cnenyer

i

R

Jo ="Ju grady,

CpaBuuM (1 u nocnenuee) k, =u,l/z,/ F

ITocne moacTaHOBKY B YpaBHEHUE

In £,
D, =u, RT_ l+d /.
|zi|F dInC,
IIpu C; -0, f —1, D=D", u=u’, MOTOMY DIA‘):|R|€7 u°:|R|§ u! ypaBHEHHUE
Z; Zil%0

Hepucrta-Oitnmelina cBs3biBaeT kodpduuneHT auddy3uu mnpu OECKOHEUYHOM
pa3BeleHUH C aOCOMIOTHOM CKOPOCTHIO JBMKEHMS HoHa Takxke mpu C—0. U3
conoctaBieHuss GOpMyJl MOXKHO MOJYYUTh 3aBUCUMOCTH a0COIIOTHOU CKOPOCTH
JBUKEHHSI MOHA Uj OT CPEHEN JIJIMHBI U SHEPIUU aKTHBALMHM MEPECKOKOB MOHA B

pacTBOpE ICKTPOIIUTA

lzeo|z[| ( AG7J
U, =———exp| ———
2h RT



BHCKTPOHP OBOAHOCTBb PAaCTBOPOB 3JICKTPOJIUTOB.

DIEeKTPONPOBOAHOCTHIO HA3bIBAETCS CIIOCOOHOCTH BEILIECTB (METasll, ras,
KUJKOCTb M JIp.) MPOBOAUTH BICKTPUUECKUNA TOK MO/ JACHUCTBUEM BHEIIHETO
HMCTOYHUKA 3IEKTPUUECKOTO TOJI. DIEKTPOIPOBOIHOCTh U3MEPSIETCA B 0OPATHBIX

8 -1
omax. /[lns mpoBoanukoB [ poma ona gocturaer 100 (om ™), s
BBICOKOKAUECTBEHHBIX  M30JALMOHHBIX MaTEpPUAJIOB — 10"4-107° (OM'M)_I.
5 -1
Marepuansl ¢ 2JEKTPONPOBOAHOCTRIO 107 (oM-M)~ OOBIYHO OTHOCAT K
MPOBOMSIIIMM  TellaM.  DJIEKTPONPOBOAHOCTh  PACTBOPOB  DIIEKTPOJUTOB U

MOJTYIIPOBOAHUKOB COCTABJISIECT 10°-10" (omm)™
DOneKkTponpoBoAHOCTL pacTtBopa (W) mpencraBisieT co00Ml  BEIUYMHY,

00paTHYIO €ro EKTPUIECKOMY conpoTuBieHuo (R ):

1
W=—
R
W — 311eKTpOnpoBOAHOCTH PACTBOPA, BRIPAKEHHAsI B OOpaTHBIX OMax.

R — sanekTpuueckoe conpoTUBIECHHUE PACTBOPA.

ConpoTuBiIEHHE pacTBOpa

R=po
Pg

2
l-cm, S—cm

Kospdunment nponopuuoHaibHOCTH p (OM - CM) Ha3bIBAOT  YIEIbHBIM

COIIPOTHUBJIICHHUCM.

PaznmuuaroT yAenpHYHO k W O3KBUBAJICHTHYIO A 3JIEKTPONPOBOAHOCTb.
VYnenpHas SIEKTPONPOBOAHOCTh K MPEACTABISIET COOOM BEIMYMHY, OOpaTHYIO

YACJIBbHOMY COIMPOTHUBICHUIO.



3
VY nenpHas 3J€KTPONPOBOIHOCTh COOTBETCTBYET JIEKTPOIMPOBOJIHOCTH 1 cMm
pacTBoOpa, HAXOAIIErOCs MEXKY PaCIOI0KEHHBIMU Ha pacCTOSTHUU 1 cM Apyr OT

Ipyra 3JIEKTPOAAMH IJIOMAAbI0 B | M’

DOKBUBAJICHTHAsI AJEKTPONPOBOJHOCTh PACTBOpPA JJIEKTPOJIUTA A COOTBETCTBYET

QJICKTPOIIPOBOJHOCTH paCTBOpa, COACPIKAIICTO I r-skB paCTBOPCHHOI'O BCIICCTBA.

Ecin C — KOHIGHTpALus 3IeKTpoinTa (r- 9kB/i), T0 B | cM’ pactBopa
comepxurcst C/1000 r-sxB/m. O6veM V (cM°), comepKamimii 1 r-5xB

pacTBOpeHHOr0 BemecTBa, paBen 1000/C

1000 .
A=k-——=x-V(oMm" -cu’/2—>5xKe)
C
DJIeKTPONPOBOJHOCTh  pacTBOpa  AJIEKTPOJWUTA  CKJIAJbIBAeTCS W3
QJICKTPOIMPOBOAHOCTH OTACIBHBIX HWOHOB. CBoiicTBAa HOHOB XapPaKTCPUIYIOTCHA

AKBHUBAJIEHTHOU JIEKTPOIPOBOIHOCTHIO.

OKBUBAJICHTHAsA  JJIEKTPONPOBOJHOCTh  HOHOB  €CTh  IPOW3BEICHUE
aOCOJIIOTHOM CcKOpoCTH JIBUkKEeHUS HOHOB Ha uucno Dapanes. IlpenenbHas
DKBUBAJIEHTHAsA JJIEKTPOIPOBOAHOCTh PACTBOPA JJIEKTPOJUTA MPEACTABISAECT
MOCTOSHHYIO BEJIMYMHY, PABHYI0 CYMME€ 3KBUBAJICHTHBIX 3JEKTPONPOBOIHOCTEU

OT/ACIBHBIX HOHOB MPH OECKOHEYHOM pa30aBICHUM:
Ao = Ay, + 44

st MHOT03apSIAHBIX MOHOB BEIIMYUHY SKBUBAJICHTHOU
AJEKTPONPOBOIHOCTH OTHOCAT K | 3apsay. HoOHBI pa3iuyHON XUMHYECKOU

IIpUpPOabL O6J'IaI[a}OT Pa3sHbBIMHU ITIOABHKHOCTAMHK B BOJAHBIX 1 HCBOJHLBIX paCTBOpPax.
(I)aKTOpLI, BJIUAIOIIHKC HA 3JICKTPOIIPOBOAHOCTb.

1. KoHuenrpauus.
UeM BbIIIE KOHLIEHTpALXs WIH MOABUXHOCTH MOHOB, TEM BBILIE yACIbHAS
AJEKTPONPOBOIHOCTD pacTBOpa. JlJIsi BBIYUCICHUS YAEAbHOU SIIEKTPONPOBOJHOCTH

pacTBOpa NPUMEHSIOT YpaBHEHHUE:



1

K = C.A,
1000

Ci - KOHOCHTpanusa HOHOB, F—SKB/J'I, 7\,1 - OKBHUBAJICHTHAA JJICKTPOIIPOBOIHOCTDH
HOHOB. 3aBUCUMOCTD SKBHUBAJICHTHOM QJICKTPOIIPOBOJHOCTH CHJIBHOI'O
QJCKTpPOJINTA, AUCCOLMHMPOBAHHOIO Ha 2 BHJAa HMOHOB, OT KOHIOCHTPAIIHWH

BbIpakaeTcsl ypaBHeHueM OHyJepu:

A=~ Bul

A - DKBUBAJICHTHAS AJIEKTPOMPOBOTHOCTD MPU JaHHON KOHIIEHTPAITUN
e (mmmm e «--- TIpy OECKOHEYHOM pa30aBICHUN
B - nmocTosiHHas BenrnuynHa
I - nonnas cuna pacrsopa.

B YpaBHCHUHN YYHUTBIBACTCA OJJICKTPOIIPOBOAHOCTH W PCIAKCAIMMOHHBIC

3 PeKThI.

DKBUBAJICHTHAs 3JICKTPOIPOBOIHOCTh B 00Jiee KOHIIEHTPHPOBAHHBIX pPAaCTBOpax
MOXHO paccuutath 1o ypaBHeHHI0O PoOuncona u CTokca, MO3BOJISIIONIEMY
HaXOJUTh JOCTATOYHO TOYHBIC 3HAUCHHS ITHX BEJIMYUH B BOJIHBIX pacTBopax (1:1)

QJICKTPOJINTOB U UX CMCCGﬁ, KOoraa MX HOHHasA Cujia JOCTUIracT 0,1:

e R
Jns  Bomubix pactBopoB (1:1) »smektponmutoB B;=0,23; B,=30,32;

B=0,3291-10%,

[lapamMeTp a Ha3BIBAIOT CPEHUM PACCTOSTHUEM COJIMKEHUS HOHOB H
paccMaTpHUBAaIOT KakK paauyc cdepbl, HEHTpP KOTOPOH COBMHAAAET € LEHTPOM
JAHHOTO MOHA U BHYTPb KOTOPOTO HE MOT'YT MOMNACTh LEHTPHI APYTUX MOHOB. {11
MHOTHMX HMOHOB B BOJHBIX PAacTBOpax a HUMEET 3.10% e u 3A° IIpu stom Aa
paBHsiercss 1, 4uTo ympomaer ypaBHeHue. OAHAKO B PSAAE CIYy4aeB JIydllee

COBIIAICHUC C OIIBITOM HMMECT MCCTO, KOTJZa IapaMeTp a UMCCT APYTroC 3HAUCHUC.



HO3TOMY 0ojee TOYHBIC pacuCTHbIC IOaHHBIC MOTYT OBITH IMOJIY4YCHBI, C€CJIKM a

ONpCACIIAIOT SKCIICPUMCHTAJIbHBIM ITYTEM B KaK/IOM KOHKPETHOM CJiy4dac.

YMEHBIICHUE SKBUBAJIECHTHOW 3JIEKTPONPOBOJHOCTH HOHOB C POCTOM
KOHIEHTPALIMU MPUBOAUT K HAPYIIEHHUIO MPOMOPLHOHATBHOCTH MEXIY YAECIbHOU
3JEKTPONPOBOTHOCTHIO PACTBOPA CHIIBHOTO JJIEKTPOJIUTA U €r0 KOHUECHTPALUEH.
Ecnu snextponut cinabbliif, TO KpoMe TOro, ¢ pOCTOM KOHIIEHTPAIlUU YMEHbIIIAETCS

CTCIICHb AUCCOL AN,

2. Temneparypa.

YaenbHas W OKBUBAJEHTHAs DJIEKTPONPOBOAHOCTH PACTBOpPA  DIIEKTPOJIUTA
0

MOBBIIAETCA ¢ pocToM t. Ilpr 3TOM 3HaueHHE MMEET YMEHBIICHUE BA3KOCTHU

0 o
pacTBOpa C IOBBINICHUEM t, 910 MNPpUBOAUT K YBCIMYCHUIO ITIOABUKHOCTCH MOHOB

Ao IlogBHKHOCTH HOHOB IIPH £ MOTYT OBITh BBIYHMCIIEHBI 110 YPABHEHUIO:
Dor () = 2, 25)1 + (e = 25)]

0 .
-t - KO3(PPUUHEHT >3JIEKTPONPOBOAHOCTH, 3aBUCAIIUA OT MPHUPOJBI HUOHOB U
pacTBopuTess AJisi OONBIIMHCTBA HMOHOB B BOJIHBIX pacTBOpax MpHU CpeaHEH

temneparype 0,02-0,025.

[TosTOMy yBenMYEHHE YNIEIBbHOM U 3KBUBAJICHTHOW SIIEKTPONPOBOAHOCTH

0
IIpH NOBbIIEHUHU HA 1 coctaBuser 2-2,5%.

3. Ilpupoaa pacTBopureJis.

B Pa3IUYHbBIX PacTBOPUTEISAX MPUMEHSIOT HKBUBAJICHTHbBIC
AJIEKTPONPOBOJIHOCTH HMOHOB MpH OECKOHEYHOM pa3baBiennu. Kpome »3Toro
U3MEPSIOTCS KOHCTAHThI AUCCOIMAIMU 3JEKTPOIUTOB, YTO BIUSET HAa BEIIMYMUHBI

PaBHOBCCHEBIX KOHI_[eHTpaI_II/Iﬁ HX HOHOB.

Bnusinue pactBopuTteneil Ha mpeaeiabHy0 (3JIEKTPONPOBOJAHOCTD ) MOABUKHOCTH

OJIHUX U TEX K€ MOHOB ( A,i) OOBIYHO CBSI3BIBANIU C BSI3KOCTHIO PACTBOPUTEIIS.

[MucapxkeBckuit u  Banpaen — oOHapyXwiv, 4YTO  MOPOU3BEICHHE

SKBUBAJICHTHOU QJICKTPOINPOBOJHOCTH HMOHOB IIpHU OCCKOHCYHOM pa36aBJ'I€HI/II/I Ha



BA3SKOCTb PaCTBOPHUTCIIA HpI/I6JII/I3I/ITeJIBHO IMOCTOAHHO W HE 3aBHUCHUT OT IIPHUPOALI

PacTBOPUTEIISA:

A, -n, = const

No - BA3KOCTh PACTBOPHUTEIISL.

OnHako, MpakTHKa TMOKa3aja, 4TO 3TO IPaBUJIO COONIOAETCS B PEIKHX
CIy4dasiX W JIy4ll€ ONpPaBIBIBAETCA B PACTBOpPAX 3JIEKTPOJIUTOB C KPYMHBIMU
noHamMu. OHO OBLIO BBIBEJEHO MpPH YCIOBUU NPUMEHHMOCTH 3akoHa CTokca,
KOTOPBIM OIKCHIBAET JIBM)KCHUE YAaCTHUIBI B HUICATBHOW THAPOJMHAMHUYECKOMN
cpene. 3akoH CTOKCa NIPUMEHHM B CIIy4ae OTCYTCTBHSI B3aUMOACHCTBHS MEXIY
cpenou W JIBIKYIIEWCS d4acTulel. BcrmencrBue mNpUTEKaHWs MPOLIECCOB

COJIBBATALIMM B PACTBOPAX JIEKTPOJIUTOB 3TO YCIOBUE HE COOIIOIAETCA.

[IkoAWHBIM yCTAHOBJIICHO BIUSHUE AMDIECKTPHUUECKONH MPOHUIIAEMOCTH
pPacTBOPHUTENS HAa YKBUBAJICHTHYIO AJIEKTPOIPOBOJIHOCTh HOHOB IIPU OECKOHEYHOM
pa30aBIE€HUU U YCTaHOBJICHO:

B
Ay n,=A-e? um A, :i-e
n,

Ol w

rae A u B - mocTosIHHEIE.

Takum O6p330M, npeacibHas IIOABHXKHOCTD HOHOB ABIISICTCA

AKCHOHEHIIMATBHON (PYHKIHMEH BEIMYHUHBI %), oOpaTHOM JHUAIEKTPUUECKOU
MIPOHULIAEMOCTH CPEBI.

B HeBomHBIX pacTBOpax y OOJIBIIMHCTBA 3JEKTPOJIUTOB  CTEHEHb
JUCCOIMAlIUM MEHBIIE, YeM Y BOAHBIX. Jlake MOJIHOCTBIO JAMCCOLIMMPOBAHHBIE B
BOJIE DJIEKTPOJIUTHI B OOJIBIIMHCTBE HEBOJHBIX PACTBOPUTEIEH IUCCOLUUPYIOT
YAaCTUYHO. YMEHBIIICHHE CHJIBI CIa0bIX B BOJIE DJICKTPOJIMTOB B HEBOJHBIX
pacTBOpax MOXKET ObITh 3HAUYUTENIbHBIM. TOJBKO B HEKOTOPBIX CIydasX yAaeTcCs
YCUWJIUTh JHUCCOLMAIMIO CHA0BIX DJIEKTPOJUTOB MOAOOPOM COOTBETCTBYIOLIEH
cpeapl. BenuunHBI pPaBHOBECHBIX KOHIICHTpAIlMd HOHOB  OJHUX H TE€X XK€

AJIEKTPOJUTOB MPU OJHOM M TOM K€ KOHIEHTPALIMU PACTBOPEHHOT'O BELIECTBA B



Pa3IMYHBIX PACTBOPUTENSAX HM3MEHSIOTCA, YTO BIMSET HA MOHHYIO CUJIy PacTBOpa.
[ToaTOMy OTKJIOHEHHE BEJIUYMHBI A MPU JAHHOW KOHIEHTPALUH OT A o MOXKET

OBITH Pa3JIMYHBIM.

ze
u,=——-= const
67

3akoH Banpaena rnacur, 4YTO MOPOU3BEICHHE TOJBMKHOCTHM HOHA Ha
KO(PUIIMEHT BSI3KOCTH PACTBOpA - BEIMYMHA IMOCTOSHHAsT a TeMIEepaTypHbIN
KO3(PPUIIMEHT TOJABMKHOCTH, KOTOPBIM sBIsieTCs OOpaTHOW  BEIWYMHOU
TeMIEePaTypHOro Ko3(uileHTa BSI3KOCTH, TAKXKE B 3TOM Cilydae JOJKEH ObITh
MOCTOSTHHBIM. A UMEHHO, €CIIM TeMIepaTypHbI KOAI(PPUUIHUEHT MOABUKHOCTU
OONBIIMHCTBA HMOHOB B BOAHBIX pacTBopax paBeH 2%, TO oOparHas
TeMneparypHoMy KoO3(h(UIIMEHTY BeIWYMHA BSI3KOCTH B BOJHOM Cpejie Takke
~2%, a TPOU3BEICHHE TMOJIBI)KHOCTH Ha BA3KOCTh pacTBOpUTENs (BOIBI) C

TEMIIEpaTypOil HE U3MEHSAETCS
A, =u,+v,
s cnabeIx A = (u+v)a .

DOKBHUBaAJIEHTHAsS 3JIEKTPONPOBOAHOCTH C MOBBIIIIEHUEM TEMIEPATYPhl HHOT 1A
nagaer. OOBsCHSIETCS 3TO TEM, YTO yMEHbIIAETCS  JUAJEKTpUUYecKas
MPOHUIIAEMOCTh PAcTBOpa HJIEKTPOJIUTA MHpH HarpeBaHuu. Takou sddext nms
CUJIBHBIX 3JIEKTPOJIUTOB TAKXKE XapaKTePEeH, HO OH MO CPABHEHUIO C BEIIMUYUHAMU

BSI3KOCTH M MOJABUKHOCTHU OKAa3bIBACTCA HE3HAUYUTEIIbHBIM.
Yucsa nepeHoca.

XO0T4 B IEPEHOCE ANEKTPUUYECTBA YePe3 PACTBOPHI IEKTPOIUTOB YUACTBYIOT
BCE HMOHBI, BCE K€ BCIIEJICTBUE PA3IMUUS UX CKOPOCTEH, KOHIIEHTPALIUNA U 3apsiI0B
JI0JII UX Yy4acTusl B MEpeHoce HeoAuHakoBa. [103ToMy B AIEKTPOXMMUU BBOMAST

IMMOHATHUC YHCCII IICPCHOCA 1, :

KOJI -BO DJJICKTPUYCCTBA, nepeHeceHHoei - TbIM COPTOM HOHOB

O6IJ.I€€ KOJIMYCCTBO SJICKTPHUYICCTBA, IPOIICAIICC YCPC3 SJICKTPOJIUT

i



) I
WJu 1, _ 4 4

2 !

Uucno nepeHoca MOKa3bIBA€T JOJIIO YYacTUs JAaHHOTO COpTa HOHOB B
MepeHoCce AJEKTPUUECTBA Yepe3 pacTBOpP. ECTECTBEHHO, UTO WMOH, JBWXKYILIUNUCS C
OOJIBIIION CKOPOCTHIO, MEPEHOCUT OOJIbIIEE KOJIMYECTBO 3jekTpuuecTtBa. Cymma

quCeJI MEpCHOCa BCEX MOHOB, MPHUCYTCTBYIONIMX B PAaCTBOPEC paBHA CIAHWHUIIC, T.C.

i

Znizl

1

Jlyia OMHApHOTO JEKTPONIUTA n, + 1, =1

Uucna mepeHoca 3aBUCAT OT COCTaBa AJEKTpoJMTa. Tak, Hampumep, B

pactBopax KCl u LiCl uuncna nmepenoca Cl - noHa pa3In4Hbl U OMPEACIISIIOTCS

g KC1 n., =1—nK+

s LiCl n, = 1- n, .

Uucna mepeHoca 3aBUCAT OT KOHIIEHTpalluu pacTBopa. B OonblIMHCTBE
CJIy4aeB UHMclia MEePEeHoca 1Mo Mepe pa3BeJeHUs COMMKAIOTCA. 3aBUCUMOCTh YUCET
MepeHoca OT KOHIEHTpalMd WHOTJa CTOJIb BEJIUKa, 4YTO OHHM (opMaabHO

CTAHOBATCA OTPULATCIbHBIMM.

Tax, HarpuMep, ducio neperoca Cd>* monos B 0,02 1 pactBope CdJ, paBHO
0,296, a B 2,0 5=-0,15. D10 00BsICHICTCS 00pa30BaHMEM KOMIUIEKCHBIX HOHOB
[CdJ4]2', YUCJIO KOTOPBIX BO3PACTACT C IOBBIIMICHHEM KOHIEHTpaluu. HoHBI,
cojieprKalliue KaaMuid, OyeT ABUTaThCA B 3TOM ClIy4yae K aHOJZly, a HE YIAJSIThCS OT

HECTO.

[ToBbllIeHNE TEeMIIEpaTypbl TAKKE MPUBOJUT K COMMKEHUIO YHCEI epeHoca
pa3nuuHbIX MOHOB. [IprunMHa 3TOrO SBJIEHUS CBOJMUTCS K POCTY IMOJBHKHOCTEU
VMOHOB BCJICJICTBHE JETUIPATALIMHU, a TAKXKE YMEHBIIECHUS BS3KOCTH pacTtBopa. Ta
)K€ TPUYMHA, MO-BHANMOMY, NOPUBOAUT K HW3MEHEHUIO 4YHCEI NIEPEHOCA B

3aBUCHUMOCTH OT KOHIIEHTPAIlMU PacTBOPA.



[IpuMeHsIoT 239KCcnepUMEHTAIbHBIX METO/Ia U3MEPEHUsI uncel nepeHoca: 1)
Meton ['urropda; 2) meron ABWMXKYIICHCS TpaHUlbl; 3) METOJ, CBSI3aHHBIA C

onpenenenueM audPy3uoHHOro NOTEHIHANA.
OcHoBHOe TI0105keHue [ 'urTopda:

n, AC,
n, AC,
N3MeHeHne KOHUEHTpaUHWil B TMPUDICKTPOIHBIX CIOSX MHPU MPONYyCKaHUU

TOKa 06paTHO MponmopuruoOHaIbHBI CKOPOCTAM ABUXKCHUSA OTACIIBHBIX HOHOB.

B o6miem ciyuyae 3To He coBceM BepHO, T.K. ACp 1 ACy 3aBUCST HE TOJBKO

OT MMPpHUXO0Jia U YXOZla MOHOB, HO U OT XapaKTCpa 3JICKTPOAHLIX IIPOLECCOB.

Meron Turropdba B mnpuHUUNE UCHONB3YEeTCI M JO CHX TMOp B
MPEJIOKEHHOM aBTOPOM BHUJE: COCYJ JJIs ONPEAEICHUS YHUCEN IIEPEHOCA COCTOUT
UX 3-X OTHEIICHUW: aHOAHOTO, KAaTOJHOTO M MPOMEKYTOUYHOIO, 3JIEKTPOJIUT,

HaXOSIIIUNUCSI B KaXXIOM

U3 OTJCJICHUM, MOKHO

D : a HCCJICa0BATh
T\ T CaMOCTOATENBHO.
- —
1,2 - kaTox, aHo.I
3- cpenHee NpPOCTPaHCTBO
3 56 - PTYTHBIE
S AT U R KOHCTAHTHI

[Tpubop st onpenenenus ynucen nepeHoca no I'mrropdy



T'urtopd B 1853 r. oOHapyx uji, 4TO NMPU TPOXOXKJICHUM TOKA B CIOSIX
ANEKTPOJIUTA, NPUMBIKAOIMIMX K KaToay (Katonute) W aHoAy (QHOJIHUTE)
MU3MEHSIOTCS KOHIICHTpAllMd PACTBOPEHHOIO BEHIECTBA. JTU OOBSICHEHHUS ObLIU
OOBSCHEHBI  pa3IMuYMEeM B  CKOPOCTSIX JBUXKEHUA UOHOB. PaccmoTpum
KOHIICHTPAIIMOHHBIE W3MEHEHHUS, MPOUCXOMSIINE B MPUIIEKTPOIHBIX CIOSX B
SUeiKe C HEPACTBOPUMBIM AHOJIOM IMPHU MPOXOXKIACHUU Yepe3 HEEe DIIEKTPUUECKOTO
Toka. JlJis MPOCTOTHI NPEANONOXKUM, YTO B SJIEKTPOJIUTE MNPUCYTCTBYIOT

OJIHOBAJICHTHBIC KATUOHBI (+) U aHUOHBI (-).

AHopn karon  [Ipeamonokum Takxke, 4TO B
+

a) [T+ttt

+4+4+4++++++ OTCYTCTBHC TOKa HMNOHBI

——————— HEMOJBMKHBL B PacTBOpE
(cimyyaii a)
[Iponyctum yepe3 sUEHKy 2

Qapanes osnekrpuyectsa. B

T S IR

3TOM CJIydyae€ Ha KaTroJe U Ha
aHOJIC Pa3psSAUTCS MO 2 T-3KB
KaXXJ0r0 cOpTa MOHOB. EcCaM CKOpOCTH IBMKEHHUSI KATUOHA WM AaHWOHA PaBHBI:
Vi=Va, TO KaXIbl COPT HMOHOB IiepeHeceTr B pactBope mno ldapazaero
ANEKTPUYECTBA U KOHIICHTPAIMOHHBIE HM3MEHEHUs y KaToja M aHoja OynyT

OJMHAKOBEI.

Nuas xaptuHa OyzeT, €Ciu CKOpPOCTh KaTHOHA HE paBHA CKOPOCTH aHHOHA,
nycTh V=35V, Torma npu nponyCKkaHUM 4epe3 AUYECHKY KOJIMYECTBA AJIEKTPUUECTBA,

paBHOrO 6 (papaieeBCKUM KOHCTAHTaM, MOJYYUM :
y KaToja: pa3psaanuioch 6 T-3KB

nepeHeceHo karnonamu SF.
VY anopa: pazpaauinock 6 r-kBs.

ITepeneceno annonamu 1 F.



CrnenoBarenbHO, KOHLIEHTPALlMOHHBIE U3MEHEHUS a aHoIUTe OyayT Oonee
3HAUYUTENbHBIMU, 4eM B Katonute. Otctoga ['mrropd mnpumien k BBIBOAY, YTO
CKOPOCTH pa3Iu4yHbIX NOHOB HE paBHbI. Eciy yObUIb KOHIEHTpALMH (YHUCIIO T-3KB)

B KaTOJIMTE U aHOIUTe CcOOTBEeTCTBEHHO AC, 1 AC,, TO

rae Co - HadanbHasi KOHUEHTpaus pactBopa, C, u Cp - KOHLIEHTpaUus KaTOJIUTa U

AHOJIUTA.

N3MeHeHnsa KOHILIEHTpaUHWil B MPUAICKTPOIAHBIX CIOSX HPU NPONYCKAHUH
TOKa OOpaTHO MNPOMOPLHMOHANIBHBI CKOPOCTAM  JBHXKEHHS OTJEIbHBIX HMOHOB

(mpaBuito I'mtropda).

Ecnu depe3 pacTBOp 3IJIEKTponuTa MPONMYCTUTH F KyJIOHOB, TO J0JIH

KOJIMYCCTBA JJICKTPHUUCCTBA, IICPCHOCUMBIC KATUOHAMHU M aHHMOHAMM, 6y,Z[YT paBHBI:
F=F, +F,

n, AC,
CornacHo npaBuny I'mrtropdpa 4= A » 16 HCIA IIEPEHOCA XapaKTePH3YIOT
n 4

K

KOHILOCHTPAIWMOHHBIC HM3MCHCHHUA B IIPHUIJICKTPOAHBIX CJIIOIX H, KPOMC TOrIO,
IMOKa3bIBAIOT KAKYI0 YaCThb TOKa 6epeT Ha ceOs B IIEPCHOCE K&)I(I[BIﬁ HOH AAaHHOI'O

AIEKTPUYECTBA.

Metoa nBWXyLIEHCS TpPaHWUIBI COCTOMT B HAONIOJAEHUU 32 JIBIDKEHUEM
MEXIY JABYMsI PACTBOpPAMHU PA3JIMYHON IUIOTHOCTH MPU MPOXOXKIACHUU YEPE3 HUX

TOKa. C}’IHHOCTB €ro CBOAUTCA K CJICAYIOIICMY.



1,2 - kaTox, a”HoI.

3- kanuOpoBaHHas TpyOKa (CpeaHee MPOCTPAHCTBO)

aa; - HIOABMKHAA I'paHUIIA.

[lycTe umeeTcs cTekisiHHAs TpyOka, orpaHuueHHas siekrpomgamu 1 u 2. Ecnu
3alOJIHUTh TPYOKY JBYMS pacTBOpaMH TakK, UYTOOBI MEXIYy HHUMH COXpaHUJIACh
BUIMMasl TPaHUIlA, TO MPHU MPOMYCKAHUU MOCTOSHHOTO TOKAa 3Ta TpaHuiia OyaeT

MepeMenIaThCs CO CKOPOCTHIO, PABHOM IMIPUMEPHO CKOPOCTH JIBHMIKEHHUS HOHOB.

I[J'If[ cCOo3aaHuAd BHI[HMOﬁ rpaHuibl MEKAY CJIOAMHU PaCTBOPOB JJICKTPOJIHUTOB

HEOOXOAUMO,  YTOOBI

— _| H (!——'5 pacTBOPBI 9TH

ap (./
N 3 ? pa3uyaIucCh MO LBETY
U wim  KodphULIUeHTY
ar—a MpeIOMJICHHUS,
[Ipumem, uyTO CIIOH,
MPUICTAIOIUN K
s i\Jj AHOMY, TIPEJCTaBISCT
@ ! 5 coboi pacTBop
KMnOQy, a CJIOH,
MPUIET AN K
KaTolly -  pacTBOp
CH;COOK. ITpu
BKJTIOUCHU U TOKa

annonsl MnO4 u CH;COO™ - 6yayT ABUTAThCA K aHOAY, @ KATHOHBI K -x KaTo.y.
JlBmwkenne woHOoB MnQ,4 BiedeT 3a coOOM NepeMelIeHHWE TPAHUIIBI MEXIYy
OKpAIlICHHBIM M OECIIBETHBIM CJIOSIMH 3JICKTPOJIMTA IO HAIpaBJICHUIO K aHoay. He
CIelyeT OJHAKO JyMaTb, YTO CKOPOCTh MEPEMENICHUS MOJABUKHOW TpPaHMIIbI
SIBJIIETCSI JICMCTBUTEIILHOM CKOPOCTBHIO JBWKEHUS MOHOB. B pactBope KMnO4
Hapsiay ¢ woHamMu MnO, MOTryT HPUCYTCTBOBATH HEAUCCOLIMUPOBAHHBIE

MoneKyinsl KMnOy4, KOTOpBIE 2JIEKTPUYECKOTO TOKA HE MEPEeHOCcAT. Tem He MeHee,



IBM)KEHME  HWOHOB  MnO,  mOpuBOAAT K  HAPYIICHUIO  PABHOBECHUSA

_) _ o
KMnO, K'+ MnO, , IOIOJHUTEIBHON IUCCOLMALMN MOJIEKYJ IEepMaHraHara "
<_

COOTBETCTBYIOILIEMY NIEpEMEIIEHHIO HOHOB MnOy .

Takum 00pa3oM, TOK BbI3bIBaCT J(PGEKTUBHBIH TMEPEHOC  BCETO
MEpMaHroHaTa B BHUJE HOHOB U HEIUCCOLIMUPOBAHHBIX MOJEKYJ, a CKOPOCTb
MepeMEILCHHUs] TPaHUIbl COOTBETCTBYET CKOPOCTH JABMIKEHMSI IEpMaHraHata B

OcaoOM.

JIist ycTpaHeHusl BO3MOXKHOCTU Pa3MbIBaHUS TPaHULIBI HEOOXOAUMO, YTOOBI
CKOpocTh ABuxKeHUs: noHOB uHankaropa CH;COO™ Obuta paBHAa CKOPOCTH MOHOB,
JUISL KOTOpBIX ompenensiercs uucio nepeHoca (MnOy). [lockonbky aOcomOTHBIE
CKOPOCTH JBWKEHUSI HOHOB HEOJMHAKOBBI, BBIPOBHATH WX  MOXHO JHUIIb
COOTBETCTBYIOIIMM HM3MEHECHHEM  TpaJueHTa MOTEHIMaIa JJs KaXI0ro U3
ANeKTPOaUTOB. OYEBUIHO, YTO JIE MOHOB C MEHbBIIEH aOCONIOTHOW CKOPOCTHIO
HY’KHO C€O3/1aTh OOJBIIMK TPaJUCHT MOTEHIMaNa, a JJs HOHOB C OoJbliel
a0COJIFOTHON CKOPOCTHIO - COOTBETCTBEHHO YMEHBIIUTH €ro. Takoe M3MEHEHUE
IPAIUCHTOB TOTEHIUANIOB JOCTUraeTcsl MOJ00pPOM  KOHILEHTpPAllMKM HOHOB
WHJWMKATOpa M M3y4yaeMoro »sJjekTpoiurta. Jing HaxoxaeHus HE0OXOAUMOTO
OTHOIIEHUS  KOHLEHTPAUHMM  MOJNB3YKOTCS  PETYJIUPYIOIIMM  OTHOUICHHEM

Konbpaymia:

— M

7€ X OTHOCUTCS K UCCJIEyEMOMY HOHY.

i- K UHOIUKATOpYy.

[Ipu ompeneneHun 4Yucen mNepeHoca MO METOAY JBHXKYILEUCS TpaHUIbI
KOHIICHTPAIIMIO WHJIUKATOPHOTO PACTBOpPA BHIOMPAIOT TaKUM 00pa3omM, 4TOOBI OHA
Kak MOXHO jayuiie oTBeuana ycioButo (1). (Ilpu sTom 10 mpeaBapUTEIBLHOTO
OMpEeNIeNICHUsI Ny €ro MoJiaratoT paBHbIM 0,5 ISl pacTBOPOB COJEH, IJi1 PAaCTBOPOB

KUCJIOT W IEJ0Y€eH n, W n , TOJNararT paBHeiMu 0,8.

H,0"



[Ipu npoxoxaenuu 1 dapanes smekTpudecTBa UYepe3 CEUCHUS TPYOKH
rpaHuIla MEXIy pacTBOpaMHu, OYEBUIHO, CMECTUTCS TaKuM oOpa3oM, 4TO 00BeEM

3aHUMAaEMBbIN IepMaHraHaToM yMCHbBIINTCA Ha BCIIMIUHY

_ nMnO;

AV =
C,

3
rac CA - KOHIOCHTpalsa aHHOHOB IICPMOHI'aHaTa, I-3KB/CM

[Ipu mnponyckanuu uyepe3 cucremy mF (dapaneeB ymeHblieHne oObema

PaBHO:

2
Ecnu kanuOpoBanHas TpyOKa UMeeT IIIONIA b MOMEPEUYHOr0 CEYEHU S CM™,

a I'paHuna nNepeMeCTuiiaCb Ha paCCTOAHUC h CM, TO

n _
AV = Sh=-"2% mF
C

A
501051

_ SheC,

nMnO{ mF

AHAJIOTUYHOE ypaBHEHHE MOXET ObITh MOJIYYEHO B TOM Ciydae, Korja

O6H_[I/IM AJI1 IBYX QJICKTPOJIMTOB ABJIACTCA aHUOH. Torz[a

_ ShC,
mK

n;

3
rae Cy - KOHIEHTpaIus COOTBETCTBYIOUIET0 KaTUOHA, I'-3KB/CM

BOITPOCHI 11 CAMOITIOAT'OTOBKH:

1. Kakumu cmocobamMy MO>KHO BBI3BaTh B PacCTBOPE DJICKTPOJIMTAa HEPABHOBECHBIC

SIBJICHUS?

2. YeM BbI3BaHbI Mporiecchl AUGHy3un 1 MUTPALIUA UOHOB?



8.
9.

. [IpuBenure ypaBHenue HepHcra-OiHIITEHA.

KakoBa 3aBuCHMOCTH aOCONIOTHOW CKOPOCTH JBMXKEHHSI HMOHA OT CpelHEH
JUTMHBI U SHEPTUU aKTUBAILIMK MEPECKOKOB MOHA B PACTBOPE AJICKTPOJIUTA.

UTo 03HAYaeT TEPMUH «yJIeNbHas 3IEKTPONPOBOAHOCTEY»? KakoBa pa3MepHOCTh
3TOMN BEJIIMYUHBI?

N3mensiercs u yaelbHasi 3JIEKTPONPOBOIHOCTD C YBEIUYCHUEM TEMIIEPATYPh?

IlosicuuTe OTBET.

. UTo oO03Ha4aeT TEpMHUH <«OAKBUBAJEHTHAs  AJIEKTPONpoBOaHOCTH»? KakoBa

Pa3MEPHOCTh ATOW BEJIUYUHBI?
UTo 03HAYAET TEPMUH «UHCIA TIEPEHOCAN?

KakoBsI 3KciepuMeHTaIbHBIC METOAbI ONPEACICHUS YUCE TIepeHoca?

10. Chopmynupyiite npasuino ['urropda.

1.

JIMTEPATYPA:

I'epacumoB A.U. u ap. Kypc dusnueckoit xumuu. T.II, M., «Xumus». 1966,
c.397-429.

2. Namackun b.b., Iletpuit O.A. OCHOBBI TEOPETHYECKON SIECKTPOXUMHHU. M.,

3.

Bricmas mkona. 1978. C. 52-79.

AnTponos JI.U. Teopernueckas snekrpoxumud. M., Beiciias mkoma. C.87-126.



JIEKIUA 6. TIOABUKHOCTDb HOHOB. ®PAKTOPLLBJIMAIOIUE
HA NOABUKHOCTBb HOHOB.

AOCOMI0THASI TOJIBUKHOCTh MOHOB; MOJBUKHOCTh HOHOB; 3aKOH HE3aBUCUMOT'0
newkenus Kanbpanuna; ypaBaenue Konbpuauna; penakcaiiuoHHbIN 3G PexT;
katadopetnueckuit 3pdekt; 3pPext Buna; adpdext [ebas- GanpkeHrareHa;

BpeMs penakcanuu; ypaBHeHne OH3arepa; 3akoH Banbaena

IHoaBU:KHOCTH MOHOB. 3aKOH He3aBUCHMMOro aABu:keHus Kouabpaauna.
Pesakcanuonnbiii u kaTtadoperudeckuid 3pPpexrol. DaKTOPHI, BIUSIONINE HA

NOABHUKHOCTDH HOHOB.

IoaBUKHOCTH HOHOB MX 3aBUCUMOCTH OT KOHUeHTpauuu u I' u 1.1.

[IpoxoxkaeHne TOKAa Yepe3 pacTBOPHI SJIEKTPOJIUTOB, UHBIMU CJIOBaMHU,
AIEKTPONPOBOIHOCTD AJIEKTPOJIUTOB, OOECIIEUUBAETCS MEPEMEIICHUEM MOHOB MO/]T
JEUCTBUEM SJIEKTPUUECKOTO TOKa. [IoABMKHOCTP MOHOB YCTAHABIMBAET CBS3b
MEXKy AIEKTPONPOBOJAUMOCTBIO PACTBOPA AIEKTPOJIIUTA U CKOPOCTHIO JIBHKEHUS
HMOHOB B AJIEKTPOJIMTUYECKOM TOJIE, T.€., €CJIU MOJICYUTATh YUCIO HOHOB, KOTOPbHIE
MPOXOJAT Yepe3 JH00e CeYEeHUE COCy/a, 3alOIHEHHOTO pacTBOPOM 3JIEKTPOJIUTA
B CIMHUI]Y BPEMEHU MPU CTAHAAPTHBIX YCIOBUSAX (TIPU HAMPSIKEHHOCTH MO
=1B/cM), TO MOKHO BBIYUCIUTH IEKTPOIMPOBOTHOCTD.
OO0mee K0JMYECTBO IJIEKTPUYECTBA, MpPoOXoasilee 4depe3 pacTBop B 1 cek.,
TaKO# cUCTEeMBbI (3JIEKTP. MEPEHOCUTCH MOHAMHU Pa3JIMYHOIO 3HAKA), T.e. CIJIA
TOKA CKJIAJbIBAeTC M3 KOJMYECTB JIJIEKTPUYECTBA, IepeHeCEeHHbIX

+
COOTBETCTBEHHO KATHOHAMM J W aHMOHAMH

OO01Iee KOTMYECTBO SIEKTPUIECTBA, MPOXOJSIIEe Yepe3 pacTBop B 1 cexk.,
TaKOW CHCTEMBI (DJIEKTP. IEPEHOCUTCSI HOHAMH PA3IMYHOTO 3HAKA), T.€. CHJIa TOKA
CKJIAJBIBACTCSI W3 KOJMYECTB JJICKTPHUYECTBA, MEPECHECEHHBIX COOTBETCTBEHHO

+
KaTuoHaMu J © aHnoHamu J:



AHUOHBbI

+ <« 7

KaTUOHBI

norennuanoB E(B).

J=J, +J.

[IpenacraBum cebe
MUTHHAPUICCKANA COCYJl C TIOTEPEUYHBIM
qem?), 3aII0JTHEHHOTO pacTBOpPOM
AIEKTPOJIATA C DKBUBAJICHTHOU
KOHLEHTpauel c,(e—oxe/cn’). IlycThb
4yepe3 pacTBOP MPOXOAUT DIICKTPUUYECKUN
TOK, TIpUYEM  PACCTOSTHHE  MEXIY

anexkTpogamMu €  (CcM), a pa3HOCTh

[ToacunTaeM KOJIMYECTBO 3JIEKTPUUECTBA, IEPEHOCHUMOE dYepe3 ceueHue (q)

TpyOKHU B lcex kaTHOHAMU M aHMOHAMHU. Uepe3 Takoe CEeUeHHE B CEKYHy IPOUJIeT

CTOJIBKO KAaTHOHOB, CKOJBKO HUX COJEPXKHUTCSI B 00beme U’g, T.e. B CTOJIOE

KUJKOCTU IJIMHOU U’ (CM) OT BBIOpAaHHOTO ceueHus. T.K. KOHIIEHTpAaIusi KaTHOHOB

B pacTBOpe paBHa C., TO BCEro 4epe3 IaHHOEe ceueHHe B 1 CeKyHy mpoineT:

|
n,=u'ge,

M T.K. KQXKIbIM 3KBUBAJICHT nepeHocuT F kynonoB = 96487K., cornacHoO 3aKoHy

dapajes, To cuja Toka (a):

J,=nF=u'geF

B cuny Tex ke cooOpakeHuil aHUOHBI TIEPEHECYT B 00OpaTHOM HaNpaBICHUU

KOJIMYECTBO AJICKTPUYECTBA paBHOE (CHIa TOKA)

J_=vgc F

CymmapHas cuia Toka

J=J,+J =u'gC F+v'geF

T.x. C;=C_=C; 5kBUBaJICHTHbIE KOHIICHTPAIIMX HOHOB OJIMHAKOBBHI TO:

J = (w+")gC.F (1)

CKOpOCTI/I ABHOKCHHA MOHOB 3aBUCAT OT Pa3JIMYHBIX (l)aI(TOpOB, TaKHMX KakK

E
IIPHUPOA HOHOB, HATIPSDKEHHOCTH — , KOHIGHTPALHH, t° i T.1. [IPeAoI0KuM, 4TO
e

(baKTOpBI IIOCTOAHHBI, KPOMC HAIIPAXKCHHOCTH II0JIA, TOrJa CKOPOCTH HOHOB 6y,Z[YT

MMPOIOPpIHUOHAJIbHBI HAIIPSAXKCHHOCTH ITOJIA!



Vi=v— 3)

U u v — xo3hpPuimeHTsl OponopuoHaIbHOCTH WM CKOPOCTH HOHOB MpHU
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I[J'If[ CUJIBbHBIX JJICKTPOJIHMTOB JUCCOOMAIMA  IIOJHOC, COOTHOIICHHUC

S 1000=1 , JU1 c1a0BIX S 1000=a.
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Torma aist CUIIbHBIX
A=(u+v)F (8)
Jlnst cmaObIx
A=(u+v)Fa 9)
[Ipu cunbHOM pazbaBienuu o— 1. CiaegoBaTenbHO ypaBHeHUe (9) nepeiaet
B ypaBHeHue (8).
Baenem HOBBIE 0003HAUECHUS
U=uF (10)
V=vF (11)

OTH BEIUUYMHBLI HA3bIBAIOTCS IOABMIXXHOCTSIMHU HMOHOB. TOFI[EI JJIs1 CUJIBHBIX

ANEKTPOJIUTOB
A=uF (12)
IUTS CIIa0BIX:
A=(u+via (13)
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DTO BBIPAXEHHE HA3BIBACTCS 3aKOHOM HE3aBHUCUMOIO ABHKCHUS HOHOB
Kombpaguna: Ywuraercs: SKBUBAJICHTHAS JJIEKTPONPOBOJHOCTh pPABHA IPH

OECKOHEUHOM pasBE€aACHUN CYMMC IIPEACIIbHBIX HOI[BH)KHOCTeﬁ HOHOB.

[NoaBukHOCTU B ypaBHeHUs 13 u 14 3aBucaT oT KoHUEHTpauu. OcoOeHHO
ATO CKa3bIBACTCS JJIA CHUJIBHBIX AJIEKTPOJIUTOB, T.K. IPU BBICOKUX KOHIICHTPAILIMSIX
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B sToM cnydae oka3piBaeT BIUMSHUE HOHHAS aTMocdepa (CBSI3aHHOCTh HOHOB
pa3HbIX 3HAKOB). OKa3bIBaeT ACHCTBHE KOHIICHTPAIMS HA MOJABUKHOCTh MOHOB U

cI1a0BIX QJICKTPOJIUTOB, HO MCHBIIIC, T.K. KOHOCHTpAlIA UX Maliad.

[Ipu pacuerax HYXHO MOMHHTBH, YTO BEJIIMYMUHBI TMOJBHXHOCTH Kak MpHU
OECKOHEYHOM Pa3BEJICHUH, TAK U B KOHIIEHTpAIMU PAcTBOpaX, OTHOCATCSA K 1 r-
9KB. JIaHHBIX HOHOB. BenuumHa TOJABMXKHOCTH HOHOB  XapaKTepHU3YeT
cenuPUUYecKrii XapakTep ydacTUsi KaXXJOro HOHA B 3JIEKTPONPOBOAMMOCTH
anekTponuTa. Yame Bcero moJABUAKHOCTh HOHOB B BOJIHOM pacTBOpe, KpOME HOHA
H;O" wu OH, wuMeroT OJWH TMOPSANOK, a CJIEI0BATeIbHO, M aOCONIOTHBIC
MOABMKHOCTU SBJISIETCS BEJIMYMHAMHU OJHOTO mopsiaka. (cm/gac). Ecnu voHBI

OKpalICHbI, TO OYCHDb JICTKO MOXKXKHO HaWTH NX a0COJIFOTHEIC IIOABHMXKHOCTH.

Kak ke MOXHO OompenenuTh NMpenesbHYI0 AJIEKTPONPOBOAHOCTh. MMmeroTcs
Ta0IUIBI NpelebHBIX MOABUKHOCTEH MOHOB, 3Has 3akOoHOB KosbpannHa, MOKHO

paccunuTaTtb NPEACIBbHYIO 3JICKTPOIIPOBOAHOCTD.

qu/ITI)IBaH, 4TO IIOABHMIXHOCTH HMOHA THMAPOKCalusdg BO MHOI'O pa3s 0ompIIe
IIOABMOXKHOCTHU OOBIYHBIX HOHOB, TO IMNPCACIAbHAA JJICKTPOIIPOBOAHOCTH }\,oo I

coneit. lllenoun 3aHUMAIOT MPOMEKYTOUHOE MOJIOKEHHUE.

Ecnu yrogoO6uTh NBHYKEHHE HOHOB IBMKEHHUIO MAaKPOCKOMMMYECKOTO ITapruKa
B BS3KOM cpejie, TO MOKHO MCITO0JIb30BaTh hopmyny CTokca A pacuera CKOPOCTH

JBUKYIIEHCS Iapo00pa3HON YaCTHUIIbI:
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I7ie € — 3apsij dJIEKTPOHa,
Z — 4UCIO JIEMEHT 3apsJ/I0B UOHA,
r- 3 eKTUBHBIN paguycC HOHA,
1M - K03 OUIIMEHT BI3KOCTH,

E
~ - HaIlpsKEHHOCTb.
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OOGBIYHO TIPH BHIYMCIEHHUSAX aOCOMIOTHBIX MOABHXKHOCTeH — =1, U3
e

ypaBHeHust (15) BHIHO, YTO CKOPOCTh JABMIKYIIMXCS HOHOB OOpaTHO

MPONOPIMOHATIbHA UX PAAUYCY.

[ToABMXKHOCTB B PsAAYy HOHOB IIETOYHBIX METAJIJIOB Zi+, Na+, K" BO3PacTaroT,
HECMOTpS. Ha TO, YTO VYBEJIUYUBAIOTCA pPAIUyChl HOHOB. ITO KaxyIlleecs
MPOTUBOPEUNE 3aBUCUMOCTH TOJIBM)KHOCTH OT pa3MepoB HOHA MOIJIO OBbITh
OOBSCHEHO PAa3IUYHON CTEMEHBIO THUAPOCTAMM HOHOB, KOTOpPhIE B pALY
IITEJIOYHBIX MeTamIoB pacTteT oT Cs' u Zi', T.e. YeM MeHbIe UCTHHHBIA pagmyc
MOHA, yeM Oouibilie ero 3(pPeKTUBHBIN paauyc B pacTBope. (T.K. HAIPSKEHHOCTb
TIONIS HAa TIOBEPXHOCTH MOHA Zi' ropaszo Goiblle M3-3a Malloi MOBEPXHOCTH, YeM

+ -+ +
u3 K', To crenenp ruapartanuu uoHa Zi 0oJblie, yem noHa K).

3aBUCUT JIM TOJIBUKHOCTh HMOHA OT BeNWYMHBI 3apsiga uoHa? (dopmyna
Crokca J[la). MoxHo Obuio OBl cjAenaTh BBIBOJA, YTO MOABUXKHOCTH Y
MHOT'03apsiTHOTO JIOJKHA ObITh Oosbiie. Ho u3-3a ruaparaiu oka3pIBaeTCsl, 4TO
UX TIOJBUKHOCTh Maji0 OTJIMYAIOTCA OT CKOPOCTH JBIXKEHUSI OJHO3APSIHBIX. JTU
MpUMEpPBI HArJISTHO MOKa3bIBaloT, 4To (opmyna CTokca BechbMa MpUOJIMKEHHAS,
M3-32 TOTO YTO TEPEMEHSETCS AJisl JABUKEHHUS IIapuKa B HEMPEPHIBHOU cpee.
[loaTomy, ucxoass w3 3TOM (QOPMYIbl MOXKHO CJeiaTh JHIIb KAYECTBEHHYIO

OLCHKY, HO HC KOJIMYCCTBCHHYIO.
CBa3b MEKAY NOABHKHOCTBIO HOHOB U MX KOHHeHTpaHHeﬁ.

Ucxons u3 teopum AppeHuyca, Mbl 3HA€M, YTO aBTOP CUMTasi, YTO HA
MOJBH>)KHOCTh HOHOB KOHLUEHTPUPOBAHHOTO 3JIEKTPOJINTA HE OKA3bIBAECT BIIUSIHUS,
a YMEHBUICHHS SKBUBAJICHTHON 3JEKTPONPOBOAUMOCTH C KOHUECHTPALMEH MOMXKHO

O0OBSICHUTH MmaaCHUCM CTCIICHU JUCCOLNMAIINK, 4 HC YMCHBIICHUECM ITOABUKHOCTH.

OnHako, Bbl 3Haere, uro Kombpaau BbIBET SMIMPUYECKOE YpPaBHEHHE, B
KOTOpPOE SKBUBAJICHTHAs NMPOBOAMMOCTH CBSi3aJl C KOHUEHTPALMEW IS CHUJIbHBIX

QJICKTPOJIHUTOB:

A=A, —Ae



A=u,+v,
A=u+v, TO
u+v=u, +vw—A\/Z
A=B +B,
Torpa: u+v=u, +vw—BI\/_—BZ\/Z

W3 ypaBHeHus ciienyer, 4to

u=u, — B Je
v=v,6 - B, Je
Jlebait u bokenb OOBSCHUIH HM3MEHEHHE AKBHUBAJICHTHOM

QJICKTPOMPOBOAHOCTH M IIOABHMIXHOCTH HOHOB (I/IMGHHO YMCHBIHGHI/IG) CHJIIBHBIX

ANIEKTPOJIUTOB MPH YBEIIMUCHUH KOHIEHTPALIMHU MPUCYTCTBUEM HOHHOMU C(epBhl.

[Ipu HaJlOXKEHUU BHEIIHETO 3JEKTPUUECKOTO MOJIsi MOH HAYMHAET JABUTAThCSA
B OJIHY CTOPOHY, a HOHHasi cdepa B MNPOTUBOIMOIOXKHYI. ITO MPUBOIUT K

BO3HUKHOBCHHUIO TOPMOIAIINUX CHUII, KOTOPBIC MOXXHO pa3aC/JIUTh Ha II xnacca:

1) xaradopernueckue Uiu AMEKTPOPOPETHUECKHUE.
2) PenakcaliuoHHbIE.

Bo3nukHoBeHue katadOpeTUYECKUX CHUJI OOBACHIETCS TEM, 4YTO TOA
JICUCTBUEM BJIEKTPUUYECKOTO TMOJS HMOHBI, COCTaBIISIIONIME HOHHYIO arMmocdepy
caMU MepeMeNIatoTcs B MPOTUBOIOJIOKHYIO CTOPOHY BMECTE C COJTbBATHUPYIOIIUMU
UX MOJIEKYJIaMH PacTBOPUTENS, YTO CO3JAET TOPMOXKEHUE MEPEABMIKECHUIO MOHA;
MIPU ATOM 3JIEKTPOMPOBOIHOCTH MaaaeT. EcTecTBEeHHO, ueM O0Jblle KOHIIEHTpaIUs

pacTBopa, TeM 00Jibllle TOPMO3UT AeKTpodopeTnueckuii 3 PexT.

JleicTBUE peaKkCallMOHHBIX CWJI BBI3BAHO TEM, UYTO BO BPEMS JBUKCHUS
HMOHOB BIIEpEIM HUX CO3JaeTCs HOBass MOHHAs aTMocdepa, B TO BpeMs Kak cTapas
MOHHas aTtmocdepa TMo3aad HOoHA wucde3aeT. Ho 3TH H3MEHEHHS HE MOTYT
MPOUCXOUTh MTHOBEHHO. B CBSI3W C A3THUM NOpU ABWKEHUU HOHA IPOUCXOJUT

HapyllleHUe CUMMETPUYHOCTU HMOHHOW aTtMocdepsl. IIpuyeM MIOTHOCTh MOHHOU



aTMocdephl c3au OKa3bIBaeTCs OoJjbllie, 4YeM crepead. BrojgHe odeBHIHO, YTO
MOSIBJICHUE ACUMMETPUU TOXXKE€ TPHUBOIUAT K TOPMO3SIIEMY JEHCTBHIO. ODTOT

3¢ dexT noayuns Ha3BaHUE ACUMMETPHUHU UIIHA peIaKcaliu.

Baxxueim OKCIICPUMCHTAJIbHBIM JOKAa3aTCJIbCTBOM IIPABUJIBHOCTH TCOPHH
I[e6a$1 — I'tokemns aBiseTCs POCT SJICKTPOIIPOBOJHOCTH C YBCIMYCHUCM YaCTOThI

nosist (3¢ dext Jlebas - PanbkeHrarena) u ero HanpsbkeHHOCTH (3¢ dext Buna).

O¢ddexr Buna cocTouT B TOM, YTO NpPU YBEIUYCHUH HANPSDKCHHS Ha
ANEKTPOJAX DJICKTPOIPOBOTHOCTH DJICKTPOJIUTOB BO3PACTAET, CTPEMICh K
BEIIMYUHE A.. [lpu cunbHbiX monsx, mopsiaka 100000B/cm, ckopocTd HMOHOB
JOCTUTAIOT MeTpa B ceKyHay. [Ipu 3TOM cKopocTH, mpruoOpeTaeMple HOHAMU TIO]T
BIUSHAEM OOJIBIIIAX AICKTPUUICCKUX TOJICH, MOTYT CTaTh CTOJIb 3HAUUTEIHHBIMU,
970 (HaKTHYECKOE BpEMsl B3aWMMOJICHCTBHS HOHOB CTaHET MEHBIIE BPEMEHH,
HEOOXO0UMOro Juisi o0pa3oBaHUsi MOHHOM aTtMmocdepsl. B cBsizu ¢ 3TUM reoH
00J1aK0 HE CMOKET 00pa30BaThCS M MOHBI HAYHYT JIBUTATHCS TaK OBICTPO, KaK €CITU
Obl OHU WCHBITBIBAIA TOJBKO CONPOTHBICHWE, BBI3BAHHOE BS3KOCTHIO

pPacTBOPUTEIIA.

Ododext Jledban — danbkeHroreHa Ui AUCHEPCUS 3IEKTPONPOBOJIUMOCTH,
CBOJUTCSA K TOMY, YTO 3JEKTPOHHOE II0JI€ AJEKTPOJMTOB BO3PACTAET C POCTOM

YaCTOTHI ICPEMCHHOI'O TOKA. DTO ABJICHHUE MOKHO OOBSICHUTH ciacayromece.

IIpy nABWXKEHWH HOHOB B PE3YyJIbTAaT€ YaCTHYHOTO CMEIICHUS HOHHOMU
aTMocepbl B CTOpPOHY, MPOTUBOIOJOKHOE JIBH)KCHHIO HOHA, BO3HUKACT
penakcauroHHbI 3G (EeKT,  ABIAONIUNCSI  CIEJACTBUEM  aCHUMMETPUHU B
pacmpeneieHuyd 3apsaa0B BOKPYr HoOHA. Eciau HampaBlieHHE OIS MEHsIeTCS 3a
MMPOMEKYTOK BPEMEHHU MEHBIIINH, YeM BpeMs pellakcalliu, TO HOHHas aTtMocdepa
He OyJeT ycmeBaTh pa3pyllaThCs, YTO MPHUBEIET K YMEHBIICHUIO aCHMMETPHUH.
IIpu moctaToyHO OOMBINION YacTOTE pelaKCalMOHHBIN 3PHEKT CBOAUTCS K HYJIIO U

COXpaHUTCSI TOJBKO BIMsIHUE KaTadopeTuyeckoro 3gdexra.

CJ'ICI[OBaTeJ'IBHO QJICKTPOMMPOBOAHOCTb BO3PACTACT.



Urto xe 3a BeIMYMHA BpEMsl pejakcauuu? ITO BpPEMs IO HCTECUYCHUIO

KOTOPOTO MOHHAas aTMoc(epa ucue3aeT Mocie yAaleHHs LHEHTPaIbHOTO HOHA.
Ilo Teopun /lebast — danbkeHrareHa:

_71,3-10*10
c-A-z
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I7€ ¢ — KOHIICHTpAIUsI , T-3KB/J

Yacrora MNEPEMCHHOI0O TOKa v, IIpu KOTOpOfI MOJXHO OXKKWIAATb BO3pAaCTaHHA

QJICKTPOMPOBOAHOCTH — OTO BCIIMUMHA 06paTHa;1 BpPCMCHHU PCIIaKCalluM.
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6 713

Jlns pacTBOpPOB OJHOBAJICHTHBIX CcoOJieM Tpu c¢=1-10" addekr Jlebas-
danbKeHrareHa MnposiBIsETCS MPU YUCTOTE KOJeOaHUU 10° xone6anmii B CEeKyHIY.
[Ipu OGonbmnx — 3¢dext penakcanuu wucuezaer. ClenoBaTeNbHO, YaCTOTHBIN
ekt qoKeH ObITh MEHBIINM, YeM 3 PexT BuHa, u conoctapisst X 3HAYCHUS
MOXHO paccuutath 3(PdekT ymeHbiieHus 3PEGEeKTUBHOCTH HA COCTaBIISIOUIUE,

O6YCHaBJII/IBaH BHeKTpOCI)OpeTI/I‘IeCKI/IM " pCIIaKCAlMOHHBIM TOPMOKCHHEM.

B nmanpnetimem B Teoputo Jlebas — danmprareHa ... BBIBEN TEOPETHYECKOE
YpaBHEHHUE, KOTOpOE KOJIMYECTBEHHO CBSI3bIBAET DKBUBAJICHTHY IO
3JIEKTPOIIPOBOAHOCTh Cc KOHIICHTpaLueH 151 MTO3BOJISIET BBIYUCIIUTH

ANEKTPOGOPETUUECKUM U pellaKcallMOHHBIN 3(h(EKTHILI.

I[J'I?I 6I/IHapHI>IX OAHOBAJICHTHBIX BOAHBIX 3JICKTPOJIIMTOB YPAaBHCHHC

OH3arepa UMeeT CIeayOIMMUN BUA:

5
pog, - |8200, 824 |

(DT)2 (DTﬁn

rje MepBOE cllaraeéMoe — Xxapakrepusyet 3PheKT perrakcaiuu
BTOPOE cliaraemoe - 3aeKkTpodopeTudeckuii 3¢ ekt

D — nuanexTpruueckas NpOHUIAEMOCTh



1M - KO3 OUIUEHT BSI3KOCTH
T — Temmieparypa
C’ — KOHUEHTpauus

VYpaBuenue OHarepa coryacyercs ¢ amnupudeckoi Gopmynoit Konspayiia
B MHTEpBAJIC CpeHEN KOHIICHTPAIMU. JTO SIBISETCS CYHIECTBEHHBIM JIOBOJIOM B

MOJIB3Y JIEKTPOCTATUYECKON TEOPUU IIEKTPOJIUTOB.
3aBHCHMOCTH MOXBH:KHOCTH HOHOB OT t'.

0 o
C nosbllieHHEM t npcacJabHON IIOABH)KHOCTH HMOHOB, a4 TaKXKC H HX

yAcbHas 3JICKTPOIIPOBOAHOCTL YBCIIMYHUBACTCA.

[Ipi HArpeBaHHHM pacTBOpPa dIEKTpoauTa Ha 1° SIEKTPOmpPOBOXHOCTH
Bo3pactaeT Ha 2% (Kongykromerpusi). Takoil MONOKUTENBHBIN TeMIepaTypHbIN
KO3(DHUITMEHT MOJBUKHOCTH HOHOB OOBSICHSETCA TE€M, UTO IPH TOBBLIIICHUH t°
BSI3KOCTh Cpefibl yMeHbiaetcs. U3xonsa u3 ypaBHenust Ctokca Banpaen npuiien k
BBIBOJTY, UTO

ze
un =——=const
67r

3akoH Banbpaena rioacut, 4To mpou3BeIeHUE MOJBUKHOCTA MOHA HA KO3(PUIIMEHT
BSI3KOCTH PACTBOPA BEITHYMHA MOCTOSHHAs, a t  Kod(h(MUIMEHT MOIBHKHOCTH,
KOTOpast SBISIETCS. 0OpaTHOH BemuunmHON t° K0ID(HUIUEHTa BS3KOCTH, TAK KE B
ATOM clly4ae JOJKEH ObITh NOCTOSHEH. A HMMEHHO, €CJIM TeMIepaTypHbIH
KO3 OHUITMEHT TOABMKHOCTH OOJIBIIIMHCTBA MOHOB B BOJHBIX PAacTBOpax pPaBeH
2%, 10 oOpaTHas ToMy KO3(pPHUIIMEHTY BEJIMYMHA BSI3KOCTH B BOJHOU cpeje Tak
ke 2%, a TPOU3BEICHHE MOABIDKHOCTH HA BS3KOCTh PACTBOPHUTENS (BOABI) C t

II04YTH HC U3MCHACTCA

Jlist cnaObIx A, =(u+va
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OKBHUBAJICHTHAS QJICKTPOIIPOBOJHOCTh C IIOBBLIIICHHOU t HHOoraa I1aaacrt.

OOBsACHICTCA 3TO TEM, UYTO YMCHBLIIACTCA JHUIJICKTPUUYCCKAA IIPOHHUIACMOCTD

pacTBOpa DdJIEKTpPOJMTAa TIpH HarpeBaHuM. Takod »dhQPeKT M CHIBHBIX

QJICKTPOJIMUTOB TAKIKC XapPaKTCPCH, HO OH I1O CPAaBHCHHUIO C BCINYWMHAMHU BA3KOCTHU U

IIOABMIXXHOCTH OKAa3bIBACTCA HC3HAYUTCIbHBIM.

)

2)

3)

4)

S)

6)

7)

8)

9)

BOHpOCbI AJId CaMOIIOATOTOBKMH:.

UTo 03HauaeT TEPMHH: «aOCOJIIOTHAsI CKOPOCTh ABMKEHUS HOHOB»? Kakoa
Pa3MEPHOCTh ATOW BEJIUYUHBI?

KakoBo cooTHomieHue aOCOMIOTHOM CKOPOCTHIO JBMXKEHUSI HMOHOB U
MOJBH>KHOCTBIO?

Chopmynupyiite 3akoH He3aBucUMOro JiBrxeHus Konbpunuca.

KakoBa mpHYiHa aHOMAJIbHOI MOABIKHOCTH HOHOB (H30)"?

OO0bsicHUTE TPUYMHY BOSHUKHOBEHHUS KaTahOPEeTUUECKOr0 U PeIaKkcalliOHHOTO
3(phexToB.

CopaBennmuBo nu ypaBHeHue OH3arepa Uil KOHUEHTPUPOBAHHBIX PAacTBOPOB
«CUJIBHBIX» 3JIEKTPOIUTOB? OTBET 00OCHYHTE.

B uem 3akmouaercsa 3pdexkt Buna.? IIpu kakux 3HAUYCHUSX HAMPSKEHHOCTU
ANEKTPUUYECKOTO TO0JISI OH OOHAPYKUBAETCA?

B yem 3akmrouaercsa addext Jebas — Panpkenrarena? KakoBa yactora TOKa,
MpU KOTOpoi HaOmoaaeTcs 3ToT 3P dext?

Kak Bausler TtemmepaTypa Ha pelakCallMOHHBIN U KaTtaopeTUudecKui

adPextni?

10) Cdopmynupyiite 3akoH Banbauna.

Jlureparypa:

I'epacumoB .M. u np. Kypc dusuueckoir xumuu. T.II, M., «Xumus». 1966,
c.414-416.
Hamackun b.b., Iletpuii O.A. OCHOBBI TEOPETHYECKON 3IEKTPOXUMHUHU. M.,

Bricmas mkona. 1978. C. 100-105.



3. AutponoB JL.LU. Teopernueckas snexktpoxumus. M., Bricmias mkomna. 1969

r.C.100-125; 1975 r. C. 100-137



Jexknus 7. BﬂeKTpO.HI/IS PaCcTBOPOB ! paCiliiIaBOB 3JICKTPOJIUTOB.

9]161(71’1]?0]1143,’ 60CCmMAHOB/IEHUEe, OKUucjleHue, 3AaKOHbl @apaaeﬂ; 8bIX00 NO mokKy,

3JzeKmp0xumuueCKuL7 IKeUeAeHm.

3J1€KTpO.]1PI3 PacTBOpPOB ! PaACIlIaBOB 3JICKTPOJHUTOB. 3aKoHbI (I)apaneﬂ.

HpI/IqI/IHbI OTRJIOHCHHUA OT 3aKOHbI (I)apaz(eﬂ.

[Iponecc mNpPOXOXKAEHHS MOCTOSTHHOTO JJIEKTPUYECKOrO TOKa 4Yepe3
pacTBOpPbl  WUJM  pacIUiaBbl  HA3bIBAETCSA  AJEKTPOJIM3OM. ITOT  IIUPOKO
UCIOJB3YEMbId B TEXHUKE TMpolecc ObL1 BhepBble omnucad IleTpoBeiM, a B
nanpHemeM netanbHO n3ydeH Dapanen. @apaneid moka3al, YTO JIEKTPUUYECKUN
TOK B PAacTBOpaxX AJIEKTPOJUTOB MEPEHOCHUTCS MOHAMH. B snekTpuueckom moiie
JBIKEHHE HMOHOB HANpaBJIEHHOE, MPUYEM IMOJOXKUTEIbHbIE HOHBI (KATHOHBI)
JIBIKYTCS K KaTody, a OTpUlIaTelIbHble — K aHoay. Ha moBepXHOCTH 3IEKTPOI0B
HMOHBI TEPSIOT CBOM 3apsii U 00pa3yloTcsl SJIEKTPOHEUTpaJIbHbIE aTOMbl (WU
IPYIIbl  aTOMOB). OTOT MPOIECC HA3bIBAIOT MEPBUYHBIM AIEKTPOIHBIM
nporieccom. Tak, mpu anekrpoanze CuCl, Ha kaToae BOCCTAHABIMWBAIOTCS HOHBI

Cu, 1.c.

Cu®™ +2e — Cu

OnHOBpEMEHHO Ha aHOJie MPOorcXoauT okuciaenue Cl
Clm >Cu+e

Takum oOpa3oM, KaTOJ MOXKHO PacCMaTpHUBATh KakK SJIEKTPOXUMHUYECKUU
BOCCTAHOBHUTENb, AHOJ — KaK OJJIEKTPOXMMHUYECKUUA OKUCIAUTENb. [IpomyKThl,
oOpasyronuecs B pe3yJbTrare pa3psjia HOHOB, MOXET B JaJbHEUIIIEM XUMUYECKHU
W3MEHSATHCS, pEearupysd C MaTepuagoM 3JIEKTPOAOB, PACTBOPUTEIIEM WM JIPYT C

OPYTrOM. DTH PEAKIMHU HA3bIBAIOT BTOPUYHBIMU 3JIEKTPOIHBIMHU ITPOLIECCAMU.




CDapa,ueﬁ YCTAHOBHUJI TAKKC KOJUYCCTBCHHLIC 3dKOHBI JJICKTPOJIN3A4,

Ha3bIBACMBIC 3aKOHAMH d)apaz[eﬂ.

Cornacno I 3akony @apanes, KOJIMYECTBO BEIIECTBA, BBIICISIOMIETOCS MPH
3JEKTPOJIN3E, MPSIMO MPOMOPLUUOHAIBHO CHJIE TOKA, MPOTEKAIOIIETO Yepe3 PacTBOP
U BpPEMEHU €ro TMpOXOXKJCHHUS, T.€. MNPOMOPIUOHAIBHO KOJIUYECTBY TOKa,
IPOIIEAIIETO YePe3 PAcTBOP, M HE 3aBUCUT OT APYrux (akTopoB (Cpacrsopas t* u
T.1.)

MaremMaTH4eCKH 3TOT 3aKOH BBIPAXKAETCSl YPAaBHEHUEM::
Am=k -I-t=k -Q
rje Am — KOJIUYECTBO MIPOPEArupoBaBIIETO BEIIECTBA.
k — HexoTOpBII KO3 PUIMEHT MPONOPIIUOHATBHOCTH
Q — xonnuecTBO 3IeKTpUYeCTBa = [

Ecru  Q=1, 1o Am=k,, T.. xo3pdumueHT MnPOMOPIHOHATLHOCTH
MpECTaBIsAECT COOOWM KOJMUYECTBO BEIECTBA, MPOPEArMpOBABIIETO B PE3YIbTaTe
npotekanus eauHUNBl Q. KoadduiuenT npomopnuoHaIbHOCTH Ha3bIBACTCS

QJICKTPOXUMHNYCCKHUM 3KBUBAJICHTOM.

IT 3axon @apanes naeT BO3MOKHOCTb CPABHUBATH KOJMYECTBA PaA3IUYHBIX
BEIIECTB, PA3PSIKAIOIMINXCS TMPHU JIIEKTponu3e. Ecin KOIM4YecTBO BENIECTBaA,
BBIJICJISIONIETOCS. TPU NPOXOXKJIeHUU depe3 pactBop 1 kyn (1 A-cex), Ha3bIBaTh
AIEKTPOXUMUYECKUM SKBHUBAJICHTOM, TO, Kak  TOKa3all Papanei,
AIEKTPOXUMUYECKHUE SKBUBAJIECHTHI MPONOPIIMOHATIBHBI XUMUYECKUM
SKBUBAJICHTAM, BBIICIISIIOIINXCS MPH AJIEKTPOJIN3€E BElIeCTB. IHbIMU Cl10Bamu, i
BbIJIeTIeHUsT | T-3KB JIFOOOTO BEHIECTBA HEOOXOAMMO OJHO M TOXE KOJIUYECTBO
Toka, paBHoe F=96500 xyn. D10 uncio HaswpiBaeTrcss unucioMm Dapajnes. 3aKOHBI
®dapazes ABIAIOTCS aOCOMOTHO TOUHBIMU. OHHM CBSI3aHBI C TEM, UTO T-3KB JIFOOOTO
MOHA MMEET OJWH M TOT ke 3apsan. M3 orHomeHus uucina Dapages K 4UHCITy

ABarajipo JIETKO HaUTH JIEMEHTAPHBIN AIECKTPUICCKHUHN 3apsi (3apsia AIEKTPOHA):



= = =...=const
Al AZ A3

Q=1

Am =k, = 4

Am,=k,, = 4,

Amy= k ; = 4,

Otkyna gk, mpu q=1F
A

Amy _ Amy _ A =..=const =1

OT0 ypaBHEHHE MO3BOJISIET 00BETUHUTH 00a 3akoHa Dapasest B BUAe OJHOTO
o0111ero 3aKoHa, M0 KOTOpPOMY KoJinuecTBo 3ekTpuuectBa = 1 dapanero (96500 k)
BCET/a U3MEHSET EKTPOXUMHUYECKUH | T-9KB TI000TO BEIIECTBA, HE3aBUCUMO OT

€ro MpPUpOJIbL.

Onnako BCIEACTBHE TMOOOYHBIX SBJICHUN YacTO HAOMIOAAIOTCS KaXKyIIuecs
OTKJIOHEHHUSI OT 3aKoHOB PDapajaesi. OHU CBOJATCA K TOMY, UYTO Ha B3JEKTPOJAX
OJTHOBPEMEHHO Ppa3psKaeTcsi HECKOJIbKO HMOHOB (HAampuMeED, Ha KaToJe
BBIJICJISIETCA HE TOJbKO MeTayll, HO U H,). EcTrecTBeHHO, 4TO Mpu ompeacieHuun
BBIJICJICHUS JIMIIb OJJHOTO MPOJYKTa OyayT HAOMIOAAThCS OTCTYIUICHUS OT 3aKOHOB
@dapazness (T.K.OHM YUYUTHIBAIOT BBIJACICHUE BCEX Ppa3PsIkKAIOIMIMXCS  HOHOB).
Kaxymuecss otkinonenus: ot 3akoHoB Dapanest MOTYT 00YyCIaBIUBAThCA TAKKE
BTOPUYHBIMHM JJICKTPOJHBIMU TIpolieccaMu ( B3aUMOJEHUCTBUE BbBIJCIUBIINXCS
MPOAYKTOB APYT C IPYTOM, PaCTBOPUTEIIEM WJIU MAaTEpUAIIOM 3JIEKTpoau3a. Moryr
OBITh TaK)K€ MCTUHHBIE (HE KaXyIlHecs) OTCTyIUIeHUs1 oT 3akoHOB Dapanes. ITo
HaOJI0/laeTcsl B CHUCTEMax CO CMENIaHHOM MpOBOAMMOCTRIO. B  HHX mpu
AIEKTPOJIN3E BBIJEISAETCS MEHBIIE BEIIECTBA, Y€M ITO CIEAyeT U3 3aKOHOB

®dapanes, T.K. OHM OTHOCSITCSA TOJIBKO K HOHHOM COCTABJIAIONIEH MPOBOAUMOCTH.

JIist xapakTepucTUKU HAOMI0JaeMbIX Ha MPAKTUKE OTCTYIUICHUIN OT 3aKOHOB

dapajzess B TEXHUKE ObUIO BBEACHO IMOHATHE BBIXOJ MO TOKY. DTOM BEIMYMHOMN



Ha3bIBAIOT OTHOHICHHC PCAJIBHO BBIACIAIOMICIOCA KOJIWMYCCTBA IMPOAYKTA K TOMY

KOJIMYCCTBY, KOTOPOC paCCUUTBIBACTCA 110 3aKOHAM CDapaz[e;I.

B

__ 4
m qu
gi — KonmyecTBo Q, pacxoyeMoe Ha JaHHYIO PEAKIIHUI0

2.q; — 00I11e KOJTMYECTBO MPOIIEIIETO AIEKTPUIECTBA.

q
B % B,=-%:100%, (p, qu — KOJIMYECTBO DJIEKTPUYECTBA, PACCUUTAHHOE IIO
9,

3akoHy Papanes u npoulennee GakTHIECKH.

Ecin Her moOOYHBIX  sABJIEHWM (M TPU YUCTO HMOHHOM MPOBOJUMOCTH
Cpebl), BBIXOJI [0 TOKY ( paBHsETCS 1. DTO MIHMPOKO UCTIONB3YETCS HA MMPAKTUKE B
KYJIOHOMETPUU IIPU TOUHBIX U3MEPEHUSAX KOJIMYECTBA TOKA, MPOTEKAIOIIETO YEPE3
ANEKTPUYECKYIO LIeNb. TE€XHUKA KYJIOHOMETPUU BKPATLIE CBOAUTCS K TOMY, YTO
UL W3MEPEHHsS KOJWMYECTBAa TOKA, MPOTEKAIIIEro 4Yepe3 Melb, B HEE
MOCJIEIOBATENBHO BBOJSAT, TAK HA3bIBAEMBIM, KYJIOHOMETP, B KOTOPOM MPOUCXOIUAT
ANEKTPOJIN3, HE  OCJIOXHAIOIMNCA 1noOouHbiIMU  siBleHusiMu. [lo  Becy
BBIJICJIUBIIETOCS B KYJIOHOMETPE BEMIECTBA PACCUMTHIBAIOT KOJIMYECTBO TOKA,
nporieamero 4epe3 1enb. OCOOCHHO TOYHBIM SBIISAETCS TaK Ha3bIBa€MbIN
cepeOpsiHBIN KyJIOHOMETp, 3anojHeHHbId pacTBopoM AgNO;. Ilpu stom 1 kyn

TOKa IPUBOJMNT K BblesieHUI0 1,118 Mr Ag.

CKOpOCTh 3JEKTPOXHMHUYECKON PEaKIHMU V ONPEACNSAeTCS KaK KOJIUYECTBO

QJICKTPUYICCTBA, UBMCHUBUICTOCA 3a CAMHUITY BPCMCHHU, T.C.

V:idAm

dt

[TockonbKy MEXy KOJWYECTBOM IPOPEArupOBABIIErO BEIIECTBA U KOJIWYECTBOM

npomeamero Toka €CThb nmpsamMad ImpornopuuoOHaJIbHOCTb, TO MOXKXHO HAIIMCATh!:

e Y Y
dt dt



1 CKOPOCTH 3JICKTPOXUMHUCCKON peakIIui OKa3bIBACTCS IMPOIIOPIIHOHATILHO chie .
T.x. mua kaxmold MaHHOW peaknuM K, BelIMYMHA IMOCTOSHHAS, TO CHIa ToKa |
npeAcTaBisieT Cco0ol  yAOOHBI  CMOCOO0  BBIPAXEHUS CKOPOCTH  JIFOOOTO
AIEKTPOXUMHUIECKOTO TpeBpamieHus. Ecim cumy Toka otHectr k 1dD, To 9acTHOE

OyJleT CKOPOCTBHIO DJIEKTPOXMMHUYECKON peakiiMi B €IMHHUIIaX T-3KB BEIECTBA, a

1 o
H4aCTHOC _F - TOH K€ CKOPOCThIO, HO B CAMHHUIAX I'~-MOJIb BCIICCTBA.
Z.

XapakTepHOil 0COOCHHOCTHIO BCEX ANEKTPOXUMUUYECKUX PEAKIUM SBISETCS
TO, UTO OHM COBEPILAIOTCSA HA TPAHUIIE pa3lielia ANEKTPOA-IIEKTPOIUT U TOITOMY
X CKOPOCTb 3aBHUCHUT OT BEJIMYMHBI MOBEPXHOCTU pazaena S. B cBs3u ¢ 3Tum
MPUHATO OTHOCUTH CKOPOCTh JJEKTPOXMUMHUYECKOM peakluu K EIUHHIIEe
MOBEPXHOCTH pa3jena U ONpe/IeNIUTh €€ KaK MIIOTHOCTh TOKa
1
s
Yaire BCero CKOpOCTh JIEKTPOXUMHUUECKON PEaKIuy BbIpakaeTcs B A/eM”, A/mm’,

A

Ha ocnoBanuu 3akoHOB Dapazes MOXKHO IOJICUATATh, KAKOE KOJIMYECTBO
ANIEKTpUYECTBA MOTpeOyeTcs Mg TOJy4deHUuss HEoOXOAUMOTO KOJIMYeCTBa
MPOAYKTA JJNEKTPOXMMHYECKON peakuuu. Omnpeaenstor pacxona Q, HO He
ANEKTPUYECKOW 3HEPTUM, KOTOpask MpU MOJYYEHUH OJHOIO M TOTO K€ BEIIECTBA
OynyT He oquHakoBbl. Ecnu Benuuuna F naet Q, HeoOxoauMoro juist mostydeHust 1

I-3KB JIIDOOT0 BEIIECTBA, TO PACXO/ AJIEKTPOIHEPIUH B 3TOM ciaydae Oyzaet =F-E.

HanmeeHI/Ie B BaHHC E MOXKET M3MCHATHCS B 3aBUCHUMOCTH OT YCJIOBI/Iﬁ

IIPOBCACHUA BHCKTpOXHMquCKOﬁ pCaKnmnu.

DNIeKTPONN3 TMPOBOJAAT KaK BOIHBIX PACTBOPOB JJIEKTPOJUTOB, TaK H
pacmuiaBoB. Ilpm 3mekTposv3e BOJHBIX PACTBOPOB 0053aTEIBHO HEOOXOIUMO
YUUTHIBATh MHTEPBAJ TMOTEHIMAIOB SJIEKTPOXUMUUYECKON YCTOMUHMBOCTH BOJBI.

Tak, H;O ycroiuunBa npu pH=0 B mHTepBasie morenuuanos 0,0-1,23 B, a mpu



pH=14 — 0,83+0,40 B, ecnu He mpuHMMaTh B pacuer nepeHanpsbkenus H, u

BeIgeneHue O,.

B wuHTepBane mnoTeHUHMANOB BIEKTpoXHUMHUUYECKOW yctowuuBoctn H,0
AJIEKTPOJIHBIE PEAKIIMU HE OCIIOXKHEHBI BhiaeneHueM H; nnm O, U BBIXOJ MO TOKY
nomxeH coctaBmath 100%. 3a ee mnpepenamu mapaiebHO C IPOTEKAHUEM
OCHOBHOM KaTOJHOW PEaklHNu BO3MOKHO BoccTaHoBiieHWe H, mnu oxucienune O,
u3 H,O. Otum o6bsicusercs pactBopenue B HyO. O1um 00bsICHSIETCSI pacCTBOPEHUE

B H,O Takux aktuBHBIX MeTamuioB kKak Li, Na, K, Ca... Hens3s uz H,O pactBopa

0

BbIIEUTH co 100% BbIXOAOM MO TOKY Cl, T.K. E) .

0
> EOZ/HZO .

N3 pacmiaBoB 3JIEKTPOIM30M MOJYYaOT METaUIbl, KOTOPBIE HE YAAETCA
BoccTaHoBUTh U3 H,O pactBOpoB. Ilpu snekTponuse pacmiaBoB HCKIHOYAIOTCS
MOOOYHBIE PeaKIuu, CBA3aHHbIC ¢ pasznoxeHueM H,O. PaciiaBel menoueii u coe
XOPOIIIO JUCCOIMUPYIOTCA HAa HOHBI MMPU BBICOKUX t° . VoHs! ux Gonee MOXBUKHEL
YeM TUJIpAaTUPOBAHHBIE HMOHBI B BOJHBIX pacTtBopax. IloaTomy compoTHUBICHUE

paciiiaBoOB Mallo.

[Ipouecc naekTpoar3a paciiaBOB OCJIOXKHSIETCS BBICOKOM XUMHYECKOU
AKTUBHOCTBHIO MPOAYKTOB 3JECKTPOJIM3a, BO3MOXKHOCTHIO HX B3aHUMOJCUCTBUA C
razaMy BO3JyXa, C AJIEKTPOJIUTOM M C MaTepUajlaMH, M3 KOTOPBIX H3TOTOBJICHA
BaHHa. [IpoayKThl »SIeKTponu3a AOJDKHBI OBITh TOJHOCTBIO pa3lelieHbl, a
BEIIECTBA, MPUMEHSAEMBICE B KAaye€CTBE DJJIEKTPOJUTOB HE JOKHBI COACPHKATh
MOCTOPOHHUX TPUMECEH. T° [UIABICHHS MHOTMX OKCHIOB M COJCH ObIBaeT
BBICOKOM. [109TOMY B 2JIEKTPOIUT NOO0ABISAIOT TAKUE BEIIECTBA, KOTOPHIE CHIKAIIN

OBl ee€.

Brixong mo TOKy mnpu snekTposin3e u3 pacmiaBoB  MeHbine 100%. Oto
OOBSCHSIETCS B3aWMOJICCTBUEM BOCCTAHOBJIEHHOTO METalla C COJIBIO TIO
YPaBHEHUIO PEaKUuu: MA, + M —2MA W OKHCICHUU COCIMHEHUW C MOHMKEHHOU
CTENIEHbIO OKHUCJIEHHS Ha aHoue: M' —e — Me*. IIpogyKThl aHOJHON peakuuu
MOTYT JOCTHTaTh Karoja W cHkaTh B;. [loaTomMy HeoOXoaumbl ONTUMAabHbBIC

YCIOBUS SKCTIEPUMEHTA JJIs1 00eCTICYEHHUS BLICOKOTO B



BOITPOCBHI Ui CAMOITIOAT'OTOBKMU:

1. Kaxkoii nporecc Ha3pIBA€TCS 3JIEKTPOIUZOM?
Chopmynupyiite I u 11 3akonsr @apanes.
UTo 03HAYAET TEPMUH * INEKTPOXUMHUUYECKUN SKBUBAIECHT !

[IpuBenute Gpopmynbl pacueTa BEIMYUHBI BBIXOAA MO TOKY.

A S

[lepeuncnure ciydan OTKJIOHEHUS OT 3aKOHOB Dapaes.

JIMTEPATYPA:

1. T'epacumoB A.UN. u ap. Kypc pusnueckoit xumuu. T.II, M., «Xumus». 1966,
c.572-574.
AntponoB JL.LM. Teopernueckas snektpoxumus. M., Beicmias mkona. 1969

r.C.279-284



JIEKIUA 8. JJIEKTPUYECKHUE IOTEHLUAJIBI HA
PA30BBIX 'TPAHUIIAX.

llosepxnocmubiii, 6HewHulli GHympeHHUll nomeHyuanvl, Borvma u ['unveanu

nomernyual, 3JZ€Kmp0xuMull€CKuZZ nomeryuai, H)UZ@@OIZ pacmeop.

BHeKTpl/I‘IeCKI/Ie MNOTCHINAJIBI HA (l)a3OBLIX rpanunax. HOBerHOCTHLIﬁ,

BHEIIHUI 1 BHYTpeHHI/Iﬁ nmoreHnuaJllabl, BouabTa u I'aibBaHM OTEHIIUAJI.

BHeKTpl/I‘IeCKI/Ie MNOTCHINAJIBI HA (l)a3OBLIX rpanunax.

DIIEKTPOAHBIE MPOLECCHl KaK MPaBUJIO BCErJa CBSI3aHbl C H3MEHECHHEM
3apsiia aTOMOB WJIM aTOMHBIX TPYMM, T.€. MPEACTaBISIIOT COOOM OKHUCIUTEIHHO-
BOCCTAHOBHUTEJIBHBIE Mpouecchl. JJI4 NONydeHHs 3IEKTPUYECKOrO  TOKa,
HE0OXOJUMO YTOOBI A3TH TMPOLECCHl MPOXOJAWIM Ha Pa3HBIX JJIEKTpoAax B
pe3yabTaTe 4Yero AJIEKTPUUYECKUE MOTEHIUANBI 3JEKTPOAOB ObUIA Obl pPa3JIMYHBI.
[loaTomy TpeOyeTcs paccMOTpPeTh BO3HHKHOBEHHME CKAYKOB MOTEHIMAnda Ha
(ha30BBIX rpaHUIIaX METajjla U pacTBOpA.

PaccMoTpuM B Hauwane rpaHuily pacTBopa ¢ BO3LyXOM. IIOCKONBKY CHUIIBI,
JNEUCTBYIOIINE HA MEPBBIN CIIOW MOJIEKYJT PACTBOPUTEIISI CO CTOPOHBI BO3yXa U CO
CTOPOHBI pacTBOpa CYIIECTBEHHO PAa3JUYHbI, TO pacCOpPEACICHUE YaACTHUIL
pacTBopuTenss BOJMM3M MOBEPXHOCTH OTIMYAIOTCS OT HX  XA0THYECKOTO
pactipeneneHuss B oobeme. Ha moBepXHOCTH pacTBOpa BO3HUKAET HEKOTOpas
MPEANOYTUTENIbHAS OPUEHTALUS MOJEKYJ PAaCTBOPUTEIISI, a €CIU 3TH MOJICKYJIbI
MOJSAPHBI, TO HWX OpPHUEHTAlMS MOXHO MNPUBECTH K MOPOCTPAHCTBEHHOMY
pa3deNeHuI0  3apsJOB W BO3HUKHOBEHHIO  COOTBETCTBYIOIIHUM  PAa3HOCTH
MOTEHIHANIOB. Jpyrol NpUYMHOW DJICKTPUYECKONW PAa3HOCTH IMOTEHIHAJIOB Ha

CBOOOIHOM MOBEPXHOCTH PACTBOPA MOKET OBITh PAa3IUYHOE PACCTOSIHHE aHUOHOB




Y KATUOHOB, HAXOJSAIUXCS B IOBEPXHOCTHOM CJIO€ PACTBOpA, O TPAaHULBI pa3aeia
¢a3. PasHoCcTh MOTEHUMAIOB Ha TpaHULE pPACTBOP-BO3AYX HA3bIBAETCS
NMOBEPXHOCTHBIM IOTEHIHMAJIOM Py.

IIoBEpXHOCTHBIM MNOTEHIMAT BO3HMKAET TAKXE W HA TPAHMULE MeTaa C
BO3JIyXOM WJIM BakyymMOM. MexXaHu3M ero oOpa3oBaHHsS MOXHO OOBSICHUTH:
corjacHo nmpuHUMNy Payns Ha oAHOM (HYJIEBOM) YPOBHE MOXKHO OJTHOBPEMEHHO
HaxOJWUTHCS JUIIb JBa OJJEKTPOHA C IPOTHUBONOJIOKHO OPHUEHTUPOBAHHBIMHU
crenamu. Crefyromue IBe e JOJDKHBI PACIIOaraThCs yKe Ha 6oliee BBICOKOM
SHEPrUYecKOM ypoBHE M T.JA. Ilo3ToMy B cpeIHEM e MeTalla HMEIOT
3HAYUTEIbHYI0 KMHETHYECKYIO IHEPrhi0, KOTOpas He 0oOpaliaeTcsi B HyJb Jaxe

npu aOCONIOTHOM Hyje. B pe3ynbTaTe 3TOro SJIEKTPOHHBIA a3 BBIXOJIUT 3a
Mpeesbl PEHIETKH U CO3AaeT MOBEPXHOCTHRIN moTeHIana 0, .

PaccmoTpum Temepp Ty COCTaBIAIONIYIO SJIEKTPUUECKOTO IMOTEHIIMaia
uccneayemMoit (aspl (M-M WM pacTBOpa), KOTOpasl CBsiz3aHa CO CBOOOJHBIMU
AJEKTPOCTATHYECKUMH  3apsgamu  dTod  ¢da3pl.  Tak, Hampumep, eciu
METAJTMYECKUM IapuK paguycoM R HeceT cBOOOIHBIN 3apsia , TO, KaK CIeAyeT

N3 3aKOHOB JJICKTPOCTATHKH, pa60Ta MNEPCHCCCHUA CIAMHHUYHOIO 3apsaaa us3

OECKOHEYHOCTH K TTOBEPXHOCTH IIapuKa OyAeT paBHa % Ota pabota onpeaensieT
TaK HAa3bIBAEMBIN BHEIIHUM TOTEHIUAN METAIMYECKON (a3el (P).

PactBop Takke MOXKET HECTH HEKOTOPOE KOJHMYECTBO CBOOOIHBIX
AJEKTPOCTATUYECKUX 3apsSiA0OB HAa CBOEHM TMOBEPXHOCTH. I[loaTOMYy BHEHIHUI
noreniman pacrsopa ((¥*) npexacrasiser co6oil paboTy HepeHeceH s €AUHHIHOIO

MpOOHOTO 3apsaa u3 06CKOHEUHOCTH B () BOJMU3M MOBEPXHOCTH PacTBOpA.

OObIyHO CHUTAKT, 4YTO BHEIITHUM HOTCHOHAJI — 3TO IIOTCHIHAJI B TOYKC,

. -6
HaxXOJIsIIeicst Ha paccTOSsHUU 107 M OT MOBEPXHOCTH METaJljia WM PacTBOPA.

Aﬂre6pa1/1qec1<a${ CymMMa BHCHIHCTO W IIOBCPXHOCTHOI'O IIOTCHIHAJA

OIIPCACIIACT TaK Ha3bIBaCMBbIH BHYTpeHHI/Iﬁ [MOoTCHIO Al MCTalJllla WK paCcTBOpa.



CD(M) — I//(M) +0 OM — '//(M) _
OP = l//(p) +, Op :l//(p) _

Orcroma, BHYTPEHHHMM TMOTEHIMAl MPEJCTaBIsIET co0oil  paboTy
MEPEHECEHNS SIUHUIHOTO TTPOOHOTO 3apsiaa U3 OCCKOHEUHO YAalleHHOW TOYKHU B
BaKyyMe BHYTpPh HaHHOW ¢a3pl, mpuieM paboTa 3Ta HE AOHKHA YYUTHIBATH

«XHUMHYECKON» dHEePrueH B3auMOJICUCTBHS ITPOOHOTO 3apsiia ¢ JaHHOH (pa3oi.

B peanbHBIX ycnoBUSIX Bcerja HM3MEHsieTCs oOmas padora mepeHeceHUs

3apSKCHHOW YaCTUIIBI.

PaGora mnepeHeceHUs OJHOTO MOJSI PEANbHBIX 3apSKEHHBIX YaCTUIl U3
OECKOHEUYHO YJaJeHHOW TOYKM B BaKyyMe BHYTpPb JaHHOM (a3bl Ha3bIBAETCS

QJICKTPOXUMHNYCCKHUM IMOTCHIIHUAIIOM.

DIIEKTPOXUMHUYECKHUI TOTEHIIMA U BHYTPEHHUM CBA3aHbI COOTHOLLICHUEM

1 = 4@ & ZIFO@ = 4 + ZiFy® + ZiF, 0,

rae p'” - XMMUYeCKMH OTEHIMAa YyacTull i B dase o

71— 3apsi]l YaCTHUIIbI 1 C yUETOM 3HaKa
F — uucno ®apanes.

PaccmoTpum Tenepb ckauky MOTEHIMANa Ha TpaHuile IByX a3 o u f (Ha

IpaHUIIe Pa3IUYHBIX METAIJIOB, METAJIJI-PACTBOD).



Mexny toukamu A u B,

B3STHIMU BHYTpHU a3 o u B,
CD(!%)
UMeeTCs HEKOTOpast
C
w pasHOCTh noTreHmuana ,0;.
(@)
©  Benn4yuHa «Op
aVﬁ
MpeCTaBIsSeT co0oif
D 140
o paboty MIePEHECCHUS
50
EIMHUITBI  BOOOpakaemMoro

3apsiza, HE
B3aHMOJICHCTBYIOIIETO c
dazamu o u B, U3 TOYKK A B TOUKy B, W Ha3bIBaeTCs rajibBaHU- MOTCHITUATIOM.
Kpome ranpBanu — moTteHnuana, Mexay gazamMu o U  MOXKHO YCTAaHOBUTH €I
OJHy PAa3HOCTb NOTEHUHUANOB .,V - Mexay Toukamu C m D, Haxomdmuxcs B
BakyyMe (B Bo3nyxe) BOmmM3u (a3 o u . Benmnmuuna .V Ha3bpIBaeTcs BOJbTA -

5 104
noteHuuanoM (paccrostaue 107-10"cm.).

[Tockonpky paboTa mepeHeceHHs 3apsiia U3 OJHOM TOYKH B JAPYIyIO0 HE
3aBHCHT OT IyTH IEPEHOCAa, TO BMECTO TajgbBaHU — MNOTEHUHMANa, ,0p MOXKHO

3amucaTh Pa3HOCTh ABYX BHYTPEHHUX MTOTCHIUAIIOB:

a4 BMCCTO BOJIbTA — IIOTCHIIMAJIAa ocVB - pa3HOCTBh ABYX BHCHIHUX IMOTCHIIUAJIOB

v, =y )y @

a

DKCNEPUMEHTAIBHO W3MEPUTh TajJbBaHW — MOTEHLHMAl HEBO3MOXKHO, T.K.
TOYKH JIEKAT B pa3HbIX (pazax. B To jxe BpeMs BoJbTa — MOTEHIIMAN, T.€. PA3HOCTh
MOTEHIIMAJIOB  MEXJYy  TOYKaMH,  HaxoAsmuMmuci B oaHodM  ¢aze,
AKCHEPUMEHTAILHOMY  OMpeleNieHH0. B OOBIUHBIX  BJIEKTPOXUMHYECKUX
JKCIIEPUMEHTAaX MNpU TOMOIIM BOJBTMETPA WM NOTEHUHOMETpa BCEraa
ONpeAENsAeTCs] pa3HOCTHIO MOTCHIIMAIOB HA KOHIAX LEMH, KOTOpask 3aKaHYUBACTCS

IIPOBOJHHMKAMM M3 OJHOI'O U TOI'O K€ MCTaJllla.



PaccMmoTpum Tenepp npouecc yCTaHOBJIEHUSI PABHOBECUS MEXKIY METAJLIOM
U PacTBOPOM, COJIepkKallUMU OJHOMMEHHbIE HMOHBI 1. B oOmem cnydae 1o

COIMPUKOCHOBCHUA METalllIa C paCTBOPOM I3JICKTPOXUMHNYCCKHUEC ITIOTCHIIMAJIbl HOHOB

. —(@)  —()
1 B METaJUle U pacTBOpe HE paBHBL: U, # M, . Ilocne mpuBeneHus meraiia B

(@) —(p)

KOHTAaKT C paCcTBOPOM 3HaUCHUA U, U [, TOJDKHBI BEIDOBHATHC.

IIporiecc BBIpaBHHUBAHUSA JJICKTPOXUMUYECKUX ITOTCHIIMAIOB IPOUCXOIUT
KaK 3a CYCT HAIPaBJICHHOI'O IEpPEeMEIISHUS MOHOB 1 M3 MeTallla B pacTBOp (MU
Hao0OpOT), TaK M 3a CYET MepeTeKaHWs CBOOOJHBIX 3apsA0B, HAXOMAIIUXCS Ha
OTKPBITOH IMOBEPXHOCTH METaJ/Ia M PacTBOPA M CO3JAIOIIHMX JJICKTPOCTATHUCCKOES

MoJie B BaKyyMe, C OJTHOM UCCIeyeMblil (ha3bl Ha IPYTYIO.

B pesyabprare 1 mepBoro mpoumecca MPOUCXOAUT U3MEHEHUE TajlbBaHU —
noreHuuana 0, CBA3aHHOE C IOSABICHMEM TaK Ha3bIBAEMOI'0 MOHHOI'O JABOWHOIO
AIEKTPUYECKOro cios. KpoMe ckauka nmoreHnuansa B 3TOM HOHHOM CJI0€, KOTOPBIN
obo3Hayaercs AQ, rampBaHu — mnoreHmuan o0, OyZeT Takke CoIepxKaTh
MMOBEPXHOCTHBIE CKAYKMA IIOTCHIMAJa, HaXOASAIIMECs UEIUKOM B METaIE H
pacTBOpe. DTU CKAYKH CYHIECTBOBAIIA M A0 KOHTAKTa METajia ¢ pacTBOpoM: 0y u
p00, HO IIOCIIE KOHTAKTa U3MEHUTBCA NOJKHBL. M3menenue 0y CBA3aHO ¢ TEM, YTO
ANEKTPUYECKUN Tra3 MeETajula BBIXOAUT TENEPh HE B BO3AYyX, a B PacTBOP.
OpueHTanys IUIoJae pacCTBOPUTEIISI HA TPAHUIIE C METAIJIOM MOYKET CTaTh UHOM,

YeM Ha IpaHulle ¢ BO3ayxoM. Takum oOpa3zoMm:

x0,=,0,+,0",+A0

riae 0’y 1 0’y — MOBEPXHOCTHBIE IIOTEHIIMAJIBI METaJLIA U PACTBOPA, H3MEHEHHBIE B

pe3ybTaTe UX KOHTAKTA.

—O) —(p)

BcnenctBue BTOpOro mpoiiecca CBSI3aHHOTO C BBIPABHUBAHUEM L, , a

HNMCHHO IICPCTCKAHUA CBO6OI[HBIX QJICKTPOCTATUYICCKUX 3apsAA0B C INOBCPXHOCTHU
OI[HOﬁ (1)831:1 Ha IPYyTYyIO, IPOUCXOANT M3MCHCHHNC BHCIIHUX ITOTCHIUAIIOB METAJLJIa

" paCTBOpa, ABJIAIOIUXCA ClIaraCMbIMU SJICKTPOXMMHUYCCKOI'O ITIOTCHIMAJIA.



N3Menenne BHENMIHUX TOTEHIHMANIOB (a clieIoBaTeIbHO, BOJbTA —
MOTEHIMaN) Ha 8-9 MOPSIKOB YYBCTBHUTENIbHEE K IMEPETEKaHUIO CBOOOIHBIX
3aps0B, YEM U3MEHEHHUE IAJIbBAHU — MOTEHIHAIA K IEPEXOAY COOTBETCTBYIOIIETO

KOJIMYCCTBA MOHOB 4YCPE3 I'paHUIly pa3/icjia MCTAJIII — PaCTBOP.

CooTHoIlIeHHE JIBYX NPOLIECCOB MPU YCTAHOBJICHUU DIIEKTPOXUMHYECKOTO
paBHOBECHS: TEPEXO0Jl MOHOB MeTajsla 4epe3 TPaHHUIly DJIEKTPOJI — PacTBOp H
nepeTekaHue CBOOOJHBIX 3apsoB C IMOBEPXHOCTH OJHOWU (ha3pl Ha APYIYIO,
3aBUCHUT KaK OT KOHIIGHTPAIIUH MOTCHITUAJIONPEICSIONINX HOHOB B pacTBOPE, TaK
W OT CTENEHHW M3MEHEHHUS MOBEPXHOCTHBIX MOTECHIIMAIIOB HA T'PaHHUIIE MeTajja ¢

pacTtBOpoM (T.€. 0T ,0’¢- 0o 1 ,0°- 500).

JInst  JaHHOW CUCTEMBI MOKHO TMOJ00paTh TakKyl KOHIIEHTPAIUIO
MOTEHIUATIONPEACISIIONMX HOHOB 1, YTOObI KOHTAaKT MeETajijla ¢ PacTBOPOM HeE

COIMPOBOXKAAJICA HAIIPABJIICHHBIM IICPCXOJ0M 3THUX MOHOB UCPE3 I'PaHUILy pa3aciia.

Takue pactBopsl HepHcToM ObUTM Ha3BaHbl HYJNEBBIMU. B  HysneBoM
pactBope AO=0 ¥ ranpBaHu — MOTECHIMAJ HA TPAHULE METAI — PACTBOP MOKHO

MPEJACTAaBUTD:

0

MY pT m

1 1
Op+00p

ITockonbKy B 3TOM Ciy4ae NpU MOCTOSTHHOM COCTaBE PACTBOPA YBEIMYECHUE
MOBEPXHOCTH pasliesla MEXIy METAJIOM M PacTBOPOM HeE TpedyeT MoABOJa
AIEKTPUYECTBA W3BHE, KOHILIEHTpAIUs HYJIEBOTO pacTBOpa MOXKHO MOA00paTh

OIIBITHBIM ITYTCM.

B anekTpoxuMuu  3JIEKTPOJOM HA3BIBAIOT KaK AJIEKTPOXUMHUYECKYIO
CHCTEMY, BKJIIOYAIOIIYI0 METAJNI U PACTBOP JJIEKTPOJIHUTA, TaK U COOCTBEHHO
MeTal. C TOYKHU 3pEHUS JICKTPOJIHON PEAKIIUU JICKTPO — 3TO CUCTEMA METAILT —
pPacTBOp DJEKTPOJIMTA, B KOTOPOM MPOUCXOIUT WJIHU HETOCPEACTBEHHBIM OOMEH
3apsKEHHBIMHU YaCTUIIAMH, HJIM OOMEH 4depe3 psii MPOMEXKYTOUHBIX (ha3; CKOPOCTh

oOMeHa MOXKET OBITh CAMBIN pa3TUYHBIMN.



BOITPOCBHI Ui CAMOIIOAT'OTOBKMU:

KakoBbl 0COOEHHOCTH CTPOECHUS FPaHUIIbI pa3jiena IByX (a3 Mpu HAJMYUU B
CHUCTEME MOHOB U JIPYTUX 3apsHKEHHBIX YACTHIL?

[losicHuTe  TepMHH:  «IOBEPXHOCTHBIM  MOTEHIMAN», «BHYTPEHHUU
MOTEHIIUAN», «BHEIIHUN MOTEHIHA, «AJIEKTPOXUMUUYECKUUA MOTEHIUAT».
KakoBsl ux pazmepnoctu?

MoXHO NM U3MEPUTh WU PACCUUTATh TEOPETUUECKU «TalbBaHU -
MOTEHIIAT?

[losicHuTe TEpMUH «BOJIbTA - MOTEHIHAT». MOXHO JHM HU3MEPUTH WIH

pacCunuTaTth TCOPCTUUCCKH «BOJIbTA - HOTCHHI/IELH))?

JIMTEPATYPA.

I'epacumoB S.U. u ap. Kypc ¢usnueckoit xumuu. T.II, M., «Xumusa». 1966,
c.501-506.
Hamackun b.b., Ilerpuii O.A. BBeneHne B 2IEKTPOXUMUYECKYI0 KHHETHUKY.

M., Beicmias mkoia., 1983. Ctp. 16-20.



JIEKIIUA 9. QJIEKTPOABUKYIIASA CHJIA U DJEKTPO/IHBIE
IHHOTEHLMUAJIBI.

INeKmpoosuICYWasl CUNA,; NPABUTILHO PA3OMKHYMAsL Yenb, 3aKkoH Borema;
8000POOHDLIL DJIEKMPOO, INEKMPOHHBLIL NOMEHYUAI, CMAHOAPMHBLU IJIeKIMPOOHbILL
nomenyuan, ypaswenue Hepncma,; Inexkmpoowt I u Il pooa, okuciumenvho-

B80CCMAHOBUMENbHDIU 3JZ€Kmp0()

JJeKTpPoABMKYIIAs cujia. 3akoH BoJibTa. 3HaK 3.1.C. DJIEKTPOAHbIE
noreHuuaabl. YpasHenne Hepucra. OnpenesieHue BeJIMYMHbI U 3HAKA

3JIEKTPOAHOro noreHuuaaa. Kimaccupukanus 31eKTpoaos.

B onekTpoxuMHM  3JIEKTPOAOM  HA3bIBAOT KAaK  JJIEKTPOXUMHYECKYIO
CUCTEMY, BKJIIOYAIOIIYI0 METaul M PACTBOP BJIEKTPOIUTA, TaK MU COOCTBEHHO
MeTalul. Mpbl paccMaTpuBaIM paHEe, YTO DICKTPOXUMHUYECKHE PEaKuus,
MPOTEKAIOIIAasi Ha 3JIEKTPOJE, COMPOBOKAACTCS MOCTYIUIEHUEM K 3JIEKTPOAY WIIA
YXOJIOM OT HEro 3JIEKTPOHOB IPU MPOXOXKIECHUU HIEKTPUUYECKOTO TOKA Yepes
pactBop 3nekTponuTta. [Ipr 3TOM BO3MOKHO, YTO AIEKTPOXHUMHUYECKAs PEaKLUs
MOpOXKJanach  BHEIIHMM  MCTOYHHMKOM. A Takke  OTMETWIH,  4YTO
ANEKTPOXUMHUYECKUE PEAKLINH, TPOTEKAOIINE Ha 2-X npoBoaHKKax [ u Il pona nmpu
UX CONPUKOCHOBEHUMH MOTYT TIOPOXKAATh JJIEKTPUUYECKUHM TOK, NPUYEM OTH
pPEaKUHUH BBI3BIBAIOT IMPOTEKAHUE IJIEKTPUYECKOTO TOKAa TOJBKO, KOTJAa LEIb

3aMKHYTA.

[Ipubop (ycTpoHCTBO) sl TOMYYEHHUS SICKTPUUECKOTO TOKa 3a CYET

QJICKTPOXUMHNYCCKHUX peaKHI/Iﬁ Ha3bIBACTCA QJICKTPOXUMHUYCCKUM (I/IJII/I




FaJ'IBBaHI/IquKI/IM) ayeMeHToM. Heckoabko QJICKTPOXUMHUYCCKHUX JJICMCHTOB,

COCIUHCHHBIX ITIOCIICA0OBATCIIBHO, O6p213y}OT QJICKTPOXUMHNYCCKYIO LICIIb.

BaxHelmeil KOMMYECTBEHHOW XapaKTEPUCTUKOM SIIEKTPOXUMHYECKOTO

AJIEMEHTA WJIU LETH SIBISIETCS SIIEKTPOABHKYIas cuia (3.7.C.)

ITIycth nMeeTcs enp, COCTaBIEHHAS U3 TPOBOAHUKOB A, B, C...

A B |C|.|.|.]-|-]-|M [N

P Q2 O3 On2  OPn-1

3necs A/B, B/C — pa3HOCTh MOTEHIMAIOB HAa TPAHUIIE COMPHUKACAIOUIUXCS

IIPOBOJTHHKOB .
[Torenmuansr A,B,C 0603HauuM 4epes3 ¢a, ¢, ...

Torna ¢1=¢p-pa= A/B, B/C= ¢, = ¢oc — ¢p... OTCI07a, CleA0BaTENbHO, CyMMa
CKAYKOB IIOTCHIIMAJIOB Ha BCEX IMOBEPXHOCTSAX pa3jelia IEMH PaBHO Pa3HOCTH

IIOTCHIINAJIOB Me)KI[y IMPpOBOAHHUKAMM An N, HaXogAIINXCA HAa KOHIIAX LCIIN:
E= Zun—l =Py — Py

Bemnuuna E — ecth 3.41.C. 1enu MpOBOJHUKOB.

A B |[C |.|N |A

P Q2 O3 QPn-1 OPn

PaCCMOTpI/IM Oc1b, B KOTOpOfI B HA4YaJI€ 1 KOHIIC HAXOAUTCA OAHMH U TOT XK€
IIPOBOJHHUK. Takas OCIIb HA3bIBACTCA IIPAaBHUIIBHO paSOMKHYTOf/’I AJI1 IIPOBOAHHUKOB I

pona.



E=A/B+B/C+...+M/N+N/A =0
E=A/B+B/C+...+M/N = A/N

D.[I.C. LeNu, COCTOAIIEW W3 NMPOBOJHUKOB TOJBKO | poma, paBHA CKauky
MOTEHIIMala  MEXJAYy MepBbIM U TOCIEIHMM  MPOBOAHUKAMHU  TpU

HETMOCPEACTBEHHOM MX CONIPUKOCHOBEHUU (3aKOH Bonbra).

K npaBuibHO pa3oMKHYTOM 1I€MU MPOBOJAHUKOB, B COCTAB KOTOPOM BXOAUT
X0Tst Obl oAuH 3nekTponuT (mpoBogHuK II ponma) 3akon Bonbra HempumeHUM.
CrnenoBatenbHO, JIEKTPOXUMHUUECKUM 3JIEMEHTOM (WM 3JIEKTPOXUMUYECKas 1eMb
AJIEMEHTOB) SIBIISIIOTCS 1IEMU MPOBOJIHUKOB, BKIIIOUAIONIUe X0Ts Obl 1mpoBoanuk 11
pona. [IpumepoM  MOXKET  CIYXUThb  d3JeMeHT  JlaHusnb-Ako0u: -

CwZn/ZnSO4//CuSO4/Cu(+).

D.1.C. OIHOrO SIEKTPOXUMHUYECKOTO DJIEMEHTa SBIACTCS BEIUYUMHOU
MOJIOKUTENIbHOW,  T.K. OHa  BCErJa  COOTBETCTBYET  OMNPEICICHHOMY
CaMOIPOU3BOJILHO MPOTEKAIOIIEMY MPOIIECCY, NAIOIIEMY MOJIOKUTEIbHYIO PadoTy.
OO6patHOMYy mpoleccy, KOTOPBII HE MOXET MPOTeKaTh CaMOMPOU3BOJIBHO,
OTBEYaeT 3.4.C. oTpullareynbHas. OJHAKO MPHU COCTABICHUU SJIECKTPOXUMUUECKOMN
LENU MOXXHO TMPOLECC HAMPaBUTh TaK, YTOObI OH COMPOBOXKIAJICS 3aTpaTon
paboThl 1MW, NPEANOJOXKUM HCIOJIb30Bal pabOTy JpPyroro 3JIeMEHTa.
CyMmmapnass »3.4.C. paBHa aiureOpaudeckod CyMMe  TMOJIOKUTEIbHBIX U
OTpULIATENIbHBIX Benu4yuH. [lodTOMy HEOO0XOIMMO 3HATh MpaBuia, COTJIACHO
KOTOPOM OTpEAeNsieTCsl 3HaK 3.4.C. D.JI.C. JECKTPOXUMHUYECKOW IEMU CUUTAETCS

HOHO)KHTCHBHOﬁ, CCJIM KaTUOHEI IIPH pa60Te 9JICMCHTA ABUI'AIOTCA B 3JICKTPOJIUTC



B HaAIIPABJICHUMU OT JICBOI'O JJICKTPOJAa K IIPABOMY. HpI/I 9TOM YCJIOBHUH JICBBIN
QJICKTPOA ABJACTCA OTPHULIATCIIBHBIM ITIOJIFOCOM, HpaBbIﬁ — IIOJIOKUTEIBbHBIM. Eciun
CXEMa ICIIN 3alliMCaHa TaK, 4YTO JBUKCHHNC KAaTHOHOB B 3JICKTPOJJIHUTC KU 3JICKTPOHOB
BO BHEIIHEH OernM IMIporucCxXoduT CIIpaBa HAJICBO, TO 3.4.C. TaKoOU 11(S70041

OTPHIIATEIIBHO.
JJIeKTPOAHBIEe MOTeHUHAIbI. YpaBHenue HepHcra.

Cnoco00B M3MepeHHUsl WM pacueTa aOCOMIOTHBIX 3HAYCHHH 3JICKTPOIHBIX
CKAuKOB MOTeHIMana (Ay) moka He HaijaeHo. OHaKo 3.]11.C. LeNH, COCTOAIINMN U3
2-X WK OOJIBIIIETO YUCIA JIEKTPOJIOB, HOCTYIIHA MPSMOMY OIPEEICHUIO U paBHA
anreOpamvyeckoil cymme Bcex MeX(]a3HBIX CKauykKoB MOTeHIHMana. B mpocreitmem
CJIy4yae OHa paBHA PA3HOCTH 2-X 3JEKTPOIHBIX CKAYKOB MOTEHIINANA, T.€. SIBIISIETCA
MEpOMl HMX OTHOCHUTEIbHBIX 3HA4YCHUW. BenuumHa KaXJI0oro M3 3JIEKTPOIHBIX
CKAUKOB MOTEHI[MAJIa MOXKET OBITh MPUHATA 32 HYJIEBYIO TOUKY YCIOBHOM IIKAJIbI
AJIEKTPOIHBIX MTOTEHIIMAIOB. MeXTyHApOAHBIM COTJIAIIEHHEM YCTaHOBJICHA IIIKajia
MOTEHIIMAJIOB, II0 KOTOPOM CKAa4YOK NOTEHIHajda CTaHAApPTHOTO BOJIOPOIHOTO

0
AJEKTPOJIa MPH BCeX t PaBeH HYIIIO.

CranpgapTHbli  BOJOPOAHBIA 3JIEMEHT COCTOUT U3 IJIATUHUPOBAHHOU
IJIATUHBI, HAXOIAIIEHCA B KOHTAKTE ¢ paCTBOPOM, aKTUBHOCTh HOHOB BOJOPO/Ia B

KOTOPOM a,, =1, i OMBIBAEMOH IIOTOKOM ra3o00pasHoro BOJOPO/A € JETYYECThIO
Bojlopoga f, =1. OnnHa W3 KOHCTPYKUHMH BOJOPOJHOIO OJIEKTPOJA MOKHO

MPECTABUTH JIEKTPOAHBIN MPOLIECC:



. -
H™ (pacmeop) + e % H ,(2a3) BKIIIOYACT:
e

_)
1. ancopGumio Mosekysproro Hy wa miatuse Vo H, " V) H,(w);
&

2. IUCCOIMAIMIO aJCOPOMPOBAHHBIX MOJEKYJ Ha aTOMbl, KaTaJIUTHYECKU

o -
YCKOPsICMYIO IIIaTHHOU % H,(m) (_H (m);

3. MOHHW3ALUHI0 aTOMapHOTO

H,
< BOJIOPOJIa M MEPEXO0]] €ro
B pacTBop
- +
H(m)—e H™(pacmsop).
e
pt
—»>
g % —‘ Ilocnenuas cTanus
OIpeaeiIsieT BOSHUKHOBEHUE

AIIEKTPOIHOTO CKauka

MOTEHIIMaJda W Ha3bIBACTCSA

Mo3TOMY  MoTeHImaionpenenstomeid. Takum  oOpa3oMm, ycTaHaBIUBAaETCS
paBHOBecue Mexay noHamu H, B pactBope u razoo6paznom H,, u xoHcTaHTa

paBHOBECHUA CYMMApPHOI'O IMponecca OonpecaAcisACTCda JNUIIb OTHOMICHUEM sz /aH+ .

OHa yCIOBHO 3JIEKTPOJHBIA CKaYOK MOTEHIMAa B YCIOBHOM IIKaJle BOJIOPOJHOTO
AIEKTPO/a HA3BIBAETCS AJICKTPOJHBIM MOTEHIIMAIOM U o003HavaeTcst ¢ . OH paBeH
3.0.C.  DJEKTPOXMMHYECKOTO  BJEMEHTa, COCTOSIIEr0 M3  CTaHJApPTHOIO
BOJIOPOJAHOTO M JAHHOTO DJJEKTPOJOB. 3alliCh TaKOTO J3JIEMEHTAa BCEraa
HAYMHAETCS C BOJOPOJHOTO JIEKTPOAA, T.€. OH CUUTAETCS JIEBBIM , Popma 3amnucu

N 3HAK OTACIBHOI'O JJICKTpOAa OINPCACIAOTCA IIPaBHIIOM, YTBCPKIACHHBIM



KOHBEKIIHEN MEXIyHapOIHOTO COr3a IO YHCTOM U MPUKIAJHOW XUMUH
(Crokronsm,1953). Tlo sTomy mnpaBuiy clieBa 3amuchiBaeTcsi MOHHas ¢dopma
pearupyromiero BelIecTBa; aaiee mpouyue (a3bl B TOW MOCIEAOBATEIHLHOCTH, B
KOTOpPOW OHU colpuKacarTcs JIpyr ¢ apyroM. CrpaBa JOJIKEH CTOSTb CHUMBOJI
MOJIEKYISIpHON (OpPMBI BELIECTBA, ACHCTBYIOIIETO B 3JIEKTPOJHON PEaKIMU WU
XUMUYECKUI CcUMBOJ MeTauia. da3bl, HAHECEHHBbIE HA MOBEPXHOCTh MeETalIa,
OTHEJNAIOTCS 3alsITOM; TpaHULBl pa3jielia XKUIKUX U TBEpAbIX (a3 oTMedaeTcs
BEPTUKAIBHBIMU YEPTOYKAMH, a TPAHUIBI MEXKIY KUJIKUMHU dazamu
(pacTBOpamMm)- IBYMsI BEPTUKAJIbHBIMU YEPTOUYKAMU (E€CIIM MEXAY HUMH HET U

CKauKa MOTeHIMana). AKTUBHOCTHU BEILIECTB YKa3bIBAIOTCS B CKOOKAaX.

3anmuch 0O JAaHHOMY MPAaBHIY COOTBETCTBYET JJICKTPOAHOMY CKAUKY
MOTEHIMajda B HAIPaBJI€HUH OT pacTBoOpa K Meraiuly. EMy mnpunuceiBaercs
MOJOXKUTEIBbHBIA 3HAK M COOTBETCTBYET CaMOIIPOM3BOJBHO IPOTEKAKOIIAs
BOCCTaHOBUTENbHAsA peakiua. CKadok MOTEHIMala B OOpaTHOM HampaBJICHUU
CUMTAETCSl OTPULATEIIBHBIM; €My COOTBETCTBYET OKHUCIMTEIbHAs peakuus 3.1.C.
3JIEMEHTA, COCTOSILIET0 U3 CTAaHAAPTHOIO BOJAOPOJHOIO JIEKTPOAA U AJIEKTPOJA, B
KOTOPOM TIPOTEKAaeT peakius BOCCTAHOBJIEHHUSA, OyIeT, TakuM 00pa3om,

MOJIOKUTEITHLHOMU.

CornacHO npaBuily BOJOPOIHBIN JIEKTPOJ 3aNUILIECTCS

.
H ey Pt Hy



CranpgaptHeii H, snekTtpon, moTEeHHHMan KOTOPOrO MNPUHAT PAaBHBIM HYIKO U
KOTOpBIM Bcerja JAOJMKEH OBITh JIEBBIM OTHOCHUTEIBHO JIPYTOro 3JIEKTPOJa,

3aIIMCBhIBACTCA .

H ) /pt,H+(aH+:1)

2(fH2 =1
[{MHKOBBI AJIEKTPO/I 3aIIUCHIBACTCS B BUIC: Zn "z / Zn
A moTeHIraN 3TOTO JIEKTPOAa OMPEIEIISICTCS 3/IC HIEMEHTA:

H, . _.pt!H @ =1/ Zn* wzm>y | Zn
2(fy, =) P

Pu,in =0, Ay, =0, P 102+ 2

2+
OneIT IIOKa3bIBACT, 4YTO IIPH pa60Te 2JICMCHTA IIMHK OKHucCIIIeTCA: Zn-2e—->7n" .
3HaLII/IT, MMOTCHIOUAITY IIMHKOBOT'O 9JICKTpOaa JTOJIKCEH OBITH IIpUIIrCaH
OTpI/IHaTCJ'IBHHﬁ 3HaK. AOCOIIOTHAS BEJIUYMHA [noTcHIMalIa TMHKOBOI'O 3JICKTPOAAa

paBHa:

b= P 202 1 2 + AW@ +<DH+/H2 =P



T.k. 3apsia IMHKA OTpULIATEIbHEE
3apsga Pt, anekTpoHel Oyayt

2e MEPEXOUTh OT IMHKa K Pt, T.e.

cpaBa HalieBO. B 3tom ke

AWH+/H2 Aq)g
| HaIlpaBJICHUHU — U OTO XapaKTCPHO

A OTpUIATCIbHOI'O JJICKTPOJA,

Haxogamerocs B mape co
CTaHAapPTHBIM BOAOPOAHBIM JJICKTPOAOM — 6YI[YT NEPexXoJuTb M KAaTHOHLI B

COOTBETCTBYIOIINX PaCTBOpPAX DIIEMEHTA.

B otanume ot IMUHKOBOI'O JJICKTPpOda MGI[HLIﬁ QJICKTPOa UMECCT MMOJ0KUTECIbHBIN

IIOTCHIHUAJI, COOTBCTCTByIOH_[I/Iﬁ MTOJIOKUTEBHBIN 3/IC DJICMEHTA:
(D H 2y Pt H @y ] Cu™ ey | Cu(+)

3I[CCB B MCIHOM DOJICKTPOAC CaMOIIPOM3BOJIBHO ITPOTCKACT BOCCTAHOBUTCIIbHASA

_)
peakuus Cu’* +2e  Cu
e

[Ipy axkTUBHOCTSAX HOHOB MEAW MW IIMHKA PaBHBIX €IWHUIIE, 3IC
COOTBETCTBYIOIIUX 3JIEMEHTOB ONPEAENISAET CTAaHAAPTHBIE MOTECHIMAIBl METHOTO U
IIUHKOBOTO AJEKTPoA0B. CTaHIAPTHBIE 3JIEKTPOIHbIE TOTEHIIUAIBI 00Pa3yIOT psil,
KOTOPBIM MPUMEHUTEIBHO K CUCTEMAM METaJI-MOHbI METajlla B BOJHOM PacTBOPE
COOTBETCTBYET PACHOJIOKECHUIO METAJIIOB 110 KX XUMUYECKON aKTUBHOCTH, T.€. PsI]

HanpsHKEHUN



DIJIEKTPO

Na'/Na

Zn>/Zn

H'/H,

Cu”'/Cu

Ag'/Ag

Cl'/Cl,

o', B

-2.713

-0.763

0.00

0.337

0.799

1.359

PazHoCTh TOTEHIIMAIOB 2-X D3JEKTPOJIOB B BOJOPOJHOW IIIKaj€ paBHA HAC
AJIEMEHTA, COCTABJIEHHOTO Y 3TUX 3JIEKTPOJIOB U BKIIOYAET 2 3JEKTPOJHBIX CKauKa
noTeHuana (Ay) a ckadyok MmoTeHiuaiza Metamuil-mMerann2, ecnu qud moTeHuan

pactBopl-pacTBOp2 MpeHEOPEKUMO MaJ.
3aBMCHMMOCTD 3JIEKTPOAHOI0 MOTEHIIMAJIA OT KOHIeHTPallMii pacTBOpa

3aBUCHUMOCTDL BEJIMYMHBI QJICKTPUYCCKOIo IIOTCHIHAJA OT KOHICHTpPAIWH

BCUICCTBA B JJICKTPOJUTC YCTAHOBJICHA MCTOJaMU TCPMOANHAMUKU.

+
Ha »nektpone Me'/Me ¢ paBHOBECHBIM MOTEHIMAJIOM ¢ MPOTEKAET

AICKTPOXMUMUYCCKAS PEAKIIHS
+
Me ', ao+e = Me

Jlnst paBHOBeCHOro mporecca npu noctossHubix T u P yObuis n306apHOTO
noteHuuana (-AG) paBHa MakCUMaJIbHOM MoJie3HON paboTe A, KoTopast Ha 1 T-HoH

+
Me' 31eKTpOXUMHUYECKOT0 JIEMEHTA paBHA pab0Te ANEKTpUdYecKoro Toka zFe
A'=—-AG = zF ¢

IIpu nmepexone 1 r-uoHa Meraia M3 pacTBOpa B DIIEKTPOJ HM3MeHeHHE AG

PaBHO PAa3HOCTH XMMHYECKUX MOTEHIIMAIOB BelllecTBa B 2-X ¢azax: B pacTBope (u

’) u B anektpoae (n*):



AG = - p,

[Tpu noctosinubix P u T B ayekTpoie MOCTOSIHHOTO COCTaBa (YUCTHIN MeTasn)

U, = . = const

B pactBOope

rae u; - XAMUYECKUN MOTEHIMAI MOHA B pacTBOPE B CTAHJAPTHOM COCTOSIHUM; ATa
BEJIMYMHA IIPU 33JaHHOU t” =const.

Takum o6pazom : AG =y, — [,uf +RT In a+]

Torna —zF @ = 11, —[,uf +RT1na+]

0 :0
— RT
He "By Ina

$=" zF zF "

(po 1pu nocTosAHHbIX P 1 E Bennunna const

o RT
Urorma ©=¢ +——Ina,
zF

B pazbaBieHHOM pacTBOpe BMECTO AaKTUBHOCTEM MOYKHO TIOJICTAaBUTh
KOHUEHTpaIuu (a;—m;, C;, X;) B 3aBUCUMOCTHU OT BbIOOpa Mephbl KOHLIEHTPALlUU U

COOTBCTCTBCHHO CTAaHAAPTHOI'O COCTOAHUSA TJIsI aKTUBHOCTH.

0

Bennumba ¢ — e€cTh MOTEHIMAN AJEKTPOJia OTHOCHUTEIBHO pacTBOpa, IIe
COOTBETCTBYIOIIME HOHBI HMMEIOT aKTUBHOCTh, paBHYH 1, Ha3bIBaeTCs
CTAaHJAPTHBIM D3JICKTPOJHBIM MOTEHIHAIIOM. OJTO YpaBHEHHE HOCHUT Ha3BaHUE

ypaBHEHHUS 3JIEKTPOIHOIO nmoTeHuata Hepucera.



Kaaccudukanus 3,1eKTpoa0B.

DIIEKTPOABl B 3aBUCHUMOCTH OT YCTPOMCTBA W THUIIA JIEKTPOJHOM pEaKUUU
nensTess Ha 3eKkTponabl | m I poga M OKHCIUTENBHO-BOCCTAHOBUTEIIBHBIE WIIA

PEIOKC-3JICKTPO/IBI.

daekTpoabl I poma. DOTo MeTaUIMYECKHWE WM Ta30BbIE DJIEKTPOIBI,
oOpaTuMble MO OTHOIICHHIO K HMOHAM MeETajllla, BOJOPOJAa, XJopa U T.A., OT

AKTHUBHOCTHU KOTOPLIX 3aBUCUT INOTCHIHAI 3JICKTPOda. HpI/IMepaMI/I MOT'YT CIIYKHUTb

Onekrpo | Cxematuyec | DiekTpoaHas | BelpakeHne Jisi  MOTEHIMAa

DIl Kasd 3aIlicChb peaknuAa QJICKTpOaAa

Meznsiii | Cu®/Cu 2 - 0 RT
Cu™ + 26(_ Cu | Popescn = Peisc +Elna0u“

Bogopo | H'/Pt, H,
270 By, = I
H

_)
H" +e V. H, RT —a,
e

JTHBIN 2

Xnopnsr | CI/Pt, Cl, RT . Py
_ 0 2
Porrcr, =Parra, +?ln a

" a-

1 -
—Cl,+e (I
2 <«

Jlnst anexTponoB | poma 31meKTpoHOE PABHOBECHME MOXHO paccMaTpUBaTh Kak

OOMEH HIn KaTHuOHOM, WJIM aHNOHOM MCIKAY MCTAJIJIOM U paCTBOPOM IJICKTPOJIUTA.

daextpoabl II poma. OHM TIpeACTaBIAIOT COOOW METAJIbI, MOKPBITHIC

CJIOEM MaHOpaCTBOpHMOfI COoJiIn MCETAJUIa W OIIYIICHHBIC B pacTBOp XOpPOIIO



pacTBOPUMOM COJIM, UMEIOLIEH OOIIMN aHMOH C MaJoOpPacTBOPUMOM COIbI0. DTH
ANEKTPOABl MOKHO PAacCCMATPUBATh OOpPAaTUMBIMU KaK MO OTHOLIEHUIO K KaTHOHY,
TaK U K aHUOHY, T.. DJIEKTPOJHOE paBHOBECHE IMPEJCTaBIsAEeT COOOM OOMEH
KaTUOHOM MEXJYy METaJZIOM W TPYAHOPACTBOPUMOM COJBI0O U OOMEH aHHOHOM
MEXKIy paCTBOPOM U 3TOU cOJbt0. [103TOMY MX MOTEHIIMAI MOKHO BBIPA3UTh Yepe3

AKTHUBHOCTHU KaTHOHA UJIN aHUOHA. HpI/IMCpaMI/I MOI'yT OBITH

DIIEeKTpOa CxemaTtnueckas DIIEKTpOAHASA pEeaKIUs

3aI11uCh

Kanomunsaet | C1/Hg,Cl,, Hg He ,Cl, + e 2 Hg +2C1-
2 2
«—

Xmnopcepeops | CI/AgCl, Ag Ag CI g Ag+Cl-
e

HBIN

Ecmu pacCMaTpuBaThb 3TH JJICKTPOJAbI KakK O6paTI/IMBIC II0 OTHOLICHHUIO K

KaTHOHY, TO UX IMMOTCHIHAJIBI MOKHO BBIYHUCJIUTDH 110 YPABHCHUAM !

RT

0
qDng”/ Hg qDng“/ Hg + oF In ang2+

By RT |
¢Ag+/Ag _¢Ag+/Ag+ F naAgJr

AKTUBHOCTH HOHOB cepeOpa WM PTYTU OMNpEAeisieTcs MNPOU3BEICHUEM

. . . 0 _
AKTUBHOCTEM L, MOCTOSHHOU NP JaHHOU t~ . [loaToMy a igt = Liyala, n



RT

— 0 _
qpcr/Agcz,Ag o qpcr/Agcz,Ag F In A

RT

0 0
—_— + [
rae qpcr/Agcz,Ag P agtiag + F In LAgCl

Onucannbie anekTpoasl Il poma oTaMYaroTCs MOCTOSHCTBOM TMOTEHIMANIA U
MOATOMY YNOTPEOJISIIOTCSI B KAyecTBE JJIEKTPOJAOB cpaBHeHus. C npyrumu
AIEKTPOJAMU OHU COCTABJISIOT TAIbBAHUUECKUE DJIEMEHTBI, B KOTOPBIX MOTEHIIHAAI
AIEKTPO/Ia CpaBHEHUSI M3BECTEH. M3MEpUB 3JC COCTABIEHHOIO TAaKUM 00pa3oM

9JIECMCHTA, MOKHO OIIPCACIINTL NTOTCHIMATI MHTCPCCYIOIICTO HAC 3JICKTPOAA.

OKHuCINTEIBbHO-BOCCTAHOBHUTEIbHbIE JICKTPOILI. 10T TaKue
QJICKTPOAbI, MCTAJLLI KOTOPBIX HC IIPHMHUMACT Y4aCTHA B BHGKTpOI[HOﬁ pCakuuu, a
JMIIb MOCpEAHNYACT B IICPCaAadC 3JICKTPOHOB OT OKHCIUTCIIA K BOCCTAHOBHUTCIIIO,

HaXOJISIIUXCS B OJTHOM PacTBOPE.

[IpocThiIM mpUMEpPOM TaKOro DJJEKTPOJa MOXKET CIYKHTh IIJIaTHHA,
omyieHHass B pactBop , coaepxkamuii FeCl, u FeCl;. Ilpu coderanum Takoro

2+ 3+
3JIEKTPOJa C APYTUMHU NMPOUCXOIUT okucienue Fe® B Fe’ wium BoccTaHaBiuBaeTcs

3+ 2+ -
Fe’" B Fe": Fe’*+e F?. B cymHOCTH, OTIMYHME TAaKOTO OJJEKTPOAa OT
%

PAaCCMOTPCHHBIX 3aKIOYACTCAd B TOM, UYTO 34CCh MPOAYKTBI OKHCICHHA WA
BOCCTAHOBJICHHA OCTAIOTCA B PACTBOPEC, a MCTAJLI OOMEHHMBAETCS ¢ KOMIIOHEHTaMH

9 3+ 2+
pacTBOpa IEKTpOHAMH. DJIEKTpoaAHbIN noTeHIan Fe’ /Fe™ anextpona paBeH:



0 RT aFeB+

goox,Red/Me = goox,Red/Me + ln
F a

Fe2+

Cpenu peoKC-3JIEKTPOJOB MIUPOKOE TPUMEHEHHE MOTYUUI XUHTUAPOHHBIN
AJEKTPOJ, KOTOPBIM  MCIONB3yeTCa s ompeneneHuss pH — pactBopa.
XUHTUIPOHHBIN  JJIEKTPOJI TMPEACTaBIsA€T CO0OM IUIATMHOBYIO IUJIACTUHKY,
ONYIIEHHYIO B PACTBOP, HACBIIICHHBIA XUHTUIAPOHOM. XUHTUIPOH-IKBUBAJICHTHAS
cMech 2-x oprannueckux BemiecTB —xuHoHa CgH4O, u rugpoxmaona CgHy(OH),.
I'mapoxuHOH — crmabas KHCJIOTa B HE3HAUMTEIBHOM CTENEHU IUCCOLIMHUPYET Ha

HOHBI.
- 2- +
C.H,(OH),  C.H,0% +2H
e
B cBoro oucpeib, HOH THAPOXMHOHA MOXCT OKHUCIIATHECA B XMHOH !
2 _)
C.H,0,” —2¢ C,H,O,
&

eciu o0pa3yoIIrecs B peakliuu 3JIEKTPOHBI OyAYT OTBOAUTHCS. B uacTHOCTH, 3TOT
MPOIIECC MOXET OBbITh OCYIIECTBJIEH B TajbBaHMYECKOM syemeHTe. CymmapHas

peaKkuyAa, IpOoTCKaromas Ha 3JICKTPOAC , BBIPAKACTCA YPABHCHHUCM !
. —
C,H,0, +2H" +2¢ C,H,(OH),
e

[Torenuuan XUHI'HAPOHHOI'O JJICKTpOJa:

RT 6 a.a .
0 g
(Dx,Zx - (Dx,Zx + 2F ln a.,.




B kucueix pacTBOpax CTCIICHb AUCCOONMAINHN THAPOXMHOHA HHUYTOXHO Majla H

IMO9TOMY AKTUBHOCTH XWHOHA W THUAPOXMHOHA MOKHO CHHMTATb PAaBHBIMMU. Torz[a

BBIPAKCHUC OJIA 3JICKTPOAHOI'O IIOTCHIOMAIA IIPUHUMACT BHUA:

RT

0
qox,Zx - qox,Zx +Eln a].]*

W

o ® N ok

BOITPOCHI 11 CAMOIIOATI'OTOBKH:

. YTo 03HAYaeT TEPMHH «3.1.C.»7

Kakas nenp Ha3pIBaeTCs MPaBUIBHO Pa30MKHYTOM?

Mo:keT 1 3.]1.C. LeTIH rajJbBaHUYECKOI0 AJIEMEHTa ObITh BEIMUUMHOU
OTPULATEIBHOM ?

UTo 03HaYaeT TEPMUH «3JIECKTPOAHBIN MTOTECHIIUAT ?

JlaiiTe onpeneseHne «CTaHAapTHOIO BOLOPOAHOTO IEKTPOIa» ?

UewMm omnpenensieTcsa 3HaK 3IEKTPOJAHOTO MOTEHIMana?

UTo 03HaYaeT TEPMUH «CTAaHAAPTHBIN JICKTPOAHBIN OTEHIIHAI?
KakoBbl mpaBuiia 3anucu peakuuii, TpOTEKAIOMINX Ha AIEKTpoaax?
Kak paccuuThIBaroT 3Ha4Y€HUE 3.71.C. HA OCHOBE BEJIMYUH JIEKTPOTHBIX

HOTEHIIHAI?

10.ITpuBenute BoIBOA ypaBHeHUs: HepHcTa.

11.06bsicHuTe Kiaccupukauo eKTpoaoB. [IpuBeaure npuMepsl TakKuX

AIEKTPOJIOB.

Jlureparypa.



JEKIHA 10. KIACCUPUKALIUA DJEKTPOXUMUYECKUX LENEN

Duzuyeckue yenu, auiomponudecKkue u cpasumdalyuoHtsle yenu, xuMudecKkue u
KOHYEHMpPAYUOHHbLE Yenu, I1eKmpoxumudecKue yenu ¢ nepeHocom u be3 neperoca

UOHO08,; OUPDY3UOHHBLU U HCUOKOCTHBLU NOMEHYUATBL.

Knaccudpukamus 3j1eKTpoxuMudeckux nenei. KoHneHTpaunoHHblie Henu ¢
nepeHocoM HOHOB. /{u(pPy3MOHHBIN U KUIKOCTHBIA MOTEHIMAJIBI.

KoHunenTpauuonnbie nenu 0e3 nmepeHoca MOHOB.
DIEKTPOXUMUYECKHUE LIETTH OOBIYHO KJIACCUDUIIMPYIOT MO IBYM MpPHU3HAKAM :

1) IO UCTOYHUKY EKTPUUECKOU IHEPTUU B LIEIIH;
2) IO HAJIWYUIO WIM OTCYTCTBHUIO B LIENMW TPAHULBI 2-X Pa3IUYHBIX PACTBOPOB:

COOTBETCTBEHHO IICTIH C TIEPEHOCOM U Oe3 TiepeHoca.




B buznIecKux ensix

hy
A o
HWCTOYHHKOM AIEKTPUUECKOU
SHEPrUU CIYKUT pa3jIudue B
(U3UYECKOM  COCTOSIHUU  2-X

OJIMHAKOBBIX o CBOEM

2 > Ah & y
XUMHAYECKOMY COCTaBy
v AJEKTPOJIOB. OTH  BIEKTPOIbI

‘ 2

| I

MOTPYKEHbI B OJUH M TOT XK€

pacTBOp M TIpu paboTe Ienu

BJICKTPOJ,  HAXOISIIUKCS B
MEHEE YCTOMYMBOM COCTOSIHHM, MEPEXOJAUT B 0oJiee YCTOWUYHMBOE COCTOSIHUE.
duznueckue UEenu - 3To 1enu 0e3 nepeHoca. Pa3HOBUAHOCTHIO (hU3UUECKON 11eTTH
ABJISIFOTCS QJUIOTPOITHBIE LEMH, B KOTOPBIX MEHEE YCTOMYMBOE COCTOSIHUE OJTHOTO
ANeKTpoAa OOYCIOBIEHO TE€M, 4YTO OH U3TOTOBJIEH W3 METacTaOWIbHOU
MoaudUKalUU JAaHHOTO MeTraiia. [[pyras pa3HOBUIAHOCTh (PU3MUECKUX IeneH -
ATO TpaBUTAIIMOHHBIE Ienmu. Takue Ienu ObUIM BIEPBHIE PEATN30BaH PYCCKUM
anexkrpoxumMukoM P.A.Kommu (1875). I'paButanmonHas uenb U3 2-X PTYTHBIX
anekTposoB B pactBope Hgy(NOs), mpencraBinena Ha puc. JIeBbIH 37EKTpoOa C
0oJjiee BBICOKMM YpPOBHEM PTYTH 00JiajlacT OONBIIHMM 3amacoM MOTEHIIUAIBHON
SHEPIUM MO CPABHEHUIO C MPABBIM JJIEKTPOJOM. IDTOT U30BITOK MOTEHIMAIHLHOU

DHEPIUU B pacyeTe Ha | Ir-dKB METaNIM4ECKON PTyTH cocTaBisieT My, g Ah/1000

My, - MONeKyspHas mMacca PTyTH, g - YCKOPEHUE CHIBI TsKeCTH, Ah - pasHOCTB



ypoBHe# pryTu. [Ipu pabote 1ienu Ha JEBOM 3JIEKTPOJI€ MPOUCXOAUT PACTBOPEHUE

pTyTH:

Hg — %ngh +e”
Ha IPaBOM
%Hg22+ +e — Hg

B pesynprare 3THMX JBYX OJIEKTPOAHBIX IIPOLIECCOB IIPOUCXOIUT IEPEHOC
METAIMYECKOW PTYTH H3 JIEBOM B IPAaBYK YacTb, KOTOPBIM HAIPaBJIE€H Ha

BBIPABHUBAHUE YPOBHEHN PTYTH.

HOCKOHBKy HNCTOYHHUKOM BHGKTqueCKOﬁ LOCIIN ABJIACTCA IIOTCHIMAJIbHAA DHCPIUs,

TO 31C FpaBHTaHI/IOHHOﬁ CIIK paBHA

E=M,, -g-Ah/1000-F

B KOHIIEHTpallMOHHBIX HIENsAX 00a 3JIEKTPOAa UJIEHTUUHBI KaK M0 (PU3UYECKOMY
COCTOSIHMIO, TaK U 10 XUMHYECKOH NPHUPOJE: OHH OTJIMYAIOTCA TOJBKO
KoHIleHTparelr komnoHeHTOoB OX wunum Red. McTouHMKOM 3ieKTpUYeCKOU
SHEPIUM SIBISIETCS PA3HOCTh CBOOOJHBIX »HHepruil ['mbbca, o00ycrnoBiIeHHas

Pa3’IM4YHBIMHU aKTUBHOCTAMMA OJHHX M TCX JKC XMMHUUYCCKHNX KOMIIOHCHTOB.

B xuMuyeckux [enmIX HWCTOYHHKOM BJICKTPUUYECKONM DSHEPTUU  SBIISIETCA
CBOOO/IHASI SHEPIUsl XUMUUYECKON peakiiny, MPOTEKAOIIeH B 3JIEKTPOXUMUUECKOMN

CHCTEMC.



OnHuUM 3JIEKTPOJIOB TaKUX IeNel JOMKEH ObITh OOpaTUMbIM IO KaTUOHY, a

IPYTOH - TI0 aHUOHY.
Hanpumep:

aMaJbraMHbIN AJEKTPOJ - AIEKTPo 2 poaa
Ag /K (Hg) / KCIl /AgCl, Ag

ra30BbIN JIEKTPOJI - AJIEKTPO 2 poja
Pt, H,/ HCI / Hg,Cl,, Hg / Pt

AeKTpoa 1 pona - ra30BbIi AIEKTPO
Zn/ZnCl,/ Cl,, Pt/ Zn

Cpenu pas3IUYHBIX XUMHYECKHX peakiui 0e3 IepeHoca OOJIbIIIOEe 3HAYCHHUE

UMeEET IIeTh
Pt/ Cd (Hg) / CdSO, (nacwiwy) / Hg,SO,, Hg / Pt

JeXalasi B OCHOBE CTaHIAPTHOrO 3yeMeHTa BectoHa. J.1.c. 3TOro sneMeHTa

oOnagaer OOJNBIIONW CTAaOUIBLHOCTHIO, @ MOTOMY OH HCIOJIB3YETCS B KayeCTBE
-5

CTaHJapTa NP MOTEHIIMOMETPUIECKUX u3MepeHusx. JD.a.c.= 1,0183-4-10" B (t =

20°C).

XUMHYECKHE oy ¢ ICpCHOCOM - JOTO IOCIHM, B KOTOPBIX HMCCTCA HWIH
HCIIOCPCACTBCHHOC COCAMHCHUC 2-x pacTBOpPOB, HWJIM HX COCIHMHCHHUC YCPE3
COJICBOM MOCTHK. Pa3HOCTBH COOTBCTCTBYIOIIMX CTAHAAPTHBIX IIOTCHIHUAIIOB

IMO3BOJIAACT B IICPBOM HpI/I6J'II/I)KeHI/II/I OLCHUTh 3.4.C. OTHX HCHCP’I. B kauectBe



MpUMepa XUMUYECKUX IEMEN C MEPEeHOCOM MOKHO NMPHUBECTH 3JIEMEHT JlaHWds-

Sko0u:

Zn/ZnS0O,// CuSO,/ Cu

KOHUEHTPALIMOHHBIE LEIM.
KOHHeHTpaIlI/IOHH])Ie IJEMEHTHI C IEPEHOCOM HOHOB.

[ToTeHnmanm METAJUITMYECKOrO SJIEKTPOAA BO3PACTAECT IO MEpPE YBEIMYECHUSA
KOHIIEHTpAllUM €ro HMOHOB B pactBope. [loaTomy 2 OIMHAKOBBIX 3JIEKTPOIA,
MMOMEIIEHHBIE B PACTBOPHI CBOMX COJIEH Pa3NMYHON KOHIIEHTpAIuu, OyAyT UMETh
pa3HbIi noTeHuHnan. Eciin UX 3aMKpYyTh 4epe3 BHEIIHEE CONPOTUBIICHUE, B LEIHU
MOTEYeT AeKTpudeckuil TOK. [lo100HbBIe e Ha3bIBaIOT KOHIIEHTPAIMOHHBIMU
3JEMEHTAMH C TIEPEHOCOM MOHOB. PaccMOoTpuM MeXxaHuU3M HX JEUCTBUS Ha

npuMepe cepeOpPSHOT0 KOHIICHTPAIMOHHOTO JIEMEHTA:

(—)Ag/ AgNO, /Il AgNO, | Ag(+)

a; a,

Heo06xoauMo BBIICHUTH B TEPBYIO OYE€pedb, YTO SBIAETCS HCTOYHHUKOM
AJIEKTPUYECKOM JHEPruu, BhIpaOATHIBAEMON B KOHIICHTPALIMOHHBIX 3JIEMEHTAaX.
Ecnn B XuMuueckux 1EnsiX UCTOYHUK AIEKTPUYECKON SHEPTUU - 3TO XUMHUUYECKas
peakius, NPOTEKalIass B 3JJIEMEHTE, TO B KOHICHTPAIIMOHHBIX 3JIEMEHTaX
XUMHUYECKHE MPOIECCHI UCKITFOYAKOTCS, T.K. 3JIEKTPObI CACIaHbl U3 OJTHOTO U TOTO
ke MeTamna. [ BBISICHEHUS MOpUPOABI Mpolecca, B Ppe3yiabTaTe KOTOPOTO

BBIACIACTCA DJICKTPHUICCKAA OHCPIUAd, HGO6XOI[I/IMO MIpOCIACANTh 3a USMCHCHUSAMU B



paboTaroieM KOHIIEHTPAIlMOHHOM 3JE€MEHTE. DT U3MEHEHHs] CBOISITCA K TOMY,
YTO BEC OJJEKTpOJAa, TMOrPY>KEHHOro B Oosiee pa30aBiIEHHBI  pacTBOp,
YMEHBIIAETCA, a KOHUEHTpalMs pacTBOpa IIOCTENneHHO Bo3pacrtaer. Ha I
anekTposie (Oojiee KOHIEHTPUPOBAHHBIM pPacTBOp ) HAET OOpaTHBIM Ipoliecc,
MPUBOJSIIMN K YMEHBIIIEHUIO KOHIIEHTpalluK pactBopa. Takum oOpazom, mporiecc,
SIBJISTFOIITUNACS MCTOYHHUKOM DJJICKTPUYECKOM SHEPrUM B TMOJOOHBIX JJIEMEHTax,
CBOJUTCS K BHIPABHMBAHUIO KOHIICHTPAIIMWA PAacTBOPOB, MOTOMY OHHU HAa3bIBAIOTCS
KOHIIEHTPAIITMOHHBIMK. ~ BBIPOBHATH  KOHIICHTpPAllMd  PAacTBOPOB  MOKHO
HEMOCPEJACTBEHHO, €CJIM MPUBECTU UX B KOHTAKT ApYyr ¢ apyrom (auddysus). B
ATOM Clly4ya€ YMEHBIIEHUE CBOOOJHOW SHEPrUU CHUCTEMBI OOYCIIOBIMBAET
BBIJICJICHHME TEIUIOTHl. B KOHIICHTPAIMOHHBIX K€ JJIEMEHTaX BbIpABHHUBAHUE
KOHIICHTPAILIMl PacTBOPOB MPUBOJUT K OOpPa30BAHUIO JJIEKTPUUYECKOU SHEPTUMU.

[ToTennuansl 000MX JIEKTPOIOB PABHBI:

RT
& =€, +n—Flna1

RT
&, =¢&, +n—Flna2

Ecnu nonyctutsk, 4To a;<a,, TO £€;<€;. DTO 3HAUNUT, YTO B KOHUCHTPAIMOHHOW LENH

1 QJICKTPOA ABAJICTCA KaTOAOM, U HAa HCM IIPOTCKACT JJICKTPOXMMHUYICCKAA PCAKIIUA:
Ag —> Ag" +e

B pe3yinbTaTe KOTOpPOM 3nekTpoxa 3apsbkaercs (-). Ha Bropom snextpone uuer

MIPOTUBOIIOJIOKHBIN ITPOLIECC:

Ag* +e — Ag - (BOCCTAHOBJICHHUE)



ITpu pabote anementa y Il anexTpona B pacTBope 0CTarOTCs U30BITOUHBIE AaHUOHBI,
KoTopble OynyT mnepexoauth K [ anekrpoay. B pesynbrate 3ieKTpOAHBIX
MPOLIECCOB M MPOUCXOJIUT BBIPABHMBAHUE KOHIIEHTpPAIIMM PacTBOpPOB. TakoB
MEXaHU3M PabOThl KOHIICHTPAIMOHHBIX AJIEMEHTOB. DJIEKTPOJ , HAXOISAIIUMUCS B

pa3baBIeHHOM pacTBOpe, Bcerja 3apspkaetcs (-), B 0ojee KOHIEHTPAIlMOHHOM -
(+).
D.J.C. KOHIEHTPAIIMOHHBIX 3JIEMEHTOB paBHA alreOpandecKkol cymme

QJICKTPUICCKUX ITIOTCHIHNAJIOB!

E=<9A+<9K=Elna—2 (1)
nF  aq

Jl1s1 pa3baBIeHHBIX PACTBOPOB A ~ C

RT &
nF ¢

E =

JAng¢y3rnoHHbIE U KUIKOCTHBIC MOTEHIMAJIbI.

VYpaBuenue (1) He BIOJHE COTNIACYETCS C SKCIIEPUMEHTAIBHBIMU JaHHBIMU, T.K.
IpU €ro BBIBOJIC HE OBbUI YYTEH CKAuOK IMOTEHIHUAIOB Ha TpaHUlle paziena 2-X
PacTBOPOB PA3IMYHON KOHUECHTPALUH, BIHSIOMINN HA BEJIUYUHY 3.1.C. SJIEMEHTA.
OTOT TNOTEHUHUaN, Ha3bBaeMblii JUPGY3MOHHBIM, BO3HHUKAET B pE3yJbTaTe
muddy3ud HOHOB depe3 TpaHUIly paszfesia MEXAy pacTBOpaMHU U SIBJISIETCS
HEPAaBHOBECHBIM. J[Ji1 BBIACHEHUS MEXaHHM3Ma BO3HUKHOBEHUSA JUDPYy3MOHHOTO
MOTEHIIMAaa PacCMOTPUM TpaHUIly paziena Mexnay 2-msa pactBopamu HCl U3

pacTBopa ¢ OoJbllel KOHIIEHTpalrel HaunHaeTcss AU dy3usi, Ipu 3TOM CKOPOCTHU



+ _
nemwkenus H3;O u Cl” HeomuHakoBbl. CKOPOCTh MOHOB THAPOKCOHMS BBIIIE UX U

MepPeXoIUT yepe3 rpanully oosbie, yuem Cl, mosToMy cieBa OT rpaHHUIlbl pa3jesa

+ -
obOpasyercst u36piTok H3;0 ', a crpaBa u3owsiTok Cl. CrnenoBaTtenbHO, Ha TpaHUIE

pasgena MeXAy IBYMSI PacTBOPAMU BO3HHUKAET ABOMHOW JIIEKTPUYECKHU CIOM,

0oOyCIIOBIMBAIONINI CKAaYOK MOTEHIMAaja. YBEJIMYEHHE TUIOTHOCTH Pas3psiioB Ha

HC | HC
| |

noBepxHocTH TopMo3nT H;O' u yckopser msmxenne CI. Hakomern,
CKaUYOK MOTEHIMalda JOCTUIaeT  HEKOTOPOTO  CTAlMOHAPHOTO
3HAYEHUs, IPH KOTOPOM CKOPOCTH JIBMKEHHUS depe3 rpanuiy H;O' u
Cl' cranoBarcs paBHbiMU. Takum oOpazoM, auddy3nOHHBII
MOTEHIIMAl BO3HUKAET B PE3yJbTaT€ HEOJUHAKOBON CKOPOCTH

ABHIKCHHA KaTHOHOB M aHMOHOB, BXOAAIIHUX B COCTAB JJICKTPOJIUTA.

Teopuss nuddy3noHHoro noreHmama pazpadorana HepHctom, u
obomena  Ilmamkom.  Ilpocreiimuii  ciy4ailT  BO3HUKHOBEHHS
MOTEHIIMAJa Ha TPAHULE 2-X PACTBOPOB OJTHOTO M TOTO K€ BEIECTBA
n300paxkeH Ha pucyHke. IlycTh Ha rpaHuile paszaena MEXIy 2-Ms

pactBopamu HCI Bo3Hukaet nqudpy3uoHHBIN MOTEHIINAN, PABHBIN €.

Tornma anekTpruueckas pabora nepeHoca 1 r-Moip 4epes rpaHmiIly pasjena:

AZI”IF&'()

C npyro#t cTtopoHbl, A<cymMMme pPabOT HM30TEPMHUYECKOTO OOpaTHUMOTO MepeHoca

KaTMOHOB W AHHUOHOB M3 OJHOTO pacTtBopa B apyrou. Ilpu stom crnenmyer

YUUTBIBATD,

4dTO KAaTHUOHBI MU aHWOHBI ABUIXYTCA B IIPOTHBOIIOJIOXHBIC CTOPOHBI U



IMIPUHUMAIOT HCOAWMHAKOBOC Y4YaCTUC B IICPCHOCE

KaTHOHOB A, 1 aHHOHOB A 5, MOKHO 3aIICaTh :

AK=nKRT1n% AA=nART1nQ

1 2
Ny, N - YUCJIAa IEPCHOCA KATUOHOB U aHMOHOB.

Torna cymmaphas pabora nepenoca 1r-mons HCl=:

A=A+ 4,
C
A=(n, —nA)RTInF2

1
Tornma

RT ., C
e.=(n.—-n,)—Ih—-%
o =, A)nF C,

[TocneqHee ypaBHEHHE MOXKHO ITPe0OpPa3oBaTh :

n,+n, =1
n, __ U
uk +LlA
Ortcrona
RT ., C
e, =2n, —1)=——In—2
nk C,

? u, +u, nfF C,

Toka. [lns pabort

rac ua U Uy - a0COJIIOTHBIE IHOABMXXHOCTH aHHMOHOB U KaTHOHOB.

nepeHoca

Hubdy3nonHbie NOTEHIMATBI OOBIYHO HE MPEBBIMIAIOT HECKOJIBKUX JIECITKOB

MB. Tem He MeHee wux NPUXOJUTHCA YUYUTBIBATH IIPW PA3JIMYHBIX pacucTax.



Bo3HUKAIOT OHM U B XMMHUYECKHX IEMAX, BIUISA Ha U3MEpsIeMble 3HAYCHHUS 3.1.C.
[ToaToMy mipu omnpeneneHuu 3.1.C. KOHIICHTPAIIMOHHBIX 3JIEMEHTOB WJIM OOBIYHBIX
XUMUYECKHUX IENeH ciaeAyeT MPUHUMATh MEPBI, €CIU HE JIJISl TIOJIHOTO YCTPAHEHUS
1 Py3uOHHOTO MOTEHIMANa, TO XOTs Obl K ero yMeHbleHut0. C 3TOH 11ebI0 MpU
U3MEHEHHUH 3.]1.C. BJEKTPOAbl COETUHSAIOT COJEBBIM MOCTHUKOM, T.€. COCYJOM C
KOHIICHTPUPOBAHHBIM PACTBOPOM TAKOT'O 3JIEKTPOJIUTA, Y KOTOPOTO MOJABUKHOCTHU

KaTHOHA U aHMOHa 1Mo Bo3MokHOCTH Om3ku (KC1, NH4NO3).

KOHHeHTpaIII/IOHHbIe 3J1IeMEeHTHI 0e3 InmepeHoca HOHOB.

[TpuHUIUNHATBHO BO3MOKHBI KOHIIEHTPAIMOHHBIE LIETIH, B KOTOPBIX HET IPaHull
pazmena MEXIy pacTBOpaMu  Pa3iUYHBIX  KOHIIEHTpaluid, Ha3bIBaeMble
KOHIICHTPAIIMOHHBIMU 3JE€MEHTaMu 0e3 IMepeHoca HOHOB. Takue 3JIEMEHTHI
OCOOCHHO YyIOOHBI I TOUYHBIX U3MEPEHUM, T.K. B HUX MOJHOCTHIO YCTpPaHSETCS
mudPy3noHHbI noTeHuan. YToObl MOMYYUTh KOHIEHTPALIMOHHBINA 3JIEeMEHT Oe3
MepeHoca KOHOB, HEOOXOUMO MOI00PATh AIAEKTPOABL, OJIUH U3 KOTOPBIX 00paTUM
OTHOCHUTEJIbHO KaTHUOHA JIAHHOTO AJIEKTPOJIUTA, @ IPYTrOil OTHOCUTEIHHO aHWOHA. B
KauecTBE MpHUMEpa PacCMOTPUM AJIEMEHT, cocTosimuil ux H, u xmopcepeOpsiHbIx

ANIEKTPOIOB, MOTPYKeHHBIX B pacTBop HCL
(-)Ag/ AgCI,HCI/ H,, Pt(+)
B stom smemente H, smekTpon o6paTHM OTHOCHTenbHO KatmoHa H;O', a

xJiopcepeOpsHbIi, Kak aaekTpoa I poma, o6patum otHOcuTenpHO annoHa Cl. Jlns

MMOJYUYCHHA KOHIOCHTPALIMOHHOI'O 3JICMCHTA 0e3 nepeHoca HOHOB COCIMHHUM 2



noAoOHbIX 31emMeHTa ¢ pactBopamu HCl pa3Hoil KOHIIEHTpaluu Tak, 4TOObl OHU

paboTasii OJJuH MPOTUB APYroro, T.€. LEeMb:

—Ag/ AgCl,HCI/H,,Pt—Pt,H, /| HCI,AgCl | Ag(+)
C, C,

B »toit menu Pt snektpoabt I m Il 351€eMEHTOB COEAMHEHBI METAUTUYECKUM
npoBoaHuKkoM. Jlonyctum, uto B I sanemente xkonuentpauus HCI Gonbie, uem Bo
II (C;>C,). Torna koHeHTpanus Ag B HeM 6yaeT MeHsiue, ueM Bo 1 (C Ag Chal =
const), modTomy mnoteHiman [ cepeOpsiHoro osnektpoma Oyner Oosee

orpuniatenbHbiM. B I anemenTe Oyner npoTekaTs npoiiecc:

Ag+H" — Ag" WL%H2

WJIU B MOJIEKYJISIpHOM hopme

Ag+ HCl — AgCl+ V) H,

Bo 11 anemenTe moiineT oOpaTHBIN MPOIECC BOCCTAHOBJICHUS cepedpas:
Ag" WL%H2 —> Ag+H"

AgCl+ Vo H, — Ag+ HCI

B pesynbrare atux nponeccoB konrentpanus HCI B | snemente ymensbinaercs, a
Bo Il yBenuuuBaetcsi, Tak 4yTo paboTa 3JIE€MEHTa, B KOHEUHOM HUTOTe, CBOIUTCS
Tosibko K nepeHocy HCl ot 6onee KOHIIEHTPUPOBAHHOTO K 0oJiee pa30aBIeHHOMY
pactBopy. CrnenoBaTenbHO, paccMaTpuBaeMmasi LENb MPEACTaBIsAET CcOOOMU

KOHIICHTPAIIMOHHBIM 3JIEMEHT, B KOTOpOM BbIpaBHUBaHME KoHueHTpauui HCI



MPOUCXOMUT KOCBEHHBIM myTeM. Tak, paboTa 00paTMMOro H30TEPMHUYECKOTO
mpoiecca HE 3aBUCHT OT €ro IMyTH, MO3TOMY HE3aBUCHMO OT MEXaHH3Ma
oOpa30oBaHUs SJEKTPUUYECKON DHEPTUU B DJIEMEHTE OHA paBHa paboTe mepeHoca

+ - o
nonoB H u Cl” u3 0ojee KOHIIEHTpUPOBAHHOTO pacTBOpa B 0ojiee pa3OaBICHHBIN.
Jlst paboTHI IEpeHOCca ATUX HOHOB MOYKHO HAITHCATh:

c.
A, =RTIh—
H+

c'.,
A, =RTh—"
CH

Ccl™
rae C°, C”- KOHUEHTpAIMU COOTBETCTBYIOMMX MOHOB B [ u II anmemenrtax. Torma
obmras padota neperoca 1 r-monp HCI:

c.C
_ _ H" ~cCl”
A—AH+ +Ac1’ =RTIn————

H*Y ~Cl”
OHa paBHa ekTpuyeckoin pabote A=nFE (n=1), moaTomy

RT. C,.C

In H" ~Cl”

E o
F C,.C

Ccl-
HO B pacTBope C,. =C, =e, T.€. paBHA AHAUTMTUYECKON KOHIIEHTPAIlUM PACTBOPA,

T.K. HCI B pacTBOpe NOJHOCTBIO JUCCOLMUPYET, IOITOMY

p_RT, CT_2RT, C
F C; F G,

U1 TOYHEC

E=2R;T1nﬁ
F a,



rae a; 1 a, — aktusHoctd HCI B I u 11 3memenTax.

Konnenrpanmonuele 1enu 0e€3 TMepeHOoCa HMOHOB TOJHOCTBIO  JIMIICHBI
muhPy3nooHOro MOTEHIHaNa, T.K. B HUX HET JKUJIKOCTHOTO KOHTAaKTa MEXIY
pacTBOpaMu pa3IMYHBIX KOHIIEHTpAUMi. OTH 1eNu OCOOEHHO YIOOHBI st

OIIPCACICHUA aKTUBHOCTH JJICKTPOJIHUTOB B PACTBOpPax.

K KOHIICHTpaITMOHHBIM IIeTsIM 0€3 MepeHoca HOHOB OTHOCATCS U aMajlbraMHBIC
anemMeHThl. OHM MOTYT OBITH IIOCTPOCHBI JUIA psSAJa aKTUBHBIX METAJLIOB,
PaCTBOPSAIOMINXCS B PTYTU. T.K. pTyTh MaJl0 OOMEHUBAETCS MOHAMU C PACTBOPOM,
TO aMaJbramMbl MHOTHX METAJJIOB B pacTBOpe BeAyT ceds I1Moa00HO
COOTBETCTBYIOIIIEMY METAJUTMYECKOMY D3JIEKTPONY, TOJBKO C HW3MEHEHHBIM
3HAQYCHUEM CTaHJApPTHOTO IIOTCHI[MAJa, BEJIWYMHA KOTOPOrO0 3aBHCHUT OT

KOHICHTpAllM1 METAaJlJIa B aMaJIbI'aMc. PaCCMOTpI/IM OCIIb:

(-)Hg,Zn/Zn*" | Zn, Hg(+)

a, a,

rje a; U a, — aKTUBHOCTH LIMHKAa B amanbramax. [Ipum pabote sieMeHTa LHUHK
MEePEHOCUTCA U3 0oJiee KOHIICHTPUPOBAHHOTO amajbraMbl B amMalbramy Oosee
O0ennyro nuHKoM. [lycTh B pacTBOPEHHOM 3JIEMEHTE a,>a,, Toraa Ha | anekTpoje

OyneT mpoTeKaTh IMPOIEeCe:
7n — Zn*" =2e

(37ekTposl  3apsAauTcs  oTpunarenbHo), a Ha Il — oOparHbIi mporiecc

BOCCTAHOBJICHU:

Zn** —2e — Zn



Paborta nepenoca 1 r-monb niunka u3 [ amaneramel Bo Il paBHa:

A=RThh&
a,

C APYroM CTOPOHBI:
A=n FE
I'me E —».1.c. anmementa. [Tloatomy

poRT, a
nF a,

AMallbraMHBbI€  3JIEMEHTHl UCHOJB3YIOTCA JJIS ONpENeNeHUs aKTUBHOCTEH
METAJIJIOB B amMalbramax. OTH OJJIEMEHThl OYeHb YJIO0OHBI, T.K. B HHUX HET
i Py3noOHHOTO TOTEHIMAala, OHMU JAlOT 3HAY€HUs 3.1.C., HE 3aBUCALIUE OT
CIIy4alHBIX 3arpsi3HEHUN DJIEKTPOJOB U COCTOSIHUSI UX MOBEPXHOCTHU, YTO OBIBAECT
MIPU IPUMEHEHUHN OOBIYHBIX METAJUTMYECKHUX AIEKTpoAoB. [loaToMy amanbramubie
ANEKTPOABl HAXOASAT pa3HooOpa3Hble mpuMeHeHus. Crleayer OTMETHThb, YTO
aMaJbraMHbIE AJIEMEHTHI MOTYT ObITh U Ta30BbIMU. KOHIIEHTpallMOHHBIE AJIEMEHTHI
IIUPOKO TMPUMEHSIIOTCS B PA3UYHBIX OTpacisaX XUMHH: i omnpeneneHus pH
pacTBOPOB M MOTEHIMOMETPUYECKOTO  TUTPOBAHUA, JUIsI  ONpEICICHUs
BAJICHTHOCTU HMOHOB B PAacTBOpE, ISl OMNPENENICHUS] PACTBOPUMOCTH TPYIHO

PacTBOPUMBIX COJIEH U T.I.
BOITPOCHBI JIJ1sd CAMOITIOAI'OTOBKM.

1. OcHOBHbIE TPU3HAKU KJIACCU(UKALIUU FTEKTPOXUMUUECKUX TETIEH.

2. Yto sABIAETCS UCTOUHUKOM AIEKTPUUECKON IHEPTUH B PU3NUECKUX LIETISIX ?



OO0BsAcHUTE MPUHITUIT pa0OTHl XUMHYECKHUX Iiernel. [IpuBeauTe nmpumepsl.

Ha gem ocHOoBaHa pa®oTa KOHIEHTPAIIMOHHOM Ienu ¢ nmepeHocoM noHoB? Kak
paccyuTaTh 3.]1.C. TAKOH 1enu?

BcenencrBue yero Bo3HukaeT aud@y3uoHHBIM noTeHiuan. Bo3moxkHa nu ero
TepMOJAMHAMHYECKasi TPAaKTOBKA?

Ha yem ocHoBaHa paboTa KOHIIEHTPAIIMOHHOM 11emu 6e3 mepeHoca noHoB? Kak
paccyuTarth 3.]1.C. TAKOH 1enu?

Ha rpanune pasnena kakux (a3 BO3HUKAET KUIKOCTHBIN MOTEHI[UAN ?

JIMTEPATYPA.

I'epacumoB .. u np. Kypc ¢usuueckorr xumuu. T.II, M., «Xumus». 1966,
c.529-543.
HamackuH b.b., Ilerpnit O.A. BBeneHne B 2I€KTPOXUMUYECKYI0 KHHETUKY. M.,

Bricmas mkomna., 1983. Crp. 122-126.



JEKIIUA 11. IBOHMHOM DJIEKTPUYECKHHA CJIOU U ET'O POJIb B
KMHETHUKE JEKTPOHHBIX TPOIIECCOB.

InexmporanunispHole ABNEeHUS; KanuJiisipHbL 9NeKMPONUM,
HeNnoasapu3yemblil INeKMPO0; U0eanbHo NOJIAPUZYEMBLL 971eKMpPo0;
INEKMPOKANUNLIAPHAS  KPUBAs, NOMEHYudal Hy1e8o2o 3apsod, VpasHeHue
Jlunnmana; emxocms 0801HO20 IneKmpuyeckoeo cnos, meopuu Iyu - Yanauua,

Tenvmeonvya, lImepnua.

BHCKTPOKaHI/IHJIHprIe siBJIeHUs1. BbIBOJ OCHOBHOIO YpPaBHCHUS
INCKTPOKANINIJIAPHOCTH. IHorenuman HYJIE€BOI'O 3apsjaa. MeTtoanl
onpeae/JeHus NoTECHIHaJJIa HYJI€BOTI'0 3apaaa. EMKoCTH I[BOﬁHOFO

IJNIEKTPHICCKOI'0O CJI041. OcHoBHBIE MOAC/IBHBIC IIPEACTABJICHHUA 0 CTPOCHUH

JBOIHOI0 IIIEKTPHYECCKOI'0O CJI0sA.

BﬂeKTpOKaHI/IJIJIﬂprIe SABJICHUS.

JIBOMHOWN SIEKTPUUYECKUN CIOM Ha TPAHULE pas3jesa MEXIy METAUIOM M
pPacTBOPOM SIBIIIETCSA MPUYMHON MHOTUX MHTEPECHBIX siBieHUUA. K HUM OTHOCSATCS

ANEKTPOKANWILISIPHBIE SIBJICHUS, BHEpBble u3yuyeHHble Jlunmmanom (1875r.), Ha

S
7

rpaHulIe

pasgena pryTh -
pPacTBOp IJIEKTPOJIMTA.
OHu OTPaXKaroT
3aBUCUMOCTh  MEXIY

IMOBCPXHOCTHBIM

HaTsAKCHUEM n

Pa3HOCTHIO

IIOTCHIMAJIOB Ha




rpa"uie pasnuena nByx (asz. [ns uccienoBaHus SIEKTPOKANUIUISPHBIX SIBICHUN
JIunnMaH CKOHCTPYUPOBa MPUOOP - KANMIUIPHBIN 3JIEKTPOMETP, CXEMATUUYECKU

M300paXEHHBIN HA PUCYHKE.

Oto crekngaHHas TpyOka K, 3amonHeHHas pPTYThIO 1O OMNpeaeIeHHON
BBICOTBI, KOTOPYIO MOKHO U3MEHSTH, ... COOOIIAIONINICSA C HEH... 3aKaHYUBACTCS
TOHKHM KalWJUISIPOM, MOTPYXEHHBIH B COCYJ C pPacTBOPOM JJEKTposHTa A,
KOTOpBIA COEMHEH C OTPULATENIBHBIM IOJIOCOM BHELIHETO ... IPUCOEOUHEH K
ANEKTPOAY C U3BECTHBIM MOTEHIIMATIOM, OMYIIEHHBIM B TOT ke pacTBOp. OOBIUHO
WCMOJIB3YETCSI HOPMAaJbHO KaJOMEIBHBIM JJIEKTPOJ, IMOTEHIMAl KOTOPOTo
MPAKTUYECKU HE U3MEHSETCS MOJI IEMCTBUEM BHEUIHErO0 TOKA HE OOJBIION CHIIBI,

TO €CTb JJICKTPO ABJIACTCA HCIIOJISIPU3YCMBIM.

[Henmonsipuzyemslil 3JIEKTPOJ OTBEYAET TAKOMY SJIEKTPOAY, JJs KOTOPOTO
OoOMEH MOTEHIUATIONPEACISIIONMMA HOHAMU MEXKJYy METaJIOM U PacTBOPOM
COBepIIIaeTCsl OCCIPENATCTBEHHO, YTO HAOII0aeTCsl IpH OOJBIIMX TOKaX OOMEHa.
[loTeHunan mogoOHOrO 3IEKTPOJa MPAKTHUYECKH HE M3MEHSETCS MOoJ JeHCTBUEM
BHEIIIHETO TOKA, MOKa BEJIWYMHA MOCIEAHETO ... IO CPABHEHUIO C TOKOM OOMEHA.
NneanbHO mMONSAPU3YEMBIM SBISIETCA AJIEKTPOJA, y KOTOPOro OOMEH HOHaMu
MOJIHOCTHIO WJIM MOYTH TMOJIHOCTHIO 3aTOPMOKEH M TOK OOMEHa OJIM30K K HYIIIO.
JIist Takoro sJeKTpoAa YK€ HMUYTOXKHO Majblii BHEHNIHUN TOK OyAeT U3MEHSTh
MOTEHIMaN. PTYTHBIN 37€KTPO B YCIOBUSAX CHSITHS AJICKTPOKAMMIUIAPHBIX KPUBBIX
BeleT ce0s MOJ0OHO HACAIBHO MOJAPU3YEMOMY DIIEKTPOIY, XOTsI TOK OOMeHa
MEXIY METAJUIMYECKOW PTYThIO M PACTBOPOM €€ COJIM B COCTOSIHMM PABHOBECHUSA

OUYCHb BEJTUK. DTO OOBSICHSIETCS CIACAYIONIUMHU JIByMs] TPUUHHAMU

1) 00JacTh MOTEHIMATIOB, B KOTOPBIX CHUMAIOTCA AJIEKTPOKAMWIISPHBIC
KpUBBIE, CMEIIEHA B OTPUUATEIBbHYIO CTOPOHY OT PaBHOBECHOTO
MOTEHIIMAaJa PTYTHOTO JJIEKTPOJa, W TOITOMY AaHOJHBIM MPOLECC
nepexoja WOHOB PTYTH W3 METAUIa B PACTBOP TEPMOAMHAMUYECKHU

HCBCPOATCH.



2) 2NEKTPOKANMIUISIPHBIE KPUBBIE CKUMAIOTCS B PAacCTBOPAX, MPAKTHYECKH
JUIICHHBIX HOHOB PTYTU. B 3TUX yCcnoBUSAX KaTOIHBIN IpoLecc nepexoa
MOHOB PTYTH U3 pacTBOpa HE ... ... HEBO3MOJKEH. |
W3meHsiss 3.4.C. BHEUIHEIO WCTOYHHMKA TOKA, MOXXHO HAWTH 3aBUCHUMOCTH
MIOBEPXHOCTHOTO HATSKEHHUS PTYTH G OT ee NoTeHuuasa E Ha rpaHuune c
pacTBopoM. IloBEpXHOCTHOE HATSKEHUE MPU STOM BBIUMCIAIOT IO BBICOTE
cTonouka pTyTu B TpyOke K, ucnone3ys ypaBHEHUE:

o=t
5 gP

IZI€ P - INIOTHOCTB PTYTH

A JTun/cMm,

I - paanycC Kalujuispa

400
g - YCKOpEHHE

350 | cBOOOHOIO IMaIeHUS.

300

3aBUCUMOCTP G OT E

oV

0 Emax 0,5 10 E
HaA3bIBACTCIA

ANEKTPOKANMUILIAPHON
KpuBoil. M3 pucyHka BHUJIHO, YTO JJICKTPOKAMWIUISIpHAsE KpuBas uUMeeT (Qopmy,
HaroMHUHAaKIyo napadony. [lo mepe yBenuueHus 3.1.C. BHEIIHETO HCTOYHMKA
TOKAa G pacTeT, JOCTUTaeT max. 3HaueHus npu E=F .., a 3arem cHmxkaercsa. Max
ANEKTPOKANWUIAPHON KPUBOM PTYTH COOTBETCTBYET €€ MoTeHuuany, =~0,19+0,21
10 BOJOPOJHOM IKajie. 3aBUCUMOCTh G OT E MOXHO OOBSCHUTH, UCXOAS M3
CIEeAYIOIMNX cooOpakeHud. B pacTBope 371eKTpouTa MOBEPXHOCTHBIN CIION PTYyTH
3apsIKEH MOJIOKUTEIIBHO BCIIEJACTBUE CKOIMJIEHUS B HEM HOHOB Hg2+ JNEUCTBYIOT B
HANpaBJICHUHU, MPOTUBOIOIOKHOM CHJIaM MOBEPXHOCTHOIO HATSXKEHUS, T.€.
YMEHBINAIOT ero. Takum o0pa3oMm, G PTyTHU MEHbIIIE TOr0 3HAYEHUsI, KOTOPOE OHA

nmesa Obl IIpHU OTCYTCTBHHU ITOJIOKUTCIBHOI'O 3apAaaa IMOBEPXHOCTH.



Hanoxxenue BHemnrHe# 3.71.c. (KaToAHAs MOJSPU3ALMS) CMEIIAeT MOTEHIUAT
PTYTH B OTPUIATEIbHYIO CTOPOHY, MpPU O3TOM U30BITOYHBIE HOHBI Hg2+
MMOBEPXHOCTHOTO CJIOSI YACTHYHO HEUTPAIU3YIOTCA MOABEACHHBIMH 3JIEKTPOHAMU,
T.€. €ro IOJOXUTEIbHBIA 3apsi YMEHBIIAETCS, IO3TOMY HOBEPXHOCTHOE
HaTsDKeHue Bo3pactaeT. Ilpum BHemHed 3.1.c. =E;.., W30BITOYHBIE HOHBI Hg2+
MOJHOCTBI0 HEUTPAIM3YIOTCA, U G TAaKOW HE3apsH)KEHHOM IMOBEPXHOCTH max.
JlanpHelmme yBEIWYECHUS! BHEIIHEW 3.].C. MPUBOAAT K TOMY, YTO MOBEPXHOCTH
PTYTH 3apsbKaeTcsi OTPULIATENIBHO BCIEJACTBHE HANW4us Ha HEW HW30BITOYHBIX
3NEKTpOHOB. IIpy 3TOM B MOBEPXHOCTHOM CJIO€ BHOBb BO3HUKAIOT CHJIBI
OTTAJIKUBAHUS OJIHOMMEHHBIX 3apsiioB (DJIEKTPOHOB), BBI3BIBAIOIME CHHIKEHUE
MOBEPXHOCTHOTO  HATsKeHUs.  Takum  oOpa3oM,  BOCXOJsfIlasi  BETBb
ANEKTPOKAMWIIAPHON KPUBOM OTHOCUTCS K MOJIOKUTEIBHO 3apsKEHHOM, a TOYKa
max - K MOBEPXHOCTH, HE UMEIOIIECH JIEKTPOHHOTO 3apsja (MOTEHIMAaI HYJIEBOTO

3apsna).

VYpaBHEHHE NEKTPOKANMWIIAPHON KPUBOM, Kak mokaszan JlunmmaH, MOXeT

OBITh BBIBCJICHO Ha OCHOBAaHHWH CJICAYIOLICTO.

2+
3ap;1z[ MMOBCPXHOCTU PTYTH BO3HUKACT BCICIACTBUC aI[C0p6HI/II/I HOHOB Hg ,

BEJIMYMHA KOTOpasi COTJIACHO ypaBHEeHHIO [ ' mOOca, paBHa:

re 1 oo (1)

" RT dnc

DNEeKTpOoHBIN noTeHMaln pTyTH o Gpopmyne HepHera paBeH:

E=E, +E1nc
nkF

Hudbdynaupyem nocneaHee BoIpaxKeHue.
Torna:

E=-Lame wm dine="F 4
nF RT



[loacrasnsem dinc B ypaBuenue (1).

oo oo
9% __ __g%@ 2
= 9="_F (2)

rae g=nk1" - TNIOTHOCTH 3apsA0B HA TIOBEPXHOCTHU PTYTH

Breipaxenue (2) HazpBator | ypaBHeHuem  Jlunnmana.  Max

o o oo
DIIEKTPOKANMWIUIIPHON KPUBOU [G_E =0 COOTBETCTBYET H303IEKTPUIECKOMY

COCTOAHHIO IIOBCPXHOCTH PTYTHU, T.C., KOrJa OHa HC HMECT IJIICKTPHUYCCKOIO

3apsiga: q=0.

OcTBanp NPEANnoIOKUI, YTO B U303JEKTPUUECKON TOUKE HE TOJBKO 3apsij
MMOBEPXHOCTH, HO U €€ 3JIEKTPOJHBIN MOTEHIUAN paBEH HYJI0. Torna Takyr pTyTh
MOXHO OBbLJIO OBl MPUHIATH B KAauyeCTBE HYJEBOTO JJIEKTpOAa, a IMOTEHIHAI
HOPMAaJIBHOTO 3JIEKTPOJIa OTHOCUTEIHHO HEE CUUTATh A0COIIOTHBIM 3HAYEHUEM €TO
noreHuuana. IMsmepuB panee 3.4.C. LENM, COCTaBICHHOM W3 HOPMAaJIbHOTO
KAJIOMEJIBHOI'O M JIFOOOT0 JAPYToro 3J€KTPOo/a, MOYKHO OMNPEIEIUTh aOCOIIOTHOE
3Ha4YeHUE MOTeHIHaNa mnociennero. OmuO0YHOCTh ATUX MPEACTAaBICHUM ObLIU
nokazanbl ~ OpPyMKMHBIM, KOTOpPBIM  MOKa3al, 4YTO B  TOYKE  max.
ANEKTPOKANMWUIAPHON KPHUBOM PA3HOCTh NOTEHLIHMAIOB MEXKJIYy METALUIOM H
pPacTBOpPOM HE PaBEH HYJIIO, KaK 3T0 npeanonaran OcrtBanpla. beuio ycTaHOBIEHO,
YTO MOJIOKCHUE MAX. HA NEKTPOKAMWLIAPHON KPUBOM CYIIECTBEHHO 3aBUCUT OT
COCTaBa pacTBOpPa, HAXOJAIIETOCS B KOHTakTe ¢ pTyThio. OT cocTtaBa pacTBopa
3aBUCUT TAKXKe U aOCONIOTHOE 3HAYEHUE G PTYTH, YTO OOYCIIOBICHO aJcopOIueit
Ha MOBEPXHOCTU PTYTH U3 PACTBOPA PA3JIMYHBIX MOHOB M OPHEHTALMEN HA HEU
JUTIOJIBHBIX MOJIEKYJI pACTBOPUTEINSI. AHUOHBI aJICOPOUPYIOTCS MPEUMYILIECTBEHHO
HAa MMOJIOKUTENIBHO 3aPSKEHHOW MOBEPXHOCTH, YTO BIUSAET TOJBKO HA BOCXOISIIYIO
BETBb DJIEKTPOKANWUISIPHOM KpuBoi. KaTuoHBI, HAmpoTHB aIcopOUpyrOTCs
HauOoJyiee CHJIBHO Ha OTPUIATEIBHO 3apSKEHHOM MOBEPXHOCTH U 3HAYUTEIHHO
MU3MEHSIOT BETBb HUCXOASANIYIO 3TOM KpuBOH. CyllleCTBEHHOE BIUSHUE HA QopMy

INEKTPOKAMWUIAPHON KPUBOM  OKa3blBalOT W Heauccouuupyromme [TAB



(amunoBeI  cnupT). AACOpOUpYSICh Ha TMOBEPXHOCTH PTYTH, OHH CHIKAIOT
AIEKTPOKANMWIIISPHYIO KPUBYIO, OCOOCHHO B 00JIaCTH €€ max., T.K. HCHOHOT€HHOU
ITAB cunbHee ajncopOupyercs Ha He3apsuKeHHOM moBepxHocTH. Bausinue [1AB
MOHOB U HenoHoreHHbIX [[AB Ha dopmy 3JeKTpOKaNWIUIIPHON KpHUBOUM OBLIO

00BbsACHEHO B paboTtax OpyMKHUHA U JIp.

[IpuBeneHHble JaHHBIE CBHUJETEIBCTBYIOT O TOM, YTO B TOYKE max.
ANEKTPOKAMMIIIAPHON KPUBOW PA3HOCTh TMOTEHIMAJIOB MEXIY METaVIOM U
pacTBOpoM He paBHbI HyJr0. OHa oOyciioBiieHa OOpa30BaHHUEM Yy IMOBEPXHOCTH
ANEKTPOAA JIBOMHOTO DJJIEKTPUYECKOrO CJIOS, BO3HHUKAIOIIETO B pPE3yibTaTe
aacopouun IIAB wu opueHTanuum aumnoseld pacTBOPUTENS, PaACIOI0KEHHOTO

OCJINKOM B XXUIKOCTH.

Takum 00pa3oM, DJJIEKTPOKANMWIISPHBIE SBICHUS HE MOTYT OBITh
WCIOJB30BaHbl  JJIsI  ONpe/AesieHUs aOCOJIOTHBIX 3HAYEHUM  AIEKTPOAHBIX

IIOTCHIMAJIOB MU 3Ta 3aAd4a 10 CHUX IIOP OCTACTCA HepemeHHoﬁ.

B Hamie Bpems 3JIEeKTpOKanWJUISIpHAs. KPUBAs U3y4Y€HA HE TOJBKO I PTYTH,
HO W s JAPYTAX METAUIOB, YTO TO3BOJIMJIO OINPEACIUTh 3HAYECHUS UX
MOTEHIIMANIOB HYJIEBOI0 3apsanaa. JJis u3MepeHus 3TUX BEJIIMUUH ObLIO MPEAJIOKEHO

MHOI'O METOJOB. OcTtaHoBUMCS Ha HCKOTOPBIX U3 HUX.

do
B Touke max. E =0, CJIEIOBATEIBHO, INIOTHOCTH 3apsaaa =0 v moTeHIual

HYJIEBOTO 3apsifa, HW3MEPEHHBI OTHOCUTEIbHO HOopMaibHo H, »snekTpona,
COOTBETCTBYET MOTEHIMANY HYJEBOIO 3apsaa. DTO MOJOKEHUE PACIPOCTPAHAETCS
TaKXe M Ha JIEKTPOKAMUIUISIPHBIE KPUBBIE, CHATHIE B PACIIABICHHBIX COMSX. DTOT
METOJ] ONpeeICHUs] MOTEHIMAaIa HYJIEBOTO 3apsjia 0 max. 3JIeKTPOKAUIIISIPHBIX
KPUBBIX BEChMa TOUYEH, HO B BOJHBIX PACTBOpPAX JJIEKTPOJUTOB OH MPUMEHHUM K

OTPAaHUYEHHOMY YHCITY CITy4acB.

2) B 3-x (¢a3noit cucteme MeTalsl - Ta3 - DSJIEKTPOJIUT H3MEHEHUE

MMOTCHIMAIa 3JICKTpOoAa MPHUBOAUT K COOTBCTCTBYIOIIUM HM3MCHCHHAM O



Ha IpaHuUnC pasaciia METaJll - JJICKTPOJUT, a4 TAKKE YIjla CMadYWBaHHA
IMIy3bIPBKOM TI'a3a IOBCPXHOCTH MCETAJLIA. Ha »Tom MNPpUHOUIIC OCHOBAHO
OMpCACJICHNUC IOTCHIHAJIA HYJICBOIO 3apsAaaa II0 M3MCHCHHUIO KPacBOI'O
yriia B 3aBUCHUMOCTH OT IOTCHIHAJIA W HOJIApU3AlUU. OI[HaKO 10

TOYHOCTH 3TOT METOA YCTYIIACT MPCAbILAYIICMY.

3) Tak kak mpu mepexoAe yepe3 MOTEHLHAN HYJECBOTO 3apsiaa MPOUCXOIUT

nepe3apsika MeTAUIMYeCKOU (a3bl 1 HOHHOM O0OJIOYKH JBOMHOTO CIIOS,
TO HCTOJIb30BAaHUE ITOTO SIBICHHS MO3BOJUIIO pa3padoTaTh psa METOJOB
ONpeAeseHnus  MNOTEHUHaJla  HEPAaBHOMEPHOIO  3apsma - 10
AJIEKTPOCTATUYECKOMN aIcCOPOIIMH UOHOB, 1O OTKJIOHEHUIO METAJNTUYECKOM
HUTHU B T0JI€ TOCTOSIHHOTO II0Ka WJIM IO BECy MaJalollnX Kaneib, OJHAKO

TOYHOCTDH 3THUX MCTOAOB OTHOCUTCIbHO HEBCIIMKA.

4) HOTGHI_II/IEUI HYJICBOI'O 3apsja MHOrAa HaxO/IdAT IO KPHUBBIM 3apsAKCHUS.

3aBHUCHUMOCTD IMOTCHIHAJIa OT KOJIMYCCTBA JJICKTPHUUCCTBA, IIPOIIYIICHHOI'O
qcpe3 HACAJIBHO HOHHpHSyeMBIﬁ 9JICKTPOZ, MO3BOJIACT YCTAHOBUTDH

CMKOCTD JJICKTpOAa, 4, CJICA0OBATCIIbHO, U ITIOTCHI XA HYJICBOTO 3apsaa.

5)OnuH W3  METOJOB  OCHOBAaH HA  MCCJENOBAaHUM  ajcopOuuu

MOTEHIUATIONPEACISIONUX HOHOB. B HyneBoM pacTBope (pacTBOpHI C
TaKOM KOHLICHTPALUHH 3JICKTPOJIUTA, IPU KOTOPBIX XMMHYECKHUE NOHOB B
MeTaJlJIe M pPAcTBOPE OJIMHAKOBBI) HET HU TMOJIOKUTENbHBIC, HHU
oTpuliatenbHbie ancopOmuu. IloaToMy mnoTeHIuMan, KOTOpbid Oyaer
YCTAHABIMBATbCSI HAa METAJUNIE B TAaKOM pPACTBOPE, COOTBETCTBYET

MOTEHIMAy HYJIEBOIO 3apsjaa.

6) Meton usmepenuss audPy3HOM €MKOCTH ABOMHOTO AJIECKTPOHHOTO CJIOS

Cd, koTopast paBHa MPOU3BOIHOM 3apsiia O MOTECHINATY:

401051

ca -4
qE
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ca-4__do 3)

dE dE*



YpaBHEeHHE TIO3BOJISIET MO KPHUBU3HE JJIEKTPOKANMJUIIPHOW KPHUBOM

paccuntath Cd.

[loTennuan, oTBeyaromleil min 3HAYEHHI0 €MKOCTH, COOTBETCTBYET
MIOTEHLMANy HYJIEBOTO 3apsaa. OTOT METOX II0 TOYHOCTH JIMIIb HEMHOTUM
YCTYIIAeT METOAY JJIEKTPOKAIIWIIAPHBIX KPUBBIX U IPUTOLNEH I JKUAKUX HU

TBEPABIX MCTAJLJIIOB.

7) Pebungep ¢ coTpyaHUKaMu pa3paboTail METOJ «MaKCHUMalbHOMI
TBEPAOCTU», WIH «MAsITHUKOBBIA METOI», NO3BOJISIIOIINI BeChbMa
NpUONKEHHO ompeaenseTcs ¢y [lpu 3TOM H3ydaeTcss 3aBUCUMOCTH
TBEPAOCTU METAIIa OT MOTEHIMAaNa, KOTOPbIA COBEPIICHHO HJICHTHUYHA
3aBucumoctu 6=f(¢). [lpunnun metona mpoct. Ha uccnenyemsprit Mmetasmn
HAHOCHUT KaIUII0 pAcTBOpA JJIEKTPOJIUTA, B KOTOPOM OIYCKAIOT KalHWILUIAP
KaJOMEIBHOIO 3JIEKTPOJa CpaBHEHHs. B mporecce mnossipusanuu
TBEPAOCTh METAJUIA OMNPEICIAT [0 aMIUIMTYAE Lapararouero €ro
MMOBEPXHOCTh MAsATHUKA C AJIMAa3HOU UTJIOM.

8) OLEHUTh BEIMYMHY MOTEHUHAIA Oy, MOXKHO MCIIOJb3ysl YpPaBHEHHE,
npennoxeHHoe OpyMKUHBIM:

p,=A.—4,75
rae A. - paboTa BbIXoa 3J€KTpOHA U3 MeTalia,

4,75 - uyucneHHbId KOIPPUUIHUEHT, PU3HMUECKUM CMBICT U METOJ OLEHKH,
KOTOPOT'O MO>XHO BBISICHUTbB, PACCMOTPEB CBA3b MEKY @y U GU3UKO-XUMUUYECKUMU

XapaKTCPUCTHUKAaMH MCTAJLIIOB.

EMKoCTBL 1BOMHOIO IJINIEKTPHYECKOIo CJI0.

JIBOMHOM 3yeKTpUYecKuil cioi B | mpubanKeHnu MOXHO pacCcMaTpPUBATh B
BHUJIE KOHJIEHcaTopa c¢ ynenbHou eMkoctu C. Ilpu onmpeneneHHbIX YCIOBHSX 3Ty

CMKOCTb MOXHO HMU3MCPUTh MW MCIIOJIB30BATh I MHTCPIPCTALlMN CBOMCTB



HBOﬁHOFO cliosa. Merton U3MCPCHUA CMKOCTH IIPUMCHCHHA K KUJAKHM W TBCPAbIM
QJICKTpOaAaM. On MMPUBOAUT HCIIOCPCACTBCHHO K OIIPCACICHUIO CMKOCTH I[BOfIHOFO
CJI0d, €CJIM MMOABOJUMOC K JJICKTPOAY JJICKTPHUYCCTBO 3aTPauuBaACTCA TOJIBKO Ha
HU3MCHCHHUC 3apsa IOBCPXHOCTH (, T.C. HAa JJICKTPOAC IIPHU 3aJaHHOM IMOTCHIHAJIC
HC IIPOTCKACT XHMMHUYCCKad PCAKIUA. Takoii QJICKTPOA HA3BIBACTCA HACAJIBHO

MMOJISIPU3YyCMBIM.

N3mepenue €MKOCTH JBOMHOTO CJIOS COCTOMT B TOM, YTO DJJIEKTPOIY
cooOmaercs HeOOJbIIOe KOJUYECTBO JJIEKTpUYeCcTBA AQ, KOTOPOE BBI3BIBAECT

Majioe n3MeHenue nmoreHnuana AE.

Ecnu snextpon BeaeT ceOst Kak UACaIbHO MOJSIPU3YEMBIM, TO OTHOIICHUE

A d, o

qud—gzc onpeacaeT CMKOCTb ABOHMHOI'O JJICKTPHYCCKOI'O CIIOA. Ecim xe
QJICKTPOA HC ABJEICTCA HACAIBHO - IMOJPU3YCMBIM, TO 4YaCTbh IMOABCACHHOI'O
QJICKTPUYICCTBA 3aTPavdMBACTCA HA JJICKTPOXMMHYCCKYIO PCAKIHIO W OTHOIICHHUC

A o o
Eq, Ha3bIBACMOC IIOJIAPU3allMOHHOM CMKOCTBIO, HC pPABHO CMKOCTH JABOHWHOIO

cnosi. Beiaenenue nocneaHerd U3 MOJSIPU3YEMOM €MKOCTH BO3MOXKHO JIMIIb IPU

KOJIMYECTBEHHOM yueTe (apajieeBCKOro mpoliecca.

N3mepeHue €eMKOCTHM MOKHO MPUBOJUTH Pa3HOOOPa3HBIMH IpPUEMaMHU.

Hauboiee Tounble HN3MCPCHHUA ITIO3BOJIAIOT IMIPOBECTHU MOCT IICPEMECHHOI'O TOKA.



R,

R,

KB

2 - BCIOMOTATEIbHBIN JEKTPOSI.
3 - 3JIEKTPOJ] CPAaBHEHUS.

KB - xaTtoaHbIii BOTBTMETP.

J1 - mpoccens.

P - ACIUTCIIb HAIIPSAKCHUA.

r - re’Heparop

CUHYCOHUIAIIBHOTO
HaNPSDKEHUS.

RiR; - ‘3TaJIOHHBIC
COIPOTHUBJICHUS.

O - kaToaHbIN ociuyorpad.
RM,Cy - Marasussi ... ....

S - dIexTpoXUMHUYECKas

sTYEUKA.

1 - pabGouuii 37eKTPOT

Tak kak JBOMHOMN AIEKTPOHHBIN CIIOW 00pa3yeTcsi U Ha UCCIEAYEMOM, U Ha

BCIIOMOI'aTCJIIbHBIX JJICKTPOOdax, TO IIPpHU OaJlaHce MOCTa PTaJIOHHAsA €MKOCTh ABYX

3JIEKTPOJax, U, CJIeI0BATEILHO,

1 _ 1 1
Je. = Jet Ve

rie Cy C;, - o0OmMe €eMKOCTH HCCIEeIyeMOro M BCIIOMOTaTeIbHOTO

AIEKTPOJIOB.

BcnomorarenbHbli 351€KTPOi 00BIYHO BBIOMPAIOT CO 3HAYUTENBHO OOJBIION

IJIOIIA/IbI0 MOBEPXHOCTU CPABHEHUIO C MOCHEAYIOMMM, Tak, 4To0bl C,<<Cj,.

IIpu 3Tom ycnoBun u3 ypaBHeHus C,~Cy conpoTuBieHUE Mara3uHa R, B yciaoBusax



Oajanca MOCTa KOMIICHCUPYET CONpPOTHUBJIEHUE pacTBOpa B HU3MEPUTEIBHOMN

STYEUKE.

Merton wu3MepeHUs €MKOCTH JBOMHOTO CJIOS TO3BOJISIET OIPEIEIUTh
ITOTEHIIAAJ HYJIEBOTO 3apsia, 3aBUCHUMOCTb 3apsiaa dJEKTpoAa OT €ro MoTeHIHaa,
C TOYHOCTBIO JI0 KOHCTAHTBl pacCUUTaTh CEpU0 G ,E - KPUBBIX U ONPEACITUTH
MOBEPXHOCTHYIO KOHIEHTPAIMIO CIIEU(PUUESCKUM aJICOPOIIUI0O NOHOB U MOJEKYIL.
Pa3paboTka UM SKCIEpUMEHTabHAs TMPOBEPKA METOJIa H3MEPEHUS EMKOCTHU
MPOBOJAMIINCH HA PTYTHOM 3JIeKTpone. B manbHeilnem 3TOT MeTOJ ObLI IIHPOKO
WCTIOJIB30BAH ISl M3YUYEHHS] JBOWHOTO 3JIEKTPUYECKOrO CJOSl HA JJIEKTPOJax W3

BUCMYTa, Pb, cyppMbl, o5ioBa, Tanmmus, Zn, Ag, Cu, Au, U Ipyrux MeTaJjoB.

OcHoOBHBIE MO/Ie/IbHbIE npeacraBjacHus 0 CTPOCHHUH
JABOIHOI0 IIIEKTPHYECCKOI' 0O CJI0s.

MopenbHble TpPEACTaBICHUS O CTPOCHHHU JBOWHOIO CJIOS HA TpaHUle
ANEKTPOJ - PacTBOp Pa3BUBAJIUCh B TEUEHHE IUTENbHOro BpemeHu. llepmas
pabota orHocutTcs K 1853 romy, korma ['enbmronbll sl ONHMCAHUS TPAHUIIBI
MEXKy JJIEKTPOJOM M PACTBOPOM MPEIJIONKUI MOJENb MIOCKOTr0 KOHJIeHCaTopa.
CornacHo Teopuu ['enbMrobia, K CJIO0 3aps0B HA METAJIE KECTKO MPUTSHYTHI
MOHBI MPOTUBOIOJIOKHOTO 3HAKa, TaK 4YTO JIBOMHOW CJIOM mpencTaBisieT coOoi
CBOEOOPA3HbIN MIOCKUH KOHJIEHCATOP C OYE€Hb MAJIBIM PACCTOSIHUEM MEXIY €ro
ooknaakamu (d wmonekyn H,O). Dta Teopus mnpeackasbpiBaia MpPaBUIbHBIC
MOBEPXHOCTH TOPSAJKY BEIUYMHBI €MKOCTH JIBOMHOTO CJIOS, OOBsACHsIa (opMmy
ANEKTPOKAMWISPHBIX KPUBBIX, HO HE MOrja OOBSICHUTHh 3aBUCUMOCTH U

IOTPAHUYHOI'O HATAKCHHUA OT KOHICHTPAIWHU JICKTPOJINUTA U t.

B 1910 rony I'yu u He3aBucumo ot Hero B 1913 rogy 'anmen npenoxunm
teoputo nuddysHoro cnosi. B reopuu ['yu - YaminHa noHbI paccMaTpUBAIUCh Kak
MAaTEMAaTH4YECKUE TOYKH, KOTOPBIE HAXOOATCA TMOJA JACHCTBUEM TEILIOBOTO

ABHMOKCHHUA W OJHOBPCMCHHO IIPUTATHBAIOTCA MM OTTAJIKHMBAIOTCA 3apHX(GHHOﬁ



MOBEPXHOCTBIO DJIEKTPOJA MATEMAaTUYECKU 3TA TEOPUSA MOCTPOCHA TaK K€, KaK U
teopus [-T. Opnako B Teopuum I'ym - YamimHa paccMaTpuBalioOCh BIIMSTHHUE
ANEKTPUYECKOTO0 MOJs TOJIBKO BIOJAb OJHOM KoopauHaThl (L TMOBEpPXHOCTH
ANEKTPO/Ia) 3TO 0OCTOATENHCTBO YIPOIIAIO 3a7ja4y U MO3BOJIWIO MOJIYUYUTh TOUHOE
pewiennu ypasHenus llepeccona - bonpmana.

2 F F
d (f S < exp[—ﬁj
dx EE T RT

rac¢ ¢x - HNOTCHIHAJI B HpCAciiax ﬂBOﬁHOFO QJICKTPOHHOI'O CJIOA Ha

PaCcCTOAHHUHA X OT IIOBCPXHOCTH MCTAJLIA.

Teopust I'yn - YanmHa kKauecTBEHHO OOBSICHSNIA 3aBUCUMOCTh €MKOCTU U

0
MOrPAaHUYHOIO HATSDKEHUS OT TNOXYHTpPAaeHUW »diekTpoiuta u t. OpgHako
KOJINYECTBEHHBIN PACUET EMKOCTH JIBOMHOIO CJIOS MMOBEPXHOCTHU 3TOW TEOPUU IPHU

¢, = |BIPUBOJIWI K BEIMYMHAM, KOTOPBIE Ha 7-9 MOPSAKOB NPEBBIIIAIN ONBITHBIC

3HA4YEeHUSI. DTOT Pe3yJbTaT ObLI CBSI3aH C JOMYIIEHUEM TEOPUU O TOM, YTO HOHBI
MPECTABISAIOT COOOM YaCTHUIBI TOYEYHOTO pa3Mepa, a MOTOMY MOTYT O€CKOHEYHO

OJIM3KO TTOAXOIUTH K TOBEPXHOCTH JIEKTPOA.

B 1924 rony lltepH yuyen cOOCTBEHHbIE pa3Mepbl HOHOB, CO3/1aB TEOPHIO,
aHAJOTUYHOMY BTOpoMYy mpuoOmmkeHuto teopun J-T. OqHOBpEMEHHO B TEOpPUU
[IITepHa ObUIM YYTEHBI CHIIBI HEINEKTPOCTATUYECKOTO B3aUMOJIECHCTBUS HMOHOB C
METAJUIOM, 4YTO TMO3BOJHJIO WHTEPIPETUPOBATH SIBICHHS, CBSI3aHHBIE CO
cnenuduueckoi agcopouru noHoB. COBpeMEHHbIE TEOPETUUECKUE MTPECTABICHUS
O JIBOMHOM 3JIEKTPUYECKOM ciioe 0a3upyrorcst Ha ocHOBHOM mojenu IlltepHa, HO
COAEpKaT PSAJ YCOBEPIIECHCTBOBAaHMM, KOTOpPbIE BHECEHbI B Teoputo llltepHa B
nocieanue roael (Opymkun, Iptaep, I'pam u T.4.). [Ipeanonaraercs, 4to qBOHHON
ANIEKTPOHHBIN CIIOM COCTOUT U3 ABYX YACTEH: MIOTHOTO U AU Py3HOro, KOTOPHIE
pa3deneHbl  IUIOCKOCTBIO  X= ,,  HA3bIBAEMOM  BHEIIHEH  IIOCKOCTHIO

I'eabMroasuna.
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X - BHYTPEHHsS IUIOCKOCTH ['enbmromnepa,
X, - BHEIIHSS MJIOCKOCTh I 'eIbMrobla,
A - 3¢ dexTuBHas TonmuHa 1u@EGy3HOro CIos.

TonmmuHa IUIOTHOTO CJIOS paBHA PainyCy ... HOHOB (x2;3+4A), a ero
JUAJIEKTPUYECKash TOCTOSIHHAS 3HAUUTEIBHO HUKE AUDIICKTPUUECKON MOCTOSHHON
B o00beMe pacTBopa & << & »9TO  OOYCIIOBJIIEHO OpHEHTalMeld JIUIOJCH

pacTBOpUTENSL B IUIOTHOM CIIO€ KakK IMOJ ACHCTBUEM JJIEKTPUYECKOrO IOJIA
ANIEKTPO/A, TaK U B pe3yibTaTe UX cruenuuku B3auMoaehcTBus ¢ metamuioM. [lpu
OTCYTCTBUU crieliupruueckoil aacopOunr MOHOB MaJICHHE MOTEHIMala B MJIOTHOM

CJI0€ JTUHEHWHOE.

B nuddy3noMm crnoe HanmpsKEHHOCTh AIEKTPUUECKOTO MOJISI 3HAYUTEIBHO
MEHbIIIE, a TOTOMY JAMRJIEKTPUYECKash MOCTOSIHHAs MPUOJM3UTENIHLHO paBHA
TUPJIEKTPUIECKON TIOCTOSHHOM B 00BEME pacTBOpa (52 ~& p). TommmuHa

mudPy3HOro Ci0si TeopeTHdecku OO, HO MPAKTUYECKH BBOAST HEKOTOPYIO



3 (EKTUBHYIO TOJIIMHY, aHAJIOTMYHYI J3()PEKTUBHOMY paauycy HOHOB

aTMocdepa:

f RT 0
A= 8(’8;2 sech v F
2¢cF 2RT

0 o
Y - NOTCHIOMWAJI BHCIIHCH IIJIOCKOCTHU FCJ’IBMFOJ’IBH&.

Orta ¢opmyna BbiTekaeT U3 Teopuu ['ym - [enpMronbia ¢ 3amMeHOMN
MOTEHIIMANAa AIEKTPOAa Py MOTEHIMAIOM BHEIIHEW MmiockocTu ['eapMroybia .
N3 »sTOil ke Teopuwm cieayer, YTO MajeHue mnoreHiumaia B auddy3Hom B |

MPUOIMKEHUN TPOUCXOUT MO IKCIIOHEHIIUATBLHOMY 3aKOHY.

DONeKTpUYeCKue  I[EHTPhl  HOHOB, KOTOpble  HE  aJAcopOUpYyOTCS
Ienbmronbpuem. OOmMI  3apsa 3TUX HMOHOB, NPUXOISAIIUMNACS HA EIUHUILY
MOBEPXHOCTH, 0003HAYAIOT (. Crenuduyecku aacopOUpyromKecss HOHbI BXOASAT
BHYTPh IUIOTHOTO CJIOS, YAaCTHUYHO JENEeAPATHPYSACh CO CTOPOHBI MeETala.
[InockocTh, Ha KOTOPOHM JOKAMU3YACh JJIEKTPUUYECKHE LIEHTPHI ClenupuuecKu
a7cOpOUpPOBAHHBIX HOHOB (X% |), HA3bIBAIOTCA BHYTPEHHEW IJIOCKOCTHIO
['enbmronbua. 3apsan cnenuduuecku aacopOUPOBAHHBIX UOHOB () CBA3AHHBIX C MX

MMOBEPXHOCTHOM KOHIEHTPALIMEN Aj COOTHOIIEHUEM:
q, = Z,F4,
rjae Z; - 3apsj cnenuduuecku afcopoOMpoBaHHOTO MOHA C YUE€TOM 3HaKa.

N3 ycnoBHS 3IEKTPOHEUTPAIBHOCTH T'PAHULBI pas3fena CIEAYET, YTO 3apsii

IMOBCPXHOCTH IJICKTPOJa

q=~(q,+q,)

Benmnuunbel @ U A; MOXHO ONpENENUTh W3 ONBITHBIX JaHHBIX. Takum
00pa3oM, OMBITHOMY OMPENEICHUI0 CTAHOBUTCS JOCTYHEH U 3apsan nuddy3Horo
CJIOSI TIO3BOJIAET CBSI3aTh BEJIWYMHY (p C MOTEHIHUAIOM BHEIIHEH TIOCKOCTH

FCJ'IBMFOJ'H)L[a M C KOHIOCHTPAII MOHOB!
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3aBHUCHUMOCTD Yo - HIOTCHIOMAJIa OT KOHICHTPAIHUU ITOKAa3bIBACT, YTO C pOCTOM

KOHIICHTpAIIMU a0COJIIOTHAS BEJIMYHMHA /g YMEHbIIIAETCSI.

3HaK MOTeHIIMAaNa BHEIIHEH MIOCKOCTH I'enbMIojiblla COBMAIaeT CO 3HAKOM
BennuuHbl (q+q;). Ecmum q u q; uMeloT pasHele 3HaKH, a |gq|>|g,|, TO W, -
MOTEHIIMAl MMEET 3HaK, NPOTUBOMOJOXKHBIA 3HAKYy 3apsja IOBEPXHOCTHU
anekTpoaa. B aTux ycnoBusix cnenmduyeckas aacopOlus HOHOB MPUBOAIT K
nepe3apsike MOBEPXHOCTHU. SIBIeHUE Tepe3apsIKd HaOM0aeTcs MpH aacopOIiuu
oonpmmmHcTBAa I[IA aHMOHOB Ha TMOJIOKUTENBHO 3apsSKEHHON IMOBEPXHOCTH
anekTpona. Pacyer moTeHnuana BHYTpeHHEH miockoctu [enbmrombia (o) B

YCIOBUSX crienu(PuiecKon aacopoiuu.

Ecou cnemmduueckas aacopOuust uoHOB oTcyTcTBYeT (q;=0), TO qQ=-Q2 U

nuOyHIMPOBAHMEM TMOBEPXHOCTH 3apsAay TOXKIECTBA ¢, = (@, —w, )+, JErKO

MOJIYYIHTh ISl EMKOCTH ABOMHOTO cos C:
1/ -1 1
o= e e,
rae C,=dq/d(po-yo) - EMKOCTH TJIOTHOTO CIOs

C,=dqy/dwyy - eMkocTh nuddy3HOTrO Cr1os

Takum oOpazom, Ipu OTCYTCTBUU CrieIU(PUIECKON aacoOpOIi HOHOB JTBOMHON

BHGKTpI/I‘-IeCKI/Iﬁ clioit MOJCIUPYECTCA ABYMA IMOCICAOBATCIBbHO COCIWHCHHBIMU



KOHACHCATOpaMH, EMKOCTb OJHOI'O U3 KOTOPBIX MOKHO PACCUYUTATh TCOPCTUUCCKHU

B 3aBUCHMOCTH OT 3apiaaa JCKTpoaa =-(p U KOHIHCHTPAINH 3JICKTPOJINTA.

B mnpunaroii B Hamie BpeMs MOJEIM JIBOMHOTO CJOSI HE YYUTHIBAETCS
YaCTUYHBIM TepeHoC 3apsana npu crneruduyueckorl ajacopOUUM HOHOB, T. €.,
MpEANoiaraeTcs, 4To cnenuduuecKkd ajcopOMpOBaHHBIE MOHBI COXPAHSIOT CBOMU
LETTOUYKCIICHHBIN 3apsijl, XapaKTepHbIN 451 00bema pacTBopa. B nelicTBUTEILHOCTH
3TO MPEANOJOKEHNE HE coONofaeTcs, Koraa crnenuduyeckas aacopOuus HOHOB
oOycnoBieHa oOpa3oBaHMEM KOBAJIGHTHOW CBSI3M MEXAY OSTUMHU HMOHAMHU U
MOBEPXHOCThI0O  MeTayuia.  Eciam  cneunuduueckass — ajgcopOiusi ~ MOHOB
COMPOBOXKJIAETCSI YACTUYHBIM MEPEHOCOM 3apsijia, TO OMPENEIeTCs] MOBEPXHOCTU
ypaBHeHuto JlunMana q npencrtaBisieT coOOW He MCTHUHHBIN (CBOOOIHBIN) 3apsn
MOBEPXHOCTH  METajyla, a  XapakTepu3yeT TaK  Ha3bIBA€MbI  IMOJIHBIN

(TepMOIMHAMUYECKHUI) 3apsi/l dJEKTPOIa.

[Tomuplil  3apsa  3JEKTPOAA, MOXKHO  ONPEACIUTh KakK  KOJHMYECTBO
DJISKTPUYECTBA, KOTOPOE€ HYKHO IOJABECTU K DJICKTPOAY IIPU YBEIHUYECHHU €Tr0
MOBEPXHOCTH HAa €IMHUILY JJIs TOrO, YTOOBI Pa3HOCTh MOTEHIHUAIIOB HA TPaHUIIE
DJIEKTPOJ - PacTBOP OCTAJOCH const mMpu const XUMHYECKUX ITIOTCHIIMAJIOB BCEX

KOMIIOHEHTOB pacTBOpa UMeeT (ha3bl.
BOITPOCHI JJ51 CAMOIIOAT'OTOBKMU:

1. Jlma  xako w3  oOmacTed:  TEPMOJMHAMUKH  WIM  KUHETUKU
ANEKTPOXUMHUYECKHUX MPOIECCOB HEOOXOIUMBI MPEACTABICHUS O CTPOCHUU
JIBOMHOI'O 3JIEKTPUUECKOTO CIIOSI?

2. Pacckaxxure 0 MPUHLMIIHAIBHOCTA YCTPOMUCTBE KAMMIUISIPHOTO AJIEKTPOJIATA
JlunmnMaHa W OCHOBHBIX YCJIOBHSIX, KOTOpPBIE TIIPU O3TOM JIOJIKHBI
BBITIOJIHATHCA.

3. Kakol noTeHIman HOCUT Ha3BaHHUE «IOTEHIIMANIA HYJIEBOrO 3apsaaan?

4. OOBSICHUTE XOJ1 PIEKTPOKATUIUISIPHOU KPUBOM.



5. UeM otnuuaetrcs nuddepeHimanbias eMKOCTh JABOMHOTO 3JEKTPUUECKOTO
CJI0S1 OT UHTETPAJIbHOM ?

6. YKOKUTE MNPUMEPHO KAaKOrO TMOpPSAKAa BEJIMYMHA EMKOCTH JIBOMHOIO
AIEKTPUYECKOTO CIIOSI.

7. llepeuncnure OCHOBHBIE METOJIBI OIPEACIICHUS NOTEHUHANIA HYJIEBOIrO
3apsja.

8. B kakux enuHuIAaxXx uU3MepAETCs €MKOCTh? KakOBbI COOTHOLICHUS MEXIY
HUMHA?

9. KakoBbI OCHOBHBIE TIOJI0KEHUS Teopuu [ enbmromnpia’?

10. Ykaxkute (akTopbl, OT KOTOPHIX 3aBUCUT TOJIIMHA JBOWHOIO
TEJIbMIOJIBLIOBCKOTO CIIOSI.

11. KakoBbI OCHOBHBIE MOJIOXKEHUS Teopuu ['yn - Harnmmua?

12. KakoBbI OCHOBHBIE MOJIOXKEHUS Teopuu LlITepHa.

13. EcTp nu paznuuue B TepMuHAX: «AUPPYy3HBIIN» U «AudPy3nOHHBINY» CII0M
pacTtBopa?

14. Bmusiet nmu nmotenuan auddysHoit yactu JJ9C Ha KOHIIEHTpAIMIO HOHOB B

IJIOTHOM YacTu?

JIMTEPATYPA.

1. {Tamackun b.b. OA Ilerpuii. BBeneHue B 3JIEKTPOXMMHYECKYIO KUHETHKY;
Beicmrasg mkosa, M. 1975. Crp. 31-33; 105-108, 108-114; 114-118.
2. AutponoB JI.M. Teopernueckas snekrpoxumusd. M.: Beicmias mikona, ctTp.

265-275 (1969); 284-294 (1975)



JIEKIUSA 12. ABJTEHUE ITOJIAPU3AIIUUA DJIEKTPOOB.

Homzpus’auuﬂ 3JZ€Kmp0506,' KOHlxleHmpaLﬁ/lOHHaﬂ U XumuveckKas noAaApusayusl,
60]1bM-AMNEPHAA KPpUBAs, NOMEHYUAJl pA3T10HCEHUA, 9.0.cC. PA3N0IHCEHUA,

noasapoepaghus; ypaeuenue Mnovnoguuya.

HOJIHpI/I3a]_lI/ISI JICKTPOA0B H €€ IPUYHHBI. KOHHeHTpaHHOHHaH H

XMMHUYIECCKasA MoJasApu3anusi. IHorenmman Pa3JI0KCHU. Honﬂporpa(l)nﬂ.

XumMuuyeckas moJisipu3anus.

[Ipu mnpakTUUYECKOM HCHOJIB30BAHUM TallbBAHUYECKUX IIeNedl OT HHUx
OTOMPAIOT 3HAYUTENbHBIE TOYKH, MO3TOMY HX 3.1.C. MEHbIIE PaBHOBECHOMU
BCIIC/ICTBME HApyIICHUS PABHOBECHOTO COCTOSIHUSI JJIEKTPOJOB, a TaKxke
BCJIEJICTBUE OMMYECKOTO COMPOTUBICHUS pacTBOpa. PaBHOBECHOE COCTOSIHUE
AIEKTPOJOB HApYIIAETCS M B MpoIlecce, 0OpaTHOM TOMY, KOTOPBI MPOTEKAET B
raJibBaHUYECKUX BJIEMEHTaX, a UMEHHO, MpHU 3jeKTponn3e. B mocnennem ciyyae
BO3MOKHBI OYEHb OOJIBIINE OTKJIOHEHUS 3JIEKTPOJOB OT PABHOBECHOI'O COCTOSIHUS,

T.K. Ha MPAKTHUKE Y€PE3 PACTBOPHI HACTO MPOIMYCKAIOT TOK 3HAYUTEIIbHON CUJIBI.

st pa3paboTKu ONTUMAJIBHBIX YCIOBUM WCII0JIb30BaHUSA
ANEKTPOXUMHUYECKUX CUCTEM, 00ECIEUHNBAIOIINX MMOTYyUYECHHE OT TaJlbBaHUUECKOTO.
AJIEMEHTa max. KOJUYECTBA JJIEKTPUUYECKOW SHEPrUU WM min. €€ MOoTpeOIeHus
MpU BJIEKTPOIN3e, HEOOXOAMMO BBIICHUTH MPUPOAY M MEXaHU3M H3MEHEHUU
ANEKTPUYECKUX XAPAKTEPUCTUK ... CHUCTEM, HPOUCXOIAIIMX NPU MPOXOXKICHUU

4Cpe3 HUK TOKaA.

JIrobast >JIEKTPOXMMHYECKAs PEAKIUS — ITO CIOXKHBIM TeTEepOreHHbIN
MPOLECC, COCTOSIIIMNA U3 HECKOJBKUX MOCIEN0BaTENbHbIX cTaanil. Knnernka takux
IIPOLIECCOB, KakK OBLIO IOKa3aHO paHEE, OMPEIEISETCS CKOPOCThIO Hambosee

MEIJICHHON (JIMMUTHPYIOIIEH) U3 BCEX MOCIEAOBATEIbHBIX CTagui, KOTOpPHIC U



BBI3BIBAIOT HAPYIICHUE PABHOBECHOT'O COCTOSIHUS AJIEKTPOAOB, a, CIEAOBATEIBHO,
M U3MEHECHHE WX JJIEKTPUYECKUX XApPaKTEPUCTUK. BBIACHUTH mpupoay
JAMUTHUPYIOLIEN CTAINH JEKTPOXUMUYECKON PEAKIIMU — OJTHA U3 OCHOBHBIX 33/1a4

BHCKTpOXI/IMH‘lCCKOﬁ KHNHCTHUKHMH.

CoOBOKYNIHOCTh M3MEHEHHH, MPOMCXOASNIMX HAa JJIEKTPoAax B
pe3yJibTaTe NMPOXOKACHUS 4Yepe3 CHCTEeMY JIeKTPUUYECKOro TOKAa, HA3bIBAKOT
nojsipusanueil. DT U3MEHEHUS TEPMOJMHAMUKU B OOJIbIIEH WM MEHbIIECH
CTENEHU HEeOOpaTHUMBbI, OHM MOTYT UMETh KOHIEHTpP. UM XUMHUYECKYIO MPUPOJY.
SIBneHne MONSPU3AIMU IIEKTPOIOB 00YCIOBIEHO TEM, YTO B AIEKTPOIUTUUECKOU
SYEUKU (IIEKTPOIU3EpEe) MPU MNPOXOXKICHUU SIECKTPUUYECKOTO TOKA HEU30€XKHO
BO3HUKAET PAa3HOCTh MOTEHUMAJIOB MPOTHUBOMOJIOKHOTO 3HAKa MO OTHOUICHHIO K
3.4.C. pas3nnuHbl. WOeanbHO NOJSIPU3YIOIIHUECS 3IEKTPOIbl XapaKTEPU3YIOTCA
KpailHe HE3HAYUTEIbHBIMH TOKaMU OOMEHA, T.€. MPU MPAKTHUYECKOM OTCYTCTBUU
ANEKTPOXUMHUYECKONM PEaKUUH 3.4.C. B HUX BO3HHUKAET MPOCTO BCIEJICTBUE
(bu3MYEeCKOro mporecca 3apsaku 3JIEKTPOJOB OT BHEUIHETO0 UCTOYHUKA ToKa. Eciau
XK€ B CHCTEME BO3MOXEH »JJIEKTPOXMMUUYECKUN mpouecc (3IEKTPOIu3), TO
noyisipu3anusi, B | odepenb, 0OOyClIaBIMBAaeTCs BBIJACICHHUEM Ha 3JIEKTPOJAX

00pa3yromMXcs MPOTYKTOB.

Paccmotpum it mpuMepa mpoliiecc MPOXO0KICHUS MOCTOSSHHOTO TOKA 4epe3

aneMeHT Skoou- Jlanuens:

- Zn‘Zn *lcu*

(+)

I[Tpu paboTe 3TOro 3JIEMEHTA OKUCIIAETCS [IMHK:
Zn — Zn*" +2e

1 BOCCTAHABJINBACTCA MCIb.

Cu* +2e > Cu



[ToAKTFOYMM K 3JIEMEHTY BHEITHHA UCTOYHUK MTOCTOSTHHOTO TOKA TaK, YTOOBI
€ro OTPHUILATEIBHBIN MOIIOC OB COENMHEH ¢ KaTOA0M d3jieMeHTa (Zn). Ecim 3.1.c.
BHEITHET0 MCTOYHMKA ToKa E, OobIlie paBHOBECHOH 3.]1.C. caMoro sjieMenTa E, To
B CHCTEME TOWAET DSJEKTPOJn3, B pe3ylbTaTe KOTOPOTO Ha Karoie Oyner

BBIJACIIATHCS IUHK:

Zn*" +2e —> Zn
d Ha aHOAC - OKUCIISTBECA MCIb:
Cu — Cu™ +2e

Takum o0Opa3oMm, TMpu D3JIEKTPOJM3E HA KaToJle BCErja MPOUCXOAUT
OKHCIIEHHE, a Ha aHOJe BOCCTAaHOBJIEHUE (OOpaTHBIE MPOIECCHI, KOTOPHIE
MpOTEKaIH B pabOTAIOIIEM DJIEMEHTE).

B uenu ycranaBnuBaetrcs (QakTU4eckas pa3sHOCTh NoTeHiuanoB E;-E,
uayuias Ha MpeoIoJICHUE CONPOTUBIICHUS pacTBopa. CormacHo 3akoHy Oma, cuna

TOKa, MPOTEKAIOIIET0 Yepe3 pacTBOP MPHU ITOM.

rae R — oOmee comportuBieHue pactBopa. Ilpm snekTponmse B Jr000M
CHCTEME BO3HHMKAET TaJIbBAHWYECKUU 3JIEMEHT ¢ OOpaTHO HAIpaBJIICHHOW 3.1.C.
[ToaTOMY 3JIEKTPOIN3 MOKET CTAIMOHAPHO MPOTEKATh TOJIBKO B TOM ClIydae, €CIld
MPUJIOKEHHAsT K DJIGKTPOJaM pa3HOCTh IMOTEHIIMAJIIOB OOJIbIIE HEKOTOPOU
MHUHUMAJIbHON BEIWYHMHBI. PacCMOTpUM 3aBHUCUMOCTH PAa3HOCTH IMOTEHIMAIOB V,

TaK HAa3bIBAEMYIO KPUBYIO.

J-V
R Jlns 3TOro OmycTuM B
d HCTIBITYEMbII pacTBop,
Hanpumep, B pactBop HpSOy,
JBa TUIATUHOBBIX JJIEKTPOJa
. M  [OIBEAEM K  HUM
s >




HEOOJIBIITYIO Pa3HOCTh MOTEHIUAJIOB. ["anbBanOMETD, BKJTFOUEHHBIN
MOCJIE0BATENbHO, MOKAXET, UTO Yepe3 Ielb HauWHAET MPOTEKaTh TOK (CTpeJika
raJibBaHOMETpPA OTKJIOHUTCS OT HYJIEBOTO MojoxkeHus). OJIHaKO cujia TOKa OYEHb
OBICTPO YMEHBIIAETCA MPAKTHUUYECKU A0 HYyNIs. OJTO OOBACHSETCA TEM, YTO Ha
ANEKTPOJAaX  HAKAIUIMBAIOTCA  NPOJAYKTHl  DJIEKTPOJM3a M BO3HHUKAET
rajibBaHUYECKUH 3JIEMEHT ¢ 00OpaTHOM 3.1.C. (B paccMaTtpuBaeMoM citydae — O,-H,
AJEMEHT). D./1.C. ITOTO 3JEMEHTa BO3PAaCTaeT M0 MEPE YBEIWUYEHUSI KOHIIEHTpaIluu
MPOJYKTOB 3JIEKTPOJIM3a Ha AJIEKTPOAaX /10 T€X MOp, MOKa OHA HE CTAHET PaBHOMU
MPUJIOKEHHOW pa3HOCTU TNoTeHIuaioB. Torga cuia Toka ymana Obl 10 HYJS.
OO6pa3yromuecss MOPOAYKTHI 3JIEKTPOJIM3a BCErja YacTUYHO YHAISIOTCS C
ANEKTPOJOB B pe3yibrare aud@y3un, MO3ITOMY TMpU JHOOOM HANPSKEHUU
raibBaHOMETp OylIeT TMOKa3blBaTh HEKOTOPYIO HEOOJNBIIYI0 CHIy TOKa,
Ha3bIBAEMOT'0 OCTAaTOYHBIM TOKOM (ab). Cuia OCTaTOYHOrO TOKa 3aBHCUT OT
YCIOBUM OMNbITAa ¥, U B MEPBYIO OdYEpeab, OT MEpPEeMEIIMBaHMS pPacTBOpa, B
pe3yabTaTe KOTOPOTO MPOIYKTHI AJEKTPOIU3a ObICTPEE YAAISIOTCS C MOBEPXHOCTHU
ANEeKTpoAoB. Eciau yBenIWYUTh BHEUIHIOO 3.1.C., TO TaJbBAHOMETP MOKAXKET
BPEMEHHOE MOBBIIICHUE CUJIbI TOKA, KOTOPHIM 3aT€M CHOBA yHaAeT A0 HEOOIBIIOTO
3HaueHus. Tak OyJeT mpoJoKaThCA 0 TEX MOp, MOKAa MPHUIIOKEHHAs Pa3HOCThb
MOTEHIIMAJIOB HE JIOCTUTHET HEKOTOPOTO 3HA4YE€HUs, MPU KOTOPOM DIIEKTPOJbI
MOJIHOCTHIO ~ HACBITATCS  MPOAYKTaMH  DJIEKTPOJM3a, MO3TOMY 3.4.C. —
00pa3yromierocsi B pe3yabTaTe AIEKTPOJIN3a HIEMEHTA HE IOCTUTHET MPEAeIbHOTO
max. 3HaueHus. OOpa3zyromuecs: MOCjie ATOTO MPOAYKTHI DJIEKTPOJM3a YXKE HE
BIIMAIOT HA 3.].C. AJIEMEHTa, T.K. OHU OYJyT JUMOO BBIJCIATCS B BUAE IMY3BIPHKOB
raza, Ju0O OTJararbcsi Ha MOBEPXHOCTH 3ekTpona. Ilocine mocTmkeHust 3TOro
3HAQYECHUS PA3HOCTH IOTeHUUaNoB E,  Ha3pBaeMoOro 5.1.C. Pa3IOKEHH
ANEKTPOJINTA, HAUYMHAETCS  CTAllMOHAPHBIM  mporecc  anektponusza. [lpu
JalbHEUIIEM YBEIWYEHUU TMPUIIOKEHHOM PA3HOCTH MOTEHIMAIOB CHUJIa TOKa,

MPOTEKAIOIIETO YEPE3 PACTBOP, COTNIaCHO 3aKoHy OMa, OyAeT paBHa:



Ha kpuBoit BO3HHKAET TMHEUHBIN Y4acTOK be. DKCTpanoaupys 3TOT y4acTOK
J0 TepecedeHHus C OChblo abcuucc, Haxonmar 3HadeHue E,. Heorpanudennoe
YBEJIMYEHUE MPUTIAraeMbIi K 3JIEKTPOJaM Pa3HOCTU MOTEHIMAIOB HE MPUBOAUT K
0e3rpaHuYHOMY BO3pacTanuio J. DTO CBSI3aHO C TEM, YTO MPU OOJBIINX 3HAYCHUSIX
J y anexTpolla MOJHOCTBIO Pa3PSKAIOTCS HAXOASIIMECS B PAcTBOPE HOHBI, U
CKOPOCTB 3JIEKTPOJIM3a, ONpENesomas J, orpaHuunBaeTC NEPEHOCOM MOHOB W3
pacTtBopa K ayekTpony 3a cuerT auddysun. Cxopocth mauddy3uu sBiseTcs
MOCTOSAHHOM BeJNIMYMHOM, 3aBUcsAmMiA oT C pactBopa. CBONCTB MOHOB, BSI3KOCTH
cpempl, t° M MHTGHCHBHOCTH IEpPEMCIIMBAHHS pacTBopa. OHA HE 3aBHCHT OT
MPUIOKEHHOW Pa3HOCTU MOTEHIHMAIOB M MO3TOMY IMPU JIOCTATOYHO BBICOKUX
3HAYEHHUSIX V CUja TOKa CTAaHOBUTCA IIOCTOSAHHOM. OJTOT TOK HA3bIBAETCA

npcaAcJIbHbBIM TOKOM.

Takum oOpazom, XUMUYEcKasi MOJSIPU3ALMS IIEKTPOJOB 00YCIOBIEHA TEM,
YTO MPHU MPOXOXKJACHUU MOCTOSIHHOTO TOKA 4Yepe3 AJIEKTPOIUTHYECKYIO SUCHKY B
HEW BO3HUKACT TaJlbBAHWYECKHM BJEMEHT, 3.4.C. KOTOPOro HampasJieHA
MPOTUBOMOJIOKHO HAMPABJICHUIO 3.]1.C. BHEIIHETO HCTOYHUKA TOKa. Eciu Obl
ANEKTPOJIU3 MPOTEKAl TEPMOJUHAMUYECKH OOpaTUMO, TO 3.4.C. XUMHUYECKOU
nonsgpuzauuu E, Oplma Obl paBHa paBHOBECHOW J.4.C. 3TOro sieMeHTta E.
BcenenctBue ke HeOOpaTUMBIX CTaAWil TPU JJIEKTPOJIU3E HKCHEPUMEHTAIBLHO
U3MEPAEMOE 3HAa4EeHHE D.JA.C. pasilokeHHsd E, OOBIYHO HECKOJIBKO IPEBBIIIACT

BenuuuHy E. D10 00ycnaBnuBaeT siBieHUE TIEpeHANPSAKEHUS.

O.a.c. pasnoxenus E, g pacTBOpOB BCEX MHMHEPAIBHBIX KHCIOT
COAEpXKAIIMX KHUCIOT M IIEJIOYEeW NPUMEPHO OJMHAKOBA W paBHA IIpHU 20°C
E,=1,7B. D10 00BACHAETCA TEM, YTO B PACTBOPAX YKA3aHHBIX DJIEKTPOJIUTOB IIPH
AIEKTPOJIN3E MEXKIY MIANKUMU Pt — 3leKkTpoiaMu HAYT OJJMHAKOBBIE AIEKTPOIHbBIC
npoiieccol (Boiaenenue H, — katon, O, — anon). s pacTBOpOB coJieil 1mea0YHbIX
U LICJIOYHO3EMENBHBIX METaIoB 3Hauenue E, 6onee Beicokoe: Ex2,1-2,2B. OT10
yBEIUYEHHE OOYCJIOBJIEHO TEM, YTO MpPU DBJIEKTPOJIM3E TAKUX PACTBOPOB

MNPpOUCXOAUT IIOAKHCICHHC Y aHOJa MW IIoAICIaYMBAHMC Y KaToJa. S.I[.C.



Pa3JI0KEHUA IIEKTPOJINTA 3aBUCUT OT XApAKTEPA MPOTEKAIOIIUX MPU IICKTPOIU3E
3JEKTPOJHBIX TpoueccoB. Tak, s Coled, B COCTaB KOTOPBIX BXOJIWUT METAII,
CTOSIIIAN B pANy HanpshKeHUM npasee H, M mo3TOMy BBIACHSIONIMIKCS HA KaTOJE,

E, 3aBUCHUT OT IpUPOBI KaTHOHA ( E oo, = 0848, CuSO, -E, ~1.5B 1 T.J.)

BwMmecto ompeneneHus 3.14.C. pa3ioKeHUS MOXKHO HAXOJHUTh AHAJIOTUYHBIE
3HAYEHHUS I KaXKJOT0 U3 JJIEKTPOJOB B OTACIBHOCTU. DTH BEJIWYMHBI HA3bIBAIOT
NOTEHIMaJaMH pasnokeHus. E; siexkTponura paBHa anreOpandeckon cymMme
MOTEHIIMANIOB Pa3lIokKEeHUsl A o0eux 3JeKTpoAoB. [loTeHuuansl paznokeHus
ONPEAEISAIOT SKCIIEPUMEHTAIBHO, U3MEPSIST KOMIIEHCAITMOHHBIM METOJIOM Pa3HOCTh
MOTEHIIUAJIOB MEX/Iy MOJSAPU3YEMBIM JJIEKTPOJAOM U KaKUM — JIMOO 3JIEKTPOJIOM
cpaBHeHus. MHorma mis onpeAeneHrs NOTEHIHUATIOB PAa3JIOKECHUS MPUMEHSIOT
OPYTrOW, TaK HA3bIBAEMBIA KOMMYTATOPHBIM METOJ, MPU KOTOPOM YEPEAYIOT
BKJIFOUEHUE TOKA, BBI3BIBAIOIIETO MOJSPU3ALNIO, U LENH, U3MEPSAIONIEH CHITy TOKa
NoJisIpU3alui. JTUM  METOJIOM  MOJB3YIOTCS MPU  HU3YYEHHH  KUHETHKHU

BO3HHUKHOBCHUS IMOJIAPHU3ALINUH.
KOHHeHTpaHI/IOHHaH ImoJispu3anus.

[onstpu3zaius 3JI€KTPOAOB MPU SIEKTPOIU3E MOXKET BO3ZHUKATH B pE3yJIbTaTe
W3MEHEHHUSI KOHIICHTpAIlMd pPACTBOpA Yy HMX MOBEPXHOCTH (KOHIIEHTPAIMOHHAs
nossipu3anusi). PaccMOoTpuM TNpUYMHY KOHIEHTPAMOHHOM MOJspU3alud  Ha
npumMepe ekTpoausa pactsopa CuSO4 mexay nByms Cu — snekTpomamu. J.1.C.
XUMUYECKOU MOJIIpU3aLUKA B 3TOW CUCTEME PaBHO HYIIO, MOTOMY 3JIEKTPOJIU3 B
HEl, Ka3ajnoch Obl, MOXET MPOTEeKaTh NpH JOOO0H Pa3HOCTU MOTEHIUATIOB
BHEIIHETO0 UCTOYHMKA TOKa U. B 1eHCTBUTEILHOCTH OH MPOMCXOAUT JUIIb TOT/A,
Korja V mpeBbIIIaeT HEKOTOPOE MUHUMAJIBHOE 3HAYEHUE. DTO CBSI3aHO C TE€M, YTO
y KaToma B pe3ylbTate BoccTaHOBIeHHs Cu’  KOHIGHTpALHS PacTBOpPa MEHBIIIE,
yeM y aHoja. Pa3znuuue KOHIIEHTpaluyd HOHA Yy BJEKTPOJOB JIHIIL YaCTHUYHO
ycTpansercs Omaromaps auddy3sun. B pesyapTare 3TOrO  BO3HHUKAET
KOHIICHTPAIIMOHHBIM 3JEMEHT ¢ OOpaTHOM 1O OTHOIIEHUIO K BHEIIHEMY

HWCTOYHUKY TOKa 3.71.C. J{Jia pacuera BeIUYMHBI 0OpaTHOM 3.1.C., OOYCIOBICHHOU



KOHIICHTPAIIMOHHON MOJsSpu3aiuei, 10nycTumM, 4yTo npu snexrpoiuze CuSO, ObL1
MCIIO0JIb30BaH HEOOJIBIIONW KATOA U aHOJ C OY€Hb OOJIBIIION MOBEPXHOCTHIO, TAK YTO
koHeHTparuio Cu’’ BOIH3M aHOJA MOXHO CUHTATH HPAKTHYCCKH MOCTOSHHOIL.
[Ipy MOAKIIOYEHUU K DJIEKTPOJIM3EPY BHEIIHETO UCTOYHUKA TOKA C HEOOJbIION
5.4.c. HaumHaetcst paspsix Cu’’ Ha KaToge, M KOHIEHTDAIWS JTHX HOHOB B
HEMOCPEJCTBEHHOM OJIM30CTH OT JJIEKTPOJa yMEHbIaeTca. Bceneactue 3Toro B
pacTBOpe CO3JaeTcs IPaJueHT KOHIEHTpAUU U HauuHaeTcs TudQy3us HOHOB U3
o0beMa pacTBOpa K TMOBEPXHOCTHM Karoja. [lpm cTanumoHapHBIX YCJIOBHUSX
KOJIMYECTBO TPaMM-UOHOB, Pa3PAKAINMXCH HA KATO/le 32 eJMHUIY BpeMeHU U
onpeeJsIIOIIMX CHUJIY MPOTEKAONIEro TOKa, PABHO KOJU4Y€CTBY 3THX MOHOB,
NMOCTYNAKIIMX K 3JIeKTPoAy B pe3yJbrare AupPy3suu. CornacHo 3akony Duka,

ckopocTh A Py3un (Ipu CTAaMOHAPHBIX YCIOBUSIX):

w=ps< Cu
S

rae D — koaddunment audPpy3un noHOB,
S — momane KaTonaa,

C u C,, — KOHIIEHTpalHs MOTEHIUATIONPEEISIIONINX HOHOB B 00BbEME pacTBOpa

M Ha IMIOBCPXHOCTH IJICKTPOAA,

0 - rommwmHa gauddy3HOro ciuos, 3aBUCALlAs OT HMHTEHCUBHOCTH

MepeMEeIIMBaHUs PacTBOPA.
Cuna Toka, NPOTEKAOIIEr0 NPU CTALIMOHAPHBIX YCIOBUSX:
J =nFW
TJIe N — 3apsiJi MOHa
F —uucno ®@apanes

Ortcrona




rie 1 — IUIOTHOCTh Toka. [lo Mepe yBenuyeHus 1 KOHIIEHTPAIIMM HMOHOB Y
MOBEPXHOCTH KaToJla yMEHbINAETCS U TOCJi€ JOCTHXKEHHS HEKOTOPOro
MpeIeIbHOT0 3HAYEHUS 1., (TOK Hachimenus, C,=0). Torxaa:

_ nFD

; C
5

i

U —=1--

OTKy,[[a I CTaHHOHapHOﬁ KOHIOCHTPAIHMH IMOTCHIUAJIOIPCAC/IAIOMNX HMOHOB
IMOBCPXHOCTHU KAaTOdd, HAXOAUM:

C, = C(l —%j
loo

N3meHeHne KOHIIEHTpAIlMd MOHOB y KaToJ/la YMEHBIIAET ero noreHuuan. Eciu
710 TOJISIpU3aIMy MOTEeHUal kaToaa no gpopmyne HepHcra:

E=E, +E1nC
nF

TO B CTallMOHAPHOM MMOJIAAPHU30BaAHHOM COCTOsIHUN OH OIIpCACIACTCA

COOTHOIIICHUCM :
RT ]

AE =" In|1-—
nkF I

o]

D.I.C.  KOHIIEHTPAaUMOHHOM  TMOJSPHU3ALUM B  PEAIbHBIX  YCIOBHSIX
cKiIaabIBaeTcs u3 m3aMeHeHudt AE o6oux anektponoB. Ilomspuzaiius 31€KTpoa0B
YBEJIMYUBACTCA PACXOJ DJIEKTPUUYECKON DHEPTUU IIPU DJIEKTPOIU3E U YMEHBIIACT
3.1.C. UCTOYHHUKOB TOKa. [103TOMYy BaKHOW TEXHUYECKON 3aJadeil SBIISIETCA I10
BO3MOXHOCTH  CHU3WUTh  MOJSIPU3ALMIO  3JIEKTPOoaAOB.  KOHIEHTpamuoHHAs
MOJISIPU3alivsl MOXKET ObITh 3HAUYMTEIBLHO YMEHBIIEHA, €CJIU PAcTBOP AHEPTHYHO
MepeMENIMBaTh WIM Bpamarbh 3JeKTpoJbl. OOHAKO TMOJHOCTBI) YCTPAHUTH
KOHIICHTPAIIMOHHYIO TOJSPU3AIMI0 TaKUM CHOCOOOM HEBO3MOXHO, T.K. Y

AJIEKTPOJIOB BCErJa €CTh TOHYAWIIMK CJIOHM pacTBOpa, B KOTOPOM JKHAKOCTH



MpakTUYEeCKU He TnepeMemunBaeTcs. UToObl yMEHBIIUTH KOHIICHTPAIMOHHYIO
MOJISIPU3ALINIO, DJIEKTPOJU3 MPOBOASIT B HACHIIMICHHBIX PACTBOPAX C HU30OBITKOM
TBepJIOM (a3bl, 3TO K€ MPUMEHSIOT B HEKOTOPBIX DJIEMEHTax (KajaoM. DJIEMEHT).
JIist ycTpaHeHUs] XUMUUYECKON MOJsIpu3alid He0OXOJUMO MOJHOCThIO YIAJSATh C
ANEKTPOJAOB  MPOJIYKTBI ~ DJIEKTPOJM3a, MPUBOJAIINE K  BO3HUKHOBEHHIO
raJlbBaHMYECKOTO dJIeMeHTa ¢ oOpaTtHoM »3.1.c. C 3TOM 1ENbl0 NPUMEHSIOT
XUMUYECKUE JETNOoApU3aToOpbl. Tak, A JENospU3alid KaToJla HCIOJIb3YIOT
OKUCIIUTENHU, CBs3bIBatolMe Bbaemstomuiics O,. (MnO,,H,CrO,,utn). ns
JENOoJISIpU3allii aHOJla HeoO0X0oauMa, Hao0OpOT BOCCTAHOBHUTEINH, CBSI3bIBAIOIIUE
Boenstomuiicss O, (3TWIOBBIM CHUPT, KOTOPBIA HA aHOIE OKHCISIETCS 10
CH5COOH). Onnako aenonisipu3aTopbl MOJHOCTHIO HE YCTPAHSIOT MOJISIPU3AIIHIO,

KOTOpas BBI3bIBACTCA TAK KC PAAOM XUMHWUYCCKUX HeO6paTI/IMBIX IMponecCCoB.

Hoasiporpagus.

HccnenoBanre  KPUBBIX  HANPSOKEHUST  MOXHO — MCIOJIB30BaTh ISt
KAQUeCTBEHHOI'O0 M KOJMYECTBEHHOTO OIpEJEIeHUs] KOMIIOHEHTOB PacTBOPA.
OTOT MeTo, pazpaboTaHHbIN ['epOBCKUM, MOTYyYHII Ha3BaAHUE MOJISIpOrpaduu.
KpuBbie HampsikeHUs, HE OCJIOXHEHHbIE MOOOYHBIMU SIBICHUSIMU HMMEIOT
CBOCOOpa3HBIiA.

[loTeHunanbl BBIIETICHUS WOHOB OTIMYAIOTCS APYr OT Jpyra, MO3TOMY
KaXXJIbIA M3 HUX pa3psikasich Ha JIEKTPOJE J1aeT CBOIO BOJIHY (T.€. KPUBYIO THUIIA
abcd.) Ompenensst TONOXKEHHE 3THUX «BOJH» B CIHEHHAIBHOM MpuOOpe
(monsporpade) MOKHO YCTaHOBHUTH, KaKue MOHBI OBLIN B pacTBOpE (KauecTs.).

HeoOxoauMo yduThIBaTh, YTO MOTEHIIMANBI Hadajda M KOHIIA «BOJHBD) 3aBUCIT
HE TOJBKO OT MPHUPOJBI Pa3psHKAIOIIETOCS MOHA, HO U OT €ro KOHIEHTpaluu
(T.K. MOTEHIIHAJI METANTMYECKOTO AJIEKTPO/Ia 3aBUCUT OT aKTUBHOCTU €TI0 MOHOB
B pacTBope). MOXXHO, TMOKa3aTh, 4YTO MOTEHIMAI TOJYBOJHBI (T.€. Eip, mpu

o i
KOTOpO#l Ccuja TOKa, NPOTEKAIOIIEro 4Yepe3 pacTBOpP,=-2= ) HE 3aBUCUT OT
1

KOHIICHTPAIIMU Pa3psSKAIOMINXCSI HOHOB, a OJHO3HAYHO ONpEAeNIeTCs UuX
npuposior. Onpenensis 3HaueHust E;, Ha KpUBBIX HANPSOKEHUS MO TaOIUIaM,
HaxoJAT, KaKUM HMOHaM OHM oTBedaroT. K 3ToMy BkpaTiie CBOAUTCSA MPUHIIUI
KaueCTBEHHOM mosiporpadum.



NVl

Jlns  momsporpaduyueckoro
MeToja HEO0O0XO0IUMO
UCIIOJIB30BaTh JJIEKTPOJ, Ha
KOTOPOM
AIEKTPOXUMUYECKUI
MPOIIECC ~ BOCCTAHOBJICHUS
MOHOB  HE  OCJIOXKHSETCS
HEOOBIYHBIMU  SIBJICHUSIMU.

ITerpoBCckuit MIPUMEHUIT
PTYTHBI KaneJabHbIN
ANEKTPO.L (xaton) c

MOCTOSSHHO OOHOBIISIONICHCS TOBEPXHOCTHIO. B sueiike momsiporpada anon

HMCCT ILIOIAaAb HECPABHHMO 6OJ'H)I]_IYIO, 4€M KartoA. HOBTOMy IMPUI0KCHHAA

Pa3sHOCTDb IIOTCHIIMAJIOB

IMPaKTUYCCKH

IOJIHOCTBIO ~ pacxojyercss  Ha

MOJISAPU3AIIMI0 KaToJla W Ha MPEOJIOJICHHE COMPOTHUBJICHHUS pacTBopa (aHOA

MPAKTUYECKU HE MOISPUIYETCS ).
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Ecnu kadectBeHHass moissiporpadusi CBOAUTCA K OMNPENCICHUI0 3HAYEHUUN
MOTEHIIMAJ TOJIYBOJIH pPa3psDKAIOIIMXCA HMOHOB, TO KOJIMYECTBEHHOE UX
onpeneneHue TpeOyeT u3MEpPEHUs «BbICOTHI BOJIHBI», T.€. U3MEPEHUN CUIIbI TOKA

HACBIIEHUS J,,, KOTOpPBIA COOTBETCTBYET paspsay AaHHOro HoHa. COriIacHoO

YPaBHEHUIO:
i = nFD .C
o

TOK HacChIILIeHUs nponopuuoHaieH C pa3psrKaroliero HoHa.

Cnenyer, OJHAKO, YYUTHIBATh, YTO 3TO YpPaBHEHUE CIPABEUIMBO JUIIb IS
ANEKTPOJa C TOCTOSSHHOM BEJIMYMHOW TMOBEpXHOCTU. B momsporpodax xe
IJIOMIA/Ib KaToJla MEPUOJAMYECKH H3MEHSIETCS BO BpPEMEHU (pacTeT Mo Mepe
yBEIIMYEHUs pazMepa o0pa3yroleicss Kari pTyTH U CKauKooOpa3HO MaJacT B
MOMEHT €€ OTphIBa OT Kamwuispa). [losTomy cuna Toka, MPOTEKAIOIIETO Yepes
pacTBOp, MpU MPUMEHEHUU PTYTHOI'O KaNEIbHOTO JJIEKTPOJAA, MEPUOTUUYECKU
U3MEHSETCS CO BpeMeHeM. ['aibBaHOMETp MPHU 3TOM PETHUCTPUPYET HEKOTOPYIO
CPelHIOI0 CHIy TOKa J, KOTOpas Kak Ioka3al WILHOBHMY, MOYXET OBITh
paccuuTaHa:

1 2 1

J=605ZcD? -m* - g
rme J - cujia TOKa B MKA

Z — 3apsj pa3psOKaoIIErocs HOHA

m — Macca PTyTH, BBITEKAIOIIEW U3 Kanuwuisipa 3a 1 cekyHay

T — mepuon karuteoOpa3oBaHus (BpeMs MEXIY ... IBYX IMOCJIEIOBATEIbHBIX
Karerb).

IIpy KOJWYECTBEHHOM OIpEJCICHUH HOHOB MOJAPOTPAPUISCKIM METOJIOM
HEO0OXOMMO BBITIOJIHEHHE HEKOTOPHIX ycioBuid. ClemyeT MoaaepKuBaTh const
AJIEKT-Th HCCIIEIYEMOTO pPAacTBOpA, YTO JOCTUTAECTCS J00aBIEHHEM K HEMY
3HAYMTEIIPHOTO KOJMYECTBA MHIN(DEPECHIINAIBLHOTO AJICKTPOJINTA, Ha3bIBACMBIH
¢onom (KCI). HeoOxoaumo TINATENBbHO YHAlSATh M3 PACTBOpA KaTOJHbBIC
JCTOJISIPH3aTOPhI, B 9acTHOCTH, O;, KOTOPHI BOCCTAaHABIIMBACTCS Ha KaTOJE.
[Tpu cobmoaenun 3TUX ycmoBuid B hopmyie MnpkoBrua nMeeT const 3HaYCHUE,
KOTOPOE YCTaHABIWBAIOT AMIIUPUYECKH, CHHUMAsS TMOISIPOTpaMMy B PacTBOpPE
W3BECTHOW  KOHIEHTpAIIMM  ONpenensieMoro  HoHa.  KonnM4ecTBEHHYIO
MoJIIpOTpadrio MHUPOKO UCIIOIB3YIOT HE TOJIBKO JIJISl OMPEACIICHUS COECPIKAHMUS
B pacTBOpax KaTHOHOB, HO TAKXE M PAa3IMYHBIX HEAICKTPOIHMTOB, CIIOCOOHBIX
BOCCTaHABIIMBATHCS HA KAllEIbHOM PTYTHOM DJIEKTPO/IE.



BOIIpOCbI JJIF CaMOIIOATOTOBKMU :

1) Yto o3HAYaeT TEPMUH: «IIEKTPOAHAS MOISIPUALIMS» 7

2) KaxoBbI BO3MOKHbBIE TPUYUHBI TOJIAPU3ALIIU?

3) KakoBel =~ OCHOBHBIE  TIOJIOKEHHUSI  TEOPHHU  KOHIICHTPAIIMOHHOM
OIS pU3alun ?

4) Yrto o3HAYaET TEPMUH «IIOTEHIIUAI PA3IOKEHUSD)?

5) Uemy pasna DJ1C paznoxeHus?

6) Hanumure ypaBHeHUE «moJsiporpauueckoid BOJHBD) U YpaBHEHHE
NnbkoBuua.

7) llpuBeauTe OCHOBHBIEC BUIbI IOJISIpOrpaduu.

8) KakoBel  ycimoBHsi Uil  KOJHMYECTBEHHOIO  OMNPENENICHUS HOHOB

nosisiporpaduuecKuM MeTO0M ?
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JIEKIIUA 13. ABJIEHUE INIEPEHAIIPSIKEHUSA

Ilepenanpsocenue; 8000pOOHOL U KUCTOPOOHOE NEPEHANDICeHUe, YPABHEHUE

Tagens; meopus 3amedneHHo2o paspsaoa, moxk oomena, ypasnenue OpymKuna.

HepeHanpmlceHne. BOI[OpOIlHOE IMEPCHAINIPHAKCHUC. (I)aKTOpr, BJIMAIOIIINEC HA
MEPEeHANIPHAKCHHUC. Teoplm 3aMEJICHHOI'0 pa3psiaa. BuiBOg YPaBHEHUS I

TOKAa B TCOPHUH 3aMCIJICHHOI'O pa3psjia.

SIB1eHue nepeHanpsiKeHUs1. JIEKTPOCUHTES.

Ilepenanpsxenue H,. Bcnenctsue TepMoanHaMUYeCKO HEOOPATUMOCTH
ANEKTPOXUMHUYECKUX PEAKIUM HAC PA3JIOKEHUS DIJICKTPOJIUTA IPEBBIIACT
PABHOBECHYIO 3/IC 00Pa3yIOIIEerocsl MPU 3JIEKTPOIU3€E raIbBAHUUYECKOTO AJIEMEHTA.
CnenoBaTenbHO, W NOTeHUUAT E, mMpy KOHEYHOM CKOPOCTBIO Pa3psKaeTCs HOH,
OGBIYHO BBIMIC PaBHOBECHOro E’, COOTBETCTBYIOIIETO 3JeKTpoAa (mpu TOM ke
AKTUBHOCTU MOHOB B pacTBOpe). PasHocTh Mexay 3TUMHU BeJIMUYMHAMU n=E-E0
HA3bIBAIOT MEpPEeHANPSKeHHEeM BblIeJIeHUs JaHHOro uona. Tak, noreHuunan H,
3JEKTPOJa, W3TOTOBJICHHOTO U3 IUIATUHBI, IOKPBITOW IUIATUHOBOM YEPHBIO,
HacblllleHHOTO  H; mpu paBmeHnn | atM M DOTPYKEHHOrO B PacTBOp C
aKTUBHOCTHIO MOHOB H,=1, kak u3BectHo, npuHATr paBHbIM 0. IIpu Takom xe
MOTEHIMAaNe NO0KeH Obul Obl BbIAEHATHCS H, M3 3TOro pactBopa U Ha JOpyrux
MHEPTHBIX JJIEKTPOJAX, ABJISIOIIMXCA TOJBKO NEPEHOCUYMKAMHM JJIEKTPOHOB. B
JNEUCTBUTEIIBHOCTH, AA)XE€ 3aMEHA TAKOIo 3JIEKTpoJa Ha riaajakyro Pt mpuBoguT k
TOMY, 4YTO MOTeHUuan BbiaeneHus H, un3mensercs nmpumepno Ha 0,2 B. Eme
OoJbllle BO3pacTaeT noTeHunuan Boijienenus H, npu 3amene Pt qpyrum metaiom.
AHaJNOrM4HO, CO 3HAYUTEIBHBIM NEPEHANPSIKEHUEM BblaesieTca O, Ha pa3IuyHbIX
Metauiax. B otiauune ot H; ocymectButh oOpatumseiii O, 31eKTpoa BooOIIe He

yaacTCa , T.K. 02 Ha BCCX MCTAaJllIaX BBIACIACTCA C O0O0IBIINM MNCPCHAIIPAKCHHUCM.




HepCHaHpH)KCHI/Ie Ha6moz[aeTc>1 TAKXKC IIPpH OSJCKTPOIUTHYCCKOM BBIACICHHUA

rajJorcHoB 1 MHOTHX MCTAJIJIOB.

OcoOeHHoe 3HaueHue uMmeet nepenamnpskenue H, u O,, oHO mo3BOISIET Ha
MPAKTUKE YIPABIATh JJICKTPOAHBIMUA HpouleccamMu. YacTo IepeHanpsKeHue
BPEIHO, IIOCKOJIbKY BBI3BIBAET TMOBBIIIEHHBIM PAcXOl] 3JIEKTPOIHEPTUU TPH
anekTponn3e. Torma HEOOXOAMMO TMPUHUMATh MEpPbl K €ro yMEHBIICHUIO
(manpumep, npu nonaydeHuu osnektpoautoB O, u H, w3 Boasl). MuHorna
MepeHanpsbkeHne, Hao0OpOT, TMOJYYeHO ¢ T[OMOTaeT OCYHIECTBUTH Pl
AIEKTPOXUMHUYECKUX TPOILIECCOB, KOTOPBIN 0€3 HEro He MOIJIM Obl TPOUCXOIUTH.
Tak, npu 37eKTpoan3e BOAHBIX pacTBOpoB cosieit Zn, Fe, Ni u apyrux akTUBHBIX
METAJUIOB, PACIIOJOXKEHHBIX B DALYy  HalpsbkeHHocTer neBee H,, Ha karone
J0JKeH ObUT Obl BBIIEHATHCS He MeTami, a H,. Oanako nipu 3tux anektpoaax Hj
BBIJIEISIETCA ¢ OOIBIIUM MEPEHANPSIKEHUEM, TIOATOMY MPHU AJIEKTPOIN3€E PACTBOPOB
UX COJEd MPOUCXOJIUT BBHIJCICHUE AKTHUBHBIX METAUIOB (Hapsly C HEKOTOPHIM

KonuuecTBoM Hy).

BonbmuM  BOJOPOIHBIM TEpPEHANPSIKEHUEM OOBICHSAETCS TaKkKe Malias
CKOPOCTh  PAaCTBOPEHHMS TMOJOOHBIX METaNIOB pa30aBIICHHBIX pacTBOpax
MUHEPaNbHBIX KUCIOT. Jl00aBIisisi K pacTBOPY KUCIOTHI MOHBI TSKEIBIX METAIIJIOB
(Cu2+), MOKHO YCKOPHUTH PAaCTBOPEHHE AKTHUBHBIX METAJJIOB. DTO OOBSICHSAETCS
TeM, 4TO B pe3yibTaTe B3amMogmeiicTBusi Cu’ ¢ AKTHBHBIM METaaiOM Ha €ro
MMOBEPXHOCTH 00pa3yeTcs MmieHka Metammndecko Cu, Ha koTopoMm H; BeIensercs
C MEHBIIMM TNepeHarnpsbkeHrneM. Bo3MoxkHbI UM oOpaTHbIE cllydau, HalpuMep,
amanbraMupoBaHue Zn 3aMemIIeT €ro pacTBOpeHHe B Kuciaorax (T.K.
nepeHanpsbkenre BoiaeneHuss H, Ha pTytu ouenbp Benuko) H, mepenampsixenue
no3poJiger noisydate NaOH npu snexktponuse BogHoro pactsopa NaCl na Hg
katoae. llepenanpsixkenne H, Ha Hg CcTOnp BENMKO, 4YTO MPHU DIEKTPOJIHU3E
paspsoxaroTcst He noHbl Ho, a Na', nmpuuem o6pasyromuiicss Metammndeckuii Na,
pacTBOpsisiCh B PTYTH, AaeT amanbramy. Eciu Ob1 He Obuio H, mepenanpsikeHus,

HEBO3MOXXHO ObLIO Obl 3apsauTh Pb- akkymynsTop (T.K. IPU MPOXOXKIECHUU TOKa



yepe3 aKKyMmyJIaTrop Ha kartone Beiaensercs He Hp, a Pb). Bomoponnoe
NEepeHaNpsDKeHUe  3aMeNysieT KOpPpO3Wi0 HEeKOTopbix MeTtamwioB; H, u O,
NEPEHANpPsDKEHNsT IIMPOKO HCIONB3YIOT B OPraHMYECKOM dJIEKTPOCHHTE3E.
[lepenanpspkenns H, moBbIIaeT ee BOCCTAHOBUTENIBHBIN MOTEHIMAT U JENaeT
BO3MOKHBIMH TaKH€ MPOIECCH, KOTOPHIE B YCIOBUSX PaBHOBECHS HE MOTJIH ObI
untu (Hanpumep, Bocctanopiennn CO, no HCOOH, anerona no criupra u T.4.) O,
NEPEHANPSDKEHNE TOBBIMIAET €ro  OKUCIUTENbHBIA TMOTCHIMAN, YTO TaKkKe
MO3BOJIUT OCYIIECTBISATH PNl MPOLECCOB, KOTOPbIE HE UAYT TMPH PaBHOBECHBIX

YCIOBUSIX.

[IpakTuuecku Oonee BaxxHO H, mepeHanpskeHue, mo3TOMY pacCCMOTPHUM €0
noapoOHee. BogoponHoe mepeHanpsizkeHUue 1 = Pa3HOCTH MOTEHUHMAJIOB, NPHU
koropbix H, Bbigesutcss Ha ganHoM Jjekrpoae E u Ha uyepnenom Pt
ytexTpoxe t'. Bemmunza 7 OKCIEPUMEHTAIIbHO H3MEpsAeTCcs Kak 3.J.C.
pa3liokKEHUs B SAUEUKE, COCTABICHHOM M3 ATUX 2-X 3JEKTPOAOB (MCCIETYEMOTO U
obparumoro). M3MepsaTs mepeHanpsikeHue 0ojiee CI0XKHO, T.K. OHO 3aBUCHUT OT
HaJau4usl 3arpsi3HEHU Ha TOBEPXHOCTH  BJEKTpoJa U psAna APYrux TPYIHO
yuuThiBaeMbIX (paktopoB. [loaToMy monydeHue BOCHPOU3BOAUMBIX PE3YIbTATOB

JKCIIEpUMEHTa TpeOyeT BechbMa TIATeIbHON PaOOTHI.

B pesynbrate ucciaegoBaHuil ObUIO YCTaHOBIICHO, YTO NepeHamnpsikenue H,
3aBUCUT OT MPUPOABl METALIUYECKOTO 3JEKTPOJAa, IUIOTHOCTH MPOTEKAIOIIETO
yepe3 pacTBOp TOKa, t°, a Tarke HaNMUUS B pactBope IIAB m mMHOrO3apsanHbIX
nOHOB. OCOOEHHO TEepeHanpsiKEHUE 3aBUCUT OT MPUPOABl METAILIUYECKOTO
anekTtpoaa. Ilpm 3TomM oOparmiaeT Ha ceOsi BHUMaHWE aHTHOATHAs 3aBHCHMOCTH
nepeHanpsbkenrueM H, u ynenbHo# cBOOOIHON MOBEPXHOCTHOM SHEPTUEH MeTalIa.
Merannel ¢ BbicokuM 3HaueHuem o (Pt, Pd) xapakrepusyercss HeOOIbIIUM
nepeHamnpsbkenrem Hp, a Ha mertamnax ¢ Hu3kumu 3HadeHusmu 6 (Pb, Hg) H,
BBIJICJISIETCA CO 3HAUMUTENbHBIM NepeHanpsbkenreM. [loaToMy, u3meHss Matepuan
KaToJla, MOXHO PEryjaupoBaTh IepeHanpsokeHue BobiaeneHueM H,. Bomoponnoe

MNECPCHAIIPAXKCHHUC CYHMICCTBCHHO 3aBHMCHUT TaAKXKC OT IINIOTHOCTH TOKa i,



MPOTEKAIOIIETO YePe3 pacTBOP. 3aBUCUMOCTh MEXAY ITUMH BEJIMUMHAMM, MTOKA3aIl

Tadens, Beipaxaercs GpopMynoil:
n=a+blgi

rie a u b - mocTosiHHbIE BenuuMHbl. KOHCTaHTa a 4YHCIEHHO paBHas
MepeHANPSDKCHHI0 TIpH =1 a/cM’, CHIIBHO 3aBHCHT OT MaTephala dJIeKTPOJa.
Bennunna b umeeT NpuUMEpHO OJUMHAKOBOE 3HAYEHHUE [JII BCEX DJIEKTPOJIOB,
=0,116 npu komHaTHONl Temmnepatype. @Dopmyna Tadens omnpenensierca B
IIMPOKOM HMHTEpPBAJIE IUIOTHOCTEM TOKa. IlepeHanpsikenne H; Heckonbko
YBEJIMYMBAECTCA TIO MEPE BoO3pacTaHus Temmeparypbl. llpu mnoBelmeHUH
TeMIepaTypsl Ha 1° kodpdumment «b» B dbopmyne Tadens yBenuuuBaercs
~0.0004. Ilepenampsi>keHHe 3aBUCUT OT COCTaBa pacTBOpa, OCOOEHHO CHIILHO

BIMSIOT puMecH [TAB u MHOTO3apsiHbIE HOHBI.

Teopus H, nepeHanpsiskeHus.

[lepenanpsbkeHre 00YCIOBICHO TEM, YTO AJIEKTPOJIMTHUYECKOE BBIJICJICHHE
MOHA CBSA3aHO C MPEOAOJIEHUEM HEKOTOPOrO 3HEPreTUUYECKOro Oapbepa, s Yero
HEeoOXoMMa 3aTpaTa JOMOJHUTENbHOU 3Heprun. JIro6oil mpolecc, TopMO3sAui

BBIJICJICHUE NOHOB Ha AJIEKTPOJE, MOXKET ObITh MPUUUHOMN MEPEHANPSKEHHUS.
Paccmotpum nonpoduee Teoputo H, mepenamnpsixeHus.

IIpouecc anekrposMTUyeckoro BbiaeneHus H, cocrour wu3  psana
IIOCJIENOBATENbHBIX CcTaguid. IlepBeli W3 HUX SBIAETCS TPAHCHOPT HOHOB
THJIPOKCOHMS K TOBEPXHOCTHU KAaTOJa, ocyulecTBiseMblil tuddysueit. Ha Il cragun

MOJOIIEIINE K JIEKTPOLY TUAPATUPOBAHHBIE MOHBI H) paspsikaroTes 1o peakLuuu:
H,O0"+e—> H+H,O

OO6pazoBaBmmiics atomapubli H, ancopOupyercss Ha TMOBEPXHOCTH, 3aTeM

Hactrynaetr III cragus - pekomOunarus 2-x aacopOupoBaHHbIX aTomMoB H; B



MOJIEKyIy U ynanenue H, B Buae my3bIppKoB U3 pactBopa. CymmapHas CKOPOCTb
TeTEepPOreHHOr0 MPOLECcCa OMNpPEAeNAeTCs CKOPOCTbIO HanOoyiee MEUIEHHOM €ero
cTaguu, KoTopas u omnpenenser BennunHy H, nepenanpspkenus. Iloatomy
HEOOXOIMMO BBIACHHTb, Kakas M3 MEpPEUYUCICHHbIX 4-X CTaauid sBIsSETCA

MeJIJIEHHON (JIMMUTUPYIOLIEH ).

Tadenb, mnpeamnonaras, 4YTO TaKoW cTaaWedl  sBIsSETCS  MPOIECC
pekoMmOuHaruu atomapHoro H,. Oqnako nonydeHHoe 3HaueHue kosdduiuenta b
B ypaBHeHuUU Tadenss He COTacOBBHIBAIIOCH C OMBITHBIMU JAaHHBIMU. [lo3mHee
Opnei-I'py3 u @onbMep nokaszanu, 4YTO JUMHUTUPYIOLIEH CTaAUEH SIBISIETCA pa3psl
rUApaTUpOBaHHOTO MOHA H,. DTa Teopus, Ha3piBaeMmas TEOPUEU 3aMEIJIEHHOTO
pa3psina MOHOB, Obula pa3BuTa DpPyMKUMHBIM M B HACTOAILEE BpEMs SBISIETCS

00IIeTpU3HAHHOM.

Teopus 3ameIeHHOT0 pa3psiJia U ee COBpeMeHHOe 000CHOBaHM e

Cranust maccomnepeHoca mpucylia JIloOblM TeTeporeHHbIM mpoiieccaM. B 1o
Ke BpeMs CTaaus TEepexoja 3apsHKeHHBIX YacTull (JIEKTPOHOB M HMOHOB) Yepes
TpaHUIly »AJIEKTPOA - pacTtBop (cTaausi paspsajia - HWOHU3AIUU) SBISETCA
crienuUIEeCKH JISKTPOXUMUYECKON cTaauei. B HacTosIee BpeMs 10Ka3aHo, 4To
CTajusi pa3psiia - HOHU3AIMU J1000ro JJIEKTPOJHOrO TMpollecca MPOTEKAET C
KOHEYHOM CKOPOCTBIO. Teopus, OIMCBHIBAIOIIASE KUHEeTH4YeCKHue
3aKOHOMEPHOCTH IMEPEeHOCa 3aps’KEHHBbIX YaCTHIl Yepe3 IpaHHMIbI pasjesa

(1)213, Ha3bIBaA€CTCH Teopneifl 3aMEAJICHHOI'0 pa3psaaa.

[Ipennonoxenne O MEIICHHOCTH JJEKTPOXMMHUYECKOTO akKTa pas3psia
BBICKa3bIBAIUCh B KOHIIE XIX B. OmHAKo BIIEpBbIE B KOJIWYECTBEHHOW Ghopme
MPUMEHUTEIIBHO K KOHKPETHOW PEAaKUUH SJICKTPOXHUMUYECKHUE BbIICICHUSA
BOJIOpOJIa TEOpHsSl 3aMmeijieHOro paspsana Obuia chopmynupoBana B 1930 r.

®ompmepom M., Oppeit-I'pyzom I'. B 1933 r. »3ta Teopus Oblia



ycoBepiuieHcTBOBaHAa A.H. @pyMKUHBIM, KOTOPBIN y4Yell BIUSHHUE 3JICKTPUUECKOTO

101 ﬂBOﬁHOFO CJI04 Ha IICPCHOC 3apsA’KCHHBIX YaCTHII.

HpeﬂHOHO)KI/IM, 4TO CKOPOCTD JJICKTPOAHOI O IIPOLCCCa THUIIA:

—

i
O+ne—>R
]
OTpeNeNsieTCs] CTaaueil paspsia-uoHM3aMu. B 3THX YCIOBHSX CyMMapHas

CKOpPOCTh TIpOIecca paBHA Pa3HOCTH CKOPOCTEH, ¢ KOTOPBIMHU PEaKIUsl HICT ClieBa

HaIIpaBO U CIIpaBa HAJICBO:

1=1-—1

[Tpu paBHOBECHOM MOTeHIMANE, Koraa =0
i=1i=i

Benuuuna iy Ha3pIBaeTCsi TOKOM OOMeHa (IUIOTHOCThIO Toka oOmeHa). Ecnu

-«

NOTCHIHAJI OTPHULATCIIBHEE PABHOBECHOTO, TO i < i M 4Y€pe3 CUCTECMY INPOTECKACT

«— >
kaToaHbli TOK (1>0). Ecmu xxe E>E,, TO i <i ¥ B CUCTEME Te4eT aHOAHBIA TOK
(1<0). CaBur noreHnuana, oOyCIOBICHHBIN 3aMEIJICHHBIM MPOTEKAaHUEM CTaJUuU

paspsaaa-uOHU3alIu, HA3bIBACTCs IICPCHAIIPAKCHUCM.

[Ipy  aumuTHpyIOWIENM  CTaauW  pa3psAla-MOHU3AIMU  HApPYIIAETCS
CaMOJJIEKTPOJAHOE PaBHOBECHE, TaK UTO ypaBHeHHE HepcTa B 3TUX YyCIIOBUSIX HE
MOXET OBITh MUCMHOJIB30BaHO Uil pacueta E. [ ckopoctu npsmMoro u oOpaTHOTo
MPOIIECCOB HA OCHOBE TEOPUHU a0CONIOTHBIX CKOPOCTEHN peakiuu B 1 mpuOnmkeHun

MOJKHO 3aIlMCaTh BBIPAKCHHC!

i = nFkC AG
1 =N eXp| —
o XD\ T TRr



o AG
l

| = nFkC3™ exp| — “ap | > THe k- KOHCTaHTa CKOPOCTH.

L N

AG ,AG - CTaHJapTHble CBOOOJHBIC DSHEPrUM AaKTUBALMK OOpa30BaHUS
AKTHUBHPOBAHHOT'O KOMIUIEKCA COOTBETCTBCHHO JUIAI KaTOAHOTO M aHOJHOIO

IIpOLECCCOB,

C{® . KOHIEHTpALMK PEATHPYIOIINX BEIIECTB B aICOPOMPOBAHHOM COCTOSHHIH,
T.e. B IUIOTHOM YacTU JIBOMHOTO 3JIEKTPUUYECKOTO CJIOSI WIM Ha TPAHUIE MEXIY
MIOTHBIM U AU Py3noHHBIM crnoeM. Eciu moTeHuan B ToM MecTe, TJie HaXOIUTCs

pearupyomas 9actuna, o6o3HaunTh depe3 v, 1o C;¥° MOKHO paccdyHTaTh IO

dbopmyne bosbiimana:

Cl@9) _ 0 exp(gi —ZiFl//*j
: : RT ’
rne g - CTaHmapTHas CBOOOJHAs SHEpPrus crernupuieckod aacopOonuu

KOMIIOHEHTA I;
Z; - 3aps]l KOMIIOHEHTA - C YYETOM 3HAKa;

z; Fy+ - anekTpocTratrueckas Heprust aicopoIyu KOMIIOHEHTA.



Jna  pacdera sHeEpruu

UaAa
aKTUBAIUUA paccMoTpuM
A\ 2 3aBUCUMOCTH TOTEHIIMAILHON
1
4 A SHEPIHUM CHUCTEMBI OT MYyTHU
V.
) peaKkunm. ITpu TaKOM
AG
AU pPaccMOTPEHUN BEJIMYUHBI
—
A BEJIMYMHA AG - TaKXke
> MOTEHIIUATIBHYIO SHEPTHUI0
Vi ya yr Yy

IMPOMEIKYTOYHOTO COCTOAHUA,
3aBHCHUMOCTS ITOTEHIMAIBHOI 3HEPI UK pearupyroIero
BemtecTBa (1) u mpoaykra peakuuu (2) or 0000ImeHHON HO OTHOCHUTECIIBHOI'O HYJICBOI'O
KOOPIUHATHI PACTBOPUTEIIS
YPOBHA KOHCHHOI'O COCTOSHUS.
ITon IIyTEM peakuuu
IIOHUMAIOT TC IIapaMCTpbl HWIM IMapaMCcTp, KOTOPBLIC HU3MCHAIKOTCA B XOAC

QJICKTPOAHOIO IIponecca.

B Tedenwme JIMTENBHOTO  BpPEMEHUM  MoOJaraid, 4YTO HU3MEHEHHUE
MOTEHIIMAJIBHOW SHEPTUU B XOAE JICKTPOJHOTO MPOIECCA CBI3AHO C PACTKECHUEM
HapyllaeMbIX MPU 3TOM XMUMHUYECKHX CBSI3ed MEXKJYy aToOMaMH B pearupyroniei
YACTHUIIE WM MEXKIY 3JECKTPOAKTUBHOM dacTulen u snekrpomgom. I[lpu Takoii
UHTEPIPETALMA TMOTEHIHMAIBHBIX KPUBBIX NYTh PEAKIHUH OTOXKICCTBIACTCS C
M3MEHEHHUEM JUIMHBI Pa3pbIBAIONIMXCS WKW oOpasyrommxcs cBsizeil. OIHAaKO 3Ta
TPAKTOBKa  SABJSETCS  CIMIIKOM  YNPOIIEHHOM. MOXKHO  yKaszaTb  psn
AIEKTPOXUMHUYECKUX PEAKIIUM, B X0JI€ KOTOPHIX HE MPOUCXOIUT pa3pbiBa CBI3EH B
MOHAX WJIM MOJIEKYJIaX, HO KOTOpble T€M HE MEHEe JIUMUTHUPYIOTCS CTaguei

paspsiia-MOHU3AIUH.
Fe(CN), +e~ — Fe(CN){ (na Hganektponme “-*)

B 1o ke Bpems umro0as »3IEKTPOXUMHUYECKAsh peakuus MNPUBOJUT K
W3MCHEHUIO 3apsja pearupyrolluxX YacTHLl U, CJIEAOBATEIbHO, BbI3BIBAECT
MEPECHANPSKCHUE JUIOJEH pPacCTBOPUTENSA, OKPYKAKOIIMX 3TH YacTUUBI. Takasd

peoprannu3anua pPaCcTBOPHUTCIIA, TaKXKC COIMPOBOXKAACTCA 3HAa4YUTCIbHBIM



W3MCHCHHEM TOTCHIIMAILHON YHEPTUH, a MOTOMY MOXKET CIYXKUTh OCHOBOU ISt
MOCTPOCHUSI KPHUBBIX IMOTEHIIMATBHOW DJHEPTUU, B KOTOPHIX MYTh PEaKIUU
MpeACTaBisieT  co00OM  HEKOTOPYIO 0o000meHHy0  koopauHaty  (Y),
XapaKTepU3YIONIYI0 paclpeesieHne nuroniei pactBoputens. 1o coBpeMeHHBIM
NpeACTABJIEHUSM PEOPraHU3ANMsI PACTBOPUTE/INA SIBJIAETCS ONMpeaesiiomuM
(akTopoM B X0j€ IJIEMEHTAPHOr0 aKTa pa3psiia, XOTsA Obl B OOIIEM cCirydae
HEOOXOIMMO PaccMaTPUBATh TAK)KE IHEPTrHI0 PACTSKEHUS XUMHYECKUX CBs3ei
B pearupylonmx dactunax. KOHIEHTpamusi peopraHu3alliid PacTBOPUTENS
MPUBOJIUT K CJICAYIOIMIEMY MEXaHU3MY DJIEMEHTAPHOTO aKTa B CTAIWU paspsa-

HMOHU3allnu.

Cornacno npunnuny ®panka-Konnona, nepexos 3iaekTpoHa 0e3 U31ydeHUs
WJIM TIOTJIOIIECHUSI KBAHTOB 3HEPTHU BO3MOXEH JUIIb MPU YCIOBUH, YTO MOJIHBIE
SHEPrMHd  BJEKTPOHA B HAYAIBHOM M KOHEYHOM COCTOSHUSAX HNPHUOJIHKEHHO
OIMHAKOBBI. BbIpaBHUBAaHUE 3JICKTPOHHBIX YPOBHEW HAYaJIbHOIO M KOHEYHOTO
COCTOSIHUM MTPOUCXOAUT MOJ JACHUCTBHEM TEIUIOBBIX (PIYKTyalluid pacTBOPHUTEINS.
Korna B pe3ynbrate 3TuX GIyKTyalluil pacnpenesieHue AUMOJICH pacTBOPUTEINS B
30HE PEAKIHMH OKa3bIBACTCS TAKUM, YTO OHO OJHOBPEMEHHO COOTBETCTBYET H
Ha4yaJbHOMY, U KOHEUHOMY COCTOSHUSIM (TOYKa A), TO MOSABISETCA BEPOSTHOCTH
KBAaHTOMEXAaHUYECKOr0 (TYHHEJBHOr0) Mepexoja dSJIEKTPOHA U3 MeTajllla Ha
pearupyromyro 4dactuny. Eciaum Takod mnepexoa OCYHIECTBISETCS, TO CUCTeMa
MEePEXOAUT HA MOTECHUUAIbHYIO KPUBYIO KOHEYHOTO COCTOSIHUS U PEJIAKCUPYET 1O
HEW /10 paBHOBECHON KoOpAWHATHI y.. TakuM oOpa3oM, B Haubojee MPOCTHIX
ANEKTPOAHBIX Mpolleccax HHEPrusi aKTUBAMKU OOYCIOBJIEHA peopraHu3aluen
JUTIOJIEN pacTBOpUTENS, HEOOXOAUMOM JUisi ~ KBAaHTOXMMHUYECKOrO TIepexoja
3JICKTPOHA U3 HAYAJIBLHOTO B KOHEYHOE COCTOSHUE. XAPAKTEPHO 0CO0€HHOCTbIO
3JIEKTPOAHBIX MPOUECCOB SBJSAECTCHA TO, YTO B HHUX HAYaJbHbIH YPOBEHb
3JIEKTPOHA MOKHO B IIHPOKOM HHTEpBaje BapbUPOBATb, W3MECHAA

MOTCHIHAJ IJICKTPOaA.



AHanu3 NOTEHIUAIbHBIX KPUBBIX JUIsI PACCMOTPEHUSI PEAKIIMU MOKA3bIBAET,
YTO PAaBHOBECHBIN SHEPreTUUECKHUI YPOBEHb HAYAIBHOTO COCTOSAHUS (OKUCIECHHOMN
dbopMbl O U “n” PMEKTPOHOB B METaJlJIe) OKA3bIBAETCS TEeM HHIKE, YeM OOJbIIe
cymma gotnF(E-y;), a paBHOBECHbIi JHEPreTUUECKUNA YpPOBEHH KOHEUYHOTO

cOCTOsIHUSI (BOoccTaHOBUTEIbHOU (PopMbl R) Tem Huke, yem Oosbiie g Takum

0o0pa3oM, U3BMEHEHUE Pa3HUIIbI STUX YPOBHEH.

6(AU) :5[go +nF(E_W1)_gR]

N3 Teopum peopraHuzaluv pacTBOPUTENA CIEAYyeT, YTO W3MEHEHUE SHEpPruu

AKTHUBalluu

+

5(A ?fj — aS(AU)

rae o - Ko3(p(UIMEHT MepeHOca, KOTOPBIA JOJKEH YJIOBIETBOPATH YCIOBHO

0<a<l

ITocnenHee ypaBHEHHME M3BECTHO, KaK COOTHOLIEHUE bpeHcrepa, koTtopoe
OBLJIO YCTAHOBJIICHO SMIUPUYECKA [JII OOBEMHBIX XUMHYECKUX PEaKIIUi,

+
CBSI3aHHBIX C MEPEHOCOM MpoToHa oT kucioThl (BH ') k ocHOBanmto (D):
BH"+D— B+ DH"

Teopusi 3aMemJIEHHOTO pa3psaa B CBOECM HAYIBHOW CTaJWU Pa3BUTHUS

0a3MpoBaIach Ha 3aKOHOMEPHOCTSAX AJIEKTPOHOTO MTPOLIECCA:
H,O0" +e (Me) > Me—H, +H,O

Ecnu B kauecTBE OCHOBaHUS PacCMaTpUBATh METAUIMYECKUM AJICKTPOJI, TO
pEaKIMU OKAa3bIBAIOTCs ITOJHOCTHIO AaHAJOTMYHBIMU. YKa3aB Ha 3Ty aHAJIOTHUIO,
OpyMKHH BBEJ COOTHOLIEHHWE bpeHcTena B TEOPUIO 3aMEIJICHHOIO paspsja.
Teopuss peopraHm3anid PacTBOPUTENS I103BOJMIA OOOCHOBATh COOTHOIIICHHUE

bpencrena npoueccoB TMMUTUPYEMBIX CTATUEN pa3psaa-HOHU3ALINH.



W3 ypaBHEHUN ClaeayeT, 4To

L #

AG =AG +a(g,—g;)+oanF(E-y,)

#

rpe AG - CTaHAapTHOC 3HAYCHHUE YHCPIruM aKTHBAIUH.

J11st TOKa mpsAMOro npoiecca:

N
1

1- + -z F FE
_ nFCgkg exp[( a)g, +ag,; }exp[(a”l zy)Fy, }:xp[— an }

RT RT RT

AG]
rae k¢ :kexp(— %T a0OCoIOTHAsE TEeTepOreHHas KOHCTaHTa CKOPOCTH
BIIEKTPOXUMHUYECKON PEAKIIHNU.

CoryiacHO TeOopUM peopraHu3aluy, BEIWYUHA Ko® 3aBHCHT TOIBKO OT

AIEKTPOJHOTO MpoIlecca U MPUPOJAbl PACTBOPUTENIS, HO HE 3aBUCUT OT MeETalljia

(I1-a)g, +ag,
RT

QJICKTpOaa. MHOXUTEIb exp[ }HOKaSBIBaCT, 4TO CKOpPOCTh CTaauu

paspsiia TeM Bblllle, YeM OoOJbllle >SHEprus crneuuPuyeckor aacoporuu
pearupymromnmx BeIIeCTB U NPOJYKTOB peakiuu. YacTto 3TOT MHOXKUTENb
0GBEIHHSIOT ¢ aGCOMOTHOI KOHCTAHTOH Ko, BBOIS TaKHM 06pa3oM FETEPOrEeHHYIO

KOHCTAHTY CKOPOCTH

(1-a)g, +og
kg =k exp[ ROT :

KOTOPBIM  XapakTepU3yeT CKOPOCTh CTAJAUM pa3psla-UOHU3AIUU C YYETOM
crienuPuIecKoro B3auMOJCHCTBUS pearupyroluX BEIIECTB U MPOJYKTOB PEaKIIUU
C OBEPXHOCTHIO AeKTpoaa. Benuunna kg mosTomMy 3aBHCHUT Tak»Ke U OT MeTaJllia

(an—z,)Fy,

RT } oTpaxacT BJIHMAHHUC HBOﬁHOFO

3IEKTPOAa. MHOKHUTEID exp[

AJIEKTPUYECKOTO CJI0S Ha CKOPOCTh CTAJAUU pa3psfa, MPUUEM XapaKTep dTOro

BJIMSIHUA 3aBUCUT OT COOTHOUICHHWA 3HAKOB Zo U /1.

Bemnuuna



(an — ZO)F%}

kS(”“”) = kg exp[ RT

HA3bIBACTCA  HU3MEpPSIEMOU WM Kaxyuieucs KOHCTaHTOU CKOpPOCTH

AJIEKTPOXMMHUYECKOU peakunu. [ Toka

N
i

onFE }

= nFk{""C, exp[— 2T

J171st CKOpOCTH 00paTHOTO MpoIiecca

-
i

(l—a)nFE}

=nFk{""C) exp[ 2T

(13m)

C TEM KC 3HAUYCHHCM KOHCTAHTBI CKOPOCTH ks , €CJIHN IIOTCHIIHAJI E HN3MCPCH

0
OTHOCHUTEJIbHO CTaHAapTHOro noteHnuana E” peakuuu (1)

— <«
ITockonbKy TOK 0OMeHa i, = i(E,) = i(E,), TO CyMMapHbIii U3MEPEHHBIA TOK

CTaauu pa3piaga-mOHU3alu MOKHO IIPCACTABUTD:

i=i—1i=i)|=

oo i) ~ i (E) . {exp{anF(Ep—E)}_exp{_ (l—a)nF(Ep—E)}}H

i(E)) i(E,) RT RT
CJIEIOBATENBHO,
o i(E) i(E) y {exp[anFn}—exp[— (l—a)nFn}} 0
Ny wEy| RT RT

Hcxons u3 ypaBHeHus Hepucera

RT C]
E =—In—¢
PonF o Gy
- ] 0 al’lFEp
iy = i(E,)=nFk{"" C) exp| — 27

TOorga



iy = nFk& (CO)(CY)” (2)

NI

1—a)g, + .
io=nFCgk§exp[( )8, agk}exp[(an 2 Fy,

o - }(cw "

Cootnomienust (1) u (2) SABISIOTCS OCHOBHBIMH YpPAaBHEHUSIMU TEOPHUHU
3aMEeIJIEHHOTO pa3psijaa.

HpI/I HN3Y4YCHUN BBIACICHUA BOJOpPOJa K3 BOJHBIX PaCTBOPOB KHUCIIOT

noJiy4eHo ypasHenue Tadens:
n=a+blgi
[To HaknoHy TadeneBckoi npsamoit (n-1g 1) MOXkHO HalTH KOA3()PUIIUEHT TepeHoca
Ol, @ 3aT€M BBIYHCIIUTE 1.

RT
[Ipu OGonbIIMX OTPULATEIBHBIX MEPEHANPSIKEHUSIX | —1n>> ) BbITeKaeT w3
ypaBHenus (1)

RT RT

__RC . RT .
A—amF 07 (1—a)mF uld

n

boinbiye moaoXUTEIbHbBIC NN COOTBCTCTBYCT IPOLECCY JBJICKTPOBOCCTAHOBJICHHA

(0 +ne — R) , @ OOJIBIIME OTPHULIATENIBHBIC - (R —ne — 0) .

BOITPOCBHI Ui CAMOITIOAT'OTOBKM.

1. Uto o3Ha4yaeT TEPMHUH “NIepeHanpsLKEHUe”?

[\S)

. EcTb 111 paznuuue B TepMHUHAX “TIONApU3ALUSA. U “‘TIEpEHANPSIKEHHE 7

3. KakoBbl OCHOBHBIE (PAKTOPHI, BIUSIONINE HA BETUYUHY TIEpEHATPSAKEHUS ?

A

. [IpuBenute ypaBHenue Tades.

5. KakoBbI OCHOBHBIE TTOJI0KEHUS TEOPUHU 3aMEIJICHHOTO pa3psiaa?



6. BiusgeT 11 mOHHAs CUJla pacTBOpa Ha MEpeHaNpsKeHue Bogopoaa?

7. llpuBenute ypaBHenue @pymkuHa. B yuem pasnuuue ypaBHeHuin OpymMKUHA U
Tadens?

8. IlosicuuTe TepMUH “TOK OOMEHa™.
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349-369.

3. Jlamackun b.b. BBenenue B 3IEKTPOXMMHUYECKYIO KUHETHUKY. M. Bricmas

IKoJa.

1983, ¢.184-191.



JIEKIIUS 14. KOPPO3USA METAJIJIOB U QJIEKTPOXUMHNYECKHUE
NCTOYHUKHU TOKA

Koppo3zus, cniownas u 1okanvHas Kopposus; CKOpocms KOPPO3UU;
INEKMPOXUMUYECKUE XUMUYECKUe CHOCOObl 3AWUMbl, dJIeKMPOXUMUYECKUEe
UCMOYHUKU MOKA, Nep8UYHble UCHIOYHUKU MOKA,; AKKYMYIAMOPbL,

IJIEKMPOXUMUHUECKUE ceHEPAMOPbL, MONJIUBGHbLE 3]1EMEHNTbL

KOppOSI/ISI MeTaJI0B. MeToabl 3allIUThl METAJLJIOB OT KOpPpPO3HuMN. XUMHYECKHE

HCTOYHHUKH TOKA.

KOppOSI/ISI METaJJIOB 1 ME€TOAbI 3aIlIMThI.

Koppo3suei Ha3pIBalOT MpoLECcC CaMONPOU3BOJIIBHOTO PA3pYIIEHHS METAIIOB
MpU UX KOHTAaKTE€ C OKpyXxarliei cpenoil. YacTo B TeXHUKE KOPPO3UOHHBIC
SIBJICHUSI TIPOMCXOJAT TPU KOHTAKTE METAJOB C PacTBOpaMU JJIEKTPOJUTOB.
[TosTOMy  KOpPpO3MOHHBIM  MOPOIECC  YACTO  OKA3bIBAETCA  TUIIWYHBIM
AJEKTPOXUMHUYECKUM TiporieccoM. OaHAKO HWHOTAA KOPPO3UsS TMPOTEKAeT IO

XUMHYCCKOMY MCXAaHU3MY.

Koppo3uss 4acto ycunuBaercs mOA BIHUSHUAEM PA3JIMYHBIX BHEIIHUX
BO3AcUCTBUU. [IpH 3HAYMTENBHBIX MEXAHWYECKUX HArpy3kKax WA BHYTPEHHUX
HaNpsDKEHHUSIX  BO3MOXKHO  KOPPO3MOHHOE  PACTPECKUBAHHE METAJUIA; IPH
JUIMTEIIbHBIX ~ 3HAKONEPEMEHHBIX  MEXAaHWYECKHX  HAarpy3kax  BO3HHUKAeT
KOPPO3UOHHAsA YCTaloCTh. Jpyrumu ¢akTtopamu sIBIASETCS TPEHHUE, KaBUTAIUs
xugkocty u T.A. Koppo3us Moxer OBITh TakKe BbI3BaHA JIEWCTBUEM

ANEKTPUUYECKOro Toka (“OiyKaaroire TOKM B MOYBAX)

Koppo3uto MoxHO kinaccuuiMpoBaTh MO BUIY KOPPO3UOHHOW CpEIbI,
BO3JECUCTBYIOIIEN Ha MeTaul. Pa3nmnuaroT KOppo3usi B HEANEKTPOJUTHBIX U B

JNEKTPOJUTHBIX cpenax. K mepBpIM NpUHAMLIEKAT TOpPSAYAE CYXHE Tasbl,




OpraHWYeCKHe JKHAKOCTH (OCH3MH, a TaKXe METaulbl B PACIUIABICHHOM
COCTOSIHUU. DJIEKTPOJIUTHBIE CPeIbl OYE€Hh MHOTOOOPA3HBI - OKpyXaromas cpeaa
(atmMocdepa), Bojla U BOJHBIE PACTBOPHI, BIaXKHAs MOYBa, PaciljlaBbl U HEBOJHbBIC

PacTBOPHI AJIEKTPOJUTOB.

MoxHO KIacCU(UUHUPOBATH KOPPO3UIO TaKXKe IO BHAY KOPPO3HOHHBIX
paspymienuid. Koppo3us MokeT OBITh CIUIOIIHOM, 3aTparvMBasi BCIHO BHEIIHIOIO
MOBEPXHOCTh METAJIMYECKOro 00pasla, Wik JoKaJdbHoU. CruiomHas KOppo3us
MOXET OBITh PaBHOMEPHOM M HEpaBHOMEpPHOW. B 3aBUCUMOCTHM OT MIMPUHBI U
INIyOMHBI ydacTKa MOPaXEHUs MPU JIOKAJIBHOW KOPPO3UHM TOBOPSAT O KOPPO3UU
MATHAMHU, SI3BaMU, TOYKaMU (MUTTUHTaMH) WIK O MOAMOBEPXHOCTHOW KOPPO3UHU.
YacTo BCcTpedaeTcsi MEKKPUCTALTATHAS KOPPO3US, PACIIPOCTPAHSIONMIASACS B 30HAX
MEXIY  OTACIBHBIMH  KpHUCTaUIMTamMM  MeTtamna. llpy  Koppo3moHHOM
PaCTpPECKUBAaHUM B MEXKPHCTAJUIMTHOM 30HE€ WM B OTAEIBHBIX KPUCTAJUIUTAX

Pa3BHUBAIOTCA TPCIOIUHBI.

Koppo3un mnoasepraroTcsi MNOYTH BCE METAIbl, 3a MCKIIOYEHUEM
Omaropoaubix. HekoTopble BHABI KOPPO3WHM CEIEKTHUBHBI, T.€. KOPPO3MOHHOE
pacTpecKrBaHKUE HAOJIIOAAETCS IS CIUIABOB TOJILKO MPU KOHTAKTE C OKPY’KaroIen

CpEIIOoN.

JIisi KONMMYECTBEHHOM XapaKTEPUCTUKU CKOPOCTH KOPPO3UU TMOJIB3YIOTCS
pa3IMYHBIMU TTapaMeTpaMu; MacCOBOM MOTEpEN MeTalia 3a ONpeIeICHHOE BpeMs,
pacCUMTaHHOW Ha EIMHUILY TOBEPXHOCTH, YMEHBIICHHUEM TOJIIUMHBI 00pasla,
SKBUBAJICHTHOW IUIOTHOCTHIO JJIEKTPUYECKOTO TOoKa W T.A. [ns OosbmIMHCTBA
METAJIJIOB (C y4€TOM HMX aTOMHBIX MacC M IUIOTHOCTEW) B Cllydyae paBHOMEpPHOMU

. 2 4
CIUIOIIHOM KOPPO3UHU 3TU MapameTpsl no nopsaaky 1 r/(m” rox) = 1 mm/roa = 10

A

AHanu3 KOPPO3UMOHHBIX MPOILIECCOB CBA3aH C M3YYEHUEM OCOOEHHOCTEU
pacTBOpPEHHUS JAHHOI'O MEeTalljla, C YCTAaHOBJICHUEM MPUPOAbI KATOJHON pEeakluu U

YTOYHEHUEM JIOKAJIW3alMU AaHOJHOW M KaTOJHOW MapIUaJIbHBIX PEaKIIU.



[Ipu xOppo3uM paBHOBECHBIM MOTEHUMAT JJI1 PEAKIUH BOCCTAHOBJICHUS
OKHUCIIMTEIISI BCErJIa MOJOXUTEIBHEE, YEeM JJI1 PEAKIUU PACTBOPEHUS TAHHOTO
MeTauia (Mpu 3aJJaHHOM cocTaBe pacTBopa). OCHOBHBIMU KaTOAHBIMU PEAKIIUSIMU
Npyu KOPPO3WM METAJUIOB SIBIAKOTCS BbiaeleHHne H; ©W  BOCCTaHOBIIEHUE
pactBopeHHoro  O,Jlump B  cHeHHANBHBIX  CAyYasX [OpPU  HAJUYUAH
COOTBETCTBYIOIIMX PEAreHTOB BCTpeuaroTcs peakiuu BocctanoBienus Cl,, HNO;
WK JIpyrux okuciaurtened. Peakuus Beiaenenuss H, mpoTekaeT nmpu 3HAYUTEIIBHO
0oJiee OTpUIIATENIBHBIX MOTEHI[MANAX, YeM peakius BoccTtaHoBIeHUs O,. [loatomy
Koppo3usi ¢ BeiaeiaeHueM H, HaOmromaeTcs TOJMBKO IS METAUIOB C JOBOJIBHO
OTPULATEIBHBIM PAaBHOBECHBIM MOTEHIIMAJIOM - IICJIOYHBIX U
IIEJIOYHO3EMEIBbHBIX  METAJJIOB, Al, Mg, Zn, xeneza u T.JO.; OHa
MPEUMYIIIECTBEHHO BCTPEUYAETCA B KHUCIBIX M IIENOYHBIX cpeaax. Kucimopomnas
KOppO3Usl UMEET MECTO MPU KOHTAKTE C BO3AYXOM, Yallle BCEr0 B HEUTPAIbHBIX

pactBopax (atmocdepa, KOppo3us B MOPCKOH BOJIE).

3amura oT KOppO3MH.

PaznuyaroT 3IIEKTPOXMMHYECKHME M HEIIEKTPOXUMHYECKUE CrocoObl
3allUThl METANIOB OT KOppo3uu. K HEINEKTPOXMMUUYECKUM Coco0aM OTHOCSITCS
CIUIOIIHBIE 3alUTHBIE TMOKPBITUS, U30JUPYIOIIME METAI OT BO3JCHUCTBUSA
BHEIIIHEH Cpejibl - TaKOKPACOYHBIE, MOJUMEPHBIE, OUTYyMHBIE, SMaJIEBbIe U JPYTHE.
OO0muit HEeTOCTATOK 3TUX TMOKPBITUM COCTOUT B TOM, YTO MPU MEXaHHUUYECKOM
HApYLIEHUU CIUIOIIHOCTA OHU TEPAKT 3allMTHOE JEUCTBHE M Ha METAIUIe

BO3HHUKAIOT JIOKAJIBHBIC O4Yaru KOPPO3HUH.
3H€KTpOXI/IMI/I‘-IeCKI/Ie CITOCOOBI 3alIUThl OCHOBBI HA PAa3HbIX IIPUHIMIIAX !

1. HaHECeHHE Ha TOBEPXHOCTh  KOPPO3UPYIOIIETO  METallla  3allUTHOTO
raJibBaHOMOKPBITHUS - TOHKOTO CJIOSi KOPPO3UOHHO 00Jiee CTOMKOTO MeTaia;
2. BJIGKTPOXMMHUUYECKOE OKCHUIUPOBAHUE TMOBEPXHOCTU WJIM HAHECEHUE IPYTUX

BCIICCTB ITIOBCPXHOCTHLBIX CJIOCB,



3. BO3JIEHCTBHE Ha MOJISIPU3ALUOHHBIE CBOMCTBA KOPPO3UPYIOIIETO METAILIA;
4. BO3/ICUCTBUE HA MOTEHIIUAT KOPPO3UPYIOLIETO MEeTasla.

JI7ist BO3/A€MCTBUS Ha MOJISIPU3ALMOHHBIE CBOMCTBA UCMOJB3YIOT Pa3IUYHbIE
n00aBK B pPacTBOpP - HMHTHOUTOPHI KOPPO3UH, KOTOPBIE aJICOPOMPYIOTCS Ha
MOBEPXHOCTH METajljla U YMEHBIIAIOT CKOPOCTh KATOJHOW U aHOJHOM pEeaKIuu.
NHrubutopsl MpUMEHSIO, TJIaBHBIM  00Opa3oM, [JIsi KHUCIBIX  PacTBOPOB
ANEKTPOJIUTOB, WHOTJA W JUIsi HEWUTpaldbHbIX HMHTHMOUTOpAMM CIyXaT pa3Hble
OpraHUYEeCKUE COEMHEHUs, cojaepxkauue GyHkiuoHanbHble rpynnsl -OH, SH, -
NH,, -COOH u npyrue. YcinoBue NeWCTBUS UHTHOUTOpA - €ro aicopOuus Ha
MOBEPXHOCTU MeETa/sia Ipu OeCTOKOBOM mMoTeHIuane. Eciu 3TOoT moTeHuuan
CWJIBHO yAAJIeH OT TOYKHU HYJEBOTO 3apsijia JTaHHOrO0 MeTallla, TO HEeUTpalibHas
MOJIEKyJa UWHTHOMUTOpa He ajacopbupyercsi. B s3ToM ciyyae mOpUMEHSIOT
MHTUOUTOPBI, 00pa3yloliue UOHBI B 3aBUCMMOCTH OT 3HAKa 3apsijia MOBEPXHOCTHU
nubo0 KaTWOHBI, JHUOO aHWOHbL. YacTo uUHruOUpyolee [eUCTBUE PE3KO

YCUIIHUBACTCH ITPU UCIIOJIB30BAHUN CMECHU HECKOJIBKHNX BCIUICCTB.

IIpn kaToAHON MOJISIPU3ALMU METAUIA CKOPOCTh €ro CaMOpPACTBOPEHHS
yMeHbpmaercs.  lloTeHuman  OCHOBHOTO — MeTajula  MOXKHO  CMECTUTh B
OTPHUIIATENIBHYIO CTOPOHY, €CJIU €r0 AJEKTPUUECKU COCTUHUTH C APYruMu, Oosee
ANEKTPOOTPULIATENBHBIM METAUIOM, HAXOASAIIUMCS B TOH K€ 3JIEKTPOJIUTHOU
cpene. 1Ipu 3TOM BO3HMKAET MAaKpPOCKOIMUYECKAs raJIbBAHUYECKAS MMapa, B KOTOPOU
OCHOBHOW MeETaJl MOJ BO3JCHUCTBUEM BTOPOrO, MOJAPHU30BAH KaTOAHO. BTopon
METaJUI - MPOTEKTOP- TMOJAPU3YETCSI AaHOJHO M IIOCTENEHHO pacXOayeTcs B
pe3yJibTaTe aHOAHOI'O pPacTBOpPEHHs. TakoW BHUJ 3alIUThl METAJUIOB HA3bIBAIOT
KaTOJIHOM 3aiuToN (MpOTeKTOpHOI). [IpuMepoM MOXET CIAyKUTh OLMHKOBAHHOE
KEJe30, B HEM LHMHK OJHOBPEMEHHO BBIMIOJHAECT POJIb 3ALIUTHOTO NOKPBITHS H

KaTOaHOI'O IIPOTCKTOPA.

I/IHOFI[a NPpUMCHAIOT AaHOJHYIO 3allluTy, B XOZIC KOTOpOfI IIOTCHOMAJI
CABHUIaCTCA B IIOJIOKHUTCIBHYIO CTOPOHY. Ecau IIpH 3TOM AOCTHUIaCTCA MOTCHIIMAJI

macCuBaluUMETaIa, CKOPOCTbH CaMOPACTBOPCHHUA HC YBCIMYMBACTCA, a PC3KO



CHIKaeTca. s caBura mOTEHUHAIA B TMOJOKHUTEIBHYK) CTOPOHY JOCTATOYHO
YCKOPHUThH COMNPSKEHHYKO KaTOAHYI0 peakuuioo. Jlns 3Toro pacTtBOop BBOISAT
OKHCJIUTENH, KOTOPBIE JIETKO KAaTOJHO BOCCTAHABIMBAIOTCS, HAPUMEp, XpOMart-
nOHbl. CKOpPOCTh KaTOJHOTO BBIJEICHHUS BOJOPOAA MOXET TAKXKE YCKOPHUTb,
n00aBysii B TOBEPXHOCTHBIM CIOM MeTaula MHUKPOKOIMYECTBA IJIATUHOBBIX

METaJVIOB, OKa3bIBAIOIINX CUIIbHOE KaTanuTuueckoe aericteue (Tomarios, 1949).

Haunbonee u3BecTHBI cOCOO CHMXKEHUSI KOPPO3HMH JKeje3a- JErupoBaHUE
€ro XpoMOM, HUKEJIEM M JApyruMHu MetamiaMud. Koppos3uiiHas CTOMKOCTh TAaKHUX
HEpKABEIOIIMX CTajed BbI3BaHa TeMm, 4ro Cr Jerko mnaccuBHpyercs .JTa
0COOEHHOCTh CBOMCTBEHHa CIuIaBaM ¢ HeOosbmuM coaepkanueMm Cr. Iloatomy
ATU CIUJIaBbl CUJIBHO 3alaCCUBUPOBAHBI U CKOPOCTh MX CAMOPACTBOPECHUS OYECHBb

Maja.

3.]IeKTpOXI/IM HYCCKHEC UICTOYHHUKH TOKA.

DIIEKTPOXUMHUYECKHE HMCTOYHUKU TOKa - 3TO YCTPOMCTBA, MO3BOJISIIOLINE
OCYILIECTBIIATh HEMOCPEACTBEHHOE TMPEBPAIICHUE XWMHUYECKOM JHEPruv B
INEKTpUYeCKyr0. Ha OCHOBE pasIuMyHBIX OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX
MpOIIECCOB  MOXHO  ObUI0O  Obl  TMOCTPOUTH  OTPOMHOE  KOJUYECTBO
ANEKTPOXUMUYECKUX HMCTOYHUKOB ToKa. OJHaKO TpeOOBaHUSAM, BBIJIBUTAEMbIM
MPAKTUKOM, yIOBIETBOPSET JIUIIb HEOOIBIIOE YUCIIO PIEKTPOXUMUUYECKUX CUCTEM.
K CcOBpeMEHHBIX DIEKTPOXMMHUYECKMM HMCTOYHHUKAM TOKa MPEAbSIBISAIOT

ceayrone TpeOOBaHUS:

1. Bo3amMoxxHO OoJiblliasi BeIMYMHA 3.]1.C. BenuuuHy 3.7.C. MOXKHO paccuuTarh IO
3aKOHAM  DJEKTPOXUMHUUYECKON  TepmoauHamMuku. OpHAaKO  HEOOXOIUMO
YYUTBIBATh, UYTO MO JOCTHKEHUHU ONPENECICHHOW Pa3HOCTH MOTEHIMATIOB Ha
AJIEKTPOJIaX UCTOYHMKA TOKA CTAHOBUTCS BO3MOKHBIM MPOTEKAHHE PEAKLUN C
y4aCTHEM MOJIEKYJ pacTBOpuTelss. Tak, B BOJAHBIX PacTBOpax MPU Pa3HOCTH

noreHuuanoB ~1,23 B Ha omHoM anektpojae Beiaenserca H,, nHa apyrom - O;.



[loaToMy € TOYKM 3peHUS DIEKTPOXUMUUYECKOM JUHAMUKU  KaXeTCs
HEBO3MOXXHBLIM CO3JIaHME HMCTOYHHMKOB TOKa ¢ 3.1.c.>1,231. OmgHako cO3maHbI
TaKue UCTOYHUKHU TOKA. DTO MOKHO OOBSCHUTH TEM, YTO TOKM OOMEHA peaKinu
Boiienenuss H, u O, Ha psige BJEKTpOJOB Mallbl, T.€. 3TU 3JIEKTPOIHBIC
MpOIIECChl  MPOTEKaro ¢ OONBIIMM TepeHanpsskeHueM. B pesynbrarte
MEpEeHANPSKEHUsT BEPXHSSA TpaHuua 3.4.C. cocTtaBisaeT no 2,0-2,8 B. Orcrona
MOJIOKUTENILHOE 3HAYEHUE MePEHANPIKCHUS.

2. BO3MOXXHO MEHbIIIME OTKJIOHEHUS PA3HOCTH MOTEHIUAIOB MEXIY AIEKTpOAaMu
OT 9.A.C. TpuH paboTe HCTOYHUKOB TOKAa. ITO BBI3BAHO TMOJSIPU3AIICH
AIEKTPOJOB U MaJCHUEM HANPSHKEHUSI Ha €r0 BHYTPEHHEM COMPOTUBIICHUMU.

3. bonblllasi €eMKOCTh HMCTOYHHMKA TOKa, T.. OOJIBIIOW 3amac AJIEKTPUYECTBA B
pacyeTe Ha €JMHUILY MacChl UK 00bema.

4. MakcumManbHO BBICOKasi yJelibHasi MOIIHOCThb, T.€. MAaKCUMaJlbHO OOJIbIlIOE
KOJIMYECTBO PHEPTUU, OTAABAEMOU B €AMHUIY BPEMEHU €AMHUIICH MaCChl WIH
o0beMa HCTOYHMKA TOKa. ( TOBEPXHOCTh COMPUKOCHOBEHHS Marepualia
ANIEKTPO/ia C PAaCTBOPOM - T'yOUaThie WIIM MOPUCTHIE AIEKTPOIbI)

5. MakcuMaiibHO HH3KHM camopaspsia. CamMopa3psiioM Ha3bIBalOT MOTEPIO
€MKOCTH UCTOYHUKA TOKA MPU PA3OMKHYTOH IIEMH.

9H€KTpOXI/IMI/I‘-IeCKI/IC HCTOYHHKH TOKa JOCIIAT HA TPHU I'PYIIIIBL:

B [IepBUYHBIC HCTOYHUKH TOKA;
B BTOPUYHBIC UICTOUHHUKHU TOKA (AKKYMYJISITOPHI)
B 3JEKTPOXHUMHUYECKHE T€HEPATOPHL.

IlepBu4YHbIe HCTOYHUKM TOKA. DiieMeHT JlekMmanie:
Zn/NH,Cl/MnO,+C/C

D.xn.c. 1,5+1,8 B. B pactBop NH,CI 106aBISI0OT MyKy WM KpaxMajd U HEKOTOPHIE
comu (ZnCl,, CaCl,, HgCl,). Yroapublil crepxeHb, OkpyxkeHHbld MnO, +C,

BBITIOJIHSET poJib I asmekTpoma. TokooOpasyroas peakiius:

Zn +2NH,Cl +2 MnO, — | Zn(NH,), |CL, + H,0+ Mn,0,



HCpBI/I‘-IHBIC HCTOYHHUKH TOKa CTAHOBATCA HCIIPHUIOJHBIMHU ITOCJIC M3PACXOAO0BAHUA

BCIICCTB, U3 KOTOPBIX OHHU OBLIN BBIIIOJTHEHBEI.

AKKYMYJSITOPAMH Ha3bIBAIOT TaKHE TaJIbBAHUYECKUE JIEMEHTHI, KOTOPbIE
JOIyCKal0T MHOTOpPa30BO€ HCIIOJb30BaHKUE. TOKOOOpa3yrolue BEUIeCTBA MOTYT
0o0pa3oBBIBaThCA MPU  MNPOMNYCKAHUM  YEpPe3  aKKyMyJSTOp  MOCTOSIHHOTO
ANEKTPUYECKOTO TOKa OT JApyroro ucrtouHuka. lIporecc perenepanuu akTUBHBIX

BEIIECTB HA3bIBAIOT 3aPSIA0M aKKyMYJISATOPA.
Knaccruueckunii npuMep - CBUHLOBBIN aKKyMYJIATOP:
Pb/H>SO /PbO,/Pb

C JJIEKTPOJAaMHU W3 CBUHLA W JIByOKHCH cBUHIA U ¢ 25-30% pactBopom H,SO4 B
KadyecTBe OdJekTpoiuTa. [Ipu reHepupoBaHMM TOKa MPOUCXOAUT CIEAYIONIUN

CyMMApHBII ITPOLECC:

paspsio
Pb + PbO, +2H,S0, 2PbSO, +2H,0
3aps0
[Ipu pa3zpsme 3TOT npolece NPOTEeKAET CIpaBa HaJeBO. J.J1.C. JocTUraer 2,1

B. OcHOBHBIE HEJJOCTATKU - Majias yelabHasi EeMKOCTbh U CPAaBHUTEIBLHO HEOOJIbIIION

CPOK CITyXOBI.

3HAUYUTEIHLHOE pacinpoCTpaHCHUC IIOJIYUYHIIN JKCIIC30- U K&I[MPIIZ—HHK@JIGBBIC

HIEJIOYHBIE AKKYMYJISTOPBI:

Fe/ KOH / NiOOH / Ni
unuCd

ca.a.c. 1,35-1,4 B.

paspso
Fe +2NiOOH +2H,0 Fe(OH), +2Ni(OH),
«—

3aps0

CepeOpsiHO-ITUHKOBBIE aKKYMYJISITOPHI.



[IpeanpuHUMAIOTCA TMOMBITKM CO3JIaHUSl AKKyMYJISITOpOB Ha 0a3e  IMHK-
BO3YIIHBIX 3JIEMEHTOB. TpyIHOCTH - TPEAOTBPALICHHS PAa3PYyLICHUS BO3AYIIHBIX

QJICKTPOAOB BO BPCM 3apAaAHOIO IIpoLecca.

DJIeKTPOXUMHYECKHUE reHepaTopsbl. Oco6eHHOCTh B TOM, 4TO
DJIEKTPOXMMHUYECKHE AaKTUBHBIC BELIECTBA HE 3aKIAABIBAIOTCS 3apaHee Npu
W3TOTOBJIEHUH JJIEKTPOJIOB, a MOABOAATCS IO MEPE M3pACXOJ0BAHUA. ITO
o0ecrneurBaeT HEMPEPHIBHOCTh PA0OTHl UCTOYHUKA TOKA TEOPETUUECKU B TEUCHHE
CKOJb YrOAHO JJUTEIBLHOro BpeMmeHu. [lpuHiuun paboThl - HUCMOIb30BaHUE
pEaKLUi OKHUCIEHUsS IPUPOAHBIX BHUJIOB TOIUIMBA JUIS IPAMOIO IOMYYEHUS
AJEKTPUYECKOW dSHepruv. TakWe yCTpOWCTBA HA3BIBAIOTCS TOIJIMBHBIMH
3jieMeHTaMU. B KkadecTBe OKHMCIMTENS MOYTH BCErAa UCIOIB3YIOT WA YUCTBIN
KUCIIOPOJ WJIA, KUCIOPOJ BO3AyXa. B KauecTBe «TOIUIMBA» MPUMEHSAIOT BOJIOPOL,
ruapasul, metanon, CO yrineBomoponsl, yroiib U T.1. [Ipaktnueckoe npuMeHeHne
Hanut noka Il Buaa »ME€KTPOXMMHUUYECKOTO TOpIOYEro, a HaumOOJIbIIHE YCIEeXHU
JOCTUTHYTHI B pa3paboOTKe BOJAOPOIHO-KHUCIOPOJHOTO TOILJIMBHOTO AJIEMEHTA.
DIIEKTPOXUMHYECKOE TOPIOYEEe M OKHUCIHUTENb IMOABOIATCS K JJIEKTPOAAM, IJIe
BCTYNAIOT B JJIEKTPOXMMHUYECKYI0 PEaKIHI0. OJEKTPOJAbl HCTOYHMKA TOKa-

KaTaJIn3aTOPhbl 3THUX peaKuHﬁ.

PaGote! 1o CO3JaHUIO TOINIMBHBIX 3JICMCHTOB AaJIM TOJIYOK Pa3sBHUTHIO 2-X
TCOPCTUUCCKUX HaHpaBHeHI/Iﬁ QJICKTPOXUMHUHN:. TCOPUHU IMOPHUCTHIX J3JICKTPOAOB H

QJICKTPOKATAIN3Yy.

B HACTOAIICC BPCM:A pa3pa6aTHBa10Tc;1 HOBBIC I'PYIIIIBI JICKTPOXUMHUYCCKHUX
UCTOYHHUKOB TOKAa. K HUM OTHOCSTCS MCTOUYHUKH TOKAa, B KOTOPBIX HCIIOJB3YIOTCA
mecJI04YHbIC MCTAJJIbl, W HCTOYHHKH TOKa C TBCPAbIMH OJCKTPOJIMUTAMU,

00J1a1al0MKUMH HOHHOU MPOBOAUMOCTHIO.

BOITPOCHI U1 CAMOITIOAT'OTOBKMU:

1. YUTO 03Ha4YaeT TEPMHUH «KOPPO3USI»?



. [IpuBeuTe OCHOBHBIE BHIBI KOPPO3WH W OOBSICHUTE HUX MEXaHH3M
BO3HUKHOBCHHS ?

. [lepeuncnurte OCHOBHBIE BHIBI 3allATBI OT KOPPO3UM H JalTe UX
XapaKTEPUCTHUKY.

. Kakue BemiecTBa Ha3bIBalOT UHTUOUTOpAMU ?

. Kakue ycTpoiicTBa Ha3pIBatOT 3JEKTPOXUMHUYECKUMU UCTOYHUKAMU TOKA?

. [lepeunciaure oOCHOBHBIE TpeOOBaHUs, MPEABABISIEMbIE K XUMHYECKUM
HCTOYHUKAM TOKA.

. [IpuBenuTe OCHOBHBIE TPYNIIBI XUMHUYECKMX HCTOYHUKOB TOKA M JIalTe HUX
XapaKTEPUCTHKY.
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	Электродные процессы как правило всегда связаны с изменением заряда атомов или атомных групп, т.е. представляют собой окислительно-восстановительные процессы. Для получения электрического тока, необходимо чтобы эти процессы проходили на разных электродах в результате чего электрические потенциалы электродов были бы различны. Поэтому требуется рассмотреть возникновение скачков потенциала на фазовых границах металла и раствора.
	Рассмотрим в начале границу раствора с воздухом. Поскольку силы, действующие на первый слой молекул растворителя со стороны воздуха и со стороны раствора существенно различны, то распределение частиц растворителя вблизи поверхности отличаются от их хаотического распределения в объеме. На поверхности раствора возникает некоторая предпочтительная ориентация молекул растворителя, а если эти молекулы полярны, то их ориентация можно привести к пространственному разделению зарядов и возникновению соответствующий разности потенциалов. Другой причиной электрической разности потенциалов на свободной поверхности раствора может быть различное расстояние анионов и катионов, находящихся в поверхностном слое раствора, до границы раздела фаз. Разность потенциалов на границе раствор-воздух называется поверхностным потенциалом р0.
	Поверхностный потенциал возникает также и на границе металла с воздухом или вакуумом. Механизм его образования можно объяснить: согласно принципу Рауля на одном (нулевом) уровне можно одновременно находиться лишь два электрона с противоположно ориентированными стенами. Следующие две  должны располагаться уже на более высоком энергическом уровне и т.д. Поэтому в среднем  металла имеют значительную кинетическую энергию, которая не обращается в нуль даже при абсолютном нуле. В результате этого электронный газ выходит за пределы решетки и создает поверхностный потенциала .
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