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MHYCCKUC IIPOILECCHL, d TAKKEC BO3MOKHOCTD K HAIIPABICHHUC CAMOIIPON3BOJIBHOIO
POTCKAHKA IIPOLIECCOB.

MCTEMOI Ha3bIBaeTCs TeJO W IPYIIIa Tell, HaXo JAIMXCS BO B3aUMO/IEHCTBIHE ¢
yKaloIet cpeoit 1 MBICIEHHO 000cO0MSIEMBIX OT HEe.

moGoM Tpoiiecce coBI0;JaeTes 3aKoH coxpareris sreprim; & = 4L + 4

TO COOTHOMIEHHE HA3bIBAETCS IEPBBIM HAYAIOM TEPMOIMHAMUKH | 03HAYAET, YTO €CIH K
CTEME IT0IBOIUTCS TEIoTa (), TO OHa pacXo/lyeTcsd Ha M3MeHeH!e BHyTpeHHel sHepri DU 1
a COBEpIIEHHE PabOTHL A.

0]l BHYTpeHHel sHeprielt cucTeMbl U 1mojpazymeBaeTcs 00Nt ee 3amac (SHeprus IBHKEHIS
OJIEKYJT, DIEKTPOHOB, BHYTPHSICPHAS SHEPTHS | T. ]I, ) KPOME KIHETHYECKOH 1 MOTEHTHAIBHOM
EpIHI CHCTEMBI B IIEJIOM.



eqyunHa H=U+PV HazpiBaercd sHTaNbnMen. Taxum oOpazom, TeIIoBoU 3(pe KT npoliecca
PY IOCTOSHHOM JIABJIEHUU paBeH u3MeHeHuo sHTansnuuDH. Ilpu noctosaHOM 06beMe
1=V2, nostomy Qv=DU. Qv!Qp, T.e. TerioBo# ek npoliecca 3aBUCUT OT YCIOBUH ero
POTEKAHUSL

1abopaTOPHBIX YCIOBUSX Peakiui oObITHO IPOBOJIATCA IPU IOCTOSHHOM [IABJIeHUU
arpumep, B xoibe). Teriosle >ddekThl, U3MepeHHble Ipu aTMocdepHoM gaBiaeHuu (101325
a) Ha3bIBAIOTCA CTAHJAPTHBIMU U 0Oo3HadaroTcs DHC. B 06o3HaueHU MOKET yKA3BIBATHCSA
GCOTIOTHAS TeMIIepaTypa, IIPH KOTopoii onpe/ielieH TelIoBoi sdgdekt, Hanpumeplyd :?Dﬂ(npn 1
M 1 25°C).

€aKIIM1 MOIYT IPOTEKATH C BbIJIEJIEHUEM Tellla (3K30TepMUUECKUE) U € ero NONNIOMEHAEM
YHIOTepMUYUeCKUe). Y paBHEeHU peakliiii, B KOTOPbIX YKa3aH TeIUIoBo# »de kT, Ha3bIBalOTCA
PMOXUMUYECKAMU. B HUX IPUBO/ATCS arperaTHble COCTOAHUSA BEIecTB (T — ras, kK —
UKOCTh, T — TBEP/I0€ BEMECTBO, K — KPUCTALTHI ), a KO3(PUITUEHTHI UMEIOT CMBICIT MOJIEH .

arpumep:

2(r) + CI2(r) ® 2 HCI(r) + 184 KTk



I
2H() +1/2 C2(r) ® HOL(r) +92 T, A9 =92 llx
axoH I'ecca; Temooit 3Q)QexT mporiecca 3ABICHT TOJBKO OT COCTOSHUA HCXOMHBIX BEIIECTB 1
HEYHBIX POAYKTOB, HO HE 34BUCHT OT ¢rioco0a ero mposezeHus. IpoummocTpupyem

PUMEHEHHE 3AK0HA Fecca CXeMOH 00pa30BAHHMS YITIEKUCIONO 434, TIPH OKICIEHIH IPAQUTA;

(rpacu) + COy (1)

DA

CoM




XUMHAYCCKH X CIIPABOYHHUKAX HCBO3MOXKHO IIPUBCCTH TCILIIOBLIC 3(1)(1361(1‘1)1 BCCX peaIﬂII/Iﬁ. Ho u3
KoHa ['ecca MOXKHO IIOJIVUATL BAXKHBIC CIICICTBHA, IIO3BOJIAIONMEC BbIUYUCIIUTD DH nourn Bcex

POLCCCOB. I[HSI 3TOTI'0 BBCJCM OIIPCICIICHH AL

CILIOTON 00pa30BaHUS BEIECTBA HA3bIBAETCA TEILIOBOM 3(deKT peakiiuu moaydenus 1 mMoms

L
OT'0 BEIIECTBA M3 IPOCTHIX BEIIECTB (0003HAYAETCS , ﬂ‘Hf kJ[k/Monp). TermnoTolt cropanus
v D
eIIIeCTBA HA3bIBACTCS TEILI0BOM e KT croparnus | Mo storo Bemectsa (447 . rk/[/MOID).

Q 0
J11 MHOTUX BGIHGCTBﬁHf 87 ¢t IpHBENICHBI B CIIPABOYHUKAX (CM., HATIPUMED, TIOJIPOOHbIH
-line crpaBOYHMK MK KPATKYIO TaOIUITY | IpHIOKEeHHS). PacCMOTpUM CXEMY:

CEOIHEIE BEIECTER = 1P OOYETEL

AH, AH,

IPOCTHEE BEIECTEA



A 4 { +

= 244 (NOy 1) = [2AH7 N O,1) + AHF (O ,1)]
l I OAVETEL CPOpaHHH

A = WHy — AH :me (Moo o —Zﬂﬂf (MC
OCTBIX BGL[[GCTBﬂLHf - E HOBTOMY&H = MH}‘ (HO5.1) - ZﬁHﬁ (NO,T)
- / \

—BeHCTBo BBIPAXKAET EPBOE CIEACTBUE U3 3akoHa ['ecca. Hampumep, s peaxiuu
A

TPUM JIPYTYIO CXEMY
HCXONHEE BEIECTEA e TPOIVETH

HO, YTO HCXOJIHBIC BCI.[[CCTB& H ITPOTYKTEI HGKOTOpOI»u{ PEAKIIMH BCCrAa Jar0T OJHH U TC
JIYKTBI CIOPAHH S HOBTOMY, COITIACHO 3aKOHY [ecca:
| = A+ AH ' =

AH = LH) - AHy =% AH (MCX) =Y AH (M pog
BCHCTBO BbIPAKACT BTOPOC CIICACTBUC U3 3dKOHA ['ecca.




VIMUCOCRMA HTPDOLCCCUE MMOKOTOA dH IO YADIC RDUTTPUM, D ALA BURC TdRMM RPUTCPHCM
i1 BBIMOMHIMOCTS YenoBus DH<O (mpuriun beprio). 310 kasanoch mpasomos00HbIM,
1 DH<0 (B 3K30TepMuYeckoil peaxii) CicTeMa IEPEXOIHT B COCTOSHIE ¢ MEHbIIEl

eif. OHaxo BnocencTBii ObL0 00HAPY:KeHO MHOTO HAPYIEHHH MpuHIua beprio
MOKHOCTD POTEKAH S HEKOTOPBIX SK30TEPMIUECKIX PEAKLII 1 BOSMOKHOCTD —

PbIX 3H0TepMuyeckuX). [loaromy mpurin beprio B HacTosmee Bpems He

HseTCS. ET0 HapyIeHHe CBA3aHO C BAMSHUEM 3HTPOTIUIL,

[HII¢ BEILECTBA MOKHO 0XAPAKTEPU30BaT MBOSKO: 1) YKa3aTh SHAYCHIS H3MEPSEMBIX

B, HATPUME, TEMIEPATYpy H JABNEHIe. ITO XAPAKTEPUCTIKY MAKPOCOCTOSHAS, 2)

b MTHOBEHHBIE XADAKTEPUCTHKI KKIO! YaCTHLIbI BEIECTBA — €€ MONOKEHHE B

AHCTBE, CKOPOCTD 1 HATIPABIEHHE TIEPEMEIEHIS. ITO XaPAKTEHCTIKA MUKPOCOCTOSHIS,



s B\ Y KL AACY A N A / / vibl. [ AlJiA ARULI F Sl WERY, | sivi il »
HANOOIIbIee 3HAUeHNE B TA3000Pa3HOM COCTOSIHUY I HAIMEHBIIee — B TBEPAOM, a IS
BEUIECTB B OJJHOM 1 TOM 3K€ aIperaTHOM COCTOSIHUY OTIPEIeIISIeTCSI CIIOKHOCTHEO
vpBl MOIIeKyll. JIroGasi cucTeMa nMeeT TeHASHILIMIO K CaMOIIPOM3BOIBHOMY POCTY
nu (DS=0). C apyroit CTOPOHBI, COTNACHO MIPUHLINITY BepTio, nMeeTCs: TeHASHIINS K
HIO sHTANBNNN (DH<0). 5T1u qBa daxropa yIUTHIBAIOTCS B YPaBHEHNN 1300apHO-
MUYECKOIO ITOTeHIMATIA:

S :
abCONIOTHAsI TeMIlepaTypa.

Ha G Ha3BIBACTCS TAKCKe BHepruel [ mboca U sIBISIETCS OJHUM 3 BasKHEW X
[MTHAMWYECKUX TIOTeHIAIOB. [Ipy MTOCTOSHHBIX TeMIIepaType 1 JaBIESHUN N3MEeHeHIe
1 ['n66ca B nipoliecce OrpeAesieT BO3MOKHOCTE €TI0 CaMOIIPOU3BOIILHOTO ITPOTEKAHNS:

—TDS

1151 HeKOTopol peakunn DG<0, TO 0HA MOXKET IMPOTEeKaTh CaMOIIPOM3BOIILHO, Ipu DG=0
151 TIPUHITATIMAIIFHO HeocyecTBMMa, DG=0 oTBedaeT COCTOSHIIIO PaBHOBECHSL



AH>0, An<(

AH<0, Aa<(

AH<0, AS=0

T OLIR CE
? HEOCYIIE CTEHM

[AG=0)

[IpoLUece
» QCYIIR CTBHM
(AG=0)

-)K 1.1 - I'paduxu saBrcuMoctei DG oT TeMmepaTypeL.



e DS MOXHO BBIUHCIIUTS, IMOJIB3YSICh CIIPABOYHUKOM, /i€ TIPUBEIESHBI CTAHIaPTHHIE
MM MHOTHX BEIECTB (cM. Takke TadauIy 1 TpUIoKEeHHUsT).

ST (npod - 8" MK

S MOYKHO JICTKO OIPEJIC/INTh, HE MOJb3YsCh CIIPABOYHUKOM, €CJIM HEYIOPSITIOUEHHOCTD
I PE3KO MU3MEHSIETCS B XO/Ie pPeaKIuu:

(T) ® CaO(1) + CO2(T)

VKTaX peakiiui UMEETCsI ra3000pasHoe BEMeCTBO, a HCXO/THOE BEIRCTBO TBEp/Ioe,
SHTPOIHUSA MPOAYKTOB BBIIIE, YeM UCXOAHBIX BemecTB. Cnenoparensuo, DS>0.

ﬂG’ e cnocod pacueta DG® peaknuu uepes oHepruu ['nd60ca oOpasopaHus
S IpuBOIUMEBIE B CIIPAaBOYHHKAX

AG =ZﬁGf npon) —Z&Gf (MCX)







HOGTh 3101 eAKLIIH BBITECHEHIEA CBOTHTA & BOGCTAHOBTEHHH0 OJHAM METATION HOH
oporo, Hampinviep, B pay verawios Zn, Fe, Cu, Ag Kk oLt mpe oy BbITECHACT
0CTe RO 13 €10 Gomeil, T0r1A Kak 00paTHoe BBITecHeHHe He Ha0MOZAeICA




HO, YTO €CIH Obl YAAIIOCh OCYIIIECTBHTH Iepeady 3NEeKIPOHOB HE HEITOCPEACTBEHHO, 4
eTAJUTHYECKHH TMPOBOAHHK, TO IO HEMY ITOTEK OBbI OT IIHHKA K MEJH ITOTOK 3IEeKIPOHOB,
KITPHYECKHH TOK. Ha pHCcyHKe 6.1 InmoKazaHa cxXeMa TalbBaHHYECKOIr'O 3JIeMeHTa, T.€.
BKH, JCAIOIIEH BO3MOKHOH TAKYIO Iepefiaqdy 3IeKTPOHOB 110 MpoBoay. B

HYECKOM BJIEMEHTE ITPOHCXOAHT HEITOCPeACTBEHHOE NMpeo0pa3oBaHHe SHEPIHH

CKOH pPeaki[HH B 3eKTPHYECKYIO SHEPTHIO.

a2 —
B
- sof £
b
o4 B B 24
2" | Zn cuy | &Y™
A SOy SOy B

", - -

'K 1.0 - KOHCTp}’KL[H}I MCAHO-IIHHKOBOI'O I'alIbBAHHYCCKOI'C 3JICMCHTA (SJIGMGHT ﬂaHHSJI}I-



M OCYIIECTBJISICTCS. OKUCIICHHE (B PACCMOTPEHHOM IIPHMEPE — IIHHKOBBIA } — AHOJOM.

OM CJIy4ae SJIEKTPOJHBIC IIPOIECCHI SBJISEOTCS TETEPOICHHBIMH, T.K. OKHCJICHHAS 1
HOBJICHHAs (pOPMbI HAXOAATCS B pa3HbIX pazax *. B Oonee oOImgM BHIe TeTepOICHHbIH
OHBIA MPOIECC MOXKHO 3aIIMCATh B BUJIE:

, TB. $aza) — ne— <=> Men+ (aq) (OD, pacTBOp)

HUIIE pasfiena (a3 BOSHHKAET JBOMHOM SNEKTPHUCCKHH CJIOH, COCTOSIMMA U3 KATHOHOB
B PaCTBOPE) M AMEKTPOHOB (B METAILIE), UTO IPUBOJUT K MOABJICHUIO IOTEHI[UATA
/Me). Ero abcomoTHas BeTMUMHA OMPEICICHUI0 HE MOMIAETCS, OTHAKO JIETKO
€TCS PA3HOCTh MIOTEHIUANIOB KATO/A M 4HO/d, KOTOPAsl Ha3bIBAETCS HICKTPOJABUKYIIEH
(3J1C) ranpBanuueckoro yeMenTa DE=Ex—FEa. Eciiu B TakuX yCTpoOCTBAX YCIOBHO
b IIOTEHIM AT KAKOTO-TO JJIEKTPO/A PABHBIM HYIIIO, TO H3MepeHueM IJ1C MOKHO
Tb OTHOCHTE/IbHBIE 3HAUCHHSI JIPYTHX SJICKTPOJHBIX IOTCHIIHATIOB, YTO BAXKHO IS
TEJIBHOM KOMHUCCTBEHHOM XAPAKTEPUCTHKA HJICKTPOJIOB.



2e <=>H?2

MepPEHH S HIEKTPOIHBIX MOTEHIMATOB METALIOB, HATPUMED MEJTH, COCTABIISIOT
MYECKHI IEMEHT, B KOTOPOM BTOPBIM HIIEKTPOJIOM CITYKHT CTaHAAPTHBLIA BOOPO IHbIH
0J. B ocHOBE paboThI COCTABIIEHHOTO TATbBAHITYECKOTO HIEMEHTA JIEKUT PEaKIHS

H2 ® 2H++ Cu

Me TalbBaHIYeCKOTO 3JIeMEHTa TPAHHIIBL pasea (a3 MOKa3bIBAIOT OIHOH BEPTHKAIHOM
, @ BIIEKTPOJIBI OTJICISIOT JIPYT OT JPYra JIBYMS BEpTHKAIBHBIMK YepTaMu. AHOJI Ha

A3bIBAIOT CJICBA, d KATO/I — CITPaBa.

t(H2)2HH|Cu2+/Cu (+)K



v OVJICT BOHOPOJHbBIU SJICKI PO/, Nd Ll LI

JOJHBIC MOTCHITUAIBL MCTALIOB, U3MCPCHHBIC 110 OTHOIMICHUIO K BOJOPOTHOMY SJICKTPOJY
dH/TAPTHBIX YCJIOBUIX, T.C. AKTUBHOH KOHIICHTPAUA HOHOB MCTAJLIA B PACTBOPC, paBHOfI

i1, 1 reMueparype 25°C (298 K), HaspiBatoT cTanaaprabMa 1 00o3HaqatoT E°. Tak,
+/Cu)=0,34B, E°(Zn2+//n)= —0,76B. Psn MeTanios, pacnonoxeHHBIX B OPSIKE

AHUS WX CTAHAPTHAIX HIECKTPOJHBIX MOTEHIIAATOB, HA3BIBACTCA PSJIOM HANPSLKEHHH. B
BIX YEPTaX OH UMEET CIE/IYIO A7 BUJL;

Na, Mg, Al 7n, Fe, Ny, Sn, Pb, H, Cu, Hg, Ag Pt, Au

PUABCICHBI OCHOBHBIC CJICICTBUA U3 Pi/ld H&Hpﬂ}KCHHﬁI



TIAJIBITIE JIPYT OT JPyra CTOAT JiBa MeTajlia, TeM 6oibiyio 3 /]C nMeeT HOCTPOSHHBIH 13
bBAHMYCCKUM DITEMEHT.

Ha SMEKTPOIHOTO MOTEHI[KANA 3aBUCUT OT KOHIICHTPALINK HOHOB METAIUIA B PaCTBOpE
¥ [Ment|, ux 3apana (n) 1 Temieparypsl (1), 4To BIpaxkaeTcd ypaBHeHHeM HepHcTa:

E=FE + R—gln[Mem ]
M
—uncno Gapaged (F=96485~ 96500 Ki/mos ).

298 K MOKHO IIpHMEHSATH YIIPOIEHHYIO (JopMy ypaBHeHHd HepHcra:

gogo 4 O lg[Me™" ]
H

-II/ISI CTAaHTAPTHBIX JJICKTPOJHBIX ITIOTCHIIHATIOB MOZKHO HAVTH B CIIPABOTHHKC *




AKLIMM OKHCTICHHS X BOCCTAHOBIICHHS HE PA3ACTCHBI 1O SIEKTPOIAM, 3 IIPOMCXO/IAT B
o0mactu mpoctpancTsa. Crenoarensho, DG MOKET BRIMCIATECS TOUHO TAK e, T.C.
J1C rHmOTeTHYECKOTO TAMBBAHMUCCKOTO 3IEMEHTA, HAMICHHYIO U3 3NEKTPOIHBIX
HaNOB MOTYPEAKLHM. B KauecTBe mpuMepa paccMOTPUM PEAKLIMIO!

+(C2 ®2Fe3++2CH
N=2, T.K. MOTICKY/Ia XI0Da PUHMMACT ABA HNCKTPOHA (IO OTHOMY OT KDKIOTO HOHA
Cootromernue DG= —nFDE naxomut npumenenue mus onpenenetus DG oxucTuTensHo-
HOBUTCTHHBIX PRAKLIMH * B PACTBOPAX Mo u3MepeHHoM Bemuuine 3/]C rampBanmHecKux
0B, B KOTOPBIX OHH MOTYT TPOTCKATb, 4 TAKKS [T BHISCHEHHS BOSMOKHOCTH PadOTBI
MYECKOTO 3EMCHTA HA TOU MU MHOM XUMHYCCKOH PEAKLIUH, CCITH A1 HOG M3MCHEHUE
i ['nbbca DG usBecTHo,






TepAET mpucymye emy cBoiicTa. [lo mvetompmess matepaTypubiM JaHHbM, mpumepro 10%
CKETOIHOH 00U METANTOB PACXOMYETCA Ha IOKBITHE TOTEPD OT Koppoduu . Boamoskebl pa
BI/IA KOPPOSMH. XMMUHECKAS M JMEKTPOXUMIIECKAS |

Xumireckas Koppo3us 00YCTOBMCHA B3AMMOICHCTBIEM METATIOB ¢ CYXAMH TasaMu 1
KUJKAMH HEIMSKTPOMUTAMH B YCTOBUSX, KOTIA BIAra HA OBEPXHOCTH METANTA OTCYTCTBYET, U
HMEKTPOHBIC MPOLIECCHl  HA TPAHMIE pa3nena ¢as * He BosHUKAHT. [ IpakTHueCKy OUeHb BAKHOI
PA3HOBHIHOCTBI) XMMUHUECKOH KOPPOSHH SBASETCA [A30BAS — B3AMMOJCHCTBHE METANIOB MpH
MOBBILICHHBIX TEMIEPATYAX ¢ TAKAMH AKTHBHBIMU ra3000pasHbivMi ewecTsamu, kax Oy H,S,
S0;, ranoreHs! , BOAAHbIE MApbl 1 Jp.
IIEKTPOXHMITISCKAS KOPPO3HSA ABMACTCA PE3YIBTATOM POTCKAHHS COMPIKCHHBIX
HMEKTPOAHBIX MPOLIECCOB U BOSHUKACT PH KOHTAKTE METAMTOB € 3MEKTPOTUTaMH * (Ha BO3IYXE,
B I0YBC, B PACTBOPAX HSKTPOTHTOB H T.IL. ).




B ToHxoM cioe Biard, OObIYHO MOKPBIBAIOIIEM METAII, PACTBOPSIOTCS KUCIOPON,
TIEKUCIIbIA, CEpPHUCTBIA U JIPYTUe Tasbl, MPUCYTCTBYIOUME B aTMOC(EpHOM BO3IyXe . JTO
304€T YCTOBUSL COIPUKOCHOBEHUSI MeTAlMa ¢ DJIEKTPOIMTOM *. PasmuuHble YydacTKu
OBEPXHOCTH JII0OOTO MeTaia 00NaaoT pasHbIMU IIOTeHIHATAMU . [[pMunHamMu 3TOro MOryT
ITh HATUYUE IIPUMECCH B MeTalie, pasiuyHas o0paboTka OTAENbHBIX €r0 YJ4acTKOB,
COJAUHAKOBBIE YCIOBUS (OKPYKAIOMAS CpPela), B KOTOPHIX HAXOJATCS PA3TUUHBIE YUACTKHU
OBEPXHOCTH  MeTamia. [lpy 9ToM  ydyacTkd  TMOBEpPXHOCTH MeTaula ¢ Oonee
EKTPOOT PUIATENIbHBIM IIOTEHIUATIOM CTAHOBATCS AHOJAMH U PACTBOPSIIOTCS.
DNEKTPOXUMHUYECKASI KOPPO3UST MOXKET Pa3BUBATHCS B PE3yNbTaTe KOHTAKTA PA3THUHbIX
eTaioB. B stoM ciydae OyleT BO3ZHUKATh HE MUKPO-, 4 MakporalbBaHOIApa, U KOPPO3us
a3bIBAETCS KOHTAKTHOM (CM. JETANbHYIO KIACCHGMUKAIMIO BUIOB Kopposud ). CoueTaHus
€TAINIOB, CUJIbHO OTMUYAIONMXCS 3HAUCHUSAMH DJIEKTPOJHBIX IIOTEHIHUATOB ¥, B TEXHHUKS
¢IOMYCTUMBI (HAIpUMep, AMOMMHUM — Melb) B ciyuae Kkopposuu, BO3HHUKAIONEH IIpU
HTaKTe KaKoro-Tub0 MeTalia co CILIABOM, MOCSHUA HUMEET MTOTECHIIUAN, COOTBETCTBYIOIH
anfoee aKTUBHOMY METJLTY , BXOASIIEMY B cOCTaB cluiapa. Hampumep, pU KOHTAKTe JIATYHU
I1JI4B I[MHKA ¥ MEJTU } C JKEJIE30M KOPPOAUPOBATh OYIET JIaTyHb 34 CUEST HAMUMS B HEH I[UHKA.




CO3JacT YCIOBHA COIIPHKOCHOBCHHA MCETAIIa C© OICKTPOIIHTOM i Pasnmruynbie YYaCTKH

MOBEPXHOCTH JIIOOOro MeTaiila OO0NMafaloT pasHBIMH IOTEHIHATIAMH . [IpHYHHAMH 3TOT0 MOTYT
OBITh HaJIHYHE IIpHMeceH B MeTalle, pa3lH4yHaid oOpaOdoTKa OTASNIBHBIX €ro y4acTKOB,
HEOJAHHAKOBbIE YCIOBHA (OKpyXKaloliad cpefla), B KOTOPBIX HaXOAATCA PpasTHYHBIE Y4aCTKH
MOBEPXHOCTH  MeTauia. IIpH  »ToM  y4yacTKH  IOBEPXHOCTH  MeTala ¢ Oomnee
BJIEKTPOOTPHILIATENbHBIM ITOTEHIIHATIOM CTAaHOBATCA AaHOIAMH H PacTBOPIIOTCA.

OINeKTPOXHUMHYECKad KOPPO3HA MOXKET pa3sBHBAThCA B pe3ylbTaTe KOHTAKTa pa3IHYHbIX
MeTa/UIOB. B 3ToM ciydae OyZeT BO3HHKATh HE MHKpPO-, a MaKporajlbBaHOIlapa, H KOPpPO3HS
Ha3bIBaeTCA KOHTAKTHOH (CM. JeTalbHYIO KiIacCH(pHKAIIO BHAOB KopposuH ). CoueTaHHSA
MeTAJUIOB, CHJIBHO OTIHYAIONHXCd 3HAYEHHIMH 2IeKTPOJAHBIX IIOTEHIHAIOB *, B TeXHHKE
HeJOIIYCTHMBL (HallpHMep, aMOMHHHH — Meab). B ciydae KOPpPO3HH, BO3SHHKAIOINEH IIpH
KOHTAKTE KaKOro-JIHOO MeTalllla CO CIUJIaBOM, ITOCIEAHHH HMeeT ITOTEeHIIHAJ, COOTBETCTB YIOIIHMH
HaH0oJlee aKTHBHOMY METAUTY , BXOAAIIEMY B COCTaB cIslaBa. HaripuMep, IIpH KOHTAKTE JIaTyHH
(cTmap 1IMHKA M MEJH ) C JKelle30M KOPpPOAHpPOBaTh OyAeT MaTyHb 3a CYeT HalTH4YHA B HeH IIHHKA.

IlpeacTaBEM cXeMaTHYHO paloTy KOPOTKO3aMKHYTOT'O TalbBaHHYECKOTO BIEMEHTA .
BOSHHKAIOIIETO Ha IOBEPXHOCTH MeTallla, IOABEP)KEHHOIO KOPPO3HH B 3IeKTpoiHTe *
(pucyHOK 1.1). AHOAHBIH Y4aCTOK HMeeT Ooiee 3JIeKTPOOTPHIIATEIbHBIH ITOTEeHIIHA, TTO3TOMY
Ha HeM HAeT Npolecc OKHCIeHHd MeTama. OOpa3opaBUIHECSA B IIPOLIeCcCce OKHCIEHHI HOHBI
MepexoAdT B 2IEKTPOIHT, a 4YacTh OCBOOOAHBIHXCA IIPH 3TOM 3IeKTPOHOB MOMKET
nepeMenNaThCsI K KaTOAHOMY YYacTKy (Ha pHCOyHKe 1.1 mokaszaHo crpenkami). Ilporiecc
KOPPO3HH OyAeT MNpOAONKaThbCd B TOM CJIy4yae, €CiIH IeKTPOHBI, INepelleAllie Ha KaTOAHBIH
YYacTOK, OyAyT € HEro yAaarbed. MHauye NMpOH30HAET MONSApPH3ALHA MIEKTPOAOB *, H padoTa
KOPPO3HOHHOI'O TaJIBBAHHYECKOI'O IEMEHTA ITPeKpaTHTCA.




ANEKTRONUT
Men+ + M HQU p
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kTt KHCJ’IODOHHHQ OeEn0nApaaLUiAA
OHo0 + 0+ 45 — 40K~

Pucynok]1.1 - Cxema 3nexrpoxiMudeckoit kopposui. [ - aemonspusarop



BYCHT OT EAKLI CPETBL PACTBODA SMEKTPOIIHTA

B KUCTOWCDEIE  MCKTDOXMMHUECKAT KODPO3MA MPOTCKAET € BOZOPOIHON
NOMADI3ALIEH . PacCMOTPUM. KODPOHH0 KETE3HOH IIACTUEKH C MPHMECOME METH B
AKHOU XTOHCTOBOZOPOHOI amMoc(epe. B 3mom cryuae emeso Oyzer anomom (£°= -
44B), a wezp - xaronom (£°=+0,34B). Ha anozom yuactie Oyier mpoucXomuTs TpoIec
CTEHIA KEME3, @ Ha KATOHOM - MPOLECC JEMOTAPM3ALIMM HOHAME BOZOOXA, KOTOPBI
HCYTCTBYHOT B TIEKTPOIIHTE:

A Fe-2e s Fe¥ - oxucnenue
K: 2H"+2¢ = H, - soccranosenne



PACIIPOCTPAHCH B IIPHPOJC. OH HADJIFOJIACTCA IIPH KOPPO3HH METAJIIOB B BOJIC, IIOYUBC H
SI3HEHHOH ITPOMBITNIVICHHBIMH T'd3dMHU aTMOC(IEpe. Ecimu KOPPO3HHU BO BJIA’)KHOM BO3JVXC
[acTCsA KEJIC30 € IIPUMECIAMU MCIH, TO 3JICKTPOJIHBIC ITPOECCHI MOKHO 3dIIMCATh B BUJIC!

(A) Fe—2e — Fe* — OKHMCJICHUE
(K) 2 H,0 + O, + 4¢ = 4 OH- — BoccTaHOBJIEHHE

KOPOTKO3aMKHYTOTO T'dJIbBAHHYCCKOI'O 3JICMCHTA .
A(-) Fe|H,0,0,|Cu (1)K
PXHOCTH MCTAJLIA B 3JICKTPOJIUTE ITPOTCKAIOT CJICAYIONUEC PCAKITHA.

Fex*+ 2 OH- — Fe(OH),
4 Fe(OH), + 0, + 2 1,0 — 4 Fe(OH),

Hajl MacCa JYCPHLIX MCTAJUIOB  PA3PYIHIACTCA BCJICACTBHUC ITPOICCCA DPXKABJICHUA, B OCHOBC
I'0 JICYKAT BLIIICYKA3aHHBIC PCAKIIHH.




ncyHokl.2 — Koppo3us B pe3yabTare HEPaBHOMEPHOTO JOCTYIA Kuciaoposa. b —
TEXHUUECKOE COOPYKEHHE, A — aHOMHBIN y4acTOK, K — KATOHBIN y4acTOK.

b KOHCTPYKI[MH, HAXOAIAACS B BOJIE, OMBIBACTCS PACTBOPEHHBIM B HEW KMCIIOPOJIOM H, B
ae BO3HUKHOBEHM S YCIOBHM 1Sl DJICKTPOXMMUYECKONH KOPPO3HMHU , OY/IET BBIIIOJIHSATH POJIb
na. Jlpyras *e yacTh KOHCTPYKIIMH, HAXO/ISIAsiCs B TIOUBE, OyJIeT aHOOM M MOJIBEPTHETCS
VILCHHUIO.




1} Ubpabomra eneutnedi cpedul, 6 komopoti npomexaem xopposus CYIIHOCTb METOIA
aeTcsl MO0 B YHAJICHHH M3 OKPYKAIOUEH Cpelbl TeX BEINECTB, KOTOPHIE BBIMONHSIIOT
IO/SIpH3aTOpa , JUOO B M3OMANMM MeTalla OT Jemojsipusatopa. Hampumep,
S M3 BOJbI KUCJIOPOJA HMCIIONB3YIOT CIEIMAbHBIE BEINECTBA WM KUIISUCHUE. YoaneHue
00a u3 KOpposuoHHol cpedvl Hazvieaemca Oewdpawielt . MakCHMATbHO 3aMEJTHTH
C KOPPO3MH MOXHO IYTEM BBEJIEHHUS B OKPYKAIOIMYI0 CPENY CIEIUAIbHBIX BEINECTB —
mopos . [1lupoxoe pacnpocTpaHeHHE MOMYUAIH JIETYYHE H IapoQazHble MHTHOHTOPSI
1€ 3AUMIIAIOT OT AaTMOCPEPHON KOPPO3UH M3/ U3 YEPHBIX U IBETHBIX METALIOB IIPH
HH, TPAHCIIOPTHPOBKE U T.1. MeXaHu3M JISHCTBHS HHTUOMTOPOB 3aKTFOYAETCS B TOM, YTO
JEKYIbl  aICOpOMPYIOTCS  HA IIOBEPXHOCTH META/UIa, IIPEISTCTBYS IPOTEKAHHIC
OJTHBIX [IPOI[ECCOB.

2) Sauummusie noxpermus . JNS M30/SIMH METaUId OT OKPYKAIOWEH cpelbl HA HEro
Pa3IMUYHOTO POJIA ITOKPBITHS JIAKH, KPACKM, MeTALTMueckue IOKpbITHs. Hambomee
CTPAHEH HBIMH SIBJIIIOTCS JIAKOKPACOUHBIE IIOKPBITHSL, OJIHAKO HX MEXAHMUECKUE CBOUCTBA
€IbHO HIDKE, YeM y MeTauMueckux [locnequue mo xapakrepy 3allMTHOTO JEACTBHS
pa3JIe/IUTh Ha aHOJHBIC U KATOJHbIE .
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ymdTh ADUM, HdACUCHHDIN Hd ACIC3U. D GIYHAC HaPYIICHMA OCIUCTRUCT TIORDBITH

HTAKTE C BIKHBIM BO3TYXOM OyeT pab0TaTh raNbBAHNYECKIH AMeMeHT *:
A() Cr|H0,0, | Fe (1)K

Ha AHOJE: Cr-2e— Cr*
mararope.  2H0+0,+4e->40H
Cr**+2 OH - Cr{OH),

cun xpoma (IT) oxucnsercs kucnoponom sosayxa 10 C{OH);:
4 Cr{OH), +2H,0 + 0, » 4 C{OH),

00pasoM, B De3ymbTaTe  MEKTPOXHMHUYECKON KODPOSUH  PasPylIagTcs aHOMHOE
fe,
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Dd MOKHO MPUBCCTH OJIOBAHHOC ITOKPBHITHC Hd FKCJIC3C (J]Y)KGHOC }K6H630). P&CCMOTpHM

I'dJIbBAHHYICCKOIO JJICMCHTA , BOSHHKAIOMICTO B 9TOM CJIY4dc.

A (=) Fe|H,0,0,|Sn (HK

Ha aHoJIe: Fe - 2¢ — Fe*

Ha KaToJIE: 2H,0+0,+4e >4 0OH
Fe**+2 OH — Fe(OH),

aeTCs almpimaemMbli MeTann. Takum oOpaszom, MpH cpaBHEHHH CBOHCTB  aHOJHBIX U
BIX OKPHITHH MOHO CZIENaTh BRIBOI, UTO Hanbosiee 2QQeKTMBHBIMU SBJISIOTCS aHO/IHBIE
usg. OHM 3a0MIIAOT OCHOBHOM METAl JiaKe B CJIyd4ac HapyIICHHs IEJIOCTHOCTH
UL, TOTJIA KaK KATOJHBIC MOKPBITHS 3aIMMIIAIOT METAJL ML MEXaHMYECKH.

3) Onexmpoxumuueckas 3aujuma. Pa3MYaloT 1Ba BUJIA EKTPOXMMHUYECKOM 3all ThI:
as M MpOTeKTopHas . B 000OMX clydasx co3jjaloTes YCloBHS IS BO3HHKHOBEHHS Ha
AEMOM METAJIJIE BLICOKOTO BJIEKTPOOTPHLATEIILHOTO MOTEHIHANA.




[104EEHHEIE BOOGI /

Pucynok 1.3 — Cxema mpoTeKTOpHOH 3am|Thl. A — TPYOOTPOBOL;
b - mporekrop; B - npoBoanuK



1
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Pucynok 1.4 — CxeMa KaTOAHOM 3aIUTHI. A — KOHCTPYKUMS, b — npotekrop



MPNATCTBYOIMI JAThHEMImEMY OKHCTEHHIO MeTanna). OHAKO HEKOTOPBIE HOHB,
ep CI, pa3pyLIA0T Takuie ILICHKH 1 TeM CaMBIM YCUTHBAIOT KOPPO3HO.







JNexmpoTi3 pachiae0s i pAcmeopos Jexmponimos

Xunwveckas peakyus, MpOMEKAIOnAR No) OeicmeleM  ATeKMpINECK020 MOKG
WIBEMCA SEKHOTI3ON,

FCTH TOCTOARHbITT 3MEKTDHYECKHiT T0K TDOMCKAT Yepes CHOTEMY, COCTORIIYE M3
BYX TIDOBOTHUEOB TIEPBOTO OXA (METAThI) M TDOBOTHHKS BTOPO0 POXE (pacTBOp I
JCTITAB STEKTPOTATA ¥, B KOTOPBI ORI OMYIEHI), 0 KA TPAHHIE HX PASIETA BO3HHKAOT
EKTPOXHMIECKHE TIDOLIECCHI, COCTABIAKVIHG CYIHOCTS STEKTPOTIRA




OOmas peakiiid 3NEKTPOXMMIUYECKOTO pa3NoKeHHs BEIMECTBA MPENCTABIAET COOOM
MY JIBYX SMEKTPOJIHBIX [OYpEaKIH, M I XTOpH/ia MM OHA BBIPA3UTCA YPABHEHHEM:

Cu* +2ClI - Cu+Cl
[Ipu sneKTponuse menoyel U coneil OKCOKUCIOT Ha aHOAE BbIIETACTC KUCIIOPO] |

4OH -4e > 2H,0+ 0,
2504 —4e > 2805+ 0,

B BOJIHBIX pacTBOpax KpOME MOHOB CaMOTO BIIEKTPONHMTA HAXOAATCA TAKKE MOJIEKYIIBI
apl 1 HoHel HY u OH, cmocoOHbIE y9acTBOBATH B SMEKTPOAHKIX Mporieccax. B aTom cirydae
pU  OSTEKTPOJIH3e BO3MOKHBI KOHKYPHpPYIOIIME peakii. Kputepuem, ompenensomym
PEMMYITIECTBO TOTO KM HHOTO 3IIEKTPOJHOTO MPOIECca, CIYKHUT BETHYKHA €0 JIEKTPOIHOIO
oTeHIMana *. Yem BHITE MOTEHIMAN, TeM Jierde (pH MEHbITEH OTPUIATENBHOM TOMAPH 3aIlH]
EKTpO/Ia) IPOUCXO/UT BOCCTAHOBJIEHHE Ha KATOZIE K TPY/HEE (IIpH OONBITEH 110J0KITEbHOM
OJIAPHU3ALKH 3MEKTPOJIA) OCYITECTBIIAETCS OKICIIEHNE HA aHO]IE.




(CLy2CIY) — EX(Zn*'/Zn)=1,36-(-0,76)=2,12 B. DT1a passocts norennuaiton, umm DJIC *
YTPEHHEr0 TalbBAHMYECKOTO MEMEHTa ¥, BO3HHKAIOIIETO B PE3yJbTAaTe BBIJIEIEHHS Hé
eKTPOZaX * MPOJIYKTOB HJIEKTPONIK3a, MMEET HAIIPaBIEHNE, [IPOTHBOIIONOKHOE BHEMHEH 3 [C
TOpasi CIYKHT MCTOYHHKOM ToKa. Ilo3TOMy SNEKTpOlM3 BO3MOXEH IpH  YCIOBHH
mreHcarui BHYTpeHHeH JJIC BHemHHM HampskeHueM. YacTo peallbHO HEOOXOIMMBIM
OTEHIMAJ PasloKeHHA DIIEKTPONHTA OKa3biBaeTcs OOJIBINE TEOPETHYECKOM BENMYMHBL. IJTa
3HOCTh HA3bIBAETCA [IEPEHAIIPSIKEHIEM .

[Ipu smekTposm3e BOJHOTO pacTBOpa Ha KATOZE MOIYT BOCCTaHABIMBAThCA: 1) MoHEI
eTaluioB, Hanpumep Cu'; 2) moHBl Bojiopofia B kucioi cpenie © 2H" + 2e —» H, (E°=0 npu
=0 u £°=-0,41B npu pH=7), 3) Monekyisl BOJibl B HEUTpaJIbHOM U meiouHol cpeie - 2H,0 +
— H, + 20H (£°= 041B npu pH=0 u £°= -0,83B npu pH=14),. 13 5TUX 3HauCHMUI
eKTPOJHBIX [IOTEHIIMAIOB CIIENYET, YTO [PH BIEKTPOIK3E PACTBOPOB CONEHMEIH , KAK U BCEX
€TAUIOB, CTOANMX [OC]e BOJOPOTA B PANY HAIPSKGHWH *, Ha KaTolie BBIEIAIOTCS 3TH
eTalIbl. B HelTpa/IbHBIX paCTBOPAX BO3MOKHO TAKXKE BBIJCIEHHE M TeX METAJUIOB, [IOTEHIIHA
TOPLIX HIMEET OTPHIATEILHOE 3HAYCH e, HO He HIKe, YeM —(,41B.




BIACIICHHUC MCTAJIJIOB E OPAIARC VMCHBIICHHA BCJIHYUHMHBEL HX SJICKTPOJHLBIX IIOTCHLIHAJIOE

CJIM B PacTBOPE HAXO/IATCS HOHBI METAJUIOB, CTOSINMX B Hayajle psja HaNpsOKeHUH * mpuMepHO
o0 T1 (£°= —1,63B), To Ha KaToje BBLASNSICTCS BOJOPO/. MeTaribl, 3JISKTPOJHBIE MTOTSCHI[HAID
OTOPHIX HE CHJIBHO OTIMYAIOTCH OT BOJAOPOJHOIO, BBIJISIISIOTCS Ha KaTOJAE OJIHOBPEMEHHO C
O/I0pOI0M (IPpHUOIM3UTEIBHO OT IMHKA J0 0JI0Ba). B 3aBHMCHMMOCTH OT YCJIOBHH 3JISKTpPOJIH3a
acCOBHIC COOTHOIICHHS MeETa/lla M BOJIOPOJla MOTYT OBITH Pa3IMYHBIMH, BIUIOTH It
AKTHYECKOTO BBIJICTIEHHS TOJIBKO OJHOTO MeTaia. Takasg 3aTpYJHEHHOCTh BBIJICTICHHUS
0JI0PO/ia Ha3bIBASTC BOJOPOAHBIM NMEPEHANPSLKEHHEM, D TO SBJICHUE UIPAET OOJIBIIYIO POJIb BO
HOTUX 3JICKTPOXHMHYECKHX IpoleccaX. BojopojHoe NepeHanpsbKEHHE VBEJIMUMBAETCA C
OBBIIIICHUEM IUIOTHOCTH TOKa 7 (cHja ToKa Ha 1 cM® IJIONRJHM 3JIEKTPOJa), YMECHBIRASTCS C
OBBHIIIICHUEM TSMIICPATYphl M 3aBHCHT OT MaTepHaia KaToja. HamMmeHbnmM oHo OyjaeT Ha
aTHHE M NPH HEOONBIOH IJIOTHOCTH TOKA NPAKTHYECKH PAaBHO HYIIO, HAaMOOJIBIIMM — Ha
i ¥ ceuHIE (mpu =1A/cM* 1,41 u 1,56B cooTBeTcTBeHHO). B pe3ynbraTte Ha CBHHIIOBOM
ATOJIC TPAKTHYECKH BBIACISCTCS TOJIBKO CBHHEI, YTO IO3BOJISCT NPOBOJHUTH €TI0 OYUCTKY
nexkTponnzoM. Ha pTyTHoM KaTojae ¥3  HEHTpPaJIbHBIX  BOJHBIX pacTBOPOB  yAaeTcd
OCCTaHABJIMBATh Jake HaTpuii. Ero BhyieneHHIO crnocoOCTBYET Takke oOpa3oBaHHE
aJIbTaMbl, PABHOBECHBIM NOTCHIMAJ KOTOPOH 3HAYMTEIIBHO MEHEE OTPHUIATEICH, 4el
JICKTPOJAHBIH MOTSHI[HAJ METAJUTMYECKOTO HATPHSL.




I, ORACTEHIe AHHOHOB rcToporconepwamy wicnor (SO 2 €05 PO i
OTHOM DACTBOG HCBOSMOKHO, TK. MOMYDCAKIEA ORCTCHEA BOMml 1 mowos OH ¢
BCICHAEM KICIOpOTa XADAKTEPUSYIOTCA OTGe HISKIMH SHSHMSMH TOTCHIIATOR
IKHCTCHIG TATOTGHIT-HOHOB (KDOME £} B BOTHOM pacTBOpE MDOHCKOMIT ¢ 00pasoBaHie
BOOTHBIX TATOTEHOB

330 KICTOPOTHOTO TEEHATDERHILA T SICKTPOI3E BOTHBIX PACTBOPOB XIOPHIOB Ha

OE BBUZETATCA He KICTOPOT, & X10D, XO0T4 €10 CTAHTADTHBIA SEKTDOTHBIA TIOTEHIlHAT
30B) e Gomsiee savere no cpashero ¢ kctopozie £°(0;t4H 2H,0 F L13B,

v Wy LIL




PH 3JIE€KTPOIIH3E PA3IHYHBEIX XHMHYECKHX COCIJHHECHHH OAHHAKOBEIE KOIHYECTB
EKTPHUECTBEA BBRIJCIIAOT Ha 3IJIEKTPOJax MACChL BEIECTE, IIPOIMOPITHOHAITBHEIE HX
EKTPOXIMMHYCCEKHM SKBHBAICHTAM

OTH JBa 3aKOHa MOXKHO O0OBeJHHHTEL B OJJHOM YPAQBHEHHH.

71 — MAacca BRI IEIAIOIIETOCA BeIlgCcTBAa, T,
# — KOIIHUYECTRBO 3JTEeKTPOHOB , IePEHOCHMEIX B 3eKTPOJHOM IIPOIlecce;
F — umicmo @apagea (F=96485 Ki1/MOIb)

I — cHa Toxa, A;

t — BpeM4, C;

M — MOIApHAA Macca BEIAEIAIOIIErOCd BellecTBa, I/MOIb.

BemnunHa Ha3bIBaeTCAd JSIeKTPOXHMHUYECKHM 3KBHBAIEHTOM BelllecTBa. EciaH
POOOIKHTEIFHOCTE 3JEKTPOIH3a H3MePATh B dacaxX, To uHcrao Dapaged JOIKHO OFITH
paxkeHO B aMIlep-dacax. B 3ToM ciaydae F—26,8 A-u/MOIE.

BcecneacTBHe MapallelbHBIX ITOOOUHEIX IIPOIECCOB MAacca BeIecTBa, ITOIyJdaeMOro IIPH
eKTPOIIH3€e , OKa3pIBaeTCcd UYacTO MEHEBIE TOH, XOoTopad COOTBETCTBYET KOIHUECTBY
POIeMIETO 3NeKTpHuUecTBa. OTHOIEHHE MAacCE BeIECcTBa, PEaJIbHO BBIJEeIeHHOIO HAa
€KTPOoJe, K TEeOPEeTHUECKOH H VYMHOXeHHOe Ha 100%, Ha3BIBAIOT BBIXOJOM IIO

Ky
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