OxuCINTEIbHO-BOCCTAHOBUTEILHBIMHU HA3bIBAIOT PEAKIINHN, KOTOPBIE
CONPOBOXKIAKOTCS MEPEAAUEHN JIIEKTPOHOB OT OJJHUX aTOMOB, MOJIEKYJ1, HOHOB
K IpyruMm. B pesynbraTe Takux peakuuid MPOUCXOIUT U3MEHEHHUE CTEICHH
OKHCJICHUS 3JIEMEHTOB.

[lon cTenmeHbH) OKHMCJICHHUS TOHUMAIOT YCIOBHBIM 3apsiy aroma
AJIEMEHTAa B COCAWHCHUWH, BBIYUCIEHHBIA HMCXOHSl U3 MNPEAINOIOXKEHHUS, YTO
COEMHEHUE COCTOUT U3 MOHOB. CIIeNyeT OTMETUTB, UYTO MOHSITHUE O CTEIICHU
OKHUCJIEHUSI HOCUT (hOpMalIbHBIN XapakTep U 0OBIYHO HE OTpakaeT UCTUHHOTO
3apsia aToMa B COCIMHEHWU. B HEKOTOPBIX CilydasX CTENEHb OKUCIICHHUS
YUCJIEHHO HE COBNAJAE€T C BaJlEHTHOCTBIO »dieMeHTa. Hampumep, B
coequueHusx HCl u Cly crenenn oxucieHus coctaBistsor —1 u 0
COOTBETCTBEHHO, & BAJICHTHOCTh XJIOPA B 000UX COEJIMHECHUSIX PaBHA €/TUHHUIIE.

JIrobast  OKMCHAUTEIBbHO-BOCCTAHOBUTEIbHASI  PEAKIUs TMPECTABIACT
co00Oi E€IUHCTBO JBYX MPOTHUBOIOJIOKHBIX MPOIECCOB — OKHUCICHUS H
BOCCTAHOBJICHUS.

IIpouecc okmcaeHHsi CBsA3aH C OTHAYEH BJIEKTPOHOB BEHIECTBOM, a
MPOLECC BOCCTAHOBJIECHUN — C IMPHCOCIMHEHUEM 3JIEKTPOHOB. Bemectna,
OTJAIOLINE AIEKTPOHBI B mporecce peaxkuuu, Ha3bIBAKOTCS
BOCCTAHOBHUTEJISIMH, a BEIIECTBA, KOTOpPHIE NPHUHUMAIOT DSJIEKTPOHBI, -
OKMCJIUTEISIMU.

B OKHCAWTENIbHO-BOCCTAHOBUTEIBHBIX  PEAKIHUSAX  OKHUCIIUTEIb
BOCCTAHABJIMBACTCS, A BOCCTAHOBUTEIb OKHCISETCS. OJTH IPOLECCHI
B3aMMOCBS3aHbl — OKHCIIEHHE HEBO3MOKHO 0€3 BOCCTAHOBJICHHUS TaK ke, KaK
BOCCTaHOBJICHHUE - 0€3 OKUCJICHUSI.

Hamnpumep, antomrani Ha BO31yX€ MOKPBHIBAETCS OKCUIHOM TNIEHKOM:

4A]1+ 30, = 2A103

MeTananyeckui aJllOMUHUN MOXKET OTJaBaTh QJICKTPOHBI U ITPOABIIATH
BOCCTaHOBUTEJIbHBIC CBOMCTBA:

Al —3e & AP
KaK BUJIHO U3 peaKHI/II/I, HpI/I OKHUCIICHHUU BOCCTAHOBUTCIIA HpOI/ICXOI[I/IT
YBeJ'II/I‘IeHI/Ie CTCIICHU OKMHCIICHUII. KI/ICHOPOI[, KaK 3JICMCHT, O6J'IaI[aIOU_II/If/'I

BBICOKOM QJICKTPOOTPHUIATCIIBHOCTBIO, MOKET IIPHHHUMATL JJICKTPOHBI H
IIPOABJIATE OKHUCIIMTCIIBHBIC CBOMCTBA:

02 +4e <> 20*

HpI/I 9TOM CTCIICHb OKHCJICHUA KUCJIOPOda ITIOHHUKACTCA.



B 1nm000#1  OKHUCIHUTENIbHO-BOCCTAHOBHUTEIBHON  peakiuu  ooIee
KOJIMYECTBO MPUHATHIX OKUCIUTENIEM DJIEKTPOHOB PABHO 00IIEMY KOJIMUECTBY
AJIEKTPOHOB, OTAAHHBIX BOCCTAHOBUTEIEM. [10ATOMY 17151 OKUCIIEHUS YETHIPEX
aTOMOB aJTIOMUHHMS HEOOXOMMO IIECTh aTOMOB KHCIIOPOa.

B 3aBUCHMOCTH OT CTEIEHM OKHCIICHUS BEIIECTBA MOTYT IPOSBIATH
pa3IUYHBIE CBOWCTBA B OKHUCIHMTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIUSIX.
BemectBa, coaepskamue B CBOEM COCTaBE aTOMbI B BBICIIMX CTEIEHIX
OKHCJICHUSI, MOTYT MPOSIBJISITH TOJIbKO OKUCIUTENbHBIE CBOMCTBA. Hanpumep:
H>SO4, HNO3;, KMnO4, K2Cr207, KCIO3 u npyrue coequHEHUs SBIISTIOTCS
OKHUCIIUTEIISIMU.

BemectBa, conepkaniye aToOMbl B HU3LIUX CTEMECHSAX OKUCIIEHUS, MOTYT
MPOSIBIIITH TOJIBKO BOCCTAaHOBUTENbHBIE CBOMCTBA. Hanpumep: HoS, NHs, K1,
NaBr SBIISIIOTCSI BOCCTAaHOBUTEIISIMH.

B npoMexyTOYHBIX CTENEHSX OKHUCJIEHHS BEUIECTBA MOTYT IMPOSABIATH
KaK OKHUCJIMTENbHbIC, TAK 1 BOCCTAHOBUTEILHLIE CBOMCTBA B 3aBUCUMOCTHU OT
Ipyrux KOMNOHEHTOB peakiuu. Hampumep: KNO2 MOXKeT BBICTyNaTh Kak B

POJIN OKUCIIUTCIIA
+3 -1 +2 0

2KNO; + 2KJ + 2H2SO4 = 2NO + I, + 2K»SO4 + 2H,0

TaK 1 B pOJIM BOCCTAHOBUTCIIA
+3 +6 +5 +3

3KNO; + KoCr207 + 4H2SO4 = 3KNO3 + Cr2(SO4)3 + KoSO4 + 4H,0

OxkuciauTenbHass ©W  BOCCTAHOBHUTCIBHAS CIIOCOOHOCTH JJIEMEHTOB
3aBUCUT OT WX MOJIOKEHUS B IEPUOJMYECKON cucteMe siemeHtoB 1. M.
MenpeneeBa. B nepuogax ¢ Bo3pacTaHHEM MOPSAKOBOTO HOMEpA BJIEMEHTA
YBEJIMYUBAECTCS  JIEKTPOOTPULIATEIBHOCTh aTOMOB, YBEJIMYMBACTCA HX
OKUCJIUTENIbHAsA  CIIOCOOHOCTh M YMEHBIIAIOTCS  BOCCTAaHOBUTEILHBIC
CBOMCTBA. B rjaBHbIX moArpynmnax HaOmrogaeTcss oOpaTHas 3aBUCHUMOCTB: C
YBEIIMUECHHUEM TMOPSKOBOTO HOMEpA 3JIEMEHTa PACTET UX BOCCTAHOBUTEIbHAS
CIIOCOOHOCTh M YMEHBIIIAETCS OKUCIIUTENbHAsl. B kauecTBe okucIuTeNen
OOBIYHO MPUMEHSIOT HEMETaJUIbI (KUCIOpOo, (PTOp, XJIOp U APYTHE), CI0KHBIC
HMOHBI 3JICMEHTOB B BBICIICH HJIM OJHOM M3 BBICIINX CTCICHEH OKHCIICHMS
(SO4*, NO3 ,MnOy, ClO5, Cr,07).

TUNMUYHBIMA BOCCTAHOBUTEIISIMU  SBJISIOTCS: METAJUIbl, HEKOTOPBIE
HEMEeTaIbl (BOAOPO/, YIJIEPOI, KPEMHUM ), COEIMHEHUS SJIEMEHTOB B HU3IIICH
WJIN B OJHOU M3 HAaNOOJIee HU3KUX CTEIIEHEN OKUCICHU.

CymiecTByeT ABa METOJila COCTAaBJICHUS YpPaBHEHHH OKHCIUTEIIbHO-
BOCCTAaHOBUTEJIbHBIX PEAKIIUI: METO/I AIEKTPOHHOTO OajaHca U METO/I HOHHO-
AJIEKTPOHHOTO OaJjiaHca.



CocraBieHre ypaBHEHUN OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKIUN
METOA0M JIEKTPOHHOT0 0ajlaHca PEKOMEHIYeTCsI IPOBOJIMTH B CIIETYIOIICH
MOCJIE0BATEILHOCTH:

-COCTaBUTh CXEMY PEaKIMH, yKa3aB BEIIECTBA, BCTYNUBIINE B PEAKIIUIO
Y TIOJTyYUBIIIHECS B PE3YyJIbTATE PEAKIINY;

-ONpPENICNIUTh CTENEHU OKHUCJIEHUS BCEX SJIEMEHTOB, YYaCTBYIOIIHUX B
PEaKIINH, ¥ BBIJICIMTH aTOMbI M1 HIOHBI, U3MEHUBIIINE CBOX CTEIICHU OKHUCIICHHUS,

-COCTaBUTh JJICKTPOHHBIE YpaBHEHHS JJIsI TPOIIECCOB OKHUCJICHUS U
BOCCTAHOBJICHUS U HAUTH KOA(DPUIIUCHTBI, yUUTHIBAS, YTO YHCIIO MPUHSATHIX U
OTJIaHHBIX AJIEKTPOHOB JIOJIKHO OBITh OJTUHAKOBO;

-pacCTaBUTh B OCHOBHOM ypaBHEHHH KOI(PIUIMEHTH mepen
dbopMynamMu BENIECTB, B COCTaB KOTOPBIX BXOJST AaTOMbI 3JIEMEHTOB,
BOLIE/IIINX B YPaBHEHUE AJIIEKTPOHHOIO OajlaHca;

-oo0path KOA(DPUUIMEHTHI JJII BCEX OCTaJIbHBIX aTOMOB, HE
MPUHUMABIIIHUX YYaCTUE B OKUCIUTEIbHO-BOCCTAHOBUTEIBHOM IMPOILIECCE;

-IIPOU3BECTH MIPOBEPKY MPABUILHOCTH PACCTAHOBKH KO3 (PUITMEHTOB,

Hanpumep, nis paccMOTpeHHOM BBIIIE peakiuu B3auMoJieucTBUs Al c
KHCJIOPOJOM OaiaHC OyJIeT BBITJISAICTh CJICAYIOIIMM 00pa3oM:

4| AI° = 3e- <> AP
30,0 +4e- <> 20%

Meron »snexkTpoHHOro OajaHca MCHOJB3YETCS [JIsi COCTaBIICHHUS
ypaBHEHUH peakiuii, TPOTEKAOIIMX B TBEP/ION U ra30Boil (a3ze.

IIpr cocTaBiieHMM YpPaBHEHUN OKHCIHATEIbHO-BOCCTAHOBUTEIBHBIX
peakInii, MPOTEKAOIINX B BOJHBIX PacTBOpax, 11€JIeCO00pa3HO UCTIOIB30BaTh
3JIeKTPOHHO-HOHHBIH MeTOA. DTOT METOJ sABJsSeTCS (OpMaIbHOU CXeMOu
MIPOLIECCOB  OKHUCIJICHUS-BOCCTAHOBJIEHUS, HE OTPAXAIOIIUN MEXaHU3Ma.
OnHako, 3JIEKTPOHHO-MOHHBIE YPaBHEHMS, HAMMCAHHBIE MO0 3TOMY METOLY,
OTPAXKAKOT MPOUCXOJAIIME W3MEHEHHS B IPOLECCE  OKHUCIUTENBHO-
BOCCTAaHOBUTEIBHOU PEaKIMU, OCOOCHHO XapaKTep BIUAHUS cpeibl. B Takux
peaKuusaX MNPUHUMAKOT YYacTHE, KPOME OKHUCIUTEIS W BOCCTAHOBUTEIS,
MOJIeKYJIbI BOJIbI ¥ moubl H™ 1 OH'.

PaccMoTpuM B KaudecTBE mpuUMEpa pEAKUHUH, XapaKTepU3YIOIINE
OKHWCIIUTEIIbHBIE CBOMCTBA IEPMAHTaHAT-NOHA B Pa3HBIX CpeAax.

Kwuciaga cpena:
+7 +4 +2 +6

KMnO4 + Na>SO3 + H2SO4 — MnSO4 + Na 2S04 + KoSO4 +H20

[Tockonmbky wmaprasHeny B pe3yJbTaT€ pPEaKud TMMOHU3WI CTENCHb
OKHCJIEHHs OT +7 110 +2, TO, CIEeI0BATEIbHO, POJIb OKUCIUTEIS BBINOJIHAECT
KMnOs. BoccranoButenem B AaHHOM peakiuu sIBISETCS CyIb(OUT HATpUA,




KOTOPBIN B X0Ji€ Tpoliecca neperien B cyibdar. [Ipu 3ToM cepa moBwicuia
CTENEHb OKUCIIEHUS OT +4 10 +6.

CocTtaBUM  DJIGKTPOHHO-MOHHBIE  YpaBHEHHUS  JUIS  IPOIIECCOB
BOCCTAHOBJICHUS U OKMCJICHHS, YUUTBIBASI XapaKTep CPEbl U YHUCIIO MPUHITHIX
1 OTJIAHHBIX 2JICKTPOHOB.

2 | MnOs + 8H' + 5¢ <> Mn?" + 4H,0
5 |SO> + H20 — 2e <> SO + 2H"

[To uMmeromeiicss y HaC cXeMe MOJIEKYJIbl BOJbI TO0ABISIOT B Ty YaCTh
NOJypeakIui, TJ€ HEIOCTaeT aToMoB Kuciopona. Monsl Bojopona
N00aBISIOT B IPOTUBOIIOJIOKHYIO YaCTh YPAaBHEHHUS.

Cymmupysa o0a ypaBHEHHS C YYETOM KOI(P(PUIMEHTOB, IOJIYy4YarOT
MOHHOE YpaBHEHUE JaHHOW peaKluu:

2MnO4 + 16H" + 5S03% + 5H,0 = 2Mn?" + 8H,0 + 5S04* + 10H"
Coxpamas MMOJO0OHEBIE YICHEI, MoJIy4aeMm:
2MnQOg4 + 58032' + 6H" = 2Mn?t + 3H,O + 58042'

[lepenocuM cooTBeTcTBYOIIME KOAIDPUIIMEHTHI B  MOJEKYJSPHOE
ypaBHEHHUE:

2KMnO4+ 5NaxSOs + 3H>SO4 = 2MnSO4 + 5NaxSO4 + K>SO4 + 3HO

[IpaBUILHOCTh  COCTABJICHUS YpPaBHEHUs] PEAKIMU HEOOXOJMMO
MPOBEPUTH MyTEM II0JICUE€TA YUCJIA aTOMOB JJIEMEHTOB B MPaBOW U JIEBOU
YacTsIX YPAaBHECHUS.

[lemouHas cpena:

+7 +4 +6 +6

KMnO4 + NaxSO; + KOH — KoMnQOg4 + NaxSO4 + H2O

Hecmotpst Ha To, uTOo B mienouHor cpeae okuciutenem (KMmnO4) u
BocctaHoBuTeneM (NaxSOs3) okazaluch T€ K€ BEIECTBA, OJIHAKO MPOTYKTHI
peakuuu u3MeHwiIuCh. llepmanranat-uon (MnOg), B 1Ie€IOYHOM cpene
BOCCTaHABJIMBAeTCs 710 MaHranaT-uoHa (MnO4%).

NoHHO-371eKTpOHHBIN OalaHC:

2| MnOs + e <> MnOs*
1| SOs* +20H - 2e <> SO + H,O



N30bITOYHBIE aTOMBI KHUCJIOPOJA B IIEIOYHOM Cpeie CBSA3BIBAIOTCS
MoJieKyJaMu BoJAbl. Ilpy 3TOM B NPOTHBOMONOXHYH 4YacTh YpaBHEHUS
no6asisitores nousl OH™.

VY4uThIBas 4MCIIO OTAAHHBIX U MPUHSTHIX 3JIEKTPOHOB, CKJIaIbIBAEM 002
YPaBHEHUS ITOIYPEAKIINAN:

2MnOy4 + SO3* + 20H" = 2MnO+* + SO4* + H,0
[TepenocumM K0d(GPUIMEHTHI U3 HFOHHOTO YPABHEHHS B MOJIEKYJIPHOE:
2KMnQO4+ NaS0O3 + 2KOH = 2KoMnQOg4 + NaSO4 + HO

HeilitpanbHadg cpena:
+7 +4 +4 +6

KMnOg4+ Na>SOs3 + H O - MnO; + Na;SO4 + KOH

B HeliTpansHON cpeie MOJIEKYJIbl BOJBI JOOABISIOT B JIEBYIO YacTh
MOy PEAKIUN:

2| MnOs + 2H>0 + 3e <> MnOs + 40H"
3| SO + Ha0 — 2e <> SO + 2H"

CYMMapHOG HNOHHOC ypaBHeHI/Ie HUMCEECT BHU .
2MnOy4 + 4H>0 + 3S03* + 3H,0 = 2MnO- + 8OH + 3S04*> + 6H

3amensist B npaBoit wactu H™ m OH™ Ha MojeKkyay BOIBI M COKpaIias
0J00HbBIE YJIEHBI, OJTyYaeM:

2MnOs + H,0 + 3S03% = 2MnO; + 3S04* + 20H
PaccraBisgeM K0o>(p(QUIHUEHTE B MOJIEKYJIIPHOE YPaBHEHHE:
2KMnQO4 + 3NaxSOs3 + H,O = 2MnO; +3Na>S0O4 + 2KOH

PaznuuaroT TpM OCHOBHBIX THIIA OKHCJIUTEIBHO-BOCCTAHOBUTEIIBHBIX
peaKIuii:
. MexmoneKkynspHble peakiud, B KOTOPBIX OKHCIUTEIb U

BOCCTAHOBHUTCJIb HAXOAATCA B PAa3HLIX BCIICCTBAX. Hal'IpI/IMep:
+7 +4 +2 +6

2KMnQO4+ 5NazSOs + 3H2SO4 = 2MnSO4 + 5NaxS0O4 + K2SO4 + 3H20



2. BHyTpuMoOnexkyjspHbIE pEakldh, B KOTOPBIX OKUCIUTEIEM M
BOCCTAHOBUTENIEM SBJISIIOTCA pa3JIMYHbIE aTOMbl B OJHOM U TOM K€

coenuHeHuu. Hanpumep:
-3 +6 0 +3

(NH4)2Cr207 = N2 + Cr205 + 4H0

3. Peakmuu AUCIIPOIIOPIUOHHUPOBAHNA, KOTOPBIC COIIPOBOKIAOTCA
YBCIIMYCHUCM U YMCHBIICHUCM CTCIICHU OKHUCJIICHUA ATOMOB OJHOI'O TOI'O KC

DJICMCHTA B COCINMHCHUM. HaHpI/IMep:
0 +1 -1

Cl; + H,O =HCIO + HCl

Jlis  onpeneneHuss BO3MOXKHOCTH CaMOIIPOU3BOJIBHOTO MPOTEKAHMS
OKHUCJIUTEIHHO-BOCCTAHOBUTEIIBHON peaKIuu, Kak U J000M Apyroil, MOKHO
paccuuTaTh U3MEHeHue ’Hepruu ['mb6ca. Paccuntarh m3MeHEeHUE SHEPIUU
['n66ca peaki MOXXHO TIO clieayrolieit hopmyiie:

AGpeaKHI/II/I: Z(AGO6p.)KOH. - Z(AGO6p.)I/ICX.

Hanpumep, a1 peakiuu okucieHus cyibdara HaTpusi IEpMaHTaHATOM
KaJlis B KUCTION cpefie

2MnOs4 + 58032 + 6H" = 2Mn*" + 3H»0 + 5S04+

CTaHJIapTHOE HM3MEHEHUE SHepruu ['mb0ca peakiuu MOXHO paccUuTaTh HA
OCHOBE CIIEJICTBUS U3 3akoHa ['ecca:

AG%eaxmm = 2'AG%0s Mn?"), +  3:AG%05 (H20)x + 5:AG%95(SO04>), -
2:AG%93 (MnO4)p - 5:AG%05 (SO3%)p - 6:AG 08 (HY),

CranpapTHbele 3HaueHHMs dSHepruit ['mbOca oOpa3oBaHHsS BEIIECTB,
BeIUIEM 13 Tadauie! [1.3:

AG%0s Mn*"), = -229,97 xJlx/Monb; AG%9s (H20)x = -237,4 xJ/MOIb;
AG%95 (SO4%), = -744 xJIx/Monb; AG%9s (MnOs), = -449,3 kJI/MOIB;
AG%95 (SO3%), = -38,28 kJx/Momb; AG%es (H), = 0

AGeaxmm = 2°(-229,97) + 3:(-237,4) + 5:(-744,0) — 2-(-449,3) - 6:0 —  5(-
38,28) = -38,14 xJIx.

OTtpunatenbHblil 3HaK U3MEHeHUs »HHepruum ['mbOca yka3plBaeT Ha
BO3MO>XHOCTh CaMOIIPOM3BOJILHOIO IMPOTEKAHUS PEAKIIMM B CTaHIapTHBIX
YCIIOBUSIX.

HanpaBneHnne OKHCIMTEIHHO-BOCCTAHOBUTEILHON PEAKIIMU MOYKHO
OMPEICIINTh TAKKE HAa OCHOBE pacyeTa 3JIEKTPOJBIKYIIEH CHUIIbI pEaKIUu.
Jlnss sTOoro HEOOXOJMMO BOCIOJb30BAThCS 3HAYECHUSAMHU DJICKTPOIHBIX
MOTEHITMAJIOB OKUCIUTEIbHO-BOCCTAHOBUTEILHOIO TIPOIIecca.



Bonpockl B3aUMHOTO MpeBpaAIICHUS XUMHUYECKOW M DIIEKTPUYECKOU
SHEPIrUM HEMOCPEJICTBEHHO CBSA3aHbl C BO3HUKHOBEHHEM AJIEKTPOIHBIX
MOTEHIMaJIOB. Kak U3BECTHO, MPU MOTPYKEHUHN METAUIMYECKOMN MIIACTUHKY B
BOJlYy WJIA PACTBOP DJICKTPOJIUTA, COJACPMKAIINN MOHBI METAJUIA, HA TPAHUIIEC
METAT - pacTBOp BO3HMKAET JBOWHOW DJJIEKTPUYECKUH  CIIOM.
B3aumoeiicTBrE MOBEPXHOCTHBIX HOHOB METAJLIA C MOJISIPHBIMHA MOJIEKYJIaMHU
BOJIbI IPUBOAUT K TEPEXOAY THUAPATUPOBAHHBIX MOHOB METAJUIA B PACTBOP
WM MOHOB M3 PACTBOpPA HAa MOBEPXHOCTh METAJIa, B pe3yJbTaTe 4YEero Ha
IpaHUIIE METAJLI - PACTBOP YCTAHABIMBAETCS JUHAMUYECKOE PABHOBECHUE

Me + mH>0 <> Me""-H,O + ne
1 BO3HUKAET Pa3HOCTh MOTCHIIUAIOB. AOCOIIOTHOE 3HAYECHHUE TOW BEIUYHHBI
B HACTOsAIIEE BpeMs OIpPEIeIUTh HEBO3MOXHO. OJIHAKO B OOJIBIITMHCTBE
CIy4YaeB JIOCTATOYHO HMETh YCJIOBHBIE BEIWYUHBI, XapPaKTECPU3YIOIIUE
MOTEHIMAJI PA3JIUYHBIX JICKTPOJOB MO OTHOIIEHUIO K IOTEHI[MANy KaKoTIo-
au00 SJIEKTPOJia, BBIOpAaHHOTO 3a cTaHAapT. Yame Bcero B KaudecTBE
CTaHJAAPTHOTO UCIOJb3yIOT HOPMAIBHBIA BOJOPOAHBIN 3JIEKTPOM, TOTCHIUAI
KOTOPOTr'0 MPUHAT PABHBIM HYI0. OTHOCUTEIIBHBIN 3JIEKTPOIHBIN MOTECHIAA
AIEKTPOAA OIPENECIAIOT IMyTEeM COCTABICHUS 3aMKHYTOM LIENMUA U3 JAHHOTO
AJIEKTPO/Ia U HOPMAJIBLHOTO BOJOPOJHOTO AJICKTPOIA.

[ToreHumnan AAHHOTO »AJIEKTPOAA MO OTHOLICHUIO K HOPMAJIBHOMY
BOJIOPOJHOMY DJICKTPOAY HA3BIBACTCS FJIEKTPOAHBIM MOTEHIIHAJIOM (.

Jlnst Toro, 4ToOBl MOKHO OBLIO CPAaBHUTH AJIECKTPOJHBIE MOTCHITUATIBI
pa3IUYHBIX METAJJIOB, BBEJACHO TMOHATHE CTAHAAPTHOTO BJICKTPOIHOTO
norennuana ¢°. DTO MOTEHIMaN DIIEKTPOAA IPH aKTUBHOM KOHIIEHTPALUH
HWOHOB B PAacCTBOPE, OTHOCUTEIIBHO KOTOPBIX DJICKTPOJ 00OpaTUM, paBHOM |
MOJIb/11. CTaHAapTHBIN AJIEKTPOAHBIN MOTEHIIMAT HMMEET TMOJOXKUTEIbHBIN
3HaK, €CJIM OH BBIIII€, W OTPULIATEIIbHBIN 3HAK - €CJIM OH HUXKE, YEM MOTCHIIAAI
HOPMAaJIbHOTO BOJIOPOIHOTO AJIEKTPOA.

BenmnuuHa cTaHAApTHOTO SJEKTPOJHOTO MOTEHIIHANIA KOJUYECTBEHHO
XapaKTepu3yeT BOCCTAHOBUTEIIbHYIO CITOCOOHOCTh MeTallia 151
OKHCIIUTEIIbHYI0 CIIOCOOHOCTh €ro HMoHa. Yem MeHbllle anredOpandeckas
BEJIMYMHA CTaHJAAPTHOTO TMIOTEHI[MAJIa, TEM BBIIIE€ BOCCTAHOBUTEJbHAS
CIIOCOOHOCTh 3TOT0 METajlla M, CIEI0BaTEIbHO, HIKE OKHCIUTEIbHAS
CIIOCOOHOCTh €ro uoHa. TakuMmM o0pa3oM,  SJEKTPOJIHBIA  TOTEHIIHAI
XapaKTepU3yeT OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA CUCTEMBI.

MeTtanibl ¢ HU3KUM 3HAYE€HHEM DJIEKTPOJIHOTO MOTEHIMAada CIOCOOHBI
BBITECHUTh M3 BOJHBIX PAaCTBOPOB COJIEH MeTauibl C 0o0Jie€ BBHICOKHM
AJIEKTPOJHBIM MOTECHIHAIOM. MeTamibl ¢ OTPUIATEILHBIM MOTCHIIAAIOM
MOT'YT BBITECHHTH BOJOPOJI U3 KHUCJIOT, B KOTOPBIX OKHUCIUTEJIEM SIBIISCTCS
Boaopo (HCI, HaSO4 pass.).

OKHUCIIUTEIbHO-BOCCTAHOBUTEIIBHBIMU CBOMCTBaMH B
ANEKTPOXUMUUYECKHUX Mpolieccax MOTyT 00JiaaTh HE TOJBKO METAJUIbl HUIH UX



WOHBI, HO TaKXX€ HEMEeTaJUIbl (BOJAOPOJ, KHUCIOPOMA, XJIOp, OpoM U Jp.),
KaTHOHBI C TIEPEMEHHOM CTENEeHbI0 OKUCIICHUs (Keje3a, OJioBa, Maprasiia,
Xpoma U JIp.), aHUOHBI, MHOTHE CJIO)KHBIE OPTaHMYECKHE U HEOPraHUYECKue
BCIIICCTBA.

Jlns  cpaBHEHHS OKHCIHUTEIbHO-BOCCTAHOBUTEIBHON CIIOCOOHOCTH
MOJOOHBIX CHCTEM BBEJCHO TMOHSATHE O CTaHJAPTHOM OKHUCIUTEIbHO-
BOCCTAHOBUTEJIBHOM  TOTEHIMAJE. 3a CTAaHAAPTHBIM  OKHUCJIUTEIIBHO-
BOCCTAHOBUTEJIbHBIN MOTEHIIMAT MPUHAT MNOTEHIIMAT MHEPTHOTO 3JIEKTPOJIA,
OMYIIIEHHOTO B PacTBOP, coAepKalmuii 1o 1 MOJb/JI OKHUCICHHOU W
BOCCTaHOBJIEHHOW  (opMm  BemiectBa. CTaHIAPTHBIM  OKHCIUTEILHO-
BOCCTAHOBUTEJIbHBIN  MOTECHIMAJ  XapAKTEPU3YeT OKHUCIHUTEIBHYI0 U
BOCCTAHOBUTEIBHYIO CIIOCOOHOCTh OKHMCJIMTENS M BOCCTAHOBHUTEJSA: YEM
00JIbIIIE CTAaHAAPTHBIA OKHUCIMTEILHO-BOCCTAHOBUTENIBHBIN MOTEHIIUA, TEM
CUJIbHEE TPOSIBIISIOTCS OKHMCIUTENIbHBIE CBOMCTBA BEIIECTBA M, HA00OPOT,
YeM MEHbIIIE OKHUCIUTEILHO-BOCCTAHOBUTEILHLIM IIOTCHIIMAJI, TEM BBIIIEC
BOCCTAHOBHUTEILHBIC CBOMCTBA BEIIIECTBA.

Ha ocHOBaHMM CTaHJAPTHBIX OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MOTEHIIMAJIOB MOXHO  OIPEJSIUTh  HaIlpaBJICHUE TMPOTEKaHUs JIHOO0O0M
OKHUCJIUTEIbHO-BOCCTAHOBUTEILHOM peaKMU. Peakius npoTekaeT B MpIMOM
HANpPaBJICHUU, €CJIA CTAaHJAPTHBIA OKHUCIUTEIbHO-BOCCTAHOBHU-TEIbHBIN
MOTEHIIMAJI OKHCIMUTEIs OOJbllle, YeM CTaHIAPTHBIM OKUCIUTEIbHO-
BOCCTAHOBHMTEIILHBIN ITOTEHIIMA BOCCTAaHOBHUTEIII. HeM OOJIbIIIe OTINYAIOTCS
CTaHJAPTHBIE MOTCHIUAIBI OKUCIUTENS U BOCCTAHOBUTENSI, TEM SHEPTUYHEE
nporekaer peakuus. [ omnpeneneHus HaNpaBiI€HUS OKUCIUTEIBHO-
BOCCTAHOBUTEJBHON PEAKIUM PACCUUTBHIBAIOT AJCKTPOABIKYIIYIO CHITY
peaKIMu, KOTOpash paBHA PA3HOCTH MEXKIYy IMOTCHIHUAIOM OKHCIUTENI |
MOTEHIMAJIOM BOCCTAaHOBUTENS. [[JII pacCMOTPEHHOM BBIINIEC PEAKIUHU
BOCCTAHOBJICHUS MEpMaHTaHaTa KaJIus CYJb(PUTOM HATpPUS B KUCIOU cpeie
BBIMUIIIEM 3HAYEHHUS CTAHIAPTHBIX OKHCJIUTEIBHO-BOCCTAHOBUTEIIHHBIX
ITOTEHIINAI0B 13 Ta0auis! 11.2:

¢°(MnO4s/Mn*") = +1,52 B; ¢°(SO4*/ SOs*) =+0,22 B

DC = owuen. - @%socer. = 1,52 -0,22=130B > 0

CnenoBarenbHO, pEaKUWsl B CTAHAAPTHBIX YCIOBUSAX MPOTEKAET B
MPSMOM HAIPaBJICHUMU.

K snekTpoxuMudeckuM mporeccaM OTHOCSTCS JIBE TPYMIIbI MPOIIECCOB:
MPOLIECCHl TOJIYYEHHUS] AJIEKTPUUYECKOTO TOKA B peE3yJbTaTe MPOTEKAHUS
XUMUYECKON peakiuu (HampuMep, B TallbBAHMYECKUX M  TOIUIMBHBIX
AJIEMEHTAaX) W TPOILIECChl OCYIIECTBICHUS  XUMHUYECKOM pEaKIuu MO
JTEUCTBUEM DJICKTPUUECKOro TokKa (djekTponus). [IpoTekaromue mpu 3TOM
MPOLIECChl OKUCIICHUS W BOCCTAHOBJICHUS OKa3bIBAIOTCA IPOCTPAHCTBEHHO
pa3[ICICHHBIMU, TEPEXOJl AJIEKTPOHOB OT BOCCTAHOBUTENS K OKHUCIIUTEIIO
MPOXOJAUT HE HEMOCPEJACTBEHHO, a YEPE3 BHEIIHIOK AJICKTPUUECKYIO IIEIb.



DIIEKTPO, Y KOTOPOTO MPOUCXOIAT MPOIECCHl BOCCTAHOBIICHUS, HA3bIBACTCS
KaTOJ0M, a DJIEKTPOJI, Y KOTOPOTO MPOUCXOISIT OKUCIUTEIbHBIEC MPOLIECCHI, -
aHOJIOM.

I'anbBaHUYECKHUH 3JIEMEHT COCTOUT U3 JABYX JJIEKTPOJOB. DJIEKTPOI
MpEJCTABISIET COOOM CUCTEMY U3 AJIEKTPUYECKOr0 MPOBOJHUKA U PacTBOpa
WU paciuiaBa JJIEKTPOJIUTA, B KOTOPBIM MOTPYKEH MPOBOJHUK. M3 Takux
AJIEKTPOJIOB MOXHO COCTaBUTh CaMbl€ pa3JIMYHbIC TaJIbBAHUYECKHUE
aneMeHThl. Ha rpanuiie MeTasu - pacTBOP JIEKTPOJIUTA Y KAXKJIOT0 AJIEKTPOIa
BO3HUKAE€T PABHOBECHBIM JIBOMHOW SJIEKTpUUECKHi ciioi. (OTBevaroniue
TaKOMY PaBHOBECHIO AJIEKTPOHBIE MTOTECHIMAIBI METAJUIOB HEOIUHAKOBHI.

Haubonpiias pa3sHOCT,  MOTEHIMAIIOB MEXAY JJEKTPOJAMH TPH
OOpaTUMBIX YCJIOBUSAX PAOOTHl TaJIbBAHUYECKOTO SJIEMEHTAa Ha3bIBACTCS
anexktpoaBwkymen cunmon  (BC). IJC nmoboro snemMeHTa SBIsSETCS
BEJIMYMHON MOJIOKUTEILHOM JIJISI TOTO HAIIpaBJICHUS pPEeaKIui, B KOTOPOM OHA
MPOTEKAET CaMOMPOU3BOJIBHO.

CoctaBUM cXeMy TaJlbBaHUYECKOTO HJIEMEHTA, COCTOSIIEr0 U3
IIMHKOBOTO M CBHUHIIOBOTO 3JICKTPOAOB. [[ns1 »TOorOo BhIMMmieM u3 Tadmn. I1.1
AJIEKTPOJAHBIE TOTCHI[MAIBI METAJJIOB:

¢°%(Zn/Zn*") = -0,763 B; ¢°(Pb/Pb*") =-0,126 B;

HOTGHL[I/IaJ'I IMWMHKa HMWXKC, 4€M CBHHIA, IIO3TOMY B TI'dJIbBAHHUYCCKOM
QJICMCHTC NHHK ABJIICTCA OTPHLATCIIBHBIM 3JICKTPOIOM. Cxema »3JjieMeHTa
3aIIUCBIBACTCA CICAYIOIUM 06pa30M:

(-)Pb, Zn | Zn** | | Pb?>* | Pb ()

BJ'ICKTPOI[BI/DKYH_IEUI CHJia TAKOIO 3JICMCHTA.
E® = ¢°(Pb/Pb?*) - 9°(Zn/Zn*) = -0,126 —(-0,763) = 0,637 B

Ha 1IMHKOBOM DJIEKTPOJIE MIPOTEKAET IPOIIECC OKUCIICHHS:
Zn’ 2e =7Zn*"

Ha cBHHIIOBOM 3JIEKTPOJIE MMPOTEKAET MPOIIECC BOCCTAHOBJICHHUS:
Pb?" + 2e =Pb’

Camonpou3BOJIbBHOE  NPOTEKAHUE  PEaKIUHh, KaK  H3BECTHO,
COMPOBOXK/IAETCSI YMEHbIIIEeHHEeM 3Heprun [ mboca. MakcumanbHOE 3HaUYCHHE
pabOThl AIEKTPOXUMUUYECKON peakiuu (A) paBHO W3MEHEHUIO SHEPIUU
['n60ca u npenacrasisieT coOON MPOU3BEACHUE YUCTA MOJIEH TEPEHECEHHBIX
5JEKTPOHOB (1), 371eKTpoABMKyIIel cuibl nporecca (E°) u umcna dapanes

(F):



A =- AG’=nE°F.

JIIss  pacCMOTPEHHOTO TaJIbBAaHWYECKOTO dOJEMEHTa CTaHJIAPTHOE
u3MeHeHue 3Heprun [ 'uboca paBHO:

AG® =-2-0,637-96485 = - 122922 Jlxx/momnb = - 122,9 xJI>x/MOIb

DnekrpoaHsie MoTeHIManbl 1 DJ]C OKUCIUTETEHO-BOCCTAHOBUTEIBHBIX
peaKIuii 3aBUCAT OT KOHIIEHTpAIMU (TOYHEE, aKTUBHOCTH) YYaCTBYIOIIHUX B
MPOIECCe BEIMIECTB M OT TEeMIEpaTyphl. DTa 3aBHUCHMOCTHh BBIPAXKAETCS
dbopmynoit Hepucra. [lyist amekTpoaa oOpaTUMOrO OTHOCHUTENBHO KaTHOHA
dbopmyna HepHcTa umeeT BU/L:

p=0¢" +£lnCmm ,
nF ‘
rae C. - MOJSApHAs KOHLEHTPAlMs MOTEHIMAIONPEIEISIONIero KaTHOHA B
pacTBOPE;
n - 91CJI0 YYACTBYIOIIUX B ITPOHCCCC IJICKTPOHOB,

@ - CTAaHOAPTHEINA DIIEKTPOAHBIN IIOTEHIIUA IOy PEAKIIUH.
ITpu 298 K:

0,059

p=0"+ 1gC.s

JJIEKTPOJIM30M Ha3bIBAIOTCS OKHCIIUTETbHO-BOCCTAHOBUTEIILHBIE
MPOLECCHI, MPOTEKAIOIINE Ha »HJIEKTPOAaX B PACTBOPE WIHM PaCIUIaBe
ANEKTPOIUTA MO IEUCTBHEM MOCTOSTHHOTO 3JIEKTPUYECKOTO TOKA.

DIIEKTPOIINA3 COMPOBOXKAAETCS MPEBPALICHUEM JIEKTPUIECKON SHEPTUH
B XUMUYECKYIO.

JIns. OCyIIECTBIEHHUS DJIEKTPOJM3a TNOMHUMO BHEIIHETO HWCTOYHHUKA
MIOCTOSIHHOTO TOKAa  HAJ0 pacnojaraTh 3JIEKTPOJUTHUYECKON SYEUKOU
(2MIEKTPOIM3EpOM): JIBYMsI SJEKTPOAAMH - KAaTOJOM, TMPUCOEIUHEHHBIM K
OTPHULIATEILHOMY TIIOJIIOCY BHEIIHErO0 HWCTOYHUMKA TOKA, W  aHOJOM,
MPUCOETNHEHHBIM K MTOJIOKUTEIBHOMY TOJIOCY; AJIEKTPOABI MOTPYKAOTCS B
pacTBOp WJIM PaCILIaB 3JIEKTPOJIUTA.

CyIIHOCTh ANEKTPONIM3a 3aKI0YAaeTCs B TOM, YTO HA KaToAe WJIET

IpoaeCC BOCCTAHOBJICHH A, @ HA aHOAC - ITPOLCCC OKUCIICHUA.

Ilpumep 4. Kakue mporiecchl NpOTEKaroT IIPH SJIEKTPOIIN3E BOJHOTO PACTBOpa
CuSO4 ¢ UHEPTHBIMHU ¥ MEIHBIMU 3JICKTPOJAMHU?
Pemenue.
a) Dnektpoau3 BoaHOro pactBopa CuSOs ¢ HHEPTHBIMU SJIEKTPOIAMH.
Cynbdat Menu quccounupyeT B BOJZHOM pacTBOPE:
CuSOs— Cu*" + SO4*
ITponeccy BoccTaHoBiIEHHsT HOHOB Cu?’ COOTBETCTBYET HJIEKTPOIHBIH
norermuan ¢°(Cu*'/Cu’) = + 0,34 B, a BOCCTaHOBICHUE BOJBI HA KATOJE



npotekaeT npu norennuaie O°(H2O/Hz) = - 0,83 B. Tak Kak NOTEHIUAI MEIH
BBIIIE, TO HA KATOJI€ BOCCTAHABIMBAETCS MEIb:

K(-) Cu?’*+2e=Cu’

K aHOMy IEepEeMEIaroTCcs OTPULATENLHO 3apsuKeHHble MOHBI SO4>, 11s
OKHCJICHHSI KOTOPBIX TpeOyeTcs moTeHiuai, paBHbiid +2,05 B. Tak kak Boga
OKHCIIAeTCss mpu Oosnee Hu3koMm mnoTeHnuane (+1,23 B), To Ha aHoxe
OKHCIISTFOTCSI MOJIEKYJIbI BOJIBI M 00pa3yeTcs ra3000pa3Hblil KUCIOPO/

A(+) 2H20 -4e =0, +4H"

OO6pa3oBaBiIdecss Ha aHOJE HOHBI BOAOpPOJAa C CyJb(paT-HOHAMHU
00pa3yIoT CEpHYIO KUCIIOTY.

0) Dnekrpoau3 BogHoro pactsopa CuSOs ¢ MEHBIMU 3JEKTPOJIAMH.

Ha katonme BoccTaHaBimuBaeTcs Mellb, Kak MU B CIydae HMHEPTHBIX
AIEKTPOJIOB

K(-) Cu*"+2e=Cu’°

Ha a"oze MoryT OKUCTATBCS CyIb(aT-uOHBI, MOJIEKYJIBI BOJBI U MEIb.

CpaBHuBasi 2JIEKTPOAHBIE TOTEHIIMAIBI OKHCJICHHUS HSTHX 4YaCTHII,
BUJUM, YTO CaMbld HU3KHM TOTCHUHAI HMMEET MElb, ITOATOMY Ha aHOJIE
OKHUCIIIETCSI CaM MEHBIN JIEKTPOI.

A(+) Cu?-2e=Cu*

Takum o0Opa3zom, FIEKTpoau3 Cyib(hara MU Ha MEIHBIX JIEKTPOAaX
CBOJUTCS K BBIJCICHUIO CBOOOJHOM MeIu Ha KaToA€ W MOCTEIICHHOMY
PacTBOPEHUIO aHO/IA.

Hanpumep, mpu siekTpoiu3e pacijiaBa XJIOpUJAa HATpUsl KaTHOHBI
HaTpus OyAyT JIBUTAThCA K OTPHUIIATEIILHOMY KaTOJy, a aHMOHBI XJopa K
0JI0XKHUTEILHOMY aHoay. [IpuHUMast 3JIEKTPOHBI OT KaTtojaa, HOHBI Na™ OyayT
BOCCTAHABJIUBATHCS:

Na" +e =Na’

HNoubr Cl°, ornaBas 3JEKTPOHBI TMOJIOKUTEIBHOMY aHOMY, OyayT
OKHUCIIATHCS:

2CI - 2e = CIY°

B pesynbraTe Ha KaTojie BBIACISICTCS METANIMYECKUW HATpUW, a Ha
aHoje — ra3o00paszubiii xyop. CyMMapHOE ypaBHEHHUE peaklu OyJIeT UMETh

BU/.
SIIEKTPOITH3

2NaCl — 2Na+Ch

[Tpu sieKTpoIIK3€e BOAHBIX PACTBOPOB HEOOXOAMMO YUHTHIBATH YIaCTHE
B [IPOLIECCE MOJIEKYI BOABI. Tak, IpH 3JIEKTPOJIH3E BOAHOIO PACTBOPA XJIOPHIA
HATpUs Ha KaToje BMECTO HMOHOB HATPHUS BOCCTAHABIMBAIOTCS MOJICKYIIBI
BOJIBI:

2H>O +2e =H, + 20H,,



TaK KaK AJIEKTPOIHBIN MOTEHIINAN, TpeOyeMbIi JIJIi BOCCTAHOBJICHHSI BOJBI (-
0,83 B), Beime, uem Hatpus (-2,71 B). OOpasyromuecs BOIM3M KaToda
THJIPOKCWIIBHBIE TPYTITHI C HOHAMU HATPHUS 00pa3yIoT MIEI0Yb:

Na"+ OH =NaOH

Ha anone oxucisiercsa xmiaop:

2CI'-2e=Cl,

CymMapHO€ ypaBHEHUE UMEET BU/I:
IIIEKTPOIIH3

2NaCl +2H.O — H;+Clx+2NaOH

Marepuan 3JEKTPOJOB TAaKXKE OKa3bIBAET BIMSHHE HA MEXaHU3M
npoIecca 3IEKTpoau3a. Pa3nmuuaroT 3JIeKTPOIN3 ¢ UHEPTHBIMU 3JIEKTPOIaMU
(TuTaTUHOBBIE, TPaUTOBBIE U JIP.) U C PACTBOPUMBIMU aHO1aMu. PaccMoTpum,
HanpuMmep, dIEKTPon3 BOAHOTO pactBopa CuSO4 ¢ METHBIMU JIEKTPOJAMH.

Cynbdat Meu JTUCCOMUPYET B BOJHOM PACTBOPE:

CuSOs— Cu*" + SO4*

ITponeccy BoccTaHoBIeHHS MOHOB Cu’’ COOTBETCTBYET JIIEKTPOIHBIN
MMOTEHIIHAI (pO(Cu2+/CuO) = + 0,34 B, a BoccTaHOBJIEHHE BOJBI Ha KaTo/e
npotekaeT npu norennuaie O°(H2O/Hz) = - 0,83 B. Tak Kak NOTEHIUAI MEIH
BBIIIE, TO HA KaTOJI€ BOCCTAHABIMBAETCS MEIb:

K(-) Cu®’*+2e=Cu’

K aHOMy IEpEeMEIAroTCcs OTPULATENLHO 3apsuKeHHble MOHBI SO4>, 11s
OKHCIJICHHSI KOTOPBIX TpeOyeTcst moreHnuan, paBHbiid +2,05 B. [loTeHmuan
OKHCJIEHHS BOJIbI Ha aHojAe paBeH +1,23 B, a okucnenue Meau MpoOUCXOJUT
npu norenuuane + 0,34 B.

CpaBHuBasi JJEKTPOAHBIE MNOTEHUMANbBI OKUCIECHHS D3THUX YaCTHII,
BUJINM, YTO CAMbIl HU3KUW TMOTEHIHAI HMEET MEJ/ib, IOATOMY Ha aHOJIE
OKHUCJIIETCSI CaM MEIHBIN 3JIEKTPOI:

A(#) Cu?-2e=Cu*

Takum o0Opa3zom, FIEKTpoau3 Cyib(hara MU Ha MEIHBIX JIEKTPOAaX
CBOAMUTCS K BBIJICICHUIO CBOOOJHOM MeAM Ha KaToAe U MOCTEIEHHOMY
PacTBOPEHUIO aHO/IA.



