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1. OCHOBHI MOHATTA ENEKTPOXIMII

Enexmpoximis — po3aia XiMii, IKMil BUBYA€E (hi3HKO-XIMIYHI IPOILie-
CH, IO CYNPOBOKYIOTHCS TOSBOIO €JIEKTPUIHOIO CTpyMy abo, Ha-
BIIAKH, BiIOYBAIOTHCSA i JIEI0 SIEKTPUYHOTO CTPYMY Ha XIMIYHI CITO-
JTyKH.

Enexmpooom Ha3UBAETHCA MPOBIAHUK MEPIIOTO POy (MeTanu,
rpadit abo HaIIBIPOBIIHUKHN), IO KOHTAKTYE 3 IOHHUM ITPOBITHUKOM —
MPOBITHUKOM APYTOro poay (po3uyuHu ab0 pO3IJIABH €JIEKTPOIITIB). Y
MPOBITHUKAX TIEPIIOTO POAY EIEKTPUUYHUN CTPYM BUHUKAE 3aBASKU
HAIlPaBJIEHOMY pYXY €JIIEKTPOHIB, B €JIEKTPONITAX — 3aBAIKH PYXY
10HIB, IPUYOMY €IIEKTPOHU HE MOXYThb PYXaTUCh B €IEKTPOJITAX, a
10HM — y MeTajaX, TOMYy Ha MOBEpXHi oAty (a3 Ol eIexTpoaa Bif-
OyBaIOTHCS peakxilii 0OCOOJMBOTO THITY, IO MAIOTh HA3BY €IEKTPOXi-
MIYHHX.

Enexmpoximiuni peaxyii — 11e OKUCHO-BITHOBHI peaxiiii, o Bia0y-
BAIOThCA MiJ] Yac OOMIHY €IEKTPOHAMHU MiXK IMPOBIAHHKAMU MEPLIOrO
poay 1 YaCTUHKAMHU €JIEKTPOJITY — I0HAMU Ta MOJIEKYJIaMH.

V Meranax i rpadiTi y By3nax KPUCTAIIIYHOI PEINTKH 3HAXOASATh-
Csl KaTiOHU, MK SIKUMU BIJTHOCHO BUIBHO PYXalOThCSl €IEKTPOHH, MPU-
YoMy CyMapHUU MO3WTHBHUM 3apsij] 10HIB METaJiB JOPIBHIOE KUTBKO-
CTi eJIEKTPOHIB. SIKIO MPOBIJHUK MEPIIOTO POJY 3aHYPUTH B €JICK-
TPOJIT, TO HA MeXI1 OAUTY (ha3 BUHHKHE ITePEPO3IOIiT TO3UTUBHUX Ta
HETaTUBHUX 3apsIiB, 110 HECYTh 10HU U €JICKTPOHHU, a TAKOXK 3'IBUTHCS
HaIlpaBlieHA OPIEHTAIlisl AUIIOJIB, TPH I[bOMY OAHA 3 (pa3 3aBxau 3apsi-
JUKA€ThCS TIO3UTHBHO, 1HINA — HETATUBHO.

Po3rnsHeMo ABa BUIAJKU IILOTO MPOIIECY, 3BEPTAIOYM YBary Ha
Te, 0 B PO3YMHAX 10HHW 3aBXIHM COJbBATOBAHI I XapaKTEPU3YIOTHCS
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[IEBHOIO eHepriefo compBaTauii £, (1Ig BOIA — eHeprie}o rinpaTauii’

FlIIp) hY HpOBl,Z[HI/II(aX MEPIIIOTO POJY MIIHICTh 3B'I3KYy MiX i0HAMU B
KpI/ICTaJIILIHII/I peniTii XapaKTepU3yeThCs SHepri€l0 KPUCTATIYHOL pe-
itk E_ pp . CiBBiTHOIIIEHHST MK €HEPTIEI0 EKp P MOTPIOHOYO 1S Bif-
pUBY KaTIOHa BiJl HOBerHl MeTajly, Ta eHeprieio E WO BUUISIETHCS
i 9ac rlz[paTauu IbOTO KaTioHa, Oyne 06yMOBJ‘IIOBaTI/I 3IaTHICTh
PI3HUX METAJIIB 10 BUJIUJICHHSI KATIOHIB Y PO3UWH, & TAKOXK IOJIOKEHHS
PIBHOBAru 1bOr0 i 3BOPOTHOTO 1710My nponecy (puc. 1).

v BUMAJKY aKTUBHHX MeTtaniB (Zn, Fe, Ni) EKle Emp, TOMY
KaTIOHM MiJ AI€I0 TUIOJIIB BOJIU MEPEXOIATE Y PO3UMH, rmpaTy}OTLCﬂ
1 TPynyIOThCs B IIapi BOAM Ha MeXi monaity (a3 Ouls MmoBepxHi MeTa-
7y, SIKa 3apsKAETbCS HETATUBHO, TOMY IO B METaJll YTBOPIOETHCS
HaJTUIIOK €JIEKTPOHIB (IuB. puc. 1,a).

VY Bunaaxky HeaktuBHux MeTatiB (Cu, Ag, Pt) E > Eyp TOMY
KaTiOHM HE MOXYTh NEPEXOAUTU B PO3UUH (Tquuue *Borm nepexo-
IATh, aJle B He3HAYHUX KUIbKOCTSX). OMHAK, SKIIO PO3YMH MICTUTH
KaTIOHW MeTally, 3 SKHX CKJIaJa€eThCcs TBepaa (asza, 1 KaTiOHU 3 pO3-
YUHY TTOYMHAIOTH JOOYIOBYBAaTH KPUCTAJIUYHY PENITKY i TBepaa ¢aza

3aPAIKAETbCA ITO3UTUBHO BHaCJ'Ii)IOK HAJIXOKEHHS 4O Hel HaJINIIKY

-+ 4=
+|-—|+ — 4+ =
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Puc. 1. Ilepepo3moain 3apsaiB 011t MOBEPXHI MO das:

a — eJIeKTPOJ] 3 AKTUBHOI'O METally; 6 — eJIEKTPOJ 3 HEAKTUBHOI'O METay;
1,2 — eniexTpoay; 3 — pO3UYMH ENEKTPOIIITY



KaTioHIB. BiaMmoBimHO 10 1[bOr0, OIS MOBEPXHI TBepAOl ¢a3u B miapi
PO34YMHY T'PYIYIOTbCS aHiOHU (IuB. puc. 1,0).

B 00ox Bumankax map po3uMHy Ha Mexi rmoaury ¢a3 HaOyBae 3a-
psALy, MPOTUJISKHOTO 32 3HAKOM 3apsiy ITOBEPXHI MeTally, B Pe3yJib-
TaTi YOro YTBOPIOEThCS MOABIMHUI enexTpuunmii map (ITELL), sxuit
CIPUYMHSE BUHUKHEHHS MK (ha3aMu cTpuOKa moTeHuiaty, abo mpocTo
MOTEHITiany.

[Tpouec mepepo3noairy 3apsaKEHUX YaCTUHOK — CAMOBIJIBHUIA,
AG < 0. Bi mpoXoaAuTh B €IEKTPOXIMIUHIN CUCTEMI 10 JOCATHEHHSI HEIO
CTaHy pIBHOBAru, KOJH KUIbKICTh KATIOHIB, SIKI MEPEXOSATh y PO3UMH,
Oyzae MOPIBHIOBATH KUIBKOCTI KaTIOHIB, IO OCAJKYIOThCS HA MOBEPX-
Hi TBepaoi pasu (AG = 0). ITorenuian enexktpona npu AG = 0 HaszuBa-
€Tbes piBHOBaxkHUM. Bymosa ITEIL i BenuunHa mOTEHIANY 3aI€KaTh
BiJI TPUPOJIU 1 CKJIATy PO3UMHY €JIEKTPOJIIITY, IPUPOJIH 1 CTaHY MTOBEPXHI
eNEKTPOJa Ta 30BHIIIHIX YMOB.

EnexTpoau MoxyTh OyTH 00OPOTHUMU a00 HEOOOPOTHHUMHM.

Obopommni — 1€ TaKl €NEKTPOH, Ha SKUX BiIOYBaIOThCA 0OOPOTHI
EIIEKTPOAHI peakilii (mpsiMa — caMOBUIbHA, 3BOPOTHA — NIPU HAKJIAJICH-
Hi TPOTHIIEKHO HAIPABJIEHOI 30BHIIIHBOI HANIPYTH, OUIbIIOI 32 abco-
JIOTHOIO BEJIMUMHOIO, HIXK TOTEHIia ejlekTpoaa). Hanpuknaa, obo-
POTHUM € IUHKOBHUH €JEKTPO, IO CKJIAIA€ThCs 3 MUHKOBOI IIACTH-
HU, 3aHYPEHOI B PO3YMH COJIi LUHKY:

Zn’ & Zn? + 2€.

Heobopomni — 11e Taki eIeKTPOIH, HA SIKUX Y MPSIMOMY HAIPSIMKY
BiZIOYBA€THCS OJHA peakxllis, y MPOTHICKHOMY (IIPU HaKIaJeHHI 30B-
HIIIHBOI HaNpyru) — iHma. Hanpuknan, HeOO0POTHUM € €IeKTPOI, LIO0
CKJIQJIA€ThCA 3 HMHKOBOI IUIACTHUHH, 3aHYPEHOI B PO3YUH CYIb(aTHOI
KUCJIOTHU:

npsiMa peaxilis Zn® - 2¢€ -, Zn?*;

3BOPOTHA peakilis 2H* + 2& - H,.

BesnocepeaHe BUMipIOBaHHS €JICKTPOJIHUX MMOTEHINAIIB HEMOKIIHU-
Be, aji¢ MOXXHA BHUMIPIOBATH PI3HHUIIO MOTEHIANIIB MK TBOMa €JICK-
TPOJaMH, a OJUH eNIEKTPOJ Y35ITH 3a NICBHUX YMOB SIK €JICKTPOJI MOPIiB-
HSIHHSL.



2. TAJIbBAHIYHI ENIEMEHTHU

2.1. 3arajbHi NOHATTS NPO raJbBAHIYHUI eJleMeHT.
OkucHi Ta BiIHOBHI NpoIlecH HA eJIeKTPoAX.
Kartoau ta anogu. Enexrpopyuiiina cujia

OKHCHO-BIIHOBHA peakKilisi MOXe BiIOyBAaTUCS XIMIYHUM IUIIXOM,
KOJIM €JIEKTPOHU BiJI BITHOBHUKA OE3MOCEPEHBO MEPEXOIATh 1O OKHUC-
HuKa. EHepris XiMiduHOI peaxiuii B I[bOMY IIPOIIECI IIEPETBOPIOETHCS HA
TEIIOBY.

SIKIIO0 OKMCHO-BIHOBHI MPOIIECH MPOCTOPOBO BIIOKPEMUTH, IO
BiIOYyBA€ETHCS B rajlbBaHIYHUX €JIEMEHTAX, TO TMEePeXiJl eJIEKTPOHIB Bif
BITHOBHUKA JO0 OKHCHHMKA MO 30BHIIIHbOMY MPOBIAHUKY CHPUUMHSE
BUHWKHEHHS €JIEKTPUYHOTO CTPYMY Ta MEPETBOPEHHS XIMIYHOI eHep-
rii B eJIeKTpUIHY.

Tanveaniunum enremenmom HA3UBAETHCS OYIb-SIKMH MPUCTPIN 1151
0e3rmocepeIHOTO MEPETBOPEHHS XIMIYHOI eHeprii OKMCHO-BITHOBHOL
peakiii B eJIeKTPUUHY €HEprilo.

lanpBaHIYHMI €IEMEHT CKJIAJA€THCS 13 30BHIMIHBOTO 1 BHYTPIII-
HBOTO KiJI, €JIEGKTPOXIMIUHO 3'€JHAHUX MiX c00010. /10 30BHIIIHLOTO
KOJIa HAJIeXaTh €JIeKTPUYHI IPOTU Ta €JIEKTPUYHI Mpuiaau (BUMIpIO-
Bayl BEJIMYMHU CTPYMY 1 HANPYTH, CIOXHUBAui abo JIKEPENo CTpyMy
TOIIO). BHYTpINIHE KOO CKIAZAETHCA 3 €IEKTPOIIB, IPUUOMY €JIeK-
TPOJITH 3'€HYIOThCI MK COOOI0 HAMBIPOHUKHOK MeMOpaHoo abo
EJIEKTPOJIITUYHUM MICTKOM. EJIEKTpOTITUYHUI MICTOK BUTOTOBIISETh-
cd 13 CKIISIHOT 200 MmIacTMacoBOl TPYOOUKHU, 3aMMOBHEHOI HACHYEHUM
po3unHoM KCl i3 000X KIHIIB 3aKpUTOI TOPUCTUM MaTepiaioM. Mewm-
OpaHu BUPOOJISAIOTHCI 3 PI3HUX MaTepialliB, HAIPUKIa IMIIJIbHUX TKa-
HUH, MOJIMEPHUX IUTIBOK. Yepe3 HUX MOXYTh NEPEeMIllyBaTUCS 10HHU,
aje He MepeMIIlyIOThCS MOJIEKYJIN PO3UYMHHUKA.

VY raapBaHIYHOMY €JIEMEHTI, MOTEHIaIN eIeKTPOIIB IKOTO He
JOPIBHIOIOTH OJIMH OJHOMY, IPOIIECH HA €NEeKTpOoaax He OyayTh piB-
HOBaxHUMH. Ha oHOMY 3 HUX, OiJIbIII aKTUBHOMY, OOOB'SI3KOBO iijie
Mpollec OKMCHEHHS, Ha 1HIIOMY (MEHII aKTUBHOMY) — IPOLIEC BITHOB-
nenHs. OxucHa GopMa pedoBHHU (mMo3HAadYaeThes OX) 3aBXKIN Ma€ B
CBOEMY CKJIaJIl aTOMU eJIeMEHTa 3 OUTBIINM CTyIIeHeM OKHCHEHHS, HIK
y BIIHOBHIN (Tmo3HauaeTbes Red).

Crni HaragaTy, 1Mo KOXHA OKMCHO-BITHOBHA PEAKIIiSl CKIIAA€ThCS
3 IBOX HaIliBpeakKIliii — OKUCHEHHS 1 BimHOBJIeHHS. Komu peakitis Bia-
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OyBaeThCsl B TaIbBaHIUHOMY €JIeMEHTI ab0 31MCHIOETHCS 3a JOIIOMO-
rol0 €JIEKTPOJIi3y, KOKHA HaIiBPeakKilis MPOXOJAUTh Ha BIAMOBIIHOMY
€JIEKTPO/Ii, TOMY HaIliBpeakilii Ha3UBAIOThCS B IMX BUMAJIKAX eleK-
mpooHumu npoyecamu, abo eiekmpooHuUMU peaxKyisamu.

PosrisiHeMo mpuKIIaa ralbBaHIYHOTO eleMeHTa (erneMeHT k001 —
Hamniens, puc. 2).

VY 1ioro 30BHINTHBOMY KOJIi €JIEKTPOHU PYXarOThCs BiJ aHOAA 1O
KaToda, TOOTO BUHHUKAE €JIEKTPUYHUNA CTPYM.

Kamoo — 1ie enekTpos, Ha SKOMY BITHOBIIOIOTHCS KaTiOHU a0o
HelTpanbhai Monekyian: Ox + ne — Red.

KaTomni peaxii:

2H* +28 - HY;
Cu*? +2e - Cu’;
4H,0+2% - H) +20H".

AH00 — 11e eNIeKTPOJ, Ha SIKOMY OKUCHIOIOTHCS KaTIOHH, aHIOHH Ta
HelTpanbHi Mosekyin: Red — ne — Ox.

4
—)

K1) Al(H)

[ ]
Puc. 2. Cxema raapBaHIYHOIO eeMeHTa (emeMeHT SIko0i — Jlaniens):

1 — nMHKOBUH eNneKTpoA (MHKOBA IJIACTHHA, 3aHYPEHA B PO3YMH IIMHK CyiIbdary);
2 — MigHU enekTpon (MigHA IUIACTHHA, 3aHypeHa B PO3UMH KYIpPyM cyiIbdary);
3 — eNeKTPONITUYHUI MICTOK; 4 — BOJIBTMETP



AHomHI peakilii:

Fe*> -1¢ - Fe+3;
40H™ -4¢ - 09 +H,0;
7Zn® -28 - Zn*?.

Karonm — 1e 3aBXIM IHEPTHHI €IIEKTPOJI, HA IKOMY € Ha UTUIIOK
€JICKTPOHIB, KOTPI BiH BilJla€ YACTHMHKAM €JIECKTPOJIITY.

AHOJI MOXe OyTH IHEpTHUM (HEAKTUBHHM) ab0 akTUBHUM. IHepT-
HUW aHOJl Ma€ JOCTAaTHbO BEJIWKE 3HAYCHHSI €JICKTPOJHOTO IMOTEHIlia-
7y (HUM MOXYTbh OyTH, SIK IPaBHIIO, OJArOpOAHI MeTanu Ta rpadirt) i
TUTBKM MpUiMae Ha ceOe eeKTPOHU BiJl YACTUHOK €JIEeKTPOJIITYy, TOO-
TO TIpU3HAYEHUH /T iX HAKOTMYEHHs. AKTUBHUN aHOJI CaM PO3UUHSI-
€ThCs 1 TTOCUITAE KaTIOHU B PO3YMH, TOOTO MaTepiall aHoaa be3nocepes-

HbO Oepe yuacTh B OKMCHOMY mporeci: Zn® — 2& - Zn’",

BigHeceHHs eNeKTpOIiB 10 MEBHOTO THUITY 3aJIEKUTh BiJ CHIBBij-
HOIIIEHHS 3HAY€Hb IMOTEHIaIiB 000X eIeKTPOIiB: (YHKIII KaToga BU-
KOHY€ €JIeKTPOJ 3 OLIBIIMM IIOTEHILIaaoM, TOO0TO ¢ . 3aBKIu Oiib-
wmii, nix ¢, . Hampukman, B enementi fIko6i — [laniens anogom Oyne
LMHK, & KATOIOM — MiJlb, TOMY L0 MOTEHLIaJ MEePIIOro 3HAYHO MEH-
muid. PIBHSIHHS €JIeKTPOJHMX MPOLECiB, 10 BiAOYBAIOTHCS MPH POOOTI
enemenTa SIko0i — JlaHiens, MalOTh BUTIIS

K: Cu*?+2e - CuY%
A:Zn’—2¢ - Zn™2

[Ipu cxemaTHYHOMY 3amuUCy, IO 3aMiHs€ PUCYHOK TaJIbBAHIYHOTO
eJIEMEHTa, MeXY MOAUTY MK IMPOBIIHUKOM NEPILIOTO POy 1 MPOBIIHU-
KOM JIpyroro pojy MO3HAYalOTh BEPTUKAJIBHOIO PUCKOIO, a MEXY I0-
JIUTy MK TPOBIIHUKAMU IPYroro — ABomMa puckamu. Hanpukian, cxema
IbOTO ejieMeHTa Oyje Taka:

(-)Zn0ZnSO, I CuSO,OCu(+).

Sxmo HeoOXigHO, y cXeMi BKa3yloTh 1 KOHIEHTpaLii eJIeKTPOJTi-
TiB, HAIIPUKJIA:

(1)Zn0ZnSO,, 1 M CuSO,, 0,1 MOCu(+).



HalironoBHimow XapakTepUCTUKOIO TajbBAHIUHOTO €JIeMEeHTa €
ioro exnekmpopywitina cuna (EPC), sika mOpiBHIOE PI3HMII MOTEHITia-
JiB KaToAa Ta aHOJA!

E=¢

KaT q>aH'

EPC — 3aBx1u no3uTHBHA BENIMYMHA, TOMY WO ¢ . > ¢ .

2.2. Tepmoaunamika raJibBaHi4HOIO eJleMeHTA.
PiBusinas Hepucra

HesanexxHo Bijf TOro, 3a SKUM IUISIXOM (XIMIYHUM a00 eeKTpoxi-
MIYHUM) IPOXOAUTh PEaKilis, EHEPreTHUHI 3MiHH B CHCTEMi OJHAKOBI.
3 Kypcy TepMOAMHAMIKH BiJOMO, III0 MaKCHUMaJibHA po0OOTa BUKOHY-
€TBCSI CHCTEMOIO B PIBHOB)XHOMY CTaHi, TOOTO KOJIM cUCTeMa € 000-
poTHow. 'anbBaHIYHMI €IeMEHT € 00OPOTHUM, SKIO BUKOHYIOTHCS
JIBI YMOBH: BIH CKJIAAA€ThCs 3 OOOPOTHUX €ICKTPOJIIB; 10 HHOIO Iif-
KITFOUEHE 30BHIIIHE JDKEPENIo eNeKTpuyHoro crpymy, EPC sxoro mae
MPOTWICKHUI HANPSMOK 1 HA HECKIHUEHHO Majly BEJIMYMHY BLAPi3HS-
eTecst Bin EPC camoro enementa.

ITpu umux ymosax

-AG = A, = nEF,

Jie 1 — KUIBKICTB €JIEKTPOHIB y CyMapHiii enexkTpoHii peakuii; £ — EPC
raJlbBaHiyHOTO efieMeHTa, B; F — uncino dapanes (KUTbKICTh eJIEKTPHUKH,
Ky TIEPEHOCUTDb OJIMH €KBIBAJIEHT €NeKTPOHiB), F' = ¢ N, Kin/Monb.

3 apyroro 00Ky, 3MmiHa eHeprii '160ca MOB'si3aHa 3 KOHCTAHTOIO
XiMiYHOI piBHOBaru piBHAHHAM AG = —RTIn K. Y upomy Bunaaky K —
KOHCTaHTa PIBHOBArM BiJIIOBIIHOI OKMCHOI peakiiii, 0 JOPIBHIOE J0-
OyTKy pIBHOBa)XXHUX KOHIEHTpAIlild MPOAYKTIB, MOIIJICHOMY Ha JH00Y-
TOK PIBHOB2)XHUX KOHIIEHTpAlLil BUXITHUX PEUOBHUH 3 YpaxyBaHHSIM
crexiomeTpuyHux koediuieHTiB. Ha mincraBi uux piBHSHB HIMEIbKHI
BueHuid HepHcT BUBIB dopMmyiy AIsl pO3paxyHKy MOTEHLIATIB eJIeK-
TpO.iB

_RT [Red,J[Ox,]

— 40
b=~ F [Red;J[Ox]

R
ne 2’3T = 0,059 (2,3 — ocHOBa HaTypaJdbHOTrO Jorapudma), Tomy
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it Temriepatypu 298 K piBHSHHS MOXHA CIIPOCTUTH:

0,059, [Red, J[Ox,]

40 _
b ™ Red, 0w

2.3. BumiproBaHHsl eJIEKTPOHUX MOTeHUIATIB.
CranaapTHUii BOJHEBHIl eJIeKTPO

3 MeTOI BU3HAYEHHS IMMOTEHIATy eJIeKTpOo/ia CKJIaJIaloTh rajbBa-
HIYHUH eJIeMeHT, BUMipiooTh fioro EPC Ta po3paxoByIOTh MOTEHLIAI
enekTpoaa. Haituacrimie 1uist IbOro BUKOPUCTOBYETHCS BOJTHEBUN €IIEK-
TPOJ.

Boonesuii enekmpod — 11e IATUHOBA TJIACTHUHA, SIKA ITOKPUTA I'y0-
YacTOI0 IJIATHUHOIO (IHEPTHHUH €NeKTPOM) 1 HacCHUYeHA ra3omnoiOHuM
BogHeM. Bin momaetscst mig trckom 101,3 kIla B po3unn cynbdaTHOl
a0 XJIOPMIHOT KUCIIOTH IIPH @+ = | MOIIB/JI, y SKMii 3aHypeHa MIaTH-
HOBAa IUIACTHHA.

Cxema enekTpona Taka: Pt, 2H+DHg.
Ha enexTponi BinOyBa€eThcsl MpsMa YU 3BOPOTHA PEAKIIS:

2H;0+28 ~ HY +2H,0 abo 2H" +28 « HY.

HpH TcKy Boanio 101,3 kIla, ayy+ = 1 mons/i, TeMnepaTypl 298 K
MOTEHINAJ IIBOTO eNIEKTpoja YMOGHO 63510 3G HYb 1 BIAHOCHO I[bOTO
€JIEKTPO/Ia BU3HAUAIOTHCS IMOTEHIIAIM BCIX THIIUX €IEKTPOJIIB.

PosriistHeMo 1Ba THIM TaJbBaHIYHUX €JIEMEHTIB, sKi MPU3HAYCHI
JUIS. BU3HAYCHHS TTOTEHINAIB €JIEKTPO/IIB.

IMpukaan 1. Enektpoa, yTBOpeHUd aKTUBHUM METaloM, y mHapi 3
BOJHEBUM €IIEKTPOJIOM Oyne aHogoM, TOOTO Oyae po3uuHsaThcs. Cxe-
Ma raJlbBaHIYHOTO eJieMeHTa Oyje Taka:

(-)MeOMe" M 2H*OHY , Pt(+);
A: Me —ne - Me™;
K: 2H* + 2 - HY;

EPC = ¢KaT B ¢aH = 7¢’dH’
10



(I)K,le = 0, a EPC 3aBxau mo3uTUBHA, TOMY 3HaK MOTEHIAly aHOJa
MOBUHEH OyTH HETaTUBHUM.

Ipuxaan 2. Enextposn, yTBOpeHUH MaIOAKTUBHUM METAJIOM, Y
napi 3 BOJHEBUM eJIeKTpoJoM Oyae kaTomoM. Cxema 1bOTO rajabBaHiu-
HOI'O €JIEMEHTa TaKa:

(-)Pt, H,O2H*0 Me™* CIMe(+);
A:Hj -2¢ - 2HT;
K: Me"* + ne - Me";
EPC = ¢

KaT OaH = ¢KaT‘

Otmxe, erekmpoonuti nomenyian duceabHo gopiBHioe EPC ranb-
BaHIYHOTO €JIEMEHTa, CKJIaJeHOTO 31 CTAHJIapPTHOI'O BOJHEBOTO i J10-
CITIUKYBAHOTO €JIEKTPO/IB, SKa BUMIpSHA 3a CTAHIAPTHUX yMOB. BiH
mo3HavyaeTbes ¢(em) abo E(en).

CraHgapTHUH MOTEHIIAJI YUCEITbHO JOPIBHIOE TTOTEHITIANY eJleK-
TPOJia 32 YMOBH, 1[0 AKTUBHICTD 10HIB B €JIEKTPOJIITI, IKi OepyTh y4acTh
B €JIEKTPOXIMIUHIN peaxilii, JOpiBHIOE OAWHUII. BiH mo3HayaeThCs
¢%en) abo E%en). Hanpuxnan:

=0B; E° -0,76B.

0 —

P ing g

Vci cTaHgapTHI MOTEHIIAIM 3BeIeH] B TaOIMIll, a caMi MeTallu

YTBOPIOIOTh TaK 3BAaHHI Psii aKTUBHOCTEH MeTaliB (abo psaa Hampyr

metaniB). [IpupoaHo, 110 B IbOMY psy NMPUCYTHIN BOAEHB, TOMY IO

BITHOCHO CTaHIApPTHOTO BOJHEBOTO MOTEHIlialy BU3HAUAIOTHCS BCI
IHII MTOTEHINAIN:

Li K Ba Ca Na Mg Al Ti Mn Zn Cr Fe Cd Co Ni Sn Pb (H,) Bi Cu Ag
Au.

Meranu, "akTuBHIII" 3a BOJEHb, MAIOTh HETATUBHUI 3HAK ITOTEH-
iajxy, TOMy IO B TIapi 3 BOJHEBUM €JIEKTPOJIOM € aHoaaMu. Majoak-
THBHI METaJId, SKi PO3TalllOBaHi B PsAl aKTUBHOCTI METAIIIB IICIIs BO-
JTHIO, MAIOTh IMO3UTUBHUI 3HAK MOTEHINATy, TOMY IO B Mapi 3 BOJHE-
BUM €JIGKTPOJIOM € KaTomamu. Hampukian,

%emlFeo = 0,44 B; ¢OCu2*|c o = +0,34 B.

u
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Kamoowui npoyecu

1. Yum Onmkde po3TalloBaHUI MeTal A0 MOYaTKy sy, TUM JIer-
e BiH OKMCHIOETHCS 1 BaKye BITHOBIIIOETHCS. YCl y’K€ aKTUBHI Me-
TaJM — CHJIbHI BIIHOBHUKH 1 pearyioTh HaBiTh 3 BOJOIO:

2Na + 2H,0 - 2NaOH + HJ1.

Marsiii 1ocuTh MOBUIBHO pearye 3 BOAOIO, AJIIOMIHIN He pearye
BHACTI/IOK HASIBHOCTI iHEPTHOI OKCHUJIHOI IUIIBKM Ha HOTO MOBEPXHI.

2. KoxxHuit Metan psioy BiIHOBIIIOE MEHII aKTUBHUI MeTall 3 po3-
YHMHIB HOr0 COJei:

Fe + CuSO4 N FeSO4 + Cu.

3. Vci MeTau, po3TalloBaHi B psIi 10 BOJHIO, OKUCHIOIOTHCS 10HOM
BOJIHIO B KHMCJIOTaX, MaJOAKTUBHI 1 OJIATOPOJHI  HE OKHUCHIOKOTHCS:

Zn + 2HCI — ZnCl, + HY;
Cu + HCIl - He pearye.

MasnoaKkTHUBHI OKUCHIOIOTHCS KUCIOTAMU-OKUCHUKAMU — CyJbdat-
HOIO KOHIICHTPOBAHOIO Ta HITPATHOI OyAb-sKOi KOHIeHTpartlii. Jleski
0aropoaHi — CyMIIIIII0 KOHIEHTPOBAHMX HITPATHOI Ta XJIOPUIHOL
KUCITOT (crmiBBimHOIIECHHS 1:3) — mapchkoro Tropiakoio (Au):

Cu + 4HNO, — Cu(NO,), + 2NO, + 2H,0;
Au + HNO, + 4HCI — H[AuCl,] + NO. + 2H,0.

4. Yum O1bIIOIO € BIACTAHb MK MOJOKEHHSIM METAJIIB y P, TUM
oinpuroro 6yae EPC ranpBaHiuHOTO €JIeMEHTa, KU CKIATa€eThCS 3
eJIEKTPOAIB LUX MeTaniB. Hampuknan:

(—)Zn0Zn>* M Cu**OCu(+);
EPC =6 — 0, = Oc2+ne, — Op2ing, = +0.34 - (-0.76) = 1,1 B,
(9)SnOSn?* M Cu?*OCu(+);
EPC = ¢~ 0. = borey — Os2¢ms, = +0.34 — (-0,14) = 0,48 B.
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2.4, Tunu esekTpoaiB

EnexTpoau, siki 3aCTOCOBYIOTBCS B €IEKTPOXIMIii, 3aJI€KHO BiJ TUITY
00OPOTHOCTI, YHCIIa Ta arperaTHOro crany (a3 MOAUISIFOThCS Ha Killb-
Ka rpyi. [eski 3 HUX MU PO3IIISTHEMO.

Enexmpoou nepwioeo pody. 1o HUX HajexaTb METaJI-IOHHI Ta He-
MeTall-10HHI eJeKTpoau. Halbinp monmpeHi MeTa-ioHHI elIeKTPo-

o . o + . o
1, HAPHKIIA/] IMHKOBHIA ( Zn2t | Zn), MigHuMi (Cu2 |Cu) Ta 3aJII3HAN

2+ . .
(Fe |Fe) CICKTPOOH, Y AKUX MCTAJI 3aHYPCHO B PO3UMH BJIACHUX 10HIB.
3arampHa CIICKTPOAHA peaKuiﬂ Ma€ BUITIAQ

Me —ne - Me™.

PiBusunas HepHcra st HUX Mae BUTIIS

0,059
+

Me

e = ° Ig Me”+].

¢Men+ Me”'t

[MoTeHIa)I UX €IEKTPOIIB 3aJCKUTh TUIBKH BiJ KOHIICHTpALil
KaTiOHIB B €JICKTPOJIITI, TOMY 110 KOHIEHTPAILIiS CAMOTO METay IpakK-
TUYHO HE 3MIHIOETBCS 1 € CTaJIOM0.

L{i enexTpoan 0OOPOTHI BIJHOCHO KaTiOHA.

Hewmeran-ioHHI eJIeKTpOW MEHII TOIIUPEH], HATTPUKIIA]] CEICHO-
BUU €JIEKTPOL;

Se? + 28 - Se?;

020"~ 229 1g (Rea 1 = ¢ - 20 g (Anr),

n n

Bonn 060poTHI BITHOCHO aHIOHA.

Enexmpoou opyzo2o pody. BoHu ckjiaialoTbcs 3 MeTally, MOKpHU-
TOTO HEPO3YUHHHMM OCAJIOM MOTO CIOJIYKH (CcoJii abo TiApoKcUaIy) Ta
3aHYPEHOTO B PO3YMH, SIKWI MICTHTh TaKi )X aHIOHH, K 1 ocaa. Jlo Hux
HaJIeKaTh, HAPUKIIA/I, KAJTOMEIbHUHN 1 XJIOPOCPIOHUH eNEKTPOAH.

XITOpOCpiOHM eNeKTPOJT CKIIAJAEThCs 13 CPIOHOTO APOTHUKA, TTO-
KPUTOTO IIAPOM apreHTyM XJIOPHIY, KM 3aHYpPEHO B PO3UMH KaJjiit

xiopuay. EJeKTpomiTHYHUA KOHTAKT 13 30BHILIHIM PO3YMHOM Big0y-

13



BAa€THCS KPi3b THIT 3 a3becTy. CxemMa XJI0pPOCPIOHOTO €NIeKTPOoa;
Ag, AgCIOKCIL

Bin o6opoTtHuii BimHocHO KaTiona Ag* Ta aniona Cl- 3rigHO 3 pe-
akuismu: Agt + @ - Aglrta AgCl+ ¢ - Ag’ + CI.
Horo notenuian 3anexutsb Bia koHueHTpamii KCI:

®(1 1. KCI) = 40,237 B; ¢(0,1 1. KCI) = +0,29 B.

Yy 3arajJibHOMY BI/IFJ'Iﬂ)Ii B TAKUX CICKTPOOdaXx YCTaAHOBIIIOETbHCA piB-
HOBara:

AgCl(ocan) o Agt+Cl o Ag’+ g+ CI.

KoHueHTpallisl KaTiOHIB 3aJIeKUTh B JOOYTKY po3unHHOCTI ([IP)
MaJIOPO3YMHHOI PEYOBUHHU:!

ap.
[cr]

IMoTeHIian UX €NEKTPOJIIB BU3HAYAETHCS 32 (HOPMYIIOI0

[Ag™] =

b0+ 00591 oI,

ne §° = ¢ one T 0,059/nlg APy, 4.

EJICKTpO,[H/I JIPYTOTO POAY BUKOPUCTOBYIOTHCS SIK €IEKTPOIN nopiB-
HSIHHSI 3aMICTh HE JTy’K€ 3pyYHOTO BOJIHEBOTO €JIeKTpojaa. BoHm B1}1p13-
HSIOTHCS TTPOCTOTOIO BUTOTOBJICHHSI 1 CTAJIMM 3HAYEHHSM TOTEHIliaTy.

TI'azosi enrekmpoou. TTpukIagoM Ta30BOTO €IEKTPOIA € BOTHEBHI
enextpo. Jlo Hux Hanexarh Takox kucHeBui (Pt, O,[JOH") Ta xjop-
nuii  (Pt, C1,02Cl") enextpoau. st BUTOTOBIEHHS IUX ENEKTPOJIIB
BHUKOPHUCTOBYIOTh IUIATUHOBUN TPOTUK, TOKPUTHH IIapoM TyodacToi
IJIATHHY, KA Ma€ BUCOKY aJcOpOIiliHy BiacTuBICTh. Ha moBepxHi
Moy ¢a3 yCTAaHOBIIOIOTLCS PIBHOBAXHI MPOIIECH, K1 TJIATHHA Ka-
TaJl3ye:

H, .~ 2H, 2H"+2¢;
09 +2H,0 + 4¢ » 40H;
Cly+ 2 -2 CI.
14



[ToreHwian ra30BUX €IEKTPOIIB 3aJICKUTh BiJl aKTUBHOCTEH OKHC-
HOI Ta BIIHOBHOI ¢opMm peuoBuHH. Hampuknan, npu PHz = 101,3 xIla
MOTEHIIIAJI BOAHEBOT'O €JIEKTPOAa PO3PaXOBYEThCS 32 (GOPMYIIO ¢ =
=-0,059 pH.

OKucHo-8i0HOBHI elekmpoodu (abo pedokc-enexkmpoou). 1o HUX
HAJIOKATh HaIliBEJIEMEHTH, 1110 CKJIAIAF0THCS 3 IHEPTHOTO MeTaly (Iia-
THHA, 30JI0TO), 3aHYPEHOTO B PO3YHH, B SKOMY MICTATHCSI OKUCHA Ta
BiTHOBHA (opMu OAHI€ET 1 Ti€l K PEUYOBUHU.

Hanpuknan;

Pt, Fe3*OFe?"; Fe’* + e - Fe;

Pt, MnO, + 8H*OMn** + 4H,0; MnO, + 8H* + 5&¢ — Mn?* + 4H,0.

AToMU TIaTUHU He OepyTh Y4acTh B €IEKTPOJHOMY IpPOIIECi, a €
TUIBKY TIEPEHOCHUKAMHU €JIeKTPOHIB. BenmnunHa enekTpoIHOro MOTEH-
iaxy 3aJIe)KUTh BiJl KOHIIEHTpAIil OKUCHOI Ta BIHOBHOI popM pedo-
BUHH:

_ g0 0:059, [0x] 0, 0.059, [Fe’].
0 =00+ = Slep g 0= 00 Tl o
b= o0+ 0,059, [MnOj[H e

5 [Mn®"]

CrangapTHI OKMCHO-BIIHOBHI IMOTEHIIaIN 3BeJCHI B TAOIUII, a
TaK0X BU3HAYAIOTHCS 332 BOAHEBOIO IIKAJIOK, TOOTO TOPIBHIOIOTHCS 31
CTAHIAPTHUM BOJHEBHM €JICKTPOJIOM. BOHU XapaKTepHu3ylOTh 3/1aT-
HICTh CUCTEMHM (PYHKI[IOHYBATH SIK OKUCHUK 200 BIMHOBHUK. YuM OLIbLI
MO3UTHUBHE 3HAUEHHS! OKUCHO-BITHOBHOTO MOTEHIIIATY, TUM CHJIbHIIITIM
OKHCHHMKOM € cucTema. 3Hak (—) o3Hayae, 110 CAMOBUIBHO BiIOyBA€Th-
csl TIpOIIeC BITHOBIICHHS, 3HAK (+) — Mmpolec OKMCHeHHs. Hanmpukia:

Enexrpox Enexcrportnuii ¢,B CamoBinpHHIT nporiec
TpoIiec
Pt,CP'OC | Crf+1e o O 0,41 Cr'-1e - Cr”"
Pt, Sn*'(Sn”" | Sn*" +2¢ o Sn* +0,15 Sn*"+2¢ - Sn*'

Bukopucrannst po3paxyHky EPC st OKUCHO-BIZIHOBHUX KT Ja€
MOJKJIMBICTh BU3HAYUTU HATIPSIMOK OKMCHO-BITHOBHOI peaKIlii He3aIex-
HO BiJ TOTO, XIMIYHMM a00 €JIeKTPOXIMIYHUM IIIIXOM BOHA MH[e.
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YpaxoByeThCs, 1O BiTHOBHA peEaKIlis BiAMOBIAa€ aHOJTHOMY IPO-
LIECY, & OKHCHA — KaTOAHOMY.
Tomni

EPC = ¢KaT - ¢aH = ¢OKI/IC - ¢Biﬂ > 0.

IMpuxnaa. BusHauuTy, B IKOMYy HalpsMKy Oyme BimOyBaTHCS pe-
aKIis

Sn?t + Pb* & Sn*t + Pb2.

3HaiiemMo 3a TaOJIMIICI0 3HAUCHHS CTAHIAPTHUX MOTEHINATIB Aa-
HUX OKHCHO-BIJHOBHHMX PEaKIIii:

Sn** +2¢ o Sn’*; ¢°= 0,15 B - anox;

Pb* + 28 « Pb**; ¢ = 1,69 B — karopn.

EPC=¢ . - ¢, = 1,69 0,15 = 1,54 B, 0610 peakuis BinOysa-
€TBCS 3a MPSIMHUM HAIMPSIMKOM.

Ionocenekmusni enekmpoou — 1€ €IeKTPOIU, MOTEHINAN SIKUX 3a-
JISKUTH BiJl KOHIIGHTpallii (AKTUBHOCTI) MEBHOTO BUAY 10HIB (TIOTEHITI-
aJlyTBOPIOIOYMX 10HIB). BOHM CKITaatoThCs 3 TIACTMACOBOTO 400 CKJIS-
HOTO KOPITyCY, BHYTPIIIHBOI'O JOMOMI)KHOTO 1HEPTHOTO €JIeKTPO.a,
3aHYPEHOTO B PO3YMH NEBHOI KOHIIEHTpAIli, JOCTIKYBAHUX 10HIB 1
MeMOpaHH, sika po3TalloBaHa Ha KiHIII KOPITyCy 1 KOHTAKTY€E 3 JIOCIi-
JOKYBAaHUM PO3YMHOM Ta PO3YMHOM IEBHOI KOHIIEHTpallii. MemoOpa-
Ha — OCHOBHA CKJIaJloBa YaCTHUHA eJIeKTpoja. Taki eleKTpOar 4acTo
Ha3MBalOTh MEMOPAHHUMH 1 KITaCU(IKYIOTh 34 THIIOM MEMOpPaHU: CKIIS-
Hi, KpUCTANIYHi, PiAKi Ta MIiBKOBI. MeMOpaHU MICTATh €ICKTPOIHO-
AKTUBHI PEYOBMHH, SIKi 3a0€3MeUyIOTh MPOIEC CEIIEKTUBHOTO OOMIHY
ioHaMU MK MeMOpaHo1o Ta po3unHoM. [Ipu 3aHypeHHI 10HOCETIeKTUB-
HOTO €JIEKTPOo/a B JOCIIKYBAHUN PO3UMH BUHUKAE TOTEHITIAJ, BEJH-
YUHA SKOTO 3aJIe)KUTh BiJl aKTUBHOCTI MOTEHIIaTyTBOPIOIOYUX 10HIB.

Jlo uux eIeKTpo/IiB HANIEKHUTh CKIISTHUHN €IEKTPO A1 BUMIPIOBAH-
Hs pH. Bin cknamaeTbes 31 CKIISTHOTO KOPITYCy, A0 SKOTO TpUITasHa
KyJIsicTa MeMOpaHa 3 eJIEKTPOIHOTO CKJa. YCepearHy KOPITyCy 3allu-
BatoTh po3unH HCI 3 IeBHOIO KOHIIEHTPAIIIEI0 Ta 3aHYPIOIOTH IOMTOMIDK-
HUH XJIOPOCPiOHUH eneKTposl. EjxexTpomHe CKilo MeMOpaHu € CIUTaBOM
CWIIKATIB JIY)KHHUX Ta JIY)KHO3EMEIbHUX METaJIiB.

IToTeHIia CKISHUX eIeKTPO/IIB JHIIHHO 3a71eKUTh Bil pH po3unHy:

¢ = ¢0 — 0,059pH.
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$? 3a51€KNUTh Bifl COPTY €IEKTPOMAHOIO CKJIA 1 3MIHIOETBCS 3 YACOM,
TOMY II€pe/ 3aCTOCYBAHHSM iX KaJdiOpyIOTh 3a CTAHJAPTHUMM PO3UH-
HAMHU BIAMOBIIHUX €JIEKTPOJITIB.

2.5. Tunu rajJbBaHiYHUX eJIeMEHTIB Ta iX PO3paxXyHKH

laapBaHIYHI €JIEMEHTH MOIUIAIOTh HA XIMiUHI T4 KOHUEHTPALIMHI.
VY XiMIYHUX KOJaX PYIIIHHOIO CUJIOIO MPOIECY Ta HKEPEIOM eNIeKTPHY-
HOi eHeprii € XimiuHa peakuis. EPC 3amexuTh BiJ XiMIi4HOI IpUpPOIU
PEYOBHMH Ta iX aKTUBHOCTeH y po3uuHi. [IpuknagamMu XiMIYHHX KT €
CHCTEMHU 3 eJIEKTPO/IiB MEPIIOro 1 APYroro pojiB, aKyMyJIsITOPH, OKHC-
HO-BIJTHOBHI KOJIa.

KonuenTpauiiini Koia CKJIaIaloTbcs 3 €JIeKTPO/IIB OJHAKOBOI Xi-
MIYHOI TPUPOJIH, SIKI BIAPI3HSIIOTHCS OJWH BiJ OAHOTO JIMIIE KOHIIEHT-
palLi€o po3unHiB. PyniifHOIO CUITOI0 MPOLECY Ta HKEPEIIOM eJIeKTPUY-
HOI eHeprii € BUPIBHIOBAHHS KOHIIEHTPALil PEUOBUH B €JIEKTPOJITAX
000X €JeKTPO/IiB, sIKE BiIOYBAETHCS €NEKTPOXIMIYHMM LUISIXOM, a He
3a paxyHoK audysii. SIk TiTbKM KOHLEHTpAIl 10HIB B €IEKTPOIITaX
CTaHyTh JIOPIBHIOBATU OJHA OJHIN, cuctema mepectane niatu i EPC
raJbBaHIYHOIO eleMeHTa OyJe NopiBHIOBATH Hymo. Ha emextpomax
BIIOYBAETHCS OJHA M Ta X peaklilis, aje B PI3HUX HAIMpPIMKax, TOOTO
BiZIOYBa€TbCs MEPEHECEHHSI PEUOBUHU 3 OJHOTO €JIEeKTPOJa Ha 1HIIUH.

[Tpuxnagom Moxe OYyTU TaKUN €IEMEHT:

(DAg | AgNO;, || AgNO; | Ag(+); €, < C,.

Ha nepmomy enextponi — aHOI, ¢ KOHUEHTPALis €JIeKTPOIITY
HUK4Ya, METaJl PO3UMHSIETHCA 1 HOTO KaTiIOHU NepexoAsaTh y po3uuH. Ha
ApPYromMy eJeKTpOJi — KaToji, e KOHIIEHTpallisl eJIeKTPOJIITy BHUIIA,
KaTIOHU MeTaly OyayTh OCa)KyBaTHUCS:

K: Agt+1e - Ag, C,;
A:Ag’-1e - Agh, C,.
CymapHa peakuis mae urisg Agl — 1e o Ag™;
EPC=¢, . -0, = (¢° + 0,0591gC,) - (9° + 0,0591gC)) =
= 0,0591g(C,/C)).

Kat
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OcranHs popmyiia BUKOPUCTOBYEThCS i po3paxyHky EPC y
KOHIIEHTpALIMHUX KOJIaX.

a5 po3paxyHKy rajJbBaHIYHUX €JIEMEHTIB HEOOXiTHO:

1) 3anucatu cxeMy TrajbBaHIYHOTO €JIEMEHTA;

2) po3paxyBaTH 3HAYCHHS MOTCHIANIIB 000X €JIEeKTPOIIB;

3) BU3HAYUTH KATOJ Ta aHOJ, YKa3aTH HAIPSIMOK €JIEKTPUIHOTO
CTpyMYy;

4) pospaxyBatu EPC enemMenTa;

5) pospaxyBatu AG ta A ..

IMpukaaa. Po3paxyBaTu ranpBaHIUHUN €IeMEHT, CKJIAJEHUH 13
LMHKOBOI IJIACTUHU, 3aHYPEHOI B PO3YMH LUHK CyIb(}aTy 3 KOHIIEHT-
pauiero 103 Monb/i1, Ta 3aMi3HOI IUIACTUHHU, 3aHYPEHOI B po3unH (e-
pyM xJopuay 3 KoHiueHrtpaiiero 10°! Mons/i.

Pospaxynok

1. Cxema enemeHTa:

(-)Zn | ZnSO,, 10-3 mons/n || FeSO,, 10! mons/n, Fe(+).

2. (Zn) = ¢° + 0,059/2 Olgl03 = 0,76 + 0,03(-3) = —0,85 B;
O(Fe) = ¢° + 0,059/2 Clgl0-! = —0,44 + 0,03(_1) = —0.47 B.
3. A: nunk, Zn’ - 2& - Zn?%;

K: 3amizo, Fe*™ + 2¢ - Fel.
4. EPC=¢, -9, =-047 - (-0,85) = 0,38 B.
5.AG = —nEF = -2 - 0,38 - 96500 = —73340 JIx/M0Nb.

3. ENNEKTPONI3

3.1. 3arajbHi NOHATTS €JIEKTPOTI3Y

Enexmponiz — CyKymHICTh NMPOIIECIB, 5Kl BIIOYBAIOTHCS B €JIEK-
TPOJIITI NMPU MPOXOKEHH] €JIEKTPUYHOTO CTPYMY, T€HEPOBAHOI'O 30B-
HIIHIM pKepenioM. [Ipu enekTposisi enekTpuyHa eHepris MepeTBOPIo-
€Thcs B XiMiuHy. Llell mporec mpoXoauTk B €IEKTPOIIi3epl — MPUCTPOI,
KU CKJIAA€THCS 3 MOCIITOBHO MIAKIIOYEHUX JKepena MOCTIHHOro
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CTPyMy ¥ aMmmepmeTpa, mapajeibHO MiAKIIYEHOTO BOJbTMETpPA Ta
CNIEKTPO/IIB, 3aHYPEHUX Y PO3YMH a00 PO3ILIAB EEKTPOJIITY, IO 3Ha-
XOJIUThCSl B €JICKTPOJII3HIN BaHHI.

V ranpBaHIYHHX €JIEMEHTAaX YHACIIZOK IPOLECIB OKUCHEHHS-BIJI-
HOBIICHHSI aHOJ CAMOBLIBHO 3apsIXKAE€ThC HETATUBHO, a KATOM — IO-
3uTUBHO. [1pu eekTpoIi3i 3a JOIOMOTOK0 30BHIIIHBOrO IKepea CTpy-
My 3a0e3meuyeThCsl 3BOPOTHUM MPOLIEC 1 aHOJ MPUMYCOBO 3apsiakKa-
€ThCS MMO3UTUBHO, 4 KaTOJI — HeraTuBHO. Hanpuknaz, y raibBaHIYHOMY
eJIEMEHTI

(-)Pt, H, | H,SO,, H,O | O,, Pt(+)
Ha EJICKTPOJaX CaMOBUIBHO MPOXOATh mpoliecu (AG < 0):
A: (Pt) 2H, —4¢ — 4H' (oxucHeHH:);
K: (Pt) O, + 4H* + 4¢ - 2H,O (BinHOB/IEHHS).
IMpu enekTposisi B 1iii cucteMi MpoxXoAsaTh Taki npoiecu (AG > 0):
A: (Pt) O, + 4H* + 4¢ - 2H,0;
K: (Pt) 2H, -4e - 4H".

Marepianu katojga i aHOJA NMOBMHHI BIANOBIIATH MEBHUM BHMO-
ram:

1. Karon mae OyTtu iHepTHUM (TOOTO HE pearyBaTH 31 CKJIaJOBU-
MU €JIEKTPOJITY), 1 BIUIUB OO PEUOBUHM Ha KATOAHY PEaKIliio MOBU-
HeH OyTH MiHIMaJIbHUM.

2. AHox Moxe OyTH IHEpTHUM Ta aKTUBHUM. [HEpPTHI aHOAM BUPOO-
7s10Th 3 O6maropognux mertanis (Pt), rpadiry, meTamniB i cruiaBiB, sKi
YTBOPIOIOTh HEPO3ZUMHHY €JIEKTPOIPOBIIHY IUTIBKY IpU oKucHeHHi (Pb,
HepJKaBiloya CTaib).

Jus 3a6e3medeHHs MPoLEeCy eIeKTPOIIi3y HEOOXiIHO, 11100 30BHIIII-
Hs EPC 6yna 6inpiioro, Hixk EPC BiloBiIHOr0 ralbBaHIYHOIO €JI€MEH-
ta. L5 pi3HMLIS BUTpAaYa€eThCs HA MOAOJIAHHS OMOPY 30BHIIIHBOTO Ta
BHYTPIIIHHOT'O KiJI. MiHIMallbHA HAIpyra, MpH SIKii BiAOyBa€ThCA MPO-
LeC eNEeKTPOII3Y, HASUBAETBCS Hanpy2oio poskiady U, ..

3.2. [Toasipu3zauis ejexkTpoaiB

Ionspusayiero Ha3UBAETHCS 3MILLEHHS MOTEHLIATY €IEKTPOIIB Bif
PIBHOBa)XHUX 3HAUEHb MPHU MPOXOKEHHI EIEKTPUYHOTO CTPYMY KPi3b
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EJIEKTPOXIMIUHY cHUCTeMYy (BiAOYyBA€EThCS MPH EICKTPOII3i Ta B Tajlb-
BAaHIYHMX elleMeHTax). IcHye ABa THIM moJsipu3alii — KOHUEHTpaLii-
Ha Ta eJIeKTPOXiMivHAa.

KoHuenTpariiiina mojspusaiisi 3yMOBJIeHa TUM, IO IIBUIKICTh
audysii rigpaToBaHUX 10HIB MEHIIA, HIX IIBUAKICTh €IEKTPOXIMIYHUX
nporeciB. Lo momspuzariiro MokHa 3MEHIITUTH TIEPEMIITyBaHHSIM 1 Ha-
CpIBaHHSM.

EnexTpoxiMiuyHa MOJISIPU3allisi 3yMOBIIEHA HASIBHICTIO BIAIOBIAHO-
ro BHYTPIIIHHOTO TaJIbBAHIYHOTO eleMeHTa. BoHa 3aJieXuTh Bia mpu-
poau MPOBIAHUKIB, CTAHY IX MOBEPXHI Ta I'yCTHHU CTPYMY Ha €JIeK-
TPOJIi.

Yuwm OunbIla TyCTHHA CTPYMY, THM OUTblia moJisipusariis. st 3MeH-
LIEHHS €JIEKTPOXIMIYHOI MOJIsIpHU3allii peajbHy IOy MOBEPXHI 301Tb-
HIYIOTh, BUKOPUCTOBYIOUM MOPHUCTI Ta TyOUACTi €IEKTPOIH.

Karomna monsipusaiiisi 3milye MoTeHIan KaToaa A0 Okl Hera-
TUBHMX 3HAUY€Hb, AaHO/IHA 3MIIIY€ TTOTEHIIIa] aHOoJa 10 OUTBII TTO3UTHB-
HUX 3HAUYCHb.

[Tpu enexTpoi3i MpoIecH MoJIsIpU3allii 3aJIeXaTh Bill TyCTUHU CTPY-
My Ha eJIeKTpoJax.

I'yctuna crpymy i (D) — 1€ BITHOIICHHS BEJIMYMHU CTPYMY, SKHIA
MOIAETHCS B €JIEKTPOIII3HY BaHHY, JIO TUIOIII TOBEPXHI e1eKTpoIa (ToMy

B 3arajbHOMY BHUNAAKY [ = i ):

i (D) =1/S Alnm2.

IHepenanpyeoio moTeHiany einekTpoaa (abo mepeHanpyror) Ha-
3UBAETHCS PI3HMIIS MTOTEHIIAIIB TOJISIPU30BAHOTO €JIEKTPOAa Ta eJieK-
TpoAa B PIBHOBAXHOMY CTaHi NMPHU JaHIi T'yCTUHI CTPYMY:

N =0 ¢,

KaromHa nepeHanpyra 3aBxaud Ma€ 3Hak "—", aHogHa — 3HaK "+".

Oco0inBe 3HAYEHHS Ma€e nepeHanpyra BiJTHOBJICHHS BOJTHIO, OCK1JTb-
KM y BOTHOMY po3qI/IH1 3aBXKIIU € I0HM BOIHIO. BoHa 3aeXuTh Bij MaTe-
piany enextpona i cTaHy Horo moBepxHi, 3HaYeHHs pH, Temmepartypu.
J1s mesikux eneKkTpoiiB BoHa nocsrae —2,0 B. Halimenma — Ha ry6uac-
TOMY IIATUHOBOMY eneKTpoz[i (¢0 = ¢plBH)

Jutst GinbIIOCTI 10HIB METANIIB MPU YMOBI BiTHOBJICHHS Ha €JICK-
TPOIi Ti€i % MPUPOJIU 1 HEBEIMKUX 3HAUEHHSX T'YCTHHHU CTPyMy Iepe-
Hanpyra He3HayHa.
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3.3. IIpouecu Ha ejieKTpoaax

[Topsimok po3psiay i0HIB Ha €IEKTPOAaX 3aJICKUTh BiJl 3HAYCHHS
PIBHOBa)KHOTO MOTEHIIIAITY d)piBH 1 IepeHanpyru.

Ha kaTomax y mepiry 4epry BiTHOBIIOIOTHCS KAaTIOHH 3 OUIHIIINM
3HAYEHHSIM €JIEKTPOJHOTO MOTEHINaly Ta HAaWMEHIIUM HeraTHBHHUM
3HAYCHHSIM TIEpEHAIPYTH.

Ha anomax cro4aTKy OKHCHIOIOTHCS 10HU 3 MEHIIUM 3HAYEHHSM
MOTEHINay Ta HAWMEHIIIUM MO3UTHUBHUM 3HAYEHHSM IEPEHAIIPYTH.

Ilpoyecu na kamooax. Tlpu enexTpoIti3zi KUCIOT, COJIEH Ta OCHOB
Ha KaToJaxX BIJHOBIIIOIOThCI KATIOHHM METaliB 1 BOAHIO (3 Bogu abo
KHUCIIOT) 32 HACTYITHUMH TIpaBHJIAMU:

1. MeTanu, SKi CTOSIT Y Psi/ii HAIPYT ITICIISt BOJHIO, 3aBXKIH BITHOB-
JIOIOTHCS 3 BOJHUX PO3YMHIB Ta PO3IUIABIB Y MOPSIKY 3MEHIIEHHS 1X
noTeHUiamB ¢;:

Cu’ +2¢ - Cu% ¢° = +0,34 B.

2. Metanu, sIKi CTOSITh Yy PSAL HAIPYT A0 QJTIOMIHIIO BKJIIOYHO, BiJI-
HOBJIIOIOTHCS TUTBKH 3 PO3ILIABIB:

Nat +1e - Na% ¢°=-2,70 B.

3 BOAHMX PO3YHHIB 3aMICTh HUX BiHOBIIIOETHCS BOJEHBb, TOMY IIIO
iX MOTEeHIla]l 3HAYHO MEHIIMH BiJ MOTEHLIATy BIAHOBJICHHS BOJIHIO:

2H,0 + 28 - Hj +20H ; ¢°=-0,83 B.

V kuenux cepeposumax 2H* + 2 — HY; ¢° = 0,00...-0,41 B
(mpu pH = 1...7).

3. Meranu, gKi CTOSITh y PSAMAI HANIPYT BiJ aJdIOMIHIIO 4O BOJHIO,
TEOPETHYHO MOXYTh BIJHOBIIIOBATHUCS HA KATOJI Pa3oM 3 BOJIHEM. Y
OITBIIIOCTI BUIMAAKIB PEaKIlil0 BiIHOBIEHHS BOJHIO MOXXHA JIOBECTH IO
MIHIMYMY 30LIBIICHHSAM MEePEHAIPYTH 10HIB BOIHIO:

Fe’* +2e - Fe' ¢,=-0,44 B; Zn** +2¢ - Zn% ¢°=-0,76 B.

IIpoyecu na anooax XapakTEPU3YIOTHCS HAWMEHIIIMM 3HAUYCHHSIM
noTeHuiaay. BoHu BimOyBarOThCS 3riIHO 3 HACTYITHUMH IPABUIIAMM:
1. Po34ynHHI aHOIU OKHUCHIOIOTHCS 3 YTBOPEHHSM BiITOBIIHUX 10HIB
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METAJIIB:
Zn’ - 2¢ - Zn>*; $° = 0,76 B.

2. Ha Hepo3uMHHUX aHO/AX BiAOYBA€THCS MPOIIEC OKUCHEHHS KOM-
MOHEHTIB €JIEKTPOJIITY 3TiIHO 31 3HAYEHHSIMHU MOTEHINATIB PeaKLii:

a) SIKIIO B €JIEKTPOJIITI € aHIOHM OE3KUCHEBUX KHCIIOT, BOHU OKHC-
HIOIOTBCSI B Tepuly 4epry (kpim ioniB F):

2CI -2 - Cl5; °=1,52 B;

2 - 28 - I5; ¢°=0,53 B;

0) SIKIIIO B PO3UMHI € I0HU KUCHEBMICHHMX KHUCJIOT, TO BOHM HE OKHUC-
HIOIOTBHCSl HA aHOJl BHACIIJOK BEJIMKOTO 3HAYEHHS IX €JIEKTPOIHUX
MOTEHIAIB. 3aMiCTh HUX HAa aHOJI PO3PAIHKAIOTHCS MOJIEKYJIU BOIU 3
BUIUIEHHSAM KHUCHIO:

2803 -2% - S,027; ¢°=12,01 B;

2H,0 - 48 - OF +4H*; ¢° = 1,68 B;

B) Yy BUNAAKY JIy’)KHOTO cepefoBuiia (HasBHicTh ioHiB OH) mpo-
XOJUTh PeaKilisi OKUCHEHHS TiAPOKCHU/I-10HIB:

40H — 4% - OY +2H,0; ¢° = 0,4 B.

IMpuxaan 1. Enextpomniz posmiaBy NaCl:
K:Na*t+1¢ - Na%

A: 2ClI - 2% - Cl).

IMpuxaan 2. Enexrpomniz po3unny NaCl:

K: 2H,0 -2& - 2H" + 20H;
Ha aHOJII MOXJIMBI JIBa IPOIIECH:
A:1.2H,0 - 4¢ - O, + 4H";
$*=123B;n=045B;¢_ =123+ 0,45=1,68 B;

piBH
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2.2ClI - 28 - Cl3;

$=136B;n=016B:¢ . =136+016=1,52B.

piBH

VY naHoMy BUIIagKy Ha aHOJI OyIyTh OKMCHIOBATHUCS 10HU XJIOpY,
TOMY LIO peaJbHUI IMOTEHIIa] OKUCHEHHS XJIOPY MEHIINH, HK ITOTEeH-
1iaJd OKUCHEHHS BOJM.

Ipuknan 3. Enexrponiz posunny Na,SO, (iHepTHI aHON):

K: 2H,0 + 28 - HY + 20H;
A:2H,0 - 48 - O) + 4H".

V pesyapTaTi enekTpoaidy i€l comi Oyae BimOyBaTHCS pO3KJa-
JICHHS BOJU 1 KOHIIGHTPALliS COJIi 3pOCTe.

Ipuxnan 4. Enexrpomnis coni CuSO, 3 po3UMHHUMY MiHUMH aHO-
JaMU:

A: Cu’-2¢ - Cu?t;

K: Cu®* +2¢ - Cu’.
V pe3ynbTaTi eNeKTPOIi3y MiIHUA aHOA PO3UYMHSETHCSA, HA KATOII
BITHOBITIOETHCS Mijlb, TOOTO BiIOYBAETHCS MEPEHECEHHS PEUOBUHU Mi/Ii

3 aHOJIAa Ha KaTOI.
Ipuknan S. Enexrponiz comi CuSO, 3 HEPO3UMHHUMH aHOJAMM:

K: Cu?t +28 - Cu%
A: 2H,0 - 48 - O+ 4H*.

YV 1npomMy mpoiieci BiiOyBaeThCs BUIIJIEHHS MiJli HA KaTOJi, KUC-
HIO — HA aHOJi, a B PO3UMHI YTBOPIOETHCS CYIb(aTHA KHUCIOTA.

3.4. KinbkicHi XxapakTepuCTHKH eJieKTpo.ti3y. 3akonu Dapanes

Maca peuoBHHH, sIKa MEPETBOPIOETHCS HA EIEKTPOJIAX, 3aJICKHUTh
BiJl KiIbKOCTI €JIEKTPUYHOTO CTPYMY, IO IMPOKHIIOB KPi3b pO3UMH abo
PO3IUTAB eEKTPOJITY. MK LIMMHU BEJIMYUHAMHM € 3B'SI30K, BIJOMUU ITij
Ha3BoI0 3akoHIB Dapajes, ab0 3aKOHIB €IEKTPOIII3Y.
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IMepmwmit 3akon Dapajness GopMyTroeThCs TAK:

MACH IePETBOPEHUX IIPH SJICKTPOJIi31 PEYOBUH MPOIOPLIHHI KITbKOCTI
CJIEKTPHUKH, SKa MPOUIUIA Yepe3 eIEeKTPOJIIT.

BiH 3amucyeThest pIBHAHHAM
m = kQ,

Jie m — Maca NMepeTBOPEeHOi peuoBUHU; @ — KIUIBKICTh elleKTpuKu, Ko
abo Aldoxa; k — KoedillieHT MPONMOPLIAHOCTI, KU Ha3UBAEThCS €JICK-
TPOXIMIYHUM €KBIBAJICHTOM;

_Mg
F b

k

ne M, = M(peu.)/n — eKBIBaJIEHTHA Maca MEPETBOPEHOT PEUOBUHU (11 —
KUTBKICTh €JIEKTPOHIB B €JIEKTPOHIN peakii); F — uncino dapazges (10-
piBHIOE 96500 Kn/Monb, KIIO yac BUpaXXeHUN y CEKyHAaxX, abo
26,5 Aldon/mMomb, SIKIIO B TOAMHAX).

MateMaTH4HUM BHUpPA30M Jpyroro 3akony dapajest € piBHIHHS

=Ml
F

b

ne I — BelnMuuHA CUJIU CTPyMY, A; ¢ — TPUBAIICTh €IEKTPOIIi3y, ¢ abo
roj.

KpiMm ronoBHOro mpoiiecy mpu MpOXOKeHHI eIeKTPHYHOTO CTPY-
MY Kpi3b €JICKTPOJIT BiIOyBaeThcs 6arato mobiuHuX Ipouecis. Yacr-
Ka KUTBKOCTI €JIEKTPHKH, KA BUKOPHCTOBYETHCS Il JOOYBAHHS II€B-
HOT'O MPOJYKTY, XapaKTePHU3yEThCS BUXOJOM 3a CTpyMoM. Buxim 3a
CTPYMOM — LI BIAHOIIEHHS KITbKOCTI MPAKTUYHO OJEP’KAHOI PEUOBU-
HU J0 KUTBKOCTI TEOPETUYHO OAEPKAHOI PEUYOBMHU 3TIAHO 3 3aKOHOM
dapanes:

B= mnp/mTeop.

IMpuxnaa. Buznauntu yac, HeoOXiqHUM 11 1oOyBaHHS | Kr MeTa-
JIYHOT'O HATPIIO MPU ENEKTPOIIi3l po3IUIaBy HATPIH TiAPOKCUIY TPHU
cwiti ctpymy 2500 A. Buxin 3a ctpymoM  nopiBHIoe 35 %. Skwuit 00'em
KHCHIO OyB moOyTHiA?
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Poss'azanns
1. Ipouecu Ha enexkrpomax (ckman emektpoiity: OH-, Na*):

A:40H - 4% - 2H,0 + Oy;
K:Nat+1¢ - Na.

2.t-1?

3akon ®apanes m = M EIZ/F, 3Bigku t = mE/M gL M E(Na) =
= 23 r/mMoIb.

3 ypaxyBaHHSIM BHXOJy 32 CTPYMOM

=mF/BM . I, t = (100086500)/(0,352 2500) = 4795 ¢ = 1 rox 20 xB.

3. (O, -?

O,) = V. ItB/F, ne V,, — MonapHuii 006'eM XiMi1HOTO €KBiBaJIEH-
Ta KHUCHIO.

V. = 5,6 n/monb; V(O,) = (5,612500479500,35)/96500 = 243,5 1.

Bionosiow: t = 1 ron 20 xB, V(O,) = 243,5 n.

3.5. BukopucTaHHs eJ1eKTPO.1i3y B IPOMHCI0BOCTI

Paginysanns memanie — 11e mpolec iX OYUIICHHS 32 JOIOMOTOIO
enexkTponidy. PosristHemo mniporiec paginyBaHHs Mifi. AHOIaMU € Tijia-
CTHHHM 3a0pyAHEHO1 (YOPHOBOI) Miai TOBUIMHOWO 25...50 MM, sIKi eJex-
TPOXIMIYHO PO3YMHSIOTHCS Pa3oM 3 JOMIIIKAMH — AKTUBHUMHU Ta He-
akTUBHUMH MeTanamu. Katomamu € muctu padiHoBaHOI Mili TOBIIU-
Hoto 0,5...0,7 MM. EnexTpoiT ckiianaeTbes 3 pO3YMHY MITHOTO KYIIO-
pocy i cynbhatHoi kucnotu. Temmepatypa B enekTpouizepi 50...60 °C.
YMOBU €NIeKTpOIIi3y MiA0MPAIOTh TAKUM YHHOM, III0O Ha KaTOJIi 3 elleK-
TPOJITY OCa/KyBaacsl TUTbKUA Milb, & TOMIIIKH 3QJIMIIATIUCS B PO3UH-
ui (Fe?*, Zn?*, Ni**) a6o Bumagamu B ocan (Ag, Au, Se). Meranu, mo-
TEHIliaJIn SIKUX € OJU3BKUMM A0 MOTEHI[AIy MiJli, OCaJKyIOThCS pa-
30M 3 Hero Ha kartoni (As, Bi, Pb, Sn):

(-) Cu (9oprosa) | CuSO, | Cu (ounena) (+);
A: Cu® —2¢ - Cu?t;
K: Cu?* + 2¢ - Cu’.

TakuM 4MHOM 100YBaIOTh MiJb JIOCUTh BUCOKOI'O CTYNEHS YHUCTO-
T (99,0 % Cu).
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Hobysanns 2asie, nyeis, axmusnux memanie. O, 1 H, nobysaiors
Py €JIEKTPOJIi31 BOAM, PO3YMHIB JIyriB Ta Kucnot, Cl, — npu enexTpo-
31 pO3IUIABIB 1 PO3YMHIB coJiel Ty KHUX MeTaiiB. JIyxHi 1 J1y>xHO3e-
MeIIbHI MeTaIl 100YBaIOTh €NEKTPOIII30M PO3ILIABIB COJIEH.

Odeporcanns anominiio BinOyBa€eTbCsS B PE3yIbTATI €IEKTPOIIi3y
pO3IUIaBIIeHOl cyMimi rimHo3eMy i kpiomty (ALO; + Na,[AlF]) npu
temrnepatypi 1000 °C. KpionitT 1oaaroTh A1l MiABUILEHHS €JIeKTPO-
IPOBIIHOCTI PO3IUIABY 1 3HMKEHHs TeMIepaTypu IuabiaeHHs AlO;.
I'munoszem mpu wiif TemrepaTypi AUCOLIIOE HA 10HU:

ALO; « AP* + AlO3 .

AHOZOM € TOBCTI rpa(iTOBI CTEP)KHI, KATOAOM — 3aJI3HUN KOPITYC
BaHHHU, (pyTepoBaHuil rpadirom. Enekrpoani npouecu Taki:

A: 4A107 - 128 - 2AL0; + 303;
K: AP* + 3% - Al

T'anveanonniacmuxa — Mpolec BUTOTOBJICHHS TOYHUX KOIINA BUPO-
0iB 3 MeTaIiB 1 IJIaCTMAC MUIIXOM HAHECEHHS €JIeKTPOXIMIYHOTO TO-
KPUTTS, SIKE JIETKO BIIOKPEMIIIOETHCS BiJ OCHOBU. ["anbpbBaHOIIACTHKA
IIUPOKO 3aCTOCOBYETHCS MPU BUT'OTOBJIEHHI MATpPHIlh y mojirpadii,
npec-popM i T. . TakuM 4HOM BUPOOISIOTE (DOJIBTY, IOBETIPHI BUPO-
06U, Komii CKYJBITYpP, IPaBIOpP, ATl MAaIlUH CKIaJHOI KOHDIrypaii.
TosmuHaa ocamkeHOTo MeTaldy KoimBaeTbes B Mexkax 0,1...10,0 mM.

Tanveanocmeeis — IPOLIEC HAHECEHHS! METAJIEBOrO MOKPUTTS Ha
METaJu IUISIXOM eJIeKTPOJIizy. B OCHOBHOMY, Ili TOKPUTTSI HAHOCSITh-
cs 3 JCKOPATUBHOIO METOIO Ta JJIS 3aXUCTYy MeTalliB BiJ kopo3ii. Oc-
HOBHA PI3HUIIST 000X IPOIIECIB MOJISITAE B TOMY, 1110 B rajlbBaHOTIUIAC-
TULI TOKPUTTS BITOKPEMIIIOIOThH BiJl OCHOBHU, a B TraJIbBAHOCTETii BOHO
MMOBUHHO MIIIHO 3'€/IHATHCS 3 OCHOBOIO.
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4. PO3B'A3AHHA TUNOBUX 3A0AM
4.1. I'anpBaHivyHi eJIeMEeHTH

3anaua 1. Po3paxyBaTu MOTEHL{ial BOAHEBOTO ENEKTPOJAA 3 KOH-
nentpauieto [HY] = 1073 M.
Poss'azanus
l.pH-?
pH = —Ig[H*] = -1g103 = 3.

9
. )
2H ‘Hz

2. ¢

¢2H+‘H2 =-0,059pH =-0,0593 =-0,0177 B.

Bionogiov: moTeHIia]l BOJHEBOTO elekTpoaa nmpu pH = 3 mopis-
nioe —0,0177 B.

3anaya 2. Po3paxyBaTu NMOTEHIIAT 3QJII3HOTO €JIeKTpoa, 3aHy-
penoro B 0,1 M pozuun depym (II) xaopumy.

Poss'azanns

st po3paxyHKy MOTEHIaay B TaOJIWI 3HAXOIMMO 3HAYEHHS
cTangaptHoro norenuiany (¢°g IR = —0,44 B) i BUKOPUCTOBYEMO
dbopmyny Hepucera:

dp2 IFe = ¢ iFe t 0,05920C(Fe*?) = —0,44 + 0,059/20g10! =

= -0,44 - 0,03 = 0,47 B.

Bionosiov: MOTEHIIA 3aji3HOTO elekTpoaa aopisHoe —0,47 B.

3anaua 3. Po3paxyBaTy MOTEHINal OKUCHO-BITHOBHOTO MaHTaHO-
BOT'O €JIeKTPOJa, SKIIO KOHLIEHTpAallii IIepMaHraHaT-ioHa Ta iona Mn*?
JMOPIBHIOIOTH OauHuUILi, a pH po3unny — 3.

Poss'azanns

i} 9
¢Mn04 +8H+‘Mn2++4H20 :

BukopucToByeMo 3Ha4€HHSI CTAaHAAPTHOTO MOTEHIaly, B3ITOTO
3 Tabnuupb, 1 piBHSIHHSA HepHCTa A1 OKMCHO-BITHOBHUX €IEKTPO/IIB:.

0

MnOZ+8H+‘Mn2++4H20 = 1,55 B;

0

_ = +
¢Mn04 +8H+‘Mn2++4H20 ¢Mnog +8H " |Mn2* +4H,0
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8
00591 [MnOj [H*] 155+
5 [Mn*?] 5 1

=1,55-0,28=1,27 B.

-38
0059, 1107 =1,55+0(;591 0= =

Bionogiow: oTeH1lia1 MAaHTAaHOBOTO eNIeKTpoJa B po3unHi 3 pH =
= 3 nopienioe 1,27 B.

3anaua 4. Po3paxyBaTu raapBaHIYHUI €JIEMEHT, IO CKJIAIa€ThCs
3 HUHKOBOI TUIACTUHH, 3aHYPEHOI B PO3YMH LUHK CyIb(haTy 3 KOHIICH-
Tpauiero 1073 MoJIb/II, Ta 3a/1i3HOI IUIACTUHU, 3aHYPEHOI Y PO3UUH (e-
pPyM xJopuay 3 KoHueHTtpaiiero 107! Moms/m.

Posze'sazanns

1. ¢Zn2+ ZI]’ ¢F62+

V Tabnuui cTaHJAPTHUX MOTEHI{aliB 3HAiIeMO 3HAYEHHS CTaH-
JApTHUX eJEKTPOAHUX MoTeHuiamB cucteM Zn?*|Zn® ta Fe?*|Fel i
pO3paxyeMo MOTEHLIaIM OKPEMHUX eIeKTPO/IiB 3a piBHAHHAM HepHcra:

0
¢Zn2+ V4 0

— 0
¢Zn2+ Zn® ¢Zn2+
= 076 + (-0,09) = —0.85 B:
O, o =000 + (0.059/2)lgC(Fe2*) = 0,44 + (0,059/2)lg0,1 =

= -0,44 + 0,03(-1) = -0,47 B.
2. BusHaueHHs katoma Ta aHoOZa:

—0,8|5 B —0,4|17 B
A K

—_9
Fe -

= 0,76 B, $p lp0 = 0,44 B;

Lo+ (0,059/2)lgC(Zn2*) = 0,76 + (0,059/2)lg107 =

LunkoBuii enexTpoa Oyae aHOIOM, OCKUTbKM Ma€ OLTbII HEeraTHB-
HUI MOTEHINaN, 3aJli3HUi eflekTpoa Oyme katogoMm (Oinbina aiareOpa-
iYHa BeTMUMHA MMOTEHIAITY).

3. CxeMa rajpbBaHIYHOTO €JE€MEHTa 1 HAaIPSAMOK €JIEeKTPUUYHOTO

CTpyMYy:

| 4
() Zn |Zn(NO,), (103 M) || Fe(NO,), (0,1 M) | Fe (+).
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4. ENeKTpo/Hi MpOoLecH:
A:Zn"-2e - Zn?*,
Ha IIMHKOBOMY €JIEKTPO/Ii BiIOyBA€THCS MPOLIEC OKUCHEHHS LIUHKY;
K: Fe?* + 2¢ - FeY,

Ha 3aJIi3HOMY €JIEKTPO/Ii BiIOYBA€ThCS BIIHOBJICHHSI 3alli3a.
5. EPC -?

E=0_. 40 = —0,47 — (-0,85) = 0,38 B.

Fe’ ¢Zn2+

6. AG® - ?
AGY = -A_ .. —nEF = -2[0,3886500 = —73340 [Ix/Mob.
Bionosiow: EPC enementa nopisaroe 0,38 B, AG® = —73340 [Ix/Moib.

4.2. EnexTpoJii3 po3niasiB i po3unHiB

3apaua 1. CkiaaiTh CXeMY €IEKTPOJII3y PO3ILIABIB: a) Kajid rifi-
pokcuay; 6) HaTpii cynbdarty.

Poss'azanus

a) KaJliid TIAPOKCHI JUCOIIIOE HAa 10HU:

KOH - K*+ OH".

ITig yac MpoXoKEeHHS KPi3b PO3ILIAB €IEKTPUUYHOTO CTPYyMY 10
HEraTUBHOTO elleKTponaa (karoma) OyayTs mepexoautu kationn K* i
MPUENHYBATU €IEKTPOHM (BIIHOBIIOBATHUCS). /O MO3BUTHUBHOTO €JIEKT-
pona (aHoma) OyayTh HagxoauTu anionn OH™ i BiggaBaTH €lNEKTPOHU
(okuCHIOBATHCS).

OTxe, cxeMa mpoliecy HabyBae TaKOro BUTIIANY:

K: K*+¢ - K%
A: 40H™ -4g - O) +2H,0;
4K* +40H™ OHEMIE K +09 +2H,0

abo
4KOH™ O FFfPI 4K +0Y +2H,0;
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0) HaTpiil cynbdaT y po3IiaBi AUCOLIIOE HA 10HU:
Na,SO, « 2Na® +S03 ™.
CxeMa mpolecy eleKTpoi3y:
K: Na*+¢ - Na’;
A: 2803 -4€ - 2S0; +0,;

4Na* +2S03” OHFHE,  4Na +250; +0Y
abo

2Na,S0, OHFRIH  4Na+250, +09.

3agaua 2. CkIIaaiTh CXEMH €JIEKTPOJI3y BOAHUX PO3YUHIB: a) Ky-
npym (II) cynedary; 6) Maruiii xnopuay; B) kKajii cynbdaty. B ycix
BHITaJIKaX €JICKTPOJIi3 TPOBOIUTHCS 3 BUKOPUCTAHHSM BYTUIBHHX €JIEK-
TPO/IiB.

Po3zs'sazanns

a) y po3unHi kynpyMm (II) cynbdat gucoriiroe Ha i0HU:

CuSOy4 « Cu* + 803

Tonu xynpymy (II) MOXyTh BIZHOBIIOBATHCS HA KAaTOII y BOIHO-
My po3unHi. CynbdaT-iOHH Y BOAZHOMY PO3YMHI HE OKUCHIOIOTHCS, TOMY
Ha aHOJi BiAOYBAaTMMEThCSI OKUCHEHHS Bojau. Cxema eeKTpoi3y:

K: Cu**+2¢ - Cu;
A: 2H,0 —4¢ - 4H* + OY;

2Cu>* +2H,0 OB, 2cu’ +4H* +0Y
abo

2CuSO, +2H,0 OHNMH  2cu’ +2H,50, +0,:;
0) aucolialis MarHiid XIOpUAy Y BOJHOMY PO3UYHHI:
MgCl, o Mg?" +2Cl™.

IoHM MarHiro He MOXYTb BITHOBITIOBATHUCS Y BOJHOMY PO34MHi (Bif-
OyBa€ThCS BIIHOBJICHHS BOJH), XJIOPUI-IOHH OKHUCHIOIOTHCS.
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Cxema eJeKkTpoJi3y:
K:2H,0 +2¢ - H,+20H;
A: 2ClI - 2& - C19;

2H,0+2C1" O BFEPIE  CIS +2H, +20H"
abo
MgCl, +2H,0 0¥ 1§ +H, + Mg(OH), ;
B) IMCOLIAIlis KaJlii cynb(}aTy y BOJHOMY PO3UYHHI:
K,SO, - 2K* + SO%.

Ionu kaumio 1 cynbdaT-ioHM He MOXYTh PO3PSIKATUCS HA €JIeK-
TpoAax y BOJHOMY PO3YMHI, OTXKE Ha KaTOJl BiAOyBAaTUMETHCS BIAHO-
BJICHHS, & HA aHOJ[I — OKUCHEHHS BoAu. Cxema eeKTpOoIi3y:

K: 2H,0 + 28 - H+20H ;
A:2H,0 - 4% - 4H* +09;

6H,0 O PP 2H, +4H" +40H +0,

a6o, Bpaxosytoun, mo 4H™ + 4OH™ - 4H,O (3xilicHIoeThCS TIpU Hepe-
MIIlIyBaHHi),

2H,0 O BrPI  2H, +0, .

3anaua 3. I1ixg yac eneKTpoOIIi3y BOAHOIO PO3UMHY Kajiil Tigpo-
KCHy 3 IHEPTHUMHM €JIEKTPOJAMH Ha KAaTOJl BUAUIMBCS BOJEHb 00'-
emoM 11,2 1 (HopManbHi yMoBH). Po3paxyiiTe 00'eM KUCHIO, SIKU BU-
JUTUBCS TIPH IBOMY Ha aHOJI.

Poss'azanns

3anucyeMo pIiBHSHHS €JIEKTPOJIi3y, BpaXOBYIOUH, IO HA KaTOIi
BIJTHOBJIIOETHCS BOJA (KAaTiIOHHW KaJlil0 HE BIIHOBJIIOIOTHCS IPH EJICK-
TPOJIi3i BOJHUX PO3YMHIB), & HA aHOAI OKUCHIOIOTHCS T1APOKCH/I-I0HH:

K: (-) 2H,0 + 2€ - H, + 20H ;
A: (+) 40H - 4% - O, + 2H,0;
4H,0+20H OFPIE  2H, +40H +H,O0
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abo
2H,0 O PPTE  2H, +0,.

BusznHauaeMo KiTbKiCTh PEUOBHHM BOJHIO, IO BUJIIITUBCS:

n(H,)=——"=-=—"—=0,5 mons.

3 piBHSHHA peakuii BuImMBae, mo n(0,) = %n(H2 )

n(0,)= % (0,5 =0,25 mos.

O0uncIIoeEMO 00'eM KHCHIO, IO BUIIMBCS:
"0O,) = n(0,)V,, = 0,2502,4 = 5,6 n.
Bionosiov: 5,6 1.

3AMNMUATAHHA | 3AL0A4I

1. IITo Ha3uBaeThcs enexktpomamu? Ski peaxuii BiOyBalOTbcs Ha
HUX?

2. Mo TpanuThbes, SKIO AaKTUBHMM a00 HEAaKTUBHMI MeTasl 3aHy-
PUTH B PO3YUH BIIACHOI cOJIi?

3. JlaTi BU3HAUYCHHS MOHATTAM "moTeHwian" 1 "cTaHIapTHUN ITOTEH-
mian". SIk BOHU eKCIIEpUMEHTAIbHO BUMIPIOIOTHCSA 1 PO3PAXOBYIOThHCH?

4. HamanroBaTi cXemy 1 MOSICHUTH [0 BOJHEBOTO €JIEKTPOJa.

5. Slka ¢opmysia BCTAHOBITIOE 3aJIEKHICTh 3HAYCHHS EJIEKTPOIHOTO
MOTEHIIAy BiJl KOHIEHTPAI] eNeKTPOIiTy?

6. JlaiiTe BU3HAYCHHS IIOHATTIO "TajbBaHIYHUN eJIeMeHT". 3 4oro
BiH CKJIaJa€TbCs?

7. OxapaKkTepu3yiTe KaToIu W aHOIU B raJIbBAHIYHOMY €JIEMEHTI.

8. HaBeniTh yMOBU 0OOPOTHOCTI TalbBaHIUHOTO efieMeHTa. [Ipn
AKOMY CTaHi HOro BUKOHYEThCA ymMoBa —AGY = A = nkF?

9. o Take EPC ranpBaHIYHOTO €JIeMEHTa i 32 KO (POPMYJIO0
pPO3paxoOBYETHCS 1Sl XapaKTepucTuka?
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10. Axi Tunu raypBaHIYHKUX eleMeHTiB Bu 3HaeTe? Uum BOHM Bif-
Pi3HSIOTHCS?

11. HaBectu mpuKiIaay KOHIIEHTPALIHHOTO raIbBAaHIYHOTO €JIeMEH-
Ta.

12. CkyiacTu CXeMU raJibBaHIYHUX €JIEMEHTIB, B OJTHOMY 3 SIKUX
Miab Oyna 6 aHOAOM, a B iHIIOMY — KaTogoM. HamucaTu piBHSHHS
peaxiiiii, siki BiTOYBarOThCS Ha €IEKTPOaax MpH poOOTI KX TrajbBaHiu-
HUX €JIEMEHTIB, Ta po3paxyBatu EPC, BukopucraBmm craHaapTHi
3HAYCHHS TTOTEHITiaiB.

13. TapBaHIYHMI €IEMEHT CKIIaIa€ThCs 13 CPIOHOTO eNIeKTpo/a,
3anypenoro B 1 M pozuun AgNO,, Ta CTaHAapPTHOTO BOJHEBOTO €JIEK-
Tpona. Busznauutu iioro EPC. Hamnwucatu enekTponHi Ta cymMapHy
peaxiii, sKi BifOYBAOTbCS B rajbBaHIYHOMY €IIEMEHTI.

14. Hanumiith cXxeMy KOHIIGHTPAIIITHOTO rajbBaHIYHOTO eJIeMeH-
Ta, CKJIAJCHOr0 3 IIMHKOBHUX eleKTpoaiB. KoHIeHTpalis 10HIB IIMHKY
B po3uMHax nopiBHIoe BianosigHo 0,1 ta 0,5 mons/n. Po3paxysatu EPC
Ta MaKCUMaJbHO KOPUCHY poOOTy, Ky BUKOHYE 1€l raJibBaHIYHUN
€JIEMEHT.

15. B ssxomy HampsMKy OyayTh pyXaTHCh €IEKTPOHH B 30BHIIIHBO-
My KOJIi HACTYIIHHMX Ta/lbBaHIYHUX eJeMeHTIB: a) Mg | Mg?" || Pb** | Pb;
6) Pb | Pb2* || Cu?* | Cu; B) Cu | Cu?t || Ag* | Ag, aKmo BCi po3unHU
eJIEKTPOITITIB ogHOMOJIsIpHI? Pospaxyiite EPC 1ux ejgeMeHTiB.

16. Po3paxyBaTu mOTEHIiaJI MIIHOTO €JeKTpOJda B pPO3YMHI
Cu(NO,), 3 KOHIEHTpALICIO 10HIB Cu?* 0,12 monp/n. CKJIacTH 3 IILOIO
1 CTaHAAPTHOTO MIJHOTO €JIEKTPOJIB raJibBaHIYHUN €JIEMEHT Ta PO3-
paxysaTu ioro AG’. SIk Ha3MBa€TbCSA TAKMIA rajJbBaHIYHMI eIeMeHT?

17. Ill{o Ha3MBA€ETHCS ENEKTPOITiZoM?

18. ki 6yBarOTh TUIN TOJApU3ALII?

19. Yum 3yMoBjIcHA KOHLEHTpAIlifiHA MOIsIpu3ailis?

20. Big 4oro 3ajeXHUTh eNeKTPOXIMIUHA IOISpU3allis’?

21. 1o Take mepeHamnpyra i K BOHa BIUIMBA€ HAa MOTEHLIAT KOH-
KPETHOI peaxiii?

22. T1osICHITH, YOMY OCOOJIMBE 3HAUYCHHS Ma€ IepeHaAnpyra BUIi-
JICHHSI BOJIHIO JIJTS €JIEKTPOJII3y BOJAHHMX PO3YMHIB 1 BiJf 4OTO BOHA 3aJie-
JKUTh.

23. ChopwmyroliTe mpaBuiia BiTHOBJIEHHS Ha KaTojax. Big doro
3aJIeKaTh 11 Iporecu?

24. ChopmyimroiiTe mpaBuila OKUCHEHHS Ha aHodax. SKi mpoiecu
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MOXYTbh BiIOyBaTHCS Ha PO3UMHHUX I HEPO3UMHHMX aHOAax? Uum BoHU
3yMOBJIEHI?

25. 3amucaTy CXeMH eNeKTpoJIi3y HacTymHux posmiasiB: KCl, NaBr,
MgCl,, RbL

26. 3anucaTi CXeMHU €JIEKTPOJIi3y HACTYITHUX PO3YHMHIB 3 HEPO3UMH-
numu anopamu: K,SO,, MgSO,, CuClz, NiBr,, FeCl,, Nast + Cul,

27. 3amucaTy CXeMHU eNIeKTPOJIi3y HACTYITHUX PO3YUHIB 3 po3th-
numu anogamu: FeCl, CuCl,, NiSO,, Co(NO,),, AuCl,.

28. Kpisb pozunn ZnCl, nporiuuio 96500 K enexrpuku. Ipu npo-
My Macu BHJAUIEHUX ITUHKY Ta XJOPY BIAMNOBIAHO JOPiBHIOIOTH 19,61
Ta 6,20 r. 3amucaTy elIeKTPOJHI MPOIeCH Ta PO3paxyBaTH BHXIJ 3a
CTPYMOM.

29. Ilpu enexTposii3i coji JBOBAJIEHTHOTO METally CTPYMOM CH-
j010 1 A mpotsrom 2 roj BUAUIAIOCH Ha KaTomi 2,219 r merany. Bu-
3HAYUTHU 1IeH MeTal.
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