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JlabopaTopHa poGora Ne 9
OKUCHO-BIOHOBHI PEAKLLII

Peakuii, siki CynmpoBOKYIOTBCSI 3MIHOIO CTYIIEHIB OKMCHEHHS eJle-
MEHTIB, 1[0 BXOIATH O CKJIAJy pearyrounx peuyOBHH, HaA3MBAIOTHCS
okucHo-BimHOBHUMHU (OBP).

Cmynino oxucuenus enemenma (CO) — popmanpHuii 3apsiy aToMa
eIeMEHTa B MOJIEKYJI, SKIIO BBaXXaTH, IO MOJIEKYJIa CKIAAA€ThCS 3
TIMOTEeTUYHUX 10HIB.

BenmuuHy Ta 3HaK CTyNEeHS OKUCHEHHS aTOMIB y CIIOJIyKax BH-
3HAYAIOTh, BUXOJSYM 3 TAKUX MOJIOXKEHb!

y HEHTpaJIbHUX MOJIEKyIax anreOpaiyHa cyMa CTyNeHIB OKMCHEHHS
BCIX aTOMIB JIOPIBHIOE HYIIIO;

y TOMOCIIOJIYKAaX CTYIiHb OKMCHEHHS OKPEMHUX aTOMIB JOPIBHIOE
HYJIIO;

CTyMiHb OKMCHEHHS OKCUTEHY y CIOJIyKaX AOpiBHIOE —2. BUHSAT-
xoM € nepokcuani cnonyku (H,0,, Na,O,), ne popmanbuuii 3apsn Ha
atomi Oxcureny npopisuioe —1; ¢ropunu (OF,, O,F)), ne CO nopis-
HIoe +2, +1, Ta AesKi iHIN CIOIYKH;

TIAPOTeH B OUIBIIOCTI CIIOJNYK MAa€ CTYIIHb OKMCHEHHs +1. Buns-
TOK cKknazaroth rigpuau metanis (NaH, CaH,), y akux CO(H) nopis-
HI0€ —1;

(dayop B yCiX CONIyKax Ma€ CTYMiHb OKUCHEHHS —1;

CTYIIHb OKHUCHEHHS €JIEMEHTIB NepIIUX TPhOX IPYI TOJIOBHUX MiJI-
rpyn nopiBHioe HoMepy rpynu (Na*!, Ca*™, Al*),

MaKCUMaJIbHUN MMO3UTUBHUI CTYIiHb OKMCHEHHS aTOMIB BiIIOBI-
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Jla€ HOMepy TpyNHU MEepiognyHOi cucteMu. BUHATKOM € eneMeHTH mia-
rpymu Kynpymy (Cu, Ag, Au), ne CO moxe 6yt +3, TOOTO OLIBIINIA,
HIXK HOMEp T'PYIH, a TAKOX OuTbIIicTh MeTaniB BocbMoi rpynu (Fe, Co,
Ni, Rh, Pd, Ir, Pt) ta enementu O i F, B SKUX CTYMiHb OKHCHEHHS
3aBXKU MEHIIUH, Hi’)K HOMEp TPYyIIH.

IToHaTTs "CTymiHb OKMCHEHHS" HE CJIiJ OTOKHIOBATU 3 BaJICHTHI-
CTIO, HABITh Y THUX BWIIQJIKaX, KOJH iXHI aOCOJIOTHI 3HAYEHHs CITiBIa-
JIat0Th. BaJeHTHICTh BU3HAYAETHCS YUCIIOM 3B'SI3KiB, SIKI YTBOPIOE J1a-
HUH aTOM 3 IHIIMMH aTOMaMH, TOMY L XapaKTePUCTHKA HE Ma€ 3Ha-
Ky 1 He MOJXe JOPIBHIOBATU HYIIIO.

Hanpuxnan, cryneni okuchenns Kap6ony B merani CH,, meTa-
nom CH,OH, ¢opmansaerini HCOH Ta xap6on (IV) oxcuni CO, Bin-
MOBIHO JMOpiBHIOWOTHL —4, —2, 0, +4, a BaJEHTHICTh y BCIX BHIAJKax
JIOPIBHIOE 4.

Skimo MoBa iiie mpo CTYIEHI OKUCHEHHS, TO CIIOYATKY IHIIETHCS
3HaK, moTiM — nudpa (02, C**), npu 3a3HaUEHHI 3apsily PeaibHO iCHY-
1040r0 i0HY MUINYTh LUGpY, notim — 3Hak (Ca*, SO,).

He nuBnsuucek Ha Te, 110 MOHSTTS CTYNEHIO OKUCHEHHS € JIOCUTh
YMOBHMM 1 (hopMaIbHUM, BOHO HA0YJIO IIUPOKOTO BUKOPHUCTAHHS MIPU
Kkiacudikamii XiMiYHUX TPOLECIB 1 MPU PO3TIAIAHHI OKUCHO-BITHOB-
HUX peaKIiiil.

B OBP 3mina CO 3yMoOBIIeHA 3MIIICHHSIM 200 IMOBHUM MEPEX0I0M
€JICKTPOHIB BiJl aTOMa OJHOTO €JIeMEHTa 10 aTOMa IHIIOTO.

OKuchenHsM HA3UBAETHCS MPOLEC BiAgadl eleKTPOHIB.

Bionoenennsm Ha3UBAETHCS MPOLIEC TPUHHATTS €EKTPOHIB.

OKucHuKom Ha3UBAETHCS PEUYOBHMHA, IO MICTHUTh ATOMHU €JIEMEH-
Ta, SKi IpUHMarOTh elneKTpoHu. B OBP OKHCHUK BiZHOBIIOETHCS Ta
tioro CO 3MeHITy€eThCA.

Bionosnuxom Ha3MBAETHCS PEUOBUHA, 11O MICTUTh ATOMH €JIEMEH-
Ta, AKi BiAgaroTh eaeKTpoHH. B OBP BIZHOBHUK OKHCHIOETHCS Ta HOTO
CO 3061iIpIIYETHCS.

Bynb-sikuii OKUCHO-BITHOBHUN MPOIEC MOXHA YMOBHO IOJITUTH
Ha Bl HamiBpeakllii: HAaIMiBpeaKIlil0o BiTHOBJIEHHS Ta HaIiBpeaKLiio
OKHCHEHHSI.

Hanpuknan:

0 +1 » 0
Zn+2HCl— ZnCl, + Hz -

Zn’ — 2 — Zn'%; HamiBpeakiis OKUCHeHHS Zn; Zn® — BIAHOBHHUK.



H* + 2¢ — H.°; namiBpeakuis sigHosienns H; H* — okuchuk.

Pospisustors Taki Tunu OBP: MixMmonekymspHi, BHYTPIIIHbOMO-
JIEKYJISIPHI Ta peakiii JUCIPOIOPLIIOBaHHS (peaKilii caMOOKUCHEHHSI-
CaMOBITHOBJICHHS).

VYV mixkmonekysipaux OBP atomu  eeMeHTIB-OKUCHHKIB 1 aTOMH
€JIEMEHTIB-BITHOBHUKIB 3HAXOIATHCA Y PI3HUX MOJIEKYJIaX, HATIPUKIAI:

+6 -2 0
H,SO, +3H, S —-4S+4H,0.

Hnsa BuyTpimabomoiekynsspaux OBP xapaktepna 3miHa cTyme-
HIB OKMCHEHHSI Y €JIEeMEHTIB, SIKi 3HAXOJSAThCS B OJHIM MOJeKymi, Ha-
MPUKIIA:
+5-2 -

1 0
2KClO, —2KCl +30.,.

VY peaxuisix JUCIIPONOPLIIOBAHHS OJIUH 1 TOH XK€ €JIeMEHT BUCTY-
Ma€ SIK OKUCHMK 1 BIAHOBHHUK OJHOYACHO. ¥ TaKHMX pEaKIlisiX peuOBHHA
3 IPOMDXHMM CTYIIEHEM OKHCHEHHS PO3KJIAJJA€ThCs Ha JIBi CIIOJIYKH, B
OJIHIN 3 SKUX CTYIIHb OKUCHEHHS BUIIMHA, a B IPYTid — HIDKYUIL:

0 -1 +1
Cl, + H,0 —» HCl + HCIO;

+4 +5 +3
2NO, +H,0 — HNO, + HNO,.

ITpu cxnaganui piBHaHb OBP 3acToCOBYIOTH ABAa METOIU: METO.
EJIEKTPOHHOTO Ta eJeKTPOHHO-iIOHHOTO OanaHciB. OOuaBa MeToaun
I'PYHTYIOTBCSI HA YMOBI, 1110 B OKUCHO-BITHOBHIH peakIlii KiIbKICTb €JIeK-
TPOHIB, 110 BiAJa€ BiIHOBHHUK, JOPIBHIOE KIIBKOCTI €IEKTPOHIB, IO
NIpUIIMAa€ OKUCHUK.

Memoo erexkmponnozo 6anancy. OCHOBHI IpaBUlla CKJIaJdaHHS
peaxiiiii 3a JOMOMOT0I0 LIbOTO METOJy PO3IJITHEMO HA MPHUKIaAl KOHK-
peTHOI peakiii.

IMpuknan 1. 3anmucatu piBHSHHS peaxiii B3aeMO/ii HITPaTHOI KHcC-
JIOTH 3 MIJJIIO.

Po3zg'azanua

1. 3amuCyrOTh CXEMYy peakxiii:

Cu + HNO, — Cu(NO,), + NO, + H,0.



2. BuzHayaroTh CTYIEHI OKMCHEHHS BCIX €JIEMEHTIB 1 3HAXOASTh
OKHCHUK 1 BITHOBHHUK:

0 +1 +5-2 +2 45 -2 +4 -2 +1 -2

Cu +HNO; — Cu(NO;), + NO, + H,O0.

OxucHukoM Oyae atroM Hitporeny, skiii 3MiHIOE CBil CTYITiHB
OKHMCHEHHA BiJ +5 no +4, BigHOBHMKOM — atoMm Kympywmy (cTymiHb
OKMCHEHHS 3MiHIOEThCs Bix 0 g0 +2).

3. Bu3Ha4aroTh KiIBKICTh €IEKTPOHIB, 10 Bi/JIa€ BiTHOBHHUK, 1 YH-
CJIO eNIEKTPOHIB, IO NMpUiiMae OKUCHHUK. JJIsI IIbOr0 CKIIaaloTh PiB-
HSIHHSI, B SIKUX KIJTbKICTh €JIEKTPOHIB, 110 BI/IAI0THCS 00 MPUHMAIOThHCS,
BU3HAYAETHCS K PI3HUIIS MK CTYNECHSIMH OKMCHEHHS €JIEMEHTIB 110 Ta
micis peakuii. Koedinientu Oins OKMCHMKA Ta BIIHOBHUKA BHU3HAYa-
FOThCS MICIISI MTOUIEHHS HAWMEHIIIOTO 3arajbHOTO KPaTHOTO 000X YH-
Cell Ha KUIBKICTh €JIeKTPOHIB Y HamiBpeakIlil Ta CTaBIsATbCA 1034 3a-
raJbHOI0 PUCKOIO:

1 | Cu’-2¢ — Cu™;

2 IN"®+1e - N™

3aranpHe KpaTHE y HAIIOMY NPUKIIAJll JOPIBHIOE IBOM.

4. ITicnst 1pOTO PO3CTABISAIOTH KOE(DIIEHTH A IHIIUX PEYOBUH,
o O0epyTh y4acTh y peakiii, MiapaxoBYIOUH KiJIbKICTh aTOMIB elie-
MEHTIB y MpaBiil Ta JNiBiif yacTUHAX PIBHSIHHS:

Cu + 4HNO, — Cu(NO,), + 2NO, + 2H,0.

5. IMigpaxoByoTh OanaHc aToMmiB OKCUIeHY B 000X YacTHHAX
peaxirii:

n0),, =43=12; nO) =6+4+2=12

B OBP, ne npucyTHi aBa Ta Oibllle OKUCHUKH a00 BiJHOBHUKH,
BU3HAYAIOTh 3araJIbHE YMCIIO €JIEKTPOHIB, IO BIIJAIOTh BIIHOBHUKHU
a00 MPUETHYIOTh OKUCHUKH M IaJli pO3CTaBISIOTh KOEQIIIEHTH aHa-
JIOTIYHUM criocoboM. Hampuxian:

3Cu,S + 22HNO, — 6Cu(NO,), + 3H,S0, + 10NO + 8H,0;



3 [2Cu'-2¢ — 2Cu*? B
- 10¢
3 [S?2-8e —S*

10 [ N¥ + 3 = N*2,

Memoo enexkmponno-ionnozo danancy. Metos €IeKTPOHHO-10H-
HOTO 0ajaHCy /1a€ MOXKJIMBICTh BUBHAUYUTU KOG(DIIIEHTH HE TUTbKH IIe-
pea OKMCHUKOM 1 BIIHOBHUKOM, ajie ¥ mepe/ iHIIMMHU YWIeHAMU PiBHSH-
Hs1. BiH BUKOPUCTOBYETHCS, KON OKUCHO-BIAHOBHI MPOLIECH WAYTh MiXk
peanbHO iCHyIOUMMH 1oHamu. Haltvacrime Taki mporecu BiOyBarOTh-
Cs y BOJAHUX PO3UMHAX MIXK €JIEKTPOJIITAMMU.

IMpuxnan 2. 3anucaTv peakiiiio B3aeMO/Iii Kajiiii 6ixpomaty 3 (e-
pym (II) cynedaTom y KuCIOMYy CepemoOBHILII.

Po3ze'azanna

1. 3anmucyroTh CXeMy peaxilii, e BKa3yIThCsl BUXIJTHI pEUYOBUHU
Ta MPOAYKTH peakilii; BA3HAYAIOTh OKUCHUK 1 BITHOBHHK PO3pPaxyH-
KOM CTYIEHIB OKMCHEHHS OKPEMHUX EJIEMEHTIB:

+6 +2 +3 +3
K,Cr,O; + FeSO, + H,SO, — Cr, (SO, ); + Fe, (SO, ); + H,0,

Cr,0,> — OoKkMCHUK, siKMii BigHOBIIO€TBCA 10 Cr’*; Fe** — BigHOBHUK,
SIKUH OKUCHIOETBhCS 10 Fe’*.

2. 3anuCyroTh €NeKTPOHHO-I0HHI HAMiBpeaKIli, e BKa3yIOThCS HE
JIMIIIe OKUCHUK a00 BITHOBHUK y BUIJIII i0HIB 200 MOJIEKYII, SIKi pealib-
HO ICHYIOTh y PO34HHI, aje i MoyieKyiau Boau, ionu H* a6o ionu OH-,
SIKIIIO BOHKM OEpYTh yuyacTh B OKMCHOMY YW BIIHOBHOMY TIPOIIeCi; CKITa-
JAOTh MaTepialbHUM 1 eIEKTPOHHUI OajlaHC; BU3HAYAIOTH KOedillieH-
TU B PIBHSIHHI JUIEHHSIM HAHMEHILIOTO 3araJIbHOTO KPATHOTO YMCeN Bij-
JAHUX 1 MPUUHATHX €JIEKTPOHIB Ha KUTBKICTh €JIEKTPOHIB y HaIliBpeak-
isIX:

| Cr02 +14H* + 6¢ — Cr* + TH,0;
3| 2Fe-2e - 2Fe”,

3. 3amucyroTh CyMapHe €JIeKTPOHHO-IOHHE PIBHSHHS, SIKE OTPHUMY-
€THCSI IPH CKJIAJaHHI BIAMOBIIHO JiBUX 1 MPaBUX YACTUH HaIiBPEaKIii
13 BUBHAYCHHSAM KOEDIIEHTIB Y BUXITHOMY PIBHSHHI:



1| Cr,0* + 14H* + 6¢ — Cr** +7H,0;
3 [ 2Fe** —2¢ — 2F¢&*;
Cr,0 + 14H* + 6Fe** — Cr** +7H,O + 6Fe™.

4. 3anucyroTh MOJICKYJIIpHE PIBHSHHS 3 Koe(illieHTaMMU:
K,Cr,0, + 6FeSO, + 7TH,SO, — Cr,(SO,), + 3Fe(SO,), + K,SO, +7H,0.

5. IlinpaxoByOTh KUTBKICTh aTOMiB OKCUTeHY B MpaBiil 1 JIiBii
YACTHHI PIBHSIHHS:

n0),=7+24+28=59 n(O), =12+36+4+7=59.

Buxonsiun 3 BU3HAUEHHS €KBiBaJICHTA, SKIO BOJCHb BHUCTYIAE Y
poJti BITHOBHUKA 260 OKUCHUKA, TO 1 MOJIb HIOr0 aTOMIB 3BUIBHIOE (200
npueaHye) 1 MoIb €JIeKTPOHIB:

0,5H, » H* + &; 0,5H,+ ¢ — H-

ExBiBajIeHTOM OKHMCHHKA HA3UBAECTHCI TaKa HOTO KUIBKICTB, SIKA
IIPY BIAHOBJICHHI NMpUEAHYE 1 MOJIb €IEKTPOHIB, €KBIBAJICHTOM BiTHOB-
HUKa — KUIbKICTb, SIKa MPHU OKHUCHEHHI 3BUIbHIOE 1 MOJIb €JIeKTPOHIB.

BinmoBigHO 10 IMX BU3HAYEHHB, MOJISIPHA Maca eKBiBaJleHTa OKHUC-
nuka M ,(ox) abo BinHOBHUMKA M ,(BiZH) JOPIBHIOE HOro MOJIAPHIiH Maci,
MO/IUICHIM Ha YMCIIO eJeKTPOHIB 71 Y HaIliBpeaKIIii:

M (ox) = M(ok)/n r/monb; M (Binn) = M(BigH)/n T/MOTb.

OCKUTBKM OJlHA i Ta X camMa peYOBHMHA B PI3ZHUX PEAKINSIX MOXKE
BiggaBaTu abo MpUETHYBATU PI3HY KUIBKICTh €IEKTPOHIB, TO MOJISP-
Ha Maca OKHMCHO-BITHOBHOT'O €KBIBaJICHTa MOXE MATH Pi3HI 3HAUCHHS.
PosrnsiHeMo 11e Ha KOHKPETHOMY TPUKJIAII.

Ilpuknan 3. BusHauntu mMonapHy Macy eksiBaneHta KMnO, B
OKMCHO-BIJTHOBHMX PEaKIlisix, siKi BiIOYBaIOThCS y KHCIIOMY, HEHTpasb-
HOMY Ta JIY’)KHOMY CEpeIOBUIIAX.

Po3zs'sazanns

1. M, (KMnO,) y kuciomy cepeaosuiii — ?

3anuieMo HamiBpeakiilo BiiHOBIEHHS MnO, y Kuciaomy cepe-
JTOBHIIIL:

MnO, + 8H* + 5¢ — Mn* + 4H O;

M (KMnO,) = M (KMnO,/5 = 158,1/5 = 31,6 r/mob.

KHUCIT



2. M (KMnO,) y HeHTpallbHOMY CEPEIOBHUILI — ?

3anumemMo HamiBpeakuioo BiiHOBIeHHS MnO, y HelTpaabHOMY
CepeIOBHIIII:

MnO, + 2H,O + 3¢ — MnO, + 40H;

M, (KMnO,) . = M, (KMnO,)/3 = 158,1/3 = 52,7 r/mons.

3 M E(KMan y JIy)KHOMY cepelIoBUII — ?

3anuiemMo HamiBpeakuiro BimHOBIeHHa MnO, y JIy)KHOMY cepe-
JTOBUIITI:

MnO, + le — MnO;

M (KMnO) = M (KMnO,))/1 = 158,1/1 = 158,1 r/mons.

Bzc)noeldb M (KMnO) = 31,6 r/monp; M,(KMnO,)
= 52,7 r/monw; M (KMnO) = 158,1 r/Momb.

OKucuuxu ma gioHoGHUKH. Jlo OKMCHUKIB HaJleXXaTh PEYOBUHH,
SKI MICTSITb Y CBOEMY CKJIAJll €JIEMEHT, aTOMH SIKOTO MAalOTh BHpaxe-
HY TEHJCHLII0 0 MPHUEIHAHHS eJIeKTpoHiB. Hampukian, okucHUKamMu
€ KHCEHb, BUIbHI TaJIOT€HH, CIIOJYKH METaJliB y BHUCOKHMX CTYIEHSX
okucHenns (KMnO,, K,MnO,, MnO,, K,Cr,O,, PbO, Tomo), cnony-
KM TaJIOTeHIB 3 MO3UTUBHUMU cTyneHssMu okucHenHs (HCIO, HClOz,
HIO,, HBrO,), cnionyku Hitporeny (HNO,, N,O,, NO,, N,O), koH-
ueHTpOBaHa cynb(i)aTHa kucinora H,SO,, nepokcun Boauo H O, ta
JesIKl 1HIII CIIOJIYKH.

Bci OKMCHUKM MICTSITh Y CBOEMY CKJIaJli aTOMH, 110 MAalOTh HECTa-
OUTbHY €JIeKTPOHHY KOH(]Irypailiro, a 10 YTBOPEHHsI CTIHKOi KOHIrY-
paiii He BUCTadae ACKIIbKOX eIeKTpoHiB. [IpueaHyroun enekTpoHH,
BOHU 3HWXKYIOTh CBilf CTYITiIHb OKUCHCHHS.

3 XIMIYHUX OKMCHUKIB HaW4acTillle BUKOPUCTOBYIOTHCS CIIOIYKU
KMnO, (xamniii nepmanranat) Ta K,Cr,O, (xaniii 6ixpomat). Haii6i1b-
Iy OKMCHY 3aTHICTh BOHM MAaIOTh Y KHCIOMY cepenoBuili. lonun

HEHUTp

Crzog‘ MIOMapaHYOBOTO KOJIbOPY Ta BiIHOBIIOIOTECA y Cr** TeMHO-

3€IIEHOT0 KOJIbOPY; 10HM Mn O, MaloTh TEMHO-MaIMHOBUI KOJIp 1 Ipu
BITHOBJICHHI YTBOPIOIOTh O€3KOJIBOPOBI i0HH Mn?':

Cr,0;” + 14H" + 6e — Cr’* +7H,0;
MnQ; + 8H" + 5¢ — Mn** + 4H,0.
B melitpanbnoMy cepenoBuili ionn MnQ, BiIHOBIIIOIOTLCH 110

MnO, - ocajly KOPHYHEBOIO KOJIBOPY, B JIy)KHOMY — 10 ioHiB MnO;~
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ACKPABO-3€JICHOr0 KOJIbOPY 3a TAKUMHU PiBHSIHHSAMU:
MnO; + 2H,0 + 38 — MnO, + 40H;
MnQ; + le¢ - MnOj".

Jlo BiTHOBHMKIB HaJIeXkaTh PEUOBUHHU, IO MICTATh y CBOEMY CKJla-
Il €JIEeMEHTH, 3/1aTHI BiJyIaBaTH €IEKTPOHH. BITHOBHUKAMU € MeTaIu
y BUIBHOMY CTaHi (0COOJIMBO JTyXHi Ta JIy’)KHO-3€MeJbH1), BOJEHb, BYT-
JIELb, CHIOJIYKH HEMETAIIB 3 HAUMEHIIMMU CTYIEHAMHU oKucHeHHs (H,S,
H,Se, NH,, PH,, AsH3, HI, HBr, HCI Tomo). B3araii, BITHOBHUKOM
MOXe OyTH aToM a60 10H y Oyab-IKOMY, KPIM MAaKCHMAaJIbHO MOJKIIH-
BOT'0, CTYIEHIO OKHUCHEHHS.

Yacto B poJii BIIHOBHUKIB BUKOPUCTOBYIOTh COJIi CyJIb()ITHOI Ta
Tiocyab(aTHOT KUCIOT, KUCIOTHI 3aJIUIIKH SIKUX OKHUCHIOIOTHCS IO
cynbdaT-ioHy:

SO; + H,0 - 2¢ — SO, + 2H*
S,0;” + SH,0 - 10e — 2S0O; + 10H*.

Cronyku 3 eleMeHTaMH Y IPOMIDKHUX CTYIEHSIX OKUCHEHHS 3aJIeK-
HO BiI YMOB MOXYTh BUSBJISATH OKHMCHI 200 BITHOBHI BJIACTHUBOCTI.
Hanpukiazn, HITpUT-10H y 3aJI€KHOCTI Bif peakiiii Moxe OyTH BiTHOB-
HUKOM 200 OKHMCHUKOM:

+3 +5
3NaNO, + HCIO, — 3NaNO; + HCI;

+3 0
NH,Cl+ NaNO, — N, +2H,0 + NaCl.

34aTHICTh aTOMIB €IIEMEHTIB A0 NMpHiloMy abo Bimgadi eleKTpo-
HIB MOXHA OIIIHUTHU 3a JOTIOMOTOIO0 BiJTHOCHOI €JIeKTPOHETaTUBHOCTI
(x). EneMeHTH-OKMCHUKN MarOTh BHCOKI 3HaueHHs ) (4,0...2,5). Haii-
AKTUBHIII OKMCHUKH PO3MIIIEHI y MPaBOMY BEPXHbOMY KYTi Mepioany-
Hoi cuctemu. Ile ®yop, Okcuren, Xiop, bpom, Cyasdyp. BigHoBHH-
KM MAaroTh ¥ MeHIly 3a 2,5. TUNoBi eJeMeHTU-BITHOBHUKU PO3MillIeH]
y JTIBOMY HIDKHBOMY KYTi mepioauuHoi cuctemu. Ile dpanuiii, Pyo6i-
nit, Kaneiiit, Kaniit, Bapiii. HaitOinbIn mommpeHi OKUCHUKYU Ta BiHO-
BHUKH, a TaKOXX IX HaIMBpeakIii MoJgaHi y T0IaTKYy.
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Binomo, 1mo HanpsMok mepediry npoueciB BU3HAYA€ThCS 3 YMOBU
0 1 1 0
AG oo 0. s OKMCHO-BITHOBHHUX mpolieciB AG PO3PaxoOBYy€ETh-

cs 3a popmyIioro

peax

AG® = -nEF,

peak
Jie 1 — KUIBKICTh €JIEKTPOHIB Y CyMapHOMY MOJIEKYJISIPHO-IOHHOMY PiB-
HSIHHI OKHCHO-BIIHOBHOTO Ipolecy; E — enexrpopyiuiiina cuna (EPC)
rajJbBaHIYHOTO €JIEMEHTA, YTBOPEHOTO €IeKTPOAaMH, Ha SIKUX BifOy-
BAaIOTHhCS OKHWCHI Ta BiAHOBHI mpouecu; F — umcino Dapanes,
96500 Kn/momb-exB.

Jns BUKOHAHHSA L€l yMoBU HeoOXigHo, 1100 EPC Oyia mo3uTus-
Hoto. EPC rajnbBaHIUHOTO €JIEMEHTY PO3PaxoBYEThCS 3a (OPMYIIOIO

E = ¢°

3Ha4YeHHS CTAHJAPTHHUX MOTEHIIAJiB OKMCHO-BIIHOBHUX DPEaKIIiii
3HAaXOIATh y TaOauusx. [ToTeHian OKMCHUKA 3aBXK/IU OUTBIINIA TOTEH-
mianay BigHOBHUKA. UM OiIbIlle MO3UTUBHE 3HAYEHHS MMOTEHIATY, THM
CUJIBHIIIUM OKUCHHUKOM € cuctema. ([TOHATTS eneKkTpopylniiHol cumu
rajJbBaHIYHOTO eJIeMEHTa U MOTEHINany pO3TIIsatoThes B po3aim "Ta-
JIbBAHIYHI eleMeHTH").

Busnauenns nanpsiMky nepebiry OBP posrisitHemo Ha KOHKpeT-
HOMY IpUKIaii.

IMpukaan 4. BusHauutu HanpsMoK mepediry OKHCHO-BIIHOBHOI
peaxiii:

Cr(SO,), + 3Fe(S0,), + K.SO, + TH,O <> K.Cr,0, + 6FeSO, + 7H,SO,.

[opiBusATH OKuCHI BractuBocti ioniB Mn O] ta Cr,05 y KuCIOMY

*(PO
OKHC BigH"

CePeIOBUIIII.
Po3zs'sazanns
1. Bu3HayeHHS HAIPSIMKY PeaKIii:

Cr,0; + 14H" + 6¢ « Cr’* + TH,0; ¢’ = +1,36 B.
2Fe* + 2¢ ¢ 2Fe*; ¢’ = +0,77 B,

Crzog_ — okHMCHHUK, Fe’* — BiIHOBHMK, TOOTO HamiBpeakili MaroTh
HAIPSIMOK:

Cr,03 + 14H* + 6¢ — Cr’* + 7TH,0;
11



2Fe** — 2¢ — 2Fe*;

E=¢ 0. =+136-(+0,77) = +0,79 B.
AGOpeak _nEF = —6- 0,79:96500 = —457410 JIx/monb. Peakiis Bia-

OyBa€eThCs cIipaBa HAIIBO:
K.Cr,0, + 6FeSO, + 7H,SO, —
— Cr,(S80,), + 3Fe,(SO,), + K.SO, + + 7H,O.

2. TTopiBHSIHHS OKMCHHX BIIacTHBOCTel i0HiB Mn O} Ta Cr,05 y
KHUCIIOMY CE€pEeIOBHIIII.

Ion MnOj 6inblll cUIIBHUM OKUCHUK, HDK Cr O7 , TOMy LIO CTaH-
JapTHUH MOTEHIA HamiBpeaKilil BiITHOBIICHHS MnO (+1,51 B) 6inb-
IUH, HDK CTAHJIAPTHUN MOTEHINA] HamiBpeaKiii BiILHOBJIeHHSI Crzoi_
(+1,36 B).

B Garathox BuIagkax Tpeda 3HATH HE TIIBKW HAMPSIMOK TpoIlie-
Cy, ajie ¥ HaCKUIbKU IOBHO BiH BimOyBaeThcs. Hampukiaza, y KiTbKic-
HOMY aHalli3l BUKOPUCTOBYIOTHCSI TUIBKM TaKi peakilii, SKi MpaKTUYHO
BimOyBaroThesa Ha 100 %. Cryminp mepeliry peakiiii BU3HAYAETHCS
KOHCTAHTOIO PIBHOBArM, SIKy MOXHa po3paxyBaTH 3a (popMyIIoro:

nkF E- nk
23RT 0,059

AG® = -RT'InK. Ockineku AG® = -nEF, 1gK =

nE
3Bigku K = 10%9%.
IMpukaan 6. BusHauuTH KOHCTAHTY PIBHOBATH IS peakilii
Zn + CuSO, — Cu + ZnSO,.

Po3zes'azanns
1. EPC -?

Zn’ - 2¢ — Zn*, Zn° — BimHOBHUK; ©°
Cu™ + 2e — Cu’, Cu*?* — okucHuk; ¢°

E = (pooxuc - (p BijH
2. K-1?

-0,76 B.
+0,34 B.

BiH

OKHC

= 0,34 - (-0,76) = 1,1 B.

nk 211
K =10 =10% =10,
BenuunHa KOHCTAaHTU PIBHOBAru MOKa3ye, MO MPAKTUYHO peak-
1ist BiZOyBA€ThCA OO KiHIIA.
Bionogiov: K = 10°73,
12




IIutannsa Ta 3agayi

1. ChopmynroBaTH MOHATTS "CTYIHiHb OKMCHEHHS" T4 HABECTH IPU-
KJIaJ BUBHAUCHHS 1i€1 XapaKTepUCTUKU [JIs CIEMEHTIB Y CIIOJIyKax
CO,, H,S, HNO,, H,PO,.

2 BH3HaqHTH CTyr[le OKHCHEHHSI €JICMEHTIB y HaBEIEHUX CIIOJTY-
kax: Na,SO,, KMnO,, MnO,, K,Cr,0,, H,PO,, M0oO,, Na S O,,
K4[Fe(CN)6], NaB[AlF 6].

3. ChopmymoBaTu NOHATTA "OKMCHUK". HaBecTu mpukiaam TH-
MOBUX OKHCHHKIB.

4. ChopmymroBaTtu NmOoHATTS "BigHOBHUK". HaBectu mpukiaau
TUIIOBHUX BiTHOBHUKIB.

5. SIki 6yBalOTh TUIIM OKHCHO-BIAHOBHMX peakiiii? HaBectu mpu-
KJIaIH.

6. Yu moxnuBo po3und depym (II) cynbdary 36epiratu y Hikese-
Bilf mocyauHi?

7. o 6yxne BigOyBatucs, skuo pozuud ¢Gepym (II) HiTpaTy nepe-
MIIIYBATH ATIOMIHIEBOIO JIOKKOIO?

8. CkJtacTu PiBHSAHHS OKHCHO-BIIHOBHHUX PeakIliii 1 pO3CTaBHTU
KOe(IIEHTHU:

Cu + HNO, —

KMnO, +HSO + KI —

KCrO +HS+HSO -

KMnO4 + H20 + KNO2 -

KMnO, + KOH + Na, SO, —

Zn + HNO, —

Fe(OH), + HO + O, —

9. PoscraButHu KoedillieHTH B OKMCHO-BITHOBHUX PEAKIISIX METO-
JIOM €JIEKTPOHHO-1I0HHOTO OayiaHcy:

S + KOH — K,S,0, + H)O;

HCIO, — HCIO + CIO

(NH)CrO —>N + CrO + H,0;

Cu, O + HNO - NO + Cu(NO)

Sn ¥ NaOH ¥ H,O — H, + Na [Sn(OH)4].

10. Buznauutu HaHpSIMOK OKI/ICHO -BIIHOBHUX IPOLECIB:

Cr,(SO,), + I, + HO <> K,Cr,0, + H,SO, + KI;

FeCl + NaSO + HOHFeCl + NaSO + HC];

Zn(NO) + 2NO + 4H ,0 & Zn + 8HNO

3Ha‘-IeHHH MOTEHITIAJIIB OKI/ICHO BiTHOBHUX HanineaKuiﬁ B3STH 3
JIOBIIKOBUX TaOJIHIIb.
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11. Yu 6yne MnO, y xucinomy cepenosuiui okucurosatd HBr?
12. Busnauutu, un Oyne pearyBatu Pb 3 poszbarinenumu HCI Ta
HNO,?

JlabopaTopna poGora Ne 10
FAJIbBAHIYHI EJIEMEHTU

3azanvni nonammsa npo eaeKmpoxXimMiuHi peakuii ma ejaexmpooHi
nomenuianu

Enexmpoo — 1ie cucrema, siKa CKJIAJIA€THCS 3 MPOBIIHUKA MEPIIO-
r0 POy, 3aHYPEHOTO B €IIEKTPOJIT (IPOBIAHUK Apyroro poxay) (puc. 1).
VY mpoBinHUKaXxX Mepmoro poay (Meranu, rpadiT) eIeKTPUUHUNA CTPYM
BUHHMKAE 3aBISKH PYXY €JICKTPOHIB, Y €IEKTPOJIITAX — 3aBISIKH PYyXy
10HIB, IPUYOMY €JIEKTPOHU HE MOXYTh PYXaTHCh B eJIIEKTPOJIITAX, a
ioHn — y Metanax. ToMy Ha moBepxHi po3AuTy (a3 BimOyBarOThCS peak-
1ii 0COOIMBOrO THUILY.

Puc. 1. Enextpomu:
a — 3 aKTUBHOTO MeTajly, 3aHypeHUuH y Boay abo pos-

+ + . .
+ + YUH eJICKTPOJITY 3 MaJIOI0 KOHIEHTPAIEI0 BIACHUX
+ + 10HIB; 6 — 3 HEAKTUBHOT'O METaly, 3aHYPEHUH Y PO3YHH

3 OIOCTAaTHBO BEJIMKOIO KOHHCHTpaHiGIO 10HIB METaly

Enexmpoximiuni peaxyii — 11e IpolieCu 0OMiHY €IeKTPOHAMH MixX
MPOBIAHUKAMH TIEPIIOTO POAY Ta YACTUHKAMU €JIEKTPOJITY — I0HAMHU
Ta MOJIEKYJIaMHU, SIKi CYNIPOBOKYIOTHCS HANIPSAMIIEHUM PYXOM €JIeK-
TPOHIB.

B meranax i rpagiTi y By37Iax KPUCTATIUHOI PEIIITKH 3HAXOIATh-
Csl KaTiOHU, MK SIKUMH BiTHOCHO BUTBHO PyXalOThCs €IEKTPOHH, IPU-
YOMY KUIBKICTh IMO3UTHUBHUX 3apsIiB 10HIB METaJiB JOPIBHIOE KITbKO-
CTi €JIEKTPOHIB. SIKIIO MPOBIHUK TEPIIOTO POAY 3aHYPUTH B €JIEK-
TPOJIIT, BUHUKAE TIEPEPO3NOAiT MO3UTHBHUX Ta HETATUBHUX 3apsIiB
(1oHIB, €JIEKTPOHIB, TUIIOJIRB), IPUUOMY OJHA 3 (a3 3aBXKOU 3apsrKa-
€TBHCSl TIO3UTUBHO, IPYyTra — HETaTUBHO.
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PosrnsiHemo 1Ba BUMaAKM IIMX IPOLIECIB, 3BEPTAIOYM yBary Ha Te,
10 y PO3YMHAX 10HU 3aBXKIMU COJIBBATOBAHI Ta XapaKTePHU3YIOTHCS
MEBHOIO €Heprieo cosbBaTalii £ IUIS BOOU — eHeprie}o ri;:[paTaui'l'

COJIbB (

E ). Y mpoBiaHHKax MEPUIOTO POy MIIHICTB 3B'SI3KY MK 10HAMH
XapaKTePHU3yEThCSI CHEPTIEI0 KpI/ICTaJ'Il‘IHOI peunitku — E

V Bunaaky aktTuBHUX MeTarmB (Zn, Fe, Ni) E < Eml TOMY Karti-
OHH MEPEXOIATH Y PO3UUH, TiAPATYIOTHCS Ta prHyIOTbCSI i TIOBEPX-

Hi pO3I[1J'Iy (ba3, sgKa 3apAaXa€TbCad HEraTUBHO TOMY, IO Ha HIi YTBO-

xp"

PIOETBCS HAJUIMIIOK eIeKTpoHiB: Me — Me(, .., + n€.

V Bunaaxky HeakTuBHuX MeTamiB (Cu, Ag) E >E, o TOMY KaTio-
HU HE MOXYTh MEPEXOJAUTH y PO3UNH (TqulLHe BOHH IEPEXOLATH Y
HE3HAYHUX KIUTBKOCTSX), alie SKIIO y PO3YMHI € I0HU METAJiB, 3 SKUX
CKJIaZa€eThCs TBepaa (a3a, KaTIOHM 3 PO3UMHY IMOYMHAIOTH T0OYIOBY-
BATU KPHUCTAIIUHY PELIITKY 1 TBepaa ¢asza 3apsaIkaeTbcs MO3UTUBHO
BHACIIIIOK HAJUIMIIKY KaTioHIB. Bijsg moBepXHi po3Ally IpymnylOThCs
aHioHU 3 po3unHy. CymapHuii nmpoiec Oyae 3MilryBaTics y Oik mpotie-
Cy BIJTHOBJICHHS: Me(pm) + ne - Me.

VYV 060X BUMagkax yTBOPIOETHCS MOABIMHUN €NEKTPUUYHUN LIAp
(ITEIL), ssxkuit cnpuynHsie BUHUKHEHHsT cTpubka moTeHIiany. [Ipomec
MEPEPO3NOAITY 3apSKEHUX YaCTUHOK caMoBLIbHU, AG < 0. BiH iine
B €JICKTPOXIMIUHIM CHCTEMI 10 TOCATHEHHS HEIO CTAHY PIBHOBATH, KOJIU
KITBKICTD 10HIB, SIKi IEPEXOAATh Yy PO3UYMH, OyAe JOPIBHIOBATH KiIbKO-
CTi 10HIB, sIKI OCAJKYIOThCSI Ha MOBepXHi TBepaoi dasu (AG® = 0). ITo-
TeHian npu AG® = 0 Ha3UBAETHCSI PIBHOBAYXKHHM 1 € MipOI0 MAKCHMAJTb-
HOI pOOOTH TOrO MPOLECY, KU CAMOBUIBHO BiIOYBA€THCS Ha €JIEK-
TpOIi.

Bynosa IIEII Ta BeauynHa MOTEHLIANY 3aJI€KATh Bil IPUPOIU
Ta CKJIaJly PO3YHMHY €JEKTPOJITY, IPUPOIU, CTAaHy IMOBEPXHI EIEKTPO-
Ny Ta 30BHIIIHIX YMOB.

Enextpoan MoxyTs 0yt obopoTHuMH Ta HeobopoTHuMH. O60-
POTHI — LI Taki eJIeKTPOaAM, Ha SIKUX BiIOyBaloThCcsi OOOPOTHI peaxiii
(mpsiMa — caMOBIJIbHA, 3BOPOTHA — TMPU HAKJIaJAaHHI TPOTWIEKHO Ha-
MpaBjIeHOI 30BHIMHBOI Hampyru). Hanpukiam, nWHK, 3aHYpEeHUN Y
PO3YUH CBOET COJIL:

Zn’ <> 75 + 2€.
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OcHO6HI noHaAmMmMA Npo 2a1bEAHIYHUI eleMeHm

OKHCHO-BIIHOBHA peaKiis MOXe BiI0yBaTUCS XIMIYHUM HUIIXOM —
KOJIM eJIEKTPOHU Bif] BIITHOBHUKA O€3110CEPEIHBO MEePEXOISATh A0 OKHC-
Huka. EHepris XiMiuHOI peaxuii B I[bOMY IIPOIIECI IEPETBOPIOETHCS HA
TEIJIOBY.

SIKIIO OKMCHO-BIJHOBHI MPOILIECH MPOCTOPOBO BIIOKPEMUTH, II€-
PEeXiJI eJIeKTPOHIB BiJl BITHOBHUKA 10 OKUCHUKA CIPUYNHIOE BUHUKHEHHSI
€JIIEKTPUYHOTO CTPYMY Ta MEPETBOPEHHS XIMIYHOI €HEprii B eIeKTpHU-
HY.

T'anveaniunum enemeHmom HA3UBAETHCS MPUCTPIA AT TEPETBO-
PEHHS XIMIYHOI eHeprii OKUCHO-BIIHOBHOI peakilii B €JICKTPUYHY E€HEp-
rito (puc. 2).

O,

Puc. 2. CxeMa ranpbBaHIigYHOTO eJleMeHTa (eeMeHT Sko0i—/laniens):
1 — NIMHKOBUI €JIEKTPOI, 3aHYPEHUH Y PO3UYMH LIUHK CylIbdary; 2 — MIAHHIA €IeKTPOSI,
3aHYpPEHUH y PO3YMH KYNPYM CyIb(aTy; 3 — eIeKTPOIITHYHHNA MICTOK; 4 — BOJIBTMETD

BiH ckiamaeThcs 3 ABOX EICKTPOMIB, CICKTPOXIMIYHO 3'€THAHUX
Mk c06010. BOHU yTBOPIOIOTH €NEKTPUYHI KOJIa — 30BHIIIHE Ta BHYT-
pitHe. 1o 30BHINIHBOTO KOJIa BIIHOCSTHCS €JICKTPHYHI MTPOBOIU Ta
eJIeKTPUUHI NMpuiIaau (BUMIpIOBaYl BEIUYMHHU CTPYMY Ta HANpPYTH,
JUKEpEIIo CTPyMy TOIIO0). BHYTpIIIHE KOJIO CKIAJAETHCS 3 €IEKTPO/IIB,
MPUYOMY €JIEKTPOJIITH 3'€THYIOTHCS MK COOOI0 HAMMBIPOHUKHOIO MEM-
O6paHoI0 260 ENEKTPONITUYHUM MICTKOM, SIKI €JICKTPOXIMIUHO 3B'A3Y-
IOTh €JIEKTPOJIiTU. ENEKTPONITUYHNI MICTOK CKIIAA€ThCS 31 CKIISTHOT
abo0 mIacTMacoBOi TPyOOUKH, 3aOoBHeHOI HacuyeHUM po3unHoM KCl 1
16



3 000X KiHIIIB 3aKpUTOIO0 a30ecTOBUM THiTOM. Uepe3 mMemMOpaHy abo
CIIEKTPOJITUYHUN MICTOK PYyXalOThCsA 10HMU.

VY rajapBaHIYHOMY €JIEMEHTI, MOTEHIIaIN eIeKTPOIIB IKOTO He
JOPIBHIOIOTh OJIMH OJTHOMY, TIPOIIECH Ha €NIEKTpOoJIaX He OyIyTh piB-
HOBakHUMU. Ha omHOMY 3 HUX (OB aKTUBHOMY) OOOB'SI3KOBO ijie
MpoIlec OKUCHEHHS, Ha 1HIIOMY (MEHII aKTUBHOMY) — IPOIIEC BiTHOB-
nennst. OxucHa gpopma pedoBuHHM (o3HaYa€eThCs OX) 3aBKAU Ma€ OUTb-
1y anrebpaiuHy BETUYHMHY 3apsay, HiK BiTHOBHA (ITO3HAYAEThCS Red).

Kamoo — e enextpon, Ha SIKOMY BIJHOBIIIOIOTHCS KaTiOHU abo

HEHTpallbHI MOJIEKY/IH 3a cxemoio Ox + ne — Red:

2H* +28 — H,
Cu* +2e —» Cu’ MPUKJIAAM KATOJAHUX PEaKIIiid.
2HO + 4¢ — H, + 20H

AHoO0 — 11e eNIeKTPOJI, Ha IKOMY OKHMCHIOIOTHCSI KATIOHHU, aHIOHH Ta
HEUTpaJIbHI MOJIEKYJIM 3a cxemoio Red — ne — Ox:

Fe** » le — Fe'**
40H — 4e - O, +2HO MPUKJIAAN AHOJHUX PEAKIIii.

Zn, — 2¢ — Zn**

Katonm — 1ie 3aBXau iHEPTHUH €IEKTPOJ, HAa SIKOMY € HaJJIUIIOK
€JIEKTPOHIB, SIKI BIH BiJJIa€ YACTUHKAM EJIEKTPOJITY.

AnHon Moxe OyTd iHEpPTHUM (HEaKTUBHUM) a00 aKTUBHHUM. IHepT-
HUN aHOJ Ma€ JOCTATHHO BEJIMKE 3HAUEHHS €JIEKTPOJHOrO MOTEHIia-
7y (HUMU MOXYTb OYTH, SIK MIPABUIIO, OJIArOPOaHI MeTaau Ta rpadiT) i
TUTBKM MpHiiMae Ha cebe eJIEeKTPOHM BiJl YACTUHOK €NEeKTPOJITY, TOO-
TO CIYXHTh JUIS iX HAKOTIMYEHHS. AKTUBHMIA aHOJ CaM PO3YHHIOETHCS
Ta TOCUJIA€ KATIOHW y PO3UMH, TOOTO Martepiaia KaTtoay Oe3mocepen-
HbO MPUHMAE y4acTh B OKMCHOMY IPOIIECI:

Zn’ - 2e — Zn*.

BigHeceHHs eNeKTPO/IiB 10 TIEBHOTO THUILY 3QJICKUTh BiJl 3HAUCHHS
HOTEHLIaMB 000X €NEKTPOMIB: ¢ 3aBxau Oinbmui, Hix @, . Hampu-
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knaj, B eaemeHTi Ako6i — JlaHiens aHomoM Oyje ITMHK, a KATOJIOM —
Migs. CxeMa 1bOT0 elleMeHTa Oyje Taka:

()Zn|ZnSO ||CuSO |Cu(+) abo

(-)Zn|Zn*||Cu?*|Cu(+).

Skimo HeoOXiAHO, BKA3yIOTh 1 KOHLUEHTpALl eIeKTPOJIITIB, HAIPU-
KJIamd:

(5)Zn|ZnSO,, 1M||CuSO,, 0,1 M|Cu(+).

HaiironoBHiImo0 xapaKTepUCTUKOIO TaJbBAHIYHOTO €JIEMEHTA €
Moro enextpopyimiiHa cuita — EPC (E), sika TOPIBHIOE PI3HULI IOTECH-
1iaJliB KaToJla Ta aHOAa, KOJM BOHU PO3IMKHYTI, TOOTO SIKII[O TaThBa-
HIYHWI €JIeMEHT 3HaXOJIUThCS B OOOPOTHOMY CTaHi:

E = (pKaT N (pau'

EPC 3aBkau MO3WTHBHA BENMYMHA, TOMY IO @ > @, .

HeoGopoTHi — 11e Taki eneKTpOoAH, Ha SIKUX Y IPSIMOMY HAIIPSIMKY
BiZIOYBA€THCS OJHA PeaKlis, y NPOTUISKHOMY (IIpH HAKIAJaHHI 30B-
HIIIHBOI HANpyru) — iHma. Hanpuxian, UMHK, 3aHYpeHUH y pO3YMH
CyIb(haTHOI KUCIOTH:

. — 2
npsiMa peaxirist — 7Zn"-2€ - Zn;
3BOpoTHa peakuis — 2H" + 2e — H..
BesnocepenHe BUMiproBaHHS CTPUOKIB MOTEHIIIATIB HEMOXKIIUBE,
ajJie MOKHA BUMIPIOBATH IX PI3HMIIO MK IBOMa €JIEKTPOJAMHU, SKIIO

MPUAHATA OAWH €NEKTPOJ 3a eJIeKTpoa mopiBHsIHHS. L{s xapaxTtepuc-
THKa €JIEKTPOJIHOI CUCTEMU HA3UBAETHCS €JIEKTPOJHUM ITOTEHIIATIOM.

Excnepumenmanvne 8U3HAUCHHA e1eKMPOOHUX NOMEHUIAN8

s BU3HAaUeHHS eNeKTPOAHMX MOTEHLIAiB 30MpaloTh rajbBaHiu-
HUH eJIEMEHT 31 CTAaHAAPTHOTO BOJHEBOTO €JIEKTPOJY Ta JOCIIIKEHO-
ro eJIeKTPoy.

BonHeBuii e1ekTpo1 — 1ie IIATUHOBA TUIACTHHA, 1[0 TOKPUTA TyO-
YaCcTOI0 TJIATUHOO (IHEPTHHM €JIEKTPO/I), sIKka HacUueHa ra3onogioHuM
BoaHeM (puc. 3). Bin mogaerbcs mig tuckom 101,3 kIla y po3uuH cynb-
datHoi 460 XTOPUAHOI KMCIOTH 3 ay,, = 1 MOJIB/II, B AKHii 3aHypeHa
miatuHoBa mactuHa. Cxema enekrpoay taka: Pt,2H*|H,. (Crnouar-
KY BKa3yeTbCsl MaTepiall eNeKTPOAY, OKMCHEHA 1, Yepe3 PHUCKY, BIIHOB-
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Ha (opma peuoBuHH). Ha enextpozni BinOyBaroThes mpsima abo 3BOpOT-
Ha peaxilii, B 3aJIe)KHOCTI BiJl TOrO, KaTo-
JIOM YU aHOJ0M Oyjie BOAHEBUH €JIEKTPOJ Y
napi 3 JOCTIDKEHUM eJIEKTPOIOM: H

K:2H* +2¢ - H;;

A:H,-2e — 2H".

3a tuckom BoaHw P = 01,3 xIla i 1
a,, = 1 MOJIB/1 MOTEHLIAT BOTO EIEKTPOIY
npu Temrepatypi 298 K ymMoBHO mpHitHATO
3a HYJIb 1 BIZITHOCHO HbOT'O BU3ZHAYAIOTHCS I10-
TEHIIIaJIA BCIX IHINX eJteKTpoaiB. [Ticis 30u-
PaHHS TaJIbBAaHIYHOTO €JIEMEHTA BUMIPIOIOTh
iioro EPC 1 po3paxoByoTh moTeHUial 10-
CITIKEHOTO €JIEKTPO/IA.

HapeneMo mpukiiaau 11,0ro BU3HAYCH-
Hs. Hexail € enexTpos, yTBOPEHUI aKTUB- Pyc. 3. BoxHeBHil e1eKTPO
HUM METaJIOM, SIKMH y mapi 3 BOJHEBUM
EIEKTPOIOM OyIe aHOIOM, TOOTO Oye po3unHsaTHCI. Cxema oro Oyme
Taka:

(=) Me|Me™||2H'|H,, Pt (+);
A: Me —ne — Me"™;
K: 2H* + 2¢ — HY,
— 0 0 — 0 .
EPC - (p](aT_(paH - _(paH’
¢’ . = 0, a EPC 3aBx1u No3UTUBHA, TOMY 3HAK IOTEHLIAIy aHOIY
MOBUHEH OYTH BiJ'€MHHUM.
Sximo B mapi 3 BOJHEBUM €JNEKTPOAOM OyJie eleKTpoJI, yTBOpe-

HUNM MaJIOAKTHBHUM MCTAJIOM, B JaHOMY BHIIAAKY BIH 6y,I[€ KaToa0oM.
CxeMa 1IbOTO rajJibBaHI4YHOI'O €JIEMEHTa TakKa:

() Pt, H,2H'[Me""Me (+);
A:H,-2e — 2H";
K: Me™ + ne — Me";
EPC = ¢’ - ¢, = ¢,
OTxXe, eNEKTPOAHMI MMOTEHIiaN ynceabHo aopiBHioe EPC ranbsa-
HIYHOTO eJIeMEHTa, CKIIaJeHOI0 31 CTAHIapTHOTO BOJHEBOTO €JIEKTPO-
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Iy Ta IOCHII)KYBAHOT'O €JIEKTPOMY, SKa BUMIpsSHA 32 CTaHAapPTHHUX
ymoB. Bin no3nauaetbcsa @(en) abo E(en).

Cmanoapmuum enekmpoOHuUM nOMeHyiaioM HA3UBAETHCS MOTEH-
iajl eJeKTpoJa MPpU aKTUBHOCTI 10OHIB y €JIEKTPOJIITI, IO OepyTh
y4acTh y €JIeKTPOXIMIuHIN peaxiii, piBHIA oauHuLi. BiH mo3HayaeThcs
¢@°(en) abo E°en). Hanmpukiam:

¢°(ZH*H,’) = 0,00 B; ©(Zn**|Zn°) = -0,76 B.

Bci ctangapTHI moTeHIiaiM 3BejieHl y TabnuIli, a cami MeTanu
YTBOPIOIOTh TaK 3BAHUH PsAJl aKTUBHOCTI MeTaliB (abo psia Hampyr
MeTallB). Psidom akmusHocmi Memanié Ha3WUBAIOTh DSl METaJIB, pO3-
MIIIEHUX Y MOCIIJOBHOCTI 3POCTAHHS iX €IEKTPOJHHUX MOTEHIIIAIIB.
[MpupoaHo, 1110 y 1IbOMY PsAY MPUCYTHIN BOJIEHb, TOMY IO BiJIHOCHO
HMOro MOTeHIiady BU3HAYAIOTHCS BCl 1HIM MOTEHIIIAIIN:

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

MeTanu, akKTUBHIII 32 BOJAEHb, MAIOTh BiA'€MHMI 3HAK ITOTEHINA-
7y, TOMY 11O B Tapi 3 BOJHEBUM €JIEKTPOJIOM € aHOAaMU. MaoakTuB-
HI MeTaJu, SIKi PO3TAlIOBaHI B Psi/ii aKTUBHOCTI METAJIIB MICIIs BOIHIO,
MaloTh MO3UTUBHHUI 3HAK MOTEHIiAIy, TOMY IO B Tapi 3 BOJHEBUM
€IIEKTPOJIOM I'palOTh PoOJib KaTomiB. Hampukian:

©"(Fe**[Fe) = 0,44 B; ¢°(Cu>|Cu’) = +0,34 B.

Tepmoounamixka zanveaniunozo eaemenma

HesanexHo Bi TOro, SKUM IIISIXOM, XIMIYHMM a00 €IeKTPOXiMiy-
HUM, BiIOyBAa€THCS peakilis, EHEpreTUyHi 3MIHM y CUCTEeMi OJHAKOBI. 3
Kypcy TepMOAMHAMIKM BiJOMO, IO MaKCHMaJlbHa poOOTa BUKOHYETh-
Csl CHCTEMOIO B PIBHOBaXXHOMY CTaHi, TOOTO KOJIU CUCTeMa € 000pOT-
HOIO.

lanpBaHIYHUN eleMEHT € 0OOPOTHHUM, SIKIIO BUKOHYIOTHCS JBi
YMOBH:

BiH CKJIaJIa€ThCS 3 OOOPOTHHX ENIEKTPO/IIB;

JI0 HBOTO MiJIKJIIOYEHO 30BHIIIHE JDKEPEIO eNEKTPHYHOTO CTPYMY,
EPC sikoro mae mpoTuieKHUI HAIPSIMOK 1 HA HECKIHUEHHO MaJly BeJlu-
ynHy BinpizHsaeThses Bin EPC camoro enementa. [Ipukiianom HbOToO €
enemeHnt SIko0i — JlaHiens.

3a X yMOB

~AG* = A__= nEF,
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1€ n — KIJIbKICTh €JIEKTPOHIB Yy CyMapHill elneKTpoaHiil peakuii; E —
EPC ranpBaniuHoro eieMeHnta, B; F — unciao dapages — KiIbKICTh
€JIEKTPUKHM, SIKY NEPEHOCUTH OJIMH EKBiBAJIEHT €JIEKTPOHIB; F = €N,
Kn/monbs A — MakcuMallbHa KOPHMCHA po0oTa, sIka MOXke OyTH BUKO-
HAaHA B TraJibBAHIYHOMY €JIEMEHTI.

3 iHmoro 60Ky, 3MiHa eHeprii ['100ca moB's3aHa 3 KOHCTAHTOIO Xi-
MiuHOI piBHOBaru piBHSHHAM AG’ = —RTInK, ne K — KOHCTaHTa PiBHO-
Baru BiAMOBIAHOI OKHMCHO-BIIHOBHOI peaxiiii, sika JOPIBHIOE TOOYTKY
PIBHOBa)XHMX KOHLIEHTpALlii MPOAYKTIB, MOIIIEHOMY Ha JOOYTOK piB-
HOBQ)XKHMX KOHIICHTpAIliil BUXITHUX PEUOBHH 3 yPaXyBaHHIM cTexio-
METPUYHUX KoedilieHTiB. Buxomsiuu 3 mux plBHHHb Hepucr nosis ¢op-
MYJTy TS PO3paxyHKy MOTEHINAIB eJIeKTPOIIB Y 3aJIe)KHOCTI BiJl KOH-
HEHTPAIliil OKUCHOI Ta BITHOBHOI ()OPM PEUOBUHHU.

Hexaii Ha eeKTpO/i y 3araJibHOMY BUIJISIAI BiOYyBAa€ThCS peak-
st

aRed — ne < bOx.

[ns uporo npouecy piBHsSHHS HepHcra mae BUTIIA:

b
¢ =¢" + RT/nF In ﬂ,
[Red]”

2,3RT/F = 0,059 (2,3 — ocHOBa HAaTypaJILHOTO JOTapuhMy), TOMY IS
temriepatypu 298 K piBHSHHS MOXHA CIIPOCTUTH:

b
o+ 0,059lg [Ox] ,
n [Red]”

ne [Ox] i [Red] — piBHOBaXxHI MOJISIpHI KOHIIEHTpaIllii BiIMIOBIIHUX 10HIB
y €JIEKTPOIITI.
Tunu enexmpooie

EnexTpoan, siki 3aCTOCOBYIOTh B €IEKTPOXIMIi 3aJI€KHO Bif TUITY
000pOTHOCTI, YMCIa Ta arperaTHoOro crany a3, MOAUISIIOTh Ha Kijib-
Ka rpyn. [eski 3 HUX MU PO3TJISHEMO.

Enexmpoou nepuioco pody. J1o HUX BIZHOCSTBCSI PO3IIISHYTI BHUIIE
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MeTaj-i0HHI enekTpoau. Hanpuknan, nuHkoBuii (Zn**|Zn), MigHui
(Cu?*|Cu), 3amisuuii (Fe**|Fe) enekTpoan, y sIKMX MeTall 3aHYPEHUI y
PO3YMH BJIACHUX 10HIB. 3arajibHa €IeKTPOAHA peakIilis Taka:

Me’ - ne < Me".
PiBusinas HepHera 1uist HUX Mae BUTIIS
o(Me"|Me?) = ¢°(Me"|Me?) + 0,059/nlg[Me™].

[ToreHuian MMX €IEKTPO/IIB 32 CTAHAAPTHUX YMOB 3aJICKUTH Tib-
KM BiJl KOHIIGHTpallil KaTiOHIB y enekTpoditi. Lli emexTpoau o60poTHI
BIITHOCHO KaTiOHY.

IMpukaan 1. Po3paxyBaTu moTeHIIAN 3aII3HOTO €JIEKTPO.Y, 3a-
Hypenoro y 0,1 M po3zuun ¢epym (II) xmopuny.

Po3zs'azanua

s po3paxyHKy MOTEHIliany B TaOJIHUI 3HAXOAUMO 3HAYCHHS
crannaptHoro noteHmiany (¢°(Fe*|Fe’) = —0,44 B) i BUkopucToBye€-
Mo ¢dopmyiny Hepucra:

b

9
o(Fe*|Fe?) = ¢"(Fe*|Fe?) + lg [Fe*] =

2

b

2

=-0,44 + 91g10*1 = -0,44 + (-0,03) = 0,47 B.

Bionosiov: moTeHIIAN 3al1i3HOTO eleKTpoay aopiBHioe —0,47 B.

Jo elekTpoAdiB MepIIOro poAy BIIHOCATHCS 1 HEMETA-IOHHI eJeK-
TPOH, sIKi 0OOPOTHI BIIHOCHO aHIOHY, HAITPUKJIaJl, cejieHoBuit: Se*|Se’.

o 1boro THITy €NeKTPOMIIB BIIHOCATBCS W Ta30Bi €JIEKTPOIHU, Ha-
npuknan, Boasesui i kucuesuil (Pt, OH'|O,) enexrpoau. [Ins BUroTos-
JIEHHS INX €JIEKTPOJIiB BUKOPUCTOBYIOTh IUIATMHOBUN IPOTUK abo
IUTACTHHY, TIOKPUTI IapOM I'y04acToi IUIATUHU, SIKA MAa€ BUCOKY a-
copOuiiiny 3a16HIcTh. Ha moBepxHi po3ainy (a3 BCTAHOBIIOIOTHCS PiB-
HOBa)XHI MPOLECH, SIKi TUIATUHA KATaI3Ye:

2H" +2e¢e & 2H, < H, ; O, +4e < 20

2a anc’

20, +2H,0 + 4€ « 40H,
H ,H,_,O

anc’ 2anc’
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BOJIeHb 1 kuceHb. [1Ipu PHz = 101,3 xI1a Ta IHIKXX 3HAYEHHSIX KOHIIEH-

Tpalii (AKTUBHOCTi) BOJHIO MOTEHIIAJI BOJHEBOTO €JIEKTPOAY po3pa-
XOBYETHCS 32 (popmystoto

@(2H*|H,) = -0,059 pH.

IMpukaan 2. Po3paxyBaTu MOTEHINA BOJHEBOTO €JIEKTPOIY 3 KOH-
LeHTpallieo ioHiB BogHio [HY] = 107 M.

Po3ze'azanna

l.pH-?

pH = —Ig[H'] = -1g10 = 3.

2. oQH*|H) -?

e(2H*|H,) = —0,059 pH = —0,059-3 = —0,0177 B.

Bionosiov: mpu pH = 3 @(2H'|H,) = -0,0177 B.

Enexmpoou opyeo2o pody CKIamarmTbhCI 3 METaly, HTOKPUTOTO
HEPO3YNHHUM OCaJIOM HOro crojiyku (cojii abo TiApoKCuay) 1 3aHype-
HOTO Yy PO3YMH, SIKHI MICTUTB TaKi X aHIOHH, K 1 ocanx. [Jo HuX Hae-
KaTh, HAMIPUKIIA/, KaJIOMEIbHUN €JIEKTPOJ 1 XJIOPOCPIOHUI eNIeKTPO/I.

XT0pOCpiOHMIA €JIEKTPOJ] CKIATAEThCS 31 CPIOHOTO IPOTHKA, ITO-
KPUTOTO IIAPOM XJIOPUAY Cpidiia, KUl 3aHypEeHO Yy PO3YUH KaJliid XJ10-
puny (puc. 4). ENeKTpOTITHYHUH KOHTAKT 13 30BHILIHIM PO3YMHOM Bif-
OyBaeThCsl Kpi3h THIT 3 a3zbecty.

Cxema xjopocpidonoro enektpona: Ag, AgClKCl. Bin o6oport-
Hul BigHOCHO aHioHy Cl 3rimHO 3 peakisiMH:

Agt+ e <> Aglta AgCl + ¢ <& Ag + CI.

[ToTenirian XJ10poCpiOHOTO eNeKTPOoIa BU3HAYA- jzQj/
€TBCS 3a (HOPMYIIOFO

9. = ¢ — 0,059 Ig[CI]. -

Moro BemMYMHA 3aJIGKUTh BiJl KOHLEHTPALII (aK-
TUBHOCTI) XJIOPU-I0HIB. 3BUYAiTHO BUKOPHUCTOBYIOTh
nBi koHnentpauii com KCl: 0,1 mons/i ta 1,0 mons/n,
MpU SIKUX TIOTEHIia]l BiAmoBigHo mopiBHioe 0,29 B i
0,238 B.

Puc. 4. X0pocpiOHMIA eeKTPOT;
1 — cpibuuii nposinnuk; 2 — map AgCl; 3 — pozuun KCl;
4 — oTBIp A1 3'€qHAHHS 3 PO3YUHOM, 3aKPUTUI a30eCTOM




EnexTpoau Apyroro poay BUKOPHCTOBYIOTH SIK €JIEKTPOIU IMOPIB-
HSIHHS, 3aMICTh HE JyXKe 3pYYHOr0 BOJHEBOTO eJieKTpoaa. BoHu Bimpis-
HSAIOTBCS MTPOCTOTOIO0 BUTOTOBJIEHHSI T 3PYUYHICTIO BUKOPUCTAHHS.

Ho okucHo-gionosHux enexkmpoois (a00 pegoKc-eIeKTPOdiB), Ha-
JIeXKAaTh HAIIBEJIEMEHTH, SIKi CKJIaJIal0ThCs 3 IHEpTHOTO MeTany (Iia-
THHA, 30JI0TO), 3aHYPEHOTO y PO3YMH, B IKOMY MICTSATBCS OKHCHEHA
Ta BiAHOBHA (opMa ojHiel 1 Tiei k pedoBuHu. Hampuxman:

Pt, Fe¥*|Fe?*; Fe* + ¢ — Fe?';

Pt, MnO; + 8H*Mn** + 4H,0; MnO; + 8H* + 5¢ — Mn*" +4H0.

ATOMU TJIATHHU HE OEPyTh YYaCTh y €JIEKTPOJHOMY IPOILIEC], a €
TUIBKU MEPEHOCHUKAMHU €JIEKTPOHIB. BennunHa enexTpoaHOTO MOTEH-
Liajgy 3aJeKUTh BiJl KOHLUEHTpALill OKHCHOI Ta BiIHOBHOI (hopM pedo-
BUHU:

[Ox]

¢(Ox|Red) = @°%(Ox|Red) + Red]

lg

0,059
n

0059  [Fe™]

R Tk

Hanpuknan, @(Fe**|Fe*") = @°(Fe**|Fe*) +

@(MnOj + 8H'Mn* + 4H,0) = ¢"(MnO; + 8H'|Mn* + 4H,0) +

0,059 MnO; J[H'
N le [ 4 3[ ] .
5 [Mn™"]

CraHaapTHI OKMCHO-BITHOBHI MOTEHI[IANH 3BeJeHI y TaOIuIl i
TaKOX BM3HAUAIOTHCS 3a BOJHEBOIO IIKAJIOIO, TOOTO MOPIBHIOIOTHCS 3
MMOTEHIIaJIOM CTaHAapPTHOTO BOJHEBOTO €leKTpojia. BoHu xapakre-
PU3YIOTh 3JATHICTh CUCTEMH (DYHKLIOHYBATU B SIKOCTI OKHMCHHKA abo
BimHOBHMKA. UM Oibie mo3uTuBHe 3HaueHHs OB moTeHmiany, THM
CUJIBHIIIMM OKHMCHHMKOM € CHCTeMa. 3Hak (—) o3Hayae, 1[0 CAMOBLIbLHO
BiIOYBa€THCS MPOIIEC BITHOBJICHHS, 3HAK (+) — MpOIEC OKUCHEHHS.
Hanpukinan:

eIIeKTPO/ eNeKTPOAHI IpoliecH @, B caMoBiIbHMIA ITpolIec

Pt, Cr¥|Cr** Cr*+1le & Cr'r 041 Cr**—1le = Cr’*;

Pt, Sn*|Sn*>*  Sn* +2¢€ < Sn>*  +0,15 Sn* +2¢& — Sn2*.
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IMpuxaan 3. Po3paxyBaTu moTeHUial OKMCHO-BIAHOBHOI'O MaHTra-
HOBOTO €JIGKTPOJa, KO KOHIEHTpAaIlil MepMaHraHaT-ioHa Ta ioHa
Mn*? nopiBHIOIOTH OnuHUL, a pH po34urHy TOPIBHIOE TPHOM.

Po3ze'azanna

- + 2+

l. (MnO; + 8H*Mn** + 4H,0) - ?

BukopucToByeMo 3HaYeHHsI CTAaHAAPTHOTO MOTEHINANY, B3ITOTO
3 TaOUIb, 1 piBHSIHHSA HepHCTa 1S OKUCHO-BITHOBHUX €JICKTPOJIIB:

¢ (MnOj + 8H'Mn?* + 4H,0) = 1,55 B;
e(MnOj + 8H*|Mn> + 4H,0) = ¢(Mn O; + 8H*|Mn* + 4H,0) +

0,059  [MnO, J[H*P® 1-[10°7* . 0,059 o

+ 5 lg (Mn2*] 1,55+ I Ig 5 1,55+ 1gl0
=1,55-0,28 =1,27 B.

Bionogiov: MOTEHIIIAl MAHTAHOBOTO €JIEKTPOy Y po3unHi 3 pH = 3
nopisuioe 1,27 B.

Bukopucranus pospaxynky EPC mist OKUCHO-BITHOBHUX €JIEMEH-
TIB A€ MOXJIMBICTh BU3HAYUTU HANPSMOK OKHUCHO-BIZHOBHOI peakxiii
HE3aJIEKHO BiJl TOTO, XIMIYHMM a00 €JIeKTPOXIMIYHMM IIIIXOM BOHA
iige. BBaxaeThcs, 1110 BiJHOBHA peakilisl BiIOBIIa€ AHOJTHOMY IPO-
1ecy, a peakuis okMcHeHHs — kaTtogHomy. Toxi EPC = P =9, =
= Do 9., > 0. Ilpuknan Hasenenuit y temi "OKUCHO-BIIHOBHI pea-
KImii".
Tunu zanveaniunux enemenmie ma ix po3paxyHku

lanpBaHiYHI €JIEMEHTH MOMIIAIOTH HA XiMIUHI Ta KOHIEHTpPAIIHI.
VY XiMIUHUX €JIEMEHTax PYIIIHHOIO CUJIOI0 IPOLECY Ta JKEPEIIOM elleK-
TPUYHOI eHeprii € XiMiuna peakuis. Ix EPC 3aneXuts Bi XiMiuHOI IIpu-
pOIM pe4yOBMH 1 iX aKTUBHOCTEH y po3uuHi. [Ipukiagamu XiMiyHUX
JAHIIOTIB € CUCTEMH 3 €JIEKTPOJIIB MEPIIOTO Ta APYroro poay, aky-
MYJIATOPU, OKHUCHO-BITHOBHI €JI€MEHTH.

KonuenTpariiiiti e1eMeHTH CKIaAaloThCsl 3 IBOX €IEKTPOIIB Of-
HAKOBOI XIMIYHOI MPUPOIH, SKI BIAPIZHSIIOTHCS JIUIIE KOHIIEHTPAIIEIO
pO34MHIB. PymIiifHOIO CUJIOO MPOIIECY Ta HKEPETIOM eJIEeKTPUYHOI eHep-
ril € BUPIBHIOBAHHS KOHLEHTPALIH PEYOBUH y €IEKTPOIITaX 000X eeK-
TPOAIB, sIKe BiIOYBA€ThCS €IEKTPOXIMIUHUM IUISIXOM, & HE 32 paxy-
HOK Au(ys3ii. SIKk TiMbKM KOHIICHTpALl 10HIB y €IeKTPOJIiTaX CTAHYTh
JOPIBHIOBATH OJIHA OJIHIH, TaJIbBAHIYHHIA €JIEMEHT IEPECTAE i TH, TOMY
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o oro EPC = 0. Ha enextponax BigOyBaeTbcs ofHA i Ta X peak-
Lisi, ajye y pi3HUX HAmpsiMKax, TOOTO BiIOYBA€THCS MEPEHOC PEUOBUHU
3 OJTHOTO €JIEKTPO/ia Ha IHIIHHA.

[Mpukiagom Moxe OyTH Takuil €JIEeMEHT:

(-) AglAgNO,,C|||AgNO,, C,|Ag (+); C <C.

Ha nepmiomy enextpoai — aHOI, A¢ KOHIEHTPAIIiS eIeKTPOIITY
HIDKYA, METaJl PO3YMHSETHCS, 1Or0 KaTiOHU NepexoasiTh y po3unH. Ha
IPYroMy eJIeKTPOJi — KaTo/i, /1e KOHIIEHTpAallisl eJIeKTPOJIITy BHUINA,
KaTiOHU MeTajy OyayTh OCaIKyBaTHCS:

A:Ag’—1e - Ag*, C;;

K: Ag +le —» Ag’, C.,.

Cymapha peakiiiss Mmae Bursim Agl — e < Ag'.

EPC=¢_ —¢ =¢ + 0,05 IgC, - ¢" - 0,059 1gC, = 0,0591g(C/C)).

3aranom, dopmyna aisa po3paxynky EPC y xoHueHTpamiiHux
KOJIaX Ma€ BUTJIST

E = 0,059/n1g(CJ/C).

st po3paxyHKy rajibBaHiUHUX €JIEMEHTIB HEOOXiIHO BUKOHATH
HACTYIHI il

po3paxyBaTH 3HAYCHHS MOTEHIIAIIB 000X €JIEKTPO/IiB;

BU3HAUUTH KATOJI 1 aHOJI;

3aIUCcaTU CXEMy TaJIbBAaHIYHOI'O eJIeMEHTa Ta BKa3aTU HAIPSIMOK
€JIEKTPUYHOTO CTPYyMY;

3aIUCATU €JIEKTPOJIHI MPOLIECH;

po3paxyBatu EPC ememenra;

pospaxysatu AG’ ta A .

Ilpuxkaan 4. Po3paxyBaTu rajqbBaHIYHUN €JIEMEHT, CKIAJICHUM 3
LMHKOBOI IJIACTUHU, 3aHYPEHOI Y PO3YMH LMHK CYIb(}aTy 3 KOHIIEH-
tpamiero 10~ Mob/1, Ta 3a1i3HOI IUTACTHHHM, 3aHYPEHOI Y PO3UMH  (e-
pyM xjopuay 3 KoHueHTpauiewo 10 moib/m.

Po3zs'azanua

1. (Zn**|Zn), ¢(Fe*"|Fe) — ?

B Tabmini craHgapTHUX MOTEHINAIIB 3HANHIEMO 3HAUCHHS CTaHIaPT-
HUX eJIEKTPOIHUX MoTeHuiamB cucreM Zn**|Zn’ ta Fe*|Fe’ 1 pospaxy-
€MO TIOTEHIIIAJI OKPEMUX eJICKTPOIIB 3a piBHSHHAIM HepHcra:

©(Zn**|Zn°%) = -0,76 B; ¢°(Fe**|Fe’) = -0,44 B.
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§ZnZn0) = QZnHZn’) + (0,0592)lgC(Zn>) = 0,76 + (0,059/2)lgl0° =
= 0,76 + (-0,09) = 0,85 B.
o(Fe|Fe?) = ¢'(Fe|Fe?) + (0,05972 )lg[Fe] = — 0,44 + (0,059/2)Ig0,1 =
= 044 + 0,03 (1) = 047 B.
2. Busunauenus KaTtoga Ta aHoJda:
0,85 B 0,47 B

1 1
A K

\ 4

LluHKOBUH elneKTpoa Oyae aHOAOM, OCKUIBKH Ma€ OiIbII Bim'eM-
HUN MOTEHIIIaJ, 3aIi3HUI eNleKTpo Oyne kaTomoMm (Oibmia anredpa-
iYHa BeJIMUMHA TOTEHILIATY).

3. CxeMa rajpBaHIYHOTO €JIEMEHTA Ta HAIMPSIMOK €JIEKTPUUYHOTO
CTpyMYy:

I v
(-) Zn|Zn(NO,), 10° M || Fe(NO,), 0,1 M|Fe (+).
4. ENeKTpo/HiI MpOoLecH:
A: Zn’-2e — Zn**
Ha IIMHKOBOMY €JIEKTPO/Ii BiIOYBAEThCS MPOIEC OKMCHEHHS 1UHKA;
K: Fe** +2¢ — Fe°
Ha 3aJIi3HOMY €JIEKTPO/Ii BiIOYBAa€ThCS BIIHOBJICHHS 3alli3a.

5. EPC -?

E = ¢(Fe*|Fe’) — ¢(Zn**|Zn°), = 0,47 — (-0,85) = 0,38 B.

6. AG® - ?

AG’ = —nEF = -2.0,38-96500 = 73340 Ix/MOb.

Bionosiob: EPC enementa nopishioe 0,38 B, AG® = —73340 Tx/Moiib.

ITuranus ta 3a11aqi

1. Illo HazuBaeThbcs eiaexkTpogoM? Ski peakiii BinOyBarOThbCS Ha
HbOMY?

2. o BinOynerbes, SKIIO AKTUBHUI a00 HEAaKTHMBHHI MeTas 3a-
HYPHUTH y PO3YMH BJIACHOI coui?

3. JlaTu BU3HAYEHHS MOHATTAM "moTeHmian" 1 "cTaHIapTHUI 1O-
TeHuian"? Ik BOHM €KCIIEpUMEHTAJIbHO BUMIPIOIOTHCS Ta PO3PAXOBY-
I0TbCs?

4. Jlati cxeMmy Ta TMOSICHATH [il0 BOJHEBOTO €JIEKTPOJA.

5. SIxi TUMU eNeKTPOJIB BU 3HAeTe?
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6. SIka ¢opmyra BCTAHOBIIOE 3QJICKHICTh 3HAUCHHS €IIEKTPOIHO-
o MOTEHLIady BiJl KOHIEHTpAIl eJIeKTPOIiTy?

7. JlaiiTe BU3HAYCHHS IIOHATTIO "TajbBaHIYHUI ejleMeHT". 3 4oro
BiH CKJIaJ1a€ThCs?

8. OxapakTepusyiiTe KaToJu Ta aHOJU B TaJIbBAHIYHOMY €JIEMCH-
Ti.

9. HaBenith yMOBH OOOPOTHOCTI TajbBaHIYHOTO elieMeHTa. [Ipu
AKOMY MOro CTaHi BUKOHYIOTbCA YMOBH —AG® = A = nEF?

10. Ilo take EPC ranpBaHIYHOIrO €JIeMEHTa Ta 3a KOO (pOpMy-
JI0I0 PO3PAXOBYETHCA 1151 XapaKTepucTuxa?

11. Sxi Tvunu ragpBaHIYHUX €JIEMEHTIB BU 3HaeTe? YnM BOHHM BifI-
PI3HSIOTHCS?

12. CkylacTu CXeMU ralibBaHIYHUX CIIEMEHTIB, B OJTHOMY 3 SIKHX
Migp Oyia 6 aHOIIOM, a y Ipyromy — KatoaoMm. Hamucatu piBHSHHS
peaxiiii, ki BiIOyBaIOTbCS Ha €IEKTpOoJax Mpu poOOTI HUX rajabBaHi-
YHHUX eJIeMeHTIB Ta po3paxyiite EPC, BUkopucTaBIM CTaHIApTHI 3HA-
YEHHS TOTEHI[IAIB.

13. TanpBaHIYHUN €JIEMEHT CKJIATa€eThCs 31 CPIOHOTO €IeKTPOoa,
3anypeHoro y 1 M pozuun AgNO,, Ta CTAHAAPTHOIO BOAHEBOTO EJIEK-
Tpona. Busnauutu ioro EPC. Hamucatu efnekTpo/iHi Ta CyMapHy pe-
aKuii, siki BiIOyBalOThCS B ralbBAHIYHOMY €JICMEHTI.

14. Hanumiith cXxeMy KOHIIEHTPAIIITHOTO rajJbBaHIYHOTO €JIEeMEH-
T4, CKIAJCHOTO 3 LIMHKOBUX €IeKTPpOoiB. KoHLEHTpallis 10HIB LIKMHKY
B po3umnHax aopiBHIoe BianosinHo 0,1 Ta 0,5 mons/n. Po3paxyBatu EPC
Ta MaKCUMaJIbHO KOPUCHY POOOTY, SIKY BUKOHYE 1€l rabBaHIYHUI
€JIEMEHT.

15. V axoMy HampsiMKy OyAyTh PyXaTHCh €JIEKTPOHM Yy 30BHILI-
HBOMY KOJIi HACTYIIHHX rajbBaHIYHUX eJIEMEHTIB: a) Mg|/Mg**||Pb**|Pb;
6) Pb|Pb*||Cu**|Cu; B) Cu|Cu?**||Ag*|Ag, SKIIO BCI PO3UUHU EIEKTPO-
7iTiB ogqHoMoIsipHi? Pospaxyitte EPC mux eneMeHTIB.

JlabopaTopna poGora Ne 11
ENEKTPOJI3

Enexmponizom Ha3HUBaEThCA CyKyl‘IHiCTb MPOIEeCiB, SKi BigOyBa-
IOThCS B eneKTpomTl npu HpOXOI[)KCHHl EIeKTPUYHOTO CTPYMY. ITpu
eJIEKTPOJIi3l eJIeKTPUYHA eHepFlH EPETBOPIOETHCS Y ximiuny. Leit
MPOIEC MPOXOIUTh Y EIIEKTPOJIi3epl — MPHUCTPOI, IKUH CKIATAEThCS 3
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JUKepea MOCTIHHOTO CTPpyMy, aMIIEpMETPY, BOJIBTMETPY Ta €JIEKTPO-
JiB, 3aHYPEHUX Y PO3YMH a0O0 PO3ILIAB EJIEKTPOJITY, IKUM 3HAXOIUTh-
csl B €NIEKTPOJII3HIN BaHHI (puC. 5).

[\S}
w

Puc. 5. Cxema npunamy 11 IpOBeIeH-
HSI €JIEKTPOITI3Y:

1 — perynatop Hampyru (peocrar);
2 — 30BHILIHE [DKEPEIIO CTPYMY;
3 — amnepmeTp; 4 — KaTom; 5 — BOJIbTMET;
6 — aHO[I; 7 — eJEKTPOJIi3HA BaHHA 3
po3mIaBoM ab0 PO3YMHOM EJIEKTPOIITY

V rajpBaHIYHHUX €JE€MEHTaX BHACIIIOK MPOIECIiB OKUCHEHHS Ta
BIZTHOBJICHHSI, aHOJI CAaMOBLUIBHO 3apSKAETHCSI HETATUBHO, a KaTOM —
MO3UTUBHO.

[Tpu enexkTpomi3i 3a TOMOMOTOI 30BHINIHBOTO JUKEpeIa CTPyMy
3a0€3Meuy€eThCsl 3BOPOTHUHN TPOILIEC 1 AHOJ TPUMYCOBO 3aPSIKAETHCS
MO3UTUBHO, & KAaTOJ[ — HETaTUBHO.

Martepianu kaToaa i aHO/Ja TOBUHHI BIAMOBIIATH MIEBHUM BUMO-
ram. Katox mycnts Gyru iHepTHI/IM (To6TO HE pearyBaTH 3i CKiIal0-
BIMH EIICKTPOINTY) 1 BILUIMB HOIO PEYOBMHH HA KATOJHY PEAaKIiio Imo-
BUHCH OyTH MIHIMaJIbHUM. AHOX MOXE OYTH IHEPTHHM 1 aKTUBHHM.
IHepTHI aHOIM BUTOTOBJIAIOTH 13 Omaropomnux metaiis (Pt, Pd), He-
pKaBilOUUX cTallel, rpadity.

s 3a0e3neueHHs Mpoliecy eNeKTPoIIi3y HeOOXiaHO, 00 30BHIIII-
Hs EPC 6yna 6inpiioro, Hixk EPC BiilToBiIHOr0 ralbBaHIYHOI'O €JIEMEH-
ta. Ll pi3HULIA BUTpadaeThcs Ha MepeOOPIOBAHHS OTIOPY 30BHIIIHBO-
ro Ta BHYTPIIIHBbOrO KiJ. MiHIMaIbHA HAmpyra, IpH SKiid BiIOyBa€Th-
Cst POLIEC CICKTPOII3Y HA3MBAETECs Hanpyeoto poskiady (U, ).

Honapusayin enexmpoodie — 1i¢ 3MIILICHHS TIOTCHIANY CJICKTPOIB
BiJl PIBHOBaXHMX 3HAUYCHB IIPH IMPOXOPKEHHI KPi3h €JICKTPOXIMIUHY CH-
CTEMY €JIEKTPUYHOTO CTPyMy (BiOYBA€ThCS MPU €IEKTPOIII3i Ta y
rajJbBaHIYHHUX €JIeMEHTax). ICHye nBa TUmM Tmosipu3alii — KOHIEH-
TpalliffHa Ta eJIeKTPOXiMiuHa.

KoHuenTpariiiiHa mosipusaiisi 3yMOBJI€HA THUM, IO HIBUIKICTb
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nudysii riApaTOBAaHUX 10HIB MEHIIA, HK IIBUAKICTH €MEKTPOXIMIYHUX
npoueciB. 1o monspuzaiiiro MoxHa 3MEHUIUTH MEPEMIITYBAHHSIM 1 Ha-
TCpiBaHHSIM.

EnexTpoxiMiyHa mossipu3allisi MOB'si3aHa 3 BUHUKHEHHSM TrajibBa-
HiyHOTO eneMeHTy, EPC sikoro HampaBiieHa IPOTHIIEKHO 30BHILIHIN
EPC, 1m0 3yMOBIIIOE TIpOIIEC €IEKTPOJII3Y.

Katonna monsipuzaiiisi 3milye MOTEHINAN KaToay 0 Okl Hera-
THUBHMX 3HA4YeHb, aHOJIHA MOJISIPU3AIlis 3MIIy€e MOTEHIIA]l aHOAY 10
OLTBIN TTO3UTUBHUX 3HAUYECHD.

Ipy enexTporisi mpowecy MoNspu3alii 3a1ekaTh, KPIM IIBUIKO-
CTeil pyXy I0HIB y €IEKTPOIITAX Ta CIEKTPOHIB Y HpOBlI[HI/IKaX -
¢by3ii rizpatroBaHuX 10HIB Ta €NEKTPOXIMIYHUX IPOILIECIB, 1€ i Bix Ty-
CTUHU CTpyMy Ha enekTrponax. ['yctuna ctpymy i(D) — 1€ BiZHOIIEH-
HS BEJIMYMHU CTPYMY, KU MTOAAETHCS B €JICKTPOIII3HY BaHHY, O IUIO-
i TTOBEPXHI €JIeKTPOJIa:

i(D) = IIS Alnm?.

Yuwm OutbIlia TyCTHHA CTPYMY, THM OlnTbIia moJisipusariis. st 3MeH-
IICHHS eNIEKTPOXIMIYHOI MOJISIpH3allii peajabHy IUIOLLY ITOBEPXHI 30171b-
HIYIOTh, BUKOPUCTOBYIOUM MOPHUCTI Ta T'yOUaCTi eIEKTPOIH.

V 3aranbHOMY BMNAAKY [ # [, TOMY IO HaiyacTille ILIOMLIi
KaToIy Ta aHOAY HE NOPIBHIOIOTH OJHA OJHIM, a 10 eNeKTpoizepy
HaJIXOJUTh CTPYM IE€BHOI BEJIWYMHU. 3aJIEKHOCTI MOTEHIIATIB eJIeK-
TPOIB BiJl TYCTUHH CTPYMY BiIOOPaXKAIOTHCS Ha MOJSIPU3ALIIHHIX KPH-
BHX, BUTJIS] SKUX MOXKE 3HAYHO 3MIHIOBATHCS IIPH 3MiHI YMOB €JIeK-
TPOJIi3y, 0COOIMBO TIPU HASIBHOCTI JIOMIIIOK 1HIIMX E€JIEKTPOJIITIB.

Ilepenanpyeoio TIOTEHIIATy eleKTpoaa, ado MPOCTO MepeHanpy-
TOI0 T HA3MBAETHCS PIZHUILS MOTEHIIAJIIB IMOJIPU30BAHOTO EIEKTPOaa
Ta eJIeKTPOoJa B PIBHOBAXHOMY CTaHI MPHW JaHIA T'yCTUHI CTPYMY:

n = (pi o (ppiBH'

Karonna nmepenampyra 3aBXIu Mae€ 3HaK MIHYC, aHOJHA — 3HAK
TLTIOC.

Oco0nBe 3HAYCHHSI Ma€ TIepeHAIpyra BiTHOBJIEHHS BOIHIO, TOMY
1[0 Y BOAHOMY PO3YHHI 3aBXIU € 10HW BOAHIO. BoHa 3a1eXuTh BiX
Martepiajiy eleKTpoJa Ta CTaHy Horo moBepxHi, 3HayeHHs pH, Temme-
patypu. [lis neskux enexTpoais BoHa gocsrae —2,0 B (¢°(2H*|H,) = 0).
HaiiMeHia BoHa Ha ry04acToOMy IUIATHHOBOMY €ICKTPOML (@, = @, ).

3a yMOBHM BiIHOBJICHHS Ha €JIEKTPOI Ti€l )X MPUPOIU Ta MPU HEBe-
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JUKUX 3HAYEHHSX TYCTUHU CTPYMY JUISl OUTBHIIOCTI 10HIB METAJIiB IIe-
peHanpyra He3HayHa i @, = @ .

Ilpouecu na enexkmpoodax. Iopsaok po3psly i10HIB Ha €IEKTPOJIax
3aJIeKUTh B (9, TOOTO Bil 3HAYEHHs PIBHOBAXXHOIO (3a CTAaHAAPTHHX
YMOB — CTaHAapTHOTO) TOTEHIIially Ta Bia mepeHanpyru. Ha katomax
y TIEpIIy Yepry BiIHOBIIOIOTHCS KATIOHU 3 OUTHIIIMM 3HAYEHHSM eJIeK-
TPOAHOTO TOTEHIlIATy Ta 3 HAWMEHIIIMM HETaTMBHUM 3HAYCHHSIM TIepe-
Hanpyru. Ha aHogax crouyaTky OKHMCHIOIOTBCS 10HM 3 MEHIITUM 3HAueH-
HSIM TTOTEHIIIATy Ta 3 HAWMEHIIIMM MO3UTHBHUM 3HAYCHHSIM TIepEeHAIpy-
ru. SKio Hemae 3Ha4YeHb NEPEHATPYTH BIIUICHHS KOHKPETHOTO 10HY,
MOJXHAa OPIEHTOBHO KOPUCTYBATHCS 3HAYCHHSM CTAHJAAPTHOTO €JIeK-
TPOAHOTO MOTEHINAIY.

Ilpouecu na kamooax. Ilpu enexTpoIIizi KUCIIOT, COJIeH 1 OCHOB Ha
KaTo/aX BiTHOBIIIOIOTHCS KATIOHW METAJiB 1 BOAHIO (3 BOAU abo KHC-
JIOT) 32 HACTYMTHUMU TpaBUIAMH:

METaJH, SIKi CTOSITh y s/l HAMPYT MICIs BOAHIO, 3aBXIU BITHOB-
JIOIOTHCS 3 BOJHUX PO3YHMHIB Ta PO3IUIABIB Y MOPSIKY 3MEHIIIEHHS 1X
MOTEHIIaIiB:

Agt+ e — Ag’ ¢ = +0,8 B.

VY Bumanaky BITHOBJICHHS METaJliB Ha METAJIYHHUX eNIEKTpoAax Tiel
K TIPUPOAN MOXKHA BUKOPUCTOBYBATH CTAHAAPTHI 3HAYCHHS TOTEHIII-
aniB;

METAJIH, SIKI CTOATh Y P/l HAIPYT A0 AITIOMIHIIO BKIIFOUHO, BiIHOB-
JIOIOTHCS TUTBKHU 3 PO3ILIABIB:

Na*+ 1e — Na% ¢°=-2,70 B.

3 BOJTHUX PO3UYMHIB 3aMICTh HUX BiJJHOBJIIOETHCS BOJIEHb, TOMY IIIO
MOTEHIIA]l peaKIlii BIAHOBICHHS METAJliB 3HAYHO MEHIIUN Bi MOTEH-
1iaJly BiIHOBJICHHSI BOJHIO:

2H,0 +2¢ — H, + 20H; ¢’ =-0,83 B,

abo B kucux cepenosumax 2H" +2e — H,; ¢, = 0,00 ... 0,41 B nipu
pH=1...7;

METalH, SIKI CTOATh Y PSAl HANPYT BiJ aJIOMIHIIO O BOAHIO, TE€O-
PETUYHO MOXKYTh BIIHOBIIIOBATUCH HAa KATO/Il Pa30M i3 BOJHEM. Y OlTb-
IIOCT]I BUIAJKIB peaKIlil0 BiIIHOBJIEHHS BOIHIO MOXXHA JOBECTH JIO Mi-
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HIMyMY 30UTBIIEHHSIM MEPEHANPYTH 10HIB BOJIHIO:

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

Ilpoyecu na anooax. Ha anonax BinOyBaroThCs MPOIECH OKHUC-
HEHHS BITHOBHUKIB y TIOPSIIKY 30UTBIICHHS iX MOoTeHIiaaiB. ToMy cro-
YaTKy BiIOYBAaIOTHCSI MPOIECH, SIKI XapaKTePU3YIOThCS HANMEHIINM
3HAYCHHSIM TOTEHITiaiB.

Lli mpouecu BinOyBarOThCA 3TIAHO 3 HACTYIIHUMU MPABHIIAMH.

1. Po3unHHI aHOAW OKHUCHIOIOTHCS 3 YTBOPSHHSIM BiAIIOBIIHUX 10HIB
MeTalliB:

Zn’ -2e — Zn*?;, ¢’ =-0,76 B;
Cu’-2e — Cu*?; ¢ = +0,34 B.

Lle mosICHIOETBCS TUM, IO OUTBIIICTH METAJIIB MAaIOTh MEHIIHUH ITO-
TEHIIlaJT OKUCHEHHSI, HDK 10HU-BITHOBHUKH, SIKi € B €JIEKTPOJIITI.

2. Ha neposunnnux anogax (Pt, Pd, C), moreHuian sSKux AOCTaT-
HbO BEJIUKHUI, BiIOYBAETHCS MPOIEC OKUCHEHHS KOMIIOHEHTIB eJeK-
TPOJITY 3TiAHO 31 3HAYEHHSMH IMOTEHLIAIIB peaKIliii:

SIKIIO Y €JIEKTPOIIITI € aHIOHW OE3KMCHEBUX KUCIIOT, BOHU OKUCHIO-
IOThCA y Tepiny depry (kpim ioHiB F-):

2ClI' - 2e - Cl; ¢, = +1,52 B (Ha IWIaTUHOBUX EIEKTPOJAX);
2 -2e - 1; ¢ =+0,53 B;

SKIIO y PO3YMHI € 10HM KUCHEBMICHUX KHCJIOT, TO BOHU HE OKHC-
HIOIOTHCSl HA aHOJI BHACTIJOK BEJIMKOTO 3HAYEHHS IX €JIEeKTPOIHUX
MOTEHITIaIB; 3aMIiCTh HUX Ha aHOJI OKHCHIOIOTHCS MOJIEKYJIH BOJIHM 3
BUIUIEHHSAM KHUCHIO:

2 = 20 30 = .
280, - 2¢ — S0 ¢° = +2,01 B;
2HO -4e —» O, +4H"; ¢, = +1,68 B (Ha IiIaTHHOBOMY €NIEKTPO/II);

y BUIIAJIKY JIY’)KHOTO cepenoBuia (HasiBHICTH ioHIB OH") mpoxo-

JIUTh PeaKIisi OKMCHEHHS TiIpOKCH/I-IOHIB:
40H -4e —» O, +2H,0; ¢, =04 B.
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Hapenemo nmexinbka MpUKIAIiB.

Enexmponis 600u (iHepTHi eneKTpoau, ckiaj enekrpomty — H O)

JlucTuiiboBaHa BOJIa €JIEKTPOJII3Y HE MIIA€ThCS, TOMY IO € JyXKe
cnabKUM eNIeKTpOJIiTOM. 3BHYaiiHa Bojaa (BOJOMNPOBIIHA, IPUPOIHA)
MICTUTB JOMIIIKHU COJIEH, IO MiIBUINYIOTH il €JICKTPOIIPOBIIHICTD 1 BOHA
JIETKO PO3KJIAIa€ThCS:

K:2H,0 +2e¢ — H, + 20H;
A:2H,O0 - 4e — O, + 4H";
2H,0 &13, 2H T+ O,T.

ITpu enexTposi3i BOau HAa KaTOAl BIAHOBIIOEThCS BOACHb, HA aHO-
I BUAUISIETHCS KUCEHb. Y MPUKATOTHOMY IIApi eeKTPoJIiTa (KaToui-
Ti) YTBOPIOETHCS CIA0KOIYXKHE CEPEOBUINE, Y MPUAHOJIHOMY IIapi
(aHOmITI) — cTabKOKHCIIE cepemoBuIe. SIKIIO BIJOKPEMUTH KATONIT 1
AHOJIT, MOKHA OTPUMATHU CIAOKOIYXKHY BOIY, SIKy B HApOJAl Ha3MuBa-
10Th "’KHBOIO" BHACTIZIOK BUPAXKEHOI pereHepyIouoi 3M1aTHOCTI Ta ¢1ab-
KOKHCIY BOJy, SIKY HAa3UBaIOTh "MEPTBOIO", TOMY 110 BOHA MA€ aHTHU-
CeNMTUYHI BJIACTMBOCTI. EJeKTpoiTHUHNN pO3KIa BOJHU — 1€ MPOMHUC-
JIOBUH CIOCiO OTpUMAaHHS BOJHIO Ta KHCHIO.

Enexmponiz posnnasy NaCl (IUTATUHOBI €1EKTPOJIU, B EIEKTPOIIi-
Ti € ionn Na* ta CI):

A: 2ClI -2¢ - CLT;
K: Na*+ 1le — Na’%
2NaCl €135 2Na + CLT.

ITpu enextpouisi po3mnaBy NaCl Ha KaToAl YTBOPIOEThCS MeTa-
JIYHUN HATPIM, HA aHOMI — razonoAioHuit xiaop. Llei nporec € nmpukia-
JIOM MPOMHMCIIOBOTO JIOOYBAaHHS TaJIOTCHIB 1 aKTUBHUX METaJIiB.

Enexmponiz pozuuny NaCl (IIaTUHOBI €JIEKTPOJIU, B €IEKTPOJIITI
€ ionn Na*, ClI- Ta momnekynu Boau). Ha aHO/ i MOXIIMBI 1Ba MPOIIECH:

A:1.2HO-4e =0, +4H" ¢"=123B;n=045B;9.= 1,23+ 045= 1,68 B.
2.2CI -2e¢ =ClL;¢"=136B;n=0,16 B; ¢, =1,36 +0,16 = 1,52 B.
VYV naHomy BHUIAJKy Ha aHOHI OyIyTh OKHMCHIOBATHCS 10HU XJIODY,
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TOMY IIIO peajbHUH MOTEHIIAJI OKUCHEHHS XJIOPY MEHILIUH, HI)K MOTEH-
1iag OKUCHEHHS BOJU:

K: 2H,0 + 2¢ — H,T + 20H;
A:2ClI -2¢ - CLT;
2H,0 + 2CI ©1=3» H T + 20H + CLT,

ab0 y MOIIEKYJISPHOMY BUIJISIII
2H,0 + 2NaCl en-3 H,T + 2NaOH + CLT.

B ipomy mporieci Ha kaToi OyAe BUIUISTHCS BOJCHb, HA aHOJI —
xJ10p, y po3uuHi 3anummuTthess NaOH. [1pu BunapoByBaHHi Boau 100y-
BaroTh Kpuctajmiynuii myr NaOH (mpomucnosuii croci6 go0yBaHHs
JyTiB).

Enexmponiz posuuny Na,SO, (iHepTHI aHOIM, CKJIal €IEKTPOJITY:

H,0, Na*, SO;):
A: 2H,0 - 4¢ — O,T + 4H%;
K: 2H,0 +2¢ — H,T + 20H;
2H,0 €153 2H T +0,T.

B pesynbTaTi enekTposizy i€l coii Oyae BimOyBaTuCsS pO3KIa-
JIeHHS BOJAM, a KOHLIEHTPAIIisl COJIi 3pOCTaTHMe

Enexmponiz coni CuSO, 3 posuunnumu mionumu anodamu (CKIamn
erexrporiry — Cu®*, SO;, H,0):

A: Cu’-2¢ — Cu*;
K: Cu** +2e — Cu"%

Cu + Cu* &3, Cu2* + Cu.

B pesynbTati e1exTpoIi3y MiTHUI aHOJ PO3YUHSETHCS, HA KATOAl
BITHOBITIOETHCSI MiJlb, TOOTO BiIOYBAETHCS MEPESHOC PEYOBMHU Miji 3
aHOMy Ha KaToi. TakuM YMHOM B IMPOMMCIIOBOCTI JOOYBAETHCS YUCTA
(padinoBaHa) Mifb. AHOJAMH € IUTACTUHU YOPHOBOI (3a0pyaHEHOT) Mii,
KaToJaMu — IUIACTHHU 3 padiHoBaHOI Miai. ¥ mpolieci eleKTpoTizy
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MiJlb 3 aHOJIIB TIOCTYIOBO BiJKJIAAA€ThCS HA KATOJaX, a JOMIIIKU 3a-
JMIIAIOTHCS Yy PO3YHMHI.

Enexmponiz coni CuSO, 3 neposuunnumu anodamu (CKIaj eleK-
tpomity — Cu?*, SOi_, H,0):

A:2H,0 - 4e — O,T + 4H*;

K: Cu** +2¢ — Cu%

2H,0 + Cu** 3 0T + 4H* + Cu
2H,0 + CuSO, “=»0,T + 2H_SO, + Cu".

B npomMy mpoiieci BiiOyBaeThCs BUIUICHHS MiJl HAa KaTOJi, KHUC-
HIO — Ha aHOJl, a y PO3UMHI YTBOPIOETHCS CyIb(daTHa KUCIOTA.

IMpuxmaaa 1. Onucatu mpolecH Ha eNeKTpoAax IpHU eIeKTPOITi3i
posunny K.SO,.

Po3ze'azanna

Enexrpomnis posunny K SO, (cknan enexrpomity: H,O, K, SOY):
A: 2H,0 -4e — O,T + 4H%;
K: 2H,0 +2¢ — H,T + 20H;;

Cymapnuii mpouec: 2H,0 ers,, O, T+ 2H, T.

B pesynbrati eneKTpomsy i€l coui 6yﬂe BiIOyBaTUCS PO3KIIAL
BOJU 1 KOHHCHTpaHIﬂ coumi Oyne 3POCTAaTH, TOMY IO 3 BOJHUX PO34H-
HiB K* He Oyae BiAHOBIIOBATHUCH BHACTIIOK BEJIUKOTO BII'€MHOTO IO-

TeHuiay, a ionn SO; He OyAyTh OKMCHIOBATHCS, TOMY IO MAIOTh

noteHuian 6inpmmit (@(S,052S0;7) = 2,01 B), Hix moTteHuian pos-
kinany soau 10 O, Ta H (¢, (O, + 4H'[2H,0) = 1,68 B).
Kinvkicni xapakmepucmuku eaexmponizy. 3akonu @Dapades

IHepwuii 3akon Dapadesi. Maca pedoBUHH, KA MEPETBOPIOETHCS
Ha eJIeKTpOoJax, MPOIMOPIiOHAIbHA KUTBKOCTI €IIEKTPUKH CTPYyMY, IO
npoiiria Kpi3b po3unH ab0 PO3IUIAB €NEKTPOIITY:

m = kQ,
ne k — xoedillieHT MpOoMOpLIOHATBHOCTI, IKMIl HA3UBAETHCS €IEKTPO-
XIMIYHUM €KBIBAJIECHTOM II€PETBOPEHOI PEUOBUHM, O — KIIBKICTh €JIeK-
Tpuku, Q = It.
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Jpyeuii 3axon  Dapades. MaTeMaTUIHUN BUpa3 WOro TAKHii:
m = M Ii[F,

€ M — Maca NePEeTBOPEHOI PEYOBMHH, T; M, — MOJIIpHA Maca XiMi4HO-
ro eKkBiBajieHTa pedoBunu (M, = M/n, M — MonspHa Maca pEYOBUHH,
n — KUIBKICTh €JIEKTPOHIB Y CYMapHOMY OKHUCHO-BITHOBHOMY IIpOIIe-
ci); I — BenMuMHA CUIIM CTPyMY, A; { — TPUBAJIICTh €JIEKTPOJIi3y, CEKyH-
mu abo rogunu; F — yncio ®apanes, 96500 Kin/Monp (k1o yac Bupa-
KEHUM y cexyHaax), abo 26,5 A-roa/Moiik (KO Yac BUPaXKEHUN y
roJIMHAaXx).

Kpim romoBHoro npotiecy, Npu MpoXoKEHHI eIeKTPUIHOTO CTPY-
MY Kpi3b €JICKTPOJIT BiIOyBaeThcs 6arato mobiyHUX mporueciB. Yacr-
Ka KITBbKOCTI €JIEKTPUKHU, SIKa BUKOPUCTOBYETHCS JUIsl JOOYBAHHS IEB-
HOT'O MPOJYKTY, XapaKTepHU3yEThCs BUXOJOM 3a CTpyMoM. Buxim 3a
CTPYMOM — LI BIAHOIIEHHS KITbKOCTI MPAKTUYHO OJEP’KAHOI PEeUOBU-
HU Ta KUIBKOCTI TEOPETHYHO PO3PaxXOBAHOI PEYOBHHH 3TITHO 3 3aKO-
nom Dapapes:

n= mnp/mTeop.

ITpu BiTHOBIJIEHHI TAKUX METANIB K IIMHK, MiJlb, 3aJ1i30 1| JOCSTaE
BenuuuHU 95...98 %.

IMpuxnan 2. BusznauuTu yac, HEOOXiMHUN 11T HOOyBaHHS 1 KT
METAJIIYHOTO HATPIIO MPH €IEKTPOIi3i pO3IIaBy HATPIN TiAPOKCHIY
npu cuii crpymy 2500 A. Buxin 3a ctpymoMm (1) nopiBHioe 35 %. Bu-
3HAYUTH TOOYTUH 00'€EM KHUCHIO.

Po3ze'sazanns

1. Ipouecu Ha enexTpoaax (ckman enexktpomity: OH-, Na*).

A:4OH -4e - 2H,0 + O,
K: Na* + 1e — Na.

2,17

3akon ®apanes: m= M, _Ii/F, t = mF/M I, M (Na) = 23 r/monb. 3
ypaxyBaHHSIM BHUXOJy 32 CTPYMOM

t = mFMM I,
t = (1000-96500)/(0,35-23-2500) = 4795 ¢ = 1 roxn 20 xB.

3. 1(0,) - ?
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(O,) = V Im/F, ne V, — monapHuii 06'eM eKBIBaJIEHTa KUCHIO.
V,= 5,6 n/mob.

1(0O,) = (5,6:2500-4795-0,35)/96500 = 243,5 .

Bionosios: t = 1 ron, 20 xB; V(O,) = 243,5 .

Bukopucmanna enexkmpoximiuHux npouecié y npomuciogocmi

AKymynsmopu — 1ie 00OPOTHI TaIbBaHIYHI eJleMeHTH. PeuoBrHU
EJIEKTPOMAIB 1 €IeKTPOIITIB MAOUPAIOTh TAK, HI00 MPH €IEKTPOi3i
00OPOTHICTh JOCAraNach HaMEHIIUMU 30UTKAMM €HEPrii Ha MOoOIYHI
MPOIIECH Ta BHUIUICHHS TEIUIOTH. [[UM BHMOram BifIIOBIIAIOTh KiJTbKa
ENEKTPOXIMIYHUX CHUCTEM.

HajnmonmmpeHuM i3 aKyMyJISITOPIB € CBUHIEBUI ab0 KUCIOTHHUIA.
Bin cknamaersest 3 JBOX CBHHIEBUX PEHITOK (enekTponis). o 3aps-
JOKCHHS BIYKHM PEINITOK 3alOBHIOIOTH Nactor 3 PbO i rmnepuny (sx
3B's13ytoue). OKCUJT CBUHITIO pearye 3 pO3UMHOM CYiIb()aTHOI KUCIOTH
(30 %), B aKuUif 3aHYPEHO €NEeKTPOAH, 3 YTBOPEHHSIM HEPO3UMHHOTO
wiroMOyMm cynbgary: PbO + H,SO, = PbSO, + H,O.

AKYMYTATOD 3apsadicaroms, TPUEAHABIIN HOTO A0 JKepena Io-
CTIHHOTO eNeKTpUYHOTO cTpyMy. [IpH 3aps/keHHI BiTOyBa€eThCs MPO-
LEC €JIeKTPOII3y W eeKTpUYHA €HEPTisl MePEeTBOPIOETHCS HA XIMIUHY:

A (+): PbSO, + 2H,0 - 2¢ — PbO, + 4H* + SO}

K (-): PbSO, + 2¢ — Pb’ + SO}
2PbSO, + 2H,0 — PbO, + Pb® + 2H,SO,.

ITin yac mpomyckaHHS MOCTIHHOTO CTPYMY Kpi3b 1[I0 CUCTEMY Ha
MO3UTUBHOMY elIeKTpoi (aHoAl) Pb?* OKMCHIOETHCS 3 YTBOPEHHSIM
PbO,, na HeraTuBHOMY eJeKTpo/i (kaToai) Pb** BinnoBmroeThes 3
yTBOpeHHsIM Pb.

3apspKeHUR aKyMyJISITOp MOJKHA 3apa3 e BUKOPHUCTOBYBATH SIK
rajpBaHIUHMI eneMeHT. Cxema HOro Taka:

(=) PbYPbSO,J[PbSO,[PbO (+).

ITin yac pospsdku akymysisTOpa Ha €JIeKTPOoJaX MPOXOASITh Bij-
MOBITHI 0OOPOTHI MIPOIIECH 1 XiMiUHA EHEPTisl IEPETBOPIOETHCS HA eJIeK-
TPUYHY:
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A (-):Pb’ +SO; - 2¢ — PbSO,;

K (+): PbO, + 4H* + SO;” +2¢ — PbSO, + 2H,0;

PbO, + Pb’ + 2H,S0, — 2PbSO, + 2H,O.

HMoro EPC Binpisnserses cTabinpricTio i gopisaioe 2,001 B. Cry-
MiHb PO3PSDKEHHST aKyMYJIATOpa BU3HAYAIOTHh 33 3MEHIICHHSIM T'YCTH-
HM KHMCIIOTH, OCKUIBbKHM 1i KOHLIEHTpalis BHACIIIOK yTBopeHHs PbSO,
3MmeHiyeThest. [pu 3meninendi EPC go 1,85 B akymynsaTop 3apsika-
IOTh 3HOB.

Lli akymynsTopu qyke MUPOKO BUKOPHCTOBYIOTHCS Y MPOMUCIIO-
BocTi (= 90 % Bix 3arajbHOI KUTBKOCTI BUPOOJIEHUX MPUCTPOIB).

Ho nysichux axyMynsiTOPIiB HaJleXaTh 3aJIi3HO-HIKEJIEBHH, KaaMi-
€BO-HiKeNeBuH, cpiOHo-1tmHKOBUNA. Enextpomnitom € 20...30%-i po3unn
KOH a6o LiOH. Cxema iioro Taxa:

(-)Felposunn KOH|Ni(OH),(+); EPC = 1,36 B.
A: Fe’ -2¢ — Fe™;
K: Ni** + ¢ — Ni*.
HpI/IHuyIH Jii 3aJII3HO-HIKEJIEBOTO aKyMyJIsaTOpa TaKOX MOXHa
BHUPA3UTHU PIBHIHHIM

PospsixeHHs
3apsmKeHHs

Fe + 2Ni(OH), Fe(OH), + 2Ni(OH),.

[Tpu nmopyieHHi repMETUYHOCTI AKYMYJISITOPIB PEYOBUHHM €JIEK-
TPOIiB Ta €JIEKTPOJITIB MOTPAILISIOTh Y HABKOJIMIITHE CEPEIOBUIIIE,
110 MPU3BOJIUTH 10 HOro 3a0pyaHEHHS, TOMY 1Ii JKEpea CTPyMy €KO-
JIOTIYHO HeOe3IeYHi.

Jobysanus anominiio. AmomiHiii 100yBalOTh €JIEKTPOJIIZ30M PO3-
IJIaBIEHOI cymimni riuHo3emy Ta kpionity (ALO, + Na,[AlF ]) npu
temrnepatypi 1000 °C. KpioniT noaaroTh Al NiABUILEHHS €JIeKTPO-
MPOBITHOCTI Ta JJIs1 3HIDKEHHST TeMIIepaTypH po3iuiaBy. [ TuHO3eM mpu
Liil TeMnepaTypi AUCOLIIOE HA 10HU:

ALO, & AP + AlO7.

AHOJAMHU € TOBCTI rpadiToOBi CTEPXKHI, KATOAOM — 3aJII3HUN KOpP-
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nyc BaHHH, ¢yTepoBanuii rpaditom. EnexTpoani mpouecu Taki:
A: 4A10;7 - 12e — 2A10, + 30,
K: AP + 3e — Al

T'anveanoniacmuxa — MpoleC BUTOTOBJICHHS TOYHUX KOIINA BUPO-
0iB 3 MeTaiB, IUIACTMAC IUISIXOM HAHECEHHS EJIeKTPOXIMIYHOTO TIO-
KPUTTS, SIKE JIETKO BIIOKPEMIIIOETHCS BiJ OCHOBH. ['anmbBaHOIIACTH-
Ka IMIUPOKO 3aCTOCOBYETHCSI IIPU BUTOTOBJICHHI MATpPHIh y MOJIrpa-
¢ii, nmpec-popm, GoNbru, IOBETIPHUX BUPOOIB, KOMK CKYIBOTYp, Ipa-
BIOp, JleTajiell MallluH CKJIaAHOI KOHirypairi Tomo. ToBmuHa oca-
JOKEHOTO MeTany KonmmBaeTbes Big 0,1 go 10,0 Mm.

[Tpouec ranbBaHOIUIACTUKYN CKJIAJA€THCA 3 KIIBKOX OMEpaIliii:
BUTOTOBJICHHSI OPUTIHAJIIB, HAHECEHHS EIIEKTPOITPOBIIHOTO APy, eICK-
TpOJi3y Ta BiIaUIeHHS (OPMU BiJ MOKPHUTTSI.

T'anveanocmeeiss — MpoLeC HAHECEHHS! METAJIEBOr0 MOKPUTTS Ha
METaJIH MUISIXOM €JIEKTPOIIi3y. B OCHOBHOMY IIi MOKPHUTTSI HAHOCSTHCS
3 IEKOPATUBHOIO METOI0 ab0 3 METOI0 3aXMCTy METajliB BiJ KOpO3ii i
OyayTh PO3MIISAATUCA Y BiANOBIAHOMY po3aim. OCHOBHA pi3HHUI 000X
MPOLECIB MOJATa€ B TOMY, IO Y raibBAHOIUIACTHULI IMOKPUTTS BiJ0-
KPEMITIOIOTH BiJl OCHOBH, a Y TaJIbBAHOCTET1l MOKPUTTS MOBUHHO MIill-
HO 3'€eHYBATHUCA 3 OCHOBOIO.

ITuranus ta 3a11aqi

1. Ilo Ha3UBAETHCS EIEKTPOTI3OM?

2. SIki OyBarOTh TUIH IMOJSpU3ALii?

3. UuMm 3yMOBJIeHA KOHLIEHTpALIiHA MOJISpU3alis?

4. Bim 4oro 3aleuTh eJIEKTPOXIMIYHA MOJIIpU3aLis?

5. Illo Take mepeHarnpyra i SK BOHA BIUIMBA€ Ha MOTEHIIA]l KOH-
KpETHOI peakifii?

6. ITosicHITh, YOMY OCOOJIMBE 3HAUEHHS Mae€ IepeHarnpyra BUi-
JICHHSI BOJIHIO JIJTS €JIEKTPOJIi3y BOAHHMX PO3YMHIB 1 BiJf 4OT0 BOHA 3aJie-
KUTh.

7. CopmyrroiiTe mpaBuiia BiIHOBIEHHS Ha KaTojax. Bim doro
3aJIeKaTh 11 Iporecu?

8. CopmyiroiiTe mpaBuia OKMCHEHHSI Ha KaTtojax. SIki mporecu
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MOXYTb BiIOyBaTHCS HA PO3YMHHUX 1 HEPO3UMHHUX aHoAax? UuM BOHU
3yMOBIICH1?

9. 3amucaTu CXeMH elleKTpoiti3y HacTynHux posmuiasis: KCI, NaBr,
MgCl,, Rbl.

10. 3anmucaT CXeMHU €IIEKTPOIIi3y HACTYIHUX PO3YHHIB 3 HEPO3-
unHHuMH anoxamu: K SO,, MgSO,, CuCl,, NiBr,, FeCl,, cymim
Na,SO, ta Cul,.

11. 3anucaTy cXeMH €JeKTPOJIi3y HACTYIMHUX PO3YMHIB 13 PO3UMH-
numu anopamu: FeCl, CuCl,, NiSO,, Co(NO,),, AuCl,.

12. Kpispb posuun ZnCl, npoiiuuio 96500 Kn enexrpuku. I[Tpu npo-
My Macu BHJAUIEHUX IIUHKY Ta XJOPY BIAMOBIAHO JOPiBHIOIOTH 19,61
Tta 6,20 r. 3amucaTH CICKTPOAHI MPOLECH Ta PO3paxyBaTH BUXIA 3a
CTPYMOM.

13. Ilpu enexTpoiti3i coji JBOBAJIEHTHOTO METally CTPYMOM CH-
o0 1 A mporsrom 1 roa Buaiiwiock Ha katoai 2,219 r metany. Bu-
3HAYUTU LEU MeTall.

14. TIpu npomycKkaHHI CTPYMY IPOTIAroM 9 XB Kpi3b KYJIOHOMETD,
AKUI MICTUTH po3Benenuii pozunn H,SO,, suaimunocs 0,06 r rpumy-
yoro rasy 2H, + O,, BumipsiHoro npu temneparypi 20 °C Ta TuCKy
99708 Ila. HaBectn moBHy cxemy enekrpoimisy posuuny H, SO, ra
BU3HAUNTHU CHIIY CTPYMY.

JlaGopaTopHna podora Ne 12
KOPO3IA METAJIIB

Koposis memanie — 11e caMOBUTBHUN TpolieC 1X pyHHYBaHHS BHAC-
JI0K (hI3UKO-XIMIYHOI B3a€MO/IIi 3 HABKOJIMIIHIM cepeaoBuineM. Ko-
pO3iliHUH Mmpoliec BiIOYBAaeThCAd HAa MOBEPXHI MOAIIY MeTal-ra3 abo
METaj—pO3YHH, TOOTO € TeTEePOTreHHUM ITPOIIECOM.

Kopo3iitHi mpouecn kaacugikyloTbCs 3aJI€KHO BiJ MeXaHi3My pe-
aKIIii, yMOB IepeOiry mpoleciB Ta XapakTepy KOPO3IMHUX IOPYIICHb.

B 3amexxHOCTI BiJ MEeXaHI3My peakiiii Kopo3is Moxe OyTH XiMid-
HOIO Ta €JeKTPOXiMiuHOI0. bioXiMiuHa KOpO3is BiIOYyBAETHCS €IIEK-
TPOXIMIYHUM IIJIAXOM.

B 3anmexxHocTi Bil yMOB IepeOiry mpoIieciB Kopo3is 0yBae raso-
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BOIO, aTMOC(EpPHOIO (pyHHYBAHHS METAJIB y MOBITPi), TPYHTOBOIO,
EIEKTPOJIITHOIO Ta HEENEKTPOIITHOIO, i Ji€l0 30BHINIHIX OIyKaro-
YUX CTPYMIB, CTPYKTYPHOIO (MMpU HASBHOCTI JOMIIIOK y MeTaJji), KOH-
TaKTHOIO (IIPM KOHTAKTI METAJB 3 PI3HUMHU MOTEHIIATAMU).

B 3anexHOCTI Bif XapakTepy KOpPO3iMHHUX MOpYIIEHb KOPO3iIo I0-
JUISIOTh HA CYUUIbHY piBHOMIipHY (/) abo HepiBHOMIpHY (2) Ta Micle-
BY (3) (puc. 6). Y cBoIO 4epry MicleBa KOpo3is Moke OYTH TOUKOBOIO,
IJIIMHUCTOIO, BUPA3KOBOIO (4), MDKKPHUCTAIIUHOIO (5), CEIEKTUBHOIO, 3
pO3TpiCKyBaHHsAM (6) Ta iH.

Puc. 6. Bunu Kopo3iiiHUX TOPYIIEHb

Ximiuna kopo3ia — 11¢ TPOLEC CAMOBLUIBHOTO PYHHYBaHHS METaJiB
BHACITIJIOK XIMIYHOT B3a€MO/Iii 3 30BHILIHIM CEPEAOBUIIEM, IIPU TKOMY
OKMCHEHHS Ta BIIHOBJICHHS BiAOYBa€TbCS OAHOUYACHO. XIMiYHA KOPO-
3is HalwacTime criocrepiraerbes B cyxux rasax (O,, Cl, H,S Ta in.)
Ta HeeJeKTPOoJIiTax (MacTuUaax, Ma3yTi, OEH3MHAX Ta THIIMX BUAAX Ia-
JIMB, pO3IUIaBjeHiit cipui, pinkomy HF Ta in.).

I"azoBa KOpO3is € OLIBII MOMIMPEHOIO Ta BIIOYBAETHCS MPU BUCO-
KUX TeMmIlepaTypax y IBUTYHAaX BHYTPIIIHBOT'O 3TOpSHHS, TypOiHax,
paKeTHUX IBHUIYHaX, Y Ipolecax TepMiuHOi OOpOOKHM MeTajiB TOLIO.
CrouaTKy ra3u aacopOyIOThCS Ha MOBEPXHI MeTajliB, Aall BinOyBa-
€THCS IX XIMIUHA B3a€MOJIisl Ta YTBOPIOIOTHCS MPOAYKTH KOPO3il — OK-
cuadi abo coNbOBI INNBKU. SKIMO IUIiBKA Ma€ 3aXMCHI BIACTHBOCTI,
IpoLEC KOpo3ii ranbmyeTbes. 3a ymoB 2,5 < V, [V, > 1 (ne V,,, 1
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Ve — 00'eMM IUIIBKM Ta MeTaly BIAIOBIAHO) IUIIBKU BBAXKAKOThCS Cy-
IUTPHUMH Ta MIITHUMH, MAIOTh J00pE 3UCIUIEHHS 3 METAJIOM, eJacTH4-
Hi. Skiio 1e BigHOMIEeHHs Oinbine 2,5, TO BHACTIAOK 3HAYHUX BHYTPI-
IIHIX HaNpYyXeHb IUTIBKA PO3TPICKYETHCS, BIIIIAPOBYETHCS Bill TTOBEP-
XHI MeTaly Ta BTpPAavae 3aXUCHY [IIO.

IIpu BUCOKOTEMIEpATYPHIi B3aeMO/IIi 3aji3a, cTajiell 1 YaByHIB 3
ra30BUMH OKHUCHUKAMU Ta MPOAYKTAMU 3TOPSHHS MMAJINB MAlOTh MicCIe
PI3HI TIpOIeCH: OKUCHEHHSI 3aj1i3a; OKMCHEHHS Ta BWIyUYEHHS KapOOHY
(mexapOoHizallisl), BAHUKHEHHS BOJHEBOI KPUXKOCTI CTajiel; OKMCHEH-
Hsl, JeKapOOoHi3allis Ta 3pOCTaHHS YaBYHIB.

ITpu BHCOKUX TeMIepaTypax 3aj1i30 OKHUCHIOETHCS U MOKPUBAETH-
Cd IIApOM OKaJIMHH, 10 CKIaay sKoi BxoasTh MarueTut Fe,O, Ta
rematut Fe O,:

4Fe + 30, —L— 2Fe,0,; 3Fe +20, —— Fe0,.

OkucHenHst KapOony i dexapbonizayis cmaneii BinOyBaeThCs 3a
PIBHSIHHSIMU:

Fe,C, + 50, =2%°C5 4Fe0 + 3C0,;
Fe,C+0, 2225 3pe 1 co;
> 500 °C

Fe3C + 2H2 ———> 3Fe + CH4.

Cnonykn Fe,C, (xap6in) i Fe,C (ueMeHTHT) BXOAATH 10 CKIamy
crajiedl 1 yaByHiB. BHacIiIok KX MPOILIECIB MOBEPXHEBUI MIap BTpa-
4yae KapOOH, 110 BIUIMBA€ HA EKCIUIyaTalliifHi BIIACTUBOCTI JIeTajeil Ta
CIIOPY/I: 3MEHIIYETHCS TTOBEPXHEBA TBEPAICTh 1 CTIHKICTh JO MeXaHiu-
HUX HaBaHTaXCHb.

Boonesa kpuxkicms 3yMOBIIEHA YyTBOPEHHSIM MOJIEKYJISIPHOTO BOJI-
HIO 3 aTOMapHOTO, PO3YMHEHOT'O B METall, SKa BiIOYBAE€ThCS MPU BU-
COKMX TemrepaTypax. [Ipy 1IboMy yTBOPIOEThCS Ta3 1 Mmapa BOJIM:

H+H ' H,;
FeO + H, —1— Fe + H,0.

Lle sBuie cripuse BUHUKHEHHIO BEJIMKOTO THCKY B 00'eMax MeTa-
JIy, TIOSIBI MIKPOIIOp, SIKI 3MEHIIYIOTh HOro MilHicTh. HaliMeHIe mif-
JAIOTHCSI BOJHEBIH KPUXKOCTI XPOMUCTI CTajli Ta ayCTEHITHI XpPOMOHI-
KeJeBi cTal.
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3pocmannsam yagynie Ha3UBAIOTh MOMITHE 30UTBIICHHS PO3MipiB
YaBYHHMX JeTajiel (0 JeCATKIB BiICOTKIB) 31 3HAYHUM IOTIPIICHHSIM
MinHOCTi. Take sBHIIE 3yMOBJIEHO OKMCHEHHSIM IIEMEHTHUTY 110 TpaHU-
LSX 3epeH 3 YTBOPEHHAM BKJIIOUeHb rpadiTy (rpadiTH3aliero 4aByHa)
Ta BIJMOBIIHUM 301IbIIEHHSAM O0'eMy:

Fe,C —— 3Fe + C.

IcHYOTP Mapku 4aByHY, SIKI Mallo MIIAIThCs 3pOoCcTaHHIo. [o
HUX BiTHOCUTBCS cuiaib (5...10 % Si), Hixpocuiaab (MiICTUTh HIKeNb 1
XpoM) Ta iH. Binuii yaByH MeHIIEe MiIJaeThCs 3POCTAHHIO, HIXK CIpHIA.

Koposis y HeenekTpomiTax AOCHIIXKEHA I CEPEIOBUIN PiIKUX
nanuB. CaMi BYIJIEBOJIHI MPU BiJICYTHOCTI BOJAM HE aKTUBHI O MeTa-
JiB 1 He pyHHYIOTh iX. KOpOo3iiHUMH KOMIOHEHTAMH TAJIUB € CIIOJYKU
cipku: rigporen cynbdin H,S, kapbon cynsdin CS,, tiopenn Ta in.
Hadra piznux konanun mictuts Bixg 0,01 10 5 % crnoiyk uporo eiemeH-
Ta. HasgBHICTh CHOJIYK CIpKM MPU3BOAUTH JO MDKKPHUCTATIUHOI KOPO-
3ii. UuM Bakya (pakxiisi MeperoHKu Ha(pTH, TUM OUIbIIE TaM CIPKH,
TOMY Ma3yT BHKJIMKA€ 3HAYHO OUIbIy KOPO3ito, H’K OEH3UHU Ta racu.
[TinBuiieHHST TeMIepaTypu Ta HEBEIHMKA KUTbKICTh BOJU 3HAYHO AKTH-
BI3yIOTh MPOIIEC.

Ha nporiec kopo3ii ayke BIUTMBAIOTH MPOAYKTH 3rOPSHHS MauBa.
3oma mictuthk noHan 30 enemeHTiB, cepen akux Na, V, Fe, Ca, Si, Ni,
Cu. Haiibinpury arpecMBHICTh MAIOTh CIIOJYKH HATPil0 Ta BaHAIIIo,
K1 YTBOPIOIOTh KOMIUIEKCHI CIOJIYKU 3 HU3BKUMHU TeMIIEpATypaMHu
rutaBiieHHs. Ll crioiyku po3unHSIOTh 3aXMCHI OKCHJIHI IUTIBKH Ta CIIPU-
SIFOTh PO3BUTKY "BaHaaieBoi kopo3ii". [Ipu 3ropsHHI BaXKKUX MAIHUB i3
BUCOKHMMH TEMIIEPATYPAMU KMIIHHS yTBOPIOEThCA Takoxk V,0,, AKui
€ KaTajai3aTOpOM IPOLECIB OKMCHEHHS.

IIIBHIOKICTh Ta30BOi KOPO3ii 3aJI€XKUTh Bl 30BHIIIHIX 1 BHYTPILIHIX
¢daxTopiB. [Jo 30BHIIIHIX BiTHOCSATH TEMIIEPATYpPY, THUCK, CKJIaJI Ta30-
BOT'O CEpEIOBUINA Ta iH. 31 3pOCTAaHHSIM TEMIEPATYPH MIBUIKICTH OKHC-
HEHHS 3ai3a i crali CuIbHO 3pocTae. Ha mBuAKICTh KOPO3ii TaK0kK
BIUIMBA€ HASIBHICTh KUCHIO, CipKH, BoaHu. Hacu4eHHs MOBITps Maporo
BOJI IIPUCKOPIOE KOPO3i0 ¥ 2-3 pasu.

BuyTpimHiMu Ha3uBaoTh (PakTOpH, MOB'SI3aHI 3 TPUPOAOIO Ta
CTPYKTYPOIO MeTajly, XapakTepoM oOpoOKM HOro moBepxHi, HasIBHI-
CTIO JIOMIIIOK Y HhOMY. Tak, 30iNIbIIeHHs KOHIICHTpallil KapOOHY MpHU-
3BOJMTH 10 Oinbwl iHTeHcMBHOTO yTBOopeHHs CO, i 3HMXKYE KOPO3ilo.
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HasBHaicTh cipku, ¢ocdopy, HiKeTr0, MAHTaHy Maibke HE BIUIMBA€E Ha
npotec kopo3ii. HasBHicTh BaHaAil0, MOJIOACHY, BOJbGPAMy CHIBHO
MPUCKOPIOE 11 BHACIIIOK YTBOPEHHS JIETKOIJIABKUX JIETKUX OKCHIIB,
Kl PyHHYIOTh 3aXHMCHY IUIIBKY OCHOBHOTO METajly; CUJIbHO 3MEHIIY-
FOTh Fa30BY KOPO3il0 TUTAH, Miflb, KOOAJIBT, CHIIILIIN, AJTIOMIHINi Ta XPOM.
Bigomo, 1o rpy6o o6pobiieHa MOBEpXHSI KOPOAYE 3HAUYHO IHTEHCHUBHI-
e, HiX nuTihoBaHa abo mosipoBaHa.

Enexmpoximiuna kopo3ia MeTalliB 3yMOBJIEHA €JIEKTPOXIMIUYHOIO
B3aEMOJIIEI0 iX 3 eJIEKTPOIPOBITHUM 30BHIIIHIM cepenoBuiieM. Bona
CIIOCTEPITraeThCs, KOJIU MOBEPXHSI MeTaly BKpHUTa eleKkTpoiiToMm. Cyt-
TEBUMHU O3HAKaMHM IIbOTO MPOIIECY € CAMOBUIbHE PYHHYBaHHS METaJiB
BHACIIJIOK IX TEPMOJAMHAMIYHOI HECTIMKOCTI B JAHUX YMOBax i HasiB-
HICTh €JICKTPUYHOTO CTPYyMY B IPOIIECI KOPO3ii, SKUH € HAPSIMIICHUM
MEPEMIIIICHHSIM €JIEKTPOHIB Bl OJHOI NIJISTHKY HA MTOBEPXHI METAJIB 10
IHIIO].

[MpuunHaMu yTBOpPEHHS MOBEPXHI 3 PI3HUMU MMOTEHIIAIaMU € He-
OIHOPIIHICTh TBePOI ha3u (CIIaBu ab0 MIKPOBKIIIOUEHHS IHIIUX Me-
TajiB), B TOMY YHUCI i BHYTPIIIHI MEXaHIYHI HABAHTAKEHHS, KOHTAKT
JIBOX PI3HUX METAIIIB, HEOJHOPITHICTD piakoi a3 (HeOJHAKOBUI CKI1a
eJIEKTPOJIITY a00 HEOJHAKOBA MOTO KOHIIGHTpALis y PI3HUX TOYKAX
MOBEPXHi), HEOMHOPIAHICTD (PI3UUHUX YMOB (Pi3HI TEMIIEpaTypU MMOBEPX-
Hi, 3MOYyBaHHA ii, TOIIO).

OcHOBHa BiIMiHa €JIEKTPOXIMIYHOI KOPO3ii BiJl XIMIYHOI IONISATaE B
TOMY, IIO eNeKMPOXiMiuHa KOPO3isi € pe3yabmamom pooomu Kopom-
KO3AMKHYMUX MIKPO2ab8AHONAD.

Leii mporiec cki1alaeThes 3 TPHOX €TAIlB: aHOJHE PO3UMHEHHS [li-
JISTHKY 3 OUTBINI HETAaTUBHUM 3HAYEHHSIM TOTEHITIATy; IIEPEHECCHHS elleK-
TPOHIB 3 aHOJHUX AUISTHOK Ha KAaTOJ/HI; KATOJHI MpoIlecH, sIKi Haituac-
Tillle € B3a€EMOJIEI0 EIeKTPOHIB 3 KOMIIOHEHTAMH €JIEKTPOJITY.

AHOIHMI TIpoIleC y 3arajIbHOMY BUJII OMUCYETHCS PIBHSIHHIM

A: Me + mH,0 — ne < Me"-mH,0
ab0 CKOpOUYEHO
A: Me — ne < Me™.

Y KOpO3iliHUX Mpollecax OKUCHUK Ma€ CIHEU(iuHy Ha3By — 0eno-
Jaspuzamop, a MPOLeC BIAHOBICHHS OKUCHHUKA — denogspusayicio. Y
KOpPO3il Jenojaspu3aTopaMu Haidacrime OyBalOTh KUCEHb MOBITPS,
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BOJAa Ta 10HM BOJHIO, SIKI BIMHOBIIOIOTHCA HA KATOMTHUX OUISHKAX.
Hanpuxknan:

K: 2H" +2e — H, (Boanesa menonspusauis);

K: O, + 2H,0 + 2¢ — 40OH" (xucHeBa HemoONApU3aLIisA, HEUTPAIIb-
HE CepelOBUIIIE);

K: O, + 2H" + 2¢ — H,O (xucHeBa aenonspusaisi, KUCJIE Cepe-
JIOBHILIE);

K: 2H,0 + 2¢ — H, + 20H".

KucneBa genomnspusanis 3ycTpiuaeThCsl HaiuacTille y Ipupoi i
BiIOYyBA€ThCS MpU aTMOChEpHiil Kopo3ii (y BOJIOroMy MOBITpPI), KOPO-
3ii B pi3HUX BoAax (MOPCHKIH, piuHiii, BOAONIPOBIAHII) Ta B IpyHTaX.

BoaneBa nemosisipu3ariisi 4acTo CIOCTEPIra€ThCsl B MIPOMUCITOBUX
mpolnecax y KUCIIOMY CepeOBHIL, MPU KOPOo3ii B aTMochepi MpoMuc-
noBUX paiioHis, Hacuueniii CO,, SO,, H,S Ta in. Inoai Bona Tparns-
€TBCSA B MPUPO/II TTPH TPO30OBUX PO3PsIax 1 BYIKAHIUHIN JiSTTLHOCTI.

Cxema rajJpBaHIYHOTO €JIeMEHTa IPH KOpo3ii 3aji3a y BOJIOroMy
MOBITPl, B IKOMY € KHCEHb Ta Mapa BOAU OyJe Taka:

(-) Fe[Fe**, O,, H,0, OH|Fe (+).

Mix BEepTHKAIbHUMH PUCKaMHU BKA3YIOThCS KOMIIOHEHTH CEPesIo-
BUILA, 5IKI OEPYTh yyacTh y KOPO3IHHOMY IPOILIEC Ta YyTBOPIOIOTHCS
BHACJIIOK HBOTO.

KpiM enekTpoXiMiYHUX peaKiiii, IpH SKUX YTBOPIOIOThCS MEPBHHHI
npoayktu koposii (Me*, H,, OH"), Kopo3is cynpoBOKYEThCs TIPOTi-
KaHHSIM BTOPWHHUX XIMIYHUX IPOIIECIB, HAIIPUKIIA]I, B3a€EMO/IIi 10HIB
MeTay 3 TiIpOKCUI-iOHaMHU a00 aHIOHAMH KUCIOTHHMX 3aJIMIIKIB 3
YTBOPEHHSM BTOPUHHHMX MPOIYKTIB KOPO3ii — TIPOKCUAIB, OKCHIIB,
conelt. ITmiBKU IUX CHOJYK MOXYTh MaTH 3aXHUCHI BJIACTHBOCTI Ta
BIUTMBAIOTH Ha TMOJAJBIINI MPOIeC KOPOo3ii.

I3 ckazaHoro BuUIle BUIUIUBAE, IO MPOILIECH MPH €JIEKTPOXIMIUHIM
KOPO3ii aHaJIOTIUHI MpoliecaM y rajbBaHiYHOMY ejaeMeHTi. OCHOBHaA
iX pI3HULS MMOJIATa€ B TOMY, IO Y KOPO3IHHOMY rajlbBaHIYHOMY eJe-
MEHTI BIICYyTHE 30BHIIIHE KOJO: €JIEKTPOHU B MPOLECI KOPO3ii HE BU-
XOOSATh 3a MEX1 MeTany. XiMiuHa €Heprisg peakiii He MepeaaeThes y
BUTJISITI pOOOTH, @ TIEPETBOPIOETHCSI HA TETUIOBY.

Tepmoounamixa ma KiHemuKka eieKmpoXimMiuHoi Kopo3il

Llsuokicms kopo3ii, siK 1 OyIb-IKOT0 XIMIYHOTO MPOLECY, BUMi-
PIOETBCS 3MIHOIO KOHIIGHTpAIIi pedoBUH MpOTIToM B3aemoii. Kopo-
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3is1 € TeTEPOreHHUM IPOLIECOM, TOMY ii BUMIPIOIOTh 3MIHOIO MacH Iie-
PETBOPEHOI peuoBMHM HA oauHuI moBepxHi (1 cm?, 1 1m?). 3a 3akoHa-
Mu Papajest Maca IEpPEeTBOPEHOI PEYOBUHHU BU3HAYAETHCS 32  (hopmy-
noro m = M It/F. BpaxoByloun 3MiHy Macu Ha OJMHUIIIO MOBEPXHI
JIUISTHOK, MAaEMO

m= MIt/FS abo m= MEjKOpt/F,

ze i, — [yCTHHA KOPO3IHHOTO CTPyMy Ha KaTOIHUX 1 aHOJHUX JUITHKAX.

3 wworo PIBHSIHHS MOXHa 3pOOUTH BUCHOBOK, IIO HIBUAKICTH KO-
po3ii, mepir 3a Bce, BU3HAYAETHCS MPUPOJOI0 METaly Ta T'YCTUHOIO
Kopo3iifHoro crpymy. Hampukian, 3a pik, pu OJHAKOBOI CUJIl CTPY-
My, KOPO3iliHi BTpaTH aJIOMIHIIO CKIaAaroTh 2,9 Kr, a HuHKy — 10,7 KT.

IHTEeHCHBHICTH TIPOILIECIB KOPO3ii 3aJICKUTH TAKOX BiJl MPUPOIH
€JIEKTPOJIiTA Ta KOHIEHTpAIlll pPO3YMHEHUX y HbOMY peuoBHH. Tak,
HasIBHICTH 10HIB B HHOMY IPHUCKOPIOE KOPO3iI0, OCKUTBKH 30UIbIIY€EThH-
Csl IEKTPONPOBIAHICTh po3unHy. KpiM Toro, neski i0HM BIUIUBAIOTh
Ha KIHETHKY IpolleciB kKopo3ii. Kationn aktuBHux Mertams (Na*, K*,
Ca>", Mg*, Ba?") He maioTh crienu(iqyHOro BILIMBY Ha IEH Mpolec, a
KaTiOHM MajJoakTUBHUX MeTamiB (Ag*, Au*, Cu®'), sKi € OKUCHHUKA-
MH, Pi3KO 301LTBIIYIOTH KOPO3ito 3alTi3a Ta ajmtoMiHito. Hampukiasn, nmpu
HasiBHOCTI 10HIB Cu?* BinOyBaethes peakiis Fe’ + Cu** — Fe?* + Cu’,
YTBOPIOETHCS KOPO3IMHUM rajJbBaHIYHUA CIIEMEHT

(-) FelFe’*, H,O, O,, NaCl, OH|Cu (+),
SIKUW CIIPUYMHSIE MMOJAJIBITY KOPO3io 3ai3a:
A: Fe’-2e¢ — Fe™;
K: (Cu)O, + 2H,0 + 4¢ — 40H..
Oco0a1BO aKTHUBYIOTh KOpo3ito aHionu ramoreHis ClI, F-, Br- ta
iH. BoHu pyHHYIOTh 3aXMCHI OKCH/HI IUIIBKM METAJIIB 1 MOJIETHIYIOTh
JIOCTYIT KOMITOHEHTIB €JIEKTPOJIITY /10 MOBEepXHI MeTtainy. Hanmpukian,

MpU KOPO3ii AIFOMiHIIO Yy IPUCYTHOCTI XJIOPUI-IOHIB 3aXMCHA TUTIBKA
OKCHJly QJIIOMiHIIO PYWHY€TBHCS 1 BiH aKTUBHO KOPOJIYE:

A: Al -3¢ — Al
K: (ALO)O, + 2H,0 + 4e — 40H;
4Al + 30, + 6H,0 — 4AI(OH),.
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Kopos3is, sk camoBUTbHUI IpoLIeC, BIAOYBA€THCS, SKIIIO 3MiHA EHEp-
rii I'166ca AG < 0. I{s Benuumna nos'szana 3 EPC ransBaniuHoro ee-
MeHTa CHiBBiTHONICHHSIM AG = —nEF, TOMy MOXJIUBICTh TPOIECy KO-
po3ii MOXHA BCTAaHOBHTHU BHu3HauUeHHsM 3Haky E (EPC): skio eek-
TpOpyIIiiHA CUjIa KOPO3IMHOTO eJIeMEeHTa Ma€ MO3UTUBHE 3HAYCHHS,
TO KOopo3is MoxumBa. EPC KOpo3iiiHOTO elleMeHTa pPOo3paxoBYEThCS 3a
dbopmynoro

E=o¢

KatT.Ip o (pau'

ne Q.. .- MOTEHIIa]l KaTOAHOTO NPOLECY; @, — MOTEHLIAI aHOMy.
VYV BUMAAKy YTBOPEHHS KOPO3IMHUX rabBaHIUHHMX €JIEMEHTIB nO-
meHnyian Kamooa He O0PIGHIOE NOMEHYIALY KamooHol peakyii. 3HaHHS
MOTEHITIAJIIB KaToAa ¥ aHo/la HeOOXiHe TITbKHU JIJIs1 BUBHAUCHHS KATO-
JTHUX 1 aHOJTHUX NIUISTHOK, a npu pos3paxyHky snavenns EPC mpeba 6pa-
mu 00 yeaeu nomenyian xamoono2o npoyecy (aenonspusaiii).
IMoTeHuian peakifii KUCHEBOI ACHOISpU3alIil 3aJIe)KUTh BiJl YMOB
Npolecy Ta MepeHanpyry BiHOBJICHHS KHUCHIO Ha MOBEPXHI KaTOIy
Ta KoluBaeThea y Mexax 1,23...0,4 B. V po3paxyHkax HaiyacTime
npuiiMaroTh 3HadenHa ¢(O,JOH") = +0,82 B. Ilorenuian peakuii Boa-
HEBOi Jaenossipusanii 3miHoeThes y Mexax —0,81...0 B. ¥V pospaxyn-
Kax HapdyacTile npuiiMaroTh 3HadeHHs O(2H'[H)) = -0,41 B. Bei me-
Tanu, anredpaiuHa BeJIMUMHA MOTEHINaly SKUX MEHIA [UX 3HA4YeHb,
MOXYTb KOPOJyBaTH 3 BOAHEBOIO 200 KMCHEBOIO JETOISPU3AIIEIO.
Kopo3sis Hikonn He BinOyBaeThCs 32 CTAHAAPTHUMU YMOBAMHU,
TOMY OPIEHTYBATHUCSl HA CTAHAAPTHI 3HAYEHHS €JIEKTPOAHUX MOTEHIII-
aJliB MeTajiB MOXKHa Juiie nmpuodim3Ho. Kopo3sito xapakrepusye Tak
3BaHUU CTAIllOHAPHHI MOTEHIIA METajly B JaHOMY cepemoBuiii. [Tpu
z[ocngeHHi cTaHy piBHoBaru AG = 0, i =i . llpomy nmpowuecy BiJI-
MOBIZIA€ CAMOBLITbHE PO3UYMHEHHS METAJly IPU IEBHOMY CTIHKOMY IIO-
teHmiani. Cmayionapnuum (PIBHOBAXXKHHUM) HA3UBAETHCS MOTEHIIAT
(@), 3a SIKOTO MIBUIAKOCTI KATOMHOTO i aHOAHOTO MPOILIECIB MPU KO-
po3il MeTally 3a IIeBHUX yMOB JIOPiBHIOIOTH OJHA OJHiil. Moro HeMox-
JIMBO pO3paxyBaTH 3a PiBHSHHSIM HepHcTa i BUBHAYAETHCS BiH TUTBKU
JOCTITHUM LUTSIXOM. Y Ipolecax Kopo3sii, SIK 1 B TAIbBAHIYHUX €JIEMEH-
Tax, Ha 3HAYEHHs CTAI[IOHAPHOTO MOTEHLIaNy BIUIMBAIOTh KATOJHA i
aHOJIHA moJispu3ailii. BOHM BUHUKAIOTH TOMY, IO MEPEMIIICHHS eJeK-
TPOHIB BiAOYBa€ThCA LIBUJIIC, HIXK EICKTPOAHI peakilii. AHOAHA IO-
JIIpU3allis 3MIIy€e TOTEHIal aHOAHUX TIISTHOK 0 OLTbIN MO3UTHBHUX
3HAYeHb 1 3yMOBJIEHA YIOBUIbHEHHSM PEakKilii OKUCHEHHS Ta YTBOPCH-
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HSM OKCHIHUX IUTiBOK. KaToaHa momsipusaris 3milnye moteHuiai y 6ik
OUTBIII HETATUBHUX 3HAY€Hb 1 BUHUKAE BHACIIIOK 3MEHIIICHHSI KOHIICH-
Tpallii OKMCHUKA B €JIEKTPOJIITI, 3MEHIIIEHHS IBUIKOCTI BiHOBJICHHS,
YTBOPEHHsI Ta3iB Ha MOBEPXHI MeTajiB Tomo. OcoOIMBO BeJMKE 3HA-
YEeHHS VISl LUX MPOIECIB MAIOTh MEPEHANPYTH IPOIIECIB BiTHOBICHHS
KHCHIO Ta BOJHIO Ha KaToJHax.

Jns mocnmipkeHHsT TPOIIECiB MOIsipU3alii BUBYAIOTH OIS pU3aLIii-
Hi KPHUBI, 1[0 BUPAXKAIOTh 3aJIEXKHICTh MOTEHIIAIB KATOJHUX 1 aHO/-
HHUX JIUTSTHOK BiJ NIBUAKOCTI KOPO3il (KaTOMHOI W aHOIHOI T'yCTUHU
cTpyMy). SBuIle moJisgpu3alii € KOPUCHUM Y Tpolecax Koposii Tomy,
110 MOTEHIIAIN KaTOJHUX 1 aHOJHUX AUITHOK 30mmkytoTeesi, EPC ko-
PO3IHHOTO TalbBAaHIYHOTO €JIEMEHTa 3MEHIIYETHCS 1 KOPO3isl yIOBUIb-
HIOETBCA.

[Monstpu3zaitiss 3yMOBITIOE SIBUIIE nacuayii METaIiB, KOJIH MOTEH-
iaJIn KaTOJHO1 ¥ aHOAHOI JIISHKY 30JIMXKYIOTHCSI HACTUTBKU, IO CTa-
IOTh IPAKTUYHO piBHUMU. [1ig TepMiHOM "MACHUBHICTE" PO3YMIIOThH Ta-
KMl CTaH MeTally, KOJIM BiH MPAaKTUYHO HE MiIsrae Koposii. B mpomy
CTaHi MPAaKTUYHO MOXJIMBUHU MPOIEC aHOAHOTO PO3UYMHEHHS METaliB
Mali’ke MOBHICTIO TaJlbMy€eThbcs. barato MerasiB, 1[0 MalOTh BEJIMKE
MMpakTUYHE 3HAYCHHS (aJIOMIiHIM, XpOM, HEpXKaBilodi CTalli, HIKEJIb)
XapaKTepU3yIThCS TACHBHUM CTaHOM B aTMoc(hepHUX ymMoBax. 3ai-
30 MACUBYETHCS KOHIICHTPOBAHMMH CYJIh(ATHOIO Ta HITPATHOIO KHC-
jotaMu (11l KUCIIOTH TEPEBO3SATH Y 3ajI3HUX LIHCTEpPHAX), pO3UYUMHAMH
HITpATiB, XpOMATIB.

[MacuBariisi 3yMOBIIeHA YTBOPSHHSIM 3aXHUCHHUX TUIIBOK Ha TOBEPX-
Hi METaJIiB — OKCUAHUX 200 coJIboBUX. Lli TUTIBKM 130/TI0I0TH ITOBEPXHIO
MeTajly BiJl KOpO3IHHOTO CepeloBUINa, MEPEIIKOKAOTh nudys3ii pea-
TeHTIB, 3MIHIOIOTh MOTEHINAJ MOBepXHi. Tak caMo Mif0Th 1 JeryBaiabHi
JoMimky. Tak, mpu 301IbIIIEHH] BMICTY XpOMY B cTtaisix 6mu3pko 12 %,
MOTEHIIaT cTam ctaHoBUTh +0,2 B, TOOTO XpoM MEpPeBOAUTH CTANh Y
MMACUBHUU CTaH.

st BUMIpIOBaHHS peajibHOTO CTAlliOHAPHOTO MOTEHIIay BUKO-
PUCTOBYIOTh TQJIbBAHIYHHMI €JIEMEHT, CKJIAJIEHUN 3 eIEeKTpoaa MOpiB-
HSHHA (HAPHUKJIA, XJIOPOCPIOHOTO) Ta eNeKTpoAa 3 JOCTIIKEHOTO Me-
Tajly, 3aHYPEHOTO B €JIEKTPOJIT TOTO X CKJIady, B SKOMY BiOyBa€eThb-
cs1 niporiec kopo3ii. [Totim BumiproeTbess EPC ransBaHiUHOTO eeMeH-
Ty ¥ 3a PI3HHUICIO IMOTCHIlIAIB BU3HAYAETHCS HEBIMOMUM IMOTEHITIAI
EJIEKTPOJHOT peaKirii.

Hanpukian, mjs BU3Ha4YeHHs CTalllOHAPHOTO MOTEHINAIY Mili B
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MOPCBHKIill BOJlI Tpeba CKJIACTH TaJbBAaHIYHUI €IEMEHT 3 MITHOTO €JIeK-
TpoJa ¥ eJIeKTpoJa MOPIBHSAHHS (XJIOPOCPIOHOTO), 3aHYPEHHUX Y PO3-
YIH MOPCBHKOi Boau (abo ioro imitar), Ta BuMipsatu oro EPC. Minp B
JTAHOMY BHUIAJIKy € aHOJOM, = 0,203 B. Bumipssna EPC nopis-
Hioe 0,1 B.

XJ1.Cp

E=¢_ —-¢ ,3Biakn ¢, =¢ —E=0203-0,1=0,103 B.

Kart

3HaYeHHs CTalliOHAPHOTO MOTEHIAly MEHIIE, HiK CTaHAaPTHOTO
(+0,34 B), ToMy MOXHa 3pOOWUTH BUCHOBOK, IO Y MOPCHKHI BOJI MO-
TEHIliaJ MiJl 3MEHINyeThcA. Y TaOJUIl HaBeIEHI CTalliOHAPHI IMOTEH-
iaJln IeIKUX METaNiB i CIUIaBiB y MOPCHKIN BOJII:

Merau, 0", B o™ B Meraut, cruias ¢".B o™ B
CILIaB
Cu 034 | 008 Mg 237 1,45
Sn 0.4 | 025 Zn ~0.76 70,80
Fe 044 | 050 Crans 0912 = 70,40
Ti 7163 | 10,10 | Crans 10XCHJ - 0,40
Al —-1,66 —-0,54 Cramp 9X18HIT - 0,10

Hani uiei Tabauii MOXYTh CYTTEBO 3MIHIOBATUCS B 3aJI€KHOCTI
BiJl COJIOHOCTI MOPCHKOI BOJIM, BMICTy KHCHIO, TEMIIEpaTypH TOIIO. 3
Hel TaKOXX BUIHO, 110 TUTBKKM TUTaH y MOPCBHKIiil BOJIi HAOyBa€ MO3UTHB-
HOTO MoTeHIiany. ToMy AJisi HbOTO XapaKTepHa HaJa3BHYaliHa KOPO-
3iifHa CTIHKICTh Y IIbOMY cepeaoBulli. Panime i mMinb 3 ycIixoM BHUKO-
pUCTOBYBajacs SIK KOPIYCHHI MeTajl, TOMY IO II MOTeHIial HaOIu-
xyetbes 1o 0. Koprycni cram 0912 ta 10XCH/I He cTifiki y MOPCBKiit
BoAi, a ctainb 9X18HI0T mosxe OyTH CTiiiKOIO B 3aJI€)KHOCTI Bij CKJa-
Iy BOJIU.

Po3sriasHeMo nekinbka MPUKIAMIB KOPO3IMHUX raJbBaHIYHUX elle-
MEHTIB.

IMpuxaan 1. 3anucatu nporecu ta po3paxysatu EPC i AG° xo-
PO3IMHOTO eleMeHTa, YTBOPEHOT'O MPH  KOpo3il cmani y MOPCubKiil 8001,

Po3ze'azanna

Oco0uBICTIO MOPCHKOI BOJIU SIK KOPO3IMHOTO CepeIOBHINA € BH-
COKa KOHIIeHTpallis cojeit (Bix 3 mo 40 1/i), sika 3HWKYE OIip eeKTPO-
JITYy, BEJIUKUN BMICT XJIOPHU/I-10HIB, IKi € HAWCUIBLHIIIUMH aKTHUBATO-
pamMu Kopo3ii, eHepTiifHe mepeMilTyBaHHs 3 OJJHOYACHOIO aepalli€ro,
BEJIUKUI BMICT KMCHIO (1o 10 Mr/i); MpHCYTHICTh Oi0JOTIYHUX (HAKTO-
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pIB, SKI CIPUAIOTH 0i0KOPO3ii. ¥ MOPCHKill BOAl BinOYBa€ThCs €ICK-
TPOXIMiYHA KOPO3isl 3ai13a Ta HOro CIUIaBiB 3 KUCHEBOIO JCHOJISIPU3a-
Li€I0 i yTBOPIOETHCS KOPO3IMHUN rajJbBaHIYHUNA €JIEMEHT 34 CXEeMOIO

(-) Fe[Fe**, H,0, O, NaCl, OH [Fe (+)

abo0 CKOpOUYCHO
(-) Fel[H,0, O,, NaCl|Fe (+).
EnexTponHi nporecu OyAyTh HaCTYITHUMH:
A: Fe'-2e — Fe*; o (Fe**|Fe) = -0,50 B;
K: (Fe)O, + 2H,0 + 4¢ — 40H; ¢(O,JOH") = +0.,82 B;
2Fe + O, + 2H,0 — 2Fe(OH),.

ITicns yTBOpeHHS TiAPOKCUAY 3aii3a y CUCTeMl HIyTh BTOPHHHI
MpoIecH:

2Fe(OH), + O, + 2H,0 — 2Fe(OH),;
Fe(OH), — FeOOH + H,0.
BBaxaerbcs, mo dpopmyna FeOOH Binmosinae cromyi, sika BXO-

nuTh 10 ckiany ipxu. EPC Ta AG® eneMeHTY poO3paxOBYIOTHCS 3a
dbopmymamu

E=9¢ - ¢, = ¢(O,JOH) — ¢**(Fe*|Fe’) = 0,82 — (-0,50) = 1,32 B;

KaT.Imp
AG® = —nEF = — 2:1,32:96500 = -254760 Ix.

Bionosgiov: E = 1,32 B; AG® = -254760 k.

Mpukaan 2. 3anucatu nponecu ta po3paxyBatu EPC i AG® xopo-
31ITHOTO eJIeMeHTa, YTBOPEHOIO IIPU KOPO3il 3aiza y 804020M) HOGIMPpI.

Po3zs'sazanns

O
N
K A K
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Posrnsinemo el mpomec. Ha moBepxHi MeTally KOHIGHCYIOThCS
KpaIul BOJIOTH, MPUYOMY B LEHTPI Kparul TOBUIMHA PIIKOTO LIApY
OinpIna, HK Ha Kpasx. KiTbKICTh KUCHIO y CepelIMHI Kparli MEHIIa,
TOMY B LIEHTPI YTBOPIOETHCS aHONHA, a M0 KpasxX Kparul — KaToAHA
TUISHKY MIKpOTaJbBaHIYHOTO KOPO3iitHOro enementa. Cxema Ta enek-
TPOJHI Npolecu OyAyTh HACTYITHUMU:

(-) FelFe**, H,0, O,, OH [Fe (+);
A: Fe' - 2e — Fe*; o*"(Fe’|Fe’) = -0,48 B;
K: (Fe)O, + 2H,0 + 4e — 40H7; ¢(O,|JOH") = +0,82 B.

HasiBHICTB 10HIB 3aJli3a MEPEBIPSIOTh PEAKIIEI0 3 YEPBOHOIO KPO-
B'STHOIO CULITIO:

Fe?* + K,[Fe(CN)] — KFe[Fe(CN)] L+ 2K.

Ocaj cHHBOTO KOJIBOPY

HasBHICTP 10HIB TiAPOKCHY MEPEBIPSIIOTh peakuieio 3 (penondra-
JIeTHOM (Y JIy>)KHOMY cepeoBHILi  (eHondTaeiH Mae MaIMHOBE 3a0ap-
BIICHHS).

CymapHa peakilisi Ma€ BUTJIST

2Fe + O, + 2H,0 — 2Fe(OH),

Jami BigOyBaroThCs TaKi Xk IMPOLECH, K 1 IIPU KOPO3ii CTal y MOp-
CBKIill BOJI:
E=¢,.— ¢, = ¢O,OH) — ¢*(Fe*'|Fe) = 0,82 — (-0,48) = 1,30 B;

AG’ = —nEF = -2 - 1,30 - 96500 = -250900 Ix.

Bionogiov: E = 1,30 B; AG® = -250900 dIx.

IMpuxaan 3. 3anucaty TPOLECH Y KOPO3IMHOMY €JIeMEeHTI, yTBO-
peHOMY IpU KOHTAKTI ABOX (hOPM CTPYKTYpH CTaji.

Po3ze'azanna

Haituacrime cranp mMae ABI CTpYKTYypHI (opMHU, SKi BIAPI3HAIOTH-
Csl BMICTOM KapOOHY 1 CTPYKTYpOIO KpUCTalliuyHO1 perritku. e mep-
JIT 1 HEMEHTHUT, MpUIoMy, OT(repi) < @4(1em).

VTBOPIOETHCS HACTYIHUM KOPO3IHHUN ralbBaHIUYHUN €JIEMEHT:

(-) mepmit | Mopebka Boza, O, | ueMeHTur (+).
ITponecn Ha aHOAHUMX 1 KATOJHMX AUISTHKaX OyAyTh Taki:
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A: Fe'-2e — Fe*';
K: (Fe)O, + 2H,0 + 4¢ — 40H.
BropunHi miporiecu Ti % cami, [0 ¥ y TOIMEPEIHIX MPUKIagax.
IMpuxnan 4. 3anucatu npouecu ta po3paxyBatu EPC 1 AGy
KOPO3I{HOMY €JIEMEHTi, yTBOPEHOMY IpU KOPO3ii JIaTyHI B MOPCHKIii
BO/II.
Po3zs'sazanns

JlaTyHp — 1€ CcrjIaB LMHKY 3 Mimgio. B tabmmui 3Haiinemo crario-
HapHI MOTEHLIATN IIMHKY Ta MiJi B MOPCBKiil BOI.

©**(Zn*"|Zn°) = -0,8 B; ¢**(Cu?*|Cu’) = -0,08 B.
Buxoasum 3 1uX JaHUX, BCTAHOBIIIOEMO, IO I[MHK y JaHii mapi

Oyme aHoAOM, a Millb — KaTojgoM. CxeMa yTBOPEHOTO KOPO3iHHOTO
efleMeHTa OyJe HACTYIHOIO:

(=) ZnH,0, NaCl, O,|Cu (+);
A:7Zn’-2e — Zn*;

K: (Cw)O, + 2H, O + 4¢ — 40H;
27Zn + O, + 2H,0 — 2Zn(OH),;
Zn(OH), —» ZnO + HO.

VY oMy BUINAAKy IIMHK € aHOJOM, BiH PO3UMHSETHCS 3 YTBOPCH-
HSIM MaJIOPO3YMHHUX TiTPOKCUAY Ta OKCUIY, NTPHU I[bOMY IIBUIKICTH
npoiiecy Kopo3ii 3MeHIIyeThes. Kopo3ito CipuIrHIOE HEOTHOPITHICTH
MerajeBoi dasu.

3naiimemo EPC koposiitHoro mporecy:

wrmp ~ Pu = ®(OOH) — ¢**(Zn*|Zn’) = 0,82 — (-0,80) = 1,62 B;
AG’ = —nEF = -2 - 1,62 - 96500 = ~312660 JTx.

Bionogiov: E = 1,62 B; AG® = -312660 [Ix.

IMpuxaan 5. 3anucaTu MpoIlecH B KOPO3IMHOMY €JIeMEHTi, yTBO-
peHOMY IIpU KOPO3ii alFOMIHII0 B MOPCBHKIH BO/I.

Po3zs'azanns

ITpu mopymenni miiBku Al O, Ha JeTansx 3 aJlOMiHII0O BUHUKAE
ranbBaniunui enement (-) AllH,0, O,, NaCl|ALO, (+), y sxomy Bix-
OyBarOTHCS MPOIIECH:
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A: Al -3¢ — Al
K: (ALO,O, + 2H,O + 4¢ — 40H;
4Al + 30, + 6H,0 — 4AIl(OH),.

[TopyiieHHsT OKCUAHKX TUTIBOK MOXKE BiOYBAaTHCS SIK MEXaHIYHUM
IUIIXOM, TaK 1 MPU HAsIBHOCTI y BOJI 10HIB rajIOTEHIB, SIKI MPUCKOPIO-
I0Th MPOIEC KOPO3ii.

Bioximiuna xoposzia. Y mnpoiuecax 06i0xXiMidyHOI kKOopo3ii OepyTh
y4acTh arpecuBHI MPOIYKTH KUTTEMISIIBHOCTI PI3HUX MIKPOOPraHi3-
MiB (KHCIIOTH, abAETiAN, KETOHH, PEepPMEHTH Ta iH.). Y IPYHTaX, BOJII
Ta HaQTi y KOpo3iifHUX mpolecax O6epyTh ydyacTb OakTepii, AesKi 3
HUX aKTHBHO PYWHYIOTH 34130 i ajaroMiHiid. IcHye aepoOHa (Ha IOBI-
Tpi) Ta aHaepoOHa (6e3 MOBITPsI) KOpo3isa Ta TpubkoBa Kopo3zis. bio-
JIOTi1UHI (paKTOpH CHPUSIIOTh OOPOCTAHHIO CYJCH, IO MPU3BOIUTH 10
3MEHILIEHHS 1X MBUAKOCTI. Jlo MigBOAHOI YaCTUHU MPUIMNAIOTH Pi3HI
MOJIIOCKH (HAIIPUKIIad, Mijii), BogopocTi. KiTbKicTh 6GioMacu 3aJ1eKHTh
BiJ craHy BogHoro Oaceiny. Tak, y KacmifickkoMy Mopi 3a OMH pik
Hapocrae 30 kr/m?, a y BanTiiicbkkomy Beboro 0,3 xr/m? 6iomacu. 3011b-
IICHHS! TOBIUHU HAPOCTIB /10 20 CM NMPU3BOUTD 0 ITiJBUILEHHS BUT-
paT majmBa ISl JOCSATHEHHS THUX JXe IBuAKocTed Ha 40 Y.

ITuranus ta 3a11aqi

1. JlaTi BU3HAYECHHSI TEPMiHY "KOPO3is MeTamiB'.

2. OxapaKTepu3yBaTH TUIH KOPO3IHHUX MPOIIECIB B 3aJIEKHOCTI
BiJl MEXaHI3My IIpOIIeCy.

3. OxapakTepu3yBaTu TUIIM KOPO3IMHUX MPOIIECIB B 3aJIEKHOCTI
BiJl KOPO3IHHUX MOPYIIEHb 1 YMOB MPOTIKAHHS MPOILIECY.

4. o Take "ximiuHa Koposig", "OloximiuHa kopo3is"? Komu BoHN
BigOyBaroThCs?

5. Ski xopo3iitHi mpolecH BiAOYBaIOThCS IPH Ia30Biii Kopo3ii 3a-
Ji3a Ta Moro cmasiB? Big sSIKMX yMOB BOHHM 3ajIeKaTh?

6. ITosicHUTH KOPO3it0 3alli3a y HEeIEKTPOIIITaX.

7. JdaTu BU3HAYEHHS MOHATTIO "eJIeKTpoXiMiuHa Kopo3sia". Uum
BOHA BIJPI3HAETHCS BiJ XIMIYHOI KOPO3ii?

8. ITosicHUTH aHOAHI Ta KATOJIHI IMPOLECH IPU CICKTPOXIMIUHIN
KOPO3ii.

9. o Take "menonsapuzatop" i "aenonsgpusarnis"? Ski aenonspu-
3alliifHl mpolecu Bu 3HaeTe, 1e BOHU 3yCTPIYaloThCs?
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10. Yomy yucTe 3aj1i30 He KOPOJYE, a 3ajli30 3 JOMIIIKaMH KOpO-
nye nqocuth mBUAKO? CKIIACTU CXeMy KOpPO3ii 3aii3a y BOJIOTOMY IO-
BiTpI.

11. TlosicauT TepMOIMHAMIYHI YMOBH Mepediry Kopo3iifHUX Mpo-
LIeCiB.

12. o Take "MBHAKICTH KOPO3ii", B YOMY BOHA BHMIiPIOETHCSA?

13. JaTy BU3HAYEHHS MOHATTIO "cTalioHapHUi moTeHuian". Sk
BiH BHU3HAYAETHCS Ta BiJl YOTO 3aJIEKHUTH?

14. TTosicHUTH O0COOJIMBOCTI IMpOIlecy KOpO3ii 3aji3a Ta foro cruia-
BiB Y MOPCBKIil BoIi.

15. 1o 4oro mpu3BOAUTH HEPIBHOMIpHE HATPIBAHHS TPYyOOIPOBO-
IIB 3 Taps4Y0I0 BOJOIO Y MOPCHKHX yMOBax. Slka yactuHa TpyOOIpo-
BOJly — XOJIOJHA YU rapsya — Oyne IHTEHCUBHO KOpPOAYyBaTH?

16. TTosicHUTH OCOOIMBOCTI IMpoOIIecy KOpO3ii 3ajiza Ta foro cruia-
BiB Yy BOJIOTOMY IOBITpI Ta MOBITPI IPOMUCIOBUX PANOHIB.

17. Kopo3is KOTbOPOBUX METAIIB Ta iX CILIABIB Yy MOPCHKINA BOJI.

18. AxtuBaTopu KOpO3ii.

19. IosicHUTH KOPO3i0 OPOH3U (CIUIABY Mifi Ta 0JI0Ba) Y MOPCh-
kit Boai. Cki1acTu cxeMy KOpO31MHOrO rajbBaHIYHOTO €JIEMEHTA.

20. 3a1i30 3HAXOIUTHCS B KOHTAKTI 3 MiIi0. SIKHii 3 MeTalliB Oyae
OKHCHIOBATHCS TIPH KOPO3ii, SAKIIO 115 Tapa Oy/1e 3HaXOAUTHUCh Y BOJIO-
romy noBiTpi? HaBectu cxemy KOpO3i1MHOTO elleMeHTa, 110 YTBOPIO-
eThcs. Hamucatu cxemu mporieciB Ha enekTponax: ¢*"(Fe?*|Fe®) =
= 0,48 B; ¢*"(Cu*|Cu°) = +0,25 B; ¢(O,JOH") = +0,82 B.

21. Ha ocHosi po3paxynky EPC moka3zaTu, sKi 3 map MeTaliB MpH
po0OTi B MOPCHKili BOJII OyayTh HAMOUIBII KOPO3IHHO HEOE3MEUHUMMU:
a) Fe — Cu; 0) Fe — Zn; B) Zn — Cu. IToTeHuianu MeTalliB B LIUX YMO-
Bax BIANOBIIHO nopiBHIOWOTH: O¥*(Fe?*|Fe’) = —0,50 B: ¢“*(Zn**|Zn")=
= 0,8 B; ¢"*(Cu**|Cu’) = +0,05 B; ¢(O,JOH") = +0,82 B.

22. Hikenb 3HAXOIUTHCA Y KOHTAKTI 3 M0 Y BOJIOTOMY IOBIT-
pi. 3anucaty cXeMy YTBOPEHOT'O KOPO3IHHOTO TaJIbBaHIYHOTO €JIeMEH-
Ta, KaTOAHY Ta aHoAHy peakuii Ta BusHauutu EPC, sikio cramionap-
HI MOTEHIlaJX HIKEIIO Ta Midl 32 I[MX YMOB BIAIOBIIHO JOPIBHIOIOTH
-0,34 B Ta +0,25 B, ¢(O,JOH") = +0,82 B.

23. Sxwuii 3 metaniB — Fe abo Cu — Oyne pyitHyBaTucs B aTMoche-
pl BoJjlororo moBiTps, HacuueHoro kapooH (IV) oxcumom? 3anucatu
CXeMy KOPO3IMHOro raJbBaHIYHOTO eleMeHTa. SKi mpouecu npu 1bo-
My BinoyBaroThes? @*"(Fe**|Fe’) = -0,48 B; ¢*"(Cu*|Cu’) = +0,25 B;
@(O,JOH) = +0,82 B; ¢(2H*|H)) = -0,41 B.
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JlabopaTopna poGora Ne 13
3AXUCT METAJIB Bl KOPO3Ii

Kopo3is 3aBrae BelMMKOI MKOIM HAPOAHOMY TOCHOIAapCTBY. BoHa
3HUNye 0m3bko 10 % BUIUIABIIEHOTO 32 KOXEH piK MeTally, IO CTa-
HOBHTH JIECITKH MiTbHOHIB TOH. Ille OinbInmx 30MTKIB 3a3Ha€ HApOIHE
rOCIOJAPCTBO Bif KOpO3il roToBUX BHPOOIB. B Halmiil kxpaiHi mopivHi
30UTKHU OLIHIOITHCH Yy 3...4 mupna rpu. Lle Tinpku Tak 3BaHi mpsami
BTpaTu. Bemnki BTpaTu 3aBnae 3a0pyaHEHHs TOBKULIS, MiApaxyBaTH
iX HaBiTh HEMOXJIMBO. TOMy OOPOTHOA 3 KOPO3IEIO € OJTHUM 3 HABaXK-
JUBIIIMX 3aBAaHb HAYKU i TEXHIKH, OCOOIUBO B IHAYCTpiaJbHO PO3BU-
HYTUX KpaiHax.

Hust Toro 1mo6 3amobirtTu Kopo3ii a00 YCYHYTH KOPO3il0 MeTaliB
Ta CIUIaBiB, HaifyacTilie BUKOPUCTOBYIOTh TaKi METOAM 3aXHUCTY: 130-
TS0 METAJIB BiJl HABKOJIMIIHBOT'O CEPEIOBUIIA; EEKTPOXIMIYHI Me-
TOJU 3aXMCTy METAJIiB; BUKOPHCTAHHS IHTIOITOPIB KOPO3ii; JeryBaHHs
CTasielf; palioHalbHE MPOEKTYBAaHHS KOHCTPYKLIN 3 ypaxyBaHHSM BCIiX
KOpO3iiHUX (haKTOPIB; BUKOPUCTAHHS MOJIMEPHUX MaTepialiB 3aMiCTh
MeTaJIeBUX.

Haituacrime BUKOPUCTOBYIOTh OJJHOYACHO AEKIIbKA METO[IIB, TOMY
10 BUKOPUCTAHHSI OJTHOTO HE Ja€ HEOOXIJTHOTO 3aXMCHOTO e(eKTy.

OCHOBHHMMHU CITOCOOAMM 3aXMCTY BiJl ra30BOi KOpPO3ii € BUKOPH-
CTAHHS )KaPOMIIIHUX Ta JXKAaPOCTIUKUX CIJIaBiB, 3aXMCHUX MOKPUTTIB,
3aXMCHUX Ta30BUX cepemoBull. [lin yac excrimyaTtalii npu BUCOKUX
TeMIlepaTypax HeoOXiJHO BpaxOBYBAaTH HE TUTBKH OMIPHICTh MeTaly
OKHCHEHHIO, ajie 1 Horo MexaHiuHi BiacTUBOCTI. HalfuacTime came
MIIHICTh METAJIy € BUPIIIAILHOIO YMOBOIO HOTO BHOODY.

JKapomiynumu Ha3WBAIOTHCS MaTepialid, 10 30epiraloTh CBOI Me-
XaHIYHI BIACTUBOCTI IIPH BUCOKUX TeMIlepaTypax. Takumu mMeTtaiamu
€ BoJib(hpaM, MOJIOACH, ocMilt Ta iH. JKapocmitikumu Ha3UBAIOTh Ma-
Tepiau, SKi MPOSBIISIOTH IMIBUIIEHY CTIHKICTb 10 OKHCHEHHS B yMO-
BaX BHUCOKMX Temreparyp. Takumu maTepiaiamMu € CIUIaBH Ha OCHOBI
3aimiza abo HIKeNIo Ta JEeroBaHi XpoMoM abo alOMiHIEM.

IcHyIOTH TakOX MaTepiayu, SKi BIAPI3HSIIOTHCS OCOOJMBOIO CTiii-
KICTIO B OKMCHHUX CEepedOBHUINaX IMpH 30epexeHH] MimHOCTI. Ile crurtasu
HA OCHOBI HIKENIO Ta KOOAIbTY, METAJIOKepaMiuHi MaTepiain (kepme-
tH). KepMeTu oaep yoTh METOAOM ITOPOMKOBOI Metayprii. o ix
CKJIaAy BXOASTH OKCHIU, KapOiau, HITpUAM, OOPHUIN, a METAIU BUCTY-
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MaroTh B'SHKYUOI0 PeUuOBHHOIO. Taki MaTepialin 3aCTOCOBYIOTBHCS IS
BUT'OTOBJICHHSI TypOIHHHMX JIONMATOK, Pi3alIbHUX YaCTHH METaIo00po0-
HOT'O IHCTPYMEHTY, OypOBHX CBEpAes, COMeN Ta iH.

3axucHi aTMocepr BUKOPUCTOBYIOTHCS MEPEBAXKHO B METAIIYp-
FIMHUX Taly34X 1 Mpu TepMooOpoOIl Ta 3BaproBaHHI MeTamtiB. Jlomyc-
TMMa KOHIeHTpauis arpecusnux rasis (O,, H,, CO,, CO ra in.) 3ane-
KUTH BiJl TEMIEpaTypHu, BUIY MeTaIy, KOMIIOHEHTIB CIIJIaBy Ta BHU-
3HAYAETHCS 32 JIOTIOMOTI'0I0 KOHCTAHT PIBHOBAru peakiliii OKUCHEHHS,
nekapOonizamii Ta iH. Cepen 3aXucHUX aTMoc(hep BUKOPUCTOBYIOTHCS
[IMOOKUN BaKyyM, IHEPTHI rasu, IiYHI rasu, aTMocdepa TEXHIYHOTO
a3oTy.

st i30ms1ii MeTaiiB Bif Ail arpeCUBHOIO JOBKIISA BUKOPHUCTO-
BYIOTh HaHeceHHs jakogapOoBux Ta (ab60) MeTaleBUX MOKPUTTIB, Ia-
CHBAIIIIO TTOBEPXHI METaly OKCUIHUMHU Ta COJTHOBHUMU ILTIBKAMHU.

Hanecenna naxogpapoosux noxkpummis

Lleit 3axucT Big KOpO3ii € TOCUTH HAAIMHUM B MMEBHUX yMoBax. Jrs
OO BUKOPHUCTOBYIOTH MEPXJIOPBIHIIOBI, MeHTa(TaNeBl, KpeMHiiOp-
raHiuHi ¢apbu Ta eMai, emokcuaHi cMonu. Lli MOKpUTTS MaioTh J00-
Py aare3iro 3 OCHOBHUM METaJIoM, TIeBHI (i3WYHi BJIACTUBOCTI (He3HAYHI
BHyTpmJHl HaIpyTH, MleOTBCpI[lCTB IIUTBHICTB), FapHI/II/I 30BHIIIIHIH
BUITISI i HEBEJIMKY BapTiCTh. IXHil roloBHMIT HelOMIK — HeBETUKHUii
TepMmiH nii. Hanpukian, mist yMoB MOPCBKOTO KIIIMATy BiH JOPIBHIOE
1,5...2,0 pokmu.

Haifuacrime HaHOCATH KijIbKa IIApiB MOKPUTTSA. Toi map, sKuii
HAHOCHUTKCS 0e3MocepeIHhO Ha TIOBEPXHIO METally Ta 3a0e3redye Mill-
HICTh 34€IUICHHS, HA3UBAETHCS IPYHTOM (OT0 TOBLIMHA TOPIBHIOE MPU-
6mu3HO 20 MkM). B cynmHOOymyBaHHI BUKOPHUCTOBYIOTH aKPUIIOBI, IJIi-
¢dTanesi, MEPXIOPBIHUIOB] Ta IHII IPYHTH.

Memaniuni nokpumms

OCHOBHUM METOJIOM 3aXHCTy BiJl KOPO3il € HAHECEHHS MeTalliy-
HUX MOKPHUTTIB. 32 CBOEIO MPUPOJIOI0 BOHH MOXYTh OyTH KAaTOTHUMH
(ix MOTeHIIa)I BUIIUN TOTEHITIaly OCHOBHOTO MeTajly) i aHoHUMHM (iX
MMOTEHITIAJT HUKYUM, HIK TTOTEHINaJl OCHOBHOI'O MeETajly). 3aXHCHE IIO-
KPUTTS MMOBUHHE OyTH IIUTBHUM 1 HE MATH TOP.

MeTanu MoXHa HAHOCHTH KiJIbKOMa criocobamu. XiMiuHe HaHe-
CEHHSI MOXHA BUKOPUCTOBYBATH, KOJIM MEHIII aKTUBHUN METal JIETKO
BIJTHOBITIOETHCSI Ha OLIBIN akKTUBHOMY. Hampukian, 4acTto BUKOpPHC-
TOBYIOTHh XIMiUHE HIKETIOBAHHS 3aJli3a 3 PO3UMHIB MIEBHOTO CKJIANIY.
Mo>Ha HAHOCUTHU PO3IUIABIICHUN METajl Ha OCHOBHMIA, HATIPUKJIA Ta-
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psAYye LMHKYBAaHHS 3aj1i3a. AJie 11e JOCUTb JOPOTUI MPoIlec 1 HOro BXKH-
BaIOTh TO/Ii, KOJIM 1HIII MPOIECH 3aCTOCYBATH HEMOXKIIUBO, HATIPUKJIA]
IUHKYBaHHA TpyO 3cepenuuu. [IpakTuyHe BUKOPHCTAHHS MAlOTh Ta-
KO TIPOIIECH Tapsiuoro JYIIHHS Ta CBUHIFOBAHHS.

HaiiGinpIe po3MmoBCIOKEHHS MalOTh MTOKPHUTTS, HAHECEHI Iallb-
BAHIYHMM LIUIAXOM. IX HepeBara — MOJIMBICTL OTPMMAHHS TTOKPUTTIB
MEBHOI TOBIIMHHU, HEBEJIMKA BAPTICTh MPOIECY, CKOHOMHE BUTpavaH-
HSl KOJIbOPOBUX METAJIIB, BUCOKA SKICTh MOKpUTTS. Haiibinpin mommu-
peHi: IMHKYBaHHS, KaJMyBaHHS, HIKEIFOBAHHS, MiTHEHHS, XpOMYBaH-
Hsl, CBUHIIOBaHHS, MMOKPUTTS CIJIABAMHU.

PosrisiHeMo AekibKa MpHUKIadiB.

Hunkysanns 3aniza. AHOIM — IIUHKOBI, KaTOAU — 3alli3HI AETA,
CIIEKTPOJIT — PO34YuH LMHK cynbdarty (200...250 r/n), HaTpii cynbda-
Ty, aJllOMiHil cynbdary, nekcrpun. pH = 3,5...4,5, Temnepatypa —
15...25 °C, rycruna ctpymy — 1...2 A/am?.

Mo>auBe UMHKYBAHHS 3 JTY>KHUX eJ'IeKTpOJIiTiB, JIO CKJIay SIKMX
BXOJIATh OKCHII IIMHKY Ta rmpoxcnn HanlIO

Hixenmosanns 3aniza. AHOIM — HIKeJIEeBl, KaTOIU — 3aJIi3HI JeTali,
CIEKTPOJIT — PO3UUH HiKeIb CyIbdaTy (250...350 r/mm), cynbdaTHOI
Ta 6opHoi kucnot, pH = 2,5... 4,5, temneparypa — 45...60 °C, rycru-
Ha cTpymy — 2,5...10 A/nm?. JInst GIIMCKY4YOTO HIKEIIOBAHHS y PO3YHMH
JTOIAI0Th OJIMCKOYTBOPIOIOYI JOMIIKUA — JaypHICynb(aT HATPIIO,
1,4-0yTungion Ta iH.

Xpomyesanns 3aniza. AHOIM — CBUHIIEBI, KATOIM — 3aJi3HI JIETaJl,
€JEKTPOJIT — rapa4uii po3uuH xpomosoro anriapuay CrO, y Boni
(yrBOproerscs xpomosa kucnora H,CrO,) ta cynb(baTHO'l' KUCJIOTH.
CBuUHLEBI aHOAN BI/IKOpI/ICTOByIOTBCSI TOMY, IO XPOMOBI IHTEHCHUBHO
PO3UMHSIOTHCS B CJIEKTPOJITI 3 YTBOPCHHSIM 10HIB TPHUBAJICHTHOTO XPO-
My, SIKMI 3aBaka€ Mpolecy. Y po34uHi, SKUH MICTUTH CyJIbdaT-ioHN
Ha iX MOBEPXHI YTBOPIOETLCS Hepo3uMHHME ocan PbSO, i Bonu € inepr-
HUMH Yy IbOMY TIpolieci. Benmnka KiTbKICTh €JIeKTPUKU BUTPAYAETHCS
Ha MOOIYHI IpolecH PO3KJIaAy BOAM Ta iHII, TOMY BHUXiJ 32 CTPYMOM
npu xpomyBaHHi He nepeBuinye 10...40 %. Enextpomit moctiitHo Tpe-
06a KOpPEeKTyBaTH, TOMY IO BHACIIJOK OCA/JKEHHS XPOMY BiH IOCTY-
moBo 30igHIoeTheA. I'yctuHa ctpymy — 30...100 A/am?. Hespakarouu
Ha BCl Il CKJIaJHI YMOBH IPOIIECY, XPOMOBI IMMOKPHUTTS IUPOKO BHKO-
PHUCTOBYIOTBCS, TOMY IIIO MAIOTh II€BHI MIepeBaru MOPIiBHSIHO 3 HITUMU
NOKpUTTSIMU. BoHu aekopaTuBHi, OeciopucTi, MOXYTb OyTH OJIMCKY-
YUMH, MATOBUMH a00 YOPHUMH, MAIOTh BEIHKY TBEPAICTb, KOPO3iiHY
Ta XIMIYHY CTiMKICTb, )KapPOCTIMKICTD.
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MerTaseBi MOKPUTTS 3aXUIIAIOTh MeTajl TUIBKHU TOJli, KOJU BOHH
HE MalOTh MOIIKOKEHb. [Ipy MOMIKOKEHHI MOKPUTTS OUIBII aKTHUB-
HHUI METaJl PO3YMHSETHCS.

PosrasiHemo nBa npuxmnaau.

IMpuxaaa 1. OnucaTt mpouecH, sIKi BAHUKAIOTh MPH IMOIITKOKEHH1
LUHKOBOTO MOKPHUTTS Ha 3aji31 Yy BOJIOrOMY IOBITpPi, Ta pO3paxyBaTH
EPC yTBOpeHOro Kopo3iifHOTO rajJbBaHIYHOTO €JIeMEHTA.

Po3zs'azanua

3aii30 MOKPHUTO IIMHKOM. 3 TaOIUIb BI3bMEMO CTAILlIOHAPHI 3HAYEH-
HS MOTEHIAadiB IUX METANIB 1 MOTEHLIall peaKii Aemonsapu3aii:
¢*"(Fe*|Fe’) = 0,48 B; ¢*"(Zn*|Zn’) = -0,78 B; ¢(O,JOH") = +0,82 B.

LuHK — aHOJHE OKPUTTS, TOMY IO HOTO IMOTEHIIad OUIbII Hera-
TuBHMA. [Ipy MOMIKOMKEHH] MOKPUTTS LIMHK, SIK OUTbII AKTUBHUHN Me-
Taj, MOYMHAE PO3UYUHSATHUCS, YTBOPIOIOYH MOTIM HEPO3UMHHY IUTIBKY 3
riIpoKcuay Ta okcuay HMHKY. OCHOBHHMI MeTaja He KOPOAYeE OO TOTrO
yacy, IOKM BeCh LIMHK He po3uuMHUThCS. Ilponecu onmucyroTbes HacTy-
ITHUMU PIBHSHHSIMU:

A:7Zn-2e¢ — Zn*,

K: (Fe)O, + 2H,0 + 4¢ — 40H;
2Zn + O, +2H,0 — 2Zn(OH),;
Zn(OH), — ZnO + H,O.

E=¢ 9,, = ©(O,JOH") — ¢*"(Zn**|Zn") = 0,82 — (-0,78) = 1,6 B.

KaT.mp o

Bionogiov: E = 1,6 B.

IMpuxaan 2. OnucaT MPOIIECH, SIKi BAHUKAIOTh IIPH ITOIITKOHKEHH1
HIKEIIEBOrO MOKPUTTS Ha 3aj1i3i y BOJOrOMYy IOBITPI, Ta pO3paxyBaTh
EPC yTBOpeHOro Kopo3iifHOTO rajbBaHIYHOTO €JIeMEHTA.

Poszg'sazanns

3aii30 BKPUTO HiKeleM. 3 TabIUIb BI3bMEMO CTAI[IOHAPHI 3HAYESHHSI
MOTEeHI[IaliB I[MX METajJiB 1 MOTeHIial peakmil Aenoaspu3amii:
¢*"(Fe**|Fe’) = -0,48 B; ¢*"(Ni**|Ni°) = 0,30 B; ¢(O,JOH") = +0,82 B.
Hikenb — KaToOMHE MMOKPUTTS, TOMY IO HOTO MOTEHINAI OLIBII O3H-
TuBHMH. [Ipy MOIMIKOMKEHH] HIKETIEBOrO MOKPHUTTS Ha 3aj1i31 BUHUKAE
ranbBaniunuii enemenT (-) Fe[H,0, O |Ni (+), y KoMy BinOyBaroThcs
MPOLIECH:
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A: Fe' - 2e¢ — Fe™;

K: (Ni)O, + 2H,O + 4& — 40H;

2Fe + O, + 2H,0 — 2Fe(OH),;
2Fe(OH), + O, + 2H,0 — 2Fe(OH),;
Fe(OH), - FeOOH + H,O.

E=¢ = ¢(OJOH) — ¢*(Fe*|Fe?) = 0,82 — (-0,50) = 1,32 B.

Kar.Ip

[Tpu momkoKeHHI HiKeJIeBe MOKPUTTS HE 3aXUINae 3alli30 Bij
KOpo3ii i MiJ IUTIBKOIO HIKEII0 YyTBOPIOETHCS IpxKa.

Bionosiovr: E = 1,32 B.

Ymeopenna zaxucnux niieox

Criliki mpoTH KOpo3ii 3aXUCHI OKCUIHI Ta CONBOBI IJIIBKU MOXHA
106yt 0O0pOOKOI0 MeTally pi3HUMH XIMIUHUMHU peareHTamu. Lleit me-
TOJl 3aXUCTy HA3MBAETHCS MACUBAIIEIO.

Hanpukiaz, 3a1i30 macUBYIOTh OKCH/IHI IUTIBKU. Y IMPOIEC OKCH-
Jauii Ha 3alli30 Ta WOro CIUIaBU HAHOCATH XIMIYHUM IUISXOM IITY4HY
oxkcuaHy miBKy Fe O, 3 rapsauux ny:xHux po3uuHis. Bona mopucra i
JUTSL TIIBMILEHHS 11 aHTUKOPO3IMHMX BIACTUBOCTEH MOBEPXHIO MPOCO-
yyloTh oieto. [I1iBka Mae OaropoHUI YOPHUIA KOJIIp, TOMY MPOIIEC
IHAKIIe 3BEThCSl BOPOHIHHSM Ta BUKOPUCTOBYETHCS JUISI TIOKPUTTS Je-
Tanel, aKi MaloTh TOYHI PO3MIpH: PYLUIHUIIb, MICTOJIETIB, BUMIPIOBAJIb-
HOI TEXHIKH.

JIoist iABUINEHHST aHTUKOPO3IMHUX BIACTUBOCTEH aTIOMIHIIO HOTO
BKPHUBAIOTh LITYYHOIO OKCUIHOIO ILIIBKOIO, IKY JOOYBAaIOTh METOAOM
AHOJHOTO OKMCHEHHS y pO34MHax cyibdaTHOi kucnotu. ITmiBka mae
BHCOKY TBEPAICTH i JeKOPATUBHUI BUrIAA. HacTo 1i BUKOPHUCTOBY-
I0Th SIK IPYHT [ JIaKO(bap60Be MIOKPUTTSL.

DocdaryBanHs — 1e XIMIYHHHA IPOLEC YTBOPCHHs HEPO3YMHHHX
(ochaTHHX MITIBOK, AKI MAIOTh BUCOKI aHTHKOPO3IHHI BIaCTHBOCTI.
Jns ubOoro BUKOPHUCTOBYIOTH cyMill ¢ocdaTiB 3aiiza Ta MaHTaHy y
pO3‘lI/IHi dbochatHOI KHCTOTH (HpenapaT Maxed). [TonioHuM ckitag Mae
1 TaK 3BAHMiA [IEPETBOPIOBAY 1PXKI, SIKMH HAHOCHTECS TOHKHM IIAPOM
Ha IpXaBy MOBEPXHIO 1 YTBOPIOE HA Hiif HEPOZUMHHY ILTIBKY (ocartis
3amiza. PocaTHa MIiBKa BUKOPUCTOBYETHCS SIK IPYHT mia ¢apoy-
BaHHs. DocharyBaHHs 3 MOJATBIINM (apOyBaHHIM BBAXKAETHCS HaM-
OB €eKOHOMIYHUM BHCOKOSIKICHUM 3aXMCHUM IMOKPUTTSIM 1 IIUPOKO
BUKOPHCTOBYETHCSI B TPOMUCIIOBOCTI.
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Enexmpoximiunuii 3axucm

ITpomexmopnuii 3axucm. [IpoTekTOp — OUIBII AaKTUBHUN MeTal,
SIKUM TIPUETHYETHCS 0 JAeTali (KOPITyCy CyJieH) 3 OCHOBHOTO METary
(puc. 7). IIpoTekTOop Mae HEBENMKY IIBUIAKICTh BIACHOI KOpO3ii, He
MOKPUBAETHCS MPOAYKTaMU Koposii. Haltwacrime s 3axucrty 3aiis-
HUX CHOPY/J BUKOPUCTOBYETHCS IMHK, MArHii, CIuiaB ajJlOMiHiIO 3 Mar-
Hiem. Paniyc aii mporekropa — 6mu3bko 50 m. [dns 3axucty 1000 m?
MOBEPXHI KOPITyCy CyAeH HeoOXiaHo nmoctaButu 1120 Kr HMHKOBUX MPO-
TekTopiB abo 400 kr amominieBux. ITo Mipi po3uMHEHHS MPOTEKTOPHU
3MiHIOIOTh. Ha Kopmycax cyaeH MpOTeKTOpH 3MIHIOIOTh pa3 Ha pik.

Kamoonuii 3axucm (enextpo3axuct). [Ipu npomy crioco6i (puc. 8)

‘/1 2

|
|
o
|
|
i

3
Puc. 7. ITpoTeKTOpHUI 3aXUCT KOPITYCY CYEH:
1 — xopmyc; 2 — BozoiiMa; 3 — mpoTekTopH; 4 — HadTa; 5 — maToBapHa Boaa
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—{+ —/+

v
i i i
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]
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Puc. 8. KaToaHuii 3axucr:
1 — xepeno crpyMmy; 2 — aHo[; 3 — eKpaH; 4 — AeTallb, sIKa 3aXUIIAETHCS; J — BOAONMA;
6 — HadTa
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JeTaib, AKy Tpeda 3aXUCTUTHU Bil KOPO3ii, MPUEAHYIOTh 1O HETaTUB-
HOTO IIOJIIOCY 30BHIIIHBOTO JKEpeNia CTpyMy, TOOTO B €JIEKTPOXIMid-
HOMY KOJIi BOHA CTa€ KaToJ0M. AHOIAMU CITyXKaTh MeTano6pyXT oar-
KM, rpadiT, SKi MOCTYNOBO KOPOAYIOTh. BoHM eraHOBaHl BiJl JeTali,
sIKa 3aXMINAEThCs (KOpmyc cyqieH, OypoBi Bexi, CTallbHI onopu, Had-
TOMPOBOAM) TYMOBUMHU eKpaHaMu. Pajiyc aii KaTOZHOTO 3aXHUCTy MpPH-
omusno 2000 M, rycTuHa crpymy Ha katoni — 10¢ A/am?. BBaxaeTsb-
csl, IO 1ie OUThII HAMIHHUIN 3aXUCT, HIXK TPOTEKTOPHMIA.

Lli Buau 3axucTy 0OOB'SI3KOBO BUKOPHCTOBYIOTHCS Pa30oM i3 JIAKO-
(hapOOBUMM TTOKPUTTSIMH.

3axucm 6i0 Kopo3ii inzidimopamu

Inzibimopu xopo3sii — e peUOBUHHU, SKI 3MEHINYIOTh IMBUIKICTH
npoliecy Kopo3ii. BoHu BBomAThCS Oe3mocepelHbO y KOpOo3iiiHe cepe-
noBuIle 200 HAHOCITBHCSA Ha MOBEpXHIO MeTally. IlepeBara uporo me-
TOAY TOJIATA€ B TOMY, IIIO BiH JIO3BOJISIE OOXOJUTHUCH O€3 PO30OHpPaHHS
BY3JIIB Ta JIeTajell i B TOM ke yac e)eKTUBHO 3aXUIIAE iX i Yac TpaHc-
mopTyBaHHs i 30epirannsa. Ha manuii yac Bimomo moHazn 3000 iHribi-
TOpIB.

[IInpoke BUKOPHUCTAHHS AICTANM 1HTIOITOpU aTMOC(EpHOI KOPO3ii.
Lli inribitopu posainsroThes Ha ABI rpynu. JleTki iHribitopu — e pe-
YOBUHHU, SIKi 3/1aTHI CBOEIO MAPOIO 3aXUIIATH MeTaU. BoHU edekTnB-
HO JIIIOTh Ha AesKii BifcTaHi Bix aeraneid. Jlo HUX BigHOCSTHCS KapOo-
HAT MOHOETAHOJAaMiHy Ta HITpUT auuukinorexkcuinaminy (HA).
OcraHHs CIIOJyKa rajgbMye Kopo3ito ctaii Ha 5...10 pokiB. Bonu 3acu-
MAOThCS Y BUIJISAI MOPOIIKY BCEpeANHY ynakoBKku. HemeTki iHTiO1-
TOpHU [iIOTh TUIBKU NMpPH Oe3MOocepeHbOMY KOHTAKTI 3 MetaioM. 1o
HHUX BIOHOCSTBHCS, HaIIpUKJIad, HaTpId HITPHUT 1 HATpili OeH3oat. BBa-
KAIOTh, IO X i 3aCHOBAHA HA YTBOPEHHI aAcopOLiifHMX MapiB Ha
MOBEPXHI METaliB.

Ineivimopu xucnomnoi kopo3ii BAKOPUCTOBYIOTH IJISI 3aXUCTy Me-
TaJliB Y KUCIIOMY CepenoBHINi. BuIbIIicTh MeTaniB, 0COOINUBO CIJIABH
3aJ1i3a, epeT MOKPUTTSAM IiIal0Th TPABICHHIO JIJTST OUMIIEHHS BiJl 1pKi
Ta 3HATTS OKCHJIHOI IUTIBKHM. Y IMX IpoIlecax 4acTo TPaBUThCS M OC-
HOBHUH MeTast. s 3amo0iraHisl 1bhOro y PO3YMHHM KUCIOT JOJAIOTh
PEYOBUHHM, IIO YTBOPIOIOTH TaM KOJIOINHI YACTUHKU: >KEIATHH, HCK-
CTPHUH, BIIXOIM MYKPOBOTO BUPOOHMIITBA, a TAKOX CIICIiajli30BaHIi
npucajky. 3a iX JOMOMOT0I0 Ha IMMOBEPXHI METANIB OJIEPXKYIOThH afcopO-
iMHI mapy, SKi 3am00iraloTh MOAAIBIIOMY TPOIECY TPaBJICHHS.

Benvike 3HaUeHHS MAIOTh iH2ibimopu Kopo3sii ¢ 600i. YacTo Ha TIpak-
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TULI MeTajeBi BUPOOU MOCTIHHO KOHTAKTYIOTh 3 BOJOIO B 3aMKHYTHX
uukiax. Boay BHKOPHCTOBYIOTE JUIsl OXOJIO/DKCHHS ABUTYHIB. Sk Ga-
JACT Ha PIYKOBUX 1 MOPCBKHX Cy[HAX 1i 3a1MBAIOTh B OTIATIOBAJIbHI
cucreMu. BomonpoBinHa 1 0cO0IMBO MOPChKA BOJIA CIIPUSIE CHIIbHIN KO-
po3ii MeTaliB, TOMy B LIUX IPOIECAX IUPOKO BUKOPHUCTOBYIOTH 1HTi-
OiTopu. {15 3aXUCTy cTajell MUPOKO BUKOPUCTOBYIOTHCS YPOTPOIIiH,
CyMIIII aMOHi# kapOoHaTy Ta HaTpiil HiTpuTy. CIUlaBu Mimi 1o0pe 3a-
XUIIA€ CYMIII i3 HATpiit OeH30aTy Ta HATPIA HITPHUTY.

MacTuna Ta ojii 3aXUIIATh Bil KOpo3ii THMUYacoBo. s miaBu-
HICHHS X Aii 10 HHUX TEX 4acTO IOAAIOTh 1HTIOITOPU, HAIPUKIAI, IS
cTajeil — kapOoHAT MOHOETAHOJAMIHY. BIIBIIICTh UX PEYOBUH PO3-
YUHHA y BOJAL ¥ MpH MPOHMKHEHHI BOJOTH MiJl LIAp 3Ma3Ku yTBOPIOE
3aXMCHHI BOJHMI IIAp 13 PO3YMHEHUM 1HT10iTOpoM. JJIst KpaIioro auc-
NEPTyBaHHS IIMX PEUYOBHMH Y MACTWIa JONAIOTh TAKOX €MYJIbIaTOPH
OII-7 1 OII-10.

Jleeysannsa cmaneii. JleryBaHHS — BBEACHHS Yy CTaJIl Ta 1HIII CIUIA-
BU JIETYIOUMX KOMITOHEHTIB, fIKi 3aTHI YTBOPIOBATU 3 KHCHEM MOBIT-
ps CTiMKi 3aXMCHI OKCHJIHI TUTIBKM. HUMU MOXyTh OYyTH HiKelb, XpOM,
THUTAaH, IIUPKOHIM Ta iH. 3a BMICTOM JOMIIIOK CTaIi MOIUISIOTh HA HU3b-
koserosani (< 5 %), cepeauborneropani (5...10 %) i BUCOKOJIEroBaHi
(> 10 %). Hanpukman, crilika y HiTpaTHIH kKuciaoTi crans 0X18H10T
MicTuTh 18 % xpomy, 10 % Hikemo i 1 % turany. ¥ cyaHoOynyBaHHI
MepeBaKHO BUKOPUCTOBYIOTH HU3bKOJIeroBaHi cram mapok 10XCH/I,
092 (MicTATH CUIIii, MaHTaH, XpOM 1 Hikelb). Li crani HemocTaTHRO
CTIMiKI Y MOPCBKIi BOJII i MOTPEOYIOTh TOAATKOBOTO 3aXHCTY Bif KO-
po3ii.

IMTurannsa ta 3agaygi

1. IlepeniunT OCHOBHI METOAM 3aXHCTYy Bi KOPO3Ii.

2. SIxi OCHOBHI METOJM 130JIALlii MOBEPXHI METaly BiJ KOpO3ii BU
3HaeTe?

3. HaBectu ocHOBHI J1akogapOOBI MOKPUTTS, 1110 BUKOPHUCTOBY-
IOThCS y KopabieOyayBaHHI Ta MOOYTI.

4. OxapakTepu3yBaTH OCHOBHI METOJIU HAHECEHHS METaJeBUX
MOKPUTTIB.

5. HaBecTn nmpukiaau HAaHECEHHS TajibBaHIYHUX MOKPUTTIB.

6. OxapakTepu3yBaTH rajbBaHIYHI MOKPUTTS 32 3HAYEHHSIM I10-
TEHIIiaJliB METAaJiB.

7. ¥V SKuX BUNAJKaX METaliyHI MOKPUTTS 3aXUIIAIOTh OCHOBHUMI
MeTaJl Bifl KOPO3ii IPpH MOPYIIEHHI CYIITBHOCTI HOKPHUTTS, a Y SIKUX — Hi?
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8. HaBecTu npukiaad KaTOOHOI'O W aHOJHOI'O MOKPUTTS. 3amuca-
TH CXEMH YTBOPEHUX KOPO3IMHMX €JIEMEHTIB 1 3pOOUTH BUCHOBKHU IIPO
3aXMCHI BJIACTUBOCTI MOKPUTTS.

9. INosichutu siBUIIE TacuBailii. HaBecTn mpukIiagym macuBaTopiB.

10. OxapakTepu3yBaTH MPOLIEC OKCHIYBAHHS CTajel 1 alFOMIHIIO.

11. TTosicanTu XimiuHi sBUIIA 1pu (ocdaTyBaHHI cTae.

12. EnexTpoxiMiyHUI 3aXHUCT (MIPOTEKTOPHUI 1 KATOIHUM).

13. TuribiTopu KOpo3ii.

14. Cxiactu cxeMy KOpO3iHHOTO rajbBaHIYHOTO €JIEMEHTa, YTBO-
PEHOTr0 IPH MOILIKO/KEHH] MITHOT'O IIOKPHUTTS Ha 3aJ1i31 B MOPCHKiid BOII.
HanucaTtu piBHSIHHS elleKTpoAHKX mpoteciB. Pospaxysatu EPC ta AG°
JUIS IbOTO €JIEMEHTa, KO CTAlliOHAPHI MOTEHITa N 3a/1i3a Ta Mifi B
MOPCBKiit Boal BiAmoBigHO mopiBHIOOTH — 0,50 Ta — 0,08 B.

15. Ckiactu cxeMy rajibBaHIYHOI'O €J€MEHTa, YTBOPEHOTO IMpHU
MOIIKO/KEHHI IIMHKOBOTO MOKPUTTS HA 3aj1i31 B MOPChKii Bofi. Po3pa-
xyBatu oro EPC, axmo ¢"*(Fe?*|Fe’) = -0,50 B; @“*(Zn**|Zn°) =
= -0,8 B; ¢(O,|JOH") = +0,82 B.

16. IIpu mOMIKOMKEHHI TOBEPXHEBOTO 1IAPY IIMHKOBOTO MOKPUTTS
Ha 3aJ1i31 Y MOPCHKiil BOMI BimOYBa€eThCs MPOLEC KOPO3ii BHACTIIOK PO-
0OTH TalbBaHIYHOTO elleMeHTa. HamaTu cxemy yTBOPEHOTO €IeMEHTa,
HAIKMCaTH KAaTOAHY Ta aHOIHY peakiii, BusHauntu EPC ta AG® eneme-
HTa, SKIIO CTAlllOHAPHI MOTSHIAIA IMHKY Ta 3aji3a B MOPCBHKIA BOJi
BiANOBiAHO nopiBHO0TE 0,83 Ta —0,50 B; ©(O,JOH") = + 0,82 B.

17. 3rigHO 3 SKUM MPUHIIMIIOM BUOMPAIOTH METAJN ISl 3aXHCHOTO
nokputts? HaBecTn mpukiIagym MeTaliB, IO 3aCTOCOBYIOTHCS B SIKOC-
Ti aHOAHUX IMOKPHUTTIB a1 Opon3 cruaBy (Cu ta Sn). HammcaTtu cxe-
MU TPOLIECIB, 10 BiIOyBaIOThCS MPHU MOLIKOKEHH] CYLITBHOCTI rajib-
BaHIYHMX MOKPHUTH. KopucTyBaTHCS 3HAYCHHSIMU CTAHIAPTHUX E€JICK-
TPOIHUX MOTEHIIAJIiB METaJIiB.

18. Migp BKkpuTa XpoMoM. SIki mpolecHu BimOyBalOTbCsS IPU IO-
IIKO/KEHHI CYLITBHOCTI MOKPUTTS B KUCIOMY cepenoBuini? Ckiactu
CXeMy TaJIbBAaHIYHOTO €JIEMEHTa, IO YTBOPIOEThCs. Po3paxyBatu AGY,
skio EPC popisntoe 0,93 B.

19. 3aiizo BkpuTo HikenmeM. SIke 1ie mokpuTTs? SIki mpouecu BinOyBa-
I0THCSl TIPU TTOIIKO/KEHHI CYLUJTBHOCTI TOKPUTTS Y BOJIOTOMY IOBITpi?
CKJIaCcTH CXeMy TaJIbBaHIYHOTO €JIeMEHTa, 1110 YTBOPHBCS, Ta PO3paxyBa-
tH oro EPC, skiio craioHapHi NOTEHIAIN 3a1i3a Ta HIKEIO B IIHX YMO-
Bax BIANOBiIHO JopisHIO0OTH —0,48 Ta +0,10 B; ¢(O,|JOH") = +0,82 B.
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BUJABHHUUTBO HALUIOHAABHOI'O
YHIBEPCHUTETY KOPABAEBYAYBAHHA

imeni aamipara Maxapora

Llanoeni nanoee!

3anpomryemo Bac 03HAaHOMUTHCH 3 MOXJIMBOCTSIMA KHUKKOBOTO
BUJIABHHUIITBA, BUCOKOKBaIi(hiKOBaHI CIELIANICTH SIKOro 3abe3rnedyarhb
OTiepaTHBHE Ta SIKICHE BUKOHAHHSI 3AMOBJICHHS OY/Ib-SIKOTO PIBHS CKJIa/I-
HOCTI.

Harm royioBHUIT TPUHIUIT — 3aI0BOJILHATH TOTPeOM 3aMOBHUKA B
MOBHOMY KOMIUIEKCI MOMIrpadiyHuX MOCIyT, MOYNHAIOUN 3 PO3POOKH
Ta MArOTOBKM OPUTiHAIIy-MaKeTa, IO BUKOHYEThCs Ha 0a3i IBM PC,
1 3aKIHYYIOUM JPYKOM Ha OPCETHHX MallTuHaX.

Kpim 115010, MU Ma€EMO MTOBHUI KOMILIEKC MICISIIPYKAPCHKOTO 00-
JaHAHHSA, 110 J1a€ MOJIMBICTh BUKOHYBATH:

v apkymemninbip;

v/ OpolrypyBaHHs Ha CKOOY, KIIei;

v\ IOpIi3Ky Ha TiIbHOTHHAX;

v\ JaMiHyBaHHSI.

BugaBHUIITBO TaKOX OCHAIEHO Cy4acHUM IUGPOBUM TyOITiKa-
TopoMm ¢ipmu "Duplo" popmaty A3, 1m0 1a€ MOXKIUBICTh THPAXKyBa-
TH 31 WBHAKICTIO A0 130 Komili 3a XBUJIUHY.

7151 MOCTIMHUX KJIIEHTIB — THYYKa CUCTeMa 3HUKOK.

OTxe, SKIIO BaM MOTPIOHO HAAPYKYBATHU RIOPYUHUKH, KHUZU, OpO-
uLypu, JCypHaIu, Kamaiozu, peKiamHi JucmieKu, npaic-iucmu, 01an-
Ku, eizumui kapmku, — mu 00 Bawwux nocnye.

© Hargionarbuuii yHiBepcuter kopabaebyzysanus imeni aamipara Makaposa
DA< Ykpaina, 54002, m. Muxonais, Bya. Ckopoxogosa, 5, Bugasuuurso HYK
@ 8(0512) 47-83-86; 39-81-42, 39-73-39, fax 8(0512) 42-46-52;
E-mail: publishing@usmtu.edu.ua

67



68

JAAd HOTATOK



