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BCTYII

3apo/KeHHA HOBOI HayKM B Pe3yJibTaTi MO€JHAHHS XIMil Ta €JIeKTPUKU OyI0
3MICHEHE B €KClepUMEHTax Itajiiicbkux BueHHX Jlyimki ['anbBani Ta Onexcanapo
Bonbra. BinnoBigHo, HOBa Hayka oTpuMala Ha3By — enekTpoximisa. [loegHaHHs ximii
Ta ENEKTPUKU € TMPHUPOAHIM, TaK SK EJIEKTPUYHY EHEprilo MOXKHa OTpUMAaTH B
pe3ysibTaTi MPOBEACHHS XIMIYHUX peakiiil 1, HaBMNaKkh, BUKOPUCTOBYIOUH
SJIIEKTPUYHUN CTPYM, MOKHA TIEPETBOPIOBATH OJIHI peUuOBUHHU B iHIIi. Lle i He TuBHO,
OCKUIbKM 1 B XiMIi, 1 B €JIEKTPHI[l TOJOBHY J1}0 BUKOHYIOTh 3apsPKeH1 YACTUHKU —
€JICKTPOHU Ta WOHM.

Binkpurta [NanbBaHi KOHTAKTHOT PI3HMII TOTEHLIANTIB 1 XIMIYHHMX JIKEpen
CTPYMY JISITJIO B OCHOBY MOJIANIBIIIOT0 BUBUEHHS eeKTpoxiMiuyHuX siBull. Bike B 1801 p.
pociticekuii  (izux B. B. [lerpoB BUroToBHB 0Oatapero, IO JI03BOJIMJIA MIISXOM
EJIEKTPOITI3Y BUIAUIUTH PsAJl METaNIB (PTYyTh, CBUHEI, OJIOBO).

[le BaxnuBINlYy PO B PO3BUTKY €JIEKTPOXIMIi 3irpajii JABa BHUJIATHUX
anrmicekux ydenux Xemdi Jesi (1778-1829 pp.) ta Maiikn ®apaneri (1791-
1867 pp.). JleBi CKOHCTpyIOBaB MOTYXKHY Oatapero, sika jo3Bojuia oMy B 1806-
1807 pokax mpoBecTH €NEKTPOII3 BOJAMU, OTPUMABIIU KHUCEHb Ta BOJEHB, a TAKOXK
OJIepIKaTH IUISIXOM €JISKTPOJIi3y 3 PO3ILIABIB COJIEH HATPiH, Kajlii, KaJbIlii, CTPOHIIIH,
Oapii, MarHii, BUTbHUN Xy0p. HaliGinpma 3acimyra M. ®@apazaes a1 XiMil — BITKPUTTS
KUTbKICHUX 3aKOHIB €JICKTPOJII3Y.

BusnauHa ponb y pO3BUTKY Teopii €JIEKTpoXiMii, 30Kpema, YSIBIEHb IIPO
MPUPOY BUHUKHEHHS EJIEKTPOMHMUX MOTEHIIIAJIB, HAJICKUTh BIIOMOMY HIMEILKOMY
¢izuko-ximiky Bomsrepy Hepuery (1864-1941 pp.). Benukuii Bkiam y CTBOpEeHHS
cy4yacHO1 eyieKTpoximii BHIC mpodecop OIeChbKOTO YHIBEPCHTETY, B MOCIITYIOUOMY
3acHOBHUK 1 aupektop Iacturyty enekrpoximii AH CPCP akagemik O. H. ®pymkin
(1895-1976 pp.).

BaxxnuBicTh €NeKTPOXIMIYHMX MPOIIECIB HATISTHO MOKHA MPOUTIOCTPYBAaTH HA
MPUKIaAl OTPUMAHHS 1 OYMCTKK MeTaniB. [lounHaroum 3 miTito, Kayliro, HaTPirO Ta

IHIIMX METajiB MEpIIOi TPynu MNEpPIOJAMYHOI CUCTEMHU EJIEMEHTIB, iX BIAKPUTTA,



HAayKOBE JOCIHIJKCHHSI a)X [0 HallaroJKeHHS MacoBOTO BHUPOOHHUIITBA Oyino Ou
HEMOXXJIMBUM 0€3 BIAKPUTTA €JNeKTpUKU. Lle MEeBHOI MIPOI CTOCYEThCA TaKOXK
MeTaniB 1HIUX rpyn. HaiOimpmmMm 3a TOHHaXXEM cepel KOJIbOPOBUX METANlIB €
BUPOOHUIITBO MiJ1 Ta AJIFOMIHIIO, SIKE 31IMCHIOETHCS €IEKTPOXIMIYHUMHU MeToAaMu. Y
NEepIIOMY BHUIAJKY €JIEKTPOJIITaMH CIIy)KaTh PO3YMHHM COJEH MiJll, a B APYIrOMY —

po3IuiaB CUCTEMHU Ha OCHOBI TJIMHO3CMY.

He MeHI 1iikaBUMU € BUPOOHHUIITBA METAJIIB 3 BUKOPUCTAHHSM €JIEKTPOJII3EPIB 3
pPIAKMMHU KaTojgaMu. BuIIJIEHHS MOXKIIMBE SIK Yy YMCTOMY BUIJIAJL, TaK 1 Y BUIJISI
CIUIaBIB, 110 MalOTh CaMOCTIHE 3HaYeHHs. Tak, HampHUKiIaA, Kajdblid BUAAISIOTH 3
MITHO-KaJIbI[IEBOTO PO3IIABY, 10 YTBOPIOETHCS MPH elekTpodisi po3miaBy CaCly —
KCI. Bepwniii, rajgosinii, iTpiif, TOpii Ta AesAKi iHIII OTPUMYIOTh TIPU EICKTPOJIi3i
PO3ILJIABIICHUX COJICH Ha PIIKOMY IIMHKOBOMY KaToi. Pimkuii IMHK OTIM BUJAJISIOTh,
MICJISt YOTO BUJUISIOTH MOTPIOH1 JIAHTAHOIM, BUKOPUCTOBYIOUH PI3HUILIO TEMIIEpaTyp

IJIaBJICHHA.

Bupo6uunrsa ramorenie (F, Cl, Br, I, At) enekTpoxiMiYHUMH METOIaMH
CYITPOBOIKYIOTHCS ITapayieTbHUM YTBOPEHHSM JTyKe BakuBuX pedoBuH — NaOH, Hy,
a 3 ypaxyBaHHSIM iX arpeCUBHOCTI Ta XIMIYHOI aKTHBHOCTI, TEXHOJIOT14H1 MIPOIIECH X
OTPUMAaHHS TIO CBOIA CKJIQJHOCTI Ta JOCKOHAJOCTI MOXYTh CIYXXUTH 3pa3koM

HaYKOBO-TGXHi‘-IHI/IX JOCSATHCHD.

Oco0nHMBO CITiJT BII3BHAYMTH BAXKJIMBICTh CYYaCHHX E€JEKTPOXIMIYHHUX IPOIIECiB
oJlepKaHHS TaKUX KJIACIB CIIOJIYK SIK MEPOKCHUIIU Ta TiAPONEPOKCUIN, TOUNHAIOYH 3
H202, Hangcipuanoi kKucmoTH, nepcyibdaTiB MeTaiiB 1 T. . HabupatoTh Baru MeToau
EJIEKTPOXIMIYHOTO BUPOOHUIITBA OPTraHIYHUX T4 METAJTOOPTaHIYHUX CTIOJYK.

OkpeMuM  pPO3JUIOM EIEKTPOXiMii € TalbBaHOIUTACTHKA. Ha ©Garatpox
MAaIIMHOOYIIBHUX MIAIPHUEMCTBAX JIFOTh BEIMKI TaIbBaHIUHI IEXH, 10 3a0€3MeUyIOTh
3aXUCHI Ta JEKOPATHBHI TOKPHUTTS HIKEIIOBAHHSAM, XpOMYBaHHSM 1 T. M. be3 mux
MPOIIECIB HEMOKIIMBE BUPOOHHIITBO 0AaraThOX €JIEMEHTIB €ICKTPOHHUX MPUCTPOIB.

Jly’xe BaXKJIMBUMU JJIS JIIOJICTBA € XIMIYHI JIKepesia eJEKTPUYHOIO CTPYyMY y

BUTJIS/II PI3HOMAHITHUX NEPBUHHUX FaJbBAHIYHUX €JIEMEHTIB Ta CUCTEM Ha 1X OCHOBI,
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aKyMyJISITOpPIB PI3HOrO TUIY 1 NAJMBHUX €JEMEHTIB. be3 Iboro He MOXYThb
(YHKIIOHYBaTH CTUIBHUKOBHM TeleOHHMI 3B’SI30K, KOMII IOTEpH, (oToamapari,
TOJMHHUKH, paglonpuiiMadl, JIiXTapi, irpaliky, aBTOMOOLI1 TOLIO.

Takox Taki elIeKTpOXIMIYHI METOAM aHaJI3y SIK KyJIOHOMETpIs, nossiporpadis,
KOHJIYKTOMETpisl, MOTEHI[IOMETPisl € HEBIJl EMHOIO YACTUHOK CY4YacCHOi aHAIITUYHOT
XiMii, TOMY WIO BOJIOAIIOTh BHCOKOI YYTJIUBICTIO, TOYHICTIO, MOXJIHUBOCTSIMHU
OJTHOYACHOTO BHM3HAUYCHHS OKPEMHUX CKJIQJIHUKIB B CyMimax ©Oe3 MonepeaHboro
pPO3AUIEHHS Ta 3aCTOCYBAHHS Cy4YacHUX BHUMIPIOBAIBHUX U OOYHCIIIOBAIBHUX
npuianiB. OOnNacTe 3aCTOCYBaHHA IIMX METOJMIB JOCHUTh IIHPOKAa Ta BKIIOYAE
JOCIIDKEHHS] TBEPAUX PEUYOBUH, PO3UYMHIB, €MYJbCi Ta CyCHeH3ii, MoJiMepiB,
MeMOpaH, 610JIOTTYHUX CUCTEM Ha OCHOBI (DEPMEHTIB Ta OaKTEpIi.

Enexrpoximis BHeclia 3HAYHMU BKJAJ Y TEOPIFO BAXIUBUX JUIS MPAKTHKU
IpOIIECiB, HA SKUX 0a3ye€ThCsl TaJIbBAHOTEXHIKA, BUKOPUCTAHHS XIMIUHUX JHKEpel
CTPYyMY, TIIPOMETANypris, €JICKTPOCUHTE3 OPTaHIYHUX 1 HEOPTaHIYHUX PEUYOBUH,
3aXHCT METAIB BiJl KOPO3ii TOIIIO.

Omoice enekmpoximis — ye HayKd, AKa 8UBHAE 3AKOHU 83AEMHO20 NEPemEopPeHHs
XiMiYHOT U enekmpuynoi opm enepeii ma cucmemu Oe UyYi NepemeopeHHs
30ilicHIolombcs. B enekTpoxiMii BUBYAIOTh TaKOX BIACTUBOCTI HOHHUX MPOBITHUKIB,
IpoIleCH 1 SBUIA Ha rpaHull ¢a3 3a y4dacTio 3apsKCHHX YaCTUHOK — HOHIB 1

€JICKTPOHIB.



Po3aii 1. Po3uunu ejieKTpOJIiTIB

1.1. EnexrposiTuyHa guconiamis MOJIEKYJI eJ1eKTPOJIITy

[lepmi mosicHEeHHS OCOOJMUBOCTEH PO3UMHIB EJIEKTPOJITIB JaB AppeHiyc y
1887 poui. OcHOBHa iJ1ed 3apPONOHOBAHOT HUM TEOPii €JEeKTPOXIMIYHOI AMCOLIaLil
moJisiraja B TOMY, 110 B OyIb-SIKMX PO3YMHAX 3 JOCTAaTHHO BHCOKOO JTICIICKTPUYHOIO
NPOHUKHICTIO (£) MOJEKYJIM PO3YUHEHOT PEYOBHMHH CAMOYMHHO JHCOIIIIOIOTH 3
YTBOPEHHSM MPOTUJICKHO 3aps/KEHUX HOHIB. Po3naj pevoBHUH Ha HOHM B110OYBa€ThCS
HE3aJIC)KHO BiJI TOTO, IPOIMYCKAETHCS YePe3 PO3YUH CICKTPUUHUN CTPYM 4M Hi. Uucio
HOHIB KOXKHOTO 3HAaKy BHU3HAYAEThCS CTEXIOMETPUYHUMHU KoedirieHTamu y Gopmyri
MOJICKYJI €JIEKTPONIITY TpHU 30€pEKEeHH] eNeKTPOHEHUTPAIbHOCTI, Y BIAMOBIAHOCTI 3
SIKUM CyMa ITO3UTHBHUX 3aps/IiB piBHA CyMi HETaTUBHUX. TaKUM YHMHOM, HE JUBJISTYHCH
Ha TPHUCYTHICTh Y PO3YMHI JBOSKUX HOHIB, BiH 3aJIMIIAETHCS CICKTPOHEHTPATHLHUM.
Enexrponitiuniit aucorianii NigaaeThes TITLKK MEBHA YaCTHHA MOJICKYIT €JICKTPOIITY
1 1mei mpormec € oO0OpoTHIM. 3a po3poOKy Teopii eIeKTPONITHYHOT JucoIiamii
C. Appeniyc orpumaB HoGeniBcbky mpemiro (1903 p.). TpebGa Big3HAUUTH, IO
BUCHOBKY TpO BHHUKHEHHS HOHIB y BOJHHMX pO3UMHAX 0araThbOX CHOJYK paHilIe
Appeniyca giiinum autoBebkuid ximik K. 1. I'potryce (1819 p.) i npodecop KuiBchkoro
yHiBepcutety M. M. Kasunep (1881 p.).

VY kpucranax i3 WOHHUM 3B'A3KOM HOHM PO3MIIIEHI y By3JIaX KPHUCTAIIYHOI
rpatkd. [lpu BHeceHHI KpuCTaldy y BOAY HOHM MEPEXOJsiTh y PO3UMH, TOOTO
PO3YMHSIOTHCS, BHACIITOK B3a€MOJii KPUCTAdy 3 MOJSPHUMU MOJEKYJIaMU BOJH.
Boanouac lionu eiopamyromscsi.

3a cyyacHHUMH YSBJICHHSIMH WOHHM B PO3YMHI COJbBATOBaHi, TOOTO OTOYCHI
MEBHUM YHHOM OPI€HTOBAHMX JIUIIONIB PO3UMHHHKA, K1 MIITHO YTPUMYIOTHCS TIOOIH3Y
HOHIB 1 OepyTh ydacTh B TEIUIOBOMY pycCi pa3oM 3 iWoHamu. Taki yrpymyBaHHS
HA3MBAIOTLCS conbeamamu. [Ipu B3aeMomii €JIEKTPOIITY 3 BOJOK HOHU YTBOPIOKOTH 3
MOJICKYJIaMH BOJIA CTIONYKH, SKI Ha3WBAIOTh 2iopamamu. YUcio MOJIEKyll BOMH, IO

3B'3aH1 B TiApaT-WOH, HA3WBAIOTh YuUCIOM 2i0pamayii, 3a THIIOK TEPMIHOJIOTIEIO

10



ripaT 1 YUCIo Tiparaiii BiAMOBIIHO HA3UBAIOTh AKBAKOMNIEKCOM 1 KOOPOUHAYTUHUM
(nieanOHUM) YUCTOM.

Karionu nyxuux (Li*, Na*, K*, Rb*, Cs*, Fr") i nyxnosemensuux (Ca%*, Sr#,
Ba?*, Ra?") eneMeHTIiB KOOPAMHYIOTH (3B'I3YI0TH) MOJIEKYJIU BOJM B IipaTH BHACIITOK
HoH-IunoNbHOT B3aeMoii. KoopauHyBaHHS 3aJIeKUTH BiJ 3apsly 1 pajaiyca KaTioHa,
Horo Macu, AUMNOJBHOIO MOMEHTY BOIM, moysipu3anii WoHy 1 momekymu H>O,
KIHETMYHUX MapaMeTpiB Tomo. Mix karioHamu nepexigaux merainis (Ti, V, Cr, Mn,
Fe, Co, Ni) 1 MonekynamMu BoJAu BUHUKAE, BHACTIIOK BAKAHTHUX aTOMHUX OopOiTaieil y
KaTIOHIB 1 HEMOJAUICHUX Map €JEKTPOHIB MOJIEKYJl BOAM, JOHOPHO-AKIENTOPHUN
3B'S130K. YacTo eNeKTpoCTaTUYHUM 1 IOHOPHO-aKLENTOPHUM BUIM 3B'SI3KY B TipaTax
KaTioHiB NposBisioThes pasoM: Al(OHy)e>t; Ti(OH,)6®"; Fe(OH,)s%".

[{pomMy crIpUsIOTH aKLIEITOPHI BIACTUBOCTI MOJIEKYJ BOJIM, B IKMX aTOM BOIHIO
Ma€ HaUIMIIKOBUM mo3uTtuBHUM 3apsia. Tak anion Cl” mae 4 enexkTpoHHI Map, TOMY

YOTUPH JIOHOPHO-AKILIETITOPHI 3B'A3KH JIal0Th TiAPAaT:

,,,,,
e ~.
e ~.
~.
~.
~

Mortekynu BOIM B rizipaTi € MOOUTbHUMU. BOHM OOMIHIOIOTBCS 3 MOJIEKYJIaMHU
BOJIM CEpPEIOBHUIIIA.
CykynHICTh B3a€MOJIi, IO MPUBOAUTH 1O YTBOPEHHS Tiapary, CKJIaJae

MEPBUHHY Tiapataiiito. Monekyau Boau, 10 3B'sI3aHi 3 HOHaMHU y Tiapat, YTBOPIOIOThH
Enexrpocrarnune nosne foHa Ai€ 1 3a MexXi nepiuoi rigparHoi chepu. Non-
11
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JTUTIONIbHA B3a€MO/IiS 37aTHA JIUIIE OPIEHTYBATH MoJieKynu Boau. Llg opienTairis Mmoxe
MOPYIIYBAaTUCh JII€0 MOJIB 1HIIMX HOHIB. O0IacTh 4YaCTKOBOI Opi€HTALlli B MOJI1 HOHA
CKJIaJla€ Horo Apyry riapatHy cdepy, a came B3aeMOJIS 3 MOJISPHUMU MOJIEKYJIaMu

BOJIM B APYTiH TipatHiii cdepl BITHOCUTHCS 10 BTOPUHHOI Tiparaiii.

1.2. CunbHi T2 c1adKi e1eKTPoIiTH

EnexTponiTi, MOJEKyIu SKUX pO3MANarThCsid HA JBa WOHW, HA3WBAIOTHCS
binapHumu, ab0 cumempuyHumu. SIKIIO IPU IILOMY YTBOPIOIOTHCS 00HO3ApsAOHI NOHH,
TO €JEeKTPOMIT BiAHOCATH 10 Tumy 1,1-3apsanux enexrponitiB (NaCl, HCI 1 1xm).
Sxmo o0eoxsapsaoni — no tuny 2,2-3apsagaux (MgSOs, ZnSOs 1 inHmi). Jns
HecumerpuyHuXx — enektpomitiB  (KpSOs, MQCl, 1 iHm) THOD — €JIeKTPOIITY
BCTAHOBITIOETHCSI TAKOX 3a 3apsnHicTio WoHIB: KoSO4 — BigHOCUTHCA N0 THTY 1,2-
sapsinaux, MgCly — no 2,1-3apsiHuX TOIIIO.

Enexrponiti minAThCs Ha cunvHi i C1aOKi, THKOIU BUAUISIOTH €JIEKTPOJITH
CepelnHboi CUiu. /o cunbHux enekmponimie BITHOCSITh PEUOBUHU, AKI B PO3YMHAX
MOBHICTIO JMCOLIIOIOTh HA MOHU. Y BOJHUX PO3UYMHAX CHJIBHUMH €JIEKTPOJITaMU €
OUTBIIICTH MIHEpPAJbHUX KHUCJIOT, JIYTIB, coNeil. /{o cnabkux enekmponimié BITHOCSTH
PEYOBHHH, SKI B PO3UMHAX PO3KIIAIal0ThCs Ha WoHu ymmie 9acTkoBo (H2COs3, H3BOs3,
CH3;COOH, NH4OH, HgCl; ta immn). Cuma eleKTposiTy 3ajeKdUTh BiJ IPHPOIU
po3unHHuKa. O/HA 1 Ta X PEUYOBHHA B OJHOMY PO3UYMHHUKY MOXe OyTH CHUIBHUM

CJIEKTPOIIITOM, a B IHIIIOMY — CITAOKUM.

1.3. KinbKicHI XapaKTepUMCTHKH €JIEKTPOJTITHYHOI JUCoIiaii

Po3unH c1abKOTO €NEeKTPONITY € CYMIIIIT0 MOJIEKYJI PO3YMHHUKA, MOJEKYII

PEYOBHHH 1 HOHIB €JNEKTPONiTy. TakKMM YMHOM JIHMCOINAIIl MiIIA€ThCS JUIIE TTeBHA
JacTHHA MOJEKyl eiekrpomity. Ilg dactmHa (@) BIANOBIIAE  cmyneuio

enekmponimu4Hol oucoyiayii enekmponimy 1 piBHa BIIHOIIECHHIO YHCJIa MOJIEKYI, 110
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posnanuck Ha ¥onu (N) xo 3aransaoro uucna (N) pozunnenux monexyi:

N (1.3.1).

Mix HeAMCOIIHOBaHUMH MOJIEKYJaMH 1 HOHAMU BCTAHOBIIOETHCS JUHAMIYHA
pisaoBara. CTymiHb €NEKTPONITMYHOI aucomianii enexrpomiry (mpu p, T=const)
3QJIEXKUTH Bl HpUpoOu po3uuHeHoi pevosunu i Konyenmpayii pozuuny. BiH 3a1€XUTh
1 Bl IPUPOAM pO3UYMHHUKA. UMM BUIIa AleNIEKTpUYHA IPOHUKHICTh PO3UMHHHUKA, TUM
OUIbIlIa CTYMIHb JUCOIIAIT €NeKTPOiTy. POZUMHHUKN TOAUISIOTH HA Higenoui 1
oughepenyiroroui. Y Higentoroyux PO3YMHHUKAX PO3UMHEHI PEYOBUHHU JUCOLIIOIOTH
npuOIN3HO OAHAKOBO, Y Ougepenyiroroyux — CTYMIHb AUCOLIALI] €IEKTPOIIITIB PI3KO
BIPI3HAETbCA. THUIIOBUM HIBENIOIOYMM PO3UYMHHUKOM € BOJA, MU(MEPEHIIIOIYUM —
aIeToOH.

BaxxnmBo10 KUIBKICHOIO XapaKTEPUCTUKOIO CTaHy €JNEKTPOJITY B PO3UMHI €

koncmanma oucoyiayii (K7). Tax s enexrponity AB, 10 AHCOIIOE B PO3UHHI 3a

CXEMOHO:
AB—A" + B (1.3.2),
BUpAa3 JJI KOHCTAHTH JHUCOIalii K J] Ma€ BUTIIAN:
o C,.-C,.
a- T ~ 1.3.3).
C, (1.3.3)

Sxkmo C — KOHIEHTpaLlis €IEKTPOIIITY, a O, — CTYIiHb AUCOLiallii, TO PIBHOBaXHI

KOHIICHTpAIIil HOHIB OyIyTh BIMOBITHO PIBHI:

Cii=Ca; Cp.=Ca; Cuz=C(I-a) (1.3.4).
ITimcraBuBmIK 111 criiBBigHOIICHHS B piBHAHHS (1.3.3) oTpriMaemo:
K - a’C
A 1—a (1.3.5).

Piastnus  (1.3.5) HasuBaeTrhcsi 3axoHom  possedennsi Ocmeanvoa. Ilpu

HEBEJIMKHUX 3HAYCHHSAX 0 BUPA3: 1-a=1, roni piBusHHA (1.3.5) HaOyBae BuYy:
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K
K, =a’C 4, ¢= ?ﬂ (1.3.6).

SAx BUAHO, CTYyHiHb JucoLialii O OOEPHEHO MPOMOPIIHHUNA KOPEHIO
KBaJIpaTHOMY 3 KOHLIEHTpaIlli eeKTpoiity. [Ipu 3MeHIeHH1 KOHIIEHTpaLlil e1eKTPOIITY,
Hanpukiaza B 100 pa3is, crynine gucouiaiii 3pocrae B 10 pasis.

Koncranrta aucoriaitii 3aaeuTh Bl IPUPOAU POIUMHHUKA 1 TEMIIEpaTypH, ajie
HE 3aJIeKUTh Bl KOHLIEHTpAIli eJeKTPOIITY B PO3UHHI.

Teopis Appeniyca mosicHWIa Oararo BIACTUBOCTEH PO3YMHIB CIIAOKUX
CJIEKTPONITIB TPU  HEBENMKI KOHIEHTpauii (peakuii Tigpodi3dy, 3HUKEHHS
KOHILIEHTpallii BOIHEBUX HOHIB, TolIO). [IpoTe moBeniHKY KOHIIEHTPOBAaHUX PO3UYHMHIB
CIaOKUX €JEKTPOJIITIB 1 PO3UMHIB CUIBHUX €JIEKTPOJIITIB KUIBKICHO OMUCATH 3 TO3UIIIT
i€l Teopli BUSBUIOCH HEMOMXIIUBUM.

Kopucrytounch Teopieto AppeHiyca HEMOXKIUBO OyJI0 MOSICHUTH, HAIPHUKIA,
oMy pi3Hi MeToaM Bu3HadeHHs K7 elIeKTpoItiTy qatoTh pi3Hi 3HAYEHHS, YOMY IS PSITY

enektponitie K7 3amexuTh BiI KOHICHTpAIli PO3YMHY, a TAKOXK JUIS JESIKHX

€JICKTPOJIITIB MPU BUCOKUX KOHIEHTpamisix o > 1. Teopist x Bka3yBaja MpUYUHH, IO
BUKJIMKAIOTh JMCOITIAIlif0 MOJICKY)I Ha HOHH, i HE MOSICHIOBAJIA 32 PaXyHOK SIKUX CHII
BOHA B1/10yBA€ETHCHI.

[Tomanpin JOCHIIKEHHS IMOKa3ajid, 0 BJIACTUBOCTI PO3YMHIB €JIEKTPOJIITIB
BIJIPI3HAIOTHCS BiJ BIACTHBOCTEH 17IcaIbHUX PO3YMHIB 1 BIIXWJICHHS BiJ 11€a7IbHOCTI
B pPO3YHMHAX EJEKTPOJITIB OUIbII 3HAaYHI HDK B PO3YMHAX HEENCKTPONITIB Ti€i XK
KOHIIeHTpaIlii. Lle mosiCHIOEThCS 301IBIIIEHHSM YK CJIa YaCTUHOK Y PO3YHHI €JIEKTPOIITY
3a paxyHOK naucoriaiii. bymo BHUSBIEHO, IO MiABUIIECHHSA TEMIIEPATypH KHUIIHHSA,
3HIDKEHHSI TEMIIepaTypHy 3aMEep3aHHs 1 OCMOTHYHHUI THCK B PO3UYMHAX EICKTPOIITY
3HaYHO OUIBINI, HIK B PO3YMHAX HEEJEKTPOJITIB Ti€i * KoHmeHtparii. Baat-T'ohd
3'1CyBaB, 1[0 OCMOTHYHUI THCK PO3YHMHIB eneKTpomiTiB (/1) onucyeThest piBHAHHSIM:

II=iCRT (1.3.7),

ne i — i3otoniunuit koedinient Banr-Topda (i > 1). Y Bogunx posaunax NaCl 1= 2,
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y po3unHax BaCl, - 6nu3bkuil 0 TphOX, TOOTO 130TOHIYHUI KOE(IIEHT HAOIUKEHO
MOKAa3y€ YMCIIO WOHIB, Ha SIK1 PO3KJIAIa€ThCA MOJIEKYIIA CUIIBHOTO €JIEKTPOIITY.

VY cnaOKux enexTpoJiTIiB 130TOHIYHUM KOE(IIEHT MOB’A3aHUN 31 CTYNEHEM
aucouianii a. SIkuo exekTpoir i3 konuenTpanicro C (MOIb/11) Mae CTYIiHb AUCOLHALii

Ot 13 IOro MOJIEKYIIH MPHU AMCOLIALll YTBOPIOETHCS V TUIIB HOHIB TO:

1, _cl-a)+vac _
l Hrjeop. - C _1+a(v_l) (1.3.8).

PiBusians (1.3.8) mokasye, mo npu a=0 (po3uuH HeenekTpomity) i=1, a nmpu a=1
(PO3YMH MOBHICTIO JUCOIIIOBAHOTO SICKTPOIITY) I= V.

[{itouncenbHUX 3HAYCHb «I» MPAKTHYHO HE CIOCTEPIra€Thesi, OCKUIbKU
piBusHHA (1.3.8) He BpaxoBye cuind MibKiHOHOT B3aemoii. [Ipore npu a=0 xoedirieHT
«I» Oyme Omu3bkuii 10 1, a mpu 0=1, OJU3bKHI 0 YKCIIa HOHIB Ha K1 PO3KJIATa€THCS

EJIEKTPOJTIT.

1.4. Po34uMHYU CHJIbHUX €JIEKTPOJIITIB

VY Teopii CHIBHUX €JEKTPOJIITIB BAXJIMBUM € MUTAHHS MPO PO3MOILT HOHIB Y
pPO34MHI. YSBICHHS MPO XaOTHYHUU PO3IMOALUT HOHIB y PO3YMHI TEX HE BIJIMOBiIa€E
JIHUCHOCTI, OCKLIBKHM CIiJi BpaXOBYBaTH €JIEKTPOCTATHYHY B3a€EMOJII0 MK HOHAMHU.
EnexrpocratnuHi cviii IPOSBISIIOTHCS HA BIHOCHO BEJIMKUX BIICTAHAX, 1 B CHJIBHUX
EJICKTPOJIITaX, CICKTPOCTATUIHA B3a€EMOJIIS MK HOHAMM HACTUIBKM 3HAYHA, 1[0 BOHA
oOMexye ix pyx. BuHukae TeHIEHIIisI 10 BIOPSAKOBAHOTO PO3TAITyBAHHS, aHAJIOTIYHO
K Y MOHHUX KpHUCTaJNaxX, A€ KOXEH MOH OTOYEHUM WOHAMHU NPOTUIICKHOIO 3HAKY.
Opmnak po3mofini  HWOHIB B poO3uMHI Oyae BHU3HAYATHCSA  CHIBBIIHOMICHHSIM
EJIEKTPOCTATUYHOI €Heprii Ta eHEPTii XaOTHYHOTO PyXy HOHiB. L1i eneprii criiBpo3mipHi
32 BEJIMYMHOIO, TOMY PEaTbHUI PO3MOALUT WOHIB y €JIEKTPOIITI € MPOMDKHUM MIiX
XaOTHYHUM 1 YTOPSAKOBAaHUM. Y 1IbOMY TIOJSITAE CBOEPITHICTh, CHEIUDIYHICTH

€JIEKTPOJIITIB 1 TPYAHOIII, [0 BUHUKAIOTh MPU CTBOPEHHI T€OPIi EIEKTPOITITIB.
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Axuil oce nacnpasoi xapakmep po3nooiny toHie?

EnexkrpocrarnyHi CWJIM NparHyTb CTBOPUTH TaKUM PO3MOAUL, HPHU SKOMY
KO)KHUM HOH OTOYEHUH Juile WOHAMU MPOTUIICKHOTO 3HAKY, aje IbOMY MPOTHUIIE
XaOTHYHUM pyX HOHIB, 110 BeA€ N0 HEYMNOPSAKOBaHOro posmnoainy. Lli mporunexHi
TEHACHI[li NPUBOASATH JI0 TOrO, IO OUIA KOXHOTO WOHY YMEOpIoEmvCs UOHHA
ammocghepa, y SIKii TEpEeBa)KalOTh MOHM TMPOTHICKHOTO 3HAKYy B MOPIBHSIHHI 13
LEHTPAJIBHUM MOHOM.

I'yctunm flonHOi atMocdepw, ii paailyc, IBUIKICT, BUHUKHEHHS W pyHHYBaHHS
CKJIaJHUM YMHOM BIUIMBAIOTh Ha €JEKTPOMNPOBIIHI Ta 1HOI (HI3UKO-XIMIYHI
BJIIACTUBOCT1 PO3YMHY €JEKTPOJITy. BrummB nux (akTopiB MiIJa€ThCs BpaxXyBaHHIO
JUIIE JIJIs HAUTTPOCTIIIMX €JIEKTPOIIITIB 1 MPU YMOBI 3HAYHOTO PO3BE/ICHHS.

TepMonuHamMiuHI PO3paxyHKH BJIACTUBOCTEH PO3YMHIB CHUIIBHUX EJICKTPOJIITIB
OyAyloThCsl B JaHWM 4Yac HAa BUKOPUCTAHHI BEJIMYMHU AKTUBHOCTI €JIEKTPOJITY abo
aKTUBHOCT1 MOro HOHIB. AKTHBHICTb €JIEKTPONITY PO3IVISIAETHCS SIK BEJIMYMHA, SIKa
Ma€ pO3MIPHICTh KOHIIEHTpAIIil 1 B TEPMOMHAMIYHUX PIBHSIHHAX T0OPE y3TOIKye HOTO
BJIACTUBOCTI.

I1s BennumHa BUpakae, Tak OM MOBUTH, AKTUBHY KOHLIEHTPAILIIIO €JIEKTPOJITY B
PO3UMHI, BpaxOBYIOYHM CYMAapHO BILIMB HEMOBHOI AMCOLIALlil MOJEKYI (SKILO BOHA Ma€e
MICII€), B3AEMHOTO MIPUTATAHHS PI3HOMMEHHHX HOHIB, Tipararlii HOHIB Ta 1HIII eQeKTH.

AKTHBHICTB €JICKTPOJITY JJIs1 O€3MEKHO PO3BEACHUX PO3UYMHIB HAOIUKAETHCS
710 3HaYE€HHS HOro KOHLIEHTpAIlii, a JUIsl PELITH - Ma€ MEHIITY BEJIUYUHY.

JUist  pO3YMHIB  EJNEKTPONITIB  MPUHAHATO  KOPUCTYBATHCh  MOISPHOIO
KOHIEHTpalicro  (Monb-niTp™?). 3B'I30k MK aKTHBHICTIO @¢ 1 MOISPHOIO
KOHILIeHTpawicio D 3a6e3neuyeTses piBHAHHAM:

ac.=y-b (1.4.1),
1e Y — Koe(ilieHT aKTUBHOCTI; b-— MOJISIpPHA KOHIICHTpAITis.

OCKITbKM B PO3UMHI €NEKTPOJIITY MICTITHCS aHIOHU Ta KaTIOHW TO BBOAHUTHCS

MOHATTS CEpPeaHbOI MOHHOT AaKTUBHOCTI 1 CEPEAHBOTO HOHHOTO KoedillieHTa

AKTUBHOCTI.
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SIKu10 MoJieKyla eJeKTPOIITY B PO3UMHI JUCOLIIOE HAa V+ KATIOHIB 1 V- aHIOHIB
TO CEpeJiHs HOHHA aKTUBHICTh E€JIEKTPOIITY A+ PiBHA:
a:=(@+""a.")"” (1.4.2),
e d+, d- — AKTUBHICTh KATIOHIB Ta aHIOHIB BIAIIOBIAHO, V — 3arajibHE YHCIIO
PI3HOBUJIHUX HOHIB, IO YTBOPIOETHCA TMpPHU AUCOLIALIl MOJEKYJI EJIEeKTPOIITY
(v=v+tv).
Hampuknan, nis po3unny CaCly
a.=[a(Ca?*)-a*(CI)]*? (1.4.3).

CepenHiii HOHHUN KO€(ILIEHT AKTUBHOCTI €JIEKTPOJITY Y+ PIBHUMN:

p=(y+""y) (14.4),
1€ Y+,Y- — KOeQIIIEHT aKTUBHOCTI KaT1OHIB 1 aHIOHIB BIAMOBIIHO.

SIKIO KOHIIEHTpAIlil0 PO3YMHY BUPAKEHA YePe3 MOJISIPHICTD TO CepPEIHs HOHHA
AKTUBHICTD €JICKTPOIITY

A+=)+bx (1.4.5),
ne ba=(b+"*-b)" — cepenns iioHHA MOISPHICTB €IEKTPOINITY; V+,V- — HHCIO
KaTIOHIB 1 aHIOHIB.

CepenHio WOHHY aKTUBHICTh 1 cepeAHid HOHHUN KoedilieHT aKTUBHOCTI
€JICKTPOJIITY BHU3HAYAIOTh JCKUIBKOMa METOJAMH: 3a MiABUIIEHHSIM TeMIlepaTypu
KUIIIHHS PO3YMHY, 33 3HIDKCHHIM TeMIIEpaTypy 3aMep3aHHs PO3UHHY, 32 TUCKOM Mapu
po3uMHHUKA Haja po3unHoM, 3a EPC rajpBaHIYHHUX €IEMEHTIB, 3a PO3YUHHICTIO
MaJIOPO3YMHHUX CITONIYK Ta iH.

Cepennsi HOHHa aKTUBHICTh 1 CepelHid WOHHUK KOe(DIIEHT aKTUBHOCTI
3aJie’kaTh HE JUIIE BiJ KOHIEHTpAIlli po3uuHy, ajne i Bia 3apsay Hona. B oGmacti
HU3BKMX KOHIICHTpAIlll cepeqHid WOHHUN KOE(IIEHT aKTHBHOCTI BHU3HAYAETHCS
3apsIOM  HOHIB, IO YTBOPIOKOTHCSA 1 HE 3alICKUTh BiJl IHIIAX BIACTUBOCTCH
CJIICKTPOJIITIB.

Hanpuxnan, B 0071aCTl HU3bKUX KOHIIEHTpALil koedimieHT Y+ s po3unHiB KCl,
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NaNO3 onHakoBHi. Y pO3BEAEHUX PO3UMHAX Y+ 3AJIEKUTH BIJ] 3arajJbHOI KOHLIEHTpALIi
BCiX, 1[0 MPUCYTHI B €JIEKTPOJITI 3aps/iB MOHIB, TOOTO 3aJICKUTh BiJ WOHHOI CHIIH

posuuny |, sixa po3paxoByeThes 3a GopmyIIomH:

1
| = EZb,ZE (1.4.6),

e Dj —MonspHa KoHLEeHTpallis i-Toro #oHa; Zj — 3aps 1 HoHa.
[Ipu pospaxysky | HeobOxinHO BpaxoByBaTH BCi HOHH, 10 3HAXOAATHCS B PO3YHHI.

Hanpuknan npu mossipaocTi D fonna cuna posunnis NaClO4, CaBr,, LaCls pisni:

INaCIO4 - %[(bmﬁ °1) + (bCIO4‘ 1)} = Bracio, (1.4.7),
ICaBr2 - % :(bCa2+ ' 4) + (2bBr 1)] = 3bCaBr2 (1.4.8),
LaCl, % :(bLa3+ '9) + (3bCI 1)] = 6bLacl3 (1.4.9).

JIntoic 1 Pernan copmynroBanu mpaBuiio CTAIOCTI HOHHOT CHIIM B PO3BEACHUX
po34unHax: KoeQIiliEHT aKTUBHOCTI CHJIBHOTO €JIEKTPOJITY OIHAKOBUU ISl BCIX
PO3YMHIB 3 OJHIEIO 1 TI€IO X CaMOK HOHHOKI CHJIOK HE3aJIeKHO BiJ MPUPOIH
€JICKTPOJIITIB.

Ile mpaBuio crpaBenuBe IS EJICKTPOIITIB 3 KOHIIEHTpAII€l0 HE OLIbIIE
0,02 momnp/mitp.

CydacHa aHaliTUYHA TEOpis PO3YMHIB CUJIBHUX €JIEKTPOJITIB, IO OTpHUMaa
Ha3BY €JIEKTPOCTATUYHOI, Oyrna 3ampormonoBana B 1923 pori I1. JIebaem i E. Ttokenem.
B ocHoBYy 111€1 Teopii mokaaeHi Taki MOJ0KEHHS:

1. MoHn enexrpoiiTy B3aeMomiloTh OAMH 3 omHMM. CHIH B3a€MOXil MAlOTh
EJIIEKTPOCTATUYHY IIPUPOY 1 MOKYTH OYyTH PO3paxoBaHi 3a 3aKOHAMH €JICKTPOCTATHUKH.

2. Po3uMHHHMK BILJIMBa€E Ha B3a€EMOII0 HOHIB. lleli BIIMB BpaxoBYeThCS 3a
TIENeKTPUYHOI0 TPOHUKHICTIO PO3YMHHHUKA SK HEMEPEPBHOTO  OMXHOPIAHOTO
CepenoBHUIIIA.

3. B3aemopnis iioHa (B Teopii BIH HA3UBAETHCS LICHTPAJIIBHUM) 3 HOHAMH, 110 HOTO
18



OTOYYIOTh B CEPEIHBOMY PIBHOLIHHA HOr0 B3a€MO/1i 3 YBHOIO HOHHOIO aTMOC(EPOI0,
10 BOJIOJII€ HETIEPEPBHUM PO3MOJIIOM €IEKTPUUYHOTO 3apsiay.
4. Po3aMipaMu IEHTPAJIbHOTO HOHA MOYKHA 3HEXTYBATH 1 BBAXKATH MOTO TOYKOBHUM.
Jlist BogHuX po3unHiB npu 298 K
ln y.=-0512V1 (1.4.10).
Henoniku teopii ebas-X1okkens NOB's13aH1 3 HEAOCKOHAIICTIO 1 0OMEXEHICTIO
il TEOpETUYHUX MPUNTYILIEHb, B SIKIH PO3MIISAIaI0THCA JIUIIE €JIEKTPOCTATUYHI B3aEMOJ11

MOHIB 1 ONTOCEPEIKOBAHUN BIUIMB HABKOJIUIITHBOTO CEPEIOBHUIIIA.

1.5. EfneKkTponpoBiaHicTh PO34YNHIB eJIeKTPOJIITIiB

1.5.1.EfnekTpu4Ha pyXJMBicTb HOHIB

Y pO3uuHi EJICKTPONITY COJIbBAaTOBaHI HOHM 3HAXOMATHCS B XAOTHYHOMY
TeIuIoBoMY pyci. Ilpu HaknajeHHI €NEKTPUYHOTO TOJIsI BUHUKAE BIIOPSJIKOBAHUHN I1X
pyX (Mirparist) 0 IPOTHIEKHO 3apSIKEHNX eNeKTPOoIiB. MOHM pyXaroThes Imim miero
CWJIM, IO Haja€ iM TPUCKOPCHHS, OJHAK i3 3pOCTaHHSIM IIBHIKOCTI iX pyx
YIIOBUTBRHIOETHCSI BHACHINIOK OIMOpY cepenoBuima. Yepe3 Manwmii TPOMDKOK dYacy
IIBUIKICTh PYXYy HOHIB CTa€ MOCTIHHOIO.

JI;1s1 HOHIB i-TOTO BUJY IIBUJIKICTh PYXY B €JICKTPUIHOMY TIOJIi 3a0€3MEUyETHCS
CHJIOO, IO Ji€ Ha MOH, sIKa piBHA JOOYTKY 3apsaay HOHY Ha TpaJie€HT MOTCHITIANY MO

TIOUIEHOTO HA BEJMYUHY €JEKTPHYHOIO OIopy cepenopuma R:
ez.E
i = H (1.5.1),
Jie € — eJIeMEHTapHKI eeKTPUYHUI 3aps/; Zi— 3aps) ioHa; £ — pisHuIs moTeHIiaiB
MDK €JIEKTPO/IaMHU; | — Bincrans mix €JIEKTPOJIaMH.

[TopiBHSHHSA TIBUAKOCTEH PI3HUX BUJIB WOHIB 3IIHCHIOETHCA TPH TPAIIE€HTI
MOTEHITATY €JICKTPUIHOTO 1moJtst piBHOMY 1 B/M. 3a Takux yMOB MIBUAKICTH PyXy HOHIB
HA3WBAIOTh AaO0CONIOTHOIO IIBHJIKICTIO a00 EeNEeKTPUYHOI0 PYXJIHMBICTIO HOHIB
(po3mipHicTs M%/B-c):

19



Vi = ?' (1.5.2).

1.5.2. Yncna nepeHeceHHs

KoxHuii BUJ1 HOHIB IEPEHOCUTH NEBHY KUIBKICTh €JIIEKTPUKH, SIKA 3aJI€KUTh Bl
3apsly, KOHLEHTpalli HOHIB 1 MIBUJKOCTI IX pyXy B €JeKTpUYHOMY Moii. s omiHku
YACTKU E€JIEKTPUKHU, 10 NMEPEHOCHUTHCS AAaHUM BHUJIOM HOHIB BBEJIEHO MOHSTTS MPO

HUucia nepeHeCcerHtsl.

Yucmo mnepeHeceHHs HOHIB i-Toro Buay [; — e BiAHONICHHS KUTBKOCTI
eNeKTpuku (];, 1O MEePEeHOCUTHCS MaHUM BHUJAOM HOHIB, /10 3arajbHOi KUIbKOCTI

eJNIEKTpUKH [, 110 MEPEHOCATHCS BCIMa MOHAMU, SIK1 3HAXOATHCS B PO3UHHI:

i
ti s I|
7 (1.5.3).

VY BIANOBIZHOCTI 0 IILOTO BU3HAUCHHSI CyMa YMCEN NIEPEHECEHHS BCIX BUIIIB
HOHIB y pO3UMHI piBHA OJMHMIII.

Jlns Ginapuoro enextpoiity KA, mo aucomiroe Ha aBa Buau oniB K* i A%,
KUIbKICTh €JICKTPUKH, IO IEPEHOCHUTHhCS KaTiOHaMH 1 aHioHaMU (3a CEKYHIY)

BU3HAYAETHCS 32 PIBHIHHIMH:

q, =€z.C.u,: g =ezCcu_ (1.5.4),
ne Z+ 1 Z- - 3aps] KaTioHa 1 aHIOHA; C+, C- - iX  KoHIeHTpanis; U+, U- - eaekrpuyHa
PYXJIHMBICTh HOHIB. 3rifHO piBHSIHHA (1.5.3) uncio nepeHeceHHs KaTioHIB

t = q+ _ eZ+C+U+
K=

q €zCuU,+ezcu

(1.5.5).

Tak sk posunHM enexrponeiTpanshi, To €2,C, =€Z C_ i pipuanns (1.5.5)

HaOyBa€ BUTTISIY:
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t, = ﬁ (1.5.6).
Uucno nepeHeceHHs aHIOHIB:
=9
a U_+u, (1.5.7).

VY BOIHOMY PO34MHI €JICKTPOJIITY BIIOYBAE€THCS TipaTallis HOHIB (B 3arajibHOMY
BUIIAJIKY COJIbBATallisl), U0 MPUBOJUTE 10 YTBOPEHHS CTIMKUX CIOIYK MK HOHaMH 1
MOJIEKYJIaM1 pO3YMHHUKA. PO3Mipu TipaTroBaHUX YTBOPEHb (YACTUHOK) 3aJie’KaTh BiJl
po3Mipy HOHIB 1 CTyIEHd iX rigparaiii. ¥ eleKTpUYHOMY M0J1 HOHU MIFPYIOTh pa3oM
13 rigpaTHUMH 000JIOHKaMHU. PyX rigparoBaHoro ioHa y cepeoBHIll MOKHA OMUCATH
dopmynoro Crokca:

U=

P = % (1.5.8),

ne F — cuna, mo nie na fion, 7 — KoeILIEHT B’ SI3KOCTI cepeloBuIla, i — edekTuBHu
paalyc 4yacTUHKH. MoOkHa 3pOOUTH BHUCHOBOK, II0 MOHHM 3 BHUCOKOIO CTYHIHHIO
riparaiiii BOJOAIIOTh MEHIIOK €JIEKTPUYHOI0 PYXJIMBICTIO, HIX ciiaboriaparoBaHi
HOHU.

JInst OLIBIIIOCTI €JIEKTPOJIITIB 13 3POCTAaHHSIM KOHIIGHTpAIl MPUOIU3HO 10
0,1 Monp/n1  uucIa TEpPEHECEHHS MOHIB 3MIHIOIOTHCS He3HauyHo. [liaBuIeHHS
TEMIIEpAaTypU  CYNPOBOKYEThCS  JeTiparaii€cro  HWOHIB, MPUYOMY  PO3MIpH
BHUCOKOTIJIPaTOBaHUX HOHIB CKOPIIIE 3MEHITYIOTHCS, HIXK PO3MIpH CIIa0O0TiIpaTOBaHUX.
BenmnunHu pyxiauBOCTI KaTiOHIB i aHiOHIB 30mmKyeThest ToMy U+ 1 T ipssmyroTs 1o 0,5.

Po3pi3HAIOT, 1BI OCHOBHI TPyNH TMPOBIAHHUKIB EJIEKTPUYHOTO CTPYMY:
NpOBIOHUKU NepuLo2o pody, eIESKTPUYHA MPOBITHICTD SKUX OB’ I3aHa 3 €JIEKTPOHAMH,
1 npo6ionuxku Opy2o2o pody, MO BOJOMIIOTh HOHHOI MPOBIAHICTIO. B enexTpoximii
TOJIOBHY DOJb BiJIrparOTh TPOBIMIHUKH APYroro poOAy — PO3YMHH 1 PO3IUIABH

CJIICKTPOJIITIB.
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1.5.3. IInToma ejieKTPUYHA NPOBIAHICTH PO3YHHIB €JIEKTPOJIITIB

Miporo aKTHBHOCTI PEYOBUH IPOBOAMTH EJIEKTPUYHUN CTPYM € €JIEKTpUYHA

npoBinHicTs L, sika € 00epHeHO00 BEMMUMHOIO 10 enekTpudHoro onopy R. Ockinbku

R=p—
P3 (1.5.9),

o L= = ZI_ (1.5.10).

TyT p — utomuii onip [OM-M], S — monepeunuii nepepis [M?], | — nowxuna nposinnuka
[M], ¥ — nmuToMa enexrponposignicts [Om™-M™?].

[TuToMa ENEKTPONPOBIMHICTH PO3YMHY EJIEKTPONITY — 1€ CICKTPUYIHA
MPOBIIHICTh 00’ €MY PO3UYHHY, [0 3HAXOIUTHCS MK JBOMA €JICKTPOAAMH, IO MAKOTh
miomy 1m? i posramosani Ha BifcTani 1 M oxuH Bij ogHoro. Ha mifcTaBi piBHSAHB

(1.5.9)1 (1.5.10) nanummeMo piBHSHHS JJI BU3HAYEHHS ITUTOMOT €JIEKTPOIPOBITHOCTI:

|
A= R_S [OmtMT a60 CM-M?] (1.5.11).

O6epHena BenmuuuHa 10 ofguHuUIll oropy € Cimenc (Cwm).

[TuToma enmekTpuyHa MPOBITHICTh BU3HAYAETHCS KUIBKICTIO MOHIB 1 IIBUAKICTIO
iX pyxy. UuMm BHIIIa KOHIICHTpAIisl HWOHIB 1 OULTbINA iX IIBHUIKICTH, TUM BHIIA iX
€JIEKTpUYHA MPOBIAHICTh. [3 30UIBIIEHHAM TeMOepaTypu ) 3pocTae, TOMY IO
3MEHIIYEThCSI B’ A3KICTh PO3UMHY, 30UIBIIYETHCS MIBUAKICTh PyXy HOHIB. ['padiuni
3aJIEKHOCTI MUTOMOI EJIEKTPUYHOT TMPOBITHOCTI BiJ KOHIEHTpAIii PO3UMHY IS
CWIBHHX 1 CTAOKUX €NEeKTPOJIITIB MOKa3aHi Ha pucyHKy 1.5.1.

Y po3BenaeHUX po34YMHAX CHJIbHI EJICKTPOJITH IIOBHICTIO JHCOIIHOBaHI,
EJIEKTPOCTATUYHI B3a€MO/IT HEBEIUKI 1 HE BIUIMBAIOTH HA MIBUIKICTH PyXy WOHIB. Y
pEe3yAbTaTi eNeKTPUYHA IPOBITHICTH 30UTBIIYETHCS MPSAMO TPOMOPIIITHO YUCITY HOHIB
(xoHTIeHTpAIlii). Y KOHIEHTPOBAHUX PO3YMHAX MIBUAKICTh PYXY 3MEHIIYETHCS

BHACJIIIOK MIKHOHHOT B3a€MOII.
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C, Moan/1

Puc. 1.5.1. 3anexHicTh MUTOMOT €IEKTPUYHOI MPOBIAHOCTI BiJ KOHLIEHTpAIli
PO3YUHY JJI CHJIBHUX 1 CJIA0KUX €JICKTPOJIITIB

VY po3BeneHnX po3unMHAX CIA0KUX EJIEKTPOIITIB €IEKTPUYHA MPOBITHICTD JACIIO
MIABUIIYETHCA 13 30UIBIIEHHAM KOHIIGHTpAIlii. Y KOHIICHTPOBAaHUX pO3YMHAX, 32
paxyHOK 3MEHILIEHHs KoedilieHTa aucoriamii 3pOCTaHHS ) YNOBLIbHIOETHCS.
OnHO3HAYHOI XaPAKTEPHUCTUKOK CICKTPUYHUX BIIACTUBOCTEH PO3YHMHIB € MOJISIpHA
eJIeKTpUYHA MIPOBIIHICTD.

3aeXHICTh MUTOMOI EJEKTPUYHOI MPOBIAHOCTI BiJ 3a3HAYCHUX UYUHHHUKIB

BUPAKAETHCS PIBHSIHHSM
x=aCF(u, +u.) (1.5.12),
ne U+ 1 U. — pyXJIMBICTh KaTIOHIB 1 aHIOHIB (IIBUIKOCTI MPU OJMHUYHOMY TPai€HTI

norenniany 1 B-m?); C — MonspHa KoHIEHTpallisi; 0 — cTyniHb aucouianii; F — uncno

®dapanes piBHe 96485 Kyn/MOJIb €KB.
1.5.4. MoJisipHa eJIeKTPUYHA MPOBITHICTH PO3YMHIB €JIEKTPOJIITIB

MonsipHa eneKkTpu4Ha MpOBigHICTE A — 1€ mpoBigHicTE 06’eMy po3unny V B
SAKOMY € 1 MOJb PEYOBHHM 1 SIKM MICTUTBCSI MK €JIEKTPOIAMH, SIKi pO3TAIIOBaH] HA

BigcTani 1 M. MonsipHa eeKTpUYHa IPOBiAHICTS AopiBHIOE mpoBigHocTi 1 M3 posunny

¥ TOMHOXEHI1I Ha 00’ eM V, 1m0 Ha3KMBACTHECSA PO3BEACHHAM:
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h=N

Po3BenenHs — 11e BenuuuHa 00€pHEHA MOJISIPHINA KOHIIEHTpAIIli:

V.
C
Tomy:
=%
C

-1 3 2
Cvu-m -m Cm-m

Po3mipHicTh A: A=
MOJ1b MOJIb

[TincraBmsiemo (1.5.13) B (1.5.12) 1 ogepxxyemo:

A=aF(u,_+u.)
A, Cren”
MO
A
380 HCI
290 _f
120 LiCl
—
iy o CH;COOH
O T T T T >
0100200 500 1000
V, 1/mons

(1.5.13).

(1.5.14).

(1.5.15).

(1.5.16).

Puc. 1.5.2. 3anexHOCTI MOJISIPHOT €JIEKTPUYHOT TPOBIMHOCTI Bl pO3BEICHHS

JUISL CUJIBHOTO 1 CITAaOKOTO €JIEKTPOITITIB

Sx BuaHO 3 pucyHka 1.5.2 MonspHa eneKTpuYHa MPOBIAHICTH CHUIBHOTO

HECKIHYEHHOMY PO3BEICHHI A%,

CJIICKTPOJIITY 30UIBIIYETHCS 3 PO3BEICHHAM 1 MPU JSIKOMY PO3BEACHHI J0CATaEc

TPAaHUYHOTO 3HAYEHHS, K€ HA3MBAETHCSI MOJISPHOIO €NEKTPUIHOIO MPOBITHICTIO MPH

3miHa A 3 pO3BENEHHSAM 3yMOBJIEHA 30LIBLIICHHAM MIBUAKOCTI pyXy HOHIB
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BHACJIJOK 3MEHIIEHHS MIKHOHHOI B3a€MO/1i. Y HECKIHYEHHO PO3BEICHOMY PO3UHMHI
115 B3a€EMOJIIS BIJICYTHS 1 A mocsTae MaKCUMAJTGHOTO 3HAYCHHS.

Hpuxaan 1. TluTtomMa eneKTpONpPOBITHICTF HACUYEHOTO PO3YMHY KapOOoHATy
Oapito y Bomi 3a Temmneparypu 18 °C nopisHioe 25,475-10% Cwm-m?. Ilutoma
€JIEKTPOIPOBIAHICTE BOIM HPH Wil Temreparypi cranosuth 5-10° Cm-mt. Pyxnmsocri
iioHiB Gapiro 1 kapOonar-iiony npu 18 °C pisni Bignosiguo 55,0 i 66,0 CM-cm?Monb ™,
Po3paxyBatu po3uuHHICTH KapOoHaTy Oapi0o y BOJI MNpU JaHii Temmeparypi,
BBAXAIOYM CUIb TOBHICTIO JUCOIIHOBaHOIO, a pPYXJIUMBOCTI MOHIB pPIBHUMU

PYXJIMBOCTSIM TIPU HECKIHYCHHOMY PO3BEICHHI.

Pimenns. ITuroma enexrponpoBigHicTe BaCO3 q0piBHIOE €IEKTPONPOBIAHOCTI
HACMYEHOTO PO3YMHY 3a BUpaxyBaHHAM ejekrponposimnocti somu: y (BaCO3) = y
(BaCOs wnac. p-ny) - y (H20) = 25475-10* - 4,5:10° = 25,025-10* Cm-m™.
Ao (BaCO3) = Ao (Ba?*) + Ao (CO3?%) = 55,0 + 66,0 = 121,0 Cm-cm?moms ™.

3 Bupasy (1.5.15) 3HalizieMO KOHIEHTPAIi0, TOOTO PO3UMHHICTE: ¢ = ¥ / Ao =
25,02510* / 121,0 = 0,2068 mombem™ = 2,07°10* mons/n. IIpu nepepaxyHky Ha
HOpMAaJIbHY KOHIIEHTPAIIIO 115 BETMYMHA M€ BUIIIS:

2,0710%/2 =1,03510"* momp/m1.

[Mpuknaxg 2. O6'em KoHIyKTOMETpU4YHOI KoMipku 25,0 mi. Omip KOMIpKH,
3anoBHeHOi 0,10 Monb-ekBen* pozunnom KCl 3a temneparypu 25 °C, cknagae 24,2 Om.
Omip 1i€i X KOMIpKH, 3allOBHEHOI po3BeneHuM po3unHoM Ba(OH);, craHoBuTH
3,32 Owm. Ilicna mponyckaHHs Kpizk KoMipKy 0,5 71 TOBITpsI Omip KOMIpPKH 301TBIITUBCS
no 4,36 Om. Poszpaxyiite Bmict CO2 B MOBITpI y BIJCOTKaX, SKIIO MOJSIpPHA
enexrpornposiaHicTs Ba(OH)2 B mocmimkyBaHoMy iHT€pBaji KOHIICHTPAII TOPIBHIOE
410 Om™. Mo, em?,

Pimenns: Kopucrytounch pesyapraraMu BHUMIPIOBAHHS OMOPY Ta JTaHUMH
nonatky 1 po3paxyemMo craily KOMIpKHU:

A =y *R=1,29102 Omtem? ¢ 24,2 OM = 0,312 ML,
Onip po3unry Ba(OH); 30UthIIy€THCS TICHIS MPOMyCKaHHS KPi3h HHOTO MOBITPS

BHACIJ0K 3B si3yBaHHS MoJiekya COz 3a peakIi€ro:
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Ba(OH), + CO, = BaCOs + H-0.

Bunno, 1110 KUTBKICTh MOJIIB BYTJIEKUCIIOTO rasy, 1o Mictunacs B 0,5 1 moBitps
€KBIBaJICHTHA KUIBKOCTI 3B si3aHoro Ba(OH); 1 mMoxe OyTtu po3paxoBaHa 3a
3MeHIIeHHAM KoHUeHTpaiii Ba(OH), B koHAyKTOMETpUYHIA KOMIPLI.

TouarkoBy (C™") ta kinnesy (C*") konuentpanii Ba(OH), pospaxyemo 3a

PIBHSHHSAMM:
_X__A
A R*A°
L1x1n-1. % ,,-1
Cron 0,312m  *10 " 2*m : :2,29*10_3M0]Zb*ﬂ_1;

B 3,320m* 4100m *mone * * em® *1007 2% * e

xin 0,312m **10 2> u ™t

- 4,360m* 4100m oot * en® *1007 2% * em

- =1, 75*10° morv*n "

v(CO2)= v (sumpauenoco Ba(OH)2)=(2,29-1,75)*10 monpen™

_20M1__} 36410 moms.
1000ma™* 2~

06’em (Vo,) Ta 06 emuy uactky (W, %) CO2 B MOBITPI pO3paxy€eMo 3a BIIOMHMH
dbopmymnamu:

Veo, =V(CO,)*V, =1, 36*10° monv*22,41* monw * =3,04*107 1.

V, *10
W,% = <% *1000 = 22 10 1

nosimpsi !

*100% = 6,08*107°%

1.5.5. 3akon Konspayma

PiBastaus (1.5.16) 115t HECKIHUEHHOTO PO3BEACHHS, KOJIU O=1, mpuiiMae BUTIISI:
A=U+U)F=uF+Uu’F=A"+1" (@517,

JlobyTok pyxnuBocTi #HoHa Ha yucino Dapanes UiF :/1. Ha3MUBAETHCS

HOHHOIO E€JEKTPUYHOI0 MPOBIAHICTIO. OTOX MOIApHA eleKmpuyHa nposioHiCmb

€JIEKTPOJIITY MPU HECKIHYEHHOMY PO3BEACHHI JOPIBHIOE CyMi MOHHUX €JIEKTPUUYHHUX
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MPOBIIHOCTEN TPU HECKIHUEHHOMY pO3BeieHH]. Lle monokeHHs Ha3UBAEThCS 3AKOHOM
Konvpaywia abo 3aKOHOM aJUTUBHOCTI €JIEKTPUYHOI TPOBIAHOCTI MPU HECKIHUEHHOMY
PO3BEJICHHI.

3a gomoMoron 3akoHy Kombpaymia MoHAa pospaxyBatH A caaOKux
EIEKTPOJIITiB, BM3HAYMBIIU EKCIIEPUMEHTANbHO A I CHJIBHHX €JIEKTPOJITIB.

Hanpuknan:

o0 [e0] [e0]
o0 0]
/1CH3c00Na /’iCH3COO‘ ANa*

Anact = A T A

CxuaBiu nepiie i Ipyre piBHSHHS 1 BIIHABIIN TPETE OJEPKYEMO!

o0 o0 o8]
X’HCI + }LCH3COONa o /?“NaCI /1 .t /1CH3COO‘ CH,COOH .

Takum yuHOM, 1100 pO3paxyBaTh IPAHUYHY MOJSIPHY MPOBITHICTH CIAOKOTO
EJIEKTPOJIITY — OLITOBOT KUCIIOTH, HEOOX1THO €KCIIEPUMEHTAIBHO BU3HAUYUTHU IPaHUYH1
MoJsipHi ipoBigHocTi cunbHuX enekrporitie: HCI, NaCl i CH;COONa.

Hebait, Xrokkenb 1 OH3arep MOACHWIM 3MEHILIEHHS MOJSIPHOI €JNeKTPUYHOI
IIPOBIAHOCTI CHJIBHUX EJICKTPOJITIB 13 30UTBIICHHSAM iX KOHIIEHTpaIlii 1CHYBaHHSIM
ronHoi arMmocdepu. HasgBHiCT, #WOHHOI aTrMocdepu MOpPOIKye J1Ba edekTu
EJIEKTPOCTATUYHOTO TaJIbMyBaHHS HOHIB: penaxkcayitinuil i enekmpogopemuyHuil.

[Ipu pyci B eIeKTpUYHOMY KOJIi HOH CKHJIa€ CBOIO MOHHY OOOJIOHKY 1 Ha HOTO
IUISIXY BUHUKA€ HOBa atMocdepa. Lli mporiecu BigOyBarOThCS HE MUTTEBO, a 3 JIESIKOIO,
X04a 1 BEJIMKOIO, aJi¢ CKIHUEHHOI MBHUAKICTIO. [lo3amy fioHa armMocdepa He BCTUTAE
MOBHICTIO 3pYWHYBaTHCS, a TONEpeay — IMOBHICTIO copMyBaThCs, CUMETPHUHICTD
fioHHOi aTMoc(epn TopymryeTbcs. MOH TanbMyeThes, i mel edeKT TraabMyBaHHS
HA3UBAETHCA PENAKCAYIUHUM.

CyTHICTH €neKTpohOpEeTHIHOTO €(EKTy TOJATAE B TOMY, II0 B €IEKTPUIHOMY
mojii HWoH 1 #oro armocdepa MEPEMINIyIOThCS B TPOTHIC)KHUX HANPSIMKaX.

Lentpanbuuii MOH pyXaeTbcsi B 3YCTPIYHOMY IMOTOLl PIIUHHU, B 3B 53Ky 3 YHUM
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IIBUAKICTh HOTO PYXY 3MEHIIY€ETHCS.
SIKu10 3MIHY MOJISIPHOT €JIEKTPUYHOI TPOBIAHOCTI, OB’ s3aHy 3 pelakCaliiHUM

edexTom moznageHo yepes AA1, a 3 enexrpodoperrmanum — AA2, To MOKHa 3amUcaTy:

A=A"=A4 - AL (1.5.18).

OTOX ICTUHHA BEJIMYMHA MPOBITHOCTI PO3YUHY EJIEKTPONITY € MEHUION 3a ii
IpaHUYHE 3HAYEHHS NpU O€3MEKHOMY PO3BEIEHH] PO3UUHY.

Konbpaym BusiBuB, 1m0 B 00JacTi MajduxX KOHIEHTpAIllll  MoOJsIpHA
€JIEKTPOTIPOBIIHICTh CUJIBHOTO E€JIEKTPONITY 3MIHIOETHCS B 3aJI€KHOCTI Bil HOro

KOHIICHTpAIlii, 3T1IHO PIBHSIHHS:

A=1"—-AJC (15.19),

ne C — iionna konuenTpanist, A — eMipuyHa KOHCTAHTA.

[ro 3a1eXHICTh HA3UBAIOTh 3aKOHOM KBaJI[PaTHOT'O KOPEHS.
[Tpu GBI BUCOKUX KOHIIEHTPAIISIX CUJIbHUX €JIEKTPOJIITIB Kpallle y3TroIKEeHHs

3 CKCIICPUMCHTAJIbHUMHU JaHUMH A€ piBHHHHH:

A=1"-A¥C (1.5.20),
Ske Ha3UBaIOTh 3aKOHOM KYO14HOTO KOPEHSI.

Omnsarep pospaxysas Benuuuad AA1 i Ad2 1 omepkaB HOBe PIBHAHHA I

O1HAPHOTO EJNEKTPOJIITY 3 OMHO3APSTHUMU HOHAMM:

A=1"—(A+Bi1")JC (1.5.21),

Jle A i B — koHCTaHTH, 110 3aJ1€XKAaTh BiJ IPUPOAM PO3YMHHHMKA 1 TEMIIEPATYPU.

Ileit BMpa3 HO3BOJIAE AHANITHYHO PO3PaxXyBaTd YHCEIbHE 3HAUCHHS KOHCTaHTH A B
piBHsHHI Konbpayia.

Bin BusiBUB, 110 €JIEKTpUYHA MPOBIMAHICTH CHIIBHOTO €IIEKTPOJIITY 3POCTAaE B
CWIBHHUX ENEKTPUYHUX TosiX. JlaHui epexT oOyMOBICHHMH THUM, IO y CHIHBHOMY
SIEKTPUYHOMY TIOJ1 MIBUIKICTH PYXY HOHIB €JIEKTPOIITY MOXKe OyTH HaCTITbKH BEJIUKA,
mo HoHHa arMmocdepa He BcTtHrae chOpMyBaTHCS, TOMY eleKTpodopeThdHe 1

penakcailiiiHe raJbMyBaHHS 3HUKAE.
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[Ticnsa Binkputta Bina, Jle6ait 1 danbkeHXareH TEOPETUYHO NepeadauniIn e
omuH edekr. CyTb HOro noJsAra€e y 3pOCTaHHI E€JIEKTPONPOBITHOCTI PO3UUHY
EJIEKTPONIITY B EJEKTPUYHOMY IOJd1 BHUCOKOI yacToTu. Ilpu BHCOKMX wyacToTax
MIPUKIAJEHOTO €JEKTPUYHOTO MOJsi HOHM B PO3YMHI 3IMCHIOIOTH KOJMBAJIbHI PYyXH
HACTUIbKU MaJIoi aMIUTITYH, 10 HEHTPaIbHUI aTOM HE BCTUTA€ BUWTHU 32 MEX1 HOHHO1
arMocdepH 1 penakcaliiiie raJlbMyBaHHsS HE BUHUKAE.

[Tpuknan 1. Po3paxyBaTu MOJISIpHY €JIEKTPONPOBIIHICTh MPU HECKIHUEHHOMY
PO3BEACHHI PO3YMHY OLTOBOi KHUCIIOTH, 3HAIOYM MOJISIPHY €JIEKTPONPOBIAHICTH MPH
HECKIHYEHHOMY PO3BEJICHHI PO3YMHIB COJISHOI KUCJIOTH, alleTaTy HATPIIO 1 XJIOpUIY
HaTpIo.

Pimenns. Buxoasuu 3 TMONOKEHHS TMpO HE3alekKHUH pyX HOHIB mpu

HECKIHUEHHOMY po3BeleHHI (3akoH Kombpaymia), MoXHa CTBEpKYBaTH, IO

70(CH;COOH), ¢ eymoro Ao(H") i fo (CHzCOO'). 10610 fioro moia pusasms
v micrai snasers Ao(HC1), Jo(CHsCOONa) i Jo (NaCl):
7o (CHsCOOH) = Jo (HCI) + Jo (CH;COONa) - 4o (NaCl).
3HaueHHs TPAaHUYHUX EIEKTPUYHUX TIPOBIIHOCTEH Bi3bMEMO 3 JOATKY 2:
7o (CHsCOOH) = Jo (H*) + Jo (CI) + 4o (CH:COO") + Jo (Na*) —
-Ao (Na*) - Ao (CI") = 362,0 + 41,0 = 390, 7 (Omtecm?emonv®).

1.5.6. IIpoTosiiTH4HA TeOpist KUCJIOT i OCHOB

PyxnuBicTh HOHIB y BOZHMX pO3BEIECHHUX pO3YMHAX CTaHOBUTH 4-1078-
8:108m2B*-c. Opnak pyxnusicTs ioHiB rigpokconio HsO* i OH™ € 3Ha4HO BHILOIO i
cxnamae 36,3 M?B1-ct i 20,5 M°B1-cl. AHOMabHO BHCOKa mBUAKicT HoHIiB H3O™ i
OH™ mosicHioeTbcst  0cOONMMBHM — ecTadeTHUM  MEXaHI3MOM  MPOBITHOCTI. B

€JIEKTPUYHOMY TOJ1 IPOTOHU PYXAIOThCS B HAMPSAMKY MOJIS MO JIAHLIOTY:
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Cxema 1
Lo T
|
H" 4+ O-H----O-H == H-O----H-O0 +H'

Hamnpsam pyxy Hf
AHoMalbHY BUCOKY IIBUAKICTh HoHAa OH™ MOXHa NMpeCcTaBUTH aHAJIOTIYHO:
Cxema 2
i i
H—O—-H------ O—H + OH — OH + H—0O----H—O—H

Hampsim pyxy OH”

VY 1bOMY BHITQJIKy CIIOCTEPITra€ThCs TMEPEXiJ MPOTOHA BiJ MOJCKYIU BOAH IO
HOHA TiIPOKCHITY, 110 TPU3BOIUTH JIO YSIBHOTO TMEPEMIIIIEHHS HOTO B HANPSMKY MPOTH
TTOJISL.

Teopis emeKTPOIITUYHOI JUCOIialii BIEpIIe J03BOJWIA JIATH CTPOre
BU3HAYCHHS, 10 TaKe KHCIOTa 1 OCHOBAa. AppEHiyc BBaKap, IO KHUCIIOTa
XapaKkTepU3yeThCs HauTHIIKoM HoHiB H', a ocHoBa Haamuikom OH -HOHIB y pO34HHi.
OpHak KHUCJIOTHO-OCHOBHI BJIACTHMBOCTI MOXKYTh MPOSIBISTHCS PEYOBHHAMHU, KOJIU
ICHyBaHHsI MOHIB He mependadaeThcs. Hampukian, ko B OpraHiuHUX CEpeAOBHUINAX
KHUCIIOTa B3aEMOJIIE 3 METaJoM. Y IIUX CEPEIOBMINAX JUCOIlIAIS KHUCIOTH HE
BiOyBaeThcsl. Ha nmaHmii vac 3’scoBaHO, IO B PO3YMHI HEMOXKJIMBE I1CHYBaHHS

BUTLHOT'O HECOJIbBATOBAHOT'O MOHY BOJHIO. Y BOJII 3aBXKIM Ma€ MiCIle piBHOBAra:
2H>0 «— H30" + OH (1.5.22),

3 YTBOPEHHsIM ioHy rixpokconito H3O*. Moro icHyBaHHS He 3HAXOJHUTb IOSCHEHHS B
Teopii AppeHiyca.

Ha mincraBi BuBUeHHs KaTaiiTH4HOI nii kucimot 1 ocHOB bpencren i Jloypi
3anpONOHYBaIM KUCJIOTOK HA3BaTH PEYOBHHY, 3[aTHY BiggaBatu npotoH (fon HY), a
OCHOBOID — pEUYOBMHY 3MaTHy ix mpuenHyBaTu. lls Teopis oTpumana Ha3By
npomonimuunoi meopii kuciom i ocnos. Tak pedoBuHa A Oyjie Ha3UBATHCS KUCIOTOIO,
SKIIO BOHA Oepe yJacTh y peaKIlii:

A B +H* (1.5.23).

KHcCiiota OCHOBa IIPOTOH

30



[3 cxemu BUJHO, 1110 OCHOBa B~ He 000B’S3KOBO MOB’si3aHa 3 TIIPOKCUIBHOIO
Ipymolo.

OKHCHO-BITHOBHA pEAaKIisi BHUMAara€ OJHOYACHOTO ICHYBAHHS OKHCHEHOI 1
BITHOBHO1 (pOpMU. AHAJIOTIUHO Nepeaaya MPOTOHA KUCIOTOK nepeadayae ICHyBaHHS
OCHOBM — PEYOBMHMU 3[aTHOI PUNHATH POTOH. PeyoBuHa, 1110 IIpU€eIHANA IIPOTOH, Y
CBOIO Yepry MO>K€ BUCTYIIUTH B POJI1 KUCIOTH.

VY po3uuHI CONAHOT KUCIOTH MOXKHA PO3MISIHYTH Taki (hOpMH:

HCl + H,0O « H30" + CI (1.5.24).

KHCJIoTa OCHOBa KHCJIOTa OCHOBa

Sk G6aumMo B TPOTOJITUYHIN pPIBHOBA3l 3 KOXKHOIO KHCJIOTOIO CHpSDKEHA
BIJIIIOBIIHA OCHOBA.
OTtox Teopia bpencrena-Jloypi mae OUTbII 3arajJbHUN XapaKkTep, HK KIacuYHa

Teopist AppeHiyca. Y 4nciao KUCIOT BOHA BKIJIIOYAE HE JIMIIE HEUTpaIbH1 MOJIEKYIIN:

HNO3; <> NO3™ + H* (1.5.25),

aJie ¥ aHIOHU: HSO.s < SO.% + H* (1.5.26),

KaTiOHHU: H30" - H O+ H” (1.5.27),

NHs* < NHs+ H* (1.5.28),

a Takok KaTioHM KoMIulekcHuX rigparie  MetaniB  Al(OH,)s*;  Ti(OHy)s*;

[Fe(OH2)6]3+.

Takum ke YMHOM MOXHaA BHAUMTH HehTpanbHi ocHOBH H2O, NHs, anionHi
ocnosu OH", HPOZ, CH3COO", karionni ochosu H,N — NH3 1 immi.

SIK110 MONIEKYITM PO3YMHHHMKA HE MOKYTh Hi IPUEIHATH Hi BIAAaTH TPOTOHU, TO
B TAKOMY PO3YMHHUKY PEUOBHHA HE MOXE MPOSBHUTH HI OCHOBHUX, HI KHCIOTHHX
BJIACTHUBOCTEM.

Po3unHHMKY, 110 TPUETHYIOTH MPOTOHH, @ 3HAYUTH BOJOMIIOTH BIACTUBOCTSIMHU
OCHOBM Ha3WBAIOTHCS npomo@inbHumuy (BOMIA, CIUPTH, PIAKUN aMiaK, aMiHH 1 1HII).
Po3unHHWMKYK, 10 BiAJAIOTh TMPOTOHWU 1 BIAMOBITHO BOJOAIIOTH KHUCIOTHUMU
BJIACTHBOCTSIMU, HA3MBAIOTHCS npomozedHumu (BOMA, CIHUPTH, OLTOBA, Cylb(darHa

KHCJIOTA Ta 1HII1). PO3UMHHUKM, 110 HE 3/1aTHI Hi BiJI/laBaTy, Hi IPUEIHYBATH IPOTOHH,
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Ha3UBAIOThCS anpomorHumu (OEH307).
Buxoasuu 3 Takux ysIBICHb, MOKHA CKa3aTH, 1[0 PO3YUH KUCIOTH a00 OCHOBH Y

BOJIl € CHCTEMOIO, B SIKIM peasli3yeThCsl pIBHOBara MK JIBOMa MHapaMH CHPSKEHUX

KHCJIOT 1 OCHOB:

AH + HO < A+ H30" (1.5.29),

NHs3; + H>,0 < NH4s* + OH (1.5.30).

OCHOBa KucJiiora KHCJI0Ta OCHOBa

TakuM YMHOM Yy 3aJIeKHOCT1 Bl BIACTUBOCTEH PO3YMHHHUKA 1 PEUOBMHU BOHU
MOKYTh BUCTYIIUTH B POJi KUCIOTH a00 B pojii OCHOBH. Peakilii, ki Bi10OyBarOThCs 3a

YUYacTIO IIPOTOHIB, HA3UBAIOTHCS NPOMOAIMUYHUMU.

1.6. PiBHoBara ifoHHMX peakuiil y po34uHax eJIeKTPOJIITIB

1.6.1. Monnmii 106yTOK BOTH

Uucta Boma BOJIOMI€ HE3HAYHOK EJICKTPONPOBIIHICTIO, TIOB’SI3aHOI0 3

nucorriaiiero mosekyn HoO Ha HioHwu:
HO —H +OH (1.6.1.).

Jlns peakiii gucorrialiii BOAM MOXKHA 3allicaTd BUPa3 KOHCTAHTH JTUCOIIAIii:

_LE){om ]

o [HZO] (1.6.2),

ae [H], [OH] i [H20] — BiamoBigHO KOHIEHTpaIlii HOHIB BOIHIO, TiIPOKCHIY i

HEMCOIIOBAaHUX MOJIEKYI BOJIH.
Monsipay konmentpamito wmonekyn [H2O] y Boai MoxHa po3paxyBaTu

MOJUTMBIIY MHUTOMY Macy BOAM Ha ii MoysipHy Macy. MomsipHa maca BOAM piBHA
_1000r/niTp _

18 r-momp?, a ii muroma maca cranosuth 1000 r -mitp?, Tomy [HoO]
18r/mMonb
55,5 monp-miTp .
I3 BpaxyBanusMm konnentpaiii H.O y Boni Bupas (1.6.2) naOyBae BUTIIALY:

K555 = [H']-[OH] (16.3).
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Ockinekn Ky 3aiexuTh TIUIBKM B TeMIeparypd 1 He 3aleXHTb BiJ
xoHueHTpauii vonis [H*] i [OH], Tomy no0ytok Ky:5),), 3a nocTiiiHoi TeMIeparypu,
€ BEJIMYMHOIO cTasoro. 1{fo Bennunny no3nayaots K, i Ha3uBatTh HOHHUM 00y TKOM
BOJIU:

Ko,=[H"]-[OH] (1.6.4).

Vonnuii 106yTOK BOIHM MOXHA PO3PaXyBaTH 3a 3HAUYCHHAM JIEKTPOIPOBITHOCTI
Bonu. BpaxoByrouu, 1o cTeninp quconiarnii Boau a<<l i te, mo

[H"]-= [OH] = ofH20] = 55,5a, orpumyemo:

K, =(55,5a)° (1.6.5).
3rigHO PiBHAHHS a= 1 CTEIIHb JIUCOIIIaIlii BOAU pPiBHA:
o = ﬂ’HZO
A% (1.6.6),
H,0
o0 0 e}
ne ZHZO — MOJISIpHA  EJEeKTPOIPOBIAHICTh BOJIU; ﬂ.H2O =U ot +U oH- —
. . . . . w .
€JIEKTPOIPOBIIHICTh BOAM, SIKy BOHa O Maja B CTaHl MOBHOI aucowiamii; ~ g+ 1
U® . . o .
Of- — PYXJIHMBICTH HOHIB BOJHIO 1 TIPOKCHUIY NpH OE3MEKHOMY PO3BEICHHI
PO3UHUHY.
Jlnst  BU3HAYEHHS MOJSPHOI  EJIEKTPOIMPOBIAHOCTI BOAU CKOPHUCTAEMOCS
PIBHSIHHSIM:
1 = A 1,0
H,0 —
2 [HZO] (1.6.7),
ne Xm,0 — TUTOMa EINEKTPONPOBITHICT BOAM. 3a PI3HHX TEMIeEpaTyp HHTOMA

EJIEKTPOIPOBITHICTh YUCTOT BOJIM MA€ TaKi 3HAYCHHS:

Temmepatypa, °C 0 18 26 34 50
x 105, Omt-m? 1,58 4,41 6,70 9,62 18,9
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3a JaHUMU JIOBIJHUKA PYXJIMBICTh MOHIB BOAHIO 1 TIAPOKCHUIY CTaHOBUTH

BignosinHo 36,6 120,5 m*-8 L ¢t Pospaxyemo 3HaueHHs /IHZO 3a Temneparypu 18 °C:

-6 -1 2
AHOZ ZHZO :4,41 103 :7’95.10—6 Om M
“ [H,0] 555-10 MOTb

Buznaunmo cteninp quconiaiii BOAM AJi BKa3aHOI TeMIEparypu:

A 10-5
a =220 7,95-10 ~0,14-107°
Ao (36,6+20,5) '

Orxe 3a piBagasaM (1.6.5) K,=(55,5-0,14-10°)2 = 0,60-1074,
Jlns pisaux temneparyp Ko, Oyae MaTu Taki 3HaueHHS

T, °C 0 10 18 20 40 60 80 100
K, 10 0,13 0,36 0,60 0,86 3,80 12,6 34 74

[puBeneHi naHi BKa3yrOTh, 10 TPH MiaBHUILEHHI Temeparypu K, 36iIbImyeThes.

Ockinbku ais anctoi Boau [HY]=[OH]= K, 103 3pOCTaHHSIM TEMIIEPATYPH TAKOK

Oyne 30unbIIyBaTrcs cTeninb aucorriamii HoO.

1.6.2. KucjoTHicTh i JIy:KHiCTH po3unHiB. BogHeBHil MOKa3HUK

[Ipu mucoriartii yrcToi BOAM KUIBKICTh HOHIB BOJHIO piBHA KUIBKOCTI HOHIB
TiIPOKCHITY 1 TaKe CEPEOBHIIE HA3UBAETHCS HEUTPAILHUM. Y BHITAJKy PO3YHHCHHS B
BOJI1 IKOi-HEOYIb KUCTIOTH, HAIPHUKIIA]T CYTh(aTHOI, TO BHACIIIOK JUCOIAIlil KUCIOTH
KOHIICHTpAIlisl HOHIB BOJHIO B PO34MHI Oyle 3HAYHO OUIBIIOIO, HIX y YHCTIH BOMI, a
KoHIeHTpallis HoriB OH™ 3MeHIHUThCHI.

Tak, mpu BMICTI B JiTpl po3unHy 0,5 MO MOBHICTIO TUCOIIHOBAHOT KHCIIOTH,
KOHIIEHTpALlisl HOHIB BOAHIO Oy/ie NPAKTHYHO PiBHA KOHIEHTpAaLii Kuciaoru, T06To [H]
= 0,5 mons-mitp?, a 3HwxkenHs koHueHrtpauii OH-iowis 3a Temmneparypu 18 °C

CKJIaJaTUMeE:
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. -14
[OH _] - [gﬁ] ) é{g == 60,150 =12:207 oy ninp,

T06TO B 107 pa3iB MeHIle, HiX B YUCTIH BOM, OCKIIEKH

[or]= K, =/0,6-10% =0,8-107 yoms-zirp™.

Po3unnu, B IKMX KOHIEHTpais ioniB H' Ginblia, Hix #onis OH", Ha3MBalOThCs
KHUCIJIUMH.

VY BunajaKy, Kojv y BOA1 pO3YMHEHHH JIYT, KOHLIEHTpaIis HOHIB T1IpOKCHITY Oyze
OUTBIIOI0, HDK KOHLEHTpAllisi HOHIB BOJHIO, 1 TaKl PO3UMHU HA3UBAIOTHCS JTYKHUMHU.
CrymiHp JTy)XHOCTI @00 KMCIOTHOCTI PO3YUHIB Y TUX BHUMAAKaX, KOJIM KOHUEHTpALsA
KMCIOTH a0o0 Iyry He mepeBumlye 1| Moib-IiTp™, XapakTepusyeThcs BOIHEBHM

ITOKa3HUKOM PO3YHNHY, SIKUM TTO3HAYAETHCS pH

pH=-lg [H*] (1.6.8).

SIkio po3uuH HedTpaapHwmii, To [H] = [OH] = \/ K, .3a temneparypu 20 °C

pH =—1g4/0,86-10™ =—1g0,92-107 ~ 7
SIK10 pO3YMH KUCIUI, TO
[H*] > [OH], roni pH = g [H*]<7,
a AKILO JIYKHHM, TO
[HY]<[OHipH =—Ig [H*]>7.

VY po3uuti 1 H kuciaotu 3Hauenus pH =—Ig 1 =0, a B po3uuHi 11 nyry

K - -14
pH=—-lg| =—/—2—= |=-1gK_+Ilg| OH |=-1g(10™" )+Ig(1)=14
Takum urHOM TIpH Tepexofi Bil 1H po3unHy KUCIOTH 10 1H po3uuHy ayry pH
cepenosuiia 3poctae Big 0 go 14. lpu Oinpm kucamx abo OUTBII JTYKHUX PO3YHMHAX
3HaueHHs pH, SK MpaBUIO, HE BUKOPHUCTOBYIOTH 1 XapaKTEPU3YIOTh PO3YMHU 3a

BMICTOM KHCJIOTH a00 JIyTY.
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1.6.3. By¢epHi po3unnu

Bybepuumu po3uriHaMu Ha3UBaIOTh PO3UMHU 3 CTIMKOIO KOHIIEHTPAIIIEI0 HOHIB
BOJIHIO, TOOTO 3 MEBHUM 3HaYEHHSAM pH, sike MpakTUYHO HE 3aJICKUTh Bl PO3BEICHHS
PO3UMHY 1 MaJIO 3MIHIOETHCS MPU BBEICHH1 B PO3YMH CUIIBHOI KUCIIOTH 1 CUJIBHOTO JIYTY.

3a3Buuail OypepHi po3uMHU € PO3UMHAMHU, IO MICTATH CJIa0Ky KHUCJIOTYy abo
CWJIbHY OCHOBY pa3oM 3 ix ciutto. [Ipuknagom OydepHOro po3unHy MOXKE CIYKUTH
PO3UMH CyMIllll OLTOBOi KUCIOTHU 1 amerary Harpito. OnroBa  KuciaoTa y BO.i

III/ICOI_IiIOC 3a CXCMOIO:

CH3COOH «— CH3COO + H* (1.6.9.).
3anuineMo  KOHCTAHTY JUCOLalii KUCIOTH:
K = CCH3COO’ Cy
CH,COOH

Arierar HaTpir0 B PO3YHMHI JUCOI[IFO€ MPAKTUIHO MOBHICTIO:
CH3COONa— CHsCOO" + Na* (1.6.11).
VY 3B'3ky 3 uuM koHieHTpaiis HoHiB CH3COO", mo yTBOPIOETHCA TIPHU
JUCOITIaIl] arleTaTy HaTpito, MPAaKTUYHO piBHA KOHIICHTPAIIli alleTary HaTpito B PO3UMHI.
KonneHnrpariiss ¥MOHIB BOAHIO, IO YTBOPIOIOTHCS MIPH JAHCOINAIi OITOBOT

KHUCIIOTH, PiBHA:

CCH3COOH
Cp=Bow o™ (16.12).

CH,COO™

Cremiap aucoriiaiii OITOBOI KHUCIOTH JOCHTh Majla, TOMY KOHIICHTpaIlis
HEIUCOLIMOBAHOI OLITOBOI  KHUCJIOTH CCH3COOH MPaKkTHYHO piBHA 3arajbHIi

xoHuenTpanii kucnotu Cyx y po3umHi cymilni OITOBOI KMCJIOTH i anerary Harpiio, a
KOHIICHTpAIIisl aleTarT WOHIB y PO3YMHI IUJIKOM 3yMOBJICHA JUCOINAIIEI0 alleTaTy
HaTpiro 1 piBHA 3aranpHil kKoHIeHTpanii miei com Ceopi. OTOX, KOHLIEHTpaLis HOHIB
BOIHIO B Oy(pepHOMY pO3UMHI, 110 MICTUTh CiJIb CJIAOKOT KMCIOTH 1 CIa0Ky KHCIIOTY,

piBHA:
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Cpo =Ky c (1.6.13).

coni
[Tpuknagom OydepHOro po3duHy, 0 MICTUTh CUIb CJIA0KOI OCHOBH 1 CHIIBHOI

kucnotu, € posud NH4OH i NH4Cl. Tucomianis NHsOH 3xiiicHIO€TBCSI 32 CXEMOIO:

NH,OH «—NH; + OH" (1.6.14).
KoncranTa nucouianii OCHOBU piBHA:
K = CNH4+ .COH‘
0.0. 1.6.15).
CNH4OH ( )

Cins NH4Cl guconiroe noBHicTiO, a crenins gucorianii NHsOH gocurs maina,
TOMy KoHIIeHTpawiro ionisB NH4 mos’s3any 3 quconianiero comi, mozHauumo Ceogi.

Konnenrpauis HeguconiiioBanoi ocHoBu B posurHi Cyey. IlimcTabisroun

3HAUYECHHS Ccom- - CN AR COCH = CNH on 'y Bupas (1.6.15), orpumyemo:

Ccozzi
Koo, = Cos C (1.6.16),
J— KCU
OcCKinbKku —~OH™ C TOJII:
H+
K _ Ka) CCOJli
0.0. cC. C (1.6.17).
H OCH
I3 Bupasy (1.6.17) orpumyemo:
_ Ka) CCOJZi
i Kd.o. COCH (1618)

Amnani3 piBassab (1.6.12) i (1.6.18) mo3Bonsie miliTH BUCHOBKY, IO PO3BEACHHS
Oy(epHHX PO3YMHIB TPAKTUYHO HE 3MIHIOE KOHIIEHTpaIilo HoHiB BogHIO (pH) y
PO34YMHI, OCKIIBKMA BIIHOUIEHHS KOHIEHTpAIlli COMNi JO KOHIEHTpaIlii KHCIOTH abo
KOHIICHTpAIIil COJi 0 KOHIIEHTpaIlii OCHOBH, IIIO BXOASATh y CKJIAJ] PO3YMHIB, TPHU

PO3BEIECHH] HE 3MIHIOETHCS.
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VY Bumanky BBeneHHS B Oy(depHUH pO3UMH HEBEIMKOI KIIBKOCTI CHIIBHOL
KHCJIOTH a00 CUJIbHOI OCHOBH, pH IIMX pO3YMHIB 3MIHIOETHCS €00, OCKUIBKU MpHU
3MIlTyBaHHI KUCIIOTH 3 aleTaTHuM OydhepHuM po3uuHoM 11 fonu H' 3B’s3yroThes 3
aneTaTHUMM HOHAMM COJ1, YTBOPIOIOTH BIATIOBIIHY KHCJIOTY 200 Y BUMAJIKy OCHOBHU —
alerar.

KinbKiCHOIO XapaKTepUCTUKOIO €(eKTUBHOCTI OypepHUx po3uuHiB € OydepHa
€MHICTb, IKa BU3HAYAETHCSA SIK KUIBKICTh KUCJIOTH a00 Jyry (B MOJISIX), IPU BBEJICHHI

AKUX B po34uH, pH po3unHy 3MIHIOETHCS HA OJUHUILIIO.

1.6.4. J1o0yTOK pO3YMHHOCTI

[Ipy po3unMHEHH1 TBEPAMX PEUYOBHH Y BOJI MOXKE OyTH JOCATHYTHH CTaH
HAaCUYEHHS pO34YUHY, NpPU SKOMY 32 JaHOI TEMIIEpAaTypu PO3YMHEHHS PEYOBUH
npunuHsieTbes. [Ipu boMy TBepaa gaza Oy/e 3HAXOUTUCS B PIBHOBA31 3 POZYMHEHOIO

pedoBUHOIO. SKIIO cii1b MA € eeKTpOIITOM, TO B PO3YMHI BCTAHOBIIIOETHCS PIBHOBAra:

MA — M+ A4 (1.6.19).
KoncranTa mucoriarii cosmi:
< _CnC,
0.MA. (1.6.20).
CMA

OCKUTbKHM PO3YMH HACHYCHHUH 1 KOHIICHTPAITIS CMA B PO3UYMHI Oy/Ie BETUIHMHOIO

IIOCTIHHOIO, TOMY # JI0OyTOK CM+ -C Ve Ka_ MA 'Cm JUISL HACUYCHOI'O PO3UYMHY €
BEJIMYMHOIO MOCTIMHOKO 1 HAa3MBAETHCA J0OYTKOM po3urHHOCTI (/[P):
Ap=C, .-C_ (1.6.21).
Takum YMHOM B HACHMYEHOMY PO34YWHI CONl JOOYTOK KOHIIEHTpAIlii HOHIB €
BEITMYMHOIO MOCTIHHOIO.

VY 3araibHOMY BUMAJKy CUTb JUCOIIOE HA HOHHM Pi3HOI BaJE€HTHOCTI 3a

PIBHSIHHSIM
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MA, >M"+A™ (1.6.22).
[Ipu uboMy 10OYTOK pO3YMHHOCTI CIIiJT 3aMCaTy Y BUITISIAL

AP=C . -C. (1.6.23).

PiBastaus (1.6.21) 1 (1.6.23) Bka3yroTh Ha Te, IO MPHU JOJABaHHI 0 PO3YUHY

MaJIOPO3YMHHOT COJIi JOOpe PO3YMHHOI CHOJIYyKH, 0 Ma€ CHUIBHUM HOH 13
MaJIOPO3YMHHOIO CULII0, PO3UUHHICTh OCTAHHBOI OY/1€ 3MEHILYBaTHUCS.

VYBeeMo B po3urH Manopo3unHHoi coni AgCl 0,1 monpenitp™ 1o6pe po3uuHHO1

kyxoHHOi coii NaCl. JIoOyrok posumnuocti AgCl 3a Temmneparypu 25 °C piBHHIA

1,6210°, 3a Bincyrnocti kyxonnoi comi Cag+ = Ccl, ToMy posumHHicTs comi P

CTaHOBHUTHUMC.

P= a,l, 6 '10_10 = 1, 26 ‘10_5 MOJ’IB'J’IiTp_l_

VY npucytHocti NaCl konnentpanis noniB Cl° Oyae piBHOK KOHICHTpalii
KyXoHHOI coini, T06T0 0,1 MonbeniTp™t. 3a manumx o6GcraBun po3zunmHHicTh AgCl
3MIHUTBHCA 1 Oyle CTAHOBUTH:

1,6-10"° 1,6-10"° ;
P=C, .= = =1,6-10"

+ ° 11 -1
Ag CC|— O,l MOJIB®JIITP .

Takum unHOM po3unnHicTs AgCl y mpucytrocTi 0,1 mombenitp™? NaCl B 10*

pa3iB € MEHIIIOI0 HIXK MPHU BIICYTHOCT1 BKa3aHO1 KUIBKOCTI KYXOHHOI COJII.

1.6.5. CraHn iioHiB y po3uuHi coseil mpu riapoJisi

SIK110 B pO3YMHU COJIEH YBOIUTH JIYT, TO IIPH TOCATHEHHI MeBHOI BennunHu pH
Bi/I0YBa€ThCSA OCAKEHHSI MAJIOPO3UMHHUX TIAPOKCUAIB MeTaniB. 3HaueHHs pH, mpu
SAKOMY TIOYMHAETHCS BUIAJAHHS B OCaJ TIAPOKCHIY MeTaly, Ha3uBaeThcsi pH
TiIpaToOyTBOPEHHSI.

pH rimparoyTBopeHHS TOB'SI3aHU 13 JOOYTKOM PO3YMHHOCTI YTBOPEHOTO
riIpokcuay metaiy. 3’sCyeMo 3alexHicTh MK pH rigpaToyTBopeHHS 1 JOOYTKOM

PO3YMHHOCTI TFPOKCUAY METAIYy.
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SIkmo koHueHtpaimis comi MA B posumni piBHa Cpr4, TO MimIyroByBaHHS

po3unHy Oyie TPUBOAUTH 10 YTBOPEHHS MaJOpPO3YUHHOTO TiApokcuay metary MOH.
JHobytok poszuunHocti MOH cranoBuTHME: AP MOH — C e ‘COH’ , a Horo

PO3UMHHICTH Oynie PIBHOIO:

C — ﬂPMOH
o~ o (1.6.24),
M+

ne C .- KOHIIEHTpALlisl KaTiony, piBHa KoHuneHTpamii comi Ceopi.

Bpaxosyioun, mo K, = CH+ . COH’ , 3AIMIIEMO:

Con = ta = Ao 1.6.25
OH~ .0. .
H C.. C, . ( )

3 TaHOTO PIBHSAHHS OTPUMYEMO:

_K,C, K, C

. = = 1.6.26).
" ﬂPMOH ﬂPMOH ( )

PiBusinnast (1.6.26) moB’si3ye KOHIIGHTpAIlil0 HOHIB BOJHIO, SKa OOYMOBIIIOE

MOYaTOK OCaPKeHHS TIAPOKCHIY MeTally, 3 KOHIICHTpaIliero coii 1 J0O0yTKOM

po3unnHocTi MOH:

pH=-9 ¢, =194p,, — 19K —19C,  @1.6.27).

Bupas (1.6.27) Bka3sye, 1o 3pocTaHHs KOHIEHTparii coiai MA 3mimye pH 1o

OLIBII KUCIUX 3HAYEHD.

KoOHTpPOJILHI NUTAHHSA
1. CpopmymroiiTe OCHOBHI MOJIOKEHHS TEOP1i €IEKTPOTITHYHOI [ucotiaii AppeHiyca.
2. Buknaaite HeMOMIKK TEOPii €MEKTPOJTITUYHOT TUCOITIaITi].
3. OnumIiTh pO3BUTOK TEOPIi €ACKTPOITHIHOT IUCOITIaINii Bi Yacy 1l BHHUKHEHHS 1 10

CYy4acHOCTI.
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4. TlosicHITh (Pi3UYHUN 3MICT 130TOHIYHOTO KoedimieHTa i. Ik HOro BU3HAYAIOTH?
HaBeniTh piBHAHHS, SIK€ OB’ SI3y€ BEJIMUMHY i 31 CTYIIEHEM AMCOLIALIIT €IEKTPOTITY.

5. BuknaniTe BIACTUBOCTI pO34YMHIB ciaOkux enekrpouiriB. Lo Take cTymiHb 1
KOHCTaHTa €JEKTPOIITHYHOL qucorialii? Sk iX BU3HAYatoTh?

6. Hasenits Bupas muis crynens gucoirianii kuciot: CHs3COOH, HNO2, H2CO3 1 ocHOB:
NHs, H.0, AgOH.

/. BuBenith piBHSIHHS 3aKOHY po3BefeHHs1 OcTBalb/a.

8. Buknanitb OCHOBHI OJIOKEHHS TEOPI1i CUIILHUX €JIEKTPOIIITIB.

9. lllo Take eneKTPONPOBIAHICTH?

10. Ilo mMu po3yMmMieMoO mMiJ MOHATTAM — MHUTOMAa EJIEKTPOINpPOBIAHICTH? B skux
OJIMHHUIISIX BOHA BUMIPIOETHCS ?

11. Hakpecnith rpadik 3a1eKHOCTI TUTOMOI €JIEKTPONPOBITHOCTI CIA0KUX 1 CUITBHUX
€JICKTPOJIITIB B/l KOHIIEHTpAIIIi 1 MOSACHITH HOTO.

12. SIx BIIMBAIOTH BJIACTHBOCTI MOHIB HA iX PYXJIUBICTh Y PO3YHH1?

13. SIxi ocoOMMBOCTI TEpeMillleHHs HOHIB BOJHIO Ta TIAPOKCUIY Yy BOJHOMY
cepeaoBHIIi?

14. SIx BriiMBae TemriepaTypa Ha MUTOMY €JIeKTPOIPOBIAHICT PiIUH?

15. [Io Take MoJIsipHA €NEKTPONPOBITHICTE? SIK BOHA 3B’ s3aHA 3 MUTOMOIO?

16. Sk 3agekuTh MOJSIPHA EJICKTPOINPOBIIHICT PO3YMHIB CHIBHHX 1 CIA0KHX

€JICKTPOJIITIB BiJl pO3BEACHHS PO3YHHIB?

17. 1llo Take MOJsIpHA €IEKTPOTIPOBITHICTD MPU OE3KIHEUHOMY PO3BEICHH1?

18. Sk 3anexuTh MOJIIpHA EJIEKTPOIPOBIAHICTD BiJl TEMIIEPATYPH?

19. TlosicHITH CyTh 3aKOHY HE3alIeKHOCTI pyXy HoHIB (3akoH Konbpaymia).

20. Sk BruMBa€ TeMIiepaTypa Ha PyXJIHBICTh HOHIB?

21. BuBeniTh piBHAHHS, SKE TOB’SI3Y€ MOJSPHY €JIEKTPONPOBIMHICTH 31 CTyNEHEM
JUCOITIaIli] eIeKTPOJIITY.

22. Slka popmyna HOHHOTO TOOYTKY BOAM?

23. KoHcTaHTa IucoliaIii 3ajIe:KuTh Bij TeMieparypu? Yomy?
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24. 1o siBnsie co6010 moka3sHuk pH?

25. o sBnsA0TH 06010 OydhepHi po3UrHU?

26. Ilo siBysie c00010 TOOYTOK PO3UUHHOCTI?

27. KoHcranta aMcomianii rigpokcuay aMmoHiro popiBHioe 1,79¢10° moms/m.
PozpaxyBaru konuentpanito NHsOH, npu sikiit ctyniab qucomianii gopisHioe 0,01 1
MOJISIPHY €JIEKTPONPOBIIHICTh PO3YMHY MPU L1 KOHUEHTpaIlli.

28. Ilutoma enexrponpoBiaHicTh 4 %-ro BomHoro pozuuny H>SOs mpu 18 °C
nopisaioe 0,168 Cmecm™?, rycruna pozuuny - 1,026 r/cm®. PospaxyBaTu MOISpHY
€JIEKTPOIPOBIIHICTh PO3UUHY.

29. MorsipHa eneKTpoInpoBIAHICTh HECKiHYEeHHO po3BeaeHux po3unHiB KCI, KNOs3 i
AgNO;3 mpu 25 °C popisHioe Bimnosigno 149,9; 1450 i 133,4 Cmecm?emonb?. Ska

MOJISIpHA €JIEKTPONPOBIIHICTh HECKIHUEHHO po3BereHoro po3unHy AgCl npu 25 °C?

PexomengoBaHa jiTtepatypa

1. C.T. lleitko, M. II. MixeeBa. EnexkTpoxiMis s CTYACHTIB TEXHIYHUX
yHiBepcuteTiB. — JloHenpk: BugaBaunreo «Hoymimx», 2011, — 226 c.

2. K. C. Kpacnos, H. K. Bopo6ses, 1. H. I'onueB u np. ®usndeckas xumus. B
2 kd. Ku. 2. Dnexrpoxumusi. Xumudeckas KMHETHKA W Katanu3: Yueb. s
By30B. / Ilox pen. K.C. KpacnoBa — 3-¢ uzn., ucnp. — M.: Beicmr. mik., 2001. —
319 c.

3. H. I. Cmuk. 36ipHuK 3ama4 3 eNeKTpoxiMiyHUX MeToAiB ananizy. — K.: BIIL]
“KwuiBcekuii yHiBepcutet’, 2006. — 82 C.

4. KommakoBa H. A., Onucumosna JI. C., [lukyna H. A. u np. COopHuk 3ama4 mo
anekTpoxumun: Yueb. mist By30B. / [Tox pen. Kommakosoit H.A. - M., 2003.

5. Kparkuit  cnpaBounuk  ¢dusuko-xumudeckux BemmuuH /  Tlom  pen.
Mumenko K. I1., PaBgens A. A. - J1., 1974.

6. Ky6acos B. JI., 3apenkuii C. A. OcHoBH 3nekrpoxumun. — M. Xumus, 1976, —
184 c.
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Po3aii 2. EjeKTpoaAHUN MOTEHIIAJ TA eJIEKTPOPYUIiiiHA cHJjia

2.1. EnexkrpoaHuii moreHuiag

EnexrpoximMiuHa cuctema, y sKii 32 paXyHOK XIMIYHHUX pEaKIid 311MCHIOEThCS
eleKTpuyHa poOOTa, HA3UBAETHCS TANIBBAHIYHUM (EJIEKTPOXIMIYHUM) EJIEMEHTOM.
3aranpHy CXeMy rajbBaHIYHOTO €JIEMEHTa MOYKHA MPEACTABUTH TaKUM YHHOM:

M| meman 1 | poszuun 1| posuun 2 | Memafl2| M (cxema 1)

Mexi noniny a3 y cxeMi Mo3Ha4yarThCsl BEPTUKATLHUMH JIiHISIMU. M — poBia
i1’ € THAHHS.

SIKIo cTpyMOIIIBOIM HE 3aMKHEHI Ha CHOXHUBAHHS CJICKTPUYHOI CHEprii To
CJICMCHT Ha3UBAETHCS MIPABMIIBHO PO3IMKHYTHM.

Pi3Huns moteHIlianiB Ha KIiHISMX MPABUIBHO PO3IMKHYTOTO €JIEMEHTa € HOro
enexkrpopymriiinoro cuiorw (EPC). EPC ranpBanigyHOTO eneMeHTa JOPIBHIOE CyMi
nepemnaiB (CTpUOKIB) €JIEKTPUYHUX MMOTEHIIATIB HA MeXaxX Moty ¢as:

E=g1+ g2+ g0+ o« (2.1.2),
1€ (1, (P2 — €IEKTPOAH1 MOTEeHUianu; (7 — AuQy31MHUN NOTeHWial; (O, —
KOHTAaKTHHI MOTEHITIal.

PosrnsHeMoO MexaHi3M BHHUKHEHHSI €JIEKTPOIHOTO TOTEHIliady Ha IpHUKIIai
MIJHOTO €JIEKTPOAY 3aHypeHoro B po3umH Horo coimi, a came CuSOs XimiuHi
MOTEHIlia Tl WOHIB MiJi B MIJIHOMY €JIEKTPOAl 1 B PO3UMHI HEOMHAKOBl. XIMIYHUN
MOTEHITia]1 HOHIB Mij[I B METaJli MPHU JIaHIM TeMIlepaTypi — BeJIUYrHa cTaia. XIMIYHUHA
MOTEHITIa]l HOHIB B PO3YMHI 3aJICKHUTH BiJl KOHIIEHTpaIlii po3unny. [Ipumycrumo, 1o
KOHIICHTPAIIisl pO3YMHY TaKa, [0 XIMIYHUHN MOTEHIIa]T HOHIB Mifll B PO34MHI OUTBIITUN
HIXK XIMIYHUH MOTEeHITian HOHIB Mini y meTami. Toai npu 3aHypeHHI METaly B PO3YUH
yactuHa ionis CU?* ferizpaTyloThesl i OCilarOTh Ha MeTali 1 HOro 3apsKaroTh.
Awnionn SO? npUTATyIOTECS 0 3aps/KEHOT TOBEPXHI METaly yTBOPIOIOYM NOABIHHMIA
€JIEKTPUYHUH 1Iap:

[loB’si3aHa 3 TOABIMHMM EIEKTPUYHHM IIAPOM PI3HUI TOTEHITIATIB

3MIHIOETBCS IO TOTO Yacy MOKH HE HACTYNMUTh PIBHOBAra. SIKIio KOHIIEHTpalis HOHIB
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MIJ[1 Y pO3YMHI MaJja 1 iX XIMIYHUI MOTEHI[1a]l Y PO3YMHI MEHILHHA, HDK y MeTajl — Oyze
CIoCTepiraTucs 3BOPOTHIN mpolec. Y TBOPEHI MO3UTHUBHO 3apsiIKeH1 BaKaHC1l aTOMIB

y MeTali IpuTAryioTh aHionn SO4% i HOBEPXHS €IEKTPOIITY 3apAIKacThCS Bil’ €MHO.

Cu?" SO4* SO4* Cu?”
/ + 8 - @
O34YHMH Cu 4
"9 eoe -9
@/|+ e = = @/|- @ ©@e
/ / . . @ ©
+ 6 - ®
M Cu** , posuun >H Cu** ,meman F lCuZ‘ , po3uUH <t ICuZ* Meman

Puc. 2.1.1. CxeMu yTBOpEHHS MOABIHHOTO €IEKTPUYHOTO IIAPY
Y cBoro 4epry kartionu CU?* KOHIEHTPYIOTbCS OUIf Bil €MHO 3apsIKeHOi
MOBEPXHI €JEKTPONITy 1 (OPMYIOTH MOABIMHUN EJIEKTPUYHMMA IIap.  3HAYCHHS
€JIEKTPOAHOrO MOTEHIIady Oe3MocepeHb0 BHUMIPATH HeMoxunBo. ToMmy ioro
BUMIPIOBaHHS 3/IIMCHIOIOTh METOIOM IIOPIBHSHHS 13 IOTEHIIajOoM CTaHJapTHOTO
€JIEKTPOAY.

[TpumnyctuMo, 1110 Ha €IEKTPOoI 0OOPOTHO Ta 130TEPMIYHO MPOXOIUTH PEAKITIA:
VA +Vv,A,+ze 2 v,A,+V, A, (2.1.2).

Enexrpuuna poGorta peakmii piBHA A00YTKY BEJIMYUHH EJIICKTPOIHOTO

MOTEHITiay Ha 3apsil, 10 IEPEHOCUTHCS |

W, =zF¢p (2.1.3).
Enexrpuuna poOoTa 3A1MCHIOETHCS 32 paXyHOK 3MEeHIIIeHHs eHeprii ['100ca, sika

BHU3HAYAETHCS 32 PIBHAHHIM 130T€pMU XIMIYHOT peaKilii:

zF@:—AG:RTInK—RTInﬁ 2.1.4
aj‘-/la;@ ( ')’

ne K — xoncranra piBHOBaru peaxuii, a1, d2, d3, d4 - NOYaTKOBi (HEpiBHOBAXKHI)

AKTUBHOCTI PEarcHTIB.
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I3 piBHsiHHS (2.1.4) BUIIMBAE, M0 BEIUYMHA €JIEKTPOHOTO MOTEHITIATY

go:ﬂan—RT In % %

7F 7F alvla;z (2.1.5).
SK1110 moYaTKOB1 aKTUBHOCTI piBHI 1, TO
RT
p=—InK =9
SE 0 (2.1.6),

1€ ()0 — CTaHAapTHUIN NOTEHIIaI.

CrangapTHUM €JIeKTPOJHUIN MOTEHLIal — 1€ MOTEHLIal eJIeKTPOAa MPU YMOBI,
1110 aKTUBHOCT1 KOMIIOHEHTIB, sIKI OEpyTh Y4acTh B €JIEKTPOJHIN peakilii, JOPIBHIOIOTh
OMHUILI.

OTtox

_RT Ina3a4

® =&
SIkuro nmepelTu 10 JeCATKOBUX JIOTapu(MiB, OTPUMYEMO:
_ _2303RT aray
P=Qy — = a'a)’ (2.1.8),
abo
0,33
¢:¢0__| ViQV (2.1.9)
Z a11a22 LY )y
ae
5 2,303RT
- = — KPYTICTh €1eKTPOAHOT PYyHKIIII.

Ipu 7=298 K piBusuus (2.1.9) HaOyBae BULIAAY:

- 0,039 Iq a,’a,’

@ = @,
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2.2. EnexkTpoxiMiuHi moTeHiajiMl OKMCHO-BiITHOBHUX pPeaKIliii

OKHMCHO-BITHOBHUM HAa3MBaIOTh MOTEHI[IaJ], 110 BUHUKAE HA MEXI MJIATUHOBOTO
€JIEKTPONY 3 PO3UUHOM, SIKUW MICTUTh OKMCHEHY 1 BITHOBJIEHY (POPMY PEUOBUHHU.

Jlist mpukiaay po3rIsiHEMO IJIATMHOBY IUJIACTUHY, 3aHYPEHY Y BOJHUN pPO34YMH
coneit FeCl, 1 FeCls. MeTaniuHa miuaTviHa € iHEpTHUM MaTrepiajioM 1 B pO3UMH KaTiOHU
HE MOCTABIISIE.

Y po3uuni kationn Fe3* aBnsroThCca okucHeHOI0 (OPMOI0, BiTHOCHO KaTioHiB Fe?*
1 MOXYTb BIJTHOBIIIOBATUCS, 3a0MpPaIOYM €JIEKTPOHU Y IUIaTUHOBOTO EJEKTPOAY 1
3apsIKAr0uy HOro MO3UTHBHO. Y CBOIO Yepry Karionu Fe?* € BigHOBIEHOHO (OpPMOIO 1
BiJIAIOTh €JIEKTPOHM IUIATHHI, okucHiorounch a0 Fe®'. Tlpu mocsrHeHHi piBHOCTI
IMIBUAKOCTEN MPOIECIB OKUCHEHHS 1 BITHOBJICHHS BCTAHOBIIOETHCS XIMIUHA PIBHOBAra.

Pesynbrarytounii OKMCHO-BIIHOBHHMM TOTEHIIAN 3aJIEKUTh BiJ KOHILIEHTpAIlii
IBOX (OpPM KaTiOHIB 3aJ1i3a B PO34MHI 1 BU3HAYA€ThCS piBHAHHAM HepHcTa (BUBeIeHHS
piBHsHHS HepHcta npuBonuthes y maparpadi 3.4.1.):

RT [Fe ]
Pees g2 = ¢Fe3+/Fe2+ + nE In |:F92+:| (2.2.12).

CTaHjapTHUM OKHCHIOBAJILHO-BimHOBHMM mnoTreHIianoM Poy/red BBaXKaIOTh

MOTEHI[iaj], 110 BUHUKAE Ha IJITATHHOBOMY €JICKTPOJi, 3aHYpEHOMY B PO3YHMH 13
KOHIICHTPAIlI€0 OKUCHEHO1 1 BITHOBJIEHOT ()OpMH PiBHOIO 1 MOJIB/J MpU TemIepaTypi

298 K.

BuMmipioroTe BeIWYMHY CTaHAAPTHUX OKHCHIOBAJIBHO-BITHOBHHUX ITOTCHIlIAJIIB

BiJIHOCHO CTaHJAPTHOrO BOAHEBOTO enekTpony. 3nadeHHs Pox/Red NEAKNX MiBpeaKIii

npuBe/ieHI B Tadmi 2.2.1.

B yMoBax, 110 Biipi3HAIOTHCA BiJ] CTAHJAPTHUX CICKTPOTHHUMA TTOTEHII1a]l CHCTEMH

Pox/Red PO3PAXOBYIOTH 3a PIBHAHHSIM:
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. RT[0x]
Poxired = Poxired T nE n [Red] (2.2.2),

ne (Dco)x/Red - CTaHJAPTHUN EJEKTPOIHUIN TMOTEHINa; R - yHIBepcaJlbHa ra3oBa
nocriiina (8,31 JIx/monbK); T — temmeparypa, K; N — 4ucio eNeKTpoOHIB, IO
npuiiMaroTh ydacTh y peakuii; F — crana ®apanes (96487 Kn/mons); [OX], [Red] -
KOHIICHTpAIlisl OKUCHEHOI 1 BITHOBJICEHOT JOpPM PEUOBUHH, MOJIb/ L.

Taomung 2.2.1.

CraHgapTHi eNeKTPOHI MOTEHIIANIN IEIKUX PEaKIliil y BOTHUX PO3UMHAX NPU

temmeparypi 298 K.
Enexrponna peaxitis ITorenmian, B
2H,0 + 2e = H, + OH" -2,93
Al(OH)3 + 3e = Al + 30H" -2,31
MnCO; + 2e = Mn + CO3* -1,35
SO, + HyO + 2e = SO3% + 20H -0,90
Cu.0O + H,O + 2e = 2Cu + 20H" -0,361
Sn?* +2e =Sn -0,140
2H" +2e = H; 0,0000
2NO + 2e = N,0* 0,1
O2 + H,O + e =OH + HO, 0,4
ClOy + H,O + 2e = CIO™ + 20H" 0,59
O, +2H" + 2e = H,0, 0,682
HO; + H,O + 2e = 30H" 0,88
AuCls + 3e =Au + 4CI 1,00
CIO2 + 6H" + 6e = CI" + 3H.0 1,45
H,O, + 2H" + 2e = 2H,0 1,77
OH+e=0H 2,0
OH +2H" + e = H,0 2,8
F, + 2H" + 2e = 2HF (Bomn) 3,06
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VY peakiii:
Mg — 2e = Mg?* (2.2.3),
OKMCHEHOI0 (hopmoro € Mg?*, a BimHOBIeHOI — Mg. MeTanu y BigHOBIEHiH (opmi

MaroTh KOHIIEHTpaIio 1, Tomy

RT
_ 0 2+
¢Mg2+/Mg o ¢Mgz+/Mg + E In |:Mg :I (2.2.4).

3a BEJIMYMHOIO EJIEKTPOAHOrO TMOTEHIlady peaklii MOXHa CYIUTH TIpo
TepMOIMHAMIYHY ii MMOBIpPHICTB, OCKiNBKH i300apHO-i30TepMiunmii motenmian 4G

OB’ SI3aHUM 3 €JIEKTPOJHUM MOTEHIIIATIOM peakilii pIBHSIHHSIM:

AG=-nFg .. . (2.2.5).

Peakiiss npoXoaMTh CaMOYMHHO B npsamomy Hampsamky, skmo AG < 0, a

>0

VLY
Peakiiss y 3BOPOTHHOMY HampsMKy 3ailicHroBarumerhess xkomu AG > 0, a

<0

VLY
Posrnsaemo B3aeMoiro xiopuay 3amiza (I11) 3 xmopumom onosa (I1) 3a peakiriero:
2FeCls + SnCl, = 2FeCl, + SnCl4 (2.2.6).

Jlns 3°scyBaHHS MOMKJIMBOCTI mepebiry maHoi peakxiiii HeoOXiTHO po3paxyBaTh
BEJIMYMHY i300apHO-i30TepMiunoro nortenmiany AG. Peakiis npoxomurs B CTOPOHY
3MeHIIeHHs BinbHOI eneprii [i66ca (4G < 0). OxHak 11 OKUCHIOBAILHO-BITHOBHIX
peaKIiii KpuTepieM HampaBICHOCTI MPOIECY MOXYTh CIYKUTH BEIUYUHH OKHCHO-

BITHOBHMX ITOTEHIIIAJIIB.

Peakiiito (2.2.6) MOXkHA 3amucaTy y BUTTISIL:
Fe3* + e = Fe?* (2.2.7),
Sn?* - 2e = Sn** (2.2.8).

Koxkna 3 HaBegeHMX peakIii XapakTepHU3yeThCS CBOIM  IOTEHIIAJIOM
0 _ 0 — ) .
(¢Fe3+/,:e2+ =0, 77lB’¢5n4+/3n2+ - 0’1538) . OCKUIbKM NEpEMIIIEHHS EIIEKTPOHY
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B1IOYBA€EThCSA BIJ] €JNEKTPOAY 3 MEHIIMM TOTEHIIAJIOM JI0 €JIEKTpOoAYy 3 OUIbIIUM
MOTEHI[IaJIOM, TOMY ¥ OKHCHIOBaJbHO-BITHOBHA peakilisi Oylae MPOXOIUTH 3a IIEI0

cxemor0. OTOXk y CTaHAapTHUX yMOBax Karionu Fe3* OynyTs okucHIOBaTH KaTioHu Sn?*,

0 0
TaK sk 3HadeHHsA Po o jgp2e < Prgar ezt .
. o . . 4+ . 0
B Mmipy 3pocTanHs KoHLEeHTpallii kationis Sn** pennunna norenmiany Pg e+ jgn2

0
30UIBIIYETHCS, @ BeNMYMHA MOTeHUiany P s+ g2+ 3MEHIIYETHCS.

[Iporecu 3a yyacTio OKHCHIOBAJIBHO-BITHOBHUX peakiiil (2.2.7) 1 (2.2.8) OyayTh

TPUBATU 10 BCTAHOBIIEHHS Y CUCTEMI PIBHOCTI iX MOTEHIIIAJIB.

2.3. EnexkTpoxiMiuyHMii psii CTAHAAPTHUX NOTEHIiaJIiB MeTAJIIB Y BOAHHUX

pO3YHHAX

Po3micTuBImIM BCi MeTanmu 3a 3pOCTaHHSIM BEIMYMHH iX CTaHIApPTHOTO
€JIEKTPOXIMIYHOTO TIOTSHITIATY, OTPUMAEMO Psif, KU JO3BOJSE XapaKTepPU3yBaTH
METaJIH MI0/I0 iX XIMIYHOT aKTUBHOCTI (Tabuis 2.2.2).

Y mpoMmy psIy, YAM MeEHIIe anreOpaiuHe 3HAUEHHS EJEKTPOJHOrO TOTEHITaTy
METally, TUM JICTIIIC BiH Bi/1a€ €JeKTPOHHU (OKUCHIOETHCS) 1 BOJHOYAC BUSABIISE OUIBIITY

BIJTHOBJIIOIOYY JIiIO IIIOA0 KaTIOHIB METAITY, III0 CTOSITh Y PAMY 3 MpaBoi CTOpoHU. J{is

0 . . :
npuknany, Na <¢Na+,Na = —2,7148) € Kpal¥M BIJHOBHMKOM Yy NOPIBHSAHHI 3 Zn

(¢§nz+,2n =-0, 7638) , OJJHAK MOCTYIACTLCS B 1IboMy K ((DE+/K =2, 924B) _

OTox YMM JiBillle 3HAXOIWUTHCS METajdl B PANYy HANpPyr, TUM BiH XIMIYHO
AKTUBHIININNA — JIETIIE OKHCHIOETHCS, BHSIBISIE OUIBITY BiIHOBIIOIOYY AKTHUBHICTD,
OJTHAK Ba)K4€ BITHOBIIOETHCS 3 HOHHOTO CTaHY.

Bci Metanmu 3 Bim’€MHOIO BEIMYHMHOKO €IEKTPOJHOTO IMOTEHITIaNy, PO3MiIeHi
JiBillIe BOAHIO, OKMHIOIOTHCS HoHamu H 1 cipuumHiooTh BuaineHHs Hy 3 po3BeaeHnx
pozuuniB kuciot (HCI, HBr, HI, H2SO.):

Ca + 2HCI = CaCl; + H; (2.3.1).
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Metanu, K1 po3Milll€H] B PsiAy HANPYT JIIBIIIE, BUTICHAIOTh METAJH, 10 CTOATH
MpaBille 3 PO3UMHIB iX COJICH:
Ca + Cu(NO3)2 = Cu + Ca(NOs3)2 (2.3.2).
VY paay nanpyr metanu Bif Li no Al BBaxatorecsi aktuBHUMH, Bix Ti o Cd —
CepelHbOAKTUBHUMHU, a MeTau miciisg Ni paxyroThcsl C1a00aKTUBHUMH.
Tabmus 2.2.2.

CranmapTHi eeKTPOAH1 TOTSHIIATN METaTIB (psii HAPYT METAJIB).

Enexrpon | Ilorenmiad, Eaexrpon ITorenuia,
B B
Li*/Li -3,045 Cd?*/Cd -0,403
Rb*/Rb -2,925 Co?*/Co -0,277
KK -2,924 Ni?*/Ni -0,25
Cs*ICs -2,923 Sn?*/Sn -0,136
Ba?*/Ba -2,90 Pb?*/Pb -0,127
Ca**/Ca -2,87 Fe3*/Fe -0,037
Na*/Na -2,714 2H'/H> -0,000
Mg?*/Mg -2,37 Sb3*/Sh +0,20
APRYAI -1,70 Bi®*/Bi +0,215
Ti%*/Ti -1,607 Cu?*/Cu +0,34
Zr¥Zr -1,58 Cu*/Cu +0,52
Mn?*/Mn -1,18 Hg.?*/Hg +0,79
VIV -1,18 AgiAg +0,80
CrZICr -0,013 Hg"/Hg +0,85
Zn**Zn -0,763 Pt>*/Pt +1,19
Cr¥*/Cr -0,74 Au*/Au +1,50
Fe?*/Fe 0,44 Au'/Au +1,70

J11s1 BCTAaHOBJICHHS 3aJICKHOCTI €JIEKTPOTHOTO IMMOTEHITIATY BOJHEBOTO €JICKTPOIY

Bil pH B cTanmapTHUX ymMOBaxX BUKOPUCTaEMO piBHSHHS HepHcra:
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RT
0 +
Pren = Pavin +?IH[H ] (2.3.3).

0
Ocximsku @+, = 0,000B 4 In [H*]= - pH, tomy 3a Hopmansimx ymos

RT N
¢H+/H :?In[H ]:—0,059 pH (2_3_4)_

Otox y Boxi 3 pH = 7,0 norenuian @+, Oyne cranosutn — 0,413 B, 1e 3HaunTs,

10 METAJIU K1 MAOTh OUTBIINN B1I’€MHUN MOTEHI1a] OyAyTh BIIHOBIIOBATH KATIOHU
H* y BomHOMY CcepemoBHIIIi.

Opnak Ha MPaKTHUIl HE BC1 METaJM, 10 pO3MillleH] B psay Hanpyr giBime Cd,
BUTICHSIIOTH BOJICHB 13 BOJM, a MeTau Bl Cd 10 BOJHIO — BOJICHB 3 PO3UMHIB KUCIIOT.
Lle moB’s13aHO 3 TUM, 1110 TPY OKUCHEHHI JICSIKUX METaJIiB Ha X TIOBEPXHI YTBOPIOIOTHCS
HEPO3YMHHA IIJTiBKa, IKa 00MEXYe€ IMOIAJIbITy HOTo peakIiiHy akTUBHICTb. [Ipukiagom
MOXK€ CIY)KUTH TMacUBAllisl CBUHIIO B Cydb(aTHIN KHUCIOTI, BHACTITOK YTBOPEHHS
wtiBku PbSOa.

Metanu B psifly HallpyT 1O MarHiro B3a€EMOJI1IOTh 3 BO/I0I0. CaM MarHiii BUTICHSE
BOJICHb 13 Taps4yoi BOJHM, a HACTYIIHI METaJM, BKJIIOYAIOYM KaaMid, YTBOPIOIOTh Ha
MOBEPXH1 HEPO3UMHHI T1IPOKCHIH 1 HE B3AEMOIIIOTH 3 BOJIOKO.

TakuM YHMHOM eJIEKTPOXIMIYHUN PsSAJ CTAHIAPTHUX TOTCHIlIANiB METAIB A€
BOXJIMBY 1H(OpPMAIIIO MOM0 iX XIMIYHOI aKTHMBHOCTI, OJHAK B OKPEMHUX XIMIUHHUX

Ipoliecax CiIiJ BpaXoBYBAaTH 1HAMBITYyaTbHI 0COOJMBOCTI METAJIIB.

2.4. Knacudikauisi eiekTponiB

2.4.1. EnexkTpoau nepumoro poay

VY 3aneXHOCTI BiJl IPUPOU €IEKTPOMHOI PeaKilii po3pi3HAIOTh JEKUTbKA THIIIB
CIEKTPOMIB:  €JEKTPOAW TEPIIOTO POAY, JPYroro pojay, OKHUCHO-BIIHOBHI,
HOHOCENEKTUBHI.

Enexrponom mnepiioro poay Ha3uBalOTh MeTal ab0 HEMeTall 3aHypeHHHl y
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PO3UMH, KM MICTUTh MOro MOHU. EnexTpon mepumoro poay MoKasyloTh y BHIJIAI
cxemu: M | M. PiBHSIHHSI €JEKTPOIHOT PEaKIIii:
M +26 &> M (2.4.1).

Jist i1ealibHUX pO3YUHIB

=1 +RTInC (2.4.2),

0
JC /Lli — CTaHIIapTHI/Iﬁ XIMIYHUM IIOTCHII1AJI; Cl’ — KOHIICHTpAaIA KOMIIOHCHTY

B PO3UYHUHI.

JIjist peanibHUX pO3YMHIB KOHIIEHTPALIII0 3aMIHIOIOTh aKTUBHICTIO:
0
t = +RTIng (2.4.3).

[TonsitTs akTuBHOCTI Oyno BBeneHe JIptoicoM. AKTHUBHICTH — 1€ BEJIMYUHA,
MiJICTAHOBKA $IKOi 3aMICTh KOHIIGHTpAIlli B TEPMOAMHAMIUHI PIBHSHHS, POOUTH iX
CIIpaBeUTMBUMH JIJIsI PEAJIbHUX CUCTEM.

AKTHBHICTB JIOPIBHIOE JOOYTKY KOHIIEHTpaIlii Ha KOe(iliEHT aKTUBHOCTI:

a =GY, (2.4.4).
3aranpHe PIBHAHHS €JIEKTPOMHOTO MOTEHIlaNy JJsl eNeKTPOJy MEepUIoro poay

Ma€ BUITIAA:

— 6 I aM
¢M|Mz+ - (00 + ; g aM2+ (245)

Sximo BpaxyBary, 0 d)=CONSt 1 mpuitMEMO ySIBHO, III0 BOHO PiBHO OJWHHUIII,

BUpas (2.4.5) crpomyeThCs:

Puivz = Po g Ig Ay (2.4.6).

PiBusiHHs (2.4.6) orpumane Bmeprie HepHcTOM 1 HOCUTH Ha3BY PiBHSHHS
HepHcra.
[ToTeHirian enekTpomy MepuIoro pomy 3aJIeKUTh BiJl aKTUBHOCTI OTHOTO TIEBHOTO

BHUIYy WOHIB. Takl HOHM HA3WBAIOTHCS MOTCHIIIAIBU3HAYAIOUUMH.
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[IpuknagoM MeETaJi4HOro €JIeKTPOAY NEPIIOro poay Moxe OyTH MiTHUN

u* | Cu. Jlo HemMeTaIiYHUX €JIEKTPOAIB MEPIIOTO POAY

eJIeKTpoJl y po3uuHi coii miai C
HAJICKUTh, HANPHMKIAJ, CEIEHOBMI enekTpon Ses | Se. Meraniuauii  enexTpon
MepIIoro poay o0OpOTHUHM A0 KaTiOHA, a HEMETAIIUHUNA — J]0 aHIOHA.

Pi3HOBHIOM €NIEKTPO/IIB MEPIIOTO POIY € Ta30Bi €IEKTPoau. ['a30BUl €IeKTPO
mictuthk Metan (Pt, Pd), Hacuuenuii ra3oMm 1 3aHypeHUl y pO34uH, SIKUH MiCTUTh HOHU

miei razonomioHoi peyoBuHU. HaiOIbIl BaXJIUBUM MPEACTABHUKOM Ta30BUX

€JIEKTPO/IIB € BOAHEBUH enekTpoa. KoHCTpykilis Horo nokasaHa Ha pUCyHKY:

%

™~

N
H j'— H>

4 jr

el

Puc.2.4.1. KoHCTpyKIlisi BOIHEBOTO €1eKTpoAy: 1 — miaTuHoBa MIacTUHKA
MOKPHUTA BUCOKOIUCTIEPCHOIO TIIATUHOIO (TIJIATUHOBA YOPHOTA); 2 — BOJHUN PO3YUH

yepes SIKUU MPOMyCKAal0Th OUUIIICHUN BOJCHb

Cxema enekrpony: H' | H» | Pt. Monexynu BOIHIO aJIcOpOYIOThCS HAa YaCTUHKAX
IJIATHHYU, afCOpOMIMHI CHIM CHPHSIIOTH JHWCOIIANii MOJICKYJ Ha aTOMH, aTOMH

BiTHOBITIOIOTHCS — BiJIJAIOTh €JIEKTPOH IJIATHHI 1 MEPEXOATh Y PO3UHH:

Hy > 2H «—2H* + 2e (2.4.7).
BonneBoMy enekTpomy BiIMOBITAE PEAKITIS:
2H* + 2e < H, (2.4.9).
BuxopuctoBytoun piBHsSHHS (2.4.6) ogep:KUMO:
0. Py,
P =P~ 19 a2, (2.4.9),
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ne pH2 - MapIiiaJbHANA THUCK BOAHIO (mpuiiMemo piBHUM 1), Tomi piBHsSHHS (2.4.9)

crpoiyeTbes. OCKUTbKU:

1 _
|9¥= lga” =-2lga (2.4.10),

2
0 Py = P +0l0a,. (2.4.11).

Konu BosmHeBuii enexktpon mpamroe B ymoBax ax=1 (Py, = 101,3 klla) Bin
HA3MBACTHCA CTAHAAPTHUM [1apy = 1,01-10° ITa].

[ToTen1ian craHAapTHOTO BOJHEBOIO €JICKTPO/Ia MPUUHATUN PIBHUM HYIIIO TIPU
BCIX TEMIIepaTypax.

BpaxoByrouu, 1110 cTaHIapTHUN MTOTEHITIA BOJHEBOTO €JICKTPOAY PIBHUI HYIIO,

OTPUMYEMO KiHIIEBE PIBHSHHS JJIsI TIOTEHIIIaTy BOAHEBOTO €JIEKTPONIY:
Py = 0198, =—6OpH 2.4.12).

[lepeBara BOIHEBOTO €JIEKTPOAY — HAMIMHICTh Ta BiATBOPIOBAaHICTh 3HAYCHD
HOro MoTeHIliany B Pi3HUX PO3YMHHUKAX 1 MPHU PI3HUX TeMreparypax. Hemomiku —
TpHBaJie BCTAHOBJICHHS PIBHOBKHOTO 3HAYEHHS IMOTEHITIATy, 0COOJIMBO B OPTaHIYHUX
PO3UMHHHKAX.

VYBeneHHsT BOAHEBOI IIKAdW JO3BOJWJIO BH3HAUUTH TMOTEHIANIM PI3HUX
€JICKTPOIIB Y BUTJISI1 YMCJIOBUX 3HAYEHB 1 TOPIBHIOBATH iX Mk co00r0. s yHidiKaIii
CHUCTEMH 3HAKIB €JICKTPOJHMUX MOTEHIIaniB MbKHaApOAHUHN COI03 YHUCTOI 1 TPUKIIATHOT
ximii (IUPAC) (Crokronsm, 1953 p.) mpuilHSB KOHBEHIIIIO, 3TiHO SKOi CIOYAaTKy
BKa3y€TbCS MaTepial OJHOTO 3 JIBOX YTBOPIOIOUUX €IEKTPO/IiB, MOTIM MPUMUKAIOUUNA
710 HBOTO PO3YHMH, MOTIM PO3YHUH, 1[0 KOHTAKTYE 13 APYTUM €JIEKTPOJOM 1, HA KiHEIIb,
Martepiall JApyroro enekTpoxy. Skmo audy3iiHMA MOTeHIian BIICYTHIA MiX
CJICKTPOJIITAMHU CTaBUThCA |, SIKIIIO HI — TO i.

{06 omepskatv AJIT MIMHKOBOTO €JEKTPOAY 3HAK TOTEHITIaNy, KU BiIIOBIA€

KOHBEHIIi1, €JIEKTPOXIMIYHY CXEMY 3aIlUCYyIOTh:

Pt, Ho| H*| | Zn?*| Zn (2.4.13).
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Peaxitist 3anmucyeThes Tak.
Hy+7Zn?* — 2H* + Zn (2.4.14).
OCKUIBKH B JIAHIIOTY €JIEKTPUYHOI CXEMHU MO3UTHBHA €JIEKTPUKA TE€UE CpaBa HAIIBO,
TO 3HAYEHHS €JIEKTPOAHOrO MOTEHIIIATY HUHKY OyAe BiJ’ €MHHM.
[Tpuknan 1. Po3paxyBaru piBHOBaXHUM MOTEHIIIaJl BOAHEBOTO €JIEKTPONY IpPH
298 K, 3anoBHEeHOT0 po3urHOM, sikuii MicTuTh 0,1 Mmonb HCI Ha 1 xr Bomu, cepenHiii

KOe(IIEHT aKTUBHOCTI HOHIB piBHUHU 0,796. [lapiianbHuil TUCK ra3zy Ha €IeKTPOIl
. o 5 o = 5 0 - O
piBuwuii 0,95+10° ITa, HopMasbHHii atMOchepauii Tuck 1,013¢10° ITa, Py« Hy O

Pimennsi. Bukopucraem piBHAHHS [l BUBHAYEHHS! PIBHOBAXKHOTO MOTEHIIATY

BOIHCBOTI'O CIICKTPOOY:

0 RT, a/.
=@ . + InH-=
P T 2F U,
b (M) 0,059, (01-0.796)" . cn.
2 Py, 2 70,95-10°/(1,013-10°)

2.4.2. EjekTpoau Apyroro poay

Enextpon mpyroro pomy CKIagaeTbcsi 3 METaly, MOKPUTOTO IIIapoM HOro
BAKKOPO3UMHHOI COJII 1 3aHYPEHOTO B PO3YMH, SKUW MICTUTh aHIOHHM IIi€l COJII.
Enextpon apyroro poay 3amucyiOTh y BHIJISAII CXeMH: A° | MA,M. PiBHsiHHS

EJIEKTPOIHOT PEaKIlii:

MA+ze—>M+A* (2.4.15).
[ToTeHniian enexkTpoay APYroro poay MOXKHA 3alACATH Y BUTIISI PIBHIHHS:
B 2] | aya,,
Py MAAE Po~ ; 9 a—MA (2.4.16).

BpaxoByrouu cranicts dys 1 A4 OTPUMYEMO:
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o =P lga,. (2.4.17).

(DM ,MA 7

3 1bOrO PIBHSIHHS CTa€ 3pO3yMLJI0, IO €JIEKTPOA IPYroro poay oOOpOTHHI 110
aniona. [ToTeHITian MbOTO ENEKTPOAY MOYKHA BUPA3UTH TAKOXK Yepe3 aKTHBHICTh HOHIB

BaXKOPO3YMHHOI COJIi, BAKOPUCTOBYIOUH TOOYTOK PO3YMHHOCTI €T COMi:

,ZZPMA = aM“aAZ* (2.4.18),
3BIACH
a = ﬂPMA
AL - a (2419)
M 2+
Otrxe

0 0
Pu ,MA‘AZ’ =%~ ; Ig APy + ; Ig Aypes (2.4.20).

BBOIII/IMO ITO3HAYCHHA .

%
- lg IP\s = @, (2.4.21).

Toni piBasiHHA (2.4.20.) MaTUMe BUTIIS:

Pu MA A= =Py T ; Ig VS (2.4.22),

ne ¢0' - CTaHJApPTHUI TOTEHIall eNeKTPOoay Apyroro pomy. OTOX MOPIBHIOIOYHU

CTaHAApPTHI MOTEHIIAM BIATOBIIHUX €JEKTPOJIB MEPIIOro 1 IPyroro poay MOXKHA
BU3HAYUTHU JOOYTKH PO3YMHHOCTI BAXKKOPO3UUMHHUX COJIEH.

Enexrponu napyroro pomy IIUPOKO BHUKOPUCTOBYETHCS B EIEKTPOXIMIYHHUX
BUMIPIOBAHHSX K €JIEKTPOAW MOpPIBHSAHHA. Ha mpakTuili mmpoxe po3mOBCIOMKEHHS
3HANIUIM XJIOPCPIOHUN Ta KaJOMEJIbHUMN €JIEKTPOJIH.

XJIOpCpiOHUI eNeKTPOl MpeAcTaBisatoTh y BUDIAAi cxemu: Cl | AQCl, Ag.
Konctpykiist xmopcpiOHOTO enekTposa mokasana Ha puc. 2.4.2. CpiOHuii enextpon 2

nokputuii mapom AQCI i 3anypenuit y po3unn KCl. EnexTpomiTiaHuii KOHTAKT i3
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JOCIIIJKYBAHUM PO3UYMHOM 3JIIMCHIOEThCS Yepe3 a30ecTOBY HUTKY BHasiHy B ckio. Ha
XJIOPCPIOHOMY €TIEKTPO/I1 MPOXOAUTH PEaKIIis:
AgCl +e & Ag + CI (2.4.23).

Konctpykiist XxopcpiOHOTo enexkTpoaa nokazaHa Ha PUCYHKY:

Puc. 2.4.2. XnopcpiOumii enexrpos: 1 — cpiOHMit apit, 2 — CpiOHMI €IEKTPOI,
HOKpUTHUH XJIopuaoM cpidna, 3 — po3unn KCI, 4 — azb6ecToBa HUTKA
[Tpu Temmeparypi 298 K moreHItian XjaopcpiOHOTO eIeKTpoay BU3HAYAETHCS 32

PIBHSIHHSIM:

=0,2224-0,0591lga,  (2.4.24)

gpAg ,AgCI‘CI’

VY KaJoMelbHOMY eNIeKTpOoi macTa i3 pryTi i kamomen (Hg2Cly) BMimnyeTbes y
PO3YMH XJOPUAY Kallifo. ENeKTpomHMiA KOHTAKT 3AIMCHIOETBCS 3 JIOIIOMOTOIO
az0ecToBoi HUTKHA. Cxema kajoMmenbHOTo enekrpomy: Cl | Hg.Cl;, Hg. Ha HBOMY
MIPOXOIUThH PEAKIIis:

Hg2Cl + 2e « 2Hg + 2CI (2.4.25).

PiBHSIHHS JUTs1 €IEKTPOTHOTO TOTEHITIATY:

—@lga

(DHg,HgZCIZ‘CI‘ =% ol (2.4.26).

BukopucToBy10Th KaioMelbH1 enekTpoau ski MicTsaTh 0,1 M, 1 M 1 HacuueHui

po3uun KCI. ITpu remnieparypi 298 K ix moreHIiianm BiamoBigHo gopiBHio0TL 0,337 B;
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0,2801 B; 0,2412 B.

[Ipuknax 1. PospaxyBatu npu 298 K piBHOBa)KHI €JIEKTPOJHI MOTEHLIAIN
enekrpoximiunoro sanmora Zn|ZnCly|KCI|AgCI,Ag, sxio MomsibHI KOHIICHTpAITii
KCI i ZnCl; onnakosi i piBai 0,01 Monb/Kr, a cepeiHi koedilieHTH aKTUBHOCTI HOHIB

B KX po3unHax BianoBiaHO piBHI 0,902 1 0,710. CranmapTHi NOTEHLIAIA CHUCTEM
0 . 0 . . o . .
Per- agcing 1| Pz zn Bimmoinmo pimi 0,222 B i -0,763 B. Hamucaru piBnsnHS

EJIEKTPOIHUX Peakiii 1 cyMapHOi peakiiii B eJIEKTPOXIMIYHOMY JIAHI[FO31.

Pimenns. EnexTpoxiMIYHMI JIaHLIOT CKJIAJA€ThCAd 3 EJIEKTPOAIB MEPIIOro 1
JIPyroro pojy, SKUM BilIOBiAaloTh peakuii Zn?*+2e <> Zn i AgCl + e < Ag + CI..
JIist ckianaHHg pIBHSHB 3arajbHOl peakilii B JIAHLUIOTY HEOOXITHO YpPIBHATHU
€JICKTPONIHI peakKilii 3a YMCJIOM EJIEKTPOHIB 1 pearylouux pedoBuH. Tomy cymapHa
peaxiiis B naniory oyne: 2AgCl + Zn « 2Ag + 2 ZnCl,. Bukopucraem Taki piBHSIHHS

AJIA BUBHAYCHHS CIICKTPOIHUX HOTGHIIiaJ'IiBI

—b,lga__ =

0
¢CI‘,AgCI,Ag o ¢CI‘,AgCI,Ag cr

= 0,222-0,0591g(0,01*0,902) = 0,324B "

o, +Dyga -
¢Zn2+,2n (DZnZJ',Zn 7 9 Zn%*

- 0,763+ &259 g(0,01*0,71) =—0,829B

2.4.3. OKHCHO-BiTHOBHI eJIEKTPOIH

Ha Oynpb sikoMy e1eKTpoAi MPOXOaaTh OKUCHO-BIAHOBHI peakKiii 1 3 i€l mo3uilii
OyIb-sIKAN €IEKTPOJ MOKHA Ha3BaTH OKUCHO-BITHOBHUM. OIHAK, OKUCHO-8IOHOBHUMU
abo pedoxc-enekmpooamu HA3WBAIOTh TUTBKK Ti €IEKTPOIU, METal SKUX He Oepe
y4acTi B €NEKTPOAHIN peaxilii, a TUTbKH MEePEeHOCHUTh €JIEKTPOHHU BiJl BITHOBHHKA IO
OKHCHIOBAYa.

OYHKIII0 MeTaly B PEOKC-€JIEKTPOAaX BUKOHYIOTh OJaropoiHi MeETaJIH.
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OKWIIIOBaTbHO-BITHOBHUH eNeKTpon 3anucytoTh: Red,0x | Pt, a enexTpoaHy peakiito
BupaxkarTh piBHsHHAIM: OX + Ze = Red. Red Bix ciosa ,,restored” (BigHOBJICHMIT), a
Ox — Bix cioBa ,,0Xidize” (okucHIOBaTH). EJeKTpoIHUI TOTEHITIAN PEIOKC-CICKTPOIY
PIBHUIA:

6. Red

@ =, ——1g
Pt/Ox,Red 0 7 a, (2.4.27).

Penokc enexrpomu OyBaroTh JBOX BHUJIB: MPOCTI Ta CKJIagHI. Y MPOCTUX
eJIEKTPOJIaX peaKilis Mojsrae y 3MiHi 3apsiiB HOHIB 03 3MIHU 1X ckiiany. Enexrpoanii
cucremi: Fe?* Fed* | Pd Bimnosigae okucHo-BimHOBHa peakuis Fe3* + e < Fe? a
cucremi MnO4%, MnOy4 | Pt - peakiiss MnOy4 + € <> MnQO,%.

BianoBigHO y CKIagHUX €IEKTPOJax 3MIHIOETHCS HE TUIBKU 3apsijl HOHIB, ajie i
XIMIYHUN CTaH:

Mn?*, MnOy, H* | Pd MnOy4 + 8H* + 5e <> Mn?* + 4H,O (2.4.28).

VY naHomy BUNAAKY B €JEKTPOIAHIA peakilii OepyTh y4dacTh WOHHM BOJIHIO Ta
MoJieKysin Boau. OCKUIbKM aKTHBHICTh BOJIM CTajla — CKIAIHUN PEIOKC-EIEKTPO.
3anucyroTh Tak: Red, Ox, H* | Pt.

OTOX MOTEHITIaJ CKIAJHOTO PEIOKC-EIEeKTpoa 3aiexkuTh Bif PH. Jlo ckimagHux
OKHCHO-BIIHOBHUX €JICKTPOJIIB HAJIGKUTh XIHTIAPOHHUM €NeKTpoAa. XIiHTIAPOH €
KPUCTAJIYHUM MPOAYKTOM — crionykoro xiHOHY CsH4O2 13 rigpoxinonom CeHa(OH)s.
Bin Manopo34nHHMA, 1 B pO34YHHI PO3NAAA€ThCS HA X1HOH 1 T1IpoxiHOH. CxeMa pemoKc-
enekrpony: CsHa(OH),, CeHsO2, H* | Pd. Ha enekTposi IpoXoauTh peakilis:

CeH4O2 + Hy +2e < CsHi(OH)> (2.4.29).

OCKIUTbKM aKTUBHOCTI XIHOHY 1 TIAPOXIHOHY B HACHYEHOMY PO3YMHI PIBHI, TOMY
PIBHSHHS MOTEHITIATY XIHTIPOHHOTO €JIEKTPOTY MOXHA 3allMCaTH y BUIIISAII:

_ o g Beuony, _ g
(0C6H4(OH )2'CGH402aH+|Pd B ¢0 B E g a a2 o (00 + g aHJr (2.4.30).
CeH40, "H Y
XIHTIAPOHHUHN €JIEKTPO/T BUKOPUCTOBYIOTH JIJIsl BUMIproBaHHS PH, ane iforo He

BUKOPUCTOBYIOTh B JIY)KHUX CEPEIOBHINAX 1 B MPUCYTHOCTI CHJIBHUX OKHUCHUKIB Ta
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BIJHOBHUKIB.
[Ipuknan 1. BuBenite 3anexHicts Big pH dopmansHOro mnoTeHIiaLy
. . . 2- 3+ P . . o
enekrpoximiuaoi cucremu CroO77/Cr" Ta OmWiHITE NPUAATHICTH OiXpoMar-HOHY SIK
OKHCHHKA.
Pimtenus. [lorenman HaBEICHOI CUCTEMU BUHUKAE BHACJIIJIOK
MPOTIKAHHS €JIEKTPOXIMIUHOT peaKIlii:

Cro07% + I4HY + 6e < 2Cr*t + 7H50.

3a IHIIMX YMOB HOTCHLIiaJ'I CUCTCMHU MOKHA pO3paxyBaTH 3a piBHSIHHSIM HepHCTaI

0,059, |CrO; |*|H” a
¢:¢gr2072,14H+/Cr3++ 6 |g|: 2 EC]t‘3+[] }

3a cranux koHuentpauiin Cr,07% ta Cri*:

: 14*0,059 :
_ 0 ! + | _ A0
P = ¢Cr202‘ J4H*/Cr* + Ig |: H ] - ¢Cr207_,14H+/Cr3+ —0,138pH :
. ; 0,059, [Cr,O: |
e Peror uantier® = Peroz 1anor I - (opmanbHU
Cr,05 14H*/Cr Cr,0¢ 14H*/Cr 6 [Cr‘°’+]

TOTEHIIaJl CUCTEMH 3a CTaNuX KoHueHTpariii Cr,07% ta Cre*,
Bunno, mo i3 3poctandsM pH po3uuHy MOTEHITIAN €JICKTPOXIMIYHOI CUCTEMU
Cr,07%/Cr®* mBuxo 3MillyeThes y Bif eMHy 0071acTh. Tomy Gixpomar-iioH Hai61abII

HpI/IILaTHI/Iﬁ SAK OKHUCHHK B CHJIbHO KHCJINX PO3YMHAX.

2.4.4. oHoceneKTHBHI eJeKTPoau

[ToTenirianu po3mISTHYTUX HAMU €JIEKTPO/IIB BUBHAYAIOTHCS PEIOKC-TIPOIIECaMH,
0 BiOYBAIOTHCS 32 YUACTIO €JIEKTPOHIB. B OCTaHHI pOKH MIUPOKOTO BUKOPUCTAHHS
HaOyB MPUHIIMIIOBO 1HIIWNA TUM €IEKTPOIB, A€ B CICKTPOMHINA peaKilii eIeKTPOaU HE
OepyTh ydacTi, a iX TOTEHIIaJId BU3HAYAIOTHCS TPOIECAMH PO3MOALTY HOHIB MIiXK
MeMOpaHOoI0 1 po3unHOM. Taki eeKTpOoau Jal0Th 3MOTY CEJIEKTUBHO BU3HAUUTH SIKHii-

HeOyIb HOH Yy TPUCYTHOCTI IHIIMX HOHIB. IX Ha3MBalOTh HOHCENEKTHBHUMMU
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enekrponami (ICE). Huni ctBopeni ICE Ha 0CHOBI p1iAKHX Ta TBEpAUX HOHITIB (HOHITH
— TBEpPJIl, HEPO3UMHHI Yy BOJI Ta OPraHIYHUX PO3UMHHUKAX PEYOBHHH, SIK1 MOXKYTb
OOMIHIOBaTM CBOi MOHM Ha WOHM PO3YMHY), MOHO- 1 TIOJICaXapHiB,
€JIEMEHTOPraHIYHUX PEYOBUH MEMOPAHOAKTUBHUX KOMIIEKCOHIB.

PiBHSIHHS 7151 TOTEHITIay HOHOOOMIHHOT MEMOpaHU, SIKa KOHTAKTY€E 3 PO3YHHOM,
1[0 MICTHUTH 1B MeMOpaHoakTiBHI Houu A" i BT, ski 31aTHI MpoHUKATH B MEMOpaHy i
BIUIMBAaTH Ha 1i moreHwuian Oyno Boepiue BuBeaeHe Hikonbchbkum. B ocHOBI Teopii
HikonbCchbKOrO  JIEKUTH MPUNYLIEHHSA, [0 MDK HOHITOBOIO MeMOpaHow 1

KOHTaKTYIOUMM PO3YMHOM MPOXOAUTH peakxiliss 0OMiHYy HOHIB:
+ N+ D+ +
B"+A"&=B +A (2.4.31).
Pucka Hag cuMBOJIOM O3HA4Yae, 110 HOH HAJCKUTh MEMOpaHi.

L1i#1 peaxiii BiAMOBIja€ KOHCTAHTA PIBHOBATH:

K — aA+ aB+
A-B T a
+ B+

) (2.4.32).
A
s koHCTaHTa BU3HAYAE 31aTHICTh HOHIB B* BUTHCKYBaTH 13 MeMOpaHu oHH A,

[i e Ha3UBaOTH KOHCTAHTOIO OOMIHY.

CXGMy A™- CEJIEKTHBHOIO CIICKTpOOda MOKHA 3aIIUCaTHu 'y BI/IFJISI,I[iI

JlocnimkyBaHui MewmOpaHa CranmapTHuii
pPO3UNH pO3UnH
A*, B* A*, B* A*, CI AgCl, Ag

Memb6pana po3auise ABa PO3YMHHU (MOCTIIKYBAaHWW Ta CTaHAAPTHUM), SIKi
MICTSITh HOHH, 3/1aTHI MPOHUKATH Y MEMOpaHy 1 pyXaTuch y Hiid. CTaHIapTHHUI PO3UUH
MICTUTh TUIBKA OJWH BHA MeMOpaHoakTuBHUX HOHIB A*. Ckiaz CTaHIAapTHOTO
PO3UYHHY 3aIIUIIAETHCSA HE3MIHHUM. J{OCTiIKyBaHWH PO3YMH MIiCTUTh Honu A™ i B i
CKJIaJ] HOTO 3MIHIOEThCs. J[ist moTeHIiany A - cenekTuBHOTO enekrpoaa Hikonbehbkuii

OTpUMAB PIBHSIHHS:

Pice = CONSt + 6?Ig(aA+ + KA—BaB+) (2.4.33).
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[3 BpaxyBaHHsAM JU(]y31MHOrO MOTEHUIANy, SKAWA BHHHKAaE B MeMOpaHi

BHACIIIIOK Pi3HOT pyxynBoCTi HoHiB A* i BT ¢popmyna HaOyBae BUISAY:
Pce =COnst+01g(a,. +K,ga,.) (2.4.34).

Koncranra Ky/p — BpaxoBye BimHoCHY pyximBicTh HoHiB. Benmnunna Kam —
OCHOBHA XapaKTEepHUCTHKA, siKka BU3Hauae QyHkuioHanbH1 BnactuBocTi ICE. Bennuuna
Ka/B nasuBaernes xoedinienrom cenexrusrocti ICE, a60 koe(illieHTOM BILIMBY
ifioniB B* Ha A" - QyHKIi0 enekrposa.

Haii611b111 po3nmoBCIOMKEHUMH € CKIISIHI enekTponu. Croyarky Oynu CTBOpEHI
CKJISIH1 €JIEKTPOJIU 3 BOAHEBOIO (DYHKIIIETO, a MI3HIIIE CKIISHI €JIEKTPOIH 3 METATIYHUMU
byHKIISIMU.

CkJ1o, iK€ MICTUTh OKCHAHM KPEMHIIO, HATPIIO 1 KaJbI[II0 MA€ PI3KO BUPAKEHY
criopigHeHicTs 10 Houi H. TIpu koHTakTi 3 kucnumu pozdrHamu onn Na* y ckii B
MOBEPXHEBOMY IIIapi MOBHICTIO 3amimaroThesi Ha HWonu H'. TloTeHmian CKISHOTO

€JIEKTPO/IA MiIMOPSIAKOBYETHCSI HACTYITHOMY P1BHSHHIO:

(Dcma = const+ 6 Ig(aH+ + KH/Na ) aNa+) (2435)

Y naHoMmy piBHsHHI koedilieHT BrMBy HoniB Na* myxke manmii (10724+10712)

Tomy 10 pH=12 KpNa‘Ana < @H™ i piBHAHHS CIIPOIIYETHCS
Poia =CONSt +01ga . = const —dpH (2.4.36).

OTxe y KHCIIUX, HEUTPAIBHUX 1 CIA00MYyKHUX PO3UMHAX CKISHI €JIeKTPOIU
BUKOPHCTOBYIOThCS JJII BUMiproBaHHs pH.

CxeMa CKISTHOTO €JICKTpoja 3 BOAHEBOIO (yHKIieo mae Burisa: H' | ckisHa
MeMOpaHa | HCI | AgCl, Ag.

[lepeBarm  CKJISIHOTO  €NEKTpPOJa: BENWKAa  IIBUIKICTH  BCTAaHOBIEHHS
PIBHOBAXHOTO TMOTEHITIATY; TPOCTOTa KOHCTPYKIIi, MOXJIUBICTh BUKOPHCTAHHS B
MPUCYTHOCTI OKWUCHUKIB 1 BIIHOBHHKIB, B OPTraHIYHMX PO3UYMHHUKAX, B JYKHHX 1
3a0apBieHNX cepefoBumax. KOHCTPyKIliS CKISIHOTO €JeKTpoja IOKa3aHa Ha

puc. 2.4.3.
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Puc. 2.4.3. KoHCTpYyKILisl CKISTHOTO €JIEKTPO.Y.
1 — ckIsiHA TOHKOCTIHHA KyibKa; 2 — po3unH HCI; 3 — xytopcpiOHumii enekTpos
IMpukman 1. Koedimient BubipkoBoCTi ckisiHoro H'-uymimBoro esexrpoma

BigHocHO Na* mopismioe 1,010, SIky nomusky y usHadenni pH Oyne BHeceHO mpu

ananizi 0,05 Monben ! pozunny NaOH.

Piiuenns:

B 0,05 monben ! po3unni NaOH koHLEHTpaLis MaApOKCUI-HOHIB JOPIiBHIOE:

[OH] = Cnaon = 0,05 monpsen?, pOH = -lg 0,05 = 1,30.
Omxe pH =14—pOH =14-1,30=12,70 i [H*]:lO*p” —107127° — %108

[ToTeHIian CKISHOTO €JIEKTPOAY B IMX YMOBax 3a PiBHSHHSIM HiKoabChKOTO
JOPIBHIOBaTHME:

(p:Const+6’*|g([H+}+kH+/Na+ [Na*]).

SIx11o BBayKaTUMEMO, 110 HA MOTEHITiad eJIeKTPOAY HE BIUTMBAIOTh HOHU HATPIO,

TO BUMIPSTHUI MOTEHITia]l 00YHCIIIOEMO 32 PIBHSIHHSIM:

o=Const+0*Ig| H" |

ToMy MOMUJIKOBO BH3HAU€HA KOHIIEHTpAIlls HOHIB BOJHIO Oyie OUIBIIOIO 3a iX
peanbHUM BMICT:

| -13 i
[Hﬂ :[H+j|+kH*/Na* [Naﬂ:”lo ,pH'=12,20,
1 momuiika cranoButh pH — pH'=12,70-12,20=0,50 ogunuis pH, ado
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pH-pH 0,50
pH 12,70

*100% = 4%

KoOHTpPO/IbHI NUTAHHA
[losicHITH, SIK Ha IOBEPXHI €EKTPO/Ia BUHUKAE MMOABIMHUYN €NEKTPUUHUN ap?
[Ilo Take eNeKTPOAHHUM MOTEeHITIa?
Bix 4oro 3anexxuTh BeIuYnHA €IEKTPOIHOTO MOTEHIiany?

o siBrisie COOOI0 CTAaHIAPTHUM OKUCHIOBAJIBLHO-BITHOBHUM MOTEHII1AI?

o~ W D

Busenite piBHsSHHA HepHcTa 171 po3paxyHKy €JIEKTPOJHOIO TMOTEHIaTy 1
npoaHaiizyiTe Horo.

6. [Llo Take cTaHmapTHUHN EIEKTPOIHUMN MTOTEHIIIa?

7. SIx xnacu@ikyroTh eJIeKTPOaH?

8. Sk BnamToBaHUi BOAHEBUM €JIEKTPOI 1 JIJI1 YOTO HOTO 3aCTOCOBYIOTh?

9. Ak BiamToBaHUM XJIOPCPIOHUHN €IEKTPOJI 1 IS YOT'O HOT0 3aCTOCOBYIOTH?

10. Sk BnamToBaHUN KAJIOMEJIBHUHN €JIEKTPOJ 1 I 4OTO HOT0 3aCTOCOBYIOThH?

11. SIx moOymoBaH1 peIOKC-EIEKTPOIH 1 ISl YOTO IX BUKOPUCTOBYIOTH?

12. SIxi XxapakTepHi BIACTUBOCTI €JICKTPO 1B TOPIBHIHHS ?

13. 1o Take MpoOBiMHUKH MepIIoro Ta apyroro poxay? Ilo Take erekTpoHHa Ta HOHHA
€JIEKTPONPOBIAHICTL? SIK BOHM 3aJie’KaTh BiJ TEMIIEpaTypH?

14. Ak moOynoBaHMi XIHTIAPOHHUH enekTpoa? YoMy BiH MOke OyTH BUKOPHUCTAHHI
JUTSL 3HAXOKCHHST aKTUBHOCT1 HOHIB BOJHIO Y PO3YHHi?

15. B domMy 0COOJIMBOCTI MPUHIHUIY [ii CKISHUX €JIeKTPoMiB? SIKi MOXKIHMBOCTI
3aCTOCYBaHHS CKIISTHUX €JIEKTPOIIB?

16. BuBenitsb 3anexHicTh Bi pH hopmanbHOT0 MOTEHITIATY €EKTPOXIMIYHOT CHCTEMH
MnO4/Mn?* Ta owiHITh IPUAATHICTH HEPMAHTAHAT-HOHY K OKHMCHHUKA.

17. Sxwmii 3 BKa3aHUX HaITIBEJIEMEHTIB Oy/ie KaToJ0M, a KMl aHOJIOM TaJIbBaHIYHOTO

€JICMEHTY B ITO€HAHHI OJIMH 3 ogHUM? HaBeliTh cXeMy eJIeMEHTY Ta pO3paxynTe HOro

EPC.
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a) Ag|AgNO; (0,01 monbent), KBr (0,4 monben™)

0) Hg|HgY? (7,2410* mombent), Y+ (2,00107° monpen?)

18. CxemaTn4HO 300pa3iTh KOMIpKy 1/ BU3Ha49eHHS [S?] i3 CpiOHMM iHAMKATOPHUM
enexTpoaoM (kaTon) Ta 1 Monmb-exBen! kanomensaum enexrponom (HKE) nopiBHAHHS.
3HalAITh TOTEHIIAIA KATOAY 1 aHOTY.

19. PospaxyiiTe NOTeHIian KagMi€BOrO eIeKTpoay, 3aHypeHoro B 1,001072 monpen?
posuna Cd(NOs3), B Oydepniii cymimri NHs, NHs* (3arampHa KOHICHTpaIlist
0,1 monbent) Ta pH 9,0. BpaxaiitTe, mo Koe(illicHTH AKTHBHOCTI JOPIBHIOKOTH

OJIMHMUIII.

PexomengoBaHa JiTteparypa

1. C.T. Ileiiko, M.II. MixeeBa. EnextpoxiMis s CTYJIEHTIB TEXHIYHUX
yHiBepcuteTiB. — Jlonenpk: BugaBuunreo «Hoymimx», 2011. — 226 c.

2. K. C. Kpacnos, H. K. Bopo6ses, 1. H. I'ogaeB u np. ®usnyeckas xumus. B 2 kH.
K#. 2. Dnexkrpoxumus. Xumudeckas KUHeTHKa U Kataim3: YueO. s By3os. / [lox
pexn. K. C. KpacnoBa — 3-e u3n., ucnp. — M.: Beicm. k., 2001. — 319 c.

3. H. 1. Cmuk. 36ipHUK 3amad 3 eIeKTpoxiMiuHMX MeTomiB a”amizy. — K.: BIIL]

“KuiBcbkuii yHiBepcuteT”, 2006. — 82 C.
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Po3nin 3. XimiuHi 1kepesia eJIeKTPUYHOI eHeprii

XIMIUHI JKEpesa eNeKTPUYHOro CTpyMy HaOyau IIMPOKOrO 3aCTOCYBaHHS B
CyyacHIM TeXHilll K aBTOHOMHI Jipkepena enekTpuuHoi eHeprii. Lllopiuno B cBiti
BUPOOJISIOTH JECATKUA MUIBSIP/IIB OJIMHUIIL TaJIbBAHIUHUX €JIEMEHTIB Ta aKyMYJISITOPIB.
Benerbcss akTHMBHUM TMOIIYK HOBHX €JIEKTPOJHUX MaTepialliB Ta CTBOPIOIOTHCS
JpKepena CTpyMy 3 MOKpaleHUMU €HEPreTUYHUME XapaKTEPUCTUKAMHU.

["anpBaHIYHI €JIeMEHTH KIACU(DIKYIOTh: 32 03HAKOD 000POTHOCTI — PO3PI3HSIOTH
000pOTHI 1 HEOOOPOTHI JIKEpesia CTPyMy; 3a HAsSBHICTIO a00 BIJICYTHICTIO PIIMHHOT
MEX1 — BUJIUISIOTh KOJIa 3 TIEPEHECEHHSAM 1 0€3 epeHeCeHHs 3aps/IiB; 3a XapaKTepOM
Ipolecy — PO3PI3HAIOTH XIMIYHI Ta KOHIEHTpPAIlIiHI EJIEKTPOXIMIYHI CHUCTEMHU.
EnepreTuuna crnpoMoXHICTH OOOpPOTHOTO JpKepena Moxe OyTH BiJIHOBIEHA 3
JIOTIOMOTOI0 CTOPOHHIX JKEpest, MPOMYCKaHHSIM MOCTIMHOTO CTPYMY B 3BOPOTHOMY
HampsAMKy. XIMIYHI JDKepela CTpyMy MOOyJoBaHI Ha OCHOBI OOOPOTHUX CHUCTEM

Ha3WBAKOTLCA aKyMYJIATOPaAMU.

3.1. O6opoTHuii rajabBaHiuHuil ejieMeHT S1k00i-/laniesns i HeoOopoTHUMIT

eidemMeHnT BouabTa

J11s1 060pOTHOTO TrajibBaHIYHOTO €JIEMEHTA IMTOBUHHI BUKOHYBAaTUCH JIB1 YMOBH:
00OpOTHICTh XIMIYHHMX PEaKIlii, 10 MPOXOAATh B €JIEMEHTI Ta PIBHOBAXKHI YMOBH
pobOOTH eJIeMeHTA.

Po3rnsiHeMo 111 yMOBH Ha TPHKIAAl HAUIPOCTIMIOTO TalbBAHIYHOTO €JIEMEHTY
Sxo6i-/laniens. Bin ckiamaeTbes 13 MUHKOBOTO Ta MIJHOTO €JIEKTPO/IIB, 3aHYPEHHUX Y
PO3YUHM CBOIX COJICH, 1 MICTHTh Mk HUMU MeMOpany-cemnapatop (puc.3. 1.1). Cxema

enemenra: (—) CulCuSO4|ZnSO4|Zn (+). EPC rakoro mxkepena 1,106 B.

. . 0
CranpapTHUll €IEeKTPOJHMI TMOTEHLIaN IUHKY y BOJHOMY pO3unmHHI @, -0 =

.. 0 . )
—0,763B, a wmini — P 2 = 10,337 B. EnexkrpomHuii moTeHIiad ILHHKOBOTO
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€JIEKTPONY € BiI’€MHHUM 1 1€ JO3BOJIIE aTOMaM METajly OKHCHIOBAaTHCS Ha MOro

MOBEPXHI 32 PEAKIIELO:

Zn - }Zzle — Zn?* (3.1.1).
® = 1O
- =+ |cu N —| ==
o I 2 R
ZnS0O, ____@ g)ﬁ-_ §8_042-1 ® ____ CuSO,
— — b —

\
Membpana-cenaparop
Puc. 3.1.1. N'anpBaniuauii enement Axo61-/aniens

[Ipy migkiIOYEeHHI 30BHIMIHBOTO CHOXHKBaya eyekTpuyHoi eHeprii (RH)
€JICKTPOHM BiJl IIMHKOBOTO EJICKTPOAY, Yepe3 BHYTPIIIHIN Omip CroxkuBada, OyayTh
nepediratu 10 MiTHOTO eJeKTpoxay. Jis MOHIB B €JIEKTPOJIITI IIMHKOBHM €IEKTPOI €
aHOJIOM, a MIJHUN EJIEKTPOA — KaTroIOM, OJHAK I €JEKTPOHIB, IO PYXaroThCs B
30BHIIITHBOMY KOJI1, HAWMEHYBaHHS €JIEKTPO/IIB Oy/ie TPOTHIIC)KHHIM.

Enexrponu, mo HamiMmuM 4yepe3 30BHIINIHE KOJIO IO MIZHOTO Karomy, OymayTh
BigHOBIOBATH HoHH CU2':

Cu®* + 2e — Cu (3.1.2).

YTBOpEHI aToMU Mijli 0CaIKYIOThCS Ha MITHOMY Karoi. B mMipy po3pskeHHs

JKeperna cIpaBa Bijl cernaparopa B eJeKTPOJIiTi OyIyTh HAKOIMYYBATUCh HoHK ZN2*, a

u?* 6yne smenmysaruca. CymapHa

B €JICKTPOIIITI 371iBa Bij] cemapaTtopa BMicT HoHiB C
PEaKIlis eIeKTPOXIMIYHOTO MPOIIECY:

Cu+Zn**—Cu?*+Zn (3.1.3).

PospsipkeHHs mxepena 341HCHIOETHCS BHACIIOK 3MEHIIICHHS 011 KaToMy HOHIB

Cu?* i konneHTpyBaHHs ioHis SO4” Ta 3pocTaHHs OiNs aHOMY HoHIB ZN%*,

SKio 10 po3pSIKEHOT0 €JIEMEHTa MIAKIIOYUTH 30BHILIHE JHKEPeso 13 Ao
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outbmoro EPC, TO enexkTpoHHM Bil HbOTO OyAyTh CHPSIMOBAaHI B MPOTHIIEKHOMY
HampsIMKy, @ camMe JO0 LMHKOBOro enekrpoay. Lle cnpuymHuTh mnepedir 3BOPOTHHX
peakuiii: Ha aHOAi HOHM ZN?* BiIHOBIIOIOTHCSA IO aTOMIB IUHKY 1 OCAKYIOTHCS Ha
LIMHKOBOMY €JIEKTPOJIi; Ha KaTO/i aTOMH MiJli OKUCHIOIOThCS 110 HoHis Cu?*,

Y rtakuii  cnoci®0 TaJbBaHIYHMM ~ €JIEMEHT BIJIHOBJIIOE E€HEPreTUYHY
CIPOMOKHICTh 1 MOX€ IOBTOPHO BHUKOPUCTOBYBATHCS SIK JKEPENO €IeKTPUYHOT
€Heprii.

[IpuknaaoM HEOOOPOTHOTO TaJIbBAHIYHOTO JIKEPEIia eEKTPUUHOI EHEprii MOXKe
CIIY’)KUTH ejeMeHT Bonbra, B sIKOMy HMHKOBUM Ta MIAHUN €JIEKTPOAU 3aHYpEHI Y
po3uun cynbdary wmigi: () Cu | CuSOq4 | Zn (+). Ha nuHKOBOMY aHOMi, MpH

PO3PSIKEHH1 JKEpeia, 3M1MCHIOEThCSI OKUCHEHHS HOTO aTOMIB 3a PeaKIli€ro:

Zn —2e =7Zn?* (3.1.4),
a Ha MITHOMY KaToJll — BIJHOBJICHHS HOHIB M/l
Cu®*+2e=Cu (3.1.5).

CymapHy XIMIUHY peakiil0 TaJbBAaHIYHOTO TIPOILIECY MOXKHA 3alucaTu

PIBHSIHHSIM
Zn + CuSO. = ZnSO4 + Cu (3.1.6).

EPC enementa Bombra cranoButs 1 B. IligkirodeHHS 10 pPO3PSIKEHOTO
€JI€MEHTa 30BHINTHBOTO JKEpena 3 OUIBIIOI0 €JIeKTPOPYIIIHHOK CHUIIO0, MPUBOIUTH
710 OCQ/KCHHS Ha IIMHKOBOMY aHO/I1 BITHOBJICHUX aToMiB Mifi. L{e Bka3ye, 1o peaxiis

CTPYMOYTBOPEHHSI B €JICKTPOXIMIYHOMY JIXKEPEITi € HE3BOPOTHOIO.

3.2. EnexkpoximMiuHi npounecu B IUHK-MAPTraHIEeBOOKCHHOMY Ta

HOBiTpHHO-III/IHKOBOMy rajbBaHiYHHUX eJleMeHTax

[3 HEOOOPOTHMX TalbBaHIYHUX JDKEPEN EJIEKTPUYHOI eHeprii Ha TOoYaTKy

MUHYJIOMY CTOJITTI Ha0yB IIIMPOKOTO BUKOPUCTAHHS CyXHi eleMeHT JIekaHniie:
(-)C | MnO,, rens(NH4Cl1+ZnCly) | Zn(+). Karogq  mMHK-MapraHIeBOOKCHJIHOTO

raJIbBaHIYHOTO JDKEpeJia BATOTOBJISIFOTH IIpecyBaHHsAM cyMinti gactTuHok MnO- (90 %)
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1 TOPOIIKOBOTO TpadiTy.
Ha no3utuBHOMY aHO[1, BHACHIIIOK Peakilii OKUCHEHHS LIMHKY BUBUIbHSIOTHCS

n2+

1IBa €JIEKTPOHU: ZN — 2 — ZNn“". 111 eNeKTpOHU NOCTYNal0Th YEPE3 30BHILIHE KOJIO 10

KaToy 1 BIAHOBIIOIOTH Okcu MapraHifo (1V) mo amwkyoro okcumy maprasio (11):
2MnQO, + 2H* + 2e = Mn,03 + H,O (3.2.1).
CymapHy XIMIYHY pe€akilii0 CTPYMOYTBOPIOIOUOTO TMPOIECY 3aluCylOTh
PIBHSIHHSM:
2Zn+4NH,Cl+4MnO,—4MnOQOH + ZnCl, +[Zn(NH3)4]2'CI2 (3.2.2).
[Tin yac po3psmkeHHs pKepena Butpadarothes sk enekrpoiit NH4Cl, Tax i
Mmarepianu anony 1 karony. EPC ranbBaniunoro enementa Jleknanme 1,5 B.
OpuriHanbHUM JDKEPETIOM EJIEKTPUYHOI €Heprii € Tak 3BaHWH MOBITPSIHHIA
rajbBaHIYHHUM €JIeMEeHT. Y CTPYMOYTBOPIOIOUil peakiii Jxepena 6epe ydacTb KUCEHb
nositpssHOi atmMocdepu. EnektpomHa cxema ejnementa: (—)Zn | KOH | 0,,C(+).
AHOIIOM y TOBITPSIHOMY €JIEMEHTI € MOPUCTUM BYIVICHEBUI MaTepiasl, 00’ €M SKOTO
3aroBHEHUI MOBITPsAM. [Ipy 3aMHKaHHI 30BHINIHBOTO €JIEKTPUYHOTO KOJIa Ha aHO.I

JoKepesia MPOXOAUTh PEaKIlis :

Oz + 2H,0 - 4e — 40OH (3.2.3).
Ha karoni nuHK okHCHIOETBCS 10 ZNO 3a peakIiero:
2Zn + 40H + 4e — 2Zn0 + 2H,0 (3.2.4).

CyMapHa peakxiiis CTpyMOYTBOPCHHSI:
2Zn + 02 — 2Zn0 (3.2.5).
Ha anoni moxxnuBuii epedir moO14HUX peaxiliid, a came:
0O, + 2H,0 — 2e — H,O, + 20H" (3.2.6).
Hakonmuennst H,O2 B enexTpoiTi pyidHY€e IITHKOBHM €EKTPOI:
Zn + H02 + 2KOH — K>Zn(OH)4 (3.2.7).

st 3amoOiraHHs MOOIYHMX pPEakiiid BHKOPHCTOBYIOTh KOMIO3WIIIMHHMA
EIEKTPO M0 CKJaAy SKOTO BXOMATH mM00aBku (cpibmo, koOambT abo iHII), sIKi

3armo6iraroTh yrBopeHHs HoO, abo pyliHytoTh ioro Mmonekynu. [Ipukiramom € enexrpo,
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akuil Mictuthb 35 % Mn, 45 % rpadity 1 20 % akTMBOBaHOTO BYTULIS.
EPC nositpsHo-11uHKOBOTO eneMenTa piBHa 1,4 B, poboua Hanpyra — 1,1 B, a
IUTOMa €HEPreTMYHA MOTYXHicTh cranoBuTh 100 MBrronT?.  TpupamicTs

6e3nepepBHOi poboTu mxepena — 1000 ronuH.

3.3. HopmaabHuii esjemenT BecTona

EPC wmaiixke BCiX TUITIB TaJIbBAHIYHUX €JIEMEHTIB 3MIHIOETHCS MPU PO3PSIKEHHI,
a B 3aps/UKCHOMY CTaHi iX eJEeKTpOpyIliifHa cuja TeX HE € CTAJIOI BETUYHHOIO,
OCKUIbKM MOTEHLIaJ eNEeKTPOJIB 3aJeKUTh BIJ iX XIMIYHOTO CTaHy Ta TeMIepaTypu
HaBKOJIMIITHEOTO CEPEOBHUIIIA.

OcoOnuBICTh TaNbBaHIYHOTO eJeMeHTa BecTtoHa sikpas B Tomy, 1o ioro EPC €
CTaJI00 BEJIMYMHOIO 1 HE 3MIHIOETHCS B YaCI.

[Ipu Temmneparypi 20 °C enexrpopyuriiina cuia enemenra piHa 1,018300 B.
Binxunennss EPC mxepena ne mepesunrye 10 mxB. HopmanbHuii a0 HacuueHMA
eneMeHT BecToHa sBIs€TbCA MDKHAPOJHUM CTaHIAPTOM BEJIWYMHU EJIEKTPUYHOT
HANpPyTH 1 BUKOPUCTOBYETHCS SIK €IEMEHT MOPIBHSHHS B MPEIE31MHUX BUMIPIOBAHHSIX
napaMmeTpiB eNEKTPUIHUX CUCTEM.

He3MmiHHICT, y daci €IEKTpUYHUX TOTCHIIANIB EJICKTPO/IIB €JIEMEHTA
3a0e3IeuyeThes iX 0COOIMBUM XIMITHUM CKIagoM. AHom jpkepena (1) BUTOTOBISIOTH
3 aMaJibraMu KajaMiro (po34rH KaaMmito B pTyTi). Hajg HUM po3MileHuit kpucranorigpar
CdS04-8/3H20 (2), sixmii mpocodennii HacuueHuM po3uuHoM CdSO4 (3) (puc. 3.3.1).

Karomom B enemeHTI cnyKuTh MeTaniuyHa pTyTh (4). Hag pTyTTIo 3HaX0msAThCA
kpuctaym, HgSOq (5), a Hag HuMHE - kpuctanu CdSO4-8/3H20 (2).

Cxema pryTHO-KaamieBoro enementa: (—)Hg|Hg?*,S03~,Cd%*|Cd, Hg(+)

Ha aHomi kaaMiii OKMCHIOETBCS 32 PEaKIII€ro:

Cd - 2e — Cd?* (3.3.1),
a Ha Karozi ioun HG?" BiTHOBIIOOThCS:

Hg?* + 2e — 2Hg (3.3.2).
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CymapHna peaxilisi CTpyMOYTBOPIOIOUOTO MPOIIECY 3aMKUCYIOTh Y BUIISAI PIBHSIHHS:

HgSO4 + Cd — CdSO4 + 2Hg (3.3.3).

N N

Puc. 3.3.1. bynosa HopmansHOTO enemenTa Becrona: 1 — amanerama kaamito, 2

— kpuctanu CdSO4-8/3H0, 3 — nacuuenuii po3und CdSOa, 4 — pTyTh, 5 — KpHUCTAIH
HgSO., 6 — cTpymoBinBoau

OCKUTBKH PTYTh 3HAaXOAWTHCS B KOHTAKTI 31 CBOEK BAKKOPO3YMHHOIO CLILITIO

Hg,SO. (AP = [Hg?*]?:/S04%] = 6,3-107), six i xammiii BimmoBimaO 3 cimtio

CdS0O4-8/3H,0, ToMy mOTeHIianId CIEKTPOMAIB Iia Yac poOOTH elIeMEHTa He

3MiHIOIOTECA. EnexkTpopyiniiiHa cuila eJeMeHTa 3aJIMIIA€ThC CTaOUTBHOK BIPOIOBK

POKIB.
3.4. NaabBaHiYHM eJIEeMEHT HA OCHOBI KOHLIIEHTPAWiHHOr0 KoJ1a

Mu po3misHYAM TalbBaHIYHI €JIEMEHTH, MTPUHIUN (QYHKIIIOHYBAaHHS SKHX
0a3yeTbcs Ha Mepeliry XiMIYHUX peakiliid y BiMOBiAHINA mocaigqoBHOCTI. 111 peakiii B
raJIbBAaHIYHOMY €JI€MEHTI HAa3WBAIOTh XIMIYHUM KOJIOM. ICHYIOTh TaKOXX TajbBaHiuH1
€JIEMEHTH B KX CTPYMOYTBOPEHHS 3a0€3Meuy€eThCsl IEPEHECEHHSIM HOHIB 3 PO3UHUHY

3 OUIBIIOI AaKTHMBHICTIO B PO3YMH 3 MEHIIOK aKTHUBHICTIO. Ilpukmagom mxepena 3
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KOHILICHTPALIIMHUM KOJIOM CIYXHUTh €JIEMEHT CKJIaJeHUH 13 ABOX CPIOHUX €IEKTPOAIB:
(-)Ag| AgNOs -| + AgNOs | Ag(+)
1 a1 Qo 02 P2
02> 01
Enexrpon, 3aHypeHuil y po3Be/IeHUi pO34MH 3 aKTUBHICTIO (1, IOCTABIISIE B HHOTO
HoHM cpilbia 1 3apsA/KAETbCS HEraTuBHO. Y OUIbII KOHLIEHTPOBAHOMY PO3YMHI 3
AKTUBHICTIO (2 HOHU cpidia OCaIKYIOThCS Ha CPIOHOMY €JIEKTPOAl 1 3apsKaloTh
HOro MO3UTUBHO. 3a3HAYCHI MPOIECHU CIIOHTAHHI 1 CYNMPOBOKYIOTHCS 3MEHIIICHHSIM
eneprii ['100ca. Y KOHIIEHTpaIlitHOMY €JIeMEHTI BUHUKAIOTh TPU CKaYKU MOTEHII1aJIIB:
lBa Ha MeXi MeTal | pO3YuH (1 Ta (2 , a TPeTiii Ha Mexi Mixk pozuuHamu (o).

[Torenuian ¢y Ha3uBaeTbCsA AUQPY31HHUM 1 BUHUKAE BHACIIJOK PI3HOI IIBUJIKOCTI PyXY
KaTIOHIB Ta aHIOHIB.

Monn NO3 € Ginbln pyXJIMBHMH i MPOHMKAIOTH KPi3h MEMOpPaHy B PO3BEICHMIA
PO3YMH CKopilie Hix HoHu AQ”, TOMy MeKa MOJIUTY PO3UHHIB 3apsHKA€ThCS HETAaTUBHO
31 CTOPOHH PO3BEJEHOTO PO3UYHMHY 1 MO3UTHUBHO 31 CTOPOHU KOHIIEHTPOBAHOTO PO3YUHY.
Bunukae monBiitHUA eJ1eKTPUYHUN IIap 1 CKaYOK moTeHmiany. Y nanomy Bunaaky EPC
KOHIIEHTPALIMHOTO KOJIa 3 MEePEHECEHHSIM EJIEKTPUYHOIO 3apsily PO3PaxOBYETHCS 3a
dbopmyroro:

E=0p1—02+ @o (3.4.1).
Ha mpakrtumi nudysiitHuli moTeHIian pkepeia 3MEHINYIOTh BMIIIYIOUH MK
po3unHamu coboBHid MicTOK (koHIeHTpoBaHui po3unH KCIl, NH4sNOz; a6o NH4Cl)

KU BUPIBHIOE IMBUJIKICTh AHIOHIB Ta KaTIOHIB HA MEXI1 €JIEKTPOIITIB.

3.5. EaxekTpoximMiuHi mpouecu B CBUHIIEBO-KHCJIOTHOMY Ta IIUHK-CPiOHOMY

aKyMYJISITOpax

Cepen 000pOTHUX XIMIYHUX JXKEpeNl CTPyMy LIUPOKE 3aCTOCYBAHHS 3HAWIIOB
CBUHIICBO-KUCIIOTHUN aKyMyJIaToOp. AHOIOM B aKyMVJsTOpl CIYKWUTb CBUHIIEBA

IUIAaCTHHA, 4 KaTOAOM — CBHHICBA IIACTHHA IIOKPHUTAa OKCHUAOM CBHHIIIO. AHOI[ 1 KaTo[
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mxepena 3anypeniy 30 % po3uuH cynb(haTtHoi KUCIOTH. EnekTpoaHa cxema CBUHIIEBO-
kuciorHoro akymynsropa: (—)Pb,Pb0O,|H,S0,|PbSO,, Pb (+).
[Ipu po3psKeHH] JKepena Ha Horo aHonl BiIOYBAa€TbCs OKUCHEHHS aTOMIB

CBUHIIIO Ta YTBOPEHHS CyJIb(})aTy CBUHIIIO:

Pb + H,SO4 — 2¢ — PbSO4 + 2H (3.5.1),
a Ha KaToJ(1 JIOKCUJT CBUHITIO BITHOBIIOETHCS J0 CYIb()aTy CBUHIIIO:
PbO; + H2SO4 + 2¢ — PbSO4 + 20H (3.5.2).
CyMapHa peakiiisi CTpyMOYTBOPEHHS:
Pb + PbO; + 2H,SO4 <> 2PbSO4 + 2H20 (3.5.3).

[Tpu po3psKEHHI aKyMyJIsTOpa Cyab(haTHa KMUCIIOTA K €JICKTPOIIT BUTPAYAETHCS
Ha yTBOpeHHs PhSOy.

[TigkarodeHHS aKyMmyssTopa JI0 CTOPOHHBOTO JDKEpesia CTpyMy, JUIsl HOro
3apsiHKEHHS, TPUBOAKUTD 10 3BOPOTHIX MporieciB: Ha aHoai PDSO,4 BigHOBIIOETHCS 10
CBHUHIIIO, IKHI 0CaKY€ETHCS Ha HhOMY, a Ha KaToai PBSO,4 okucHioeThest 10 PhO,2. EPC
Jokepena piBHa 2 B, a Buxij 3a eHepriero ckiangae 70-75 %.

[lepeBara cpiOHO-IIMHKOBOTO aKyMYJIsiTOpa B IOPIBHSIHHI 3 CBUHIIEBO-KUCIOTHUM
a00 THITMMHU O0OPOTHUMH XIMIYHHMHU JKEPEIaMU, MOJIATae y HOro OUTBIIOMY BUXOII
3a eneprieio (85 %). Karom akymynsTopa BHTOTOBISIOTH i3 CPIOHOI CITKH, B SKY
3aMpecoBYIOTh MOPOIIKOBE CPibi0. AHOM JpKeperna OTPUMYIOTh MIJISTXOM MPeCyBaHHS
CyMIllli TOPOIIKOBUX MarepialiiB — IMHKY Ta OKcuay IuHKY. CTpyMoBigBonu
aKyMYJISITOpa T€X BUTOTOBIISIIOTH 13 cpiOiia.

[lepen BUKOpUCTAHHSIM aKyMyasiTopa B HBbOro 3anuBaioTh enekTpomit KOH i
3apsAKAIOTh, MIAKIIOUMBIIA HOTO JI0 CTOPOHHBOTO Kepena. [lpu 3apsmkeHHi
aKyMynsaTopa cpibio Ha kKaToai cnodarky nepexoauts B Agy0, a motim B AgO:

2Ag + 20H" - 2¢ —>Ag20 + H>,0O (3.5.4),
Agz0 + 20H" - 2e — 2AgO + H,0 (3.5.5).

Ha cranii nepebiry peaxitii (3.5.4) Hanpyra Ha CTpyMOBIBOIAX aKyMYJSTOpax
crae piBHowo 1,6-1,64 B, a na craxii (3.5.5) — 1,9-2,0 B. Ha aHomi okcuj IUHKY
BiJTHOBITIOETHCS 70 IIUHKY:
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/N0 + H20 + 2e — Zn + 20H (3.5.6),
a takox ZnO B3aemoxnie 3 KOH:
Zn0O + 2KOH — K2Zn0O, + H,0 (3.5.7).

[Ipu po3psKEHH] aKyMYJIATOpa Ha aHO/I1 MPOXOAUTh OKUCHEHHS IIMHKOBOTO

€JIEKTPOJLY:
/n + 20H" - 2e — ZnO + H,O (3.5.8),

A Ha KaTOJIi BUIHORIICHHS OKCHLY CPibiIa 10 Cpibia:
AgO + H20 + 2¢ — Ag + 20H" (3.5.9).

VY mporieci poObOTH akyMyJITOpa IMHKAT Kalito Jerpaaye 3 yrBopeHHsm Zn0O,

Zn(OH); ta KOH:

2K2Zn0O; + 3H,0 — ZnO + Zn(OH), + 4KOH (3.5.10).
CymapHna peaxiiisi CTpyMOYTBOPIOIOYOTO MPOLIECY MA€ BUTIIS:
AgO + Zn < Ag + ZnO (3.5.11).

EPC cpibHoruakoBoro akymynistopa pisaa 2,0 B, a #ioro nuroma eHepreTuyHa
emuictb — 140 Br-rom-krl.

[Tpuknan 1. barapes cBuHIIEBUX aKyMyJIATOpiB Mae rabaputu 194x257x230 mm
1 macy 19,2 xr. Ilpu po3pszai ctpymom 7,0 A Garapes mpaitoe He MeHine 10 rog npu
cepenHiit po3psaaHiid Hanpysi 6,0 B. BusHauntu nmutoMy eMHICTB 1 eHeprito Oarapei
IIPH IILOMY PEKHMI.

Pimenns. CymapHa peakiiss TpH po3psi CBUHIEBOTO aKyMyJsTOpa
3aMHUCYETHCS TAKUM YHHOM:

Pb + PbO, + 4H* + 25042 < 2PbSO4 + 2H,0.

Jlist po3paxyHKy TUTOMOT €EMHOCT1 HEOOX1HO PO3paxyBaTH PO3PSAHY €MHICTh

Oarapei o popmyoi:
Copaxm =TT = 7,0-10 = 70,0 A-ron.

€MHICTb JIOPIBHIOE:

Cm = Cpaom I m=70,0/19,2 = 3,6 A-rowkr;
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Cv = Cpam | V=70,0/ 11,5 = 6,1 A-ror/n.
[Tutomy eHeprito 3HaiAEMO IO GOPMYIIi:
Wm = Cm-Ucep = 3,6:6,0 = 21,6 Brrokr;
W =CvUcp =6,1:6,0 = 36,6 Brrog/n.

3.6. JliTieBi Ta JgiTiiloHHI TKepeia eJIeKTPUYHOI eHepril

DyHKI[IIOBaHHS Cy4acHO1 BiZI€0-, pajio- Ta (oroamnapaTypH, pi3HOI MOOYTOBOT
TEXHIKM HEMOXXJIMBE 0€3 BUKOPHUCTAHHS TajbBaHIYHUX JKEPEN €JIEKTPUYHOT eHeprii.
["anbBaHiuHI JKepesa 3HAMIIIM  [IMPOKE BUKOPUCTAHHS B MOOUIBHUX TenedoHax,
KaJbKyJIsATOpaX, HOYTOyKaX, TMOPTAaTUBHUX  KOHTPOJIbHO-BUMIPIOBAJIBHUX 1
HaBIraliHUX TpUiIagax, MEAUYHOMY OOJIaJIHaHHI, B TOMY YHCJ1 IMIJIAHTOBaHHUX
KapI10CTUMYIISITOPaX, OKeaHOrpadiyHOMY 1 METPOJIOTTYHOMY YCTaTKyBaHH1, CHCTEMAax
030POEHHSI.

[Tin cydacHy mopy CTBOPIOIOTHCS €JIEKTPOXIMIUHI JKepesa aKyMyIsTOPHOIO
THUITY 3 BUCOKOIO TUTOMOIO €HEPTi€l0 /Il BUKOPUCTAHHS B €JIEKTPOMOOUISIX, a TAKOXK 3
METOI0 HAKONMYEHHS €JNEeKTPUYHOI EHeprii, OjAepKaHOi Bl BIIHOBIIOBAJIBHUX
albTEpPHATUBHUX JDKEpEd, a caMe Bl CHCTEM, WI0 IEpPETBOPIOIOTh EHEPTiio
€JICKTPOMATHITHOTO COHSYHOI'O BUIIPOMIHIOBaHHS, BITPOBUX MOTOKIB a TaKOXK TEILIO,
110 YTBOPIOIOETHCS MIPH 3TOPSHHI IPOAYKTIB XIMIYHOTO, 010XIMI9YHOTO 200 POCITMHHOTO

MMOXOIKCHHS.

3.6.1. EnexkrpoximiuHi nmpouecu B JITIEBUX JKepesax eJJeKTPUYHOI eHeprii

["anpBaHIYHUI €IEMEHT, K JHKEPEeIo eICKTPHYHOI €HepTii, MOXKHA MOOYyTyBaTH
Ha OCHOBi Oyab-fKOi OKHCHIOBAJIBHO-BITHOBIIOBAIIBHOI peakiii. EmekrtpomHi
MaTepialid y JaHii eJIeKTPOXIMIYHIN cucTeMi MOBHMHHI OyTH MigiOpaHi TaKUM YHHOM,
o6 okepeno crpymy (JC) mano Bucoke 3HaueHHs enekrpopymriiHoi cumu (EPC) i

BIIMOBITHO PO3PSAAHOT HAPyru. AHOINHUN €JIeKTPOJ, aTOMH SIKOTO OKHCHIOIOTBCS 1
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MOCTAa4YaloTh €JIEKTPOHU JUIsl peakilii BITHOBJIEHHS MOHIB Ha KaToOAl, MIAOUPAIOTh 13
OUIbIII BIJA’€MHUM 3HAUEHHSIM EJEKTPOJHOrO TMOTEHIIaly MO BIAHOIICHHIO O
MOTEHLIANly eneKTpoay-okucHioBadya. [Ipu upbomy EPC ranpBaHiyHOro enemeHTa He
MMOBUHHA TIEPEBUIITYBATH HAIIPYTY PO3KIIAAY CICKTPOJIITY.

KOHCTpYKTHBHO B TajlbBaHIYHOMY €JIEMEHTI TMPOIECH OKHCHCHHS Ta
BITHOBJICHHS PO3JUIEHI y TpocTopi MeMOpaHorw. EneKkTpoHH BiJ BiIHOBHUKA 10
OKHCHIOBa4Ya TIEPEXOMASITh Yepe3 30BHINIHE KOJO, 3MIHCHIOIOUN MPH ITbOMY KOPHUCHY
poboTy.

Bin yacy BuHalijieHHs TrajbBaHIYHOTO €JIeMEHTa OyJl0 BUIPOOYBAaHO JCKUIbKa
TUCSY TICPCIICKTUBHUX €JIEKTPOXIMIYHUX CUCTEM JIJII MOXKIIMBOTO iX 3aCTOCYBAaHHS B
JC 1 tinbku 40-50 3 HUX JOBeACHI 0 CTaAll MPAKTUYHOTO BUKOPUCTAHHS.

Hatikpanmumu marepiajgamMu JIjIi BATOTOBJICHHS aHOMY JDKEPEN CTPYMY € JYXKHi

METalld, a cepel HHUX — JITid, sKui npu okucHeHHi Li—¢& — Li* mae HaiGimbn
Bil’EMHHMIM CTaHJAPTHUN eJeKTponHui mnoTeHmian, piBauii — 3,04 B. Ilutoma
€HepreTUYHa EMHICTB JIITIEBOTO aHOAY CTAaHOBUTH 3860 MA-TonT L.
[epuri cripoOu MO0 CTBOPEHHSI KEPEN CTPYMY 3 BUKOPUCTAHHSAM JIITIEBOTO aHOAY
Oynu ipoBeieH1 B 60-THX poKaX MUHYJIOTO CTOJIITTS, a POMHUCIIOBHI BUITYCK JITIEBUX
rajJbBaHIYHUX €JIEMEHTIB 13 allPOTOHHHUM EJEeKTPONITOM OyB 3aiiicHeHud B 70-THUX
pOKax.

JliTieB1 JpKepena CTPyMy MOXYTh IpalioBaTH B IIHMPOKOMY IHTEpBai
temmepatyp (-70 + +70°C), nobpe 30epiraroTh enekrpuunuii 3aps (10 pokiB i OibIIe),
MaTh y 5-10 pa3iB Ounblly TUTOMY €HEPril0 y TOPIBHSHHI 13 TpaguIliiHUMU
XIMIYHUMH €JICMEHTaAMH.

Ha manmii yac 3’scoBaHO, IO CTIMKICTh METAIIYHOTO JIITIFO NMPH KOHTAKTI 3
pisanmu razamu (O2, CO); opraHiYHUMHU 1 HEOPraHIYHHUMH PO3YMHHUKAMH 1
po3unHaM# 3a0e3MeUyeThCsl CAaMOYMHHMMH YTBOPEHHSM Ha TIOBEPXHI MeETamy
0COONHMBOI MACHUBYIOYOI TUIIBKM Y BHUIVISAAI HEPO3UYMHHUX TPOAyKTiB. Ll cyminpHa
miiBka ToBIMHOI 1-100 HM BoMOJi€ HHU3BKOIO CIEKTPOHHOIO TIPOBIAHICTIO 1
YHOBUIBHIOE PEAKIIII0 B3a€EMOII1 JIITIIO 3 OTOUYIOUUM cepenoBuineM. OaHak 130i0104a

IJIIBKA HE 1030aBis€ JITIA eJNEeKTPOXIMIYHOI aKTUBHOCTI. [IpW KOHTakTi 13
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EJIEKTPONIITOM JITIA MOXe (YHKIIOHYBATH SIK €JIEKTPOJ 1 3AaTHUM pPO3YMHATUCA 3
JIOCUTh BEIMKOIO IIBHKICTIO, 3a0e3meuyroun ryctuny crpymy o 0,1-0,5 A-cm™ 6e3
MOPYIIEHHS CYLIIBHOCTI NACUBYIOUO] ITIBKU. HasBHICTBH 13011010401 TUTIBKH 3a11001rae
CaMOYMHINA KOpPO3ii JITIEBOTO €NEKTPOAY 1 3aBASKH I[bOMY BHUPIIIYETHCS MpodIeMa
CaMOpO3pPsIy JIITIEBUX €JIEMEHTIB.

Bucokuii Bif’eMHUN MOTEHIIAN JIITIEBOTO aHOMY J03BOJISIE BUKOPUCTOBYBATH
Marepiall KaToAy HaBITh 3 HEBUCOKHUM B1J]’€MHUM MOTEHL1AJIOM.

[Tpu BUOOpP1 Marepiany KaTroay 3BEpTAalOTh OCOOJIMBY yBary Ha Horo XiMiuyHy
CTIMKICTb 1 HEPO3YMHHICTh B EJIEKTPOJITI, €JEKTPONPOBIIHICTh Ta BEIHMYUHY
XIMIYHOTO €KBIBAJICHTY.

VYrponoBx BChOro MEPIOAy JOCHIJKEHHsI 1 BIOCKOHAJIEHHS JITIEBUX JDKEpPel
€HEPrii 3apONnOHOBAHO BEJIUKY KUIBKICTb SIK OpTraHIYHUX TaK 1 HEOPraHIYHUX PEUOBUH
s karony. Cepenr HeOpraHIiYHUX PEUYOBHH MOXKHA BUIUTUTH TaJIOT€HU i TaJoreHiu —
l2, (CF)n, cynbdinu, ceneniau Ta Tenypuan — MogSg, CuS, BixSes, InSe, GaSe, Bi;Tes;
oxkcuau MetaniB — V205, MNnO,, CuO Ta 1H1II.

He3Bakaroun Ha MOXKITUBICTb BUKOPUCTAHHS B SIKOCTI KaTOAY BEJIMKOI KUIBKOCTI
MatepiaiiB, SKpa3 Bil’€MHHM €JIEKTpOoA OOMEXye EHEpPreTUYHy CIPOMOXKHICTh
JiTieBoro Jpkepena B Iuiomy. lle oOymoBiIeHO 3HAYHUM XIMIYHUM €KBIBaJE€HTOM
KaTOJIHOT PEUOBHHM, TIEpeOIroM moOIYHUX peakIlii Ha KaToi.

Takum uYMHOM, Marepiajll KaToay ITIOBHHEH BOJOIITH OCOOJMBUMHU (hi3HKO-
XIMIYHUMH BIACTUBOCTSAMH, 5K O 3a0e3meuyBaiu:

- BEJIUKY EMHICTH 11010 aTOMIB JIITiO;

- IBUAKUANA TPAHCTIOPT MOHIB JIITIFO0 CTPYKTYPHUMH KaHAJIaMHA MaTepiary 10 MICIIS iX
JIOKaJTi3aI1lii;

- €JICKTPOHHY TIPOBITHICTb;

- He3MIHHICTh KOOPJWHAI[IMHOTO OTOYCHHS KaTIOHIB Marepialy Py 3MiH1 X CTYTICHS
OKHUCJICHHSI 1 CTPYKTYpHU MaTepiary BIUIOMY;

- TOHOPHO-aKIENTOPHY aKTUBHICTh KaTiOHIB MaTepiay;

- BIZICYTHICTh OOTYHUX XIMIYHUX PEaKI[1i Marepially KaToy 3 €IEeKTPOIITOM.

CryniHb IHTEepKAJISIIi aTOMIB JITIIO (X) B MaTepial KaToJy po3paxoBYIOTh 3a
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PIBHSIHHSM:

1 Mlt
F) m

x=(n (3.6.1),

e N — KUIbKICTh €JICKTPOHIB, 10 3ajisHa B OKMCHIOBAJIHHO-BITHOBHUX PEAKIIIAX 3a
y4acTiO OJHOro aToMy JiTio; F — crama ®apanes (96484,56 Kin/moms); M -
MOJISIpHA Maca Marepiany karoxay; M — Maca karogHoro marepiany; / — crpym; { — gac

po3psikeHHs jpkepena. [lapamerp X ¢dakTHUYHO BKa3zye Ha KUIBKICTh XIMIYHUX
€KBIBAJICHTIB JIITIIO, $IKI a0COpOyIOTbCA OJHMM MOJIEM KaTOJHOIrO MaTepiany 1
3a0€e3M1euy0Th CTPYMOYTBOPEHHS.

I3 piBusiHHs (3.6.1) BuUBOmUTBCA (opmysia s PO3PAXYHKY €JIEKTPUUYHOT

€MHOCTI KaToHOTo Marepiany P:
X
PZ”FRI (3.6.2).

Ile piBHSHHS MO3BOJISIE JINTH BaKJIMBOTO BHCHOBKY, IO Cepell KAaTOMHUX
MarepiajiB 3 OJHAKOBUM CTYIEHEM IHTEPKAJAIIl JITIIO OUIBIIOK EIEeKTPUYHOIO
€MHICTIO BOJIOJIi€ MaTepiall, 0 Ma€ MEHIITy MOJIEKYJISIPHY Macy.

Cepen pinkux OKHCHIOBadiB-kaTomiB JiTieBuX JC mpakTHyHE BUKOPHCTAHHS
sHainum niokeun cipku SO2 ta tionutxnopua SOCI; .

I"anpBaniuni enementu cuctemu Li | SOCl; MaroTh BUCOKY pO3pSAHY HAIPyry
3,5 B 1 mmpokuii inTepBan podounx temneparyp Bin -70 no +70 °C. [Tutoma enepris

!, Karogue BiIHOBIICHHS TIOHLIXJIOPHIY

JiTiEBOTO JjpKepena piBHAa 185 MA-TomT

3MIIACHIOETHCS HAa TIOBEPXHI IHEPTHOTO BYT'LIBHOTO €JIEKTPOY-CTPyMO3HIMaua.
XiMiuHI JKepena 3a3HAuYC€HOl CUCTEMH MalTh CyTTeBUM Hemomik. [lpu

MOPYIICHH] PEeXUMY eKCITyararlii 1 30epiraHHs eJIeMEHTIB, HalmpHUKIaad KOPOTKOMY

3aMHUKaHHI, TEPeTpiBi, MIMOOKOMY pPO3PSAKEHHI Ta Tepe3apspKEeHHI, MEXaHIYHHUX

MONIKOKEHHAX MOXKYTh BUOYXaTH, BpaXKalouH JIFOJIeH 1 pyHHYIOUH amaparypy.
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3.6.2. CTpymMOyTBOpeHHS B JITilHilOHHUX /IZKepesiax eJJeKTPUYHOI eHepril

JlocnmiKeHHsT 100 CTBOPEHHS JITIHOHHUX aKyMyJsiTOpiB 0araTropa3oBOro
BUKOPHUCTAHHS po3novanucs B cepeauHi 70-X pOKIB MHUHYIOro CTomiTts. s
MO3UTUBHOTO €JIEKTPoAYy (aHOAY) MJOCHIIHUKU MPOAOBKYBaJIM BHUKOPHCTOBYBATU
METaJIIYHUM JIITIH, a I MaTepialy KaToay — 3aCTOCOBYBAJIU XaIbKOTE€HIIU 00 OKCUIU
MeTaJIiB 3MIHHOT BaJICHTHOCTI.

HaiiGinpm nmociipkeHUMHU MaTepiaiamu 1mojo ix BukopuctanHs B JIC e
cyiabdiau Tutany TiSy, TiSs; Banagiro VS;; Hiooiro NbS,, NbS;; monioaeny MoS;;
ceneniau Bananiro VSe;; Hio6iro NbSes; NbSes.

Cepen 3a3Ha4€HMX PEUOBHUH HAWOLIBIIY TEOPETHUHY MUTOMY E€HEPril0 MaloTh
KaTo 1 Ha OCHOBI T1S3 Ta NDS;3 . 32 y4acTIo JaHKUX CIIONIYK Y peakilii CTpPyMOYTBOPEHHS
MOXKYTh IPHMMAIOTh Y4aCcTh TPU MOJII JIITiIO Ha OJMH MOJIb KaTOJHOTO MaTepiaiy:

3(Li"+¢&) + TiSg — 3LiIS + Ti (3.6.1).

OnHak MNpakTHYHO TUTBKM OJMH MOJIb KaTioHiB LI* BOpoBamKyeThcs 3
MOJIMBICTIO 3BOPOTHO1 JCIHTEPKAJIAIi Ta OCaJpKeHHS Ha aHoAl, a JBa IHIII
BIIPOBA/IKYIOTHCS HE 3BOPOTHO.

[aTepKanAmiss  HWOHIB  JITiFO B XaJIbKOTEHIIM  MEPEXiIHUX  METalliB
CYIPOBOIKYETHCS BiJHOBIEHHAM KaTioHiB Me*" 1o Me®*. Katoau Ha 0OCHOBI BKa3aHHX
MarepiajiB MalOTh BEJIHMKY €JIEKTPOHHY TpoBiAHICTh. [loTeHmiliHa mnHTOMA
eHepreTMYHa €MHICTh KaTogHoro marepiamy LiTiS, cranosuts 240 MA-Toa-T? npu
po3psiaHiii Hampy3i ~2B.  Opnak, Ha 400 ukii 3apsmkeHHs / po3psAIKCHHS
mxepena BTpadaeTbes 20 % eMHOCTI KaToxy.

binbmn BHCOKI €HEpPreTHYHI MOKA3HUKH JIEMOHCTPYIOTh KaTOAM Ha OCHOBI
dTopuaiB xpomy, BicMyTy Ta 3amiza. [lielexkTpuuHa mpupoja NaHUX MaTepiaiiB
O0OYMOBITIOE X BUKOPUCTAHHS B KOMIIO3UIIIi 3 CTPYMOITPOBIAHUMHU JOOABKaMHU.

[Tpu po3pspKeHH] Kepena 3 komrmo3uinauM katoom FeFs(H20)o.33 / M0S; B
inTepBaii 4,5-2,0 B ctpymom B pexumi 0,1 C mutoMa eMHICTh KaTOJHOTO MaTepiary
cranoBuTh 169 MA-Ton T Tlicna 30 mukimiB po3psykeHHs / 3apsKeHHs JpKepena

BOHA 3MEHIYeThCs 10 83 %.
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[TpuitHsaTo, o B pexxuMi 1C po3psaxeHHs (3apsaIKeHHs ) JpKepena 311MCHIOI0Th
BIIPOJIOBXK | FOJIMHM HOMIHAJIBHUM CTPYMOM, SIKMM YHCENbHO BIANOBIAAE HOTO
MUTOMIM €HEeprii.

JIiTieB1 akymyasiTopu 3 KaTtogoM Ha ocHOBI MNO, mMaioTh po3psiaHy Hampyry
~ 3,0 B. Ix eHepreTHuHi NOKAa3HUKHU 3aJ1€KaTh BiJl IPUPOIH €IEKTPOIITY, CTPYKTypH
MaTepiady, BEIMYMHU CTpyMy po3psypkeHHs. I[luTomMa eHepreTMdHa €MHICTh
ctaroBuTh 130-200 MA TomT .

XiMI4HI TPOIECH CTPYMOYTBOPEHHSI B HEOOOPOTHOMY (TIEPBHHHOMY)
rajbBaHIYHOMY €JIEMEHT1 0a3yloThCsl Ha PO3YMHEHHI JIITIEBOTO aHOAY, OKHWCHEHHI
aroMiB JITII0O 3 YTBOPEHHSIM MHOHIB JITII0O Ta iX BIOPOBAKEHHSM B CTPYKTYpHI
NOPOKHUHU Marepiajy KaTtomy. Y JITIEBOMY aKyMyJsiTOpl MpU HMOTO 3apsiKeHHI
BiIOYBA€THCS 3BOPOTHIN Mpolec — JAeIHTepKaISIis HOHIB JITIIO 3 Marepiany KaTomy,
NIEpPEHECeHHs 1X JI0 aHO/y, Ha SIKOMY WOHH JITIiIO BiIHOBITIOIOTHCS 1 OCA/KYIOTHCS Ha
JITIEBOMY €JIEKTPOJI.

PiBHSIHHS CTPYMOYTBOPEHHS B JIITIEBOMY JIDKEpeJi 3 KaTOJJOM Ha OCHOB1 OKCHUY
metainy (MeO) 3anucyroTh y BUTTISIIL:

X(Li* + & +MeO = LiyMeO (3.6.2).

3a MHHYII POKH IJIsl JITIEBUX JKepen Oyiao BuOpaHo OaraTo MPHAATHUX

KaTOJHUX MaTepiajiiB, OJHAK 3aJI0BUIBHO BHPIMIMUTH TMPOOJIEMy, IIOB’s3aHy 3

YTBOPECHHAM JICHIPHUTIB K1 OCAJKYETHCS HA aHOJII TIPH 3apsPKaHH1 aKyMYJISITOpa, Tak

1 He Brmanmocsa. HempoBigHa 100 €JIEKTPOHIB 3aXMCHA IUIIBKA OOMEXYE 3POIICHHS

JITIEBUX JCHAPHUTIB 3 €JIEKTPOJOM 1 HE JIO3BOJISAE 1M NMPUKUMATH y4acTh y TIOBTOPHOMY
AHOJTHOMY PO3YMHEHHI.

Buxin OyB 3HalijlcHMiA y BUKOPUCTAHHI JJIsI BUTOTOBJIEHHS aHOMY rpadity 3
BIIPpOBa/DKEHMMHU aTomamu Jitito. [llapyBara aromna OymoBa rpadity 3maTtHa 10
SIEKTPOXIMIYHOT IHTEPKAJIAIIT 1 IeIHTepKaJIAILii HOHIB JITIIO B €JIEKTPOJITI HA OCHOBI
ampPOTOHHUX PO3YWHIB JITIUBMICHUX coieil. [IpudoMy enexTpomHWil MOTeHITial
BYTJICITIO JIETOBAHOTO JIITIEM OJU3BKHUI 10 TOTEHITIATY METATIYHOTO JITIFO.

OO6opoTHI Kepelia CTpyMy, B SKUX MO3UTHUBHUKA 1 BiJ’€MHUN €IEKTPOI

BUTOTOBJICHI HAa OCHOBI CIOJYK BIPOBAXKEHHS Ta HE 3aCTOCOBYETHCS METAIIUHUIMA
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JTIA, Ha3uBaroTbea JiTiiiionHumu. Ha puc. 3.6.1 mnokazana cxema pobotu
TITIRHOHHOTO aKyMYJISITOpPA.

[HTepKasAito/ACIHTePKAIAIII0 HWOHIB JITIIO B CTPYKTYpy BYIVICIIEBOTO
MaTepially 3aUCyIOTh Y BUIJISA/II PIBHSHHS:

X(LI"+¢&) + 6C — LixCs (3.6.3).

Ha rpadiuniii 3anexHocti morenmiany LixCe Bifg cTymeHs iHTepKajsmil x
NPUCYTHI TOPU3OHTAJIBHI AUISHKH, SIKI BIAMOBIIat0Th yTBopeHH!O (a3 LiCs, LigsCs Ta
Lio,33C6.

VY cBOiX poboTax JOCITITHUKHN HAMarajaucs 3HaUTH B3a€EMO3B’ 30K M1k OyT0BOIO
BYIVICIICBOIO Marepiajly 1 MOro 3[aTHICTIO IIOJ0 3BOPOTHOI IHTepKasIlii /

JeIHTepKaIAIi HOHIB JIITIiFO.

+ | — _& , 3apsiaxeHHs
1]t l
R,
1
— ' @ Po3spsagxeHHs
+ CenapaTtop —

|
EnexTponir
KATOO AHOQ
Puc. 3.6.1. Tlpunnunosa cxema (GyHKITIFOBAaHHS JTITIHNHOHHOTO aKyMyJsiTopa

Byno 3’scoBano, 1110 Kparli eHepreTuyHi MOKa3HUKH MalOTh JIITIHHOHHI JKepera
3 BYIJICIIEBUM aHOMIOM, SIKUWA MICTUTh aMOp(HY OCHOBY 3 BKIIIOUCHHSIMU Me30(]azu —
3aponkiB Kpuctaiaigyaoro rpadity. Taky OymoBy MarOTh KOKC, TiporpadiT i mpomyKTu
KapOOHi3aIlii moJIIMepHUX MaTepiais.

EnepreTnuna CnpoOMOXHICTH 3a3HAUEHHX MaTepialliB TMEPEBHINYE 3HAYCHHS

LiCe-anony (372 MA-TonT?). 1Ix peansHa  eMHICTP  MOXe  CTaHOBUTH

600-700 MA ToxT.
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3pocTaHHs [HKIIB 3apsKeHHS / pO3pSADKaHHS aKyMYJISTOPHOTO JDKepera
MPUBOJUTH /0 HE3BOPOTHHOI'O 3MEHIUEHHS IHTEPKAISALIAHOI €MHOCTI BYIJIELIEBOIO
Mmatepiany. s 3anoOiraHHs BTpaTH €MHOCTI YAaCTHMHKM BHMXIJHOIO Marepiairy
OKHUCHIOIOTb 030HOM, MOAM(IKYIOTh HUISIXOM YTBOPEHHS XIMIYHUX CIIOIYK 13 a30TOM
(CxNg), neryrots B, P, Na, Al, metanizyiots Sn, Cu, Pd.

HoBuif HampsiMOK I10/10 BJOCKOHAJICHHS JITIHIOHHUX aKyMYJSITOpIB Oylio
3armoyaTkoBaHo y 80-x pokax MHHYJIOTO cToNiTTs. s akymysaropa 3 LixCe- anomom
BUKOPUCTOBYBAJIM sIK KaToj JIiTiioBanmii okcua kobanery LIC0O,. Pobota
BIJI’EMHOTO €JIEKTPO1Y B HbOMY 3BOAMIIACA JI0 JCIHTEPKAISLII JIITII0, MPU 3apsIKEHH1

aKyMyJIATOpa 1 IHTepKaJIALIT JIITiI0 Ipu po3pskeHH] B iHTepBani 0,5 <x<1,0:

2aPAOHCEHHA

6C + LIC0oO; “wwamm— LiCs + Li1-,C002 (3.6.5).

Ha panuit yac mupokuil psia JITIMBMICHUX UIMIHENIBHUX MaTepialiB 13
3aranbpHOI0 Qopmyior LixMeOn (Me =Ti, V, Mn, Co, Ni, Cu, Zn) mocmimKyBaBcs
Ha MOJKJIUBICTh BUKOpUCTaHHS B KaTonax J[C.

I3 Bkazanmx wmarepiamiB Titbku LIC0O2, LiIMn,Os Ta LINIO; 3maiimu
NPAKTUYHE 3aCTOCYBAHHS IPH BUTOTOBJICHHI JIITIMHOHHUX akKyMynsTopiB. [Ipudomy
80-90 % cyuacuux JIC ocHamryroThesi kKatomamu Ha ocHoBi LIC0O; 1 5-7% -
katogamu LixMn;O4. EnepreTriuHa €MHICTH BIiZOMHX €JIEKTPOJHHUX MaTepiaiiB
puBeIeHO Ha puc. 3.6.2.

Henomikamu katogaux marepiamis LIC0O;, LiMNn;O4 ta LiNiO; € HemocTaTHBO
BHCOKa iX NMUTOMa CHEPreTHYHa €MHICTh, fKa 13 30UIBIICHHSAM KUIBKOCTI IHUKIIIB
3apsipKeHHs / pO3psIDKeHHST aKyMyJsiTopa 3MeHITyeThes. Tak emHicth LIC0O; Ha

MepImx MHUKIaX cTaHoBuTh 160-140 MA-TOIT?.

[3 30UIbIIEHHAM NHWKIIB BOHA
3MeHmyeThes i Ha 50-my mukoti pisaa 100-80 MA-ToxT™?.

He3BopoTHS BTpaTa éMHOCTI KATOJHOTO MaTepiaay MOB’si3aHa B MEPITy Yepry i3
HOTO CTPYKTYpHOIO Jerpanamieto. EQeKkTHBHICTH aKyMyJsITOpiB y piBHIH Mipi

3QJICKHATH BiJl JOCKOHAJIOCTI SIK €JIEKTPOTHUX MaTepiajliB TaK i eIEKTPOJIITIB.
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MuToMa enekTpMyHa EMHICTb, MA-rog.-r’
Puc. 3.6.2. EHepreTnuHi XapaKTepUCTUKHU BITOMHUX €JIEKTPOIHUX MaTepialliB JIITIEBUX
Ta MTIHHOHHUX JHKEPEIl CTPYMY

JliTifilioHH1 JKepenaa B JaHWK 4Yac (YHKI[IOHYIOTh IEpPEeBaXXHO Ha OCHOBI
pinkodazHux enexktponitTiB. g iX ojepkaHHS BHUKOPHCTOBYIOTH COJI JITIIO 1
anpoTOHH1 OpraHiuHi po3umHHUKH. [llupoke mnpakTHYHE 3acCTOCYBaHHS 3HANILIN
enekrpoiitd Ha ocHoBI LICIO4, LIAICI,, LiBF4, LiASFs 1 meskux iHmmx coneii. B
SKOCTI PO3YMHHUKIB BHKOPHUCTOBYIOTh HEMOJSIPHI  OpraHiyHi  CIOIYyKA  —
IpOITiICHKapOOHaT, Y-OyTHpPONAaKTOH, TeTpariapodypaH, JTUMETHICYIb(OKCHUI,
TIOHUIXJIOpUA Ta iHmI. B akymymaropax i3 MeETaliyHUM JITIEBUM aHOJOM
BUKOPHUCTAHHS PIIKUX €EKTPOIIITIB OB’ I3aHE 3 IPOOIEMOIO 1X peaKIiiHO1T B3aEMO/III,
0 TPUBOJIUTH IO TAacuBaiii JiTieBoro enektpomy. llepembavaerbcs, mo mana
npobiema Moxke OyTH BHpillieHa TPH BUKOPUCTAHHI BIJMOBITHOTO MOJIMEPHOTO
enexTponiTy. OaHaK, CTBOPEHI HAa JIAaHUW Yac TMOJIMEPHI €IEKTPOTITH HE BOJOMIIOTh
BHCOKOIO HOHHOIO TTPOBIIHICTIO.

binbm edexTuBHE BUKOPHUCTAHHS CHEPTreTUYHOI CIIPOMOMKHOCTI JIITIEBOTO
aHOJIy YaCTKOBO BJA€ThCS JOCATITH 3a PaXyHOK CIUIaBiB JiiTiro 3 metanamu Al, Si, Sn,
Pd, In, Bi, Sb, Ag. YV Tabnumi npuBeAcHI MOKa3HUKH ITUTOMOI €MHOCTI aHOJHHUX
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MatepiaiiB Ha OCHOBI JIITIEBUX IHTEPMETANIAIB, @ TAKOXK BITHOCHOT 3MIHM iX 00’ €My B
LUKJIAX PO3PSAHKEHHS Ta 3apsIKEHHS aKyMYJISITOPHOTO JpKepea.
Tabmuusa 3.6.1.

[IuTomMa eMHICTh aHOJTHUX MaTepialiiB HA OCHOBI IHTEPMETAIIIIB JIITIIO.

XimiyHa ¢opmylia MaTepiany

XapakTepuUCTHUKU MaTepiary
Li4,4Ge LI44SI Li4,4Sn ngBI

TeopeTuuHa nmuTOMa EMHICTH MaTepialy,
1600 | 4200 | 990 385

MA Tomx- Tt

3miHa 00’ eMy MaTepiaay 376 400 300 | 115

B IIUKJIaX PO3PsAKCHHS [ 3apsKeHHs, %

Jlns 3amo6iranHs BTpatd €MHOCTI aHoau JIC BUTOTOBISIIOTH 13 MYCTOTUIUX
MIKpOC(EPUYHUX YaCTMHOK KPEMHIIO, Y SIKMX TOBIIHMHA CTIHOK CTaHOBUTH ~ 40 HM
(puc. 3.6.3). Ilicns 100 uukiaiB po3psKeHHS / 3apsDKEHHS  DKEepesia BIPOJIOBK
1 romuan crpymom 2000 MA muTOMa €MHICTH AHOJHOTO MaTepialy 3aJIMIIAEThCS

He3MiHHOIO Ha piBHi 2800 MA rox- T2,

Puc. 3.6.3. AHogHUMIT MaTepiaa Ha OCHOB1 ME30TIOPUCTHX YACTHHOK KPEMHIIO
Sk MaTepiall aHOy BUKOPHCTOBYIOTh TAKOK MAacCUB CTEPKHEBHIHUX KPEMHIEBUX
JaCTHUHOK JIOBKUHOIO ~ 8 MKM 1 JliaMeTpoM ~ 1 MKM, BUPOIIIEHUX Ha MiTHIHA
migkraami. J{s 301UIbIIeHAS TUIOMII KOHTAKTY 13 €JICKTPOJIITOM YacTHHKAM HajaaHa
reuHTOnoAI0Ha opma (puc. 3.6.4). Ilutoma eMHICTh BKa3aHOTO aHOJHOTO MaTepiany

ctanoBuTh 3600 MA ‘Ton -T2, Tlicns 70 mukiIiB 3apsakeHHs / po3psaaKeHHs JKepena
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KYJIOHIBChKA €()EKTUBHICTh AHOJHOTO MaTepiany 3HUXKY€eTbes aule 10 83 %.
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Puc. 3.6.4. AHogHUI1 MaTepian y BUTJIS1I MACUBY KPEMHIEBUX I'BUHTOMOAIOHUX
CTEP>KHIB, BUPOIIEHUX HA MIJTHIM MiAKIAII

VY paHuii 4yac I SKUBJICHHS EJIEKTPOHHUX MPUCTPOIB BUKOPUCTOBYIOTH
EJICKTPOXIMIUHI JDKEpena CTPyMYy TpeThoro mokojiiHHA. OJIHAaK y HayKOBUX
nabopaTopisix BEIYThCS JOCHIIKEHHS IOJ0 CTBOPEHHS JUKEpeNl YETBEPTOro
MOKOJIiHHA. HaykoBIi CTBEp/KYIOTH, IO iM BAadoCs pPO3poOUTH JITIHHOHHI
aKyMYJIATOPH 3 HUTOMOIO MOTY:kHicTIo ~ 600 Br-rox-am™ i emnictio 1o 10000 A-rox,
K1 MOKYTb €KCIUTyaTyBaTUCh Y IIMPOKOMY 1HTepBasi Temnepatyp Bif -40 °C no 75 °C.
OxpeMi akyMyJISITOpH 3[aTHI po3psKyBaTucs B pexxkumi 20 C, a 3apsKyBaTHCs 3a
JEKIJTbKA XBUJTUH.

OpHak pO3BUTOK €NEKTPOMOOLIEOYIyBaHHS, BIIHOBIIOBAIBHOI E€HEPTETHKU
BUMAara€e CTBOPEHHS aKyMYJISITOPIB 13 OUTBIIOI MUTOMOIO €JIEKTPUYHOIO EHEPTI€I0 1
MUTOMOIO €MHICTIO. Y mporpami mnepeo3dopoenHss HATO craBuThCcs 3aBHaHHS 10
2025 poKy CTBOpHUTH €NEKTPOXIMIUHI JKEpesia EeNeKTPUYHOI €HEprii 3 MUTOMOIO
notyxHictio 5,9 Br-rox-r,

MoskHa cromiBaTHCS, IIO0 BIPOJOBX HACTYIMHUX POKIB OYIyTh pPO3MIUPEHI
HayKOB1 JOCIIIDKCHHS 100 CTBOPEHHS HOBHIX, OUTBII €()EKTUBHHUX MaTepiaiB s
CIEKTPOAIB JMITIHHOHHMX JpKepen cTrpymy. HoBi wmatepianmu OyayTh 37aTHi
abcopOyBaTH OUTBITY KiTBKICTh HOHIB JIITIIO 1 BOJIOAITUMYTH BUCOKOIO CTPYKTYPHOIO
CTaOLTBHICTIO.

[HmMY HampsIMOK JOCTITKEHb CTOCYBAaTUMETHCS BIOCKOHAJCHHS BiTOMHX
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CJIEKTPOIHUX MaTepialiB, a caMe OJEpXKaHHSA HAHOJUCIEPCHUX MaTepialiB 13

KOHTPOJIbOBaHOIO MOP(OJIOT1€I0 YACTUHOK 1 KOMIIO3UTHUX CTPYKTYP Ha X OCHOBI.

3.7. EjIeKTpoXiMiYHi KOH/IEHCATOPH HAIBUCOKOI €J1eKTPUYHOI EMHOCTI
3.7.1. TloaBiiiHMii eJeKTPUYHMH 1AP $fK OCHOBAa CTBOPEHHSH

CYNEPKOHJAEHCATOPIB

SIBuIle HAKOMMYEHHSI €JIEKTPUYHOTO 3apsily Ha MOBEPXHI TBEPAUX T OYyII0
Bigkpute uie B XVIII cT., ogHak ioro BUKOpUCTaHHS il 30epiraHHs eIeKTPUYHOI
€HEeprii CTajo0 MOXJIMBUM TUIBKM TICJIsSI CTBOPEHHS MarepiajliB 13 BEIHKOIO

! B sIKMX peanizyeThest IPUHILIUI 3apsLy/po3psLy

IUTOMOIO TTIOBepXHEr0 >1000 M2 T
noasiiHoro enekrpuyHoro mapy (IMEL). Takumu marepianamu € nesiki OKCUAM
metaiiB (RnOg, 1rO7), criineH1 MeTanu, OKpeMi MoTiMepHr Ta aKTUBOBAHE BYT1JLIIA.

[lepmunii  eneKTPOXIMIYHMI KOHAEHCATOP 13 TOPUCTUMHU BYTUIBHUMHU
enexkTpogamMu OyB 3amareHToBaHuil y 1957 pomi dipmoro General Electric. Xoua
OPUHIIAIT POOOTH CTBOPEHOTO MPHUCTPOIO CIIOYATKY 3aJIMINABCS HE 3’ SCOBAaHUM,
OJTHAK JOCHITHUKHA 3pa3y K pO3IMOuYajy MOUIYK HOBUX IMIIXOAIB IJISi pPO3POOKH
MOTY>KHUX KOHJIEHCATOPHUX CUCTEM.

KonaencaropHi cucteMu HaJIBUCOKOT EMHOCTI Oyiu po3pooiieHi B 1982 pori
dipmoto Pinnacle Research Institute mis BifiChKOBOTO 3aCTOCYBaHHS. YK€ depes
JeCSITh POKIB BOHU YCIIIIHO BHUKOPHUCTOBYBAIHUCS B TIOPUIHUX CICKTPUIHUX
TPAHCTIOPTHUX 3ac00ax 3 METOI0 pereHepaIrii 3aJUIIKOBOT €HEPTii.

CBiTOBHIA JOCBIA TOKa3ye, M0 B EIEKTPOXIMIYHMX KOHIEHCATOpax s
BUTOTOBIICHHSI €JIEKTPOIB BUKOPHUCTOBYIOTh PI3HOTO BUY BYIJICIIEBI Marepiaim.
Ile oOyMOBIICHO B TEpINY YEPry iX BEJIHUKOI IMHTOMOIO TOBEPXHEIO, XIMIYHOIO
IHEPTHICTIO, HU3BKO I[IHOID, a TAKOXX CEKOHOMIYHO BHUTITHOIO TEXHOJOTIEI iX
OJICp>KaHHS Ta BUKOPUCTAHHS.

J1y1st CTBOpEHHS B MaTepialii pO3BHHEHOT MEPEKi MIKpoTop 13 pagiycoM < |HM
MPpUPOAHI 200 CUHTETUYHI BYIJIELEB]1 MaTepiaiv akTUBYIOTh Mpu Temneparypi 750-

850 °C, nmuisaxom ix peakiiitHOi B3aemozii 3 MonekyinamMu OKCUTEeHY, BOASHOT TapH
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a00 BYIJICKHUCIJIOTO rasy:

Ch+H,0=Cp1+CO +H; (3.7.1),
Ch+02=Ch2+2CO (3.7.2),
Ch+CO2=Cn1+2CO (3.7.3).

Byrnenesuit marepiali, oTpuMaHuil KapOoHI3alli€ro 1eo03u (0aBOBHSIHOT
TKaHWHU), michs akTuBalii 3a temneparypi 800 °C B armocdepi CO, ynpoaosxk 6
rOJIUH, 301bIIyE CBOIO IMTOMY MOBEPXHIO Bia 450 1o 1450 mrt.

Po3po0nieni HOBI cmocoOM MiJBUILEHHS MOPUCTOI CTPYKTYPH BYTUIBHHUX

MaTepiaiB J03BONSAIOTH 30iIBIINTH iX MUTOMY HOBEpXHIO 10 1800-3000 m?r 2,
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Puc. 3.7.1. EHepreTn4Hi napamMeTpy KOHJICHCATOPIB, CICKTPOXIMIUHIX
KOHJICHCATOPIB Ta rajdbBaHIYHUX aKyMYJSTOPIB 1 €IEMEHTIB JKUBJICHHS
VY myOmikarisix 3aKOpJOHHUX aBTOPIB €JIEKTPOXIMIYHI KOHJICHCATOPU I
HA3WBAaIOTh  HoOHIcTOpamMu  abo0  CymepkoHJeHcatopaMu.  EjexTpoximiuHi
KOHJICHCATOPH 3a €IEKTPUYHUMHU TTOKA3HUKAMU — TUTOMOIO €HEPTI€I0 Ta ITUTOMOTO
MOTY)XKHICTIO 3aiiMalOTh MPOMDKHE MICIle MDK TalbBaHIYHUMHU OarapesMu Ta
KoHAeHCcaTopamu. 3 puc. 3.7.1 BUAHO, IO MEH MPOMDKOK OXOIUTIOE ISKiIbKa

HOpHI[KiB 3a3Ha4CHHUX BCJINYHH.
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3.7.2. Bumoru 10 MartepiaJjly eJ1eKTPOIiB Ta eJIEKTPOJITY KOHAEHCATOPIB

NOABIHHOIO eJIEKTPUYHOIO IAPY

KOHCTpYKTUBHO €NEeKTPOXIMIYHUI KOHIEHCATOp CKJIAJAa€Thesl 3 JIBOX
BHUCOKOMIOPUCTHX €JIEKTPOIIB, PO3IIEHUX MIOPUCTOIO TIEPETOPOIKOI0-CENapaTopoOM
(puc. 3.7.2, a). YV kopmyci KOHAEHCATOpa €JIEKTPOAM 1 Cernaparop MpOCOUYYIOTh
enekTpomitoM. EnexkTpomitd B HOHICTOpax NOBUHHI MaTH IIMPOKY OO0NacTb
NOTEHLIAJIIB  €JIEKTPOXIMIYHOI CTaOUIbHOCTI, OyTH XIMIYHO CTIMKMMHU B
TemmneparypHomy iHTepsaimi Big -30 go +70 °C.

[Ipu BUTOTOBIECHHI HOHICTOPHUX KOHJEHCATOPiB BUKOPUCTOBYIOTH SIK BOJIHI
Tak 1 anpoToHH1 (0€3BOH1) eneKTpoiitu. s ofepikaHHS BOIHHUX EJICKTPOJIITIB
BUKOPHUCTOBYIOTh Tiipokcuan ayxHuXx MetanisB KOH, LiOH, comi LiCl, LiiSOs4,
K2SO4 abo neopraniuny kucinoty H>SOs. AnpoToHHI €IEKTpOJNITH TOTYIOTh
IIISIXOM po3urHeHHs, Hanpukian, coned LiBF4, LIClOs, B y-OyTtuponakrtoHi,
npoIriieHKapOoHati abo aneToHITPHUIII.

[Ipu 3apsikeHHI HOHICTOpPA CTOPOHHIM JKEPESIOM EJICKTPUYHOI eHeprii B
MOJIBINHOMY €JICKTPUYHOMY Iapi €JIEeKTPOIB BiAOYBAETHCS MEPEPO3IOALT HOCIIB
EJIEKTPUYHOTO 3apsiay (MOHIB), 10 MPUBOAUTH JO BUHUKHEHHS HA CTPYMOBIABOAX
KOHJICHCATOpa Pi3HMIl OoTeHITialiB (puc. 3.7.2, 0).

[Ipu 3apskeHHI HOHICTOpPA CTOPOHHIM JHKEPENIOM EJICKTPUYHOI eHeprii B
MOJIBINHOMY €JICKTPUYHOMY Iapi €JIEeKTPOIB BIAOYBAEThCS MEPEPO3IOALT HOCIIB
€JIEKTPUYHOTO 3apany (M10HIB), 1110 MPUBOIUTH 10 BAHUKHEHHS Ha CTPYMOBIIBO/IaxX
MPUCTPOIO Pi3HMIII MOTeHIIamiB (puc. 3.7.2, ).

[Tepeposmozin anioHiB A” Ta karioHiB K' nHa moBepxHi enekrpoiiB Es
3IIICHIOETHCS 32 CXEMOIO:

MMO3UTUBHUH €JIEKTPOJ]
Es+ A < Es*/IA +é (3.7.4).
B1JI' €MHUM €JIEKTPOJ

Es+ K" +é -« ES/IKT (3.7.5),
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CyMapHUU pe3yabTar

Es + Es +A + K" « Es//K* + ES*/IA (3.7.6),

ne // - no3nauenus [1EILL.

. EnekTponiT, akTMBHUM Wwap
EnekTponiT, cenapaTtop

CrpymosBiasig

CrpymoBiasig

-+

Puc. 3.7.2. BynoBa enekTpoXiMI9HOTO KOHJIEHCATOpa 3 eEKTPOJaMu Ha OCHOBI
BHCOKOTIOPUCTOTO BYTJICIIEBOTO MaTepiary (a) Ta aiarpama eIeKTpUIHUX MOTSHITIaTiB
3apsKEHOro KoHaeHcaropa (0)

[Tix gac 3apsKeHHS €JIEKTPOHH MTEPEHOCATHCS Bil MO3UTUBHOTO E€JIEKTPOIY

710 BiJi’€EMHOTO Yepe3 30BHINIHE JDKEPENIO CTPYyMY, & HOHU B 00’€Mi €IeKTPOIITY

pyxalThcsi 10  enekTpomiB. Ilpu  pospsikeHH1  HOHICTOpa  €IEKTPOHU
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MEPEMIILYIOThCS BiJl B’ €MHOIO €JIEKTPOY 10 TO3UTUBHOIO YEPE3 30BHIIIHIN OMIp
CIIO’KMBaya €JIEKTPUYHOI €Heprii, a HOHU MOBEPTAIOTHCS 3 MOBEPXHI €IEKTPO/IIB B
00’eM eJNeKTpOoIITYy. Y TpOoLECl 3aps/KEHHS Ta PO3PSAKEHHS KOHAEHCAToOpa
3MIHIOETBCS SIK KOHIIEHTpPAIIis €JIEKTPOJIITY, TaK 1 TYCTHHA €JIEKTPUYHOIO 3apsiay Ha

MEXI1 eJIEKTPOJI — EIEKTPOIIT.

3.7.3. EneKTpu4Hi XapaKTepUCTHKH KOH/IEHCATOPIB NMOABIIiHOIO 1Iapy.

IIepcrieKTHBH IX IPAKTHYHOI0 BUKOPUCTAHHSA

3a o3Ha4eHHAM enekrpuuHa eMHicTh C BiJOKpPEMIIEHOrO NMPOBigHUKA piBHA

BiJHOIIEHHIO OTPUMAHOTO 3apsaay (| 1o 3MiHM Horo enexrpuunoro norenmiany AU.

€MHICTB €JIEKTPOXIMIYHOTO KOHJICHCATOPa BU3HAYAETHCS 32 (POPMYIIOHO:

Omax
C=0 3.7.7),
max
I (S U max — MAKCUMAJbHC 3HAUCHHA HAIIPyrk Ha CTPYMOBiI[BOIIaX

KoHJeHcaTopa, B;  (max — MakCUMaJIbHUM €EKTPUYHHM 3apsi KoHaeHcaropa, Ki.
[Ipu po3psmkeHHi KoHeHcaTopa ctpyMoM | MakcumanbHmit 3aps i yac Horo

po3psimkeHHs {po; OB’ s13aHi 3aJIKHICTIO:

Oax = 1 -1, (3.7.8).
OCKUIbKH
It .
C= u_ - (3.7.9),

max
TO €EMHICTh KOHJIEHCATOpa MOKHA BH3HAUUTHU 32 4aCOM HOTO PO3PSAKEHHS
MpU 3aJlaHUX 3HAYEHHSX CTPyMy 1 Hampyrd. AKyMyabOBaHa KOHJACHCATOPOM
enekTpuuHa eHepris Amax TOB’sA3aHA 3 €MHICTIO KOHIEHCATOPa HACTYIHOIO

3QJIEXKHICTIO:
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qmax qmax q q2
_ _ Mmax_ — max
Amax - _(‘; Udq = ! C dq = 2C (3.7.10).
U O
SIKmo TpUMHATH [0 yBarw, IO qmax :CUmaX , a “max cC TOJ1
piBHsiHHS (3.7.10) MOXXKHa 3anucaTy y BUTISII:
cuz,
Aoy = > (3.7.12).

PiBusiuas (3.7.11) Bka3zye, 10 MakcMMalibHa €HEPris KOHAEHcaTopa

nponopiiiiHa Horo €MHOCTI Ta KBajJpaTy Hampyrd. 3HaYHUM BIUIMB Ha MUTOMY
TIOTY>KHICTh HOHICTOPHOTO KOHAEHcaropa Mae Horo BHyTpimmHii omip R. ITutoma
MOTYXXHICTh P KOoHIeHcaTopa 10B’13aHa 3 HOro Halpyroo Ta BHYTPINIHIM OIOPOM
3aJIeXKHICTIO:

U 2
P= R (3.7.12),

ne R — cymapnmii edexrusnuii omip KoHeHcaTopa, sSIKMH BKJIKOYAC OIIIp
CTPYMOBIJIBO/IIB, OINip E€JEKTPOIITy Ta OIp HOCIIB 3apsay B MiKporopax
€JIEKTPOTHOTO Marepialy.

HenonikamMmu BOgHUX €JIEKTPOJITIB € X HU3bKAa poOoda Hampyra — 1,2 B ta
BHCOKa KOpO3iliHAa aKTHUBHICTh. ATNPOTOHHI €JEKTPOJITH MAalOTh 3HAYHO OUIBIIY
pobouy Hampyry — 3,5 B 1 He mNposBISAIOTH KOPO3IHHOI aKTUBHOCTI, OJHAK
BOJIOAIIOTHh HIDKUOIO €JICKTPOIIPOBITHICTIO.

EnexTpoxiMidHi KOHIECHCATOPH 3 BOJHHUMH CJICKTPONITAMU JAEMOHCTPYIOTH
OlMpIly TMHUTOMY €EMHICTh B TIOPIBHSHHI 3 KOHJIGHCATOpAaMH 3 alpOTOHHUMU
eICKTpOJIiTaMU. 3a JaHWUMHU JochHigHukiB IBana bym3ynska ta bormana Padis,
CIEKTPONM HA OCHOBI AKTUBOBAHOTO BYTULISA, OTPUMAHOTO 3 CJIMBOBUX,
a0pUKOCOBUX UM BUITHEBUX KICTOUOK, Y KOHTaKTI 3 BomHUM 30 % pozunnom KOH
MaroTh muToMy eMmHicTh 150-200 ®T?l, a B koHTakti 3 1M pozumHOM

TeTpaeTUIaMOHIiTeTpaopToOOpaTy B MNpOMNUICHKApOOHATI iX MUTOMA €MHICTh
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ctaHoBuTh 60-80 O,

IIpu emHocti koHaeHcaropa B ogny dapany 30inbmienHss Hanpyr o 1 B
MPUBOJUTH JI0 3pOCTaHHs oro 3apsany Ha 1 Ki (2,78-10'4A-r0;[). YuM MeHIUH
BHYTPIIIHIA Omip HOHICTOPHOTO KOHJEHCATOpa TUM OLUIbIIE €JIEKTPUYHOI eHepril
BiH CHPOMOXHHUHW BIJIJIaTH 3a OAMHHUIIIO dYacy. MakcumalibHa Bijjada eHeprii
JOCSTAETHCA MPU PIBHOCTI ONMOPY HABAHTAXKEHHS 1 BHYTPIIIHHOTO ONOPY JIXKEpea.

BHyTpimHiil onip HoHicTOpa 3 €IeKTpUYHOI0 €eMHICTIO | @ Ta Hampyroro
5,5B (pipma ELNA) pipauit 0,03 Om. MakcumanbHa MOTYXHICTh, SIKY MOXXHA
OTpPUMATHU BiJ JaHOTO KOHJEHcaTtopa CTaHOBUThL 61 KBT/kr. [{ns mopiBHSHHSA
ABTOMOOUTbHHUM CBUHIICBO-KUCIOTHUN aKyMyJIATOp Ma€ TUTOMY IMOTY>KHICTh
300 Br/kr.

Po3poOHUKM CynepkoHAEHCATOpiB, y OUIBIIOCTI BHUIAJKIB, BiIJAIOTh
nepeBary HEBOAHHMM eJeKkTpoiiiTaM. Buima pobowya Hampyra KOHAEHcaropa 3
arpPOTOHHUM EJIEKTPOIITOM 3a0e3neuye oMy, TpH MajiuX CTPyMax pO3psIKEHHS,
OUTBIITY MUTOMY EMHICTh. 3a TAKUX YMOB HHU3bKa €JICKTPONPOBIIHICTb €JIEKTPOIITY
HE TPUBOAUTH /10 3HAYHUX BTPAT €JIEKTPUUHOI €HEeprii B KOHJEHCATOPI.

YacTto eleKkTpuyHy  JOOPOTHICTH  €JIEKTPOXIMIYHOTO  KOHJAEHCATopa
xapakTepu3yroTh nokasaukoM RC — 106yTkoM BHY TPIIIHEOTO OIIOPY KOHAEHCATOPA

Ha oro emHicTh (Tabmuis 3.7.1). OcKiabKu

It 03 t 03
C= Lj ZPF (3.7.13),
TOMY
CR=t,, (3.7.14).

Orox mokasuuk RC Bkasye uwac NMOBHOro pO3psAIKEHHS KOHIECHCATOPA
MaKCHMaJIbHIM CTpYMoM. MIOHICTOPHI KOHIGHCATOPH MAIOTh JIyKe BETHKHIT pecype
1010 KUTBKOCTI IUKIIIB iX 3apsKEHHS / PO3PSIIKEHHS.

ExcriepumentansHo mepeBipero, 1mo micias 1000000 Takux IUKITIB
(YHKIIOHAJIbHI MOXJIUBOCTI KOHJIEHCATOPIB HE TMOTIPUIYETHCS, OCKIIBKU HE

3MIHIOETbCSI MOP(QOJIOTTYHUI CTaH BYIJIEHEBUX MarepiajiB 1 HE BiAOYBa€TbCs
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aerpajaunis enexkrpoiity. [[ns MmopiBHSHHSA TalbBaHIYHI aKyMYJISTOpHI Oarapei
BUTPUMYIOTh He Ounbie 1000 uukiiB 3apsKeHHs / pO3pSIKEHHS.

Tabnuus 3.7.1.

[opiBHsBbHI XapakTepucTuku koHAaeHcaTopis [IEI npoBigHuX BUpOOHUKIB.

€MHICTh KOHAEeHcaTopiB 325-650 @, podoua Hanpyra 2,7 B.

[TnToma ITuToma
HazBa xomnaHnii RC, €HEPrOEMHICTb, MOTYKHICTb,
c Bt roa/kr kBT/kr
FOnacko-VYkpaina 0,12 4.6 94.6
Ioxus (CIIIA) 0,94 54 10,0
Maxwell Technologies 0,52 4,1 14,0
(CHIA)
NessCap (Kopes) 0,61 51 14,8

EnexTpoximMiuHi KOHACHCATOPU BUTOTOBIISIIOTH Y BUIVISIAI Oatapeii, EMHICTh
akux ckimagae 500-2000 @, a poboua Hampyra — 2,7+12 B. Benuka nutoma
notyxHicTh Oarapeit (10-100 KBT/kr) mae MOXIIHMBICT, BUKOPUCTOBYBATH iX SIK
JKepena eJIeKTPUYHOI eHeprii. IX 3aCTOCOBYIOTh B aBTOMOOIIAX SIK aKyMYISTOPH.
Bonu 3a 06’ emMoM 1 Macoro B 5-7 pa3iB MEHII 32 CBUHIICBO-KUCIOTHUH aKyMYIISTOP.
HayxkoBmi crnomiBaroThCs, 110 B MalOyTHbOMY iM BIACThCS 30UIBIIUTH MHUTOMY
emuictb koHjaeHcatopiB IIEIIl 1 3a 1muM TOKa3HWKOM 3pIBHATHCA abo #
MEePEBEPIIUTH EMHICT TaTbBAaHIYHUX aKyMYJISTOPIB.

3BaKalOuM Ha HEBUYEPIHHN pecypc, CYMNEpKOHACHCATOPH 3aMIiHATH
rajgbBaHIUHI JpKepena CTpyMy B TOOYTOBIM EJNEKTPOHIll, EJIeKTPOMOOLIAX,
O€3MUIOTHUX JIITAJILHUX arapaTrax, BUKOPUCTOBYBATUMYThCS JJISI HAKOTTMYCHHS Ta
30epiraHHs eNeKTPUIHOT €Heprii OJIep>KaHoi Bi aIbTePHATHBHUX JKEPET.

[Mpuknax 1. BusHauiTh aKyMylbOBaHY CYIEPKOHIEHCATOPOM EJIEKTPUUHY
EHEeprito, AKIIO0 BigoMo, 1o ioro emHicts 100 F, poboua Hampyra 2,7 B.

Pimiennsi. AxymynabOBaHa KOHJIEHCATOPOM €JIEKTPUYHA EHEPris  Amax

OB’ A13aHa 3 EMHICTIO KOHJIEHCATOpa HACTYITHOIO 3aJI€KHICTIO:
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2

_ Omax

MaxkcuManbHUM €JIEKTPUYHUAN 3aps]l CyIIEPKOHAEHCATOpa MOXKHA 3HAWUTHU 3a
— qmax
dbopmyIoro y_» OTOKX

Oy =C 'U o =100-2,7 =270 Ky i

y g%, 270°
e 2C  2-100

=364,5,

3.8. [Ias1uBHI eJieMeHTH

3.8.1. Knacudikaunisa naJuBHUX eJIeMEHTIB

[TanmuBH1  enmemeHTH  KiIacu(ikyroTh 3a  poOOYOK  TeMIEpaTyporo:
Huszpkotemneparypai  (-60-100 °C), cepemnporemneparypai  (100-550 °C) i1
BrUcokoTemIepaTypHi (Buie 550 °C); 3a XIMIYHOIO MPUPOJIO0 eIEKTPOIITY: KUCIOTHI,
JY’KHI 13 pO3IUIaBICHUMHU KapOoHaTamMu; 3a (PI3UYHUM CTAaHOM €JIEKTPOJIITY: €JIEMEHTH
3 PIOKHM 1 TBEPAUM €JICKTPONITOM; 3a (DI3UYHUM CTAaHOM IIaJIMBA: CJIEMEHTH 3
ra3onoaiOHUM, PIAKUM 1 TBEpPAMM IMAJIMBOM; 3a MpUpoaoro manusa: mpsmoi (Ho,
MeTaHon abo inmi) 1 Henpamoi aii (kousepcist NHiz, CH4, CH30OH a6o inmmx).

Sk peareHT BiJi’ €EMHOTO €JIEKTPOAY (AHOAY) BUKOPUCTOBYETHCS MATUBO: BOJICHbD,
aMiak, TiIpa3uH, MEeTaH, CHHTE3 ra3, METaHOJI, aJIbJETiI1 TOIIIO.

PeareHTOM MO3UTUBHOIO €JEKTPOAY (KAaTOLy) CIYKUThb OKHUCHIOBAdY: KHCCHb,
MIEPOKCH]T BOIHIO, XJIOP, TIMOXJIOPUT, OPOM Ta 1HIIII.

Haii6inpiroro mommupennst HaOyna kinacudikailisi maJuBHUAX €JIEMEHTIB 32 TUTIOM
enexrpomity. JlyxHui manuBai enementu (JIIIE) ma ocmoBi KOH posninstore Ha
HuzpkoTemmneparypai — Cxon = 25% 1 towr = 80-90°C (tum - 1,a);
cepennpotemneparypai — Cxop = 35-50% i1 tor = 120°C (Tum - 1,0);

BrucokoremiepaTypHi — Cxon = 85 % 1 tonr = ~ 250 °C (tum — 1,B).
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Haii6inb1ioro nommpenHs HaOyna Kiacudikaiis DaTuBHUX €JIEMEHTIB 3a TUIIOM
enexrpodity. Jlyxxui nanuBai enemeHTu (JIIIE) ma ocnoBi KOH po3auisiiors Ha
HuspkoreMneparypii — Cxon = 25% 1 tow = 80-90°C (tun - 1,a);
cepennpbotemneparypai — Cxon = 35-50% 1 towr = 120°C (tum — 1,0);

BucokoremiepaTypHi — Cxon = 85 % 1 tonr = ~ 250 °C (tumn — 1,B).

3.8.2. BoaHeBO-KHMCHEBI NMAaJHMBHI eJeMeHTH 3 JIYKHUM a00 KHMCJIOTHUM

eJIEKTPOJIiTAMU

Cxema J1y»KHOTO aJIMBHOTO €JIeMEeHTa Noka3zaHa Ha puc. 3.8.1. ExemeHT MicTUTh
JIB1 Ta30B1 KaMEpH, B SKUX PO3MIIICH] €JIEKTPOIH, BUTOTOBICH] Yy BUIJISAJI MOPUCTUX
HIKEJIEBUX IUIACTUH METAJOKpaMIYHUM METOJOM. MIX eJIeKTpOJaMUu LUPKYIIOE
po3uun KOH. ITanusom ciayxuth Bogenb (Hz), okucHioBaueM — kuceHb (O2).

AHofHa peakIisi OKUCHEHHsS BOJHIO B JIY)KHOMY €JEKTPOJIITI MaJuBHUX
€JIEMEHTIB 31HCHIOETHCS 32 PIBHAHHSIM:

H2aac +20H- = 26 — 2H20 (3.8.1),

a KaToJ{Ha PeaKIlis BIIHOBJICHHS KHCHIO — 3a PIBHSIHHSIM

1

Cymapna peaxiis B JIITE 3anucyerbes y BUTTISAII:
1
H> + 3 0, — HO (3.8.3).

VY KHUCIOTHUX TMaJIMBHUX €JIEMEHTaX, Hamnpukiag, 3 ¢(ochHOPHOKUCIUM
CJIEKTPONIITOM, Ha aHOAI BOJEHb aJCOpPOYETHCS HaA EJIEKTPOAi-Karajaizaropi Ta
OKHCHIOETHCS 3T1THO PIBHSHHSA:

Huoe = 2HT + 2e (3.8.4).

[Iporonu Big aHOmy uYepe3 MeMOpaHy MEPEHOCITHCS 10 KaTOAy 1 MPUMAIOTh

y4acTh Yy BITHOBICHHI MOJIEKYISPHOTO KHCHIO:
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1
> Q240+ 2H" + 2¢- — H20 (3.8.5).

EnexTpoxiMi4H1 IPUCTPOI , B AKUX MMAJUBOM CIIY’KUTh BOAEHb, & OKHCHIOBAYEM
— KHCEHb, HA3UBAIOThCSA BOMHEBO-KHMCHeBMMHU ManuBHHMHU einemeHTamu (BKIIE).
Oxucnenns BonHto B BKIIE 13 kucinotHum enekrpoinitom (peakiis 3.8.4) BinOyBaeTbes
3 HYJIbOBUM 130T€PMIYHUM KOE(IIIEHTOM 1 HA3UBAETHCS «XOJOIHUM) TOPIHHS BOJIHIO.
Ha xaropHoMy enekTpokaranizaTopl (BiA’€MHHI €IeKTpOa) Y KUCIOMY €JIEKTPOJIITI

Ma€ MICII€ peakxilis BIIHOBICHHS aicOPOOBAHOTO KHUCHIO:
Osqoc+ 4H' +4e” > 2H,0 (3.8.6).

[IpoaykTom 1i€l peakilii € pigka BoJa.

Ry
—L
128 l KOH
i1 11
2
RIC S
2H+20H—
—2H,0
H> (023
/
3 _____/ /__-———— 4
5 //7 /
l KOH+H-0

Puc. 3.8.1. CxeMa koMipK# BOJHEBO-KMCHEBOTO MAJTUBHOTO €JIEMEHTA 13
JTY>KHUM eJIeKTpoJiToM: 1,2 — BOIIHEBa Ta KUCHEBAa KaMepH; 3,4 — HIKEeJIeBl aHO Ta
Katox; 5,6 — a306ecToBi MeMOpaHu
EnekrpoaHuii piBHOBaOKHUH MMOTEHIA BOAHEBOTO eliekTpoay peakirii (3.8.1)

MIPU OKMCHEHH1 BOAHIO B JTY>)KHOMY €JIEKTPOJIITI BU3HAYAETHCS 34 PIBHSAHHSIM
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RT RT

— 0 — S
P, —¢H2+(2,303 = jlgozH+ [2,303 = jlg P, 8.7).
EnexrponHuii  piBHOBaXHUM MOTEHIIal KHCHEBOIO EJIEKTPOAY peakiii

BIJTHOBJICHHS KUCHIO (3.8.2) po3paxoBy€eThCs 3a PIBHSIHHSIM:

RT RT
Do, = P, +(2,303?j lga,,,- —(2,303?j IgF,  @3ss).

0
Ockinbku P, = 0,000B , To EPC BO/IHEBO-KHCHEBOT KOMIPKH CTAHOBUTUME:
RT
0
P=@o, —Pn, = Po, +(2’303 = )IgaOH -

3.8.9).
{2,303%)@ P, —(Z,SOnglg a,.. —(2,303gjlg pHZ( )

BpaxoBytouu, 1o 100yTOK aH+ : aOH’ = Kw — JJIA BOAY BEJIMYMHA ITOCTIMHA 1

pisaa 1-10™* npu 298 K, Tomy piHsanHs (3.8.9) HaOyne BUMIALY:
RT
_ 0 ,
0=0 +(2,3034F jlg(Poz R.,) (38.10),

0
ne Po, — craHmapTHHII TOTEHI[iall KHCHEBOTO EIEKTPOAY, SIKHil BpaxoByeE
nocTiiny Boau K.
ITpu tucky razis 1 arm (101,325 xlla) — ¢=1,229 B.

VY nmanuii yac HaWOLIBIIOTO YCHIXY MOCSATHYTO MPH PO3POOIli, BUTOTOBICHHI 1
KOMepIliaizamii TaJduBHUX €JIEMEHTIB 13 JYKHUMH 1 TBEpAOMOJIIMEPHUMH
eNekTpomiTaMu  (HOHOOOMIHHMMHU MeMOpaHaMH) Ta BOJHEBUM TMAJIMBOM, IO
OKHUCHIOETbCS KuCHEM BUCOKoi yuctotu (tut I 1 II).

Y wmetaHonbHUX mnanuBHUX eneMmeHTax (tun III) nanuBOoM  ChyXHUTH
Oe3mocepenHb0 MeTaHon (0e3 3acTOCyBaHHS KOHBEpCii) abo HOro BOMHI PO3YWHHU.
OxuCHIOBaYEeM y TAJMBHUX €JIEMEHTaX I[bOTO THUIYy CIYXHTh YNCTUNA KHUCEHb abo0
KHCEHb TTOBITPS.

[ManuBHi enement [ 1 Il TUOIB BUKOPUCTOBYIOTH ISl  CTBOPEHHS
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€JIEKTPOCTAHIII Ha KOCMIYHUX afaparax, HUIOTOBAaHMX KOCMIYHHUX KOpaOIsX,
MIJBOAHUX YOBHaX. BoJgeHb Ta KUCEHb BOJIOAIIOTH HAWOUIBIIO €HEPrOEMHICTIO Ha
OJMHUIIIO MACH.

JIist onep>kaHHs BUCOKOI HAIpyTru a00 CTpyMy HalMBHI €IEMEHTH 00’ €HYIOTh
y Oarapei. K.x.1. cyuacaux BKIIE cranoButs 60-75 %.

[IpucTpoi, u1o MICTATH NANIKMBHI e1eMeHTH abo Oarapei MajJTuBHUX €JIEMEHTIB Ta
3a0e3MeueHi CUCTEeMaMH MiATOTOBKU MaliiBa 1 OKUCHIOBAaYa, CUCTEMaMH BIIBOJY Ta
yTWII3allli Temia 1 TepMOCTaTyBaHHsS, aBTOMAaTUYHOTO YIpPaBIiHHS MOAayl majuBa i
BUJIYUYEHHS MPOIYKTIB peaKilii, CHCTEMaMH KOHTPOJIIO CTPYMY 1 HAIPYT'H, HA3UBAIOTHCS
enexkTpoxiMiuHuMU reHeparopamu (EXI).

MeranookcuiHi MEMOpaHU Ha OCHOBI HOHOMpPOBIIHOT kKepaMiku ZrO; moope
cebe mokazanu B EXI Bucokoi mnoryxknocti (Big 100 kBt go 5 MBr1). Ix
¢yukiionyBanns npu Ttemmeparypi 900-1000 °C  nae MOXIHMBICTH CHOXHBATH
OPUPOJHINA Ta3 Ta iHIIE BYIVIEBOJHEBE MAJMBO 0€3 iX KOHBEPCIMHOI MEpepoOKu y

BOJIEHD.

3.8.3. BonHeBO-KUCHEeBHA MAJTMBHUM eJIeMeHT 3 TBEPAUM MOJiMEePpHUM

€JIEKTPOJIITOM

Po3missHeMo mpuHIMI poOOTH BOIHEBO-KUCHEBOTO TAJMBHOTO €lEMEHTa 3
TBEPOIO MOTIMEpHOI0 MeMOpaHoto (puc. 3.8.2).

OxucHIOBaYeM Yy TaJIMBHHUX €JIEMEHTaX 3aBXJIH BHKOPHUCTOBYIOTh UHUCTHH
KHCEHb a00 KHCEHb MOBITPs. SIK MajJrMBO MOKHA TaKOK BHKOPHCTOBYBAaTH METAaHO,
rimpasun (miamimx NH2-NH;), meran, reneparoprmii raz — cymim CO 3 BogHEeM
(orpumyroTh mporyckaHHsM mapu HpO 1 moBiTps depe3 pozxkapeHe BYTLIA).
Enexkrponna cxema enekrpoximignoro npuctporo: (-) Ni,Ho/ KOH/Oz,Ni (+).

[TpuHIATIOBa CcXeMa KOMIPKH BOJHEBO-KHCHEBOTO ITaJJMBHOTO €JIIEMEHTa 3

TBEPJIOIO MOIIMEPHOI0 MeMOpaHOO TIpuBeieHa Ha puc. 3.8.2.
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Puc. 3.8.2. CxeMa kOMipKH BOJHEBO-KMCHEBOIO MAJMBHOTO €JIEMEHTa 3
TBEPMM TOJTIMEPHUM CJICKTPONIITOM: 1,2 — ra30po3noaiIbHUKH, CKIIACHI 3
nephOopOBaHUX TUIACTHH TOBIIMHOIO 1,5 MM; 3,4 — KaTaliTU4YHI Iapy TOBIIUHOIO 10
MKM Ha ITOBEPXHi aHOAY Ta KaToAy; 5,6 — IJIaCTHHH KOJICKTOPIB CTPYMY TOBIIMHOIO
0,5 MmM; 7 — nmomiMepHa MmeMOpaHa ToBIIHHOI0 100 MKM

K.k.1. maquBHUX €JIEMEHTIB 1 €JIEKTPOYCTAaHOBOK Ha iX OCHOBI 3aJI€KHUTh BiJl
0ararbox (haKTOpiB: MPUPOAM KaTaTi3aTOPiB, KOHCTPYKIIIT Ta TOPUCTOCTI €IEKTPOJIiB,
NepeHANPYry eJISKTPOXIMIUYHUX peakIlii Ha aHOJI Ta KaToMl, €JIEKTPUYHOIO OIOpPY
MeMOpaH, XIMIYHOT YUCTOTH MajuBa 1 OKUCHIOBaYa Ta IHIIOTO.

Jlns  3MEHIIGHHsS TEPEHANpPYTrH eJIEKTPOXIMIYHUX peakilii Ha KaTol,
30upeHHss EPC 1 muToMOi eHeprii maJuBHUX €JIEMEHTIB Ha MOBEPXHIO iX KaTO1B
HAHOCSThH €JIEKTPOAKTHBHI KaTtamizaTopu 3 po3BuHeHOI0 noBepxHeto (BNi, NiS, WC,
MoC, MoS;, Ni, Mn, Cr, Fe, Co, Pt, Ru, Pd, Rh, Os, Ag, Mo). Bucokonopucri
KaTajgi3aTopu OTPUMYIOTh, HANPHUKIAJ, METAIOXIMIYHUMH MetonamMu Penes abo
Anamca.

3rinno metonmy Penes meramiunmii karamizarop (Ni, Co, Pd, Pt) cmouatky
CIUTaBIISIOTh Pa3oOM 13 allIOMiHIEM, MarHiemM a0o JIy)KHUMHU MeTajaMHu, a TOTIM
OZIEp’)KaHWW CIIaB PO3YMHSIOTH JyroM. Haii0imemr Bimomwii Hikenb PenHes
BUKOPHCTOBYETHCS SIK KaTaIi3aTop y MaJMBHUX €IIEMEHTAaX 13 JIY)KHUM €JIEKTPOJIITOM.

ITuToMa noBepXHs KaTai3aropa cTaHoBUTH 18-50 M2,
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Anani3 pe3ynbraTiB, OAep:KaHUX MPHU JOCIHIIKEHH]I eJIeKTPOBIIHOBIEHHS O2 Ta
OKHCHEHHA H> y BOIHEBO-KHMCHEBHX MAJMBHUX €JIIEMEHTaX 13 BHUKOPUCTAHHSIM
kapocriiikux crnonyk d-, f- meraniB 3 Hemeramamu (kapOimu, OOpimu, HITPHIN),
MoKasaju, 110, Hanpukiaj, kapoin Boabdpamy (WC) mae mepeBaru y mopiBHSHHI 3
mwiatuHoro.  Enexrpokaramizatopy  WC Ha enekTpogax MpOSBISIIOTE  BHCOKY
CEJIEKTUBHICTh NMpU OKMCHEHH1 Hp, HaBiTH pu HasBHOCTI Alokcuay cipku (<0,01 M
SO-), BOJIOAIIOTh BUCOKOIO KOPO31MHOIO CTIMKICTIO 1 MOXXYTh BUKOPHCTOBYBAaTHCS B
MaJIMBHUX €JIEMEHTaX 13 KUCIUM €JIEKTPOIITOM.

Teopis 1 mpakTHKa NaJUBHUX €JIEMEHTIB HA JaHUI Yyac po3po0seHi JOCKOHAIO.
[lanuBHI €1eMEHTH HIMPOKO BHKOPHCTOBYIOTHCS B KOCMIUHUX amaparax i BOEHHIN
TexHill. Po3po0ieHi  BOJHEBO-KUCHEBI  €JNEKTPOXIMIYHI  TEeHepaTtopu  JUIs
aBTOMOOLTHHOTO TPaHCIIOPTY. Bonmu 3a0e3MevyoTh HIBUJIKICTH
aBToM00im0 > 100 kmron™, mpo6ir 6Ge3 mosampaBku 640-1000 kM, mpu mHTOMIM
eneprii 400-800 Br-rox-kr.

Enexrpoximiunai renepatopu (6atapei) Ha OCHOBI PO3IUIABICHOTO KapOOHATY
emMHICcTIO 1-2 MBT BupoOistoTecs npomucioBicTio Amonii Ta CIIA. YV 3a3HaueHux
KpaiHax CTBOPEHI NaJMBHI €JIEMEHTH 3 METaJOOKCUIHUMHU EJNEKTPOJIITaMU 3
temrieparyporo 850 °C, emuictio Bix 5 kBT 10 5 MBT1 i k.x.11. 75 %.

Omnak Ui IIUPOKOTO BUKOPUCTAHHS 1 3a0€3MEUeHHs]  CIIOKUBadiB
CJIEKTPOCHEPTIECI0 TAJMBHI €JIEMEHTH TMOKHU 3aJUIIAIOTHCS HEAOCTYMHUMHU uepe3 iX

noporosusny (350-550 gon. CIIIA/xBT).

3.9. BumipioBaHHS eJIeKTPOPYILIiiiHOI cujin

Enexrpopyiriiina cuia TalbBaHIYHOTO €JEMEHTa piBHA CyMmi TmepemnaniB
MOTEHITIAJIIB Ha MeXax Mmoaury (a3, ski moB’s3aHi 3 MepediroM XiMigHUX 0OOPOTHHUX
peakmiii. EPC MoxHa BUMIpSATH TIpH BIICYTHOCTI CTPYMY B 30BHIITHOMY KOJi. [Ipn
MPOTIKaHHI CTPyMY B 30BHINIHHOMY KOJIi B CEpEWHI eleMeHTa OymyTh MPOXOIUTH
peakiii, ikl 3MIHATh KOHLIEHTpAIlll HOHIB IIPU €JIEKTpoaax, a Tomy 3MiHuThCs 1 EPC.

Otox EPC enemenTa Tpeba BUMIPIOBATH MPU CTAIIOMY CKJIa/1 pO3YUHY. 3 IIEI0 METOIO
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BUKOPUCTOBYIOTh KOMIIeHcalliitHui Metoa BuMiptoBanHs EPC. [Ipunuun koMmmneHcaiii
nossirae B tomy, mo EPC pocnimkyBaHOro eineMeHTa 3pIBHOBAXKYETHCS CIAJOM
Hanpyru 1HIIOTO JpKepena, sIKUd CTBOPIOETHCS Ha PEOXOPIHIM JIIHINII, B MEBHOMY

MICII1 KOHTAKTy B3/I0BX BUCOKOOMHOT JIPOTHHHU.

1

- ‘
|
1

|_/
l

3

L

?

Pucynok 3.9.1. Cxema BumiproBanus EPC mxepena crpymy: 1 - akymymsTop,
2 - peoxop/aHa JIiHilKa, 3 - HOpMaJIbHUH enemMeHT BecToHa, 4 - mociiKyBaHe
JoKepeno, 5 -raJbBaHOMETP
[Ipu 1bOMy TaJIbBAHOMETP HE PEECTPYE CTPYM BiJ AOCIIIKYBAHOTO JIXKepena 4.
Bceranosneno, mo moteHIian Ha Oyab-skoMy Biapi3ky AC BiTHOCHUTBCS 10

3araJIbHOTO criaay Harpyru Ha npotuHi AB sk noxuna AC no norxuan AB:

Epe _AC

EAK o AB (391),

ne E4x — enexrpopyiiiina cuiaa akymyastopa 1.

HwxHE Koo CKITaaeThes 13 €IIEMEHTIB JOCTIKYBAHOTO JKepena 4, BETUINHY
EPC sxoro TpeGa BUMIipsiTH 1 raJbBaHOMETPA O, IKUH (IKCYy€e HASBHICTH €IEKTPUIHOTO
CTpyMy B AaHOMYy Koji. Koo 3akiH4yeThCsl KOHTAKTOM 13 PEOXOPIHOIO JIHIWKOI 2,
AKUH MOXHA TO HIA mepecyBatd. [Ipw BHUMIPIOBaHHAX TIEPECYBHHM KOHTAKT

MEePEMIIYIOTh 1 3HAXOASATh TOYKY KoMIleHcauli (Hampukiag Touky C), mpu LboMy
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rajibBaHOMETp Oyae IMOKa3yBaTH BIICYTHICTh CTpyMy. UyTIMBICTH TajbBaHOMETpa
mono crpymy cknagae ~108A. B momenr kommnencauii EPC  gocmigxyBaHOTO

eneMeHTa 4 piBHa crajy Halmpyru akyMysastopa Ha Biipi3Ky ApotuHu AC. 3 piBHSHHS
(3.9.1) maemo:

AC

E, =Ex E, (3.9.2),

ne Ex— enexrpopyriiiHa CiIa J0CITiKYyBaHOTO JKepena 4.

[Ipu poOOTI akymynaTopa BiH PO3PSIKAETHCA 1 MOro Hampyra 3MEHIIYEThCS,
TOMY Nepej] KOOKHUM BUMIPIOBAHHSM TOYHO BUMIPIOIOTH HAINPYry akymynstopa. Jlis
OO MOro Hampyry MOpiBHIOIOTH 3 HANPYroK €TaJOHHOIrO JiKepena eIeKTPUYHOI
eneprii, axuit Mae crainy EPC. TakuM eTalioHHUM JKEpeoM € HOpMaJIbHUN €IEMEHT
BecTona. Moro migkmouaroTh Tak, o6 CTPyM Bifl HBOTO HIIOB HA3yCTpid CTPyMy
akymynaTopa. 3HaXoJsATh TOUKy KomreHcamii JI B #AKiil MOTeHIladl HOPMAaJIbHOTO

eJIeMEeHTa 3pPIBHOBAXKYETHCS 13 MEPEeXoAoM Hampyru Ha BiApisky AD. Ananoriuso

piBHsIHHIO (3.3.2) MaTUMEMO:

AD

EH — EAK E (393)’

ne Ep — enexrpopyuriiina cuna HopMansHoro enemMenty Becrona 3.

V 1upoMy piBHSHHI po3paxyBaHHS Hanpyru £ 4x Hemae HEOOXiTHOCTI, OCKITBKH

AB
AK — EH E 1 mijcraBuBIIy 1€ 3Ha4eHHs B (3.9.1) orpumaemo:
AB AC AC
B =B 5 ar = EH ap (3.9.4)
AD AB AD o
[Mpuknan 1.

EPC ranbBaHi4YHOro €J€MEHTa, CKJIAJEHOT0 3 IUIATUHOBOIO €JIEKTPOo/a,
3a”HypeHoro y posuuH, mo Mictuth Fe (III) 1 Fe (II), Ta HacuueHOro KajmoMenbHOro

enekrpoaa, nopiBHioe 0,558 B. Pospaxyiite cnisBimnomenus [Fe (I11)]/[Fe (I)] y

PO34YMHI aHAJIITY.

Punenns:
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OCKiTbKH Egea+ e =0, 771B  (nomarox 4), a El: =0,241B (zomatok 5), To B

JaH1il KOMIpLI IHAUKATOPHUM TUIaTUHOBUH enekTpon € karoaom, a HKE — anonom.
E.=FE + E,=0,558+0,241 = 0,799 B.
Ha noBepxH1 mIaTHHOBOTO eleKTpoja (MeTadiuHHui, 1HEepTHHUI) B11OyBa€eThC
EJIEKTPOXIMIYHA peaKIis:
Fe3* + e « Fe?t,
3aNeXHICT, TOTEHIllaly Karoja BiJ CHIBBIIHOIICHHS Fe3*/Fe?*

BU3HA4Ya€ThCA piBHHHHHM HepHCTa:

3+
E =E°, +0,059*|gM

FeZ* |:Fe2+:| |
OTXKC
E, - EO 3+
Ig[Feﬂ = _0799-0771_
2+ !
[Fe ] 0,059 0,059 ’
3+
[Fe =10"*" =2,98

KoHTpPO/IbHI NTUTAHHA
1. Sk knacudikyroTh XIMIYHI JKEepesa eneKTPUIHOT eHeprii?
. [IpuBeiTh €NEKTPOHY CXEMY rajJbBaHIYHOTO ejemMeHTa Sko6i-/laniens.
. OnumIiTe XiMI4HI MPOIIECH B TTOBITPSTHO-IIMHKOBOMY JKEperi.
. Y yomy mossirae 0coOIUBICTh TAJIbBAaHIYHOTO elleMeHTa Bectona?
. HaBeniTh mpukiaa raJpBaHIvHOTO JHKepesa 3 KOHIIEHTPAIIHHUM KOJIOM.
. SIki enexTpoxiMidHi peakIfii MPOXOAiTh Y CBUHIIEBO-KUCIOTHOMY aKyMYyJsITOPi?

. Y 4OMy MOJSTar0Th epeBaru CpiOHO-IIMHKOBOTO aKyMyJIaTopa?

o N o o &AW b

. SIky mepeBary mMaroTh JITI€BI Ta JTITIHHOHHI JKepelia eIeKTPUIHOT €HEepTii?
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9. SIxi HeOMIKK BUSBJIEHI B aHO/IaX HA OCHOB1 METAJIIYHOTO JIITIIO?

10. Skuil MexaHI3M CTPYMOYTBOPEHHS B JITIMHOHHUX aKyMyJIATOpax i3 BYIJEleBUM
aHosoM?

11. Y yomy mossirae cyTh SIBUIIA IHTEPKAJSIIIT/ACIHTEpKAAIIT HOHIB JIiTiI0?

12. [Ilo oOMexxye BUKOPUCTAHHS KPEMHIIO JIJIi BUTOTOBJICHHS aHOMAIB JITIMHOHHUX
aKyMYJISITOPiB?

13. ki marepiaJii  BUKOPUCTOBYIOTBCA  JUISI ~ BUIOTOBJICHHS  €JEKTPOJIIB
EJIEKTPOXIMIYHUX KOHJIEHCATOPIB?

14. Yum BIIPI3HAIOTHCA EJIEKTPOXIMIYHI KOHAEHCATOPH BiJl €IEKTPOJITUYHUX
KOHJIEHCATOPIB?

15. SIki BUMOTH CTaBIATHCA 0 AlPOTOHHUX €JIEKTPOIITIB?

16. ki HeOMIKM MPUTAMAHH]1 KUCIOTHUM €JIEKTPOJIiTaM ?

17. SIxi mepeBaru eneKTPOXIMIYHOTO KOHACHCATOPA 111010 HAKOTIUYCHHSI €JIEKTPUYHOT
€HEprii B MOPIBHSAHHI 3 TAJIbBAHIYHUMH aKyMYJISITOPAMHU ?

18. SIxi mepcreKTUBU BUKOPUCTAHHS €JICKTPOXIMIYHUX KOHEHCATOPIB?

19. Sxwuii npuHIUT POOOTH MATMBHOTO €JIEMEHTY?

20. Sk knacudikyrOTh AJTUBHI €JIEMEHTH ?

21. Illo poOnaTh 1Isg 3MEHIIICHHS TIePEHANPYTH SICKTPOXIMIYHUX peaKIliid Ha KaTomi?
22. Big IKUX YMHHUKIB 3JIEKUTH K.K.JI. IAJIMBHUX €JIEMEHTIB?

23. Yomy pina EPC ranpBaniuHOTrO enemeHTa?

24. Slxkuit mpUHITUT 111 «KKOMIICHCALIMHOTO MeToay» BuMiproBanHs EPC ranpBaHiuHHX
€JIEMEHTIB?

25. EnexTpo/iHa 1aMens JIy>)KHOTO aKyMYJIsITopa, B SIKY 3alpecoBaHO 60,5 T MO3UTUBHOT
aKTUBHOI MacW, M0 CKJIaJaeTbes 3 cyMimi Timpokcuay nikemto (II), rpadiry i1
CIIOJTYYHO1 MacH, Boyiofie po3psaHoi emHicTio 0,92 A-rox. Po3paxyBaTtu xoedirieHT
Bukopuctanus Ni(OH),, skmo akTuBHa Maca eleKTpoay MicTuth 73,7 % 3araabHOTO
Hikento. Hamrcatu oCHOBHY €JeKTPOAHY PeaKiliio.

26. Big'emuunii (3as1i3HUIN) €1EKTPO] TY>KHOTO aKyMYJISITOpa IIOBUHEH MAaTH PO3PSIHY

eMHICTDh 3,2 A'Ton. AKkTHBHa Maca enektpoaa mictuth 70,2 % 3aniza. KoedimieHT
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BUKOPHUCTAHHS 3ajli3a MpU po3psaal enekTpory 25 %. BusHauuTu KUIBKICTh aKTUBHOI
MacH, BUTPA4Y€HO1 Ha BUTOTOBJICHHSI €NIeKTpo/a (0e3 ypaxyBaHHS BTpPaT).

2. EMHICTbH CBIXX0O3apsKEHOTO JY>KHOT0 akymysitopa nopiBHioe 80,3 A-rox. [licns
MICSIYHOT O€3AISUTBHOCTI B 3aps/DKEHOMY CTaHl €MHICTh aKymyJisiTopa CKJiaja
63,4 A-ron. BusHauuTu camopaspsii akymyJisiTopa.

28. €MHICTb CBDKO3ApSAKEHOTO  3aJ130HIKEJIEBOTO  aKyMyJsiTopa JOPIBHIOE
89,7 A'ron. Ilicns miBpiuHOI O€3MISJIBHOCTI B 3apsP)KEHOMY CTaHl, B pe3yJbTaTl
caMopo3psy, EMHICTh aKyMyJsiTOpa 3HU3WIAcs 10 Hyns. Pospaxyiite, uepes skuit
MPOMDKOK Hacy cJiijJi 0yJI0 TOCTABUTH aKyMYJISITOP Ha 3apsiIKy.

29. Enexrpopymriiina cuna enementa Pt, Ho]CH3COOH (xM) [|0,1 1 XCE nopiBHioe
0,571 B. Po3spaxyBatu pH po3unHy Ta 3arajbHy KOHIICHTPAIIIF0 KHCJIOTH.

30. Pozpaxyiite EPC enemenry:

a) Ag|AgNO;3 (0,01 monben?), KBr (0,4 monben)

0) Hg|HgY? (7,24+10™* monben), Y# (2,00107° monpent)

31. Buenith piBHsHHS, 1110 TI0B s13ye EPC xomipku 3 pS (sikmio @;=0) aist BU3BHauYeHHs
[S#] i3 cpiOHMM iHAMKATOPHUM eNeKTPooM (KaToa) Ta 1 MOJb-eKBe)It KanoMeasHUM
enextpoaoM (HKE) mopiBusHHS.

32. SIxwmii 3 BKa3aHUX HaIiBEJIEMEHTIB Oyjie KatoaoMm, a skuit aHooM ['E B moegHaHH1
13 cTaHgapTHUM BoJIHEBHUM enekTpoaom? Pospaxyiite EPC koxnoro 3 yrBopenux ['E.
a) Pt|Sn*" (0,2 monpent), Sn?* (0,1 monben™),

0) Ag|AgBr (nac.), KBr (1,0010* monben),

B) Pt|Fe®* (0,2 monpen?), Fe?* (0,1 monpen?),

r) Ag|Agl (mac.), KI (2,010 * monpe?).

33. BusHauiTh MUTOMY TOTYXKHICTh CYNEPKOHJEHCATOpa, SKIIO BiIOMO, MO0 HOTO

emuicTh 500 F, ac po3psany 2 ¢, poboua Hampyra 16,2 B.
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Po3zaii 4. HepiBHOBaXKHI eJIEKTPO/IHI PO eCH

4.1. 3arajpHa XapaKTepUCTHKA eJIeKTPOXiMiYHUX NpoueciB

[IpoTikaHHS €JNEeKTPUYHOrO CTPYMY B EJIEKTPOXIMIYHOMY KOJII BKa3zye Ha
HEpIBHOBO)XHUI CTaH cHUCTEMHU. ENEKTpoIHI MpOIECH pO3AUILIOTh Ha JIB1 TPYIH:
MIPOIECH €NIEKTPOBITHOBICHHS 1 TPOLIECH EIEKTPOOKHUCHEHHS.

Konm enekTpoHM mepexomsTh Bil KaTOAy [0 YaCTUHOK, IO MICTATHCSA B
€JIEKTPOITI a00 B pO3IUIaBi, TOAl iX HA3UBAIOTh MPOLECAMH E€JIEKTPOBIIHOBICHHS
(Ox + ze — Red). S0 X eIeKTPOHU MEPEXOSATh BiJl YACTUHOK HA CICKTPOJ, AKUN
Ha3WBAETHCS aHOJIOM, TO MPOTIKae mpoiiec enekrpookucienns (Red - ze — Ox).

EnexkrpuuHmii CTpyM, IO MPOXOIUTH Yepe3 MEXKY eIEKTPOX - HOHHA CHCTEeMa,
Ha3uBaloTh (papageiBCbkuM cTpyMoM. L BenmnumHa cTpymy Oyne 3aiexaTd He JUIIe
BiJl IIBUKICTI MPOIIECY, ajie ¥ BiJ| MJIOII MOBEPXHI eaekTpony. Js XxapakTepucTUKH
IIBHJIKOCT1 E€JIEKTPOTHOTO TPOIECY BUKOPUCTOBYIOTH ITOKA3HUK, IO HA3HBAETHCS

T'YCTUHOIO CTPYMY:

1= S (4.1.1),

ne | —Bemuumna cTpymy; S — mionia moBepxHi eNEKTPOLY.

4.2. 3axkonn Papanesn

[IpoTikaHH1 TOCTIHHOTO EJIEKTPUYHOTO CTPYMY Yepe3 eJIEKTPOXIMIYHI CUCTEMU
Ha EJICKTPO/IaX MPUBOAUTH JI0 €IEKTPOXIMIYHUX PEaKIliid, IPUIOMY CITiBBIIHOIICHHS
MDK KUIBKICTIO €JEeKTPUKH 1 MacaMH PEYOBUH, IO TpOpearyBalid, BUPAKAIOTHCS
3akoHamu Dapaes.

1-# 3axoH. Maca pedoBunu M, 110 3a/1isiHA B XIMIYHOMY TIEPETBOPEHHI i T1€F0

€JIEKTPUYHOTO CTPYMY, MPOTOPIIiifHa KITBKOCTI €eKTPUKH (], 110 MPOTIKae yepes JaHy
CUCTEMY:
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ne | — cuma crpymy; t — gac; Ke - xoedimienT skumii BiAmoBizae Maci pedoBHHH, IO
IpopearyBaja BHACHTIOK TPOXOIKEHHS OMHMII KimbkocTi enextpuku. Koedimient Ke
HA3UBAETHCS EJIEKTPOXIMIYHUM €KBIBAJIEHTOM pEYOBUHHU, W0 BHUAULIETHCA Ha
eleKTpojax npu cuii ctpymy 1 A BopomoBx 1 cekyHau (a00 KUTBKOCTI €JIEKTPUKH
piBHoi 1 Kui).

2-ii 3akoH. [Ipy  mpoXOmKEeHHI uyepe3 pi3HI €JIEKTPOJITH ONHIET 1 TIET X
KUIBKOCT1 €JEKTPUKH MacH PI3HUX PEYOBHH, IO OEpyTh ydacTh B EJIEKTPOIHHX
peaxiisx, MPoNnopuiiiHi ix MonspHuM MacaM ekBiBajeHTIB (Mexs ):

M1: M2: M3= Mewer - Mexer - Mg (4.2.2).

3 1IbOr0 3aKOHY BHUIUIMBAE, 110 JUISI €JIEKTPOXIMIYHOTO MEpPEeTBOPEHHS 1 MOJb-
eKB Oy/Ib-KOi pE4OBMHY HEOOXIIHA OJJHAKOBA KIIBKICTh eIEKTPUKH F, 1110 Ha3uBaeThCS
cramoto Dapanes. Bona piBHa 96485 Ki/monb-exkB abo 26,8 A-Toa/MOb-CKB
(1 A-ron =3.6-10° K, 1A-cex = 1 Kn).

PiBHstHHS, 1110 00’ €1HY€ 1Ba 3akoHU Dapajes 3anuIIeMo y BUIIISIIILL

m= M. | t/z:F, ocxinexku K.=M.IF (4.2.3),

1€ Z — 9HCII0 ENIEKTPOHIB, sIKe Oepe YUacTh B eJIEKTpoXiMiuniii peaxiii, Mexe — MOISpHA

maca exBiBanenTa (sxmo |1 = F= 96485 Kt to M = Moexe).

Ha 3akonax ®apanes 6a3yeTbcsi ONMH 3 TOYHUX CIIOCOOIB BHUMIPIOBaHHS
KUTBKOCT1 €JIEKTPHKH, 10 Oepe ydacTh B €JIEKTPOXIMIYHUX mporecax. s 1poro
BUKOPUCTOBYIOTh TMPUJIATA KYJIOHOMETpPH. BHacHimok MOOIYHUX TMpoIeciB, maca
PEYOBHHU, IO OCAHKYETHCS MPHU EIEKTPOIIi31, BUIBISETHCS MEHIIOIO Ti€l KUTBKOCTI,
sKa BIMOBIA€ 3aTpadyeHiil KUTbKOCTI enekTpuku. [1{o6 BpaxyBaTu BIUIMB MOOIYHUX

MPOILIECiB BBEJIEHO MOHATTS BUXOJY 3a CTPyMOM. BHX070M 3a CTpyMOM Ha3MBAETHCS

BIJTHOIIIEHHSI MacH PeajibHO BUJUIEHOI MpU eleKTpoli3i peyoBuHU Mp A0 Tiel Macu

Mineop, sIKa Masia 6 BUILIUTHUCS 3TiHO 3akoHy Dapajes:
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4.3. EsqekTpoaHa noasipuzamis

[IpoTikaHHS CTpyMy 4epe3 PO3UUH 3aBXKIU CYIIPOBOMKYETHCS YTBOPEHHSIM MiXK
€JIEKTPOJIaMHU JIeSIKOT Pi3HUIII MOTEHITaNiB, 1o Jie npotu EPC, sika HakinajeHa 330BHI.
Ile sBuIEe Ha3UBA€ThC MOJsApHU3ali€l0. SIKIIO €IeKTpoXiMIYHA CHCTeMa €
eJIeKTPOJIi3epoM (EJIEKTPOXIMIYHOK BaHHOIO), TO HAampyra Ha HiM Mpu JIaHiid cuii
ctpyMy Oyne Outbiioro Big EPC mi€el cuctemMu 1 HaBMaKH, SKIIO €JIEKTPOTEXHIUHA
CUCTEMa TE€HEpYye CTPYM, TOOTO € XIMIYHHMM JIKEPENIOM CTPyMy, TO HOT0O 30BHILIHS
Hanpyra Oyae menuoro Hix EPC.

Pi3HUIIT MK MOTEHIIAJIOM EJNEeKTPOAYy MiJ CTPYMOM 1 KHOro piBHOBAKHUM
TIOTEHITIAJIOM Ha3UBAEThCS JICKTPOIHOIO TOJIsIpH3aIlieto, abo nepeHanpyror. s
raJIbBaHIYHOTO €JIEMEHTA.

Ae = EPC - Up (4.3.1).

Enexkrponna monspusaiiiss € QyHKII€0 TYCTHHH CTPYMY: UMM BHIIA TYCTHHA
CTPYMY TUM OLIbIIIe 3HAUYCHHSI TIOJISIPU3AIlii.

BuHuKHEHHSI eNeKTpOomHOi mojispu3alii MOB’s3aHEe 3 TIEIO CTaji€o, sKa
BU3HAYA€ MIBUAKICTH Tpolecy. SKIo HaWOLIbII MOBUIBHOI CTATIEI0 € TPAHCIOPT
pearyrodoi pedoBHHHU J0 €JICKTpoAa a0o MPOAYKTY XIMIUHOI peakilii Bix HBOTO, TO

HepeHanpyry Ha3uBaioTh OuQy3iiiHO0 (7). Komm HaiOLIBII MOBUIBHO MPOTIKAE

po3psa abo HoHI3allisl — BUHUKAE €IEKTpOXIMIYHa mnepeHanpyra (#g). ['anbmyBaHHS,
mo BinOyBaEThCA BHACHIIOK (ha30BOr0 TMEPETBOPEHHs (BUAUICHHS OyJIbOAIoK,
YTBOPESHHSI KpUCTaTiUHOT (pa3u), a00 CIIOBUTFHEHOTO MPOTIKAHHS XIMIYHOT peaKilii, mo
nepeaye eNeKTPOXIMIUHIN cTajli, BUKIMKA€E BIAMOBIAHO (a3oBy (/@) abo peakuiiiHy
nepeHanpyry (7p). Koxknuii Bua mnepeHanpyru oOyMOBICHMH crnenupidHUM
MEXaHI3MOM ii TIOSIBH 1 OMUCY€ETHCS BIACHUM KIHETUYHUM PIBHSHHSM. Y 3aralbHOMY
BUTJISI/II €JICKTPOIHA TOJSIpU3AIlis piBHA CyMi BCIX BUJIIB MEPEHANPYTH:
n=no+tnetmtne (4.3.2).
3HaueHHs TOJApHU3AIIMHUX SIBUI] HAa TPAKTUIl € BaxumBuUM. [loTeHmiamm

MOJISIPU30BAHUX €JIEKTPOMIB BHU3HAYAIOTh HAMNPYry Ha EIEKTPodi3epl 1 Hampyry
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XIMIYHOTO JiKepera.

4.4. Enexrtpouis. Hanpyra po3kiaany

EnexTponizoM Ha3MBalOTh OKUCHEHHS — BIJHOBICHHS PEUOBHH CICKTPHYHUM
ctpymoM. Lli mponiecu 3a1MCHIOIOTECS 3riAHO 3akoH1B Papanes. [1nsgxoM enexkTpomnizy
BIA€THCA peayli3yBaTH MPOLIECH, CAMOBUIbHE MPOTIKAHHS SIKUX, 3T1AHO 3aKOHIB
TepMOJMHaMiKu, HeMoxuBe. Hanpuknan, enepria ['160ca, mono poskiaxy 1 mMoib
HCI, cranoButs 131 x/Ix. EnexTpoXiMidHUH METOM 03BOJISE 3MIHCHUTH IIEH MPOIIeC
NIpH JTy’Ke MajiuX 3arpaTax eHepril.

Ha aHomi ¥iayTh TUMOBI peakilii OKHMCIEHHs. Xapakrep mepediry peakiiii Ha
HBOMY 3aJIC)KUTh BiJl PO3UMHHOCTI METAJIEBOTO CJICKTPOAY:

M-8 —>M* (4.4.2).

Ha inepTHOMY aHOA1 MEpEeBaXKHO 31MCHIOETHCS pO3PSi] HOHIB:

40H —4e— 02 + 2H20 (4.4.2).

Jlo 1HEepTHUX aHOMAIB BIJHOCSATH 3alli3HI 1 HIKEJIEBl B JIY)KHOMY CEpPEIOBHIII,
CBUHIICBI — B PO3UMHAX, II0 MICTATh WOHU SO4%. Bucoxoro AHOIHOIO CTIMKICTIO B
0ararboX cepeloBHINaX BOJOIIE TUIaTHHA.

[Iporiecu, 110 MPOTIKAIOTH MPHU AEKTPOITI31, MOXKHA PO3AUIMTH HA TaKi IPYIIH:

1. EnexTpodi3, mo CYMpOBOKYETHCS XIMIYHUM PO3KIIaJIoM elekTpomity. [Ipu
€JIEKTPOJIi31 PO3UYMHY XJIOPHUIHOT KHCIOTH 3 BUKOPUCTAHHSIM 1HEPTHOTO aHOMY Hie

1l qucorianis:

Ha KaTo.i 2H" +2e — H> (4.4.3),
Ha aHOM1 2Cl = 2e —Cl, 4.4.4),
3arajibHa peaxiiis 2HCl— H, + Cl; (4.4.5).

2. Enextponi3, mpu sKoMy BimOyBa€ThCs XIMIYHUK PO3KIAJ] pO3uMHHHKA. [Ipm
€JIEKTPOITI31 BOJHUX PO3YMHIB CHIbHUX OCHOB (Hampukian NaOH) 3 iHepTHUM

aHOJIOM Ha HbOMY MJI€ PEaKIlis:
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1
20H - 2e -5 O+ H>,O (4.4.6).

Ha xaroai MoxHa nepea0avynuTi Taki peakuii:
Na®+e—Na (po=2.71 B) (4.4.7),
2H,0 + 2¢ - Hy + 20H  (90=0,82 B) (4.4.8).

OTOoX B eJIeKTpoJIi3epl e po3Kiial BOJIU:
1
H,O—H> +3 0> (4.4.9).

[Ipu enexTpoii3i po3YMHIB KUICHEBMICHUX KUCJIOT TaKOX B1IOYBAETHCS PO3KIA/L

Boau. [Ipu enexkrpomnizi po3unny HoSO4 mpoTikaroTh Taki Mpouecu:
1
Ha aHOJI H,O — 2e — > O+ 2H" (4.4.10),

Ha Karosi 2H" +2e — H> (4.4.11).
ITpu enexTponisi po3unHis coneit pany meranis: Zn, Cd, Co, Ni, Sn, Pb, Cu,
Ag, AU 3 po34uHHMMH aHOJAMH LUX KE METAIIB €JEKTPOIHI PEaKIii 000POTH.
[Tpu enexrpomnizi pozunny CuSO4 MiTHUMH €IEKTPOIAMH HAYTh PEaKIii:
Ha aHOi Cu — 2e —»Cu?* (4.4.12),

Ha KaToxi Cu®* +2e — Cu (4.4.13).
Skio 3Ha4YeHHS aHOMHOTO 1 KaTOJHOTO BUXOMAIB 3a CTPYMOM OJHAKOBI — TO
XIMIYHOTO PO3KJIAy €IEKTPOJIITY HE BiIOYIEThCA.

Jyist 3M1iCHEHHSI €JIEKTPOITI3Yy 10 BAHHH HEOOXITHO MPUKIIACTUA HAMIPYTY:
Eer= ga- ¢ +2U (4.4.14),
e Qg i Qx— noreHuianu anoay i Karony; 2U- cnan Hanpyru Ha NOJOJAHHS ONOPY
€JIICKTPOJIITY, CIICKTPOiB, KOHTAKTIB.
Pi3Huusg mnoTeHmianiB (g 1 (x TOISIPU30BAHUX EJCKTPOAIB HA3UBAETHCS
HaIIPYToI0 PO3KIIATY CICKTPOIITY.

[Tpuknanx 1. Po3paxyBaTu BHXiJ 32 CTPYMOM 1 MUTOMY BUTPATy €IEKTPOCHEPTii

IIpU OTPUMAHHI XJIOPY €JIEeKTPoii3oM coisiHokucioro po3uuny CuCly, sikio no6oBuit
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00’eM BIJIMPallbOBAHOTO EJIEKTPOJITY 3 eJeKTpoiizepa mij HaBaHTaxeHHsIM 4000 A
ckinaB 11,2 n 3 BmicToM onHoBajeHTHOI MiAl 28,2 r/n (B mepepaxyHky Ha CuCl).
Hanpyra na Bansi 1,85 B.

Pimenns. PIBHSIHHS KaTOAHOTO 1 aHOTHOTO MPOIIECIB:

Cu* + e — Cu™,
1
Cl—e— - Cl.
2
CymapHa eJeKTpoxiMIdHa peakKiis y BaHHI:
1
CuCl, — CuCl + > Cl>.

Tax stk Buxonu 3a crpymom 1t Clz 1 CuCl mpakTU4HO OTHAKOBI, TO PO3PAXYHOK
BUXOJly 3a CTpYMOM JUIsl XJopy IHpoBoautTbes 3a gaHumu ans CuCl. Jlo6osa maca

ytBopeHoro CuCl:
Mepam = CV =282 - 11,2 = 315,8 xr.

Teopernuna maca CuCl, sika MOBUHHA YTBOPUTHCS 32 00y, PO3PAXOBYETHCS 3a

piBsiHHSM Dapanes:
Mmeop = Keuct - 1 - 7.
Kcucl - enexrpoximiunuii ekBiBajgeHT CuCl po3paxoBy€eThCSl HACTYITHUM YHHOM:
kKcuct =M /nF=990/1-26,8 = 3,7 r/A-ron.
Mpeop = 3,7 - 4000 - 24 = 355,2:10% 2 = 355,2 xr.
Buxin 3a cTpyMOM 0OUYHCITIOETHCS 32 PIBHIHHSM:
Betp = (Qgacr / Queop) - 100 % = (315,8/ 355,2) - 100 % = 89,0 %.

[luToma BUTpara eneKTpOEHEprii MpH OTPUMAHHI XJIOPY PO3PAXOBYETHCS 3

ypaxyBaHHSIM €JIEKTPOXIMIYHOTO €KBiBaJICHTA XJIOPY B JAaHOMY TIpoOIIeci:

Mg, 355
nF 268  TATon

W= (1000 - U)/ (q - Bw) = (1,85 - 1000) /(1,3 - 0,89) = 1570 xBr-rou/r.

[Tpuknan 2. Po3paxyBaTu TOBIIMHY HIKEJIEBOTO MOKPUTTS Ha BHUPOO1 1 3MIHY

kc:|2 =

TOBIIMHU HIKEJIEBOTO aHOJIA MPH €JIEKTPOXIMIYHOMY HIKEJIFOBAHHS ITPOTATroM | roguHu,
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SKIIO TYCTHHA CTpyMy Ha Karoxi 10 A/M?, a ma aHomi 5 A/M% Buxin 3a cTpymMoM Ha
xaroni cknas 80 %, a na anoni — 90 %. I'yctuna mikenro 9,0 r/cm?.

Pimenns. OcKilbKM B yMOBi 3aBJaHHS BUKOPUCTOBYEThCS T'yCTHHA CTPYMY |,
TOOTO CUJIa CTPYMY, sIKa MPUITAIA€ HA OIUHUITIO TIOBEPXHI, TO pO3paXyeEMO Macy HIKEIo,
10 BUAUISIETHCS HA OAUHUII TOBEepXHi 3a 1-m 3akoHoM Dapajes:

m=(29,35-10-0,80)/26,8 =95

ne Meniy =M /2 =58,7/2=29,35 r/moi.

Jlani po3paxyeMo TOBIIMHY TOKPHUTTS:

hnvi=mni / dni = 9,5:102/9,0 = 1,07-107% em.

3 oAMHUIII MOBEPXHI1 aHOAA PO3ZUMHUIIOCS HIKEIIO:

m=(29,35-5-0,90)/26,8=50r

3MiHa TOBIIWHU HIKEJIEBOTO aHO/Ia CTAHOBUTH:

Ahni = 5-102%/9,0 = 0,56-102 cm.

4.5. KaroaHi Ta aHOIHI MpoLeCcH NPH eJIeKTPOi3i

EnexrpoximiuHi TporecH, 3a BHKJIIOYEHHSM HAWUMPOCTINIUX  peakiii
CJICKTPOBITHOBJICHHS Ta €JIEKTPOOKUCHEHHS, € HA/J3BUYAWHO CKIaAHUMH. ToMy 1 He
JUBHO, IO 1 CHOTOMHI KIHETHKA EJICKTPOXIMIYHOIO CHHTE3y PEYOBHUH BHBUCHA
HEJAOCTaTHLO. B 3a71€KHOCTI Bifl CKIaAy €JIEKTPOJITY, TYCTHHH CTPYyMY, TeMIIepaTypu
SJIEKTPOIIITY, XapaKTepy MOro IHUPKYIALil MOXKYTh YTBOPIOBATHCH SK NIUIbHI Tak i
pUXJi  OoCajau, JEHIPUTH, TOPOIIKOMOAIOHI MPOAYKTH. EKcnepuMeHTalbHe
JTOCTIIKCHHS KIHETHKH KaTOTHOTO BUJIICHHS TBEP/I0i pEYOBUHU — CKJIATHE 3aB/IaHHS,
OB’ SI3aHE 3 JESAKUM CTICIU(PIIHUME 0COOTUBOCTSIMU IIHOTO MPOIIECy. XapaKTep ocamy
1 ymMmoBHU i#oro (opMyBaHHS B 4aci mpu CTajiil cuii cTpymy (abo mpu 3amaHoMy
MOTEHIIIaJT1) 3aJ7IeKaTh HE JIWIIE BiI IPUPOA CHHTE30BAHOT PEUYOBUHU aJie i B CKIIATy
SJICKTPOIIITY Ta HASIBHUX Y HHOMY JIOMIIIOK. JIOMIllTKr TOBEpXHEBO-aKTUBHUX PEYOBUH,
a TaKOX PI3HUX OKMCHIOBAYIB BILUIMBAIOTh HA KIHETUKY OCAJ[’)KEHHS PEYOBHH. XapaKTep
MPOTIKAHHS AHOJHUX MPOILIECIB BIAIIPAE CYTTERY, a B Psi/il BUMIAJKIB BUPIIIAJIBbHY POJIb
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B T1JIPOEJIEKTPOMETANYPIil, €JIEKTPOCHUHTE31 OpPraHiuHMX 1 HEOPraHIYHMX CHOIYK,

KOpO31i METAaJIIB.

4.5.1. Karoani peaxuii 0e3 BUijIeHHS] pe4OBUH

[IpuknaaoM KaTogHUX MPOLECIB, sIKI BiIOYBatOThCS 0€3 BUAUICHHS PEYOBUH €
BIIHOBJICHHSI KaTiOHIB TPUBAJICHTHOIO 3aji3a 10 JIBOX BaJIETHOTO, 3a BIJMOBIAHOI
BEJIMYMHU KaTOIHOIO MOTeHIIiany. BiTHOBIEH] KaT1OHU 3aJIMIIAIOTHECA B PO3UHMHI:

Fe3* + e — Fe?* (4.5.1).

3aIUIIA€eThC PO3YMHHUM B eNeKTpodiTi Oicynbdit Harpito NapS;Os, sikuii

YTBOPIOETHCS B PE3YJIbTATI BIIHOBICHHS Ha Karoi ripocyasdity Hatpito NaHSO3 3a
peaKIiero:

2HSO3 + 2H* + 2e — $,04* + 2H,0 (4.5.2).

[Ile omHUM TIPUKIIAIOM EJIEKTPOJIZHOTO Mpoliecy 0e3 BUIUICHHS PEYOBHHHU Ha
KaToJ[l € BIIHOBIICHHS HITPOOCH30JIY, SIKUH B 3aJIe)KHOCTI Bl YMOB €JIEKTPOJI3y, B

aHUTIH a00 IPOMDKHI MPOAYKTH — HITPO300€H30II, PEHIITIAPOKCUIIAMIH 32 CXEMOIO:

CeHsN(111)O2 — CeHsN(I)O — CeHsN(I)HOH — CeHsN(I)H2  (4.5.3).

4.5.2. Karoani npouecu 3 BujaijieHHs1 TBepaoi ¢pa3u

Karonmni mnporecu 3 BuIUIeHHS TBepaoi (a3d BUKOPUCTOBYIOTHCS IS
IIPOMUCIIOBOTO OJICp)KaHHS METadiB 1 HAHECEHHS TaJbBaHIYHUX TOKPHUTTIB. Y
3aJICKHOCTI BiJl YMOB €JIEKTPOIi3y 0caJl MOKHA OTPUMYBATH B BUIJISAI PUXJIOTO a0o
CYLUTBHOTO MaTepiany. Puxii ocamu GopMyroThes 32 MAKCUMAIBHOI TYCTUHH CTPYMY.
3a Takux YMOB pO3PSKCHHS KaTiOHIB BHUIIEPEKYE 3a IMIBHIKICTIO iX PyX 0
enektpony. O06mexye nudy3ito KaTiOHIB TaKOoK YTBOPEHHS B MPUKATOAHUX IIapax
TIIPOKCUIIB Ta OCHOBHHX COJICH METajiB, BHACIIIOK 3aJIyTOBYBaHHS €JICKTPOJITY B
MPUKATOAHIN 30H1I enekTpomizepa. [limOuparoun HEOOXIMHUN pPEXKUM pPOOOTH

eJIeKTpoJli3epa MOXKHAa OTPUMYBATH MOPOLIKM METalB 13 nepeadavyyBaHUMH (i3UKO-
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XIMIYHUMH XapaKTEPUCTHUKAMHU.

[Ipu 3MiLIEHHI TOTEHIIAly KaTOAY B HANPSIMKY KOO 3MEHILIEHHS B €JIEKTPOJIITI
MOYMHAETHCSA YTBOPEHHS KPUCTAIIYHUX 3apOJKIB MeTally, SIKi OCaJKYyIOTbCS Ha
Bil’eMHOMY eyiekTpoji. Crodarky 3apoJKd MaioTh TOBIIMHY B JIEKLIbKa aTOMHHUX
mapiB 1 iX MOXHa pO3DISLAATH SIK JBOMIpHI yTBOpeHHs (puc. 4.5.1). Ilomanbiie
3pOCTaHHS ABOMIPHHUX 3apPOAKIB MOXKE 31MCHIOBATUCS, K Y IUIOIIHMHI CAMOT0 3apOJIKY,

TakK 1 B HalIPSIMKY NMEPHEHAUKYISIPHOMY 10 HOro 0as3ucy.

Puc. 4.5.1. Cxema 3pocTaHHs JIBOXMIPHOTO 3apOJIKy TBep0i dha3u

Pict 3aponky moxke BigOyBaTHCS TakoK 3pa3y B TpbOX Hampsamkax 1, 2, 3.
Enepretnuno HaiOUIbII HWMOBIPHUM HANpsSMKOM iX 3pOCTaHHS € HampsMok 1,
OCKUIBKH 3a0e3MeuyeThCs MIHIMaJIbHA KUIBKICTh BUIBHMX TpaHei. HaliMmenmn
HMOBIpHHUM HaMpPSIMKOM 3POCTaHHS KpHUCTay € HanpsaMok 3. [Ipuennanuii 70 Marpuii
3apOJIOK Ma€ I’ SITh HE 3aMIIIEHUX TPaHeH.

[Ipn He3HauHil moONApU3aIli KAaTOmy MOXKE CIIOCTEpIraThcs YIOBUIbBHEHE
3pOCTaHHS 3apONKiB B OKpeMHX HampsiMkax. lle mnpu3BomuTh 10 yTBOpPEHHS
TOJIKOBUIHUX KpuctaniB (aeHnputiB). Taky ¢opMy YacTHHOK Mae cpibio, sike
OCaAJKY€EThCS 13 PO3YMHY a30THOKHCIIOTO cpibma. J{is ocakeHHs] HUTKOBUIHUX a00
TOJIKOBUTHUX YaCTUHOK METaly B €JIEKTPOJIIT BBOASATH OPraHiuHi U iTbHI MOJICKYIH,
HAIPHUKIIAJ, OJICTHOBY KHUCIIOTY.

VY nesxux BUTAIKaX BUAUICHHS HA KaTOA1 METally MOXKE MPUCKOPIOBATHUCS MPHU
PO3PSKEHHI aHiIOHIB. THUMOBUM MPUKIIAOM IHOTO MPOIIECY € OCADKEHHS Ha KaTomi

xpomy 3 xpoMoBoi kuciiotu HoCrO4 (icHy€e TUTBKH B pO3YMHAX):
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Cré* (CrO,)> — Cr** — Cr** — Cr (4.5.4).

VY nporieci BIAHOBIEHHS KaTIOHIB I€IKUX METAJIIB Ha Mepedir KaTOAHUX peaKiii
MOXKYTh CYTT€BO BIUIMBATH JOMIIIKH, SIKI IPUCYTHI B €JIEKTPoOJiTi. Tak, BBEACHHS B
po3unH H>CrO4 anioniB NO3z™ CHpUYMHIOE MMACHBAIII0 MOBEPXHI XpPOMY 1 peakiis
BUJIUICHHS XPOMY 3 PO3UMHY IPUIHUHAETHCS. SIBUIIE MacUBallii KaTOAY MOYKE BUHUKATH

TaKOK BHACIIZOK a/1cOpOIIii Ha MOBEPXHI KaTOAY MOBEPXHEBO-aKTUBHUX PEYOBHH.
4.5.3. Tunu aHOAHUX peakuii

Ha aHonmi mporiec OKMCHEHHSI MOXKYTh TPOXOAUTH 3 YTBOPEHHSIM TBEPIUX
MPOAYKTIB; 0€3 BUAUICHHS TBepA0i (a3u; 3 BUAUICHHSM Ta30MOAIOHUX MPOIYKTIB, a
TaKOX 13 PO3UMHEHHSM aHOJTY.

JIOIUIBHO 3BEPHYTH yBary Ha MOXJIMBICTh MEPeOIry JAEKUIbKOX TUITIB PeaKIlii
OKMCHEHHS Ha aHOJi:

1) mepiiuii TUI aHOAHUX PEaKI[ifl 3BOAUTHCS JIUIIIE IO BiIICIUICHHS SJICKTPOHY 1
3MIHH BaJICHTHOTO CTaHy OKMCHEHOI0 HOHY:

MnQO4% - e — MnOy (4.5.5),

Fe(CN)g* - e — Fe(CN)s* (4.5.6).

2) ApYTUi THI peaKiiiii IPUBOAMTH A0 YTBOPEHHS KaTiOHIB-IUMEPIB, HAIPHUKIIA],

NEPETBOPEHHS Cyab(daTy B epcyiabdar:

2504% - 2e — S,0g% (4.5.7).
Kapb6onary B mepkapOoHar:
2CO5 - 2e — C,05% (4.5.8).

3) Tperiii THI peakiiii Ha aHOMI CYNPOBOIKYETHCS 3MIHOIO MOJCKYJISPHOTO
CKJIaJy PEUOBUH, HATIPUKIIA]I, IEPETBOPEHHS alleTAIbaIIBJCTITy B OLITOBY KHCIIOTY:

CHsCHO + 2 OH' - 2¢ — CH;COOH + H,0 (4.5.9).
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4.5.4. AHojaHi npouecH 3 BUIiJIeHHAM TBepaoi ¢a3u

[IpyknagoM aHONHOIO TMpPOLIECY 3 YTBOPEHHSAM TBEPAOi PEUOBUHH MOXKE
CILY’>KUTH €JIeKTPOXIMIYHUN CHUHTE3 AIOKCUAY MaHTaHy. Y MpoLeci CUHTE3y MOKJIUBE
OKMCHEHHS HOHIB JIBOXBaJEHTHOIO MaHrany 10 Mn** a6o Mn*. YotuproxBsaneHTHUI
xarion Mn* Moxe OyTu OTpHMaHuIi TaKOXK B PeaKIii qucrponopuioBanas Mn3*

2Mn** — Mn?* + Mn** (4.5.10).

Cunre3 MnO; BiOyBa€eTbcs B pe3yabTari rigpoaizy coiai MnSO4 3 noganbiioio
koneHcamicro Mg(OH)a:

MnSO4 + 4H,0 — Mn(OH)4 + H,SO4 + H> (4.5.12),
Mg(OH)4 — MnO;, + 2H,0 (4.5.12).

JliokcuT MaHTaHy MOXE BHIIAQJaTH B ocaj OIS aHOAY B BUIVISJII JUCIIEPCHOTO
Marepiary abo ocaKyBaTHCs Ha MOBEPXHI aHOAY SIK PHXJIa PEUOBUHA.

[Tpu BUCOKIH TYCTHHI CTPYMY, BEJIMKIM KOHIIEHTPAIlii MAHTaHOBOT COJI1, HU3bKIH
TEeMIIepaTypl yTBOPIOETHCS MHUCIIEPCHHUN TMPOAYKT 1 HAaBNAaKW, MPU Majii TYCTHHI
CTPYMY, HM3bKIH KOHIIEHTpaIlii coii 1 BHCOKIA TemmepaTypi MnO;z ocamKyeTbes

0e3rocepeIHhO Ha aHO1 B BUIJISI/II arperaToBaHUX KPUCTAIIIB.

4.5.5.AHo1Hi npouecu 0e3 BUAJIEHHSI CAMOCTIiiHOI (pa3u

Po3misiHeMO mpuKiIaa eIeKTPOIi3HOTO OKMCHEHHS KOHIIEHTPOBAHUX PO3YHHIB
cynb(arHoi KHCIOTH 3 YTBOpPeHHSM HajacynbdarHoi kuciotu. Cepen MOXKIMBHUX
MEXaHI3MIB YTBOPEHHsI MOHIB mepcynbdary HaOUIbIT WMOBIpHUM € Oe3MocepenHe

po3psikeHHs arioHiB HSO4 3 oqHOYACHOIO 1X TUMEpH3alli€lo:

2HSO4 - 2e — 2HSO4 (4.5.13)
2HSO4 — H>S,05 (4.5.14),
H,S,05 <> 2H* + S,0g% (4.5.15).

CymapHa peaxiris Iiboro Mporecy:

2HSOy4 - 2e — 2H* + S,08% (4.5.16).
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Hancynedarny kucioty onepxyroTh y AlaparMeHHHX eNeKTpoliizepax Mpu
BHUCOKIM TYCTHHI CTPyMY, BEIMKIA KOHUEHTpalii cyib(paTHOI KHUCIOTH, a TaKOXK 3a
HU3BKUX TEMIEPaTyp.

[Ipukiianom ofep>kaHHsl B aHOJHOMY IMPOIEeCi peHOBUHU 0€3 YTBOPEHHSI TBEP10i
dasu € cunTe3 nepmanraHary kanito. Ilpu enexTpookucHeHHi aHioHiB MnQOs* B
nyxxkHomy enektponiti (KOH) Ha cranpHuxX abo HIKeNEeBUX aHOJax BilnOyBa€eThCA
YTBOPEHHS NIEpMaHraHaT-KaT10HIB:

MnQO4% - e — MnOy4 (4.5.17),
a Ha KaToJl BUAUISETLCA BOJICHB. JJ1s 3amo0iraHHs mpoIleciB BIHOBICHHS Ha KaTo/l,
floro muoma moBUHHAa OyTH MeHHIOW 3a rioury aHony B 10 pasziB. Ha Buxig
NepMaHTaHaTy Kajil0 CHUJIBHO BIUIMBAE TAKOX CITIBBIIHOIIEHHS B EJIEKTPOJITI MIXK
aHIOHaMU MaHTaHarTy, epManranary i karionamu K*. mporec cuaresy KMnO, BenyTh
3a temneparypu 60 °C. Ilicns enexkTponidy nepMaHTaHaT KaJliio BUIYYarOTh 13

€JIEKTPOJIITY KPUCTATI3aIII€TO.
4.5.6. AHoaHI mpouecH 3 ra30BU/IiJIEHHAM

TunoBMMH aHOTHUMM TIPOIIECAMM 3 Ta30BUAUICHHSM € OKHCHEHHS aHIOHIB
Xnopy 1 Okcureny. Y 1ux mpoliecax Marepiaiamu aHOAY MOXKYTh CIY>KUTH Tpadir,
miaTuHa a60 TUTaH MOKPUTHUHM OKCHUJIOM PYyTEHir0. PIBHOBaXKHUI MOTEHITIa BUALIICHHS

XJIOPY MPpU aTMOC(PEPHOMY THCKY PO3PAaXOBYIOThH 3a PIBHSIHHSIM:

0 RT |
Peric- = Peicr _? N, (4.5.18),

0
ae ¢C|2 /cI- - CTAHJAPTHUN MOTEHIIIa] XJIOPHOIO €JIEKTPONY;

O.Cl - aKTUBHICTH aHIOHIB XJIOPY B PO3YHHI.
[Tpu anogHoMy BumineHHI OKCUTeHY 3 JTYXHUX PO3YHHIB MaTepiaiaMu aHOMY
MOXYTh CIIYKUTH HiKelbh a00 3aii30. [HII Marepiany He BAKOPUCTOBYIOTH Y 3B’ SI3KY 3
BEJIMKOIO MEPEHAIPYrol0 Ta30BUIUICHHS, sIKa 30UIbIIYE BUTPATU €IEKTPOEHEPrii Ha

HOTro OJIep>KaHHS.
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VY npoueci aHomHOro BuiaydeHHA OKCHUI€Hy TOBEpXHS aHOAy 3aBXId
OKUCHIOETbCS. Y 3B 3Ky 3 YTBOPEHHSAM Ha €JIEKTPOJl OKCHIHOIO TMOKPHTTH,
nepeHanpyra ra3oBUJAUIEHHSI BIPOJOBXK JESIKOrO 4acy, MICIS MOYaTKy eJIeKTPOi3y,

3pOCTa€ MOKHU HE JIOCATAE MOCTIHHOIO 3HAYEHHSI.

4.5.7. AHOIHe PO3YMHEHHS MeTaJliB

[Ipy aHOAHOMY OKMCHEHHI METaJliB BHXIJl 32 CTPYMOM MOXXE INEpPEBUIIYBATU
100 %, OCKUIbKM OJHOYACHO 3 EJIEKTPOXIMIYHUM PO3UMHEHHSM BIAOYBAETHCS HOTO
XIMIYHEe PO3YMHEHHS, BHACIIJOK PEaKIIHHOI B3a€MOJIT 3 €NeKTPONITOM. SKIIO IpH
PO3UYMHEHHI METajli MOXYTh YTBOPIOBATH HOHHM 3MIHHOI BaJEHTHOCTI, TO peakKilis
OKHCHEHHSI TIOYHMHAETHCA 3 YTBOPEHHS KAaTIOHIB BHINOi BaJIEGHTHOCTI, OCKUIBKHU

piBHOBa)KHI/Iﬁ HOTGHIIiaJI ObOT'0 MpOoLCCy Ma€ MCHIIIC 3HAYCHHS:

Cu—2e—Cu®, @0 =10,3443B (4.5.19).

[TourHarOUM 3 IEBHOTO 3HAUCHHS TIOTCHIIIAY, YTBOPIOKOTHCS TaKoX KaTtionn Cu*:

Cu—e—Cu*, @.,e=10,58 (4.5.20).

3a3BHUyail IPU PO3YNHEHH] Mill YTBOPIOIOTHCS KAaTIOHU SIK BHINOI TaK 1 HUKYO1

BaJICHTHOCTI, X04a IMPU OJTHOMY 1 TOMY 3K IMOTEHIIiaJIl BUAKICTh PO3YMHEHHS KaTIOHIB
Cu" meHIa.

SKIIo B €JNIEKTPOJIITI MPUCYTHI JIBa aHIOHH, 3 SIKUX OAUH YTBOPIOE 3 METAJIOM
aHOJIy JIETKOPO3YMHHY CIOJIYKY, TO MOKHA MiIiOpaTH Taki yMOBHU €JIEKTPOIIi3y, TPH
AKUX BOKKOPO3UMHHA CTIONTYyKa He OyZie 0Ca/pKyBaTUCs Ha aHOAl 1 HOTO MacUBYBAaTH, a
Oylie ocaJKyBaTHCS Ha JISSKIN BiJICTaHi BiJl aHOAY 1 BUITQIaTH B ocaf. Y TaKWUH CIocio
OfICpXKYyIOTh CBUHIICBI Oimria PbO 1 xpomoBy xo0BTy citb [LmtoMOymy PbCrO, (>xoBTHiA
KpoH). JlJisi ofiepKaHHS [UX CHOJYK SIK €EKTPONIT BUKOPUCTOBYIOTH 1,5 % po3uuH,
o MictuTh xsopart Hatpito NaClOsz i kapOoonar Harpiro Na,CO3z abo XpoMOBOKHCTY
cimb NapCrOg, B3atux y cruiBBinHomieHHi 4:1. Tlpu maniii ryctuni ctpymy (= 0,005 A-
cM?) BaKKOPO3UMHHI CHONYKH yTBOPIOIOThCA HA JesKil BiACTaHi BiJl CBUHIIEBOTO

AQHOJY 1 BIH 3aJIUIIAETHCS 30BCIM YUCTUM.
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[Ipu Benukiii TyCTUHI CTPYMY CBHHIIEBUI aHOJ MMOYMHAE MacuByBaTucs. OqHaK
NP BUKOPUCTAHHI KOHLUEHTPOBAHOTO PO3YMHY JIYTY 1 HAKJIaJaHHI Ha EJIEeKTPOIU
€JIEKTpOIIi3epa OJHOYACHO MOCTIMHOIO 1 3MIHHOIO CTPYMY, OCaJKYEThCS HCIIEPCHA
oOina cimb NaPbO3-3H,0. V takuii criocid BIa€ThCs OTPUMYBATH ILTFIOMOATH JTYKHHX
MeETaJliB, Kl CHHTE€3yBaTH XIMIYHUMU METOJIaMH HE MOXKJIUBO.

[Ipu enexTponizi 3 HEPOSUMHHUMHU aHOJAMHU BUHUKAE “‘aHomHui edext’. Bin
00yMOBJIIO€ 3pOCTAaHHS HAIIPYTH Ha €JIEKTPOJIi3epl 1 3SMEHILIEHHS TYCTUHU cTpyMy. ["a3u,
10 BUAUIAIOTHCS HA aHOJ1, acopOyOThCS HA HOro MOBEpPXHI 1 OOMEXYIOTh JAOCTYI
eNeKTpoiTy. Mk aHOZOM 1 €JIEKTPOJIITOM BUHHMKAE MPOLIAPOK CBITJA, OB’ A3aHUM 3
€JIEKTPOTYTOBUM ICKPIHHSIM.

JlaHne siBUIE MIKIAJIWBE JUIS €JICKTPOXIMIYHUX MPOIECIB, OCKUIbKU 30UIBIIYE
BUTpATy €JEKTPOCHEPrii, 3HIKY€E MPOAYKTUBHICTH EJIEKTPONI3EPIB Ta MPUCKOPIOE

pYWHYBaHHS €JIEKTPO/IIB.

4.6. Onep:kaHHS BOXHIO TA KUCHIO €JIEKTPOJIi30M BOIH

4.6.1. EnekTpoJiiz BOIU B JIY;KHHUX | KHCJIOTHHX €JIEKTPOJIiTax

[Ipu enexTpomnizi BOIM BUKOPUCTOBYIOTh KUCJIOTHI a00 JIykHI enektporitu. Ha
KaToJI1 €JICKTPOJIi3epa 3MIHCHIOETHCS EICKTPOXIMIYHE BITHOBICHHS BOJY 3 BUIUICHHSIM
BOJIHIO, @ Ha aHOJ1 — OKMCHEHHS BOJIM 3 BUAUICHHIM KHCHIO.

VY kucnux eNeKkTpolliTax Ha OCHOBI Cyib(paTHOT abo0 XIJIOPHUIHOI KHCIOTH
MIPOXONATH TaKi €IEKTPOXIMIUHI peaKIlii:

Ha KaToxl:
2H50* + 2e = Hy + 2H;0, Po oo =0000B (46.1)

Ha aHOMI:
1
3H:0— 2e = 502+ 2H:0", (ﬂﬂzo,oz,H30+ =1,229B (46.2),

CyMapHa peaxilis npouecy:

121



1
HO = H> +§ 0, (00 =1,229B (4.6.3).

VY nyxuux enexkrponitax Ha ocHoBl KOH a6o NaOH BinOyBaroThCsi HacTyIHI
EJIEKTPOXIMIUHI peaKIlii:

Ha KaTo/Il:

2Ho0 + 2e = Hy + 20H, Paom, =—0,828B  (4.6.4)

Ha aHO/II:
1
20H — 2e= > O, + H>0, (DSZ,OH- =0,401B (4.6.5),

CyMapHa peaxiis:

1
H,0 =2+ -0 @, =1,229B (4.6.6).
PiBHOBaXHUIA MOTEHIIIAN peakilii BUAUICHHS BOIHIO 3 KHCJIMX PO3YHHIB
2H30" + 2e = H, + 2H,0 (4.6.7),
a TaKOX 3 JIY)KHUX PO3UYHHIB:
2H,0 + 2e = H, + 20H (4.6.8),
PO3pPaxoOBYETHCS 3 PIBHSHHSIM:
RT
(DpK = O, OOO + (2, 303?j Ig aH2 =
RT RT 4.6.9).
:(2,303?j P, —(2,303?)9 P (4.6.9)

PiBHOBaXHUI TTOTEHIIIA)I BUAUICHHS KHCHIO B KHCJIIOMY 1 JIY’)KHOMY CEPEIOBHINAX

mpu 25 °C nist peaxiii:

6H20 — 4e = 4H30" O, (4.6.10),
40H — 4e = Oz + 2H0 (4.6.11),
PO3paxOBY€ETHCS 3 PIBHSHHSIM:
u RT RT R,
oo =1 299—(2,303?j pH —(2,303 I jlg 2 4612)

H,
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Komu @ 0 :1, pH2 = p02 =0,1M/1a
ExcriepumeHTanbHO MIATBEPKEHO, IO HpU 3MIHI  CHIBBIIHOLIEHHS

szo/ Ph, Bin 1 10 0,1 a6o Bin 1 1o 100 3HauCHHS @ 3MIHIOETHCS HA BETMUUHY

0,126 B.

0
Hamipyra posknany Boau (mipu 25 °C Py = 1,229B ) 3aJICKUTh BiJl TEMIIepaTypu

1 pO3paxoOBY€THCA 3 PIBHSIHHSIM:

P 2F 2-96,5

4.6.13),
:Lﬂ(d(pf’/dt):l,zzge (4649
0,239zF
ne AG’ 3MiHa BUIbHOI eHeprii [100ca 3a Temneparypu 298 K, piBHa

237,36 xJIx/monb; Q — Temnosmit edexr peakuii, piBHMA 285,838 kJ[x/Monb 3a

temrnieparypu 25 °C; d(DO [dt - TEMIIEpaTypHU KOoe(IIlieHT, piBHUK -
0,00085 B/rpan; Z - 4uciao €IeKTPOHIB, MO NpHIIMae yd4acTh y peakuii; F — amcio
dapanes; T — remneparypa, K.

BukopurcToByour 3HauC€HHS IMOTEHIIAIIB BOAHEBOTO 1 KHMCHEBOTO EJICKTPOJIIB,

BU3HAYA€MO TEOPETUYHE 3HAUYCHHS HANPYTU PO3KJIa1y BOAM:

. C RT RT
o =gl — gt =1, 299+(2,303Ejlg Pw, +(2’303Ej'9 Po, (4.6.14).

Amnani3 piBasiHHS (4.6.14) n0o3BoJsi€ 3p0OUTH BIUCHOBOK, 1110 HAmpyra po3KIaay

BOJIM 3aJICKUTh TUIBKHM Bl TEMIEpPaTypu €JIEKTPOIi3y, MapiiiaJbHUX THCKIB BOIHIO

(sz) Ta KHUCHIO p02 1 He 3anexuth Bim pH enekrpomity. I3 migBHIICHHSIM

TEMIIepaTypHy MOTEHII1aJI BOJHEBOIO €JIEKTPOAY 3MEHITYEThCS.

123



4.6.2. Ilepenanpyra. PiBussnnsa Tadens

Hanpyra BuauieHHS BOJHIO 1 KHCHIO B €JEKTPOXIMIUHIA CHCTEM1 KaTOA-

EJIEKTPOIIIT-aHO/I BU3HAYAETHCA 3 PIBHSIHHSM:

0, =9 - Lo RE 1y Bo (4.6.15)
2aF Pr, 2pF Pr,0 ’

e o i f — koediuientu nepenecenns, pisui 0,5 (o + f = 1),

RT
0
o =——InK =1,229B
2aF (4.6.16),
ne K — xoncranTa pisHoBaru peaxiii:
H2(za3) = 02(2a3) = H20(2a3 abo piouna) (4.6.17).

YuM BUIIMI THCK BOIHIO, TUM OLUTBII BUCOKA HAIIpyra Ha eJICKTPoaax HeoOXiTHa
JUIS.  3IIACHEHHsI peakiii BUAUICHHS BOAHIO. BinxXuieHHs mMOTeHIiany Bij
PIBHOBaXHOTO 3HAYEHHS HA3UBAETHCSA NEPEHANpPYyror. 3HAUYCHHA TMEpeHanpyru
BUJIIEHHS BOJIHIO 1 KMCHIO (MB) Ha pi3HUX Marepiajiax Mpu MajuX 3HAYEHHSX I'YCTHHH
cTpyMy npuBezeHi B Tabmwuii 4.6.1. I3 npuBeneHnx maHux 0a4ymmo, 110 MepeHanpyra
BUJIUICHHS BOJIHIO Ha MeTajaX 3aJIeKUTh BiJl X MPUPOIX 1 IJIsT METaJiB IJIATHHOBOT
rpyny Ma€ HAMEHIIe 3HAYEHHS.

[Ipyn HaHECeHH1 HAa TOBEPXHIO 3aJI3HOTO EJICKTPOAY HIKEIEBOTO MOKPHUTTS, IO

MICTUTH CIPKY, IIEpEHAIpyra BUUJICHHS BOIHIO (77 H, )i KHCHIO (7702 ) 3MEHIITY€E€ThCS

BimmoBigHO 10 60 Ta 260 MB. [lepeHanpyra BUAIIIEHHS BOJHIO 3aJICKUTh TAKOXK BiJ
penbedy (IepxaTocTi) MOBEpXHI eeKTpoAy. st SMEHIIICHHS IepEeHANPYTH BUILICHHS
KHCHIO aHOJ] BUTOTOBJISIIOT 3 TUTAHY 1 HAIIAPOBYIOTh OKCHUJ pyTeHiro (B Tabmuii 4.6.1
el anox mo3xHaueHuit Ti-Ru).

Banexuicts 7y, Bin norapudmMy TyCTUHH CTPyMy 1 BH3HAYAETHCSA PIBHSAHHSAM

Tademns:

n, =a+blni (4.6.18),
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7€ [ — TYCTHHA MOISPU3YIOUOro CTpyMy; d i 8 — nocTiiai Tademns. ITocTiiHi piBHIHHS

(4.6.18) MmoxkHa po3paxyBatu 3a (HopMyIamMu:

a:—ﬂlnnEInH+ =
azF aF
- (2,303ﬂjln i +(2,303ﬂj oH (4.6.19).
azF akF
_RT
= —,BzF (4.6.20),

nie ip — cTpyM 0OMiHY peakiii BuineHHs BoaHIO; d i D— mocriiini.
Tabmnis 4.6.1

3HaueHHs MepeHanpyru BUAUICHHS BOIHIO Ta KucHIo (MB) mpu

J = 107 A/cm? st pisHEX MeTalliB i MaTepianis (Temnepatypa 25 °C).

leffg(ﬁ; H» )] Marepiai JIeKTpoay H> 02
Pt 0-40 250 Cu 230 250
Pd 0,2 430 Bi 400 —
Ir 2 75 Nb 400 —
Rh 30 70 Re 410 —
Au 20-620 | 530 Cd 480-800 | 430
Pt nanxa, mmer) 48 450 Sn 530-750 —
Ni + S(Fe) 60 260 Sb 600 —
Co 67 130 Pb 640 310
Fe 80-700 | 250 Co 650 —
Mo 120 — Al 700 —
Ag 150 410 Zn 700 —
Au 150 — Cr 800 —
Ta 160 — Ga 900 —
Fe (Ct-3) 190 250 Ti 970 —
W 122 — In (1,0 M HxSO4) 1350 —
Ti-Ru 50-1007 | 80 T1(0,8 M H,S04) 1450 —
Ti-Ru — 112 Hg (0,1 M HCI) 100 —
I'padur 290 520 Hg (0,05M H>S0,) 1160 —
Ni (TanbB.) 110 320 Hg (0,5 M H,SOy4 ) 1400 —
Ni (JsreryB.) 270 60 Pb(0,01-8M HCI) 1160 310
Ni (aucr) 620 80 Pb(0,5M H,S0,) 1500 —
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ocriitna D c1a6o 3anekuTh Big NpUPORN MeTaIy i 3MIHIOETHCS B MEXaX Bijl

0,03 no 0,15. BenuunHa & CHIJIBHO 3aJ€XUTh BiJ IPUPOAU METAIY 1 3MIHIOETHCS MPU
BUJIUICHH1 BOAHIO B IIUPOKOMY iHTepBai noteHuiamis Big 0,005 no 1,50 B. IIpuBeneni
B Tabmui 4.6.2 3HaYeHHs nocTiliHuX @ i D BianmosinaroTh nepenanpysi Ha MeTaniYHUX
eJIEKTPOoiax IpH rycTHHi cTpymy I = 1,0 A/em?.

Tabnuis 4.6.2.

3HaueHHsI MOCTIMHUX d 1 D BIIMOBINAIOTH MEpeHAIPyY3i HA METATIYHIX

eJIeKTPOJIaX IpM I'yCTHHI cTpymy 1= 1,0 A/cm?.

MeTran
Pt Pd Au Cu Zn Pb
€JIEKTPOoaYy
a 0.1 0.24 0.4 0.87 1.24 1.54
b 0.03 0.03 0.12 0.12 0.12 0.11

Cnovarky moctiiiny a B piBHAHHI Tadens (4.6.18) HazuBanm mnepeHaANpyror

BUJIIEHHS BOAHIO 1 ii Bu3Haummu npu | = 1,0 A/cm?. TlizHime mepeHanpyry peakuii

(77H2 ) Ha eNeKTPOMi IpH TycTuHi ctpyMy | = 102 A/cm? cranu HasuBaTH Pi3HMINO

MOTEHINaiB MDK TIOJISPU30BaHMM 1 PIBHOBAXHUM TMOTEHINianamMu (oOujBa 1o
BIJTHOIICHHIO /IO €JIEKTPOAY MOopiBHSIHHS). OMHAK 3HAYCHHS TIEPEHANPYTH BULICHHS
BOJIHIO, a TaKOX KHCHIO, BU3HAUCHI MPU HU3BKIM TYCTHHI CTPyMy, HE 3aBXKIU
BIITBOPIOIOTHCS, TOMY IMEpEHANpyry Ii€i peakilii MpOJOBXKYIOTh BU3HAYaATH TPH
ryctusi ctpymy | = 1,0 A/em?,

3a3BuYail Mpyu €NEeKTPOITI31 BOIM HAMpyTra Ha CTPYMOMIABOAAX €JIEKTpoiizepa 3a
temrieparypu < 100 °C cranoButh 2,2-2,4 B. TeopernuyHe 3Ha4YeHHS PIBHOBKHOT
Hanpyru B cuctemi Hplemekrpomit|O, MokHa po3paxyBaTtd 3a piBHSHHAM [106ca-

I'enpMmromneIa:
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(p$ =1, 229—0,00085(T —298) (4.6.21).

Po3paxyHku BUSIBUIIH, 110 3HAYEHHS (DTO s remrneparyp 323 K (50 °C); 353 K
(80 °C); 373 K (100 °C); 423 K (150 °C); 473 K (200 °C) Binmoimno pisHi 1,2077,
1,1823; 1,1653; 1,1228; 1,0803 B. OTox 13 NIJABUILICHHSIM TeMIlepaTypy piBHOBa)KHA
HAIIPyTa CHCTEMHM 3MEHNIyeThesl. 1le 00yMoBIeHO TuM, 1m0 BennuuHa AS y piBHAHHI

['i66ca-T'enpmronbiia A1t po3KiIaay BOAU MO3UTUBHA:
AG=AH -TAS (4.6.22).

I3 3pocTannsaM Temneparypu 3HadeHHs AG crae Ginbmn Big’eMHMM i piBHOBara
peakitii (4.6.4) abo (4.6.7) 3Milly€eTbCs B HANPSAMKY YTBOPEHHSI BOJAHIO 1 KMCHIO.

VY naHWid 9ac BHIUISIOTH HU3BKOTEMIIEPATYPHHU €JEKTPOJIi3 BOAHM B JIY)KHHUX
enekrponitax — 1o 373 K; cepennvoremneparypuuit — Bim 373 nmo 423 K Ta
BHUCOKOTeMIIepaTypHuid — Buie 473 K.

[3 migBUIIEHHSM TeMIlepaTypd TMpOIECy Halpyra Ha CTPYMOBIIBOAAX
esleKTporizepa (IIpH J=CONSt) CyTT€BO 3HMKYeThCsA. IIpHuoMy, UMM HUKYA TYCTHHA
CTpyMy, TUM MEHIIIA HaNpyra BCTAHOBIIOETHCS Ha EJIEKTPOII3epl 1, SK HACTIIOK,
BUTPAYAETHCSI MEHIIA KUTBKICTh €JIEKTPOCHEPTrii Ha OAWMHUIII0 MPOAYKIli (BOIHIO 1
KHCHIO).

Enexrpomnizepu, 1m0 BUKOPUCTOBYIOTHCS IS JAUCOIIAIlli BOAH, 32 KOHCTPYKIIIEIO
€JICKTPOJIIB 1 CIOCOOOM MiAKIIIOYEHHS 10 JKepesna EJICKTPUYHOI eHeprii OyBaroTh
OIMOJSIPHUMH Ta MOHOMNOJSPHUMHU. Y MOHOMOMSPHUX EJIEKTPOoIi3epax KOXKHUHN
EJIEKTPO]I TIPAITIOE OKPEMO K KaToa abo aHox. [{o mkepena enexTpuuHoi eHeprii BOHU
i1’ €MHYETHCS MapaeiabHO. Y OIMOISPHUX €JIEKTPoIi3epax Hampyra MmigBOAUTHCS 10
KpalHIX eJeKTPOAIB — KAaTody Ta aHOMYy, a €JICKTPUYHUU KOHTAKT 13 €IeKTpOoJaMu
PO3MIIIICHUMHU MK HUMH 3a0€3MeuyeThes yepe3 enekTpoiiT. CTopoHa, moBepHyTa 10
KaTofy, CTa€ aHOJOM, JO aHOAY — KarofoM. ['a3m, M0 BUAUIAIOTHCS HA €JIEKTPOJax
PO3AUIAIOTECS  TUTBKK  AladparMoro, TOMY TakKi €JIEKTPOJi3eph HaA3HBAIOTHCA
niadparMeHHAMH.

CyuacHi enektpoiizepu (YHKIIOHYIOTh IMiJi TUCKOM BUIJIEHUX Ta3iB, SKUN
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ONMM3BbKUI 0 aTMOC(EPHOTo, a TAKOXK MiJ] BUCOKMM THUCKOM, 110 aocsrae 1,0-4,0 Mmna
(10-40 atm). TIpoayKTHBHICTH MPOMHUCIOBHX €ICKTPOJII3EpiB IOAO0 BOIHIO MOXKE
cranoutu 300-500 M3/roz.

KinbkicTh BOJHIO, OlepKaHa €IEeKTPOII30M BOIHM 1 MapH, CKIagae TUbKUA ~ 3 %
B1JI 3arajibHO1 KUTBKOCT1 BOJIHIO, 1110 BUPOOJISETHCS 3 BUKOPUCTAHHSM 1HIIIUX METOIIB.
OcHoBHY KinbKicTh BomHIO (80 %) OTpUMYIOTH 13 BYINIEBOJHEBOi CHPOBHHU —
napo¢a3Hor KOHBEPCIEIO 1 TEPMOXIMIUYHUM PO3KIAA0M MPUPOTHOTO Ta3y.

BupoOHunTBO BOAHIO B CBITI B mepimomMy aecaTWiiTri XXI cTomirTrs nocsrio
2:10° Ton. BosieHb BUKOPUCTOBYIOTh y BUPOOHHITBI aMiaKy, METaHOIY, CHHTETHYHOTO
najauBa, TIIPOTeHI30BaHUX KHUPIB Ta IHIIUX XIMIYHMX cronyk. [Ipubnuzno 50 %
OJIEP’)KaHOTO BOJHIO BUTpAua€ThCsA MpH cuHTE31 amiaky, a 30 % y BUPOOHHUIITBI
HITPATHOT KUCIIOTH.

[Ipu B3aemoxii BOAHIO 3 KMCHEM Ha OJWHUII0O Macu BUIUISEThCS B 3,5 pasu
OlUIbIIE TETIOBOT €HEprii, HK MPH 3rOpaHHI OPraHIYHOTO MajuBa (MPUPOAHOTO rasy,
HaTH, BYT1ILIA).

HayxkoBI1i BBaXarTh, 110 B TpeTbomy aecsatupiudi XXI ct. 1o 20 % oxepkaHoro
BOJHIO Oy/Jie BUKOPHUCTOBYBATHUCS SIK €HEPI€TUYHE MAJMBO B CUCTEMAX 13 aBTOHOMHUM

eHepr03a6e3nequH;IM.

4.7. OnepxaHHSI BaKKOI BOAH

Baxxka Boga DO BHKOPUCTOBYETHCS SIK YIMOBLIBHIOBAY HEHUTPOHIB B ATOMHHX
peakrtopax. 3a (i3UKO-XIMIYHUMHU TOKa3HUKAMH BOHA CYTTE€BO BIIPIZHSAETHCS BiX
3BUYaiiHOi Bogu. Tak monekynspHa maca DO pisaa 20,09 at.om., Temmeparypa
xuminasg 101,43 °C (mpu tucky 9,81-10*I1a), Temneparypa nnasnenns 3,81 °C, ryctuna
npu Ttemmneparypi 25°C 1,104 r-cm®, TemnoTa BUIApOByBaHHA NpPH 3a3HAYEHil
temneparypi 45,46:10% Ix-mons™. V 3Buuaiiniii mporiesiii Bomi (H2%0) macoswuii
BMICT Bakkoi Boau ckiamae 0,005-0,02 %.

[Tpu enexrponizi Bogum monekynun HyO 1 DO ngucomiroroTh i3 pi3zHUMH

IIBUJIKOCTSAMH, TOMY €JIEKTPOJIIT 30arauyeThCsl BaXKKOI0 BoJ010. Lle BiiOyBaeThCs TOMY,
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110 PIBHOBAXHUM MOTEHIIA] MPU BUAUICHHI AEUTEpi0 OUIbLI €IeKTPOBLA’ €MHIIINM,
HDK OpH BUAUICHHI MPOTIIO, a NEpeHanpyra B peakilisix BIJHOBICHHS BHILA JUJIS
nenTepito. Y BOJHI, 110 OCPKYETHCS IIPU €IEKTPOITi31 BOAU, BMICT JEHTEP1I0 MEHILIUM,
HDK Y BUX1AHIM Bo/1. Po3moain qedTepiro Mixk ra3oM i eJIeKTPOJIITOM XapaKTepU3yeThCs
Koe(IiLIEHTOM PO3AUIECHHS .
Ha craneBomy katoji 3 enexkTpositoM, 1o Mictuth 15-85 % KOH, koediiieHT
PO3/UIEHHS 3MIHIOETHCS B 3aJIEKHOCTI B1J] TEMIIEPATYPH, 1110 ITOKa3aHo B Tabauii 4.7.1.:
Tabnus 4.7.1.
3aJIeKHICTh KOe(IIEHTY PO3UICHHS Bl TEMIEpAaTypyu Ha CTajeBOMY Karoi 3
€JICKTPOJIITOM TIPH €JIEKTPOIIi31 BOMIH.
T, °C -19 1 25 50 97
o 17,5 14,2 10,6 8,6 5,8

Enexrponi3z nmpupoaHoi BOAM B MEPIOJUYHOMY TPOIIECi JIO3BOJISIE OJCP)KAaTH B
EJIEKTPOIIITI BaXKy BOMY J0001 KoHueHTpamii. Ha orpumanns 1 r Baxkkoi Boau 3
KOHIIEHTpaLli€t0 OCHOBHOI peuoBuHU 99,8 % HeoOx1aHO BUTpaTtuTu 100 KT pUpOIHOT
Bonu. [Ipu 1boMy B TOTOBUH MPOAYKT Mepei e auie 5 % aeiTepiro BiJ HOro KITbKOCTI
y BUXiHIN Boai. Permra geiitepito BHHOCHUTHCS Pa3oM i3 BOTHEM.

VY nepionuuHOMY MPOIIEC] BMICT BOXKKOi BOAM B €JIEKTPOJITI, a JEUTEPII0 y BOMIHI,
II0 BUHOCUTHCS 3 €JEKTPOIIi3epy, MOCTYIMOBO 3pOCTAIOTh 1 HACTYIIA€ MOMEHT, KOJIU
BITHOCHHMI BMICT JEUTEPil0 Y BOAHI CTa€e OUIBII BUCOKMM HIK Y MPUPOAHIN Bomi. 3a
TaKMX YMOB €KOHOMIYHO BUTIIHO HAmpaBUTH 30aradeHuil BOAEHb Y TEXHOJIOTTUHHMA
mporiec.

Jlist mpomucnioBoro BupoOHuITBa D20 BUKOPUCTOBYETHCSA HENIEPEPBHHUI MTPOIIEC,
B SIKOMY €HEPTeTUYH1 BUTPATH HA OJICp>KaHHS Ba)KKO1 BOJIM MEHIII HIXK B TIEPIOUYHOMY.
Po3poOneni pi3HiI BapiaHTH HEMEPEPBHOTO TEXHOJOTIYHOTO TMporecy. B Hux sk
JIOTIOBHEHHS JI0 €IIEKTPOJIi3y BUKOPHUCTOBYIOTH 1HIII (Pi3UKO-XIMIYHI SIBUIIA, SIKi TafOTh
MOJKJTUBICTH TMIOBEPHYTH B MPOIIEC BOJICHb 30arayeHuil IeUTepieMm.

JI714 11bOro BUKOPUCTOBYIOTh:
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1. Katanituynuil 130TOMHUI OOMIH. ¥ 1IbOMY SIBUIII NIPU KOHTAKTyBaHHI mapu
BOJM 3 BOJHEM, SIKUW MICTUTH MIJBUILECHY KUIBKICTh JEUTEPII0, TOCIIIIOBHO
MPOBOJSATH HACTYIHI peaKIlii:

H>O + HD = HDO + H, (4.7.2),

2HDO =D20 + H20 (4.7.2).

2. ®dazoBuii 130TONMHUI OOMIH. Y AaHOMY CMOCOO1 MPU KOHTAKT1 PiIKO1 BOAM 3
BOJIHEM, SIKUW MICTUTb JeHTEPii, Bi1OyBa€ThCS peaKiis:

H>O + HD = HDO + H, (4.7.3).

PiBHoBara B 1iii peakilii 3minieHa BopaBo. Ha ocHOBI 1i€i peakiii B

OPOTUIIOTOKOBOMY MpoIlecl JedTepiil 13 ra3oBoi (a3u HemepepBHO

NEPEBOJUTHCA B PIAKY (asy.
3. CnamtoBanHsa BOAHIO. CTEXIOMETPUYHY CYMIII BOJHIO, ACHTEPI0 Ta KUCHIO
CHIAJIIOIOTh y PEKyIepaliiiHii nedi, a yTBOpeHy Boay, 30aradeHy JeuTepieM,

MO/IA0Th B €JICKTPOJIi3ep OUIBII PaHHBOI CTAI1l TEXHOJOTTYHOTO TPOIIECY.

Ha cyyacHux BUpOOHMIITBaX Ba)XKOi BOAM BHUKOPHUCTOBYIOTHCS IIPOLIECH
€JICKTPOJII3Y, peKyIepallii, KaTaJiTUYHOTO 130TOIMHOrO0 OOMiHY, (pa30BOTO 130TOIHOTO
oOminy. B HalOUTBII MpOCTiM TEXHONOTIi 3aCTOCOBYIOTh KacKaj EJICKTPOJi3epiB 1
nevei s pexynepairii raziB. [Ipu Takiif cxemi B KOOKHOMY HACTYITHOMY €JIEKTpoITi3epi
KacKkaay B €JICKTPOJITI MIATPUMYETHCS MOCTIMHA KOHIICHTpAIlisd BaXKKO1 BOIH, OHAK
OUTBIII BUCOKA HIK B MONEPEAHLOMY eJIeKTpodiizepi. [lepmmii exexkrposnizep KUBUTHCS
MPUPOIHOIO BoJ0r0. HacTymHwMit 32 HUM — BO/IOI0, 30aradeHor0 AeiTepieM Ha TepIIii
cTazii Kackamy, 1 Tak nainbiine. OCKUTBKH 00’ €M €JIEKTPOIITY B €IEKTPOIi3epax, B Mipy
iX BIJJaJCHHsS BiJ TMEPIIOro, 3MEHIIYETHCS, TOMY IEpelaBaTh caM EIEKTPONIT 13
eJICKTpOJIi3epa B €IEKTPOIi3ep HEMOXKINBO. 30aradeHa BoJia MOAAETHCSA B HACTYITHUI
SJIEKTPOITI3Ep Y BUTIISAI CKOHJEHCOBAHOI MapH, MO0 BUHOCUTHCSA 3 €IEKTPOIIZHUMHU
ra3aMu 3 TMOTMEPETHBOTO EJIEKTPOoTi3epa.

30araueHa Bojia MOIA€THCS B HACTYITHUN €JIEKTPOITI3ep y BUTTIS I CKOHICHCOBAHO1
Mapw, 10 BUHOCUTHCS 3 €IEKTPOTI3HIMH Ta3aMu 3 MOMEPETHBOTO EIEKTPOITi3epa.

Cryninp 30aradeHHsi BOAM JEUTEpPIEM B KOXKHOMY €JEKTpOIi3epl Kackamy
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3aJIEKUTH B1J1 CIIBBITHOIIEHHS MIXK BEJIMYMHOIO €JIEKTPOJII3HOIO CTPYMY 1 MAaCO0 BOJIH,
[0 TOJA€ThCs Ha enekTponid. Boma, oxepikana micis pekymeparii 1 30arauyeHHs
JeNTepieM, MOA€THCS HA KUBJICHHS MONEPEAHBOIO eJeKTpoiizepa. BukopuctoByroun
TaKy CXE€MY BIA€ThCS MEPEBECTU y BaKKy Boay 25-40 % nelrtepito, 110 MICTUBCS B

BUXIIHII BOII.

KusunsHaa Bona
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Puc. 4.7.1. Texnonoriuaa cxema ofiep>KaHHs Ba)KKOT BOAM 3 BUKOPUCTAHHIM

KacKaJly eJICKTPOIII3epiB Ta anapariB KaTAIITHYHOTO 130TOMHOTO 00MiHy: W —
CJICKTPOITI3ePH, KUTBKICTh SKUX B KaCKaJi CKJIaJia€ N OMUHMILL; S — arapaTu
KaTaJIITUYHOTO 130TOMHOI0 0OMIHY 3 KOHAeHcaTopamu; V — BUTIAPHUKHU

[Toeqnyroun eneKkTposii3 13 MpollecaMH 130TOIMHOTO OOMiHY, MOKHA OTPUMATH
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TEXHOJIOTTYH1 CXEMH, SIK1 3 EHEPIeTUYHOI1 CTOPOHU, OUIBII BUTIAHINIL, HIXK €IEKTPOIi3
B KacKa/ll eJIEKTPOIII3epiB 13 peKymnepalliero BoaH0. B ganux cxemax ctajis KIHIIEBOTO
KOHILIEHTPYBaHHS BaXXKO1 BOAM MPOXOAHUTH B €ICKTPOIIi3epi, 3 IKUM 3B’ SI3aHUN KacKa
amapariB JJig KaTaJITUYHOTO 130TOMHOTO OOMiHY. B HBOTO Jisl JKUBJICHHS MOJAIOTh
BOJly 3 BHCOKMM BMICTOM JEHTEpil0 3 OCTAaHHBOIO amapary kackagy. Bonenp i3
eJIEKTpoIIi3epa MOCIIA0BHO MPOXOAUTH Yepe3 BCl amapard 130TOMHOTO OOMiHY 1 B
KO’KHOMY 3 HHMX BIJJIa€ YaCTUHY JIEUTEPIIO Mapl BOJM, SIKA MICHS I[bOTO KOHAECHCYETHCS
1 MOCTyIae Ha YXKUBJICHHS HACTYITHOTO EJEKTpoJi3epa B Kackadi. SIKIIO TOMOBHUTH
TEXHOJIOTIYHY CXeMYy araparamu ajisi (ha30Boro 0OMiHY, TO MOKHA 3MEHIIIUTH BUTPATH
TETUTOBOI €HEeprii Ha BUNIApPOBYBaHHS BOJIH.

Ha mnouarkoBiii cTajili eneKTposiily BHKOPUCTOBYIOTh 3BHMYalHI OIMONSpHI
CJNIEKTpONI3epy Il  Ofep>KaHHA BOAHIO Ta KucHIO. Ha cramii KiHIEBOTrO
KOHILIGHTPYBaHHS ~ 3aCTOCOBYIOTH ~ MajorabapuTHI  €JIEKTPOJI3epH  CHEiaJbHOT
KoHCTpYKIIli. KomOiHOBaHM# mporiec (Ha3oBoro i KaTaaiTUYHOTO 130TOMMHOTO OOMIHY
IPOXOAUTH B TAPLIBYACTUX KOJOHAX 13 KoBIMauykamu. OuH 13 BapiaHTIB TEXHOJIOTTYHOT

CXEMHU OJIep>KaHHs BaXKKOi BOJW HaBeJAeHUM Ha puc. 4.7.1.

4.8. BUpOOHUIITBO HATPIiIO TiIPOKCUY, XJI0PY i BOAHIO €JIEKTPOJIi30M
PO3UMHY HATPIIO XJIOPUIY

4.8.1. EnekTpoJii3 po3unHy HATPil0 XJOPUIY

Y MHHYITI pOKH, HEOOXITHI ISl XIMIYHOT MpoMHucIoBocTi KaycTraHy comy (NaOH)
Ta XJIOP OICP>KYBaJIM TOJIOBHIUM YHHOM €JIEKTPOJII30M BOAHUX PO3YMHIB KyXOHHOT COJTI.
Icaytots Tpu Tumm pomosuin NaCl — BukomHa cins (99 % 3amaciB), coneHi o3epa 3
JTOHHUMH BIIKIAISHHIMHU camoocamkyrodoi coii (0,77 %), Ta mia3eMHi po3CoiH
(peurra).

Kpucraniana cine mis oxepkanast NaOH moBuaHA MicTuTH He MeHIne 97,5 %
NaCl. IIkigmmBo BIUIMBAIOTh HA MPOIEC €JICKTPOJI3Y JOMIIIKH KaTiOHIB KaJIbIIifO,
MarHito, a Takox aHioHn SO4%".

Enexkrponiz posumny NaCl BeayTe B elekTpoiizepax 3 TBEPAMM KaTOIOM

132



(madparmoBuit MeTo BUpOOHHUIITBA) 200 3 PIAKUM PTYTHUM KaToAOM (PTYTHUI METO.
BUPOOHHUIITBA).

B aHomHuii mpoctip aAiagparMoBOro enekTposizepa Oe3nepepBHO MOJAIOTH
HACHUYCHUH PpO3YMH KyXOHHOI comi (ouumnenuid poscin). Ha awmomi amionm CI
OKHCHIOWThCS 1 Buauisierbest Clp, Ha karomi, B pe3ynbrari BiIHOBICHHS BOIH,
YTBOPIOIOTBCS MOJEKYJASpHUM BoaeHb Ta karionn OH®, a B npukaromHiil 30HI
€JICKTPOJIIT 30arauyy€eThCs T1IAPOKCUIOM HATPIIO.

Po3unn 13 mpukarogHoi 3omu, mo wMictuth NaOH Tta NaCl nemepepBHO
BUBOJIUTHCS 3 €JIEKTpoJi3epa. Y HACTYIHOMY MpPOIECi HOro ynaprowTh 1 JIOBOIASATH
Bmict NaOH B mponykri 1o 42-50 %. 3a Takux ymMoB XJIOpHJ Harpito Ta cyiabdar
HaTPi10, BHACIIOK 3POCTaHHS KOHIICHTpAIlii T1IPOKCU/IY HATPIil0, BUMAIAIOTh B OCA/I.
Bunydeny 3 po3unHy KpUCTaJl4Hy KYXOHHY CUIb OYMIIAIOTH BiJ Cyiab(aTy HaTpiio 1
3HOBY BUKOPUCTOBYIOTH B €JIEKTPOXIMIYHOMY IPOIIECI.

OpnepxaHuil XJ0p BIIIUISIOTH BiJl NApy BOAM 1 HAMpPaBISIOTH TPYOOIPOBOAOM
CIIOKMBaYy a00 3P1IKYIOTh.

[Tapy BOAM 3 BOAHIO BUJIY4YalOTh BUMOPOKYBAHHAM a0O0 KOHTAKTYBAaHHSM 13
KOHIIEHTPOBAHOIO CYJIb(AaTHOIO KHCIOTOIO.

B enextpomizepi 3 TBepAUM KaTOIOM BiOYyBalOTHCS HACTYITHI PEaKITii:

B JIEKTPOIIITI

NaCl <> Na* + CI" (4.8.1),

Ha aHO/Il
2CI - 2e =Cl, (4.8.2),

Ha KaTo[i
2H* + 2e = H> (4.8.3),
2H,0 + 2e <> Hy + 2 OH- (4.8.4),

B €JICKTPOIITI

Na* + OH" <~ NaOH (4.8.5).

Ha puc. 4.8.1 mnoka3aHa KOHCTPYKIiS Jia)parMEHHOTO e€JEeKTpoii3epa 3

rpadgiToBUMH aHogaMu. A30ecToBl AladparMu B €IEKTPOIII3epl PO3AUIIOITH HOTO

133



00’eM Ha aHonHi (3) Ta karoaHi 4) kamepu. CraneBi neppopoBaHi INIACTUHH, HA SIKUX
YTPUMYIOThCS JladparMu, BUKOHYIOTh poJib KaTtoAiB. [lopucti niagparmu Ha moBepxHi
KaToZIB po3TalloBaHi 31 CTOpoHM aHoAIB. CBXKMHA po3ciT 3 aHOIHOI KaMmepu
TIPOCOUYEThCA Uepes Aiadparmy B KaToaHy KaMepy. Foro moiady perymrorTh Tak, Mmoo

EJIEKTPOJIIT B AHOAHIM KaMepi (aHOJMIT) MOBHICTIO EPEKPUBAB aHOIM 1 Aladparmy.

Xnop Poscin
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Puc. 4.8.1. Koncrpykiis niadparmMeHHoro eiaekrpoiisepa: 1 — rpaditosi anoau,
2 — cTaJIbHI KaTo/IM 3 HalllapOBaHUMU MeMOpaHaMu, 3 — aHOJTHUM MPOCTIp, 4 —
KaTOJTHUM MPOCTIP
B cywacHux enektpomizepax BuHXim 3a cTpymMoM peakiii yrBopeHHs NaOH
ctaHoBUTh 96 %. [1o0iuHi peakiiii MPUBOASTH 10 3HAYHUX CHEPreTHYHUX BTpar. Tak
BHJIUJICHHI Ha aHOJI1 XJIOP YaCTKOBO PO3YMHSETHCS B aHOMNITI. [Ipn 11boMy BinOyBaeThCs
000pOTHA peaKIlis TIAPOIIIZY XJIOPY, pIBHOBAra SKOi 3Mill[eHa BITIBO:

Cl, + H,O <« HCI + HCIO (4.8.6).

[Tpu mepexomi aHOMITY B KaTOJHY KaMepy YTBOPEHI KHUCIOTH HEHTPai3yIOThCS

JyTOM, BHACTIJIOK 4OTO po3unHeHu xitop BuTpadaetbes Ha yrBopeHHs NaCl i NaOCI:

Cl; + 2NaOH < NaCl + NaCIlO + H,0 (4.8.7).
XJIOpHYBaTHCTa KHCIIOTa AUCOIIIO€, YTBOPIOIOUHU B po3urHi aHionn ClO:
HCIO + OH" « CIO" + H.0 (4.8.8).
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HasiBHICTB aH10HIB MIIOXJOPUTY TPU3BOAUTH J0 ABOX HE3BOPOTHHX MPOIIECIB, SIKI
3HIDKYIOTh BUXIJ 3a CTPyMOM. Y MepIIOMYy Mpoleci Ha aHonAl BiAOyBaeThCs
enekrpoximiune okucHeHHs katioHy ClO™ no ClO3™:

6CIO" + 3H20 - 6e «> 2CIOs + 4Cl" + 1,50, + 6H™  (4.8.9).

Buacninok apyroro mpoiiecy B 00’€Mi aHOJITY MPOXOAUTh XIMIYHE OKHCHEHHS

kariony ClO™3a peakiiieto:
2HCIO + CIO = CIO3 + 2CI" + 2H" (4.8.10).
3Ha4YH1 BUTPATU CTPYMY B Jia)parMEHHOMY €JIEKTpOdi3epl MOB’s3aHI TAKOXK 3

BUJIJICHHSIM Ha aHOJ1 KUCHIO 3a PeaKI[iIMHU:

1

H,0 - 2e = 5 Oy + 2H" (4.8.11),
1

20H - 2e = > O, + H0 (4.8.12).

[TapanenbHO 3 BUAUICHHSM KUCHIO BITOYBA€ThCSI OKUCHEHHS rpadity:
C+0,=C0O; (4.8.13).
B enexTponizepax, mo QpyHKIIOHYIOTh IpH rycTHHi cTpymy 700 A-m2 niadpparmy
MiHAI0TH 1 pa3 y micsup, a npu ryctuHi crpymy 1000 A-M™2 — 1Ba pasu B MicAIlb.
Hampyra na enmekTpomax mig dYac poOOTH elekTpoiizepa ckimamae 3,4-3,8 B.
EnexrpoximMiuauii mporec 3MiiCHIOITh 3a Temneparypu 94-97 °C. ¥V posuuHi, 110

BUIIy4aeThesl 3 eekTponizepa mictuthest 110-120 r-mitp? NaOH ta 170-180 r-mitp™

NacCl.

4.8.2. HoH0o0OMiHHMIi METO O/IepKAHHS HATPIIO TIPOKCHIY Ta XJI0pPY

Yucry kayctuuny comy, He 3a0pymHeHy NaCl, onepxymTh 3 JI0MOMOTOIO
CJIEKTPONI3EpiB B SIKAX 3aMICTh TPOHUKHOI giadparMu BUKOPHUCTOBYIOTHCS
HoHOOOMIHHI MemOpanu. C(Cxema TpOIECy ENEeKTPONi3y 3 BHKOPUCTAHHSIM
HOHOOOMIHHOT MEMOpaHHu MoKa3aHa Ha puc. 4.7.2.

CyTp MeToNly moJiirae B TOMY, IO MpU POOOTI €JIeKTposizepa MOHOOOMIHHA
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MeMOpaHa MpoIycKae MOHU HATPIIO 3 aHOJHOTO MPOCTOPY B KAaTOAHMM 1 HE JO3BOJISIE
TyIH IPOHUKHYTU HOHAaM XJI0pY. 3a0HO BOHA He npomyckae OH ™ - aHI0HM 3 KaTOAHOTO
[IPOCTOPY B AHOIHUMU.

VY mnporeci pobOTH €NEeKTpoii3epa B aHOIHY Kamepy MOJal0Th OUMIICHHH 1
HiJAKHUCIEHUI XJIOPHAHOI KHUCIOTOK po3cin i3 koHueHTtpauicto 305-320 r-nirp™t. Ha
aHOJIl aHIOHU XJIOPY OKHUCHIOIOTHCS 1 BUAUIAETHCA MOJEKYIApHUN Xjop. B karonny
KaMepy MOCTYIa€ YicTa Boja 1 Ha TBEPIOMY KaTo/1 TPOXOAUTH PEaKIis ii BiTHOBICHHS
3 YTBOPEHHSIM MOJIEKYISIpHOTO BoAHIO Ta aHioHiB OH". [3-3a 1poro BogHe cepeoBuiie
Hacuuyetbcss NaOH. Otox HOHOOOMIHHUN €NeKTpoJizep Mpalloe Tak, AK 1
niadparMeHHUM, JHIIE 3 TI€I0 BIAMIHHICTIO, IO B MPUKATOAHINA 30HI YTBOPIOETHCS

yuctuit ayr 6e3 gomimku NaCl.

Cl, MeMOpaHa H,
T — T
n CI / OH" _
+ —
Na " <R
—
Po3uun NaCl H,O
(305-320 r-nitpt)
Po3unn NaCl Po3unn NaOH
(180-200 r-mitp) (400-500 r-mitp?)

Puc. 4.8.2 . Cxema enexTposizy KyXOHHOI COJli HOHOOOMIHHUM METOIOM

Memb6pany a1t HOHOOOMIHHOTO TIpoIIecy BIiepiie po3poduia ¢gipma «/lromon» i3
MOJTIMEPY Ha OCHOBI epPTOPCYIbPOKUCIOTH 3 TOProBoro Ha3Bor «Hadion».
Ha BigMiHy Bij IHIIUX TEXHOJIOT1H HOHOOOMIHHMIA METOJT I03BOJISE OTPUMYBATH

XJIOp HE 3a0pyAHEHUN BOAHEM.
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[3 aHOmHOTO MPOCTOPY BiABOAATH Xjop 1 po3BeneHuit po3umn NaCl (180-
200 r-rh), a 3 karogHOrO — BoteHsb i po3urn NaOH 3 xonnentpauiero 400-500 -,

Sk kaTox B €NEeKTpoJii3epax JaHOi KOHCTPYKIII BUKOPUCTOBYETHCS HIKENb a0o
CTajb 13 HAHECEHUM aKTHMBHUM HIKEJIEBUM MOKPUTTAM (Hikenb Penes, neroBanuii Fe,
Cr, Mo). AHOZIOM CITy’)KMTh TUTaHOBA Nep(OpOBaHa MJIACTUHA 3 MOKPUTTIM Ha OCHOBI
okcuay pyTteHito. Tepmin poboTu aHoay ckiagae 7-9 pokis.

Enextponi3 po3urHy KyxOHHOI coui BeayTh ripu Temneparypi 70-90 °C. Butpara
enexkrtpoeHeprii Ha onepxkanHs 1 T NaOH cranoButes 2200 xBtTox. Cymaphi
eJeKTpo3aTrpaTd B MeMOpaHHOMY MeToni Ha 25-40 % HWXK4Yl, HDK y TpaguLIMHUX
TEXHOJIOT15IX.

CupoBUHOIO UIsi MEMOPAHHOTO METOAY OJEpXkaHHS JYry Ta XJIOPY CIy»KaTh

TBep/a KyXOHHA CUJIb, COJIsTHA pora, 000POTHA CLTb, TPUPOHI PO3COJIH.

4.9. Onep:xaHHsi MeTAJiB MeTOAAMM TiIPoeIeKTPOMeTATYPTil

4.9.1. TexHoI0TiYHi aCNEKTH riIpoeeKTPoOMeTaTyprii

[Ipouiec enexTpomizy cojed MeTaly, OIepKaHUX TiIpOMeTaTypriiHuM
croco0oM, BeIyTh B €IEKTPOJIi3epax i3 HEpO3UUMHHUM aHoJoM. [Ipu bomMy Ha Katofi
OCaKYETHCSI YUCTUN METaJ, a Ha aHOJ1 PETeHEPYETHCS KUCTIOTA, SIKY HAIPABISAIOTh Ha
CTaJIit0 PO3UMHEHHS pyau. [Ipu enekTpomizi XJopuI1iB METajliB Ha aHOJI BUIALISETHCS
XJIOpP, KU TEX BUKOPUCTOBYIOTH JJISi OACP)KAHHS BOIOPO3YMHHUX COJIEH METaliB.
Takuii croci6 3a1iCHEHHSI €IEKTPOJII3Y Ha3UBAETHCS CICKTPOCKCTPAKITIEI0 METAIIB.

TexHomorii omepxaHHS MeTadiB, B SKHX BHKOPUCTOBYIOCS TMPOIECH
riIpoMeTanyprii, EJIEKTPOCKCTPAKIIIT Ta eNeKTpopadiHyBaHHS, €
T1IPOENEeKTPOMETATYpPTriftHUMHU.

VY mporeci enexTpoximMigHOro padiHyBaHHS, BHACTIIOK aHOTHOTO PO3UYMHEHHS
YOPHOBOTO METaly, B PO3YMH OyAyTh MEPEXOIUTH Pa3OM i3 KaTiOHAMH OCHOBHOTO
MeTally KaTiOHM OUTBII eNEeKTPOBiA’ €EMHOTO JOMIIMIKOBOTO MeTany. Jlomimku 3
€JIEKTPONO3UTUBHUM TMOTEHIIAJIOM HE PO3UYHMHSIOTHCS B EJIEKTPOJNITI, TOMY BOHU

0CaJIKYIOThCA HA JIH1 €JIEKTPOJII3EPY Y BUIVIAL LILIaMY.
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Ha karomi mnpoxoauTh BIAHOBICHHS KaTiOHIB 3 HAWMEHIIHMM BiJ’ €MHUM
MOTEHLIAJIOM. Y 3B’A3KY 3 LIUM, SIKIL[O 3 aHOJLy B PO3YUH Pa30M 3 KaTiOHaMHU OCHOBHOTO
MeTaly IeperIuIi KaTiOHW JIOMIITKOBUX METaJliB 13 OUIbII BiJi’€MHUM MOTEHI[IATIOM,
TO Ha KaTof1 OyJe 0caJKyBaTHCs TUIbKU OCHOBHHUI MeTal.

Y  OutbmiocTi  BUIAAKIB  MpOLECH  eneKkTpopadiHyBaHHS  BEIyTh Y
6e3niadpparMoBUX eNekTpoizepax. Y TUX BUMAAKAX, KOJIU MPU aHOAHOMY PO3YHMHEHH1
YOPHOBOI'O METally, HApPUKIAJ, cpibiia OCaIKEHHUH II1JIJaM YAaCTKOBO PO3UMHSIETHCS 1

3a0py/IHIOE OCHOBHUM METaJl, €JIEKTPOII3 BEAYTh 13 BUKOPUCTAHHSIM JAiapparmu.

4.9.2. EnexTpoJizHnii MeTo] BUPOOHMITBA AJIOMIiHIiI0

3MeIeBNIeHHs] aJIOMIHIIO Ta WOro HIMPOKE BUKOPUCTAHHS BIAOYJIOCS IMICTsS
3aMpoOBaJPKEHHS €JIEKTPOJII3HOTO METOAY HMOro BHpOOHUIITBA. Brepiie nanuii MeTon
3acrocyBanu y 1886 pori maitke onnodacHo Epy B @pannii ta Xomn y CIIA. Cytb
METOAY TOJISATaE B €JICKTPOJi3i adrOMIiHIM OKCHIY, PO3YMHEHOTO B PO3IUIABICHOMY
kpiomiTi. IIpomec BemyTh y Takuii crociO, 106 anroMiHIA OcaKyBaBCs B HIKHIN
YaCTUHI €JIEKTPOJIi3epy Ha KaToii, BUTOTOBJIEHOTO 13 MOMOBHX rpadiToBUX OJIOKIB.
I'padiToBuii aHO PO3MINITYIOTH Ha MEBHINA BUCOT1 Ha/I TOBEPXHEIO KATOMTY.

Kpionit NasAlFs Bwmimye 25 mon. % AlF; 1 mmaButhes mpu TeMmmeparypi
1008,5 °C. Ilpu po3unnenHi B kpiomiti 10 20 moi. % aroMiHiil OKCUAY TemrepaTrypa
po3miaBy 3HIKYyeThes 10 960 °C. Yeenenns B enekrpouit gooaBok CaF,, MgF;, NaCl,
BaCl, abo LiF Ttex cmnpusie 3HIKCHHIO HOro TemIeparypu ILiaBieHHs. Jlims
3ano0iranHs 3a0pydHEHHS aIOMIHII0 1 aHOAHUX Ta3iB HeOKaHMMHU JOMIITKAMH,
KaTioHH 71006aBOK MOBHMHHI OyTH OLIBII eleKTpoBia eMHimuMu Hixx AP, a anionu —
OinbII no3uTHBHIIUME 32 O,

VY po3miiaBi €NeKTPOIITY, IO MICTUTH KPIOJIT 1 TIIMHO3EM, TEPIINA KOMIIOHEHT
noBHicTIO Aucomitoe Ha iioan Na‘*ra AlF¢>, a mIMHO3eM — YaCcTKOBO 3TiTHO CXEMHU:

Al,O3 — AIRT + AlIO5* (4.9.2).

EneKTpUYHUiA CTPYM HEPEHOCHThCS roloBHUM uMHOM Honamu Na*ta AlFe®,

Ha anoni 3aiiicHioeTses okucHenns AlOs® 3a peaxuiero:
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AlOz% - 6e = AIP* + 1,50; (4.9.2)).

OCKUIbKM B aHOOHOMY Hpomleci BuTpadaeThes asa amionn AlOz*, a mpu
aucoIianii TIMHO3EMY YTBOPIOETHCA JIUIIE OJWH aHIOH AlOs%, TOMY BHUHHUKAE
HEOOX1THICTh Y 30araueHH1 eJIeKTPOIITY aJlOMIHIN PTOpUaOM.

I3

Binnosnenns karioniB Al®" Ha kaToA1 TPOXOAUTH 32 PEAKIIEIO:

2AP* + 6e = 2Al (4.9.3).

30cepe/keHHST B MPHUKATOTHOMY mpocTopi karioHiB Na“ mnpuBoautsh 10
JIOKaJbHOTO 3POCTaHHsS KOHIeHTpamii Harpid amrominaty NasAlOz.  Tlpwu
NepeMilllyBaHHI €JIEeKTPOJITY PO3MOJLT KOMIOHEHTIB B HOro 00’€Mi BHPIBHIOETHCS.
[Ipy ubOMy, amroMiHAT HATPIIO B3AEMOJII€ 3 aNIOMIHINA ¢TopuaoM 1 3abe3nedye
YTBOPEHHSI KpIONITY Ta DIMHO3eMY. TakuM 4YHHOM, €IUHUM TPOAYKTOM, SIKUN

HiITa€ThCS EIEKTPOIII3Y, € TIIHHO3EM
NazAlOs + 2AlF; = NasAlFg + Al,O3 (4.9.4).

[Iporiec omepxkaHHs alOMIHIIO Mepeadavyae Taki CTajii: MiAroOTOBKY CHPOBUHH 1
BUXIJTHUX MaTepiaiiB, eIeKTpoiIi3 Ta padiHyBaHHS METaIYy.

Jlnst  onmep)kaHHS TIMHO3EMY BHUKOPHCTOBYIOTH TMPUPOAHIO aTIOMIHIHBMICHY
CUPOBUHY — OOKCHUTH, allyHITH, He(eTIHOBUNU KOHIIEHTpAT abo KaoyiHW. Haibumbm
IPUIATHUM JISl TIPOMKCIIOBOTO OZIEPKaHHS TTIHHO3EeMY € OOKCHUTH, SIKi MICTATH Big 30
a0 70 % A|203.

HedeninoBuii KOHIIEHTpAT, OTPUMAHUM MICJS MEepepoOKH araTtuto-HedeH110Bo1
nopoau, MicTuTh Juie 20-30 % amoMiHill OKCHTY, OJTHAK HasBHICTh B HbOMY 110 10 %
ayry (Na;O+K;0) poOuth 1HOro BUTIAHUM JUIsl OfCPKAHHS TJIMHO3EMY 1 MOOIYHUX
npoayktiB — cymimri Na,CO3z, K2CO3 Ta kpemuesemy.

3rigHo ciocoly 3amponoHoBaHoro baliepom monpiOHeHH OOKCUT BUITYTOBYIOTh
40 % pozunnom NaOH mpu temmeparypi 160-225 °C i tucky 3 MIla. Ilpu npomy
OTPUMYIOTh aJTIOMIHATHUN PO3YUH:

A|(OH)3 + NaOH = NaAIlO, + 2H,0 (4.9.5).

KpemHuesewm, 1o npucyTHii y OOKCHUTI, TEX PO3UNHSIETHCS 3 YTBOPCHHSIM CUITIKATY

HaTpIIO0:
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SiO, + 2NaOH = NasSiO3; + H,O (4.9.6).
VY po3unHI HaTpiii ajltOMIHAT pearye 3 HaTpiil CHIIIKAaTOM 1 L€ NPUBOAUTH A0
OCa/>KEHHS HEPO3UMHHOIO HATPIi aJIFOMOCHITIKATY:

2NaAlO; + 2Na»SiOs3 + 4H,0 = Na0-Al203-25102-2H20 + 4NaOH(4.9.7).

[licns BwiydeHHS oOcaly pPO3YMH HATpid alllOMIHATy pPO3BOAATH BOJIOKO Ta
HIL1IOIOTH Moro riapoi3. [Ipu uboMy, YMM MEHIlIa KOHIIEHTpallis JyTy B PO34HHI, TUM
npu MeHmii kinekocti AI(OH)3 HacTymae nepecHueHHs TITMHO3EMOM:

NaAlO; + 2H,0 « A/(OH); + NaOH (4.9.8).
VY mpotieci Tak 3BaHOTO «BUKPYUYyBaHHS», IKM TpuBae /5-90 roauH y po3dyuH
N100aBISI0Th HEBEJIMKY KUIBKICTh paHillle 0IepKAaHOTO aJIFOMIHIH TPOKCUTY.
Bigainenuit Bim aucnepciinoro cepenosumia  Al(OH)s  BiamuBaioTh Big
aacop6oBanoro NaOH neilioH130BaHOIO0 BOOIO 1 MPOXKaparTh B 00EpTOBIN Medi npu
temnepatypi 1200 °C no yrBopennst Al,Os 3a peakiiiero:

2A|(OH)3 = Al,O3 + 3H,0 (4.9.9).

Po3unn NaOH ymapioroTh 1 MOBTOPHO BUKOPUCTOBYIOTH JJIsl BUJIYTOBYBaHHS
HOBOT MOPIIi1 BUXITHOT CHPOBHHHU.

Ha onepyxanns 1 T amoMiHio BUTpaqyaroTh ~ 1,9 T munHo3emy, 40-50 Kr KpioJiTy,
20-25 xr amominiii GTopuny. Ilpu Hampysi Ha enexkrpomax 4,2-4,5 B 1 Buxomi 3a
ctpymoMm 85-90 % BuTparu enexrpoeHeprii ckianawts 14000-16000 kBt rox.

OTpuMaHHI €IeKTPOITI30M PO3IUIABICHUHN aTIOMIHINA MICTUTH TIOMIIIIKHA Y BUTJISATI
HEMETAIYHUX BKIIOYCHD (TJIMHO3EM, BYIVICIID).

J1Jist ouMCTKH po3MJIaBy Yepe3 Hboro 0apOOTyIOTh ra30nmoi0HUN XJI0p. Y TBOpEeHA
Ipy [bOMY Tapa aIIOMIHIA XJIOpUAY aacopOyeTbcsi 3aBUCIUMU B aJTIOMIHIO
YaCTHHKAMH, SIK1 CIJTMBAIOTh HA TIOBEPXHIO Y BUIIISIII MOPOIIKY 1 Buiry4datotbes. [licms
razoda3Horo padinyBaHHS BMICT OCHOBHOI pEYOBHMHH B MeTaji ckimamae 99,5-99,7 %.
Jlns omepkaHHS aOMIHIIO BHCOKOI 4HMCTOTU (99,99 %) Horo HampaBisiloTh Ha

JI0JIAaTKOBE €IEKTPOIITHYHE padiHyBaHHS.
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4.9.3. BUpoOHMUTBO MarHilo eJ1eKTPOIi30M PO3IJIABY MATHIEBMICHHMX cOJlei

BaxxnuBuit 1 BUpoOHMIITBA JIETKUX CIUIABIB MarHiii OTpUMYIOTh B JaHUM 4ac
€JIEKTPOJII30M PO3IJIaBY XJIOPUAY MarHito. [IpoMucioBe BUpOOHUIITBO CKIIAAETHCS 3
TPhOX OCHOBHUX CTaJIii: ofiep>kKaHHsI OE3BOJTHOTO EJICKTPOIITY, EIEKTPOIIZY XJIOPUIAY
MarHito Ta pagiHyBaHHS MarHio.

Sk BUXiTHUN MaTepian sl Ofep KaHHS XJIOPUY MAarHil0 BUKOPUCTOBYIOTHCS
npupoHi MarHiBmicHi conyku: 6imogit MgCly-6H,0, kapnanit KCIl- MgCl,-2H,0,
marue3ut MgCQOs, nonomit MgCO3-CaCO3 Ta iHIiII.

Coni MarHilo OTpUMYIOTH TaKOK 3 MOPCHKOi Boau, B ii 1 M micTuthecs 1 kr
marHito. [Iporiec ogepkanHs GE3BOHOTO XJIOPUAY MArHIIO CKJIAJHHUM 1 3aJIe)KHO BiJl
XIMIYHOTO CTaHy CHUPOBHHHM BHKOPHUCTOBYIOTH Pi3HI cxemu ii mepepoOku. Cxman
EJICKTPOJIITY TOBUHEH OYyTH TaKuM, 100 BIH MaB BUCOKY €JEKTPONPOBIIHICTh, HU3bKY
B’SI3KICTh Ta OUIBIIY TYCTUHY B MOPIBHSHHI 3 PO3IUIABICHUM MAarHieM.

[Ipu Ttemmeparypi eJeKTpOJi3y, siKa TEPEeBHINYE TEeMIeparypy IUIaBICHHS
MmarHito (651 °C), eaexkTposiT MOBHHEH C€Ia00 PO3YMHSATH MarHii, a po3IIaBIeHUN
MeTaj 100pe 3MOUyBaTH MOBEPXHIO KaTOMY.

TunoBuii enekTpoiT mictuth 6-15 % MgCl,, 40-70 % KCI i 20-40 % NaCl.
SIK110 CHPOBUHOIO € KapHAJIT, TO 110 ckiaxy enekrpodity Bxoasate MgCly, KCI 1 NaCl
[Tpu xxuBnenni enexrpoinizepa MgCly 10 ckiamy eneKTposiTy, KpiM BKa3aHUX COJICH,
MoxyTh Bxoautu CaCly Tta BaCly. Ilig wac pobGotu enekrposnizepa Temrmeparypy
SJIEKTPONITY MIATPUMYIOTH B Mexkax 700-720 °C.

OneprxanHsi 0€3BOJTHOTO EJIEKTPOIITY € CKIAJHUM TEXHOJOTIYHUM IPOIIECOM,
TaK SK XJOPHUJ MarHito Mpy HAsIBHOCTI BOJIM JIETKO T1IPOi3yeThCs. BumydeHHs Bonu,
HanpuKiIaa, 3 0imodity 3miicHIOTh v AB1 cTaaii. CroyaTKy HOoro HarpiBaloTh Ha
noBiTpi ipu temmepatypi 200 °C. Lle mpuBoauThH 10 BUIydeHHS 5 MOJeKyn Boau. Ha
JpyTii cTaaii He A0 KIHIA JeTiApaToBaHuil OImodiT MpokapoTh B atMocdepi mapu
HCl1 a6o NH4Cl npu Temmeparypi ~ 600 °C. Xmopuctuii amMOHIM TpW BKa3aHii
TEeMIepaTypl JUCOIIIOE 1 CTBOPIOE BiAMOBIAHUN mapiianbHui Trck napu HCI, mo

3ano0irae riaponizy MgCly.
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B cyuwacHux enekTpoiizepax €JIEeKTPOAUW € TUIOCKUMU 1 PO3MILIYIOThCS
napajesibHO OJIMH BITHOCHO JPYroro. AHOAM BUTOTOBIIAIOTH 13 rpadity, a KaToau — 3
CTaJIL

CranpHi Karogu pO3MIIIYIOTh 3 JBOX CTOPIH aHOAY, a MDK €JIEeKTpoJaMu
CTaBJIATH AlaparMy 3 HOPUCTOro MaMoTy. MiskedeKTpoaHa BICTaHb B €IEKTPOIi3epl
piBHa 60-80 mm. I'yctuHa cTpymy mnpu poOoTi enekrposnizepa ctaHoBUTh (0,4-
0,5):10* A-m™,

[Ipu nanpy3i Ha enekrpomax 5,0-6,0 B 1 Buxomi 3a crpymom 75-90 %
CIIOXKMBaHHS enekTpoeHeprii ckinaaae ~ 15000 kBt-rox Ha 1 T marHito.

MarHiil — cupenp BUIyYEHHUH 13 enekTpoiizepa MICTUTh 1-2 % nomimok. s
OYUIIIEHHS MAarHir0 BiA JOMIIIOK #Horo jomatkoBo padinyroTs. lleit mporec
3MIACHIOETBCS  LUISIXOM ~ BaKyyMHOi  cyOmimamii  abo  eJIeKTpOXIMIYHHUM
nepeocakeHHsM. [licns cyOnimaniiHoro padiHyBaHHs BMICT OCHOBHOI pE€YOBUHU B

MeTaJlll CTaHOBUTH 99,99 %.

4.9.4. EnexktpojiTuuHuii MeToa padinyBaHHs Mixi

Minp ofeprkaHa mipoMeTaypriiHIM METOIOM 13 CYNIb(ITHUX a00 OKUCHEHUX PYII
mictuth 98,0-99,5 % ocHOBHOT pedoBHHH. SK MOMINIKK B HiM MpUCYTHI cpidio Ta
3o07010. OTHA TOHHA MiAl MOXKe BMiITyBaTH 2-7 Kr cpiona i 0,05-0,3 kr 305m0Ta.

OCHOBHHMM CIIO)KMBAa4eM MiJll € EJIeKTPOTEeXHIYHA MpOMUCIOBICTh. st Hel
HEoOX1JHUN MeTall, mo MIicTuTh 99,92-99,96 % Cu. Mink Takoi YUCTOTH OTPUMYIOTh
SNEKTPOMITHYHUM padiHyBaHHAM. 3100yTe MPHU IOMY CPiOIO Ta 30J0TO (HAKTHIHO
OKYyTIa€ BapTiCTh padiHyBaHHS.

s peamizarii mpoiiecy enekTpopadiHyBaHHS 3 YOPHOBOI Mial BiJJIMBAaIOThH
IJJACTUHYACT] aHOH, SKi BCTAHOBIIIOIOTH B €JIEKTPOIII3ep, a MK HUMH PO3MIIIYIOTh
KaTOJIM 3 TOHKHX JHUCTIB Mimi. EjdekTpomiToM cIyXHTh CyIbdaT Miai 0 SKOTO IS
30UTBIICHHS CICKTPOIPOBITHOCTI JOOABISIOTH CYyab(aTHy KHUCIIOTY.

VY mporeci eNeKTpoIizy Mijib 1 OLIBII SIEKTPOBIA EMHI JOMIIIKA OKHCHIOKOTHCS
Ha Karofil 1 MEpexXOoAsTh B EJIEKTPOJIT, a HAa aHOAl WOHHM MIiJl BIIHOBIIOIOTHCS Ta

0CaJIXKY€EThCS UACTA MiJib. ENEKTpOBiZI’€MHI IOMIIIKA KOHIIEHTPYIOTHCS B €JIEKTPOJIITI,
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a EJIEKTPOMO3UTHUBHI — Cpi0J0 Ta 30JI0TO OCA/KYIOThCS Ha JHO €JEeKTpoli3epa B
BUIJISIII 1IJIAMY.
JoOyTtuii 13 enexTposiizepa IUIaM HAIMPaBISIIOTh Ha MOJAJbILY HEpepoOKy IS

BWJIYYEHHS 3 HbOTO cpibJa 1 30510Ta. bisisg moBepxHi aHOY BCTAHOBITIOETHCS pIBHOBAra:
Cu®* + Cu < 2Cu* (4.9.10).

Koncranra piBHOBar# iiei peakiiii mpu temmneparypi 25 °C piBHa:

S
K :W:LEMO (4.9.11).
JI71s1 BIUIy4EeHHS 3 €JIEKTPOJIITY HAJJTUIIIKOBOT MiJli 1 JJOMIIIOK €JeKTPOB1I’ EMHUX
METajIiB HOro HampaBIIAIOTh HAa pereHepailito. EIEKTpomiT pereHepyrTh JBOMA
cnoco0aMu. 3TiAHO MEPIIOro CHoco0y BUIIYUYEHY MOPIIIO0 €IEKTPOJIITY BBOASTH Y
KOHTAKT 13 BIXOIaMH METAJIYHOI MiJi 1 4epe3 eIeKTPoNT 6apOOTyIOTh MOBITPS Ta
BOJSHY Tapy. 3a TakuX YMOB Milb pO3YHMHIETHCA 1 3a0e3medye YTBOPCHHS
KoHIIeHTpoBaHOTO po3unHy CuSO,. Bhacnimok BuNaproBaHHS 3 PO3YHHY
BUKPHUCTAIII30BYETHCS TOBAPHUN MITHUN KyIIOPOC.
3a ApyruM Ccroco0oM 3a0pyaHEHUN EJNEKTPOJIT MOAAI0Th B EJIEKTpoIizep 13
HEPO3YMHHUM aHoAoM. [Ipu enexTposizi B HbOMY Ha KaTroii OCa/pKY€EThCS Mifb, a Ha
anogi pereaepyerbest HaSOa.
[Ipouec padinyBanHs BenyTh pu Temreparypi exexrponity 50-60 °C, ryctuni
crpymy 160-220 A-m7 Ta Hanpy3i Ha enekrpoaax 0,2-0,26 B. TIpu BUXozi 32 CTpyMOM
90-94 % na oneprxanHs 1 T kKatogHO1 Mini BuTpadaeThes 175-200 kBT-rox enekrpudnoi

€Heprii.

4.9.5. Enextpojituune padinyBanns cpidja i 30101a

Binxomn, mo MicTaTh cpibiio Ta 30JI0TO, OACPXKYIOTh SIK MPU padiHyBaHHI Miji,
Tak 1 NpU OfEpKAaHHI LMHKY Ta CBUHIIO i3 TONIMETamiyHUX pyd. IX crodarky
padiHyOTh MpOMETATypriiHUM METOIOM Ta ONEPXKYIOTh cIiaB Jlope, kil MiCTUTh
80-95 % cpibna i 5-20 % 30moTa. I3 1BOTO CIUTABY BIIVIMBAIOTH AHOAW TOBIIIUHOIO S5-

10 MM 715t eneKTpOoMiTHIHOTO padiHyBaHHS cpi0ia Ta BUIydeHHs 3010Ta. Katomam mis
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LHOT'0 MPOLECY BUTOTOBIISAIOTH 3 JINCTKOBOT HEPKAB1IOYOi CTajl 400 aJTIOMIHIIO.

EnexTponiTtoM ciayXuTh pO34MH HITpary cpibna B HiTpaTHid kucnoti. Cpilio
OCAKYEThCSl Ha KaTroll y BUIVISAL JEHIPUTIB, HOro MepioguyHO 3YMLIAIOTH 1 BOHO
naja€e Ha JHO BaHHU. J{ns 30upaHHs HUIamMy M1 aHOJAOM BUKOPUCTOBYIOTH MIILIOK-
niadparmy. bes Takoro miiika 1nuiaM 3 aHoay Oyze 3a0pyIHIOBAaTH CKOHIICHTPOBAHE i1
KaToJIoM CpibJIo.

Enexrponi3 BenyTs npu temieparypi enexrpoinity 40-50 °C, ryctuni ctpymy 200-
300 A-m? i Harpy3i Ha enekrpoaax 1,5-2,0 B.

[Ipu Buxomi 3a ctpymoM 95-97 % BuTpatu enekrpoeHeprii ckianaiors 0,4-
0,6 kBtrox Ha 1 kr cpibna.

Ouumniene enexkrpopadinyBanHs cpidbmo mMictuTh 99,99 % OCHOBHOT pEUOBUHH.
AHOIHWI mIMaM, A0 CKIAAy SKOTO BXOIWTH 30JI0TO, METajll IUTATHHOBOI TPYIIH,
HaINpaBJISAIOTh HA MOJANBINY ITEPEPOOKY.

Jliss  omep>KaHHS BHCOKOYHCTOTO 30JI0TA METOIOM  elleKTpopadiHyBaHHS
BUKOPUCTOBYIOTH JIOM 30JI0Ta, CAaMOPOJIHE 30JI0TO Ta YOPHOBE 30JI0OTO OTpUMAaHE
BHACIIIOK padinyBaHHs cpibma. EnexTponitom npu padiHyBaHHI 30710Ta € XJIOPUIHA
KUCTIOTA.

AHONIHE  pO3YMHEHHS  30JI0Ta B  XJIOPUJHOKUCIOTHOMY  €JIEKTPOJITI
YCKJIAIHIOEThCSl YTBOPEHHSI MOHIB METajiB PI3HOI CTETNICHI OKUCHEHHS, MacHBAIlIEIO
aHOJTy TUTIBKOIO XJIOpHY Cpibia.

JI1s1 ouMIlIeHHs] aHOAY BiJ CJIA0OTPOBITHOT TJTIBKK XJIOPUY Cpibiia eeKTpoi3
BEJyTh B ACUMETPUYHOMY PEKHMMI — HAKJIQJAI0UM HA MOCTIHHUNA CTPyM 3MIHHUNA. Y
TOW MOMEHT, KOJIM aHOJT CTa€ KaTo/IoM, BiJl HhOTO BIIIUISIE€THCS IUTIBKA XJIOPHIY cpibia.
Enexrponitiune pacdinyBaHHs 3070Ta BenyTh mpu temmeparypi 60-70 °C, ryctuni
ctpymy 500-1500 A-m2 i manpy3i Ha enexrpozpax 0,6-0,8 B. Burparu enekrpoeHeprii

cra"HoBATh 0,3-0,35 kBt'rom Ha 1 Kr 3070TA.

144



KoHTpoJIbHI NUTAHHS
1. Sxuii cTpyM Ha3uBarOTh (papaaeiBCbKuM?
. [Ipu sikuX yMOBax €J1eKTPUYHE KOJIO 3HAXOUTHCSA B HEPIBHOBAXKHOMY CTaH1?
. Illo Ha3uBarOTh MpoIECaMH €ICKTPOBITHOBICHHS 1 €JIEKTPOOKUCHEHHS ?
. SIxuii mpuHIMO poOOTH NATUBHOTO €JIEMEHTY?

. Chopmymoiite 1 12 3akon Dapajes.

2

3

4

5

6. SIxkuit mpuHLIMI J1i KyJTOHOMETpPIB?

7. 1o Take enekTpoaHa MOJSIpU3aILisi?

8. SIky mepeHanpyry Ha3uBarTh JU(DY31HHOI0, ETEKTPOXIMIYHOIO Ta PEAKIIHHOI0?
9. Ha siki rpynu MOXHa pO3JILTUTH MPOLECH, K1 MPOTIKAIOTh MPH €NEKTPOIIi31?
10. 1o Take BoHEBA TIepeHaIpyra?

11. Yomy enexTpo:i3 Boau BeAyTh y MapoBiit dhazi?

12. HaBenith npuKIIaau BUKOPUCTAHHS €JIEKTPOIIZY.

13. HaBeniTh npuKIIaa KaTOAHUX MPOLIECIB, SIKI TPOXOAATH 0€3 BUIIJICHHS PEYOBUHU?

14. Slxa Mopdooris KaTOMHUX 0CAa/liB, OIEPKAHUX 32 BEIUKOI T'YCTUHU CTPYyMY?

15. V sgxux BuMagkax BUAUICHHS Ha KaToJl METaly MOXKE NPHUCKOPIOBATUCH MpPH

PO3PSIKEHHT aH10HIB?
16. SIxi BM 3HA€TE TUIIM AHOIHHUX PEAKITINA?

17. HanumniTe peakirii eaekTpoxiMigHoro cuare3y MnOx.

18. Kpucraniyauit KMnOs ofnepxytoTh 6€3 BUILIICHHS OT0 B aHOJHOMY IIPOILIEC] UM 3

BUIUICHHSIM?

19. Un moxe mpu aHOJHOMY PO3YMHEHHI METaJliB BUXIJ] 32 CTPYMOM II€PEBUIIYBATH

100 %?
20. 3a axux yMOB CHHTE3yI0Th MIrMeHT PbCrO4?

21. YV oMy monsirae CyTh “aHOMHOTO e(hexTy”?

22. SIki BUMOTH IIOMO BMICTy HOMIMOK cTaBisaThes M0 NaCl sk cupoBuHH, 110

BUKOPHUCTOBYETHCS JIJISI €IEKTPOXIMIYHOTO OJIEP KaHHS IIKOTO HATPY?

23. SIxi mo614H1 peakiii BiOyBarOThCS TIPH MEPEXO/Il aHOJITY B KaTOAHY Kamepy?

24. SIki MTOMINIKK MICTSTHCS B IIKOMY HaTpy, OJepKaHOMY TiadyparMeHHUM METOA0M?
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25. BkaxiTh nepeBaru HOHOOOMIHHOTO METOY OJIepKaHHS HATPIIO T1IAPOKCUITY?

26. B sixuit crioci® BUITy4aroTh napy BOAM 3 BOAHIO, III0 YTBOPIOETHCS B €1EKTPOIIi3epi?
27, Slkuii XIM14HUI Ta MOP(OIOTTYHUN cTaH Hikento Penes?

28. 13 AKOI0 METOI0 THUTAHOBMI KaTrol y MeMOpPaHHOMY €JIEKTPOJI3epl MOKPUBAIOThH
OKCHUJIOM PYTEHII0?

29. Ha cku1bKu BIICOTKIB CyMapH1 €Hepro3arpaTtu B MEMOPaHHOMY METOJI1 HUKY1, HIK
y TPAIUIIIAHUX TEXHOJIOT 151X ?

30. B yoMy nonsirae cyTh T'IpoeNeKTpOMeTanyprii?

31. BkaxiTh CKJaj €IeKTPOJIITY, 110 BUKOPUCTOBYETHCS MPHU OAECP>KaHHI AJTIOMIHIIO
EJIEKTPOTITHIHUM METOIOM?

32. B sxuii cioci0 13 po3MiaBiIeHOro aJlfOMIHII0 BUJTY4alOTh HEMETaIIuH1 BKIIOUECHHS
— Al,O3, Byrienp?

33. SIki npuUpoHi CIIOMYKA MarHit0 BUKOPUCTOBYIOTBCA JIJISl OJIEP’KaHHS METAIIYHOTO
MarHito?

34. Slka TemmepaTypa €IEKTPOJIITYy TPH OJAEp)KaHHI MarHiro eJeKTPOTITUIHUM
METOIOM?

35. B yoMy nossirae cyTh npolecy enekrpopadinyBaHHs?

36. B mporieci enexkTporizy BOJHOTO PO3UMHY XJIOPUAY HATPI0 B EIEKTpOoITizepi
niaparMEHHOTO THUIY 3 HaBaHTAXEHHSAM 22 KA 3a 24 romuHM oTpumaHo 5450 n
po3uuHy JIyry, mo Mictuth 138 r/m1 NaOH. Bu3nauntu BUXia 3a CTPyMOM JIYTY.

37. Po3uuH nyTy, 110 BUXOAUTH 3 Jiad)parMEHHOT'0 XJIOPHOT'O €JIEKTPOJIi3epa, MICTUTh
130 r/n NaOH. EnektpoaHa IiILHICTE CTPYMY B elleKTpoltizepi gopisHioe 800 A/m?,
BUXI1J] 32 CTpyMOM JyTy 95 %. BuzHauuT NIBUAKICTh IPOTIKAHHS PO3YMHY JIYTY Uepes
niadparmy enexTpoiizepa (6e3 ypaxyBaHHS 3MIHH 00CSTY PO3UHHY).

38. Hampyra po3skiany BogHoro po3unny NaCl B XJIOpHOMY PTYTHOMY €JIEKTpOIi3epi
piBHa 3,22 B. O0uncanTi TEOPETHUHY MUTOMY BUTpATy eleKTpoeHeprii (y kBT roa/kr)

y po3paxyHky Ha 1 T 100 %-noro NaOH 3a 10 rox 6e3nepepBHOi poOOTH.
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40. Tlpu uuHKyBaHHI BUpoOy miomero 32 cm? 3a 10 xBunuH ocamkero 0,416 r nuHKy.
Karonna mineHicTs ctpymy 10 A c¢Mm?. BH3HAuWTH TOBIIMHY IIOKPUTTS i BHXim 3a

CTPYMOM LMHKY, SKIIO I'YCTHHA UHKY A0piBHIOE 7,14 r/cM®,
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Po3aia 5. Kopo3sist i 3axucT Big kopo3sii

5.1. Buau kopo3ii

Kopozieto Ha3zuBaroTh pyHHYBaHHS METAIIUYHUX MarepialliB BHACHIIIOK iX
¢b13uKO-XIMIYHOT B3a€MOJI1i 3 KOMIIOHEHTaAMHU OTOUYIOUOTO cepepoBuiia. Lleit mpoiec
CaMOUYMHHUH 1 TEPMOJMHAMIYHA MOXKJIMBICTh MOT0 peasizailli BU3HAYAETHCS 3MIHOIO
eneprii ['i66ca AG. Yum Ginbire 3a Mmomynem Bin’emue 3Hadenns AG, tum Ginbiia
TEPMOJMHAMIYHA MOMUIMBICTH BIJMOBIIHOTO KOpO3iiiHOTO Tmporecy. Posmistnemo

MO>KJIMBICTb MEPeOIry TpbOX MPUBEIECHUX PEaKIiil:

1
Mg + H.O + 502 = Mg(OH); (5.1.1),
1
Cu + H20 + 502 = Cu(OH), (5.1.2),
3 3
AU+E H-.O + Z 0O, = AU(OH)3 (5.1.3).

3mina eneprii ['i06ca mas peakmiid (5.1.1-5.1.3) 3a HOpMaabHHX YMOB
BianoBifHO piBHA — 142,6; - 28,6 Ta +15,7 KKan-MONb 7, 110 BKa3y€ BUCOKY MOKIIUBICTh
OKHMCHEHHS MarHito, JCII0 MEHITy MOXJIMBICTh KOPO3ii MiAl 1 HEMOXJIHBICTH

OKHUCHCHHA B JdHHUX YMOBaXx 30JI0Ta.

Onnak Benmmunna AG He Moke XapakTepu3yBaTH peajbHy IIBHAKICTH KOPO3ii.

VYmoBa AG<0 € HeobXigHO, ajle Ie HEeZOCTaTHBOK JUIS peasizallii Kopo3iiHoro

mporecy. J[pyruM YWHHHUKOM, IO BH3HAYa€ MOXIIMBICTH KOPO3ii € aKTHBHICTH

YaCTHHOK, AKI MPUUMAIOTh Y4acTh y peakiiiHomy mporeci. KoHcTanTa mBHUIKOCTI

ximiuHoi peakuii K 3anexurs Bin epextuBroi eneprii akrupamii W:

W
K=K, exp(—ﬁj (5.1.4),

ne Ko — mocrilina BenuumHa, 10 HE 3alIEKUTh BiJl TEMIIEpPAaTypH; € — OCHOBa
HatypanbHoro jorapupmy; R — razosa mocriiina; 7' — abcomorHa Temmeparypa.

IIpu Benmkux sHaueHHsx W koposiline pyliHyBaHHsS BimOyBacThCS 3 IyKe
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HU3BKOIO IIBUJKICTIO.

Kopo3ziro MeTasniB NpuiHITO IUTMTH Ha XIMIYHY Ta eJIEKTpoXiMiuHy. J[o XiIMI4HO1
BITHOCSATh Ta30By KOpPO3il0, BHCOKOTEMIEPATYpPHY KOpPO3il0 TMpH BiJCYTHOCTI
€JIEKTPOJIITIB HAa TIOBEPXHI METaJIB, @ TAKOX KOPO3110 B PIIKMX CTPYMOHEMPOBIIHUX
CepelloBUIIaX, a 0 E€JNEKTPOXIMIYHOT — KOPO31I0 METANIB y PO3UMHAX €JIEKTPOJITIB,

IPYHTI Ta B aTMOC(HEPHUX YMOBaX.
5.2. TeopeTn4Hi OCHOBH eJIEKTPOXiMi4HOI KOPO3ii

[Ipy KOHTaKTyBaHHI METajy 3 PO3UMHOM HOro coiii BigOyBaeThcs OOMIH HOHIB
MeTally MiK eNEKTPONITOM i TBEpJO MOBEpXHEr. MOHM 3 MOBEPXHI eIeKTPOIy
NIePEXO/ISITh Y PO3UMH:

Me - 78 — Me** (5.2.1),
Ta 3 PO34YMHY Ha MOBEPXHIO METaIY:
M* + 78 — Me (5.2.2).

IIpu boMy MO’KJIMBI J1Ba BUMIAJKU:

1. Sk11o BCi BUBUIBHEHI €JIEKTPOHM peakilii (5.2.1) mpuiiMaroTh yyacTh B peakxiiii

(5.2.2) Ta Ha MeXI1 MeTa — PO3YUH BCTAHOBJIIOETHCS €IEKTPOXIMIYHA pIBHOBAra:

Me — Me*™ + ze (5.2.3).

3a nmaHux 0B mBUAKICTE mpsamMoi Vye i 3BopoTHBOI V, eakmi piBHI 1
Me Me

BU3HAYarOTHCI 3a piBHHHHHMI/I:

- Am,
Vive = Mst (5.2.4),
- Am,
Vive = Mt (5.2.5),

a00 y BiIMoOBiMHOCTI 3aKkoHy Dapajess B OAUHUIIAX TYCTHHU CTPYMY:

e = ZFV,,. (5.2.6),
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i, =2ZFV,, (5.2.7),

ne AM — Maca merany, 110 IPUIMAae y4acThb B €JIEKTPOXiMIUHil peakIii BIIPOIOBK Yacy
t ma mingani mromero S; M — MonekynsapHa maca merany; F — uncino ®@apanes.
PiBHOBaXkHUII cTaH eJeKkTpoxiMiyHOi cucteMu (5.2.3) XapaKTepu3yeThCs

PIBHOBa)KHUM IIOTEHLIATIOM (0p, SIKUI PO3paXoBY€ThCs 3a piBHAHHAM HepHcra:

B RT |
¢p - (DO + ; n aMez+ (529),
3a yMOBH PIBHOCTI CTPyMiB OOMIHY:
e = e (5.2.10),

ne goo — CTaHJAapTHHUI NOTeHIian cucteMu; &), .. — aKTHBHICTh HOHIB Me?" y po34nHi.

B ymoBax piBHOBaru maca po34rMHEHOro 3a peakiieto (5.2.1) i Maca ocakeHoro
3a peakuiero (5.2.3) merany pisai (AM1=AM3), ToMy Maca eJIeKTpoLy, 3aHyPEHOIO Yy

PO34YHH, 3aJINITACTHCA HE3MIHHOIO B 4acl.

2. Sxkio nuire yacTiHa BUBUIBHEHUX €JIEKTPOHIB peakii (5.2.1) mpuitmae yqacThb

«—

B peaknii (5.2.2), a pemrra B iHmux peakmisx, tomy lye # lye . Hampuxman, mpu
3aHYpPEHH1 3QJII3HOTO €JICKTPOAY B CIIA0OKHCIMA PO3YMH BUBUIBHEHI E€JIICKTPOHH B
peakirii

Fe - 2e —»Fe?* (5.2.11),

T

MPAKTUYHO HE 3aiisiHI B 3BOPOTHHOMY IpOIIeCi ('Fe :O) , @ BUTpavyaroTbCid Ha

BiZTHOBJICHHS B pO3uUWHi HOHIB TipokcoHito HzO™ abo monekyn kucHio O:

2H30* + 2e — H, + 2H,0 (5.2.12),
O, + 2H,0 + 4e — 40H" (5.2.13).

OTox 3a MaHWX yMOB Ha MEXI METajd — PO3YMH pIBHOBAara BiJCYTHS, ale

30epIra€ThCs PIBHICTD:
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Ive = 1, T1oy- (5.2.14).

PosunneHHs MeTaly 3i mBHAKICTIO lyie He KommeHcyeThcs iOro 3BOpOTHIM

ocakeHHAM. [lo 1HIIOMY MOXHaA CKas3arh, L0 METaJl KOpOAyE 3 IIBUAKICTIO

Kop = IMe .

Haii611b11 nomuypeHuMy KaTOAHUMH peakilisiMu (iX 11e Ha3WBaIOTh peaKIisiMU
aenoJsipu3aitii) € BigHOBIEHHs HOHIB rimpokconiro H3O" i monekyn O,. ¥ maHomy
BUIIAJKy TOBOPATh MPO KOPO3iK0 BIAMNOBIAHO 3 BOJHEBOIO 1 KHUCHEBOIO
JIETIOJISIPU3AITISIMHU.

VY xopo3ziitHoMy nporieci metan (Me) BUKOHY€E poJib BIIHOBHUKA, a YaCTUHKHU
nenosipuzatopa (/1) — ponb okrcHioBa4a. PIBHOBa)KHHI MOTEHIIAN €IEKTPOXIMIYHOT
CUCTEMH PO3pPaXOBY€EThCA 32 TEPMOJIMHAMIYHUM piBHSIHHAM HepHcra.

IIpy KOHTaKTyBaHHI MeETaJly 1 Jemoispu3aropa HWOro KOpo3is, MOXKe
3I0IMCHIOBATHCA TIPU  QpMe) < Pp(7). SIKpa3 1€ CHIBBIJHOUIEHHS € HEOOX1JHOO

TEPMOAMHAMIYHOIO YMOBOIO JJIS MPOIIECY KOPO3ii.
OToXx BCi MeTalH, B AKUX PIBHOBAKHUN MOTEHIIIAN Y KUCIIOTHOMY CEPEIOBHUIII

BiJl’€MHHMI TIOTEHIIAJIy BOJHEBOTO CJICKTPOIY, OyIyTh KOPOAYBAaTH 3 BOIHEBOIO
nenomsipusaniero (Fe, Ni, Zn, Cd, Al). Meramu B SKUX (p(Me) NO3UTHBHINIMNA

PIBHOB)XHOTO MOTEHIIIATY BOIHEBOTO €JICKTPOAY, He OynyTh KopoayBatu (Cu, Ag, Au,

Pt).
B enexrponitax HacuueHux KucHeM %o, < Poy-jn,o » TOMy Mimn Gyne

KOPOIYBaTH 3 KHCHEBOIO Jieroiisipu3aitiero (peakiist 5.1.2).

VY cymimn HITpaTHOT Ta XJOPUAHOI KHUCJIOT, B3STUX Yy CHIBBiTHOIICHH] 1:3
(apceKa BOZIKA) 30J10TO Oyzle aKTHMBHO KOPOJYBAaTH, OCKUIBKH MOTeHUian P, s/, B

JTAHOMY CEPEIOBUIII 3MIIYETHCS B HAPSIMKY BiJl’ €MHUX 3HAYCHb.
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5.3. EjlekTpoXxiMiuyHa KOPO3isi MeTaIiB HEOHOPITHUX 32 CKJIAI0M

Ha moBepxHi MeTaliB HEOJHOPIJHUX 3a XIMIYHUM CKJIaJOM MOXXHA BUAUIUTH
JUISSHKY, SK1 B arpECUBHOMY CEpEeAOBHILI OyAyTh MaTu pi3HI 3HAYEHHS MOTEHIIATY.
TakuMm 4MHOM, OCHOBHUI METaJl 1 IOMIIIKU CTBOPIOIOTH MHOKHUHY KOPOTKO3aMKHYTHUX
MIKPOCKOMIIYHUX rajbBaHIYHUX elleMeHTiB. HallOu1b1n HeOe3neuHnMH 1110710 KOpo3ii €
JOMIIIKA 3 TO3UTUBHUMHU €JIEKTPOJHUMHU MOTEHIIAJIaMH 10 BIJHOIIEHHIO JI0
NOTEHI1aJTy OCHOBHOT'O METaly.

Ha puc. 5.3.1 nokazana po0oTa Takoro MikKporajibBaHi4HOTO €JIEMEHTa 3
BOJIHEBOIO JICTIOJIIPU3AIIIECI0 HA TPUKJIIA/II KOPO3ii IMHKY (OCHOBHUN MeTa) 3

JIOMIIIKaMH MIJI.

7 H Zn* H, Zn*HT )

Cu

\_ 20

Puc. 5.3.1. Cxema xopo3ii IUHKY, 1110 MICTHTh JIOKAJIbHI JOMIIIKA MiJi

Slkio omip enexrponity R—00, T0 BenMunHa cTpyMy B TAKOMY I'aJbBAHIYHOMY
enementi i—(. 3a maHMx yMOB moOTeHIianu THCKYy i Mimi OyayTh Bigmosimatm ix
CTaHJapPTHUM BEJIMYNHAM:

=-0,762B; ¢_,, =+0,3458B

P2+ 120 2 zn

3MEHIIICHHS OTOpPY €JIEKTPONITY MPHUBOAUTH JO BHHHKHEHHS CTPYMY, a I Y
CBOIO Yepry CIPHYHMHIOE 3MIIIEHHS MOTEHIaly [WHKY Ha BeluuuHy A@zn y
NIO3MTHBHY CTOPOHY, & IIOTeH iy Miji Ha Bemuauny A@cy —y Bin’emny. SIkuo R—0,
TO MOTEHI[IAJN IUHKY 1 M1/l CTAlOTh PIBHUMHU. Y KOJIi MPOTiKaTUME HAHO UTBIIINI CTPYM,
a MIOBEPXHs KOPOJYI0YOro MeTaly HalOyne NOTeHLIaNy QPxop. B3a€M0O3B’ 30K CTpyMy B

rajbBaHIYHOMY €JIEMEHTI 3 MOTEHIl1aIaM1 HOHI13allli METaIIB Ha €JIEKTPOAaX LUTIOCTPYE
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niarpama EBanca (puc. 5.3.2). HaBezneHi 3a1€KHOCTI € JIIHIKHUME B KOOpAMHATAX (),
Ig i.

CtpyMm KOpo3ii Ixop OKPEMHX MIKpOTaJbBaHIYHUX €JIEMEHTIB PO3PaxXOBYIOTh 3a
dbopmyroro:

- K A_A K_A 4
'K0p=(¢ 7 (R¢ ?) (6.3.1),

ne R — Buyrpimmiit omip snokaneHoro enementa; A@r, Ay — 3mimenus

MOTEHI1aJI1B BIAMOBITHO KaTOTHOI Ta aHOAHOT TUISTHOK €JIEKTPOIIB.

q)A A

q)lcop 2

lgi,, 18, 1gi,, lgi
Puc. 5.3.2. Jliarpama kopo3ii Merany: 1 — anonna sanexuicts pa=flgi) mns
ocHOBHOTO Metay; 2, 2!, 2!' — karonni sanexnocti px=f(lgi) Buninenns sonuio na
JIOMIIITKOBUX BKITIOYCHHSIX
XapakTepHo, 0 aHOMHI Ta KaTOAHI NUISHKH MOXYTh YTBOPUTHCS TaKOX Ha
OJTHOP1THIH 32 XIMIYHMM CKJIaJ0M ITOBEPXHI METay, WIS BHACTIIOK Pi3HHUII B CKJIaIi
a00 BIIMIHHOCTI BIACTUBOCTEH OKpEMUX 00’ €MIB PO3UHHY EIEKTPOIITY, III0 KOHTAKTYE
3 MIOBEPXHEIO METAITY.

[Tpuknan 1. Po3paxyBatu mMacy KHCHIO, HEOOXIHY JJIsi IOBHOTO PyWMHYBaHHS
mapy 3ainiza, TopuuHoro 0,1 MM Ha romi B 1 M? i macy yrBopenoro Fe(OH),. I'yctuna

3amiza 7,8 r/cm°.
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Pimenns. Ilpouec kopo3ii 3aiiza mig €0 KUCHIO BUPAKAETHCA HACTYIHUM

PIBHSIHHSAM:
2Fe + Oz + 2H,0 — 2Fe(OH)..

Maca mapy 3amiza Topmunoro 0,1 MM Ha wiomi 1 M? JopiBHIOE:

102 - 10* - 7,8 = 780 1, 10 cTaHOBUTH 14 MOMIB MeTay.

Ha oxucnenns 14 moiB 3aji3a noTpiOHO 7 MOJIIB KUCHIO, III0 CTAHOBUTH
7-32=224r.

B pesynbrari B3aemonii ytBoproerbes 14 momiB riapokcuay 3aniza (), mo

ctaHoBUTh 14 - 90 = 1260 1.

5.4. Cnoco0u 3aXHCTy MeTaJaiB BiJ KOpo3ii

3asexxHo BiJ] XapakTepy Kopo3ii Ta yMoB ii mepebiry 3acToCOBYIOTh Pi3HI METOIU
3axucTy. Bubip TOro uu iHIIoro cnocody BUZHAYAETHCS MOTO €(DEKTUBHICTIO B IAHOMY
KOHKPETHOMY BHIIaJIKy, a TaKOXX EKOHOMIYHOK JOLUIbHICTIO. Bynp-skuit mMeron
3aXUCTY 3MIHIOE X171 KOPO31HHOTO MPOIIECY, 3SMEHIITYIOUH MBHUAKICTh a00 MPUTTHHIIOYH
H0ro MOBHICTIO.

Po3pi3HAIOTE €1eKTPOXIMIYHI 1 HEeJIEKTPOXIMIUHI CIIOCOOU 3aXKHCTy METay Bif
Kopo3ii. [0 HeeIeKTpOXIMIYHUX CITOCOO1IB BITHOCATH CYIUIbHI 3aXUCHI MIOKPHUTTS, IO
130JTIOFOTh  METaJl Bix il 30BHINIHBOTO cepeloBUIla — JakogapOoOBi, MOJIIMEpHI,
OiTyMHI, eMasieBi 1 1H. 3arajJbHUN HETOJIK WX MOKPUTTIB MOJSATAE B TOMY, IO MpHU
MEXaHIYHOMY pPYHHYBaHHI CYIUIBHOCTI BOHM TYONATh 3aXHCHY JMdil0 1 Ha MeTtaui
BUHHMKAIOThH JIOKAJIbHI OCEPEAKH KOPO3ii.

3MEHIIICHHS IMIBUAKOCTI KOPO3ii MeTaly, TpHU 3aCTOCYBaHHI €JIEKTPOXIMIYHOTO
3aXUCTY, JOCATAETHCA 3MIMIEHHSM HOro EIEeKTPUYHOrO TOTEHIlally 3a paxyHOK
MPOITYCKaHHS CTPYyMY 4Yepe3 METaj BiJi CTOPOHHBOTO JIKepea.

[TpuHIIMT TaKOTO METOMY 3aXUCTy UTIOCTpYy€E Aiarpama Ha puc. 5.4.1. Enexrponni
MOTEHIIAJIM 1 BIIMOBITHO 1X KAaTOMHI Ta aHOMAHI CTPYMHU B3aeMo3B’si3aHi. CTaHmgapTHi
MOTEHIIIaIM peakilii HoHi3aIlli MeTany Ta BIIHOBICHHS JACMOJISIpU3aTOpa BIAMOBIIHO

MO3HAYEHI.
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[Ipoekiisi TOYKM TMEPETHUHY 3aJ€KHOCTEHW ENEeKTPOJHMX TMOTEHLIATIB BiJl

BEJIMYMHHM AHOAHOTO Ta KAaTOIHOTO CTPYMIB Ha BICh aOCIMC Ja€ 3HAYEHHS CTPyMY
KOPO3ii Ixop, a Tl IPOEKIIisl HA BiCh OPIUHAT — BEIMYUHY MOTEHIIAITY KOPO3ii Prop.
[IpoTrikaHHs yepe3 KOPOAYIOUMH METall KaTOAHOIO CTPYMY BiJi CTOPOHHBOTO

JoKepelia 3MIITYE MTOTeHI[1al aHOAY B CTOPOHY Moro 3MeHIeHHs. [Ipu 1iboMy noteHiian

Kopo3ii HaOyBa€ 3HaYECHHSI (0,:01, 1 BIAMOBITHO 3HUKYETHCS CTPYM KOPO3ii 10 BEIUYUHU
i,iop . 3riiHO JlilarpaMu 1Iei CTaH B CUCTEMI JOCSATAEThCS MPU BEIUYUHI 30BHIITHHOTO
CTPYyMY il XapakTepHo, 110 YaCTHHA LOTO CTPYMY I, fine Ha momonaHHs aHOAHOI
peakinii ioHi3aii Mmetany (kopo3ii), a Ipyra 4acTUHA i} — Ha MPUCKOPEHHS KaTOJHOTO

o= s
1pouecy, Tomy I308 - IA + IK .

—Q
P4 j Ig 'l.'gax
T i
Peop el lsi Ap,,
Preop i
Drop lgip | | lgf]
Pk
18 45
lgi

- -/ . .r N/ 4
lg lKOp lg lKOp lg ll\'Op lg l lg l
Puc. 5.4.1. [liarpama kopo3ii MeTary B peKHMI MmacuBallii, BHaCIiOK

TIPOXO/KEHHS Yepe3 MeTajl aHOAHOTO CTPYMY BiJl CTOPOHHBOTO JKepesa
30UTBIIIEHHAM KaTOJAHOTO CTPYMY 10 BEIHYHUHHU Isqy, JOCATAETHCS BEIUYMHA
cTaHJapTHOTO moTeHMiany metany f4 i 3a6esmedyeThcst MOBHA 3yMUHKA KOPO3iHOTO

npoiiecy. CTpyM IMOBHOTO 3aXUCTY I3qx B YMOBax KOpO3il 3 BOMHEBOIO JCTIONAPH3AIIIET0
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PIBHUIA:

. . AE
sax ~ “rop (5.4.1),

dE

1€ 8y — KaTOJIHA 3/IaTHICTh MOJISPU3YBATUCS KOPOAYHOUYOro METally, piBHA dini. -
K

3a3Buuail U1 KUCIHUX CEPENOBUIN Isqx MWixop. Y LIMX YMOBax Oifbllla 4acTHHA

30BHIIIHBOTO CTPYMY HJi€ Ha MPUCKOPEHHS peakili BUAUIEHHS BOAHIO. JlJig KuUCIUX
CepeloBUl] TaKUH METOJ 3axXUCTy MaloeQEeKTUBHUUA 1 HaBITh y JeAKii Mipi
HEeOe3MeYHHM, OCKUIbKM BUJIJIEHHS BOAHIO Ha MOBEPXHI METaldy MOXKE MPUBECTH /10
J0ro HaBOIHEHHS 1 MOT1PIIEHHS] MEXaHIYHUX BIACTUBOCTEMH, a TAKOXK BiIIIApOBYBaHHS
3aXHMCHOTO TIOKPUTTS.

B iHmmMx ymoBax, KOIM KOpO3ii MeTaly BiIOyBaeTbCcs 3 KHCHEBOIO
JENoNspu3alli€lo, METOJ HOro 3axXHCTy IUIIXOM NPOIMYCKAaHHA CTPyMY BiJ

30BHIITHBOTO JKepesia € e(PeKTHUBHHUM.
5.5. Katonuuii meTox

3HWKEHHS IIBUIKOCTI KOPO3li METaNB IUISXOM 3MIIICHHA iX EJICKTPUYHUX
MOTEHITiaI1B Ha3WBAIOTh KaTOAHUM 3aXUCTOM. Ha mpakTuili meit MeTon peanizyeTbes
IBOMa IUIAXaMU. Y TMepHIoMy HeoOXigHe 3MIIIEHHS IOTEHIAy 3a0e3MeuyeThCs
MPUETHAHHSAM METAJIIYHOTO BHUPOOY K KaTrody 1O 30BHINIHBOTO JKEpENa CTPyMY.
@DyYHKI[I}0 aHOTY MOXKYTh BUKOHYBATH JIOMOMDKHI 1HEPTHI Marepianu (4yryH, rpadir).
VY Takuii crioci6 3aXHINArTh BiJ KOpo3ii OypoBi miargopMu, mia3eMHi TpyOOIIPOBOIH.
Karomamii 3axuct, I MMI3€MHOTO TPYOOINPOBOMY, CXEMATHYHO ITOKAa3aHWHM Ha

puc. 5.5.1.
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Puc. 5.5.1. CxeMa KatogHOTO 3aXHCTy TPyOONpoBoAy: 1 — 00’ €KT 3axXuCTy; 2 —
JDKEPEeIIo MOCTIHHOTO CTpyMYy; 3 — aHOJHE 3a3eMJICHHS; 4 — CTPYMOIIPOBi/THE
3’eqHanHsA. CTpiIKaMU BKa3aHUH HaPSM pyXy €JIEKTPOHIB

Binx mkepena ctpyMy HeTaTUBHI 3apsid Yepe3 MPoBi 4 OCTYIATh Yy TPYyOy, M0
3aXUIIAEThCS, 1 TEUyTh MO HiH, Mmomamardd 4Yepe3 ACHEKTHI MICIS i30JIFOI0Y0TO
IOKPHUTTS B IPYHT. [3 IPYHTY CTPYM NEPEXOIUTh B aHOJHE 3a3€MJICHHS 3, 3BIJIKH IO
IHIIIOMY TPOBOJY TOBEPTAETHCSA OO IMO3UTUBHOTO ToJtocy kepena. IloBepxHs
METaJIIYHOT TPYOH MPH IILOMY TOJIIPU3YETHCS KATOAHO 1 3aXUIIAETHCS BiJl KOPO31HHOTO
pYWHYBaHHS, a aHOJTHE 3a3€MJICHHS, JIJIS IKOTO, K MTPaBUIIO, 3aCTOCOBYIOThH HEMOTPiOH1
CTaJibH1 OaJIKu, perKy a00 HIINI MeTaliYHUi OPYXT, aKTUBHO PYHHYEThCSI.

VY npyroMmy BapiaHTi 3aCTOCOBYIOTh NMPOTEKTOPHUH (TajbBaHIYHWN) KaTOXHHI
3aXUCT. Y IIbOMY BUIAJKY KaTO/IHA MMOISPHU3AIliS METATIYHOTO BUPOOY TOCITAETHCS 3a
paxyHOK KOHTAKTyBaHHS 3 OUIBII €EKTPOBIT’ €MHUM METAJIOM. Y Mapi 3 METaJlqYHUM
BUPOOOM BiH BHKOHYE PONIb aHOMY. MOTO eleKTpoXiMiuHe pO3UMHEHHS 3abe3medye
MPOTIKAHHS KaTOIHOTO CTPYMY Yepe3 MeTajl, SIKOTO 3aXHINaTh Bia kopo3sii. Cam xe
aHoJ (MarHid, IMHK, alfOMiHIM a00 iX CIJIaBM) MOCTYIOBO pyiHyeThes. Lle crmoci6
3aXUCTy BHUKOPUCTOBYIOTH [IJIi HEBEITUKUX METAJOKOHCTPYKIlIH a00 BEIUKHUX
METAYHNX 00’ €KTIB, HANpUKIAL, TpPYyOONPOBOAIB 13 HAHECEHWM 3aXHWCHUM
MOKPUTTAM. [3 JOMOMOTOI0 OJHOTO MAarHIEBOTO AaHOMY 3axXWINAKTh 10 & KM

TPYOOIIPOBOY 13 TOKPHUTTAM, a 0€3 HHOTO — BChOTO 30 M.
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5.6. AHOOHMII 3aXHUCT

3MilIeHHs MOTEHIIaly KOPO31iiHOT CUCTEMH B MO3UTUBHY 00JIACTh IO 3HAYCHHS

" . ="
Pyop TEXK 320€31EUyE 3HIKSHHS MIBUIKOCTI KOpo3ii 10 Bennuunu crpymy L, (zuB. puc.

=/ "
5.6.1.). Ile Bumarae pgomaTtkoBoro anomHoro ctpymy l,, , dactuHa skoro Iy

. oo M
3aTpavaEeThCsl Ha TOAOJAHHS KaTOAHOI peakuli A0 BeaudyuHU cTpymy | , a apyra

n e w . . . 4
yacTuHa CTpyMy lx Ha mpuckopeHHs peakuii HoHi3awii MeTary npu noreHuian @y, .
. . .o "
[IBMAKICTE PO3UMHEHHS METaIly IPY LIEOMY IOTEHI1a)I1 IPONOpIiiHa CTpyMy Py, . I3
puc. 5.6.1. BUAHO, 110 XOYa MIBHJAKICTH KOpPO3ii 1 3MEHIIMIAch, OJHAK 3arajabHa

. . H .
MBUAKICTh PO3UYMHCHHA aHOLY 30LIBIIMIIACH Ha BCIIMYNHY CTPYMY IA . Orox 13-3a

IIbOTO HE MOXXHa BHUKOPHCTOBYBaTH 30BHINIHIA JOMATKOBUN aHOXHUN CTPyM IS
3aXUCTY BiJI KOpO3il METaIIB, aTOMH SIKUX aKTUBHO NIEPEXOASATh Y HOHHUH CTaH.

OnHak MeTajH, TMepEeBAKHO 3 HE3AMOBHCHUMU (-CJICKTPOHHUMH PIBHSAMH, TIPU
3MILIIEHH] NOTEHIiaNy Bill 3HAYEHHS Qxop O BEIMYUHH ()’ TIEPEXOAATH Y MACHBHHUM
CTaH, B SIKOMY peakilii HoHi3aIlli pi3ko rajabMyroThcsi. CTpyM pO3YMHEHHS METaly
3MEHIIYETHCS BiJl BEMYUHHU Ixop OO BEIUYUHH Inge (puc. 5.6.1). 3a maHmx ymoB
PO3YMHEHHS METay 3HWKYETHCSA B COTHI - THCSY1 pa3iB.

['ycTuHa 30BHINIHBOTO AHOAHOTO CTPYMY, sKa HEOOXigHa ISl TIepeBEICHHS
MeTajy B MMAaCUBHHUM CTaH, MOBUHHA OYyTH BEJIMKOIO, OJHAK, KOJU METaj MEepPEHIoB y
MACUBHUN CTaH, JIJII HOTO YTPUMYBaHHS HEOOXiMHWMI HEeBeNMKUU cTpyM. Lle poOuTh
aQHOJHUM 3aXUCT €(EeKTUBHUM METOOM OOpOTHOM 3 KOpo3icr. Tak crmodatky s
nacuBallii Hepskapitouoi ctami B 66 % poszumni HoSOs 3a KiMHATHOT Temmeparypu
HeoOXiJJHA TyCTHHA aHOIHOTO CTPyMy CTaHOBHMTH ~ 6 A-M™?, a [ MOJAIbIIOrO

2

yTPUMYBaHHS MacHBHOro crany — Bchoro 102A-M2. XapakrepHo, WO CTPyMH

aHOJTHOTO 3aXHUCTYy HAbaraTo € MEHIIMMHU, HIXK BIITIOBIIHI CTPYMH KaTOTHOTO 3aXHCTY.
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Puc. 5.6.1./liarpama kopo3ii MeTaJTy B peKUMI MacuBallli, BHaCJI110K
IIPOXOHKEHHS Yepe3 MeTasl aHAJHOTO CTPYMY BiJl CTOPOHHBOTO JKEpena
Crin 3a3Ha4YMTH, 110 AHOTHUN 3aXHUCT MOXKHA 3aCTOCOBYBATH TUIBKH JIJISI METAJIIB,
110 JIETKO MAaCHUBYIOThCS IpH aHOAHIM momspusaiii — Fe, Ni, Cr, Mo, Ti, Zr i He ciin
3aCTOCOBYBATH JJIs TakuxX MmeTamiB sk Zn, Cu, Cd, Ag. BaxknuBo, mo0 y po3unHi He
OyJ10 pEeYOBUH — JieNacuBaTOPiB, Hanpuknas, ionis Cl, SZ. Buxin Merany 3 acCUBHOTO
CTaHy i mofajbie HOro po3YMHEHHs MPH 3aJaHOMY TTOTEHILiai aHOJHOTO 3aXHCTY ('
IPUBEAYTh JO PI3KOro 30UIBIIEHHS MIBUAKOCTI HOHI3AIli MeTady, IO BIANOBIIAE

crpymy [''i 10 MIBUAKOrO BUXOMY 3 JIady aHOAIMOJIAPU3YIOUOro 00JIaJHAHHS.

5.7. EnekTpoapeHa;KHU 3aXHCT

Jlo enexTpoXiMIiYHUX METOMIB OOPOTHOM 3 KOPO3i€I0 MOYKHA BITHECTH W 3aXHCT
BiJl pyHHYBaHHS IMIJBOAHUX a00 IMiJI3EMHUX METaJOKOHCTPYKIIiH, BHACTIIOK Jii Tak
3BaHUX «OJYKAarOuuXx» CTPYMIB 1 BIH HA3WBAETHCS EIEKTpoapeHaxeM. «bimykarodi»
CTPYMHU BHHUKAIOTh y PE3YJAbTaTi BUTIKAHHS 3 €JIEKTPUYHUX MEPEX CTPyMY B TPYHT

a00 y BOJIHE cepelloBUIlle. 3YCTpIYalOUM HAa CBOEMY LUISXY, HANMPUKIAA, MII3EMHI
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METAJIOKOHCTPYKIIi III CTPyMH TMpPOXOASATh YE€pe3 HUX 1 HAa BUXOAl y TPYHT
COPUYMHIOIOTh AHOJHE PO3YMHEHHsS MeTany. Takl 30HM pyWHYBaHHSA MIA3€MHHUX
METaJIOKOHCTPYKIIN TPAIUIAIOTHCS B MICUAX HAJA3EMHOIO €JIEKTPUYHOIO TPAHCIOPTY

(TpaMBaiiHi JIiH1i, 3a113HOJOPOXKH1 LIUJISIXH €JIEKTPOMOI3/AIB).

D

Puc. 5.7.1. Cxema 3axucty TpyoomnpoBoay A BiJ Kopo3ii Oirykarouumu ctpymamu: B —
petika; C — qonmoMiKHHM aHO; A" - 30Ha KOpo3ii; A'C — CTpyMONpOBiHE 3’ €THAHHS
TPYOOINPOBOY 3 AOMIOMIKHUM aHOAOM

Jlns  3amoOiraHHs  KOpo3ii MiCl BUXOAY «ONyKaroduux» CTPyMiB 13
METAJIOKOHCTPYKII ~ 3’€AHYIOTh  CTPYMOIIPOBOAOM 13  TpaMmBaifHOIO  abo
3JTI3HOIOPOKHBOIO peiikoro. [Ipu HEMOXIMBOCTI Takoro 3’€qHAaHHS TMOPYY i3
METAJIOKOHCTPYKIIIE€I0 3aKOMYIOTh KEPTOBHUM YYT'YHHHU aHOM, KN TEX 3’ €THYIOTh

CTPYMOITPOBOJIOM 13 MICIIEM BHUXOIY «OJYKAIOUHX» CTPYMIB.

5.8. AHTHKOpO3iliHUIi 32aXHUCT i3 BUKOPUCTAHHAM iHTiOiTOPIB

3HU3UTH KOPO3i1MHY aKTUBHICTBH CEPEAOBUIIA, IO JII€ HA METaJIH 1 CIJIaBH, MOYKHA
JBOMa METOJAAMU: BHIAJIUTH 3 AarpecHMBHOTO CEPENOBUINA KOMIIOHEHTH, SKi
BHKJIMKAIOTh KOPO3il0 METaJiB Ta BBECTH B arpeCHUBHE CEPEIOBHINEC CIICIiaabHI
PEUOBMH, SKI 3HIKYIOTh IIBUAKICTH KOpO3iHOTO Tporecy. Taki pedoBUHH
HA3WBAIOTHCS CMIOBUTLHIOBaYaMH a00 1HTI0ITOpaMu KOPO3ii.

[Ipuknanom BUIAICHHS aKTUBHUX KOMITOHEHTIB 13 KOPO31MHOTO CepeIoBHIIA, €
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00e3KHMCHEHHA abo0 Jeaepauis BOAM 1 BOJHUX PO3YMHIB COJEH, B SIKUX KOPO3iiHI
MPOIIECH MPOTIKAIOTH 3 KUCHEBOIO Aenosapu3aiicto. O0e3KUCHEHHS BOJIU 3/IIHCHIOIOTh
LUIAXOM ii HarpiBaHHs, 0apOOTyBaHHA Kpi13b HEl IHEPTHOTO Ta3y, NPOIYCKAaHHS BOAM
yepe3 CTaleCcTPyKKOB1 (PUIBTPHU TOLIO.

3MEHILIEHHS KOpo3ii MeTaliB Mpd BBEACHHI B KOpPO3iHE Cepe/lOBHUIIE
CHOBUIbHIOBaYa MOKE BIIOYTHUCS BHACIIOK FaJIbMyBaHHS aHOJAHOTO Ipoliecy (aHOH1
CMOBUIbHIOBAY1), TaJIbMyBaHHSI KaTOJHOTO IMpollecy (KaToAH1 CHOBLIbHIOBaYl) abo
raJlbMyBaHHs 000X MPOLECIB (3MIIIaH1 CHOBUIbHIOBAY1).

3a ckJ1aJ]0M CIIOBUIbHIOBAU1 KOPO31i AUTATHCS Ha HEOpraHiuHi 1 opraniyni. OctaHHi
JAI0Th XOPOIIHiA €()EKT, TOJJOBHIM YMHOM, B YMOBaxX KMCIIOTHOI i aTMOC(epHOT KOpo3ii
METaJIiB.

AHO/IHI CIIOBIJIbHIOBAY1 KOPO31l € OKMCHIOBaYaMHU, 5IKi, B OCHOBHOMY, BOJIOJIIFOTh
NAaCUBYIOUMMH  BJIACTUBOCTAMHU. [IpWHIIMI  TaJbMyBaHHS KOpPO3il aHOAHUMHU
CIIOBUTBHIOBAYaMH 3BOJUTHCS JIO TOTO, IO BOHU 3MEHINYIOTh IIBHJKICTH MEPEXOMY
HOHIB MeTally y po3uuH, a00 3MEHIIYIOTh aHOAHI IUISHKHA METaJIgyHOI MOBEPXHI 3a
paxyHOK YTBOPEHHS HEPO3YMHHUX 3aXMCHHUX IUIIBOK. OJHAK OKHCHIOBaYl, SKi
rajlbMylOTh AHOIHUU TIpolleC, B JACIKUX BHUMAJAKaX MOXYTh OYyTH KaTOIHUMHU
npuckoproBadamu koposii. Tak, Hampukian, Oz 1 HoO2 sSBIsSItOTECS COBUTIbHIOBAYaMHU
KOPO3il TUILKH MPH 3HAYHMX KOHIIEHTpAIIiAX 1 BiacyTHocTi aktuBatopis (CI, Br, J).

[HII1 OKHMICHIOBaUi, Taki SK XpoMarH 1 OIXpoMaTH € IOTaHUMH KaTOJHUMH
JCTIONSIpU3aTOpaMu, OJHAK aKTHMBHO MAaCHBYIOTh BaykiuBi meranu - Fe, Al, Zn, Cu.
Hocrarapo po6aButu y BogomnpoBigHy Bomy 0,1 % KyCrO7, mob pi3ko 3HU3HTH
MIBUAKICTh KOpO3ii BymiemeBoi craii 1 amomidito. [lpu BMICTI y BOAI CHIIBHHUX
aKTUBATOPIB KOpo3ii (Hampukiaa, xjopuctux conei) koHuentpaiito KoCroO7 tpeba
30uTBIIINTH 110 2-3 %.

J1o aHOTHUX CIIOBUJILHIOBAYIB BiTHOCSATHCS TAKOXK HITpUTH 1 HiTpaTu. Hampukian,
NaNO, cyTTeBo 3MeHIIye MBHIKICTh KOPO3ii CTajl 1 AESTKUX KOJHOPOBUX METAJIB B
PO3YMHAX PsTY COJIeH 1 B MOPCHKIH BOAIL. Y mpolieci Kopo3ii, sika MpoTiKa€e 3 BOJHEBOIO
JETONSIPU3alli€lo, TAIbMYBAaHHS KAaTOMHOT PeaKilii BiTHOBICHHSI BOJHIO JOCATAETHCS

LUISIXOM MIJBUILIEHHS MEpPEeHanpyru Ha €JIEKTPOll, SKe 3a0e3MeUy€eThCsl BBECHHSIM Y
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po3unnu coyieii jgeskux Bakkux MmetamiB (ASCls, Bix(SO4)3). Karionn mux coseit
BIJTHOBJIIOIOTHCS HA MIKPOKATo/ax 1 MIBUIIYIOTh IEPEHANPYTy BUAUIEHHS BOAHIO.

Opra"iyHUMU CIOBUIbHIOBAYaMU KOPO3ii € BOJOPO3YMHHI MOJIMEPH - arap-arap,
KETaTHH, IeKCTPUH, TBAPUHHHUMA KJIeH, a TaKOXK albACTiAH, TeTEPOIUKIIYHI CTIOTYKH.
MexaHi3M J1i opraHiuHUX CHOBUIbHIOBAYiB KOpPO31i, B OCHOBHOMY, 3BOAUTHCA J0 iX
ajicopOI1ii Ha KaTOMHUX JUISTHKaX KOPOAYIOUYOTO METAILTY, 110 3yMOBITIOE MIEPEHATIPYTY
BU/JIUJICHHSI BOJTHIO.

Benukuil iHTepec mpeacTaBiisie MOXIUBICTh 3aXHCTY BiJ KOpPO3ii MeTaliyHUX
BUpOOIB B yMOBaxX iX TPaHCIOPTYBaHHS 1 CKJIaJChKOro 30epiranHs. Takuil 3axuct
3IIMCHIOETHCS, TaK 3BAHMMHM, JIETKUMHU CIIOBUThHIOBaYaMHu Kkopo3ii. Ili pedoBuHw,
MalOTh BHUCOKY IMPYXHICTh Mapu, TOMY IIBUIKO TIOIIUPIOIOTECS B HABKOMINIHIN
arMocdepi, aiIcopOyIOThCS Ha METaIYHIN MOBEPXHI 1 3aXUIIAOTh 11 Bl aTMOChepHOi
Kopo3ii. Ha moBepxHi Metany B yMoBax arMoc(hepHOi Kopo3ii Maike 3aBkK/IH € TOHKA
IUTIBKA BOJIOTH, TOMY JIETKI CIIOBUIbHIOBAUl KOPO31i MOBUHHI BOJOIITH BIACTUBICTIO
3MEHIITYBAaTH TIrPOCKOMIYHICTh METaJIYHOI MOBEPXHIi. 3 JIETKHX 1HT101TOPIB KOPO3ii
IIUPOKE 3aCTOCYBaHHs 3HAWIUIM MOpPQOJiH 1 AuIMKIorekcuHamid. Lli iHTi6iTOpH
MalpTh BHCOKY MPYXXHICTh TapH, BOJOMIIOTH TiApO(POOHICTIO 1 TOMY CIPHUSIOTH
CTBOPEHHIO Ha IMOBEpPXHI MeTany TriapodoOHOoi miiBku. Haitnum 3actocyBaHHS, SK
JIeTKI 1HT1061TOpH KOPO3ii, HITPUT JTUIAKIOTEKCUIIAMIHY, HITPUT

JTUITAKJIOTEKCUIIAMOHIIO 1 KapOOHAT ITUKIIOT€KCUIIAMOHIFO.
5.9. KoediuieHT rajibMyBaHHs1 KOPo3ii Ta CTyHmiHb 3aXUCTY BiJ KOPO3il

EdekTuBHICTh 3aXHCTy MeTaldy Bill KOpO3ii BHpakaloTh 4epe3 KoedillieHT
rajgpMyBaHHs Y a00 cTyminb 3axucty Z. KoedilieHT rajisMyBaHHs, IOKa3ye, y CKUTbKK
pa3iB 3MEHITYEThCS MIBUAKICTH KOPO3ii B pe3yJbTaTi 3aCTOCYBaHHS JAHOTO CIOCOOY
3aXUCTY:

J Kop

V= i (5.9.1),
Kop
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: -1
ne J](‘op 1 Jmp — IIBUJKICTH KOPO3ii 10 1 MICHS 3aXUCTY.

CrymiHp 3aXUCTy IOKa3y€, HACKUIbKM MOBHO BJAJOCS HPUIHUHUTH KOPO3IO

3aBISAKU ILOMY METOJY:

jmp (5.9.2).

3B'130K MK JBOMa CIoco06amu OIIHKU €(EeKTUBHOCTI 3aXHUCTY MEPENacThCs

PIBHSIHHSM:

z=1—1

y (5.9.3).

KoHTpOJIbHI NTUTAHHA
1. lllo Ha3MBarOTh KOPO3i€t0?
. Ha3BiTh BuM KOpO3ii.
. OnUIITH IPOIIEC SICKTPOXIMIYHOT KOPO3ii.

. Anst woro moTpiOHI KOpo3iitHi qiarpamu?

2
3
4
5. Sk knmacugikyeThcss KOpO3isd 3a BUJIOM PYHHYBaHb.
6. SIka KOpo3ist IPUHOCUTH HAUOLIBIITT 30UTKU?

7. ki € crocoOu 3aXUCTy Bij KOpo3ii?

8. Illo Take KoedIMiEHT TaIbMyBaHHs KOPO3ii Ta CTYIIHb 3aXUCTY BiJ KOPO3ii?
9

. Inst 60poTHOUM 3 KHCHEBOIO KOPO31€I0 MAPOBUX KOTIIB Y BOJY B SKOCTI BITHOBHHKA

BBOJISITH CYJIb(DIT HATPIIO, SIKUI OACPKYIOTh 33 PEAKIIEI0
2Na>SO3 + O — 2NaS0..

Busnaunti Macy cynediTy HaTpiro, HEOOXINHY IJisi TOBHOTO 3B’ S3yBaHHS
KHCHIO, KOHIICHTpAITIS SKOTO B )KUBUJIBHIA BOJI1 CTAaHOBUTH 0,5 MI/II.
10. JInst 60poThOM 3 KHCHEBOIO KOPO31€I0 TAPOBUX KOTIIIB B BOJTY, B IKOCTI BITHOBHHKA,

BBOJISITh T1APa3UH-TIAPAT IO PEAKITIi:

NoHs + O, — Ny + 2HL0.
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Busnauntu macy ripa3uHy, HEOOXIJHY JJi1 MOBHOIO 3B'A3yBaHHS KUCHIO B
xotai 06'emom 10 M3 3 KoHIIEHTpaLi€erO0 KMCHIO 1 MI/i.
12. Ao Ha crameBUil IpeAMET HAHECTH KpAaIull0 BOAM, TO MICHS i BUCHXaHHS, B
LHEHTp1 Kparil 3'BiseTbed IUisiMa ipxki. Yum e MoxHa mnoscHUTH? SKa JUIsTHKa
CIUIaBY, 1110 3HAXOJAUTHCA MiJ Kparuiero, Oyae KaToJHOo, a sika aHoHO0? Hanucatu
PIBHAHHS BIAMOBIAHUX THpoleciB. Po3paxyBatu sika KUIBKICTh MeTany (B T)
PO3UYMHUTHCS 32 MICALb, SIKIIO B pe3yJIbTaTi KOpo3ii BUHUKAE cTpyM B 0,3 MA.
13. 3anizHuii BUpIO MOKPUIM CBHUHIIEM. SIKe 1€ TOKPUTTS: aHOJHE YU KaToJHE?
CkJactu piBHSIHHS @HOJIHOTO 1 KaTOJHOTO MPOLECIB KOPo3ii BUPOOY MpH MOPYILIEHHI
LUTICHOCTI MOKPUTTS Y BOJIOTOMY MOBITPi 1 B KUCJIOTI. Po3paxyBaTu 00'eMu rasis, 1110
OepyTh ydacThb B Ipoliecax Kopo3ii B TOMY 1 B IHIIOMY BHUIAJIKY, SIKIIIO PO3YUHSAETHCS

250 r 3amiza.

PexomenaoBaHa jiTtepatypa

1. Jdamackun b. b., Ilerpuit O. A., Ilapnuna I. A. Dnekrpoxumus. — M.: Xumus,
Komoc C, 2006, ¢.223-248.

2. Keme I'. Koppo3ust metainoB. @U3NKO-XUMHUECKUE TPUHITUITBI U aKTyaJbHbIE
npobiembl. — M.: Meranyprus, 1984, -400c.

3. AutpomnoB JI. 1. Teopernueckas anekrpoxumus. — M.: Beicm. mik., 1984. C.230.

4. Ymuu I. T, PeBu P. O. Koppo3us u 6opoTsba ¢ Heil: BBegeHue B Koppo3noHHYIO
HayKy U TexHuKy. — JI.: Xumus, 1989. — 456¢.

5. Tomamos H. JI. Teopust koppo3uu u 3ammra metaios. — M.: U3a-so AH CCCP,
1959. — 591c.

164



JIITEPATYPA

1. M.II. Boskorpy6, C.10. Cmuk, P.C. boiiko. ®i3uyHa 1 KoOJOigHA XiMisl.
Enexrponnuii niapyyHuk 3 aucuuimiing. 2010.

2. C.I. Hleitko, M.II. MixeeBa. Enektpoximis nafsi CTYAEHTIB TEXHIYHUX
yHiBepcuteTiB. Jloneusk.: Hoymimxk., 2011.-226 c.

3. Hanwko E. T., Yepnon b. b. Dnexrpoxumus: yued. nocodue. - BnaguBoctok: Mop.
roc. yH-T, 2009. - 54 c.

4. Yepuos b. b. Koppo3zus u 3aiura MeTaaioB B MOPCKoit Bojie: yuel. mocobue / b. b.
Uepnos. — Bnaausoctok: [IBIMA, 1998. — 77 c.

5. Autponos JI. U. TeopeTudeckas 31eKTpoOXUMHUs: Yuel. s XUM. — TEXHOJIOT.CTIell.
BY30B. — 4-¢ u3a. — M.: Beicu. k., 1984. — 519 c.

6. baromkuii B. C., Ckynaun A. M. XuMudeckue UCTOYHUKHU TOKa. — M.: DHeprousuar,
1981. — 360 c.

7. BaiipamoB B. M. OcHOBBI 371eKTpOXuMUM: Y4ed mocoOue ajisg CTyJ. BhICHI. yueO.
3aBenenuii /Ilox pen. B.B. Jlyauna. — M.: U3narenbckuii ieHTp ,,Axkagemus’”’, 2005. —
240 c.

8. I'omonaii B. 1., I'omonait O. B. ®i3uuna ximis. Iligpyunuk. — Yxkropoa: BAT
,llatent”, 2004. — 712 c.

9. NacositH M. A. XuMuueckrue UICTOUHUKHY ToKa. 2 — e u3f. — JI.: Dueprus, 1969. — 587
C.

10. H. 1. Cmuk. 306ipHUK 3amad 3 eleKTpoxXiMidyHUX MeToxAiB aHamizy. — K.: BIII]
“KwuiBcwkuii yHiBepcutet’, 2006. — 82 C.

11. KonmakoBa H. A., Onucumona JI. C., Iluxkyna H. A. u np. COopHHK 3amad 1o
anekrpoxumun: Yueb. ais By3oB. / [lox pen. Konmakosoit H.A. - M., 2003.

12. Koanenko B. C. DnekTpoduzndeckue 1 3MeKTPOXUMHUUECKHE METOIBI
00paboTku MatepuanoB. YueO. mocodue Juisi MaIMHOCTPOUT. By30B. — Kues.: Bumia
mk., 1975. — 234 c.

13. Kparkuii cripaBouHuK ¢Gusuko-xumuieckux BenudnH / [Tox pex. Mumenxo K. I1.,

Pasnens A. A. - J1., 1974.

165



14. K. C. Kpacnos, H. K. Bopo6ses, 1. H. I'ognes u ap. ®usnueckas xumus. B 2 kH.
K#. 2. Dnexrpoxumusi. XuMuueckasi KHHETHKA U Katanu3: Yue0. J{ns By3os. / [lox pex.
K.C. Kpacnosa — 3-e u3n., ucnp. — M.: Beicur. k., 2001. —319 c.

15. Kopoun H.B. Xwumuyeckue HUCTOYHUKM TOKa W HUX NpPUMEHEHHE /
DNEKTPOTEXHUYECKUIN CIIPaBOYHUK, T. 2. — M.: DHeproaromusaar, 1986. — C. 682 —
702.

16. B. H. ®nepos. CO0pHUK 3a7a4 MO NPUKIAAHON 3ieKTpoXxumuu. — M.: Beiciias

mkoJja, 1987. — 293 c.

17. Kpomnron T. [lepBuunsie ucrounuku Toka: [ep. ¢ anri. —M.: Mup, 1986. — 328 c.
18. I W. 3opuna, I M. Kypynuna, I. M. BytoB, A. B. CunbkoB. DIeKTpOXUMHUSI.
["anbBannueckue aneMenTsl. — Bonrorpan, 2011. — 116 c.

19. CynepkoHaeHCATOPU — HAKOMUYYBa4l €JEKTPUYHOT €HEprii 3 BUKOPUCTAHHSIM
HaHOpPO3MIpHUX BymieneBux warepianie / FO. Manerin, H. Crpwxkakosa, C.
3eniacekuii, O. ['oxenko, B. Ctpenko // Bica. HAH Vkpaian. — 2011. — Ne 12. — C.
23-29.

20. EnexrponHi Marepiajii Cy4acHUX JIITIEBUX Ta JITIMHOHHUX JKEPEN €NeKTPUIHOT
eneprii (ommsim) / 1. . Muponwok, B.JI. Yensgun // Bicauk IIpukapmarcekoro
HaI[lOHAJIBHOTO YHiBepcutery iMeHi Bacuns Credanuka. Cepis Ximig. — 2010. —
Bunyck XI. — C. 8-21.

21. Jlesuncon B. C. Xumudeckne UICTOUHUKHN TOKa. — B kH.: ['eHepaTopbl psMoro
npeoOpa3oBaHus TEIJIOBOW U XMMUYECKON dHEPTHUH B AnekTpudeckyro. M.: BUHUTH,
1975, 1.2 .—256 c.

22. ITmmunenko A. T., Ilataunkuii M. B. Aranutudeckas xumus: B 1ByX KHUTaX: KH.
1 —M.: Xumus. — 1990. — 480 c.

23. Tlonym6puk O. M., Kapnayxos O. 1., ®enopenko I[1. B. OxucHo-BiAHOBHI ITPOIIECH:
Hagu. moci6. — K.: HYXT, 2002. — 344 c.

24. Aatpomnos JI. U. Teopetndaeckas snekrpoxumus. — M.: Beicmr. mik., 1984. C.230.
25. Ymuu I'. T, Peu P. O. Kopposust u 6opoTtsba ¢ Heli: BBeneHue B KOppO3HOHHYIO

HayKy ¥ TexHuky. — JI.: Xumus, 1989. —456¢.

166



26. Tomamo H. JI. Teopus xoppo3un u 3ammra metamioB. — M.: U3n-so AH CCCP,
1959. — 591c.

27. 3apeukuir C. A., CyuxoB B. H., Xuorunckuii II. b. DOnexrpoxumuueckas
TEXHOJIOTHSI HEOPTaHUYECKUX BEIIECTB U XUMUYECKUE UCTOYHUKH TOKA: Y UeOHUK JJIs
y4daluxcsi TEXHUKyMoB. — M.: Beicr. mkona, 1980. — 423c.

28. BonkoB C. B., Ilpucsoxnsiii B. JI. Xononne ropinas. — K.: Hayk. nymka, 1872. —
176 c.

29. Fuel Cell Handbook (Fifth Edition). — Morgantown, Vest Virginia: Sci. Aplicat.
Intern. Corpor., 2000. — 451p.

30. Kosun JI. @., Bonkos C. B. CoBpeMeHHas 3HEpreTuka U KOJIOTHUs: MPoOIeMbl U
nepcrnektuBu. — K.: Hayk. Jlymka, 2006, - 760c.

31. Kopnem K. // TonnmuBHbIe anemenThl. — M.: U31-Bo nHOCTD. JUT., 1963. — C. 22-37.
32. Pe3nukos I'. JI. ['eneparopsl npsiMoro npeodpa3zoBaHus TEIUIOBOW U XUMUUYECKOU
sHepruu B aekrpuueckyro. — M.: BUHUTH, 1974. — 205c. — (Toru Hayku ¥ TEXHUKH;
T.1).

33. AnHomHi Marepiajau JITIEBUX JDKEpeNl CTPYMY Ha OCHOBI KpEeMHIIO Ta
KpeMHiiiBMicHUX crionyk (orsan) / B. 1. Mauasiok, B. M. Cauko, [. ®. Mupontwok  //
dizuka i ximig TBepaoro tina. T15, N°1 (2014) C. 130-146.

34. amackun b. b., Tletpuii O. A., Lapnuna I. A. Dnekrpoxumus. — M.: Xumus,
Komoc C, 2006, ¢.223-248.

35. Kopposus metamioB. OU3NKO-XUMUYECKHE TPUHIIUIBI U aKTyaJIbHbIE TPOOIEMBI.

— M.: Meranyprus, 1984, -400c.

167



Honarok 1. EnekTponpoBigHICTh BOAHUX PO3UMHIB Kajdito xyopuny npu 25 °C

C, MOITb-E€KB*JT v, 102 Omtem? A, 10 Omtem?emonp ™
4,0 37,384 9,346

1,0 11,187 11,187

0,1 1,290 12,896

0,01 0,141 14,127

0,001 0,015 14,695

0,0001 0,001 14,889

Heckinuenno 0,000 14,985

PO3BEJICHUN

JonaTok 2. 3HaueHHs A, ,A, 1pu 25 °C (Om?. cm% monp™)

Karionun Ao. Anionu Ao
H* 362 OH" 205

K* 76 Y2 SO4% 83

5 Pb?* 73 Br- 81
% Fe** 68 y PO 80
Ag* 64 |- 80
Vs Zn?* 56 Cl- 79
Vs Mg?* 55 NO, 74
Na* 52 ¥ CO,> 70
Li+ 38,7 CH3COO- 41
NH," 73,7 F 55,4

Honatok 3. CTaHaapTHI €1EKTPOIHI MOTEHITIaI METaJIeBUX €JIEKTPOIIB Y BOJHUX
po3unHax npu 298 K (EnekTpoxiMidHUMA psT HAPYT METAIB).

Enexrponna peaxiris
Li— Li'+¢€

Mg — Mg?'+ 2¢

Fe — Fe?*+ 28

H, — 2H"+ 28
Cu—Cu'+ée

Au — AU+ 3¢

40H™- 48 = 2H,0 + O,
2Cl - 28 — Cl;,

Io, B
- 3,045
- 2,370
- 0,440
0,000
+ 0,521
+1,505
+0,401

+ 1,360
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2F-28 -k

+2,870

HNonatok 4. Crannaptsi (E°) Ta dopmanshi (E°') moTeHiamm oKMCHO-

BiIHOBHUX HamiBpeakiii (t= 25°C).

HaniBpeakiiis E°, B | E°, B (enekrpodir)

Ag'+e o Ag +0,799

AgBr+e < Ag+Br- +0,072

AgCN +e < Ag+ CN -0,040

Ag(CN)s* + e <> Ag + 3CN- -0,510

Ag,CO;3 + 2e” > 2Ag + CO3% +0,460

AgCl+e < Ag+Cl +0,224

AQZCrO4 +2e < 2Ag + CI‘O42' +0,447

AR + 3e” > Al -1,660

HASO42' + 4H" + 2¢” < H3AsO3; + H,O +0,881

H3AsO, + 2H* + 2¢” <« H3AsOs; + H,O +0,559

AsO> + 2H,0+ 2e” <> AsO, + 40H -0,710

BiO" + 2H" + 3e” «» Bi + H,O +0,320

BiCly + 3e” <> Bi + 4CI +0,160

Br, + 2¢” < 2Br- +1,087

2BrOs + 12H" + 10e” < Br, + 6H,0 +1,520

2BrO;3; + 6H,O + 10e” «» Br, + 120H" +0,500

Cd?* + 2¢” « Cd -0,402

Cd(CN)4* + 2¢” <> Cd + 4CN- -0,958

Cd(N H3)42+ + 2¢” < Cd + 4NH; -0,610

Cd(OH); + 2¢” «> Cd + 20H" -0,810

Ce* +¢ « Ce® +1,770 | +1,440 (1 monber
H2S04)
+1,600 (1 monpeat HNO3)
+1,700 (1 mompen
HCIO.,)

Cly + 2¢” « 2CI +1,359

Co® + ¢ « Co* +1,840

Co?* + 2e” < Co -0,280 |-0,420 (1 mompen* NHs)

Co(OH); + 2¢” «» Co + 20H" -0,730

Cr*+e o Cr* -0,410

Cr,07* + 14H" + 6" < 2Cr** + TH,0 +1,330

CrO4% + 4H,0 + 3e” <> 2Cr(OH); + 50H" | -0,130

Cu* +¢ < Cu' +0,153

Cu?* + 2e «» Cu +0,337

Cu(NHs)s%* + 2e” <> Cu + 4NH;3 -0,070

Fe3* + e« Fe? +0,771 | +0,700 (1 monper* HCI)
+0,680 (1 monpen?
H>S0.)
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Fe(CN)e® + ¢ < Fe(CN)g"

+0,356

2H" + 2¢” > H»

0,000

-0,414 (1107 monpen ! HY)

2H,0 + 2¢” <> H, + 20H" -0,826
Hg,?* + 2e <> 2Hg +0,792
H92C|2 + 2¢ ZHg + 2CI +0,268
nglz + 2¢ <« 2Hg + 2D -0,040
Hg?" + 2e” <> Hg +0,854
Hg(CN)4* + 2e <> Hg + 4CN- -0,370
HgY? + 2e <> Hg + Y* +0,211
l,] +2¢ o 2I +0,536
I, + 2¢ < 2I +0,621
I+ 2¢ < 3I° +0,546
2103 + 12H* + 10e” <> I, + 6H,0 +1,200
2103 + 6H,0 + 10e” <> I, + 120H" +0,210
Mn?* + 2¢” <> Mn -1,190
MnOy4 + 2H,0 + 3¢” <> MnO, + 40H" +0,600
MnO, + 8H" + 5¢” <> Mn?* + 4H,0 +1,510
NOs + 3H" + 2¢” <> HNO; + H,0 +0,940
NOs + 2H" + ¢ «+» NO; + H,O +0,800
NOs + 10H" + 8¢ <~ NH4" + 3H,0 +0,870
Ni%* + 2e” < Ni -0,230
Ni(OH), + 2¢” <> Ni + 20H -0,720
Ni(NH3)6?" + 2e” <> Ni + 2NH;3 -0,490
O, + 4H" + 4e” — 2H,0 +1,229 10,814 (1210~ monbent HY)

Pb%* + 2¢ < Pb -0,126
PbBr; + 2¢ < Pb + 2Br - -0,274
PbCl, + 2¢” <> Pb + 2CI -0,266
Pbl, + 2¢” < Pb + 2I -0,364
S% + 2H* + 2¢” > H,S +0,140
S406% + 2¢” > 2 S,04% + 40H +0,090
2S03% + 2H,0 + 2¢” <> 25,044 + 40H" -1,120
SO4* + 8H" + 6e” <> S + 4H,0 +0,360
Sn** + 2e" > Sn -0,140
Sn** + 2 > Sn?* +0,150
SnClg® + 2e” <> SnCl,* + 2CI +0,140
Ti*" + 2¢ o Ti -1,630
TiO** + 2H* + ¢« Ti + H,0 +0,100
TIF+e < Tl -0,336
TIBr+e < Tl+Br- -0,656
TICl+e - TI+CI -0,557
TP + 2 & TI* +1,250
VO?" + 2H* + ¢« V3 + H,0 +0,361
VO, + 2H" + ¢ VO?* + H,0 +1,000
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VO,* + 4H" + 2¢ — V3 + 2H,0 +0,668
VO," + 4H* + 5¢ < V + 2H,0 -0,250
Zn’t + 2e — Zn -0,763
Zn(NH3)s* + 2e” <> Zn + 4NH3 -1,040
Zn(OH), + 2¢” <> Zn + 20H -1,245

Honatok 5. IloTeHiianu enexTpoiB nopiBHsHHS pu 25 °C

Enexrpon [lo3naueHnHs Cxema E,B
(moTeHITIaTyTBOPIOIOYA
peakiris)
KanomenpHuit HKE Hg|Hg.Cl,, KCI (nac.) 0,2412
(H92C|2 +2¢ > 2Hg + 2C|) 3,50 KE Hg|H92C|2, KCI (3,5 mons- | 0,2500
exBen 1)
1,0 1 KE Hg|Hg.Cl,, KCI (1 mone- | 0,2801
exBen 1)
0,1 a KE Hg|Hg.Cl, KCI (0,1 moms- | 0,3337
exBen 1)
Xnopua-cpioHuit XCE Ag|AgCl, KCl (nac.) 0,1988
(AgCl+ e <« Ag+Cl) 3,5u XCE AglAgCl, KCI (3,5 monpe- | 0,2050
exBen 1)
0,1 1 XCE Ag|AgCl, KCI (0,1 mons- | 0,1988

exBen 1)
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enextpoiis, 7, 8, 109-113, 115, 118-121, 126-139, 141-144
- BUXix 3a ctpymom, 112-114, 120, 134, 135

- padinyBanHs (ouuiieHHs meTaris), 137, 139
enextpoiitw, 8, 10, 13, 17, 19-22, 26, 27, 29, 32, 44, 54, 67,69, 72, 73, 76, 77, 80,
82-84, 88-100, 108-109, 111-117, 119-124, 126-130, 133, 134, 137-144, 149, 151-
153

-- T0OYTOK PO3UYMHHOCTI, 38

- PO3YMHHICTH, 38

- CUJIBHI 1 clta0ki, 12, 15, 16, 18, 23, 24, 28
EJIEKTPOIMPOBIIHICTh PO3YUHIB €IEKTPOIITIB, 19, 77, 92

- MOJIsIpHa, 28, 29, 33

- muToMma, 22, 25

- MIATOMHMH o1tip, 22

eneKkTpoximMiuHa cucrema, 43, 110

3aXHCT METAIIB BiJl eJIeKTpOXiMidHOT Kopo3ii, 148, 160

- aHoguui, 158, 159

- katoguui, 156, 157

- mokputtd, 8, 113, 114, 124, 137, 147

130TOHIYHUM KoedirieHT, 14, 15
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karon, 8, 67-70, 72-74, 76-80, 82, 94-96, 99, 103, 108, 111-117, 119, 121, 122, 124,
127, 129, 132-134, 136, 138, 139, 141-144, 156
KoHCcTaHTa aucomamii, 13, 14, 37, 38

napiiaabHuM THCK, 54, 55, 141

IMacHBHICTL MeTanis, 158, 159

MOABIMHUY eNeKTpuyHuil map, 43, 44, 72, 86
noJsisipu3aitis enexkrpoaa, 110, 157

nepenanpyra, 110, 120, 124, 129

npaBuiio(a)

- JIrroica 1 Pennana, 18

PIBHSIHHS

- 30TepMHU XIMIUHOI peakilii, 44

- €JIEKTPOAHOT peakiiii, 52, 55

- €JIEKTPOHOTO MOTEHIlaNy, 52, 57

- JIIs1 TIOTEHII1a]Ty BOJIHEBOTO €IEKTPOY, 54

cTpyM oOMiny, 125

cTymiHb aucorianii, 13-15, 23

Teopis

- eJIEKTPOJIITUYHOT AucoIiaiii (teopiss Appeniyca), 10, 30
- KMCJIOT 1 OCHOB MPOTONITHYHA, 29
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