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Beryn

XiMisi HAIEHUTh A0 (yHIaMEHTATbHUX 3aTaJIbHOOCBITHIX JIU CITUTUTIH, 3aCBOEHHS
SKUX TIOBMHHE OyTH 0a3010 /i BUBYCHHS OCHOBHMX JUCIMIUIIH BIAMOBITHO 0
NporpaMy HaBYaHHS CTYJEHTIB, SIK1 CHEIai3yIOThCS Yy Taly3l €JIeKTPOTEXHIKH 1
€JIEKTPOTEXHONIOT M, a TAKOXK ISl CIPUSHHS PO3BUTKY XIMIYHOTO CBITOTJISIAY CTYJICHTA.

JlexuitHuii Kypc, 3riHO 3 PpOOOUYOI0 MPOTrPaMOI0 HABYANBHOI AWCLMILIIHU
"Ximig", Bxmovae 7 Tem: Tema 1. IlepioguyHuii 3akoH 1 MepioJUYHA CHCTEMA
JI.I. MenneneeBa;, Tema 2. KiHetwmka XiMiyHUX peakiid. XiMiuyHa piBHOBAra,
Tema 3.Po3unnn sk GiBUKO-XiMiuH1 cuctemu;, Tema 4. OKUCHO-BITHOBHI pEAKIIii;
Tema 5. XimiuH1 pxepena enekrpuaHoro ctpymy; Tema 6. Enextponis; Tema 7. Kopo3is
METaNiB 1 3aXUCT Bin Kopo3il. KoHCmekT siekiiii Mae Ha Meri JONMOMOITH CTYAEHTY Y
BUBUEHHI TUCHUIUIIHY, Kpalle MiArOTyBaTUCS 10 BUKOHAHHS Ja0OpaTOpHUX pPoOIT 1
CKJIaJJaHHA 3aJliKy. ABTOpP Ma€ HaJil0, M0 KOHCIEKT JOMOMOXKE CTYACHTY Yy HaJl0aHH1
0a30BMX 3HAHb, 30KpeMa B Trally3l €NeKTpOoXiMii, SIKi CTaHYyThb OCHOBOIO BHBYECHHS
CIELMCLMILIIH. A TaKoX JONOMO)XXE BUXOBATH CHeEIialicTa B Taly3l eleKTPOXIMIYHOT
eHepreTkd. OCTaHHIM YacoOM CYTTEBO 3pOCiia KUIBKICTh HAYKOBHX JIOCIH1KEHb,
MPUCBSIUYEHU X TAaKOMY HaIpsIMKY SIK €JeKTPOXIMIYHA €HEePreTHKa, IO BKIIIOYaE B cele
PO3pOOKY XIMIYHMX JXKEpel CTPyMy, €JEKTPOXIMIUHI TE€HEparopH, EJIEKTPOXIMIuHI
acTIeKTH BOJHEBO1 €HEPreTHKH, EIEKTPOKAT A3 Ta 1HIIIE.

VY 3B's13Ky 3 MM Yy IIBOMY KypcCi XiMil aKI[EHTOBAHO yBary came Ha eJIeKTPOXIMIYH1
npobiiemu.  BuBueHHss ~ MailOyTHiMM  cremiajgicTaMd 3 @IEKTPOTEXHIKM 1
EIIEKTPOTEXHONOT M (hyHJAMEHTaTBHUX OCHOB XIMii Ta €1eKTPOXIMIl J03BOJISITH CYTTEBO
MIBUIIUTA 1X 3arajibHOOCBITHIA PIBEHb Ta POMIMPUTH MpodeciiiHui CBITOTIISA, IO
CIIpUSITUME YCIiXY Kap'epu daxiBIIsL

XiMisl HaJIeXKUTh 10 TPUPOJAHUUMX HAYK, sIK1 BUBUAIOTh MarepiaibHUM CBIT Y BCIii
PIBHOMAHITHOCT1 MOT0 ICHYBaHH I 1T1€PETBOPEHb.

Ximist TICHO TOB’si3aHa 3 (PIBUKOIO 1 OIOJIOTIEI0, a/PKe XIMIYHI 3MIHM 3aBXKJIU

CYIIPOBOJIKYIOThCA (D BUYHMMH, a BC1 KUTTEB1 MPOIECH — OE3NMEPEPBHUMHU XIMIYHU MU
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NEPETBOPEHHSIMH PEYOBMH B OpraHidsMi, OOMIHOM pPEYOBUH MDK OpraHi3sMOM 1
HABKOJTUIIH 1M CEPeOBHUIIIEM.

Orxe, ximia — Hayka, 10 BUBYAE PEUYOBMHU Ta IMPOLECHU iX IMEPETBOPEHHS

(XiMI4H1 peakIiii), sKi CyIpOBOKYIOThCS 3MIHOIO iXHBOTO CKIay 1 CTPYKTY PH.
OCHOBHI NOHATTH TA 3aK0 HU XiMil

VY po3BUTKY XiMli BEJIMKY pOJb BIJIIIPaJio0 aTOMHO-MOJIGKYJISIDHE BYEHHS, SKE
BIAPIBHSUIOCS B1I MOMEPEHIX TEOPi CBOEIO JOTIKO. OCHOBU aTOMHO-MOJIEK YIISIPHOTO
BUCHHs Brepiie Oynu BukianeHi M.B.JlomonocoBum (1741p.) y mpani ,EnemenTtn
mMaTeMaTndHoi XiMmii. B OCHOB1 IBOTO BYEHHS JIEKUTh MPUHLMI JUCKPETHOCTI
pedoBUHU: Oy/b-sIKa pPEUOBHHA CKIIATAETHCS 3 OKPEMHX, AyKEe MaJMX YaCTUHOK.
BinMiHHICTP MIDXK pEYOBMHAMU 3yMOBJICHA BIIMIHHICTIO MDK IXHIMA YaCTHMHKAMH '
YAaCTUHKH OJIHIET PEUOBUHH OJIHAKOB1, YACTUHKH PI3HUX PEUOBUH — PBHI.

YacTtuHKU peuoBHHU TepebyBaiorh y Oe3lepepBHOMY pyci 3a OyIb-SIKMX YMOB.
Jist GUIBIIOCTI PEYOBHH TaKW MU YACTHHKAMU € MOJICK yJIH.

Monekyna —1e HaliMeHIIIa YaCTUHKA PEUYOBUHU, SIKA MA€ CTAMM CKJaj 1 31aTHa
30epiraT¥ OCHOBHI XIMI4H1 BJIACTUBOCT1 I[1€1 PEYOBUHH.

Mornekynu npoCTUX PEUOBUH CKJIAIAIOThCS 3 aTOMIB OJJHOTO XIMIYHOTO €JIEMEHTa,
a MOJICKYJIM CKJIAJHUX PEYOBUH — 3 aTOMIB PI3HUX €JIEMEHTIB.

Amom — 1ie HaliMeHIIa XIMMHO HENOAIIbHA YaCTHHKA XIMIYHOI'O €JIEMEHTA, sKa
30epirae Moro XimMidH1 BJIaCTUBOCTI.

Jlo cknamy MONEKya MOXKE BXOJUTH pi3HA KUIBKICTh aTOMIB, HAIPUKJIA,
MOJIEKYJIH Ta3iB (KpiM IHEPTHMX) TOJOBHUM YHMHOM, CKJIaIalOThCsA 3 JBOX aTOMIB, a
MOJIEKYJIH OUIKIB —3 COT€Hb THCSY aTOMIB.

Po3Mipu aToMiB BU3Ha4aIOTECS BETMUMHAMU MO PSIIIKY JECATUX YACTOK HAHOMETpa
(10*°Mm). AOCOJIFOTHI Macd aTOMIB 1 MOJIEKYJ Jy>Ke Maji. Maca aroMa HaWJIermioro
enementa (I'imporeny) cranouth 1,6/107%‘r, a Maca atomMa OJHOTO 3 HalBaKUMX

ernemeHTiB — [ImromOymy — 3,410 r. 3po3ymino, Mo TAKKMU BETMUYAHAMH OTIEPYBATH



HE3pPYYHO, TOMY Y PO3paxyHKaX BUKOPHCTOBYIOTH HE aOCOJIOTHI 3HAYEHHSI Mac aTOMIB,
a BITHOCHI.

Y 196G. MixHaponHa CHilka TEOPETUUHOI 1 MpUKIagHOi GpBukH, a 'y 1961 p.
MixkHaponHa cnuika Teopernddoi i mpukanHoi ximii (IUP AC — International Union of
Pure and Applied ChemistrydpuitHsuin enuHy 1IKagy aTOMHHX Mac, 3a KO Mach
aToOMIB 1 MOJIEKYJI TOPIBHIOKOTH 13 1/12macu atoma KapoOony *2C.

Bionocna amomna maca enemenma (Ar(X)) HOpiBHIOE BITHOLICHHIO Macu

aroma ejementa g0 1/12 macu aroma KapOony — 12. Maca atoma *2C JOpIBHIOE

19,93'1027KF. Omna pgBaHamusita Macu aromMa KapGony — 12, nopiBHIOE:
7

% =1,66-10°" kr, i NpUiHSTa 32 OJHY aTOMHY OJMHUINI0 MacH (a.0.M.).

Bionocha amomna maca eremenma — 1 Maca HOro aToMa, BUPaK€Ha B aTOMHHX

m(X)

Hm@)

ne m(X) — maca aroma enementa X, m(C) —maca aroma KapOony.

onuuuIx Mack: Ar(X) =

16701027 _

Hampukian, BinHocHa atomHa Maca ['igporeny Ar(H) = 1660107 1a.o.m.
Bionocna monexynapna maca peuwosunu (Mr) — 1me mMaca HOro MOJICKYIH,
m(XY)

=Ar(X) + Ar(Y);

BUpaXkeHa B aTOMHU X OWHUIIIX Macu: Mr(XY) =

#,m(C)
m(X.Y,)

Mr(X.Y,) = ———22L = aAr(X) + bAr(Y), ne

12 MC)

Mr(XY) — BimHOCHa MoOJIeKyJIsipHA Maca peuoBHHHU XY

Ar(X), Ar(Y) — BiTHOCHI aTOMH1 MacH eJieMeHTiB X 1Y.

Hanpuxnan, Mr(H,O) = 2Ar(H) +Ar(O) =2-1 + 1.16 = 18.

KinbkicTh MOJEKYT y MakpOCKOMIYHMX TUIaX HaA3BUYAMHO BEJIHKA, TOMY
NPUNHSTO 3a3Ha4aTy He a0COJIIOTHY K1JIbKICTh arOMIB 1 MOJIEK YT, @ BiTHOCHY. KiTbKicTh
MOJIEKYJ1 a00 aTOMIB y TIEBHIM PEUOBMHI MPUUHATO MOPIBHIOBATH 3 KUIBKICTIO arOMIB,

mo mictsrbes y 0,012kr KapOony. BitHOCHY KUTBKICTh aTOMIB 1 MOJIEKYJT Y PEUOBHH 1
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XapakTepu3yIoTh ()I3UYHOIO BEIIMYMHOW, SIKY Ha3MBAIOTh Kitbkicmio peuosunu (N).
KitbKicTh peuOBUHY BUPAKAETHCS B MOJISIX.

Monb — 11e Taka KUIBKICTh PEYOBUHH, SIKa MICTUTH CTUIBKH MOJIEKYJ, aTOMIB,
10HIB 200 HIMX CTPYKTYPHUX OJUHMIIL, CKUTbKH MicTUThCs atomiB y 0,012kr atoma
Kap6ony 2C.

KUIbKICTh CTPYKTYpPHHX OJMHHIlh, IO MICTUTECS B OJHOMY MOJ1 OYb-sKO1
PCUYOBMHM, Ha3WBaIOTh uuciom Aeozadpo (N,). YUucno ABoraapo CTaHOBUTH
6,0210°° momb . Toxi KiTbKiCTD PEYOBHMHU MOYHA pPO3paxyBaTH HACTYITHUM YUH OM:

Nn=N/N,
Kpim BimHOCHOT MOstekynsgspHOT Macu Mr, y XiMii Ta () 134111 ILIM POKO 3aCTOCOBYIOTh

HIOHSITT S , MOJIsipHA Maca M.

Monsapnoro macoro (M) Ha3uBalOTh Macy PSUOBHHHM, B3ATOT Y KUIBKOCTI OJMH

MOJIb, i BUpa’karoTh B TpaMax Ha MOJIb (T/MOJIB):
M =mn.

Tpeba 3ayBakuTH, 10 KIIBKICHO MOJEKYJIIpHA 1 MOJNSIpHA Maca OJHAKOBI, aie
BIIHOCHA MOJIEKyJIsipHa Maca — Oe3po3MipHa BeIWYMHA, a MOJSpHA Maca Mae
PO3MIPHICTH T/ MOJIb).

OmuH 3 OCHOBHMX 3aKOHIB XiMii — 3akon 30epexcenna macu — BIIKPUTHH 1
eKCTIEpU MEH TANTBHO TATBEPIAKEHUI BETUKUM pOCiiChbkUM BueHUM M.B.JlomoHOCOBHMM
y 1748p. Lleit 3akoH MokHa cPOpPMyIIIOBATH TaK:

Maca peuosun, wie ecmynuiu 6 peaxyilo, OOPIGHIOE MACI PEeYOBUHU, WO
YMBOPUTIUCA BHACTIOOK PeaKuii.

B 1789 p. 3akon 30epexkeHHS Macu HesasexHo Bin M.B.JlomoHocoBa BinkpuB
¢bpaniy3pkuit ximik A.JI.JIaBya3be, sKuUW MOBIB, IO MiJl Yac peakilii 3aJMIIA€THCS
CTaJOl0 HE TUIbKM 3arajibHa Maca pe4oBHMHHU, a i Maca KOKHOTO 3 €IE€MEHTIB PEUOBUH,

SIK1 B32€ MO J110Tbh.



3akoH 30epekeHHS MacH CTaB HAayKOBOIO OCHOBOIO JJIi CTBOPEHHS MeEpIINX
HOHATH XIMil, JUTSl BIAKPUTTSI HOBUX 3aKOHIB. 3aBIsIKU 1boMy 3akoHy M.B.JIomoHOCOB 1
A.JL.JlaBya3b€e cTamy NepuMMU BYCHUMH, SIK1 OKPECIIUIM TIEPIIli ySABICHHS MPO XIMIYH1
€JIEMEHTHU Ta Pi3H1 BUIM PEUOBHUH.

Bupatauit pociiicekuit ¢izuk I1.M.JlebeieB excriepuMEHTaTbHO J0BIB, IO CBITJIO
37aTHE CTBOPIOBATU THCK, OTO MOKHA PO3IJISIaTH SIK OJUH 13 BUAB marepii. [loaiOH1
JIOCJTIIA HAIITOBXHYJIM BEJMKOTO HiMelbKkoro ¢izuka A.EWHIITEHA HA AYMKY, 110 MK
Macoro Tu1a M1 #oro eHeprieto £ ICHYye 3B’ sSBOK:

E=mc?,

1€ ¢ — MBUJKICTh CBITJIA.

Otxe, piBHAHHs EHHINTEHHA € MaTeMAaTUYHUM BHUPA30M 3AKOHY 30epexceHHs
Macu it enepeii — OJHOTO 3 OCHOBHUX 3aKOHIB Cy4yacHOT (P13UKHU, KUK 1HOJ1 HA3MBAIOTh
3aKOHOM €KBIBaJICHTHOCT1 MacH ¥ eHeprii. 3riqHo 3 UM 3aKOHOM,

3Mmini macu na eeauyuny AM 6iON0GIOA€ YINKOM NeeHa 3MIHA eHepPail.

Hesenuki 3MiHM Macy TOBUHH1 BUKJIMKATH 3HaYH1 €HEPTeTUYHI €(PeKTH, OCKIIbKH
MHOXHHK ¢ pnopiBHioe 910" ® (uBmpkicts cBitma cramoButs 310° wm/c).Hesenuki
eHepreTHuH1 e(PeKTH, 10 CYNMPOBOMKYIOTh XIMIYHI peakilii, HE MOXYTh IPUBECTU [0
MOMITHUX 3MH Mac PEYOBHH, TOMYy IIiJl 4ac MEPEBIPKU 3aKOHY 30€pekeHHs Macu Ha
XIMIYHU X PEaKIifX 3aBXK/IH MiATBEPAKyBaJiacs HOTo CIIpaBeNTUBICTb.

3aBIsKM BIIKPUTTIO 3aKOHY 30epeskeHHss Mack B KiHUi XVII cr. y Ximii MiIfHO
YKOPHHUJMCh KUIbKICHI METOIW JOCHIDKeHHs, OyJI0 BHBYEHO KUIBKICHHI CKJIa
GaratboX pedoBUH, BimoMuil ¢paHuy3skuil ximik X.IIpyct BinkpuB 3axkon cmanocmi
cknady, sKuii GOPMYITIOETHCS HACTYITHUM YHH OM:

Koowcna  inougioyanvna MoONEeKyaApHA CHOJIYKA MA€ CMAauil  AKICHUU i
KIJIbKICHUIL CK1A0 HE3A1eHCH O 8I0 CROCO0Y it ompumanus.

3 BIAKPUTTSM IHOTO 3aKOHY XIMIYHOIO CIIOJYKOIO TOYaId HA3UBATH OYJb-KY

HAUBIAYATbHY CKIAJAHY PEUOBHHY, IO MAE CTAIMN CKJIIAI.



BupathHuii  anrmidicekuit xiMik 1 ¢i3uk [Pk J[anbToH, BHBYAaIO4M CIIONYKH,
YTBOpPEH1 OJHUMH W TUMM XK elieMeHTamu, BiakpuB y 1803 p. zaxon kpammnux
GIOHOULEHD

Axuwo 0sa enemenmu ymeopiooms 00UH 3 0 OHUM KIJIbKA CHOILYK MOJCKYIAAPHOT
Oyooeu, mo na 00Hy U my camy KiJIbKICIMb 00H020 3 HUX NPUNAOAIOMb MAaKi
KiibKocmi THUL020, AKI 8IOHOCAMbCA MIJIC CODO0I0 AK Hege UK Yl Yucia.

3aBIsKH BiJIKPUTTIO IHOTO 3aKOHY BUSIBIEHO MMUCKPETHY Oy/IOBYy PEYOBHH.

Ioeanbnuii 2az —11e MaTeMaTUYHA MOJIEJTb Ta3y, MOJIEKYJIH SIKOTO HE B3a€MOIIIOTb
OlHa 3 OMHOIO, IXHIO TIOTCHIIIHHY EHEPTiI0 MOXHAa HE BpPAXOBYBaTH, IMOPIBHSIHO 3
KIHETUYHOIO EHEpri€lo, a 31TKHEHHS MOJICKYJ 31 CTIHKaMH COCYAy Ta OIHOI 3 HIIOH
abCOJIIOTHO TIPYKHI.

PiBHSIHHS cTaHy i/1eabHOTO Ta3y — piBHSHHSI Menoeneccea — Knaneiipona

PV = (MM)RT,

ne P —tuck, 1la;

V —06'em, M,

m —maca, T;

M —wmonspHa Maca, r/MoIb;

T’ - remnieparypa, K;

R —yHiBepcaibHa ra3osa craia, mo gopiBHioe 8,314/ (moib K).

VY nesikux BUMajKax 3py4YHO KOPHUCTYBATHUCS 00’ € THAHUM Ta30BUM 3aKOHOM:

PVIT = const {is1 meBHOT Macu 1a3y), abo PiVi/Ty = PV T.

Axmo 7 = constra He 3MIHIOETBCS Maca Tazy, To A00yTok PV = const §akon
boiins — Mapiotra) a6o PV, = P,V,. Ilpomecu, ski BigOyBalOTECS 3a CTaJOl
TeMIIEpaTypH, HA3UBAIOT b I30MmepP MIYHUMU.

Skmo V = constra He 3MIHIOETBCS Maca ra3y, To BimHomeHHs P/T = const §akox
[Mapms), ado P/ Ty = Ps/T,, abo P/ P, = Ty T». Ilponiecy, ski BimOyBarOThCS 3a CTAJIOTO

00'eMy , HA3UBAIOTh I30XOPHUMU.



SIkmo P = constra He 3MIHIOETBCS Maca ra3y, To BimHomeHHs V/T = const §akoH
I'eii-Jrocaka), abo V4/T; = V)T, abo Vi/ V, = Ty/T,. Tlpouecy, ski BinOyBaroThes 3a
CTaJIoro TUCKY , HA3UBAIOTh i300ApPHUMU.

3akon Aeozadpo: B onHakoBUX 00'e€MaxX pI3HMX ra3iB 3a OJHAKOBHUX YMOB
(TemriepaTypH i THCKY) MICTUTBCS OJTHAKOBA KUTBKICTh MOJICKY!L.

3akoH ABoraapo i€, KOJM MOBa HJie Ipo ra3u, 1 He Ji€, KOJM MaEMoO CIIPaBy 3
TBEPAUMH i PIAKMMH P €40 BUHAMM.

MoxHa pospaxyBar 06'eM, mo saiimarors 6,02-16° monexyn (a6o 1 mois)
OyIb-SIKOTO Ta3y 3a HOPMAIBHHUX YMOB (H.y.). HopmaibHUMH yMOBaMH BBa’aloTh
temneparypy 0°C i tuck 101325[1a.

Po3zpaxoBanuii 06'eM 1151 Oy1b-SKOTO Ta3y 3a H.y. IOpiBHIOE 22,411

Hacnioox i3 3axkony Aeozadpo:. 3a OMTHAKOBUX YMOB OJMH MOJIb OYyIb-KOTO Ta3y

3aiiMae OfMH 1 TOW camuil 00'eM, SIKMI Ha3UBAIOTh MOJISIPHUM 00'€MOM.

VM :M’
n

ne Viy — MospHHit 06'eM Ta3y JI/MoJtb a60 M/ MOIIb,
V — 06'eM HEBHOTO Ta3y, JI a00 M,

N — KUTBKICTh PEYOBHUHH B 00'€Mi V, MOJIb.

Tema 1. Ilepioquunnii 3akoH i nepioguuna cucrema JI.I. MennejieeBa
1.1.bynoBa aroma
ATOM — 1I¢ eNeKTpOHEWTpalibHAa YACTHHKA, $KA CKJIAJIAETHCS 3 IMO3UTHUBHO
3apSAHKEHOr0 sifipa 1 HETaTUBHO 3aps/DKEHUX eJIeKTpoHIB. [lo ckilamay sjapa BXOIATh
NPOTOHU 1 HEUTPOHHU. SIIPO OTOYEHE ENEKTPOHHOIO XMapolo, sKa 3aiiMae OuIbIy
YacTUHY 00'eMy.
Ilpomon — 1€ TMO3WTUBHO 3apsjKeHa YacTHHKA, Maca SKOi JOpIBHIOE OJHIN

aTOMHIN oqMHUITI MacH (2.0.M.), a 3apsiT YMOBHO JOpiBHEOE +1.



Heiimpon — 1ie  elCKTpOHEWTpaJbHa YacTMHKA, Maca SKOi JOpIBHIOE OJIHIN
arOMHIN ONMHHUIII MACH.

Enekmpon — 11¢ HETaTUBHO 3aps/keHa 4YacTHHKA, Maca SKOi JOpIBHIOE
0,00054a.0.Mm., a 3aps1 yMOBHO JOPIBHIOE —1.

3apsn sapa JOPIBHIOE KUTBKOCT1 MPOTOHIB. KiJIbKICTh MPOTOHIB B aTOMI 3aBKIH
JOPIBHIOE KUIBKOCT1 €JIEKTPOHIB, a TAaKoX TMOPSJKOBOMY HOMEpY €JIeMEeHTa B
nepionnuHid cucremi. OTKe, MOPAAKOBUM HOMEDP €JIeMEHTa BKa3zye Ha 3apsja sapa
(To0TO, Ha KIJIbKICTh MPOTOHIB 1 HA KUTBKICTh €JIEKTPOHIB Y aTOMI).

Maca aromiB pi3HEX enemenTiB ckiaamae 107 — 107 kr. ToMy IepexomsTh 10
BiqHOCHUX aToMHHMX Mac (Ar). la.o.m. = 1,66-102 k. Po3mip atoma = 10° 10 M, pO3Mip
sep — 10+ 10" m.

Maca aroma 4 (iHakire MacoBe YMCJIO) JOPIBHIOE CyMi MAC YCiX YaCTHHOK, SKi
BXOJSTH JIO CKJIaTy aroMa. BpaxoByrouW, IO Maca €JICKTPOHIB TOPIBHSHO 3 MAacoro
NPOTOHIB 1 HEUTPOHIB HE3pIBHSHHO Majla, MOXXHAa BBa)kaTH, IO Maca aroma
BU3HAYAETHCSI MACOI0 HOTO MPOTOHIB 1 HEUTPOHB. TakuM YMHOM:

A=Z+N,
e A —MacoBe YH CII0
Z — KUTBKICTh MPOTOHIB (ITOPSIIKOBUI HOMED €IIEMEHTA);
N — KUIbKICTh HEHTPOHIB.
Hanpuxnan, Kamiit K:
nopsiAKoBUit HOMep — 19; KiIbKICTh NPOTOHIB — 19; 3apsn sapa — +19; KUTbKICTh

enexkTpoHiB — 19.

Cknan syipa: Ckiazx atroma:
Z =19
Z=19 /
- e 2 - A =39
. — A =39 19 ~
1 -
S N=39-19 =20 \ N=20
€ =19
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Binomo, 110 Ki1bKICTh MPOTOHIB XapakTepU3y € 3aps sapa 1 HATeKHICTh aToMa JI0
JAHOTO XIMIYHOTO eJleMeHTa. SIKIIO aTOMHU OJHOr0 M TOro > €JIEeMeHTa MaloThb
OIHAKOBHH 3apsj siapa (0JHAKOBY KUIBKICTh ITPOTOHIB), ajie pi3Hy Macy (pi3He MacoBe

9UCII0), X HA3MBAIOTh i30MONAMU OTHOTO 1 TOTO XK EIIEMEHTY.

Hanpuknan:
/=38 /=38 Z=8
16 iA 16 17 d — A=17 180 d — A=18
0O O
N 8 N:9 N:10

AToMHa Maca eJeMeHTa B TeploAWYHIA CHCTEMI JOPIBHIOE CepeIHbOMY
apu(METUYHOMY 3HAUEHHIO Mac BCIX MOTO 130TOIIB 3 YpaxyBaHHSIM X MOIIMPEHOCTI B
TIPUPO 1.

Tax, npupomnmii Xmop — me cymim 77,35 % Boromy ¥3Cl i 22,65 %

35077,35+37122,65
10C

X1IMIYH1 BJIaCTUBOCTI BCIX I30TOIIIB OJHOrO eleMeHTa oaHakoBl. OTike, XIMIUHI

i3otorty ¥Cl. Tomy Ar(Cl) = = 35,453.

BJIACTUBOCT1 €I€MEHTIB 3ajie’Karh Bij 3apsy spa aroma, a He BiJ MOro aTOMHOT MacH.
3apsan simpa aroMa — TOJIOBHA XapaKTEepUCTUKa eJieMeHTa. XimMiuHuil enemenm — 11€
CYyKYIIHICTh aTOMIB 3 OJIHAKOBUM 3apsJIOM SIpa.

Tomy mnepioouunuit 3axkon Menodenecea (GOPMyTIOIOTh HACTYITHUM UYUHOM:
Bnacmueocmi enemenmie, a makodxc ymeop eHux HUMU RPOCMUX | CKIAOHUX CHOJIYK

nepeoysaromp y nepioOuuHiil 3a1excHoCmi 610 eeIudUHU 3apady A0ep IXHIX amomie.

BynoBa esiekTpoHHOT 000,10 HKU aToMa. KBaHTOBI yncia.
VYcienekTpoHU aroMa yTBOPIOIOTh €NIEKTPOHHY 000JI0HKY. [ToBeiHKY €NeKTpOHIB
B aTOM1 HE MOXKHA OIKMCATH 3a JIONTOMOT'00 3aKOH B KJIACHYHOI MeXaHiKu. EjdexTpon —11e
MIKpOYaCTUHKA, SKIM MpUTaMaHHI KOPHYCKYJSIpHI 1 XBWIBOBI BJIACTUBOCTI, TOOTO

€IEeKTPOH OJTHOYACHO € YaCTUHKOIO0 1 XBWICK. BIacTMBOCTI MIKPOYACTUHOK OIMHUCYE
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KBAHTOBA MeXaHIKa. 3riHO 13 3aKOHAMW KBAHTOBOT MEXaHIKM HEMOJJIMBO PO3paxyBaTd
TOYH1 KOOPJMHATH €JIKTPOHA B MPOCTOpi (TOOTO TPAEKTOPIO HOro pyxy). MoxIHBO
JMIIe po3paxyBaTd WMOBIPHICTh 3HAXOJKCHHS TAHOTO €JeKTPOHA B TIEBHIM JUISHIII
npoctopy. Lo NISIHKY HA3UBAIOTh €JIEKT POHHOIO XMapOIO.

To0t0, cTaH eJeKTPOHIB B aTOM1 MOHA YSBUTH Y BUIJISII €JIEKTPOHHOI XMapH 3
NEBHOIO TYCTHHOIO €JIEKTPUYHOTO 3apsay B KOXKHIMA Toull. EMeKTpoHH1 XMapHu pi3HUX
EIEKTPOHIB MaIOTh Pi3Hy opMy. KoxkHU eIeKTpOH Mae CBOIO amomMHy opoimais.

AtomHa opbOitans (AO) — ysBJICHHS TIPO pyX eJIEKTPoHa B aromi. Taka ocobiimBa
Ha3Ba (He opOira, a opOiranp) CBIMUMTH MPO TE, MO0 PyX CEICKTPOHA B aTOMi
BIIPIBHSETHCS Bl KJIACHYHOTO PYXy 32 TPAEKTOPIEIO i OMUCYETHCS 3aKOHAMHU KBAHT OBO1
MEXaHIKH.

Amomua opbimany — 1ie MareMaTudHa (QPyHKIl1s, BUKOPHCTOBYIOUH SIKY, MOJKHA
pO3paxyBaTH KMOBIPHICTb 3HAXOI)KEHHS €JICKTPOHA B Oy/Ib-sIK1i TOYIIl aToMa.

Taxum YMHOM, OCHOBHUMH XapaKTePUCTUKAMH, 0 BU3HAYAIOTH PYX €JICKTPOHA B
aroMi, € eHepris Ta MPOCTOPOBI OCOOIMBOCTI BiAMOBiHOT opOiTami. Ix Bu3HAUAIOTH 3a
JIOTIOMOTOI0 KBAHTOBHX YHUCEI.

1. I'onoene xeanmose uwucno N BU3HAYAE CHEPTiIO €JIEKTPOHA B aToOMi W MOKe
HaOyBaTu 3HaueHb Bif 1 J0 oo (TUTbKH I[UTi, MO3UTHBHI Yncia). YnM MeHIe N, TUM
OUThbILIC eHeprisi B3a€MOJIl €JIEKTpOHA 3 sapoM (TUM OMMKYE 10 siapa 3HAXOJUTHCS
eIeKTpOH). EJIeKTpOHM 3 OIHAKOBUM 3HAUYCHHSM N YTBOPIOIOTH CHEPreTUYHUI PIBCHb.
KutbKicTh piBHIB, Ha SIKMX NMEpe0yBatoTh €JIIEKTPOHH, 30IraeThCsl 3 HOMEPOM MEpioay, y
SIKOMY 3HAXOJUTECS €IEMEHT Y MepioudHii cucTtemi. Homepa mux piBHIB MMO3HAYAIOTh
madpamu 1, 2, 3, 4, 5, 6, H{mme —nirepamu K, L, M, N, O, P, Q).

2. Opoimanshe (nobiune) keanmose uucno | BusHavyae GopMy eICKTPOHHOT XMapH.
Bono mosxe HabyBaru 3HaueHs TUTbku 1muX gncen Bix 0 7o (N — 1), 7e N — roaoBHe
kBanToBe uncno. | =0, 1, 2, 3..{—1).

Kpim gucinoBux, opOiTabHe KBAaHTOBE YnCIIO | Mae i miTepHi MO3HAYCHHS:
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UYucnoBe mosHadeHHs1 opOitaiapHOTO KBanToBoro| O | 1 | 2| 3| 4

yrcina ()

JlitepHe Mo3HaYeHH 51 s|p| d|l f| g

Enektporn 3 ojHakoBUM 3HaueHHsM | yTBoproroTh mimpiBeHb. IligpiBHi
Ho3HaYaroThCs JiTepamu S, p, d, f,...

Tak Ha meprioMy eHepreTHdHoMy piBHI (N = 1) € omuH migpiBeHb (S), HA
JPYTOMY €HEpre THYHOMY PiBHI (N = 2) MOIMBI TUILKK JBa MiApiBHS (S 1 P), 1 AkuX |
= 0 (swigpiBens), | = 1 (parigpiBens), HAa TpeThoMy (N = 3) —Tpu migpiBH# (S, pPi d) i
T.1. KUIBKicTh €HepreTMUHMX IMiAPIBHIB JOPIBHIOE HOMEPY JaHOTO EHEPreTUYHOTrO
piBHS, TOOTO 3HAYEHH FO TOJIOBHOTO KBAHTOBOT'O YHUCIIA N.

[linpBHI BiAPIBHAOTHCS OJMH BiJl OMHOTO €HEPTIEIO 3B'SI3KY €JICKTPOHA 3 SIAPOM.

Op6itani oguoro miapiHs (I = const)maroTs 01HAKOBY eHeprito i GopMmy.

S-opOitame Mae chepuuny popmy, p—opOitaas Mae Gopmy raureni (BiCiMKH),
d- i f—opOGirasti MaroTh OUTHIT CKITAAH1 OPMH.

[lozHaueHHs1 opOfTajii BKIIOYAE HOMEpP EHEPreTMYHOIro PiBHS M JiTepy, WIO
BiAMOB imae manomy miapiHio:1s, 3 —opOirais.

Takum YUHOM, €HEpris €JIEKTPOHA B aTOMI 3aJIe’KUTh HE TUIbKW B1Jl 3HAUCHHS
TOJIOBHOTO KBAaHTOBOTO 4YHCJIAa N, ajie ¥ Bim 3HauYeHHs opOiTanpHOro uncia |. A 1e
O3HAyYae, 1110 eHepein eNeKmpoHa 6 AMoMi 6U3HAYAEM bCA CYMOIO 3HAYCHb T'OJIOBHOTO 1
OpOiTaTBHOTO KBAHTOBUX 4rcen N +1.

3. Maznimne Keéanmoee uucaio M, BU3HAYA€ PO3TANTYBAHHS SJICKTPOHHOT XMapH
JIAHOTO THITY B IMTPOCTOPi i MOKE y MEKaX MEBHOTO MiAPIBH I IPUIAMAaTH 3HA4 CHHS I1UTHX
gucen Bix - 1o H , y ToMy uucii 3HaYCHHS HyJIb. T00TO M, I JaHOro 3HaueHHS |
oyne matu (2 + 1) 3Havenn. Tak, 3a | = 0 (ue S—op6itans) MoxmBe Tuteku M = 0. Lle
O3Hayae, MO S-OpOITaTh MAa€ OJHAKOBY OPIEHTAIII0 BIIHOCHO TPbOX OCEM KOOpIMHAT

(Puc. 1,a). ITpu | = 1 (p-epOiTars) M, Moxe HaOyBaTH TpboX 3HaueHb: —1, 0, +1.
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Lle o3Hayae, 110 MOXKYTh iCHyBaTH TpH P—opOitani (D, Py, P,) 3 opieHTali€0 3a
KoopMHarHUMU ocsiMu X, Y, Z (Puc. 1,0). Ilpu | = 2 (d—opOirars) m mosxe HaOyBaTH

m'saTh 3HadeHb.—2, —1, 0, +1, +2Ile o3Hayae, 10 MOXKe ICHYBaTU IT'sSITh O—opOiraneit i

TaK Janl.

Ss-opOiraib

Puc. a

p—opOiTaib

p,—opOiTaib

Puc. 0

Puc. 1 —300paxkeHH s aTOMHU X OpO T asei

p,—opOiTab

MarHiTHe KBaHTOBE YHMCJIO BU3HAYaE KUTBbKICTh 3HAaUYeHb OpOiTasieil Ha MipiBHI,

ITI0 JTOPIBHIOE K1JIBKOCTI 3HAYEHB M.

Op06iTanbHe KBaHTOBE MaruitHe kBaHTOBe unciio | Yucno opOiraieii 3 1aHuUM
gucio (1) (m) 3HaueHHsM (4 + 1)
0(s) 0 1
1 (p) -1,0, +1 3
2 (d) -2,-1, 0, +1, +2 5
3 (M -3,-2,-1,0+1, +2, +3 7

ATOMH1 0p0iTamM 300pa’kyI0Th Y BUIJISII1 €HEPTE€TUYHUX KOMIPOK, KUTBKICTh SIKUX

Ha JIaHOMY TIiJIpIBH1 BU3HAYAETHCS KUIBKICTIO 3HAUYCHbh MArHITHOTO KBAHTOBOTO YHCIIa

m=4+ 1
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4. Cninoge Keanmoge uucio Mg MOXKe HaOyBaTH TUIBKU JBOX 3HaueHb +1/2 1 —
1/2. Bonu BiOBINAIOTh ABOM MOMJIMBHM 1 MPOTHJICKHUM OJIMH OIHOMY HaIlpsSMKaM
BJIACHOTO MATHITHOTO MOMEHTY €JICKTPOHA, IO Ha3WBAIOTh CIIHOM (Bim aHri. Spin —
BepeTeHO). 1151 MO3HAYCHHS SJICKTPOH B 3 PI3HUMH CIIHAMH BUKOPHCTOBYIOTH CHIMB OJIH :
til.

OTe, cTaH eleKTpoHa B aTOMI BH3HAYAETHCS 3HAYEHHSMU BCIX YOTUPHOX
KBAaHTOBHX 4YHCEJl, SK1 XapaKTepU3yIOTh EHEPril0 €JeKTpOHa, HWoro cmH, Qopmy
€JIEKTPOHHOT XMapH 1 1i OpiEHTAI[1I0 y IPOCTOP1.

Enexrponni i e1ekrponorpadiuni popmysm

By noBy eneKTpoHHHX 000JI0HOK aTOMIB 3aITUCYIOTh 3a JOMOMOTO0 €J1eKTPOHHHUX
dopmyur.

Enexmponna ¢opmyna — ue dopma 3anmcy eNeKTpoHHOT OyJIOBM aToma
eJIeMEHTa 3 PO3MOALIOM EJIEKTPOH B 32 PIBHAMM 1 MIIPIBHAMHU.

3amiieMo eneKkTpoHHYy OyaoBy aroMma [iiporeHy, mpu I[bOMY CKOPHUCTaEMOCS

HACTYITHOIO (hOPMOIO 3a1HUCy':

CUMBOII KUJIBKICTh €JIGKTPOHIB Ha
eeMenTa / H1piBHI
H 1St

1 nigpiBens (Tur opGitaii)
TIOPSIKOBHIA e \
HOMED HOMEP €HEPTreTUYHOTO PiBHS
(KiIBKiCTb €eKTPOHIB) (ro;oBHE KBAaHTOBE YHMCIIO)

[TocnimoBHICT, 3amOBHEHHS €JIEKTPOHAMH CHEPreTUYHUX pIBHIB 1 MiApIBHIB
BU3HAYAETHC S 00OB'I3KOBUMH TPABUITAM |

1) B aTOMi HE MOJKE ICHYBATH HABITh JBOX €JIEKTPOHIB 3 OJIHAKOBUMH 3HAYECHHS MU
BCIX YOTHUPHOX KBaHTOBUX umced (mpunyun Ilayni). HaciigkoM 1pOr0 mMpaBujia € Te,
0 HAa OAHIA OpOiTajli HE MOKe TmepeOyBaTH TOHAJ JBa CICKTPOHW 3 MPOTHJICIKHO

CITPSIMOBAHU MU CTITH AMH .
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—HECIIAPEHUH EIIEKTPOH,;

— cmapeHi eNeKTpoHH (3 aHTUHapaielbHUMA a00  MPOTHIIC)KHO
CIIPSIMOBAHU MU CITIHAMH).
BuxopucTtoBytoun npunimn [layini, MokHa po3paxyBaTd MakCUMalbHY KUIBKICTh

€IEKTPOHIB HAa EHEPTETUYHOMY PIBHI U MiJPIBHL

[TinpiBeHn KinbkicTs opOiraneit MakcumalibHa KUTbKICTh

EJIEKTPOHIB

2
6
10
14

- o T 0
N~ 0w e

MakcrumanbHa KUTBKICTh eJIeKTpoHB N Ha eHepreTHYHOMY PIBH1 0 O0UHCTIOETHCS
3a (hopMyTI010
N = 2n?,
Jie N —T0JIOBHE KBAaHTOBE YUCIIO.
2) CriikoMy CcTaHy aroma BIJIOBiTae TaKWW PO3MONIJ EJICKTPOHIB Yy Mexkax
€HEpTEeTUYHOrO MIJIPIBHS, 3a IKOro a0COJIIOTHE 3HAUYEHHSI CyMapHOTO CIiHA aToMa
€ MAKCUMaJIbHUM (npaeuno Xynoa).

Hanpuxian: Ha 2p—1iapiBHi TOTPiGHO po3MicTHTH TpH elekTpoHa (2p°)
—CyMapHH# CIiH JopiBHIoE 3/2, BIAMOBiIa€ MpaBuIy XyHIa;

[t t] | —CyMapHHUi CIiH nopiBHIoe 1/2, He BiAnoBinae npapuity XyHa.

CrabuthbHOMY CTaHy €JIGKTPOHA B arOMi BIOBiNae MiHIMaJIbHE 3HAUYCHHS MOTO
eHeprii. by ip-sikuil HIIKME HOro cTaH € 30yI>KEeHUM, HeCTaOUTbHUM, 3 SIKOTO €JIEKTPOH
CaMOBUIBHO MEPEXOAUTH Y CTaH 3 OUIBII HU3BKUM piBHEM eHepTil. Tomy nocaidoenicme
3ANO6HEHHS  e1eKMPOHAMU EHEP2eMUYHUX PI6HI6  GUIHAYAENBLCA NPABUTIOM

HAUIMeHWI02 0 3anacy eHepeii.
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3) eNeKTpOHH HacamIiepe]] 3aiiMaroTh opOiTayii 3 HaMEHIIMM PIBHEM EHEpTii,
TOOTO 3 MEHIIIMM 3HaUYeHHSIM cymu N + | (nepue npasuno Kneukoecvkozo).

Skmo cyma N+ aBoOX pisHMX opOiTaleidl 0JHAKOBA, TO MEPIIOO 3allOBHIOETHCS
opOitaip, y sikoi N MeHie (Opyee npasuno Kneukoecvkoco).

Jlist Toro, 1m06 Hamucaru eneKTpoHHY (GopMyy aToma, HEOOX1THO 3HATH HOTO
NIOpSIIKOBUM HOMEp y Tabnuii MenaeneeBa (BiH BIIIOBiNae KiTbKOCTi €JIEKTPOHIB) i
HOMep Tepiojy (BKa3ye Ha KUIBKICTh €HEPreTHYHU X PIBHIB).

Banuinemo enekTpoHHy Gopmyny Hirporeny (mopsiakoBuii HoMep cim, mepio —
npyruii). B atomi HirporeHy 7 eieKTpoHIB 3HAXOAATHCS HA IBOX CHEPTETUYHUX PIBHSX.
Mu Bxe 3Haemo, 10 Ha 1 pBHI € TUIBKM OAMH MiAPBEHH — S, 1 HA HHOMY MOXKYTh
3HAaXOJAUTHCA MAKCHUMAIBHO JIBA €JIEKTPOHMU: 1s”. Ha 2 piBH1 € 1Ba MIJPIBHSA —S 1 P: 2S2p.
Ha npyromy enepreTuyHoMy piBH1 HaMm TpeOa pO3MICTUTH 7 - 2 = DEIeKTPOHIB: %22p3.
Enextponny OynoBy aroma HirporeHy Mo»Ha 3amucaTé 3a JOIMOMOTO0 HACTYITHOI

dopmynu:
N:1€252p°,

[ 1
Tl 20
2¢

18% — rpadiuHa enekTpoHHa (opmyna (Tpu eIeKTpOHH

Ha 2p- minpiBHI PO3MIIYEMO TaK, MO0 CyMapHUid CITiH OyB MAaKCUMAaJIbHUM).
CknajHime 3aloOBHIOIOTECS — €JIGKTPOHH1  OOOJIOHKM aTOMIB  €JIEMEHTIB
YETBEPTOro MEPiofy — B HUX € MO YOTUPHU €HEPreTUYHUX PIBHI. 3alUIIEMO €JIEKTPOHHY

dopMyIy 1 cXeMy eJIeKTPOHHO1 CTPYKTypHu aroMa Kariro.

LK 1€2€2p°353p% s

4t

Ti[Ti[ Tl e
3p

Tl

-
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Ha TtpeThoMy eHepreTHYHOMY piBHI € Tpu migpBHi: S, P 1 d, ame micas
3amoBHEHH S 3p-opOirani 3amoBHioBaTHCS Oyne He 3d, a 4Sop6Oirans. Lle BigOyBaeThCs
BiAMOBiAHO 10 mepmioro npasuina KaeukoBebkoro. Copasmi, ams 3d-miapiBas (N = 3,
|=2)n +1=5,a qs 4sqaigpiBas (N=4,1 =0) n+ | =4. Orxe, eHeprisa 4S41iapiBHS
MeHIa, Hik 3d41inpiBHS, TOMY 4 S41iipiBeHb MOBMHEH 3alIOBH FOBATH CS paH iIlie.

3 ypaxyBaHHsAM mnpaBul  KII€4KOBCBKOT'O  MOCIHIZOBHICTH  3allOBHEHHS
€IEKTPOHAMHU CHEPreTHYHWX PIBHIB 1 MiAPIBHIB aTOMIB €IEMEHTIB Ma€ HACTYITHHUM
BUTJISIA

15<25<2p<3s<3p<4s<3d<4p<b5<4d<Sp<6s<MH5d<6p<7s<5=6d<7p

1.2. Tlepioguuna cucteMa XiMiYHHUX eJieMeHTIB

[lepionmura cucremMa  €JIE€MEHTIB  po3poOneHa  pOCHICHKUM  XIMIKOM
JI.I. MenneneeBuM Ha mifcTaBi Bimkputoro HUM y 1869 pori mepioguuHoro 3akoHY
3QJIEKHOCT1 BIACTUBOCTEM €MEMEHTIB BII aroMHOi Mackd 1 € Horo IpadiyHUM
BupaxeHHsaM. Tabnmuuss MeHzaeneeBa € kiacd@ikali€ro XIMIYHMX €IE€MEHTIB, IO
JI03BOJISIE BUSBUTHU 3aJI€KHICTh IXHIX BJIACTUBOCTEN B1J KIIBKOCTI IPOTOHIB Y aTOMHOMY
sAp1.

[lepiognuHa cuctema CKiIaJaeThes 3 IepioIB 1 IPyIl.

Ilepioo — ue ropu3oHTaNBHUM PSIAOK. YCbOro B Tabmuui 7/ nepionis. Ileprmid,
npyruii 1 Tpetid nepiogu (1, 2, 3)cki1amaroThCs 3 OJJHOTO PSAAY ¥ Ha3UBAIOTHCS MaTHMMHU.
4, 51 6 mepiogu CKIAAAIOTBCA B JBOX PSAAB 1 HA3MBAIOThCSA BEIUKHUMHU. [ TIEPIOT
CKJIQJIA€ThCS 3 OJHOTO PsiAy (He3aKIHUCHHU ).

Ipyna — 1ue BepTUKATBHHUN CTOBMEIb. YChOro BiciM rpymn. Homep rpymm
no3HadeHo pumcbkumu tmdpamu (1, I, 1l ...). Koxna rmpyma ckiamaeTbes i3 JBOX
miarpyn: ronoBHoi (A) i mo6iuHoT (B).

Y ronoBHy miarpymy (A) BX0OISTh €IIEMEHTH MAJMX 1 BEIUKH X IIEPIOiB.

VY no6iuny miarpyny (B) BXoSTh €1€MEHTH TUTBKH BEJTUKHU X TIEPIOTiB.

Hanpuknan, y nepuioMy nepioJil po3TalioBaH1 TUIbKY J1Ba eeMeHTu : ['igporeH 1

Teniii. ¥V nepmiii rpymi (1)
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ronosua miarpyna (I A): H, Li, Na, K, Rb, Cs, Fr;

nobiuna migrpyna (I B): Cu, Ag, Au.

Po3ramyBanHs XiIMIYHOTO €JIeMEHTa B NEpPIOAMYHIA CHUCTEMI BU3HAYAETHCS
Oy10BOIO aTOMa 1HOTO BJIACTUBOCTSIMU.

Tlopaokoeuit nomep enemenma — BU3HAUYA€ 3apsij sapa aroMa W KUIbKIiCTb
EIIEKTP OHIB.

Homep nepiody — KiUTbKICTh CHEPTreTHYHU X PIBH B.

Homep zpynu Bu3HaYa€ MaKCHMMalbHy KIUIBKICTh BaJIeHTHHX (HECIapeHUX)
€JIeKTPOHIB, TOOTO MAaKCHMaJIbHY BaICHTHICTb.

Ycworo rpyn BiciM. KinbKiCTh BaJ€HTHHX €JEKTPOHIB BCiX aTOMIB HE OLIbIIE
BOCHMH.

VY 3a5eKHOCT1 B1/1 TOTO, SIKW MiJIPIBEHb 3alIOBHIOETHCS €JIEKTPOHAMU OCTaHH M,
eJIEMEHTH IOIUISIOTh Ha. S-etemenmu, P-eiemenmu, O-enemenmu, i f-enremenmu
(emexTpoHH1 CiMEHCTBA).

MakcumanbHa KiTBKICTh €NEeKTpOHIB Ha S—opOitani — aBa. ToMy B KOXXKHOMY
nepiosii € nBa S-eremenmu. MakcumalibHa KUTBKICTh €JIEKTPOHIB Ha P—opOiTati — IIicCTb.
ToMmy B koxHOMy mepioai (kpiM mepmioro ¥ ChbOMOI0) € IIICTh P-ereMeHmis.
MaxkcuManbHa KUTbKicTh d-eremenmie — necsith, f-enemenmie —40TupH aIATh.

VY XIMIUHHUX peakIisiX NPUUMAIOTh y4acTh JIUIIC aleHmHi enekmponu. [ S- 1
p-eemenmie BaJCHTHHUMU € CIICKTPOHM OCTAaHHBOrO (30BHIIIHBOTO) EHEPreTHYHOTO
piBHs. [l d-enemenmie BaleHTHUMHU € TakoX O-eJEKTPOHM IEpEJOCTAHHBOTO PIBHS
EHepTii.

CrpykTypa MepioAMYHOT CHUCTEMH €JIEMEHTIB BH3HAYAETHCS EIEKTPOHHOIO OYJI0BOIO
aroMiB.

OCKUIBbKHM BJIACTUBOCTI €JIEMEHTIB 3HAXOSIThCA Y MEPIOAUYHIN 3aJI€KHOCT1 Bifl 3apsiiiB
anep ix aroMmiB, TO L€ O3HAYAE, IO GIACMUBOCHII e1eMeHMie NOGMOPIOIOMbCA NpU

nepexoodi 6i0 00H020 nepiody 00 inuo2o. Enemenmu dc oOHi€i niozpynu maromo
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noOiOHI XiMIYHI énacmueocmi 1 4acTo YTBOPIOIOTh aHAJIOTTYHI croyku. Hampukimagn,

enemenTH VIl rpynu ronoBHoi niarpynu yroprorots kuciotd HF, HCI, HBr, HI.

Posrnsinemo  3miHy

niArpynax i nepiogax.

HalOUIbIl BaXXJMBUX BIACTUBOCTEM XIMIYHMX €JIEMEHTIB Yy

Ilepiogn4HicTh 3MiHH BJIACTHMBOCTEH €JIEMEHTIB Y Iepioaax.

Memaniuni enacmueocmi — 31aTHICTH BiJJITaBaTH BATCHTH1 €IEK TPOHH.

Enepeia ionizayii — enepria, norpiOHa 115 BIJPUBY €JIEKTPOHA Bil aToMa.

Enexmponezamugnicms —31aTHICTh aTOMIB MIPUTATYBATH BAJICHTH1 €JIEKTPOHH.

30iabIm eHHA

NOPSAKOBOIO HOMEp .

N

P
30inblIeHH 51 YHCIA
€JIEKTPOHi B HA 30BHILIHBOM,
piBui

30inbIeHHs
eHeprii ioHizan i

30iib e HHS
eJIEKTPOHEra TH BHOCTI

———

X

3MeHIIeHHSI MeTATIYHIX
BJIACTHBOCTEM

30inb e HHs

3apsiay siapa
(BigHOBHUX)

IepiognyHicTh 3MiHM BJIACTHBOCTEH eJIeMEHTIB y IOJ10 BHUX MiArpynax.

30iIbIIeHHS
NOPSIKOBOr0 HOM epa

{

30inbLIeHHS
paaiyca atoma

{

3MeHIIEeHHS eHeprii ioHi3anii

N\

36iy1b meHns
3apsiay siapa

/4 N\

30inbIeHHsI Me TATIYHHX
BJIACTHBOCTei
(BimHOBHUX)

3MeHIIeHHS
eJle KTPOHeraTuBHOCTI
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Tema 2.Kineruka xiMmiunux peakuiid. Ximiuna piBHoBara

2.1.TIoHATTS NPO MBHAKICTH XiMiYHMX peaKuii

Po3nin ximii, 1m0 BUBYAE MBUJAKICTH MepeOIry XIMIYHUX PEaKIliid, HAa3UBAETHCSA
XIMIYHO10 KIHEMUKO10.

XimiuHa KIHETMKA BUBYA€ SK TOMOTEHHI, TaKk 1 rereporeHHi peakiii. ['loMorenHi1
peaxiiii BitOyBarOThCsS B OJHOPITHOMY CepeJOBHUIII (TOMOTCHHINH CHCTEMI) B YChOMY
00'eMi cuctemu. ['eTeporeHHi peakiiii BiI0yBalOThCS B HEOJHOPITHOMY CEpEIOBHIII
(reTeporeHHli cUCTeMi) — MK peYOBMHAMH, SIK1 TepeOyBatoTh y pi3HuX (azax. XiMiuHa

B3a€MOJI1S Y LIbOMY Pa3l BiIOYBA€eTHCSA HA MEX1 po3noauty (das.

HIBuaKicTh peakilii Xapak TepU3yeThCsl 3MIHOIO MOJISIPHOT KOHLIEHTPAIl1i Oy ab-sIKO T
3 BUXIJIHUX PEYOBHUH 200 KIHIIEBUX MPOAYKTIB Peakilii 3a O IMHUINO Yacy.
JInst ToMOTeHHO1 peakIrii MOJKHa 3aIMCaTH HACTyITHUM YHHOM:

C,—¢C Ac
V=2 1=+ :
Pp— A [Mons/(11-¢)],

ne V —mBUIKICTH PeaKilii;

C; 1 C; — MONSIpH1 KOHIEHTpAIlii OJIHIET 3 pearyounX PEUuoBUH y PI13HI MOMEHTH
Yacy Ty 1 T, BIIOBIIHO.

3naku "+" 1 "—" BKa3y10Th, 3a SIKOIO 3 PEYOBUH BHU3HAYAIOTH IIBUAKICTH PEAKIIIL:
SKIIO 332 BUXIAHOIO — 3HaK "—" (KOHIIGHTpaIlis BUXIAHAX PEYOBUH IiJ dYac mepeoiry
peakiii 3meHInyeThes, AC < 0, a MBUAKICTH 3aBXKAM BEIWYMHA MTO3MTHBHA), SKI[O 3a
KIHIIEBOIO —3HaK '+".

HIBUAKICTH XIMIYHOT peaKilii 3aJI€KUTh Bl IPUPOIU PearylounuX peuyoBUH, IXHBOT
KOHIICHTpAIL I, TEMIIEpaTypH, a TAKOX Bill MPUCYTHOCTI Kamanizamopa (pe4oBUHa, sKa
HPUCKOPIOE PeaKililo, a cama MpH IbOMY HE 3MIHIOEThCS), a00 iH2idimopa (peuoBHHa,
sSIKa CITOB UTBHI0E PEaKIIifo).

3aneXHiCTh MIBUIKOCTI XIMIUHOT peakilii Bii KOHIIEHTpallii pearyounx peuoBHH

BU3HAYA€ThCsI 3akoHOM Jii Mac (3akon K. M. T'yiapabepra i II. Baare): mBuakictsh
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XIMIYHOT peaxirii 3a cTajoi TeMmepaTypu MpsIMO MPOMOpIIiiHa JOOYTKY KOHIIEHTpAIlii
pearylounx pEYOBMH Y CTyNEHSX, W0 JOPIBHIOKTh iXHIM CTEXIOMETPUUYHUM
KOE(QII]IEHT aM.

Jlnst peaknii aA + bB -~ ¢C + dD3akon nii Mac MoHa 3amMcard HACTYITHHM

YUHOM:
b
Vv =k[AT[B],
ne [A] u [B] — monsapHi koHIIEHTpallii pedoBHH A i B;
aib —crexiomerpuuni koediieHTH;
K —koediieHT Tp ONOPIIHHOCTI, 10 HA3UBAIOTh KOHCTAHTOO IBU/IKOCT1 P €aKIIii.

JI7ig TeTepOreHHN X peakilid y BUpa3 MIBUIAKOCT1 KOHIIEHTpaIlisd TBEPAUX PEUOBUH

HE BXOJIUTh.
Hanpuxnan, ans peakuii C,,) + Oy = COy
V =k[O,]

Koncranta mmBuakocti (K) peakiii BiamoBimae MIBHAKOCTI peakiii 3a
KOHIIEHTpAI[i}l peary04nX peYoBHH, 110 J0PIBHIOIOTH 1MOJIB/ II.

3 MiABUIIEHHSM TeMIlEpaTypyd MIBUIKICTh XIMIYHMX pEaKiid 34e01JbI10r0
3poctae. 3rigHo 1B mpasunom Bamm - Toghgpa:. npu niosuwienni memnepamypu
cucmemu Ha koxcui 10 zpadycie weuoxkicme oinvuiocmi peaxuyiit 3pocmac 6 2-4pasu,

ado mamemamuuHo.

e Vtz I/Ith — MBUAKOCT1 PeaKIlii BIMIOBTHO 32 MOYarkoBoi t; 1 KiHIIEBOI t)
TeMIIeparyp;

Y — TeMrepaTrypHuil KoeiieHT MIBUAKOCT1 PeaKilii, KUIbKICHE 3HAUEHHS SKOTrO

Moke OyTu UM ab0 Ip 000BHM.
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2.2.XimiuyHa piBHOBara

Ximiuna pienosaza ¢ ooopomuux peakyisax. O00OpoTHA peakilisi BiI0OyBalOThCS SIK
y IIPSIMOMY, TaK i B 3BOPOTHOMY HaIpPSIMKY.

aA+ bBS cC + dD 66oportra peaxitist)

aA+ bB - cC +dD (ipsama peakiris)

cC + dD - aA + bB 6BopoTtHa peakiiis)

Vip. = ki [N B]"; Vi, =k, [CI°ID]".

XiMiuyHa piBHOBara — I1€ TaKWid CTaH CHUCTEMH, 3a SIKOTO IIBUAKOCTI MPsIMOi Ta
3BOPOTHOI peakiiii cratote omHakoBuMu (V,, = V,,). KiTbkicHOIO XapaKTepuCTHKOIO
XIMIYHOT pIBHOBATH € il KOHCTAHTA.

Jiia 060poTHOT peakiii

« =K _[CTIDI"
K. [AT[BI"

ne K —koHCTaHTa XIMIYHOT pIBHOBAry;

[A, [B], [C], [D] - piBHOBaxxHi KOHIIeHTpalii (KOHIEHTpaIlil, 10
BCTAHOBJIIOIOTHCS B CTaH1 XIMIYHOT pIBHOBAIW) KOMIIOH €HTIB.

JInst TeTeporeHHMX peakiid 10 BUpa3y KOHCTAaHTH pPIBHOBark BXOJAThb
KOHIICHTpAIl 1l TUTBKH TUX PSYOBUH, SIK1TepeOyBarOTh Y ra30Bii abo piakii ¢asi.

KoHcranTa XiMiyHOT piBHOBArk BU3HA4a€ rIUOMHY MepedTy Mporecy Ha MOMEHT
JIOCSITHEHHS CTaHy pIBHOBArw.

BrmnuB 3MiHM 30BHIIIHIX YMOB Ha CTaH XIMIYHOT PIBHOBArd BU3HAYAETHCA 32
NpaBWIIOM, sIKe nicTano Ha3By npuHimuny Jle Ilamenve. akuio Ha cucmemy, uwio
nepedysac y cmani pieHoeazu, noOisAmu 3306Hi, mo 6 cucmemi 6i00y8amMuUMymuocs
IMIHU, AKI ROCAAONIOIOM b 306HIULHINL 6NIIUG.

Ha cran xiMiuHOi piBHOBard BIUIMBAIOTh HACTYNHI YWHHUKH. KOHIICHTpaIlis

pearyrurx pedoBHH, TeMIepaTypa, TUCK (TUTBKH JUJIS Ta30BUX CUCTEM).
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Bnnue konuenmpauii na cman pienoeazu. 3rigHo 13 npuniunom Jle [larense,
JIOJIaBaHHS IO CUCTEMH OJHIET 3 BUXIJHUX PEUOBUH CIPUYHUHSE 3MIIICHHS PIBHOBATU Y
Oik yTBOpEeHHs HPOAYKTIB peakiii, To0To BrpaBo (Vy, > V,;). JlogaBaHHS NPOSYKTIB
peakiii 3Mmilrye piBHOBary y OIK YTBOPEHHSI BUXITHUX pEYOBUH, TOOTO BIIIBO
(Vaw > Vi),

Bnnue memnepamypu na cman pienogazu. 3rigno 3 npuniunom Jle [larense,
I Yac HarpiBaHHSA CUCTEMH, ITI0 TIepeOyBa€e y CTaHl pIBHOBATH, OCTAHH S 3MIIYEThCS Y
O0lK TOrO 3 JBOX MPOTWIEXKHO CIPIMOBAHUX IMPOLECIB, SIKUM CYNPOBOIKYETHCS
NOITIMHAHHAM Temnotd (y Oik endomepmiunoi peakuit). OXONOIKCHHS CIIpUsIE
3MILIEHHIO pIBHOBaru y OIK peakiii, sfKa CYNpPOBOJKYETbCS BUIUICHHSM TEIJIOTH
(ex3omepmiuna peaxuisn).

A + B — C; +HQ (-AH) —ek30orepMiyHa peaKilis;

A + B — C; -Q (+AH) —eHnoTepMivHa peakxilis

Bnnue mucky na cman pienosazu. Tuck BIUIUBAaE Ha CTaH PIBHOBArd TUIBKHU Y
ra30BUX CUCTEMax, y pa3l SKIIO peakiis nepedirae 13 3MIHOIO 00 €MIB pearyrdux
peUoBHMH y Ta3omoioHOMy cTaHi. 3rimHo 3 mpuHiunoM Jle Illarenbe, MigBUIIEHHS
THCKY 3YMOBJIIOE 3MIIIEHHS XIMIYHOI pIBHOBAarM Yy HANpsMKYy TMpPOIECY, KU
CYMPOBO/DKYETHCSI 3MEHIIICHHSIM 00 €My (3MCHIIIEHHSIM KUIbKOCTI MOJIEKYJ TasiB), a
3HWDKEHHS TUCKY — BUKIIMKAE 3MIIIEHHS PIBHOBArd Y TP OTUIICKHUM OiK.

Hanpuxnan, mis peakinii

Vip.
N2y + 3Ho( % 2NH;)

3B.

y pa3l MiABUIIEHHS TUCKY pIBHOBAara 3MIMIYEThCI y OIK 3MEHIIEHHS K1IbKOCTI

MOJIEKYJI ra3iB, TOOTO B O1K MpsAMOi peaKiii.

Tema 3. Po3uunu sik ¢izuko-xiMiuHi cuctemu
BomHi po3uriHU BiATpatoTh BEIMYE3HY POJIb Y MPUPOMl 1 MPAKTHYHIN JiSIILHOCTI
MOAMHU. BUTBITICTh XIMIYHU X TIPOIIECIB Y TIPOMUCIIOBOCTI TPOBOAATH Y PO3UHMHAX.
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Po3uunamu Ha3UBaIOTHCI TOMOTEHH1 TEPMOJAMHAMIYHO CTIK1 CUCTEMH 3MIHHOTO
CKJIamdy, SK1 CKIIaAarOTECS 3 IBOX 1 OUTHINOT KUTBKOCTI KOMITOHEHTIB.

Pozunnu OyBaioTh ra3onofiOHMMH, PIAKAMH 1 TBepaAuMH. HaliOuibie mnpakTuuHe
3HAYEHH S MalOTh PIJK1 PO3YUHH, OCKIJIbKHA B HUX B1IOYBAETHCS OUTBIIICTD PEaKIIil.

Po3unH ckiiagaeTbes 3 pO3UMHEHUX PEYOBUH 1 PO3YMHHHUKA, TOOTO CEPEIOBUIIIA, Y
SAKOMy Il PEYOBHMHU PIBHOMIPHO pO3MOALIEH] y BHIVISNI MoJekyn abo iOHIB.
KomnioHeHT, KUIbKICTh SIKOrO TEpeBaka€, MPUUHATO BBaXaTH POZYUHHUKOM.

[Iporiec yTBOpeHHS po3unHy € (Hi3uKo-XiMiuHUM mporecoM. Ckiaa po3uuHiB y
NEeBHOMY IHTEpBaJli KOHIEHTpaliil, Temmeparyp 1 THCKY MOX€E 3MIHIOBAaTUCH
OesnepepBHO. OCKUTBKM PO3YMHW HE MAKOTh CTAJOro CKJAJYy 1 JI0 HAUX HE MOYKHA
3aCTOCOBYBATH 3aKOHH CTEX10METpli, pO3UMHH HAOIMKAIOTHCS /0 MEXaH YHU X Cy MIITIeH.
OnHopimHICTh, 3HAYH1 00’ €MHI ¥ eHepreTuyHi1 e(PeKTH, MO CYMPOBOKYIOTH MPOIEC
PO3YUH €HHA 0araTbOX peYOBUH HAOIMKAIOTh POZUMHU 0 XIMIYHUX CIOIYK.

[lepuri po6oOTH 3 BUBYEHHS BIACTUBOCTEN po3unHB Hanexatb M.B.JlomoHOCOBY.

[Iponec nepexoay peuOBUHH, SIKY PO3UMHAIOThH, Y TOBIIY PO3YMHHUKA HA3UBAIOTh
po3unHEeHHAM. Po3unHeHHs BiMOyBa€eThCs 3TiTHO 13 3akoHaMu Jaud y3ii, 11el Tmpolec He €
pe3yJbTaToM  MPOCTOTO  MEXaHIYHOTO  3MillyBaHHA.  Po3uMHEHHS  PEYOBUH
CYIPOBOJIKYEThCSI BUIUICHHSM a00 TOTJIMHAHHSAM TEIJIOTH Ta 3MiHO0 00 emy. Ili
SBUIIA, @ TAKOXK JesIK1 1HII BKa3ylOTh Ha XIMIYHY B3a€MOJII0 PO3YMHEHOI PEYOBUHU 13
posuuHHukoM. lle Oyno BcranoBmeno y 80-T1 poOKM MHHYJOTO  CTOJITTA
JI.I.MenaeneeBuM, skuii po3poOHWB BIIOMY TiApaTHY TEOPIIO, 3TTHO 3 SKO I Yac
YTBOPEHHS PO3UMHIB BIOYBAIOThCS HE TUTBKU (P13UUH1, a 1 XIMIYH1 MPOIECH.

VY mporueci po3UMHEHHSI YaCTUHKU PEYOBHHH, 110 PO3YMHSIOTHCS, YTBOPIOIOTH 3
MOJIEKYJIaMH PO3YMHHHUKA B1JHOCHO HECTIMKI CITOTYKH, SIK14YaCcTO MalOTh 3MIHHUN CKJIa
1 Ha3MBAIOThCS CONbBAaTAMU (SKIIO PO3UYMHHUKOM € BOJIa — IJIpaTaMu).

I1i0 uac po3uunenns peuoeunu 6i0 0yearomvcsa Mmaxi nPouecu.

— 3B'A30K MiK 4YacTUHKaMu (MOJNEKyJlaMHM, aTOMamH, iOHAMH) y pEYOBHHI, sKa

PO3UYMHSIETHCS, PYHHYETHCS, 1110 CYIIPOBOKYE THCSI IOTJIMHAHH IM TEIUIOTH;
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— OJTHOYACHO YTBOPIOIOTHCS COMBBATU, BHACIIJOK YOTO BUIUISETHCS TEIJIOTA;

— nami BiIOyBA€ETHCS PO3MOJAUT COIBBATOBAHWX YACTHHOK PO3UYMHEHOI PEYOBHHH, IIO
CYIPOBOJIKY€ETbCSI TOTIMHAHHSAM TEIUIOTH. 3arajbHuil TemioBUM edexT mpouecy
PO3YMHEHHS OyJle MO3UTUBHUM a00 HErATUBHUM 3aJIE’KHO B1I TOrO, 110 MepeBakaTuMe:
TeIUIOBUM eQeKT coybBaraimii 4acTUHOK, YU CcyMa TemjaoBUX epekTiB audy3ii i
pyiiHYBaHH I 3B’ sI3K1B MK YaCTUHKAMH PO3YMHEHOT PEUOBUHHIL.

Po3unH, y skoMy JaHa pedoBHHa OUIbIlEe HE PO3UMHIOETHCA 33 JIAHOI TeMIlepaTypH,
HA3UBAIOTh HACUYCHUM.

Po3yunnicms pewoeunu 3a NaHoi TeMIeparypyd BU3HAYAKOTh SK Macy Ii€i peYOBUHH,
ska po3unHioeThCsl B 100r po3unHHMKA, 3 YTBOPEHHSIM HACHYEHOTO PO3YMHY 3a JaHOT
Temneparypu. Hanpuknaza, po3dYMHHICTH Xuopuay HaTpito 3a Ttemmeparypu 18C
nopiatoe 35,86ry 100r Bo1u.

OnHUM 3 OCHOBHUX MapaMeTPIB PO3YUHY € HOTO CKIIA/I.

3.1.Crioco6u BUpa:KeHHsI CKJIa1y PO34HHIB

CKJ'IaI[ PO3YNHY MO’KHA BUPA3HUTU KOHICHT pall €10 a00 YacTKOIO pOB‘-II/IHeHOI PCUOBHUHHU.

Konuyenmpauia pozuunenoi peyosunu — 1¢ KUIbKICHA Mipa CKIagy
po3unHy. BoHa BH3Hayae BMICT PEYOBHHHU B OJMHHUII MacH abo 00'emy po3unHy (iHOI
PO3YMHHKKA) 1 € HAWBAXIIUB IIIIOI0 XaPAK TEPH CTUKOIO OY/Ib-SIKOT'0 PO3UYHHY.

Ilo3HaveHHs:

X —pO3UurHEHA PEYOBUHY,

Y — pO3UUHHUK;

mM(X) — Maca pedoBUHH, T;

M54, —Maca pO34HHY, T;

M(Y) — Maca pO3UMHHHKA, T;

V} 04, —00'€M po3umHYy, II;

3.
Pposs. —TYCTHHA PO3UNHY, I/CM
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N(X) — KiIBKICTh PEYOBHHHU, MOJIb;

M(X) — MoJsipHa Maca peYOBHHH, I/ MOJIb.

[FOTTAK pexomeHaye BUKOPUCTOBYBATH KIIbKa CIIOCOOIB BUPAKEHHS KUTbKICHOTO
CKJIaJy PO3YMHIB, SIK1 IPYHTYIOTHCS Ha CTAJIOCTI MAaCH PO3YMHY, PO3UYMHEHOT peUOBUHH,
PO3YMHHUKA YU 00'€ My PO3UHHY.

Coco0u BUp a:KeHHSI KiJIbKICHOIO CKJIAAy PO34HMHIB

1. Macosa uacmka peuosunu 6 po3uuni — ®(X) — 1 BIAHOIIEHHS Macu
po3unHeHnoi peuoBuHH M(X), IO MICTHTBCS B PO3YMHI JO 3arajibHOi MAacH I[bOTO

PO3UMHY M} o5

dopwma 3anucy:

6(X) :% a60 w(X) =X mo0%

- -

OpuHuilsl BUMIPIOBaHHS BIJHOCHA. J{OMyCKaeThCs BUpAX)aTH MACOBY 4YaCTKY
PEUOBHMHM y YacTKaX OAWHMIII a00 BIICOTKaX. BigcoTkoBa KOHIIEHTpaIlis MOKa3y€e Macy
pedoBuHH, sika mictuThcs B 100T po3unny.

Hanpuknan, macoBa wactka peuoBurn H,SQ, y po3umHi cynb(aTHOT KUCITOTH
nopisaioe 20 %. Ile o3nauae, mo y posumHi cynbdarHoi kucimoru macor 100 r
Mmictuthbes pedoBuHa H, SO, macoro 20T.

2. Monapna abo monvha yacmka po3uunenoi pevosunu X y po3uuHi TOPIBHIOE
BIJIHOIIEHHIO KiTbKOCTI peuoBuHH X (B MOJISIX), IO MICTUTHCS y IIbOMY PO3YHHI, JIO
3arajbHO1 KUIBKOCT1 PEYOBHH Y PO34HHI (B MOJISIX).

®dopma 3anucy:

X(X)= n(x) _ mX)/ MX)
NX)+nY)  nfx)/ MX) + )/ MY) °

ne x(X)- monsipHa a60 MOJIbHA YAaCTKA PO3YHMHEHOT PEUOBHHH X |
N(X) — KIbKiCTh MOJIIB PO3YMHEHOT pEYOBHHHU X

N(Y) — KiIbKiCTh MOJTIB pO3YrHHHKA Y.
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OnmuanIss BUMIpIOBAaHHS BigHOCHA. MOJIbBHA YacTKa PO3YMHEHOT PESUOBHHH ITOKA3YE
YaCTKy KUIBKOCTI MOJNIB PO3YMHEHOI PEUYOBMHU BI1Jl 3arajbHOi KUIBKOCTI MOJIB Y
PO3YUHI.

Jlomy CKaeThe sl BUpakaTu MOJISIpHY a00 MOJIbHY YacTKy B TAKUX K€ OJUHHUIISX, K
1 MacOBYy 4acTKy pPO3YMHEHOT PEYOBUHH Y PO3UHHI.

3. Monapna Konuenmpauia peuosunu X y po3uuHi NOKa3ye€ CKUIBKH MOJb
PO3YMHEHOT PEYOBMHM MicTHTBCS B 1 aM° posunHy. BoHa MOPIBHIOE BiIHOLICHHIO
KilIbKOCTi peuoBUHH N(X), 110 MIiCTUTBCA y PO34KHI, 10 00'eMy (V,054) IIBOTO PO3UMHY.

MornsipHa KOHIIGHTpAIlisl PEUYOBHHHU TOKA3Y€ CKUTBKH MOJIb PO3YMHEHOT peUYOBUHU
mictutbes B 1am° pO3YUHY.

B CI OCHOBHOIW0O OJIMHHUIICIO MOJSPHOI KOHIEHTpAIlil € momb/Me, a st
PAKTHYHOTO KOPUCTYBAHHS — MOJIB/IM® 400 MOJIB/IL.
dopma 3arucy:

_nX) _  mX)
=V "MW,

pos3d.

Hanpukian, MossipHa KoHIieHTparlist peaoBuan Harpii xmopuay (NaCl)y po3uwni

3aIIUCY€E€THCS HACTYIIHHUM YHH OM.

n(NaCl) _ m(NaCl)
Voo M (X) W

3
, MOJIb/ M.

c(NaClh=

P034rH 3 MOJISIPHO IO KOHIIEHTPAIIIE FO pO3YMHEHOT PEYOBUHH, KA 0D IBHIOE
1 moub/ iM®, HA3UBAETHCS OXHOMOJIAPHUM PO3YUHOM i HO3HaYaeThest 1M po3uns;
0,1 mMonb/nm® HasuBaeTHC s HEIM MostsipHi M po3urHoM (0,1 M po3zuun);
0,01 Monb/nM’, Ha3UBaETHCS caatumostsipauM (0,01M po3uun);
0,001momnb/mv® HasuBaeTsest MinivomspauM (0,001M posuns).

4. Monanvnicms po3uuHeHOi peuouHU 6 pPO3UUHI TIOKA3ye KUIBKICTh MOJIb
po3unHeHnoi pedyoBuHH B 1 Kr pozumHHuka. BoHa JOpIBHIOE BIJHOMIEHHIO K1UIBKOCTI
peuoBuru N(X) (B MOJSAX), IO MICTUTECS Y PO3YMHI, 10 Mack M po3unHHKUKA Y (B KT)

bOT0 po3unHy. dopma 3amucy:

28



n(X) 1000_ m(X) 1000
mY)  M(X) 0(Y)

OIUHHMIISE BUMIPIOBAHH I MOJIB/KT.

b(X/Y) =

Hanpuxnan, moasmibaicts HCly BogHOMY po34mHi 3aIIMCYETHCS TaK |
n(HCI)[1000_ m(HCI)1000
mH,0)  M(HC)MH,0)’

3.2.KoairaTuBHi BJIACTHBOCTI PO34HMHIB HEeJICKTPOJITIB

MOJIB/KT.

b(HCI/H,0) =

Konicamueni enacmueocmi po3uuniée — 1ie¢ BIACTUBOCTI, fK1 3ajJeKaTh Bil
KUTBKOCT1 YaCTUHOK PO3YMHEHOI PEYOBHMHHM y PO3UMHI Ta HE 3aJiekaThb BiJ XIMIYHO1
MIPUPOJAU PO3UYMHEHOT PEYOBUHU.

BnacTUBOCTI pO3urHY 3aBXK/M BIIPI3HAIOTHCS B1Jl BIACTUBOCTENW KOKHOIO 3 HOro
KOMITOHEHTIB. L{s 3MiHa 3yMOBJI€Ha, 3 OJHOrO OOKY, XapakTE€pOM B3aEMOJAL MIXK
KOMITOHEHTaMH, a 3 JIPyToro —3MEHIIEHHSIM KOHIIEHTpaIlii MOJIEKYJI KOXKHO1 3 pEYOBHH
MiJI 9ac Po3MOAUTy B Hill MOJEKYN iHIIOT pedoBMHM. BIIWB MUX YMHHUKIB 3pOcTae i3
30UTBIICHHSIM KOHIICHTpallil po3unMHy. YpaxyBaTH IX KUIBKICHO IyK€ Bakko. Tomy
IIKABIIIMMK [IJI1 BUBYEHHS € po30aBieHl pPO3YMHM, MII 4Yac YTBOPEHHS SKUX HE
BiZIOyBa€ThCS 3MIHM TEIUIOBOi eHepTii Ta o0'eMy. Y TakMX pO3YMHAX YACTHHKH
pO3UMHEHOT PECYOBHMHM MepeOyBaroTh HA BEIWKIM BiACTaHI OJHA BIM OJHOI 1 iXHIM
B3a€MHHU M BIUIMBOM MO>KHA 3HEXTYBATH.

Po3riisiHeMo HAacTyIHI BIACTUBOCT1 PO30aBICHU X PO3UYUHIB:

—3HWKEHHS TUCKY HACMYE€HO1 Mapu HaJl pO3YMHOM,;
— KpIOCKOI is1;
— eOyIT10CK OITis
— OCMOTUYHUN TUCK Y PO3UMHI.
3HUMHCEHH A MUCKY HACUYEeHOT napu HAO PO3YUHOM.

Bracniiok BuUMaproBaHHS HaJ PIAMHOIO YTBOPIOETHCS Mapa, THCK KO MOXKHA

BUMIPSATH 3a JIOMOMOrOr MaHoMeTpa. OJTHOYACHO 3 EHIOTEPMIYHMM TIPOIECOM

BUIIAPOBYBAHHS BIJOYBA€THCA 3BOPOTHUM EK30TEPMIYHMUM Mpolec KOHJIEHcallii, 3a
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IIEBHUX YMOB MiX UMK Iporiecamu BcTaHOBIIOeThCS pBHOBATa: (Hx0) i S (H2O)uap
(Puc.2, ckiisHKA 3 pO3UYMHHHKOM). PIBHOBaKHH CTaH CHCTEMHU PifMHA — I1apa 3a MEeBHOT
TEMIIEPATYPU XAPAKTEPU3YETHCS MUCKOM HACUYEHOI hapu PO3YUHHUKA.

[1in yac po3unmHEHHS B piauH1 OyJb-SIKOT HEMETKOT PEUOBHMHM THUCK HACHYEHOT
napu Haj ILI€I0 PIIMHOI0 3HIXKYEThCS. lle MOoKHA MOSICHUTH TUM, IO KOHIIEHTpAIlis
PO3YMHHUKA B pa3i YTBOPEHHS PO3YMHY 3MEHIIYEThCS, BHACIIJIOK YOTO piBHOBara
CUCTEeMH piMHA — Tapa TMOpyHIyeThcs. J3rimHo 3 mnpuHimnom Jle Ilarense,
PO3MOYMHAETECS MPOIEC, COPSIMOBAaHUM Ha 3MEHIICHHS 3O0BHINIHBOTO BILIUBY
(3MEHIIIEHHST KOHIIEHTpAIlil pO3YMHHUKA 3a PAaxyHOK BBEJCHHS HEIETKOI PEYOBHHHN),
TOOTO B1IOYBAETHCS MPOIEC KOHJICHCAIl PO3YMHHUKA, 0 W MPU3BOJNUTH JI0 3HUKCHHS
THCKY HaCH4YEHOT mapu HaJa po3unHOM. OTike, TUCK Mapu PO3YMHHUKA HAJ[ PO3YUHOM p

MEHILIMH, H1XK HaJ Y1 CTUM PO3UMHHUKOM .

o o e
o e
PO3YHHHHK paSIHE
o
o o
(@] [ ) o

® - MOJIEKYIa HeJIETKO1 pO3‘lHHEHOi PE€IOBHHH

© - MOJIeKyla pO34YHHHHKA

Puc. 2 —3HmKeHHS TUCKY HACUYEHOT Mapy HaJl PO3YMHOM

3HIDKEHHS TUCKY Mapy HajJ pO3YMHOM OyJe TUM OUIBIIMM, YUM OUIbIIE 10
PO34YHMHY BHECEHO HEJIETKOI PEUYOBUHHU. 3aJI€KHICTh 3HUKEHHS TUCKY Mapu PO3YMHHHKA
HaJl pO3YMHAMU HEJIETKU X PEYOBMH B1J IXH1X KOHIIEHTpaIliii BUBYAB (hpaHIly3bKHUI () 13UK

®.Payns (1887p.). Bin BifKpuB 3aKOH, SIKUH 9acTO HA3MBAKOTH 3aKoHom Payna:
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Tuck Hacuuyenoi napu HAO pO3YUHOM OOPIGHIOE O00OYMKY 1020 MUCKY HAO
YUCMUM PO3UUHHUKOM HA MOJIbHY YACMKY DO3YUHHUKA.
P =pox(Y),
ne x(Y) —MonbHa yacTKa pO3YMHHUKA Y PO3UHHI;

P, —THUCK HACHYEHO1 napu Hag YMCTUM PO3YMHHHK OM,

P —THACK HACUYEHOI ITapu HaJl PO3YMHOM HEJIETKO1 PEYOBUHH.
Orxe apyruii BapianT popMystoBaHH s 3akoHy Payms:
Bionocne 3nudicenna mucky Hacuuenoi napu po3UUHHUKA HAO PO3YUHOM

O0PIBHIO € MOJIbHITL YACM UYL P 03YUHEHOT PEUOBUHU.

Ap _
— =¥x(X),
pO X( )

ae x(X) —MoJbHa YacTKa PO3YMHEHOT PEYOBHHH y PO3YUHHI;
Ap = p,—- P —3HUXKEHHS TUCKY HACUYEHOT Mapu PO3UMHHUKA HAJl PO3YHMHOM.

Kpiockonia — ue sBuUllle 3HWKEHHS TeMIEparypu KpuUCTalizalii po3yuHy
HOPIBHSIHO 3 TEMIIEPATypOIO KpUCTANTi3allii YACTOTO PO3UYMHHHUKA.
Temnepatypa 3amep3anHs (K i TeMmepaTypa KUITIHHS) PO3YMHY 3aJekaTh Bill THCKY
HACHUYEH 01 Mapu PO3UYMHHUKA HaJl PO3YMHOM HEJIETKOI peyOBUHU.

TemrepaTypoio 3aMep3aHH s P1IMHY € TeMIIepaTypa, 3a KO TUCK HAaCUYEeHOI Iapu
el piauHA HaJ 11 piaKoIo a30r0 cTae TaKuMm, IO JOPIBHIOE THCKY Tapu HaJ ii TBEP 1010
¢azoro. Hampukiaz, Boma 3a HopmaibsHoTO atMocdeproro tucky (101,3kI1a) 3amepsae
3a temrieparypu O °C. Posrosemo pBHOBary piamHa — tBepaa ¢asa (Boma — iim 3a
0°0):

(H0)is. S (H20)piuuma

K0 PO3YMHUTH y BOJI1 HEBEJMKY KUIBKICTh NMEBHOI PEYOBHMHU, TO KOHI[EHTpAIlis
MOJIEKYJl BOIM B piaKiid ¢a3i 3mMeHHMTHCA 1, 3rimHo 3 mpuHuunom Jle [laremnse,
MOYHETHhCSA TIpoIlec i1 MiIBUINEHHS — IUIaBJIGHHS JbOoMy. JlJIS BCTaHOBJIEHHS HOBOi
piBHOBaru HeEOOXIMHO 3HM3UTH TemiepaTypy. Orxke, TemmepaTypa KpuCTami3aii

PO3UMHY MEHIIIA 3a TEMITEepPaTypy KpUCTaIi3allii po3uMHHUKA.
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3riiHo 3 HACHIAKOM 13 3aKOHY Payins, 3HM)KEHHA TeMIlepaTypH KpHUCTalli3allii po3unHy

(At,, ) mpomopuiiiHe MOTAIPHOCTI PO3YNHEHOT PEYOBUHN B PO3UHUHI!
m(X) @000
M (X) n(Y) ’

nie t, - TeMIepaTypa KpucTaaBalii YucToro po3yHHHUKa, °C;

A, =ty —t = KIB(X)= K

t - Temmeparypa kpuctaizamnii pozunny, °C;

K - xpiockoniuna korctanta (wist Bogu 1,86°C/momb);

b(X)- MoisUBHICTE PO3YMHEHOT PeYOBUHHU, MOIB/KT (PO3UMHHUKA);

M(X)- Maca po34MHEHOT pEUYOBHHH, T;

M(Y) —maca po34MHHUKA, T,

M(X) —mossipHa Maca pO3YMHEHOT PpEYOBHHH, T/MOJIb,

Eoyniockonia — 1e sBUILE TMIABUINEHHS TEeMIEPAaTypu KHIIHHS PO3UYUHY
MOPIBHSHO 3 TEMIIEPATYPOIO KUM IHHSA YUCTOTO PO3UYNHHUKA.
TemnepaTypa KUIIHHS PIMHM 1€ TEMIIEpaTypa, 3a sIKOi THUCK il HaCMYeHOi mapu cTae
TaKAM, IO JOPIBHIOE 30BHINIHROMY THCKY. Hampwkimam Boma 3a HOPMaJIBHOTO
armoceproro tucky (101,3xI1a) kumuts 3a Temmeparypu +100°C. Slkmo Trck mapu
PO3YMHHUKA BHACIIJIOK PO3YMHECHHS B HBOMY PSUYOBHHU 3HHM3UBCS, TO YISl JOCSITH CHHSI
MOYaTKOBOT'O THUCKY Tpeba MiABUIIMTA TeMmmepaTrypy. OTxe, Temneparypa KHIIIHHS
PO3YHHY BHUIIA 32 TEMIIEPATyPy KUITIHHS PO3YMHHUKA.

3rigHo 3 HACIIAKOM 13 3aKOHY Pay’is miaBUILIEHH S TeMIIepaTypH KUITIHHS PO3YUHY
HpOMOpIL iifHE MOJSIBHOCT1 PO3UMHEHOT PEYOBHUHH Y PO3UMHI!

£_M(X) 000
M (X) 0n(Y) ’

nie t, — TeMmepaTypa KUITiHHS YMCTOro po3unHHuKa, °C;

At =t —ty = EB(X)=

t —Temneparypa Kuninus po3unny, °C;
E —e6yniockoniuna koucranta (wist Boxu 0,52°C/monb);
b(X)- MosIBHICTh PO3YMHEHOT PEYOBHHHU, MOIB/KI (DO3UMHHUKA);

M(X)- Maca po34YMHEHOT pEUYOBHHH, T
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M(Y) —maca po3urHHUKA, T;
M(X) —momsipHa Maca pO3YMHEHOT PEUOBHHH, I/MOJIb;
Ocmomuynuii mucKy po3uuHi.

Ocmoc — 1e OmHOCTOPOHHS Au(y3is MOJNIEKYJT PO3YMHHHUKA Y PO3YUH KPi3b
HaMBOPOHUKHY MeMOpaHy, a6o naudy3is po3UYMHHUKA 13 PO3YMHY 3 MEHIIOK
KOHIIEHTpAI[1€10 Y pO3UMH 3 OUIBIIIO0 KOHIIEHTPAILI€IO.

Ha puc.3 moka3aHo mnpukiang ocMocy. MoONEKylTu BOJa 3 BEIUKOT MOCYIHHU
mMGYHIYIOTh KPi3b HAMIBIPOHMKHY MeMOpaHy (Hampukiaz, 1enodaH) y MOCYIMHY 3

PO3YHMHOM MEBHOT KOHIIEHTpAIIil.

Puc. 3 —SIBuie ocmoca

Tuck, KUl ciij NPUKIACTU JO PO3UYMHY, 100 OCMOC MPUITUHUBCS, HA3HUBAETHCS
OCMOM UYHUM HUCKOM.

SBuie ocMOCy W OCMOTHYHMHA THCK JOCHIIXYBaB TOJUIAHACHKUN BUYEHUMN
A.I'.Baat-I'odpd. Bin BcTaHOBUB, IO OCMOTHYHUN THUCK HE 3aJI€XUTH BIJ MPUPOIU
KOMIIOHEHTIB, III0 MICTATHCA Y PO34YMHI, 1 30UIBLIYETHCS NPOMOPLIMHO MOJIAPHIMA
KOHIICHTpaIlii po3unHeHo1 peuoBuHU ¢(X) 1 abcomoTHid Temnepatypi 7. KoedirieHT

nponopiiiHocTi R—11e yHiBepcaibHa ra3oBa craja, OTxke,

m(X)
M (X) [V,

i =

Poew = CX)IRT = RT,
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ne P,.,— OCMOTHYHUI TUCK po3unHy, KlIa;

¢(X) — MomsipHa KOHIIEHTpAIlist pO3YUHEHOI PEYOBUHH, MOJIB/II;

R —yniBepcanbHa ra3oBa crana, mo jgopisHioe 8,314/ Monw K,
T -abcontotHa Temmeparypa, K;

M(X) —maca po34MHEHOT pEUOBHHH, T |

M(X) —mossipHa Maca pO3YMHEHOI PEYOBHHH, I/ MOJIb;

Vv

p
Lle piBHSHHS BUpaXkae 3aKkoH ocmomuuno2o mucky Banm-TI'ogpga:

osa. —00'€M pO3UMHY, JI.

OCMOMUYHUIL MUCK PO3YUHY HPAMO HNPONOPUILHUN 11020 KOHUeHmpauii ma
memnepamypi.

Ocmoc Bimirpae BEIMKY pOJb y JKUTTI pociuH 1 TBapuH. Came 3aBAsKu
OCMOTMYHOMY THCKY BOJa MITIMMAEThCS KamiisipamMyd y cTeOJiaX pPOCIMH Ha 3HAYHY
BucoTy. lle minmTBepKyeThCs HACTYNMHUM JOCHIIOM. SIKIIO 3pi3aHy POCIWHY, IO
novasja B’ sSIHyTH, MOMICTUTH y BOJAY, TO PO3MOYHETHCS OCMOC, OOOJIOHKU POCIMHHUX
KIITKA HalpyXaTbCs 1 pOCiiMHA HalyJe monepenHboro Bunisay. [lpuuunoto Toro, 1o
Ha COJIOHI[IOBATH X TPYHTAX HE BC1 POCIMHU MOXYTh IMPOPOCTATH, € SBUILE 0OCPHEHOTO
0CMOCY, TOOTO BUBECHHS BOJIU 3 POCJIMH Y TPYHT.

B TexHilll BUKOPHCTOBYIOTh OOCPHEHHH OCMOC Ui OYMINECHHS CTIUHUX BOJ,
ONpPICHEHHS MOPCHKOT BO U TOIIIO.

3.3. EJIeKTpoliTH4Ha TUCO LI allift

Po3unHn neskux pedoBHH MPOBONATH CICKTPUYHHHA CTPYM, IHIII HE TPOBOSTH.
Leit dakT mosicHmiIa TEOPist €1EeKTPOIITUYHOI AUCOLIAIL i1

Enexkmponimamu Ha3uBaOTh pEYOBHHU, PO3UMHU 200 PO3ILIABU SIKUX ITPOBO AT
EIeKTPUUHUN CcTpyM. [IpOBiTHUKAMH EIEKTPUYHOTO CTPYMYy B PO3UMHAX € MO3UTHBHO
sapsypkeHi (KaTioOHM) 1 HETaTMBHO 3apsDKCHI (AaHIOHM) YacTMHKM — iOHM. BoHH
YTBOPIOIOTHCS BHACHIOK JUCOIliAIlii MOJIEKyJ BIAMOBIAHOTO eJekTporlity. /o

@IeKMPONImMie HAeHcamsp PO3YUHU CONEH, KUCTTOm, 2I0POKCUOIS.



Heenexmponimamu Ha3UBalOTh PEUYOBUHHU, PO3YMHU ab0 PO3IUIABH SIKUX HE
NPOBOASTH ENEKTPUYHUHN CTPYM.

Enexmponimuuna oucoyiauia — npoiec po3aay MOIEKYN eJIEKTPOJITY Ha 10HH
/T BIUTMBOM TOJISPHUX MOJIEKYJI PO3UMHHUKA.

BucHOBKY TMpo BHHMKHEHHS 10HIB y BOJHUX PO3UYMHAX EJEKTPOJITIB 1€ Ha
nouyatky XIX ct. piiinmu nutoBcekuii Ximik X. ['porryc ta B8 1880p. M.M. Kasunep,
Bukianay KuiBcbkoro yaiBepcutery. OCTaTOYHO TEOPit0 €MEeKTPOIITHYHOT Aucorliarii
po3podum mmBeacbkuil ¢BukoxiMik C. AppeHiyc Ta Himeubkuil BueHuir B. OctBanpa
(1887-1888pp.). B ocHoBy 11i€1 Teopii Oy/I0 MOKJIAAEHO MPHITYIICHHS, 1[0 MOJCK yJIH
€IEKTPOJIITIB JIUCOIII0I0Th, TOOTO pO3ManaroTbCsi Ha — IMO3MTHUBHO 1 HETAaTMBHO
3apsKEH] YaCTUHKH, SIK1 HA3UBaIOTh IOHAMU.

bararo nonoBHeHb 1 3MIH 10 mo4yaTtkoBOro Bapianta Teopii C. AppeHiyca BHIC
J.I.MenneneeB; CTBOPUBIIM XIMIUHY TEOpII0 PO3YHMHIB, OCHOBHA iJIesl SIKOT Mojisiraia B
TOMY, IO MiI Yac PO3UMHEHHS BiAOYBA€ThCS XiMiUHA B3a€EMOIiS MDK PO3UYMHEHOIO
PEYOBMHOIO 1 PO3UMHHUKOM. Bemmka 3acmyra y po3BUTKY TeOpii €IeKTPOJITHYHOT
JMcoliaiii HaJIeXuTh OJHOMY 3  opraHiBaropiB  Akajgemii Hayk YKpaiHu
B.O. KictskiBchkoMy Ta BimoMoMmy pociickkoMmy BueHOMy 1.0. KabmykoBy, ski Brepiie
TIOSICHAJTM MEXaH 13M JIMCOITIaIlil eJIeKTPOJIITIB Y PO3UMHI, 3aCTOCYBABIIM XIMIYHY TEOPIIO

PO3YHH iB.

I*-**jp "N

@ &
x + p Na q +
A 0 L2
@—.\;-@ Na q n 1. =

o
@@ oy  #
' a: @ >
L S AN

Puc. 4 — Cxema enektpositnunoi mucortiaiii xmopuay Hatpito NaCl y BogHOMY
PO3YHHI.
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Mornekynu BoU NOJSPHI, TOOTO MalOTh ABa MOJIOCH — @

Komu xpuctan cosi, HanpuKJIaa XJI0pUay HATPirO, MOTpaIJisie y BOAY, TO 10HH, 5IKi
MICTATHCS Ha HOTO MOBEPXH1, NPUTATYIOTh JI0 ce0e MOJISPH1 MOJIEKYJIU BOAU TUM OOKOM,
KWW Mae 3apsizi MpoTWwiexkHoro 3Haky (Puc. 4). Monekynu BoJu OTOYYIOTh KOKEH 10H
EIEeKTPOJITY. 3B’ 30K MIX I0OHAMH IPH IIbOMY HAaCTUIBKHA TOCTAOIIOETHCS, MO BOHU
BIZIUISIIOTECSL Bifl KpUCTalNy W mepexonsith y po3unH. OTke, MiJ BIJIUBOM MOJEKYJI
HOJISIPHOTO PO3UYMHHUKA KPUCTAllyHa IpaTka pyWHYEThCS i YTBOPIOIOTHCS OKpPEMI 10HHU.
Ili ioHM YTBOPIOIOTH KOMIUIGKCH 3 MOJIGKYJAMH pPO3YMHHUKA, TOOTO conbBaru (y
BHUIAJIKY, KOJIM PO3UMHHHK BOJA — TiJIPaTH).

Jlemo 1Hakmie BiAOYBA€THCA JUCOIIAIliSl EIEKTPONITH, SIKMH MICTUTh MOISPHI
mosnekynu (Puc. 5). Monekym BoaM, SIKi IPUTSATYIOTECS J0 PI3HUX OOKIB MOJISIPHOT
MOJIEKYJIH, CIPUUYUHSIOTh PO3XOJDKEHHS TIONIOCIB I[i€1 MOJEKYIH — MOJSpU3alliio.
[onsipuzanis y CyKymHOCTI 3 KOMUBAJIBHUM TEIUIOBUM PYXOM CIPUYHHSAE PO3Ma

HOJISIPHOT MOJIEKYJIM Ha 10HU. SIK 1 B TOTIEpEHhOMY BUTIANIKY, 111 10HU TiAPaTYIOThCS.

A\ AN Y/ \ Y4

)/Hj D — +_“p@@u+J —_ :})@(ﬁ‘ + ﬂ—_@

VA \a A N\ A

\*/ %74 s

Puc. 5 — Cxema enekrponitnunoi aucomianii xmopooguto HCl y BomHOMYy
PO3YUHI.

1 —nonspua monekyna HCI, otouena monexkyaamu Boau;

2 —posmaj nossipHoi mosteky i HCl Ha ioHw;

3 —rigpaToBanuii KaTioH (KaTioH, OTOYCHUI MOJICKYJIaMU BOJH);

4 —rigpatoBaHuii aHioH (aHIOH, OTOYEHHUI MOJIEKYJIAMH BOIH).

Cuana esiexkrpoJitiB. KoHcTaHTH TAa CTYyNiHb AUCO Wia il
Enextponiti pi3HOIO MIpOIO AUCOI1IOIOTHh HA 10HU. KiJIbKICHO TOBHOTY mepeodiry
HpoIecy JucoIiamii XapakTepu3yloTh KoHcmaumoro oucouiauii (K,) 1 cmynenem

oucouiauii 0, SIKMH JOPIBHIOE BIJHOIICHHIO KUIBKOCTI MOJEKYJ EJIEKTPOJITy, IIIo
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po3manaucs Ha 10HM y PO34YMHI, J0 3arajbHOi KUIBKOCTI MONEKyd. Benwmunna cTymeHs
JWCOIIaIll] 3aI€KUTh Bl MPUPOAN POIUMHEHOT PEUOBHMHU 1 MPUPOAM PO3UMHHHKA, BIJ
TeMITepaTypH Ta KoHmeHTpailii po3unHy. 0< a < 1 a6o 0% < a < 100%.3a BenuumHOIO
CTYIEHS JMCOIliallii y po3urHax 3 MOJSIPHOI KOHICHTpallieto ekBiBaaeHra 0,1 Moan/in

eICKTPOJIITH Mo AUIs0Th Ha cHitbHi (00 > 30%) 1 cnadki (a < 3%).

EnexTpomitu CuiabHi Caalki Ta cepeHbOI CHIIH
a >30% a <30%
Bona — H,O
Coui yC1pO34rHHI HEPO3YMHH1 COJI1
OcHOBH:
PO34MHHI (JTyTH) T1IIPOKCH TN JTY )KHH X 1 BOJTHHI PO3YMH aMiaKy
JTY>KHO3EMETbHU X
MET B
HEPO3YMHH 1 — BCI
am@ orepH1 — BCl
Kucioru:
0e30KCUTEHOBI HI, HBr, HCI HF, HS
OKCUTCHBMICHI HCIO,, H,SO,, HNG; H,SO;, HNO,, H,CG;,
H,SiO;, HPO,, H:BO;,
CH;COOMHTa iHi11 opraniuni
KHCIIOTH

3rigHO 3 TEOPIEIO ENEKTPONITUYHOT JMCOIIallll, KUCAOmU — 1€ eNEeKTPONITH, SIK1 Y
Mpoleci Mcolialii y BOAHOMY PO34MHI AK KamioH yTBOPIOIOTh TUIbKU 10HU ['i1poreHy.
Hanpuknan:

HNO; Ui H™ + NO;.

baraToocHOBH1 KHCJIOTH JIM COITiFOIOTH CTYITIHYACTO:

Ier. HSO, Of H + HSQOj;

Ier. HSO, Ui H + SO7.

3a nepumM CTyMNEeHEeM Jucouiais Big0yBaeThCs OUIbII OBHO.

OcHnoeu — 11€ €NEKTPOJIITH, K1 y Tpoleci aucomnianii y BOJHOMY PO3YMHI AK

aHiOH YTBOPIOIOTH TUTBKY Tiipokcu-ionn OH . Hampuxnan:
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KOH Ui K™ +OH.

baratoocHOBH1 OCHOBH JMCOIiFOIOTh CTYIIHYACTO:

I ct. Ca(OH) O Ca(OHJ + OH;

Il cr. Ca(OHJ Jf Cd&" + OH.

Cepeoni coni nUCOUIIOIOTH 3 YTBOPEHHSM KaTiOHIB MeTally Ta aHIOHIB
KUCJIOTHOIO 3aIH IIKY:

BaCh ik B&" + 2CT.

[Ipu nucouianii Kucaux coneil yTBOPIOETbCS KarloH METAaIy Ta aHIOH KHUCJOTrO
KUCJIOTHOI'O 3QTHIIKY

NaHCQ O Na + HCO;.

Monanemia auconianis iony HCO; (HCO; Ui H' + CO2) BinbyacThcs
Ha/3BUYaitHO Mayio. ToMy Ipy HaMKMCaHH1 I0HHUX PIBHAHb MU L€ MpoIiec He (Pikcyemo.

Ocnoeni coni npu nucoIliaiii yTBOPIOIOTHh T1IPOKCOKATIOH METajay Ta aHIOH
KUCJIOTHOT'O 3QTUIIKY

Cu(OH)CI U CuOH + CI.

Ioo¢iiini coni npu mucoriaiii yTB OPIOIOTh MPOCT1 10HU :

KMgClL O K"+ Mg + 3CI.

Komnnexcni coni nUCOIIIOIOTH 3 YIBOPEHHSM TMPOCTOTO 1  CKJIAJHOTO
(KOMITUIEKCHOT0) IOHY':

Ks[Fe(CN)Y Zi# 3K" + [Fe(CN)]*-

[Iporiec mucomiarii € 3BOpoTHUM. ToMy I HBOTO, K 1 ISl Oyab-SKOTO
3BOPOTHOI'O MPOIECY, MOYKHA 3alMCATH KOHCTAHTY PIBHOBArd, SIKa B I[bOMY BHUIIAJIKY

HA3UBAETHCS KOHCTaHTOO auconianii K. Hanpuknan:
CH,COOH I H" + CH,COO

_[H][cH.coo]

.= [CH,COOH]
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Bemuuna K, 3a1e%uUTh TUIBKU B1J IPUPOAU PEUOBUH 1 TEMIIEpaTypH.
JIns cnabkux enexkmponimie 3B'SBOK MIDK MOJISIPHOIO KOHIIEHTparlieo (c),
CTyIeHeM Jucorianii (o) i KoHcTaHTOo¥o qucorianii (K,) Mae BUTIIS:

=cm2
*1-a

7ie ¢ — MOJISIpHA KOHIICH TPAIlisl €JICKTPOJIITY, MOJIB/I;
0. —CTYHIHb UCOIial ii.
Ile piBHSHHSA € MATEMAaTUYHUM BHPa30M 3aKOHY po30aBieHH s OCTBaJIbaA.

JI7g GUIbIIOCT1 CTaOKU X €NEKTPOITIB 0 <<1, TOMY pIBHSHHS MOJKHA CIIPOCTUTH:

) ,K
K, :c'az, 3BIOKM O = L
c

Ile piBHSHHA BHpa’ka€ 3aI€KHICTh CTYTEHs TUCOIlIaIii CJ1abKOro eIeKTPOJIITY Bi

KOHIeHTpaIlil (i3 30 UTBIICHH SIM KOHIICHTPaIlii PO3YMHY CTYIIHb JMCOIlialii eeKTPOTiTy
3MEHIY€EThCsT). [liMBUIICHHS] TeMIepaTypd MPHU3BOJIUTh 10 30UIBIICHHS CTYICHS
mcorai.

Jist po3uunie cunvhux enexmpoimie piBHAHHS OCTBajib/la 3aCTOCOBYBAaTU He
Modxcna. JIJis XapaKTepUCTUKU BJIACTUBOCTEH IMX PO3YMHIB KOPUCTYIOTHCS MOHATTSIM
akmuenocmi a(3aMicTh KOHIICHTpAITii).

a =fc,

II€ @ — aKTUBHICTD 10HA;

¢ —(axTuYHA KOHIIEHTpAIl i,

f — koedimieHT akTHBHOCTI (BHOCHTH MOMPAaBKY Ha B3a€MOJII0 IIEBHOTO i0HA 3
HaBKOJIHUIIH IM CEPeIOBHILEM).

Jlnst mysxe po3basinennx po3unHiB f=1ia =c.

Koed iieHT akTHBHOCT1 MO>KHA pO3paxyBaTH 3a PIBH SIHH SIM

lg f =-0,522T,

1€ Z —3aps/ 10Ha,
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I — ioHHa cuna pO3YHMHY, SKa BU3HAUAETHCS SK IOJIOBUHA CyMH JIOOYTKIB

KBAJIpaTiB 3aps/iB I0HB HA IXHIO KOHIIEHTPAII 10
:%Zqzzz.

XiMiuyHi peakiii, MmO BigOyBarOThcs MDK PO3UMHAMHU EIIEKTPONITIB, MOXHA
300pa)KyBaTH y BHTJIS Il MOJICKYJISIPHU X Ta I0HHUX PIBHSHb.

Hanpuxnan:

BaCl + NaSQ, = BaSQ! + 2NaCl noekyaapne pisnanns),

Ba® + 2CI + 2Nd + SO =BaSQ! + 2N&d + 2CI (nogne ionne pisnanns);

Ba™ + SO = BaSQ! (ckopouene ionne pisnanns).

IIpu ckilajaHH1 10HHOTO PIBHSHHS B MOJEKYJISIPHOMY CTaH1 3aJMINAIOTh OCal,
CITaOKUI €JEKTPOJIIT 1JIETKY CIIONYKY.

Hanpuxnan:

NaOH + HCIl = NaCl + EO (monekyisipHe piBHSHHS);

Na" + OH + H + CI =Na + CI + H,0 (noBHe ioHHE piBHAHHS);

OH + H' = H,0 (cxopodeHe ioHHE PiBHAHH ).

CaCQ + 2HCI =CaCl + H,O + COt (MosekyispHE piBHSHHS);

CaCQ + 2H +2CI'= C&" + 2CI + H,0 + CQ (moBHe ioHHe piBHSHHS);

CaCQ + 2H =C&" + H,O + CQ1 (ckopoucke ioHHE piBHSHHS).

KoJliraTuB Hi BJ1aCTHBOCTI PO34YHHIB €JICKTPOJIITIB.
VY po3uMHax eNeKTPOJITB I[i BIACTUBOCTI OyIyTh BHpa)keHi OUIbII sICKpaBo. Y
bopMyax i po3paxyHKiB 3'SBUTHCS 3omoniunuil koegiuicnm Banm-Toggha (i):
i =1+a(k-1),
7ie O — CTYIiHb JHCOIiam i,
K — KiITbKICTh I0HIB, Ha K1 IUCOIIFOE OJHA MOJIEKYJIa CJACKTPOJIITY.

Hanpuknan:
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Al,(SO); — 2AP" + 35S0z, k= 5.

1. SHUdCeH HA MUCKY HacuueHnoi napu Hao PO3YUHOM.
Ap__ in(X) _ im(X)/ M(X)
P, in(X)+n(Y) in(X)/ MX) +nY)/ MY)
. . . : X) (1000
2. Kpiocxonin :At,, =ty —t = i[RH(X)= I[H(m(—,
e M (X) Bn(Y)
. . . : X) (1000
3. Eg My, = t—to = iEB(X)= i [E-X) 1000
YALOCKONIA ) o = iLETH(X) M (<) TEr(Y)
. . : X)
4. Ocmomuunuii muck. P, = i[0(X)[RT = | m( RT,
* XY,

3.4. Iucomiamisi Boau. BoaHeBMii Mo Ka3HUK

Bona —ny»e crnaOKuii eJEKTPOIIIT, SIKUI 4aCTKOBO JUCOLIIIOE 3T1IHO 3 PIBHSHHSIM!

H,O B H +OH

K, :% = 1,810 "® (upu 25°C).

[H,0] 3anuimaetscs cTanoio BEIMYUHOIO.

Tomy K, [H,0] = const = 17"

[HT[OHT] = 10 —ionnui 000ymoK 600u.

V uucriit Boxi [H] = [OH7] = 107 mMons/n —HeiiTpaabHe cepe/1OBHILE.

SAxmo [H] > [OH] (manpuknan, [H] = 10°, 107 mons/1) — kucie cepeoBHIIe.

dxmo [HY] < [OH] (mampuxman, [H] = 10° 10"° moms/n) — myxue
CcepeIOBHIIIE.

3pyuHilie OrmepyBaTH HE KOHIEHTpaiisMu ioHIB (Iyske Maji qpoOoBi uucia), a

JIOI‘apI/I(I) MaMH 1M X BCJIMYHH.

pH — 60o0nesuii nokaznuk — 6i0' emMHUIl 0ecamKoeuil 102apugm pieH 0eax c Hot
KOHUeHmpauii 2i0po2en-ionis:

pH = —Ig[H"].
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AHANOTIYHO BUKOPUCTOBYIOTHh BIJI€MHHUM AECSITKOBHN JOoTapu(dM piBHOBAXKHOT
KOHIICHTpAIl 11 I'JIPOKCH/I-10H B!

pOH =—Ig[OHT].

pH + pOH =14

Skmo [H*] = 107, 10 pH = -lg10" = 7.

ToMy B HeWTpaibHOMY BOJHOMY po3uuHi PH = 7, B kuciomy — pH < 7, B

JTy>kHOMY — pH> 7.

HeWTpanbHe
KMCne cepefoBvLlye ny»xHe cepegosuLye
CMNbHOKHCNE cnabo- cnabo- CHALHOMYMHE
KMcne nynHe

#
0 1 2 34 5 & 7 8 g 10 11 12 13 14

Puc. 6 —Bogna mkana pH

3.5. TlapoJi3 coJteii

CnoBo 'rigpomi3z” OykBajbHO O3Ha4ae 'po3KiafaHHs Bojoio . [igponizom
HA3UBAETHCS YCSAKA B3a€EMOJIiS PEUOBHHHU 3 BOJOI0 OOMIHHOTO XapakTepy, il 4ac sKoi
CKJIAJIOB1 YaCTHMHM PEUOBMHU 3'€HYIOTbCS 31 CKIAJOBUMU YaCTUHAMH BOJM.
lapomizyBaTucss MOXyTh XiIMiuH1 CIOJYKA PI3HUX KJACiB: COJi, BYTJEBOJIU, OUIKH,
€TepH, ecTepH, KHUPH, TOLIO.

[Npoponi3z comi € pe3ynsraToM B3aeMOJIl 10HIB COJI1 3 MOJEKyJaMd BOJM, LIO
YTBOPIOKOTH iX TIpaTHI 0OOJIOHKH.

Peaxiriss oOMiHy MiX 10HAMH PO3YMHEHOI COJI1 Ta 10HAMH BOJM, BHACTIIOK SIKOT
YTBOPIOETHCS CIAOKU €JEKTPONIT, HA3UBAETHCS 20 POJIi30M COJI.

binpuricts peaxiiit rigponisy —3BOPOTHI:

NH,CI + HOH J# NH,OH + HCI,

ab0 B 10HHOMY BUTJIA 1!
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NH; + HOH J & NH,OH + H".

Pb(NGy), + HOH Uy Pb(OH)(NQ) + HNG;,

PE" + HOH Ui Pb(OH) +H'.

S0 ocHOBa YM KHUCIOTA, L0 YTBOPIOKOTH CUIb, € HE TUIBKH CIa0KUMU
€IEKTpOJIITaMU, aje W MaJoOpO3YMHHUMU a00 HECTIMKUMU 1 PO3KIaNaroThes 3
YTBOPEHHSIM JIETKUX MPOAYKTIB, TO B IbOMY BHUIIQJKy TIpOJIi3 COJl mepedirae

HGSBOpOTHO:
ALLS; + 6H0 — 2AI(OH);! + 3H,St,

3MaTHICTh COJIEH TiApONI3yBAaTUCS 3ajJie)XUTh BI BJIACTUBOCTEH IOHIB, IO
YTBOPIOIOTH CUIb, 1 Bi] 30BHIIIHIX (aKTOPIB (TeMIIepaTypH, KOHIICHTpAIlii pO3YHHY).

Biocymnicmu 2idponi3y é po3uunax coneii

Comi, yrBopeHni cuiapHuMH Kuciaoramu 1 cuinbHuMmu ocHoBamu (NaCl, KNQ,,
BaCl, K,;SO, NaClQ romo) He nigmawoTecs rigponidy. Ilpu po3unHeHH1 y BOII BOHH
PO3MaalOThC s HA KaT1I0HU CUJIbHUX OCHOB 1 aH10HH CHJIbHUX KUCIOT, SIK1HE 3/1aTH1 TIPpH
B3a€MO/I1i 3 BOJIOIO YTBOPUTU MOJIEKYJU CIAOKUX €NeKTPOdiTIB. BomH1 po3unMHU Takux
COJICH MarOTh HEHTpaJbHY peakilito cepeaopumia (pH = 7).

TI'idponiz 3a kamionom

Coui, yrBOpeH1 cllabKUMUA OCHOBAMH 1 CHIIBHUMH KHCIOTaMHU, T1IPOJi3yOThCS 3a
KaTIOHOM:

NH,Cl + HOH O NH,OH + HCI,

a00 B 10HHOMY BUTJISI/I1:

NH; + HOH O NH,OH +H'.

[Noponiz conet, 10 Ckiaay SKUX BXOJISATh OararoBajieHTH1 KaTIOHH, mepeOirae

CTYIMIHYACTO Yepe3 CTail yTBOpeHHs OCHOBHHU X COJICH :

Icr. CuCh+ HOH U Cu(OH)CI + HCI;
CU* + HOH O Cu(OHY + H'.
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II cr. Cu(OH)ClI+ HOHUO® Cu(OH), + HCI;

Cu(OH) + HOH Of Cu(OH) + H'.

VY Takux BUIaIKax TiAPONI3 MaiKe TMOBHICTIO MPUIUHIETHCS HA TEPIIUX CTATIIX
(maxonmueHHs ioHiB H™ 3Mimnye piBHOBary B 6ik BUXiZHHX PEIOBUH).

binpin moBHOMY Tiponidy chpusie po30aBieHHS PO3YMHY 1 MIIBUILCHHS
temrepatypu. (Y TakoMy BHUIAJKy MOYHA BpaxoBYBAaTH TiApONi3 1 3a JPYyruMm
CTYIICHEM).

Boani po3unnu cosneil, yrBOpeHUX ClIa0KUMH OCHOBAaMH 1 CUJIbHUMHU KHCIIOTaMU
MAaOTh KHCITy peakilito cepenosuiia (pH< 7).

T'ioponi3 3a anionom

Comi, yrBOpeHi ClTaOKM MU KHCIOTaMH 1 CHIIBHUMH OCHOBAaMH, T1JIpOJIi3yIOThCS 3a
aHIOHOM:

CH;COONa + HOHU @ CH;COOH + NaOH;

a00 B 10HHOMY BUTJISIII:

CH,COO +HOH U CH;COOH + OH.

Otxe, 1o CH;COO sk ioHM cnaOkoi KUCIOTH B3a€EMOJIIOTh 3 BOJOIO,
BIATATYIOTH Bi HEl [{ApOTeH 1 yTBOPIOIOTH CIIA0KUI €IEKTPOIIT (alleTaTHy KHUCIIOTY).

INpponiz comeit, 10 CKJaay SKUX BXOMITH OararoBajICHTH1 aHIOHW, Iepeodirae
CTYITIHYACTO !

I cr. K.CO; + HOH QO KHCO; + KOH,;

CO* + HOH U HCO; + OH.,
II cr. KHCO; + HOH U H,CO; + KOH,;
HCO; + HOH O H,CO; + OH
3a ApyTUM CTYIIEHEM Tipoiii3 BiI0YBAETHCS 3HAYHO MEHIIOI0 MipOIO.
BomHi po3unHu cosieil, yTBOPEHUX CIIa0KUMH KHCJIOTaMHU 1 CWIIBHUMH OCH OBaMH,

MaloTh JIy’)KHY peakirito cepenopuina (pH> 7).
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T'ioponiz 3a kKamioHom i AHiOHOM

Comi, yrBopeH1 c1aOKMMH OCHOBaMH 1 CJTAOKMMH KHCJIOTaMH, T1APOMI3yIOTHCS 132
KaTioHOM, 13a aHioHOM. ['1i1poii3 Moske BigOyBaru s 3HaYHOIO MIpOIO:

CH;COONH, + HOH O CH;COOH + NHOH.

Peak1iis po34nHIB TaKMX COJIEH 3aJIeKUTh BiJl BITHOCHOT CHJIU KUCIOTH 1 OCHOBH,
K1 yTBOpriHCs (Bi IX KOHCTaHT Iy coriaiii). Po3uuH anerary aMoHil0 Mae HEHTpalibHY
peakiiito cepenosuiia, ockinbku K,(CH;COOH)= K,(NH,OH)

Skmo K, (ocuoBu) > K, (kucnoru), o pH > 7, y Bunaaky K,(ocHoBu) <
K, (xucnoru) — pH< 7.

3mina pH npu po3uuHeHHi coseii y Boai

Cimb yTBOpEHa Bojauii po3unH comi

KHCJIOTO 10 OCHOBOI0 cepe/io BUIIIE pH

CHUJIBHO 1O CHJILHO IO HEUTpaJbHE 7
1 CHUJIBHO 1O CI1abKo 10 KHUCJIE <7
2 C1a0K 010 CUJIBHO O Ty KHE > 7
3 crnabkoro (ane c1a0K010 KHCJIE <7

CWIBHIIIIE Bl
OCHOBH)
4 crnabkoro (ae Ty KHE >7
CUJIBHIILIE B i KUCJIIOTH)
5 0JTHAKOBO CJIa0KH MH MIPAKTUYIHO ~7
HEUTpaJIbHE

KutbKicHO TiApoIi3 OIIHIOIOTH 32 CTYIEHEM 1 KOHCTAHTO O T1pOoi3y.

Cmyninp 2ioponizy moxkasye 4acTKy TiApPOJII30BaHUX MONEKYN 1 BH3HAYAETHCS
BIJTHOIIEHHSAM KUTBKOCT1 MOJIIB COJIi, IO MJIATUCS T1APOJII3y, A0 3arajbHO1 KUIBKOCTI
MoiB conil. CTymiHb TiApOMI3y 3aJ€XKWTh B NPUPOAU COI1, il KOHILEHTpalii i
TEMIIEpaTypu pPO3uuHy. [3 po30aBieHHAM 1 NIABUILEHHSM TEMIEpaTypu pO3UUHY
CTyIIHb TiApONi3y codi 3pocTtae. [loBHIIE XapakTepusye TiApoJii3 KOHCTaHTa TiIponizy
(K}), sika € KOHCTaHTOO PIBHOBATU BiIHOCHO PeaKIlil riaposi3y.

Hanpuxnazn, s CH;COONa,riapoi3 sskoro Big0yBaeThbes 3a pIBHIHHAM
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CH,COO + HOH Jf# CH;COOH + OH,

3riJIHO 13 3aKOHOM [iii Mac, MOJKHA 3alMCaTH KOHCTAaHTy TiApoinizy K, y Takomy
BUTJISIAL:
[OH'][CHSCOOH]_ _ Kio

"~ [CH,COO] ' K,(CH,COOH

3a mpunnwnom je Illarem'e, B pasi JnojaBaHHS KHUCIIOTH pPIBHOBara peakirii
TIAPONI3y 3MICTUTBCS y HaNpAMKY BHUXIJTHHUX PEYOBUH, a B pasl JIOAaBaHHS BOJH

(po30aBiICHH S PO3YMHY) — Y HANPSIMKY HPOAYKTIB PeaKIiil.

_ KHZO
st NH.Cl K = K (NH,OH)"
KHZO

Jlra CRCOONH, K, = K_(CH,COOH)K_( NH,OH)’

Tema 4. OxkucHoO-BiTHOBHI peakuii

4.1. Cryninb OKMCHeHHSI. OKMCHEHHS TA Bi/IHO BJIEH HI.

OKHCHO-B1THOBHI peaKIlii MalOTh BEJMKE 3HAUCHHS y IPUPOJI1 — K y JKUBI1H, TaK 1
y HexuBid. Hampukian, mpoliec TOpiHHSA —I1€ OKUCHO-BIJHOBHA PEaKilis, B sIKI KHCEHb
TIOBITPSI BUCTYIA€E B SIKOCTI OkuCHUKA. [Ipomecn (orocunTesy, muxaHHs, TpaBJICHHS —
BCE 1€ € OKMCHO-BIHOBH 1 PEaKIIii.

3a 3MIHOK CTYNEHIB OKHCHEHHS €JIEMEHTIB, SIK1 BXOASTHh JI0 CKJIAJy BUXITHUX
PEUYOBHH Ta MPOJYKTIB peaKilii, XiMIUHI peakiii MOXkHa MOAUTMTH Ha JB1 BEJUKI IPYIIH.
Jlo mepioi HanexaThb peakiii, 10 BIAOyBaloThCS 0O€3 3MIHM CTYNEHIB OKHCHEHHS
ereMeHTiB. J[0 TakuX peakiiiii BiqHOCSTh, HAPUKIIAM, 10HOOOMIHHI peakiii. JJo apyroi
TPYIH HaJeXaTh peaKilii, o BimOyBaOThCS 13 3MIHOIO CTYIEHIB OKMCHEHH S €JICMEHTIB,
SK1 BXOJATH MO0 CKJIAdy BHUXIHUX DPEUOBHMH Ta MPOAYKTIB peakimii. Taki peaxiii

Ha3nuBAaOTbCA OKH CHO-B iI[HOBHI/IMI/I .
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TaxkuMm anHOM, OKUCHO-8I0HOGHI peaKyii — TIe PeaKIlli, 0 CYNPOBOIKYIOTECS 3MIHOIO
CTYTICHIB OKCHEHHSI aTOMIB, 1[0 BXOJIATH JIO CKJIATy PearyrounuX PEUOBHH.
Cmyninb OKUCHeHHA — 11I€ YMOBHUM 3apsi, sSIKOro HaOyB OM aroM y MOJEKy:i, 3a
YMOBH, IO BCl €IEKTPOHHI Mapyd MOro XIMIYHUX 3B'SI3KIB 3MICTHIMCS O 10 OUIBII
€JIEKTPOHETaTUBHOIO aTroMa.

Hanpuknan, enektponeratuBHicts Jlitito 1, a @nyopy — 4, ToMy B MOJIEKYi

+1 -1
¢ropumy siriro @ayop BBaXKalOTh HETATUBHO 3apsypkeHuM, a Jlitid — nosutuBHO LI F .

[lin cmynenem oxucmenns MOXXHa TaKOXX PO3YMITH YMOBHUW 3apsj aroma
eJIeMeHTa B CHOIYLl, BUXOSTYH 3 MPUITYIIEHHS, 110 CTIONYKa CKIIAJAETHCS 3 10HIB.

Cmyneni OKuCHEHHA 004UCII0I0Mb 3a NeGHUMU NPAGUTAMU .

1. Cyma cmynenie oxucnenna ecix amomie cnoayku oopisnioe O, a CKIaTHOTO

10Ha —3apsiay 10Ha!
46 2
H.SO,: (+1)-2 + (+6)-1 + (-2)-4 = 0;
-2 %
[504} L (+6)-1 + (=2)-4 = -2
2. CTyneHb OKHCHEHHSI aTOMIB Y TIPOCTHX PEUYOBHUHAX JIOPIBHIOE HYJIIO!
0 0 0
HZ’ CI2 y Na-
3. CTyneHs OKMCHEHH I METAIIIB Y CITOJIYKaX 3aB KIM II03UTHBHHUM.
[TeBHi MeTaaM MAKOTh CIAIUEL CHLYREHb OKUCHEHHA '
Li, Na, K, Rb, Cs, Fr fyxui meTamu) B YCiX CIOJyKaX MalOTh CTyICHb
OKucHeHHSA +1;

Be, Mg, Ca, Sr, Ba, Ra Zn marots cTyrnenb okiucHenHs +2; y Al +3.

[HI11 METaTM MatOTh 3MIHHUM CTYTI€Hb OKMCHEHHS |

-2 +3 -2

IfiaO , F&; O,

4. T'inporeH Jy’)Ke 4YacTO Ma€ CTyleHb OKMCHeHHs +1 BuHATKM — rinpumm

+1 -1 +2 -1
Metainis, ae ['inporen mae crynenb okucHenHs -1: NaH, CaH.

5. Crynienp okucHeHH 51 @iyopa — 3aBxmm —1
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6. OKcureH, TyKe 4acTo Ma€ CTyIICHb OKUCHEHHS —2

+1 + +1 _}/2 +2 -1

-1 2 -1
Buusgarku . HzOz, B&Oz, N&Oz, OFk
7. Y MojeKkynax CoJie CTyNmeH1 OKMCHEHHs €JIEMEHTIB KHUCIOTHOTO 3aJIMIIKa
TaK1i X cami, 5IK 1 B MOJIKyJlaX BiJMOB1IHUX KHUCIIOT.

Hampuknan: FeSQ — cynbdar depymy (II), cinp cymbdarHoi Kucioru

+l +6 2

(H.S0,), Toni FeSQ:x+6-24=0;x =2

8. CrymeHb OKHCHEHHS aToMa, SIKHH yTBOPIOE MPOCTHH 10H (CKIaqaeThes 3
OTHOTO aToMa) JOPIBHIOE 3ap sy OO ioHa:

Ca* — (3apsy i0oHA MO3HAYAIOTH NPABOPYY Bil CHMBOJIA, a CTYIEHb OKHCHCHHS
Haj cMBOJIOM) Kanbltiii mposBIIsie CTyNeHb OKUCHEHH ST +2.

[loHATTS CTyHIHb OKMCHEHHSI Ma€ y MEBHINA Mipi ¢ OpMaJIbHUM XapakTep; BiH HE
JopiBHIOE HiCHOMY (e eKTHBHOMY) 3apsimy aroma. AJl€ L€ HOHSTITS € 3PYYHHM IIpH
KBauTi( IKallii pe4oBHH, a 0COOJIMBO — P CKJIaJITAHH1 PIBHSHb PEaKIL iif.

Hanieuwuii cmynenv OKUCHEHHA e/leMeHmda 4acmo CRiGnaoae 3 HOMepom
2pynu, y SKiii pO3TaIlIOBaHO €JIEMEHT Yy MepioUYH 1M CUCTEMI €JICMEHTIB.

Haithustcuuit  cmyneny OKUCHEHHA eNleMeHma 0131 HeMemasie MOXdCHA
PO3paxyeamu HACIYRHUM YUHOM. HOMEDP 2PYRU GIOHAMU GICIM.

Hanpuknan, y Hirporeny woxe OyTH pi3HUH CTyneHb OKHCHEHHS B

-3 +1 +2 +3 +4 +5
cnonykax: NH,, N,O, NO,N,O,, NO,, N,O,. Halipumuii cTynieHb OKMCHEHHS —
+5, a HaliHmwKunii — (-3).

[Ipouiec BinmaBaHHS €JEKTPOHIB HA3UBAIOTh HPOUECOM OKUCHeHHA. YacTUHKH, 5Ki
BiI1aIOTh €JIEKTPOHH, € 6IOHOGHUKAMU, Y TIDOIEC] peaKIlii BOHU OKHCHIOIOThCS (CTYIiHb
OKHCHEHHS iX MimBUILy€eThCs). [Ipoliec mpueHAHHS EJICKTPOHIB HA3UBAIOTh HPOUECOM
6i0H06/1eHHA. YaCTHKH, K1 PUETHYIOTH CIIEKTPOHHU, € OKUCHUKAMU, T Yac peakiii
BOHHU BIIHOBIIOIOTECS (CTYMIHD OKMCHEHHS 3HMKYEThCS). OKHCHHUK OKHCHIOE IHIITY
PEUOBHHY, CaM MPU [ILOMY BITHOBJIIOETHCS. B1THOBHUK BIAHOBIIIOE IHIIIY PEYOBHHY, CaM
IPU [bOMY OKHCHIOETECS.
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Enemenmu, aAki 3HAX00AMbCA Yy GUULOMY CMYNEHI OKUCHEHHA, MOMCYMb MilbKu
6i0H06II06aMUCA, MOOMO 0ymu OKUCHUKAMU, TOMY L0 iX aTOMUA CIPOMOXKHI JIMILIE
MPUHAMATH E€JIEKTPOHU.

Enemenmu, axi 3Hax00Ambca y HUNCUOMY CHYNEHi OKUCHEHHA, MOMNCYMb JTUlie

NpUNAMaTH €IEKTPOHU TOOTO Oymu i0HO8HUKAMU. PedoBUHU, 0 MICTSTH €JI€MEHTHU B

HpOMi)KHI/IX CTYIICHAX OKMCHCHH I, MOXKYTb AK Bi,Z[I[aBaTI/I, TaK 1 HpHﬁMaTH CJICKTPOHH.

4.2. HalinomupeHimi OKUCHUKH i BiTHOBHUKHU
Jlo oKucHukié HaJieX)aTh PEUOBUHU, JI0 CKIATY MOJIEKYJ SKHX BXOJATH aTOMH,
31aTHI TIPUETHYBATH €JEKTPOHHW, TOOTO 3HHMIKYBAaTH CBIM CTYIIIHb OKHCHECHHS.
Hacammepes, OKMCHUKaMH € PEYOBHMHH, B SKUX € CJICMEHTH B HAWBHUIIIOMY CTYTEHI
OKHCHEHHSI.
Haiibinbin eaxcaueumu oxucnuxamu € taki npocti pedoBunu: kucerb (O,),
ranorean (Ch, Bry, |,). B SKOCTi OKMCHHMKIB MOyTb BHUCTYIAaTH iOHM METaliB, IO

+3 +4 +4 o -
3HAXOAATHCS HE B HMJKYMX CTylmeHsX okucHenHs Fe~, Ti'°, Sn’. HaiiOinpim

+7 +6 +5
HOLIMPEHU MU OKUCHUKaMHU cepell ckinanHux peyoBuH €. KMnO,, K,Cr20,, HNOQ,,

-1 +7
H,O., HCIO,.
Jlo 6i0H06HUKI6 HATIeKATh PEYOBUHH, JO CKIATy MOJIEKYJ SIKHX BXOAATH aTOMH,
3MaTHI BigJaBaTH €ICKTPOHM, TOOTO TMIABUINYBATH CBId CTYMiHb OKHMCHEHHS.
Hacamnepen 1ie pedyoBuHH, $IK1 MICTSTh aTOMU €IE€MEHTY B HAaWHM)KUOMY CTYyMEH1

OKHNCHCHHA.

3 NpOCTUX PEUOBUH B AKOCTI 8IOHOBHUKIE MOXXYTh BUCTYIIaTH METAJIH, a TAKOXK

nesiki Hemeramn — BojeHb (Ho), Byriwis (C). BimHoBHHUKamMM MOXYyTh OyTH TaKOX
.. . _ 2 3 .. .

HeratusHi ionn Hemeranis — CI, Br, I, S°, N, a Takox Mo3UTUBHI i0HM MeTalB, 11O

+ +2 +3 +2 +2 o
3HAXOAATHCS Y HM3BKHX CTymeHsX okucHenHs Cu, Fe-, Cr~, Sn*, Mn'*. HaiiOinpim
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-3

BAYKJIVB 11111 MU BIJTHOBHHUKaMU cepent CKJIATHUX pPEUYOBUH €. NH,,

-2 +2

H,S,co,H SO3,NaﬁOZ, Na;éq.
4.3. CwiajaHHsi piBHSHb OKHCHO-BIiITHOBHHUX peaKIliid

OmauM 3 METONIB CKJIaAaHHS PIBHIHb OKHCHO-BITHOBHHMX pEaKilii € Memoo
e1eKMPOHHO20 Oanancy. 3a MM METOJ0M CKJIaJIalOTh CJIEKTPOHH1 PIBHSHHS, B SKHX
BKA3yIOTECS CTYNEHI OKMCHEHHS, a TAaKOX YHCJIO BUIJAHUX Ta MPUUHATHUX EIEKTPOHIB.
Kinvkicmoy 6i00anux enexkmponie Mae O00pieHIO8amMuU KiIbKOCMI NPUEOHAHUX
e1eKMpOoHIE.

Ilpasuna cknaoanus pieHAHb e1eKMPOHHO20 DaAnNancy.

1) Po3paxoByrOTh CTYIICHI OKHCHEHHS SJICMEHTIB.

Hampuknan, s peakitii:

KMnO, + PO, + SO, — MnSQO, + H,PQ + K,SQ, + H,O

+1 47 - +1 +3-2 +1 46 - +2 +6 - +1 45 -2 +1 +6 2

KMI‘]O4+H3P03)+ H: SO; - MnSQ+ H PO+ K SO+ H

2) BusHauarors aToMH, sIKi 3MIHIOIOTh CBIi CTYTHb OKUCHEHHS.

CryniHb OKUCHEHH S 3BMIHIOEThCSl y atoMiB Mn 1 P.

3) 3anucyroTh PIBHSHHS €IEKTPOHHOTO OalaHCy, B AKUX PO3PAXOBYETHCS KUTKICTH
€IIEKTPOHIB, SKI BiFla€ BITHOBHUK 1 MPUIIMa€e OKUCHUK.

4) 3pBHIOIOTh KUIBKOCTI TNPHEAHAHWX 1 BIIIaHUX EICKTPOHIB BBEICHHSM
MHO>KHHKIB, BUXOJYH 3 HAHMEHILIOro 3araJisHOro KparHoro st Koe(ilieHTiB y mporecax

OKMCHEHHS I BITHOBJIEHHS.

+3 +5 ;

Pog =P 5  (peaxuis OKUCHEHHS)
iy oz 102 (peaxiist BitHOBJICHHS)

Mn +5e =Mn

5) 3uaiineHi KoedilliEHTH MiICTABISIIOTh Y PIBHSAHHS Peakiiii mepes BiAmoB iTHHMH
dbopMyIaMi PEYOBHH Y JIIBIM 1 TIPaBii YaCTHUHAX.
2KMnO, + 5HPO; + H,SO, — 2MnSQ, + 5HPQ, + K,SQ, + H,O

6) ITinbupators KoeDIllieHTH YISt PEIITH YYACHUKIB PEaKIIi.
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2KMnO, + 5HPO; + 3H,SQ, = 2MnSQ + SHPQ, + K, SO, + 3HO0

Memoo naniepeaxuyiit IpyHTYEThCS Ha CKJIaJaHHI I0HHUX PIBHSAHb JJISl IPOIIECIB
OKMCHEHHS 1 BITHOBJIEHHS 3 MOJAJBIIMM IX MIICYMyBaHHSM BUIIOBIIHO JI0 3arajlbHOTO
PIBHSIHHSI, OCKUIBKA B PO34YMHAX EJIEKTPOJITIB Peakilii MpOTIKAIOTh HE MIX OKPEeMHMHU
eJIeMEeHTaMH, a MDK I0HAMH.

Ilpasuna cknadannsa oKuCHO-6IOHOBHUX PEaKYiil MEMOOOM HANIBPEaAKUill

1) Po3paxoByrOTh CTyIIEHI OKHCHEHHS €JIEMEHTIB.

Hanpuxnan, nis peakirii:
KMnO, + HsPO; + H,SO, — MnSQ, + H;PO, + K,SO, + H,O

+1 47 - +1 +3-2 +1 +6 - +2 +6 - +1 +1 46 -2 +1

KMnO+HsPOs+ M, SO~ MnSQ+ H PO+ K SO+ H
2) 3anucyroTh PEaKililo y BUIVISIAI IOHHOTO PIBHAHHS 1 3'SCOBYIOTH, €JIEMCHTH
SKUX 4YaCTUHOK (10HIB 200 MOJICKYJI) 3MIHUJIA CTYITiHb OKW CHECHH SL.
K*+MnO, + H,PO, + 2H+ S§ —~ Mfi+ S§ +HPQ +2k SP +H
VY npoMy BHNAAKY 3MIHHJIN CTYIICHI OKHMCHeHHS. P, skuit BXoauth 1o ckiaany HzPOs Ta

HsPQ,, a Takox Mn, sxuit Bxomuts 10 ckinaxy MnO, ta Mn?",

3) 3amucyiorh PIBHSHHS HAIIBPEAKI[id, U1 SKMX PO3PAXOBYIOTh KUIBKICTh
€JIEKTPOHIB, SKI BiFIa€ BITHOBHUK 1 MPUIIMAa€e OKUCHUK.

4) 3piBHIOIOTh KUIBKOCTI TMPUETHAHUX 1 BIIJAHUX EICKTPOHIB BBEJCHHSM
MHO>KHHUKIB, BUXO/IYU 3 HAWMEHIIIOTO 3arajJbHOr0 KPaTHOro yjisi KOe(IlIEHTIB y Mpoliecax
OKHCHEHHS W BINHOBJICHHA. A TAaKOX 3pIBHIOIOTh KUIBKICTH aTOMIB €JIEMEHTIB Yy
HamiBpeakilii. Cid nam amamu, MO B OKMCHO-BITHOBHUX PEAKIIISX BETUKY POJb BiTirpae
Xapakrep cepenoBuina (Kucie, JIy)KHe, HeWTpaibHe). Y Kuciomy cepedosunyi HamIioK
KHCHIO B ioHi 3a0upaerbes ionamu HY, memonmik - xommencyersess H,O; y myorcnomy i
HeUmpaaIbHOMy Ccepedosuwyi HaJUMIIOK KUCHIO B ioHI 3abupaethes H,O, Hemomik -

komreHcyeThest OH™ ioHaMH.
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H,PO, + H,O —2é — HiPO, + 2H' 5 (peakIiist OKHCHEHHS)
MnO, +8H" + 5€ - Mn* + 4H,0 10 | 2 (peakwis BimHOBIEHHS)

5H;PQ; + 5H,0 + 2MnO, +16H — 5H,PO, + 10H + 2Mn?* + 8H,0

Ckopouyemo Mo Ji0H1 WICHH PIBHSHHS 1 0JEPKYEMO:
5H:PG; + 2MnQ, +6H — 5HPQ + 2Mn? + 3H0
5) 3anucyiorh pIiBHSHHS B MOJIEKYISAPHOMY BHIVISI, HPH I[bOMY II€PEHOCSTH

3HalIeH1 KOe(ILIEHTH Ta MPOBOISATH MEPEBIPKY:

SH;PG; + 2KMNQ, + 3H,S0, = 5SHPQ + 2MnSQ + K,SQO, + 3H,0

Tema 5. XimMiuHi 1:kepesia eJIeKTPUYHOTO CTPYy My
5.1.Psaja cTaHaapTHUX €JIEKTPOAHHUX MO TEHIIAJIIB
[lepeBaxHa OUIBLIICTG €JIEMEHTIB TMEPIOJMYHOT CUCTEMH — MeTanu. Sk
3a3Hayanocs B MONEPETHbOMY PO3/IUIL, CTYNIEH b OKUCHEHH I METAIIB Y CIONYKaX 3aB KU
no3uTuBHUM. ToOTO, ycl MeTalu BIJHOCHO JIETKO BIIJAaIOTh BAJEHTHI E€JIEKTPOHU 1
BUSIBJIIIOTh BIIHOBH1 BJIACTUBOCTI. AJie BIIHOBHI BJIACTUBOCT1 BUSIBJISIOTHCS Y PI3HHUX
METaJliB MO-pi3HOMY. UUM Jierie MeTal BiIgae CBOI €IEKTPOHHM, TUM BIH aKTHBHIIIHUHA,
THM €HepriiiHilIe BiH BCTYNA€E y B3aEMOIIIO 3 IHITMMH pedoBHHAMH. KiJIbKiCHOIO MipoOtO
METaJYHOi AaKTHBHOCTI y BOJHMX pO3YMHAX MOYHA BBaXaTH CHMAHOAPMHUIL
enexmpoonuii nomenyian (§°).
Po3rnsiHeMO OKMCHO-BIHOBHY peakilifo MK IIMAaTOYKOM ILMHKY 1 PO3YUHOM
cylibdary Kynpymy:
/n+ CuSQ=27nSQ + Cu
Zn’ —2¢€ = Zit* | 1{peaxuis okucHeHHs)
Cu* +26 =CU | L{peaxuiis BinHOBICHHS)
ATOMU IIUHKY B1JJ1al0Th CBOi BAJICHTHI €JIEKTPOHU 10HAM Cu*i MEPETBOP FOKOTHCS
Ha 10HM LIMHKY Zrt', a ionm KYIPyMy BITHOBJIIOIOTbCS 1 BUAUBIIOTECS Y BUIJISAL

MeTasieBOi M1l SIKIO JiSITM HaBMaKu, TOOTO 3aHYPUTH LIMATOYOK MiAl B PO3YMH COINI
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IIMHKY, TO HIIKOI peakiii He BimOynerbcs. lle mokasye, 1m0 IMHK OUIbII aKTUBHUIA
MeTaJj, HbK Milb, TOOTO HOro aToMH JIeTIIe B1IIat0Th €JIEKTPOHU, HIXK aTOMHU MIT1.

BuricHeHH ST 0THUX METaliB 13 PO3UMHIB iXHIX COJIEH IHIIMMH METajlaMd BIIEPIIE
OyJl0 JOKJIaJTHO BUBYEHE POCIHCHKUM ydeHUM bekeToBuM, SIKU 3rpylyBaB METalH 3a
3MEHIICHHSM 1X XIMIYHOT aKTHBHOCT1 B TaK 3BaHUM ' pa0 eumicHenHs’ . Y Halll Yac psj
BUTICHEHHSI bekeToBa Mae Ha3By psiy HaNpyr, a00 pAdy CMAHOAPMHUX e]1eKMPOOHUX
nomenuianie.

Merai, 3aHypeHUI y pO3YHMH COJIi I[LOTO METaJly HA3UBAKOTh €1EKMPOOOM, a
PBKY 3MIHY MOTEHLiaJy Ha MEXl pO3MOJULYy MIX METajioM 1 pO3YMHOM Ha3UBAIOTh
e1eKMpOOH UM NOM EHUIATIOM.

BumipsaTi moTeHITianm OKpeMoro enekTpoay HeMmoxiuBo. II[o6 moOymyBatn
YUCENbHY IIKaJTy €JNEKTPOAHUX IMOTEHI[1aliB, HEOOX1THO MOTEHI[1aJl IEBHOTO OKHCHO-
BiJIHOBHOTO TIPOIIECY NMPUMHSTH 3a HYJb. B SKOCTi €TanoHa, 3 METOI0 CTBOPEHHS TaKoi
LKW, TPUNHATUN HACTYIIHUUI TP OLIEC!

2H + 26 =H,; $° = 0B.

3HaueHHA CMAaHOAPMHUX eNeKMPOOHUX NOMEHUIAie ((I)O) — II¢ 3Ha4YeHHS
MOTEHI[1AJIIB METal1B BHU3HAYCH1 BIZHOCHO HOPMANBbHOZO0 600HEE020 eNeKmpooa 3a
cmandapmuux ymoe (t = 25C, p = 1.013 - 10Ia, (M€™") = Imons/n)

3HaYeHHA CMAaHOAPMHUX eJIeKMPOOHUX NOMEHYIANe HABeOeHi y pAadi Hanpy2
Memaiie.

Li K Ca Na Mg Al Mn Zn Cr Fe Cd Ni Sn Pb
¢, B -3.04 292 -2.87 -271 -2.3¢ -1.66 -1.1€ -0.76 -0.74 -0.44 -0.40 -0.2¢ -0.14 -0.13

H Cu Ag Hg Au
¢, B 0 034 0.80 0.85 1.5C

. . . 0 0
binbw axkmueHi memanu marwoms HudCUI 3HAYEHHA ¢ J €] 3PpOCMAHHAM ¢

6IOH 06H A 61ACM UBLCHIL MEM ATTY 3MEHULY EMbCA.

53



Heo0ximHo Big3HAYNTH, 10 HABECHHUN PsiJl XapaKTEPU3y€E MOBEAIHKY METaJIB 1 iX
COJIEM TUIBKM Yy BOJHMX PO3UMHAX, 3a KIMHATHOI TEMIEpaTypH 1 KOHIIEHTpaIlli 10HIB
meramy 1 moaw/i. OkpiM TOro, mMoTpibHO 3ayBajKUTH, IO BHCOKA €JIEKTPOXiMiuHa
aKTUBHICTh METAJIIB HE 3aBX/JU O3Ha4a€ HOTO BUCOKY XIMIYHY aK TUBHICTb.

3HayeHHS TOTEHILANY 3a YMOB, IO BIAPBBHAIOTECS BiI CTaHAAPTHUX,

00YMCITIOTH 3a piBHSHHSAM HepHcera:

_ 40 23R

¢Mez+|Me T et |Me

T
S lgc(Me*),
ne ¢, ... —CICKTPOJHHII OTEHIA) MeTalla,

0 v u ot
¢MeZ+/Me —CTaHAApPTHHUHU CIICKTPOAHUU IMOTCHI[1aJ],

R —razoBa crama, R= 8,314/1x/(K-moib);
T —temmneparypa B K;
F —aucino Papanest, F = 96 500K/ mois;

Z — KUIBKICTh €JIEKTPOHIB, sKI Oepyrh yd4YacTb B €JIE€MEHTapHOMY

eleKTpoxiMiunoMy mponeci (Hanmpukinag, Me? +ze - Me);
c(Me”") — koHLeHTpallisl i0HIB MeTay B PO3YMH1, MOJIK/I.

2,3RT
3a ymo T = 298K (t = 25°C) MHOKHHUK epe 1 Jorapud MOM “E =0,059B,

Tomy maemo:

_ 0, 059 .
¢Me2+|Me_¢(l)\/leZ+|Me IgC(Me )

5.2. TaabBaHiuHi eJieMeHTH

Y cywacHiil girepaTypl XIMMHI JKepesia CTpyMy 3a3BUYail Ha3MBaIOTh

2ab 6aHTUHUMU  enlemermamu. PO3pBHIOTH TEpBUHHI enemeHTH (Oarapeiiku) Ta

BTOPUHHI eleMeHTH (aKy My JIITOPH).



Ilpunyun 0ii 0yov-saxoco ximiunoco oxcepena cmpymy (XIAC) mnonsrae B
NEePETBOPEHH1 XIMIYHOI €HEPTii OKUCHO-BIJTHOBHOI peaKilli Ha €JIEKTPUUHY, PUUOMY Y
BUIAJIKY HEPEUHHO20 2ANbBAHIYHO2O0 enemeHma, abo eJeMeHTa Pa30BOro
BUKOPHUCTAHH I, XIMIYH1 IPOLIECH € HE3BOPOTHUMH, TOOTO MiC/s BUTPATU PEATCHTIB TakKe
XJIC Oiurpie HEe 3MOXe NpautoBaru. Bmopumni enemenmu, ado eleMeHTH
6aratopa3oBOro BUKOPHCTAHH I, BUKOPUCTOBYIOTh 3BOPOTHI peakilii. ¥ pexumi poboTtu
(PO3PSIIKCHHS) aKyMYJISTOD € JDKEPEJIOM CTPYMy, Y PEKUMI 3apsiKEHHS BiH CIIOKHUBA€E
€HEPTII0 30BHILIHBOTO JKEpeia.

Jnst crBopennst X J1C HeoOXiTHO MaTh JBa €/IeKmpoOu, 3'€ JTHAHUX TP OB I/THUK OM,
ONVH 3 SKUX Mae OyTH 3JarHUM BIJJIaBaTH €JIIEKTPOHHU, a IHIIMH — TpPUHMATH.
Hanpuknan, Taky cucreMy MoOKHa CKJIACTH 3 ABOX IUIACTHUH, BUTOTOBJICHHUX 3 PI3HHUX
MeTaliB (ro0To, 3 Pi3HUMM CTAHIAPTHUMHU €JIEKTPOIHUMH MOTEHIiaJaMH), OJUH 3 SKUX
(3 MEHIIMM CTAaHJAPTHAM €JEKTPOJHUM IToTeHIiaroM) Oyae okucHioBatucst (Me — z€
—~ M€, inmmit —BimHoBmoBarucsa (Me"" + z€ — Me). O6u 1Bi nacTHHE MalOTh OyTH
3aHYpPEH1 Y PO3YMH E€JEeKTPOJITY, SIKMH BUKOHYBaTUME (PYHKI[IIO MEPEHOCY 3apsay Bil
OMHOTO MeTaiy Jo 1HIoro. ToOTO B Il KOHCTPYKIIIi €JEKTPOHU BIA BIJTHOBHHKA 0O
OKHMCHHMKA TEpPEealoThCsl HE y Mpoleci 0e3n0cepeHbOro KOHTAKTY, a 3a JIOMOMOTOH0
METJIIYHOTO TIPOBiTHHKA.

Enexmpoo (axmuena maca) ado HanieeiemeHm — 1i¢ CUCTEMa, SIKA MICTHTh
EIEKTPONPOBIIH1 MaTepia B KOHTAKT13 €JIEKTPOJIITOM.

EnekTpon, Ha sSKOMy iJe OKHMCHCHHs, Ha3uBaTh anooom (A). Enmektpom, Ha
SKOMy 1i/i¢ BiIHOBJCHHS, HasuBaioTh Kamoodom (K). Ilpu poGOTi XiMIYHHX JKEpe
CTPyMy aHOJI BBa)XalOTh HETATHBHO 3apsKCHUM EIEKTPOJOM, a KaTOJ — MO3UTHBHO
3apAHKEHU M €1E€KTPOJIOM.

JIi1st pO31TbHOTO TIepediry MpoleCciB OKMCHEHHS Ta BIIHOBJIGHHS JIB1 MJIaCTUHU
(ro6TO €eneKTpoau) MOTPIOHO PO3ALIMTH IPOCTOPOBO. 3 II€I0 METOK BHUKOPHCTOBYIOThH

TaK 3Bany oiagpazmy (abo cenapamop).
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Puc. 7 — XJIC: mosutuBhmii enekrpon (katom) (1), HeraruBHHUI eIeKTPO
(anon) (2), kopmyc (3), enekpodir (4) ra giadparma ado cenaparop (5).

Jlo pedl, HAUMPOCTIMIMK TaJbBaHIYHWM EJIEMEHT MOYKHA CTBOPUTH HaBITh 3
MAPYYHUX MaTepialiiB, HAMpPUKIAJ, SIKIIO 3i0paTd CTOBMYMK 3 MOHET, YEePryHoud
MOHETH 3 KOBTOTO Ta OUIOro MeTally, MPOKJABIIM MK HUMHM Harilp, 3MOYEHUH Yy
po3uuHi coui. [Ipu ubomy EPC Takoro enemenTta Oyae mponopiiiiiHa KUIbKOCTI MOHET.

XiMiuHI JpKepena CTpyMy BHHaWIeHI Ha ocHOB1 jgociimkeHb JI.['arpBani Ta
A.Bonpra Hanpukiaini 18 cr. ®izionor JIyimki [MaapBaHi mix 4ac AOCTIIIB BHITaIKOBO
NIOMITHB, SIKIIO TPOBITHUKOM 3'€HATH JBa METalM, HANpUKIAJ Mims 1 3ai30, i
HaKJIaCTH Ha M'SI3M MEPTBOi TBAPUHH, TO M'S3M TMOYMHAIOTH CKopodyBaTHcs. OnmHaKk,
lanpBaHI MOSICHUB II€ SIBHINC BJIACTUBOCTSMH JKHBOT TKAHWHU, a HE BIACTHBOCTSIMH
mMetaniB. JlochimkeHHs mpoaoBxuB GBuk Anekcanapo Bonbra, 310paBIm eneKTpuYHEe
KOJIO 3 JBOX METaJliB, MiX SKUMH OYB MPOIIAPOK CYKHA, 3MOYEHOTO PO3YUHOM
npucoiieHoi Bojau, BonbTa 3amponoHyBaB mnepmivii ranbBaHidHUM enemeHt. Ilepii
BaplaHTU KOHCTPYKI[1l Majld MO3UTUBHI €JIEKTPOau 3 Mial abo cpibia, a HEraTUBHI — 3
MHKy abo omosa. CrBopuBum Bhepuie B cBiri XJIC, cam A.Bojsra Hikonu He
OB’ sSBYBaB HOTO JIit0 3 XIMIYHMMH MPOILIECAMH MIX €JIEKTPOJAaMHU Ta EJEKTPOIITOM, a

NpUPOy BUHUKHEHHS €JEKTPOPYIIIMHOT CHIIM MOSCHIOBAB KOHTAKTOM MK METalaMu.
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[z Teopis Oyna mimaaHa KPUTHILI MPUXMJIBHUKAMHU XIMIYHOT Ta TEPMOAUHAMIYHOT TEOPii
EPC ranpBaH MHUX €JIEMEHTIB y mepiiit mosioBuni 19 cr.

B icropuunomy po3Burky XJIC omHUM 3 TOJIOBHUX JIOCSITHEHb OYB enemeHT JlaHiens,
yIoCKOHaneHuil pociiicekum yuenum b.C. 5k o6i (1836p.).

Ileii ranbBaHiYHUI €JEMEHT MaB IMHKOBHI HEraTMBHHI eJeKTpon (amomn),
sanypenuii y posunn ZnSQ, a mosutuBHMI MigHui (katon) — sanypenuit y CuSQ.
Mix posunHamu Oyna mopucra meperopoaka (mexa). Enement aniens-Sxko6i maB
MOPIBHSHO TMPOCTY KOHCTPYKI[iIO, aje 3a HOro JOMOMOTO MOXKHa OYyJi0 OTpUMyBaTH
BIAUYTHY €MHICTh. | TOMy BIH 3HalIIOB NpaKTUYHE BUKOPUCTAHHS B TelerpadHomy
3B'SI3Ky, EJEKTPOTEXHilli Ta y BIMChKOBIM crmpaBi. Emementr aniens-fko6i Oys
sScKpaBUM J0ka30oM BUHUKHEHHS EPC 3a paxyHOK XIMIYHMX peakilii Ha MeXi MeTail-
PO3YHH.

VY mnepmriii monoBuHi 19 cT. y piBHHX KpaiHax Oyi0 po3pOOJSICHO HH3KY

raJibBaH lYHUX €JIEMEHTIB, Yy SKMX BUKOPUCTOBYBAJIM PO3YMHHU KHUCJOT Ta JyTiB. Taki
€IEMEHTH MajH TOPIBHSHO BENUKI PO3PSAHI XapaKTEepPUCTHKHU, ajie TepMiH iX Iii OyB
MaJIMM 4Yepe3 3HaYHY XIMIYHY aKTUBHICTh POOOYMX EIEKTPOJIITIB.
HoBum noryxuum imiynbcoM y po3Butky XJIC Oyno Bigkputts enemenra Jleknanie,
B SIKOMY MO3UTUBHHUM €JIEKTPOJOM BHKOPHCTAHO TBEPIUM NEMOJIAPU3ATOP — TUOKCHUJL
MaHTaHy. el eneMeHT y pi3HMX KOHCTPYKTUBHMX MOJU(DIKALISIX BUKOPHCTOBYIOTH 1
ocTaHHIM yacoM. [IopiBHSHA MPOCTOTA KOHCTPYKII1i, JOCTYNHICTh AKTUBHUX MaTepiaiiB
Ta BEJIUKUI MOMUT JIAJIM 3MOTY BUTOTOBIIATH JIEK1IbKA MIJTIAp/AiB €IEMEHTIB Ha PIK.

HoBuM nocarHeHHAM y pO3BUTKY Jkepen ctpymy Oyno crBopenHs I.Ilmante B
186(. XJIC Gararopa3oBoi il — CBHHIIEBOTO aKyMyJsiTOpa. AKYMYJISTOpP CTaHOBHB
co0010 /1Ba JIMCTU CBUHIIIO, PO3JUIEHI cenapaTopoM 3 ryouactoi pesunu. Enxektpoinitom
oymna 10% 8a cynbhaTtHa KucioTa.

Basxoiuum etanom po3BuTKy X/IC Oysi0 CTBOPEHHS €IEMEHTIB Ta aKyMyJBSITOpPIB

3 JIITIEBUM Ta HATPIEBUM HETAaTUBHUMU €JIEKTpoAaMu. BUKOpPUCTaHH S Ty KHUX METAJIB y
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JDKepesiax CTPyMy CTajlo MOKJIMBUM 3aBJSKUA alPOTOHHUM HEBOJHHUM €JIEKTPOJITaM, B
KU X 111 METAJIM XIMIYHO CTIMKI 1 MAIOTh BUCOKUM HETaTUBHU IMOT €HIAI.

VY 3B's3ky 3 TuM, mo XJIC HaOy/Iu HaI3BHYAMHO IIMPOKOrO PO3IOBCIOJIKCHH S B
TEXHII], B HAlI Yyac po3poOneHo Oe3iiy MarepianiB st BUPOOJIEHH I pI13HUX CKJIaJ0BUX
XJC, cdopMynbOBaHO OCHOBHI BHMOTH JIO IMX MarepiaidiB IS JIOCSTHEHHS
ONTUMAJIBH O SIKOCT 1.

Tak, B sKOCTi MaTepiany Uisi @Hody TIEPEBa)KHO BUKOPHCTOBYIOTh METAld 3
BHCOKMM HETATHMBHHUM IOTeHIIanoM (IMHK, KaaMii, CBUHENb Ta iH.), [UISI KAmMooy —
CIIOJYKH, MeTalu abo cywmimni 3 mosuruBHEM moteHmianom (AgO, NIOOH, MnQ,
AgCl, CuClra in.).

B skocri enexkmponimie BUKOPUCTOBYIOTH PO3YMHH KHCIIOT, JYTIB, COJIEH,
po3miaBu abo TBEpJll PEUYOBUHU, K1 3a0e3neuyiomsv NPOX0OMHCEHHA e1eKMPUUHO20
cmpymy i Oepyms yuacmo 6 enekmpoonHux peaxyiax. Ilprupoaa ta Ckiaj eIeKTPoIITy
3HaYHOIO MIpOI0 3ajlekaTh Big BuUMor moAo0 ekciuryaramii XJIC. HaitOuibim
MOLIMPEHU MU eiekTpostitamu € posuntn H,SO, (cBuHIEeBi aky My stopu), KOH (myskui
XJ1C), coseil y BOMI Ta OpraHiuHUX PO3YMHHHKAX. Bumozu 0o enexmponimie X/[C:
JIOCUTh BUCOKA IMUTOMA EIEKTPOMPOBITHICTh, I0HU E€IEKTPOIITy HE MOBHHHI aKTUBHO
pearyBatu 3 eJeKTpOJaMu, Majla aTpeCUBHICTh BIIHOCHO AeTajel JxKepesa CTpyMy.

Jlisi BUrOTOBIICHH S dlaghpacmu (cenapamopa) BUKOPUCTOBYIOTh XIMIYHO CTIiHKi
MOPUCT1 JIENEKTPUUH1 MaTepiaiu, K1 3anobizcaiomev KOHmakmy mixe eaiekmpooamu. y
cermapaTopax eJIeKTPONIT 3alMOBHIOE TOpH 1 3a0e3Meuye eNeKTPONPOBIiAHICTH MPOCTOPY
MK enekTpoamu. 3anexHo Bif tuny XJ{C Ta ocobmmBoCTel €1eKTPOIIBHUX PeakIlid,
cernapaTop MOBUHEH MEXaHIYHO YTPUMYBAaTH aKTUBHY Macy, NPOTHIISATH Jedopmariii
€IEKTPO/AIB, TMOSIBI JEHJPUTIB, MNPOHUKHEHHIO MPOJAYKTIB PpO3pSAy €JIEKTPOJHUX
MaTepiaiiB J0 TPOTUIICKHUX EJIEKTPOMAIB, a TAaKOX MATH Ta30MpPOHUKHICTh. SIKIIO
EIEKTPOJIIT 3HAXOJUTHCS TUIBKH B cerapaTopi, HOro Ha3uBalOTh MAMPUUHUM. Y TIOMY
pazi cemapaTop € eIeKTPOIITOHOCIEM, a EJICKTPOJIIT y HBOMY YTPUMYETHCS KaUTsIPHU MU

cunamu Oinst moBepxHi enekTpoiB. B okpemux XJIC cemaparopu BUTOTOBISIOTH 3
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YIBT pa-MiK pOITOPUCTUX MEMOpaH, M0 CTaHOBJIATH COO0I0 BUCOKOMOJICKYIISIPHI CTIOJTYKH
(MarpuIri) 3 i0HOEIEKTP OHHUMH BJIACTHBOC TSI MH.

Kopnyc ostcepena cmpymy CTraHOBUTH COO0I0 TEPMETHUHY 200 HAIIBrepMETH YHY
NOCYyJMHY 3 MeTally, MHojaiMepy, ckia. Bubip marepiany Kopmycy BH3HAYa€ThCS
BIIACTUBOCTSIMU €JICKTPOJIITY, aKTUBHUX MAac Ta MPOAYKTIB peakiiii. CTpyMOBiIBoOIM
(mepeMHUYKH) BUTOTOBISIOTH 3 METAIEBHX IPOBIIHHMKIB KOPO3IMHOCTIAKMX 10
EIEKTPOJIITY, AKTUBHUX MAac Ta 3 SIKHaWMEHIIUM €J1eKTPUIHIM OIOPOM.

OcobmuBy rpyny ximiuamx prepea crpymy (XJIC) yTBOPIOIOTH Raiu6Hi
eiemenmu  (e1ekmpoxiMiuni  2eHepamopu), 110 BUKOPUCTOBYIOTH 3BHYAlHI
KOMITOHEHTH NajuB. Ha aHoxi mamMBHUX ejeMeHTIB okucHiororbes nansHi (Hy, CO,
CH,, cimpTi, O€H3MH, KEPOCHH), a HA KaTOAi BiXHOBIIOWOTECS okucHUKA (O, moBiTps,
H,0,, Chit. 1.). ITopiBHSHO 3 IHIIMMHE JKepeaMH eJeKTPOeH eprii Ha GOPTY JTiTATBHUX
arnaparis, MaJMBHI €IEMEHTU MalOTh JyXe BUCOKMN KOE(]IIEHT KOPUCHOI M1l 1 BUCOKY
NOTY KHICTh Ha OJIMHUIIIO0 MACH Ta 00'eMy.

o0 OinbIn AeTallbHO 3pO3yMITH XIMI4H1 MPOIECH, HA SIKUX TPYHTYETBCS st
TAJIbBAHIYHOTO EIEMEHTa, PO3MIISIHEMO KOHKPETHHH TMPUKIan — MiIHO-IIMHKOBUHA
ranbBaHiuHui eement (Puc. 8).

BiH ckiamaerses 3 ABOX MUIACTUH, BUTOTOBIICHUX 13 IIMHKY Ta Miji, SIKi 3aHYpEHO
y po3unHU cyibhaTy UWHKY Ta cyinbhaTy Kynpymy, BiANOBiHO, 3'€JHAHUX
npoBigaukoM. CKISHKA 3 pO34MHaMK 3'€fHaHi "conboBUM MocroM' (BHTHYTa CKJIsSHA
TpyOka, 3amoBHeHa 3asBuuaii posumnom KCI a6o NH,NO;) Taka cucrema mae
MOJIMBICTh MPOCTOPOBOTO PO3AiJICHH ST OKHCHO-BiIHOBHOT pPeaKirii: mporec OKHCHCHHS
nepebirae Ha ogHoMy MeTaii (UUHKY), a MPOUEC BIIHOBJEHHS — Ha IHIIOMY MeTaii
(migi). TakuM dYHMHOM, €JIEKTPOHM IE€PEIAIOThCS BiIl BIIHOBHHKA JO OKHMCHHKA

30BHIIIHIM €JICKTPUYHUM KOJIOM.
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Puc. 8 —MinHO-LIMHKOBUI rajibBaH UHUI €JIEMEHT

Takum ynHOM, 3aBJAKH MPOTIKAHHIO I[1€1 OKUCHO-BITHOBHOT XIMIYHOI peakiii y
MIHO-LIMHKOBOMY TajbBaHIYHOMY €JIEMEHT1 YTBOPIOETBCA O€3NepepBHUN MOTIK
CIEKTPOHIB (EIEKTPH YHHIA CTY M).

Ha rpanuni mumHKa 3 poO3uMHOM Cynbdary IMHKAa BiIOyBaeThCS MPOIEC
NIEPETBOPEHHST aTOMIB IMHKY Ha 10HH, SIK1 T1APaTYyHOThCA 1 MePeXoAsTh y po3uuH. [lpu
IIbOMYy BHUBUIBH SIIOThCSI €JIEKTPOHH. L1 poriec MoskHa 300pa3uTH CXEMaTHYHO !

zZr’ —2e S Zrt*
Zrtt +som S Zn2+rmpar03.
Z +Bopa S ZIt i aos, + 2€

[Tim wac poboTH MIAHO-IIMHKOBOTO TaJbBAaHIYHOTO €JIIEMEHTA,

TOOTO TmIpH
3aMHKaHHI KOJa, BUBUIBHEH1 €JIEKTPOHH PyXalOThCA 30BHIMIHIM KOJIOM Y HaMpsMKY

MIJTHOTO €IEKTPOJIY.
Ha rpanumi migi 3 po3unHoM cysbdaTy Minl BigOyBaeThCs MPOLEC MEPEXOAY
10HIB KyNpyMy 3 pO34YMHY Ha MOBEepxHIO MeTany. [Ipu mpoMy BinmOyBaeThCs MpoIEC

BITHOBJICHHS 10HIB Miai. EnekTpoHu, sKki mepednum BiI MHKOBOTO EIEKTPOJA,
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3'€THYIOTBCS 3 KaTiOHAMH Mifli 3 pO3YHMHY i yTBOPIOIOTH aTOMH MiJli, IKi BUIUTSIOTHCS Y
Ul Metalty. Lli mporecu MoskHa 300pa3uTH CXEMaTHYHO!

CLerriﬂpamB_ S CU" +Boma

Cu* +2e 5 Cf

CLf+rmpaTOB_ +2€ 5 CU + Bona

VY To¥ ke Yac MO3MTUBHI 10HM IMHKY MEPEXOIATh ' COITBOBUM MOCTOM' 10 MiTHOT

IUVIACTHHKK, 00 KOMIICHCYBaTH 3MEHIIEHHS TO3UTHBHUX YAaCTHHOK OUIS MiJHOT
IIACTHHKU. Tak caMO HETaTUBHO 3apsyKeH1 CyJbpaT-loHHM MEepeXOoAsaTh 0 IIMHKOBOT
IIACTHHKK, 00 KOMIICHCYBAaTH HAJUIMINOK MO3UTHBHOTO 3apsay OUIS ITMHKOBOi
IUIACTUHKH.

Y canveaniunomy enemenmi ano0om € Toil €1EKTPO, MOTEHI(IAT SIKOTO MEHIIIUH.
Ha wpomy BIimOyBaeThCcs TMpOIEC OKUCHEHHS, TIPH I[bOMY METaJI-B1THOBHHK
po3unHIOeThCsl. Kamod — Metan 3 OUIbIIMM 3HAYEHHSIM €JIEKTPOAHOTO MOTEHIIIay.
Mertan karo 1y BiTHOBJIFOETHCHI.

IIponiecu, siki BinOyBalOThCS y MIIHO-IIMHKOBOMY TIajlbBaHIYHOMY €JIEMEHTI
MOYHA CITPOLIEHO Bi10Opa3UTH TAKUMU PIBHIHHIMH:

HEraTHBHUM eIeKTpos (aHomn) Zn®-2e” _ Zn* aHomHuii mporec

TIO3UTHBHUI eNekTpon (katox) Cu®" +2e” - Cu’karomuwmii mporec

0 2 0 2 o
Zn” + Cu“" =Cu’ +2Zn*" cymapuuii npouec
BaxmuBa xapaKkTepHCTHKA rajbBaHIYHOTO eneMenTa —etekmpopyuiiiina cuta (EPC)

E (B) enremenma — nopiBHIOE Pi3HHUIII €JIEK TPO JHUX MOTEHIIia/IiB HOTO MIBEIEMEHTIB!

E - ¢K _¢A )
ne (I)K — noreHIia; kaToay (paBuil MiBEIEMEHT)

(I)A — moTeHItian (J1iBuii miBeneMeHT). Ao

b= ¢Cu2+ ICu _¢z it |zr
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EPC ranpBaHi4HOTO €JeMEHTa 3aB /M MTO3M TUBHA, TOMY III0 BIATIOBIAaE MPOIECY,
AKHi BiZOyBa€ThCsA CaMOB1BHO 3 O3U TMBHOO pooororo (AG < 0).

CxeMy TaJIbBaHMHOI'0 €JIeMEHTa MOKHA 3aIMMCaTH TaK:
(<) zn|znsq|| cusq cy+)

CrouaTKy 3anMCcyloTh MeTal, ki € aHogoMm. IloriMm po3unH 100pe pO3UMHHOL
COJI1 IIbOTO MeTally. PO3UnH B1IOKPE MITIOIOTh B1/1 METAITy OJIHIE 0 BEP TUKATBHOIO JIHIELO.
KoHTakT ABOX pO34MHIB MOKA3yIOTh ABOMA CYIUTBHUMH JIHIIMH, SKIIO MikK PO3UYUHAMU
3HAXOJUTHCA COJBOBUI MICT. Y TakOMy pa3i MOTEHI[iad, [0 BUHUKAE Ha MEXI1 MOJLTY
IBOX po3unHiB (mu(y3iiHUI MOTeHIliaN), 3BEACHUI 10 MIHIMaJIbHOrO 3HAYEHHS, i BiH
3QJIMIIIAETHCS CTATMM M1 9YaC BUMIPIOBaHb.

IepBunHuii Manrano-muukoBuii (ML) raabBaHiYHMI eTeMeHT
(esmrement Jlekianine).

Po3MoBCIODKEHHST  MaHraHO-IIMHKOBUX — €JCMCHTIB  MMOB's3aHE 31 BJAIMM
NOEHAHHSAM TEBHUX 1X SKOCTEW: BIHOCHOT JNEUIEBM3HM, 3aJ0BUIBHMX E€JEKTPHUYHUX
MOKA3HUKIB, IPUMHIATHOMY 30€pEKEHH IO i 3py4HOCTI KOPUCTYBAHHS.

3arajpHa cXeMa MaHTAHO-I[MHKOBOTO €JIEMEHTA MPU OJIM3HO MA€E TaKU BUTIISIA

e
= +4
Zn 2 MnO,
-l —w +2¢
=
=
7 2+ = +3
n E 2 MnOOH
o
=
Enexrponit m- NHClabo  KOH
(sarymennil KpoxMazen)
—

Puc. 9 —Cxema nporiecis, siKi BimOyBarOTECS Ha €ICKTPOaaX

MAaHTaHO-IIMHKOBOT'O I'aJIbBaH IYHOT'O eJIEeMEHT a
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Cepe 1 MAHTaHO-I[UHK OBH X €IEMEHTIB PO3PI3HAIOTH COIbOGE ma yxchi (3aeKHO
BiJI TIPUPOJIH EIIEKTPOJIITY).
CxeMa eJNEeKTpOXIMIYHOTO JaHIIOra Ta CTPYMOYTBOPIOIOHYI peakilii convosozo MI]
e/1lemMeHma CupoIIeHO MOKHO 3aIHiCaTH TaK:
() ZANH,CIMnO,(C) (+),
(£) Zn +2NH; + 2Ct — 26 - Zn(NHy),ClL, +2H |1

(+) MnO, + H,O + 1€ - MnOOH, + OH. 2

Zn +2NH; + 2CI + 2MnQ + 2H,0 - Zn(NH,),Cl, + 2H,0 + 2MnOOH .
Zn + 2NHCI + 2MnQ - Zn(NH,),Cl, + 2MnOOH. .

B convoeomy enemenmi HETaTUBHUN €JEKTPOJ BHUTOTOBICHMM Yy BUIVISAL
[THApA 3 IMHKY, Jeroanoro cBuuieMm (Puc. 9). BiH Takok BHUKOHYE (YHKIIiO
KOpIyca, a TOMYy MOBUHEH MaTH MEXaHYHY MIIHICTb.

[To3utuBHMUI €IEKTPOI BUTOTOBJISIIOTH 3 AKTUBHO1 arJIOMEpParHol MacH, J0 CKJIaay sIKOi
Bxo15Th: MNQO, (miponmrosuT), cTpyMonpoBinHi g00aBku (rpadir, aneTHIECHOBA caxa),
€IIEKTP OJIIT.

Cenaparop 3 €lIeKTPOJITOM BHUIOTOBJIEHUM 13 JIyTrOCTIAKOTO Marepy, Ha SKUii
HAHOCATH Imap 3arymeHoro esekrpority: ZnCh, CaC), NH,Cl, HgClL. Taxkwuii

cernapaTop Ha3uBaIOTh IMACTOBOIO AlaQparMoro.

I\\.‘_\_L.: —_—
Puc. 10 —MaHraHO-LIMHKOBUM COJILOBUI TrajbBaHIYHUNA €JIEMEHT |
1 —nuukoBui utiHap (aHox); 2 —kaToI; 3 —cemaparop 3 eneKTpoToM; 4 —

BYTUILHMI €JeKTPo 1 (CTPyMYBIiIBiI 03U THBHOTO €JIEKTPO J1a)
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KoMroneHTH enekTposiTy MaroTh MeBHE (PYHKIIOHAJbHE MPU3HAUYCHHS. XJIOPHUIL
aMOHII0 cTalbuIBye pH Ta akTUBy€ MOBEPXHIO LMHKY, XJIOpUJ LMHKY CTaOLIIZye
€IEKTPONPOBIMHICTh Ta 3MEHIIY€E CaMOpO3psaA eneMeHTa. XJOpHJ Kajbllito 30epirae
BOJIOTICTh 1 MIABMIIYE IMPale3qaTHICTh 32 HU3bKOI TeMIepaTypu. XJIOPHI MEPKYpIto
(cynemMa) BHKOPHUCTOBYIOTH [UIsi aMajbramarlii IUHKY Ta 3MEHIICHHS CaMOpPO3PsILy
(camopo3pad — 1toGiuHi TpOLECH, fAKI CHPHUYMHSIOTH 10 HENPOLYKTUBHOI BHTPATH
AKTUBHU X Mac eJEKTPOIiB, TOOTO Oe3 TeHEepyBaHH S €JIEKTPHYHOTO CTPYMy). 3aryIneHHS
EIIEKTPOJIITY MPOBOAUTHLCS KpOXMasieM a0 OOpOIIHOM.

BukopucTtaHHsi 1IMHKOBOTO €IEKTpoJa SK KOPIyCy €JIEMEHTa JJIO03BOJISE
00x0/MTHCH O€3 J10JIaTKOBOI'0 BUTOTOBJIEHHS KOPIYCY, 11O CKOPOUYYE TEXHOJIOTTYHUI
npoIiec Ta 3MEHIIye coOIBapTICTh. Ajle KOpO3id IIUHKOBOTO KOPIYCY 3MEHIIy€E TepMiH
CTy>XOM Ta BIAMOBIZHO KOE(IMi€EHT BUKOPUCTAHHS IMHKY. 3 METOK0 JIKBIdaImii Iux
HEJIONIKIB pO3pOOIEHO TePMETUYHUN €IEMEHT, Y SKOMY CKJIaJIOB1 JETalll pO3MIIIEH1 B
KopITyci 3 617101 KecTi. Y TakoMy KOHCTPYKTHBHOMY BapiaHTi KOed II[iEHT BUKOPUCTAaHHS
IIMHKY BHINUA 1 TEPMIH CIOy)XOM 3HA4HO 30UIbInyeThcs. Crig TaKoXK 3a3HAYATH
KOMITaKTHICTh Ta MPOCTOTY KOHCTPYKIIli COJIbOBUX €JEMEHTIB, W0 A€ 3MOrY
peanizyBaTy BUCOKY TEXHOJIOTTYHICTh Ta Mally coO1BapTIiCTh TAKUX €JIEMEHTIB.

Jla aysucnozo MIJ enemenra Maemo

(=) ZAKOHIMNG,(C) (+)

(<) Zn +20H - 2é - Zn(OH)! 1
(+) MnG, + H,O + 1€ - MNOOH, + OH.. |2

Zn + 20H + 2MnG, + 2H0 - Zn(OH)! + 20H + 2MnOOH..
Zn +2MnQ +2HO0 - Zn(OH),! + 2MnOOH .

Jysycnuii enemenm KOHCTPYKTUBHO BIIPI3HAETHCS BiJ COJbOBOro. [ ojoBHA
O0COOJMBICTh JIyHOTO €JE€MEHTa — I[€ BHUKOPUCTAHHS IOPUCTOTO HEraTMBHOIO
eIeKTPO/Aa 3 HHUHKOBOrO TOPOMKY. Takuil egeKkTpox 3a XIMIYHOK aKTHBHICTIO B 2-3
pa3u MepeBUINy€e ITUHKOBUI EJIEKTPOJI COMbOBHUX eleMeHTiB. [lacToBa HeratmBHa maca
BKJIFOYA€E CYMIIll I[MHKOBOrO Tmopolnky 3 npomimkamu HQO, sarymeHux mayxHUM
enexktpomitoM. OKCHI MEpKypil0 T0Jal0Th [UIs aMmaibramailii IUHKY, II0 CYTTEBO

3MEHIIye camopo3psn enemeHTa. OcTaHHIM YacoM JIOMIIIKA CIOJIYK MEpKYpito
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3aMIHIOIOTh OPTaHIYHUMHU IHTIOITOpaMu, €PEeKTUBHICTh 3MEHILIECHHSI CAaMOPO3Psy SKHX
HE MOCTYIAETHCS CIOJIyKaM MepKypito. HeraTuBHui enexkTpo, BUTOTOBJIEHUN y (opMi
IPUTIHJPA, PO3TAIIOBYIOTH B370BX OC1 eleMeHTa. Y IEHTpi WOTro 3HAXOJUThCS
CTPYMOBI/IB1M, SIKMM JTOJATKOBO BiIITpae pojib KapKaca eaeKTpo/a.

Kopnycom iy HOT0 eneMeHTa € CTajleBUil HIKeTbOBAHUM ITUJIIHAP 3 KOHTaKTHUM
BUCTYnoM. Ha BHyTpilHIO 4YacTMHY ULMJIHJApPAa HAHOCATH amIOMEPAaTHY Macy
MO3UTHBHOTO eyiekTpoaa. Bona Bwirouae cymin MnQO,, rpadiry, aneTuneHoBol caxi,
3BosioxkeHy enektposiirom KOH. TlactoBa giapparma sBise co000 IIap ENeKTPOJITY
KOH 3 Zn0, 3arymenoro kpoxmaieM. BoHa 3am0BHIOE MPOCTIp MiXK MO3UTHBHUM Ta
HETaTUBHUM €J1EKTPOIaMHU.

Jlo HenomiKiB JYy>KHHX €JIEMEHTIB CIIiJ] BITHECTH Majy MEXaHI4YHy MIIHICTh
EIeKTPOJHUX MarepiayiiB, $Ky HEOOXIJHO BpaxOByBaTW MpU BUTOTOBJIEH1 Ta

BUKOPHUCTAHH1 TAKU X JHKEPEIT CTPYMy.

Puc. 11 —MaHraHo-1IMHKOBHU JIy )KHUW TaJIbBAaHIYHUIA €JICMEHT
1 —nuHKOBHI TOPOMIOK (aHOM); 2 —Karoa 3 —cemapaTop 3 eeKTpoIiToM; 4 —Kopiyc
CywacHi MaHTaHO — IIMHKOBI €JIEMEHTH PO3AUISIOTECS 3a OyJ0BOIO Ha
IPUTIHPUYH 1, TPSAMOKYTH1, YallkoBi Ta rajierHi. Halo1bI1 HommpeHn MU eJIEMEHTaAMU €
MUTIHPUYH €IEMEHTH.
BimmoBigno mo Jlepxkcranaapty YKpaiHu COJbOBI €JIEMEHTH To3Hadarorh — 316,
336, 343, 373,a ayxui — A316, A343, A373. 3a pekoOMeHIAIISIMH MiXKHaPO THOT
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enexktporexHuoi komicii (MEK) conboBi enementn nosnavarors: R6, R12, R14, R2G,
nyxni — LR6, LR12, LR14, LR20.

[lopiBHsieEMO enekTpuuHi xapakrepucTuku ML enemMeHTB:

JACTY | MEK | EPC, B €muicts, Aldox. | BHyTpimHii onip, Om

316 R6 1,5 0,20,3 20-25

A316 LR6 | 1,55 ~1 15-25

Camopo3psia ranbBaHiyHUX MI] eneMeHTIB € OJIHIEI0 3 BaXKIMBUX €JIEKTPUYHUX
eKCIUTyaTal[IiHuX  XapakTepUCTHK. BIH BH3HAYa€ThCA KOPO3IMHUM  MPOIIECOM
HETaTUBHOT'O ITMHKOBOI'O €JICKTpoaa B eyekTpoiiTi. Ciijg 3a3HaAYUTH, IO MIBUAKICTH
KOpo3ii HMHKY B JiyxHUX ML enementax B 2-3pa3u MeHIA MOPIBHSHO i3 COJIbOBHMH.
Tomy ML ny>xH1 e1€MEHTH MaIOTh O UTHIINKM TEPMIH KOPHUCT yBaHHSI.

[lepBuHHI TaJiBBaHIYH1 €J1E€MEHTH MAlOTh HaMpPI3HOMAHITHINII BUKOPUCTAHHS B
ycix chepax KUTTEAITILHOCTI JIOAMHK SK Y MOOYTI (€JeKTpomnprIanax, irpamkax s
aiTelt iT.1.), Tak i B mpoMucioBocTi. KoKHOro poky B CBiTi mpojarors Garapeiiok Ha 43
MIpJ AoJapiB i 1 mudpa mopiuHo 3poctae Ha 6%. Po3polOiieHo eeMeHTH JKUBIICHHS
HAMpI3BHOMAHTHIMMX PO3MIpiB, 30KpeMa [IyKe MaleHbki (Hampukman, Ti, SKi
BHKODPHMCTOBYIOTh Y HapyYHHX T'OJMHHHMKAX, pO3MipoM mpuOnu3Ho 5,8 MM y miamerpi),
TaKOX JI0 CbOTOAHI BUKOPUCTOBYIOTH €JE€MEHTH 3HAayHUX po3MmipiB. Enementn
[IMPOKOTO BXHUTKY Maroth Hanpyry Big 1,2B ngo 12B. IIupoko BHKOPHUCTOBYIOTH
rajJibBaHIuH1 €IEMEHTH B EJIEKTPOKaPIIOCTUMYJIATOPAX, K1 BIKUBIIOIOTH B OpraHi3M

JOJTMHU, 1100 MOJABATH IMITYJILCH CTPYMY Ha CEpIICBUI M S3.

5.3. AKyMyJISITOpH
CBHHIEBI KHCJIOTHI aKyMyJISITO pH
AKyMyJISTOpH HallekaThb [0 BTOPUHHUX TaJbBAaHIUHUX €JIEMEHTIB, TOOTO
€IeMEeHTIB 0araTopa3oBOr0 BHUKOPUCTAHHS, SKI XapakTepHU3yHTbCS OOOPOTHICTIO
NPOIIeCiB OKMCHEHHS-BIIHOBJICHH 4, 1110 JIS)KaTh y iX OCHOBI.
Bunaxing ranpBaHIYHMX €JIEMEHTIB  0araTopa3oBOTO BUKOPHCTaHHS  HAJICKUTh

¢panmy3skomy BueHoMy I'actony Ilmante (1859 pix). Ha aBi cBUHIEBI mjacTuHH,
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MOKPHUT1 TUTIBKOIO OKCHJIY IUTIOMOYyMYy, 3aHYpEH1 y pO3BEACHY CyAb(paTHY KHUCIIOTY,
nojaBajii JEAKuM dac eJeKTpuuHuil crpym. [licins migkao4YeHHs [0 TJIACTUH
raibBAHOMETpa 3'ACyBajiocs, I0 AaKyMyJIATOp II104aB CaMOCTIHO  BHPOOJISATH
EIEKTPUYHUI CTPYM 1 IPH LIbOMY BH IUISITH Maii’ke BCIO €HEPrilo, Ky Ha HbOT'O MOAAJH.
[lpouec 3apsimku MoxHa Oya0 TOBTOpPIOBATM 0arato pasiB. eleMeHT HE3MIHHO

TpaIfoBaB CIPaBHO i He pyiiHyBaBcs (puc. 12).

2e

APHLECHHA

2¢

POIPHTACHIY

[ 2+ +J pap, "
Pb 2 Pb Pb0, 2 Pb’

Tap. .

+

Esexpoair
H;50,

= BOJIHHI POSEIH

Puc. 12 —Cxema nporiecis, sKi Bi0yBalOThCSA Ha €JIEKTPO1ax
CBHHIIEBOTO KUCIIOTHOTO aKyMYJISITOpa

CyyacHUil CBUHIEBUU KUCJIOTHHHA aKyMYyJISITOP CKJIAAA€ThCs 3 IUIaCTMAacOBOIO
Koprycy, mosutuBHUX (mokputux PDQ) i HeraruBuux (ry6uatim CBHHIIEM) IJIACTHH,
cermapaTopa, SIKHH pO3Miise IIi MIACTUHU 1 MPOMYCKAa€E EIEKTPONIT, Ta EJIEKTPOIITy —
BOJHMI po3uMH cyispartaoi kmcmotn (32-36 Ymmit o = 1,23 — 1,2dcM’). V
CBHHIIEBOMY KHCIIOTHOMY aKyMyJISITOP1 KUTBKICTh HETATUBHUX IJIACTUH 3aBXK/M Ha O THY
OUTbIIA, HIK TMO3UTUBHUX. HeraTHBHI IITaCTHHY 3aBXKAM PO3TAIIOBaH1 CKparo.

Y KOHCTPYKIIiSIX aBTOMOOUIBHUX CBUHIIEBO-KUCIOTHUX aKyMyJIATOPIB YUeHI
HaMarajucsl SKomMora 30UIbLIUTH TOBEPXHIO €JEKTPOJB, HE MOPYIIYIOUM MPU IIbOMY

iXHpO1 MIMHOCTI. AJPKE caMe B BEIWYMHHA TIOBEPXHI 3aJIC)KUTh CHEPrOEMHICTH
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akyMynaropa. Ha cb0ro1H1 MIIaCTUHU aKyMyJISITOpa BUTOTOBIISIOTH Y () OpMi CBUHIIEBHUX
pemiTox, MmokpuTuX okcuaoM maromOoymy (IV) i ryOuatum cBuHIEM. 3apsipKEHMA

aKyMyJISTOP Ma€ HanpyTry Ha kieMax 2-2,B. Tepmin ciyxou 200-500mumkiiB 3apsiy-
po3psay.

Puc. 13 —CBuHIIEBUI KUCTOTHHI aKyMyJISITOD:
1 —neraTuBHa mactuHa (cBuHIEBa); 2 —mo3uTHBHA actuHa (PbQ); 3 —kopmyc
CxeMy eJIeKTPOXIMIUHOT CHCTEMH, sIKa JIEXKUTH B OCHOBI il CBHHIIEBOTO €JIeMEHTa
MOJKHA 3aITMCaTH HACTYITHUM YHMHOM:
(-) P4H,SQO,| PbQ (+)
PospsipxeHnst:

()A:Pb +HSQ; — 26 - PbSQ! + H' 1
(+)K:PbQ +3H + HSQ, + 26 — PbSQ! +2H,0. |1

Pb +HSO; +PbQ +3H + HSO, - 2PbSQ! + 2H,0 + H.
Pb + Pb@+ 2HSQ, - 2PbSQi +2H0O

[Mpu 3'emHaHHI €IEKTPOJMIB TPOBITHUKOM 31 CHOXKMBAYEM CHEPril MH pO3PsHKAEMO
akyMyJiaTop. TTO3MTHBHO 3apsykeHa TtacTuHa (katox) Oyae BITHOBJIIOBATHCS, a

HeraTuBHaA (aHOJI) — OKMCHIOBATH CSL.
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3icxemu (puc. 12) BujaHO, 110 Ha aHOI BiAOYBA€ThCS OKUCHEHH ST aTOMIB CBHHIIIO
TAPOreH-10HaMH, SIK1 MICTUTh PO3YMH CYJb(HaTHOT KUCIOTH. ATOMHU CBUHI[IO BTPa4yaioTh
BAJICHTH1 €JI€KTPOHHU, NEPETBOPIOIOTHCS HA 10HU P, a BusinsHeHi €JIEKTPOHU UAYTh
30BHIIIHIM TPOBITHUKOM A0 Katony. [1o3uTuBHI i0HU PGE* MEePEXOSITh 31 CBUHIIEBO1

IVIACTUHKU y PO3YMH, Je 1X HeHTpani3yloTh HeratuBHi rigpocynsdar ionun (HSQO;) 3

YTBOPEHHSIM MAaJIOP 03YMHHOTO CYIb(haTy IIIIOMOyMY.

BuBiIbHEH] €1€KTPOHU BiIHOBIIIOKOTH Ha Karodi okcun miaromoymy (PbQ) mo
karionis P, sxi MEPeXOJiTh 3 KAaTOAy y PO3YMH 1 HEHTPaNi3ylOThCs HETATUBHUMHU
rigpocyiabpar-ioHaMu 3 YTBOPEHHSIM MaJIOPO3UMHHOIO cyJibpaTy miomMoymy. ToOTo y
npotieci poOOTH aKyMyJsTOpa 1 HA aHOJI, 1 Ha KaroJi YTBOPIOETHCS MajOpO3YMHHHI
cynbdar miroMOyMy, a cyib(harHa K1 cI0Ta — BUTPAYa€ ThC s, IEPETBOPIOIOYH Ch HA BOJIY.
KoHneHTpaiito KHCJIOTH HEOOXIJHO KOHTPOJIOBATH TiA Yac  PO3PSUKEHHS
aKyMyJISITOpa, TYCTHHA €JEKTPOJIITy He MOBMHHA Oyt MeHmowo 3a 1,7 rlem’. ToGro
BUMIPIOBAHHSI TYCTMHU EJIEKTPOJIITY € TOYHUM IOKa3HUKOM, SIKMI BHU3HA4ae CTYyHIHb
3ap AHKEHOCT1 aK yMyJISITOPa.

SIK TUIBKY TDIACTMHU BKPHIOTHCS IIAPOM MaJIOPO3YUHHOTO Cyib(ary miroMOyMy,
IUTOMA eJeKTPHYHA MPOBiAHICTH sKoro ayxe Husbka (10° cm/m), akymyuisTop
NPUIIMHUTG JIaBaTH CTpyM. Uepes Aeskuil yac Ha eIEeKTPOJaxX MOXKE IMOYATHCS TPOIEeC
cynb(daTailii —IoCTyNnOBOro MepeTBOPEHHS Ap10HOKPUCTAIIYHOTO CYyJib(aTy miroMOyMy
Ha TBEPIMH IIap KPYIMHOKPUCTAIIYHOrO ocaay. AKyMyIsTop i3 3acyib(aroBaHu MU
CIEKTPOIAMH Iy Ke BAKKO 3apsupkaTH. TOMy po3psuikard MeHIe neBHoi Hanpyma (1,7
— 1,8), 306epirati B pO3pAAKEHOMY CTaHi, a TAaKOX CHCTEMAaTHYHO HEI03aPsIKaTH
CBUHIIEBMI KUCIIOTHUM aKyMyjisTop He MokHa. Jlo Toro Xk, 3a IIMX YMOB Ha aHOJI
pelitka 31 CBHUHIIO MOJKE 3aHAJITO MOTOHIIATH Yy TMPOIECi peakilii, 1 TMJIaCTHUHH,

BTPATUBIIM MILHICTh, PO3CUITIIIOTHCS.
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3aps/uKe HHA |
(+)A:PbSQ! + 2HO-2¢e - PbQ +3H +HSQ; |1
(HK:PbSQ! + H +2€ - Pb+HSOQ,. 1

2PbSQ! + 2HO + H — Pb +HSQ, + PbQ + 3H + HSO,.
2PbSQ! + 2HO - Pb + Pb®+ 2H,S0,

VY mporieci mponymeHHs CTpyMy 4epe3 eNEKTPONIT 13 Cyib(aTHOI KUCIOTH Ha
CBHMHIICBIM MJACTUHI, sKa 3'€MHAHA 3 HEraTHBHMM IIOJKOCOM JDKeperna CTpyMy —
KaTOZIOM, BIIIHOBJIIOETHCS CBHHEIb. Ha enekTponi, 3'€IHaHOMY 3 TO3UTUBHUM I10JIFOCOM
— anozioM, BuaUIteThes PDQ. AKyMyssiTop 3apsiMTECS Ha TOM MOMEHT, KOJIHM KaTOJ
[IJIKOM CTaHe YKCTHM CBHHIEM, a aHoj — okcugoM mmoMoymy (IV). Tomi mixk
efnexTpogamMu (iKcyeTbesl HalOUiba Hampyra. [lporec 3apsikeHHS akyMynsTopa 3
TIOTJISITY TEOPETUYHOT XIMii — I1€ MpoIrec eNeKTPoIi3y, TEOPETHYHI 3acaau SKOro 0yayTh
OINKCaH1y HACTYIMHOMY PO3a1Ii,

P 03psi/pKatoTh 1 3aps/IKaoTh akyMyJisaTopu (1€ CTOCY€EThCs TPAKTUYHO BCiX BU/IIB
EIEKTPOXIMIYHUX ~aKyMyJITOpIiB) 3a3BUYaii i3 JOCHTH MajiMM HaBaHTaKEHHSM,
HEBEJIMKUMHU CTPYMaMH 1 IOCUTh TPUBATWM Yac - KUTbKa T'OJIHH.

CBUHIIEBI KMCIIOTHI aKyMyJISSTOPH BHITY CKalOTh CTapTepHi ab0 mycKoBi (€ MHICTIO
Bix 5 mo 200 A-rox., Hanpyroro 6B ta 12B, BUKOPHCTOBYIOTH B aBTOMOOLISX); TSATOBI
(Bix 40 no 1200 A-ros1., BAKOPUCTOBYIOTh Ha 3aJIi3HMYHOMY TPAHCIOPTI); CTAI[iOHApH|
Garapei (Bix 40 1o 5000A-Tox.).

CBUHIIEB] KHCIOTHI aKyMyJSITOpU JOCHTh €KOHOMIuHI. BoHM HamaioTh
MOJIMBICTh OJIEP’KYBATH J0CUTh BEJIMKI 3HAUCHHSI CHJIN CTPYMY.

OnHak BOHM ¥ TPUMXJIMBI, YacTO TICYHOThCS, HEJOBIOBIUHI, CXWJIBH1 [0
camopo3psny. Jlo Toro x CBUHEIb — MOPIBHSIHO PIIKUH 1 JOPOTHH METal, JI0 YUCTOTH
EIEKTPOJITY BHCYBAaIOTh BEIWKi BMMOIM (HE MOBUHHO MICTHTHCH JOMIINOK iOHIB

veranis C&*, M¢f*, F€" Ta iHmmX, ToMy IO Ii 10HM MOXYTb CIIPHUMHUTH YTBOPCHHS
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"MicTkiB" (eHOpHUTIB) Mik €JIeKTpoJaMi, KOPOTKE 3aMUKaHHs 1 camopospsin). Kuciora
— He0e3nevyHa y BUKOPUCTaHHI.
Jly:KHi HiKeJIb-KaIMi€BIi Ta HIKeIb-3J1i3Hi aKyMyJISITOPHU

Hikenb-kaamieBuil nyXHUM akymyastop OyB  poO3pOOJIeHMM — IIBELbKUM
uHaxiguukoM HOnrepom y 190(., a y 190). amepukaHCbKUM BHHAXITHUKOM
Eniconom OyB po3poOiieHmii HikeIb-3a1i3HUN aKyMyJsTop. ObuBa BU 1M aKyMy JSITOPIB
MAaIOTh aHAJIOTIYH1 MUTOMI XapaKTEePUCTUKH, TEPMiH CITyKOH, MEXaHI4YH1 BIaCTUBOCTI.
B ocHOBI mii JyXHOTO HIKEIb-KaJIMIEBOTO aKyMyJISTOpa JIEKUTh HACTyITHA

elexkTpoximiuna cucrema (puc. 14):

() CdKOH|NIOOH (+)

2¢

JApHIARCHHH

2¢

poO3pRTACHHA l

o, +] PP 5
o —— g 2t b - 4 radt
Cd - Cd INIOOH ¢ INi
Hp- [ ] tHp.
l
-
L1
u
-
|
L]
=
EJl¢h“rp0:IiT= - soHuil posans KOH
-
-

Puc. 14 —Cxema nporiecis, sKi BiZ0yBalOThCSA Ha €JIEKTPOIax
HIKEJIb-KaJIMIEBOT0 aKyMyJIsITOpa
XiMi4H1 peakIfii, sKi BIIOYBAaIOThCS Ha €IEKTPOJAX Y TMPOIEC] 3apsIKeHHS-

PO3PSAIKEHHS:
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Po3psixeHHs
(-)A: Cd + 20H — 2€é - Cd(OH)! 1
(+)K: NiOOH + HO + € - Ni(OH),| + OH. 2
Cd + 20H + 2NiOOH + 2HO - Cd(OH)! + 2Ni(OH)! + 20H.
Cd + 2NiOOH + 25O - Cd(OH)! + 2Ni(OH)!

31 cXeMd BHJIHO, L0 Y Mpoueci podoTH akyMmyJsiTopa BiAOYBAalOThCS HACTYIHI
XiMiuHi Tporiecu: KaamieBa IacTWHKA (abo 3ami3Ha) y pPO3YMHI JIYTYy IMOYMHAE
OKHCHIOBArTkCs, TOOTO aroMd KajaMmilo (3aiiBa) BTpa4yaroTh BaJCHTHI EICKTPOHH,
epeTBOPIOIOUNCH HA Mo3uTHBHI ionn kagmito Cof, siki mepexomsrs y posumH i
HEUTPaIi3yloTbCsl TiIPOKCUA-IOHaMHU. Y  pe3yibTaTi Ha KaAMI€EBUX IJIACTUHAX
YTBOPIOETHC S 0ca ripokcuay kaamiro (IT).

BuBinbHEH1 i Yac OKMCHEHHS KaaMIIO €ICKTPOHH 30BHIMIHIM TIPOBITHUKOM
nepexoiarh 10 HikeneBux IuactuH, mokputux NIOOH. Tam BigOyBaeThcs mporiec
Biguosiensss Ni°¥ 1o NP 3 momansummm yrBopeHHsMm rigpoxcnay Hikemo (II). V
pe3yJIbTaTi Ha HIKEIEBU X IUIACTHHAX YTBOPIOETHC oca riapokcuay Hikemro (I1).

SIK TIIBKM KaJAMIEB1 1 HIKEJEB1 IUIACTUHUW BKPUIOTHCS IIApOM MAajOpO3UMHHUX
CIIOJTYK, aKyMyJISTOp NPUIIMHUTE JaBaTH CTPYM. FIoTO HEoOXiIH 0 3apsikaTHy.

Ha BinMiHy Bi1 CBUHIIEBOTO KM CIOTHOT'O aKyMYJISITOpa y MPOIECl pO3PsIKESHHS

Ty KHOTO aKy My JIATOpa KOHIICHTPAIlisl TyTy HE 3MIHFOEThCS.

3aps/uKe HHA |
(+)A: Ni(OH),. + OH — € - NiOOH + HO. 2
(-)K: Cd(OH)}| —2é - Cd + 20H. 1

Cd(OH)t + 2Ni(OH)! +20H - Cd + 20H + 2NIOOH + 2HO.
Cd(OH)t + 2Ni(OH),! — Cd + 2NIOOH + 25D
CyyacHi HIKeIb-Ka/JAMI€B1 aKyMYJIATOPU CKJIaAl0ThCs 3 KOPIyca, BUTOTOBIEHOIO

3 HIKEJILOBAHOI'O 3ali3a, OOKOB1 CTIHKA 3 METOIO 30LIbIIEHHS MIIHOCTI MIiAIa0Th
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robppyBaHHO. TakoX JTyXHI aKyMyJSTOPH MICTSTh TMO3MTHUBHI TJIACTUHHU, AKTUBHOO
macoro skux € NIOOH, Ta nerarusri mactuHy, aktuBHO0 Macoro skux € Cd @6o Fe —
SKIO 1€ HIKENb-3aI13HMIM aKyMyJaTop). KilbKiCTh MO3MTHBHUX IIJACTHH 3aBXKIH Ha
OofHy OulbIlle, HDK HETaTUBHMX. MDK HEraTMBHUMHU 1 TMO3WUTHUBHUMH TIJIaCTUHAMU
posramoBani €6oHITOBI mpoknagku (cemaparopu). KpaiiHi mo3WTHBHI MJIACTHHH HE
130JTI0I0TH BiJI CTIHOK KOpITyca, TOMY KOPIYC € MO3UTUBHUM TOJIOCOM aKyMYJISITOpA.

Mik mHOM Kopryca 1 HMJKHIMA KpasiMi TUIACTHH € BUIBHHH TMPOCTIp, KUK
3anmo0irae 3aMMKaHHIO MJIACTHUH, SKIIO Ha JHO KOPITyca MOTpanuTh rpadit adbo akTuBHA
maca. Lleit mpocTip Ha3uBalOTh IPsBbOBUM. [IpocTip MK BepXHIMH KpasiMH IUIACTUH 1
KPHUIIKOIO0 KOPITyCca HAa3WBaIOTh T'a30BUM MpOCTOpoM. BiH 3amobirae po30pu3KyBaHHIO
EICKTPOJIITY Yepe3 rOpIOBUHY KPHUIITKH ITiJT 4ac 3apsuly aKyMyJIsTopa.

3apsamKkeHU aKyMyJIATOp Mae Hanpyry Ha kiaemax 1,25-1,3B, To6ro menire Hix
y CBHMHIIEBOTO KHCIOTHOro, a tepmin ciayxOom 1000 nukiiB 3apsay-po3psay, 1o €
3HA4YHO OUIbIIE.

Crnin 3a3HAuMTH, IO Jy’>KHI aKyMyJasTOpH OUIbII MPOCTi B eKCIulyaTanii Ta
HaJIiiH L, Hi% KUCIOTHI. [X MOsKHa 36epirat B pO3psIKEeHOMy CTaHi.

Ane JTyXH1 aKyMyJSTOPA KOIITYIOTH AOPOXKYE 32 CBUHIIEB1 KUCIOTHI Ta € MEHII
€KOHOMYHMUMHU. KOMITOHEHTH Ny KHHUX aKyMyJSTOPIB € TOKCHYHUMHU ISl JOBKULIS, a
yTHABAaL B iX € mpobaeMoto, ToMy B 0aratbox KpaiHax 0OME Ky OTh X BUKOPUCTAHH 5.

BUKOpUCTOBYIOTh JIyXH1 aKyMyJIATOpH B MICBKOMY €I€KTPOTPAHCIOPTI,

eIIeKTpOoKapax, pyAHUYHU X €JIEKTPOBO3aX 1T.1.

IlepcnexkTuB Hi XiMi4HI 13KepeJia CTPyMy — JITIEBI AKyMyJIATOPH
JIiTiii € HaWJErmMM MeTalioM, pa3oM 3 THM BIH Ma€ JyXe HETaTUBHUU
EICKTPOXIMIYHUNM TOTEHIIaN. 3aBIsKM I[OMY JDKEpena CTPyMy Ha OCHOB1 JIITiiO

NOBHMHHI MATH BEJIMKY HATNPYTy PO3PSIY.
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[Tepmri cmpoOGu CTBOPEHHS JIITIEBOTO akymymsTopa Oyym 3pobsieHi Jlproicom y
191%. Ane Ttitbkm 3 70X pokiB JTiEBI aKyMyJISTOPH OTPHMAIH pEajbHE
PO3MOBCIOJYKECHH 5.

JIiTiii my»Ke eHepriiHO pearye 3 BOJOKO 3 BUJAUICHHSM BOJHIO 1 PO3YMHEHHSIM
Oe3nocepeHbO JMTit0. ToMy BOMY 3aMiHHJIM Ha TI€BHI OpraHiuyHI PO3YMHHUKHU, Y SIKUX
JITIH MEHII aKTUBHHUM Ta BiACYyTHI TiPOTEH-10HH, SIK1 MOXYyTh B3a€MOJMJISATH 3 JIITIiEM.
Takum po3YMHHHUKOM €, HAPHKJIIaL, TponuieHkapOoHar. J[o Toro x ayst eeKTUBHOTO
(GYHKIIOHyBaHHS JIITIEBUX aKyMyJSITOPIB BaXKJIMBOIO € TIpodjieMa TO3UTHBHOTO
SIICKTPOTY, SKAW MA€ BiTHOBJIIOBATH CS Y HEBOTHU X PO3UHH aX.

ITim wac copod crBOpUTH Oe3medHe DKEpesio CTPyMy Ha OCHOB1 JIITIHO
JOCJT1I>KEHH ST TPUBEIH 710 3aMIHM METAJIIYHOTO JIITII0 B aKyMyJISITOP1 Ha CIIOJYKH JIITIiIO
3 OKCHIaMH TIEBHUX METAIIIB, HAIPHKIIa, JiTii-ko6ansT-okcuay (Li,CoQ).

Jly’xe COpoIleHo TpoIecH, sKi BIIOYyBarOTBECS IMijJ 4ac poOOTH aKyMyJIsITOpa,
MOJKHA YSBUTM HACTYIHUM YMHOM. ATOMH JIIT1IO, SIK1 3HAXOJAThCA y KPHUCTAIIYHUI
rpariii rpadiry (HETaTHMBHHUM €JEKTPOA), BTpAadyarouM CBOI BAJEHTHI EIEKTPOHH,
TepeTBOPIOIOTHCS Ha ioHu Li™ i mepexonsaTh y HeBo HUIA po3unH enexrpomiry. Comyk,
y KpUCTAIIYHYy TPaTKy SIKHX MOXYTh BOYJOBYBAaTHCh aTOMH a00O 10HM IHIIOI CITOMYKH,
HA3UBAIOTHCS IHTEPKATAIIMHUMUA CIIOJIyKaMu; iX popMynu He OyayIOThCca 3a 3aKOHAMH
BJIEHTHOCTI. 3BUIbHEH1 €JEKTPOHU 30BHINHIM KOJIOM 1IyTh JO MO3UTHUBHOIO
ENEKTPOAY, SIKUM € JT1H-KOOaTbT-OKCH . Y KPUCTAIIYHy TPaTKy M€l CIOJIYKH TaKOXK
MOJKyTh BOYZOBYBAaTHCH 10HU JiTif0. OCTaHH1 NPUUMAIOTh €JEKTPOHH, K1 MPUUIILIH 3
AHOJTy 1 TIEPETBOPIOIOTHCSI HA aTOMH JITIIO. Y TOM caMuid 4ac, Hecrada 10HIB JITIiO B
AQHOJTHOMY TPOCTOP1 MOMOBHIOETHCS 332 PAXYHOK THX 10HIB, 110 PYXaIOThCS BiJ aHOy
yepe3 eIeKTPOIT.

To6ro, B TakoMy rajibBaHi4HOMY €JIEMEHT1 Y MPOLECi pO3p AKSHHS-3ap K ESHHS
ionn miriro (Li") mepexoaaTh 3 01HOTO eneKTpody Ha iHIMiT. AKyMYISTOP PO3PSIMThCH,
KOJIM BC1 arOMM JITTi10, BOYJIOBaH1 B Tparky rpadity, IepeTBOPATHCS Ha 10HH, MEPEUTyTh

JI0 TPAaTKH JITii K0OaJIbT OKCHIY 1 TaM MEPETBOPIATHCS Ha aTomu Jitiro (puc. 15).
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€

3apAdKeHHH

€
PO3pH/KEHHH l

Puc. 15 —Cxema nporiecis, ki Bi0yBarOThC Ha €JCKTPOaaX
JIT1H-10HHOTO aKyMy JSITOpa
3arabHy cXeMy JITIEBOTO aKyMyJISITOpa MOMKHA 3aIlCaTH HACTYITHUM YHHOM:
(-)Li(rpadir)|LIAIF 4 Li,CoO, (+)
Po3psiiskeHHs — 3apsiIzKe HHSA |
(A: Li (rpacit) — € S Li* +rpadir 1
(+)K: Li" + € + Li,.1)CoQ S Li,CoO,. 1

Li (rpadit) + Li4)C00, S Li,CoQ + rpadir

KOHCTPYKTHMBHO Ta 3a TE€XHOJIOTIYHMM IPOLIECOM BUTOTOBJIEHHS Cy4YacH1 JIITI-
10HH1 aKyMyJIsITOpH TIOAUISIIOTh Ha JITIH-I0OHHI Ta JITH-10H-moniMepHi. OcTaHH1
BIIPBHAIOTHCSA BIJl JITIH-IOHHUX aKyMYJSITOpIB CTaHOM (piKcallii eIeKTpPOJIITy B
MOJIIMEPHOMY cenaparopl. Y [HUX CHUCTEMax EJIEKTPOJIT HAHOCATh Ha TMOPUCTY
10HOOOMIHHY TOJIMEpHY IIJTIBKY, SKa Ma€ eJEKTPO3OJAIidHI BIACTUBOCTI, aie

3abe3rnedye OOMIH 10HaMU JIIT1IO M1 Yac 3apsay 1 po3psiLy.
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JIiTiii-10H-TIOJTIMEPH]  aKyMYJISITOPM MOKHA BHUTOTOBJIATH PI3HOI ¢Gopmu  Ta
pO3MIpiB, X MOHA PO3MIIIATH B OJIeXk1, B3YyTT1 Ta IHIIMX MPEAMETaxX MPOMHUCIOBOTO
BUKOPUCTAHH L.

Ha BinMiHy Bl CBUHIIEBOTO KU CJIOTHOTO aKy My JISITOPA, JITIMH-10HHUNA aKy MyJISITOp
MO’KHA eKCIUIyaTyBaTH B miamasoHi temmeparyp —20 no +60 °C. 3apsmxenmit
aKyMyJIATOp Ma€ Hampyry Ha Kiemax 3,08 (MOpIiBHSHO 3 CBUHIIEBMM KHCIOTHHUM 3
Hanpyroo 2,B i 1yKHAM HiKeJIb-KaaMieBUM 3 Harpyroo 1,3B).

VY Tabnuili HaBeIeH1 TapaMeTpH Pi3HUX aKyMYJISITOPIB

HajiMmenyBaHHs Cpunu. | NiCd Li- Li- ion-
napamMerpa KHUCIOTH. IOHHU# | moJTiMepH.
I'yctuna eneprii (Bru/kr) 30 40-60 | 100 150 - 200
Yucno poboUuX IUKITIB 200 - 500 1500 500 - | 100 -150
sapsny / pospsany 1000
(3menmenns emkocti g0 80
%)
MiHiMaTbHUH Yac 8-16 15 3-4 8-15
3apSDKCHHS, Y
CrifiKicTh 10 Iepe3apsany Bucoka | Cepenns | dyxe

HU3bKa
Camopo3psiJT 3a MICSIITb 5% 20 % 10 %
Hanpyra na enement, B 2.0 1.25 3.6 2.7
Jianazon pobounx -20...60 | 40...60| -2...60
temueparyp, C

3 maHux TaOIMIll BUAHO, IO 3a BCIMA €KCIUTyaTal[liHUMU XapaKTEPUCTUKAMU JTOMIHY€E
JIT1-10HHUA akyMynsrop. HanpsiMkamMy BUKOpPHUCTaHHS IUX XIMIYHUX JKEPEN CTPYMy

€ TIOPTAaTUBH 1 KOMIT FOTEepH, MOOUTBHI TeJIe(hOHH, €TSKTPOMOOLTI 1 T.1.

Tema 6. EnexrpoJis
EnextponizoM Ha3WBa€TbCS OKHMCHO-BITHOBHHH TMPOLIEC, SKUU BiAOYBAETHCS TiJ
JI€I0 TIOCTIMHOTO €JIEKTPUYHOTO CTPYMy IMPH MPOXOAKEHHI OCTAHHBOTO Yepe3 PO3UuH
a0 pO3IIJIaB EJIEKTPOJITY.
VY mporeci enekTponidy BiOyBa€ThCS MEPETBOPEHHS €IEKTPUYHOI eHeprii Ha
XIMIYHY.
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6.1. EJleKTpoJIi3 po31JiaBiB.

Enexrponis posmiaBy coni NaCleinbysaerscs 3a HACTYITHOIO CXEMOTO:

NaCl
1l
(—) Karon - Na +Cr | _, Anon (+)
el Je
|Na' +1€ =Na | | 2Cl-26 =C}, |
(-) Karox: Na + 16 =Na 2
(+) Amon : 2CI — 2 = Cb |1

2Na + 2CI O ﬁ]ﬁ‘ﬁ’ﬁﬂh” - 2Na + CJ — onue piBnsnus
2NaCl o 'S . 2Na + CJ) —monexynspre piBHAHHS

Ipaktiuno Bci akmmBHI Meramm (Na, K, Mg, Al) oTpuMyIoTh €JIeKTpOITi3ZOM

PO3ILIIaBIB.

[Tpu enekTpoi3i Kamoo 3apsIKacTbCs He2AMUGHO, 2 AHOO — NO3UMUGHO.

6.2. EneKrpoJii3 BOJAHUX PO34YHMHIB
SIKII0 POBONMTH €TIEK TPOJI13 BOJHOTO PO3YMHY 3 INIATUHOBU MU €JICKTPOIaMH, TO

KaTiOHHM PyXaroThCs JI0 KaTO/y, a aHiOHK — JI0 aHoay (puc. 16).

1 — U1ionibua tpy6ka (emekrpoirizep)
1 1l 2 —eJIeKTpOonu
3 —/Kepesio CTpyMy.

Puc. 16 —IIpunan a7 IpOBEAESHHS SICKTPOIIi3y BOAHOIO PO3UHHY.
Ha katoni Oyme mpoxXo uTH BIJHOBHUM TpOIEC, a Ha aHOAl Oyae MpOXOIUTH

okucHui mpouec. Ilpu enekTponizi BOAHMX PO3UYMHIB MOTPIOHO BpaxOBYBaTu
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miconianiro Boau Ha ionm H™ i OH™. 1li ioHu pyXaloThCsl B €NEKTPUYHOMY MOJi TaK
caMo, sIK 10HU €JICKTPOJIITY: 10HU TIIPOTEHY — JI0 KaTOJY, a TIIPOKCUJIBHI — JI0 aHO/Y .

AHONIHI ITPOIIECH:

[Ipy BHMBYEHH1 aHOMHUX MpOIlECiB Tpeba BpaxoByBarH, LI0 Marepiall aHOJa y
NpolieCci ENEeKTPONIi3y MOXKE OKHUCHIOBATHCS. Y 3B SI3Ky 3 IIUM, Tpeba po3pi3HSTH
CIEKTPONIi3 3 iHepTHUMH ejnekTpomamu (rpadir, Byriwis, MiaTWHA) 1 €JEKTPOIIi3 3
AKTUBHMMH aHOJaMH. AKTHBH1 aHOAM Yy TPOIECI €JEKTPOi3y OKHCHIOIOTHCS 1
PO3YHH S FOT bCA.

Ha ineprHOMY aHOJI MpU €JeKTPOii31 BOAHUX PO3UMHIB JyTiB, OKCUTEHBMICHUX
KUCJIOT 1 iX coJiel, a TaKoX (PTOpUCTOr0 BOJHIO Ta (PTOPHUIIB MPOXOJUTH OKHCHEHHS
BOJIY 3 BUJIUICHH SIM KUCHIO.

VY ny’)KHOMY CEpEIOBHIIII:

40H =0,+2H,0+4e

A B HelTpajgbHOMY a00 KHCIOMY

2H,0 =0, +4H" +4e”

OKCUTEHBMICH1 aH10HM OKHCHIOBAaTHCSA HE MOXKYTh 3a WX YMOB. [Ipu enextpoiisi
BOAHUX po3unHiB Oe3okcurenopux kucior (kpim HF i dropuais) 6Gins anona
OKUCHIOIOThCs aHionu Cl™,Br™, 1" ,S72.

Karoaui mporecu::

VY KaToHOMY MPOCTOPi OMHOYACHO OyIyTh PO3PSKATUCS BA 10HU | T1O3UTUBHUIA
ioH enextpoiry (iloHM MeTaTiB) Ta i0H TigporeHy — i3 Bomu. KaTioHn akTHBHUX METAITIB
y psai HanpyT 10 Al (BKIFOUHO) Ha KaTo/[i HE BHAUISIOTHCS.

3amicTh HUX Ha KaTOA1 BUALIAETECS BoaeHb (H,) 3a peakiriero:

2H" +2¢” =H,, a6o

2H,0 +2e =20H +H,

[Ipu enekTposii3i BOIHUX PO3YMHIB COJIEH, YTBOPEHUX KaTlOHAMHM METaJIB, SKI

PO3MIIIYIOTHCS B PsAJII HAIPYT MICAs TiAPOTEHY Ha KaTOJ1 BITHOBIIIOIOTHCS TUIBKA
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KaTiOHU MeTasiB. SIKIO CITh yTBOpPEHA KATIOHAMH METAIB, sKi po3Mintyorbest Mk Al i
TIZIPOTEHOM Ha KaToJll MOXKE BIJTHOBJIOBATHICS 1 KaTiOH MeTajy 1 KaTiOH TIIpOTEHy.
KinpkicTh BOmHIO, 1 MeTany, SKi BUIUISIOTBCS Ha KaTOJ1 3aJe’KUTh BiI aKTHBHOCTI
MeTaiy (ITOJIOKEHHS B PSi HAMPYT) 1 KOHIIEH Tparlii i0HiB rigporeny y poszuunti (PH).

I3 cymimi ioHIB Ha KaroJl NEpIIMM IOYHE BITHOBIIOBATHCS TOW KaTIOH,
EIEKTPOJHUN MOTEHI[1aN SIKOTO OUIbILIE, a Ha aHOJl MepiiuM Oy/ie OKUCHIOBATHUCS TOM
aH10H, IMOTEHIIAJ IKOTO MEH IIIHH.

[lpukmamy enexTposizy BOOHUX PO3UYUHIB

1. Enextponis pozunny CUCh. Anox inepraumii. Posunn micruts ionn CU, CI, a
takox H' i OHi3 Boam.

Cxema elnexTpodizy:

CuC}
T
(-) Karox - Cu*+2Cr | _, Anon (+)
el e
Cu"+2e - clf 2Cr —2¢e - CI’
(-) Karon: C#* +2e - Cf 1
(+) Anon : 2CF —2e _ CI? 1
CU@ + 2CT 0 SISKEPOS | Cu + C) — brme
PIBHIHHS
CuCh O ﬁﬁ(@% -~ Cu+C} — MOJICKYJIApHE
PIBHSHS
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2. Enextponiz po3unny CuSQ M inauii anox.
Cxema eNeKTpoIizy:
CusQ - CU* + SO
Karomuii npouec: AHOHUI mIpouec:
Cu* +2¢ - Cf cf -2¢ - co”
[Mpu enextpomizi CUSQ 3 MigHMM aHOJAOM MPOTIKAE Mepexia Midl 3 aHoma Ha
KaTo/I.
3. Enexrpomniz pozunny K,SQ,
Posunn mictuts ionn: K, SO, H', OH.

Cxema eJIeKTpodizy:

K:SQ: - 2K' + SOF

HO
t
(_) Karon - 2H+ OH N Anon (+)
el Je
[2H,0+2€ =20H +H, | [2HO -4e=0,+4H |
(—) Karoxn: 2H,0 + 2e =20H +H, 2
(+) Auox : 2H,0 - 4™ =0, +4H" 1

65D 00 STEKFPOIE | H, + O, + 40H + 4H'
6HO 0 FTEFPOME . H, + Q + 4H,0
2H,0 oW . H, + 0,
Takum yrHOM TpH eNeKTPosi3i BogHoro pos3unHy K,SO, poskiagaeTbest TUIBKH
BOJIA.
VY mporeci emektponizy BoaHoro po3unny PDONQ ma katoni BinOyBaroThCs

. . + .. . +
KOHKYPYFOUH [IPOLIECH, MOy Th B /I OBIIOBATHCH siK ioru P, tak i rixporen-iorn H'.
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Pb(NQ),
Tl
(- Karox < |PE" +2NO; Auop (+)
HO
Tl
- 2H+ OH .
el te
2H,0+ 2€ = 20H" +H, [2HO -46=0, + 4H |
Pb™ + 26 =Pb

Alne icHye sBUINE TEpPEHANPYTH BOJHIO, TOMy (aKTUYHO Ha KaTOJl BUAIIAETHCS
CBUHEIIb:

(-) Karon: PF*+ 2 =Pb 2
(+) Anon : 2H,0 - 4™ =0, +4H" 1

2P + 2H,0 DEIE(EPBIHIS;~ 2Pb + Q+ 4H'
Pb(Ng), + 2H,0 0 HHPYE _, 2Pb + @ + 4HNG,

6.3. [loTeHniaa po3kyaaay Ta MepeHanpyra

Enexrpomiz TeopeTHyHO MOXe Tepedirarw, sKIIO NpUKIaJeHa Hampyra Oyze
nepeBuiryBati BiacHy EPC raneBaniyHOl mapu. MiHIMAJIBHUN TOTEHIIAN, SKUA
HEOOXITHUI JUTsl pO3PSIY 10H 1B Ha3UBAIOTh MOTEHII1AIOM PO3KIIATy .

Axmo npoBogutu enekTpoiiz po3unHy NiCl,3 MIarTMHOBUMH €JIEKTPOJaMHu 3
Haripyroro 1.5 B, To enekTpoJii3 MBHIKO NpUMHMHUTHCS. Ha mouaTtky enekTporizy
NiCl,na xaromi Oyme BuautsaTucs Hikenb Ni?*+2e€ - Ni°,a Ha anomi OyIyTh
OKHCHIOBarbcs 10HM xJiopy 2ClI-2e - CI°

VY pe3ynbTari yTBOPUTHCS rajbBaH MHUHN €1€MEHT !
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(-) Ni|Ni>2CI"|Cl,,Pt (+)
(SJamon  Ni®-2e - Ni* 1
(tharon ¢ 42e _, 2CI°
cymapuuii - Nj®+Cl, = 2CI- +Ni ?
nmporec Ni°+Cl, =NiCl,
EPC ranpBan1yHOTO €IEMECHTA

E=¢° ~0 o =1,36-(-0,29 = 1,61

Clyl2cr

Jlns Toro mo0 eyeKTpoini3 Iiei col MaB TMOCTIHHUEN mepeOir, HEoOXiHO 100
Harpyra npu efnexkrposizi nepepunrysaia EPC.

Ha mpakTuni moreHmian posknany E,q 3axam Ounemmii 3a EPC BimmosigHoro
raJibBaH IYHOT0 ejemMeHTa E.

Ase>EPCn=A,.-E

BemmunHa n Ha3MBa€eThHCs NEPEHAN PYTOLO.

Ha BeqmumHy nepeHampyrd BIDIMBaE HHM3KAa YMHHHKIB. MaTepial eJIeKTPOIiB,
XapakTep iX MOBEPXHi, TEeMIIeparypa po3unHy, TyCTHHA CTPYMy Ta IHIIIE.

Bemunia nepeHanpyru Ma€ 3HaUHUN BIUIMB TIPY MPOMHUCJIOBOMY €JIEKTPOIi31.

3 onHOTO OOKY, BENIMKA MEepeHanpyra Mpu eleKTpoJiBi MPU3BOAUTH 10 3HAYHHUX
BTpAT €JIEKTPOEHEPTIi, a 3 APyroro OOKy, y ACSIKMX BHUIIAJKaX JO3BOJISIE TPOBOJIUTH
MEBHI €JIKTPOXIMIYHI MPOIIECH BOJHUX pO34MHIB. Tak, HampuKiaa, BUIAUICHHS 13
BOJIHUX PO3YMHIB COJICM METaliB, 13 HETaTUBHUMHU CTaHJAPTHUMU €JICKTPOIHU MU
MOTEHI[1aJJaMU, TaKWX SIK: IUHK, HIKEJb, 3a130, kaamii. Lle Oymno 6 HEMOXIMBUM 3a
BIZICYTHOCT1 IEPEHANIPYT: HAa KaTo/ll BITHOBJIIOBAIUCS O IApOreH-10HU.

I[Tig yac 3apsay CBHHIIEBOI'O KUCIOTHOTO akymyJsropa (Tema "XimiuHi qKkepesa
CIpyMy) Ha KaTOmi, OKPIM OCHOBHOIO IpoLecy mepeTBopeHHs oxis PH* ma Pb,
BiOyBa€ThCs Mmporec po3psay rimporen-ionis (2H,O+ 2e = 20H + H,). Ha anoxi
TaKO’X OKPIM OCHOBHOI'O TMPOIIECY BiIOYBAETHCS MPOIEC PO3PSIY BOJAM 3 YTBOPCHHSIM
kucHio (2H,O - 4€=0, + 4I-r). Aite s BUAUIEHHS BOJHIO 1 KMCHIO HEOOX11HAa OlIbIIa
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Harpyra, HiX J1JI 1epediry rojJoBHUX NPOLECIB 3apsaay aykmysisitopa. Lle mosicHioeTbes
HepeHAIT Py o0 BOJHIO HA CBHMHII i KUCHIO Ha okcui mwiroMoymy (IV). To6To, skimo O
HE ICHYBaJIO IEpeHamnpyrd, TO HE Majid O MOXJIMBOCTI 3apsPKaTH CBUHLEBUI

KU CJIOTHUI AKYMYIIATOP, TOMY ITO BECh CTYM 3apAAKH BUTpPaA4aB Ci 0 Ha PO3KJIaa BOOU.

3aKoHM eJIeKT poJIidy
Hepuwui 3axkon @apadea — maca PEUOBUHU, 10 BUIAUISETHCS HA €IEKTPOI1 Mij
Yac eICKTPOJ3y, MPOMOpIiiHA KUIBKOCTI E€JIEKTPUKH, IO MpOoMIIa KPi3b PO3UYMH
EJIEKTPOJIITY.
Jlpyeuii 3axkon Dapades — oTHAKOB1 KUTBKOCT1 JICKTPHUKH, II0 MPOXOAATh KPBb
PO3YMHU PIBHUX EIEKTPOJITIB, MiJl YaC €JIEKTPONI3y BUIUISIOTH €KBIBATEHTH1 K1JIbKOCTI
PEYOBHH.

O06'eqHaHe PIBHSHH S MEPIIOTo Ta Apyroro 3akoHiB dapanes:

_M©Odo
z(F

ne M(X) — MosipHa Maca peUOBHHH, I/MOJIb;

m

| —cuna ctpymy, A,
T — TPUBAJICTH EIEKTPOJII3Y, C;
F —uancio dapanes, nopisaioe 96500Ki/Mob;

Z —KUIBKICTb €JIEKTPOH 1B, K1 MPUIMAIOTh Y4acTh B €JIEKTPOIHIN peaKilii.

Tema 7. Kopo3sist MeTaJiiB i 3aXMCT BiJ KOPpo3ii
7.1. IloHATTS PO KOPO3il0 MeTAJIB
Brparu Bin Kopo3ii MIOPMHO CKJIAJA0Th Y CBIT1 COTHI MUIbSIPAIB H0japiB. Tomy
PO3B's13aHH A 111€1 TPOOIIEMH € aKTyaJIbHUM 3aBJaHHAM. [0 TOTO K, OCHOBH1 30MTKU BiJl
KOpO3ii 3yMOBJICHI HE CTUIBKM BTpPaTOI CaMOro MeTady, a BHXOJOM 3 Jaay
METaJIOK OHCTPYKIIiH, I[iHA KU X 3HAYHO MEPEBHUIIYE IIHY METaJTy, SKUA BUKOPUCTAIH Ha

1X BUTOT OBJICHH 51.
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Kopo3zia — mtiporiec caMOBUIBHOI (I3UKO-XIMIYHOT B3aeMOAIl MK METaloOM 1
cepeIOBHINEM, SKAW MPU3BOAUTH 10 3MIHU BJIACTUBOCTEH MeTajy (Bix iar. corrodere —
po3'inatn).

XapakTepHi 03HAKH KO PO3ii:

— TpolEC CaMOBUIbHUM, 3aBKIM HEraTMBHOTO 3a0apBiEeHHS, IIOB's3aHUM 3
TIOTIPIIIEHH SIM BJIACTUBOCTEH MeTaJliB 1 BUPOOIB 3 HUX;

— BIIOYyBa€eTHCS Ha MEXK1 po3/UTy da3: MeTal —piJMHa; METaJl —ra3s.

CepenoBuiiie, 110 3yMOBIIIOE KOPO3110, HA3UBAIOTh KOPO3IUHUM AOO AzpecusHum.
Buacnigok B3aemonii MeTany 1 KOpPO3IMHOTO CEpeOBUINA YTBOPIOIOTHCS XIMIUHI
CIIOJIYKH, SIK1 Ha3UBAIOTh HPOOYKMAMU KOpO3ii, 3yMOBJICHI II€I0 B3a€EMOMIEID 3MIHU
crany a0o BJIaCTUBOCTEM OKPEMH X CKJIAJOBUX LIET CUCTEMU — KOPO3IUHUM eheKmoM.

UWHHMKY, IO BIUIMBAIOTh HA IIBUJKICTH, BHI Ta PO3MOAUT KOpO3ii, HA3MBaIOTh
YUHHUKAMHA KOpo3ii (pakmopamu xoposii). UnHHYKY, TOB'SA3aHI 3 TPUPOJIOI0 METAITY
(xiMIYHUH CKJIall, CTPYKTYpa, CTaH MOBEPXHi), HA3UBAIOTh GHYMPIWHIMU, 2 3yMOBIICH1
BIUTMBOM KOpO3iHOTO cepenoBuina (Ckiaj, Timpo— abo aepoJuHaMiYyHI YMOBH, THCK,
TeMIepaTypa, MeXaH14H1 HAaBaHTAKCHHS) —306 Hil HiMU YTHHYK aMU.

Knacudikanis kopo3iiiHux npouecis

Jns knacudikarili YMcaIeHHUX KOPO3IMHUX SIBUII BUKOPUCTOBYIOTh Pi3H1 O3HAKH,
HaWOUTBIII 3H a4y ILIMMH Cepe]] KU X €

—MEXaHI3M peakiliii B3aEMOJIIl METATy 3 CEPEJIOBUIIIEM;

—XapakTep YIIKOJKEHb MOBEPXH1 METAITY;

—yMOBH €KCILTyarailii Ta BUI KOPO3iIHHOTO CEepeIOBHUIIA,

3a xapakTepoM YUIKO/:KeHb MOBEepXHiI MeTajy abo mopyieHb HOro ¢i3uko-
XIMIYHMX BJIACTUBOCTEH KOPO3iMH1 pyHHYBaHHS TOAUIAIOTH Ha pPIGHOMIpHI i
HepieHOMIPHI.

HepiBHoMipHa kopo3zis (toukoBa (MmiTiHr) a00 MDKKpHCTaJIiYHA) OUIBII
HeOe3neuHa, HK pIBHOMIpHA, TOMY IO TPHU3BOJAUTH O PI3KOTO 3MEHIICHHS OMOpY

MeTaiy, a00 YTBOPEHHSI HACKP BHUX JA€PEKTIB y METaATEBUX BUpOOax.
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3a ymMoBamMu ekcIvTyaramii po3pi3HAKOTh. KOPO31HO-MEXaHIYHE PYITHYBaHHS;
KOPO3i0 MPH TEPTi; KOPO3ito i Ai€r0 OMyKarOduX CTPYMiB.

3a BUIOM KOpO3iiiHOTO cepenoBUIIA: aTMOChepHY KOpO3il0, MiI3eMHY
KOpO3il0, MOPCBKY KOpPO3il0, KOPO3il0 B PpO3IJaBax EJIEKTPOJITIB, KOPO3il0 MiA AI€l0
OMyKar4YuX CTPYMiB.

7.2.EnexrpoximiuHa i XiMiuHa Ko po3isi MeTaJIiB

3a MexaHi3MOM NPOTIKAHHA PO3PIZHAKTHL XiMIYHY Ta eJIeKTPOXiMidHY
KO PO3ii.

Ximiuna Kopo3ia —11e CaMOBUIbHE PYHHYBaHHS METaly B HECJIEKTPOMPOBITHUX
cepeJioBMILlaX MEpeBaXXHO B arMmocdepi cyxoro razy. Y mpoieci XIMIYHOI KOpoO3ii
NpOLIEC OKMCHEHHS MeTaJly Ta BIAHOBJICHHS OKHCHHKA BiAOyBAa€THCS B OJHY CTaJIlo
(xiMIUHMI IpoILEC).

Jlo XiMiuHO1 KO PO3ii BITHOCATD!

— KOpO3ito B HeeJIeKTpoiiTax (OeH3uH, OeH301, OpoMm);

—Tra30By KOPO3il0 —KOpO3il0 IMPU KOHTAKT1 MeTaja 3 CyXMMH ra3aMu 3a BUCOKHUX
Temrepatyp (Hampukiaja, KOpo3ii MarepiadiB JBHTYHA BHYTPIIIHHOrO 3TOPSHHS,
JIOTIATOK Ta30BH X TYpOIH Ta HIIE).

TumoBuM mporecoM XiMIUHOI KOpO3il € OKHCHEHHS MeTaliB B aTmocdepi
KHCHIO.

Me + 1/2Q S MeO

Tax, Ha IOBITP1 MOBEPXHS AKTUBHOI'O METATy BKPUBAETHCS OKCHJIH OO TUTIBKOIO,
sKa 3a 3BUYAHOT TeMIIepaTypH 3aXHIlae METaJI B1JT IO JAIbIIOT KOPO3ii.

Ipuxkjaaau npoTikaHHs XiMIiYHOT KOPO3ii — KOpO3ist 3ai1i3a B CyXOMy TMOBITPI:
2Fe + Q — 2FeO
Fe —2e— Fe&’ 2
O, +4e™— 20 1
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4FeO+ 3Q — 2Fe(;
Fe" - e — Fe” 4
O, + 4e"— 20% 1

Kopo3is mocuiioerscsi 3a HasIBHOCT1 pO3YMHHUKA, 30Kpema Bomu. Koposis B
PO3UMHAX EIEKTPONITIB — I eIeKTpoXiMiuHa Kopo3isa. Enexkmpoximiuna koposia — e
NPOILIEC CaMOJIOBUTLHOTO PO3YMHEHHSI METANIIB Y PO3YMHAX EIEKTPOJITIB, M1 Yac sIKOTO
OKHCJICHHS METaJiB 1 BIJHOBJICHHS OKHMCHHKA CEpeJIOBHINA BIIOYBA€ThCs Ha PIZHHUX
CTa X 1 TUISIHKAaX METAITY.

EnexTpoxiMiyHUN BUII KOPO31i € HAWMOMMPEHIIUM. Teopito elneKTpOXIMIYHO1
Kopo3ii po3podunu pociiicbki BueHi B. O. KictskiBcbkui, B. I'. AkuMoB Ta iHII1. 3r1HO
3 IIEIO TEOP1€10, HANJIETIIIE PYWHYIOThCSI METANIM 3@ HASIBHOCTI €JICKTPOJIITIB Ta IHEPTHUX
JOMIIIOK (KapOiy, METaJlM 3 BUIIUMH 3HAUECHHSIMH CTaHJIAPTHUX TOTEHIlIANIB). Y IUX
BUIAJKaX CTBOPIOIOTHCS YMOBH JIJIsl BUHUKHEHHS TaIbBaHIUHOTO enemMeHTta. [loBepxHs
KOXXHOTO MeTalla TeTepOreHHa (HEOIHOpIZHA) 1 CKJAJaeThcs i3 OaraTOvMCIICHHUX
KOPOTKO3aMKHYTHX MIKPOEIEKTPOAHUX eJdeMeHTIB. [Ipu KOHTakTi 3 PpO3YMHOM
EIEKTPOJITY MIKpOTalbBaHIUHI KOPO3MH1 €1eMEHTH MOYMHAIOTh (PYHKIIIOHYBaTH, IO
NPU3BOAUTD JI0 pyWHYBaHHS MMOBEPXH1 METANY.

Takum 9MHOM MPHU MPOTIKAHH1 €JIEKTPOXIMIYHOT KOPO31i 0THOUYACHO MPOTIKAIOTh
JBa EIEKTPOIH1 MPOLIECH.

1. AHoaHUI npouec —Iepexis I0HIB MeTaly B pPO3YMH 1YTBOPEHHS Ha aHOIHIHI
JUISHII1 METaly €KBIB&IEHTHO1 KUIBKOCT1 €JIEKTPOH B, SIK1 MEPEMIILYFOThCS O KaTOIHOT
TUISTHKYA METany.

[IpuknagoM TakuX MPOIECiB € peakilii OKM CHEHHS .

Zn - 2¢ 5z’
Fe —2¢ S Fé"
2. Karomguuii mpomec — 3B'sI3yBaHHS €IEKTPOHIB aTOMaMU EJIEKTPOJITY

(memosiIpr3aTOpaMM) Ha MMOBEPXH1 METATY, SIKi TIPH 1IbOMY B ITH OBJTIOFOTH CSL

Ok + e S Red,
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ne OK —OKHCHUK, SIKUI 3HAXOUTHCS B PO3UHHI €IEKTPOIITY;,
Red —ioro BinHoBHA (hopma.

Ilpuknaoom kamoonux npoyecie MOXXyTh OyTH TaKi peakilii BiTHOBJICHHS:

2H +2€ S H, S (kucne cepenopuiie)

O, + 2HO + 4e” 5 40H 7, a6o O, + 4H + 4e” S 2H0 (wyxucne Ta
HellmpaJbHe CEPEIOBHIIIC)

HaifBa)xiuB il MM OKUCHUKAMH, III0 CIIPUYHHIOIOTH €JTEeKTPOXIMIYHY KOPO3ilo, €
PO3YMHEHUI KUCEHBb Ta 10HU [igporeny.

Po3paxoBanmii 3a piBHsHHIM HepHcra (Tema 5) moTeHIian, IO BiANOBija€e
enekTpotHOMy mpomecy 2H + 26 = H, nmpu pH = 7, t = 28C, JOPIBHI0E
Bpopy =0+ 2 Ag C(H") =0-0,059pH = -0, 41

ToOto, ionu I'idpozeny, MO MICTATHCS Y 600i ab0 6 HEUMPATILHOMY 600 HOMY
cepeoosuuyi, MOMHCyms OKUCHIO8amMU TUTBKW TiI METallM, 3HAYEHHS MOTEHIANIB SKUX
menuii 3a -0,41 B, T00TO Memanu 6i0 nouamky psaoy ea1eKmpoxXimMiuHux nomeHyiaie
00 Kaomiw. IlpoTe KUTBKICTH METaIB, K1 3/1aTH1 OKMCHIOBATHCS 10HaMH [ i1poreHy B
HEUTpaJTbHOMY CEpEIOBHUII, MPAKTHYHO MEHINA, OCKUIbKA Ha TOBEPXH1 KaJMIi0 1
MOA10HU X 1O HHOTO METAIIB € 3aXMCHA OKCHIHA IIJIIBKA.

Po3zumHeHuit y BOJll KUCEHb 3IATHUNA OKHWCHIOBATH Tl METAJM, MOTEHI[1aJl SIKUX
mMeHumi# 3a 0,8 B, ockiibKY MOTEHIIAM, 10 BIJMOBIAA€ €IEKTPOHOMY MPOLIECY

O, + 4H" + 4€ 5 2H,0 npu pH = 71t = 25C gopisHioe

b =¢° +@|g ¢(H*)=1,23- 0,059pH = 0,8

Orxe, Kucenb, 1O MICTUTECS Y 600i ab0 6 HeumpanbHOMy 600HOMY
cepedosuwi, Mmodxce OKUCHIOGAMU Memaau, PO3MIIMICHI BII TMMOYaTKy psay

EICKTPOXIMIYHU X TIOTCHITIAJIIB 00 cpibna (3HAYCHHS MOTEHIIAIB IIUX METAIB MeH uie

3a 0,8B).
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IIpukaagn npoTiKaHHA eJie KTPOXiMIYHOI KOPO3ii
1. Kopo3is 3ami3a y BOIOTOMY MOBITpi:
A Fe — 2e—> Fe&” 2
'Kt O, + 2H,0 + 46 — 40H 1
2Fe + Q +2H,0 — 2Fe(OH)
4Fe(OH) + O, + 2H,0 — 4Fe(OH)

2. EnektpoximiuHa KOpo3is MeTaliB, SKI KOHTAKTYIOTh Yy KHCIOMY Ta

HEUTPAIBHOMY CepeIOBMIIII:

Fe|Zn

[lpy KOHTaKkT1 JBOX MeETajiB aHOJAOM OyJe MeTal 3 MEHIIMM CTaHJapTHUM

CIEKTPOJHMM OTEHINAIOM — I[UHK (¢;n2+|2n =-0,7@), karomoM — MeTan 3 OUTBIIMM
0

o e2+|Fe=_O’443)' Ha anoni mporikae mporiec

3HaYEHHSM TMoTeHmiany — 3amizo (¢

OKUCHEHHS MeTany (IMHKy), a Ha Kartomi (3a1i30) BimOyBa€ThCs MPOLEC BiAHOBICHHS

ioHIB Tigporeny (Kucie cepeoBHIIE) ab0 MOJICKYJI KHCHIO (HEHTpabHe CepeIoBHIIIE).

KHCJIC CCPCAOBUIIIC HCfITpEU'IBHC CCPCAOBHIIC
A Zn-26— 2 A Zn—26— Zr?* 2
'K 2H' + 26— H, K O, + 2H,0 + 46 — 40H 1
Zn+2H — ZIi7 + K, 27n + Q + 2H0 — 2Zn(OH)

AHOMHUNM 1 KaTOAHMHA TPOLECH, SKI PO3WISIHYyTO, YMOBHO HAa3UBAIOTh
TICPBUHHUMH TIPOLIECAMH, a IPOIYKTH X B3aEMOJI1i MEPBUHHUMHU MTPOAYKTAMU KOPO3ii.

VY mporieci npoTikaHH S €JEKTPOXIMIYHOT KOPO31i MOXKYTh B1IOYBaru cs BTOPUHHI1
NpOLIECH . B3a€EMO/IsI EPBUHHUX MPOJYKTIB KOPO3il MK CO0OI0 1 €JEeKTpPOJITOM, a
TaKOX 3 Ta3aMu, SIK1 pO3YMHEH1 B eJIeKTpoiaiTi. [Ipy 1bOMy MOXKyTh yTBOpPIOBATHCS
BTOPUHHI TpoAyKTH Kopo3ii (rimpokcumm, ¢ocharu, CHIIKATH METaliB), SKi €

MaJIOPO3YMHHMMHU Y BOIHHMX CCPCIAOBHUIIAX. vy 3araJJbHOMY BI/IFJISII[i amopurmi
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npOOyKmu  2anbMyloms  WEUOKICMb NPOMIKAHHA  e1eKMmPOXIMIYHOT  KOpO3ii.
YTBOpEHHsI BTOPUHHUX MPOJIYKTIB MIPUTAMaHHE €JIEKTPOXIMIUH I KOpO3ii, sika MpoTiKae
B HEUTpaILHUX 200 JIy>)KHUX CepPeIOBUIIAX.

Hanpuknan, po3riasHeMO KOpO3ilo allloMiHilo, M0 MepeOyBae B KOHTAKTI 3
MIJJII0O Y BOJOTOMY IOBITpi. AHOJIOM € aMOMIHIA, KaToJOM — Milb, Ha KaToAdl
Bi1I0yBa€ThC s pO3psikeHHs 10HIB ['imporeny:

Al | Cu

A Al —3e— AI*
+K: 2H++2e_=H2
2Al + 6H — 2 AF" + 3H,

SKII0 KMCeHb HE HAJIXOJUTh JIO KaroJa, TO B1H MIBUIKO MOJSIPU3YETHCS, TOOTO

HOro moTeHIlaJl CTa€ HEraTMBHUM 3a PaxyHOK HAsBHOCT1 aJCOpPOOBAHOIO BOIHIO.
INonspu3artis Moxke mpuBecTH A0 3HMkeHHS EPC ranpBaHi9HOTO eJIeMeHTa JI0 HYJIA 1 SIK
HACIIJIOK — 10 IPUITUHEHHS KOPO3ii.

Uucri MeTanu CTIMKINI TPOTH 30BHINIHIX BIUIMBIB, HDK CIJIABU. SIKIIO MeTal
MICTUTB JOMIIIKH, TO KOPO3isi HOTO B PO3YMHAX €JIEKTPONITIB BUHUKAE SIK pe3yJIbrar il
HEBEJIMKHMX MICIIeBUX (JIOKAIBbHNX) TalbBaHIYHUX eleMeHTB (ranbBaHomap). Y oMy
BUIIAJIKy, SIK 1 B 3BHYAHOMY TajlbBaHIYHOMY €JIEMEHT1, BOJICHb HAKOMHYYETHCS Ha
TOBEPXH1 MAaCUBHUX JIOMIIIOK, SIKI BEAyTh ce0€ K Karoj TajbBaHIYHOTO E€JIEMEHTA.
AHOJIOM TaJIbBaHIYHOTO €JIEMEHTA CTa€ AKTUBHIIIUNA METall, KU PyHHYETbCSL.

Hanpukinaa, Kopo3is OIUHKOBAHOTO 1 JyIKeHOTO (IIOKPHUTOTO OJIOBOM) 3ai3a B
MICLSIX TPILIMH, Je(EKT1B B1IOyBaeThCs MO-pi3HOMY Yy BosioroMy noBirpi. Ilpu koposii
OUUHKOBAHO020 3ani3a aHojoM Oyje NIWHK SK OUIbII aKTUBHUM MeTal. BiH Oyge
pyiinyBatucs. Ha moBepxHi 3aiiza (KaTo/1i) BiJHOBIIOETHCS KHCEHD

A Zn-26— Zi” 2

'K: O, +2H,0 +4€ — 40H 1

2Zn+ Q + 2H0O — 2Zn(OH)
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Y ayoscenomy 3anizi OUIbII aKTUBHUM METAJIOM € 3a1i30. 3aJli30 CTa€ aHOJOM 1
NOYMHAE pyHHYBaTHCA. TOOTO JOCTAaTHRO MAJICHBKOI TMOAPSIMHA Ha IIOBEPXHI
JyKEHOTO 3ajli3a, 1mo0 3aii30 Movyajo KOPOJAyBarW, Ha BiIMIHY BiJ OIIMHKOBaHOTO
3aniza.

A Fe —2e— F&” 2
K O, +2H0 +4e — 40H

2Fe + Q@ +2H 0O — 2Fe(OH)

4Fe(OH) + O, + 2H,0 — 4Fe(OH)

MoxHa 3a3Ha4yuTH, IO MOKPUTTS 3 IMHKY BHUSBISAE SIK MEXaHIYHHWNA, TaK U

EIEKTPOXIMIYHUM 3aXUCT Bil KOPO3ii, a HOKPUTTSA 3 O0BA — TUILKM MEXaHIYHUI.

7.3. Knacugikauiss MeToaiB 3aXucTy BiJ KOPpO3ii
Jli1s 3aXuCTy Bif KOPO3ii BUKOPUCT OBYIOTBCS P13HOMAH ITHI METO TN
— BUKOPHUCTAHH sl KOPO3IMHOCTIMKK X CIJIAB1B — JIETYBaHH I METANIB,;
—3MiHa BIACTUBOCTEH cepeqoBuIna (BUKOPHCTaHH S HTI0ITOPIB KOPO3ii)
— HAHECEHH ST 3aXMCHU X MMOKPUTTIB ((hapOu, akw, iHII MeTam);
— CTBOPEHH S IITYYHM X 3aXMCHUX IUTIBOK (aHOJyBaHHS:).

Haiibinpmr  HagiiHUM MeToJOM OOpOThOM 3 KOpO3i€0 € BUTOTOBICHHS
oONlajHaHH s, MAallMH Ta OyABENBHUX KOHCTPYKIIA 3 KOpPO3IMHOCTIMKUX MarepiaiiB.
Jlesiki Metanu € abo CTiKUMK 10 Kopo3sii (30J10To, TiaThHa), ab0 Ha iXHil MOBEpXHi
YTBOPIOIOThCS CTIMKi IUIBKK SIK B CYyXOMy, TaK i BOJIOrOMY TOBiTpi (XpoMm, HiKelb,
TUTAH, aJloMiHiit). Meraiu OCTaHHBOI IPYIHM B KOHIIEHTPOBAHUX PO3YMHAX OKHUCHHUKIB
PYHHYIOTBCSI 3HAUHO MEHIIE, Hi’K Y PO3BEJACHUX PO3UMHAaX. Y TaKOMY BHUIIAJIKY TOBOPSTH
po nacueauilo memasie. 3HUOXKEHHS MIBUAKOCT1 KOPO3ii BiOyBa€eTbCs B pe3ynbTari
YTBOPEHHSI Ha TIOBEPXH1 METaJly IUIBOK, SIKi TaJlbMYIOTh aHOMHUM mporec. Taki MeTamu
[ACHBY IOTbCSI 3HAYHO JIETIIE, HDXK 3aj1i30, TOMY IIPH iX BBEIAEHHI (j1ezysanni) 1o 3aiizo-
KapOOHOBH X CILJIaB1B YTBOPIOIOTHCS CIUIaBHU, CTIAKICTh SKMX IO KOPO3ii € OJIM3BKOIO JI0

CTIMKOCT1 JIETYIOYOT'O €IeMeHTa. 3arajbHa Ha3Ba TAKU X CIIaBIB —Hepacasioui cmai.
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Meran abo cruiaB, MO 3HAXOJUTHCS B MACHBOBAHOMY CTaHi, MO 3HOB CTaTH
akTuBHUM. [Ipoliec mepexojy MeTally 3 MacCHBHOTO CTaHy /10 aKTUBHOTO Ha3WBAEThCS
akmueayicio. AxtuBaiito MoXyTh BUKIMKatd BimHoBHukH (NapSQO;, NaS0;), abo
nesiki iorn (H, CI, BF, I, SOF).

3 iHmoro OOKy, ICHYIOTh TaKl pEY4OBHHH, SIK1 TallbMyIOTh Mpoiec Kopo3ii. Bonu
3BYThCS [H2iOimopamu Koposii. IHT10iTopu ancopOyIOThCS Ha TOBEPXHI METany 1
raIbMyOTh MPOTIKAHHS KAaTOJHOTO a00 aHoJHOTO mporeci. Jlo aHOmHMX IHT10ITOpIB
BIJTHOCSITHCSI XpOMATH, HITpUTH, docdaru 1 CHIiKaru JyXHAX MeTaniB. Hanpukman, B
cucTeMax onajeHHs Oy/IMHKIB A0 Tapsuoi BOJU JI0IAI0Th CUIIIKAT HaTpito. J{o HalO b
MOIIMPEHUX IHTIOITOPIB  OPTaHiYHOTO TIOXOJ/PKEHHS BiIHOCSATH YPOTPOIH (CyXHid
crpt). Moro 1012101k 10 PO3YMHY JUISl 3HSTTA HAKMILy 3 MOBEPXHi 3alli3HHX CIUIABiB
(mapoBUX KOTIIB, TPy O, YallHUKIB).

JlocuTh e eKTUBHUMU METOIAaMU 3aXHCTy B KOpO3ii € MPOTEeKTOPHUI 3aXHUCT.
Ilpomexkmopnuit 3axucm — e 3aXUCT OCHOBHOTO METally BiJ KOpO3ii HUISIXOM HOro
KOHTaKTy 3 OUIbIIl aKTUBHUM MeTasioM. [Ipu IboMy yTBOPIOEThCS TajbBaHOIIapa, y SKId
IPOTEKTOP BHUCTYIMA€ B SIKOCTI aHojma (pyHHYETHCS), a OCHOBHHM MeTal — y SKOCTi
katoga. OCHOBHMI MeTal T[OYHE KOpPOIyBaTH TUIBKM IICIS TOTO, SIK IPOTEKTOP
MOBHICTIO OKMCHUTHCS. 3a JONOMOTOI0 MPOTEKTOPIB 3aXUIIAIOTh KOPIYCH MOPCHKHX
CyaiB, TpyOH, L0 3HAXOJATHCS MiI 3eMJiel0. B SKOCT1 MPOTEKTOPIB BUKOPUCTOBYIOTh
CIIaBM MAarHio, IIMHKY a00 antoMiHit0. MeTanu O1IbII aKTUBH1, HI’K MarHid HTE€HCUBHO
pearyrTh 3 KHCHEM Ta BOJIOTOIO, TOMY iX BUKOPHUCTOBYBATH B SIKOCT1 MPOTEKTOPIB HE
MO KHa.

OcTaHHIM dYacoM HaWOUIBIIIE 3aCTOCOBYETBCS €IEKMPOXIMIUHUIL 3AXUCHI.
Po3pBHsIOTE /Ba BUIM €NEKTPOXIMIYHOTO 3aXUCTY: KATOAHUN TA AHOJAHUM 3aXHCT.
Kamoonuii 3axucm HaiGinbIl NOMMPEHMI BHI EICKTPOXIMIYHOrO 3axucry. Moro
BUKOPUCTOBYIOTh JIJIs1 OOpPOTHOU 3 KOPO3i€I0 CTali, Mii, JATyH1 Ta ATIOMIHIIO B yMOBax
crnabKo-arpecuBHUX cepeioBulll. KatomHy monspusaiiro Meraixy 341 CHIOIOTh IUTSXOM

HOro MpHUeIHAHHS 10 HEraTHBHOTO IMOJIOCY JKEpeia eIeKTPUUHOr0 CTpyMy (Karomy).
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[lo3uTBHUY TOMIOC JPKEpesia eNEKTPUYHOr0 CTPYMY MPHUETHYIOTH JIO JOMOMDBKHOTO
EIIEKTPOY, sIKUii Oy/ie BUCTYIIATH B SKOCT1 aHOJTY.

Meranm, ski 3maTHI g00pe MacHBYBATHCSA, MOYHA 3aXHWINATA 3a JIOMIOMOTOIO
AHOOH020 3axucmy:. MeTal, KUl Tpeba 3aXUCTUTH MPUEIHYIOTH A0 MO3UTHUBHOTO
HOJIOCY JDKepena cTpyMmy. Y JAesKOMy IHTepBaji MOTEHIlIaiB MeTall MaCHUBYETHCS 1
KOpO31iiHUI1 Tpoliec raTbMy€eThCs.

7.4.3axucHI MOKPUTTH

Haiibimp1m1 mommpeHuM 3aco00M 3aXuCTy MeETaliB Bif KOpo3ii € noKpummsa
noeepxni memanie nakamu, gapOamu, eMansmu. bupmiict sakiB Ta Gap0d MaroTh y
CBOEMY CKJIAJll JIETKMI OpraHIYHUM pPO3YMHHMK, SKMI pOOUTH Mpouec BUPOOHUIITBA
¢bap6 ta GpapOyBaHHS MOKEKOHEOE3MEUYHU M.

IcHyrOTh 1 MeTaneBi MOKPUTTH, SIKI HAHOCSTH HAa TIOBEPXHIO MeTaja pBHUMHA
METOJAMU. EICKTPOXIMIYHUMU OCQDKCHHSM, HANUJIIOBAHHSM, TEPMOMEXaHIUHUM
METOJIOM. 3a XapaKTEPOM 3aXHCHOT /111 MeTalleB1 MOKPUTTS AUIATh Ha KaTOAH1 Ta aH OJTHI.
Kamoone — 1uie TOKpUTTS METajoM, KW Ma€ OUIBII TO3WTUBHHUHN €JIEeKTPOJTHUN
TOTEHI[1aJI, HDK MOTEHIiaJl TOTO MeTally, KWW 3axuIaioTh Bia Kopo3ii. Hampukman,
3aJ1130, MMOKPHUTE OJIOBOM (Y KEHE 3a1i30) Ui MiTIO.

AHOOHUM HA3UBAIOTh TOKPUTTS METATOM, SKUHA Mae OUIbII HEraTUBHUM
EIEKTPOJHUN TOTEHIl1a]l y TOPIBHIHHI 3 MOTEHIIATOM MeETaly, SIKMMA 3aXUIIAI0Th Bil

Kopo3ii. Hampukian, moKpuTTs 3aj1i3a IMHKOM (OIIMHKOBAHE 3271130 ).
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