




I l p ~ ~ e p  1. Yee,nusuTcn mu  yMeHbluuTcn Macca UHHKOBOH nnacTHtiKn npn 
~3amoneiicmuu c pacmpaMn: a) NiS04,6) AgNO3. 

Pememie. noc~onbq m m ~ a p w i i  noreHwan uuma uMea Memulee s ~ a s e ~ u e ,  
seM ncrreaqnanbl m e n 8  n cepe6pa (CM. npmoxe~ue), 1-0 umuc, K ~ K  &nee ~ K M B H M ~ ~  

M e T a n n  (6onee ~ ~ J ' l b H b l %  BOCCT~HOBHT~~~), 6 y ~ m  BbITeCHnTb HUKenb W cepe6po H 3  

pamopoB ux coneii: 

'Zn + 2AgNO3 = ZnmO3)2 + 2Ag. 

Hpu onycKamu m m a  B pamopu NiS04 H AgNO3 OH 6ynm pamopmcR, 
O A H O B ~ ~ M ~ H O  c pacrSOpeAHeM Ha noeepwocm mica -ax mu mKem, m u  
cepe6po. M 3 ~ e ~ e m e  Maccbl -0~0% nnacrunKn 3aBHCHI. or  COOTHOrneHHII MaCC 
nepeureauero B pcmop H OceBmero ria rieM wiwma. 

B nepeov c m  q u  pamopeem I worn wnKa Ha n o s e p x ~ o m  o c w a m s  
I MOJE =em. A TaK KaK M O ~ H ~ U I  Macca (65,4 r) 6onbrue M O ~ H O E  MaaH Hmem 
(58,7 r), m Macca UUHICOBO~~ nnacmmi B p m o p e  NiS04 yMemmuTcn. 

Bo B-TOPOM cJIyPae BMem I MOJU pamopemoro sEIxKa O C ~ ~ R  2 M O ~  

cepe6pa (2*107,9 r) u, CJre~oBareJLhRo, Macca IWKKOBO~~ n n a m K u  B pamope AgNO3 
Y-. 

Upl i~ep 2. Pal%- 3aC CBUHUOBO-mKOBOr0 R M b B a f I W W K O ~  3neMWTa, B 

KOTOPOM azoZ+ = 0,1 M O ~ J I ,  apb2+ = 0,01 ~ o m / n .  Y~a3an  3 n m  nonnxoB, Hartucan 
ypaaHeHm 3 n e ~ ? p a v  npoueccoB, c o m u ~ b  cxeMy 3neMen-m. J$M onpenenem 3aC 
sneMem H ~ O ~ X O ~ ~ M O  B ~ I ~ W C J I U T ~  ~ J I ~ K T ~ O A K M ~  noretimaJlbr ~ ~ ~ K T ~ O A O B .  n o c ~ o n b q  
KOHqeHlpillIKU ~OTeHl&lanOIlpeAerwO~HX EIOHOB OTJIW%3IOTCII OT 1 M~ndn, U~O~XOAKMO 

naTeHquanar p a c m a a r r ,  no ypaBneHAIo Hepnm 
EMenim = E'W"~/M~ + (RTlnF) In [a &"I. 
me E? Mew& - mainqmb~ii 3 n e m p ~ ~ a r i i  nmnrlwan, B ; q a p m e  3ne~rpowiie 
nmHqnam 6 e p e ~  u3 ~a6~rum.1 (CM. npnnoxeme); n .  - Komecmo ~ ~ ~ K I P O H O B ,  

wamyrolarx B sneK?pamioM npoqecce, Monb; R = 8,314 flm/K*~onb - ywixpcamrian 
r a 3 o ~ a ~  rrocromax; T - TeMnepaTypa, K; F =96500 Kn/~ona =26,8 A*q - qucno 
Oapmen; a Mee ~ ~ ~ B H O C F ~  KamoHoB MeTaTLJIa B pacmope, ~onb/n. 

npn crwapmMx ~ C ~ O B U I I X  (T = 298 K) c y v m o ~  arcrrelrebrx s ~ a s e ~ ~ i i i  R u F, a 
Tame npn 3 a ~ e ~ e  HaTyparrbnoro norapu@~a necmnbxhc, ypameme H e p ~ m  meeT 
B ~ J  Ehn+me = E'~"+M + (0,059111) lg [aMe"+]. 

Ann qwKoBoro 3neqona 



M e w  ~ o n c m i i  pm~oeecm pe-, nporem~qeff B r a n a s m m e c ~ a ~  
3 n e ~ e m  a 3AC s n e ~ e m  cyurecm3ye.r ~3mxocsmb E'= (0,059ln)lgK 

&m mmoro 3 n e ~ e m  EO = ( 0,05912 )lg /597* lo"= 0,0295 * 12,2034 = 0,360 B, 
EO=EO~ - EoA = ~ ~ ~ ~ ~ / d  - ~ ~ d + ~ ~ ~  = 0,360 - 0,763 = - 0,403 B. 

P ~ c ~ T  Ei3MeHeHm 3Hepm Ta66ca O I U ~ C ~ E I O - B - O B ~ H O ~ ~  pe- 
npou3~om no ypamieiimm n ~ 0 2 w  = - n H .  w m o i i  ro~ao6pa~yraweii p- 
d 0 2 9 8  = - 2*96500*0,360 = - 69,48 K&. 

k I 3 ~ e ~ e ~ ~ e  saepme ra66ca pearanar a M ~ K C K M ~ H ~ H  pa6om c a c ~ e m  (A,,,,) C B I I ~ ~ I  

Llpn~ep 4. Kame nporieccw 6 y ~ y ~  npaTeKa-rb Ha s n e ~ ~ p 0 ~ a . x  nps ~ n e q o m s e  
Bomoro parnopa cynbaam Ha-rpm c y c o m m  atmnou? Kame nposeccbi mMemn% 
emu yronb~blk snercrpon 3a~em-m Ha ~ e & ?  
Peure~we. B pamope cym4itra rta~pm mm-cca H O ~ I  ~ a +  H SO? w MoneKynbt Bow. 
Ha Kame B O ~ M O ~ U  cneAyroume rrpoueccbx aoccmomem:  
Na+ +e=Na, EO= - 2,71 B; 
SO? + H20 + 2e = ~ 0 3 ~ -  + 2 OH', EO=-0,93 B ;  
2 H 2 0 + 2 e = H z + 2 0 K ,  E"=-0,82 B (pH= 14). 
l lo~e~urian BoccraHoaneHm ~ o n e ~ y n  BOW (-0,82 B) nzi~ nu qenomoii cpemr, c 
yseToM nomenasaeaam B xone ~ne~rponwsa. Cpasrrusm noreamann B O ~ M O ~ ~ I X  

Kammux p e m i i ,  B ~ M ,  m-o noTeHman ~ o c ~ o a n e ~ n x  so-r ~ a u 6 o n b ~ ,  wo 
COOTBeTCTByeT KX 6onbrueii 0~~CjIuTenbHoii cnoco6~wm.  T TO MY Ha KaMAe 6y~eT 
IrpoXlCXOAMa BOCiXaHaBJIeHHe BOAM, COI~BO;KJlWIJleeCR BWeJIefMeM BOAOPOAa U 

06pa30sa~~eM uoaoe OH-, a HOHM ~ a + ,  n p n x o ~ ~  K pmqy,  6ynyr HaKatIJIHBaTbCR B 

 AHO OM npocrpaeme. 



Ha anoAe BO~MOXHM cneAyIOulne rrpoqeccbl omcne~nrr: 
2 ~ ~ 0 - 4 e = 4 P + 0 2 ,  E O =  1,23B(pH=O), 
2 ~ 0 ~ ~ -  - 2 e = s20S2; EO = 2,05 B. 

Omcne~we MoneKyn Boar u n e ~  npe MeHbureM noTeHqnane, cnenoaaTemHo, OHU 

06na~a10~ 6onbmeii B O ~ ~ T ; ~ H O B H T ~ J ~ ~ H O ~ ~  cnoco6~oc~bm. ~ O ~ T O M Y  Ha BHOJle OKUCJlRKlTCR 

MOneKynbl BOAhl C 06pa30BaHECe~ KHCJIOpORa Ei K H C ~ O ~ ~  CpeIbI - HOHbI B 0 3 H U K W T  B 

snempomoii pea- a u o m  HaKambamTcx B aHomioM npoc-rpaHcTse. T a m  
06pa304 npu 3 n e ~ i p o m e  pamopa Na2S04 c YronbtlbrM n a e p m m  ~ H O A O M  B 

3JElcrpOnEtblX IIp0qeCCa.X npKHUMillOT JTaCTUe TOnbKO MOIIeKJfJIbI Born. B6nwsu KaTOAa 
notrbl ~ a +  u OH- 06pi13yto~ pacraop uenow, a y aRom n o m  H? n ~ 0 4 ~  - pacrBOp 
cep~ofi  KUCSIOTM. C y h l ~ a p i a  pearam 3nercrponnsa Barpaxae-rcrr cnenymmm 
ypaBHeHEieM: 
2 Na2S04 + 6 H20 = 2 H2 + 4 NaOH + 0 2  + 2 H2S04 

Y -na Y mona 

Hpu mMeHe nriepmoro mona (yronbnoro) Ha ~ e m ~ f i  Ha =one C X W O B ~ R  B O ~ M O ~ ~ I M  

npomcmue m e  o,mioro OKECJMRJBHO~~ nposecca - pamopeane Menu: 
~ u - 2 e = @ ,  E0=0,34B. 

3-m rrpoqecc xapmpmyercrr 6onee HN~RUM s ~ m e m u  n m m a n a ,  qeM 
omanmare Bosuomne momme rrpoqeccbl. H o m ~ y  npn 3ne~1pomse pamopa Na2S04 
c MemEhlM  mono^ Ha aHone noiiqa p e m  oKlicnem Menu n B ~ ~ O L M O M  

npocrpmclge 6 y n a  H m T b C R  CuS04. 
C y ~ a p n a  p e m  3ne~rpow3a ~brpa3mx ypameHueu 
Na2S04 + Cu + 2 H20 =Hz + 2 NaOH + CuS04 

iIpn~ep 5. C o m b ~ e  ypaaHem npoqeccoe, rrpo~errarouux rrpu snelcrpomse 
BOAHO~O parnopa NiClz c meprmM ~ O A O M .  
Peme~ue. Ha KaTone BO~MOXCHM cneAylOmne npoqeccu: 
~ i ' + + 2 e = ~ i ,  EO=-0,25B;  
2 H 2 0 + 2 e = H 2 + 2 0 H ,  EO=-0,82B@H=14). 
H o T ~ H ~ ~ ~  nep~02  PeaKQHn ' H m 6 0 f i b d ,  n03TOMY Ha KaTOAe npOTeKaeT 
B O ~ o ~ e  WmOB IwKeJIx. 

EO~LUUHCTBO nposeccos Ha 3neqonax MAW c nepeHarrprrxenuehl, oco6emo - 
oSpa30~awe r a s o ~  (Hz, O2 n @.). Hpe~e6peme~ue senmuaoii nepeHanpsmenm 
norrypeamnii M O X ~  r r p ~ x c n i  K aenpasmHoMy onpenenem npnpon~.~ 3 n e ~ t p o m r o  
npoljecca. 

B03~oxmde m o w e  nposeccu: 
2CI--2e = C12 E0=1,36 B, 
2 H20 - 4 e = O2 + 4 P ,  E0 = 1,23 B (pH+), 
C o r m c ~ o  BeJlWHKaM CZMAaPTHbfX 3JIeKfPOAHbIX nOTeH4ianOB Ha CiHOAe AOJIXeH 
BblAeJIXTbCR KUCJIOpOn. B ~ e f i C T B ~ ~ b ~ 0 ~ T l i  Ha 3JIelcrpOAe BbIAedX4eTCs M O P .  B e m ~ ~ a  
nepmanpxxem 3 a u m  OT Marepuma, us KoToporo s s r o m e n e ~  3 n e q o n .  Anr! 



rpa4ura nepeHanpRaeHwe Kucnopona qo= 1 ,I7 B, sn, nomlnaeT noTeHquan peawuu 
orcucnetrur! B O ~  no 2,4 B. . 

Cnenosarenbiio, snercrparms parnopa N1C12 npoTcKaa c 0 6 p a s o s a ~ u e ~  HuKena u 
mopa: ~ i ~ +  + 2 C1-= Ni + Ch. 

n p ~ ~ e p  6. npkl XIercrpoJIKX BOnHOrO parnopa AgN03 C HepaClBOPUMblM 
~ H O A O M  B regerne 25 MHH npw cune ram 3 A Ha KaTone ~b~nenwrocb 4,8 r cepe6pa. 
Pacclurraiire BMXOA no T O K ~  cepe6pa. Ka~oii rrpoqecc npmraeT Ha anone? 

Perneme. npn sne~c~pomse pacmopa AgN03 B cJryrae ripmeHeHua 
HeparnopuMoro aiiona (iianpmep rpa4moeoro) Ha snercrponax nporemtm rrpoqeccbr: 
(-)K: ~ g + +  e = ~ g ,  E" 0,799 B ; 
(+)A: 2H20 - 4e = 4!d++@, Eo=I ,23 B; 
~ H H O H  NOi - He omcmeu. Cynr~ap~oe  ypaBHerole s n e ~ q o n m a  parnopa AgN03: 
AgN03+2H20 = 4 Ag+4 HN03+02. 

n o  nepBoMy m o w  Oapanea Macca senrema m , 06pa3yroqerocx rrpn 

3nercrponwse, ~ R M O  IIponopwioHanbHa Komremy nponyrseiiHoro sepa  p a m o p  

snercrpwema Q: m = kQ = kIt =31t/F, 
m e  k = 3/F - 3nercrpoxmmrecK&i s m n s a n e ~ ~ ,  3 - smusanemHas Macca, F - 
nocTomm ( h p w e ~ :  F= 96500 WMOJI~ = 26,8 A*$Mo~~,  3*,= 10?,8? r/hfonb. 

Ha npamme q a m  Bcnenme npmKaHm no6olmnx npoueccoB Ha snercrponax 
06pa~yacrr: MeHblne BeaecTBa, seM cooTseTcmyeT nporuemeMy sepes pacrBop 
snercrpwerny. B b ~ x o n o ~  no miry BT Ha3bIBaeTca sarpaxemoe B npoqeHmx omomeHue 
Komecma @crmecmi norryrewion, rrponylrra snercrponum q,, K TeopennecuoMy 
m :  BT = (fxq,,&rnw)1 00% . 
Orrpeneme~ m ~ ~ :  m ~ o p =  (107,87*25*3*60)/96500 = 5,04 r. Buxon no TOW - 

BT= (4,8/5,04)100% = 95,24%. 
IIpmep 7. PaccwTaii~e cllrry ToKa npu s n e ~ ~ p o n m e  parnopa, ecm Ha K a m e  B 

Teserole 1 Y 40 MUH 25 C BMA'3IEiJIOCb 1,4 Jl BOAOPOAa (H.Y.). 

P e l n e ~ ~ e .  C o r m c ~ o  3aKOHY Oapaffea I =mF/t3. T ~ K  KaK KOJlU¶eCTBO BOAOpOAa AaHO B 

0 6 5 e ~ ~ b n r  ennumax, TO omomerne m/3 s a ~ e ~ x e ~  oTHoruemeM V/V,,H, m e  V, - 
0 6 ~ 2 ~  BOAOpOAa, Vm H = 11,2 JI - ~ K B H B ~ ~ J I ~ H ' I H ~ I ~ ~  065.e~ BOAOpAa. T o ~ A ~  
I = (V*96500)/(11,2*t) = (1,4*96500)/(11,2*6025) = 2 A 

Bonpoe~ Fi 3BAaHHR 

I .  Kawe ~3 rrepewcneffttani UOHOB AI'+,v~+,P~~+,K+,cJ+ UoryT 6 b m  
B o c m o a n e m  x e n e s o ~  us BOWX pa mop^? 

2. a) Hw~enesax rrrracruHKa BHeceHa B pacmop conw TpexsaneHmoro xpoMa 
BO~MOXHO nu parnopeHne m e m  u BMAeneHwe x p o ~ a ?  6) X p o ~ o ~ a x  nnacruHKa 
BHeceHa B pacmop conw m e n n .  BOSMOXHO nn pacmopeme xpoMa u BHneneHHe 
MaannrnecKoro m i ~ e m ?  I 

5 
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3. BO~MOHCHO nu BblTeCHeHHe XPOMOM WHKa kt3 PaCTBOpa er0 C O ~ H ?  BOSMOHCHO nfi 
BuTecnenHe ~ U H K O M  xpoMa u3 pacmopa ero cone? 

4. liyrry~ n s  pearuposan ~ e ~ a n n w e c ~ u i i  ~ H K  c pamopanan: a) NaCl, 
6) MgS04; B) SnCI2; r) CuS04; A) Hg(NO3)2? Hanuca~b ypaBHeHsR npmKaK)wux 
p e w & .  
5. B 1 M PaCTBOpbI HCI, C U W O ~ ) ~ ,  Pb(NO3h, AIz(S04)3, KNO3, NiS0.I OnycKamT 

no KyCOWC)' OnOBa. B KaKOM PaCTBOpe OnOBO 6yner ~~CTBOPHT~CR? 
6. Kame M- 6 y w  abrnenmcd, ecm K w u e B a  m a m K a  onmesa B 

pamop, conepx- o~oBpeMeHH0 bhlS04 , NiS04 , NaCl , AgN03 c o ~ a ~ o ~ o 8  
~ o w e q a r l u e i i  K ~ O H O B ?  

7. 113 Kaqx conefi M e m  ~ o x e r  6b1n BblTeCHeH HuKeneM : Pb(NO&, &(S04)3, 
CUSO~ , AgN03, &so4 ? 

8. Kame M- 6 y w  BbInernbcs Ha a) Fe - macadme; 6) Ni - macTmKe, 
W OHU 0ll)'IIKHhI B PaCTBOPM c0nefi C oJIKH~KoBo~~ K O H U ~ ~ H T ~ W ~ ~ ~  KaMOHOB 
Na2S04, -SO4 , CuS04,ZoS04 , MgCl2 , AgNO3? 

9. Kame hrexuum 6ynyr s b m m c z ,  ecnii Mapm-xqemx nnacMHlra onylqena B 

parnopH coneii c o r n a ~ o ~ o i i  ~ o w e q a w e i i  KamHoB: FeS04, MgCI2, ZnS04, 
Hg(N0312 ? 

10. Hu~enesbre m a c m e m  orrymem B pamopu: Pb(NO3h , MgS04 , NaCl , 
CuS04 , AIC13 , ZnC12 . C K a m u  C O J U I ~  W C ~ J L ~  6yaer peanipo~an.? Harimm~e 
y p a ~ n m  p e m E  B ~oneKynrrpmii u uomoii 4 o p ~ e .  

11. B m e m  npo6upo~ ~ a n ~ r b x  parnopH: MgS04, HgCI2, CuS04, &(S04)3, 
AgN03, SnCI2. B ~amsyro 6pome~o no qco.ocy rpmca. B K ~ K H X  n p o 6 ~ p ~ a x  
npOH3OJlUM pea~aruu? Bmpa3me HX MOJlerCy~~MK H UOHHbIMU YpaBIIeHEWMB. 

12. Kame ~3 nepesucne~~arx m e  ~3xtb1~ nonapHo sersern 6 y ~ y r  
s3amoneiimosan ~ p y r  c npyrom? Fe + HCJ; Cu + H a ;  Hg + AgN03; Zn + MnS04; 
Mg + NiCI2. B n p a m  -rrpoxommie peamm MoneKynrrpHmiu u UOHHWU 

)'pXUHeHUSIMU. 
13. M e w  Kamm n3 IIepePucneHHbIx Aume ~urnarx nonapHo %emem noiiqer 

p e a a m  smeure~m? Ag + HF; Cu + HgC12; Zn + MgC12; Sn + HCI; Hg + HCI; Zli + 
Ag3S04. 

14. Tpu CBWHWB~IX m-m o n y c r m  B paampbx: a) CU(NO,)~, 6) Zn@O3h ;, 
B) HNO3 (pa6.). ZITO npou30ji4e~ B KWOM cJryrae c ~accofi  maammi?   he^ 
nozcttn~~. c noMomK) m m e c m x  pe&. 

IS. Tpu nnamnmi u3 xene3a norpyxmu cocmrmenlro B pacmopu: a) C S 0 4  ; 
6) Pb(N03)~ ; B) ZnS04. K ~ K  u 3 ~ e m x  Macca nnacTKnoK nocne s3amo~eiicmm mi c 
p a m p m w  ? 

16. Y s e m T c z   nu p e m m w x  Macca W O B O ~ ~  m a m i m a  npn 
~3au~oneiicrtrau: a) c pamopoM CuS04 ; 6) c pamoponr Pb(NO3h ? 

17. Y s e q m a  m p e m m T c x  Macca xe~re3~0ii NL~CTUHKH nocne 
BbrAepmsaHux ee B pamope: a) Na2S04; 6) NiS04; B) AgN037 

18. B m a  cocym c I-0ny6b1~ pamOpoM Memom Kynopoca I-IOMeCmu: B n e p ~ ~ i i  
L I ~ K O B ~ K I  nnacTuHKy, BO e~opoii  - cepe6pn~yto. B KaKoM cocyne WT parnopa 
nocrenenHo nponanaer? Hoseuy? CocrasbTe MonerCyrurpnbIe u snenponnHe 



19. YB~JIH~WTCII, YMeHbIUNTCIl H n U  OCTaHeTCR 6e3 W3MeHeHWX MaCCa U W H K O B O ~ ~  
,, 

ImacmHKw npp ~ s a w ~ o ~ e i i m u n  ee c pacrBopmw: a) CuS04, 6) MgS04; B) Pb(N03)2. r 
~ O Y ~ M Y ?  C 0 ~ T a t r b ~  3JleqOHRble H MOJleKyJlXpHbIe ypaBHeHUX COOTBeTCTBJ'lOLllUX , 
pearurwii 

20. YBenUYNTCSI, yMeHb1LMTCII W l M  OCTaHeTCR 6e3 U3MeHeHRR MaCCa K ~ A M U ~ B O R  
nnamHKn npu ~ s a w ~ o n e i i r n m  ee c pmopaMu. a) AgN03; 6) ZnSo4; B) NiS047 , 
I Ioqe~y7 C O C T ~ B ~ X  3 n e q o ~ m e  R MonercyrurpHare ypaBHeHua cooTseTcTsymalux 
peawcii. 

21. Cocra~bx. r a n b ~ a ~ w e c ~ ~ i i  ~ J I ~ M ~ H T ,  B KOMPOM xcene3~b1e N HnKeneBbIe 
rrnacmmu noMeuleHn B parnopa CBOHX coneti. H a n m e  snempombre peasue ,  
ypaBtIeKue ~o~oo6pa3ym4eii peaKUHH, 3AC li KOHC'EWTY PaBHOBeCCTII. 

22. C0CXIEibTe CXeMy, H-lX YpaBHeHm 3JJeqOnHbIX npOUeCCOB H 

paccsu-raii~e 3AC s n e ~ e ~ ~ a ,  cocromero m cepe6pmoii w CBKHUOBO~~ m a a m ,  , 

o n y ~ u e n ~ u x  B pacl-mp C O ~ C T B ~ H H ~ I X  HOHOB c ~ K M B H ~ I O  aAg+=apbZ+=1,o haodn. 
M~M~FIUTCR nu 3AC, ecm amnoc-rw q o r o  B a a  HOHOB yMeHbIuaenx B 10 pa3? 

23. Coclasb~e cxeMy p a 6 m  rammiwecrtoro IrreMem, 0 6 p a 3 0 ~ a ~ ~ o r o  meneso~ 
u CBRHUOM, norpyxcemMn B 0,005 M pamopbr ux coneii. Pacc~m*e 3AC u A,, 
X W O  3JIeMm. 

24. Paccwmii~e 3AC ~eruro-c~mqooaoro 3nearetrra, B KOTOPOM %?+,I ~ ~ m / n  N 

apbz+ = 0,01 ~ o n d n .  Hanmrcm 3nernpom1e peaam a o n p e n e m  nanpaeneme 
DmceHwa snempoHos BQ B H ~ I I I I I ~ ~ ~  WW. 

25 Pacc.urraiix. 3AC ~ J I ~ M ~ H T ~ ,  B KOTOPOM rrpoTeKaeT peamimi Zn + snZ+ 
= zn2+ + Sn rrpe aa2+=1 ~ " ~ o m / n ,  as,2+=~~-2~onb/n. 

26. PaccwmiiTe 3AC ~ J I ~ M ~ H T ~ ,  B KOTOPOM npo-ceKaeT p e a m  Cd + CU" 
= cd2+ + Cu npu acd2+=1 ~ " ~ o n a l n ,  alb2+= I 0-~2wona/n. 

27. 3Ac rmsmurusecKoro 3 n e ~ e ~ 1 - q  06pa30~iwroro HmeneM, rrorpyxemhIM B 

p a m p  ero corn c ~o~ueeapauneii  u o ~ o s  HHK~JIX 10" MOJI~IJI, II cepe6poaa, 
norpyxce~Hbmr B pacrsop ero conu, pasha 1,108 B. O n p e n m e  K o H s e q m  HOHOB 

cepe6pa B pamope ero corn. 
28 B~IYHcJWR B MHnnyBOJIbTaX 3AC KOHUeIilpa~OHHOrO ~ J I ~ M ~ H ' T ~ ,  COCTOXIUerO 

u3 unmBblx 3 n e q o n o ~ ,  o n y m e m x  B p a m p M  B S o 4  c m s ~ o c n r n  ~ * I o "  H 
3,2* M O ~ / J T  

29 CocraBn~e cxeMy Komenrpayllomoro 3 n e ~ e m  npu a7,z+=l0-' ~ o n b / n  y 
QnHoro 3 n e ~ ~ p o n a  w a.,3,2+=~~6 ~ona /n  y ~pyroro  3nempona Y ~ a m ~ e ,  xmoii rn 
3JleKTpOnOB 6 y n e ~  aHOgOM, ~ a ~ 0 f f  - KaTOAOM. P ~ c c Y u T ~ ~ C ~  3AC 3JleMeHE3. 

30. Kame rrposeccbl m e m  u e m  y MameBoro ItoHseHlpasuoHHoro 
ranbmuqecaoro 3 n w e q  e- y omoro 3nercrpona ammHom ~ O H O B  M$+ pama I 
~onb/JI, y LQ3j'KTO - 0,001 MOJ&/JI. n o  KaKOMY HalTpXUl€XZ%K! A B H X y K X  3JIeKIpOHbI LUJ .$ 
~ ~ e m i e i i  qenu7 Kmosa 3AC 3TOm 3 n e ~ e m ?  

31 Cocraw~e cxehay KoHuempaqqomoro 3neuem-a npu akA=lO-l MOJW'II y 
omoro sne~rpona H a~;=10" ~ o n b l n  y apyroro Y~amme, ~arco2i m 3nempoaos 6 y n e ~  t 



33. Ka~oea 3AC KoHueHqawoHHoro wehcenTa, cocronqero 113 cepe6pmbrx 
sneinponoB, naxomquxcfi B 0,l H 0,001 M pacmopax a30Tnomcnoro cepe6pa? 

34. Paccsmaiire 3AC KoHuetrrpwnoHHoro sneuem, cocromuero u3 nsyx 
%OAOpOAHblX 3neinpOnOB, nOrpyXeHHbIX B PaCTBOpbI C pH 2 11 4. 

35. 3,4C s n e ~ e m  (-) Fe I aF? = 0,l hcondn 11 a A t  = X ~ o n d n  ( Ag (+) paHa 
1,152B. Bmucrm~eX. 

36. Onpenenme ~KIUBHOCTL HOHOB cu2+ B p a m p e ,  ecnn npu 298 K 3AC 
s n e ~ e m ,  B ROTOPOM npoTemeT peamum Zn + CP = f i 2++cq  pama 1,16 B H 
aZn2+= 10-~~om/n.  

37. 3AC rmnammecrcoro sneMeri-ra, c o c ~ a a n e ~ ~ o r o  n3 myx ~ o n o p o m x  
snempofios, paen 0,271 B. 9 e ~ y  paeH pH pamopa, B KOTOPOM uo rpp i2~  =on, 
e m  K a w  norpyxee B pamop c pH = 3? 

38. Bamwcm 3,4C u o n p e n e m  nanpameme ABHxemn ~ ~ ~ K I ~ O H O B  BO 

~ ~ e m e i i  qem rmsatrwecKoro 3neMem-a: 
a) Fe I ~ e ~ + ( l  m d n )  )I  Ag+ (0,01 Monb/n) [ Ag; 
6) Fe I ~e~ ' (0, l  ~ o n d n )  11 Ag+ (0,Ol hconbln) I Ag; 
B) Fe I ~e '+  (0,01 MOJI~~JI) Fez+ 1 ~ o m l n )  1 Fe; 1! ' r) AIIN~+(O, l ~ o n a / n ) l l ~  (O,OI ~om/n)lN;  
A) Zn I Zn2+(1 ~orn/n)ll l?eZ+(O,l ~ o r n l n )  I Fe; 
e l  cu I cuZ+ (0,1 (1 A$ (0,001 ~ona/n)  I ~ g .  
39. l-m-ecw uem cocmaneaa xeneso~, norpyxeHHm B pamop ero conu 

c ~omelrrpaweii UOHOB Fe2+, p a ~ ~ o i i  0,001 Mondn, w Nemro, norpyxewii B pamop 
ee conn. Ka~oii KomeHlpamm nonxea 6b1~b pamop corn Mem, t r ro6~3AC 3neMem 
cTana paeeoii O,g5 B? 

40. Ka~oii a3 3nelcrpOAOB 0 T p ~ a ~ l I b ~ b I 8  H K~KOE u o n o ~ b m i i  B 

41. l-zmsammecmti ~ J I ~ M ~ H T  cocraaneH u3 cmwapnroro rnre~o~oro  snelcrpona w 
xpouo~oro snempona, norpymenHoro B p a m p ,  c o n e p w  mm c?. npn ~ a ~ o t i  
Komempaum HOKOB c?+ ~ A C  3~oro  3 3 n ~ e m  6yner pama wmo? 

42. Cocra~bre cxehcy, ~arrwmu~e ypmHeHm 3netctpo~mx npoueccon H cy~hcap~oii 
p e 6  H paccslfI-aiiTe 3,4C sneMeHTa, y Komporo o w  rnrmoenB 3 n e ~ l p o ~  c 
ah2+=loa ~om/n ,  a ~ ~ o p o i i  - B O A O P O A R ~ ~ ~  npu cT;1HLIapou naanem Bonopoga H 

pH=2. 
43. Bbrrucnm 3,4C ranbsammecroro me~errra, 06pa30~amoro sneKTponaMu 

sn/sn2+ rrpn as?=0,5 u o d n ,  AgIAg' npu aA;+,Ol M O ~ J I  H c p m m e  c 3AC 
ranbamecicoro m e ~ e n ~ a ,  0 6 p a 3 0 ~ a ~ ~ o r o  cmapmbxhcu s n e ~ ~ p o n a m  Tex xe  
hcaannos. Hanumb peaKwni, nporeKmtrlue Ha mone u uamne. 

44. Coma~bre cxew, e a n m T e  ypaHeHm s n e l c ~ p o ~ x  npoueccos H c y ~ ~ a p n o i i  
p e m  H p a c c m i i ~ e  3AC 3 n e u e m  O ~ H H  u3 snelcrponoB ~ o ~ o p o r o  - Pt I ~ e * , ~ e ~ + , a  
B T O P O ~  - Ptlc?,~?. A K ~ B H O ~  Bcex WOHOB pama 0,l ~ m / n .  

45. Bnsucrm~e 3AC raJIbBaHWIeCKOr0 3neMeHTa, 06pa30~a~~oro  3neinponaMn 
M ~ ~ M $ +  n zn(2n2+ npa aG=0,1 uondn, ah2+=21rrodn, u c p a a ~ m  c 3AC 



3AC, e m  m n m b  m o m  HoHa ~ 0 3 p a c ~ a e ~  B I0 pa37 
47. A a w  m a  r a n b ~ e c m x  me~cma :  a) Pt I cr3+'', C? 11 sn4+, sn2+ I Pt; 

6) Pt I sn4+, sn2+ 11 Fe*,Fe2+1Pt. Ha ocm- ~~x mernpomx n o x m m m s  

PaccwnG-re KOHCT~HTY PaBnoBecm AJU m, npore~arolseii B  OM 3 ~ 1 e ~ e m .  
48. K o n m  pm-m p e m e ,  rrpo~e~aro~~ei i  B zneMem Zn + Ee3+=Zn2+ + 

2 ~ e ~ + ,  cocca~mer 1*10" (298 K). Onpe~emrre EOF,*~T . e m  E O ~ ' + / L ~  = -0,76 B. 

50. Ko~cmma pmnosecm peampm, aponmmueii B sneMeme Pt I sn4*, sn2+ H 
~ e ~ + , ~ e ~ + l ~ t  , p a a a  1*10" (298 K). Onpen- E?s,,~+Is? ,ecm EOF~~/FT = 0,77 B. 
Hamnnm ypaBHeme m~oo6pa3p4ei i  pea-, 3 n m  nOmOcoB B 

snmerrre. 
5 1. & e e ~  m ~ a a ~ e c -  3 n e ~ e m  Pb ( pb2+ (a = 1) 1) C> (a = to-' ) I Cu. 

I3ammm mmnmii  n m o d  npoueccu, ypaBaenHe m~ao6pa3p1Ueii peaKmn. 
Paccwraike 3AC namoro 3ne~em-a. -- 

52. K o ~ m  paBHoBecHn IqhxeKaroqefi a 3 n e ~ e m  Ni + 2 ~ e ~  = Ni + 
2Fe2+, c-er lo3' (298 K). Onpenemrre E ~ ~ ? ~ ?  ., ecm  EON,^+, NI = -0,25 B. 
Harmntm peamm aa 3ne1crponax A c m t e  cxew mwmmecKoru s n e ~ e m  

3nercrpomx rrpoueccos n c y ~ ~ a p a o j i  peamm, npoxmrse i i  n p ~  p a k e  3ne~em-a. 
g e ~ y  p a ~ m  ero 3AC? 

56. Onpenenme ami~z iocn HOHOB CU'+ B pamaope, ecnH 3AC ~ J I ~ M ~ H T ~ ,  B 

KOTOPOM rrgo~e~ae7 pearcmm Zn + c$= 2n2+ + Cu , pama 1 ,I6 B a %'+=l0-' M O ~ J T .  



59. Kame npoueccn n p i c a r o r  Ha mrep~~brx 3ne~rponax a  Kame eeiuecma 
sw,uerunorcr npH 3nemponme pamaopoB: a) CuClr; 6) AgNO3; B) Zn(NO3)r; 
r) ; A) Kzs047 
60. Ham- ypaaaeHm peruurrrii, n p o ~ e ~ a r o q ~ x  H a  m ~ o n h ~ x  mempom 

q i p u  ~ ~ o n u 3 e  
a) parnopa xnop~crom  anb bum B Bone; 

n) p a m p a  cyn4am M~I-HH% B Bone; 
r) pacnnaBa c y n 4 a ~ a  uanwr; 
n) BOXWX pacmopoB KzC03; Crz(S04b; AgN03. 

m e p m m  ~nerxpo~ux? Kame n p o n y ~ ~ ~  0 6 p a ~ y ~ m n  B n p ~ ~ a r o m o ~  H n p ~ a ~ o m o ~  
irpocrpmmax, e m  3ne1crpaw3 r r p o s o m  c ~ ~ ~ @ p a m o i i ?  

62. Kaxoe aenrecmo H B icaKou Komecree B w e m I i  Ha ~ ~ ~ ( I H I D B O M  mone npw 
3ne~lpamr3e pamopa CuCh e m  aa K ~ N  B W ~ O C ~  1,589 r ~ e - ?  

63. Comm.re cxeuy  KCCOB COB, n p o n c x o ~  m Memuax 3nempoAaq npn 
3neKIpom3e B O A H O ~  parnopa KNO3. 

64. H m  y p a ~ m m  3ne~rpo~m.1~  nposecco~, npoTewK)mm npu 
3ne~rpom3e so- pamopoa BaCI2 H Pb@O3)r c ymnmm~ memponam. 

65. Kame rqxnmwr aa I I J I ~ T X H O B ~ ~ ~  3nenponax u  np0ayra-m 
noJTy9mTcs npu 3newrpomm NaOH: 

a) yro-, 
6) mmene~nrii 
66. O m a ~ o ~ n r  m 6 y w  rrpojxyicm 3nelrrpom3a pamopoa conee NaI II C G ?  

OTB~T 0 6 0 C ~ o ~ a n  C O O T B ~ ~ ~ H  YpaBHemmH pewmi?. 
67. Ha- yjmBHem pemodi, l r p o r r ~ a r o m  Ha amwe n m n e  mmoro 

p a m p a  MnS04, e m  3ne~rpom: a) yfonbme; 6) Mapmuware. 
68. COCEiBbTe ypaBHeHJiR npoUeCmB, npoTeKaK)= - q I p H  3ne-A3e PaCXIJIaBOB 

NaOH a  NiCIz c mepmwiu 3 n e ~ r p o ~ m u .  
69: H ~ ~ I I I A T ~  ypaBaeHm peawnii y m n a  u  aixona q u  3nempome B O W O ~  

parnopa NiC12, e m  6 m  rrpme~en mon: a) yrommdi B 6) ~ ~ ~ e n e s a r i i .  
70. Cocrasbre cxeMy 3ne~1pom3a pacTBopa m-para c s m a  (ymm~are 

s n n e m f i  Ha zrreKIponax BO Bcex q e x  a m a x ,  ecm B nepsoii same aa KaTone 
non~UJIU 1 Mf BOAOPOAB? 

72. TOK C W I O ~  2,5 A npoxonm n m e n o ~ a ~ e n a ~ o  qepeg pamopar ~eClz a Fea3 B 
TeqeHue 30 YHH. Om~aicoaoe m u  pa3noe KOJIH~~CTBO menesa u ra3a a ~ n e n r n r  Ha 

3ne~1ponax7 Ch~a nomsepnuFe pac4eTOM. B, = 100%. Ka~ofi ra3 BMBJIUTCII Ha 
anonax? 

73. Kaic 3ne1t-rpomnrrec~u nonymn LiOH ~3 corn mm? Kame KVO 

3nelrrpwec~~a ~ e o 6 x o m o  m nonyrlenurr 1 T LiOH? Cocrasb~e cxeMn 3ne~rpon~b1x 
npoueCCOB. 



74 Coc~asb~e cxeMbi 3nelcrponwsa BonHux pacTBopos coneii a) C604 na Menubrx 
3JleKTpo.llaX; 6) NiS04 Ha HHKeneBbfX 3J'EvnaX qTCI vH30iineT npH 3aMeHe 
M'32JIJIWfeCKKX 3neKIpOnOB Y ~ o ~ ~ H ~ I M H ?  

75. Hanwruu~e ypaaHeHm pearc~k, n p m ~ m w t i x  Ha rpa@mabrx 3ne~rpo~ax npw 
3ne~fponnse: a) pacnnaaa xnopwa  arm; 6) pacmopa xAoprlqa M X ~ .  C ~ o n b ~ o  
BpeMeHH H ~ O ~ X O A H ~ O  BeClM 3ne~rponu3 npki Cline TOKa 2 A, ~ 0 6 ~  Ha KaTOAe 
~ ~ n e m ~ ~ o c b  2,43 r sewcma m pea- H ((6>>? 

76. Kame npoueccu 6ynyr rrpomcaTr, Ha 3nercrpo~ax n p ~  3 n e ~ t p ~ w s e  pacrBopoa: 
a) ZnC& r i  6) ZnS04 c UUHKOBHMH ~ J I ~ K T ~ ~ ~ H ?  

77. Yepe3 PaCTBOPbl FeCl2, C a z  H MgS04 mnOBaTeJIbH0 ~ l l ) ' C K ~  TOK B 2A 
B XrIeaHe 20 ~ m .  Kame s e q e m  H B KXOM Kwmecme BHnenmncb B K ~ O M  

crrysae ? 
78 Karc nonro ~ a n o  nponycKan, TOK cmo% 2,5 A qepe3 pacnnaanem* ~uxnopm 

C B W a ,  ~m6b1 Ha KaTme BbIn~JlHllOCb 20 T. hfe~anna? COCTaBbTe CXeMy 3JIeKfPoJIH3a Ha 
yronbmx meqonax.  & = 100%. 

79. B m u c m  sbixon no mrcy, 3 ~ m ,  m nowe nponycKararrr mrca 0,5 A qepes 
p a m p  ZnS04 B Teseme 30 MKH Macca Kmna penmnnacb Ha 0,25 r. Aan, cxeMy 
3neqomsa Ha ~ O B U X  3~1e~1ponax. 

80. Vepes pamop cynb@ara xene3a (II) nporrycm TOK cunoii 13,4 A B Tmeme 
1 4. Onpename Komecmo xenaa, Koropoe W~JIHJIOC~ Ha rcamne, e m  smon no 
TOKY 6~ paBeH 70%. H a n m ~ ~ m  ypamemur peamud, rpnvxm~s~x Ha 3neqonax. 
A H O ~  r p a @ m ~ ~ i i .  

81. Karcoe sewerno H B =OM KonAgecTBe B m e m x  na r p a @ m ~ o ~  arrone WH 

3neqomse  pamopa CuS04 ,ecm Ha Kamne sunemocb 1,589 r ~ e m ?  
82. 3~rerrrpom pamopa K2S04 npo~onun~ c H ~ ~ C T B O ~ ~ M W  3 n e q o n a ~ ~  n p ~  ! 

cme TOW 2,68 A a XgeHae 1 r. Cocmsb~e ypaBHew WqeccoB, ~~OHCXOLIRILIRX Ha 
3neqonax, samucnme 065eu s m m m c r  npa H.Y. Ha 3neq0,qax BexumB. 

83. snemponuse pamopa cym@ara Mem Ha =one B6inenmocb 560 Mn 
Kucnopona, n 3 ~ e p e ~ ~ o r o  n p ~  H.Y. C K O ~ K O  IQ~MMOB B ~ ~ J W ~ O C L  Ha ~ m ~ e ?  

84. &n Barnenearn I,75 r HeKoToporo arms ~3 pamopa ero m a  
::4 

nolpe60sanocb npoll)'CTurb TOK cmofi I,8 A B XqeHne I,5 9. B~IWCJIKTI~ 3KBHBaJIeHT .: 
MexarLm. 

Ha IcaTone sbuemocb 42,5 r K-. H~IIUIIIUT~ y p a w e m  peamwil, npoTeKaIonIux 
Ha yronbHmx 3 n e m p o ~ .  PaccwdiTe B, K ~ , ~ M K I I .  

86. 3ne~rpoms pamopa c y n b w  wHKa nposorprnH c ~ e p a m o p u ~ ~ ~ u  aHonaMH . 
B m e m e  6,7 s ,  B p e 3 y m m  sero mnenmocb 5,6 n Kucnopona, mMepemoro npw~.y. 

87. npu mercrponme pamopa nayxsanenTHoro MeTaruIa Ha =one a6inmnoca 560 
MJI ra3a (H.Y.), a Ha KaTOAe 3a 3TO Xe BpeMX - 1,6 r MeEUlJla.  Ka~0ff 3TO MeEUlJ17 

88. Yepe3 pamop xnopuna xenem (11) nponycmu TOK cunoti 3 A B Eqemie 10 
MHH, a sepes pamop xnopma xenesa (TII) - TOK cunoii 5A B TeseHue 6 MWI Pa3~oe 



, 89. Hmurme ypaBHeHm pea~qnli, npoTeKaroaux Ha 3ne~rponax npn welcrponuse 
~ o n ~ o r o  pacmopa cynb@am H U K ~ .  Pacc~o~pnTe npn 3 ~ 0 ~ .  a) 3ne~~ponbl rrruteneeue; 
6) 3ne~rponb1 Hepamopmue. Ka~ofi n o m a  6 m  cma TOM, ~ 6 6 1  3a 10 9 na 
KaTone s~~nenmocb 47 r ~merur rrp~ suxone no TOKY 80 %? 

90 KaKoe Beueclgo N B KaKOM KOJIWIeCTBe BblAeJIHJIOCb Ha KaTOAe q F 3  

3neqonuse pacmopa SnCh, ecnn Ha mone swemtnocb I, 1 2 n xnopa (n. y .)? 
91. &~anb 6nna oujmcosakia 3a 1 s 40 MHH. 3ne~1po~uq - pamop znS0.1. Macca 

noicpnms (Zn) cocmmer 7,84 r. Bmon no m ~ y  - 72,2 %. 9 e ~ y  6 m a  pama cma 
m ~ a ?  

92. nonysem 1 M~ xnopa (n.y.1 n p ~  3 n e ~ q m m e  ~ o n ~ o r o  pacmopa xrropr~a 
HaTpex sepe3 pamop rrpoqmeao 2500 A*s 3neqrtrlecfsa. Bmucnme B ~ O P (  no 
TOW. HanmTe  cxeMy 3 n e ~ q o m a  c yronbHbUru 3ne~qmnmu. 

93. TOK npoxom nocxenoBamHo sepes pamopn cynGam Mem H LIwxnopwa 
onosa. Yepes neKmpoe ~ p e m  B MPBOM B E J A ~ O C ~  3,1761- Memi. Kame Korruseclgo 
onow snnenunocb 3a 3m Bpentn ~3 B T O ~ O ~  pamopa (3nercrpOm mepmre, 
BrIOO%)? &GE cxeMar 3ne~rponu3.a ~THX coneii. 

94. C K O ~ K O  I - ~ ~ M O B  H2s0.1 06pa3ymn oKono Hepamopmom 3nempona npa 
3 n e q m w  pamopa Na2S04, e m  xa =one snne ru rm~  ],I2 n mcnopona, 
H ~ M ~ ~ ~ H H O ~ O  ~ I P B  x.y.? B P ~ C J L K ~ ~  Maccy ~erqecrrsa, ~nne~morqe roc~  na m n e .  

95. TOK B 20 A B m e m e  30 MUH I I ~ O ~ ~ C K ~  sepe3 pacnnaB raouropnna camma. 
Haiim Maccy BwerruBmerocR c s w a  a O&M 06paso~a~memx ra3a (H.Y.). C m b x  
cxerq 3ne~rpow3a (Pt - menporn). 

96. TOK B 3 A B ~ e g e m e  gaca nporryc~ril~ sepe3 pamop -am cepe6pa. 
CKOJBKQ ~ ~ ~ M M O B  cepe6pa BnnemuIocb Ha m n e ?  

97. B myx 3neqm3epax c r p a @ m o ~ b ~ ~ n  m e q o n a m  r rp~ucxom 3ne1~1pom: 
a) pamopa emom H q a ,  6) pacnnasa emoro ~aTpa. H a m m i x  ypasnem 
sneKrpopx perum~G. PaccwTaiiTe Maccy s e r q m ,  s n ~ m u r n x c n  Ha Kamne, npe 
npoxowemu 26,8 A*¶ 3neKqmecTsa B snempomsepax. 

98. Hpn snempnme pamopoB MgS04 u CuS04 B 3ne~q~omepax,  coemembm 
nocnenosawmio, Ha m n e  omoro us 3 n e ~ q ~ o m e p o ~  Bbuennnocb 0,2 r ~ o n q o m .  
CKOJBKO rpamoB ~erqecma B H ~ ~ J I ~ O C ~  Ha npyrm 3neqonax ~ J E I C I ~ ~ ~ ~ ~ P O B ?  
3nerrrpo~1~~ yronbmre. 

. 99. IIpn npoxowem sepa  pamop corn .rpexsaneumioro hfeTanrra Tom cmoii 
1,5 A B x.reHse 30 MUH Ha Kamne ebrnemocb 1,071 r mmsna. Onpenemre amMHp 
Maccy ~eranna. 

100. Kame Bemearia H B KaKoM K o m e m e  BW-C~ xa =one n KaTone npa 
snempomse pamopa MgCh npe ToKe B 2 A B Tesemie 0,5 s? A ~ o n  nsrmmex us 
mepntoro mnpuana. 

101. Kame npoqeccbr wy-r Ha r p a @ m ~ m  mempoaax npu 3nel~1pome pamopa 
KOH? C ~ o n b ~ o  rpaMMoB semecma sblnerrwrcn Ha 3neKIponax npe npoxomAeHm sepes 
pamop ToKa cmoii 6,7 A B Tesemie 1 s 7  

102. Bmncnu~b sbrxon no T O K ~ ,  ~ H S L I I ,  Y-IO nocne nporryc~a~wr ToKa 0,5 A sepes 
' pacrsop ZnSO4 B reseatie 30 o u l ~  Macca Kamm penwmacs  Ha O,25 r cxetdy 

snemponma Ha I-pa@mmx snelcrponax. 



A 6 c o m ~ e  s ~ a r e ~ m  znempomx nore~IsHanoB no cnx nop onpenemin He 

mpecmru~aro~ onrocaTerrbHo CB3, npmom K r a ~  ~a3arsae~oE 'bonopomoii mane" 
noremwanoB, Bemmi~a n e m a  xnopcepe6pmom mempona, mrdeperiaarr 
mocmwnao  CB3, paeaa +0,222 B. nomluy nepecseT 3~ase- nOTeRuuma 

3 n e ~ e t ~ m  
LIenb v a 6 m .  Orrpenemm cran,qapme noTemam Memoro, m o ~ o r ~  

~n-nos. 
~ ~ u 6 0 u b l  w ve-61. JIaruno~uji ~onaGerp, x n o p c e p e 6 p ~  3neqon ,  

cone~oE MOCTWK, I I I M K O B ~  u Mewm n n a c m m  (3nelcrpom), I M pamopu ZnS04 H 

Bnnowemie va6om: Co6pm crannapnmrii ~ e m i i  3nempon: xopomo 
3 a m m  Me- rmacTIlHKy norppmb B I M pamop CuS04. C noMorsbm 
coneBoro ~mma h4e.LuUii 3 n e q o n  c o e m  c memponoM cpasaem. 06a 



ranbsmmecicue 3ne~en~h1 n p m m  ~anwc~sa'la B sme  CXeM. Hanpn~ep, cxeMa 
Me~HO~~KOBO~O 3neMema ( 3 n e ~ e ~ ~ a  , ~ w ~ J u I - % o ~ u )  MOXeT 6brra npencTaaneHa 
TaKKM o6pa30~: 
(-)ZnlZnS~llCuSO4lCu(+) KJIU (-)zn12nZf ~~CU~+ICU(+). 
O n ~ a  BeprwKanbHax s e p  Ha cxeMe o 3 ~ a q a e ~  rpmrry M e w  Me-rannoM s PacTBopoM 
3neicrpom, m e  wpm r p m a y  ~exc.uy pacmopaue. 

3 n e q o n  c Megamwr nOremanoM ~ a m c ~ r ~ a e r c a  co J H ~ K O M  (-) cnem n 
Ha3bZBaeTCR ilHOAOM, 3JIelQOA C 6 0 m m  nOTeHqHilllOM Iia3bIBaeTCR KaTOAOM H 

sarrulcbr~ae~c~ co SHKOM (+) cupasa Ha =one scerna npoucxonuT npo~ecc omcnem,  
Ha Kamne - npouecc ~ocmohneHm.  Ecnn 3 a ~ l o r y ~ a  3 n e q o m ,  m 3ne~rpo~sr  no 

- ~ H m e f i  uenu m q m ~ a  K Mem (m  ma, memmero 6onee olpasarenb~brfi 
nowman ,  K MeTamy c MeRee OqwwammM n m ~ m a n o ~ ) .  n o  Mepe y m e m  
3neqonoa c WHKOBOE ~ ~ ~ C T U A H  ROKM mnKa nepexow B pamop. L&HK olcucmmr: 

ih - 2e = znz' ( m o r n  npoqecc). 
3ne~1pom.1, nocrymuoae K Memo6 nnaamme, B O C C ~ ~ ~ ~ B J I H B ~ I O T  Kamowr 

 em n3 pamopa et5 corm: i 

CU'" + 2e = Cu (rcamm ttpowecc). 
C ~ M M U ~ Y R  npoqeccb~, wymie Ha 060m rneqonax, nonpaeu ~ o m o e  

ypameme o m c n ~ f ~ ) - ~ o m o ~ r n n b ~ o E  p-, 3a cser ~ m p o E  B s n e ~ e m  
~ o s m e r  3nercrpwecrodi TOK: 

zn + cu2+ = &++ cu 
3AC more memema M O ~ O  I T O A C ~ ,  BH- ~3 nmmuana  

nanomenbaoro 3ne~rpona ( ~ a ~ o n a )  n m a m a n  orpwaTeJxbRoro (a~tona). 3AC 
m f ~ a p m o m  M ~ A H O - ~ ~ B O I D  m-ec~oro 3 n e ~ e m  

E0 = E O ~ ~ + ~ .  - EO&+& = 0,337 - (-0,762)= 1,099 B. 
Uenb u a 6 m .  Onpen- 3AC cnenyIom r ammamecm 3neMema: 

Zn I ZnSO4 [I CuS04 I Cu, 
Zn I ZnS04 11 NiS04 I Ni, 
Ni [ NiS04 11 CuS04 [ Cu. 

IIvn6ovar u Dearrrwabr. Bonbmerp, Zn, Ni H Cu - Maimma (3neqonb1), I M 
pamop61 ZnS04, NiS04, CuS04, coneeofi MOCTUK,  nposona, Ham9awiUI 6y~ara ,  cocynb~ 
DJUI 3neKIpOAOB. 

Bnnomeme p a h .  Xopomo sa-emsre WHKOB~IO A Memgm IIII~CIHHKR 

norpy3m coomenmemo B I M NiS04 u I M CuS04. 
C T ~ K ~ H M  c p m o p a ~ a  C o e m T b  c noMowKI ConeBoro ~ o m a .  3 n e ~ l p o ~ ~  

npFiCO~UHKT6 K JIaMlIOBOMY BOJIbTMeTpY U U3MePW BeJIH9UHJ' 3fiC Memo-WfZKOBOKl 
ramBamqecKoro 3 n e ~ e m .  A ~ a n o r m o  u s ~ e p m  3AC =em-QKHKOBO~O u MWO- 

wmeneBoro ~ J I ~ M ~ H T O B .  
Onpenenm s ~ a ~ a  norewanoB srreqonoa. Ka~oso mrrpaBneHue m a  B 

nccrrergleMHx rarrbBaawsecm 3 n e ~ e ~ m x ?  Hannca~b ypasnmne OK~cnaTeRbHo- 



K ~ O ~ L - I  a pemaar.  Cem I I P O ~ K ~ O K ,  M~AII~LII ,  xene3~ax, C B ~ Q O B ~ R ,  

pamopar coneii CoS04, Pb(NO&, CdS04, NiS04, ZnSO4, FeS04, MgS04, peaKIuBb1 
ZIyrae~a, Kpacnm q w ~ m a n  c o s ,  ~ L U I ~ T ~ O B ~ ~ ~ H ~ R  Gy~ara, cremmme niUrOpKN. 

Bnno~rrrenne ua6om. Bce ~ a a n n b ~  nepen HaranoM onnmB H ~ O ~ X O A W M O  

m a T e m o  % ~ C T H T ~  namqawroji 6y~aroZi. B mxpyro u3 n p 0 6 ~ p o ~  uaneiix no 1.0 - - .  

I,5 MJI ~ K ~ ~ ~ F W I X  snue  p a c ~ ~ o p o ~ .  Bo Bce pacmop~, ,3a KcKmosemeM pamopa corm 

p m .  AoCTaHbTe K 3  Q O ~ K ~ O K  CBHHL[OBUe IUIaCTUHKK K OIIYCTNTe BO BCe PaCIBOPM, 
3a u c m s m e r  parnopa corn xmesa, xene3me nnacrurncu. K ~ K H ~  ~cxarrm 
B m m a  M parnopOB coneii f eneso~? Harwmrre ypassIeHEur p e a d .  Y ~ a m  B 

KWOM crrysae nepexon 3netcrpo~o~ K porn xene3a B npomcamm peamum. K ~ K O B ~  
~ o m ~ o ~ n m m i a x  ~ K T N B H O C ~  xenesa no cpaBnem c BnTecHeHmMH ~ e ~ a n n a ~ u ?  

~ B ~ A K T ~  iwaJ'IOlXPWkJe O m b l  C tI.JKiC7'HHKaMK Menu, KaAMKX, HIFKenB, UkfHKa H 

Marwax. Ha6mnaii-re ~ a x ~ b ~ i i  pa3, B K ~ K E ~ X  npo6~p~ax  nponcxom BnTecHeHae 
Maanna us pamopa conu. Hamiurn ypaBHem npmKammix p e w 3  c y ~ a 3 a m e ~  
nanpaanem uepexona 3 n e q o ~ o ~ .  



@HI~M~HHC! ~ O C K O ~ ~ K ) '  BhlAeneHUe U 3  HeKOTOPhlX PaCTBOPOB MeTannUYeCKOM) 

xenesa U HUKeILR BU3YalIbHO H e  aa6m.qaaca, ~ e o 6 x o ~ u ~ o  IlOClYIIaTb CnenymquM 
06pa30~. 

I .  B ~ ~ y r a r i i  u3 pamopa FeS04 ~ e ~ a n n  r r p o ~ b r r b  n~crunnupoea~~oii  ~onoii, 
OCTOpOXHO BblCyUIUTb @FUlbTp0BaJIbH0fi 6 y ~ a r o R  U HaHeCTU Ha erO n O B e p X H O c n l  

c T e m n ~ i ~ o i i  nanomal WIO UomcneHHoro pacmopa ~pac~of i  i p o ~ a ~ o i i  conH - 
K3[Fe(CN)& B cnysae, ecnu Ha noBepxHom M e T a n n a  sb~newnocb us pacrBopa Zenem, 
w patmitop oKpacma B cnmii user. 

2. Barny-m u r n  u3 pamopa NiS04, n p o M m r b  B O A O ~ ~ ,  n p o c p m  
@ u r m l p o ~ a n b ~ o i i  6y~aroii u cremxmoii nanomoii HaHecm H a  em nosepmocn K a n n r i  
p e a m a  Yyrae~a. Kpac~oe OKpaunrBanue parnopa yKa3bIBae-c R a  HanHYHe H a  

nOBepXHO~-UCCneAyeMOrO Mf51~2IJIa HHKem. 
4 ,  

1 
Pesymm~b~ ~a6.moneHRii s m m m  B Bwe ~a6mw. 

r)l 

~ P H  BJdTeCHeHKH MeTaJIJlOM, CTOIIn(UM B n e B 0 f i  r p a @ e ,  Ap)TOrO Me?-anna H3 

paCTBOpa er0 COnU W b T e  3HaK (+) nOn HOHOM BHTeCHeHHOTO MeTaJUla, Tki 0TC)TCTBKH 

p e a h w  M e V  MerarrnoM H pamopoM 3 ~ a ~  (-). 
Ka~oi i  U 3  HCCneAOJ3aHHbiX MeTannOB caMb1ii  C I ~ T J ~ H H ~ ~  B O C C T ~ H O B ~ ~ ~ ?  

P a c n o n o m ~ r e  uccnenosanme M ~ - ~ J U I L I  B n o p a A K e  y6bi~akomeii ~ o c c ~ a ~ o ~ m m ~ o f i  
aKL"UBH0CTH. H a n m ~ e  B IIOJIyWHHOM pRL[Y ahTHBHOCTU nOA K W I M  MeTaJIJIOM elW 
c ~ a w i a p t n ~ i i  snexa-pomarii noxwum. C O O T B ~ B ~ ~ T  na c o c ~ a ~ n e n ~ b r i i  s a M H  pm 
aKIXBHOCM p a C n O n O X e ~  MeTiUfJIOB B PRL[Y C E 3 H j l w b I X  3JIercrpORHbIX R O T e H U H m B  

, (CM. ~~pmoxeme)? 
4 

uenb pa60~bi. YCT~HOBUT~ 3neKTPOXHMWeChYfO a h m H O C T L  HeKOMPbIX M-OB 

(MCJW, Xene3a, CBHHUa, UHHKB, HUKeJUI, KwMUI( H MWHHII) OTHOCHTeJIbHO BOAOPOZlil. 
IIp~60pb1 &i p e a m e b r .  C e ~ b  np06iip0~, Kycov~u MeTanJlOB CU, Fe, Pb, Zn, Ni, Cd, 

Mg, 1 M pamop cona~oii micnoTbz .  

. . B ~ I ~ o J I H C H U ~  p a 6 o n r .  Ha n#o KWOK rn ceMn V ~ ~ O K  I I O M ~ C T U T ~  nop03Hb no . K ~ C O Y K ~  CU, Fe, Pb, Zn, Ni, Cd, Mg u n p m  no 1-2 Mn I M pacmopa c o r v r m i i  
KUCJTOT~I. Y c p e 3  2-3 M H ~ W  O T M ~ T ~ ,  H a  K a m x  Meramax 0 6 p a 3 ~ x a  I I Y ~ ~ I P ~ K W  ra3a 
( r r p 0 6 ~ p ~ y  CO CBXHUOM H ~ O ~ X O ~ H M O  IIOAOTpeTb, T a K  KaK 06pa3y10~lmcn B pCaKUUH COnb 



PbClz npn K O M H ~ T H O ~ ~  TeMnepaType q y m o  pamopnMa H Bcnenmwe 3roro 
n p e m m y e r  rrporexam~, pearcuna). 

Bo ncex nu npo6np~ax n,ae-r pea~unx? AGTC 06a~ctre~ue.  Cocranb~e 
M o J ~ ~ I C ~ J L X ~ H ~ I ~  M NOHHbIe ypaBHeHWl peamlifi. ~ P M H H M ~ R  3JIeKKPonHb6 lTOXHUHaJl 
sonopona pasrram ~ynro, nwecTHTe ~onopon B rronylree~arii B o n m  I p a  ~KIXBHOCW 

MeTaJJIOB. 

A. 3JIeKlQoJIfi3 p3CTBOpa H2S04 C MeAHblM aHOAOM 

Xon ua60n1. 3 a ~ p e n m  ~ne-rn B ~p-e marcam, B c r a w  a a n e h  Ha 314 
0 6 w ~ a  C ~ P H O ~ ~  KUCnOTbl. 3 n e r r r p o ~  rIOAKJIlOWfK K KneMMaM BbUlpXMUTeJlX SUIR 

amy~yrrrrrop~oii 6 a ~ a p e ~  sepes peocraT. Yronbmlii 3nempon nomen 6 ~ m  KaTonoM 
(o~pnuaTemm2 n m c ) ,  a ~ e m b r i i  sne-n - ~HO,UOM ( n o n o m n b ~ ~ i i  nomoc). 
Y ~ O B H T ~  tianpmemie Ha 3nelcrponax rrpmepHo 1,5 B (narrp~xe~we KoHqonapoBala 
no ~ o n b m q y )  a B Teseme 4 - 5 ~ m y r  nporrycKaiire ~ e p e s  p a m o p  TOK. 

3 a n m  Bce CBOH ~ a 6 J x t O ~ e ~ ~ n  n o 6 a ~ c m  KX. Kame peamgm Ha 
snemponax B Hasane 3ne1crponasa H sepes aeKmpoe e p e ~ a ?  Ka~oi i  m samerutm~ B 
Haqane snercrponu3a tia yronbAoM ~aroxe?  I I o s e ~ y  pacmop o ~ p a u ~ ~ ~ a m x  B ro~ry60ii 
UB~T? HaIDXTe BCC BOJMOXHUC lIpOUCCb1 Ha KaTOAe U m0Ae. Kame u3 HUX NnyT B 
n e l m ~ s o c m ?  Comb-re  cxeMy sne~rponusa H2S04. 

6 . 3 n e ~ l ~ o n u 3  nacbmremoro pamopa NaCl c MemMa 3nercrpona~n 
\ 

BblnonHeHwe va6oTbl. Co6epm cxmy &w 3nercrponusa. B KpbILUKe CTaKaHa 
3a~penme K e w e  3neIcrpo.w H o n y m  wx B r o p m i i  pacmop ( 70 - 90 'C ) NaCI. 
Ya-mo~m-e Ha KneMMax snen-ponmepa HanpRmeKue 1,3 - 1,4 B, B Teseme 5 wiyl  
npouyc~aii-re 3nercrpusecmG TOK crepes pacr~op. 

0- CBOU ~ a 6 w e m  n 0 6 h n c m  ux. C o c ~ a s b ~ e  cxmy 3neKrj)OdHblx 
npouecum. Ywme, ao Merm omcnrrercn no cuZ+, a ~ p a c ~ o - ~ o p w m e ~ n i i  o m o x  - 
Cu20. 3 m m  cyMMapHoe ypamieme peamuin sneKTponum. 



MnS04 II I M H2S04 (coonroure~ne 2 : I); 6) 0,5 M CuC12 S%-rl~rii KI; n) SYk-i~uii, 
@et~on@~mee~r;  r) 0,s M Na2S04, nalcuyc. 

a) 3 n e ~ ~ p o n u s  pamsopa MnS04 
3ne1crponus pacmopa c nepacrnopuMim aIIonoM npoaonuxn n npu6ope, c o c ~ o n q e ~  us 
U-06pa3~0ii T Q ~ ~ K u  ti nBYX HHepTllbIX 3ne~rpOAOD. Co6epu~e CXeMy 3n~KTpOmi3a. B 
U-06pa3~blji COCYn ~3JIeiiR (lla 3/4 0 6 a e ~ a )  PaCTBOp, COCTOXUW~~ U 3  2 M m S 0 4  11 M 
H2S04 (coonroure~ue O ~ L ~ M O B  2 : 1) .  B Kavecme sneKrponoa rrcnonbsyfi-re cnurlqonbre 
ImacmHm. Y c m i o ~ r n  Harrpmzeane Ha wre'max sne~~ponusepa npnMepHo 3,5 B w B 

TeveHHe 2-3 MnHyT nponyc~aii~e sepes pacrBop 3neKIpmecu.G TOK. BO BpeMn 
~ n e ~ ~ p o n r r s a  Ha atlone sunexrrercn ~ o p m ~ e a u i i  ocano~  MnOz. 9m sblnennercn aa 
~aroae'? Xlohiew~e, s m  pacmop n o i ~ c n e e !  Coc~asbTe cxeMy 3ne~q1onu3a. 

6) 3nercrponus pacTBopa CuCI2 
Haneii~e B U-O~PX~HYKI T Q Y ~ K J J  0,s M p a m o p  C U C ~ ,  BCTaBbTe B 06a KoJIeHa T Y ~ K I I  

yronbme 3 n e ~ q o n ~ ,  npucoemHme mi K KCTOWKY nocTomoro mKa w nporiyc~aii~e 
TOK B TegeHue 4-5 m ~ y r  (~anpnxce~ue 2,s-3 B). Bbwrtoswa TOK, y6enmecb, s ~ o  Ha 
KaTOne BbIAWKnaCb hfenb.  TO BbIneJIReTCII Ha =one? HOWMY? C O C T ~ B ~ T ~  CXeMy 
snercrponam. 

B) 3 n e q m u 3  pacmopa KI 
~ ~ I I O J ~ H K T ~  U - 0 6 ~ ~ 3 ~ b l j i  3JiercrpoJtH3ep 5O/&-Hb1~ PaCTBOPOM KI, ~ 0 6 a ~ b T e  3-4 K m  

@e~on@~arreutxa u orrycm~e B Hem yr'OnbHbIe 3ne~rpo~br.  Y C T ~ O B I ~ ~  HanpnxeHlte Ha 
3ne~rponax np~6nu3menb~o 3 B w rrponyc~aiire sepes pacmop TOK B TeseHue 1,s-2,O 
 MU^. KBTO.~~HO~ npocqaHcmo otcpamueaercr! B ~arru~oebrii qneT. nolreuy? B ~ O ~ H O U  

npoc-rpmcTse noamaercn 6ypax ooKpacKa c ~ o 6 0 g ~ o r o  Bona. C o c ~ a a b ~ e  cxmy 
3neicrpomsa. 

r) 3 n e ~ r p o n ~ s  pacTsopa Na2S04 
B U-06pa3~blii 3neqon1i3ep ~aneii-re PaCTBOp 0,5 M Na2S04, ti KOTOPOhiY ~ 0 6 a ~ b T e  
3 - 4 ~ m m r  n m y c a .  Ha yrmbHbre 3ne1crpom, orrymeaHbre B pacmop, nonaiiTe 
Haripnxcewie 3,O B. B TeseHue 2 - 3 ~ m y r  sepes pacTaop nponyc~aii~e TOK. 

3anurua~e CBOK ~ a 6 n m n e ~ m .  O~LXCHKT~ H ~ M ~ H ~ H U ~  oKpacxw pacmopa B 

KaTOAHOM K aHOnROM IIpOCT'paHCTsaX. & C T ~ B ~ T ~  CXehfy 3neKlpOJIU3a. 

Uenb Da60TH. ~ H B K O ~ I C T B O  C r830BbIM KYJiOHOMeqOM M MeTOnOM OflpeAeJleHIiri 
065ehf~bI~ B 3JIe~XUMH'leCKUX 3KBIIBaJIeHTOB m0B. 

n ~ l i 6 0 ~ b 1  U DeaKTUBbI. M C T O ' I ~ K  IIOCTOIiHHOrO TOKB, KYnOHOMeTP, aMilepMeTjl, 
ceKyrfaoohrep, rrposona, Textilirecsue secbr, I M KOH. 

COCTOHT U 3  06b1s~oro CTBKL~H; U ,LXflJX rWOB61X ~ K I P ~ T O K  C BCEiBneHHbIMU CHU3Y An2 

c6opa r W  BOpOHtiahfU. Hwxe BOPOHOK YCTaHGBneHM HuKeneBble 3JIeKIPOAbI. B CTaKaH 
sannaae~cx I M pacmopa KOH, s a r e ~  OH sacacaraae~ca B ra3osue 6mpemu, u n p ~ 6 o p  
BIcnIosaeTcx B 3neh-rpuqechyio cub. 



~IPH me-mse B pesyim~a~e p-xetlwc eonw Ha KaTone abwmieTcr Bonopon, 1 
a Ha atlone BbIAemTCff rEl(pQKC~-HOHbl A 0  CBO~OXHOKI SUiCnOpOAa. 
K: 2H20 + 2e = H2 + 20H,  

. A: 20H- - 2e = HzO + 1/202 
IiaVRJ'IoM OllbITa OTM€XbTe 06beMbl B 61opmax no HHXHeMY MeHHCKY 

pacmopa (mu~a o-rc.rem). 
Y c w o e m e  TOK B uemi 0,3 A. I? B TeqeHwe 15 M K H ~ T  nponye~ahe ero sepes 

pamop.  P~~OMKHKX uena H smeprriiFe o6aehm sblnemmmxcs B x-ii 61ope~~u 
rW0B IIO PWHOCTH HaSfiJIbHOrO U KOHe¶HOIY) O ~ S ~ M O B  PaCTBOPOB. np~Be.Z(&fTe 
nonyserraue O ~ W ~ M I J  K H O P M ~ ~ H ~ I M  YCIIOBURM. PaccvmjiTe 0 6 b e ~ w e  u 
3~1ercrpox~~mecic~e 3 ~ i ~ ~ ~ a n e m  aonopona u mcnopona no ~ ~ K O H Y  Oapanea. 
Onpenerne o m 6 ~ y  o m .  










