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HPMMEP 1. n 0 ~ 0 6 p a ~ b  K O ~ @ @ N U H ~ H T ~ I  B f l a B H e H H H  OKHCnHTenbHO- 

B O C C T ~ H O B H T ~ ~ ~ H O ~ ~  P e a K U H H  MeTOROM 3neKTPOHHOrO 6ana~ca. 
P ~ C C M O T ~ H M  p e a K u t i m  B ~ ~ H M O R ~ A C T B H R  c y n b @ a T a  M a p r a H u a  c 

n ~ y o ~ n c b l o  CBHHU B cep~o~ucnofi  cpene, K o T o p a R  n p o T e K a e T  no cnenymuefi 
c x e M e :  

MnSO4+PbOz+H2SO4+HMnO4+PbSO4+Hfl. 
non6op K O ~ @ @ H U H ~ H T O B  B f l a B H e H H H  B P e a K U H U  IlpOBORHTCR B Ta~0fi 

n o c n e n o B a T e n b H o c T u :  

1. Hax0.m~ OKHCnHTenb H BOCCTdHOBHTenb. & l R  3 T O r O  O n p e R e n R f O T  

3neMeHTb1,  H3MeHRfOLUHe CTef leHb OKHCneHHR B n p O U e C C e  PeaKUHH.  

H a R n H c b l ~ a f O ~  3 H a q e H M  c~ene~e f i  O K H C n e H M  H a l l  CHMBOnOM 

COOTBeTCTBYfOlllHX 3neMeHTOB: 

+2 +4 +7 +2 
MnSO4+PbOz+HzSO4+HMnO4+PbSO4+H20. 

2. C O C T ~ B ~ R ~ O T  3 n e K T P 0 ~ ~ b l f i  6ana~c.  & l R  3 T O r O  3 a n H C b l B a f O T  T e  

3neMeHTb1,  C T e n e H b  OKHCneHHR KOTOPblX B I l p O U e C C e  P e a K U H H  

H3MeHReTCR. O n p e R e n R f O ~  q H C n 0  3neKTpOHOB,  T e p R e M b l X  

BOCCTaHOBHTeneM H IlPHHHMaeMblX OKHCnHTeneM,  H 3aIlHCblBafOT 

c x e M y  nepexona ~ ~ ~ K T ~ O H O B :  

~ n + ~  -5e+ ~ n + ? ,  
~b '"  +2e-+ ~ b " .  

Te Bell leCTBa. B KOTOpbIX CTef leHb OKHCneHtIR 3:leMeHTOB H e  MeHReTCR, 

RBnRfOTCR cpeIl0fi. B RaHHOM I l p H M e p e  cpeR0fi RBnReTCR C e p H a R  KUCnOTa. 

M 3  CXeMbl BHRHO, qTO ORHH O K H C ~ R ~ O ~ U H ~ ~ C R  HOH M a p r a H U a  T e p R e T  

n m b  ~ ~ ~ K I - ~ O H O B ,  a ORHH ~ o c c ~ r a ~ a ~ n u ~ a ~ u u i i c R  HOH c a u H u a  n p u o 6 p e ~ a e ~  
m a  3 n e ~ ~ p o ~ a .  no ycnoeum 3 n e ~ ~ p o ~ ~ o r o  6ana~ca wcno o T n a H H b l x  H 

flpHHRTblX ~ ~ ~ K . ? ~ o H o B  R O n X H O  6 b l ~ b  ORHHaKOBO. H O R ~ H ~ ~ ~ O T  K f l a B H e H H R M  

R O n O n H H T e n b H b l e  M H O X H T e n H  H 3anHCblBalOT HX C n p a B a  B C X e M e  I l e p e X O R a  

3neKTpOHOB:  

M 3  CXeMbl BHRHO, q T O  AJlR OKHCneHHR 2 HOHOB M a p r a H U a  PaCXOIlyeTCR 

5 HOHOB CBHHUB. 3 ~ 1 1  q H C n a  RBnRfOTCR K O ~ @ @ M U U ~ H T ~ M H  B y p a B H e H H i 1  

p e a K u u u  nepea B o c c T a H o s n T e n e M  H o K t f c n i i T e n e M :  

3 



2MnS04+5Pb02+H2S04-+2HMn04+5PbS04+H@. 
3. H~XOMT K O ~ $ $ U U U ~ H T ~ I  K MOneKYnaM C p e a b l  B ne~0fi  'laCTH 

y p a B H e H U R  U K B o n e  B npa~0fi W C T U  YpaBHeHUR.  & l R  3TOrO CpaBHUBaWT 

KOSIU'IeCTBO KUCnOTHblX OCTaTKOB ~ 0 4 ~ -  B n p a ~ ~ f i  U ne~0ii  WCTRX Y p a B H e H M .  

Cnpa~a  ux 5, c n e B a  2 B B o n n T c n  n e y M n  M o n e K y n a M u  MnS04, o c m b s b l e  3 
n o n o n s n t o T c n  cpenoii H 2 S 0 4 . .  qucno M o n e K y n  B o n b l  o n p e n e n n e T c R  no rucny 
a T o M o B  B o n o p o n a .  B T p e x  M o n e K y n a x  C o n e p x u T c R  6 a T o M o B  B o n o p o n a ,  

2 U 3  HUX U n y T  H a  06pa3o~a~ue n B y X  M O n e K y n  HMn04 , a OCTaBluUeCR 4 
o6pa3yto~ 2 M O n e K y n b l  BOnbl: 

2MnS04 + 5Pbo2 + 3 H 2 S 0 4  = 2HMn04 + 5PbSO4 + 2H20. 
4. ~ P O B ~ P K ~  IlpaBWIbHOCTU non6opa K O ~ $ $ U U U ~ H T O B  npOBOnUTCR no 

KUCnOpOfly, KOnUreCTBO aTOMOB KOTOpOrO B ne~0fi U npa~0fi  WCTRX Y p a B H e H M  

p e a K U U U  n O n X H 0  6 b l ~ b  OnHHaKOBO. 

B ~ T O B  PeaKUUii  Ha Ka;h-Llble 3 a T O h l a  BOCCTaHOBllTenR Zn PaCXOJyeTCR 

no O R H O ~ ~  M O n e K y n e  OKllCnUTe,lR H 2 S 0 4 ,  HO, KpOMe TOrO, 3 h l O n e K y n b l  H2S04 
paCXORytOTCR H a  06pa3oea~kie COnU C T p e M R  nByXBaJleHTHbIMU UOHaMU UUHKB. 

npki 3TOM C T e n e H b  OKUCneHUR C e p b l  H e  MeHHeTCR. 

0 +6 +2 0 
3Zn + H ~ S O ~ ( O K U C - J I ~ )  + SH2S04(cpena) = 3ZnS04 + 4H20 + S. 

C ~ O X U B  K O ~ $ $ H U H ~ H T ~ I  npII H2SO4, I lOI lYqatoT Y p a B H e H U e  PeaKUUU B 7 

OKOHLLaTenbHOM BUae:  

3Zn + 4HIS04(~0~9.) = 3ZnSO4 + S + 4Hz0. 



B 3~0fi peaKUUU aTOMbl KHCJlOpOna CO CTeneHbW OKUCneHUR -2 
BOCCTaHaBnUBafOT aTOMbl MOpa CO CTeneHbW OKUCJleHWl +5 no UOHOB XJlOpa 

CI-', oKucnnncb npu  TOM no C B O ~ O ~ H O ~ O  Kucnopona. 
- O K O H ~ ~ T ~ J I ~ H O ~  ypa~HeHUe PeaKUUU npUHUMaeT Bun 

2KC103 = 2KC1+ 302. 

HPMMEP 4. n0n06pa~b K O ~ @ @ H U U ~ H T ~ I  B Y p a B H e H U U  PeaKUUU 
CaMooKucneHun - CaMoBoccTaBneHun ( n u c n p ~ n ~ p u u o ~ n p o ~ a ~ u n ) .  

0 +5 -1 
C12 + KOH4KCI03 + KC1 + HzO, 

B s~oi i  peaKuuu MoneKynbr xnopa nmntoTcn u OKucnuTennMu, H 

BOCCTaHOBUTennMU, 116 qaCTb aTOMOB MOpa HBnneTCR BOCCTaHOBUTeneM, 

npeepauancb B uoHbr CI03- , a 516 qac~eii  aToMoB xnopa nsnnmTcn 

OKucnuTennMu, npeepauancb B U O H ~ I  CI-I.  

O ~ o n q a ~ e n b ~ o  ypaeHeHue peaKuuu npuHuniaeT Bun 

3C12 + 6KOH -+KC103 + 5KC1+ 3H20. 

HPMMEP 5. M O H H O - ~ ~ ~ K T P O H H ~ I M  MeTOn n0n06pa~b K O ~ @ @ H U U ~ H T ~ I  B 

ypaeHeHuu peaKuuu, npo.re~amuei3 B ~ucnofi cpene: 



M3 H O H H O ~  c x e m  peaKuuu BNAHO, '(TO NOHU iiona npeepaninucb B 

MOneKyflbi h0na.  TOT IIPOUeCC 3anHCblBalOT B BHAe HOHHO-3JleKTPOHHOrO 

)'paBHeHUA 

21-' -2e = 12. 
6) P ~ ~ K u ~ R  BOCCtllHOBJleHnR 

M3 W O H H O ~  cxeMbi peaKunn BNAHO, 'ITO NOH cr207'- npeepaLuaeTcR B 

HOH cr3+, ~o~opbi i i  He conepxuT Kncnopona. T ~ K  K a K  peaKunR npoTeKaeT B 

~ n c n o h  cpene, TO B Heh npnHuMamT yracTne n o ~ b l  Bonopona, B pesynb~a~e 

rero 06pa3ye~c~ Bona. I lpn  TOM H a  ~aninb~h aToM Kncnopona PacxonyeTcR no 
2 noHa H+ (cnenosa~enb~o, ecero no 14). C x e ~ a  npouecca BoccTaHosneHm: 

cr20;- + 14H'--, 2 ~ r "  + 7H20. 
Yucno aToMoe Kaxnoro sneMeHTa cnpaea n cneea pasHo. q~06bl cxeMy 
peaKuMn npespaTnTb B ypasHeHue peawen, ~ e o 6 x o n n ~ o  06ecfleW~b 

PaBeHCTBO 3apRnOB,. B npaB0fi raCTU CXeMbl  NMeeTCR 6 IlOnOXiUTeflbHblX 

sapnno~. Cnenoea~enb~o, B ne~oii YacTn Hano npncoennHnTb 6 sneKTpoHos. 
Torna UOHHO-3neKTQOHHOe YpaBHeHUe PeaKUUH BOCCTaHOBneHWl IIpuHnMaeT 

BW 

cr20;- + 14H' + 6e = 2cr3' + 7~20. '  
3. H a x o m ~  K O ~ @ @ H U H ~ H T ~ I  LIJlll BOCCTaHOBHTenR N OKUCnHTeflR 

HCXOAR H3 npaBUfla, rT0 KOnllreCTBO 3neKTPOHOB, OTnaBaeMblX 

BOCCTaHOBNTeneM W n p H H H M a e M b l X  OKHCnnTeJleM, nOnXiH0 6blTb: 

~ P M M E P  6. M O H H O - ~ ~ ~ K T P O H H ~ I M  MeTOnOM nono6pa~b K O ~ ( $ @ H U ~ ~ ~ H T ~ I  B 

ypaeHeHuu peaKunu, npo~e~awrueii B ~ei3rpanb~oCi cpene: 
K2S + KMn04 + H20+ S + MnOz + KOH. 
1. M O H H ~ R  C X e M a  Y p a B H e H H R  PeaKUMH 

s'- + MnOj- + H20--, S + MnOZ + OH-. 
2. M O H H O - ~ ~ ~ K T Q O H H ~ I ~  YpaBHeHMR: 



a) mn npouecca oKncneHnR 
S" -2e = so; 

6) JUln npouecca BOCCTaHOBJleHkfR. 

M3 UOHHOG c x e w  P e a ~ ~ n n  BHIIHO, STO UOH M n 0 i  npespamaeTcn B 
MOneKyny MnOz, KOTOpaR COllepXHT MeHbllle KHCflOpOlla. T ~ K  K a K  PeaKUHR 
nporeKaer B ~ekTpanb~oi4 cpene, TO B ~ e t i  npnHnMatoT yqacTne MoneKynbi 

BOnbI, KOTOPble nepeXOD7T B HOHbI OK. Y ~ ~ B H ~ H M ~  PeaKUUH BOCCTaHOBfleHHR 

Mn04' + 2H20 + 3e = Mn02 + 40H- 
3. Ko3@@nuue~~bl RJIH BOCCTaHOBHTenR H OKHCnlrTeflH: 

HPMMEP 7. M O H H O - ~ J I ~ K T ~ o H H ~ I M  MeTOllOM noll06pa~b K O ~ @ @ H U M ~ H T ~ I  B 

ypaeHeHnn peaKunn, npo~e~ammeii  B uenor~oti  cpeAe: 
KN03 + Al + KOH + H z 0 4  NH3 + KAIO?. 
3Ilecb CTeneHb OKNCneHHR kf3MeHIleTCH y X3OTa ki a3llohltiHUH. 

Merannrirec~nii a n m ~ n ~ n i i  ( c ~ e n e ~ b  oKncneHnn pama ~ynto)  npespauaexn 
B MOH A102- , B KOTOPOM CTeneHb OKUCneHUR &WOMUHMR PaBHa +3. f i R  

COCTaBneHMR YpaBHeHWI OKNCneHHR 6 y n e ~  HCXOllHTb ti3 CXeMbl 

Al--+ M O i .  
B uenor~oti cpene ncTorHnKoM Kncnopona, ~eo6xonn~oro arm 

IlpOTeKaHHR 3TOr0 IlpOUeCCa, CflyXaT HOHbl OH'. f i R  CBH3bIBaHUH OllHOJO 

aroMa a n m ~ n ~ n n  B N O H ~ I  AIOi  H ~ O ~ X O ~ ~ H M O  SeTMpe runpo~cnn-uo~a: 
Al + 40H---r M 0 2 -  +2Hz0. 

B ne~0fi 'IaCTH CXeMbl MMeOTCn VeTblpe OTpIlUaTenbHblX 3apRnii, a B 

npa~oii  onnH. Cneno~awnb~o, B xone npouecca oTnamTcn rpn  3 n e ~ ~ p o ~ a :  

Al + 40H- -3e = M 0 ;  +2H20 (o~ncne~ne) .  
f i n  I l O n ~ e H N I l  P a B H e H H R  BOCCTaHOBneHHR 6 y n e ~  HCXOllNTb H3 

CXeMbl  

NO3' --r NH3. 
3necb B xoge npouecca aToMbl a3o~a  nnulamTcn aToMoB Kncnopona n 



nPMMEP 8. Y C T ~ H O B M T ~  H a n p a B J l e H M e  B 0 3 M O X H O ~ O  f l p O T e K a H M R  p e a K U U U  n p U  

C T a H L I a p T H b l X  YCJlOBURX: 

2KBr + Pb02 + 4HN03 = Pb(N03)2 + Br2 + 2KN03 + 2H20. 
3 a n u h e ~  y p a s H e H n e  p e a K u u u  B U O H H O - ~ o n e ~ y n n p ~ o f i  @ o p ~ e :  
2 B i  + Pb02 + 4H' = pb2' + Br2 + 2H20. 
M 3  ~ a 6 J l ~ ~ b l  OKIiCnliTe~bHO-BOCCTaHOBUTeilbHblX n O T e H U U a J I O B  

HaXOLlI ihl  f lOTeHUU&'Ibl  3 n e K T P O S l l h l M Y e C K H X  CHCTehi ,  ).'YaCTBYWLUMX B PeaKU1. IU .  

Br., + 2e = 2Br' Elu = 1.065 B, 
Pb02 + 4H+ + 2e = ~ b "  + 4H20 E2(1= 1,449 B 

O ~ u c n r i ~ e n e ~  B c e r n a  cnymur 3 n e ~ r p o x l t ~ i u ~ e c ~ a a  c u c T e M a  c 6onee 
BblCOKUM 3 H a Y e H M e M  3 i l eKTPOIIHOTO I l O T e H U H a J l a .  ~ O C K O ~ ~ K Y  3LIeCb  E: ~ O J I ~ U I ~ ,  

' I e M  E!", T O  6~0~k in -MOH 6 ~ ~ 3  C n y X H T b  BOCCTaHOBkiTe.leM U O K U C n R T b C R  

LIUOKCMLIOM C B U H U a :  

B O C C T a H O B U T e J l b  2 B i  -2e--t Br, 

CBR3blBaKYTCR C a T O M a M U  BOLIOPOLII. B I i l e J l ~ ' l ~ ~ f i  C p e i I e  3 T O  B O 3 M O X H O  n p H  

Y ' l a C T U H  M O n e I i y ~ l  BOLIbl. T p U  MOJleKyf lb I  B O n b l  ~ o H ~ ~ I o ~ M T c ~  m R  C B R 3 b l B a H U R  

l Q e X  a T O M O B  KUCJlOpOLIa H e l U e  T p U  MOJleKYnb l  BOLLbl - m R  0 6 p a 3 0 ~ a ~ U R  

M O n e K y J l b l  NH3: 
NO; + 6H20-+ NH3 + 90H-. 

C y ~ ~ a p H b l f i  3 a P R L I  n p a B 0 f i  l l a C T U  C X e M b l  p a B e H  LIeBRTU 

o-rpuuaTenbHb1ri.i  3apnna~, B ne~ofi - o n H o M y .  C n e n o ~ a ~ e n b ~ o ,  B npouecce 
I lPHHHMaKYT Y ' l a C T U e  B O C e M b  3 J l e i r r p O H O B :  

NO3- + 6H20 +8e = NH3 + 90H- ( ~ o c c ~ a ~ o ~ n e ~ ~ e ) .  
n o n 6 U p a K Y ~  K O ~ @ @ U U M ~ H T ~ I  &ilR BOCCTaHOBHTeJlR H OKUCJ lUTeJ lR  U 

COCTIBJIRKYT U O H H O e  Y p a B H e H U e  P e a K U U U :  

Al + 40H- -3e = NO2 + 2H20 
+ 

N 0 i  + 6H20 +8e = NH3 + 90H- 
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IlPMMEP 9. P a c c l l H ~ a T b  KOHCTaHTY PaBHOBeCHIi OKMCJlUTeAbHO- 

B O C C T ~ H O B N T ~ ~ ~ H O ~ ~  CHCTeMbI npll C T a H n a p T H b l X  YCnOBHflX: 

10Bi  + 2Mn04- + 16H' = 5Br2 + 2 ~ n ~ '  + 8H20, 
ecnn F J ( ~ r 2 / ~ r )  = 1,06B; ~ ' ( M ~ o ~ - I M ~ ~ + )  = 1,s 1 B. 

K O H C T ~ H T ~  PaBHOBeCUIl K O K ~ C ~ H T ~ ~ ~ H O - B O C C T ~ H O B H T ~ ~ ~ H ~ ~ ~  

PeaKUHW C OKNCnUTenbHO-BOCCTaHOBUTeJlbHblMW nOTeHUHanaMN CBR3aHa 

CJleAyIOlUHM COOTHOUeHHeM: 

(E,," - ~,,:)n 

0,059 

O ~ n c n n ~ e n e ~  B n a ~ ~ o i i  peauuuu n e n n e ~ c ~ i  Mn04-, a 
BOCCTaHOBnTeJleM - Bi.  B OKNCJlWTenbHO-BOCCTaHOBUTenbHOM n p O U e C C e  

Y'4aCTBYH)T 10 3neKTPOHOB. O T c l o n a :  

3AdASM 
1. MOXHO JIM n p H  CTaHnapTHbIX yCJlOBllRX BOCCTaHOBUTb WOHbl Fe3' HOHaMU 

T a n n u n  TI' no peauulru 
2 ~ e ~ '  + TI' = 2Fe" + ~ 1 ~ '  ? 

2. M o r y ~  AH npu C T a H n a p T H b l X  yCJlOBU!4X HaXOilUTbCR OflHOBpeMeHHO B 

pacmope c e n e H n c T a n  K u c n o T a  H2Se03 u tionuc~o~onopoa~arr HI ? 
3. K a ~ l 4 e  H3 I l p U B e l e H H b l X  p e a K u H 8  MOrYT CaMOnpOU3BOJlbHO n p O T e K a T b  B 

H ~ ~ T ~ U ~ ~ H O M  BOfiHOM P ~ C T B O P ~ ?  

a) MnOi + C1'- Mn02 + C12; 
6) MnOi + Br'-+ Mn02 + Br2; 
B) M n 0 i  + 1- -, Mn02 + 12. 

4. M w i f i ~ o  JlM n p l !  CTaH:laPTHbIX YC-1OBNRX OKNCnHTb SilOPOM c y J l b @ a T  X e J l e 3 a  

(11) B c y n b a a ~  xenesa (111):' 
5. MOPHO JlN MeTaJlnkilleCKUM UUHKOM BOCCTaHOBUTb XnOpHfl P e J l e 3 a  (111) B 

mopun xenesa (11):' 
6. C o n o c ~ a ~ b ~ e  ~ C T O ~ ~ U B O C T ~  P a c T B o p o B  ~ L I R ~ O K C U A O B  xene3a (11) n 

K 0 6 ~ b T ' a  (11) K OKUCneHUK) KMCJlOPOIIOM B03LLYXa IlO peaKUU1M: 

4Fe(OH)z + 0 2  + 2H20 = 4Fe(OH)3, 



~ C O ( O H ) ~  + 0 2  + 2Hz0 = ~CO(OH)~.  
7. M o x e ~  JlU npU CTaHnapTHblX yCn0BURX U n T U  PeaKUHR 

, 2Pe2' + 2 ~ ~ "  = 2Fek + kg2?+? 

8. OnpenenU~e BO3MOXHOCTb CaMO~POU3BOJlbHOrO npOTeKaHkU P e a K U U U  npU 
CTaHnapTHbrX YCnOBURX 

2KMn04 + 16HF = 2MnF2 + 5F2 + 2KF + 8H20. 
9. OnpenenU~e BO3MOXHOCTb CaMO~POU3BOJlbHO~O IlpOTeKaHUR PeaKUHU 

i npU CTaHnapTHbrX YCnOBllRX 

2KMn04 + 16HBr = 2MnBr2 + 5Br2 + 2KBr + 8H20. 
10. M o x e ~  n U  CaMOnpOU3BOnbHO UnTU PeaKUUR 

2Fe0~~-  + 8Ht + 2Bi  --, Fe3+ + Br2 + 4 ~ 2 0 ?  
1 1. OnpejleJlUTe BO3MOXHOCTb CaMO~POU3BOnbHOrO npOTeKaHUR PeaKUUU 

IlpU CTaHnapTHblX YCJIOBURX 

~ ~ 0 4 ~ '  + 2H20 + 21- = AsOi + I2 + 40H-. 
12. Bbl'iU~nU~e KOHCTaHTy PaBHOBeCUR PeaKUUU 

2KMn04 + IOFeSO., + 8H2S04 = 2MnS04 + SFe2(S04)> + K2SO4 + 8H20. 
13. Onpenenu~e ~ a n ~ a ~ n e ~ i i e  pealcuuu npu cTaHnapTHblx ycnoBmx 

2KMn04 + 5HzS + 3H2SO4 = 2MnS04 + 2s + K2SOJ + 8H20. 
14. K a ~ u e  U3 npUBeneHHblX HUXe CUCTeM 

co3' + e = CO"; pb4' + 2e = ~ b " ;  I2 + 2e = 21- 
6 y n p  BOCCTaHOBUTeneM, e C n U  B KaqeCTBe OKUCnUTenR UCIlOnb30BaTb K U C J I ~ I R  

PaCTBOp K M n 0 4  (pH=]) 
M n 0 i  + 8Ht + 5e = ~ n "  + 4Hz0 ? 

15. M O ~ T  n U  KNOz 6 b l ~ b  B O C C T ~ H O B M T ~ J ~ ~ M ?  O K N C ~ U T ~ ~ ~ M ?  Mcnonb3yR 

~ a 6 n u u y  3~a ' i e~Hh  CTaHnapTHblX OKHCnUTenbHO-BOCCTaHOBUTenbHblX 

IlOTeHUHiUlOB, npMBenUTe CXehibl BOSMOXHbIX pea~ulifi. 

16. MOXHO n U  0KMC;IWTb UOHbl XeJIe3a (11) UOHaMU sn2+ llpH CTaHflapTHblX 

YCIIOBURX no cxeMe 
2Fe2' + sn4+--, 2Fe3' + sn2+ ? 

17. Bblrucnu~e KOHCTaHTy PaBHOBeCUR PeaKUUU 

H3hO4 + 2HI = HAsOl + I2 + 2H20. 
MOXHO A H  CqUTaTb 3TO PaBHOBeCUe IlpaKTU'ieCKU nOnHOCTbK, CMelUeHHblM 

~ n p a ~ o ?  
18. Ka~oii U3 MeTiUlnOB (UUHK, MapraHeU U n U  XPOM) neWe ~ 3 a U ~ o f l e f i c ~ ~ y e ~  

c pa36aBne~~ok HCI ? O T B ~ T  na i i~e  Ha OcYoBaHuu pacqeTa. 

19. Onpenenu~e HanpaBneHue npoueccoB npu cTaHnapTHblx ycnoBuRx. 
12 + H 2 0  = HI03 + HI, 
I~ + KOH = K I O ~  + KI + H ~ O .  

20. B BOnHOM PaCTBOpe c(H~")=~o.' ~0nb/n,  ~(Fe. '+)=l~- '~~onb/n,  

c(Fe2+)= lo-.' ~onb/n.  B KaKoM ~ a n p a ~ n e ~ w l i  cahionpouseonbHo npo~eh-ae~  
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peaKuun 
2FeCI3 + Hg = 2FeC12 + HgC12 ? 

21. MOXHO nu BoccTaHoBuTb xnopun onosa (IV) B xnopune onosa (11) no 
peaKuum 

SnCI4 + 2KI = SnC12 + I2 + 2KC1, 
SnC14 + H2S = SnCI2 + S + 2HC1? 

0 6 0 c ~ y f i ~ e  OTBeT PaCqeTOM KOHCTaHT PaBHOBeCUR peaJCuUfi. 
22. PaccqUTafi~e npU CTaHnapTHblX yCn0BllRX KOHCTaHTY PaBHOBeCUIl PeaKUUU 

2KMn04 + 5HBr + 3H2SO4 = 2MnS04 + 5HBrO + KzS04 + 3H20. 
23. Onpenenu~e HanpaeneHue peaKuuu 

cu2' + 2Ag = Cu + 2Ag'. 
n0n b3yncb BeJlH'lUHaMU g'. 
24. P ~ C T B O ~ ~ H U ~  UUHKa B p a 3 6 a ~ n e ~ ~ o f i  a30~~0f i  KUCnOTe MOXeT UnTU TaK: 

a) Zn + WO3+ Zn(N03)2 + NO + H20, 
6) Zn + HN03-+ Zn(N03)2 + NO2 + HzO. 
nonb3y~cb BeJlUqUHaMU 9 yKa3aTb, ~ a ~ 0 f i  IlpOUeCC 6onee BblrOneH B 

CTaHnapTHblX yCJl0BnHX. 
25. npUBeIlU~e npUMep O K H C J ~ N T ~ ~ ~ H O - B O C C T ~ H O B U T ~ ~ ~ H O ~ ~  PeaKUUU, 

noTeHuuan ~ o ~ o p o f i  ~ ~ B U C U T  OT pH cpenbl, HanuuruTe ypasHeHue nnn pacqe-ra 
OKUCJlUTenbHO-BOCCTaHOBUTeJlbHOrO IlOTeHUUaJla lUlR  3~0fi PeaKUUU. 
26. MOXHO nu B KaqecTBe OKucnuTenn B K W C ~ O ~ ~  cpene ucnonbsosa~b 

K2CrZ07 B cnenymunx npoueccax npu cTaHnapTHblx ycnosunx: 
a) 2F - 2e = F2; 6) 2C1- - 2e = C12; 
B) 2Br' - 2e = Br2; r) 21- - 2e = 12. 

CTa~napTHblh O K H C I ~ H T ~ J ~ ~ H O - B O C C T ~ H O B H T ~ J ~ ~ H ~ ~ ~ ~  nOTeHUUaJ CHCTeMbI 
~ r ~ 0 ~ ~ -  + 14H' + 6e = 2cr3' + 7H20 paseH 1,33 B. 
27. MOXHO nu ucnonb30~a~b KMn04 B KaqecTse oKucnuTenn B cnenymunx 

npOUeCCaX npU CTaHnapTHblX yCn0BURX: 
a) HNO2 + H20 - 2e = NO; + 3H'; 
6) 2H20 - 2e = H202 + 2H'; 
B) H2S - 2e = S + 2H'? 

28. B KaKOM HanpaBneHHU 6 y n e ~  np0TeKaTb PeaKUHIl 
CrCI3 + Br2 + KOH = K2Cr04 + KBr + H20 ? 

29. B O ~ M O X H ~  nu peaKuun Mexny KCI03 H Mn04 B ~ucnofi cpene? 
30. Ka~ofi u3 ~ ~ u c n u ~ e n e i i  (Mn02, Pb02, K2Cr207) HBJIR~TCH ~au60nee 



r) snZt no Sn@ ; A) SO:' no SO:-; e) NO2- no NO). 

H a n w u l n ~ e  y p a B H e H n R  OKMCnMTeJlbHO-BOCCTaHOBHTeJlbHblX P ~ ~ K u H ~ ? .  
3 3 . 3 n e K ~ p o I l H b l f i  IlOTeHUHaJl PeaKUNN 

~ r ~ 0 ~ ~ '  + 14Ht + 6e = 2 0 %  + 7H20 
p a e e H  + 1,33 B. K a ~ u e  n3 cnenymulnx npoueccoe B O ~ M O X H ~ I ,  ecnu B K a q e c T B e  

OKHCJlMTeJlR HCnOJlb30BaTb K H C J ~ M ~  paCTBOp ~ U X ~ O M ~ T ~  

a) 2 B i  - 2e = Brz; 
6) 2CI- - 2e = C12; 
B) H2S - 2e = 2Ht + S; 
r) ~ n "  + 4H20 - 5e = Mn0; + 8Ht; 
A) HN02 + H 2 0  - 2e = NO3' + 3Ht? 

34. 6 y n e T  JlH n p O T e K a T b  peaKUnR,  B K O T O P O ~ ~  cr3+ OKNCJlReTCR n0 cr207~; a 
pa36aene~~arr HN03 BOCCTaHaBJlNBaeTCR no NO? 
35. n p M  OKNCneHNH C O ~ N H O ~ ~  KHCJlOTbl nHOKCHnOM M a P r a H U a  HJlH 

n e p M a H r a H a T o M  ~ a n m  06pa3ye~ca mop. n p o u e c c b l  nny+ no c x e M e :  

Mn02 + HCI -+ MnC12 + C12 + H20; 
KMn04 + HCI-, MnCI2 + C12 + KC1 + H20. 

B KaKOM C n y q a e  IlOJlyqUTCR 6 o n b l n e  Xilopa, e C n H  LUIR T 0 f i  U npyrofi PeaKUMH 

B3liTb P a B H b l e  KOJlNqeCTBa c o n ~ ~ o f i  KHCJIOT~I? 

36. Ha OCHOBaHHM 3 ~ a l t e H n f i  OKIlCJlHTeJlbHO-BOCCTaHOBMTenbHbIX 

IlOTeHUHWlOB nPOUeCCOB BOCCTaHOBneHHI n e p M a H r a H a T a - H O H a  Mn04- B 

K H C ~ O ~ ,  ~ e f i T p a n b ~ o i i  n l u e n o q ~ o f i  cpenax y K a x n T e :  B KaKoM cnyrae MOH 

Mn04- IlpOREJlReT 6onee BblCOtiytO OKNCJlHTeJlbHylo C ~ O C O ~ H O C T ~ .  

37. B KaKoM H a n p a B n e H n n  6yner n p o T e K a r b  p e a K u u R  

CuS + H202 + HCl = CuC12 + S + H20? 
38. MOXHO JIH n p M  CTaHnapTHblX YCnOBMflX OKHCJlMTb X I I O P N C T ~ I ~  BOnOpOIl  

A 0  C12 C IlOMOlubK) C ~ P H O ~ ~  KHCIIOT~I? 

39. B b l q u c n u ~ e  O K H C ~ H T ~ ~ ~ H O - B O C C T ~ H O B U T ~ ~ ~ H ~ ~ ~  IlOTeHUHaJI LUIR CMCTeMbl 

M n 0 i  + 8Ht + 5e = ~ n "  + 4H20, 
ecnn C(MnOJ?= I@, ~ ( ~ n " ) = 1 0 - ~ ,  c(H+)=o, I Monb/ f l .  

40. P a c c q M ~ a f i T e  3,4C O K H C J ~ U T ~ J ~ ~ H O - B O C C T ~ H O ~ N T ~ J ~ ~ H O ~  CWCTeMbl 

6Fe" + C1o3- + 6Ht = C1- + 6Fe3' + 3H20, 
e C n H  pH = 3, a KOHUeHTpaUlM IlOHOB ~ e ~ ' ,  CIO;, CI- M Fe" COOTBeTCTBeHHO 

P a B H b l  M0Jlb/Jl: lo-'; 1,o; 2,0. 
41. B b l q n c J l ~ T e  n p U  CTaHnapTHblX YCJIOBURX 3,4C OKtlCJlt lTenbHO- 

B O C C T ~ H O B U T ~ ~ ~ H O ~ ~  CMCTeMbI, C O C T O I I U ~ ~ ~ ~  113 3 n e ~ ~ p o n o ~ :  S/H2S U No3-/NO. 
Hanumnre y p a e H e H l r e  nporetiamueii p e a K u n n .  

42. B n o n ~ n c n e ~ ~ b l #  p a c T B o p  c M e c n  KCl, KBr n KI n p 1 1 6 a ~ n e ~  
P a C T B O p  
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KMn04. Ka~ne  ran0reHHn-HOHbl M0r)'T 6blTb OKHCJleHbl n0 C B O ~ O A H O ~ O  

COCTORHNR n e i i c ~ ~ n e ~  n e p ~ a ~ r a ~ a ~ - n o ~ a ?  C O C T ~ B H T ~  ypasHeHnR 
npoTeKaloulnx pearunti. 

43. Karofi o 6 a e ~  2M HCI ~eo6xonnM n n ~  ~ 3 a n ~ o n e i i c ~ ~ n ~  c 0,25 MonR 
K2Cr207 no peaKunu 

HCI + KZCr2O7- KC1 + CrC13 + C12 + H20? 
Ka~oil o 6 a e ~  XJlOpa npU 3TOM B ~ I ~ ~ ~ ~ ~ H T C I I ?  

44. C K O ~ ~ K O  rpaMMOB Al MOXHO OKllCJlHTb C nOMOUlblo 0,l J l  0,25 M 
K2Cr207 no peaKunn 
Al + K2Cr207 + H2S04+ A12(S04 3 + Cr2(S04)3 + KzS04 + H20?  

45. B BonHoM pacTsope C(HJ+)=O.O I ~onbln, c(F~'*)=o,o I Mondn, 
c(F~~+)=o,oo 1 Monb/n. K ~ K ~ R  N 3  YKa3aHHblX peaKuNfi 6yAeT npOTeKaTb: 

a) 2FeCI3 + Hg = 2FeCI2 + HgCl?; 
6) HgC12 + 2FeCl2 = Hg + 2FeCl3? 

46.Bbrqncnn~e KOHCTaHTbI PaBHOBeCHR pea~ukifi: 
a) SnCIJ + 2TiC13 = SnC12 + 2TiCI4; 
6) SnCl4 + 2CrC12 = SnC12 + 2CrCI3. 

B K ~ K O ~  u3 nByx cncreM nocTnraeTcR 6onee nonHoe BoccraHoeneHne sn4+ B 

~ n "  ? 
47. Ka~an KHCJlOTa BblnOJlHReT B PeaKUHN H2Se03 + H2So3 @YHKUHH) 

OKucnnTenR, a KaKaR - Bocc-raHosnTenR ? 
48. non6epn~e K O ~ @ @ H U N ~ H T ~ I  B CfleLIyIOUHX )'paBHeHHRX OKNCJlNTeJlbHO- 

BOCCTaHOBNTeflbHblX peaKuNfi. Y K ~ x N T ~  OKllCJlNTeJlb N BOCCTaHOBNTeJlb. Ka~ofi 
N 3  3JlehlSHTOB OKNCnReTCR, K ~ K O ~  B O C C T ~ H ~ B ~ I ~ B ~ ~ T C R ?  
1) Al + K2Cr207 + H2SOJ- &(SOJ)~ + Cr2(S04)3 + KzS04 + HZO 
2) A1 + KMnO; + H2S04- &(S04)3 + MnS04 + K2SO4 + H 2 0  
3) M n 0 2  + KC103 + KOH--r K2MnOJ + KC1 + H 2 0  
4) BrZ03 + BrZ + KOH- KBr03 + KBr + H 2 0  
5) SnCI, + K2Cr207 + HCI - SnCI4 + CrC13 + KC1 + H 2 0  
6) MglZ + HzOz + H2S04+ I2 + MgSO? + H 2 0  
7) l2 + NaOH- NaIO + NaI + H 2 0  
8) H2S + HCIO- S + HCI + h z O  
9) FeSOJ + KCIO3 + H2S04-Fez(S04)3 + KC1 + HzO 
10) KN02  + K2Cr207 + H2S04- KN03 + Cr2(S04)3 + K2SOa + H 2 0  
11) Mn02 + 0 2  + KOH- KMnO? + HzO 
12) SO, + FeCI3 + H20- H2S04 + FeC12 + HCI 
13) H2S + K2ChO7 + H2S04- S + Cr2(S04)3 + K2S04 + H 2 0  
14) HISOj + HI0;- HISOJ + HI 
15) Zn + KMn04 + H 2 S 0 4 4  ZnSOJ + MnS04 + K?SOj + H 2 0  
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JIAGOPATOPHAII PAEOTA 

BapaaHT 1 
OnblT I. B PaCTBOp 2 Mn KOHUeHTpHpOBaHHOrO PaCTBOpa rUllpOKCHna 

HaTpnR noMecTnTe KycoqeK ~ J I ~ M U H U R  u ~ a r p e f i ~ e .  Ha6nmnaii~e BblneneHne 
rasa. 3anumn~e ypaeHeHue peaKuuu, non6epn~e K O ~ @ @ H U U ~ H T ~ I  n onpenenuTe 
Tnn peaKuuu. 

OnblT 2. K 3-4 KaflJlRM nOnKUCJleHHOr0 cepH0fi K H C ~ O T O ~ ~  PaCTBOpa 
nepMaHraHaTa K ~ J I U R  no6asb~e HecKonbKo Kanenb pacTBopa uonuna ~ a n n ~ .  
A o ~ a x n ~ e  BbineneHne fiona p e a ~ u ~ e k  c KpaxManoM. 3anumu~e ypaeHeHue 
peaKunu, ecnu KMn04 BoccTaHaenusaeTcR no MnS04, non6epn~e 
' K O ~ @ @ H U M ~ H T M ,  YKaXUTe OKUCJleHHble U BOCCTaHOBneHHble @ O P M ~ I  BeqeCTB. 

PaccqkiTafiTe KOHCTaHTY PaBHOBeCWl PeaKUUH. K KaKUM BeueCTBaM IT0 ~B0efi 
O K H C J I M T ~ ~ ~ H O - B O C C T ~ H O B H T ~ J ~ ~ H O ~ ~  aKTUBHOCTH OTHOCUTCIl KMn04? O T B ~ T  
O ~ O C H Y ~ ~ T ~ .  

OnblT 3. Bb~numme H 3  Ta6nU~bl OKUCnHTeJlbHO-BOCCTaHOBUTeJlbHble 

noTeHunm.1 nap: ~ n 0 J M n "  B ~ncnofi cpene H M n 0 i / M n 0 2  B 

HefiTpaJIbHofi Cpene.  TO M O X H O  CKa3al'b 0 BJlURHMU KHCJlOTHOCTU Cpenbl Ha 
OKUCJlUTeJlbHYH) aKTUBHOCTb 3TNX B ~ U ~ C T B ?  flp0~enkiTe PeaKUHII MeXny 
nOpOlllKOM MnOz U K O H U ~ H T ~ H ~ O B ~ H H O ~ ~  COnR~ofi K ~ C ~ O T O ~ ~ .  OIlblT 
npOBOaUTe nOn TRr~fi! O ~ ~ R C H W T ~  CBOU H ~ ~ J I ~ O ~ ~ ~ H H R ,  3allUUIUTe YpaBHeHHe 
peaKuuu, n0~6epUTe K O ~ @ @ W U H ~ H T ~ I .  

OHblT 4. Harpefi~e B npo6np~e He60nbLU0e KOJlUqeCTBO HHTpaTa CBUHua no 
nonenesm 6yporo r a a  NOa, 06pa30Ba~ne MOHOOKCUna CBUHua n Kncnopona. 
3anumu~e ypaeHeHue peaKuun, onpenenuTe Tnn peaKunu. 
BapuaHT 2 

017blT 1. B CyXylo np06np~y IlOMeCTUTe 0,5 r 6 u x p o ~ a ~ a  BMMOHUR. 

Harpefi~e conb nnaMeHeM ropenKn no Haqana pealcuuu. Ha6nmnafi~e 
06paosa~ne  T~MHO-sene~oro nopomKa oKcuna xpo~a/Ill/. B peaKunn Tame 
BbrnenReTcR ceo60n~blfi ~ O T .  3anuu1u~e ypastietiue pealcunn, 110n6epn~e 
K O ~ @ @ H U U ~ H T ~ I ,  onpenenuTe Tun peaKuuu. 

OnbIT 2. K 3-4 KanJlRM PaCTBOpa IlepMaHraHaTa K a l l U R  n06aBbTe HeCKOJlbKO 
Kanenb cep~oii KucnoTM n 5 Kanenb nepoKcuna Bonopona. 0 6 e c u ~ e q u ~ a ~ u e  
pacTBopa ~ O B O P U T  o nepexone KMnOl B MnS04. K ~ K M ~  eue  BeuecTsa 
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nannmTcn nponyrt-ram 3~0ii  'pea~uuu? Ka~ue  c ~ o i i c ~ s a  (o~ucnu~enn unu 
~ o c c ~ a ~ o e u ~ e n n )  nponenne-r nepoKcun ~onopona? 

OnblT 3. B O ~ ~ M U T ~  pacTBop cynbaa~a xenesa (11). non6epu~e u3 pnna 
BeUleCTB: XnopHa~ Bona (Clz) , 6p0MHaA Bona (Brz), KMnO4, KNO2 Te, 
KOTOPble M O W  OKUCnUTb er0 no COenUHeHM XeJIe3a (I!!). OTB~T 060c~yii~e.  
n p o ~ e n u ~ e  onbw c O ~ H U M  u3 BOJMOXHLIX o~ucnu~eneii,  3anumu~e ypaeHeHue 
PeaKUUU, non6ep~Te K O ~ ~ ~ H U U ~ H T ~ I .  

OnblT 4. ~ O M ~ C T H T ~  B npo6up~y HeMHOrO nOpOmKa cynbaun HaTpUn. 
n p 0 6 ~ p ~ y  HarpeiiTe B TeqeHUe 5 MUHyT. Aaii~e OXJlallHTbCn U PaCTBOpUTe 
COnepXUMOe npo6up~u B 1 MJI ~ U C T U M U ~ O B ~ H H O ~  BOnbl. P ~ C T B O ~  pa?nenUTe 
Ha nBe 9aCTU. K O ~ H O Z ~  W C T U  n06aBbTe HeCKOJIbKO KaneJIb PaCTBOpa COnU 
Kamun. Ha6nmnaii~e o 6 p a o ~ a ~ u e  xenToro ocama CdS. K npyroii qacTu 
pacTBopa no6aeb~e HecKonbKo Kanenb xnopuna 6apm. Ha6nmnaii~e 
06pa30BaH~e 6enoro ocanKa BaS04. 3anumu~e ypaBHeHux pea~uufi. 
O ~ M I C H U T ~  Tun pea~uuii, npu KOTOPO~~ npoucxonuT pmoxeHue cynb@u~a 
HaTpun. 
B ~ ~ H ~ H T  3 

OnblT 1. K HeCKOflbKUM KallJlRM IlO~KUCJIeHHOrO C ~ P H O ~  KHCJIOTO~ PaCTBOpa 
KMn04 npuneii~e HecKonbKo Kanenb pacTBopa cynb@un Ha-rpux Na2S03. 
~a6nmnaii~e 0 6 e c u ~ e r u ~ a ~ u e  pacTBopa BcnencTBue nepexona KMn04 B 

MnS04. K a ~ u e  OKUCnHTenbHO-BOCCTaHOBUTeJlbHblt? C B O ~ ~ C T B ~  XapaKTepHbl DJIR 

cynbau-ra ~aTpun? n o q e ~ y ?  3anumu~e ypaeHeHue peaKuuu u non6epu~e 
K O ~ @ ~ U U U ~ H T ~ I .  

OnblT 2 B ~ M  H ~ O ~ X O ~ U M O  OKUCJlUTb CepOBO~OpOP. H2S. &I; 3TOTO ~i3JIefiTe 
B np06upliy HeMHoro cepo~onopon~oii Bonbl. non6epu~e ~au6onee 
3Hepr~~Hb~fi OKUCJlUTenb UCXOLVI U 3  3HaqeHUfi 3JleKTpOllHblX nOTeHUUaJOB U 

BeUleCTB, UMeIoUlUXCn B na60pa~opuu. 3anUIUUTe YpaBHeHUe B O ~ M O X H O ~ ~  

pearcuuu, non6epu~e K O ~ @ ~ H U U ~ H T ~ I .  nponenaii~e onbn (non ~nroii!). 
OnbIT  3. B onHy npo6up~y ~ a n e i i ~ e  5-6 Kanenb 0,l M KMn04, B npyrym 

CTOnbKO Xe 0,05 K2Cr207. B KaKllyIO n06aBbTe CTOnbKO Xe 2 H H2S04 U n0 3- 
4 Kannu (non ~nroii!) cepoeonopon~oii Bonbl. O ~ S R C H U T ~  ~ a 6 n m n e ~ ~ n .  C x e ~ b ~  
pea~uuii: 

M n 0 i  + H2S-+ ~ n ~ +  + SJ  + 2H' ; 
C r 2 0 i  + H2S -+ 2crk  + SJ  + H20. 

C O C T ~ B ~ T ~  IlOJIHble YpaBHeHUR peaKuUfi, UCnOnb3yn UOHHO-~J~~KTPOHH~I~~  
MeTon. Cnenaii~e sbmon o c ~ o i i c ~ s e  cepoeonopona. 
B ~ ~ u ~ H T  4 

OnblT 1 .  B O ~ ~ M U T ~  nBe ~IPO~NPKM. B OnHY IIOMeCTUTe MenHblfi nOpOlUOK 
UJIU MenHble C-rpYXiK1.1. B P.PYlyH) nOMeCTUTe KYCOqeK CBUHUa. npllnefi~e (non 
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TR~oA!) B npo6np~n K O H U ~ H T ~ ~ ~ O B ~ H H O ~  C ~ P H O ~  KWCnOTbl. B nepB0fi 
npo6np~e IlORBnReTCR rony6oe OKpaWnBaHHe 3a CqeT CUSO? ki  BMfleJlReTCR 
ra3 SO2, BO ~ ~ o p o i i  npo6npre - ZnS04 n ra3 cepoeonopon. 3annmn~e 
YpaBHeHllR pea~ukifi, non6epn~e K O ~ @ @ N U ) . ~ ~ H T ~ I .   TO MOXHO CKa3aTb 0 

B O C C T ~ H O B ~ T ~ ~ ~ H O ~ ~  aKTllBHOCTH MeAH H U M H K ~ ?  O T B ~ T  060cHyfiTe. 
Onpenenn~e Tnn pea~unii. 

OnbIT 2. Hanefi~e B nee npo6np~n no 3-4 Kannn pacTBopa 6nxpoMaTa Kannn 
K7,Cr2O7, n06aBbTe B OaHY np06np~y 2-3 KaMH pa36aBlle~~0k cepH0fi 
KncnoTbl, B npyryto - 2-3 Kannn p a 3 6 a ~ n e ~ ~ o r o  pacmopa menorn. 0 6 p a ~ n ~ e  
BHnMaHne Ha n 3 u e ~ e ~ n e  uBeTa BO B T O P O ~ ~  npo6np~e ( 6 n x p o ~ a ~  nepexonnT B 

X ~ O M ~ T ) .  A06a~bTe B 06e np06HpKH HHTpaTa HaTpUA NaN02. O ~ ~ R C H H T ~  
~a6nmnae~oe .  3annmn~e ypasHeHnn pea~unii, crnrm, 'ITO ~ H X P O M ~ T  

nepexonn-r B CoennHeHnR xpoMa (Ill), a xpoMaT ( ~ ~ o p m  npo6np~a) 
B ~ ~ M M O A ~ ~ ~ C T B ~ ~ T  no CXeMe 

cro4'- +  NO^.'+ (c~(oH)~Q- + NOs-. 
non6epn~e K O ~ @ @ M U H ~ H T ~ I .  K a ~ u e  C B O ~ ~ C T B ~  ( O K H C ~ H T ~ ~ ~ H M ~  W I N  

B O C C T ~ H O B M T ~ J I ~ H ~ I ~ )  IlpORBnReT HNTpHT HaTpUR B ~ ~ ~ K U H R X ?  
OnbIT 3. K pacTBopy FeS04 npmei i~e  pacmop NaOH. ~ I T O  ~ a 6 n t o n a e ~ c ~ ?  

~ I T O  npoZiCxonnT nocne s s a n ~ o n e f i c ~ ~ r n  nonyeHHoro ocanKa c KncnoponoM 
B O ~ ~ Y X ~ ?  C O C T ~ B ~ T ~  }paBHeHne PeaKUHH H O ~ L H C H H T ~  pe3ynbTaTbl OnbITa. 

OnbIT 4. Harpeii~e B np06~pKe ~e6onbmoe KonnrecTBo HnTpaTa Kannn no 
06pa30sa~n~ HnTpnTa KUNR KN02 n Kncnopona (nposepn~b ~netomeii 
n y s n ~ ~ o i i ) .  3annmn~e ypaeHeHne pealtunn, onpenenme Tnn pealcunn. 
B ~ ~ H ~ H T  5 

OIIhIT 1 .  Harpeii-re B npo6np~e lnon TR~oR!I Ir C U ( N O ~ ) ~ * ~ H ~ O .  Conb 
cllactana O ~ W B O X ~ B ~ ~ T C R ,  s a ~ e ~  pasnarae~cn Ha CuO, NO2 n 02. 3annmn~e 
ypasrteHne peah-UII~I, cson ~a6ntone~nn n nodepnre K O ~ @ @ H U H ~ H T ~ I .  

Onpenenn~e Tnn pealcunn. 
OnbIT 2. Haneii~e B 3 np06kipKn no 3-4 Kannn BonHoro pacTBopa KMn04, 

n06aBbTe B OnHY HeCKOnbKO Kanenb pa36aBJIeHH0fi cepH0fi KNCnOTbl, BO 

BTOPYto - pa36a~neHHofi UenOqn, B TpeTbK) - HeMHOrO L ~ N C T N ~ ~ H P O B ~ H H O ~ ~  

BOnbI. A06aBbTe BO BCe np06np~n PaCTBOpa H W T p H T a  HaTpm NaN02. 
npt4BennTe CTaHnapTHble OKnCnllTenbHO-BOCCTaHOBHTenbHble IlOTeHullanbl llJ'lR 

CMCTeM: 
~ n c n a ~  cpena MnOi + 8H' + 5e + ~ n "  + 4H20, 
~ e f i ~ p a n h ~ a n  cpena M n 0 i  + 2H20 + 3e + Mn02 + 40R,  
uenor~an  c p e ~ a  Mn04- + e + M ~ o ~ ~ - .  

B ~ a ~ o i i  cpene o ~ n c n n ~ e n b ~ b ~ e -  ceoiic~ea noHa M n 0 i  BblpaxeHbr cnnb~ee? 
O T M ~ T ~ T ~  CBOH ~a6ntone~nn. 3annmn~e ypaBHeHm pea~unii n non6epn~e 
K O ~ @ @ M U H ~ H T ~ I .  



K O H U ~ H T ~ M P O B ~ H H O ~ ~  H2S04. B KaXJlyIO npo6np~y lI06aBbTe no 3-5 Kanenb 

nepoKcuna Bonopona H202.  TO ~ d n w n a e ~ e ?  Cxe~br pea~uuB: 
H202 + 1- -+ I2 + HZO; 
H20z + M n 0 i  -+ ~ n ~ +  + 02.T + H20. 

C O C T ~ B ~ T ~  nOnHb1e YpaBHeHMR pea~uuR, HCnOnb3yrt H O H H O - ~ J I ~ I C T P O H H ~ I ~ ~  

MeTOn. CneJlahTe BbIBOn 06 OKHCJlrtTeJlbHO-BOCCTaHOBUTeJlbHbrX C B O ~ ~ C T B ~ X  

H202. 
B ~ ~ u ~ H T  6 

OnblT 1.  K HeCKOJlbKHM KaMRM PaCTBOpa xnopnna ~ene3a(III) FeC13 

1 
no6aeb~e (non TR~oB!)  HecKonbKo Kanenb cepo~onopon~oA B O A ~ I .  Ha6nlonaB~e 

IlOMyTHeHUe PaCTBOpa BCJlenCTBUe BblAeneHUR Cepbl. 3anULLlU~e YpaBHeHMe 
PeaKUMH, HCXOllR U3 ~ H ~ W H H R  OKUCJlHTeJlbHO-BOCCTaHOBMTeJlbHblX 

IlOTeHUUZiJlOB; YKaXNTe OKNCJIeHHble H BOCCTaHOBneHHble ( P O P M ~ I  BeLUeCTB. 

llon6epw~e K O ~ @ @ N U H ~ H T ~ I .  Onpenenn~e Tnn pealcunn. 
OflblT 2. K HeCKOnbKMM KannRM PaCTBOPa HO2UAa KWHR n06a~nrtBTe no 

KannRM xnop~ylo ~ o n y  (CI?). Ha6nlonaB~e BblnaneHne Bona u nanb~eiilllee 

0 6 e c u ~ e r n ~ a ~ u e  pacTeopa BcnencTBne oKncneHnR Bona no uoHa 10). 
3 a l l ~ ~ n ~ e  ypaBHeHHrt  peaK~11B. Ha OCHOBaHl4M 3~areHklfi OKUCJlMTenbHO- 

BOCCTaHOBIlTeJlbHblX IlOTeHUllZiJlOB, COCTaBbTe ~ p a ~ ~ ~ ~ e n b ~ b l f i  prtn 
O K M C J ~ ~ T ~ J ~ ~ H O - B O C C T ~ H O B N T ~ J I ~ H O ~ ~  aKTnBHOCTU TWOIXHOB (F2, C12, Br2, 12). 

OnblT 3. Hasoasre, KaKMe Bbl 3HaeTe HaU60JIee CHnbHbIe BOCCTaHOBtlTeJltl. 

~ ~ ~ M U I N T ~  UX OKNCJlUTeJIbHO-BOCCTaHOBHTeJlbHble IlOTeHUMWbl. flp0Be~tITe 

peaKunn Mexny UHHKOM, Menbm, menesow n pa36aene~~oR asor~oB KMC~OTOB.  
3anu tun~e  ypaBHeHnrt peah-uuB. Pacnonoxu~e Membr  no y6b1ea~nm nx 
B O C C T ~ H O B H T ~ J I ~ H O ~ ~  aKTNBHOCTM. 

OnblT 4. Harpeii~e B npo6np~e ~e6onbtuoe KonnrecrBo nepMaHraHaTa 
KaJlHR KMnO., 30 06pa30~a~nrt MaHmHaTa K a n n R  K2Mn04, AMOKCMLla 

MapraHua Mn02 n Kucnqpona (npoeepb~e metolueii nyqn~~oi j ) .  3 a n n ~ 1 n ~ e  
ypaeHeHue peaKunn. Onpenenn~e Tnn peatcunn. 
B ~ ~ u ~ H T  7 

OnblT I .  B onHy npo61.1ph-y nosro~tclzre KycoreK cepbl, B apyrylo - yrnrt. B 



Kaxnym npo6uphy n p ~ n e k ~ e  no 2 MA K O H U ~ H T ~ N P O B ~ H H O ~  cep~ok k-UCJlOTbl. 
O c ~ o p o x ~ o  (no3 ~nrok!) ~ a r p e i i ~ e .  MccnenyATe sb~nemromuecn ra3b1 
na~~ycoso f i  6y~arok.  3 a n u u u ~ e  ypaBHeHun pea~uuk. M o x e ~  nn cepHan 
KWCnOTa nPORB.1RTb BOCCTaHOBUXllbHble C B O ~ C T B ~ ?  OTB~T 060c~yk~e.  

OnbJT 2. B03bMnTe nBe np06np~u. B OnHY ~8J'Iee~e HeMHOrO paCTBOpa 
6 u x p o ~ a ~ a  K a H n  K2Cr207, B npyryro - PaCTBOpa HHTPUTa HaTPUR NaNO?. 
BO~MOXHO A# COBMeCTHOe CyLUeCTBOBaHUe 3THX BellleCTB B pacTBope? O T B ~ T  
O ~ O C H ~ ~ T ~ .  CneATe PaCTBOpbI B ODHY np06up~y. O ~ ~ R C H N T ~  CBOU H ~ ~ ~ I O ~ ~ H H R .  
3annuu~e  pealcunw non6epn~e K O ~ @ @ H U U ~ H T ~ I .  

OnbJT 3. Ka~ne OKHCnnTeJlbHO-BOCCTaHOBnTenbHble C B O ~ C T B ~  XapaKTepHbl 
HtiTPHTY HaTPHIl NaN02? M o x e ~  nU OH 6blTb B O C C T ~ H O B N T ~ ~ ~ M ?  Ecnu na, 
Bbl6epUTe B pRny BeUeCTB ~ O ~ X O ~ R U N ~  BOCCTaHOBUTenb: KMn04, KI, KN03. 
3anuun~e  ypaeHeHue B O ~ M O X H O ~  peaKuun. Haneii~e B npo6up~y pacTBop 
NaNOL nonKncnuTe ero pa36a~~1eHHok cep~ok  K ~ C ~ O T O ~  n n06a~bTe pacTBOp 
BOCCTaHOBliTenR. OnblT IlpOBORHTe n0Ll T I I ~ O ~ .  06 ' bnc~u~e  CBOH Ha6nlojleHUn. 
3anumn~e ypasHeHne peaKunu, non6epn~e K O ~ @ @ U U H ~ H T ~ I .  

OnblT 4. B onHy npo6up~y BHeCHTe 2-3 KamH ~ P O M H O ~ ~  BOxbl (Br2) n 1-2 
KamU 25%-r0 NKOH. O 6 a n c ~ n ~ e  ~ a 6 n r o n e ~ u ~ .  C O C T ~ B ~ T ~  ypaBHeHHe 
PeaKUUU, YWTbIBaR, 'IT0 OAHHM U 3  IlpODyKTOB RBnReTCR ~ ~ 0 6 0 ~ H b l k  a30T. B 
npyrym npo6up~y BHecuTe 1-2 Kannu 1 M KMn04 u 3-4 Kannn 25%-ro 
NHJOH, nonorpefi~e (non ~Rrok!). 06bncHn~e ~a6nrone~un. C x e ~ b ~  peak-unn: 

MnOJ' + NHJOH--, MnO, + N2f + H20. 
C O C T ~ R ~ T ~  YpaBHeHHe peak-UUU. CneJlakTe BblBOn 0 POni! aMMHaKa B 

0KHC.lIHTCnbHO-BOCCTaHOBNTenbHblX IIPOUeCCaX. 
13apaarn. 8 

()JII,J:J'. K n o o k - o ~ c n e ~ ~ o ~ y  pacTBopy conu xenesa (111) np~ t l ek~e  pacTsop 
koua trarpun NaI. Bb~nen~e~cn  Eon. 3anumu~e ypaeHeHne peaKuuu. 6 y o e ~  nu 
nporchail, pealcum npu cnuBaHnu pac-reopa conu Fe (111) n pacTsopa 6po~una  
HaTPUR Na ur? OTB~T 060cHyk~e. 

Onb17' 2 . I(WIefiTe B 3 npo6up~n no 3-4 KamN BOnHOrO PaCTBOpa m n 0 4 ,  
no6aeb.r~ I3 OnHy pa36aBne~Hofi cepH0k KHCnOTbI, BO BTOPj'm - PaCTBOP 
lllenOqn, R 'IpeTblO HeMHOrO L ~ M C T W ~ U ~ O B ~ H H O ~  BOnbl. 3aTeM B Kaxnym 
npo6up~y 1106an1,~e pac-rsop cynb@w~a HaTpun Na2S03. O 6 a n c ~ n ~ e  csou 
~a6nrone~kin. CCJlM t, K H C J ~ O ~  Cpene UOHbl Mn0; B O C C T ~ H ~ B ~ U B ~ I O ' T C R  a0 
~ n " ,  B ~ c k ~ p a n h ~ ~ o f i  no MnOr, B ~ u e n o r ~ o k  - no M~O~' . .  B b ~ n n u u ~ e  
3HaqeHNII CTaHnapTtihlX OKHCnUTenbHO-BOCCTaHOBHTCJlbHblX nOTeHUHaOB 3THX 

npOUeCCOB. B Ka~0fi Cpt!ne OKnCnNTenbHble C B O ~ C T B ~  MnOi  BblpaXeHbl 
cwlb~ee? 



<)flbIT 3. MoryT J I M  COnMCC I l l 0  1% paCTBOpe CyUeCTBOBaTb CJlCl[yIOlll l l v  

llapbl BeUeCTB: a) H2S U Fc('ll; 6) I:eC'13 U SnC12? O T B ~ T O ~ O C H Y ~ ~ C ' .  )lrlllc.c= 
~ ~ p o n e n a f i ~ e  onb1-r. K pacraopy ponaHnna Kannn KCNS nnn iIMMOllllVI 

llpn6a~bTe PaCTBOp XJIOpHllLi XCJlC'Ul (111). O T M ~ T ~ T ~  UBeT 06pa30~at)lll~lO~R 
pac-reopa, nocne qero npn6asnn13re K tteMy no KannnM pacTBop xnopnna ollonrt 
(11).  TO nponcxonn~? O G a ~ c r r ~ i ~ e  cnon ~a6nwne~n11,  ncxon~  n3 cnenyK)lllllk 
pea~unii:  

Fe2C13 + 3KCNS = Fe(CNS)3 + 3KC1, 
2FeC13 + SnClz = 2FeC12 + SnCI,. 

OflbfT 4. B OnHy npo6np~y HaCblnbTe RHOKCclR CBnHUa, ~ 0 6 a ~ b T e  HeMHOrO 
K O H U ~ H T P H P O B ~ H H O ~ ~  C O J I R H O ~ ~  KHCnOTbl (n0n ~Rrofi!). BblnenReTcR XnOp 
senekoro uBeTa. n o n ~ e c n ~ e  K npo6up~e 4 n n b ~ p o ~ a n b ~ y w  G y ~ a r y ,  
CMoqeHHyro pacTBopoM nonnna KannR. n o q e ~ y  6 y ~ a r a  q e p ~ e e ~ ?  O 6 a n c ~ n ~ e  
~ a 6 n w n e ~ n ~ .  C x e ~ a  pealcunn: 

Pb02 + HCI/KOHU/ -+ pb2' + Ci2 + HzO. 
B RpylylO npo6np~y HaJlefiTe JlnCTWlJlHpOBaHHy~ Bony (2-3 Mn), KanHNTe 

1-2 Kannn 0,5 M MnSO,, no6aebre 2-3 KannH HNO~KOHU/,  6p0cbTe UenOTKy 
RHOKCHna CBHHUa, HarpefiTe RO KHneHHR   OR Tllr~fi!) H LlafiTe OTCTORTbCR. 

~ ~ L R C H N T ~  H ~ ~ ~ ~ O R ~ H H I I .  C x e ~ a  peaKunn: 
PbOl + ~ n ~ '  -+ M n 0 i  + ~ b " .  

C O C T ~ B ~ T ~  nOJlHble YpaBHeHHR pealcsnfi. 
BAPMAHTbl ~ A A A H M ~  


