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9-if KJ1acc

Tema I. Inekmporumuueckan ouccoyuauus

Pa6ora 1. 3JIeKTp0J'IHTl/l‘{eCKaﬂ AUCCoHaNMs BelIeCTB
H peaKklM HOHHOTI'0 o0MeHa

Bapuanm 1
1. a) FeCly; —» Fe*'+3CI

6) K,S0, —2K'+S0 3~

B) Ba(NO;), » Ba”+2NO 3

r) H;PO, — 3H+PO }”

1) NaOH — Na'+OH"

2. a) H,S0,+BaCl, — BaSO,{ +2HCI
Ba’*+SO3~ — BaSO4{

6) 3KOH+H;PO, — K5PO,+3H,0
OH+H' - H,0

) Na,CO5+Pb(NO5), - 2NaNO;+PbCO5 ¥
Pb*+CO3~ —PbCO;{

Bapuanm 2

1. a) Ca(OH), —» Ca*'+20H"
6) CuCl, —» Cu*"+2CrI

B) H,SO, — 2H'+S0 2~

r) Fe5(S0,); — 2Fe* +3S03~

1) KNO; - K*+NO 3

2:a) HCI+AgNO; 5 'AgCl4 +HNO;
Cl+Ag"— AgCl

6) BaCl,+CuSO, — BaSO4{ +CuCl,
Ba*+SO3~ — BaSO,{

B) Ca(OH),+2HNO; > Ca(NO;3),+2H,0
OH+H' - H,0

Bapuanm 3
1. a)AlCl; —> APF'+3CI

6) KsPO, — 3K +PO 3~
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) HNO; » H'+NO 3

r) Na,SO4 — 2Na'+SO 5~

1) MgCl, - Mg +2CI

2. a) Na,CO;+CaCl, — 2NaCl+CaCO; |
CO% +Ca*" - CaCOs{

6) Ba(OH),+2HCl — BaCl,+2H,0
OH+H' - H,0

8) H,S0,4+Ba(NO;), —» BaS0, | +2HNO,
SO +Ba*" - BaSO,{

Bapuanum 4

1. a) Cu(NO;), - Cu”+2NO3

6) HCl—»> H+CI

B) AlL(SO,); — 2A17 43802~

r) Ba(OH), - Ba>+20H"

1) ZnSO,4 — Zn*+S0 3~

2. a) LIOH+HNO; —> LiNO5s+H,0
OH+H' - H,0

6) Cu(NO5),+2NaOH — Cu(OH), ¥ +2NaNO;
Cu®*+20H — Cu(OH), }

B) 3K,CO3+2H;P0, — 2K;P04+3CO, T +3H,0
CO% +2H" - CO,+H,0

PaGora 2. Peakuyu HOHHOTO 00MEHa U TMAPOJIHM3 coJleil

Bapuanm 1

1. a) 3AgNO;+K;PO, — Ag;PO,4 L +3KNO;
3Ag+PO; — AgiPO,

6) CuSO,+2NaOH — Cu(OH), J +Na,S0,
Cu*'+20H — Cu(OH), J

r) BaCL,+K,S0, — BaSO,{ +2KCl
Ba’'+SO3~ - BaSO,{

2. Na,CO;+H,0 2 NaOH+NaHCO;

CO% +H,0 2 OH+HCO3



NaHCO;+H,0 2 NaOH+H,CO;
HCO3 +H,0  OH+H,CO;
Cu(NO;),+H,0  Cu(OH)NO;+HNO;
Cu*'+H,0 2 CuOH+H"
Cu(OH)NO;+H,0  Cu(OH),+HNO;
CuOH+H,0 2 Cu(OH),+H"
Bapuanm 2

1. a) Na,CO3+2HNO; — 2NaNO;+H,0+CO,
CO3% +2H" - CO,+H,0

8) 2HCI+Ba(OH), — BaCl,+2H,0
H+OH — H,0

r) 3NaOH+H;PO, — Na;PO4+3H,0
OH+H' — H,O

2. Na,S+H,0 2 NaOH+NaHS

S*™+H,0 > OH+HS

NaHS+H,0 2 NaOH+H,S

HS+H,0 2 OH+H,S

FeCl;+H,0  Fe(OH)ClL,+HCI

Fe’*+H,0 2 FeOH*'+H"

Fe(OH)Cl,+H,0  Fe(OH),CI+HCl
FeOH*"+H,0 ;> Fe(OH) ;4H"
Fe(OH),CI+H;0” Fe(OH)+HCl

Fe(OH) ; +H,0 > Fe(OH);+H"

Bapuanm 3

1. a) FeCl3+3NaOH — 3NaCl+Fe(OH); ¢
Fe*"+30H — Fe(OH);

) Ba(NO;),+Na,CO; — BaCO; | +2NaNO;
Ba®+CO 3 — BaCO;{

1) Aly(SO4),+2K5PO, — 2AIPO4 4 +3K,S0,
AP+PO} — AIPO, L



2. Zn(NO3),+H,0 2 Zn(OH)NO3+HNO;
Zn*+H,0 > ZnOH"+H"
Zn(OH)NO;+H,0 > Zn(OH),+HNO3
ZnOH ' +H,0 > Zn(OH),+H"
K,CO3+H,0 ” KOH+KHCO;

CO 3 +H,0 2 OH+HCO3
KHCO;5+H,0 2 KOH+H,COs

HCO ; +H,0 2 OH+H,CO;

Bapuaum 4

1. a) K,CO;+2HCl — 2KCI+CO,+H,0
CO 3 +2H" - H,0+CO,

6) Ca(OH),+2HNO; —> Ca(NO3),+2H,0
OH+H" - H,0

B) 2NaOH+H,SO4 — Na,S0,+2H,0
OH+H'— H,0

2. AICI5+H,0 2 Al(OH)CL+HCI
AP"+H,0 > AIOH**+H"
Al(OH)Cl,+H,0 > Al(OH),CI+HCI
AIOH**+H,0 > AI(OH) § +H"
Al(OH),CI+H,0 > Al(OH);+HCl
Al(OH)} +H,0 > AI(OH);+H"

PatGora 3. Xumnyeckue cBOMCTBA KMCJIOT, COJIEH U OCHOBAHUM
B CBeTE TEOPHUH ITEKTPOTUTHIECKON JUCCONMALNH

Bapuanm 1

1. Ba(OH),+Na,SO, —> BaSO,4 4 +2NaOH
Ba®+SO3~ — BaSO,{

Ba(OH),+CuCl, — Cu(OH), { +BaCl,
20H+Cu*" - Cu(OH), L
Ba(OH),+2HNO; — Ba(NO;),+2H,0
OH+H" — H,0

Ba(OH),+CO, — BaCO; { +H,0



a),, FeCl

FeSO4/)' ’

@Fe(NOQZ

a) FeSO,+BaCl, — FeCl,+BaSO, 4
SO +Ba*" - BaSO,{
6) FeSO,+Ba(NO3), — Fe(NO;),+BaS0O, 4
Ba®+SO3~ — BaSO,{
Bapuanm 2
1. H,SO4+2NaOH — Na,SO,+2H,0
H'+OH — H,0
H,S0,+Zn — ZnSO,+H, T
2H'+Zn — Zn*'+H,
H,SO4+BaCl, —> BaSO, J +HCl
SO 2~ +Ba’ — BaSO,{
H,S0,+Cu0O — CuS0O,+H,0
2H"+CuO — Cu*'+H,0
Na,SO,+Ba(OH), — BaSO,{ +2NaOH
SO 2™ +Ba*" - BaSO,4{
NaOH+HCIl — NaCl+H,O
OH+H' - H,0
Bapuanm 3
1. CuCL,+2AgNO; — 2AgCI{ +Cu(NO3),
Cl+Ag" — AgCl{
CuCl,+Fe - FeCl,+Cu
Cu*™+Fe— Fe*'4Ca
CuCl,+2KOH -5 Cu(OH), ¥ 42K €l
Cu?*+20H — Cu(OH), J
2. a) H,S04+Ba(NO3), —» BaSO, ¥ +2HNO,
6) KCIHAgNO; — AgCl{ +KNO;
Cl+Ag" — AgCl{
Bapuaum 4
1. 2HCI+Ca(OH), - CaCl,+2H,0
H'+OH — H,0
6HCI+2A1 — 2AICL+3H, T
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6H+2A1— 2AI"+3H,
2HCI+Na,CO; — 2NaCl+H,0+CO,
2H+CO 3~ — H,0+CO,
2HCl+MgO — MgCl,+H,0
2H"+MgO — Mg”*+H,0

2. MgO+H,SO, —» MgSO4+H,0
MgO+2H" — Mg*+H,0
Mg(OH),+H,S0, — MgS0,+2H,0
Mg(OH),+2H" - Mg*"+2H,0

PaGora 4. PacueTsl N0 ypaBHeHMSIM peaKkuMii, ecju 0IHO
M3 pearupylolmuX BelecTB JaHO B H30bITKe

260 2201
1. Ba(NO;), +K,S0, — BaSO,{ +2KNO;
n(Ba(NOy),)="BaMNOs)) _ 260 ¢ 996 1,
M(Ba(NO;),) 261

m(K,504) _ 220 _1 564 moms
M(K,SO,) 174
T.x. K,SO4 HaxoauTces B U30BITKE, TO pacdeT BeneM 1o Ba(NO;),

260T XT
Ba(NO;), +K,S0, — BaSO, {+2KNO;

H(Kst4):

261 r 2331
200_x 202 o
261 233
OtBer: m(BaSO4)=232,111

42,6 T 16T
2. -AI(NO, ), +3NaOH — Al(OH);4 +3NaNO;

m(AI(NOy),) _42,6

Al(NO;z);)= =0,2
n(AIINOS)) M(AI(NOy)y) 213 Mo
n(NaOH)= m(NaOH) _'16 =0,4 MoB

M(NaOH) 40

T.x. NaOH nHaxomutcs B Hemoctatke (¢ ydueroM kodhdummenta 3), mo
HEMy BEIeM pacyer

161 XT
AI(NO;)s+ 31;1301{ — AI(OH), { +3NaNO;

40T 781
16 X (16 T8 16 4 rOmser: m(AI(OH))=10.4 r
3.-40 78 340

3. N32CO3+2HNO3 - 2NaNO3+H20+C02



m(HNO;)= o (HNOj)- m, ,,=0.2 - 400=80

n(HNO;)=HNO) 30y o7 voms
M(HNO,) 63
n(NayCOy)=BNaC05) _ 53 4 5o

M(Na,CO;) 106
T.x. HNO; HaxomuTcs B u30bITKE, TO pacyeT BeaeM 1o Na,CO;

53 X
Na,CO; +2HNO; — 2NaNO;+H,0+ CO,

106 241
3 x x=20T8 1124
106 22,4 3-40
Otset: V(CO,)=11,2 n

20r 94,51

4. MgO+2HNO; — Mg(NOs),+H,0O

m(MgO) = 20 =0,5 moJb

M(MgO) 40

m(HNO;) 94,5

M(HNO,) 63

T.x. HNO; HaxomuTcs B u30BITKE, TO pacdeT BeaeM o MgO
20r XT

MgO +2HNO; - Mg(NO;), +H,O
40r 148 r
53 x = 20-148
106 22,4 40
OtBet: m(Mg(NOs),)=74

40r 12r
5. CuSO, +Fe — FeSO4+Cu

m(CuSO,) 40

n(MgO)=

I’I(HNOj,):

=1,5 Moub

=741

n(CuSOy)= =——=0,25 mMomp
M(CaSOy) . 160
n(Fe)= 20 12 _6 514 moms
M(Fe) 56

T.x. CuSO,4 HaxoguTCs B M30BITKE, TO IMOCIC OKOHUAHHS PEAKI[UH OH
OCTaHETCs B PacTBOPE.
OTBET: OCTaHETCS.

6. BaCl,+Na,SO, — 2NaCl+BaSO,

m(BaCly)= o (BaCl,) - m, ,,=0,05- 15=0,75 1

n(BaCly)="BCL) _0.75 _ 6036 woms
M(BaCl,) 208

m(Na,SO,)= (N2;S0y) - m,,,=0,08 - 10=0,8
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m(Na,SO,) 0,8
M(Na,SO,) 142
T.x. Na,SO4 HaxoauTes B m30bITKE, pacueT BexeM 1o BaCl,.

n(Na,SO,)= =0,0056 Mmonb

0,75t XT
BaCl, +Na,SO, — 2NaCl+BaSO, {

208 r 233r
0,75  x :0,75-233:0’84r

=— X

208 233 208
Otset: m(BaS0,)=0,84 r
7. Fez(SO4)3+6NaOH —> 2Fe(OH)3+3NaZSO4
m(Fez(SO4)3): 4] (FCQ(SO4)3) . mp_paZO,OS -400=20r
n(Fex(SOy)3)= m(Fe,(80,);) _ 20 =0,05 MoI1b

M(Fe,(S0O,);) 400
m(NaOH)= o (NaOH) - m,,,,=0,03 - 200=6 r
n(NaOH)= m(NaOH) _ 6 =0,15 monp
M(NaOH) 40

T.x. Fe,(SO4); HaxoauTcs B M30bITKE, TO pacdeT BeaeM mo NaOH.

6r XT
Fe,(80,);+ 6NaOH — 2Fe(OH), { +3Na,S0,
6401 21071

6 X = 6-2-107
6-40 2-107 6-40
Otser: m(Fe(OH);)=5,35r

16T 12r

8. CuSO, +Fe — FeSO,+Cu

n(CuSO,)="Cu80.) _ 16 _ 1o
M(CuSO,) 160

m(Fe) = 12 =0,214 monn
M(Fe)~ 56

T.x. Fe Haxomurcsa B M30bITKE, TO pacdeT BeaeM o CuSOy
ler XT
CuSO, +tFe - FeSO4+ Cu
160 T 64r
i _ X ‘= 16-64
160 64 160
Otser: m(Cu)=6,4
9. 2NaOH~+CuSO4 — Cu(OH),+Na,S0,
m(NaOH)=0,2-200=40 r
m(NaOH) 40

n(NaOH)=———=—=1 momp
M(NaOH) 40

=5,35r

n(Fe)=



n(CuS0O,)=3 Mo

T.k. CuSO, HaxomuTcs B U30BITKE, TO pacyeT BeaeM mo NaOH.

40T XTr
2NaOH +CuSO,; — Na,SO,+ Cu(OH),

2401 98 1
16 _x x=20-98 491
160 64 2-40

OtBer: m(Cu(OH),)=49 r

10. 2HC1+Na2CO3 - 2NaCl+H20+C02

m(HCl)=w (HCI)- m;,=0,3- 150=45T

n(HCl)= m(HCI) _ 45
M(HCl) 36,5

n(Na,CO3)=0,5 moib

T.kx. HCI HaxonuTcst B u30bITKE, pacueT BeaeM mo Na,COj
0,5 momb 0,5 momb

2HCI+Na,CO; — 2NaCl+H,0+ CO,
n(Na,CO3)=n(CO,)=0,5 monb
V(CO,)=n(CO,)- V;;=0,5-22,4=11,2 n
Otset: V(CO,)=11,2 n

11. H2804+Ba(N03) —> BaSO4+2HN03
m(H>SO4)= @ (H,SO4) - my.,=0,1 - 40=4 T

=1,23 MoJb

n(H,S04)=2HS0:) _ 4 6 641 voms
M(HSO,) 98
n(Ba(NOy),)= B0y _ 2,61 _ 6110,

M(Ba(NO;),) 261

T.k. H,SO, Haxoautest B M30bITKE, TO pacyeT BeaeM o Ba(NO;),.
2,61 XTr

H,SO,+Ba(NO;), — BaSO, +2HNO;
261 2331

2,61 x (4 (261233
261 233 261

Otsetr: m(BaS0O,)=2,33r
10r 40r
12. MgO+2HNO; — Mg(NOs),+H,0

n(MgO)= m(MgO) _ 10 =0,25 moinb

M(MgO) 40
n(HNO,)=HNOy) _ 404 (35 vioms
M(HNO,) 63

T.x. HNO; Haxomutcs B u30BITKE, TO pacdeT BeaeM o MgO

=2,331

10



10r Xr

MgO +2HNO; > Mg(NO,), +H,0

40r 148 r
53 x 10148
106 22,4 40

OtBet: m(Mg(NOs),)=37r

13. H,SO4+BaCl, - BaSO,+2HCI

m(H;S04,)= @ (H,S04) - my ,=0,07 - 200=14 r

n(H,S0,)=1HS0) 1% 6 443 vom
M(HSO,) 98

n(BaCl,)=2 moib

T.k. BaCl, Haxomutes B U30bITKE, TO pacyeT BexeM o HySO,.

14r XT
BaCl,+H,SO, — BaSO, +2HCI
98r 233r
261 x 18233 4309
261 233 98
Otset: m(BaS0,)=33,29r
16,21 30r
14. ZnO+2HNO, —> Zn(NO3),+H,0
n(Zn0)=2E0) _16.2 5 o
M(ZnO) 81
n(HNOg)=HNO) _ 30 48 o
M(HNO,) 63

T.x. HNO; HaxoauTcs B u30bITKE, pacueT BexeM 1o ZnO
162r XT
ZnO +2HNO; - Zn(NO;), +H,O

81r 189 1
53 x (1627189 0o
106 22,4 81

OtBet: M(Zn(NO3),)=37,8 T
Pa6ora 5. UTtorosast mo teme I
Bapuanm 1
1.a) KCl - K'+CI
6) H,SO, — 2H'+S0 3~
B) Ca(OH), > Ca*+20H"
r) Cu(NO;), - Cu*+2NO 3
1) Aly(SO4); > 2AP +2S0 3~
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2. a) NaCl+AgNO; — AgCl{ +NaNO;
Cl+Ag"— AgCl{
6) 2HNO;+Ca(OH), — Ca(NO5),+2H,0
H'+OH — H,0
8) 2HCI+K,CO; — 2KCI+H,0+CO,
2H++CO 3_ - H20+C02
3. 2HCl+Zn — ZnCl,+H, T
2H"+Zn— Zn**+H, T
2HCI+Ca0 — CaCl,+H,O
2H"+Ca0 — Ca**+H,0
2HCI+Cu(OH), - CuCL+2H,0
2H'+ Cu(OH), — Cu**+2H,0

32r 2lr
4. CuSO, +Fe — FeSO4+Cu

m(CuSOL) _ 32 5 vioms
M(CuSO,) 160

m(Fe) _ 21 =0,375 momb
M(Fe) 56

n(CuS0,)=

n(Fe)=

T.k. Fe Haxomutcs B u30bITKe, TO pacyer BeaeM o CuSO,

32r X

r
CuSO, +Fe —» FeSO4+ Cu
160 64r

2 _x k=084 oy

160 64 0

Otser: m(Cu)=12,8 r

Bapuanm 2

1. a) NaOH=> Na"+OH"

6) HNO; — H+NO3

B) MgCl, = Mg*+2CI’

r) K,CO; — 2K'+CO 3~

1) Fe(NOs3); - Fe*+3NO 3

2. a) 2KOH+Cu(NOs), — Cu(OH), { +2KNO;
20H+Cu*" — Cu(OH),

6) 2HC1+Ba(OH), - BaCl,+2H,0
H'+OH — H,0

B) NaQSO4+Ba(NO3)2 - BaSO4+2NaNO3
SO 3™ +Ba*" — BaSO,
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3. Ca(OH),+CuSO, — CaSO,+Cu(OH), ¥
20H+Cu*" — Cu(OH), ¥
3Ca(OH),+2K5P0, — Cas(PO,), ¥ +6KOH
3Ca*"+2P0O3 — Ca3(PO,),

Ca(OH),+CO, — CaCO;+H,0
S5r 40r
4, MgO + 2HNO3 - Mg(NO3)2+H20

n(Mg0)="MeO) _ 5 _ 155 voms

M(MgO) 40
n(HNO;)= m(HNO,) _ 40 =0,635 Moub
M(HNO,) 63

T.x. HNO; HaxomuTcs B u30bITKe, pacuet BeaeM mo MgO

St Xr
MgO +2HNO; —» Mg(NO;), +H,O
40r 148 r

S == X= 3148 =185r

40 148 40

OtBet: m(Mg(NO3),)=18,5T
Bapuanm 3

1. a) H;PO, — 3H'+PO 3~

6) Ba(OH), > Ba>+20H"

B) FeSO, — Fe*+S0 3~

r) AICL; > AP*+3CI

1) Cu(NOs), » Cu>+2NO 3

2.a) FeCl;+3NaOH — Fe(OH); | #3NaCl
Fe*'+30H = Fe(OH)s v

6) H,SO,+2LiOH -5 Li;SQ,+2H,0
H+OH - H,0

B) 2HNO;+Na,CO; — 2NaNO;+H,0+CO,
2H+CO 3~ — H,0+CO,

3. 3H,SO0,+2A1 - Aly,(SO4)5+3H, T
6H+2A1— 2AI " +3H,

H,S0,+2KOH — K,S0,+2H,0
H'+OH — H,0

H,SO4+Ba(NOs), > BaSO, 4 +2HNO;
SO3 +Ba” - BasSO,{
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20r 33r
4. NaOH +HCI — NaCl+H,0
n(NaOH)="(NaOH) _ 20 4 5 o
M(NaOH) 40
n(HCl)— m(HCl) _ 33
M(HCl) 36,5
T.x. HCI naxonutcs B m30bITKE, pacuet Begem mo NaOH

20r Xr

NaOH +HCI —» NaCl +H,0
40 r 58,51

S5 x . 20-58.,5
40 148 40
OtBer: m(NaCl)=29,5 r

Bapuaum 4

1. a) CaCl, > Ca*"+2CI
6) KOH — K'+OH"

B) HCl - H+CI’

r) Fe,(S0,); —» 2Fe* +3S0 3~

1) NasPO, — 3Na'+PO 3~

2. a) CuSO,+BaCl, —» CuCl,+BaSO,

SO +Ba*" - BaSO,4{

6) 2HBr+Ca(OH), — CaBr,+2H,0

H+OH — H,0

B) 3ZnSO,4+2K;P0, — Zns(PO,), ¥ +3K,S0,
3Zn*+2P0O 3" — Zny(POy),

3. CuSO,+2NaOH — Cu(OH), | +Na,S0,
Cu?'+20H > Cu(OH)s 4

3CuSOA2A1 - Al(SO,)5+3Cu

3Cu”"+2A1 - 2AP"+3Cu

3CuS04+2Na;P0O, — Cu;(PO,), ¥ +3Na,S0,
3Cu*+2P0 3" — Cus(POy), ¥

65r 20r

4. Zn+tH,S0O4 — ZnSO4+H,

m(Zn) 6,5
M(Zn) 65
m(H,S0,) 20

—— =0,204 moip
M(H,SO,) 98

=0,9 monp

=29,25r

n(Zn)= =0,1 momp
Il(HzSO4):
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T.k. H,SO, HaxoauTest B M30BITKE pacyeT BeAeM 1o Zn.

6,51 XT

Zn +H,S04— ZnSO4+H,

65r 21

S _x =022 =02r
40 148 65

Otser: m(H;)=0,2 r
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Tema II. Iloozpynna kucnopooa. OcnogHule
3AKOHOMEPHOCIU MEYEeHUA XUMUYECKUX PeaKyuil

Padora 1. Kuciaopoa. Cepa. Cepnasi kucjiora

Bapuanm 1
1. a) S+0, —» SO,

6) S™+Li" > Li3!' s

S%+2¢ - S 1

Li’le > Li™" |2

2Li+S — Li,+S

) H,SO,+Mg — MgSO,+H, T

F) H2804+C8.0 - CaSO4+H20
1) H,SO,+Ba(OH), - BaSO, | +2H,0
2H'+S0 3~ +Ba*'+20H —> BaSO, ¥ +2H,0

2.:0::0: 0=0
:0:0:0: O/\\O
IIpu3Haku cpaBHEHUs O, O3
1. ArperaTtHoe ras ra3
cocTosiHuE (H.y.)
2. 3amax 0e3 3amaxa 3amax CBEXKECTH
3. PacrBopumOCTB MaJIOPACTBOPHM XOPOILO PaCTBOPUM
4.  TInotHOCTh (H.y.) 1,43 r/n 2,14 r/n
5. OkucnutensHble OKHCJIUTENb CHJIbHBIN OKHCIIUTEIb
CIOCOOHOCTH Cpe/iHei CHIIBL
6.  YcroiuuBocTh ycroiunBas HeyCTOW4MBast
MOJICKYJIBI

ANIOTPOITHS — CIOCOOHOCTH OTHOTO JIIEMEHTa 00PA30BBIBATE HECKOJIBKO
ITPOCTHIX BEILECTB.

3. IlpunuB B 06€ TpOOMpPKH CHITUKAT HATpHs, HaOIr0maeM B ONHOU W3
HUX BBINIAJICHUE 0CAIKAa.

NaQSiO3+stO4 —> NaQSO4+HQSiO3l

Bapuanm 2

1. a) 3S+2Al - Ale3
6) S“+C°—» C*"s 2
28%+4e 287 |1
Cl4e >C™" |1
28+C — CS,
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B) Zn—‘erSO4 —> ZHSO4+H2

r) H,SO4+MgO — MgSO,+H,0

,II) H2804+Cu(OH)2 —> CUSO4+2H20

2H"+Cu(OH), —» Cu*'+2H,0

2. B mpupone cepa BcTpedaeTcss B CaMOpOJHOM BHJE, B COCTaBe
cynmbparoB u cynbhumoB. OCHOBHBIE 00JaCTH TPUMEHCHHS: IS
MPOW3BOJICTBA  CEpHOW  KHCJIOTHl, ByJIKaHW3aIlMA  Kaydyka, B
OpPTaHUYECKOM CHHTE3E.

3. Ilpunus B 06e POOUPKH pacTBOp XJopuaa O6apus, B OQHON MpoOUpKe
HaOII0JaeT BEIMTAAEHUE OEJIOro ocagka.

BaCl,+H,SO, — BaSO, 4 +2HCI

Bapuanm 3
1. a) S+H, —» H,S
6) S+Zn" - Zn"’S™
S+2e — S~ 1
Zn’-2e > Zn"* | 1
S+Zn— ZnS
B) H2$O4+Fe —> FCSO4+H2
l") HQSO4+CUO —> CuSO4+H20
JI) H2804+2NaOH - Na2804+2H20
H+OH — H,0
2. O, — kucnopon, O; — 030H
Sg — MOHOKITMHHAS cepa
Sg — pomOmueckas cepa
S — mmacTuyeckas cepa
Oro sBiaeHHWE (00pa30BaHUS HECKOJIBKUX MPOCTHIX BEIIECTB OJHUM
3JIEMEHTOM) HOCUT Ha3BaHUE aJUTOTPOIIHSI.
3. Otu BemecTBa MOXHO PACIIO3HATH MPH oMoty pacteopa BaCl,.
K,SO,+BaCl, - BaSO44 +2KCl
OeIIbIit
HCI+BaCl, »

Bapuanm 4
1. a) S+2Na — Na,S
6) S“+F9 — S™F!

$%-6e—>S" |1

Ft2e »2F' |3

S+3F, — SFq

B) 3H2804+2A1 —> Alz(SO4)3+3H2T

F) 3H2$O4+F€203 d Fez(SO4)3+3H20
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JI) H2$O4+C3(OH)2 - CaSO4+2H20

H'+OH — H,0

2. CepHasi KHCJIOTa HUCIOJB3YETCs Ui MPOU3BOJACTBA yaA00peHuil (¢ ee
MOMOIIBI0 TONy4YaroT (HOcOPHYIO KHCIOTY) M B IIPOMBIIUICHHOCTH
OpPTaHUYECKOTO CHHTE3A.

3. [lpunus B 06e npobupku pactop BaCl, B ogHO# 13 HUX HaOmoaaeM
BBITIa/IeHHE OEJIoro ocaka.

BaC12+Na2804 - BaSO4 ~L +2NaCl

3neck Ob11 Na,SOy

Padora 2. CkopocTh XMMHYECKHX PeaKIuii.
XumMnyeckoe paBHOBecHe.

Bapuanm 1

1. Hy+Cl, —» 2HCI

PeaKL[I/lﬂ HUJACT MTHOBCHHO, CO B3PBIBOM.

H,+Br, — 2HBr

Peakuus uaer MeaneHHO

Hy+1, —» 2HI

Peaxnyst ueT TOJIBKO NPU HarPEBaHHH.

2. COwtH,0¢y & COxpytHpyHQ

a) BIIEBO, T.K. PEAKIHUs SK30TEPMUYIHA;

0) BIpaBo, T.K. YBEINYNBAECTCS] KOHIIEHTPALIUS NCXOTHBIX BELIECTB.
Bapuanm 2

1. Hy+Cl, —» 2HCI

Ecnu KoHIEHTpanusi 3TUX BENIECTB Majid, TO PEaKLus MIET MEIJIECHHO,
€CNTM _KOHLEHTPALUsl JOCTaTOYHO BEIMKA, TO PEaKIHs  IPOUCXOINUT
MIHOBEHHO, CO B3PBIBOM.

2. 2Hy iyt 05y 2H 0 +Q

a) BIPaBO, T.K. PEaAKIHsI IK30TCPMHUYHA;

0) BIIpaBo, T.K. peaKIys MPOTEKAaeT C YMECHBIIIEHHEM 00beMa CHCTEMBIL.
Bapuanm 3

1. Zn+2HCl - ZnCl,+H, T

Ilpn OOBIYHBIX YCIOBHAX peaklus IPOTEKaeT MEIUICHHO, a NpH
HarpeBaHWU HauMHaeTCcs OypHOE BBIIIENICHHUE BOIOPOIA.

2. Ny t3Hor & 2NH;+Q

a) BIPABO, T.K. PEAKIHSI IK30TEPMHUUHA;
0) BJI€BO, T.K. PEAKIIHS TPOTEKAET C YMEHBIICHHEM 00beMa CUCTEMBI.
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Bapuaum 4

1. 3H2+N2 —> 2NH3

be3 karanuzaropa CKOpPOCTh 3TOM peakLUU Ype3BbIYAHHO Majla, HO MpHU
J00aBIEHUN KaTaIu3aTopa €€ CKOPOCTh 3HAYUTEIBHO YBETHUNBACTCS.

2. 2HBI‘(F) Z Hz(r)+Br2(r)-Q

a) BIPaBO, T.K. PEaKHs YHI0TEePMUYHA;

0) BIpaBo, T.K. YBEINYHMBACTCS KOHIIEHTPALIUSI HCXOJHOTO BEIECTBA.

Paodora 3. Urorosas no teme II

Bapuanm 1

1. HzSO4+2KOH - KQSO4+2HQO
3H,SO,+2A1 > Alz(SO4)3+3H2
HzSO4+FeO b FeSO4+H20
H,S0,+Ba(NOs), — BaSO, 4 +2HNO;
H2804+ZH(OH)2 —> ZHSO4+2H2O

2.8—1580,—2 S0; — > H,80,—*— S0,

1) S+0,— SO,

2) 2S0,+0; — 250;

3) SO3+H20 —> H2$O4

4) H2304+Na2803 —> Na2804+H20+802 T

3. 2805410 2 2S03+Q

a) BJICBO, T.K. pCaKIUs 3K30TCPMHUIHA,

6) BJICBO, T.K. p€aKlus MPOTEKACT ¢ YMCHbBIICHUCM 00bEMA CHCTEMBI.

4. YBennueHue CKOpPOCTH pCaKInH o0xxura MNUpUTa JOCTHUTACTCA MYTEM
Harpe€BaHus, IMOCTOAHHOI'O TOKa KHCJIOpPOAA, YBEIWYCHUSA IUIOIIAIN
COIIPUKOCHOBCHHUA P€Aar¢HTOB U KaTajau3aTopa.

Bapuanm 2

1. 3H2$O4+2FC(OH)3 - Fez(SO4)3+6H20
H,S0,+BaCl, - BaSO, 4 +2HCI
H,SO,+2LiOH — Li,SO,+2H,0

HzSO4+MgO - MgSO4+H20
H,SO,+Zn — ZnSO,+H, T
1 3 4
2. H,S¢1-S—2 5FeS—2 550,
¢2
Nazs
1) Hy+S — H,S
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2) S+2Na — Na,S

3) S+Fe — FeS

4) 4FeS+70, — 2Fe,05+4S0,

3. a) IpH yBEJIMUYESHUH TEMIIEPaTypbl, CKOPOCTh PEaKIMN YBEINIUBACTCS;
0) mpM yBEIMYEHUH KOHLEHTPAIMM MCXOAHBIX BEIIECTB, CKOPOCTh
peaxn yBenmumnBaercs. [lpumepsr cM. Tema II, pabora 2, BapuanT 2, 3,
Bompoc 1.

¢
4. 4FeS,+110, —— 2Fe,05+850,

OTOT Ipouecc OCHOBaH Ha NMPUMEHEHUH NPHUHLMIA TEIIooOMeHa, pu
3TOM JOCTHUTAETCS MAKCUMAJIBbHBIN BBIXOJ MMPOIYKTA.

Bapuanm 3

1. H,SO4+2NaOH — Na,S0O4+2H,0
HQSO4+CUO - CU,SO4+H20
HzSO4+Mg - MgSO4+H2
H,SO,+BaCl, —» BaSO,+2HC1
3H,SO4+2A1(OH); — Al (SO4);+6H,0

2.8—157nS —2 S0, —— S0, —— H,S0,

1. S+Zn— ZnS

2) 2ZnS+30, — 2Zn0+2S0,

3) 280,10, — 2505

4) SO3+H20 —> H2$O4

3. a) Ilpm mpaBWIBbHOM MOMOOpE KaTadM3aTOpa CKOPOCTh PEaKIUU
3HAYUTENIBLHO BO3PACTaeT.

0) Pa3Hble BemecTBa pearupyroT ¢ OJHAM U TEM K€ BELIECTBOM C pa3HOH
CKOPOCTEIO.

IIpmmepst cm. Tema 11, pabora 2, Bapuasr 1, 4, Bompoc 1.

4. Tlpumecu, conepkamuecs B CEPHHCTOM Ta3e, MOLYT SBIATHCS

unruouropamu peakmun  2SO053+0, 2 2SO, [pu - 9TOM  3HAYUTENHHO
CHIDKAETCA €€ CKOPOCTb.

Bapuanm 4

1. H,SO4+Ca(OH), —» CaSO4,+2H,0

H,SO4+Zn0O — ZnSO4+H,0

H,SO4+Fe — FeSO4+H, T

H,S0,+Ba(NOs), - BaSO,{ +2HNO;

HzSO4+Cu(OH)2 —> CUSO4+2H20

2. SOy tHoO0 & HaSO30+Q

a) BIIEBO, T.K. PEAKIUs 9K30TEPMHUYIHA;

6) BIpaBo, T.K. yBEINYHNBACTCS] KOHIIEHTPALIUS HCXOJHOTO BEIIECTBA.
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3. H,S«—S—3580,—%5 S0,
‘L 2
ALS;
1) S+H, — H,S
2) 3S+2A1— Aleg,
3) S+0, - SO,
4) 280,40, — 2S0;

4. Tx. SO; pearupyeT cHadala ¢ BOASHBIM ITapOM, TO 3HAYUTEIbHAS
gactb H,SO, momydaercs B Buae TyMaHa, KOHIEHCHPOBATb KOTOPBIH

HEYI00HO.
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Tema III. Iloozpynna azoma

Pa6ora 1. A3or. AMMuak. CoJiu aMMOHHS

Bapuanm 1
l.ay NS + L’ SLi{'N?

OKMCIIUTEIb ~ BOCCTAHOBHUTEIb
OKHCJINTECIIb BOCCTAHOBUTCIIb

6) NH,C1+NaOH — NaCl+NH; T +H,0
B) NH,Cl+AgNO; — AgCl{ +NH,NO;
Cl+Ag"— AgCl
2. H,+Cl, - 2HCI

Pt
3H,+N, — 2NH;
NH;+HCI — NH,Cl
N, N:=N: N=N
A3oT — OeclBeTHBIIT Ta3, 0e3 BKyca, 0e3 3amnaxa, t,,=-210°C, t,;=-196"C
Bapuanm 2
l.ay NS + 3HS —2N°Hi!

OKHMCJIUTECIIb BOCTaHOBHUTECIIb

6) 2NH3+H2$O4 —> (NH4)2$O4
B) (NH4),SO4+Ba(NO5), — BaSO4 ¥ +2NH,NO;
SO % +Ba*" - BaSO,4{
2. JlaHHBIE pacTBOPBI MOYKHO PACIO3HATH IPH MOMOITH pacTBopoB BaCl,
1 Na,SiO;.
1) BaCl;+Na,SO4 — BaSQ, | +2NaCl
BaCl,+H,S0,=> BaSOs4 +2HCI
NH,Cl+BaCl, <»
2) H,S0,4+Na,Si0; — Na,S0,+H5Si0; 4
NaZSO4+NaZSiO3 -

3. NHy+H' > NH

G
H1s [ ] His' [T ] His' [1] His!

H
\

H—->N«H CBSI3U KOBAJICHTHBIE MOJISIPHBIE
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NH;+H" — NH;H' cBA3b 0 JOHOPHO-aKIIENTOPHOMY MEXaHH3MY

11 1

N7H! NH,
VI

(N*H3')' (NHy)"

Bapuanm 3

1.a)NJ +3Mg’ > Mg N ;*

OKHCJIUTEb BOCCTAHOBUTEb

6) (NH4)2CO3+2HNO3 d 2NH4NO3+C02+H20
CO% +2H" - CO,+H,0

2. SO3+H20 - HzSO4

N,+3H, — > 2NH;

2NH3+H2804 - (NH4)ZSO4

3.N 252p°
S ¢4

CBsI31 KOBaJICHTHASI HETIOJPHAS

N3

Bapuaum 4

l.ay N} + 0 —52N"0?

BOCCTaHOBUTECIIb OKHCJIUTEIIb

6) NH;+HCI — NH,Cl
B) (NH4)QSO4+BEI(OH)2 - BaSO4 \L +2NH3+2H20
2NH § +SO 3 +Ba”+20H" — BaSO,+2NH;+2H,0

2. JlanHbIe BelecTBa MOKHO paCIO3HATH IIpH TIoMomy pactBopoB BaCl,
n NaOH

1) BaC12+(NH4)st4 —> 2NH4C1+BaSO4 \L

NH,Cl+BaCl, -»
NaCl+BaCl, »
2) NH,Cl+NaOH — NaCl+NH; T +H,0
NaCl+NaOH -»
3. NH; H:N:H H—-N<«H
H )
H

AMMMAK — ra3 ¢ pe3KUM 3araxoMm, tm=—780C, tKHH=-330C
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Pa6oTa 2. A30THasi KHCJIOTA U €€ COJIH

Bapuanm 1

1. a) CaO+2HNO; — Ca(NOs),+H,0
CaO+2H" — Ca*+H,0

6) NaOH+HNO; —» NaNO;+H,0

OH+H' - H,0

B) K,CO;+2HNO; — 2KNO;+H,0+CO,
CO3 +2H" - H,0+CO,

2. Cu0+H+lN+SO 52 ot —> Cu+2(N+SO 52 )2+N+4O 52 +H 3—1 0-2
Cu’-2¢ > Cu* | 1

N”+1e > N™ |2

Cu+4HNO; — Cu(NO3), 2NO,+2H,0
3.N,—25NO—2-5 NO,—2 HNO;
a) N,+O, - 2NO

0) 2NO+0, — 2NO,

B) 4NO,+2H,0+0; - 4HNO;

Bapuanm 2

1. a) Ca(OH),+2HNO; — Ca(NOs),+2H,0
OH+H — H,O

6) CuO+2HNO; — Cu(NOs),+H,0
CuO+2H" — Cu”+H,0

B) Pb2(N03%), » Pb?0?+N"“0;*+0)
N”+le >N™ | 4

20%4e 509 |1

2Pb(NO3), - 2Pb0+4NO,+0,

3. JlanHble! BEMIECTBa MOXKHO- PACTO3HATh IIPY [ IOMOUIH. PacTBOPOB
HuTpata 6apus Ba(NO;), u NaOH
Ba(NO;),+Na,SO, — 2NaNO;+BaS0, ¢
NH4/NO;+Ba(NO3), 4

Ba(NO;),+NaNO; 4

NH,NO;+NaOH — NaNOs+NH; T +H,0
NaNO;+NaOH 5

Bapuanm 3

1. a) 2HNO3;+Na,0 — 2NaNO;+H,0
2H+Na,O — 2Na"™+H,0
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6) KOH+HNO; - KNOs;+H,0
OH+H — H,O
B) Na,CO5;+2HNO; — 2NaNO;+H,0+CO,
CO3 +2H" - H,0+CO,
2. Hg"+H'N"0 3% oy = Hg?(N 0 3° ), #N "0 > +H3' 07
Hg’-2e —» Hg™ | 1
N"+le >N™ |2
Hg+4HNO3 —> Hg(NO3)2+2N02+2H20
3. KNO; —2» HNO; —2— Cu(NO3), —2»NO,
a) 2KNOs+H,S0, — K,SO44+2HNO;
6) 2HNO;+CuO — Cu(NO;),+H,0

t0
B) 2Cu(NO3)2 - 2CUO+4N02+02
Bapuaum 4
1. a) Ba(OH),+2HNO; — Ba(NO;),+2H,0
OH+H" — H,0
6) CaCO3+2HNO3 d Ca(NO3)2+H20+C02
CaCOs+2H" — Ca®>'+H,0+CO,
B) 2HNO;+MgO — Mg(NO3),+H,0
2H"+MgO — Mg*+H,0
2. Ag"'NP02 — 5 Ag*+N™0 2 +0 )
Ag'l+le —» Ag’
N™+le>N™ |4 |2
2074 09 |2]1

2AgNO;—L— 2Ag+2NO,+0,

3. Jlauuble /BellecTBA MOKHO pPACIO3HATH [PH IIOMOIIM DPACTBOPOB
Ba(NO;), n AgNO;

1) Ba(NO3),+H,SO, - BaSO, 4 +2HNO;

Ba(NOs),+HCl -5

Ba(NOs),tHNO; 5»

2) AgNOs+HC1 — AgCl{ +HNO;

AgNO;+HNO; -
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Padora 3. ®ocdop u ero coeuHeHUs

Bapuanm 1

1. a) 4P+502 - 2P205

6) PH;+HCl — PH,CI

B) H3PO4+3KOH e K3P04+3H20

H'+OH — H,0

2. CumpHO HarpeBasi KpacHBIH (ocdop B OTCYTCTBHE BO3AyXa, OIyIaeM
oenpiii pocdop. DTO 3HAYKT, YTO FTO 2 ALIOTPOMHBIC MOAM(DUKAINU
OJTHOTO AJIEMEHTA.

3. ®ocdar HaTpus ONpeAENTMM MNpPU MOMOUIM JIAKMYyca, Cpeflia ero
pacTBopa ILENOYHAsl, JIAKMYC CHHEET. A KHCIIOTHl ONpPENeIUM IIpH
oMoty pactBopa AgNO;,

AgNO;+HCl— AgCl | +HNO;

JKENTHIA

2AgNO3+H3PO4 -

Bapuanm 2

1. a) 2P+5Cl, — 2PCl;

6) 2P+3Mg — Mg;P,

B) Na;PO,+3AgNO; — 3NaNOs+Ag;PO, 4
PO +3Ag" — AgsPO4 L

2. ®ochop oueHb peaKIMOHHOCIOCOOHOE BEIIECTBO, a MOJIEKyJa a30Ta
YCTOHYMBA ¥ XUMUYECKHA MAJIOAKTABHA

,0
3.P——> CasP; “6-) PH; P,Os

a) 2P+3Ca— Ca3P2

0) CazP,+6H,0 — 3Ca(OH),+2PHj3
B) 2PH3+402 —> P205+3H20
Bapuanm 3

1. a) 2P+3Ca— Ca;P,

6) Cas(PO,),+3H,S04 ——> 3CaSO,+2H;PO,

B) 3NaOH+H;PO, — Na;PO,+3H,0O

OH_+H+—)H20

2. Ilpu cropanum 6enoro u kpacHoro (¢ochopa B OAMHAKOBBIX YCIOBHUSX
00pa3yroTCsl OMMHAKOBBIE BEIIECTBA.

3. Boay MOXHO oOmpeaeiuTh IMPU TMOMOIIM JaKMyca, BOJa HMEET
HEUTpaNpHYI0 Cpeoy W JIaKMyc B HeW ocTaHeTcs ()HOJETOBBIM, B
kucnorax oH mokpacHeer. HNO;, B otmnmmume ot H;PO,, pactBopsier
Meb:

B)
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Cu+HNO; » Cu(NO;), {+2NO,+2H,0

JKEITBIH

Cut+H;PO, »

Bapuanm 4

1. a) 2P+3S - P,S;

6) P205+3H20 —> 2H3PO4

B) 2H;P0O4+3Na,CO; — 2Na;P0O4+3C0O,+3H,0
2H'+CO3~ — CO,+H,0

2. Momnekyna ¢ochopa B mapax coctout u3 4-x atomos (P4), a Momekyna
aszota u3 2-X (N)

3.P—2 P,05s—2— H;PO,—2— K;PO,

a) 4P+50, — 2P,05

6) P,Os+3H,0 — 2H;PO,

B) 3KOH+H3PO4 —> K3PO4+3H20

Pabota 4. PacueTsl 10 onpejiesieHUI0 MaCCOBO WIN 00beMHOM 1011
BBIX0/1a POAYKTA PEaKIUM OT TeOPEeTHYECKH BO3MOKHOI0
(41 oOpaTHBIE 3a1a4M)

252r XT

1. NaOH+HNO; —> NaNO; +H,0
63r 85r

252 x 25285

= X =340
63 85 63

my,(NaNO;)=7 (NaNOs) - Myeop(NaNO5)=0,9 - 340=306 T
Omser: m,,(NaNO;)=306 r

20r X 1
2::2NH,C1+Ca(OH); = CaCl,#2NH; +2H,0
2:535r 2:22.4 1
20 x L20024 o
2.53,5 2.22,4 2535

Vnp(NH3):’7 (NH3) : VTeop(NH3):8:37 : 0:98:8;21 (H)
Otser: V(NH;3)=8,21 n

280r XT
3. CaO +H,0 - Ca(OH),
S6t 741
@:1 x:—280'74 =370r
56 74
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Ca(OH
7 (Ca(OH)y))=_"m(C2OM:) 358 _ 50 96.76%
mTeop (Ca(OH)2) 370

Otsert: 7 (Ca(OH),))=96,76%
20r 20r
4. 2NH,Cl1+Ca0O — 2NH;+CaCl,+H,0

m(Ca0) 20
M(NH,CI) 53,5
m(Ca0) = 20 =0,357 moap
M(CaO) 56

T.x. CaO Haxomutes B M30bITKe, pacuetr Beaem o NH,CL

20r XT
2NH,CI+Ca0O — 2NH; +CaCI+H,0
253,51 217r

20 _ X X:2'20-17
2-53,5 2-17 2-53,5
mpy(NH3)=# (NH3) - myeop(NH3)=0,98 - 6,355=6,228 1
Ortsert: my,(NH;)=6,228 1

n(NH,Cl)= =0,374 monb

n(CaO)=

=6,355T

6,41 ¢ X I
5. NH,NO, —— N, +2H,0
64r 2241
64_ x _64m4 o
64 22,4 64

Vip(N2)=1 (N2) - Vie0p=0,89 - 2,24=1,994 1
OtBerT: Vp(N2)=1,994 n

56 X
6. N, +3H,— 2NH,

22,41 2:224 1

56 _ X  _56:2:224

22,4 2:2244 224
Vnp(NH3):’7 (NH3) ¢ VTeop(NH3):O’5 -112=56.01

m(NH3)=VL ~m(NH3)=%64 -17=425

Ortsert: V,,(NH3)=56
m(NH3)=42,5r
107 r R X I
7. NH,Cl —— NH; +HCI
53,51 2240
107  x X:1()7-22,4:
535 224 53,5

=112m

44,8 1
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Vi _ 38
V. 448

TEeop

Otset: n (NH;3)=84,8%
X KT 200 xr

8 P — H;PO,
31 xr 98 kr

107 _ X X:31-200
53,5 22,4

My, 63,265
n®) 09
Otser: m(P)=70,295

=0,848 mu 84,8%

n (NH3)=

=63,265 kr

m,(P)= =70,295 1

33r X I
9. (NH,),SO, +Ca(OH), - CaSO4+ 2NH, +2H,0

132r 2224 n
B__x  Boewd o0
132 2.22,4 132

V=11 (NH3) - Vyeop(NH3)=11,2- 0,85=9,52 n
Otset: V(NH;3)=9,52 i

Xr 40
10. Cu+4HNO;,,,, — Cu(NOs)+2NO, +2H,0

641 2224 1
x__ 4 =3t 5714y
64 44,8 44.8
myy(Cu)= T 2714 5 g9
n(®) 096

Otser: m(Cu)=5,952 r
30r X 11

11. 2NH,CI+Ca(OH), - CaCl,+2NH, T+2H,0

253,51 22245
33 x X:2~30~22,4
132 2.22,4 2-535
Viup(NH3)=Vreop - 71 (NH3)=12,561-0,94=11,81 1
Otser: V(NH;3)=11,81 1

—12,561 1

20,2 XT
12. 2KN03 +H2804 d KzSO4+ 2HNO3
2101 r 2:63T
202 x__2:63-20.2

= X =12,6T
2-101 2-63 2-101

Mpp(HNO3)=myeqp - # (HNO3)=0,98 - 12,6=12,348 1
Oteet: m(HNO;)=12,348 r



40r

X

13. NH,NO; —“— N,0 +2H,0

80r 2240
40 _ x 20224
80 22,4

Vip(N20)=Vieop - 1 (N,0)=11,2- 0,96=10,752 n
Otset: V(IN,O)=10,752 n

80r Xr
14. Ca,;(PO,), +3H,S0, - 3CaSO,+2H,PO,

310r
80 x
310 2-98

80298

2981

=50,581r
310

Mey(H3PO4)=n (H3PO,) - Myeoy=0,96 - 50,581=48,557 r
Otset: m(H3;P0,4)=48,557 1

Pa6ora 5. UTtoroBast mo teme I11

Bapuanm 1
I.
Tlpu3Haku cpaBHEHUS Aot Docdop (6enbrit)
a) ArperaTHoe ra3 TBepoe BelecTso
cocTosiHue (H.y.)
6) Xummuueckue 1) N,+3H, = 2NH; 1)2P+8H,0 —
CBO¥iCTBA 2) N,+0, = 2NO — 2H;PO4+5H,
3) N;+3Ca — CazN, 2) 2P+50, — 2P,0s
4) 2N,+3Si —> Si3Ny 3) 2P+3Ca —> Ca3P,
4) 2P+5Cl, — 2PCl;s

B) PeakumoHHas
CHOCOOHOCTH 1
JICHCTBHE Ha
OpraHu3M YellOBeKa

XuUMHUYECKA MAaJIOAKTUBCH,

yHacTBYET B Tpolecce
JbIXQHHS

XUMUYECKH BBEICOKOAKTUBCH,

SAAOBUT

2.p—2

7 P205 2)

) s H,PO,

4 Na3PO4 i) Ag3PO4

HPO;

1) 4P+50, — 2P,05

2) P,Os+H,0 — 2HPO,
3) HPOs+H,0 — H;PO,

4) H;PO,+3NaOH — Na;PO4+3H,0

5) Na;PO,+3AgNO; — Ag;PO, +3NaNOs;
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37r

3. Ca(OH)2 +(NH4)2$O4—) 2N

X

T4 1 217r
37 x LT2T
74217 74
y (NHy)= 2w :%:0,8824 o 88,24%

Teop

Otser: 7 (NH3)=88,24%

r
H; +CaSO,4+2H,0

Bapuanm 2
1.
IIpu3Haku cpaBHEHUS Aszor Docdop (6esbrii)
a) CTpoeHHe aTOMOB N 18%28%2p? 5P 15%252p%3s%3p°
2353 2)82 )
0) Baxueiimue cremenn | HaubGomee Haunbonee pacnpocTpaHeHbI
OKHCIICHHS pacrpocTpaHeHbl COCJIMHEHHS CO CTETICHIMU

COEJTMHEHHS CO
CTeNeHsAMH OKHCIICHHS —
3,0,+4,+5

OKHCaCHHS —3, +3, +5

B) CocTaB U CBOHCTBa
OKCHJIOB

Obpasyer oxcunsl N,O,
NO, N,03, NO,, N,O:s.
HawuGosiee ycToitunBbt
N,O — GecuBETHBII ra3 ¢
MPUSATHBIM 3aMIAXOM U
CITaJIKOBATHIM BKYCOM;
NO — 6ecuBeTHEII ras,
6e3 Bkyca u 3anaxa, NO,
— Oypalii ra3

Oo6pasyer oxcunsl P,Os u
P205.

P,O; — 6enoe
KPHCTAJUTMYECKOE BEILIECTBO,
P,05 — Genblii moporok

2. N, —2 5> NH; —2 5 NO — 5 N0, —25 HNO; —2 Ba(NO3),

1) Ny+3H, 45 ONH;

2) 4NH;+50, —2 5 4NO+6H50

3) 2NO+0, — 2NO,

4) 4N02+2H20+02 d 4HNO3

5) 2HNO;+Ba(OH), —» Ba(NO),+2H,0

17r XT
3. 2NaNO, +H,SO, — Na,SO,+ 2HNO,
285r 2:63r

17 _ x 1726360

2-85 2-63 2-85

mu(HNOs)=# (HNO3) - myeop=12,6- 0,96=12,096 T
Otser: m(HNO3)=12,096 T



Bapuanm 3
1.

IIpuznaku NH; PH;
CpaBHEHHS
a) CtpoeHne H—>N<«H H-P-H
MOJIEKYJIBI |
T H
H

6) dusnyeckue

I'a3, 6e3 1Beta ¢ pe3kuM 3amaxoM, |beclBeTHBII ra3 ¢ YeCHOYHBIM

CBOMCTBa JIer4e BO3/yXa, XOpOIIO 3araxom, TsbKeJiee Bo3ayxa,
pacTBOpPHM B BOJIE MaopacTBOPHUM B BOJIE, OYEHD
SITOBUT
B) XuMuueckue 1) NH;+H,0 — NH,OH 1) 2PH;+40, — P,05s+3H,0
CBOMCTBA 2) 4NH;+30, = N,+6H,0 2) PH;+HCI — PH4CI
3) NH;+HCI — NH,Cl
2.P—2 5 CaP,—2 5 PH;—2 P,0s—2 5 HPO; —— H;PO,
1) 2P+3Ca — Ca;P,
2) CasPo+6H,0 — 3Ca(OH),+2PH;
3) 2PH3+402 - P205+3H20
4) P205+H20 - 2HPO3
5) HPO3+H20 —> H3PO4
30r X J1
3. 2NH,CI+Ca(OH), — CaCl,+ 2NH; +2H,0
2:535r 2224 n
30 X 30-2-224
= - x=22 55T 12561 ¢
2.53,5 2.22,4 2-535
Vip(NH3)=5 (NH;) - Viep=0,92 - 12,561=11,556 1
OtBet: V(NH;3)= 11,556 n
Bapuanm 4
1.
Ipu3snaku HNO;y H;PO,
CpaBHCHUS
a) ®usnueckue |becrBerHas, AbIMAIIAsICS HA Benoe kpucramyeckoe BEIEeCTBO
CBOICTBa BO3J1yX€ XKHUAKOCTb, tm=—42°C, tm=42°C
tan=83"C
0) XuI/IMI/I‘IeCKI/Ie 1) 8HNO5+3Cu —> 3Cu(NOs)+ 1) 2H;PO,+3Zn —> Zny(PO4),+3H, T
cponcTBa +2NO+4H,0 2) HyPO,+3NaOH —> NayPO,+3H,0
H3PO4+CU —/L)
2) 10HNO;+4Zn — 4Zn(NOs),+
+NH4NO;+3H,0
3) HNO;+NaOH — NaNO;+H,O
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2. Pb(NO;), —2sNO,—2-HNO; 2 NH,NO; — sNH; —23(NH,),SO,

1) 2Pb(NO3), —— 2PbO+4NO,+0,

2) 4NO,+2H,0+0, — 4HNO;

3) HNO;+NH; — NH,NO;

4) NH,NO;+NaOH —> NH;+H,0+NaNO;
5) 2NH3+H,S04 — (NH,),SO,4

62r XT
3. 4P +50,— 2P,0;

431r 21421
62 _ x 622142 .
4.31 2-142 4.31

7 (P0s)= —m_ =%=o,9155 wmi 91,55%

TEop

Otsert: 7 (P,05)=91,55%
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Tema 1V. Iloozpynna yenepooa.

Pa6ora 1. Yraepoa. Oxkceuasbl yriepoaa

Bapuanm 1

1 2e 15°2522p?
§C 152s'2p’

Ilepexon BO3MOXXEH T.K. MMeeTCS CBOOOIHAs OpOWTallb, HPH 3TOM
pa3HHUIA B SHEPTUU MEXKY 2S- U 2p-OpOUTAISIMHI HEBHIIHMKA.

2. a) CuO+C — Cu+CO

6) C+CO,— 2CO

B) CaCO; ———> Ca0O+CO, T
3.2C0+0, - 2CO,

@ (CO)=100%-5%=95%
V(CO)=Vrasa- »(CO)=20-0,95=19 n

191 X1

2CO + 0, —2CO,
22241 22,42”

19  x X_19-22,4 -~
2:224 224 448
Otget: V(0,)=9,5 1
Bapuanm 2
1. Yriepon B npupojie BCTpeYaeTcs B BUIE:

a) anMa3a — OYeHb TBEpJOe, IPOYHOE BEUIECTBO C BBICOKOH tmu,
KPHCTAJUTNIECKast PEIeTKa — aTOMHas:

0) rpajura — TBepAOe BEUIECTBO, )KUPHOE Ha OIIYNb C BHICOKOH trul
3JIEKTPO- M TEMIONPOBOACH; KPHCTAITNIESCKAs PEHIETKA aTOMHas!

B) KapOWHa '— TBEpA0e BElIEeCTBO (TBepxke Tpadurta, HO Msrye aimasa),
YEPHBII MEJKOKPUCTAUTUYECKUN MOPOLIOK, obmanaer
MOJTYTNPOBOJHUKOBBIMM  CBOMcTBamMu.  Kpucrammmueckas — pemieTka

aTOMHasl.
2. a) CO,+Ca(OH), —» CaCO;+H,0

6) C+2H, ——— CH,

B) C+02 - COz

3. CaCO3+2HNO3 —> Ca(NO3)2+H20+C02
©(CaCO3)=100%-8%=92%
m(CaC03)=0,92 - 60=552 r

9,51
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552r X I
CaCO; +2HNO; — Ca(NOs3),+H,0+CO,

100 r 241
E _ X . 55,2-22.4

100 22,4 100
Otset: V(CO,)=12,36 1
Bapuanm 3
1. Yriepon B coeTMHEHUSX TPOSIBISIET CTENEHN okucnenus —4, -3, -2, -1,
+2, +4
C-4H 11 ,C 53 H gl , C+20-2’ C+4O 52
2. a) CO+FeO — Fe+CO,
6) 3CHAl— A14C3
B) CO,+Ca0 — CaCO;,
3.C+0,—~ CO,
w (C)=100%-6%=94%
m(C)=0,94-400=376 T
376t  x&
C+02 - COz
12r 22,4 11
ﬁ_L ‘= 376-22.4
12 224 12

Otset: V(CO,)=701,9 n

Bapuanm 4

1. AncopOmmst — TIpollecc IIOTJIOMIEHUS] TOBEPXHOCTHIO BEIECTBA
JIPYTOTO BEIECTBA.

JecopOrwst — mporiecc BBIACTICHUS BEMIECTBA C er0 TOBEPXHOCTH.
AncopOIoHHast CIIOCOOHOCTh JIPEBECHOTO YIS MpHUMEHSeTcs B
MEIUIUHE IIPH OTPABJICHHUSX IS TIOTJIOIICHUS SII0B.
2.a)2C0O+0;—>2C0,

0) C+2S »>CS,

B) CaCO;+2HCI — CaCl,+H,0+CO,

3. CaCO; —— Ca0+CO,
©(CaC03)=100%-10%=90%
m(CaC0;)=0,9 - 500=450 r

=12,36 n

=701,9 n

450 r X1
CaCO; — CaO+CO,
100 22,4 1
450  x _450-22,4

x5 =100,8 1
100 22,4 100

OtBet: V(CO,)=100,8 1
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PadoTa 2. YroapHasi KHCJI0TA U €€ COJIN

Bapuanm 1
1. CaCO; —2— CO, —2— CaCO, —— Ca(HCO;), —2— CaCl,

1) CaCO;——> CaO+CO,

2) COy+Ca(OH), — CaCO5+H,0

3) CaCO3+H20+C02 —> Ca(HCO3)2

4) Ca(HCO;),+2HCI - CaCl+2H,0+2CO,

2. CoxepkuMoe TPOOMPOK MOYKHO PAcHO3HATH MPH MOMOLIM PAcTBOpa

Oenblit

2AgNO;+K,CO; > Ag,CO; | +2KNO;

CBETJIO-KENThIH

3AgNOs+K;PO, — Ag PO, | +3KNO;,
HKEITHIH

3. C02+H20 —> H2C03
OO6pasyromascst KUCJIOTa OKpAaIIMBaeT JIAKMYyC B KPAacHBIA ILBET, NPHU
Harp€BaHuM KHUCJIOTa pasjaracrcs, IMO3TOMY JIaKMYC BHOBb CTaHOBUTCHA
(broIEeTOBBIM.
H2C03 —> H20+C02 T
Bapuanm 2

1.cO—2» c0o,—2 > KHCO; —2 K,CO; —25 CO,

1) 2CO+0, — 2CO,

2) CO,+KOH — KHCO;

3) KHCO3+KOH — K,CO5+H,0

4) K5CO5+2HCl — 2KCI+H,0+CO3

2. Ilpu mporycKaHUU /YIAEKHCIOrO rasza uepe3 H3BECTKOBYIO BOAY
CHa4aJia Ha6J'IK)):[aeTC$I €C [IOMYTHCHHUCEC, a ITOTOM paCTBOPCHUC OCAaJIKa.
Ca(OH),+C0O; 5 CaC0Osd +11,0

CaCO;+CO,+H,0 — Ca(HCO3),

3. BoxHble pacTBOpHI KapOOHATOB KalWs M HAaTpUS MMEIOT IIEIOYHYIO
cpeay, T.K. 3TH COJIM 06paBOBaHI)I CUJIBbHBIM OCHOBAaHUEM H cna60171
KHCIIOTON U B BOJIE TUIPOTU3YIOTCSL.

Bapuanm 3

1. Ca(HCO;), — 25 CaCO; —2— CO, —2— Na,CO; —2— H,CO;
1) Ca(HCO;), ——» CaCO5+H,0+CO,

2) CaCO5+2HCI] — CaCl,+H,0+CO,

3) CO,+2NaOH — Na,CO5+H,0
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4) Na,CO;+2HCl — 2NaCl+H,CO;

2. CaCO;—" 5 Ca0+CO,
CO,+KOH — KHCO;

¢
2KHCO; —— K,CO;3;+H,0+CO,

3. Conu yroapHON KHCJIOTHI MOXHO OTIMYMThH MPH MOMOIIM PEaKLUU C
CHIIEHOW KHCIIOTOH, TIPH 3TOM OYyJIET BBIAEIATHCS YTIIEKUCIIBINA Ta3.

Bapuanm 4

1.C—25C0,—25H,CO; —2—5 Na,CO; —2—5 NaNO,
1) C+02 - C02

2) C02+H20 - H2C03

3) H,CO5;+2NaOH — Na,CO;+2H,0

4) Na,CO5+2HNO; — 2NaNO;+H,0+CO, T

2. a) Ba(OH),+Na,CO; — BaCOs 4 +2NaOH

6) H,SO0,+Na,CO; — Na,SO,+H,0+CO, T

3. Homyuuts comy TakuM 0Opa3oM Hembsd, T.K. CaCO; — HepacTBopuMas
B BOJIE COJIb.

Pabora 3. KpeMHuii u ero coeguHeHust

Bapuanm 1

1. Pagmyc atomMa KpemHHs OOJbIIE pagyca aroMa YIIEpojaa, ero
JNIEKTPOHBI ciiabee MPUTATHBAIOTCS K SIpy, T.€. OH Jerde MX OT/AAeT,
MOTOMY €T0 HEMETaJUTHYECKUE CBOMCTBA BRIPaKEHBI clladee.

2.8i0,—2 5 8i—9 5 §5i0, —2 3 Na,SiO;

a) Si0,+C—"— Si+CO;

6) Si+0,-> Si0;

B) Si0,+2NaOH — Na,Si05+H50
3. Mg,Si+4HCl — 2MgCL+SiH,
© (Mg>S1)=100%-5%=95%
m(Mg,Si)=0,95- 160=152 r

152r XTr
Mg,Si +4HCl — 2MgCl,+SiH,

76 32r
Q X _152.32

=— X =64
76 32 76

OtBet: m(SiH,)=64 r
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Bapuanm 2

1. BomgHble pacTBOPHI CHJIMKATOB HATPUS W KalHs UMCIOT INEIOYHYIO
cpeay, T.K. 3TH COJNM OOpa3oBaHbl CHJIBHBIM OCHOBaHHEM M cCIaboH
KHUCJIOTOU ¥ B BOJIC THAPOIU3YIOTCS.

2. NaOH —2 Na,Si0; — 2 H,Si0; —2 Si0,
a) 2N30H+8102 d NaQSiO3+H2O
6) Na,SiO5+2HCl — 2NaCl+H,Si0;
B) HleO3 —> H20+Si02
3. Si0,+C — CO,+Si
 (Si0,)=100%-10%=90%
m(Si0,)=0,9 - 40=36 T
361 XT
Si0, +C — CO,+ Si
60T 281

36_x x=3628 6,81

60 28 60

OtBer: m(Si)=16,8 T

Bapuanm 3

1. KpeMHUit B COETUHEHUAX MIPOSBIACT CTENEHD OKUCIeHuS —4, +4, +2

Si*H !, si032, Si?0?

2. Si—2 Mg,Si —L— SiH, —— Si0,

a) Si+2Mg ——> Mg,Si
6) Mg,Si+4HCl —> 2MgCl,+SiH,
B) SiH4+20, - Si0,+2H,0

3. 2NaOH+Si0, —— Na,SiOs+H,0
@(Si05)=100%-10%=90%
m(Si0,)=50- 0,9=45 r
451 ¢ XT
2NaOH+Si05 —= Na,Si0; +H,0
60r 122 ¢
H_x =1z
60 122
Oteer: m(Na,Si03)=91,51

Bapuanm 4

1. Oxkcun kpemums SiO, OTHOCAT K KHUCIOTHBIM OKCHIaM IO €ro
CBOMCTBaM.

8102+2N30H - NaZSi03+H20

SiO,+Ca0 — CaSiO;

91,5r
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2. Si—2 5 8i0, —25 K,Si0; —2— H,Si0;
a) Si+02 - 3102

6) Si0,+2KOH — K,SiOs+H,0

B) K,Si0;+2HC1 — 2KCI+H,SiO 4

3. 2Mg+Si — Mg,Si

o (S1)=100%-5%=95%

m(Si)=0,95 - 60=57 r

57r XT
2Mg+ Si — Mg,Si
281 761
57 X _57-76

—=— x=——=15471r
28 76 28
OtBet: m(Mg,Si)=154,71 1

Pabora 4. Beruncienne Maccbl WM 00beMa NPOAYKTA peaKnuu
10 M3BECTHOI Macce WK N0 00beMy HCXO/IHOT0 BeIeCTBa,
cojiep:KaIIero NpuMecH

1. CaCO; — CaO + CO,
®(CaCO3) = 100% — 10% = 90%
m(CaCO3) = 600 - 0,9 = 540 r

540 r XT

CaCO; — CaO+ CO,
100 ¥ S6r

240 _ x

100 56
:540'56:302,41"

OtBet: m(CaO) =302,4 1.
2.CaCO3 — CaO + CO,
o(CaCO0;) = 100% —20%=80%
m(CaCOs) =200 - 0,8 =160

160 r X 1
CaCO,; — CaO + CO,
100 2241
160 x
100 224
_160:-224 _ 1ogy
100

Orset: V(CO,) = 35,84 1.
3. N, +3H, —» 2NHj;
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®(N,) =100% — 5% = 95%
m(N,)=50-0,95=47,51
47,51 XT

N2 + 3H2 —> 2NH3

281 217r

475 x

28 2-17

475-2-17
x=_l2re 1l
28

=577r

m,, 8

n(NH;) = =——=10,139 unu 13,9%
My, 57,7

Otget: N(NH;) = 13,9%.

4. CaCO; —" 5 Ca0 + CO,
®(CaCO3) = 100% — 6% = 94%
m(CaCOs) = 0,94 - 400 = 376 kr

376 kr 0 X KT

CaCO; —— CaO + CO,
100” 56 KI'

376 _ x

100 56
=36376 510,56 kr

Oteet: m(CaO) = 210,56 kr.

5. CaCO; —» CaO + CO,
®(CaCO3) = 100% — 8% = 92%
m(CaCOs) = 0,92 - 500 = 460 kr

460 xr X KT xm
CaCO; = CaO+CO,
100 kr SOKL 2an?
iy ©
100 56
X _460-56 _ 257,6 xr
100
460 _ x
100 224
:M: 103 m°
100

Oteer: m(Ca0) = 257,6 kr; V(CO,) = 103 M’
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XTr 2,24 n
6. Na,CO, + 2HNO; — 2NaNO; + H,0 + CO,

106 224n
x 224
106 224
(21062240 o
224
10,6

0(Na;CO3) === 0.9815 s 98,15%

Oppuye = 100% — 98,15% = 1,85%
OTBeT: Wppuy = 1,85%.
7.C+0,—> CO,
®(C) =100% — 8% = 92%
m(C)=500-0,92=460r
460 T X T
C +0,—> CO,
12r 22,4 1
40 _ x
12 224
460-22.4
X —_———
12
Otset: V(CO,) =859 1.
8.

=859 n

XT 3361
C +0,— CO,
121 241
x 336
120224
_12-336
224
o(C) ~ 180 _ 0,96 nmu 96%
187,5
Otset: ®(C) = 96%.
9. CaCO; — CaO + CO,
®(CaCO;) = 100% — 5% = 95%
m(CaCO3)=0,95-600=570r

n(CaCOs) = n(CO,) =% = 5,7 MoJib

180T

V(COy)=n-V,=57-224=1277n
Otset: n(CO,) = 5,7 monb; V(CO,) =127,7 .
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3 kr

X
10. Ca(OH), + CO, — CaCO; + H,0

2241 100 xr
S
224 100
x=2224 _0672a
o(C0O) = 2872 _ (000336 wm 0,0336%
2000

Otset: o(CO,) = 0,0336%.

11. BaCO; —"—5 BaO + CO,
o(BaCO3) = 100% — 3% = 97%
m(BaCOs) = 0,97 - 80 = 77,6

BaCO; —"— BaO + CO,
n(BaCOs) = n(BaO) =%= 0,394 Mo
m(BaO) =n - M(Ba0O) = 0,394 - 153 =60,3 T
Otset: n(BaO) = 0,394 mons; m(BaO) = 60,3 .
12. CaCOs + 2HCI1 — CaCl, + H,O + CO,
m(CaCO3)=0,95-60=57r
n(CaCO;) = n(CO,) =% — 0,57 momtb
V(CO»)=n-V,=0,57-22,4=12,81
Otget: n(CO,) = 0,57 monb; V(CO,) = 12,8 1.
13.

X K 221

CaCO; — Ca0O + CO,
100 xr 44 n

> K
100 44
22-100
x=22:100_
44

50r

o(CaCOs) :g =0,926 nmm 92,6%

OtBet: ®(CaCO;) = 92,6%.
14. SiO, + C - CO, + Si
®(Si0,) = 100% — 5% = 95%
m(Si0;) =60 -0,95=57r
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57r Xr
Si0, +C - CO, + Si

60T 28r
T _X

60 28
X _>37-28 _ 26,6 (1)

Otser: m(Si) = 26,6 T.

Paoora 5. Utorosasi mo teme IV

Bapuanm 1
1.
MPU3HAKH CPAaBHEHHMS CO, SiO,
a) Cocras, ctpoenue |O=C=0 0=Si=0
Kpucrannyeckas peuierka|Kpucraningyeckas
MOJIEKYJISIpHAs peuieTka aTOMHasl,
CYIIECTBYeT B  BHJE
KPHCTAJIIOB
0) ®dusnueckue|l'a3, 6e3 BeTa, Oe3 3amaxa Teepnoe BEIIECTBO
CBOHCTBa (H.Y) TEMHOTI'O LIBETA,
ty = 1713 °C
B) Xumnueckue|CO, +2NaOH—Na,CO; + H,O SiO, + 2NaOH —
CBOMCTBa COZ +Ca0 —» CaCO3 4 NaZSiO3 + Hzo
COZ + Hzo - H2C03 SIOZ + CaO %CaSlO;
SiO, + 4HF — SiF, +
+2H,0

2. Ins ounctkn CO ot mpumeceir CO, moxxHo ucnons3oBath Ca(OH),
— n3BecTKOBYIO Boxy 1 NaOH — runpokcua HaTpusl.

Ca(OH)z +2C0O, > Ca(HCO3)2

Ca(OH)z +CO, —» CaCO; + H,O

NaOH +.C0O; - NaHCO;

2NaOH +CO, = Na,CO; + H,0

3. Na,CO; —L CaCO; —2 > CO,—— Ca(HCO;), — 2 CO,
1) Na,CO; + Ca(OH), — CaCO; + 2NaOH

2) CaCO; — 5 Ca0 + CO,
3) 2CO, + Ca(OH), — Ca(HCO3),
4) Ca(HCO3), — CaCO; + CO, + H,0

4. CaCO;—"5 Ca0O + CO,
®(CaCO3) = 100% — 6% = 94%
m(CaCOs) = 400 - 0,94 =376 T
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376 xr 0 X I

CaCO; —— CaO + CO,

100 kr 22,4 n

376 _

100 224
X:376-22,4 —842 1

100

Otset: V(CO,) = 84,2 1.
Bapuanm 2

1.

MPU3HAKK CPABHEHHUS H,CO; H,Si0;
a) Cocras, cTpoeHHe H_O H—O

AN N
i o0 Ho-oSi=0

H—(l) H—(l) H—(l)

—0—Si—0—Si—O0—Si—O0—
H—O0 H—O H—O

SABJIACTCS IIOJIUMEPOM

6) Ousnueckue CyImecTByeT TOIBKO B CymecTByeT B BU/IE IOJIUMEPHBIX
CBOMCTBa pacTBope, OeclBETHBIH 1enei, KoJIIOUIHbIH PacTBOp
pacTBop, Oe3 3amaxa
B) XuMHYECKHE H,Si0; + 2NaOH — Na,SiO; + 2H,0
CBOHMCTBa H,CO; + 2NaOH — Na,CO; + 2H,0
H,8i0; —— H,0 + Si0,
H,C0, —*— H,0 + CO,

2. Ca(NO3)2 + K2C03 = CaCO3~L + 2KNO3

Ca(NO;), +MgSO, — CaSO4 + Mg(NO,),

Ocanok mpencrasisier co6oit cmech CaCO3 mCaSOy.

3. CO, —24Na,COs — 25 NaHCO; —15 O, ~25 €acO;
1) CO, + 2NaOH — Na,COs + H,0

2) Na,CO; + H,O + CO, — 2NaHCO;

3) 2NaHCO; ——5 Na,CO; + H,0 + CO,
4) CO, + CaO — CaCO,

4. Si0, + 2Mg — Si + 2MgO

®(Si05) = 100% — 3% = 97%

m(Si0y) =30 - 0,97 =29,1

29,1r Xr
Si0, +2Mg — Si +2MgO
601 28T
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291 x

60 28
29,1-28
Xx=—"2—-=13,6T
60

OtBer: m(Si) = 13,6 .
Bapuanm 3

1.

MPU3HAKY CPAaBHEHHUS I'paput Kpucraniyeckuii KpeMHUI
a) CoctaB 1 ATOMBI yriepona CTyKTypa aHaIOrH4Ha CTPYKType
CTpOeHHE HAXOMATCS B COCTOSIHUU ajMasa, aTOMHast KPUCTaIINYecKast

sp-ruGpuamsamum, 3
aTOMa COCIMHSIOTCS JPYT C
ZIpyrom, a 4-it ocraercs
CBOOOIHBIM, aTOMBI
PAacCIIOJIOKEHBI CIIOSMH

pelieTka, aToMbl KPEMHUS B
COCTOSHHH SP°-THOPHIN3ALIIH,
SIBJISIETCS TTOJIYIIPOBOIHUKOM

6) Ousnueckue

TBepmoe Tyromnaskoe

TBepnoe TEMHO-CEPOEC BEIIECTBO C

CBOMCTBA BEILIECTBO CEPOro 1IBETA, METaJNTHYECKUM OJICCKOM,
JKUPHOE Ha OIILyTIb, ty: = 1420 °C
9JICKTPOIPOBOJICH

B) XUMHYECKHUE C+0,—CO, Si+ 0, — SiO,

CBOMCTBA C+2H, > CH, Si+2F, — SiF,
C+2F, > CF, Si+2Mg — Mg,Si
2C + Ca — CaC, Si+2NaOH+H,0—Na,Si0; + 2H,
C+CuO - Cu+CO

2. Na,CO; + BaCl, — 2NaCl + BaCOs{
Na,SO, + BaCl, — BaSO,{ + 2NaCl

BaCO; + 2HNO; — Ba(NO;), + CO,T + H,0
BaSO4 + 2HNO3 -

3.C0O,—L5 CaCO; —2— Ca(HCO»),

4)

1) CO, + CaO — CaCO;
2) CaCO3 + Hzo + C02 —> Ca(HCO3)2

3) Ca(HCO3)s— 5 CaCOs+ H,0 + CO,

3 5 CaCO; Co,

4) CaCO; + 2HCI — CaCl, 4 H,0 + CO,

4. CaCO; + 2HNO; — Ca(NO), + H,0 + CO,
®(CaCO3) = 100% — 3% = 97%

m(CaCO3) =20 0,97 = 1941

194r X 1
CaCO, + 2HNO; — Ca(NO;), + H,0 + CO,
100 kr 22,4 1
194  x
100 22,4
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_194-224

=435n
100
Otset: V(CO,) =4,35 1.
Bapuanm 4
1.
MIPU3HAKY CPAaBHEHHUS CO CO,
1. ®dusnueckue I'a3, Oe3 nBera, Oe3 3anaxa, |['a3, Oe3 Bera, Oe3 3amaxa,
CBO¥CTBa C PUMECSIMHU, IMEET MaJlopacTBOPHM B BOJIE, TsDKeEIee
XapaKTepHBIH 3amax, BO3yXa
SITOBHT, JIerde BO3yxa
2. Xumuueckue CuO+CO—Cu+ CO, CO, +H,00 H,COs
cBo¥icTBa 2CO + 0, — 2CO, CO, + 2NaOH — Na,CO; + H,0
CO, + CaO — CaCO;

2. ComepxuMoe KaKIOW MPOOHPKHA MOXKHO ONPENEITHTH MPH MTOMOIIN
pactBopa HCI.

Na,SiO; + 2HCI — 2NaCl + H,SiOs4
Na,CO; + 2HCI — 2NaCl + H,0 + CO,T
NaQSO4 +2HC1 -+

3. Si0, —2 5 K,Si0 —2 H,Si0; —2— Si0, —2 5 Si
1) Si0, + 2KOH — K,SiO; + H,0

2) K,SiO; + 2HCI — 2KCl + H,Si054

3) H,Si0; —Y— H,0 + SiO,

4) Si0, + C — Si + CO,

4.Si+0, - SiO,

o(Si) = 100% — 5% = 95%

m(Si)=0,95- 60 =57 r

57r XT

Si +0; —Si0,
28F ()01"

57 0%

28 60

x=2190 120141

OtBer: m(Si0,) = 122,14 1.
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Tema V. Oowue ceoiicmea memannos

Padora 1. Cnioco0bI nosTy4yeHusi MeTaJLIOB

Bapuanm 1
1. cuy'o?+  C° —2Cu’ +C?0*?

OKHCIIUTEIIb BOCCTaHOBUTECIIb
cu;'o?+ ¢ 5 c’+CP0?
OKHCIIUTCIIb BOCCTaHOBHTECIIb
2. 3MnO, + 4Al — 2A1,0; + 3Mn
o(MnO,) = 100% — 5% = 95%
m(MnO,) =90 - 0,95 =85,5
85,51 XT

3MnO, +4Al - 2AL0; + 3Mn
387r 3551

855  x
3-87 3-55
85,5-3-55
x=o22 000
3.87
OtBet: m(Mn) = 54,05 T.
Bapuanm 2
1. Cr,’0; + 2A1° - ALPOs%+20r°

OKHCITATETb BOCCTAaHOBUTECIIb

=54,051

960 r XT
2. Fe,0O; +3CO - 2Fe +3CO,
160 2:56rT
960, x
160 ~ 2.56
2960256 s
160

Myp = T](Fe) * Myeop = 079 <672 = 604,8 T
Otser: m(Fe) = 604,38 r.

Bapuanm 3

1.a) Pb™07 + 2C707 — Pb’+2C"0,°

OKHCJIUTEITb BOCCTaHOBHUTECIIb

6) Cu?0?+ C"™0? - cu'+Cc™0,?

OKHUCIIUTEIIb BOCCTaHOBHUTECIIb

Xr 52r
2. Cr,0; +2Al - ALO; + 2Cr
1521 2521
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X 52

152 2-52

_1s2-52
2.52
o(Cr,03) = 100% — 10% = 90%
m
Myeop(Cr,03) = —— 76 _ 84,41

o(Cr,0;) 0,9
Otset: m(Cr,0;) = 84,4 r.
Bapuanm 4
1. Mo™0¥+ 3H  —Mo’+3H,"0?

OKHCIIUTEIIb BOCCTaHOBHUTEIb

160 r Xr
2. CuO+C— Cu+CO
80r 64r
160 x
80 64
X:64-160:128r

Myp(CU) = Myeep(Cu) - M(Cu) = 0,85 - 128 =108,8 ¢
Oteet: m(Cu) = 108,8 T.

Pabora 2. XuMuueckue cBOiiCTBa METALIIOB

Bapuanm 1

1.a)Na’+S° - Na,"'s™?

Na’ —1e” —» Na*'| 2

$042e 82 |1

2Na + S NasS

6) Fe + H,SO4—> FeSO, + HsT

B) 2Al +3Br, — 2AIBr;

2.6) Zn + Hg(NO;), - Hg! + Zn(NO3),
Zn+Hg"" — Zn*" + Hg

B) Mg + Pb(NOs), — Mg(NO;), + Pbi
Mg + Pb*" — Pb + Mg**

Bapuanm 2

1.a) Cu’+ 0," » Cu*'0

Cu’-2¢e > Cu?? |2

0, +4e” »207 |1
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2Cu+ 0, = 2Cu0O

6) 2Fe + 3Cl,——> 2FeCl,

B) Ba +2H,0 —» Ba(OH)2 +H,

2. a) Cu + 2AgNO; — Cu(NOs), + 2Agd
Cu+2Ag" — Cu*" +2Ag!

6) Fe + Hg(NO;), — Fe(NOs), + Hgl

Fe + Hg*" — Fe*' + Hgl

Bapuanm 3

1.a) A+ 1, > AL

Al —3¢” - AIP | 2

19+2 »21! |3

2A1+ 31, — 2All,

6) Cu+S — CuS

B) 2Na + 2H,0 — 2NaOH + H,

2.a) Fe + CuCl, — Cud + FeCl,

Fe + Cu®*" — Cul + Fe**

B) 2Al + 3Pb(NO;), — 3Pb{ + 2A1(NO3);
2A1+ 3Pb*" — 3Pbi + 2A1°

Bapuanm 4

l.ayMg’+H"'CI'' - Mg™Cl, ' + Hy’
Mg’ —2¢” > Mg | 1

2H™ +2¢” > HY |1

Mg + 2HCl — MgCl, + H,

6) 2Zn + 0, — 2Zn0

B) Ca + Cl, - CaCl,

2. a) Mg+ Hg(NO;), — Hgl + Mg(NO»),
Mg +Hg"" 5 Hgl + MgNO,);

B) Zn + FeSO, = Fe +ZnSOy

7Zn + Fe** — Fe + Zn*"

Pa6ota 3. DuexTposus. Koppo3ust metaion
Bapuanm 1
® 0
l.a) A 2ClI —2¢ — Cl
(GO B 0
K K'+1le > K
2KCl,,— 2K +Cl,
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+)
6) A 2Br —2¢ — Br,’
©)
K Zn*" +2e — Zn°
2H,0+2e — H, +20H
ZnBr, + H,0 —=* 5 7Zn + Br,d + Zn(OH), + H,T
2. Koppo3susi — caMoIpou3BOJIbHBII MPOLECC Pa3pyIICHHsT METAIa IO/
BO3JICHCTBUEM OKPY>KAIOLLEH CPEbI.
3aMesIeHHI0 KOPPO3HUH CIIOCOOCTBYET:
a) MET0YHOCTh CPEIIbI
0) OHIKEHUE TeMIIepaTyphl

B) MOKPBITHE 3aIIUTHBIMH CIOSIMH
3. PaspymuTcs KphIlka, T.K. ®Kene30 0oJiee akTHBHBIH METal.

Bapuanm 2

GO B 0
l.a) A 21 -2¢ > 1,
©)
K 2H,0 +2e¢ — H, +20H
2Nal + 2H,0 —22 5 L\ + H,T + 2NaOH

o)

6) A 2ClI —2¢ — Cl’
=)
K Cu* +2¢ — Cu’
CuClz p-p L) Cu+ Clz
2. Pazmmuaror: a) XWMHYECKYyI0 KOpPPO3HI0O — B OCHOBE JICKHT
XMUMHYECKOe B3auMojieiicTBUE. 0) DIEKTPOXMMHUYECKYI0 KOPPO3UI0 —
Hapsily C XUMHYECKUM IIPOLECCOM HaONIONAIOTCS  DIEKTPHYECKUE
MPOLIECCHI.

3. T.x. BO3HMKAaeT rajibBaHUuUeCKUii 31eMeHT Fe-Sn u mpoTekaeT mporecc
KOPPO3HU.

Bapuanm 3
(+) L * 0

l.a) A'2Br —2¢ — Br,

=)

K 2H,0 +2¢ — H, +20H
2KBr + 2H,0 —2=* 5 Br,d + H,T + 2KOH

(+)

6) A 2Cl —2¢ — CL°

=)

K Ca’ +2¢ — Ca’
CaC12 p-B is—) Ca—+ Clz

2. YcuneHnto KOpPO3UH CIIOCOOCTBYIOT!
a) [ToBbIlIeHEe KUCIOTHOCTH CPE/Ib
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0) [ToBeImIeHIE TEMITEPATYPHI

B) KoHTakT ¢ Merammom.

3. AnoMUHUIA ¥ UMHK pa3pyuiatcs ObICTpee, T.K. 9T0 0ojiee aKTHBHBIE
METaJUTBL.

Bapuanm 4
() B B 0

l.a) A 2ClI' -2¢e —»Cl, |1

)

K Na'+1le — Na 2
2NaCl—"=—2Na + Cl,

()

6) A 2Br —2¢ — Bry’

)

K Fe’" +2e — Fe’
FeBr; ,,——— Fe + Br,
2. 1) Hanecenne 3anyTHBIX TTOKPBITHI
2) HCIIOJIB30BAHHUE a30THOM KHCIOTHI

3. Iuuk paspymaercst ObicTpee, MOTOMY 4YTO OH Ooyiee aKTHBHBII
METaJLI, YeM JKeJe30.

Pabora 4. meJ’lO'—[]—[ble H IICJO0YHO-3€MEJIbHbIC ME€TA/JIbI

Bapuanm 1

1. Ca—2 Ca0 —2 5 CaCO; —= Ca(NO;),

a) 2Ca + 0, — 2Ca0

6) CaO + CO, — CaCO;

) CaCO; + 2HNO; — Ca(NO3), + H,0+ CO,T

2. H.[eJ'IO‘-IHBIe MCETAJIJIbI HpOS[BJ'IHIOT BOCCTAHOBUTCIIbLHBIC CBOﬁCTBaI
2Li" + clL" > 2Li*'Cl!

Li® —1e” > /Li"" BOccranoButens

Ca’+S8"—> Ca”s?

Ca’—2¢ — Ca™? BoccranoBuTeNs

20r 25T
3. KOH + HNO; — KNO; + H,0
n(kOH) =PEKOH) 20 _ ) 357 voms
M(KOH) _ 56
n(HNOy) =2HNO) 25 _ 6 307 \iom
M(HNO,) 63

T.k. HNO; HaxoauTcs B u30bITKe, TO pacuer Benem no KOH.
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20r XTr
KOH + HNO; —> KNO, + H,0

S6r 101 r
20_x

56 101
x:20'101:36,1r

Otser: m(KNO;3) = 36,1 T.

Bapuanm 2

1.a)2Na+ S — Na,S

6) Ca + Cl, — CaCl,

8) 2Li + 2H,0 — 2LiOH + H,T

2. Ca(OH), + CO, — CaCO5{ + H,0

2KOH + CO, —» K,CO;5 + H,O

Ba(OH), + CO, - BaCOs{ + H,O

bapuToBas Bosia Toxke OyieT MyTHETh Ha BO3yXe.

3. CaCO; —— Ca0O + CO,
®(CaCO;3) = 100 — 8% = 92%
m(CaCO3) = 1000 - 0,92 =920 1
c32863 ', Ca0 +CO,
100 T s6r
920  x
100 56
92056

=5152r

OzBer: m(Ca0) =515,2 .,
Bapuanm 3

1. Na—2 5 NaOH —2 > NaHCO; —2— Na,S0,

a) 2Na + 2H,0O — 2NaOH +H,

6) NaOH + CO, — NaHCO;

B) 2NaHCO; + H,SO; — Na,SO, + 2H,0 + 2CO,T

2. JKectkocTh BOIBI — COBOKYIIHOCTH CBOWCTB, OOYCIIOBJIEHHBIX
HanmmuMeM B Bojge MoHoB Mg®  u Ca’’; cymMmapHOe comepianne 5THX
WOHOB Ha3bIBaeTCs OOIIEH >KeCTKOCThIO. Pa3znmuaror kapOOHATHYIO U
HEKapOOHATHYIO JKECTKOCTb.

Ca(HCO;), ——> CaCO;{ + H,0 + CO,
Ca(HCO3), + Ca(OH), — 2CaCOs{ + 2H,0
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11,5r 78 r
3. 2Na+ 2H,0 — 2NaOH + H,T

n(Na) = m(Na) LS 0,5 monb
M(Na) 23

n(H,0) - mMH0) 78 _ 4,33 moub
M(H,0) 18

T.k. H,O Haxonutcst B u30bITKE, pacyeT BeaeM 1o Na.
115r X

2Na + 2H,0 — 2NaOH + H,T
223r 240r

1,5  x
223 2-40
11,5-2-40
x ="
2-23
Otser: m(NaOH) =20 .
Bapuanm 4
1. NaOH + HC1 — NaCl + H,O
NaOH + CO, - NaHCO;
2NaOH + H,SO4 — Na,S0O, + 2H,O
2. [Ipu HarpeBaHUU MpaMop pasJiaraeTcs:
CaCO3 — CaO + C02
CaO + H,0 — Ca(OH),
3.

=20r

XTr 3n
2Na+2H,0 —2NaOH+ H, T
223r 240

x 3
223 224
2.3.23
224

n(Hy) :%= 0,893 uiu 89,3%

i

=6,6T

Otset: n(H,) = 89,3%.

Pa6oTa 5. AIlOMHHUI M €ro coeTuHEHUs

Bapuanm 1

1. 2A1+ 3Cl, — 2AICL

2Al + 3H,SO,; —» Alz(SO4)3 + 3H,
2Al1+ Cr,03 —> ALO; +2Cr
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2A1+ 3CUSO4 —> Alz(SO4)3 +3Cu

2. A(OH);—2 5 AICl,  AIOH);,  ALO;
a) AI(OH); + 3HCI — AICI; + 3H,0

6) AICI, + 3NaOH —> AI(OH); + 3NaCl

tO
B) 2Al(()H)3_> A1203 + 3H20
3. AsroMuHUI — cepeOpHCTO-0eIblid METAJLI, JISTKUN, OYCHb MSITKHU.

Bapuanm 2
1. Fe,O; + 2A1 —ALOs;+2Fe

OKHCIIUTEND BOCCTAaHOBUTECIIb

Aly(SO,); + 3BaCl, — 2AICL; + 3BaSO4d
AI(OH); + NaOH —> Na[Al(OH),]
4A1 + 302 —2A1,05

BOCCTaHOBUTEIb OKHUCJIUTEID

2. AI(NO3); = Al(OH);

AI(NOs); + 3NaOH — AI(OH);4 + 3NaNO;

A1203 - AIQ(SO4)3

AlLO;5 + 3H,SO4 — AL(SO,); + 3H,0

Al - AICly

2Al1+ 3Cl, — 2AICl,

3. ANFOMUHUIA TPUMEHSETCS B CAMOJICTOCTPOCHHH, VIS M3TOTOBIICHUS
NPOBOJIOB, B METAJUIYPIWH, NPH STOM HCIIONB3YIOTCS €ro JIETKOCTb,
BBICOKAsI DJIEKTPOIIPOBOJHOCTh U BOCCTAHOBHUTEIbHAS CIIOCOOHOCTb.
Bapuanm 3

1. 2A1+ 3Cl, — 2AICI

2Al + 6HCI — 2AICI; + 3H,

Al + FCC13 - A1C13 + Fe

AL(SO4)s+ 3BaCl, — 2AICI; + 3BaSO.4

2. Al AL,O; <25 ALy (SO,); =25 Al(OH);

a) 4A1 +30, - 2A1,0;

6) A1203 + 3H,S0O,; —» Alz(SO4)3 +3H,0

B) ALL(SO,); + 6NaOH — 2A1(OH):d + 3Na,S0,

3. AmrommHHE 0O0pa3yeT MpOYHYI0 OKCHIHYIO IUICHKY Ha CBOCH
HOBEPXHOCTH, II03TOMY OH HE OKHCIISIETCS AaJee.

Bapuanm 4

1. 2Al1 + 3Br, — 2AIBr;

2Al1+3S — ALS;

2Al + 6H,0 — 2A1(OH); + 3H,T

2Al+ 2NaOH + 6H,0 — 2Na[Al(OH),] + 3H,T
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2. 2A1+ 6HCI — 2AICI; + 3H,T

AICl; + 3KOH — AI(OH)3{ + 3KCl

3HCI + Al(OH); — AICl; + 3H,0

3. Ha moBepXHOCTH pPacCKaJICHHOIO aJIOMHHHUSI MTHOBEHHO 00pa3yercs
OKCHJHAs IUICHKA, KOTOpas 3aTpyAHACT ,ue(i)opMaumo.

Pa6oTa 6. UTorosas nmo reme V

Bapuanm 1

1. Ca(OH), + CO, — CaCO; + H,0
Ca(OH), + 2HCl — CaCl, + 2H,0
Ca(OH), + ZnCl, — Zn(OH),4 + CaCl,

(+) 5 - 0
2. A 2ClI'-2¢ > Cl,

)
K Fe’ +2¢ — Fe’
2H,0+2¢ — H, +20H
F6C12 + Hzo ig—) C12 + Fe + H2 + Fe(OH)z

- ALO, 2 AINOy); =2 AIOH),
3. Al 4
SN AIOH);, —2> Al
1) 4A1 + 30, — 2A1,05
2) ALO; + 6HNO; — 2AI(NOs); + 3H,0
3) AI(NO;); + 3NaOH — Al(OH); + 3NaNO;
4) 2Al + 6H,0 — 2A1(OH); + 3H,T
5) AI(OH); + 3HCI — AICl; + 3H,0
4. AMIOMHMHUI — CcaMblif’ pacIpOCTPaHEHHBIN METalI U OTHOCUTEIHHO
XUMHUYCCKH MHEPTEH 3a CHUCT 06pa3yeM0f/'1 OKCI/I}.‘[HOﬁ IIJICHKH.

ATIOMOTEpMISL — CTI0CO0 BOCCTAHOBICHUS METAJUIOB M3 MX OKCHIOB,
HNPUMCHSIOT B METaJUTypIriu.
5.

140 r XTr

CaO + H,0 — Ca(OH),

96T T4t

140  x

56 74
x=14140_ 1es

n(Ca(OH),) =% = 0,984 wm 98,4%.
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Ortset: n(Ca(OH),) = 98,4%.

Bapuanm 2

1. ALLO; siBnsiercst aM(pOTEPHBIM OKCHJIOM.
AlO5 + 2NaOH — 2NaAlO, + H,0O

Al 05 + 6HC1 — 2AICI; + 3H,0

(+) B B 0
2. A 2CI -2¢ > Cl,
) + - 0
K Na +1e — Na
2NaCl,, — 21 yINa+Cly

3.Ca—2 5 Ca0 —2 Ca(OH),—2>CaCO—Y5Ca(HCOs3), —2— CaCl,
1) 2Ca + 0, = 2Ca0O

2) CaO + H,0 — Ca(OH),

3) Ca(OH), + CO, = CaCOs\ + H,0

4) CaCO; + H,0 + CO, — Ca(HCO3),

5) Ca(HCOs), + 2HCI — CaCl, + 2H,0 + 2CO,T

4. Kanprmii — O4eHb MATKHAN ¥ PEaKIIMOHHOCIIOCOOHBII METaIlI.

5. Ca(OH), + Na,CO; — CaCO5d + 2NaOH

©(Na,CO3) = 100% — 5% = 95%

m(Na,CO;)=80-0,95=76T

761 Xr
Ca(OH), + Na,CO; — CaCO, { +2NaOH

106 T 100
J6 _ x
106 100
x=10190_ 717,

OtBet: m(CaCO;) = 71,7 1.
Bapuanm 3

1. AI(OH);+ NaOH - Na[Al(OH)4]
Al(OH); + 3HCI — AICl; +3H,0

2AI(OH); —— ALO; + 3H,0

= B 0

2.A 2l -2¢ >

(GO B

K K'+le »K

2Kl — 252K + 1,

3. CaCl, 2, CaCO;—2—»Ca(HCO3),—25CaC0s—2—>Ca(NOs)—CaCOs
1) CaCl, + Nay,CO3; — CaCOs; + 2NaCl

2) CaCO; + H,O + CO, »> Ca(HCO3)2
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3) Ca(HCO3), ——— CaCOs4 + CO, + H,0
4) CaCO3 + 2HNO3 e Ca(N03)2 + H20 + COZ
5) Ca(NO3)2 + Na,CO3; — CaCO; + 2NaNO;

N
4. XKecTkocTh 00YCIIOBICHA COnEpKaHHeM B Boae noroB Mg”' u Ca*'.

Ca(HCO;), ——> CaCO; + H,0 + CO,T
HpOI/ICXO,HI/IT O6paSOBaHI/Ie HaKHWIIM U 3aCOPCHUE KOTJIA.
5. CaCO; — CaO + CO,T
®(CaCO;) = 100% — 20% = 80%
m(CaCOs) = 500 - 0,8 =400 r
400 r XT

CaCO; —» CaO+CO,T
100 T 56r
400 x

100 56
_ 400-56

=224r
Otser: 224 1.

Bapuanm 4

1. CaO saBaseTCa OCHOBHBIM OKCHIOM.
a) CaO + CO, - CaCO;,

6) CaO + H,0 — Ca(OH),

B) CaO + 2HCI] — CaCl, + H,0O

+) B B 0
2. A 2Br —2¢ —> Bn,
)

K Cu*' +2¢ —» Cd’

CuBr,,,—— Cu +Bn
3.

2

1, ALO; — AL(SO

1, AkLO; H(SOy);
NG E 5

>‘A1c13 — AI(OH),
1) 4Al1 + 30, — 2Al1,04
2) A1203 + 3H2$O4 - Alz(SO4)3 + 3H20
3) Al,O; + 6HCI1 — 2AICl; + 3H,0
4) 2A1+ 6HC1 — 2AICl; + 3H,0
5) AICL; + 3NaOH — AI(OH); + 3NaCl
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4. B npupone anmromuHuii Bcrpeuaercs B Bune Al,O; B cocTaBe IIMHBL,
00KCUTOB, He(eIMHA U YUCTOTO KOPYH IA.

3,15r XT
5. Ca(OH), + 2HNO; —> Ca(NO,), +2H,0
2:63r 164 r
3,15 _ X
2-63 164
NEEAED L7 R
2-63

mp(HNOs3) = N(HNO;) - Myeop = 4,1 -0,98=4,02T
OtBet: m(HNO3), =4,02 1.
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Tema VI. /Keneszo. Memannypzusn

Pa6ora 1. Kere30 u ero coexnHeHNst

Bapuanm 1
1. 4Fe + 30, — 2Fe,05 okcup xene3a(1ll)

2Fe +3Cl,—“—> 2F eCl; xnopun xenesa(1l)

Fe+S—"—FeS cymedun xeneza(Il)
2Fe + 3Br, — 2FeBr; 6pomun sxenesa(I1l)

2. +26F>e jszjssz63sz3p63d64sz

2 8 142

B coeauHeHHX jKene30 MpOosBIISET CTENEHU OKUCIeHHs +2, +3, +6.
3. 3Fe”" + 2K;3[Fe(CN)] — Fes[Fe(CN), ], ¥ + 6K

TEMHO-CHHHHA

4Fe’" + 3K, [Fe(CN)s] —» Fey[Fe(CN), I3 ¥+ 12K*
OUPIO30BBII

32r 281
4. CuSO, + Fe — FeSO, + Cu

n(Fe) =§ = 0,5 moIb

n(CuSOy) 22 =0,2 MOJIb
160

T.x. CuSO, HaxoIUTCS B HEIOCTATKE, pacyeT BEJEeM 110 HEMY.
32r XT

CuSO, +Fe — FeSO4+ Cu
160 r 641

2 4
160 64
32-64
X = —_—
160

Otser: m(Cu) = 12,8 1.

Bapuanm 2

1. Fe(NO;); —2— Fe(OH); — 2 Fe,05 —2—> Fe —*) > FeCl,
1) Fe(NOs); + 3NaOH —> Fe(OH)34 + 3NaNO,

2) 2Fe(OH); ——— Fe,05 + 3H,0

3) Fe,O; + 3H, — 2Fe + 3H,0

—128T




4) Fe + 2HCI — FeCl, + H,T

2. CoenuHeHHs jKeJe3a CO CTENEHBI0 OKHUCIEHUS +2 TPOSBIAIOT
BOCCTAQHOBUTENBHBIE CBOWCTBA, IIPH O3TOM OKHCISACH OO CTEHEHH
OKHCIeHus +3, T.K. UX aTOM IIPH 3TOM NEPEeXOAUT B OoJiee YCTOHUUBYIO
¢dopMy. B HEKOTOPBHIX ciIydasX OSTH COCIMHCHUS MOTYT IIPOSIBIATH
OKHCITUTEIIbHBIE CBOMCTBA, KOTa M3 HUX BBITECHAETCS METAIMYECKOE
KeJe30.

3. Fe + 2HCl — FeCl, + H,T

FeCl, + 2NaOH — Fe(OH), + 2NaCl

4Fe(OH), + 2H,0 + O, — 4Fe(OH);

1121 X I
4. Fe +H,SO4 — FeSO4+ H,
56r 240
m_ x
56 22,4
‘= 112-22.4 — 448 1
56

Vip(Hz) = M(Hy) - Vieop = 0,98 - 44,8 =439 11

Otser: V(H,) =43,9 n.

Bapuanm 3

1. a) Fe + H,SO4 — FeSO, + H,

6) Fe + CuSO,4 — FeSO, + Cu

B) Fe + 2HBr — FeBr, + H,

F) Fe + Pb(NO3)2 d Fe(NO3)2 +Pb

2. FeO u Fe,O; — ocnoBHbIe okcunl, Fe(OH), u Fe(OH); — ocHOBHBIE
TUAPOKCHUJIBI.

3. IlpennoxeHHBIE BEIIECTBA MOXKHO. PACIIO3HATH MPH IOMOIIU
pactBopoB Na,SO, nu NaOH.

FeCl, + 2NaOH <5 Fe(OH); | + 2NaCl

3eJICHBIN

BaCl, + Na,SO, — BaSO, |+ 2NaCl

Genprii
B ocrasmeiicst mpodupke Oyner NaCl.
4. 2HCI + FeCO; —» FeClz + H,0 + CO,
m(FeCO3)=0,8-50=40r

40r X 1
2HCl + FeCO, —» FeCl, + H,0 + CO,
116 224 n
40 x
116 22,4
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_40-22,4

=17,72 n.

Otset: V(CO,)=7,72 n.

Bapuanum 4

1. Fe—25 FeSO, —2— Fe(OH), —2— Fe(OH); — . FeCl,

1) Fe + H,SO, —» FeSO, + H,

2) FeSO, + 2NaOH — Fe(OH)\ + Na,SO,

3) 4Fe(OH), + 2H,0 + O, — 4Fe(OH);

4) Fe(OH); + 3HCI — FeCl; + 3H,0

2. Boanbie pactBopsl couteit sxeneza(lll) umerot kucnyro cpeny, T.K. Cou
00pa3oBaHbl CIa0bIM OCHOBAaHHEM M CHJIBHONH KHCJIOTOH U B BOJE
THIPOIIH3YIOTCS.

3. a) FeSO, + BaCl, — FeCl, + BaSO4d

6) FeSO4 + Ba(NO;), —> BaSO4 + Fe(NO;),

4,

7r 18r
2Fe+ 3Cl, — 2FeCly

m(Fe) = - 0,125 monb
M(Fe) 56
n(Cly) _m(Cly) 18 _ 0,253 monb
M(Cl,) 71

T.x. Cl, HaxomuTest B M30BITKE, pacdeT BexeM 1o Fe.

n(Fe) =

Tr XT
2Fe +3Cl, —> 2FeCl,

2:561 2162,51
T X
2-56  2-162,5
x =L 21023 551 ¢
2:56

Otser: m(FeCl;) = 20,31 1.

Pa6ora 2. Cioco0bI NPOMBIIICHHOT0 OJIYYeHHUS] METALIOB

Bapuanm 1

1. a) xenesnas pyaa (Fe,0;)

0)

B) 2C + O, > 2CO 1) moy4eHue BOCCTaHOBHUTEIA
Fe,O; +3CO — 2Fe + 3CO, 2) BOCCTaHOBJICHUE
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3) CaCO; —-— CaO + CO,
CaO + SiO, — CaSiO;
3Ca0 + P,0s —> Cay(POy), 3) mnaxkooOpa3oBaHUE
MnO + SiO, — MnSiO3
2.

XT 0,1r

C +0,- CO,
127 447

x _0l

12 44
x =120 600731

44

o(C) =0,00455 nnmm 0,455%
CT

Otget: ®(C) = 0,455%.

Bapuanm 2

1. a) uyryn

0)

B) 2Fe + O, — 2FeO

Si + 2FeO — SiO, + 2Fe

Mn + FeO — MnO + Fe

2P + 5FeO — 5Fe + P,0s

C+FeO > Fe+CO

2. 2A1,0; —» 4A1+ 30,

®(Al,03) = 100% — 0,4% = 99,6%

m(ALLO3) =0,996 - 50 T=49,8 T

_m(C) _ 0,0273
6

49.8 r XT
2A1,05 — 4Al +30,
21021 P 2T
498 1 x
2102 4.27
x=327-98 16361
2-102
Oteet: m(Al) = 26,36 T.
Bapuanm 3
1. a) ALLO; u Nas[AlF¢] (6oxcuThI)
0)

B) ALO; + Na,CO; —"—5 2NaAlO, + CO,
2NaAlO, + CO, + 3H,0 — 2A1(OH); + Na,CO;
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2A1(OH)3 - A1203 + 3H20
2A1L0; —= 5 4A1 + 30,

AnoMuHHR MNPUMCHACTCA B CaMOJICTOCTPOCHUU, MCTAIIYpruud v I
H3roTOBJICHUA IIPOBOIAOB.

2.

XT 1,96 n
Fe + H,SO4 — FeSO, + H2
s6r 2241
x 196

56 224

6-1

L6196

2.4
o(Fe) :4—59: 0,98 mwm 98%

Otget: o(Fe) = 98%.
Bapuanm 4
1. a) ayryH
0)
B) 2Fe + O, — 2FeO
FeO+C — Fe+ CO
2FeO + Si — 2Fe + SiO,
5FeO + 2P — 5Fe + P,0s5
FeO + Mn — MnO + Fe
2. 121 (C) —3,6%
180 T (FesC) — x%
‘= 3,6-180 _ 549

12
OtgeT: o(Fe;C) =54%.
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3aoauu ¢ npou3800CMBEEHHBIM U MEHCNPEOMEMHBIM
cooepicanuem

HemeTajibl

1. Si0, + 2C —— Si +2CO
m(C) =80 - 0,92 1 = 73,6 kT
Si0, + 2C —58i+2C0
60 xr 2-12 kr
x 73,6
60 212
_60-73,6
2-12
Otget: m(Si0;) = 184 kr.

X KT ym’ 248 kr

2.2Cay(PO,), + 10C + 6Si0,——> 6CaSiO; + 10CO + P,
120 xr 224 MZ 124 xr

=184 kr

X _ 248
120 124
120248
124
y 248
224 124
224248
TV

240 xr (C)

=448 M® (CO)

m,_ (C
mreop(c) :—np( ) = —240 & 266,7 KI'
o(C) 0,9
Otser: m(C)= 266,7 xr; V(CO) =448 m’.
X KT 400 xr
3. P, +50,+6H,0 > 4H,PO,
124 xr 4.98 xr

X 400

124 4-98
124 - 400
X:—

4.98
m,_ (P
(P =) 126:3
n(H;PO4) 0,8
Otset: m(P) = 158,2 xr.

=126,5 xr

=158,2 kr
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120 xr X KI'

4. Cay(PO,), +3H,S0,——3CaS0O,+ 2H,PO,

310 kr 298 kr
m(Cas(PO,),) = 0,6 - 200 = 120 kr
120 x
310 2-98
x=1202-98 _ o5 g7 kr
310

My, (H3PO,) = Myeop - N(H3PO,) = 0,8 - 75,87 = 60,7 kr
Otser: m(H3PO,4) = 60,7 kr.

5. SOZ + N02 + Hzo = HzSO4 +NO

Mype=p -V =1,66-100=166 kr

m(H,SO4) = ® - m,p, = 166 - 0,74 = 122,84 kr

X KT Y K& 122,84 kr

S0, +NO, + H,0 = H,80, + NO
64 kr 18 kxr 98 kr
x 12284

64 98
X _64-12284 80,2 xr (SO,)

98

y 122,84

18 98

:% = 22,6 kr (H,0)

Oteet: m(SO,) = 80,22 kr; m(H,0) = 22,6 k.
6. Aw(P) = 2,51% — 0,38% = 2,13%
2,13%
o(H,0) = =0,8486.unu 84,86%
2,51%
Oser: (H,0) =84,86%.
7. Myaps= My
m06LLl: muau3+mn0m:6 mnou?,
mHam(HZO) = muam'mnomzoagg mHaﬂ3:494 Myop3
mnom(HZO) = (Dnom'mnomzosg Myop3
Mg =44 My t0,8 Mygrs=5,2 Mygys

H,0) 5.2
(Hy0) _5:2Muons _ ) 267 = 86.7%
6m

o011 noz3

m,
My (H0)= oo

OtBerT: 86,7%.
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MeTanabl

X KT 10 xr
1. Ca(OH), + Na,CO; — 2NaOH + CaCOs4

106 kr 2-40 kr
x 10
106 2-40
_ 106 100 = 13,25 kr

®(NayCO3) = 100% — 2% = 98%
m(Na,CO;3) _ 13,25 _ 13,52 kr
®(Na,CO5) 0,98

OTBeT: Moy, = 13,52 kT

2. HgS + O, »> Hg + SO,

®(HgS) =100% — 10% = 90%

m(HgS) =0,9 - 600 = 540 kr

mCDHl:I =

540 xr X KI

HgS + O, > Hg + SO,

233 kr 201 kr

240 x

233 201

x=230-200_ 465 8 kr

233

Otset: m(Hg) = 465,8 xr.

3mg, M0 3
o(K) 0,006

OTBeT: My, = 500 T.
~39,3% —38%
4. Oy =——————
39.3%
OTBeT: Oppuy = 3,31%:

458 XT y k]
5. 3Mn;0, + 8Al = 9Mn + 4A1,05 + 2500 [Tk
32291 9551

458  x

3.229  9.55

~458-9°55 _ 330 1 (M)
3.229

48y

3-229 2500

=0,0331'mm3,31%
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_ 458-2500
3-229
Otser: m(Mn) =330 1; Q = 1666,7 kJx.

6. a) m(Au) :% -860=645T

= 1666,7 K]

875
6) m(Ag) =——- 800 =700
) m(Ag) 1000 '
Otget: a) m(Au) = 645 1; 6) m(Ag) =700 .
X KI' 170 xr
7. Na,CO; — crekio (Na,0O)
106 xr 62 kr

m(Na,0) = 0,17 - 1000 = 170 r
x _170
106 62
106 -170
X=—"""=
62

Oteet: m(Na,CO3) = 291 kr.
8. 2N3202 + 2C02 —> 2N32CO3 + 02
®(Na,O,) = 100% — 2,5% = 97,5%
m(N2,0,) = Myep - ©(Na;0,) = 0,975 - 320 =312

312r X 1 yi
2Na,0, + 2CO, — 2Na,COs;+ O,

278 2224 n 234 n

312 X

2.-78 2.224
(_312:2.224
2.7
312 0
278 22,4
312224
278

Otser: V(CO,) = 89,6 11; V(O,) = 44,8 1.
9. m(Ca(OH),)=m,,,, -(Ca(OH),) = 60-0,86 = 51,6 kr

291 kr

89,6 1

=448 1

rari.
HU3B.

X KT 51,6 xr
CaCO; — Ca(OH),
100 kr 74 kr

x 516

100 74
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~100-51,6
Xx=— -7
74
_m(CaCO3) 69,73
®(CaCO5) 0,95
OtBeT: My, = 73,4 Kr.
10. Mypops = 80 - 0,07 = 5,6 xr
5600 r KpoBU — X T 30JIBI
32 r xpoBu — 0,33 1 3071B1
‘= 5600-0,33 _ 5775
32
57,75 r 3omp1 — y 1 Fe
150 r 30;m61 — 16 T Fe
_57,75-16
Y7150
Otser: m(Fe) =6,16T.

=69,73 xr

=73,4 kr

U3B

=6,l6T
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