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��c deZkkL_fZ I��We_dljheblbq_kdZy�^bkkhpbZpby
JZ[hlZ ���We_dljheblbq_kdZy�^bkkhpbZpby�\_s_kl\b j_Zdpbb bhggh]h�h[f_gZ<ZjbZgl ����Z��FeCl3 → Fe3++3Cl-[� K2SO4 → 2K++SO −��\��Ba(NO3)2 → Ba2++2NO −�]��H3PO4 → 3H++PO −��^��NaOH → Na++OH-���Z��H2SO4+BaCl2 → BaSO4 ↓ +2HCl

Ba2++SO −�� → BaSO4 ↓[��3KOH+H3PO4 → K3PO4+3H2O
OH-+H+ → H2O\��Na2CO3+Pb(NO3)2 → 2NaNO3+PbCO3 ↓
Pb2++CO −�� → PbCO3 ↓<ZjbZgl ����Z��Ca(OH)2 → Ca2++2OH-[��CuCl2 → Cu2++2Cl-\��H2SO4 → 2H++SO −��]� Fe2(SO4)3 → 2Fe3++3SO −��^��KNO3 → K++NO −����Z� HCl+AgNO3 → AgCl ↓ +HNO3

Cl-+Ag+ → AgCl ↓[��BaCl2+CuSO4 → BaSO4 ↓ +CuCl2

Ba2++SO −�� → BaSO4 ↓\��Ca(OH)2+2HNO3 → Ca(NO3)2+2H2O
OH-+H+ → H2O<ZjbZgl �
1. Z��AlCl3 → Al3++3Cl-
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[� K3PO4 → 3K++PO −��\��HNO3 → H++NO −�]��Na2SO4 → 2Na++SO −��^��MgCl2 → Mg++2Cl-���Z��Na2CO3+CaCl2 → 2NaCl+CaCO3 ↓
CO −�� +Ca2+ → CaCO3 ↓[��Ba(OH)2+2HCl → BaCl2+2H2O
OH-+H+ → H2O\��H2SO4+Ba(NO3)2 → BaSO4 ↓ +2HNO3

SO −�� +Ba2+ → BaSO4 ↓<ZjbZgl�4
1. Z��Cu(NO3)2 → Cu2++2NO −�[��HCl → H++Cl-\��Al2(SO4)3 → 2Al3++3SO −��]� Ba(OH)2 → Ba2++2OH-^��ZnSO4 → Zn2++SO −�����Z� LiOH+HNO3 → LiNO3+H2O
OH-+H+ → H2O[��Cu(NO3)2+2NaOH → Cu(OH)2 ↓ +2NaNO3

Cu2++2OH- → Cu(OH)2 ↓\��3K2CO3+2H3PO4 → 2K3PO4+3CO2 ↑ +3H2O

CO −�� +2H+ → CO2+H2O

JZ[hlZ ���J_Zdpbb bhggh]h�h[f_gZ�b ]b^jheba�khe_c<ZjbZgl�����Z��3AgNO3+K3PO4 → Ag3PO4 ↓ +3KNO3

3Ag++PO −�� → Ag3PO4 ↓[��CuSO4+2NaOH → Cu(OH)2 ↓ +Na2SO4

Cu2++2OH- → Cu(OH)2 ↓]��BaCl2+K2SO4 → BaSO4 ↓ +2KCl

Ba2++SO −�� → BaSO4 ↓

2. Na2CO3+H2O
→
← NaOH+NaHCO3
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CO −�� +H2O
→
← OH-+HCO −�

NaHCO3+H2O
→
← NaOH+H2CO3

HCO −� +H2O
→
← OH-+H2CO3

Cu(NO3)2+H2O
→
← Cu(OH)NO3+HNO3

Cu2++H2O
→
← CuOH++H+

Cu(OH)NO3+H2O
→
← Cu(OH)2+HNO3&XHG++H2O

→
← Cu(OH)2+H+

<ZjbZgl�����Z��Na2CO3+2HNO3 → 2NaNO3+H2O+CO2

CO −�� +2H+ → CO2+H2O\��2HCl+Ba(OH)2 → BaCl2+2H2O
H++OH- → H2O]� 3NaOH+H3PO4 → Na3PO4+3H2O
OH-+H+ → H2O

2. Na2S+H2O
→
← NaOH+NaHS

S2-+H2O
→
← OH-+HS-

NaHS+H2O
→
← NaOH+H2S

HS-+H2O
→
← OH-+H2S

FeCl3+H2O
→
← Fe(OH)Cl2+HCl

Fe3++H2O
→
← FeOH2++H+

Fe(OH)Cl2+H2O
→
← Fe(OH)2Cl+HCl

FeOH2++H2O
→
← Fe(OH) +� +H+

Fe(OH)2Cl+H2O
→
← Fe(OH)3+HCl

Fe(OH) +� +H2O
→
← Fe(OH)3+H+

<ZjbZgl�����Z��FeCl3+3NaOH → 3NaCl+Fe(OH)3 ↓
Fe3++3OH- → Fe(OH)3 ↓\��Ba(NO3)2+Na2CO3 → BaCO3 ↓ +2NaNO3

Ba2++CO −�� → BaCO3 ↓]� Al2(SO4)2+2K3PO4 → 2AlPO4 ↓ +3K2SO4
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Al3++PO −�� → AlPO4 ↓

2. Zn(NO3)2+H2O
→
← Zn(OH)NO3+HNO3

Zn2++H2O
→
← ZnOH++H+

Zn(OH)NO3+H2O
→
← Zn(OH)2+HNO3

ZnOH++H2O
→
← Zn(OH)2+H+

K2CO3+H2O
→
← KOH+KHCO3

CO −�� +H2O
→
← OH-+HCO −�

KHCO3+H2O
→
← KOH+H2CO3

HCO −� +H2O
→
← OH-+H2CO3<ZjbZgl ����Z��K2CO3+2HCl → 2KCl+CO2+H2O

CO −�� +2H+ → H2O+CO2[��Ca(OH)2+2HNO3 → Ca(NO3)2+2H2O
OH-+H+ → H2O\��2NaOH+H2SO4 → Na2SO4+2H2O
OH-+H+ → H2O

2. AlCl3+H2O
→
← Al(OH)Cl2+HCl

Al3++H2O
→
← AlOH2++H+

Al(OH)Cl2+H2O
→
← Al(OH)2Cl+HCl

AlOH2++H2O
→
← Al(OH) +� +H+

Al(OH)2Cl+H2O
→
← Al(OH)3+HCl

Al(OH) +� +H2O
→
← Al(OH)3+H+

JZ[hlZ ���Obfbq_kdb_�k\hckl\Z�dbkehl��khe_c�b hkgh\Zgbc\ k\_l_�l_hjbb�we_dljheblbq_kdhc�^bkkhpbZpbb<ZjbZgl��
1. Ba(OH)2+Na2SO4 → BaSO4 ↓ +2NaOH

Ba2++SO −�� → BaSO4 ↓

Ba(OH)2+CuCl2 → Cu(OH)2 ↓ +BaCl2

2OH-+Cu2+ → Cu(OH)2 ↓
Ba(OH)2+2HNO3 → Ba(NO3)2+2H2O



9

OH-+H+ → H2O

Ba(OH)2+CO2 → BaCO3 ↓ +H2O
2.

)H62� )H&O�
)H�12���

Z�
[�Z��FeSO4+BaCl2 → FeCl2+BaSO4 ↓

SO −�� +Ba2+ → BaSO4 ↓[��FeSO4+Ba(NO3)2 → Fe(NO3)2+BaSO4 ↓
Ba2++SO −�� → BaSO4 ↓<ZjbZgl��
1. H2SO4+2NaOH → Na2SO4+2H2O
H++OH- → H2O

H2SO4+Zn → ZnSO4+H2 ↑
2H++Zn → Zn2++H2

H2SO4+BaCl2 → BaSO4 ↓ +HCl

SO 2
4

− +Ba2+ → BaSO4 ↓
H2SO4+CuO → CuSO4+H2O
2H++CuO → Cu2++H2O

Na2SO4+Ba(OH)2 → BaSO4 ↓ +2NaOH

SO −�� +Ba2+ → BaSO4 ↓
NaOH+HCl → NaCl+H2O
OH-+H+ → H2O<ZjbZgl��
1. CuCl2+2AgNO3 → 2AgCl ↓ +Cu(NO3)2

Cl-+Ag+ → AgCl ↓
CuCl2+Fe → FeCl2+Cu
Cu2++Fe → Fe2++Cu

CuCl2+2KOH → Cu(OH)2 ↓ +2KCl
Cu2++2OH- → Cu(OH)2 ↓���Z� H2SO4+Ba(NO3)2 → BaSO4 ↓ +2HNO3[��KCl+AgNO3 → AgCl ↓ +KNO3

Cl-+Ag+ → AgCl ↓<ZjbZgl��
1. 2HCl+Ca(OH)2 → CaCl2+2H2O
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H++OH- → H2O

6HCl+2Al → 2AlCl3+3H2 ↑
6H++2Al → 2Al3++3H2

2HCl+Na2CO3 → 2NaCl+H2O+CO2

2H++CO −�� → H2O+CO2

2HCl+MgO → MgCl2+H2O
2H++MgO → Mg2++H2O
2. MgO+H2SO4 → MgSO4+H2O
MgO+2H+ → Mg2++H2O
Mg(OH)2+H2SO4 → MgSO4+2H2O
Mg(OH)2+2H+ → Mg2++2H2O

JZ[hlZ ���JZkq_lu�ih�mjZ\g_gbyf�j_Zdpbc��_keb�h^ghba�j_Z]bjmxsbo�\_s_kl\�^Zgh�\ ba[uld_
1. 

260 ] ����]
3 2 2 4Ba(NO ) + K SO → BaSO4 ↓ +2KNO3

n(Ba(NO3)2)= 3 2

3 2

m(Ba(NO ) ) 260

M(Ba(NO ) ) 261
= =0,996 fhev

n(K2SO4)= 2 4

2 4

m(K SO ) 220

M(K SO ) 174
= =1�����fhevL�d��K2SO4 gZoh^blky�\ ba[uld_��lh�jZkq_l�\_^_f�ih�Ba(NO3)2

260 ]
3 2

261 ]Ba(NO ) +K2SO4 →
o ]

4
233 ]BaSO ↓ +2KNO3

��������� o= o= ≈⋅���������
232,11 ]Hl\_l��m(BaSO4)=�������]

2. 
42,6 ] 16 ]

3 3Al(NO ) +3NaOH → Al(OH)3 ↓ +3NaNO3

n(Al(NO3)3)= 3 3

3 3

m(Al(NO ) ) 42,6

M(Al(NO ) ) 213
= =0���fhev

n(NaOH)=
m(NaOH) 16

M(NaOH) 40
= =0,4 fhevL�d��NaOH gZoh^blky�\ g_^hklZld_��k mq_lhf�dhwnnbpb_glZ���, ihg_fm�\_^_f�jZkq_l



11

Al(NO3)3+
16 ]

3 40 ]3NaOH
⋅

→
o ]

3
78 ]Al(OH) ↓ +3NaNO3

16 o
3 40 78

=
⋅

o= ��� ����
⋅
⋅

=10,4 ]Hl\_l��m(Al(OH)3)=10,4 ]
3. Na2CO3+2HNO3 → 2NaNO3+H2O+CO2

m(HNO3)= ω (HNO3) ⋅ mj�jZ=0,2 ⋅ 400=80 ]
n(HNO3)= 3

3

m(HNO ) 80

M(HNO ) 63
= =1,27 fhev

n(Na2CO3)= 2 3

2 3

m(Na CO ) 53

M(Na CO ) 106
= =0,5 fhevL�d��HNO3 gZoh^blky�\ ba[uld_��lh�jZkq_l \_^_f�ih�Na2CO3

53 

2 3
106

Na CO +2HNO3 → 2NaNO3+H2O+
o e

2
22,4 eCO

53 o
106 22,4

= o=
16 78

3 40

⋅
⋅

 �����eHl\_l��V(CO2)=11,2 e
4. 

94,5 ]20 ]
3MgO + 2HNO → Mg(NO3)2+H2O

n(MgO)=
m(MgO) 20

M(MgO) 40
= =0,5 fhev

n(HNO3)= 3

3

m(HNO ) 94,5

M(HNO ) 63
= =1,5 fhevL�d��HNO3 gZoh^blky�\ ba[uld_��lh�jZkq_l \_^_f�ih�MgO

20 ]
40 ]MgO +2HNO3 →

o ]
3 2

148 ]Mg(NO ) +H2O

53 o
106 22,4

= o=
20 148

40

⋅
=74 ]Hl\_l��m(Mg(NO3)2)=���]

5. 
40 ] ���]

4CuSO + Fe → FeSO4+Cu

n(CuSO4)= 4

4

m(CuSO ) 40

M(CuSO ) 160
= =0,25 fhev

n(Fe)=
m(Fe) 12

M(Fe) 56
= =0,21��fhevL�d��CuSO4 gZoh^blky�\ ba[uld_��lh�ihke_�hdhgqZgby�j_Zdpbb�hghklZg_lky�\ jZkl\hj_�
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Hl\_l��hklZg_lky�
6. BaCl2+Na2SO4 → 2NaCl+BaSO4 ↓
m(BaCl2)=ω (BaCl2) ⋅ mj�jZ=0,05 ⋅ 15=0,75 ]
n(BaCl2)= 2

2

m(BaCl ) 0,75

M(BaCl ) 208
= =0,0036 fhev

m(Na2SO4)=ω (Na2SO4) ⋅ mj�jZ=0,08 ⋅ 10=0,8 ]
n(Na2SO4)= 2 4

2 4

m(Na SO ) 0,8

M(Na SO ) 142
= =0,0056 fhevL�d��Na2SO4 gZoh^blky�\ ba[uld_��jZkq_l�\_^_f�ih�BaCl2.

0,75 ]
2

208 ]BaCl +Na2SO4 → 2NaCl+
o ]

4
233 ]BaSO ↓

0,75 o
208 233

= o=
0,75 233

208

⋅
=0,84 ]Hl\_l��m(BaSO4)=0,84 ]

7. Fe2(SO4)3+6NaOH → 2Fe(OH)3+3Na2SO4

m(Fe2(SO4)3)=ω (Fe2(SO4)3) ⋅ mj�jZ=0,05 ⋅ 400=20 ]
n(Fe2(SO4)3)= 2 4 3

2 4 3

m(Fe (SO ) ) 20

M(Fe (SO ) ) 400
= =0,05 fhev

m(NaOH)=ω (NaOH) ⋅ mj�jZ=0,03 ⋅ 200=6 ]
n(NaOH)=

m(NaOH) 6

M(NaOH) 40
= =0,15 fhevL�d��Fe2(SO4)3 gZoh^blky�\ ba[uld_��lh�jZkq_l�\_^_f�ih�NaOH.

Fe2(SO4)3+
6 ]

6 40 ]6NaOH
⋅

→
o ]

3
2 107 ]2Fe(OH)
⋅

↓ +3Na2SO4

6 o
6 40 2 107

=
⋅ ⋅

o= ��� �����
⋅
⋅⋅

=5,35 ]Hl\_l��m(Fe(OH)3)=5,35 ]
8. 

16 ] ���]
4CuSO + Fe → FeSO4+Cu

n(CuSO4)= 4

4

m(CuSO ) 16

M(CuSO ) 160
= =0,1 fhev

n(Fe)=
m(Fe) 12

M(Fe) 56
= =0,21��fhevL�d��Fe gZoh^blky�\ ba[uld_��lh�jZkq_l�\_^_f�ih�CuSO4
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16 ]
4

160 ]CuSO +Fe → FeSO4+
o ]

64 ]Cu

16 o
160 64

= o= ������� ⋅
=6,4 ]Hl\_l��m(Cu)=6,4 ]

9. 2NaOH+CuSO4 → Cu(OH)2+Na2SO4

m(NaOH)=0,2 ⋅ 200=40 ]
n(NaOH)=

m(NaOH) 40

M(NaOH) 40
= =1 fhev

n(CuSO4)=��fhevL�d��CuSO4 gZoh^blky�\ ba[uld_��lh�jZkq_l�\_^_f�ih�NaOH.
40 ]

2 40 ]2NaOH
⋅

+CuSO4 → Na2SO4+
o ]

2
98 ]Cu(OH)

16 o
160 64

= o= ��� ����
⋅
⋅

=49 ]Hl\_l��m(Cu(OH)2)=49 ]
10. 2HCl+Na2CO3 → 2NaCl+H2O+CO2

m(HCl)=ω (HCl) ⋅ mj�jZ=0,3 ⋅ 150=45 ]
n(HCl)=

m(HCl) 45

M(HCl) 36,5
= =1,23 fhev

n(Na2CO3)=����fhevL�d��HCl gZoh^blky�\ ba[uld_��jZkq_l�\_^_f�ih�Na2CO3

2HCl+
0,5 fhev

2 3Na CO → 2NaCl+H2O+
0,5 fhev

2CO

n(Na2CO3)=n(CO2)=����fhev
V(CO2)=n(CO2) ⋅ Vm=0,5 ⋅ ���� �����eHl\_l��V(CO2)=�����e
11. H2SO4+Ba(NO3) → BaSO4+2HNO3

m(H2SO4)=ω (H2SO4) ⋅ mj�jZ=0,1 ⋅ 40=4 ]
n(H2SO4)= 4

4

m(HSO ) 4

M(HSO ) 98
= =0,041 fhev

n(Ba(NO3)2)= 3 2

3 2

m(Ba(NO ) ) 2,61

M(Ba(NO ) ) 261
= =0,01 fhevL�d��H2SO4 gZoh^blky�\ ba[uld_��lh�jZkq_l�\_^_f�ih�Ba(NO3)2.
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H2SO4+
2,61

3 2
261

Ba(NO ) →
o ]

4
233 ]BaSO +2HNO3

2,61 o
261 233

= o= ���������� ⋅
=2,33 ]Hl\_l��m(BaSO4)=2,33 ]

12. 
10 ] ���]

3MgO + 2HNO → Mg(NO3)2+H2O

n(MgO)=
m(MgO) 10

M(MgO) 40
= =0,25 fhev

n(HNO3)= 3

3

m(HNO ) 40

M(HNO ) 63
= =0,635 fhevL�d��HNO3 gZoh^blky�\ ba[uld_��lh�jZkq_l \_^_f�ih�MgO

10 ]
40 ]MgO +2HNO3 →

o ]
3 2

148 ]Mg(NO ) +H2O

53 o
106 22,4

= o= ������� ⋅
=37 ]Hl\_l��m(Mg(NO3)2)=3��]

13. H2SO4+BaCl2 → BaSO4+2HCl
m(H2SO4)=ω (H2SO4) ⋅ mj�jZ=0,07 ⋅ 200=14 ]
n(H2SO4)= 4

4

m(HSO ) 14

M(HSO ) 98
= =0,143 fhev

n(BaCl2)=2 fhevL�d��BaCl2 gZoh^blky�\ ba[uld_��lh�jZkq_l�\_^_f�ih�H2SO4.

BaCl2+
14 ]
2 4
98 ]H SO →

o ]
4

233 ]BaSO +2HCl

2,61 o
261 233

= o= ������� ⋅
=33,29 ]Hl\_l��m(BaSO4)=33,29 ]

14. 
16,2 ] 30 ]

3ZnO + 2HNO → Zn(NO3)2+H2O

n(ZnO)=
m(ZnO) 16,2

M(ZnO) 81
= =0,2 fhev

n(HNO3)= 3

3

m(HNO ) 30

M(HNO ) 63
= =0,48 fhevL�d��HNO3 gZoh^blky�\ ba[uld_��jZkq_l \_^_f�ih�ZnO
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16,2 ]
81 ]ZnO +2HNO3 →

o ]
3 2

189 ]Zn(NO ) +H2O

53 o
106 22,4

= o= ��������� ⋅
=37,8 ]Hl\_l��m(Zn(NO3)2)=37,8 ]

JZ[hlZ ���Blh]h\Zy�ih�l_f_�I<ZjbZgl�����Z��KCl → K++Cl-[� H2SO4 → 2H++SO −��\��Ca(OH)2 → Ca2++2OH-]��Cu(NO3)2 → Cu2++2NO −�^��Al2(SO4)3 → 2Al3++2SO −�����Z��NaCl+AgNO3 → AgCl ↓ +NaNO3

Cl-+Ag+ → AgCl ↓[��2HNO3+Ca(OH)2 → Ca(NO3)2+2H2O
H++OH- → H2O\���+&O�.2CO3 → 2KCl+H2O+CO2

2H++CO −�� → H2O+CO2

3. 2HCl+Zn → ZnCl2+H2 ↑
2H++Zn → Zn2++H2 ↑
2HCl+CaO → CaCl2+H2O
2H++CaO → Ca2++H2O
2HCl+Cu(OH)2 → CuCl2+2H2O
2H++ Cu(OH)2 → Cu2++2H2O

4. 
32 ] ���]

4CuSO + Fe → FeSO4+Cu

n(CuSO4)= 4

4

m(CuSO ) 32

M(CuSO ) 160
= =0,2 fhev

n(Fe)=
m(Fe) 21

M(Fe) 56
= =0,375 fhevL�d��Fe gZoh^blky�\ ba[uld_��lh�jZkq_l�\_^_f�ih�CuSO4

32 ]
4

160 ]CuSO +Fe → FeSO4+
o ]

64 ]Cu
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32 o
160 64

= o= ������� ⋅
=12,8 ]Hl\_l��m(Cu)=12,8 ]<ZjbZgl�����Z��NaOH → Na++OH-[��HNO3 → H++NO −�\��MgCl2 → Mg2++2Cl-]��K2CO3 → 2K++CO −��^� Fe(NO3)3 → Fe3++3NO −����Z��2KOH+Cu(NO3)2 → Cu(OH)2 ↓ +2KNO3

2OH-+Cu2+ → Cu(OH)2[��2HCl+Ba(OH)2 → BaCl2+2H2O
H++OH- → H2O\��Na2SO4+Ba(NO3)2 → BaSO4+2NaNO3

SO −�� +Ba2+ → BaSO4

3. Ca(OH)2+CuSO4 → CaSO4+Cu(OH)2 ↓
2OH-+Cu2+ → Cu(OH)2 ↓
3Ca(OH)2+2K3PO4 → Ca3(PO4)2 ↓ +6KOH

3Ca2++2PO −�� → Ca3(PO4)2 ↓
Ca(OH)2+CO2 → CaCO3+H2O

4. 
5 ] ���]

3MgO + 2HNO → Mg(NO3)2+H2O

n(MgO)=
m(MgO) 5

M(MgO) 40
= =0,125 fhev

n(HNO3)= 3

3

m(HNO ) 40

M(HNO ) 63
= =0,635 fhevL�d��HNO3 gZoh^blky�\ ba[uld_��jZkq_l�\_^_f�ih�MgO

5 ]
40 ]MgO +2HNO3 →

o ]
3 2

148 ]Mg(NO ) +H2O

5 o
40 148

= o= ������ ⋅
=18,5 ]Hl\_l��m(Mg(NO3)2)=18,5 ]<ZjbZgl�����Z��H3PO4 → 3H++PO −��[��Ba(OH)2 → Ba2++2OH-
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\��FeSO4 → Fe2++SO −��]��AlCl3 → Al3++3Cl-^��Cu(NO3)2 → Cu2++2NO −����Z��FeCl3+3NaOH → Fe(OH)3 ↓ +3NaCl

Fe3++3OH- → Fe(OH)3 ↓[� H2SO4+2LiOH → Li2SO4+2H2O
H++OH- → H2O\��2HNO3+Na2CO3 → 2NaNO3+H2O+CO2

2H++CO −�� → H2O+CO2

3. 3H2SO4+2Al → Al2(SO4)3+3H2 ↑
6H++2Al → 2Al3++3H2

H2SO4+2KOH → K2SO4+2H2O
H++OH- → H2O

H2SO4+Ba(NO3)2 → BaSO4 ↓ +2HNO3

SO −�� +Ba2+ → BaSO4 ↓

4. 
20 ] ���]

NaOH + HCl → NaCl+H2O

n(NaOH)=
m(NaOH) 20

M(NaOH) 40
= =0,5 fhev

n(HCl)=
m(HCl) 33

M(HCl) 36,5
= =0,9 fhevL�d��HCl gZoh^blky�\ ba[uld_��jZkq_l�\_^_f�ih�NaOH

20 ]
40 ]NaOH +HCl →

o ]
58,5 ]NaCl +H2O

5 o
40 148

= o= �� ������ ⋅
=29,25 ]Hl\_l��m(NaCl)=29,5 ]<ZjbZgl�����Z��CaCl2 → Ca2++2Cl-[��KOH → K++OH-\��HCl → H++Cl-]��Fe2(SO4)3 → 2Fe3++3SO −��^��Na3PO4 → 3Na++PO −�����Z��CuSO4+BaCl2 → CuCl2+BaSO4 ↓

SO −�� +Ba2+ → BaSO4 ↓
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[��2HBr+Ca(OH)2 → CaBr2+2H2O
H++OH- → H2O\��3ZnSO4+2K3PO4 → Zn3(PO4)2 ↓ +3K2SO4

3Zn2++2PO −�� → Zn3(PO4)2 ↓

3. CuSO4+2NaOH → Cu(OH)2 ↓ +Na2SO4

Cu2++2OH- → Cu(OH)2 ↓
3CuSO4+2Al → Al2(SO4)3+3Cu
3Cu2++2Al → 2Al3++3Cu

3CuSO4+2Na3PO4 → Cu3(PO4)2 ↓ +3Na2SO4

3Cu2++2PO −�� → Cu3(PO4)2 ↓����] ���]
4. Zn+H2SO4 → ZnSO4+H2

n(Zn)=
m(Zn) 6,5

M(Zn) 65
= =0,1 fhev

n(H2SO4)= 2 4

2 4

m(H SO ) 20

M(H SO ) 98
= =0,204 fhevL�d��H2SO4 gZoh^blky�\ ba[uld_�jZkq_l�\_^_f�ih�Zn.

6,5 ]
65 ]Zn +H2SO4 → ZnSO4+

o ]
2

2 ]H

5 o
40 148

= o= ������ ⋅
=0,2 ]Hl\_l��m(H2)=0,2 ]
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L_fZ ,,��Ih^]jmiiZ�dbkehjh^Z��Hkgh\gu_aZdhghf_jghklb�l_q_gby�obfbq_kdbo�j_Zdpbc
JZ[hlZ����Dbkehjh^��K_jZ��K_jgZy�dbkehlZ<ZjbZgl�����Z��6�22 → SO2[��60+Li0 → Li ��+ S-2

S0+2e- → S-2 1
Li0-1e- → Li+1 2
2Li+S → Li2+S\��+2SO4+Mg → MgSO4+H2 ↑]��+2SO4+CaO → CaSO4+H2O^��+2SO4+Ba(OH)2 → BaSO4 ↓ +2H2O

2H++SO −�� +Ba2++2OH- → BaSO4 ↓ +2H2O

2. : O				:: O		: O=O

: O		: O				: O :		
IjbagZdb�kjZ\g_gby O2 O3

1. :]j_]Zlgh_khklhygb_��g�m��
2. AZiZo
3. JZkl\hjbfhklv
4. Iehlghklv��g�m��
5. Hdbkebl_evgu_kihkh[ghklb
6. Mklhcqb\hklvfhe_dmeu

]Za
[_a�aZiZoZfZehjZkl\hjbf�����]�ehdbkebl_evkj_^g_c�kbeumklhcqb\Zy

]Za
aZiZo�k\_`_klbohjhrh�jZkl\hjbf�����]�ekbevguc�hdbkebl_ev
g_mklhcqb\Zy

:eehljhiby ±�kihkh[ghklv�h^gh]h�we_f_glZ�h[jZah\u\Zlv�g_kdhevdhijhkluo�\_s_kl\����Ijbeb\�\ h[_�ijh[bjdb�kbebdZl�gZljby��gZ[ex^Z_f�\ h^ghc�bagbo�\uiZ^_gb_�hkZ^dZ�
Na2SiO3+H2SO4 → Na2SO4+H2SiO3;<ZjbZgl�����Z���6��$O→ Al2S3[��60+C0 → C+4S ��−
2S0+4e- → 2S-2 1
C0-4e- → C+4 1
2S+C → CS2

O

O

O
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\��=Q�+2SO4 → ZnSO4+H2]��+2SO4+MgO → MgSO4+H2O^��+2SO4+Cu(OH)2 → CuSO4+2H2O
2H++Cu(OH)2 → Cu2++2H2O���< ijbjh^_�k_jZ�\klj_qZ_lky�\ kZfhjh^ghf�\b^_��\ khklZ\_kmevnZlh\�b kmevnb^h\��Hkgh\gu_�h[eZklb�ijbf_g_gby��^eyijhba\h^kl\Z�k_jghc�dbkehlu��\medZgbaZpbb�dZmqmdZ��\hj]Zgbq_kdhf�kbgl_a_����Ijbeb\�\ h[_�ijh[bjdb�jZkl\hj�oehjb^Z�[Zjby��\ h^ghc�ijh[bjd_gZ[ex^Z_l�\uiZ^_gb_�[_eh]h�hkZ^dZ�
BaCl2+H2SO4 → BaSO4 ↓ +2HCl<ZjbZgl�����Z��6�+2 → H2S[��60+Zn0 → Zn+2S-2

S+2e- → S-2 1
Zn0-2e- → Zn+2 1
S+Zn → ZnS\��+2SO4+Fe → FeSO4+H2]��+2SO4+CuO → CuSO4+H2O^��+2SO4+2NaOH → Na2SO4+2H2O
H++OH- → H2O
2. O2 ±�dbkehjh^��23 ±�hahg
S8 ±�fhghdebggZy�k_jZ
S8 ±�jhf[bq_kdZy�k_jZ6�±�ieZklbq_kdZy�k_jZWlh�y\e_gb_��h[jZah\Zgby�g_kdhevdbo�ijhkluo�\_s_kl\�h^gbfwe_f_glhf��ghkbl�gZa\Zgb_�Zeehljhiby����Wlb�\_s_kl\Z�fh`gh�jZkihagZlv�ijb�ihfhsb�jZkl\hjZ %D&O2.
K2SO4+BaCl2 → BaSO4 ↓ +2KCl[_euc
HCl+BaCl2 →/<ZjbZgl�����Z��6��1D→ Na2S[��60+F �� → S+6F ��−
S0-6e- → S+6 1
F2+2e- → 2F-1 3
S+3F2 → SF6\���+2SO4+2Al → Al2(SO4)3+3H29]���+2SO4+Fe2O3 → Fe2(SO4)3+3H2O
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^��+2SO4+Ca(OH)2 → CaSO4+2H2O
H++OH- → H2O���K_jgZy�dbkehlZ�bkihevam_lky�^ey�ijhba\h^kl\Z�m^h[j_gbc��k __ihfhsvx�ihemqZxl�nhknhjgmx�dbkehlm��b \�ijhfure_gghklbhj]Zgbq_kdh]h�kbgl_aZ����Ijbeb\�\ h[_�ijh[bjdb�jZkl\hj�%D&O2 \ h^ghc�ba�gbo�gZ[ex^Z_f\uiZ^_gb_�[_eh]h�hkZ^dZ�
BaCl2+Na2SO4 → BaSO4 ↓ +2NaClA^_kv�[ue�1D2SO4

JZ[hlZ����Kdhjhklv�obfbq_kdbo�j_Zdpbc�Obfbq_kdh_�jZ\gh\_kb_�<ZjbZgl��
1. H2+Cl2 → 2HClJ_Zdpby�b^_l�f]gh\_ggh��kh�\aju\hf�
H2+Br2 → 2HBrJ_Zdpby�b^_l�f_^e_ggh
H2+I2 → 2HIJ_Zdpby�b^_l�lhevdh�ijb�gZ]j_\Zgbb�
2. CO�]�+H2O�]� →

← CO��]�+H��]�+QZ��\e_\h��l�d��j_Zdpby�wdahl_jfbqgZ�[��\ijZ\h��l�d��m\_ebqb\Z_lky�dhgp_gljZpby�bkoh^guo�\_s_kl\�<ZjbZgl��
1. H2+Cl2 → 2HCl?keb� dhgp_gljZpby� wlbo� \_s_kl\�fZeZ�� lh� j_Zdpby� b^_l�f_^e_ggh�_keb� dhgp_gljZpby� ^hklZlhqgh� \_ebdZ�� lh� j_Zdpby� ijhbkoh^blf]gh\_ggh��kh�\aju\hf�
2. 2H��]�+O��]� →

← 2H2O�]�+QZ��\ijZ\h��l�d��j_Zdpby�wdahl_jfbqgZ�[��\ijZ\h��l�d��j_Zdpby�ijhl_dZ_l�k mf_gvr_gb_f�h[t_fZ�kbkl_fu�<ZjbZgl��
1. Zn+2HCl → ZnCl2+H2 ↑Ijb�h[uqguo�mkeh\byo�j_Zdpby�ijhl_dZ_l�f_^e_ggh��Z ijbgZ]j_\Zgbb�gZqbgZ_lky�[mjgh_�\u^_e_gb_�\h^hjh^Z�
2. N��]�+3H��]� →

← 2NH��]�+QZ��\ijZ\h��l�d��j_Zdpby�wdahl_jfbqgZ�[��\e_\h��l�d��j_Zdpby�ijhl_dZ_l�k mf_gvr_gb_f�h[t_fZ�kbkl_fu�
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<ZjbZgl��
1. 3H2+N2 → 2NH3;_a�dZlZebaZlhjZ�kdhjhklv�wlhc�j_Zdpbb�qj_a\uqZcgh�fZeZ��gh�ijb^h[Z\e_gbb�dZlZebaZlhjZ�__ kdhjhklv�agZqbl_evgh�m\_ebqb\Z_lky�
2. 2HBr�]� →

← H��]�+Br��]�-QZ��\ijZ\h��l�d��j_Zdpby�wg^hl_jfbqgZ�[��\ijZ\h��l�d��m\_ebqb\Z_lky�dhgp_gljZpby�bkoh^gh]h�\_s_kl\Z�
JZ[hlZ����Blh]h\Zy�ih�l_f_ ,,<ZjbZgl��

1. H2SO4+2KOH → K2SO4+2H2O
3H2SO4+2Al → Al2(SO4)3+3H2

H2SO4+FeO → FeSO4+H2O

H2SO4+Ba(NO3)2 → BaSO4 ↓ +2HNO3

H2SO4+Zn(OH)2 → ZnSO4+2H2O

2. S 1→ SO2
2→ SO3

3→ H2SO4
4→ SO2

1) S+O2 → SO2

2) 2SO2+O2 → 2SO3

3) SO3+H2O → H2SO4

4) H2SO4+Na2SO3 → Na2SO4+H2O+SO2 ↑
3. 2SO��]�+O��]� →

← 2SO��]�+QZ��\e_\h��l�d��j_Zdpby�wdahl_jfbqgZ�[��\e_\h��l�d��j_Zdpby�ijhl_dZ_l�k mf_gvr_gb_f�h[t_fZ�kbkl_fu����M\_ebq_gb_�kdhjhklb�j_Zdpbb�h[`b]Z�ibjblZ�^hklb]Z_lky�iml_fgZ]j_\Zgby��ihklhyggh]h�lhdZ�dbkehjh^Z��m\_ebq_gby�iehsZ^bkhijbdhkgh\_gby�j_Z]_glh\�b dZlZebaZlhjZ�<ZjbZgl��
1. 3H2SO4+2Fe(OH)3 → Fe2(SO4)3+6H2O

H2SO4+BaCl2 → BaSO4 ↓ +2HCl
H2SO4+2LiOH → Li2SO4+2H2O
H2SO4+MgO → MgSO4+H2O

H2SO4+Zn → ZnSO4+H2 ↑

1    3    4

2. H2S
1← S 3→ FeS 4→ SO2

↓ 2

Na2S
1) H2+S → H2S
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2) S+2Na → Na2S
3) S+Fe → FeS
4) 4FeS+7O2 → 2Fe2O3+4SO2���Z��ijb�m\_ebq_gbb�l_fi_jZlmju��kdhjhklv�j_Zdpbb�m\_ebqb\Z_lky�[��ijb�m\_ebq_gbb�dhgp_gljZpbb�bkoh^guo�\_s_kl\��kdhjhklvj_Zdpbb�m\_ebqb\Z_lky��Ijbf_ju�kf��l_fZ ,,��jZ[hlZ����\ZjbZgl������\hijhk���
4. 4FeS2+11O2

t→
R

2Fe2O3+8SO2Wlhl�ijhp_kk�hkgh\Zg�gZ�ijbf_g_gbb�ijbgpbiZ�l_iehh[f_gZ��ijbwlhf�^hklb]Z_lky�fZdkbfZevguc�\uoh^�ijh^mdlZ�<ZjbZgl��
1. H2SO4+2NaOH → Na2SO4+2H2O
H2SO4+CuO → CuSO4+H2O
H2SO4+Mg → MgSO4+H2

H2SO4+BaCl2 → BaSO4+2HCl
3H2SO4+2Al(OH)3 → Al2(SO4)3+6H2O

2. S 1→ ZnS 2→ SO2
3→ SO3

4→ H2SO4

1. S+Zn → ZnS
2) 2ZnS+3O2 → 2ZnO+2SO2

3) 2SO2+O2 → 2SO3

4) SO3+H2O → H2SO4���Z��Ijb�ijZ\bevghf�ih^[hj_�dZlZebaZlhjZ�kdhjhklv�j_ZdpbbagZqbl_evgh�\hajZklZ_l�[��JZagu_�\_s_kl\Z�j_Z]bjmxl�k h^gbf�b l_f�`_�\_s_kl\hf�k jZaghckdhjhklvx�Ijbf_ju�kf��L_fZ�,,��jZ[hlZ����\ZjbZgl�������\hijhk������Ijbf_kb��kh^_j`Zsb_ky�\ k_jgbklhf�]Za_��fh]ml�y\eylvkybg]b[blhjZfb�j_Zdpbb��622+O2
→
← 2SO3��ijb�wlhf�agZqbl_evghkgb`Z_lky�__ kdhjhklv�<ZjbZgl��

1. H2SO4+Ca(OH)2 → CaSO4+2H2O
H2SO4+ZnO → ZnSO4+H2O

H2SO4+Fe → FeSO4+H2 ↑
H2SO4+Ba(NO3)2 → BaSO4 ↓ +2HNO3

H2SO4+Cu(OH)2 → CuSO4+2H2O

2. SO��]�+H2O�`� →
← H2SO��`�+QZ��\e_\h��l�d��j_Zdpby�wdahl_jfbqgZ�[��\ijZ\h��l�d��m\_ebqb\Z_lky�dhgp_gljZpby�bkoh^gh]h�\_s_kl\Z�
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3. H2S
1← S 3→ SO2

4→ SO3

↓ 2

Al2S3

1) S+H2 → H2S
2) 3S+2Al → Al2S3

3) S+O2 → SO2

4) 2SO2+O2 → 2SO3���L�d��623 j_Z]bjm_l�kgZqZeZ�k \h^yguf�iZjhf��lh�agZqbl_evgZyqZklv�+2SO4 ihemqZ_lky�\ \b^_�lmfZgZ��dhg^_gkbjh\Zlv�dhlhjucg_m^h[gh�
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L_fZ�,,,��Ih^]jmiiZ�ZahlZ
JZ[hlZ����:ahl��:ffbZd��Kheb�Zffhgby<ZjbZgl�����Z�� 0 0

2hdbkebl_ev \hkklZgh\bl_evN +  Li → Li ��+ N-3

hdbkebl_ev�\hkklZgh\bl_ev[��1+4Cl+NaOH → NaCl+NH3 ↑ +H2O\��1+4Cl+AgNO3 → AgCl ↓ +NH4NO3

Cl-+Ag+ → AgCl ↓
2. H2+Cl2 → 2HCl

Pt
3H2+N2 → 2NH3

NH3+HCl → NH4Cl
N2 :N 00N: N ≡ N:ahl�±�[_kp\_lguc�]Za��[_a�\dmkZ��[_a�aZiZoZ��tie=-2100K��tdbi=-1960K<ZjbZgl�����Z�� 0 0

2 2hdbkebl_ev \hklZgh\bl_evN + 3H → 2N-3H ��+[���1+3+H2SO4 → (NH4)2SO4\���1+4)2SO4+Ba(NO3)2 → BaSO4 ↓ +2NH4NO3

SO −�� +Ba2+ → BaSO4 ↓���>Zggu_�jZkl\hju�fh`gh�jZkihagZlv�ijb�ihfhsb�jZkl\hjh\�%D&O2b 1D2SiO3.
1) BaCl2+Na2SO4 → BaSO4 ↓ +2NaCl
BaCl2+H2SO4 → BaSO4 ↓ +2HCl
NH4Cl+BaCl2 →/
2) H2SO4+Na2SiO3 → Na2SO4+H2SiO3 ↓
Na2SO4+Na2SiO3 →/
3. NH3+H+ → NH 4

+

N 2s22p3 ↑↓ ↓ ↓ ↓
ς ς

H+1s0 H1s1  ↑ H1s1 ↑ H1s1 ↑
H
↓

H → N ← H c\yab�dh\Ze_glgu_�iheyjgu_
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NH3+H+ → NH3H
+ k\yav�ih�^hghjgh�Zdp_ilhjghfm�f_oZgbafm
III I

N-3H ��+ NH3

IV I

(N-3H ��+ )+ (NH4)
+<ZjbZgl�����Z��1 �� +3Mg0 → Mg ��+ N ��−hdbkebl_ev�\hkklZgh\bl_ev[���1+4)2CO3+2HNO3 → 2NH4NO3+CO2+H2O

CO −�� +2H+ → CO2+H2O

2. SO3+H2O → H2SO4

N2+3H2
Pt→ 2NH3

2NH3+H2SO4 → (NH4)2SO4

3. N 2s22p3 ↑↓ ↓ ↓ ↓
ς ς ς

N 2s22p3 ↑↓ ↓ ↓ ↓K\yab�dh\Ze_glgZy�g_iheyjgZy
N ��<ZjbZgl�����Z�� t0 0

2 2\hkklZgh\bl_ev hdbkebl_evN + O →
R

2N+2O-2

[��1+3+HCl → NH4Cl\���1+4)2SO4+Ba(OH)2 → BaSO4 ↓ +2NH3+2H2O

2NH +� +SO −�� +Ba2++2OH- → BaSO4+2NH3+2H2O���>Zggu_�\_s_kl\Z�fh`gh�jZkihagZlv�ijb�ihfhsb�jZkl\hjh\�%D&O2b NaOH
1) BaCl2+(NH4)2SO4 → 2NH4Cl+BaSO4 ↓
NH4Cl+BaCl2 →/
NaCl+BaCl2 →/
2) NH4Cl+NaOH → NaCl+NH3 ↑ +H2O
NaCl+NaHG →/
3. NH3 H: N		:H H → N ← H

H		 ↑
H:ffbZd�²�]Za�k j_adbf�aZiZohf��tie=-780K��tdbi=-330K
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JZ[hlZ����:ahlgZy�dbkehlZ�b __�kheb<ZjbZgl�����Z��&D2��+123 → Ca(NO3)2+H2O
CaO+2H+ → Ca2++H2O[��1D2+�+123 → NaNO3+H2O
OH-+H+ → H2O\��.2CO3+2HNO3 → 2KNO3+H2O+CO2

CO −�� +2H+ → H2O+CO2

2. Cu0+H+1N+5O ��− dhgp → Cu+2(N+5O ��− )2+N+4O ��− +H ��+ O-2

Cu0-2e- → Cu2+ 1
N+5+1e- → N+4 2
Cu+4HNO3 → Cu(NO3)2+2NO2+2H2O

3. N2
Z�→ NO [�→ NO2

\�→ HNO3Z��12+O2 → 2NO[���12�22 → 2NO2\���122+2H2O+O2 → 4HNO3<ZjbZgl�����Z��Ca(OH)2+2HNO3 → Ca(NO3)2+2H2O
OH-+H+ → H2O[��&X2��+123 → Cu(NO3)2+H2O
CuO+2H+ → Cu2++H2O\��3E+2(N+5O ��− )2 → Pb+2O-2+N+4O ��− +O ��
N+5+1e- → N+4 4

2O-2-4e- → O �� 1

2Pb(NO3)2 → 2PbO+4NO2+O2���>Zggu_�\_s_kl\Z�fh`gh�jZkihagZlv�ijb�ihfhsb�jZkl\hjh\gbljZlZ�[Zjby�Ba(NO3)2 b NaOH
Ba(NO3)2+Na2SO4 → 2NaNO3+BaSO4 ↓
NH4NO3+Ba(NO3)2 →/
Ba(NO3)2+NaNO3 →/
NH4NO3+NaOH → NaNO3+NH3 ↑ +H2O
NaNO3+NaOH →/<ZjbZgl�����Z���+123+Na2O → 2NaNO3+H2O
2H++Na2O → 2Na++H2O[��.2+�+123 → KNO3+H2O
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OH-+H+ → H2O\��1D2CO3+2HNO3 → 2NaNO3+H2O+CO2

CO −�� +2H+ → H2O+CO2

2. Hg0+H+N+5O ��− dhgp → Hg+2(N+5O ��− )2+N+4O ��− +H ��+ O-2

Hg0-2e- → Hg+2 1
N+5+1e- → N+4 2
Hg+4HNO3 → Hg(NO3)2+2NO2+2H2O

3. KNO3
Z�→ HNO3

[�→ Cu(NO3)2
\�→ NO2Z���.123+H2SO4 → K2SO4+2HNO3[���+123+CuO → Cu(NO3)2+H2O

t0\���&X�123)2 → 2CuO+4NO2+O2<ZjbZgl�����Z��Ba(OH)2+2HNO3 → Ba(NO3)2+2H2O
OH-+H+ → H2O[��&D&23+2HNO3 → Ca(NO3)2+H2O+CO2

CaCO3+2H+ → Ca2++H2O+CO2\���+123+MgO → Mg(NO3)2+H2O
2H++MgO → Mg2++H2O

t0

2. Ag+1N+5O ��− → Ag0+N+4O ��− +O ��
Ag+1+1e- → Ag0

N+5+1e- → N+4 4 2

2O-2-4e- → O �� 2   1
t0

2AgNO3 → 2Ag+2NO2+O2���>Zggu_�\_s_kl\Z�fh`gh�jZkihagZlv�ijb�ihfhsb�jZkl\hjh\
Ba(NO3)2 b $J123

1) Ba(NO3)2+H2SO4 → BaSO4 ↓ +2HNO3

Ba(NO3)2+HCl →/
Ba(NO3)2+HNO3 →/
2) AgNO3+HCl → AgCl ↓ +HNO3

AgNO3+HNO3 →/

JZ[hlZ����Nhknhj�b _]h�kh_^bg_gby<ZjbZgl�����Z���3��22 → 2P2O5
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[��3+3+HCl → PH4Cl\��+3PO4+3KOH → K3PO4+3H2O
H++OH- → H2O���Kbevgh�gZ]j_\Zy�djZkguc�nhknhj�\ hlkmlkl\b_�\ha^moZ��ihemqZ_f[_euc�nhknhj��Wlh�agZqbl��qlh�wlh���Zeehljhigu_�fh^bnbdZpbbh^gh]h�we_f_glZ����NhknZl�gZljby�hij_^_ebf�ijb�ihfhsb�eZdfmkZ��kj_^Z�_]hjZkl\hjZ�s_ehqgZy��eZdfmk�kbg__l��: dbkehlu�hij_^_ebf�ijbihfhsb�jZkl\hjZ�$J123.

AgNO3+HCl → AgCl ↓ +HNO3[_euc
2AgNO3+H3PO4 →/<ZjbZgl�����Z���3��&O2 → 2PCl5[���3��0J→ Mg3P2\��1D3PO4+3AgNO3 → 3NaNO3+Ag3PO4 ↓
PO −�� +3Ag+ → Ag3PO4 ↓���Nhknhj�hq_gv�j_Zdpbhgghkihkh[gh_�\_s_kl\h��Z fhe_dmeZ�ZahlZmklhcqb\Z�b obfbq_kdb�fZehZdlb\gZ
3. P Z�→ Ca3P2

2G H[�→ PH3 \�→ P2O5Z���3��&D→ Ca3P2[��&D3P2+6H2O → 3Ca(OH)2+2PH3\���3+3+4O2 → P2O5+3H2O<ZjbZgl�����Z���3��&D→ Ca3P2

t0[��&D3(PO4)2+3H2SO4 → 3CaSO4+2H3PO4\���1D2+�+3PO4 → Na3PO4+3H2O
OH-+H+ → H2O���Ijb�k]hjZgbb�[_eh]h�b djZkgh]h�nhknhjZ�\ h^bgZdh\uo�mkeh\byoh[jZamxlky�h^bgZdh\u_�\_s_kl\Z����<h^m�fh`gh�hij_^_eblv�ijb�ihfhsb�eZdfmkZ��\h^Z�bf__lg_cljZevgmx�kj_^m�b eZdfmk�\ g_c�hklZg_lky�nbhe_lh\uf��\dbkehlZo�hg�ihdjZkg__l��+NO3��\ hlebqb_�hl�+3PO4, jZkl\hjy_lf_^v�
Cu+HNO3 → Cu(NO3)2 ↓ +2NO2+2H2O`_eluc
Cu+H3PO4 →/
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<ZjbZgl�����Z���3��6→ P2S3[��32O5+3H2O → 2H3PO4\���+3PO4+3Na2CO3 → 2Na3PO4+3CO2+3H2O

2H++CO −�� → CO2+H2O���Fhe_dmeZ�nhknhjZ�\ iZjZo�khklhbl�ba���o Zlhfh\��34���Z fhe_dmeZZahlZ�ba���o �12)

3. P Z�→ P2O5
[�→ H3PO4

\�→ K3PO4Z���3��22 → 2P2O5[��32O5+3H2O → 2H3PO4\���.2+�+3PO4 → K3PO4+3H2O

JZ[hlZ����JZkq_lu�ih�hij_^_e_gbx�fZkkh\hc�beb�h[t_fghc�^heb\uoh^Z�ijh^mdlZ�j_Zdpbb�hl�l_hj_lbq_kdb�\hafh`gh]h�b h[jZlgu_�aZ^Zqb�
1. NaOH+

252 ]
3

63 ]HNO →
o ]

3
85 ]NaNO +H2O

252 o
63 85

= o ������� ⋅  ����]
mij(NaNO3)=§ (NaNO3) ⋅ ml_hj(NaNO3)=0,9 ⋅ ��� ����]Hl\_l��mij(NaNO3� ����]
2. 

20 ]
4

2 53,5 ]2NH Cl
⋅

+Ca(OH)2 → CaCl2+
o e

3
2 22,4 e2NH
⋅

+2H2O

20 o
2 53,5 2 22,4

=
⋅ ⋅

o ����� �������
⋅

⋅⋅  �����e
Vij(NH3)=§ (NH3) ⋅ Vl_hj(NH3)=8,37 ⋅ ���� ������e�Hl\_l��9�1+3� �����e
3. 

280 ]
56 ]CaO +H2O →

o ]
2

74 ]Ca(OH)

280 o
56 74

= o ������� ⋅  ����]
§ (Ca(OH)2))=

ij �
l_hj �

m (Ca(OH) ) 358

m (Ca(OH) ) 370
=  �������beb ������Hl\_l��§ (Ca(OH)2))=96,76%

4. 
20 ]

42NH Cl +
20 ]

CaO → 2NH3+CaCl2+H2O
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n(NH4Cl)=
4

m(CaO) 20

M(NH Cl) 53,5
=  ������fhev

n(CaO)=
m(CaO) 20

M(CaO) 56
=  ������fhevL�d��&D2�gZoh^blky�\ ba[uld_��jZkq_l�\_^_f�ih�1+4Cl.

20 ]
4

2 53,5 ]2NH Cl
⋅

+CaO →
o ]

3
2 17 ]2NH
⋅

+CaCl+H2O

20 o
2 53,5 2 17

=
⋅ ⋅

o ����� �����
⋅

⋅⋅  ������]
mij(NH3)=§ (NH3) ⋅ ml_hj(NH3)=0,98 ⋅ ����� ������]Hl\_l��mij(NH3� ������]
5. 

6,4 ]
4 2
64 ]NH NO t→

R o e
2

22,4 eN +2H2O

6, 4 o
64 22, 4

= o �� ������� ⋅  �����e
Vij(N2)=§ (N2) ⋅ Vl_hj=0,89 ⋅ ���� ������eHl\_l��Vij(N2� ������e
6. 

56 ]
2

22,4 eN +3H2 →
o e

3
2 22,4 e2NH

⋅

56 o
22,4 2 22,4

=
⋅

o ���� ������� ⋅⋅  ����e
Vij(NH3)=§ (NH3) ⋅ Vl_hj(NH3)=0,5 ⋅ ��� ���e
m(NH3)= P99 ⋅ m(NH3)= ������ ⋅ �� �����]Hl\_l��Vij(NH3� ���e
m(NH3� �����]
7. 

107 ]
4

53,5 ]NH Cl
ot→

o e
3

22,4 eNH +HCl

����������� o= o ���� ������� ⋅  �����e
§ (NH3)=

ij
l_hj

V

V
= ������  ������beb������Hl\_l��§ (NH3)=84,8%
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8. 
o d]

31 d]P →
200 d]
3 4
98 d]H PO

107 o
53,5 22,4

= o �������⋅  �������d]
mij(P)= l_hjm

(P)η
= ���������  �������]Hl\_l��P�3� �������]

9. 
33 ]
4 2 4

132 ](NH ) SO +Ca(OH)2 → CaSO4+
o e

3
2 22,4 e2NH
⋅

+2H2O

33 o
132 2 22,4

=
⋅

o ��� ������� ⋅⋅  �����e
Vij=§ (NH3) ⋅ Vl_hj(NH3)=11,2 ⋅ ���� �����eHl\_l��9�1+3� �����e
10. 

o ]
3dhgp�

64 ]Cu+ 4HNO → Cu(NO3)2+
4 e

2
2 22,4 e2NO
⋅

+2H2Oo �
64 44,8

= o ���� ��� ⋅  ������]
mij(Cu)= l_hjm

(P)η
= ���������  ������]Hl\_l��m(&X� ������]

11. 
30 ]

4
2 53,5 ]2NH Cl
⋅

+Ca(OH)2 → CaCl2+
o e

3
2 22,4 e2NH
⋅

↑ +2H2O

33 o
132 2 22,4

=
⋅

o ����� �������
⋅

⋅⋅  �������e
Vij(NH3)=Vl_hj ⋅ § (NH3)=12,561 ⋅ ���� ������eHl\_l��9�1+3� ������e
12. 

20,2 ]
3

2 101 ]2KNO
⋅

+H2SO4 → K2SO4+
o ]

3
2 63 ]2HNO
⋅

20,2 o
2 101 2 63

=
⋅ ⋅

o ���� �������
⋅

⋅⋅  �����]
mij(HNO3)=ml_hj ⋅ § (HNO3)=0,98 ⋅ ���� �������]Hl\_l��m(HNO3� �������]
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13. 
40 ]
4 3

80 ]NH NO
ot→

o e
2

22,4 eN O +2H2O

40 o
80 22, 4

= o �� ������ ⋅  �����e
Vij(N2O)=Vl_hj ⋅ § (N2O)=11,2 ⋅ ���� �������eHl\_l��9�122� �������e
14. 

80 ]
3 4 2
310 ]Ca (PO ) +3H2SO4 → 3CaSO4+

o ]
3 4

2 98 ]2H PO
⋅

80 o
310 2 98

=
⋅

o �������� ⋅⋅  �������]
mij(H3PO4)=§ (H3PO4) ⋅ ml_hj=0,96 ⋅ ������ �������]Hl\_l��m(H3PO4� �������]

JZ[hlZ����Blh]h\Zy�ih�l_f_�,,,<ZjbZgl��
1.IjbagZdb�kjZ\g_gby :ahl Nhknhj��[_euc�Z��:]j_]Zlgh_khklhygb_��g�m�� ]Za L\_j^h_�\_s_kl\h
[��Obfbq_kdb_k\hckl\Z 1) N2+3H2 → 2NH3

2) N2+O2 → 2NO
3) N2+3Ca → Ca3N2

4) 2N2+3Si → Si3N4

1)2P+8H2O →
→ 2H3PO4+5H2

2) 2P+5O2 → 2P2O5

3) 2P+3Ca → Ca3P2

4) 2P+5Cl2 → 2PCl5\��J_ZdpbhggZykihkh[ghklb�b^_ckl\b_�gZhj]Zgbaf�q_eh\_dZ
Obfbq_kdb�fZehZdlb\_g�mqZkl\m_l�\ ijhp_kk_^uoZgby

Obfbq_kdb�\ukhdhZdlb\_g�y^h\bl
2. P 1)→ P2O5

2)→ HPO3
3)→ H3PO4

4)→ Na3PO4
5)→ Ag3PO4

1) 4P+5O2 → 2P2O5

2) P2O5+H2O → 2HPO3

3) HPO3+H2O → H3PO4

4) H3PO4+3NaOH → Na3PO4+3H2O

5) Na3PO4+3AgNO3 → Ag3PO4 ↓ +3NaNO3
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3. 
37 ]

2
74 ]Ca(OH) +(NH4)2SO4 →

o ]
3

2 17 ]2NH
⋅

+CaSO4+2H2O

37 o
74 2 17

=
⋅

o �� ����� ⋅⋅  ���]
§ (NH3)=

ij
l_hj

m

m
= ����  �������beb�������Hl\_l��§ (NH3)=88,24%<ZjbZgl��

1. IjbagZdb�kjZ\g_gby :ahl Nhknhj��[_euc�Z��Kljh_gb_�Zlhfh\ +7N 1S22S22P3

2 5

+15P 1s22s22p63s23p3

2 8 5[��<Z`g_crb_�kl_i_gbhdbke_gby GZb[he__jZkijhkljZg_gukh_^bg_gby�khkl_i_gyfb�hdbke_gby�±
3, 0, +4, +5

GZb[he__�jZkijhkljZg_gukh_^bg_gby�kh�kl_i_gyfbhdbke_gby�±���������
\��KhklZ\�b k\hckl\Zhdkb^h\ H[jZam_l�hdkb^u�12O,

NO, N2O3, NO2, N2O5.GZb[he__�mklhcqb\u
N22�±�[_kp\_lguc�]Za�kijbylguf�aZiZohf�bkeZ^dh\Zluf�\dmkhf�12�±�[_kp\_lguc�]Za�[_a�\dmkZ�b aZiZoZ��122±�[mjuc�]Za

H[jZam_l�hdkb^u�32O3 b
P2O5.
P2O3 ±�[_eh_djbklZeebq_kdh_�\_s_kl\h�
P2O5 ±�[_euc�ihjhrhd

2. N2
1)→ NH3

2)→ NO 3)→ NO2
4)→ HNO3

5)→ Ba(NO3)2

1) N2+3H2
Pt→ 2NH3

2) 4NH3+5O2
Pt→ 4NO+6H2O

3) 2NO+O2 → 2NO2

4) 4NO2+2H2O+O2 → 4HNO3

5) 2HNO3+Ba(OH)2 → Ba(NO3)2+2H2O���] o ]
3. 2NaNO3+H2SO4 → Na2SO4+2HNO3

2 ⋅ ���] 2 ⋅ ���]
�������� ⋅

=
⋅

o o ��� �����
⋅

⋅⋅  �����]
mij(HNO3)=§ (HNO3) ⋅ ml_hj=12,6 ⋅ ���� �������]Hl\_l��m(HNO3� �������]

+7 +15
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<ZjbZgl��
1. IjbagZdbkjZ\g_gby NH3 PH3

Z��Kljh_gb_fhe_dmeu H → N ← H

↑
H

H-P-H
|
H[��Nbabq_kdb_k\hckl\Z =Za��[_a�p\_lZ�k j_adbf�aZiZohf�e_]q_�\ha^moZ��ohjhrhjZkl\hjbf�\ \h^_

;_kp\_lguc�]Za�k q_kghqgufaZiZohf��ly`_e__�\ha^moZ�fZehjZkl\hjbf�\ \h^_��hq_gvy^h\bl\��Obfbq_kdb_k\hckl\Z 1) NH3+H2O → NH4OH
2) 4NH3+3O2 → N2+6H2O
3) NH3+HCl → NH4Cl

1) 2PH3+4O2 → P2O5+3H2O
2) PH3+HCl → PH4Cl

2. P 1)→ CaP2
2)→ PH3

3)→ P2O5
4)→ HPO3

5)→ H3PO4

1) 2P+3Ca → Ca3P2

2) Ca3P2+6H2O → 3Ca(OH)2+2PH3

3) 2PH3+4O2 → P2O5+3H2O
4) P2O5+H2O → 2HPO3

5) HPO3+H2O → H3PO4

3. 
30 ]

4
2 53,5 ]2NH Cl
⋅

+Ca(OH)2 → CaCl2+
o e

3
2 22,4 e2NH
⋅

+2H2O

30 o
2 53,5 2 22,4

=
⋅ ⋅

o ����� �������
⋅

⋅⋅  �������]
Vij(NH3)=§ (NH3) ⋅ Vl_hj=0,92 ⋅ ������ �������eHl\_l��9�1+3� ��������e<ZjbZgl��
1. IjbagZdbkjZ\g_gby HNO3 H3PO4

Z��Nbabq_kdb_k\hckl\Z ;_kp\_lgZy��^ufysZyky�gZ\ha^mo_�`b^dhklv��tie=-420K�
tdbi=830K

;_eh_�djbklZeebq_kdh_�\_s_kl\h
tie=420K

[��Obfbq_kdb_k\hckl\Z 1) 8HNO3+3Cu → 3Cu(NO3)2+
+2NO+4H2O
H3PO4+Cu →/
2) 10HNO3+4Zn → 4Zn(NO3)2+
+NH4NO3+3H2O
3) HNO3+NaOH → NaNO3+H2O

1) 2H3PO4+3Zn → Zn3(PO4)2+3H2 ↑
2) H2PO4+3NaOH → Na3PO4+3H2O

2. Pb(NO3)2
1)→NO2

2)→HNO3
3)→NH4NO3

4)→NH3
5)→(NH4)2SO4

1) 2Pb(NO3)2
t→
R

2PbO+4NO2+O2
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2) 4NO2+2H2O+O2 → 4HNO3

3) HNO3+NH3 → NH4NO3

4) NH4NO3+NaOH → NH3+H2O+NaNO3

5) 2NH3+H2SO4 → (NH4)2SO4

3. 
62 ]

4 31 ]4P
⋅

+5O2 →
o ]
2 5

2 142 ]2P O
⋅

62 o
4 31 2 142

=
⋅ ⋅

o ��� ������
⋅

⋅⋅  ����]
§ (P2O5)=

ij
l_hj

m

m
= ������  �������beb�������Hl\_l��§ (P2O5)=91,55%
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L_fZ ,9��Ih^]jmiiZ�m]e_jh^Z�
JZ[hlZ����M]e_jh^��Hdkb^u�m]e_jh^Z<ZjbZgl��

1. ��� K 1s22s22p2 ↑↓ ↑↓ ↑ ↑��� K* 1s22s12p3 ↑↓ ↑ ↑ ↑ ↑I_j_oh^� \hafh`_g� l�d�� bf__lky� k\h[h^gZy� hj[blZev�� ijb� wlhfjZagbpZ�\ wg_j]bb�f_`^m�2s- b �p-hj[blZeyfb�g_\bebdZ����Z��CuO+C → Cu+CO[��&�&22 → 2CO
t0\��&D&23 → CaO+CO2 ↑

3. 2CO+O2 → 2CO2¹ (CO)=100%-5%=95%
V(CO)=V]ZaZ ⋅ ¹ (CO)=20 ⋅ ���� ���e���e o e
2CO   +     O2 → 2CO2

2 ⋅ �����e �����e
��������� �� o=

⋅
o ���� ������ ⋅  ����eHl\_l��9�22� ����e<ZjbZgl�����M]e_jh^�\ ijbjh^_�\klj_qZ_lky�\ \b^_�Z��ZefZaZ�±�hq_gv�l\_j^h_��ijhqgh_�\_s_kl\h�k \ukhdhc�tie�djbklZeebq_kdZy�j_r_ldZ�±�ZlhfgZy�[��]jZnblZ�±�l\_j^h_�\_s_kl\h��`bjgh_�gZ�hsmiv�k \ukhdhc�tiewe_dljh��b l_iehijh\h^_g��djbklZeebq_kdZy�j_r_ldZ�ZlhfgZy�\��dZj[bgZ�±�l\_j^h_�\_s_kl\h��l\_j`_�]jZnblZ��gh�fy]q_�ZefZaZ��q_jguc�f_edhdjbklZeebq_kdbc�ihjhrhd��h[eZ^Z_lihemijh\h^gbdh\ufb�k\hckl\Zfb��DjbklZeebq_kdZy�j_r_ldZZlhfgZy����Z��&22+Ca(OH)2 → CaCO3+H2O[��&��+2

t→
R

CH4\��&�22 → CO2

3. CaCO3+2HNO3 → Ka(NO3)2+H2O+CO2¹ (CaCO3)=100%-8%=92%
m(CaCO3)=0,92 ⋅ �� �����]
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55,2 ]
3

100 ]CaCO +2HNO3 → Ca(NO3)2+H2O+
o e

2
22,4 eCO

55,2 o
100 22,4

= o ��� �������� ⋅  ������eHl\_l��9�&22� ������e<ZjbZgl�����M]e_jh^�\ kh_^bg_gbyo�ijhy\ey_l�kl_i_gb�hdbke_gby�±��������������
+2, +4

C-4H ��+ , C ��− H ��+ , C+2O-2, C+4O ��−���Z��CO+FeO → Fe+CO2[���&��$O→ Al4C3\��&22+CaO → CaCO3

3. C+O2 → CO2¹ (C)=100%-6%=94%
m(C)=0,94 ⋅ ��� ����]����] o e
C+O2 → CO2���] �����e

��������� o= o �� ������� ⋅  ������eHl\_l��9�&22� �������e<ZjbZgl�����:^khj[pby�²�ijhp_kk�ih]ehs_gby�ih\_joghklvx�\_s_kl\Z^jm]h]h�\_s_kl\Z�>_khj[pby�²�ijhp_kk�\u^_e_gby�\_s_kl\Z�k _]h�ih\_joghklb�:^khj[pbhggZy�kihkh[ghklv�^j_\_kgh]h�m]ey�ijbf_gy_lky�\f_^bpbg_�ijb�hljZ\e_gbyo�^ey�ih]ehs_gby�y^h\����Z���&2�22 → 2CO2[��&��6→ CS2\��&D&23+2HCl → CaCl2+H2O+CO2

3. CaCO3
t→
R

CaO+CO2¹ (CaCO3)=100%-10%=90%
m(CaCO3)=0,9 ⋅ ��� ����]����] o e

450 ]
3

100 ]CaCO → CaO+
o e

2
22,4 eCO

450 o
100 22,4

= o ��� ������� ⋅  ������e
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Hl\_l��9�&22� ������e
JZ[hlZ����M]hevgZy�dbkehlZ�b __�kheb<ZjbZgl��

1. CaCO3
1)→ CO2

2)→ CaCO2
3)→ Ca(HCO3)2

4)→ CaCl2

1) CaCO3
t→
R

CaO+CO2

2) CO2+Ca(OH)2 → CaCO3+H2O
3) CaCO3+H2O+CO2 → Ca(HCO3)2

4) Ca(HCO3)2+2HCl → CaCl2+2H2O+2CO2���Kh^_j`bfh_�ijh[bjhd�fh`gh�jZkihagZlv�ijb�ihfhsb�jZkl\hjZ
AgNO3.
AgNO3+KCl → [_eucAgCl ↓ +KNO3

2AgNO3+K2CO3 → 2 3k\_leh�`_elucAg CO ↓ +2KNO3

3AgNO3+K3PO4 → 3 4`_elucAg PO ↓ +3KNO3

3. CO2+H2O → H2CO3H[jZamxsZyky�dbkehlZ�hdjZrb\Z_l�eZdfmk�\ djZkguc�p\_l��ijbgZ]j_\Zgbb�dbkehlZ�jZaeZ]Z_lky��ihwlhfm�eZdfmk�\gh\v�klZgh\blkynbhe_lh\uf�
H2CO3 → H2O+CO2 ↑<ZjbZgl��
1. CO 1)→ CO2

2)→ KHCO3
3)→ K2CO3

4)→ CO2

1) 2CO+O2 → 2CO2

2) CO2+KOH → KHCO3

3) KHCO3+KOH → K2CO3+H2O
4) K2CO3+2HCl → 2KCl+H2O+CO2���Ijb�ijhimkdZgbb�m]e_dbkeh]h�]ZaZ�q_j_a�ba\_kldh\mx�\h^mkgZqZeZ�gZ[ex^Z_lky�__ ihfmlg_gb_��Z ihlhf�jZkl\hj_gb_�hkZ^dZ�
Ca(OH)2+CO2 → CaCO3 ↓ +H2O
CaCO3+CO2+H2O → Ca(HCO3)2���<h^gu_�jZkl\hju�dZj[hgZlh\�dZeby�b gZljby�bf_xl�s_ehqgmxkj_^m��l�d��wlb�kheb�h[jZah\Zgu�kbevguf�hkgh\Zgb_f�b keZ[hcdbkehlhc�b \�\h^_�]b^jhebamxlky�<ZjbZgl��
1. Ca(HCO3)2

1)→ CaCO3
2)→ CO2

3)→ Na2CO3
4)→ H2CO3

1) Ca(HCO3)2
t→
R

CaCO3+H2O+CO2
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2) CaCO3+2HCl → CaCl2+H2O+CO2

3) CO2+2NaOH → Na2CO3+H2O
4) Na2CO3+2HCl → 2NaCl+H2CO3

2. CaCO3
t→
R

CaO+CO2

CO2+KOH → KHCO3

2KHCO3
t→
R

K2CO3+H2O+CO2���Kheb�m]hevghc�dbkehlu�fh`gh�hlebqblv�ijb�ihfhsb�j_Zdpbb�kkbevghc�dbkehlhc��ijb�wlhf�[m^_l�\u^_eylvky�m]e_dbkeuc�]Za�<ZjbZgl��
1. C 1)→ CO2

2)→ H2CO3
3)→ Na2CO3

4)→ NaNO3

1) C+O2 → CO2

2) CO2+H2O → H2CO3

3) H2CO3+2NaOH → Na2CO3+2H2O

4) Na2CO3+2HNO3 → 2NaNO3+H2O+CO2 ↑���Z��Ba(OH)2+Na2CO3 → BaCO3 ↓ +2NaOH[��+2SO4+Na2CO3 → Na2SO4+H2O+CO2 ↑���Ihemqblv�kh^m�lZdbf�h[jZahf�g_evay��l�d��&D&23 ±�g_jZkl\hjbfZy\ \h^_�khev�
JZ[hlZ����Dj_fgbc�b _]h�kh_^bg_gby<ZjbZgl�����JZ^bmk�ZlhfZ�dj_fgby�[hevr_�jZ^bmkZ�ZlhfZ�m]e_jh^Z��_]hwe_dljhgu�keZ[__�ijbly]b\Zxlky�d y^jm��l�_��hg�e_]q_�bo�hl^Z_l�ihlhfm�_]h�g_f_lZeebq_kdb_�k\hckl\Z�\ujZ`_gu�keZ[__�

2. SiO2
Z�→ Si [�→ SiO2

\�→ Na2SiO3Z��6L22+C t→
R

Si+CO2[��6L�22 → SiO2\��6L22+2NaOH → Na2SiO3+H2O
3. Mg2Si+4HCl → 2MgCl2+SiH4¹ (Mg2Si)=100%-5%=95%
m(Mg2Si)=0,95 ⋅ ��� ����]

152 ]
2

76 ]Mg Si +4HCl → 2MgCl2+
o ]

4
32 ]SiH

152 o
76 32

= o ������� ⋅  ���]Hl\_l��m(SiH4� ���]
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<ZjbZgl�����<h^gu_�jZkl\hju�kbebdZlh\�gZljby�b dZeby�bf_xl�s_ehqgmxkj_^m��l�d��wlb�kheb�h[jZah\Zgu�kbevguf�hkgh\Zgb_f�b keZ[hcdbkehlhc�b \�\h^_�]b^jhebamxlky�
2. NaOH Z�→ Na2SiO3

[�→ H2SiO3
\�→ SiO2Z���1D2+�6L22 → Na2SiO3+H2O[��1D2SiO3+2HCl → 2NaCl+H2SiO3 ↓\��+2SiO3 → H2O+SiO2

3. SiO2+C → CO2+Si¹ (SiO2)=100%-10%=90%
m(SiO2)=0,9 ⋅ �� ���]

36 ]
2

60 ]SiO +C → CO2+
o ]

28 ]Si

36 o
60 28

= o ������ ⋅  �����]Hl\_l��m(6L� �����]<ZjbZgl�����Dj_fgbc�\ kh_^bg_gbyo�ijhy\ey_l�kl_i_gv�hdbke_gby�±���������
Si-4H ��+ , Si+4O ��− , Si+2O-2

2. Si Z�→ Mg2Si [�
+HCl

→ SiH4
\�→ SiO2Z��6L��0J t→

R
Mg2Si[��0J2Si+4HCl → 2MgCl2+SiH4\��6L+4+2O2 → SiO2+2H2O

3. 2NaOH+SiO2

0t→ Na2SiO3+H2O¹ (SiO2)=100%-10%=90%
m(SiO2)=50 ⋅ ��� ���]
2NaOH+

45 ]
2

60 ]SiO t→
R o ]

2 3
122 ]Na SiO +H2O

45 o
60 122

= o ������� ⋅  �����]Hl\_l��m(Na2SiO3� �����]<ZjbZgl�����Hdkb^�dj_fgby�6L22 hlghkyl�d dbkehlguf�hdkb^Zf�ih�_]hk\hckl\Zf�
SiO2+2NaOH → Na2SiO3+H2O
SiO2+CaO → CaSiO3
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2. Si Z�→ SiO2
[�→ K2SiO3

\�→ H2SiO3Z��6L�22 → SiO2[��6L22+2KOH → K2SiO3+H2O\��.2SiO3+2HCl → 2KCl+H2SiO3 ↓
3. 2Mg+Si → Mg2Si¹ (Si)=100%-5%=95%
m(Si)=0,95 ⋅ �� ���]
2Mg+

57 ]
28 ]Si →

o ]
2

76 ]Mg Si

57 o
28 76

= o ������ ⋅  �������]Hl\_l��m(Mg26L� �������]
JZ[hlZ����<uqbke_gb_�fZkku�beb�h[t_fZ�ijh^mdlZ�j_Zdpbbih�ba\_klghc�fZkk_�beb�ih�h[t_fm�bkoh^gh]h�\_s_kl\Z�kh^_j`Zs_]h�ijbf_kb

1. CaCO3 → CaO + CO2

ω(CaCO3) = 100% – 10% = 90%
m(CaCO3) = 600 ⋅ 0,9 = 540 ]

540 ]
3

100 ]CaCO  →
o ]

56 ]CaO + CO2

540

100 56
= x

x =
540 56

100

⋅
= 302,4 ]Hl\_l��m(CaO) = 302,4 ]�

2. CaCO3 → CaO + CO2

ω(CaCO3) = 100% – 20% = 80%
m(CaCO3) = 200 ⋅ 0,8 = 160 ]

160 ]
3

100 ]CaCO  → CaO + 
o e

2
22,4 eCO

160

100 22 4
= x

,

x =
160 22 4

100

⋅ ,
= 35,84 eHl\_l��9�&22) = 35,84 e�

3. N2 + 3H2 → 2NH3



43

ω(N2) = 100% – 5% = 95%
m(N2) = 50 ⋅ 0,95 = 47,5 ]
47,5 ]

2
28 ]N + 3H2 →

o ]
3

2 17 ]2NH
⋅

47 5

28 2 17

,
=

⋅
x

o  47 5 2 17

28

, ⋅ ⋅  ������]
η(NH3) =

ij
l_hj

m 8

m 57,7
= = 0,139 beb������

Hl\_l��η(NH3) = 13,9%.

4. CaCO3

0t→ CaO + CO2

ω(CaCO3) = 100% – 6% = 94%
m(CaCO3) = 0,94 ⋅ 400 = 376 d]

376 d]
3

100 d]CaCO
0t→

o d]
56 d]CaO + CO2

376

100 56
= x

o  56 376

100

⋅  ��������d]Hl\_l��m(CaO) = 210,56 d]�
5. CaCO3 → CaO + CO2

ω(CaCO3) = 100% – 8% = 92%
m(CaCO3) = 0,92 ⋅ 500 = 460 d]

460 d]
3

100 d]CaCO →
3

3

o d] o�f
2

56 d] 22,4 fCaO + CO

460

100 56
= x

o  460 56

100

⋅  �������d]
460

100 22 4
= x

,o  460 22 4

100

⋅ ,  �����f3

Hl\_l��m(CaO) = 257,6 d]��V(CO2) = 103 f3.
6.
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o ]
2 3

106 ]Na CO + 2HNO3 → 2NaNO3 + H2O + 
2,24 e

2
22,4 eCO

x

106

2 24

22 4
= ,

,o  106 2 24

22 4

⋅ ,

,
 ������]

ω(Na2CO3) =
10 6

10 8

,

,
= 0,9815 beb�������

ωijbf = 100% – 98,15% = 1,85%Hl\_l��ωijbf = 1,85%.
7. C + O2 → CO2

ω(C) = 100% – 8% = 92%
m(C) = 500 ⋅ 0,92 = 460 ]
460 ]
12 ]C + O2 →

o e
2

22,4 eCO

460

12 22 4
= x

,o  460 22 4

12

⋅ ,  �����eHl\_l��V(CO2) = 859 e�
8.o ]
12 ]C + O2 →

336 e
2

22,4 eCO

x

12

336

22 4
=

,o  12 336

22 4

⋅
,

 �����]
ω�K�� 180

187 5,
 ������beb����Hl\_l��ω�K�� �����

9. CaCO3 → CaO + CO2

ω(CaCO3) = 100% – 5% = 95%
m(CaCO3) = 0,95 ⋅ 600 = 570 ]
n(CaCO3) = n(CO2) =

570

100
= 5,7 fhev

V(CO2) = n ⋅ Vm = 5,7 ⋅ 22,4 = 127,7 eHl\_l��n(CO2) = 5,7 fhev��V(CO2) = 127,7 e�
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10.

Ca(OH)2 + 
o e

2
22,4 eCO →

3 d]
3

100 d]CaCO + H2O

x

22 4

3

100,
=

o  3 22 4

100

⋅ ,  �������e
ω�KH2) =

0 672

2000

,  ����������beb��������Hl\_l��ω�KH2) = 0,0336%.

11. BaCO3

0t→ BaO + CO2

ω(BaCO3) = 100% – 3% = 97%
m(BaCO3) = 0,97 ⋅ 80 = 77,6 ]
BaCO3

0t→ BaO + CO2

n(BaCO3) = n(BaO) =
77 6

197

,
= 0,394 fhev

m(BaO) = n ⋅ M(BaO) = 0,394 ⋅ 153 = 60,3 ]Hl\_l� n(BaO) = 0,394 fhev��m(BaO) = 60,3 ]�
12. CaCO3 + 2HCl → CaCl2 + H2O + CO2

m(CaCO3) = 0,95 ⋅ 60 = 57 ]
n(CaCO3) = n(CO2) =

57

100
= 0,57 fhev

V(CO2) = n ⋅ Vm = 0,57 ⋅ 22,4 = 12,8 eHl\_l��n(CO2) = 0,57 fhev��V(CO2) = 12,8 e�
13.o d]

3
100 d]CaCO → CaO + 

22 e
2

44 eCO

x

100

22

44
=

o  22 100

44

⋅  ����]
ω(CaCO3) =

50

54
= 0,926 beb������Hl\_l��ω(CaCO3) = 92,6%.

14. SiO2 + C → CO2 + Si
ω(SiO2) = 100% – 5% = 95%
m(SiO2) = 60 ⋅ 0,95 = 57 ]
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57 ]
2

60 ]SiO + C → CO2 + 
o ]

28 ]Si

57

60 28
= x

o  57 28

60

⋅  �������]�Hl\_l��m(Si) = 26,6 ]�
JZ[hlZ����Blh]h\Zy�ih�l_f_�IV<ZjbZgl��

1.ijbagZdb�kjZ\g_gby CO2 SiO2Z��KhklZ\��kljh_gb_ H K HDjbklZeebq_kdZy�j_r_ldZfhe_dmeyjgZy
O=Si=ODjbklZeebq_kdZyj_r_ldZ�ZlhfgZy�kms_kl\m_l�\ \b^_djbklZeeh\[��Nbabq_kdb_k\hckl\Z��g�m� =Za��[_a�p\_lZ��[_a�aZiZoZ L\_j^h_�\_s_kl\hl_fgh]h�p\_lZ�
tie = 1713 �K\��Obfbq_kdb_k\hckl\Z KO2 +2NaOH→Na2CO3 + H2O

CO2 + CaO → CaCO3

CO2 + H2O → H2CO3

SiO2 + 2NaOH →
→ Na2SiO3 + H2O
SiO2 + CaO →CaSiO3

SiO2 + 4HF → SiF4 +
+ 2H2O���>ey�hqbkldb�KH�hl�ijbf_k_c�KH2 fh`gh�bkihevah\Zlv�Ca(OH)2

— ba\_kldh\mx�\h^m�b NaOH — ]b^jhdkb^�gZljby�
Ca(OH)2 + 2CO2 → Ca(HCO3)2

Ca(OH)2 + CO2 → CaCO3 + H2O
NaOH + CO2 → NaHCO3

2NaOH + CO2 → Na2CO3 + H2O

3. Na2CO3
1)→ CaCO3

2)→ CO2
3)→ Ca(HCO3)2

4)→ CO2

1) Na2CO3 + Ca(OH)2 → CaCO3 + 2NaOH

2) CaCO3

0t→ CaO + CO2

3) 2CO2 + Ca(OH)2 → Ca(HCO3)2

4) Ca(HCO3)2 → CaCO3 + CO2 + H2O

4. CaCO3

0t→ CaO + CO2

ω(CaCO3) = 100% – 6% = 94%
m(CaCO3) = 400 ⋅ 0,94 = 376 ]
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376 d]
3

100 d]CaCO
0t→ CaO + 

o e
2

22,4 eCO

376

100 22 4
= x

,o  376 22 4

100

⋅ ,  ������eHl\_l��V(CO2) = 84,2 e�<ZjbZgl��
1.ijbagZdb�kjZ\g_gby H2CO3 H2SiO3Z��KhklZ\��kljh_gb_ +²2+²2 & 2 +²2+²2 6L 2

²2²6L²2²6L²2²6L²2²2+² 2+² 2+²
2+² 2+² 2+²

y\ey_lky�ihebf_jhf[��Nbabq_kdb_k\hckl\Z Kms_kl\m_l�lhevdh�\jZkl\hj_��[_kp\_lgucjZkl\hj��[_a�aZiZoZ
Kms_kl\m_l�\ \b^_�ihebf_jguop_i_c��dheehb^guc�jZkl\hj

\��Obfbq_kdb_k\hckl\Z H2SiO3 + 2NaOH → Na2SiO3 + 2H2O
H2CO3 + 2NaOH → Na2CO3 + 2H2O

H2SiO3

0t→ H2O + SiO2

H2CO3

0t→ H2O + CO2

2. Ca(NO3)2 + K2CO3 → CaCO3↓ + 2KNO3

Ca(NO3)2 + MgSO4 → CaSO4↓ + Mg(NO3)2HkZ^hd�ij_^klZ\ey_l�kh[hc�kf_kv�CaCO3 b CaSO4.

3. CO2
1)→ Na2CO3

2)→ NaHCO3
3)→ CO2

4)→ CaCO3

1) CO2 + 2NaOH → Na2CO3 + H2O
2) Na2CO3 + H2O + CO2 → 2NaHCO3

3) 2NaHCO3

0t→ Na2CO3 + H2O + CO2

4) CO2 + CaO → CaCO3

4. SiO2 + 2Mg → Si + 2MgO
ω(SiO2) = 100% – 3% = 97%
m(SiO2) = 30 ⋅ 0,97 = 29,1 ]
29,1 ]

2
60 ]SiO + 2Mg →

o ]
28 ]Si + 2MgO
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29 1

60 28

,
=

x

o  29 1 28

60

, ⋅  ������]Hl\_l��m(Si) = 13,6 ]�<ZjbZgl��
1.ijbagZdb�kjZ\g_gby =jZnbl DjbklZeebq_kdbc�dj_fgbcZ��KhklZ\�bkljh_gb_ :lhfu�m]e_jh^ZgZoh^ylky�\ khklhygbb

sp2-]b[jb^baZpbb���ZlhfZ�kh_^bgyxlky�^jm]�k^jm]hf��Z ��c hklZ_lkyk\h[h^guf��ZlhfujZkiheh`_gu�kehyfb

KlmdlmjZ�ZgZeh]bqgZ�kljmdlmj_ZefZaZ��ZlhfgZy�djbklZeebq_kdZyj_r_ldZ��Zlhfu�dj_fgby�\khklhygbb�sp3-]b[jb^baZpbb�y\ey_lky�ihemijh\h^gbdhf
[��Nbabq_kdb_k\hckl\Z L\_j^h_�lm]hieZ\dh_\_s_kl\h�k_jh]h�p\_lZ�`bjgh_�gZ�hsmiv�we_dljhijh\h^_g

L\_j^h_�l_fgh�k_jh_�\_s_kl\h�kf_lZeebq_kdbf�[e_kdhf�
tie = 1420 �K

\��Obfbq_kdb_k\hckl\Z C + O2 → CO2

C + 2H2 → CH4

C + 2F2 → CF4

2C + Ca → CaC2

C + CuO → Cu + CO

Si + O2 → SiO2

Si + 2F2 → SiF4

Si + 2Mg → Mg2Si
Si+2NaOH+H2O→Na2SiO3 + 2H2

2. Na2CO3 + BaCl2 → 2NaCl + BaCO3↓
Na2SO4 + BaCl2 → BaSO4↓ + 2NaCl
BaCO3 + 2HNO3 → Ba(NO3)2 + CO2↑ + H2O
BaSO4 + 2HNO3 →/
3. CO2

1)→ CaCO3
2)→ Ca(HCO3)2

3)→ CaCO3
4)→ CO2

1) CO2 + CaO → CaCO3

2) CaCO3 + H2O + CO2 → Ca(HCO3)2

3) Ca(HCO3)2

0t→ CaCO3 + H2O + CO2

4) CaCO3 + 2HCl → CaCl2 + H2O + CO2

4. CaCO3 + 2HNO3 → Ca(NO3)2 + H2O + CO2

ω(CaCO3) = 100% – 3% = 97%
m(CaCO3) = 20 ⋅ 0,97 = 19,4 ]

19,4 ]
3

100 d]CaCO + 2HNO3 → Ca(NO3)2 + H2O + 
o e

2
22,4 eCO

19 4

100 22 4

,

,
=

x
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o  19 4 22 4

100

, ,⋅  ������eHl\_l��V(CO2) = 4,35 e�<ZjbZgl��
1.ijbagZdb�kjZ\g_gby KH KH2���Nbabq_kdb_k\hckl\Z =Za��[_a�p\_lZ��[_a�aZiZoZ�k ijbf_kyfb��bf__loZjZdl_jguc�aZiZo�y^h\bl��e_]q_�\ha^moZ

=Za��[_a�p\_lZ��[_a�aZiZoZ�fZehjZkl\hjbf�\ \h^_��ly`_e__\ha^moZ
���Obfbq_kdb_k\hckl\Z CuO+CO→Cu+ CO2

2CO + O2 → 2CO2

CO2 + H2O - H2CO3

CO2 + 2NaOH → Na2CO3 + H2O
CO2 + CaO → CaCO3

2. Kh^_j`bfh_�dZ`^hc�ijh[bjdb�fh`gh�hij_^_eblv�ijb�ihfhsbjZkl\hjZ�HCl.
Na2SiO3 + 2HCl → 2NaCl + H2SiO3↓
Na2CO3 + 2HCl → 2NaCl + H2O + CO2↑
Na2SO4 + 2HCl →/
3. SiO2

1)→ K2SiO 2)→ H2SiO3
3)→ SiO2

4)→ Si
1) SiO2 + 2KOH → K2SiO3 + H2O
2) K2SiO3 + 2HCl → 2KCl + H2SiO3↓

3) H2SiO3

0t→ H2O + SiO2

4) SiO2 + C → Si + CO2

4. Si + O2 → SiO2

ω(Si) = 100% – 5% = 95%
m(Si) = 0,95 ⋅ 60 = 57 ]
57 ]
28 ]Si + O2 →

o ]
2

60 ]SiO

57

28 60
= x

o  57 60

28

⋅  ��������]Hl\_l��m(SiO2) = 122,14 ]�



50

L_fZ�V��H[sb_�k\hckl\Z�f_lZeeh\
JZ[hlZ����Kihkh[u�ihemq_gby�f_lZeeh\<ZjbZgl��

1. +1 -2
2hdbkebl_evCu O + 0\hkklZgh\bl_evC →2Cu0 + C+2O–2

+1 -2
2hdbkebl_evCu O + 0\hkklZgh\bl_evC → Cu0 + C+2O–2

2. 3MnO2 + 4Al → 2Al2O3 + 3Mn
ω(MnO2) = 100% – 5% = 95%
m(MnO2) = 90 ⋅ 0,95 = 85,5 ]

85,5 ]
2

3 87 ]3MnO
⋅

+ 4Al → 2Al2O3 + 
o ]

3 55 ]3Mn
⋅

85 5

3 87 3 55

,

⋅
=

⋅
x

o  85 5 3 55

3 87

, ⋅ ⋅
⋅

 �������]Hl\_l��m(Mn) = 54,05 ]�<ZjbZgl��
1. +3

2 3hdbkebl_evCr O + 0\hkklZgh\bl_ev2Al → Al2
+3O3

–2 + 2Cr0

2. 
960 ]
2 3

160 ]Fe O  + 3CO →
o ]

2 56 ]2Fe
⋅

+ 3CO2

960

160 2 56
=

⋅
x

o  960 2 56

160

⋅ ⋅  �����]
mij = η(Fe) ⋅ ml_hj = 0,9 ⋅ ���� �������]Hl\_l��m(Fe) = 604,8 ]�<ZjbZgl�����Z�� +4 -2

2hdbkebl_evPb O + +2 -2\hkklZgh\bl_ev2C O → Pb0 + 2C+4O2
–2

[�� +2 -2hdbkebl_evCu O + +2 -2\hkklZgh\bl_evC O → Cu0 + C+4O2
–2

2. 
o ]
2 3

152 ]Cr O + 2Al → Al2O3 + 
52 ]

2 52 ]2Cr
⋅
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x

152

52

2 52
=

⋅o  152 52

2 52

⋅
⋅

 ����]
ω(Cr2O3) = 100% – 10% = 90%

ml_hj�Kr2O3) =
ij
2 3

m 76

(Cr O ) 0,9
=

ω
= 84,4 ]Hl\_l��m(Cr2O3) = 84,4 ]�<ZjbZgl��

1. +6 -2
3hdbkebl_evMo O + 0

2\hkklZgh\bl_ev3H →Mo0+3H2
+1O–2

2. 
160 ]
80 ]CuO + C →

o ]
64 ]Cu + CO

160

80 64
=

x

o  64 160

80

⋅  �����]
mij(Cu) = ml_hj(Cu) ⋅ η(Cu) = 0,85 ⋅ 128 = 108,8 ]Hl\_l��m(Cu) = 108,8 ]�

JZ[hlZ����Obfbq_kdb_�k\hckl\Z�f_lZeeh\<ZjbZgl�����Z��Na0 + S0 → Na2
+1S–2

Na e Na

S e S

0 1

0 2

1

2

− →

+ →

− +

− −

2

1

2Na + S → Na2S[� Fe + H2SO4 → FeSO4 + H2↑\� 2Al + 3Br2 → 2AlBr3

2. [��Zn + Hg(NO3)2 → Hg↓ + Zn(NO3)2

Zn + Hg2+ → Zn2+ + Hg\� Mg + Pb(NO3)2 → Mg(NO3)2 + Pb↓
Mg + Pb2+ → Pb + Mg2+<ZjbZgl�����Z��Cu0 + O2

0 → Cu2+O–2

Cu e Cu

O e O

0 2

2
2

2

4 2

− →

+ →

− +

− −

2

1
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2Cu + O2 → 2CuO[��2Fe + 3Cl2
t→
R

2FeCl3\� Ba + 2H2O → Ba(OH)2 + H2

2. Z��Cu + 2AgNO3 → Cu(NO3)2 + 2Ag↓
Cu + 2Ag+ → Cu2+ + 2Ag↓[� Fe + Hg(NO3)2 → Fe(NO3)2 + Hg↓
Fe + Hg2+ → Fe2+ + Hg↓<ZjbZgl�����Z��Al0 + I2

0 → Al+3I3
–1

Al e Al

I e I

0 3

2
0 1

3

2 2

− →

+ →

− +

− −

2

3

2Al + 3I2 → 2AlI3[� Cu + S → CuS\� 2Na + 2H2O → 2NaOH + H2

2. Z��Fe + CuCl2 → Cu↓ + FeCl2

Fe + Cu2+ → Cu↓ + Fe2+\� 2Al + 3Pb(NO3)2 → 3Pb↓ + 2Al(NO3)3

2Al + 3Pb2+ → 3Pb↓ + 2Al+3<ZjbZgl�����Z��Mg0 + H+1Cl–1 → Mg+2Cl2
–1 + H2

0

Mg e Mg

H e H

0 2

1
2
0

2

2 2

− →

+ →

− +

+ −

1

1

Mg + 2HCl → MgCl2 + H2[� 2Zn + O2 → 2ZnO\� Ca + Cl2 → CaCl2

2. Z��Mg + Hg(NO3)2 → Hg↓ + Mg(NO3)2

Mg + Hg2+ → Hg↓ + MgNO3)2\� Zn + FeSO4 → Fe + ZnSO4

Zn + Fe2+ → Fe + Zn2+

JZ[hlZ����We_dljheba��Dhjjhaby�f_lZeeh\<ZjbZgl�����Z�� A
( )+

2Cl– – 2e– → Cl2
0

K
( )−

K+ + 1e– → K0

2KClj�\ we a−→ 2K + Cl2
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[� A
( )+

2Br– – 2e– → Br2
0

K
( )−

Zn2+ + 2e– → Zn0

2H2O + 2e– → H2 + 2OH–

ZnBr2 + H2O
we a−→ Zn + Br2↓ + Zn(OH)2 + H2↑

2. Dhjjhaby�²�kZfhijhba\hevguc�ijhp_kk�jZajmr_gby�f_lZeeZ�ih^\ha^_ckl\b_f�hdjm`Zxs_c�kj_^u�AZf_^e_gbx�dhjjhabb�kihkh[kl\m_l�Z��s_ehqghklv�kj_^u[��ihgb`_gb_�l_fi_jZlmju\��ihdjulb_�aZsblgufb�kehyfb���JZajmrblky�djurdZ��l�d��`_e_ah�[he__�Zdlb\guc�f_lZee�<ZjbZgl�����Z�� A
( )+

2I– – 2e– → I2
0

K
( )−

2H2O + 2e– → H2 + 2OH–

2NaI + 2H2O
we a−→ I2↓ + H2↑ + 2NaOH[� A

( )+
2Cl– – 2e– → Cl2

0

K
( )−

Cu2+ + 2e– → Cu0

CuCl2 j�j we a−→ Cu + Cl2

2. JZaebqZxl��Z��Obfbq_kdmx�dhjjhabx�²�\ hkgh\_�e_`blobfbq_kdh_�\aZbfh^_ckl\b_��[��We_dljhobfbq_kdmx�dhjjhabx�²gZjy^m�k obfbq_kdbf�ijhp_kkhf�gZ[ex^Zxlky�we_dljbq_kdb_ijhp_kku����L�d��\hagbdZ_l�]Zev\Zgbq_kdbc�we_f_gl�Fe-Sn b ijhl_dZ_l�ijhp_kkdhjjhabb�<ZjbZgl�����Z�� A
( )+

2Br– – 2e– → Br2
0

K
( )−

2H2O + 2e– → H2 + 2OH–

2KBr + 2H2O
we a−→ Br2↓ + H2↑ + 2KOH[� A

( )+
2Cl– – 2e– → Cl2

0

K
( )−

Ca2+ + 2e– → Ca0

CaCl2 j�\ we a−→ Ca + Cl2

2. Mkbe_gbx�dhjjhabb�kihkh[kl\mxl�Z��Ih\ur_gb_�dbkehlghklb�kj_^u
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[��Ih\ur_gb_�l_fi_jZlmju\��DhglZdl�k f_lZeehf����:exfbgbc�b pbgd�jZajmrZlky�[uklj__��l�d��wlh�[he__�Zdlb\gu_f_lZeeu�<ZjbZgl�����Z�� A
( )+

2Cl– – 2e– → Cl2
0 1

K
( )−

Na+ + 1e– → Na 2

2NaCl we a−→ 2Na + Cl2[� A
( )+

2Br– – 2e– → Br2
0

K
( )−

Fe2+ + 2e– → Fe0

FeBr2 j�\ we a−→ Fe + Br2

2. 1) GZg_k_gb_�aZsblguo�ihdjulbc���bkihevah\Zgb_�Zahlghc�dbkehlu���Pbgd�jZajmrZ_lky�[uklj__��ihlhfm�qlh�hg�[he__�Zdlb\gucf_lZee��q_f�`_e_ah�
JZ[hlZ����S_ehqgu_�b s_ehqgh�a_f_evgu_�f_lZeeu<ZjbZgl��

1. Ca Z�→ CaO [�→ CaCO3
\�→ Ca(NO3)2Z��2Ca + O2 → 2CaO[� CaO + CO2 → CaCO3\� CaCO3 + 2HNO3 → Ca(NO3)2 + H2O + CO2↑

2. S_ehqgu_�f_lZeeu�ijhy\eyxl�\hkklZgh\bl_evgu_�k\hckl\Z�
2Li0 + Cl2

0 → 2Li+1Cl–1

Li0 – 1e– → Li+1 \hkklZgh\bl_ev
Ca0 + S0 → Ca+2S–2

Ca0 – 2e– → Ca+2 \hkklZgh\bl_ev
3. 

20 ]
KOH + 

25 ]
3HNO → KNO3 + H2O

n(KOH) =
m KOH

M KOH

( )

( )
= 20

56
= 0,357 fhev

n(HNO3) =
m HNO

M HNO

( )

( )
3

3

25

63
= = 0,397 fhevL�d��HNO3 gZoh^blky�\ ba[uld_��lh�jZkq_l�\_^_f�ih�KOH.

20 ]
56 ]KOH + HNO3 →

o ]
3

101 ]KNO + H2O
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20

56 101
=

x

x =
20 101

56

⋅
= 36,1 ]Hl\_l��m(KNO3) = 36,1 ]�<ZjbZgl�����Z��2Na + S → Na2S[� Ca + Cl2 → CaCl2\� 2Li + 2H2O → 2LiOH + H2↑

2. Ca(OH)2 + CO2 → CaCO3↓ + H2O
2KOH + CO2 → K2CO3 + H2O
Ba(OH)2 + CO2 → BaCO3↓ + H2O;Zjblh\Zy�\h^Z�lh`_�[m^_l�fmlg_lv�gZ�\ha^mo_�
3. CaCO3

t→
R

CaO + CO2

ω(CaCO3) = 100 – 8% = 92%
m(CaCO3) = 1000 ⋅ 0,92 = 920 ]

920 ]
3

100 ]CaCO t→
R o ]

56 ]CaO + CO2

920

100 56
=

x

x =
920 56

100

⋅
= 515,2 ]Hl\_l��m(CaO) = 515,2 ]�<ZjbZgl��

1. Na Z�→ NaOH [�→ NaHCO3
\�→ Na2SO4Z� 2Na + 2H2O → 2NaOH + H2[� NaOH + CO2 → NaHCO3\� 2NaHCO3 + H2SO4 → Na2SO4 + 2H2O + 2CO2↑

2. @_kldhklv�\h^u�²�kh\hdmighklv�k\hckl\��h[mkeh\e_gguogZebqb_f�\ \h^_�bhgh\�Mg2+ b Ca2+; kmffZjgh_�kh^_j`Zgb_�wlbobhgh\�gZau\Z_lky�h[s_c�`_kldhklvx��JZaebqZxl�dZj[hgZlgmx�bg_dZj[hgZlgmx�`_kldhklv�
Ca(HCO3)2

t→
R

CaCO3↓ + H2O + CO2

Ca(HCO3)2 + Ca(OH)2 → 2CaCO3↓ + 2H2O

3. 
11,5 ]
2Na + 

78 ]
22H O → 2NaOH + H2↑

n(Na) = �������1D�0 �1D�P = = 0,5 fhev
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n(H2O) = �����2+�0 �2+�P
�� = = 4,33 fhevL�d��G2H gZoh^blky�\ ba[uld_��jZkq_l�\_^_f�ih�Na.

11,5 ]
2 23 ]2Na
⋅

+ 2H2O →
o ]

2 40 ]2NaOH
⋅

+ H2↑

��� [�������
⋅

=

x = ��� �������
⋅

⋅⋅
= 20 ]Hl\_l��m(NaOH) = 20 ]�<ZjbZgl��

1. NaOH + HCl → NaCl + H2O
NaOH + CO2 → NaHCO3

2NaOH + H2SO4 → Na2SO4 + 2H2O
2. Ijb�gZ]j_\Zgbb�fjZfhj�jZaeZ]Z_lky:
CaCO3 → CaO + CO2

CaO + H2O → Ca(OH)2

3.o ]
2 23 ]2Na
⋅

+ 2H2O → 2NaOH + 
3 e

2
22,4 eH ↑

�������� [ =
⋅

x = ���� ���� ⋅⋅
= �����]

η�G2) = �������  �������beb������Hl\_l��η�G2) = 89,3%.

JZ[hlZ����:exfbgbc�b _]h�kh_^bg_gby<ZjbZgl��
1. �:O����&O2 → 2AlCl3

2Al + 3H2SO4 → Al2(SO4)3 + 3H2

2Al + Cr2O3 → Al2O3 + 2Cr
2Al + 3CuSO4 → Al2(SO4)3 + 3Cu

2. Al(OH)3
Z�→ AlCl3 Al(OH)3 Al2O3Z��Al(OH)3 + 3HCl → AlCl3 + 3H2O[� AlCl3 + 3NaOH → Al(OH)3 + 3NaCl
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\� 2Al(OH)3 Al2O3 + 3H2O
3. :exfbgbc�²�k_j_[jbklh�[_euc�f_lZee��e_]dbc��hq_gv�fy]dbc�<ZjbZgl��
1. 2 3hdbkebl_evFe O + \hkklZgh\bl_ev2Al →Al2O3+2Fe

Al2(SO4)3 + 3BaCl2 → 2AlCl3 + 3BaSO4↓
Al(OH)3 + NaOH → Na[Al(OH)4]

\hkklZgh\bl_ev4Al + 2hdbkebl_ev3O →2Al2O3

2. Al(NO3)3 → Al(OH)3

Al(NO3)3 + 3NaOH → Al(OH)3↓ + 3NaNO3

Al2O3 → Al2(SO4)3

Al2O3 + 3H2SO4 → Al2(SO4)3 + 3H2O
Al → AlCl3

2Al + 3Cl2 → 2AlCl3

3. :exfbgbc�ijbf_gy_lky�\ kZfhe_lhkljh_gbb��^ey�ba]hlh\e_gbyijh\h^h\��\ f_lZeemj]bb��ijb�wlhf�bkihevamxlky�_]h�e_]dhklv�\ukhdZy�we_dljhijh\h^ghklv�b \hkklZgh\bl_evgZy�kihkh[ghklv�<ZjbZgl��
1. 2Al + 3Cl2 → 2AlCl3

2Al + 6HCl → 2AlCl3 + 3H2

Al + FeCl3 → AlCl3 + Fe
Al2(SO4)3 + 3BaCl2 → 2AlCl3 + 3BaSO4↓
2. Al Z�→ Al2O3

[�→ Al2(SO4)3
\�→ Al(OH)3Z��4Al + 3O2 → 2Al2O3[� Al2O3 + 3H2SO4 → Al2(SO4)3 + 3H2O\� Al2(SO4)3 + 6NaOH → 2Al(OH)3↓ + 3Na2SO4

3. :exfbgbc�h[jZam_l�ijhqgmx�hdkb^gmx�ie_gdm�gZ�k\h_cih\_joghklb��ihwlhfm�hg�g_�hdbkey_lky�^Ze__�<ZjbZgl��
1. 2Al + 3Br2 → 2AlBr3

2Al + 3S → Al2S3

2Al + 6H2O → 2Al(OH)3 + 3H2↑
2Al + 2NaOH + 6H2O → 2Na[Al(OH)4] + 3H2↑
2. 2Al + 6HCl → 2AlCl3 + 3H2↑
AlCl3 + 3KOH → Al(OH)3↓ ���D&O
3HCl + Al(OH)3 → AlCl3 + 3H2O
3. GZ�ih\_joghklb�jZkdZe_ggh]h�Zexfbgby�f]gh\_ggh�h[jZam_lkyhdkb^gZy�ie_gdZ��dhlhjZy�aZljm^gy_l�^_nhjfZpbx�

t°
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JZ[hlZ ���Blh]h\Zy�ih�l_f_�V<ZjbZgl��
1. Ca(OH)2 + CO2 → CaCO3 + H2O
Ca(OH)2 + 2HCl → CaCl2 + 2H2O
Ca(OH)2 + ZnCl2 → Zn(OH)2↓ + CaCl2

2. A
( )+

2Cl– – 2e– → Cl2
0

K
( )−

Fe2+ + 2e– → Fe0

2H2O + 2e– → H2 + 2OH–

FeCl2 + H2O
we a−→ Cl2 + Fe + H2 + Fe(OH)2

3.

1) 4Al + 3O2 → 2Al2O3

2) Al2O3 + 6HNO3 → 2Al(NO3)3 + 3H2O
3) Al(NO3)3 + 3NaOH → Al(OH)3 + 3NaNO3

4) 2Al + 6H2O → 2Al(OH)3 + 3H2↑
5) Al(OH)3 + 3HCl → AlCl3 + 3H2O
4. :exfbgbc�²�kZfuc�jZkijhkljZg_gguc�f_lZee�b hlghkbl_evghobfbq_kdb�bg_jl_g�aZ�kq_l�h[jZam_fhc�hdkb^ghc�ie_gdb�:exfhl_jfby�²�kihkh[�\hkklZgh\e_gby�f_lZeeh\�ba�bo�hdkb^h\�ijbf_gyxl�\ f_lZeemj]bb�
5.
140 ]
56 ]CaO + H2O →

o ]
2

74 ]Ca(OH)

��[����� =

x = ������� ⋅
= ����]

η(Ca(OH)2) = ������
= 0,984 beb�������Hl\_l��η(Ca(OH)2) = 98,4%.<ZjbZgl��

1. Al2O3 y\ey_lky�Zfnhl_jguf�hdkb^hf�
Al2O3 + 2NaOH → 2NaAlO2 + H2O
Al2O3 + 6HCl → 2AlCl3 + 3H2O

2. A
( )+

2Cl– – 2e– → Cl2
0

Al2O3 Al(NO3)3 Al(OH)3
2) 3)

Al(OH)3 AlCl3
5)Al

1)

4)
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K
( )−

Na+ + 1e– → Na0

2NaClj�\ we a−→ 2Na + Cl2

3. Ca 1)→ CaO 2)→ Ca(OH)2
3)→CaCO 4)→Ca(HCO3)2

5)→CaCl2

1) 2Ca + O2 → 2CaO
2) CaO + H2O → Ca(OH)2

3) Ca(OH)2 + CO2 → CaCO3↓ + H2O
4) CaCO3 + H2O + CO2 → Ca(HCO3)2

5) Ca(HCO3)2 + 2HCl → CaCl2 + 2H2O + 2CO2↑
4. DZevpbc�²�hq_gv�fy]dbc�b j_Zdpbhgghkihkh[guc�f_lZee�
5. Ca(OH)2 + Na2CO3 → CaCO3↓ + 2NaOH
ω(Na2CO3) = 100% – 5% = 95%
m(Na2CO3) = 80 ⋅ 0,95 = 76 ]
Ca(OH)2 + 

76 ]
2 3

106 ]Na CO →
o ]

3
100 ]CaCO ↓ + 2NaOH

���[����� =

x = �������� ⋅
= 71,7 ]Hl\_l��m(CaCO3) = 71,7 ]�<ZjbZgl��

1. Al(OH)3 + NaOH → Na[Al(OH)4]
Al(OH)3 + 3HCl → AlCl3 + 3H2O

2Al(OH)3
t→
R

Al2O3 + 3H2O

2. A
( )+

2I– – 2e– → I2
0

K
( )−

K+ + 1e– → K

2KIj�\ we a−→ 2K + I2

3. CaCl2 1)→CaCO3
2)→Ca(HCO3)2

3)→CaCO3
4)→Ca(NO3)2

5)→CaCO3

1) CaCl2 + Na2CO3 → CaCO3 + 2NaCl
2) CaCO3 + H2O + CO2 → Ca(HCO3)2

3) Ca(HCO3)2
t→
R

CaCO3↓ + CO2 + H2O
4) CaCO3 + 2HNO3 → Ca(NO3)2 + H2O + CO2

5) Ca(NO3)2 + Na2CO3 → CaCO3 + 2NaNO3

4. @_kldhklv�h[mkeh\e_gZ�kh^_j`Zgb_f�\ \h^_�bhgh\�Mg2+ b &D2+.

Ca(HCO3)2
t→
R

CaCO3 + H2O + CO2↑Ijhbkoh^bl�h[jZah\Zgb_�gZdbib�b aZkhj_gb_�dhleZ�
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5. CaCO3 → CaO + CO2↑
ω(CaCO3) = 100% – 20% = 80%
m(CaCO3) = 500 ⋅ 0,8 = 400 ]

400 ]
3

100 ]CaCO →
o ]

56 ]CaO + CO2↑

��[������ =

x = �������� ⋅
= 224 ]Hl\_l������]�<ZjbZgl��

1. KZH�y\ey_lky�hkgh\guf�hdkb^hf�Z��CaO + CO2 → CaCO3[� CaO + H2O → Ca(OH)2\� CaO + 2HCl → CaCl2 + H2O

2. A
( )+

2Br– – 2e– → Br2
0

K
( )−

Cu2+ + 2e– → Cu0

CuBr2 j�j we a−→ Cu + Br2

3.

Al2O3 Al2(SO4)3
2

Al

AlCl3 Al(OH)3

5
3

1

4

1) 4Al + 3O2 → 2Al2O3

2) Al2O3 + 3H2SO4 → Al2(SO4)3 + 3H2O
3) Al2O3 + 6HCl → 2AlCl3 + 3H2O
4) 2Al + 6HCl → 2AlCl3 + 3H2O
5) AlCl3 + 3NaOH → Al(OH)3 + 3NaCl
4. < ijbjh^_�Zexfbgbc�\klj_qZ_lky�\ \b^_�Al2O3 \ khklZ\_�]ebgu�[hdkblh\��g_n_ebgZ�b qbklh]h�dhjmg^Z�
5. Ca(OH)2 + 

3,15 ]
3

2 63 ]2HNO
⋅

→
o ]

3 2
164 ]Ca(NO )  + 2H2O

���[��� ���� =
⋅

x = ��� �������
⋅
⋅

= 4,1
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mij(HNO3) = η(HNO3) ⋅ ml_hj = 4,1 ⋅ ����� ������]Hl\_l��m(HNO3)2 = 4,02 ]�
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L_fZ�VI��@_e_ah��F_lZeemj]by
JZ[hlZ����@_e_ah�b _]h�kh_^bg_gby<ZjbZgl��

1. 4Fe + 3O2 → 2Fe2O3 hdkb^�`_e_aZ�III)
2Fe + 3Cl2

t→
R

2FeCl3 oehjb^�`_e_aZ�III)
Fe + S t→

R
FeS kmevnb^�`_e_aZ(II)

2Fe + 3Br2 → 2FeBr3 [jhfb^�`_e_aZ(III)
2. +26Fe 1s22s22p63s23p63d64s2

���
� � �� �< kh_^bg_gbyo�`_e_ah�ijhy\ey_l�kl_i_gb�hdbke_gby������������

3. 3Fe2+ + 2K3[Fe(CN)6] → 3 6 2l_fgh�kbgbcFe [Fe(CN) ] ↓ + 6K+

4Fe3+ + 3K4[Fe(CN)6] → 4 6 3[bjxah\ucFe [Fe(CN) ] ↓ + 12K+

4. 
32 ]

4CuSO + 
28 ]
Fe → FeSO4 + Cu

n(Fe) = ���� = 0,5 fhev
n(CuSO4) = ����� = 0,2 fhevL�d��CuSO4 gZoh^blky�\ g_^hklZld_��jZkq_l�\_^_f�ih�g_fm�

32 ]
4

160 ]CuSO  + Fe → FeSO4 + 
o ]

64 ]Cu

��[����� =

x = ������� ⋅
= 12,8 ]Hl\_l��m(Cu) = 12,8 ]�<ZjbZgl��

1. Fe(NO3)3
1)→ Fe(OH)3

2)→ Fe2O3
3)→ Fe 4)→ FeCl2

1) Fe(NO3)3 + 3NaOH → Fe(OH)3↓ + 3NaNO3

2) 2Fe(OH)3
t→
R

Fe2O3 + 3H2O
3) Fe2O3 + 3H2 → 2Fe + 3H2O
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4) Fe + 2HCl → FeCl2 + H2↑
2. Kh_^bg_gby�`_e_aZ�kh�kl_i_gvx�hdbke_gby����ijhy\eyxl\hkklZgh\bl_evgu_�k\hckl\Z��ijb�wlhf�hdbkeyykv�^h�kl_i_gbhdbke_gby�����l�d��bo�Zlhf�ijb�wlhf�i_j_oh^bl�\ [he__�mklhcqb\mxnhjfm��< g_dhlhjuo�kemqZyo�wlb�kh_^bg_gby�fh]ml�ijhy\eylvhdbkebl_evgu_�k\hckl\Z��dh]^Z�ba�gbo�\ul_kgy_lky�f_lZeebq_kdh_`_e_ah�
3. Fe + 2HCl → FeCl2 + H2↑
FeCl2 + 2NaOH → Fe(OH)2 + 2NaCl
4Fe(OH)2 + 2H2O + O2 → 4Fe(OH)3

4. 
112 ]
56 ]Fe + H2SO4 → FeSO4 + 

o e
2

22,4 eH

����[����� =

x = �� ������� ⋅
= 44,8 e

Vij�G2) = η�G2) ⋅ Vl_hj = 0,98 ⋅ ����� ������eHl\_l��V(H2) = 43,9 e�<ZjbZgl�����Z��Fe + H2SO4 → FeSO4 + H2[� Fe + CuSO4 → FeSO4 + Cu\� Fe + 2HBr → FeBr2 + H2]� Fe + Pb(NO3)2 → Fe(NO3)2 + Pb
2. )H2�b )H2O3 — hkgh\gu_�hdkb^u��)H�2+�2 b )H�2+�3 — hkgh\gu_]b^jhdkb^u�
3. Ij_^eh`_ggu_�\_s_kl\Z�fh`gh�jZkihagZlv�ijb�ihfhsbjZkl\hjh\�1D2SO4 b NaOH.
FeCl2 + 2NaOH → 2a_e_gucFe(OH) ↓ + 2NaCl

BaCl2 + Na2SO4 → 4[_eucBaSO ↓ + 2NaCl< hklZ\r_cky�ijh[bjd_�[m^_l�NaCl.
4. 2HCl + FeCO3 → FeCl2 + H2O + CO2

m(FeCO3) = 0,8 ⋅ 50 = 40 ]
2HCl + 

40 ]
3

116 ]FeCO  → FeCl2 + H2O + 
o e

2
22,4 eCO

����[����� =
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x = ��� ������ ⋅
= 7,72 e�Hl\_l��V(CO2)=7����e�<ZjbZgl��

1. Fe 1)→ FeSO4
2)→ Fe(OH)2

3)→ Fe(OH)3
4)→ FeCl3

1) Fe + H2SO4 → FeSO4 + H2

2) FeSO4 + 2NaOH → Fe(OH)2↓ + Na2SO4

3) 4Fe(OH)2 + 2H2O + O2 → 4Fe(OH)3

4) Fe(OH)3 + 3HCl → FeCl3 + 3H2O
2. <h^gu_�jZkl\hju�khe_c�`_e_aZ(III) bf_xl�dbkemx�kj_^m��l�d��khebh[jZah\Zgu�keZ[uf�hkgh\Zgb_f�b kbevghc�dbkehlhc�b \�\h^_]b^jhebamxlky����Z��FeSO4 + BaCl2 → FeCl2 + BaSO4↓[� FeSO4 + Ba(NO3)2 → BaSO4↓ + Fe(NO3)2

4.
7 ]

2Fe + 
18 ]

23Cl  → 2FeCl3

n(Fe) = ����)H�0 �)H�P = = 0,125 fhev
n(Cl2) = �����&O�0 �&O�P

�� = = 0,253 fhevL�d��Cl2 gZoh^blky�\ ba[uld_��jZkq_l�\_^_f�ih�Fe.
7 ]

2 56 ]2Fe
⋅

+ 3Cl2 →
o ]

3
2 162,5 ]2FeCl
⋅

������ [��� � ⋅
=

⋅

x = ��� �������
⋅
⋅⋅

= 20,31 ]Hl\_l��m(FeCl3) = 20,31 ]�
JZ[hlZ����Kihkh[u�ijhfure_ggh]h�ihemq_gby�f_lZeeh\<ZjbZgl�����Z��`_e_agZy�jm^Z��)H2O3)[�\��2C + O2 → 2CO 1) ihemq_gb_�\hkklZgh\bl_ey

Fe2O3 + 3CO → 2Fe + 3CO2 2) \hkklZgh\e_gb_
3) CaCO3

t→
R

CaO + CO2

3) reZdhh[jZah\Zgb_
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CaO + SiO2 → CaSiO3

3CaO + P2O5 → Ca3(PO4)2

MnO + SiO2 → MnSiO3

2.o ]
12 ]C  + O2 →

0,1 ]
2

44 ]CO

�������[ =

x = �� ����� ⋅
= 0,0273 ]

ω�K�� �������P �&�P
kl =  ���������beb�������Hl\_l��ω�K�� ��������<ZjbZgl�����Z��qm]mg[�\��2Fe + O2 → 2FeO

Si + 2FeO → SiO2 + 2Fe
Mn + FeO → MnO + Fe
2P + 5FeO → 5Fe + P2O5

C + FeO → Fe + CO
2. 2Al2O3 → 4Al + 3O2

ω(Al2O3) = 100% – 0,4% = 99,6%
m(Al2O3) =0,996 ⋅ 50 l  ������l

49,8 ]
2 3

2 102 ]2Al O
⋅

→
o ]

4 27 ]4Al
⋅

+ 3O2

��� [���� ����
⋅

=
⋅

x = ���� �������
⋅

⋅⋅
= 26,36 lHl\_l��m(Al) = 26,36 l�<ZjbZgl�����Z��Al2O3 b Na3[AlF6] ([hdkblu�[�\��Al2O3 + Na2CO3

t→
R

2NaAlO2 + CO2

2NaAlO2 + CO2 + 3H2O → 2Al(OH)3 + Na2CO3

2Al(OH)3 → Al2O3 + 3H2O
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2Al2O3
we a−→ 4Al + 3O2:exfbgbc�ijbf_gy_lky�\ kZfhe_lhkljh_gbb��f_lZeemj]bb�b ^eyba]hlh\e_gby�ijh\h^h\�

2.o ]
56 ]Fe + H2SO4 → FeSO4 + 

1,96 e
2

22,4 eH

����������[ =

x = ���� ������ ⋅
= 4,9 ]

ω(Fe) = ��� = 0,98 beb����Hl\_l��ω(Fe) = 98%.<ZjbZgl�����Z��qm]mg[�\��2Fe + O2 → 2FeO
FeO + C → Fe + CO
2FeO + Si → 2Fe + SiO2

5FeO + 2P → 5Fe + P2O5

FeO + Mn → MnO + Fe
2. ���] �K��²���������] �Fe3C) — x%

x = �������� ⋅
= 54%Hl\_l��ω(Fe3C) = 54%.
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AZ^Zqb�k ijhba\h^kl\_gguf�b f_`ij_^f_lgufkh^_j`Zgb_f
G_f_lZeeu

1. SiO2 + 2C t→
R

Si + 2CO
m(C) = 80 ⋅ 0,92 ]  ������d]o d]

2
60 d]SiO +

73,6 d]
2 12 d]2C

⋅

t→
R

Si + 2CO

��� ������[ ⋅
=

x = ��� ������
⋅
⋅

= 184 d]Hl\_l��m(SiO2) = 184 d]�
2. 2Ca3(PO4)2 + 

o d]
120 d]10C + 6SiO2

t→
R

6CaSiO3 + 
3

2

m f
224 f10CO + 

248 d]
4

124 d]P

x

120

248

124
=

o  120 248

124

⋅
= 240 d]��K�m ���

224 124
=

m  224 248

124

⋅  �����f3 �KH�
ml_hj�K�� ijm (C) 240

(C) 0,9
=

ω
 �������d]Hl\_l��m(C) = 266,7 d]��V(CO) = 448 f3.

3. 
o d]

4
124 d]P + 5O2 + 6H2O →

400 d]
3 4

4 98 d]4H PO
⋅

x

124

400

4 98
=

⋅

x =
124 400

4 98

⋅
⋅

= 126,5 d]
ml_hj�J�� ij

3 4

m (P) 126,5

(H PO ) 0,8
=

η
 �������d]
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Hl\_l��m(P) = 158,2 d]�
4. 

120 d]
3 4 2
310 d]Ca (PO )  + 3H2SO4

t→
R

3CaSO4 + 
o d]
3 4

2 98 d]2H PO
⋅

m(Ca3(PO4)2) = 0,6 ⋅ 200 = 120 d]
120

310 2 98
=

⋅
x

o  120 2 98

310

⋅ ⋅  �������d]
mij(H3PO4) = ml_hj ⋅ η(H3PO4) = 0,8 ⋅ 75,87 = 60,7 d]Hl\_l��m(H3PO4) = 60,7 d]�
5. SO2 + NO2 + H2O = H2SO4 + NO
mj�jZ = ρ ⋅ V = 1,66 ⋅ 100 = 166 d]
m(H2SO4) = ω ⋅ mj�jZ = 166 ⋅ ����� ��������d]o d]

2
64 d]SO + NO2 + 

m d]
2

18 d]H O = 
122,84 d]

2 4
98 d]H SO + NO

x

64

122 84

98
= ,

o  64 122 84

98

⋅ ,  ������d]�(SO2)m ������
18 98

=

m  18 122 84

98

⋅ ,
= 22,6 d]��G2H�Hl\_l��m(SO2) = 80,22 d]��m(H2O) = 22,6 d]�

6. ∆ω�J�� �������±������� ������
ω�G2H�� 2 13%

2 51%

,

,
 ��������beb�������Hl\_l��ω�G2H�� ��������

7. mgZ^a=5 mih^a
mh[s= mgZ^a+mih^a=6 mih^a
mgZ^a�G2H�� ωgZ^aÂmih^a=0,88 mgZ^a=4,4 mih^a
mih^a�G2H�� ωih^aÂmih^a=0,8 mih^a
mh[s=4,4 mih^a+0,8 mih^a=5,2 mih^a
mh[s�G2H� h[s � ih^a

h[s ih^a
m (G H� ���P

0,867 86,7%
m 6m

= = =

Hl\_l��������
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F_lZeeu
1. Ca(OH)2 + 

o d]
2 3

106 d]Na CO →
10 d]

2 40 d]2NaOH
⋅

+ CaCO3↓

x

106

10

2 40
=

⋅o  106 10

2 40

⋅
⋅

 �������d]
ω(Na2CO3) = 100% – 2% = 98%

mkh^u =
m Na CO

Na CO

( )

( )

,

,
2 3

2 3

13 25

0 98ω
=  �������d]Hl\_l��mkh^u  �������d]�

2. HgS + O2 → Hg + SO2

ω(HgS) = 100% – 10% = 90%
m(HgS) = 0,9 ⋅ 600 = 540 d]
540 d]
233 d]HgS + O2 → Hg + 

o d]
2

201 d]SO

540

233 201
= x

o  540 201

233

⋅  �������d]Hl\_l��m(Hg) = 465,8 d]�
3.

mdZjl =
m K

K

( )

( ) ,ω
= 3

0 006
 �����]Hl\_l��mdZjl  �����]�

4.

ωijbf =
39 3% 38%

39 3%

,

,

−  ��������beb������Hl\_l��ωijbf = 3,31%.

5. 
458 ]

3 4
3 229 ]3Mn O
⋅

+ 8Al →
o ]

9 55 ]9Mn
⋅

+ 4Al2O3 + 
m d>`

2500 d>`
458

3 229 9 55⋅
=

⋅
x

o  458 9 55

3 229

⋅ ⋅
⋅

 �����] �Mn)
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458 m
3 229 2500

=
⋅m  458 2500

3 229

⋅
⋅

= 1666,7 d>`Hl\_l��m(Mn) = 330 ]��Q = 1666,7 d>`����Z��m(Au) =
750

1000
⋅ 860 = 645 ]

[��m(Ag) =
875

1000
⋅ 800 = 700 ]Hl\_l��Z��m(Au) = 645 ]��[��m(Ag) = 700 ]�

7. 
o d]
2 3

106 d]Na CO →
170 d]

2
62 d]kl_deh��1D 2�

m(Na2O) = 0,17 ⋅ 1000 = 170 d]
x

106

170

62
=

o  106 170

62

⋅  �����d]Hl\_l��m(Na2CO3) = 291 d]�
8. 2Na2O2 + 2CO2 → 2Na2CO3 + O2

ω(Na2O2) = 100% – 2,5% = 97,5%
m(Na2O2) = mi_j ⋅ ω(Na2O2) = 0,975 ⋅ ���� �����]

312 ]
2 2

2 78 ]2Na O
⋅

+ 
o e

2
2 22,4 e2CO  

⋅
→ 2Na2CO3 + 

m e
2

234 eO

312

2 78 2 22 4⋅
=

⋅
x

,o  312 2 22 4

2 78

⋅ ⋅
⋅

,  ������e
312 m
2 78 22,4

=
⋅m  312 22 4

2 78

⋅
⋅

,  ������eHl\_l��V(CO2) = 89,6 e��V(O2) = 44,8 e�
9. m(Ca(OH)2)= ]Zr� �ba\�m (KZ�HG� � �� ���� �����d]⋅ω = ⋅ =

o d]
3

100 d]CaCO →
51,6 d]

2
74 d]Ca(OH)
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x

100

51 6

74
=

,

o  100 51 6

74

⋅ ,  �������d]
mba\ =

m CaCO

CaCO

( )

( )

,

,
3

3

69 73

0 95ω
=  ������d]Hl\_l��mba\  ������d]�

10. mdjh\b = 80 ⋅ ����� �����d]�����] djh\b�²�o ]�aheu���] djh\b�²������] aheuo  5600 0 33

32

⋅ ,  �������]������] aheu�²�\�] Fe
150 ] aheu�²����] Fe

y =
57 75 16

150

, ⋅
= 6,16 ]Hl\_l��m(Fe) = 6,16 ]�


