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+G69?<K9A<9@ D48<GE4 4FB@B6 
G@9APL9A<9@ D48<GE4 4FB@B6 
G69?<K9A<9@ K<E?4 Q?9>FDBAB6 A4 6A9LA9@ QA9D79F<K9E>B@ GDB6A9 
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4s <4 p<5s<4d<5p; 1- 9 CD46<?B �?9K>B6E>B7B 
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3. 1A9D79F<K9E><9 I4D4>F9D<EF<>< H<;<K9E><I < I<@<K9E><I CDBJ9EEB6 < ECBEB5ABEFP  
     I<@<K9E><I E<EF9@ 6OCB?AяFP CB?9;AGR D45BFG. 
4. +FB F4>B9 E>BDBEFP I<@<K9E>B= D94>J<<? "F >4><I H4>FBDB6 BA4 ;46<E<F? 
5. +FB F4>B9 >4F4?<;? �4F4?<;4FBD? �A7<5<FBD?  9I4A<;@ >4F4?<F<K9E>B7B CDBJ9EE4. 
6.  +FB F4>B9 I<@<K9E>B9 D46AB69E<9? �4><9 H4>FBDO 6?<яRF A4 97B E@9M9A<9? 
7.  #BK9@G A9?P;я E@9EF<FP D46AB69E<9 D94>J<< E CB@BMPR >4F4?<;4FBD4? 

 

 



 

                         &5AB>2K5 7040=8я 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<0<:  

     «)8<8G5A:0я B5@<>48=0<8:0»,  «�8=5B8:0 8 @02=>25A85 E8<8G5A:8E @50:F89». 
 

%B0=40@B=K< A>AB>я=85< 25I5AB20 я2;я5BAя :  
D4EF6BD9AAB9 69M9EF6B E >BAJ9AFD4J<9= 1 @B?P/? CD< 0°% < 1 4F@.  

K<EFB9 69M9EF6B CD< 0°% < 1 4F@  
D4EF6BD9AAB9 69M9EF6B E >BAJ9AFD4J<9= 1 @B?P/ >7 CD< 25°% < 1 4F@ 

+K<EFB9 69M9EF6B CD< 25°% < 1 4F@  
 

$07=>ABL AC<< M=B0;L?89 >1@07>20=8я ?@>4C:B>2 @50:F88 8 AC<< M=B0;L?89  
>1@07>20=8я 8AE>4=KE 25I5AB2 A CG5B>< AB5E8><5B@8G5A:8E :>MDD8F85=B>2  
2 C@02=5=88 E8<8G5A:>9 @50:F88 ?@8 @ = const, =07K205BAя:  

6AGFD9AA9= QA9D7<9= E<EF9@O 

QAF4?PC<9= D4;?B:9A<я 69M9EF64 
+F9C?B6O@ QHH9>FB@ I<@<K9E>B= D94>J<< 
<;@9A9A<9@ QAF4?PC<< I<@<K9E>B= D94>J<< 

 

%8AB5<0 =07K205BAя 3><>35==>9, 5A;8: 
6E9 69M9EF64 A4IB8яFEя 6 B8<A4>B6B@ 47D974FAB@ EBEFBяA<< 
6E9 69M9EF64 A4IB8яFEя 6 D4;?<KAOI 47D974FAOI EBEFBяA<яI 
BA4 EBEFB<F <; K4EF<J D4;?<KAOI 69M9EF6, D4;?<KAB7B 47D974FAB7B EBEFBяA<я,  
               D46AB@9DAB D4ECD989?9AAOI BFABE<F9?PAB 8DG7 8DG74 
+BA4 B8ABDB8A4 6B 6E9I E6B<I FBK>4I CB I<@<K9E>B@G EBEF46G < E6B=EF64@ <  
               A9 EB89D:<F 7D4A<JO D4;89?4  

 

1=B0;L?8я E0@0:B5@87C5B: 
6AGFD9AARR QA9D7<R 69M9EF64 
+F9C?BEB89D:4A<9 69M9EF64 
EFD9@?9A<9 69M9EF64 6EFGC<FP 6 I<@<K9E>GR D94>J<R 

F9C?BFG B5D4;B64A<я 69M9EF64, 6;яFGR E CDBF<6BCB?B:AO@ ;A4>B@ 

 

1=B0;L?8я >1@07>20=8я 25I5AB20 E0@0:B5@87C5B: 
F9C?BFG B5D4;B64A<я 17 E?B:AB7B 69M9EF64 <; CDBEFOI 69M9EF6 
+F9C?BFG B5D4;B64A<я 1@B?P E?B:AB7B 69M9EF64 <; CDBEFOI 69M9EF6 
F9C?BFG E7BD4A<я 17 69M9EF64 
F9C?B6B= QHH9>F B5D4;B64A<я 1@B?P E?B:AB7B 69M9EF64 <; CDBEFOI 69M9EF6,  
         6;яFO= E CDBF<6BCB?B:AO@ ;A4>B@. 

 

�;я E8<8G5A:8E @50:F89, ?@>B5:0NI8E ?@8 AB0=40@B=KE CA;>28яE, 25@=> A;54CNI55:  
QA8BF9D@<K9E><9 D94>J<< A9 @B7GF CDBF9>4FP E4@BCDB<;6B?PAB 
QA8BF9D@<K9E><9 D94>J<< @B7GF CDBF9>4FP CD< CB6OL9AAOI F9@C9D4FGD4I, 9E?< <;@9A9A<9   
          QAFDBC<< CD< QFB@ 5G89F CB?B:<F9?PAO@ 

QA8BF9D@<K9E><9 D94>J<< @B7GF CDBF9>4FP CD< CB6OL9AAOI F9@C9D4FGD4I, 9E?< <;@9A9A<9  
          QAF4?PC<< CD< QFB@ 5G89F BFD<J4F9?PAO@ 

+QA8BF9D@<K9E><9 D94>J<< @B7GF CDBF9>4FP CD< ?R5OI F9@C9D4FGD4I, 9E?< <;@9A9A<9  
          QA9D7<< �<55E4 CD< QFB@ 5G89F BFD<J4F9?PAO@. 

 

!5 ?@>872>4я 2KG8A;5=89, C:068B5, 4;я :0:8E 87 ?5@5G8A;5==KE =865 ?@>F5AA>2  
87<5=5=85 M=B@>?88 ?>;>68B5;L=>: 
+% (7D4H<F ) + %"2 (7 ) = 2 %" (7 ) 
4!%1(7 ) + "2 (7 ) = 2 %1 2( 7 ) + 2!2" (7 ) 



MgO(> ) + !2 (7 ) =   g(> ) + !2" (: ) 
+N!4 N"3( > ) = N2" (7 ) + 2 !2" (7 ) 

 

�;я :0:8E ?@>F5AA>2 87<5=5=85 M=5@388 �811A0 1C45B >B@8F0B5;L=> ?@8 260 �  
8 =>@<0;L=>< 0B<>AD5@=>< 402;5=88  
F4яA<я ?P84 
C?46?9A<я :9?9;4 
+>D<EF4??<;4J<< 6B8O 

><C9A<я 6B8O 

 

�A;8 4;я 40==>9 @50:F88 ∆G < 0, B>  55  ?@>B5:0=85 :  
A45?R849FEя CD< ?R5OI GE?B6<яI 
A9 A45?R849FEя CD< ?R5OI GE?B6<яI 
+6B;@B:AB, AB CD4>F<K9E>< <;-;4 @4?B= E>BDBEF< @B:9F A9 A45?R84FPEя 
6B;@B:AB CD< A4?<K<< A9B5IB8<@B7B D9479AF4 

 

&5@<>48=0<8G5A:0я DC=:F8я, :>B>@0я E0@0:B5@87C5B <5@C C?>@я4>G5==>AB8  

A8AB5<K 8;8 <5@C 15A?>@я4:0, =07K205BAя: 
+QAFDBC<9= 

QAF4?PC<9= 

E6B5B8AB= QA9D7<9= 

QA9D7<9= �<55E4 
 

+5<C @02=0 B5?;>B0 >1@07>20=8я N2O(3) 2 B5@<>E8<8G5A:>9 @50:F88 

 C(3@0D8B ) + 2N2 O(3 ) = CO2( 3 )+ 2N2( 3 ); 
Δ H (@50:F8я) = – 557,5 :�6; Δ H(CO2) = – 393,5 :�6/<>;L. 
–164 >�:/@B?P 
–82 >�:/@B?P 
++82 >�:/@B?P 
+164 >�:/@B?P 
 

+5<C @025= B5?;>2>9 MDD5:B @50:F88  
2Mg (:@) + CO2( 3 ) = 2MgO(:@ ) + % (3@0D8B ) 
Δ H (CO2) = – 393,5 :�6 / <>;L; Δ H°(MgO) = – 601,8 :�6 / <>;L.  
+–810,1 >�: 

+810 >�: 

+405 >�: 

 –405 >�: 

 

#@8 A3>@0=88 1 <>;L 3@0D8B0 (%) 2K45;я5BAя 393,5 :�6 B5?;>BK. %;54>20B5;L=>:  
+∆! E7BD4A<я (%) = –393,5 >�: 

Q E7BD4A<я (%) = –393,5 >�: 

Δ ! E7BD4A<я (%) = 393,5 >�: 

! E7BD4A<я (%) = –393,5 >�: 

 

�028A8<>ABL A:>@>AB8 E8<8G5A:>9 @50:F88 >B :>=F5=B@0F88 @5038@CNI8E 25I5AB2  

CAB0=02;8205B: 
+;4>BA 89=EF6GRM<I @4EE 8?я 7B@B79AAOI D94>J<= 

CD46<?B �4AF- �BHH4 
;4>BA D4;546?9A<я "EF64?P84 
GD46A9A<9 �<55E4 

 



�7<5=5=85 :>=F5=B@0F88 @5038@CNI8E 25I5AB2 2 548=8FC 2@5<5=8 2 548=8F5  
>1J5<0 8;8 G8A;> M;5<5=B0@=KE 0:B>2 2708<>459AB28я 2 548=8FC 2@5<5=8 2  
548=8F5 >1J5<0 =07K205BAя: 
CBDя8>B@ D94>J<< 

+E>BDBEFPR D94>J<< 

@9I4A<;@B@ D94>J<< 

QA9D7<9= D94>J<< 

 

�>=AB0=B0 A:>@>AB8 E8<8G5A:>9 @50:F88 87<5=8BAя, 5A;8 2 A8AB5<5: 
+<;@9A<FP F9@C9D4FGDG 
669EF< >4F4?<;4FBD 
669EF< <A7<5<FBD 
<;@9A<FP >BAJ9AFD4J<< D947<DGRM<I 69M9EF6  

 

%:>@>ABL :0:8E E8<8G5A:8E @50:F89 C25;8G8205BAя A @>AB>< B5<?5@0BC@K: 
?R5OI 
A<>4><I 
Q>;BF9D@<K9E><I 
+QA8BF9D@<K9E><I 

 

'25;8G5=85 A:>@>AB8 E8<8G5A:>9 @50:F88 ?@8 ?>2KH5=88 B5<?5@0BC@K 

 >1JяA=я5BAя: 
G@9APL9A<9@ K<E?4 EFB?>AB69A<= @9:8G @B?9>G?4@< 

G69?<K9A<9@ CBF9AJ<4?PAB= QA9D7<< @B?9>G? 
+G69?<K9A<9@ K<E?4 4>F<6AOI @B?9>G? 
G@9APL9A<9@ QA9D7<< 4>F<64J<< 

 

�59AB285 :0B0;870B>@0 >1JяA=я5BAя B5<, GB>: 
+6 CD<EGFEF6<< >4F4?<;4FBD4 D94>J<я <89F 8DG7<@ CGF9@ – K9D9; QA9D79F<K9E><  
                 5B?99 8BEFGCAO9 EF48<< 

>4F4?<;4FBD EA<:49F QA9D7<R 4>F<64J<< 

>4F4?<;4FBD E@9M49F I<@<K9E>B9 D46AB69E<9 D94>J<< 

                  6 EFBDBAG B5D4;B64A<я CDB8G>FB6 
6 CD<EGFEF6<< >4F4?<;4FBD4 G69?<K<649FEя K<E?B EFB?>AB69A<= @B?9>G?. 

 

�A;8 402;5=85 2 @50:F8>==>9 A8AB5<5 ?>=878BL 2 2 @070, A:>@>ABL @50:F88  
2NO + O2 → 2NO2: 

G@9APL<FEя 6 2 D4;4 
G69?<K<FEя 6 4 D4;4 
+G@9APL<FEя 6 8 D4; 
G69?<K<FEя 6 2 D4;4 

 

 0B5<0B8G5A:8< 2K@065=85< 70:>=0 459AB2CNI8E <0AA 
4;я @50:F88 CO2( 3 ) + 4H2( 3 ) = C!4( 3 ) + 2!2 O(3 ) я2;я5BAя: 
υ = k !(CO2)⋅4!(H2) 

υ = k !(C!4)⋅!( !2O)2 

+υ = k !(CO2)⋅!(H2)4 

υ = k !(C!4)⋅2!( !2O) 

 

%:>@>ABL E8<8G5A:>9 @50:F88 я2;я5BAя 2KA>:>9, 5A;8: 
QA9D7<я 4>F<64J<< 6OEB>4я 



QA9D7<я 4>F<64J<< D46A4 0 
+QA9D7<я 4>F<64J<< A<;>4я 
QA9D7<я 4>F<64J<< ED98Aяя 

 

#@8 C25;8G5=88 B5<?5@0BC@K =040°C A:>@>ABL @50:F88 2>7@>A;0 2 81 @07,  
B5<?5@0BC@=K9 :>MDD8F85=B A:>@>AB8 @50:F88 @025=: 
2 

4 

+3 

5 

 

!0 A:>;L:> 3@04CA>2 A;54C5B ?>2KA8BL B5<?5@0BC@C 307>>1@07=>9 A<5A8 4;я  
C25;8G5=8я A:>@>AB8 @50:F88 2 16 @07, 5A;8 B5<?5@0BC@=K9 :>MDD8F85=B @025= 2: 
20°%  

30°% 

+40°% 

50°% 

 

%:>@>ABL ?@я<>9 @50:F88 !2( 3 ) + I2( 3 ) = 2HI ( 3 ) ?@8 ?>2KH5=88 402;5=8я  
2 5 @07 2>7@0AB5B: 
6 5 D4; 
+6 25 D4; 
6 10 D4; 
6 125 D4; 

 

�A;8 402;5=85 A8AB5<K C25;8G8BAя 2 2 @070, B> A:>@>ABL E8<8G5A:>9 @50:F88 

 2Al (:@ ) + 3Cl2( 3 ) = 2AlCl3( :@ ) 87<5=8BAя: 
6 2 D4;4  
+6 8 D4;  
6 16 D4; 
6 32 D4;4 

 

%:>@>ABL ?@я<>9 @50:F88 CO2( 3 ) + C(3@0D8B ) = 2CO(3 )  ?@8  ?>2KH5=88  
402;5=8я 2 4 @070 2>7@0AB5B: 
6 4 D4;4 
6 8 D4; 
+6 16 D4; 
6 32 D4;4 

 

 0B5<0B8G5A:8< 2K@065=85< 70:>=0  459AB2CNI8E <0AA 4;я @50:F88  
C (3@0D8B ) + 2N2 O (3 ) = CO2( 3 ) + 2N2( 3 ) я2;я5BAя:  
υ = k C (C) ⋅ 2C (N2O) 

υ = k C (C) ⋅ C (N2O)2 

+υ = k C (N2O)2 

υ = k C(CO2) ⋅C (N2)2 

 

�A;8 ?@8 ?>2KH5=88 B5<?5@0BC@K =0 30° A:>@>ABL @50:F88 C25;8G8;0AL 2 27 @07,  
B5<?5@0BC@=K9 :>MDD8F85=B A:>@>AB8 @50:F88 @025=: 
8 

2 

4 



+3 

 

�A;8 B5<?5@0BC@=K9 :>MDD8F85=B A:>@>AB8 @50:F88 @025= 2, 0 B5<?5@0BC@0  
2>7@>A;0 =0 20°, B> 2> A:>;L:> @07 A:>@>ABL @50:F88 2>7@0AB5B?  
+4 

8 

16 

32 

 

�A;8 >1J5< 70:@KB>9 A8AB5<K, 2 :>B>@>9 CAB0=>28;>AL E8<8G5A:>5 @02=>25A85 
 2SO2 (3 ) + O2 (3 ) ↔ 2SO3 (3 ), C<5=LH8BL: 
FB E>BDBEF< CDя@B= < B5D4FAB= D94>J<= BEF4AGFEя D46AO@< 

+E>BDBEFP CDя@B= D94>J<< EF4A9F 5B?PL9 E>BDBEF< B5D4FAB= D94>J<< 
E>BDBEFP CDя@B= D94>J<< EF4A9F @9APL9 E>BDBEF< B5D4FAB= D94>J<< 
D46AB69E<9 A9 E@9EF<FEя  

 

� A<5I5=8N E8<8G5A:>3> @02=>25A8я  @50:F88   
4!%l (3) + "2( 3) ↔ 2 %l2( 3) + 2 !2" (3) 2;52> 2 70:@KB>9  A8AB5<5 ?@82545B : 
8B546?9A<9 ><E?BDB84 
+8B546?9A<9 I?BD4 
66989A<9 >4F4?<;4FBD4 
CBA<:9A<9 846?9A<я 

 

#@8 C25;8G5=88 402;5=8я @02=>25A85 @50:F88  
%" (3 ) + !2" (3 ) ↔ %"2( 3 ) + !2( 3 ); ∆!° = 41 :�6 :  
E@9EF<FEя 6?96B 
E@9EF<FEя 6CD46B 
+A9 E@9EF<FEя 
E>BDBEFP CDя@B= D94>J<< EF4A9F 5B?PL9 E>BDBEF< B5D4FAB= D94>J<< 

 

�>=AB0=B0 @02=>25A8я @50:F88  
CO2( 3 ) + CaO( :@ ) ↔ CaCO3( :@ ): 
�D = [CO2 ] [CaO]/ [CaCO3] 

�D = [CO2 ] / [CaCO3] 

+�D = 1/[CO2] 

�D = [CaO]/ [CaCO3] 

 

$02=>25A85 @50:F88 

2ZnS (:@ ) + 3O2( 3 ) ↔ 2ZnO(:@ ) + 2SO2( :@ ), Δ H  < 0 A<5AB8BAя 2;52>: 
CD< G69?<K9A<< >BAJ9AFD4J<< ><E?BDB84 
+8BCB?A<F9?PAB@ 66989A<< ZnO 

+CB6OL9A<<  F9@C9D4FGDO 

CB6OL9A<< 846?9A<я 
 

�>=AB0=B0 E8<8G5A:>3> @02=>25A8я ?>:07K205B:  
+EBBFABL9A<9 @B?яDAOI >BAJ9AFD4J<= CDB8G>FB6 D94>J<< < <EIB8AOI 69M9EF6 6 EBEFBяA<< 
I<@<K9E>B7B D46AB69E<я 
6B E>B?P>B D4; @B?яDAO9 >BAJ9AFD4J<< <EIB8AOI 69M9EF6 5B?PL9 >BAJ9AFD4J<= CDB8G>FB6 
D94>J<< 

EBBFABL9A<9 E>BDBEF9= CDя@B= < B5D4FAB= D94>J<= 
EBBFABL9A<9 QA9D7<= 4>F<64J<< CDя@B= < B5D4FAB= D94>J<= 
 



� 2K@065=85 :>=AB0=BK @02=>25A8я @50:F88 =5 2E>4яB :>=F5=B@0F88  
2708<>459AB2CNI8E:  
74;BB5D4;AOI 69M9EF6 
:<8><I 69M9EF6 
+ F69D8OI 69M9EF6 
D4EF6BD9AAOI 69M9EF6 
 

�>=AB0=B0 @02=>25A8я @50:F88 2CO(3 ) + O2( 3 ) = 2CO2( 3 ):  
+ �D = [CO2]2/ [CO]2 [O2] 

�D = [CO2] / [CO] 

�D = 1/[CO2]  

�D = [CO]/ [CO2] 

 

$02=>25A85 @50:F88  
CO2( 3 ) + CaO(:@ ) = CaCO3( :@ ), ∆H< 0, A<5AB8BAя 2;52>: 
CD< CB6OL9A<< 846?9A<я  
CB6OL9A<< >BAJ9AFD4J<< CO2 

8BCB?A<F9?PAB@ 66989A<< CaCO3  

+CB6OL9A<< F9@C9D4FGDO 

 

� :0:>9 @50:F88 C25;8G5=85 >1J5<0 A8AB5<K =5 2K7>25B 
A<5I5=8я @02=>25A8я: 
2SO2 ( 7 ) + O2( 7 ) ↔ 2SO3( 7 ) 
N2 O4 ( 7 ) ↔ 2NO2( 7 ) 
+H2 ( 7 ) + %l2( 7 ) ↔ 2HCl( 7 ) 
N2 ( 7 ) + 3H2( 7 ) ↔ 2NH3( 7 ) 
 

� :0:>9 @50:F88  C25;8G5=85 >1J5<0 A8AB5<K 2K7>25B A<5I5=85 @02=>25A8я  
2 AB>@>=C 8AE>4=KE 25I5AB2: 
2SO 2( 7 ) +3O2( 7 ) ↔ 2SO3( 7 ) 
+N 2O4( 7 ) ↔ 2NO2( 7 ) 
H 2( 7) + %l2( 7 ) ↔ 2HCl( 7 ) 
H 2( 7 ) + I2( 7) ↔ 2HI(7 ) 

 

$02=>25A85 @50:F88 %"2( 3 ) + C(3@0D8B ) ↔ 2%"(3 ) ?@8 ?>2KH5=88 402;5=8я: 
A9 E@9EF<FEя 
E@9EF<FEя 6 EFBDBAG >BA9KAOI CDB8G>FB6 
+E@9EF<FEя 6 EFBDBAG <EIB8AOI 69M9EF6 
<;@9A<FEя ?<A9=AB 
 

 

&01;8F0 3 – �@8B5@88 >F5=:8 AD>@<8@>20==>AB8 :><?5B5=F89  

�B8 < A4<@9AB64A<9 <A8<>4FBD4 
8BEF<:9A<я >B@C9F9AJ<<  
(K4EF< >B@C9F9AJ<<) 

�D<F9D<< BJ9A<64A<я EHBD@<DB64AABEF< >B@C9F9AJ<<  
(K4EF< >B@C9F9AJ<<) 

EBBF69FEF6G9F BJ9A>9 «;4KF9AB» 
50-100% BF @4>E<@4?PAB7B 54??4 

��-1"#�-1  �ECB?P;G9F 
BEAB6AO9 ;4>BAO 
9EF9EF69AABA4GKAOI 
8<EJ<C?<A 8?я D9L9A<я  

%FG89AF CB>4;O649F ;A4A<9 6E97B B5Nё@4 CDB7D4@@AB7B 
@4F9D<4?4; CBA<@4A<9 EGMABEF< BEAB6AOI CBAяF<= < 
;4>BAB6 I<@<<, EFDB9A<я 69M9EF64 A4 @<>DB-GDB6A9, 
F9D@B8<A4@<K9E><I CDBJ9EEB6 < I<@<K9E>B= ><A9F<><. 

  #BE?98B64F9?PAB <;?4749F GK95AO= @4F9D<4?, CD46<?PAB 



EF4A84DFAOI  ;484K 6 
EBBF69FEF6<<  E 
A4CD46?9AABEFPR 
CDBH9EE<BA4?PAB= 
89яF9?PABEF< 

CD<@9Aя9F A4GKAGR F9D@<AB?B7<R, 89?49F EB5EF69AAO9 
6O6B8O. %4@BEFBяF9?PAB < D4J<BA4?PAB <ECB?P;G9F 
A47?я8AO9 CBEB5<я, ECD46BKAO9 @4F9D<4?O, GK95A<>, 
8BCB?A<F9?PAGR ?<F9D4FGDG, C9D6B<EFBKA<><. #D<@9Aя9F 
E<EF9@G GE?B6AOI B5B;A4K9A<= CD< 6989A<< ;4C<E9=.  
%CBEB59A D9L4FP EF4A84DFAO9 ;484K<. 

 

 

 >4C;L 2.  «$0AB2>@K» 
 

�>?@>AK 4;я A>15A54>20=8я ?> B5<0<:  

«"1I0я E0@0:B5@8AB8:0 @0AB2>@>2. $0AG5B :>=F5=B@0F88 @0AB2>@5==>3> 25I5AB20», 
«1;5:B@>;8B8G5A:0я 48AA>F80F8я. �>4>@>4=K9 ?>:070B5;L A@54K @0AB2>@0»,  

«�84@>;87 A>;59». 
1. $4EF6BDO – :<8><9, F69D8O9, 74;B6O9, <EF<AAO9, >B??B<8AO9, A4EOM9AAO9,  
    A9A4EOM9AAO9, C9D9EOM9AAO9. 
2. $4EF6BD<@BEFP 69M9EF6. 
3. %CBEB5O 6OD4:9A<я >BAJ9AFD4J<< D4EF6BD9AAB7B 69M9EF64. 
4. �<C9A<9 < ;4@9D;4A<9 D4EF6BDB6. 
5. "EAB6AO9 CB?B:9A<я F9BD<< Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<. %<?PAO9 < E?45O9  
    Q?9>FDB?<FO. 
6.  #DB<;6989A<9 D4EF6BD<@BEF< Q?9>FDB?<F4. �BAAB9 CDB<;6989A<9 6B8O. 
7.  �B8BDB8AO= CB>4;4F9?P ED98O D4EF6BD4. �<E?4я, A9=FD4?PA4я < M9?BKA4я ED984. 
8.  �<8DB?<;, 97B CB?B:<F9?PAB9 < BFD<J4F9?PAB9 ;A4K9A<9. 
9.  "EAB6AO9 E?GK4< 7<8DB?<;4 EB?9=. 
 

 

                      &5AB>2K5 7040=8я 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<0<:  

«"1I0я E0@0:B5@8AB8:0 @0AB2>@>2. $0AG5B :>=F5=B@0F88 @0AB2>@5==>3> 25I5AB20»,   
      «1;5:B@>;8B8G5A:0я 48AA>F80F8я. �>4>@>4=K9 ?>:070B5;L A@54K @0AB2>@0».  
                                                         «�84@>;87 A>;59». 
 

%>>B=5A8B5 A?>A>1K 2K@065=8я :>=F5=B@0F89 8 548=8FK 87<5@5=8я :>=F5=B@0F89 

1. @B?яDA4я 4. %  

2. @B?я?PA4я 3.  Q>6/?  
3. Q>6<64?9AFA4я 2. @B?P/>7 
4. CDBJ9AFA4я 1. @B?P/?  

 

#@>F5=B=0я :>=F5=B@0F8я – MB>: 
@4EE4 69M9EF64 6 1 @? D4EF6BD4 
@B?P 69M9EF64 6 1 >7 D4EF6BD<F9?я 
@B?P 69M9EF64 6 1 ?<FD9 D4EF6BD4 
+@4EE4 69M9EF64 6 100 7 D4EF6BD4 

 

 >;я@=0я :>=F5=B@0F8я – MB>: 
@4EE4 69M9EF64 6 1 @? D4EF6BD4 
@B?P 69M9EF64 6 1 >7 D4EF6BD<F9?я 
+ @B?P 69M9EF64 6 1 ?<FD9 D4EF6BD4 
@4EE4 69M9EF64 6 100 7 D4EF6BD4 

 

%:>;L:> 3@0<<>2 @0AB2>@5==>3> 25I5AB20 A>45@68BAя 2 50 3 @0AB2>@0  



A <0AA>2>9 4>;59 (2-20) = 10%? 

107  
207  
+ 57  
407 

 

%:>;L:> <>;59 @0AB2>@5==>3> 25I5AB20 A>45@68BAя 2 1 ; 45F8<>;я@=>3> @0AB2>@0?  
0,2@B?P  
1@B?P 
+ 0,1@B?P  
0,01@B?P 

 

�0:85 87 A;54CNI8E M;5:B@>;8B>2 ?@8 48AA>F80F88 >1@07CNB 8>=K  
!+ 8 OH-  >4=>2@5<5==>?  
Ca(OH)2  

�"! 

H3PO4    

+AI(OH)3 

 

�0:85 M;5:B@>;8BK я2;яNBAя A8;L=K<8? 
+HCl  

+KOH 

H2S  

H3PO4 

 

%:>;L:> 8>=>2 >1@07C5BAя ?@8 48AA>F80F88 <>;5:C;K (NH4)2SO4? 
2 

6 

+3 

4 

 

�0:85 M;5:B@>;8BK 2 8>==>< C@02=5=88 A;54CNI59 @50:F88 70?8AK20NBAя  
2 2845 8>=>2?  
%4%"3               

+HI 

+CaI2        

CO2                 

 

�0:85 25I5AB20 >1@07CNB ?@8 48AA>F80F88 8>=K Mn2+? 

KMnO4                 

+MnCI2 

Na2MnO4            

MnO2 

 

�0:85 M;5:B@>;8BK >1@07CNB ?@8 48AA>F80F88 E;>@84-8>=K CI-? 

KCIO3         

+HCI 

Ca(CIO)2            

!CIO 

 

�0:85 87 A;54CNI8E M;5:B@>;8B>2 я2;яNBAя A;01K<8? 
H2SO4                 



NaCI 

AI(NO3)3           

+H3PO4 

 

�0:85 25I5AB20 2 8>==>< C@02=5=88 A;54CNI59 @50:F88 70?8AK20NBAя  
2 2845 <>;5:C;? 
+H2S             

Pb(NO3)2 

+PbS        

HNO3 

 

+5<C @02=> 8>==>5 ?@>872545=85 2>4K (t = 250%)? 
10-12   

10-10  

+10-14  

10-9 

 

+5<C @025= @! @0AB2>@0, 5A;8 [!+]=10-5 <>;L/;? 
8             

12                         

+5          

9 

 

�0:85 87 A;54CNI8E A>;59 =5 ?>425@30NBAя 384@>;87C? 
PbNO3           

+KNO3              

AI2(SO4)3        

Pb2CO3                 

 

$0AB2>@K, :0:8E M;5:B@>;8B>2 E0@0:B5@87CNBAя 7=0G5=8я<8 @! > 7? 
+Na2CO3                 

+CaS                 

AI(NO3)3       

BaCI2                 

 

#@8 :0:8E 7=0G5=8яE @! D5=>;DB0;58= >:@0H8205BAя 2 <0;8=>2K9 F25B? 
+12             

4                 

7        

+14                 

 

�0:CN >:@0A:C ?@8>1@5B05B ;0:<CA 2 =59B@0;L=>9 A@545? 
@4?<AB6GR           
E<ARR 

>D4EAGR            
+H<B?9FB6GR  

 

$0AB2>@K, :0:8E A>;59 E0@0:B5@87CNBAя 7=0G5=8я<8 @! < 7? 

NaBr                    

+Cd(NO3)2                 

+FeCI3       

+CuSO4 



 

#@8 2708<>459AB288, :0:8E 42CE 25I5AB2, ?@>8AE>48B @50:F8я =59B@0;870F88? 
NaCI+AgNO3      

BaCI2+H2O 

+NaOH+HNO3        

BaCI2+H2SO4 

 

19 <; 11 %-3> @0AB2>@0 �"! ( ρ = 1,01 3/A<3) A<5H0;8 

A 200 <; 2>4K. $0AAG8B09B5 <>;я@=CN 4>;N ?>;CG5==>3> @0AB2>@0. 
0,0029 

+0,0031 

0,0034 

0,0028  

 

!0 =59B@0;870F8N 50 A<3 @0AB2>@0 :8A;>BK 87@0AE>4>20=> 25 A<3 0,5 = @0AB2>@0  
I5;>G8. +5<C @02=0 <>;я@=0я :>=F5=B@0F8я M:2820;5=B0 (=>@<0;L=>ABL) :8A;>BK? 
+0,25 @B?P Q>6/? 
0,5 @B?P Q>6/? 
2,5 @B?P Q>6/? 
1 @B?P Q>6/? 

 

�0:>9 >1J5< 50 %- 3> @0AB2>@0 �"! ( ρ = 1,538 3/A<3) B@51C5BAя 4;я ?@83>B>2;5=8я  
3; 0,1   @0AB2>@0 �"!?  
10,5 @? 
+21,85 @? 
30,4 @? 
42,25 @? 

 

�KG8A;8B5 <>;я@=CN :>=F5=B@0F8N 20 %-3> @0AB2>@0 
E;>@840 :0;LF8я ( ρ  = 1,178 3/ A<3)  

4,24 @? 
+2,12 @B?P/ ?  
1,06 @?  
4,24 @?  

 

5 <; 30 %-3> @0AB2>@0 Na"! ( ρ = 1,1 3/ A<3) A<5H0;8 A 1 ; 2>4K. �0:>20 <>;я@=0я  
:>=F5=B@0F8я ?>;CG5==>3> @0AB2>@0? 
0,035 @B?P/? 
+0,041 @B?P/? 
0,050 @B?P/ ? 
0,045 @B?P/ ? 
 

�0:>9 >1J5< 20 %-3> @0AB2>@0 �"! ( ρ = 1,238 3/ A<3) B@51C5BAя 4;я ?@83>B>2;5=8я  
2 ; 0,2   @0AB2>@0 �"!? 
100 @? 
+90,47 @?  
105,5 @?  
125,35 @?  

 

+5<C @02=0 <0AA>20я :>=F5=B@0F8я 3   @0AB2>@0 Na"! ( ρ = 1,328 3/A<3)? 
11 % 

+9 % 



10 % 

8 % 

 

33 H2SO4 @0AB2>@5=> 2 50 <; 2>4K. +5<C @02=0 <>;я@=0я :>=F5=B@0F8я M:2820;5=B0  
40==>3> @0AB2>@0, 5A;8 53> ?;>B=>ABL A>AB02;я5B 1,01 3/ A<3? 

2,34 @B?P Q>6/? 
+1,17 @B?P Q>6/? 
0,55 @B?P Q>6/? 
1,03 @B?P Q>6/? 
 

"?@545;8B5 <0AAC 3 %-3> @0AB2>@0 ?5@>:A840 2>4>@>40 5A;8 >= ?>;CG5= ?@8  
@07102;5=88 503 30%- 3> @0AB2>@0. 
100 7 
+500 7 
5000 7 
300 7 

 

�0:>9 >1J5< 10 %- 3> @0AB2>@0 Na "! ( ρ =1,2 3/ A<3) B@51C5BAя 4;я ?@83>B>2;5=8я  
2; 0,1   @0AB2>@0? 
100 @? 
90,5 @? 
+66,7 @? 
125,4 @? 

 

%:>;L:> 3@0<<>2 E;>@8AB>3> :0;8я =04> @0AB2>@8BL 2 90 3 8%-3> @0AB2>@0 MB>9 A>;8, 

GB>1K ?>;CG5==K9 @0AB2>@ AB0; 10%- <? 
+2 7 
8 7 
10 7 
1 7 

 

60 3 5 %-3> @0AB2>@0 AC;LD0B0 <548 2K?0@8;8 4> 503. "?@545;8B5 <0AA>2CN 4>;N  
A>;8 2 ?>;CG5==>< @0AB2>@5. 
7 % 

8 % 

12 % 

+6 % 

 

$0AAG8B09B5 @! 0,02   @0AB2>@0 %!3%""!. 

D! = 2,0 
D! = 4,1 
D! = 1,61 

+D! = 3,2 
 

�KG8A;8B5 AB5?5=L 48AA>F80F88 8 @! 0,001   @0AB2>@0 !%N. 
α = 1, D! = 3,0 
+α = 0,89·10–3, D! = 6,1 
α = 0,78·10–3, D! = 6,8 
α = 0,89·10–2, D! = 4,1 

 

�0:85 87 40==KE @50:F89 ?@>B5:0NB 2 @0AB2>@5 =5>1@0B8<>? 
+�2 S"3 + !%l = 



+Na2 CO3 + H2 SO4 = 

�2 SO4 + NaCl =  

+KCN + ! NO3 =  

 

$0AAG8B09B5 @! 0,001   @0AB2>@0 Ba(OH)2. 

D! = 11,25  
+D! = 11  

D! = 3,75  
D! = 3 

 

�0:85 87 40==KE @50:F89 ?@>B5:0NB 2 @0AB2>@5 =5>1@0B8<>? 
+Ba(NO 3)2+ H2 SO4 =  

Ba(NO 3)2+ NaCl =  

+Al(NO 3)3 + �"! =  

�O! + !%lO4 =  

 

$0AAG8B09B5 @! 8 @"! 0,0001   @0AB2>@0 !2C"3, CG8BK20я  B>;L:> ?5@2CN  
ABC?5=L 48AA>F80F88.  

D! =8,83, D"!  = 5,17 
D! =4,  D"!  = 10 
D! =10,  D"!  = 4 
+D! =5,17, D"!  = 8,83 
 

&01;8F0 4 – �@8B5@88 >F5=:8 AD>@<8@>20==>AB8 :><?5B5=F89  

�B8 < A4<@9AB64A<9 <A8<>4FBD4 
8BEF<:9A<я >B@C9F9AJ<<  
(K4EF< >B@C9F9AJ<<) 

�D<F9D<< BJ9A<64A<я EHBD@<DB64AABEF< >B@C9F9AJ<<  
(K4EF< >B@C9F9AJ<<) 

EBBF69FEF6G9F BJ9A>9 «;4KF9AB» 
50-100% BF @4>E<@4?PAB7B 54??4 

��-1"#�-1  �ECB?P;G9F 
BEAB6AO9 ;4>BAO 
9EF9EF69AABA4GKAOI 
8<EJ<C?<A 8?я D9L9A<я  
EF4A84DFAOI  ;484K 6 
EBBF69FEF6<<  E 
A4CD46?9AABEFPR 
CDBH9EE<BA4?PAB= 
89яF9?PABEF< 

%FG89AF CB>4;O649F ;A4A<9  6E97B B5Nё@4 CDB7D4@@AB7B 
@4F9D<4?4; CBA<@4A<9 EGMABEF< F9BD<< D4EF6BDB6, F9BD<< 
Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<, я6?9A<я 7<8DB?<;4, 
6?<яA<я ><E?BFABEF< ED98O D4EF6BD4 A4 @9I4A<;@ 
CDBF9>4A<я I<@<K9E>B7B CDBJ9EE4. 
  #BE?98B64F9?PAB <;?4749F GK95AO= @4F9D<4?, CD46<?PAB 
CD<@9Aя9F A4GKAGR F9D@<AB?B7<R, 89?49F EB5EF69AAO9 
6O6B8O.  %4@BEFBяF9?PAB < D4J<BA4?PAB <ECB?P;G9F 
A47?я8AO9 CBEB5<я, ECD46BKAO9 @4F9D<4?O, GK95A<>, 
8BCB?A<F9?PAGR ?<F9D4FGDG, C9D6B<EFBKA<><.  #D<@9Aя9F 
E<EF9@G GE?B6AOI B5B;A4K9A<= CD< 6989A<< ;4C<E9=.  
%CBEB59A D9L4FP EF4A84DFAO9 ;484K<. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 >4C;L 3.  «"A=>2K M;5:B@>E8<88» 
 

�>?@>AK 4;я A>15A54>20=8я ?> B5<0<:  
«":8A;8B5;L=>-2>AAB0=>28B5;L=K5 ?@>F5AAK»,  «)8<8G5A:85 8AB>G=8:8 M;5:B@8G5A:>9 

M=5@388»,  «1;5:B@>;87»,  «�>@@>78я <5B0;;>2». 
1.  +FB F4>B9 EF9C9AP B><E?9A<я I<@<K9E>B7B Q?9@9AF4? �4><9 I<@<K9E><9 CDBJ9EEO A4- 
      ;O64RFEя B><E?<F9?PAB-6BEEF4AB6<F9?PAO@<? 
2. "EAB6AO9 6<8O B><E?<F9?PAB-6BEEF4AB6<F9?PAOI D94>J<=. 
3.   9FB8 Q?9>FDBAAB7B 54?4AE4. 
4. �BAAB- Q?9>FDBAAO= @9FB8. 
5. +FB F4>B9 74?P64A<K9E><= Q?9@9AF? "EAB6AO9 6<8O 74?P64A<K9E><I Q?9@9AFB6. 
6. +FB F4>B9 Q?9>FDB?<;? "EAB6AO9 ;4>BAB@9DABEF< CDBF9>4A<я Q?9>FDB?<;4 D4EC?46B6 
7.  < D4EF6BDB6 EB?9=. 
8. #D<@9A9A<9 Q?9>FDB?<;4 6 CDB@OL?9AABEF<. 
9. "EAB6AO9 6<8O >BDDB;<BAAOI CDBJ9EEB6. 
10. %CBEB5O ;4M<FO @9F4??B6 BF >BDDB;<<. 
 

 

&5AB>2K5 7040=8я 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<0<:  
«":8A;8B5;L=>-2>AAB0=>28B5;L=K5 ?@>F5AAK»,  «)8<8G5A:85 8AB>G=8:8 

 M;5:B@8G5A:>9 M=5@388», «1;5:B@>;87», «�>@@>78я <5B0;;>2». 
 

%>>B=5A8B5 AB5?5=8 >:8A;5=8я <0@30=F0 2 A>548=5=8яE   
�. Mn  1. +6  

�. MnO  2. 0  

�. KMnO4 3. +2 

�. K2 MnO4 4. +7                             

 

%>>B=5A8B5 AB5?5=8 >:8A;5=8я A5@K 2 A>548=5=8яE 
1. S   2. +4  

2. SO2  1. 0  

3. H2 SO3 4. - 2  

4. Al2S3 3. +4                                

 

%>>B=5A8B5 AB5?5=8 >:8A;5=8я E@><0 2 A>548=5=8яE 
1. Cr    2. + 3 

2. Cr2O3  1. 0  

3. K2Cr 2O7 4. +6  

4. K2CrO 4 3. +6                               

 

':068B5 25I5AB20, :>B>@K5 <>3CB ?@>я2;яBL B>;L:> >:8A;8B5;L=K5 A2>9AB20: 
+KClO4  

H2S  

PbO2  

+K2Cr 2O7  

 

':068B5 25I5AB2, :>B>@K5 <>3CB ?@>я2;яBL B>;L:> 2>AAB0=>28B5;L=K5 A2>9AB20: 
+Fe 

+H2S  



HNO2  

K2Cr 2O7  

 

':068B5 =><5@0 25I5AB2, >1;040NI8E >:8A;8B5;L=>-2>AAB0=>28B5;L=>9  
42>9AB25==>ABLN:  
PbO2 

+HNO2 

Al2 S3 

+S  

 

':068B5 @50:F88, ?@8 ?@>B5:0=88 :>B>@KE 07>B ?@>я2;я5B >:8A;8B5;L=K5 A2>9AB20: 
NH3  + 3O2  = 6H2 O + N2  

+As2 O3 + 2HNO3 + H2 O = 2H3 AsO 4 + 2NO  

Br2 + HNO2  + H2 O = HNO 3 + 2HBr  

+3PbS+ 8HNO3  = 3S + 2NO + 3Pb(NO3)2 + 4H2O 

 

�0:85 87 ?@82545==KE =865 @50:F89 я2;яNBAя >:8A;8B5;L=> - 2>AAB0=>28B5;L=K<8 : 
+H 2 + Br2 = 2HBr  

+Zn + SnCl2 = ZnCl2 + Sn  

H 2 SO4 + Ba(OH)2  = BaSO4 + 2H2O  

NH3  + HCl = NH4Cl  

 

� :0:8E @50:F8яE :8A;>@>4 2K?>;=я5B @>;L 2>AAB0=>28B5;я?  

+H 2O2  + HIO3 = I2 + H2 O + O2  

+AgNO3 t→ Ag + NO 2 + O2  

Mg + O2 = MgO  

Ag + H2S + O2  = H2O + Ag2S 

 

�0:85 87 >:8A;8B5;L=> - 2>AAB0=>28B5;L=KE @50:F89 я2;яNBAя @50:F8я<8 

 2=CB@8<>;5:C;я@=>3> >:8A;5=8я- 2>AAB0=>2;5=8я? 
+(NH4)2Cr2O7 → N2 + Cr2 O3 + H2O 

+KClO3  →  KCl + O2 

Ag + H2S + O2  = H2 O + Ag2S 

H 2 + Br2 = 2HBr  

 

�0:85 87 @50:F89 я2;яNBAя @50:F8я<8 <56<>;5:C;я@=>3>  
>:8A;5=8я-2>AAB0=>2;5=8я?  

(NH4)2Cr2 O7 → N2 + Cr2O3  + H2O  

KClO3 → KCl + O2  

+Ag + H2S + O2  = H2O + Ag2S  

+H2 + Br2 = 2HBr  

 

�0:85 87 @50:F89 я2;яNBAя @50:F8я<8 48A?@>?>@F8>=8@>20=8я? 
+4H3PO3 = 3 + H3PO4  + PH3  

+3I2  + 6KOH = KIO3  + 5KI + 3H2O  

Mg + O2 = MgO  

Ag + H2S + O2  = H2O + Ag2S  

 

�0:>9 87 <5B0;;>2 2K?>;=я5B @>;L :0B>40 2 30;L20=8G5A:8E M;5<5=B0E,  
>1@07>20==KE M;5:B@>40<8: 

Ni | Ni+2 || Sn+2 |Sn;  

Mg | Mg+2 || Cr+3|Cr  



Sn  < Mg   
 +Sn  < Cr  
Ni  < Cr     
 Ni  < Mg  

 

�0:>9 87 <5B0;;>2 2K?>;=я5B @>;L 0=>40 2 30;L20=8G5A:8E M;5<5=B0E,  
>1@07>20==KE M;5:B@>40<8:  

Ni | Ni+2 || Sn+2 |Sn;  

Mg | Mg+2 || Cr+3|Cr  

 Sn < Mg   
 Sn < Cr  
 Ni < Cr     
 +Ni < Mg  
 

�7 G5BK@5E <5B0;;>2 – Ag, Cu, Al, Mg 2K15@8B5 ?0@C, :>B>@0я >15A?5G8B 
 =081>;LH55 7=0G5=85 1�%. 
Ag, Cu 

Al, Mg  

Cu, Al  

+ Ag, Mg  

 

"?@545;8B5 7=0G5=85 AB0=40@B=>9 1�% 30;L20=8G5A:>3> M;5<5=B0, 8A?>;L7Cя  
B>:>>1@07CNICN @50:F8N, :>B>@0я ?@>B5:05B ?@8 53> @01>B5: 
 2Al0 + 3Ni+2 ↔ 2Al+3 + 3Ni0.  

 –1,41 � 

1,91 � 

+1,41 �   

 –1,91 �  

 

�>=F5=B@0F8>==K9 M;5<5=B A>AB>8B 87 42CE A5@51@я=KE M;5:B@>4>2  
A % Ag+ = 10–1 <>;L/; C >4=>3> M;5:B@>40 8 % Ag+ = 10–4 <>;L/; C 4@C3>3>.  
$0AAG8B09B5 1�%  M;5<5=B0. 
+0,18 �   

1,18 �  

–0,18 �  

11,8 �  

 

�0;L20=8G5A:89 M;5<5=B A>AB>8B 87 A5@51@я=>3> M;5:B@>40, ?>3@C65==>3> 
 2 1   @0AB2>@ AgNO3, 8 AB0=40@B=>3> 2>4>@>4=>3> M;5:B@>40.  
$0AAG8B09B5 1�% M;5<5=B0.  
+0,8 �   

8,0 �  

–0,8 �   

0,08 � 

 

"?@545;8B5 1�% 30;L20=8G5A:>3> M;5<5=B0, A>AB>яI53> 
87  <03=852>9  8  65;57=>9   ?;0AB8=>:,  ?>3@C65==KE   2 1    @0AB2>@K   
=8B@0B>2  MB8E  <5B0;;>2 .  
+1,92  � 

 0,19  �  

–1,92 �   

 19,2  �  



 

"?@545;8B5  1�%  2  30;L20=8G5A:><   M;5<5=B5 ,  >1@07>20==><  ?> AE5<5   
 Sn  | [Sn+2] = 0,001    || [Pb+2] = 1   | $b?  
+0,1 �   

0,01  �  

 –0,1  �  

1 � 

 

�0:>9  87   ?5@5G8A;5==KE   =865  <5B0;;>2   =5   <>65B   1KBL ?>;CG5= M;5:B@>;87><  
@0AB2>@>2  53> A>;8? 
 +Li 

Sn 

Ag 

Bi  

 

�  :0:>9  ?>A;54>20B5;L=>AB8   =0   :0B>45   1C4CB  2>AAB0=02;820BLAя   :0B8>=K  
  <5B0;;>2 : Cu+2; Zn+2; Ag+; Cr+3  87   8E  A<5A8  2 2>4=>< @0AB2>@5 ?  
Cu+2; Zn+2; Ag+; Cr+3  

 Zn+2; Ag+; Cr+3; Cu+2 

+Ag+; Cu+2; Cr+3; Zn+2  

Cr+3; Cu+2; Zn+2; Ag+ 

 

�0:>9  >1J5<   E;>@0 (;)  2K45;8BAя  ?@8   M;5:B@>;875  @0A?;020  E;>@840  0;N<8=8я  
 ?@8   ?@>?CA:0=88  96500 �;  M;5:B@8G5AB20   
( =.C.)?  

11,2     

+5,6 

22,4   

56  

 

�0:>5  :>;8G5AB2>   M;5:B@8G5AB20 ( �;)  =5>1E>48<>  ?@>?CAB8BL  G5@57  @0A?;02   
384@>:A840   =0B@8я,  GB>1K   =0   0=>45  2K45;8;>AL  5,6  ;  :8A;>@>40 ( =. C.)?  

1000     

96,500  

+96500   

 965  

 

�0:0я  <0AA0 ( 3)  0;N<8=8я  2K45;8BAя  ?@8   M;5:B@>;875 @0A?;020   E;>@840   
0;N<8=8я,  5A;8   G5@57  M;5:B@>;8B   ?@>?CA:0BL  96500  �; M;5:B@8G5AB20? 
27      

3  

+9    

18  

 

#@8   M;5:B@>;875  2>4=KE  @0AB2>@>2  :0:8E  A>;59  =0   3@0D8B>2><   0=>45   
2K45;я5BAя   :8A;>@>4?  

+NaNO3 ; CuSO4 ; CaCO3 

CuCl2; CuS; NiBr2 

CuCl2 ; CuS; NaNO3  

CuS; NiBr2 ; CaCO3  

 

 5B0;;K  :0:>3>   @я40   <>3CB  1KBL  ?>;CG5=K  M;5:B@>;87><   @0A?;02>2  8E  A>;59  



 8  =5   <>3CB  1KBL  ?>;CG5=K  M;5:B@>;87><  @0AB2>@>2 MB8E  A>;59?  
+K; Na; Li    

Ba; K; Cd 

Cu; K; Cr   

 Na; Cu; Ba 

 

#@8   M;5:B@>;875  2>4K  2  B5G5=85 1 G0A0   1K;>  ?>;CG5=> 56 ;   2>4>@>40  ( =. C.).  
 "?@545;8B5  A8;C   B>:0  (�),  ?@>H54H53> G5@57 M;5:B@>;875@.  

1,34     

+134  

26,8     

268  

 

#@8   2708<>459AB288   :0:8E  :8A;>B   A   F8=:><  2K45;я5BAя  2>4>@>4: 
HNO3 ( > )  
HNO3( D )  
+!%l  
+!2 SO4( D )  

 

�0:85  <5B0;;K  ?@8   2708<>459AB288   A   A>;я=>9   8  @07102;5==>9  A5@=>9   :8A;>B>9   
=5   2KB5A=яNB   87   =8E   2>4>@>4:  
+Cu 

+Ag 

Mg  

Ba  

 

�0:85  87   <5B0;;>2 2KB5A=яNB  87   I5;>G59 2>4>@>4 ?  
+Al  

Mg  

Cu 

+Zn  

 

%  :0:8<   87   25I5AB2  1C45B  @5038@>20BL  <54L? 
Na"!  

+AgCl 

!2"   

!Cl  
 

%  :0:8<8  87   25I5AB2   1C45B  2708<>459AB2>20BL  0;N<8=89:  

+Na "!   

�NO2   

+!Cl  

+!2 SO4( D )  
 

%  :0:8<8  87   25I5AB2   =8:5;L   1C45B  @5038@>20BL  ?@8 >1KG=KE  CA;>28яE:  
!2" 

"2   

+!2 SO4( D )  
+CuSO4  

 

�0:>9  87   <5B0;;>2 ?0AA828@C5BAя  ?@8 :>=B0:B5  A  2>74CE><?  
Cu     



�  
�u   
+Al  

 

�0:>9  87   <5B0;;>2 ?0AA828@C5BAя  ?@8 :>=B0:B5  A  !2 SO4( : ) =0   E>;>45 ?  
Cu   

�u  
�   

+Al  

 

!07>28B5   ?@>4C:B  2>AAB0=>2;5=8я   A5@=>9   :>=F5=B@8@>20==>9  :8A;>BK   ?@8   
2708<>459AB288   55   A   0:B82=K<8   <5B0;;0<8  

+!2S   

S"2  

S    

!2"  

 

!07>28B5   ?@>4C:B  2>AAB0=>2;5=8я   A5@=>9   :>=F5=B@8@>20==>9  :8A;>BK   ?@8    
2708<>459AB288   55   A <0;>0:B82=K<8   <5B0;;0<8:   

!2S   

S"  

S   

+S"2  

 

�0:>9  87   <5B0;;>2   <>65B  2K?>;=яBL  @>;L   0=>4=>3>   ?>:@KB8я 4;я  65;570?  
Cu 

Ag  

Pb  

+Mg 

 

�0:>9  B8?   :>@@>788  – E8<8G5A:0я   8;8   M;5:B@>E8<8G5A:0я  –  @50;87C5BAя    
?@8   :>=B0:B5 :  
1)  F8=:0  A   @07102;5==>9   A5@=>9 :8A;>B>9 ; 2)  0;N<8=8я A  @07102;5==>9 

  07>B=>9 :8A;>B>9 ?  
1 – I<@<K9E>4я ; 2 – I<@<K9E>4я   
+1 – Q?9>FDBI<@<K9E>4я; 2 – Q?9>FDBI<@<K9E>4я  
1 – I<@<K9E>4я ; 2 – Q?9>FDBI<@<K9E>4я 
1 – Q?9>FDBI<@<K9E>4я; 2 – I<@<K9E>4я   

 

':068B5 @я4 <5B0;;>2, :>B>@K5 <>3CB 2K?>;=яBL @>;L 
?@>B5:B>@>2  ?>  >B=>H5=8N : A28=F>2><C 8745;8N,  :>B>@>5  
M:A?;C0B8@C5BAя 2 M;5:B@>;8B5,  A>45@60I5<  :8A;>@>4 :  
+Mg; Al; Ti  

Ag; Au; Pt  

Mg; Au; Pt  

Al; Ti; Ag  

 

�0:0я  87   AE5<  :>@@>78>==>3>  30;L20=8G5A:>3>  M;5<5=B0   70?8A0=0   ?@028;L=>?   
�0:>9  87   <5B0;;>2   1C45B  @07@CH0BLAя 2 @57C;LB0B5  :>@@>788 :  
1) (–) Ti | H+ | Mg (+);  

2) (–) Mg | H+ | Ti (+)?  

1,  D4;DGL49FEя Ti 



1,  D4;DGL49FEя Mg  
2,  D4;DGL49FEя Ti  
+2,  D4;DGL49FEя Mg  

 

�0:0я  87   AE5<  :>@@>78>==>3>  30;L20=8G5A:>3>  M;5<5=B0   70?8A0=0   ?@028;L=>?   
�0:>9  87   <5B0;;>2   =5   1C45B  @07@CH0BLAя  2 @57C;LB0B5  :>@@>788 :  
1) (–)Pb | H2O; O 2  | Ag(+);  

2) (–)Ag  | H2 O; O 2 | Pb(+)?  

1, Pb 

2, Pb  

+1, Ag 

2, Ag  

 

 54L  ?>:@KB0   >;>2><.  �K15@8B5  AE5<C   :>@@>78>==>3> 30;L20=8G5A:>3>  
 M;5<5=B0,  2>7=8:0NI53>  ?@8   =0@CH5=88   F5;>AB=>AB8 ?>:@KB8я 2 CA;>28яE   
2;06=>9  0B<>AD5@K :  
 +(–)Sn | H2O; O2 | Cu(+) 

(–)Cu | H+ | Sn(+)  

(–)Sn | H+| Cu(+)  

(–)Cu | H2O; O2 | Sn(+)  

 

 

&01;8F0 5 – �@8B5@88 >F5=:8 AD>@<8@>20==>AB8 :><?5B5=F89  

�B8 < A4<@9AB64A<9 <A8<>4FBD4 
8BEF<:9A<я >B@C9F9AJ<<  
(K4EF< >B@C9F9AJ<<) 

�D<F9D<< BJ9A<64A<я EHBD@<DB64AABEF< >B@C9F9AJ<<  
(K4EF< >B@C9F9AJ<<) 

EBBF69FEF6G9F BJ9A>9 «;4KF9AB» 
50-100% BF @4>E<@4?PAB7B 54??4 

��-1"#�-1  �ECB?P;G9F 
BEAB6AO9 ;4>BAO 
9EF9EF69AABA4GKAOI 
8<EJ<C?<A 8?я D9L9A<я  
EF4A84DFAOI  ;484K 6 
EBBF69FEF6<<  E 
A4CD46?9AABEFPR 
CDBH9EE<BA4?PAB= 
89яF9?PABEF< 

%FG89AF CB>4;O649F ;A4A<9  6E97B B5Nё@4 CDB7D4@@AB7B 
@4F9D<4?4; CBA<@4A<9 EGMABEF< B><E?<F9?PAB-
6BEEF4AB6<F9?PAOI CDBJ9EEB6, Q?9>FDBI<@<K9E><I 
CDBJ9EEB6, ?9:4M<I 6 BEAB69 D45BFO 74?P64A<K9E><I 
Q?9@9AFB6, Q?9>FDB?<F<K9E><I < >BDDB;<BAAOI CDBJ9EEB6. 
  #BE?98B64F9?PAB <;?4749F GK95AO= @4F9D<4?, CD46<?PAB 
CD<@9Aя9F A4GKAGR F9D@<AB?B7<R, 89?49F EB5EF69AAO9 
6O6B8O.  %4@BEFBяF9?PAB < D4J<BA4?PAB <ECB?P;G9F 
A47?я8AO9 CBEB5<я, ECD46BKAO9 @4F9D<4?O, GK95A<>, 
8BCB?A<F9?PAGR ?<F9D4FGDG, C9D6B<EFBKA<><.  #D<@9Aя9F 
E<EF9@G GE?B6AOI B5B;A4K9A<= CD< 6989A<< ;4C<E9=.  
%CBEB59A D9L4FP EF4A84DFAO9 ;484K<. 
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2.1. "F5=820=85 ?8AL<5==KE @01>B ABC45=B>2,  
=5 @53;0<5=B8@C5<KE CG51=K< ?;0=>< 

�>=B@>;L=0я  @01>B0 №1. «"A=>2=K5 ?>=яB8я  E8<88. %B5E8><5B@8я.» 
 >4C;L 1.  «"A=>2=K5 ?>=яB8я 8 70:>=K E8<88»,  
                    B5<K: «"A=>2=K5 ?>=яB8я E8<88», «%B5E8><5B@8G5A:85 70:>=K E8<88». 
 

1. +B> B0:>5 E8<8G5A:89 M;5<5=B? 
                %>B?P>B  6E97B I<@<K9E><I Q?9@9AFB6 <;69EFAB 6 A4EFBяM99 6D9@я? 
                %>B?P>B I<@<K9E><I Q?9@9AFB6 EGM9EF6G9F 6 CD<DB89? 
                �4><9 Q?9@9AFO CB?GK9AO <E>GEEF69AAO@ CGF9@? 

2. +B> B0:>5 0B><? 
                 B:AB ?< GF69D:84FP, KFB K<E?B CD<DB8AOI D4;AB6<8ABEF9= 4FB@B6  
                CD96OL49F K<E?B I<@<K9E><I Q?9@9AFB6?  �E?< A9F, FB CBK9@G?   
                �E?< 84, FB ;4 EK9F K97B? 
                �EFP ?< 6 CD<DB89 4FB@O, A9 я6?яRM<9Eя 4FB@4@< >4>B7B-?<5B I<@<K9E>B7B  
                Q?9@9AF4? 

3. +B> B0:>5 <>;5:C;0? 
                #BK9@G <; 4FB@B6 B5D4;GRFEя @B?9>G?O? 
                �4>B9 EBEFBяA<9 5B?99 QA9D79F<K9E>< 6O7B8AB: 4FB@AB9 <?< @B?9>G?яDAB9?  

4. �5@=K 8;8 =525@=K A;54CNI85 2K@065=8я? "B25B ?>яA=8B5. 
               "8A4 @B?9>G?4 6B;8GI4; 
               "8<A 4FB@ 6B;8GI4; 
               "8<A @B?P 6B;8GI4; 
               "8A4 @B?9>G?4 D4EF6BD4 E9DAB= ><E?BFO; 
               "8<A 4FB@ @98<; 
               "8A4 @B?9>G?4 :9?9;4; 
               "8<A 4FB@ I?BD<84 A4FD<я. 

5. +B> B0:>5 ?@>AB>5 25I5AB2>?  #@82548B5 ?@8<5@K. 
                B:AB ?< EK<F4FP, KFB CDBEFOI 69M9EF6 6 CD<DB89 EFB?P>B :9, E>B?P>B  
               I<@<K9E><I  Q?9@9AFB6?  #BK9@G? 

6. +B> B0:>5 A;>6=>5 25I5AB2>? 
               #D<698<F9 CD<@9DO E?B:AOI 69M9EF6, A9 EGM9EF6GRM<I 6 CD<DB89,  
               4 CB?GK9AAOI <E>GEEF69AAO@ CGF9@ < <ECB?P;G9@OI K9?B69>B@  
               6 CB6E98A96AB= :<;A<. 

7. +B> B0:>5 >B=>A8B5;L=0я 0B><=0я <0AA0?    
                �B><=0я 548=8F0 <0AAK? 
                #D<698<F9 CD<@9DO 69M9EF6, @4EEO >BFBDOI D46AO: 1 4.9.@.; 2 4.9.@. 
                %>B?P>B 69E<F B8<A 4FB@: :9?9;4; ;B?BF4; @98<? 

8. +B> B0:>5 >B=>A8B5;L=0я <>;5:C;я@=0я <0AA0?  
 � :0:8E  548=8F0E >=0 87<5@я5BAя?  

                +9@G D46A4 BFABE<F9?PA4я @B?9>G?яDA4я @4EE4 6B8O? 
                %>B?P>B 69E<F B8A4 @B?9>G?4 6B8O? 

9. +B> B0:>5 :>;8G5AB2> 25I5AB20? 
        10.  +B> B0:>5 <>;я@=0я <0AA0?   � G5< >=0 87<5@я5BAя? 
                +9@ @B?яDA4я @4EE4 BF?<K49FEя BF @B?9>G?яDAB=? 
                +9@G D46A4 @4EE4 B8AB7B @B?я 6B8O? 
                +9@G D46A4 @4EE4 B8AB7B @B?я E6<AJ4? 
                %GM9EF6GRF ?< F4><9 69M9EF64, 1 @B?P >BFBDOI 6O A9 E@B7?< 5O CB8AяFP? 



         11. +B> B0:>5 ?>AB>я==0я �2>304@>? 
    �45 A>45@68BAя 1>;LH5 <>;5:C; – 6 1 @B?9 6B8BDB84 <?<  
    6 1 @B?9 ><E?BDB84?  "B25B ?>яA=8B5. 
    �45 A>45@68BAя 1>;LH5 0B><>2 – 6 1 7D4@@9 6B8BDB84 <?<    
    6 1 7D4@@9 E9D95D4?  "B25B ?>яA=8B5. 

                %:>;L:> AB@C:BC@=KE G0AB8F A>45@68BAя 2 A;54CNI8E <0AA0E 25I5AB2 : 
          4) 180 7  6B8O;   5) 1 >7  ;B?BF4;    6) 500 7 >D9@A<я? 

12. +B> Bя65;55 ( 8 ?>G5<C )? 
                1 ?<FD 4;BF4 <?< 1 ?<FD ><E?BDB84? 
               1 @B?P 6B;8GI4 (   = 29 7/@B?P ) <?< 1 @B?P 6B8O? 
               1 ?<FD 6B8O (  = 1 7/@? ) <?< 1 >7 :9?9;4? 

13. +B> B0:>5 AB5E8><5B@8я? 
                #9D9K<E?<F9 BEAB6AO9 EF9I<B@9FD<K9E><9 ;4>BAO. 

14. %D>@<C;8@C9B5 70:>= ?>AB>я=AB20 A>AB020 8 ?@82548B5 ?@8<5@  
            ?@>я2;5=8я MB>3> 70:>=0 2 ?@8@>45. 

15.  %D>@<C;8@C9B5 70:>= A>E@0=5=8я <0AAK, ?@82548B5 ?@8<5@,  
           ?>4B25@640NI89 459AB285 MB>3> 70:>=0. 

                 �O64RF ?< F4><9 D94>J<<, 6 >BFBDOI @4EE4 CB?GK9AAOI CDB8G>FB6  
                 5G89F @9APL9 @4EEO <EIB8AOI 69M9EF6? 

16. %D>@<C;8@C9B5 70:>= :@0B=KE >B=>H5=89,  ?@82548B5 ?@8<5@,  
          4>:07K20NI89 A?@0254;82>ABL MB>3> 70:>=0. 

                 �4> 6O 8G@49F9, CBK9@G 6 CD<DB89 D94?<;G9FEя ;4>BA CDBEFOI,  
                 4 A9 E?B:AOI >D4FAOI BFABL9A<=? 

17. �0:>= >1J5<=KE >B=>H5=89.  #@82548B5 ?@8<5@. 
               �4> 6O EK<F49F9, 5G89F ?< QFBF ;4>BA ECD4698?<6 FB?P>B 8?я 74;B6  
               <?< 97B @B:AB CD<@9A<FP F4>:9 > :<8><@ <  F69D8O@  69M9EF64@? 

18. �0:>= �2>304@> 8 53> A;54AB285. 
                �4> D4EEK<F4FP B5N9@ 74;4 6 GE?B6<яI, BF?<KAOI BF ABD@4?PAOI? 
                �4><9 GE?B6<я EK<F4RFEя ABD@4?PAO@<: 4;я 307>2;  4;я 684:8E 8 B25@4KE 
                25I5AB2; 4;я G5;>25:0? 

19. +B> 70=8<05B 1>;LH89 >1J5< ?@8 =.C. – 100 4FB@B6 79?<я <?< 100  
           @B?9>G? ><E?BDB84?  #>G5<C? 

20. +B> 70=8<05B <5=LH89 >1J5< ?@8 =.C. – 200 @B?9>G? 6B8BDB84  
          <?< 200 @B?9>G? 6B8O?  #>G5<C? 

21. �0:>5 >?@545;5=85 =081>;55 B>G=> A>>B25BAB2C5B B5@<8=C  
          «M:2820;5=B=K9»:   >48=0:>2K9, @02=K9, @02=>F5==K9, ?>E>689, 
           ?@81;865==> @02=K9? 

                 #D<698<F9 CD<@9DO ( <; :<;A< ) Q>6<64?9AFAOI CBAяF<=,  69M9=, я6?9A<=. 
22. %D>@<C;8@C9B5 70:>= M:2820;5=B>2.  #>яA=8B5 53> =0 ?@8<5@5  
          :0:>9-;81> E8<8G5A:>9 @50:F88. 
23.  +B> B0:>5 M:2820;5=B ?@>AB>3> 25I5AB20? 

                 +9@G D46AO Q>6<64?9AFO: =0B@8я, :8A;>@>40, <03=8я, 07>B0? 

24.  +B> B0:>5 M:2820;5=B A;>6=>3> 25I5AB20? 
                +9@G D46AO Q>6<64?9AFO: Mg(OH)2; N2O5; AlCl3; H2SO4? 

25.  +B> B0:>5 M:2820;5=B=0я <0AA0? 
                +9@G D46AO Q>6<64?9AFAO9 @4EEO: Mg(OH)2; N2O5; AlCl3; H2SO4? 

26.  +B> B0:>5 M:2820;5=B=K9 >1J5<? 
                +9@G D46AO Q>6<64?9AFAO9 B5N9@O E?98GRM<I 74;B6: DB>@0, :8A;>@>40, 

                2>4>@>40, 07>B0? 

 



�>=B@>;L=0я  @01>B0 №2.  «%B@>5=85 0B><0» 
 >4C;L 1.  «"A=>2=K5 ?>=яB8я 8 70:>=K E8<88»,  
                    B5<0: «%B@>5=85 0B><0». 

 
1. �0:>2K 1K;8 273;я4K 4@52=53@5G5A:8E D8;>A>D>2 =0 AB@>5=85 <0B5@88 ? 

   К0: 2K 4C<05B5, ?>G5<C ?@028;L=>5 ?@54?>;>65=85 �5<>:@8B0 > B><, GB> <0B5@8я 

   !>AB>8B   87   <5;LG09H8E  G0AB8F –  0B><>2 –  =5  ?>;CG8;0  ?@87=0=8я,  0  2  :>@=5  
   =525@=0я B5>@8я �@8AB>B5;я 3>A?>4AB2>20;0 2 =0C:5 F5;KE 2 BKAяG8 ;5B? 

2. � G5< A>AB>8B 2:;04 0=3;89A:>3> CG5=>3> �6>=0 �0;LB>=0 2 8AB>@8N >B:@KB8я 
AB@>5=8я 0B><0?   

    � :0:8E 5I5 >1;0ABяE =0C:8 @01>B0; �0;LB>= 8 :0:85 A45;0; >B:@KB8я? 
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12)  �97:>?;46:89 69I9AB64;  
13)  "C7>?;46:89 69I9AB64;  
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2. �BAEF4AF4 E>BDBEF< D94>J<< 2 � + � ↔ 2% D46A4 0,6. !4K4?PAO9 >BAJ9AFD4J<< 
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6. Cd + KMnO4 + H2SO4 → CdSO4 + MnSO4 + K2SO4 + H2O 

7. Cr2O3 + KC1O3 + �"! → �2%rO4 + �%1 + !2"  
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11. H3AsO3 + KMnO4 + H2SO4 → H3AsO4 + MnSO4 + K2SO4 + H2O 
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