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�708<>459AB285 @0AB2>@8B5;я 8 @0AB2>@5==>3> 25I5AB20. 
2. $0AB2>@8<>ABL 25I5AB2. %?>A>1K 2K@065=8я :>=F5=B@0F88 @0AB2>@>2: <0AA>20я 4>;я 
@0AB2>@5==>3> 25I5AB20 (?@>F5=B=0я), <>;я@=0я. 

3. &5>@8я M;5:B@>;8B8G5A:>9 48AA>F80F88.  5E0=87< 48AA>F80F88 25I5AB2 A @07;8G=K<8 
B8?0<8 E8<8G5A:8E A2я759. 
4. �:;04 @CAA:8E CG5=KE 2 @0728B85 ?@54AB02;5=89 >1 M;5:B@>;8B8G5A:>9 48AA>F80F88. 
"A=>2=K5 ?>;>65=8я B5>@88 M;5:B@>;8B8G5A:>9 48AA>F80F88. 
5. %B5?5=L M;5:B@>;8B8G5A:>9 48AA>F80F88 8 D0:B>@K 55 7028A8<>AB8. %8;L=K5 8 A@54=85 
M;5:B@>;8BK. 



26 

 

6. �8AA>F80F8я 2>4K. �>4>@>4=K9 ?>:070B5;L. %@540 2>4=KE @0AB2>@>2 M;5:B@>;8B>2. 
$50:F88 >1<5=0 2 2>4=KE @0AB2>@0E M;5:B@>;8B>2. 
7. �84@>;87 :0: >1<5==K9 ?@>F5AA. !5>1@0B8<K9 384@>;87 >@30=8G5A:8E 8 =5>@30=8G5A:8E 
A>548=5=89 8 53> 7=0G5=85 2 ?@0:B8G5A:>9 45яB5;L=>AB8 G5;>25:0. 

8. "1@0B8<K9 384@>;87 A>;59. %BC?5=G0BK9 384@>;87. #@0:B8G5A:>5 ?@8<5=5=85 384@>;870. 
9. �84@>;87 >@30=8G5A:8E 25I5AB2 (15;:>2, 68@>2, C3;52>4>2, ?>;8=C:;5>B84>2, �&() 8 53> 
18>;>38G5A:>5 8 ?@0:B8G5A:>5 7=0G5=85. "<K;5=85 68@>2. $50:F8я MB5@8D8:0F88. 
 

�@8B5@88 >F5=:8 >1I85 4;я CAB=>3> >B25B0 
"F5=:0 «5»: 

" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 

 

#@0:B8G5A:0я @01>B0 
&5<0: $5H5=85 M:A?5@8<5=B0;L=KE 7040G ?> B5<5 384@>;87. 

*5;L: =0CG8BLAя @5H0BL M:A?5@8<5=B0;L=K5 7040G8 ?> E8<88, >1JяA=яBL =01;N405<K5 
я2;5=8я  
 

�@8B5@88 >F5=:8 C<5=89 @5H0BL M:A?5@8<5=B0;L=K5 7040G8 

 

"F5=:0 «5»: 
?;0= @5H5=8я A>AB02;5= ?@028;L=>; 
?@028;L=> >ACI5AB2;5= ?>41>@ E8<8G5A:8E @50:B82>2 8 >1>@C4>20=8я; 
40=> ?>;=>5 >1JяA=5=85 8 A45;0=K 2K2>4K. 
"F5=:0 «4»: 
?;0= @5H5=8я A>AB02;5= ?@028;L=>; 
?@028;L=> >ACI5AB2;5= ?>41>@ E8<8G5A:8E @50:B82>< 8 >1>@C4>20=8я, ?@8 MB>< 4>?CI5=> 
=5 1>;55 42CE =5ACI5AB25==KE >H81>: 2 >1JяA=5=88 8 2K2>40E. 
"F5=:0 «3» 
?;0= @5H5=8я A>AB02;5= ?@028;L=>; 
?@028;L=> >ACI5AB2;5= ?>41>@ E8<8G5A:8E @50:B82>2 8 >1>@C4>20=8я, => 4>?CI5=0 
ACI5AB25==0я >H81:0 2 >1JяA=5=88 8 2K2>40E. 
"F5=:0 «2»: 
4>?CI5=K 425 (8 1>;55) >H81:8 2 ?;0=5 @5H5=8я, 2 ?>41>@5 E8<8G5A:8E @50:B82>2 8 
>1>@C4>20=8я, 2 >1JяA=5=88 8 2K2>40E. 
"F5=:0 «1 »: 
7040G0 =5 @5H5=0. 
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&8?>2K5 7040G8 ?> B5<5: 
 

&8? 1. �040G8 =0 >?@545;5=85 <0AAK 25I5AB2 2 @0AB2>@5 
�0:CN <0AAC A>;8 8 >1J5< 2>4K =5>1E>48<> 27яBL 4;я ?@83>B>2;5=8я: 
- 50 3 0,5 %-=>3> @0AB2>@0 (>B25B: 0,25 3, H2O - 49,75 <;); 
- 60 3 1 %-=>3> @0AB2>@0 (>B25B: 0,6 3, H2O - 59,4 <;); 
- 70 3 2 %-=>3> @0AB2>@0 (>B25B: 1,4 3, H2O - 68,6 <;); 
- 40 3 0,4 %-=>3> @0AB2>@0 (>B25B: 0,16 3, H2O - 39,84 <;); 
- 80 3 0,2 %-=>3> @0AB2>@0 (>B25B: 0,16 3, H2O - 79,84 <;); 
- 903 @0AB2>@0 A <0AA>2>9 4>;59 A>;8 0,001 (>B25B: 0,09 3, H2O - 89,91<;); 
- 60 3 @0AB2>@0 A <0AA>2>9 4>;59 A>;8 0,002 (>B25B: 0,12 3); 
- 50 3 @0AB2>@0 A <0AA>2>9 4>;59 A>;8 0,05 (>B25B: 0,25 3); 
- 70 3 @0AB2>@0 A <0AA>2>9 4>;59 A>;8 0,01 (>B25B: 0,7 3); 
- 120 3 10 %-=>3> @0AB2>@0 (>B25B: 12 3); 
- 90 3 @0AB2>@0 A <0AA>2>9 4>;59 A>;8 0,06 (>B25B: 5,4 3); 
- 150 3 2 %-=>3> @0AB2>@0 (>B25B: 3 3); 
- 150 3 @0AB2>@0 A <0AA>2>9 4>;59 A>;8 0,004 (>B25B: 0,6 3); 
- 200 3 @0AB2>@0 A <0AA>2>9 4>;59 A>;8 0,06 (>B25B: 12 3); 
- 140 3 @0AB2>@0 A <0AA>2>9 4>;59 A>;8 0,03 (>B25B: 4,2 3); 
 

&8? 2. �040G8 =0 >?@545;5=85 <0AAK 25I5AB2, =5>1E>48<>9 4;я ?>;CG5=8я @0AB2>@0 
=C6=>9 :>=F5=B@0F88 

�0:>9 >1J5< 2>4K =04> ?@8;8BL : 0,5 3 A0E0@0, GB>1K ?>;CG8BL 1 %-=K9 @0AB2>@? "B25B: 45,5 
<;; 
�0:>9 >1J5< 2>4K =04> ?@8;8BL : 8 3 A>;8, GB>1K ?>;CG8BL 2 %-=K9 @0AB2>@? "B25B: 392 <;; 
�0:CN <0AAC A>;8 =04> 4>1028BL : 200 <; 2>4K, GB>1K ?>;CG8BL 3 %-=K9 @0AB2>@? "B25B: 
6,2 3.; 
�0:CN <0AAC A>;8 =04> 4>1028BL : 120 <; 2>4K, GB>1K ?>;CG8BL 1 %-=K9 @0AB2>@? "B25B: 
1,21 3.; 
 

&8? 3. �040G8 =0 >?@545;5=85 <0AA>2>9 4>;8 25I5AB2 2 @0AB2>@5 
%<5H0;8 0,4 3 A>;8 8 200 <; 2>4K. �0:>20 <0AA>20я 4>;я A>;8 2 ?>;CG5==>< @0AB2>@5? 
"B25B: 0,002; 
%<5H0;8 20 3 A0E0@0 8 250 <; 2>4K. �0:>20 <0AA>20я 4>;я A0E0@0 2 ?>;CG5==>< @0AB2>@5? 
"B25B: 0,074; 

%<5H0;8 5 3 A0E0@0 8 150 <; 2>4K. :0:>20 <0AA>20я 4>;я A0E0@0 2 ?>;CG5==>< @0AB2>@5? 
"B25B: 0,032; 
%<5H0;8 2 3 A>;8 8 140 <; 2>4K. �0:>20 <0AA>20я 4>;я A>;8 2 ?>;CG5==>< @0AB2>@5? "B25B: 
0,014; 

%<5H0;8 0,5 3 A>;8 8 300 <; 2>4K. �0:>20 <0AA>20я 4>;я A>;8 2 ?>;CG5==>< @0AB2>@5? 
"B25B: 0,00166; 
%<5H0;8 384@>:A84 =0B@8я NaOH 2 :>;8G5AB25 1 <>;L A 1 ; 2>4K. �0:>20 <0AA>20я 4>;я 
384@>:A840 =0B@8я 2 ?>;CG5==>< @0AB2>@5? "B25B: 0,038; 
%<5H0;8 =8B@0B =0B@8я NaNO3 2 :>;8G5AB25 0,1 <>;L A 0,5 ; 2>4K. �0:>20 <0AA>20я 4>;я 
=8B@0B0 =0B@8я 2 ?>;CG5==>< @0AB2>@5? "B25B: 0,0167; 
 

&8? 4. �040G8 =0 >?@545;5=85 ?@>F5=B=>3> A>45@60=8я 25I5AB2 2 @0AB2>@5 
� 150 3 20 %-=>3> @0AB2>@0 A>;я=>9 :8A;>BK ?@8;8;8 200 <; 2>4K. �0:>2> ?@>F5=B=>5 
A>45@60=85 A>;я=>9 :8A;>BK 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 0,086 (8,6 %); 
� 200 3 40 %-=>3> @0AB2>@0 A5@=>9 :8A;>BK ?@8;8;8 80 <; 2>4K. �0:>2> ?@>F5=B=>5 
A>45@60=85 A5@=>9 :8A;>BK 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 0,286 (28,6 %); 



28 

 

� 90 3 6 %-=>3> @0AB2>@0 ?>20@5==>9 A>;8 ?@8;8;8 200 <; 2>4K. �0:>2> ?@>F5=B=>5 
A>45@60=85 ?>20@5==>9 A>;8 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 0,0186 (1,86 %); 
� 140 3 15 %-=>3> @0AB2>@0 A0E0@0 4>;8;8 160 <; 2>4K. �0:>2> ?@>F5=B=>5 A>45@60=85 
A0E0@0 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B:0,07(7 %); 
� 200 3 40 %-=>3> @0AB2>@0 C:ACA=>9 :8A;>BK 4>;8;8 300 <; 2>4K. �0:>2> ?@>F5=B=>5 
A>45@60=85 C:ACA=>9 :8A;>BK 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 0,16 (16 %); 
� 80 3 30 %-=>3> @0AB2>@0 I5;>G8 4>;8;8 420 <; 2>4K. �0:>2> ?@>F5=B=>5 A>45@60=85 
I5;>G8 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 0,048 (4,8 %); 
� 120 3 1 %-=>3> @0AB2>@0 A0E0@0 ?@81028;8 4 3 A0E0@0. �0:>2> ?@>F5=B=>5 A>45@60=85 
A0E0@0 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 0,042 (4,2 %); 
 

&8? 5. �040G8 A 8A?>;L7>20=85< ?>=яB8я 3 @0AB2>@8<>ABL 
�0:CN <0AAC AC;LD0B0 =0B@8я <>6=> ?>;CG8BL ?@8 2K?0@820=88 503 =0AKI5==>3> @0AB2>@0 
?@8 t 35" %, 5A;8 53> @0AB2>@8<>ABL 50 (=0 100 3 2>4K)? "B25B: 16,7 3.; 
%:>;L:> 3@0<< 2>4K =5>1E>48<> 4;я @0AB2>@5=8я 30 3 =8B@0B0 A28=F0, GB>1K ?>;CG8;Aя 
=0AKI5==K9 @0AB2>@ ?@8 t 60" % (@0AB2>@8<>ABL 53> 105)? "B25B: 28,57 3 !2".; 
�<55BAя 300 3 =0AKI5==>3> ?@8 t 15" % @0AB2>@0 =8B@0B0 :0;8я. %:>;L:> 3@0<< =8B@0B0 
:0;8я 745AL A>45@68BAя, 5A;8 53> @0AB2>@8<>ABL 25? "B25B: 60 3.; 
� 300 3 =0AKI5==>3> ?@8 t 55" % AC;LD0B0 <03=8я A>45@68BAя 100 3 AC;LD0B0 <03=8я. 
"?@545;8BL 53> @0AB2>@8<>ABL (:>MDD8F85=B @0AB2>@8<>AB8). "B25B: 50 3.; 
� 200 3 @0AB2>@0 K%lO3 ?@8 t 30" % A>45@68BAя 20 3 K%lO3. �C45B ;8 53> @0AB2>@ 
=0AKI5==K<, 5A;8 53> @0AB2>@8<>ABL ?@8 t 30" % 3 @02=0 10? "B25B: 1C45B =0AKI5==K<; 

� 100 3 2>4K ?@8 t 60" % @0AB2>@я5BAя 110 3 =8B@0B0 :0;8я, >1@07Cя =0AKI5==K9 @0AB2>@. 
�0:>20 <0AA>20я 4>;я =8B@0B0 :0;8я 2 B0:>< @0AB2>@5? "B25B: 0,524 (52,4 %); 
�0:0я <0AA0 E;>@840 10@8я 2K:@8AB0;;87C5BAя ?@8 2K?0@820=88 87 300 3 =0AKI5==>3> ?@8 t 
90" % @0AB2>@0, 5A;8 53> @0AB2>@8<>ABL 55? "B25B: 106,45 3.; 
&8? 6. �040G8 =0 >?@545;5=85 ?@>F5=B=>3> A>45@60=8я 8;8 <0AA>2>9 4>;8 25I5AB2 2 
@0AB2>@5, ?>;CG5==>< ?@8 A<5H820=88 @0AB2>@>2 @07=>9 :>=F5=B@0F88 

%<5H0;8 140 3 0,5 %-=>3> @0AB2>@0 A>;я=>9 :8A;>BK A 200 3 3 %-=>3> @0AB2>@0 A>;я=>9 
:8A;>BK. �0:>2> ?@>F5=B=>5 A>45@60=85 A>;я=>9 :8A;>BK 2> 2=>2L ?>;CG5==>< @0AB2>@5? 
"B25B: 0,0197 (1,97 %); 
%<5H0;8 50 3 5 %-=>3> @0AB2>@0 A5@=>9 :8A;>BK A 80 3 20 %-=>3> @0AB2>@0 A5@=>9 :8A;>BK. 
�0:>2> ?@>F5=B=>5 A>45@60=85 A5@=>9 :8A;>BK 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 0,142 
(14,2 %); 

%<5H0;8 70 3 10 %-=>3> @0AB2>@0 07>B=>9 :8A;>BK A 80 3 25 %-=>3> @0AB2>@0 07>B=>9 
:8A;>BK. �0:>2> ?@>F5=B=>5 A>45@60=85 07>B=>9 :8A;>BK 2> 2=>2L ?>;CG5==>< @0AB2>@5? 
"B25B: 0,18 (18 %); 
%<5H0;8 60 3 2 %-=>3> @0AB2>@0 ?>20@5==>9 A>;8 A 80 3 4 %-=>3> @0AB2>@0 ?>20@5==>9 A>;8. 
�0:>2> ?@>F5=B=>5 A>45@60=85 ?>20@5==>9 A>;8 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 
0,00314 (3,14 %); 

%<5H0;8 20 3 0,5 %-=>3> @0AB2>@0 A0E0@0 A 20 3 1 %-=>3> @0AB2>@0 A0E0@0. �0:>20 <0AA>20я 
4>;я A0E0@0 2> 2=>2L ?>;CG5==>< @0AB2>@5? "B25B: 0,0075 (0,75 %); 
�0:>20 <0AA>20я 4>;я =8B@0B0 :0;8я 2 @0AB2>@5, ?>;CG5==>< ?>A;5 A<5H820=8я 90 3 2 %-

=>3> @0AB2>@0 8 110 3 5 %-=>3> @0AB2>@0 =8B@0B0 :0;8я.  
"B25B: 0,0365 (3,65 %); 
&8? 7. �040G8 =0 <>;я@=CN :>=F5=B@0F8N 

"?@545;8BL <>;я@=CN :>=F5=B@0F8N @0AB2>@0 A5@=>9 :8A;>BK, ?>;CG5==>3> ?@8 
A<5H820=88 25 <; 10-<>;я@=>3> @0AB2>@0 A5@=>9 :8A;>BK 8 225 <; 2>4K. "B25B: 1 <>;L; 
"?@545;8BL <>;я@=CN :>=F5=B@0F8N 73,8 %-=>3> @0AB2>@0 A5@=>9 :8A;>BK, ?;>B=>ABL 
:>B>@>3> 1,655 3/<;. "B25B: 12,46 <>;L/;.; 
"?@545;8BL <>;я@=CN :>=F5=B@0F8N 56,68 %-=>3> @0AB2>@0 07>B=>9 :8A;>BK, ?;>B=>ABL 
:>B>@>3> @02=0 1,356 3/<;. "B25B: 12,2 <>;L/;.; 
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"?@545;8BL <>;я@=CN :>=F5=B@0F8N 18 %-=>3> @0AB2>@0 A>;я=>9 :8A;>BK, ?;>B=>ABL 
:>B>@>3> @02=0 1,089 3/<;. "B25B: 5,37 <>;L/;.; 
�0:>9 >1J5< 36,5 %-=>3> @0AB2>@0 A>;я=>9 :8A;>BK (?;. 1,18 3/<;) =5>1E>48<> 27яBL 4;я 
?@83>B>2;5=8я 1000 <; 0,1 <>;я@=>3> @0AB2>@0? "B25B: 8,47 <;; 
�KG8A;8B5 <>;я@=CN :>=F5=B@0F8N 10 %-=>3> @0AB2>@0 A5@=>9 :8A;>BK (?;. 1,07 3/<;). 
"B25B: 1,09 <>;L; 
"?@545;8BL <0AA>2CN 4>;N 07>B=>9 :8A;>BK 2 4,97 <>;я@=>< 55 @0AB2>@5, ?;>B=>ABL 
:>B>@>3> 1,16 3/<;. "B25B: 27 %; 

�KG8A;8B5 <>;я@=CN :>=F5=B@0F8N 16 %-=>3> @0AB2>@0 AC;LD0B0 <548 II, ?;>B=>ABLN 1,18 
3/<;. "B25B: 1,18 <>;L/;.; 
&8? 8. �040G8 =0 M;5:B@>;8B8G5A:CN 48AA>F80F8N 

�0:85 87 A;54CNI8E 684:>AB59 ?@>2>4яB M;5:B@8G5A:89 B>:: MB8;>2K9 A?8@B, 2>4=K9 
@0AB2>@ 3;N:>7K, 2>4=K9 @0AB2>@ 384@>:A840 =0B@8я, @0AB2>@ :8A;>@>40 2 2>45, 2>4=K9 
@0AB2>@ :0@1>=0B0 =0B@8я, @0A?;02 384@>:A840 :0;8я? "B25B >1JяA=8B5. 
%>AB02LB5 C@02=5=8я 48AA>F80F88 A;54CNI8E M;5:B@>;8B>2: �"!, Al(NO3)3, K3PO4, NiSO4, 

HNO3, %0("!)2, FeCl3, NaHPO4, (PbOH)NO3, (NH4)2CO3, HCOONa. 

%>AB02LB5 C@02=5=8я 48AA>F80F88 25I5AB2 (2 2>7<>6=KE A;CG0яE): NaOH, ZnO, H2S, 

Al(OH)3, BaSiO3, Cu(NO3)2, CH3OH, FePO4, AlCl3, CaSO4, CH3COOH, SiO2. 

!0948B5 2 A?@02>G=8:5 7=0G5=8я :>=AB0=B M;5:B@>;8B8G5A:>9 48AA>F80F88 4;я :8A;>B 8 
>?@545;8B5, :0:0я 87 =8E A8;L=55: a) H2CO3 8;8 H2S; 1) HNO2 8;8 CH3COOH; 2) HClO 8;8 
HIO. 

%>AB02LB5 <>;5:C;я@=K5 8 8>==K5 C@02=5=8я @50:F89 <564C 25I5AB20<8:  
"?@545;8B5 2>7<>6=>ABL ?@>B5:0=8я @50:F89 >1<5=0 <564C 2>4=K<8 @0AB2>@0<8 25I5AB2:  

0) AC;LD0B0 :0;8я 8 384@>:A840 10@8я; 
1) :0@1>=0B0 =0B@8я 8 E;>@840 :0;LF8я;  
2) =8B@0B0 <548(#) 8 AC;LD0B0 65;570(#);  
3) 384@>:A840 =0B@8я 8 A5@=>9 :8A;>BK;  
4) AC;LD8B0 :0;8я 8 07>B=>9 :8A;>BK;  
5) =8B@0B0 0;N<8=8я 8 E;>@840 :0;8я.  

%>AB02LB5 C@02=5=8я 2>7<>6=KE @50:F89 2 <>;5:C;я@=>9, ?>;=>9 8 A>:@0I5==>9 8>==KE 
D>@<0E.  
 

�@8B5@88 >F5=:8 C<5=89 @5H0BL @0AG5B=K5 7040G8 

 

"F5=:0 «5»: 
2 ;>38G5A:>< @0AAC645=88 8 @5H5=88 =5B >H81>:, 7040G0 @5H5=0 @0F8>=0;L=K< A?>A>1><. 
"F5=:0 «4»: 
2 ;>38G5A:>< @0AAC645=88 8 @5H5=88 =5B ACI5AB25==KE >H81>:, => 7040G0 @5H5=0 
=5@0F8>=0;L=K< A?>A>1>< 8;8 4>?CI5=> =5 1>;55 42CE =5ACI5AB25==KE >H81>:. 
"F5=:0 «3»: 
2 ;>38G5A:>< @0AAC645=88 =5B ACI5AB25==KE >H81>:, => 4>?CI5=0 ACI5AB25==0я >H81:0 2 
<0B5<0B8G5A:8E @0AG5B0E.  
"F5=:0 «2»: 
8<5NBAя ACI5AB25==K5 >H81:8 2 ;>38G5A:>< @0AAC645=88 8 2 @5H5=88. 
"F5=:0 «1»:  
>BACBAB285 >B25B0 =0 7040=85. 

(>=4 B5AB>2KE 7040=89 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 
%>>B=5A8B5 A?>A>1K 2K@065=8я :>=F5=B@0F89 8 548=8FK 87<5@5=8я :>=F5=B@0F89 

1. <>;я@=0я 4. % (25%) 

2. <>;я;L=0я 3. <>;L M:2/; (25%) 
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3. M:2820;5=B=0я 2. <>;L/:3(25%) 
4. ?@>F5=B=0я 1. <>;L/; (25%) 

 3/<; 
 

#@>F5=B=0я :>=F5=B@0F8я 3 MB>: 
<0AA0 25I5AB20 2 1 <; @0AB2>@0 
<>;L 25I5AB20 2 1 :3 @0AB2>@8B5;я 
<>;L 25I5AB20 2 1 ;8B@5 @0AB2>@0 
+<0AA0 25I5AB20 2 100 3 @0AB2>@0 

 

 >;я@=0я :>=F5=B@0F8я 3 MB>: 
<0AA0 25I5AB20 2 1 <; @0AB2>@0 
<>;L 25I5AB20 2 1 :3 @0AB2>@8B5;я 
+ <>;L 25I5AB20 2 1 ;8B@5 @0AB2>@0 
<0AA0 25I5AB20 2 100 3 @0AB2>@0 

 

%:>;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%? 
103 
203 
+ 53 
403 

 

 

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

 

�0:85 87 A;54CNI8E M;5:B@>;8B>2 ?@8 48AA>F80F88 >1@07CNI8E 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 

H2CO3 

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:  
%0%"3 
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+HI 

CaS2 

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 

NaCl 

HNO3 

 

Ч5<C @02=> 8>==>5 ?@>872545=85 2>4K (t = 250%)? 
10-12 

10-10 

+10-14 

10-9 

 

Ч5<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 

CaCI2 

AI(NO3)3 

BaCI2 
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#@8 :0:8E 7=0G5=8яE @! D5=>;DB0;58= >:@0H8205BAя 2 <0;8=>2K9 F25B? 
+12 

4 

7 

5 

 

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

A8=NN 

:@0A=CN 

+D8>;5B>2CN 

 

#@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 �"! (Ä = 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 

 

&01;8F0 4 
 5B>48:0 ?@>2545=8я :>=B@>;я 

#0@0<5B@K <5B>48:8 �=0G5=85 ?0@0<5B@0 
#@545; 4;8B5;L=>AB8 2A53> :>=B@>;я 15 <8=CB 
#>A;54>20B5;L=>ABL 2K1>@0 2>?@>A>2 %;CG09=0я 
#@54;0305<>5 :>;8G5AB2> 2>?@>A>2 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 2KAB02;я5BAя ABC45=BC, :>B>@K9 ?@028;L=> 2K?>;=я5B 5 B5AB>2KE 7040=89;  
- 4 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 4 B5AB>2KE 7040=8я. 
- 3 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 3 B5AB>2KE 7040=8я 

 

 

%0<>AB>яB5;L=0я @01>B0 
(�><0H=55 7040=85) 

 

§15 , C?@. 1-12 

§16 , C?@. 1-12 

 

�>?@>AK 4;я A0<>?@>25@:8 

 

1. +B> =07K205BAя ?@>F5AA>< M;5:B@>;8B8G5A:>9 48AA>F80F88, :0:85 25I5AB20 =07K20NBAя 
M;5:B@>;8B0<8? 
2. �0:85 87 ?@82545==KE 25I5AB2 =5 я2;яNBAя M;5:B@>;8B0<8: LiOH; %!3%""!;S02; 
NH4C1; H2S? 
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3. �0:>9 87 ?@82545==KE :0B8>=>2 E0@0:B5@5= 4;я 48AA>F80F88 >A=>2=>9 A>;8: "!”; Cu2+; 

%8"!+; !%03”; !+? 
4. �0:>9 87 ?@82545==KE M;5:B@>;8B>2 >B=>A8BAя : 0<D>B5@- =K<: NaOH; Mg(OH)2; 
Fe(OH)3; �1("!)3? 
5. �0:85 8>=K >1@07CNBAя ?@8 48AA>F80F88 384@>:A840 E@><0 (III) 2 :8A;>9 A@545: %33+; !+; 
"!';%.73-? 

6. � =0?@02;5=88 >1@07>20=8я :0:8E 25I5AB2 ?@>B5:0NB @50:F88 >1<5=0 2 @0AB2>@0E 
M;5:B@>;8B0? 
7. �0:0я 87 ?@82545==KE @50:F89 =5 ?@>B5:05B: 
�0%12+K2S04 ->BaS04 + �%1; 
�0(0!)2+ !%1 -> �0%12+ !20; 
Ba(NO)2 + �%1 -> �0%12+KN03? 

8. �0:0я 87 ?@82545==KE @50:F89 я2;я5BAя @50:F859 =59B@0;870F88: 
Fe(N03)3 + ��"! =Fe(OH)3 +3KN03; 

(NH4)2S +H2S04 = (NH4)2S04 + H2S; 

HN03 + NH4OH = NH4N03 + H20. 

9. !0?8H8B5 C@02=5=85 @50:F88 2 <>;5:C;я@=>9 8 8>==>9 D>@<0E <564C :0@1>=0B>< 
:0;LF8я 8 A>;я=>9 :8A;>B>9. 
10. +B> =07K205BAя 384@>;87>< A>;8? 
11. �0:85 87 ?@82545==KE A>;59 =5 384@>;87CNBAя: 
KI, Na2S, FeCl3, �0%12? 
12. +B> A;54C5B =0?8A0BL 2 ?@02>9 G0AB8 A>:@0I5==>3> 8>==>3> C@02=5=8я 384@>;870 
=8B@0B0 <548 (II) ?> ?5@2>9 ABC?5=8: 
 Cu(OH)2, HN03, !+, %8"!+? 
13. $0AB2>@ :0:>9 87 ?@82545==KE A>;59 8<55B pH > 7: 
(NH4)2S, Na3P04, AICI3, Mg(N03)2? 

14. �0:0я 87 ?@82545==KE A>;59 ?>;=>ABLN 384@>;87C5BAя: 
CHjCOONa, KCN, Cr2S3, Na2S04? 

15. +B> =07K205BAя AB5?5=LN 384@>;870 A>;8 8 >B :0:8E D0:B>@>2 >=0 7028A8B? 
16. �0:85 87 ?@82545==KE A>;59 384@>;87CNBAя ABC?5=G0B>: 
KCN, MgCl2, Na2S, NH4C1? 

17. �0:85 ?@>4C:BK ?>;CG0NBAя ?@8 384@>;875 E;>@840 0;N<8=8я ?> ?5@2>9 ABC?5=8: !%1, 
�1("!)3, �10!%12, �1("!)2%1? 
18. !0?8H8B5 C@02=5=85 @50:F88 384@>;870 =8B@0B0 <548 (�). 
19. $0A?@545;8B5 A>;8 2 B01;8F5 2 7028A8<>AB8 >B A8;K :8A;>BK 8 >A=>20=8я, ?@>4C:B>< 
2708<>459AB28я :>B>@KE >=8 я2;яNBAя: 
%8;L=>5 >A=>20=85 
8 A8;L=0я :8A;>B0 

%8;L=>5 >A=>20=85 
8 A;010я :8A;>B0 

%;01>5 >A=>20=85 8 
A8;L=0я :8A;>B0 

%;01>5 >A=>20=85 8 
A;010я :8A;>B0 

    

 

K2S, NaNO3, K2CO3, AlCl3, Pb(NO3)2, Ca(NO3)2, BaCl2, K3PO4, BaI2, ZnSO4, (NH4)2CO3, 

  

(NH4)2S, CsBr, CH3COONa, Ba(NO3)2, FeCl3, KNO2, Na2SO3, KI, Ba(NO2)2, Rb2CO3, KNO3,  

 

Na2SO4, Na3PO4, Na2SiO3, Zn(NO3)2, KCN,  Hg(NO3)2, CuCl2,(CH3COO)2Pb, SnCl2, NaBr, 

 

NH4Br, FeSO4, Cr(NO3)3, Mn(NO3)2, Cs3PO4, NH4CN, CoI2, FeCO3 

 

&5<0 1.5 )8<8G5A:85 @50:F88 

�>=B@>;8@C5<K5 :><?>=5=BK: З1 ; З2 ; В1; В2, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 
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�>=B@>;8@C5<K5 7=0=8я: ?>=яB8я: E8<8G5A:0я @50:F8я, :;0AA8D8:0F8я E8<8G5A:8E 
@50:F89, B5?;>B0 >1@07>20=8я A>548=5=8я, B5?;>2>9 MDD5:B E8<8G5A:>9 @50:F88, M=B@>?8я, 
E8<8G5A:0я :8=5B8:0. %:>@>ABL @50:F88, 3><>35==0я @50:F8я, 35B5@>35==0я @50:F8я, M=5@38я 
0:B820F88, B5<?5@0BC@=K9 :>MDD8F85=B @50:F88, �0:>= 459AB2CNI8E <0AA, :0B0;87, 
:0B0;870B>@K, E8<8G5A:>5 @02=>25A85, :>=AB0=B0 @02=>25A8я #@8=F8? �5 ,0B5;L5. 
C<5=8я: -?@>2>48BL @0AG5BK ?> E8<8G5A:8< D>@<C;0< 8 C@02=5=8я< @50:F89; 

->ACI5AB2;яBL A0<>AB>яB5;L=K9 ?>8A: E8<8G5A:>9 8=D>@<0F88 A 8A?>;L7>20=85< 
@07;8G=KE 8AB>G=8:>2 (A?@02>G=KE, =0CG=KE 8 =0CG=>-?>?C;я@=KE 8740=89, 
:><?LNB5@=KE 107 40==KE, @5AC@A>2 �=B5@=5B0); 8A?>;L7>20BL :><?LNB5@=K5 
B5E=>;>388 4;я >1@01>B:8 8 ?5@540G8 E8<8G5A:>9 8=D>@<0F88, 8 55 ?@54AB02;5=8я 2 
@07;8G=KE D>@<0E; 

-8A?>;L7>20BL ?@8>1@5B5==K5 7=0=8я 8 C<5=8я 2 ?@0:B8G5A:>9 45яB5;L=>AB8 8 
?>2A54=52=>9 687=8: 4;я ?>=8<0=8я 3;>10;L=KE ?@>1;5<, AB>яI8E ?5@54 
G5;>25G5AB2><: M:>;>38G5A:8E, M=5@35B8G5A:8E 8 AK@L52KE; >1JяA=5=8я E8<8G5A:8E 
я2;5=89, ?@>8AE>4яI8E 2 ?@8@>45, 1KBC 8 =0 ?@>872>4AB25; M:>;>38G5A:8 3@0<>B=>3> 
?>2545=8я 2 >:@C60NI59 A@545; 

 

�>?@>AK 4;я >?@>A0 
1. �;0AA8D8:0F8я E8<8G5A:8E @50:F89 2 >@30=8G5A:>9 8 =5>@30=8G5A:>9 E8<88. #>=яB85 > 
E8<8G5A:>9 @50:F88. $50:F88, 84CI85 157 87<5=5=8я :0G5AB25==>3> A>AB020 
2. %:>@>ABL E8<8G5A:8E @50:F89. #>=яB85 > A:>@>AB8 @50:F89. %:>@>ABL 3><>- 8 
35B5@>35==>9 @50:F88. -=5@38я 0:B820F88. 
3. (0:B>@K, 2;8яNI85 =0 A:>@>ABL E8<8G5A:>9 @50:F88. #@8@>40 @5038@CNI8E 25I5AB2. 
&5<?5@0BC@0 (70:>= �0=B-�>DD0). 
4. (0:B>@K, 2;8яNI85 =0 A:>@>ABL E8<8G5A:>9 @50:F88. �>=F5=B@0F8я. 
5. �0B0;870B>@K 8 :0B0;87: 3><>- 8 35B5@>35==K9, 8E <5E0=87<K. 
6. �028A8<>ABL A:>@>AB8 @50:F89 >B ?>25@E=>AB8 A>?@8:>A=>25=8я @5038@CNI8E 25I5AB2. 
7. "1@0B8<>ABL E8<8G5A:8E @50:F89 25I5AB2: 0;;>B@>?870F8я 8 87><5@870F8я. 
8. $50:F88, 84CI85 A 87<5=5=85< A>AB020 25I5AB2: ?> G8A;C 8 E0@0:B5@C @5038@CNI8E 8 
>1@07CNI8EAя 25I5AB2 (@07;>65=8я, A>548=5=8я, 70<5I5=8я, >1<5=0); 
9. $50:F88, 84CI85 A 87<5=5=85< A>AB020 25I5AB2: ?> 87<5=5=8N AB5?5=59 >:8A;5=8я 
M;5<5=B>2 (>:8A;8B5;L=>-2>AAB0=>28B5;L=K5 8 =5 >:8A;8B5;L=>-2>AAB0=>28B5;L=K5 
@50:F88);  
10. $50:F88, 84CI85 A 87<5=5=85< A>AB020 25I5AB2: ?> B5?;>2><C MDD5:BC (M:7>- 8 
M=4>B5@<8G5A:85);  
11. $50:F88, 84CI85 A 87<5=5=85< A>AB020 25I5AB2: ?> D075 (3><>- 8 35B5@>35==K5);  
12. $50:F88, 84CI85 A 87<5=5=85< A>AB020 25I5AB2: ?> =0?@02;5=8N (>1@0B8<K5 8 
=5>1@0B8<K5);  
13 $50:F88, 84CI85 A 87<5=5=85< A>AB020 25I5AB2: ?> 8A?>;L7>20=8N :0B0;870B>@0 
(:0B0;8B8G5A:85 8 =5:0B0;8B8G5A:85);  
14. $50:F88, 84CI85 A 87<5=5=85< A>AB020 25I5AB2: ?> <5E0=87<C (@048:0;L=K5, 
<>;5:C;я@=K5 8 8>==K5). 
15.  �5@>яB=>ABL ?@>B5:0=8я E8<8G5A:8E @50:F89. �=CB@5==яя M=5@38я, M=B0;L?8я.  

16. &5?;>2>9 MDD5:B E8<8G5A:8E @50:F89. &5@<>E8<8G5A:85 C@02=5=8я.  

17. %B0=40@B=0я M=B0;L?8я @50:F89 8 >1@07>20=8я 25I5AB2. �0:>= �.�. �5AA0 8 53> A;54AB28я. 
-=B@>?8я. 

18. )8<8G5A:>5 @02=>25A85. #>=яB85 > E8<8G5A:>< @02=>25A88. $02=>25A=K5 :>=F5=B@0F88.  

19. �8=0<8G=>ABL E8<8G5A:>3> @02=>25A8я. (0:B>@K, 2;8яNI85 =0 A<5I5=85 @02=>25A8я: 
:>=F5=B@0F8я, 402;5=85, B5<?5@0BC@0 (?@8=F8? �5 ,0B5;L5). 
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�@8B5@88 >F5=:8 >1I85 4;я CAB=>3> >B25B0 
"F5=:0 «5»: 

" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 

 

&8?>2K5 7040G8 

1. �>=AB0=B0 A:>@>AB8 @50:F88 A + 2� ↔ 3% @02=0 0,8. !0G0;L=K5 :>=F5=B@0F88 25I5AB2 � 
8 � @02=K A>>B25BAB25==> 2,0   8 3,0  . �KG8A;8B5 A:>@>ABL @50:F88 2 =0G0;L=K9 <><5=B 8 
:>340 :>=F5=B@0F8я 25I5AB20 � AB0;0 @02=>9 0,6  .  
2. �>=AB0=B0 A:>@>AB8 @50:F88 2 � + � ↔ 2% @02=0 0,6. !0G0;L=K5 :>=F5=B@0F88 25I5AB2 � 
8 � @02=K A>>B25BAB25==> 0,4   8 0,5  . �KG8A;8B5 A:>@>ABL @50:F88 2 =0G0;L=K9 <><5=B 8 
2 <><5=B, :>340 :>=F5=B@0F8я 25I5AB20 � C<5=LH8BAя =0 0,2  . 

3. +5@57 10 <8=CB ?>A;5 =0G0;0 @50:F88 3 � + � ↔ 2 % :>=F5=B@0F88 25I5AB2 A, � 8 % 
A>AB028;8 A>>B25BAB25==> 0,3  , 0,1   8 0,04  . �>=AB0=B0 A:>@>AB8 @50:F88 @02=0 0,5. 

�KG8A;8B5 A:>@>ABL @50:F88 2 =0G0;L=K9 <><5=B 8 G5@57 10 <8=CB ?>A;5 =0G0;0 @50:F88. 
4. �>=AB0=B0 A:>@>AB8 @50:F88 @07;>65=8я >:A840 07>B0 (I) =0 07>B 8 :8A;>@>4 @02=0 5 E 10 -4 
. �AE>4=0я :>=F5=B@0F8я >:A840 07>B0 (I) @02=0 4,0  . �KG8A;8B5 =0G0;L=CN A:>@>ABL 
@50:F88 8 55 A:>@>ABL, :>340 @07;>68BAя 40% >:A840 07>B0 (I). 
5. � 3><>35==>9 A8AB5<5 � + 2 � ↔ % @02=>25A=K5 :>=F5=B@0F88 25I5AB2 �, � 8 % @02=K 
A>>B25BAB25==> 0,05  , 0,10   8 0,20  . �KG8A;8B5 :>=AB0=BC @02=>25A8я 8 8AE>4=K5 
:>=F5=B@0F88 25I5AB2 � 8 �. 
6. �>=AB0=B0 @02=>25A8я ?@8 A8=B575 0<<80:0 87 07>B0 8 2>4>@>40, @02=0 0,1. $02=>25A=K5 
:>=F5=B@0F88 2>4>@>40 8 0<<80:0 @02=K A>>B25BAB25==> 0,6   8 0,2  . �KG8A;8B5 
=0G0;L=CN 8 @02=>25A=CN :>=F5=B@0F88 07>B0. 
7. �>=F5=B@0F88 >:A840 A5@K (IV) 8 :8A;>@>40 4> @50:F88 1K;8 A>>B25BAB25==> @02=K 0,03 
  8 0,015  . #@8 @02=>25A88 :>=F5=B@0F8я >:A840 A5@K (IV) AB0;0 @02=>9 0,01  . 
�KG8A;8B5 @02=>25A=K5 :>=F5=B@0F88 :8A;>@>40, >:A840 A5@K (VI) 8 :>=AB0=BC @02=>25A8я: 
SO2 +O2 ↔ SO3   

8. $02=>25A85 ?@>F5AA0 @07;>65=8я >:A840 07>B0 (IV) =0 >:A84 07>B0 (II) 8 :8A;>@>4 
CAB0=>28;>AL ?@8 :>=F5=B@0F8яE >:A840 07>B0 (IV), >:A840 07>B0 (II) 8 :8A;>@>40, @02=KE 
A>>B25BAB25==> 0,08  , 0,02   8 0,01  . �KG8A;8BL :>=AB0=BC @02=>25A8я 8 =0G0;L=K5 
:>=F5=B@0F88 8AE>4=KE 25I5AB2. 
9. �>=AB0=B0 @02=>25A8я 3><>35==>9 A8AB5<K �� ↔ � + � @02=0 0,06. $02=>25A=0я 
:>=F5=B@0F8я 25I5AB20 � @02=0 0,03  . !09B8 =0G0;L=CN :>=F5=B@0F8N 25I5AB20 ��. 
�0:0я 4>;я MB>3> 25I5AB20 @07;>68;0AL : <><5=BC CAB0=>2;5=8я @02=>25A8я? 
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10. $02=>25A85 2 A8AB5<5 � + � ↔ 2 �� CAB0=>28;>AL ?@8 :>=F5=B@0F8яE 25I5AB2 �, � 8 ��, 
@02=KE A>>B25BAB25==>, 0,04  , 0,02   8 0,06  . �KG8A;8B5 :>=AB0=BC @02=>25A8я 8 
=0G0;L=K5 :>=F5=B@0F88 8AE>4=KE 25I5AB2. 
11. � 3><>35==>9 A8AB5<5 � + � ↔ 2% @02=>25A=K5 :>=F5=B@0F88 25I5AB2 �, � 8 % @02=K 
A>>B25BAB25==> 0,12  , 0,12   8 0,06  . �KG8A;8B5 :>=AB0=BC @02=>25A8я 8 =0G0;L=K5 
:>=F5=B@0F88 25I5AB2 � 8 �. 

�@8B5@88 >F5=:8 >1I85 4;я C<5=8я @5H0BL @0AG5B=K5 7040G8 ?> 2A5< B5<0< 
48AF8?;8=K. 

5 10;;>2: 
2;045=85< :C;LBC@>9 <KH;5=8я; A?>A>1=>ABLN : >1>1I5=8N, 0=0;87C, :@8B8G5A:><C 
>A<KA;5=8N, A8AB5<0B870F88, ?>AB0=>2:5 F5;59 8 2K1>@C ?CB59 8E 4>AB865=8я, 2 
;>38G5A:>< @0AAC645=88 8 @5H5=88 =5B >H81>:, 7040G0 @5H5=0 @0F8>=0;L=K< A?>A>1><. 
4 10;;0: 
2 ;>38G5A:>< @0AAC645=88 8 @5H5=88 =5B ACI5AB25==KE >H81>:, => 7040G0 @5H5=0 
=5@0F8>=0;L=K< A?>A>1>< 8;8 4>?CI5=> =5 1>;55 42CE =5ACI5AB25==KE >H81>:. 
3 10;;0: 
2 ;>38G5A:>< @0AAC645=88 =5B ACI5AB25==KE >H81>:, => 4>?CI5=0 ACI5AB25==0я  
2 10;;0: 
8<5NBAя ACI5AB25==K5 >H81:8 2 ;>38G5A:>< @0AAC645=88 8 2 @5H5=88. 
1 10;;: 

>BACBAB285 >B25B0 =0 7040=85. 
 

 

%0<>AB>яB5;L=0я @01>B0 
(�><0H=55 7040=85) 

                                               §11 , C?@. 1-7 

                                               §12 , C?@. 1-8 

                                               §13 , C?@. 1-10 

                                               §11 , C?@. 1-8 

 

 

(>=4 B5AB>2KE 7040=89 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 
%B0=40@B=K< A>AB>я=85< 25I5AB20 я2;я5BAя: 
@0AB2>@5==>5 25I5AB2> A :>=F5=B@0F859 1 <>;L/ ; ?@8 0° % 8 1 0B<. 
G8AB>5 25I5AB2> ?@8 0°% 8 1 0B<  
@0AB2>@5==>5 25I5AB2> A :>=F5=B@0F859 1 <>;L/ :3 ?@8 
25°% 8 1 0B< 

+G8AB>5 25I5AB2> ?@8 25 ° % 8 1 0B< 

 

$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: 

2=CB@5==59 M=5@3859 A8AB5<K 

M=B0;L?859 @07;>65=8я 25I5AB20 
+B5?;>2K< MDD5:B>< E8<8G5A:>9 @50:F88 

87<5=5=85< M=B0;L?88 E8<8G5A:>9 @50:F88 

 

%8AB5<0 =07K205BAя 3><>35==>9, 5A;8: 

2A5 25I5AB20 =0E>4яBAя 2 >48=0:>2>< 03@530B=>< A>AB>я=88; 
2A5 25I5AB20 =0E>4яBAя 2 @07;8G=KE 03@530B=KE A>AB>я=8яE; 
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>=0 A>AB>8B 87 G0AB8F @07;8G=KE 25I5AB2, @07;8G=>3> 
03@530B=>3> A>AB>я=8я, @02=><5@=> @0A?@545;5==KE >B=>A8B5;L=> 4@C3 4@C30; 
+>=0 >4=>@>4=0 2> 2A5E A2>8E B>G:0E ?> E8<8G5A:><C A>AB02C 8 A2>9AB20< 8 =5 A>45@68B 
3@0=8FK @0745;0  

 

�;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 

B0я=8я ;L40 
?;02;5=8я 65;570  
+:@8AB0;;870F88 2>4K 

:8?5=8я 2>4K 

 

�028A8<>ABL A:>@>AB8 E8<8G5A:>9 @50:F88 >B :>=F5=B@0F88 @5038@CNI8E 25I5AB2 
CAB0=02;8205B: 
+70:>= 459AB2CNI8E <0AA 4;я 3><>35==KE @50:F89  
?@028;> �0=B- �>DD0 
70:>= @07102;5=8я "AB20;L40 
C@02=5=85 �811A0  

 

�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: 
?>@я4:>< @50:F88  
+A:>@>ABLN @50:F88  
<5E0=87<>< @50:F88  
M=5@3859 @50:F88  

 

%:>@>ABL :0:8E E8<8G5A:8E @50:F89 C25;8G8205BAя A @>AB>< B5<?5@0BC@K: 

;N1KE 
=8:0:8E 
M:7>B5@<8G5A:8E 
+M=4>B5@<8G5A:8E 

 

'25;8G5=85 A:>@>AB8 E8<8G5A:>9 @50:F88 ?@8 ?>2KH5=88 B5<?5@0BC@K >1JяA=я5BAя: 
C<5=LH5=85< G8A;0 AB>;:=>25=89 <564C <>;5:C;0<8  
C25;8G5=85< ?>B5=F80;L=>9 M=5@388 <>;5:C;  
+C25;8G5=85< G8A;0 0:B82=KE <>;5:C;  
C<5=LH5=85< M=5@388 0:B820F88  

 

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

C<5=LH8BAя 2 2 @070 
C25;8G8BAя 2 4 @070 
+C<5=LH8BAя 2 8 @07  
C25;8G8BAя 2 2 @070 

 

 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)  



38 

 

 

%:>@>ABL E8<8G5A:>9 @50:F88 я2;я5BAя 2KA>:>9, 5A;8:  
M=5@38я 0:B820F88 2KA>:0я 
M=5@38я 0:B820F88 @02=0 0  
+M=5@38я 0:B820F88 =87:0я   
M=5@38я 0:B820F88 A@54=яя 

 

#@8 C25;8G5=88 B5<?5@0BC@K =0 40 °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 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: 
2 5 @07  
+2 25 @07 
2 10 @07  
2 125 @07  

 

�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:  
2 2 @070 
+2 8 @07 
2 16 @07 
2 32 @070 

 

%:>@>ABL ?@я<>9 @50:F88 CO2 ( 3 ) + C(3@0D8B ) = 2CO(3 ) ?@8 ?>2KH5=88 402;5=8я 2 4 
@070 2>7@0AB5B: 
2 4 @070 
2 8 @07  
+2 16 @07 
2 32 @070 

 

ВO59D<F9 B8<A CD46<?PAO= 64D<4AF BF69F4 < A4:@<F9 >ABC>G «Д4?99» 

 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=: 
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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: 
B> A:>@>AB8 ?@я<>9 8 >1@0B=>9 @50:F89 >AB0=CBAя @02=K<8; 
+A:>@>ABL ?@я<>9 @50:F88 AB0=5B 1>;LH5 A:>@>AB8 >1@0B=>9 @50:F88; 
A:>@>ABL ?@я<>9 @50:F88 AB0=5B <5=LH5 A:>@>AB8 >1@0B=>9 @50:F88; 
@02=>25A85 =5 A<5AB8BAя  

 

� 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 : 
4>102;5=85 :8A;>@>40  
+4>102;5=85 E;>@0  
22545=85 :0B0;870B>@0 
?>=865=85 402;5=8я 
 

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

�@ = [CO2 ] [CaO]/ [CaCO3] 

�@ = [CO2 ] / [CaCO3] 

+�@ = 1/[CO2] 

�@ = [CaO]/ [CaCO3] 

 

�>=AB0=B0 E8<8G5A:>3> @02=>25A8я ?>:07K205B: 
+A>>B=>H5=85 <>;я@=KE :>=F5=B@0F89 ?@>4C:B>2 @50:F88 8 8AE>4=KE 25I5AB2 2 A>AB>я=88 
E8<8G5A:>3> @02=>25A8я;  
2> A:>;L:> @07 <>;я@=K5 :>=F5=B@0F88 8AE>4=KE 25I5AB2 1>;LH5 :>=F5=B@0F89 ?@>4C:B>2 
@50:F88;  
A>>B=>H5=85 A:>@>AB59 ?@я<>9 8 >1@0B=>9 @50:F89;  
A>>B=>H5=85 M=5@389 0:B820F88 ?@я<>9 8 >1@0B=>9 @50:F89 

 

� 2K@065=85 :>=AB0=BK @02=>25A8я @50:F88 =5 2E>4яB :>=F5=B@0F88 
2708<>459AB2CNI8E: 
307>>1@07=KE 25I5AB2 
684:8E 25I5AB2 
+ B25@4KE 25I5AB2 
@0AB2>@5==KE 25I5AB2 
 

$02=>25A85 @50:F88 %"2( 3 ) + C(3@0D8B ) ↔ 2%"(3 ) ?@8 ?>2KH5=88 402;5=8я: 
=5 A<5AB8BAя   
A<5AB8BAя 2 AB>@>=C :>=5G=KE ?@>4C:B>2 
+A<5AB8BAя 2 AB>@>=C 8AE>4=KE 25I5AB2 
87<5=8BAя ;8=59=>  
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&01;8F0 5 
 5B>48:0 ?@>2545=8я :>=B@>;я 

#0@0<5B@K <5B>48:8 �=0G5=85 ?0@0<5B@0 
#@545; 4;8B5;L=>AB8 2A53> :>=B@>;я 15 <8=CB 
#>A;54>20B5;L=>ABL 2K1>@0 2>?@>A>2 %;CG09=0я 
#@54;0305<>5 :>;8G5AB2> 2>?@>A>2 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 2KAB02;я5BAя ABC45=BC, :>B>@K9 ?@028;L=> 2K?>;=я5B 5 B5AB>2KE 7040=89;  
- 4 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 4 B5AB>2KE 7040=8я. 
- 3 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 3 B5AB>2KE 7040=8я 
- 2 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 2 B5AB>2KE 7040=8я 
- 1 10;; 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 1 B5AB>2>5 7040=85 

 

&5<0 1.6. «�5I5AB20 8 8E A2>9AB20» 
�BAFDB?иDG9@O9 >B@CBA9AFO: О� 01, О� 02, О� 04, О� 07 

З1 ; З2 ; В1; В2, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

�>=B@>;8@C5<K5 7=0=8я: :;0AA8D8:0F8я =5>@30=8G5A:8E A>548=5=89, 
>B;8G8B5;L=K5 >A>15==>AB8 25I5AB2 @07=KE :;0AA>2, A?>A>1K ?>;CG5=8я 25I5AB2 @07=KE 
:;0AA>2;  

C<5=8я: AB@>8BL D>@<C;K 25I5AB2 @07=KE :;0AA>2 ?> =0720=8я<, =07K20BL 25I5AB20 
@07=KE :;0AA>2 ?> ?@82545==>9 D>@<C;5, A>AB02;яBL C@02=5=8я @50:F89, A ?><>ILN 
:>B>@KE <>6=> ?>;CG8BL B> 8;8 8=>5 25I5AB2>, 2Kя2;яBL 8 CAB0=02;820BL 35=5B8G5A:CN 
A2я7L <564C :;0AA0<8 >@30=8G5A:8E 8 =5>@30=8G5A:8E A>548=5=89. 

 

�>?@>AK 4;я >?@>A0 
 

1. �;0AA8D8:0F8я =5>@30=8G5A:8E 25I5AB2. #@>ABK5 8 A;>6=K5 25I5AB20. 
2. ":A84K, 8E :;0AA8D8:0F8я. 
3. �84@>:A84K (>A=>20=8я, :8A;>@>4A>45@60I85 :8A;>BK, 0<D>B5@=K5 384@>:A84K). 
4. �8A;>BK, 8E :;0AA8D8:0F8я. 
5. "A=>20=8я, 8E :;0AA8D8:0F8я. 
6. %>;8 A@54=85, :8A;K5, >A=ó2=K5 8 :><?;5:A=K5. 

7.  5B0;;K. #>;>65=85 <5B0;;>2 2 #5@8>48G5A:>9 A8AB5<5 8 >A>15==>AB8 AB@>5=8я 8E 
0B><>2. #@>ABK5 25I5AB20 3 <5B0;;K: AB@>5=85 :@8AB0;;>2 8 <5B0;;8G5A:0я E8<8G5A:0я 
A2я7L. 

8. "1I85 D878G5A:85 A2>9AB20 <5B0;;>2 8 8E 2>AAB0=>28B5;L=K5 A2>9AB20: 2708<>459AB285 A 
=5<5B0;;0<8 (:8A;>@>4><, 30;>35=0<8, A5@>9, 07>B><, 2>4>@>4><), 2>4>9, :8A;>B0<8, 
@0AB2>@0<8 A>;59, >@30=8G5A:8<8 25I5AB20<8 (A?8@B0<8, 30;>35=0;:0=0<8, D5=>;><, 
:8A;>B0<8), A> I5;>G0<8. 

9. ":A84K 8 384@>:A84K <5B0;;>2. �028A8<>ABL A2>9AB2 MB8E A>548=5=89 >B AB5?5=59 
>:8A;5=8я <5B0;;>2. 

10. �=0G5=85 <5B0;;>2 2 ?@8@>45 8 687=8 >@30=87<>2. 

11. �>@@>78я <5B0;;>2. #>=яB85 :>@@>788. )8<8G5A:0я :>@@>78я. -;5:B@>E8<8G5A:0я 
:>@@>78я. %?>A>1K 70I8BK <5B0;;>2 >B :>@@>788. 

12. "1I85 A?>A>1K ?>;CG5=8я <5B0;;>2.  5B0;;K 2 ?@8@>45.  5B0;;C@38я 8 55 284K: ?8@>-, 
384@>- 8 M;5:B@><5B0;;C@38я. -;5:B@>;87 @0A?;02>2 8 @0AB2>@>2 A>548=5=89 <5B0;;>2 8 53> 
?@0:B8G5A:>5 7=0G5=85. 
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13. !5<5B0;;K. #>;>65=85 =5<5B0;;>2 2 ?5@8>48G5A:>9 A8AB5<5, >A>15==>AB8 AB@>5=8я 8E 
0B><>2. -;5:B@>>B@8F0B5;L=>ABL. 

14. �;03>@>4=K5 307K. -;5:B@>==>5 AB@>5=85 0B><>2 1;03>@>4=KE 307>2 8 >A>15==>AB8 8E 
E8<8G5A:8E 8 D878G5A:8E A2>9AB2. 
15. !5<5B0;;K 3 ?@>ABK5 25I5AB20. �B><=>5 8 <>;5:C;я@=>5 8E AB@>5=85. �;;>B@>?8я. 

16. )8<8G5A:85 A2>9AB20 =5<5B0;;>2. ":8A;8B5;L=K5 A2>9AB20: 2708<>459AB285 A 
<5B0;;0<8, 2>4>@>4><, <5=55 M;5:B@>>B@8F0B5;L=K<8 =5<5B0;;0<8, =5:>B>@K<8 A;>6=K<8 
25I5AB20<8. 
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+) 4 CaO; ' 4 HCI 
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1. !0?8H8B5 AB@C:BC@=K5 D>@<C;K 87><5@>2 35?B0=0 (8) 8 =07>28B5 8E. 
 

2. !0?8H8B5 AB@C:BC@=K5 D>@<C;K 25I5AB2 ?> 8E =0720=8я<: 
 

 0) 2,4 4 48<5B8;=>=0=; 
 

 1)2- <5B8; - 4 MB8;35?B0=;  
 

 2) 2- MB8;35:A0=. 
 

 3. !07>28B5 ?> A8AB5<0B8G5A:>9 =><5=:;0BC@5 25I5AB20, D>@<C;K :>B>@KE 
?@82545=K =865. 

 

0) (!3%)2 3 %! 3 %!2 3 %!2- %! 3 (%!3)2 

 

1) !3% 3 %! 3 %! = % 3 %!3 

               ' 

              %!3 

 

4. %B@>5=85 0B><0 C3;5@>40: 2B>@>5 20;5=B=>5 A>AB>я=85 C3;5@>40. 
 

5. !0948B5 <>;5:C;я@=CN D>@<C;C C3;52>4>@>40, <0AA>20я 4>;я 
C3;5@>40 2 :>B>@>< A>AB02;я5B 81,8%, "B=>A8B5;L=0я ?;>B=>ABL 
25I5AB20 ?> 07>BC @02=0 1,57. 
II 20@80=B. 

 

1. !0?8H8B5 AB@C:BC@=K5 D>@<C;K 87><5@>2 >:0?0=0 8 =07>28B5 8E. 

 

2.!0?8H8B5 AB@C:BC@=K5 D>@<C;K 25I5AB2 ?> 8E =0720=8я<: 
 

0) 2,2,3 4 B@8<5B8;35:A0=; 
 

1)3 4 <5B8; 4 5MB8;45:0=; 
 

2)3 4 MB8;35?B0=. 
 

3. !07>28B5 ?> A8AB5<0B8G5A:>9 =><5=:;0BC@5 25I5AB20, D>@<C;K 

:>B>@KE ?@82545=K =865. 
 

0) !3% 3 % = %  3 %!3 

                '    ' 

                %!3 %!2 

                                   ' 

                                   %!3 

 

 

         1)     !3% - %! 3 %! 2- %!3 

                      ' 

                      %!3 

 

4. %B@>5=85 0B><0 C3;5@>40: ?5@2>5 20;5=B=>5 A>AB>я=85 C3;5@>40. 
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5. !0948B5 <>;5:C;я@=CN D>@<C;C C3;52>4>@>40, <0AA>20я 4>;я 2>4>@>40 2 :>B>@>< 
A>AB02;я5B 15,79%. "B=>A8B5;L=0я ?;>B=>ABL ?0@>2 MB>3> 25I5AB20 ?> 2>74CEC A>AB02;я5B 
3,93. 

 

�@8B5@88 >F5=:8 ?8AL<5==>9 :>=B@>;L=>9 @01>BK 

 

"F5=:0 «5»: 
">B25B ?>;=K9 8 ?@028;L=K9, 2>7<>6=0 =5ACI5AB25==0я >H81:0. 

"F5=:0 «4»: 
">B25B =5?>;=K9 8;8 4>?CI5=> =5 1>;55 42CE =5ACI5AB25==KE >H81>:. 

"F5=:0 «3»: 
"@01>B0 2K?>;=5=0 =5 <5=55 G5< =0?>;>28=C, 4>?CI5=0 >4=0 ACI5AB25==0я >H81:0 8 
?@8 MB>< 425-B@8 =5ACI5AB25==K5. 

"F5=:0 «2»: 
"@01>B0 2K?>;=5=0 <5=LH5 G5< =0?>;>28=C 8;8 A>45@68B =5A:>;L:> ACI5AB25==KE 
>H81>:. 

"F5=:0 «1»: 
"@01>B0 =5 2K?>;=5=0. 

 

 

%0<>AB>яB5;L=0я @01>B0 
(�><0H=55 7040=85) 

 

                                              §5, C?@.1-5 

                                              §6, C?@.1-2 

                                              §7, C?@.1-7 

 

�;0AA8D8:0F8я @50:F89 2 >@30=8G5A:>9 E8<88 

 

�>=B@>;8@C5<K5 7=0=8я: >A=>2=K5 B8?K @50:F89 2 >@30=8G5A:>9 E8<88; 
C<5=8я: ->?@545;яBL: B8?K @50:F89 2 >@30=8G5A:>9 E8<88; 

 

�>?@>AK 4;я >?@>A0 
1. �>?>;=8B5 D@07C: «)8<8G5A:0я @50:F8я, C@02=5=85 :>B>@>9 %!3 3 %!3  %!2=%!2 + !2 

я2;я5BAя @50:F859 &». 
2. !0?8H8B5 C@02=5=85 @50:F88 >BI5?;5=8я (M;8<8=8@>20=8я). ':068B5 CA;>28я 55 
>ACI5AB2;5=8я. !07>28B5 8AE>4=K5 25I5AB20 8 ?@>4C:BK @50:F88. 
3. !0?8H8B5 C@02=5=85 @50:F88 384@8@>20=8я MB8;5=0 8 C:068B5 CA;>28я 55 >ACI5AB2;5=8я. 
4. !0?8H8B5 C@02=5=85 @50:F88 ?>;CG5=8я <5B8;?@>?0=0 87 1CB0=0. �09B5 E0@0:B5@8AB8:C 
MB>9 @50:F88 ?> 2A5< 87CG5==K< :;0AA8D8:0F8>==K< ?@87=0:0<. 
5. "?@545;8B5 B8? @07@K20 A2я78 2 @50:F8яE (3><>;8B8G5A:89 8;8 35B5@>;8B8G5A:89): 

 Br2 → 2Br 
%!3%""! →%!3%""- + !+  

%!3-%!Br-%!3→?%!3-%!+-%!3 + :�r- 
6. "?@545;8B5 B8? :064>9 @50:F88 2 F5?>G:5 ?@52@0I5=89, =07>28B5 2A5 25I5AB20: 

%!3-%!"!-%!3→ %!2=%!-%!3 →%!3-%!Br-%!3 → %!3- %!"!-%!3 

�@8B5@88 >F5=:8 >?@>A0 
"F5=:0 «5»: 

" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
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" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 

 

(>=4 B5AB>2KE 7040=89 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 

 

�0:85 B8?K @50:F89 =5 E0@0:B5@=K 4;я >@30=8G5A:>9 E8<88: 
 

70<5I5=8я  
+A>548=5=8я  
>BI5?;5=8я  
?@8A>548=5=8я  
87><5@870F88  
?>;8<5@870F88 
 

$50:F8я 45384@>1@><8@>20=8я >B=>A8BAя : @50:F8я<: 
70<5I5=8я  
+>BI5?;5=8я  
?@8A>548=5=8я  
87><5@870F88  
 

�708<>459AB285 <5B0=0 A E;>@>< >B=>A8BAя : @50:F8я<: 
+70<5I5=8я  
>BI5?;5=8я  
?@8A>548=5=8я  
87><5@870F88  
!0?8H8B5 40==CN @50:F8N 8 >?@545;8B5 2 =59 AC1AB@0B 8 @5035=B. 
 

�0:0я G0AB8F0 =C:;5>D8;L=0я?  
!+ 

+"!-  

�+  
%!3. 

 

�;:5=K =5 <>3CB 2ABC?0BL 2 @50:F88: 

 +70<5I5=8я   

 3>@5=8я   
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?>;8<5@870F88   

?@8A>548=5=8я 
 

�708<>459AB285 <5B0=0 A E;>@>< 3 MB> @50:F8я: 
+30;>35=8@>20=8я  

384@0B0F88  

384@8@>20=8я   

45384@8@>20=8я 
 

#@>4C:B>< @50:F88 384@8@>20=8я MB5=0 (MB8;5=0) я2;я5BAя: 
1CB0=  

+MB0=   

?@>?0=  

MB8= (0F5B8;5=) 
 

$50:F8я 45384@0B0F88 E0@0:B5@=0 4;я 25I5AB20, D>@<C;0 :>B>@>3>: 
%3!6  

+%2!5"!  

%3!8  

%!3%"! 

 

#@>4C:B>< @50:F88 ?@>?5=0 A 1@><>2>4>@>4>< я2;я5BAя: 
1-1@><?@>?0=  

+2-1@><?@>?0=  

1,2-481@><?@>?0=  

1,2,3-B@81@><?@>?0= 

 

(>@<C;0 A>548=5=8я, 2 :>B>@>< 0B>< 2>4>@>40 384@>:A>3@C??K -"! =081>;55 
?>42865=: 
+%!3%""!   

%!2F%""!  

%!2Br%""!   

%!2Cl%""! 

 

$50:F88 384@8@>20=8я A>>B25BAB2C5B AE5<0: 
& +H2O→C2!5"!  

+&+!2→%3!8  

 &→%2!4+!2  

&→%2!4+!2" 

 

�52>9 G0AB8 C@02=5=8я %3!7"!  A>>B25BAB2C5B ?@020я G0ABL: 
+%3!6+!2"    

3%"2+2!2"  

%2!4+!2"    

%"2+2!2" 

 

� AE5<5 ?@52@0I5=89 %2!2  )  Y D>@<C;K 25I5AB2 ) 8 Y A>>B25BAB25==>: 
C2H4 8 %2!5"!  

%2!4 8 %2!6  

+%2!6 8 C2H5Cl   

%2!4 8 C2H4Cl2 



58 

 

 

#@>?0= 2ABC?05B 2 @50:F8N A 25I5AB2><, D>@<C;0 :>B>@>3>: 
+Br2    

HBr    

H2O    

HCl 

 

#@8<5@ @50:F88 70<5I5=8я : 
+%2 !6 + %l2 →&  
%2 !4 + [O] +  !2O  →&  
%2 !4  + H%l  →&  
%2 !4  + H2" →&  

&01;8F0 9 
 5B>48:0 ?@>2545=8я :>=B@>;я 

#0@0<5B@K <5B>48:8 �=0G5=85 ?0@0<5B@0 
#@545; 4;8B5;L=>AB8 2A53> :>=B@>;я 15 <8=CB 
#>A;54>20B5;L=>ABL 2K1>@0 2>?@>A>2 %;CG09=0я 
#@54;0305<>5 :>;8G5AB2> 2>?@>A>2 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 2KAB02;я5BAя ABC45=BC, :>B>@K9 ?@028;L=> 2K?>;=я5B 5 B5AB>2KE 7040=89;  
- 4 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 4 B5AB>2KE 7040=8я. 
- 3 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 3 B5AB>2KE 7040=8я 

 

 

&5<0 2.4. #@545;L=K5 C3;52>4>@>4K 

�>=B@>;8@C5<K5 :><?>=5=BK: О� 01, О� 02, О� 04, О� 07 

У1 ; В2; В3, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

�>=B@>;8@C5<K5 7=0=8я: >?@545;5=85, :;0AA8D8:0F8N, =><5=:;0BC@C, A2>9AB20, 
A?>A>1K ?>;CG5=8я 8 ?@8<5=5=85 ?@545;L=KE C3;52>4>@>4>2; 

C<5=8я: ->1JяA=яBL: @50:F8>==>9 A?>A>1=>AB8 >@30=8G5A:8E A>548=5=89 >B 
AB@>5=8я 8E <>;5:C;; 2K?>;=яBL E8<8G5A:89 M:A?5@8<5=B ?> @0A?>7=020=8N 206=59H8E 
>@30=8G5A:8E 25I5AB2, ?>;CG5=8N :>=:@5B=KE 25I5AB2, >B=>AяI8EAя : 87CG5==K< 
:;0AA0< A>548=5=89; 

 

�>?@>AK 4;я >?@>A0 
1. �09B5 >?@545;5=85 0;:0=>2. �0:>20 8E >1I0я D>@<C;0? 
2. #@82548B5 3><>;>38G5A:89 @я4 87 10 ?@54AB028B5;59 :;0AA0. !07>28B5 A>548=5=8я 

?> <564C=0@>4=>9 =><5=:;0BC@5. 
3. �A?><=8B5 >A=>2=K5 ?@028;0 =><5=:;0BC@K 4;я 0;:0=>2. 
4. �0:>9 284 87><5@88 E0@0:B5@5= 4;я 0;:0=>2. !0?8H8B5 D>@<C;K 2A5E 87><5@>2 

4;я A>548=5=8я: !3% 3 %!2 3 CH23 %!2 3 %!23%!3. !07>28B5 A>548=5=8я ?> <564C=0@>4=>9 
=><5=:;0BC@5. 

5. #5@5G8A;8B5 >A=>2=K5 A?>A>1K ?>;CG5=8я 0;:0=>2. !0?8H8B5 C@02=5=8я 
E8<8G5A:8E @50:F89. 

6. #5@5G8A;8B5 >A=>2=K5 E8<8G5A:85 A2>9AB20 0;:0=>2. !0?8H8B5 C@02=5=8я 
E8<8G5A:8E @50:F89. 

7. $0AA:068B5 > ?@8<5=5=88 0;:0=>2. 
 

�@8B5@88 >F5=:8 >1I85 4;я CAB=>3> >B25B0 
"F5=:0 «5»: 
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" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 

 

#@0:B8G5A:0я @01>B0  
�0G5AB25==K9 0=0;87 >@30=8G5A:8E A>548=5=89  

 

*5;L: >A2>8BL :0G5AB25==K9 0=0;87 >@30=8G5A:8E A>548=5=89  
 

#@>G8B09B5 8=AB@C:F8N ?> 2K?>;=5=8N >?KB0 (AB@. 283 ) 
�A?><=8B5 ?@028;0 &� ?@8 @01>B5 A 684:>ABя<8.  
�K?>;=8B5 >?KBK 

%45;09B5 2K2>4 
"D>@<8B5 >BG5B 2 ;01>@0B>@=>9 B5B@048 

 

%>45@60=85 >BG5B0: 
?>@я4:>2K9 =><5@ ?@0:B8G5A:>9 @01>BK, 55 =0720=85;  
F5;L @01>BK;  
7040=85;  
:@0B:>5 B5>@5B8G5A:>5 22545=85 : 40==>9 @01>B5;  
=0720=85 >?KB>2;  
>D>@<;5=85 @57C;LB0B>2 >?KB>2 2 A>>B25BAB288 A ?@54Jя2;я5<K<8 B@51>20=8я<8.  
�0I8B0 ?@0:B8G5A:>9 @01>BK >ACI5AB2;я5BAя =0 70=яB88, A;54CNI5< ?>A;5 55 2K?>;=5=8я. 
#@8 70I8B5 >1CG0NI89Aя 4>;65= ?@54AB028BL >BG5B, A>AB02;5==K9 ?> ?@54;>65==>9 2KH5 
AE5<5, ?>яA=8BL 2A5 ?@82545==K5 @0AG5BK 8 2K2>4K. 
 

�@8B5@88 >F5=:0 ?@0:B8G5A:>9 @01>BK 

 

5 10;;>2: 
@01>B0 2K?>;=5=0 ?>;=>ABLN 8 ?@028;L=>, A45;0=K ?@028;L=K5 =01;N45=8я 8 2K2>4K; 
M:A?5@8<5=B >ACI5AB2;5= ?> ?;0=C A CG5B>< B5E=8:8 157>?0A=>AB8 8 ?@028; @01>BK A 
25I5AB20<8 8 >1>@C4>20=85<; 
?@>я2;5=K >@30=870F8>==>-B@C4>2K5 C<5=8я (?>445@6820NBAя G8AB>B0 @01>G53> <5AB0 8 
?>@я4>: =0 AB>;5, M:>=><=> 8A?>;L7CNBAя @50:B82K). 
4 10;;0: 
@01>B0 2K?>;=5=0 ?@028;L=>, A45;0=K ?@028;L=K5 =01;N45=8я 8 2K2>4K, => ?@8 MB>< 
M:A?5@8<5=B ?@>2545= =5 ?>;=>ABLN 8;8 4>?CI5=K =5ACI5AB25==K5 >H81:8 2 @01>B5 A 
25I5AB20<8 8 >1>@C4>20=85< 
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3 10;;0: 
@01>B0 2K?>;=5=0 ?@028;L=> =5 <5=55 G5< =0?>;>28=C 8;8 4>?CI5=0 ACI5AB25==0я >H81:0 
2 E>45 M:A?5@8<5=B0, 2 >1JяA=5=88, 2 >D>@<;5=88 @01>BK, 2 A>1;N45=88 ?@028; B5E=8:8 
157>?0A=>AB8 ?@8 @01>B5 A 25I5AB20<8 8 >1>@C4>20=85<, :>B>@0я 8A?@02;я5BAя ?> 
B@51>20=8N CG8B5;я. 
2 10;;0: 
4>?CI5=K 425 (8 1>;55) ACI5AB25==K5 >H81:8 2 E>45 M:A?5@8<5=B0, 2 >1JяA=5=88, 2 
>D>@<;5=88 @01>BK, 2 A>1;N45=88 ?@028; B5E=8:8 157>?0A=>AB8 ?@8 @01>B5 A 25I5AB20<8 8 
>1>@C4>20=85<, :>B>@K5 CG0I89Aя =5 <>65B 8A?@028BL 4065 ?> B@51>20=8N CG8B5;я. 
1 10;;: 
@01>B0 =5 2K?>;=5=0, C CG0I53>Aя >BACBAB2CNB M:A?5@8<5=B0;L=K5 C<5=8я. 
 

(>=4 B5AB>2KE 7040=89 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<5: 
ВO59DиF9 B8иA CD46и?PAOх 64Dи4AF: 
 

#5@2K9 ?@54AB028B5;L @я40 0;:0=>2 =07K205BAя: 
1CB0=;  
?@>?0=;  
>:B0=;  
+<5B0=. 
 

"1I0я D>@<C;0 0;:0=>2: 
%nH2n;    

+%nH2n+2;    

%nH2n32;    

%nHn. 

•  

�B><K C3;5@>40 2 0;:0=0E =0E>4яBAя 2 A>AB>я=88: 
sD-381@84870F88; 
pD-381@84870F88; 
+sD3-381@84870F88; 
2 =5381@84=>< A>AB>я=88. 

 

�0;5=B=K9 C3>; 2 0;:0=0E @025=: 
+109°28';  
180°;  
90°; 
270°. 
 

 >;5:C;0 <5B0=0 8<55B AB@>5=85: 
>:B0M4@8G5A:>5;  
?;>A:>AB=>5;  
+B5B@0M4@8G5A:>5;  
35:A03>=0;L=>5. 

 

�064K9 ?>A;54CNI89 ?@54AB028B5;L 3><>;>38G5A:>3> @я40 >@30=8G5A:8E A>548=5=89 
>B;8G05BAя >B ?@54K4CI53> =0 3><>;>38G5A:CN @07=>ABL, @02=CN: 
%!; 
%!3; 

%!4;  

+%!2. 
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ЧB>1K 40BL =0720=85 @048:0;C, =5>1E>48<> 70<5=8BL -0= 2 =0720=88 0;:0=0 =0: 
-8=;  
+-8;;  
-5=;  
-485=. 
 

�0:85 87 ?@82545==KE 25I5AB2 3 87><5@K? 
1) %!33(%!2)53%!3; 

2) %!33%!(CH3)3 %(CH3)23%!3; 

3) %!33%(CH3)23%!3; 

4) %!33%!(CH3)3 %H(CH3)3%!3. 

+1 8 2; 
1 8 4;  
2 8 4;  
3 8 4.  

 

�5I5AB2> %!33%!(CH3)3 %H(CH3)3%!3 =07K205BAя: 
2,3,4-B@8<5B8;>:B0=;  
A-35:A0=;  
+2,3-48<5B8;1CB0=;  
3,4-48<5B8;?5=B0=. 

 

�5I5AB2> 2,2-48<5B8;?@>?0= ?>-4@C3><C <>6=> =0720BL: 
>:B0=;  
+B5B@0<5B8;<5B0=;  
2-<5B8;?@>?0=;  
?5=B0=. 
 

%54L<>9 ?@54AB028B5;L @я40 0;:0=>2 =07K205BAя:  
>:B0=; 
=>=0=; 
45:0=; 
+35?B0=. 

 

ЧB>1K =0720BL @0725B2;5==K9 C3;52>4>@>4, A=0G0;0 =C6=>: 
+2K1@0BL A0<CN 4;8==CN F5?>G:C 0B><>2 C3;5@>40; 
C:070BL =0720=8я @048:0;>2; 
C:070BL ?@8=04;56=>ABL : :;0AAC 25I5AB2; 
C:070BL @0A?>;>65=85 @048:0;>2. 
 

�5I5AB20 %!33%!3 8 %!33%!23%!3 я2;яNBAя: 
87><5@0<8;  
+3><>;>30<8; 
0;;>B@>?=K<8 284>87<5=5=8я<8; 
@048:0;0<8. 

 

(>@<C;0 ?5=B0=0: 
%4!10; 

%9!20; 

+%5!12; 

%10!22. 
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(>@<C;0 %2!5 A>>B25BAB2C5B: 
+@048:0;C MB8;C;  
45:0=C;  
>:B0=C; 
1CB0=C. 

 

�708<>459AB285 <5B0=0 A E;>@>< 3 MB> @50:F8я: 
@07;>65=8я;  
A>548=5=8я;  
>1<5=0; 
+70<5I5=8я. 

 

�07>>1@07=K5 0;:0=K 3 MB>: 
%!4, %4!10, %10!22; 

+%3!8, %2!6, %4!10; 

%6!14, %5!12, %5!10; 

%7!16, %6!14, %10!22. 

 

$50:F8я 2%!3I + 2Na = 2NaI + C2!6 =>A8B 8<я: 
!.!.�8=8=0; 
�. .�CB;5@>20;  
+,.�.�N@F0; 
�.�. 5=45;5520. 

 

(>@<C;0 B5B@0E;>@<5B0=0: 
+%%l4;  
%!%l3;  
%!2%l2;  
%!3%l. 
 

�7 ?@82545==KE =865 @50:F89 2K15@8B5 ?@>B5:0NICN =5 ?> A2>1>4=>@048:0;L=><C, 0 
?> 8>==><C <5E0=87<C: 
%!4 → % + 2!2 ; 

+%2!5"! + HBr  →  %2!5Br + !2O; 

%!4 + 2"2 → %"2 + 2!2O; 

%!4 + !2" → %" + 3!2 

 

#@>4C:B <>=>E;>@8@>20=8я <5B0=0: 
%!2%l2;  
%!%l3;  
%%l4;  
+%!3Cl. 

&01;8F0 10 
 5B>48:0 ?@>2545=8я :>=B@>;я 

#0@0<5B@K <5B>48:8 �=0G5=85 ?0@0<5B@0 
#@545; 4;8B5;L=>AB8 2A53> :>=B@>;я 15 <8=CB 
#>A;54>20B5;L=>ABL 2K1>@0 2>?@>A>2 %;CG09=0я 
#@54;0305<>5 :>;8G5AB2> 2>?@>A>2 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 2KAB02;я5BAя ABC45=BC, :>B>@K9 ?@028;L=> 2K?>;=я5B 5 B5AB>2KE 7040=89;  
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- 4 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 4 B5AB>2KE 7040=8я. 
- 3 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 3 B5AB>2KE 7040=8я 

 

 

&5<0 2.5. �;:5=K  
�>=B@>;8@C5<K5 :><?>=5=BK: О� 01, О� 02, О� 04, О� 07 

У1 ; В2; В3, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

�>=B@>;8@C5<K5 7=0=8я: >?@545;5=85, :;0AA8D8:0F8N, =><5=:;0BC@C, A2>9AB20, 
A?>A>1K ?>;CG5=8я 8 ?@8<5=5=85 0;:5=>2; 

C<5=8я: ->1JяA=яBL: @50:F8>==>9 A?>A>1=>AB8 >@30=8G5A:8E A>548=5=89 >B 
AB@>5=8я 8E <>;5:C;; 2K?>;=яBL E8<8G5A:89 M:A?5@8<5=B ?> @0A?>7=020=8N 206=59H8E 
>@30=8G5A:8E 25I5AB2, ?>;CG5=8N :>=:@5B=KE 25I5AB2, >B=>AяI8EAя : 87CG5==K< 
:;0AA0< A>548=5=89; 

 

�>?@>AK 4;я >?@>A0 
1. �09B5 >?@545;5=85 0;:5=>2. �0:>20 8E >1I0я D>@<C;0? 
2. #@82548B5 3><>;>38G5A:89 @я4 87 10 ?@54AB028B5;59 :;0AA0. !07>28B5 A>548=5=8я 

?> <564C=0@>4=>9 =><5=:;0BC@5. 
3. �A?><=8B5 >A=>2=K5 ?@028;0 =><5=:;0BC@K 4;я 0;:5=>2. 
4. �0:85 284K 87><5@88 E0@0:B5@=K 4;я 0;:5=>2. !0?8H8B5 D>@<C;K 2A5E 87><5@>2 
4;я A>548=5=8я:       !2%= % 3 %!2 3 %!2 3 %!3 

                                                                         ' 

                                                                         %!3 

!07>28B5 87><5@K ?> <564C=0@>4=>9 =><5=:;0BC@5. 
5. #5@5G8A;8B5 >A=>2=K5 A?>A>1K ?>;CG5=8я 0;:5=>2. !0?8H8B5 C@02=5=8я 

E8<8G5A:8E @50:F89. 
6. #5@5G8A;8B5 >A=>2=K5 E8<8G5A:85 A2>9AB20 0;:5=>2. !0?8H8B5 C@02=5=8я 

E8<8G5A:8E @50:F89. 
7. $0AA:068B5 > ?@8<5=5=88 0;:5=>2. 
 

�@8B5@88 >F5=:8 >1I85 4;я CAB=>3> >B25B0 
"F5=:0 «5»: 

" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 

 

#@0:B8G5A:0я @01>B0. 
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#>;CG5=85 MB8;5=0 45384@0B0F859 MB8;>2>3> A?8@B0 (8=AB@C:F8я ?> 2K?>;=5=8N =0 AB@ 
285). 

 

*5;L: >A2>8BL ;01>@0B>@=K9 A?>A>1 ?>;CG5=8я MB8;5=0 8 87CG8BL =0 ?@0:B8:5 53> A2>9AB20. 
 

�@8B5@88 >F5=:0 >1I85 4;я 2K?>;=5=8я ?@0:B8G5A:>9 @01>BK 

 

5 10;;>2: 
@01>B0 2K?>;=5=0 ?>;=>ABLN 8 ?@028;L=>, A45;0=K ?@028;L=K5 =01;N45=8я 8 2K2>4K; 
M:A?5@8<5=B >ACI5AB2;5= ?> ?;0=C A CG5B>< B5E=8:8 157>?0A=>AB8 8 ?@028; @01>BK A 
25I5AB20<8 8 >1>@C4>20=85<; 
?@>я2;5=K >@30=870F8>==>-B@C4>2K5 C<5=8я (?>445@6820NBAя G8AB>B0 @01>G53> <5AB0 8 
?>@я4>: =0 AB>;5, M:>=><=> 8A?>;L7CNBAя @50:B82K). 
4 10;;0: 
@01>B0 2K?>;=5=0 ?@028;L=>, A45;0=K ?@028;L=K5 =01;N45=8я 8 2K2>4K, => ?@8 MB>< 
M:A?5@8<5=B ?@>2545= =5 ?>;=>ABLN 8;8 4>?CI5=K =5ACI5AB25==K5 >H81:8 2 @01>B5 A 
25I5AB20<8 8 >1>@C4>20=85< 

3 10;;0: 
@01>B0 2K?>;=5=0 ?@028;L=> =5 <5=55 G5< =0?>;>28=C 8;8 4>?CI5=0 ACI5AB25==0я >H81:0 
2 E>45 M:A?5@8<5=B0, 2 >1JяA=5=88, 2 >D>@<;5=88 @01>BK, 2 A>1;N45=88 ?@028; B5E=8:8 
157>?0A=>AB8 ?@8 @01>B5 A 25I5AB20<8 8 >1>@C4>20=85<, :>B>@0я 8A?@02;я5BAя ?> 
B@51>20=8N CG8B5;я. 
2 10;;0: 
4>?CI5=K 425 (8 1>;55) ACI5AB25==K5 >H81:8 2 E>45 M:A?5@8<5=B0, 2 >1JяA=5=88, 2 
>D>@<;5=88 @01>BK, 2 A>1;N45=88 ?@028; B5E=8:8 157>?0A=>AB8 ?@8 @01>B5 A 25I5AB20<8 8 
>1>@C4>20=85<, :>B>@K5 CG0I89Aя =5 <>65B 8A?@028BL 4065 ?> B@51>20=8N CG8B5;я. 
1 10;;: 
@01>B0 =5 2K?>;=5=0, C CG0I53>Aя >BACBAB2CNB M:A?5@8<5=B0;L=K5 C<5=8я. 

 

(>=4 B5AB>2KE 7040=89 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<5: 
ВO59DиF9 B8иA CD46и?PAOх 64Dи4AF: 

 

"B<5BLB5 2>7<>6=K5 D>@<C;K 0;:5=>2 

CH3-CH(CH3)-CH2-CH3 

+CH2=CH-CH(CH3)-CH3 

C7H16 

C6H6 

 

%>AB02 0;:5=>2 >B@0605B >1I0я D>@<C;0 
CnH2n+2 

+CnH2n 

CnH2n-2 

CnH2n-6 

 

!07>28B5 0;:5= CH2=CH-C(CH3)3 

2,2-48<5B8;1CB5=-3 

1,1-48<5B8;1CB5=-3 

3,3-48<5B8;1CB5=-1 

+3,3,3- B@8<5B8;?@>?5=-1 

 

':068B5 D>@<C;C 2,3,3-B@8<5B8;35:A5=0 -1 
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CH2=C(CH3)-C(CH3)2-%!2-%!3 

(CH3)2CH-CH2-CH(CH3)2 

+CH2=C(CH3)-C(CH3)2-%!2-%!2-%!3 

CH3-%!2-%!2-CH(CH3)2-CH=CH2 

 

':068B5 D>@<C;C 87><5@0 4;я CH3-CH=C(CH3)-CH3 

+CH3-CH=CH-CH2-CH3 

CH3-CH=C(CH3)-CH2-CH2-CH3 

CH2=CH-C(CH3)=CH2 

CH2=CH-C(CH3)- CH2-CH3 

 

':068B5 D>@<C;C 3><>;>30 4;я CH3-CH=C(CH3)-CH3 

CH2=CH-C(CH3)-CH2-CH2-CH3 

+CH3-CH=C(CH3)-CH2-CH3 

CH3-C(CH3)=CH-CH2-CH2-CH3 

CH3-CH=C(CH3)-(CH2)3-CH3 

 

':068B5 >1I55  G8A;> 87><5@>2 A D>@<C;>9 %4!8, CG8BK20я AB@C:BC@=CN, 
35><5B@8G5A:CN 8 <56:;0AA>2CN 87><5@8N 

4 

+5 

6 

7 

 

�;я 0;:5=>2 =5 E0@0:B5@=K @50:F88 

+@07;>65=8я 
?@8A>548=5=8я 
>:8A;5=8я 
?>;8<5@870F88 

 

�5;BK9 @0AB2>@ 1@><0 8 D8>;5B>2K9 @0AB2>@ ?5@<0=30=0B0 :0;8я >15AF25G820NBAя 
?@8 ?@>?CA:0=88 G5@57 =53> 
MB0=0 
?@>?0=0 
1CB0=0 
+MB5=0 

 

#@8 2708<>459AB288 E;>@>2>4>@>40 A 1CB5=><-1 ?>;CG8BAя 
1-E;>@1CB0= 

+2-E;>@1CB0= 

1-E;>@1CB5=-1 

2-E;>@1CB5=-1 

 

 >;5:C;K 0;:5=>2 A>45@60B :  
425 42>9=K5 A2я78  
B>;L:> >48=0@=K5 A2я78  
425 B@>9=K5 A2я78  
+>4=C 42>9=CN A2я7L  
 

%2я78 <564C 0B><0<8 C3;5@>40 2 MB5=5: 
+>4=0  σ- A2я7L 8 >4=0  π- A2я7L  
425 σ  - A2я78   
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425 π - A2я78   
B@8  π - A2я78  
 

$50:F8я  %!2 = %! 3 %!3 + HCl → %!3 3 CH(Cl) 3 CH3  ?@>B5:05B A>3;0A=> ?@028;C: 
�CB;5@>20  
+ 0@:>2=8:>20  
 5=45;5520  
�8=8=0  
 

#@>F5AA, C@02=5=85 :>B>@>3> ?@54AB02;5=> =865, =07K205BAя: 
 

C
H

C
H

CH
3

CH
3 CH

3
C
H

2

C
H

2

CH
3

+ H2
kat., t, p

 
45384@8@>20=85<,   

@8D>@<8=3><, 
:@5:8=3><,    

+384@8@>20=85<. 
 

 

#@8 ?>;8<5@870F88 2,3-48<5B8;1CB5=0-2 ?>;CG8BAя 
(-%(%!3)2-%(%!3)2-)n 

(-%(%!3)2=%(%!3)2-)n 

(-CH2-%(%!3)-%(%!3)-CH2-)n 

+(-CH2-%(%!3)=%(%!3)-CH2-)n 

&01;8F0 11 
 5B>48:0 ?@>2545=8я :>=B@>;я 

#0@0<5B@K <5B>48:8 �=0G5=85 ?0@0<5B@0 
#@545; 4;8B5;L=>AB8 2A53> :>=B@>;я 15 <8=CB 
#>A;54>20B5;L=>ABL 2K1>@0 2>?@>A>2 %;CG09=0я 
#@54;0305<>5 :>;8G5AB2> 2>?@>A>2 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 2KAB02;я5BAя ABC45=BC, :>B>@K9 ?@028;L=> 2K?>;=я5B 5 B5AB>2KE 7040=89;  
- 4 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 4 B5AB>2KE 7040=8я. 
- 3 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 3 B5AB>2KE 7040=8я 

 

 

 

%0<>AB>яB5;L=0я @01>B0 
(�><0H=55 7040=85) 

 

§12, C?@.1-9 

 

�040=8я 4;я A0<>:>=B@>;я 

 

1. %:>;L:> ;8B@>2 MB8;5=0 =5>1E>48<> 4;я >15AF25G820=8я @0AB2>@0 , A>45@60I53> 
400 3@0<< 1@><0.  

 

2.':068B5 D>@<C;C 0;:5=0, 4;я A3>@0=8я 8,96; :>B>@>3> ?>B@51>20;>AL57,6 3 
:8A;>@>40. 
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&5<0 2.6. �85=K 8 :0CGC:8  
�>=B@>;8@C5<K5 :><?>=5=BK: О� 01, О� 02, О� 04, О� 07 

У1 ; В2; В3, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

 

�>=B@>;8@C5<K5 7=0=8я: >?@545;5=85, :;0AA8D8:0F8N, =><5=:;0BC@C, A2>9AB20, 
A?>A>1K ?>;CG5=8я 8 ?@8<5=5=85 0;:0485=>2; 

C<5=8я: ->1JяA=яBL: @50:F8>==>9 A?>A>1=>AB8 >@30=8G5A:8E A>548=5=89 >B 
AB@>5=8я 8E <>;5:C;; 

@0A?>7=020=8я 8 845=B8D8:0F88 206=59H8E 25I5AB2 8 <0B5@80;>2. 

 

 

�>?@>AK 4;я >?@>A0 
1. �09B5 >?@545;5=85 0;:0485=>2. �0:>20 8E >1I0я D>@<C;0? 
2. �;0AA8D8:0F8я 0;:0485=>2. "A>15==>AB8 AB@>5=8я 8 A2>9AB2 B@5E 284>2 

0;:0485=>2. 
2. #@82548B5 3><>;>38G5A:89 @я4 87 10 ?@54AB028B5;59 :;0AA0 0;:0485=>2 A 

A>?@я65==K<8 42>9=K<8 A2я7я<8. !07>28B5 A>548=5=8я ?> <564C=0@>4=>9 =><5=:;0BC@5. 
3. �A?><=8B5 >A=>2=K5 ?@028;0 =><5=:;0BC@K 4;я 0;:0485=>2. 
4. �0:85 284K 87><5@88 E0@0:B5@=K 4;я 0;:0485=>2. !0?8H8B5 D>@<C;K 2A5E 
87><5@>2 4;я A>548=5=8я 4;я =5=B0485=0-1,3.  

!07>28B5 87><5@K ?> <564C=0@>4=>9 =><5=:;0BC@5. 
5. #5@5G8A;8B5 >A=>2=K5 A?>A>1K ?>;CG5=8я 0;:0485=>2. !0?8H8B5 C@02=5=8я 

E8<8G5A:8E @50:F89. $0AA:068B5 > <5B>45 �5154520 
6. #5@5G8A;8B5 >A=>2=K5 E8<8G5A:85 A2>9AB20 0;:0485=>2. !0?8H8B5 C@02=5=8я 

E8<8G5A:8E @50:F89. 
7. $0AA:068B5 > =0BC@0;L=>< 8 A8=B5B8G5A:>< :0CGC:5, @578=5. �0:8<8 A2>9AB20<8 

>=8 >1;040NB 8 ?@8<5=5=88 0;:5=>2. 
 

�@8B5@88 >F5=:8 >1I85 4;я CAB=>3> >B25B0 
"F5=:0 «5»: 

" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 

 

&8?>2K5 C?@06=5=8я. 
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1. %>AB02LB5 C@02=5=8я @50:F89 ?@8A>548=5=8я : 87>?@5=C M:2820;5=B=>3> 
:>;8G5AB20: 

0) 1@><0;  
1) 1@><>2>4>@>40;  
2) 2>4>@>40. 
 

2. !0?8H8B5 C@02=5=85 @50:F88 ?>;8<5@870F88 E;>@>?@5=0 2 @57C;LB0B5 1,4-
?@8A>548=5=8я. 

 

3. %>AB02LB5 C@02=5=85 @50:F88 1,4-?>;8<5@870F88, 2 :>B>@>9 CG0AB2C5B 1000 
<>;5:C; 1CB0485=0-1,3 8 AB>;L:> 65 <>;5:C; 87>?@5=0. #@8G5< 2 >1@07CNI59Aя ?>;8<5@=>9 
F5?8 @53C;я@=> G5@54CNBAя <>=><5@=K5 725=Lя 4828=8;0 8 87>?@5=0. 

 

4. �0:>5 A>45@60=85 (2 %) E;>@0 2 ?@>4C:B0E ?@8A>548=5=8я E;>@>2>4>@>40 : 
87>?@5=C: 

0) ?@8 <>;L=>< A>>B=>H5=88 @5035=B>2 1:1; 
1) ?@8 42C:@0B=>< 871KB:5 !%l? 
 

5. #@82548B5 420 ?@8<5@0 @50:F89 >@30=8G5A:8E A>548=5=89, 2 :>B>@KE: 
0) 42>9=0я %=%-A2я7L ?@5>1@07C5BAя 2 >48=0@=CN %3%-A2я7L; 
1) 485= ?@52@0I05BAя 2 0;:5=.  
 

6. %:>;L:> 3@0<<>2 :0CGC:0 ?>;CG8BAя 87 1 :3 87>?@5=0, 5A;8 2KE>4 2 @50:F88 95%? 
 

7. !0?8H8B5 AB@C:BC@=K5 D>@<C;K 2A5E 87><5@>2 C3;52>4>@>4>2 A>AB020 %5H8.  
!07>28B5 25I5AB20 A>3;0A=> <564C=0@>4=>9 =><5=:;0BC@5. 

 

8.  "ACI5AB28B5 35=5B8G5A:CN F5?>G:C ?@52@0I5=89: 
 

%!3 3%!3→%!33%!2%l →%!2=%!2 →%H3 3%!2 3O! →%H2=%H 3%H=%H2 →( 3
%H2 3CH=CH3%H23)n. 

 

9.%:>;L:> B>== 2-<5B8;1CB048=0-1,3 <>6=> ?>;CG8BL 87 180 B>== 2-<5B8;1CB0=0, 
5A;8 2KE>4 ?@>4C:B0 A>AB02;я5B 89% ?> A@02=5=8N A B5>@5B8G5A:8<? 

 

�@8B5@88 >F5=:8 >1I85 4;я @5H5=8я :0G5AB25==KE 8 @0AG5B=KE 7040G 

 

5 10;;>2: 
2;045=85< :C;LBC@>9 <KH;5=8я; A?>A>1=>ABLN : >1>1I5=8N, 0=0;87C, :@8B8G5A:><C 
>A<KA;5=8N, A8AB5<0B870F88, ?>AB0=>2:5 F5;59 8 2K1>@C ?CB59 8E 4>AB865=8я, 2 
;>38G5A:>< @0AAC645=88 8 @5H5=88 =5B >H81>:, 7040G0 @5H5=0 @0F8>=0;L=K< 
A?>A>1><. 
4 10;;0: 
2 ;>38G5A:>< @0AAC645=88 8 @5H5=88 =5B ACI5AB25==KE >H81>:, => 7040G0 @5H5=0 
=5@0F8>=0;L=K< A?>A>1>< 8;8 4>?CI5=> =5 1>;55 42CE =5ACI5AB25==KE >H81>:. 
3 10;;0: 
2 ;>38G5A:>< @0AAC645=88 =5B ACI5AB25==KE >H81>:, => 4>?CI5=0 ACI5AB25==0я  
2 10;;0: 
8<5NBAя ACI5AB25==K5 >H81:8 2 ;>38G5A:>< @0AAC645=88 8 2 @5H5=88. 
1 10;;: 
>BACBAB285 >B25B0 =0 7040=85. 
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%0<>AB>яB5;L=0я @01>B0 
(�><0H=55 7040=85) 

 

§14, C?@.1-6 

 

&5<0 2.7. �;:8=K 

�>=B@>;8@C5<K5 :><?>=5=BK: О� 01, О� 02, О� 04, О� 07 

У1 ; В2; В3, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

�>=B@>;8@C5<K5 7=0=8я: >?@545;5=85, :;0AA8D8:0F8N, =><5=:;0BC@C, A2>9AB20, 
A?>A>1K ?>;CG5=8я 8 ?@8<5=5=85 0;:8=>2; 

C<5=8я: ->1JяA=яBL: @50:F8>==>9 A?>A>1=>AB8 >@30=8G5A:8E A>548=5=89 >B 
AB@>5=8я 8E <>;5:C;; 2K?>;=яBL E8<8G5A:89 M:A?5@8<5=B ?> @0A?>7=020=8N 206=59H8E 
>@30=8G5A:8E 25I5AB2, ?>;CG5=8N :>=:@5B=KE 25I5AB2, >B=>AяI8EAя : 87CG5==K< 
:;0AA0< A>548=5=89; 

 

�>?@>AK 4;я >?@>A0 
1. �09B5 >?@545;5=85 0;:8=>2. �0:>20 8E >1I0я D>@<C;0? 
2. #@82548B5 3><>;>38G5A:89 @я4 87 10 ?@54AB028B5;59 :;0AA0. !07>28B5 A>548=5=8я 

?> <564C=0@>4=>9 =><5=:;0BC@5. 
3. �A?><=8B5 >A=>2=K5 ?@028;0 =><5=:;0BC@K 4;я 0;:8=>2. 
4. �0:85 284K 87><5@88 E0@0:B5@=K 4;я 0;:8=>2. !0?8H8B5 D>@<C;K 2A5E 87><5@>2 
4;я A>548=5=8я:       %!≡%%!2 %! 3 %!2 3 %!3 

                                                                                      ' 

                                                                                      %!3 

!07>28B5 87><5@K ?> <564C=0@>4=>9 =><5=:;0BC@5. 
5. #5@5G8A;8B5 >A=>2=K5 A?>A>1K ?>;CG5=8я 0;:8=>2. !0?8H8B5 C@02=5=8я 

E8<8G5A:8E @50:F89. 
6. #5@5G8A;8B5 >A=>2=K5 E8<8G5A:85 A2>9AB20 0;:8=>2. !0?8H8B5 C@02=5=8я 

E8<8G5A:8E @50:F89. 
7. $0AA:068B5 > ?@8<5=5=88 0;:8=>2. 

 

�@8B5@88 >F5=:8 >1I85 4;я CAB=>3> >B25B0 
"F5=:0 «5»: 

" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 
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(>=4 B5AB>2KE 7040=89 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 

 

"B<5BLB5 2>7<>6=CN D>@<C;C 0;:8=>2 

CH3-CH(CH3)-CH2-CH3 

CH2=CH-CH(CH3)-CH3 

+C7H12 

C6H6 

 

%>AB02 0;:8=>2 >B@0605B >1I0я D>@<C;0 
CnH2n+2 

CnH2n 

+CnH2n-2 

CnH2n-6 

 

!07>28B5 0;:8= %H3-C≡C(CH3)3 

3,3-48<5B8;1CB5=-2 

4,4-48<5B8;1CB8=-2 

3,3-48<5B8;1CB8=-2 

+3,3,3- B@8<5B8;?@>?8=-2 

 

':068B5 D>@<C;C 3,3-48<5B8;35:A8=0 -1 

CH≡C-C(CH3)2-%!2-%!3 
(CH3)2CH-C=%-CH(CH3)2 

CH≡C-C(CH3)2-%!2-%!2-CH2-%!3 

+CH3-%!2-%!2-CH(CH3)2-C≡CH 

 

':068B5 D>@<C;K 87><5@>2 4;я CH3-CH=C(CH3)-CH3 

CH3-C(CH3)=CH-CH3 

CH3-CH=CH-CH2-CH3 

CH3-CH=C(CH3)-CH2-CH2-CH3 

CH2=CH-C(CH3)=CH2 

CH2=CH-C(CH3)-CH3 

 

�0:>9 =5?@545;L=K9 C3;52>4>@>4 <>6=> ?>;CG8BL 87 1,2-481@><1CB0=0  
%!�r-%!Br-%!2-%!3 2 @50:F88 A> A?8@B>2K< @0AB2>@>< 384@>:A840 :0;8я? 
+%!2=%!%!2%!3; 

%! ≡%%!3; 

%!2= %!%!=%!2; 

%!≡%%!2%!3; 
 

�>;8G5AB2>  AB@C:BC@=KE  87><5@>2  A  B@>9=>9  E8<8G5A:>9 A2я7LN 4;я 25I5AB20 C5H8 

+4  

3  

2  

1  

 

C 0<<80G=K< @0AB2>@>< >:A840 A5@51@0 2708<>459AB2C5B  
+1CB8=-1  

1CB8=-2  

1CB5=-1  

1CB5=-2  



71 

 

 

#@8 2708<>459AB288 1CB8=0-1 A 2>4>9 >1@07C5BAя  
1CB0=>;-1  

1CB0=>;K  
+1CB0=>=-2  

1CB0=>;-2  

 

 

�F5B8;5= 2708<>459AB2C5B A ?5@5G8A;5==K<8 25I5AB20<8  
0<<80G=K9 @0AB2>@ >:A840 A5@51@0  
@0AB2>@ ?5@<0=30=0B0 :0;8я  
1@><=0я 2>40  
+384@>:A84 =0B@8я  
 

�>;8G5AB2> σ-A2я759 2 <>;5:C;5 3-<5B8;1CB8=-1  

10  

11  

+12  

13  

 

!0?8H8B5 C@02=5=8я @50:F89 ?> AE5<5  
C3H6  → C3H6Cl2 → x → C3H6O → C3H8O  
�5I5AB2> E =07K205BAя  
?@>?0=   
?@>?5=  
?@>?0=48>; 1, 2  
+?@>?8=  

&01;8F0 12 
 5B>48:0 ?@>2545=8я :>=B@>;я 

#0@0<5B@K <5B>48:8 �=0G5=85 ?0@0<5B@0 
#@545; 4;8B5;L=>AB8 2A53> :>=B@>;я 15 <8=CB 
#>A;54>20B5;L=>ABL 2K1>@0 2>?@>A>2 %;CG09=0я 
#@54;0305<>5 :>;8G5AB2> 2>?@>A>2 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 2KAB02;я5BAя ABC45=BC, :>B>@K9 ?@028;L=> 2K?>;=я5B 5 B5AB>2KE 7040=89;  
- 4 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 4 B5AB>2KE 7040=8я. 
- 3 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 3 B5AB>2KE 7040=8я 

%0<>AB>яB5;L=0я @01>B0 
(�><0H=55 7040=85) 

 

§13, C?@.1-8 

 

�040=8я 4;я A0<>:>=B@>;я 
 

1. $0AAG8B09B5 >1J5< 2>74CE0, =5>1E>48<K9 4;я A6830=8я 6 ; 0F5B8;5=0 (>1J5<=0я 4>;я 
:8A;>@>40 2 2>74CE5 20%)  
2. #@8 ?>;=>< 384@>;875 A<5A8 :0@1840 :0;LF8я 8 :0@1840 0;N<8=8я >1@07C5BAя A<5AL 307>2 
A >B=>A8B5;L=>9 ?;>B=>ABLN ?> 2>4>@>4C @02=>9 10. "?@545;8B5 >1J5<=K5 4>;8 307>2 2 
>1@07CNI59Aя A<5A8 (2 %). 

&5<0 2.8. �@5=K  
�>=B@>;8@C5<K5 :><?>=5=BK: О� 01, О� 02, О� 04, О� 07 



72 

 

У1 ; В2; В3, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

�>=B@>;8@C5<K5 7=0=8я: >?@545;5=85, :;0AA8D8:0F8N, =><5=:;0BC@C, A2>9AB20, 
A?>A>1K ?>;CG5=8я 8 ?@8<5=5=85 0@5=>2; 

C<5=8я: ->1JяA=яBL: @50:F8>==CN A?>A>1=>ABL >@30=8G5A:8E A>548=5=89 2 
7028A8<>AB8 >B AB@>5=8я 8E <>;5:C;; 2K?>;=яBL E8<8G5A:89 M:A?5@8<5=B ?> 
@0A?>7=020=8N 206=59H8E >@30=8G5A:8E 25I5AB2. 

 

�>?@>AK 4;я >?@>A0 
1. �09B5 >?@545;5=85 0@5=>2. �0:>20 8E >1I0я D>@<C;0? 
2. #@82548B5 3><>;>38G5A:89 @я4 :;0AA0. !07>28B5 A>548=5=8я ?> <564C=0@>4=>9 

=><5=:;0BC@5. 
3. $0AA:068B5 > @0728B88 ?@54AB02;5=89 > AB@>5=88 15=7>;0. %>2@5<5==K5 

?@54AB02;5=8я >1 M;5:B@>==>< 8 ?@>AB@0=AB25==>< AB@>5=88 15=7>;0. "1@07>20=85 
0@><0B8G5A:>9 -A8AB5<K 

3. !><5=:;0BC@0 4;я 4870<5I5==KE ?@>872>4=KE 15=7>;0: BDFB-, @9F4-, C4D4- 

@0A?>;>65=85 70<5AB8B5;59.  
5. #5@5G8A;8B5 >A=>2=K5 A?>A>1K ?>;CG5=8я 0;:5=>2. !0?8H8B5 C@02=5=8я 

E8<8G5A:8E @50:F89. #@8@>4=K5 8AB>G=8:8 0@><0B8G5A:8E C3;52>4>@>4>2. �@><0B870F8я 
0;:0=>2 8 F8:;>0;:0=>2. �;:8;8@>20=85 15=7>;0 

6. )8<8G5A:85 A2>9AB20 0@5=>2. #@8<5@K @50:F89 M;5:B@>D8;L=>3> 70<5I5=8я: 
30;>35=8@>20=85, 0;:8;8@>20=85 (:0B0;870B>@K (@845;я3�@0DBA0), =8B@>20=85, 
AC;LD8@>20=85. 

7. $50:F88 384@8@>20=8я 8 ?@8A>548=5=8я E;>@0 : 15=7>;C. 
8. "A>15==>AB8 E8<8G5A:8E A2>9AB2 3><>;>3>2 15=7>;0. �708<=>5 2;8я=85 0B><>2 =0 
?@8<5@5 3><>;>3>2 0@5=>2. "@85=B0F8я 2 @50:F8яE M;5:B@>D8;L=>3> 70<5I5=8я. 
"@85=B0=BK I 8 II @>40. 
9. $0AA:068B5 > ?@8<5=5=88 0;:5=>2. 
 

�@8B5@88 >F5=:8 >1I85 4;я CAB=>3> >B25B0 
"F5=:0 «5»: 

" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 

 

#@0:B8G5A:0я @01>B0. 
%2>9AB20 15=7>;0 (8=AB@C:F8я ?> 2K?>;=5=8N =0 AB@ 286). 

 

*5;L: 8AA;54>20BL =0 ?@0:B8:5 A2>9AB20 15=7>;0.  
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�@8B5@88 >F5=:0 >1I85 4;я 2K?>;=5=8я ?@0:B8G5A:>9 @01>BK 

 

5 10;;>2: 
@01>B0 2K?>;=5=0 ?>;=>ABLN 8 ?@028;L=>, A45;0=K ?@028;L=K5 =01;N45=8я 8 2K2>4K; 
M:A?5@8<5=B >ACI5AB2;5= ?> ?;0=C A CG5B>< B5E=8:8 157>?0A=>AB8 8 ?@028; @01>BK A 
25I5AB20<8 8 >1>@C4>20=85<; 
?@>я2;5=K >@30=870F8>==>-B@C4>2K5 C<5=8я (?>445@6820NBAя G8AB>B0 @01>G53> <5AB0 8 
?>@я4>: =0 AB>;5, M:>=><=> 8A?>;L7CNBAя @50:B82K). 
4 10;;0: 
@01>B0 2K?>;=5=0 ?@028;L=>, A45;0=K ?@028;L=K5 =01;N45=8я 8 2K2>4K, => ?@8 MB>< 
M:A?5@8<5=B ?@>2545= =5 ?>;=>ABLN 8;8 4>?CI5=K =5ACI5AB25==K5 >H81:8 2 @01>B5 A 
25I5AB20<8 8 >1>@C4>20=85< 

3 10;;0: 
@01>B0 2K?>;=5=0 ?@028;L=> =5 <5=55 G5< =0?>;>28=C 8;8 4>?CI5=0 ACI5AB25==0я >H81:0 
2 E>45 M:A?5@8<5=B0, 2 >1JяA=5=88, 2 >D>@<;5=88 @01>BK, 2 A>1;N45=88 ?@028; B5E=8:8 
157>?0A=>AB8 ?@8 @01>B5 A 25I5AB20<8 8 >1>@C4>20=85<, :>B>@0я 8A?@02;я5BAя ?> 
B@51>20=8N CG8B5;я. 
2 10;;0: 
4>?CI5=K 425 (8 1>;55) ACI5AB25==K5 >H81:8 2 E>45 M:A?5@8<5=B0, 2 >1JяA=5=88, 2 
>D>@<;5=88 @01>BK, 2 A>1;N45=88 ?@028; B5E=8:8 157>?0A=>AB8 ?@8 @01>B5 A 25I5AB20<8 8 
>1>@C4>20=85<, :>B>@K5 CG0I89Aя =5 <>65B 8A?@028BL 4065 ?> B@51>20=8N CG8B5;я. 
1 10;;: 
@01>B0 =5 2K?>;=5=0, C CG0I53>Aя >BACBAB2CNB M:A?5@8<5=B0;L=K5 C<5=8я. 

 

(>=4 B5AB>2KE 7040=89 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 
 

#@54AB028B5;5< 3><>;>38G5A:>3> @я40 15=7>;0 я2;я5BAя: 
+B>;C>; 
D5=>; 
AB8@>; 
<5B0=>; 
 

&>;C>; я2;я5BAя ?@54AB028B5;5< 3><>;>38G5A:>3> @я40: 
D5=>;0  
<5B0=>;0 
+15=7>;0  
AB8@>;0 
 

 

�0:>5 87 25I5AB2 =5 2ABC?05B 2 @50:F8N A @0AB2>@>< ?5@<0=30=0B0 :0;8я? 
B>;C>;  
+15=7>; 
> - :A8;>;  
? - :A8;>; 

 

�><>;>30<8 я2;яNBAя: 
MB0= 8 MB8;15=7>;   

F8:;>15=7>; 8 B>;C>;  
+15=7>; 8 B>;C>;  



74 

 

<5B8;15=7>; 8 <5B0=>; 
 

�5I5AB2>, D>@<C;0 :>B>@>3> %6!5 - %! = %!2 

+28=8;15=7>;   

AB8@>; 
15=78;MB8; 
D5=8;MB8;5= 

 

� :0:>9 87 ?5@5G8A;5==KE @50:F89 >1@07C5BAя 1@><15=7>;? 
%6!6 + Br2 %hλ→  
%6!12 + Br2 %hλ→ 

+%6!6 + Br2 %:0B0;870B>@  
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AB@C:BC@K 15;:>2. (81@8;;я@=K5 8 3;>1C;я@=K5 15;:8. 
2. )8<8G5A:85 A2>9AB20 15;:>2: 3>@5=85, 45=0BC@0F8я, 384@>;87, :0G5AB25==K5 (F25B=K5) 
@50:F88. 
3. �8>;>38G5A:85 DC=:F88 15;:>2, 8E 7=0G5=85. 
4. �5;:8 :0: :><?>=5=B ?8I8. #@>1;5<0 15;:>2>3> 3>;>40=8я 8 ?CB8 55 @5H5=8я.  
 

�@8B5@88 >F5=:8 >1I85 4;я CAB=>3> >B25B0 
"F5=:0 «5»: 

" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ;8B5@0BC@=K< 
я7K:><; 
" >B25B A0<>AB>яB5;L=K9. 

"F5=:0 «4»: 
" >B25B ?>;=K9 8 ?@028;L=K9 =0 >A=>20=88 87CG5==KE B5>@89; 
" <0B5@80; 87;>65= 2 >?@545;5==>9 ;>38G5A:>9 ?>A;54>20B5;L=>AB8, ?@8 MB>< 
4>?CI5=K 425-B@8 =5ACI5AB25==K5 >H81:8, 8A?@02;5==K5 ?> B@51>20=8N 
CG8B5;я. 

"F5=:0 «3»: 
" >B25B ?>;=K9, => ?@8 MB>< 4>?CI5=0 ACI5AB25==0я >H81:0 8;8 >B25B =5?>;=K9, 
=5A2я7=K9. 

"F5=:0 «2»:  
" ?@8 >B25B5 >1=0@C65=> =5?>=8<0=85 CG0I8<Aя >A=>2=>3> A>45@60=8я CG51=>3> 
<0B5@80;0 8;8 4>?CI5=K ACI5AB25==K5 >H81:8, :>B>@K5 CG0I89Aя =5 <>65B 
8A?@028BL ?@8 =02>4яI8E 2>?@>A0E CG8B5;я. 

"F5=:0 «1»: 
 " >BACBAB285 >B25B0. 

 

 

#@0:B8G5A:0я @01>B0 № 7. 
�<8=K. �<8=>:8A;>BK. �5;:8 (8=AB@C:F8я ?> 2K?>;=5=8N =0 AB@ 292). 

 

*5;L: 8AA;54>20BL =0 ?@0:B8:5 D878G5A:85 8 E8<8G5A:85 A2>9AB20 0=8;8=0, 3;8F8=0, 
15;:0.   
 

�@8B5@88 >F5=:0 ?@0:B8G5A:>9 @01>BK 

 

5 10;;>2: 
@01>B0 2K?>;=5=0 ?>;=>ABLN 8 ?@028;L=>, A45;0=K ?@028;L=K5 =01;N45=8я 8 2K2>4K; 
M:A?5@8<5=B >ACI5AB2;5= ?> ?;0=C A CG5B>< B5E=8:8 157>?0A=>AB8 8 ?@028; @01>BK A 
25I5AB20<8 8 >1>@C4>20=85<; 
?@>я2;5=K >@30=870F8>==>-B@C4>2K5 C<5=8я (?>445@6820NBAя G8AB>B0 @01>G53> <5AB0 8 
?>@я4>: =0 AB>;5, M:>=><=> 8A?>;L7CNBAя @50:B82K). 
4 10;;0: 
@01>B0 2K?>;=5=0 ?@028;L=>, A45;0=K ?@028;L=K5 =01;N45=8я 8 2K2>4K, => ?@8 MB>< 
M:A?5@8<5=B ?@>2545= =5 ?>;=>ABLN 8;8 4>?CI5=K =5ACI5AB25==K5 >H81:8 2 @01>B5 A 
25I5AB20<8 8 >1>@C4>20=85< 
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3 10;;0: 
@01>B0 2K?>;=5=0 ?@028;L=> =5 <5=55 G5< =0?>;>28=C 8;8 4>?CI5=0 ACI5AB25==0я 
>H81:0 2 E>45 M:A?5@8<5=B0, 2 >1JяA=5=88, 2 >D>@<;5=88 @01>BK, 2 A>1;N45=88 ?@028; 
B5E=8:8 157>?0A=>AB8 ?@8 @01>B5 A 25I5AB20<8 8 >1>@C4>20=85<, :>B>@0я 8A?@02;я5BAя 
?> B@51>20=8N CG8B5;я. 
2 10;;0: 
4>?CI5=K 425 (8 1>;55) ACI5AB25==K5 >H81:8 2 E>45 M:A?5@8<5=B0, 2 >1JяA=5=88, 2 
>D>@<;5=88 @01>BK, 2 A>1;N45=88 ?@028; B5E=8:8 157>?0A=>AB8 ?@8 @01>B5 A 
25I5AB20<8 8 >1>@C4>20=85<, :>B>@K5 CG0I89Aя =5 <>65B 8A?@028BL 4065 ?> B@51>20=8N 
CG8B5;я. 
1 10;;: 
@01>B0 =5 2K?>;=5=0, C CG0I53>Aя >BACBAB2CNB M:A?5@8<5=B0;L=K5 C<5=8я. 

(>=4 B5AB>2KE 7040=89 4;я B5:CI53> :>=B@>;я 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 

 

�<8=>:8A;>BK, =5>1E>48<K5 4;я ?>AB@>5=8я 15;:>2, ?>?040NB 2 >@30=87< 
G5;>25:0: 
+A ?8I59, 
A 2>74CE><, 
A 2>4>9, 
>B <0B5@8=A:>3> >@30=87<0. 

 

%?8@0;5284=>5 A>AB>я=85 ?>;8?5?B84=>9 F5?8 я2;я5BAя AB@C:BC@>9 15;:0: 
?5@28G=>9, 
+2B>@8G=>9, 
B@5B8G=>9, 
G5B25@B8G=>9. 
 

�5=0BC@0F859 =07K205BAя: 
A2я7K20=85 15;:0<8 <>;5:C; 2>4K, 
+G0AB8G=>5 8;8 ?>;=>5 @07@CH5=85 ?@>AB@0=AB25==>9 AB@C:BC@K 15;:>2 ?@8 A>E@0=5=88 
?5@28G=>9 AB@C:BC@K, 
@0AI5?;5=85 ?>;8?5?B84=>9 F5?8 ?>4 459AB285< D5@<5=B>2, 
?>B5@я 15;:>2>9 <>;5:C;>9 M;5:B@8G5A:>3> 70@я40 ?@8 >?@545;5==>9 :8A;>B=>AB8 A@54K. 
 

�84@>;87 15;:>2 8A?>;L7CNB: 
+4;я ?>;CG5=8я 0<8=>:8A;>B, 
4;я ?>;CG5=8я ABC4=59, 
4;я A=865=8я @0AB2>@8<>AB8 15;:>2 2 2>45, 
4;я :0G5AB25==>3> >1=0@C65=8я 15;:>2. 
 

#@8 3>@5=88 15;:>2 >ICI05BAя 70?0E: 
BCE;KE я8F, 
+665=>3> @>30, 
0<<80:0 
3>@5;>9 @578=K. 
 

�;я ?@>2545=8я :A0=B>?@>B58=>2>9 @50:F88 ?>B@51C5BAя @5035=B: 
H2SO4 

Cu(OH)2 

+HNO3 
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FeCI3 

 

�5;:0<8 =07K20NBAя: 
?@8@>4=K5 ?>;8<5@K, <>;5:C;K :>B>@KE ?>AB@>5=K 87 >AB0B:>2 <>=>A0E0@84>2; 
+?@8@>4=K5 ?>;8<5@K, <>;5:C;K :>B>@KE ?>AB@>5=K 87 >AB0B:>2 α-0<8=>:8A;>B; 
?@8@>4=K5 25I5AB20. ?@54AB02;яNI85 A>1>9 A;>6=K5 MD8@K 3;8F5@8=0 8 2KAH8E 
:0@1>=>2KE :8A;>B; 
?@8@>4=K5 ?>;8<5@K, <>;5:C;K :>B>@KE ?@54AB02;яNB A>1>9 ?>A;54>20B5;L=>ABL 
=C:;5>B84>2; 
 

�0:85 87 DC=:F89 A2>9AB25==K 15;:0<? 
:0B0;8B8G5A:0я, 
B@0=A?>@B=0я, 
70I8B=0я, 
+2A5 A2>9AB25==K. 
 

 0AA>20я 4>;я :0:>3> M;5<5=B0 2 15;:0E =081>;LH0я? 
+C3;5@>40, 
2>4>@>40, 
:8A;>@>40, 
07>B0. 
 

� ?>;8<5@=>9 F5?8 15;:>2 A>A54=85 >AB0B:8 0<8=>:8A;>B A2я70=K 4@C3 A 4@C3>< 
A2я7LN: 
2>4>@>4=>9, 
 0<84=>9, 
+?5?B84=>9, 
48AC;LD84=>9. 
 

�8B:8 A?8@0;8 2B>@8G=>9 AB@C:BC@K 15;:0 A:@5?;5=K 3;02=K< >1@07>< 70 AG5B 
A2я759: 
8>=>2KE, 
:>20;5=B=KE, 
+2>4>@>4=KE, 
48AC;LD84=>9. 
 

� 45=0BC@0F88 15;:0 <>65B ?@825AB8: 
4>102;5=85 A8;L=KE M;5:B@>;8B>2, 
=03@520=85, 
D872>7459AB285, 
+2A5 >B25BK 25@=K 

 

�5;:8 я2;яNBAя >4=8< 87 206=59H8E :><?>=5=B>2 ?8I8. 2 >A=>25 CA:>@5=8я 15;:0 
2 65;C4>G=>-:8H5G=>< B@0:B5 ;568B @50:F8я: 
>:8A;5=8я, 
+384@>;870, 
 MB5@8D8:0F8я,  
45384@0B0F88. 
 

�73>B>2;5=85 1575 >A=>20=> =0 A?>A>1=>AB8 15;:>2 :: 
384@>;87C,  
384@0B0F88, 
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+?5=>>1@07>20=8N, 
45=0BC@0F88. 
 

�;я ?@>2545=8я 18C@5B>2>9 @50:F88 ?>B@51C5BAя @5035=B: 
HNO3  

(CH3COO)2Pb, 

H2SO4  

+CuSO4. 

 

!0;8G85 A5@K 2 15;:0E >1=0@C68205BAя A ?><>ILN @5035=B0: 
HNO3  

Cu(OH)2  

FeCI3  

+(CH3COO)2Pb 

 

 5B>48:0 ?@>2545=8я :>=B@>;я 
#0@0<5B@K <5B>48:8 �=0G5=85 ?0@0<5B@0 
#@545; 4;8B5;L=>AB8 2A53> :>=B@>;я 15 <8=CB 
#>A;54>20B5;L=>ABL 2K1>@0 2>?@>A>2 %;CG09=0я 
#@54;0305<>5 :>;8G5AB2> 2>?@>A>2 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 2KAB02;я5BAя ABC45=BC, :>B>@K9 ?@028;L=> 2K?>;=я5B 5 B5AB>2KE 

7040=89;  
- 4 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 4 B5AB>2KE 7040=8я. 
- 3 10;;0 2KAB02;я5BAя ABC45=BC, 5A;8 ?@028;L=> @5H5=> 3 B5AB>2KE 7040=8я 

 

%0<>AB>яB5;L=0я @01>B0 
(�><0H=55 7040=85) 

 

                                           §27, C?@.1-10 

 

�B>3>20я �>=B@>;L=0я @01>B0 ?> @0745;C «"@30=8G5A:0я E8<8я» 

�0@80=B 1. 

 

1. �0?8H8B5 C@02=5=8я @50:F89, A ?><>ILN :>B>@KE <>6=> >ACI5AB28BL ?@52@0I5=8я. 
':068B5 CA;>28я @50:F89. �09B5 =0720=8я >@30=8G5A:8< 25I5AB20<. 

%!3 - %!2 "! → %!3 - % = " → %!3 - %""! 

2. � >4=>< 87 A>AC4>2 =0E>48BAя @0AB2>@ 0;L453840, 2 4@C3><- @0AB2>@ 0F5B>=0. 
#@54;>68B5 A?>A>1K >?@545;5=8я A>45@68<>3> :064>3> A>AC40. 

3. %>AB02LB5 D>@<C;K 25I5AB2: 0) 1CB0=>;-2; 1) 1CB5=-3->;-1; 2) 384@>:A815=7>;; 3) 2-
<5B8;1CB0=0;L. 

4. �KG8A;8B5 >1J5< 2>4>@>40 (=.C.), 2K45;82H53>Aя ?@8 2708<>459AB288 94 3 D5=>;0 A 5 3 
=0B@8я. 

5. �0?8H8B5 C@02=5=8я @50:F89, A ?><>ILN :>B>@KE <>6=> >ACI5AB28BL ?@52@0I5=8я. 
':068B5 CA;>28я @50:F89. �09B5 =0720=8я >@30=8G5A:8< 25I5AB20<. 

%!3 - %!2 - % = " → %!3 - %!2 -%""! → %!3 3 %!%l - %""! 
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6. %>AB02LB5 D>@<C;K >4=>3> 3><>;>30 8 2>7<>6=KE 87><5@>2 25I5AB20, A>AB02 :>B>@>3> 
%4!8"2. � :0:8< :;0AA0< >@30=8G5A:8E A>548=5=89 >B=>AяBAя 40==K5 25I5AB20? !07>28B5 
8E. 

7. �0:85 <0AAK :8A;>BK 8 A?8@B0 =5>1E>48<> 27яBL 4;я ?>;CG5=8я 1 3 <5B8;0F5B0B0 ?@8 
2KE>45 MD8@0 60% >B B5>@5B8G5A:8 2>7<>6=>3>? 

8. �0?8H8B5 C@02=5=8я @50:F89, A ?><>ILN :>B>@KE <>6=> >ACI5AB28BL ?@52@0I5=8я. 
':068B5 CA;>28я @50:F89. �09B5 =0720=8я >@30=8G5A:8< 25I5AB20<. 

�@0E<0; → 3;N:>70→ MB0=>; → MB8;5= → 0F5B8;5=→ 15=7>; → =8B@>15=7>;. 

9. %>AB02LB5 AB@C:BC@=K5 D>@<C;K: 0) =8B@>15=7>;0; 1) <5B8;MB8;0<8=0; 2) 2-
0<8=>?@>?0=>2>9 :8A;>BK; 3) A0E0@>7K. 

10. �KG8A;8B5 <0AAC ?@>4C:B0 @50:F88, 5A;8 4;я =55 8A?>;L7>20;8 18,6 3 0=8;8=0 8 14,6 3 
E;>@>2>4>@>40. 

�0@80=B 2. 

1. �0?8H8B5 C@02=5=8я @50:F89, A ?><>ILN :>B>@KE <>6=> >ACI5AB28BL ?@52@0I5=8я. 
':068B5 CA;>28я @50:F89. �09B5 =0720=8я >@30=8G5A:8< 25I5AB20<. 

%2!2 → %!3 - % = " → %!3 - %!2 "!  

2. "1JяA=8B5, ?>G5<C :8A;>B=K5 A2>9AB20 D5=>;0 2K@065=K A8;L=55, G5< :8A;>B=K5 
A2>9AB20 2>4K 8 A?8@B>2. 

3. %>AB02LB5 D>@<C;K 25I5AB2: 0) ?5=B0=48>;-1,2; 1) 3-1@><?@>?0=0;L; 2)1,2-
48384@>:A815=7>;; 3) ?@>?0=>;-2. 

4. #@8 >:8A;5=88 8,8 3 C:ACA=>3> 0;L453840 0<<80G=K< @0AB2>@>< >:A840 A5@51@0 
2K45;8;>AL 35 3 A5@51@0. �KG8A;8B5 <0AA>2CN 4>;N 2KE>40 A5@51@0 >B B5>@5B8G5A:8 
2>7<>6=>3>. 

5. �0?8H8B5 C@02=5=8я @50:F89, A ?><>ILN :>B>@KE <>6=> >ACI5AB28BL ?@52@0I5=8я. 
':068B5 CA;>28я @50:F89. �09B5 =0720=8я >@30=8G5A:8< 25I5AB20<. 

%!3 - %""%!3 → %!3 - %""! → %!3 - %""Na 

6. %>AB02LB5 D>@<C;K >4=>3> 3><>;>30 8 2>7<>6=KE 87><5@>2 25I5AB20, A>AB02 :>B>@>3> 
%5!10"2. � :0:8< :;0AA0< >@30=8G5A:8E A>548=5=89 >B=>AяBAя 40==K5 25I5AB20? 
!07>28B5 8E. 

7. �0:>9 >1J5< 2>4>@>40 (=.C.) <>6=> ?>;CG8BL ?@8 2708<>459AB288 13,2 3 1CB0=>2>9 
:8A;>BK A 6 3 <5B0;;8G5A:>3> =0B@8я? 

8. �0?8H8B5 C@02=5=8я @50:F89, A ?><>ILN :>B>@KE <>6=> >ACI5AB28BL ?@52@0I5=8я. 
':068B5 CA;>28я @50:F89. �09B5 =0720=8я >@30=8G5A:8< 25I5AB20<. 

*5;;N;>70 → 3;N:>70 → MB0=>; → C:ACA=0я :8A;>B0 → E;>@C:ACA=0я :8A;>B0 → 
0<8=>C:ACA=0я :8A;>B0 → 0<8=>0F5B0B =0B@8я. 

9. %>AB02LB5 AB@C:BC@=K5 D>@<C;K: 0) 2,4,6-B@8=8B@>D5=>;0; 1) 48<5B8;0<8=0; 2) b-

0<8=><0A;я=>9 :8A;>BK; 3) D@C:B>7K. 

10. #@8 2>AAB0=>2;5=88 12,3 3 =8B@>15=7>;0 ?>;CG5=> 8,5 3 0=8;8=0. �0:>20 <0AA>20я 
4>;я 2KE>40 0=8;8=0 >B B5>@5B8G5A:8 2>7<>6=>3>? 

 

�>?@>AK : M:70<5=C 
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1. "A=>2=K5 ?>=яB8я E8<88. �5I5AB2>. �B><.  >;5:C;0. )8<8G5A:89 
M;5<5=B. �;;>B@>?8я. 

2. #@>ABK5 8 A;>6=K5 25I5AB20. �0G5AB25==K9 8 :>;8G5AB25==K9 A>AB02 
25I5AB2. )8<8G5A:85 7=0:8 8 D>@<C;K. "B=>A8B5;L=K5 0B><=0я 8 <>;5:C;я@=0я <0AAK. 
�>;8G5AB2> 25I5AB20. 

3. %B5E8><5B@8я. �0:>= A>E@0=5=8я <0AAK 25I5AB2. �0:>= ?>AB>я=AB20 A>AB020 
25I5AB2 <>;5:C;я@=>9 AB@C:BC@K. 

4. �0:>= �2>304@> 8 A;54AB28я 87 =53>. 
5. "B:@KB85 �.�.  5=45;552K< #5@8>48G5A:>3> 70:>=0. #5@8>48G5A:89 70:>= 

2 D>@<C;8@>2:5 �.�.  5=45;5520. 
6. #5@8>48G5A:0я B01;8F0 E8<8G5A:8E M;5<5=B>2 3 3@0D8G5A:>5 >B>1@065=85 

?5@8>48G5A:>3> 70:>=0. %B@C:BC@0 ?5@8>48G5A:>9 B01;8FK: ?5@8>4K (<0;K5 8 1>;LH85), 
3@C??K (3;02=0я 8 ?>1>G=0я). 

7. �B>< 3 A;>6=0я G0AB8F0. /4@> (?@>B>=K 8 =59B@>=K) 8 M;5:B@>==0я 
>1>;>G:0. �7>B>?K. %B@>5=85 M;5:B@>==KE >1>;>G5: 0B><>2 M;5<5=B>2 <0;KE ?5@8>4>2. 

8. "A>15==>AB8 AB@>5=8я M;5:B@>==KE >1>;>G5: 0B><>2 M;5<5=B>2 1>;LH8E 
?5@8>4>2 (?5@5E>4=KE M;5<5=B>2). #>=яB85 >1 >@18B0;яE. s-, D- 8 d-"@18B0;8. 
-;5:B@>==K5 :>=D83C@0F88 0B><>2 E8<8G5A:8E M;5<5=B>2. 

9. %>2@5<5==0я D>@<C;8@>2:0 ?5@8>48G5A:>3> 70:>=0. �=0G5=85 ?5@8>48G5A:>3> 
70:>=0 8 ?5@8>48G5A:>9 A8AB5<K E8<8G5A:8E M;5<5=B>2 �.�.  5=45;5520 4;я @0728B8я 
=0C:8 8 ?>=8<0=8я E8<8G5A:>9 :0@B8=K <8@0. 

10. �>==0я E8<8G5A:0я A2я7L. �0B8>=K, 8E >1@07>20=85 87 0B><>2 2 @57C;LB0B5 
?@>F5AA0 >:8A;5=8я. �=8>=K, 8E >1@07>20=85 87 0B><>2 2 @57C;LB0B5 ?@>F5AA0 
2>AAB0=>2;5=8я. �>==0я A2я7L, :0: A2я7L <564C :0B8>=0<8 8 0=8>=0<8 70 AG5B 
M;5:B@>AB0B8G5A:>3> ?@8Bя65=8я. 

11. �;0AA8D8:0F8я 8>=>2: ?> A>AB02C, 7=0:C 70@я40, =0;8G8N 384@0B=>9 
>1>;>G:8. �>==K5 :@8AB0;;8G5A:85 @5H5B:8. %2>9AB20 25I5AB2 A 8>==K< B8?>< 
:@8AB0;;8G5A:>9 @5H5B:8. 

12. �>20;5=B=0я E8<8G5A:0я A2я7L.  5E0=87< >1@07>20=8я :>20;5=B=>9 A2я78 
(>1<5==K9 8 4>=>@=>-0:F5?B>@=K9). -;5:B@>>B@8F0B5;L=>ABL. �>20;5=B=K5 ?>;я@=0я 8 
=5?>;я@=0я A2я78. �@0B=>ABL :>20;5=B=>9 A2я78. 
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