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1. #BASF<9 B I<@<K9E>B= E6S;<. &<CO I<@<K9E><I E6S;9=: >B64?9AFA4S, <BAA4S, 
@9F4??<K9E>4S < 6B8BDB8A4S. 
2. �B64?9AFA4S I<@<K9E>4S E6S;P. �64 @9I4A<;@4 B5D4;B64A<S QFB= E6S;<: B5@9AAO= < 
8BABDAB-4>J9CFBDAO=.  
3. "EAB6AO9 C4D4@9FDO QFB7B F<C4 E6S;<: 8?<A4, CDBKABEFP, G7B? E6S;< <?< 64?9AFAO= 
G7B?. "EAB6AO9 E6B=EF64 >B64?9AFAB= E6S;<: A4EOM9AABEFP, CB?SD<;G9@BEFP < CDBKABEFP.  
4. 1?9>FDBBFD<J4F9?PABEFP < >?4EE<H<>4J<S >B64?9AFAOI E6S;9= CB QFB@G CD<;A4>G: 
CB?SDA4S < A9CB?SDA4S >B64?9AFAO9 E6S;<. #B?SDABEFP E6S;< < CB?SDABEFP @B?9>G?O.  
5. %CBEB5 C9D9>DO64A<S Q?9>FDBAAOI BD5<F4?9= < >?4EE<H<>4J<S >B64?9AFAOI E6S;9= CB 
QFB@G CD<;A4>G: - < -E6S;<. �D4FABEFP >B64?9AFAOI E6S;9= < >?4EE<H<>4J<S <I CB QFB@G 
CD<;A4>G: B8<A4DAO9, 86B=AO9, FDB=AO9, CB?GFBDAO9.  
6. &<CO >D<EF4??<K9E><I D9L9FB> G 69M9EF6 E QF<@ F<CB@ E6S;<: 4FB@AO9 < 
@B?9>G?SDAO9. (<;<K9E><9 E6B=EF64 69M9EF6 E QF<@< >D<EF4??<K9E><@< D9L9F>4@<. 
7. �BAA4S I<@<K9E>4S E6S;P, >4> >D4=A<= E?GK4= >B64?9AFAB= CB?SDAB= E6S;<  9I4A<;@ 
B5D4;B64A<S <BAAB= E6S;<. �BAAO9 >D<EF4??<K9E><9 D9L9F>< < E6B=EF64 69M9EF6 E 
F4><@< >D<EF4??4@<. 

8.  9F4??<K9E>4S I<@<K9E>4S E6S;P, >4> BEB5O= F<C I<@<K9E>B= E6S;<, EGM9EF6GRM<= 6 
@9F4??4I < EC?464I. �9 BF?<K<S < EIB8EF6B E >B64?9AFAB= < <BAAB= E6S;S@<. %6B=EF64 
@9F4??<K9E>B= E6S;<.  9F4??<K9E><9 >D<EF4??<K9E><9 D9L9F>< < E6B=EF64 69M9EF6 E 
F4><@< >D<EF4??4@<. 

9. �B8BDB8A4S I<@<K9E>4S E6S;P.  9I4A<;@ B5D4;B64A<S F4>B= E6S;<. �9 >?4EE<H<>4J<S: 
@9:@B?9>G?SDA4S < 6AGFD<@B?9>G?SDA4S 6B8BDB8AO9 E6S;<.  

10.  B?9>G?SDAO9 >D<EF4??<K9E><9 D9L9F>< 8?S QFB7B F<C4 E6S;<. (<;<K9E><9 E6B=EF64 
69M9EF6 E 6B8BDB8AB= E6S;PR. �<B?B7<K9E>4S DB?P 6B8BDB8AOI E6S;9= 6 BD74A<;4J<< 
EFDG>FGD 5<BCB?<@9DB6. 
11. �8<A4S CD<DB84 I<@<K9E><I E6S;9=: A4?<K<9 D4;?<KAOI F<CB6 E6S;9= 6 B8AB@ 
69M9EF69, C9D9IB8 B8AB7B F<C4 E6S;< 6 8DG7B= < F.C. 
12. �B@C?9>EBB5D4;B64A<9. #BASF<9 B >B@C?9>EAOI EB98<A9A<SI. �BBD8<A4J<BAAB9 
K<E?B >B@C?9>EBB5D4;B64F9?S. �AGFD9AASS < 6A9LASS EH9D4 >B@C?9>EB6. 

13. !B@9A>?4FGD4 >B@C?9>EAOI EB98<A9A<=. �I ;A4K9A<9. 

 

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

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 
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"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 

 
 
 
 

&8?>2K5 7040G8 =0 =0E>645=85 >1J5<=>9 8 <0AA>2>9 4>;8 :><?>=5=B>2 A<5A8, 
<0AA>2>9 4>;8 ?@8<5A59 

 
71. �?S >BAE9D6<DB64A<S AG:AB 2007 6%-AB7B D4EF6BD4 G>EGEAB= ><E?BFO. � @474;<A9 
CDB849FES 70%-AO= D4EF6BD, B5N9@B@ 200@? < C?BFABEFPR 1,07 7/@? (QEE9AJ<S). %>B?P>B 
7D4@@B6 QEE9AJ<< AG:AB 6;SFP 8?S >BAE9D64J<<?  
72. �4>4S @4EE4 EB?< 66B8<FES 6 BD74A<;@ K9?B69>4 CD< 6?<64A<< 5007 H<;<B?B7<K9E>B7B 
D4EF6BD4 (0,9% D4EF6BD I?BD<84 A4FD<S)?  
73. %>B?P>B 7D4@@B6 6B8O < A<FD4F4 A4FD<S AG:AB 6;SFP, KFB5O CD<7BFB6<FP 807 5% D4EF6BD4 
EB?<?  
 74. � 1507 6B8O D4EF6BD<?< 507 HBEHBDAB= ><E?BFO. �4>B64 @4EEB64S 8B?S ><E?BFO 6 
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><E?BFO 6 CB?GK9AAB@ D4EF6BD9.  
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69M9EF6 
 

(>=4 B5AB>2KE 7040=89 4;O B5:CI53> :>=B@>;O 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 
':068B5 <>;5:C;K, 2 :>B>@KE E8<8G5A:85 A2O78 :>20;5=B=>- ?>;O@=K5: 
+H2" 

+H2SO4 

Cl2 

H2 

 
':068B5 <>;5:C;K, 2 :>B>@KE 8<55BAO A2O7L, >1@07>20==0O ?> 4>=>@=> - 
0:F5?B>@=><C <5E0=87<C: 
"2 

N2 

Cl2 

+NH
4+ 

 

':068B5 A>548=5=8O, 2 :>B>@KE 8<5NBAO sp3- 381@84=K5 >@18B0;8: 
+H2O 

+NH3 

HCl 

CO 

 

':068B5 A>548=5=8O, <>;5:C;K :>B>@KE 8<5NB ;8=59=>5 AB@>5=85: 
+%"2 

!2"  
NH3 

CCl4 

 
':068B5 A>548=5=8O, 2 :>B>@KE D>@<0 <>;5:C; B@83>=0;L=0O ?8@0<840: 
%"2 

N"2 

+NH3 

BF3  

 
':068B5 A>548=5=8O, 2 :>B>@KE >@18B0;8 F5=B@0;L=>3> 0B><0 =0E>4OBAO 2 sp3- 
381@84870F88: 
+%H4 

BF3 

CO 

CO2. 

 
':068B5 25I5AB20, :>B>@K5 >1@07>20=K 70 AG5B :>20;5=B=>9 =5?>;O@=>9 A2O78: 
SO2  

+O2 

P2O5 

+Cl2 

 

':068B5 25I5AB20, :>B>@K5 >1@07>20=K 70 AG5B 8>==>9 A2O78: 
+KCl 

NO2 
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P2O5 

+NaI 

 
':068B5 A>548=5=8O, 2 :>B>@KE :>20;5=B=0O A2O7L >1@07>20=0 B>;L:> ?> >1<5==><C 
<5E0=87<C: 
+H3PO4 

NH4Cl 

[BF4] 

+ H2SO3 

 
�0:85 >:A84K 1C4CB 8<5BL 1>;55 ?>;O@=CN A2O7L: >:A84K <5B0;;>2 I 3@C??K 
3;02=>9 ?>43@C??K 8;8 >:A84K <5B0;;>2 II 3@C??K 3;02=>9 ?>43@C??K? � 
2K1@0==>9 ?>43@C??5 C:068B5 M;5<5=B, >:A84 :>B>@>3> 8<55B =081>;55 ?>;O@=CN 
A2O7L. 
B>E<8O @9F4??B6 I 7DGCCO 7?46AB= CB87DGCCO, Li2O 

+B>E<8O @9F4??B6 I 7DGCCO 7?46AB= CB87DGCCO, Fr2O 

B>E<8O @9F4??B6 II 7DGCCO 7?46AB= CB87DGCCO, BeO 

B>E<8O @9F4??B6 II 7DGCCO 7?46AB= CB87DGCCO, RaO 

 

':068B5 A>548=5=8O, <564C <>;5:C;0<8 :>B>@KE 2>7<>6=0 2>4>@>4=0O A2O7L: 
+NH3 

+HF 

+H2O 

O2 

 

':068B5 A>548=5=85, 2 :>B>@>< :>20;5=B=K5 A2O78 =5?>;O@=K5 
PCl3 

CO  

Na2O2 

+P4 

 
':068B5 A>548=5=85, 2 :>B>@>< 2A5 A2O78 :>20;5=B=K5 ?>;O@=K5 
Ca3(PO4)2 

LiBr 

+PCl3 

KNO3 

 

':068B5 A>548=5=85, 2 :>B>@>< 2A5 A2O78 :>20;5=B=K5 ?>;O@=K5 
Na2SO4 

+NH4Cl 

CaCl2 

MgCO3 

 

':068B5 A>548=5=85, 2 :>B>@>< 2A5 A2O78 :>20;5=B=K5 ?>;O@=K5 
+SO2Cl2  

NaClO4  

KClO3  

CaSO4 

 

� <>;5:C;5 :8A;>@>40 <564C 0B><0<8 <>3CB >1@07>2K20BLAO: 
2 σ 3 E6S;< 
+1 σ 3 < 1 Ã 3 E6S;P 
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2 Ã 3 E6S;< 
1 Ã 3 E6S;P 
 

� <>;5:C;5 07>B0 <564C 0B><0<8 <>3CB >1@07>2K20BLAO: 
3 σ 3 E6S;< 
2 σ 3 < 1 Ã 3 E6S;P 
+1 σ 3 < 2 Ã 3 E6S;< 
3 Ã 3 E6S;< 

&01;8F0 3 
 5B>48:0 ?@>2545=8O :>=B@>;O 

#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

�@8B5@88 >F5=:8: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

&5<0 1.4. «�>40. $0AB2>@K. Э;5:B@>;8B8G5A:0O 48AA>F80F8O» 
 

�>=B@>;8@C5<K5 :><?>=5=BK: У1 ; В2; В3,  �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 
�>=B@>;8@C5<K5 7=0=8O: CBASF<S: Q?9>FDB?<FO, A9Q?9>FDB?<FO, Q?9>FDB?<F<K9E>4S 
8<EEBJ<4J<S; ><E?BFO, BEAB64A<S, I<@<K9E>B9 D46AB69E<9, >4K9EF69AAO9 D94>J<<, 
ECBEB5O 6OD4:9A<S >BAJ9AFD4J<< D4EF6BDB6, 7<8D4FA4S F9BD<S B5D4;B64A<S D4EF6BDB6, 
F9BD<S Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<< �DD9A<GE4, @9I4A<;@ Q?9>FDB?<F<K9E>B= 
8<EEBJ<4J<< 69M9EF6 E <BAAB= E6S;PR A4 CD<@9D9 I?BD<84 A4FD<S, >4K9EF69AAO9 D94>J<< 
A4 4A<BAO,  

C<5=8O: EBEF46?SFP GD46A9A<S 1� ><E?BF, BEAB64A<= < EB?9=, ;4C<EO64FP 
GD46A9A<S D94>J<= <BAAB7B B5@9A4; BCD989?SFP ><E?BFABEFP D4EF6BDB6 ><E?BFAB-

BEAB6AO@< <A8<>4FBD4@<; CB?P;B64FPES F45?<J9= D4EF6BD<@BEF< EBEF46?SFP CB?AO9 < 
EB>D4M9AAO9 <BAAO9 GD46A9A<S 7<8DB?<;4 EB?9=; BCD989?SFP D94>J<R ED98O 6 D4EF6BD4I 
EB?9=; D4EEK<FO64FP >BAJ9AFD4J<R D4EF6BDB6. 

 
�>?@>AK 4;O >?@>A0 

1. #BASF<9 B D4EF6BD4I. (<;<>B-I<@<K9E>4S CD<DB84 D4EF6BD9A<S < D4EF6BDB6. 
�;4<@B89=EF6<9 D4EF6BD<F9?S < D4EF6BD9AAB7B 69M9EF64. 
2. $4EF6BD<@BEFP 69M9EF6. %CBEB5O 6OD4:9A<S >BAJ9AFD4J<< D4EF6BDB6: @4EEB64S 8B?S 
D4EF6BD9AAB7B 69M9EF64 (CDBJ9AFA4S), @B?SDA4S. 
3. &9BD<S Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<.  9I4A<;@ 8<EEBJ<4J<< 69M9EF6 E D4;?<KAO@< 
F<C4@< I<@<K9E><I E6S;9=. 
4. �>?48 DGEE><I GK9AOI 6 D4;6<F<9 CD98EF46?9A<= B5 Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<. 

"EAB6AO9 CB?B:9A<S F9BD<< Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<. 
5. %F9C9AP Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<< < H4>FBDO 99 ;46<E<@BEF<. %<?PAO9 < 
ED98A<9 Q?9>FDB?<FO. 
6. �<EEBJ<4J<S 6B8O. �B8BDB8AO= CB>4;4F9?P. %D984 6B8AOI D4EF6BDB6 Q?9>FDB?<FB6. 
$94>J<< B5@9A4 6 6B8AOI D4EF6BD4I Q?9>FDB?<FB6. 
7. �<8DB?<; >4> B5@9AAO= CDBJ9EE. !9B5D4F<@O= 7<8DB?<; BD74A<K9E><I < 
A9BD74A<K9E><I EB98<A9A<= < 97B ;A4K9A<9 6 CD4>F<K9E>B= 89SF9?PABEF< K9?B69>4. 
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8. "5D4F<@O= 7<8DB?<; EB?9=. %FGC9AK4FO= 7<8DB?<;. #D4>F<K9E>B9 CD<@9A9A<9 
7<8DB?<;4. 
9. �<8DB?<; BD74A<K9E><I 69M9EF6 (59?>B6, :<DB6, G7?96B8B6, CB?<AG>?9BF<8B6, �&() < 
97B 5<B?B7<K9E>B9 < CD4>F<K9E>B9 ;A4K9A<9. "@O?9A<9 :<DB6. $94>J<S QF9D<H<>4J<<. 
 

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

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 
#@0:B8G5A:0O @01>B0 

&5<0: $9L9A<9 Q>EC9D<@9AF4?PAOI ;484K CB F9@9 7<8DB?<;. 
*9?P: A4GK<FPES D9L4FP Q>EC9D<@9AF4?PAO9 ;484K< CB I<@<<, B5NSEASFP A45?R849@O9 
S6?9A<S  
 

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

"F5=:0 «5»: 
C?4A D9L9A<S EBEF46?9A CD46<?PAB; 
CD46<?PAB BEGM9EF6?9A CB85BD I<@<K9E><I D94>F<6B6 < B5BDG8B64A<S; 
84AB CB?AB9 B5NSEA9A<9 < E89?4AO 6O6B8O. 
"F5=:0 «4»: 
C?4A D9L9A<S EBEF46?9A CD46<?PAB; 
CD46<?PAB BEGM9EF6?9A CB85BD I<@<K9E><I D94>F<6B@ < B5BDG8B64A<S, CD< QFB@ 
8BCGM9AB A9 5B?99 86GI A9EGM9EF69AAOI BL<5B> 6 B5NSEA9A<< < 6O6B84I. 
"F5=:0 «3» 
C?4A D9L9A<S EBEF46?9A CD46<?PAB; 
CD46<?PAB BEGM9EF6?9A CB85BD I<@<K9E><I D94>F<6B6 < B5BDG8B64A<S, AB 8BCGM9A4 
EGM9EF69AA4S BL<5>4 6 B5NSEA9A<< < 6O6B84I. 
"F5=:0 «2»: 
8BCGM9AO 869 (< 5B?99) BL<5>< 6 C?4A9 D9L9A<S, 6 CB85BD9 I<@<K9E><I D94>F<6B6 < 
B5BDG8B64A<S, 6 B5NSEA9A<< < 6O6B84I. 
"F5=:0 «1 »: 
;484K4 A9 D9L9A4. 

 

&8?>2K5 7040G8 ?> B5<5: 
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&8? 1. �040G8 =0 >?@545;5=85 <0AAK 25I5AB2 2 @0AB2>@5 
�4>GR @4EEG EB?< < B5N9@ 6B8O A9B5IB8<@B 6;SFP 8?S CD<7BFB6?9A<S: 
- 50 7 0,5 %-AB7B D4EF6BD4 (BF69F: 0,25 7, H2O - 49,75 @?); 
- 60 7 1 %-AB7B D4EF6BD4 (BF69F: 0,6 7, H2O - 59,4 @?); 
- 70 7 2 %-AB7B D4EF6BD4 (BF69F: 1,4 7, H2O - 68,6 @?); 
- 40 7 0,4 %-AB7B D4EF6BD4 (BF69F: 0,16 7, H2O - 39,84 @?); 
- 80 7 0,2 %-AB7B D4EF6BD4 (BF69F: 0,16 7, H2O - 79,84 @?); 
- 907 D4EF6BD4 E @4EEB6B= 8B?9= EB?< 0,001 (BF69F: 0,09 7, H2O - 89,91@?); 
- 60 7 D4EF6BD4 E @4EEB6B= 8B?9= EB?< 0,002 (BF69F: 0,12 7); 
- 50 7 D4EF6BD4 E @4EEB6B= 8B?9= EB?< 0,05 (BF69F: 0,25 7); 
- 70 7 D4EF6BD4 E @4EEB6B= 8B?9= EB?< 0,01 (BF69F: 0,7 7); 
- 120 7 10 %-AB7B D4EF6BD4 (BF69F: 12 7); 
- 90 7 D4EF6BD4 E @4EEB6B= 8B?9= EB?< 0,06 (BF69F: 5,4 7); 
- 150 7 2 %-AB7B D4EF6BD4 (BF69F: 3 7); 
- 150 7 D4EF6BD4 E @4EEB6B= 8B?9= EB?< 0,004 (BF69F: 0,6 7); 
- 200 7 D4EF6BD4 E @4EEB6B= 8B?9= EB?< 0,06 (BF69F: 12 7); 
- 140 7 D4EF6BD4 E @4EEB6B= 8B?9= EB?< 0,03 (BF69F: 4,2 7); 
 
&8? 2. �040G8 =0 >?@545;5=85 <0AAK 25I5AB2, =5>1E>48<>9 4;O ?>;CG5=8O @0AB2>@0 
=C6=>9 :>=F5=B@0F88 
�4>B= B5N9@ 6B8O A48B CD<?<FP > 0,5 7 E4I4D4, KFB5O CB?GK<FP 1 %-AO= D4EF6BD? "F69F: 
45,5 @?; 
�4>B= B5N9@ 6B8O A48B CD<?<FP > 8 7 EB?<, KFB5O CB?GK<FP 2 %-AO= D4EF6BD? "F69F: 392 
@?; 
�4>GR @4EEG EB?< A48B 8B546<FP > 200 @? 6B8O, KFB5O CB?GK<FP 3 %-AO= D4EF6BD? "F69F: 
6,2 7.; 
�4>GR @4EEG EB?< A48B 8B546<FP > 120 @? 6B8O, KFB5O CB?GK<FP 1 %-AO= D4EF6BD? "F69F: 
1,21 7.; 
 

&8? 3. �040G8 =0 >?@545;5=85 <0AA>2>9 4>;8 25I5AB2 2 @0AB2>@5 
%@9L4?< 0,4 7 EB?< < 200 @? 6B8O. �4>B64 @4EEB64S 8B?S EB?< 6 CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,002; 
%@9L4?< 20 7 E4I4D4 < 250 @? 6B8O. �4>B64 @4EEB64S 8B?S E4I4D4 6 CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,074; 

%@9L4?< 5 7 E4I4D4 < 150 @? 6B8O. >4>B64 @4EEB64S 8B?S E4I4D4 6 CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,032; 
%@9L4?< 2 7 EB?< < 140 @? 6B8O. �4>B64 @4EEB64S 8B?S EB?< 6 CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,014; 
%@9L4?< 0,5 7 EB?< < 300 @? 6B8O. �4>B64 @4EEB64S 8B?S EB?< 6 CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,00166; 
%@9L4?< 7<8DB>E<8 A4FD<S NaOH 6 >B?<K9EF69 1 @B?P E 1 ? 6B8O. �4>B64 @4EEB64S 8B?S 
7<8DB>E<84 A4FD<S 6 CB?GK9AAB@ D4EF6BD9? "F69F: 0,038; 
%@9L4?< A<FD4F A4FD<S NaNO3 6 >B?<K9EF69 0,1 @B?P E 0,5 ? 6B8O. �4>B64 @4EEB64S 8B?S 
A<FD4F4 A4FD<S 6 CB?GK9AAB@ D4EF6BD9? "F69F: 0,0167; 
 

&8? 4. �040G8 =0 >?@545;5=85 ?@>F5=B=>3> A>45@60=8O 25I5AB2 2 @0AB2>@5 
� 150 7 20 %-AB7B D4EF6BD4 EB?SAB= ><E?BFO CD<?<?< 200 @? 6B8O. �4>B6B CDBJ9AFAB9 
EB89D:4A<9 EB?SAB= ><E?BFO 6B 6AB6P CB?GK9AAB@ D4EF6BD9? "F69F: 0,086 (8,6 %); 
� 200 7 40 %-AB7B D4EF6BD4 E9DAB= ><E?BFO CD<?<?< 80 @? 6B8O. �4>B6B CDBJ9AFAB9 
EB89D:4A<9 E9DAB= ><E?BFO 6B 6AB6P CB?GK9AAB@ D4EF6BD9? "F69F: 0,286 (28,6 %); 
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� 90 7 6 %-AB7B D4EF6BD4 CB64D9AAB= EB?< CD<?<?< 200 @? 6B8O. �4>B6B CDBJ9AFAB9 
EB89D:4A<9 CB64D9AAB= EB?< 6B 6AB6P CB?GK9AAB@ D4EF6BD9? "F69F: 0,0186 (1,86 %); 
� 140 7 15 %-AB7B D4EF6BD4 E4I4D4 8B?<?< 160 @? 6B8O. �4>B6B CDBJ9AFAB9 EB89D:4A<9 
E4I4D4 6B 6AB6P CB?GK9AAB@ D4EF6BD9? "F69F:0,07(7 %); 
� 200 7 40 %-AB7B D4EF6BD4 G>EGEAB= ><E?BFO 8B?<?< 300 @? 6B8O. �4>B6B CDBJ9AFAB9 
EB89D:4A<9 G>EGEAB= ><E?BFO 6B 6AB6P CB?GK9AAB@ D4EF6BD9? "F69F: 0,16 (16 %); 
� 80 7 30 %-AB7B D4EF6BD4 M9?BK< 8B?<?< 420 @? 6B8O. �4>B6B CDBJ9AFAB9 EB89D:4A<9 
M9?BK< 6B 6AB6P CB?GK9AAB@ D4EF6BD9? "F69F: 0,048 (4,8 %); 
� 120 7 1 %-AB7B D4EF6BD4 E4I4D4 CD<546<?< 4 7 E4I4D4. �4>B6B CDBJ9AFAB9 EB89D:4A<9 
E4I4D4 6B 6AB6P CB?GK9AAB@ D4EF6BD9? "F69F: 0,042 (4,2 %); 
 

&8? 5. �040G8 A 8A?>;L7>20=85< ?>=OB8O 3 @0AB2>@8<>ABL 
�4>GR @4EEG EG?PH4F4 A4FD<S @B:AB CB?GK<FP CD< 6OC4D<64A<< 507 A4EOM9AAB7B 
D4EF6BD4 CD< t 35" %, 9E?< 97B D4EF6BD<@BEFP 50 (A4 100 7 6B8O)? "F69F: 16,7 7.; 
%>B?P>B 7D4@@ 6B8O A9B5IB8<@B 8?S D4EF6BD9A<S 30 7 A<FD4F4 E6<AJ4, KFB5O CB?GK<?ES 
A4EOM9AAO= D4EF6BD CD< t 60" % (D4EF6BD<@BEFP 97B 105)? "F69F: 28,57 7 !2".; 
�@99FES 300 7 A4EOM9AAB7B CD< t 15" % D4EF6BD4 A<FD4F4 >4?<S. %>B?P>B 7D4@@ A<FD4F4 
>4?<S ;89EP EB89D:<FES, 9E?< 97B D4EF6BD<@BEFP 25? "F69F: 60 7.; 
� 300 7 A4EOM9AAB7B CD< t 55" % EG?PH4F4 @47A<S EB89D:<FES 100 7 EG?PH4F4 @47A<S. 
"CD989?<FP 97B D4EF6BD<@BEFP (>BQHH<J<9AF D4EF6BD<@BEF<). "F69F: 50 7.; 
� 200 7 D4EF6BD4 K%lO3 CD< t 30" % EB89D:<FES 20 7 K%lO3. �G89F ?< 97B D4EF6BD 
A4EOM9AAO@, 9E?< 97B D4EF6BD<@BEFP CD< t 30" % 3 D46A4 10? "F69F: 5G89F A4EOM9AAO@; 

� 100 7 6B8O CD< t 60" % D4EF6BDS9FES 110 7 A<FD4F4 >4?<S, B5D4;GS A4EOM9AAO= D4EF6BD. 
�4>B64 @4EEB64S 8B?S A<FD4F4 >4?<S 6 F4>B@ D4EF6BD9? "F69F: 0,524 (52,4 %); 
�4>4S @4EE4 I?BD<84 54D<S 6O>D<EF4??<;G9FES CD< 6OC4D<64A<< <; 300 7 A4EOM9AAB7B 
CD< t 90" % D4EF6BD4, 9E?< 97B D4EF6BD<@BEFP 55? "F69F: 106,45 7.; 
&8? 6. �040G8 =0 >?@545;5=85 ?@>F5=B=>3> A>45@60=8O 8;8 <0AA>2>9 4>;8 25I5AB2 2 
@0AB2>@5, ?>;CG5==>< ?@8 A<5H820=88 @0AB2>@>2 @07=>9 :>=F5=B@0F88 
%@9L4?< 140 7 0,5 %-AB7B D4EF6BD4 EB?SAB= ><E?BFO E 200 7 3 %-AB7B D4EF6BD4 EB?SAB= 
><E?BFO. �4>B6B CDBJ9AFAB9 EB89D:4A<9 EB?SAB= ><E?BFO 6B 6AB6P CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,0197 (1,97 %); 
%@9L4?< 50 7 5 %-AB7B D4EF6BD4 E9DAB= ><E?BFO E 80 7 20 %-AB7B D4EF6BD4 E9DAB= 
><E?BFO. �4>B6B CDBJ9AFAB9 EB89D:4A<9 E9DAB= ><E?BFO 6B 6AB6P CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,142 (14,2 %); 
%@9L4?< 70 7 10 %-AB7B D4EF6BD4 4;BFAB= ><E?BFO E 80 7 25 %-AB7B D4EF6BD4 4;BFAB= 
><E?BFO. �4>B6B CDBJ9AFAB9 EB89D:4A<9 4;BFAB= ><E?BFO 6B 6AB6P CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,18 (18 %); 
%@9L4?< 60 7 2 %-AB7B D4EF6BD4 CB64D9AAB= EB?< E 80 7 4 %-AB7B D4EF6BD4 CB64D9AAB= 
EB?<. �4>B6B CDBJ9AFAB9 EB89D:4A<9 CB64D9AAB= EB?< 6B 6AB6P CB?GK9AAB@ D4EF6BD9? 
"F69F: 0,00314 (3,14 %); 
%@9L4?< 20 7 0,5 %-AB7B D4EF6BD4 E4I4D4 E 20 7 1 %-AB7B D4EF6BD4 E4I4D4. �4>B64 
@4EEB64S 8B?S E4I4D4 6B 6AB6P CB?GK9AAB@ D4EF6BD9? "F69F: 0,0075 (0,75 %); 
�4>B64 @4EEB64S 8B?S A<FD4F4 >4?<S 6 D4EF6BD9, CB?GK9AAB@ CBE?9 E@9L<64A<S 90 7 2 %-

AB7B D4EF6BD4 < 110 7 5 %-AB7B D4EF6BD4 A<FD4F4 >4?<S.  
"F69F: 0,0365 (3,65 %); 
&8? 7. �040G8 =0 <>;O@=CN :>=F5=B@0F8N 
"CD989?<FP @B?SDAGR >BAJ9AFD4J<R D4EF6BD4 E9DAB= ><E?BFO, CB?GK9AAB7B CD< 
E@9L<64A<< 25 @? 10-@B?SDAB7B D4EF6BD4 E9DAB= ><E?BFO < 225 @? 6B8O. "F69F: 1 @B?P; 
"CD989?<FP @B?SDAGR >BAJ9AFD4J<R 73,8 %-AB7B D4EF6BD4 E9DAB= ><E?BFO, C?BFABEFP 
>BFBDB7B 1,655 7/@?. "F69F: 12,46 @B?P/?.; 
"CD989?<FP @B?SDAGR >BAJ9AFD4J<R 56,68 %-AB7B D4EF6BD4 4;BFAB= ><E?BFO, C?BFABEFP 
>BFBDB7B D46A4 1,356 7/@?. "F69F: 12,2 @B?P/?.; 
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"CD989?<FP @B?SDAGR >BAJ9AFD4J<R 18 %-AB7B D4EF6BD4 EB?SAB= ><E?BFO, C?BFABEFP 
>BFBDB7B D46A4 1,089 7/@?. "F69F: 5,37 @B?P/?.; 
�4>B= B5N9@ 36,5 %-AB7B D4EF6BD4 EB?SAB= ><E?BFO (C?. 1,18 7/@?) A9B5IB8<@B 6;SFP 8?S 
CD<7BFB6?9A<S 1000 @? 0,1 @B?SDAB7B D4EF6BD4? "F69F: 8,47 @?; 
�OK<E?<F9 @B?SDAGR >BAJ9AFD4J<R 10 %-AB7B D4EF6BD4 E9DAB= ><E?BFO (C?. 1,07 7/@?). 
"F69F: 1,09 @B?P; 
"CD989?<FP @4EEB6GR 8B?R 4;BFAB= ><E?BFO 6 4,97 @B?SDAB@ 99 D4EF6BD9, C?BFABEFP 
>BFBDB7B 1,16 7/@?. "F69F: 27 %; 

�OK<E?<F9 @B?SDAGR >BAJ9AFD4J<R 16 %-AB7B D4EF6BD4 EG?PH4F4 @98< II, C?BFABEFPR 
1,18 7/@?. "F69F: 1,18 @B?P/?.; 
&8? 8. �040G8 =0 M;5:B@>;8B8G5A:CN 48AA>F80F8N 
�4><9 <; E?98GRM<I :<8>BEF9= CDB6B8SF Q?9>FD<K9E><= FB>: QF<?B6O= EC<DF, 6B8AO= 
D4EF6BD 7?R>B;O, 6B8AO= D4EF6BD 7<8DB>E<84 A4FD<S, D4EF6BD ><E?BDB84 6 6B89, 6B8AO= 
D4EF6BD >4D5BA4F4 A4FD<S, D4EC?46 7<8DB>E<84 >4?<S? "F69F B5NSEA<F9. 
%BEF46PF9 GD46A9A<S 8<EEBJ<4J<< E?98GRM<I Q?9>FDB?<FB6: �"!, Al(NO3)3, K3PO4, 

NiSO4, HNO3, %4("!)2, FeCl3, NaHPO4, (PbOH)NO3, (NH4)2CO3, HCOONa. 

%BEF46PF9 GD46A9A<S 8<EEBJ<4J<< 69M9EF6 (6 6B;@B:AOI E?GK4SI): NaOH, ZnO, H2S, 

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

!4=8<F9 6 ECD46BKA<>9 ;A4K9A<S >BAEF4AF Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<< 8?S ><E?BF < 
BCD989?<F9, >4>4S <; A<I E<?PA99: a) H2CO3 <?< H2S; 5) HNO2 <?< CH3COOH; 6) HClO <?< 
HIO. 

%BEF46PF9 @B?9>G?SDAO9 < <BAAO9 GD46A9A<S D94>J<= @9:8G 69M9EF64@<:  
"CD989?<F9 6B;@B:ABEFP CDBF9>4A<S D94>J<= B5@9A4 @9:8G 6B8AO@< D4EF6BD4@< 
69M9EF6:  

4) EG?PH4F4 >4?<S < 7<8DB>E<84 54D<S; 
5) >4D5BA4F4 A4FD<S < I?BD<84 >4?PJ<S;  
6) A<FD4F4 @98<(#) < EG?PH4F4 :9?9;4(#);  

7) 7<8DB>E<84 A4FD<S < E9DAB= ><E?BFO;  
8) EG?PH<F4 >4?<S < 4;BFAB= ><E?BFO;  
9) A<FD4F4 4?R@<A<S < I?BD<84 >4?<S.  

%BEF46PF9 GD46A9A<S 6B;@B:AOI D94>J<= 6 @B?9>G?SDAB=, CB?AB= < EB>D4M9AAB= <BAAOI 
HBD@4I.  
 

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

"F5=:0 «5»: 
6 ?B7<K9E>B@ D4EEG:89A<< < D9L9A<< A9F BL<5B>, ;484K4 D9L9A4 D4J<BA4?PAO@ 
ECBEB5B@. 
"F5=:0 «4»: 
6 ?B7<K9E>B@ D4EEG:89A<< < D9L9A<< A9F EGM9EF69AAOI BL<5B>, AB ;484K4 D9L9A4 
A9D4J<BA4?PAO@ ECBEB5B@ <?< 8BCGM9AB A9 5B?99 86GI A9EGM9EF69AAOI BL<5B>. 
"F5=:0 «3»: 
6 ?B7<K9E>B@ D4EEG:89A<< A9F EGM9EF69AAOI BL<5B>, AB 8BCGM9A4 EGM9EF69AA4S BL<5>4 
6 @4F9@4F<K9E><I D4EK9F4I.  
"F5=:0 «2»: 
<@9RFES EGM9EF69AAO9 BL<5>< 6 ?B7<K9E>B@ D4EEG:89A<< < 6 D9L9A<<. 
"F5=:0 «1»:  
BFEGFEF6<9 BF69F4 A4 ;484A<9. 

(>=4 B5AB>2KE 7040=89 4;O B5:CI53> :>=B@>;O 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 
%>>B=5A8B5 A?>A>1K 2K@065=8O :>=F5=B@0F89 8 548=8FK 87<5@5=8O :>=F5=B@0F89 
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1. @B?SDA4S 4. % (25%) 

2. @B?S?PA4S 3. @B?P Q>6/? (25%) 
3. Q>6<64?9AFA4S 2. @B?P/>7(25%) 
4. CDBJ9AFA4S 1. @B?P/? (25%) 

 7/@? 
 
#@>F5=B=0O :>=F5=B@0F8O 3 MB>: 
@4EE4 69M9EF64 6 1 @? D4EF6BD4 
@B?P 69M9EF64 6 1 >7 D4EF6BD<F9?S 
@B?P 69M9EF64 6 1 ?<FD9 D4EF6BD4 
+@4EE4 69M9EF64 6 100 7 D4EF6BD4 

 
 >;O@=0O :>=F5=B@0F8O 3 MB>: 
@4EE4 69M9EF64 6 1 @? D4EF6BD4 
@B?P 69M9EF64 6 1 >7 D4EF6BD<F9?S 
+ @B?P 69M9EF64 6 1 ?<FD9 D4EF6BD4 
@4EE4 69M9EF64 6 100 7 D4EF6BD4 

 
%:>;L:> 3@0<<>2 @0AB2>@5==>3> 25I5AB20 A>45@68BAO 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@68BAO 2 1 ; 45F8<>;O@=>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@07CNI8E 8>=K !+ 8 OH-  
>4=>2@5<5==>?  
Ca(OH)2 

�"! 

H3PO4 

+AI(OH)3 

 
�0:85 M;5:B@>;8BK O2;ONBAO A8;L=K<8? 
+HCl 

H2CO3 

H2S 

H3PO4 

 

%:>;L:> 8>=>2 >1@07C5BAO ?@8 48AA>F80F88 <>;5:C;K (NH4)2SO4? 
2 

6 

+3 

4 
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�0:85 M;5:B@>;8BK 2 8>==>< C@02=5=88 A;54CNI59 @50:F88 70?8AK20NBAO 2 2845 
8>=>2:  
%4%"3 

+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 O2;ONBAO A;01K<8? 
H2SO4 

NaCI 

AI(NO3)3 

+H3PO4 

 
�0:85 25I5AB20 2 8>==>< C@02=5=88 A;54CNI59 @50:F88 70?8AK20NBAO 2 2845 
<>;5:C;: 
+H2S 

Pb(NO3)2 

NaCl 

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@30NBAO 384@>;87C? 
PbNO3  

+KNO3 

AI2(SO4)3  

Pb2CO3 

 
$0AB2>@K, :0:8E M;5:B@>;8B>2 E0@0:B5@87CNBAO 7=0G5=8O<8 @! > 7? 
+Na2CO3 
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CaCI2 

AI(NO3)3 

BaCI2 

 
 

#@8 :0:8E 7=0G5=8OE @! D5=>;DB0;58= >:@0H8205BAO 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? 
@4?<AB6GR 

E<ARR 

>D4EAGR 

+H<B?9FB6GR 

 

#@8 2708<>459AB288, :0:8E 42CE 25I5AB2, ?@>8AE>48B @50:F8O =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 <>;O@=CN 4>;N ?>;CG5==>3> @0AB2>@0. 
0,0029; 

+0,0031; 

0,0034; 

0,0028 

 

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

#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�D<F9D<< BJ9A><: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

 

%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 

 
§15 , GCD. 1-12 

§16 , GCD. 1-12 

 
�>?@>AK 4;O A0<>?@>25@:8 
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1. +FB A4;O649FES CDBJ9EEB@ Q?9>FDB?<F<K9E>B= 8<EEBJ<4J<<, >4><9 69M9EF64 
A4;O64RFES Q?9>FDB?<F4@<? 
2. �4><9 <; CD<6989AAOI 69M9EF6 A9 S6?SRFES Q?9>FDB?<F4@<: LiOH; %!3%""!;S02; 
NH4C1; H2S? 

3. �4>B= <; CD<6989AAOI >4F<BAB6 I4D4>F9D9A 8?S 8<EEBJ<4J<< BEAB6AB= EB?<: "!”; 
Cu2+; %<"!+; !%03”; !+? 
4. �4>B= <; CD<6989AAOI Q?9>FDB?<FB6 BFABE<FES > 4@HBF9D- AO@: NaOH; Mg(OH)2; 
Fe(OH)3; �1("!)3? 
5. �4><9 <BAO B5D4;GRFES CD< 8<EEBJ<4J<< 7<8DB>E<84 IDB@4 (III) 6 ><E?B= ED989: %73+; 
!+; "!';%2;3-? 

6. � A4CD46?9A<< B5D4;B64A<S >4><I 69M9EF6 CDBF9>4RF D94>J<< B5@9A4 6 D4EF6BD4I 
Q?9>FDB?<F4? 
7. �4>4S <; CD<6989AAOI D94>J<= A9 CDBF9>49F: 
�4%12+K2S04 ->BaS04 + �%1; 
�4(0!)2+ !%1 -> �4%12+ !20; 
Ba(NO)2 + �%1 -> �4%12+KN03? 

8. �4>4S <; CD<6989AAOI D94>J<= S6?S9FES D94>J<9= A9=FD4?<;4J<<: 
Fe(N03)3 + ��"! =Fe(OH)3 +3KN03; 

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

HN03 + NH4OH = NH4N03 + H20. 

9. !4C<L<F9 GD46A9A<9 D94>J<< 6 @B?9>G?SDAB= < <BAAB= HBD@4I @9:8G >4D5BA4FB@ 
>4?PJ<S < EB?SAB= ><E?BFB=. 
10. +FB A4;O649FES 7<8DB?<;B@ EB?<? 
11. �4><9 <; CD<6989AAOI EB?9= A9 7<8DB?<;GRFES: 
KI, Na2S, FeCl3, �4%12? 
12. +FB E?98G9F A4C<E4FP 6 CD46B= K4EF< EB>D4M9AAB7B <BAAB7B GD46A9A<S 7<8DB?<;4 
A<FD4F4 @98< (II) CB C9D6B= EFGC9A<: 
 Cu(OH)2, HN03, !+, %<"!+? 
13. $4EF6BD >4>B= <; CD<6989AAOI EB?9= <@99F pH > 7: 
(NH4)2S, Na3P04, AICI3, Mg(N03)2? 

14. �4>4S <; CD<6989AAOI EB?9= CB?ABEFPR 7<8DB?<;G9FES: 
CHjCOONa, KCN, Cr2S3, Na2S04? 

15. +FB A4;O649FES EF9C9APR 7<8DB?<;4 EB?< < BF >4><I H4>FBDB6 BA4 ;46<E<F? 
16. �4><9 <; CD<6989AAOI EB?9= 7<8DB?<;GRFES EFGC9AK4FB: 
KCN, MgCl2, Na2S, NH4C1? 

17. �4><9 CDB8G>FO CB?GK4RFES CD< 7<8DB?<;9 I?BD<84 4?R@<A<S CB C9D6B= EFGC9A<: 
!%1, �1("!)3, �10!%12, �1("!)2%1? 
18. !4C<L<F9 GD46A9A<9 D94>J<< 7<8DB?<;4 A<FD4F4 @98< (�). 
19. $4ECD989?<F9 EB?< 6 F45?<J9 6 ;46<E<@BEF< BF E<?O ><E?BFO < BEAB64A<S, CDB8G>FB@ 
6;4<@B89=EF6<S >BFBDOI BA< S6?SRFES: 
%<?PAB9 BEAB64A<9 
< E<?PA4S ><E?BF4 

%<?PAB9 BEAB64A<9 
< E?454S ><E?BF4 

%?45B9 BEAB64A<9 < 
E<?PA4S ><E?BF4 

%?45B9 BEAB64A<9 < 
E?454S ><E?BF4 

    

 

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 
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&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 

�>=B@>;8@C5<K5 7=0=8O: CBASF<S: I<@<K9E>4S D94>J<S, >?4EE<H<>4J<S 
I<@<K9E><I D94>J<=, F9C?BF4 B5D4;B64A<S EB98<A9A<S, F9C?B6B= QHH9>F I<@<K9E>B= 
D94>J<<, QAFDBC<S, I<@<K9E>4S ><A9F<>4. %>BDBEFP D94>J<<, 7B@B79AA4S D94>J<S, 
79F9DB79AA4S D94>J<S, QA9D7<S 4>F<64J<<, F9@C9D4FGDAO= >BQHH<J<9AF D94>J<<, �4>BA 
89=EF6GRM<I @4EE, >4F4?<;, >4F4?<;4FBDO, I<@<K9E>B9 D46AB69E<9, >BAEF4AF4 D46AB69E<S 
#D<AJ<C �9 ,4F9?P9. 
C<5=8O: -CDB6B8<FP D4EK9FO CB I<@<K9E><@ HBD@G?4@ < GD46A9A<S@ D94>J<=; 

-BEGM9EF6?SFP E4@BEFBSF9?PAO= CB<E> I<@<K9E>B= <AHBD@4J<< E <ECB?P;B64A<9@ 
D4;?<KAOI <EFBKA<>B6 (ECD46BKAOI, A4GKAOI < A4GKAB-CBCG?SDAOI <;84A<=, 
>B@CPRF9DAOI 54; 84AAOI, D9EGDEB6 �AF9DA9F4); <ECB?P;B64FP >B@CPRF9DAO9 
F9IAB?B7<< 8?S B5D45BF>< < C9D984K< I<@<K9E>B= <AHBD@4J<<, < 99 CD98EF46?9A<S 6 
D4;?<KAOI HBD@4I; 
-<ECB?P;B64FP CD<B5D9F9AAO9 ;A4A<S < G@9A<S 6 CD4>F<K9E>B= 89SF9?PABEF< < 
CB6E98A96AB= :<;A<: 8?S CBA<@4A<S 7?B54?PAOI CDB5?9@, EFBSM<I C9D98 
K9?B69K9EF6B@: Q>B?B7<K9E><I, QA9D79F<K9E><I < EODP96OI; B5NSEA9A<S I<@<K9E><I 
S6?9A<=, CDB<EIB8SM<I 6 CD<DB89, 5OFG < A4 CDB<;6B8EF69; Q>B?B7<K9E>< 7D4@BFAB7B 
CB6989A<S 6 B>DG:4RM9= ED989; 

 
�>?@>AK 4;O >?@>A0 

1. �?4EE<H<>4J<S I<@<K9E><I D94>J<= 6 BD74A<K9E>B= < A9BD74A<K9E>B= I<@<<. #BASF<9 
B I<@<K9E>B= D94>J<<. $94>J<<, <8GM<9 59; <;@9A9A<S >4K9EF69AAB7B EBEF464 
2. %>BDBEFP I<@<K9E><I D94>J<=. #BASF<9 B E>BDBEF< D94>J<=. %>BDBEFP 7B@B- < 
79F9DB79AAB= D94>J<<. 1A9D7<S 4>F<64J<<. 
3. (4>FBDO, 6?<SRM<9 A4 E>BDBEFP I<@<K9E>B= D94>J<<. #D<DB84 D947<DGRM<I 69M9EF6. 
&9@C9D4FGD4 (;4>BA �4AF-�BHH4). 
4. (4>FBDO, 6?<SRM<9 A4 E>BDBEFP I<@<K9E>B= D94>J<<. �BAJ9AFD4J<S. 
5. �4F4?<;4FBDO < >4F4?<;: 7B@B- < 79F9DB79AAO=, <I @9I4A<;@O. 
6. �46<E<@BEFP E>BDBEF< D94>J<= BF CB69DIABEF< EBCD<>BEAB69A<S D947<DGRM<I 69M9EF6. 
7. "5D4F<@BEFP I<@<K9E><I D94>J<= 69M9EF6: 4??BFDBC<;4J<S < <;B@9D<;4J<S. 
8. $94>J<<, <8GM<9 E <;@9A9A<9@ EBEF464 69M9EF6: CB K<E?G < I4D4>F9DG D947<DGRM<I < 
B5D4;GRM<IES 69M9EF6 (D4;?B:9A<S, EB98<A9A<S, ;4@9M9A<S, B5@9A4); 
9. $94>J<<, <8GM<9 E <;@9A9A<9@ EBEF464 69M9EF6: CB <;@9A9A<R EF9C9A9= B><E?9A<S 
Q?9@9AFB6 (B><E?<F9?PAB-6BEEF4AB6<F9?PAO9 < A9 B><E?<F9?PAB-6BEEF4AB6<F9?PAO9 
D94>J<<);  
10. $94>J<<, <8GM<9 E <;@9A9A<9@ EBEF464 69M9EF6: CB F9C?B6B@G QHH9>FG (Q>;B- < 
QA8BF9D@<K9E><9);  
11. $94>J<<, <8GM<9 E <;@9A9A<9@ EBEF464 69M9EF6: CB H4;9 (7B@B- < 79F9DB79AAO9);  
12. $94>J<<, <8GM<9 E <;@9A9A<9@ EBEF464 69M9EF6: CB A4CD46?9A<R (B5D4F<@O9 < 
A9B5D4F<@O9);  
13 $94>J<<, <8GM<9 E <;@9A9A<9@ EBEF464 69M9EF6: CB <ECB?P;B64A<R >4F4?<;4FBD4 
(>4F4?<F<K9E><9 < A9>4F4?<F<K9E><9);  
14. $94>J<<, <8GM<9 E <;@9A9A<9@ EBEF464 69M9EF6: CB @9I4A<;@G (D48<>4?PAO9, 
@B?9>G?SDAO9 < <BAAO9). 
15.  �9DBSFABEFP CDBF9>4A<S I<@<K9E><I D94>J<=. �AGFD9AASS QA9D7<S, QAF4?PC<S.  
16. &9C?B6B= QHH9>F I<@<K9E><I D94>J<=. &9D@BI<@<K9E><9 GD46A9A<S.  

17. %F4A84DFA4S QAF4?PC<S D94>J<= < B5D4;B64A<S 69M9EF6. �4>BA �.�. �9EE4 < 97B 
E?98EF6<S. 1AFDBC<S. 
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18. )<@<K9E>B9 D46AB69E<9. #BASF<9 B I<@<K9E>B@ D46AB69E<<. $46AB69EAO9 
>BAJ9AFD4J<<.  
19. �<A4@<KABEFP I<@<K9E>B7B D46AB69E<S. (4>FBDO, 6?<SRM<9 A4 E@9M9A<9 D46AB69E<S: 
>BAJ9AFD4J<S, 846?9A<9, F9@C9D4FGD4 (CD<AJ<C �9 ,4F9?P9). 

 

 
�@8B5@88 >F5=:8 >1I85 4;O CAB=>3> >B25B0 

"F5=:0 «5»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 
&8?>2K5 7040G8 

1. �BAEF4AF4 E>BDBEF< D94>J<< A + 2� ↔ 3% D46A4 0,8. !4K4?PAO9 >BAJ9AFD4J<< 69M9EF6 
� < � D46AO EBBF69FEF69AAB 2,0   < 3,0  . �OK<E?<F9 E>BDBEFP D94>J<< 6 A4K4?PAO= 
@B@9AF < >B784 >BAJ9AFD4J<S 69M9EF64 � EF4?4 D46AB= 0,6  .  
2. �BAEF4AF4 E>BDBEF< D94>J<< 2 � + � ↔ 2% D46A4 0,6. !4K4?PAO9 >BAJ9AFD4J<< 69M9EF6 
� < � D46AO EBBF69FEF69AAB 0,4   < 0,5  . �OK<E?<F9 E>BDBEFP D94>J<< 6 A4K4?PAO= 
@B@9AF < 6 @B@9AF, >B784 >BAJ9AFD4J<S 69M9EF64 � G@9APL<FES A4 0,2  . 

3. +9D9; 10 @<AGF CBE?9 A4K4?4 D94>J<< 3 � + � ↔ 2 % >BAJ9AFD4J<< 69M9EF6 A, � < % 
EBEF46<?< EBBF69FEF69AAB 0,3  , 0,1   < 0,04  . �BAEF4AF4 E>BDBEF< D94>J<< D46A4 0,5. 

�OK<E?<F9 E>BDBEFP D94>J<< 6 A4K4?PAO= @B@9AF < K9D9; 10 @<AGF CBE?9 A4K4?4 D94>J<<. 
4. �BAEF4AF4 E>BDBEF< D94>J<< D4;?B:9A<S B>E<84 4;BF4 (I) A4 4;BF < ><E?BDB8 D46A4 5 I 
10 

-4
 . �EIB8A4S >BAJ9AFD4J<S B>E<84 4;BF4 (I) D46A4 4,0  . �OK<E?<F9 A4K4?PAGR 

E>BDBEFP D94>J<< < 99 E>BDBEFP, >B784 D4;?B:<FES 40% B>E<84 4;BF4 (I). 
5. � 7B@B79AAB= E<EF9@9 � + 2 � ↔ % D46AB69EAO9 >BAJ9AFD4J<< 69M9EF6 �, � < % D46AO 
EBBF69FEF69AAB 0,05  , 0,10   < 0,20  . �OK<E?<F9 >BAEF4AFG D46AB69E<S < <EIB8AO9 
>BAJ9AFD4J<< 69M9EF6 � < �. 
6. �BAEF4AF4 D46AB69E<S CD< E<AF9;9 4@@<4>4 <; 4;BF4 < 6B8BDB84, D46A4 0,1. $46AB69EAO9 
>BAJ9AFD4J<< 6B8BDB84 < 4@@<4>4 D46AO EBBF69FEF69AAB 0,6   < 0,2  . �OK<E?<F9 
A4K4?PAGR < D46AB69EAGR >BAJ9AFD4J<< 4;BF4. 
7. �BAJ9AFD4J<< B>E<84 E9DO (IV) < ><E?BDB84 8B D94>J<< 5O?< EBBF69FEF69AAB D46AO 
0,03   < 0,015  . #D< D46AB69E<< >BAJ9AFD4J<S B>E<84 E9DO (IV) EF4?4 D46AB= 0,01  . 
�OK<E?<F9 D46AB69EAO9 >BAJ9AFD4J<< ><E?BDB84, B>E<84 E9DO (VI) < >BAEF4AFG 
D46AB69E<S: SO2 +O2 ↔ SO3   
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8. $46AB69E<9 CDBJ9EE4 D4;?B:9A<S B>E<84 4;BF4 (IV) A4 B>E<8 4;BF4 (II) < ><E?BDB8 
GEF4AB6<?BEP CD< >BAJ9AFD4J<SI B>E<84 4;BF4 (IV), B>E<84 4;BF4 (II) < ><E?BDB84, D46AOI 
EBBF69FEF69AAB 0,08  , 0,02   < 0,01  . �OK<E?<FP >BAEF4AFG D46AB69E<S < A4K4?PAO9 
>BAJ9AFD4J<< <EIB8AOI 69M9EF6. 
9. �BAEF4AF4 D46AB69E<S 7B@B79AAB= E<EF9@O �� ↔ � + � D46A4 0,06. $46AB69EA4S 
>BAJ9AFD4J<S 69M9EF64 � D46A4 0,03  . !4=F< A4K4?PAGR >BAJ9AFD4J<R 69M9EF64 ��. 
�4>4S 8B?S QFB7B 69M9EF64 D4;?B:<?4EP > @B@9AFG GEF4AB6?9A<S D46AB69E<S? 
10. $46AB69E<9 6 E<EF9@9 � + � ↔ 2 �� GEF4AB6<?BEP CD< >BAJ9AFD4J<SI 69M9EF6 �, � < 
��, D46AOI EBBF69FEF69AAB, 0,04  , 0,02   < 0,06  . �OK<E?<F9 >BAEF4AFG D46AB69E<S < 
A4K4?PAO9 >BAJ9AFD4J<< <EIB8AOI 69M9EF6. 
11. � 7B@B79AAB= E<EF9@9 � + � ↔ 2% D46AB69EAO9 >BAJ9AFD4J<< 69M9EF6 �, � < % D46AO 
EBBF69FEF69AAB 0,12  , 0,12   < 0,06  . �OK<E?<F9 >BAEF4AFG D46AB69E<S < A4K4?PAO9 
>BAJ9AFD4J<< 69M9EF6 � < �. 

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

5 10;;>2: 
6?489A<9@ >G?PFGDB= @OL?9A<S; ECBEB5ABEFPR > B5B5M9A<R, 4A4?<;G, >D<F<K9E>B@G 
BE@OE?9A<R, E<EF9@4F<;4J<<, CBEF4AB6>9 J9?9= < 6O5BDG CGF9= <I 8BEF<:9A<S, 6 
?B7<K9E>B@ D4EEG:89A<< < D9L9A<< A9F BL<5B>, ;484K4 D9L9A4 D4J<BA4?PAO@ ECBEB5B@. 
4 10;;0: 
6 ?B7<K9E>B@ D4EEG:89A<< < D9L9A<< A9F EGM9EF69AAOI BL<5B>, AB ;484K4 D9L9A4 
A9D4J<BA4?PAO@ ECBEB5B@ <?< 8BCGM9AB A9 5B?99 86GI A9EGM9EF69AAOI BL<5B>. 
3 10;;0: 
6 ?B7<K9E>B@ D4EEG:89A<< A9F EGM9EF69AAOI BL<5B>, AB 8BCGM9A4 EGM9EF69AA4S  
2 10;;0: 
<@9RFES EGM9EF69AAO9 BL<5>< 6 ?B7<K9E>B@ D4EEG:89A<< < 6 D9L9A<<. 
1 10;;: 

BFEGFEF6<9 BF69F4 A4 ;484A<9. 
 
 

%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 

                                               §11 , GCD. 1-7 

                                               §12 , GCD. 1-8 

                                               §13 , GCD. 1-10 

                                               §11 , GCD. 1-8 

 

 

(>=4 B5AB>2KE 7040=89 4;O B5:CI53> :>=B@>;O 7=0=89 ?> B5<5: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 
%B0=40@B=K< A>AB>O=85< 25I5AB20 O2;O5BAO: 
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=8O ?@>4C:B>2 @50:F88 8 AC<< M=B0;L?89 
>1@07>20=8O 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, =07K205BAO: 
6AGFD9AA9= QA9D7<9= E<EF9@O 
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QAF4?PC<9= D4;?B:9A<S 69M9EF64 
+F9C?B6O@ QHH9>FB@ I<@<K9E>B= D94>J<< 

<;@9A9A<9@ QAF4?PC<< I<@<K9E>B= D94>J<< 
 
%8AB5<0 =07K205BAO 3><>35==>9, 5A;8: 
6E9 69M9EF64 A4IB8SFES 6 B8<A4>B6B@ 47D974FAB@ EBEFBSA<<; 
6E9 69M9EF64 A4IB8SFES 6 D4;?<KAOI 47D974FAOI EBEFBSA<SI; 
BA4 EBEFB<F <; K4EF<J D4;?<KAOI 69M9EF6, D4;?<KAB7B 
47D974FAB7B EBEFBSA<S, 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  

 

�;O :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 
F4SA<S ?P84 
C?46?9A<S :9?9;4  
+>D<EF4??<;4J<< 6B8O 

><C9A<S 6B8O 

 
�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?S 7B@B79AAOI D94>J<=  
CD46<?B �4AF- �BHH4 
;4>BA D4;546?9A<S "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<>459AB28O 2 548=8FC 2@5<5=8 2 548=8F5 
>1J5<0 =07K205BAO: 
CBDS8>B@ D94>J<<  
+E>BDBEFPR D94>J<<  
@9I4A<;@B@ D94>J<<  
QA9D7<9= D94>J<<  

 
%:>@>ABL :0:8E E8<8G5A:8E @50:F89 C25;8G8205BAO 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 
>1JOA=O5BAO: 
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<<  

 
�A;8 402;5=85 2 @50:F8>==>9 A8AB5<5 ?>=878BL 2 2 @070, A:>@>ABL @50:F88 2NO + O2 
→ 2NO2: 
G@9APL<FES 6 2 D4;4 
G69?<K<FES 6 4 D4;4 
+G@9APL<FES 6 8 D4;  
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G69?<K<FES 6 2 D4;4 
 

 0B5<0B8G5A:8< 2K@065=85< 70:>=0 459AB2CNI8E <0AA  
4;O @50:F88 CO2( 3 ) + 4H2( 3 )  = C!4( 3 ) + 2!2 O(3 ) O2;O5BAO: 
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 O2;O5BAO 2KA>:>9, 5A;8:  
QA9D7<S 4>F<64J<< 6OEB>4S 
QA9D7<S 4>F<64J<< D46A4 0  
+QA9D7<S 4>F<64J<< A<;>4S   
QA9D7<S 4>F<64J<< ED98ASS 

 
#@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;O 
C25;8G5=8O A:>@>AB8 @50:F88 2 16 @07 B5<?5@0BC@=K9 :>MDD8F85=B @025= 2: 
20°%  
30°% 

+40°% 

50°% 

 
%:>@>ABL ?@O<>9 @50:F88 !2 ( 3 ) + I2( 3 ) = 2HI ( 3 ) ?@8 ?>2KH5=88 402;5=8O 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;8G8BAO 2 2 @070, B> A:>@>ABL E8<8G5A:>9 @50:F88 2Al 
(:@ ) + 3Cl2( 3 ) = 2AlCl3( :@ ) 87<5=8BAO:  
6 2 D4;4 
+6 8 D4; 
6 16 D4; 
6 32 D4;4 

 

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

 
ВO59D<F9 B8<A CD46<?PAO= 64D<4AF BF69F4 < A4:@<F9 >ABC>G «Д4?99» 
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 0B5<0B8G5A:8< 2K@065=85< 70:>=0 459AB2CNI8E <0AA 4;O @50:F88 C (3@0D8B ) + 
2N2 O (3 ) = CO2( 3 ) + 2N2( 3 ) O2;O5BAO : 
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< CDS@B= < B5D4FAB= D94>J<= BEF4AGFES D46AO@<; 
+E>BDBEFP CDS@B= D94>J<< EF4A9F 5B?PL9 E>BDBEF< B5D4FAB= D94>J<<; 
E>BDBEFP CDS@B= D94>J<< EF4A9F @9APL9 E>BDBEF< B5D4FAB= D94>J<<; 
D46AB69E<9 A9 E@9EF<FES  

 
� A<5I5=8N E8<8G5A:>3> @02=>25A8O @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<S 
 

�>=AB0=B0 @02=>25A8O @50:F88  
CO2( 3 ) + CaO( :@ ) ↔ CaCO3( :@ ): 
�D = [CO2 ] [CaO]/ [CaCO3] 

�D = [CO2 ] / [CaCO3] 

+�D = 1/[CO2] 

�D = [CaO]/ [CaCO3] 

 
�>=AB0=B0 E8<8G5A:>3> @02=>25A8O ?>:07K205B: 
+EBBFABL9A<9 @B?SDAOI >BAJ9AFD4J<= CDB8G>FB6 D94>J<< < <EIB8AOI 69M9EF6 6 
EBEFBSA<< I<@<K9E>B7B D46AB69E<S;  
6B E>B?P>B D4; @B?SDAO9 >BAJ9AFD4J<< <EIB8AOI 69M9EF6 5B?PL9 >BAJ9AFD4J<= 
CDB8G>FB6 D94>J<<;  
EBBFABL9A<9 E>BDBEF9= CDS@B= < B5D4FAB= D94>J<=;  
EBBFABL9A<9 QA9D7<= 4>F<64J<< CDS@B= < B5D4FAB= D94>J<= 

 
� 2K@065=85 :>=AB0=BK @02=>25A8O @50:F88 =5 2E>4OB :>=F5=B@0F88 
2708<>459AB2CNI8E: 
74;BB5D4;AOI 69M9EF6 
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:<8><I 69M9EF6 
+ F69D8OI 69M9EF6 
D4EF6BD9AAOI 69M9EF6 
 

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

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

#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�D<F9D<< BJ9A><: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 
- 2 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 2 F9EFB6OI ;484A<S 
- 1 10;; 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 1 F9EFB6B9 ;484A<9 

 

&5<0 1.6. «�5I5AB20 8 8E A2>9AB20» 
�BAFDB?иDG9@O9 >B@CBA9AFO: З1 ; З2 ; В1; В2, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 
�>=B@>;8@C5<K5 7=0=8O: >?4EE<H<>4J<S A9BD74A<K9E><I EB98<A9A<=, 

BF?<K<F9?PAO9 BEB59AABEF< 69M9EF6 D4;AOI >?4EEB6, ECBEB5O CB?GK9A<S 69M9EF6 D4;AOI 
>?4EEB6;  

C<5=8O: EFDB<FP HBD@G?O 69M9EF6 D4;AOI >?4EEB6 CB A4;64A<S@, A4;O64FP 
69M9EF64 D4;AOI >?4EEB6 CB CD<6989AAB= HBD@G?9, EBEF46?SFP GD46A9A<S D94>J<=, E 
CB@BMPR >BFBDOI @B:AB CB?GK<FP FB <?< <AB9 69M9EF6B, 6OS6?SFP < GEF4A46?<64FP 
79A9F<K9E>GR E6S;P @9:8G >?4EE4@< BD74A<K9E><I < A9BD74A<K9E><I EB98<A9A<=. 

 

�>?@>AK 4;O >?@>A0 
 

1. �?4EE<H<>4J<S A9BD74A<K9E><I 69M9EF6. #DBEFO9 < E?B:AO9 69M9EF64. 
2. ">E<8O, <I >?4EE<H<>4J<S. 
3. �<8DB>E<8O (BEAB64A<S, ><E?BDB8EB89D:4M<9 ><E?BFO, 4@HBF9DAO9 7<8DB>E<8O). 
4. �<E?BFO, <I >?4EE<H<>4J<S. 
5. "EAB64A<S, <I >?4EE<H<>4J<S. 
6. %B?< ED98A<9, ><E?O9, BEAó6AO9 < >B@C?9>EAO9. 
7.  9F4??O. #B?B:9A<9 @9F4??B6 6 #9D<B8<K9E>B= E<EF9@9 < BEB59AABEF< EFDB9A<S <I 
4FB@B6. #DBEFO9 69M9EF64 3 @9F4??O: EFDB9A<9 >D<EF4??B6 < @9F4??<K9E>4S I<@<K9E>4S 
E6S;P. 

8. "5M<9 H<;<K9E><9 E6B=EF64 @9F4??B6 < <I 6BEEF4AB6<F9?PAO9 E6B=EF64: 
6;4<@B89=EF6<9 E A9@9F4??4@< (><E?BDB8B@, 74?B79A4@<, E9DB=, 4;BFB@, 6B8BDB8B@), 
6B8B=, ><E?BF4@<, D4EF6BD4@< EB?9=, BD74A<K9E><@< 69M9EF64@< (EC<DF4@<, 
74?B79A4?>4A4@<, H9AB?B@, ><E?BF4@<), EB M9?BK4@<. 
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9. ">E<8O < 7<8DB>E<8O @9F4??B6. �46<E<@BEFP E6B=EF6 QF<I EB98<A9A<= BF EF9C9A9= 
B><E?9A<S @9F4??B6. 
10. �A4K9A<9 @9F4??B6 6 CD<DB89 < :<;A< BD74A<;@B6. 

11. �BDDB;<S @9F4??B6. #BASF<9 >BDDB;<<. )<@<K9E>4S >BDDB;<S. 1?9>FDBI<@<K9E>4S 
>BDDB;<S. %CBEB5O ;4M<FO @9F4??B6 BF >BDDB;<<. 

12. "5M<9 ECBEB5O CB?GK9A<S @9F4??B6.  9F4??O 6 CD<DB89.  9F4??GD7<S < 99 6<8O: 
C<DB-, 7<8DB- < Q?9>FDB@9F4??GD7<S. 1?9>FDB?<; D4EC?46B6 < D4EF6BDB6 EB98<A9A<= 
@9F4??B6 < 97B CD4>F<K9E>B9 ;A4K9A<9. 

13. !9@9F4??O. #B?B:9A<9 A9@9F4??B6 6 C9D<B8<K9E>B= E<EF9@9, BEB59AABEF< EFDB9A<S 
<I 4FB@B6. 1?9>FDBBFD<J4F9?PABEFP. 

14. �?47BDB8AO9 74;O. 1?9>FDBAAB9 EFDB9A<9 4FB@B6 5?47BDB8AOI 74;B6 < BEB59AABEF< <I 
I<@<K9E><I < H<;<K9E><I E6B=EF6. 
15. !9@9F4??O 3 CDBEFO9 69M9EF64. �FB@AB9 < @B?9>G?SDAB9 <I EFDB9A<9. �??BFDBC<S. 

16. )<@<K9E><9 E6B=EF64 A9@9F4??B6. "><E?<F9?PAO9 E6B=EF64: 6;4<@B89=EF6<9 E 
@9F4??4@<, 6B8BDB8B@, @9A99 Q?9>FDBBFD<J4F9?PAO@< A9@9F4??4@<, A9>BFBDO@< 
E?B:AO@< 69M9EF64@<. 

17. �BEEF4AB6<F9?PAO9 E6B=EF64 A9@9F4??B6 6 D94>J<SI E HFBDB@, ><E?BDB8B@, E?B:AO@< 
69M9EF64@<-B><E?<F9?S@< (4;BFAB= < E9DAB= ><E?BF4@< < 8D.). 
 

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

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 

%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 

                                               §17 , GCD. 1-8 

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

 

� AE5<5 ?@52@0I5=89 
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F5%12 N0"! )1 O2, H2O  )2  
    →          → 

25I5AB2>< «)2» O2;O5BAO 
F9"  
+F9("!)3  
F9("!)2  
F9%13 

 

&>;L:> ?@8 B5<?5@0BC@5 A 2>4>9 @5038@C5B: 
>4?<= 

A4FD<= 
+:9?9;B 
@98P 

 

�8A;>@>4 =5 @5038@C5B =8 A >4=8< 87 42CE 25I5AB2: 
HBEHBD < :9?9;B 
+A9BA < C?4F<A4 
E9DB6B8BDB8 < G7?9DB8 
E9D4 < 6B8BDB8 

 

!8B@0B 0;N<8=8O 2 @0AB2>@5 2708<>459AB2C5B A: 
 

NaCI 

Fe (NO3)2 

MgCI2 

+Ca(OH)2 

 

%5@51@> 87 @0AB2>@0 AgNO3 2KB5A=O5B 2A5 <5B0;;K, C:070==K5 2 @O4C: 
+AI Zn Cr 

K Fe Zn 

Zn Fe Pt 

Na Cr Zn 

 

"A=>2=K5 A2>9AB20 >A;01520NB 2 @O4C 384@>:A84>2: 
Li K Cs 

AI Mg Na 

+Ca Mg Be 

B Be AI 

 

�;O >ACI5AB2;5=8O ?@52@0I5=89 SO2 →H2SO4→K2SO4 =5>1E>48<> 8A?>;L7>20BL: 
!2O KHSO4 

!2O Na2SO4 

+!2O KOH  

!2 KOH 

 

);>@84 0;N<8=8O 2 @0AB2>@5 2708<>459AB2C5B A 
�2S"4  

MgS"4  

!NO3  

+%4("!)2 
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)8<8G5A:>9 @50:F88 <564C 384@>:A84>< <548 (II) 8 @0AB2>@>< A5@=>9 :8A;>BK 
A>>B25BAB2C5B A>:@0I5==>5 8>==>5 C@02=5=85 
20!- + H+ = H2O 

20!- + !2S04 = 2!20 + S042- 
+%<("!)2 + SO4

2-= %<S04 +2"!- 

%<("!)2 + 2!+ = %<2+ + 2!20 
 

":A84 A5@K (IV) O2;O5BAO 
BEAB6AO@ 

+><E?BFAO@ 

4@HBF9DAO@  
A9EB?9B5D4;GRM<@ 

 

� 0<D>B5@=K< >:A840< >B=>A8BAO  
%7"3  

S"3  

%"2  

+%72"3 

 

":A84 A =081>;55 O@:> 2K@065==K<8 >A=>2=K<8 A2>9AB20<8 >1@07C5B 
�9  
 g  
+B4  
Zn 

 

% 2>4>9 =5 @5038@C5B 
@47A<=  
+59D<??<=  
54D<=  
EFDBAJ<= 

 

);>@84 65;570 (II) >1@07C5BAO 2 @57C;LB0B5 @50:F88 
F9 + %12→. 
+F9 + !%1 → 

F92O3 + !%1→. 
F9O + %12 → 

 

!5?>A@54AB25==> 4@C3 A 4@C3>< =5 2708<>459AB2CNB 
+><E?BDB8 < I?BD 
6B8BDB8 < I?BD 
6B8BDB8 < ><E?BDB8  
I?BD < @9F4A 

 

 54L =5 2708<>459AB2C5B A 
D4;546?9AAB= !NO3 
>BAJ9AFD<DB64AAB= !NO3 
+D4;546?9AAB= !%1 
>BAJ9AFD<DB64AAB= !2S"4 

 

$50:F88 @07102;5==>9 07>B=>9 :8A;>BK A <54LN A>>B25BAB2C5B AE5<0 
+%u + !NO3 → %u(NO3)2 + NO + !2"  
%u + !NO3 → %u(NO3)2 + !2 
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%u + !NO3→ %u" + NO2 + !2" 

%u + !NO3 → CuO + NH4NO3 + !2" 

 

� AE5<5 ?@52@0I5=89 
Na2CO3 4+x4 CaCO34+C4 Ca (HCO3)2 
�C:20<8 «)» 8 «'» >1>7=0G5=K 25I5AB20 
+) 4 CaO; ' 4 HCI 

) 3 Ca (OH)2 ; ' 4 NaCI 

) 4 !NO3; ' 3 CO2 < H2O 

) 4 !NO3 ; ' 4 CO2 < H2O 

&01;8F0 6 
 5B>48:0 ?@>2545=8O :>=B@>;O 

#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 
;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

$0745; 2. "@30=8G5A:0O E8<8O. "@30=8G5A:85 A>548=5=8O» 
 

&5<0 2.1 #@54<5B >@30=8G5A:>9 E8<88 
 

�>=B@>;8@C5<K5 :><?>=5=BK: З1; З2 ; В1; В2, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 
�>=B@>;8@C5<K5 7=0=8O: DB?P I<@<< 6 9EF9EF6B;A4A<<, 99 E6S;P E 8DG7<@< 
9EF9EF69AAO@< A4G>4@<, ;A4K9A<9 6 :<;A< EB6D9@9AAB7B B5M9EF64, CBASF<9 B CD98@9F9 
BD74A<K9E>B= I<@<<, G7?9DB8AO= E>9?9F, HGA>J<BA4?PA4S 7DGCC4, 7B@B?B7<S, EFDG>FGDA4S 
< CDBEFD4AEF69AA4S <;B@9D<S, BEB59AABEF< BD74A<K9E><I 69M9EF6, ;A4K9A<9 BD74A<K9E><I 
69M9EF6; 

C<5=8O: BEGM9EF6?SFP E4@BEFBSF9?PAO= CB<E> I<@<K9E>B= <AHBD@4J<< E 
<ECB?P;B64A<9@ D4;?<KAOI <EFBKA<>B6 (ECD46BKAOI, A4GKAOI < A4GKAB-CBCG?SDAOI 
<;84A<=, >B@CPRF9DAOI 54; 84AAOI, D9EGDEB6 �AF9DA9F4); <ECB?P;B64FP >B@CPRF9DAO9 
F9IAB?B7<< 8?S B5D45BF>< < C9D984K< I<@<K9E>B= <AHBD@4J<<, < 99 CD98EF46?9A<S 6 
D4;?<KAOI HBD@4I; -BCD989?SFP: <;B@9DO < 7B@B?B7< 

 
�>?@>AK 4;O >?@>A0 

 
1. �4=F9 BCD989?9A<9 CBASF<S «"D74A<K9E>4S I<@<S» 
2. "5NSEA<F9 QF<@B?B7<R E?B64 «6<F4?<;@» < BI4D4>F9D<;G=F9 B5B;A4K49@GR <@ E<EF9@G 
6;7?S8B6 6 I<@<<. 
3. �4><9 A4GKAO9 8BEF<:9A<S ECBEB5EF6B64?< >DGL9A<R 6<F4?<;@4? �FB <I 46FBDO? 
4. $4EE>4:<F9 B >DG7B6BDBF9 G7?9DB84 6 CD<DB89. 
5. �4><9 BEB59AABEF< BF?<K4RF BD74A<K9E><9 69M9EF64 BF A9BD74A<K9E><I? 
6. !4;B6<F9 <;69EFAO9 64@ BD74A<K9E><9 69M9EF64, 6IB8SM<9 6 EBEF46 4) CDB8G>FB6 < 
@4F9D<4?B6, <ECB?P;G9@OI 6 5OFG, 6 @98<J<A9, 6 CDB@OL?9AABEF<, 5) C<M96OI CDB8G>FB6 
<?< 5<B?B7<K9E>< 4>F<6AOI 69M9EF6. 
7. �4=F9 BCD989?9A<9 CBASF<= «64?9AFABEFP» < «EF9C9AP B><E?9A<S». � K9@ <I EIB8EF6B < 
BF?<K<9? �@99F ?< K<E?9AAB9 ;A4K9A<9 64?9AFABEF< < EF9C9A< B><E?9A<S ;A4>? 
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8. �4=F9 BCD989?9A<9 CBASF<=: «<;B@9D<S», «<;B@9D», «7B@B?B7», «7B@B?B7<K9E>4S 
D4;ABEFP» 
9. �4><9 CDBJ9EEO A4;O64RF 5<BBD74A<K9E><@<? 
 

�@8B5@88 >F5=:8 CAB=>3> >B25B0  
 

"F5=:0 «5»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 

S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:                 
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4.   

 

 
%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 

 
                                              §1, C?@.1-7 

 

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

�B> 225; ?>=OB85 «"@30=8G5A:0O E8<8O»? 
(. �9?9D 
�. . �GF?9DB6 
+3. �9DJ9?<GE 
�. ,BD?9@@9D 
 
�725AB=KE =5>@30=8G5A:8E 8 >@30=8G5A:8E 25I5AB2 =0AG8BK205BAO 

A>>B25BAB25==> 
1 FOE. < 5 FOE. 
20 FOE < 1 @?A. 
10 FOE. < 100 FOE. 
+100 FOE < 18 @?A 
 

"@30=8G5A:8< O2;O5BAO 25I5AB2>, D>@<C;0 :>B>@>3>: 
H2CO3 

+C!3Br 

K2CO3 
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CO2 

 

"@30=8G5A:8< A>548=5=85< =5<>;5:C;O@=>3> AB@>5=8O O2;O5BAO 25I5AB2>, 
D>@<C;0 :>B>@>3>: 

%H3OH 

CH4 

CH3COONa 

CH3Cl 

 
�B> 225; ?>=OB85 «>@30=8G5A:85 25I5AB20»? 
�.�.  9A89?996 
�. . �GF?9DB6 
+3. �9DJ9?<GE 
2. �<5<I 
 

/2;5=85 ACI5AB2>20=8O =5A:>;L:8E 25I5AB2 >48=0:>2>3> A>AB020, A >4=>9 8 
B>9 65 <>;5:C;O@=>9 <0AA>9, => A @07=K< AB@>5=85< <>;5:C; 3 MB>:  
4@HBF9DABEFP 
7B@B?B7<S 
+<;B@9D<S 
4??BFDBC<S 
 

�5I5AB20 %!3 3%!3 8 8 %!3 3%!2 3%!3 O2;ONBAO: 
<;B@9D4@< 
+7B@B?B74@< 
4??BFDBCAO@< 6<8B<;@9A9A<S@< 

D48<>4?4@< 

 

�0:85 87 ?@82545==KE =865 25I5AB2 O2;O5BAO 87><5@>< A>548=5=8O %!33( 
%!2)5 3%!3?  
+%!3 3%!(CH3)3 %(CH3)2 3%!3 

%!3 3%(CH3)2 3%!3  

%!3 3%!(CH3)3 %H(CH3)3 %!3  

%!3 3%(CH3)5 3%!3  

 

�84 87><5@88, E0@0:B5@=K9 4;O 1CB5=0 -2 8 =5A2>9AB25==K9 1CB5=C -1:  
<;B@9D<S G7?9DB8AB7B E>9?9F4 
BCF<K9E>4S 
+79B@9FD<K9E>4S  
CB?B:9A<S 86B=AB= E6S;< 

 

�><>;>38G5A:8< @O4>< =07K205BAO: 
EB6B>GCABEFP 69M9EF6, EB89D:4M<I B8<A4>B6B9 K<E?B 4FB@B6 G7?9DB84; 
DS8 69M9EF6, <@9RM<I B8<A4>B6O= EBEF46, AB D4;?<KAB9 I<@<K9E>B9 EFDB9A<9; 
+DS8 69M9EF6, EIB8AOI CB I<@<K9E>B@G EFDB9A<R < E6B=EF64@, EBEF46 >BFBDOI 
BF?<K49FES A4 B8AG <?< A9E>B?P>B 7DGCC %!2-; 

EB6B>GCABEFP 69M9EF6, EBEF46 >BFBDOI BF?<K49FES A4 B8AG <?< A9E>B?P>B 7DGCC 
%!2-; 

 

':068B5 ?@>F5AA, ?@8 :>B>@>< 87 =5>@30=8G5A:8E 25I5AB2 ?>;CG0NBAO 
>@30=8G5A:85: 
7BD9A<9 8D969E<AO 
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C<M964D9A<9 
8OI4A<9  
+HBFBE<AF9; 

 
 
 
 

&01;8F0 7 
 5B>48:0 ?@>2545=8O :>=B@>;O 

#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�D<F9D<< BJ9A><: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

&5<0 2.2 &5>@8O AB@>5=8O >@30=8G5A:8E A>548=5=89  
 

�>=B@>;8@C5<K5 :><?>=5=BK: З1; З2 ; В1; В2, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 
�>=B@>;8@C5<K5 7=0=8O: F9BD<S EFDB9A<S BD74A<K9E><I < A9BD74A<K9E><I 

EB98<A9A<= (6>?RK4S EF9D9BI<@<R), CBASF<S: G7?9DB8AO= E>9?9F, HGA>J<BA4?PA4S 
7DGCC4, 7B@B?B7<S, EFDG>FGDA4S < CDBEFD4AEF69AA4S <;B@9D<S, 

C<5=8O: -BCD989?SFP: 64?9AFABEFP < EF9C9AP B><E?9A<S I<@<K9E><I Q?9@9AFB6, 
CDBEFD4AEF69AAB9 EFDB9A<9 @B?9>G?, I4D4>F9D 6;4<@AB7B 6?<SA<S 4FB@B6 6 @B?9>G?4I, 
BEGM9EF6?SFP E4@BEFBSF9?PAO= CB<E> I<@<K9E>B= <AHBD@4J<< E <ECB?P;B64A<9@ 
D4;?<KAOI <EFBKA<>B6 (ECD46BKAOI, A4GKAOI < A4GKAB-CBCG?SDAOI <;84A<=, 
>B@CPRF9DAOI 54; 84AAOI, D9EGDEB6 �AF9DA9F4); <ECB?P;B64FP >B@CPRF9DAO9 F9IAB?B7<< 
8?S B5D45BF>< < C9D984K< I<@<K9E>B= <AHBD@4J<< < 99 CD98EF46?9A<S 6 D4;?<KAOI 
HBD@4I, EBEF46?SFP EFDG>FGDAO9 HBD@G?O <;B@9DB6 < 7B@B?B7B6.  

 
�>?@>AK 4;O >?@>A0 

 
1. %HBD@G?<DG=F9 CBASF<9 «@B?9>G?SDA4S HBD@G?4» 
2. %HBD@G?<DG=F9 CBASF<9 «I<@<K9E>B9 EFDB9A<9» 
3. %HBD@G?<DG=F9 CBASF<9 «EFDG>FGDA4S HBD@G?4» 
4. %HBD@G?<DG=F9 < B5NSEA<F9 C9D6B9 CB?B:9A<9 F9BD<< I<@<K9E>B7B EFDB9A<S 

BD74A<K9E><I 69M9EF6 �. . �GF?9DB64. #<EP@9AAB CDB<??REFD<DG=F9 97B CD<@9D4@<. 
5. %HBD@G?<DG=F9 < B5NSEA<F9 6FBDB9 CB?B:9A<9 F9BD<< I<@<K9E>B7B EFDB9A<S 

BD74A<K9E><I 69M9EF6 �. . �GF?9DB64. #<EP@9AAB CDB<??REFD<DG=F9 97B CD<@9D4@<. 
6. %HBD@G?<DG=F9 < B5NSEA<F9 FD9FP9 CB?B:9A<9 F9BD<< I<@<K9E>B7B EFDB9A<S 

BD74A<K9E><I 69M9EF6 �. . �GF?9DB64. #<EP@9AAB CDB<??REFD<DG=F9 97B CD<@9D4@<. 
7. �4C<E4FP Q?9>FDBAAB-7D4H<K9E>GR HBD@G?G 4FB@4 G7?9DB84 6 BEAB6AB@ < 

6B;5G:8TAAB@ EBEFBSA<S  
8. +FB A4;O64RF I<@<K9E>B= E6S;PR?  �4>4S E6S;P A4;O649FES Ã- E6S;PR?  �4>4S 

E6S;P A4;O649FES σ 3 E6S;PR? 
9. �4><9 F<CO 7<5D<8<;4J<< Q?9>FDBAAOI BD5<F4?9= 4FB@4 G7?9DB84 6O ;A49F9? 
10. �4><9 64?9AFAO9 EBEFBSA<S 4FB@4 G7?9DB84 64@ <;69EFAO? #<EP@9AAB 

CDB<??REFD<DG=F9 <I CD<@9D4@<. 
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11. +9@G D46AO G7?O @9:8G BES@< G7?9DB8AB7B 4FB@4 8?S: 
sp

3
 37<5D<8AOI BD5<F4?9=; 

sp
2
 37<5D<8AOI BD5<F4?9=; 

sp 37<5D<8AOI BD5<F4?9=; 
"5NSEA<F9 84AAO9 E FBK>< ;D9A<S F9BD<< 7<5D<8<;4J<<. 
 

 

�@8B5@88 >F5=:8 >1I85 4;O CAB=>3> >B25B0 
 

"F5=:0 «5»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 
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3. !4;B6<F9 CB E<EF9@4F<K9E>B= AB@9A>?4FGD9 69M9EF64, HBD@G?O 

>BFBDOI CD<6989AO A<:9. 
 

4) !3% 3 % = %  3 %!3 

                '    ' 

                %!3 %!2 

                                   ' 

                                   %!3 

 

 

         5)     !3% - %! 3 %! 2- %!3 

                      ' 

                      %!3 

 

4. %FDB9A<9 4FB@4 G7?9DB84: C9D6B9 64?9AFAB9 EBEFBSA<9 G7?9DB84. 
 

5. !4=8<F9 @B?9>G?SDAGR HBD@G?G G7?96B8BDB84, @4EEB64S 8B?S 6B8BDB84 6 
>BFBDB@ EBEF46?S9F 15,79%. "FABE<F9?PA4S C?BFABEFP C4DB6 QFB7B 69M9EF64 CB 6B;8GIG 
EBEF46?S9F 3,93. 

 

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

"F5=:0 «5»: 
"BF69F CB?AO= < CD46<?PAO=, 6B;@B:A4 A9EGM9EF69AA4S BL<5>4. 

"F5=:0 «4»: 
"BF69F A9CB?AO= <?< 8BCGM9AB A9 5B?99 86GI A9EGM9EF69AAOI BL<5B>. 

"F5=:0 «3»: 
"D45BF4 6OCB?A9A4 A9 @9A99 K9@ A4CB?B6<AG, 8BCGM9A4 B8A4 EGM9EF69AA4S BL<5>4 < 
CD< QFB@ 869-FD< A9EGM9EF69AAO9. 

"F5=:0 «2»: 
"D45BF4 6OCB?A9A4 @9APL9 K9@ A4CB?B6<AG <?< EB89D:<F A9E>B?P>B EGM9EF69AAOI 
BL<5B>. 

"F5=:0 «1»: 
"D45BF4 A9 6OCB?A9A4. 

 
 

%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 

 
                                              §5, C?@.1-5 
                                              §6, C?@.1-2 
                                              §7, C?@.1-7 
 

�;0AA8D8:0F8O @50:F89 2 >@30=8G5A:>9 E8<88 
 

�>=B@>;8@C5<K5 7=0=8O: BEAB6AO9 F<CO D94>J<= 6 BD74A<K9E>B= I<@<<; 
C<5=8O: -BCD989?SFP: F<CO D94>J<= 6 BD74A<K9E>B= I<@<<; 

 
�>?@>AK 4;O >?@>A0 

1. �BCB?A<F9 HD4;G: «)<@<K9E>4S D94>J<S, GD46A9A<9 >BFBDB= %!3 3 %!3  %!2=%!2 + 

!2 
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S6?S9FES D94>J<9= &». 
2. !4C<L<F9 GD46A9A<9 D94>J<< BFM9C?9A<S (Q?<@<A<DB64A<S). '>4:<F9 GE?B6<S 99 
BEGM9EF6?9A<S. !4;B6<F9 <EIB8AO9 69M9EF64 < CDB8G>FO D94>J<<. 
3. !4C<L<F9 GD46A9A<9 D94>J<< 7<8D<DB64A<S QF<?9A4 < G>4:<F9 GE?B6<S 99 
BEGM9EF6?9A<S. 
4. !4C<L<F9 GD46A9A<9 D94>J<< CB?GK9A<S @9F<?CDBC4A4 <; 5GF4A4. �4=F9 
I4D4>F9D<EF<>G QFB= D94>J<< CB 6E9@ <;GK9AAO@ >?4EE<H<>4J<BAAO@ CD<;A4>4@. 
5. "CD989?<F9 F<C D4;DO64 E6S;< 6 D94>J<SI (7B@B?<F<K9E><= <?< 79F9DB?<F<K9E><=): 

 Br2 → 2Br 
%!3%""! →%!3%""- + !+

  

%!3-%!Br-%!3→?%!3-%!+
-%!3 + :�r- 

6. "CD989?<F9 F<C >4:8B= D94>J<< 6 J9CBK>9 CD96D4M9A<=, A4;B6<F9 6E9 69M9EF64: 
%!3-%!"!-%!3→ %!2=%!-%!3 →%!3-%!Br-%!3 → %!3- %!"!-%!3 

�@8B5@88 >F5=:8 >?@>A0 
"F5=:0 «5»: 

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 

(>=4 B5AB>2KE 7040=89 4;O B5:CI53> :>=B@>;O 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;O >@30=8G5A:>9 E8<88: 
 
;4@9M9A<S  
+EB98<A9A<S  
BFM9C?9A<S  
CD<EB98<A9A<S  
<;B@9D<;4J<<  
CB?<@9D<;4J<< 
 
$50:F8O 45384@>1@><8@>20=8O >B=>A8BAO : @50:F8O<: 
;4@9M9A<S  
+BFM9C?9A<S  
CD<EB98<A9A<S  
<;B@9D<;4J<<  
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�708<>459AB285 <5B0=0 A E;>@>< >B=>A8BAO : @50:F8O<: 
+;4@9M9A<S  
BFM9C?9A<S  
CD<EB98<A9A<S  
<;B@9D<;4J<<  
!4C<L<F9 84AAGR D94>J<R < BCD989?<F9 6 A9= EG5EFD4F < D9479AF. 
 
�0:0O G0AB8F0 =C:;5>D8;L=0O?  
!+ 

+"!-  

�+  
%!3. 

 

�;:5=K =5 <>3CB 2ABC?0BL 2 @50:F88: 

 +;4@9M9A<S   

 7BD9A<S   

CB?<@9D<;4J<<   

CD<EB98<A9A<S 
 

�708<>459AB285 <5B0=0 A E;>@>< 3 MB> @50:F8O: 
+74?B79A<DB64A<S  

7<8D4F4J<<  

7<8D<DB64A<S   

897<8D<DB64A<S 
 

#@>4C:B>< @50:F88 384@8@>20=8O MB5=0 (MB8;5=0) O2;O5BAO: 
5GF4A  

+QF4A   

CDBC4A  

QF<A (4J9F<?9A) 
 

$50:F8O 45384@0B0F88 E0@0:B5@=0 4;O 25I5AB20, D>@<C;0 :>B>@>3>: 
%3!6  

+%2!5"!  

%3!8  

%!3%"! 

 

#@>4C:B>< @50:F88 ?@>?5=0 A 1@><>2>4>@>4>< O2;O5BAO: 
1-5DB@CDBC4A  

+2-5DB@CDBC4A  

1,2-8<5DB@CDBC4A  

1,2,3-FD<5DB@CDBC4A 
 

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

%!2F%""!  

%!2Br%""!   

%!2Cl%""! 

 

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

+&+!2→%3!8  

 &→%2!4+!2  

&→%2!4+!2" 

 

�52>9 G0AB8 C@02=5=8O %3!7"!  A>>B25BAB2C5B ?@020O 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 < %2!5"!  

%2!4 < %2!6  

+%2!6 < C2H5Cl   

%2!4 < C2H4Cl2 

 

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

HBr    

H2O    

HCl 

 

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

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

#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�@8B5@88 >F5=:8: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

 

&5<0 2.4. #@545;L=K5 C3;52>4>@>4K 
�>=B@>;8@C5<K5 :><?>=5=BK: У1 ; В2; В3, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

�>=B@>;8@C5<K5 7=0=8O: BCD989?9A<9, >?4EE<H<>4J<R, AB@9A>?4FGDG, E6B=EF64, 
ECBEB5O CB?GK9A<S < CD<@9A9A<9 CD989?PAOI G7?96B8BDB8B6; 

C<5=8O: -B5NSEASFP: D94>J<BAAB= ECBEB5ABEF< BD74A<K9E><I EB98<A9A<= BF 
EFDB9A<S <I @B?9>G?; 6OCB?ASFP I<@<K9E><= Q>EC9D<@9AF CB D4ECB;A464A<R 
64:A9=L<I BD74A<K9E><I 69M9EF6, CB?GK9A<R >BA>D9FAOI 69M9EF6, BFABESM<IES > 
<;GK9AAO@ >?4EE4@ EB98<A9A<=; 
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�>?@>AK 4;O >?@>A0 
1. �4=F9 BCD989?9A<9 4?>4AB6. �4>B64 <I B5M4S HBD@G?4? 
2. #D<698<F9 7B@B?B7<K9E><= DS8 <; 10 CD98EF46<F9?9= >?4EE4. !4;B6<F9 

EB98<A9A<S CB @9:8GA4DB8AB= AB@9A>?4FGD9. 
3. �ECB@A<F9 BEAB6AO9 CD46<?4 AB@9A>?4FGDO 8?S 4?>4AB6. 
4. �4>B= 6<8 <;B@9D<< I4D4>F9D9A 8?S 4?>4AB6. !4C<L<F9 HBD@G?O 6E9I <;B@9DB6 

8?S EB98<A9A<S: !3% 3 %!2 3 CH23 %!2 3 %!23%!3. !4;B6<F9 EB98<A9A<S CB 
@9:8GA4DB8AB= AB@9A>?4FGD9. 

5. #9D9K<E?<F9 BEAB6AO9 ECBEB5O CB?GK9A<S 4?>4AB6. !4C<L<F9 GD46A9A<S 
I<@<K9E><I D94>J<=. 

6. #9D9K<E?<F9 BEAB6AO9 I<@<K9E><9 E6B=EF64 4?>4AB6. !4C<L<F9 GD46A9A<S 
I<@<K9E><I D94>J<=. 

7. $4EE>4:<F9 B CD<@9A9A<< 4?>4AB6. 
 

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

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 
#@0:B8G5A:0O @01>B0  

�4K9EF69AAO= 4A4?<; BD74A<K9E><I EB98<A9A<=  
 

*9?P: BE6B<FP >4K9EF69AAO= 4A4?<; BD74A<K9E><I EB98<A9A<=  
 

#DBK<F4=F9 <AEFDG>J<R CB 6OCB?A9A<R BCOF4 (EFD. 283 ) 
�ECB@A<F9 CD46<?4 &� CD< D45BF9 E :<8>BEFS@<.  
�OCB?A<F9 BCOFO 

%89?4=F9 6O6B8 
"HBD@<F9 BFK9F 6 ?45BD4FBDAB= F9FD48< 

 

%>45@60=85 >BG5B0: 
CBDS8>B6O= AB@9D CD4>F<K9E>B= D45BFO, 99 A4;64A<9;  
J9?P D45BFO;  
;484A<9;  
>D4F>B9 F9BD9F<K9E>B9 66989A<9 > 84AAB= D45BF9;  
A4;64A<9 BCOFB6;  
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BHBD@?9A<9 D9;G?PF4FB6 BCOFB6 6 EBBF69FEF6<< E CD98NS6?S9@O@< FD95B64A<S@<.  
�4M<F4 CD4>F<K9E>B= D45BFO BEGM9EF6?S9FES A4 ;4ASF<<, E?98GRM9@ CBE?9 99 
6OCB?A9A<S. #D< ;4M<F9 B5GK4RM<=ES 8B?:9A CD98EF46<FP BFK9F, EBEF46?9AAO= CB 
CD98?B:9AAB= 6OL9 EI9@9, CBSEA<FP 6E9 CD<6989AAO9 D4EK9FO < 6O6B8O. 
 

�@8B5@88 >F5=:0 ?@0:B8G5A:>9 @01>BK 
 

5 10;;>2: 
D45BF4 6OCB?A9A4 CB?ABEFPR < CD46<?PAB, E89?4AO CD46<?PAO9 A45?R89A<S < 6O6B8O; 
Q>EC9D<@9AF BEGM9EF6?9A CB C?4AG E GK9FB@ F9IA<>< 59;BC4EABEF< < CD46<? D45BFO E 
69M9EF64@< < B5BDG8B64A<9@; 
CDBS6?9AO BD74A<;4J<BAAB-FDG8B6O9 G@9A<S (CB889D:<64RFES K<EFBF4 D45BK97B @9EF4 < 
CBDS8B> A4 EFB?9, Q>BAB@AB <ECB?P;GRFES D94>F<6O). 
4 10;;0: 
D45BF4 6OCB?A9A4 CD46<?PAB, E89?4AO CD46<?PAO9 A45?R89A<S < 6O6B8O, AB CD< QFB@ 
Q>EC9D<@9AF CDB6989A A9 CB?ABEFPR <?< 8BCGM9AO A9EGM9EF69AAO9 BL<5>< 6 D45BF9 E 
69M9EF64@< < B5BDG8B64A<9@ 

3 10;;0: 
D45BF4 6OCB?A9A4 CD46<?PAB A9 @9A99 K9@ A4CB?B6<AG <?< 8BCGM9A4 EGM9EF69AA4S 
BL<5>4 6 IB89 Q>EC9D<@9AF4, 6 B5NSEA9A<<, 6 BHBD@?9A<< D45BFO, 6 EB5?R89A<< CD46<? 
F9IA<>< 59;BC4EABEF< CD< D45BF9 E 69M9EF64@< < B5BDG8B64A<9@, >BFBD4S <ECD46?S9FES 
CB FD95B64A<R GK<F9?S. 
2 10;;0: 
8BCGM9AO 869 (< 5B?99) EGM9EF69AAO9 BL<5>< 6 IB89 Q>EC9D<@9AF4, 6 B5NSEA9A<<, 6 
BHBD@?9A<< D45BFO, 6 EB5?R89A<< CD46<? F9IA<>< 59;BC4EABEF< CD< D45BF9 E 
69M9EF64@< < B5BDG8B64A<9@, >BFBDO9 GK4M<=ES A9 @B:9F <ECD46<FP 84:9 CB FD95B64A<R 
GK<F9?S. 
1 10;;: 
D45BF4 A9 6OCB?A9A4, G GK4M97BES BFEGFEF6GRF Q>EC9D<@9AF4?PAO9 G@9A<S. 
 

(>=4 B5AB>2KE 7040=89 4;O B5:CI53> :>=B@>;O 7=0=89 ?> B5<5: 
ВO59DиF9 B8иA CD46и?PAOх 64Dи4AF: 
 
#5@2K9 ?@54AB028B5;L @O40 0;:0=>2 =07K205BAO: 
5GF4A;  
CDBC4A;  
B>F4A;  
+@9F4A. 
 

"1I0O D>@<C;0 0;:0=>2: 
%nH2n;    

+%nH2n+2;    

%nH2n32;    

%nHn. 

"  

�B><K C3;5@>40 2 0;:0=0E =0E>4OBAO 2 A>AB>O=88: 
sD-7<5D<8<;4J<<; 
pD-7<5D<8<;4J<<; 
+sD3

-7<5D<8<;4J<<; 
6 A97<5D<8AB@ EBEFBSA<<. 
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�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: 
B>F4Q8D<K9E>B9;  
C?BE>BEFAB9;  
+F9FD4Q8D<K9E>B9;  
79>E47BA4?PAB9. 

 

�064K9 ?>A;54CNI89 ?@54AB028B5;L 3><>;>38G5A:>3> @O40 >@30=8G5A:8E 
A>548=5=89 >B;8G05BAO >B ?@54K4CI53> =0 3><>;>38G5A:CN @07=>ABL, @02=CN: 
%!; 
%!3; 

%!4;  

+%!2. 

 

+B>1K 40BL =0720=85 @048:0;C, =5>1E>48<> 70<5=8BL -0= 2 =0720=88 0;:0=0 =0: 
-<A;  
+-<?;  
-9A;  
-8<9A. 
 

�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 < 2; 
1 < 4;  
2 < 4;  
3 < 4.  

 

�5I5AB2> %!33%!(CH3)3 %H(CH3)3%!3 =07K205BAO: 
2,3,4-FD<@9F<?B>F4A;  
A-79>E4A;  
+2,3-8<@9F<?5GF4A;  
3,4-8<@9F<?C9AF4A. 

 

�5I5AB2> 2,2-48<5B8;?@>?0= ?>-4@C3><C <>6=> =0720BL: 
B>F4A;  
+F9FD4@9F<?@9F4A;  
2-@9F<?CDBC4A;  
C9AF4A. 
 

%54L<>9 ?@54AB028B5;L @O40 0;:0=>2 =07K205BAO:  
B>F4A; 
ABA4A; 
89>4A; 
+79CF4A. 
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+B>1K =0720BL @0725B2;5==K9 C3;52>4>@>4, A=0G0;0 =C6=>: 
+6O5D4FP E4@GR 8?<AAGR J9CBK>G 4FB@B6 G7?9DB84; 
G>4;4FP A4;64A<S D48<>4?B6; 
G>4;4FP CD<A48?9:ABEFP > >?4EEG 69M9EF6; 
G>4;4FP D4ECB?B:9A<9 D48<>4?B6. 
 

�5I5AB20 %!33%!3 8 %!33%!23%!3 O2;ONBAO: 
<;B@9D4@<;  
+7B@B?B74@<; 
4??BFDBCAO@< 6<8B<;@9A9A<S@<; 
D48<>4?4@<. 

 

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

%9!20; 

+%5!12; 

%10!22. 

 

(>@<C;0 %2!5 A>>B25BAB2C5B: 
+D48<>4?G QF<?G;  
89>4AG;  
B>F4AG; 
5GF4AG. 

 

�708<>459AB285 <5B0=0 A E;>@>< 3 MB> @50:F8O: 
D4;?B:9A<S;  
EB98<A9A<S;  
B5@9A4; 
+;4@9M9A<S. 

 

�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:F8O 2%!3I + 2Na = 2NaI + C2!6 =>A8B 8<O: 
!.!.�<A<A4; 
�. .�GF?9DB64;  
+,.�.�RDJ4; 
�.�. 9A89?9964. 

 

(>@<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 ; 
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+%2!5"! + HBr  →  %2!5Br + !2O; 

%!4 + 2"2 → %"2 + 2!2O; 

%!4 + !2" → %" + 3!2 

 

#@>4C:B <>=>E;>@8@>20=8O <5B0=0: 
%!2%l2;  

%!%l3;  

%%l4;  

+%!3Cl. 

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

#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�D<F9D<< BJ9A><: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

 

&5<0 2.5. �;:5=K  
�>=B@>;8@C5<K5 :><?>=5=BK: У1 ; В2; В3, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

�>=B@>;8@C5<K5 7=0=8O: BCD989?9A<9, >?4EE<H<>4J<R, AB@9A>?4FGDG, E6B=EF64, 
ECBEB5O CB?GK9A<S < CD<@9A9A<9 4?>9AB6; 

C<5=8O: -B5NSEASFP: D94>J<BAAB= ECBEB5ABEF< BD74A<K9E><I EB98<A9A<= BF 
EFDB9A<S <I @B?9>G?; 6OCB?ASFP I<@<K9E><= Q>EC9D<@9AF CB D4ECB;A464A<R 
64:A9=L<I BD74A<K9E><I 69M9EF6, CB?GK9A<R >BA>D9FAOI 69M9EF6, BFABESM<IES > 
<;GK9AAO@ >?4EE4@ EB98<A9A<=; 

 
�>?@>AK 4;O >?@>A0 

1. �4=F9 BCD989?9A<9 4?>9AB6. �4>B64 <I B5M4S HBD@G?4? 
2. #D<698<F9 7B@B?B7<K9E><= DS8 <; 10 CD98EF46<F9?9= >?4EE4. !4;B6<F9 

EB98<A9A<S CB @9:8GA4DB8AB= AB@9A>?4FGD9. 
3. �ECB@A<F9 BEAB6AO9 CD46<?4 AB@9A>?4FGDO 8?S 4?>9AB6. 
4. �4><9 6<8O <;B@9D<< I4D4>F9DAO 8?S 4?>9AB6. !4C<L<F9 HBD@G?O 6E9I 
<;B@9DB6 8?S EB98<A9A<S:       !2%= % 3 %!2 3 %!2 3 %!3 

                                                                         ' 

                                                                         %!3 

!4;B6<F9 <;B@9DO CB @9:8GA4DB8AB= AB@9A>?4FGD9. 
5. #9D9K<E?<F9 BEAB6AO9 ECBEB5O CB?GK9A<S 4?>9AB6. !4C<L<F9 GD46A9A<S 

I<@<K9E><I D94>J<=. 
6. #9D9K<E?<F9 BEAB6AO9 I<@<K9E><9 E6B=EF64 4?>9AB6. !4C<L<F9 GD46A9A<S 

I<@<K9E><I D94>J<=. 
7. $4EE>4:<F9 B CD<@9A9A<< 4?>9AB6. 
 

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

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
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" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 

#@0:B8G5A:0O @01>B0. 
#B?GK9A<9 QF<?9A4 897<8D4F4J<9= QF<?B6B7B EC<DF4 (<AEFDG>J<S CB 6OCB?A9A<R A4 EFD 

285). 

 

*9?P: BE6B<FP ?45BD4FBDAO= ECBEB5 CB?GK9A<S QF<?9A4 < <;GK<FP A4 CD4>F<>9 97B 
E6B=EF64. 
 

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

5 10;;>2: 
D45BF4 6OCB?A9A4 CB?ABEFPR < CD46<?PAB, E89?4AO CD46<?PAO9 A45?R89A<S < 6O6B8O; 
Q>EC9D<@9AF BEGM9EF6?9A CB C?4AG E GK9FB@ F9IA<>< 59;BC4EABEF< < CD46<? D45BFO E 
69M9EF64@< < B5BDG8B64A<9@; 
CDBS6?9AO BD74A<;4J<BAAB-FDG8B6O9 G@9A<S (CB889D:<64RFES K<EFBF4 D45BK97B @9EF4 < 
CBDS8B> A4 EFB?9, Q>BAB@AB <ECB?P;GRFES D94>F<6O). 
4 10;;0: 
D45BF4 6OCB?A9A4 CD46<?PAB, E89?4AO CD46<?PAO9 A45?R89A<S < 6O6B8O, AB CD< QFB@ 
Q>EC9D<@9AF CDB6989A A9 CB?ABEFPR <?< 8BCGM9AO A9EGM9EF69AAO9 BL<5>< 6 D45BF9 E 
69M9EF64@< < B5BDG8B64A<9@ 

3 10;;0: 
D45BF4 6OCB?A9A4 CD46<?PAB A9 @9A99 K9@ A4CB?B6<AG <?< 8BCGM9A4 EGM9EF69AA4S 
BL<5>4 6 IB89 Q>EC9D<@9AF4, 6 B5NSEA9A<<, 6 BHBD@?9A<< D45BFO, 6 EB5?R89A<< CD46<? 
F9IA<>< 59;BC4EABEF< CD< D45BF9 E 69M9EF64@< < B5BDG8B64A<9@, >BFBD4S <ECD46?S9FES 
CB FD95B64A<R GK<F9?S. 
2 10;;0: 
8BCGM9AO 869 (< 5B?99) EGM9EF69AAO9 BL<5>< 6 IB89 Q>EC9D<@9AF4, 6 B5NSEA9A<<, 6 
BHBD@?9A<< D45BFO, 6 EB5?R89A<< CD46<? F9IA<>< 59;BC4EABEF< CD< D45BF9 E 
69M9EF64@< < B5BDG8B64A<9@, >BFBDO9 GK4M<=ES A9 @B:9F <ECD46<FP 84:9 CB FD95B64A<R 
GK<F9?S. 
1 10;;: 
D45BF4 A9 6OCB?A9A4, G GK4M97BES BFEGFEF6GRF Q>EC9D<@9AF4?PAO9 G@9A<S. 
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(>=4 B5AB>2KE 7040=89 4;O B5:CI53> :>=B@>;O 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 >1I0O D>@<C;0 
CnH2n+2 

+CnH2n 

CnH2n-2 

CnH2n-6 

 

!07>28B5 0;:5= CH2=CH-C(CH3)3 
2,2-8<@9F<?5GF9A-3 

1,1-8<@9F<?5GF9A-3 

3,3-8<@9F<?5GF9A-1 

+3,3,3- FD<@9F<?CDBC9A-1 

 

':068B5 D>@<C;C 2,3,3-B@8<5B8;35:A5=0 -1 
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;O 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;O 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, CG8BK20O AB@C:BC@=CN, 
35><5B@8G5A:CN 8 <56:;0AA>2CN 87><5@8N 

4 

+5 

6 

7 

 

�;O 0;:5=>2 =5 E0@0:B5@=K @50:F88 
+D4;?B:9A<S 
CD<EB98<A9A<S 
B><E?9A<S 
CB?<@9D<;4J<< 
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�5;BK9 @0AB2>@ 1@><0 8 D8>;5B>2K9 @0AB2>@ ?5@<0=30=0B0 :0;8O >15AF25G820NBAO 
?@8 ?@>?CA:0=88 G5@57 =53> 
QF4A4 
CDBC4A4 
5GF4A4 
+QF9A4 

 

#@8 2708<>459AB288 E;>@>2>4>@>40 A 1CB5=><-1 ?>;CG8BAO 
1-I?BD5GF4A 

+2-I?BD5GF4A 

1-I?BD5GF9A-1 

2-I?BD5GF9A-1 

 

 >;5:C;K 0;:5=>2 A>45@60B :  
869 86B=AO9 E6S;<  
FB?P>B B8<A4DAO9 E6S;<  
869 FDB=AO9 E6S;<  
+B8AG 86B=AGR E6S;P  
 

%2O78 <564C 0B><0<8 C3;5@>40 2 MB5=5: 
+B8A4  σ- E6S;P < B8A4  Ã- E6S;P  
869 σ  - E6S;<   
869 Ã - E6S;<   
FD<  Ã - E6S;<  
 

$50:F8O  %!2 = %! 3 %!3 + HCl → %!3 3 CH(Cl) 3 CH3  ?@>B5:05B A>3;0A=> ?@028;C: 
�GF?9DB64  
+ 4D>B6A<>B64  
 9A89?9964  
�<A<A4  
 

#@>F5AA, C@02=5=85 :>B>@>3> ?@54AB02;5=> =865, =07K205BAO: 
 

C
H

C
H

CH
3

CH
3 CH

3
C
H

2

C
H

2

CH
3

+ H2
kat., t, p

 
897<8D<DB64A<9@,   

D<HBD@<A7B@, 
>D9><A7B@,    

+7<8D<DB64A<9@. 
 

 

#@8 ?>;8<5@870F88 2,3-48<5B8;1CB5=0-2 ?>;CG8BAO 
(-%(%!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=8O :>=B@>;O 

#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
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#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�D<F9D<< BJ9A><: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

 
 

%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 

 
§12, C?@.1-9 

 
�040=8O 4;O A0<>:>=B@>;O 

 
1. %>B?P>B ?<FDB6 QF<?9A4 A9B5IB8<@B 8?S B59EJ69K<64A<S D4EF6BD4 , EB89D:4M97B 

400 7D4@@ 5DB@4.  
 

2.'>4:<F9 HBD@G?G 4?>9A4, 8?S E7BD4A<S 8,96? >BFBDB7B CBFD95B64?BEP57,6 7 
><E?BDB84. 

 

&5<0 2.6. �85=K 8 :0CGC:8  
�>=B@>;8@C5<K5 :><?>=5=BK: У1 ; В2; В3, �РB 4, �РB 5, �РB 7, �РB 9, �РB 12 

 
�>=B@>;8@C5<K5 7=0=8O: BCD989?9A<9, >?4EE<H<>4J<R, AB@9A>?4FGDG, E6B=EF64, 
ECBEB5O CB?GK9A<S < CD<@9A9A<9 4?>48<9AB6; 

C<5=8O: -B5NSEASFP: D94>J<BAAB= ECBEB5ABEF< BD74A<K9E><I EB98<A9A<= BF 
EFDB9A<S <I @B?9>G?; 

D4ECB;A464A<S < <89AF<H<>4J<< 64:A9=L<I 69M9EF6 < @4F9D<4?B6. 

 

 
�>?@>AK 4;O >?@>A0 

1. �4=F9 BCD989?9A<9 4?>48<9AB6. �4>B64 <I B5M4S HBD@G?4? 
2. �?4EE<H<>4J<S 4?>48<9AB6. "EB59AABEF< EFDB9A<S < E6B=EF6 FD9I 6<8B6 

4?>48<9AB6. 
2. #D<698<F9 7B@B?B7<K9E><= DS8 <; 10 CD98EF46<F9?9= >?4EE4 4?>48<9AB6 E 

EBCDS:9AAO@< 86B=AO@< E6S;S@<. !4;B6<F9 EB98<A9A<S CB @9:8GA4DB8AB= 
AB@9A>?4FGD9. 

3. �ECB@A<F9 BEAB6AO9 CD46<?4 AB@9A>?4FGDO 8?S 4?>48<9AB6. 
4. �4><9 6<8O <;B@9D<< I4D4>F9DAO 8?S 4?>48<9AB6. !4C<L<F9 HBD@G?O 6E9I 
<;B@9DB6 8?S EB98<A9A<S 8?S A9AF48<9A4-1,3.  

!4;B6<F9 <;B@9DO CB @9:8GA4DB8AB= AB@9A>?4FGD9. 
5. #9D9K<E?<F9 BEAB6AO9 ECBEB5O CB?GK9A<S 4?>48<9AB6. !4C<L<F9 GD46A9A<S 

I<@<K9E><I D94>J<=. $4EE>4:<F9 B @9FB89 �9598964 
6. #9D9K<E?<F9 BEAB6AO9 I<@<K9E><9 E6B=EF64 4?>48<9AB6. !4C<L<F9 GD46A9A<S 

I<@<K9E><I D94>J<=. 
7. $4EE>4:<F9 B A4FGD4?PAB@ < E<AF9F<K9E>B@ >4GKG>9, D9;<A9. �4><@< E6B=EF64@< 

BA< B5?484RF < CD<@9A9A<< 4?>9AB6. 
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�@8B5@88 >F5=:8 >1I85 4;O CAB=>3> >B25B0 
"F5=:0 «5»: 

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 
&8?>2K5 C?@06=5=8O. 

 
1. %BEF46PF9 GD46A9A<S D94>J<= CD<EB98<A9A<S > <;BCD9AG Q>6<64?9AFAB7B 

>B?<K9EF64: 
4) 5DB@4;  
5) 5DB@B6B8BDB84;  
6) 6B8BDB84. 
 

2. !4C<L<F9 GD46A9A<9 D94>J<< CB?<@9D<;4J<< I?BDBCD9A4 6 D9;G?PF4F9 1,4-

CD<EB98<A9A<S. 
 

3. %BEF46PF9 GD46A9A<9 D94>J<< 1,4-CB?<@9D<;4J<<, 6 >BFBDB= GK4EF6G9F 1000 
@B?9>G? 5GF48<9A4-1,3 < EFB?P>B :9 @B?9>G? <;BCD9A4. #D<K9@ 6 B5D4;GRM9=ES 
CB?<@9DAB= J9C< D97G?SDAB K9D98GRFES @BAB@9DAO9 ;69APS 8<6<A<?4 < <;BCD9A4. 

 

4. �4>B9 EB89D:4A<9 (6 %) I?BD4 6 CDB8G>F4I CD<EB98<A9A<S I?BDB6B8BDB84 > 
<;BCD9AG: 

4) CD< @B?PAB@ EBBFABL9A<< D9479AFB6 1:1; 
5) CD< 86G>D4FAB@ <;5OF>9 !%l? 
 

5. #D<698<F9 864 CD<@9D4 D94>J<= BD74A<K9E><I EB98<A9A<=, 6 >BFBDOI: 
4) 86B=A4S %=%-E6S;P CD9B5D4;G9FES 6 B8<A4DAGR %3%-E6S;P; 
5) 8<9A CD96D4M49FES 6 4?>9A.  
 

6. %>B?P>B 7D4@@B6 >4GKG>4 CB?GK<FES <; 1 >7 <;BCD9A4, 9E?< 6OIB8 6 D94>J<< 
95%? 

 

7. !4C<L<F9 EFDG>FGDAO9 HBD@G?O 6E9I <;B@9DB6 G7?96B8BDB8B6 EBEF464 %5H8.  
!4;B6<F9 69M9EF64 EB7?4EAB @9:8GA4DB8AB= AB@9A>?4FGD9. 

 

8.  "EGM9EF6<F9 79A9F<K9E>GR J9CBK>G CD96D4M9A<=: 
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%!3 3%!3→%!33%!2%l →%!2=%!2 →%H3 3%!2 3O! →%H2=%H 3%H=%H2 →( 
3%H2 3CH=CH3%H23)n. 

 

9.%>B?P>B FBAA 2-@9F<?5GF48<A4-1,3 @B:AB CB?GK<FP <; 180 FBAA 2-@9F<?5GF4A4, 
9E?< 6OIB8 CDB8G>F4 EBEF46?S9F 89% CB ED46A9A<R E F9BD9F<K9E><@? 

 

�@8B5@88 >F5=:8 >1I85 4;O @5H5=8O :0G5AB25==KE 8 @0AG5B=KE 7040G 
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2. #D<698<F9 7B@B?B7<K9E><= DS8 <; 10 CD98EF46<F9?9= >?4EE4. !4;B6<F9 

EB98<A9A<S CB @9:8GA4DB8AB= AB@9A>?4FGD9. 
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                                                                                      ' 
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"B<5BLB5 2>7<>6=CN D>@<C;C 0;:8=>2 
CH3-CH(CH3)-CH2-CH3 

CH2=CH-CH(CH3)-CH3 

+C7H12 

C6H6 
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CnH2n 

+CnH2n-2 

CnH2n-6 

 

!07>28B5 0;:8= %H3-C≡C(CH3)3 
3,3-8<@9F<?5GF9A-2 

4,4-8<@9F<?5GF<A-2 

3,3-8<@9F<?5GF<A-2 

+3,3,3- FD<@9F<?CDBC<A-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;O CH3-CH=C(CH3)-CH3 
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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 
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+%!2=%!%!2%!3; 

%! ≡%%!3; 

%!2= %!%!=%!2; 
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C 0<<80G=K< @0AB2>@>< >:A840 A5@51@0 2708<>459AB2C5B  
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5GF9A-1  

5GF9A-2  
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5GF4AB?-1  
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+5GF4ABA-2  
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�>;8G5AB2> σ-A2O759 2 <>;5:C;5 3-<5B8;1CB8=-1  
10  

11  

+12  

13  

 

!0?8H8B5 C@02=5=8O @50:F89 ?> AE5<5  
C3H6  → C3H6Cl2 → x → C3H6O → C3H8O  
�5I5AB2> E =07K205BAO  
CDBC4A   
CDBC9A  

CDBC4A8<B? 1, 2  
+CDBC<A  
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FB?GB?  
+59A;B? 
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C - >E<?B? 

 

�><>;>30<8 O2;ONBAO: 
QF4A < QF<?59A;B?   

J<>?B59A;B? < FB?GB?  
+59A;B? < FB?GB?  
@9F<?59A;B? < @9F4AB? 
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EF<DB? 
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%6!12 + Br2 %hλ→ 

+%6!6 + Br2 %>4F4?<;4FBD  
%7!8 + Br2 %hλ→ 
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5DB@FB?GB? 
2,4,6 3 FD<5DB@59A;B?  
2,4,6 3 FD<5DB@FB?GB? 

 

Э;5:B@>==K5 >1;0:0 2 15=7>;L=>< :>;LF5 
 SP - 7<5D<8<;B64AO  
SP3 - 7<5D<8<;B64AO 
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%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 
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                                           §22, C?@.1-6 
                                           §23, C?@.1-11 
                                           §24, C?@.1-5 

 

 

 
&5<0 2.13. �<8=K 

 
�>=B@>;8@C5<K5 7=0=8O: BCD989?9A<9, >?4EE<H<>4J<R, AB@9A>?4FGDG, E6B=EF64, 
ECBEB5O CB?GK9A<S < CD<@9A9A<9 4@<AB6; 
- 69M9EF64 < @4F9D<4?O, L<DB>B <ECB?P;G9@O9 6 CD4>F<>9: 4A<?<A; 

C<5=8O: -B5NSEASFP: D94>J<BAAGR ECBEB5ABEFP BD74A<K9E><I EB98<A9A<= BF 
EFDB9A<S <I @B?9>G?; 6OCB?ASFP I<@<K9E><= Q>EC9D<@9AF CB D4ECB;A464A<R 
64:A9=L<I BD74A<K9E><I 69M9EF6, CB?GK9A<R >BA>D9FAOI 69M9EF6, BFABESM<IES > 
<;GK9AAO@ >?4EE4@ EB98<A9A<=; 

 
�>?@>AK 4;O >?@>A0 

 
1. �?4EE<H<>4J<S < <;B@9D<S 4@<AB6. #BASF<9 B5 4@<A4I. #9D6<KAO9, 6FBD<KAO9 

< FD9F<KAO9 4@<AO. �?4EE<H<>4J<S 4@<AB6 CB F<CG G7?96B8BDB8AB7B D48<>4?4 < K<E?G 
4@<AB7DGCC 6 @B?9>G?9. 

2. �B@B?B7<K9E><9 DS8O CD989?PAOI 4?<H4F<K9E><I < 4DB@4F<K9E><I 4@<AB6, 
<;B@9D<S < AB@9A>?4FGD4. 

3. )<@<K9E><9 E6B=EF64 4@<AB6. �@<AO >4> BD74A<K9E><9 BEAB64A<S, <I ED46A9A<9 
E 4@@<4>B@ < 8DG7<@< A9BD74A<K9E><@< BEAB64A<S@<. 

4. %D46A9A<9 I<@<K9E><I E6B=EF6 4?<H4F<K9E><I < 4DB@4F<K9E><I 4@<AB6. 
"5D4;B64A<9 4@<8B6. 

5. #D<@9A9A<9 < CB?GK9A<9 4@<AB6. #B?GK9A<9 4@<AB6. $45BFO !.!.�<A<A4. 

 

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

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 
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(BA8 F9EFB6OI ;484A<= 8?S F9>GM97B >BAFDB?S ;A4A<= CB F9@9: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 

 
"1I0O D>@<C;0 ?@545;L=KE 0;8D0B8G5A:8E 0<8=>2: 
CnH2n+2N  

CnH2n+3N  

+CnH2n+1NH2 

CnH2n+4N  

 

�B>< 07>B0 2 MB8;0<8=5 =0E>48BAO 2 B0:>< 65 A>AB>O=88 381@84870F88, :0: 8 0B>< 
C3;5@>40 2: 
+QF4A9  
QF<A9 
QF9A9 
59A;B?9 

 

%:>;L:> σ-A2O759 2 <>;5:C;5 <5B8;0<8=0: 
5  

+6  

7  

4  

 

!0720=85 C 25I5AB20: 
%!3 3 %! 3 %!2 3 %!3 

  ' 
  NH2 
 

3-4@<AB5GF4A  
@9F<?QF<?4@<A  
+2-4@<AB5GF4A  
5GF<?4@<A 

 

�7><5@>< 2-0<8=>?@>?0=0 O2;O5BAO: 
QF<?4@<A  
@9F<?CDBC<?4@<A 
2-4@<AB5GF4A  
+FD<@9F<?4@<A 

 

�><>;>30<8 O2;O5BAO ?0@0 25I5AB2: 
59A;B? < 4A<?<A  
@9F<?QF<?4@<A < FD<@9F<?4@<A  
+2-4@<AB5GF4A < <;BCDBC<?4@<A 

2-@9F<?CDBC4A < 2-@9F<?5GF4A4?P 
 

�>;55 A8;L=K5 >A=>2=K5 A2>9AB20 ?@>O2;O5B: 
4@@<4> 
+8<@9F<?4@<A 
4A<?<A  
@9F<?4@<A 
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#5@28G=K5 0<8=K <>6=> >B;8G8BL >B 2B>@8G=KE A ?><>ILN: 
+!N"2  

H2SO4 

[Ag(NH3)2]OH  

O2 

 

�>AAB0=>2;5=85< =8B@>15=7>;0 ?>;CG0NB: 
QF<?59A;B?  
79>E<?4@<A 
+4A<?<A  
59A;B? 
#@>?8;0<8= 2708<>459AB2C5B A:  
7<8DB>E<8B@ A4FD<S  
FB?GB?B@ 

B>E<8B@ 4?R@<A<S 
+EB?SAB= ><E?BFB= 

 

� AE5<5 ?@52@0I5=89 CH4 → )→  CH3NH2 25I5AB2>< « )» O2;O5BAO: 
+CH3N"2   

CH3"N"2  

C2H5"H  
CH3%""H 

 

�0:>5 25I5AB2> =5 @5038@C5B A 48<5B8;0<8=><: 
6B84  
><E?BDB8 
E9DA4S ><E?BF4  
+7<8DB>E<8 A4FD<S 

 

�5I5AB2>< «)» 2 AE5<5 
) →(%!3)2 %! 3 N!2 O2;O5BAO: 

CDBC4A  
1-A<FDBCDBC4A  
+2-A<FDBCDBC4A  
CDBC4AB?-1 

 

�0:>5 87 25I5AB2 1C45B 87<5=OBL :@0A=CN >:@0A:C ;0:<CA0 =0 A8=NN? 
HDG>FB;4  
@GD46P<A4S ><E?BF4 
H9A<?4@<A  
+QF<?4@<A 

 

� AE5<5 ?@52@0I5=89 
C6H6 →)1  →)2→ [%6!5NH3]Cl   
25I5AB20<8 «)1» 8 «)2» A>>B25BAB25==> O2;ONBAO: 

%6!5N"2 < %6!5Cl 
%6!5"H < %6!5Cl 
%6!5"H < %6!5N"2 
+%6!5N"2 < %6!5N!2 
 9FB8<>4 CDB6989A<S >BAFDB?S 
#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
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#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�D<F9D<< BJ9A><: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 

 
                                           §25, C?@.1-10 
 

 
&5<0 2.14. �<8=>:8A;>BK 

 
�>=B@>;8@C5<K5 7=0=8O: BCD989?9A<9, >?4EE<H<>4J<R, AB@9A>?4FGDG, E6B=EF64, 
ECBEB5O CB?GK9A<S < CD<@9A9A<9 4@<AB><E?BF; 
- 69M9EF64 < @4F9D<4?O, L<DB>B <ECB?P;G9@O9 6 CD4>F<>9: 4@<AB><E?BFO, >4CDBA; 

C<5=8O: -B5NSEASFP: D94>J<BAAGR ECBEB5ABEFP BD74A<K9E><I EB98<A9A<= BF 
EFDB9A<S <I @B?9>G?; 6OCB?ASFP I<@<K9E><= Q>EC9D<@9AF CB D4ECB;A464A<R 
64:A9=L<I BD74A<K9E><I 69M9EF6, CB?GK9A<R >BA>D9FAOI 69M9EF6, BFABESM<IES > 
<;GK9AAO@ >?4EE4@ EB98<A9A<=; 

 
�>?@>AK 4;O >?@>A0 

 
1. #BASF<9 B5 4@<AB><E?BF4I, <I >?4EE<H<>4J<S < EFDB9A<9. 
2. !B@9A>?4FGD4 4@<AB><E?BF. 
3. �6B=EF69AABEFP ><E?BFAB-BEAó6AOI E6B=EF6 4@<AB><E?BF < 99 CD<K<AO. 

�<CB?SDAO9 <BAO. 
4. $94>J<< >BA89AE4J<<. #9CF<8A4S E6S;P. 
5. %<AF9F<K9E><9 6B?B>A4: >4CDBA. �?4EE<H<>4J<S 6B?B>BA. 
6. #B?GK9A<9 4@<AB><E?BF, <I CD<@9A9A<9 < 5<B?B7<K9E>4S HGA>J<S. 
 

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

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
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" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 

(BA8 F9EFB6OI ;484A<= 8?S F9>GM97B >BAFDB?S ;A4A<= CB F9@9: 
ВO59D<F9 B8<A CD46<?PAOI 64D<4AF: 
"A=>2=K5 A2>9AB20 0<8=>:8A;>B >1CA;>2;5=K ?@8ACBAB285< 2 <>;5:C;5: 
 G7?96B8BDB8AB7B D48<>4?4, 
+4@<AB7DGCCO,  
>4D5B>E<?PAB= 7DGCCO. 

 

� A8;L=>I5;>G=>9 A@545 0<8=>:8A;>B0 ?@54AB02;O5B A>1>9: 
+4A<BA,  
>4F<BA, 
5<CB?SDAO= <BA,  
A9=FD4?PAGR @B?9>G?G. 
 

�<8=>:8A;>BK, :>B>@K5 =5 <>3CB A8=B578@>20BLAO 2 >@30=87<5 G5;>25:0, 0 
?>ABC?0NB A ?8I59, =07K20NBAO: 
α-4@<AB><E?BF4@<,  
C<M96O@<, 
+A9;4@9A<@O@<, 
 79F9DBJ<>?<K9E><@<. 
 

%:>;L:> 87><5@=KE 48?5?B84>2 <>6=> ?>;CG8BL 87 42CE 0<8=>:8A;>B 3 3;8F8=0 8 
0;0<8=0? 
+864, 
FD<, 
K9FOD9,  
CSFP. 
 
"AB0B>: :0:>9 0<8=>:8A;>BK, =0@O4C A 0A?0@038=>2>9 :8A;>B>9, 2E>48B 2 A>AB02 
0A?0@B0<0? 
?9=J<A,  
+H9A<?4?4A<A, 
64?<A,  
7?<J<A. 

 

 �A?>;L7CO 3;8F8= 8 0;0=8=, <>6=> ?>;CG8BL @07;8G=KE 48?5?B84>2: 
1; 

+2;  

3;  

4. 

 

�;8F8= >1@07C5B A;>6=K9 MD8@ 2 @57C;LB0B5 2708<>459AB28O: 
E 7<8DB>E<8B@ A4FD<S  
E 5DB@B6B8BDB8B@ 

+E QF4AB?B@  
E 4@<ABG>EGEAB= ><E?BFB= 
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2-0<8=>?@>?0=>20O :8A;>B0 8 0;0=8= O2;ONBAO: 
EFDG>FGDAO@< <;B@9D4@<  
79B@9FD<K9E><@< <;B@9D4@< 

+7B@B?B74@<  
B8A<@ < F9@ :9 69M9EF6B@ 

 

+8A;> 87><5@=KE 0<8=>:8A;>B A>AB020 C4H9O2N @02=>: 
+3;  

4;  

5;  

6. 

 

�<8=>:8A;>B0  A>AB020 CH3 3 CH 3 %!2 3 %""! =07K205BAO:  
                                             | 
                                            NH2 
 

α - 4@<AB@4E?SA4S ><E?BF4;  
+3-4@<AB5GF4AB64S ><E?BF4; 
3- 4@<AB>4CDBAB64S ><E?BF4;  
2-4@<ABCDBC4AB64S ><E?BF4 
 

 
�<8=>:8A;>BK :0: 8 0=8;8= @5038@CNB A: 
�OH  
CH3Cl  

+HCl  

H2 

 9FB8<>4 CDB6989A<S >BAFDB?S 
#4D4@9FDO @9FB8<>< �A4K9A<9 C4D4@9FD4 
#D989? 8?<F9?PABEF< 6E97B >BAFDB?S 15 @<AGF 
#BE?98B64F9?PABEFP 6O5BD4 6BCDBEB6 %?GK4=A4S 
#D98?4749@B9 >B?<K9EF6B 6BCDBEB6 5 

 

�D<F9D<< BJ9A><: 
- 5 10;;>2 6OEF46?S9FES EFG89AFG, >BFBDO= CD46<?PAB 6OCB?AS9F 5 F9EFB6OI 

;484A<=;  
- 4 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 4 F9EFB6OI ;484A<S. 
- 3 10;;0 6OEF46?S9FES EFG89AFG, 9E?< CD46<?PAB D9L9AB 3 F9EFB6OI ;484A<S 

 

%0<>AB>OB5;L=0O @01>B0 
(�><0H=55 7040=85) 

 
                                           §26, GCD.1-7 

 
&5<0 2.15. �5;:8 

 
�>=B@>;8@C5<K5 7=0=8O: BCD989?9A<9, >?4EE<H<>4J<R, AB@9A>?4FGDG, E6B=EF64, 
ECBEB5O CB?GK9A<S < CD<@9A9A<9 59?>B6; 
- 69M9EF64 < @4F9D<4?O, L<DB>B <ECB?P;G9@O9 6 CD4>F<>9: 59?><; 

C<5=8O: -B5NSEASFP: D94>J<BAAGR ECBEB5ABEFP BD74A<K9E><I EB98<A9A<= BF 
EFDB9A<S <I @B?9>G?; 6OCB?ASFP I<@<K9E><= Q>EC9D<@9AF CB D4ECB;A464A<R 
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64:A9=L<I BD74A<K9E><I 69M9EF6, CB?GK9A<R >BA>D9FAOI 69M9EF6, BFABESM<IES > 
<;GK9AAO@ >?4EE4@ EB98<A9A<=; 

 
�>?@>AK 4;O >?@>A0 

 
1. �9?>< >4> CD<DB8AO9 CB?<@9DO. #9D6<KA4S, 6FBD<KA4S, FD9F<KA4S < K9F69DF<KA4S 
EFDG>FGDO 59?>B6. (<5D<??SDAO9 < 7?B5G?SDAO9 59?><. 
2. )<@<K9E><9 E6B=EF64 59?>B6: 7BD9A<9, 89A4FGD4J<S, 7<8DB?<;, >4K9EF69AAO9 (J69FAO9) 
D94>J<<. 
3. �<B?B7<K9E><9 HGA>J<< 59?>B6, <I ;A4K9A<9. 
4. �9?>< >4> >B@CBA9AF C<M<. #DB5?9@4 59?>B6B7B 7B?B84A<S < CGF< 99 D9L9A<S.  
 

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

" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, ?<F9D4FGDAO@ 
S;O>B@; 
" BF69F E4@BEFBSF9?PAO=. 

"F5=:0 «4»: 
" BF69F CB?AO= < CD46<?PAO= A4 BEAB64A<< <;GK9AAOI F9BD<=; 
" @4F9D<4? <;?B:9A 6 BCD989?9AAB= ?B7<K9E>B= CBE?98B64F9?PABEF<, CD< QFB@ 
8BCGM9AO 869-FD< A9EGM9EF69AAO9 BL<5><, <ECD46?9AAO9 CB FD95B64A<R 
GK<F9?S. 

"F5=:0 «3»: 
" BF69F CB?AO=, AB CD< QFB@ 8BCGM9A4 EGM9EF69AA4S BL<5>4 <?< BF69F A9CB?AO=, 
A9E6S;AO=. 

"F5=:0 «2»:  
" CD< BF69F9 B5A4DG:9AB A9CBA<@4A<9 GK4M<@ES BEAB6AB7B EB89D:4A<S GK95AB7B 
@4F9D<4?4 <?< 8BCGM9AO EGM9EF69AAO9 BL<5><, >BFBDO9 GK4M<=ES A9 @B:9F 
<ECD46<FP CD< A46B8SM<I 6BCDBE4I GK<F9?S. 

"F5=:0 «1»: 
 " BFEGFEF6<9 BF69F4. 

 
 

#@0:B8G5A:0O @01>B0 7 7. 
�@<AO. �@<AB><E?BFO. �9?>< (<AEFDG>J<S CB 6OCB?A9A<R A4 EFD 292). 

 

*9?P: <EE?98B64FP A4 CD4>F<>9 H<;<K9E><9 < I<@<K9E><9 E6B=EF64 4A<?<A4, 7?<J<A4, 
59?>4.   
 

�@8B5@88 >F5=:0 ?@0:B8G5A:>9 @01>BK 
 

5 10;;>2: 
D45BF4 6OCB?A9A4 CB?ABEFPR < CD46<?PAB, E89?4AO CD46<?PAO9 A45?R89A<S < 6O6B8O; 
Q>EC9D<@9AF BEGM9EF6?9A CB C?4AG E GK9FB@ F9IA<>< 59;BC4EABEF< < CD46<? D45BFO E 
69M9EF64@< < B5BDG8B64A<9@; 
CDBS6?9AO BD74A<;4J<BAAB-FDG8B6O9 G@9A<S (CB889D:<64RFES K<EFBF4 D45BK97B @9EF4 < 
CBDS8B> A4 EFB?9, Q>BAB@AB <ECB?P;GRFES D94>F<6O). 
4 10;;0: 
D45BF4 6OCB?A9A4 CD46<?PAB, E89?4AO CD46<?PAO9 A45?R89A<S < 6O6B8O, AB CD< QFB@ 
Q>EC9D<@9AF CDB6989A A9 CB?ABEFPR <?< 8BCGM9AO A9EGM9EF69AAO9 BL<5>< 6 D45BF9 E 
69M9EF64@< < B5BDG8B64A<9@ 
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3 10;;0: 
D45BF4 6OCB?A9A4 CD46<?PAB A9 @9A99 K9@ A4CB?B6<AG <?< 8BCGM9A4 EGM9EF69AA4S 
BL<5>4 6 IB89 Q>EC9D<@9AF4, 6 B5NSEA9A<<, 6 BHBD@?9A<< D45BFO, 6 EB5?R89A<< CD46<? 
F9IA<>< 59;BC4EABEF< CD< D45BF9 E 69M9EF64@< < B5BDG8B64A<9@, >BFBD4S <ECD46?S9FES 
CB FD95B64A<R GK<F9?S. 
2 10;;0: 
8BCGM9AO 869 (< 5B?99) EGM9EF69AAO9 BL<5>< 6 IB89 Q>EC9D<@9AF4, 6 B5NSEA9A<<, 6 
BHBD@?9A<< D45BFO, 6 EB5?R89A<< CD46<? F9IA<>< 59;BC4EABEF< CD< D45BF9 E 
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