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$45BK4S CDB7D4@@4 GK95AB= 8<EJ<C?<AO S6?S9FES K4EFPR BEAB6AB= 
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 'K95A4S 8<EJ<C?<A4 «)<@<S» S6?S9FES GK95AO@ CD98@9FB@ CB 6O5BDG <; 
B5S;4F9?PAB= CD98@9FAB= B5?4EF< «�EF9EF69AAO9 A4G><» (�"% ED98A97B B5M97B 
B5D4;B64A<S < <;GK49FES 6 B5M9B5D4;B64F9?PAB@ J<>?9 ""#. � GK95AB@ C?4A9 
8<EJ<C?<A4 6IB8<F 6 EBEF469 B5M9B5D4;B64F9?PAOI GK95AOI 8<EJ<C?<A CB 6O5BDG <; 
B5S;4F9?PAOI CD98@9FAOI B5?4EF9=. 
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%B89D:4A<9 B5M9B5D4;B64F9?PAB= GK95AB= 8<EJ<C?<AO «)<@<S» A4CD46?9AB 
A4 GE6B9A<9 B5GK4RM<@<ES BEAB6AOI CBASF<=, ;4>BAB6 < F9BD<= I<@<<; B6?489A<9 
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I<@<K9E><I D94>J<=. 
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CDB5?9@4@<, 6BEC<FO649FES 59D9:AB9 BFABL9A<S > CD<DB89, CBA<@4A<9 ;8BDB6B7B 
B5D4;4 :<;A<, A9B5IB8<@BEF< CD98GCD9:89A<S S6?9A<=, A4ABESM<I 6D98 ;8BDB6PR 
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B5NSEASFP D9;G?PF4FO CDB6989AAOI BCOFB6 < 89?4FP 6O6B8O; 7BFB6ABEFP < 
ECBEB5ABEFP CD<@9ASFP @9FB8O CB;A4A<S CD< D9L9A<< CD4>F<K9E><I ;484K; 
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1. 3 B;A4>B@<F9?PAO= (G;A464A<9 D4A99 <;GK9AAOI B5N9>FB6, E6B=EF6);  
2. 3 D9CDB8G>F<6AO= (6OCB?A9A<9 89SF9?PABEF< CB B5D4;JG, <AEFDG>J<< <?< CB8 DG>B6B8EF6B@)  
3. 3 CDB8G>F<6AO= (C?4A<DB64A<9 < E4@BEFBSF9?PAB9 6OCB?A9A<9 89SF9?PABEF<, D9L9A<9 CDB5?9@AOI ;484K) 
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2.3 #@8<5@=K5 B5<K @5D5@0B>2 (4>:;04>2), 8=48284C0;L=KE ?@>5:B>2 

 

− �<BF9IAB?B7<S < 79AA4S <A:9A9D<S 4 F9IAB?B7<< XXI 69>4.  
− !4ABF9IAB?B7<S >4> CD<BD<F9FAB9 A4CD46?9A<9 D4;6<F<S A4G>< < 
CDB<;6B8EF64 6 $BEE<=E>B= (989D4J<<.  

− %B6D9@9AAO9 @9FB8O B59;;4D4:<64A<S 6B8O.  
− �??BFDBC<S @9F4??B6.  
− �<;AP < 89SF9?PABEFP �. �.  9A89?9964.  
− «#9D<B8<K9E>B@G ;4>BAG 5G8GM99 A9 7DB;<F D4;DGL9A<9@&»  
− %<AF9; 114-7B Q?9@9AF4 4 FD<G@H DBEE<=E><I H<;<>B6-S89DM<>B6.  
− �;BFBCO 6B8BDB84.  
− �ECB?P;B64A<9 D48<B4>F<6AOI <;BFBCB6 6 F9IA<K9E><I J9?SI.  
− $9AF79AB6E>B9 <;?GK9A<9 < 97B <ECB?P;B64A<9 6 F9IA<>9 < @98<J<A9.  
− #?4;@4 4 K9F69DFB9 EBEFBSA<9 69M9EF64.  
− �@BDHAO9 69M9EF64 6 CD<DB89, F9IA<>9, 5OFG.  
− "ID4A4 B>DG:4RM9= ED98O BF I<@<K9E>B7B ;47DS;A9A<S. �B?<K9EF69AAO9 
I4D4>F9D<EF<>< ;47DS;A9A<S B>DG:4RM9= ED98O.  

− #D<@9A9A<9 F69D8B7B < 74;BB5D4;AB7B B>E<84 G7?9DB84 (IV).  
− �4M<F4 B;BAB6B7B Q>D4A4 BF I<@<K9E>B7B ;47DS;A9A<S.  
− �DG5B8<EC9DEAO9 E<EF9@O, <I >?4EE<H<>4J<S < <ECB?P;B64A<9 6 
CDBH9EE<BA4?PAB= 89SF9?PABEF<.  

− �BE@9F<K9E><9 79?<.  
− #D<@9A9A<9 EGEC9A;<= < Q@G?PE<= 6 EFDB<F9?PEF69.  
−  <A9D4?O < 7BDAO9 CBDB8O >4> BEAB64 ?<FBEH9DO.  
− $4EF6BDO 6B>DG7 A4E. &<CO D4EF6BDB6.  
− �B84 >4> D9479AF < ED984 8?S I<@<K9E>B7B CDBJ9EE4.  
− �<;AP < 89SF9?PABEFP %. �DD9A<GE4.  
− �>?48 BF9K9EF69AAOI GK9AOI 6 D4;6<F<9 F9BD<< Q?9>FDB?<F<K9E>B= 
8<EEBJ<4J<<. 

− 'EFD4A9A<9 :9EF>BEF< 6B8O A4 CDB@OL?9AAOI CD98CD<SF<SI.  
− %9DA4S ><E?BF4 4 «I?95 I<@<K9E>B= CDB@OL?9AABEF<».  
− �ECB?P;B64A<9 @<A9D4?PAOI ><E?BF A4 CD98CD<SF<SI D4;?<KAB7B CDBH<?S.  
− ">E<8O < EB?< >4> EFDB<F9?PAO9 @4F9D<4?O.  
− �EFBD<S 7<CE4.  
− #B64D9AA4S EB?P >4> I<@<K9E>B9 EODP9.  
−  AB7B?<><= >4D5BA4F >4?PJ<S: 6 CD<DB89, 6 CDB@OL?9AABEF<, 6 5OFG.  
− $94>J<< 7BD9A<S A4 CDB<;6B8EF69 < 6 5OFG.  
− �<DFG4?PAB9 @B89?<DB64A<9 I<@<K9E><I CDBJ9EEB6.  
− -?9>FDB?<; D4EF6BDB6 Q?9>FDB?<FB6.  
− -?9>FDB?<; D4EC?46B6 Q?9>FDB?<FB6.  
− #D4>F<K9E>B9 CD<@9A9A<9 Q?9>FDB?<;4: D4H<A<DB64A<9, 74?P64ABC?4EF<>4, 
74?P64ABEF97<S. 

− �EFBD<S CB?GK9A<S < CDB<;6B8EF64 4?R@<A<S.  
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− -?9>FDB?<F<K9E>B9 CB?GK9A<9 < D4H<A<DB64A<9 @98<.  
− �<;AP < 89SF9?PABEFP �. �Q6<.  
− $B?P @9F4??B6 6 <EFBD<< K9?B69K9E>B= J<6<?<;4J<<. �EFBD<S 
BF9K9EF69AAB= K9DAB= @9F4??GD7<<. %B6D9@9AAB9 @9F4??GD7<K9E>B9 
CDB<;6B8EF6B.  

− �EFBD<S BF9K9EF69AAB= J69FAB= @9F4??GD7<<. $B?P @9F4??B6 < EC?46B6 6 
A4GKAB- F9IA<K9E>B@ CDB7D9EE9.  

− �BDDB;<S @9F4??B6 < ECBEB5O ;4M<FO BF >BDDB;<<.  
− �A9DFAO9 <?< 5?47BDB8AO9 74;O.  
− $B:84RM<9 EB?< 4 74?B79AO.  
− �EFBD<S L698E>B= EC<K><.  
− �EFBD<S 6B;A<>AB69A<S < D4;6<F<S BD74A<K9E>B= I<@<<.  
− �<;AP < 89SF9?PABEFP �.  . �GF?9DB64.  
− �<F4?<;@ < 97B >D4I.  
− $B?P BF9K9EF69AAOI GK9AOI 6 EF4AB6?9A<< < D4;6<F<< @<DB6B= 
BD74A<K9E>B= I<@<<. 

− %B6D9@9AAO9 CD98EF46?9A<S B F9BD<< I<@<K9E>B7B EFDB9A<S.  
− ->B?B7<K9E><9 4EC9>FO <ECB?P;B64A<S G7?96B8BDB8AB7B EODPS.  
− ->BAB@<K9E><9 4EC9>FO @9:8GA4DB8AB7B EBFDG8A<K9EF64 CB 
<ECB?P;B64A<R G7?96B8BDB8AB7B EODPS.  

− �EFBD<S BF>DOF<S < D4;D45BF>< 74;B6OI < A9HFSAOI @9EFBDB:89A<= 6 
$BEE<=E>B= (989D4J<<.  

− )<@<S G7?96B8BDB8AB7B EODPS < @BS 5G8GM4S CDBH9EE<S.  
− '7?96B8BDB8AB9 FBC?<6B, 97B 6<8O < A4;A4K9A<9.  
− %<AF9F<K9E><9 >4GKG><: <EFBD<S, @AB7BB5D4;<9 < C9DEC9>F<6O.  
− $9;<ABF9IA<K9E>B9 CDB<;6B8EF6B < 97B DB?P 6 A4GKAB-F9IA<K9E>B@ 
CDB7D9EE9. 

− %64DBKAB9 CDB<;6B8EF6B < DB?P I<@<< G7?96B8BDB8B6 6 A9@. 
− !9HFP < 99 FD4AECBDF<DB6>4 >4> BEAB64 6;4<@B6O7B8AB7B @9:8GA4DB8AB7B 
EBFDG8A<K9EF64 
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3 '%�"��/ $������*�� $��"+�� #$"�$�  / '+��!"� 
��%*�#��!/ "'�.09./C.)� �/ 

 

3.1  0B5@80;L=>-B5E=8G5A:>5 >15A?5G5=85 
 

�?S D94?<;4J<< D45BK9= CDB7D4@@O  GK95AB= 8<EJ<C?<AO <@99FES 
GK95AO= >45<A9F  9EF9EF69AAB - A4GKAOI 8<EJ<C?<A.  

 

"1>@C4>20=85 CG51=>3> :018=5B0: 
− CBE48BKAO9 @9EF4 CB >B?<K9EF6G B5GK4RM<IES; 
− D45BK99 @9EFB CD9CB8464F9?S; 
− >B@C?9>F GK95AB-@9FB8<K9E>B= 8B>G@9AF4J<<;  
− GK95AB-A47?S8AO9 CBEB5<S; 
− A47?S8AO9 @4F9D<4?O; 
− 6<89BH<?P@O. 

 

&5E=8G5A:85 A@54AB20 >1CG5=8O: 
− C9DEBA4?PAO= >B@CPRF9D; 
− @G?PF<@98<4CDB9>FBD; 
− Q>D4A. 

 

3.2 �=D>@<0F8>==>5 >15A?5G5=85 >1CG5=8O 

 

#5@5G5=L CG51=KE 8740=89, �=B5@=5B-@5AC@A>2, 4>?>;=8B5;L=>9 
;8B5@0BC@K 

"A=>2=K5 8AB>G=8:8:  
1. �45D<9?SA ".%. )<@<S 8?S CDBH9EE<= < EC9J<4?PABEF9= F9IA<K9E>B7B 
CDBH<?S : GK95A<> / ".%. �45D<9?SA, �.�. "EFDBG@B6. 3 2 3 9 <;8., EF9D. 3 
 . : �;84F9?PE><= J9AFD «�>489@<S», 2016. 3 256 E. 

2. �DBI<A .. . )<@<S: �484K< < GCD4:A9A<S: GK95. CBEB5<9 8?S EFG8. 
GKD9:89A<= ED98. CDBH. B5D4;B64A<S. 4  ., 2014.  

�>?>;=8B5;L=K5 8AB>G=8:8:  
1. �45D<9?SA ".%.,  4E>496 (.!. )<@<S. 10 >?4EE: GK95. 8?SB5M9B5D4;B64F. 
GKD9:89A<=/ #B8 D98.  �.�. &9D9A<A4. 3 5 3 9 <;84A<9, EF9D9BF<C. 3 
 .:�DBH4, 2010. 3 304 E. 

2. �45D<9?SA ".%.,  4E>496 (.!. )<@<S. 10 >?4EE: GK95. 8?SB5M9B5D4;B64F. 
GKD9:89A<=/ #B8 D98.  �.�. &9D9A<A4. 3 5 3 9 <;84A<9, EF9D9BF<C. 3 
 .:�DBH4, 2010. 3 340 E. 

3. �DBI<A .. ., �B64?964 �.�. )<@<S 8?S CDBH9EE<= < EC9J<4?PABEF9= 
F9IA<K9E>B7B < 9EF9EF69AAB-A4GKAB7B CDBH<?9=: GK95A<> 8?S EFG8. 
GKD9:89A<= ED98. CDBH. B5D4;B64A<S. 4  ., 2014.  

4. �DBI<A .. . )<@<S: �484K< < GCD4:A9A<S: GK95. CBEB5<9 8?S EFG8. 
GKD9:89A<= ED98. CDBH. B5D4;B64A<S. 4  ., 2014.  
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5. �DBI<A .. . %5BDA<> F9EFB6OI ;484A<= CB I<@<<: GK95. CBEB5<9 8?S 
EFG8. GKD9:89A<= ED98. CDBH. B5D4;B64A<S. 4  ., 2014. 

6. )<@<S. 10 >?4EE: GK95. 8?SB5M9B5D4;B64F. GKD9:89A<=/ $G8;<F<E, %... 
#BAB@4D96, �.�. &9D9A<A; CB8 D98. &9D9A<A4.-  .: �DBH4, 2005. 

7. $G8;<F<E. )<@<S. 11 >?4EE: GK95. 8?SB5M9B5D4;B64F. GKD9:89A<=/ 
$G8;<F<E, �.�. �OEB64 -  .: �DBH4, 2002. 

8. ".%. �45D<9?SA, �.�. "EFDBG@B64. !4EFB?PA4S >A<74 GK<F9?S I<@<< 10 
>?4EE. -  .: «�?<> < �», 2001. 

9. $S5B6  .�. &9EFO CB I<@<<. 11 >?4EE: > GK95A<>G ".%. �45D<9?SA4 
«)<@<S. 11 >?4EE. �4;B6O= GDB69AP» -  .: �;84F9?PEF6B «->;4@9A», 2010. 

10. �4D4 !.!., �G964  .�. �BAFDB?PAO9 < CDB69DBKAO9 D45BFO CB I<@<<. 10-

11 >?.:  9FB8. CBEB5<9. -  .: �DBH4, 1997. 
11. �46DGE9=>B !.#. #DB69DBKAO9 D45BFO CB BD74A<K9E>B= I<@<<: �<84>F. 
@4F9D<4?: #BEB5<9 8?S GK<F9?S. -  .: #DBE69M9A<9, 1998. 

12. �4=A9>B �.�. �4> A4GK<FP L>B?PA<>B6 D9L4FP ;484K< CB BD74A<K9E>B= 
I<@<<: �A. 8?S GK<F9?S. -  .: #DBE69M9A<9, 1987. 

 

�=B5@=5B-@5AC@AK 

1. www. pvg. mk. ru (B?<@C<484 «#B>BD< �BDB5P96O 7BDO»).  
2. www. hemi. wallst. ru ("5D4;B64F9?PAO= E4=F 8?S L>B?PA<>B6 «)<@<S»).  
3. www.alhimikov.net ("5D4;B64F9?PAO= E4=F 8?S L>B?PA<>B6). 
4. www. chem. msu. su (-?9>FDBAA4S 5<5?<BF9>4 CB I<@<<).  
5. www.enauki.ru (<AF9DA9F-<;84A<9 8?S GK<F9?9= «�EF9EF69AAO9 A4G><»).  
6. www. 1september. ru (@9FB8<K9E>4S 74;9F4 «#9D6B9 E9AFS5DS»).  
7. www. hvsh. ru (:GDA4? «)<@<S 6 L>B?9»).  
8. www.hij.ru (:GDA4? «)<@<S < :<;AP»).  
9. www.chemistry-chemists.com (Q?9>FDBAAO= :GDA4? «)<@<>< < I<@<S») 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 33 

4 �"!&$"�0 � "*�!�� $��'�0&�&"� "%�"�!�/ 
��%*�#��!/"'�.09./C.)� �/ 

 
 

�>=B@>;L 8 >F5=:0 D9;G?PF4FB6 BE6B9A<S GK95AB= 8<EJ<C?<AO 
BEGM9EF6?S9FES CD9CB8464F9?9@ 6 CDBJ9EE9 CDB6989A<S CD4>F<K9E><I D45BF. 

&@51>20=8O : ?@54<5B=K< @57C;LB0B0< BE6B9A<S 54;B6B7B >GDE4 
<AHBD@4F<>< 8B?:AO BFD4:4FP: 

  

$57C;LB0BK >1CG5=8O 
(>A2>5==K5 C<5=8O, CA2>5==K5 7=0=8O) 

(>@<K 8 <5B>4K :>=B@>;O 8 >F5=:8 
@57C;LB0B>2 >1CG5=8O  

− EHBD@<DB64AABEFP CD98EF46?9A<= B @9EF9 
I<@<< 6 EB6D9@9AAB= A4GKAB= >4DF<A9 @<D4; 
CBA<@4A<9 DB?< I<@<< 6 HBD@<DB64A<< 
>DG7B;BD4 < HGA>J<BA4?PAB= 7D4@BFABEF< 
K9?B69>4 8?S D9L9A<S CD4>F<K9E><I ;484K; 

− 6?489A<9 BEAB6BCB?474RM<@< I<@<K9E><@< 
CBASF<S@<, F9BD<S@<, ;4>BA4@< < 
;4>BAB@9DABEFS@<; G69D9AAB9 CB?P;B64A<9 
I<@<K9E>B= F9D@<AB?B7<9= < E<@6B?<>B=; 

− 6?489A<9 BEAB6AO@< @9FB84@< A4GKAB7B 
CB;A4A<S, <ECB?P;G9@O@< 6 I<@<<: 
A45?R89A<9, BC<E4A<9, <;@9D9A<9, 
Q>EC9D<@9AF; G@9A<9 B5D454FO64FP, 
B5NSEASFP D9;G?PF4FO CDB698ёAAOI BCOFB6 < 
89?4FP 6O6B8O; 7BFB6ABEFP < ECBEB5ABEFP 
CD<@9ASFP @9FB8O CB;A4A<S CD< D9L9A<< 
CD4>F<K9E><I ;484K; 

− EHBD@<DB64AABEFP G@9A<S 8464FP 
>B?<K9EF69AAO9 BJ9A>< < CDB6B8<FP D4EKёFO 
CB I<@<K9E><@ HBD@G?4@ < GD46A9A<S@; 

− 6?489A<9 CD46<?4@< F9IA<>< 59;BC4EABEF< 
CD< <ECB?P;B64A<< I<@<K9E><I 69M9EF6; 

− EHBD@<DB64AABEFP EB5EF69AAB= CB;<J<< CB 
BFABL9A<R > I<@<K9E>B= <AHBD@4J<<, 
CB?GK49@B= <; D4;AOI <EFBKA<>B6. 

− 6OCB?A9A<9 CD4>F<K9E><I < 
?45BD4FBDAOI D45BF; 

− 6OCB?A9A<9 >BAFDB?PAOI 
D45BF; 

− GEFAO= BCDBE; 
− D9L9A<9 ;484K; 
− CB87BFB6>4 < ;4M<F4 CDB9>FB6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

"J9A>4 <A8<6<8G4?PAOI B5D4;B64F9?PAOI 8BEF<:9A<= CB D9;G?PF4F4@ 
F9>GM97B >BAFDB?S CDB<;6B8<FES 6 EBBF69FEF6<< E GA<69DE4?PAB= L>4?B= 
(F45?<J4).  

 

#@>F5=B 
@57C;LB0B82=>AB8 

(?@028;L=KE >B25B>2) 

�0G5AB25==0O >F5=:0 8=48284C0;L=KE 
>1@07>20B5;L=KE 4>AB865=89 

10;; (>B<5B:0) 25@10;L=K9 0=0;>3 
85 ÷ 100 5 BF?<KAB 
75÷ 84 4 IBDBLB 
60 ÷ 74 3 G8B6?9F6BD<F9?PAB 
@9A99 60 2 A9G8B6?9F6BD<F9?PAB 
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!4 QF4C9 F9>GM97B >BAFDB?S CB @98<4A9 >4K9EF69AAOI BJ9AB> 
<A8<6<8G4?PAOI B5D4;B64F9?PAOI 8BEF<:9A<= BCD989?S9FES <AF97D4?PA4S 
BJ9A>4 BE6B9AAOI B5GK4RM<@<ES CDBH9EE<BA4?PAOI < B5M<I >B@C9F9AJ<= >4> 
D9;G?PF4FB6 BE6B9A<S GK95AB= 8<EJ<C?<AO.  
 

 


