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1. #0A?>@B D>=40 >F5=>G=OE A@54AB2 

 

1.1. "1;0ABP ?@8<5=5=8O 
 

(BA8 BJ9ABKAOI ED98EF6 (("%) CD98A4;A4K9A 8?S >BAFDB?S < BJ9A>< 

B5D4;B64F9?PAOI 8BEF<:9A<= EFG89AFB6, BE6B<6L<I CDB7D4@@G GK95AB= 8<EJ<C?<AO 

« 4F9D<4?B6989A<9». %B89D:<F >BAFDB?PAO9 @4F9D<4?O 8?S CDB6989A<S F9>GM97B >BAFDB?S 

< CDB@9:GFBKAB= 4FF9EF4J<< 6 HBD@9 8<HH9D9AJ<DB64AAB7B ;4KёF4, < @9FB8<K9E><9 

@4F9D<4?O, I4D4>F9D<;GRM<9 CB>4;4F9?< < >D<F9D<< BJ9A<64A<S D9;G?PF4FB6 B5GK9A<S.  

("% D4;D45BF4A A4 BEAB69 CB?B:9A<= BEAB6AB= B5D4;B64F9?PAB= CDB7D4@@O 15.03.05 

«�BAEFDG>FBDE>B-F9IAB?B7<K9E>B9 B59EC9K9A<9 @4L<ABEFDB<F9?PAOI CDB<;6B8EF6», 

CDBH<?S CB87BFB6>< «&9IAB?B7<S @4L<ABEFDB9A<S» (>64?<H<>4J<S (EF9C9AP) «54>4?46D») < 

D45BK9= CDB7D4@@O GK95AB= 8<EJ<C?<AO « 4F9D<4?B6989A<9». 

 

1.2. �>=B@>;8@C5<O5 :><?5B5=F88 

 

КB@C9F9AJ<<, HBD@<DG9@O9 6 CDBJ9EE9 <;GK9A<O 8<EJ<C?<AO 

 

� EBBF69FEF6<< E B5D4;B64F9?PAB= CDB7D4@@B= CB87BFB6>< 54>4?46DB6 CB 

A4CD46?9A<R 15.03.05 «�BAEFDG>FBDE>B-F9IAB?B7<K9E>B9 B59EC9K9A<9 @4L<ABEFDB<F9?PAOI 

CDB<;6B8EF6», CDBH<?S CB87BFB6>< «&9IAB?B7<S @4L<ABEFDB9A<S»  6 D9;G?PF4F9 <;GK9A<S 

8<EJ<C?<AO « 4F9D<4?B6989A<9» B5GK4RM<=ES 8B?:9A B6?489FP E?98GRM<@< 

>B@C9F9AJ<S@<. 

 

�B@C9F9AJ<< &D95B64A<S 
CDBH9EE<BA4?PAB7B 
EF4A84DF4 

#?4A<DG9@O9 D9;G?PF4FO CB 
>B@C9F9AJ<S@ E GK9FB@ 
FD95B64A<= CDBHEF4A84DF4 

'��-1. %CBEB59A <ECB?P;B64FP 
;A4A<S 9EF9EF69AABA4GKAOI 
8<EJ<C?<A, CD<@9ASFP @9FB8O 
@4F9@4F<K9E>B7B 4A4?<;4 < 
@B89?<DB64A<S, F9BD9F<K9E>B7B 
< Q>EC9D<@9AF4?PAB7B 
<EE?98B64A<S 6 CBEF46?9AAOI 
;484K4I 

 

&@C4>2O5 459AB28O: 
"CD989?SFP 
F9IAB?B7<K9E><9 E6B=EF64 
@4F9D<4?4 89F4?9= 
@4L<ABEFDB9A<S A<;>B= 
E?B:ABEF<; 
!5>1E>48<O5 C<5=8O: 
'EF4A46?<64FP CB @4D>9 
@4F9D<4?4 
F9IAB?B7<K9E><9 E6B=EF64 
@4F9D<4?B6 89F4?9= 
@4L<ABEFDB9A<S A<;>B= 

�=0BP: 
�1 3 "EAB6AO9 
I4D4>F9D<EF<>< @4F9D<4?B6, 
CD<@9AS9@OI 6 
@4L<ABEFDB9A<<; 
�2 3 "EAB6O CBEFDB9A<S 
86B=AOI 8<47D4@@ 8?S 
D4;?<KAOI @9F4??<K9E><I 
E<EF9@; 
�3 3 �4>BAB@9DABEF< < 
CD4>F<K9E><9 ECBEB5O 

"#�-8. %CBEB59A GK4EF6B64FP 6 
D4;D45BF>9 B5B5M9AAOI 
64D<4AFB6 D9L9A<S CDB5?9@, 
E6S;4AAOI E 
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�B@C9F9AJ<< &D95B64A<S 
CDBH9EE<BA4?PAB7B 
EF4A84DF4 

#?4A<DG9@O9 D9;G?PF4FO CB 
>B@C9F9AJ<S@ E GK9FB@ 
FD95B64A<= CDBHEF4A84DF4 

@4L<ABEFDB<F9?PAO@< 
CDB<;6B8EF64@<, 6O5BD9 
BCF<@4?PAOI 64D<4AFB6 
CDB7AB;<DG9@OI CBE?98EF6<= 

D9L9A<S A4 BEAB69 <I 4A4?<;4 

E?B:ABEF<; 
!5>1E>48<O5 7=0=8O:  
&9IAB?B7<K9E><9 
E6B=EF64 
>BAEFDG>J<BAAOI 
@4F9D<4?B6 89F4?9= 
@4L<ABEFDB9A<S A<;>B= 
E?B:ABEF<; 

6B;89=EF6<S A4 @9I4A<K9E><9 
E6B=EF64 @9F4??<K9E><I 
EC?46B6 CGF9@ <;@9A9A<S <I 
I<@<K9E>B7B EBEF464 < 
EFDG>FGDO;  
�4 3 �?4EE<H<>4J<R, 
@4D><DB6>G, @9I4A<K9E><9 
E6B=EF64 EF4?9=; 
�5 3 $9:<@O GCDBKASRM9= 
F9D@<K9E>B= B5D45BF>< < 
B5?4EF< CD<@9A9A<S - 
BEAB6AOI @4F9D<4?B6 
CDB@OL?9AABEF<;  
'<5BP: 
'1 3 $4J<BA4?PAB, F.9. 
F9IA<K9E>< < Q>BAB@<K9E>< 
B5BEAB64AAB 6O5D4FP 
@4F9D<4? 8?S F9I <?< <AOI 
<;89?<= 
'2 3 #B?P;B64FPES 
BCF<K9E><@ @<>DBE>BCB@ 
8?S <;GK9A<S EFDG>FGDO 
@4F9D<4?B6;  
'3 3 #DB<;6B8<FP 
F9D@BB5D45BF>G @9F4??B6 < 
EC?46B6;  
'4 3 �;@9DSFP F69D8BEFP 8?S 
>BAFDB?S D9;G?PF4FB6 
F9D@<K9E>B= B5D45BF><;  
'5 3 �O5<D4FP @4F9D<4?O, 
ECBEB5O < D9:<@O 
GCDBKASRM9= B5D45BF>< 8?S 
<;89?<= D4;?<KAB7B 
A4;A4K9A<S. 
�1 3  9FB84@< CBEFDB9A<S 
8<47D4@@ EBEFBSA<S 

#�-2. %CBEB59A 6OCB?ASFP 
F9IAB?B7<K9E>GR CB87BFB6>G 
CDB<;6B8EF64 89F4?9= 

@4L<ABEFDB9A<S 
 

#�-6. %CBEB59A <ECB?P;B64FP 
D4;?<KAO9 @9FB8O <ECOF4A<= 
H<;<>B-@9I4A<K9E><I E6B=EF6, 
>BAFDB?S F9IAB?B7<K9E><I 
CB>4;4F9?9= @4F9D<4?B6 < 
7BFB6OI @4L<ABEFDB<F9?PAOI 
<;89?<= 
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�B@C9F9AJ<< &D95B64A<S 
CDBH9EE<BA4?PAB7B 
EF4A84DF4 

#?4A<DG9@O9 D9;G?PF4FO CB 
>B@C9F9AJ<S@ E GK9FB@ 
FD95B64A<= CDBHEF4A84DF4 

#�-1. %CBEB59A 6OCB?ASFP 
F9IAB?B7<K9E>GR CB87BFB6>G 
CDB<;6B8EF64 89F4?9= 

@4L<ABEFDB9A<S 
 

  

#�-5. %CBEB59A GK4EF6B64FP 6 
D4;D45BF>9 CDB9>FB6 <;89?<= 
@4L<ABEFDB9A<S E GK9FB@ 
@9I4A<K9E><I, F9IAB?B7<K9E><I, 
>BAEFDG>FBDE><I, 
Q>EC?G4F4J<BAAOI, 
QEF9F<K9E><I, Q>BAB@<K9E><I < 
GCD46?9AK9E><I C4D4@9FDB6 

 

�15. (BD@<DB64A<9 
CE<IB?B7<K9E>B= 7BFB6ABEF< > 
CDBH9EE<BA4?PAB= 89SF9?PABEF< 
CB <;5D4AAB= CDBH9EE<< 
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2. #@>3@0<<0 >F5=820=8O :>=B@>;8@C5<OE :><?5B5=F89 

2.1. "F5=>G=O5 A@54AB20 @57C;PB0B>2 >1CG5=8O 

#9D9K9AP C?4A<DG9@OI 
D9;G?PF4FB6 B5GK9A<S CB 
8<EJ<C?<A9 

!4<@9AB64A<9 BJ9ABKAB7B 
@4F9D<4?4 

%B89D:4A<9 

�1 3 "EAB6AO9 
I4D4>F9D<EF<>< @4F9D<4?B6, 
CD<@9AS9@OI 6 
@4L<ABEFDB9A<<;  

�3 3 �4>BAB@9DABEF< < 
CD4>F<K9E><9 ECBEB5O 
6B;89=EF6<S A4 @9I4A<K9E><9 
E6B=EF64 @9F4??<K9E><I 
EC?46B6 CGF9@ <;@9A9A<S <I 
I<@<K9E>B7B EBEF464 < 
EFDG>FGDO; 

&9EFB6B9 ;484A<9 
�BCDBEO 8?S CB87BFB6>< > 
;4K9FG. 
�BAFDB?PA4S D45BF4. 

#DB=F< &9EF № 1.  %FDB9A<9 
< E6B=EF64 @9F4??B6. 
�O5D4FP CD46<?PAO= BF69F. 
�OCB?A<FP >BAFDB?PAGR 
D45BFG №1. 

 

�2 3 "EAB6O CBEFDB9A<S 
86B=AOI 8<47D4@@ 8?S 
D4;?<KAOI @9F4??<K9E><I 
E<EF9@;  

�4 3 �?4EE<H<>4J<R, 
@4D><DB6>G, @9I4A<K9E><9 
E6B=EF64 EF4?9=; 

'2 3 #B?P;B64FPES 
BCF<K9E><@ @<>DBE>BCB@ 8?S 
<;GK9A<S EFDG>FGDO 
@4F9D<4?B6;  

'4 3 �;@9DSFP F69D8BEFP 8?S 
>BAFDB?S D9;G?PF4FB6 
F9D@<K9E>B= B5D45BF><;  

�1 3  9FB84@< CBEFDB9A<S 
8<47D4@@ EBEFBSA<S 

&9EFB6B9 ;484A<9 
&9@O D9H9D4FB6 
�BCDBEO 8?S CB87BFB6>< > 
;4K9FG. 
$9H9D4F. 
�45BD4FBDAO9 D45BFO. 
�BAFDB?PA4S D45BF4. 

#DB=F< &9EF №2 
 9I4A<K9E><9 E6B=EF64 
@9F4??B6. �D<EF4??<;4J<S. 
�<47D4@@O 2-AOI 
@9F4??<K9E><I  EC?46B6. 
�O5D4FP CD46<?PAO= BF69F. 
#DB=F< &9EF №4. 
#B87BFB6<FP < ;4M<F<FP 
D9H9D4F A4 ;484AAGR F9@G. 
�OCB?A<FP < CB87BFB6<FP 
BFKёF CB ?45BD4FBDAB= 
D45BF9 №1, 2,4. 
�OCB?A<FP >BAFDB?PAGR 
D45BFG №1. 
 

�5 3 $9:<@O GCDBKASRM9= 

F9D@<K9E>B= B5D45BF>< < 
B5?4EF< CD<@9A9A<S - 
BEAB6AOI @4F9D<4?B6 
CDB@OL?9AABEF<;  

'1 3 $4J<BA4?PAB, F.9. 
F9IA<K9E>< < Q>BAB@<K9E>< 
B5BEAB64AAB 6O5D4FP 
@4F9D<4? 8?S F9I <?< <AOI 

�BCDBEO 8?S CB87BFB6>< > 
;4K9FG. 
&9EFB6B9 ;484A<9. 
�45BD4FBDAO9 D45BFO. 
�BAFDB?PA4S D45BF4. 
 

#DB=F< &9EF №3.  �<47D4@@4 
:9?9;B-J9@9AF<F. %F4?< < 
KG7GAO. 
&9EF № 5. &9D@<K9E>4S < 
I<@<>B-F9D@<K9E>4S  
B5D45BF>4 EF4?9= < EC?46B6 
&9EF № 6 %C9J<4?PAO9 EF4?<. 
�AEFDG@9AF4?PAO9, 
5OEFDBD9:GM<9, 
:4DBEFB=><9, :4DBCDBKAO9 < 
A9D:469RM<9. 
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<;89?<= 

'3 3 #DB<;6B8<FP 
F9D@BB5D45BF>G @9F4??B6 < 
EC?46B6;  

'5 3 �O5<D4FP @4F9D<4?O, 
ECBEB5O < D9:<@O 
GCDBKASRM9= B5D45BF>< 8?S 
<;89?<= D4;?<KAB7B 
A4;A4K9A<S. 

 

&9EF №7 *69FAO9 @9F4??O < 
EC?46O. #BDBL>B6O9 < 
>B@CB;<J<BAAO9 @4F9D<4?O. 
�OCB?A<FP < CB87BFB6<FP 
BFKёF CB ?45BD4FBDAB= 
D45BF9 №3. 
�OCB?A<FP >BAFDB?PAGR 
D45BFG №2. 
 

 

 

2.2. �@8B5@88 8 H:0;0 >F5=820=8O 

�?S BJ9A>< 8BEF<:9A<= EFG89AF4 <ECB?P;G9FES D9=F<A7B64S E<EF9@4 BJ9AB>. �FB7B64S 

BJ9A>4 CD98EF46?S9F EB5B= EG@@G 54??B6, ;4D45BF4AAOI EFG89AFB@ CD< 6OCB?A9A<< ;484A<= 

6 D4@>4I F9>GM97B < CDB@9:GFBKAB7B >BAFDB?S, < 6OEF46?S9FES 6 EBBF69FEF6<< EB 

E?98GRM9= L>4?B=: 

"J9A>4 CB 
5- 54??PAB= L>4?9 

%G@@4 
54??B6 CB 
8<EJ<C?<A9 

"J9A>4 
(ECTS) 

�D484J<S 

5 

BF?<KAB 90-100 � 
"F?<KAB 3 5?9EFSM<9 D9;G?PF4FO E 
A9;A4K<F9?PAO@< A98BKёF4@< 

4 

IBDBLB 

85-89 � 
"K9AP IBDBLB 3 6OL9 ED98A97B GDB6AS, E 
A9>BFBDO@< A98BKёF4@< 

75-84 % 
)BDBLB 3 6 J9?B@ E9DP9;A4S D45BF4, AB E DS8B@ 
;4@9K4A<= 

70-74 
D 

'8B6?9F6BD<F9?PAB 3 A9C?BIB, B8A4>B <@9RFES 
E9DP9;AO9 A98BKёFO 

3 

G8B6?9F6BD<F9?PAB 

65-69 

60-64 � 
#BED98EF69AAB 3 D9;G?PF4FO G8B6?9F6BDSRF 
@<A<@4?PAO@ FD95B64A<S@ (CDBIB8AB= 54??) 

2 

A9G8B6?9F6BD<F9?PAB !<:9 60 F 

!9G8B6?9F6BD<F9?PAB 3 FD95G9FES 6OCB?A9A<9 
;A4K<F9?PAB7B B5Nё@4 D45BFO (?<5B CB6FBD >GDE4 6 
GEF4AB6?9AAB@ CBDS8>9, ?<5B BEAB64A<9 8?S 
BFK<E?9A<S) 

 

�@8B5@88 >F5=:8 @5D5@0B0: 

 54?? 5 EF46<FES, 9E?< 6OCB?A9AO 6E9 FD95B64A<S > A4C<E4A<R < ;4M<F9 D9H9D4F4: 

B5B;A4K9A4 CDB5?9@4 < B5BEAB64A4 9ё 4>FG4?PABEFP, E89?4A >D4F><= 4A4?<; D4;?<KAOI FBK9> 

;D9A<S A4 D4EE@4FD<649@GR CDB5?9@G < ?B7<KAB <;?B:9A4 EB5EF69AA4S CB;<J<S, 

EHBD@G?<DB64AO 6O6B8O, F9@4 D4E>DOF4 CB?ABEFPR, 6O89D:4A B5Nё@, EB5?R89AO 

FD95B64A<S > 6A9LA9@G BHBD@?9A<R, 84AO CD46<?PAO9 BF69FO A4 8BCB?A<F9?PAO9 6BCDBEO. 
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 54?? 4 3 BEAB6AO9 FD95B64A<S > D9H9D4FG < 97B ;4M<F9 6OCB?A9AO, AB CD< QFB@ 8BCGM9AO 

A98BKёFO. � K4EFABEF<, <@9RFES A9FBKABEF< 6 <;?B:9A<< @4F9D<4?4; BFEGFEF6G9F ?B7<K9E>4S 

CBE?98B64F9?PABEFP 6 EG:89A<SI; A9 6O89D:4A B5Nё@ D9H9D4F4; <@9RFES GCGM9A<S 6 

BHBD@?9A<<; A4 8BCB?A<F9?PAO9 6BCDBEO CD< ;4M<F9 84AO A9CB?AO9 BF69FO. 

 54?? 3 3 <@9RFES EGM9EF69AAO9 BFEFGC?9A<S BF FD95B64A<= > D9H9D<DB64A<R. � 

K4EFABEF<: F9@4 BE69M9A4 ?<LP K4EF<KAB; 8BCGM9AO H4>F<K9E><9 BL<5>< 6 EB89D:4A<< 

D9H9D4F4 <?< CD< BF69F9 A4 8BCB?A<F9?PAO9 6BCDBEO; 6B 6D9@S ;4M<FO BFEGFEF6G9F 6O6B8. 

 A<:9 3 54??B6 3 F9@4 D9H9D4F4 A9 D4E>DOF4, B5A4DG:<649FES EGM9EF69AAB9 A9CBA<@4A<9 

CDB5?9@O. 

 

�@8B5@88 >F5=:8 ;01>@0B>@=>9/?@0:B8G5A:>9 @01>BO: 

 54?? 10 6OEF46?S9FES EFG89AFG, 9E?< BA CD<A<@4? 4>F<6AB9 GK4EF<9 6 D45BF9, D4EKёFO 

6OCB?A9AO 59; BL<5B>, >4K9EF69AAB BHBD@?9A BFKёF, CB?GK9AO CD46<?PAO9 BF69FO A4 

>BAFDB?PAO9 6BCDBEO;  

 54?? 8 6OEF46?S9FES EFG89AFG, 9E?< BA CD<A<@4? 4>F<6AB9 GK4EF<9 6 D45BF9, D4EKёFO 

6OCB?A9AO 59; BL<5B>, BFKёF BHBD@?9A A9 >4K9EF69AAB, CB?GK9AAO9 BF69FO A4 >BAFDB?PAO9 

6BCDBEO A9 FBKAO;  

 54?? 5 6OEF46?S9FES EFG89AFG, 9E?< CD<A<@4?BEP C4EE<6AB9 GK4EF<9 6 D45BF9, D4EKёFO 

6OCB?A9AO E BL<5>4@<, BFKёF BHBD@?9A E BL<5>4@<, CB?GK9AAO9 BF69FO A4 >BAFDB?PAO9 

6BCDBEO A9 FBKAO; 

 @9A99 5 54??B6 6OEF46?S9FES EFG89AFG, 9E?< A9 BHBD@<? BFKёF, A9 BF69F<? A4 6BCDBEO. 

 

�@8B5@88 >F5=:8 B5AB0: 

 54?? 9-10 6OEF46?S9FES EFG89AFG, 9E?< CB?GK9AO CD46<?PAO9 BF69FO A4 90-100% 

6BCDBEB6;  

 54?? 7-8 6OEF46?S9FES EFG89AFG, 9E?< CB?GK9AO CD46<?PAO9 BF69FO A4 70-80% 6BCDBEB6;  

 54?? 6 6OEF46?S9FES EFG89AFG, 9E?< CB?GK9AO CD46<?PAO9 BF69FO A4 60-70% 6BCDBEB6;  

 @9A99 6 54??B6 6OEF46?S9FES EFG89AFG, 9E?< CB?GK9AO CD46<?PAO9 BF69FO A4 @9A99 60 % 

6BCDBEB6; 
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3.  0B5@80;O, =5>1E>48<O5 4;O >F5=:8 @57C;PB0B>2 >1CG5=8O 
 

3.1 &5<O @5D5@0B>2, 4>:;04>2 

3.1.1 &5<O 4><0H=53> 7040=8O ?> @0745;C «�803@0<<O 42>9=OE A8AB5<» 
 

3.1.1. �<47D4@@4 E<EF9@O «@98P-J<A>» 
3.1.2. �<47D4@@4 E<EF9@O «:9?9;B-G7?9DB8» 
3.1.3. �<47D4@@4 E<EF9@O «@98P-B?B6B» 
3.1.4. �<47D4@@4 E<EF9@O «@98P-HBEHBD» \ 
3.1.5. �<47D4@@4 E<EF9@O «A<>9?P-@98P» 
3.1.6.  �<47D4@@4 E<EF9@O «B?B6B-E6<A9J» 
3.1.7. �<47D4@@4 E<EF9@O «:9?9;B - HBEHBD» 
3.1.8.�<47D4@@4 E<EF9@O «:9?9;B-A<>9?P» 
3.1.9.  �<47D4@@4 E<EF9@O «:9?9;B-A9B8<@» 
3.1.10. �<47D4@@4 E<EF9@O «:9?9;B-@98P» 
 3.1.11. �<47D4@@4 E<EF9@O «:9?9;B-@98P» 
3.1.12. �<47D4@@4 E<EF9@O «:9?9;B->D9@A<=» 
3.1.13 �<47D4@@4 E<EF9@O «:9?9;B->B54?PF» 
3.1.14. �<47D4@@4 E<EF9@O «4?R@<A<=-F<F4A» 
3.1.15.�<47D4@@4 E<EF9@O «4?R@<A<=-A<>9?P» 
3.1.16. �<47D4@@4 E<EF9@O «4?R@<A<=- @47A<=» 
3.1.17 �<47D4@@4 E<EF9@O «4?R@<A<=-79D@4A<= 
3.1.18 �<47D4@@4 E<EF9@O «4?R@<A<=->D9@A<=» 
3.1.19 �<47D4@@4 E<EF9@O «4?R@<A<=-@98P» 
3.1.20 �<47D4@@4 E<EF9@O «@98P-;B?BFB» 
3.1.21 �<47D4@@4 E<EF9@O «@98P-E9D95DB» 
3.1.22 �<47D4@@4 E<EF9@O «:9?9;B-J<A>» 
3.1.23 �<47D4@@4 E<EF9@O «6<E@GF- E6<A9J» 
3.1.24 �<47D4@@4 E<EF9@O «A<>9?P-?4AF4A» 
3.1.25 �<47D4@@4 E<EF9@O «E6<A9J-EGDP@4» 
3.1.26 �<47D4@@4 E<EF9@O «;B?BFB-E9D95DB» 

 

3.3. &5<O @5D5@0B>2, 4>:;04>2 ?> @0745;C « 5B0;;8G5A:85 <0B5@80;O 8 8E ?@8<5=5=85 
 

1 "?B6SA<EFO9  5DBA;O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
2  �4FGA<. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
3  �RD4?R@<A<96O9 EC?46O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S.  
4 %<?G@<AO. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
5 �4DBEFB=><9 @9F4??<K9E><9 @4F9D<4?O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
6 +G7GAO. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
7 #BDBL>B6O9 @4F9D<4?O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
8 �B@CB;<J<BAAO9 @4F9D<4?O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
9 !9D:469RM<9 EF4?<. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
10 �AEFDG@9AF4?PAO9 < 5OEFDBD9:GM<9  EF4?< < EC?46O. 
11 �D4H<FAO9 @4F9D<4?O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
12  �9D4@<K9E><9 @4F9D<4?O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
13 &G7BC?46><9 @4F9D<4?O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
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14  %C?46O 4FB@AB= QA9D79F<><. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
15   47A<FAO9 @4F9D<4?O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
16 �6FB@4FAO9 EF4?<. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
17  �4DBCDBKAO9 EF4?< < EC?46O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
18  %69DIF69D8O9 < 45D4;<6AO9 @4F9D<4?O.  
19  &<F4AB6O9 EC?46O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 
20 *<A>B6O9 EC?46O. %BEF46O, E6B=EF64 < B5?4EF< CD<@9A9A<S. 

 

3.2 #@8<5@=O9 ?5@5G5=P 2>?@>A>2 4;O ?>43>B>2:8 : 70G5BC     ?> B5>@5B8G5A:>9 G0AB8 
:C@A0 « 0B5@80;>2545=85» 

1. !4G>4 B @4F9D<4?4I. �EFBD<S EF4AB6?9A<9 < D4;6<F<S. $B?P 6 D9L9A<< ;484K 

6 F9IAB?B7<< @4L<ABEFDB9A<S. 

2.  �4><9 E6S;< D94?<;GRFES 6 F69D8OI F9?4I? 

3.  �46<E<@BEFP E6B=EF6 F9? BF F<C4 E6S;<. 

4. �4><9 F<CO D9L9FB> I4D4>F9DAO 8?S @9F4??B6? 

5. �4><9 H4;O 6EFD9K4RFES 6 @9F4??4I < EC?464I? 

6. �4><9 4??BFDBC<K9E><9 H4;O I4D4>F9DAO 8?S :9?9;4 < G7?9DB84? 

7. (4;B6O9 CD96D4M9A<S 6 @9F4??4I. 

8. �;@9A9A<9 E6B5B8AB= QA9D7<< CD< H4;B6OI CD96D4M9A<SI. 

9. �;@9A9A<9 QAF4?PC<< < QAFDBC<< CD< >D<EF4??<;4J<<. 

10. �46<E<@BEFP E>BDBEF<  >D<EF4??<;4J<< BF C9D9BI?4:89A<S < 6D9@9A<. 

11. �4C<E4FP < B5NSEA<FP GD46A9A<9 �6D44@<-�B?@B7BDB64. 

12.  �4>B64 EFDG>FGD4 E?<F>4? 

13. �4> B5D4;GRFES ?<>64J<< < CBDO 6 E?<F>4I? 

14. +9@ BF?<K4RFES @9I4A<K9E><9 E@9E< BF F69D8OI D4EF6BDB6? 

15. #BEFDB<FP 8<47D4@@G Q6F9>F<K9E>B7B F<C4. 

16. #BEFDB<FP 8<47D4@@G E A9B7D4A<K9AAB= D4EF6BD<@BEFPR . 

17.  #BEFDB<FP 8<47D4@@G E <AF9D@9F4??<K9E><@ EB98<A9A<9@. 

18. $4E>DOFP CD46<?B DOK474. 

19.  "5M<9 CD98EF46?9A<S CBEFDB9A<S FDB=AB= 8<47D4@@O. 

20. 21 #BEFDB<FP 8<47D4@@G D4EFS:9A<S @9F4??B6. '>4;4FP B5?4EF< GCDG7<I,   

C?4EF<KAOI 89HBD@4J<=. 

21.   "5NSEA<FP EGMABEFP IDGC>B7B D4;DGL9A<S. 

22. $B?P 8<E?B>4J<= < CD<@9EAOI 89H9>FB6 A4 GCDBKA9A<9. 

23. $4EE>4;4FP B @9I4A<;@9 GCDBKA9A<S CBE?9 ;4>4?><. 

24. '>4;4FP 6E9 6B;@B:AO9 H4;O 6 E<EF9@9 :9?9;B-J9@9AF<F. 

25.  '>4;4FP 6E9 6B;@B:AO9 CD96D4M9A<S 6 E<EF9@9 :9?9;B-G7?9DB8. 

26. %FDG>FGDA4S EI9@4 >?4EE<H<>4J<< EF4?9=. 
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27. �4> 6?<SRF CD<@9E< Si, C, P < S A4 E6B=EF64 EF4?<. 

28. �4> 6?<SRF ?97<DGRM<9 >B@CBA9AFO ( Cr, Ti, Ni, Mo < 8D. A4 E6B=EF64 

EF4?<). 

29. �4><9 ?97<DGRM<9 >B@CBA9AFO CB6OL4RF :4DBEFB=>BEFP   

30. %9DO9 KG7GAO, <I >?4EE<H<>4J<S CB HBD@9 7D4H<F4 < EFDB9A<R 

@9F4??<K9E>B= BEAB6O. �?<SA<9 E>BDBEF< BI?4:89A<S < CD<@9E9= A4 

CDBJ9EE 7D4H<F<;4J<<.  4D><DB6>4 D4;?<KAOI F<CB6 E9DOI KG7GAB6.  

31.   B8<H<J<DB64AAO9 KG7GAO. 'E?B6<S CB?GK9A<S 6OEB>BCDBKAB7B < >B6>B7B 

KG7GAB6. %6S;P @9:8G EFDG>FGDB= < @9I4A<K9E><@< E6B=EF64@< QF<I 

KG7GAB6. 

32. %D46A<F9?PAO= 4A4?<; E6B=EF6 E9DOI, 59?OI KG7GAB6 < G7?9DB8<EFOI EF4?9=. 

"5?4EF< CD<@9A9A<S D4;?<KAOI F<CB6 E9DOI KG7GAB6.  

33. #D96D4M9A<S 6 EF4?< CD< BI?4:89A<<. �<47D4@@4 <;BF9D@<K9E>B7B 

CD96D4M9A<S C9D9BI?4:8ёAAB7B 4GEF9A<F4. %FDG>FGD4 < E6B=EF64 CDB8G>FB6 

CD96D4M9A<S.  

34.  �<47D4@@4 <;BF9D@<K9E>B7B CD96D4M9A<S C9D9BI?4:8ёAAB7B 4GEF9A<F4. 

%FDG>FGD4 < E6B=EF64 CDB8G>FB6 CD96D4M9A<S, B5D4;G9@OI CD< D4;?<KAOI 

E>BDBEFSI BI?4:89A<S.  

35. �D<F<K9E>4S E>BDBEFP ;4>4?><.  4DF9AE<FAB9 CD96D4M9A<9 < 97B 

BEB59AABEF<. %FDG>FGD4 < E6B=EF64 @4DF9AE<F4. #D<K<A4 97B 6OEB>B= 

F6ёD8BEF<. 

36.  "EF4FBKAO= 4GEF9A<F, CD<K<AO 97B EBID4A9A<S CD< ;4>4?>9; 6?<SA<9 A4 

E6B=EF64 <;89?<=. "5D45BF>4 EF4?< IB?B8B@, 9ё A4;A4K9A<9 < ECBEB5 

BEGM9EF6?9A<S.  

37. �46<E<@BEFP F6ёD8BEF< ;4>4?ёAAB= EF4?< BF EB89D:4A<S G7?9DB84. �9H9>FO 

;4>4?ёAAB= EF4?<, CD<K<AO <I 6B;A<>AB69A<S < @9DO CD98GCD9:89A<S. 

#D9<@GM9EF64 < A98BEF4F>< D4;?<KAOI 6<8B6 ;4>4?><.  

38. #D96D4M9A<S 6 ;4>4?ёAAB= EF4?< CD< BFCGE>9. �;@9A9A<9 EFDG>FGDO < 

@9I4A<K9E><I E6B=EF6 EF4?< 6 D9;G?PF4F9 BFCGE>4. "F?<K<9 EFDG>FGD, 

CB?GK49@OI 6 D9;G?PF4F9 BFCGE>4, BF 4A4?B7<KAOI EFDG>FGD, B5D4;GRM<IES 

CD< CD96D4M9A<< C9D9BI?4:8ёAAB7B 4GEF9A<F4.  

39. "FCGE>A4S IDGC>BEFP EF4?9=, 9ё D4;AB6<8ABEF< < ECBEB5O CD98BF6D4M9A<S.  

40. "F:<7 EF4?<, 97B D4;AB6<8ABEF<. !4;A4K9A<9 D4;?<KAOI 6<8B6 BF:<74 < 

D9:<@O <I CDB6989A<S. %FDG>FGD4 < E6B=EF64 EF4?< CBE?9 BF:<74.  
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41. &9D@B@9I4A<K9E>4S B5D45BF>4 EF4?< < 9ё D4;AB6<8ABEF<. �;@9A9A<9 

EFDG>FGDO < E6B=EF6 EF4?< CD< F9D@B@9I4A<K9E>B= B5D45BF>9.  

42. #DB>4?<649@BEFP, 9ё 6?<SA<9 A4 Q>EC?G4F4J<BAAO9 E6B=EF64 ;4>4?ёAAB= 

EF4?<. (4>FBDO, 6?<SRM<9 A4 CDB>4?<649@BEFP < >D<F<K9E>GR E>BDBEFP 

;4>4?><.  

43. *9?< ?97<DB64A<S EF4?<. !4<5B?99 D4ECDBEFD4AёAAO9 ?97<DGRM<9 

Q?9@9AFO. �?<SA<9 ?97<DGRM<I Q?9@9AFB6 A4 CD96D4M9A<S 

C9D9BI?4:8ёAAB7B 4GEF9A<F4 < CDB>4?<649@BEFP EF4?<, @4DF9AE<FAB9 

CD96D4M9A<9 < >B?<K9EF6B BEF4FBKAB7B 4GEF9A<F4 

44. �?4EE<H<>4J<S ?97<DB64AAOI EF4?9= CB EFDG>FGD9 < A4;A4K9A<R. 

 4D><DB6>4 ?97<DB64AAOI EF4?9=. #D<@9DO ?97<DB64AAOI EF4?9= D4;?<KAOI 

>?4EEB6 < A4;A4K9A<=.  

45. �BAEFDG>J<BAAO9 ?97<DB64AAO9 EF4?<, <I >?4EE<H<>4J<S, E6B=EF64 < 

A4;A4K9A<9. #D<@9DO EF4?9= >4:8B7B F<C4. *9@9AFG9@O9 < G?GKL49@O9 

EF4?<. $9:<@O F9D@<K9E>B= B5D45BF><, EFDG>FGD4, @9I4A<K9E><9 E6B=EF64 < 

B5?4EF< CD<@9A9A<S QF<I EF4?9=.  

46. *9@9AF4J<S EF4?<, 9ё A4;A4K9A<9 < ECBEB5O BEGM9EF6?9A<S. %F4?<, 

CB869D749@O9 J9@9AF4J<<. &9D@<K9E>4S B5D45BF>4 J9@9AF<DB64AAOI 

<;89?<=, <I EFDG>FGD4 < E6B=EF64.  

47. �;BF<DB64AAO9 EF4?<, 97B A4;A4K9A<9 < ECBEB5O BEGM9EF6?9A<S. %F4?< 8?S 

4;BF<DB64A<S. "EB59AABEF< I<@<>B-F9D@<K9E>B= B5D45BF>< <;89?<= CD< 

4;BF<DB64A<<. %FDG>FGD4 4;BF<DB64AAOI <;89?<=.  

48. *<4A<DB64A<9 EF4?<, 97B A4;A4K9A<9, D4;AB6<8ABEF< < ECBEB5O 

BEGM9EF6?9A<S. �BD<DB64A<9 < 8<HHG;AB9 A4EOM9A<9 EF4?< @9F4??4@<.  

49. %FDB<F9?PAO9 (A<;>B?97<DB64AAO9) EF4?<; <I @4D><DB6>4, I<@<K9E><= 

EBEF46, E6B=EF64, B5?4EF< CD<@9A9A<S.  

50. $9EEBDAB-CDG:<AAO9 EF4?<; <I @4D><DB6>4, I<@<K9E><= EBEF46, F9D@<K9E>4S 

B5D45BF>4, EFDG>FGD4 < @9I4A<K9E><9 E6B=EF64.  

51. #B8L<CA<>B6O9 EF4?<; <I @4D><DB6>4, I<@<K9E><= EBEF46, F9D@<K9E>4S 

B5D45BF>4, EFDG>FGD4 < @9I4A<K9E><9 E6B=EF64.  

52. �;ABEBEFB=><9 EF4?< C9D?<FAB7B < 4GEF9A<FAB7B >?4EEB6, <I A4;A4K9A<9, 

@4D><DB6>4, I<@<K9E><= EBEF46, F9D@<K9E>4S B5D45BF>4, CD<K<A4 6OEB>B= 

<;ABEBEFB=>BEF<.  

53. �BDDB;<=AB-EFB=><9 (A9D:469RM<9) EF4?<, CD<DB84 <I >BDDB;<BAAB= 

EFB=>BEF<; <I I<@<K9E><= EBEF46, >?4EE<H<>4J<S < @4D><DB6>4. 
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 9:>D<EF4??<FA4S >BDDB;<S A9D:469RM<I EF4?9=, 9ё CD<DB84 < ECBEB5O 

CD98GCD9:89A<S.  

54. �4DBCDBKABEFP, 9ё I4D4>F9D<EF<><. (4>FBDO, ECBEB5EF6GRM<9 CB6OL9A<R 

:4DBCDBKABEF<. �?4EE<H<>4J<S :4DBCDBKAOI @4F9D<4?B6; CD<@9DO EC?46B6 

D4;?<KAOI >?4EEB6, <I I<@<K9E><= EBEF46, @4D><DB6>4, CD<@9A9A<S.  

55. �4DBEFB=>BEFP, 9ё ;46<E<@BEFP BF I<@<K9E>B7B EBEF464 @4F9D<4?4. #D<AJ<C 

?97<DB64A<S :4DBEFB=><I EC?46B6. #D<@9DO :4DBEFB=><I EF4?9= < EC?46B6, 

<I I<@<K9E><= EBEF46, @4D><DB6>4, CD<@9A9A<S.  

56.  47A<FB@S7><9 < @47A<FBF6ёD8O9 EF4?< < EC?46O; <I A4;A4K9A<9, 

I<@<K9E><= EBEF46, EFDG>FGD4 < E6B=EF64, J9?< < D9:<@O F9D@<K9E>B= 

B5D45BF><. 

57.  %C?46O E 6OEB><@ Q?9>FD<K9E><@ EBCDBF<6?9A<9@; <I A4;A4K9A<9, 

I<@<K9E><= EBEF46 < >?4EE<H<>4J<S. %FDG>FGDA4S BEB59AABEFP QF<I EC?46B6. 

#D<@9DO EC?46B6 >4:8B7B >?4EE4.  

58. %C?46O E BEB59AABEFS@< F9C?B6B7B D4EL<D9A<S < GCDG7<I E6B=EF6, <I 

A4;A4K9A<9, I<@<K9E><= EBEF46, E6B=EF64.  

59. �?4EE<H<>4J<S <AEFDG@9AF4?PAOI EF4?9= CB A4;A4K9A<R. !9F9C?BEFB=><9 

EF4?< 8?S D9:GM97B <AEFDG@9AF4; <I I<@<K9E><= EBEF46, @4D><DB6>4, 

F9D@<K9E>4S B5D45BF>4, EFDG>FGD4 < @9I4A<K9E><9 E6B=EF64.  

60. �OEFDBD9:GM<9 EF4?<; I<@<K9E><= EBEF46, @4D><DB6>4, CD<DB84 <I 

>D4EABEFB=>BEF<. �;@9A9A<9 EFDG>FGDO < E6B=EF6 A4 D4;?<KAOI QF4C4I 

F9D@<K9E>B= B5D45BF><.  

61. &6ёD8O9 EC?46O, <I I4D4>F9DAO9 E6B=EF64 < A4;A4K9A<9. &9IAB?B7<S 

CB?GK9A<S, EFDG>FGD4 < @4D><DB6>4 F6ёD8OI EC?46B6.  

62. ,F4@CB64AAO9 EF4?< 8?S IB?B8AB7B < 7BDSK97B 89HBD@<DB64A<S @9F4??4; 

I<@<K9E><= EBEF46, @4D><DB6>4, F9D@<K9E>4S B5D45BF>4, EFDG>FGD4 < 

@9I4A<K9E><9 E6B=EF64 EF4?9= D4;?<KAOI 7DGCC.  

63. �?4EE<H<>4J<S EC?46B6 A4 BEAB69 @98<. �?<SA<9 EB89D:4A<S J<A>4 A4 

EFDG>FGDG, @9I4A<K9E><9 < F9IAB?B7<K9E><9 E6B=EF64 ?4FGA9=. 

�?4EE<H<>4J<S < @4D><DB6>4 ?4FGA9=.  

64. �?4EE<H<>4J<S 5DBA;. �?<SA<9 EB89D:4A<S B?B64 A4 EFDG>FGDG, 

@9I4A<K9E><9 < F9IAB?B7<K9E><9 E6B=EF64 B?B6SAAOI 5DBA;.  4D><DB6>4, 

E6B=EF64 < CD<@9A9A<S B?B6SAAOI < 59;B?B6SAAOI 5DBA;.  
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65. %C?46O 8?S CB8L<CA<>B6 E>B?P:9A<S, <I E6B=EF64 < EFDG>FGDAO9 

BEB59AABEF<. )<@<K9E><= EBEF46, EFDG>FGD4 < E6B=EF64 D4ECDBEFD4A9AAOI 

@4DB> CB8L<CA<>B6OI (4AF<HD<>J<BAAOI) EC?46B6.  

66. �?4EE<H<>4J<S 4?R@<A<96OI EC?46B6. �9HBD@<DG9@O9 4?R@<A<96O9 

EC?46O, GCDBKAS9@O9 < A9GCDBKAS9@O9 F9D@<K9E>B= B5D45BF>B=. 

(@4D><DB6>4, I<@<K9E><= EBEF46, E6B=EF64, CD<@9A9A<S). "EAB6O 

GCDBKASRM9= F9D@<K9E>B= B5D45BF>< 4?R@<A<96OI EC?46B6.  

67. �<F9=AO9 4?R@<A<96O9 EC?46O, <I I<@<K9E><= EBEF46, @4D><DB6>4, 

E6B=EF64 < CD<@9A9A<S.  B8<H<J<DB64A<9 < F9D@<K9E>4S B5D45BF>4 EC?46B6 

84AAB= 7DGCCO.  

68. %C?46O A4 BEAB69 F<F4A4, <I E6B=EF64 < B5?4EF< CD<@9A9A<S. �?4EE<H<>4J<S 

F<F4AB6OI EC?46B6 CB EFDG>FGD9; I<@<K9E><= EBEF46 < I4D4>F9DAO9 E6B=EF64 

EC?46B6 >4:8B= 7DGCCO.  

69. %C?46O A4 BEAB69 @47A<S; >?4EE<H<>4J<S < @4D><DB6>4. )<@<K9E><= EBEF46, 

F9IAB?B7<K9E><9 < @9I4A<K9E><9 E6B=EF64 EC?46B6 D4;?<KAOI >?4EEB6.  

70. �B@CB;<J<BAAO9 @4F9D<4?O E @9F4??<K9E>B= @4FD<J9=; <I >?4EE<H<>4J<S, 

BEB59AABEF< EFDB9A<S < E6B=EF6; B5?4EF< CD<@9A9A<S.  

71. �?4EE<H<>4J<S A9@9F4??<K9E><I @4F9D<4?B6. #B?<@9DO; BEAB6AO9 CBASF<S, 

BEB59AABEF< 6OEB>B@B?9>G?SDAB7B EFDB9A<S CB?<@9DB6.  

72. (BD@4 @4>DB@B?9>G?. �<A9=AO9 < E9FK4FO9 (;4@>AGFO9 CDBEFD4AEF69AAO9) 

CB?<@9DO; E6S;P @9:8G <I EFDB9A<9@ < E6B=EF64@<.  

73. (<;<K9E><9 EBEFBSA<S CB?<@9DB6 (EF9>?BB5D4;AB9, 6OEB>BQ?4EF<KAB9, 

6S;>BF9>GK99). %6S;P @9:8G EFDB9A<9@ (HBD@B= @4>DB@B?9>G?) < 

H<;<K9E><@ EBEFBSA<9@ CB?<@9D4. &9D@BC?4EF<KAO9 < F9D@BD94>F<6AO9 

CB?<@9DO.  

74.  9I4A<K9E><9 E6B=EF64 CB?<@9DB6. &<C<KAO9 8<47D4@@O D4EFS:9A<S 

F9D@BC?4EF<KAOI < F9D@BD94>F<6AOI CB?<@9DB6 6 EF9>?BB5D4;AB@ 

EBEFBSA<<. #D<DB84 6OEB>B= Q?4EF<KABEF<. �OAG:89AA4S Q?4EF<KABEFP 

75. �?<SA<9 F9@C9D4FGDO < E>BDBEF< A47DG:9A<S A4 CDBKABEFP CB?<@9DB6. 

�B?7B69KABEFP CB?<@9DB6, H4>FBDO, BF >BFBDOI BA4 ;46<E<F. %F4D9A<9 

CB?<@9DB6, CGF< 97B E89D:<64A<S.  

76. #?4EF@4EEO; <I EBEF46, DB?P D4;?<KAOI >B@CBA9AFB6. �?4EE<H<>4J<S 

C?4EF@4EE CB F<CG A4CB?A<F9?S < CD<DB8O CB?<@9DAB= BEAB6O. 

&9D@BC?4EF<KAO9 < F9D@BD94>F<6AO9 C?4EF@4EEO; CD9EECBDBL><, 
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6B?B>A<FO, E?B<EFO9 C?4EF<><. )4D4>F9DAO9 E6B=EF64 EBBF69FEF6GRM<I 

F<CB6 C?4EF@4EE. 

  

 

 

3.3 &5AB>2O5 7040=8O 
ВBCDBEO 8?O F9EF<DB64A<O EFG89AFB6 CB >GDEG «М4F9D<4?B6989A<9»  

&�%& 1 

  %FDB9A<9 < E6B=EF64 @9F4??B6 

 

?1  9F4??<K9E>4S E6S;P QFB: 
-ECBEB5ABEFP 64?9AFAOI Q?9>FDBAB6 E6B5B8AB C9D9@9M4FPES CB 6E9@G o5N9@G >D<EF4??4 
=6;4<@B89=EF6<9 @9:8G «<BAAO@ E>9?9FB@» < «Q?9>FDBAAO@ 74;B@» 
-ECBEB5ABEFP @9F4??B6 ?97>B BF8464FP E6B< 64?9AFAO9 Q?9>FDBAO 

 

?2  9F4??O >4>B= CB87DGCCO BFABESFES > K9DAO@: 
-?97><9 (Be, Al, Mg) 

-?97>BC?46><9 (Zn, Sn, Pb) 

=FG7BC?46><9 (W, V, Ti) 

-5?47BDB8AO9 (Au, Pt, Ag) 

 

?3  9F4??O >4>B= CB87DGCCO BFABESFES > J69FAO@: 
-:9?9;AO9 (Co, Ni, Mg) 

=?97>BC?46><9 (Zn, Sn, Pb) 

-FG7BC?46><9 (W, V, Ti) 

-M9?BKAB;9@9?PAO9 (R, Ca, Na) 

 

?4 % G@9APL9A<9@ F9@C9D4FGDO Q?9>FDBEBCDBF<6?9A<9 @9F4??B6: 
=C4849F 
-CB6OL49FES 
-BEF49FES CBEFBSAAO@ 

-<;@9AS9FES CB ;4>BAG 6OCG>?B= >D<6B= E @4>E<@G@B@ 

 

?5 "FEGFEF6<9 EB5EF69AAB7B B5Nё@4 I4D4>F9DAB 8?S: 
-:<8>BEF< 
=74;4 
-F6ёD8B7B F9?4 
-@9F4??4 
 

?6 � FG7BC?46><@ @9F4??4@ BFABESFES: 
-E6<A9J 

=6B?PHD4@ 

-B?B6B 
-4?R@<A<= 
 

?7 � ?97>BC?46><@ @9F4??4@ BFABESFES: 
=E6<A9J 

-6B?PHD4@ 

-64A48<= 

-F<F4A 
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?8 #D< F9@C9D4FGD9, @9APL9=, K9@ F9@C9D4FGD4 C?46?9A<S, A4<@9APL9= E6B5B8AB= 
QA9D7<9= B5?484RF E<EF9@O 4FB@B6: 
-6 74;BB5D4;AB@ EBEFBSA<< 

-6 :<8>B@ EBEFBSA<< 
-6 F69D8B@ EBEFBSA<< 
=6 6<89 C?4;@O 

 

?9 �B@CBA9AFO, A9 ECBEB5AO9 > 6;4<@AB@G D4EF6BD9A<R 6 F69D8B@ EBEFBSA<< < A9 
6EFGC4RM<9 6 I<@<K9E>GR D94>J<R E B5D4;B64A<9@ EB98<A9A<S B5D4;GRF: 
-F69D8O9 D4EF6BDO 6A98D9A<S 
-I<@<K9E><9 EB98<A9A<S 
=E@9E< 

-F69D8O9 D4EF6BDO ;4@9M9A<S 
 

?10 �9DA4 EB EC9J<H<K9E>B= >D<EF4??<K9E>B= D9L9F>B=, BF?<KAB= BF D9L9FB> B5B<I 
>B@CBA9AFB6, I4D4>F9D<;GRM<9ES BCD989?9AAB= F9@C9D4FGDB= C?46?9A<S < E>4K>BB5D4;AO@ 
<;@9A9A<9@ E6B=EF6 CD< <;@9A9A<< EBEF464 CD98EF46?SRF EB5B=: 
-F69D8O9 D4EF6BDO 6A98D9A<S 
=I<@<K9E><9 EB98<A9A<S 
-E@9E< 

-F69D8O9 D4EF6BDO ;4@9M9A<S 
 

?11 #D< D4ECB?B:9A<< 4FB@B6 B8AB7B >B@CBA9AF4 6 G;?4I >D<EF4??<K9E>B= D9L9F>< 
8DG7B7B >B@CBA9AF4 (D4EF6BD<F9?S) B5D4;GRFES: 
-F69D8O9 D4EF6BDO 6A98D9A<S 
-I<@<K9E><9 EB98<A9A<S 
-E@9E< 

=F69D8O9 D4EF6BDO ;4@9M9A<S 
 

?12 �4>4S <; HBD@ >D<EF4??<K9E><I D9L9FB> S6?S9FES B5N9@ABJ9AFD<DB64AAB= >G5<K9E>B= 
D9L9F>B=? 

 
=1 

-2 

-3 

 

?13 �4>4S <; HBD@ >D<EF4??<K9E><I D9L9FB> S6?S9FES 7D4A9J9AFD<DB64AAB= >G5<K9E>B= 
D9L9F>B=? 
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-1 

=2 

-1 

 

?14 �4>4S <; HBD@ >D<EF4??<K9E><I D9L9FB> S6?S9FES 79>E47BA4?PAB= C?BFABGC4>B64AAB= 
D9L9F>B=? 

 
-1 

-2 

=3 

 

?15 �46<E<@BEFP E6B=EF6 >D<EF4??4 BF A4CD46?9A<S, 6B;A<>4RM4S 6 D9;G?PF4F9 
GCBDS8BK9AAB7B D4ECB?B:9A<S 4FB@B6 6 CDBEFD4AEF69, A4;O649FES: 
-CB?<@BDH<;@B@ 

=4A<;BFDBC<9= 
-4??BFDBC<9= 
-F9>EFGDB= 

 

?16 #DBKABEFAO9 E6B=EF64 @9F4??B6 68B?P D4;?<KAOI >D<EF4??B7D4H<K9E><I A4CD46?9A<=: 
-A9 ;46<ESF  K<E?4 4FB@B6, D4ECB?B:9AAOI A4 QF<I A4CD46?9A<SI 
=;46<ESF BF K<E?4 4FB@B6, D4ECB?B:9AAOI A4 QF<I A4CD46?9A<SI 
-;46<ESF FB?P>B BF >BQHH<J<9AF4 >B@C4>FABEF< 

 

?17 %GM9EF6B64A<9 B8AB7B @9F4??4 6 A9E>B?P><I >D<EF4??<K9E><I HBD@4I ABE<F A4;64A<9:  
=CB?<@BDH<;@4 
-4A<;BFDBC<< 
->D<EF4??<;4J<< 
-F9>EFGDO 

 

?18 �D<EF4??O A9CD46<?PAB= HBD@O A4;O64RFES: 
=>D<EF4??<F4@< <?< ;9DA4@< 
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-@BAB>D<EF4??4@< 

-5?B>4@< 

-89A8D<F4@< 
 

?19 � CB69DIABEFAO@ 89H9>F4@ BFABESFES: 
-CGEFBFO, CBDO, 6>?RK9A<S 
=5B?PL9G7?B6O9 < @4?BG7?B6O9 7D4A<JO 

-4FB@O 6A98D9A<S, 4FB@O ;4@9M9A<S < 64>4AE<< 

->D496O9 < 6<AFB6O9 8<E?B>4J<< 
 

?20 � FBK9KAO@ 89H9>F4@ BFABESFES: 
-CGEFBFO, CBDO, 6>?RK9A<S 
-5B?PL9G7?B6O9 < @4?BG7?B6O9 7D4A<JO 

=4FB@O 6A98D9A<S, 4FB@O ;4@9M9A<S < 64>4AE<< 

->D496O9 < 6<AFB6O9 8<E?B>4J<< 

 

?21 � ?<A9=AO@ 89H9>F4@ BFABESFES: 
-CGEFBFO, CBDO, 6>?RK9A<S 
-5B?PL9G7?B6O9 < @4?BG7?B6O9 7D4A<JO 

-4FB@O 6A98D9A<S, 4FB@O ;4@9M9A<S < 64>4AE<< 

=>D496O9 < 6<AFB6O9 8<E?B>4J<< 

 

?22 � B5N9@AO@ 89H9>F4@ BFABESFES: 
=CGEFBFO, CBDO, 6>?RK9A<S 
-5B?PL9G7?B6O9 < @4?BG7?B6O9 7D4A<JO 

-4FB@O 6A98D9A<S, 4FB@O ;4@9M9A<S < 64>4AE<< 

->D496O9 < 6<AFB6O9 8<E?B>4J<< 

 

?23  #B 7D4H<>G ;46<E<@BEF< E>BDBEF< DBEF4 >D<EF4??B6 < K<E?4 J9AFDB6 >D<EF4??<;4J<< 
BF EF9C9A< C9D9BI?4:89A<S G>4:<F9 69?<K<AG ;9DA4 6 ;BA9 I: 

  
-D46ABBEAB9 ;9DAB 
=>DGCAB9 ;9DAB 
-@9?>B9 ;9DAB 
 

?24  #B 7D4H<>G ;46<E<@BEF< E>BDBEF< DBEF4 >D<EF4??B6 < K<E?4 J9AFDB6 >D<EF4??<;4J<< 
BF EF9C9A< C9D9BI?4:89A<S G>4:<F9 69?<K<AG ;9DA4 6 ;BA9 II: 
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-D46ABBEAB9 ;9DAB 
->DGCAB9 ;9DAB 
=@9?>B9 ;9DAB 
 

?25 #BE?98B64F9?PABEFP B5D4;B64A<S ;BA 6 CDBJ9EE9 >D<EF4??<;4J<< E?<F>4: ;BA4 
EFB?5K4FOI >D<EF4??B6 (1), GE48BKA4S D4>B6<A4 (2), ;BA4 D46ABBEAOI >D<EF4??B6 (3), 
@9?>B;9DA<EF4S >BD>4 (4): 
-1323334 

=4313332 

-2313433 

-4313233 

 

 

ТеEF №2  М9I4A<K9E><9 E6B=EF64 @9F4??B6. КD<EF4??<;4J<O. �<47D4@@O 2-AOI 
@9F4??<K9E><I  EC?46B6. 
 

?1 �9HBD@4J<9= A4;O649FES: 
-C9D9EFDB=>4 >D<EF4??<K9E>B= D9L9F>< 

-<;@9A9A<9 G7?4 @9:8G 86G@S C9DC9A8<>G?SDAO@< 6B?B>A4@< CB8 89=EF6<9@ 6A9LA<I 
A47DG;B> 
=<;@9A9A<S HBD@O <?< D4;@9DB6 F9?4 (<?< K4EF< F9?) CB8 89=EF6<9@ 6A9LA<I E<?, 4 F4>:9 
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EB5B= A47D96 8B F9@C9D4FGD, A9 CD96OL4RM<I �1, E CBE?98GRM<@ BI?4:89A<9@, A4;O64RF: 
-ABD@4?<;4J<9= 
-BF:<7B@ 

-;4>4?>B= 
=BFCGE>B@ 

 

?20 �4>4S <; CD98?B:9AAOI HBD@ 7D4H<F4 I4D4>F9DA4 8?S E9DB7B KG7GA4? 
=C?4EF<AK4F4S 
-L4DB6<8A4S 
-I?BCP96<8A4S 
 

?21 �4>4S <; CD98?B:9AAOI HBD@ 7D4H<F4 I4D4>F9DA4 8?S 6OEB>BCDBKAB7B KG7GA4? 
-69D@<>G?SDA4S 
-C?4EF<AK4F4S 
=L4DB6<8A4S 
-I?BCP96<8A4S 
 

?22 �4>4S <; CD98?B:9AAOI HBD@ 7D4H<F4 I4D4>F9DA4 8?S >B6>B7B KG7GA4? 
-69D@<>G?SDA4S 
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-C?4EF<AK4F4S 
-L4DB6<8A4S 
=I?BCP96<8A4S 
 

?23 %+15 – B8A4 <; @4DB> E9DB7B KG7GA4 E C?4EF<AK4FO@ 7D4H<FB@. *<HD4 15 B;A4K49F: 
-EB89D:4A<9 G7?9DB84 6 CDBJ9AF4I 
-BFABE<F9?PAB9 G8?<A9A<9 
=CD989? CDBKABEF< CD< D4EFS:9A<< 

-F6ёD8BEFP CB �D<A9??R 

 

?24 � BF:<7G I DB84 BFABESFES: 
-CB?AO= 
=D9>D<EF4??<;4J<BAAO= 

-A9CB?AO= 
-<;BF9D@<K9E><= 
 

?25 � BF:<7G II DB84 BFABESFES: 
=CB?AO= 
-D9>D<EF4??<;4J<BAAO= 

-8<HHG;<BAAO= 
-BF:<7 8?S EASF<S A4CDS:9A<= 

 

?26 #D< BF:<79 89F4?P BI?4:84RF: 
-A4 6B;8GI9 
-6 6B89 
=E C9KPR 

-6 @4E?9 
 

?53 #D< ABD@4?<;4J<< 89F4?P BI?4:84RF: 

=A4 6B;8GI9 
-6 6B89 
-E C9KPR 

-6 @4E?9 
 

&9EF № 5 &9D@<K9E>4O < I<@<>B-F9D@<K9E>4O  B5D45BF>4 EF4?9= < EC?46B6 

 

1.  � BF:<7G I DB84 BFABESFES: 
1) CB?AO=; 
2) D9>D<EF4??<;4J<BAAO=*; 
3) A9CB?AO=; 
4) <;BF9D@<K9E><=. 

 

2. � BF:<7G II DB84 BFABESFES: 
1) CB?AO=*; 
2) D9>D<EF4??<;4J<BAAO=; 
3) 8<HHG;<BAAO=; 
4) BF:<7 8?S EASF<S A4CDS:9A<=. 
 

3.  #D< BF:<79 89F4?P BI?4:84RF: 
1) A4 6B;8GI9; 
2) 6 6B89; 
3) E C9KPR*; 
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4) 6 @4E?9. 
 

4. #D< ABD@4?<;4J<< 89F4?P BI?4:84RF: 
1) A4 6B;8GI9*; 
2) 6 6B89; 
3) E C9KPR; 

4) 6 @4E?9. 
5. �4>4S F9@C9D4FGD4 A9B5IB8<@4 8?S A47D964 CB8 ;4>4?>G EF4?< %F 45 

1) 6OL9 ?<A<< �1 A4 30+50 0% 

2) 6OL9 ?<A<< �3 A4 30+50 0%* 

3) 6OL9 ?<A<< �3 

6. �4>4S F9@C9D4FGD4 A9B5IB8<@4 8?S A47D964 CB8 ;4>4?>G EF4?< '12? 
1) 6OL9 ?<A<< �1 A4 30+50 0%* 

2) 6OL9 ?<A<< �3 A4 30+50 0% 

3) 6OL9 ?<A<< �3 

7. +FB F4>B9 @4DF9AE<F? 
1) QFB C9D9EOM9AAO= F69D8O= D4EF6BD G7?9DB84 6 Fe³

* 

2)  QFB C9D9EOM9AAO= F69D8O= D4EF6BD G7?9DB84 Fe´ 

3) QFB I<@<K9E>B9 EB98<A9A<9 Fe3C. 

8. �4>4S F9@C9D4FGD4 FD95G9FES CD< J9@9AF4J<< EF4?< ? 
 1) 900-970 0%* 

 2) 500-600 0% 

 3) 600-900 0% 

 

9.  �4>4S F9@C9D4FGD4 FD95G9FES CD< 4;BF<DB64A<< EF4?< ? 
 1) 900-970 0% 

 2) 500-600 0%* 

 3) 600-900 0% 

10. �4>B9 H4;B6B9  CD96D4M9A<9 CDB<EIB8<F CD< ;4>4?>9  
 1) 4GEF9A<F CD96D4M49FES 6 @4DF9AE<F* 

 2) 4GEF9A<F CD96D4M49FES 6 H9DD<F, 
 3) J9@9AF<F CD96D4M49FES 6 4GEF9A<F 
11. "F >4><I 69?<K<A ;46<E<F G7?G5?9A<9  CDB>4?<649@BEF< EF4?< 

 1) BF EB89D:4A<S G7?9DB84, 
2) BF D4;@9DB6 ;9DA4 4GEF9A<F4 < >B?<K9EF64 ?97<DGRM<I Q?9@9AFB6* 

3) BF E>BDBEF< BI?4:89A<S 
12. �E?< F9@C9D4FGD4  BFCGE>4 D46A4 500 0%, FB QFB 
 1) ED98A<= BFCGE> 
 2) 6OEB><= BFCGE>* 

3) A<;><= BFCGE> 
13. !BD@4?<;4J<S QFB 9EFP CDBJ9EE   
 1) BI?4:89A<S 89F4?<  E C9K>B=, 
 2) BI?4:89A<S 89F4?< A4 6B;8GI9,* 

 3) BI?4:89A<S 89F4?< 6 6B89 
14. �B784 @O <@99@ 5B?PLGR 7?G5<AG CDB>4?<649@BEF<? 
 1) CD< BI?4:89A<< 6 @4E?9, 
 2) CD< BI?4:89A<< 6 6B89*, 

 3) CD< BI?4:89A<< 6 >9DBE<A9. 
 

&9EF № 6 %C9J<4?PAO9 EF4?<. ИAEFDG@9AF4?PAO9, 5OEFDBD9:GM<9, :4DBEFB=><9, 
:4DBCDBKAO9 < A9D:469NM<9.  
1. �4>4S <; EF4?9= BFABE<FES >  46FB@4FAB=: 
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1) 40�;* 
2) �12; 
3) 08CE; 
4) 18)�&.  
 

2. �4>4S <; EF4?9= BFABE<FES >  CB8L<CA<>B6B=: 
1) 40); 
2) �%4; 
3) ,)15;* 
4) 18)�&.  
 

3. �4>4S <; EF4?9= BFABE<FES > <;ABEBEFB=>B=:  
1) 40); 
2) �%4; 
3) 110�13�;* 
4) 18)�&. 
 

4. �4>4S <; EF4?9= BFABE<FES > >BDDB;<BAAB-EFB=>B=: 
1) 40); 
2) 40)13;* 
3) 40; 

4) 40)�.  
 

5.  9F4??<K9E><9 @4F9D<4?O, ECBEB5AO9 EBCDBF<6?SFPES D4;DGL9A<R 6 47D9EE<6AOI 
ED984I, A4;O64RFES: 

1) :4DBEFB=><@<; 
2) :4DBCDBKAO@<; 
3) >BDDB;<BAAB-EFB=><@<;* 
4) <;ABEBEFB=><@<. 
 

6.  9F4??<K9E><9 @4F9D<4?O, ECBEB5AO9 EBCDBF<6?SFPES CB?;GK9EF< < D4;DGL9A<R CD< 
6OEB><I F9@C9D4FGD4I CD< 8?<F9?PAB@ 89=EF6<< A47DG;><, A4;O64RFES: 

1) :4DBEFB=><@<; 
2) :4DBCDBKAO@<;* 
3) >BDDB;<BAAB-EFB=><@<; 
4) <;ABEBEFB=><@<. 
 

7.  9F4??<K9E><9 @4F9D<4?O, B5?484RM<9 CB6OL9AAO@ EBCDBF<6?9A<9@ I<@<K9E>B@G 
6;4<@B89=EF6<R E 74;4@< CD< 6OEB><I F9@C9D4FGD4I, A4;O64RFES: 

1) :4DBEFB=><@<;* 
2) :4DBCDBKAO@<; 
3) >BDDB;<BAAB-EFB=><@<; 
4) <;ABEBEFB=><@<. 
 

8. !4CDS:9A<9, >BFBDB9 6O;O649FES ;4 GEF4AB6?9AAB9 6D9@S <ECOF4A<S CD< ;484AAB= 
F9@C9D4FGD9, ;484AAB9 G8?<A9A<9 B5D4;J4 <?< ;484AAGR E>BDBEFP 89HBD@4J<<, A4;O649FES: 

1) CD989?B@ CB?;GK9EF<;* 
2) CD989?B@ CDBKABEF<; 
3) CD989?B@ F9>GK9EF<; 
4) CD989?B@ 8?<F9?PAB= CDBKABEF<. 
 

9. �4>4S <; C9D9K<E?9AAOI A<:9 EFDG>FGD <@99F 5B?99 6OEB><9 :4DBCDBKAO9 E6B=EF64: 
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1) H9DD<FA4S; 
2) C9D?<FA4S; 
3) @4DF9AE<FA4S; 
4) 4GEF9A<FA4S.* 
 

10. $4ECB?B:<F9 E?98GRM<9 7DGCCO D9:GM<I <AEFDG@9AF4?PAOI @4F9D<4?B6  6 CBDS8>9 
6B;D4EF4A<S <I F9C?BEFB=>BEF<: 1 – F69D8O9 EC?46O, 2 – 5OEFDBD9:GM<9 EF4?<, 3 – 
G7?9DB8<EFO9 <AEFDG@9AF4?PAO9 EF4?<, 4 – CD<DB8AO= 4?@4;: 

1) 1, 2, 3, 4; 

2) 4, 2, 3, 1; 

3) 2, 4, 1, 3; 

4) 3, 4, 2, 1.* 

 

11. $4ECB?B:<F9 E?98GRM<9 7DGCCO D9:GM<I <AEFDG@9AF4?PAOI @4F9D<4?B6  6 CBDS8>9 
6B;D4EF4A<S <I F69D8BEF<: 1 – F69D8O9 EC?46O,  
2 – 5OEFDBD9:GM<9 EF4?<, 3 – G7?9DB8<EFO9 <AEFDG@9AF4?PAO9 EF4?<, 4 – CD<DB8AO= 
4?@4;: 

1) 1, 2, 3, 4; 

2) 2, 1, 3, 4; 

3) 3, 2, 1, 4;* 

4) 4, 3, 2, 1. 

 

12. *9?P ?97<DB64A<S: 
1) EB;84A<9 EF4?9= E BEB5O@< E6B=EF64@< (:4DBCDBKABEFP, >BDDB;<BAA4S EFB=>BEFP < F. 

8.);* 
2) CB?GK9A<9 7?48>B= CB69DIABEF<; 
3) CB6OL9A<9 C?4EF<K9E><I E6B=EF6; 
4) G@9APL9A<S CB69DIABEFAOI 89H9>FB6. 
 

13. �4>B= ?97<DGRM<= Q?9@9AF B5B;A4K49FES 5G>6B= % CD< @4D><DB6>9 EF4?9=?  
1) %9?9A; 
2) G7?9DB8; 
3) >D9@A<=;* 
4) E6<A9J. 
 

14. �G>64 � CD< @4D><DB6>9 EF4?< (A4CD<@9D, 39) .�, '12�) B5B;A4K49F: 
1) 4;BF; 
2) 6OEB>B>4K9EF69AAGR EF4?P;* 
3) 46FB@4FAGR EF4?P; 
4) EF4?P H9DD<FAB7B >?4EE4. 
 

15. '>4:<F9 EBEF46 EF4?< 35)2�(: 
1) 0,35% %; 2% Cr, ≈1% N < V;* 

2) 3,5% %; 2% Cr, ≈1% N < V; 

3) 0,35% %; 2% Cr, ≈1% V, 6OEB>B>4K9EF69AA4S; 
4) 0,35% Cr, 2%  N < 1% V; 

 

16. � EF4?SI, <ECB?P;G9@OI 8?S <;7BFB6?9A<S EFDB<F9?PAOI >BAEFDG>J<=, EB89D:4A<9 
G7?9DB84 8B?:AB 5OFP: 

1) 8B 0,8%; 
2) BF 0,35 8B 0,45%; 
3) A9 5B?99 0,25%;* 
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4) 8B 1,2%. 
 

17. �?S <;7BFB6?9A<S @9?>BD4;@9DAOI D9:GM<I (E?9E4DAOI) <AEFDG@9AFB6 (@9FK<>B6, 
A4C<?PA<>B6, D4;6ёDFB> < 8D.) CD<@9ASRFES: 

1) '10� 3 '13�;* 
2) 18)�&, 20)� ; 
3) 110�13�; 
4) 03)18!10, 17)18!9. 
 

18. �4><9 >4D5<8O EBEF46?SRF BEAB6G F69D8B7B EC?464 &5�10? 
1) �4D5<8 6B?PHD4@4 + >4D5<8 F<F4A4;* 
2) >4D5<8 IDB@4 + >4D5<8 @B?<589A4; 
3) >4D5<8 @4D74AJ4 + >4D5<8 IDB@4; 
4) >4D5<8 @B?<589A4 + >4D5<8 6B?PHD4@4. 
 

19. �4><9 >4D5<8O EBEF46?SRF BEAB6G F69D8B7B EC?464 ��8? 

1) �4D5<8 6B?PHD4@4 + >4D5<8 F<F4A4; 
2) >4D5<8 IDB@4 + >4D5<8 @B?<589A4; 
3) >4D5<8 6B?PHD4@4;* 
4) >4D5<8 @B?<589A4 + >4D5<8 6B?PHD4@4. 

 

&9EF №7 Ц69FAO9 @9F4??O < EC?46O. ПBDBL>B6O9 < >B@CB;<J<BAAO9 @4F9D<4?O. 
 

20. �4FGA< < 5DBA;O – QFB EC?46O A4 BEAB69: 
1) 4?R@<A<S; 
2) @98<;* 
3) J<A>4; 
4) @47A<S. 
 

21. �4FGAP �80. *<HD4 6 @4D><DB6>9 B5B;A4K49F: 
1) F6ёD8BEFP; 
2) 6D9@9AAB9 EBCDBF<6?9A<9; 
3) EB89D:4A<9 @98<;* 

4) EB89D:4A<9 J<A>4. 
 

22. �; CD98?B:9AAOI @4DB> EC?46B6 6O59D<F9 @4D>G E6<AJB6<EFB= 5DBA;O: 
1) �D�7; 
2) �� 8033; 

3) �D "*% 43432,5; 

4) �D %30.* 
 

23. �OEB>4S >BDDB;<BAA4S EFB=>BEFP 4?R@<A<96OI EC?46B6 B5GE?B6?9A4: 
1) F<CB@ >D<EF4??<K9E>B= D9L9F><; 
2) A4?<K<9@ FBA>B= B><EAB= C?ёA>< Al2O3;* 

3) A4?<K<9@ CD<@9E9=; 
4) ?97<DB64A<9@ IDB@B@. 
 

24. �4>B= <; CD98?B:9AAOI 89HBD@<DG9@OI 4?R@<A<96OI EC?46B6 CB869D749FES 
GCDBKAS9@B= F9D@BB5D45BF>9? 

1) � J1; 
2) � 75; 
3) �16;* 
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4) � 72. 
 

25. "EAB6AO@ ?97<DGRM<@ Q?9@9AFB@ ?<F9=AOI 4?R@<A<96OI EC?46B6 (E<?G@<AB6) 
S6?S9FES: 

1) @47A<=; 
2) F<F4A; 
3) >D9@A<=;* 
4) @98P. 
 

 

26. �4>B= @9FB8 <ECB?P;G9FES 8?S CDB<;6B8EF64 CBDBL>B6 F9IA<K9E>B7B :9?9;4 

1) 1?9>FDB?<; D4EC?46?9AAOI EB?9= 

2) �4D5BA<?PAB9 D4;?B:9A<9  
3) �BEEF4AB6?9A<9 <; B><E?B6* 
 

27. �4>B= @9FB8 <ECB?P;G9FES 8?S CDB<;6B8EF64 CBDBL>B6 @98< 
1) Q?9>FDB?<; D4EC?46?9AAOI EB?9=, 
2) >4D5BA<?PAB9 D4;?B:9A<9 
3) Q?9>FDB?<; 6B8AOI D4EF6BDB6* 

 

28. �4> BCD989?S9FES F9@C9D4FGD4 EC9>4A<S <;89?<= (&C?- F9@C9D4FGD4 C?46?9A<S) 
1) &=0,7-0,8 &C?* 

2) &= &C? 
3) &= C?&  

29. �4> BCD989?S9FES F9>GK9EFP CBDBL>4? 
1)  QFB 6D9@S, ;4 >BFBDB9 6OF9>49F 50 7 CBDBL>4 K9D9; BF69DEF<9 8<4@9FDB@ 2 @@*, 

2) QFB 6D9@S, ;4 >BFBDB9 6OF9>49F 100 7 CBDBL>4 K9D9; BF69DEF<9 8<4@9FDB@ 2 @@, 
3) QFB 6D9@S, ;4 >BFBDB9 6OF9>49F 50 7 CBDBL>4 K9D9; BF69DEF<9 8<4@9FDB@ 1 @@? 
 

3.4 "?8A0=85 ;01>@0B>@=OE @01>B ?> :C@AC « 0B5@80;>2545=85» 

3.4.1. �01>@0B>@=0O @01>B0 № 1 «"?@545;5=85 B25@4>AB8 <5B0;;>2 8 A?;02>2 
@07;8G=O<8 <5B>40<8» 
 

�����!�� 

 

#B8 F9D@<AB@ «&��$�"%&0» 6 A4EFBSM99 6D9@S CBA<@4RF I4D4>F9D<EF<>G 
EBCDBF<6?9A<S, >BFBDB9 B>4;O649F <ECOFG9@B9 F9?B CD< 6A98D9A<< (6846?<64A<<) 6 A97B 
8DG7B7B, 5B?99 F69D8B7B F9?4. 

� @4L<ABEFDB9A<< CBASF<9 F69D8BEF< C9D9L?B <; @<A9D4?B7<<, 789 ;4 98<A<JG 
F69D8BEF< 5O?4 CD<ASF4 F69D8BEFP D4;?<KAOI @<A9D4?B6. � F45?<J9 1 CD<6989A4 F69D8BEFP 
A9>BFBDOI @<A9D4?B6. 

 

&45?<J4 1. &69D8BEFP @<A9D4?B6 CB  BBEG 
 

 <A9D4? &69D8BEFP CB 
 BBEG 

  <A9D4? &69D8BEFP CB  BBEG 

&4?P> 1  #B?96B= LC4F 6 

�<CE 2  �64DJ 7 

�;69EF>B6O= LC4F 3  &BC4; 8 

#?46<>B6O= LC4F 4  �BDGA8 9 
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�C4F<F 5  �?@4; 10 

 

� A4EFBSM99 6D9@S @9FB8O BCD989?9A<S >4K9EF64 <;89?<=, 54;<DGRM<9ES <?< 
GK<FO64RM<9 6?<SA<9 F69D8BEF<, CD<@9ASRFES BK9AP L<DB>B. #D<K<AO QFB7B 6 E?98GRM9@: 

1. &69D8BEFP >BDD9?<DG9F E CDBKABEFAO@< I4D4>F9D<EF<>4@<  @4F9D<4?4 89F4?<, 
CBQFB@G <;@9D9A<9 F69D8BEF< @B:AB <ECB?P;B64FP 8?S >BAFDB?S GDB6AS @9I4A<K9E><I 
E6B=EF6. 

2. �;@9D9A<9 F69D8BEF< - A9D4;DGL4RM<= @9FB8 >BAFDB?S, CBQFB@G >BAFDB?R @B:AB 
CB869D7AGFP 100% <;89?<=. 

3.  9FB8O <;@9D9A<S F69D8BEF<, >4> CD46<?B, A9 FD95GRF <;7BFB6?9A<S EC9J<4?PAOI 
B5D4;JB6 < S6?SRFES Q>ECD9EEAO@<. 

4. $4;?<KAO9 @9FB8O CB;6B?SRF <;@9D<FP >4> GED98A9AAO9 CB 5B?PLB@G B5N9@G 
;A4K9A<S F69D8BEF<, F4> < F69D8BEFP 6 @<>DBB5N9@4I, F69D8BEFP @4?OI 89F4?9= < FBA><I 
CB>DOF<=. 

 

1 "#$�����!�� &��$�"%&� ��������!��  

 

!4<5B?PL99 D4ECDBEFD4A9A<9 CB?GK<?< @9FB8O <;@9D9A<S F69D8BEF< 6846?<64A<9@. 
#D< QFB@ @9FB89 <A89AFBD (A4>BA9KA<>), <;7BFB6?9AAO= <; BCD989?9AAB7B @4F9D<4?4 < 
<@9RM<= BCD989?9AAGR HBD@G, @98?9AAB < A9CD9DO6AB 6846?<64RF 6 <ECOFO649@O= 
@4F9D<4? E BCD989?9AAB= E<?B=. � D9;G?PF4F9 6 <ECOFO649@B@ @4F9D<4?9 6B;A<>49F GCDG74S 
< C?4EF<K9E>4S 89HBD@4J<S. 'CDG74S 89HBD@4J<S <EK9;49F CBE?9 EASF<S A47DG;><, 4 CB 
BEF46L9=ES C?4EF<K9E>B= 89HBD@4J<< EG8SF B F69D8BEF< @4F9D<4?4. �9?<K<AO F69D8BEF<, 
BCD989?9AAO9 A4 B8AB= < FB= :9 89F4?< D4;?<KAO@< @9FB84@<, @B7GF D4;?<K4FPES, CBQFB@G 
69?<K<A4 F69D8BEF< 8B?:A4 <@9FP 9M9 B5B;A4K9A<9 @9FB84, CB >BFBDB@G F69D8BEFP 
BCD989?S?4EP. $4;?<K4RF BCD989?9A<9 @<>DBF69D8BEF< (A47DG;>4 @9A99 0,2 >7.) < 
@4>DBF69D8BEF< (A47DG;>4 5B?99 0,2 >7.) 
 

1.1 �7<5@5=85 B25@4>AB8 ?> <5B>4C �@8=5;;O 

 

#D< BCD989?9A<< F69D8BEF< CB @9FB8G �D<A9??S EB7?4EAB �"%& 9012-75 6 <ECOFG9@O= 
@9F4?? CB8 BCD989?9AAB= A47DG;>B= 6846?<649FES EF4?PAB= ;4>4?9AAO= L4D<> 8<4@9FDB@ 
2,5; 5,5 <?< 10,0 @@. #DB54 L4D<>B@ BEGM9EF6?S9FES CD< BFABL9A<< P/D2, D46AB@ BF 30 8B 
2,5. 

�O89D:>4 CB8 A47DG;>B= EBEF46?S9F BF 10 8B 60 E. 6 ;46<E<@BEF< BF @4F9D<4?4. 
+<E?B F69D8BEF< CB �D<A9??R HB I4D4>F9D<;G9FES BFABL9A<9@ A47DG;><, 

89=EF6GRM9= A4 L4D<>, > CB69DIABEF< BFC9K4F>4: 

F

P
HB                                                                  (1) 

789  HB - K<E?B F69D8BEF< CB �D<A9??R 

      P 3 A47DG;>4 6 ��%; 
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#B69DIABEFP L4DB6B7B E97@9AF4: 
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789   D 3 8<4@9FD L4D<>4, @@; 
      h 3 7?G5<A4 BFC9K4F>4, @@. 

&4> >4> G8B5A99 <;@9DSFP A9 7?G5<AG BFC9K4F>4, 4 97B 8<4@9FD, FB @B:AB ;4C<E4FP (E@. 
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BFC9K4F>4 d. #BE?98A<= F9@ @9APL9, K9@ 6OL9 F69D8BEFP <ECOFG9@B7B @9F4??4. 

 
$<EGAB> 1. %I9@4 <ECOF4A<= F69D8BEF< CB �D<A9??R 
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A47DG;>< $ < >648D4FB@ 8<4@9FD4 L4D<>4 D2. 1FB EBBFABL9A<9 8B?:AB 5OFP D4;?<KAO@ 8?S 
@9F4??B6 D4;AB= F69D8BEF<. 

� CDBJ9EE9 6846?<64A<S A4DS8G E C?4EF<K9E>B= 89HBD@4J<9= <;@9DS9@B7B @9F4??4 
CDB<EIB8<F F4>:9 GCDG74S 89HBD@4J<S 6846?<649@B7B L4D<>4. �9?<K<A4 QFB= 89HBD@4J<<, 
<E>4:4RM9= D9;G?PF4FO BCD989?9A<S, 6B;D4EF49F CD< <;@9D9A<< F69D8OI @4F9D<4?B6. 
#BQFB@G <ECOF4A<S 6846?<64A<9@ L4D<>4 B7D4A<K<64RF <;@9D9A<9@ @9F4??B6 A95B?PLB= < 
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AB < 6 F9K9A<9 A9>BFBDB7B 6D9@9A< CBE?9 CD<?B:9A<S A47DG;><. % G69?<K9A<9@ 6O89D:>< 
CB8 A47DG;>B= C?4EF<K9E>4S 89HBD@4J<S QF<I @9F4??B6 CD4>F<K9E>< EF45<?<;<DG9FES. 
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� CD4>F<>9 BCD989?9A<S F69D8BEF< CB �D<A9??R 6OK<E?9A<= CB HBD@G?9 (4) A9 89?4RF, 
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CD<6B8B@ A47DG:9A<S. 

%I9@4 CD9EE4 �D<A9??S (F<C4 &,) E @9I4A<K9E><@ CD<6B8B@ CB>4;4A4 A4 D<EGA>9 24. 
�<4@9FD BFC9K4F>4 <;@9DSRF E CB@BMPR EC9J<4?PAB= ?GCO (?GC4 �D<A9??S) <?< BFEK9FAB7B 
@<>DBE>BC4 (D<E. 25). 

� A98BEF4F>4@ @9FB84 �D<A9??S E?98G9F BFA9EF<: 
4) A96B;@B:ABEFP <ECOF4A<S @9F4??B6, <@9RM<I F69D8BEFP 5B?99 !� 450; 
5) A96B;@B:ABEFP <ECOF4A<S FBA>B7B CB69DIABEFAB7B E?BS (@9A99 1-2 @@); 
6) CBE?9 <ECOF4A<S BEF4RFES ;4@9FAO9 E?98O A4 CB69DIABEF< <;89?<S. 
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$<EGAB> 2. �;@9D9A<9 F69D8BEF< CB �D<AA9?R: 

4) EI9@4 CD9EE4 �D<A9??S E @9I4A<K9E><@ CD<6B8B@ (1 - CB8N9@AO= 6<AF;  
2 - EFB?<>; 3 - L4D<>; 4 - CDG:<A4; 5 - EF4A<A4; 6 - DOK47; 7 - EN9@AO9 7DG;O);  

5) EI9@4 ;4@9D4 8<4@9FD4 BFC9K4F>4 @<>DBE>BCB@ (?GCB=) �D<A9??S. 
 

 

1.1.1 #BDS8B> <;@9D9A<S F69D8BEF< CB �D<A9??R A4 CD<5BD9 F<C4 &,-2 : 
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"5D4;9J 8B?:9A 5OFP FB?M<AB= A9 @9A99 89ESF<>D4FAB= 7?G5<AO BFC9K4F>4 < L<D<AB=  
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<?< 45D4;<6AO@ >DG7B@; 
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7) GEF4A46?<64RF A4 CB869E>G FD95G9@B9 >B?<K9EF6B E@9AAOI 7DG;B6. 'EF4A46?<64RF 

GCBD A4 AG:AGR CDB8B?:<F9?PABEFP 6O89D:>< < ;4>D9C?SRF EFBCBDAO@ 6<AFB@; 
8) GEF4A46?<64RF A4 EFB?<> (<ECOF4A<9 >DG7?OI B5D4;JB6 CDB<;6B8SF E CB@BMPR 

EC9J<4?PAB= CB8EF46><) <ECOFG9@O= B5D4;9J < 6D4M9A<9@ @4IB6<>4 CB8A<@4RF 97B > 
L4D<>B6B@G A4>BA9KA<>G 8B GCBD4 6 B7D4A<K<F9?<. *9AFD  BFC9K4F>4 8B?:9A A4IB8<FES BF 
>D4S B5D4;J4 A4 D4EEFBSA<< A9 @9A99 8<4@9FD4 L4D<>4, 4 BF J9AFD4 EBE98A97B BFC9K4F>4 - A4 
D4EEFBSA<< A9 @9A99 86GI 8<4@9FDB6 L4D<>4; 

9) 6>?RK4RF Q?9>FDB86<74F9?P A4:4F<9@ >ABC>< CGE>4F9?S @BFBD4 < E?98SF ;4 IB8B@ 
<ECOF4A<S. !47DG;>4 A4 B5D4;9J, 6O>?RK9A<9 @BFBD4 < BE6B5B:89A<9 B5D4;J4 BF A47DG;>< 
CDB<EIB8<F 46FB@4F<K9E><. #D<?B:9A<9 CB?AB= A47DG;>< < 6O89D:>4 E<7A4?<;<DG9FES 
;4:<74A<9@ ?4@CBK><; 

:) CBE?9 B>BAK4A<S <ECOF4A<S BCGE>4RF EFB?<>, EA<@4RF B5D4;9J < ;4@9DSRF 8<4@9FD 
BFC9K4F>4 CD< CB@BM< ?GCO �D<A9??S 6 86GI 6;4<@AB-C9DC9A8<>G?SDAOI A4CD46?9A<SI < 
59DGF ED98A99 4D<H@9F<K9E>B9 <; 86GI <;@9D9A<=; 
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;) CB 69?<K<A9 8<4@9FD4 BFC9K4F>4 CB ECD46BKAO@ @4F9D<4?4@ A4IB8SF K<E?B 
F69D8BEF< !�; 

 

1.2  5B>4 87<5@5=8O B25@4>AB8 2402;820=85< :>=CA0 8;8 H0@8:0 (B25@4>ABP ?> 
$>:25;;C) 

 

#D<AJ<C<4?PAB9 BF?<K<9 84AAB7B ECBEB54 BF D4EE@BFD9AAB7B 6OL9 EBEFB<F 6 FB@, KFB 
F69D8BEFP BCD989?SRF CB 7?G5<A9 BFC9K4F>4, (�"%& 9013-75 <�;@9D9A<9 F69D8BEF< CB 
$B>69??G=) CB?GK49@B7B CD< 6846?<64A<< 4?@4;AB7B >BAGE4 E G7?B@ CD< 69DL<A9 1200 <?< 
EF4?PAB7B L4D<>4 8<4@9FDB@ 1/16= (1,59@@), 4 A9 CB C?BM48< BFC9K4F>4. 

1FBF @9FB8 <@99F FB CD9<@GM9EF6B CB ED46A9A<R E <;@9D9A<9@ CB �D<A9??R, KFB 
CB;6B?S9F <;@9ASFP A47DG;>G 6 L<DB><I CD989?4I 59; <E>4:9A<S ;A4K9A<= F69D8BEF<, F.>. 
CD< 6846?<64A<< >BAGE4 EBID4AS9FES ;4>BA CB8B5<S, 4 GE?B6<S 89HBD@4J<< CB8 69DL<AB= 
>BAGE4 E G69?<K9A<9@ 846?9A<S A9 <;@9ASRFES. 

%I9@4 <;@9D9A<= F69D8BEF< CB $B>69??G CD98EF46?9A4 A4 D<EGA>9 3. #D< <ECOF4A<< 
EA4K4?4 A4>?48O64RF CD9864D<F9?PAGR A47DG;>G $0, D46AGR 10 >7E. #D9864D<F9?PAB9 
A47DG:9A<9 (>4> < 6 @9FB89 �D<A9??S) CDB6B8SF 8?S FB7B, KFB5O <E>?RK<FP 6?<SA<9 GCDG7B= 
89HBD@4J<< < CB69DIABEFAB7B A4>?9C4 A4 D9;G?PF4FO <;@9D9A<=. �4F9@ CD<>?48O64RF 
ABD@4?PAGR A47DG;>G $, D46AGR 60, 100 <?< 150 >7E. $4;ABEFP 7?G5<A CDBA<>AB69A<S L4D<>4 
<?< 4?@4;4 CB8 A47DG;>4@< $0 < $ I4D4>F9D<;GRF F69D8BEFP. 

 
$<EGAB> 3. %I9@4 <ECOF4A<= F69D8BEF< CB $B>69??G: 
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789  h0-7?G5<A4 6A98D9A<S A4>BA9KA<>4 CB8 89=EF6<9@ E<?O $0, @@; 
h-7?G5<A4 6A98D9A<S  A4>BA9KA<>4 CB8 89=EF6<9@ B5M9= A47DG;><, @@; 
k-CBEFBSAA4S 69?<K<A4; 8?S L4D<>4 (>D4EA4S L>4?4) k = 0,26 < 8?S >BAGE4 (K9DA4S 
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c-J9A4 89?9A<S J<H9D5?4F4 <A8<>4FBD4; EBBF69FEF6GRM4S 7?G5<A9 6846?<64A<S 
A4>BA9KA<>4 2 @>@. 
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h CB K9DAB= L>4?9 CD< <;@9D9A<< 4?@4;B@ < 69?<K<AG 130 3 h CB >D4EAB= L>4?9 CD< 
<;@9D9A<< L4D<>B@. "K96<8AB, K9@ F69D:9 @4F9D<4?, F9@ 5B?PL9 K<E?B F69D8BEF<. �@9EF9 E 
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C9D9EK<F4FP A4 K<E?4 F69D8BEF< CB �D<A9??R E CB@BMPR ECD46BKAB= ?<F9D4FGDO. 

&69D8BEFP CB $B>69??G <;@9DSRF A4 CD<5BD9 &�-2, EI9@4F<K9E>< <;B5D4:9AAB@ A4 
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8B?:AB 5OFP A9 @9A99 1,5 @@ CD< 6846?<64A<< >BAGE4 < A9 @9A99 4 @@ CD< 6846?<64A<< 
L4D<>4. &B?M<A4 B5D4;J4 8B?:A4 5OFP A9 @9A99 10->D4FAB= 7?G5<AO BFC9K4F>4. &69D8BEFP 
E?98G9F <;@9DSFP A9 @9A99, K9@ 6 FD9I FBK>4I. �?S D4EK9F4 ?GKL9 CD<A<@4FP ED98A99 
;A4K9A<9 D9;G?PF4FB6 6FBDB7B < FD9FP97B <;@9D9A<= < A9 GK<FO64FP D9;G?PF4F4 C9D6B7B 
<;@9D9A<S. 

�;@9D9A<9 F69D8BEF< CB $B>69??G FD95G9F @9APL9 6D9@9A<, K9@ CB �D<A9??R, CD<K9@ 
D9;G?PF4F <;@9D9A<= 6<89A CB L>4?9 (BA G>4;4A EFD9?>B=). �DB@9 FB7B, <;@9D9A<9 F69D8BEF< 
CB $B>69??G BEF46?S9F @9APL<= BFC9K4FB> A4 CB69DIABEF< 89F4?<. 

 

1.2.1.  9FB8<>4 <;@9D9A<= F69D8BEF< CB $B>69??G: 
4) CB87BF46?<64RF B5D4;9J 8?S <;@9D9A<= (L?<HB6>4, CB?<DB6>4); 
5) BCD989?SRF A9B5IB8<@GR A47DG;>G <  6<8 <A89AFBD4 (6846?<649@B7B F9?4) 6 

;46<E<@BEF< BF @4F9D<4?4 (HRB, HRC,HRA). #B869L<64RF 7DG;O; 
6) GEF4A46?<64RF B5D4;9J A4 EFB?<> CD<5BD4 (E@. D<E. 4); 
7) 8B6B8SF B5D4;9J 8B EBCD<>BEAB69A<S E A4>BA9KA<>B@ 4 CD< CB@BM< @4IB6<>4; 
8) EB;84RF CD9864D<F9?PAGR A47DG;>G 6 10 >7E, 8?S K97B CDB8B?:4RF CB8N9@ EFB?<>4 

8B F9I CBD, CB>4 @4?4S EFD9?>4 <A8<>4FBD4 A9 B>4:9FES CDBF<6 >D4EAB= FBK>< A4 L>4?9; 
9) 6D4M4RF B5B8B> <A8<>4FBD4 6@9EF9 E J<H9D5?4FB@ 8B F9I CBD, CB>4 AG?P K9DAB= 

L>4?O A9 EB6C4849F E 5B?PLB= EFD9?>B=; 
:) 6>?RK4RF BEAB6AGR A47DG;>G, 8?S K97B BE6B5B:84RF DG>BSF>G 5 86<:9A<9@ 

6C9D98. �D9@S CD<?B:9A<S BEAB6AB= A47DG;>< 5-7 E; 
;) EA<@4RF BEAB6AGR A47DG;>G, 8?S K97B DG>BSF>G 5 C?46AB 6B;6D4M4RF 6 <EIB8AB9 

CB?B:9A<9; 
<) ;4C<EO64RF K<E?B F69D8BEF< CB $B>69??G, F.9. J<HDG, A4 >BFBDGR G>4;O649F A4 

L>4?9 J<H9D5?4F4 5B?PL4S EFD9?>4. �E?< A4>BA9KA<>B@ S6?S9FES L4D<>, BFEK9F 89?4RF CB 
>D4EAB= L>4?9 <A8<>4FBD4, 9E?< 4?@4;AO= >BAGE - CB K9DAB=;  

>) D4;7DG:4RF B5D4;9J CB?ABEFPR, 8?S K97B  6D4M4RF @4IB6<> CDBF<6  K4EB6B= 
EFD9?><, CD< QFB@ EFB?<> CD<5BD4 E B5D4;JB@ BCGE>49FES; 

?) <ECOF4A<9 CB6FBDSRF A4 B5D4;J9 9M9 A9 @9A99 86GI D4;; D9;G?PF4FO <ECOF4A<= 
GED98ASRF. 

!9 D4;D9L49FES CDB6B8<FP <ECOF4A<S: 
-A9B8ABDB8AOI CB EFDG>FGD9 EC?46B6 (A4CD<@9D, KG7GA4); 
-IDGC><I <;89?<= < <;89?<=, <@9RM<I A4 CB69DIABEF< D4>B6<AO, E?98O 7DG5B= 

B5D45BF>< < 8DG7<9 89H9>FO; 
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-<;89?<=, ECBEB5AOI CDG:<A<FP <?< 89HBD@<DB64FPES CB8 6B;89=EF6<9@ A47DG;><; 
-<;89?<=, FB?M<AB=, @9APL9= 6BE@<>D4FAB= 7?G5<AO CDBA<>AB69A<S <A89AFBD4. 
 

1.3  5B>4 87<5@5=8O B25@4>AB8 2402;820=85< 0;<07=>9 ?8@0<84O (B25@4>ABP ?> 
�8::@5AC) 

 

#D< <;@9D9A<< F69D8BEF< CB �<>>9DEG <A89AFBDB@ E?G:<F 4?@4;A4S C<D4@<84 E 
G7?B@ CD< 69DL<A9 1360. 

&69D8BEFP CB �<>>9DEG HV (�"%& 2999-75 < 9FB8<>4 <;@9D9A<S F69D8BEF< 
6846?<64A<9@ 4?@4;AB= C<D4@<8O), F4> :9 >4> < CB �D<A9??R, BCD989?S9FES >4> GE<?<9, 
CD<IB8SM99ES A4 98<A<JG CB69DIABEF< BFC9K4F>4: 
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789   $ - A47DG;>4 A4 C<D4@<8G, >7E.; 
  - G7B? @9:8G CDBF<6BCB?B:AO@< 7D4AS@< C<D4@<8O (1360); 

d - ED98A99 4D<H@9F<K9E>B9  8?<AO B59<I 8<47BA4?9= BFC9K4F>4 CBE?9 EASF<S 
A47DG;><, @@. 

+<E?4 F69D8BEF< CB �<>>9DEG < CB �D<A9??R <@9RF B8<A4>B6GR D4;@9DABEFP < 8?S 
@4F9D<4?B6 F69D8BEFPR 8B !� 450 CD4>F<K9E>< EB6C484RF. �@9EF9 E F9@ <;@9D9A<S 
C<D4@<8B= 84RF 5B?99 FBKAO9 ;A4K9A<S 8?S @9F4??B6 E 6OEB>B= F69D8BEFPR, K9@ <;@9D9A<S 
L4D<>B@ <?< >BAGEB@. 

+<E?B F69D8BEF< EBCDB6B:849FES E<@6B?B@ HV, G>4;4A<9 D4;@9DABEF< >7/@@2 

BCGE>49FES. 1FB B5B;A4K9A<9 8BCB?AS9FES <A89>EB@, G>4;O64RM<@ 69?<K<AG A47DG;>< $ < 
CDB8B?:<F9?PABEFP 99 CD<?B:9A<S (6O89D:>4 6D9@9A<, >BFBD4S 8?S K9DAOI @9F4??B6 
8B?:A4 5OFP 10-15 E, 4 8?S J69FAOI - 30+2 c). !4CD<@9D, HV 10/30 -500 B;A4K49F K<E?B 
F69D8BEF< 500, CB?GK9AAB9 CB8 A47DG;>B= $=10 >7 < CD<?B:9AAB= 6 F9K9A<9 30 E. 

�?@4;A4S C<D4@<84 <@99F 5B?PLB= G7B? 6 69DL<A9 < 8<47BA4?P 99 BFC9K4F>4 
CD<@9DAB 6 E9@P D4; 5B?PL9 7?G5<AO BFC9K4F>4, KFB CB6OL49F FBKABEFP <;@9D9A<S 
BFC9K4F>4 84:9 CD< CDBA<>AB69A<< C<D4@<8O A4 A95B?PLGR 7?G5<AG < 89?49F QFBF ECBEB5 
BEB59AAB CD<7B8AO@ 8?S BCD989?9A<S F69D8BEF< FBA><I 89F4?9= <?< F69D8OI EC?46B6.  

#D< <ECOF4A<< F69D8OI < IDGC><I E?B96 (4;BF<DB64AAB7B, J<4A<DB64AAB7B) B>B?B 
G7?B6 BFC9K4F>4 <AB784 B5D4;GRFES FD9M<AO (BF>B?O), CB 6<8G >BFBDOI @B:AB EG8<FP B 
IDGC>BEF< <;@9DS9@B7B E?BS. 

�ECOF4A<S CDB6B8SF A4 CD<5BD9, <;B5D4:9AAB@ A4 D<E.5., CD<@9ASS E?98GRM<9 
A47DG;><: 1, 3, 5, 10, 20, 30, 100 < 120 >7E. +9@ 5B?PL9 6O5<D49@4S A47DG;>4, F9@ 7?G5:9 
CDBA<>49F 4?@4;A4S C<D4@<84 6 <ECOFG9@O= @4F9D<4?. #BQFB@G 8?S <;@9D9A<S F69D8BEF< 
FBA><I E?B96 CD<@9ASRF @9APL9 A47DG;><: 5 <?< 10 >7E. 

!4 QFB@ CD<5BD9 @B:AB <;@9DSFP F69D8BEFP B5D4;JB6 FB?M<AB= 8B 0,3-0,5 @@ <?< 
CB69DIABEFAOI E?B96 FB?M<AB= 8B 0,3-0,05 @@. !9B5IB8<@B, B8A4>B, GK<FO64FP, KFB CD< 
A95B?PLB= A47DG;>9, A4CD<@9D, 6 1 >7E, BFC9K4FB> C<D4@<8O @B:9F 5OFP A98BEF4FBKAB 
BFK9F?<6O@, KFB 6O;B69F BL<5>G 6 BCD989?9A<< 8?<AO 8<47BA4?<. #BQFB@G 8?S <;@9D9A<S 
F69D8BEF< BK9AP FBA><I CB69DIABEFAOI E?B96 CD<@9ASRF A47DG;>G 6 5 <?< 10 >7E. 

 

1.2.2 #BDS8B> <;@9A9A<S F69D8BEF< CB �<>>9DEG A4 CD<5BD9 &##-2 

#D<5BD &##-2 CD98A4;A4K9A 8?S EB;84A<S <ECOF4F9?PAOI A47DG;B> (5 <?< 10 >7.) 8?S 
CBE?98GRM97B CDB9>F<DB64A<S E G69?<K9A<9@ CB?GK9AAB7B BFC9K4F>4 < <;@9D9A<S 8?<AO 
8<47BA4?< BFC9K4F>4 E FBKABEFPR 8B 0,001. % CB@BMPR 84AAB7B CD<5BD4 @B:AB <;@9DSFP 
F69D8BEFP >4> BK9AP 5B?PL<I 89F4?9= (CD< QFB@ CD<5BD >D9C<FES A4 89F4?< CBED98EF6B@ 
@47A<FAOI ;4I64FB6), F4> < @4?OI 89F4?9=. � CBE?98A9@ E?GK49 CD<5BD ;4>D9C?SRF A4 
EFDG5J<A9. 
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$<EGAB> 5. #D<5BD &##-2 8?S <;@9D9A<S F69D8BEF< CB �<>>9DEG: 
1 - >BDCGE; 2, 9 - 6<AF; 3 - EF4>4A; 4, 5 - @<>DB@9FD<K9E><9 6<AFO; 6 - 54D454A 

BFEK9FAO=; 7 - 7B?B6>4 <;@9D<F9?PA4S; 8 - C9D9IB8A<>; 10,12,32 - 74=><; 11 - DG>BSF>4; 13 - 
DGK>4 CB6BDBFA4S; 14 - EF4>4A A47DG:9A<S; 15 - CDG:<A4; 16 - BCBD4 A<:ASS; 17 - 

Q>EJ9AFD<>B6O= 64?<>; 18 - >BDCGE; 19 - D4@>4 E C?4EF<A>B=; 20 - DOK47; 21 - E>B54; 22 - 
B5N9>F<6; 23 - D4@>4; 24 - >BAGE; 25 - @47A<FAO= ;4I64F; 26 - A4>BA9KA<> 4?@4;AO=; 27 - 

>DBALF9=A; 27 - EFDG5J<A4; 29 - 6<AF CB8N9@AO=; 30 - DGK>4; 31 - 7B?B6>4 <ECOF4F9?PA4S; 33 
- BE69F<F9?P. 
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#B69DIABEFP <ECOFO649@B= 89F4?< 6 @9EF9 <;@9D9A<S F69D8BEF< 8B?:A4 <@9FP 
L9DBIB64FBEFP Ra<0,4 @>@ CB �"%& 2789-73 8B?:A4 5OFP 5?9EFSM9= < E6B5B8AB= BF 
CBEFBDBAA<I 69M9EF6. #D< <;@9D9A<< F69D8BEF< A4 >D<6B?<A9=AOI CB69DIABEFSI D48<GE 
>D<6<;AO <I 8B?:9A 5OFP A9 @9A99 5 @@.  <A<@4?PA4S FB?M<A4 89F4?< 8B?:A4 5OFP 5B?PL9 
8?<AO 8<47BA4?< BFC9K4F>4 8?S EF4?PAOI <;89?<= 6 1,2 D4;4, 4 8?S <;89?<= <; J69FAOI 
@9F4??B6 - 1,5 D4;4. $4EEFBSA<9 @9:8G J9AFDB@ BFC9K4F>4 < >D49@ 89F4?< <?< EBE98A97B 
BFC9K4F>4 8B?:AB 5OFP A9 @9A99 2,5 8?<A 8<47BA4?< BFC9K4F>4. 

$45BF4 A4 CD<5BD9 CDB<;6B8<FES 6 E?98GRM9@ CBDS8>9: 
1.'EF4AB6<FP B5D4;9J A4 CB8N9@AB@ 6<AF9 29. 
2. �D4M4S DGK>G 13, CB869EF< >BAGE 24 6C?BFAGR > <ECOFO649@B@G B5D4;JG. 
3.#?46AB CB6BD4K<64S DGK>G 11 A4 E95S 8B GCBD4, CD<?B:<FP <ECOF4F9?PAGR 

A47DG;>G. 
4.#B <EF9K9A<< 6D9@9A< 6O89D:>< (BFEK9F CDB<;6B8<FES BC9D4FBDB@) EASFP A47DG;>G, 

CD<698S DGK>G 11 6 <EIB8AB9 CB?B:9A<9. 
5.$GK>B= 30 C9D969EF< DGK>G 23 E 4?@4;AO@ A4>BA9KA<>B@ 6 A9D45BK99 CB?B:9A<9. 
6.#9D9>?RK4F9?9@ 6>?RK<FP BE69M9A<9. 
7.�D4M9A<9@ B>G?SD4 <;@9D<F9?PAB= 7B?B6>< 7 CB?GK<FP D9;>B9 <;B5D4:9A<9 L>4?O. 
8.#DB<;69EF< <;@9D9A<9 8<47BA4?9= BFC9K4F>4 (D<E.6.) 6 2-I 

6;4<@ABC9DC9A8<>G?SDAOI A4CD46?9A<SI.  <>DB@9FD<K9E><@ 6<AFB@ 4 AG?96B= LFD<I 
L>4?O CB86B8<FES > ?96B@G >D4R BFC9K4F>4, BFEK9FAO@ 54D454AB@ 6 EC?BLA4S D<E>4 
CB86B8<FES > CD46B@G >D4R BFC9K4F>4. 

 

 
$<EGAB> 6. %I9@4F<K9E>B9 <;B5D4:9A<9 BFC9K4F>4 CB �<>>9DEG. 

 

+<E?B J9?OI 89?9A<= L>4?O, ;4>?RK9AAOI @9:8G AG?96O@ LFD<IB@ L>4?O < 
EC?BLAB= D<E>B= 849F K<E?B 89ESFOI 8B?9= @<??<@9FD4. +<E?B 89?9A<= 54D454A4 6 849F 
K<E?B EBFOI < FOESKAOI 8B?9= @<??<@9FD4. !4CD<@9D, 9E?< K<E?B J9?OI 89?9A<= A4 L>4?9 
D46AB 1, K<E?B 89?9A<= A4 54D454A9 - 75, FB 8?<A4 8<47BA4?< D46A4 0,175 @@. 

#D< <;@9D9A<SI A9B5IB8<@B EB5?R84FP E?98GRM<9 CD46<?4: 
- B8A4 <; 8<47BA4?9= BFC9K4F>4 8B?:A4 5OFP C4D4??9?PA4, 4 8DG74S - C9DC9A8<>G?SDA4 

L>4?9 @<>DBE>BC4, KFB CDB69DS9FES E CB@BMPR CGA>F<DAB= <?< EC?BLAB= D<EB>, >BFBDO9 
CD< CDB69D>9 8B?:AO CDBIB8<FP FBKAB K9D9; 69DL<AO G7?B6 BFC9K4F>4; 

-AG?96B= LFD<I L>4?O @<>DBE>BC4 < EC?BLA4S D<E>4 8B?:AO CB86B8<FPES > >D4S@ 
BFC9K4F>4 6C?BFAGR, 8?S K97B EC?BLAGR D<E>G D9>B@9A8G9FES EA4K4?4 C9D969EF< ;4 >D4= 
BFC9K4F>4, 4 ;4F9@ C?46AB CB86B8<FP 8B CB?AB7B <EK9;AB69A<S CDBE69F4; 

9. #B ED98A94D<H@9F<K9E>B@G ;A4K9A<R 8?<AO 86GI 8<47BA4?9= CB F45?<J4@   
CD<?B:9A<S BCD989?<FP K<E?B F69D8BEF<. &4>, CD< A47DG;>9 5 >7 < ED98A9@ ;A4K9A<< 8?<AO 
8<47BA4?9= d=0,175 @@ A4IB8<@ HV5=303. 
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10.$9;G?PF4FO <;@9D9A<= ;4ABESF 6 CDBFB>B? <ECOF4A<= (E@. F45?. 4 CD<?B:9A<S) 
 9FB8 �<>>9DE4 <ECB?P;G9FES < CD< <;@9D9A<SI @<>DBF69D8BEF< CD< A47DG;>4I @9A99 

0,2 >7. 
%GM9EF6GRF D4;AB6<8ABEF< @9FB84 �<>>9DE4, 6 >BFBDOI CD<@9ASRFES <A89AFBDO 

<AB= HBD@O. %?98G9F GCB@SAGFP <A89AFBD �AGC4 (D<E. 7) < <A89AFBD �DB8;<AE>B7B (D<E. 8).  

 
$<EGAB> 7. �A89AFBD �AGC4 
4) <A89AFBD; 5) BFC9K4FB> 

 

'>4;4AAO9 <A89AFBDO 6O7B8AB BF?<K4RFES BF <A89AFBD4 �<>>9DE4 5B?PL<@< 
D4;@9D4@< BFC9K4F>4 < @9APL9= 97B 7?G5<AB=, KFB 849F 6B;@B:ABEFP <;@9D9A<S 5B?99 
FBA><I E?B96. �DB@9 FB7B CD< CB6D9:89A<< <A89AFBD �DB8;<AE>B7B @B:AB CB69DAGFP 6B>DG7 
BE< < GEF4AB6<FP 97B A9CB6D9:89AAB= EFBDBAB=. !98BEF4F>B@ <I S6?S9FES FDG8ABEFP 
<;7BFB6?9A<S. 
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$<EGAB> 8. �A89AFBD �DB8;<AE>B7B 

4) <A89AFBD; 5) BFC9K4FB> 
 

1.4 �>7<>6=O5 8AB>G=8:8 >H81>: ?@8 87<5@5=88 B25@4>AB8 

 

1.4.1 �B;@B:AO9 <EFBKA<>< BL<5B> CD< <;@9D9A<< F69D8BEF<  
         CB �D<A9??R 

 #D< BCD989?9A<< F69D8BEF< CD98CB?4749FES, KFB L4D<> 45EB?RFAB F69D8O=. �E?< 
:9 6 CDBJ9EE9 <ECOF4A<= CDB<EIB8<F GCDG74S 89HBD@4J<S L4D<>4, FB BFC9K4FB> 5G89F 
<@9FP A9 EH9D<K9E>GR, 4 Q??<CEB<84?PAGR HBD@G (D<E. 9), <, E?98B64F9?PAB, 8<4@9FD 97B 
CDB9>J<< 5G89F 5B?PL9, K9@, 8<4@9FD CDB9>J<< EH9D<K9E>B7B BFC9K4F>4. &.B. F69D8BEFP 
CB?GK<FES ;4A<:9AAB=. �B <;59:4A<9 F4><I BL<5B> F69D8BEFP <;GK49@B7B @4F9D<4?4 
8B?:A4 5OFP 5B?PL9 450 >7/@@2. 

 

$<EGAB> 9. �9HBD@4J<S L4D<>4 CD< 6846?<64A<< 6 F69D8O= @4F9D<4? 
d1 - 8<4@9FD BFC9K4F>4 A989HBD@<DB64AAB7B L4D<>4; 

d2 - 8<4@9FD BFC9K4F>4 89HBD@<DB64AAB7B L4D<>4 
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�4A<:9AAO9 ;A4K9A<S F69D8BEF< CB?GK4RFES F4>:9 ;4 EK9F 6OF9EA9A<S @4F9D<4?4 
<; ?GA>< < ;46OL9AAO9 - ;4 EK9F BE48>< @4F9D<4?4 (D<E. 10). 

 

$<EGAB> 10.  �9HBD@4J<S @4F9D<4?4 CD< 6846?<64A<< L4D<>4 
4) B5D4;B64A<9 «64?<>4» CB >D4S@ BFC9K4F>4; 

5) BE48>4 @4F9D<4?4: d<;@ - <;@9D9AAO= 8<4@9FD BFC9K4F>4; 
 d<EF - <EF<AAO= 8<4@9FD BFC9K4F>4 (A9 D94?<;G9FES) 

 

1.4.2 �B;@B:AO9 <EFBKA<>< BL<5B> CD< <;@9D9A<< F69D8BEF<  
         CB �<>>9DEG 
�EFBKA<>< BL<5B> CD< <;@9D9A<SI F69D8BEF< CB �<>>9DEG F4><9 :9, >4> 6 @9FB89 

�D<A9??S. �BCB?A<F9?PAO@ <EFBKA<>B@ BL<5B> S6?S9FES BF>?BA9A<9 D4;@9DB6 < G7?B6 
4?@4;AB= C<D4@<8O. "L<5>< ;4 EK9F 89HBD@4J<< @4F9D<4?4 CB>4;4AO A4 D<EGA>9 11. #D< 
<ECOF4A<< E<?PAB GCDBKASRM<IES @4F9D<4?B6 CB >D4S@ BFC9K4F>4 B5D4;G9FES 64?<> (D<E. 
114), < <;@9D9AAO9 ;A4K9A<S F69D8BEF< 5G8GF ;46OL9AO. !4B5BDBF, CD< <ECOF4A<< 
A9GCDBKASRM<IES @4F9D<4?B6 CDB<EIB8<F GE48>4 (D<E. 115) < D9;G?PF4FO <;@9D9A<S 
F69D8BEF< S6?SRFES ;4A<:9AAO@<. 

 

$<EGAB> 11. - "5D4;B64A<9 64?<>4 (4) < GE48>4 @4F9D<4?4 (5) CB >D4S@ BFC9K4F>4 
 

1.4.3 �B;@B:AO9 <EFBKA<>< BL<5B> CD< BCD989?9A<< F69D8BEF<  
         CB $B>69??G 
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*69FAO9 @9F4??O: @98P, 4?R@<A<=, J<A>, @47A<=, A<>9?P < 8D., 4 F4> :9 EC?46O A4 <I 
BEAB69 A4IB8SF L<DB>B9 CD<@9A9A<9 6 @4L<ABEFDB9A<<, F4> >4> QF< @9F4??O < EC?46O 
A4DS8G E G8B6?9F6BD<F9?PAB= CDBKABEFPR < 6OEB>B= >BDDB;<BAAB= EFB=>BEFPR B5?484RF IB-
DBL<@< F9IAB?B7<K9E><@< E6B=EF64@< (ECBEB5ABEFP > C?4EF<K9E>B= 89HBD@4J<<, 
B5D454FO649@BEFP D9;4A<9@). 

#B@<@B QFB7B, A9>BFBDO9 <; QF<I @9F4??B6 < EC?46B6 B5?484RF 6OEB>B= 
Q?9>FDBCDB6B8ABEFPR, KFB <@99F 5B?PLB9 ;A4K9A<9 6 Q?9>FDB@4L<ABEFDB9A<< < 
CD<5BDBEFDB9A<<. 

�; J69FAOI @9F4??B6 5B?PLB9 ;A4K9A<9   <@99F @98P < 99 C?46O. +<EF4S @98P 
CD<@9AS9FES CD9<@GM9EF69AAB 6 F9I E?GK4SI, >B784 BF <;89?<= A9 FD95G9FES 6OEB>B= 
CDBKABEF<, AB A9B5IB8<@4  6OEB>4S Q?9>FDB- <?< F9C?BCDB6B8ABEFP. 

�; EC?46B6 @98< L<DB>B CD<@9ASRFES ?4FGA< < 5DBA;O. %6B=EF64 @98ABJ<A>B6OI 
EC?46B6 (?4FGA9=) EGM9EF69AAB <;@9ASRFES 6 ;46<E<@BEF< BF EB89D:4A<S J<A>4. &4><@ 
B5D4;B@, @B:AB CB?GK<FP EC?46O E 6OEB>B= C?4EF<KABEFPR (A4CD<@9D, ?4FGAP �70), 
B5?484RM<9 B8ABH4;AB= EFDG>FGDB= ³-F69D8B7B D4EF6BD4, < EC?46O E CB6OL9AAB= 
CDBKABEFPR (A4CD<@9D, ?4FGAP �59), EFDG>FGD4 >BFBDOI S6?S9FES 86GIH4;AB= (³ + ³).  

&<C<KAO9 EFDG>FGDO A9>BFBDOI ?4FGA9= CD98EF46?9AO 6 CD<?B:9A<< �. 
&9D@<K9E>4S B5D45BF>4 ?4FGA< B7D4A<K<649FES B5OKAB BF:<7B@ CD< CB6OL9AAOI 

F9@C9D4FGD4I 8?S G@9APL9A<S I<@<K9E>B= A9B8ABDB8ABEF< (7B@B79A<;<DGRM<= BF:<7) 
D9>D<EF4??<;4J<BAAO@ BF:<7B@, A4>BA9J, A<;>BF9@C9D4FGDAO@ BF:<7B@ 8?S EASF<S 
A4CDS:9A<= < GEFD4A9A<S F4><@ B5D4;B@ BC4EABEF< D4EFD9E><64A<S 6 GE?B6<SI 89=EF6<S 
>BDDB;<BAAB= ED98O («E9;BAAB9 D4EFD9E><64A<9»). 

�?S CB6OL9A<S @9I4A<K9E><I, >BDDB;<BAAOI < 8DG7<I E6B=EF6 6 ?4FGA< 66B8SF 
?97<DGRM<9 Q?9@9AFO: >D9@A<=, @4D74A9J, 4?R@<A<=, A<>9?P < 8D. �?S G?GKL9A<S 
B5D454FO649@BEF< D9;4A<9@ 6 86GIH4;AO9 ?4FGA< 66B8SF E6<A9J. 

%C?46O @98< E B?B6B@, 4?R@<A<9@, @4D74AJ9@, 59D<??<9@, E6<AJB@ < F. C. 
A4;O64RFES 5DBA;4@<. 

"?B6SA<EFO9 5DBA;O, EB89D:4M<9 8B 445% Sn, 6 ?<FB@ EBEFBSA<< 6E?98EF6<9 
E<?PAB= ?<>64J<< <@9RF 86GIH4;AGR EFDG>FGDG:  
³ -F69D8O= D4EF6BD < Q6F9>FB<8  ³ +  Cu31Sn8 (<?< Cu3 Sn). 

�<LP 6 D9;G?PF4F9 8?<F9?PAOI BF:<7B6, K9D98GRM<IES E C?4EF<K9E>B= 89HBD@4J<9=, 
EFDG>FGD4 5DBA;O EF4AB6<FES CD4>F<K9E>< B8ABH4;AB= (³ -F69D8O= D4EF6BD). 
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� B?B6SA<EFOI 5DBA;4I E 5B?99 6OEB><@ EB89D:4A<9@ B?B64 (6410%) <;@9A<FP 
86GIH4;AGR EFDG>FGDG E 6>?RK9A<9@ Q6F9>FB<84, CB?GK9AAGR CBE?9 BF?<6><, A9 G849FES < 
8?<F9?PAO@ BF:<7B@. 

"?B6SA<EFO9 5DBA;O CD<@9ASRF 8?S <;7BFB6?9A<S L9EF9D9A, 6>?48OL9= 
CB8L<CA<>B6 < D4;?<KAB= 4D@4FGDO, D45BF4RM9= 6 6B89 <?< 6 6B8SAB@ C4D9. 

�?R@<A<96O9 5DBA;O B5?484RF <?< B8ABH4;AB= EFDG>FGDB= (B5OKAB CD< 446% �l), 

<?< 86GIH4;AB= (CD< 10411% �l), EBEFBSM9= <; >D<EF4??B6  ³ -F69D8B7B D4EF6BD4 < 
Q6F9>FB<84 4 + ·. 

�6GIH4;AO9 4?R@<A<96O9 5DBA;O B5?484RF 5B?PL9= CDBKABEFPR, AB @9APL9= 
C?4EF<KABEFPR, K9@ B8ABH4;AO9, < @B7GF GCDBKASFPES 6 D9;G?PF4F9 ;4>4?>< < BFCGE>4. 
�6GIH4;AO9 5DBA;O CD<@9ASRFES 8?S FS:9?BA47DG:9AAOI <;89?<= <, >DB@9 FB7B, K4EFB 
<ECB?P;GRFES 6@9EFB B?B6SA<EFB= 5DBA;O. 

�4:AB9 ;A4K9A<9 6 @4L<ABEFDB9A<< <@99F 59D<??<964S 5DBA;4 E 242,5% �E9, 
B5?484RM4S 6OEB>B= CDBKABEFPR CBE?9 ;4>4?>< < EF4D9A<S. %FDG>FGDO A9>BFBDOI 5DBA; 
CD<6989AO 6 CD<?B:9A<< �. 

�?R@<A<96O9 EC?46O <@9RF BK9AP 5B?PLB9 ;A4K9A<9 6 @4L<ABEFDB9A<<, F4> >4> 
A4DS8G E CB6OL9AAB= CDBKABEFPR B5?484RF @4?O@ G89?PAO@ 69EB@, KFB B59EC9K<649F 
G@9APL9A<9 69E4 >BAEFDG>J<=. 

�<F9=AO9 EC?46O: 4?R@<A<S 4 B5OKAB Q6F9>F<K9E>B7B F<C4. "A< BFABESFES > 
E<EF9@9 Al - Si. � QF< EC?46O 8?S CB6OL9A<S CDBKABEF< 66B8SF @98P <?< @47A<=. 

#B6OL9A<9 CDBKABEF< 8BEF<749FES F4>:9 @B8<H<J<DB64A<9@, 6O;O64RM<@ 
<;@9?PK9A<9 EFDG>FGDO < <;@9A9A<9 >B?<K9EF69AAB7B .EBBFABL9A<S EFDG>FGDAOI 
EBEF46?SRM<I. 

%C?46O, B5D454FO649@O9 846?9A<9@ (<?< 89HBD@<DG9@O9), <@9RF <?< B8ABH4;AGR 
EFDG>FGDG, <?<, K4M9, 79F9DB79AAGR EFDG>FGDG, 6 >BFBDB= A4DS8G E F69D8O@ D4EF6BDB@ A4 
BEAB69 4?R@<A<S CD<EGFEF6GRF <;5OFBKAO9 H4;O.  AB7<9 <; EC?46B6, <@9RM<I 
79F9DB79AAGR EFDG>FGDG, 6 K4EFABEF< 8GD4?R@<A, GCDBKASRFES 6 D9;G?PF4F9 ;4>4?>< < 
EF4D9A<S. 

%FDG>FGD4 8GD4?R@<A4 CBE?9 BF:<74 S6?S9FES 79F9DB79AAB= < EBEFB<F <; ³- F69D8B7B 
D4EF6BD4 < 6>?RK9A<= H4; S < Mg2Si), D4EF6BDSRM<IES CD< ;4>4?>9 < CD<A<@4RM<I GK4EF<9 
6 GCDBKA9A<< EC?464 CD< EF4D9A<< (GCDBKASRM<9 H4;O). 
�DB@9 FB7B, 6 EFDG>FGD9 CD<EGFEF6GRF :9?9;<EFO9 H4;O (A4CD<@9D, F<C4 %u2FeAl), >BFBDO9 
EA<:4RF @9I4A<K9E><9 E6B=EF64 EC?46B6. 

#BE?9 ;4>4?>< EFDG>FGD4 EC?464 EBEFB<F <;  ³ -F69D8B7B D4EF6BD4 < A95B?PLB7B 
>B?<K9EF64 A9D4EF6BD<6L<IES  H4;-GCDBKA<F9?9= < :9?9;<EFOI EB98<A9A<=. 

#BE?9 EF4D9A<S 6 GE?B6<SI, B59EC9K<64RM<I 6OEB>GR CDBKABEFP, A9?P;S ;4@9F<FP 
>4><I-?<5B <;@9A9A<= 6 @<>DBEFDG>FGD9 EC?46B6 CB ED46A9A<R E @<>DBEFDG>FGDB= 6 
;4>4?9AAB@ EBEFBSA<<. 
&<C<KA4S EFDG>FGD4 ?<FOI 4?R@<A<96OI EC?46B6 CD<6989A4 6 CD<?B:9A<< �. �<47D4@@O 
EBEFBSA<S A9>BFBDOI EC?46B6 (86B=AOI E<EF9@) CD<6989AO 6 CD<?B:9A<< �.  
 

����!�� 

 

1. #DB<;69EF< @<>DB<EE?98B64AC9 B5D4;JB6: 4) ?<FB= @98<, EB89D:4M9= ><E?BDB8; 5) 
B?B6SA<EFB= 5DBA;O; 6) 86GIH4;AB= 4?R@<A<96B= 5DBA;O; 7) ³-?4FGA<; 8) 4 - ?4FGA<;  
9) @B8<H<J<DB64AAB7B < A9@B8<H<J<DB64AAB7B E<?G@<A4;  
:) BFB::9AAB7B < ;4>4?9AAB7B 8GD4?R@<A4; ;) @47A<96B7B EC?464 

2. �4D<EB64FP K4EFP EBBF69FEF6GRM<I 8<47D4@@ EBEFBSA<S < G>4;4FP CB?B:9A<9 A4 A9= 
<;GK9AAOI EC?46B6; CBEFDB<FP >D<6GR BI?4:89A<S < G>4;4FP CD96D4M9A<S, EB69DL4RM<9ES 
6 EC?469 CD< BI?4:89A<<. 

3. �4D<EB64FP @<>DBEFDG>FGDO <;GK9AAOI EC?46B6 < 6 EBBF69FEF6<< E 8<47D4@@B= 
EBEFBSA<S BC<E4FP H4;O (<?< EFDG>FGDAO9 EBEF46?SRM<9), CD<EGFEF6GRM<9 6 EC?464I. 
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4. '>4;4FP B5?4EFP CD<@9A9A<S EC?46B6 <;GK9AAOI @4DB>. 
 

 �&"��+�%��� '����!�/ 

 

1. �?S CDB6989A<S D45BFO EFG89AFG CD98BEF46?SRFES: >B??9>J<< CDBFD46?9AAOI 
@<>DBL?<HB6 J69FAOI @9F4??B6 < EC?46B6, 8<47D4@@O EBEFBSA<S. 

2. �B <;GK9A<S @<>DBEFDG>FGDO A9B5IB8<@B GEF4AB6<FP I<@<K9E><= EBEF46 EC?464 
>4:8B= @4D>< (CB ECD46BKAO@ 84AAO@); CB 8<47D4@@9 EBEFBSA<S BCD989?<FP EFDG>FGDG 
EC?464 6 D46AB69EAB@ EBEFBSA<< < CDB4A4?<;<DB64FP CD96D4M9A<S, CDB<EIB8SM<9 6 EC?469 
CD< BI?4:89A<<. 

 

%#�%"� ��&�$�&'$/ 

 

 1. �.#. �G?S96.  9F4??B6989A<9.  .  9F4??GD7<S. 1986.-544 E. 
 2. (.�. �GA96. �45BD4FBDAO9 D45BFO CB @9F4??B6989A<R.  . �!&� 
@4L<ABEFDB<F9?PAB= ?<F9D4FGDO. 1955.-167 E. 
 3. �.�. +9DFB>. �45BD4FBDAO9 D45BFO CB F9IAB?B7<< @9F4??B6 < >BAEFDG>F<6AO@ 
@4F9D<4?4@.  .  4L<ABEFDB9A<9. 1969.-208 E. 
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#$��"��!�3 � ���"$�&"$!"� $��"&� №2 
#@8;>65=8O �  

 

 

                                    $<E. 1.  �4FGAP �70: ³ - H4;4 E 86B=A<>4@<, x450 
 

 

 

 

$<E.2. �4FGAP �%59-I: ³ < ³ - H4;O < 6>?RK9A<S E6<AJ4, x450 
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         <>DBEFDG>FGD4 ?4FGA< �C 59-1 
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#@8;>65=85 � 

 

 

 <>DBEFDG>FGD4 5DBA;O �D "10 

 

 

 <>DBEFDG>FGD4 E6<AJB6B= 5DBA;O �D. %30 
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�DBA;4 B?B6SAA4S �D016: ³ - H4;4 < Q6F9>FB<8, I450 

 

 

 

�DBA;4 �D��!10-4-4: ³ - H4;4, Q6F9>FB<8 < 6>?RK9A<S :9?9;4, I450 
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#@8;>65=8O � 

 

 
�?R@<A<96O= EC?46 ��4: @98P, E6<A9J, ³ - H4;4 < <AF9D@9F4??<8O, I450 

 

 
%C?46 ��4 @B8<H<J<DB64AAO=: ³ - H4;4 < Q6F9>F<>4 8<EC9DEA4S, I450 
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%C?46  �5 (CBE?9 ?<FPS): · - H4;4 < Q6F9>F<>4, I450 

 

 

 

 
%C?46  �5 (CBE?9 F9D@BB5D45BF><): · - H4;4 < 6>?RK9A<S ´ - H4;O, K450 
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#@8;>65=8O � 

 
 

4803@0<<0 A>AB>O=8O Cu-Zn 

 

 
4803@0<<0 A>AB>O=8O Cu-Sn 
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4803@0<<0 A>AB>O=8O Cu – Al 

   

 

 

4803@0<<0 A>AB>O=8O Al-Mg 
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3.4.3. �01>@0B>@=0O @01>B0 № 3 «�0:0;:0 8 >B?CA: AB0;59» 
 

1 �����!�� 

 

�0:0;:0 CB B5M9CD<ASFB= >?4EE<H<>4J<< BFABE<FES > FD9FP9= 7DGCC9 D9:<@B6 
F9D@BB5D45BF>< < CD98EF46?S9F EB5B= A47D96 < 6O89D:>G 89F4?< 6OL9 F9@C9D4FGDO 
H4;B6B7B CD96D4M9A<S E CBE?98GRM<@ 5OEFDO@ BI?4:89A<9@. 

"B?CA: BFABE<FES > K9F69DFB= 7DGCC9 D9:<@B6 F9D@BB5D45BF>< < CD98EF46?S9F EB5B= 
A47D96 < 6O89D:>G CD9864D<F9?PAB ;4>4?9AAB= 89F4?< CD< F9@C9D4FGD4I A<:9 F9@C9D4FGD 
H4;B6B7B CD96D4M9A<S. 

 

 

2 ������� 

 

�4>4?>4 CB;6B?S9F CB6OE<FP CDBKABEFAO9 I4D4>F9D<EF<>< A9>BFBDOI 6<8B6 EF4?9=, 
KFB < B5GE?B6<?B BK9AP L<DB>B9 CD<@9A9A<9 QFB= BC9D4J<<. $4EE@BFD<@ CDBJ9EEO, 
CDB<EIB8SM<9 CD< ;4>4?>9. "EAB6AGR DB?P CD< ;4>4?>9 <7D4RF CD96D4M9A<S 
«4GEF9A<F→C9D?<F» (�→#) < «4GEF9A<F→@4DF9AE<F» (�→ ). 

 
$<EGAB> 1 3 �<47D4@@4 EBEFBSA<S Fe-C E >D<F<K9E><@<  
                     F9@C9D4FGD4@< 

&9@C9D4FGDO H4;B6OI CD96D4M9A<= 6 EF4?< CD<ASFB A4;O64FP >D<F<K9E><@< FBK>4@< 

< B5B;A4K4FP 5G>6B= �. 
�D<F<K9E><9 FBK>< CD< A47D969 B5B;A4K4RFES �E, 4 CD< BI?4:89A<< �7. �D<F<K9E><9 

F9@C9D4FGDO CD96D4M9A<=, EBBF69FEF6GRM<I ?<A<< PSK, B5B;A4K4RF <A89>EB@ 1 (�E1 < Ari),    

4 ?<A<< GSE - <A89>EB@ 3 ( A4CD<@9D, �E3). 
#D< D46AB69EAB@ (8BEF4FBKAB @98?9AAB@) BI?4:89A<< CD96D4M9A<9 �→# 

CDB<EIB8<F, EB7?4EAB 8<47D4@@9 EBEFBSA<S Fe 3 % (D<EGAB> 1), CD< 727°%. "8A4>B, CD< 
G69?<K9A<< E>BDBEF< BI?4:89A<S D46AB69E<9 H4; A4DGL49FES < 6B;@B:AB C9D9BI?4:89A<9 
4GEF9A<F4, F.9. 4GEF9A<F @B:9F EGM9EF6B64FP 6 F9K9A<9 A9>BFBDB7B 6D9@9A< < CD< 
F9@C9D4FGD4I A<:9 ?<A<< PSK. +FB5O BCD989?<FP 6D9@S :<;A< 4GEF9A<F4 CD< F9@C9D4FGD4I 
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A<:9 ?<A<< PSK (D<EGAB> 1), CDB6B8SF CDBJ9EE 5OEFDB7B BI?4:89A<S 89F4?< 8B A9>BFBDB= 
F9@C9D4FGDO t < CD< QFB= F9@C9D4FGD9 A45?R84RF CD96D4M9A<S «4GEF9A<F - C9D?<F». !4 
BEAB64A<< F4><I A45?R89A<= EFDB<FES ><A9F<K9E>4S >D<64S CD96D4M9A<S (D<EGAB> 2), 789 CB 
BE< 45EJ<EE BF>?48O649FES 6D9@S, 4 CB BE< BD8<A4F - 8B?S CD96D4M9AAB7B B5N9@4 (6 
CDBJ9AF4I). �4F9@ EFBSF E9D<R F4><I >D<6OI CD< D4;?<KAOI F9@C9D4FGD4I (t2 ... t6). 

 

 
 

$<EGAB> 2 - %9@9=EF6B ><A9F<K9E><I >D<6OI CD96D4M9A<S 
«4GEF9A<F-C9D?<F» 

 

�<A9F<K9E><9 >D<6O9 <@9RF FD< GK4EF>4: <A>G54J<BAAO= C9D<B8 ( Ä if4 i ) ,  6 F9K9A<9 
>BFBDB7B 6<8<@OI CD96D4M9A<= 6 4GEF9A<F9 A9 CDB<EIB8<F; EB5EF69AAB EF48<S CD96D4M9A<S 
«4GEF9A<F 3 C9D?<F»   EBBF69FEF6G9F ED98A9@G >DGFB@G GK4EF>G >D<6B= ( 4 i

. Ä ifb i )  FD9F<= 
GK4EFB> >D<6B= EBBF69FEF6G9F ;4>BAK<6L9@GES CD96D4M9A<R �→# ( Ä igb i ) .  �E?< F9C9DP 
A4A9EF< FBK>< A4K4?4 (4 i ) < >BAJ4 CD96D4M9A<S ( b i )  A4 >BBD8<A4FAGR C?BE>BEFP 
«F9@C9D4FGD4 - 6D9@S» < EB98<A<FP A4K4?PAO9 < >BA9KAO9 FBK>< CD96D4M9A<S 86G@S 
C?46AO@< >D<6O@<, FB @B:AB CB?GK<FP 8<47D4@@G <;BF9D@<K9E>B7B D4EC484 4GEF9A<F4 (K4EFB 
A4;O649@GR %-B5D4;AB= 8<47D4@@B=). 

%I9@4F<K9E><= 6<8 %-B5D4;AB= 8<47D4@@O CB>4;4A A4 D<EGA>9 3. 
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$<EGAB> 3 - %I9@4 <;BF9D@<K9E>B7B D4EC484 4GEF9A<F4 
 

"8A4>B, >4> 6<8AB <; D<EGA>9 3, %-B5D4;AO9 >D<6O9 B5DO64RFES CD< F9@C9D4FGD9 
200°-250°%, EBBF69FEF6GRM9= A4 D<EGA>9 3 ?<A<<  A. #D< F9@C9D4FGD4I A<:9 ?<A<<  A 
C9D?<FAB9 CD96D4M9A<9 CB?ABEFPR CB846?S9FES < CDB<EIB8<F CD<AJ<C<4?PAB 8DG7B= F<C 
CD96D4M9A<S - @4DF9AE<FAB9 CD96D4M9A<9. � QFB@ E?GK49 4GEF9A<F CD96D4M49FES G:9 A9 6 
C9D?<F (CD98EF46?SRM<= EB5B= 86GIH4;AGR EFDG>FGDG), 4 6 @4DF9AE<F, >BFBDO= 
CD98EF46?S9F EB5B= C9D9EOM9AAO= F69D8O= D4EF6BD G7?9DB84 6 ³ - :9?9;9. 

� BF?<K<9 BF "*�- D9L9F>< ³ - :9?9;4 (H9DD<F4), @4DF9AE<F <@99F F9FD47BA4?PAGR 
B5N9@AB-J9AFD<DB64AAGR EFDG>FGDG.  4DF9AE<F S6?S9FES CDBKAB=, F69D8B= < IDGC>B= 
H4;B=. #DB6B8S <; FBK>< � (D<EGAB> 3) ?GK< E D4;AO@< G7?4@< ³, BCD989?SRM<@< E>BDBEFP 
BI?4:89A<S B5D4;J4, @B:AB CB?GK<FP EGM9EF69AAGR <AHBD@4J<R B CB?GK4RM9=ES CBE?9 
FB= <?< <AB= E>BDBEF< BI?4:89A<S EFDG>FGD9. "I?4:89A<9 EF4?< E @4?B= E>BDBEFPR (>D<64S 
V1 A4 D<EGA>9 3) CD<6B8<F > CB?GK9A<R C9D?<FAB= EFDG>FGDO. '69?<K9A<9 E>BDBEF< 
BI?4:89A<S CD<6B8<F > G@9APL9A<R FB?M<AO C?4EF<AB> H9DD<F4 < J9@9AF<F4, 6IB8SM<I 6 
EBEF46 C9D?<F4. &4><@ B5D4;B@, CD< G69?<K9A<< E>BDBEF< BI?4:89A<S BF Vi 8B V3 EFDG>FGD4, 
CB?GK49@4S CBE?9 ;4>4?><, 5G89F BEF464FPES 86GIH4;AB=, 4 @9ASFPES (G@9APL4FPES) 5G8GF 
?<LP D4;@9DO H9DD<FAOI < J9@9AF<FAOI C?4EF<AB>. 1F<@ 5B?99 @9?>B8<EC9DEAO@ 
EFDG>FGD4@ CD<E6B9AO EC9J<4?PAO9 A4;64A<S - EBBF69FEF69AAB EBD5<F < FDBBEF<F. 

!4>BA9J, >B784 E>BDBEFP BI?4:89A<S EF4A9F A4EFB?P>B 69?<>4, KFB >D<64S BI?4:89A<S 
C9D9E9K9F CDS@GR  A D4APL9, K9@ >D<6GR B>BAK4A<S C9D?<FAB7B CD96D4M9A<S (>D<64S V4), 
6 EFDG>FGD9 ;4>4?9AAB= EF4?< CBS6<FES @4DF9AE<F, < EFDG>FGD4 5G89F EBEFBSFP <; C9D?<F4, 
@4DF9AE<F4 < BEF4FBKAB7B 4GEF9A<F4. "EF4FBKAO= 4GEF9A<F BEF49FES 6 D9;G?PF4F9 A9CB?AB7B 
CD96D4M9A<S �→ . 1FBF 4GEF9A<F S6?S9FES 8BEF4FBKAB GEFB=K<6O@ 84:9 CD< >B@A4FAB= 
F9@C9D4FGD9. "EF4FBKAO= 4GEF9A<F CB?ABEFPR CD96D4M49FES 6 @4DF9AE<F ?<LP CBE?9 
BI?4:89A<S A<:9 ?<A<<  > (E@. D<EGAB> 3). !4 QFB@ BEAB64A4 F4> A4;O649@4S B5D45BF>4 
IB?B8B@. #D< E>BDBEF< BI?4:89A<S V>V>D 6 EFDG>FGD9 ;4>4?9AAB= EF4?< C9D?<F C9D9EF49F 
CBS6?SFPES 6B6E9, < EFDG>FGD4 5G89F EBEFBSFP FB?P>B <; @4DF9AE<F4 < BEF4FBKAB7B 4GEF9A<F4. 
!4 D<EGA>9 4 CB>4;4AO F<C<KAO9 EFDG>FGDO EF4?< CBE?9 ;4>4?><. 

$4;?<K4RF F4>:9 CB?AGR < A9CB?AGR ;4>4?>G. #B?AGR ;4>4?>G CDB6B8SF E 
F9@C9D4FGD 6OL9 �E3 , 4 A9CB?AGR - E F9@C9D4FGD 6OL9 �E1 AB A<:9 �E3. !9CB?AGR 
;4>4?>G 8?S 8BQ6F9>FB<8AB= EF4?< A9 D9>B@9A8G9FES CD<@9ASFP, F.>. QFB CD<6B8<F > 
EBID4A9A<R 6 EFDG>FGD9 ;4>4?9AAB= EF4?< BEF4FBKAB7B H9DD<F4 (E@. D<EGAB> 1) < EA<:9A<R 
99 @9I4A<K9E><I E6B=EF6. 

� FB :9 6D9@S, 8?S ;4Q6F9>FB<8AOI EF4?9= CDB6B8SF <@9AAB A9CB?AGR ;4>4?>G. �E?< 
:9 CD<@9ASFP 6 QFB@ E?GK49 CB?AGR ;4>4?>G, F.9. ;4>4?>G E F9@C9D4FGD 6OL9 �E3, FB, 6B-

C9D6OI, CDB<EIB8<F E<?PAO= DBEF ;9D9A, 6B-6FBDOI, K4EF<JO 6FBD<KAB7B J9@9AF<F4 
;4@9ASRFES @9A99 CDBKAO@ @4DF9AE<FB@. 1F< H4>FBDO CD<6B8SF > EA<:9A<R @9I4A<K9E><I 
E6B=EF6 ;4>4?9AAB= EF4?< < CBQFB@G 8?S ;4Q6F9>FB<8AOI EF4?9= CB?AGR ;4>4?>G A9 
CD<@9ASRF. 
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$<EGAB> 4 - &<C<KAO9 EFDG>FGDO ;4>4?9AAB= EF4?< '8� 

 

 

3 #$��&��� ������� %&��� 

 

3.1. �O5BD F9@C9D4FGDO ;4>4?>< G7?9DB8<EFOI EF4?9= CDB<;6B8<FES CB 8<47D4@@9 
EBEFBSA<S Fe-C. �BQ6F9>FB<8AO9 EF4?< ;4>4?<64RF E F9@C9D4FGD 6OL9 �E3 A4 20 - 30°%, 4 
;4Q6F9>FB<8AO9 -E F9@C9D4FGDO 6OL9 �%1 A4 30 - 50°%. &4>B= 6O5BD F9@C9D4FGD ;4>4?>< 

E6S;4A E F9@, KFB <;5OFBKAO= H9DD<F 6 8BQ6F9>FB<8<OI EF4?SI GIG8L49F, 4 J9@9AF<F 6 
;4Q6F9>FB<8AOI EF4?SI G?GKL49F E6B=EF64 ;4>4?9AAOI EF4?9=. 

3.2. !9B5IB8<@GR E>BDBEFP ;4>4?>< BCD989?SRF E CB@BMPR 8<47D4@@ 
<;BF9D@<K9E>B7B D4EC484 4GEF9A<F4 8?S >BA>D9FAB= @4D>< EF4?<. !4 D<EGA>9 5 CD<6989A4 
F4>4S 8<47D4@@4 8?S EF4?< '8.  
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$<EGAB> 5 - �<47D4@@4 <;BF9D@<K9E>B7B D4EC484 
4GEF9A<F4 EF4?< '8 

 

%>BDBEFP BI?4:89A<S CD< ;4>4?>9 D97G?<DG9FES A48?9:4M<@ 6O5BDB@ ;4>4?BKAB= 
ED98O < 99 F9@C9D4FGDO. !4<5B?99 K4EFB 6 >4K9EF69 ;4>4?BKAOI ED98 CD<@9ASRFES 6B84, 
@4E?B, 4 F4>:9 6B8AO9 D4EF6BDO NaCI. !4<5B?99 <AF9AE<6AO@< BI?48<F9?S@< S6?SRFES 
D4EF6BDO EB?9=, A4<5B?99 @98?9AAO@< - @4E?4. %?98G9F <@9FP 6 6<8G, KFB K9@ <AF9AE<6A99 
CDB<EIB8<F BI?4:89A<9, F9@ 5B?PL9 69DBSFABEFP CB6B8B>, 6AGFD9AA<I A4CDS:9A<= < 84:9 
CBS6?9A<S ;4>4?BKAOI FD9M<A. % 8DG7B= EFBDBAO, CD< ;4>4?>9 A4 @4DF9AE<F E>BDBEFP 
BI?4:89A<S 8B?:A4 5OFP 6OL9 >D<F<K9E>B=. #BQFB@G B8ABEFGC9AK4FGR ;4>4?>G (D<EGAB> 
6,1), B >BFBDB= 8B E<I CBD L?4 D9KP, @B:AB ;4@9ASFP ;4>4?>B= 6 86GI BI?48<F9?SI (D<EGAB> 
6,2). #D< QFB@ 6 C9D6B@ BI?48<F9?9 CDB<;B=89F <AF9AE<6AB9 BI?4:89A<9 8B F9@C9D4FGD 300 - 
400°% < 5G89F 5OEFDB CDB=89A <AF9D64? A4<5B?PL9= A9EF45<?PABEF< 4GEF9A<F4 CD< 600 - 
450°%. 

#BE?98GRM99 BI?4:89A<9 6 8DG7B@, @9A99 <AF9AE<6AB@ BI?48<F9?9 B59EC9K<F 
@9APL<= GDB69AP 6AGFD9AA<I A4CDS:9A<= 6 ;4>4?9AAB= 89F4?<. #D<@9DB@ F4>B= ;4>4?>< 
S6?S9FES ;4>4?>4 «<; 6B8O 6 @4E?B».  B:AB BEGM9EF6?SFP F4>:9 EFGC9AK4FGR ;4>4?>G 
(D<EGAB> 6,3) E CDB6989A<9@ C9D6B= EF48<< ;4>4?>< 6 CB8B7D9FB@ EB?96B@ D4EF6BD9 <?< 
D4EC?469. #D<@9ASRF F4>:9 <;BF9D@<K9E>GR ;4>4?>G (D<EGAB> 6.4) CD< >BFBDB= 
<;BF9D@<K9E>4S 6O89D:>4 CDB6B8<FES CD< F9@C9D4FGD9 A4 20-30°% 6OL9 ?<A<<  A 8B 
;469DL9A<S CD96D4M9A<S 4GEF9A<F4.  &4><@ B5D4;B@, <;BF9D@<K9E>4S  ;4>4?>4  A9  S6?S9FES 
;4>4?>B= A4 @4DF9AE<F. 

 
$<EGAB> 6 3 %I9@4 D4;?<KAOI 6<8B6 ;4>4?>< 

1 - ;4>4?>4 6 B8AB@ BI?48<F9?9; 
2 - ;4>4?>4 6 86GI BI?48<F9?SI; 
3 - EFGC9AK4F4S ;4>4?>4; 
4 - <;BF9D@<K9E>4S ;4>4?>4. 

 

%?98G9F F4>:9 BF@9F<FP, KFB BI?4:89A<9 D9;>B ;4@98?S9FES CD< B5D4;B64A<< F.A. 
C4DB6B= DG54L><, CBQFB@G CD< ;4>4?>9 A4 @4DF9AE<F A9B5IB8<@B <AF9AE<6AB C9D9@9M4FP 
B5D4;9J 6 6B89 < @4E?9. 
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3.3 �O5BD 6D9@9A< A47D964 CB8 ;4>4?>G (E@BFD< F45?<JG 1)  BCD989?S9FES <; D4EK9F4   
1  1,5 @<A A4 1 @@ 8<4@9FD4 8?S 89F4?9= >DG7?B7B E9K9A<S CD< A47D969 8B F9@C9D4FGD 700 - 
850°%. �D9@S A47D964 89F4?9= >648D4FAB7B E9K9A<S A9B5IB8<@B G69?<K<FP 6 1,5, 4 C?BE><I 
89F4?9= - 6 2 D4;4. %?98G9F GK9EFP, KFB CBFD95AB9 6D9@S A47D964 G@9APL49FES E G69?<K9A<9@ 
F9@C9D4FGDO. 

 

&45?<J4 1 3 !BD@O A47D964 EF4?< 6 @<AGF4I 
&9@C9D4FGD4 A47D964 
, ð% 

#DB8B?:<F9?PABEFP A47D964 < 6O89D:>< (6 @<AGF4I) 8?S B5D4;JB6 
D4;?<KAB= HBD@O 

 

 

�DG7 
(A4 1 @@ 8<4@9FD4) 

�648D4F 
(A4 1 @@ FB?M<AO) 

#?4EF<A4 
(A4 1 @@ FB?M<AO) 

600 2,0 3,0 4,0 

700 1,5 2,2 3,0 

800 1,0 1,5 2,0 

900 0,8 1,2 1,6 

1000 0,4 0,6 0,8 

 

 

4 "&#'%� %&��� 

"FCGE> EF4?< CD<@9ASRF 8?S G@9APL9A<S IDGC>BEF< ;4>4?9AAB= EF4?<. !4IB8SEP 6 
A9GEFB=K<6B@ EBEFBSA<<, ;4>4?9AA4S EF4?P EFD9@<FES C9D9=F< 6 EBEFBSA<9 D46AB69E<S. #D< 
>B@A4FAB= F9@C9D4FGD9 CDBJ9EE C9D9IB84 6 5B?99 GEFB=K<6B9 EBEFBSA<9 CDBF9>49F @98?9AAB, 
B8A4>B G:9 A95B?PLB= A47D96 (8B 80 - 100°%) CD<6B8<F > ;A4K<F9?PAB@G 97B GE>BD9A<R. 
&69D8BEFP EF4?< CD< QFB@ CD4>F<K9E>< A9 @9AS9FES, F.>. A9>BFBDB9 EA<:9A<9 F69D8BEF< 
@4DF9AE<F4 CD< G@9APL9A<< EB89D:4A<S G7?9DB84 >B@C9AE<DG9FES E GCB@SAGFO@ CDBJ9EEB@ 
B5D4;B64A<S @4DF9AE<F4, CDB<EIB8<F CD96D4M9A<9 BEF4FBKAB7B  4GEF9A<F4 6  H9DD<FB-
>4D5<8AGR E@9EP (C9D?<F). 1FBF CDBJ9EE EBCDB6B:849FES 6A4K4?9 5OEFDO@ EA<:9A<9@ CD< 
CB6OL9A<< F9@C9D4FGDO ;4 EK9F GE>BDSRM97BES @4DF9AE<F4, ;4F9@ F9@C EA<:9A<S F69D8BEF< 
G@9APL49FES <;-;4 CD96D4M9A<S BEF4FBKAB7B 4GEF9A<F4 6 5B?99 F69D8O= C9D?<F. �M9 5B?99 
6OEB><= A47D96 (300 - 400°%) CD<6B8<F > CB?AB@G D4EC48G @4DF9AE<F4 < B5D4;B64A<R @9?><I 
K4EF<J CDB@9:GFBKAOI >4D5<8B6. !4>BA9J, CD< A47D969 8B F9@C9D4FGD 500 - 700°% CDB<EIB8<F 
CB?AB9 B5BEB5?9A<9 >4D5<8B6 < <I DBEF. 

%BBF69FEF69AAB G>4;4AAO@ BEAB6AO@ CD96D4M9A<S@ CD< BFCGE>e, D4;?<K4RF A<;><=, 
ED98A<= < 6OEB><= BFCGE>. #BE?9 A<;>B7B BFCGE>4 (200 - 300°%) EFDG>FGD4 EF4?< EBEFB<F <; 
BFCGM9AAB7B @4DF9AE<F4 < FDBBEF<F4 BFCGE>4, KFB B59EC9K<649F 6OEB>GR F69D8BEFP < 
CDBKABEFP CD< @4?B= C?4EF<KABEF<. %D98A<= < 6OEB><= BFCGE> CD<6B8SF > CB?GK9A<R FDBBEF<F4 
<?< EBD5<F4 BFCGE>4, EBBF69FEF69AAB. 1F< EFDG>FGDO (E@. D<EGAB> 7) BF?<K4RFES BF 
4A4?B7<KAOI EFDG>FGD CBE?9 ;4>4?>< ;9DA<EFB= HBD@B= H9DD<FB->4D5<8AB= E@9E< (CBE?9 ;4>4?>< 
CB?GK4RFES C?4EF<AK4FO9 EFDG>FGDO). %D98A<= < BEB59AAB 6OEB><= BFCGE> CD<6B8SF > 
EGM9EF69AAB@G CB6OL9A<R 6S;>BEF< EF4?<. #D< QFB@ 99 F69D8BEFP < CDBKABEFP ;4@9FAB 6OL9, 
K9@ G BFB::9AAB= EF4?<. #BQFB@G 86B=A4S B5D45BF>4 «;4>4?>4-BFCGE>» S6?S9FES A4<5B?99 L<DB>B 
CD<@9AS9@B=. &4> A4;O649@B9 G?GKL9A<9 (;4>4?>4 + 6OEB><= BFCGE>), K4EFB CD<@9ASRM99ES 
8?S ED98A9G7?9DB8<EFOI EF4?9=, F4>:9 BFABE<FES > QFB@G >?4EEG. 
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4) EF4?P 45 CBE?9 BF:<74,                 5) EF4?P '8� CBE?9 BF:<74 
 

              
 

6) EF4?P '8 CBE?9 EH9DB<8<;4J<<       7) EF4?P '8� CBE?9 ;4>4?>< <    
                                                                    BFCGE>4 (600°% - 30 @<AGF) 
 

$<EGAB> 7 -  <>DBEFDG>FGDO EF4?9= CBE?9 D4;?<KAOI  
                                F9D@BB5D45BFB> 

 

 

5 #"$/�"� #$"����!�/ $��"&/ 

 

5.1 #B?GK<FP G CD9CB8464F9?S B5D4;JO L?<HB6 EF4?9= 45 < '8.  
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5.2 #DBFD46<FP <I 8?S 6OS6?9A<S @<>DBEFDG>FGDO 5%-AO@ EC<DFB6O@ D4EF6BDB@ 
HN03 6 F9K9A<9 10 E9>. 

5.3 �;GK<FP EFDG>FGDG EF4?9= A4 @<>DBE>BC9   $-4 <?<   '-3 CD< G69?<K9A<SI    
200 - 500I, BCD989?<FP EFDG>FGDAO9 EBEF46?SRM<9, ;4D<EB64FP EI9@4F<K9E>< CB?GK9AAO9 
EFDG>FGDO.  

5.4 "CD989?<FP F69D8BEFP B5D4;JB6 EF4?9= 45 < '8 CB $B>69??G (!RB) 
5.5 "CD989?<FP F9@C9D4FGDO < CDB8B?:<F9?PABEFP A47D964 B5D4;JB6 CB8 ;4>4?>G < 

A9B5IB8<@GR ;4>4?BKAGR ED98G. 
5.6 �47DG;<FP B5D4;JO 6 @GH9?PAGR C9KP, 6O89D:4FP FD95G9@B9 6D9@S < ;4>4?<FP. 
5.7 %ASFP B>4?<AG < BCD989?<FP F69D8BEFP ;4>4?9AAOI B5D4;JB6 CB $B>69??G (HR�). 

%D46A<FP CB?GK9AAO9 D9;G?PF4FO E F69D8BEFPR EF4?< 6 <EIB8AB@ EBEFBSA<<. 
5.8 #B87BFB6<FP @<>DBL?<HO ;4>4?9AAOI EF4?9=, CDBFD46<FP <I < <EE?98B64FP  

@<>DBEFDG>FGDO  (E@. C. 5.2 < 5.3). %I9@O @<>DBEFDG>FGD ;4D<EB64FP. 
5.9 #DB69EF< BFCGE> EF4?<. 
5.10 �EE?98B64FP @<>DBEFDG>FGDG BFCGM9AAB= EF4?< EB7?4EAB C.5.8. %I9@O 

@<>DBEFDG>FGD ;4D<EB64FP.  
5.11 "CD989?<FP F69D8BEFP BFCGM9AAOI B5D4;JB6.  
5.12 #DB4A4?<;<DB64FP D9;G?PF4FO < EBEF46<FP BFK9F. 
 

6 %"��$��!�� "&+�&� 

 

6.1 �D4F>B9 F9BD9F<K9E>B9 66989A<9.  
6.2 *9?P D45BFO. 
6.3 "EAB6AO9 D9;G?PF4FO 6 6<89 F45?<J, 7D4H<>B6 <  EI9@ A45?R849@OI 

@<>DBEFDG>FGD.  
6.4 �D4F>B9 B5NSEA9A<9 CB?GK9AAOI D9;G?PF4FB6.  
6.5 �O6B8O. 

7 �"!&$"�0!/� �"#$"%/ 

7.1. +9@   BCD989?S9FES  F9@C9D4FGD4  A47D964  8BQ6F9>FB<8AB= EF4?< CB8 ;4>4?>G? 
7.2.  #BK9@G 8?S ;4Q6F9>FB<8AOI EF4?9= CD<@9ASRF A9CB?AGR ;4>4?>G? 

7.3.  �4> EFDB<FES 8<47D4@@4 <;BF9D@<K9E>B7B D4EC484 4GEF9A<F4? �4> E 99 CB@BMPR 
BCD989?<FP A9B5IB8<@GR E>BDBEFP ;4>4?><? 

7.4.  #BK9@G CD<   BFCGE>9   EA<:49FES   F69D8BEFP   ;4>4?9AAB= EF4?<? 
7.5. �4>4S F9D@<K9E>4S B5D45BF>4 A4;O649FES G?GKL9A<9@? 

��&�$�&'$� 

1. �G?S96 �.#.  9F4??B6989A<9. -  .:  9F4??GD7<S, 1986. -544 E. 
2.  9F4??B6989A<9 < F9D@<K9E>4S B5D45BF>4: %CD46BKA<>. #B8 D98.  .�. �9DLF9=A4 < 

�.�. $4ILF48F4, F.1. -  .:  9F4??GD7<;84F, 1961. - 345 E. 
3. �4IF<A 2. .  9F4??B6989A<9 < F9D@<K9E>4S B5D45BF>4 @9F4??B6. -  .: 

 9F4??GD7<S, 1989. - 446 E. 
 



 77 

3.4.4. �01>@0B>@=0O @01>B0 № 4 «�7CG5=85 A2>9AB2 GC3C=>2» 
 

1 &�"$�&�+�%��/ +�%&0 

 

+G7GA4@< A4;O64RFES EC?46O E<EF9@O :9?9;B-G7?9DB8 E EB89D:4A<9@ CBE?98A97B  2,14-

6,67%(CB @4EE9). �; 8<47D4@@O EBEFBSA<S Fe-C, CB>4;4AAB= A4 D<EGA>9 1, 6<8AB, KFB > 
KG7GA4@ BFABESFES EC?46O, EB89D:4M<9 Q6F9>F<>G, A4;O649@GR ?9895GD<FB@.  

    t,○% 

 %,% 

$<EGAB> 1 - �<47D4@@4 EBEFBSA<S Fe-C @9F4EF45<?PA4S (J9@9AFA4S) 8<47D4@@4 
EF45<?PA4S (7D4H<FA4S) 8<47D4@@4 

 

%F45<?PAB= (D46AB69EAB=) G7?9DB8BEB89D:4M9= H4;B= S6?S9FES 7D4H<F, J9@9AF<F :9 
S6?S9FES @9F4EF45<?PAB= (A9D46AB69EAB=) H4;B=. � EF4?SI G7?9DB8 B5OKAB A4IB8<FES 6 6<89 
J9@9AF<F4, 6 KG7GA9 :9 6B;@B:AB B5D4;B64A<9 < J9@9AF<F4 < 7D4H<F4. �O89?9A<9 G7?9DB84 6 
6<89 7D4H<F4 <?< J9@9AF<F4 ;46<E<F BF EBEF464 KG7GA4 < GE?B6<= >D<EF4??<;4J<<.  +G7GAO, 
EB89D:4M<9 G7?9DB8 ?9895GD<F4 6 6<89 J9@9AF<F4, A4;O64RF 59?O@<, 4 EB89D:4M<9 G7?9DB8 
6 6<89 7D4H<F4 - E9DO@<, CB J69FG <;?B@4.  

$4;?<K4RF F4>:9 CB?B6<AK4FO= < BF59?9AAO= KG7GAO. � CB?B6<AK4FB@ KG7GA9 
B8AB6D9@9AAB <@9RF @9EFB J9@9AF<F < 7D4H<F. � BF59?9AAB@ :9 KG7GA9 6 CB69DIABEFAOI 
E?BSI CDB<;BL?B BF59?<64A<9, F.9. G7?9DB8 A4IB8<FES 6 6<89 J9@9AF<F4, 4 6 E9D8J96<A9 - 6 
6<89 7D4H<F4. 

"5OKAB CD<@9AS9@O9 KG7GAO EB89D:4F BF 2,4 8B 3,8% %. '69?<K9A<9 EB89D:4A<S 
G7?9DB84 CD<6B8<F > EA<:9A<R @9I4A<K9E><I E6B=EF6 KG7GA4, 4 G@9APL9A<9 - > GIG8L9A<R 
?<F9=AOI E6B=EF6, <;-;4 D4EL<D9A<S <AF9D64?4 >D<EF4??<;4J<<. 
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�E9 KG7GAO B5S;4F9?PAB EB89D:4F 1,2-3,5% Si, 8B 1,3%  n, 4 F4>:9 HBEHBD < E9DG. 
�D9@A<= < G7?9DB8 ECBEB5EF6GRF 6O89?9A<S G7?9DB84 6 KG7GA9 6 6<89 7D4H<F4 
(7D4H<F<;4J<S), FB784 >4> @4D74A9J ECBEB5EF6G9F 6O89?9A<S G7?9DB84 6 6<89 EB98<A9A<S E 
:9?9;B@ Fe3C (BF59?<64A<R). �?<SA<9 EB89D:4A<S >D9@A<S  < G7?9DB84 A4 EFDG>FGDAB9  
EBEFBSA<9 CB>4;4AB A4 D<EGA>9 2. 

 
               0        1          2          3         4         5          6          7     Si,% 

 

$<EGAB> 2 - �?<SA<9 G7?9DB84 < >D9@A<S A4 EFDG>FGDG KG7GA4 
I - 59?O9 KG7GAO; II-V - E9DO9 KG7AO 

 

�?<SA<9 E>BDBEF< BI?4:89A<S A4 EFDG>FGDG KG7GA4 CB>4;4AB A4 D<EGA>9 3. %>BDBEFP 
BI?4:89A<S ;46<E<F 7?46AO@ B5D4;B@ BF FB?M<AO BF?<6><, 4  F4>:9 BF @4F9D<4?4 < 
F9@C9D4FGDO  ?<F9=AB= HBD@O (<;?B:A<JO).
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(C+Si),% 

 
$<EGAB> 3 3 �?<SA<9 E>BDBEF< BI?4:89A<S (FB?M<AO BF?<6><) A4 EFDG>FGDG 

KG7GA4 
I - 59?O9 KG7GAO; II-V - E9DO9 KG7GAO 

 

%9DO9 KG7GAO @B7GF D4;?<K4FPES CB HBD@9 K4EF<J 7D4H<F4 < CB EFDG>FGD9 
@9F4??<K9E>B= BEAB6O. � B5OKAOI E9DOI KG7GA4I 6>?RK9A<S 7D4H<F4 <@9RF HBD@G C?4EF<AB> 
(D<EGAB> 4). !98BEF4FB> F4>B= EFDG>FGDO ;4>?RK49FES 6 FB@, KFB C?4EF<A>< 7D4H<F4, H4;O E 
@4?B= CDBKABEFPR 89=EF6GRF >4> A48D9;O, KFB CD<6B8<F > EA<:9A<R CDBKABEF< < 
C?4EF<KABEF< @4F9D<4?4.  #BQFB@G 6  E9DOI KG7GA4I  A9  74D4AF<DG9FES BFABE<F9?PAB9 
G8?<A9A<9, 4 FB?P>B CD989?O CDBKABEF< CD< D4EFS:9A<< < <;7<59. "5B;A4K4RFES E9DO9 KG7GAO 
E?98GRM<@ B5D4;B@: C+ 12-28 

 

         %+                                12                   -                    28   

 

%9DO= KG7GA          #D989? CDBKABEF<               #D989? CDBKABEF<  
                                CD< D4EFS:9A<< (B)                  CD< <;7<59 
 

� >B6>B@ KG7GA9 6>?RK9A<S 7D4H<F4 <@9RF I?BCP96<8AGR HBD@G (D<EGAB> 4�).   1FB  
CD<6B8<F  > ;A4K<F9?PAB@G  G?GKL9A<R  CDBKABEFAOI  < C?4EF<K9E><I I4D4>F9D<EF<> KG7GA4. 

�B6><= KG7GA B5B;A4K4RF E?98GRM<@ B5D4;B@: �+ 35-10 

         �+                                      35                        -                   10 

 

�B6><= KG7GA         #D989? CDBKABEF<( 6 )             "FABE<F9?PAB9  
                                                                                     G8?<A9A<9 ( ) 
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4) 

 
5) 

 

$<EGAB> 4 3  <>DBEFDG>FGD4 KG7GA4 
4) E9DO= KG7GA; 5) >B6><= KG7GA 

 

�B6><= KG7GA CB?GK4RF BF:<7B@, F4> A4;O649@O@ FBC?9A<9@ 59?B7B KG7GA4. %I9@4 
F4>B7B BF:<74 CB>4;4A4 A4 D<EGA>9 5. 

 

 

"F:<7 CD< 6OEB>B= F9@C9D4FGD9 (1 EF48<S) CD<6B8<F > CD96D4M9A<R 6 7D4H<F 
J9@9AF<F4, EB89D:4M97BES 6 ?9895GD<F9. #BE?98GRM<= BF:<7 65?<;< F9@C9D4FGDO 
Q6F9>FB<8AB7B CD96D4M9A<S (2 EF48<S) CD<6B8<F > CD96D4M9A<R 6 7D4H<F J9@9AF<F4 C9D?<F4. 
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$<EGAB> 5 3 %I9@4 BF:<74 >B6>B7B KG7GA4 
 

�4DP<DB64A<9 CDB8B?:<F9?PABEFPR 2 EF48<< BF:<74 CB;6B?S9F @9ASFP EFDG>FGDG 
@9F4??<K9E>B= BEAB6O KG7GA4. �E?< G@9APL<FP CDB8B?:<F9?PABEFP BF:<74 A4  6FBDB= EF48<<,  
FB  4GEF9A<F CD96D4F<FES  6  C9D?<F,  >BFBDO=  < BEF4A9FES 6 EFDG>FGD9 KG7GA4. &4>B= KG7GA 
A4;O64RF C9D?<FAO@. '69?<K9A<9 8?<F9?PABEF< 2 EF48<< BF:<74 CD<6B8<F > CD96D4M9A<R 
J9@9AF<F4 C9D?<F4 6 7D4H<F. #D< QFB@ G7?9DB8 GIB8<F <; K4EF<J J9@9AF<F4 > G:9 <@9RM<@ES 
7D4H<FAO@ 6>?RK9A<S@. #BQFB@G CBE?9 8BEF4FBKAB 8?<F9?PAB7B BF:<74 C9D?<F CB?ABEFPR 
5G89F ;4@9A9A H9DD<FB@. &4>B= KG7GA A4;O649FES H9DD<FAO@. �E?< :9 6 EFDG>FGD9 <@9RFES < 
C9D?<F < E6B5B8AO= (A9 6IB8SM<= 6 EBEF46 C9D?<F4) H9DD<F, FB F4>B= KG7GA A4;O649FES 
H9DD<FAB-C9D?<FAO@. 

�OEB>BCDBKAO= KG7GA BF?<K49FES B>DG7?B=, L4DB6<8AB= HBD@B= 7D4H<FAOI 
6>?RK9A<=. #B?GK4RF 97B CGF9@ 8B546?9A<S > D4EC?46G A95B?PL<I >B?<K9EF6 M9?BKAOI <?< 
M9?BKAB;9@9?PAOI @9F4??B6 (F.A. @B8<H<J<DB64A<9). 

 9I4A<K9E><9 E6B=EF64 F4>B7B KG7GA4  69EP@4 6OEB>< < 8BEF<74RF GDB6AS E6B=EF6 ?<FB= 
EF4?<.  4D><DB6>4 6OEB>BCDBKAOI KG7GAB6 F4>B64: �+ 80-3 

                 �+                          80              -                3 

 

�OEB>BCDBKAO=                #D989?                 "FABE<F9?PAB9 
             KG7GA                CDBKABEF<( 6 )              G8?<A9A<9( ) 

 

 !4 D<EGA>9 6 CB>4;4AO 6B;@B:AO9 64D<4AFO EFDG>FGDO KG7GA4. 
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$<EGAB> 6 - �?4EE<H<>4J<S KG7GA4 CB EFDG>FGD9 @9F4??<K9E>B= BEAB6O < HBD@9 
7D4H<FAOI 6>?RK9A<= (EI9@O EFDG>FGD) 

 

�;@9A9A<9 EBEFBSA<S @9F4??<K9E>B= BEAB6O KG7GA4 CD<6B8<F > EGM9EF69AAB@G 
<;@9A9A<R @9I4A<K9E><I E6B=EF6 KG7GA4. #9D?<FAO9 KG7GAO <@9RF 5B?PLGR CDBKABEFP < 
@9APLGR C?4EF<KABEFP, K9@ H9DD<FAO9. 1FB B5EFBSF9?PEF6B CB;6B?S9F 64DP<DB64FP AG:AO9 
E6B=EF64 6 L<DB>B@ <AF9D64?9 ;A4K9A<=. 

 

2 #$� �!�!�� +'�'!� 

 

�9?O= KG7GA, 6E?98EF6<9 6OEB>B= F69D8BEF<, IDGC>BEF< < C?BIB= B5D454FO649@BEF< 
<@99F BK9AP B7D4A<K9AAB9 CD<@9A9A<9. � K4EFABEF< <; BF59?9AAB7B KG7GA4 <;7BF46?<64RF 
CDB>4FAO9 64?><, L4DO 8?S L4DB6OI @9?PA<J. 

(9DD<FAO9 < H9DD<FB-C9D?<FAO9 E9DO9 KG7GAO CD<@9ASRF 8?S <;7BFB6?9A<S 
E?45BA47DG:9AAOI < A9BF69FEF69AAOI ?<FOI 89F4?9=. 

#9D?<FAO9 E9DO9 KG7GAO CD<@9ASRFES 8?S <;7BFB6?9A<S ?<FOI EF4A<A, 89F4?9=, 
D45BF4RM<I A4 <;ABE 6 GE?B6<SI 5B?PL<I 846?9A<= (>B@CD9EEBDAB9, 4D@4FGDAB9  < FGD5<AAB9 
?<FP9 < F.C.). 

"F?<6>< <; H9DD<FAOI >B6><I KG7GAB6 CD<@9ASRF 8?S <;7BFB6?9A<S BF69FEF69AAOI 
89F4?9=, <ECOFO64RM<I G84DAO9, 6<5D4J<BAAO9, 6OEB><9 8<A4@<K9E><9 < EF4F<K9E><9 
A47DG;>< (>4DF9DO D98G>FBDB6, EFGC<JO < F.C.). 

�; C9D?<FAOI >B6><I KG7GAB6 <;7BF46?<64RF BF69FEF69AAO9 89F4?<, D45BF4RM<9 A4 <;ABE 
(89F4?< J9C9= >BA69=9DB6, 6FG?><, @GHFO < F.C.). 

�OEB>BCDBKAO= KG7GA L<DB>B CD<@9ASRF 8?S <;7BFB6?9A<S BF69FEF69AAOI 89F4?9=: 
>B?9AK4FOI 64?B6, >DOL9> 5?B>B6 J<?<A8DB6, 89F4?9= CDB>4FAOI EF4A>B6, >BDCGEB6 A4EBEB6 
6OEB>B7B 846?9A<S < F.C. 
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3 "�"$'�"��!��, #$��"$/, �!%&$' �!&/ 

 

3.1 �B??9>J<S L?<HB6 KG7GA4 
3.2  9F4??B7D4H<K9E><= @<>DBE>BC  � -8 ( � -7) 

3.3 #D<5BDO 8?S <;@9D9A<S F69D8BEF<. 
 

 

4 #$��&�+�%��/ +�%&0 

 

4.1. �;GK<FP < ;4D<EB64FP @<>DBEFDG>FGDG B5D4;JB6 KG7GA4.  
4.2.  �O5D4FP @9FB8 < <;@9D<FP F69D8BEFP B5D4;JB6 KG7GA4 
4.3. #B 6<8G @<>DBEFDG>FGDO BCD989?<FP (>4K9EF69AAB) @4D>G KG7GA4, ECBEB5 
B5D45BF><, <ECB?P;GS CD< QFB@ F4>:9 <;@9D9AAO9 ;A4K9A<S F69D8BEF<. 

4.4 %BEF46<FP BFK9F CB D45BF9. 
5 '����!�/ #" %"%&����!�. "&+�&� 

 

"FK9F CB D45BF9 8B?:9A EB89D:4FP: 
5.1. �D4F>B9 F9BD9F<K9E>B9 66989A<9. 
5.2. %I9@O @<>DBEFDG>FGDO <EE?98B64AAOI B5D4;JB6 KG7GA4. 
5.3. $4EK9FO ;A4K9A<= F69D8BEF< B5D4;JB6. 
5.4. #D<69EF< @4D>< B5D4;JB6 KG7GA4 < B5BEAB64FP E89?4AAO= 6O5BD. 
5.5 �O6B8O CB D45BF9, 789 8B?:AO 5OFP >BDBF>B <;?B:9AO EBB5D4:9A<S B EFDG>FGD9, 

@4D>9, ECBEB54I CB?GK9A<S < ECBEB54I B5D45BF>< <EE?98B64AAOI B5D4;JB6 KG7GA4. 
 

 

6 �"!&$"�0!/� �"#$"%/ 

 

6.1 � K9@ ;4>?RK49FES CD<AJ<C<4?PAB9 D4;?<K<9 KG7GAB6 < EF4?9=? 
6.2 +9@ D4;?<K49FES CB6989A<9 G7?9DB84 6 EF4?< < KG7GA9. 
 

 

7 ��&�$�&'$� 

 

7.1 �G?S96 �.#.  9F4??B6989A<9. 'K95A<> 8?S 6G;B6. 3  .: @9F4??GD7<S, 1977. 3 542 E. 
7.2 �BDBF<A �. ., %7<5A96 �.(. GK95A<> 8?S ED98A<I < 6OEL<I GK95AOI ;46989A<=. 3 

 .: &9D@<EF, 1963. 
 



 84 

#$��"��!�� � 

 

 8:@>AB@C:BC@O GC3C=>2 4> 8 ?>A;5 B5@<>>1@01>B:8 

 

 
 

- E9DO= KG7GA (G69?<K9A<9 300), 
- E9DO= KG7GA, A47D96 800 °%, 6O89D:>4 1 K4E, ;4>4?>4 (G69?<K9A<9 300), 
- E9DO= KG7GA, A47D96 800 °%, 6O89D:>4 1 K4E, ;4>4?>4, BFCGE> 500°%, 20 @<AGF (G69?<K9A<9 

300), 

 - E9DO= KG7GA, A47D96 800 °%, 6O89D:>4 1 K4E, ;4>4?>4, BFCGE> 500 °%, 20 @<AGF (G69?<K9A<9 
50). 
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#$��"��!�� � 

 

 8:@>AB@C:BC@O GC3C=>2 

 

 
 

� - >B6><= KG7GA (G69?<K9A<9 50),  
� - >B6><= KG7GA (300), 
�- >B6><= KG7GA, A47D96 800 °%, 6O89D:>4 1 K4E, ;4>4?>4 (50), 
� - E9DO= KG7GA, A47D96 800 °%. �O89D:>4 1 K4E, ;4>4?>4 (50). 
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3.4.5. �01>@0B>@=0O @01>B0 № 5 ««�5D>@<8@C5<O5 0;N<8=852O5 A?;02O, C?@>G=O5<O5 
B5@<8G5A:>9 >1@01>B:>9»» 
 

1 *��0 $��"&/ 

 

     1.1 ";A4>B@?9A<9 E EBEF46B@, >?4EE<H<>4J<9=, @4D><DB6>B=, F9D@<K9E>B= B5D45BF>B=, 
E6B=EF64@< < B5?4EFS@< CD<@9A9A<S 4?R@<A<96OI EC?46B6. 
     1.2 1>EC9D<@9AF4?PAB9 <;GK9A<9 6?<SA<S F9D@<K9E>B= B5D45BF>< A4 E6B=EF64 8GD4?R@<A4. 
 

2 "�-�� %����!�3 

 

     2.1 %6B=EF64 4?R@<A<S 
      �?R@<A<= >D<EF4??<;G9FES 6 7D4A9J9AFD<DB64AAB= >G5<K9E>B= D9L9F>9. �??BFDBC<K9E><I 
CD96D4M9A<= A9 <@99F. �*� D9L9F>4 CD98BCD989?S9F 6OEB><= (E GK9FB@, KFB F9@C9D4FGD4 
C?46?9A<S 6E97B 660 °%) >B@C?9>E @9I4A<K9E><I E6B=EF6 4?R@<A<S, >4> CD< >B@A4FAB=, F4> < 
CD< CB6OL9AAOI F9@C9D4FGD4I. �?R@<A<= BFABE<FES > 7DGCC9 ?97><I @9F4??B6. �7B C?BFABEFP 
3 2700 >7/@3. "A B5?4849F 6OEB>B= Q?9>FD<K9E>B=  CDB6B8<@BEFPR < F9C?BCDB6B8ABEFPR. 
       9I4A<K9E><9 E6B=EF64 4?R@<A<S I4D4>F9D<;GRFES A<;><@< ;A4K9A<S@< 45EB?RFAB= 
CDBKABEF< < F69D8BEF< < 6OEB>B= C?4EF<KABEFPR. 
      �?R@<A<= B5?4849F 6OEB>B= I<@<K9E>B= 4>F<6ABEFPR < B8AB6D9@9AAB <E>?RK<F9?PAB= 
>BDDB;<BAAB= EFB=>BEFPR. !4 6B;8GI9 BA CB>DO649FES FBA>B=, AB BK9AP CDBKAB= 59ECBD<EFB= 
B>E<8AB= C?9A>B= Al2O3, A489:AB ;4M<M4RM9= @9F4?? BF 84?PA9=L97B B><E?9A<S. 
      +9@ 4?R@<A<= K<M9, F9@ 6OL9 97B >BDDB;<=A4S EFB=>BEFP, C?4EF<KABEFP, Q?9>FDB- < 
F9C?BCDB6B8ABEFP < F9@ A<:9 CDBKABEFP < F69D8BEFP. &4>, ?<FB= 4?R@<A<= 6OEB>B= K<EFBFO 
@4D>< �955 (EG@@4DAB9 >B?<K9EF6B CD<@9E9= 0,005 %) <@99F CD989? CDBKABEF< CD< D4EFS:9A<< 
50  #4, BFABE<F9?PAB9 G8?<A9A<9 45 %, F69D8BEFP CB �D<A9??R 15 HB. ' 4?R@<A<S @4D>< �0 
(EG@@4 CD<@9E9= 1%) F9 :9 I4D4>F9D<EF<>< EBBF69FEF69AAB D46AO 90  #4, 30 % < 25 !�. 
      �;-;4 A<;><I CDBKABEFAOI E6B=EF6 4?R@<A<= CD<@9ASRF ?<LP 8?S A9A47DG:9AAOI 89F4?9= 
< Q?9@9AFB6 >BAEFDG>J<=, >B784 BF @4F9D<4?4 FD95G9FES ?97>BEFP, >BDDB;<BAA4S EFB=>BEFP, 
C?4EF<KABEFP, E64D<649@BEFP. 
     2.2 %C?46O 4?R@<A<S 
     � K<E?G 8BEFB<AEF6 EC?46B6 A4 BEAB69 4?R@<A<S BFABESFES: @4?4S  C?BFABEFP, 6OEB><9 
G89?PAO9 @9I4A<K9E><9 E6B=EF64, 6OEB>4S >BDDB;<BAA4S EFB=>BEFP, L<DB><= F9@C9D4FGDAO= 
8<4C4;BA D45BFO, A4K<A4S E F9@C9D4FGDO :<8>B7B 6B8BDB84, 6OEB>4S 6S;>BEFP D4;DGL9A<S, 
E64D<649@BEFP, ?97>BEFP B5D45BF>< D9:GM<@ <AEFDG@9AFB@. 
      � A4EFBSM99 6D9@S 4?R@<A<96O9 EC?46O S6?SRFES 64:A9=L<@ >BAEFDG>J<BAAO@ 
@4F9D<4?B@ ?9F4F9?PAOI 4CC4D4FB6. 
      � >4K9EF69 BEAB6AOI ?97<DGRM<I Q?9@9AFB6 6 4?R@<A<96OI EC?464I CD<@9ASRF Cu, Mg, 
Si, Mn, Zn, A9E>B?P>B D9:9 <ECB?P;GRF Ni, Li, Ti, Be, Zr < 8D. 
      #DB@OL?9AAO9 4?R@<A<96O9 EC?46O 54;<DGRFES A4 DS89 @AB7B>B@CBA9AFAOI E<EF9@: Al-
Si, Al-Mg, Al-Cu, Al-Cu-Mg, Al-Cu-Mn, Al-Cu-Li, Al-Mg-Si, Al-Be-Mg, Al-Zn-Mg-Cu, Al-Mg-Si-

Cu < 8D. 
      �?S H<;<>B-I<@<K9E>B7B 6;4<@B89=EF6<S 4?R@<A<S E ?97<DGRM<@< Q?9@9AF4@< I4D4>F9DA4 
A<;>4S (;4 <E>?RK9A<9@ Zn), ;46<ESM4S BF F9@C9D4FGDO, D4EF6BD<@BEFP <I 6 4?R@<A<<. � 
GE?B6<SI D46AB69E<S EC?46O EBEFBSF <; A<;>B?97<DB64AAB7B F69D8B7B D4EF6BD4 < 
<AF9D@9F4??<8AOI H4; F<C4: 
CuAl2 (F9F4--H4;4), Al2Mg3Zn3 (&-H4;4), Al2CuMg (S-H4;4), Mg2Si, Al3Mg2 < 8DG7<I. 
    2.3 �?4EE<H<>4J<S < @4D><DB6>4 4?R@<A<96OI EC?46B6 
     �?R@<A<96O9 EC?46O >?4EE<H<J<DGRF CB F9IAB?B7<< <;7B-FB6?9A<S (89HBD@<DG9@O9, 
?<F9=AO9, CBDBL>B6O9), ECBEB5ABEF< > GCDBKA9A<R F9D@<K9E>B= B5D45BF>B= (GCDBKAS9@O9 < 
A9GCDBKAS9@O9) < E6B=EF64@ (:4DBCDBKAO9, >B6BKAO9, 6OEB>BCDBKAO9, EC?46O 8?S ;4>?9CB> < 
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8D.). "EAB6B= 8?S D4;89?9A<S EC?46B6 CB F9IAB?B7<< <;7BFB6?9A<S < ECBEB5ABEF< > 
F9D@<K9E>B= B5D45BF>9 S6?SRFES 8<47D4@@O EBEFBSA<S.  
     � A4EFBSM99 6D9@S CD<ASF4 E?B:A4S 5G>69AA4S < 5G>69AAB-J<HDB64S E<EF9@4 @4D><DB6>< 
4?R@<A<96OI EC?46B6. 
      �9HBD@<DG9@O9 EC?46O B5B;A4K4RF 5G>64@<: 
      � 3 8GD4?R@<AO, A4CD<@9D �1, �16, �19 (CD<?B:9A<9 �, F45?<J4 �.5); 
      �� 3 89HBD@<DG9@O= 4?R@<A<=, A4CD<@9D ��0, ��1, ��33 (CD<?B:9A<9 �, F45?<J4 �.4); 
      �� 3 >B6BKAO9 4?R@<A<96O9 EC?46O, A4CD<@9D ��4-1, ��6, ��8 (CD<?B:9A<9 �, F45?<JO 
�.9, �.10); 
      � 7 3 EC?46O 4?R@<A<S E @47A<9@, A4CD<@9D � 75, � 76 (CD<?B:9A<9 �, F45?<J4 �.1); 
      � J - EC?46O 4?R@<A<S E @4D74AJ9@, (CD<?B:9A<<9 �, F45?<J4 �.2); 
      �� 3 46<4?<, A4CD<@9D �� (CD<?B:9A<9 �, F45?<J4 �.4); 
      � - 6OEB>BCDBKAO9 EC?46O, A4CD<@9D �93, �95, �96 (CD<?B:9A<9 �, F45?<J4 �.3). 
      �<F9=AO9 EC?46O B5B;A4K4RF 5G>64@< ��, A4CD<@9D, ��2, ��27, ��33 (CD<?B:9A<9 �, 
F45?<JO �.1 3 �.3); 
      *<HDO, E?98GRM<9 ;4 5G>64@<, @B7GF B;A4K4FP E<EF9@G ?97<DB64A<S (6 8GD4?R@<A4I, 6 
6OEB>BCDBKAOI EC?464I, 6 89HBD@<DG9@B@ 4?R@<A<<). � EC?464I � 7 J<HDO G>4;O64RF A4 
EB89D:4A<9 @47A<S 6 CDBJ9AF4I. �BCB?A<F9?PA4S J<HD4 6 B5B;A4K9A<SI EC?46B6 F<C4 ��4-1, 

��6-1 < 8D. B5B;A4K49F, KFB AB6O= EC?46 S6?S9FES 5?<;>B= @B8<H<>4J<9= EF4DB7B ��4, ��6 < 
F.8. 
      � A4EFBSM99 6D9@S 66B8<FES 98<A4S K9FOD9IJ<HDB64S E<EF9@4 @4D><DB6>< EC?46B6. 
�8<A<J4, EFBSM4S 6 A4K4?9 @4D><, I4D4>F9D<;G9F BEAB6G EC?464 3 4?R@<A<=. �FBD4S J<HD4 
B5B;A4K49F BEAB6AB= ?97<DGRM<= Q?9@9AF (<?< 7DGCCG Q?9@9AFB6). &D9FPS <?< FD9FPS < 6FBD4S 
J<HDO 3 F9 :9, KFB < 6 
EF4DB= @4D><DB6>9. !9K9FAB9 K<E?B <?< AB?P, EFBSM<9 A4 K9F69DFB@ @9EF9, B5B;A4K4RF 
89HBD@<DG9@O= EC?46, J<HD4 7 EBBF69FEF6G9F CDB6B?BKAB@G EC?46G, 9 3 EC9K9AAB@G EC?46G. ' 
?<F9=AOI EC?46B6 K9F69DF4S J<HD4 K9FA4S. 
     "COFAO9 EC?46O B5B;A4K4RFES J<HDB= 0, EF46SM9=ES 6 A4K4?9 @4D><, C9D98 98<A<J9= 
(CD<?B:9A<9 �, F45?<JO �.6, �.8). #D< F4>B= @4D><DB6>9 EC?46 �16, A4CD<@9D, B5B;A4K49FES 
1150. 

      +<EFBF4 EC?46B6 CB >BAFDB?<DG9@O@ CD<@9ES@ (Fe, Si < 8D.) B5B;A4K49FES 5G>64@<: «CK» 
(CB6OL9AAB= K<EFBFO), «K» (K<EFO=), «BK» (BK9AP K<EFO=), EFBSM<@< CBE?9 @4D>< EC?464. 
      %BEFBSA<9 89HBD@<DG9@OI EC?46B6, BFD4:4RM99 F9D@<K9E>B9 < F9D@B@9I4A<K9E>B9 
6B;89=EF6<9, <@99F E?98GRM<9 B5B;A4K9A<S:   3 @S7><=, BFB::9AAO=; & 3 ;4>4?9AAO= < 
9EF9EF69AAB EBEF4D9AAO=; &1 3 ;4>4?9AAO= < <E>GEEF69AAB EBEF4D9AAO= A4 @4>E<@4?PAGR 
CDBKABEFP; ! 3 A474DFB64AAO= (89HBD@4J<S 1 3 7 %); !1 <?< !! 3 GE<?9AAB A474DFB64AAO=; 
&! 3 ;4>4?9AAO=, 9EF9EF69AAB EBEF4D9AAO= < A474DFB64AAO= (CD<?B:9A<9 �, F45?<JO �.1-
�.10). 
      %BEFBSA<9 ?<F9=AOI EC?46B6, BFD4:4RM99 BEB59AABEF< F9IAB?B7<< ?<F9=AB7B 
CDB<;6B8EF64 < 6<8O F9D@<K9E>B= B5D45BF><, <@99F B5B;A4K9A<S: 
� 3 ?<FP9 6 C9EK4AO9 HBD@O; � - ?<FP9 CB 6OC?46?S9@O@ @B89?S@; " 3 ?<FP9 6 B5B?BK>B6O9 
HBD@O; � 3 ?<FP9 6 >B><?<; � 3 ?<FP9 CB8 846?9A<9@;   3 @B8<H<J<DB64AAB9 ?<FP9; &1 3 
EF4D9A<9; &2 3 BF:<7; &4 3 ;4>4?>4; &5 3 ;4>4?>4 < K4EF<KAB9 EF4D9A<9; &6 3 ;4>4?>4 < CB?AB9 
EF4D9A<9; &7 3 ;4>4?>4 < EF45<- ?<;<DGRM<= BFCGE>; &8 3 ;4>4?>4 < E@S7K4RM<= BFCGE> (6 
CD<?B:9A<< � F45?<JO �.11 3 �.13). 
        4D>< DS84 89HBD@<DG9@OI < ?<F9=AOI 4?R@<A<96OI EC?46B6, <I EBEF46, E6B=EF64 < 
CD<@9DO 6B;@B:AB7B CD<@9A9A<S CD<6989AO 6 CD<?B:9A<<. 
       2.4 &9D@<K9E>4S B5D45BF>4 8GD4?R@<AB6 
      �GD4?R@<A4@< A4;O64RF EC?46O A4 BEAB69 E<EF9@O Al-Cu-Mg E 8B546>4@< @4D74AJ4. 
�B?PL<AEF6B CDB@OL?9AAOI 8GD4?R@<AB6 EB89D:4F B>B?B 4 % Cu, 8B 2,5 % Mg, @9A99 1 % 
Mn. �DB@9 FB7B, 6 EC?464I CD<EGFEF6GRF A95B?PL<9 >B?<K9EF64 CBEFBSAAOI CD<@9E9= 3 Fe < Si 
(CD<?B:9A<9 �, F45?<J4 �.5). 
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      %FDG>FGD4 8GD4?R@<AB6 6 BFB::9AAB@ EBEFBSA<< CD98EF46?9A4 F69D8O@ D4EF6BDB@ 3 4?PH4 
?97<DGRM<I Q?9@9AFB6 6 Al < 6>?RK9A<S@< <AF9D@9F4??<8AOI H4;: CuAl2 (F9F4-H4;4), 
CuMgAl2 (S-H4;4), Cu2AlFe (N-H4;4), Mg2Si < 8DG7<I (D<EGAB> 15.2 4). 
 

                                      4)                    5)  

4 3 CBE?9 BF:<74; 5 3 CBE?9 ;4>4?>< 

$<EGAB> 15.2 3 <>DBEFDG>FGD4 EC?464 �16 
      'CDBKA9A<9 8GD4?R@<AB6 8BEF<74RF ;4>4?>B= < CBE?98GRM<@ EF4D9A<9@. �?S B5BEAB64A<S 
6O5BD4 F9@C9D4FGDO ;4>4?><, 4 F4>:9 8?S B5NSEA9A<S CD96D4M9A<=, CDBF9>4RM<I 6 EC?464I 
CD< F9D@BB5D45BF>9, @B:AB 6 C9D6B@ CD<5?<:9A<< <ECB?P;B64FP 8<47D4@@G EBEFBSA<S Al-Cu 

(D<EGAB> 15.3), CB- E>B?P>G 6 8GD4?R@<A4I @98P S6?S9FES 7?46AO@ ?97<DGRM<@ Q?9@9AFB@. 
      �; 8<47D4@@O 6<8AB, KFB D4EF6BD<@BEFP @98< 6 4?R@<A<< ;46<E<F BF F9@C9D4FGDO < 
@9AS9FES BF 0,5 % CD< 20 °% 8B 5,7 % CD< F9@C9D4FGD9 Q6F9>F<>< (548 °%). %?98B64F9?PAB, 
EGM9EF6G9F CD98CBEO?>4 6B;@B:ABEF< C9D96B84 86GIH4;AOI (EBEFBSM<I <; 4?PH4-H4;O < 
6FBD<KAOI >D<EF4??B6 Cu�12) EC?46B6 E >BAJ9AFD4J<9= Cu 8B 5,7 % A47D96B@ 6 B8ABH4;AB9 
EBEFBSA<9 (4?PH4-F69D8O= D4EF6BD) < CBE?98GRM9= H<>E4J<< 97B 5OEFDO@ BI?4:89A<9@. 
      #D< A47D969 8GD4?R@<AB6 8B F9@C9D4FGD ;4>4?>< (500±5 °%) Mg2Si-, F9F4- < S-H4;O 
D4EF6BDSRFES 6 4?R@<A<<. #BE?9 BI?4:89A<S 6 IB?B8AB= 6B89 EFDG>FGD4 ;4>4?9AAB7B EC?464 
EBEFB<F <; F69D8B7B D4EF6BD4 4?PH4 E 6>?RK9A<S@< @4?BD4EF6BD<@B= CD< A47D964A<< N-H4;O 
(D<EGAB> 15.3 ). 

 
 

          $<EGAB> 15.3 - �<47D4@@4 EBEFBSA<S 4?R@<A<=-@98P 
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      %69:9;4>4?9AAO9 8GD4?R@<AO <@9RF A96OEB>GR F69D8BEFP < CDBKABEFP, AB CB6OL9AAGR 
C?4EF<KABEFP, ?<LP A9E>B?P>B EA<:9AAGR CB ED46A9A<R E BFB::9AAO@ EBEFBSA<9@. 
      #9D9EOM9AAO= CB BFABL9A<R > D46AB69EAB@G (BFB::9AAB@G) EBEFBSA<R EC?46 S6?S9FES 
@9F4EF45<?PAO@ < CD< 8?<F9?PAB@ CD95O64A<< 6 B5?4EF< ABD@4?PAOI F9@C9D4FGD 
(9EF9EF69AAB@ EF4D9A<<) <?< CD< ED46A<F9?PAB A9CDB8B?:<F9?PAB@ A47D969 (<E>GEEF69AAB@ 
EF4D9A<<) <;@9AS9F E6B9 EBEFBSA<9, CD<5?<:4SEP > D46AB69EAB@G. 
      #D96D4M9A<S CD< EF4D9A<< CD<6B8SF > ;A4K<F9?PAO@ <;@9A9A<S@ E6B=EF6 EC?464: 
6B;D4EF4RF CDBKABEFP < F69D8BEFP CD< ;4@9FAB@ CBA<:9A<< C?4EF<KABEF< (D<EGAB> 15.4). 
 

 
 

     $<EGAB> 15.4 3 �;@9A9A<9 CDBKABEF< EC?46B6 E<EF9@O Al-Cu 

      6 ;46<E<@BEF< BF F9@C9D4FGDO < CDB8B?:<F9?PABEF< EF4D9A<S 
 

    � CDBJ9EE9 EF4D9A<S, A4 97B A4K4?PAB= EF48<<, 4FB@O ?97<DGRM<I Q?9@9AFB6 (6 EC?464I 
E<EF9@O �1-%u - 4FB@O @98<, D4ECB?B:9AAO9 6 E69:9;4>4?9AAB@ EC?469 E?GK4=AB, EB5<D4RFES 
6 BCD989?9AAOI @9EF4I >D<EF4??<K9E>B= D9L9F><, B5D4;GS GK4EF>< E D9;>B CB6OL9AAB= 
>BAJ9AFD4J<9= D4EF6BD9AAB7B >B@CBA9AF4, A4;O649@O9 ;BAO �<AP9 - #D9EFBA4 (;BAO � 3 #). 
      � D9;G?PF4F9 9EF9EF69AAB7B EF4D9A<S B5D4;GRFES ;BAO FB?M<AB= BF 0,5 8B 1 @@ < 
CDBFS:9AABEFPR BF 3 8B 6 A@ (<I A4;O64RF ;BAO �-#-1), 6O;O64S GCDBKA9A<9 EC?464. 
      �E?< 9EF9EF69AAB EBEF4D9AAO= EC?46 CB869D7AGFP >D4F>B6D9@9AAB@G A47D96G 8B 
F9@C9D4FGDO 250-270 °%, FB ;BAO � - # D4EF6BDSFES < EC?46 6B;6D4F<FES 6 E69:9;4>4?9AAB9 
EBEFBSA<9 E I4D4>F9DAO@< 8?S A97B E6B=EF64@< (A<;>B= F69D8BEFPR < 6OEB>B= C?4EF<KABEFPR). 
1FB S6?9A<9 CB?GK<?B A4;64A<9 6B;6D4F. 
      #BE?9 6B;6D4F4 EC?46 @B:9F 5OFP 6AB6P GCDBKA9A CD< 9EF9EF69AAB@ <?< <E>GEEF69AAB@ 
EF4D9A<<. 
      #D< <E>GEEF69AAB@ EF4D9A<< ;BAO � - # G>DGCASRFES, 8BEF<74S BF 1 8B 4 A@ CB FB?M<A9 < 
BF 20 8B 30 A@ CB CDBFS:9AABEF< (;BAO �-#-2). �BAJ9AFD4J<S @98< 6 A<I CD<5?<:49FES > 
EF9I<B@9FD<K9E>B@G EBBFABL9A<R 6 EB98<A9A<< %u�12. 
      �4?PA9=L99 D4;6<F<9 CDBJ9EEB6 <E>GEEF69AAB7B EF4D9A<S CD<6B8<F > CD9B5D4;B64A<R ;BA 
�-#- 2 6 K4EF<JO CDB@9:GFBKAB= F9F4-H4;O, <@9RM<= F4>B= :9 I<@<K9E><= EBEF46, >4> F9F4-
H4;4, AB E BF?<KAB= BF A99 >D<EF4??<K9E>B= D9L9F>B=, >B79D9AFAB E6S;4AAB= E ³-F69D8O@ 
D4EF6BDB@. #D< 84?PA9=L9@ CB6OL9A<< F9@C9D4FGDO F9F4-H4;4 B5BE45?<649FES BF F69D8B7B 
D4EF6BD4 < CD96D4M49FES 6 EF45<?PAGR >B47G?<DGRMGR F9F4-H4;G. 
      &4><@ B5D4;B@, D4;?<K4RF 864 6<84 EF4D9A<S: ;BAAB9, E6S;4AAB9 E B5D4;B64A<9@ FB?P>B ;BA 
� - #, < H4;B6B9, CD< >BFBDB@ 6B;A<>4RF @9F4EF45<?PAO9 < EF45<?PAO9 H4;O. 
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      %>BDBEFP <E>GEEF69AAB7B EF4D9A<S E<?PAB ;46<E<F BF F9@C9D4FGDO (D<EGAB> 15.4): 
CB6OL9A<9 F9@C9D4FGDO GE>BDS9F CDBJ9EE. "8A4>B 6 EC?464 E<EF9@O Al-Cu E 3-5 % @98< 
CB?GK49@4S CD< QFB@ @4>E<@4?PA4S CDBKABEFP F9@ A<:9, K9@ 6OL9 F9@C9D4FGD4 EF4D9A<S. 
!4<5B?PL99 GCDBKA9A<9 CB?GK4RF CD< 9EF9EF69AAB@ EF4D9A<< 6 D9;G?PF4F9 B5D4;B64A<S ;BA �-

#-1. 

      %?98G9F BF@9F<FP, KFB A9 6E9784 @4>E<@G@ CDBKABEF< 8BEF<749FES 9EF9EF69AAO@ EF4D9A<9@, 
5B?99 FB7B, 6B @AB7<I 6OEB>BCDBKAOI EC?464I 9EF9EF69AAB9 EF4D9A<9 A9 CDBF9>49F 6BB5M9. � 
5B?99 E?B:AOI CB I<@<K9E>B@G EBEF46G EC?464I A4<5B?PL4S CDBKABEFP A45?R849FES CD< 
<E>GEEF69AAB@ EF4D9A<< 6 D9;G?PF4F9 B5D4;B64A<S @9F4EF45<?PAOI H4; (E@. CD<?B:9A<9 �, 
F45?<J4 �.4, EC?46O A4 BEAB69 E<EF9@O Al-Mg-Si). 

 

       3 #"$3�"� �/#"�!�!�3 $��"&/ 

 

      3.1 ";A4>B@<FPES EB 6E9@< D4;89?4@< @9FB8<K9E>B7B DG>B6B8EF64. 
"F69FPF9 A4 6>?RK9AAO9 6 DG>B6B8EF6B 6BCDBEO. 
      3.2 #DB69EF< ;4>4?>G 1 B5D4;J4 8GD4?R@<A4 (F9@C9D4FGD4 ;4>4?>< 500±5 °%, 
CDB8B?:<F9?PABEFP CD95O64A<S B5D4;JB6 6 C9K< 3 30 @<A, BI?4:89A<9 6 6B89). "CD989?<F9 
F69D8BEFP HRB B5D4;JB6 8B < CBE?9 ;4>4?><. 
      3.3 #DB69EF< <E>GEEF69AAB9 EF4D9A<9 ;4>4?9AAOI B5D4;JB6 CD< F9@C9D4FGD9 250 °% 6 
F9K9A<9 1, 3, 5, 10, 15 < 30 @<A. �;@9DPF9 F69D8BEFP HRB EBEF4D9AAOI B5D4;JB6. 
      3.4 #DB69EF< F9D@<K9E>GR B5D45BF>G "6B;6D4F" 9EF9EF69AAB EBEF4D9AAOI B5D4;JB6, 
F9@C9D4FGD4 A47D964 250°%, 6D9@S 3 @<A. �;@9DPF9 F69D8BEFP HRB B5D4;JB6 8B < CBE?9 
6B;6D4F4. 
       3.5 $4EE@BFF9FP @<>DBEFDG>FGDO BFB::9AAOI, ;4>4?9AAOI, <E>GEEF69AAB < 9EF9EF69AAB 
EBEF4D9AAOI B5D4;JB6. 
    

4 1�%#�$� �!&��0!�3 #$"��$�� &�$ �+�%�"� "�$��"&�� �'$��2 �!�3. 
 

1. #B?GK<FP B5D4;9J 8RD4?R@<A<96B7B EC?464 � 1. 
2. �;@9D<FP F69D8BEFP @9FB8B@ �D<A9??S CD< A47DG;>9 500 >7. 
3. %89?4FP L?<H B5D4;J4, CDBFD46<FP 97B < CBE@BFD9FP @<>DBEFDG>FGDG. 
4. #B 8<47D4@@9 Al-Cu  6O5D4FP F9@C9D4FGDG A47D964 CB8 ;4>4?>G EC?464. 
5. #DB69EF< A47D96 B5D4;J4 8B F9@C9D4FGD 500 0% < 6O89D:>G CD< QFB= F9@C9D4FGD9 6 
F9K9A<< 20 @<AGF.    

6. �4>4?<FP B5D4;9J 6 6B89. 
7. �;@9D<FP F69D8BEFP @9FB8B@ �D<A9??S CD< A47DG;>9 500 >7. 
8. �;GK<FP @<>DBEFDG>FGDG B5D4;J4 CBE?9 ;4>4?><. 
9. �O5D4FP F9@C9D4FGDG BF:<74. 
10. #DB69EF<  BF:<7(<E>GEEF69AAB9 EF4D9A<9) B5D4;J4 6 F9K9A<< 20 @<AGF 
11. �;@9D<FP F69D8BEFP CBE?9 BF:<74.  
12. �;GK<FP @<>DBEFDG>FGDG B5D4;J4 CBE?9 BF:<74. 

 

"COFO �1 
1. F69D8BEFP <EIB8AB7B @4F9D<4?4-    (?<F9D. 410) 
2. F69D8BEFP CBE?9 ;4>4?><- (?<F. 320) 
3. F69D8BEFP CBE?9 <E>GEEF69AAB7B  EF4D9A<S 250 %- (380-390) 

 

5 %"��$��!�� $��"&/ 

 

       5.1 *9?P D45BFO. 
       5.2 �D4F><9 E6989A<S B EBEF469, E6B=EF64I, @4D><DB6>9, F9D@<K9E>B= B5D45BF>9 < 
CD<@9A9A<< 4?R@<A<96OI EC?46B6. 
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       5.3 �D4F>B9 BC<E4A<9 CDBJ9EEB6, CDBF9>4RM<I CD< F9D@<K9E>B= B5D45BF>9 4?R@<A<96OI 
EC?46B6. 
       5.4 $9;G?PF4FO Q>EC9D<@9AF4?PAB= D45BFO (@4D>4 EC?464, D9:<@O F9D@BB5D45BF><, 
F69D8BEFP B5D4;JB6 8B < CBE?9 >4:8B7B 6<84 F9D@BB5D45BF><, 7D4H<> <;@9A9A<S F69D8BEF< 
EC?464 6 ;46<E<@BEF< BF 6D9@9A< EF4D9A<S). 
       5.5 $<EGA>< D4EE@BFD9AAOI @<>DBEFDG>FGD B5D4;JB6. 
       5.6 �O6B8O CB Q>EC9D<@9AF4?PAB= D45BF9. 
 

 

#@8;>65=85 � 

(A?@02>G=>5) 
 

     �9HBD@<DG9@O9 4?R@<A<96O9 EC?46O, A9GCDBKAS9@O9 F9D@<K9E>B= B5D45BF>B= 

 

      &45?<J4 �.1 - %C?46O E<EF9@O �1- g (@47A4?<<) 
%C?46 
 

 

%D98A<= I<@. EBEF46 
(BEAB64 4?R@<A<=), % 

�<8 < D9:<@O 

F9D@<K9E>B= 

B5D45BF>< 
 

 

 9I4A<K9E><9 E6B=EF64 
 

Mg 

 

Mn 

 

8D. 
Q?9@9AFO 

6,  #4 
 

0,2,   #4 
 

, % 

 

� 72  

� 72# 

� 73  

� 75  

� 76  

� 76! 

� 76!! 

 

2,3 

2,3 

3,5 

5,3 

6,3 

6,3 

6,3 

0,4 

0,4 

0,45 

0,55 

0,65 

0,65 

0,65 

 

 

 

 

0,65 Si 

0.06 Ti 

0.06 Ti 

0.06 Ti 

0.06 Ti 

 

 : 450-470 B% 

 

 

 : 450-470 B% 

200 

250 

220 

300 

340 

390 

430 

100 

200 

110 

150 

170 

300 

350 

23 

10 

20 

20 

20 

10 

8 

 

         #D<@9A9A<9: �9A;B- < @4E?BCDB6B8O; E64DAO9 54>< < E64DAO9 >BAEFDG>J<< ED98A9= 
CDBKABEF<; ;4>?9C><. 
 

     &45?<J4 �.2 - %C?46O E<EF9@O �1-Mn 

%C?46 
 

 

%D98A<= I<@. EBEF46 
(BEAB64 4?R@<A<=), % 

�<8 < D9:<@O 

F9D@<K9E>B= 

B5D45BF>< 
 

 

 9I4A<K9E><9 E6B=EF64 
 

Mg 

 

Mn 

 

8D. 
Q?9@9A
FO 

6,  #4 
 

0,2,   #4 
 

, % 

 

� J  0,05 

 

1,0-1,6   : 450-470 B% 130 50 23 

� J  0,05 1,0-1,6  160 130 10 

 

 

#D<@9A9A<9: �9>BD4F<6A4S BF89?>4 >45<A E4@B?9FB6; <;7BFB6?9A<9 ё@>BEF9=, 59A;B- < 
@4E?BCDB6B8B6. 
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    �9HBD@<DG9@O9 4?R@<A<96O9 EC?46O, GCDBKAS9@O9 F9D@<K9E>B= B5D45BF>B= 

 

     &45?<J4 �.3 3 %C?46O E<EF9@O Al-Zn-Mg-Cu 

%C?46 
 

 

%D98A<= I<@. EBEF46 
(BEAB64 4?R@<A<=), % 

�<8 < D9:<@O 

F9D@<K9E>B= 

B5D45BF>< 
 

 

 9I4A<K9E><9 E6B=EF64 
 

 

Cu Mg 

 

Zn 

 

8D. 
Q?9@9AFO 

 

6, #4 
 

 

0,2,  
 #4 
 

, % 

 

 

�93&1 
�95&1 
�96*&1 

1,0 

1,7 

2,3 

 

1,9 

2,3 

2,7 

7,0 

6,0 

8,5 

0,3 Fe 

0.4 Mn, 

1.18 Cr 

 0.15 Zr 

�?S 6E9I 
EC?46B6: 
�4>4?>4 460-
470B%, 
IB?B8A4S <?< 
7BDSK4S 6B84; 
EF4D9A<9 140 
B%, 16 K 
 

500 

600 

670 

470 

560 

640 

8 

8 

7 

 

#D<@9A9A<9: �DGCAB7454D<FAO9 LF4@CB6>< < CD9EEB64AAO9 CB?GH45D<>4FO 8?S 
6OEB>BA47DG:9AAOI 89F4?9= E4@B?9FB6 (H<F<A7<, >DBALF9=AO, DOK47< < 8D.). 
 

    

 

 &45?<J4 �.4 - %C?46O E<EF9@O �1- g-Si 

 

%C?46 
 

 

%D98A<= I<@. EBEF46 
(BEAB64 4?R@<A<=), % 

�<8 < D9:<@O 

F9D@<K9E>B= 

B5D45BF>< 
 

 

 9I4A<K9E><9 E6B=EF64 
 

 

Cu Si 

 

Mg 

 

8D. 
Q?9@9AFO 

 

6, #4 
 

 

0,2,  
 #4 
 

, % 

 

 

��& 

��&1 
��31& 

��31&1 
��33& 

��33&1 
��35& 

��35&1 
 

 

0,4 

0,4 

 

 

0,3 

0,3 

 

0,7 

0,7 

0,7 

0,7 

1,0 

1,0 

1,1 

1,1 

0,9 

0,9 

0,5 

0,5 

0,6 

0,6 

1,0 

1,0 

 

 

 

 

 

 

 

0,25 Cr 

0.25 Cr 

0.7 Mn 

0.7 Mn 

 

�?S 6E9I 
EC?46B6: &: 520-
540 B%    &1: 
;4>4?>4 520-540 
B%; EF4D9A<9 
165 B%,  12-15 K. 

260 

380 

170 

240 

250 

340 

270 

360 

 

200 

300 

90 

190 

180 

280 

200 

290 

15 

12 

22 

12 

14 

11 

12 

11 

 

�<F9D4FGD4 
1. �.#. �G?S96.  9F4??B6989A<9. 'K95A<> 8?S 6G;B6.  .:  9F4??GD7<S, 1986. 544 E. 
2. 2.�45BD4FBDAO9 D45BFO CB @9F4??B6989A<R.  4L7<;, 1955, 165 E.  
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3.5 �>=B@>;P=O5 @01>BO ?> :C@AC « 0B5@80;>2545=85» ?> 20@80=B0< 

�"!&$"�0!/� $��"&/ 

�484A<S A4 >BAFDB?PAO9 D45BFO 6O84RF <A8<6<8G4?PAB >4:8B@G EFG89AFG. �484A<9 
6>?RK49F 6BCDBEO < ;484K< CB BEAB6AO@ D4;89?4@ >GDE4. 

#D< 6OCB?A9A<< >BAFDB?PAOI D45BF EFG89AFO <;GK4RF @9FB8<>G 6O5BD4 < A4;A4K9A<S 
EF4?9= < EC?46B6 8?S <;7BFB6?9A<S >BA>D9FAOI 89F4?9= @4L<A < D4;?<KAB7B 6<84 
<AEFDG@9AFB6, 4 F4>:9 ;A4>B@SFES E BEB59AABEFS@< EFDB9A<S, F9IAB?B7<9= CB?GK9A<S < 
B5?4EFPR CD<@9A9A<S A4<5B?99 D4ECDBEFD4A9AAOI A9@9F4??<K9E><I @4F9D<4?B6. 
"8AB6D9@9AAB EFG89AF 8B?:9A A4GK<FPES CB?P;B64FPES D9>B@9A8G9@O@< ECD46BKAO@< 
@4F9D<4?4@<, E F9@ KFB5O G@9FP 6 84?PA9=L9@ CD46<?PAB 6O5D4FP @4F9D<4? CD< >GDEB6B@ < 
8<C?B@AB@ CDB9>F<DB64A<<. 

#9D9K9AP �"%&B6, A9B5IB8<@OI 8?S 6OCB?A9A<S >BAFDB?PAOI D45BF, CD<6989A 6 
CD<?B:9A<<. �<47D4@@4 EBEFBSA<S :9?9;B-J9@9AF<F < 8<47D4@@4 <;BF9D@<K9E>B7B 
CD96D4M9A<S 4GEF9A<F4 Q6F9>FB<8AB= EF4?< '8 F4>:9 CD<6989AO 6 CD<?B:9A<< (E@. D<E. 1 < 2). 

����!�/ !� �"!&$"�0!'. $��"&' №1  

 

�0@80=B 1 
1. +FB F4>B9 ?<>64J<S? �<8O ?<>64J<<, CD<K<AO <I 6B;A<>AB69A<S < ECBEB5O 

GEFD4A9A<S. 
2. �4=F9 BCD989?9A<9 G84DAB= 6S;>BEF< (KCV). "C<L<F9 @9FB8<>G <;@9D9A<S QFB= 

I4D4>F9D<EF<>< @9I4A<K9E><I E6B=EF6 @9F4??4. 
3. �OK9DF<F9 8<47D4@@G EBEFBSA<S :9?9;B - >4D5<8 :9?9;4, G>4:<F9 EFDG>FGDAO9 

EBEF46?SRM<9 6B 6E9I B5?4EFSI 8<47D4@@O, BC<L<F9 CD96D4M9A<S < CBEFDB=F9 >D<6GR 
BI?4:89A<S (E CD<@9A9A<9@ CD46<?4 H4;) 8?S EC?464, EB89D:4M97B 3,6% %. �4>B64 EFDG>FGD4 
QFB7B EC?464 CD< >B@A4FAB= F9@C9D4FGD9 < >4> F4>B= EC?46 A4;O649FES? 

4. �OK9DF<F9 8<47D4@@G <;BF9D@<K9E>B7B CD96D4M9A<S 4GEF9A<F4 8?S EF4?< '8, 
A4A9E<F9 A4 A99 >D<6GR D9:<@4 <;BF9D@<K9E>B= B5D45BF><, B59EC9K<64RM9= CB?GK9A<9 
F69D8BEF< 45...50 HRC. '>4:<F9, >4> QFBF D9:<@ A4;O649FES, BC<L<F9 EGMABEFP CD96D4M9A<= < 
>4>4S EFDG>FGD4 CB?GK49FES 6 84AAB@ E?GK49. 

5. �4> <;@9ASRFES EFDG>FGD4 < E6B=EF64 EF4?< 40 < '12 6 D9;G?PF4F9 ;4>4?>< BF 
F9@C9D4FGDO 750 < 850° %. "5NSEA<F9 E CD<@9A9A<9@ 8<47D4@@O EBEFBSA<S :9?9;B-J9@9AF<F. 
�O59D<F9 BCF<@4?PAO= D9:<@ A47D964 CB8 ;4>4?>G >4:8B= EF4?<. 

�0@80=B 2 
1. �4> < CBK9@G E>BDBEFP BI?4:89A<S CD< >D<EF4??<;4J<< 6?<S9F A4 EFDB9A<9 E?<F>4? 
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