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$�%% "&$�!": 
*<>?B6B= @9FB8<K9E>B= >B@<EE<9=  
EC9J<4?PABEF< 21.02.03 %BBDG:9A<9 < Q>EC?G4F4J<S  
74;BA9HF9CDB6B8B6 < 74;BA9HF9ID4A<?<M  
#DBFB>B? № 9 
«31» @4S 2023 7. 
#D98E984F9?P * �: #B859?PE>4S �.!. 

 
 

 

 

 

 

 

 

 

 

$4;D45BFK<>:  (DB?B64 ">E4A4 �4?9AF<AB6A4,  CD9CB8464F9?P 6OEL9= >4F97BD<< %<5<DE>B7B 
>B??98:4 FD4AECBDF4 < EFDB<F9?PEF64 (��"' �" «�D>GFE><= 7BEG84DEF69AAO= GA<69DE<F9F 
CGF9= EBB5M9A<S». 
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�6989A<9 
 

�<EJ<C?<A4 "#*.13. 4F9D<4?B6989A<9 S6?S9FES K4EFPR CDB7D4@@O 

CB87BFB6>< EC9J<4?<EF4 ED98A97B ;69A4 6 EBBF69FEF6<< E (�"% %#" CB 
EC9J<4?PABEF< 21.02.03. %BBDG:9A<9 < Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6 < 
74;BA9HF9ID4A<?<M. 

�>FG4?PABEFP <;GK49@B= 8<EJ<C?<AO B5GE?B6?9A4 ;A4K<@BEFPR ;A4A<= B 
@4F9D<4?4I, G@9A<= <EE?98B64A<S <I E6B=EF6 < >4K9EF64 6 5G8GM9= 
CDBH9EE<BA4?PAB= 89SF9?PABEF< B5GK4RM<IES. 

� D9;G?PF4F9 BE6B9A<S 8<EJ<C?<AO B5GK4RM<=ES 8B?:9A G@9FP: 
2 6O5<D4FP @4F9D<4?O A4 BEAB69 4A4?<;4 <I E6B=EF6 8?S >BA>D9FAB7B 

CD<@9A9A<S; 
2 6O5<D4FP ECBEB5O EB98<A9A<S @4F9D<4?B6; 
2 B5D454FO64FP 89F4?< <; BEAB6AOI @4F9D<4?B6. 
� D9;G?PF4F9 BE6B9A<S 8<EJ<C?<AO B5GK4RM<=ES 8B?:9A ;A4FP: 
2 EFDB9A<9 < E6B=EF64 @4F9D<4?B6; 
2 @9FB8O BJ9A>< E6B=EF6 @4F9D<4?B6; 
2 B5?4EF< CD<@9A9A<S @4F9D<4?B6; 
2 >?4EE<H<>4J<R < @4D><DB6>G BEAB6AOI @4F9D<4?B6; 
2 ECBEB5O B5D45BF>< @4F9D<4?B6. 
 9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R CD4>F<K9E><I D45BF CB GK95AB= 

8<EJ<C?<A9 « 4F9D<4?B6989A<9» CD98A4;A4K9AO 8?S B5GK4RM<IES 1/2 >GDE4 
EC9J<4?PABEF< 21.02.03. %BBDG:9A<9 < Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6 < 
74;BA9HF9ID4A<?<M. 

#D4>F<K9E><9  D45BFO CDB6B8SFES E J9?PR: 
- CD<B5D9F9A<S A46O>B6 D45BFO CB <EE?98B64A<R < <ECOF4A<R 

D4;ABB5D4;AOI @4F9D<4?B6, CDB6989A<R BEAB6AOI BC9D4J<= F9D@<K9E>B= 
B5D45BF><; 

- ;4>D9C?9A<9 <;GK9AAB7B F9BD9F<K9E>B7B @4F9D<4?4. 
�OCB?A9A<9 B5GK4RM<@<ES CD4>F<K9E><I  D45BF A4CD46?9AB A4 HBD@<DB64A<9 

B5M<I < CDBH9EE<BA4?PAOI >B@C9F9AJ<=: 
"� 01. �O5<D4FP ECBEB5O D9L9A<S ;484K CDBH9EE<BA4?PAB= 89SF9?PABEF< 

CD<@9A<F9?PAB > D4;?<KAO@ >BAF9>EF4@; 
"� 02. �ECB?P;B64FP EB6D9@9AAO9 ED98EF64 CB<E>4, 4A4?<;4 < <AF9DCD9F4J<< 

<AHBD@4J<< < <AHBD@4J<BAAO9 F9IAB?B7<< 8?S 6OCB?A9A<S ;484K 
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CDBH9EE<BA4?PAB= 89SF9?PABEF<; 
"� 03. #?4A<DB64FP < D94?<;B6O64FP EB5EF69AAB9 CDBH9EE<BA4?PAB9 < 

?<KABEFAB9 D4;6<F<9, CD98CD<A<@4F9?PE>GR 89SF9?PABEFP 6 CDBH9EE<BA4?PAB= 
EH9D9, <ECB?P;B64FP ;A4A<S CB H<A4AEB6B= 7D4@BFABEF< 6 D4;?<KAOI :<;A9AAOI 
E<FG4J<SI; 

"� 04. 1HH9>F<6AB 6;4<@B89=EF6B64FP < D45BF4FP 6 >B??9>F<69 < >B@4A89; 
"� 05. "EGM9EF6?SFP GEFAGR < C<EP@9AAGR >B@@GA<>4J<R A4 

7BEG84DEF69AAB@ S;O>9 $BEE<=E>B= (989D4J<< E GK9FB@ BEB59AABEF9= EBJ<4?PAB7B 
< >G?PFGDAB7B >BAF9>EF4; 

"� 06. #DBS6?SFP 7D4:84AE>B-C4FD<BF<K9E>GR CB;<J<R, 89@BAEFD<DB64FP 
BEB;A4AAB9 CB6989A<9 A4 BEAB69 FD48<J<BAAOI B5M9K9?B69K9E><I J9AABEF9=, 6 FB@ 
K<E?9 E GK9FB@ 74D@BA<;4J<< @9:A4J<BA4?PAOI < @9:D9?<7<B;AOI BFABL9A<=, 
CD<@9ASFP EF4A84DFO 4AF<>BDDGCJ<BAAB7B CB6989A<S; 

"� 07. %B89=EF6B64FP EBID4A9A<R B>DG:4RM9= ED98O, D9EGDEBE59D9:9A<R, 

CD<@9ASFP ;A4A<S B5 <;@9A9A<< >?<@4F4, CD<AJ<CO 59D9:?<6B7B CDB<;6B8EF64, 
QHH9>F<6AB 89=EF6B64FP 6 KD9;6OK4=AOI E<FG4J<SI; 

#� 1.1. �OCB?ASFP EFDB<F9?PAO9 D45BFO CD< EBBDG:9A<<, D9>BAEFDG>J<< < 
D9@BAF9 B5N9>FB6 FDG5BCDB6B8AB7B FD4AECBDF4, ID4A9A<S, D4ECD989?9A<S 74;4, 
A9HF<, A9HF9CDB8G>FB6. 

#� 1.3. "59EC9K<64FP 6OCB?A9A<9 D45BF CB C?4AB6B-CD98GCD98<F9?PAB@G 
D9@BAFG < D9>BAEFDG>J<< B5N9>FB6 FDG5BCDB6B8AB7B FD4AECBDF4, ID4A9A<S, 
D4ECD989?9A<S 74;4, A9HF<, A9HF9CDB8G>FB6. 

#� 2.5. "59EC9K<64FP CDB6989A<9 @9DBCD<SF<= CB CB6OL9A<R A489:ABEF< < 
QHH9>F<6ABEF< Q>EC?G4F4J<< B5N9>FB6 FDG5BCDB6B8AB7B FD4AECBDF4, ID4A9A<S, 
D4ECD989?9A<S 74;4, A9HF<, A9HF9CDB8G>FB6. 

 

 9FB8<K9E><9 G>4;4A<S > 6OCB?A9A<R CD4>F<K9E>B= D45BFO 8?S 
EFG89AFB6 

 

1. � 6OCB?A9A<R CD4>F<K9E>B= D45BFO A9B5IB8<@B 
CD<7BFB6<FPES 8B A4K4?4 ;4ASF<S, <ECB?P;GS D9>B@9A8B64AAGR ?<F9D4FGDG 
< >BAEC9>FO ?9>J<=. 

2. "5GK4RM<9ES B5S;4AO <@9FP CD< E959 ?<A9=>G, >4D4A84L, 
F9FD48P 8?S CD4>F<K9E><I D45BF. 

3. "FK9FO CB CD4>F<K9E><@ D45BF4@ 8B?:AO 6>?RK4FP 6 E95S 
E?98GRM<9 CGA>FO: 

 A4;64A<9 CD4>F<K9E>B= D45BFO < 99 J9?P; 
 >D4F><= CBDS8B> 6OCB?A9A<S D45BFO; 
 84?99 C<L9FES «)B8 D45BFO» < 6OCB?ASRFES QF4CO CD4>F<K9E>B= D45BFO, 
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EB7?4EAB G>4;4AAB@G 6 D45BF9 CBDS8>G. 
4. #D< CB87BFB6>9 > E84K9 CD4>F<K9E>B= D45BFO, A9B5IB8<@B 

BF69F<FP A4 CD98?B:9AAO9 >BAFDB?PAO9 6BCDBEO. 
5. �E?< BFK9F CB D45BF9 A9 E84A 6B6D9@S (8B 6OCB?A9A<S 

E?98GRM9= D45BFO) CB A9G64:<F9?PAB= CD<K<A9, BJ9A>4 ;4 D45BFG 
EA<:49FES. 

 

%<EF9@4 BJ9A<64A<S CD4>F<K9E>B= D45BFO 

#D< BJ9A<64A<< 6OCB?A9A<S CD4>F<K9E>B= D45BFO EFG89AFB@ 

GK<FO649FES E?98GRM<9 CB>4;4F9?<: 
- >4K9EF6B 6OCB?A9A<S ;484A<S D45BFO (6OCB?A9A<9 D45BFO 6 

EBBF69FEF6<< E ;484A<9@, CD46<?PABEFP D9;G?PF4FB6 D45BFO); 
- >4K9EF6B BHBD@?9A<S BFK9F4 CB D45BF9 (BHBD@?9A<9 BFK9F4 6 

EBBF69FEF6<< E FD95B64A<S@< @9FB8<K9E><I D9>B@9A84J<=, CD46<?PABEFP 
< K9F>BEFP HBD@G?<DB6>< 6O6B8B6 CB D9;G?PF4F4@ D45BFO); 

- >4K9EF6B < 7?G5<A4 GEFAOI BF69FB6 A4 >BAFDB?PAO9 6BCDBEO CD< 
;4M<F9 D45BFO. 

�4:8O= CB>4;4F9?P BJ9A<649FES CB 5-F< 54?PAB= L>4?9 < 
6OEF46?S9FES ED98A<= 54?? CB 6E9@ CB>4;4F9?S@. 

 

#9D9K9AP CD4>F<K9E><I D45BF: 
1.  4>DB- < @<>DBE>BC<K9E><= 4A4?<; @9F4??B6 
2. "CD989?9A<9 F69D8BEF< @9F4??<K9E><I EC?46B6 
3.  <>DBEFDG>FGD4 KG7GAB6 < G7?9DB8<EFOI EF4?9= 6

 D46AB69EAB@ EBEFBSA<< 

4. &9D@<K9E>4S B5D45BF>4 @9F4??B6 
5. �?4EE<H<>4J<S < @4D><DB6>4 KG7GAB6. 
6. �?4EE<H<>4J<S < @4D><DB6>4 EF4?9= 

7. �;GK9A<9 E6B=EF6 >BAEFDG>J<BAAOI EF4?9= < F69D8OI EC?46B6 
8. ";A4>B@?9A<9 EB EFDG>FGDB= < E6B=EF64@< EC?46B6 A4

 BEAB69 4?R@<A<S < @98<, @47A<S, F<F4A4 
9. �O5BD @4F9D<4?B6 8?S <;89?<= CB <I A4;A4K9A<R < GE?B6<S@ Q>EC?G4F4J<< 
10. �;GK9A<9 6<8B6 < E6B=EF6 A9@9F4??<K9E><I @4F9D<4?B6, 
CD<@9AS9@OI 6 @4L<ABEFDB9A<<.
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#D4>F<K9E>4S D45BF4 
 4>DB- < @<>DBE>BC<K9E><= 4A4?<; @9F4??B6 

 

*9?P: ";A4>B@<FPES E @9FB8<>B= CDB6989A<S @4>DB- < 
@<>DBE>BC<K9E>B7B 4A4?<;4 @9F4??<K9E><I EC?46B6. 

 9FB8<K9E>B9 B59EC9K9A<9: 
 

1.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO. 
2. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 « 4F9D<4?B6989A<9» 

 
#BDS8B> 6OCB?A9A<S D45BFO: 

 
1 ";A4>B@<FPES E GEFDB=EF6B@ < CD<AJ<CB@ D45BFO @9F4??B7D4H<K9E>B7B 
@<>DBE>BC4  � -7. 

2 �;GK<FP @9FB8<>G CD<7BFB6?9A<S @<>DBL?<H4. 
 

"FK9FABEFP 

1 �D4F>B BC<E4FP EGMABEFP @<>DB4A4?<;4. �4FP BCD989?9A<S CBASF<= @4>DB- 
< @<>DBEFDG>FGD4. 
2 "C<E4FP BEAB6AO9 K4EF< @9F4??B7D4H<K9E>B7B @<>DBE>BC4 < <I 
A4;A4K9A<9. 
3 �D4F>B BC<E4FP @9FB8<>G CD<7BFB6?9A<S @<>DBL?<H4. 

 
 

&9BD9F<K9E><= @4F9D<4? 
 
 

� @4F9D<4?B6989A<< <ECB?P;GRF D4;ABB5D4;AO9 @9FB8O <EE?98B64A<S 
< <ECOF4A<=, A9B5IB8<@O9 8?S 8BEF4FBKAB CB?AB= < A48T:AB= <AHBD@4J<< 

B E6B=EF64I @9F4??B6 < <I EC?46B6, B5 <;@9A9A<< <I 6 ;46<E<@BEF< BF 
I<@<K9E>B7B EBEF464, EFDG>FGDO < B5D45BF><. �4:A9=L<9 <; A<I 3 @9FB8O 

@4>DBE>BC<K9E>B7B (@4>DB4A4?<;), @<>DBE>BC<K9E>B7B (@<>DB4A4?<;) < 
D9AF79AB6E>B7B 4A4?<;4. 

�4>DBE>BC<K9E><= 4A4?<; ;4>?RK49FES 6 BCD989?9A<< EFDB9A<S @9F4??4 
(@4>DBEFDB9A<9) A96BBDG:9AAO@ 7?4;B@ <?< K9D9; ?GCG CD< A95B?PL<I 
G69?<K9A<SI (8B 30 D4;). � QFB@ E?GK49 @B:AB B8AB6D9@9AAB A45?R84FP 
5B?PLGR CB69DIABEFP ;47BFB6>< (89F4?<), KFB K4EFB CB;6B?S9F EG8<FP B 
>4K9EF69 @9F4??4 < BCD989?SFP GE?B6<S CD98L9EF6GRM9= B5D45BF><, 
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6?<SRM<9 A4 EC?BLABEFP @9F4??4 < BEB59AABEF< 97B EFDB9A<S, 
;4F69D8964A<S, 4 F4>:9 I4D4>F9D < >4K9EF6B B5D45BF><, CD<@9AS6L9=ES 8?S 
CD<84A<S 89F4?< B>BAK4F9?PAB= HBD@O < E6B=EF6 (?<FP9, B5D45BF>4 
846?9A<9@, E64D>4, D9;4A<9). 

 4>DB4A4?<; A9 CB;6B?S9F BCD989?<FP 6E9 BEB59AABEF< EFDB9A<S 
@9F4??4. #BQFB@G K4EFB @4>DB4A4?<; S6?S9FES A9 B>BAK4F9?PAO@, 4 ?<LP 
CD9864D<F9?PAO@ 6<8B@ <EE?98B64A<S. #B 84AAO@ @4>DB4A4?<;4 @B:AB 
6O5D4FP F9 GK4EF>< <;GK49@B= 89F4?<, >BFBDO9 A48B CB869D7AGFP 
84?PA9=L9@G 5B?99 CB8DB5AB@G @<>DBE>BC<K9E>B@G <EE?98B64A<R. 

�<>DBE>BC<K9E><= 4A4?<; ;4>?RK49FES 6 <EE?98B64A<< EFDG>FGDO 

@9F4??B6 CD< 5B?PL<I G69?<K9A<SI E CB@BMPR @<>DBE>BC4. !45?R849@4S 
EFDG>FGD4 A4;O649FES @<>DBEFDG>FGDB=. 

� ;46<E<@BEF< BF FD95G9@B7B G69?<K9A<S 8?S KTF>B7B A45?R89A<S 6E9I 
CD<EGFEF6GRM<I H4;, <I >B?<K9EF64, HBD@O < D4ECD989?9A<S, F. 9. EFDG>FGDO 

6 J9?B@, 6 @<>DBE>BC4I <ECB?P;GRF: 
3 59?O= E69F < B5OKAO9 BCF<K9E><9 E<EF9@O, @9ASRM<9ES 

>B@5<A4J<9= EF9>?SAAOI ?<A; < CD<;@ (BCF<K9E>4S @<>DBE>BC<S); 
3 Q?9>FDBAAO9 ?GK< <?<, FBKA99, CBFB> Q?9>FDBAB6 8?S EB;84A<S 

BCF<K9E><I E<EF9@, 8?S >BFBDOI A9B5IB8<@B CD<@9ASFP Q?9>FDB@47A<FAO9 
<?< Q?9>FDBEF4F<K9E><9 ?<A;O (Q?9>FDBAA4S @<>DBE>BC<S). 

 
"#&�+�%��3  ��$"%�"#�3 

#B8 @<>DB4A4?<;B@ CBA<@4RF <;GK9A<9 EFDB9A<S @9F4??B6 < EC?46B6 E 
CB@BMPR @9F4??B7D4H<K9E>B7B @<>DBE>BC4 CD< G69?<K9A<< 6 5032000 D4;. 

#D< CB@BM< @<>DB4A4?<;4 BCD989?SRF: 
3 HBD@G < D4;@9D >D<EF4??<K9E><I ;9D9A, <; >BFBDOI EBEFB<F @9F4?? <?< 

EC?46; 
3 <;@9A9A<9 6AGFD9AA97B EFDB9A<S EC?464, CDB<EIB8SM99 CB8 6?<SA<9@ 

D4;?<KAOI D9:<@B6 F9D@<K9E>B= < I<@<>B-F9D@<K9E>B= B5D45BF><, 4 F4>:9 
CBE?9 6A9LA97B @9I4A<K9E>B7B 6B;89=EF6<S A4 EC?46; 
3 @<>DBCBDB>< @9F4??4: @<>DBFD9M<AO, D4>B6<AO < F. C.; 
3 A9@9F4??<K9E><9 6>?RK9A<S: EG?PH<8O, B><E?O < 8D. 

 <>DBE>BC<K9E><= 4A4?<; 6>?RK49F CD<7BFB6?9A<9 @<>DBL?<HB6 < 
<EE?98B64A<9 <I E CB@BMPR @9F4??B7D4H<K9E>B7B @<>DBE>BC4. 
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 9FB8<>< CD<7BFB6?9A<S @<>DBL?<HB6 
�<>DBL?<HB@ A4;O649FES B5D4;9J @9F4??4, CB69DIABEFP >BFBDB7B 

CB87BFB6?9A4 8?S @<>DB4A4?<;4. 
 

4 5 

1 3 B5D4;9J; 2 3 BCD46>4; 3 3 E9D4 <?< ?97>BC?46><= EC?46; 4 3 EFDG5J<A4 
4 3 >D9C?9A<9 B5D4;JB6 CD< CB@BM< EFDG5J<A; 5 3 >D9C?9A<9 6 BCD46>9 

$<EGAB> 1 3 #D<ECBEB5?9A<S 8?S @BAF<DB64A<S B5D4;JB6: 
 

� ;46<E<@BEF< BF J9?< <EE?98B64A<S < HBD@O <EE?98G9@B= 89F4?< 

6O5<D4RF @9EFB 6OD9;>< B5D4;J4. !4 6OD9;4AAB@ B5D4;J9 6OD46A<64RF 

CB69DIABEFP, >BFBD4S CD98A4;A4K9A4 8?S @<>DB4A4?<;4. �E?< <EE?98G9@O= 

@9F4?? @S7><=, 6O5D4AAGR CB69DIABEFP CD96D4M4RF 6 C?BE>BEFP BC<?B6>B= 

A4C<?PA<>B@, 9E?< 5B?99 F6TD8O= 3 ;4FBK>B= A4 45D4;<6AB@ >DG79. 

#D< <;7BFB6?9A<< @<>DBL?<HB6 B5D4;JO @4?OI D4;@9DB6 >D9CSF CD< 

CB@BM< EFDG5J<A (D<EGAB> 1 4) <?< GEF4A46?<64RF 6 BCD46>G (D<EGAB> 1 5), 

;4?<64S D4EC?46?9AAB= E9DB= <?< C?4EF@4EE4@<, <?< EC9J<4?PAO@< 

?97>BC?46><@< EC?464@< (A4CD<@9D EC?46B@ �G84 3 50 %Bi, 25 %Pb, 12,5 

%Sn < 12,5 %Cd E F9@C9D4FGDB= C?46?9A<S 70 °%). 

�?S QFB7B A4 @9F4??<K9E>GR <?< >9D4@<K9E>GR C?<F>G GEF4A46?<64RF 

BCD46>G (<; EF4?< <?< ?4FGA<) < 6AGFDP CB@9M4RF B5D4;9J F4><@ B5D4;B@, 

KFB5O CB87BF46?<649@4S CB69DIABEFP CD<@O>4?4 > C?4EF<A9, ;4F9@ :<8>GR 

?97>BC?46>GR @4EEG ;4?<64RF 6 BCD46>G. 

#D<@9ASRF F4>:9 ;4CD9EEB6>G L?<H4 6 CB?<EF<DB?, 54>9?<F < F. 8. 

"5D4;9J CB@9M4RF 6 CD9EEHBD@G, ;4EOC4RF G>4;4AAO9 69M9EF64 < CD9EEGRF 

CD< A47D969, B59EC9K<64RM9@ CB?<@9D<;4J<R. 

#B?GK9AAGR C?BE>GR CB69DIABEFP B5D4;J4 L?<HGRF A4 L?<HB64?PAB= 

L>GD>9 (A4:84KAB= 5G@479) E ;9DA4@< D4;?<KAOI D4;@9DB6 (AB@9DB6), 
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CB@9MTAAB= A4 C?BE>B@ BEAB64A<< (A4 EF9>?9), 4 6 DS89 E?GK496 

;4>D9C?TAAB= ;4:<@AO@< >B?PJ4@< <?< A4>?99AAB= A4 6D4M4RM9@ES >DG79. 

Ш?<HB64A<9 A4K<A4RF A4 L>GD>9 E 5B?99 >DGCAO@ 45D4;<6AO@ 

;9DAB@, CBEF9C9AAB C9D9IB8SF A4 L>GD>G E 5B?99 @9?><@ 45D4;<6AO@ 

;9DAB@. #D< L?<HB64A<< 6DGKAGR B5D4;9J CD<:<@4RF DG>B= > 

L?<HB64?PAB= L>GD>9 < 6B8SF <@ CB L>GD>9 6 A4CD46?9A<<, 

C9DC9A8<>G?SDAB@ > D<E>4@, CB?GK9AAO@ CBE?9 BC<?<64A<S A4C<?PA<>B@. 

,?<HGRF 8B CB?AB7B <EK9;AB69A<S D<EB>, CBE?9 QFB7B CB69DIABEFP B5D4;J4 

CDBF<D4RF 64FB= (<?< CDB@O64RF), CB6BD4K<64RF A4 90° < L?<HGRF A4 

L>GD>9 E 5B?99 @9?><@ 45D4;<6AO@ ;9DAB@, 8B CB?AB7B <EK9;AB69A<S D<EB>, 

CB?GK9AAOI BF CD98O8GM97B L?<HB64A<S < F. 8. 

 B:AB L?<HB64FP F4>:9 EC9J<4?PAO@< C4EF4@<, A4A9E9AAO@< A4 

A95B?PL<9 ?<EFO K9DF9:AB= 5G@47<. 

 9I4A<K9E>B9 L?<HB64A<9 BEGM9EF6?S9FES A4 EC9J<4?PAOI @4L<A4I, 

<@9RM<I A9E>B?P>B >DG7B6 8<4@9FDB@ 2003250 @@, CD<6B8<@OI 6B 

6D4M9A<9 BF Q?9>FDB86<74F9?S. 

#BE?9 B>BAK4A<S L?<HB64A<S A4 L?<HB64?PAB= L>GD>9 E4@B= @9?>B= 

;9DA<EFBEF< CDB<;6B8SF CB?<DB64A<9 E J9?PR CB?AB7B G84?9A<S E?98B6 

D<EB>. #B?<DB64FP @B:AB @9I4A<K9E><@ < Q?9>FDB?<F<K9E><@ ECBEB54@<. 

 9I4A<K9E>B9 CB?<DB64A<9 CDB<;6B8SF A4 EC9J<4?PAB@ 

CB?<DB64?PAB@ EF4A>9 E >DG7B@ 8<4@9FDB@ 2003250 @@, B5FSAGFO@ EG>AB@ 

<?< H9FDB@. +4EFBF4 6D4M9A<S >DG74 BF Q?9>FDB86<74F9?S 3 7003800 B5/@<A. 

%G>AB E@4K<64RF CB?<DB64?PAB= :<8>BEFPR. 

� EBEF46 CB?<DB64?PAB= :<8>BEF< 6IB8SF 6;69L9AAO9 6 6B89 @9?><9 

CBDBL><: B><EP 4?R@<A<S (7?<AB;9@), B><EP IDB@4 (>DB>GE) < B><EP @47A<S 

(@47A9;<S). +4M9 8?S CB?<DB64A<S CD<@9ASRF B><EP IDB@4 < B><EP 

4?R@<A<S 6 E?98GRM9= CDBCBDJ<<: A4 1 ? 6B8O 10315 7 B><E< IDB@4 <?< 5 7 

B><E< 4?R@<A<S. 

#BE?9 CB?<DB64A<S B5D4;9J CDB@O64RF 6B8B=, CB69DIABEFP CDBF<D4RF 
64FB=, E@BK9AAB= EC<DFB@, 4 ;4F9@ CDBEGL<64RF CD<>?48O64A<9@ 
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H<?PFDB64?PAB= 5G@47<. +FB5O CD98BID4A<FP CB?<DB64AAGR CB69DIABEFP BF 
B><E?9A<S, B5D4;JO ID4ASF 6 Q>E<>4FBD9 E I?BD<EFO@ >4?PJ<9@. 

&D46?9A<9. #B ;9D>4?PAB= CB69DIABEF< B5D4;J4 A9?P;S EG8<FP B 
EFDB9A<< EC?464. &B?P>B A9@9F4??<K9E><9 6>?RK9A<S (EG?PH<8O, B>E<8O, 
7D4H<F 6 KG7GA9) D9;>B 6O89?SRFES A4 E69F?B@ HBA9 CB?<DB64AAB7B 
@<>DBL?<H4. #BQFB@G CB?<DB64AAGR CB69DIABEFP CB869D74RF FD46?9A<R, F. 
9. 89=EF6<R D4EF6BDB6 ><E?BF, M9?BK9=, EB?9=. 

 9FB8 FD46?9A<S BEAB64A A4 D4;?<K<< H<;<>B-I<@<K9E><I E6B=EF6 
BF89?PAOI H4; < CB7D4A<KAOI GK4EF>B6 ;9D9A. � D9;G?PF4F9 D4;?<K<= 

<AF9AE<6ABEF< D4EF6BD9A<S EB;849FES D9?P9H CB69DIABEF< L?<H4. �E?< 
BE69M4FP L?<H C484RM<@ E69FB@, FB <;-;4 CD<EGFEF6<S >BEOI ?GK9= 
B5D4;GRFES F9A96O9 >4DF<AO, CB >BFBDO@ @B:AB EG8<FP B EFDG>FGD9 EC?464. 

�?S FD46?9A<S D4;?<KAOI EC?46B6 <ECB?P;G9FES 5B?PLB9 >B?<K9EF6B 
D94>F<6B6. &4>, CD< FD46?9A<< G7?9DB8<EFOI EF4?9=, KG7GAB6, 4;BF<DB64AAB=, 
J9@9AFB64AAB= < A<FDBJ9@9AFB64AAB= EF4?<, A4<5B?PL99 D4ECDBEFD4A9A<9 
CB?GK<? 4 %-AO= D4EF6BD 4;BFAB= ><E?BFO 6 EC<DF9 (D94>F<6 
$:9LBF4DE>B7B). $94>F<6 B>D4L<649F C9D?<F 6 F9@AO= J69F, 6OS6?S9F 
7D4A<JO H9DD<F4, EFDG>FGDG @4DF9AE<F4 < CDB8G>FB6 BFCGE>4. 

�?S FD46?9A<S @<>DBL?<H CB7DG:4RF CB?<DB64AAB= CB69DIABEFPR 6 
D4EF6BD 6O5D4AAB7B EBEF464 (FD46<F9?P) < K9D9; A9>BFBDB9 6D9@S 
(CDB8B?:<F9?PABEFP FD46?9A<S ;46<E<F BF EBEF464 <;GK49@B7B EC?464, EBEF464 
D4EF6BD4 < ?97>B GEF4A46?<649FES Q>EC9D<@9AF4?PAB) 6OA<@4RF. �E?< 

CB?<DB64AA4S CB69DIABEFP EF4A9F E?97>4 @4FB6B=, FD46?9A<9 EK<F49FES 
;4>BAK9AAO@ < L?<H ED4;G :9 CDB@O64RF 6B8B=, ;4F9@ EC<DFB@ < 
6OEGL<64RF H<?PFDB64?PAB= 5G@47B=. 

,?<HO @B:AB FD46<FP Q?9>FDB?<F<K9E><@ @9FB8B@. #D< QFB@ 4AB8B@ 

S6?S9FES @<>DBL?<H, 4 >4FB8B@ 3 C?4EF<A>4 A9D:469RM9= EF4?< (<?< 
E6<AJ4), D9:9 3 G7B?PAO= EF9D:9AP. 

$94>F<6O 8?S Q?9>FDB?<F<K9E>B7B, FD46?9A<S, A4;A4K9A<9 < 
BEB59AABEF< <I CD<@9A9A<S BCD989?SRFES CB ECD46BKAO@ 84AAO@. 
!4CD<@9D, 8?S FD46?9A<S G7?9DB8<EFB= EF4?< D9>B@9A8G9@ES <ECB?P;B64FP 
I?BDAB9 :9?9;B (0,5 %), EB?SAGR ><E?BFG (C?BFABEFP 1,19 7/E@3

), 1 % 

@9F<?B6O= EC<DF 98,5 %. #?BFABEFP FB>4 0,5 �/E@2
. 

 
3 )4D4>F9D<EF<>4 >BAEFDG>J<= @9F4??B7D4H<K9E><I 

@<>DBE>BCB6 

�EE?98B64A<9 @<>DBEFDG>FGDO @9FB8B@ BCF<K9E>B= @<>DBE>BC<<, 
6C9D6O9 CD98?B:9AAB9 #46?B@ #9FDB6<K9@ �ABEB6O@ 6 1881 7., L<DB>B 
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<ECB?P;G9FES 8?S <;GK9A<S EFDB9A<S @9F4??B6 < 8?S F9IA<K9E>B7B >BAFDB?S 
<I >4K9EF64 6 CDB@OL?9AABEF<. 5 

 9F4??B7D4H<K9E><= @<>DBE>BC CB;6B?S9F D4EE@4FD<64FP CD< 
G69?<K9A<< A9CDB;D4KAO9 F9?4 6 BFD4:9AAB@ E69F9. 

В QFB@ BEAB6AB9 BF?<K<9 @9F4??B7D4H<K9E>B7B @<>DBE>BC4 BF 

5<B?B7<K9E>B7B, 6 >BFBDB@ D4EE@4FD<64RF CDB;D4KAO9 F9?4 6 CDBIB8SM9@ 

E69F9. 
�R5B= @9F4??B7D4H<K9E><= @<>DBE>BC EBEFB<F <; BCF<K9E>B= 

E<EF9@O, BE69F<F9?PAB= E<EF9@O E HBFB7D4H<K9E>B= 4CC4D4FGDB= < 
@9I4A<K9E>B= E<EF9@O. 

�CF<K9E>4O E<EF9@4 46>?RK49F B5N9>F<6, B>G?SD < DS8 
6ECB@B74F9?PAOI BCF<K9E><I Q?9@9AFB6: ;9D>4?4, CD<;@O < F. C. (D<EGAB> 2). 

 

 

 

1 3 BE69F<F9?P (?4@C4); 2 3 >B??9>FBD; 3, 20, 24 3 ;9D>4?B; 4 3 E69FBH<?PFD; 
5 3 4C9DFGDA4S 8<4HD47@4; 6 3 ?<A;4; 7 3 CB?SD<;4FBD; 8 3 HBFB;4F6BD; 9 3 CB?964S 
8<4HD47@4; 10 3 C9AF4CD<;@4; 11, 22 3 ?<A;4; 12 3 @<>DBL?<H; 13 3 B5N9>F<6; 

14 3 BFD4:4F9?PA4S C?4EF<A>4; 15 3 6>?48AB= 4A4?<;4FBD; 16 3 4IDB@4F<K9E>4S ?<A;4; 
17 3 ;9D>4?B; 18 3 B>G?SD; 19 3 HBFBB>G?SD; 21 3 @4FB6B9 EF9>?B; 23 3 8<4HD47@4; 

25 3 C4D45B?<K9E>B9 ;9D>4?B 
4 3 CD< D45BF9 6 E69F?B@ CB?9; 5 3 CD< D45BF9 6 FT@AB@ CB?9 

$<EGAB> 2 3 "CF<K9E>4S EI9@4 @<>DBE>BC4  � -7 
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�?S 6O89?9A<S BF89?PAOI @9?><I D9?P9HAOI K4EF<J A4 7?48>B@ CB?9 
(A4CD<@9D, CD< <EE?98B64A<< A9@9F4??<K9E><I 6>?RK9A<=) J9?9EBB5D4;AB 
CD<@9ASFP FT@ABCB?PAB9 BE69M9A<9. 

�5N9>F<6 84TF 89=EF6<F9?PAB9 G69?<K9AAB9 B5D4FAB9 <;B5D4:9A<9 
L?<H4 < CD98EF46?S9F E?B:AB9 EBK9F4A<9 ?<A;, D4ECB?474RM<IES 6 B8AB= 

B5M9= BCD46>9 < A4IB8SM<IES 6 A9CBED98EF69AAB= 5?<;BEF< > L?<HG. 
�>G?ODO 3 E<EF9@4 ?<A;, D4ECB?B:9AAOI B>B?B 7?4;4 <EE?98B64F9?S. 

'69?<K9A<9 B>G?SD4 @9APL9, K9@ B5N9>F<64, < CB85<D49FES F4><@ B5D4;B@, 
KFB5O @B:AB 5O?B 8BEF4FBKAB K9F>B D4EE@BFD9FP <;B5D4:9A<9, EB;84649@B9 
B5N9>F<6B@. ">G?SDO G69?<K<64RF BF 2 8B 25 D4;, FB784 >4> G69?<K9A<9 
B5N9>F<6B@ K4EFB 5O649F BF 9 8B 95 D4;. 

�5M99 G69?<K9A<9, >BFBDB9 84TF @<>DBE>BC, CD<A<@4RF D46AO@ 

CDB<;6989A<R G69?<K9A<S B>G?SD4 < B5N9>F<64. 
#B GEFDB=EF6G @9F4??B7D4H<K9E><9 @<>DBE>BCO D4;?<K4RF A4 

69DF<>4?PAO9  � -7 < 7BD<;BAF4?PAO9  � -8, !9BHBF-32 < 8D. 
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 9F4??B7D4H<K9E><= @<>DBE>BC  � -7 

 <>DBE>BC  � -7 (D<EGAB> 3) EBEFB<F <; FDTI BEAB6AOI K4EF9=: 
BE69F<F9?S, BCF<K9E>B= E<EF9@O, >BDCGE4 < 69DIA9= K4EF<. 

"E69F<F9?P I <@99F HBA4DP 2, 6AGFD< >B:GI4 >BFBDB7B A4IB8<FES 
?4@C4. 

� >BDCGE9 II @<>DBE>BC4 A4IB8<FES 8<E> 1 E A45BDB@ E69FBH<?PFDB6; 
DG>BSF>4 24 C9D9>?RK9A<S HBFBB>G?SDB6; CBE48BKAB9 GEFDB=EF6B 8?S D4@>< 
15 E @4FB6O@ EF9>?B@ <?< >4EE9FO E HBFBC?4EF<A>B=; G;9? 4C9DFGDAB= 

8<4HD47@O, G>D9C?TAAB= CB8 BCD46>B= BE69F<F9?PAB= ?<A;O 17; >B?PJB E 
A4>4F>B= 16, E?G:4M99 8?S <;@9A9A<S 8<4@9FD4 8<4HD47@O; 6<AF 26 8?S 
H<>E4J<< CB6BDBF4 4C9DFGDAB= 8<4HD47@O. 

�9DIASS K4EFP III @<>DBE>BC4 6>?RK49F <??R@<A4FBDAO= FG5GE 11, 6 
69DIA9= K4EF< >BFBDB7B D4ECB?B:9AB CBE48BKAB9 BF69DEF<9 CB8 B5N9>F<6; 
6<;G4?PAO= (;D<F9?PAO=) FG5GE 13, 6 BF69DEF<9 >BFBDB7B 6EF46?S9FES B>G?SD; 
CD98@9FAO= EFB?<> 10, E A4IB8SM<@ES A4 AT@ L?<HB@, CD< CB@BM< 6<AFB6 6 

@B:9F C9D986<74FPES 6 86GI 6;4<@AB C9DC9A8<>G?SDAOI A4CD46?9A<SI; 
@<>DB@9FD<K9E><= 6<AF 14, E CB@BMPR >BFBDB7B B5N9>F<6 C9D9@9K4RF 6 
69DF<>4?PAB@ A4CD46?9A<< < FBKAB A46B8SF A4 HB>GE. 

 
1 3 8<E> E A45BDB@ E69FBH<?PFDB6; 
2 3 HBA4DP; 3 3 J9AFDB6BKAO9 6<AFO; 
4 3 @<>DB@9FD<K9E><= 6<AF 7DG5B= 

A46B8>< D9;>BEF<; 
5 3 DG>BSF>4; 
6 3 6<AFO CD98@9FAB7B EFB?<>4; 
7 3 CB8>?48>4; 
8 3 69DF<>4?PAO9 >B?BA><; 9 3 CD<:<@O; 
10 3 CD98@9FAO= EFB?<> 
11 3 <??R@<A4FBDAO= FG5GE; 
12 3 B>G?SD; 13 3 6<;G4?PAO= 
(;D<F9?PAO=) FG5GE; 
14 3 @<>DB@9FD<K9E><= 6<AF; 
15 3 CBE48BKAB9 GEFDB=EF6B 8?S D4@><; 
16 3 >B?PJB; 

17 3 BE69F<F9?PA4S ?<A;4; 18 3 HBFB;4F6BD; 19 3 CB6B8B>; 20 3 J9AFD<DB6BKAO9 6<AFO; 
21 3 >B:GI; 22 3 D4@>4 E ?<A;4@<; 23 3 ;4:<@AB= 6<AF; 24 3 DG>BSF>4 C9D9>?RK9A<S 
HBFBB>G?SDB6; 25, 26 3 6<AF 

$<EGAB> 3 3  9F4??B7D4H<K9E><= @<>DBE>BC  � -7 

'69?<K9A<9 @<>DBE>BC4  � -7 ;46<E<F BF A4?<K<S 6 >B@C?9>F9 
EBBF69FEF6GRM<I B>G?SDB6 < B5N9>F<6B6 < 6O5<D49FES CB F45?<J9 1. 

"4> >4> G69?<K9A<9 @<>DBE>BC4 – CDB<;6989A<9 G69?<K9A<S B>G?SD4 A4 

G69?<K9A<9 B5N9>F<64, FB, <@9S I4D4>F9D<EF<>G >4:8B7B B5N9>F<64 (E@. 
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F45?<JG 1, A4CD<@9D, B5N9>F<6 F=23,2; �=0,17 3G69?<K<649F 6 8,6 D4; < F. 8.), 
CGFT@ >B@5<A4J<< E A<@ BCD989?TAAB7B B>G?SD4 (7I; 10

I
; 15

I
; 20

I) @B:AB 
CB?GK<FP D4;?<KAB9 G69?<K9A<9 <;GK49@B7B B5N9>F4. 

 
&45?<J4 1 3 '69?<K9A<9 @<>DBE>BC4  � -7 CD< 6<;G4?PAB@ A45?R89A<< 

)4D4>F9D<EF<>4 B5N9>F<64 ">G?SDO 

"5B;A4K9A<9 G69?<K9A<9 I 7I 10
I
 15

I
 20

I
 

F=23,2; �=0,17 8,6
I
 60 90 130 170 

F=13,9; �=0,30 14,4
I
     

F=8,2; �=0,37 24,5
I
     

F=6,2; �=0,65 32,5
I
     

 
&4>, <ECB?P;GS B5N9>F<6 F=23,2; A=0,17, @B:AB EBBF69FEF69AAB 

CB?GK<FP G69?<K9A<S 6 60, 90, 130 < 170 D4; (J<HDO B>DG7?SRFES). &B :9 
E4@B9 < E 8DG7<@< B5N9>F<64@<. 

&4><@ B5D4;B@, @<>DBE>BC  � -7 CB;6B?S9F CB?GK<FP 16 64D<4AFB6 
G69?<K9A<=. 

 

 

 
�BAFDB?PAO9 6BCDBEO: 

 
1.�4>B64 J9?P <EE?98B64A<S @9F4??B6? 
2.+FB F4>B9 @<>DBEFDG>FGD4 @9F4??B6? 
3.�4> CD<7BFB6<FP B5D4;9J @9F4??4 8?S @<>DB4A4?<;4? 
4.+FB F4>B9 @4>DBEFDG>FGD4 @9F4??B6? 

5. �4> CB87BFB6<FP B5D4;9J 8?S @4>DB-4A4?<;4? 
6. �4><@ B5D4;B@ D4;@9D ;9DA4 6?<S9F A4 @9I4A<K9E>GR CDBKABEFP @9F4??4 <?< 

EC?464? 
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#D4>F<K9E>4S D45BF4 "CD989?9A<9 
F69D8BEF< @9F4??<K9E><I EC?46B6 

 
Ц9?P: 'E6B<FP CBASF<9 «F6TD8BEFP @9F4??B6» < <;GK<FP @9FB8<>G 9T 

BCD989?9A<S D4;?<KAO@< @9FB84@<. 
�9FB8<K9E>B9 B59EC9K9A<9: 
3.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO. 
4. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 « 4F9D<4?B6989A<9» 

 
#BDS8B> 6OCB?A9A<S D45BFO: 

�484A<9 
";A4>B@<FPES E GEFDB=EF6B@ < CD<AJ<CB@ 89=EF6<S F69D8B@9DB6 

�D<A9??S < $B>69??4. 
 

"FK9FABEFP 
1. �4FP >D4F>GR I4D4>F9D<EF<>G CBASF<S «F6TD8BEFP @9F4??4». 
2. �;@9D9A<9 F69D8BEF< CB �D<A9??R (D<EGAB> 1 6OCB?A<FP < HBD@G?O (1-6) 

;4C<EO649@, E F45?<J4@< < CD<?B:9A<S@< B;A4>B@<FPES 6 BFK9F A9 
6>?RK49@). 
3. #BDS8B> BCD989?9A<S F6TD8BEF< A4 CD<5BD9 �D<A9??S. 
3. �;@9D9A<9 F69D8BEF< CB $B>69??G (D<EGAB> 3 E CBSEA9A<S@<). 
4. #BDS8B> BCD989?9A<S F6TD8BEF< A4 CD<5BD9 $B>69??4 (F45?<J4 4 3 8B?:A4 
5OFP 6 BFK9F9). 

&9BD9F<K9E><= @4F9D<4? 
 
 

�ECOF4A<9 F6TD8BEF< S6?S9FES F9IAB?B7<K9E>B= CDB5B= < K4EFB E?G:<F 
BEAB6AO@ >BAFDB?9@ I4D4>F9D<EF<>< @9I4A<K9E><I E6B=EF6 @9F4??B6. 

&6TD8BEFP 3 QFB ECBEB5ABEFP @4F9D<4?4 CDBF<6B89=EF6B64FP 
6846?<64A<R 6 A97B 5B?99 F6TD8B7B @9F4??<K9E>B7B <?< 4?@4;AB7B 
A4>BA9KA<>4 (<A89AFBD4). 

&6TD8BEFP <;@9DSRF CD< CB@BM< 6B;89=EF6<S A4 CB69DIABEFP @9F4??4 
A4>BA9KA<>4, <;7BFB6?9AAB7B <; @4?B89HBD@<DGRM97BES @4F9D<4?4 (F69D84S 
;4>4?TAA4S EF4?P, 4?@4;, E4CH<D <?< F6TD8O= EC?46), <@9RM97B HBD@G 
L4D<>4, >BAGE4, C<D4@<8O <?< <7?O. 

%GM9EF6G9F A9E>B?P>B ECBEB5B6 <;@9D9A<S F6TD8BEF<, D4;?<K4RM<IES 
CB I4D4>F9DG 6B;89=EF6<S A4>BA9KA<>4. &6TD8BEFP @B:AB <;@9DSFP 
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6846?<64A<9@ A4>BA9KA<>4 (ECBEB5 6846?<64A<S), J4D4C4A<9@ CB69DIABEF< 

(ECBEB5 J4D4C4A<S), G84DB@ <?< :9 CB BFE>B>G A4>BA9KA<>4 3 L4D<>4. 
&6TD8BEFP, BCD989?9AA4S J4D4C4A<9@, I4D4>F9D<;G9F EBCDBF<6?9A<9 

D4;DGL9A<R (8?S 5B?PL<AEF64 @9F4??B6 CGF9@ ED9;4). 
&6TD8BEFP, BCD989?9AA4S CB BFE>B>G, I4D4>F9D<;G9F GCDG7<9 E6B=EF64. 
&6TD8BEFP, BCD989?9AA4S 6846?<64A<9@, 3 EBCDBF<6?9A<9 C?4EF<K9E>B= 

89HBD@4J<<. 
!4<5B?PL99 CD<@9A9A<9 CB?GK<?B <;@9D9A<9 F6TD8BEF< 6846?<64A<9@. 

� D9;G?PF4F9 6846?<64A<S E 8BEF4FBKAB 5B?PLB= A47DG;>B= CB69DIABEFAO9 
E?B< @9F4??4, A4IB8SM<9ES CB8 A4>BA9KA<>B@ <?< 65?<;< A97B, C?4EF<K9E>< 

89HBD@<DGRFES. 
#BE?9 EASF<S A47DG;>< BEF4TFES BFC9K4FB>. 
"EB59AABEFP CDB<EIB8SM9= CD< QFB@ 89HBD@4J<< ;4>?RK49FES 6 FB@, 

KFB BA4 CDBF9>49F FB?P>B 6 A95B?PLB@ B5NT@9, B>DG:TAAB@ 

A989HBD@<DB64AAO@ @9F4??B@. � F4><I GE?B6<SI <ECOF4A<S, 5?<;><I > 
6E9EFBDBAA9@G A9D46AB@9DAB@G E:4F<R, 6B;A<>4RF 7?46AO@ B5D4;B@ 

>4E4F9?PAO9 A4CDS:9A<S, 4 8B?S D4EFS7<64RM<I A4CDS:9A<= A9;A4K<F9?PA4 
CB ED46A9A<R E CB?GK49@O@< CD< 8DG7<I 6<84I @9I4A<K9E><I <ECOF4A<= (A4 
D4EFS:9A<9, <;7<5, >DGK9A<9, E:4F<9). 

#BQFB@G CD< <;@9D9A<< F6TD8BEF< 6846?<64A<9@ C?4EF<K9E>GR 

89HBD@4J<R <ECOFO64RF A9 FB?P>B C?4EF<KAO9, AB F4>:9 @9F4??O 

(A4CD<@9D, KG7GA), >BFBDO9 CD< B5OKAOI @9I4A<K9E><I <ECOF4A<SI (A4 
D4EFS:9A<9, E:4F<9, >DGK9A<9, <;7<5) D4;DGL4RFES IDGC>B CBKF< 59; 
@4>DBE>BC<K9E>< ;4@9FAB= C?4EF<K9E>B= 89HBD@4J<<. 1FBF 6<8 
C?4EF<K9E><I <ECOF4A<= A9 E6S;4A E D4;DGL9A<9@ @4F9D<4?4 <, >DB@9 FB7B, 6 
5B?PL<AEF69 E?GK496 A9 FD95G9F <;7BFB6?9A<S EC9J<4?PAOI B5D4;JB6. �4@9D 
F6TD8BEF< BEGM9EF6?S9FES A4 89F4?SI < ;47BFB6>4I, >BFBDO9 CBE?9 
<ECOF4A<S, >4> CD46<?B, @B7GF 5OFP <ECB?P;B64AO CB E6B9@G A4;A4K9A<R. 

� ;46<E<@BEF< BF 6<84 86<:9A<S A4>BA9KA<>4 6E9 @9FB8O <;@9D9A<S 
F6TD8BEF< 89?SFES A4 EF4F<K9E><9 < 8<A4@<K9E><9. !4<5B?PL99 
D4ECDBEFD4A9A<9 CB?GK<?< EF4F<K9E><9 @9FB8O. 

%F4F<K9E><@ @9FB8B@ <;@9D9A<S F6TD8BEF< A4;O649FES F4>B=, CD< 
>BFBDB@ A4>BA9KA<> @98?9AAB < A9CD9DO6AB 6846?<649FES 6 <ECOFO649@O= 

@4F9D<4? E BCD989?9AAB= E<?B=. 
� ;46<E<@BEF< BF 69?<K<AO CD<?B:9AAB= A47DG;>< EF4F<K9E><9 

@9FB8O BCD989?9A<S F6TD8BEF< CB8D4;89?SRFES A4 869 7DGCCO: 
3 <;@9D9A<S @4>DBF6TD8BEF<, BEGM9EF6?S9@O9 CD< A47DG;>4I, 

CD96OL4RM<I 30 !; 
3 <;@9D9A<S  @<>DBF6TD8BEF<,  CDB6B8<@O9 CD< A47DG;>4I 8B 2 !. 
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!4<5B?PL99 D4ECDBEFD4A9A<9 CD< <;@9D9A<SI @4>DBF6TD8BEF< 

CB?GK<?< @9FB8O �D<A9??S < $B>69??4, BF?<K4RM<9ES 8DG7 BF 8DG74 HBD@B= 

<ECB?P;G9@OI A4>BA9KA<>B6 < 69?<K<AB= 89=EF6GRM<I A4 A<I E<?. 
 

�� �$�!�� &�Ё$�"%&� #" �$�!���2 

&6TD8BEFP CB �D<A9??R (�"%& 9012359) BCD989?S9FES 6846?<64A<9@ 

EF4?PAB7B ;4>4?TAAB7B L4D<>4 BCD989?9AAB7B 8<4@9FD4 6 <ECOFO649@O= 

@4F9D<4?. �846?<64A<9 CDB<EIB8<F CB8 89=EF6<9@ ;484AAB= A47DG;>< $ 6 
F9K9A<9 BCD989?TAAB7B 6D9@9A<. �D9@S 89=EF6<S A47DG;>< 6O5<D49FES F4><@ 

B5D4;B@, KFB5O CDBJ9EEO C?4EF<K9E>B7B F9K9A<S @9F4??4 GEC9?< CDB=F< 8B 
9T EASF<S. #D4>F<K9E>< QFB CDB<EIB8<F ;4 10315 E 8?S KTDAOI @9F4??B6 
(F45?<J4 1). 

&45?<J4 1 3 #DB8B?:<F9?PABEFP 6O89D:>< A4>BA9KA<>4 CB8 89=EF6<9@ 

;484AAB7B GE<?<S 
&6TD8BEFP CB �D<A9??R �В, �ВW #DB8B?:<F9?PABEFP 6O89D:><, E 

�B 10 180 

%6. 10 » 35 120 

» 35 » 100 30 

» 100 10315 

#D<@9K4A<9 3 �В (EF4?PAB= L4D<>), �ВW (L4D<> <; F6TD8B7B EC?464). 

 
� D9;G?PF4F9 C?4EF<K9E>B= 89HBD@4J<<, CDB<EIB8SM9= CD< 

6846?<64A<< L4D<>4, A4 <ECOFO649@B= CB69DIABEF< 6B;A<>49F BFC9K4FB> 
EH9D<K9E>B= HBD@O. 

%I9@4 <ECOF4A<S A4 F6TD8BEFP  CB �D<A9??R 84A4 A4 D<EGA>9 1. 

 

 

 

 

 

$<EGAB> 1 3 %I9@4 <ECOF4A<S A4 F6TD8BEFP CB ECBEB5G �D<A9??S 

"FABL9A<9    A47DG;><     ,    89=EF6GRM9=    A4    L4D<>,    >    C?BM48< 
CB69DIABEF< CB?GK9AAB7B EH9D<K9E>B7B BFC9K4F>4 (L4DB6B7B E97@9AF4) F 

84TF K<E?B F69D8BEF< CB �D<A9??R, B5B;A4K49@B9 �В 

�В = 
 
 . (1) 

F 

#?BM48P CB69DIABEF< EH9D<K9E>B7B BFC9K4F>4 F, <;@9DS9@4S 6 @@2
 



18  

2  

F=πDh, (2) 

789 D 3 8<4@9FD 6846?<649@B7B L4D<>4, @@; 
h 3 7?G5<A4 BFC9K4F>4, @@. 

 

&4> >4> G8B5A99 <;@9DSFP A9 7?G5<AG BFC9K4F>4, 4 97B 8<4@9FD (d, @@), 
FB, 6OD4:4S 7?G5<AG BFC9K4F>4 K9D9; 97B 8<4@9FD (d) < 8<4@9FD L4D<>4 (D), 

CB?GK49@ 

F=
D øD 
2 

D
2
  d 

2
 ù, (3) 

4 K<E?B F6TD8BEF< CB �D<A9??R CD< CD<@9A9A<< EF4?PAB7B L4D<>4 < L4D<>4 
<; F6TD8B7B EC?464 5G89F I4D4>F9D<;B64FPES HBD@G?B= 

�В (�ВW) = ø 
0,102  2  

ù , (4) 

 
789   3 A47DG;>4, !. 

D D  D 
2
  d 

2
 

 

 
789   3 A47DG;>4, >7E. 

�В (�ВW) =
DøD  D

2
 

 d 
2 ù , (5) 

&4><@ B5D4;B@, CB HBD@G?4@ 4 <?< 5 @B:AB BCD989?<FP K<E?B F6TD8BEF< 
CB �D<A9??R. 
"8A4>B QF<I 8?<F9?PAOI 6OK<E?9A<= A4 CD4>F<>9 A9 89?4RF, 4 

BCD989?SRF F6TD8BEFP <EIB8S <; CB?GK9AAB7B 8<4@9FD4 BFC9K4F>4 CB F45?<J9 
(CD<?B:9A<9 �), EBEF46?9AAB= D4EKTFAO@ CGFT@ CB HBD@G?4@ 4 <?< 5. 

!47DG;>G   6O5<D4RF 6 ;46<E<@BEF< BF >4K9EF64 <ECOFO649@B7B 
@4F9D<4?4 CB HBD@G?9 

P = KD
2
, (6) 

789 К 3 EBBFABL9A<9 @9:8G A47DG;>B= < >648D4FB@ 8<4@9FD4 L4D<>4, D46AB9 
30; 15; 10; 5; 2,5; 1 < <;@9DS9@B9 !/@@2

 (>7E/@@2
) 

 
&6TD8BEFP CB �D<A9??R B5B;A4K49FES E<@6B?B@ �В (�ВW), >BFBDB@G 

CD98L9EF6G9F K<E?B6B9 ;A4K9A<9 F6TD8BEF< <; FDTI ;A4K9A<= J<HD, < CBE?9 
E<@6B?4 G>4;O649FES 8<4@9FD L4D<>4, ;A4K9A<9 CD<?B:9AAB7B GE<?<S (6 >7E), 
CDB8B?:<F9?PABEFP 6O89D:><, 9E?< BA4 BF?<K49FES BF 10 8B 15 E. 

!4CD<@9D: 
3 250 �В 5/750, F6TD8BEFP CB �D<A9??R 250, BCD989?TAA4S CD< CD<@9A9A<< EF4?PAB7B 
L4D<>4 8<4@9FDB@ 5 @@, CD< GE<?<< 750 >7E (7355 !) < CDB8B?:<F9?PABEF< 6O89D:>< BF 
10 8B 15 E; 
3 575 �ВW 2,5/187,5/30, F6TD8BEFP CB �D<A9??R 575, BCD989?TAA4S CD< CD<@9A9A<< 

L4D<>4 <; F6TD8B7B EC?464 8<4@9FDB@ 2,5 @@, CD< GE<?<< 187,5 >7E (1839 !) < 

CDB8B?:<F9?PABEF< 6O89D:>< 30 E. 
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#D< BCD989?9A<< F6TD8BEF< EF4?PAO@ L4D<>B@ <?< L4D<>B@ <; 
F6TD8B7B EC?464 8<4@9FDB@ 10 @@ CD< GE<?<< 3000 >7E (29420 !) < 
CDB8B?:<F9?PABEF< 6O89D:>< BF 10 8B 15 E F6TD8BEFPR CB �D<A9??R 

B5B;A4K4RF FB?P>B K<E?B6O@ ;A4K9A<9@ F6TD8BEF< < E<@6B?B@ �В <?< �ВW: 

A4CD<@9D, 185 �В, 600 �ВW. 

!4<5B?99 D4ECDBEFD4ATAAO@< EF4A84DFAO@< GE?B6<S@< CD< 

BCD989?9A<< F6TD8BEF< CB �D<A9??R S6?SRFES: 
3 A47DG;>4   = 3000 >7E (29420 !), 
3 8<4@9FD L4D<>4 10 @@, 
3 6O89D:>4 CB8 A47DG;>B= B5D4;J4 <?< <;89?<S 10 3 15 E. 
#D< F6TD8BEF< @9F4??B6 @9A99 450 98<A<J 8?S <;@9D9A<S F6TD8BEF< 

CD<@9ASRF EF4?PAO9 L4D<>< <?< L4D<>< <; F6TD8B7B EC?464, CD< F6TD8BEF< 

@9F4??B6 5B?99 450 98<A<J 3 L4D<>< <; F6TD8B7B EC?464. 
�A4K9A<9 К (EBBFABL9A<9 @9:8G A47DG;>B= < >648D4FB@ 8<4@9FD4 

L4D<>4) 6O5<D4RF 6 ;46<E<@BEF< BF @9F4??4 < 97B F6TD8BEF< 6 EBBF69FEF6<< 
E F45?<J9= 2. 

 
&45?<J4 2 3 �A4K9A<9 К 

 4F9D<4? &6TD8BEFP CB �D<A9??R К 

%F4?P, KG7GA, 6OEB>BCDBKAO9 EC?46O (A4 BEAB69 �B 140 10 
A<>9?S, >B54?PF4 < 8D.) 140 < 5B?99 30 

&<F4A < EC?46O A4 97B BEAB69 "F 50 15 

 98P < EC?46O A4 9T BEAB69, ?T7><9 @9F4??O < <I  9A99 35 5 

EC?46O "F 35 10 

#B8L<CA<>B6O9 EC?46O "F 8 8B 50 2,5 

%6<A9J, B?B6B < 8DG7<9 @S7><9 @9F4??O �B 20 1 

 

'E<?<9   6 ;46<E<@BEF< BF ;A4K9A<S К < 8<4@9FD4 D GEF4A46?<64RF CB 
F45?<J9 3. 
&45?<J4 3 3 �A4K9A<9 GE<?<S   

�<4@9FD 
L4D<>4, @@ 

!47DG;>4  , ! (>7E), 8?S К 

30 15 10 5 2,5 1 

1,0 
294,2 

(30) 
- 

98,07 

(10) 

49,03 

(5) 

24,52 

(2,5) 

98,807 

(1) 

2,0 
1177 

(120) 
- 

392,3 

(40) 

196,1 

(20) 

98,07 

(10) 

39,23 

(4) 

2,5 
1839 

(187,5) 
- 

612,9 

(62,5) 

306,0 

(31,2) 

153,0 

(15,6) 

60,80 

(6,2) 

5,0 
7355 

(750) 
- 

2452 

(250) 

1226 

(125) 

612,9 

(62,5) 

245,2 

(25) 
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10,0 
29420 

(3000) 

14710 

(1500) 

9807 

(1000) 

4903 

(500) 

2452 

(250) 

980,7 

(100) 

 

 9:8G CD989?B@ CDBKABEF< (Ã6) < K<E?B@ F6TD8BEF< �В D4;?<KAOI 
@9F4??B6 EGM9EF6G9F ;4>BAB@9DABEFP. 

 
!F4?P E F69D8BEFPR �В 

1203175 ..................................... Ã� ≈ 0,34�В 

1753450 ..................................... Ã� ≈ 0,35�В 

 
�98P, ?4FGAP, 5DBA;4 

BFB::TAA4S ................................. Ã� ≈ 0,55�В 

A4>?9C4AA4S .....................  ........... Ã� ≈ 0,40�В 

А?R@<A<= < 4?R@<A<96O9 EC?46O E F6TD8BEFPR �В 

20345. ................................. Ã� ≈ (0,33÷0,36)�В 

 
ДRD4?R@<A 

BFB::TAAO= ................................. Ã� ≈ 0,36�В 

CBE?9 ;4>4?>< < EF4D9A<S ............ Ã� ≈ 0,35�В 

 
1F< ;46<E<@BEF< L<DB>B <ECB?P;GRFES 6 CDB<;6B8EF69 CD< >BAFDB?9 

89F4?9= < CB?GH45D<>4FB6. 
 

#BDS8B> BCD989?9A<S F6TD8BEF< A4 CD<5BD9 �D<A9??S 
 

"CD989?9A<9 F6TD8BEF< A4 CD<5BD9 �D<A9??S CDB<;6B8SF 6 
BCD989?TAAB@ CBDS8>9: 

 
1 #B69DIABEFP <ECOFO649@B7B B5D4;J4 ;4K<M4RF A4:84KAB= 5G@47B=. 
2 �4K<M9AAO= B5D4;9J GEF4A46?<64RF A4 EFB?<>9 CD<5BD4. �D4M9A<9@ 

@4IB6<>4 CB K4EB6B= EFD9?>9 B5D4;9J CB8A<@4RF > L4D<>G < ;4:<@4RF 8B 
BF>4;4. 

3 #D< 6>?RK9A<< Q?9>FDB86<74F9?S A47DG;>4 CD<>?48O649FES C?46AB. 
#BE?9 CD<?B:9A<S A47DG;>< < ;484AAB= 6O89D:>< C9D9>?RK4F9?P 
46FB@4F<K9E>< <;@9AS9F A4CD46?9A<9 6D4M9A<S Q?9>FDB86<74F9?S. #D< 
EASF<< A47DG;>< Q?9>FDB86<74F9?P 46FB@4F<K9E>< 6O>?RK49FES. 

4 %C9J<4?PAB= ?GCB= <;@9DSRF 8<4@9FD CB?GK9AAB7B BFC9K4F>4 
(D<EGAB> 2). �ECOF4A<S CB6FBDSRF FD<:8O < ;4 D9;G?PF4F CD<A<@4RF 
ED98A99 4D<H@9F<K9E>B9 <; FDTI <ECOF4A<=. 
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$<EGAB> 2 3 �;@9D9A<9 CB L>4?9 ?GCO 8<4@9FD4 BFC9K4F>4 
 

 

 

5 &6TD8BEFP CB �D<A9??R BCD989?SRF CB HBD@G?4@ (4 <?< 5) <?< CB F45?<J9 
(CD<?B:9A<9 �). 

 
�� �$�!�� &�Ё$�"%&� #" $"�����' 

&6TD8BEFP CB $B>69??G (�"%& 9013-59) BCD989?S9FES CGFT@ 6846?<64A<S 
A4>BA9KA<>4 6 <ECOFO649@O= B5D4;9J CB8 89=EF6<9@ 86GI CBE?98B64F9?PAOI 
A47DG;B> (D<EGAB> 3) CD9864D<F9?PAB= ( B ) < BEAB6AB= ( 1 ) 

  =  B +  1. (7) 

#D9864D<F9?PA4S A47DG;>4  B 6B 6E9I E?GK4SI  D46A4 100 ! (1 ! ≈ 0,1 >7E). 
 
 

4 5 6 
 

4 3 CD9864D<F9?PA4S; 
5 3 CD9864D<F9?PA4S < BEAB6A4S (B5M4S); 
6 3 CD9864D<F9?PA4S CBE?9 EASF<S BEAB6AB= 

 
$<EGAB> 3 3 %I9@4F<K9E>B9 <;B5D4:9A<9 CBE?98B64F9?PABEF< CD<?B:9A<9 

A47DG;>< CD< <;@9D9A<< F6TD8BEF< CB $B>69??G: 
 

%G@@4DA4S A47DG;>4   @B:9F   5OFP 6OD4:9A4 K<E?4@< 600, 1100 < 

1500 !. $4;ABEFP 7?G5<AO, A4 >BFBDGR CDBA<>49F A4>BA9KA<> CB8 89=EF6<9@ 

86GI A47DG;B> (D<EGAB> 36), I4D4>F9D<;G9F F6TD8BEFP CB $B>69??G. &6TD8BEFP, 
<;@9D9AA4S CB @9FB8G $B>69??4, BFEK<FO64RF CB <A8<>4FBDG F69D8B@9D4 6 
GE?B6AOI 98<A<J4I, A9 <@9RM<I D4;@9DABEF<, B5B;A4K49@OI E<@6B?B@ HR, 

;4 >BFBDO@ E?98G9F 5G>64, G>4;O64RM4S L>4?G BFEK9F4 K<E9? F6TD8BEF< < 

E4@B K<E?B. 
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!4<5B?99 D4ECDBEFD4ATAAO@< S6?SRFES E?98GRM<9 >B@5<A4J<< 

A4>BA9KA<>B6 < A47DG;B>. 
Ш>4?4 �. !4>BA9KA<> E 4?@4;AO@ >BAGEB@, B5M4S A47DG;>4   

D46AS9FES 600 ! ( B = 100 !;  1 = 500 !). 
1F4 L>4?4 CD<@9AS9FES 8?S <ECOF4A<S E69DIF6TD8OI EC?46B6, F6TD8B7B 

FBA>B7B ?<EFB6B7B @9F4??4, 4 F4>:9 FBA><I F6TD8OI 8<HHG;<BAAOI 
CB69DIABEFAOI E?B96 < CB>DOF<=. 

"FEK9FO K<E9? F6TD8BEF< CB QFB= L>4?9 B5B;A4K4RFES E<@6B?B@ HRA < 
K<E?B@ F6TD8BEF<, A4CD<@9D HRA 70. 

Ш>4?4 !. !4>BA9KA<> E 4?@4;AO@ >BAGEB@, B5M4S A47DG;>4   

D46AS9FES 1500 !. 
1F4 L>4?4 CD<@9AS9FES CD< <ECOF4A<< F69D8BEF< EF4?9=, 

CB869D7AGFOI GCDBKASRM9= F9D@<K9E>B= B5D45BF>9. 
"FEK9F K<E9? F6TD8BEF< CB L>4?9 ! B5B;A4K49FES E<@6B?B@ HRC < 

K<E?B@ F6TD8BEF<, A4CD<@9D HRC 60. 

Ш>4?4 �. !4>BA9KA<> EB EF4?PAO@ (;4>4?TAAO@) L4D<>B@ 8<4@9FDB@ 

1,588 @@, B5M4S A47DG;>4   D46AS9FES 1000 !. 
1F4 L>4?4 CD<@9AS9FES CD< <ECOF4A<< EF4?9=, A9 CB869D7AGFOI 

GCDBKASRM9= F9D@<K9E>B= B5D45BF>9, 4 F4>:9 J69FAOI EC?46B6: 5DBA;, 
?4FGA9= < 8D. 

"FEKTFO F6TD8BEF< CB L>4?9 В B5B;A4K4RFES E<@6B?B@ �RВ < K<E?B@ 

F6TD8BEF<, A4CD<@9D �RВ 80. 

�A8<>4FBD F69D8B@9DB6 F<C4 $B>69??4 <@99F 869 L>4?O: A4DG:AGR 

(K9DAGR) < 6AGFD9AARR (>D4EAGR). 
#B A4DG:AB= L>4?9 CDB<;6B8SF <;@9D9A<S F6TD8BEF< E CD<@9A9A<9@ 

4?@4;AB7B A4>BA9KA<>4. � ;46<E<@BEF< BF 6O5D4AAB= A47DG;>< A4 >BAGE (600 
! <?< 1500 !) A4DG:A4S L>4?4 @B:9F 5OFP EBBF69FEF69AAB L>4?B= А <?< !. 

�AGFD9AASS L>4?4 В E@9M9A4 BFABE<F9?PAB AG?96B7B 89?9A<S 
A4DG:AB= L>4?O A4 30 89?9A<= 6 A4CD46?9A<<, CDBF<6BCB?B:AB@ 86<:9A<R 

K4EB6B= EFD9?><. #BQFB@G AG?96B= LFD<I K9DAB= L>4?O EB6C4849F E 30-@ 

LFD<IB@ >D4EAB=. 
"CD989?9A<9 F6TD8BEF< A4 F69D8B@9D9 F<C4 $B>69??4 <@99F L<DB>B9 

CD<@9A9A<9, F. >. QFBF CD<5BD 84TF 6B;@B:ABEFP <ECOFO64FP @S7><9, F6TD8O9, 
4 F4>:9 FBA><9 @4F9D<4?O: 

3 BFC9K4F>< BF >BAGE4 <?< L4D<>4 BK9AP @4?O < CBQFB@G @B:AB 
<ECOFO64FP 7BFB6O9 89F4?< 59; <I CBDK<; 

3 <ECOF4A<9 ?97>B 6OCB?A<@B < ;4A<@49F @4?B 6D9@9A< (A9E>B?P>B 
E9>GA8); 
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3 A9 FD95G9FES A<>4><I <;@9D9A<= < K<E?B F6TD8BEF< K<F49FES CDS@B A4 
L>4?9 <A8<>4FBD4. 

�A4K9A<S F6TD8BEF< CB $B>69??G @B7GF 5OFP C9D96989AO 6 ;A4K9A<S 
F6TD8BEF< CB �D<A9?R (CD<?B:9A<9 �). 

 
#BDS8B> BCD989?9A<S F6TD8BEF< A4 CD<5BD9 $B>69??4 

1 ,>4?G 3 <ECOF4A<S (А, В < !) < EBBF69FEF6GRM<9 9= GE?B6<S 
<ECOF4A<S (6<8 A4>BA9KA<>4, B5M4S A47DG;>4) 6O5<D4RF 6 ;46<E<@BEF< BF 
<AF9D64?4 F6TD8BEF< <ECOFG9@B7B @4F9D<4?4 CB F45?<J9 4. 

2 "5D4;9J FM4F9?PAB ;4K<M49FES < GEF4A46?<649FES A4 EFB? CD<5BD4, 
>BFBDO= CGFT@ C?46AB7B 6D4M9A<S @4IB6<>4 CB K4EB6B= EFD9?>9 CB8A<@4RF 
8B EBCD<>BEAB69A<S B5D4;J4 E A4>BA9KA<>B@. #D< QFB@ A48B CB@A<FP, KFB 

EBCD<>BEAB69A<9 B5D4;J4 E A4>BA9KA<>B@ 8B?:AB CDB<EIB8<FP CD< 
;4@98?9AAB@ 6D4M9A<< @4IB6<>4. 

&4>4S BEFBDB:ABEFP A9B5IB8<@4 8?S CD98BF6D4M9A<S CB?B@>< 
A4>BA9KA<>4, BEB59AAB 4?@4;AB7B. 

 

&45?<J4 4 3 �O5BD A47DG;>< < A4>BA9KA<>4 8?S <ECOF4A<S F6TD8BEF< CB 
$B>69??G 

 

"5B;A4K9A<9 
L>4?O 

 
�<8 A4>BA9KA<>4 

 
!47DG;>4, ! 

"5B;A4K9A<9 
F6TD8BEF< CB 
$B>69??G 

#D989?O <;@9D9A<S 6 
98<A<J4I F6TD8BEF< CB 

$B>69??G 

В %F4?PAB= L4D<> 1000 HRB 253100 

! �?@4;AO= >BAGE 1500 HRC 20367 

А » 600 HRA 75385 

#D<@9K4A<9  3 �?S <ECOF4A<S A9BF69FEF69AAOI 89F4?9= F6TD8BEFPR HRC 20350 

 

8BCGE>49FES CD<@9A9A<9 A4>BA9KA<>4 <; F6TD8B7B EC?464. 

 
3 #D< 84?PA9=L9@ 6D4M9A<< @4IB6<>4 L4D<> <?< 4?@4;AO= >BAGE 

A4K<A49F 6846?<64FPES 6 B5D4;9J. �D4M9A<9 @4IB6<>4 BEF4A46?<649FES FB784, 
>B784 @4?4S EFD9?>4 <A8<>4FBD4 8B=8TF 8B >D4EAB= FBK><. 

&4>B9 CB?B:9A<9 @4?B= EFD9?>< H<>E<DG9F @B@9AF 89=EF6<S A4 B5D4;9J 

CD9864D<F9?PAB= A47DG;><  0 = 100 !. 
#BE?9 QFB7B AG?96B= LFD<I A4DG:AB= (K9DAB=) L>4?O EB6@9M4RF E 

5B?PLB= EFD9?>B=. 
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4 !4:<@4RF >?46<LG, E6S;4AAGR E Q?9>FDB86<74F9?9@, CDB<EIB8<F 
C?46AB9 CD<?B:9A<9 BEAB6AB= A47DG;><. "8AB6D9@9AAB E BCGE>4A<9@ 7DG;B6 
CB6BD4K<649FES 5B?PL4S EFD9?>4 <A8<>4FBDAB7B CD<5BD4. #D< QFB@ EFD9?>4 
6D4M49FES 6 B5D4FAB@ A4CD46?9A<< < BEF4A46?<649FES CDBF<6 K<E?4 F6TD8BEF<, 
EBBF69FEF6GRM97B F6TD8BEF< <ECOFO649@B7B B5D4;J4 (A4CD<@9D HRC 60). 

#D<?B:9A<9 � 
 

"CD989?9A<9 K<E9? F6TD8BEF< CB �D<A9??R 
 

�<4@9FD 
BFC9K4F>4 d10, 

@@ 

+<E?B F6TD8BEF< �В CD< 

A47DG;>9 $, ! 

 �<4@9FD BFC9- 
K4F>4 d10, 

@@ 

+<E?B F6TD8BEF< �В CD< 

A47DG;>9 $, ! 

300 D
2
 100 D

2
 25 D

2
 300 D

2
 100 D

2
 25 D

2
 

1 2 3 4 1 2 3 4 

2,90 444 - - 4,50 179 59,5 14,9 

2,95 429 - - 4,55 174 58,1 14,5 

3,00 415 - 34,6 4,60 170 56,8 14,2 

3,05 401 - 33,4 4,65 167 55,5 13,9 

3,10 388 129 32,3 4,70 163 54,3 13,6 

3,15 375 125 31,3 4,75 159 53,0 13,3 

3,20 363 121 30,3 4,80 156 51,9 13,0 

3,25 352 117 29,3 4,85 152 50,7 12,7 

3,30 341 114 28,4 4,90 149 49,6 12,4 

3,35 331 110 27,5 4,95 146 48,6 12,1 

3,40 321 107 26,7 5,00 143 47,5 11,9 

3,45 311 104 25,9 5,05 140 46,5 11,6 

3,50 302 101 25,2 5,10 137 45,5 11,4 

3,55 293 97,7 24,4 5,15 134 44,6 11,1 

3,60 285 95,0 23,7 5,20 131 43,7 10,9 

3,65 277 92,3 23,1 5,25 128 42,8 10,7 

3,70 269 89,7 22,4 5,30 126 41,9 10,5 

3,75 262 87,2 21,8 5,35 123 41,0 10,3 

3,80 255 84,9 21,2 5,40 121 40,2 10,1 

3,85 248 82,6 20,6 5,45 118 39,4 9,85 

3,90 241 80,4 20,1 5,50 116 38,6 9,66 

3,95 235 78,3 19,6 5,55 114 37,9 9,46 

4,00 229 76,3 19,1 5,60 111 37,1 9,28 

4,05 223 74,3 18,6 5,65 109 36,4 9,10 

4,10 217 72,4 18,1 5,70 107 35,7 8,92 

4,15 212 70,6 17,6 5,75 105 35,0 8,75 

4,20 207 68,8 17,2 5,80 103 34,3 8,58 

4,25 201 67,1 16,8 5,85 101 33,7 8,42 

4,30 197 65,5 16,4 5,90 99,2 33,1 8,26 

4,35 192 63,9 16,0 5,95 97,3 32,4 8,11 

4,40 187 62,4 15,6 6,00 95,5 31,8 7,96 

4,45 183 60,9 15,2     

 
#D <@9  K4A<9  3 �<4@9FDO BFC9K4F>B6 84AO 8?S L4D<>4 8<4@9FDB@ 10 @@. 
�?S BCD989?9A<S CB F45?<J9 K<E?4 F6TD8BEF< CD< <ECOF4A<< L4D<>B@ 

8<4@9FDB@ 5 @@ 8<4@9FD BFC9K4F>4 A48B G@AB:<FP A4 2, 4 CD< <ECOF4A<< 

L4D<>B@ 8<4@9FDB@ 2,5 @@ 3 A4 4. 
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#D<?B:9A<9 � 

!BBFABL9A<9 K<E9? F6TD8BEF< CB �D<A9??R <  B>69??G 

&6TD8BEFP CB 
�D<A9??R* &6TD8BEFP CB $B>69??G  &6TD8BEFP CB 

�D<A9??R* &6TD8BEFP CB $B>69??G 

�<4@9FD BF- 
C9K4F>4 �В HRC HRB HRA 

 �<4@9FD 
BFC9K4F>4 �В HRC HRB HRA 

2,20 780 72 - 84 4,00 229 20 100 61 

2,30 712 68 - 82 4,10 211,7 17 98 60 

2,40 653 64 - 80 4,20 207 14 95 59 

2,50 601 60 - 78 4,30 197 12 93 58 

2,60 555 56 - 77 4,40 187 9 91 57 

2,70 514 52 - 75 4,50 179 7 90 56 

2,80 477 49 - 74 4,60 170 4 88 55 

2,90 444 47 - 73 4,70 163 2 86 53 

3,00 415 43 - 72 4,80 156 0 84 52 

3,10 388 41 - 71 4,90 149 - 82 - 

3,20 363 39 - 70 5,00 143 - 80 - 

3,30 341 36 - 68 5,10 137 - 78 - 

 
3,40 

321 33 - 67 5,20 131 - 76 - 

3,50 302 31 - 66 5,30 126 - 74 - 

3,60 285 29 - 65 5,40 121 - 72 - 

3,70 269 27 - 64 5,50 116 - 70 - 

3,80 255 25 - 63 5,60 111 - 67 - 

3,90 241 23 102 62 5,70 107 - 65 - 

* �<4@9FD L4D<>4 10 @@; A47DG;>4 3000 >7E (29420 !). 

 
�BAFDB?PAO9 6BCDBEO: 

1. +FB A4;O649FES F69D8BEFPR @4F9D<4?4? 
2. �4FP BCD989?9A<9 F69D8BEF< CB �D<A9??R, CB $B>69??G < CB �<>>9DEG. 
3. �4>B64 E6S;P F69D8BEF< @4F9D<4?4 E CD989?B@ CDBKABEF<? 
4. � >4><I E?GK4SI E?98G9F CD<@9ASFP @9FB8 <;@9D9A<S F69D8BEF< CB �D<A9?R, 4 6 >4><I CB 
@9FB8G $B>69??4 < �<>>9DE4? 
5. �4> BCD989?SRF 69?<K<AG F69D8BEF< CB $B>69??G? 
6. �4><9 L>4?O F69D8BEF< CB $B>69??G 6O ;A49F9? 
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#D4>F<K9E>4S D45BF4 
 
 <>DBEFDG>FGD4 KG7GAB6 < G7?9DB8<EFOI EF4?9= 6 D46AB69EAB@ 

EBEFBSA<< 

 
Ц9?P D45BFO: �;GK<FP @<>DBEFDG>FGDG KG7GAB6 < G7?9DB8<EFOI EF4?9= 6 
D46AB69EAB@ (BFB::TAAB@) EBEFBSA<<. 
'EF4AB6<FP E6S;P @9:8G EFDG>FGD4@< < 8<47D4@@B= EBEFBSA<S Fe-Fe3C. 

 
 9FB8<K9E>B9 B59EC9K9A<9: 

1.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO. 
2. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 « 4F9D<4?B6989A<9» 

 
#BDS8B> 6OCB?A9A<S D45BFO: 

 
�484A<9 

1. �;GK<FP >?4EE<H<>4J<R KG7GAB6.  4D><DB6>4 KG7GAB6. 
2. �;GK<FP >?4EE<H<>4J<R EF4?< CB EFDG>FGD9. 

 
 

1  ��$"%&$'�&'$� +'�'!"� 

�OEB>BG7?9DB8<EFO9  EC?46O :9?9;4, EB89D:4M<9 5B?99 2,14 %%, 
A4;O64RF KG7GA4@<. 

#D4>F<K9E>B9 CD<@9A9A<9 A4IB8SF KG7GAO E EB89D:4A<9@ G7?9DB84 8B 
434,5 %. #D< 5B?PL9@ >B?<K9EF69 G7?9DB84 @9I4A<K9E><9 E6B=EF64 KG7GA4 
EGM9EF69AAB GIG8L4RFES. 

#DB@OL?9AAO9 KG7GAO A9 S6?SRFES 86B=AO@< EC?464@<, 4 F4> :9, >4> 
< EF4?<, EB89D:4F CBEFBSAAO9 CD<@9E<: @4D74A9J, >D9@A<=, E9DG < HBEHBD. 
"8A4>B 6 KG7GA4I BA< CD<EGFEF6GRF 6 5B?PL<I >B?<K9EF64I < B>4;O64RF A4 
H<;<>B-@9I4A<K9E><9 < E?G:95AO9 I4D4>F9D<EF<>< KG7GA4 5B?99 
<AF9AE<6AB9 6?<SA<9, K9@ A4 EF4?P. 

'7?9DB8 6 KG7GA4I @B:9F A4IB8<FPES >4> 6 I<@<K9E>< E6S;4AAB@ 

EBEFBSA<< 6 6<89 >4D5<84 :9?9;4 (Fe3C), A4;O649@B7B J9@9AF<FB@, F4> < 6 
E6B5B8AB@ EBEFBSA<< 6 6<89 7D4H<FAOI 6>?RK9A<=. 

#DBJ9EE B5D4;B64A<S 7D4H<F4 6 KG7GA4I A4;O649FES 7D4H<F<;4J<9=. 

�B?<K9EF69AAB9 EBBFABL9A<9 E6S;4AAB7B < E6B5B8AB7B G7?9DB84 
;46<E<F BF FB7B, 6 >4>B= @9D9 GEC9649F CDBF9>4FP CDBJ9EE 7D4H<F<;4J<< CD< 

>D<EF4??<;4J<< < CBE?98GRM9@ BI?4:89A<< KG7GA4. 
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#B?ABF4 CDBF9>4A<S CDBJ9EE4 7D4H<F<;4J<< ;46<E<F 7?46AO@ B5D4;B@ 

BF I<@<K9E>B7B EBEF464 < E>BDBEF< BI?4:89A<S KG7GA4. 
'69?<K9A<9 E>BDBEF< BI?4:89A<S CD9CSFEF6G9F 7D4H<F<;4J<< < 

CBQFB@G ECBEB5EF6G9F G@9APL9A<R 6 EFDG>FGD9 KG7GA4 8B?< E6B5B8AB7B < 

G69?<K9A<R 8B?< E6S;4AAB7B G7?9DB84 < A4B5BDBF. 
#B EBEFBSA<R G7?9DB84 KG7GAO CB8D4;89?SRFES A4 59?O9 < 

7D4H<F<;<DB64AAO9 (E9DO9). 
�9?O@< A4;O64RFES KG7GAO, G >BFBDOI 69EP G7?9DB8 A4IB8<FES 6 

E6S;4AAB@ EBEFBSA<< 6 6<89 J9@9AF<F4. 
�D4H<F<;<DB64AAO@< A4;O64RFES KG7GAO, G >BFBDOI 69EP G7?9DB8 

<?< ;A4K<F9?PA4S 97B K4EFP A4IB8<FES 6 E6B5B8AB@ EBEFBSA<< 6 6<89 
7D4H<FAOI 6>?RK9A<= FB= <?< <AB= HBD@O. 

� ;46<E<@BEF< BF HBD@O 7D4H<FAOI 6>?RK9A<= 7D4H<F<;<DB64AAO9 
KG7GAO CB8D4;89?SRFES A4 E9DO9, >B6><9 < 6OEB>BCDBKAO9 (D<EGAB> 1, 2, 3). 

'G7GAO E C?4EF<AK4FB= HBD@B= 7D4H<F4 A4;O64RFES E9DO@<, E 
I?BCP96<8AB= – >B6><@<, E L4DB6<8AB= – 6OEB>BCDBKAO@<. 

 

 
$<EGAB> 1 3 #?4EF<AK4F4S HBD@4 7D4H<FAOI 
6>?RK9A<= 3E9DO= KG7GA (L?<H A9 FD46?TA) 
(×200) 

 

 

 

 
$<EGAB> 2 3 )?BCP96<8A4S HBD@4 

7D4H<FAOI 6>?RK9A<= 3 >B6><= KG7GA (L?<H A9 
FD46?TA) (×200) 

 

 

 

 

 

$<EGAB> 3 3 ,4DB6<8A4S HBD@4 7D4H<FAOI 
6>?RK9A<= 36OEB>BCDBKAO= KG7GA (L?<H A9 
FD46?TA) (×200) 
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�D4H<FAO9 6>?RK9A<S CD98EF46?SRF EB5B= A9@9F4??<K9E>GR K4EFP 
EFDG>FGDO. #BQFB@G EFDG>FGDG ?R5B7B 7D4H<F<;<DB64AAB7B KG7GA4 E?98G9F 
EK<F4FP EBEFBSM9= <; @9F4??<K9E>B= BEAB6O < D4ECD989?TAAOI 6 A9= 
7D4H<FAOI 6>?RK9A<=. 

 9F4??<K9E>4S BEAB64 @B:9F 5OFP H9DD<FAB=, H9DD<FB-C9D?<FAB= < 

C9D?<FAB=. 
 <>DBEFDG>FGD4 59?OI KG7GAB6 

� ;46<E<@BEF< BF EB89D:4A<S G7?9DB84 59?O9 KG7GAO CB8D4;89?SRFES 
A4 8BQ6F9>F<K9E><9 (BF 2,14 8B 4,3%%), Q6F9>F<K9E><9 (4,3%%) < 
;4Q6F9>F<K9E><9 (% > 4,3%).  <>DBEFDG>FGD4 59?OI KG7GAB6 CB>4;4A4 A4 
D<EGA>4I 4, 5, 6. 

ДBQ6F9>F<K9E><9 KG7GAO, A4DS8G E ?9895GD<FB@, EB89D:4F C9D?<F < 

J9@9AF<F 6FBD<KAO=. 
% G69?<K9A<9@ 6 QF<I KG7GA4I EB89D:4A<S G7?9DB84 CDB<EIB8<F 

G69?<K9A<9 6 EFDG>FGD9 >B?<K9EF64 ?9895GD<F4 E EBBF69FEF6GRM<@ 

G@9APL9A<9@ EFDG>FGDAB-E6B5B8AB7B C9D?<F4. �9?O9 8BQ6F9>F<K9E><9 
KG7GAO 59; EC9J<4?PAOI ?97<DGRM<I 8B546B> <@9RF B7D4A<K9AAB9 
CD<@9A9A<9 6E?98EF6<9 A<;>B= 8<A4@<K9E>B= CDBKABEF<. 

�; 59?B7B KG7GA4 <AB784 BF?<64RF 89F4?< (59; @9I4A<K9E>B= 
B5D45BF><), D45BF4RM<9 6 45D4;<6AB= ED989, A4CD<@9D ;G5PS >B6L9= 
Q>E>464FBDB6. 

 

 
$<EGAB> 4 3  <>DBEFDG>FGD4 8BQ6F9>F<K9E>B7B 

59?B7B KG7GA4 3 3%%, (×200) 
 

 
%B7?4EAB 8<47D4@@9 EBEFBSA<S Fe-Fe3C, Q6F9>F<K9E><= KG7GA (FBK>4 %) 

<@99F ? 9 8  9  5 G D <  F  A  G R EFDG>FGDG. �9895GD<F CD< ABD@4?PAB= 
F9@C9D4FGD9 EBEFB<F <; J9@9AF<F4 (E69F?O9 GK4EF><) < C9D?<F4 (FT@AO9 
GK4EF><). 

 

 
$<EGAB> 5 3  <>DBEFDG>FGD4 
Q6F9>F<K9E>B7B 

59?B7B KG7GA4 3 4,3%%, (×200) 



29  

�4Q6F9>F<K9E><9 KG7GAO, A4DS8G E ?9895GD<FB@, EB89D:4F J9@9AF<F 
C9D6<KAO=, D4ECB?474RM<=ES 6 EFDG>FGD9 6 6<89 >DGCAOI C?4EF<A A4 
?9895GD<FAB@ HBA9. 

 

 
$<EGAB> 6 3  <>DBEFDG>FGD4 ;4Q6F9>F<K9E>B7B 

59?B7B KG7GA4 3 5%%, (×200) 
 

 
 <>DBEFDG>FGD4 7D4H<F<;<DB64AAOI KG7GAB6 

 <>DBE>BC<K9E><9 <EE?98B64A<S 7D4H<F<;<DB64AAOI KG7GAB6 
CDB6B8SFES CB A9FD46?TAO@ < FD46?TAO@ L?<H4@. 

!4 A9FD46?TAOI L?<H4I BFKTF?<6B 6O89?SRFES 7D4H<FAO9 6>?RK9A<S 
6 6<89 FT@AOI GK4EF>B6, CB HBD@9 >BFBDOI BCD989?S9FES 6<8 
7D4H<F<;<DB64AAB7B KG7GA4. 

!4 FD46?TAOI L?<H4I, A4DS8G E 7D4H<FAO@< 6>?RK9A<S@<, 6OS6?S9FES 
EFDG>FGD4 @9F4??<K9E>B= BEAB6O. 

 

 
%9DO9 KG7GAO 

� E9DOI (?<F9=AOI) KG7GA4I G7?9DB8 A4IB8<FES 6 E6B5B8AB@ EBEFBSA<< 

6 6<89 7D4H<FAOI 6>?RK9A<= C?4EF<AK4FB= HBD@O. 

$4EC48G J9@9AF<F4 (7D4H<F<;4J<<) ECBEB5EF6G9F >D9@A<=, EB89D:4A<9 
>BFBDB7B 6 E9DOI KG7GA4I >B?95?9FES BF 1,5 8B 3,5%. 

%FDG>FGD4 E9DOI KG7GAB6 BCD989?S9FES 86G@S BEAB6AO@< H4>FBD4@<: 
I<@<K9E><@ EBEF46B@ < D9:<@B@ (E>BDBEFPR) BI?4:89A<S. 

%9DO= KG7GA CB?GK49FES CD< @98?9AAB@ BI?4:89A<<. +9@ @9APL9 
E>BDBEFP BI?4:89A<S, F9@ 6 5B?PL9= EF9C9A< GEC9649F CDB<;B=F< CDBJ9EE 
7D4H<F<;4J<<. 

!B CD< QFB@ B5S;4F9?PAB E?98G9F GK<FO64FP, KFB DBEF C?4EF<AB> 
7D4H<F4 GIG8L49F @9I4A<K9E><9 I4D4>F9D<EF<>< KG7GA4, F4> >4> 6>?RK9A<S 
7D4H<F4 3 QFB CB EGM9EF6G @<>DBFD9M<AO 6 @9F4??<K9E>B= BEAB69 KG7GA4. 
#BQFB@G E9DO= KG7GA <@99F A<;><9 I4D4>F9D<EF<>< @9I4A<K9E><I E6B=EF6 
(Ã�, ·, ψ) CD< <ECOF4A<SI A4 D4EFS:9A<9. 
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�>?RK9A<S 7D4H<F4 <7D4RF DB?P >BAJ9AFD4FBDB6 A4CDS:9A<=, CBQFB@G 
D45BF4 G84D4 5?<;>4 > AG?R. 

&6TD8BEFP < CDBKABEFP CD< <ECOF4A<SI A4 E:4F<9, ;46<ESM<9 BF 
E6B=EF6 @9F4??<K9E>B= BEAB6O, G KG7GA4 8BEF4FBKAB 6OEB><. 

%9DO= KG7GA E C?4EF<AK4FB= HBD@B= 7D4H<F4 <@99F < DS8 
CD9<@GM9EF6. "A CB;6B?S9F CB?GK4FP 89LT6B9 ?<FPT, F4> >4> CD< A<;>B= 
EFB<@BEF< B5?4849F IBDBL9= :<8>BF9>GK9EFPR < @4?B= GE48>B=. 

�>?RK9A<S 7D4H<F4 89?4RF EFDG:>G ?B@>B=, CBQFB@G E9DO= KG7GA 

?97>B B5D454FO649FES D9;4A<9@. 

�?47B84DS E@4;O64RM9@G 89=EF6<R 7D4H<F4 BA B5?4849F IBDBL<@< 
4AF<HD<>J<BAAO@< E6B=EF64@<. &4>:9 E9DO= KG7GA <@99F 6OEB><9 
89@CH<DGRM<9 E6B=EF64, IBDBLB 74E<F 6<5D4J<< < D9;BA4AEAO9 >B?954A<S. 

�B EFDG>FGD9 @9F4??<K9E>B= BEAB6O E9DO9 KG7GAO 89?SFES A4: 

3 H9DD<FAO9; 

3 H9DD<FB-C9D?<FAO9; 

3 C9D?<FAO9; 

3 C9D?<FB-J9@9AF<FAO9. 

� ;46<E<@BEF< BF QFB7B <I F6TD8BEFP EBEF46?S9F BF 143 8B 255 !�. 
%BBF69FEF69AAB @9AS9FES < CDBKABEFP: K9@ 5B?PL9 H9DD<F4, F9@ A<:9 
CDBKABEFP < <;ABEBEFB=>BEFP. 

(9DD<FA4S EFDG>FGD4 E9DB7B KG7GA4 B5D4;G9FES CD< BK9AP @98?9AAB@ 

BI?4:89A<< >DGCAOI BF?<6B> 6 ;9@?SAB= HBD@9. *9@9AF<F 6 A9= 
BFEGFEF6G9F. !4 CB?9 @<>DBL?<H4 (D<EGAB> 7) D4;?<K4RF 869 EFDG>FGDAO9 
EBEF46?SRM<9: EF4?PA4S BEAB64 < 7D4H<F (C?4EF<AK4FO9 6>?RK9A<S). 

 

 

$<EGAB> 7 3  <>DBEFDG>FGD4 E9DB7B KG7GA4 
A4 H9DD<FAB= BEAB69 (×200) 

 

(9DD<FAB-C9D?<FA4S EFDG>FGD4 E9DB7B 
KG7GA4 EBBF69FEF6G9F H9DD<FAB-C9D?<FAB= EF4?< E 

EB89D:4A<9@ 0,5%%. #?4EF<A>< 7D4H<F4 D4ECB?474RFES, CD9<@GM9EF69AAB, 
A4 H9DD<FAOI CB?SI (D<EGAB> 8). 
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$<EGAB> 8 3  <>DBEFDG>FGD4 E9DB7B KG7GA4 
A4 H9DD<FB-C9D?<FAB7B BEAB69 
(×200) 

 

�4AAO9 KG7GAO E Ã� = 120 3 180 #4 CD<@9ASRFES 8?S <;7BFB6?9A<S 
@4?BBF69FEF69AAOI, @4?B A47DG:9AAOI 89F4?9= (HGA84@9AFAO9 C?<FO, 
>BDCGE4 D98G>FBDB6 < A4EBEB6, EFDB<F9?PAO9 >B?BAAO, >DOL><, EFGC<JO < 

8D.). 
Ã� 3 6D9@9AAB9 EBCDBF<6?9A<9 D4;DO6G,  #4 (CD989? CDBKABEF< CD< D4EFS:9A<<), 
EBBF69FEF6GRM99 A4<5B?PL9= A47DG;>9, CD98L9EF6GRM9= D4;DGL9A<R B5D4;J4. 

 
#9D?<FA4S EFDG>FGD4 KG7GA4 EBBF69FEF6G9F C9D?<FAB= EF4?< E 

EB89D:4A<9@ 0,8 %%. #?4EF<A>< 7D4H<F4 D4ECB?B:9AO D46AB@9DAB CB 6E9@G 
CB?R BEAB6O (D<EGAB> 9). 

 

 
$<EGAB> 9 3  <>DBEFDG>FGD4 E9DB7B KG7GA4 

A4 C9D?<FAB= BEAB69 (×200) 
 

 
#B ED46A9A<R E H9DD<FAO@ < H9DD<FB-C9D?<FAO@ KG7GAB@ C9D?<FAO= 

KG7GA <@99F A4<5B?99 6OEB><9 @9I4A<K9E><9 E6B=EF64 < CD<@9AS9FES 8?S 
<;7BFB6?9A<S BF69FEF69AAOI 89F4?9= (EF4A<A @BMAOI EF4A>B6, 7<?P;, 
CBDLA9=, CBDLA96OI >B?9J, J<?<A8DB6, 5?B>B6 86<74F9?9= < 8D.). 

' C9D?<FB-J9@9AF<FAB= EFDG>FGDO E9DB7B KG7GA4 @9F4??<K9E>4S 
BEAB64 EBEFB<F <; C9D?<F4 E 6>?RK9A<S@< J9@9AF<F4. #BE?98A<9 
D4ECB?474RFES A4 EFO>4I FDTI-K9FODTI ;TD9A C9D?<F4. �D4H<FAO9 6>?RK9A<S 
D4EE9SAO CB CB?R C9D?<F4 < A<>B784 A9 C9D9E9>4RF 6>?RK9A<S EFDG>FGDAB- 

E6B5B8AB7B J9@9AF<F4 (D<EGAB> 10). 

#9D?<FB-J9@9AF<FA4S EFDG>FGD4 E9DB7B KG7GA4 89H9>FA4, F4> >4> 
6>?RK9A<S EFDG>FGDAB-E6B5B8AB7B J9@9AF<F4 ;A4K<F9?PAB EA<:4RF 
@9I4A<K9E><9 E6B=EF64 KG7GA4. �DGCAO9 6>?RK9A<S J9@9AF<F4 D9;>B 
GIG8L4RF @9I4A<K9E>GR B5D45BF>G F4>B7B KG7GA4 D9;J4@<. 

 

 
$<EGAB> 10 3  <>DBEFDG>FGD4 E9DB7B KG7GA4 



32  

A4 C9D?<FB-J9@9AF<FAB= BEAB69 (×200) 
 

�D<F9D<9@ >4K9EF64 E9DB7B KG7GA4 CD<ASFB EK<F4FP 6D9@9AAB9 
EBCDBF<6?9A<9 D4;DO6G (Ã�). 

%9DO= KG7GA @4D><DG9FEO 5G>64@< «%+» < J<HD4@<, 
EBBF69FEF6GRM<@< CD989?G CDBKABEF< CD< D4EFS:9A<<. !4CD<@9D, KG7GA %+ 

15 <@99F Ã� = 150  #4.  4D>< < @9I4A<K9E><9 E6B=EF64 E9DOI KG7GAB6 
CD<6989AO 6 F45?<J9 1. 

 
&45?<J4 13  9I4A<K9E><9 E6B=EF64 E9DOI KG7GAB6 (�"%& 1412-85) 

 4D>4 KG7GA4 Ã�  #4, A9 @9A99 Ã���  #4, A9 @9A99 &6TD8BEFP, �В 

%+ 10 100 280 1203205 

%+ 15 150 320 1303241 

%+ 20 200 400 1433255 

%+ 25 250 460 1563260 

%+ 30 300 500 1633270 

%+ 35 350 550 1793290 

%+ 40 400 600 2073285 

%+ 45 450 650 2293289 

 
�B6><9 KG7GAO 

 
�B6><@ KG7GAB@ A4;O649FES 6S;><=, IBDBLB EBCDBF<6?SRM<=ES 

D4;DO6G < G84DAB= A47DG;>9 KG7GA. 
!4;64A<9 97B E6S;4AB E CB6OL9AAB= C?4EF<KABEFPR, 6OEB><@ 

BFABE<F9?PAO@ G8?<A9A<9@ 3 8B 15%, 6 FB 6D9@S >4> G B5OKAB7B E9DB7B 
KG7GA4 BAB A9 CD96OL49F 3%. 

�8A4>B E?98G9F ;4CB@A<FP, KFB, >4> < 8DG7<9 6<8O KG7GAB6, >B6><= 

KG7GA A9 >GPFEO, FB 9EFP A9 CB869D749FES C?4EF<K9E>B= 89HBD@4J<< CD< 

A47D969. 
�B6><= KG7GA CB?GK4RF CGF9@ 8?<F9?PAB7B BF:<74 3 FB@?9A<S BF?<6B>, 

CB?GK9AAOI <; 59?B7B 8BQ6F9>F<K9E>B7B KG7GA4. �D4H<F<;<DGRM<= BF:<7 
(D<EGAB> 11) BEGM9EF6?S9FES CD< F9@C9D4FGD9 9503970°% 6 F9K9A<9 
8?<F9?PAB7B 6D9@9A< (E6OL9 20 K). 
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$<EGAB> 11 3 %I9@4 BF:<74 59?B7B KG7GA4 A4 >B6><= KG7GA 

 
�BA9KA4S J9?P BF:<74 3 D4;?B:<FP J9@9AF<F < CB?GK<FP EFDG>FGDG 

H9DD<F + G7?9DB8 BF:<74 6 6<89 I?BCP96<8AB7B 7D4H<F4 (E@. D<EGAB> 2): 

F93% → 3Fe + % BF: , 
* → ( + 7D4H<F. 

� ;46<E<@BEF< BF F9IAB?B7<< BF:<74 BEAB6A4S @9F4??<K9E>4S @4EE4 6 >B6><I 
KG7GA4I, >4> < 6 E9DOI, @B:9F 5OFP H9DD<FAB=, C9D?<FAB-H9DD<FAB= < C9D?<FAB= 
(D<EGAB> 12, 13, 14). 

 

 
$<EGAB> 12 3  <>DBEFDG>FGD4 >B6>B7B KG7GA4 

A4 H9DD<FAB= BEAB69 (×200) 
 

 

 

 
$<EGAB> 13 3  <>DBEFDG>FGD4 >B6>B7B KG7GA4 

A4 H9DD<FB-C9D?<FAB= BEAB69 (×200) 
 

КB6><= KG7GA @4D><DGNF 5G>64@< «�+» < J<HD4@<: C9D6O9 J<HDO 

EBBF69FEF6GRF 6D9@9AAB@G EBCDBF<6?9A<R D4;DO6G (Ã�), 6FBDO9 3 
BFABE<F9?PAB@G G8?<A9A<R (·%), >BFBDO9 I4D4>F9D<;GRF 6S;>BEFP KG7GA4. 
!4CD<@9D, �+ 35 - 10 <@99F Ã� = 350  #4, · = 10 %. 

 

 

 
$<EGAB> 14 3  <>DBEFDG>FGD4 >B6>B7B KG7GA4 

A4 C9D?<FAB= BEAB69 (×200) 
 

 
� F45?<J9 2 CD<6989AO @4D>< < @9I4A<K9E><9 E6B=EF64 A9>BFBDOI 

>B6><I KG7GAB6. 
&45?<J4 2 3  9I4A<K9E><9 E6B=EF64 >B6><I KG7GAB6 (�"%& 1215-79) 

 4D>4 KG7GA4 Ã� ,  #4 ·, % !�, A9 5B?99 
Ф9DD<FAO9 KG7GAO 

�+ 33-8 330 8 165 

�+ 37-12 370 12 163 
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�9D?<FAO9 KG7GAO 

�+ 50-4 500 4 241 

�+ 60-3 600 3 269 

 

�B6><= KG7GA <ECB?P;G9FES 8?S <;7BFB6?9A<S D4;?<KAOI 89F4?9= 6 
46FBFD4>FBDBEFDB9A<< < E9?PE>BIB;S=EF69AAB@ @4L<ABEFDB9A<<: ;48A<9 
@BEFO, EFGC<JO, >B?9AK4FO9 64?O, FBD@B;AO9 >B?B8><, L9EF9DA<, @GHFO, 
ID4CB6<><, ;6T;8BK>< < 8D. 

�OEB>BCDBKAO= KG7GA 
�OEB>BCDBKAO= KG7GA EB98<AS9F 6 E959 6OEB><9 @9I4A<K9E><9 

E6B=EF64 EF4?< E F9IAB?B7<KABEFPR CDB<;6B8EF64 KG7GAAOI BF?<6B>. "A 
@B:9F ;4@9A<FP EF4?PAB9 ?<FP9 < CB>B6><, >B6><= KG7GA, 4 6 DS89 E?GK496 < 

J69FAO9 EC?46O. #D<@9A9A<9 97B 6@9EFB E9DB7B (?<F9=AB7B) KG7GA4 
G69?<K<649F Q>EC?G4F4J<BAAGR A48T:ABEFP < 8B?7B69KABEFP 89F4?9= @4L<A 
< 6 BF89?PAOI E?GK4SI G@9APL<FP <I 69E < E9K9A<9. 

#B?GK4RF 6OEB>BCDBKAO= KG7GA CGF9@ 86B=AB7B @B8<H<J<DB64A<S 
D4EC?46?9AAB7B E9DB7B KG7GA4. 

 B8<H<J<DB64A<9 BEGM9EF6?S9FES CGFT@ 8B546B> 6 >B6L E :<8><@ 

KG7GAB@ EC9J<4?PAOI CD<E48B> 3 @B8<H<>4FBDB6. 
�A4K4?9 66B8SF CD<@9DAB B>B?B 1% @47A<S, 4 ;4F9@ 

@9?>BD4;8DB5?9AAO= 6 6<89 7D4AG? H9DDBE<?<J<= (EC?46 :9?9;4 E >D9@A<9@) 
6 >B?<K9EF69 0,330,4% > 69EG :<8>B7B KG7GA4. 

 B8<H<>4FBDO E?G:4F 8BCB?A<F9?PAO@< J9AFD4@< >D<EF4??<;4J<< 
7D4H<F4, >BFBDO= HBD@<DG9FES 6 6<89 L4DB6<8AOI (7?B5G?SDAOI) 
6>?RK9A<=. 

�?47B84DS F4>B= HBD@9 7D4H<F4 (D<EGAB> 15, 16, 17) EC?46 EF4AB6<FES 
5B?99 C?4EF<KAO@ CD< EBID4A9A<< 6OEB>B= CDBKABEF< (Ã� =1000  #4). 

 
$<EGAB> 15 3  <>DBEFDG>FGD4 
6OEB>BCDBKAB7B KG7GA4 
A4 H9DD<FAB= BEAB69 (×200) 

 

 

 

 

 

$<EGAB> 16 3  <>DBEFDG>FGD4 6OEB>BCDBKAB7B 
KG7GA4 A4 H9DD<FB-C9D?<FAB= BEAB69 (×200) 
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$<EGAB> 17 3  <>DBEFDG>FGD4 
6OEB>BCDBKAB7B KG7GA4 A4 C9D?<FAB= BEAB69 

(×200) 
 

 

 

 4D><DG9FES 6OEB>BCDBKAO= KG7GA 5G>64@< «�+» < J<HDB=, CB8B5AB 
E9DB@G KG7GAG, A4CD<@9D �+ 60 (Ã� = 600  #4), I4D4>F9D<;GRM9= 
6D9@9AAB9 EBCDBF<6?9A<9 D4;DO6G (CD989? CDBKABEF< CD< D4EFS:9A<<). 

 9I4A<K9E><9 E6B=EF64 A9>BFBDOI 6OEB>BCDBKAOI KG7GAB6 CD<6989AO 

6 F45?<J9 3. "A <ECB?P;G9FES 8?S <;7BFB6?9A<S L<DB>B= AB@9A>?4FGDO 

89F4?9= @4L<A < @9I4A<;@B6: EFGC<J, DOK47B6 DG?96B7B GCD46?9A<S, 
L9EF9DTA E9S?B>, C984?9= EJ9C?9A<S, L><6B6 < 8D. 

 
&45?<J4 3 3  9I4A<K9E><9 E6B=EF64 6OEB>BCDBKAOI KG7GAB6 (�"%& 7293-85) 

 4D>4 KG7GA4 
Ã� ,  #4 Ã0,2 ,  #4 ·, % 

&6TD8BEFP, !� 
A9 @9A99 

�+ 35 350 220 22 1403170 

�+ 40 400 250 15 1403202 

�+ 45 450 310 10 1403225 

�+ 50 500 320 7 1533245 

�+ 60 600 370 3 1923277 

�+ 70 700 420 2 2283302 

�+ 80 800 480 2 2483351 

�+ 100 1000 700 2 2703360 

 
 ��$"%&$'�&'$� '���$"��%&/) %&���� � 

$��!"��%!"  %"%&"3!�� 

 
� G7?9DB8<EFO@ EF4?S@ BFABESF EC?46 :9?9;4 E G7?9DB8B@ E 

EB89D:4A<9@ CBE?98A97B BF 0,02 8B 2,14 %. 

"EAB6AO@< >B@CBA9AF4@< G7?9DB8<EFOI EF4?9= S6?S9FES :9?9;B < 
G7?9DB8. �DB@9 FB7B, 6 G7?9DB8<EFB= EF4?< CD<EGFEF6G9F DS8 CD<@9E9=: 
@4D74A9J ( n), >D9@A<= (Si), E9D4 (S), HBEHBD ($), A4;O649@OI ABD@4?PAO@< 

CD<@9ES@<. #D<EGFEF6<9 <I 6 EF4?< B7D4A<K<649FES EBBF69FEF6GRM<@< 

F9IA<K9E><@< GE?B6<S@< 3 EF4A84DF4@<: 
8B 0,8 %  n; 0,4 % Si; 0,05 % S; 0,05 % $. 
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#D<@9E< B>4;O64RF 6?<SA<9 A4 E6B=EF64 EF4?<. &4>, A4CD<@9D,  n < Si 
CB6OL4RF F6TD8BEFP < CDBKABEFP, $ CD<849F EF4?< I?48AB?B@>BEFP, a S 3 
>D4EAB?B@>BEFP, IDGC>BEFP CD< F9@C9D4FGD4I 7BDSK9= B5D45BF>< 846?9A<9@. 

К<E?BDB8 3 6D98A4S CD<@9EP. !4?<K<9 ;4><E< :9?9;4 D9;>B EA<:49F 
8<A4@<K9E>GR < EF4F<K9E>GR CDBKABEFP EF4?<. 

�?<SA<9 CD<@9E9= 6 G>4;4AAOI 6OL9 CD989?4I A9 B>4;O649F ;4@9FAB7B 
6?<SA<S A4 E6B=EF64 EF4?<. 

"EAB6AO@ Q?9@9AFB@, BCD989?SRM<@ @9I4A<K9E><9 < F9IAB?B7<K9E><9 
E6B=EF64 EF4?<, S6?S9FES G7?9DB8. #BQFB@G F4><9 EF4?< A4;O64RFES 
G 7 ? 9 D  B 8 < E F  O@<  . 

�9?9;B 3 CB?<@BDHAO= @9F4??, <@9RM<= D4;?<KAO9 >D<EF4??<K9E><9 
D9LTF>< 6 D4;?<KAOI F9@C9D4FGDAOI <AF9D64?4I. 

#D< >B@A4FAB= F9@C9D4FGD9 <@99F D9LTF>G "*�. 1F4 4??BFDBC<K9E>4S 
@B8<H<>4J<S :9?9;4 A4;O649FES α-:9?9;B@ (Feα). 

&9@C9D4FGD4 C?46?9A<S 3 1539 º%. 
�D9@9AAB9 EBCDBF<6?9A<R D4;DO6G EBEF46?S9F Ã� = 250  #4, 
BFABE<F9?PAB9  G8?<A9A<9  3 · = 50 %, 

G84DA4S 6S;>BEFP 3 (4A) 3  �:/@2
, F69D8BEFP !� 80. 

'7?9DB8 3 A9@9F4??<K9E><= Q?9@9AF, B5?484RM<= CB?<@BDH<;@B@ 

(@AB7BHBD@<9@). � CD<DB89 6EFD9K49FES 6 6<89 7D4H<F4 < 4?@4;4. 
'7?9DB8 6;4<@B89=EF6GS E :9?9;B@, 6 ;46<E<@BEF< BF <I 

>B?<K9EF69AAB7B EBBFABL9A<S < F9@C9D4FGDO, B5D4;GRFES D4;?<KAO9 H4;O, 
CD98EF46?SRM<9 EB5B= B8ABDB8AO9 K4EF< :9?9;BG7?9DB8<EFB7B EC?464. 

1FB 6;4<@B89=EF6<9 ;4>?RK49FES 6 FB@, KFB G7?9DB8 @B:9F 
D4EF6BDSFPES >4> 6 :<8>B@ (D4EC?46?9AAB@) :9?9;9, F4> < 6 D4;?<KAOI 97B 
@B8<H<>4J<SI 6 F6TD8B@ EBEFBSA<< (6 α 3, γ – :9?9;9 < 8D.). �DB@9 FB7B, BA 

@B:9F B5D4;B6O64FP E :9?9;B@ I<@<K9E><9 EB98<A9A<S. 
&6TD8O= D4EF6BD G7?9DB84 6 ³ - :9?9;9 A4;O649FES H9DD<FB@. 

(9DD<F 3 @S7>4S (!� 80), C?4EF<KA4S (· = 50 %) EBEF46?SRM4S EF4?<. 
 4>E<@4?PA4S  D4EF6BD<@BEFP G7?9DB84 6 H9DD<F9 0,02 % CD< 
F9@C9D4FGD9 727 °% (FBK>4 $, D<EGAB> 18); CD< >B@A4FAB= F9@C9D4FGD9 
H9DD<F EB89D:<F A<KFB:AB @4?B9 >B?<K9EF6B G7?9DB84 3 0,006 % (FBK>4 Q ). 

#B8 @<>DBE>BCB@ H9DD<F <@99F 6<8 E69F?OI ;TD9A A9CD46<?PAB= 

HBD@O E FBA><@< F9@AO@< 7D4A<J4@<. �D<EF4??<K9E>4S D9LTF>4 H9DD<F4 
"*�. 
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$<EGAB> 18 3 �<47D4@@4 EBEFBSA<S Fe 3 Fe3C 
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#D< I<@<K9E>B@ 6;4<@B89=EF6<< :9?9;4 E G7?9DB8B@ B5D4;G9FES 
>4D5<8 :9?9;4 Fe3C, A4;O649@O= J9@9AF<FB@. 

Ц9@9AF<F B5?4849F E?B:AB= >D<EF4??<K9E>B= D9LTF>B=, EB89D:<F 
6,67 %%. 

*9@9AF<F F6TD8 (!� 800) < IDGCB>. !4?<K<9 6 EC?469 @9?><I K4EF<K9> 
J9@9AF<F4 D4;?<KAB= HBD@O D9;>B CB6OL49F F6TD8BEFP < CDBKABEFP EC?464. 

#D< 6OEB><I F9@C9D4FGD4I J9@9AF<F A9GEFB=K<6 < D4;?4749FES A4 
7D4H<F < 4GEF9A<F, 4 ;4F9@ (A<:9 ?<A<< PSK) 3 A4 H9DD<F < 7D4H<F. 

#B EFDG>FGD9 EF4?< 89?SFES A4 8BQ6F9>FB<8AO9, Q6F9>FB<8AO9 < 
;4Q6F9>FB<8AO9. 

%F4?< E EB89D:4A<9@ G7?9DB84 8B 0,8% A4;O64RFES 8BQ6F9>FB8<AO@<. 

�I EFDG>FGD4 6 D46AB69EAB@ EBEFBSA<< EBEFB<F <; H9DD<F4 < C9D?<F4 
(D<EGAB> 19). 

 

 
 

 

4 5 

$<EGAB> 19 3  <>DBEFDG>FGD4 8BQ6F9>FB<8AOI EF4?9= E 
D4;?<KAO@ EB89D:4A<9@ G7?9DB84 (×200): 
4 3 EF4?P 10 (0,1 %%); 
5 3 EF4?P 40 (0,4 %%) 

 
#BE?9 FD46?9A<S 4%-AB= 4;BFAB= ><E?BFB= 6 EC<DF9, A4 L?<H9 

8BQ6F9>FB<8AB= EF4?< H9DD<F 6OS6?S9FES < 6<89 E69F?OI CB?9=, 4 C9D?<F 3 6 
6<89 F9@AOI CB?9= CB?BEK4FB7B EFDB9A<S. 

�B?<K9EF6B C9D?<F4 < H9DD<F4 6 8BQ6F9>FB<8AB= EF4?< ;46<E<F BF 
EB89D:4A<S 6 A9= G7?9DB84. % G69?<K9A<9@ >B?<K9EF64 G7?9DB84 C9D?<F4 
EF4AB6<FES 5B?PL9, 4 H9DD<F4 3 @9APL9. 

#B @<>DBEFDG>FGD9 8BQ6F9>FB<8AB= EF4?< @B:AB CD<5?<;<F9?PAB 
BCD989?<FP EB89D:4A<9 6 A9= G7?9DB84. �?S QFB7B AG:AB BCD989?<FP 
C?BM48P (6 CDBJ9AF4I), ;4A<@49@GR H9DD<FB@ < C9D?<FB@. 
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� E6S;< E F9@, KFB 6 H9DD<F9 D4EF6BD9AB BK9AP A95B?PLB9 >B?<K9EF6B 

G7?9DB84, CD4>F<K9E>< @B:AB EK<F4FP, KFB 6 8BQ6F9>FB<8AB= EF4?< 69EP 
G7?9DB8 A4IB8<FES 6 C9D?<F9 (C9D?<F EB89D:<F 0,8 %%, FBK>4 S). 

&B784 EB89D:4A<9 G7?9DB84 (%, %) 6 EF4?< @B:AB BCD989?<FP CB 
HBD@G?9 

!  
Fn  0,8 

,
 

100 

789 Fn 3 C?BM48P, ;4A<@49@4S C9D?<FB@, %. 

 
#D98CB?B:<@, A4CD<@9D, KFB 40 % 6E9= C?BM48< ;4ASFB H9DD<FB@, 60 % 3 
C9D?<FB@. %B89D:4A<9 G7?9DB84 6 F4>B= EF4?< 5G89F 

 

!  
60  0,8 

 0,48%. 
100 

 

%F4?P E   EB89D:4A<9@   G7?9DB84   0,8%   A4;O649FES   Q6F9>FB<8AB=. 

 <>DBEFDG>FGD4 3 C9D?<F (D<EGAB> 20). 

 

 
$<EGAB> 20 3  <>DBEFDG>FGD4 Q6F9>FB<8AB= EF4?< '8 (0,8 

%%) (×200) 
 

 
Э6F9>FB<8 3 @9I4A<K9E>4S E@9EP H9DD<F4 < J9@9AF<F4, B5D4;GRM4SES 

6 D9;G?PF4F9 D4EC484 4GEF9A<F4 CD< F9@C9D4FGD9 727º% (FBK>4 S). #BE?9 
FD46?9A<S Q6F9>FB<8AB= EF4?< CB69DIABEFP L?<H4 CD<B5D9F49F 
C9D?4@GFDB6O= BF?<6, 6 E6S;< E K9@ F4>GR EFDG>FGDG < A4;64?< C9D?<FB@. 

%F4?P E   EB89D:4A<9@   G7?9DB84   BF   0,8   8B   2,14   %   A4;O649FES 
;4Q6F9>FB<8AB=. 

�@99F EFDG>FGDG, EBEFBSMGR <; C9D?<F4 < 6FBD<KAB7B J9@9AF<F4 
(D<EGAB> 21). �FBD<KAO= J9@9AF<F 6O89?S9FES <; 4GEF9A<F4 CD< BI?4:89A<< 

BF F9@C9D4FGDO �cm (?<A<< SE) 8B F9@C9D4FGDO �r1 (?<A<S PSK). 
#D< @98?9AAB@ BI?4:89A<< 6FBD<KAO= J9@9AF<F (*II) 6O89?S9FES 6 

6<89 E9F>< CB 7D4A<J4@ ;TD9A 4GEF9A<F4. 
#D< 8BEF<:9A<< F9@C9D4FGDO �r1 (727º%) 4GEF9A<F CD96D4M49FES 6 

C9D?<F. � D9;G?PF4F9 CBE?9 FD46?9A<S A4 CB69DIABEF< L?<H4 A45?R849FES 
FT@AB9 CB?9 C?4EF<AK4FB7B C9D?<F4, B5D4@?TAAB9 59?B= E9F>B= 6FBD<KAB7B 
J9@9AF<F4. 
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$<EGAB> 21 3  <>DBEFDG>FGD4 ;4Q6F9>FB<8AB= EF4?< '12 
(1,2 %%) (×200) 

+9@ 5B?PL9 G7?9DB84 6 ;4Q6F9>FB<8AB= EF4?<,  F9@ 5B?99 @4EE<6AB= 
(FB?EFB=) CB?GK49FES J9@9AF<FA4S E9F>4. 

 

�OC4849@O=   (CB    ?<A<<    SE)    J9@9AF<F    3    CDB8G>F    6FBD<KAB= 
>D<EF4??<;4J<<. � BF?<K<9 BF J9@9AF<F4 C9D6<KAB7B (?<A<S %D), 6FBD<KAO= 

J9@9AF<F (* II) 6O89?S9FES CD< @98?9AAB@ BI?4:89A<< 4GEF9A<F4 (?<A<S SE). 
#D<DB84 < E6B=EF64 C9D6<KAB7B < 6FBD<KAB7B J9@9AF<F4 CD4>F<K9E>< 
<89AF<KAO. 

16F9>FB<8AO9 < ;4Q6F9>FB<8AO9 G7?9DB8<EFO9 EF4?< CD<@9ASRF 8?S 
D4;?<KAOI <AEFDG@9AFB6, CD98A4;A4K9AAOI 8?S @9I4A<K9E>B= B5D45BF>< 
@9F4??B6, C?4EF@4EE, 89D964 < 8DG7<I @4F9D<4?B6, <;@9D<F9?PAOI < 
E?9E4DAOI <AEFDG@9AFB6 < 8D. 

+G7GA, CB ED46A9A<R EB EF4?PR, <@99F >4> CD9<@GM9EF64, F4> < 
A98BEF4F><. #B?B:<F9?PAO@< E6B=EF64@< QFB7B @4F9D<4?4 S6?SRFES: 
IBDBL<9 ?<F9=AO9 E6B=EF64 (5B?99 A<;>4S, K9@ G EF4?<, F9@C9D4FGD4 
C?46?9A<S, @9APL4S GE48>4, IBDBL4S :<8>BF9>GK9EFP), IBDBL4S 
B5D454FO649@BEFP D9;4A<9@ (>DB@9 B8AB= D4;AB6<8ABEF< 3 59?B7B KG7GA4), 
8BEF4FBKAB 6OEB>4S D45BFBECBEB5ABEFP 6 GE?B6<SI FD9A<S, ECBEB5ABEFP 
74E<FP 6<5D4J<<, A95B?PL4S EFB<@BEFP. 

!98BEF4F>B@ KG7GA4 S6?SRFES 97B A<;><9 C?4EF<K9E><9 E6B=EF64 < 
G84DA4S 6S;>BEFP, KFB CD9CSFEF6G9F <ECB?P;B64A<R KG7GA4 8?S <;7BFB6?9A<S 
89F4?9=, D45BF4RM<I CD< ;A4K<F9?PAOI 8<A4@<K9E><I, G84DAOI A47DG;>4I, < 

89?49F A96B;@B:AO@ 6 5B?PL<AEF69 E?GK496 <ECB?P;B64A<9 B5D45BF>< 
846?9A<9@ (>B6><, LF4@CB6><, CDB>4F>< < F. 8.) 8?S <;7BFB6?9A<S KG7GAAOI 
<;89?<=. 

�9?O9 KG7GAO <@9RF BK9AP 6OEB>GR F69D8BEFP < A9 CB884RFES 
B5D45BF>9 D9;4A<9@. � @4L<ABEFDB9A<< <I CD<@9ASRF FB?P>B 8?S 89F4?9=, 
CB869D74RM<IES B5D45BF>9 L?<HB64A<9@ (64?>< IB?B8AB= CDB>4F><), <?< 

8?S <;89?<=, <ECB?P;G9@OI 59; 6ES>B= @9I4A<K9E>B= B5D45BF>< (7DG;O, 
CDBF<6B69EO, @9?SM<9 F9?4). � DS89 E?GK496 <;7BF46?<64RF 89F4?< E F4> 
A4;O649@B= BF59?9AAB= CB69DIABEFPR. �I CB69DIABEFAO= E?B= CD98EF46?S9F 
EB5B= 59?O= KG7GA < <@99F CB6OL9AAGR F69D8BEFP < <;ABEBEFB=>BEFP, 4 
E9D8J96<A4 <@99F EFDG>FGDG 8DG7B= D4;AB6<8ABEF< KG7GA4 (E A4?<K<9@ 
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7D4H<F4), KFB B59EC9K<649F A9B5IB8<@O= >B@C?9>E @9I4A<K9E><I E6B=EF6. 
#D<@9D4@< F4><I <;89?<= E BF59?9AAB= CB69DIABEFPR S6?SRFES 64?>< 8?S 
IB?B8AB= CDB>4F>< @9F4??4, L4DO 8?S L4DB6OI @9?PA<J. 

&9D@<K9E>B= B5D45BF>B= 59?O= KG7GA C9D9D454FO64RF 6 >B6><= KG7GA. 
#D<@9AS9FES E9DO= KG7GA 8?S <;7BFB6?9A<S E?45BA47DG:9AAOI 
89F4?9=, D45BF4RM<I 6 ?97><I GE?B6<SI. !4CD<@9D, >BDCGE4 D98G>FBDB6, 

A4EBEB6, Q?9>FDB86<74F9?9=, D4;?<KAO9 >DOL><, BFBC<F9?PAO9 54F4D9< < F.C. 
�B6><= KG7GA CD<@9AS9FES 8?S <;7BFB6?9A<S 89F4?9=, D45BF4RM<I 6 

5B?99 FS:9?OI GE?B6<SI CB ED46A9A<R E 89F4?S@< <; E9DB7B KG7GA4 - CD< 

CB6OL9AAOI A47DG;>4I, CD<  ;A4>BC9D9@9AAOI < A95B?PL<I G84DAOI 
A47DG;>4I. !4CD<@9D, >4DF9DO D98G>FBDB6, >BDB5B> C9D984K 46FB@B5<?9=, 

>DBALF9=AO D9EEBD, D4;?<KAO9 >DR><, H?4AJO < F.C. 
!98BEF4FB> >B6><I KG7GAB6 3 CB6OL9AA4S CB ED46A9A<R E BEF4?PAO@< 

KG7GA4@< EFB<@BEFP <;-;4 CDB8B?:<F9?PAB7B 8BDB7BEFBSM97B BF:<74. 

 

�"!&$"�0!/� �"#$"%/ 

 
1. !4;B6<F9 BEAB6AO9 H4;O < EFDG>FGDAO9 EBEF46?SRM<9 
:9?9;BG7?9DB8<EFOI EC?46B6 < <I E6B=EF64. 
2. �4> >?4EE<H<J<DGRF EF4?< CB EB89D:4A<R G7?9DB84? 
3. �4> ;46<ESF E6B=EF64 EF4?9= BF EB89D:4A<S G7?9DB84? 
4. �4> <;@9ASRFES EFDG>FGDO EF4?9= BF EB89D:4A<S G7?9DB84? 
5. �4><9 6<8O KG7GAB6 < <I BEAB6AO9 D4;?<K<S 6O ;A49F9? 
6. �4> >?4EE<H<J<DGRF KG7GAO CB EFDG>FGD9 @9F4??<K9E>B= BEAB6O < HBD@9 
7D4H<FB6OI 6>?RK9A<=? 
7. �4> @4D><DGRFES KG7GAO? 
8. #B>4:<F9 B5?4EF< CD<@9A9A<S D4EE@BFD9AAOI EF4?9= < KG7GAB6. 
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#D4>F<K9E>4S D45BF4 
&9D@<K9E>4S B5D45BF>4 @9F4??B6 

Ц9?P: ";A4>B@<FPES E F9IAB?B7<K9E><@ CDBJ9EEB@ F9D@<K9E>B= 
B5D45BF><, 6?<SA<9@ D4;?<KAOI 6<8B6 F9D@<K9E>B= B5D45BF>< A4 EFDG>FGDG 
< E6B=EF64 EF4?< < CB?GK<FP CD4>F<K9E><9 A46O>< CDB6989A<S ;4>4?><, 
BFCGE>4 < ABD@4?<;4J<< G7?9DB8<EFB= EF4?<. 

 
 9FB8<K9E>B9 B59EC9K9A<9: 

1.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO. 
2. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 « 4F9D<4?B6989A<9» 

 
#BDS8B> 6OCB?A9A<S D45BFO: 

�484A<9 
#DB69EF< ;4>4?>G, BFCGE> < ABD@4?<;4J<R EF4?< 45 (D<EGAB> 1). 

 
#"$3�"� #$"����!�3 $��"&/: 

 
�4>4?>4 

1 "CD989?<FP F6TD8BEFP BFB::TAAOI B5D4;JB6 A4 CD<5BD9 �D<A9??S (!�). 
2 �ECB?P;GS 8<47D4@@G Fe-Fe3C (D<EGAB> 2), 6O5D4FP F9@C9D4FGDG A47D964 
8?S ;4>4?>< EF4?< 45. 

3 "CD989?<FP B5M99 6D9@S (Ä B5M) A47D964 B5D4;JB6 
ÄB5M= ÄA+ Ä6, (1) 

789 ÄA 3 6D9@S A47D964 (CD<@9DAB 1,5 @<A A4 1 @@ 8<4@9FD4 <?< FB?M<AO 

B5D4;J4); 
Ä6 3 6D9@S 6O89D:>< (1/5·ÄA). 

 
4 "5D4;JO ;47DG;<FP 6 C9KP, A47D9FGR 8B F9@C9D4FGDO ;4>4?><, 6O89D:4FP <I 

6 F9K9A<9 FD95G9@B7B 6D9@9A<. 
5 �O7DG;<FP B5D4;JO <; C9K< < BI?48<FP <I 6 6B89. 
6 &BDJO B5D4;JB6 ;4K<EF<FP A4 L?<HB64?PAB= 5G@479. 
7 !4 CD<5BD9 $B>69??4 (!R%) BCD989?<FP F6TD8BEFP ;4>4?TAAOI B5D4;JB6. 
#9D969EF< 84AAO9 ;A4K9A<S F6TD8BEF< CB $B>69??G 6 ;A4K9A<S F6TD8BEF< CB 
�D<A9??R (!�). 

 

 
"FCGE> ;4>4?TAAB= EF4?<  
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1 �4>4?TAAO9 B5D4;JO CB@9EF<FP 6 C9KP, A47D9FGR 8B A4;A4K9AAB= 
F9@C9D4FGDO BFCGE>4. 
2 �O89D:4FP <I 6 C9K<, EB7?4EAB D4EKTFAB@G 6D9@9A<, < BI?48<FP A4 6B;8GI9. 
3 &BDJO B5D4;JB6 ;4K<EF<FP A4 L?<HB64?PAB= 5G@479, BCD989?<FP F6TD8BEFP 
CB $B>69??G, C9D969EF< ;A4K9A<S F6TD8BEF< !R% 6 !�. 

 
!BD@4?<;4J<S EF4?<  

1 "CD989?<FP F9@C9D4FGDG ABD@4?<;4J<<  EF4?< 45 (D<EGAB> 2). 

2 "5D4;JO CB@9EF<FP 6 C9KP, A47D9FGR 8B F9@C9D4FGDO ABD@4?<;4J<< EF4?< 
45. �?<F9?PABEFP 6O89D:>< F4 :9, KFB < CD< ;4>4?>9. 
3 "I?48<FP B5D4;JO A4 6B;8GI9. 
4 &BDJO B5D4;JB6 ;4K<EF<FP < BCD989?<FP <I F6TD8BEFP A4 CD<5BD9 �D<A9??S 
(!�). #B?GK9AAO9 84AAO9 ;4A9EF< 6 CDBFB>B? (F45?<J4 1). 
5 %89?4FP 6O6B8O. 

 
"FKTFABEFP 

 
1 �4FP >D4F>GR I4D4>F9D<EF<>G BEAB6AO@ 6<84@ F9D@<K9E>B= B5D45BF>< 

G7?9DB8<EFB= EF4?<. 
2 �4CB?A<FP CDBFB>B? D9;G?PF4FB6 <ECOF4A<= (F45?<J4 1). #D<69EF< 7D4H<><: 
F9D@<K9E>B= B5D45BF><, A<:ARR ?96GR K4EFP (EF4?PAGR) 8<47D4@@O Fe- 

Fe3C. 

 
2 "%!"�!/� #"!3&�3 " &�$ �+�%�"� "�$��"&�� 

&9D@<K9E>B= B5D45BF>B= (&") A4;O649FES EB6B>GCABEFP BC9D4J<= 
A47D964, 6O89D:>< < BI?4:89A<S @9F4??<K9E><I EC?46B6, A4IB8SM<IES 6 
F6TD8B@ EBEFBSA<<. 

*9?PR &" S6?S9FES <;@9A9A<9 EFDG>FGDO < CB?GK9A<9 A9B5IB8<@OI 
H<;<>B-@9I4A<K9E><I E6B=EF6 @9F4??<K9E><I EC?46B6. #D< QFB@ EFDG>FGD4 < 

E6B=EF64 @9F4??4 8B?:AO 5OFP BEF4FBKAO@<, F. 9. EBID4ASFPES CBE?9 
B>BAK4A<S &". 

"EAB6AO@< H4>FBD4@< CD< F9D@<K9E>B= B5D45BF>9 S6?SRFES 
F9@C9D4FGD4 < 6D9@S. $9:<@ ?R5B= &" @B:9F 5OFP ;484A 7D4H<K9E>< 6 
>BBD8<A4F4I F9@C9D4FGD4 3 6D9@S (D<EGAB> 1). 

(4;B6O9 CD96D4M9A<S 6 ;4F69D896L9= EF4?< 6O;O64RFES F9@, KFB 
6E?98EF6<9 <;@9A<6L<IES GE?B6<=, A4CD<@9D F9@C9D4FGDO, B8AB EBEFBSA<9 
B>4;O649FES @9A99 GEFB=K<6O@, K9@ 8DG7B9. 

�;69EFAO FD< BEAB6AOI EFDG>FGDO EF4?<, C9D9IB8 >BFBDOI B8AB=, 6 
8DG7GR < I4D4>F9D<;G9F BEAB6AO9 CD96D4M9A<S. 
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1 �GEF9A<F  (�) 3 F6TD8O=  D4EF6BD  G7?9DB84  6 γ - :9?9;9 F9γ (%), 
<@99F D9LTF>G �*�. 

2 �4DF9AE<F ( ) 3 C9D9EOM9AAO= F6TD8O= D4EF6BD G7?9DB84 6 ³ - 

:9?9;9 F9α(%), <@99F F9FD47BA4?PAGR >D<EF4??<K9E>GR D9LTF>G (4 ≠ E). 
3 �9D?<F (#) 3 Q6F9>FB<8A4S E@9EP, EBEFBSM4S <; B8AB6D9@9AAB 

B5D4;B646L<IES H9DD<F4 (() < J9@9AF<F4 (*). 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

$<EGAB> 1 3 �D4H<> (D9:<@) F9D@<K9E>B= B5D45BF>< 

&9D@<K9E>4S B5D45BF>4 :9?9;BG7?9DB8<EFOI EC?46B6 BEAB64A4 A4 FB@, 
KFB A9GEFB=K<64S EFDG>FGD4 4GEF9A<F4 6 ;46<E<@BEF< BF E>BDBEF< 
BI?4:89A<S (6<84 BI?4:84RM9= ED98O) CD96D4M49FES 6 <AO9 EFDG>FGDO, 
B5?484RM<9 BF?<KAO@< BF 4GEF9A<F4 E6B=EF64@<. #D< QFB@ B5D4;GRFES 864 
6<84 EFDG>FGD 97B D4;?B:9A<S: 

3 8<HHG;<BAAO= (C9D?<F, EBD5<F, FDBBEF<F); 
3 59;8<HHG;<BAAO= (@4DF9AE<F). 
"EB5B E?98G9F ;4CB@A<FP, KFB EFDG>FGDO C9D?<F4, EBD5<F4 < 

FDBBEF<F4 CB E6B9= CD<DB89 <89AF<KAO < CD98EF46?SRF EB5B= 

@9I4A<K9E>GR E@9EP H9DD<F4 < J9@9AF<F4. 

"F?<K4RFES BA< ?<LP EF9C9APR 8<EC9DEABEF< E@9E<, ;46<ESM9=, 6 
E6BR BK9D98P, BF E>BDBEF< BI?4:89A<S 4GEF9A<F4. +9@ 6OL9 E>BDBEFP 
BI?4:89A<S, F9@ 5B?99 @9?>B8<EC9DEA4S E@9EP < F9@ 6OL9 CDBKABEFAO9 
I4D4>F9D<EF<>< EF4?<, AB A<:9 9T C?4EF<KABEFP. 
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)4D4>F9D ?R5B7B 6<84 &" BCD989?S9FES, CD9:89 6E97B, F9@C9D4FGDB= 

A47D964 < E>BDBEFPR BI?4:89A<S B5D454FO649@B7B <;89?<S. �;69EFAO FD< 

6<84 &": BF:<7, ;4>4?>4 < BFCGE>. 

#D< ;4>4?>9 H<>E<DGRFES @9F4EF45<?PAB9 (A9D46AB69EAB9) EBEFBSA<9 
EC?464 < EBBF69FEF6GRM<9 9@G E6B=EF64 (6OEB>4S F6TD8BEFP, A4?<K<9 
6OEB><I 6AGFD9AA<I A4CDS:9A<=, IDGC>BEFP < 8D.). 

� CDBF<6BCB?B:ABEFP ;4>4?>9 BF:<7 < BFCGE> CB;6B?SRF 8BEF<7AGFP 
EF45<?<;4J<< EFDG>FGDO, 9T D46AB69EAB7B EBEFBSA<S. 

 
3 "&��� 

�F:<7 3 QFB CDBJ9EE F9D@<K9E>B= B5D45BF><, >BFBDO= ;4>?RK49FES 6 
A47D969 EF4?< 8B BCD989?TAAB= F9@C9D4FGDO, 6O89D:>9 CD< QFB= F9@C9D4FGD9 
< @98?9AAB@ BI?4:89A<< (B5OKAB 6@9EF9 E C9KPR). 

#B?B74S >D<64S BI?4:89A<S (D<EGAB> 1) CD< CB?AB@ BF:<79 
E6<89F9?PEF6G9F B FB@, KFB 89F4?< BI?4:84RFES 6@9EF9 E C9KPR. 

� D9;G?PF4F9 C9D9>D<EF4??<;4J<< EF4?< CD< 84?PA9=L9@ BK9AP 
@98?9AAB@ BI?4:89A<< B5D4;G9FES D46AB69EA4S EFDG>FGD4 E @<A<@4?PAO@< 

6AGFD9AA<@< A4CDS:9A<S@< < A<;>B= F6TD8BEFPR. 
%>BDBEFP < 8?<F9?PABEFP A47D964 <;89?<S ;46<ESF BF @AB7<I H4>FBDB6: 

A47D964RM9= ECBEB5ABEF< ED98O; D4;@9DB6 < HBD@O 89F4?9=; I4D4>F9D4 <I 
D4ECB?B:9A<S 6 C9K<; BF I<@<K9E>B7B EBEF464 EF4?< < F. C. *9?P BF:<74 
;46<E<F BF 6<84 BF:<74. 

 
$4;?<K4RF BF:<7 C9D6B7B < 6FBDB7B DB84. 
"F:<7 C9D6B7B DB84 6 ;46<E<@BEF< BF <EIB8AB7B EBEFBSA<S EF4?< < 

F9@C9D4FGDO A47D964 6>?RK49F 6 E95S CDBJ9EEO: 
3 8<HHG;<BAAO= BF:<7 (7B@B79A<;4J<S); 
3 D9>D<EF4??<;4J<BAAO= BF:<7; 
3 BF:<7 8?S EASF<S BEF4FBKAOI 6AGFD9AA<I A4CDS:9A<=. 
"EB59AABEFP BF:<74 C9D6B7B DB84 6 FB@, KFB G>4;4AAO9 CDBJ9EEO 

CDB<EIB8SF A9;46<E<@B BF FB7B, CDBF9>4RF ?< CD< QFB@ BF:<79 6 EF4?< 
H4;B6O9 (CB?<@BDHAO9) CD96D4M9A<S <?< A9F. 

Д<HHG;<BAAO= BF:<7 (7B@B79A<;4J<S) I4D4>F9D<;G9FES A47D96B@ 8B 
F9@C9D4FGDO ;A4K<F9?PAB 6OL9 F9@C9D4FGD <AF9D64?4 CD96D4M9A<= (6OL9 
�E3 A4 1503300 °%, 110031150 °%), 8?<F9?PAB= 6O89D:>9 CD< 84AAB= 
F9@C9D4FGD9 (12315 K.) < CBE?98GRM<@ @98?9AAO@ BI?4:89A<9@ (D<EGAB> 
2). 
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&4>B= BF:<7 CD<@9ASRF 8?S 6OD46A<64A<S I<@<K9E>B= 
A9B8ABDB8ABEF< CGFT@ 8<HHG;<< 6 >DGCAOI EF4?PAOI BF?<6>4I < E?<F>4I, 6 
BEAB6AB@ ?97<DB64AAB= EF4?<. 

 9>D<EF4??<;4J<BAAB@G BF:<7G (D<EGAB> 2) CB869D74RF EF4?P CBE?9 
IB?B8AB= C?4EF<K9E>B= 89HBD@4J<<, 6 D9;G?PF4F9 >BFBDB= CDB<EIB8<F 
8DB5?9A<9 ;TD9A, B5D4;B64A<9 6B?B>A<EFB7B EFDB9A<S (F9>EFGDO), G69?<K9A<9 
>B?<K9EF64 89H9>FB6 >D<EF4??<K9E>B7B EFDB9A<S (FBK9KAOI < ?<A9=AOI). 
&4>B9 <;@9A9A<9 6 EFDG>FGD9 EF4?< CD<6B8<F > ;A4K<F9?PAB@G CB6OL9A<R 

F6TD8BEF< < EA<:9A<R C?4EF<KABEF<. 
 

1 3 8<HHG;<BAAO= BF:<7 (7B@B79A<;4J<S); 2 3 D9>D<EF4??<;4J<BAAO= BF:<7; 3 3 CB?AO= BF:<7; 4 3 
A9CB?AO= BF:<7; 5 3 <;BF9D@<K9E><= BF:<7; 6 3 ABD@4?<;4J<S 

 

$<EGAB> 2 3 "5?4EF< F9@C9D4FGD A47D964 BEAB6AOI 6<8B6 &" 

G7?9DB8<EFOI EF4?9= 
 

%FDG>FGD4 F4>B= EF4?< EF4AB6<FES A9D46AB69EAB= < CD< A47D969 
CDB<EIB8SF B5D4FAO9 S6?9A<S: 6OFSAGFO9 ;TDA4 EF4AB6SFES D46ABBEAO@<, 
@9?><9 ;TDA4 CB7?BM4RFES 5B?99 >DGCAO@<, D9;>B EA<:49FES CDBKABEFP < 

F6TD8BEFP EF4?<, 4 9T C?4EF<KABEFP CB6OL49FES. 
#DBJ9EE GEFD4A9A<S A4>?TC4 CD< A47D969 EF4?< A4;O64RF 

D9>D<EF4??<;4J<9=. 'EF4AB6?9A4 ;46<E<@BEFP @9:8G F9@C9D4FGDB= 
D9>D<EF4??<;4J<< < F9@C9D4FGDB= C?46?9A<S @9F4??B6: t D9>D = 0,4 tC?. 
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36?9A<9 CB6OL9A<S F6TD8BEF< < EA<:9A<S C?4EF<KABEF< @9F4??B6 < 

EC?46B6 6E?98EF6<9 IB?B8AB= C?4EF<K9E>B= 89HBD@4J<< A4;O649FES 
A4>?TCB@, <?< A474DFB6>B=. 

�9HBD@4J<S @B:9F 5OFP IB?B8AB= < 7BDSK9=. )B?B8A4S 89HBD@4J<S 
CDB<;6B8<FES A<:9 F9@C9D4FGDO D9>D<EF4??<;4J<< < EBCDB6B:849FES 
A4>?TCB@ @9F4??4. �BDSK4S 89HBD@4J<S BEGM9EF6?S9FES CD< F9@C9D4FGD4I 
6OL9 F9@C9D4FGDO D9>D<EF4??<;4J<<. 

�EFP @9F4??O, >BFBDO9 CD< >B@A4FAB= F9@C9D4FGD9 A9 CB869D74RFES 
A4>?TCG < <ECOFO64RF 7BDSKGR 89HBD@4J<R. #D<@9DB@ S6?S9FES E6<A9J, 
<@9RM<= F9@C9D4FGDG D9>D<EF4??<;4J<< A<:9 >B@A4FAB= F9@C9D4FGDO. �?S 
@B?<589A4, <@9RM97B F9@C9D4FGDG D9>D<EF4??<;4J<< B>B?B 900°%, 
89HBD@4J<S CD< A47D969 8B 800 °% 9MT S6?S9FES IB?B8AB= 89HBD@4J<9=. 

�F:<7G 8?S EASF<S BEF4FBKAOI 6AGFD9AA<I A4CDS:9A<= CB869D74RF 
BF?<6><, E64DAO9 <;89?<S, 89F4?< CBE?9 B5D45BF>< D9;4A<9@, CD46>< < F. 8., 6 
>BFBDOI 6B;A<>4RF 6AGFD9AA<9 (BEF4FBKAO9) A4CDS:9A<S. 

�?S CB?AB7B <?< K4EF<KAB7B EASF<S BEF4FBKAOI A4CDS:9A<= K4M9 
CD<@9ASRF BF:<7 CD< 5503650°%. �D9@S 6O89D:>< EBEF46?S9F A9E>B?P>B 
K4EB6 < GEF4A46?<649FES BCOFAO@ CGFT@. 

"F:<7 6FBDB7B DB84 ;4>?RK49FES 6 A47D969 EF4?< 6OL9 >D<F<K9E>B= 

FBK>< �E1 <?< �E3, 6O89D:>9 CD< QF<I F9@C9D4FGD4I < CBE?98GRM9@ 

@98?9AAB@ BI?4:89A<<. 
� CDBJ9EE9 A47D964 < BI?4:89A<S, 6 QFB@ E?GK49, CDBF9>4RF H4;B6O9 

CD96D4M9A<S (³↔γ 3 CD96D4M9A<9), BCD989?SRM<9 EFDG>FGDG < E6B=EF64 
EF4?<. 

#D< F4>B@ BF:<79 6 D9;G?PF4F9 H4;B6OI CD96D4M9A<= B5D4;GRFES 
E?98GRM<9 D46AB69EAO9 EFDG>FGDO: H9DD<F + C9D?<F, G 8BQ6F9>FB<8AOI 
EF4?9=; C9D?<F, G Q6F9>FB<8AB=; C9D?<F + J9@9AF<F, G ;4Q6F9>FB<8AOI. 

$4;?<K4RF: 3 CB?AO=; 
3 A9CB?AO=; 
3 <;BF9D@<K9E><= BF:<7. 

!4<5B?PL99 D4ECDBEFD4A9A<9 CB?GK<? CB?AO= BF:<7 (D<EGAB> 2), 

BEGM9EF6?S9@O= CD< A47D969 8BQ6F9>FB<8AB= EF4?< A4 30350 °% 6OL9 
>D<F<K9E>B= FBK>< �E3 <?< 6 A47D969 Q6F9>FB<8AB= EF4?< A4 30350 °% 6OL9 
>D<F<K9E>B= FBK>< �E1, 6O89D:>9 CD< QF<I F9@C9D4FGD4I < @98?9AAB@ 

BI?4:89A<<. 
#D< F4>B@ BF:<79 CDB<EIB8<F CB?A4S H4;B64S C9D9>D<EF4??<;4J<S 

EF4?<. 
#B?AB@G BF:<7G CB869D74RF EF4?PAO9 H4EBAAO9 BF?<6>< E 

EB89D:4A<9@ G7?9DB84 0,130,5%. "A< <@9RF >DGCAB;9DA<EFGR EFDG>FGDG < 
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A<;><9 @9I4A<K9E><9 E6B=EF64, BEB59AAB G84DAGR 6S;>BEFP < C?4EF<KABEFP. 
&4>B= BF:<7 ;A4K<F9?PAB CB6OL49F CDBKABEFP, 6S;>BEFP < C?4EF<KABEFP 
?<FB= EF4?<. #B?AO= BF:<7 CD<@9AS9FES F4> :9 8?S <ECD46?9A<S EFDG>FGDO 

EF4?< CBE?9 9T C9D97D964. 
�9CB?AO= BF:<7 (D<EGAB> 2) I4D4>F9D<;G9FES A47D96B@ 8B B8AB= <; 

F9@C9D4FGD 6 <AF9D64?9 H4;B6OI CD96D4M9A<=, F. 9. 8?S 8BQ6F9>FB<8AB= 
EF4?< 3 @9:8G >D<F<K9E><@< FBK>4@< �E1 < �E3, 4 8?S ;4Q6F9>FB<8AB= EF4?< 
3 @9:8G >D<F<K9E><@< FBK>4@< �E1 < �Em. 

!9CB?AO= BF:<7 CD<@9ASRF 6 BEAB6AB@ 8?S ;4Q6F9>FB<8AOI EF4?9=, 
A47D96 >BFBDOI 6OL9 FBK>< �E1 A4 30350°% 6O;O649F CB?AGR 

C9D9>D<EF4??<;4J<R @9F4??<K9E>B= BEAB6O, 4 BI?4:89A<9 3 EFDG>FGDG 
;9DA<EFB7B C9D?<F4, 6 >BFBDB@ Q6F9>FB<8AO= J9@9AF<F (6IB8SM<= 6 EBEF46 
C9D?<F4) < 6FBD<KAO= J9@9AF<F A4IB8SFES 6 6<89 ;TD9A. 

� D9;G?PF4F9 A9CB?AB7B BF:<74 CB?GK49FES ;9DA<EF4S (EH9D<K9E>4S, 
7?B5G?SDA4S) HBD@4 J9@9AF<F4, CBQFB@G F4>B= BF:<7 A4;O64RF BF:<7 
EH9DB<8<;<DGRM<= (BF:<7 A4 ;9DA<EFO= C9D?<F). 

�;BF9D@<K9E><= BF:<7 (D<EGAB> 2) ;4>?RK49FES 6 A47D969 
8BQ6F9>FB<8AB= EF4?< 6OL9 >D<F<K9E>B= FBK>< �E3 <?< Q6F9>FB<8AB= EF4?< 

6OL9 >D<F<K9E>B= FBK>< �E1 A4 30350 °%, 6O89D:>9 CD< QF<I F9@C9D4FGD4I, 
BI?4:89A<< 9T 8B F9@C9D4FGDO A9E>B?P>B A<:9 >D<F<K9E>B= FBK>< �r1, 
<;BF9D@<K9E>B= 6O89D:>9 8?S CB?AB7B ;469DL9A<S D4EC484 4GEF9A<F4 E 
B5D4;B64A<9@ C9D?<F4 6 Q6F9>FB<8AB= EF4?< <?< H9DD<F4 < C9D?<F4 6 
8BQ6F9>FB<8AB= EF4?< E CBE?98GRM<@ BI?4:89A<9@ A4 6B;8GI9. 

�;BF9D@<K9E><= BF:<7 CD<@9ASRF 6 BEAB6AB@ 8?S ?97<DB64AAOI 
EF4?9=. #D9<@GM9EF6B <;BF9D@<K9E>B7B BF:<74 ;4>?RK49FES 6 EB>D4M9A<< 

8?<F9?PABEF< F9IAB?B7<K9E>B7B J<>?4. 
 

�BD@4?<;4J<O 3 D4;AB6<8ABEFP BF:<74, ;4>?RK49FES 6 A47D969 
8BQ6F9>FB<8AB= EF4?< A4 50360 °% 6OL9 �E3 , 4 ;4Q6F9>FB<8AB= 3 A4 50360 °% 

6OL9 �Em (?<A<S ES), 6O89D:>9 < CBE?98GRM9@ BI?4:89A<< A4 6B;8GI9. 
!BD@4?<;4J<S L<DB>B CD<@9AS9FES 8?S G?GKL9A<S E6B=EF6 EF4?PAOI 
BF?<6B>. 

%FDG>FGD4 EF4?< CBE?9 ABD@4?<;4J<< F4> :9, >4> < CD< BF:<79, 
A4IB8<FES 6 D46AB69EAB@ EBEFBSA<<: 

G 8BQ6F9>FB<8AB= 3 H9DD<F + C9D?<F; 
Q6F9>FB<8AB= 3 C9D?<F; 
;4Q6F9>FB<8AB= 3 C9D?<F + J9@9AF<F. 

� ED46A9A<< E BF:<7B@ EFDG>FGD4 EF4?< 5B?99 @9?>B8<EC9DEA4, 4 
@9I4A<K9E><9 E6B=EF64 5B?99 6OEB><9 (CB6OL9AA4S CDBKABEFP < F6TD8BEFP). 
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#B ED46A9A<R E BF:<7B@ ABD@4?<;4J<S 5B?99 Q>BAB@<KAO= CDBJ9EE 
(A9F BC9D4J<< BI?4:89A<S @9F4??4 6@9EF9 E C9KPR), >BFBDO= L<DB>B 
CD<@9ASRF 6 CD4>F<>9 < K4EFB <ECB?P;GRF >4> B>BAK4F9?PAO= 6<8 
F9D@<K9E>B= B5D45BF><. 

!4;A4K9A<9 ABD@4?<;4J<< D4;?<KAB < ;46<E<F BF EBEF464 EF4?<. �?S 
A<;>BG7?9DB8<EFOI EF4?9= ABD@4?<;4J<R CD<@9ASRF 6@9EFB BF:<74. #D< 

CB6OL9A<< F69D8BEF< ABD@4?<;4J<S B59EC9K<649F 5B?PLGR CDB<;6B8<- 

F9?PABEFP CD< B5D45BF>9 D9;4A<9@ < CB?GK9A<9 5B?99 K<EFB= CB69DIABEF<. 
�?S BF?<6B> <; ED98A9G7?9DB8<EFB= EF4?< ABD@4?<;4J<R <?< 

ABD@4?<;4J<R E 6OEB><@ BFCGE>B@ CD<@9ASRF 6@9EFB ;4>4?>< < 6OEB>B7B 
BFCGE>4. � QFB@ E?GK49 @9I4A<K9E><9 E6B=EF64 A9E>B?P>B A<:9, AB 89F4?< 

5G8GF CB869D7AGFO @9APL9= 89HBD@4J<<, K9@ CD< ;4>4?>9, < 69DBSFABEFP 
CBS6?9A<S FD9M<A CD4>F<K9E>< <E>?RK49FES. 

!BD@4?<;4J<R E 6OEB><@ BFCGE>B@ (6003650 °%) K4EFB <ECB?P;GRF 8?S 
<ECD46?9A<S EFDG>FGDO ?97<DB64AAOI EF4?9= 6@9EFB CB?AB7B BF:<74, F4> >4> 
CDB<;6B8<F9?PABEFP < FDG8BT@>BEFP QF<I 86GI BC9D4J<= 6OL9, K9@ B8AB7B 
BF:<74. 

4 ������� 

�4>4?>4 3 QFB CDBJ9EE F9D@<K9E>B= B5D45BF><, ;4>?RK4RM<=ES 6 
A47D969 EF4?< 8B F9@C9D4FGDO 6OL9 >D<F<K9E>B=, 6O89D:>9 CD< QFB= 
F9@C9D4FGD9 < BI?4:89A<< EB E>BDBEFPR, B59EC9K<64RM9= CB?GK9A<9 
A9D46AB69EAB= EFDG>FGDO. � 5B?PL<AEF69 E?GK496 BI?4:89A<9 CD< ;4>4?>9 
CDB6B8SF EB E>BDBEFPR 5B?PL9 >D<F<K9E>B= 8?S CB?GK9A<S A9D46AB69EAB= 

EFDG>FGDO @4DF9AE<F4. 
Ц9?P ;4>4?>< 3 CB6OL9A<9 F6TD8BEF<, CDBKABEF< < <;ABEBEFB=>BEF< 

89F4?9= < <AEFDG@9AF4. 
%FDG>FGD4 EF4?< CBE?9 ;4>4?>< ;46<E<F BF E>BDBEF< BI?4:89A<S 

4GEF9A<F4. #D< <AF9AE<6AB@ BI?4:89A<< B5D4;G9FES EFDG>FGD4 @4DF9AE<F4. 
#D< 5B?99 A<;><I E>BDBEFSI BI?4:89A<S 3FDBBEF<F < EBD5<F, 
CD98EF46?SRM<9 EB5B= @9I4A<K9E>GR E@9EP H9DD<F4 < J9@9AF<F4. "F 
EF9C9A< 8<EC9DEABEF< E@9E< ;46<ESF @9I4A<K9E><9 E6B=EF64 EF4?<. 

%FDG>FGD4 FDBBEF<F4 5B?99 @9?>B8<EC9DEA4. &6TD8BEFP < CDBKABEFP 
EF4?<, ;4>4?TAAB= A4 FDBBEF<F, 6OL9, K9@ G EF4?< E EBD5<FAB= EFDG>FGDB=, 4 
C?4EF<KABEFP 6OL9 G EF4?<, ;4>4?TAAB= A4 EBD5<F. 

#B F9@C9D4FGD9 A47D964 ;4>4?>G CB8D4;89?SRF A4 CB?AGR < A9CB?AGR. 
#D< CB?AB= ;4>4?>9 <EIB8A4S EFDG>FGD4 CB?ABEFPR CD96D4M49FES 6 

4GEF9A<F, CD< A9CB?AB= 3 K4EF<KAB. 
&9@C9D4FGDG A47D964 8?S ;4>4?>< G7?9DB8<EFOI EF4?9= 6O5<D4RF CB 

8<47D4@@9 EBEFBSA<S :9?9;B4J9@9AF<F (D<EGAB> 3). 
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�?S 8BQ6F9>FB<8AOI < Q6F9>FB<8AOI EF4?9= CD<@9ASRF CB?AGR ;4>4?- 
>G (D<EGAB> 3, CB;<J<S 1), CD< >BFBDB= EF4?< A47D964RF 8B F9@C9D4FGDO A4 
30350 °% 6OL9 ?<A<< GS (�E3). 

 

1 3 CB?A4S ;4>4?>4; 2 3 A9CB?A4S ;4>4?>4; 3 3 A<;><= BFCGE>; 
4 3 ED98A<= BFCGE>; 5 3 6OEB><= BFCGE> 

$<EGAB> 3 3 �AF9D64?O F9@C9D4FGD A47D964 8?S ;4>4?>< < BFCGE>4 EF4?< 

#D< A9CB?AB= ;4>4?>9 8BQ6F9>FB<8AB= EF4?< (D<EGAB> 3, CB;<J<S 2) 

A47D96 CDB<;6B8SF 8B F9@C9D4FGD 6 <AF9D64?9 @9:8G ?<A<S@< $S� < GS (�E1 

< �E3). #D< QFB@ <EIB8A4S EFDG>FGD4 EF4?< C9D9IB8<F 6 EFDG>FGDG 4GEF9A<F4 
< H9DD<F4. #D< CBE?98GRM9= ;4>4?>9 EFDG>FGD4 EF4?< 5G89F EBEFBSFP <; 
@4DF9AE<F4 < H9DD<F4. !4?<K<9 H9DD<F4 ;A4K<F9?PAB EA<:49F F69D8BEFP, 
<;ABEBEFB=>BEFP < G84DAGR 6S;>BEFP ;4>4?9AAB= EF4?<, CBQFB@G F4>B= 6<8 

;4>4?>< 8?S 84AAOI EF4?9= CD<@9ASFP A9:9?4F9?PAB. 
�?S ;4Q6F9>FB<8AOI EF4?9= CD<@9ASRF A9CB?AGR ;4>4?>G (D<EGAB> 4, 

CB;<J<S 2) A47D964S <I 8B F9@C9D4FGDO A4 30350 °% 6OL9 ?<A<< $S� (�E1). 

#D< F4>B@ A47D969 <EIB8A4S EFDG>FGD4 CD96D4M49FES 6 4GEF9A<F < 

6FBD<KAO= J9@9AF<F. #BE?9 BI?4:89A<S 4GEF9A<F CD96D4M49FES 6 @4DF9AE<F. 
%FDG>FGD4 ;4Q6F9>FB<8AB= EF4?< CBE?9 ;4>4?>< EBEFB<F <; @4DF9AE<F4 < 

6FBD<KAB7B J9@9AF<F4. %BID4A9A<9 6 EFDG>FGD9 ;4>4?9AAB= EF4?< 6FBD<KAB7B 
J9@9AF<F4 ;A4K<F9?PAB CB6OL49F 99 F6TD8BEFP < <;ABEBEFB=>BEFP. 

(4EBAAO= <AEFDG@9AF < 89F4?< @4L<A E?B:AOI HBD@ CD< A47D969 CB8 

;4>4?>G 8?S G@9APL9A<S 89HBD@4J<< D9>B@9A8G9FES CD9864D<F9?PAB 
CB8B7D964FP 6 C9K< CD< 4003600 °%. 
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#BE?9 ;4>4?>< B5S;4F9?PAB CDB6B8SF A<;><=, ED98A<= < 6OEB><= 

BFCGE><, F9@C9D4FGDAO9 <AF9D64?O >BFBDOI CB>4;4AO A4 D<EGA>9 3, CB;<J<< 

3,4,5. 

"%!"�!/� %#"%"�/ ������� 

�4>4?>G 6 B8AB@ BI?48<F9?9 (D<EGAB> 4, >D<64S 1) A4<5B?99 L<DB>B 
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&9D@<K9E>4S B5D45BF>4, EBEFBSM4S <; ;4>4?>< < 6OEB>B7B BFCGE>4, 
A4;O649FES G?GKL9A<9@. 

'?GKL9A<R CB869D74RF >BAEFDG>J<BAAO9 EF4?<, EB89D:4M<9 0,330,5 % 

G7?9DB84. 
!9>BFBDO9 EBDF4 EF4?9=, BEB59AAB EC9J<4?PAO9, CD< @98?9AAB@ 

BI?4:89A<< CBE?9 BFCGE>4 E F9@C9D4FGDO 6OL9 450 °% CD<B5D9F4RF F4> 
A4;O649@GR BFCGE>AGR IDGC>BEFP, >BFBD4S ;4>?RK49FES 6 CBA<:9A<< 
G84DAB= 6S;>BEF<. �?S CD98GCD9:89A<S BFCGE>AB= IDGC>BEF< CBE?9 
6OEB>B7B BFCGE>4 <;89?<S A9B5IB8<@B 5OEFDB BI?48<FP 6 6B89 <?< @4E?9. 

 
"�$��"&�� )"�"�"  

� ;4>4?TAAB= EF4?<, BEB59AAB EB89D:4M9= 5B?99 0,430,5 % G7?9DB84, 
6E9784 CD<EGFEF6G9F BEF4FBKAO= 4GEF9A<F, F4> >4> >BA9J @4DF9AE<FAB7B 
CD96D4M9A<S A4IB8<FES 6 B5?4EF< BFD<J4F9?PAOI F9@C9D4FGD. 

�GEF9A<F EA<:49F F6TD8BEFP, <;ABEBEFB=>BEFP < A9D98>B CD<6B8<F > 
<;@9A9A<R @47A<FAOI E6B=EF6 < D4;@9DB6 89F4?9=, D45BF4RM<I CD< A<;><I 
F9@C9D4FGD4I, 6 D9;G?PF4F9 E4@BCDB<;6B?PAB7B CD96D4M9A<S 6 @4DF9AE<F. 

�?S G@9APL9A<S >B?<K9EF64 BEF4FBKAB7B 4GEF9A<F4 CD<@9ASRF 
B5D45BF>G IB?B8B@, ;4>?RK4RMGRES 6 BI?4:89A<< ;4>4?TAAB= EF4?< 8B 
BFD<J4F9?PAOI F9@C9D4FGD. #BA<:9A<9 F9@C9D4FGDO 8B @<AGE 30370 °% 

6O;O649F CD96D4M9A<9 BEF4FBKAB7B 4GEF9A<F4 6 @4DF9AE<F, KFB CB6OL49F 
F6TD8BEFP EF4?9=. "8A4>B B8AB6D9@9AAB 6B;D4EF4RF A4CDS:9A<S, CBQFB@G 
BI?4:89A<9 CDB<;6B8SF @98?9AAB < ED4;G CBE?9 B5D45BF>< IB?B8B@ 

6OCB?ASRF BFCGE>. 
"5D45BF>G IB?B8B@ CDB<;6B8SF ED4;G :9 CBE?9 ;4>4?><, F4> >4> 

6O89D:>4 ;4>4?TAAB= EF4?< 5B?99 336 K CD< ABD@4?PAB= F9@C9D4FGD9 
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EF45<?<;<DG9F 4GEF9A<F < BA ;4F9@ A9 CB?ABEFPR CD96D4M49FES 6 @4DF9AE<F, 
4 E?98B64F9?PAB, EA<:49FES QHH9>F B5D45BF>< IB?B8B@. 

"5D45BF>G IB?B8B@ CDB<;6B8SF 6 EC9J<4?PAOI GEF4AB6>4I, EB;84RM<I 
BFD<J4F9?PAGR F9@C9D4FGDG, K4M9 6E97B 6 CD989?4I BF -75 8B -195 °%. 

)B?B8B@ B5D454FO64RF <;@9D<F9?PAO= <AEFDG@9AF, A9>BFBDO9 
CDG:<AO, 89F4?< <; J9@9AFG9@OI ?97<DB64AAOI EF4?9=, EBID4ASRM<I @AB7B 

4GEF9A<F4 CBE?9 ;4>4?><. 
 

&�$ " �)�!�+�%��3 "�$��"&�� 

&9D@B@9I4A<K9E>B= B5D45BF>B= A4;O64RF CDBJ9EE, EBEFBSM<= <; 
A47D964 EF4?< 8B F9@C9D4FGDO 6OL9 �E3, C?4EF<K9E>B= 89HBD@4J<< 
4GEF9A<F4 < CBE?98GRM97B 97B CD96D4M9A<S E J9?PR CB?GK9A<S (K4M9 6E97B) 
@4DF9AE<FAB= EFDG>FGDO. 

!4<5B?99 D4ECDBEFD4A9AB CB8D4;89?9A<9 F9D@B@9I4A<K9E>B= 

B5D45BF>< CB F9@C9D4FGDAB@G <AF9D64?G 89HBD@4J<< 4GEF9A<F4. #D< 
F9@C9D4FGD9 6OL9 CBDB74 D9>D<EF4??<;4J<< CDB6B8SF 6OEB>BF9@C9D4FGDAGR 

F9D@B@9I4A<K9E>GR B5D45BF>G (�& "), 4 CD< F9@C9D4FGD9 A<:9 CBDB74 
D9>D<EF4??<;4J<< 3 A<;>BF9@C9D4FGDAGR F9D@B@9I4A<K9E>GR B5D45BF>G 
(!& "). 

�9HBD@4J<S EF4?< CD< �& " BEGM9EF6?S9FES CD< F9@C9D4FGD9, 
EBBF69FEF6GRM9= B5?4EF< GEFB=K<6B7B 4GEF9A<F4 (6OL9 >D<F<K9E>B= FBK>< 

�E3), 4 89HBD@4J<S CD< !& " 3 6 F9@C9D4FGDAB= B5?4EF< @9F4EF45<?PAB7B 
4GEF9A<F4 (A<:9 >D<F<K9E>B= FBK>< �E1, AB 6OL9 FBK>< @4DF9AE<FAB7B 

CD96D4M9A<S �A) (D<EGAB> 6). 

 

4 5 

$<EGAB> 6 3 #D<AJ<C<4?PA4S EI9@4 GCDBKA9A<S EF4?9= 

@9FB84@< F9D@B@9I4A<K9E>B= B5D45BF><: 
4 3 �& "; 5 3 !& " 
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�& " @B:AB CB869D74FP ?R5O9 EF4?<, 4 !& " FB?P>B EF4?< E 
CB6OL9AAB= GEFB=K<6BEFPR C9D9BI?4:89AAB7B 4GEF9A<F4. #B ED46A9A<R E 
B5OKAB= ;4>4?>B= CBE?9 F9D@B@9I4A<K9E>B= B5D45BF>< CDBKABEFP CB6OL4- 
9FES A4 10320 %, 4 G84DA4S 6S;>BEFP 3 6 1,532 D4;4. 1HH9>F 
F9D@B@9I4A<K9E>B= B5D45BF>< ;46<E<F BF EBEF464 EF4?<, F9@C9D4FGDO < 
EF9C9A< 89HBD@4J<< < D9:<@4 F9D@<K9E>B= B5D45BF>< (;4>4?>4 < BFCGE>). 

#B6OL9A<9 @9I4A<K9E><I E6B=EF6 EF4?< 6 D9;G?PF4F9 
F9D@B@9I4A<K9E>B= B5D45BF>< B5NSEASRF F9@, KFB CD< C?4EF<K9E>B@ 

89HBD@<DB64A<< (A4>?TC) 4GEF9A<F4 EB;84TFES @9?>B5?BKAB9 EFDB9A<9. #D< 

CBE?98GRM9@ 5OEFDB@ BI?4:89A<< <;@9?PKTAAO= CD< A4>?TC9 4GEF9A<F 
CD96D4M49FES 6 @4DF9AE<F FBA>B7B EFDB9A<S. 

 
��(��&/, �"�!���2-�� #$� &�$ �+�%�"� "�$��"&�� 

�98B7D96 6B;A<>49F, 9E?< EF4?P 5O?4 A47D9F4 A<:9 >D<F<K9E>B= 
F9@C9D4FGDO. 

!4CD<@9D, 9E?< 8BQ6F9>FB<8AGR EF4?P A47D9FP 8B F9@C9D4FGDO A9@AB7B A<:9 
�E3, FB K4EFP H9DD<F4 BEF4A9FES A9 CD96D4MTAAB= 6 4GEF9A<F. #BE?9 5OEFDB7B BI?4:89A<S 
4GEF9A<F CD96D4F<FES 6 @4DF9AE<F, 4 H9DD<F EBID4A<FES 6 ;4>4?TAAB= EF4?<. 

� D9;G?PF4F9 EFDG>FGD4 5G89F EBEFBSFP <; @4DF9AE<F4 < H9DD<F4. (9DD<F, <@9RM<= 

A<;>GR F6TD8BEFP, 5G89F EA<:4FP B5MGR F6TD8BEFP ;4>4?9AAB= EF4?<. 1FBF 89H9>F @B:AB 
<ECD46<FP CB6OL9A<9@ F9@C9D4FGDO C9K<. 

�9D97D96 6B;A<>49F, 9E?< EF4?P 5O?4 A47D9F4 A4@AB7B 6OL9 
>D<F<K9E>B= F9@C9D4FGDO <?< CD< BCF<@4?PAB= F9@C9D4FGD9 A47D964 5O?4 
84A4 BK9AP 5B?PL4S 6O89D:>4. 

#9D97D96 CD< BF:<79 CD<6B8<F > DBEFG ;TD9A, 4 CD< E<?PAB@ C9D97D969 
B5D4;G9FES F4> A4;O649@4S 6<8@4ALF9FFB64 EFDG>FGD4 E I4D4>F9DAB= 
C?4EF<AK4FB= HBD@B= H9DD<FAOI GK4EF>B6, D4ECB?B:9AAOI CB8 G7?B@ 8DG7 > 
8DG7G. 

� D9;G?PF4F9 C9D97D964 CD< ;4>4?>9 B5D4;G9FES >DGCAB<7B?PK4FO= 

@4DF9AE<F.  9I4A<K9E><9 E6B=EF64 C9D97D9FB= EF4?< A<;><9. �ECD46<FP 
C9D97D96, 6B;A<>L<= CD< BF:<79, @B:AB ABD@4?<;4J<9=. %F4?P, C9D97D9FGR 

CD< ;4>4?>9, BF:<74RF < 6AB6P ;4>4?<64RF. 
�9D9:B7 6B;A<>49F, 9E?< EF4?P 5O?4 A47D9F4 5?<;>B > F9@C9D4FGD9 

A4K4?4 C?46?9A<S. #9D9:B7 I4D4>F9D<;G9FES BC?46?9A<9@ < 6 E6S;< E QF<@ 

B><E?9A<9@ @9F4??4 CB 7D4A<J4@ ;9D9A. %F4?P EF4AB6<FES BK9AP IDGC>B=. 
#9D9:B7 <ECD46<FP A9?P;S. 

�><E?9A<9 < B59;G7?9DB:<64A<9 EF4?< CD< A47D969 3 D9;G?PF4F 
6;4<@B89=EF6<S 9T E 74;4@<, EB89D:4M<@<ES 6 C9K4I (><E?BDB8, 6B8BDB8, 
G7?9><E?O= 74;). "><E?9A<9 I4D4>F9D<;G9FES B5D4;B64A<9@ A4 CB69DIABEF< 
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89F4?< B>4?<AO, 4 B59;G7?9DB:<64A<9 4 6O7BD4A<9@ G7?9DB84 6 
CB69DIABEFAOI E?BSI 89F4?< E B5D4;B64A<9@ EFDG>FGD H9DD<F4. ">4?<A4, 
>DB@9 A96B;6D4FAB= CBF9D< @9F4??4, CD<6B8<F > A9D46AB@9DAB= F6TD8BEF< 

89F4?9= < 6O;O649F A9B5IB8<@BEFP 8BCB?A<F9?PAB= B5D45BF><. � D9;G?PF4F9 
B59;G7?9DB:<64A<S D9;>B EA<:4RFES F6TD8BEFP A4 CB69DIABEF< 89F4?9= < 
6OABE?<6BEFP. 

�GKL99 ED98EF6B, CD98BID4ASRM99 BF B><E?9A<S < 
B59;G7?9DB:<64A<S, 3 A47D96 6 EC9J<4?PAOI C9K4I E A9=FD4?PAO@ CB 
BFABL9A<R > EF4?< 74;B6O@ EBEF46B@. 

З4>4?BKAO9 FD9M<AO K4M9 6E97B 6B;A<>4RF CD< E?<L>B@ D9;>B@ 

BI?4:89A<< < A47D964A<< EF4?<. 
�?S 5BDP5O E ;4>4?BKAO@< FD9M<A4@< <ECB?P;GRF D46AB@9DAO= 

A47D96 < D46AB@9DAB9 BI?4:89A<9 89F4?<; CD<@9ASRF ;4>4?><, >BFBDO9 
B59EC9K<64RF @98?9AAB9 BI?4:89A<9 6 <AF9D64?9 @4DF9AE<FAB7B 
CD96D4M9A<S (EFGC9AK4F4S, <;BF9D@<K9E>4S, ;4>4?>4 6 86GI ED984I). 

КBDB5?9AO9 6B;A<>49F <;-;4 A9D46AB@9DAB7B BI?4:89A<S BF89?PAOI 
K4EF9= 89F4?<. !4 >BDB5?9A<9 ;A4K<F9?PAB 6?<SRF HBD@4 89F4?< < ECBEB5 
CB7DG:9A<S 89F4?< 6 BI?4:84RMGR ED98G. 

�?S 5BDP5O E >BDB5?9A<9@ A9B5IB8<@B CD46<?PAB 6O5<D4FP D9:<@ 

;4>4?>< (F9@C9D4FGD4 A47D964, E>BDBEFP < ECBEB5 BI?4:89A<S), CD<@9ASFP 
;4>4?>G 6 ;4>4?BKAOI LF4@C4I. 

�O7><9 COFA4 B5D4;GRFES <;-;4 A98B7D964 <?< A98BEF4FBKAB 
<AF9AE<6AB7B BI?4:89A<S. �AB784 @S7><9 CSFA4 CBS6?SRFES <;-;4 
A9B8ABDB8ABEF< <EIB8AB= EFDG>FGDO (E>BC?9A<S H9DD<F4). � QF<I @9EF4I 
CD< A47D969 @B:9F CB?GK<FPES 4GEF9A<F E @4?B= >BAJ9AFD4J<9= G7?9DB84. 
�89EP 84:9 CD< CD46<?PAB CDB698TAAB= ;4>4?>9 F6TD8BEFP 5G89F CBA<:9AAB=. 
1FBF 89H9>F @B:AB GEFD4A<FP CDB6989A<9@ ABD@4?<;4J<< C9D98 ;4>4?>B=. 
!BD@4?<;4J<S EB;849F 5B?99 B8ABDB8AGR EFDG>FGDG. 

 
"%"��!!"%&� &�$ �+�%�"� "�$��"&������$"��!!/) 

%&���� 

"EB59AABEF< F9D@<K9E>B= B5D45BF>< QF<I EF4?9= BCD989?SRFES, 
7?46AO@ B5D4;B@, 6?<SA<9@ ?97<DGRM<I Q?9@9AFB6 A4 CB?B:9A<9 
>D<F<K9E><I FBK9> 8<47D4@@O EBEFBSA<S :9?9;B3J9@9AF<F < A4 I4D4>F9D 
<;BF9D@<K9E>B7B CD96D4M9A<S 4GEF9A<F4. 

�97<DGRM<9 Q?9@9AFO 6?<SRF A4 Q6F9>FB<8AGR F9@C9D4FGDG (FBK>4 
�1), EB89D:4A<9 G7?9DB84 6 C9D?<F9 (FBK>4 S) < @4>E<@4?PAB9 EB89D:4A<9 
G7?9DB84 6 4GEF9A<F9 (FBK>4 �). 
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1?9@9AFO (%7, W,  B, V < 8D.), EG:4RM<9 γ -B5?4EFP, CB6OL4RF 
>D<F<K9E>GR FBK>G �1, 4 Q?9@9AFO (Ni,  n < 8D.), D4EL<DSRM<9 γ -B5?4EFP, 
CBA<:4RF >D<F<K9E>GR FBK>G �1. 

�E9 ?97<DGRM<9 Q?9@9AFO E86<74RF FBK>G S 6?96B, KFB CD<6B8<F > 
EA<:9A<R EB89D:4A<S G7?9DB84 6 ?97<DB64AAB@ C9D?<F9. �97<DGRM<9 
Q?9@9AFO, BEB59AAB Ni <  n, E86<74RF 6?96B FBK>G � A4 8<47D4@@9 
EBEFBSA<S :9?9;B3J9@9AF<F. 

�97<DGRM<9 Q?9@9AFO ;A4K<F9?PAB 6?<SRF A4 <;BF9D@<K9E>B9 
CD96D4M9A<9 4GEF9A<F4. �E9 ?97<DGRM<9 Q?9@9AFO, ;4 <E>?RK9A<9@ 

>B54?PF4, E86<74RF %-B5D4;AO9 >D<6O9 8<47D4@@O <;BF9D@<K9E>B7B 
CD96D4M9A<S 4GEF9A<F4 6CD46B, ;A4K<F9?PAB G69?<K<64RF GEFB=K<6BEFP < 
;4@98?SRF CDBJ9EE D4EC484 4GEF9A<F4. #D< QFB@ B8A< Q?9@9AFO (Ni, %<,  n 
< 8D.), E86<74S %-B5D4;AO9 >D<6O9 6CD46B < G69?<K<64S GEFB=K<6BEFP 
4GEF9A<F4, A9 6?<SRF A4 I4D4>F9D <;BF9D@<K9E><I >D<6OI, >BFBDO9 <@9RF %- 

B5D4;AGR HBD@G, >4> < 8?S G7?9DB8<EFB= EF4?< (D<EGAB> 7, 4). 
�4D5<8BB5D4;GRM<9 Q?9@9AFO (Cr, W,  B, V, Ti < 8D.) E86<74RF 

>D<6O9 A4K4?4 < >BAJ4 <;BF9D@<K9E>B7B D4EC484 4GEF9A<F4 6CD46B, 
;4@98?SRF 97B D4EC48 < B8AB6D9@9AAB <;@9ASRF 6<8 QF<I >D<6OI (D<EGAB> 7 
5). 

 

 
$<EGAB> 7 3 �<47D4@@O <;BF9D@<K9E>B7B 
CD96D4M9A<S 4GEF9A<F4 8?S EF4?< E 

EB89D:4A<9@ 0,5 % % 

 

�E9 ?97<DGRM<9 Q?9@9AFO (;4 
<E>?RK9A<9@ >B54?PF4), G69?<K<64S 
GEFB=K<6BEFP 4GEF9A<F4, ;A4K<F9?PAB 
CB6OL4RF      >D<F<K9E>GR      E>BDBEFP 
;4>4?><, < F9@ 6 5B?PL9= EF9C9A<, K9@ 

4 5 84?PL9 E86<AGFO 6CD46B >D<6O9 
<;BF9D@<K9E>B7B CD96D4M9A<S 
4GEF9A<F4. 

�97<DB64AAO9 EF4?< B5OKAB ;4>4?<64RF 6 @4E?9. 
% G69?<K9A<9@ GEFB=K<6BEF< 4GEF9A<F4 < G@9APL9A<9@ >D<F<K9E>B= 

E>BDBEF< ;4>4?>< G69?<K<649FES 7?G5<A4 CDB>4?<649@BEF<. 
�B?PL<AEF6B ?97<DGRM<I Q?9@9AFB6 ( n, Ni, Cr < 8D.) CBA<:4RF 

F9@C9D4FGDG A4K4?4 @4DF9AE<FAB7B CD96D4M9A<S (D<EGAB> 8, 4 ) < 
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G69?<K<64RF >B?<K9EF6B BEF4FBKAB7B 4GEF9A<F4 (D<EGAB> 8, 5). �B54?PF < 
4?R@<A<= CB6OL4RF F9@C9D4FGDG A4K4?4 @4DF9AE<FAB7B CD96D4M9A<S. 

�E?< F9@C9D4FGD4 A4K4?4 @4DF9AE<FAB7B CD96D4M9A<S EA<:49FES 8B 
AG?S, FB F4>4S EF4?P CD< >B@A4FAB= F9@C9D4FGD9 <@99F 4GEF9A<FAGR 

EFDG>FGDG. 
 

4 5 

 
$<EGAB> 8 3 �?<SA<9 ?97<DGRM<I Q?9@9AFB6 A4 F9@C9D4FGDG A4K4?4 

@4DF9AE<FAB7B CD96D4M9A<S (4) < >B?<K9EF6B BEF4FBKAB7B 
4GEF9A<F4 (5) 6 EF4?< E EB89D:4A<9@ 1 % % 



 

2
5
 

&45?<J4 1 3 #DBFB>B? D9;G?PF4FB6 F9D@<K9E>B= B5D45BF>< G7?9DB8<EFB= EF4?< 
 

 
 

 
 
4D
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 E
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@9
FD

 

BF
C9
K4
F>
4,

 @
@ �EIB8AB9 EBEFBSA<9 �4>4?>4   "FCGE>  !BD@4?<;4J<S   

&6TD 8BEFP   

 

%F
DG
>F
GD

 

4 

 

t °% 

 
�D9@S, 
@<A 

&6TD 8BEFP   

 

%F
DG
>F
GD

 

4 

 

t °% 

&6TD 8BEFP   
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t °% 

&6TD 8BEFP   
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!� HRC !� HRC !� HRC !� HRC 
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#D4>F<K9E>4S D45BF4 
�?4EE<H<>4J<S < @4D><DB6>4 KG7GAB6 

 
Ц9?P: 'E6B<FP 4?7BD<F@ D4EL<HDB6>< @4DB> KG7GAB6 < <I BEAB6AOI 
E6B=EF6. �;GK<FP B5?4EF< CD<@9A9A<S 84AAB7B @4F9D<4?4. 

 

 9FB8<K9E>B9 B59EC9K9A<9: 
1.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO. 
2. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 « 4F9D<4?B6989A<9» 

 
#BDS8B> 6OCB?A9A<S D45BFO: 

 
�484A<9 

1. �O59D<F9 @4D>< KG7GAB6 8?S <;7BFB6?9A<S E?98GRM<I <;89?<=: 
- %F4A<A4 
- �B?9AK4FO= 64? 
- �G5K4FB9 >B?9EB 
- �4?>< CDB>4FAOI EF4AB6 
- &DG5O 

- %FGC<JO >B?9E 8?S 46FB@B5<?9= 
 

2. $4EL<HDG=F9 @4D>< EC?46B6: %+10, �+45, �+ 37-12,%+24, �+120, �+ 45-6 

3 �4CB?A<F9 F45?<JG: 

 

 

 

 
&9BD9F<K9E>4S K4EFP: 

%C?46 :9?9;4 E G7?9DB8B@ (>2,14%%) A4;O649FES KG7GAB@. 
#D<EGFEF6<9 Q6F9>F<>< 6 EFDG>FGD9 KG7GA4 B5GE?46?<649F 97B 

<ECB?P;B64A<9 <E>?RK<F9?PAB 6 >4K9EF69 ?<F9=AB7B EC?464. 
'7?9DB8 6 KG7GA9 @B:9F A4IB8<FPES 6 6<89 J9@9AF<F4 <?< 7D4H<F4. 

*9@9AF<F CD<849F <;?B@G EC9J<H<K9E><= 59?O= E69F?O= 5?9E>, CBQFB@G 
KG7GA A4;O649FES 59?O@. 

�D4H<F CD<849F <;?B@G KG7GA4 E9DO= J69F. 

�<8 KG7GA4 (BD@4 7D4H<F4 

%9DO=  

�OEB>BCDBKAO=  

�B6><=  
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� ;46<E<@BEF< BF HBD@O 7D4H<F4 < GE?B6<= 97B B5D4;B64A<S D4;?<K4RF 
E?98GRM<9 7DGCCO KG7GAB6: E9DO=, 6OEB>BCDBKAO= E L4DB6<8AO@ 7D4H<FB@ 

< >B6>B=. 
 

!9DO9 KG7GAO EB7?4EAB FD95B64A<S@ �"%& 1412 3 85 @4D><DGRFES 
5G>64@< %+. 

*<HDO CBE?9 5G>6 G>4;O64RF ;A4K9A<9 @<A<@4?PAB7B 6D9@9AAB7B 
EBCDBF<6?9A<S CD< D4EFS:9A<< (6 @974C4E>4?SI, G@AB:9AAOI A4 10

-1
). 

 4D>< E9DOI KG7GAB6 %+10, %+15, C+18, %+20, %+21, %+24, %+25, 
%+30, %+35. 

�; A<I @B8<H<J<DB64AAO9 %+18, %+21, %+24. 
 

!4CD<@9D, D4EL<HDB6>4 @4D>< KG7GA4 %+10: 10 – 6D9@9AAB9 
EBCDBF<6?9A<9 CD< D4EFS:9A<<, FB 9EFP Ã6 = 100(10)  #4 (>7E/@@2

). 

 
�B8<H<J<DB64AAO9 KG7GAO CB?GK4RFES 6 FB@ E?GK49, 9E?< 6 D4EC?46 

E9DB7B KG7GA4 E CBA<:9AAO@ EB89D:4A<9@ G7?9DB84 C9D98 D4;?<6>B= 669EF< 

@B8<H<>4FBDO 6 >B?<K9EF69 0,3 3 04 % BF @4EEO :<8>B7B KG7GA4. 
 B8<H<>4FBD4@< S6?SRFES H9DDBE<?<J<=, E<?<>B>4?PJ<= < 8D. 
%FDG>FGD4 @B8<H<J<DB64AAOI KG7GAB6 5G89F EBEFBSFP <; @9?><I, 

D46AB@9DAB D4ECB?B:9AAOI 6 @9F4??<K9E>B= BEAB69 6>?RK9A<= 7D4H<F4. 
 4D><DGRFES @B8<H<J<DB64AAO9 KG7GAO F4> :9, >4> < E9DO9 (CB 

�"%& 1412 3 85). 

 
%9DO= KG7GA A4IB8<F CD<@9A9A<9: 
 6 EF4A>BEFDB9A<< (54;B6O9, >BDCGEAO9 89F4?<, >DBALF9=AO, 

;G5K4FO9 >B?9E4, EF4A<AO, A4CD46?SRM<9); 
 6 46FBEFDB9A<< 8?S <;7BFB6?9A<S 5?B>B6 J<?<A8DB6, 7<?P;, 

CBDLA96OI >B?9J, D4ECD989?<F9?PAOI 64?B6, FB?>4F9?9=, E98? >?4C4AB6, 
7B?B6B> J<?<A8DB6, 8<E>B6 EJ9C?9A<S; 

 6 Q?9>FDB@4L<ABEFDB9A<<; 
 8?S <;7BFB6?9A<S FB64DB6 @4EEB6B7B CBFD95?9A<S. 

 
�;ABEBEFB=>BEFP <;89?<= <; E9DOI KG7GAB6 @B:AB CB6OE<FP 

F9D@<K9E>B= B5D45BF>B=. 
 

�OEB>BCDBKAO= KG7GA CB?GK49FES <; C9D?<FAB7B E9DB7B KG7GA4 CGF9@ 

86B=AB7B @B8<H<J<DB64A<S 8B546>B= 6 :<8><= KG7GA A9;48B?7B C9D98 
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D4;?<6>B= @47A<S 6 >B?<K9EF69 0,03 3 0,07 % BF @4EEO KG7GA4 < 
H9DDBE<?<J<S. 

 47A<= ECBEB5EF6G9F CB?GK9A<R 7D4H<F4 6 HBD@9 L4DB6 (7?B5G?9=), 
>DB@9 FB7B, BA CB6OL49F CDBKABEFP @9F4??<K9E>B= BEAB6O. 

 4D><DGRFES 6OEB>BCDBKAO9 KG7GAO 5G>64@< �+ < CBE?98GRM<@< 

J<HD4@< (�"%& 7293-85). 

*<HDO @4D>< CB>4;O64RF @<A<@4?PAB9 ;A4K9A<9 6D9@9AAB7B 
EBCDBF<6?9A<S CD< D4EFS:9A<< (6  #4 10

-1
). 

 4D>< 6OEB>BCDBKAOI KG7GAB6: �+35, �+40, �+45, �+50, �+60, �+70, 
B+80, �+100. 

!4CD<@9D, KG7GA @4D>< �+60 <@99F 6D9@9AAB9 EBCDBF<6?9A<9 CD< 
D4EFS:9A<< Ã6 = 600 (60)  #4 (>7E/@@2

); 

 
�OEB>BCDBKAO= KG7GA A4IB8<F CD<@9A9A<9 >4> AB6O= 

>BAEFDG>J<BAAO= @4F9D<4? < >4> ;4@9A<F9?P G7?9DB8<EFB= EF4?<, >B6>B7B < 

E9DB7B KG7GA4. 
�; 6OEB>BCDBKAB7B KG7GA4 <;7BF46?<64RF >4> @9?><9 FBA>BEF9AAO9 

BF?<6>< (CBDLA96O9 >B?PJ4), F4> < BF?<6>< @4EEB= 8B 15 F (L45BFO 

>B6BKAOI @B?BFB6, EF4A<AO < D4@O CD9EEB6 < CDB>4FAOI EF4AB6). 
�; 6OEB>BCDBKAB7B KG7GA4 <;7BF46?<64RF BF?<6>< >B?9AK4FOI 64?B6 

@4EEB= BF A9E>B?P><I ><?B7D4@@B6 8B 2&3 F 6;4@9A >B64AOI 64?B6 <; EF4?<. 
+G7GAAO9 64?O CB ED46A9A<R EB EF4?PAO@< <@9RF 5B?99 6OEB>GR 

J<>?<K9E>GR 6S;>BEFP, @4?BKG6EF6<F9?PAO > 6A9LA<@ >BAJ9AFD4FBD4@ 

A4CDS:9A<=, <@9RF ?GKL<9 4AF<HD<>J<BAAO9 E6B=EF64 < ;A4K<F9?PAB 
89L96?9 EF4?PAOI 64?B6. 

)BDBL<9 ?<F9=AO9 E6B=EF64 CD< 8BEF4FBKAB 6OEB>B= CDBKABEF< < 
C?4EF<KABEF< CB;6B?SRF 6B @AB7<I E?GK4SI ;4@9ASFP EF4?PAB9 ?<FP9 < 

CDB>4F. #D< QFB@ 8BEF<749FES EA<:9A<9 @4EEO 89F4?9= A4 8&10 % < 
B59EC9K<649FES ;A4K<F9?PA4S Q>BAB@<S @4F9D<4?4. 

#D<@9A9A<9 6OEB>BCDBKAB7B KG7GA4 6;4@9A E9DB7B 849F 
Q>BAB@<K9E><= QHH9>F 6 F9I E?GK4SI, >B784 ;4 EK9F 5B?99 6OEB>B= CDBKABEF< 

EA<:49FES @4EE4 BF?<6B> <?< B59EC9K<649FES 6B;@B:ABEFP GCDBM9A<S 
@BAF4:AOI D45BF (A4CD<@9D, @BAF4: FDG5BCDB6B8B6 E64D>B=). 

�; 6OEB>BCDBKAB7B KG7GA4 <;7BF46?<64RF FDG5O, 64?>< CDB>4FAOI 
EF4AB6, 89F4?< FGD5<A, <;?B:A<JO, EGCCBDFO, D9;J989D:4F9?<, C?4AL4=5O < 

8DG7<9 89F4?< EF4A>B6. 
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КB6><9 KG7GAO CB?GK4RFES CGF9@ EC9J<4?PABR 7D4H<F<;<DGRM97B 
BF:<74 (FB@?9A<S) 59?OI 8BQ6F9>F<K9E><I KG7GAB6, EB89D:4M<I BF 2,2 8B 3,2 

% G7?9DB84. 
 

�?S CB?GK9A<S >B6>B7B KG7GA4 A9B5IB8<@B BF?<6>< <; 
@4?BG7?9DB8<EFB7B 59?B7B KG7GA4, EB89D:4M97B A9 5B?99 2,8 % G7?9DB84, 
@98?9AAB A47D964FP 6 F9K9A<9 20 3 25 K 6 A9=FD4?PAB= ED989 8B F9@C9D4FGDO 

950 3 1000
0% < CD< QFB= F9@C9D4FGD9 8?<F9?PAB (10 3 15 K) 6O89D:<64FP 

(C9D64S EF48<S 7D4H<F<;4J<<). �4F9@ @98?9AAB BI?4:84FP 8B F9@C9D4FGDO 

A9@AB7B A<:9 Q6F9>FB<8AB7B CD96D4M9A<S (700 3 740
0% 3 6 ;46<E<@BEF< BF 

EBEF464 KG7GA4) < 8?<F9?PAB9 6D9@S (B>B?B 30 K) 6O89D:<64FP CD< 84AAB= 

F9@C9D4FGD9 (6FBD4S EF48<S 7D4H<F<;4J<<). �4?99 69EF< BI?4:89A<9 A4 
6B;8GI9. 

 
�B6><9 KG7GAO @4D><DGRFES 5G>64@< �+ E J<HD4@< (�"%& 1215 3 79). 

#9D6O9 869 J<HDO G>4;O64RF 6D9@9AAB9 EBCDBF<6?9A<9 D4;DO6G (6 
@974C4E>4?SI), 6FBDO9 J<HDO 3 BFABE<F9?PAB9 G8?<A9A<9 6 CDBJ9AF4I. 

 
(9DD<FAO= >B6><= KG7GA <@99F E?98GRM<9 @4D>< (�"%& 26358 3 84): 

 

 

 

 

 

1,5. 

�+ 37 3 12 (362-12), �+35 3 10 (333-10), �+�� 3 8 (323-8), 

�+ 30 3 6 (294-6). 

#9D?<FAO= >B6><= KG7GA: 
�+45 3 7; �+ 50 3 5; �+ 55 3 4; �+60 3 3; �+65 -3; �+70 3 2, �+80 3 

 
"F?<6>< <; >B6>B7B KG7GA4 8B?:AO EBBF69FEF6B64FP �"%& 26358 3 84. 

"A< IBDBLB EBCDBF<6?SRFES G84D4@ < 6<5D4J<BAAO@ A47DG;>4@, IBDBLB 
B5D454FO64RFES D9;4A<9@, B5?484RF 8BEF4FBKAB= 6S;>BEFPR. 

 
� ?97<DB64AAO@ (EC9J<4?PAO@) KG7GA4@ BFABESFES: 
1. �;ABEBEFB=><9 KG7GAO: <I B5B;A4K4RF 5G>64@< �+ < BA< 

@4D><DGRFES CB EB89D:4A<R ?97<DGRM<I Q?9@9AFB6, >4> < EF4?<. 
+G7GAO @4DB> �+)4�7�; �+)3&�; �+)28!2; �+)15 3 < 8D. 

CD<@9ASRF 8?S <;7BFB6?9A<S ?BC4FB> 8DB5B@TFAOI FGD5<A, L4DB6 < 
5DBA96OI C?<F 8?S @9?PA<J, 89F4?9= A4EBEB6, ?BC4EF9= LA9>B6. 

2. АAF<HD<>J<BAAO9 KG7GAO <@9RF 6 @4D><DB6>9 5G>6G �. "A< 

<;7BF46?<64RFES A4 BEAB69 E9DOI, >B6><I < 6OEB>BCDBKAOI KG7GAB6 < 
CD98A4;A4K9AO 8?S D45BFO 6 G;?4I FD9A<S 6 C4D9 E ;4>4?TAAO@< 
>BAFDF9?4@<. 
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�O64RF E?98GRM<I @4DB>: �%+ 3 1 (E 8B546>4@< Cr < Ni); �%+ 3 2 (E 
8B546>4@< Ti < Cu); ��+ 3 1; ��+ 3 2; ��+ 3 1; ��+ 3 2. 

3. �4DBEFB=><9 KG7GAO �+) 3 0,8; �+) 3 2,5; �+) 3 1,5 CD<@9ASRF 
8?S Q?9@9AFB6 >BAEFDG>J<= 8B@9AAOI, F9D@<K9E><I < @4DF9AB6E><I C9K9=, 
D45BF4RM<I CD< F9@C9D4FGD9 8B 650 °%. 

ВOEB>BIDB@<EFO9 KG7GAO �+) 3 30 (28 3 30 % Cr) CD<@9ASRF 8?S 
<;7BFB6?9A<S 7BD9?B>, HGD@ < 8D., D45BF4RM<I CD< F9@C9D4FGD4I 8B 900 °%. 

4. КBDDB;<BAAB – EFB=><9 KG7GAO 3 BA< EFB=>< 6 M9?BK4I, D4EF6BD4I 
EB8O, @BDE>B= 6B89. 

 

 
�BCDBEO 8?S E4@B>BAFDB?S: 

1 !4C<L<F9 BCD989?9A<9 KG7GA4. 
2 +FB A9B5IB8<@B ;47DG;<FP 6 8B@9AAGR C9KP 8?S CB?GK9A<S KG7GA4. 
3 "C<L<F9 ECBEB5O CB?GK9A<S >B6>B7B < 6OEB>BCDBKAB7B KG7GAB6? 
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#D4>F<K9E>4S D45BF4 
 

�?4EE<H<>4J<S < @4D><DB6>4 EF4?9= 

 

 
Ц9?P D45BFO: 'E6B<FP 4?7BD<F@ D4EL<HDB6>< @4DB> EF4?9= < <I 

BEAB6AOI E6B=EF6. �;GK<FP B5?4EF< CD<@9A9A<S 84AAB7B @4F9D<4?4. 
 

 9FB8<K9E>B9 B59EC9K9A<9: 
1.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO. 
2. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 « 4F9D<4?B6989A<9» 

 

#BDS8B> 6OCB?A9A<S D45BFO: 
�484A<9 

1. �; CD<6989AAOI 5G>6 < J<HD EBEF46PF9 @4D>< EF4?9=: ', ,, 7, $, 40, �, ), 
6, ), 10, (, �, ), 13,  , 5, 4. "8AG < FG :9 5G>6G < J<HDG 6 @4D>9 A9?P;S 
<ECB?P;B64FP 864:8O. 

 

2. !4C<L<F9 BEAB6AO9 ?97<DGRM<9 Q?9@9AFO 8?S >BAEFDG>J<BAAOI EF4?9= < 

B5?4EFP CD<@9A9A<S. 
 

�4D>4 

 

�4<@9AB64A<9 
�5B;A4K9A<9 @4D>< �5?4EF< 

CD<@9A9A<S !<@6B?O !B89D:4A<9 
�%F3CE  �   

%F  

3  

#E  

05>C  05   

�C  

45  45   

30)�%�  30   

)  

�  

%  

�  

$6 5  $   

6  
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5  

33)%  33   

)  

%  

3. "CD989?<F9 I<@<K9E><= EBEF46 >BAEFDG>J<BAAOI ?97<DB64AAOI EF4?9= CB 
<I @4D>4@: 12)18!9&, 15)28, 12)25!16�7�$. 

 

4. "CD989?<F9 I<@<K9E><= EBEF46 <AEFDG@9AF4?PAOI ?97<DB64AAOI EF4?9= 

CB <I @4D>4@: 7)(, )6�(, $10�5(5. 
 

&9BD9F<K9E>4S K4EFP: 
%F4?P 3 EC?46 :9?9;4 E G7?9DB8B@, EB89D:4M<= G7?9DB84 A9 5B?99 

2,14%, 4 F4>:9 DS8 8DG7<I Q?9@9AFB6 
�?4EE<H<>4J<S. 

�?S CD46<?PAB7B CDBKF9A<S @4D>< A9B5IB8<@B GK<FO64FP 99 @9EFB 6 
>?4EE<H<>4J<< EF4?< CB I<@<K9E>B@G EBEF46G, A4;A4K9A<R, >4K9EF6G, 
EF9C9A< D4E><E?9A<S. 

�B I<@<K9E>B@G EBEF46G EF4?< CB8D4;89?SRF A4 G7?9DB8<EFO9 < 

?97<DB64AAO9. 
%F4?< CB A4;A4K9A<R 89?SF A4 >BAEFDG>J<BAAO9, <AEFDG@9AF4?PAO9 < 

EF4?< EC9J<4?PAB7B A4;A4K9A<S E BEB5O@< E6B=EF64@<. 
%F4?< CB >4K9EF6G >?4EE<H<J<DGRF A4 EF4?< B5O>AB69AAB7B >4K9EF64, 

>4K9EF69AAO9, 6OEB>B>4K9EF69AAO9 < BEB5B 6OEB>B>4K9EF69AAO9. 
%F4?< CB EF9C9A< D4E><E?9A<S >?4EE<H<J<DGRF A4 ECB>B=AO9, 

CB?GECB>B=AO9 < ><CSM<9. 
 

&45?<J4 5 3 �?4EE<H<>4J<S EF4?9= 
!F4?< CB I<@<K9E>B@G EBEF46G 

'7?9DB8<EFO9 �97<DB64AAO9 
A<;>BG7?9DB8<EFO9 (8B 0,25% %) 
ED98A9G7?9DB8<EFO9 (0,25-0,6% %) 
6OEB>BG7?9DB8<EFO9 (5B?99 0,6% %) 

A<;>B?97<DB64AAGR (E EG@@4DAO@ EB89D:4A<9@ 

?97<DGRM<I Q?9@9AFB6 8B 2,5%) 
ED98A9?97<DB64AAGR (BF 2,58B 10%) 
6OEB>B?97<DB64AA4S (E6OL9 10%) 

�B A4;A4K9A<R 

�AEFDG@9AF4?PAO9 >BAEFDG>J<BAAO9 

CB >4K9EF6G (EB89D:4A<R 6D98AOI CD<@9E9=) 
B5O>AB69AAB7B 
>4K9EF64 EB89D:4F 
8B 0,06% S < 0,07% $ 

>4K9EF69AAO9 4 8B 
0,035% S < 0,035% $ 

6OEB>B>4K9EF69AAO9 - 

A9 5B?99 0,025% S < 

0,025% $ 

BEB5B 
6OEB>B>4K9EF69AAO9 - 

A9 5B?99 0,015% S < 
0,025% $. 

КBAEFDG>J<BAAO9 EF4?< 3 EF4?<, CD98A4;A4K9AAO9 8?S <;7BFB6?9A<S 
D4;?<KAOI 89F4?9=, G;?B6 @9I4A<;@B6 < >BAEFDG>J<=. 
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�AEFDG@9AF4?PAO9 EF4?< 3 EF4?<, CD<@9AS9@O9 8?S B5D45BF>< 
@4F9D<4?B6 D9;4A<9@ <?< 846?9A<9@, 4 F4>:9 8?S <;7BFB6?9A<S 
<;@9D<F9?PAB7B <AEFDG@9AF4 

 

!C9J<4?PAO9 EF4?< 4 QFB 6OEB>B?97<DB64AAO9 (E6OL9 10%) EF4?<, 
B5?484RM<9 BEB5O@< E6B=EF64@< - >BDDB;<BAAB= EFB=>BEFPR, 
:4DBEFB=>BEFPR, :4DBCDBKABEFPR, <;ABEBEFB=>BEFPR < 8D 

 

'7?9DB8<EFO9 EF4?< 
� G7?9DB8<EFO@ EF4?S@ BFABESF EF4?<, A9 EB89D:4M<9 EC9J<4?PAB 

66989AAO9 ?97<DGRM<9 Q?9@9AFO. 
 

�BAEFDG>J<BAAO9 G7?9DB8<EFO9 EF4?< 
 

!F4?< G7?9DB8<EFO9 B5O>AB69AAB7B >4K9EF64 (EF4?P E 8BEF4FBKAB 
6OEB><@ EB89D:4A<9@ 6D98AOI CD<@9E9= S < P) B5B;A4K4RF EB7?4EAB �"%& 

380-94. 

1F< A4<5B?99 L<DB>B D4ECDBEFD4A9AAO9 EF4?< CBEF46?SRF 6 6<89 
CDB>4F4 6 ABD@4?<;B64AAB@ EBEFBSA<< < CD<@9ASRF 6 @4L<ABEFDB9A<<, 
EFDB<F9?PEF69 < 6 8DG7<I BFD4E?SI. 

 

'7?9DB8<EFO9 EF4?< B5O>AB69AAB7B >4K9EF64 B5B;A4K4RF 5G>64@< %F < 

J<HD4@< BF 0 8B 6. 

*<HDO 3 QFB GE?B6AO= AB@9D @4D><. 
+9@ 5B?PL9 K<E?B, F9@ 5B?PL9 EB89D:4A<9 G7?9DB84, 6OL9 CDBKABEFP 

< A<:9 C?4EF<KABEFP. 
#9D98 E<@6B?B@ %F G>4;O64RF 7DGCCG 74D4AF<DB64AAOI E6B=EF6: �, �, 

�. �E?< G>4;4A<9 B 7DGCC9 BFEGFEF6G9F, ;A4K<F CD98CB?4749FES 7DGCC4 �. 
!4CD<@9D, %&3; �%F4; �%F2. 

 

%F4?P B5O>AB69AAB7B >4K9EF64 6OCGE>49FES F4>:9 E CB6OL9AAO@ 

EB89D:4A<9 @4D74AJ4 (0,8-1,1% Mn)/ 

� QFB@ E?GK49 CBE?9 AB@9D4 @4D>< 8B546?S9FES 5G>64 �. 

!4CD<@9D, �%&3�CE. 

#BE?9 AB@9D4 @4D>< EF4?<   G>4;O64RF EF9C9AP D4E><E?9A<S: >C - 
><CSM4S, CE - CB?GECB>B=A4S, EC - ECB>B=A4S EF4?P. 

 

!4CD<@9D, �%F3CE. 
 

&45?<J4 6 3 %FDG>FGD4 B5B;A4K9A<S G7?9DB8<EFOI EF4?9= 
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�DGCC4 EF4?< "5B;A4K9A<9 !B@9D EF4?< %F9C9AP 
D4E><E?9A<S 

�4F97BD<S 

 

 
� 

 

 
%F 

0 -  

 
1,2,3 1,2,3,4 >C, CE, EC 

5,6 CE, EC 

 
� 

 
�%F 

1,2,3,4 >C, CE, EC  
1,2 

5,6 CE, EC 

 
� 

 
�%F 

1,2,3,4 >C, CE, EC  
1,2,3,4,5 

5 CE, EC 
 

&45?<J4 7 3�A4K9A<9 5G>6 < J<HD, 
GCBFD95?SRM<IES CD< @4D><DB6>9 EF4?9= B5O>AB69AAB7B >4K9EF64 

"5B;A4K9A<9 $4EL<HDB6>4 B5B;A4K9A<S 
� �DGCC4 EF4?9=, CBEF46?S9@4S E 74D4AF<DB64AAO@< @9I4A<K9E><@< 

E6B=EF64@<. "5OKAB CD< B5B;A4K9A<< EF4?9= 5G>6G � BCGE>4RF 
� �DGCC4 EF4?9=, CBEF46?S9@4S E 74D4AF<DB64AAO@ I<@<K9E><@ EBEF46B@ 

� �DGCC4 EF4?9=, CBEF46?S9@4S E 74D4AF<DB64AAO@< I<@<K9E><@ EBEF46B@ 

< @9I4A<K9E><@< E6B=EF64@< 
%F %B>D4M9AAB9 B5B;A4K9A<9 F9D@<A4 «EF4?P» 
0-6 'E?B6AO9 @4D>< EF4?< � !4?<K<9 5G>6O � CBE?9 AB@9D4 EF4?< B;A4K49F 

CB6OL9AAB9 EB89D:4A<9 @4D74AJ4 
�C %F4?P «><CSM4S», D4E><E?9AA4S FB?P>B H9DDB@4D74AJ9@ 

#E %F4?P «CB?GECB>B=A4S», D4E><E?9AA4S H9DDB@4D74AJ9@ < 4?R@<A<9@ 

%C %F4?P «ECB>B=A4S», FB 9EFP CB?ABEFPR D4E><E?9AA4S 
 

#D<@9DO B5B;A4K9A<S < D4EL<HDB6><: 
1. �%&2>C 3 EF4?P >BAEFDG>J<BAA4S G7?9DB8<EF4S B5O>AB69AAB7B >4K9EF64, 7DGCCO �, 
CBEF46?S9@4S E 74D4AF<DB64AAO@ I<@<K9E><@ EBEF46B@, AB@9D 2, ><CSM4S. 
2. %&5�CE 3 EF4?P >BAEFDG>J<BAA4S B5O>AB69AAB7B >4K9EF64, 7DGCCO , CBEF46?S9@4S E 
74D4AF<DB64AAO@< @9I4A<K9E><@< E6B=EF64@<, AB@9D 5, EB89D:4A<9 @4D74AJ4 8B 1%, 

CB?GECB>B=A4S. 
3. �%F3EC - EF4?P >BAEFDG>J<BAA4S G7?9DB8<EF4S B5O>AB69AAB7B >4K9EF64, 7DGCCO �, 
CBEF46?S9@4S E 74D4AF<DB64AAO@ I<@<K9E><@ EBEF46B@ < @9I4A<K9E><@< E6B=EF64@<, 
AB@9D 3, ECB>B=A4S. 

 

�4K9EF69AA4S >BAEFDG>J<BAA4S EF4?P 3 EF4?P E ;4@9FAB @9APL<@ 

EB89D:4A<9@ E9DO, HBEHBD4 < 8DG7<I 6D98AOI CD<@9E9=. "5B;A4K49FES 
EB7?4EAB �"%& 1050-88. 

%F4?P @4D><DGRF 86G;A4KAO@< K<E?4@<, >BFBDO9 B5B;A4K4RF 
EB89D:4A<9 G7?9DB84 6 EBFOI 8B?SI CDBJ9AF4, < CBEF46?SRF E 
74D4AF<DB64AAO@< CB>4;4F9?S@< I<@<K9E>B7B EBEF464 < @9I4A<K9E><I 
E6B=EF6. #B EF9C9A< D4E><E?9A<S EF4?P CB8D4;89?SRF A4 ><CSMGR (>C), 
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CB?GECB>B=AGR (CE), ECB>B=AGR (59; G>4;4A<S <A89>E4). �G>64 � 6 @4D>4I 
EF4?9= G>4;O649F A4 CB6OL9AAB9 EB89D:4A<9 @4D74AJ4 (8B 1%). 

#D<@9DO B5B;A4K9A<S < D4EL<HDB6>< 
1. %F4?P 05>C 3 EF4?P >BAEFDG>J<BAA4S A<;>BG7?9DB8<EF4S, >4K9EF69AA4S, EB89D:4M4S 
G7?9DB84 0,05%, ><CSM4S. 
2. %F4?P 25 - EF4?P >BAEFDG>J<BAA4S A<;>BG7?9DB8<EF4S, >4K9EF69AA4S, EB89D:4M4S 
G7?9DB84 0,25%, ECB>B=A4S. 
3. %F4?P 60� - EF4?P >BAEFDG>J<BAA4S ED98A9G7?9DB8<EF4S, >4K9EF69AA4S, EB89D:4M4S 
G7?9DB84 0,6%, 4D74AJ4 1%, ECB>B=A4S. 

 

�AEFDG@9AF4?PAO9 G7?9DB8<EFO9 EF4?< @4D><DGRF 6 EBBF69FEF6<< E 
�"%& 1435-90. 

�AEFDG@9AF4?PAO9 G7?9DB8<EFO9 EF4?< 6OCGE>4RF E?98GRM<I @4DB>: 
'7.'8��.'8�, '9, ' 10, ' 11, ' 12 < '13. 

*<HDO G>4;O64RF A4 EB89D:4A<9 G7?9DB84 6 89ESFOI 8B?SI CDBJ9AF4. 
�G>64 � CBE?9 J<HDO B;A4K49F, KFB EF4?P <@99F CB6OL9AAB9 

EB89D:4A<9 @4D74AJ4. 
 4D>4 <AEFDG@9AF4?PAB= G7?9DB8<EFB= EF4?< 6OEB>B7B >4K9EF64 <@99F 

5G>6G �. 
 

#D<@9DO B5B;A4K9A<S < D4EL<HDB6><: 
1. '12 3 EF4?P <AEFDG@9AF4?PA4S, 6OEB>BG7?9DB8<EF4S, EB89D:4M4S 1,2% G7?9DB84, 
>4K9EF69AA4S. 
2. '8�� - EF4?P <AEFDG@9AF4?PA4S, 6OEB>BG7?9DB8<EF4S, EB89D:4M4S 0,8% G7?9DB84, 1% 

@4D74AJ4, 6OEB>B>4K9EF69AA4S 
3. '9� - EF4?P <AEFDG@9AF4?PA4S, 6OEB>BG7?9DB8<EF4S, EB89D:4M4S 0,9% G7?9DB84, 
6OEB>B>4K9EF69AA4S. 

 

�97<DB64AAB= A4;O64RF EF4?P EB EC9J<4?PAB 66989AAO@ B8A<@ <?< 

5B?99 ?97<DGRM<@ Q?9@9AFB@. 
"5B;A4K9A<9 ?97<DB64AAOI EF4?9= 

�97<DB64AAO9 EF4?< @4D><DGRFES >B@5<A4J<9= J<HD < ;47?46AOI 5G>6 
4?H46<F4. 

� B5B;A4K9A<< A9F E?B64 «EF4?P» <?< E<@6B?4 «%F». 
!4CD<@9D, 40), 38) 10�, 20)13. 

 

#9D6O9 869 J<HDO B5B;A4K4RF EB89D:4A<9 G7?9DB84 6 EBFOI 8B?SI 
CDBJ9AF4. 

%?98GRM<9 5G>6O S6?SRFES EB>D4M9AAO@ B5B;A4K9A<9@ Q?9@9AF4. 
*<HDO, EFBSM<9 CBE?9 5G>6, B5B;A4K4RF EB89D:4A<9 QFB7B Q?9@9AF4 6 J9?OI 
CDBJ9AF4I. 

�E?< ;4 5G>6B= A9 EFB<F J<HD4, ;A4K<F EB89D:4A<9 QFB7B Q?9@9AF4 8B 
1%. 
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&45?<J4 8 3 "5B;A4K9A<9 Q?9@9AFB6 @4D>4 
      

�?R@<A<= Al 2  B?<589A  B   

�D9@A<= Si C %9?9A Se � 

�;BF N � �B?PHD4@ W � 

�BD � $ !<>9?P Ni ! 

 4D74A9J Mn � *<D>BA<= Zr * 

 98P Cu � �9?9;B Fe � 

�4A48<= V ( &<F4A Ti T 

- !<B5<= Nb � �B54?PF Co � 

&4AF4? &4 &4 )DB@ Cr ) 

 

�?S <;7BFB6?9A<S <;@9D<F9?PAOI <AEFDG@9AFB6 CD<@9ASRF X, )��. 
%F4?< 8?S LF4@CB6: 9), )12 , 3)2!8(. 
%F4?< 8?S G84DAB7B <AEFDG@9AF4: 4)%, 5)�2%. 

 

"5B;A4K9A<9 5OEFDBD9:GM<I EF4?9= 
�E9 5OEFDBD9:GM<9 EF4?< S6?SRFES 6OEB>B?97<DB64AAO@<. 1FB EF4?< 

8?S BEA4M9A<S D45BK9= K4EF< D9;JB6, HD9;, E69D? < F.8. 
 4D><DB6>4 5OEFDBD9:GM<I EF4?9= 6E9784 A4K<A49FES E 5G>6O $ < 

K<E?4, CB>4;O64RM97B EB89D:4A<9 6B?PHD4@4 6 CDBJ9AF4I. !4<5B?99 
D4ECDBEFD4A9AAO@< @4D>4@< S6?SRFES $9, $18, $12. 

 

�97<DB64AAO9 EF4?< E BEB5O@< E6B=EF64@<. 

1. КBDDB;<BAABEFB=><9 EF4?<. 

�BDDB;<BAABEFB=>B= (<?< A9D:469RM9=) A4;O64RF EF4?P, 
B5?484RMGR 6OEB>B= I<@<K9E>B= EFB=>BEFPR 6 47D9EE<6AOI ED984I. 

�BDDB;<BAABEFB=><9 EF4?< CB?GK4RF ?97<DB64A<9@ A<;>B- < 
ED98A9G7?9DB8<EFOI EF4?9= IDB@B@, A<>9?9@, F<F4AB@, 4?R@<A<9@, 
@4D74AJ9@. 

�AF<>BDDB;<BAAO9 E6B=EF64 EF4?S@ CD<84RF 66989A<9@ 6 A<I 
5B?PLB7B >B?<K9EF64 IDB@4 <?< IDB@4 < A<>9?S. !4<5B?PL99 
D4ECDBEFD4A9A<9 CB?GK<?< IDB@<EFO9 < IDB@BA<>9?96O9 EF4?<. 

!4CD<@9D, IDB@<EFO9 EF4?< 95)18, 30)13, 08)17&. 
)DB@BA<>9?96O9 A9D:469RM<9 <@9RF 5B?PLGR >BDDB;<=AGR 

EFB=>BEFP, K9@ IDB@<EFO9 EF4?<, B5?484RF CB6OL9AAB= CDBKABEFPR < 
IBDBL9= F9IAB?B7<KABEFPR 6 BFABL9A<< B5D45BF>< 846?9A<9@. 

!4CD<@9D, 12)18!10&, 08)10!20&2. 
 

2. �4DBEFB=><9 B5?484RF EFB=>BEFPR CDBF<6 I<@<K9E>B7B D4;DGL9A<S 6 
74;B6OI ED984I, D45BF4RM<9 6 E?45BA47DG:9AAB@ EBEFBSA<<. 
3. �4DBCDBKAO9 EF4?< 3 QFB EF4?<, ECBEB5AO9 6O89D:<64FP @9I4A<K9E><9 
A47DG;>< 59; EGM9EF69AAOI 89HBD@4J<= CD< 6OEB><I F9@C9D4FGD4I. 
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� K<E?G :4DBCDBKAOI BFABESF EF4?<, EB89D:4M<9 IDB@, >D9@A<=, 
@B?<589A, A<>9?P < 8D. 

!4CD<@9D, 40)10%2 , 11)11!2�2 (. 
 

4. �;ABEBEFB=><9 3 EF4?<, B5?484RM<9 CB6OL9AAB= EFB=>BEFPR > <;ABEG: 
L4D<>BCB8L<CA<>B6O9, 7D4H<F<;<DB64AAO9 < 6OEB>B@4D74AJB6<EFO9. 

 

"EB59AABEF< B5B;A4K9A<S CB8L<CA<>B6OI EF4?9=. 
 4D><DB6>4 A4K<A49FES E 5G>6O ,, J<HD4. �G>64 ) EFBSM4S CBE?9 

5G>6O ,, CB>4;O649F EB89D:4A<9 IDB@4 6 89ESFOI 8B?SI CDBJ9AF4. 
!4CD<@9D, ,)9, ,)15�%. 

 

#D<@9DO B5B;A4K9A<S < D4EL<HDB6>< 

1. 40)�&$ 3 EF4?P >BAEFDG>J<BAA4S, ?97<DB64AA4S, >4K9EF69AA4S, EB89D:4M4S 0,4% 

G7?9DB84 < CB 1% IDB@4, @4D74AJ4, F<F4A4, 5BD4, BEF4?PAB9 3 :9?9;B < CD<@9E<. 
2. 38)2 2� 3 EF4?P >BAEFDG>J<BAA4S, ?97<DB64AA4S, 6OEB>B>4K9EF69AA4S, 
EB89D:4M4S 0,38% G7?9DB84, 2% % IDB@4, 1% @B?<589A4, 4?R@<A<S, BEF4?PAB9- :9?9;B < 

CD<@9E<. 
3. )�� 3 EF4?P >BAEFDG>J<BAA4S, ?97<DB64AA4S, >4K9EF69AA4S, EB89D:4M4S 1% G7?9DB84 
< CB 1% IDB@4, @4D74AJ4, BEF4?PAB9 3 :9?9;B < CD<@9E<. 
4. ,)15 3 EF4?P CB8L<CA<>B64S, <AEFDG@9AF4?PA4S, >4K9EF69AA4S, EB89D:4M4S 1% 

G7?9DB84, 1,5% IDB@4, BEF4?PAB9-:9?9;B. 
5. $10�5(5 3 EF4?P 5OEFDBD9:GM4S, <AEFDG@9AF4?PA4S, >4K9EF69AA4S, EB89D:4M4S 1% 

G7?9DB84, 10 % 6B?PHD4@4, 5% >B54?PF4, 5% 64A48<S, BEF4?PAB9 3 :9?9;B 
 

�BCDBEO 8?S E4@B>BAFDB?S: 
 

1. �4> CB8D4;89?SRFES EF4?< CB ECBEB5G CDB<;6B8EF64? 
2. "5B;A4K9A<9 6OEB>B>4K9EF69AAB= EF4?<. 
3. �4><9 ?97<DGRM<9 Q?9@9AFO CB6OL4RF >BDDB;<BAAO9 E6B=EF64 EF4?<? 
4. +FB F4>B9 ?97<DGRM<= Q?9@9AF? �7B A4;A4K9A<9. 
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#D4>F<K9E>4S D45BF4 
 

�;GK9A<9 E6B=EF6 >BAEFDG>J<BAAOI EF4?9= < F69D8OI EC?46B6 
 

*9?P D45BFO: 'E6B<FP 4?7BD<F@ D4EL<HDB6>< @4DB> EF4?9= < <I 
BEAB6AOI E6B=EF6. �;GK<FP B5?4EF< CD<@9A9A<S 84AAB7B @4F9D<4?4. 

 

 9FB8<K9E>B9 B59EC9K9A<9: 
1.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO. 
2. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 "# 04 « 4F9D<4?B6989A<9» 

 

#BDS8B> 6OCB?A9A<S D45BFO: 
�484A<9 

 

#B 6O84AAB@G 64D<4AFG ;484A<S (F45. 10) BCD989?<F9 I<@<K9E><= 

EBEF46 F69D8OI EC?46B6 < ;4C<L<F9 6 F45?<JG (F45. 9); 

&45?<J4 9 

�4D>4 
�DGCC4 

!C?464 
Co TiC TiC+TaC WC 

      

 

&45?<J4 10 
№ 

64D<4AF4 

�4D>< F69D8OI EC?46B6 

1 ��3 ��13 &30�4 &5�12 &&7�12 &&21�9 

2 ��4 ��25 &15�6 &5�10 &&8�6 &&7�9 

3 ��6 ��12 &14�8 &30�4 &&20�9 &&6�8 

4 ��8 ��20 &5�10 &15�6 &&6�8 &&20�9 

5 ��10 ��15 &5�12 &30�4 &&7�9 &&8�6 

6 ��15 ��10 &30�4 &5�12 &&21�9 &&7�12 

7 ��20 ��8 &15�6 &5�10 &&7�12 &&21�9 

8 ��12 ��6 &14�8 &30�4 &&8�6 &&7�9 

9 ��25 ��4 &5�10 &15�6 &&20�9 &&6�8 

10 ��13 ��3 &5�12 &30�4 &&6�8 &&20�9 

11 ��3 ��13 &30�4 &5�12 &&7�9 &&8�6 

12 ��4 ��25 &15�6 &5�10 &&21�9 &&7�12 

13 ��6 ��12 &14�8 &30�4 &&7�12 &&21�9 

14 ��8 ��20 &5�10 &15�6 &&8�6 &&7�9 
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15 ��10 ��15 &5�12 &30�4 &&20�9 &&6�8 

16 ��15 ��10 &30�4 &5�12 &&6�8 &&20�9 

17 ��20 ��8 &15�6 &5�10 &&7�9 &&8�6 

18 ��12 ��6 &14�8 &30�4 &&21�9 &&7�12 

19 ��25 ��4 &5�10 &15�6 &&6�8 &&7�9 

20 ��13 ��3 &5�12 &30�4 &&7�9 &&20�9 

21 ��10 ��15 &5�12 &30�4 &&7�9 &&8�6 

22 ��4 ��25 &15�6 &5�10 &&8�6 &&7�9 

23 ��25 ��4 &5�10 &15�6 &&20�9 &&6�8 

24 ��12 ��6 &14�8 &30�4 &&8�6 &&7�9 

25 ��8 ��20 &5�10 &5�12 &&21�9 &&7�12 

 

&9BD9F<K9E><= @4F9D<4?: 
%C9K9AAO9 F69D8O9 EC?46O 

 9F4??B>9D4@<K9E><9 @4F9D<4?O A4;O64RFES EC9K9AAO@< F69D8O@< 
EC?464@< CBFB@G, KFB <I <;7BFB6?SRF <; @9?><I CBDBL>B6 >4D5<8B6 
@9F4??B6 6B?PHD4@4, F<F4A4 < 8DG7<I CB F9IAB?B7<<, A4CB@<A4RM9= 

<;7BFB6?9A<9 89F4?9= <; >9D4@<><. 
�; A<I <;7BFB6?SRF C?4EF<A>< 8?S D9;JB6, HD9;, E69D? < D4;69DFB>. 
$4;?<K4RF FD< 7DGCCO F69D8OI EC?46B6 (�"%& 3882474): 

6B?PHD4@B6O9 (���, ���- , ��4, ��4-8, � �5, ��6- , ��6-" , ��6- 
�, ��8, ��8-�, ��8-��. ��2, ��2- , ��2-" , ��2-�%, ��#-�, ��#- 

��, (��15, ��20, BK20-KC, ��20-�, ��25; 
F<F4AB-6B?PHD4@B6O9 (&30�4, &15�6, &14�8, &5�2, &5�12); 
F<F4AB-F4AF4?B-6B?PHD4@B6O9 (&&7�12, &&10�8-�, &&8�6, &&20�9). 

 

&69D8O9 EC?46O EB89D:4F 6B?PHD4@, F<F4A, F4AF4? < >B54?PF CD<@9DAB 
6 F4>B@ CDBJ9AFAB@ >B?<K9EF69, >4> ;A4K<FES 6 K<E?9, DS8B@ EFBSM9@ E 
5G>69AAO@ B5B;A4K9A<9@. 

&4>, A4CD<@9D, EC?46 ��8 EB89D:<F 92% >4D5<84 6B?PHD4@4 < 8% 

>B54?PF4; EC?46 &15�6 EB89D:<F 15% >4D5<84 F<F4A4 < 6% >B54?PF4, 4 
BEF4?PAO9 79% EBEF46?S9F >4D5<8 6B?PHD4@4. 

&69D8BEC?46AO9 C?4EF<A><, A4C4SAAO9 A4 D9:GMGR K4EFP 
<AEFDG@9AFB6, CB F69D8BEF< CD<5?<:4RFES > 4?@4;G < CD<@9ASRFES 8?S 
B5D45BF>< 89F4?9= <; ;4>4?9AAOI EF4?PAOI, BF59?9AAOI KG7GAAOI < 8DG7<I 

@4F9D<4?B6. 
� E6S;< E 89H<J<FB@ 6B?PHD4@4 CDB<;6B8SF 59;6B?PHD4@B6O9 F69D8O9 

EC?46O 4 >9D@9FO, >BFBDO9 B5?484RF B8AB6D9@9AAB :4DBCDBKABEFPR, 
B>4?<ABEFB=>BEFPR, >BDDB;<BAAB= EFB=>BEFPR < F69D8BEFPR. 

�9D@9FO 4 QFB CBDBL>B6O9 EC?46O @9F4??B6 < A9@9F4??<K9E><I 
@4F9D<4?B6 (>4D5<8B6, B><E?B6, A<FD<8B6, 5BD<8B6 E<?<J<8B6 < F. 8.). 
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"5OKAB 6 >4K9EF69 E6S;GRM97B @4F9D<4?4 <ECB?P;GRF CBDBL>< 
A<>9?S, >B54?PF4, IDB@4 < 8D. 

�9D@9F A4 4?R@<A<96B= BEAB69 %�# (80% AI < 20% �14"6) A9 F9DS9F 
D45BFBECBEB5ABEF< CD< F9@C9D4FGD9 630°%. 

&69D8O9 EC?46O CD<@9ASRF 8?S B5D45BF>< @4F9D<4?B6 D9;4A<9@, 
BEA4M9A<S 7BDAB7B 5GDB6B7B <AEFDG@9AF4 < 59EEFDG:>B6B= B5D45BF>< 
@9F4??B6 846?9A<9@. 

"5B;A4K9A<9 @4DB> F69D8OI EC?46B6, <I >?4EE<H<>4J<S 8?S B5D45BF>< 

@4F9D<4?B6 D9;4A<9@ 6 EBBF69FEF6<< E D9>B@9A84J<S@< �%" $513466 < 
%1� PC 2453470 CD<6989A4 6 F45?. 6 (�"%& 3882474). 

 

!4C?46BKAO9 F69D8O9 EC?46O 
!4C?46BKAO9 F69D8O9 EC?46O A4C?46?SRFES A4 GCDBKAS9@GR 

CB69DIABEFP <?< A4 D9:GMGR >DB@>G D9;J4 Q?9>FDB8G7B6O@ <?< 
4J9F<?9AB><E?BDB8AO@ C?4@9A9@. 

!4C?46BKAO9 EC?46O 89?SFES A4 ?<FO9, Q?9>FDB8AO9 < ;9DABB5D4;AO9. 
�<FO9 F69D8O9 EC?46O KD9;6OK4=AB EFB=>< > 89=EF6<R >BDDB;<< < 6OEB><I 
F9@C9D4FGD. 

"A< CD<@9ASRFES 6 6<89 CDGF>B6 < >DG7?OI EF9D:A9=. 
&9IAB?B7<S CB?GK9A<S CDGF>B6 ;4>?RK49FES 6 C9D9C?46>9 F4><I 

@4F9D<4?B6, >4> H9DDBIDB@, H9DDB@4D74A9J, IDB@, @4D74A9J, >B54?PF, 
6B?PHD4@, 8D969EAO= G7B?P < KG7GA (6 AG:AB= CDBCBDJ<<) 6 F<79?PAB= 
<A8G>J<BAAB= C9K<. 

�; C9D9C?46?9AAOI L<IFB6OI @4F9D<4?B6 ?<FP9@ CB?GK4RF CDGF>< 
8?<AAB= 3004400 @@ < 8<4@9FDB@ 5410 @@. 

&DGM<9ES CB69DIABEF< 89F4?9= @4L<A < D9:GM<9 K4EF< <AEFDG@9AFB6, 
LF4@CB6, AB:9=, AB:A<J < F.8. A4C?46?SRF, <ECB?P;GS CDGF>< EC?464 < 

74;BE64DBKAO9 7BD9?><. 
 4F9D<4? 89F4?9= @4L<A < <AEFDG@9AFB6, A4 >BFBDO= A4C?46?SRF 

?<FO9 F69D8O9 EC?46O,4 QFB B5OKA4S G7?9DB8<EF4S EF4?P. 
%FB=>BEFP <AEFDG@9AFB6, CDBL98L<I A4C?46>G, CB6OL49FES 6 8412 

D4; < 5B?99. 
�AEFDG@9AF <?< 89F4?< CBE?9 A4C?46>< BF:<74RF, B5D454FO64RF 

D9;4A<9@ 8?S CD<84A<S A9B5IB8<@B= HBD@O < D4;@9DB6, ;4>4?<64RF < 
BFCGE>4RF. 

1?9>FDB8AO@< A4;O64RFES ?<FO9 EC?46O, >BFBDO9 <ECB?P;GRF CD< 
A4C?46>9 A4 D45BK<9 CB69DIABEF< 89F4?9= @4L<A 6 6<89 EC9J<4?PAOI 
Q?9>FDB8B6 E CD<@9A9A<9@ Q?9>FDB8G7B6B7B @9FB84 A4C?46><. 

+4M9 6E97B 8?S A4C?46>< A4 D45BK<9 CB69DIABEF< AB:96OI BD74AB6 
;9@?9DB=AOI @4L<A, >B6L9= Q>E>464FBDB6, M9> 8DB5<?B> < F. 8. CD<@9ASRF 
Q?9>FDB8AO9 @4F9D<4?O @4DB> &-540, &-590 < &-620. 

% J9?PR GCDBKA9A<S CB69DIABEF< 89F4?9= @4L<A CD< 7DG5B= 
B5D45BF>9 D45BK<I CB69DIABEF9=, A4CD<@9D ;G5P96 Q>E>464FBDB6, 597GA>B6, 
M9> 8DB5<?B> < ;9@?9K9DC4?B>, AB:9= 5G?P8B;9DB6, 5GDB6OI 8B?BF, ?BC4FB> 
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8O@BEBEB6, 4 F4>:9 EB98<A<F9?PAOI @GHF, 89F4?9= CDB>4FAOI EF4AB6 < F. 8., 
CD<@9ASRF ;9DABB5D4;AO9 EC?46O. 

�9DABB5D4;AO@< A4;O64RFES F69D8O9 EC?46O, >BFBDO9 <@9RF 6<8 
@9?>B;9DA<EFOI <?< CBDBL>BB5D4;AOI @4F9D<4?B6, A4C?46?S9@OI A4 
CB69DIABEF< 89F4?9=. 

!4C?46>G BEGM9EF6?SRF 74;B6B= E64D>B= 4J9F<?9AB-><E?BDB8AO@ 

C?4@9A9@ <?< Q?9>FDB8G7B6B= (CB @9FB8G �9A4D8BE4 G7B?PAB= Q?9>FD<K9E>B= 

8G7B=). 
+4M9 6E97B >4> ;9DABB5D4;AO= EC?46 CD<@9ASRF EF4?<A<F, >BFBDO= 

I4D4>F9D<;G9FES 6OEB>B= F69D8BEFPR (HRC 56447), <;ABEBEFB=>BEFPR < 
@4?B= EFB<@BEFPR. 

&9IAB?B7<S CB?GK9A<S ;9DABB5D4;AB7B EC?464 F<C4 EF4?<A<F 
;4>?RK49FES 6 8DB5?9A<< F4><I @4F9D<4?B6, >4> H9DDBIDB@, H9DDB@4D74A9J, 
A9HFSAB= >B>E <?< KG7GAA4S EFDG:>4, 8B CBDBL>BB5D4;ABR EBEFBSA<S E 
D4;@9DB@ ;9DA4 8B 1 @@. 

#D<7BFB6?SRF E@9EP F4>B7B EBEF464: 30% H9DDBIDB@4, 18% 

H9DDB@4D74AJ4, 7% A9HFSAB7B >B>E4, 45% KG7GAAB= EFDG:>< < CDB>4?<64RF 
6 F9K9A<9 344 K CD< F9@C9D4FGD9 4004500° %. 

#B?GK9AAGR E@9EP 6O?<64RF A4 CDBF<6A< < CBE?9 ;4EFO64A<S 
<;@9?PK4RF 6 M9>B6B= 8DB5<?>9. 

#BE?9 >BAFDB?S < D4EH4EB6>< CBDBLB> CD<7B89A > CD<@9A9A<R. 
#BDBLB> FD95G9@B7B EBEF464 A4EOC4RF A4 CB69DIABEFP, >BFBDGR A4C?46?SRF 
74;B6B= 7BD9?>B= <?< A464D<64RF Q?9>FDB8G7B6B= E64D>B=. 

 

 <A9D4?B>9D4@<K9E><9 EC?46O 
 <A9D4?B>9D4@<K9E><9 F69D8O9 EC?46O 4 89L96O9 <AEFDG@9AF4?PAO9 

@4F9D<4?O, B5?484RM<9 6OEB>B= F69D8BEFPR, <;ABEBEFB=>BEFPR < 
IBDBL<@< D9:GM<@< E6B=EF64@<. 

 <A9D4?B>9D4@<K9E><9 EC?46O <@9RF CB6OL9AAGR IDGC>BEFP < A9 
6O89D:<64RF <;7<54RM<I A47DG;B>. 

&4>, A4CD<@9D, EC9K9AAO9 F69D8O9 EC?46O I4D4>F9D<;GRFES CD989?B@ 

CDBKABEF< A4 E:4F<9 8B 4000  !/@2 (400 >7E/@@2) < A4 <;7<5 8B 1300  !/@2 
(130 >7E/@@4), 4 @<A9D4?B>9D4@<K9E><9 <@9RF CD989? CDBKABEF< A4 E:4F<9 
2500  !/@2 (250 >7E/@@2) < A4 <;7<5 3004400  !/@2 (30440 >7E/@@2). 

 <A9D4?B>9D4@<K9E><9 EC?46O A9B5IB8<@B CD<@9ASFP 6 GE?B6<SI 
D45BFO 59; G84DAOI A47DG;B> < 6<5D4J<=. %?98B64F9?PAB, QF< @4F9D<4?O 

AG:AB <ECB?P;B64FP CD< K<EFB6OI BC9D4J<SI < 6OEB><I E>BDBEFSI D9;4A<S. 
 <A9D4?B>9D4@<K9E><9 C?4EF<A>< <;7BFB6?SRF EC9>4A<9@ CD< 

6OEB>B= F9@C9D4FGD9 CBDBL>B6 K<EFB= B><E< @9F4??B6 <?< @<A9D4?B6 E 
A9;A4K<F9?PAO@ >B?<K9EF6B@ CD<@9E<, <; >BFBDOI B5D4;G9FES 
EF9>?BB5D4;AO= 59?B7B J69F4, A4CB@<A4RM<= H4DHBD @<A9D4?. 

 <A9D4?B>9D4@<K9E><9 @4F9D<4?O <@9RF E?98GRM<9 H<;<>B- 
@9I4A<K9E><9 E6B=EF64: F69D8BEFP HRA 90493, F9@C9D4FGDA4S EFB=>BEFP 
130041500° %, C?BFABEFP G = (3,75 -F- 3,8). 103 >7/@3; >DB@9 FB7B BA< A9 
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B><E?SRFES, G@9APL4RF A4DBEFBB5D4;B64A<9, GE48>G EFDG:><, F9@C9D4FGDG 
CD< D9;4A<< @9F4??4. 

�OEB><9 H<;<>B-I<@<K9E><9 E6B=EF64 @<A9D4?B>9D4@<K9E><I EC?46B6 
CB;6B?SRF CD<@9ASFP <I >4> B7A9GCBDAO9, I<@<K9E>< EFB=><9 < 
Q?9>FDB<;B?SJ<BAAO9 @4F9D<4?O. 

� A4EFBSM99 6D9@S 8?S D9:GM<I <AEFDG@9AFB6 @<A9D4?B>9D4@<K9E><9 
C?4EF<A>< <;7BFB6?SRF <; B><E< 4?R@<A<S �120;, CD<@9ASS @9FB8 
CD9EEB64A<S < F9D@<K9E>GR B5D45BF>G. 

 <A9D4?B>9D4@<K9E><9 ;46B8O 6OCGE>4RF 869 BEAB6AO9 @4D>< 
>9D4@<><: F9D@B>BDGA8 &� < @<>DB?<F * . 

 <>DB?<F * -322, >BFBDO= <@99F CD989? CDBKABEF< CD< <;7<59 
245043900  !/@4 (2454390 >7E/@@2), F69D8BEFP HRA 92493, 

F9@C9D4FGDAGR EFB=>BEFP 1200° %, 8BCGE>49F E>BDBEFP D9;4A<S 6 2 D4;4 6OL9 
F69D8OI EC?46B6. 

&9D@B>BDGA8 < @<>DB?<F IDGC><9, CBQFB@G 84?PA9=L99 D4;6<F<9 
>9D4@<>< A9 B7D4A<K<?BEP <I CD<@9A9A<9@, < 6 D9;G?PF4F9 CB<E>B6 CBS6<?ES 
>9D@9F < B>E<8AB->4D5<8A4S >9D4@<>4. 

� A4EFBSM99 6D9@S 8?S <;7BFB6?9A<S D9:GM<I <AEFDG@9AFB6 A4 
A9>BFBDOI ;46B84I CD<@9ASRF D9:GMGR >9D4@<>G ��, >BFBD4S 
I4D4>F9D<;G9FES 6OEB><@< D9:GM<@< E6B=EF64@<. 

 

�BCDBEO 8?S E4@BCDB69D><: 
1 +FB F4>B9 CBDBL>B64S @9F4??GD7<S? 
2 �4><9 6<8O <;89?<= CB?GK4RF E CB@BMPR CBDBL>B6B= @9F4??GD7<<? 
3 +FB F4>B9 F69D8O= EC?46? 
4 #D<698<F9 @4D>< F69D8OI EC?46B6. 
5 �89 CD<@9ASRF EC?46O F<C4 5��6, 5&�6, 5&&�6? 
6 $9:GM4S >9D4@<>4, I4D4>F9D<EF<>4. 
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#D4>F<K9E>4S D45BF4 
 

";A4>B@?9A<9 EB EFDG>FGDB= < E6B=EF64@< EC?46B6 A4 BEAB69 
4?R@<A<S < @98<, @47A<S, F<F4A4 

 
*9?P D45BFO: 'E6B<FP 4?7BD<F@ D4EL<HDB6>< @4DB> J69FAOI @9F4??B6 < <I 
BEAB6AOI E6B=EF6. !4GK<FPES BCD989?SFP I<@<K9E><= EBEF46 J69FAOI 
@9F4??B6 CB <I @4D>4@. 

 9FB8<K9E>B9 B59EC9K9A<9: 
5.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO. 
6. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 "# 04 « 4F9D<4?B6989A<9» 

 

#BDS8B> 6OCB?A9A<S D45BFO: 
�;GK<FP F9BD9F<K9E><= @4F9D<4?. �OCB?A<FP ;484A<9. 

 

�484A<9 
1. "CD989?<F9 I<@<K9E><= EBEF46: 
CDBEFOI ?4FGA9= CB @4D>4@: �63, �85, �90, �96; 
E?B:AOI ?4FGA9=: ���60-1-1�, ��77-2, �"70-1, � J�52-4-1, ��67-2,5. 

 

2 "CD989?<F9 I<@<K9E><= EBEF46 5DBA; CB <I @4D>4@: 
 

�D"*%!3-7-5-1, �D��9-4, �D��!10-4-4�, �D�� J10-3-1, �D"%8-12, 

�D�!1-7, �D� J3-1. 

 
 

&9BD<S 
� EB6D9@9AAB@ @4L<ABEFDB9A<<, QA9D79F<>9, D48<BQ?9>FDBA<>9 < 

8DG7<I BFD4E?SI A4DB8AB7B IB;S=EF64 L<DB>B9 CD<@9A9A<9 A4IB8SF J69FAO9 
@9F4??O < EC?46O A4 <I BEAB69. 

*69FAO9 @9F4??O < <I EC?46O B5?484RF D4;?<KAO@< H<;<>B- 
I<@<K9E><@<, @9I4A<K9E><@< < F9IAB?B7<K9E><@< E6B=EF64@<, 5?47B84DS 
>BFBDO@ BA< A4L?< L<DB>B9 CD<@9A9A<9: 6OEB>B= GEFB=K<6BEFPR CDBF<6 
>BDDB;<<, Q?9>FDB- < F9C?BCDB6B8ABEFPR, ECBEB5ABEFPR CB869D74FPES 
D4;?<KAO@ 6<84@ B5D45BF><. 

 

�98P. #B �"%& 859-2001 C9D6<KA4S F9IA<K9E>4S @98P 6OCGE>49FES 6 
6<89 >4FB8B6, E?<F>B6, CB?GH45D<>4FB6, CDGF>B6, >BFBDO9 C9D9D454FO64RFES 
6 >DG7?O9, >648D4FAO9, L9EF<7D4AAO9 7BDSK9>4F4AO9 < FSAGFO9 ?9AFO, FDG5, 
CDB6B?B>< Q?9>FDBF9IA<K9E>B=, HB?P7< @98AB= < DG?BAAB= < 
Q?9>FDB?<F<K9E>B= < @98AOI CBDBL>B6. 

 98P 6 QFB= CDB8G>J<< 6 ;46<E<@BEF< BF @4EEB6B= 8B?< CD<@9E9= 
6OCGE>49FES E?98GRM<I @4DB>:  00�,  00��,  0�,  0,  �,  1,  2,  2$, 
 3,  3$,  4. 
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� @4D><DB6>9 C9D6<KAB= F9IA<K9E>B= @98< CD<ASFO E?98GRM<9 
B5B;A4K9A<S:   3 @98P; J<HDO BF 00 8B 4 3 @4EEB64S 8B?S 9EF9EF69AAOI 
CD<@9E9= BF 0,01 8B 1,00 %; � 3 59E><E?BDB8A4S, $ 3 D4E><E?9AA4S, � 3 
4AB8A4S, � 3 >4FB8A4S. 

 

�4FGA<. %C?46O @98< E J<A>B@ A4;O64RFES ?4FGAS@<. 
#B ED46A9A<R E @98PR ?4FGAP B5?4849F 5B?99 6OEB>B= CDBKABEFPR, 

F69D8BEFPR, GCDG7BEFPR, >BDDB;<BAAB= EFB=>BEFPR, @9APL9= C?4EF<KABEFPR 

< 6OEB><@< F9IAB?B7<K9E><@< E6B=EF64@< (?<F9=AO@< E6B=EF64@<, 
89HBD@<DG9@BEFPR < B5D454FO649@BEFPR D9;4A<9@). 

#B �"%& 15527-70 ?4FGAP 6OCGE>49FES 6 6<89 CDB6B?B><, ?9AF, CB?BE, 
CB?BE, FDG5, FSAGFOI < CD9EEB64AAOI <;89?<= 6 BFB::9AAB@ < 
A474DFB64AAB@ EBEFBSA<<. 

#DBEFO9 ?4FGA< EBEFBSF <; @98< < J<A>4. 
 4D>< CDBEFOI ?4FGA9=: �96, �90, �85, �80, �70, �68, �63, �60. 
�4FGA< @4D><DGRFES 5G>6B= � 3 ?4FGAP, CBE?9 >BFBDB= EFBSF J<HDO, 

G>4;O64RM<9 EB89D:4A<9 6 A9= @98< 6 CDBJ9AF4I. 
!4CD<@9D, �63 B;A4K49F, KFB ?4FGAP EBEFB<F <; 63% @98< < 37% J<A>4. 

 

%?B:AO9 ?4FGA< EBEFBSF <; @98<, J<A>4, 4?R@<A<S, :9?9;4, @4D74AJ4, 
A<>9?S, B?B64, E6<AJ4 < 8DG7<I I<@<K9E><I Q?9@9AFB6. 

#B �"%& 15527-70 6OCGE>4RFES E?98GRM<9 @4D>< E?B:AOI ?4FGA9=: 
��77-2, ���60-1-1, �� L59-3-2, ��!� J75-2-2,5-0,5-0,5, �� J59-1-1, 

��%58-1-1, �!65-5, ��J58-2, � J�57-1-1, �"90-1, �"70-1, �"62-1, 

�"60-1, �%63-3, �%74-3, �%74-3, �%64-3, �%60-1, �%59-1, �%59-3, �%74-3, 

� L68-0,05. 

 

%?B:AO9 ?4FGA< @4D><DGRFES 5G>6B= � 3 ?4FGAP, CBE?9 >BFBDB= 
E?98GRF 5G>6O, B5B;A4K4RM<9 ?97<DGRM<9 Q?9@9AFO: � 3 4?R@<A<=, � 3 
:9?9;B,  J 3 @4D74A9J, � 3 >D9@A<=, % 3 E6<A9J, " 3 B?B6B,  L 3 @OLPS>, ! 

3 A<>9?P. 
#9D6O9 J<HDO, EFBSM<9 ;4 5G>64@<, B5B;A4K4RF @4EEB6GR 8B?R @98< 

6 CDBJ9AF4I, 
CBE?98GRM<9 J<HDO 3 @4EEB6GR 8B?R >B@CBA9AFB6 6 CDBJ9AF4I 6 FB= 

CBE?98B64F9?PABEF<, 6 >4>B= BA< CD<6989AO 6 5G>69AAB= K4EF< GE?B6AB7B 
B5B;A4K9A<S. 

�B?<K9EF6B J<A>4 BCD989?S9FES CB D4;ABEF<. 
!4CD<@9D, ?4FGAP @4D>< �%60-1 <@99F E?98GRM99 EB89D:4A<9 

>B@CBA9AFB6: 60% @98<, 1% E6<AJ4, 39% J<A>4. 
#D<6989AAO9 @4D>< E?B:AOI ?4FGA9= B5D454FO64RFES 846?9A<9@. 

 

�DB@9 FB7B, 6OCGE>49FES 5B?PL4S 7DGCC4 ?<F9=AOI ?4FGA9= 6 6<89 
KGL9> (�"%& 1020-77) E?98GRM<I @4DB>: �%, �%�, �%1, �"%, ��, ��1, 
��2, ��%, � J%, � J�, ��, ��� J. 
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�DBA;O. �DBA;4@< A4;O64RFES EC?46O @98< E B?B6B@ < 8DG7<@< 
I<@<K9E><@< Q?9@9AF4@<. 

#B ECBEB5G C9D9D45BF>< D4;?<K4RF ?<F9=AO9 < 89HBD@<DG9@O9 
5DBA;O, CB I<@<K9E>B@G EBEF46G 3 B?B6SA<EFO9 < 59;B?B6SA<EFO9. 

 

"?B6SA<EFO9 5DBA;O (�"%& 613-79) 6OCGE>4RFES 6 6<89 KGL9> 
E?98GRM<I @4DB>: �D"3*12%5, �D"3*&%5!1, �D"4*4%17, �D"5*5%5, 
�D"5%25, �D"6*6%3, �D"8*4, �D"10(01, �D"10*2, �D"10%10, �D"4*7%5. 

 

�9;B?B6SA<EFO9 5DBA;O (�"%&493-79) 6OCGE>4RFES 6 6<89 KGL9> 8?S 
CBE?98GRM97B ?<FPS E?98GRM<I @4DB>: �D�9 J2�, �D�10 J2�, �D�9���, 
�D�10�3 J2, �D�10�4!4�, �D�11�6!6, �D�9�4!4 J1, �D%30, 
�D�71 J15�3!2*2, �D%G3!*3%20(. 

 

 4D><DGRF 5DBA;O 5G>64@< �D 3 5DBA;4, ;4 >BFBDO@< E?98GRF 5G>6O, 
B5B;A4K4RM<9 ?97<DGRM<9 Q?9@9AFO, 66989AAO9 6 5DBA;G: � 3 4?R@<A<=, � 

3 :9?9;B, ! 3 A<>9?P, % 3 E6<A9J, %G 3 EGDP@4, * 3 J<A>, ( 3 HBEHBD, < 84?99 
J<HDO, CB>4;O64RM<9 EB89D:4A<9 QF<I Q?9@9AFB6 6 CDBJ9AF4I. �B?<K9EF6B 
@98< BCD989?S9FES CB D4;ABEF<. 

 

�?R@<A<=. #B �"%& 11069-2001 6 ;46<E<@BEF< BF I<@<K9E>B= 
K<EFBFO 6OCGE>49FES C9D6<KAO= 4?R@<A<= FD9I 7DGCC: BEB5B= K<EFBFO 

(�999), 6OEB>B= K<EFBFO (�995, �99, �97, �95), F9IA<K9E>B= K<EFBFO (�85, 
�8, �7, �7�, �6, �5, �5�, �"). 

� @4D><DB6>9 C9D6<KAB7B 4?R@<A<S J<HDO EBBF69FEF6GRF @4EEB6B= 

8B?9 K<EFB7B 4?R@<A<S. 
!4CD<@9D, @4D>4 4?R@<A<S �999 B;A4K49F, KFB @4EEB64S 8B?S K<EFB7B 
4?R@<A<S EBEF46?S9F 99,999%, CD<@9E9= A9 5B?99 0,001%. 

#B �"%& 2685-75 ?<F9=AO9 4?R@<A<96O9 EC?46O 6OCGE>4RFES 
E?98GRM<I 7DGCC < @4DB>: 

- EC?46O A4 BEAB69 E<EF9@O 4?R@<A<= 3 >D9@A<= - ��2, ��4, ��4-1, 

��-9, ��9-1, ��-34, ��9, ��7; 
- EC?46O A4 BEAB69 E<EF9@O 4?R@<A<= 3 >D9@A<= 3 @98P 3 ��3, ��5, 

��5-1, ��6, ��32 < 8D.; 
- EC?46O A4 BEAB69 E<EF9@O 4?R@<A<= 3 @98P 3 ��7, ��19, ��33; 
- EC?46O A4 BEAB69 E<EF9@O 4?R@<A<= 3 @47A<= 3 ��8, ��13, ��22, 

��23, ��23-1, ��27, ��27-1, ��28; 
- EC?46O A4 BEAB69 E<EF9@O 4?R@<A<= < CDBK<9 >B@CBA9AFO 3 ��1, 

��11, ��21, ��24, ��25, ��30 < 8D. 
 

�<F9=AO9 4?R@<A<96O9 EC?46O <8GF A4 <;7BFB6?9A<9 H4EBAAOI 
BF?<6B>, D45BF4RM<I CD< D4;?<KAOI A47DG;>4I: >BDCGEB6 CD<5BDB6, 
>DBALF9=AB6, 5?B>B6 J<?<A8DB6, 7B?B6B> J<?<A8DB6, CBDLA9= < F.8. 
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$4;AB6<8ABEFPR 89HBD@<DG9@OI  4?R@<A<96OI  EC?46B6 S6?SRFES 
E<?G@<AO, >BFBDO9 <AB784 F4>:9 CD<@9ASRFES 6 >4K9EF69 ?<F9=AOI EC?46B6. 

%C?46O 6 KGL>4I <ECB?P;GRFES 8?S CB8L<IFB6>< CD< 6OC?46>9 
89HBD@<DG9@OI EC?46B6, EC?46O 6 E?<F>4I 3 8?S B5D45BF>< 846?9A<9@ < 6 

6<89 7BFB6OI <;89?<=, CB?GK9AAOI B5D45BF>B= 846?9A<9@ 6 7BDSK9@ < 

IB?B8AB@ EBEFBSA<<: CDGF><, H4EBAAO9 CDBH<?<, FDG5O, ?<EFO, ?9AFO, 
CB?BEO, CB>B6><, LF4@CB6>< < CDB6B?B>4. 

 

�9HBD@<DG9@O9 4?R@<A<96O9 EC?46O, A9GCDBKAS9@O9 F9D@<K9E>B= 
B5D45BF>B= (  ,  , � !, � 4%, � 71, � 72, � 73, � 74, � 74,5, 
� 7�%, � 75, � 76), - QFB 7DGCCO EC?46B6 E<EF9@O 4?R@<A<= 3 @4D74A9J 

< EC?46O E<EF9@O 4?R@<A<= 3 @47A<=, F4> A4;O649@O9 EC?46O � 7. 
 

�RD4?R@<A<= (�1, �16, �65, �18, �95 < 8D.) 3 QFB A4<5B?99 
D4ECDBEFD4A9AAO= CD98EF46<F9?P 89HBD@<DG9@OI 4?R@<A<96OI EC?46B6, 
GCDBKAS9@OI F9D@<K9E>B= B5D45BF>B=. 

 

�?R@<A<96O9 EC?46O 8?S CB>B6B> < LF4@CB6B> (��4, ��4-1, ��5, 
��6, ��8) B5?484RF 6OEB>B= CDBKABEFPR, F69D8BEFPR, 4 F4>:9 
C?4EF<KABEFPR 6 7BDSK9@ EBEFBSA<<. 

 

 47A<=. � ;46<E<@BEF< BF @4EEB6B= 8B?< CD<@9E9= CB �"%& 804-95 

6OCGE>49FES C9D6<KAO= @47A<= E?98GRM<I @4DB>:  796 (99,96% @47A<S), 
 795 (99,95% @47A<S),  790 (99,90% @47A<S). 

� EBEF46 CD<@9E9= 6IB8SF F4><9 I<@<K9E><9 Q?9@9AFO, >4> :9?9;B, 
4?R@<A<=, @4D74A9J, >D9@A<=, A<>9?P, @98P. 

 

#B �"%& 2856-79 6OCGE>4RFES E?98GRM<9 @47A<96O9 EC?46O 8?S 
CDB<;6B8EF64 H4EBAAOI BF?<6B> 6 6<89 KGL9>:  �3,  �4,  �4CK,  �5, 
 �5CK,  �6,  �8,  �9,  �10,  �11,  �12,  �15,  �19 (CK 3 
CB6OL9AAB= K<EFBFO). 

�; QF<I EC?46B6 CB?GK4RF H4EBAAO9 BF?<6>< E?B:AB= HBD@O. 
�<F9=AO9 @47A<96O9 EC?46O CD<@9ASRF 8?S <;7BFB6?9A<S 89F4?9= 6 

E4@B?9FBEFDB9A<< < CD<5BDBEFDB9A<< (4D@4FGD4, LFGD64?O, >BDCGE4 
CD<5BDB6 < 8D.). 

 

� 89HBD@<DG9@O@ @47A<96O@ EC?464@ BFABESFES EC?46O A4 BEAB69 
4?R@<A<S, J<A>4, @4D74AJ4, J<D>BA<S E D4;?<KAB= EF9C9APR ?97<DB64A<S. 

#B �"%& 14957-76 6OCGE>4RFES E?98GRM<9 @4D>< @47A<96OI 
89HBD@<DG9@OI EC?46B6:  �1,  �2,  �5,  �8,  �11,  �13,  �14, 
� �1. 

 47A<96O9 89HBD@<DG9@O9 EC?46O <8GF A4 <;7BFB6?9A<9 D4;?<KAOI 
89F4?9= 6 46<4J<BAAB=, 46FB@B5<?PAB= CDB@OL?9AABEF< < EF4A>BEFDB9A<<: 
@4E?B- < 59A;B54><, 4D@4FGD4 FBC?<6AOI, 7<8D46?<K9E><I < @4E?SAOI 
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E<EF9@, B5L<6>4 E4@B?9FB6, 89F4?< 7DG;BCB8N9@AOI @4L<A, 46FB@B5<?9= < 

8D. 
 

&<F4A. � ;46<E<@BEF< BF @4EEB6B= 8B?< CD<@9E9= 6OCGE>4RF 
F9IA<K9E><= F<F4A E?98GRM<I @4DB>: �&1-00, �&1-0, �&1 (�"%& 19807-74). 

&<F4AB6O9 ?<F9=AO9 EC?46O 6OCGE>4RF E?98GRM<I @4DB>: �&1, �&5�, 
�&3-1�, �&1�, �&21�. 

&<F4AB6O9 ?<F9=AO9 <8GF A4 <;7BFB6?9A<9 H4EBAAOI BF?<6B> 
D4;?<KAB= HBD@O < FDG5. 

 

�BCDBEO 8?S E4@BCDB69D><: 
1 "C<L<F9 BEAB6AO9 E6B=EF64 @98<. 
2 �4><9 CD<@9E< @98< ;A4K<F9?PAB EA<:4RF C?4EF<KABEFP < 

Q?9>FDBCDB6B8ABEFP? 
3 �4> 6?<S9F ><E?BDB8, 6<E@GF, E9D4 A4 EFDG>FGDG < E6B=EF64 @98<? 
4 "C<L<F9 6?<SA<9 J<A>4 A4 E6B=EF64 ?4FGA9=. 
5 "C<L<F9 6?<SA<9 ?97<DGRM<I Q?9@9AFB6 A4 E6B=EF64 5DBA;. 
6 �4><9 CD<AJ<CO CB?B:9AO 6 BEAB6G @4D><DB6>< ?4FGA9= < 5DBA;? 
7 �4> CB @4D><DB6>9 BF?<K<FP 4?R@<A<96O9 EC?46O 8?S ?<FPS 

(E<?G@<AO) BF EC?46B6 8?S C?4EF<K9E>B7B 89HBD@<DB64A<S (8RD4?R@<AO)? 
�E9784 ?< QFB 6B;@B:AB? 

8.  4D><DB6>4 @47A<S < F<F4A4. 
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#D4>F<K9E>4S D45BF4 
 

�O5BD @4F9D<4?B6 8?S <;89?<= CB <I A4;A4K9A<R < GE?B6<S@ 

Q>EC?G4F4J<< 

 
*9?P D45BFO: 'E6B<FP 4?7BD<F@ D4EL<HDB6>< @4DB> J69FAOI EC?46B6 < 
EF4?9= < <I BEAB6AOI E6B=EF6. �;GK<FP BEB59AABEF< CD<@9A9A<S J69FAOI 

@9F4??B6 < <I EC?46B6 
 

 9FB8<K9E>B9 B59EC9K9A<9: 1. 9FB8<K9E><9 
G>4;4A<S CB 6OCB?A9A<R D45BFO. 2.%CD46BKA4S ?<F9D4FGD4 CB 
8<EJ<C?<A9 « 4F9D<4?B6989A<9» 

 

#BDS8B> 6OCB?A9A<S D45BFO: 
1. 1. ";A4>B@<FES E F9BD9F<K9E><@ @4F9D<4?B@ < 6OCB?A<FP ;484A<9. 

�484A<9 
%B7?4EAB A4;A4K9AAB@G 64D<4AFG, D9L<FP ;484KG (F45. 11). 

�484K< 
�?S <;7BFB6?9A<S G>4;4AAB= 89F4?< <?< >BAEFDG>F<6AB7B Q?9@9AF4 

<ECB?P;G9FES J69FAB= EC?46. "5BEAG=F9 J9?9EBB5D4;ABEFP 97B CD<@9A9A<S CB 
ED46A9A<R E 6B;@B:AO@ ;4@9A<F9?9@. #D<698<F9 I<@<K9E><= EBEF46 
J69FAB7B EC?464, 4 F4>:9 D9:<@ GCDBKASRM9= F9D@<K9E>B= B5D45BF>< < 
@9I4A<K9E><9 E6B=EF64 6 7BFB6B@ <;89?<<. 

&45?<J4 11 
�4D<4AF �BAEFDG>F<6AO= Q?9@9AF *69FAB= 

EC?46 
�9L96O= 

;4@9A<F9?P 
1 &BC?<6A4S E<EF9@4 46FB@B5<?S  �1 %F4?P 15 
2 #DG:<A4, D45BF4RM4S 6 @BDE>B= 

6B89 
�D�!1-3 �D�2, %F4?P 85 

3 #BDL9AP 86<74F9?S ��4 20) 

4 !4EBE 8?S C9D9>4K>< 37% EB?SAAB= 

><E?BFO 

�&1-00 08)17!13 2& 

5 &9C?BB5@9AA<>  4 %F4?P 10 
6 �4>?9C>< �16 �D@>B-:9?9;B 
7 �BDCGE >B@CD9EEBD4 86<74F9?S  ?12 %+21 
8 &DG5BCDB6B8 �90 12)13 
9 �BC4F>< >B@CD9EEBD4 86<74F9?S �&5-1 12) ( 

10 �9A9J (;G5PS < B5B8) K9D6SKAB7B 
>B?9E4 6 6OEB>BE>BDBEAOI K9D6SKAOI 
C9D984K4I 

�D"10(1 %+24 

11 �BDCGE CB86B8AB= ?B8>< �&5 12)18!10& 

12 �9A;B54>  �1 %F4?P 10 
13 !4EBE CB84K< 20% EB?SAB= ><E?BFO 

CD< ABD@4?PAB= F9@C9D4FGD9 
�D��!10-4-4 !9D:469RM4S EF4?P 

14 &9C?BB5@9AA<><, D45BF4RM<9 6 
D4EF6BD9 4;BFAB= ><E?BFO 

��1 08)21!6 2& 
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15 �BEFAO= <@C?4AF4F �&1-1 12)18!10& 

16 #4DB64S 4D@4FGD4 �D03*12%5 %+12 
17 �BA:9DBA �95 %F4?P 10 
18 (9D@O L4EE< E4@B?9F4  ?5 40) 

19 �<?P;O C4FDBAB6 �80 %F4?P10 
20 �BDCGE D4>9FAB7B 86<74F9?S �&8 12)  

 

&9BD9F<K9E>4S K4EFP: 
"EB59AABEF< CD<@9A9A<S J69FAOI @9F4??B6 < <I EC?46B6 
 AB7<9 J69FAO9 @9F4??O 6O7B8AB BF?<K4RFES BF :9?9;4 CB 

BCD989?9AAO@ E6B=EF64@. &4>, @98P ;A4K<F9?PAB CD96BEIB8<F :9?9;B CB 
F9C?B- < Q?9>FDBCDB6B8ABEF<, F<F4A 3 CB G89?PAB= CDBKABEF<, 4 4?R@<A<= < 

@47A<= <@9RF ;A4K<F9?PAB @9APLGR C?BFABEFP. � FB :9 6D9@S EFB<@BEFP 
J69FAOI @9F4??B6 EGM9EF69AAB 6OL9 EFB<@BEF< :9?9;4 (@98< < 4?R@<A<S 
CD<@9DAB 6 4 D4;4). 

#B?9;AO= QHH9>F BF CD<@9A9A<S J69FAOI @9F4??B6 < <I EC?46B6 
@B:AB B59EC9K<FP CD< @4>E<@4?PAB@ <ECB?P;B64A<< <I BEB5OI E6B=EF6 E 
GK9FB@ EFB<@BEF<. 

 98P < 99 EC?46O 

 98P <@99F �*� D9L9F>G E C9D<B8B@ a = 3,608 A, 4??BFDBC<K9E><I 
CD96D4M9A<= A9 <@99F. 

� ;46<E<@BEF< BF EBEF464 D4;?<K4RF E?98GRM<9 @4D>< F9IA<K9E>B= 

@98<:  "" (99,99 % Cu), MO (99,95 % Cu), M1 (99,9 % Cu), M2 (99,7 % Cu), 
M3 (99,5 % Cu) < M4 (99,0 % Cu). 

#B F9C?B- < Q?9>FDBCDB6B8ABEF< @98P 6 5,88 D4;4 CD96BEIB8<F :9?9;B, 
CBQFB@G L<DB>B CD<@9AS9FES 8?S <;7BFB6?9A<S CDB6B8A<>B6 Q?9>FD<K9E>B7B 
FB>4, 4AB8B6, >459?9=, L<A 6 Q?9>FDB-, Q?9>FDB64>GG@AB= < Q?9>FDBAAB= 

F9IA<>9, 4 F4>:9 8?S D4;?<KAOI F9C?BB5@9AA<>B6, A47D964F9?9=, 
IB?B8<?PA<>B6, D48<4FBDB6.  9I4A<K9E><9 E6B=EF64 F9IA<K9E>B= @98< 
BFABE<F9?PAB A96OEB>< . 

�4FGAP 3 EC?46 @98< E J<A>B@. �E?< EB89D:4A<9 J<A>4 A9 CD96OL49F 
30 %, ?4FGAP EBEFB<F <; ³ -H4;O (F69D8O= D4EF6BD J<A>4 6 @98<) < S6?S9FES 
B8ABH4;AB=. 

#D< EB89D:4A<< J<A>4 5B?99 30 % 6 EFDG>FGD9 ?4FGA< CB@<@B ³ -H4;O 

CBS6?S9FES ³ - H4;4 (Q?9>FDBAAB9 EB98<A9A<9 CuZn) < ?4FGAP EF4AB6<FES 
86GIH4;AB=. 

"8ABH4;AO9 ?4FGA< BF?<K4RFES IBDBL9= C?4EF<KABEFPR < 
CD<@9ASRFES 6 6<89 IB?B8AB>4F4AOI CB?GH45D<>4FB6: CB?BE, ?9AF, 
CDB6B?B><, ?<EFB6, <; >BFBDOI <;7BF46?<64RF E<?PHBAO, L4=5O, 6FG?><, 
FDG5BCDB6B8O, GC?BFA<F9?PAO9 >B?PJ4, EA4DS8AO9 7<?P;O < 8D. 

#?4EF<KABEFP 86GIH4;AOI ?4FGA9= A<:9, CBQFB@G 8?S A<I CD<@9ASRF 
7BDSKGR B5D45BF>G 846?9A<9@. #B?GK9AAO9 CB?GH45D<>4FO (?<EFO, CDGF><, 
FDG5O, LF4@CB6><) <ECB?P;GRF 8?S <;7BFB6?9A<S 6FG?B>, 749>, FDB=A<>B6, 
LFGJ9DB6, FB>BCDB6B8SM<I 89F4?9= Q?9>FDBB5BDG8B64A<S < 8D. 
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�?S CB6OL9A<S @9I4A<K9E><I E6B=EF6 < >BDDB;<BAAB= EFB=>BEF< 6 
?4FGA< 8B546?SRF 4?R@<A<= < A<>9?P, 8?S CB6OL9A<S E64D<649@BEF< < 
C?4EF<KABEF< 3 >D9@A<= < F.8. 

�DBA;4@< A4;O64RFES EC?46O @98<, 789 J<A> A9 S6?S9FES 7?46AO@ 

?97<DGRM<@ Q?9@9AFB@. 
"?B6SAAO9 5DBA;O 89?SFES A4 89HBD@<DG9@O9 < ?<F9=AO9. 
�<F9=AO9 B?B6SAAO9 5DBA;O B5?484RF 6OEB>B= >BDDB;<BAAB= 

EFB=>BEFPR 6 4F@BEH9DAOI GE?B6<SI, CD9EAB= < @BDE>B= 6B89. "A< L<DB>B 
CD<@9ASRFES 8?S C4DBCDB6B8AB= 4D@4FGDO, D45BF4RM9= CB8 846?9A<9@. 

!<;><= >BQHH<J<9AF FD9A<S, IBDBL4S CD<F<D49@BEFP < 
<;ABEBEFB=>BEFP CD< D45BF9 6 C4D9 EB EF4?PR 6 EBK9F4A<< E 6OEB>B= 
F9C?BCDB6B8ABEFPR < IBDBL<@< @9I4A<K9E><@< E6B=EF64@< CB;6B?S9F 
<ECB?P;B64FP QF< 5DBA;O 8?S 69AJB6 K9D6SKAOI >B?9E 6 6OEB>BE>BDBEFAOI 
K9D6SKAOI C9D984K4I, 4 F4>:9 8?S CB8L<CA<>B6 E>B?P:9A<S BF69FEF69AAB7B 
A4;A4K9A<S. 

�9HBD@<DG9@O9 B?B6SAAO9 5DBA;O BF?<K4RFES 6OEB><@< GCDG7<@< 
E6B=EF64@< < EBCDBF<6?9A<9@ GEF4?BEF< A4DS8G E IBDBL9= >BDDB;<BAAB= 
EFB=>BEFPR < 4AF<HD<>J<BAABEFPR. �I <ECB?P;GRF 8?S <;7BFB6?9A<S 
CDG:<ASM<I 89F4?9= 6 FBKAB= @9I4A<>9, B5M9@ < I<@<K9E>B@ 

@4L<ABEFDB9A<<, Q?9>FDBF9IA<>9 < 8D. 
,<DB>B9 CD<@9A9A<9 B?B6SAAOI 5DBA; E89D:<649F <I 6OEB>4S 

EFB<@BEFP. 
�?R@<A<96O9 5DBA;O 5B?99 EFB=><, K9@ B?B6SAAO9, 6 BD74A<K9E><I 

><E?BF4I, EB?SAB= ><E?BF9, @BDE>B= 6B89. "A< B5?484RF 6OEB><@< 
@9I4A<K9E><@< < IBDBL<@< 4AF<HD<>J<BAAO@< E6B=EF64@< < <ECB?P;GRFES 
>4> 5B?99 89L96O= ;4@9A<F9?P B?B6SAAOI 5DBA;. 

�9D<??<96O9 5DBA;O BF?<K4RFES KD9;6OK4=AB 6OEB><@< CD989?4@< 
GCDG7BEF< < CDBKABEF< < >BDDB;<BAAB= EFB=>BEFPR. "A< ECBEB5AO 

GEFB=K<6B D45BF4FP CD< F9@C9D4FGD4I 8B 310...340 °%. �I CD<@9ASRF 8?S 
<;7BFB6?9A<S 89F4?9= BEB5B BF69FEF69AAB7B A4;A4K9A<S: C?BE><I CDG:<A, 
CDG:<ASM<I >BAF4>FB6, L9EF9D9A, CB8L<CA<>B6, D45BF4RM<I CD< 6OEB><I 
E>BDBEFSI, 5B?PL<I 846?9A<SI < CB6OL9AAOI F9@C9D4FGD4I, <AEFDG@9AF4, A9 
84RM97B <E>D. 

�D9@A<EFO9 5DBA;O <ECB?P;GRF 6@9EFB 5B?99 8BDB7<I B?B6SAAOI 
5DBA; CD< <;7BFB6?9A<< 4AF<HD<>J<BAAOI 89F4?9=, 4 F4>:9 8?S ;4@9AO 

59D<??<96OI 5DBA; CD< CDB<;6B8EF69 CDG:<A, @9@5D4A < 8DG7<I 89F4?9= 
CD<5BDB6 < D48<BB5BDG8B64A<S, D45BF4RM<I 6 CD9EAB= < @BDE>B= 6B89. 

 

�?R@<A<= < 97B EC?46O 

�?R@<A<= <@99F �*� D9L9F>G E C9D<B8B@ a = 4,041 A, 4??BFDBC<K9E><I 
CD96D4M9A<= A9 <@99F. 

#BEFBSAAO9 CD<@9E< 4?R@<A<S 3 Fe, Si, Cu, Zn, Ti. 
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� ;46<E<@BEF< BF EB89D:4A<S CD<@9E9= 4?R@<A<= 5O649F BEB5B= 
K<EFBFO �999 (0,001 % CD<@9E9=), 6OEB>B= K<EFBFO �995, �99, �97, �95 
(0,005...0,5 % CD<@9E9=) < F9IA<K9E>B= K<EFBFO. 

&9IA<K9E><= 4?R@<A<=, 6OCGE>49@O= 6 6<89 89HBD@<DG9@B7B 
CB?GH45D<>4F4 (?<EFO, CDBH<?<, CDGF>< < F.8.) @4D><DG9FES ��0 < ��1. 

�?R@<A<= ?97>B B><E?S9FES A4 6B;8GI9, B5D4;GS A4 CB69DIABEF< 

C?BFAGR C?9A>G B><E?4 Al2O3, CD98BID4ASRMGR 97B BF 84?PA9=L9= 

>BDDB;<<. 
�?R@<A<= 6OEB>B= K<EFBFO <@99F BK9AP 6OEB>GR >BDDB;<BAAGR 

EFB=>BEFP 6 4;BFAB= ><E?BF9, A9>BFBDOI BD74A<K9E><I ><E?BF4I (?<@BAAB=, 
6<AAB=, G>EGEAB= < 8D.), 4 F4>:9 6 >BAF4>F9 E C<M96O@< CDB8G>F4@<.  AB7<9 
@<A9D4?PAO9 ><E?BFO (EB?SA4S, C?46<>B64S < 8D.) < M9?BK< D4;DGL4RF 
4?R@<A<=. 

�?R@<A<= CD96BEIB8<F :9?9;B CB F9C?BCDB6B8ABEF< 6 3,29 D4;, CB 
Q?9>FDBCDB6B8ABEF< 6 3,65 D4;. �?47B84DS 6OEB>B= F9C?BCDB6B8ABEF< BA 

<ECB?P;G9FES 8?S D4;?<KAOI F9C?BB5@9AA<>B6, 6 CDB@OL?9AAOI < 5OFB6OI 
IB?B8<?PA<>4I. 

�OEB>4S Q?9>FDBCDB6B8ABEFP 4?R@<A<S ECBEB5EF6G9F 97B L<DB>B@G 
CD<@9A9A<R 6 Q?9>FDBF9IA<>9 (8?S >BA89AE4FBDB6, CDB6B8B6, >459?9=, L<A < 

8D.). 
�6<8G A<;>B= CDBKABEF< 4?R@<A<= F4>:9 CD<@9AS9FES 8?S 

A9A47DG:9AAOI 89F4?9= < Q?9@9AFB6 >BAEFDG>J<=, >B784 BF @4F9D<4?4 
FD95G9FES ?97>BEFP, E64D<649@BEFP, C?4EF<KABEFP, >BDDB;<BAA4S EFB=>BEFP. 

&4>, A4CD<@9D, <; A97B <;7BF46?<64RF D4@O, 869D<, FDG5BCDB6B8O, 
GC4>B6BKAGR HB?P7G, J<EF9DAO 8?S C9D96B;>< A9HF< < A9HF9CDB8G>FB6, 
CBEG8G < 8D. 

�?R@<A<96O9 EC?46O <@9RF 6OEB>GR G89?PAGR CDBKABEFP (σ B ´ ≤ 

21), CD<@9DAB EBBF69FEF6GRMGR G89?PAB= CDBKABEF< 6OEB>BCDBKAOI EF4?9= 

(σ B ´ = 23 ). "A< ECBEB5AO EBCDBF<6?SFPES 8<A4@<K9E><@ < <A9DJ<BAAO@ 

A47DG;>4@. 
�?R@<A<96O9 EC?46O CB8D4;89?SRF A4 89HBD@<DG9@O9, ?<F9=AO9 < 

EC9K9AAO9. 
� EBEF469 >4:8B= <; QF<I FD9I 7DGCC, 6 E6BR BK9D98P, 6O89?SRF EC?46O 

GCDBKAS9@O9 < A9 GCDBKAS9@O9 F9D@<K9E>B= B5D45BF>B=. 
�9HBD@<DG9@O9 4?R@<A<96O9 EC?46O, A9 GCDBKAS9@O9 F9D@<K9E>B= 

B5D45BF>B= (� J < � 7), BF?<K4RFES 6OEB><@< CB>4;4F9?S@< 
C?4EF<KABEF<, E64D<649@BEF< < >BDDB;<BAAB= EFB=>BEF<. �; A<I 
<;7BF46?<64RF FDG5BCDB6B8O 8?S 59A;<A4 < @4E?4, E64DAO9 54><, 4 F4>:9 
;4>?9C>< (E@. D<EGAB> 1). 
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$<EGAB> 1. �4>?9CBKAB9 EB98<A9A<9: 
1 3 ;4>?9C>4; 2, 3 3 EB98<AS9@O9 89F4?< 

 

%D98< 89HBD@<DG9@OI 4?R@<A<96OI EC?46B6, GCDBKAS9@OI 
F9D@<K9E>B= B5D45BF>B= (;4>4?>4 E 460...505 °% < EF4D9A<9 CD< 100...140 °%) 
@B:AB 6O89?<FP E?98GRM<9 7DGCCO: 

• ABD@4?PAB= CDBKABEF< (�1, �16, �18). �; QF<I EC?46B6 
<;7BF46?<64RF LC4A7BGFO, A9D6RDO, ?BA:9DBAO, FS7< GCD46?9A<S < 8DG7<9 
89F4?< E4@B?9FB6, 4 F4>:9 ;4>?9C><; 

• 6OEB>BCDBKAO9 (�95, ���23). �I CD<@9ASRF 8?S <;7BFB6?9A<S 
6OEB>BA47DG:9AAOI 89F4?9= E4@B?9FB6 (B5L<6>4, EFD<A79DO, LC4A7BGFO, 
?BA:9DBAO < 8D.); 
< :4DBCDBKAO9 (��4, ��4-1, �20, �21). �I <ECB?P;GRF 8?S 
A47DG:9AAOI 89F4?9= < E64DAOI <;89?<=, D45BF4RM<I CD< F9@C9D4FGD4I 
200...300 °%: ?BC4F>< 8<E>< BE96OI >B@CD9EEBDB6, CBDLA< 86<74F9?9=, 
E64DAO9 9@>BEF< < 8D.; 

• >B6BKAO9 EC?46O (��6, ��8) B5?484RF IBDBL9= C?4EF<KABEFPR CD< 

7BDSK9= C?4EF<K9E>B= 89HBD@4J<<. �; A<I <;7BF46?<64RF CB8@BFBDAO9 
D4@O, CBSE4 ?BA:9DBAB6, EFO>B6O9 G;?O < F.8. 

�<F9=AO9 4?R@<A<96O9 EC?46O, A9 GCDBKAS9@O9 F9D@<K9E>B= 
B5D45BF>B=, CB8D4;89?SRF A4 869 7DGCCO: 

• A<;>B= CDBKABEF< (��12). #D<@9ASRFES 8?S @4?BA47DG:9AAOI 
89F4?9= 6B 6E9I B5?4EFSI @4L<ABEFDB9A<S (>BDCGE4 CD<5BDB6, 89F4?< 
46<4J<BAAOI >B?9E, >DBALF9=AO < 8D.); 

• 4AF<HD<>J<BAAO9 (%� , �"20-1, �"9-2). 

�<F9=AO9 EC?46O, GCDBKAS9@O9 F9D@<K9E>B= B5D45BF>B= (;4>4?>4 E 
515...535 °% < EF4D9A<9 CD< 150...180

0
 %), 89?SFES A4 FD< 7DGCCO: 

• ABD@4?PAB= CDBKABEF< (��5 2, ��9K, ��7K). �I CD<@9ASRF 8?S 
89F4?9= BF69FEF69AAB7B A4;A4K9A<S (>BDCGE4 >B@CD9EEBDB6, H?4AJO, CBDLA<, 
7B?B6>< J<?<A8DB6 < 8D.); 

• 6OEB>BCDBKAO9 (� 710, ��8 ). �ECB?P;GRFES 8?S <;7BFB6?9A<S 
A47DG:9AAOI 89F4?9=, D45BF4RM<I 6 GE?B6<SI 6OEB>B= 6?4:ABEF< 6 EG8B-, 

E4@B-?9FB- < D4>9FBEFDB9A<< (89F4?< CD<5BDB6, 6<?>< L4EE< < I6BEFB6B7B 

BC9D9A<S, 54D4A>< LFGD64?B6 < 8D.; 
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• :4DBCDBKAO9. � QFB= 7DGCC9 BFABE<FES EC?46 � 5, >BFBDO= 
<ECB?P;G9FES 8?S <;7BFB6?9A<S A95B?PL<I A47DG:9AAOI 89F4?9= A9E?B:AB= 

HBD@O (4D@4FGD4, >DBALF9=AO < 8D.), D45BF4RM<I CD< F9@C9D4FGD4I 8B 300 

°%. 
 

 47A<= < 97B EC?46O 
 47A<= <@99F �#' D9L9F>G E C9D<B8B@ a = 3, 202 A < c = 5 ,199 A, 

4??BFDBC<K9E><I CD96D4M9A<= A9 <@99F. 
 47A<= BFABE<FES > K<E?G E4@OI ?97><I @9F4??B6: BA 6 4,5 D4;4 ?97K9 

:9?9;4. "8A4>B K<EFO= @47A<= B5?4849F A<;>B= >BDDB;<BAAB= EFB=>BEFPR < 

A96OEB><@< @9I4A<K9E><@< E6B=EF64@<, CBQFB@G 6 @4L<ABEFDB9A<< A9 
CD<@9AS9FES. 

 47A<96O9 EC?46O <@9RF @4?GR C?BFABEFP, 4 CB G89?PAB= CDBKABEF< 

EBBF69FEF6GRF ?97<DB64AAB= EF4?<. #B F9IAB?B7<< <;7BFB6?9A<S @47A<96O9 
EC?46O CB8D4;89?SRF A4 ?<F9=AO9 ( ?) < 89HBD@<DG9@O9 ( �), CB 
E>?BAABEF< > GCDBKA9A<R E CB@BMPR F9D@<K9E>B= B5D45BF>< 3 A4 EC?46O, 
GCDBKAS9@O9 < A9 GCDBKAS9@O9 F9D@<K9E>B= B5D45BF>B=. 

�9HBD@<DG9@O9 @47A<96O9 EC?46O, A9 GCDBKAS9@O9 F9D@<K9E>B= 

B5D45BF>B=, CB8D4;89?SRFES A4 869 7DGCCO: 
• CBA<:9AAB= CDBKABEF< ( �1). 1FBF EC?46 B5?4849F BFABE<F9?PAB 

6OEB>B= >BDDB;<BAAB= EFB=>BEFPR < IBDBL9= E64D<649@BEFPR, CD<@9AS9FES 
8?S <;7BFB6?9A<S @4?BA47DG:9AAOI 89F4?9=: E64DAOI @4E?B- < 59A;B54>B6, 
4D@4FGDO FBC?<6AOI < @4E?SAOI E<EF9@; 

• ED98A9= CDBKABEF< ( �2,  �8). � 7BDSK9CD9EEB64AAB@ <?< 
BFB::9AAB@ EBEFBSA<< <I CD<@9ASRF 8?S ED98A9A47DG:9AAOI 89F4?9= 
E4@B?9F4 (B5L<6B> Q?9FDBAB6, ;4>DO?B>, DG?9= < 8D.). 

�9HBD@<DG9@O9 @47A<96O9 EC?46O, GCDBKAS9@O9 F9D@<K9E>B= 
B5D45BF>B= (;4>4?>4 BF 380...420 °% < EF4D9A<9 CD< 170...300 °%) 
>?4EE<H<J<DGRF A4 E?98GRM<9 7DGCCO: 

• 6OEB>BCDBKAO9 ( �5, � 65-1). �I <ECB?P;GRF 8?S E<?PAB 
A47DG:9AAOI 89F4?9= (B5L<6>< E4@B?9FB6, >BAEFDG>F<6AO9 Q?9@9AFO 

7DG;BCB8N9@AOI @4L<A, 46FB@B5<?9=, F>4J><I EF4A>B6 < 8D.); 
• :4DBCDBKAO9 ( �11,  �13 < � �-1). "A< CD<@9ASRFES 6 D4>9FAB= 

F9IA<>9 8?S 89F4?9=, D45BF4RM<I 8?<F9?PAB CD< F9@C9D4FGD4I 8B 350 °% < 

>D4F>B6D9@9AAB CD< F9@C9D4FGD4I 8B 400 °% (>BDCGE4 D4>9F, B5F9>4F9?<, 
>BDCGE4 A4EBEB6, EF45<?<;4FBDO < 8D.). 

�<F9=AO9 EC?46O @47A<S, A9 GCDBKAS9@O9 F9D@<K9E>B= B5D45BF>B=, 
89?SFES A4 869 7DGCCO: 

• A96OEB>B= CDBKABEF< ( ?2), CD<@9AS9@O9 8?S A9A47DG:9AAOI 
89F4?9=, BF >BFBDOI FD95G9FES CB6OL9AA4S 79D@9F<KABEFP, >BDDB;<BAA4S 
EFB=>BEFP 
< E64D<649@BEFP (4D@4FGD4 FBC?<6AOI < @4E?SAOI E<EF9@); 

• ED98A9= CDBKABEF< ( ?3). �ECB?P;G9FES 8?S ED98A9A47DG:9AAOI 
89F4?9= CB6OL9AAB= 79D@9F<KABEF< (4D@4FGD4, 89F4?< >BDCGEB6 A4EBEB6). 



91  

�<F9=AO9 EC?46O   @47A<S,   GCDBKAS9@O9   F9D@<K9E>B=   B5D45BF>B= 
(;4>4?>4 EF4D9A<9), CB8D4;89?SRF A4 E?98GRM<9 7DGCCO: 

• 6OEB>BCDBKAO9 ( ?5 < 8D.). "A< <ECB?P;GRFES 8?S 
6OEB>BA47DG:9AAOI 89F4?9= E4@B?9FB6 (>BDCGE4 CD<5BDB6, H9D@O L4EE<, 
DOK47< GCD46?9A<S < 8D.); 

• :4DBCDBKAO9 ( ?12 < 8D.). �?<F9?PAB D45BF4RF CD< F9@C9D4FGD4I 
300...400 °% < CD<@9ASRFES 8?S 6OEB>BA47DG:9AAOI 89F4?9= E4@B?9FB6 < 

46<4-86<74F9?9= (>BDCGE4 >B@CD9EEBDB6, >4DF9DO (D<E. 8.2) < 8D.). 
 

&<F4A < 97B EC?46O 

&<F4A <@99F 869 4??BFDBC<K9E><9 @B8<H<>4J<<. !<;>BF9@C9D4FGDA4S 
@B8<H<>4J<S Ti³ , EGM9EF6GRM4S 8B 882 °%, <@99F 79>E47BA4?PAGR 

C?BFABGC4->B64AAGR D9L9F>G E C9D<B84@< a = 2, 96 A < c = 4 ,72 A. 

�OEB>BF9@C9D4FGDA4S @B8<H<>4J<S Ti³ <@99F D9L9F>G 
B5N9@ABJ9AFD<DB64AAB7B >G54 E C9D<B8B@ a = 3, 32 A. 

#B?<@BDHAB9 CD96D4M9A<9 (882 °%) CD< @98?9AAB@ BI?4:89A<< 

CDB<EIB8<F CB ABD@4?PAB@G @9I4A<;@G E B5D4;B64A<9@ D46ABBEAOI ;9D9A, 4 
CD< 5OEFDB@ BI?4:89A<< 3 CB @4DF9AE<FAB@G @9I4A<;@G E B5D4;B64A<9@ 

<7B?PK4FB= EFDG>FGDO. 
&<F4A B5?4849F 6OEB>B= >BDDB;<BAAB= < I<@<K9E>B= EFB=>BEFPR 

5?47B84DS ;4M<FAB= B><EAB= C?9A>9 A4 97B CB69DIABEF<. "A A9 >BDDB8<DG9F 
6 CD9EAB= < @BDE>B= 6B89, @<A9D4?PAOI ><E?BF4I, J4DE>B= 6B8>9 < 8D. 

 9I4A<K9E><9 E6B=EF64 F<F4A4 (�&1-1: σ B = 450 ...600  #4 , 
σ0 ,2 = 380...500  #4 , · = 20...25 %) I4D4>F9D<;GRFES IBDBL<@ EBK9F4A<9@ 

CDBKABEF< < C?4EF<KABEF<. #D<@9E< CB6OL4RF F69D8BEFP < CDBKABEFP, AB 
CD< QFB@ ;A4K<F9?PAB G@9APL49FES C?4EF<KABEFP < >BDDB;<BAA4S EFB=>BEFP. 
&9IA<K9E><= F<F4A IBDBLB B5D454FO649FES 846?9A<9@ CD< >B@A4FAB= < 

CB6OL9AAB= F9@C9D4FGD4I. �; A97B <;7BF46?<64RF 6E9 6<8O CD9EEB64AAB7B < 

>4F4AAB7B CB?GH45D<>4F4: ?<EFO, FDG5O, CDB6B?B>G, CB>B6><. 
#D<@9A9A<9 F9IA<K9E>B7B F<F4A4 >4> >BAEFDG>J<BAAB7B @4F9D<4?4 6 

B5M9@ @4L<ABEFDB9A<< B7D4A<K9AB <;-;4 97B 6OEB>B= EFB<@BEF<, 4 6 
46<4J<< < D4>9FBEFDB9A<< 3 6E?98EF6<9 A96OEB>B= :4DBCDBKABEF<. "A 

L<DB>B CD<@9AS9FES 6 I<@<K9E>B= CDB@OL?9AABEF< 8?S <;89?<=, 
D45BF4RM<I 6 E<?PAB 47D9EE<6AOI ED984I (A4CD<@9D, >B@CD9EEBDO < A4EBEO 

8?S C9D9>4K>< E9DAB=, EB?SAB= ><E?BF < D4EF6BDB6 <I EB?9=). %CBEB5ABEFP A9 
B5D4;B6O64FP A4><CP < 6OEB>4S I<@<K9E>4S EFB=>BEFP CB;6B?SRF 
<;7BF46?<64FP <; F<F4A4, A9E@BFDS A4 A<;>GR F9C?BCDB6B8ABEFP, 
FBA>BEF9AAO9 F9C?BB5@9AA<><. �?47B84DS 6OEB>B= >BDDB;<BAAB= EFB=>BEF< 
6 @BDE>B= 6B89 < FB@G, KFB A4 F<F4A A9 A4?<C4RF D4>GL><, BA <ECB?P;G9FES 6 
EG8BEFDB9A<< 8?S B5L<6>< @BDE><I EG8B6, CB86B8AOI ?B8B>, <;7BFB6?9A<S 
7D95AOI 6<AFB6 < 8D. &<F4A S6?S9FES C9DEC9>F<6AO@ @4F9D<4?B@ 8?S 
<;7BFB6?9A<S >BEFAOI <@C?4AF4AFB6 < 8DG7<I <;89?<=, > >BFBDO@ 

CD98NS6?SRFES FD95B64A<S 6OEB>B= EFB=>BEF< 6 H<;<B?B7<K9E><I ED984I. 
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&<F4AB6O9 EC?46O <@9RF 5B?99 6OEB>GR CDBKABEFP, :4DBCDBKABEFP < 

:4DBEFB=>BEFP CB ED46A9A<R E F9IA<K9E><@ F<F4AB@; CB G89?PAB= CDBKABEF< 

BA< 6 2 D4;4 CD96BEIB8SF EF4?P. #BQFB@G BA< CB?GK<?< L<DB>B9 CD<@9A9A<9 
6 46<4J<<, D4>9FAB= F9IA<>9, EG8BEFDB9A<<, I<@<K9E>B= < 8DG7<I BFD4E?SI 

CDB@OL?9AABEF<. �I CD<@9ASRF 8?S B5L<6>< E69DI;6G>B6OI E4@B?9FB6 
(CD< E>BDBEF<, D46AB= GFDB9AAB= E>BDBEF< ;6G>4, BA4 A47D9649FES 8B 250...320 
°%), 89F4?9= D94>F<6AOI 46<4J<BAAOI 86<74F9?9= (8<E>B6 < ?BC4FB> 
>B@CD9EEBD4, 89F4?9= 6B;8GIB;45BDA<>4 < 8D.), >BDCGEB6 D4>9FAOI 
86<74F9?9= 6FBDB= < FD9FP9= EFGC9A<, 54??BAB6 8?S E:4FOI < E:<:9AAOI 
74;B6, B5L<6>< EG8B6, CB86B8AOI ?B8B> < FBDC98 < F.8. 

#B F9IAB?B7<< <;7BFB6?9A<S F<F4AB6O9 EC?46O CB8D4;89?SRFES A4 
89HBD@<DG9@O9 < ?<F9=AO9. 

&<F4AB6O9 EC?46O F4>:9 >?4EE<H<J<DGRF CB EFDG>FGD9 < CB 
ECBEB5ABEF< GCDBKASFPES E CB@BMPR F9D@<K9E>B= B5D45BF>< (A4 
GCDBKAS9@O9 < A9 GCDBKAS9@O9 F9D@<K9E>B= B5D45BF>B=). 

%C?46O E ³ -EFDG>FGDB= (�&5, �&5-1) <@9RF 6OEB>GR F9@C9D4FGDG 
CB?<@BDHAB7B CD96D4M9A<S. � QF<I EC?464I ³ → ³ - CD96D4M9A<9 
CDB<EIB8<F CD< 6OEB><I F9@C9D4FGD4I, >B784 D94?<;G9FES ABD@4?PAO= 
@9I4A<;@ CB?<@BDHAB7B CD96D4M9A<S. #9D9BI?48<FP ³ - H4;G 8B A<;><I 
F9@C9D4FGD, CD< >BFBDOI 6B;@B:AB @4DF9AE<FAB9 CD96D4M9A<9, 6 QF<I 
EC?464I A9 G849FES 84:9 CD< BK9AP 5B?PL<I E>BDBEFSI BI?4:89A<S, CBQFB@G 
EC?46O E GEFB=K<6B= ³ - EFDG>FGDB= A9 ECBEB5AO GCDBKASFPES CGF9@ 

F9D@<K9E>B= B5D45BF><. !98BEF4F>B@ QF<I EC?46B6 S6?S9FES F4>:9 A<;>4S 
F9IAB?B7<K9E>4S C?4EF<KABEFP. 

%C?46O E ³ - EFDG>FGDB= <@9RF A<;>GR F9@C9D4FGDG CB?<@BDHAB7B ³ 

→ ³ - CD96D4M9A<S; CD< ;4>4?>9 CDB<EIB8<F C9D9IB8 ³ - H4;O 6 
@9F4EF45<?PAGR ³′ - H4;G. � QFB@ EBEFBSA<< EC?46 <@99F 6OEB>GR 

C?4EF<KABEFP < IBDBLB LF4@CG9FES. 
#D< EF4D9A<< CB 7D4A<J4@ ³′ - H4;O 6O89?S9FES FBA>B8<EC9DEA4S ³ - 

H4;4, ;A4K<F9?PAB GCDBKASRM4S EC?46. 
#DB@OL?9AAB9 CD<@9A9A<9 B8ABH4;AOI ³ - EC?46B6 A9 S6?S9FES 

QHH9>F<6AO@, F.>. 8?S CB?GK9A<S GEFB=K<6B= ³ - EFDG>FGDO EC?46 8B?:9A 

5OFP ?97<DB64A 5B?PL<@ >B?<K9EF6B@ ³ - EF45<?<;4FBDB6 (V, Mo, Nb, Ta), 
8BDB7<I, 89H<J<FAOI < B5?484RM<I 6OEB>B= C?BFABEFPR. � A4EFBSM99 
6D9@S CD<@9ASRFES F4> A4;O649@O9 CE968B-³ - EC?46O (�&15), <@9RM<9 
CD9<@GM9EF69AAB ³ - EFDG> FGDG E A95B?PL<@ >B?<K9EF6B@ ³ - H4;O. 

�6GIH4;AO9 (³ + ³ ) EC?46O (�&3-1, �&8, �&14 < 8D.) B5?484RF ?GKL<@ 

EBK9F4A<9@ F9IAB?B7<K9E><I < @9I4A<K9E><I E6B=EF6. "A< GCDBKASRFES E 
CB@BMPR F9D@<K9E>B= B5D45BF>< 3 ;4>4?>< < EF4D9A<S. � BFB::9AAB@ < 

;4>4?9AAB@ EBEFBSA<SI BA< <@9RF IBDBLGR C?4EF<KABEFP, 4 CBE?9 ;4>4?>< < 

EF4D9A<S 3 6OEB>GR CDBKABEFP CD< ABD@4?PAB= < CB6OL9AAB= F9@C9D4FGD4I. 
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#D<@9D D9L9A<S 
�EIB8AO9 84AAO9 
 47A<96O= EC?46  ?5 CD<@9ASRF 8?S <;7BFB6?9A<S 89F4?9= L69=AOI 

@4L<A (LCG?P><, >4FGL><). "5BEAG=F9 J9?9EBB5D4;ABEFP <ECB?P;B64A<S 
QFB7B BFABE<F9?PAB 8BDB7B7B J69FAB7B EC?464 CB ED46A9A<R E 89L96O@ 

;4@9A<F9?9@ (>B6><= KG7GA �+ 37-12). 

$9L9A<9 
�D4M4RM<9ES E 5B?PLB= K4EFBFB= 89F4?< L69=AOI @4L<A 

<ECOFO64RF 5B?PL<9 J9AFDB59:AO9 E<?O. !4CDS:9A<9 BF J9AFDB59:AB= 

E<?O CDS@B CDBCBDJ<BA4?PAB C?BFABEF< @4F9D<4?4. +9DAO9 EC?46O, 6 FB@ 

K<E?9 >B6><= KG7GA, CD<@9DAB 6 4,5 D4;4 CD96BEIB8SF @47A<96O9 EC?46O CB 

C?BFABEF<, 4 F4>:9 CB CD989?G CDBKABEF<, F.9. <@9RF CD<@9DAB B8<A4>B6GR 

G89?PAGR CDBKABEFP. %BBF69FEF69AAB, 6 E?GK49 6OL9GCB@SAGFOI 89F4?9=, 
HBD@4 < D4;@9DO >BFBDOI BCD989?SRFES <I ><A9@4F<K9E>B= HGA>J<9=, CB 
6B;89=EF6<R J9AFDB59:AOI E<? @47A<96O= EC?46  ?5 CD<@9DAB D46ABJ9A9A 

>B6>B@G KG7GAG �+ 37-12. 

#D< D4;7BA9 L69=AB= @4L<AO 6D4M4RM<9ES 89F4?<, 6OCB?A9AAO9 <; 
>B6>B7B KG7GA4, 5G8GF EB;8464FP CD<@9DAB 6 4,5 D4;4 5B?PLGR <A9DJ<R, K9@ 

6 E?GK49, 9E?< 5O BA< 5O?< <;7BFB6?9AO <; @47A<96B7B EC?464  ?5. 
#D< ?<FP9 KG7GA4 CBFD95G9FES ;A4K<F9?PAB 5B?PL4S F9@C9D4FGD4 

;4?<6>< (&C? = 1150...1500 °%), K9@ 6 E?GK49 @47A<96OI EC?46B6 (&C? ≈ 650 °%). 
)BFS J9A4 @47A<96OI EC?46B6 CD<@9DAB 6 7 D4;   CD96OL49F   J9AG 

K9DAOI EC?46B6, QFB A9 5G89F EGM9EF69AAO@ CD< <;7BFB6?9A<< BFABE<F9?PAB 
@4?B7454D<FAOI 89F4?9= L69=AOI @4L<A. 

&4><@ B5D4;B@, CB DS8G F9IAB?B7<K9E><I < Q>EC?G4F4J<BAAOI 
I4D4>F9D<EF<> @47A<96O= EC?46  ?5 S6?S9FES 5B?99 CD98CBKF<F9?PAO@ 8?S 
<;7BFB6?9A<S 6D4M4RM<IES 89F4?9= L69=AOI @4L<A, K9@ >B6><= KG7GA �+ 

37-12. 

�<F9=AO= EC?46  ?5 ?97<DB64A A9E>B?P><@< Q?9@9AF4@< 
 4D74A9J G?GKL49F >BDDB;<BAAGR EFB=>BEFP, 4 J<A> < 4?R@<A<= 

CB6OL4RF @9I4A<K9E><9 E6B=EF64. 
"F?<6>< <; 6OEB>BCDBKAB7B EC?464  ?5 CB869D74RFES GCDBKASRM9= 

F9D@<K9E>B= B5D45BF>9: ;4>4?>9 (420 °%, 6O89D:>4 12 - 24 K4E4) < BFCGE>G 
(170 °%, 6O89D:>4 16 K4EB6), CBE?9 K97B B5?484RF IBDBL<@< CDBKABEFAO@< 

E6B=EF64@< (σ B = 255  #4 , σ0 ,2 = 120  #4 , · = 6 % ). 
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�BCDBEO 8?S E4@BCDB69D><: 
 

1. !4;B6<F9 BF?<K<F9?PAO9 @9I4A<K9E><9 E6B=EF64 K<EFB7B 4?R@<A<S. 
�4>B64 <I 69?<K<A4? 
2. �4>B64 >BDDB;<BAA4S EFB=>BEFP 4?R@<A<S, KFB 99 B59EC9K<649F? 
3. "5?4EF< CD<@9A9A<S K<EFB7B 4?R@<A<S. 
4. �4> <;@9ASRFES F9IAB?B7<K9E><9 E6B=EF64 EC?46B6 E<EF9@O 86GI 
>B@CBA9AFB6 E B7D4A<K9AAB= D4EF6BD<@BEFPR? 
5. !4<5B?99 I4D4>F9DAO9 E6B=EF64 K<EFB= @98<.  9I4A<K9E><9 E6B=EF64 
K<EFB= @98<, F9IA<K9E>B= @98< M1. 
6. �4>B64 >BDDB;<BAA4S EFB=>BEFP @98<? 
7. �4> D4;?<K4RF @4D>< @98< 6 ;46<E<@BEF< BF EB89D:4A<S CD<@9E9=? 
8. � K9@ 6OD4:49FES 6D98AB9 6?<SA<9 6<E@GF4, E6<AJ4? 
9. �4> 6?<S9F IB?B8A4S C?4EF<K9E>4S 89HBD@4J<S A4 CDBKABEFAO9 
I4D4>F9D<EF<>< @98<? 
10. "5?4EF< CD<@9A9A<S K<EFB= @98<. 
11. �4=F9 I4D4>F9D<EF<>G Q?9>FD<K9E>B= CDB6B8<@BEF< < F9C?BCDB6B8ABEF< 

@98<. 
12. �4> 6?<SRF CD<@9E< A4 F69D8BEFP < C?4EF<KABEFP ?4FGA9=? 
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#D4>F<K9E>4S D45BF4 
 

�;GK9A<9 6<8B6 < E6B=EF6 A9@9F4??<K9E><I @4F9D<4?B6, 
CD<@9AS9@OI 6 @4L<ABEFDB9A<< 

 
*9?P D45BFO: <;GK9A<9 E6B=EF6 64:A9=L<I A9@9F4??<K9E><I 

>BAEFDG>J<BAAOI @4F9D<4?B6: C?4EF@4EE, >9D4@<><, EF9>?4 < D9;<AO; 
<;GK9A<9 BEB59AABEF9= CD<@9A9A<S A9@9F4??<K9E><I >BAEFDG>J<BAAOI 
@4F9D<4?B6 6 @4L<ABEFDB9A<<. 

 

 9FB8<K9E>B9 B59EC9K9A<9: 
1.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R D45BFO 

2. %CD46BKA4S ?<F9D4FGD4 CB 8<EJ<C?<A9 "# 04 « 4F9D<4?B6989A<9» 
 

#BDS8B> 6OCB?A9A<S D45BFO: 
 

1. ";A4>B@<FES E F9BD9F<K9E><@ @4F9D<4?B@ < 6OCB?A<FP ;484A<9. 
 

�484A<9 
%B7?4EAB A4;A4K9AAB@G 64D<4AFG (F45?<J4 12), D9L<FP ;484KG: 

�484K< 8?S D9L9A<S 

�O5D4FP @4F9D<4? 8?S G>4;4AAB7B <;89?<S <?< >BAEFDG>F<6AB7B Q?9@9AF4 E 
GK9FB@ BEB59AABEF9= 97B HGA>J<BA<DB64A<S. 

#D<69EF< EFDB9A<9 < @9I4A<K9E><9 E6B=EF64 @4F9D<4?4 6 7BFB6B@ 

<;89?<<. 
&45?<J4 12 

�4D<4AF �;89?<9 <?< >BAEFDG>F<6AO= Q?9@9AF 
1 %6S;>4 45D4;<6AB7B >DG74 
2 �G5K4FB9 >B?9EB 8?S 59ELG@AB= D45BFO 

3 $9;9J 
4 &9C?B<;B?SJ<BAAO= @4F9D<4? 
5 �<F9=A4S @B89?P 
6 (<?P9D4 8?S 6B?BK9A<S CDB6B?B>< 
7 #BDL9AP 86<74F9?S 6AGFD9AA97B E7BD4A<S 
8 'C4>B6BKA4S C?9A>4 
9 �4;BCDB6B8 
10 &BD@B;AO9 >B?B8>< 
11 "7D48<F9?PAO9 EF9A>< EF4A>B6 
12 %69K4 ;4:<74A<S 
13 �O@BIB8 
14 �6G>B<;B?SJ<BAAO= @4F9D<4? 
15 �9D@9F<;<DGRM4S ;4?<6>4 Q?9>FDBAAB= 4CC4D4FGDO 

16 'F9C?<F9?PAO= Q?9@9AF 8?S 69AF<?SJ<< FBC?<6AB= E<EF9@O 46FB@B5<?S 
17 �E>GEEF69AA4S >B:4 8?S >D9E?4 46FB@B5<?S 
18 �B5B6B9 EF9>?B 46FB@B5<?S 
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&9BD9F<K9E><= @4F9D<4? 
"9D@BC?4EF<KAO9 CB?<@9DO < C?4EF@4EEO 

#DBKABEFP F9D@BC?4EF<KAOI CB?<@9DB6 ?9:<F 6 CD989?4I 100...1000 >7E/ E@2
, 

K97B 6CB?A9 8BEF4FBKAB 8?S @AB7<I J9?9=. 
"5M<9 A98BEF4F>< F9D@BC?4EFB6 3 A96OEB>4S F9C?BEFB=>BEFP, 

A9EF45<?PABEFP E6B=EF6 <;-;4 EF4D9A<S < E>?BAABEFP > CB?;GK9EF<. 
�6989A<9 8B 20...30 % CBDBL>B6OI < 6B?B>A<EFOI A4CB?A<F9?9= 

EBID4AS9F F9IAB?B7<KABEFP < B8AB6D9@9AAB CB6OL49F <;ABEBEFB=>BEFP < 
EF45<?PABEFP D4;@9DB6 CB8 A47DG;>B=. 

#B?<QF<?9A EFB9> > M9?BK4@ < 5B?PL<AEF6G ><E?BF, 6>?RK4S EB?SAGR < 
C?46<>B6GR, < 6B8BEFB9>. "A A9 6;4<@B89=EF6G9F E FBC?<6B@ < E@4;>4@<, 
CD4>F<K9E>< A9D4EF6BD<@ < A9 CD<@9AS9FES 6 6<89 D4EF6BDB6. 

#B?<QF<?9A A9 EFB9> CDBF<6 B><E?9A<S, 6 BEB59AABEF< A4 E69FG CB8 
89=EF6<9@ G?PFD4H<B?9FB6OI ?GK9=. 

�?S ;4M<FO CDBF<6 EF4D9A<S A4 E69FG 6 CB?<QF<?9A 8B546?SRF 
4AF<B><E?<F9?< (EBID4ASS CD< QFB@ CDB;D4KABEFP 8?S 6<8<@B7B E69F4) <?< 8B 
2...5 % E4:<. 

%6B=EF64 CB?<QF<?9A4 ;46<ESF BF ECBEB54 CDB<;6B8EF64. 
#B?<QF<?9A A<;>B= C?BFABEF< (0,91...0,93 7/E@3

) CB?GK49FES E 
69F6<EFO@< @B?9>G?4@<, CBQFB@G >D<EF4??<;G9FES 8B 65...75 %. 

"FABE<F9?PA4S @B?9>G?SDA4S @4EE4 97B EBEF46?S9F 1...7⋅10
4
. 

#B?<QF<?9A 6OEB>B= C?BFABEF< (0,94...0,96 7/E@3
) <@99F ?<A9=AO9 

@B?9>G?O 59; 5B>B6OI BFDBEF>B6, >D<EF4??<;G9FES 8B 85...95 % < 
BFABE<F9?PA4S @B?9>G?SDA4S @4EE4 97B 5B?PL9 (10...100⋅10

4). #B ED46A9A<R E 
CB?<QF<?9AB@ A<;>B= C?BFABEF< QFBF CB?<QF<?9A 5B?99 :9EFB> < CDBK9A, AB 

@9A99 6S;B>, IG:9 C9D9D454FO649FES 6 <;89?<S < G A97B CBA<:9AO 

8<Q?9>FD<K9E><9 E6B=EF64. 
#B?<QF<?9A G8B6?9F6BD<F9?PAB C9D9D454FO649FES 6 C?9A>G, FDG5O, 

?<FO9 HBD@B64AAO9 <;89?<S, 6B?B>AB < CBD<EFO= CB?<QF<?9A, 6 6<89 
CB>DOF<= A4ABE<FES A4 @9F4??O, >4DFBA < 5G@47G. "A ?97>B E64D<649FES, AB 
C?BIB E>?9<649FES. 

#D9<@GM9EF64 CB?<QF<?9A4: BF?<KAO9 8<Q?9>FD<K9E><9 E6B=EF64 CD< 

K4EFBF4I 8B 109
 �J, I<@<K9E>4S EFB=>BEFP, BFEGFEF6<9 IDGC>BEF< 6 D45BK9@ 

<AF9D64?9 F9@C9D4FGD, 6B8BEFB=>BEFP, 8BEFGCABEFP < 89L96<;A4, 4 
A98BEF4F>< 3 A<;>4S :9EF>BEFP < A96OEB>4S CDBKABEFP, C?BI4S EFB=>BEFP A4 
E69FG, E>?BAABEFP > D4EFD9E><64A<R CB8 A4CDS:9A<9@. 

#B?<QF<?9A 5B?PL9 6E97B <ECB?P;G9FES >4> BF?<KAO= 
6OEB>BK4EFBFAO= 8<Q?9>FD<>. ">B?B 20 % B5N9@4 6OCGE>49@B7B 
CB?<QF<?9A4 D4EIB8G9FES A4 <;B?SJ<R 6E9I F<CB6 >459?9= E6S;< < E<?B6OI 
>459?9=, D4EEK<F4AAOI A4 A4CDS:9A<9 8B 10 >�. 

� D48<B- < Q?9>FDB4CC4D4FGD9 CD<@9ASRFES @9?><9 ?<FO9 89F4?< <; 
CB?<QF<?9A4 3 >4FGL><, L4=5O < F.C. 
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#?9A>4 CBE?9 86GIBEAB= 6OFS:>< EBK9F49F 6OEB>GR CDBKABEFP, 
7<5>BEFP, CDB;D4KABEFP, I<@<K9E>GR EFB=>BEFP < A9CDBA<J49@BEFP 8?S 
47D9EE<6AOI 69M9EF6 < 6B8O. 

#?9A>G CD<@9ASRF 8?S GC4>B6>< (6 FB@ K<E?9 89F4?9= @4L<A) < 

Q?9>FDB<;B?SJ<<. 
#B?<QF<?9AB6O9 CB>DOF<S A4 @9F4??4I < 5G@479 EBB5M4RF <@ 

I<@<K9E>GR EFB=>BEFP < 6B8BEFB=>BEFP. 
&DG5O, 54><, 5GFO?>< CD<@9ASRF 8?S FD4AECBDF<DB6>< < ID4A9A<S 

47D9EE<6AOI 69M9EF6. &4D4 <; CB?<QF<?9A4 ?97K9 EF9>?SAAB= < A9 5P9FES. 
 

#B?<CDBC<?9A 6B @AB7B@ CBIB: A4 CB?<QF<?9A, B8A4>B @9A99 C?BFAO=, 
97B C?BFABEFP D46A4 0,90 7/E@3

 (A4<@9APL99 ;A4K9A<9 C?BFABEF< 6BB5M9 8?S 
6E9I C?4EF@4EE), 5B?99 F69D8O= (EFB9> > <EF<D4A<R), 5B?99 F9D@BEFB=><=, 
CBKF< A9 E>?BA9A > D4EFD9E><64A<R CB8 A4CDS:9A<9@. "5?4849F 6OEB>B= 
KG6EF6<F9?PABEFPR > E69FG < ><E?BDB8G (>BFBD4S CBA<:49FES CD< 66989A<< 
EF45<?<;4FBDB6). 

#9D9D45BF>4 < CD<@9A9A<9 CB?<CDBC<?9A4 < CB?<QF<?9A4 4A4?B7<KAO. 
 

#B?<4@<8O EFB=>< 6 M9?BK4I < D4;546?9AAOI ><E?BF4I, FBC?<69 < 

E@4;>4I. "A< A9EFB=>< 6 A9>BFBDOI D4EF6BD<F9?SI (H9AB?9 < 8D.), 
>BAJ9AFD<DB64AAOI ><E?BF4I, A4K<A4S EB 150 °% 5OEFDB 7<8DB?<;GRFES 
6B8B= < C4DB@, EF4D9RF A4 E69FG. #B?<4@<8O CB7?BM4RF 6B8G, >BFBD4S 8?S 
A<I S6?S9FES E6B9B5D4;AO@ C?4EF<H<>4FBDB@ < G69?<K<649F 6S;>BEFP, 
EA<:4S CDBKABEFP. #D< CB7?BM9A<< 6B8O G69?<K<649FES B5N9@, AB 6B84 
CB7?BM49FES <?< F9DS9FES @98?9AAB, < QFB A9 @9L49F ABD@4?PAB= 
Q>EC?G4F4J<< <;89?<=. 

#B?<4@<8O CD<A48?9:4F > A4<5B?99 CDBKAO@, :9EF><@ < 6S;><@ 

F9D@BC?4EF4@. "A< IBDBLB EBCDBF<6?SRFES 45D4;<6AB@G <;ABEG. � C4D9 E 
@9F4??4@< CB?<4@<8O <@9RF A95B?PL<9 >BQHH<J<9AFO FD9A<S (59; E@4;>< 3 
0,2...0,4; EB E@4;>B= 3 0,02...0,05) < A9 EI64FO64RFES E A<@<. 

� 6S;>BF9>GK9@ EBEFBSA<< CB?<4@<8O <@9RF A95B?PLGR 6S;>BEFP < 
?97>B C9D9D454FO64RFES 6 <;89?<S, 6 FB@ K<E?9 >DGCAO9 BF?<6><, C?9A>G < 

6B?B>AB. 
� CD9<@GM9EF64@ CB?<4@<8B6 BFABESFES IBDBL4S CDBKABEFP, 6S;>BEFP, 

4AF<HD<>J<BAAO9 E6B=EF64, <;ABEBEFB=>BEFP, 4 > A98BEF4F>4@ 3 CB7?BM9A<9 
6B8O, CBED98EF69AAO9 8<Q?9>FD<K9E><9 E6B=EF64, A9B5IB8<@BEFP CDBEGL>< 

C9D98 C9D9D45BF>B=, IDGC>BEFP 6 EGIB@ 6<89 CD< CB6OL9AAOI F9@C9D4FGD4I. 
� @4L<ABEFDB9A<< CB?<4@<8O L<DB>B CD<@9ASRF 8?S 

@4?BA47DG:9AAOI 89F4?9=, BF >BFBDOI FD95G9FES EF45<?PABEFP D4;@9DB6, 
<;ABEBEFB=>BEFP I<@<K9E>4S EFB=>BEFP. 

+<EFO9 CB?<4@<8O <ECB?P;GRF 8?S 89F4?9=, CB869D:9AAOI G84D4@, 4 
CB?<4@<8O EB EF9>?SAAO@ 6B?B>AB@ 3 8?S <;ABEBEFB=><I 89F4?9=. 

�; CB?<4@<8B6 89?4RF 6>?48OL< CB8L<CA<>B6 E>B?P:9A<S, >G?4K>< 
(D<EGAB> 1), ;G5K4FO9 >B?9E4, GCDG7<9 Q?9@9AFO ;G5K4FOI (D<EGAB> 2) < 
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C4?PJ96OI (D<EGAB> 3) @GHF, 89F4?< IB8B6OI C9D984K, DB?<><, >B?9E4 < F.C. 
�; CB?<4@<8B6 BF?<64RF ?BC4F>< D45BK<I >B?9E J9AFDB59:AOI A4EBEB6, 
7D95AO9 6<AFO < 8DG7<9 89F4?<, CBEFBSAAB D45BF4RM<9 6 6B89. #B?<4@<8O 

<ECB?P;GRF 8?S FDGM<IES 89F4?9=, D45BF4RM<I 59; E@4;><, A4CD<@9D, 8?S 
A4CD46?SRM<I, 597GA>B6, BCBD 69D9F9A 6 F9>EF<?PAOI @4L<A4I. 
#B?<4@<8AB9 6B?B>AB <ECB?P;G9FES 6 46FB@B5<?PAOI L<A4I, >4A4F4I, 
FD4AECBDF9DAB= ?9AF9. �;89?<S <; 6B?B>BA A9 7A<RF BF 6B8O < <I A9 AG:AB 
EGL<FP CBE?9 A4@B>4A<S. 

 

 

$<EGAB> 1 - �G?4K>B6O= @9I4A<;@ 

 

(FBDBC?4EF-4 CB?GK4RF 6 6<89 6OEB>B@B?9>G?SDAB7B CBDBL>4 ( > 10
6
), 

>BFBDO= A96B;@B:AB D4EC?46<FP. 
�;89?<S <; HFBDBC?4EF4 3 4 <;7BFB6<FP FDG8A99, K9@ <; 8DG7<I 

CB?<@9DB6, B8A4>B 97B C9D9D454FO64RF 6 >B@C4>FAO9 <;89?<S, 6B?B>A4, 
C?9A>G FB?M<AB= 8B 5 @>@ < CB>DOF<S A4 @9F4??4I. 

�B@C4>FAO9 <;89?<S <; CBDBL>4 CB?GK4RF CD9EEB64A<9@ < EC9>4A<9@ 

CD< F9@C9D4FGD9 A<:9 400°% < 6 A<I 9EFP BEF4FBKA4S CBD<EFBEFP. 
(FBDBC?4EF-4 <E>?RK<F9?PAB EFB9> 6 ?R5OI 47D9EE<6AOI ED984I, 

6B8BEFB9> < A9D4EF6BD<@. 
#D< A47D969 BA A4K<A49F D4;?474FPES CD< F9@C9D4FGD9 250 °%, 4 6OL9 

400 °% BA, A9 C?46SEP, 5OEFDB D4;DGL49FES < 6O89?S9F S8B6<FO9 74;O (HFBD < 

8D.). 
"EB59AABEFPR HFBDBC?4EF4-4 S6?S9FES 4??BFDBC<K9E>B9 CD96D4M9A<9 

B>B?B 20 °%. 
#D< BI?4:89A<< A<:9 20 °% B5N9@ G@9APL49FES CD<@9DAB A4 1 % < 

@9AS9FES >BQHH<J<9AF F9C?B6B7B D4EL<D9A<S. 
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$<EGAB> 2 - �G5K4F4S @GHF4 
 

"A 3 IBDBL<= 4AF<HD<>J<BAAO= @4F9D<4? (6 C4D9 EB EF4?PR 59; 
E@4;>< <@99F >BQHH<J<9AF FD9A<S 0,05...0,1), A9 CD<?<C49F < A9 EI64FO649FES 
E 8DG7<@< @4F9D<4?4@<, 6S;B>, A9 CB869D:9A IDGC>B@G D4;DGL9A<R CD< 
E:4F<< <?< <;7<59, AB <@99F A<;>GR CDBKABEFP < :9EF>BEFP, CB?;GK CD< 

A4CDS:9A<< E6OL9 30...50 >7E/E@2
. (FBDBC?4EF-4 3 BF?<KAO= 

6OEB>BK4EFBFAO= 8<Q?9>FD<>, CD96BEIB8SM<= CB?<QF<?9A < CB?<EF<DB?. 
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$<EGAB> 3 - �FG?BKAB-C4?PJ964S @GHF4 
 

(FBDBC?4EF-3 CB ED46A9A<R E HFBDBC?4EFB@-4 ?97K9 C9D9D454FO649FES 
(6 FB@ K<E?9 ?<FP9@ CB8 846?9A<9@), A9 CBD<EF, 5B?99 CDBK9A < :9EFB>, AB 

;4FB A9 <@99F 4AF<HD<>J<BAAOI E6B=EF6, IG:9 >4> 8<Q?9>FD<> < GEFGC49F CB 
I<@<K9E>B= EFB=>BEF<. 

#D9<@GM9EF64 HFBDBC?4EFB6: GA<>4?PAB9 EBK9F4A<9 6OEB>B= 
I<@<K9E>B= EFB=>BEF<, F9C?BEFB=>BEF< < 8<Q?9>FD<K9E><I E6B=EF6, L<DB><= 

<AF9D64? D45BK<I F9@C9D4FGD, A97BDRK9EFP, 6B8BEFB=>BEFP. 
!98BEF4F><: 6OEB>4S EFB<@BEFP < FDG8ABEFP C9D9D45BF><. 
(FBDBC?4EF-4 E A4CB?A<F9?S@< <ECB?P;GRF 8?S <;7BFB6?9A<S 

CB8L<CA<>B6, 6 FB@ K<E?9 D45BF4RM<I 59; E@4;><; 6 GC?BFA9A<SI 
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CD<@9ASRF 4E59EFB6GR @G>G. 
#B6OL9A<9 6B8BEFB=>BEF< < 8<Q?9>FD<K9E><I E6B=EF6 8BEF<749FES 

>64DJ96B= @G>B=. 
�?S EA<:9A<S IDGC>BEF< <;89?<= A4 BEAB69 H9AB?HBD@4?P897<8AB= 

E@B?O 99 E@9L<64RF E CB?<4@<84@< <?< E E<AF9F<K9E><@ >4GKG>B@. 
�; CD9EE-CBDBL>B6 <;7BFB6?SRF >BDCGE4 < >DOL>< CD<5BDB6, 89F4?<, 

CD98A4;A4K9AAO9 8?S D45BFO CD< CB6OL9AAOI F9@C9D4FGD4I <?< 6 GE?B6<SI 
6OEB>B= 6?4:ABEF<, AB ED46A<F9?PAB @4?BA47DG:9AAO9, BEB59AAB 
8<A4@<K9E><@< A47DG;>4@<. 

 

�B?B>A<FO CD98EF46?SRF EB5B= EBK9F4A<9 BF69D:84RM9=ES E@B?O E 
>4><@-?<5B 6B?B>A<EFO@ A4CB?A<F9?9@ (I?BCK4FB5G@4:AO9 BK9EO, 
4E59EFB6O9 6B?B>A4, EF9>?B6B?B>AB). 

�;89?<S <; 6B?B>A<FB6 <ECB?P;GRFES 8?S A47DG:9AAOI 89F4?9=, 
D45BF4RM<I CD< F9@C9D4FGD4I 8B 100...120 °%. 

�B?B>A<FO BF?<K4RFES 6OEB>B= G84DAB= CDBKABEFPR. 
�E59EFB6B?B>A<FO <@9RF 6OEB><9 Q?9>FDB<;B?SJ<BAAO9 E6B=EF64 CD< 

CB6OL9AAOI F9@C9D4FGD4I < <ECB?P;GRFES 8?S <;7BFB6?9A<S 
Q?9>FDB<;B?SJ<BAAOI <;89?<= (89F4?< >B??9>FBDB6 < >BAF4>FAOI C4A9?9=); 
6OEB><= >BQHH<J<9AF FD9A<S 6 C4D9 EB EF4?PR < F9C?BEFB=>BEFP 8B 200 °% 

CB;6B?S9F CD<@9ASFP 4E59EFB6B?B>A<F 8?S FBD@B;AOI >B?B8B>. 
�4?PJB64AAO9 6 6<89 ?<EFB6 4E59EFB6B?B>A<FO CD<@9ASRF 6 >4K9EF69 

F9C?B;4M<FAB7B CB>DOF<S <?< ><E?BFBGCBDAB7B @4F9D<4?4 8?S B5>?48>< 
D4;AOI <;89?<= (54><, FDG5O, D94>FBDO). 
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#?4EF@4EEO A4 BEAB69 >D9@A<=BD74A<K9E><I E@B? 
(CB?<@9F<?E<?B>4AB6, CB?<QF<?- < CB?<H9A<?E<?B>4AB6) E 6B?B>A<EFO@ 

(4E59EFB6O9, EF9>?SAAO9 6B?B>A4) <?< CBDBL>B6O@ (@9F4??<K9E><= 
CBDBLB>, >64DJ964S @G>4 < 8D.) A4CB?A<F9?9@ CD<@9ASRFES 8?S 
<;7BFB6?9A<S Q?9>FD<K9E>B7B B5BDG8B64A<S < CD<5BDB6, 6O89D:<64RM<I 
>D4F>B6D9@9AAO9 A47D96O 8B 2000...3000 °%. 

"EB59AABEFP QF<I @4F9D<4?B6 3 8G7BEFB=>BEFP (EFB=>BEFP CDBF<6 
89=EF6<S Q?9>FD<K9E>B= 8G7<), I<@<K9E>4S < 6B8BEFB=>BEFP. 

 

%?B<EFO@< C?4EF<>4@< A4;O64RFES C?4EF@4EEO, 6 >BFBDOI ?<EFO 

A4CB?A<F9?S E6S;4AO CB?<@9DB@ 6 @BAB?<FAO= @4F9D<4?. 
"A< <@9RF E?B<EFGR EFDG>FGDG < CBQFB@G 4A<;BFDBCAO. � A<@ 

BFABESFES: EF9>?BF9>EFB?<F EB EF9>?SAAB= F>4APR <?< ?<EF4@< 
BD<9AF<DB64AAB7B EF9>?SAAB7B 6B?B>A4; F9>EFB?<F E I?BCK4FB5G@4:AB= 
F>4APR; 4E59EFBF9>EFB?<F E 4E59EFB6B= F>4APR; 79F<A4>E E 5G@47B=. 

�;89?<S <; E?B<EFOI C?4EF<>B6 CB?GK4RF B5D45BF>B= D9;4A<9@, 
LF4@CB6>B= (<; FBA><I ?<EFB6) E CBE?98GRM9= E5BD>B= CD< CB@BM< >?996 < 

>D9C9:AOI 89F4?9=. 
 

%F9>?BC?4EFO 3 @4F9D<4?O, CB?GK49@O9 A4 BEAB69 E<AF9F<K9E><I 
CB?<@9DB6, B5D4;GRM<I CDBEFD4AEF69AAGR EFDG>FGDG. 

� >4K9EF69 A4CB?A<F9?9= <ECB?P;GRFES EF9>?SAAO9 6B?B>A4, 
EF9>?SAAB9 CB?BFAB. 

%F9>?BC?4EFO A4 BEAB69 >D9@A<= BD74A<K9E><I E@B? A9 F9DSRF E6B9= 

CDBKABEF< CD< 250°%, 6O89D:<64RF A47D96 8B 2700°% 6 F9K9A<9 1...2 @<A: 
5B?99 EFB=><, K9@ EF4?<, 6 ><E?BDB8AB-4J9F<?9AB6B@ C?4@9A< 6 F9K9A<9 1 
@<A. 

�; EF9>?BC?4EFB6 <;7BFB6?SRF A4CD46?SRM<9 ?BC4F>< >B@CD9EEBDB6 
46<4J<BAAOI < D4>9FAOI 86<74F9?9=, CG?9A9CDB5<649@GR 5DBAR, >BDCGE4 
>4F9DB6, ?B8B>, >G;B64 46FB@4L<A, E4@B?9FB6, FDG5O < 9@>BEF< 8?S 
47D9EE<6AOI :<8>BEF9=. 

%F9>?BC?4EF<>< <ECB?P;GRFES 6 >4K9EF69 ;4M<FAOI :4DBEFB=><I 
CB>DOF<= CD< F9@C9D4FGD4I 8B 10 000 °%. 

� K4EFABEF<, EBC?4 D4>9F D45BF4RF BK9AP B7D4A<K9AAB9 6D9@S (15...20 E) CD< 

3200. 4400 °%, 4 F9@C9D4FGD4 CB69DIABEF< D4>9FO CD< 6B;6D4M9A<< 6 ;9@AGR 4F@BEH9DG 
CD< E>BDBEF< 7 >@/E EBEF46?S9F 11 000...16 000°%. #D<@9ASFP 6 QF<I GE?B6<SI F4><9 
B7A9GCBDAO9 @4F9D<4?O, >4> 7D4H<F <?< >9D4@<>4, A9 CD98EF46?S9FES 6B;@B:AO@, F4> >4> 

7D4H<F E7BD49F, >9D4@<>4 D4EFD9E><649FES.  9F4??O :9 CD< QF<I F9@C9D4FGD4I 
@B@9AF4?PAB D4EC?46?SRFES. 

� QF<I GE?B6<SI CB?<@9DAO9 @4F9D<4?O CDBS6<?< E95S E EB69DL9AAB 
A9B:<84AAB= EFBDBAO: B>4;4?<EP CD<7B8AO@< 6 >4K9EF69 :4DBEFB=><I 
CB>DOF<=. 1FB B5NSEAS9FES F9@, KFB CB?<@9DO <@9RF BK9AP A<;>GR 

F9C?BCDB6B8ABEFP < CD< >D4F>B6D9@9AAB@ A47D969 FB?P>B B5G7?<64RFES E 
CB69DIABEF<, 6AGFD9AA<9 :9 E?B< BEF4RFES A9CB6D9:89AAO@<. 
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�EE?98B64A<S CB>4;4?<, KFB CD< 2500...2800 °% A4<5B?PL9= 

:4DBEFB=>BEFPR B5?484RF H9ABC?4EFO E 6B?B>A<EFO@ EF9>?SAAO@ <?< 
A9=?BAB6O@ A4CB?A<F9?9@. 

 9APL9= :4DBEFB=>BEFPR B5?484RF E<?<>BAB6O9 <?< QCB>E<8AO9 
E@B?O E F9@< :9 A4CB?A<F9?S@<. $B?P A4CB?A<F9?S 6 F4><I CB>DOF<SI 
E6B8<FES > CD98BF6D4M9A<R D4EFD9E><64A<S CB?<@9D4 CD< 5B?PLB= E>BDBEF< 

<;@9A9A<S F9@C9D4FGDO. 
�; EF9>?BC?4EFB6 A4 BEAB69 H9AB?HBD@4?P897<8AOI E@B? 

<;7BFB6?S9FES DS8 HGF9DB6B> < F4>:9 89F4?< D4>9F (EBC?4, HGF9DB6>< >4@9DO 

E7BD4A<S < 6OI?BCAOI >4A4?B6, 74;B6O9 DG?<, B5?<JB6>4 >BDCGE4 86<74F9?S, 
ABEB64S K4EFP D4>9FO). 

 

&9>EFB?<F 3 E?B<EFO= C?4EF<> A4 BEAB69 I?BCK4FB5G@4:AB= F>4A< < 

H9AB?HBD@4?P897<8AB= E6S;>< (40...50 % CB?<@9D4), KFB B59EC9K<649F 
A4<?GKLGR 6B8BEFB=>BEFP < CDBKABEFP. 

"A <@99F A<;><= >BQHH<J<9AF FD9A<S 6 C4D9 EB EF4?PR < <;ABEBEFB9>. 
#D<@9A9A<9 89F4?9= <; F9>EFB?<F4 6 @4L<A4I G@9APL49F LG@. 1F<@< 

E6B=EF64@< B5NSEAS9FES <ECB?P;B64A<9 F9>EFB?<F4 8?S CB8L<CA<>B6 
E>B?P:9A<S, L><6B6, >B?9E, L9EF9D9A < 8DG7<I 89F4?9=, A9E@BFDS A4 
A96OEB>GR CDBKABEFP. 

 

�E5BF9>EFB?<F 3 D4;AB6<8ABEFP F9>EFB?<F4 A4 BEAB69 4E59EFB6B= F>4A<. 
"A F9C?BEFB9>, 89L96, EFB9> > ><E?BF4@, CB7?BM49F 8B 2 % !2" < <@99F 

CBED98EF69AAO9 8<Q?9>FD<K9E><9 E6B=EF64. 
�E5BF9>EFB?<F CDBKA99 4E5B6B?B>A<F4 < CD<@9AS9FES >4> 

HD<>J<BAAO= @4F9D<4? 6 FBD@B;AOI ?9AF4I, 8<E>4I, >B?B8>4I, 4 F4>:9 
<ECB?P;G9FES >4> ><E?BFBGCBDAO= @4F9D<4? 6 5B?PL<I 64A-A4I < 54>4I E 
7BDSK<@< D4EF6BD4@< ><E?BF. 

 

�9F<A4>E 3 89L96O= Q?9>FDB<;B?SJ<BAAO= @4F9D<4?, >BFBDO= 
CD<@9ASRF CD< A<;><I K4EFBF4I, 4 EC9J<4?PAO9 @4D>< 3 CD< 6OEB><I 
K4EFBF4I. 

�; A97B <;7BFB6?SRF M<F><, <;B?SFBDO, 89F4?< 6OEB>B6B?PFAB= 
4CC4D4FGDO. 

!98BEF4F>< 79F<A4>E4: ?97>BEFP D4EE?4<64A<S 68B?P ?<EFB6 
A4CB?A<F9?S, KFB @9L49F B5D45BF>9 D9;4A<9@ < LF4@CB6>9 < CB7?BM9A<R 

6?47< A4CB?A<F9?9@ (QFBF A98BEF4FB> 9EFP < G F9>EFB?<F4), KFB GIG8L49F 
Q?9>FD<K9E><9 E6B=EF64. 

�?S ;4M<FO BF 6?47< CB69DIABEFP <;89?<= CBE?9 B5D45BF>< D9;4A<9@ 

CB>DO64RF ?4>4@<. 
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�4;BA4CB?A9AAO9 CB?<@9DAO9 @4F9D<4?O CB8D4;89?SRFES A4 
C9ABC?4EFO, G >BFBDOI @<>DBE>BC<K9E><9 SK9=><, ;4CB?A9AAO9 74;B@, A9 
EBB5M4RFES @9:8G EB5B= (C?BFABEFP 8B 300 >7/@3), < CBDBC?4EFO, G >BFBDOI 
SK9=>< EB98<ASRFES @9:8G EB5B= (C?BFABEFP 5B?99 300 >7/@3

). 

1F< @4F9D<4?O BF?<K4RFES 6OEB><@< F9C?B- < ;6G>B<;B?SJ<BAAO@< 

E6B=EF64@< < A4IB8SF CD<@9A9A<9 6 EFDB<F9?PEF69, IB?B8<?PAB= < 
I<@<K9E>B= F9IA<>9, 6 EG8B- < E4@B?9FBEFDB9A<<, 4 F4>:9 8?S <;7BFB6?9A<S 
?B8B>, CBC?46>B6, CBAFBAB6, EC4E4F9?PAOI ED98EF6. 

�?S CB6OL9A<S @9I4A<K9E><I E6B=EF6 CDB<;6B8SF 4D@<DB64A<9 
74;BA4CB?A9AAOI C?4EF@4EE @9F4??<K9E><@< ?<EF4@< <?< ?<EF4@< <; 5B?99 
CDBKAOI C?4EF@4EE. 

 

1>BAB@<K9E><= QHH9>F BF CD<@9A9A<S C?4EF@4EE 
 

�4@9A4 @9F4??<K9E><I 89F4?9= C?4EF@4EE4@< E<?PAB EA<:49F 
@4F9D<4?B9@>BEFP 6 E6S;< E @4?B= @4EEB= < 6OEB><@ >BQHH<J<9AFB@ 

<ECB?P;B64A<S @4F9D<4?4 ( K<EC = 0,9...0,95 ). 

%FB<@BEFP HBD@BB5D4;B64A<S <;89?<= <; C?4EF@4EE @9FB8B@ 

CD9EEB64A<S <?< ?<FPS CD< @4EEB6B@ I4D4>F9D9 CDB<;6B8EF64 G@9APL49F 
FDG8B9@>BEFP 6 4...5 D4; CB ED46A9A<R E <;7BFB6?9A<9@ @9F4??<K9E><I 
89F4?9=. #D< QFB@ A9B5IB8<@B GK<FO64FP, KFB EFB<@BEFP C?4EF@4EE 
CD<@9DAB EBBF69FEF6G9F EFB<@BEF< J69FAOI @9F4??B6 < ;A4K<F9?PAB 
CD96OL49F EFB<@BEFP K9DAOI @9F4??B6. 

 

$9;<AO 

 

$9;<A4 (6G?>4A<;4F) 3 CDB8G>F 6G?>4A<;4J<< >4GKG>4. 
#B A4;A4K9A<R D4;?<K4RF D9;<AO B5M97B A4;A4K9A<S < EC9J<4?PAO9 

 

$9;<AO B5M97B A4;A4K9A<S > QFB= 7DGCC9 BFABESF 6G?>4A<;4FO 

A9CB?SDAOI >4GKG>B6 (!�) (A4FGD4?PAO= >4GKG>), %��, %�%, %�� 

(E<AF9F<K9E><9 >4GKG><). 
$9;<A4 A4 BEAB69 !� BF?<K49FES 6OEB>B= Q?4EF<KABEFPR, CDBKABEFPR, 

6B8B- < 74;BA9CDBA<J49@BE-FPR. 
%B69DL9AEF6B64A<9 F9IAB?B7<< <;7BFB6?9A<S E<AF9F<K9E><I >4GKG>B6 

< D9;<A A4 <I BEAB69 CB;6B?S9F CB?GK4FP D9;<AO, CB >4K9EF6G A9 GEFGC4RM<9 
D9;<A9 A4 54;9 !�. 

�; D9;<AO B5M97B A4;A4K9A<S <;7BFB6?SRF D9@A<, FDG5O, FD4AECBDF9D- 
AO9 ?9AFO, <;B?SJ<R >459?9= < 8D. 

 

$9;<AO EC9J<4?PAB7B A4;A4K9A<S 
� A<@ BFABESFES D9;<AO, B5?484RM<9 EC9J<H<K9E><@< E6B=EF64@< 

(@4E?BEFB=><9, 59A;BEFB=><9 < 8D.). 
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$9;<A4 A4 BEAB69 CB?SDAOI >4GKG>B6 3 A4=D<F 3 S6?S9FES 
BF9K9EF69AAO@ I?BDBCD9AB6O@ >4GKG>B@. 

� @4L<ABEFDB9A<< CD<@9AS9@O9 D9;<AB6O9 89F4?< 89?SFES A4 DS8 
>?4EEB6: GC?BFA<F9?PAO9, 6<5DB- < ;6G>B<;B?<DGRM<9 < CDBF<6BG84DAO9, 
CDBF<-6B6B;8GLAO9, HD<>J<BAAO9, A9E<?B6O9 < ;4M<FAO9. 

$9;<AB6O9 CDB>?48>< <;B?<DGRF >BDCGE4 EG8B6, 46FB@4L<A < F.8. BF 
>B?954A<= 86<74F9?9=. 

"K9AP L<DB>B CD<@9ASRFES D9;<AB6O9 6>?48OL< 6 @9F4??<K9E><I 
L4DA<D4I, >BFBDO9 D4;N98<ASRF FDGM<9ES @9F4??<K9E><9 K4EF< L4DA<D4. 

�?S GC?BFA<F9?PAOI 89F4?9= <ECB?P;GRFES A9A45GI4RM<9 @4E?B- < 

59A;BEFB=><9 D9;<AO. 
 

%F9>?B 
 

%F9>?B 3 @4>DBE>BC<K9E>< B8ABDB8AB9 4@BDHAB9 69M9EF6B, 
CB?GK9AAB9 CD< ;4F69D8964A<< EC?464 B><E?B6. 

� CDB@OL?9AABEF< <ECB?P;GRFES A9E>B?P>B 6<8B6 EF9>B?, 
BF?<K4RM<IES CB F9D@BEFB=>BEF< < 8DG7<@ E6B=EF64@, 4 F4>:9 CB 
A4;A4K9A<R. 

�64DJ96B9 EF9>?B 
�64DJ96O9 EF9>?4 EBEFBSF CD4>F<K9E>< <; K<EFB7B >D9@A9;9@4 (99,5 % SiO2). 

�64DJ96B9 EF9>?B BF?<K49FES 6OEB><@< CB>4;4F9?S@< F9D@<K9E>B= < 

I<@<K9E>B= EFB=>BEF<. �; A97B <;7BFB6?SRF I<@<K9E>< EFB=>GR CBEG8G, 
K9I?O 8?S F9D@BC4D, <;B?SFBDO, Q?9>FDB64>GG@AO9 <;89?<S, D45BF4RM<9 CD< 

CB6OL9AAOI F9@C9D4FGD4I. 
�9;BE>B?BKAB9 EF9>?B 

�9;BE>B?BKAB9 EF9>?B (FD<C?9>E) 3 QFB >B@5<A<DB64AAB9 EF9>?B, 
EBEFBSM99 <; 86GI <?< A9E>B?P><I E?B96 B5OKAB7B CDB@OL?9AAB7B EF9>?4, 
E>?99AAOI CDB;D4KAO@ Q?4EF<KAO@ < GCDG7<@ CDB@9:GFBKAO@ E?B9@ 

CDB;D4KAB7B BD74A<K9E>B7B CB?<@9D4. 
#B6OL9AAB= 59;BC4EABEFPR 6 D45BF9 B5?484RF < ;4>4?9AAO9 EF9>?4. 

�?S CB?GK9A<S 6OEB>BCDBKAOI < 59;BC4EAOI 6 D45BF9 59;BE>B?BKAOI EF9>B? 
69EP@4 QHH9>F<6AB E>?9<64A<9 A9E>B?P><I E?B96 EF9>B?, CD9864D<F9?PAB 
;4>4?9AAOI. 

�9;BE>B?BKAO9 EF9>?4 CD<@9ASRFES 8?S BEF9>?9A<S 46FB@4L<A, 
E4@B?9FB6, EG8B6, 4 F4>:9 8?S <;7BFB6?9A<S CD<5BDB6, D45BF4RM<I CD< 
CB6OL9AAOI F9@C9D4FGD4I < 846?9A<SI. 

 

#9ABEF9>?B 
#9ABEF9>?B CB?GK4RF 6EC9A<64A<9@ D4EC?46?9AAB7B EF9>?4 CD< 

700...900 D4;?<KAO@< 74;BF6BDAO@< 69M9EF64@< (@9?, G7B?P, >B>E). 
#9ABEF9>?B <@99F @4?GR C?BFABEFP, 97B <ECB?P;GRF >4> ;6G>B- < 

F9C?B<;B?SJ<BAAO= @4F9D<4?. 
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#D<@9A9A<9 1 F C9ABEF9>?4 6 EFDB<F9?PEF69 CD< GF9C?9A<< ;84A<= 
CB;6B?S9F Q>BAB@<FP 85...90 F >D4EAB7B ><DC<K4. 

�DB@9 FB7B, C9ABEF9>?B <ECB?P;GRF 8?S <;7BFB6?9A<S H<?PFDB6, BF 
>BFBDOI FD95G9FES 6OEB>4S I<@<K9E>4S EFB=>BEFP. 

 

%F9>?SAAB9 6B?B>AB 
%F9>?SAAB9 6B?B>AB CB?GK4RF <; D4EC?46?9AAB7B EF9>?4 6OFS7<64A<9@ 

EF9>?B@4EEO K9D9; H<?P9DO <?< 8DG7<@< ECBEB54@<. 
%F9>?B6B?B>AB BF?<K49FES 6OEB><@< CDBKABEFAO@< E6B=EF64@<, 

EFB=>BEFPR > 47D9EE<6AO@ ED984@ < 6OEB>B= F9C?BEFB=>BEFPR. 
&>4A< <; EF9>?B6B?B>A4 <ECB?P;GRF >4> 4D@4FGDG 8?S <;7BFB6?9A<S 

EF9>?BF9>EFB?<FB6, H<?PFD4J<< A9HF9CDB8G>FB6, D4;?<KAOI I<@<K9E><I 
D4EF6BDB6. 

!9F>4AB9 EF9>?B6B?B>AB <ECB?P;GRF >4> F9C?B- < ;6G>B<;B?SJ<BAAO= 

@4F9D<4? 6 EFDB<F9?PEF69, 4 F4>:9 CD< CBEFDB=>9 C4EE4:<DE><I < 
<;BF9D@<K9E><I 647BAB6, >45<A < >BDCGEB6 E4@B?9FB6 < F.8. 

 

%F9>?B>D<EF4??<K9E><9 @4F9D<4?O 3 E<F4??O 
"F EF9>?4 E<F4??O BF?<K4RFES @<A9D4?B7<K9E><@ EBEF46B@ < 

@<>DB>D<EF4??<K9E><@ EFDB9A<9@. 
#DBJ9EE CB?GK9A<S <;89?<= <; E<F4??B6 : 

�; D4EC?46?9AAB7B EF9>?4 BCD989?9AAB7B EBEF464, 6 >BFBDB@ A4IB8SFES 
>4F4?<;4FBDO (8?S EB;84A<S J9AFDB6 >D<EF4??<;4J<<), CB?GK4RF <;89?<S, 
>BFBDO9 CBE?9 BI?4:89A<S A4IB8SFES 6 EF9>?BB5D4;AB@ EBEFBSA<<. 
#B6FBDAO= A47D96 8B F9@C9D4FGDO EF9>?B64A<S (400...600 °%) 6O;O649F 
B5D4;B64A<9 6 EF9>?9 ;4DB8OL9= >D<EF4??<;4J<< (>D<EF4??O >4F4?<;4FBDB6). 
!4 A<I CD< A47D969 CDB<EIB8<F 6O89?9A<9 H4; EF9>?4 6 >D<EF4??<K9E>B@ 

EBEFBSA<<. 
%F9C9AP >D<EF4??<;4J<< 6 E<F4??4I 8BIB8<F 8B 95 %. %<F4??O <@9RF 

6OEB>GR CDBKABEFP, F69D8BEFP, F9D@B- < I<@<K9E>GR EFB=>BEFP. 
�; E<F4??B6 <;7BFB6?SRF B5F9>4F9?< GCD46?S9@OI EA4DS8B6, 

CB8L<CA<>< 8?S D45BFO 59; E@4;>< CD< F9@C9D4FGD9 8B 540 °%, CBDLA< < 

J<?<A8DO 86<74F9?9= 6AGFD9AA97B E7BD4A<S, I<@<K9E>GR (D45BK<9 >B?9E4, 
?BC4F>< < B5?<JB6>< A4EBEB6, C9D9>4K<64RM<I 47D9EE<6AO9 :<8>BEF< E 
45D4;<64@<, H<?P9DO 8?S CB?GK9A<S CB?<@9DAOI 6B?B>BA) < 8DG7GR 

4CC4D4FGDG. 
�9D4@<>4 

 

�9D4@<>B= A4;O64RFES @4F9D<4?O, CB?GK9AAO9 EC9>4A<9@ CBDBL>B6 
@<A9D4?PAOI 69M9EF6. 

%C9>4A<9 CDB<EIB8<F CD< B5:<79 <;89?<=, BFHBD@B64AAOI <; 
CBDBL>B6. 
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�EIB8AO@< 69M9EF64@< 8?S CB?GK9A<S >9D4@<>< E?G:4F 7?<AO, 
CB?96B= LC4F, F4?P>, >4B?<AO, B><E?O 54D<S, F<F4A4, J<D>BA<S, A<B5<S < 

8DG7<I Q?9@9AFB6. 
#D< B5:<79 <EIB8AO9 69M9EF64 6;4<@B89=EF6GRF 8DG7 E 8DG7B@, 

B5D4;GS >D<EF4??<K9E>GR < 4@BDHAGR H4;O >9D4@<><. �DB@9 FB7B, 6 
>9D4@<>9 BEF4RFES CBDO. 

�D<EF4??<K9E>4S H4;4 CD98EF46?S9F EB5B= <BAAO9 >D<EF4??O E 
CBC9D9KA<>B@ 20...30 @>@ < 6OL9. � ;46<E<@BEF< BF <EIB8AB7B EBEF464 BA< 

@B7GF 5OFP B><E?4@<, F69D8O@< D4EF6BD4@< <?< EB98<A9A<S@< B><E?B6. 
�@BDHA4S H4;4 CD98EF46?S9F EB5B= EF9>?B, >BFBDB9 CB I<@<K9E>B@G 

EBEF46G BF?<K49FES BF >D<EF4??B6. 
#BD<EFBEFP >9D4@<>< BCD989?S9FES GE?B6<S@< CDB<;6B8EF64. #BDO 

EA<:4RF @9I4A<K9E>GR < Q?9>FD<K9E>GR CDBKABEFP < G69?<K<64RF CBF9D<, 
CBQFB@G 5B?PL<AEF6B 6<8B6 >9D4@<>< B5?4849F 6OEB>B= C?BFABEFPR 

(BEF4FBKA4S CBD<EFBEFP A9 CD96OL49F A9E>B?P><I CDBJ9AFB6). 
%6B=EF64 >9D4@<>< BCD989?SRFES E6B=EF64@< EB89D:4M<IES 6 A9= 

>D<EF4??B6 < EF9>?4. 
�9D4@<>4 <;BFDBCA4, F4> >4> CD98EF46?S9F EB5B= CB?<>D<EF4??<K9E>B9 

69M9EF6B E @9?><@< 59ECBDS8BKAB D4ECB?B:9AAO@< >D<EF4??4@<. 
�A<;BFDBCA4 >9D4@<>4 A4 BEAB69 @BAB>D<EF4??B6. 

�9D4@<>4 B5?4849F IBDBL<@< 8<Q?9>FD<K9E><@< E6B=EF64@<, 
I<@<K9E>B= EFB=>BEFPR, 8G7BEFB=>BEFPR < 6B8BEFB=>BEFPR. 

"F C?4EF@4EE >9D4@<>4 6O7B8AB BF?<K49FES 6OEB>B= F9C?BEFB=>BEFPR, 
BA4 CBKF< A9 CB869D:9A4 EF4D9A<R < A9 849F BEF4FBKAOI 89HBD@4J<= CB8 
89=EF6<9@ @9I4A<K9E><I A47DG;B>. 

!98BEF4FB> >9D4@<>< 3 IDGC>BEFP. 
�DB@9 FB7B, CD< B5:<79 >9D4@<>4 849F 5B?PLGR GE48>G (8B 20...25 %), 

CBQFB@G FDG8AB 6O89D:4FP FBKAO9 D4;@9DO. 
"5D45BF>4 7BFB6OI <;89?<= ;4FDG8A<F9?PA4, F4> >4> EC9K9AA4S 

>9D4@<>4 F69D84, D9:9FES C?BIB < FB?P>B 45D4;<64@<. 
#?BFABEFP >9D4@<>< A969?<>4: BF 1,8 8B 3,9 7/E@3

 (G A9>BFBDOI 6<8B6 8B 
5 7/E@3). � C?BFAB= >9D4@<>9 <@9RM<9ES CBDO A9 EBB5M4RFES 8DG7 E 8DG7B@ 

< E CB69DIABEFPR, CBQFB@G BA4 74;BA9CDBA<J49@4 < A9 CB7?BM49F 6B8G. 
#BD<EF4S >9D4@<>4 6C<FO649F 6?47G. 

#DBKABEFP >9D4@<>< BCD989?S9FES 99 EBEF46B@, EFDG>FGDB= < 
CBD<EFBEFPR: K9@ @9APL9 >D<EF4??O, K9@ @9APL9 EB89D:<FES EF9>?4 < K9@ 

@9APL9 CBD<EFBEFP, F9@ 6OL9 CDBKABEFP. 
#DBKABEFP A4 <;7<5 D46A4 300...3000 >7E/E@2, CDBKABEFP A4 E:4F<9 6 

A9E>B?P>B D4; 5B?PL9. 
#DBKABEFP G69?<K<649FES A4 15...20 %, 9E?< <;89?<9 CB>DOFB 7?4;GDPR, 

>BFBD4S EB;849F E:<@4RM<9 A4CDS:9A<S 6 CB69DIABEFAB@ E?B9. 
�9D4@<>G <ECB?P;GRF 6 @4L<ABEFDB9A<< >4> 8B?7B69KAO= @4F9D<4?, 

EFB=><= CDBF<6 <;ABE4, A47D964 < 47D9EE<6AOI ED98. �9D4@<K9E>4S C?<F>4 
8?S B5?<JB6>< (A4CD<@9D, >4@9DO E7BD4A<S D94>F<6AB7B 86<74F9?S), 
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B7A9GCBDO, E4AF9IA<K9E><9 <;89?<S, FDG5O 3 6BF A9CB?AO= C9D9K9AP F4>B7B 
CD<@9A9A<S >9D4@<><. 

�B?PL<AEF6B B7A9GCBDB6 3 QFB >9D4@<>4 A4 BEAB69: SiO2, Al2O3, MgO, 

ZrO2, BeO, ThO2, 4 F4>:9 A4 BEAB69 SiC, Si3N4 < 8DG7<I 59E><E?BDB8AOI 
EB98<A9A<=. 

"7A9GCBDABEFP I4D4>F9D<;G9F F9@C9D4FGD4, CD< >BFBDB= CDBKABEFP 
>9D4@<>< CBA<:49FES 8B 2 >7E/E@2

. 

 4>E<@4?PAGR B7A9GCBDABEFP <@9RF K<EFO9 EB98<A9A<S, 59; 
CD<@9E9=, ED98< A<I AG:AB BF@9F<FP ZrO2, ThO2, 59;B><EAGR >9D4@<>G A4 
BEAB69 A<FD<8B6, >4D5<8B6 < 5BD<8B6, >BFBDO9 @B:AB CD<@9ASFP CD< 
F9@C9D4FGD9 6OL9 2000 °%. 

"8A4>B 59;B><EA4S >9D4@<>4 B><E?S9FES 6OL9 1000 °% < 99 <ECB?P;GRF 
?<LP 6 A9=FD4?PAOI ED984I <?< 64>GG@9. 

"7A9GCBDO CD<@9ASRFES 8?S HGF9DB6>< C9K9=, ;4M<FO F9D@BC4D, 
C9D9>4K>< :<8><I @9F4??B6, <;7BFB6?9A<S A47D964F9?9=, F9C?B6B= <;B?SJ<<. 

�OEB>4S F69D8BEFP < F9C?BEFB=>BEFP >9D4@<>< <ECB?P;G9FES 8?S 
D9;4A<S @9F4??B6. � >4K9EF69 D9:GM<I K4EF<J <ECB?P;G9FES >BDGA8 Al2O3, 

>4D5BDGA8 SiC <?< Q?P5BD BN (>G5<K9E><= A<FD<8 5BD4). 
 

 9?>B>D<EF4??<K9E>4S >9D4@<>4 A4 BEAB69 Al2O3 GA<69DE4?PA4 CB 
CD<@9A9A<R < 99 <ECB?P;GRF CD< F9@C9D4FGD4I 8B 1000 °% 6 86<74F9?SI 8?S 
E69K9= ;4:<74A<S, 8?S @BMAOI D48<B?4@C, CB8L<CA<>B6, D45BF4RM<I CD< 

6OEB><I F9@C9D4FGD4I, H<?P9D 8?S 6B?BK9A<S CDB6B?B><, D9:GM97B 
<AEFDG@9AF4, F<7?9= < 8D. 

 

�BCDBEO 8?S E4@BCDB69D><: 
1 �4><@< E6B=EF64@< B5?484RF >B@CBA9AFO >B@CB;<J<BAAOI @4F9D<4?B6? 
2 �4>B9 EFDB9A<9 @B7GF <@9FP >B@CB;<J<BAAO9 @4F9D<4?O? 
3 +FB S6?S9FES @4FD<J9= 6 >B@CB;<J<BAAOI @4F9D<4?4I? 
4 �4><9 A4CB?A<F9?< <ECB?P;GRF 8?S GCDBKA9A<S >B@CB;<J<BAAOI 

@4F9D<4?B6? 
5 �4>B9 6?<SA<9 A4 E6B=EF64 >B@CB;<J<BAAB7B @4F9D<4?4 B>4;O64RF 
6B?B>A4 5BD4? 
6 �4><@< ECBEB54@< @B:AB CB?GK4FP >B@CB;<J<BAAO9 @4F9D<4?O? 
7 � >4><I B5?4EFSI CDB@OL?9AABEF< @B7GF CD<@9ASFPES >B@CB;<J<BAAO9 
@4F9D<4?O? 
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%C<EB> <ECB?P;B64AAOI <EFBKA<>B6: 
 

1. "EAB6A4S ?<F9D4FGD4: 
1. %FG>4AB6, �. �.  4F9D<4?B6989A<9: GK95AB9 CBEB5<9 / �.�. %FG>4AB6. 4  BE>64: 
("$'  : �!($�- , 2023. 4 368 E. 4 (%D98A99 CDBH9EE<BA4?PAB9 B5D4;B64A<9).  

 

 

2. �BCB?A<F9?PA4S ?<F9D4FGD4:  
1. &D48<J<BAAO9 < C9DEC9>F<6AO9 EF4?< 8?S EFDB<F9?PEF64 @47<EFD4?PAOI 
74;BA9HF9CDB6B8B6 : @BAB7D4H<S / �. �. �H<@9A>B, ". 2. �?47<A4, �.  . 
�OL9@<DE><= [< 8D.]. -  BE>64 : �B7BE, 2020. - 316 E. 


