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�6989A<9   

 
 ��.02.03  4L<AO, @9I4A<;@O 8?S D9@BAFAOI < EFDB<F9?PAOI D45BF S6?S9FES 64:AB= 
EC9J<4?PAB= 8<EJ<C?<AB=, A4;A4K9A<9 >BFBDB= - 84FP 5G8GM<@ F9IA<>4@ BEAB6AO9 
E6989A<S B >BAEFDG>J<SI, CD<AJ<C4I D45BFO, D4J<BA4?PAB@ CD<@9A9A<< @4L<A < 
@9I4A<;@B6 6 CGF96B@ IB;S=EF69 < EFDB<F9?PEF69 A4 :9?9;AB8BDB:AB@ FD4AECBDF9; B5 <I 
F9IA<K9E><I I4D4>F9D<EF<>4I < FD95B64A<SI CB B59EC9K9A<R 59;BC4EABEF< 86<:9A<S 
CB9;8B6 < F9IA<>9 59;BC4EABEF< CD< <I D45BF9.  
�4:AB B5NSEA<FP EFG89AF4@ B8<A <; BEAB6AOI CD<AJ<CB6, >BFBDO= 6989F > A4GKAB-
F9IA<K9E>B@G CDB7D9EEG: K9@ 5B?99 @9I4A<;<DB64AO EF4A84DFAO9, F<CB6O9 CDBJ9EEO, F9@ 
5B?PL9 G K9?B69>4 BEF49FES 6D9@9A< 8?S F6BDK9E>B= D45BFO. #D< QFB@ EF4AB6SFES 6<8AO 
AB6O9 ;484K<, >BFBDO9 A9B5IB8<@B D9L<FP, KFB5O 8BEF<7AGFP CBEF46?9AAB= J9?<. � E6S;< 
E QF<@ EF4AB6<FES 6<8AB, A4E>B?P>B 64:A4 DB?P 84AAB= 8<EJ<C?<AO 6 HBD@<DB64A<< 
EC9J<4?<EF4 CB Q>EC?G4F4J<< :9?9;AOI 8BDB7.  
�45BD4FBDAO9  D45BFO A4CD46?9AO A4 HBD@<DB64A<9 CD4>F<K9E><I G@9A<= A9B5IB8<@OI 
CD< BE6B9A<< GK95AB= 8<EJ<C?<AO (CDBH9EE<BA4?PAOI @B8G?9=): 
4 CDBH9EE<BA4?PAOI (6OCB?ASFP BCD989?9AAO9 89=EF6<S, BC9D4J<<, CD98C<E4A<S, 
A9B5IB8<@O9 6 CBE?98GRM9@ 6 CDBH9EE<BA4?PAB= 89SF9?PABEF<); 
4 GK95AOI (D9L4FP ;484K<). 
� CDBJ9EE9 ?45BD4FBDAOI D45BF   EFG89AFO 6OCB?ASRF B8AG <?< A9E>B?P>B ?45BD4FBDAOI 
D45BF (;484A<=) CB8 DG>B6B8EF6B@ CD9CB8464F9?S 6 EBBF69FEF6<< E <;GK49@O@ 
EB89D:4A<9@ GK95AB7B @4F9D<4?4. 
%B89D:4A<9@ ?45BD4FBDAOI D45BF S6?S9FES D9L9A<9 D4;?<KAB7B DB84 ;484K,  6 FB@ K<E?9 
CDBH9EE<BA4?PAOI (4A4?<; CDB<;6B8EF69AAOI ;484K < F. C.), D45BF4 E ABD@4F<6AO@< 
8B>G@9AF4@<, <AEFDG>F<6AO@< @4F9D<4?4@<, ECD46BKA<>4@< < 8D. 
%BEF46 ;484A<= 8?S ?45BD4FBDAOI D45BF EC?4A<DB64A E D4EK9FB@, KFB5O ;4 BF6989AAB9 
6D9@S BA< @B7?< 5OFP 6OCB?A9AO >4K9EF69AAB 5B?PL<AEF6B@ EFG89AFB6. 
�OCB?A9A<R ?45BD4FBDAOI D45BF CD98L9EF6G9F CDB69D>4 ;A4A<= EFG89AFB6 3 <I 
F9BD9F<K9E>B= 7BFB6ABEF< > 6OCB?A9A<R ;484A<S. 
(BD@O BD74A<;4J<< D45BFO EFG89AFB6 A4 ?45BD4FBDAOI D45BF4I @B7GF 5OFP: HDBAF4?PA4S, 
7DGCCB64S < <A8<6<8G4?PA4S. 
#D< HDBAF4?PAB= HBD@9 BD74A<;4J<< D45BF 6E9 EFG89AFO 6OCB?ASRF B8AB6D9@9AAB B8AG 
< FG :9 D45BFG. 
#D< 7DGCCB6B= HBD@9 BD74A<;4J<< D45BF B8A4 < F4 :9 D45BF4 6OCB?AS9FES 
@<>DB7DGCC4@< CB 2-5 K9?B69>. 
#D< <A8<6<8G4?PAB= HBD@9 BD74A<;4J<< ;4ASF<= >4:8O= EFG89AF 6OCB?AS9F 
<A8<6<8G4?PAB9 ;484A<9. 
� D9;G?PF4F9 <;GK9A<S 8<EJ<C?<AO EFG89AF  
G@9FP: 
3 <ECB?P;B64FP @4L<AO < @9I4A<;@O CB A4;A4K9A<R, EB5?R84S CD46<?4 F9IA<>< 
59;BC4EABEF<; 
;A4FP: 
3 A4;A4K9A<9 < GEFDB=EF6B @4L<A < ED98EF6 @4?B= @9I4A<;4J<<. 
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�484A<S 8?S 6OCB?A9A<S  D45BFO 

!4<@9AB64A<9 F9@O ?45BD4FBDAB= D45BFO �B?-
6B 
K4E 

(BD@<DG9@O9 
>B@C9F9AJ<< 

�45BD4FBDA4S D45BF4 7 1: �?4EE<H<>4J<S. &9IA<K9E><9 
C4D4@9FDO @4L<A. !4;A4K9A<9 CD<AJ<C D45BFO @4L<A $ -80, 
$ -76, %+-601, "&-400, %+'-800,  "� 8?S 7?G5B>B= BK<EF>< 
54??4EF4. #B87BFB6>4 CGF< 8?S D45BFO M95A9BK<EF<F9?PAOI 
@4L<A. #DB<;6B8<F9?PABEFP @4L<A. 

2 #� 2.2 
"�1-9 

�45BD4FBDA4S D45BF4 7 2: �OCD46BKAB-CB85<6BKAB-BF89?BKA4S 
@4L<AO �#"-3000( ), �#"-3-3000. �?4EE<H<>4J<S. 
&9IA<K9E><9 C4D4@9FDO @4L<A. 'EFDB=EF6B D45BK<I BD74AB6. 
"CD989?9A<9 CDB<;6B8<F9?PABEF< @4L<A. 

2 #� 2.2 
"�1-9 

�45BD4FBDA4S D45BF4 7 3: �OCD46BKAB-CB85<6BKAB-
D<IFB6BKA4S @4L<A4  EFD9?BKA4S �#$%-02, �#$%-03, �#$%-
05,'A<@4F 08-275/3S, �#$%-02, �#$%-03, �#$%-05, 
�?4EE<H<>4J<S. &9IA<K9E><9 C4D4@9FDO @4L<A. 'EFDB=EF6B 
D45BK<I BD74AB6. "CD989?9A<9 CDB<;6B8<F9?PABEF< @4L<A 

2 #� 2.2 
"�1-9 

�45BD4FBDA4S D45BF4 7 4: �<A4@<K9E><= EF45<?<;4FBD CGF< 
�%#-%, �%#-6%. �?4EE<H<>4J<S. &9IA<K9E><9 C4D4@9FDO 
@4L<A. 'EFDB=EF6B D45BK<I BD74AB6. "CD989?9A<9 
CDB<;6B8<F9?PABEF< @4L<A 

 #� 2.2 
"�1-9 

�45BD4FBDA4S D45BF4 7 5: "CD989?9A<9 CDB8B?:<F9?PABEF< 
6OCB?A9A<S BEAB6AOI D45BF 6 «B>AB» >4C<F4?PAB7B D9@BAF4 
CGF< 

2 #� 2.2 
"�1-9 

�45BD4FBDA4S D45BF4 7 6: "D74A<;4J<S < F9IAB?B7<S D45BFO 
CBFBKAOI ;69ABD4;5BDBKAOI ?<A<=.  4L<AO 8?S D4;5BD>< 
D9?PEB-LC4?PAB= D9L9F><. �?4EE<H<>4J<S. &9IA<K9E><9 
C4D4@9FDO @4L<A. #DB<;6B8<F9?PABEFP @4L<A 

2 #� 2.2 
"�1-9 
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�45BD4FBDA4S D45BF4 7 1   

�?4EE<H<>4J<S. &9IA<K9E><9 C4D4@9FDO @4L<A. !4;A4K9A<9 CD<AJ<C D45BFO @4L<A $ -
80, $ -76, %+-601, "&-400, %+'-800,  "� 8?S 7?G5B>B= BK<EF>< 54??4EF4. #B87BFB6>4 
CGF< 8?S D45BFO M95A9BK<EF<F9?PAOI @4L<A. #DB<;6B8<F9?PABEFP @4L<A.                                                                                                                
*9?P D45BFO: !4;A4K9A<9 CD<AJ<C D45BFO @4L<A 8?S BK<EF>< 54??4EF4. 
#BDS8B> 6OCB?A9A<S:                                                                                                                            
1  �47DS;A9A<9 54??4EFAB= CD<;@O < H<;<K9E><9 BEAB6O CDBJ9EE4 BK<EF>< 
2 �4K9EF6B BK<EF>< 8?S 6E9I F<CB6 M95A9BK<EF<F9?PAOI D45BK<I BD74AB6 
  �,�!/  ��3  "+�%&��  �����%&!"�  #$�� / 
   �4??4EFA4S CD<;@4 B59EC9K<649F 69DF<>4?PAGR < 7BD<;BAF4?PAGR GEFB=K<6BEFP 
D9?PEBLC4?PAB= D9L9F>< CD< 6B;89=EF6<< A4 A99 CB9;8AB= A47DG;><. �?S QFB7B BA4 
8B?:A4 D46AB@9DAB D4ECD989?SFP 846?9A<S, C9D984649@O9 K9D9; CB8BL6O LC4?, A4 
6B;@B:AB 5B?PLGR C?BM48P BEAB6AB= C?BM48>< ;9@?SAB7B CB?BFA4, <@9FP D46AB@9DAB 
D4ECD989?S9@O9 CB 99 8?<A9 < L<D<A9 GCDG7<9 89HBD@4J<< < B59EC9K<64FP A9B5IB8<@GR 
D46AB@9DABEFP A4>BC?9A<S BEF4FBKAOI 89HBD@4J<= CD< Q>EC?G4F4J<< :9?9;AB8BDB:AB7B 
CGF<.   
1  �47DS;A9A<9 54??4EFAB= CD<;@O < H<;<K9E><9 BEAB6O CDBJ9EE4 BK<EF>< 



5 
 

   � EBBF69FEF6<< E FD95B64A<S@< �"%& 7392-2002, 6 CGFP 8B?:9A G>?48O64FPES M959AP 
HD4>J<= 25-60 @@. !<:ASS 1 < 69DIASS 2 7D4A<JO 97B 7D4AG?B@9FD<K9E>B7B EBEF464 
BFD4:9AO A4 D<E. 7.1. -959AP 8B?:9A <@9FP 8BEF4FBKAB D46AB@9DAO= 
7D4AG?B@9FD<K9E><= EBEF46: CD< 97B CDBE9<64A<< K9D9; E<FB E 8<4@9FDB@ BF69DEF<= 40 @@ 
BEF4FB> A4 E<F9 8B?:9A EBEF46<FP 35 3 70 % BF B5M9= @4EEO CDB5O. �BCGE>49FES 
EB89D:4A<9 K4EF<J C?BE>B= < <7?B64FB= HBD@O A9 5B?99 18 %. +4EF<JO HD4>J<= @9A99 25 
@@, F4><@ B5D4;B@, BFABESFES > ;4EBD<F9?S@.                                                                                                           
� AB6B@ M95A9 F4><I K4EF<J 8B?:AB 5OFP CB @4EE9 A9 5B?99 5 %  (n25 - 5 %), CD<K9@ 
K4EF<J E D4;@9D4@< 0,16 @@ A9 5B?99 1 %.  � D9;G?PF4F9 CBC484A<S ;4EBD<F9?9= 
<;@9AS9FES ;9DAB6B= EBEF46 M959ABKAB7B 54??4EFAB7B E?BS. �E?98EF6<9 CBC484A<< 
;4EBD<F9?9= <;@9AS9FES CDBJ9AFAB9 EBBFABL9A<9 HD4>J<= (7D4H<> 1 A4 D<E. 1) #D< 
CD96OL9A<< QFB7B CB>4;4F9?S A9B5IB8<@B CDB6B8<FP 99 BK<EF>G.  
&4>B= GDB69AP ;47DS;A9A<S 8?S ;69AP96B7B CGF< 8BEF<749FES CBE?9 CDBCGE>4 6 ED98A9@ 120 
3 520 @?A. F. 5DGFFB CB9;8AB= A47DG;><, 6 ;46<E<@BEF< BF >4F97BD<< CGF<, FB?M<AO E?BS < 
E>BDBEF< 86<:9A<S 7DG;B6OI CB9;8B6, >4> BEAB6AB7B H4>FBD4 ;47DS;A9A<=.   

 
  $<E. 1. �D4H<>< 7D4AG?B@9FD<K9E>B7B EBEF464 M95AS:  
1 < 2 3 A<:ASS < 69DIASS 7D4A<JO K<EFB7B M95AS CB �"%& 7392-2002; 3 3 EBEF46 
CD989?PAB ;4EBD9AAB7B M95AS 
   #B>4;4F9?P n25 CBE?9 D9@BAF4 CGF< ;46<E<F BF F9IAB?B7<< D45BFO (>4K9EF64 D45BFO 
-"  < >B?<K9EF64 8B;<DG9@B7B 6 CGFP AB6B7B M95AS) < EBEF46?S9F 6 ED98A9@ n25 = 5 3 8 
%.                                               &D95G9FES 6 D9;G?PF4F9 D45BFO @4L<AO 8BEF<74FP 
CB>4;4F9?S  n25 = 6,7 %.                             �4?99 D4EE@BFD<@ 8B?R 6 QFB@ CB>4;4F9?9, 
>BFBDGR B59EC9K<649F @4L<A4. 

 
  $<E. 2. #DBE9<64A<9 M95AS K9D9; E<F4 7DBIBF4 
�4K9EF6B BK<EF>< 8?S 6E9I F<CB6 M95A9BK<EF<F9?PAOI D45BK<I BD74AB6 I4D4>F9D<;G9FES 
>BQHH<J<9AFB@ QHH9>F<6ABEF< �, %, BCD989?SRM<@ES BFABL9A<9@ @4EEO G84?9AAB7B 
;4EBD<F9?S > @4EE9 ;4EBD<F9?S 6 ;47DS;A9AAB@ BK<M49@B@ M959ABKAB@ 54??4EF9. 

,100)/1( 2525 нр nnE 
  (1) 

   789 n25A, n25D 3 CD989?PAB-8BCGEF<@B9 EB89D:4A<9 ;4EBD<F9?S 6 ;47DS;A9AAB@ < 
BK<M9AAB@ M95A9 (n25A= 35 %, n25D = 6,7 %). 
  �9?<K<A4 QFB= 69DBSFABEF< D46A4 EBBFABL9A<R ;4LFD<IB64AAB= C?BM48< BF69DEF<S 
E<F4  (l 3 d)2, @2 (D<E. 7.3, 4) < 6E9= C?BM48<, B7D4A<K9AAB= BES@< CDB6B?B> (l + a)2, @2 (l, 
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a 3 D4EEFBSA<S @9:8G BES@< CDB6B?B> < <I 8<4@9FD, @; d 3 8<4@9FD K4EF<JO, 
4CCDB>E<@<DB64AAB= L4DB@, @). #BE?9 CD9B5D4;B64A<=: 

,)/()/1(
)(

22

2

2

ldlld
al

l
P 


 

 (2) 
   789  3 >BQHH<J<9AF :<6B7B E9K9A<S E<F4 ( = l2./(l + a)2). 
$4EK9F >B?<K9EF64 SK99> 8?S D4;AOI EBBFABL9A<= d/l (D<E. 3, 5) CB>4;O649F, KFB IBDBLB 
CDBE9<64RFES K4EF<JO, G >BFBDOI 8<4@9FD A9 CD96OL49F 0,75 D4;@9D4 SK9=>< («?97><9» 
K4EF<JO). +4EF<JO E EBBFABL9A<9@ d/l > 0.75 CDBE9<64RFES IG:9 («FDG8AO9» K4EF<JO). 
  �?S A4>?BAAOI CDBE9<64RM<I CB69DIABEF9= M95A9BK<EF<F9?PAOI D45BK<I BD74AB6 
J9?9EBB5D4;AB CD<A<@4FP D4;@9DO BF69DEF<=, B59EC9K<64RM<I B8<A4>B6GR E 
7BD<;BAF4?PAO@ <I D4ECB?B:9A<9@ 69DBSFABEFP G84?9A<S ;4EBD<F9?S, 6 EBBF69FEF6<< E 
84AAO@<, CD<6989AAO@< 6 F45?.1. 
&45?<J4 1 

$4;@9DO BF69DEF<= E<F 
A4>?BAAOI 
6<5D4J<BAAOI 7DBIBFB6 
lA, @@@@ 

$4;@9DO BF69DEF<= 7BD<;BAF4?PAOI E<F l7, EBBF69FEF6GRM<I 
CB QHH9>F<6ABEF< D4;@9D4@ lA BF69DEF<= A4>?BAAOI E<F CD< 
D4;?<KAOI G7?4I A4>?BA4 ñ 
5° 10° 15° 16° 20° 26° 30° 

�9DIA99 E<FB 
8080 
7575 
7070 
6363 

   
74,2 
69,4 
64,5 
57,8 

 
73,5 
68,7 
63,9 
57,1 

 
71,1 
66,4 
61,7 
56,1 

 
66,7 
62,2 
57,7 
51,2 

 
63,6 
59,3 
54,6 
48,8 

%D98A99 E<FB 
4040 
4545 
5050 
5555 

 
 

 
38,0 
42,5 
47,9 
52,8 

 
 

 
36,2 
41,0 
45,8 
51,1 

 
34,9 
39,6 
44,3 
49,0 

 
32,5 
40,0 
41,5 
45,9 

 
30,8 
35,2 
39,5 
44,0 

!<:A99 E<FB 
2525 
2828 
3030 
3232 
3636 

 
24,2 
27,2 
29,2 

  
22,4 
25,3 
27,3 
29,3 

 
22,3 
25,2 
27,1 
29,1 

 
21,5 
24,3 
26,2 
28,8 

 
19,9 
22,6 
24,4 
26,2 

 
18,3 
21,4 
23,1 
24,8 
28,3 

2  #D<AJ<CO D45BFO GEFDB=EF6 ;45BD4 < BK<EF>< CGF96B7B M95AS.  
  #B A4;A4K9A<R BA< CB8D4;89?SRFES A4 @4L<AO 8?S D45BFO A4 C9D97BA4I, A4 EFD9?BKAOI 
C9D96B84I, GA<69DE4?PAO9 @4L<AO 8?S D45BFO A4 C9D97BA4I < EFD9?BKAOI C9D96B84I;                          
CB BEAB6AO@ 6OCB?AS9@O@ BC9D4J<S@ 3 A4 @4L<AO 8?S BK<EF>< M95AS, 8?S BK<EF>< < 
6OD9;>< 54??4EF4, 8?S 6OD9;>< (;4@9AO 54??4EF4);                                                                                                     
CB >BAEFDG>F<6AB@G <ECB?A9A<R, 6 K4EFABEF< ECBEB5G 6OD9;>< 54??4EF4 3 A4 @4L<AO E 
C4EE<6AO@< CB8D9;AO@< AB:4@< < CB87D95AO@< >DO?PS@<, E 4>F<6AO@< 6OD9;4RM<@< 
BD74A4@< (J9CAO@< E>D95>B6O@<, DBFBDAO@<, 54DB6O@<) < C4EE<6AO@< CB87D954RM<@< 
>DO?PS@<, E >B@5<A<DB64AAO@< D45BK<@< BD74A4@<;                                                                                   
CB ECBEB5G BK<EF>< M95AS 3 A4 @4L<AO E J9AFDB59:AO@< BK<EF<F9?PAO@< GEFDB=EF64@< 
< @4L<AO E C?BE><@< 6<5D4J<BAAO@< 7DBIBF4@<; CB ECBEB5G FD4AECBDF<DB64A<S 3 A4 
@4L<AO CD<J9CAO9 < @4L<AO E4@BIB8AO9;                                                                                                 
CB ECBEB5G G84?9A<S ;4EBD<F9?S 3 A4 @4L<AO E D4EE9<64A<9@ ;4EBD<F9?S 6 EFBDBAG BF BE< 
CGF< < @4L<AO E A4CD46?9AAO@ C9D9ABEB@ ;4EBD<F9?S 6 EC9J<4?<;<DB64AAO= CB86<:AB= 
EBEF46 (8?S CBE?98GRM97B 97B 6O6B;4) <?< 6O7DG;>< > BEAB64A<R A4EOC<, <?< ;4 CD989?O 
6B8BBF6B8B6 6 A97?G5B><I 6O9@>4I;                                                                                                                   
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CB ECBEB5G D45BFO E CGF96B= D9L9F>B= 3 A4 @4L<AO, D45BF4RM<9 E CB8N9@B@ $,$, 
@4L<AO, D45BF4RM<9 59; 99 CB8N9@4, < @4L<AO, D45BF4RM<9 CD< EASFB= $,$.     
  $4EK9FA4S EI9@4 > BCD989?9A<R @4>E<@4?PAB= E>BDBEF< 86<:9A<S @4L<AO V@,  
EB7?4EB64AAB= EB E>BDBEFPR 86<:9A<S E9FK4FB= ?9AFO V? 
      <A<@4?PA4S E>BDBEFP 86<:9A<S ?9AFO CB GE?B6<R CB8N9@4 K4EF<JO ,  

RgV ?C @/E (R 3 D48<GE >D<6B?<A9=AB= K4EF< 7DBIBF4, @).                                                       
(4>F<K9E>4S E>BDBEFP 86<:9A<S ?9AFO 8B?:A4 5OFP A9@AB7B 5B?PL9. 
   �A4S E>BDBEFP 86<:9A<S ?9AFO V?, @/E, L<D<AG b?, @, < FB?M<AG h8, @, E?BS 54??4EF4 A4 
A9=, @B:AB A4=F< @4>E<@4?PAB 8BCGEF<@GR CB GE?B6<R ABD@4?PAB= BK<EF>< E>BDBEFP 
CBEFGC4F9?PAB7B 86<:9A<S @4L<AO V@, @/E (D<E. 7.8). �E?< CDB<;6B8<F9?PABEFP @4L<AO 
CB DOI?B@G EBEFBSA<R M95AS  

,# EE@@ hbКV
@3/K 

(K 3 >BQHH<J<9AF, GK<FO64RM<= DOI?9A<9 M95AS; bc < hE 3 L<D<A4 < FB?M<A4 
6O7D9549@B7B E?BS M95AS 6 CGF<, @), 4 CDB<;6B8<F9?PABEFP ?9AFO ,  

????# hbV
                                                                                                                                               

FB CBE?9 CD<D46A<64A<S CBE?98A<I 86GI 6OD4:9A<= < CD9B5D4;B64A<= @4>E<@4?PAB 
8BCGEF<@4S E>BDBEFP 86<:9A<S -" , @/E: 

.
EE

???
@

hKb

hbV
V 

  (7.3) 
   &B?M<A4 E?BS A4 ?9AF9 CD<A<@49FES (0,15 3 0,2) b E, @. 
%BEF46 BFK9F4:                                                                                                                                                
1 �47DS;A9A<9 54??4EFAB= CD<;@O < H<;<K9E><9 BEAB6O CDBJ9EE4 BK<EF><                                      
2 �4K9EF6B BK<EF>< 8?S 6E9I F<CB6 M95A9BK<EF<F9?PAOI D45BK<I BD74AB6.                                        
3 #D<AJ<CO D45BFO GEFDB=EF6 ;45BD4 < BK<EF>< CGF96B7B M95AS.  
�BAFDB?PAO9 6BCDBEO  
1 !4;B6<F9 @4L<AO 8?S BK<EF>< 54??4EF4                                                                                                  
2 "EB59AABEFP GEFDB=EF64 @4L<AO -" -�.                                                                                          
3 "EB59AABEFP GEFDB=EF64 @4L<AO -" -� .                                                                                        
4 "EB59AABEFP GEFDB=EF64 @4L<AO -" -4 .                                                                                           
5 "EB59AABEFP GEFDB=EF64 @4L<AO -" - (.                                                                                              
6 "EB59AABEFP GEFDB=EF64 @4L<AO -" -3'. 
 
 

�45BD4FBDA4S D45BF4 7 2   

�OCD46BKAB-CB85<6BKAB-BF89?BKA4S @4L<AO                             �#"-3000( ), �#"-3-
3000. �?4EE<H<>4J<S. &9IA<K9E><9 C4D4@9FDO @4L<A.                  'EFDB=EF6B D45BK<I 
BD74AB6. "CD989?9A<9 CDB<;6B8<F9?PABEF< @4L<A. 
 
*9?P D45BFO: "CD989?9A<9 H<;<K9E><I BEAB6 GC?BFA9A<S 54??4EF4, CB>4;4F9?< >4K9EF64 
GC?BFA9A<S  54??4EF4 
#BDS8B> 6OCB?A9A<S  
1 #D<AJ<CO D45BFO 6OCD46BKAB-CB85<6BKAOI @4L<A.                                                                         
2  (<;<K9E><9 BEAB6O GC?BFA9A<S 54??4EF4, CB>4;4F9?< >4K9EF64 GC?BFA9A<S                                                     
3   #D<AJ<CO D45BFO 6OCD46BKAB-CB85<6BKAOI @4L<A, >?4EE<H<>4J<S @4L<A                                       
4 #B6989A<9 D9?PEBLC4?PAB= D9L9F>< < 54??4EFAB7B E?BS CD< 89=EF6<< A47DG;><                                 
5 #B>4;4F9?< >4K9EF64 GC?BFA9A<S   
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 �,�!/ ��3 '#�"&!�!�3  �����%!"� #$�� /,  
�/#$����  �  "&����� #'&� 
 

 
 $<E. 1. #B?B:9A<9 D9?PEBLC4?PAB= D9L9F>< 6 CDS@BG7B?PAB= E<EF9@9 >BBD8<A4F 0XYZ 

 
 $<E. 2. $45BK<9 BD74AO 8?S GC?BFA9A<S < EF45<?<;4J<< 54??4EFAB7B E?BS  
   1.2  #B6989A<9 D9?PEBLC4?PAB= D9L9F>< < 54??4EFAB7B E?BS CD< 89=EF6<< A47DG;>< 

 
 $<E. 3. $4ECD989?9A<9 846?9A<S BF >B?9EAB= C4DO K9D9; CGF96GR D9L9F>G A4 54??4EFAO= 
E?B= < BEAB6AGR C?BM48>G ;9@?SAB7B CB?BFA4 

 
$<E. 4 �D4H<> A4>BC?9A<S BEF4FBKAOI BE48B> CGF<  
6 ;46<E<@BEF< BF CDBCGM9AAB7B FBAA4:4 5DGFFB 
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   "EF4FBKAO9 BE48>< D9?PEB6OI A<F9= A9D46AB@9DAB A4>4C?<64RFES F4>:9 < BF 
CDBCGM9AAB7B FBAA4:4. 1FB 849F BEAB64A<9 6O89?<FP <; B5M97B «6D9@9A< :<;A<» E?BS 
C9D<B8O (D<E. 4):  
&1 − EF45<?<;4J<< E <AF9AE<6AO@ < CBEF9C9AAB ;4FGI4RM<@ A4>BC?9A<9@ BE48B>;  
&2 − ABD@4?PAB= Q>EC?G4F4J<<, >B784 BE48>< A4>4C?<64RFES @98?9AAB;  
&3 − Q>EC?G4F4J<< E CBEF9C9AAO@ G69?<K9A<9@ BEF4FBKAOI BE48B>                                                      
&4 − 464D<=AO= C9D<B8, >BFBDO= @B:9F ;4>BAK<FPES ;4>DOF<9@ GK4EF>4 8?S 86<:9A<S 
CB9;8B6. 
&9>GM99 EBEFBSA<9 54??4EF4 6 QFB= H4;9 I4D4>F9D<;G9FES BFABE<F9?PAB= BE48>B= EG < EC. 

 
 $<E. 5- $4EK9FA4S EI9@4 > BCD989?9A<R BFABE<F9?PAB= BE48>< GC?BFA9A<S E 
   #BE?9 8BEF<:9A<S CD989?PAB7B EBEFBSA<S (EG ≈ EC) 54??4EF CB?ABEFPR F9DS9F 
ECBEB5ABEFP 84?PL9 GC?BFASFPES, CD< QFB@ 8BEF<749F @4>E<@G@4 A9EGM9= ECBEB5ABEF<.                                            
           1.3. #B>4;4F9?< >4K9EF64 GC?BFA9A<S 
   #D< CDB9>F<DB64A<< EB6D9@9AAO9 CGF96O9 @4L<AO 6 BEAB6AB@ D4EEK<FO64RFES A4 
D45BFG E FS:9?O@< F<C4@< $,$, BC<D4RM<@<ES A4 E?B= M95AS. -959AP CD98EF46?S9F 
EB5B= EOCGKGR ED98G, EBEFBSMGR <; K4EF<J (;9D9A) < CDB@9:GF>B6 @9:8G A<@<, >BFBDO9 
;4CB?A9AO 6 BEAB6AB@ 6B;8GIB@. 
   �?S 4A4?<;4 CB>4;4F9?9= GC?BFA9A<S CD98EF46<@ E959 E?B= 54??4EF4, >BFBDO= 6 
A4K4?PAO= @B@9AF 6D9@9A< <@99F FB?M<AG HA. #BE?9 E<?B6B7B 6B;89=EF6<S A4 A97B 6 
69DF<>4?PAB@ A4CD46?9A<< CDB<EIB8<F B5:<@, 6 D9;G?PF4F9 K97B AB64S FB?M<A4 E?BS 
EF4AB6<FES D46AB= HG. %BEFBSA<9 E?BS 8B < CBE?9 GC?BFA9A<S @B:AB I4D4>F9D<;B64FP 
69?<K<A4@< BE48B>                   HA, HG <; 7<CBF9F<K9E>B7B CD989?PAB DOI?B7B 
EBEFBSA<S, >BFBDB9 I4D4>F9D<;G9FES FB?M<AB= H0.                                            
�B?99 A47?S8AB GC?BFA9A<S 54??4EFAB7B E?BS 6OD4:49FES 6 CB>4;4F9?SI BFABE<F9?PAB= 
EF9C9A< BE48>< <; CD989?PAB DOI?B7B EBEFBSA<S, EBBF69FEF69AAB, 8?S A4K4?PAB7B < 
GC?BFA9AAB7B EBEFBSA<=: 

,        ;
0

G

0

G

0

A

0

A

V

V

H

H
E

V

V

H

H
E ун













   (1)  
   789 VA, VG  3 G@9APL9A<S B5N9@B6 54??4EFAB7B E?BS 8B < CBE?9 97B GC?BFA9A<< <; 
7<CBF9F<K9E>B7B CD989?PAB DOI?B7B EBEFBSA<S;  
V0 3 B5N9@ E?BS 6 G>4;4AAB@ DOI?B@ EBEFBSA<<, >BFBDB9 CD<A<@49FES >4> 54;B6B9. 
    4L<A4 CD<6B8<F 54??4EFAO= E?B= <; A9>BFBDB7B EBEFBSA<S CD9864D<F9?PAB7B 
GC?BFA9A<S 6 EBEFBSA<9 CBE?9 GC?BFA9A<S, CBQFB@G @B:AB EK<F4FP, KFB @4L<A4 
«8B546?S9F» BFABE<F9?PAGR BE48>G E?BS 6 G>4;4AAB@ E@OE?9 A4 69?<K<AG: 

.AG
0

AG

0

G
@ EE

V

VV

V

HH
E

н 






   (2) 

   �4> 6<8AB <; HBD@G?, BFABE<F9?PAGR BE48>G @B:AB BCD989?SFP < K9D9; EBBFABL9A<S 
B5N9@B6 54??4EFAB7B E?BS 6 D4;AOI 97B EBEFBSA<SI. � J9?B@, QFB BJ9A>4 A4 @4>DBGDB6A9 
6A9LA<I CDBS6?9A<= QHH9>F4 GC?BFA9A<S. 
   !4 @<>DBGDB6A9 (A4 GDB6A9 6;4<@B89=EF6GRM<I 8DG7 E 8DG7B@ K4EF<J) <ECB?P;GRFES 
864 CB>4;4F9?S, I4D4>F9D<;GRM<9 EBBFABL9A<9 B5N9@B6, ;4ASFOI K4EF<J4@< VE (B5N9@ 
E>9?9F4), < B5N9@B6, ;4ASFOI 6B;8GIB@ VC (B5N9@ CBD). 1FB CBD<EFBEFP n < >BQHH<J<9AF 
CBD<EFBEF< , EBBF69FEF69AAB: 
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.        ;
E

C

CE

C

V

V

VV

V
n 


 

   (3) 
   'C?BFA9AAB9 EBEFBSA<9 M959ABKAB7B 54??4EFAB7B @4F9D<4?4 I4D4>F9D<;G9F F4>:9 
B5N9@A4S C?BFABEFP ρG, >4> BFABL9A<9 @4EEO M95AS > ;4A<@49@B@G <@ B5N9@G. "8A4>B 
B5N9@A4S C?BFABEFP ;46<E<F BF C?BFABEF< @4F9D<4?4 K4EF<J, CBQFB@G D9:9 <ECB?P;G9FES 6 
D4EK9FAOI @B89?SI CDBJ9EE4 GC?BFA9A<S. 
   "C<E4AAO9 6OL9 CB>4;4F9?< GC?BFA9AAB7B EBEFBSA<S M95AS E6S;4AO @9:8G EB5B= 
EBBFABL9A<S@<: 

(4)  
    
789 ε0, εG − >BQHH<J<9AFO 
CBD<EFBEF<,                                                                                                                                       
                     n0, nG − CBD<EFBEF< CD989?PAB DOI?B7B < GC?BFA9AAB7B EBEFBSA<= M95AS;  
ρE, ρG − C?BFABEFP @4F9D<4?4 K4EF<J < B5N9@A4S C?BFABEFP GC?BFA9AAB7B M95AS. 
   �;?4749@4S ;89EP @9FB8<>4 D4EK9F4 GC?BFA<F9?PAOI D45BK<I BD74AB6 CGF96OI @4L<A 
<ECB?P;G9F 6 >4K9EF69 BEAB6AOI CB>4;4F9?9= >BQHH<J<9AF CBD<EFBEF< e < BFABE<F9?PAGR 
BE48>G E?BS E. 
   #BD<EFBEFP M95AS CB �"%& 7392-2002 6 CD989?PAB DOI?B@ EBEFBSA<< >B?95?9FES 6 
CD989?4I n0 = 0,42−0,45 (6 ED98A9@ n0 = 0,435), 4 6 CD989?PAB GC?BFA9AAB@ EBEFBSA<<                                
nC = 0,36 − 0,37 (6 ED98A9@ nC = 0,365) [45].                                                                                                
$4EK9F CB HBD@G?4@ (1.4) CB>4;O649F, KFB 6 CD989?PAB DOI?B@ EBEFBSA<< >BQHH<J<9AF 
CBD<EFBEF< ε0 = 0,724 − 0,818 (6 ED98A9@ ε0 = 0,770), 4 6 CD989?PAB GC?BFA9AAB@ 
EBEFBSA<<                                 εC = 0,563 − 0,587 (6 ED98A9@ εC = 0,575).                                                                                       
"FABE<F9?PA4S BE48>4 GC?BFA9A<S CD989?PAB7B EBEFBSA<S EBEF46?S9F EC = 0,18− 0,25.                                                                                                         
� D4EK9F4I GC?BFA<F9?PAOI D45BK<I BD74AB6 CGF96OI @4L<A @B:AB CD<A<@4FP: ε0 = 0,80, 
εC = 0,57 < EC = 0,20.  1F< ;A4K9A<S G8B6?9F6BD<F9?PAB EB7?4EGRFES E CB?GK9AAO@< D4A99 
84AAO@< 8?S M959ABKAB7B 54??4EFAB7B E?BS, <;7BFB6?S9@B7B CB CD98L9EF6GRM<@ 
EF4A84DF4@. #B>4;4F9?< BJ9A>< >4K9EF64 (EF9C9A< < D46AB@9DABEF<) GC?BFA9A<S < 
EF45<?<;4J<< 54??4EF4 CGF< CD<6989AO 6 F45?. 10.1. 
&45?<J4 1. #B>4;4F9?< BJ9A>< >4K9EF64 (EF9C9A< < D46AB@9DABEF<) GC?BFA9A<S                                                     
< EF45<?<;4J<< 54??4EF4 :9?9;AB8BDB:AB7B CGF< 
 
#B>4;4F9?P 

�A4K9A<S CB>4;4F9?S <?< HBD@G?4                      
BCD989?9A<S 
#D4>F<K9E>< 8BEF<7AGFO9 CD989?PAO9 

%F9C9AP GC?BFA9A<S: 
C?BFABEFP, >7/@3 
CBD<EFBEFP 
>BQHH<J<9AF CBD<EFBEF< 
BFABE<F9?PA4S BE48>4 
GC?BFA9A<S 

 
ò8 = (1,531,8)103 
n8 = 0.3630.38 
8=0,5630,61 

20,014,0 

H

H

 

 
(1,932,1)103 
0.3330.34 
0,4930,51 
 
0,2230,25 

�4K9EF6B GC?BFA9A<S ò  óò;   n  ón; 
  ó;   H  óH 

max 
min 

%>BDBEFP BE48>< E?BS, @@/@?A F 
5DGFFB var hV

dT

dh

 

Vh = const 

'E>BD9A<9 (D46AB@9DABEFP) 
BE48>< E?BS, ;

2

2

hW
dT

hd

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@@/(@?A F 5DGFFB)2 óGD(Wh)   1,33 @@; 
óGD(Wh)   (0,2530,33) 
B/BB 

Wh = 0 

   &9IAB?B7<K9E><= CDBJ9EE GC?BFA9A<S @4EE<64 54??4EFAB7B E?BS E6S;4A E 
C9D9D4ECD989?9A<9@ CB8 89=EF6<9@ E<?B6OI H4>FBDB6 (D45BK<I BD74AB6 <?< CB9;8AB= 
A47DG;><) B5N9@B6 54??4EF4 6AGFD< E?BS E B5D4;B64A<9@ ?B>4?PAOI ;BA CB6OL9AAB= 
6E?98EF6<9 GC?BFA9A<S (CB8 D9?PEB6O@< A<FS@<) < CBA<:9AAB= 6E?98EF6<9 
D4;GC?BFA9A<S (6 LC4?PAOI SM<>4I, CB8 >BAJ4@< LC4?) >BAJ9AFD4J<< K4EF<J.  
"FABE<F9?PA4S BE48>4 GC?BFA9A<S EG CBE?9 E<?B6B7B 6B;89=EF6<S BCD989?S9FES CB 
HBD@G?9 

)1(1 A
A

G
G E

V

V
E 

    (5)  
   789 VA, VG 3 B5N9@O, ;4A<@49@O9 54??4EFB@ 8B < CBE?9 GC?BFA9A<S. 
    B89?P CD<@9A<@4 8?S D4EK9F4 QHH9>F4 GC?BFA9A<S 54??4EFAB7B E?BS CD< B8AB>D4FAB@ 
6B;89=EF6<<. &4>B= CB8IB8 <ECB?P;G9FES 6 5B?PL<AEF69 @9FB8<> D4EK9F4 D9;G?PF4F4 
GC?BFASRM97B E<?B6B7B 6B;89=EF6<S A4 54??4EFAO= E?B= D45BK<@< BD74A4@< CGF96OI 
@4L<A. 
   $4EK9FAO9 @B89?< F4><I CDBJ9EEB6 GC?BFA9A<S, CDBF9>4RM<I A4 CBE?98GRM<I QF4C4I 
E<?B6B7B 6B;89=EF6<S, 8B?:AO GK<FO64FP 6;4<@B89=EF6<9 A9E>B?P><I B5N9@B6 54??4EF4, 
>4:8O= <; >BFBDOI I4D4>F9D<;G9FES E6B<@ ;A4K9A<9@ BFABE<F9?PAB= BE48>< GC?BFA9A<S 
Ei.  
!4CD<@9D, 9E?< GC?BFA9AAB9 EBEFBSA<9 S8D4 8BEF<749FES ;4 EK9F 6B6?9K9A<S 6 CDBJ9EE 
86GI <EIB8AOI B5N9@B6 54??4EF4, FB @B:AB CB>4;4FP, KFB BFABE<F9?PA4S BE48>4 @4EE<64 
54??4EFAB7B E?BS (S8D4 GC?BFA9A<S) 6OD4:49FES HBD@G?B= : 

.
)1()1(

)1)(1(
1

2A1AA1A2

2A1AG
G

EVEV

EEV
E






   (6) 
   � QFB= HBD@G?9 <A89>EO A1, A2 CD< C9D9@9AAOI B5B;A4K4RF, KFB CB>4;4F9?P BFABE<FES > 
C9D6B@G < 6FBDB@G B5N9@4@ 8B GC?BFA9A<S. 
 1F< @B89?< FD95GRF CDB6989A<S Q>EC9D<@9AF4?PAOI <EE?98B64A<= 8?S BCD989?9A<S 
AG:AOI I4D4>F9D<EF<> D4EE@4FD<649@B7B CDBJ9EE4. 
    B89?P (1), CD< BCD989?9A<< 8BCB?A<F9?PAOI GE?B6<=, CD<@9A<@4, A4CD<@9D, 8?S 
BJ9A>< GC?BFASRM97B QHH9>F4 CD< B8AB>D4FAB@ B5:<@9 54??4EFAB7B E?BS ?BC4F>4@< 
CB85B9> @4L<A F<C4 �#$.  !B 8?S D4EK9F4 GC?BFASRM97B QHH9>F4 BEAB6AOI 6<5DBC?<F 
@4L<A F<C4 �#", <@9RM<I BEAB6AB= < 8BCB?A<F9?PAO= GC?BFA<F9?PAO9 >?<APS, 
6B;A<>49F A9B5IB8<@BEFP <ECB?P;B64FP 8BCB?A<F9?PAB @B89?P (2).                                                                               
%4@O= D4ECDBEFD4A9AAO= ECBEB5 GC?BFA9A<S 54??4EFAB7B E?BS 3 6<5D4J<BAAO= B5:<@. 
!4K4?PAB9 EBEFBSA<9 54??4EF4 I4D4>F9D<;G9FES BFABE<F9?PAB= BE48>B= GC?BFA9A<S EA, 4 
EBEFBSA<9 CBE?9 E<?B6B7B 6B;89=EF6<S 3 BFABE<F9?PAB= BE48>B= GC?BFA9A<S EG.                                        
� D4EK9F4I GC?BFA<F9?PAOI D45BK<I BD74AB6 <ECB?P;G9FES CBASF<S 7<CBF9F<K9E>B7B 
CD989?PAB DOI?B7B EBEFBSA<S < CD989?PAB GC?BFA9AAB7B EBEFBSA<S. "A< I4D4>F9D<;GRFES 
EBBF69FEF6GRM<@< BFABE<F9?PAO@< BE48>4@< GC?BFA9A<S E0 < EC.                                               
�OL9 CD<6989AO ;46<E<@BEF<, I4D4>F9D<;GRM<9 <;@9A9A<9 BFABE<F9?PAB= BE48>< 
GC?BFA9A<S CD< B5:<@9 B8AB7B B5N9@4 (10.5) <?< CD< EB98<A9A<< 86GI B5N9@B6 6 B8<A 
B5N9@ 54??4EF4 (6). 



12 
 

 
 $<E. 6- !4>BC?9A<9 BFABE<F9?PAB= BE48>< GC?BFA9A<S E 6 54??4EFAB@ E?B9 CD< 
6B;89=EF6<< CB9;8AB= A47DG;>< 6 ;46<E<@BEF< BF CDBCGM9AAB7B CB GK4EF>G FBAA4:4 T 
   #BE>B?P>G 9EFP CD989?PAB GC?BFA9AAB9 EBEFBSA<9 54??4EF4, FB EF45<?<;4J<S CGF9@ 
GC?BFA9A<S @B89?<DG9FES CDBJ9EEB@ A4EOM9A<S CD<ASFB7B > D4EE@BFD9A<R CB>4;4F9?S 
GC?BFA9A<S 3 BFABE<F9?PAB= BE48>< E.  
#DBJ9EE A4>BC?9A<S BFABE<F9?PAB= BE48>< E 54??4EFAB7B E?BS, A4CD<@9D, CD< 
EF45<?<;4J<< 6 C9D<B8 T1 (D<E. 6) @B:AB @B:AB BC<E4FP 6OD4:9A<9@: 
 
    (7) 
 
 
 
 
789 EA 3 A4K4?PA4S BFABE<F9?PA4S BE48>4 GC?BFA9A<S, CB?GK49@4S CD< EF4F<K9E>B@ 
B5:<@9 54??4EF4 ED4;G CBE?9 CD<?B:9A<S A47DG;>< (6 QFB@ E?GK49 BA4 CB?GK49FES 6 
D9;G?PF4F9 6B;89=EF6<S >B?9EAOI C4D @4L<A CD< D45BF9);                                                                                                  
EC 3 CD989?PAB 6B;@B:A4S 8?S >BA>D9FAB7B I4D4>F9D4 E<?B6B7B 6B;89=EF6<S 
BFABE<F9?PA4S BE48>4 GC?BFA9A<S;                                                                                                                                              
KE 3 >BQHH<J<9AF >DGF<;AO A4D4EF4A<S BFABE<F9?PAB= BE48>< CB?GK9A >BQHH<J<9AF 
>DGF<;AO KE~ 0,4, EB6C484RM<= E D9;G?PF4F4@< <EE?98B64A<=);                                                                  
T 3 CDBCGM9AAO= FBAA4: E GK9FB@ 8<A4@<K9E><I H4>FBDB6, @?A F 5DGFFB.  
#D< 6B;D4EF4A<< CDBCGM9AAB7B FBAA4:4 BFABE<F9?PA4S BE48>4 4E<@CFBF<K9E>< EFD9@<FES 
> CD989?PAB@G ;A4K9A<R EC, CBQFB@G FBAA4: T1, EBBF69FEF6GRM<= C9D<B8G B5>4F>< (D<E. 
10.8), A4;A4K49FES 6 ;A4K<F9?PAB= EF9C9A< 8<D9>F<6AB, E GK9FB@ A4>BC?9AAB7B BCOF4 
Q>EC?G4F4J<<. #GA>F<DA4S ?<A<S BFD4:49F >DGF<;AG A4D4EF4A<S BFABE<F9?PAB= BE48>< 6 
A4K4?PAO= @B@9AF CD<?B:9A<S CB9;8AB= A47DG;><.  
� D9;G?PF4F9 D45BFO CGF96B= @4L<AO BFABE<F9?PA4S BE48>4 GC?BFA9A<S EF4AB6<FES 
D46AB= E@, KFB B;A4K49F, KFB @4L<A4 CB;6B?<?4 G@9APL<FP EF45<?<;4J<BAAO= 
FBAA4: T1 A4 69?<K<AG T@. �?S 8BEF<:9A<S EF45<?PAB7B EBEFBSA<S 54??4EFAB7B E?BS 
BEF49FES CDBCGEF<FP FBAA4: TBEF. 
   �46<E<@BEFP (7), 6 B5M9@ E?GK49, CD<@9A<@4 < > A9>BFBDB@G Q?9@9AF4DAB@G B5N9@G 
54??4EF4, CB869D749@B@G E<?B6B@G 6<5D4J<BAAB@G 6B;89=EF6<R 6<5D<DGRM9= 
CB69DIABEFPR E A4D4EF4RM<@ 6 >4:8B@ J<>?9 846?9A<9@ p, >#4.  
   #D989? 846?9A<S, CD< >BFBDB@ 54??4EFAO= @4F9D<4? A4K<A49F F9KP D9>B@9A8G9FES 
6OK<E?SFP  CB HBD@G?9, >#4:   
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|,)1ε2ln(|  qp

789 ω 3 G7?B64S K4EFBF4 >B?954A<= 6<5D<DGRM9= CB69DIABEF<, D48/E;                                                                    
t6 3 6D9@S 6B;89=EF6<S 6<5D<DGRM9= CB69DIABEF<, E;                                                                                                         
i 3 EK9FK<> J<>?B6 >B?954A<= (i = 1, 2,&, N). 
#D989? 846?9A<S, CD< >BFBDB@ 54??4EFAO= @4F9D<4? A4K<A49F F9KP D9>B@9A8G9FES                             
6OK<E?SFP CB HBD@G?9, >#4: 
    (9) 
 
789 q 3 BCOFAO= >BQHH<J<9AF q = (0,3 3 0,5)∙103 >#4 8?S DOI?B7B 54??4EF4; q = (0,6 3 
0,8)∙103 >#4 8?S GC?BFA9AAB7B 54??4EF4;  
ε 3 >BQHH<J<9AF CBD<EFBEF< 54??4EF4, >BFBDO= E6S;4A E 8DG7<@< CB>4;4F9?S@< 
GC?BFA9A<S, KFB E?98G9F <I HBD@G? (10). 
   #DB@9:GFBKAO9 ;A4K9A<S >BQHH<J<9AF4 q @B:AB BCD989?<FP @9FB8B@ ?<A9=AB= 
<AF9DCB?SJ<<, A4CD<@9D, CD<AS6 q0 = 0,3∙103 >#4 8?S CD989?PAB DOI?B7B M95AS < qC = 
0,8∙103 >#4 8?S CD989?PAB GC?BFA9AAB7B M95AS. (BD@G?G @B:AB <ECB?P;B64FP 8?S ε > 0,5. 
   !4D4EF4A<9 A9EGM9= ECBEB5ABEF< 54??4EF4 B7D4A<K9AB @4>E<@4?PAO@ 846?9A<9@  pmax, 
>#4, >BFBDB9 @B:9F D4;6<FP 6<5D<DGRM4S CB69DIABEFP, 4 F4>:9 E?GK49@, >B784 
8BEF<7AGFB CD989?PAB9 CB E6B=EF64@ 54??4EF4 BFABE<F9?PAB9 GC?BFA9A<9    EC. 
�E?< pmax < pC (pC 3 846?9A<9, CD< CD96OL9A<< >BFBDB7B CDB<;B=89F D4;DGL9A<9 
EHBD@<DB64AAB= F9>EFGDO, >#4), FB 5G89F 8BEF<7AGF4 BFABE<F9?PA4S BE48>4 
GC?BFA9A<S EG < EC, < 84?PA9=L<= B5:<@ CD9>D4F<FES. 
%BEF46 BFK9F4:                                                                                                                                             
*9?P D45BFO.                                                                                                                                               
1 #B>4;4F9?< >4K9EF64 GC?BFA9A<S 
2 &9IAB?B7<K9E><= CDBJ9EE GC?BFA9A<S @4EE<64 54??4EFAB7B E?BS.                                              
3 #B>4;4F9?< BJ9A>< >4K9EF64 (EF9C9A< < D46AB@9DABEF<) GC?BFA9A<S < EF45<?<;4J<< 
54??4EF4 CGF< 
�BAFDB?PAO9 6BCDBEO 
1 !4;A4K9A<9, B5M99 GEFDB=EF6B @4L<AO �#"-3000.                                                                                
2 !4;A4K9A<9, B5M99 GEFDB=EF6B @4L<AO �#"-3-3000;                                                                                 
3 �BAEFDG>J<S BEAB6AOI 6<5DBC?<F �#"-3000.                                                                                              
4 #D<AJ<C D45BFO 6<5D4FBD4 A9 A4CD46<?PAB7B 89=EF6<S. 
 

�45BD4FBDA4S D45BF4 7 3   

�OCD46BKAB-CB85<6BKAB-D<IFB6BKA4S @4L<A4  EFD9?BKA4S �#$-1200, �#$%-02, 
�?4EE<H<>4J<S. &9IA<K9E><9 C4D4@9FDO @4L<A. 'EFDB=EF6B D45BK<I BD74AB6. 
"CD989?9A<9 CDB<;6B8<F9?PABEF< @4L<A.  
*9?P D45BFO: BCD989?9A<9 F9IA<K9E><I C4D4@9FDB6 @4L<A, GEFDB=EF6B D45BK<I BD74AB6. 
 
#BDS8B> 6OCB?A9A<S:  
1 �BAFDB?PAB-<;@9D<F9?PA4S E<EF9@4                                                                                                              
2 %7?4:<64RM<9 E6B=EF64 E<EF9@O 6 CDB8B?PAB@ CDBH<?9                                                                           
3 #DB<;6B8<F9?PABEFP 6OCD46BKAB-CB85<6BKAB= @4L<AO J<>?<K9E>B7B 89=EF6<S 
      �/#$��"+!"-#"����"+!"-$�)&"�"+!/�  �,�!/ �#$-1200, �#$%-02 
   �OCD46BKAB-CB85<6BKAB-D<IFB6BKAO9 @4L<AO �#$-1200, �#$%-02 QFB @4L<AO 
J<>?<K9E>B7B 89=EF6<S, 6OCB?ASRM<9 6 >B@C?9>E4I @4L<A H<A<LAO9 D45BFO CB 
6OCD46>9 CGF< E GC?BFA9A<9@ 54??4EFAB= CD<;@O 8?S G@9APL9A<S EF9C9A< 
A9D46AB@9DABEF< 97B BFEFGC?9A<= CB GDB6AR, 6 C?4A9 < CDBE48>4@     .                        
  �?S BCD989?9A<S CB?B:9A<S @4L<AO BFABE<F9?PAB FBK9> 68B?P CGF<, E CD<6S;>B= > 
>BFBDO@ CDB<;6B8<FES 46FB@4F<K9E><= D4EK9F >BDD9>F<DB6BKAB7B GCD46?9A<S 6OCD46>B=, 
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A4 C9D98A9= F9?9:>9 9 GEF4A46?<649FES <@CG?PEAO= 84FK<> CGF< E @9DAO@ >B?9EB@ 10.                   
"5OKAB CB?AO= B5BDBF >B?9E4 EBBF69FEF6G9F 1 @ CDB=89AAB7B @4L<AB= CGF<. 

 
 $<E. 1- �6GILC4?PAO= CB85<6BKAO= 5?B> @4L<AO �#$-1200:  
1 - EF4A<A4; 2 - L4DA<DAO9 G;?O DOK47B6 CB85B9>;                                                                                     
3, 5 - 7<8DBJ<?<A8DO CD<6B84 DOK47B6 6AGFD9AA<I < A4DG:AOI CB85B9>; 4, 11 - DOK47< 
A4DG:AOI < 6AGFD9AA<I CB85B9>;  6 - 69DF<>4?PAO9 A4CD46?SRM<9 J<?<A8D<K9E><9 
>B?BAAO;  7 - @4E?SAO= 54> E@4;BKAB= E<EF9@O; 8 - 7<8DBJ<?<A8D 69DF<>4?PAB7B 
C9D9@9M9A<S 5?B>4;   9 - EFBCBDA4S CDBGL<A4; 10 - 7<8DB@BFBD CD<6B84 Q>EJ9AFD<>B6B7B 
64?4; 12, 13 - A4DG:AO9 < 6AGFD9AA<9 CB85B=>< (16 LF.); 14 -GCDG74S 6FG?BKAB-C4?PJ964S 
@GHF4; 15, 21 - @4IB6<><; 16, 17 -- B5B=@O 7<8DBJ<?<A8DB6 CD<6B84 DOK47B6 6AGFD9AA<I 
CB85B9>; 18, 20 - >BD9AAO9 < L4FGAAO9 CB8L<CA<><; 19 - Q>EJ9AFD<>B6O= 64?; 22, 24 - 
6FG?>< L4DA<DAB7B G;?4;  23 - @4A:9FO 
   �@C?<FG84 >B?954A<= A 8?S 6A9LA<I < 6AGFD9AA<I CB85B9> <@99F H<>E<DB64AAB9 
;A4K9A<9 (A = 4,5 @@ 3 8?S A4DG:AOI CB85B9> < A = 6,5 @@ 3 8?S 6AGFD9AA<I CB85B9>). 
'7?B64S K4EFBF4 >B?954A<= w = 220 D48/E F4>:9 A9<;@9AA4.  
�BAFDB?PAB-<;@9D<F9?PA4S E<EF9@4 (��%) B59EC9K<649F <;@9D9A<9 BF>?BA9A<= 6 
CB?B:9A<< CGF<, 6OD45BF>G < C9D984KG E<7A4?4 A4 GCD46?9A<9 @9I4A<;@4@< CB8N9@>< < 
E86<:><, >BAFDB?P D9;G?PF4FB6 6OCD46BKAOI D45BF < ;4C<EP CB?B:9A<S CGF<.                                                 

 
 $<E. 2- �BAFDB?PAB-<;@9D<F9?PA4S E<EF9@4 6OCD46>< CGF< @4L<AO �#$-02:  
1, 13 < 15 - C9D98ASS, >BAFDB?PAB-<;@9D<F9?PA4S < ;48ASS F9?9:>< D<IFB6BKAB=                                   
��% 2 - HBFBCD<9@A<> ?4;9DAB7B ?GK4;  
3, 30 < 31 - E?98SM<9 @9I4A<;@O >BDD9>F<DB6>< CB?B:9A<S C9D98A<I >BAJB6 
D<IFB6BKAB7B < A<69?<DB6BKAOI FDBEB6-IBD8;  
4 - F9?9:>4 E ?4;9DAB= CGL>B=; 5 3 >4FB> E 84FK<>B@ CGF<; 6 - DOK47; 7, 12 < 14 - IB8B6O9 
F9?9:>< @4L<AO < C?4FHBD@O; 8, 24 < 25 - D<IFB6BKAO= < A<69?<DB6BKAO= FDBEO-IBD8O;                 
9 - #$'; 10 < 17 - <;@9D<F9?PAO= < >BAFDB?PAO= 84FK<>< D<IFB6BKAB= ��%;  
11 - CB85B=><; 16 < 26 - @4SFA<>B6O9 84FK<>< GDB6AS >BAFDB?PAB= < A<69?<DB6BKAB= 
E<EF9@; 18 < 20 - CA96@BJ<?<A8DO A4FS:9A<S A<69?<DB6BKAOI FDBEB6; 19, 21, 28 < 29 - 
>BAFDB?PAO9 < A<69?<DB6BKAO9 GEFDB=EF64; 22 < 23 - 84FK<>< CDB8B?PAB7B CDBH<?S;                          
27 - A<69?<DB6BKAB-D<IFB6BKAB9 <;@9D<F9?PAB9 GEFDB=EF6B;  
a, b, c - C?9K< <;@9D<F9?PAB= IBD8O D<IFB6BKAB= ��%;  l1, l2, l - C?9K< < 8?<A4 
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<;@9D<F9?PAB= 54;O A<69?<DB6BKAB= ��%;  
L1, L2, L - C?9K< < 8?<A4 >BDD9>F<DB6BKAB= IBD8O; FA, DfA - F9>GM4S 69DF<>4?PA4S 
A9DB6ABEFP < E<7A4? A4 E@9M9A<9 CGF< 6 FBK>9 6OCD46><  
   %7?4:<64RM<9 E6B=EF64 E<EF9@O 6 CDB8B?PAB@ CDBH<?9 I4D4>F9D<;GRFES BC<E4AAO@< 
6 C9D6B= K4EF< CBEB5<S CB>4;4F9?S@<, BEAB6AO@ <; >BFBDOI S6?S9FES EF4F<K9E><= 

>BQHH<J<9AF E7?4:<64A<S, 97B ;A4K9A<9: 
 
   (1) 
 

789 FA, fA 3 BF>?BA9A<9 C9D98A9= FBK>< >BDD9>F<DB6BKAB= IBD8O A4 <EIB8AB= 
A9DB6ABEF< < BF>?BA9A<9 CB?B:9A<S IBD8O 6 FBK>9 6OCD46>< BFABE<F9?PAB 
BFE?9:<649@B= BF@9F><                                          (6 B5M9@ E?GK49 E CB8N9@>B=);                                                                                                
l, L 3 8?<AO 7?46AB= < >BDD9>F<DB6BKAB= IBD8;                                                                                                             
l1, L1 3 ;48A<9 C?9K< IBD8.  
     �OCD46BKA4S CB8N9@>4 E<EF9@B= @B:9F 5OFP D94?<;B64A4 86G@S ECBEB54@<:                                         
4) BFE?9:<64A<9@ E@9M9AAB7B BFABE<F9?PAB <EIB8AB7B CB?B:9A<S AG?96B= FBK>< 
GCD46?9A<S (E86<7 AG?S GCD46?9A<S);                                                                                                                
5) GEF4AB6>B= C9D98A97B >BAJ4 54;B6B7B A<69?<DB6BKAB7B FDBE4 A4 6OEBFG, 
EBBF69FEF6GRMGR 6OCD46BKAB= CB8N9@>9. 
   � BEAB6G GCD46?9A<S 6OCD46>B= CB?B:9AO E?98GRM<9 7DGCCO BC9D4J<=:  
   3 6O5BD 54;B6B7B D9?PE4. !4 CDS@B@ GK4EF>9 CGF< 6O5<D49FES ?R5B= D9?PE, 4 6 >D<6B= 3 
6AGFD9AA<=, BFABE<F9?PAB >BFBDB7B GEF4A46?<649FES CDB8B?PAO= CDBH<?P;  
   3 GEF4AB6>4 A9B5IB8<@B= 69?<K<AO 6OCD46BKAB= CB8N9@><, 74D4AF<DGRM9= EB>DOF<9 
<EIB8AOI A9DB6ABEF9=;  
   3 GEF4AB6>4 A9B5IB8<@B= 69?<K<AO 6B;6OL9A<S A9 54;B6B7B D9?PE4 BFABE<F9?PAB 
54;B6B7B  
HA - BF>?BA9A<9 CGF< A4 <EIB8AB= A9DB6ABEF< BF CDB9>FAB7B CB?B:9A<S;                                            
h2, h3 - <;@9D<F9?PA4S < >BAFDB?PA4S CDB9>FAO9 EFD9?O <;7<54 CGF<;  
H2, H3 - <;@9A9A<S <;@9D<F9?PAB= < >BAFDB?PAB= EFD9? <;7<54 CGF< CD< A49;89 C9D98A9= 
F9?9:>B= 1 A4 A9DB6ABEFP HA 
%BBFABL9A<9 @9:8G EFD9?4@< <;7<54, >BFBDB9 BFE?9:<649FES 6 EBBF69FEF6<< E HBD@G?B= 
6OCD46>< (h2 = k h3, 789 k 3 CBEFBSAAO= 8?S 84AAB= E<EF9@O >BQHH<J<9AF, CD<A<@4RM<= 
;A4K9A<9 8?S >BA>D9FAB7B CD<6989AAB7B EBBFABL9A<S BFD9;>B6 IBD8O k = 1,37).                              
#BE?9 BFD45BF>< 6B;A<>L<I 6 E<EF9@9 D4EEB7?4EB64A<= #$' E@9M49F $,$ E CDB9>FAB= 
BE< CGF< 6 AB6B9 CB?B:9A<9 A4 69?<K<AG h2, EBBF69FEF6GRMGR A9B5IB8<@B= 
>B@C9AE4J<< 8?S 6BEEF4AB6?9A<S G>4;4AAB7B 6OL9 EBBFABL9A<S.  1FB C9D64S BEF4FBKA4S 
A9DB6ABEFP.                              �9 BFABL9A<9 > A4K4?PAB= A9DB6ABEF< 5O?B BCD989?9AB >4> 
EF4F<K9E><= >BQHH<J<9AF E7?4:<64A<S m = HA / h2. �?S >BA>D9FAOI ;A4K9A<= BFD9;>B6 
IBD8O m = 6,59.                                        #D< BFABE<F9?PAB A95B?PL<I A9DB6ABEFSI, 9E?< 
BFEGFEF6G9F E@9M9A<9 BE< CGF< A4 5B?PLB= 8?<A9, FB CD< D45BF9 6 K9FOD9IFBK9KAB@ 
D9:<@9 E<EF9@4 B5?4849F CD<9@?9@O@< E7?4:<64RM<@< E6B=EF64@<. 
#DB<;6B8<F9?PABEFP 6OCD46BKAB-CB85<6BKAB= @4L<AO J<>?<K9E>B7B 89=EF6<S, LC/K: 

                                     
,/3600# JLCF Tn
 (2)  

   789 nMC 3 K<E?B B8AB6D9@9AAB CB85<649@OI ;4 J<>? LC4?;  
T*3 6D9@S D45BK97B J<>?4, E. 
   #D< F9BD9F<K9E>B= CDB<;6B8<F9?PABEF< @4L<AO 1400 LC/K 6D9@S D45BK97B J<>?4 
8B?:AB EBEF46<FP 5,2 E.  
�D9@S J<>?4 CD< 46FB@4F<K9E>B@ D9:<@9 BCD989?S9FES A4EFDB=>B= E<EF9@O GCD46?9A<S, 
4 CD< DGKAB@ D9:<@9 3 >64?<H<>4J<9= < BCOFB@ C9DEBA4?4, GE?B6<S@< D45BFO, 
EBEFBSA<9@ @4L<AO < CGF<, BD74A<;4J<BAAO@< H4>FBD4@< < 8D.  

;
 11н

н
с

L

L

l

l

f

F
m 






16 
 

 
$<E. 10.34. �<47D4@@4 6D9@9A< 6OCB?A9A<S BC9D4J<= D45BK97B J<>?4 6OCD46BKAB-
CB85<6BKAB= @4L<AO J<>?<K9E>B7B 89=EF6<S 
!4CD<@9D, 9E?< <;69EFAO:  
   tBC, tD, tF 3 B5M99 6D9@S 6OCB?A9A<S BC9D4J<<, 6D9@S D4;7BA4 < FBD@B:9A<S GEFDB=EF64 
D45BK97B B5BDG8B64A<S, E;  
   LG 3 D4EEFBSA<9 C9D9@9M9A<S GEFDB=EF64, @, CD<A<@4S C9D9IB8AO9 D9:<@O E 
CBEFBSAAO@ GE>BD9A<9@ < ;4@98?9A<9@, GEF4AB6<6L4SES CBEFBSAA4S E>BDBEFP 86<:9A<S 
GEFDB=EF64, @/E: 

).2/(2 FDBCGG tttLV 
 (3) 

   'E>BD9A<S, BCD989?SRM<9 <;5OFBKAO9 8<A4@<K9E><9 E<?O 6 C9D<B8O D4;7BA4 < 
FBD@B:9A<S GEFDB=EF64 D45BK97B B5BDG8B64A<S, @/E2:     

DGD / tVa 
3 GE>BD9A<9 D4;7BA4; 

3 FGF / tVa 
3 GE>BD9A<9 FBD@B:9A<S.  

'>4;4AAO9 E<?O, >!: 
1000/DGD amF 

 < 
1000/nGF amF 

. 
    � ;46<E<@BEF< BF A4CD46?9A<S 89=EF6<S EF4F<K9E><I E<?, 8<A4@<K9E><9 A47DG;>< @B7GF 
E A<@< E>?48O64FPES <?< 6OK<F4FPES. 
   'C?BFA9A<9 54??4EF4 G FBDJB6 LC4? CDB<;6B8<FES 6<5DBC?<F4@<, >BFBDO9 
D4ECB?474RFES A4 C?4FHBD@9 < CB?ABEFPR GA<H<J<DB64AO E 4A4?B7<KAO@< GEFDB=EF64@< 
@4L<AO                       �#$-02 . 
  
 %BEF46 BFK9F4:  
  *9?P D45BFO.  
1 "EAB6O GCD46?9A<S 6OCD46>B=                                                                                                                          
2  �BAFDB?PAB-<;@9D<F9?PA4S E<EF9@4 (��%)                                                                                                     
3 #DB<;6B8<F9?PABEFP 6OCD46BKAB-CB85<6BKAB= @4L<AO J<>?<K9E>B7B 89=EF6<S 
�BAFDB?PAO9 6BCDBEO  
1 !4;A4K9A<9, B5M99 GEFDB=EF6B @4L<AO �#$-1200.                                                                                    
2 �BAEFDG>J<S CB85<6BKAOI 5?B>B6 �#$-1200.                                                                                                
3 �BAEFDG>J<S >BAFDB?PAB- <;@9D<F9?PAB= E<EF9@O �#$-1200. 
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�45BD4FBDA4S D45BF4 7 4  

�<A4@<K9E><= EF45<?<;4FBD CGF< �%#-%, �%#-6%. �?4EE<H<>4J<S. &9IA<K9E><9 
C4D4@9FDO @4L<A. 'EFDB=EF6B D45BK<I BD74AB6. "CD989?9A<9 CDB<;6B8<F9?PABEF< 
@4L<A. 
 
 *9?P D45BFO: �4>D9C?9A<9 F9BD9F<K9E><I ;A4A<= 8<A4@<K9E><I EF45<?<;4FBD4I CGF< 
�%#-%, �%#-6% 
#BDS8B> 6OCB?A9A<S:  
1 �?4EE<H<>4J<S.  
2 &9IA<K9E><9 C4D4@9FDO @4L<A.  
3 'EFDB=EF6B D45BK<I BD74AB6. 
4 "CD989?9A<9 CDB<;6B8<F9?PABEF< @4L<A. 
 �<A4@<K9E><9 EF45<?<;4FBDO CGF< �%#,  �% 
   � CGF96B@ IB;S=EF69 CD<@9ASRFES 8<A4@<K9E><9 EF45<?<;4FBDO CGF< E9D<= �%#, �%#-
% (6 F.K. @B8<H<>4J<= �%#-%4 < �%#-%6),  �%.  

 
 $<E. 10.74. �<A4@<K9E><= EF45<?<;4FBD CGF< �%#-%: 
1 < 4 3 ;48ASS < C9D98ASS >45<AO GCD46?9A<S; 2 3 D4@4; 3 3 8<;9?PAO= 47D974F; 5 3 
46FBEJ9C><; 6, 10 < 16 3 C9D98ASS, <;@9D<F9?PA4S < ;48ASS F9?9:>< ��% 6OCD46>< CGF<;  
7 3 >4FB> E 84FK<>B@ CGF<;   8 < 15 3 FS7B64S < 597GA>B64S IB8B6O9 F9?9:><; 9 3 E<?B64S 
C9D984K4; 11 3 84FK<>< CDB8B?PAB7B CDBH<?S; 12 3 FDBE-IBD84 ��% C?4A4 CGF<; 13 3 FDBE-
IBD8O A<69?<DB6BKAB= ��%; 14 3 5?B> 8<A4@<K9E>B= EF45<?<;4J<< CGF< 
   +FB5O B59EC9K<FP EBBFABL9A<9 K4EFBF 7BD<;BAF4?PAOI < 69DF<>4?PAOI 6<5D4J<=                          
7 / 6 = 1 / 2 (D<E. 10.78), EBBFABL9A<9 K<E?4 ;G5P96 >B?9E 5 < 3 6O5D4AB 2 / 1.                                
%BBFABL9A<S H4; >B?954A<= 5?B>B6 < CGF96B= D9L9F>< 6 7BD<;BAF4?PAB= < 69DF<>4?PAB= 
C?BE>BEFSI 6O5D4AB F4><@ B5D4;B@, KFB5O CB?GK<FP 6ODB:89AAO9 FD49>FBD<< >B?954A<=, 
EBBF69FEF6GRM<9 A4<5B?99 QHH9>F<6AB@G GC?BFA9A<R 54??4EF4.  !4 D<EGA>9 CB>4;4AO 
CB?B:9A<S 8954?4AEB6 EB E86<7B@ CB H4;4@ >B?954A<= CBE?98B64F9?PAB 6 B8AG EFDBAG: 
7BD<;BAF4?PAOI A4  /4, 4 69DF<>4?PAOI A4 /2.  1FB CB;6B?S9F CB?GK<FP CDB8B?PAO9 
HBD@O >B?954A<= CGF96B= D9L9F>< 6 69DF<>4?PAB= C?BE>BEF<, CD<5?<:4RM<9ES > 
CB?GK49@O@ CD< 6B;89=EF6<< 86<:GM97BES CB9;84, F.9. 6 6<89 597GM9= 6B?AO, 
CB;6B?SRM9= K9D98B64FP A47DG:9A<S < D4;7DG;>< E?BS E 5B?PLB= K4EFBFB= (E>BDBEFP 
597GM9= 6B?AO 6 @/E BCD989?S9FES CB <;69EFAB= HBD@G?9 v5 = l5 f,                                                             
789 l5 3 8?<A4 6B?AO, @;  f 3 K4EFBF4 >B?954A<=, �J).  
   �?S BJ9A>< BE48>< CGF< CBE?9 D45BFO �%#-% <?<  �% A9B5IB8<@B CDB<;6B8<FP 864 
CDB9;84:                                                                                                                                                        
B8<A <;@9D<F9?PAO=, 4 6FBDB= 3 D45BK<= CDBIB8 @4L<AO.                                                                            
#D< QFB@ 6 <;@9D<F9?PAB@ CDB9;89 ;4C<EO64RFES EFD9?O <;7<54 CGF< h2<i, (D<E.10.80, 4) 4 
6 D45BK9@ CDBIB89 3 EFD9?O <;7<54 h2Di   (D<E. 10.80, 5).  
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,
b

ba
)hh(S i<2iD2i3




�DB@9 FB7B, CD<A<@49FES, KFB <;@9D<F9?PAO9 FBK>< 1 < 2 A4IB8SFES A4 A9 6OCD46?9AAB@ 
CGF<. #BQFB@G EFD9?4 <;7<54 h2Di, ;4C<EO649@4S 6 D45BK9@ CDBIB89, EB89D:<F 6 E959 
<AHBD@4J<R B5 <EIB8AB@ CB?B:9A<< CGF< < B CB?B:9A<< CGF< CBE?9 D45BFO �%#. 1FB 
CB;6B?S9F BJ9A<FP F9>GM99 ;A4K9A<9 BE48>< CGF< 6 FBK>9 3 IBD8O, <@9S <AHBD@4J<R 
EFD9?4I <;7<54 6 FBK>9 2 CB HBD@G?9, @@: 
 
 
 
 
789 a, b 3 C?9K< <;@9D<F9?PAB= IBD8O, @@. 
   %BBFABL9A<9 n = (a + b) / b 3 CBEFBSAAO= 8?S ��% >BQHH<J<9AF, >BFBDO= ;46B8<FES 6 
D9:<@9 66B84 >BAEF4AF. �?S �%#-% n ~ 3,5,  8?S  �% CD< 86<:9A<< 6C9D98 n ~ 3,4, 4 CD< 
86<:9A<< A4;48 n ~ 4,0. 
'C?BFA9A<9 54??4EFAB7B BEAB64A<S D45BK<@ BD74AB@ 8<A4@<K9E>B7B EF45<?<;4FBD4 CGF< 
   "F89?PAB 6;SFO= 6<5DB5?B> �%# EB69DL49F E<AGEB<84?PAO9 >B?954F9?PAO9 86<:9A<S 6 
7BD<;BAF4?PAB= < 69DF<>4?PAB= C?BE>BEFSI, CD<K9@ K4EFBF4 69DF<>4?PAOI >B?954A<=                       
ω6 = 2ω, D48/E, 6 2 D4;4 CD96OL49F K4EFBFG 7BD<;BAF4?PAOI >B?954A<= ω7= ω, D48/E, 4 
69DF<>4?PAO9 >B?954A<S BFEF4RF CB <I D4EK9FAB= A4K4?PAB= H4;9 A4 G7B? Ã/2 BF 
7BD<;BAF4?PAOI >B?954A<=. 1FB Q>6<64?9AFAB BC9D9:9A<R CB A4K4?PAB= H4;9 
7BD<;BAF4?PAOI >B?954A<= A4 Ã/4 CB BFABL9A<R > 69DF<>4?PAO@ 
>B?954A<S@.                                      
 $4EE@BFD<@ >4K9EF69AAO= I4D4>F9D CDBJ9EEB6, CDB<EIB8SM<I CD< 6A98D9A<< LC4?O 6 
54??4EFAO= E?B= (D<E. 1). 

 
 $<E. 1. #DBJ9EE CB7DG:9A<S LC4?O 6 54??4EFAO= E?B= CD< 8<A4@<K9E>B= EF45<?<;4J<< 
CGF<:  
4 3 FD49>FBD<S 86<:9A<S; 5, 6 3 E<?B6B9 6B;89=EF6<9 A4 54??4EF 6 B8AB@ J<>?9 
7BD<;BAF4?PAOI >B?954A<= 
#D< GC?BFA9A<< CDB<EIB8<F 6<5DBG84DAB9 6;4<@B89=EF6<9 CB8BL6O LC4?O E 
GC?BFAS9@O@ 54??4EFB@. "EB59AABEFPR CDBJ9EE4 S6?S9FES FB, KFB 6 F9K9A<9 J<>?4 
7BD<;BAF4?PAOI >B?954A<= EA4K4?4 CDB<EIB8<F >BEB= G84D ECD464 3 A4?96B (5), 4 ;4F9@ 
>BEB= G84D E?964 3 A4CD46B (6). #D< BFDO6AB@ D9:<@9 6;4<@B89=EF6<S (4) CB69DIABEFP 
LC4?O 6 FBK>9 1 G84DS9F CB CB69DIABEF< 54??4EF4, CBE?9 K97B 54??4EF B5:<@49FES 6 
69DF<>4?PAB@ A4CD46?9A<< A4 69?<K<AG S6(1-2) 8B FBK>< 2. � QFB= FBK>9 <@99F @9EFB 
BFDO6 CB69DIABEF< LC4?O BF 54??4EF4, CBE?9 K97B CDB<EIB8<F GCDG74S BF84K4 54??4EF4 
669DI.                                                                         #BE?9 CDBIB84 >D4=A9= FBK>< 3 
FD49>FBD<< LC4?4 86<:9FES 6A<; 8B G84D4 6 FBK>9 4 E 54??4EFB@. #DB<EIB8<F B5:<@ 
54??4EF4 8B FBK>< 5 A4 69?<K<AG S 6(4-5), CBE?9 >BFBDB= LC4?4 EAB64 BFDO649FES BF 
54??4EF4. 
   "8AB6D9@9AAB E 69DF<>4?PAO@ B5:<@B@ CB8BL64 LC4?O E@9M49FES EA4K4?4 6?96B A4 
69?<K<AG S 7(1-2), 4 ;4F9@ 6CD46B A4 69?<K<AG S 7(4-5).  
#D< E@9M9A<< LC4?O 6 >BAF4>F9 CB8BL6O < 54??4EF4 6B;A<>49F E<?4 ABD@4?PAB7B 
846?9A<S PA, 4 F4>:9 E<?4 FD9A<S PFD (E@. D<E.1, 5, 6). #D< 6<5D4J<BAAB@ E@9M9A<< 
LC4?O 6?96B E<?4 FD9A<S, 6B;89=EF6GRM4S A4 54??4EF, A4CD46?9A4 6?96B, 4 CD< E@9M9A<< 
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6CD46B 3 6CD46B. $9;G?PF<DGRM4S E<?4 6B;89=EF6<S P, A4CD46?9A4 CB8 G7?B@ FD9A<S φFD, > 
E<?9 ABD@4?PAB7B 846?9A<S.                                                                                                                                                           
%<?4 FD9A<S PFD EB69DL49F D45BFG A4 GK4EF>4I 7BD<;BAF4?PAOI C9D9@9M9A<= S7(1-2)                              
< S7(4-5), 4 E<?4 ABD@4?PAB7B 846?9A<S   PA 3 A4 GK4EF>4I 69DF<>4?PAOI C9D9@9M9A<=                               
S 6(1-2) < S 6(4-5).  #D< D4EK9F9 ;4I64FO649@B7B 6<5D4J<BAAO@ 6B;89=EF6<9@ B5N9@4 
A9B5IB8<@B GK<FO64FP G7B? C9D984K< 846?9A<S 6 M959ABKAB@ 54??4EF9 ñC 
 %BEF46 BFK9F4:                                                                                                                                                   
1 �BAEFDG>J<S < CD<AJ<C 89=EF6<S D45BK97B B5BDG8B64A<S EF45<?<;4FBD4 �%#-%. 
  
 
�BAFDB?PAO9 6BCDBEO                                                                                                                1  
&9IA<K9E><9 I4D4>F9D<EF<>< 8<A4@<K9E><I EF45<?<;4FBDB6                                                                       
2 'EFDB=EF6B < CD<AJ<C 89=EF6<S 8<A4@<K9E><I EF45<?<;4FBDB6 CGF<                                                      
3 'EFDB=EF6B 8<A4@<K9E><= EF45<?<;4FBD CGF< E9D<< �%#-% 
 

�45BD4FBDA4S D45BF4 7 5  

 
"#$�����!�� #$"�"���&��0!"%&� �/#"�!�!�3 "%!"�!/) $��"& � 
«"�!"» ��#�&��0!"�" $� "!&� #'&� 
1   )4D4>F9D<EF<>4 CGF<  
'K4EFB> CGF< 86GICGFAO=, Q?9>FD<H<J<DB64AAO=. �B D9@BAF4 69DIA99 EFDB9A<9 CGF< 3 
$50, LC4?O 89D96SAAO9, QCRD4 LC4? 1600 LF./>@, 54??4EF M959ABKAO=, ;47DS;A9AABEFP 
5B?99 30 %. #BE?9 D9@BAF4 69DIA97B EFDB9A<S CGF< 3 $65, LC4?O 89D96SAAO9, QCRD4 LC4? 
1600 LF./>@, 54??4EF M959ABKAO= E ;47DS;A9AABEFPR @9A99 5 %.  
2  �O5BD >B@C?9>E4 CGF96OI @4L<A  
�4C<F4?PAO= D9@BAF 6OCB?AS9FES A4 AB6OI @4F9D<4?4I.                                                                          
"EAB6AO9 D45BFO >4C<F4?PAB7B D9@BAF4: E@9A4 D9?PEBLC4?PAB= D9L9F>< ($,$) A4 AB6GR 
< BK<EF>4 M959ABKAB7B 54??4EFAB7B E?BS. �?S 6OCB?A9A<S BEAB6AOI D45BF 6 B>AB 
CD<@9AS9FES >B@C?9>E @4L<A: 
‒ CGF9D4;5BDBKAO= < CGF9G>?48BKAO= CB9;84 E >D4A4@< '� 25/9 8?S EASF<S < G>?48>< 
;69AP96 $,$ ( >B?<K9EF6B @4L<A<EFB6 4 K9?.);  
‒ 5G?P8B;9DO F<C4 &-160 8?S G5BD>< BFBD646L<IES LC4? < C?4A<DB6>< 54??4EFAB7B E?BS 
CBE?9 EASF<S $,$ (>B?<K9EF6B @4L<A<EFB6 2 K9?.);  
‒ M95A9BK<EF<F9?PAO9 @4L<AO %+-600 E EBEF46B@ 8?S ;4EBD<F9?9= 8?S BK<EF>< 
M959ABKAB7B E?BS (%+-600 3 3 @4L., %�-240-6 3 3 @4L.);  
‒ 864 IBCC9D-8B;4FBDAOI EBEF464 8?S 6O7DG;>< M95AS (C9D6O= 3 8?S 6OCD46>< CGF<;                        
6FBDB= 3 6 @9EF4I A9I64F>< < A4 >BAJO LC4?, A4 >4:8B@ CB 2 @4L<A<EF4  < 2 @BAF9D4 
CGF<);  
‒ 6OCD46BKAB-CB85<6BKAB-BF89?BKA4S @4L<A4 �#"-3000 8?S 6OCB?A9A<S BEAB6AB= 
6OCD46>< CGF< (�#" 3 3 @4L.);  
‒ Q?9>FDB54??4EF9D 1��-3  8?S CB8ASF<S $,$ A4 54??4EF (3 @4L.);  
‒ 6OCD46BKAB-CB85<6BKAB-D<IFB6BKA4S @4L<A4 �#$-02 8?S 6OCD46>< CGF< 6 @9EF4I 
CD9CSFEF6<= < ;4DS8>9 @4L<AO �#"-3000 (3 @4L.);  
‒ 8<A4@<K9E><= EF45<?<;4FBD CGF< �%# 8?S EF45<?<;4J<< 54??4EFAB= CD<;@O (2 @4L.);  
‒  C?4A<DB6M<> 54??4EF4 #� 8?S BF89?>< 54??4EFAB= CD<;@O  (3 @4L.).  
'E?B6<S CDB<;6B8EF64 D45BF  
 "5N9@O BEAB6AOI D45BF, CB8?9:4M<9 6OCB?A9A<R A4 1,1 >@ CGF<: 
‒ ;4@9A4 $,$ 3 1100 @; 
‒ BK<EF>4 M959ABKAB7B 54??4EF4 BF ;4EBD<F9?9= 3 1000 @ CGF<;  
‒ G>?48>4 6 CGF< AB6B7B M959ABKAB7B 54??4EF4 3 600 @3.  
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"EAB6AO9 D45BFO E CD<@9A9A<9@ CGF96OI @4L<A 6OCB?ASRFES 6 BEAB6AO9 «B>A4» 
CDB8B?:<F9?PABEFPR 8B 6 K4EB6.  
�?S B59EC9K9A<S ABD@4?PAB= D45BFO @4L<A CD< CB87BFB6>9 GK4EF>4 G84?SRFES 
CD9CSFEF6<S, >BFBDO9 @B7GF 6O;64FP BEF4AB6>G <?< CB6D9:89A<9 F9IA<><, ;4 7454D<F 
D45BK<I BD74AB6, GEFD4<64RFES @9EF4 8?S ;49;84 < EN9;84 E CGF< ;9@?9DB=AOI @4L<A.  
 $,$ EA<@49FES < G>?48O649FES ;69APS@< 8?<AB= 25 @ CGF9G>?48BKAO@< >D4A4@< '� 
25/9-18.  
 "K<EF>4 M959ABKAB7B 54??4EF4 BF ;4EBD<F9?9= CDB<;6B8<FES @4L<AB=  %+-600 E 
BF7DG;>B= ;4EBD<F9?9= 6 EC9J<4?PAO= EBEF46 %�-240.  
�OCD46>4 CGF< EB EC?BLAB= CB85<6>B= LC4? 6OCB?AS9FES:  
‒ A4 GK4EF>9 ;4@9AO $,$ < BK<EF>< 54??4EF4 @4L<AB= �#"-3000;  
‒ 6OCD46>4 6 @9EF4I ;4DS8>< < D4;DS8>< �#"-3000, 6 @9EF4I CD9CSFEF6<= 8?S 99 D45BFO < 
6 @9EF4I BFEFGC?9A<= CB GDB6AR CBE?9 99 D45BFO CDB<;6B8<FES @4L<AB= �#$-02.  
$<IFB6>4 CGF< 6OCB?AS9FES:  
‒ @4L<AB= �#$-02 6 B5N9@9 25 % CBE?9 K<EF>< M95AS BF ;4EBD<F9?9= @4L<AB= %+-600;  
‒ @BFBDAO@ 7<8D46?<K9E><@ D<IFB6M<>B@ CBE?9 G>?48>< $,$ 6 B5N9@9 50 %.  
!B6O= 54??4EF 8BEF46?S9FES A4 @9EFB D45BF < 6O7DG:49FES <; IBCC9D-8B;4FBDB6.  
%D9;>4 < C?4A<DB6>4 54??4EF4 LC4? CDB<;6B8<FES 5G?P8B;9D4@<.  
%F45<?<;4J<S CGF< < BF89?>4 54??4EFAB= CD<;@O CDB<;6B8<FES �%# < #�.  
�B ;4>DOF<S C9D97BA4 IB;S=EF69AAO9 CB9;84 EBED98BFBK<64RFES A4 EF4AJ<<, 
B7D4A<K<64RM9= C9D97BA CB IB8G D45BF.  
!4 C9D97BA CGF96O9 @4L<AO < D45BK<9 CB9;84 BFCD46?SRF, DG>B6B8EF6GSEP <AEFDG>J<9= 
CB 86<:9A<R CB9;8B6 < @4A96DB6B= D45BF9 A4 :9?9;AB= 8BDB79.                                                            
#D< 6OCB?A9A<< D45BF CB 84AAB@G F9IAB?B7<K9E>B@G CDBJ9EEG A9B5IB8<@B EB5?R84FP 
#D46<?4 F9IA<K9E>B= Q>EC?G4F4J<< :9?9;AOI 8BDB7 $(,  
�AEFDG>J<R CB E<7A4?<;4J<< A4 :9?9;AOI 8BDB74I $(, �AEFDG>J<R CB 86<:9A<R 
CB9;8B6 < @4A96DB6B= D45BF9 A4 :9?9;AOI 8BDB74I $(, �AEFDG>J<R CB B59EC9K9A<R 
59;BC4EABEF< 86<:9A<S CB9;8B6 CD< CDB<;6B8EF69 CGF96OI D45BF.  
 
"CD989?9A<9 A9B5IB8<@B= CDB8B?:<F9?PABEF< ;4>DOF<S C9D97BA4 («B>A4») 8?S 
CDB<;6B8EF64 BEAB6AOI D45BF 
 
&4> >4> GK4EFB> 86GICGFAO=, FB «B>A4» CD98BEF46?SRFES 5B?PLB= CDB8B?:<F9?PABEF<. 
"CD989?S9@ 6D9@S «B>A4» 8?S 8?<F9?PAB ;4>DOFB7B C9D97BA4  
                           &" =t1  t2 t3 ... t n,                                                                   (1) 
789 t1 3 6D9@S A4 BHBD@?9A<9 ;4>DOF<S C9D97BA4 < CDB597 @4L<A > @9EFG «B>A4», 
CD<A<@49FES 14 @<A;                                                                                                                                           
t2 3 6D9@S A4 D4;5B?K<64A<9 EFO>B6 < EASF<9 A4>?48B>, D46AB9 14 @<A                                                 
(QFB 6D9@S, >B784 EA<@4RFES 5B?FO A4 D4EEFBSA<<, D46AB@ 8?<A9 CGF9D4;5BDBKAB7B CB9;84 
C?RE D4EEFBSA<9 CB F9IA<>9 59;BC4EABEF< l&�).  
�?<A4 CGF9D4;5BDBKAB7B CB9;84                                                                                                        
L $#= n#�Il #� +3l#�+ n #�I l #� +l'�  +  l&+l�,                                           (2) 
789 n#� 3 K<E?B K9FOD9IBEAOI C?4FHBD@,                                                                                                               
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