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E<?PA4S. #DBJ9EE A4 D<EGA>9 1.4 (5) I4D4>F9D<;G9FES E<?PAB= <;@9A-
K<6BEFPR, E6S;P @9:8G 97B E9K9A<S@< E?454S. "8A4>B A< CB @4F9@4-
F<K9E>B@G B:<84A<R, A< CB 8<EC9DE<< BCD989?<FP QFB A96B;@B:AB. 
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6) �BDD9?SJ<BAA4S HGA>J<S E?GK4=AB7B CDBJ9EE4, EB89D:4M97B 
CBEFBSAAGR EBEF46?SRMGR, F4>:9 5G89F EB89D:4FP CBEFBSAAGR EB-
EF46?SRMGR. 
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EB5B= CBEFBSAAO= E<7A4? ( ) 0Atx =  (E@. D<EGAB> 1.5 (4)). &B784 

( ) ( ) ( )    .AAAMtxtxMt,tR 2
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C9D<B8<K9E>GR EBEF46?SRMGR, F4>:9 5G89F EB89D:4FP C9D<B8<K9-
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(5)). �6989@ B5B;A4K9A<S t 1 = t, t 2 = t + ô < <ECB?P;G9@ HBD@G?G (1.28). 
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�BDD9?SJ<BAA4S HGA>J<S CDB<;6989A<S 86GI A9>BDD9?<DB64AAOI 
E?GK4=AOI CDBJ9EEB6 ( ) ( ) ( )tGtXtZ =  A4IB8<FES CB EBBFABL9A<R 



  

 ( ) ( ) ( ).t,tRt,tRt,tR 21G21X21Z =  (1.40) 

�B>4;4F9?PEF6B: 

( ) ( ) ( )  ( ) ( ) û 
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#D< D9L9A<< CD4>F<K9E><I ;484K K4EFB CB?P;GRFES ABD@<DB64A-
AO@< >BDD9?SJ<BAAO@< HGA>J<S@< 
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ôò  (1.41) 

�BDD9?SJ<BAAGR HGA>J<R @B:AB <ECB?P;B64FP 8?S 6OS6?9A<S 
CB?9;AB7B C9D<B8<K9E>B7B CB?9;AB7B E<7A4?4 A4 HBA9 E?GK4=AB= CB-
@9I<. �?S QFB7B 99 BCD989?SRF CD< 5B?PL<I ;A4K9A<SI ô, >B784 6?<S-
A<9 E?GK4=AB7B E<7A4?4 E>4;O649FES E?45B (E@. D<EGAB> 1.6, CGA>F<-
DB@ CB>4;4A4 >BDD9?SJ<BAA4S HGA>J<S CB@9I<). 
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$<EGAB> 1.6 3 (<?PFD4J<S CB?9;AB7B C9D<B8<K9E>B7B E<7A4?4 E 
<ECB?P;B64A<9@ 97B >BDD9?SJ<BAAB= HGA>J<< 

 



  

1.3 %C9>FD4?PAO9 C?BFABEF< E?GK4=AOI CDBJ9EEB6 

 

%C9>FD4?PA4S C?BFABEFP EF4J<BA4DAB7B E?GK4=AB7B CDBJ9EE4 
BCD989?S9FES >4> CD9B5D4;B64A<9 >BDD9?SJ<BAAB= HGA>J<< CB (GDP9 

 

( ) ( ) ( )
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 (1.42) 

&4> >4> ( )ôXR  3 K9FA4S, 4 ( )ô÷ sin  3 A9K9FA4S HGA>J<S ô, FB 6 
(1.42) 6FBDB= <AF97D4? D469A AG?R. 'K<FO64S, KFB ( )ô÷ cos  3 K9FA4S 
HGA>J<S ô, CB?GK49@ 

 ( ) ( ) ( ) .dcosR2S
0

XX 
+

= ôô÷ô÷  (1.43) 

�E?< EC9>FD4?PA4S C?BFABEFP <;69EFA4, FB E CB@BMPR B5D4FAB7B 
CD9B5D4;B64A<S (GDP9 @B:AB A4=F< EBBF69FEF6GRMGR 9= >BDD9?SJ<-
BAAGR HGA>J<R 
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 (1.44) 

 B:AB GEF4AB6<FP 64:AGR ;46<E<@BEFP EF4F<EF<K9E><@< I4D4>-
F9D<EF<>4@< E?GK4=AB7B CDBJ9EE4 

 ( ) ( ) .dS
1

0RD
0

XXX 
+

== ÷÷
ð

 (1.45) 

(<;<K9E><= E@OE? EC9>FD4?PAB= C?BFABEF< ;4>?RK49FES 6 FB@, 
KFB BA4 I4D4>F9D<;G9F D4ECD989?9A<9 @BMABEF< E?GK4=AB7B CDBJ9E-
E4 CB K4EFBFAB@G EC9>FDG. 



  

�B>4;4F9?PEF6B. �E?< EK<F4FP ( )tx  D94?<;4J<9= E?GK4=AOI 
H?G>FG4J<= A4CDS:9A<S A4 CDB6B8A<>9 E EBCDBF<6?9A<9@ 1 �@, FB, 
EB7?4EAB F9BD<< Q?9>FD<K9E><I >B?954A<=, ED98ASS @BMABEFP, D4E-
E9<649@4S A4 QFB@ CDB6B8A<>9 ;4 6D9@S 2T, D46A4 

( ) .dttx
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−



=  

�E?< CD<ASFP 2T → +> < <ECB?P;B64FP HBD@G?O (1.28) < (1.44) 

CD< ô = 0, FB @B:AB ;4C<E4FP 
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&4><@ B5D4;B@, ED98ASS @BMABEFP E<7A4?4 @B:9F 5OFP A4=89-
A4, >4> 59E>BA9KA4S EG@@4 Q?9@9AF4DAOI E?4749@OI ( ) ÷÷ dSX  6 8<4-
C4;BA9 K4EFBF BF –> 8B +>. &4><@ B5D4;B@, >4:84S Q?9@9AF4DA4S 
@BMABEFP 8?S K4EFBFO ÷ 5G89F CDBCBDJ<BA4?PA4 ( )÷XS . 

" " " 

�D<@9D 1.1. "CD989?9A<9 EC9>FD4?PAB= C?BFABEF< E?GK4=AB7B 
CDBJ9EE4, >BDD9?SJ<BAA4S HGA>J<S >BFBDB7B A4IB8<FES CB EBBFAB-
L9A<R (1.31). �ECB?P;GS HBD@G?G (1.42) < GK<FO64S, KFB ôô =  CD< 

0óô  < ôô −=  CD< 0üô , ;4C<L9@ 
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�D<@9D 1.2. "CD989?9A<9 EC9>FD4?PAB= C?BFABEF< E?GK4=AB7B 
CDBJ9EE4, >BDD9?SJ<BAA4S HGA>J<S >BFBDB7B A4IB8<FES CB EBBFAB-
L9A<R (1.32). �ECB?P;GS HBD@G?G (1.42) < CDB<;6B8S ;4@9AG 
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"54 <AF97D4?4 @B7GF 5OFP A4=89AO F4> :9, >4> < 6 CD<@9D9 1.1, 

CBE?9 ;4@9AO ( )ò÷ +  < ( )ò÷ −  A4 ÷ò < ÷ò. &B784 
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" " " 

"EAB6AO9 E6B=EF64 EC9>FD4?PAOI C?BFABEF9=, BCD989?S9@O9 
E6B=EF64@< >BDD9?SJ<BAAOI HGA>J<= (E@. C. 1.2), E?98GRM<9. 

1) %C9>FD4?PA4S C?BFABEFP E?GK4=AB7B CDBJ9EE4 S6?S9FES 89=-
EF6<F9?PAB= < K9FAB= HGA>J<9= K4EFBFO. 

�B>4;4F9?PEF6B. #B8OAF97D4?PAB9 6OD4:9A<9 6 (1.43) EB89D-
:<F CDB<;6989A<9 K9FAOI HGA>J<= ( )ôXR  < ( )ô÷ cos , CBQFB@G 5G-
89F ECD4698?<6B EBBFABL9A<9 
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dcosR2S
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2) %C9>FD4?PA4S C?BFABEFP E?GK4=AB7B CDBJ9EE4, EB89D:4M97B 
CBEFBSAAGR EBEF46?SRMGR, 5G89F <@9FP <@CG?PE (ô-HGA>J<R) CD< 
K4EFBF9, D46AB= AG?R. 

�B>4;4F9?PEF6B. #GEFP A45?R849@O= CDBJ9EE CD98EF46?S9F 
EB5B= CBEFBSAAO= E<7A4? ( ) 0Atx =  (E@. D<EGAB> 1.5 (4)). &B784, <E-
CB?P;GS CB8IB8 BF CDBF<6AB7B, @B:AB ;4C<E4FP 
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�D4H<> EC9>FD4?PAB= C?BFABEF< CB>4;O649F, KFB 6ES @BM-
ABEFP CBEFBSAAB7B E<7A4?4 EBED98BFBK9A4 CD< AG?96B= K4EFBF9. 

" " " 

3) %C9>FD4?PA4S C?BFABEFP E?GK4=AB7B CDBJ9EE4, EB89D:4M97B 
C9D<B8<K9E>GR EBEF46?SRMGR E K4EFBFB= ÷ 1, 5G89F <@9FP <@CG?PEO 
(ô-HGA>J<<) CD< K4EFBF4I ±÷ 1. 

�B>4;4F9?PEF6B. #GEFP A45?R849@O= CDBJ9EE CD98EF46?S9F 
EB5B= C9D<B8<K9E><= E<7A4? ( ) ( )111 tsinAtx ÷ +=  (E@. D<EGAB> 1.5 
(5)). &B784, <ECB?P;GS CB8IB8 BF CDBF<6AB7B, @B:AB ;4C<E4FP 
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�D4H<> EC9>FD4?PAB= C?BFABEF< CB>4;O649F, KFB 6ES @BM-
ABEFP C9D<B8<K9E>B7B E<7A4?4 EBED98BFBK9A4 CD< 86GI K4EFBF4I. 

�E?< A45?R849@O= E<7A4? BC<EO649FES HGA>J<9= 6D9@9A<, D4;?4-

749@B= 6 DS8 (GDP9 ( ) ( )ii

k

1i
i0 tsinAAtx ÷ ++= õ

=
, FB 97B EC9>-

FD4?PA4S C?BFABEFP 5G89F <@9FP 6<8 ?<A9=K4FB7B EC9>FD4 E ô-

HGA>J<S@<, D4ECB?B:9AAO@< A4 CB?B:<F9?PAOI < BFD<J4F9?PAOI 
K4EFBF4I 74D@BA<>. �ECB?P;GS CB?GK9AAO9 D4A99 D9;G?PF4FO, @B:-
AB ;4C<E4FP 
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" " " 

%C9>FD4?PA4S C?BFABEFP E?GK4=AB7B CDBJ9EE4, A9 EB89D:4M97B 
C9D<B8<K9E>B= EBEF46?SRM9=, @B:9F 5OFP CD<5?<:9AAB CD98EF46?9-
A4 6OD4:9A<9@ 

 ( ) ,
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TD2
S

22
X

XX
X ÷

÷
+


=  (1.46) 

789 T x 3 CBEFBSAA4S 6D9@9A<. &4>B= EC9>FD4?PAB= C?BFABEF< EBBF-
69FEF6G9F >BDD9?SJ<BAA4S HGA>J<S (1.31). 

�D<@9G4A<9. (BD@G?9 (1.46) EBBF69FEF6G9F EC9>FD4?PA4S 
C?BFABEFP, CB?GK9AA4S 6 CD<@9D9 1.1, 9E?< CD<ASFP ñ = 1 / T x. 



  

!4 D<EGA>9 1.5 (6) < (7) CD<6989AO CD<@9DO EC9>FD4?PAOI C?BF-
ABEF9= < >BDD9?SJ<BAAOI HGA>J<= E?GK4=AOI CDBJ9EEB6 D4;?<KAB= 
EFDG>FGDO. "K96<8AB, KFB, K9@ L<D9 7D4H<> EC9>FD4?PAB= C?BFABEF<, 
F9@ G:9 7D4H<> EBBF69FEF6GRM9= >BDD9?SJ<BAAB= HGA>J<<. 1FB EB-
BF69FEF6G9F H<;<K9E>B= EGMABEF< CDBJ9EE4 (K9@ 5B?99 6OEB><9 K4-
EFBFO CD98EF46?9AO 6 EC9>FD4?PAB= C?BFABEF<, F9@ 6OL9 EF9C9AP 97B 
<;@9AK<6BEF<). %C9>FD4?PA4S C?BFABEFP 59?B7B LG@4 EK<F49FES CB-
EFBSAAB= 6B 6E9@ 8<4C4;BA9 K4EFBF (E@. D<EGAB> 1.5 (8)). 

�B>4;4F9?PEF6B (BF CDBF<6AB7B): 
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" " " 

#BEFBSAEF6B EC9>FD4?PAB= C?BFABEF< 59?B7B LG@4 6B 6E9@ 8<4-
C4;BA9 K4EFBF HBD@4?PAB B;A4K49F, KFB 97B QA9D7<S D4ECD989?9A4 CB 
6E9@G EC9>FDG D46AB@9DAB, 4 EG@@4DA4S QA9D7<S CDBJ9EE4 D46A4 59E-
>BA9KABEF<. 1FB G>4;O649F A4 A96B;@B:ABEFP H<;<K9E>B= D94?<;4-
J<< 59?B7B LG@4. 

�D<@9G4A<9. �E?< EC9>FD4?PAGR C?BFABEFP E<7A4?4 @B:AB 
EK<F4FP CBEFBSAAB= 6 8BEF4FBKAB L<DB>B@ K4EFBFAB@ 8<4C4;BA9, 
4 7D4A<JO QFB7B 8<4C4;BA4 A4IB8SFES 6A9 CB?BEO K4EFBF CDBCGE>4-
A<S E<EF9@O, FB <894?<;4J<S F4>B7B E<7A4?4 6 6<89 59?B7B LG@4 
6CB?A9 J9?9EBB5D4;A4. 

�;4<@A4S EC9>FD4?PA4S C?BFABEFP 86GI EF4J<BA4DAOI E?GK4=-
AOI CDBJ9EEB6 ( )tX  < ( )tG  BCD989?S9FES >4> CD9B5D4;B64A<9 6;4<@-
AB= >BDD9?SJ<BAAB= HGA>J<< CB (GDP9 

 ( ) ( ) ( ) .djexpRjS XGXG 
+

−
−= ôô÷ô÷  (1.47) 



  

� BF?<K<9 BF EC9>FD4?PAB= C?BFABEF< ( )÷XS  6;4<@A4S EC9>-
FD4?PA4S C?BFABEFP ( )÷jSXG  89=EF6<F9?PAB= < K9FAB= HGA>J<9= 
K4EFBFO A9 S6?S9FES. 
�E?< CDBJ9EEO ( )tX  < ( )tG  A9>BDD9?<DB64AAO9, 4 <I ED98A<9 

;A4K9A<S D46AO AG?R, FB <I 6;4<@A4S EC9>FD4?PA4S C?BFABEFP F4>:9 
D46A4 AG?R. 
!4 CD4>F<>9 K4EFB <ECB?P;GRF ABD@<DB64AAGR EC9>FD4?PAGR 

C?BFABEFP, <@9RMGR D4;@9DABEFP 6D9@9A<, >BFBD4S S6?S9FES CD9B5-
D4;B64A<9@ ABD@<DB64AAB= >BDD9?SJ<BAAB= HGA>J<< CB (GDP9 
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%C9>FD4?PAGR C?BFABEFP @B:AB <ECB?P;B64FPES 8?S 6OS6?9A<S 
CB?9;AB7B C9D<B8<K9E>B7B E<7A4?4 A4 HBA9 E?GK4=AB= CB@9I<. #D<-
EGFEF6<9 C9D<B8<K9E>B= EBEF46?SRM9= B5A4DG:<649FES CB 6EC?9E>4@ 
A4 7D4H<>9 EC9>FD4?PAB= C?BFABEF< (E@. D<EGAB> 1.7). 
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$<EGAB> 1.7 3 (<?PFD4J<S CB?9;AB7B C9D<B8<K9E>B7B E<7A4?4 E 
CB@BMPR 97B EC9>FD4?PAB= C?BFABEF< 

 

1.4 1>EC9D<@9AF4?PAB9 BCD989?9A<9 EF4F<EF<K9E><I 
I4D4>F9D<EF<> 

 

1>EC9D<@9AF4?PAO9 @9FB8O BCD989?9A<S EF4F<EF<K9E><I I4D4>-
F9D<EF<> BEAB64AO A4 FB@, KFB CD< 8BEF4FBKAB 5B?PLB@ K<E?9 <ECO-
F4A<= 69DBSFABEFP EB5OF<S @B:AB ;4@9A<FP 97B BFABE<F9?PAB= K4-



  

EFBFB=, 4 @4F9@4F<K9E>B9 B:<84A<9 E?GK4=AOI 69?<K<A 3 <I ED98A<@ 
4D<H@9F<K9E><@. %F4F<EF<K9E><9 I4D4>F9D<EF<><, CB?GK9AAO9 CGF9@ 

B5D45BF>< D9;G?PF4FB6 F4>B7B Q>EC9D<@9AF4, A4;O64RF BJ9A>4@< <E-
F<AAOI EF4F<EF<K9E><I I4D4>F9D<EF<>. 
!4 CD4>F<>9 K<E?B <ECOF4A<= 6E9784 B7D4A<K9AB. � F4><I GE?B-

6<SI BFABE<F9?PA4S K4EFBF4 < ED98A99 4D<H@9F<K9E>B9 @B7GF EK<-
F4FPES E?GK4=AO@< 69?<K<A4@<, CBQFB@G BJ9A>< EF4F<EF<K9E><I I4-
D4>F9D<EF<> BCD989?SRFES E A9>BFBDB= BL<5>B=. 
#GEFP ø 3 <E>B@4S EF4F<EF<K9E>4S I4D4>F9D<EF<>4, 4 ø̂  3 99 BJ9A-

>4. &B784 BL<5>4 6 BCD989?9A<< ø BCD989?<FES, >4> øøõ −= ˆ . &4> >4> 
QF4 BL<5>4 S6?S9FES E?GK4=AB=, FB 6 >4K9EF69 @9DO FBKABEF< BCD989-
?9A<S EF4F<EF<K9E><I I4D4>F9D<EF<> @B:AB CD<ASFP @4F9@4F<K9E>B9 
B:<84A<9 < 8<EC9DE<R BL<5>< 
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AB A9 E?GK4=AB=, CBQFB@G   øø =M  <   0D =ø . 

�E?< @4F9@4F<K9E>B9 B:<84A<9 BL<5>< õ D46AB AG?R, FB BJ9A>G 
ø̂  A4;O64RF A9E@9M9AAB=. � CDBF<6AB@ E?GK49 BA4 EK<F49FES E@9-
M9AAB= BJ9A>B=. 
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84A<9@ m x < 8<EC9DE<9= D x. �4AAO9 CB?GK9AO 6 n A9;46<E<@OI <E-
COF4A<SI, CDB6B8<@OI 6 B8<A4>B6OI GE?B6<SI. 
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789 ( )øý  3 K<E?B Q?9@9AFB6 6 6O5BD>9, 8?S >BFBDOI x i < ø. 
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E@9M9AAB= BJ9A>B= 99 @4F9@4F<K9E>B7B B:<84A<S, 4 8<EC9DE<S 
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"J9A>4 xD̂  S6?S9FES A9E@9M9AAB= BJ9A>B= 8<EC9DE<< CD< ?R5B@ 
D4ECD989?9A<< E?GK4=AB= 69?<K<AO x. 

%F4F<EF<K9E><9 I4D4>F9D<EF<>< A9QD7B8<K9E>B7B E?GK4=AB7B 
CDBJ9EE4 ( )tX  @B7GF 5OFP A4=89AO CB @AB:9EF6G 97B D94?<;4J<= 

( )txi , 789 i = 1, ..., n. �I ;A4K9A<S BCD989?SRFES 8?S @B@9AFB6 6D9@9-
A< t j, 789 j = 1, ..., q. 

�D<@9G4A<9.  B@9AFO 6D9@9A< t j J9?9EBB5D4;AB 6O5<D4FP D46-
ABBFEFBSM<@<. #9D<B8 A45?R89A<= J9?9EBB5D4;AB 6O5<D4FP <; 
GE?B6<S G8B6?9F6BD<F9?PAB7B 6BECDB<;6989A<S D94?<;4J<= ( )txi  CB 
Q>EC9D<@9AF4?PAO@ FBK>4@. 
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789 j, k = 1, ..., q. 
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%F4F<EF<K9E><9 I4D4>F9D<EF<>< QD7B8<K9E>B7B E?GK4=AB7B 
CDBJ9EE4 ( )tX  @B7GF 5OFP A4=89AO CB 97B 98<AEF69AAB= D94?<;4J<< 

( )tx , A45?R849@B= 6 F9K9A<9 8BEF4FBKAB 8?<F9?PAB7B CB?B:<F9?PAB-
7B CDB@9:GF>4 6D9@9A< T. �?S BJ9A>< @4F9@4F<K9E>B7B B:<84A<S 
(ED98A97B CB 6D9@9A<) < >BDD9?SJ<BAAB= HGA>J<< @B:AB <ECB?P;B-
64FP HBD@G?O (1.19) < (1.28), CD98EF46?9AAO9 6 6<89 
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�D<@9G4A<9. '@9APL9A<9 6 (1.65) <AF9D64?4 T A4 69?<K<AG ô 

B5NSEAS9FES F9@, KFB ;A4K9A<S ( )ô+tx  <;69EFAO FB?P>B 8B @B@9A-
F4 6D9@9A< ô−= Tt . 

#DB@9:GFB> 6D9@9A< A45?R89A<S T 8B?:9A 5OFP D4;5<F A4 n 

D46AOI <AF9D64?B6 nT=  F4>, KFB5O ;4 6D9@S  HGA>J<S ( )tx  <;@9-
AS?4EP A9;A4K<F9?PAB (E@. D<EGAB> 1.8). +9@ 5B?PL9 T < K9@ @9APL9 
, F9@ FBKA99 BJ9A>4 EF4F<EF<K9E><I I4D4>F9D<EF<>. 
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(1.68) 

�OK<E?9A<S CB HBD@G?9 (1.68) 6OCB?ASRFES 8B F4><I ;A4K9A<= j, 
CD< >BFBDOI ( )jXR̂ ô  A4K<A49F EB69DL4FP A95B?PL<9 A9D97G?SDAO9 

>B?954A<S BFABE<F9?PAB AG?S. �?S CB?GK9A<S BL<5>< A9 5B?99 2% 

:9?4F9?PAB, KFB5O 6OCB?AS?BEP GE?B6<9 n1,0j ó . 

�<EC9DE<R D X @B:AB BJ9A<FP CB (1.68) CD< ô = 0. 
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1. +FB EK<F49FES E?GK4=AO@ CDBJ9EEB@? +FB A4;O649FES D94?<-
;4J<9= < E9K9A<9@ E?GK4=AB7B CDBJ9EE4? 

2. �4><9 E?GK4=AO9 CDBJ9EEO EK<F4RFES @4D>B6E><@<, QD7B8<-
K9E><@<, EF4J<BA4DAO@<, J9AFD<DB64AAO@<? 

3. +FB CB>4;O64RF HGA>J<S D4ECD989?9A<S < C?BFABEFP 69DBSF-
ABEF<? �4><9 BEAB6AO9 6<8O D4ECD989?9A<= EGM9EF6GRF? 

4. +FB I4D4>F9D<;G9F ED98A99 CB @AB:9EF6G, ED98A99 CB 6D9@9-
A<, 8<EC9DE<S < ED98A9>648D4F<K9E>B9 BF>?BA9A<9 E?GK4=AB7B CDB-
J9EE4? 

5. +FB I4D4>F9D<;G9F >BDD9?SJ<BAA4S HGA>J<S E?GK4=AB7B CDB-
J9EE4? �4>B6 99 H<;<K9E><= E@OE?? �4>B6O E6B=EF64 >BDD9?SJ<BA-
AOI HGA>J<=? 

6. +FB I4D4>F9D<;G9F 6;4<@A4S >BDD9?SJ<BAA4S HGA>J<S 86GI 
E?GK4=AOI CDBJ9EEB6? �4>B6O E6B=EF64 6;4<@AOI >BDD9?SJ<BAAOI 
HGA>J<=? �4><9 E?GK4=AO9 CDBJ9EEO EK<F4RFES >BDD9?<DB64AAO@<, 
A9>BDD9?<DB64AAO@<, EF4J<BA4DAB-E6S;4AAO@<? 

7. �4> @B:AB <ECB?P;B64FP >BDD9?SJ<BAAGR HGA>J<R 8?S 
H<?PFD4J<< CB?9;AB7B E<7A4?4? 

8. +FB I4D4>F9D<;G9F EC9>FD4?PA4S C?BFABEFP E?GK4=AB7B CDB-
J9EE4? �4>B6 99 H<;<K9E><= E@OE?? �4>B6O E6B=EF64 EC9>FD4?PAOI 
C?BFABEF9=? 

9. +FB I4D4>F9D<;G9F 6;4<@A4S EC9>FD4?PA4S C?BFABEFP 86GI 
E?GK4=AOI CDBJ9EEB6? 

10. �4> @B:AB <ECB?P;B64FP EC9>FD4?PAGR C?BFABEFP 8?S H<?P-
FD4J<< CB?9;AB7B E<7A4?4? 

11. �4>B= E?GK4=AO= CDBJ9EE A4;O649FES 59?O@ LG@B@? �4>B6O 
97B BEAB6AO9 E6B=EF64? 

12. �4> BCD989?<FP EF4F<EF<K9E><9 I4D4>F9D<EF<>< E?GK4=AB7B 
CDBJ9EE4 Q>EC9D<@9AF4?PAB? 
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1.1. �?S EF4J<BA4DAB7B E?GK4=AB7B CDBJ9EE4 ( )tX , <@9RM97B CB-
EFBSAAGR EC9>FD4?PAGR C?BFABEFP ( ) NSX =÷  6 8<4C4;BA9 K4EFBF BF 
–÷ 1 8B +÷ 1 BCD989?<FP @4F9@4F<K9E>B9 B:<84A<9, 8<EC9DE<R < >BD-
D9?SJ<BAAGR HGA>J<R. 

1.2. �BDD9?SJ<BAA4S HGA>J<S EF4J<BA4DAB7B E?GK4=AB7B CDBJ9E-
E4 ( )tX , <@9RM97B @4F9@4F<K9E>B9 B:<84A<9 5m X = , D46A4 

( ) ( ) ( ) .255exp100mexpDR 2
XXX +−=+−= ôôñô  

"CD989?<FP EC9>FD4?PAGR C?BFABEFP QFB7B CDBJ9EE4. 

1.3. �BDD9?SJ<BAA4S HGA>J<S EF4J<BA4DAB7B E?GK4=AB7B CDBJ9E-
E4 ( )tX , <@9RM97B @4F9@4F<K9E>B9 B:<84A<9 5m X = , D46A4 
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"CD989?<FP EC9>FD4?PAGR C?BFABEFP QFB7B CDBJ9EE4. 

1.4. �BDD9?SJ<BAA4S HGA>J<S E?GK4=AB7B CDBJ9EE4 ( )tX  S6?S9FES 
>GEBKAB-A9CD9DO6AB= 
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"CD989?<FP EC9>FD4?PAGR C?BFABEFP QFB7B CDBJ9EE4. 

1.5. �BDD9?SJ<BAA4S HGA>J<S E?GK4=AB7B CDBJ9EE4 ( )tX  D46A4 

( ) ( )22
XX expDR ôñô −= . "CD989?<FP EC9>FD4?PAGR C?BFABEFP 

QFB7B CDBJ9EE4. 
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2.1 #D9B5D4;B64A<9 6IB8AOI E?GK4=AOI E<7A4?B6 ?<A9=AB= 
E<EF9@B= 

 

#GEFP <@99FES B8AB@9DA4S ?<A9=A4S E<EF9@4, A4 6IB8 >BFBDB= 
CBEFGC49F E?GK4=AO= CDBJ9EE ( )tG , <@9RM<= @4F9@4F<K9E>B9 B:<-
84A<9 ( )tmG  < >BDD9?SJ<BAAGR HGA>J<R ( )21G t,tR . %<EF9@4 CD9B5-
D4;G9F 97B 6 6OIB8AB= E?GK4=AO= CDBJ9EE ( )tX , EF4F<EF<K9E><9 I4-
D4>F9D<EF<>< >BFBDB7B FD95GRF BCD989?9A<S. %B6B>GCABEFP CD9B5D4-
;B64A<=, >BFBDO9 A9B5IB8<@B 6OCB?A<FP A48 D94?<;4J<9= ( )tG , KFB-
5O CB?GK<FP D94?<;4J<R ( )tX , BCD989?S9F BC9D4FBD E<EF9@O 

( )û t  (69DIA<= <A89>E G>4;O649F A4 4D7G@9AF, CB >BFBDB@G CD<@9-
AS9FES BC9D4FBD). #D9B5D4;B64A<9 6IB8AB7B E?GK4=AB7B CDBJ9EE4 E 
CB@BMPR F4>B7B BC9D4FBD4 @B:AB BCD989?<FP, >4> 
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� K4EFAB@ E?GK49, >B784 6IB8AO9 E<7A4?O S6?SRFES A9>BDD9?<DB-
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!4=F< 8<EC9DE<R E?GK4=AB7B CDBJ9EE4 ( )tY  A4 6OIB89 E<EF9@O. 

2.12. !4 6IB8 ;4@>AGFB= E<EF9@O CBEFGC49F 59?O= LG@ ( )tX  EB 
EC9>FD4?PAB= C?BFABEFPR ( ) NSX =÷ . #9D984FBKA4S HGA>J<S D4;B-
@>AGFB= E<EF9@O <@99F 6<8 

( ) ( ) .1sTs

K
sW

+
=  

#B>4;4FP, KFB 8<EC9DE<S E<7A4?4 ( )tY  A4 6OIB89 E<EF9@O A9 ;4-
6<E<F BF CBEFBSAAB= 6D9@9A< T. 



  

3 %�!&�� %�%&�  #$� %�'+��!/) �"����%&��3) 

 

3.1 "5M4S CBEF4AB6>4 ;484K< E<AF9;4 E<EF9@ CD< E?GK4=AOI 
6B;89=EF6<SI 

 

#GEFP <@99FES E<EF9@4, A4 6IB8O >BFBDB= CBEFGC4RF CB?9;AO= 

E<7A4? ( )tG  < CB@9I4 ( )tF  (E@. D<EGAB> 3.1). 

( )tX
( )tF

( )tE
$5а?ьAаO 
E<EF5@а

( )tZ
И45а?ьAаO 
E<EF5@а

( )tG

 

$<EGAB> 3.1 3 %I9@4 CD9B5D4;B64A<S CB?9;AB7B E<7A4?4 
 

%<EF9@4 8B?:A4 >4> @B:AB 5B?99 FBKAB 6BECDB<;6B8<FP A9>BFB-
DGR HGA>J<R BF ( )tG , >BFBD4S ;4849FES BC9D4FBDB@ ( )û t , F. 9. 

 ( ) ( ) ( )û .tGtZ
t=  (3.1) 

� ;46<E<@BEF< BF 6<84 BC9D4FBD4 ( )û t  E<EF9@4 @B:9F D9L4FP 
E?98GRM<9 ;484K<: 

" 6BECDB<;6989A<9, 9E?< ( )û  ( ) û = tc
t  (9E?< ( ) 1tc = , E<-

EF9@4 EF4AB6<FES E?98SM9=); 

" 8<HH9D9AJ<DB64A<9, 9E?< 
( )û  û 

dt

dt = ; 

" <AF97D<DB64A<9, 9E?< ( )û  û =
t

t

t

0

dü ; 

" GCD9:89A<9 <?< Q>EFD4CB?SJ<S, 9E?< ( )û  ( )û ô += tt
1  (789 ô 

3 6D9@S GCD9:89A<S). 



  

� B5M9@ E?GK49 CD9B5D4;GRM<= BC9D4FBD ( )û t  @B:9F 5OFP 
CDB<;6B?PAO@. 

�894?PAB9 CD9B5D4;B64A<9 CB?9;AB7B E<7A4?4 6 EBBF69FEF6<< E 
HBD@G?B= (3.1) A96B;@B:AB <;-;4 A96B;@B:ABEF< FBKAB= D94?<;4J<< 
CB?9;AB7B E<7A4?4 ( )tG  < 6?<SA<S CB@9I< ( )tF . �OIB8AB= E<7A4? E<-
EF9@O ( )tX  5G89F BF?<K4FPES BF FD95G9@B7B E<7A4?4 ( )tZ  A4 69?<K<-
AG BL<5>< 

 ( ) ( ) ( ),tXtZtE −=  (3.2) 

CBQFB@G @B:9F EF46<FPES ;484K4 CB846?9A<S CB@9I, >BFBDGR A4;O64-
RF ;484K9= H<?PFD4J<< (E7?4:<64A<S). 
�E?< 6IB8AO9 E<7A4?O ( )tG  < ( )tF  CD98EF46?SRF EB5B= E?GK4=-

AO9 CDBJ9EEO, FB BL<5>4 E<EF9@O ( )tE  F4>:9 5G89F S6?SFPES E?GK4=-
AO@ CDBJ9EEB@. #D< F4><I GE?B6<SI E<AF9; E<EF9@O ;4>?RK49FES 6 99 
EF4F<EF<K9E>B= BCF<@<;4J<<, CBE?9 >BFBDB= 5G89F B59EC9K<64FPES 
A4<?GKL99 ;A4K9A<9 A9>BFBDB7B >D<F9D<S BCF<@4?PABEF<. "EAB6-
AO9 FD95B64A<S > A9@G: 

" 6B;@B:ABEFP >B?<K9EF69AAB= BJ9A>< >4K9EF64 E<EF9@O < 99 
GEC9LABEF< 6 8BEF<:9A<< CBEF46?9AAB= J9?<; 

" 6B;@B:ABEFP @4F9@4F<K9E>B7B (4A4?<F<K9E>B7B) D9L9A<S ;4-
84K< BCF<@<;4J<<. 

!4<5B?99 GCBFD95<F9?PAO@ < CDBEFO@ >D<F9D<9@ BCF<@4?PABEF< 
E<EF9@O S6?S9FES @<A<@G@ ED98A97B >648D4F4 99 BL<5>< 

 ( )  ( ) ( )û   ( ) .minDtmtXtZMtEM E
2
E

222 →+=−==õ  (3.3) 

"K96<8AB, KFB >D<F9D<= ( )2min õ  GK<FO649F < D97G?SDAGR EB-

EF46?SRMGR BL<5>< ( )tm
2
E , < 99 E?GK4=AGR EBEF46?SRMGR D E. 

#D< EF4F<EF<K9E>B= BCF<@<;4J<< @B7GF D9L4FPES E?98GRM<9 
K4EFAO9 ;484K<. 
"CD989?9A<9 BCF<@4?PAOI C4D4@9FDB6 E<EF9@O. � QFB@ E?G-

K49 EFDG>FGD4 E<EF9@O < EF4F<EF<K9E><9 I4D4>F9D<EF<>< 6IB8AOI 



  

6B;89=EF6<= EK<F4RFES <;69EFAO@<. %<AF9; E<EF9@O ;4>?RK49FES 6 
BCD989?9A<< F4><I 99 C4D4@9FDB6, CD< >BFBDOI 6OD4:9A<9 (3.3) <@9-
9F @<A<@G@. 

�D<@9G4A<9. !4 CD4>F<>9 A4<5B?99 K4EFB D9L49FES <@9AAB 
F4>4S ;484K4, F4> >4> EFDG>FGD4 E<EF9@O B5OKAB BCD989?S9FES 99 
HGA>J<BA4?PAO@ A4;A4K9A<9@, 6 FB 6D9@S >4> C4D4@9FDO E<EF9@O 
8BCGE>4RF CB8EFDB=>G. 

%<AF9; BCF<@4?PAB= E<EF9@O E CDB<;6B?PAB= EFDG>FGDB=. � 
QFB@ E?GK49 <@99FES <AHBD@4J<S FB?P>B B CD<A48?9:ABEF< E<EF9@O 
> A9>BFBDB@G >?4EEG, < <;69EFAO EF4F<EF<K9E><9 I4D4>F9D<EF<>< 
6IB8AOI 6B;89=EF6<=. %<AF9; E<EF9@O ;4>?RK49FES 6 BCD989?9A<< 
F4>B= 99 C9D984FBKAB= HGA>J<< ( )sW , CD< >BFBDB= 6OD4:9A<9 (3.3) 
<@99F @<A<@G@. #D< QFB@ 8B?:AB GK<FO64FPES GE?B6<9 H<;<K9E>B= 
D94?<;G9@BEF< E<EF9@O. 

�D<@9G4A<9. � QFB@ E?GK49 EF4AB6<FES 6B;@B:AO@ F9BD9F<-
K9E>< BCD989?<FP CD989? EB69DL9AEF6B64A<S E<EF9@ 6O5D4AAB7B 
>?4EE4 < <ECB?P;B64FP CB?GK9AAGR <AHBD@4J<R 8?S >BDD9>FAB7B 
HBD@G?<DB64A<S FD95B64A<= > A<@ A4 QF4C9 CDB9>F<DB64A<S. 

%<AF9; BCF<@4?PAB= E<EF9@O E A9CDB<;6B?PAB= EFDG>FGDB=. 

� QFB@ E?GK49 EFDG>FGD4 B8AB= K4EF< E<EF9@O (A4CD<@9D, B5N9>F4 
GCD46?9A<S) ;484A4, 4 8DG74S 99 K4EFP (A4CD<@9D, GEFDB=EF6B GCD46-
?9A<S) @B:9F CDB<;6B?PAB 6O5<D4FPES <; A9>BFBDB7B >?4EE4 CB8E<-
EF9@. %F4F<EF<K9E><9 I4D4>F9D<EF<>< 6IB8AOI 6B;89=EF6<= <;69EF-
AO. %<AF9; E<EF9@O ;4>?RK49FES 6 BCD989?9A<< F4>B= C9D984FBKAB= 
HGA>J<< <;@9AS9@B= K4EF< E<EF9@O ( )sW , CD< >BFBDB= 6OD4:9A<9 
(3.3) <@99F @<A<@G@. 

�D<@9G4A<9. &4>4S CBEF4AB6>4 ;484K< S6?S9FES D94?PAB=, F4> 
>4> A4 CD4>F<>9 6O5BD EFDG>FGDO E<EF9@O 6E9784 B7D4A<K9A. � DS89 
E?GK496 EF4AB6<FES 6B;@B:AO@, <ECB?P;GS D9L9A<9 CD98O8GM9= ;4-
84K<, 6O89?<FP <; E<EF9@O BCF<@4?PAGR CB8E<EF9@G. 



  

� ;46<E<@BEF< BF EBBFABL9A<S EC9>FD4?PAB= C?BFABEF< CB?9;AB-
7B E<7A4?4 < CB@9I< ;484K4 E<AF9;4 @B:9F D9L4FPES CB-D4;AB@G. 
�E?< EC9>FDO K4EFBF CB?9;AB7B E<7A4?4 ( )÷GS  < CB@9I< ( )÷FS  

A9 A4>?48O64RFES 8DG7 A4 8DG74 (E@. D<EGAB> 3.2 (4)), FB 4@C?<FG8AB-
K4EFBFA4S I4D4>F9D<EF<>4 (�+)) ;4@>AGFB= E<EF9@O ( )÷A  8B?:A4 
D4ECB?474FPES 6 B5?4EF< EC9>FD4 CB?9;AB7B E<7A4?4. 

 

÷0

4)

( )÷GS
( )÷FS

( )÷A( )÷S
( )÷A

÷0

5)

( )÷GS

( )÷FS

( )÷jW( )÷S
( )÷A

0

6)

( )÷GS

( )÷FS
( )÷A( )÷S

( )÷A

÷

 

$<EGAB> 3.2 3 %BBFABL9A<9 EC9>FD4?PAB= C?BFABEF< CB?9;AB7B 
E<7A4?4 < CB@9I< 

 



  

�E?< EC9>FD K4EFBF CB?9;AB7B E<7A4?4 5OEFDB G5O649F E 6B;D4E-
F4A<9@ K4EFBFO, 4 EC9>FD CB@9I 5?<;B> > 59?B@G LG@G (E@. D<EGAB> 
3.2 (5)), FB 4@C?<FG8AB-K4EFBFA4S I4D4>F9D<EF<>4 D4;B@>AGFB= E<-
EF9@O ( )÷jW D  8B?:A4 D4ECB?474FPES 6 B5?4EF< A<;><I K4EFBF, 789 

EBED98BF4K<649FES BEAB6A4S QA9D7<S CB?9;AB7B E<7A4?4. 
�E?< EC9>FDO K4EFBF CB?9;AB7B E<7A4?4 < CB@9I< A4>?48O64RFES 

8DG7 A4 8DG74 < <@9RF CDB<;6B?PAGR HBD@G (E@. D<EGAB> 3.2 (6)), ;4-
84K4 E<AF9;4 A9 <@99F FD<6<4?PAB7B D9L9A<S. 

 

3.2 "CD989?9A<9 BCF<@4?PAOI C4D4@9FDB6 E<EF9@O 

 

� QFB@ E?GK49 @<A<@G@4 ED98A9= >648D4F<KAB= BL<5>< (3.3) 8B-
5<64RFES CGF9@ <;@9A9A<S ;A4K9A<= C4D4@9FDB6 E<EF9@O. 

�E?< A4 E<EF9@G B8AB6D9@9AAB 89=EF6GRF CB?9;AO= E<7A4? ( )tG  

< CB@9I4 ( )tF , FB <;-;4 D4;AB7B I4D4>F9D4 <I 6?<SA<S CDBEFB= CB85BD 
C4D4@9FDB6 B5OKAB A9 B59EC9K<649F BCF<@4?PABEF< (A4CD<@9D, 
EFD9@?9A<9 G@9APL<FP 6 (2.46) EBEF46?SRMGR G

ED  @B:9F CD<6B8<FP 

> DBEFG F
ED  < A4B5BDBF). �B?:AB <E>4FPES A9>BFBDB9 >B@CDB@<EEAB9 

D9L9A<9. 
�?S D9L9A<S ;484K< E<AF9;4 C9D984FBKA4S HGA>J<S E<EF9@O, 

BFB5D4:4RM4S 99 EFDG>FGDG, CD98EF46?S9FES 6 6<89 

 ( ) ( ),,...,,sWsW m1 òò=  (3.4) 

789 m1 ,...,òò  3 C4D4@9FDO E<EF9@O, CB85BDB@ >BFBDOI @<A<@<;<DG-
9FES 6OD4:9A<9 (3.3). �I 6O5BD 8B?:9A 5OFP B5BEAB64AAO@. �A4K9-
A<S 5B?PL<AEF64 C4D4@9FDB6 BCD989?SRFES F9IA<K9E><@< <?< >BA-
EFDG>F<6AO@< EBB5D4:9A<S@<, CBQFB@G <;@9ASFP <I FDG8AB <?< A9-
6B;@B:AB. "5OKAB 8?S >BDD9>J<< 6O5<D4RF 864-FD< C4D4@9FD4 
(A4CD<@9D, CBEFBSAAO9 6D9@9A< >BDD9>F<DGRM<I ;69AP96, >BQHH<-
J<9AF GE<?9A<S D4;B@>AGFB= E<EF9@O < F. C.). 
�484K4 E<AF9;4 D9L49FES 6 E?98GRM9@ CBDS8>9. 



  

1) "CD989?SRFES C9D984FBKAO9 HGA>J<< E<EF9@O CB >4A4?4@ 
«CB?9;AO= E<7A4? 3 BL<5>4» < «CB@9I4 3 BL<5>4» >4> HGA>J<< C4-
D4@9FDB6 E<EF9@O 

 
( ) ( )

( ) ( ).,...,,sWsW

,,...,,sWsW

m1FEFE

m1GEGE

òò

òò

=

=
 (3.5) 

2) #B EBBF69FEF6GRM<@ C9D984FBKAO@ HGA>J<S@ < EC9>FD4?P-
AO@ C?BFABEFS@ CB?9;AB7B E<7A4?4 < CB@9I< BCD989?SRF EC9>FD4?P-
AGR C?BFABEFP BL<5>< >4> HGA>J<R C4D4@9FDB6 E<EF9@O. #D< BF-
EGFEF6<< >BDD9?SJ<< 6IB8AOI E<7A4?B6 

 

( ) ( )

( ) ( )

( ) ( ) ( ).,...,,S,...,,S,...,,S

),(S,...,,jW,...,,S

),(S,...,,jW,...,,S

m1
F
Em1

G
Em1E

F

2

m1FEm1
F
E

G

2

m1GEm1
G
E

òò÷òò÷òò÷

÷òò÷òò÷

÷òò÷òò÷

+=

=

=

 (3.6) 

3) #B EC9>FD4?PAB= C?BFABEF< BL<5>< BCD989?SRF 8<EC9DE<R 
BL<5>< >4> HGA>J<R C4D4@9FDB6 E<EF9@O 

 ( ) ( ) .d,...,,S
2

1
,...,D m1Em1E ÷òò÷

ð
òò 

+

−



=  (3.7) 

4) �<HH9D9AJ<DGS (3.7) CB m1 ,...,òò  < CD<D46A<64S AG?R CB?G-
K9AAO9 K4EFAO9 CDB<;6B8AO9, CB?GK4RF E<EF9@G m GD46A9A<=, D9L9-
A<9@ >BFBDB= A4IB8SF BCF<@4?PAO9 C4D4@9FDO 

BCFBCF m1 ,...,òò , B59E-

C9K<64RM<9 @<A<@G@ ED98A9= >648D4F<KAB= BL<5><. 
5) �A4K9A<S 

BCFBCF m1 ,...,òò  BJ9A<64RF, <EIB8S <; 6B;@B:ABEF< <I 

F9IA<K9E>B= D94?<;4J<< < 8BCGEF<@OI 8<A4@<K9E><I CB>4;4F9?9= 
E<EF9@O (6D9@9A< D97G?<DB64A<S, A4?<K<S < 69?<K<AO C9D9D97G?<DB-
64A<S, GEFB=K<6BEF< < F. 8.). 
�4AA4S @9FB8<>4 @B:9F F4>:9 CD<@9ASFPES CD< B8AB6D9@9AAB@ 

6B;89=EF6<< A4 E<EF9@G D97G?SDAOI < E?GK4=AOI E<7A4?B6. 



  

�E?< EC9>FD4?PAO9 C?BFABEF< E<7A4?B6 < K4EFBFAO9 C9D984FBK-
AO9 HGA>J<< E<EF9@O S6?SRFES 8DB5AB-D4J<BA4?PAO@< HGA>J<S@< 
÷, FB BCF<@4?PAO9 ;A4K9A<S C4D4@9FDB6 E<EF9@O @B7GF 5OFP A4=89-
AO 4A4?<F<K9E><. 

�D<@9D 3.1. "CD989?9A<9 >BQHH<J<9AF4 GE<?9A<S D4;B@>AGFB= 
E<EF9@O, D4EE@BFD9AAB= 6 CD<@9D9 2.9, >BFBDO= 5O B59EC9K<64? 
@<A<@4?PAB9 ;A4K9A<9 99 ED98A9>648D4F<KAB= BL<5><. &4> >4> B7B-
6BD9AB, KFB 6A9LA<9 6B;89=EF6<S A9 EB89D:4F D97G?SDAOI EBEF46-

?SRM<I, ED98A9>648D4F<K9E>4S BL<5>4 2õ   5G89F EB6C484FP E 8<E-
C9DE<9= BL<5>< D E. 

#B?GK9AAB9 6 CD<@9D9 2.9 ;A4K9A<9 8<EC9DE<< BL<5>< 
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NK

TTKT

TTTKT
DKD
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GG
GE


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++
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=  

�?S <EE?98B64A<S 8<EC9DE<< BL<5>< A4 @<A<@G@ A9B5IB8<@B 
CD<D46ASFP AG?R CDB<;6B8AGR BF ( )KDE  CB >BQHH<J<9AFG GE<?9A<S 
D4;B@>AGFB= E<EF9@O K 

( ) ( )
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N

TTKT

TTTD
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22
GGGE =+
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"FER84 A4IB8<FES BCF<@4?PAB9 ;A4K9A<9 >BQHH<J<9AF4 GE<?9-
A<S D4;B@>AGFB= E<EF9@O 

( )
.

T

TT

TN

TTD2
K

2
G

G

3
G

22
GG

BCF
+

−


−
=  

" " " 

 <A<@G@ HGA>J<< (3.7) @B:9F 5OFP F4>:9 A4=89A ?R5O@ K<E-
?9AAO@ @9FB8B@. 

 



  

3.3 %<AF9; BCF<@4?PAB= E<EF9@O E CDB<;6B?PAB= EFDG>FGDB= 

 

#GEFP <@99FES E<EF9@4, E?G:4M4S 8?S CD9B5D4;B64A<S CB?9;AB7B 
E<7A4?4 ( )tG  CD< A4?<K<< E?GK4=AB= CB@9I< ( )tF . �IB8AO9 E<7A4?O 
S6?SRFES EF4J<BA4DAO@< E?GK4=AO@< CDBJ9EE4@< E D46AO@< AG?R 
@4F9@4F<K9E><@< B:<84A<S@<. &4> >4> EFDG>FGD4 E<EF9@O A9<;69EF-
A4, 5G89@ EK<F4FP, KFB ( )tG  < ( )tF  CD<?B:9AO > B8AB@G < FB@G :9 
6IB8G (E@. D<EGAB> 3.3). 

�D<@9G4A<9. �E?< E<7A4?O ( )tG  < ( )tF  CD<?B:9AO > D4;AO@ 
6IB84@, FB CD<69EF< <I > B8AB@G 6IB8G @B:AB @9FB8B@ Q>6<64?9AF-
AOI CD9B5D4;B64A<=. 

( )tG ( )tX
( )tF

( )tE
( )sW

( )sH
( )tZ

( )tU

 

$<EGAB> 3.3 3 %I9@4 CD9B5D4;B64A<S CB?9;AB7B E<7A4?4 
 

�;69EFAO@< EK<F4RFES EC9>FD4?PAO9 C?BFABEF< E<7A4?B6 
( )÷GS , ( )÷FS  < BC9D4FBD CD9B5D4;B64A<S ( )sH . $9L9A<9 CDB6B8<F-

ES 8?S GCDBM9AAB7B, AB K4EFB 6EFD9K4RM97BES E?GK4S, >B784 CB?9;-
AO= E<7A4? < CB@9I4 EF4F<EF<K9E>< A9;46<E<@O. %G@@4DAO= E<7A4? 
A4 6IB89 E<EF9@O 5G89F D469A 

 ( ) ( ) ( ).tFtGtU +=  (3.8) 

� <;B5D4:9A<SI CB �4C?4EG 6OIB8AB= E<7A4? E<EF9@O ( )tX  E6S-
;4A E 6IB8AO@ E<7A4?B@ ( )tU  EBBFABL9A<9@ 

 ( ) ( ) ( ) ( ) ( ) ( ) ,sFsGsWsUsWsX +==  (3.9) 

789 ( )sW  3 C9D984FBKA4S HGA>J<S ;4@>AGFB= E<EF9@O. 



  

�R54S D94?<;4J<S E?GK4=AB= EG@@4DAB= BL<5>< @B:9F 5OFP 
A4=89A4, >4> 

 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 

( ) ( )  ( ) ( ) ( ).sFsWsGsWsH

sFsGsWsGsHsXsZsE

−−=

=+−=−=
 (3.10) 

�OD4:9A<9 8?S EC9>FD4?PAB= C?BFABEF< BL<5>< <@99F 6<8 
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� 1949 7B8G 4@9D<>4AE><= @4F9@4F<> !. �<A9D CD98?B:<? @9FB8<-
>G BCD989?9A<S D94?<;G9@B= K4EFBFAB= C9D984FBKAB= HGA>J<< ;4@>AG-
FB= E<EF9@O, B59EC9K<64RM9= @<A<@G@ 99 ED98A9>648D4F<KAB= 
BL<5>< (H<?PFD4 �<A9D4). 
#D< E<AF9;9 H<?PFD4 �<A9D4 <EIB8SF <; CD98CB?B:9A<S, KFB A4 

6IB8 E<EF9@O CBEFGC49F 488<F<6A4S E@9EP ( )tU  E?GK4=AB7B CB?9;AB7B 
E<7A4?4 ( )tG  < CB@9I< ( )tF  (E@. D<EGAB> 3.3), >BFBDO9 S6?SRFES EF4-
J<BA4DAO@< E?GK4=AO@< CDBJ9EE4@< E AG?96O@< @4F9@4F<K9E><@< 
B:<84A<S@<. �I EF4F<EF<K9E><9 I4D4>F9D<EF<>< <;69EFAO. 

!9B5IB8<@O@ < 8BEF4FBKAO@ GE?B6<9@ BCF<@4?PABEF< E<EF9-
@O CB >D<F9D<R (3.3) S6?S9FES BFEGFEF6<9 EF4F<EF<K9E>B= E6S;< 
@9:8G BL<5>B= ( )tE  < 6OIB8B@ <894?PAB= E<EF9@O ( )tZ . �?S J9A-
FD<DB64AAOI CDBJ9EEB6 

 ( ) ( )  ( ) ( )û  ( )  .0tZtXtZMtZtEM =−=  (3.29) 

�; (3.29) @B:9F 5OFP CB?GK9AB <AF97D4?PAB9 GD46A9A<9 �<A9-
D4-)BCH4, E6S;O64RM99 BCF<@4?PAGR 69EB6GR HGA>J<R ;4@>AGFB= 
E<EF9@O < EF4F<EF<K9E><9 I4D4>F9D<EF<>< E?GK4=AOI CDBJ9EEB6 

 ( ) ( ) ( ) .0,dRkR
0

UBCFZU ó−= 
+

ôøøôøô  (3.30) 

ВO6B8 GD46A9A<S В<A9D4-%BCH4. �A4K9A<S A4 6OIB84I <894?PAB= 
< E<AF9;<DG9@B= E<EF9@ ( )tZ  < ( )tX  @B7GF 5OFP A4=89AO, >4> 



  

( ) ( ) ( )û  ( ) ( ) ( )û ,tUtX,tGtZ
tt  ==  

789 ( )û t  CD9864D<F9?PAB ;484AAO= BC9D4FBD CD9B5D4;B64A<S (E@. 

C. 3.1), ( )û t  BC9D4FBD E<EF9@O, CB8?9:4M<= BCD989?9A<R. 
�<EC9DE<S BL<5>< BCD989?S9FES CB HBD@G?9 

( ) ( )û   ( ) ( ) ( )û ( ) .tUtZMtXtZMD
2t2

E úû
ù

úû
ù −=−=   

�ECB?P;G9@ CB?B:9A<S F9BD<< 64D<4J<BAAB7B <EK<E?9A<S. #D98-
CB?B:<@, KFB BC9D4FBD ( )û t  S6?S9FES BCF<@4?PAO@, < 9@G EB-
BF69FEF6G9F ;A4K9A<9 

minED . �48464S 97B 64D<4J<R, A4=89@ AB6B9 

;A4K9A<9 8<EC9DE<< 

( ) ( ) ( )û  ( ) ( )û ( ) ,tUtUtZMD
2tt*

E úû
ù

úû
ù −−= ÷  

789 ( )û t  3 CDB<;6B?PAO= BC9D4FBD <; D4EE@4FD<649@B7B >?4EE4, ÷ 

3 @4?O= C4D4@9FD. ЭF4 HBD@G?4 @B:9F 5OFP CD9B5D4;B64A4 

( ) ( ) ( )û ( ) ( ) ( )û  
( ) ( )û   .tUM

tUtUtZM2DD

2t2

tt
E

*
E min

÷

÷

+

+−−=
 

#D9A95D974S @4?O@< CBDS8>4 ÷ 2 < 6OL9, CB?GK<@ 64D<4J<R D E 

( ) ( ) ( )û ( ) ( ) ( )û   .tUtUtZM2DDD tt
E

*
EE min

÷ô −−=−=  

�<HH9D9AJ<DGS EDô  CB ÷ < CD<D46A<64S CDB<;6B8AGR AG?R, 

BCD989?<@ A9B5IB8<@B9 GE?B6<9 BCF<@4?PABEF< ( )û t  

( ) ( ) ( )û ( ) ( ) ( )û  
( ) ( ) ( )û ( ) ( ) ( )û   .0tUtUtZM

,0tUtUtZM2D

tt

tt
E

=−

=−=
ö
ö



ô
÷  



  

�IB8SM<9 6 84AAB9 GE?B6<9 ;A4K9A<S @B7GF 5OFP A4=89AO CB 
HBD@G?4@, 4A4?B7<KAO@ (2.15), F. 9. 

( ) ( )û  ( ) ( )

( ) ( )û  ( ) ( ) ,dU,ttU

,dU,tktU

t

t

t

t

t

t

0

0





=

=

ýýýñ

üüü
 

789 ( )ü,tk  <EIB8A4S BCF<@4?PA4S 69EB64S HGA>J<S E<EF9@O, ( )ýñ ,t  

CDB<;6B?PA4S 69EB64S HGA>J<S. &B784 

( ) ( ) ( ) ( ) ( )

( ) ( )  ( ) ( ) ( )  ( ) .d,tdUUM,tkUtZM

dU,tdU,tktZM

t

t

t

t

t

t

t

t

0 0

00

 




ÿþ

ÿ
ý
ü

ÿþ

ÿ
ý
ü

−=

=
ú
ú
û

ù

ú
ú
û

ù
÷

÷
ø

ö
÷
÷
ø

ö
−

ýýñüýüüý

ýýýñüüü

 

�?S CDB<;6B?PAB= HGA>J<< ( )ýñ ,t  QFB 6OD4:9A<9 5G89F D46AB 
AG?R FB?P>B CD< D469AEF69 AG?R 6OD4:9A<S 6 H<7GDAOI E>B5>4I 

( ) ( )  ( ) ( ) ( )  .tt,0dUUM,tkUtZM 0

t

t0

óó=−  ýüýüüý  

"FER84 @B:AB CB?GK<FP 

( ) ( ) ( ) .tt,d,R,tk,tR 0

t

t
UZU

0

óó=  ýüýüüý  

&4> >4> 6IB8AO9 CDBJ9EEO < E4@4 E<EF9@4 S6?SRFES EF4J<BA4D-
AO@<, FB 8?S GEF4AB6<6L97BES D9:<@4 (t 0 → +>) CB?GK9AAB9 GD46-
A9A<9 @B:AB ;4C<E4FP 6 6<89 

( ) ( ) ( ) .tt,dRtktR 0
0

UZU óó−−=− 
+

ýüýüüý  



  

�OCB?A<6 ;4@9AG C9D9@9AAOI ýô −= t  < üø −= t , @B:AB CB?G-
K<FP GD46A9A<9 (3.30). 

" " " 

�?S EF4J<BA4DAOI 6IB8AOI E?GK4=AOI CDBJ9EEB6 GD46A9A<9 
(3.30) D9L4RF CGF9@ CD<@9A9A<S CD9B5D4;B64A<S (GDP9 û F  > 97B 
?96B= < CD46B= K4EFS@. 

�D<@9G4A<9. � CD46B= K4EF< (3.30) 6OCB?AS9FES E69DF>4 HGA>-
J<= ( )øBCFk  < ( )øô −UR , CD9B5D4;B64A<9 >BFBDB= CB (GDP9 D46AB 
CDB<;6989A<R CD9B5D4;B64A<= E69DFO649@OI HGA>J<= CB (GDP9. 
#D9B5D4;B64A<9 <@CG?PEAB= C9D9IB8AB= I4D4>F9D<EF<>< CB (GDP9 
BCD989?<F BCF<@4?PAGR C9D984FBKAGR HGA>J<R E<EF9@O. 

#BE?9 6OCB?A9A<S CD9B5D4;B64A<= CB?GK<@ 

 

( )û  ( )û  ( )û 

( ) ( ) ( )

( ) ( )
( ) ,

S

jS
jW

,SjWjS

,RFkFRF

U

ZU
BCF

UBCFZU

UBCFZU

÷
÷

÷

÷÷÷

ôôô


=

=

=

 (3.31) 

789 

 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) .jSSjH

jSjSjS

,SjSjSSS

GFG

ZFZGZU

FFGGFGU

÷÷÷

÷÷÷

÷÷÷÷÷

+=

=+=

+++=

 (3.32) 

#D< BFEGFEF6<< 6;4<@AB= >BDD9?SJ<< CB?9;AB7B E<7A4?4 < CB@9I< 

 ( ) ( )
( ) ( ) ( ),jH

SS

S
jW

FG

G ÷
÷÷

÷
÷ 

+
=  (3.33) 

KFB EB6C4849F E (3.21). 



  

#9D984FBKA4S HGA>J<S (3.31) 6 B5M9@ E?GK49 5G89F H<;<K9E>< 
A9D94?<;G9@B=. �E?< EC9>FD4?PAO9 C?BFABEF< 6IB8AOI E?GK4=AOI 
CDBJ9EEB6 S6?SRFES 8DB5AB-D4J<BA4?PAO@< HGA>J<S@<, FB CB?GK<FP >64-
;<BCF<@4?PAGR C9D984FBKAGR HGA>J<R E<EF9@O @B:AB, <ECB?P;GS @9FB-
8<>G �B89 < ,9AABA4 (E@. C. 3.3).  

�D<@9D 3.3. %<AF9; BCF<@4?PAB7B H<?PFD4 �<A9D4 8?S E?98SM9= 
E<EF9@O ( ( ) 1jH = ÷ ). !4 6IB8 E<EF9@O CBEFGC49F E?GK4=AO= CDB-
J9EE ( )tU , A4 99 6OIB89 A45?R849FES CDBJ9EE ( )tX . %C9>FD4?PAO9 
C?4FABEF< E<7A4?B6 D46AO 

( ) ( ) ( ) ( )
.

T1

0S
S,

T1

0S
S

22
XU

XU
XU22

U

U
U ÷

÷
÷

÷
+

=
+

=  

(4>FBD<;4J<S EC9>FD4?PAB= C?BFABEF< 6IB8AB7B E?GK4=AB7B 
CDBJ9EE4 84EF D9;G?PF4F 

( ) ( ) ( )

( ) ( )
( ) ( ) ( )

( ) .jT1

0S
j,

jT1

0S
j

,jjS

U

U

U

U

U

÷
÷

÷
÷

÷÷÷

−
=−

+
=

−=

 

(<;<K9E>< D94?<;G9@4S K4EFP C9D984FBKAB= HGA>J<< ;4@>AGFB= 
E<EF9@O BCD989?<FES E CB@BMPR 6OD4:9A<S 

( ) ( )
( )

( )
( )

( )

( )
( )

( )
( ) ( )

( )
( ) ( ) ( ) ,jT1

TT

jT1

TT

T2

1

0S

0S

Tj1Tj1

jT1

0S

0S

T1

jT1

0S

0S

j

jHjS

XU

XUU

XU

XUU

XUU

XU

XUXU

U

U

XU

22
XU

U

U

XUXU

ú
û

ù
ú
û

ù
−

−
−

+
+




==

=
++

−
=

=
+

−
=

−


÷÷

÷÷
÷

÷
÷

÷
÷÷

 

�FBDB9 E?4749@B9 6 E>B5>4I <@99F CB?REO 6 CD46B= CB?GC?BE>B-
EF< ÷j . "AB BF5D4EO649FES. 

$94?<;G9@4S K4EFBFA4S C9D984FBKA4S HGA>J<S D46A4 



  

( ) ( )
( )

( )
( )

( )
( )
( ) .jT1

jT1

T2

TT

0S

0S

j

jS

j

1
jW

XU

U

XU

XUU

U

XU

XU

÷
÷

÷
÷

÷
÷

+
+



+

=

=ú
û

ù
ú
û

ù
−





=
+  

�64;<BCF<@4?PA4S C9D984FBKA4S HGA>J<S D46A4 

( ) ( )
( ) .

T2

TT

0S

0S
K,

sT1

sT1
KsW

XU

XUU

U

XU

XU

U


+

=
+

+
=  

" " " 

#B?GK<FP D94?<;G9@GR <@CG?PEAGR C9D9IB8AGR I4D4>F9D<EF<>G 
( )tk , S6?SRMGRES D9L9A<9@ (3.30), 6B;@B:AB CGF9@ CD<6989A<S 
6IB8AB7B 6B;89=EF6<S A4 E<EF9@G > 59?B@G LG@G. 
#GEFP A4 6IB8 ;4@>AGFB= E<EF9@O CB849FES E?GK4=AO= CDBJ9EE 

( )tV  F<C4 59?B7B LG@4 E >BDD9?SJ<BAAB= HGA>J<9= ( ) ( )ôôô =VR  < 
EC9>FD4?PAB= C?BFABEFPR ( ) 1SV =÷ . �?S CB?GK9A<S 6IB8AB7B CDB-
J9EE4 E ;484AAO@< I4D4>F9D<EF<>4@< <ECB?P;G9FES BF59?<64RM<= 
H<?PFD E K4EFBFAB= I4D4>F9D<EF<>B= ( )÷ j  (E@. C. 2.5). 

( )tG ( )tV
( )tF

( )tE( )tZ

( )tX( )tU

( )sH

( )sW;( )s

 

$<EGAB> 3.4 3 %I9@4 CD9B5D4;B64A<S CB?9;AB7B E<7A4?4 E 
<ECB?P;B64A<9@ BF59?<64RM97B H<?PFD4 

 

+4EFBFA4S I4D4>F9D<EF<>4 BF59?<64RM97B H<?PFD4 ;4849FES HBD-
@G?B= (2.49). �?S 84AAB7B E?GK4S 

 ( ) ( ) ( ) .jS

1

j

1
j

U ÷÷
÷


=


=  (3.34) 



  

#D< <ECB?P;B64A<< H<?PFD4 BCF<@4?PA4S K4EFBFA4S C9D984FBK-
A4S HGA>J<S E<EF9@O A4IB8<FES CB EBBFABL9A<R 

 ( ) ( ) ( ),jWjjW ;BCF ÷÷÷ =  (3.35) 

789 ( )÷jW;  C9D984FBKA4S HGA>J<S ;4@>AGFB= E<EF9@O, CB8?9:4M4S 
BCD989?9A<R. 
�ECB?P;GS (3.30) < GE?B6<9 D94?<;G9@BEF< E<EF9@O (2.9), 4 F4>:9 

D469AEF6B 98<A<J9 <AF97D4?4 BF ô-HGA>J<< 6 59E>BA9KAOI CD989?4I, 
@B:AB A4=F< 69EB6GR HGA>J<R ;4@>AGFB= E<EF9@O 

 ( )
( )

ÿþ

ÿ
ý
ü

ü

ó
=

.0t,0

,0t,tR
tk

ZV

;  (3.36) 

#D9B5D4;B646 B59 K4EF< (3.36) CB (GDP9, CB?GK<@ 

 

( ) ( ) ( )

( ) ( )

( ) ( ) ( )

( ) ( ) ( ) .dttjexpdtjexpjS
2

1

dttjexpdtjexpjS
2

1

dttjexptR

dttjexptkjW

0
ZV

0
ZV

0
ZV

0
;;

−ú
û

ù
ú
û

ù



=

=−ú
û

ù
ú
û

ù



=

=−=

=−=

 

 





+ +

−

+ +

−

+

+

÷÷÷÷
ð

÷÷÷÷
ð

÷

÷÷

 (3.37) 

�;4<@A4S EC9>FD4?PA4S C?BFABEFP ( )÷jSZV  @B:9F 5OFP 6OK<E-
?9A4 CB GD46A9A<R, 4A4?B7<KAB@G (2.35).  

 

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( ) 
( ) ( ).jSj

jSSjjH

jSjjH

SjjHjS

ZU

GFG

GF

GZV

÷÷

÷÷÷÷

÷÷÷

÷÷÷÷

−=

=+−=

=−+

+−=

 (3.38) 



  

"CF<@4?PA4S K4EFBFA4S C9D984FBKA4S HGA>J<S E<EF9@O A4IB8<F-
ES CGF9@ B5N98<A9A<S (3.34), (3.37) < (3.38) 

 

( )
( ) ( ) ( ) ( )

( ) .dttjexp

dtjexpjSj
2

j

jW

0
ZV

BCF

−ô

ôú
û

ù
ú
û

ù
−




=

=

 
+ +

−

÷

÷÷÷÷
ð
÷

÷

 (3.39) 

�E?< 6IB8AO9 E?GK4=AO9 CDBJ9EEO ( )tG  < ( )tF  EF4F<EF<K9E>< 
A9;46<E<@O, EC9>FD4?PA4S C?BFABEFP CB?9;AB7B E<7A4?4 BC<EO649FES 
8DB5AB-D4J<BA4?PAB= HGA>J<9= 6<84 ( ) ( ) ( )22

G PQS ÷÷÷ = , 4 E?G-
K4=A4S CB@9I4 S6?S9FES 59?O@ LG@B@ EB EC9>FD4?PAB= C?BFABEFPR 

( ) ( )0SS FF =÷ , FB BCF<@4?PA4S K4EFBFA4S C9D984FBKA4S HGA>J<S 
E?98SM9= E<EF9@O BCD989?S9FES CB GCDBM9AAB= HBD@G?9 

 ( ) ( )
( ) ,j

0S
1jW

F
BCF ÷

÷


−=  (3.40) 

789 ( )÷ j  6OK<E?S9FES E CB@BMPR (3.22). 

�D<@9G4A<9. �E?< EC9>FD4?PA4S C?BFABEFP ( )÷GS  A9 S6?S9FES 
8DB5AB-D4J<BA4?PAB= HGA>J<9= K4EFBFO <?< CB?GK9A4 Q>EC9D<@9A-
F4?PAB, FB 8?S A4IB:89A<S ( )ωjWBCF   99 AG:AB 4CCDB>E<@<DB64FP 
8DB5AB-D4J<BA4?PAB= HGA>J<9=. 

�D<@9D 3.4. "CD989?9A<9 C9D984FBKAB= HGA>J<< E?98SM9= E<-
EF9@O CB >D<F9D<R @<A<@G@4 99 ED98A9>648D4F<KAB= BL<5>< CB 
84AAO@ CD<@9D4 3.2. %C9>FD4?PAO9 C?BFABEF< 6IB8AOI E<7A4?B6 EB-
EF46?SRF 

( ) ( ) ( ) ( ).0SNS,
T1

0S

T1

TD2
S FF22

G

G

22
G

GG
G ==

+
=

+


= ÷

÷÷
÷  

!4=89AAB9 6 CD<@9D9 3.2 ;A4K9A<9 ( )÷ j  D46AB 



  

( ) ( ) ( ) ,
Tj1

j1
0S0Sj

G
FG ÷

÷ñ
÷

+
+

+=  

"CF<@4?PA4S K4EFBFA4S C9D984FBKA4S HGA>J<S ;4@>AGFB= E<-
EF9@O A4IB8<FES E?98GRM<@ B5D4;B@ 

( ) ( )
( ) ( )

( ) ( ) ( )
( ) ( )

( ) ( ) ( )
( ) ( )

.
ωj1

1

0S0S

0ST0S0S
j

ωj1

1

0S0S

0S0S0S

ωj1

ωTj1

0S0S

0S
1ωjW

FG

FGFG

FG

FFG

G

FG

G

+


+

−+
+

+
+


+

−+
=

=
+
+


+

−=

ñ
ñ

÷

ñ

ñ

 

&4> >4> ( ) ( ) ( ) 0S0S0ST FGFG +=ñ , FB 6FBDB9 E?4749@B9 

D46AB AG?R. $94?<;G9@4S K4EFBFA4S C9D984FBKA4S HGA>J<S ;4@>AG-
FB= E<EF9@O <@99F 6<8 

( ) ( ) ( ) ( )
( ) ( )

( )
( ) ( ) .

ωj1

1

0S0S

0S
1

ωj1

1

0S0S

0S0S0S
ωjW

FG

F

FG

FFG

+
ú

û

ù
ú
û

ù
+

−=

=
+


+

−+
=

ñ

ñ
 

$94?<;G9@4S C9D984FBKA4S HGA>J<S ;4@>AGFB= E<EF9@O 6 <;B5-
D4:9A<SI CB �4C?4EG <@99F 6<8 

( ) ,
1sT

K
sW

+
=  

789 ( ) ( ) ( ) 0S0S0S1K FGF +−=  3 >BQHH<J<9AF GE<?9A<S ;4-

@>AGFB= E<EF9@O, ñ=T  3 99 CBEFBSAA4S 6D9@9A<. 

" " " 

 



  

3.4 (<?PFD �4?@4A4-�PRE< 

 

� 1960 7. $. �4?@4A < $. �PRE< CD98?B:<?< @9FB8 E<AF9;4 E<EF9-
@O, BCF<@4?PAB= CB >D<F9D<R @<A<@G@4 ED98A9>648D4F<KAB= E?G-
K4=AB= BL<5>< (H<?PFD4 �4?@4A4-�PRE<). 

�D<@9G4A<9. (<?PFD �<A9D4 B59EC9K<649F @<A<@G@ ED98A9-
>648D4F<KAB= BL<5>< FB?P>B 6 GEF4AB6<6L9@ES D9:<@9 CD< GE?B-
6<<, KFB E?GK4=AO9 CDBJ9EEO S6?SRFES EF4J<BA4DAO@<. (<?PFD 
�4?@4A4-�PRE< S6?S9FES BCF<@4?PAO@ < 6 C9D9IB8AB@ D9:<@9 (CD< 
>BA9KAB@ 6D9@9A< A45?R89A<S), 4 CB?9;AO= E<7A4? < CB@9I4 @B7GF A9 
B5?484FP E6B=EF6B@ EF4J<BA4DABEF<. 

�484K4 E<AF9;4 D9L49FES 6 CDBEFD4AEF69 EBEFBSA<= (6B 6D9@9A-
AB= B5?4EF<). "CF<@4?PA4S BJ9A>4 6OIB8AB7B E<7A4?4 E<EF9@O A4IB-
8<FES D9L9A<9@ E<EF9@O 8<HH9D9AJ<4?PAOI GD46A9A<=, KFB B5OKAB 
CDBM9 D9L9A<S GD46A9A<S �<A9D4-)BCH4, BEB59AAB 8?S A9EF4J<B-
A4DAOI E?GK4=AOI CDBJ9EEB6. 
#D98CB?4749FES, KFB E<EF9@4 8B?:A4 6BECDB<;6B8<FP CB?9;AO= 

E<7A4? ( )tZ  (6 B5M9@ E?GK49 3 A9EF4J<BA4DAO= E?GK4=AO= CDBJ9EE). 
!4 99 6IB89 89=EF6G9F CB@9I4 ( )tF  (6 B5M9@ E?GK49 3 59?O= LG@ E 
AG?96O@ @4F9@4F<K9E><@ B:<84A<9@). %I9@4 6BECDB<;6989A<S E<7-
A4?4 CB>4;4A4 A4 D<EGA>9 3.5. 

( )tX
( )tF

( )tE
( )sW

( )tZ ( )tU

 

$<EGAB> 3.5 3 %I9@4 6BECDB<;6989A<S CB?9;AB7B E<7A4?4 
 

�484K4 E<AF9;4 BCF<@4?PAB7B H<?PFD4 �4?@4A4-�PRE< ;4>?RK4-
9FES 6 BCD989?9A<< 97B C9D984FBKAB= HGA>J<< ( )sW , >BFBD4S 5O 
B59EC9K<64?4 @<A<@G@ ED98A9>648D4F<KAB= BL<5>< (3.3). 



  

"CF<@4?PA4S E<EF9@4, B59EC9K<64RM4S 6 ?R5B= @B@9AF 6D9@9A< 
t > t 0 6BECDB<;6989A<9 E<7A4?4 ( )tZ  CD< 6OCB?A9A<< GE?B6<S (3.3), 

BC<EO649FES 8<HH9D9AJ<4?PAO@ GD46A9A<9@ 

 ( ) ( ) ( ) ( ) ( ),tUtCtXtQtX
dt

d
+=  (3.41) 

789 ( )tU  – EG@@4DAO= 6IB8AB= E<7A4?, D46AO= 

 ( ) ( ) ( ).tFtZtU +=  (3.42) 

%?GK4=AO= CDBJ9EE ( )tZ  BCD989?S9FES 8<HH9D9AJ<4?PAO@ GD46-
A9A<9@ C9D6B7B CBDS8>4 

 ( ) ( ) ( ) ( ),tVtZtAtZ
dt

d
+=  (3.43) 

789 ( )tA  3 HGA>J<S 6D9@9A<, ;46<ESM4S BF I4D4>F9D<EF<> ( )tZ ; ( )tV  

3 A9EF4J<BA4DAO= CDBJ9EE F<C4 «59?O= LG@» E AG?96O@ @4F9@4F<K9-
E><@ B:<84A<9@. �BDD9?SJ<BAAO9 HGA>J<< A9EF4J<BA4DAOI E?GK4=-
AOI CDBJ9EEB6 ( )tV  < ( )tF  EK<F4RFES D46AO@< 

 

( ) ( ) ( )  ( ) ( )

( ) ( ) ( )  ( ) ( )

( ) ,0,tR

,ttNFtFM,tR

,ttLVtVM,tR

VF

F

V

=

−==

−==

ô

ôôôô

ôôôô

 (3.44) 

789 ( ) 0tL ó  < ( ) 0tN þ  3 A9CD9DO6AO9 A9CD9DO6AB 8<HH9D9AJ<DG9-
@O9 HGA>J<< 6D9@9A<. �?S EF4J<BA4DAOI E?GK4=AOI CDBJ9EEB6 ( )tV  

< ( )tF  ECD4698?<6O EBBFABL9A<S 

 
( ) ( ) ( ) ( )

( ) ,0R

,tNR,tLR

VF

FV

=

−=−=

ô

ôôôôôô
 (3.45) 

789 L < N 3 >BAEF4AFO. 

�?S CB?GK9A<S ( )tZ  A9B5IB8<@ HBD@<DGRM<= H<?PFD, EFDG>FGD4 



  

>BFBDB7B, BCD989?S9@4S (3.43), CB>4;4A4 A4 D<EGA>9 3.6 ( ( )sWH  3 C9-

D984FBKA4S HGA>J<S HBD@<DGRM97B H<?PFD4). 
 

( )tZ


( )tA

( )tV

( )sWH
 

$<EGAB> 3.6 3 %FDG>FGDA4S EI9@4 HBD@<DGRM97B H<?PFD4 
 

%FDG>FGD4 BCF<@4?PAB7B H<?PFD4, BCD989?S9@4S GD46A9A<9@ 
(3.41), CB>4;4A4 A4 D<EGA>9 3.7 ( ( )sW  3 C9D984FBKA4S HGA>J<S BCF<-
@4?PAB7B H<?PFD4).  

 

( )tX

( )sW



( )tQ

( )tU
( )tC

 

$<EGAB> 3.7 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB7B H<?PFD4 
 

� F9BD<< BCF<@4?PAB= H<?PFD4J<< 8B>4;O649FES, KFB @<A<@G@ 
>D<F9D<S (3.3) 8BEF<749FES CD<  

 ( ) ( ) ( ) ( ) ( )
( ) .tN

tr
tC,tCtAtQ =−=  (3.46) 

(GA>J<S ( )tr  A4IB8<FES CGF9@ D9L9A<S 8<HH9D9AJ<4?PAB7B 
GD46A9A<S $<>>4F< 

 ( ) ( ) ( ) ( ) ( ) ( ) .tNtrtrtA2tLtr
dt

d 2−+=  (3.47) 



  

% GK9FB@ (3.46) GD46A9A<9 BCF<@4?PAB7B H<?PFD4 �4?@4A4-�PRE< 
@B:AB ;4C<E4FP 6 E?98GRM9@ 6<89 

 ( ) ( ) ( ) ( ) ( ) ( ) .tXtUtCtXtAtX
dt

d
−+=  (3.48) 

�?S A9EF4J<BA4DAOI E?GK4=AOI CDBJ9EEB6 HGA>J<< ( )tA , ( )tC , 

( )tQ  ;46<ESF BF 6D9@9A<, < BCF<@4?PAO= H<?PFD �4?@4A4-�PRE< CB-
?GK49FES A9EF4J<BA4DAO@. �?S EF4J<BA4DAOI E?GK4=AOI CDBJ9EEB6 

( ) AtA = . � GEF4AB6<6L9@ES D9:<@9 H<?PFD �4?@4A4-�PRE< 5G89F 

EF4J<BA4DAO@, F4> >4> HGA>J<< ( ) CtC =  < ( ) QCAtQ =−=  A9 ;4-
6<ESF BF 6D9@9A<. "A BCD989?S9FES 8<HH9D9AJ<4?PAO@ GD46A9A<9@ E 
CBEFBSAAO@< >BQHH<J<9AF4@< 

 ( ) ( ) ( ) ( ).tUCtXCAtX
dt

d
+−=  (3.49) 

�D<@9G4A<9. �4:9 CD< EF4J<BA4DAOI 6B;89=EF6<SI H<?PFD 
�4?@4A4-�PRE< 6 C9D9IB8AB@ D9:<@9 S6?S9FES A9EF4J<BA4DAO@, 
F4> >4> >BQHH<J<9AF ( )tC  <;@9AS9FES 6B 6D9@9A<. 

'D46A9A<R (3.48) EBBF69FEF6G9F EFDG>FGDA4S EI9@4 H<?PFD4, CB-
>4;4AA4S A4 D<EGA>9 3.8 (BA4 Q>6<64?9AFA4 EI9@9 E D<EGA>4 3.7). "K9-
6<8AB, KFB CD< F4>B@ CD98EF46?9A<< BCF<@4?PAO= H<?PFD �4?@4A4-
�PRE< @B:AB D4EE@4FD<64FP >4> 8<A4@<K9E>GR E<EF9@G E BFD<J4-
F9?PAB= B5D4FAB= E6S;PR. 

 

( )tX

( )sW


( )tU

( )tC

( )tA

 

$<EGAB> 3.8 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB7B H<?PFD4 
 



  

$9L9A<9 ;484K< E<AF9;4 BCF<@4?PAB7B H<?PFD4 E6B8<FES > BCD9-
89?9A<R HGA>J<= ( )tQ  < ( )tC , CD< >BFBDOI B59EC9K<649FES 6OCB?-
A9A<9 GE?B6<S (3.3). "AB CDB6B8<FES 6 FD< QF4C4. 

1) "CD989?SRFES C4D4@9FDO HBD@<DGRM97B H<?PFD4, >BFBDO= 
CD< 6B;89=EF6<< A4 97B 6IB8 59?B7B LG@4 ( )tV  EB EC9>FD4?PAB= 

C?BFABEFPR ( )÷VS  CB;6B?S9F CB?GK<FP A4 6OIB89 E?GK4=AO= CDB-
J9EE ( )tZ  E ;484AAB= EC9>FD4?PAB= C?BFABEFPR ( )÷ZS . 

�E?< E?GK4=AO9 CDBJ9EEO S6?SRFES EF4J<BA4DAO@<, 4 EC9>-
FD4?PA4S C?BFABEFP ( )÷ZS  S6?S9FES 8DB5AB-D4J<BA4?PAB= HGA>J<< 
K4EFBFO, FB (E@. HBD@G?O (2.49) < (3.44)) 

 ( ) ( )
,

L

ωjωjWH


=


 (3.50) 

789 ( ) ( ) ( )ωSωjωj Z=−  . �4@9A<6 6 (3.50) s A4 ωj  , @B:AB 
CB?GK<FP C9D984FBKAGR HGA>J<R HBD@<DGRM97B H<?PFD4 6 <;B5D4-
:9A<SI CB �4C?4EG 

 ( ) ( )
.

L

s
sWH


=  (3.51) 

#B C9D984FBKAB= HGA>J<< (3.51) @B:AB A4=F< GD46A9A<9 (3.43), 

E6S;O64RM99 E?GK4=AO9 CDBJ9EEO ( )tZ  < ( )tV . 

2) "CD989?S9FES 8<EC9DE<S E?GK4=AB= BL<5>< ( )tDE  >4> A9>BFB-
D4S HGA>J<S 6D9@9A< ( )tr  CGF9@ (6B;@B:AB K<E?9AAB7B) D9L9A<S 
GD46A9A<S (3.47). �?S QFB7B A9B5IB8<@B ;A4FP A4K4?PAB9 ;A4K9A<9 

( )0tr  CD< t 0 = 0. "5OKAB ( ) 0tX 0 = , CBQFB@G 

 

( ) ( ) ( ) ( )

( ) ( )  ( )  ( ) ( ).tDt,tRtZMtEMtr

,tZtXtZtE

0Z00Z0
2

0
2

0

0000

====

=−=
 (3.52) 

3). !4IB8SFES C4D4@9FDO BCF<@4?PAB7B H<?PFD4 (HGA>J<= ( )tC  < 
( )tQ ). �?S QFB7B <ECB?P;GRFES HBD@G?O (3.46). 



  

�D<@9D 3.5. %<AF9; BCF<@4?PAB7B H<?PFD4 �4?@4A4-�PRE<. !4 
6IB8 ?<A9=AB= E?98SM9= E<EF9@O CBEFGC49F EF4J<BA4DAO= E?GK4=-
AO= CDBJ9EE ( )tZ  < E?GK4=A4S CB@9I4 ( )tF  F<C4 «59?O= LG@». �I 
EC9>FD4?PAO9 C?BFABEF< D46AO 

( ) ( )

( ) ( ).0SNS

,
T1

0S

T1

TD2
S

FF

2
Z

2

Z

2
Z

2

ZZ
Z

==

+
=

+


=

÷

÷÷
÷

 

%?GK4=AO= CDBJ9EE ( )tZ  D4EE@4FD<649FES >4> D94>J<S HBD@<-
DGRM97B H<?PFD4 A4 EF4J<BA4DAO= E?GK4=AO= CDBJ9EE ( )tV  F<C4 
«59?O= LG@», <@9RM<= EC9>FD4?PAGR C?BFABEFP 

( ) ( ).0SLS VV ==÷  

� EBBF69FEF6<< E (3.50) BCD989?S9FES K4EFBFA4S C9D984FBKA4S 
HGA>J<S HBD@<DGRM97B H<?PFD4 

( ) ( ) ( ) ( ) ( )

( ) ( )
( )

( )
.

Tj1

1

L

0S

ωS

ωjΨωjW

,
Tωj1

0S

Tωj1

0S
ωjΨωjΨωS

Z

Z

V

H

Z

Z

Z

Z
Z

+
=


=

−


+
=−=

÷

 

�4C<EO649FES C9D984FBKA4S HGA>J<S HBD@<DGRM97B H<?PFD4 6 
<;B5D4:9A<SI CB �4C?4EG 

( ) ( )
.

Ts1

1

L

0S
sW

Z

Z

+
=H  

#B?GK9AAB= C9D984FBKAB= HGA>J<< EBBF69FEF6G9F E?98GRM99 
8<HH9D9AJ<4?PAB9 GD46A9A<9, E6S;O64RM99 ( )tZ  < ( )tF  

( ) ( ) ( ) ( ),tV
L

0S
tZtZ

dt

d
T Z
Z =+  



  

( ) ( ) ( ) ( ).tV
TL

0S
tZ

T

1
tZ

dt

d
2
Z

Z

Z




+−=  

'FB5O CD<69EF< QFB GD46A9A<9 > 6<8G (3.43), EC9>FD4?PA4S 
C?BFABEFP 59?B7B LG@4 L CD<A<@49FES D46AB= ZZ TD2  . &B784 

( )
1

T

TD2

D2

T

T

0S

L

1
2
Z

ZZ

Z

Z

2
Z

Z =





=  

">BAK4F9?PAB ( )tZ  @B:AB CD98EF46<FP, >4> 

( ) ( ) ( ) ( ) ( ).tVtZAtVtZ
T

1
tZ

dt

d

Z

+=+−=  

789 ZT1A −= . %BBF69FEF6GRM4S QFB@G GD46A9A<R EFDG>FGD4 
HBD@<DGRM97B H<?PFD4 CB>4;4A4 A4 D<EGA>9. 

 

( )tZ( )tV

( )sWH

( )tU

( )tF
s1

ZT1

 

 

#D< CBEFBSAAOI A, L < N GD46A9A<9 (3.47) D9L49FES >4> 8<HH9-
D9AJ<4?PAB9 GD46A9A<9 E D4;89?SRM<@<ES C9D9@9AAO@<. 

.dt
NrrA2L

dr
,NrrA2Lr

dt

d
2

2  =
−+

−+=  

#BE?9 <AF97D<DB64A<S CB?GK49FES 6OD4:9A<9 

( ),Clnt
NLAANr

NLAANr
ln

NLA

1

2

2

2
+=÷

÷

ø

ö

÷
÷

ø

ö

+++−

+−+−


+
 

789 C 3 CBEFBSAA4S <AF97D<DB64A<S.  



  

#BE?98A99 6OD4:9A<9 @B:AB C9D9C<E4FP E?98GRM<@ B5D4;B@ 

.NLAt
NLAANr

NLAANr

C

1
ln 2

2

2

+=÷
÷

ø

ö

÷
÷

ø

ö

+++−

+−+−
  

� EBBF69FEF6<< E (3.52) ( ) ( ) ZZ D0,0R0r == , CBQFB@G CBEFBSA-
A4S <AF97D<DB64A<S D46A4 

.
NLAAND

NLAAND
C

2
Z

2
Z

+++−

+−+−
=  

 B:AB ;4C<E4FP 

( )
( )

( ).NLAtexp

NLAAND

NLAAND

NLAANtr

NLAANtr

2

2
Z

2
Z

2

2

+=

=
+−+−

+++−


+++−

+−+−

 

#BE?9 A9B5IB8<@OI CD9B5D4;B64A<= B>BAK4F9?PAB BCD989?S9FES 
HGA>J<S ( )tr . #D< ZZ TD2L =  < ZT1A −=  

( ) ( ) ( ) ( )
( ) ( ) ( )

,
texp122122

texp1111

T

N
tr

Z +++−+−+

++−+−



=

òòòòò
òòòò

 

789 NLA
2 +=ò , ( ) ( )0S0S FZ=ò . #BE?9 CB8EF4AB6>< ;A4K9A<S 

t → +>, BCD989?S9FES 69?<K<A4 D E 6 GEF4AB6<6L9@ES D9:<@9 

( ) ( )
.

11

D2

122

11

T

N
Dr Z

Z
E òòò

òò
++


=

+++

++
==  

�; GD46A9A<S (3.46) A4IB8<FES HGA>J<S ( )tC  

( ) ( ) ( ) ( )
( ) ( ) ( )

.
texp122122

texp1111

T
tC

Z +++−+−+

++−+−
=

òòòòò
òòòò

 



  

�A4K9A<S HGA>J<< ( )tC  6 A4K4?PAO= @B@9AF 6D9@9A< (CD< t = 0) < 
6 GEF4AB6<6L9@ES D9:<@9 (CD< t → +>) D46AO 

( ) ( ) ( ) .11T
C,

N

D

T2
0C

Z

Z

Z ò
òò

++
==


=  

�<HH9D9AJ<4?PAB9 GD46A9A<9 BCF<@4?PAB7B H<?PFD4 �4?@4A4-

�PRE<, 4A4?B7<KAB9 (3.48), <@99F 6<8 

( ) ( ) ( ) ( ) ( ) .tXtUtCTtXtX
dt

d
Z −+−=  

%BBF69FEF6GRM4S QFB@G GD46A9A<R EFDG>FGD4 BCF<@4?PAB7B 
H<?PFD4 CB>4;4A4 A4 D<EGA>9. 

 

( )tX

( )sW

( )tU
( )tC s1

ZT1

 

 

�4@9ASS <AF97D<DGRM99 ;69AB, BI64K9AAB9 B5D4FAB= E6S;PR, 
<A9DJ<BAAO@ ;69AB@, @B:AB CD98EF46<FP EFDG>FGDG H<?PFD4 �4?-
@4A4-�PRE< <A4K9. 

 

( )tX

( )sW

( )tU
( )tC ( )zZ Ts1T +

 

 

�?S GEF4AB6<6L97BES D9:<@4 @B:AB BCD989?<FP C9D984FBKAGR 
HGA>J<R BCF<@4?PAB7B H<?PFD4 >4> ;4@>AGFB= E<EF9@O. 

 



  

( ) ( ) ( )
( ) ( )

( )
( ) ( ) .

1

T

TC1

T
T,

1

1
1

TC1

TC
K

,
Ts1

K

Ts1TC1

Ts1TC
sW

Z

Z

Z

Z

Z

ZZ

ZZ

òò +
=

+
=

+
−=

+


=

+
=

++
+

=

 

" " " 

�"#$"%/ ��3 %� "�"!&$"�3 

 

1. � K9@ ;4>?RK49FES B5M4S ;484K4 E<AF9;4 ?<A9=AOI E<EF9@ CD< 
E?GK4=AOI 6B;89=EF6<SI? �4><9 CD9B5D4;B64A<S 6IB8AB7B E<7A4?4 
@B:9F 6OCB?ASFP E<AF9;<DG9@4S E<EF9@4? 

2. +FB CBA<@49FES CB8 EF4F<EF<K9E>B= BCF<@<;4J<9= E<EF9@O? 

+FB EK<F49FES >D<F9D<9@ BCF<@4?PABEF< E<EF9@O CD< 99 EF4F<EF<K9-
E>B= BCF<@<;4J<<?  

3. �4><9 ;484K< @B7GF D9L4FPES 6 IB89 EF4F<EF<K9E>B= BCF<@<-
;4J<< E<EF9@O? 

4. �4> BCD989?SRFES C4D4@9FDO E<EF9@O E ;484AAB= EFDG>FGDB=, 
BCF<@4?PAB= CB >D<F9D<R @<A<@G@4 ED98A9>648D4F<KAB= BL<5><? 
#B >4>B@G CD<AJ<CG BF5<D4RFES C4D4@9FDO E<EF9@O 8?S 99 EF4F<-
EF<K9E>B= BCF<@<;4J<<? 

5. �4> E<AF9;<DG9FES E<EF9@4 E CDB<;6B?PAB= EFDG>FGDB=, BCF<-
@4?PA4S CB >D<F9D<R @<A<@G@4 ED98A9>648D4F<KAB= BL<5><? 

6. +FB EK<F49FES H<;<K9E>< D94?<;G9@B= E<EF9@B=? � K9@ ;4-
>?RK49FES @9FB8<>4 �B89 < ,9AABA4, CD<@9AS9@4S 8?S E<AF9;4 H<-
;<K9E>B= D94?<;G9@B= E<EF9@O? 

7. +FB EK<F49FES BCF<@4?PAO@ H<?PFDB@ �<A9D4? �4>B64 B5-
?4EFP 97B CD<@9A9A<S? �4>B6 CBDS8B> E<AF9;4 BCF<@4?PAB7B H<?PFD4 
�<A9D4? 

8. +FB EK<F49FES BCF<@4?PAO@ H<?PFDB@ �4?@4A4-�PRE<? �4>B-
64 B5?4EFP 97B CD<@9A9A<S? �4>B6 CBDS8B> E<AF9;4 BCF<@4?PAB7B 
H<?PFD4 �4?@4A4-�PRE<? 
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3.1. #9D984FBKA4S HGA>J<S D4;B@>AGFB= E<EF9@O <@99F 6<8 (E@. 
CD<@9D 2.9) 

( ) ( )
.

s

1sTK
sW

2

+
=  

!4 6IB8 E<EF9@O CB849FES D97G?SDAO= E<7A4? 

( )
2

tb
tatg

2
+=  

< E?GK4=A4S CB@9I4 ( )tF , CD98EF46?SRM4S EB5B= 59?O= LG@ EB EC9>-
FD4?PAB= C?BFABEFPR ( ) NSF =÷ . "CD989?<FP ;A4K9A<9 CBEFBSAAB= 
6D9@9A< T, B59EC9K<64RM9= @<A<@G@ ED98A9>648D4F<KAB= BL<5>< 
E<EF9@O 6 GEF4AB6<6L9@ES D9:<@9, < 69?<K<AG QFB= BL<5><. 

3.2. $9L<FP CD98O8GMGR ;484KG 6 CD98CB?B:9A<<, KFB @B:AB 
<;@9ASFP >4> ;A4K9A<9 CBEFBSAAB= 6D9@9A< T, F4> < >BQHH<J<9AF 
GE<?9A<S K. 

3.3. $9L<FP ;484KG 3.1 6 CD98CB?B:9A<<, KFB C9D984FBKA4S HGA>-
J<S D4;B@>AGFB= E<EF9@O <@99F 6<8 

( ) ( )
( )

.
1ss

1sTK
sW

2 +

+
=

ô
 

3.4. !4 6IB8 E<EF9@O CBEFGC4RF A9;46<E<@O9 CB?9;AO= E?GK4=-
AO= CDBJ9EE ( )tG  < CB@9I4 ( )tF  (E@. D<EGAB> 3.3). "CD989?<FP BCF<-
@4?PAGR CB >D<F9D<R @<A<@G@4 8<EC9DE<< BL<5>< C9D984FBKAGR 
HGA>J<R E?98SM9= E<EF9@O ( ( ) 1sH = ). %C9>FD4?PAO9 C?BFABEF< 

6IB8AOI E?GK4=AOI CDBJ9EEB6 D46AO 

( ) ( ) ( ) ( )
.

T1

0S
S,

T1

0S
S

22
F

F
F22

G

G
G ÷

÷
÷

÷
+

=
+

=  



  

3.5. !4 6IB8 E<EF9@O CBEFGC4RF A9;46<E<@O9 CB?9;AO= E?GK4=-
AO= CDBJ9EE ( )tG  < CB@9I4 ( )tF  (E@. D<EGAB> 3.3). "CD989?<FP BCF<-
@4?PAGR CB @<A<@G@G ED98A9>648D4F<KAB= BL<5>< C9D984FBKAGR 
HGA>J<R E<EF9@O, D9L4RM9= ;484KG <AF97D<DB64A<S ( ( ) s1sH = ). 

%C9>FD4?PAO9 C?BFABEF< 6IB8AOI E?GK4=AOI CDBJ9EEB6 D46AO 

( ) ( ) ( ) ( ).0SS,
T1

0S
S FF22

G

G
G =

+
= ÷

÷
÷  

3.6. $9L<FP CD98O8GMGR ;484KG 6 CD98CB?B:9A<<, KFB E<EF9@4 
D9L49F ;484KG 8<HH9D9AJ<DB64A<S ( ( ) ssH = ). 

3.7. !4 6IB8 E<EF9@O CBEFGC4RF A9;46<E<@O9 CB?9;AO= E?GK4=-
AO= CDBJ9EE ( )tG  < CB@9I4 ( )tF  (E@. D<EGAB> 3.3). "CD989?<FP <@-
CG?PEAGR C9D9IB8AGR I4D4>F9D<EF<>G E?98SM9= E<EF9@O, B59EC9K<-
64RMGR 99 @<A<@4?PAGR ED98A9>648D4F<KAGR BL<5>G, 9E?< 

( ) ( ) ( ) ( ) .exp2R,2exp3R FG  ôôôô −=−=  
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4.1 "D74A<;4J<S ?45BD4FBDAB7B CD4>F<>G@4 
 

"EAB6AB= J9?PR 6OCB?A9A<S ?45BD4FBDAOI D45BF S6?S9FES CB-
?GK9A<9 GEFB=K<6OI CD4>F<K9E><I A46O>B6 <EE?98B64A<S E?GK4=AOI 
CDBJ9EEB6. � IB89 6OCB?A9A<S D45BF G EFG89AF4 8B?:AB EHBD@<DB-
64FPES CD98EF46?9A<9 B CD<AJ<C4I 4A4?<;4 < E<AF9;4 E<EF9@, A4IB8S-
M<IES CB8 6?<SA<9@ E?GK4=AOI 6B;89=EF6<=. 

�D<@9G4A<9. &4> >4> 6OCB?A9A<9 ?45BD4FBDAOI D45BF CD98CB-
?4749F L<DB>B9 <ECB?P;B64A<9 <AHBD@4J<BAAOI F9IAB?B7<=, FB 
6ECB@B74F9?PAB= J9?PR CD4>F<>G@4 @B:9F EK<F4FPES <;GK9A<9 
6B;@B:ABEF9= CDB7D4@@AOI ED98EF6 D9L9A<S ;484K EF4F<EF<K9-
E>B= 8<A4@<>< (A4CD<@9D, MathCAD <?< Matlab). 

� IB89 6OCB?A9A<S ?45BD4FBDAB7B CD4>F<>G@4 8B?:AO D9L4FPES 
E?98GRM<9 ;484K<: 

" D4;6<F<9 ?B7<K9E>B7B < 4?7BD<F@<K9E>B7B @OL?9A<S; 
" 6OD45BF>4 G@9A<S BJ9A<64FP EF4F<EF<K9E><9 I4D4>F9D<EF<>< 

8<A4@<K9E><I E<EF9@; 
" 6OD45BF>4 G@9A<S E4@BEFBSF9?PAB EF46<FP < D9L4FP ;484K< 

4A4?<;4 < E<AF9;4 8<A4@<K9E><I E<EF9@; 

" <;GK9A<9 CD<AJ<CB6 D45BFO CD<>?48AB7B CDB7D4@@AB7B B59E-
C9K9A<S. 
�?S 6OCB?A9A<S ?45BD4FBDAOI D45BF EFG89AF 8B?:9A ;A4FP: 
" BEAB6AO9 CB?B:9A<S F9BD<< 69DBSFABEF9= < @4F9@4F<K9E>B= 

EF4F<EF<><; 
" BEAB6AO9 CB?B:9A<S F9BD<< HGA>J<< >B@C?9>EAB7B C9D9@9A-

AB7B < BC9D4J<BAAB7B <EK<E?9A<S; 
" BEAB6AO9 I4D4>F9D<EF<>< E?GK4=AOI CDBJ9EEB6; 
" ;4>BAB@9DABEF< < EC9J<H<>G CB6989A<S E<EF9@ CB8 6?<SA<9@ 

E?GK4=AOI 6B;89=EF6<=; 



  

" @9FB8O 4A4?<;4 E<EF9@, A4IB8SM<IES CB8 6?<SA<9@ E?GK4=-
AOI 6B;89=EF6<=; 

" @9FB8O E<AF9;4 E<EF9@, BCF<@4?PAOI CB 6O5D4AAO@ EF4F<-
EF<K9E><@ >D<F9D<S@; 

" 6B;@B:ABEF< AB6OI <AHBD@4J<BAAOI F9IAB?B7<= D9L9A<S 
@4F9@4F<K9E><I ;484K. 
%FG89AF 8B?:9A G@9FP: 
" HBD@G?<DB64FP FD95B64A<S > E<EF9@4@ A4 QF4C4I <I 4A4?<;4 < 

E<AF9;4; 
" >BDD9>FAB <ECB?P;B64FP @4F9@4F<K9E><9 ;4>BAB@9DABEF< CB-

6989A<S E<EF9@ 6 GE?B6<SI EF4F<EF<K9E>B= A9BCD989?9AABEF<; 
" CD98EF46?SFP D9;G?PF4FO D9L9A<S BF89?PAOI ;484K 6 G8B5AB@ 

8?S 6BECD<SF<S < 84?PA9=L97B <ECB?P;B64A<S 6<89. 
#D4>F<>G@ CD98CB?4749F 6OCB?A9A<9 CSF< ?45BD4FBDAOI D45BF, 

F9@4F<>4 >BFBDOI 6 J9?B@ EBBF69FEF6G9F EFDG>FGD9 A4EFBSM97B CBEB-
5<S. � >4:8B= D45BF9 D9L49FES B8A4 >BA>D9FA4S ;484K4. #B?GK9AAO9 
B8<A D4; D9;G?PF4FO @B7GF <ECB?P;B64FPES A4 6E9I CBE?98GRM<I QF4-
C4I ?45BD4FBDAB7B CD4>F<>G@4. 
"5S;4F9?PAO@ GE?B6<9@ 8BCGE>4 EFG89AF4 > 6OCB?A9A<R ?45BD4-

FBDAB= D45BFO S6?S9FES GE6B9A<9 EBBF69FEF6GRM97B F9BD9F<K9E>B7B 
@4F9D<4?4. $45BF4 EK<F49FES 6OCB?A9AAB= < ;4M<M9AAB=, 9E?< EFG-
89AF BF69F<? A4 6E9 6BCDBEO CB @9FB8<>9 99 CDB6989A<S < F9BD<<, CB-
?GK<? A9B5IB8<@O9 D9;G?PF4FO < 84? <@ CD46<?PAGR BJ9A>G, CDB89-
@BAEFD<DB64? G69D9AAB9 6?489A<9 EBBF69FEF6GRM<@< <AEFDG@9A-
F4?PAO@< ED98EF64@<. 

�D<@9G4A<9. �?S CDB69D>< F9BD9F<K9E><I ;A4A<= @B7GF <ECB?P-
;B64FPES >BAFDB?PAO9 6BCDBEO, CD<6989AAO9 6 EBBF69FEF6GRM<I 
D4;89?4I CBEB5<S. 

#D4>F<>G@ A9 CD9F9A8G9F A4 CB?ABFG BI64F4 6E9I CDB5?9@, D9L4-
9@OI CD< 4A4?<;9 < E<AF9;9 EFBI4EF<K9E><I E<EF9@. !9 EF46<?4EP 
F4>:9 J9?PR <;GK9A<9 CD<9@B6 D9L9A<S CD<>?48AOI ;484K 6 >BA-



  

>D9FAB= CDB7D4@@AB= ED989. &9@ A9 @9A99, 46FBD A4899FES, KFB D94?<-
;4J<S CD98?4749@B= CDB7D4@@O CD4>F<K9E>B= CB87BFB6>< CB;6B?<F 
4>F<6<;<DB64FP E4@BEFBSF9?PAGR D45BFG EFG89AFB6, GCDBK<FP <I F9B-
D9F<K9E><9 ;A4A<S < GEB69DL9AEF6B64FP A46O>< D9L9A<S ;484K 6 B5-
?4EF< EF4F<EF<K9E>B= 8<A4@<>< E<EF9@. 

 

4.2 �45BD4FBDA4S D45BF4 №1. "CD989?9A<9 EF4F<EF<K9E><I 
I4D4>F9D<EF<> E?GK4=AOI CDBJ9EEB6 

 

*9?P D45BFO 3 CD<B5D9F9A<9 A46O>B6 BJ9A<64A<S BEAB6AOI EF4-
F<EF<K9E><I I4D4>F9D<EF<> E?GK4=AOI CDBJ9EEB6. 
%B89D:4A<9 D45BFO 3 D4EK9F EF4F<EF<K9E><I I4D4>F9D<EF<> E?G-

K4=AOI CDBJ9EEB6 E ;484AAO@< ;4>BA4@< D4ECD989?9A<S CB B7D4A<-
K9AAB@G A45BDG BCOFAOI 84AAOI. 
�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP: 
" BCD989?9A<9 E?GK4=AOI CDBJ9EEB6 < <I 6<8O; 

" BEAB6AO9 EF4F<EF<K9E><9 I4D4>F9D<EF<>< E?GK4=AOI CDBJ9E-
EB6 (HGA>J<R D4ECD989?9A<S, C?BFABEFP 69DBSFABEF<, @4F9@4F<K9-
E>B9 B:<84A<9, 8<EC9DE<R, >BDD9?SJ<BAAGR HGA>J<R, EC9>FD4?PAGR 
C?BFABEFP) < <I E6B=EF64. 
�E9 A9B5IB8<@O9 F9BD9F<K9E><9 E6989A<S < D4EK9FAO9 HBD@G?O 

EB89D:4FES 6 84AAB@ CBEB5<<. �4D<4AFO ;484A<= 8?S 6OCB?A9A<S ?4-
5BD4FBDAB= D45BFO CD<6989AO 6 F45?<J9 4.1 (>B?BA>< В 1 < В 2 BCD9-
89?SRF ;4>BAO D4ECD989?9A<S, >B?BA>< � 1 < � 2 3 ;A4K9A<S C4D4@9F-
DB6 D4ECD989?9A<S <; F45?<JO 4.2). 
#D< 6OCB?A9A<< ?45BD4FBDAB= D45BFO A9B5IB8<@B: 
" E79A9D<DB64FP 869 6O5BD>< B5N9@B@ 50 3 100 E?GK4=AOI K<E9? 

E ;484AAO@< ;4>BA4@< D4ECD989?9A<S, <@<F<DGRM<9 EF4J<BA4DAO9 
QD7B8<K9E><9 E?GK4=AO9 CDBJ9EEO; 

" 8?S >4:8B= 6O5BD>< E?GK4=AOI K<E9? BCD989?<FP HGA>J<R 
D4ECD989?9A<S < C?BFABEFP 69DBSFABEF<, BJ9A<FP @4F9@4F<K9E>B9 
B:<84A<9 < 8<EC9DE<R; 



  

" 8?S >4:8B= 6O5BD>< E?GK4=AOI K<E9? BCD989?<FP >BDD9?SJ<-
BAAO9 HGA>J<<, EC9>FD4?PAO9 C?BFABEF<, 6;4<@AO9 >BDD9?SJ<BAAO9 
HGA>J<< < 6;4<@AO9 EC9>FD4?PAO9 C?BFABEF<. 

 

&45?<J4 4.1 3 �4D<4AFO ;484A<= 8?S 6OCB?A9A<S ?45BD4FBDAB= 
D45BFO №1 

№ В 1 � 1 � 2 В 2 � 1 � 2 

1 1 0,0 1,0 3 0,0 0,2 

2 2 0,5 4 1 3,0 5,0 

3 3 1,0 0,5 2 2,0 4 

4 1 0,0 2,0 2 0,5 4 

5 2 1,0 4 2 1,0 4 

6 3 0,0 0,4 1 4,0 5,0 

7 1 0,0 3,0 1 1,0 2,0 

8 2 1,5 4 1 1,0 3,0 

9 3 2,0 0,3 3 1,0 0,3 

10 1 0,0 4,0 3 2,0 0,4 

11 2 2,0 4 3 0,0 0,5 

12 3 0,0 0,2 2 1,5 4 

13 1 0,0 5,0 2 2,0 4 

14 2 0,5 4 1 2,0 4,0 

15 3 1,0 0,1 1 3,0 4,0 

16 1 1,0 5,0 1 1,0 4,0 

17 2 1,0 4 2 0,5 4 

18 3 2,0 0,1 3 1,0 0,4 

19 1 2,0 5,0 3 2,0 0,3 

20 2 1,5 4 3 0,0 0,2 

 

&45?<J4 4.2 3 &<CO < C4D4@9FDO D4ECD989?9A<= 

№ В � 1 � 2 

1 $46AB@9DAB9 D4ECD989?9A<9 a b 

2 Э>ECBA9AJ<4?PAB9 D4ECD989?9A<9 ü 4 

3 !BD@4?PAB9 D4ECD989?9A<9 m X ó X 

 



  

(GA>J<R D4ECD989?9A<S D9>B@9A8G9FES A4IB8<FP CB 6OD4:9A<R 

(1.50). �A4?B7 C?BFABEF< 69DBSFABEF< D9>B@9A8G9FES CB?GK4FP CB 
HBD@G?9 (1.51). �4K9EF6B 8<E>D9FAB= 4CCDB>E<@4J<< I4D4>F9D<EF<> 
@B:AB BJ9A<FP CGF9@ <I ED46A9A<S E D9;G?PF4F4@<, CB?GK9AAO@< E 
CB@BMPR CDB7D4@@AOI ED98EF6 (E6989A<S B5 BEAB6AOI HGA>J<SI 
D4ECD989?9A<S E<EF9@O MathCAD CD<6989AO 6 F45?<J9 4.3). 

 

&45?<J4 4.3 3 (GA>J<< D4ECD989?9A<S MathCAD 

$GA>F<S  9;G?PF4F 

( )b,a,nrunif  
�9>FBD n E?GK4=AOI K<E9?, <@9RM<I D46AB@9D-
AB9 D4ECD989?9A<9 6 8<4C4;BA9 BF a 8B b. 

( )ü,nexpr  
�9>FBD n E?GK4=AOI K<E9?, <@9RM<I Q>ECBA9AJ<-
4?PAB9 D4ECD989?9A<9 E ;4FGI4A<9@ ü. 

( )ó,m,nrnorm  
�9>FBD n E?GK4=AOI K<E9?, <@9RM<I ABD@4?PAB9 
D4ECD989?9A<9 E @4F9@4F<K9E><@ B:<84A<9@ m < 
ED98A9>648D4F<K9E><@ BF>?BA9A<9@ ó. 

( )b,a,xpunif  
(GA>J<S D46AB@9DAB7B D4ECD989?9A<S x 6 8<4C4-
;BA9 BF a 8B b. 

( )ü,xexpp  
(GA>J<S Q>ECBA9AJ<4?PAB7B D4ECD989?9A<S x E 
;4FGI4A<9@ ü. 

( )ó,m,xpnorm  
(GA>J<S ABD@4?PAB7B D4ECD989?9A<S x E @4F9@4-
F<K9E><@ B:<84A<9@ m < ED98A9>648D4F<K9E><@ 
BF>?BA9A<9@ ó. 

( )b,a,xdunif  
#?BFABEFP 69DBSFABEF< D46AB@9DAB7B D4ECD989-
?9A<S x 6 8<4C4;BA9 BF a 8B b. 

( )ü,xexpd  
#?BFABEFP 69DBSFABEF< Q>ECBA9AJ<4?PAB7B D4E-
CD989?9A<S x E ;4FGI4A<9@ ü. 

( )ó,m,xdnorm  
#?BFABEFP 69DBSFABEF< ABD@4?PAB7B D4ECD989?9-
A<S x E @4F9@4F<K9E><@ B:<84A<9@ m < ED98A9-
>648D4F<K9E><@ BF>?BA9A<9@ ó. 

( )x,Dhist  
�9>FBD K4EFBFAB7B D4ECD989?9A<S x CB <AF9D64-
?4@, 7D4A<JO >BFBDOI ID4ASFES 6 69>FBD9 D. 

( )x,khist  
�9>FBD K4EFBFAB7B D4ECD989?9A<S x CB k <AF9D64-
?4@ BF x min 8B x max. 

 



  

(D47@9AFO 8B>G@9AF4 MathCAD, <??REFD<DGRM<9 BJ9A<64A<9 
I4D4>F9D<EF<> 6O5BD>< E?GK4=AOI K<E9?, CB>4;4AO A4 D<EGA>9 4.1. 

 

 

4) 

 

5) 

$<EGAB> 4.1 3 "CD989?9A<9 HGA>J<< D4ECD989?9A<S (4) < C?BFAB-
EF< 69DBSFABEF< (5)  

 



  

�?S 6OK<E?9A<S EF4F<EF<K9E><I I4D4>F9D<EF<> 6O5BDB> D9>B-
@9A8G9FES <ECB?P;B64FP 8<E>D9FAO9 EBBFABL9A<S (1.54) < (1.57). 
!4=89AAO9 ;A4K9A<S D9>B@9A8G9FES ED46A<FP E D9;G?PF4F4@<, CB?G-
K9AAO@< E CB@BMPR EF4A84DFAOI HGA>J<= (E6989A<S B EF4F<EF<K9-
E><I HGA>J<SI MathCAD CD<6989AO 6 F45?<J9 4.4). 

 

&45?<J4 4.4 3 %F4F<EF<K9E><9 HGA>J<< MathCAD 

$GA>F<S  9;G?PF4F 

( )xmean  

%D98A99 ;A4K9A<9 x, 6OK<E?S9@B9 CB HBD@G?9 

( ) õ
=

=
n

1i
ix

n

1
xmean . 

( )xvar  

�<EC9DE<S x, 6OK<E?S9@4S CB HBD@G?9 

( ) ( ) õ
=

−=
n

1i

2
i xmeanx

n

1
xvar . 

�?S CD4>F<K9E>B7B <ECB?P;B64A<S CB?GK9AAB9 
;A4K9A<9 8B?:AB 5OFP <ECD46?9AB A4 K<E?B EF9-
C9A9= E6B5B8O CB EI9@9 ( ) ( )1nnxvar − . 

( )xstdev  

%D98A9>648D4F<K9E>B9 BF>?BA9A<9 X, 6OK<E?S9-
@B9 CB HBD@G?9 

( ) ( ).xvarxstdev =  

�?S CD4>F<K9E>B7B <ECB?P;B64A<S CB?GK9AAB9 
;A4K9A<9 8B?:AB 5OFP <ECD46?9AB A4 K<E?B EF9-
C9A9= E6B5B8O CB EI9@9 ( ) ( )1nnxstdev − . 

 

�BDD9?SJ<BAAO9 HGA>J<< 6O5BDB> < 6;4<@AO9 >BDD9?SJ<BAAO9 
HGA>J<< @B7GF BCD989?SFPES CB HBD@G?4@ 6<84 (1.68). +FB5O EA<;<FP 
CB7D9LABEFP <I BCD989?9A<S CD< EGM9EF69AAOI <;@9A9A<SI E?GK4=-
AB= 69?<K<AO, D9>B@9A8G9FES 6OCB?A<FP <AF9DCB?SJ<R <EIB8AOI 
84AAOI 8?S @9APL97B L474 CB 6D9@9A< (E@. D<EGAB> 4.2 (4)). %C9>-
FD4?PAO9 C?BFABEF< 6O5BDB> < <I 6;4<@AO9 EC9>FD4?PAO9 C?BFABEF< 
@B7GF 5OFP A4=89AO CGF9@ K<E?9AAB7B <AF97D<DB64A<S A4=89AAOI 
Q>EC9D<@9AF4?PAB >BDD9?SJ<BAAOI HGA>J<= E <ECB?P;B64A<9@ GD46-
A9A<= (1.43) < (1.47). 



  

(D47@9AFO 8B>G@9AF4 MathCAD, <??REFD<DGRM<9 BJ9A<64A<9 
QF<I I4D4>F9D<EF<>, CB>4;4AO A4 D<EGA>9 4.2. 

 

 

4) 

 

5) 

$<EGAB> 4.2 3 "CD989?9A<9 >BDD9?SJ<BAAB= HGA>J<< (4) < EC9>-
FD4?PAB= C?BFABEF< (5)  

 



  

%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
" <EIB8AO9 84AAO9 8?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO; 

" D9;G?PF4FO BJ9A<64A<S EF4F<EF<K9E><I I4D4>F9D<EF<> E?G-
K4=AOI CDBJ9EEB6; 

" 7D4H<>< HGA>J<= D4ECD989?9A<S, C?BFABEF9= 69DBSFABEF<, 
>BDD9?SJ<BAAOI HGA>J<= < EC9>FD4?PAOI C?BFABEF9=. 

 

4.3 �45BD4FBDA4S D45BF4 №2. �A4?<; E<EF9@O CD< E?GK4=AOI 
6B;89=EF6<SI 

 

*9?P D45BFO 3 CD<B5D9F9A<9 A46O>B6 D4EK9F4 ?<A9=AOI E<EF9@ 
CD< E?GK4=AOI 6B;89=EF6<SI. 
%B89D:4A<9 D45BFO 3 D4EK9F D97G?SDAB= < E?GK4=AB= EBEF46?S-

RM9= E?GK4=AB7B CDBJ9EE4 A4 6OIB89 ?<A9=AB= E<EF9@O. 

�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP: 
" CD46<?4 BCD989?9A<S I4D4>F9D<EF<> E?GK4=AOI CDBJ9EEB6 A4 

6OIB89 E<EF9@O CB I4D4>F9D<EF<>4@ 99 6IB8AOI 6B;89=EF6<=; 

" CD46<?4 D4EK9F4 D97G?SDAB= EBEF46?SRM9= BL<5>< ?<A9=AB= 
E<EF9@O CB I4D4>F9D<EF<>4@ 99 6IB8AOI 6B;89=EF6<=; 

" CD46<?4 D4EK9F4 E?GK4=AB= EBEF46?SRM9= BL<5>< ?<A9=AB= 
E<EF9@O CB I4D4>F9D<EF<>4@ 99 6IB8AOI 6B;89=EF6<=. 

�E9 A9B5IB8<@O9 F9BD9F<K9E><9 E6989A<S < D4EK9FAO9 HBD@G?O 
EB89D:4FES 6 84AAB@ CBEB5<<. �4D<4AFO ;484A<= 8?S 6OCB?A9A<S ?4-
5BD4FBDAB= D45BFO CD<6989AO 6 F45?<J9 4.5 (CD<ASFP K = 1). %FDG>-
FGD4 D4EEK<FO649@B= E<EF9@O CB>4;4A4 A4 D<EGA>9 4.3.  

( )tX
( )tF

( )sW2( )sW1

( )tG ( )tE

 

$<EGAB> 4.3 3 %FDG>FGD4 D4EEK<FO649@B= E<EF9@O 

 



  

&45?<J4 4.5 3 �4D<4AFO ;484A<= 8?S 6OCB?A9A<S ?45BD4FBDAOI 
D45BF №3 < №4 

№ ( )sW1  ( )s,KW2  ( )÷GS  ( )÷FS  

1 1s +  ( )1ssK +  ( )214,0 ÷+  0,1 

2 ( ) s1s +  ( )1s3sK +  ( )2213,0 ÷+  0,2 

3 s1  ( )1s5sK +  ( )2312,0 ÷+  0,3 

4 1 ( )1s7sK +  ( )2411,0 ÷+  0,4 

5 s ( )1s9sK +  ( )2511,0 ÷+  0,1 

6 1s +  ( )1sK +  ( )2612,0 ÷+  0,2 

7 ( ) s1s +  ( )1s3K +  ( )2713,0 ÷+  0,3 

8 s1  ( )1s5K +  ( )2814,0 ÷+  0,4 

9 1 ( )1s7K +  ( )2911,0 ÷+  0,1 

10 s ( )1s9K +  ( )2912,0 ÷+  0,2 

11 1s +  ( )1s2sK +  ( )2813,0 ÷+  0,3 

12 ( ) s1s +  ( )1s4sK +  ( )2714,0 ÷+  0,4 

13 s1  ( )1s6sK +  ( )2611,0 ÷+  0,4 

14 1 ( )1s8sK +  ( )2512,0 ÷+  0,3 

15 s ( )1s2K +  ( )2413,0 ÷+  0,2 

16 1s +  ( )1s4K +  ( )2314,0 ÷+  0,1 

17 ( ) s1s +  ( )1s6K +  ( )2211,0 ÷+  0,1 

18 s1  ( )1s8K +  ( )212,0 ÷+  0,2 

19 1 ( ) 2
s1s2K +  ( )2212,0 ÷+  0,3 

20 s1  ( ) s1s4K +  ( )211,0 ÷+  0,4 

 

#D< 6OCB?A9A<< ?45BD4FBDAB= D45BFO A9B5IB8<@B: 
" BCD989?<FP C9D984FBKAO9 HGA>J<< E<EF9@O CB >4A4?4@ «CB-

?9;AO= E<7A4? 3 BL<5>4» < «CB@9I4 3 BL<5>4»; 
" BCD989?<FP D97G?SDAGR EBEF46?SRMGR BL<5>< CB >4:8B@G <; 

>4A4?B6 >4> D94>J<R E<EF9@O A4 EF4A84DFAO9 98<A<KAO9 EFGC9AK4-



  

FO9 6B;89=EF6<S; 
" BCD989?<FP 8<EC9DE<R BL<5>< CB >4:8B@G <; >4A4?B6; 
" CDB@B89?<DB64FP CB6989A<9 E<EF9@O. 
"CD989?9A<9 8<EC9DE<< BL<5>< J9?9EBB5D4;AB CDB6B8<FP K<E-

?9AAB. �?S @B89?<DB64A<S CB6989A<S E<EF9@O D9>B@9A8G9FES E79A9-
D<DB64FP CB@9IG E ABD@4?PAO@ ;4>BAB@ D4ECD989?9A<S, AG?96O@ @4-
F9@4F<K9E><@ B:<84A<9@, D4EEK<F4AAB= 8<EC9DE<9= < A4?B:<FP 99 A4 
D97G?SDAGR EBEF46?SRMGR BL<5>< (E@. D<EGAB> 4.4). 

 

 

$<EGAB> 4.4 3  B89?<DB64A<9 CB6989A<S E<EF9@O 

 

%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
" <EIB8AO9 84AAO9 8?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO; 

" D9;G?PF4FO BCD989?9A<S C9D984FBKAOI HGA>J<= E<EF9@O CB 
BL<5>9 8?S >4:8B7B <; >4A4?B6; 

" D9;G?PF4FO D4EK9F4 D97G?SDAOI < E?GK4=AOI EBEF46?SRM<I 
BL<5>< 8?S >4:8B7B <; >4A4?B6; 

" 7D4H<>< C9D9IB8AOI CDBJ9EEB6 8?S >4:8B7B <; >4A4?B6. 
 

4.4 �45BD4FBDA4S D45BF4 №3. "CD989?9A<9 BCF<@4?PAOI 



  

C4D4@9FDB6 E<EF9@O 

 

*9?P D45BFO 3 CD<B5D9F9A<9 A46O>B6 E<AF9;4 ?<A9=AOI E<EF9@ E 
;484AAB= EFDG>FGDB=, B59EC9K<64RM<I @<A<@G@ ED98A9>648D4F<K-
AB= BL<5><, CD< E?GK4=AOI 6B;89=EF6<SI. 
%B89D:4A<9 D45BFO 3 BCD989?9A<9 C4D4@9FDB6 ?<A9=AB= E<EF9-

@O, B59EC9K<64RM<I @<A<@G@ 99 ED98A9>648D4F<KAB= BL<5><. 
�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP: 
" B5M<9 CD46<?4 E<AF9;4 ?<A9=AOI E<EF9@ CD< E?GK4=AOI 6B;-

89=EF6<SI; 
" CD46<?4 E<AF9;4 E<EF9@ E ;484AAB= EFDG>FGDB= CD< E?GK4=AOI 

6B;89=EF6<SI. 
�E9 A9B5IB8<@O9 F9BD9F<K9E><9 E6989A<S < D4EK9FAO9 HBD@G?O 

EB89D:4FES 6 84AAB@ CBEB5<<. �4D<4AFO ;484A<= 8?S 6OCB?A9A<S ?4-
5BD4FBDAB= D45BFO CD<6989AO 6 F45?<J9 4.5. %FDG>FGD4 E<AF9;<DG9-
@B= E<EF9@O CB>4;4A4 A4 D<EGA>9 4.3. 

#D< 6OCB?A9A<< ?45BD4FBDAB= D45BFO A9B5IB8<@B: 
" BCD989?<FP C9D984FBKAO9 HGA>J<< E<EF9@O CB >4A4?4@ «CB-

?9;AO= E<7A4? 3 BL<5>4» < «CB@9I4 3 BL<5>4» >4> HGA>J<< >BQHH<-
J<9AF4 GE<?9A<S D4;B@>AGFB= E<EF9@O; 

" BCD989?<FP EC9>FD4?PAO9 C?BFABEF< EBEF46?SRM<I BL<5>< 
CB >4A4?4@ «CB?9;AO= E<7A4? 3 BL<5>4» < «CB@9I4 3 BL<5>4» < EG@-
@4DAGR EC9>FD4?PAGR C?BFABEFP BL<5>< >4> HGA>J<< >BQHH<J<9AF4 
GE<?9A<S D4;B@>AGFB= E<EF9@O; 

" BCD989?<FP 8<EC9DE<R BL<5>< >4> HGA>J<R >BQHH<J<9AF4 
GE<?9A<S D4;B@>AGFB= E<EF9@O; 

" BCD989?<FP BCF<@4?PAB9 ;A4K9A<9 >BQHH<J<9AF4 GE<?9A<S 
D4;B@>AGFB= E<EF9@O <; GE?B6<S @<A<@G@4 EG@@4DAB= 8<EC9DE<< 
BL<5><; 

" BCD989?<FP D97G?SDAGR EBEF46?SRMGR BL<5>< 8?S >4:8B7B 
<; >4A4?B6 CD< 6O5D4AAB@ >BQHH<J<9AF9 GE<?9A<S D4;B@>AGFB= E<-
EF9@O >4> D94>J<R E<EF9@O A4 EF4A84DFAO9 98<A<KAO9 EFGC9AK4FO9 



  

6B;89=EF6<S; 
" BCD989?<FP 8<EC9DE<R BL<5>< 8?S >4:8B7B <; >4A4?B6 CD< 

6O5D4AAB@ >BQHH<J<9AF9 GE<?9A<S D4;B@>AGFB= E<EF9@O; 
" CDB@B89?<DB64FP CB6989A<9 E<EF9@O. 
$4EK9F 8<EC9DE<< < @B89?<DB64A<9 E<EF9@O D9>B@9A8G9FES CDB-

6B8<FP F4> :9, >4> < 6 D45BF9 №2. 
%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
" <EIB8AO9 84AAO9 8?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO; 

" EI9@4 BCD989?9A<S BCF<@4?PAB7B >BQHH<J<9AF4 GE<?9A<S; 
" D9;G?PF4FO D4EK9F4 D97G?SDAOI < E?GK4=AOI EBEF46?SRM<I 

BL<5>< 8?S >4:8B7B <; >4A4?B6; 
" 7D4H<>< C9D9IB8AOI CDBJ9EEB6 8?S >4:8B7B <; >4A4?B6. 
$9>B@9A8G9FES F4>:9 6OCB?A<FP ED46A9A<9 A4=89AAOI CB>4;4F9-

?9= FBKABEF< E<EF9@O E D9;G?PF4F4@< 6OCB?A9A<S D45BFO №2. 
 

4.5 �45BD4FBDA4S D45BF4 №4. %<AF9; BCF<@4?PAB= E<EF9@O E 
CDB<;6B?PAB= EFDG>FGDB= 

 

*9?P D45BFO 3 CD<B5D9F9A<9 A46O>B6 E<AF9;4 ?<A9=AOI E<EF9@ E 
CDB<;6B?PAB= EFDG>FGDB=, B59EC9K<64RM<I @<A<@G@ ED98A9>648D4-
F<KAB= BL<5><, CD< E?GK4=AOI 6B;89=EF6<SI. 
%B89D:4A<9 D45BFO 3 BCD989?9A<9 C9D984FBKAB= HGA>J<< ?<-

A9=AB= E<EF9@O, A4IB8SM9=ES CB8 6?<SA<9@ E?GK4=AB7B 6B;89=EF6<S, 
>BFBD4S B59EC9K<649F @<A<@G@ 99 ED98A9>648D4F<KAB= BL<5><. 
�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP: 
" B5M<9 CD46<?4 E<AF9;4 ?<A9=AOI E<EF9@ CD< E?GK4=AOI 6B;-

89=EF6<SI; 
" CD46<?4 E<AF9;4 E<EF9@ E CDB<;6B?PAB= EFDG>FGDB= CD< E?G-

K4=AOI 6B;89=EF6<SI. 
�E9 A9B5IB8<@O9 F9BD9F<K9E><9 E6989A<S < D4EK9FAO9 HBD@G?O 

EB89D:4FES 6 84AAB@ CBEB5<<. �4D<4AFO ;484A<= 8?S 6OCB?A9A<S ?4-
5BD4FBDAB= D45BFO CD<6989AO 6 F45?<J9 4.6. %FDG>FGD4 E<EF9@O CB-



  

>4;4A4 A4 D<EGA>9 3.3.  
 

&45?<J4 4.6 3 �4D<4AFO ;484A<= 8?S 6OCB?A9A<S ?45BD4FBDAOI 
D45BF №4 < №5 

№ ( )÷GS  ( )÷FS  ( )sH  № ( )÷GS  ( )÷FS  ( )sH  

1 ( )214,0 ÷+  0,1 1 11 ( )2813,0 ÷+  0,3 s 

2 ( )2213,0 ÷+  0,2 s 12 ( )2714,0 ÷+  0,4 s1  

3 ( )2312,0 ÷+  0,3 s1  13 ( )2611,0 ÷+  0,4 1 

4 ( )2411,0 ÷+  0,4 1 14 ( )2512,0 ÷+  0,3 s 

5 ( )2511,0 ÷+  0,1 s 15 ( )2413,0 ÷+  0,2 s1  

6 ( )2612,0 ÷+  0,2 s1  16 ( )2314,0 ÷+  0,1 1 

7 ( )2713,0 ÷+  0,3 1 17 ( )2211,0 ÷+  0,1 s 

8 ( )2814,0 ÷+  0,4 s 18 ( )212,0 ÷+  0,2 s1  

9 ( )2911,0 ÷+  0,1 s1  19 ( )2212,0 ÷+  0,3 1 

10 ( )2912,0 ÷+  0,2 1 20 ( )211,0 ÷+  0,4 s 

 

#D< 6OCB?A9A<< ?45BD4FBDAB= D45BFO A9B5IB8<@B: 
" BCD989?<FP H<;<K9E>< D94?<;G9@GR C9D984FBKAGR HGA>J<R 

;4@>AGFB= E<EF9@O, 6OCB?ASRM9= ;484AAB9 CD9B5D4;B64A<9 CB?9;-
AB7B E<7A4?4 CD< @<A<@G@9 ED98A9>648D4F<KAB= BL<5><; 

" BCD989?<FP C9D984FBKAGR HGA>J<R D4;B@>AGFB= E<EF9@O; 
" BCD989?<FP C9D984FBKAO9 HGA>J<< E<EF9@O CB >4A4?4@ «CB-

?9;AO= E<7A4? 3 BL<5>4» < «CB@9I4 3 BL<5>4»; 
" BCD989?<FP 8<EC9DE<R BL<5>< 8?S >4:8B7B <; >4A4?B6; 
" CDB@B89?<DB64FP CB6989A<9 E<EF9@O. 
$4EK9F 8<EC9DE<< < @B89?<DB64A<9 E<EF9@O D9>B@9A8G9FES CDB-

6B8<FP F4> :9, >4> < 6 D45BF4I №2-3. 

%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
" <EIB8AO9 84AAO9 8?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO; 

" EI9@4 BCD989?9A<S H<;<K9E>< D94?<;G9@B= C9D984FBKAB= 



  

HGA>J<< D4;B@>AGFB= E<EF9@O; 
" D9;G?PF4FO D4EK9F4 D97G?SDAOI < E?GK4=AOI EBEF46?SRM<I 

BL<5>< 8?S >4:8B7B <; >4A4?B6; 
" 7D4H<>< C9D9IB8AOI CDBJ9EEB6 8?S >4:8B7B <; >4A4?B6. 
 

4.6 �45BD4FBDA4S D45BF4 №5. %<AF9; BCF<@4?PAB7B H<?PFD4 
�4?@4A4-�PRE< 

 

*9?P D45BFO 3 CD<B5D9F9A<9 A46O>B6 E<AF9;4 6 CDBEFD4AEF69 EB-
EFBSA<= E?98SM<I E<EF9@, B59EC9K<64RM<I @<A<@G@ ED98A9>648D4-
F<KAB= BL<5><, CD< E?GK4=AOI 6B;89=EF6<SI. 
%B89D:4A<9 D45BFO 3 BCD989?9A<9 C9D984FBKAB= HGA>J<< ?<-

A9=AB= E<EF9@O, A4IB8SM9=ES CB8 6?<SA<9@ E?GK4=AB7B 6B;89=EF6<S, 
>BFBD4S B59EC9K<649F @<A<@G@ 99 ED98A9>648D4F<KAB= BL<5><. 
�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP: 
" BEAB6O F9BD<< BCF<@4?PAB= ?<A9=AB= H<?PFD4J<<; 

" CD46<?4 E<AF9;4 BCF<@4?PAB7B H<?PFD4 �4?@4A4-�PRE< 6 CDB-
EFD4AEF69 EBEFBSA<=. 

�E9 A9B5IB8<@O9 F9BD9F<K9E><9 E6989A<S < D4EK9FAO9 HBD@G?O 

EB89D:4FES 6 84AAB@ CBEB5<<. %C9>FD4?PAO9 C?BFABEF< CB?9;AB7B 
E<7A4?4 < CB@9I<, A9B5IB8<@O9 8?S 6OCB?A9A<S ?45BD4FBDAB= D45B-
FO, CD<6989AO 6 F45?<J9 4.6. 

#D< 6OCB?A9A<< ?45BD4FBDAB= D45BFO A9B5IB8<@B: 
" BCD989?<FP C4D4@9FDO HBD@<DGRM97B H<?PFD4; 
" D4;D9L<FP GD46A9A<9 $<>>4F< 8?S BJ9A>< 8<EC9DE<< E?GK4=-

AB7B CDBJ9EE4 A4 6OIB89 E<EF9@O; 
" BCD989?<FP C4D4@9FDO BCF<@4?PAB7B H<?PFD4 �4?@4A4-�PRE<; 
" CDB@B89?<DB64FP CB6989A<9 E<EF9@O. 
 B89?<DB64A<9 E<EF9@O D9>B@9A8G9FES CDB6B8<FP F4> :9, >4> < 

6 CD98O8GM<I D45BF4I. 
%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
" <EIB8AO9 84AAO9 8?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO; 



  

" D9;G?PF4FO D4EK9F4 C4D4@9FDB6 HBD@<DGRM97B H<?PFD4; 
" D9;G?PF4FO D4EK9F4 8<EC9DE<< 6OIB8AB7B E?GK4=AB7B CDBJ9E-

E4 (D9L9A<S GD46A9A<S $<>>4F<); 
" D9;G?PF4FO D4EK9F4 C4D4@9FDB6 BCF<@4?PAB7B H<?PFD4 �4?@4-

A4-�PRE<; 

" 7D4H<>< C9D9IB8AOI CDBJ9EEB6. 



  

��&�$�&'$� 

 

1. �9AFJ9?P, �.%., "6K4DB6, �.�. &9BD<S E?GK4=AOI CDBJ9EEB6 < 
99 <A:9A9DAO9 CD<?B:9A<S [&9>EF] : 'K95. CBEB5<9 8?S 6FG;B6 / 
�9AFJ9?P �.%., "6K4DB6 �.�. 3 2-9 <;8., EF9D. 3  . : �OEL. L>., 2000. 3 
383 E. : <?. 3 (�OEL4S @4F9@4F<>4 8?S 6FG;B6). 3 ISBN 5-06-003831-9. 

2. %?GK4=AO9 CDBJ9EEO [&9>EF] : 'K95. 8?S 6G;B6 / �B?>B6 �.�., 
�G96 %. ., *69F>B64 �. . ; #B8 D98. �.%. �4DG5<A4, �.#. �D<M9A>B. 3 
 . : �;8-6B  �&' <@. !.1. �4G@4A4, 1999. 3 448 E. 3 ( 4F9@4F<>4 6 
F9IA<K9E>B@ GA<69DE<F9F9. �OC. XVIII). 3 ISBN 5-7038-1267-4 (�OC. 
XVIII) ; ISBN 5-7038-1270-4. 

3. �9E9>9DE><=, �.�, #BCB6, �.#. &9BD<S E<EF9@ 46FB@4F<K9E>B7B 
GCD46?9A<S [&9>EF] : 'K95. 8?S 6G;B6 / �9E9>9DE><= �.�, #BCB6 �.#. 3 
 . : #DBH9EE<S, 2003. 3 752 E. : <?. 3 (%C9J<4?<EF) 3 ISBN: 5-93913-

035-6. 

4.  9FB8O >?4EE<K9E>B= < EB6D9@9AAB= F9BD<< 46FB@4F<K9E>B7B 
GCD46?9A<S [&9>EF] : 'K95A<> : 6 3 F. / #B8 D98. !.� �7GCB64. 3  . : 
�;8-6B  �&' <@. !.1 �4G@4A4, 2000. 
&. 1. �A4?<; < EF4F<EF<K9E>4S 8<A4@<>4 E<EF9@ 46FB@4F<K9E>B7B 

GCD46?9A<S. 3 748 E. : <?. 3 ISBN 5-7038-1578-9 (&. 1). 
5. &<IBAB6, �.�., ,4IF4D<A, �.�., %<;OI, �.�. %?GK4=AO9 CDB-

J9EEO. #D<@9DO < ;484K< [&9>EF] : 'K95. 8?S 6G;B6 : 6 5 F. / �.�. &<-
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EF4F<EF<K9E><@< 84AAO@< S6?S9FES A4<5B?99 QHH9>F<6AO@ @9FB8B@ CB?GK9-

A<S ;A4A<=, CB;6B?S9F ;A4K<F9?PAB 4>F<6<;<DB64FP CDBJ9EE B6?489A<S <A-

HBD@4J<9=, ECBEB5EF6G9F 5B?99 7?G5B>B@G GE6B9A<R <;GK49@B7B @4F9D<4?4, 

HBD@<DG9F G EFG89AFB6 E6B9 BFABL9A<9 > >BA>D9FAB= CDB5?9@9. �B?99 7?G5B-

>B@G D4E>DOF<R 6BCDBEB6 ECBEB5EF6G9F ;A4>B@EF6B E 8BCB?A<F9?PAB= ?<F9-

D4FGDB=, D9>B@9A8B64AAB= CD9CB8464F9?9@ CB >4:8B= F9@9 E9@<A4DE>B7B 

<?< CD4>F<K9E>B7B ;4ASF<S, KFB CB;6B?S9F EFG89AF4@ CDBS6<FP E6BR <A8<6<-

8G4?PABEFP 6 D4@>4I 6OEFGC?9A<S A4 84AAOI ;4ASF<SI, 6OS6<FP L<DB><= 

EC9>FD @A9A<= CB <;GK49@B= CDB5?9@9. 

 

1.3. %4@BEFBSF9?PAB9 <;GK9A<9 @4F9D<4?4 F9@ 

�BAEC9>F 4 A4<5B?99 EB69DL9AA4S < A4<5B?99 E?B:A4S HBD@4 ;4C<E<. 

%?B6B «>BAEC9>F» CDB<EIB8<F BF ?4F<AE>B7B «conspectus», KFB B;A4K49F «B5-

;BD, <;?B:9A<9». � CD46<?PAB EBEF46?9AAB@ >BAEC9>F9 B5OKAB 6O89?9AB E4-

@B9 BEAB6AB9 6 <;GK49@B@ F9>EF9, EBED98BFBK9AB 6A<@4A<9 A4 A4<5B?99 EG-

M9EF69AAB@, 6 >D4F><I < K9F><I HBD@G?<DB6>4I B5B5M9AO 64:AO9 F9BD9F<-

K9E><9 CB?B:9A<S.  

�BAEC9>F CD98EF46?S9F EB5B= BFABE<F9?PAB CB8DB5AB9, CBE?98B64F9?P-

AB9 <;?B:9A<9 EB89D:4A<S CDBK<F4AAB7B. !4 C9D6OI CBD4I J9?9EBB5D4;AB 6 

;4C<ESI 5?<:9 89D:4FPES F9>EFG, CD<5974S ;4K4EFGR > CDS@B@G J<F<DB64A<R 

46FBD4. � 84?PA9=L9@, CB @9D9 6OD45BF>< A46O>B6 >BAEC9>F<DB64A<S, ;4C<E< 

5G8GF ABE<FP 5B?99 E6B5B8AO= < E:4FO= I4D4>F9D.  
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�BAEC9>F >A<7< B5OKAB 6989FES 6 F9FD48<. � E4@B@ A4K4?9 >BAEC9>F4 

G>4;O649FES H4@<?<S 46FBD4, CB?AB9 A4;64A<9 CDB<;6989A<S, <;84F9?PEF6B, 

7B8 < @9EFB <;84A<S. #D< J<F<DB64A<< B5S;4F9?PA4S EEO?>4 A4 EFD4A<JG >A<-

7<. �E?< J<F4F4 6;SF4 <; EB5D4A<S EBK<A9A<=, FB A9B5IB8<@B G>4;4FP EBBF-

69FEF6GRM<= FB@. %?98G9F CB@A<FP, KFB K9F>4S EEO?>4 A4 <EFBKA<> 4 

A9CD9@9AAB9 CD46<?B >BAEC9>F<DB64A<S. �E?< >BAEC9>F<DG9FES EF4FPS, FB 

G>4;O649FES, 789 < >B784 BA4 5O?4 A4C9K4F4A4. 

�BAEC9>F CB8D4;89?S9FES A4 K4EF< 6 EBBF69FEF6<< E ;4D4A99 CDB8G@4A-

AO@ C?4AB@. #GA>FO C?4A4 ;4C<EO64RFES 6 F9>EF9 <?< A4 CB?SI >BAEC9>F4. 

#<E4FP 97B D9>B@9A8G9FES K9F>B < D4;5BDK<6B, F4> >4> A95D9:A4S ;4C<EP E 

F9K9A<9@ 6D9@9A< EF4AB6<FPES @4?BCBASFAB= 8?S 99 46FBD4. %GM9EF6G9F CD4-

6<?B: >BAEC9>F, EBEF46?9AAO= 8?S E95S, 8B?:9A 5OFP CB 6B;@B:ABEF< A4C<-

E4A F4>, KFB5O 97B ?97>B CDBK<F4? < >FB-?<5B 8DG7B=. 

(BD@O >BAEC9>F4 @B7GF 5OFP D4;AO@< < ;46<ESF BF 97B J9?96B7B A4;A4-

K9A<S (<;GK9A<9 @4F9D<4?4 6 J9?B@ <?< CB8 BCD989?9AAO@ G7?B@ ;D9A<S, 

CB87BFB6>4 > 8B>?48G, 6OEFGC?9A<R A4 ;4ASF<< < F.8.), 4 F4>:9 BF I4D4>F9D4 

CDB<;6989A<S (@BAB7D4H<S, EF4FPS, 8B>G@9AF < F.C.). �E?< D9KP <89F CDBEFB 

B5 <;?B:9A<< EB89D:4A<S D45BFO, F9>EF >BAEC9>F4 @B:9F 5OFP EC?BLAO@, E 

6O89?9A<9@ BEB5B 64:AOI CB?B:9A<= CB8K9D><64A<9@ <?< D4;?<KAO@< 

;A4K>4@<. 

� E?GK49, >B784 A9 B7D4A<K<64RFES C9D9?B:9A<9@ EB89D:4A<S, 4 H<>E<-

DGRF 6 >BAEC9>F9 < E6B< EB5EF69AAO9 EG:89A<S CB 84AAB@G 6BCDBEG <?< 8B-

CB?ASRF >BAEC9>F EBBF69FEF6GRM<@< @4F9D<4?4@< <I 8DG7<I <EFBKA<>B6, 

E?98G9F BF6B8<FP @9EFB 8?S F4>B7B DB84 ;4C<E9=. $9>B@9A8G9FES D4;89?<FP 

EFD4A<JO F9FD48< CBCB?4@ CB 69DF<>4?< < 6 ?96B= K4EF< 69EF< >BAEC9>F CDB-

<;6989A<S, 4 6 CD46B= E6B< 8BCB?A<F9?PAO9 ;4C<E<, EB6@9M4S <I CB EB89D-

:4A<R. 

�BAEC9>F<DB64A<9 6 5B?PL9= @9D9, K9@ 8DG7<9 6<8O ;4C<E9=, CB@B749F 

6OD454FO64FP A46O>< CD46<?PAB7B <;?B:9A<S 6 C<EP@9AAB= HBD@9 64:AO9 
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F9BD9F<K9E><I < CD4>F<K9E><I 6BCDBEB6, G@9A<9 K9F>B <I HBD@G?<DB64FP < 

SEAB <;?474FP E6B<@< E?B64@<. 

&4><@ B5D4;B@, EBEF46?9A<9 >BAEC9>F4 FD95G9F 68G@K<6B= D45BFO, ;4-

FD4FO 6D9@9A< < FDG84. �4FB 6B 6D9@S >BAEC9>F<DB64A<S CD<B5D9F4RFES ;A4-

A<S, EB;849FES HBA8 ;4C<E9=. 

�BAEC9>F @B:9F 5OFP F9>EFG4?PAO@ <?< F9@4F<K9E><@. � F9>EFG4?PAB@ 

>BAEC9>F9 EBID4AS9FES ?B7<>4 < EFDG>FGD4 <;GK49@B7B CDB<;6989A<S, 4 ;4C<EP 

6989FES 6 EBBF69FEF6<< E D4ECB?B:9A<9@ @4F9D<4?4 6 >A<79. �4 BEAB6G F9@4-

F<K9E>B7B >BAEC9>F4 59D9FES A9 C?4A CDB<;6989A<S, 4 EB89D:4A<9 >4>B=-?<5B 

F9@O <?< CDB5?9@O. 

&9>EFG4?PAO= >BAEC9>F :9?4F9?PAB A4K<A4FP CBE?9 FB7B, >4> 6ES >A<74 

CDBK<F4A4 < CDB8G@4A4, AB QFB, > EB:4?9A<R, A9 6E9784 6B;@B:AB. � C9D6GR 

BK9D98P A9B5IB8<@B EBEF46<FP C?4A CDB<;6989A<S C<EP@9AAB <?< @OE?9AAB, 

CBE>B?P>G 6 EBBF69FEF6<< E QF<@ C?4AB@ EFDB<FES 84?PA9=L4S D45BF4. �BA-

EC9>F 6>?RK49F 6 E95S F9;<EO, >BFBDO9 EBEF46?SRF 97B BEAB6G. !B, 6 BF?<K<9 

BF F9;<EB6, >BAEC9>F EB89D:<F >D4F>GR ;4C<EP A9 FB?P>B 6O6B8B6, AB < 8B>4-

;4F9?PEF6, 6C?BFP 8B H4>F<K9E>B7B @4F9D<4?4. �A4K9 7B6BDS, >BAEC9>F 4 QFB 

D4EL<D9AAO9 F9;<EO, 8BCB?A9AAO9 D4EEG:89A<S@< < 8B>4;4F9?PEF64@<, 

@OE?S@< < EBB5D4:9A<S@< EBEF46<F9?S ;4C<E<. 

�4> CD46<?B, >BAEC9>F 6>?RK49F 6 E95S < 6OC<E><, AB 6 A97B @B7GF 6B=F< 

BF89?PAO9 @9EF4, J<F<DG9@O9 8BE?B6AB, 4 F4>:9 H4>FO, CD<@9DO, J<HDO, 

F45?<JO < EI9@O, 6;SFO9 <; >A<7<. %?98G9F CB@A<FP, KFB D45BF4 A48 >BA-

EC9>FB@ FB?P>B FB784 5G89F F6BDK9E>B=, >B784 BA4 A9 B7D4A<K9A4 F9>EFB@ 

<;GK49@B7B CDB<;6989A<S. !G:AB 8BCB?ASFP >BAEC9>F 84AAO@< <; 8DG7<I <E-

FBKA<>B6. 

� >BAEC9>F9 A9B5IB8<@B 6O89?SFP BF89?PAO9 @9EF4 F9>EF4 6 ;46<E<@B-
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><64A<S@<, 6BCDBE<F9?PAO@< < 6BE>?<J4F9?PAO@< ;A4>4@<, D9C?<>4@<, 

>D4F><@< BJ9A>4@<, C<E4FP A4 CB?SI E6B<I >BAEC9>FB6 E?B64: «64:AB», 
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<EFBKA<>4@ (6C?BFP 8B EFD4A<JO) CD<89FES B5D4F<FPES 8?S D4E>DOF<S 6BCDB-

EB6. &9@4F<K9E><= >BAEC9>F EBEF46?S9FES B5OKAB 8?S FB7B, KFB5O 7?G5:9 

<;GK<FP BCD989?9AAO= 6BCDBE, CB87BFB6<FPES > 8B>?48G, ?9>J<< <?< 6OEFGC-

?9A<R A4 E9@<A4DE>B@ ;4ASF<<. &4>B= >BAEC9>F CB EB89D:4A<R CD<5?<:49F-
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3. �EE?98B64A<9 EFBI4EF<K9E><I E<EF9@ EF4A84DFAO@< < EC9J<4?<;<DB-
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5. $94?<;4J<S E?GK4=AB7B CDBJ9EE4. 
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8O D4ECD989?9A<=. 
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9. %D98A99 CB @AB:9EF6G (@4F9@4F<K9E>B9 B:<84A<9). 

10. %D98A99 CB 6D9@9A<. 

11. �<EC9DE<S. 

12. %D98A9>648D4F<K9E>B9 BF>?BA9A<9.  

13. #BASF<9 B >BDD9?SJ<BAAB= HGA>J<<. 

14. �BDD9?SJ<BAA4S HGA>J<S EF4J<BA4DAOI E?GK4=AOI CDBJ9EEB6. 

15. �;4<@A4S >BDD9?SJ<BAA4S HGA>J<S. 

16. "EAB6AO9 E6B=EF64 >BDD9?SJ<BAAOI HGA>J<= 

17. #BASF<9 B EC9>FD4?PAB= C?BFABEF<. 

18. %C9>FD4?PA4S C?BFABEFP EF4J<BA4DAOI E?GK4=AOI CDBJ9EEB6. 

19. �;4<@A4S EC9>FD4?PA4S C?BFABEFP. 

20. "EAB6AO9 E6B=EF64 EC9>FD4?PAOI C?BFABEF9=. 

21. *9AFD<DB64AAO9 E?GK4=AO9 CDBJ9EEO. 

22.  4D>B6E><9 E?GK4=AO9 CDBJ9EEO. 

23. %F4J<BA4DAO9 < A9EF4J<BA4DAO9 E?GK4=AO9 CDBJ9EEO. 

24. 1D7B8<K9E><9 E?GK4=AO9 CDBJ9EEO. 

25. (<;<K9E><= E@OE? >BDD9?SJ<BAAB= HGA>J<<. 

26. "EAB6AO9 6<8O >BDD9?SJ<BAAOI HGA>J<=. 

27. (<;<K9E><= E@OE? EC9>FD4?PAB= C?BFABEF<. 

28. "EAB6AO9 6<8O EC9>FD4?PAOI C?BFABEF9=.  

29. %6S;P @9:8G EF4F<EF<K9E><@< I4D4>F9D<EF<>4@< E?GK4=AOI CDBJ9E-

EB6 A4 6IB89 < 6OIB89 ?<A9=AB= E<EF9@O GCD46?9A<S.  

30. %F4F<EF<K9E><9 I4D4>F9D<EF<>< 6OIB8AOI E?GK4=AOI CDBJ9EEB6 6B 

6D9@9AAB́= B5?4EF<.  

31. %F4F<EF<K9E><9 I4D4>F9D<EF<>< 6OIB8AOI E?GK4=AOI CDBJ9EEB6 6 

K4EFBFAB= B5?4EF<. 

32. )4D4>F9D<EF<>< 6IB8AOI < 6OIB8AOI E<7A4?B6 ?<A9=AB= E<EF9@O, 

A4IB8SM9=ES CB8 6?<SA<9@ E?GK4=AOI 6B;89=EF6<=.  

33.  4F9@4F<K9E>B9 BC<E4A<9 E<EF9@O.  
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34. $4EK9F D97G?SDAB= EBEF46?SRM9= 6OIB8AB7B E<7A4?4.  

35. $4EK9F J9AFD<DB64AAB= E?GK4=AB= EBEF46?SRM9= 6OIB8AB7B E<7A4-

?4.  

36. �484K<, D9L49@O9 E<EF9@B=.  

37. "C9D4FBD E<EF9@O. �<8O BC9D4FBDB6. 
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42. "EB59AABEF< E<AF9;4 BCF<@4?PAB= E<EF9@O CD< CDB<;6B?PAB= 

EFDG>FGD9.  
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44. "CD989?9A<9 BCF<@4?PAOI C4D4@9FDB6 E<EF9@O.  
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�D<F9D<< BJ9A<64A<S >B@C9F9AJ<= 
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CB?B:9A<S CD< D9L9A<< CD4>F<K9E><I 6BCDBEB6 < ;484K, 6?4899F A9B5IB8<-

@O@< A46O>4@< < CD<9@4@< <I 6OCB?A9A<S. �BCGE>4RFES A9>BFBDO9 A9FBK-
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@4F9D<4?4, ;4FDG8A9A<S CD< 6OCB?A9A<< CD4>F<K9E><I D45BF. 
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1. �46D<?B6 �.!. &9BD<S 46FB@4F<K9E>B7B GCD46?9A<S F9IAB?B7<K9E><-

@< B5N9>F4@< (?<A9=AO9 E<EF9@O) : GK95AB9 CBEB5<9 / �46D<?B6 �.!., �4D@9-
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