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�E?< 6E9 C4D4@9FDO B5N9>F4 6 97B GEF4AB6<6L9@ES D9:<@9 
BCD989?SRFES FBKAB, 97B EF4F<K9E>GR @B89?P @B:AB EK<F4FP 89-
F9D@<A<DB64AAB= < CD98EF46<FP 6 6<89 HGA>J<BA4?PAB= ;46<E<@B-
EF<. �?S 99 CB?GK9A<S A9B5IB8<@4 6O5BD>4 ;A4K9A<= 6IB8AOI < 
6OIB8AOI C4D4@9FDB6 B5N9>F4 û ýn,...,1i,y,x ii =  (n 3 K<E?B A45?R-
89A<=), CB?GK9AA4S 6 IB89 97B <EE?98B64A<S (E@. D<EGAB> 1.1). 
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#DBJ98GD4 4CCDB>E<@4J<< 6>?RK49F 6 E95S 864 QF4C4. 
1. �O5<D49FES HBD@4 @B89?< ø ùm1 ,...,,xf òò , <EIB8S <; H<;<-

K9E>B= CD<DB8O ;484K< <?< <; <AFG<J<< <EE?98B64F9?S (ò1,...,òm 3
>BQHH<J<9AFO @B89?<). �E?< I4D4>F9D ;46<E<@BEF< A9<;69EF9A, 
CD98CBKF9A<9 BF849FES 5B?99 CDBEFO@ HBD@G?4@. 
2. "CD989?SRFES C4D4@9FDO (>BQHH<J<9AFO) 6O5D4AAB= @B89-

?< <; GE?B6<S @<A<@G@4 HGA>J<< A96S;>< 
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#B?GK9AAO9 GD46A9A<S EBEF46?SRF E<EF9@G, D9L4S >BFBDGR 
@B:AB BCD989?<FP A9<;69EFAO9 >BQHH<J<9AFO. �E?< @B89?P ?<-
A9=A4 BFABE<F9?PAB E6B<I C4D4@9FDB6, FB QF4 E<EF9@4 F4>:9 5G89F 
?<A9=AB= < D9L4FPES 4A4?<F<K9E><. �E?< HBD@4 @B89?< A9?<A9=-
A4S, FB D9L9A<9 F4>B= E<EF9@O @B:9F 5OFP CB?GK9AB CGF9@ <F9D4-
J<BAAB= CDBJ98GDO. 
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y 3 A45?R849@4S ;46<E<@4S C9D9@9AA4S; ŷ  3 BJ9A>4 ;A4K9A<S y CB-
ED98EF6B@ @B89?<;  3 A9A45?R849@4S BL<5>4, BCD989?S9@4S D4;-
ABEFPR @9:8G <;@9D9AAO@ ;A4K9A<9@ y < 69?<K<AB=, CB?GK9AAB= 
CB GD46A9A<R @B89?<. 
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69?<K<AO y. "A @B:9F 6O5<D4FPES CB B8AB@G <; E?98GRM<I CD<A-
J<CB6. 

" �E?< A45?R89A<S >4:8B7B ;A4K9A<S yi A9B8AB>D4FAO9, FB 
wi = ni, 789 ni 3 K<E?B CB6FBDAOI <;@9D9A<= ;46<E<@B= C9-
D9@9AAB= yi CD< H<>E<DB64AAB@ ;A4K9A<< xi. 

" �E?< A45?R89A<S >4:8B7B ;A4K9A<S yi A9D46ABFBKAO9, FB 
wi = 1 / ói

2, 789 ói 3 ED98A9>648D4F<KA4S CB7D9LABEFP i-7B 
<;@9D9A<S ;46<E<@B= C9D9@9AAB= yi. 

" �E?< A45?R89A<S >4:8B7B ;A4K9A<S yi B8AB>D4FAO9 < D46AB-
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GD46A9A<=, D9L9A<9@ >BFBDB= 5G8GF C4D4@9FDO GD46A9A<S (1.4) 
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� DS89 E?GK496 >4K9EF6B ?<A9=AB= @B89?< @B:AB CB6OE<FP, 

CD98EF46<6 99 6 6<89 

 ø ù ,xxy
m

1j
jjj0 

=
+2+= òò  (1.19) 

789 
jx  3 ED98A<9 ;A4K9A<S EBBF69FEF6GRM<I C9D9@9AAOI. 
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"FER84 @B:AB CB?GK<FP 6OD4:9A<9 8?S BCD989?9A<S ò0. #D< 
D46AOI 69E4I A45?R89A<= y0 =ò . 
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�?S D46ABFBKAOI <;@9D9A<= nSS y0 =ò . 
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�E?< @B89?P A9?<A9=A4S BFABE<F9?PAB E6B<I C4D4@9FDB6, FB 6 
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789 69?<K<AO m,...,1j,
)0(

jjj =2= òòò  3 CBCD46>< > EBBF69F-
EF6GRM<@ >BQHH<J<9AF4@. 
%<EF9@4 (1.25) ?<A9=A4 BFABE<F9?PAB CBCD46B>. $9L4S 99, 

@B:AB A4=F< ;A4K9A<S jò  < BCD989?<FP E>BDD9>F<DB64AAO9 ;A4-

K9A<S >BQHH<J<9AFB6 
j

)0(

jj òòò += . 

�E?< 6E9 CBCD46>< CB 45EB?RFAB= 69?<K<A9 @9APL9 ;484AAB= 
FBKABEF< , <F9D4J<BAAO= CDBJ9EE CD9>D4M49FES. � CDBF<6AB@ 
E?GK49 6OCB?AS9FES C9D9A4;A4K9A<9 C9D9@9AAOI 

j

)0(

j òò = , C9D9EB-
EF46?S9FES E<EF9@4 (1.25) < BCD989?SRFES AB6O9 CBCD46><. 
!4=89@ D9L9A<9 A9?<A9=AB= ;484K<  !� 6 @4FD<KAB= HBD@9. 

�6989@ B5B;A4K9A<S 69>FBDB6 < @4FD<J 
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û
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=
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ù
=
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=

ú
ú
ú

û

ù

ú
ú
ú

û

ù
=
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=
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òò

òò

ò

ò

 

&B784 HGA>J<S A96S;>< < 99 CDB<;6B8AO9 6 @4FD<KAB= HBD@9 
5G8GF <@9FP E?98GRM<= 6<8 

 

ø ù  ø ù 

.WJ2
B

S

min,WYB,XFWYB,XFS

T

TT


ö
ö



=

→=22=
 (1.26) 

�BQHH<J<9AFO @4FD<JO 3>B5< J A4IB8SFES CB CD46<?G 

.

...

.........

...

J

m

m

1

m

m

1

1

1

ú
ú
ú
ú
ú

û

ù

ú
ú
ú
ú
ú

û

ù

=

öò
ö

öò
ö

öò
ö

öò
ö

 

�E?< ;484A 69>FBD A4K4?PAOI CD<5?<:9A<= >BQHH<J<9AFB6 B0, 

FB @B:AB CB?GK<FP CD<5?<:9AAB9 6OD4:9A<9 8?S BJ9A>< CDB<;-
6B8AB= öS / öB 6 FBK>9, 789 HGA>J<S A96S;>< <@99F @<A<@G@ 

 .WJ2
B

S T

0 
ö
ö

  (1.27) 

$4;?B:<@ HGA>J<R  6 DS8 &9=?BD4 6 B>D9EFABEF< FBK>< B0. 

�E>?RK<@ <; QFB7B D4;?B:9A<S >B@CBA9AFO EB EF9C9AS@< CDB<;-
6B8AOI 6OL9 C9D6B= 

 ø ù.BBJ 000 2+=   (1.28) 

&B784 @B:AB ;4C<E4FP 
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ø ù 
ø ù

ø ù .WJJWJBB

,WJBBJWJ

,0BBJWJ

0

T

0

1

0

T

00

0

T

000

T

0

000

T

0







2=

2=2

=2+

2

 (1.29) 

#BE?98A99 6OD4:9A<9 S6?S9FES D9>GDD9AFAB= HBD@G?B= 8?S 
GFBKA9A<S ;A4K9A<= 69>FBD4 >BQHH<J<9AFB6. �9 CD<@9ASRF 8B F9I 
CBD, CB>4 96>?<8B64 8?<A4 (ABD@4) 69>FBD4 CBCD46B> üüB – B0üü A9 
EF4A9F @9APL9 ;484AAB= FBKABEF< . 

� DS89 E?GK496 D9L9A<9 A9?<A9=AB= ;484K<  !� @B:AB GCDB-
EF<FP, CD9B5D4;B646 GD46A9A<9 @B89?< > ?<A9=AB@G 6<8G CGF9@ EB-
BF69FEF6GRM9= ;4@9AO C9D9@9AAOI. !4=89AAO9 C4D4@9FDO CD9B5-
D4;B64AAOI ?<A9=AOI I4D4>F9D<EF<> <ECB?P;GRFES 8?S D4EK9F4 >B-
QHH<J<9AFB6 <EIB8AOI ;46<E<@BEF9=. !9>BFBDO9 A4<5B?99 F<C<K-
AO9 CD<@9DO CD9B5D4;B64A<S C9D9@9AAOI < C9D9EK9F4 >BQHH<J<-
9AFB6 CB>4;4AO A<:9. 

ø ù ø ù
ø ù
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xexpy
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=
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ø ù

ø ù
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xy
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xlnx
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ù
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=

→ò+=ò→ú
û

ù
ú
û

ù
=ò
=ò
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ñò
ññò ò
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=
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=
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→ò+=ò→
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→
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=
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→
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=
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2 #"$/�"� �/#"�!�!�/ $��"&/ 

 

�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP 
CD46<?4 CBEFDB9A<S 89F9D@<A<DB64AAOI EF4F<K9E><I @B89?9=. 
#D< 6OCB?A9A<< D45BFO A9B5IB8<@B D9L<FP 869 ;484K<. 
1. #B <EIB8AO@ 84AAO@ CBEFDB<FP CB?<AB@<4?PAGR @B89?P 

 ø ù ,xbxf
m

0j

j

j
=

=  (1.30) 

789 ;A4K9A<9 m BCD989?S9FES ;484A<9@. #BE?98B64F9?PAB CD<-
@9ASS CDBJ98GDG <E>?RK9A<S >BQHH<J<9AFB6, 6 8B69D<F9?PAO= <A-
F9D64? >BFBDOI 

 ø ù ø ù1mntSbb1mntSb 21bjjj21bjj 22+óó222 22 ññ  (1.31) 

CBC4849F AG?96B9 ;A4K9A<9, 8B5<FPES CB?AB= ;A4K<@BEF< @B89-
?< CD< GDB6A9 8B69D<F9?PAB= 69DBSFABEF< ñ = 0,95. � C9D6GR BK9-
D98P <E>?RK4RFES >BQHH<J<9AFO E A4<5B?PL9= BFABE<F9?PAB= CB-
7D9LABEFPR (E@. CD<?B:9A<9 �). "J9A<FP BEAB6AO9 CB>4;4F9?< >4-
K9EF64 @B89?<: ED98ARR < @4>E<@4?PAGR CB7D9LABEFP CD<5?<:9-
A<S, 4 F4>:9 CB>4;4F9?P 489>64FABEF< 
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ø ùû ý
,

y

yxf

1R
n

1i

2

i

n

1i

2

ii
2





=

=
2

2=  (1.32) 

>BFBDO= 8B?:9A 5OFP >4> @B:AB 5?<:9 > 98<A<J9. 
2. #B F9@ :9 <EIB8AO@ 84AAO@ CBEFDB<FP A9?<A9=AGR @B89?P, 

HBD@4 >BFBDB= BCD989?S9FES ;484A<9@. $4EEK<F4FP 8?S A99 F9 :9 
CB>4;4F9?< >4K9EF64, KFB < 8?S ?<A9=AB= @B89?<. 
%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
" B5M4S CBEF4AB6>4 ;484K<; 
" BJ9A>4 C4D4@9FDB6 ?<A9=AB= @B89?<; 
" BJ9A>4 C4D4@9FDB6 A9?<A9=AB= @B89?<; 
" ED46A9A<9 >4K9EF64 ?<A9=AB= < A9?<A9=AB= @B89?9=. 
�4D<4AFO ;484A<= CD<6989AO 6 CD<?B:9A<< �.  

 

�"!&$"�0!/� �"#$"%/ 

 

1. +FB CBA<@49FES CB8 4CCDB>E<@4J<9= HGA>J<=? �4>B6 CB-
DS8B> CDBJ98GDO 4CCDB>E<@4J<<? 

2. �4> EFDB<FES ?<A9=A4S EF4F<K9E>4S @B89?P E CB@BMPR 
CDBJ98GDO  !�? �4> BCD989?SRFES 99 C4D4@9FDO? 

3. �4> BJ9A<649FES >4K9EF6B ?<A9=AB= EF4F<K9E>B= @B89?<? 
�4> @B:AB CB6OE<FP 99 >4K9EF6B? 

4. �4> EFDB<FES A9?<A9=A4S EF4F<K9E>4S @B89?P E CB@BMPR 
CDBJ98GDO  !�? �4> BCD989?SRFES 99 C4D4@9FDO? 
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�01>@0B>@=0O @01>B0 №2 
#"%&$"�!�� ��$"/&!"%&!/)  
%&�&�+�%��)  "����� %�%&�  

 

*9?P D45BFO 3 GE6B9A<9 BEAB6AOI CD46<? CBEFDB9A<S D97D9E-
E<BAAOI @B89?9= E<EF9@ < BJ9A>< <I >4K9EF64 E <ECB?P;B64A<9@ 
@9FB8B6 @4F9@4F<K9E>B= EF4F<EF<><. 
%B89D:4A<9 D45BFO 3 BCD989?9A<9 C4D4@9FDB6 GD46A9A<S @AB-

:9EF69AAB= ?<A9=AB= D97D9EE<<, CD98EF46?9A<9 CB?GK9AAOI D9-
;G?PF4FB6 6 HBD@9 BFK9F4 < 8B>4;4F9?PEF6B <I CD46<?PABEF<. 

 

1 &�"$�&�+�%��/ +�%&0 

 

1.1 #>=OB85 > @53@5AA88 

 

�E?< 6E9 C4D4@9FDO B5N9>F4 BCD989?SRFES FBKAB, 97B @B89?P 
@B:AB EK<F4FP 89F9D@<A<DB64AAB= < CD98EF46<FP 6 6<89 HGA>J<B-
A4?PAB= ;46<E<@BEF<. !4 CD4>F<>9 6E?98EF6<9 A9FBKABEF< <;@9D9-
A<S <?< 6?<SA<S H<;<K9E>B= CD<DB8O B5N9>F4 QF< C4D4@9FDO A4IB-
8SFES E A9>BFBDB= BL<5>B= , KFB 89?49F 69?<K<AO A4 97B 6IB89 < 
6OIB89 ø < ø E?GK4=AO@< (E@. D<EGAB> 1.1). 

ø ùøg
x ø ø



 

$<EGAB> 1.1 3 %FDG>FGDA4S EI9@4 @B89?< B5N9>F4 EB E?GK4=AB= 
BL<5>B= 6IB8AB7B E<7A4?4 

 

�AHBD@4J<S B EFDG>FGD9 B5N9>F4 F4>:9 @B:9F BFEGFEF6B64FP. � 
QF<I GE?B6<SI ;46<E<@BEFP ø ùøø g=  5G89F 69DBSFABEFAB= (EFBI4-
EF<K9E>B=). #4D4@9FD ø EK<F49FES A9;46<E<@B= C9D9@9AAB= (D0:-
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B>@>< <?< ?@548:B>@><), 4 C4D4@9FD ø 3 ;46<E<@B= C9D9@9AAB= 

(<?< >B:;8:><). 

%D98< 6E9I HGA>J<= ø ùøg  A9B5IB8<@B A4=F< FG, >BFBD4S 
A4<?GKL<@ B5D4;B@ 6BECDB<;6B8<F ;A4K9A<S ø. "5M9CD<ASFO@ 
ECBEB5B@ D9L9A<S QFB= ;484K< S6?S9FES @9FB8 A4<@9APL<I >648-
D4FB6. 

�46<E<@BEFP ø ùøg  A4;O649FES A4<?GKL<@ CD<5?<:9A<9@ ø CB 
@9FB8G A4<@9APL<I >648D4FB6, 9E?< @4F9@4F<K9E>B9 B:<84A<9 

ø ùû ý2gM øø 2  CD<A<@49F A4<@9APL99 6B;@B:AB9 ;A4K9A<9. �46<E<-
@BEFP ø ùøg  A4;O649FES A@54=5:204@0B8G5A:>9 @53@5AA859 69?<-
K<AO ø A4 69?<K<AG ø. 

� E?GK49 ABD@4?PAB7B D4ECD989?9A<S ø < ø QF4 D97D9EE<S S6?S-
9FES ?<A9=AB= HGA>J<9= 

 
ø ù

,
MMg

ø
øø

ø ó
øøò

ó
øø 2

=
2

 (1.1) 

789 Møü Møü óø, óø 3 @4F9@4F<K9E><9 B:<84A<S < ED98A9>648D4-
F<K9E><9 BF>?BA9A<S ø < ø, òøø 3 >BQHH<J<9AF <I >BDD9?SJ<<.  
'D46A9A<9 (1.1) BCD989?S9F CDS@GR D97D9EE<< 

 ø ù ø ù ,MMgˆ
10 øòòøø

ó
ó

òøøø
ø

ø
øø +=2+==  (1.2) 

789 òð 3 E@9M9A<9 ?<A<< D97D9EE<< CB BE< BD8<A4F (F. A. C9D9-
E9K9A<9), òñ 3 >BQHH<J<9AF D97D9EE<< ø A4 ø. �I ;A4K9A<S A4IB8SF-
ES CB HBD@G?4@ 

 .MM, 101 øòøò
ó
ó

òò
ø

ø
øø 2==  (1.3) 

$4;ABEFP øø ˆ2  A4;O649FES BEF4F>B@ ø BFABE<F9?PAB ø.  4F9-
@4F<K9E>B9 B:<84A<9 >648D4F4 BEF4F>4 

 û ý ø ù222
1ˆM øøø òóøø 2=2  (1.4) 
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A4;O649FES BEF4FBKAB= 8<EC9DE<9= ø BFABE<F9?PAB ø. "A4 CB-
>4;O649F, A4E>B?P>B @B:AB G@9APL<FP 8<EC9DE<R ø, 6OK<F4S <; 
C9D9@9AAB= ;A4K9A<9 D97D9EE<<. 
�?S BJ9A>< FBKABEF< D97D9EE<< @B:AB D4EE@BFD9FP E?98GRM99 

FB:89EF6B (n 3 K<E?B A45?R89A<= ;46<E<@B= C9D9@9AAB=). 

 ø ù ø ù ø ù .n,...,1i,ˆMˆM iiii =2+2=2 øøøøøø  (1.5) 

�9B@9FD<K9E>4S <AF9DCD9F4J<S (1.5) CB>4;4A4 A4 D<EGA>9 1.2. 

 

$<EGAB> 1.2 3 �9B@9FD<K9E>4S <AF9DCD9F4J<S FB:89EF64 (1.5) 
 

�B;6B8S B59 K4EF< (1.5) 6 >648D4F < <ECB?P;GS HBD@G?G (1.2), 
@B:AB CB?GK<FP BEAB6AB9 GD46A9A<9 8<EC9DE<BAAB7B 4A4?<;4 

 
ø ù ø ù ø ù

,SSSSSS

,ˆMˆM

DRM

n

1i

2

ii

n

1i

2

i

n

1i

2

i

+=

2+2=2 
===

øøøøøø
 (1.6) 

789 MSS  3 B5M4S EG@@4 >648D4FB6 (Square Sum) BF>?BA9A<= BF 
ED98A97B (Mean), RSS  3 EG@@4 >648D4FB6 BF>?BA9A<=, B5GE?B6?9A-
A4S D97D9EE<9= (Regression), DSS  3 EG@@4 >648D4FB6 BEF4F>4 (Devia-

tion). $97D9EE<S EK<F49FES G8B6?9F6BD<F9?PAB=, 9E?< 5?<;B> > 98<-
A<J9 :>MDD8F85=B 45B5@<8=0F88 

øø Mˆ
i 2

øø Mi 2
ii

ˆ øø 2

ii øòñø +=
iø

iø̂

øM

iø ø

ø

0
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 .
SS

SS
1

SS

SS
R

M

D

M

R2 2==  (1.7) 

 B:AB EBEF46<FP F45?<JG 8<EC9DE<BAAB7B 4A4?<;4, 6>?RK4R-
MGR ;A4K9A<S Q?9@9AFB6 GD46A9A<S (1.6). 

ПD<@9G4A<9. ЛR54S EG@@4 >648D4FB6 E6S;4A4 E K<E?B@ 99 
EF9C9A9= E6B5B8ы, >BFBDB9 CB>4;O649F, >4> @AB7B A9;46<E<@OI 
Q?9@9AFB6 6O5BD>< <; n A9;46<E<@OI K<E9? FD95G9FES 8?S B5D4;B-
64A<S 84AAB= EG@@O >648D4FB6. 

 

&45?<J4 1.1 3 &45?<J4 8<EC9DE<BAAB7B 4A4?<;4 

ИEFBGA<> 64D<4F<< Ч<E?B EF9C9A9= E6B5B8ы SS 

$97D9EE<S 1 ø ù2

i Mˆ 2 øø  

"EF4FB> n – 2 ø ù2

ii
ˆ 2øø  

"5M<= n – 1 ø ù2
i M 2 øø  

 

$97D9EE<S EK<F49FES EF4F<EF<K9E>< ;A4K<@B=, 9E?< BFABL9A<9 

 
ø ù
ø ù

ø ù2n
ˆ
Mˆ

F
2

ii

2

i 2
2

2
=




øø
øø

 (1.8) 

CD96OL49F >D<F9D<= (<L9D4 ø ù2n,1F 2ñ  8?S ;484AAB7B GDB6AS 

8B69D<F9?PAB= 69DBSFABEF< ñ. 

"J9A>< >BQHH<J<9AFB6 ò0 < ò1 EK<F4RFES EF4F<EF<K9E>< ;A4-
K<@O@<, 9E?< ;A4K9A<S 6OD4:9A<= 

 
ø ù ø ù


 2=
2

= 2

i

1

12

i

2

i0

0 M
s

t,
Mn

s
t øø

ò
ø

øøò
 (1.9) 

CD96OL4RF >D<F9D<= %FPR89AF4 ø ù2nt 21 22ñ  8?S ;484AAB7B 

GDB6AS 8B69D<F9?PAB= 69DBSFABEF< ñ. 
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1.2  =>65AB25==0O ;8=59=0O @53@5AA8O 

 

#GEFP ø1,...,øm 3 E?GK4=AO9 69?<K<AO, <@9RM<9 @4F9@4F<K9-
E><9 B:<84A<S Møi < 8<EC9DE<< Døi (i = 1,...,m). �E?< øi 3 BF>?<>, 4 
6E9 BEF4?PAO9 3 H4>FBDO, @B:AB BCD989?<FP ;46<E<@BEFP 

 ø ù,,...,,,...,gˆ
m1i1i1 øøøøø +2=  (1.10) 

789 
i

ˆ øø = . (BD@4 ø ù
m1i1i1 ,...,,,...,g øøøø +2  8B?:A4 CB85<D4FPES 

F4>, KFB5O 6OCB?AS?BEP GE?B6<9 

 ø ùû ý .min,...,,,...,gM
2

m1i1i1 →2 +2 øøøøø  (1.11) 

�E?< ;46<E<@BEFP (1.10) CD98EF46?S9FES ?<A9=AB= HGA>J<9= 

 ø ù,MMˆ
m

ij,1j
jjiji 

=
2+= øøòøø  (1.12) 

FB 99 A4;O64RF <=>65AB25==>9 ;8=59=>9 @53@5AA859 69?<K<-
AO øi A4 BEF4?PAO9 69?<K<AO. �BQHH<J<9AFO D97D9EE<< òij A4IB-
8SFES CB HBD@G?9 

 ,
D

D

1

ii

1

ij

ij 2

2

2=ò  (1.13) 

789 D 3 @4FD<J4 J9AFD4?PAOI >BDD9?SJ<BAAOI @B@9AFB6. �4:-
8O= 99 Q?9@9AF D469A 

 ø ù ø ùû ý û ýþ
ý
ü


=

=22=
.ji,,cov

,ji,D
MMMD

ji

i

jjiiij øø
ø

øøøø  (1.14) 

�E?< @4FD<J4 D CB?B:<F9?PAB BCD989?9A4, FB >BQHH<J<9AFO 
D97D9EE<< 6E9784 BCD989?SRFES B8AB;A4KAB. 

&45?<J4 8<EC9DE<BAAB7B 4A4?<;4 8?S @AB:9EF69AAB= ?<A9=AB= 
D97D9EE<< CD<6989A4 A<:9. 
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&45?<J4 1.2 3 &45?<J4 8<EC9DE<BAAB7B 4A4?<;4 8?S 
@AB:9EF69AAB= ?<A9=AB= D97D9EE<< 

ИEFBGA<> 64D<4F<< Ч<E?B EF9C9A9= E6B5B8ы SS 

$97D9EE<S m – 1 ø ù2

i Mˆ 2 øø  

"EF4FB> n – m ø ù2

ii
ˆ 2øø  

"5M<= n – 1 ø ù2
i M 2 øø  

 

�9?<K<A4 R2 6 84AAB@ E?GK49 S6?S9FES @9DB= EF4F<EF<K9E>B= 
6;4<@BE6S;< @9:8G øi < 6E9@< BEF4?PAO@< 69?<K<A4@< < A4;O649F-
ES E6B8AO@ >BQHH<J<9AFB@ >BDD9?SJ<<.  

$97D9EE<S EK<F49FES EF4F<EF<K9E>< ;A4K<@B=, 9E?< BFABL9A<9 

 
ø ù
ø ù 1m

mn

ˆ
Mˆ

F
2

ii

2

i

2
2


2

2
=




øø
øø

 (1.15) 

CD96OL49F >D<F9D<= (<L9D4 ø ùmn,1mF 22ñ  8?S ;484AAB7B 
GDB6AS 8B69D<F9?PAB= 69DBSFABEF< ñ. 

"J9A>< >BQHH<J<9AFB6 òij EK<F4RFES EF4F<EF<K9E>< ;A4K<@O-
@<, 9E?< ;A4K9A<S 6OD4:9A<= 

 ø ùmn
1

t
2

ij

2

ij

j 2
2

=
ò

ò
 (1.16) 

CD96OL4RF >D<F9D<= %FPR89AF4 ø ùmnt 21 22ñ  8?S ;484AAB7B 

GDB6AS 8B69D<F9?PAB= 69DBSFABEF< ñ. 

#4D4@9FDO òij, 6IB8SM<9 6 (1.16), A4;O649@O9 K4EFAO@< >B-
QHH<J<9AF4@< >BDD9?SJ<<, BCD989?SRF @9DG EF4F<EF<K9E>B= 6;4-
<@BE6S;< øi < øj CBE?9 GEFD4A9A<S 6?<SA<S 6E9I BEF4?PAOI H4>FB-
DB6. "A< 6OK<E?SRFES CB HBD@G?9 

 .
DD

D

1

jj

1

ii

1

ij

ij 22

2


2=ò  (1.17) 
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1.3 #>H03>20O @53@5AA8O 

 

�?S B8AB7B < FB7B :9 B5N9>F4 @B:AB CBEFDB<FP A9E>B?P>B D9-
7D9EE<BAAOI @B89?9=, BF?<K4RM<IES A45BDB@ A9;46<E<@OI C9D9-
@9AAOI. �?S 6O5BD4 BCF<@4?PAB= @B89?< B5OKAB <ECB?P;GRF E?9-
8GRM<9 >D<F9D<<: 

" @<A<@4?PA4S EG@@4 >648D4FB6 BEF4F>4; 
" @<A<@4?PAB9 K<E?B >BQHH<J<9AFB6, EB6@9EF<@B9 E D4;G@-
AB= BL<5>B=; 

" 8BEF4FBKAO9 H<;<K9E><9 BEAB64A<S 8?S 6>?RK9A<S H4>FBD4 
6 @B89?P. 

"8A<@ <; @9FB8B6 CB?GK9A<S BCF<@4?PAB= @B89?< S6?S9FES 
CBL47B64S D97D9EE<S. "A4 ;4>?RK49FES 6 CBE?98B64F9?PAB@ 6>?R-
K9A<< 6 GD46A9A<9 A9;46<E<@OI C9D9@9AAOI < <EE?98B64A<< 97B A4 
;A4K<@BEFP. 
!4 C9D6B@ L479 6O5<D49FES C9D9@9AA4S øj, A4<5B?99 E<?PAB 

>BDD9?<DB64AA4S E 69?<K<AB= ø, EBEF46?S9FES GD46A9A<9 ø ù
jgˆ øø = , 

CDB69DS9FES B5M4S ;A4K<@BEFP D97D9EE<< CB >D<F9D<R (1.15) < ;A4-
K<@BEFP >BQHH<J<9AF4 òij CB >D<F9D<R (1.16). �E?< D9;G?PF4F CDB-
69D>< BFD<J4F9?PAO=, A4<?GKL9= EK<F4RF @B89?P øø Mˆ = . 

!4 6FBDB@ L479 6OK<E?S9FES BEF4FB> ø ù
jjij MM øøòøø 222 , 

< BCD989?S9FES A4<5B?99 E<?PAB >BDD9?<DB64AA4S E A<@ C9D9@9A-
A4S øk. %BEF46?S9FES GD46A9A<9 ø ù

kj ,gˆ øøø = , CDB69DS9FES B5M4S 

;A4K<@BEFP D97D9EE<< < ;A4K<@BEFP >BQHH<J<9AFB6 òij < òik. !9;A4-
K<@O9 C9D9@9AAO9 <; GD46A9A<S D97D9EE<< <E>?RK4RFES. 
!4 FD9FP9@ L479 6OK<E?S9FES BEF4FB> D97D9EE<< 

ø ù ø ù
kkikjjij MMM øøòøøòøø 22222 , BCD989?S9FES A4<5B?99 

E<?PAB >BDD9?<DB64AA4S E A<@ C9D9@9AA4S øl, < CDBJ98GD4 HBD@<-
DB64A<S GD46A9A<S D97D9EE<< CB6FBDS9FES. 
#DBJ9EE CD9>D4M49FES, 9E?< 84?PA9=L99 D4EL<D9A<9 <?< EB-

>D4M9A<9 @B89?< 89?4RF D97D9EE<R A9;A4K<@B=. 
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2 #"$/�"� �/#"�!�!�/ $��"&/ 

 

�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP 
BEAB6O D97D9EE<BAAB7B 4A4?<;4 < CD46<?4 CBEFDB9A<S @AB:9EF69A-
AOI D97D9EE<BAAOI @B89?9=. 
#D< 6OCB?A9A<< D45BFO A9B5IB8<@B CB <EIB8AO@ 84AAO@ CB-

?GK<FP CB?ABEFPR ;A4K<@GR CD< GDB6A9 8B69D<F9?PAB= 69DBSFAB-
EF< ñ = 0,95 CB?<AB@<4?PAGR @B89?P 6<84 

 .xby
m

0j

j

j
=

=  (1.18) 

�?S CD<6989A<S ;46<E<@BEF< (1.18) > 6<8G (1.12) A9B5IB8<@B 
EHBD@<DB64FP @4FD<JG C9D9@9AAOI øi E?98GRM97B 6<84 

 ,

x...xxy

...............

x...xxy

m

n

2

nnn

m

1

2

111

ú
ú
ú

û

ù

ú
ú
ú

û

ù
=ø  (1.19) 

789 ø1 3 BF>?<>, øj = xj – 1 (j = 2,...,m+1) 3 H4>FBDO. % CB@BMPR 
CBL47B6B= CDBJ98GDO 6 D97D9EE<R 

 ø ù
m2 ,...,gˆ øøø =  (1.20) 

8B?:AO 5OFP 6>?RK9AO FB?P>B ;A4K<@O9 H4>FBDO. 
%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
" B5M4S CBEF4AB6>4 ;484K<; 
" D4EK9F BEAB6AOI EF4F<EF<K9E><I I4D4>F9D<EF<> A9;46<E<-
@OI C9D9@9AAOI; 

" D9L9A<9 ;484K< CBL47B6B= D97D9EE<<. 
$9;G?PF4FO D4EK9FB6 8B?:AO CD<6B8<FPES >4> 6 K<E?B6B=, F4> < 

6 7D4H<K9E>B= HBD@9 (A4CD<@9D, 6 6<89 7D4H<>4 BEF4F>B6). �?S 
>4:8B= @B89?< 8B?:AO BCD989?SFPES ED98A9>648D4F<K9E>4S BL<5-
>4 < >BQHH<J<9AF 89F9D@<A4J<<. 
�4D<4AFO ;484A<= CD<6989AO 6 CD<?B:9A<SI � < �.  
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�"!&$"�0!/� �"#$"%/ 

 

5. +FB EK<F49FES ED98A9>648D4F<K9E>B= D97D9EE<9= B8AB= C9-
D9@9AAB= BFABE<F9?PAB 8DG7B= C9D9@9AAB=? 

6. �4> EFDB<FES GD46A9A<9 ?<A9=AB= D97D9EE<<? �4> BCD989-
?SRFES >BQHH<J<9AFO 99 GD46A9A<S? 

7. �4> EFDB<FES GD46A9A<9 @AB:9EF69AAB= ?<A9=AB= D97D9E-
E<<? �4> BCD989?SRFES >BQHH<J<9AFO 99 GD46A9A<S? 

8. �4> EFDB<FES F45?<J4 8<EC9DE<BAAB7B 4A4?<;4 8?S GD46A9-
A<S D97D9EE<<? 

9. �4> BCD989?S9FES ;A4K<@BEFP D97D9EE<< 6 J9?B@? �4> 
BCD989?S9FES ;A4K<@BEFP C9D9@9AAOI, 6IB8SM<I 6 GD46A9A<9 D9-
7D9EE<<? 

10. �4> 6OCB?AS9FES CDBJ98GD4 CBL47B6B= D97D9EE<<? 
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�01>@0B>@=0O @01>B0 №3 
#"%&$"�!�� ��&�$ �!�$"��!!/) 

��!� �+�%��)  "����� %�%&�  

 

*9?P D45BFO 3 GE6B9A<9 BEAB6AOI CD46<? CBEFDB9A<S 89F9D@<-
A<DB64AAOI 8<A4@<K9E><I @B89?9= E<EF9@ < BJ9A>< <I >4K9EF64. 
%B89D:4A<9 D45BFO 3 BCD989?9A<9 C4D4@9FDB6 GD46A9A<S 8<-

A4@<>< ?<A9=AB= E<EF9@O, CD98EF46?9A<9 CB?GK9AAOI D9;G?PF4FB6 
6 HBD@9 BFK9F4 < 8B>4;4F9?PEF6B <I CD46<?PABEF<. 

 

1 &�"$�&�+�%��/ +�%&0 

 

1.1 #>=OB85 > 48=0<8G5A:>9 845=B8D8:0F88 

 

�89AF<H<>4J<S EBEFB<F 6 BFOE>4A<< 8?S B5N9>F4 489>64FAB= 

9@G @B89?<. $4;?<K4RF EFDG>FGDAGR < C4D4@9FD<K9E>GR <89AF<-
H<>4J<R. #D< AB@C:BC@=>9 845=B8D8:0F88 BCD989?S9FES HBD@4 
@B89?< <; A9>BFBDB7B ;484AAB7B >?4EE4 HGA>J<=, CD< ?0@0<5B@8-
G5A:>9 845=B8D8:0F88 BCD989?SRFES C4D4@9FDO @B89?<. 
�E?< 6OIB8AO9 E<7A4?O B5N9>F4 ø ùtY  CB?ABEFPR BCD989?SRFES 

A45?R849@O@< 6IB8AO@< 6B;89=EF6<S@< ø ùtX , FB 8?S 97B <89AF<-
H<>4J<< 8BEF4FBKAB <ECB?P;B64FP @9FB8O 4>F<6AB7B Q>EC9D<@9A-
F4. �EIB8AB= <AHBD@4J<9= S6?S9FES Q>EC9D<@9AF4?PAB EASF4S 
>D<64S D4;7BA4 3 D94>J<S B5N9>F4 ø ùtY  A4 CB84AAB9 6IB8AB9 6B;-
89=EF6<9 ø ùtX  6 <AF9D64?9 6D9@9A< Tt0 óó . 

 

$<EGAB> 1.1 3 %FDG>FGDA4S EI9@4 @B89?< B5N9>F4 E BC9D4FBD-
AB= C9D984FBKAB= HGA>J<9= ø ùpW  

 

ø ùtYø ùtX
ø ùpW
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'D46A9A<9 8<A4@<K9E>B= I4D4>F9D<EF<>< B5N9>F4 @B:AB 
GE?B6AB CD98EF46<FP 6 6<89 

 ø ù  ø ù  ,tX,tQktY,tP ô2=  (1.1) 

789 ô 3 2@5<O 70?074K20=8O B5N9>F4, >BFBDB9 CDBIB8<F BF @B-
@9AF4 CB84K< E<7A4?4 A4 6IB8 B5N9>F4 8B @B@9AF4 CBS6?9A<S E<7-
A4?4 A4 97B 6OIB89; k 3 :>MDD8F85=B CA8;5=8O (<?< >BQHH<J<9AF 
C9D984K<) B5N9>F4. 

 

ø ùX

ø ù0X
ø ùY

ø ù0Y
0 t

ô t¢0¢
 

$<EGAB> 1.2 3 %I9@4 8?S BCD989?9A<S 6D9@9A< ;4C4;8O64A<S < 
>BQHH<J<9AF4 GE<?9A<S B5N9>F4 

 

�BQHH<J<9AF GE<?9A<S 6OK<E?S9FES CB EBBFABL9A<R 

 
ø ù ø ù
ø ù ø ù .0XX

0YY
k

2
2

=  (1.2) 

�IB8AO9 < 6OIB8AO9 69?<K<AO, >4> CD46<?B, @4ELF45<DGRFES 
6 EF4A84DFAB@ 8<4C4;BA9 BF 0 8B 1 (ABD@<DGRFES) 

 ø ù ø ù ø ù
ø ù ø ù ø ù ø ù ø ù

ø ù ø ù .0YY

0YtY
ty,

0XX

0XtX
tx

2
2

=
2
2

=  (1.3) 

#BE?9 BCD989?9A<S k < ô @B:AB <EE?98B64FP B5N9>F 6 ABD@<DB-
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64AAOI >BBD8<A4F4I < 59; ;4C4;8O64A<S, E@9EF<6 L>4?G 6D9@9A< 
6CD46B A4 69?<K<AG ô. 

 

1.2 %B@C:BC@=0O 845=B8D8:0F8O >1J5:B0 
 

#D< EFDG>FGDAB= <89AF<H<>4J<< 4CD<BDA4S <AHBD@4J<S B5 
B5N9>F9 <ECB?P;G9FES 8?S BCD989?9A<S EFDG>FGDO @B89?<. 

'D46A9A<9 8<A4@<><, >4> CD46<?B, 6O5<D49FES <; >?4EE4 ?<-
A9=AOI <?< ?<A94D<;B64AAOI I4D4>F9D<EF<>. � ABD@<DB64AAOI 
>BBD8<A4F4I @B89?P B5N9>F4 E EBED98BFBK9AAO@< C4D4@9FD4@<, B8-
A<@ 6IB8AO@ < B8A<@ 6OIB8AO@ E<7A4?B@ S6?S9FES B5O>AB69AAO@ 
8<HH9D9AJ<4?PAO@ GD46A9A<9@ E CBEFBSAAO@< >BQHH<J<9AF4@< 

 
ø ù ø ù ø ù

ø ù ø ù ø ù,txtx
dt

d
b...tx

dt

d
b

tyty
dt

d
a...ty

dt

d
a

1m

m

m

1n

n

n

ôôô 2+2++2=

=+++
 (1.4) 

789 >BQHH<J<9AFO 
ia  < 

ib  <@9RF D4;@9DABEFP 6D9@9A< 6 EF9-
C9A<, D46AB= CBDS8>G CDB<;6B8AB= EBBF69FEF6GRM97B E?4749@B7B. 
� H<;<K9E>< D94?<;G9@OI E<EF9@4I mn ó . 

!4K4?PAO9 GE?B6<S 

 ø ù ø ù ø ù
0t

1n

1n

)1n(

0

0t

)1(

00 ty
dt

d
y,...,ty

dt

d
y,0yy

=
2

2
2

=

===  (1.5) 

< HBD@4 6IB8AB7B E<7A4?4 EK<F4RFES <;69EFAO@<. #D98CB?474-
9FES, KFB >?4EE ø ùtx  B7D4A<K9A HGA>J<S@<, BC<EO64RM<@< GEFB=-
K<6O9 CDBJ9EEO. 
"5OKAB ø ùtx  3 EFGC9AK4F4S HGA>J<S, CBQFB@G CBDS8B> GD46A9-

A<S (1.4) @B:9F 5OFP CD<5?<:9AAB BCD989?9A CB HBD@9 C9D9IB8AB= 
I4D4>F9D<EF<>< B5N9>F4. �E?< QF4 I4D4>F9D<EF<>4 A9 <@99F FBK9> 
C9D97<54, FB n = 1. �E?< 9EFP C9D97<5 CD< t = tC, < tC / T < 0,1...0,15, 

FB n = 2 (E@. D<EGAB> 1.3). � CDBF<6AB@ E?GK49 EK<F4RF n > 2. 
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0 t

ø ùty

TtC0 t

ø ùty

T
4) 5)

 

$<EGAB> 1.3 3 #9D9IB8AO9 I4D4>F9D<EF<>< B5N9>F4 C9D6B7B (4) 
< 5B?99 6OEB>B7B CBDS8>4 (5) 

ПD<@9G4A<9. �?<SA<9 CB7D9LABEF< <;@9D9A<S ø ùtX  < ø ùtY  < 

CB7D9LABEF< K<E?9AAOI @9FB8B6 B5D45BF>< <AHBD@4J<< B5OKAB 
89?49F A9J9?9EBB5D4;AO@ <ECB?P;B64A<9 @B89?9= 6OL9 FD9FP97B-

K9F69DFB7B CBDS8>4. 

!4 D<EGA>9 1.4 CB>4;4AB, >4> @B:AB EA<;<FP CBDS8B> @B89?<, 
66B8S H<>F<6AB9 ;4C4;8O64A<9. 

0 t

ø ùty

T0 t

ø ùty

T
4) 5)

ô¢ ô¢
 

$<EGAB> 1.4 3 %A<:9A<9 CBDS8>4 @B89?< 8B C9D6B7B (4) < 
6FBDB7B (5) CGF9@ 66989A<S H<>F<6AB7B ;4C4;8O64A<S 

 

">BAK4F9?PAO= 6O5BD HBD@O @B89?< 8B?:9A BCD989?SFPES 
EF9C9APR 99 489>64FABEF< B5N9>FG. 

 

1.3 #0@0<5B@8G5A:0O 845=B8D8:0F8O >1J5:B0 
 

#D< ?0@0<5B@8G5A:>9 845=B8D8:0F88 84AAO9 B5 B5N9>F9 
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B5D454FO64RFES 8?S CB?GK9A<S B A9@ 4CBEF9D<BDAB= <AHBD@4J<<. 

#D< QFB@ BJ9A<64RFES C4D4@9FDO 6O5D4AAB= @B89?<. � CDBEF9=-
L<I E?GK4SI F4>4S BJ9A>4 @B:9F 6OCB?ASFPES CB 7D4H<>G C9D9IB8-
AB= I4D4>F9D<EF<><. 
�?S @B89?< C9D6B7B CBDS8>4, GD46A9A<9 >BFBDB= <@99F 6<8 

 ø ù ø ù ø ù,tx=ty+ty
dt

d
T1   (1.6) 

;A4K9A<9 CBEFBSAAB= 6D9@9A< T1 BCD989?S9FES 6D9@9A9@, CD< 
>BFBDB@ >4E4F9?PA4S > ø ùty  6 A4K4?9 >BBD8<A4F C9D9E9>49FES E 99 
7BD<;BAF4?PAB= 4E<@CFBFB= ø ù 1y = . 

0 t

ø ùty

TT1  

$<EGAB> 1.5 3 "J9A<64A<9 C4D4@9FDB6 @B89?< C9D6B7B CBDS8>4 
 

#BEFBSAAO9 6D9@9A< T1 < T2 4C9D<B8<K9E>B= @B89?< 6FBDB7B 
CBDS8>4 

 ø ù ø ù ø ù ø ù ø ù,tx=ty+ty
dt

d
TTty

dt

d
TT 212

2

21 ++  (1.7) 

CBE?9 BCD989?9A<S CB 7D4H<>G >BBD8<A4FO FBK>< C9D97<54 tC < 
;A4K9A<S CDB<;6B8AB= 6 QFB= FBK>9 (E@. D<EGAB> 1.6 (4)) A4IB8SFES 
<; E<EF9@O GD46A9A<= 

 ø ù ø ù .
T

T
,Tty

dt

d
,Tty

dt

d

2

11

1

2

tCt

1

1

tCt

=== 2

=

2

=

øøø øø
ø

 (1.8) 

#BEFBSAA4S 6D9@9A< T2 < EF9C9AP ;4FGI4A<S ø >B?954F9?PAB= 
@B89?< 6FBDB7B CBDS8>4 
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 ø ù ø ù ø ù ø ù,tx=ty+ty
dt

d
T2ty

dt

d
T 22

2

2

2 + ø  (1.9) 

CBE?9 BCD989?9A<S CB 7D4H<>G C9D<B84 >B?954A<= T> < 86GI 
C9D6OI CB?B:<F9?PAOI 4@C?<FG8 A1 < A2 (E@. D<EGAB> 1.6 (5)) 
A4IB8SFES <; E<EF9@O GD46A9A<= 

 .
A

A
ln

T

T
,1

2

T
T

2

1

>

2> =2


= øø
ð

 (1.10) 

t 0 t

ø ùty

TT>

A1 A2

0

ø ùty

TtC

T1 + T2

4) 5)
 

$<EGAB> 1.5 3 "J9A<64A<9 C4D4@9FDB6 4C9D<B8<K9E>B= (4) < 
>B?954F9?PAB= (5) @B89?< 6FBDB7B CBDS8>4 

 

�?S <89AF<H<>4J<< B5N9>F4 CDB<;6B?PAB7B CBDS8>4 <ECB?P;G9FES 
<5B>4 =08<5=LH8E :204@0B>2, FD95GRM<= @<A<@<;4J<< ED98A97B 
>648D4F4 A96S;>< CD46B= < ?96B= K4EF9= GD46A9A<S (1.4) 

 ø ù ø ù min,dttxbtyaS
T

0

2
m

0j

)j(

j

n

0i

)i(

i →úû
ù

úû
ù 2=  

==
 (1.11) 

789 )i(
y  < )j(

x  3 CDB<;6B8AO9 i-7B < j-7B CBDS8>4 BF HGA>J<= 6O-
IB8AB7B < 6IB8AB7B E<7A4?B6. 
$9L9A<9 ;484K< (1.11) E6B8<FES > D9L9A<R E<EF9@O 
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,n,...,0i,0
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 (1.12) 

#D9B5D4;GS (1.12) 6 EBBF69FEF6<< E GD46A9A<9@ (1.11), @B:AB 
CB?GK<FP E<EF9@G ?<A9=AOI 4?795D4<K9E><I GD46A9A<= 
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ø ù ø ù ø ù ø ù

ø ù ø ù ø ù ø ù
ÿ
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ÿÿ
ÿ

ý

ü
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.m,...,0k

,0dttxtxbdttxtya

,n,...,0k

,0dttytxbdttytya

m

0j

T
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)k()j(
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T
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)k()i(
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0j

T

0

)k()j(
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0i

T

0
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 (1.13) 

�?S D9L9A<S E<EF9@O (1.13) BFABE<F9?PAB A9<;69EFAOI C4D4-
@9FDB6 A9B5IB8<@B ;A4FP CDB<;6B8AO9 6IB8AB7B < 6OIB8AB7B E<7-
A4?B6 B5N9>F4, >BFBDO9 A4IB8SFES ?<5B 6 D9;G?PF4F9 E7?4:<64A<S 
HGA>J<= ø ùtx  < ø ùty  A4 BFD9;>9  T,0t , ?<5B 6 D9;G?PF4F9 D4;?B-
:9A<S <I 6 DS8 CB ;484AAO@ 6 4A4?<F<K9E>B= HBD@9 6OD4:9A<S@. 
#B7D9LABEFP K<E?9AAB7B 8<HH9D9AJ<DB64A<S, >4> CD46<?B, 8BEF4-

FBKAB 6OEB>4, CBQFB@G EI9@G BCD989?9A<S >BQHH<J<9AFB6 
0n a,...,a  < 

0m b,...,b  @B:AB CD9B5D4;B64FP E?98GRM<@ B5D4;B@. 
$4EE@BFD<@ K4EFAO= E?GK4=, >B784 CB6989A<9 B5N9>F4 59; ;4-

C4;8O64A<S 6 ABD@<DB64AAOI >BBD8<A4F4I BC<EO649FES 8<HH9D9A-
J<4?PAO@ GD46A9A<9@ 6<84 

 ø ù ø ù ø ù ø ù ø ù.txtx
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btyty
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d
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d
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2 +=++  (1.14) 

#BE?9 <AF97D<DB64A<S (1.14) A4 <AF9D64?9  t,0 , CB?GK<@ 
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#BE?9 CB6FBDAB7B <AF97D<DB64A<S 
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 (1.16) 

�E?< A4K4?PAB9 GE?B6<9 y0 AG?96B9, 4 6IB8AB= E<7A4? CD98EF46-
?S9F EB5B= EFGC9AK4FGR 98<A<KAGR HGA>J<S, FB GD46A9A<9 (1.16) 
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GCDBM49FES 

 ø ù  ø ù ø ùû ý .ddy1dyatytya
t

0 0

t

0
1

)1(

02   2=+2
ô

ôøøôô  (1.17) 

�6989@ B5B;A4K9A<9 HGA>J<= 
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ø ù ø ùû ý .ddy1tR

,dytQ,tytytP

t

0 0

t

0

)1(

0

 



2=

=2=
ô

ôøø

ôô
 (1.18) 

�ECB?P;GS (1.18), @B:AB EBEF46<FP HGA>J<R A96S;>< 8?S D9L9-
A<S ;484K< <89AF<H<>4J<< @9FB8B@ A4<@9APL<I >648D4FB6 

 ø ù ø ù ø ù  .mindttRtQatPaS
T

0

2

12 →2+=   (1.19) 

%<EF9@4 GD46A9A<= 8?S BCD989?9A<S >BQHH<J<9AFB6 GD46A9A<S 
(1.17) <@99F 6<8 
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 (1.20) 

�?S D4EK9F4 >BQHH<J<9AF4 b1 <ECB?P;G9FES HBD@G?4 

 .yab
)1(

021 =  (1.21) 

�?S <E>?RK9A<S BC9D4J<= @AB7B>D4FAB7B <AF97D<DB64A<S, 
6ABESM<I CB7D9LABEF< 6 BJ9A>< C4D4@9FDB6 @B89?<, <ECB?P;GRF 
<5B>4 %8<>N. #D98CB?4749FES, KFB  

" B5N9>F B5?4849F E6B=EF6B@ E4@B6OD46A<64A<S; 
" A4 6IB8 B5N9>F4 CB84AB 98<A<KAB9 EFGC9AK4FB9 6B;89=EF6<9; 
" 6E9 E<7A4?O BF@4ELF45<DB64AO 6 8<4C4;BA9 BF 0 8B 1. 

&B784 <;B5D4:9A<9 C9D9IB8AB= I4D4>F9D<EF<>< (>D<6B= D4;7B-
A4) CB �4C?4EG <@99F 6<8 
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 ø ù ø ù ø ù ,sFs
1

s

1
sWsY


==  (1.22) 

789 ø ùsW  3 C9D984FBKA4S HGA>J<S B5N9>F4, 

 ø ù ø ù .
1sb...sbsb

1sa...sasa
sWsF
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1m
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== 2
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 (1.23) 

�6989@ 6 D4EE@BFD9A<9 HGA>J<R 

 ø ù ø ù ø ù ø ùty1tyyty 2=2=  (1.24) 

< <;@9A<@ @4ELF45 6D9@9A< 

 ø ù .dttyt
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úû
ù= ñ  (1.25) 

�E?< HGA>J<S (1.23) CD98EF46?S9FES EIB8SM<@ES DS8B@ 6<84 

 ø ù ,sC1sF
1i

i
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=
+=  (1.26) 

FB 97B >BQHH<J<9AFO @B:AB D4EEK<F4FP CB HBD@G?4@ 

 

ø ù

ø ù ø ù
,...2,1i,d

!jC

C
yCC

,dttyC,1C

0

i

0j

j

ji

1

ji1i

11i

0
10

=
þ
ý
ü

þ
ý
ü 2

=

==

 




=
2

2+
+



ñ
ñ

ñ
 (1.27) 

#D<D46A<64S (1.23) < (1.26), @B:AB CB?GK<FP E<EF9@G 
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ý
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2 ,...,3,2i,bCbaC

,baC

1i

1j
jjiiii

111

 (1.28) 

>BFBD4S D9L49FES CD< GE?B6<<, KFB bn / an = y0. %<EF9@4 (1.28) 
S6?S9FES A98BBCD989?9AAB=, CBQFB@G CD< BCD989?9A<< >BQHH<J<-
9AFB6 C9D984FBKAB= HGA>J<< ;A4K9A<S@< A9>BFBDOI <; A<I A9B5-
IB8<@B CD9864D<F9?PAB ;48464FPES. 
!4 CD4>F<>9 EFDG>FGDAGR < C4D4@9FD<K9E>GR <89AF<H<>4J<R 

@9FB8B@ %<@BR EB6@9M4RF. $4EK9F >BQHH<J<9AFB6 Ci CDB8B?:4RF 
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8B CB?GK9A<S C9D6B7B BFD<J4F9?PAB7B ;A4K9A<S. �E?< C2 < 0, FB @B-
89?P B5N9>F4 CD98EF46?SRF C9D984FBKAB= HGA>J<9= 

 ø ù ,
1sa

1
sW

1 +
=  (1.29) 

789 a1 = C1. �E?< C3 < 0, FB 8?S B5N9>F4 6O5<D4RF C9D984FBK-
AGR HGA>J<R 6<84 

 ø ù ,
1sasa

1
sW

1

2

2 ++
=  (1.30) 

<?< 

 ø ù .
1sasa

1sb
sW

1

2

2

1

++
+

=  (1.31) 

� C9D6B@ E?GK49 E<EF9@4 86GI GD46A9A<= (1.28) D9L49FES CD< 
GE?B6<< b1 = 0. �B 6FBDB@ E?GK49 D9L9A<9 QFB= E<EF9@O FD9I GD46-
A9A<= A4IB8<FES <; CD98CB?B:9A<S, KFB D46AO AG?R >BQHH<J<9A-
FO a3, b3 < b2. 

#B?GK9A<9 C9D984FBKAOI HGA>J<= 6OEL<I CBDS8>B6 EBCDB-
6B:849FES 4A4?B7<KAO@< D4EEG:89A<S@<. 
$9L9A<9 B 6O5BD9 >BA>D9FAB= HBD@O 8<A4@<K9E>B= @B89?< 

CD<A<@49FES A4 BEAB69 4A4?<;4 99 EBBF69FEF6<S Q>EC9D<@9AF4?P-
AO@ 84AAO@ B5 B5N9>F9. 

 

2 #"$/�"� �/#"�!�!�/ $��"&/ 

 

�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP 
CBDS8B> <89AF<H<>4J<< B5N9>FB6 CB >D<6O@ D4;7BA4. 
#D< 6OCB?A9A<< D45BFO A9B5IB8<@B E CB@BMPR @9FB84 

A4<@9APL<I >648D4FB6 < @9FB84 %<@BR BCD989?<FP C4D4@9FDO 8<-
A4@<K9E>B= I4D4>F9D<EF<>< 6<84 (1.4) < BJ9A<FP >4K9EF6B CB?GK9A-
AOI @B89?9=. #BDS8B> GD46A9A<S (1.4) A9B5IB8<@B 6O5D4FP E4@B-
EFBSF9?PAB <; GE?B6<S FBKABEF< BC<E4A<S Q>EC9D<@9AF4?PAOI 84A-
AOI. 
%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
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" B5M4S CBEF4AB6>4 ;484K< <89AF<H<>4J<<; 

" <89AF<H<>4J<S B5N9>F4 @9FB8B@ A4<@9APL<I >648D4FB6; 
" <89AF<H<>4J<S B5N9>F4 @9FB8B@ %<@BR; 
" 6O5BD BCF<@4?PAB= @B89?< B5N9>F4. 
�?S 6O5BD4 BCF<@4?PAB= @B89?< 8BEF4FBKAB <ECB?P;B64FP CB-

>4;4F9?P 489>64FABEF< 6FBDB7B CBDS8>4 
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=

=
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2=  (1.32) 

789 
iy  3 84AAO9, EASFO9 E >D<6B= D4;7BA4, ø ù

itz  3 ;A4K9A<S, D4E-
EK<F4AAO9 CB GD46A9A<R 8<A4@<K9E>B= @B89?<. �GKL9= E?98G9F 
EK<F4FP @B89?P, B59EC9K<64RMGR @4>E<@4?PAB9 ;A4K9A<9 R2. 

�4D<4AFO ;484A<= CD<6989AO 6 CD<?B:9A<< �.  

 

�"!&$"�0!/� �"#$"%/ 

 

1. +FB CBA<@49FES CB8 <89AF<H<>4J<9= B5N9>F4? +FB EK<F49F-
ES EFDG>FGDAB=, 4 KFB 3 C4D4@9FD<K9E>B= <89AF<H<>4J<9=? 

2. �4><9 <EIB8AO9 84AAO9 A9B5IB8<@O 8?S D9L9A<S ;484K< 
<89AF<H<>4J<<? 

3. �4> CDB6B8<FES EFDG>FGDA4S <89AF<H<>4J<S B5N9>F4 CB 97B 
C9D9IB8AB= I4D4>F9D<EF<>9? 

4. �4> BJ9A<64RFES C4D4@9FDO 8<A4@<K9E>B= @B89?< B5N9>F4 
@9FB8B@ A4<@9APL<I >648D4FB6? 

5. �4> BJ9A<64RFES C4D4@9FDO 8<A4@<K9E>B= @B89?< B5N9>F4 
@9FB8B@ %<@BR? 
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�01>@0B>@=0O @01>B0 №4 
#"%&$"�!�� ��$"/&!"%&!/)  

��!� �+�%��)  "����� %�%&�  

 

*9?P D45BFO 3 GE6B9A<9 BEAB6AOI CD46<? CBEFDB9A<S 69DBSF-
ABEFAOI 8<A4@<K9E><I @B89?9= E<EF9@ < BJ9A>< <I >4K9EF64. 
%B89D:4A<9 D45BFO 3 BCD989?9A<9 C4D4@9FDB6 C9D984FBKAB= 

HGA>J<< ?<A9=AB= E<EF9@O, CD98EF46?9A<9 CB?GK9AAOI D9;G?PF4-
FB6 6 HBD@9 BFK9F4 < 8B>4;4F9?PEF6B <I CD46<?PABEF<. 

 

1 &�"$�&�+�%��/ +�%&0 

 

1.1 #>=OB85 > AB>E0AB8G5A:>9 845=B8D8:0F88 

 

�E?< 6OIB8AO9 E<7A4?O B5N9>F4 CB?ABEFPR BCD989?SRFES 
A45?R849@O@< 6IB8AO@< 6B;89=EF6<S@<, FB 8?S 97B <89AF<H<>4-
J<< 8BEF4FBKAB <ECB?P;B64FP @9FB8O 4>F<6AB7B Q>EC9D<@9AF4. � 
D94?PAOI GE?B6<SI A4 ;A4K9A<S 6OIB8AOI E<7A4?B6 6?<SRF A9-
GCD46?S9@O9 < A9A45?R849@O9 6B;89=EF6<S (LG@O). �E9 A9A45?R-
849@O9 CB@9I<, 6B;89=EF6GRM<9 A4 D4;?<KAO9 K4EF< B5N9>F4, @B-
7GF 5OFP CD<6989AO > 97B 6OIB8G < CD98EF46?9AO 6 6<89 488<F<6-
AB7B LG@4 ø ùtø  (E@. D<EGAB> 1.1). 

 

$<EGAB> 1.1 3 %FDG>FGDA4S EI9@4 @B89?< B5N9>F4 E BC9D4FBD-
AB= C9D984FBKAB= HGA>J<9= ø ùpW  < 488<F<6AO@ LG@B@ ø ùtø  

 

� D9;G?PF4F9 6B;89=EF6<S E?GK4=AOI CB@9I <;@9A9A<9 EBEFBS-
A<S B5N9>F4 CDB<EIB8<F < 6 D9:<@9 97B ABD@4?PAB= Q>EC?G4F4J<<. 
%?98B64F9?PAB, B5N9>F @B:9F 5OFP <89AF<H<J<DB64A CB D9;G?PF4-

ø ùtyø ùtx
ø ùpW

ø ùtø
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F4@ EF4F<EF<K9E>B= B5D45BF>< A45?R89A<= 97B 6IB8AOI < 6OIB8-
AOI E<7A4?B6 (<?< CB D9;G?PF4F4@ C4EE<6AB7B Q>EC9D<@9AF4). 

#GEFP <@99FES B5N9>F E EBED98BFBK9AAO@< C4D4@9FD4@<, B8A<@ 
6IB8AO@ E<7A4?B@ ø ùtx  < 6OIB8AO@ E<7A4?B@ ø ùty , >BFBDO9 S6?S-
RFES EF4J<BA4DAO@< QD7B8<K9E><@< E?GK4=AO@< CDBJ9EE4@< E 
D46AO@< AG?R @4F9@4F<K9E><@< B:<84A<S@<. 

ПD<@9G4A<9. С?GK4=AO= CDBJ9EE ø ùtx  EK<F49FES EF4F<BA4D-
Aы@, 9E?< 97B @4F9@4F<K9E>B9 B:<84A<9 CBEFBSAAB. С?GK4=AO= 
CDBJ9EE EK<F49FES эD7B8<G9E><@, 9E?< 97B ED98A99 CB 6D9@9A< 

ø ùdttx
T2

1
limx

T

TT


2→



=  

D46AB @4F9@4F<K9E>B@G B:<84A<R. 

+FB5O CB?GK<FP GD46A9A<9 E6S;< @9:8G EF4F<EF<K9E><@< I4-
D4>F9D<EF<>4@< ø ùtx  < ø ùty , <ECB?P;GRF <I >BDD9?SJ<BAAO9 HGA>-
J<< < EC9>FD4?PAO9 C?BFABEF<. 
�>@@5;OF8>==0O DC=:F8O E<7A4?4 ø ùtx  GK<FO649F E6S;P @9:-

8G 97B ;A4K9A<S@< 6 @B@9AFO 6D9@9A<, BFEFBSM<9 A4 69?<K<AG ô. 

"A4 BCD989?S9FES 6OD4:9A<9@ 

 ø ù ø ù ø ù .dttxtx
T2

1
limR

T

TT
xx 

2→
+


= ôô  (1.1) 

�;4<@A4S >BDD9?SJ<BAA4S HGA>J<S E?GK4=AOI CDBJ9EEB6 ø ùtx  

< ø ùty  6OK<E?S9FES CB HBD@G?9 

 ø ù ø ù ø ù .dttytx
T2

1
limR

T

TT
xy 

2→
+


= ôô  (1.2) 

%<7A4? A4 6OIB89 B5N9>F4, CB>4;4AAB7B A4 D<EGA>9 1.1, A4IB-
8<FES E CB@BMPR HBD@G?O E69DF>< 

 ø ù ø ù ø ù ø ù,tdtxty øôôôö +2= 


2
 (1.3) 
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789 ø ùôö  3 <E>B@4S <@CG?PEA4S C9D9IB8A4S HGA>J<S B5N9>F4. 
'@AB:<6 ?96GR < CD46GR K4EF< (1.3) A4 ø ùô2tx , CDB<AF97D<DB646 
<I CB ô 6 <AF9D64?9 BF –T 8B T < C9D9=8S > CD989?G CD< T → , CB 
HBD@G?4@ (1.1) < (1.2) CB?GK<@ 

 ø ù ø ù ø ù ø ù.tRdtRtR xxxxy øôôôö +2= 


2
 (1.4) 

%K<F4S, KFB E<7A4?O ø ùtx  < ø ùtø  A9 >BDD9?<DB64AAO, < GK<FO-
64S, KFB ø ù 0t =ö  CD< BFD<J4F9?PAOI ;A4K9A<SI 6D9@9A<, @B:AB 
CB?GK<FP 8=B53@0;L=>5 C@02=5=85 �8=5@0-)>?D0 

 ø ù ø ù ø ù .dtRtR
0

xxxy ôôôö


2=  (1.5) 

'D46A9A<9 (1.5), ;4C<E4AAB9 8?S 8<E>D9FAOI @B@9AFB6 6D9@9A< 
t, ô = 0,1,...,T CD< 8BEF4FBKAB 5B?PLB@ T, BCD989?<F E<EF9@G 

 ø ù ø ù ø ù .n,...,0t,tRtR xy

T

0
xx ==2

=
ôöô

ô
 (1.6) 

�A4K9A<S ø ùôö , A4=89AAO9 D9L9A<9@ (1.6), 5G8GF S6?SFPES 
?GKL<@< BJ9A>4@< <89AF<H<J<DG9@B7B B5N9>F4 CB >D<F9D<R @<-
A<@G@4 ED98A9>648D4F<KAB= BL<5>< @B89?<. 
"J9A>< >BDD9?SJ<BAAOI HGA>J<= (1.1) < (1.2) CD< 8BEF4FBKAB 

5B?PLB@ T @B7GF 5OFP D4EEK<F4AO CB HBD@G?4@ 
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,txtx
T

1
R

T

0t
xy

T

0t
xx





2

=

2

=

+
2

=

+
2

=

ô

ô

ô
ô

ô

ô
ô

ô
 (1.7) 

%FDG>FGD4 E<EF9@O (1.6) F4>B64, KFB A9;A4K<F9?PAO9 BL<5>< CD< 
BJ9A>9 ø ùôxxR  < ø ùôxyR  CD<6B8SF > EGM9EF69AAO@ BL<5>4@ CD< 

BJ9A>9 ø ùôö . #BQFB@G HGA>J<<, 6IB8SM<9 6 (1.6), B5OKAB E7?4:<64RF. 
�OCB?A<6 CD9B5D4;B64A<9 (GDP9 A48 (1.5), CB?GK<@ G0AB>B=>5 

C@02=5=85 �8=5@0-)>?D0 
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 ø ù ø ù ø ù,SjWjS xxy ÷÷÷ =  (1.8) 

789 ø ù÷xS  3 A?5:B@0;L=0O ?;>B=>ABL E<7A4?4 ø ùtx , CB>4;O-
64RM4S D4ECD989?9A<9 97B QA9D7<< CB K4EFBFAB@G EC9>FDG, 

ø ù÷jS xy  3 6;4<@A4S EC9>FD4?PA4S C?BFABEFP ø ùtx  < ø ùty , j÷ 3 @A<-

@4S K4EFBF4. �E>B@4S K4EFBFA4S C9D984FBKA4S HGA>J<S B5N9>F4 
ø ù÷jW  A4=89FES CB HBD@G?9 

 ø ù
ø ù
ø ù .S

jS
jW

x

xy

÷
÷

÷ =  (1.9) 

"L<5>< 99 BCD989?9A<S 5G8GF 69?<><, 9E?< 6@9EFB FBKAOI ;A4-
K9A<= EC9>FD4?PAOI C?BFABEF9= <ECB?P;GRFES <I BJ9A><. 
#B?GK9AAB9 D9L9A<9 @B:9F 5OFP H<;<K9E>< A9D94?<;G9@B, CB-

QFB@G BAB B5S;4F9?PAB 8B?:AB 5OFP E>BDD9>F<DB64AB. 
 

1.2 "?B8<0;L=K9 D8;LB@ �8=5@0 
 

!. �<A9DB@ 5O?4 CD98?B:9A4 @9FB8<>4 A4IB:89A<S D94?<;G9@B= 
K4EFBFAB= C9D984FBKAB= HGA>J<< B5N9>F4 3 8<A4@<K9E>B= @B89?<, 
B59EC9K<64RM9= @<A<@G@ ED98A9>648D4F<KAB= BL<5>< (>?B8-
<0;L=>3> D8;LB@0 �8=5@0). 
"5OKAB EC9>FD4?PAO9 C?BFABEF< E<7A4?B6 CD98EF46?SRF 6 6<89 

8DB5AB-D4J<BA4?PAOI HGA>J<= 

 ø ù ø ù ø ù
ø ù

,
T1

0S
S,

T1

0S
S

22
xy

xy

xy22
x

x
x ÷

÷
÷

÷
+

=
+

=  (1.10) 

789 ø ù0Sx  < ø ù0S xy  3 A4K4?PAO9 ;A4K9A<S EC9>FD4?PAOI C?BF-

ABEF9=, Tx < Txy 3 CBEFBSAAO9 6D9@9A<. 
%C9>FD4?PA4S C?BFABEFP 6IB8AB7B E<7A4?4 H4>FBD<;G9FES (F. 9. D4E-

>?48O649FES A4 CDB<;6989A<9 >B@C?9>EAB EBCDS:9AAOI 6OD4:9A<=) 

 ø ù ø ù ø ù ø ù,jjjS
2

x ÷÷÷÷ 2==  (1.11) 
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789 ø ù÷ j  3 HGA>J<S, EB89D:4M4S 6E9 AG?< < CB?REO 6 ?96B= 
>B@C?9>EAB= CB?GC?BE>BEF< (F. 9. EBBF69FEF6GRM4S H<;<K9E>< D94-
?<;G9@B= K4EFBFAB= C9D984FBKAB= HGA>J<<), ø ù÷ j2  3 HGA>J<S, 
EB89D:4M4S 6E9 AG?< < CB?REO 6 CD46B= >B@C?9>EAB= CB?GC?BE>B-
EF< (F. 9. EBBF69FEF6GRM4S H<;<K9E>< A9D94?<;G9@B= K4EFBFAB= C9-
D984FBKAB= HGA>J<<). 

(<;<K9E>< D94?<;G9@4S K4EFBFA4S C9D984FBKA4S HGA>J<S B5N9>F4 
A4IB8<FES <; 6OD4:9A<S 

 ø ù ø ù
ø ù

ø ù .
j

jS

j

1
jW

xy

+
ú
û

ù
ú
û

ù
2

=
÷
÷

÷
÷  (1.12) 

!<:A<= <A89>E «C?RE» G 6OD4:9A<S 6 E>B5>4I B;A4K49F, KFB 
6E9 97B CB?REO D4ECB?B:9AO 6 ?96B= >B@C?9>EAB= CB?GC?BE>BEF<. 
�?S 97B BCD989?9A<S BFABL9A<9 ø ù÷jS xy  > ø ù÷ j2  CD98EF46?S9FES 

6 6<89 EG@@O CDBEFOI 8DB59=, <; >BFBDB= <E>?RK4RFES E?4749@O9 
E CB?RE4@< 6 CD46B= >B@C?9>EAB= CB?GC?BE>BEF<. 

ПD<@9D. С<AF9; BCF<@4?PAB7B H<?PFD4 �<A9D4. 

Ф4>FBD<;4J<S EC9>FD4?PAB= C?BFABEF< 6IB8AB7B E<7A4?4, D4E-
EK<F4AAB= CB HBD@G?9 (1.10): 

ø ù ø ù ø ù

ø ù ø ù
ø ù

ø ù ø ù
ø ù .jT1

0S
j

,
jT1

0S
j

,jjS

x

x

x

x

x

÷
÷

÷
÷

÷÷÷

2
=2

+
=

2=

 

ОCD989?9A<9 H<;<K9E>< D94?<;G9@B= K4EF< C9D984FBKAB= HGA>J<<: 

ø ù
ø ù

ø ù
ø ù

ø ù
,

T1

jT1

0S

0S

j

jS

22
xy

x

x

xyxy

÷
÷

÷
÷

+

2
=

2
 



40 

ø ù
ø ù ø ù ,jT1

TT

jT1

TT

T2

1

T1

jT1

xy

xyx

xy

xyx

xy
22

xy

x

ú
ú
û

ù

ú
ú
û

ù

2

2
2

+

+



=

+

2
÷÷÷

÷
 

ø ù
ø ù

ø ù
ø ù ø ù .jT1

1

T2

TT

0S

0S

j

jS

xyxy

xyx

x

xyxy

÷÷
÷

+

+
=ú

û

ù
ú
û

ù
2

+

 

ОCD989?9A<9 K4EFBFAB= C9D984FBKAB= HGA>J<< B5N9>F4: 

ø ù ø ù
ø ù

ø ù
ø ù
ø ù

ø ù
ø ù .jT1

jT1

T2

TT

0S

0S

j

jS

j

1
jW

xy

x

xy

xyx

x

xyxy

÷
÷

÷
÷

÷
÷

+
+




+
=ú

û

ù
ú
û

ù
2

=
+

 

ОCD989?9A<9 C9D984FBKAB= HGA>J<< B5N9>F4: 

ø ù

ø ù
ø ù .

T2

TT

0S

0S
k

,
sT1

sT1
ksW

xy

xyx

x

xy

xy

x



+
=

+
+

=

 

" " " 

#B?GK9AA4S 8<A4@<K9E>4S @B89?P 5G89F >64;<BCF<@4?PAB=, F4> 
>4> <; A99 <E>?RK9A4 A9D94?<;G9@4S EBEF46?SRM4S. "8A4>B, 99 @B:AB 
EK<F4FP ?GKL9= <; 6E9I 6B;@B:AOI @B89?9= E FBK>< ;D9A<S @<A<@<;4-
J<< ED98A9>648D4F<KAB= BL<5><. 

 

2 #"$/�"� �/#"�!�!�/ $��"&/ 

 

�B 6OCB?A9A<S D45BFO A9B5IB8<@B E4@BEFBSF9?PAB <;GK<FP 
CBDS8B> <89AF<H<>4J<< 8<A4@<K9E><I B5N9>FB6, A4IB8SM<IES CB8 
6?<SA<9@ E?GK4=AOI 6B;89=EF6<=. 
#D< 6OCB?A9A<< D45BFO A9B5IB8<@B CB 84AAO@ B EC9>FD4?P-

AB= C?BFABEF< 6IB8AB7B E<7A4?4 < 6;4<@AB= EC9>FD4?PAB= C?BFAB-
EF< 6IB8AB7B < 6OIB8AB7B E<7A4?B6 <89AF<H<J<DB64FP B5N9>F, E<A-
F9;<DB646 BCF<@4?PAO= H<?PFD �<A9D4, < BJ9A<FP >4K9EF6B CB?G-
K9AAB= 8<A4@<K9E>B= @B89?<. 
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%B89D:4A<9 BFK9F4 B ?45BD4FBDAB= D45BF9: 
" B5M4S CBEF4AB6>4 ;484K< <89AF<H<>4J<<; 

" E<AF9; BCF<@4?PAB7B H<?PFD4 �<A9D4; 
" BJ9A>4 >4K9EF64 8<A4@<K9E>B= @B89?<. 
$9;G?PF4FO D4EK9FB6 8B?:AO CD<6B8<FPES >4> 6 K<E?B6B=, F4> < 

6 7D4H<K9E>B= HBD@9. �89>64FABEFP 8<A4@<K9E>B= @B89?< 8BEF4-
FBKAB BJ9A<FP E CB@BMPR <AF97D4?PAB= BJ9A>< >648D4F4 BL<5>< 

 ø ù ø ù ø ù 
ò

2=
÷

÷÷÷÷
0

2
xxy ,dSjWSJ  (1.13) 

>BFBD4S 8B?:A4 5OFP 8BEF4FBKAB @4?4. �9DIA<= CD989? <AF9-
7D<DB64A<S 6 (1.13) EBBF69FEF6G9F K4EFBF9, CD< >BFBDB= ;A4K9A<9 
@B8G?S K4EFAB= C9D984FBKAB= HGA>J<< A9 CD96OL49F 5-10% BF 97B 
;A4K9A<S CD< AG?96B= K4EFBF9. 
�4D<4AFO ;484A<= CD<6989AO 6 CD<?B:9A<< �. #D<@9D EFBI4-

EF<K9E>B= 8<A4@<K9E>B= <89AF<H<>4J<< ED98EF64@< MathCAD CB-
>4;4A 6 CD<?B:9A<< �. 

 

�"!&$"�0!/� �"#$"%/ 

 

6. +FB CBA<@49FES CB8 EFBI4EF<K9E>B= <89AF<H<>4J<9= B5N9>-
F4? �B784 6B;A<>49F A9B5IB8<@BEFP <ECB?P;B64FP 8?S <89AF<H<>4-
J<< D9;G?PF4FO C4EE<6AB7B Q>EC9D<@9AF4? 

7. �4> <89AF<H<J<DG9FES B5N9>F E CB@BMPR <AF97D4?PAB7B 
GD46A9A<S �<A9D4-)BCH4? 

8. �4> <89AF<H<J<DG9FES B5N9>F E CB@BMPR K4EFBFAB7B GD46-
A9A<S �<A9D4-)BCH4? 

9. �4> E<AF9;<DG9FES BCF<@4?PAO= H<?PFD �<A9D4? 
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��&�$�&'$� 

 

#5@5G5=L >A=>2=>9 ;8B5@0BC@K 

1. +9D9C4AB6, ". �. �89AF<H<>4J<S < 8<47ABEF<>4 E<EF9@ : 
GK95AB9 @9FB8<K9E>B9 CBEB5<9 / ". �. +9D9C4AB6, $. ". +9D9C4AB6, 
$. �. �D9>FG?964. 4 &B@E> : &B@E><= 7BEG84DEF69AAO= GA<69DE<-
F9F E<EF9@ GCD46?9A<S < D48<BQ?9>FDBA<><, 2016. 4 198 c. 4 ISBN 

2227-8397. 4 &9>EF : Q?9>FDBAAO= // 1?9>FDBAAB-5<5?<BF9KA4S E<-
EF9@4 IPR BOOKS : [E4=F]. 4 URL: 

http://www.iprbookshop.ru/72092.html. 4 $9:<@ 8BEFGC4: 8?S 46FB-
D<;<D. CB?P;B64F9?9=. 

2. %GD>B64, �. �.  B89?<DB64A<9 E<EF9@ 46FB@4F<;4J<< < 
GCD46?9A<S F9IAB?B7<K9E><@< CDBJ9EE4@< : CD4>F<>G@ / �. �. %GD-
>B64, !. �.  B>DB64. 4 %4D4FB6 : �G;B6E>B9 B5D4;B64A<9, 2019. 4 

46 c. 4 ISBN 978-5-4487-0496-3. 4 &9>EF : Q?9>FDBAAO= // 1?9>-
FDBAAB-5<5?<BF9KA4S E<EF9@4 IPR BOOKS : [E4=F]. 4 URL: 

http://www.iprbookshop.ru/82692.html. 4 $9:<@ 8BEFGC4: 8?S 46FB-
D<;<D. CB?P;B64F9?9=. 

#5@5G5=L 4>?>;=8B5;L=>9 ;8B5@0BC@K:  
1. #9FP>B, �. �.  9FB8O <89AF<H<>4J<< A9?<A9=AOI 8<A4@<-

K9E><I B5N9>FB6 / �. �. #9FP>B. 4  <AE> : �9?BDGEE>4S A4G>4, 
2016. 4 140 c. 4 ISBN 978-985-08-1985-7. 4 &9>EF : Q?9>FDBAAO= 
// 1?9>FDBAAB-5<5?<BF9KA4S E<EF9@4 IPR BOOKS : [E4=F]. 4 URL: 

http://www.iprbookshop.ru/61106.html. 4 $9:<@ 8BEFGC4: 8?S 46FB-
D<;<D. CB?P;B64F9?9=. 

2. #BCB6, �. �. "CF<@4?PAB9 C?4A<DB64A<9 Q>EC9D<@9AF4 6 ;4-
84K4I EFDG>FGDAB= < C4D4@9FD<K9E>B= <89AF<H<>4J<< @B89?9= 
@AB7BH4>FBDAOI E<EF9@ : @BAB7D4H<S / �. �. #BCB6. 4 !B6BE<-
5<DE> : !B6BE<5<DE><= 7BEG84DEF69AAO= F9IA<K9E><= GA<69DE<F9F, 
2013. 4 296 c. 4 ISBN 978-5-7782-2329-5. 4 &9>EF : Q?9>FDBAAO= 
// 1?9>FDBAAB-5<5?<BF9KA4S E<EF9@4 IPR BOOKS : [E4=F]. 4 URL: 

http://www.iprbookshop.ru/45413.html. 4 $9:<@ 8BEFGC4: 8?S 46FB-
D<;<D. CB?P;B64F9?9=. 

http://www.iprbookshop.ru/72092.html
http://www.iprbookshop.ru/82692.html
http://www.iprbookshop.ru/61106.html
http://www.iprbookshop.ru/45413.html


 

#$��"��!�� � 

 

�0@80=BK 7040=89 4;O 2K?>;=5=8O ;01>@0B>@=KE @01>B №1 8 2 
 

№ 20@80=B0 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

!0G0;L=>5 7=0G5=85 =57028A8<>9 ?5@5<5==>9 x 

1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0 1,9 1,8 1,7 1,6 1,5 1,4 1,3 1,2 1,1 

,03 87<5=5=8O =57028A8<>9 ?5@5<5==>9 x 

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

�=0G5=8O 7028A8<>9 ?5@5<5==>9 y 

9,0 6,0 3,5 4,0 297 7,0 40,0 2,0 12,8 8,8 2,8 29,0 2,3 92,0 2,0 32,0 2,0 5,0 26,8 0,1 

5,4 7,0 3,0 12,0 24,5 11,5 16,5 3,2 6,0 4,0 3,6 11,0 2,6 52,0 2,5 18,5 2,5 4,4 23,6 1,4 

4,2 9,0 2,8 20,0 10,5 15,0 11,5 3,8 4,8 2,3 5,0 8,0 2,9 36,0 2,5 12,5 2,5 3,4 20,2 3,4 

3,6 11,0 2,6 32,0 7,0 18,5 9,0 4,4 4,2 1,4 7,0 7,0 3,3 26,0 3,0 9,0 2,5 2,6 16,2 6,2 

3,2 14,0 2,5 44,0 5,5 21,5 7,5 4,6 4,0 0,8 10,6 6,0 3,7 18,0 4,0 6,0 3,0 1,6 11,4 10,7 

3,0 17,0 2,4 58,0 4,5 24,5 7,0 4,8 3,8 0,5 14,8 6,0 4,0 12,0 6,0 4,5 3,0 1,2 7,4 15,1 

3,0 20,0 2,4 74,0 4,0 27,5 6,0 4,8 3,6 0,3 20,2 5,2 4,3 8,0 12,5 3,0 3,5 0,6 3,6 19,6 

2,8 25,0 2,3 90,0 3,5 30,0 6,0 5,0 3,6 0,2 24,4 5,1 4,5 6,0 31,5 2,5 4,0 0,4 1,6 22,5 

2,6 30,0 2,3 108 3,5 32,5 5,5 5,0 3,4 0,1 30,6 4,9 4,7 4,0 48,9 1,5 5,0 0,2 0,2 25,9 

2,6 37,0 2,3 126 3,5 35,0 5,0 5,0 3,4 0,1 30,6 4,7 4,7 4,0 68,3 1,5 5,0 0,2 0,2 25,9 

%B5?5=L 0??@>:A8<8@CNI53> ?>;8=><0 
5 6 6 5 5 6 6 5 5 6 6 5 5 6 6 5 5 6 6 5 
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(C=:F88 4;O =5;8=59=>9 0??@>:A8<0F88 

 

№ 20@80=B0 (>@<0 7028A8<>AB8 

1, 11 ø ùxexpy 21 òò =  

2, 12 ø ù3
21 xexpy

òòò =  

3, 13 ø ù ø ù
321 xxy òòò ++=  

4, 14 
2

1 xy
òò =  

5, 15 ø ù ø ùxexpxexpy 4321 òòòò +=  

6, 16 ø ù 3

21 xy
òòò +=  

7, 17 ø ùxexpy 21 = òò  

8, 18 ø ù
321 expy òòò +=  

9, 19 ø ùø ù
321 xexpy òòò +=  

10, 20 ø ù ø ùxexpxexpy 4321 += òòòò  
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�0@80=BK 7040=89 4;O 2K?>;=5=8O ;01>@0B>@=>9 @01>BK №3 
 

№ 
, 

@<A 
y1 y2 y3 y4 y5 y6 y7 y8 y9 y10 

1 0,2 0,00 0,27 0,53 0,72 0,84 0,91 0,95 0,97 0,98 0,99 

2 0,4 0,00 0,61 0,80 0,87 0,92 0,95 0,96 0,98 0,98 0,99 

3 0,6 0,00 0,36 0,64 0,80 0,89 0,94 0,97 0,98 0,99 0,99 

4 0,8 0,00 0,45 0,70 0,83 0,91 0,95 0,97 0,98 0,99 0,99 

5 1,0 0,00 0,49 0,73 0,86 0,92 0,96 0,98 0,99 0,99 1,00 

6 1,2 0,00 0,53 0,73 0,83 0,90 0,94 0,96 0,98 0,98 0,99 

7 1,4 0,00 0,46 0,65 0,77 0,85 0,90 0,94 0,96 0,97 0,98 

8 1,6 0,00 0,11 0,46 0,70 0,84 0,91 0,95 0,98 0,99 0,99 

9 1,8 0,00 0,49 0,73 0,85 0,92 0,96 0,97 0,99 0,99 1,00 

10 2,0 0,00 0,04 0,49 0,75 0,88 0,94 0,97 0,99 0,99 1,00 

11 0,2 0,00 0,43 0,67 0,81 0,89 0,93 0,96 0,98 0,99 0,99 

12 0,4 0,00 0,51 0,76 0,89 0,95 0,98 0,99 1,00 1,00 1,00 

13 0,6 0,00 0,61 0,88 0,96 0,99 1,00 1,00 1,00 1,00 1,00 

14 0,8 0,00 0,32 0,61 0,78 0,87 0,93 0,96 0,98 0,99 0,99 

15 1,0 0,00 0,47 0,79 0,91 0,96 0,99 0,99 1,00 1,00 1,00 

16 1,2 0,00 0,05 0,53 0,77 0,89 0,95 0,97 0,99 0,99 1,00 

17 1,4 0,00 0,58 0,81 0,91 0,96 0,98 0,99 0,99 1,00 1,00 

18 1,6 0,00 0,60 0,82 0,91 0,95 0,98 0,99 0,99 1,00 1,00 

19 1,8 0,00 0,14 0,49 0,70 0,83 0,90 0,94 0,97 0,98 0,99 

20 2,0 0,00 0,06 0,37 0,58 0,72 0,81 0,87 0,91 0,94 0,96 

21 0,2 0,00 0,40 0,65 0,80 0,89 0,94 0,97 0,98 0,99 0,99 

22 0,4 0,00 0,49 0,69 0,81 0,88 0,93 0,96 0,97 0,98 0,99 

23 0,6 0,00 0,50 0,74 0,86 0,93 0,96 0,98 0,99 0,99 1,00 

24 0,8 0,00 0,24 0,53 0,72 0,84 0,91 0,95 0,97 0,98 0,99 

25 1,0 0,00 0,19 0,67 0,87 0,95 0,98 0,99 1,00 1,00 1,00 

26 1,2 0,00 0,07 0,49 0,72 0,85 0,92 0,95 0,97 0,99 0,99 

27 1,4 0,00 0,11 0,61 0,83 0,93 0,97 0,99 0,99 1,00 1,00 

28 1,6 0,00 0,53 0,78 0,90 0,96 0,98 0,99 1,00 1,00 1,00 

29 1,8 0,00 0,07 0,49 0,75 0,88 0,94 0,97 0,99 0,99 1,00 

30 2,0 0,00 0,60 0,80 0,89 0,94 0,97 0,98 0,99 0,99 1,00 
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�0@80=BK 7040=89 4;O 2K?>;=5=8O ;01>@0B>@=>9 @01>BK №4 
 

№ ø ù0Sx  Tx ø ù0S xy  Txy 

1 0,1 1 0,1 3 

2 0,2 2 0,2 4 

3 0,3 3 0,3 5 

4 0,4 4 0,4 6 

5 0,5 1 0,5 7 

6 0,5 2 0,6 3 

7 0,4 3 0,7 4 

8 0,3 4 0,8 5 

9 0,2 1 0,9 6 

10 0,1 2 0,1 7 

11 0,1 3 0,2 3 

12 0,2 4 0,3 4 

13 0,3 1 0,4 5 

14 0,4 2 0,5 6 

15 0,5 3 0,6 7 

16 0,5 4 0,7 3 

17 0,4 1 0,8 4 

18 0,3 2 0,9 5 

19 0,2 3 0,1 6 

20 0,1 4 0,2 7 

21 0,1 1 0,3 3 

22 0,2 2 0,4 4 

23 0,3 3 0,5 5 

24 0,4 4 0,6 6 

25 0,5 1 0,7 7 

26 0,5 2 0,8 3 

27 0,4 3 0,9 4 

28 0,3 4 0,1 5 

29 0,2 1 0,2 6 

30 0,1 2 0,3 7 
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(545@0;L=>5 3>AC40@AB25==>5 02B>=><=>5 >1@07>20B5;L=>5 CG@5645=85 
2KAH53> >1@07>20=8O 
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