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 !" 621.644.073.8–85 

 !" #$% !&'%"$ $ ())%*'$+,&-'. !"&*/01*$

'" 2-*&3 4&+ !,%+5&!"&2&6,$*05$

$.5. #7898:, /.2. 2;<8=8>8:, /.+. ?=@8:A@BC

 !"#$%&' ()$*+,"$-.!//0' -!1/&2!$%&' */&.!"$&-!-

 !"#$#%&'&!"(#$) '#*!#*) +$,!-&& $# ./!.-&, 0,1"!2#-

3&& -!.$*# & 2#*,!&#%# *!.4) /!& '#4&(#$&& *!.4-5"6.7"(

/$,(2"/!"4"8$&5#2&.  !&(,0,$) #$#%&*&9,:5&, '#(&:&2":*&

0%; "/!,0,%$&; ./!.-&7 /"*,!<. =#$) !,5"2,$0#3&& /" /"()>,-

$&? +11,5*&($":*& &:/"%<'"(#$&; /$,(2"/!"4"8$&5"(.

#$%&'()*, +(* ,--&.(/%)*'(0 /'1*20$*%3)/4 1)&%5*16*7*8)/.*%

16/ $37/%3)// % 96:)( (6:7-.*;:<*% $3%/'/( *( =&2*9* 64>3 16/+/).

" (3.*%?5 *()*'4('4 (/1 / 12*()*'(0 96:)(3, 5&(*> 16*<*>./, 9&*5&(-

6/+&'./& 13635&(6? (6:7?, 16/5&)4&5?8 1)&%5*16*7*8)/. / (.>. [1].

@3''5*(6/5, +(* ;& 16*/'<*>/( 16/ $37/%3)// (6:7?-.*;:<3

' (*+./ $6&)/4 63'16&>&2&)/4 ,)&69//. A6:73-.*;:< 4%24&('4 /)'(6:-

5&)(*5 16*<*>./. B $3>)&8 +3'(/ . )&8 16/.6&12&) 1)&%5*16*7*8)/..

 >36?, )3)*'/5?& 1* $3>)&8 +3'(/ /)'(6:5&)(3, 1&6&>3C('4 1* (6:7&

.*;:<: >* $37*8)*8 +3'(/. B $37*8)*8 +3'(/ 16*/$%*>/('4 1*2&$)34

637*(3 – 16*/'<*>/( >&-*653=/4 96:)(3 $37*4. A3.;& 16*/'<*>/( =/.-

2/+&'.*& 1&6&5&D&)/& (6:7? % )3163%2&)// 16*<*>./, 3 .&6)3, 16/ &9*

)32/+// – % *763()*5 )3163%2&)//.

B 16*=&''& 16*<*>./ $37*8)34 +3'(0 (6:7?-.*;:<3 '*%&6E3&(

=/.2/+&'./& >%/;&)/4 % *'&%*5 )3163%2&)//. F363.(&6)?8 963-/.

>%/;&)/4 $37*8)*8 +3'(/ 1*.3$3) )3 6/'. 1 [2]. 

@/'. 1. G63-/. >%/;&)/4 $37*8)*8

+3'(/ (6:7?-.*;:<3
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"3. %/>)* /$ 963-/.3, 16*=&'' %$3/5*>&8'(%/4 $37*8)*8 +3'(/

(6:7? ' 96:)(*5 5*;)* :'2*%)* 63$>&2/(0 )3 (6/ <363.(&6)?< ,(313.

H*> >&8'(%/&5 :>36)*9* /51:20'3 /)'(6:5&)( 16*>%/93&('4 %1&6&> )3

%&2/+/): @1, (1&6%?8 ,(31). I3(&5 1*> >&8'(%/&5 :16:9/< '/2 (6:73 *(-

763'?%3&('4 % *763()*5 )3163%2&)// )3 %&2/+/): @1 – @0 (%(*6*8 ,(31).

B >320)&8E&5 (6:73 *'(3&('4 )&1*>%/;)*8 >* *+&6&>)*9* :>363 ((6&-

(/8 ,(31).  

J3 1&6%*5 ,(31& $37*8)34 +3'(0 (6:7? >&-*65/6:&( 96:)( .3.

E(351. K)3+323 16*/'<*>/( :16:934 >&-*653=/4 96:)(3 $37*4, 3 $3(&5

/ 123'(/+&'.34 ' 16*>%/;&)/&5 %1&6&> (6:7?-.*;:<3. L)&69/4, *7&'-

1&+/%E34 123'(/+&'.:C >&-*653=/C 96:)(3 $37*4 / 1&6&5&D&)/& /)-

'(6:5&)(3, $3(63+/%3&('4 )3 %?1*2)&)/& 1*2&$)*8 637*(?. L)&69/4 ;&,

$3(63+&))34 )3 :16:9*& ';3(/& 96:)(3 $37*4, 1*2&$)*8 637*(? )& '*-

%&6E3&(. M& %&2/+/)3 A:$ *16&>&24&('4 1* -*65:2&

A:$ = 0,5F: · X:,  (1) 

9>& X: = @1 – @0 – %&2/+/)3 :16:9*8 *(>3+/ )3 %(*6*5 ,(31&; F: = σ: · S$ – 

'/23, 16&>&2 :16:9*'(/ 96:)(3; σ: – 16&>&2 :16:9*'(/ 96:)(3, S$ – 12*-

D3>0 $37*8)*8 +3'(/ (6:7?-.*;:<3.

N.*)+3(&20)* 1*2:+/5

A:$ = 0,5 · σ: · S$ · X:. (2) 

B'& %?E&'.3$3))*& *()*'/('4 . $37*8)*8 +3'(/ (6:7?. N>)3.*

:>36)?8 /51:20' *( 1)&%5*16*7*8)/.3 (1)&%5*:>36)*9* :$23) 1*2:+3-

&( )36:;)34 +3'(0 (6:7?. J3 1&6%*5 ,(31& +3'(0 ,)&69// $3(63+/%3&('4

)3 :16:9*& ';3(/& '35*8 (6:7?-.*;:<3. L(3 ,)&69/4 (3.;& )& '*%&6E3-

&( 1*2&$)*8 637*(?.  16:9*';3(34 )3 1&6%*5 ,(31& (6:73 )3 %(*6*5

,(31& 63''23724&('4, 3 ,)&69/4 :16:9*9* ';3(/4 63''&/%3&('4. N16&>&-

2/5 && %&2/+/)::

A:( = 0,5 · F:( · X:(, (3) 

9>& F:( – '/23 :16:9*9* ';3(/4 (6:7?; X:( – %&2/+/)3 :16:9*9* ';3(/4

(6:7?.

B&2/+/)3 :16:9*9* ';3(/4 (6:7? F:( 63%)3 :'/2/C, ' .*(*6?5

$37*8)?8 .*)&= (6:7? 16*(32./%3&('4 % 96:)(, (* &'(0 ,(* :'/2/& F$ 1*

%)&>6&)/C % 96:)( E(3513 ' 12*D3>0C, 63%)*8 12*D3>/ $37*8)*8 +3'-

(/ (6:7?,

F:( = F$ (4)

F$ = σ9 · S$,  (5)

9>& σ9 – 16&>&2 16*+)*'(/ 96:)(3.
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B&2/+/): :16:9*9* ';3(/4 (6:7? X:( 5*;)* *16&>&2/(0 1* $3.*-

): G:.3:

:(

:(

(

F l
X

E S

⋅
=

⋅
, (6) 

9>& l – >2/)3 (6:7?; E – 5*>:20 :16:9*'(/ 53(&6/323 (6:7?; S( – 12*-

D3>0 1*1&6&+)*9* '&+&)/4 (6:7?-.*;:<3.

A3./5 *763$*5, $3%/'/5*'(0 (3) 16/5&( '2&>:CD/8 %/>:

A:( = 0,5σ9 · S$
:(

(

F l

E S

⋅

⋅
, (7) 

/2/

A:( = 0,5(σ9 · S$)
2

(

l

E S⋅
. (8) 

H6*3)32/$/6:&5 1*2:+&))?& $3%/'/5*'(/. #$ -*65:2 (2) / (8) 

%/>)*, +(* .3. ,)&69/4 :16:9/< >&-*653=/8 96:)(3 $37*4, (3. / ,)&69/4

:16:9/< >&-*653=/8 (6:7?-.*;:<3 $3%/'/( *( 12*D3>/ $37*8)*8 +3'(/

(6:7?. H6/+&5 >24 :16:9/< >&-*653=/8 (6:7?-.*;:<3 ,(3 $3%/'/-

5*'(0 – .%3>63(/+)34.

H2*D3>0 $37*8)*8 +3'(/ (6:7?, 16/ 16*+/< 63%)?<, $3%/'/( *(

5&(*>3 16*<*>./ – 16*<*>.3 $3.6?(?5 (*6=*5 /2/ 16*<*>.3 *(.6?(?5

(*6=*5 ' 1*'2&>:CD/5 :>32&)/&5 .&6)3.

@/'. 2. K<&53 $37*8)*8 +3'(/ (6:7?

"3.*%* ;& '**()*E&)/& 12*D3>&8 $37*8)*8 +3'(/ (6:7? 16/

,(/< 5&(*>3<? !24 16*<*>./ *(.6?(?5 (*6=*5 63''5*(6/5 .23''/+&-

'.*& *-*652&)/& $37*8)*8 +3'(/ (6:7? (6/'. 2). H2*D3>0 '*'(*/( /$

(*6=&%*8 1*%&6<)*'(/ '*7'(%&))* (6:7? 2 ('5. 6/'. 2), )36:;)*9* )*;3
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1 / 12*D3>/ (*6=&%*8 1*%&6<)*'(/ %):(6&))&9* )*;3 3. K**()*E&)/&

12*D3>&8 16/ 16*<*>.& $3.6?(?5 / *(.6?(?5 (*6=*5 %?63$/('4 .3.

$(

$*( 12

S D

S
=

δ
  (9)

9>& S$( – 12*D3>0 $37*8)*8 +3'(/ (6:7?-.*;:<3 ' $3.6?(?5 (*6=*5;

S$*( – 12*D3>0 $37*8)*8 +3'(/ (6:7?-.*;:<3 ' *(.6?(?5 (*6=*5; D – 

>/35&(6 (6:7?-.*;:<3; O – (*2D/)3 '(&)./ (6:7?-.*;:<3.

 %&2/+&)/& 1*(&60 )3 :16:9/& >&-*653=// >24 (6:7? >/35&(6*5

273 55 ' (*2D/)*8 '(&)./ 8 55 16/ 16*<*>.& $3.6?(?5 (*6=*5 '63%-

)/5 ' 16*<*>.*8 *(.6?(?5 (*6=*5. L(* :%&2/+&)/& 1* 1*(&645 )3 :1-

6:9:C >&-*653=/C 96:)(3 % $37*& 7:>&( 16/5&6)* 3-.63()?5, 3 1* 1*-

(&645 )3 :16:9:C >&-*653=/C (6:7?-.*;:<3 :;& 9-.63()?5!

P .3. $3%/'4( :16:9/& 1*(&6/ *( >2/)? 16*<*>./? #$ -*65:2?

(2) %/>)*, +(* :16:9/& 1*(&6/ % 96:)(& $37*4 *( >2/)? 16*<*>./ )& $3-

%/'4(, 3 $3%/'4( 2/E0 *( '%*8'(% 96:)(3 % 638*)& $37*4. #)34 .36(/)3

' :16:9/5/ 1*(&645/ % (6:7&-.*;:<&.

#$ -*65:2? (8) %/>)*, +(* &'2/ % )3+32& 16*<*>./ ,(/ 1*(&6/ )&-

$)3+/(&20)?, (* ' 6*'(*5 $)3+&)/4 >2/)? .*2*))? l 1*(&6/ )3 :16:-

9*'(0 %*$63'(3C( )3'(*20.*, +(* ,(*, '*7'(%&))*, / *16&>&24&( %*$5*;-

):C >2/): 16*<*>./. A3.;& /$ ,(*8 -*65:2? '2&>:&( %3;)*& $)3+&)/&

16*>*20)*8 ;&'(.*'(/ (6:7?-.*;:<3.

Q&'(.*'(0 *16&>&24&('4 16*/$%&>&)/&5 E · S(. # &'2/ >/313$*)

/$5&)&)/4 $)3+&)/4 5*>:24 :16:9*'(/ >24 '(32/ )&%&2/., (* %?7/63(0

$)3+&)/& S( %*$5*;)*. M'2/ '16*'/(0 : 16*<*>+/.3-163.(/.3, .3.:C 7?

(6:7: *) 16&>1*+&2 >24 $37/%3)/4 1)&%5*16*7*8)/.*5, (* 1&6%*8

% 6&8(/)9& *.3$323'0 7? (*2'(*'(&))34 7&'E*%)34 7:6*%34 (6:73. H*-

'2&>)/5/ 7? 7?2/ 1645*E*%)?& (6:7? '* '(&).*8 6 55. H*2)*'(0C

)&16/9*>)?5/ >24 ,(/< =&2&8 7?2/ 7? 16/$)3)? (*).*'(&))?& '%36-

)?& '1/632&E*%)?& (6:7?. P)32/$ -*65:2? (8) 1*2)*'(0C 1*>(%&6-

;>3&( ,(/ %?%*>?.

"3. 7?2* '.3$3)* %?E&, ,)&69/4, $3(63+&))34 )3 :16:9*& ';3(/&,

)3 %(*6*5 ,(31& 16*'(* 63''&/%3&('4. K/2? :16:9*'(/ )3 %(*6*5 ,(31&

63''23724C('4. P 5*;)* 2/, <*(4 7? +3'(/+)*, )& (&64(0 ,(: ,)&69/C?

R*;)*. !24 ,(*9* ):;)* '(3(/+&'./ 1*>;3(0 (6:7:-.*;:<. " )36:;-

)*5: .*)=: (6:7?-.*;:<3 )&*7<*>/5* 16/2*;/(0 '(3(/+&'.:C )396:$-

.: % )3163%2&)// 16*<*>./. S&5 72/;& %&2/+/)3 :'/2/4 '(3(/+&'.*9*

1*>;3(/4 F'( 7:>&( . %&2/+/)& '/2? F:(, (&5 5&)0E& ,)&69// 7:>&( $3-

(63+/%3(0'4 )3 :16:9/& 1*(&6/. H6/ 63%&)'(%& ,(/< '/2 F'( = F:( :16:-
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9/< 1*(&60 163.(/+&'./ )& 7:>&(. J3 163.(/.& ,(* 5*;)* *':D&'(%/(0,

1*>(49/%34 )36:;)?8 .*)&= (6:7? . $37*C ' 1*5*D0C, )316/5&6, 1*-

2/'13'(3.

@&.*5&)>3=// 1* :5&)0E&)/C :16:9/< 1*(&60 16/ $37/%3)//

(6:7-.*;:<*% 1)&%5*16*7*8)/.35/:

1. H6*<*>.: *(.6?(?5 (*6=*5 %?7/63(0 .3. 7*2&& 16&>1*+(/-

(&20):C ' (*+./ $6&)/4 :5&)0E&)/4 ,)&69*$3(63(.

2. H6/ %?7*6& (6:7 >24 16*<*>./ *(>3%3(0 16&>1*+(&)/& 7*2&&

;&'(.*8 / (*2'(*'(&))*8 (6:7&.

3. H*2)*'(0C /'.2C+/(0 /'1*20$*%3)/& '1/632&E*%)?< (6:7.

J& >*1:'.3(0 /'1*20$*%3)/& % *>)*8 .*2*))& (6:7 ' 63$2/+)*8 ;&'(.*-

'(0C.

4. H6/ (4;&2?< :'2*%/4< / $)3+/(&20)*8 >2/)& 16*<*>./ >24

:%&2/+&)/4 ,--&.(/%)*'(/ )&*7<*>/5* '(3(/+&'./ 1*>;/53(0 (6:7:-

.*;:<.

 !"#$% &"'()*'+),

1. G6*5*% #.R., J/./(/) #.J. P.(:320)?& %*16*'? 7&'(63)E&8-

)*8 16*.23>./ (6:7-.*;:<*% 1)&%5*16*7*8)/.35/ // P.(:320)?& 16*-

72&5? 3%(*5*7/20)*9*, ;&2&$)*>*6*;)*9*, (6:7*16*%*>)*9* (63)'-

1*6(3 %  6320'.*5 6&9/*)&: 53(&6. 5&;>:)36. )3:+.-(&<). .*)-. / 

H&65. 9*'. (&<). :)-(. – H&650, 2005. 

2. A:1/=?) ".". N 16*=&''& %$3/5*>&8'(%/4 1)&%5*16*7*8)/.3

' 96:)(*5 // TAH@H#. – 1980. – U4. – K. 78–81. 

H*2:+&)* 19.07.2010 


