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 !" 621.01:624.04:658 (075.8) 

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

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

2+,&1!3(&4!$%&' 5(&0!"$&1!1, 6+$$&7

/0*121(13!1 *!4"/ /45)5/63/7/ *148*4)

915)((/"/345*8":!! "*)3/9)3!08(;5/*3<=

845)3/ /" 3) >5)01 0*/1"5!*/ )3!;

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

)'2(. +&3+&4'%&) #$%'5 '-$)(. +&*6$%)'7' '*%&%'6)'7' +$*,+*& )&

'*)'2$ ,*!'2)'7' +.*(&. 8&**#'%+$)/ 9%&0/ '0+$5$!$)." )&0+":$))'-

7' *'*%'")." 3')/ 2'3).()'2$)." %+$;.)/. <+.2$5$)& #$%'5.(& +&*-

6$%& '*%&%'6)'7' +$*,+*& 2 2$+'"%)'*%)'1 0'*%&)'2($ . '0+$5$!$)."

,*!'2)'7' +.*(& 0+'.32'5.%$!" #&=.)/ . 0'%+$4.%$!" %$>).(..

 !"#$%&$ '!(%): +&*6$%)/1 +$*,+*, )&0+":$))'$ *'*%'").$,

+&*6$%)&" 3')& . )&6&!?)/1 +&3#$+ %+$;.)/, 0!'%)'*%? 2$+'"%)'-

*%., 5'2$+.%$!?)/1 .)%$+2&!, ,*!'2)/1 +.*(.

#$%&'(%)* +,-'.'/ 0'12$34'-52 2 642+7)-%$34'-52 .)%4'0%4286-

$*5')4,9 6-5%4'+'. (": ) 1')5'+,9 %+5'0'12$7/ ;5% 57942.% -5%$% +'--

5)71'+%44'/ 8)2 -5)'257$3-5+7, 5)%4-8')52)'+.7 &)6<'+, + (')'=4'/ $'-

&2-52.7 2 <%420%75 + ;.'4'02.7 ),4'>4,9 '54'?742/ +,-'.'7 07-5' [1]. 

@ -+*<2 - ;520 24574-2A2.%B2* 8)'2<+'(-5+% ": )%<$2>4,02 A2)0%-

02-8)'2<+'(257$*02 2 -7)+2-4,02 B745)%02 8')'=(%75 8)'1$70, 8'(-

(7)=%42* '1')6('+%42* + 57942>7-.2 2-8)%+4'0 -'-5'*422, >5' '16-$'+-

$74' ;.'4'02>7-.202 2 -'B2%$34,02 A%.5')%02.

C%(7=4'-53 0%?24,, 77 8)'2<+'(257$34'-53, +'<0'=4'-53 2--

8'$3<'+%53 <%8%-4,7 >%-52 8)2 '1-$6=2+%422, )70'457 2 B74% 2&)%D5

+%=46D )'$3 + 8)'B7--7 8)2'1)75742* 0'(7$2 ": . E'.68.% &2()'-

0%4286$*5')% -+*<%4% - )2-.'0: 8'5)71257$3 0'=75 -5%53 «2-8,5%-

57$34,0 8'$2&'4'0» ($* 0'(7$2 0%?24,, % + 25'&7 '4% 0'=75 '.%-

<%53-* 47.%>7-5+744'/ 57942.'/ [1]. 

@+7(7427 + ;.-8$6%5%B2D ": 5)71675 -7)52A2.%B22 2 8'$6>7-

42* )%<)7?742* 4% 29 8)'2<+'(-5+' + ')&%4%9 F'-5794%(<')%. @<%20'-

(7/-5+27 F'-5794%(<')%, ')&%4'+ 8' -7)52A2.%B22 57942>7-.29 6-5-

)'/-5+ 2 %+5'5)%4-8')54,9 -)7(-5+ (GHI) '17-87>2+%75 )7%$2<%B2D

8)270$70'&' )2-.% ;.-8$6%5%B22 ":  [2]. 
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"'$2>7-5+744'7 '8)7(7$7427 -578742 )2-.% 0'=75 1,53 ('-5%-

5'>4' '1J7.52+4' '-6K7-5+$74' 5'$3.' - 8'0'K3D &$61'.'&' -5%52-

-52>7-.'&' %4%$2<% [3]. @ -+'D '>7)7(3, ;.-8$6%5%B2* 0%?24 - ": 

.%. 6<.'-87B2%$2<2)'+%44'/ 57942.2 47 ('-52&$% 7K7 + 4%-5'*K77

+)70* 5%.'/ 70.'-52, .'5')%* 1, 8'<+'$2$% 6+7)744' 8)2074*53 -5%-

52-52>7-.2/ 0%57)2%$ ($* 'B74.2 )2-.%. ")'07 5'&', 47'19'(20' 6>2-

5,+%53 5)71'+%427 . ": , +9'(*K29 + '8)7(7$744,/ -'-5%+ .'4-5)6.-

52+4'&' 2-8'$4742*, ')27452)'+.2 4% '(24%.'+6D -578743 )2-.%. C%

8)%.52.7 =7 -)'. ;.-8$6%5%B22 '1J7.5% )%<$2>4,/, '4 <%+2-25 '5 -)'-

.% '-6K7-5+$744'/ ;.-8$6%5%B22, )%-9'('+ 4% )70'45 2 +'--5%4'+$7-

427, <4%>20'-52 '1J7.5%, 6-$'+2/ 7&' A64.B2'42)'+%42* 2 5.8. E';5'-

06 8)'&4'<2)'+%427 )7-6)-% 0%?24, 2 'B74.% )2-.% -5%4'+*5-* 24(2-

+2(6%$34,02 ($* '5(7$34'/ .'4-5)6.B22 2 77 )%->754'/ <'4,, >5' -6-

K7-5+744' 6-$'=4*75 <%(%>6 2 6+7$2>2+%75 47'8)7(7$744'-53 8)24*-

52* )7?742/.

!$* .%=('&' ;$70745% 0%?24, 47'19'(20' '8)7(7$*53 .%57&'-

)2D, '5)%=%DK6D 7&' -'-5'*427 - 5'>.2 <)742* +'<0'=4,9 8'-$7(-5-

+2/ 8)2 )7%$2<%B22 -256%B2/ 4%&)6=742*. @ '1K70 +2(7 -600%)4,/

)2-. 0'=4' '8)7(7$253 + A')07

1

n

i

i

R R
=

= ,

&(7 n – >2-$' )%->754,9 <'4; iR  – )2-. )7%$2<%B22 j -&' '8%-4'&' -'-

-5'*42* i -/ )%->754'/ <'4, 075%$$'.'4-5)6.B22,  
=

=
iM

j

iji rR
1

;

iMj ,1= ; iM – >2-$' '8%-4,9 -'-5'*42/.

!$* .'4.)754'&' '1')6('+%42* 5)71675-* .'4.)754%* 075'(2.%

'B74.2 )7-6)-% 2 'B74.2 )2-.% - 6>75'0 -87B2A2>7-.29 '-'1744'-57/

2 5)71'+%42/, -6K7-5+6DK29 + (%44'0 -7.5')7 8)2074742* ": .

L')0%$34' )7?7427 <%(%>2 'B74.2 '-5%5'>4'&' )7-6)-% ": 2 )2-.%

-+'(25-* . 2(7452A2.%B22 )7-6)-'+ .'4-5)6.B22 - 6>75'0 %4%$2<% 6&-

)'<, (7/-5+6DK29 4% ;52 )7-6)-,.

F%->754,/ )7-6)- ": 2 +'<42.%DK27 8)2 ;5'0 )2-.2 'B7420

8' (+60 -'-5%+$*DK20: A')02)6DK27 A%.5'), (8)'7.52)'+%427)

2 A%.5'),, -+*<%44,7 - +'<0'=4,02 6-$'+2*02 ;.-8$6%5%B22 .'4-5-

)6.B22 (8'5)71257$3).
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@& 0$+2'# 9%&0$ '8)7(7$20 8%)%075), 4%8)*=744'-(7A')02-

)'+%44'&' -'-5'*42* (C!I) )%->754'/ <'4, 075%$$'.'4-5)6.B22.

@ .%>7-5+7 8)7(7$34'&' -'-5'*42* 8)2420%70 6-$'+27 47+'<42.-

4'+742* $%+24''1)%<4'&' )%<+252* 5)7K24,. E)2 ;5'0 '54'-257$34,/

)%<07) 5)7K24, '8)7(7$20 2< 6-$'+2* '(4'.)%54'&' 4%&)6=742* 2<

04'=7-5+% 4%&)6=742/ <% -)'. ;.-8$6%5%B22, '5$2>%DK2/-* 4%21'$77

471$%&'8)2*54,0 -'>75%4270 4%&)6<'. 2$2 6-$'+2/ 4%&)6=742*, >5'

+'<42.%75 8)2 42<.'/ 57087)%56)7 ;.-8$6%5%B22 .'4-5)6.B22. M5' 6--

$'+27 5)71675 8)'+7(742* )%->75% 0%.-20%$34'&' 4'024%$34'&' 4%-

8)*=742* + )%-->25,+%70'0 ;$707457 17< 6>75% 5)7K24, [5].

!$* ": 4%21'$77 +7)'*54,02 07-5%02 8'*+$742* 5)7K24,

+ 075%$$2>7-.29 .'4-5)6.B2*9 57$7-.'82>7-.29 .')'1>%5,9 -5)7$ *+-

$*D5-* <'4, .)78$742* -5)7$, . 8$%5A')07 2 <'4, .)78$742* 8)'-

6?24, -5)7$, 2 .)'4?57/4% &2()'B2$24()% 8'(J70% -5)7$, . &2()'-

0%4286$*5')6 8'(J70% -5)7$, ()2-. 1). 

F2-. 1. N%)%.57)4,7 8'+)7=(742* 075%$$'.'4-5)6.B22

-5)7$, ":  (8'.%<%4' -5)7$.%02)

!$* '8)7(7$742* 8%)%075)'+ C!I )7%$2<670 0'(6$3 .'47>4'-

;$707454'&' )%->75% (:"M) COSMOSWorks, 2457&)2)'+%44,/ + CAD 

-2-5706 8)'-5)%4-5+744'&' 0'(7$2)'+%42* SolidWorks. E)2 ;5'0 6>25,-

+%70 8)20747427 8)'-5'&' 2457)A7/-%, 0%$6D 5)6('70.'-53 %$&')250% -

+,-'.'/ 4%&$*(4'-53D 8'$6>744,9 )7<6$35%5'+. !$* ('-52=742* 4%(7=-

4'&' B2A)'+'&' 0'(7$2)'+%42* 2 5'>4'-52 )7<6$35%5'+ .'))7.54,9 8)'-

B7(6) >2-$744'&' 075'(% 8)'+'(20 57-5'+,7 )%->75, 4% 8)207)7 2<&2-

1%70'/ 1%$.2 + 6-$'+2*9 >2-5'&' 2<&21%. F7<6$35%5, )%->75'+ ($* 1%$.2

)%<07)%02 (00) 36293096 -'8'-5%+20 - ;.-87)20745%$34,02 (%44,02,

8'$6>744,02 - 8'0'K3D 6-5%4'+.2, 8)2+7(744'/ 4% )2-. 2.

E)'&21 1%$.2 '8)7(7$*70 - 8'0'K3D 24(2.%5')% >%-'+'&' 528%

OP (QRIH 577–68), B74% (7$742* 0,01 00. M5'5 ;5%8 )%1'5, 1,$ '16-

-$'+$74 570, >5' 8)2 6-$'+22 17<6-$'+4'&' 8)2')2575% ;.-87)20745%
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1,$' 47'19'(20' 8'$6>253 24A')0%B2D ' C!I 8)2 <4%>257$34'/ 47-

'8)7(7$744'-52, -+*<%44'/ - '5-65-5+270 (%44,9 (2$2 29 47('-5%5'>-

4'-53D) ($* )%->754'/ 'B74.2 -'-5'*42* .'4-5)6.B22, + >%-54'-52,

0'(7$2)'+%42* '8'), 2 -970, 8)2$'=742* 4%&)6<.2. E)24*5, .'47>-

4,7 ;$70745, – 575)%;(), - &)%4*02, %88)'.-202)670,7 8%)%1'$2>7-

-.202 A64.B2*02 .'')(24%5. "%. +2(4' 4% )2-. 3, 4%8)*=742* 2<&21%

+ <'47 1%$.2 07=(6 '8')%02 '-5%D5-* 8'-5'*44,02.

F2-. 2. M.-87)20745%$34%* 6-5%4'+.%:

1 – '-4'+%427; 2 – 4%&)6<'>4'7 6-5)'/-5+'; 3 – .')86-; 4 – 5)%+7)-%;

5 – 5%)2)'+'>4%* 1%$.%; 6 – '8'),; 7 – 24(2.%5') >%-'+'&' 528%

F2-. 3. F7<6$35%5, )%->75% 8' :"M 57-5'+'/ <%(%>2
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F7<6$35%5, )%->75% ($* 57-5'+'/ <%(%>2 8' .$%--2>7-.'/ 24=747)-

4'/ 075'(2.7 8' 075'(6 :')% 2 8' :"M 8)2+7(74, + 5%1$. 1. E)2 ;5'0 +

.%>7-5+7 .)257)2%$34'/, ;.+2+%$7454'/ +7$2>24, ($* 'B74.2 C!I 1%$.2

2-8'$3<'+%$2-3 ;.+2+%$7454,7 4%8)*=742* 8' :2<7-6 vonMisesσ .

H % 1 $ 2 B %  1  

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

H7')2* :"M
C'07) 4%&)6<.2

C%8)*=742*, C/002 E)'&21, 00 C%8)*=742*, C/002 E)'&21, 00

1 1,55 0,0246 1,548 0,0245 

2 3,1 0,0493 3,097 0,0493 

3 4,65 0,0740 4,647 0,0738 

4 6,2 0,0987 6,197 0,0985 

F%<07) -75.2 "M 1,$ 6-5%4'+$74 57-5'+'/ <%(%>7/ 2 + (%$347/-

?70 8)24*5 + >2-$744'0 )7?7422 %4%$2<% C!I )%->754'/ <'4, ": .

E)2 8)'+7(7422 )%->75'+ . +,1)%44,0 -7>742*0 .')'1>%5'/ .'4-5-

)6.B22 8)2.$%(,+%$2 -2$, 2 0'0745,, 20252)6DK27 +47?427 4%-

&)6<.2 4% .)D.7 .)%4% 2 '8')4,7 )7%.B22 + <'47 .)78$742* .'4-5)6.-

B22 2 (7/-5+2* &2()'0%4286$*5')% 8'(J70%-'86-.%42* -5)7$,.

C%<4%>7427 &)%42>4,9 6-$'+2/ + 5%.'/ A')07 1,$' 5%.=7 '1'--

4'+%4' )7<6$35%5%02 57-5'+'/ <%(%>2. I 8)207474270 8)'&)%004'&'

.'08$7.-%, )7%$2<6DK7&' :"M, 1,$% 8'$6>74% 0'(7$3 )%->754'/ <'4,

()2-. 4). 

F2-. 4. I75'>4%* 0'(7$3
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C% )2-. 5 8)2+7(74, )7<6$35%5, )%->75% 4%8)*=742/ + 8)24*5'/

<'47 4%&)6=742* -5)7$,.

F2-. 5. E'$* 4%8)*=742/

S'&2>4' ->25%53, >5' ($* +4'+3 -'<(%+%70,9 0'(7$7/ ": 475

('-5%5'>4'&' .'$2>7-5+% '8,5'+, 4% '-4'+%422 .'5'),9 20775 -0,-$

')27452)'+%53-* 4% -5%52-52>7-.27 -+'/-5+% +7)'*54'-52. ")'07 5'&',

+7)'*54'-54'--5%52-52>7-.27 075'(, 8)2 '&)%42>744'0 '1J707 -5%52-

-52>7-.'&' 0%57)2%$% 2$2 (%=7 7&' '5-65-5+2* 47 8'<+'$*D5 8)'2<+7-

-52 %4%$2< +$2*42* 5'&' 2$2 24'&' A%.5')% 4% 8)'B7-- )%<+252* 5)7-

K24, (' 6)'+4* .)252>7-.'&'. E';5'06 ->25%70, >5' 1'$77 ;AA7.52+-

4,0 *+$*75-* )7?7427 + (757)0242)'+%44'/ 8'-5%4'+.7, 4' - )%<+252-

70 075)'$'&2>7-.29 8'(9'('+.

F%->75 ('$&'+7>4'-52 ()7-6)-%) '8)7(7$*$2 8' -''54'?742D [4] 

( )* *

0,5 1 0,5 1

0* 1

1 1

(0,5 1) ( )

q

dN n m

a q qq
cea K

K
Z

a aq V
− −

γ γ γ ∆ ! "
= −# $

− ξ ξ ∆σ π % &
,  (1)

&(7 * +(0,05 9)K∆ = σ − , +σ + :E%; eaξ  – .';AA2B2745 B2.$2>7-.'&' 4%-

&)6=742*,
1

q

ji

ea j

i i

' (∆σ) *+ +
ξ = µ, -. /

∆σ0 1+ +2 3
  , &(7 i , j – 24(7.-, 8%)%075)'+ )7-

=20'+ 4%&)6=742*;
7

* 10V −= 0/B2.$;
K

ξ – .';AA2B2745 K-5%)2)'+.2;
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1 max min∆σ = σ − σ  – )%<0%9 4%8)*=742/ + 87)+'/ -568742 4%&)6=742*; a0 – 

4%21'$3?2/ )%<07) 5)7K24,; a* – .)252>7-.2/ )%<07) 5)7K24, ('5-D(%

4%>24%75-* $%+24''1)%<4'7 )%<)6?7427), .'5'),/ '8)7(7$*75-* 8' -''5-

4'?742D

2

2

0,65 n d* c
*

0*

K

A

) *γ γ
α = . /

π σ0 1
, &(7 cK  – .)252>7-.'7 <4%>7427 "OC, A –

?2)24% 1%$.2, 0*σ  – 4%8)*=7427 8' 4%&)6<.%0 - 6>75'0 .';AA2B2745%

4%&)6<.2.

C%2074'+%427 8%)%075)'+ + (1) 2 8)24*5,7 29 >2-$'+,7 <4%>7-

42* (%4%$'&2>4,7 ($* .)%4'+) 8)2+7(74, + 5%1$. 2. 

H % 1 $ 2 B %  2  

/*011232!4&( -').!&4*5* )**&4*6!427 -!)#-)' [4] 

 )'+743 <4%>742*
C%2074'+%427 R1'<4%>7427

min max 

"';AA2B2745 4%(7=4'-52 8' 4%<4%>742D .'4-5-

)6.B22 nγ 0,85 0,95 

"';AA2B2745 4%(7=4'-52 075'(2.2 )%->75% dNγ 0,6 0,95 

"';AA2B2745, '8)7(7$*DK2/ 42=4DD &)%42B6

<'4, )%<1)'-% 8%)%075)'+, '8)7(7$*DK29 "OC *%γ 0,95 1 

"';AA2B2745, -''5+75-5+6DK2/ 8'.%<%57$D 6&$%

4%.$'4% 6-5%$'-54'/ .)2+'/ ($* -+%)4,9 ?+'+
q 3,0 3,5 

"';AA2B2745 B2.$2>7-.'&' 4%&)6=742* eξ 1,5 4 

"';AA2B2745 4%(7=4'-52 075'(2.2 )%->75% 4')-

0%$34,9 4%8)*=742/ (.';AA2B2745 4%&)6<.2) d*γ 0,75 0,9 

F%->75, 8)'+'(20 ($* 8%)%075)'+, -''5+75-5+6DK29 8%)%075)%0

": 528% FI-1500 -7)22 Compact (G+-5)2*).

F%->754,7 <4%>742* '-5%5'>4'&' )7-6)-% 8' (1) 8)2+7(74, 4%

)2-. 6, &(7 8' '-2 ')(24%5 (%4, '54'?742* 57.6K7&' )7-6)-% . 7&'

0%.-20%$34'06 <4%>742D, % 8' '-2 %1-B2-- – ;5%8, 4%&)6=742* )%--

>754'/ <'4,.

@& 2%'+'# 9%&0$ 8)7(-5%+$*70 )%-8)7(7$7427 -$6>%/4'/ +7$2-

>24, '-5%5'>4'&' )7-6)-% ($* )%<$2>4,9 6)'+47/ 4%&)6=742*. E)2-

420%70 &28'57<6 4')0%$34'&' )%-8)7(7$742*.

C')0%$34,/ <%.'4 $6>?7 '5)%=%75 )%-8)7(7$7427, >70 <%.'4

)%-8)7(7$742* @7/16$$%, 5%. .%. &$%+4%* '-'1744'-53 )%-8)7(7$742*

<%.$D>%75-* + 5'0, >5' '4' *+$*75-* 8)7(7$34,0 <%.'4'0, . .'5')'06
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8)21$2=%D5-* ()6&27 <%.'4, )%-8)7(7$742* 8)2 +7-30% >%-5' +-5)7-

>%DK29-* 5282>4,9 6-$'+2*9, . .'5'),0 '54'-25-* 2 -$6>%/ )%<+252*

5)7K24, + 075%$$'.'4-5)6.B2*9.

F2-. 6. T4%>742* '-5%5'>4'&' )7-6)-% ($* )%->754'/ <'4, -5)7$,

E$'54'-53 )%-8)7(7$742* -$6>%/4'/ +7$2>24, aZ '8)7(7$*70

8' -''54'?742D

2

2

( )

2
1

( )
2

aZ m

af Z e

−
−

σ=
σ π

, (2) 

&(7 σ , m  – -''5+75-5+744' .+%()%52>7-.'7 '5.$'47427 2 0%570%52>7-

-.'7 '=2(%427 -$6>%/4'/ +7$2>24, aZ . E%)%075), σ 2 m '8)7(7$7-

4, 4% '-4'+7 «8)%+2$% 5)79 -2&0».

E'$6>744,7 )7<6$35%5, 6.%<,+%D5 4% <'4, 8'+,?744'&' )2-.%,

-+*<%44,7 - 1'$3?'/ (2-87)-27/ '-5%5'>4'&' )7-6)-% 2 0%$,02 4%-

8)*=742*02 + )%->754'/ <'47. @ ;5'0 -$6>%7 )2-. +,-'.2/ .%. ($*

8)'2<+'(257$* ": , 5%. 2 ($* 8'5)71257$*. !%$347/?77 8'+,?7427

4%&)6<'. 2 60743?7427 (2-87)-22 '-5%5'>4'&' )7-6)-% 8)2+'(25 . 2<-

074742D 6)'+4* )2-.% 8)24*52* )7?742* ' (%$347/?7/ ;.-8$6%5%B22

0%?24,. F'-5 8%)%075)'+ C!I 60743?%75 (2-87)-2D )%->754'&' '--

5%5'>4'&' )7-6)-% 2 +7(75 . 7&' -42=742D.



141

L64.B22 8$'54'-52 +7)'*54'-52 '-5%5'>4'&' )7-6)-% 6-$Z (B2.$,)

+ <%+2-20'-52 '5 ;5%8% 4%&)6=742* σ )%->754'/ <'4, -5)7$, ": 8)2-

+7(74, 4% )2-. 7. 

F2-. 7. E$'54'-53 +7)'*54'-52 '-5%5'>4'&' )7-6)-% 6<$% ": 

+ 8)24*5'/ <'47 %4%$2<% +'<0'=4,9 4%8)*=742/

@& %+$%?$# 9%&0$ 6-5%4%+$2+%70 .'$2>7-5+744,7 8'.%<%57$2

6-$'+4'&' )2-.% 8)24*52* )7?742/ 8' 4%<4%>742D )%->754'&' '-5%-

5'>4'&' )7-6)-% 075%$$'.'4-5)6.B22 ": .

E)2 4%$2>22 8$'54'-57/ )%-8)7(7$742* -$6>%/4'/ +7$2>24, '--

5%5'>4'&' )7-6)-%, -''5+75-5+6DK29 )%<$2>4,0 C!I )%->754'/ <'4,

.'4-5)6.B22, )%--0'5)20 +%)2%45 '8)7(7$742* 6-$'+4'&' )2-.% 8'-

-5)'74270 'B74'>4'/ A64.B22. @ .%>7-5+7 8%)%075)% 8)2420%70 ('-

+7)257$34,/ 2457)+%$ 2 '5 «5'>7>4'/» 'B74.2 '-5%5'>4'&' )7-6)-%

87)79'(20 . '8)7(7$742D 8)2<4%.'+ '54'?742/ ()%--5'*427, )%<$2-

>2*) 07=(6 ('+7)257$34,02 2457)+%$%02 8)2 '(24%.'+'/ ('+7)257$3-

4'/ +7)'*54'-52 +' +-79 )%--0%5)2+%70,9 ;82<'(%9 C!I )%->754'/

<'4, ": .

E'.%<%57$3 6-$'+4'&' )2-.% .'4-5)62)670 5%.20 '1)%<'0, >5'1,

'4 6('+$75+')*$ -$7(6DK20 5)71'+%42*0: <%+2-7$ '5 6)'+4* C!I )%--

-0%5)2+%70'/ <'4, .'4-5)6.B22 2 ('+7)257$34,9 +7)'*54'-57/ -$6-
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>%/4,9 +7$2>24 '-5%5'>4'&' )7-6)-%; 1,$ 24+%)2%4574 . 8%)%075)%0,

'8)7(7$*DK20 <%.'4'07)4'-52 -+*<7/ 6)'+47/ C!I 2 '-5%5'>4'&'

)7-6)-% .'4-5)6.B22; 2<074*$-* + (2%8%<'47 '5 0 (' 1. 

!'+7)257$34,7 2457)+%$, ($* 04'=7-5+% +'<0'=4,9 -'-5'*42/

8' 4%&)6<.7 )%->754'/ <'4, ": '8)7(7$*70 8' -5%52-52>7-.20 5%1-

$2B%0 4')0%$34'&' <%.'4% )%-8)7(7$742* -$6>%/4'/ +7$2>24,.

!$* 6-5%4'+$742* '54'?742/ 07=(6 -'-5'*4270 075%$$'.'4-5-

)6.B22 (8' 8%)%075)%0 C!I) 2 ('+7)257$34,02 2457)+%$%02 '-5%5'>-

4'&' )7-6)-% 8)7(-5%+20 '1$%-53 2<074742* 8%)%075)'+ + +2(7, 8)2+7-

(744'0 4% )2-. 8, &(7 Jβ  – ('+7)257$34,/ 2457)+%$, β  – ('+7)257$34%*

+7)'*54'-53.

F2-. 8. R1$%-53 2<074742* 8%)%075)'+

T'4% R  – <'4% 42<.29 4%8)*=742/ 2 +,-'.29 ('+7)257$34,9 24-

57)+%$'+ '-5%5'>4'&' )7-6)-%, ($* .'5'),9 9%)%.57)4' 6-$'=47427

57942>7-.'&' '1-$6=2+%42* + 6-$'+2*9 ;.-8$6%5%B22 2 -42=7427

-600%)4'/ 8)'2<+'(257$34'-52 0%?24,. M56 <'46 -$7(675 ->25%53 8'-

.%<%57$70, '54'-257$34' .'5')'&' +'<0'=4' '8)7(7$253 -578743 6--

$'+4'&' )2-.% )7-6)-4,9 )%->75'+.

C% '-4'+%422 (%44,9 ' ('+7)257$34,9 2457)+%$%9 8'-5)'20

0%5)2B6 )7?742/ + -''5+75-5+22 - 8)%+2$'0 'B74.2 )2-.% 8' .)257-

)2D I;+2(=% (5%1$. 3). 



143

H % 1 $ 2 B %  3  

8'&-23' -!6!429

!'+7)257$34%* +7)'*54'-53 )'+743 C!I

1β 2β … kβ ikJβ∆

1σ 11Jβ 12Jβ … 1kJβ 1kJβ∆

2σ 21Jβ 22Jβ … 2kJβ 2kJβ∆

… … … … … …

jσ 1jJβ 2jJβ … jkJβ jkJβ∆

@%)2%45, )7?742* '8)7(7$*D5-* 8' -''54'?742D

{ }0 0 0 0 maxj j j jk
j

Z Z Z Z J Jβ β= ∈ ∧ = .

RB74'>4%* A64.B2* 20775 +2(

min min[max(max )]jr jk jk
j j k j

J J J Jβ β β β= = − .

T(7-3 jkJβ∆  – 4%21'$3?27 )%<4'-52, 8'$6>%70,7 +,>25%4270 ;$7-

0745% 0%5)2B, 2< 4%21'$3?7&' )7<6$35%5% max jk
j
Jβ .

@7$2>246 6-$'+4'&' )2-.% 8)7(-5%+20 + +2(7

5 min

8) max min

jk jk

jk jk

J J
r

J J

β β

β β

∆ − ∆
=

∆ − ∆
,  (3) 

&(7 5

jkJβ∆  – 57.6K%* )%<4'-53.

F,4'>4,7 '54'?742* 2 8)2+%52<%B2* ;.-8$6%52)6DK29 ": 

')&%42<%B2/ -'<(%$2 6-$'+2* 47 8$%42)'+%42* )70'454,9 6-$6& 2 )7-

=20'+ 57942>7-.'&' '1-$6=2+%42* 57942.2, % 8'.68.6 6-$6& (-7)+2-)

4% +,8'$47427 8)'A2$%.52>7-.29 2 +'--5%4'+257$34,9 )%1'5. @ -$6-

>%7 ": ;5% -2-570% A')02)675-* -5292/4', 8)2 -$%1'0 .'45)'$7

4%(<')4,9 ')&%4'+. C' -'<(%427 -2-570, -7)+2-% – '1J7.52+4%* 47'1-

9'(20'-53 6('+$75+')742* 8'5)714'-52 0%?24 + )70'457 2 ('-52=7-

42* 0%.-20%$34'/ 8)21,$2 8)2 ;.-8$6%5%B22 ": . RB74'>4'7 -6=-

(7427 8'5)71257$* ' -8'-'14'-52 0%?24, 6('+$75+')*53 57942>7-.20
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5)71'+%42*0 9%)%.57)2<675-* 7&' 8'5)71257$3-.'/ B744'-53D. @ 6-$'-

+2*9 ),4.% '-4'+6 '1J7.52+4'/ 'B74.2 -'-5%+$*75 8)21,$3 '5 2-8'$3-

<'+%42* 57942.2.

!$* ": '8)7(7$253 .'4.)754,/ 8'.%<%57$3 8)21,$34'-52

-$'=4', 5%. .%. B74'+,7 <%5)%5, + <4%>257$34'/ -578742 *+$*D5-* 47-

'8)7(7$744,02.

R8)7(7$7427 )2-.% 8'5)71257$* 8'-5)'20 4% '-4'+7 0'(7$2 '--

5%5'>4'&' )7-6)-% ": 4% 87)2'( 4')0%$34'/ ;.-8$6%5%B22 0%?24,.

@ ;5'0 -$6>%7 47 6>25,+%75-* -'865-5+6DK2/ A%.5') – -7)+2-4'7 -'-

8)'+'=(7427.

E'5)71257$3 '8)7(7$*75 6)'+743 8'&$'K742* )7-6)-% 0%?24,,

024202<2)675 +'<0'=4,7 8'57)2 ('9'(4'-52 8)7(8)2*52*.

H%.%* -256%B2* 9%)%.57)2<675-* (+60* <4%>20,02 8'.%<%57$*02:

'=2(%70,/ ('9'( 2 )2-.. F%--0'5)20 '54'?7427 . )2-.6 8'5)71257$*

(;.-87)5%) .%. -.$'44'7 . )2-.6. @ ;5'0 -$6>%7 8)7(-5%+20 )%->754,7

8%)%075), (0%570%52>7-.'7 '=2(%427 2 -)7(47.+%()%52>7-.'7 '5.$'-

47427 '-5%5'>4'&' )7-6)-%) + A')07 0%5)2B, (5%1$. 4) - 6.%<%4270 <4%-

>742* A64.B22 ( ; )f mσ . L64.B2* 20775 +2( 2( ; )f m m kσ = + σ .

H % 1 $ 2 B %  4  

:'-';!&-( -!6!427 2 "4'.!427 1#4<322 +(=*-'

I'-5'*427

.'4-5)6.B22 (C!I)

I)7(47.+%()%52>7-.'7

'5.$'47427 σ
:%570%52>7-.'7

'=2(%427 m
( ; )f mσ

1 1σ 1m 1f

2 2σ 2m 2f

3 3σ 3m 3f

… … … … 

n nσ nm nf

"';AA2B2745 k '8)7(7$*75-* 2< 6-$'+2* ;.+2+%$7454'-52 8)2-

4*52* )7?742*:

( ; ) ( ; )i jf m f mσ = σ ,

&(7 i 2 j -''5+75-5+6D5 A64.B2*0, .'5'),0 8)2(%75-* A')0%$34%*

;.+2+%$7454'-53.

H%.20 '1)%<'0, 6-5%4'+$74, 8%)%075), q ('-52=742* 0%.-2-

0%$34'&' ('9'(% '5 ;.-8$6%5%B22 ": .  -$'+4,/ )2-. '8)7(7$20 8'

-''54'?742D
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8'5 1r q= − ,  (4) 

&(7
5 min

max min

( , ) ( , )

( , ) ( , )

f m f m
q

f m f m

σ − σ
=

σ − σ .

F7<6$35%5, )%->75'+ 6-$'+4,9 )2-.'+ 8' (3) 2 (4) 8)'2<+'(257$*

2 8'5)71257$* + <%+2-20'-52 '5 -'-5'*42* 075%$$'.'4-5)6.B22 8)2+7-

(74, 4% )2-. 9. 

F2-. 9. F%->754,/ 6-$'+4,/ )2-.: 1 – 6-$'+4,/ )2-. 8)'2<+'(257$*;

2 – 6-$'+4,/ )2-. 8'5)71257$*

C% )2-. 9 +2(4', >5' 6-$'+4,7 )2-.2 8)'2<+'(257$* 2 8'5)71257$*

*+$*D5-* -$'=4,02 <%+2-20'-5*02 '5 4%8)*=744'&' -'-5'*42* )%->75-

4'/ <'4, 2, -$7('+%57$34', '-5%5'>4'&' )7-6)-% 2 207D5 -7.5') ('-5%-

5'>4' 42<.29 -1%$%4-2)'+%44,9 <4%>742/. E)2 6+7$2>7422 4%&)6<'.

)2-. 8)'2<+'(257$* -42=%75-*, 4' +07-57 - ;520 -42=%75-* '-5%5'>4,/

)7-6)- 075%$$'.'4-5)6.B22 - 5)71'+%4270 8'+,?742* 5'>4'-52 '8)7-

(7$742* A%.5')'+ C!I.  -$'+4,/ )2-. 8'5)71257$* + ;5'0 -$6>%7 +'<-

)%-5%75, ('-52&%* 8)7(7$34,9 (47 ('86-520,9) <4%>742/, >5' 5%.=7 -+2-

(757$3-5+675 ' 5K%57$34'-52 0'425')24&% 2 (2%&4'-52)'+%42* 2<(7$2*

- 47'19'(20,0 60743?74270 '-5%5'>4'&' )7-6)-% ;.-8$6%5%B22 ": 

8)2 8)24*522 )7?742/ 8' (%44,0 ' -'-5'*422 )%--0%5)2+%70'/ )%--

>754'/ <'4,. E)7(-5%+$744,7 )7<6$35%5, %(7.+%54, 'B74.7 '-5%5'>4'-

&' )7-6)-% ": + 8)%.52>7-.29 -256%B2*9.
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*&%(+&. :75'( 8'<+'$*75 4% ;5%87 8)'7.52)'+%42* 075%$$'.'4-5-

)6.B22 ": 'B74253 '-5%5'>4,/ )7-6)- )%->754'/ <'4, 8' 6-$'+4'/

07)7 )2-.% 4%<4%>742* -)'.% ;.-8$6%5%B22 47+'--5%4%+$2+%70,9 '1J7.-

5'+, >5' +7(75 . 8'+,?742D 6)'+4* 17<'8%-4'/ ;.-8$6%5%B22 0%?24,.

E)2+7(744,/ 8'(9'( '-4'+%4 4% )%->757 )7-6)-% 075%$$'.'4-5)6.B22

8' .)257)2D 5)7K24'-5'/.'-52 8)2 47-5%B2'4%)4'0 B2.$2>7-.'0 4%-

&)6=7422. RB74.% 6-$'+4'&' )2-.% 0'=75 1,53 8'$7<4% 8)2 %4%$2<7 4%

'&)%42>7446D ('$&'+7>4'-53 2 ($* )%<$2>4,9 6)'+47/ (75%$2<%B22 0'-

(7$2)'+%42* 4%8)*=744'&' -'-5'*42* <'4 .'4-5)6.B22.

@ )%0.%9 8)24*5,9 ('86K742/ 075'( 8'<+'$*75 A')0%$2<'+%53

8)'B7-- 'B74.2 '-5%5'>4'&' )7-6)-% + .'08$7.-7 2 )%--0%5)2+%53 -2-

56%B2D .%. $'&2>7-.2 -+*<%446D A64.B2'4%$34'-57942>7-.6D 2 A64.-

B2'4%$34'--5'20'-546D -2-5706, '82-,+%DK6D 4% ;5%87 8)'7.52)'+%-

42* +'<0'=4,7 -B74%)22 )%<+252* 8)'B7--'+ =2<4744'&' B2.$% ": .

I'<(%44,/ 8)'&)%004,/ 8)'(6.5 ($* )%1'5, - IT-5794'$'&2*02

- 6>75'0 %$357)4%52+, '1'1K%DK29 -%0,7 )%<$2>4,7 -+7(742* ' 07-

5'(%9 )%->75% 075%$$'.'4-5)6.B22 2 6-$'+2/ ;.-8$6%5%B22 + )7=20%9

.'083D57)4'/ )7%$2<%B22 8'<+'$*75 A')02)'+%53 $'&2>7-.27 +,+'(,

' +'<0'=4'-52 17<'8%-4'/ ;.-8$6%5%B22 0%?24,.

F%->75 6-$'+4,9 )2-.'+ 47 8'(074*75 -'1'/ -2-5706 4%1$D(742*

2 4%(<')% <% 17<'8%-4'-53D ": , % )%-?2)*75 77 +'<0'=4'-52. C% ;5%-

87 8)'7.52)'+%42* +'<0'=4' A')02)'+%53 )7.'074(%B22 ' 17<'8%-4'/

;.-8$6%5%B22 4'+'/ 57942.2 2 '8)7(7$*53 '-5%5'>4,/ )7-6)- ;.-8$6%-

52)670,9 0%?24 - +,8'$474270 5)71'+%42/ .$%--2A2.%B2'44'&' '1-

K7-5+% 2 ')&%4'+ &'-6(%)-5+744'&' 4%(<')%.

"'08$7.-4,/ 8'(9'( '8)7(7$742* )2-.'+ '-5%5'>4'&' )7-6)-%

- 6>75'0 A2<2.2 '5.%<'+, )%->75'+ 8%)%075)'+ C!I, 8)2074742* +7)'-

*54'-54,9 075'('+ 2 ;.-87)54,9 'B74'. 0'=4' 2-8'$3<'+%53 ($* $D-

1,9 ()6&29 (75%$7/ 2 6<$'+ 8)'7.52)670,9 0%?24 2 .'4-5)6.B2/.

F%1'5% ')27452)'+%4% 47 4% -'<(%427 4'+,9 075'(2. )%->75% 8%-

)%075)'+ C!I, %4%$2<% )2-.% 2 0'(2A2.%B2D -6K7-5+6DK29, % 4%

.'4.)7546D 8)7(07546D '1$%-53 2 '-'1744'-53 8)%.52>7-.'/ <%(%>2.

>?2)*< $2&!-'&#-(

1. I$'1'=%424'+ @.@. "%. +,1)%53 &2()'0%4286$*5')? //S7-4'/

 )%$. – 2006. – U3 (23). – I. 12. 
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2. V75.24 F.@. R-4'+4,7 8)'1$70, -7)52A2.%B22 %+5'0'12$34,9

.)%4'+-0%4286$*5')'+ 2 8652 29 )7?742* 8)2 ')&%42<%B22 -7)2/4'&'

8)'2<+'(-5+% // @7-542. EQH . R9)%4% '.)6=%DK7/ -)7(,, 5)%4-8')5,

17<'8%-4'-53 =2<47(7*57$34'-52. – E7)03, 2010. – U2. – I. 46–60. 

3. :%965'+ C.G. !2%&4'-52.% 0%57)2%$'+ 2 -'-5'*42* .'4-5)6.-

B2/ + <%(%>%9 0'425')24&% )2-.'+ // T%+'(-.%* $%1')%5')2*. !2%&4'-

-52.% 0%57)2%$'+. – 2011. – H. 77, U12. – I. 3–4. 

4. I'.'$'+ I.G. :75%$$2>7-.27 .'4-5)6.B22 8'(J704'-5)%4-8')5-

4,9 0%?24: 6>71. 8'-'127. – IE1.:E'$257942.%, 2005. – 423 -.

5. ",>.24 @.O., F,124-.%* S.G. !2%&4'-52.% 57942>7-.'&' -'-

-5'*42* 075%$$'.'4-5)6.B2/ -5)'257$34,9 2 (')'=4,9 0%?24. RB74-

.% '-5%5'>4'&' )7-6)-% - 6>75'0 )2-.%: 6>71. 8'-'127. – E7)03: O<(-+'

E7)0. &'-. 5794. 64-5%, 2010. – 162 -.

E'$6>74' 28.02.2012 


