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

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

$%/-)*- #/!/.)/2/ ,/3!4%*- 3&3 1/#"(* ,(&$%*)4 )& 5,!52/1 /$-

)/'&)**, ,!/*+'"#") !&$6"% )&#".)/$%* #/!/.)/2/ ,/(/%)& ' +&-

'*$*1/$%* /% '&!7*!/'&)*- 0*+*3/-1"8&)*6"$3*8 8&!&3%"!*$%*3

1&%"!*&(& ,/3!4%*-.

#$%&$&'()'* &+,- .)-$),.()+,-. /(.0$).1 )2 2(-+3+4.56)'7

/+&+827, %+('9$).$ 8&:;+%+/<$3)+,-. -&2),%+&-)'7 ,&$/,-( . +,$('7

)28&:;+=, :($5.>$).$ ,=+&+,-)'7 &$0.3+( /(.0$).1 -&$4:?- )+(+8+

%+/7+/2 = &2,,3+-&$).? (+%&+,+( /+58+($>)+,-. /+&+0)'7 %+=&'-.*

( :,5+(.17 &$256)+8+ /.)23.>$,=+8+ (+;/$*,-(.1 -&2),%+&-)'7

,&$/,-( )2 /+&+0)'$ =+),-&:=@...

A,)+()'3. B2=-+&23., +4:,52(5.(2?C.3. /+58+($>)+,-6 2,-

B256-+4$-+))'7 %+=&'-.*, 1(51?-,1 -&2),%+&-)'$ )28&:;=., =+),--

&:=@.1 . ,+,-+1).$ /+&+0)+* +/$0/', =5.32-.>$,=.$ :,5+(.1. D2;&2-

4+-=2 EBB$=-.()'7 %:-$* %+('9$).1 /+58+($>)+,-. 2,B256-+4$-+)-

)'7 %+=&'-.* /+50)2 42;.&+(2-6,1 )2 .,,5$/+(2).17 ,(+*,-(

2,B256-+4$-+)2 , :>$-+3 &$256)'7 &$0.3+( )28&:0$).1, ( >2,-)+,-. – 

, :>$-+3 +,+4$))+,-$* (+;/$*,-(.1 ,+(&$3$))'7 -&2),%+&-)'7

,&$/,-( )2 /+&+0)'$ =+),-&:=@...

!+&+0):? +/$0/: ,5$/:$- %&+$=-.&+(2-6 , -&$4:$3'3 :&+()$3

)2/$0)+,-., +4$,%$>.(2?C.3 4$;+-=2;):? &24+-: ( -$>$).$ 3$0&$-

3+)-)+8+ %$&.+/2. A-=2; =+),-&:=@.. %+ %&+>)+,-. B.;.>$,=. 3+0$-

72&2=-$&.;+(2-6,1 +4&2;+(2).$3 %&+/+56)+* . %+%$&$>)+* )$&+()+,-.

%+($&7)+,-. /+&+0)+* +/$0/', ,(1;2))+* , %&+>)+,-6? =+),-&:=@..

(%+%$&$>)'$ )$&+()+,-., =+5$1, :,-25+,-)'$ -&$C.)'), , %+,5$/:?-

C.3 &2;(.-.$3 /&:8.7 (./+( /$B+&32@.* . &2;&:9$).* (>2,-'$ -&$-

C.)', ,$-=2 -&$C.), ('4+.)', %&+,2/=. . -./.) [1]. 

F&. /(.0$).. 2(-+3+4.56)+8+ -&2),%+&-2 /+&+0)+$ %+=&'-.$

)27+/.-,1 %+/ /$*,-(.$3 %+%$&$>)+* )28&:;=., (';'(2?C$* .;8.4

. ,++-($-,-(:?C$$ .;8.4: )2%&10$))+$ ,+,-+1).$. F+%$&$>)21 )28&:;-
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=2 %&. E-+3 %&.(+/.-,1 5.4+ = &2()+3$&)+ &2,%&$/$5$))+* %+ =+)-

-2=-)+* %+($&7)+,-. «=+5$,+ – %+=&'-.$», 5.4+ = ,+,&$/+-+>$))+* ,.-

5$, ,++-($-,-(:?C$* &$;:56-.&:?C.3 )28&:;=23 +- =+5$, /(.0:C$8+-

,1 2(-+-&2),%+&-2 [2]. #2 &.,. 1 %&$/,-2(5$)2 &2,>$-)21 ,7$32 =(2/&2--

)+* %52,-.)=., %+=+1C$*,1 )2 :%&:8+3 +,)+(2).., =2= B&283$)-

/+&+0)+8+ %+5+-)2 ()2%&.3$&, ( ,5:>2$ 13+>)+8+ &$3+)-2), %+/ /$*,--

(.$3 ,+,&$/+-+>$))+* ,.5', %&.5+0$))+* ( @$)-&$ %52,-.)=..

D.,. 1. D2,>$-)21 ,7$32

F52,-.)2 ,>.-2$-,1 ,(+4+/)+ +%$&-+* %+ =+)-:&:. !.BB$&$)@.-

256)+$ :&2()$).$ .;8.42 %52,-.)' )2 :%&:8+3 +,)+(2).. .3$$- ,5$-

/:?C.* (./ [3]: 
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8/$ w(x,y) – B:)=@.1 %&+8.4+( %52,-.)=.; p – %+%$&$>)21 )28&:;=2; k – 

=+EBB.@.$)- :%&:8+8+ +,)+(2).1 (=+EBB.@.$)- %+,-$5.);

)1(12 2

3

µ−
=

Eh
D  – @.5.)/&.>$,=21 0$,-=+,-6 %52,-.)=.; 9 – 3+/:56 :%-

&:8+,-. 32-$&.252 %52,-.)=.; µ – =+EBB.@.$)- F:2,,+)2 32-$&.252;

h – -+5C.)2 %52,-.)=..

!51 ,(+4+/)+ +%$&-+* %52,-.)=. &$9$).$ :&2()$).1 (1) .C$-,1 (

(./$ /(+*)+8+ -&.8+)+3$-&.>$,=+8+ &1/2
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( , ) sin sin ,mn

m n

m x n y
w x y a

a b
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= =

π π
=   (2) 

8/$ amn – )$.;($,-)'$ =+EBB.@.$)-'; a, b – &2;3$&' %52,-.)=..

G:)=@.. ,.):,2 &1/2 (2) :/+(5$-(+&1?- (,$3 8&2).>)'3 :,5+(.-

13 ,(+4+/)+8+ +%.&2).1 %52,-.)=. %+ =+)-:&:.
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!51 &1/2 (2) %+,5$ +%&$/$5$).1 =+EBB.@.$)-+( amn .; :,5+(.*

)28&:0$).1 %52,-.)=. )27+/.-,1 B:)=@.1 %&+8.4+(, =+-+&21 /51 %&.-

5+0$))+* ( @$)-&$ =(2/&2-)+* %52,-.)=. ,+,&$/+-+>$))+* ,.5'

P .3$$- (./ [3]: 
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sin sin
2 2( , ) 4 sin( )sin( )

( )m n

m n
m x n y

w x y Pa
D m n ka a a

∞ ∞
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π π
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π + +

  ,

m, n=1,3,5… (3)

#2 &.,. 2 %&.($/$)' &2,,>.-2))'$ %+ B+&3:5$ (3) ;2(.,.3+,-.

32=,.3256)'7 %&+8.4+( 2,B256-+4$-+)2 (9� =� 18000 =8/,3
2
 [1]), ,++--

($-,-(:?C.7 @$)-&: %52,-.)=. , & =� 100 ,3, +- -+5C.)' %52,-.)=.

/51 &2;5.>)'7 ;)2>$).* =+EBB.@.$)-2 %+,-$5.. H &2,>$-27 %&.)1-+

: =�350 =8 (1/4 ($,2 2(-+3+4.51 HIJ-2114), =+EBB.@.$)- F:2,,+)2 2,-

B256-+4$-+)2 µ�=�0,35.
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D.,. 2. J2(.,.3+,-6 %&+8.42 /+&+0)+8+ %+=&'-.1 +-

$8+ -+5C.)' %&. &2;5.>)'7 =+EBB.@.$)-27 %+,-$5.:

1 – k = 10 =8/,32/,3; 2 – 15 =8/,32/,3; 3 – 20 =8/,32/,3

K; &.,. 2 ,5$/:$-, >-+ , :($5.>$).$3 -+5C.)' %52,-.)=. 32=,.-

3256)'* %&+8.4 :3$)692$-,1.  ($5.>$).$ =+EBB.@.$)-2 :%&:8+8+ +,-

)+(2).1 -2=0$ %&.(+/.- = :3$)69$).? (+;).=2?C.7 %&+8.4+(.

F&. .;($,-)+* B:)=@.. %&+8.4+( (3) +%&$/$51?-,1 /$*,-(:?C.$

( %52,-.)=$ .;8.42?C.* . =&:-1C.* 3+3$)-'
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L2=,.3256)'$ .;8.42?C.$ 3+3$)-' ,++-($-,-(:?- @$)-&: %52-

,-.)=. (x�=�a/2; y�=�b/2), =+-+&'3 ,++-($-,-(:?-, ( ,(+? +>$&$/6, 32=-

,.3256)'$ )2%&10$).1:
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( )sin sin
24 2 2 sin( )sin( )
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  ,

m,n = 1,3,5… (5)
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D.,. 3. J2(.,.3+,-6 )2%&10$).*, (+;).=2?C.7

( /+&+0)+3 %+=&'-.. +- -+5C.)' %&. &2;5.>)'7

=+EBB.@.$)-27 %+,-$5.: 1 – k = 10 =8/,32/,3; 2 – 15 =8/,32/,3;

3 – 20 =8/,32/,3

#2 &.,. 3 %&.($/$)' &2,>$-)'$ ;2(.,.3+,-. )2%&10$).* ,x yσ = σ

,++-($-,-(:?C.7 @$)-&: %52,-.)=., +- -+5C.)' 2,B256-+4$-+))+8+

%+=&'-.1 /51 &1/2 ;)2>$).* k. K; &.,. 3 ,5$/:$-, >-+ , :($5.>$).$3 =+-

EBB.@.$)-2 k /$*,-(:?C.$ )2%&10$).1 ,).02?-,1. #2 )2%&10$))+3

,+,-+1).. :($5.>$).$ =+EBB.@.$)-2 k -2=0$ ,=2;'(2$-,1 4528+%&.1--

)+. M5$/:$- +-3$-.-6, >-+ %&$/$56)'$ )2%&10$).1 2,B256-+4$-+)2 %&.

.;8.4$ )27+/1-,1 ( %&$/$527 [N%&$/] = 1,6–3,2 LF2 [1], ,+%+,-2(5$).$
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&2,>$-)'7 )2%&10$).* , /+%:,=2$3'3. 8+(+&.- + -+3, >-+ /51 %&.)1-

-'7 ( &2,>$-27 .,7+/)'7 /2))'7 %&+>)+,-6 2,B256-+4$-+)2 +4$,%$>.-

(2$-,1.

F&. .;($,-)+3 )2%&10$))+3 ,+,-+1).. %52,-.)=. %+1(51$-,1

(+;3+0)+,-6 +@$)=. )2/$0)+,-. 2,B256-+4$-+))+8+ %+=&'-.1. F&+-

2)25.;.&:$3, =2= 3$)1$-,1 )2/$0)+,-6 /+&+0)+8+ %+5+-)2 ( ;2(.,.3+-

,-. +- $8+ =+EBB.@.$)-2 %+,-$5. k, -+5C.)' h . %&$/$56)+8+ ;)2>$).1

)2%&10$).1 %&. .;8.4$ %+=&'-.1 N%&$/. H2&6.&:1 E-. %2&23$-&', +%&$-

/$5.3 )2.4+5$$ ('8+/)+$ . &2@.+)256)+$ .,%+56;+(2).$ -+8+ .5. .)+-

8+ %+=&'-.1, %&. E-+3 :>-$3 :,5+(.$ 32=,.3256)+* )2/$0)+,-. /+-

&+0)+8+ %+5+-)2. !51 E-+8+ (+,%+56;:$3,1 E5$3$)-23. -$+&.. )2/$0-

)+,-. . %&$/%+5+0.3, >-+ =+EBB.@.$)- %+,-$5. 1(51$-,1 ,5:>2*)+*

($5.>.)+*.

O:/$3 ,>.-2-6, >-+ &2,,32-&.(2$3'* E5$3$)- ,+7&2)1$- &24+-+-

,%+,+4)+,-6 %&. :,5+(.. N%&$/ > N, %&. E-+3 (,$ 72&2=-$&.,-.=. &2,-

%&$/$5$)' %+ )+&3256)+3: ;2=+):. P+8/2 )2/$0)+,-6 3+0)+ +%&$/$-

5.-6 ,5$/:?C.3 +4&2;+3 [4]: 
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8/$ S = [N%&$/] – %&$/$56)21 72&2=-$&.,-.=2; R�=�N – &24+>21 72&2=-$&.-

,-.=2; S�=�[N%&$/]�=�1,6…3,2 LF2, R0�=�
2 2

S R

S R

m m−

σ + σ

, 8/$ mS, mR – ,&$/).$

;)2>$).1 %&$/$56)+* . &24+>$* 72&2=-$&.,-.=; NS, NR – ,&$/)$=(2/&2-

-.>)+$ +-=5+)$).$ %&$/$56)+* . &24+>$* 72&2=-$&.,-.=.

F+,=+56=: h – ,5:>2*)21 ($5.>.)2, N -2=0$ 4:/$- ,5:>2*)+* ($-

5.>.)+*. A%&$/$5.3 32-$32-.>$,=+$ +0./2).$ . /.,%$&,.? &24+>$*

72&2=-$&.,-.=., .,%+56;:1 %&.45.0$))'* 3$-+/ &2;5+0$).1 ( &1/:
2

2

1 ( )
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R h

h
m h D

h

∂ σ
= σ +

∂
,
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( )
R h

h
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" #∂ σ
= % &

∂' (
,

8/$ Dh=
2

hσ ,
hσ – +-=5+)$).$ ,5:>2*)+* ($5.>.)' +- $8+ ,&$/)$8+ ;)2-

>$).1 (
hσ �=�0,1h).

#2 &.,. 4 %&$/,-2(5$)' &$;:56-2-' &2,>$-+( %+ ('9$%&.($/$)-

)'3 B+&3:523.
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D.,. 4. J2(.,.3+,-6 )2/$0)+,-. /+&+0)+8+ %+=&'-.1 +- $8+ -+5C.)'

%&. ;2/2))+3 %&$/$56)+3 ;)2>$).. )2%&10$).1 (N =�2,4 LF2)

. %&. &2;5.>)'7 =+EBB.@.$)-27 %+,-$5.: 1 – k�=�10 =8/,32/,3;

2 – 15 =8/,32/,3; 3 – 20 =8/,32/,3

K; &.,. 4 ,5$/:$-, >-+ , :($5.>$).$3 =+EBB.@.$)-2 %+,-$5. )2-

/$0)+,-6 /+&+0)+8+ %+=&'-.1 (+;&2,-2$-. A4&2-.3 ().32).$ )2 -+,

>-+ )2>.)21 ,+ ;)2>$).1 -+5C.)' h� =� 5 ,3 )2/$0)+,-6 ,-&$3.-,1

= $/.).@$.

M/$52$3 ,5$/:?C.$ ('(+/':

1.F&$/5+0$)2 3$-+/.=2 %&+>)+,-)+8+ &2,>$-2 B:)/23$)-2 /+&+0-

)+8+ %+=&'-.1 ( (./$ %&13+:8+56)+* %52,-.)=. )2 :%&:8+3 +,)+(2)...

2. F&$/5+0$)2 3$-+/.=2 +@$)=. )2/$0)+,-. /+&+0)+8+ %+=&'-

-.1 %&. .;($,-)+3 )2%&10$))+3 ,+,-+1).. %+=&'-.1.
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