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, -...  /0/1/22
 

1
 !"#$#%# &'()*+, ,+-.!$/$ 012, 3. 4("/5. 

2
4("/(5"/$6 .5$.7$(!!(-#+-!(*(3$8+"/$6 $!"#$#%# 

( (3-4  (567)8  9!9 .9.:97 -7  

;-.<( <9=568..96( !:;*
 

0.9'.)(#.!. '."8+#!.: ,(;+*< ;$"/. =>? " %8+#(, 7+!#'()+@!A- "$*, '."&'+;+*+!!A- 

.B'(;$!.,$8+"/$- !.3'%9(/ $ !+*$!+6!A- /(!#./#!A- %"*(5$6.  9%8+!( 5*$:!$+ '.9*$8!A- C./-

#('(5 !.3'%@+!$: $ /(!#./#!A- %"*(5$6 !. C(',$'(5.!$+ 9(! /(!7+!#'.7$$ !.&':@+!$6 5 (/'+-

"#!("#$ "(+;$!+!$: ;$"/. $ *(&.#/$. 

<+>?,*@, A+'*%: '."8+#!.: ,(;+*<, ,+#(; /(!+8!A- B*+,+!#(5, .B'(;$!.,$8+"/.: !.-

3'%9/., !+*$!+6!A+ /(!#./#!A+ %"*(5$:, /(!7+!#'.7$: !.&':@+!$6. 

 

#$%&'()$%*+,-.&+- +../-0(1%2+3 4(1-$52(.'-6 $%7$89-2+3 :/--

;-2'(1 &(2.'$8&<+6 %1+%<+(22=5 )%7('8$>+22=5 01+)%'-/-6 (?@!) 

4(&%7=1%A' [1], ,'( 7%$(B0-2+- 8.'%/(.'2=5 '$-C+2 ,%.'( 4$(+.5(0+' 

1 (&$-.'2(.'+ $->-$ &(2'%&'2=5 4(1-$52(.'-6 0+.&% &(;4$-..($% + 

/(4%'(&. D4$-0-/-2+- (,%)% 7%$(B0-2+3 + ($+-2'%<++ 8.'%/(.'2=5 

'$-C+2 2-(>5(0+;( 0/3 +../-0(1%2+3 +5 $%71+'+3 1 4$(<-..- ;2()(-

<+&/(1(6 :&.4/8%'%<++. E 0%22(6 $%>('- 4(.'$(-2% 4(/2%3 &(2-,2(-

:/-;-2'2%3 ;(0-/F [2] 0+.&% . /(4%'&%;+ + +2=;+ $-%/F2=;+ :/-;-2-

'%;+ &(2.'$8&<++ (80-$B+1%AC+- 9'+*'=, >%20%B2=- 4(/&+) + ;(-

0-/F .-&'($% 0+.&% . (0+2(,2(6 /(4%'&(6. G%.,-'2%3 .5-;% 1&/A,%-' 

&(;>+2%<+A 12-92+5 2%)$87(& . 8,-'(; <-2'$(>-B2=5 .+/, $%.4$-0--

/-22=5 %:$(0+2%;+,-.&+5 0%1/-2+6 2% /(4%'&+ [3] + 2-/+2-62()( &(2-

'%&'2()( 17%+;(0-6.'1+3 0+.&%, /(4%'(& + +2=5 0(4(/2+'-/F2=5 :/--

;-2'(1 &(2.'$8&<++. G-78/F'%'= $%.,-'(1 2% 4(/2(6 ;(0-/+ +.4(/F7(-

1%/+.F 4$+ 4(.'$(-2++ >(/-- '(,2()( $-9-2+3 2% 4(0$(>2(6 .-'&- .( 

.)8C-2+-; 0/3 .-&'($% . (0+2(,2(6 /(4%'&(6.  

G%7$89-2+3 1 (>(02(6 ,%.'+ 0+.&(1 &(;4$-..($(1 +7 '+'%2(1=5 

.4/%1(1 ;()8' 4$+1(0+'F & (>$%7(1%2+A *$%);-2'(1, &('($=- /+>( (.-

'%A'.3 1 01+)%'-/-, /+>( 1=5(03' 7% -)( 4$-0-/=. E( 1.-5 ./8,%35 '$--

C+2= 1(72+&%A' 1 .&$8)/-2+35 ;%/()( $%0+8.% .(-0+2-2+3 «/%.'(,-
                                                           

* !%22%3 $%>('% 1=4(/2-2% 1 $%;&%5 $-%/+7%<++ #HI «J%8,2=- + 2%8,2(-

4-0%)()+,-.&+- &%0$= +22(1%<+(22(6 G(..++» 2% 2009–2013 )(0= + )$%2'%  

JK-3288.2010.1. 
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&+2 51(.'» (;-B4%7(1=6 1=.'84, $+.. 1) + 0%/-- ;()8' $%.4$(.'$%23'F-

.3 1 0185 2%4$%1/-2+35: 1) 10(/F $%0+8.% 0+.&%, % 0%/--, 2- 0(5(03 0( 

.'84+,2(6 ,%.'+ 0+.&%, 1(71$%C%A'.3 & (>(08 +/+ (.'%2%1/+1%A'.3 1 

('1-$.'++ 1 4(/('2- 0+.&%; 2) $%71+'+- 4$(+.5(0+' 4( (.2(1%2+A ;-B-

4%7(1()( 1=.'84%.  
 

   

G+.. 1. #('()$%*++ '$-C+2 1 0+.&%5 &(;4$-..($% 

D4+.%22=- (.(>-22(.'+ 7%$(B0-2+3 '$-C+2= 10(/F )$%2+<= 4%-

7% 4(0 /(4%'&8 8&%7=1%A' 2% .8C-.'1-228A $(/F 1 $%7$89-2++ 0+.&% 

2% 2%,%/F2(; :'%4- 2%)$87(&, &('($=- 1=7=1%/+.F &(2'%&'2=; 1(70-6-

.'1+-; /(4%'&+. D4$-0-/-2+- (,%)(1 7%$(B0-2+3 8.'%/(.'2=5 '$-C+2 

1 0+.&%5 + /(4%'&%5 '$->8-' 4(0$(>2()( (4+.%2+3 4(/-6 2%4$3B-2+6 + 

7(2 +5 &(2<-2'$%<++. G%.,-'2%3 ;(0-/F, .(('1-'.'18AC%3 <+&/8 2%-

)$8B-2+3, 0(/B2% 8,+'=1%'F 01% (.2(12=5 *%&'($% 2%)$8B-2+3: <-2-

'$(>-B28A .+/8, .(('1-'.'18AC8A ;%&.+;%/F2(6 ,%.'('- 1$%C-2+3 

0+.&% &(;4$-..($%, %:$(0+2%;+,-.&+- 2%)$87&+ 2% /(4%'&+, .(('1-'.'-

18AC+- ;%&.+;%/F2(6 (&$-6.-$.&(6) .&($(.'+ 4(/-'%, % '%&B- 2%)$87-

&+ &(2'%&'2()( 17%+;(0-6.'1+3 0+.&% + /(4%'(&. 

J%4$3B-22(-0-*($;+$(1%22(- .(.'(32+- .+.'-;= 0+.&–/(4%'&% 

(4$-0-/3-'.3 .+.'-;(6 8$%12-2+6 0/3 '-27($% 2%4$3B-2+6   + 1-&'(-

$% .&($(.'-6 v  (+/+ 4-$-;-C-2+6 u , td v u ) 1( 1$%C%AC-6.3 . 8)-

/(1(6 .&($(.'FA !  .+.'-;- &(($0+2%' 
2

td" #$!  $ r v  ( : ) 2e e

td  % # & e I I e  ,e p #e e e  

)0- (>/%.'F $-9-2+3 +;--' 1+0 {( , ) : , 0},tV t V t ' (( )x x  t  – 1$-;3, x  – 

/%)$%2B-1 $%0+8.-1-&'($, 2%,%/( &(($0+2%' 4(;-C-2( 2% (.+ 1$%C-2+3, 

a  – -0+2+,2=6 1-&'($ (.+ 1$%C-2+3, ( ) * +r x x a a  – 1-&'($ 2($;%/+, 

(48C-22(6 +7 '(,&+ . $%0+8.-1-&'($(; x  2% (.F 1$%C-2+3, dt – (4-$%'($ 

/%)$%2B-1(6 4$(+71(02(6 4( 1$-;-2+, ( ) / 2T " #"e v v  – '-27($ .&($(-

.'-6 0-*($;%<++, 
e

e  + p
e  – '-27($= .&($(.'-6 84$8)(6 + 2-84$8)(6 

0-*($;%<++.  
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!/3 >%7(1(6 ;(0-/+ +0-%/F2(6 84$8)(4/%.'+,2(.'+ . 8./(1+-; 

4/%.'+,2(.'+ L+7-.% '-27($ .&($(.'-6 2-84$8)(6 (4/%.'+,-.&(6) 0--

*($;%<++ +.&/A,%-'.3 +7 4$+1-0-22=5 1=9- 8$%12-2+6 . 4(;(CFA 

.(('2(9-2+6 7%&(2% 4/%.'+,-.&()( '-,-2+3: 

p  ,e s  ( : ) / 3 *s   I I  0, - : 2

0: 2 .s s  0,  : 2

0: 2/ .s s . 

D.2(12=;+ +.&(;=;+ *82&<+3;+ 31/3A'.3 4-$-;-C-2+3, .&(-

$(.'+ + 2%4$3B-2+3. J%,%/F2=- 8./(1+3 +;-A' 1+0 

0t  : 0 u , 0 v , 0  . 

J% )$%2+<- ( u cS S S S0 1 1 ) 7%0%A'.3 /+>( .+/(1=- )$%2+,2=- 

8./(1+3 (8,%.'&+ S0 ), /+>( &+2-;%'+,-.&+- )$%2+,2=- 8./(1+3 (8,%-

.'&+ uS ), /+>( &(2'%&'2=- 8./(1+3 (8,%.'&+ cS ).  

M+/(1=- )$%2+,2=- 8./(1+3 +;-A' 1+0 

S0'x : *( , )n np p t x  *( , )p p t.2 .2 x=  ( 1, 22  ), 

)0- np  + +n  n  + ( )p.2 2 + n !  ( 1, 22  ) – 2($;%/F2%3 + &%.%'-/F2=- 

.(.'%1/3AC+- 4(1-$52(.'2(6 2%)$87&+, 1=$%B-22=- ,-$-7 '-27($ 2%-

4$3B-2+6, n  + 2!  ( 1, 22  ) – 1-&'($= 2($;%/+ + &%.%'-/F2=5 & )$%-

2+,2(6 4(1-$52(.'+. I$+ %:$(0+2%;+,-.&+5 2%)$87&%5 .,+'%-'.3, ,'( 

&%.%'-/F2=- 2%)$87&+ ('.8'.'18A', 0p.2  , % 2($;%/F2%3 *( , )np p t x  

(>8./(1/-2% %:$(0+2%;+,-.&+; 0%1/-2+-;.  

"+2-;%'+,-.&+- )$%2+,2=- 8./(1+3 2% uS  +;-A' 1+0 

uS'x :      *( , )t u u x , 

)0- * *( , )t u u x  – 7%0%22%3 *82&<+3 &(($0+2%' + 1$-;-2+. 

E 4$(.'-69-; ./8,%- &(2'%&'2=- 8./(1+3 7%0%1%/+.F 1 4$-04(-

/(B-2++ +0-%/F2()( &(2'%&'% (4(/2()( .<-4/-2+3): 

3 4 3 4 3 4 3 4,n nu u p p. .    

4$+ &('($(; .;-C-2+3 + 4(1-$52(.'2=- 2%4$3B-2+3 2-4$-$=12=. 

N0-.F &1%0$%'2=- .&(>&+ +.4(/F7(1%2= 0/3 (>(72%,-2+3 .&%,&(1. 

E (>C-; ./8,%- &(2'%&'2=- 8./(1+3 0(48.&%A' 4$(.&%/F7=1%2+- 

. '$-2+-; + ('/+4%2+-;, % 7(2% &(2'%&'% (8,%.'&+ )$%2+<= . 28/-1=; 

.&%,&(; 2($;%/F2=5 4-$-;-C-2+6) 31/3-'.3 4-$-;-22(6 1( 1$-;-2+. 

E 7(2- &(2'%&'% 8./(1+3 +;-A' 1+0 
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3 4 0nu  , 3 4 0v.   : 0np / , np q p. 5  

3 4 0nu  , 3 4 0v. 6  : 0np / , 3 4 3 4np q p v v. . . . 

E 7(2- ('/+4%2+3 &(2'%&'2=- 8./(1+3 +;-A' 1+0 

3 4 0nu -  : 0np p.    

I$+ 0q   +;--; &(2'%&' . ('/+4%2+-; + 4$(.&%/F7=1%2+-; >-7 '$-2+3. 

!/3 (4$-0-/-2+3 $%.4$-0-/-22=5 %:$(0+2%;+,-.&+5 2%)$87(& 2% 

/(4%'&+ 4$+2+;%-'.3 )+4('-7% +7(/+$(1%22()( 4$(*+/3 [4]. D>(72%-

,+;: !  – ,%.'('% 1$%C-2+3 0+.&%, x  – /(&%/F2%3 4$(0(/F2%3 &(($0+-

2%'% 5($0= .-,-2+3, 7  – 8)(/ ;-B08 $%0+%/F2(6 .(.'%1/3AC-6 .&($(-

.'+ + $-78/F'+$8AC+; 1-&'($(; .&($(.'+, 2 2 2w v r8 #!  – ;(08/F 

$-78/F'+$8AC-6 .&($(.'+, ( )r9  – 4-$-;-22%3 &$8'&% .-,-2+3, )0- r  – 

$%0+%/F2%3 &(($0+2%'% .-,-2+3. O(&%/F2=6 8)(/ %'%&+ .-,-2+3 

( ) arctg
v

r
r

82  9 *
!

. O(&%/F2=6 9%) $-9-'&+ 2 /t r N : , )0- N  – ,+./( 

/(4%'(& 2% 0+.&-. #($;8/= 0/3 4-$-4%0% 0%1/-2+6 1 ./8,%- (02(6 (>-

'-&%-;(6 4/%.'+2= + 1 ./8,%- (>'-&%2+3 $-9-'&+ 4/%.'+2, 4(/8,-22=- 

. +.4(/F7(1%2+-; ;-'(0(1 @#"I [5], +;-A' ./-08AC+6 1+0: 

$%.4$-0-/-2+- 0%1/-2+6 4( 4(1-$52(.'+ (0+2(,2(6 /(4%'&+ 

; <2 2 2( , ) sin 2 ( ) arctg ,
va x

p r x v r r
a x r

8
8

* = >?  $ #! 9 *@ A# # B !C D
 

$%.4$-0-/-2+- 0%1/-2+6 4( 4(1-$52(.'+ /(4%'&+ 1 $-9-'&- 

; <2 2 2 2

( )
sh

2( , ) sin 2 ( ) arctg .
( )

sh
2

aN

r

N a x
vrp r x v r e r

N a x r

r

*
8

8

*
= >?  $ #! 9 *@ A# # B !C D

 

@(,2=- $-9-2+3 +7-7% (.'$(6 4-$-02-6 &$(;&+ .(0-$B%' (.(>-2-

2(.'F 4$+ ,x a *  0/3 .23'+3 :'(6 (.(>-22(.'+ 1 *($;8/= 11-0-2 ;%-

/=6 $%0+8. .&$8)/-2+3 4-$-02-6 &$(;&+ .B  

MB+;%-;(.'F )%7% ;(B2( 8,-.'F 11-0-2+-; ;2(B+'-/3 I$%20'-

/3–?/%8:$'% 21/ 1 M ,*  )0- 2 2 2M / /w c v r c8  #!  – ,+./( L%5%  
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2%>-)%AC-)( 4('(&%, 2( , ) ( , ) / 1 M ,cp r x p r xE E *  ( , )cp r x?   

2( , ) / 1 M ,p r x ? *  c  – .&($(.'F 718&%. !%22(- $%..;('$-2+- .4$%1-0-

/+1( 4$+ 1=4(/2-2++ 8./(1+3 0(718&(1()( (>'-&%2+3 2 2 2v r c8 #! /  

0/3 /A>()( .-,-2+3 /(4%'&+. I(/8,-22=- $%.4$-0-/-2+3 0%1/-2+6 4( 

4(1-$52(.'+ /(4%'&+ ;(B2( +.4(/F7(1%'F 1 &%,-.'1- 12-92+5 2%)$8-

7(& 0/3 $%.,-'% 2%4$3B-22(-0-*($;+$(1%22()( .(.'(32+3 &(2'%&'2(6 

.+.'-;= 0+.&–/(4%'&% ?@!. 

!/3 +../-0(1%2+3 1=>$%2 0+.& . /(4%'&%;+ &(;4$-..($% 01+)%'--

/-6 .-$++ !30. !/3 :'()( (>P-&'% +;--'.3 2%+>(/F9-- &(/+,-.'1( 0%2-

2=5 ( 4$(+.9-.'1+35, 0-*-&'%5 + ./8,%35 $%7$89-2+3, % '%&B- *$%);-2-

'(1, +78,-22=5 ;-'(0(; *$%&'()$%*++ 4(1-$52(.'-6 +7/(;%, 7(2 7%$(B-

0-2+3 8.'%/(.'2=5 '$-C+2, 2%&(4/-2+3 8.'%/(.'2=5 >($(70(& + '.4. 

Q2%/+7 2%4$3B-22(-0-*($;+$(1%22()( .(.'(32+3 &(2'%&'2(6 

.+.'-;= 0+.&–/(4%'&% ?@! . 8,-'(; 0(4(/2+'-/F2=5 :/-;-2'(1 &(2-

.'$8&<++ '$->8-' .(70%2+3 4(/2(6 )-(;-'$+,-.&(6 + $%.,-'2(6 ;(0--

/+. G-78/F'%' :'()( 4(.'$(-2+3 . +.4(/F7(1%2+-; 4$()$%;;2()( &(;-

4/-&.% [2] 4$-0.'%1/-2 2% $+.. 2 + 3. ?-(;-'$+,-.&%3 4(/2%3 ;(0-/F . 

&(2-,2(-:/-;-2'2=; $%7>+-2+-; 4$+1-0-2% 2% $+.. 4. 
 

   

G+.. 2. L(0-/F  

>-7 >%20%B% 
G+.. 3. L(0-/F . >%20%B(; G+.. 4. M-'&% 

E 4$-0.'%1/-22=5 $%2-- [3] $-9-2+35 7%0%, ( 1$%C-2++ 0+.&% &(;-

4$-..($% .( .1(>(02(6 /(4%.'FA /(4%'&+ (.;. $+.. 2) >=/+ 4(/8,-2= 1=-

.(&+- 8$(12+ 4-$-;-C-2+6 &(2<% /(4%'&+, 1=71%22=- +7)+>(; /(4%.'+ 

1 $-78/F'%'- 12-92+5 1(70-6.'1+6. G-%/F2%3 &(2.'$8&<+3 .2%>B-2% '%& 

2%7=1%-;(6 >%20%B2(6 4(/&(6 (.;. $+.. 3), &('($%3 0(/B2% 4$-43'.'1(-

1%'F .1(>(02(;8 +7)+>8 /(4%.'-6, 4(1=9%3 B-.'&(.'F &(2.'$8&<++. 
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R+./-22(- $-9-2+- 4(/2(;%.9'%>2(6 7%0%,+ 2- ;(B-' >='F 4(-

/8,-2( . +.4(/F7(1%2+-; .(1$-;-22()( 4-$.(2%/F2()( &(;4FA'-$% 4( 

./-08AC+; 4$+,+2%;. G%.,-'2%3 ;(0-/F .-&'($% 0+.&% . (02(6 /(4%'-

&(6 '$->8-' 0/3 80(1/-'1($+'-/F2()( $%7$-9-2+3 (>/%.'+ &(2<-2'$%-

<++ 2%4$3B-2+6 ((.2(1%2+- /(4%'&+ + &$-4-B2=6 1=$-7) .(70%2+3 

$%.,-'2(6 .-'&+, .(0-$B%C-6 0( 100000 :/-;-2'(1. E$-;3 $-9-2+3 '%-

&(6 7%0%,+, 1 (.2(12(; 7% .,-' (>$%>('&+ &(2'%&'2=5 8./(1+6, .(.'%1-

/3-' (' 1 0( 1,5 ,%.(1. 

@%&+; (>$%7(;, %2%/()+,2%3 .-'&% 0/3 4(/2(;%.9'%>2(6 7%0%,+ 

>80-' .(0-$B%'F 2+10
6
 F 3+10

6
 :/-;-2'(1. M 8,-'(; 2-/+2-62(6 7%1+.+-

;(.'+ 1$-;-2+ 1=,+./-2+6 (' &(/+,-.'1% :/-;-2'(1 $-9-2+- 1$30 /+ 

>80-' 4(/8,-2( 1 (>(7$+;=- .$(&+. "$(;- '()(, (>P-; (4-$%'+12(6 

4%;3'+, 2-(>5(0+;=6 0/3 (>$%>('&+ '%&(6 7%0%,+ .8C-.'1-22( 4$--

1=9%-' 1(7;(B2(.'+ 4-$.(2%/F2=5 &(;4FA'-$(1. M 8,-'(; .&%7%22(-

)( >=/ $-%/+7(1%2 1%$+%2' $-9-2+3 7%0%,+ 0/3 ('0-/F2()( .-&'($% 

0+.&% . (02(6 /(4%'&(6 ($+.. 5). 
 

  

G+.. 5. D'0-/F2=6 .-&'($  

0+.&% . (02(6 /(4%'&(6 

G+.. 6. #$%);-2' .-'&+  

. /(4%'&(6 4(/2(6 ;(0-/+ 

E $%.,-'- ('0-/F2()( 8)/(1()( .-&'($% 1(72+&%-' 4$(>/-;% 4(-

.'%2(1&+ )$%2+,2=5 8./(1+6 2% /-1(6 + 4$%1(6 4/(.&(.'35, 1=$-7%A-

C+5 :'(' 8)/(1(6 .-&'($. "($$-&'2%3 4(.'%2(1&% 7%0%,+ 0/3 ('0-/F2(-

)( .-&'($% 0(/B2% .(0-$B%'F *%&'+,-.&+- 4-$-;-C-2+3 >%20%B2(6 

4(/&+ 1 &%,-.'1- )$%2+,2=5 8./(1+6 2% ('.-&%AC+5 .-&'($ 4(1-$52(-

.'35. S'+ 4-$-;-C-2+3 ;()8' >='F 4(/8,-2= '(/F&( +7 $-9-2+3 4(/-

2(;%.9'%>2(6 7%0%,+. I(.&(/F&8 $-9-2+- '%&(6 7%0%,+ 2% &%,-.'1-2-

2(6 .-'&- . 8,-'(; &(2'%&'2=5 8./(1+6 4(&% '-52+,-.&+ 2-1(7;(B2(, 
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$%.,-' >=/ 1=4(/2-2 2% .-'&- >-7 .8C-.'1-22()( .)8C-2+3 + 4$+ 8.-

/(1+35 4(/2()( .<-4/-2+3 &(2'%&'2=5 4(1-$52(.'-6. #$%);-2' .-'&+ 

+7(>$%B-2 2% $+.. 6. 

I$+1-0-; $-78/F'%'= .(4(.'%1/-2+3 $-9-2+3 . 8,-'(; >%20%B-

2(6 4(/&+ . $-9-2+-; >-7 8,-'% >%20%B2(6 4(/&+. I$-04(/%)%-'.3, 

,'( 0+.& &(;4$-..($% ?@!, (.2%C-22=6 /(4%'&%;+, 1$%C%-'.3 1 2%>--

)%AC-; 4('(&- . 8)/(1(6 .&($(.'FA ! = 300 $%0/. (2865 (>/;+2). M&(-

$(.'2(6 2%4($ 2% >-.&(2-,2(.'+ ½$+V2
 = 20000 2, ,'( .(('1-'.'18-' 

.&($(.'+ 4('(&% 200 ;/. 4$+ 4/('2(.'+ 1 &)/;
3
. J% $+.. 7 + 8 4$-0.'%1-

/-2= 8$(12+ 4-$-;-C-2+3 2% 0-*($;+$(1%22(6 *($;- ;(0-/+ (0/3 

2%)/302(.'+ 4-$-;-C-2+3 81-/+,-2= 1 5 $%7). E+02(, ,'( >%20%B2%3 

4(/&% .8C-.'1-22( 4$-43'.'18-' +7)+>8 /(4%'(&. 
 

  

G+.. 7. I-$-;-C-2+3 ;(0-/+ >-7 4(/&+ G+.. 8. I-$-;-C-2+3 ;(0-/+ . 4(/&(6 

  

G+.. 9. I-$-;-C-2+3 1 .-,-2++ /(4%'&+ G+.. 10. I-$-;-C-2+3 1 .-&'($- 

J%60-; 4-$-;-C-2+3 >%20%B2(6 4(/&+ 1 .-,-2+35, .(('1-'.'-

18AC+5 '($<%; ('0-/F2()( .-&'($%. I(.&(/F&8 4-$-;-C-2+3 4(,'+ 

(02($(02= 4( .-,-2+3; ($+.. 9), +.&(;=- 72%,-2+3 ;(B2( (4$-0-/+'F 

+7 +5 $%.4$-0-/-2+6 10(/F &$8)(1(6 &$(;&+ >%20%B2(6 4(/&+. 
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D>(72%,+; ur, uG + uz 4$(-&<++ 4-$-;-C-2+6 1 <+/+20$+,-.&(6 

.+.'-;- &(($0+2%', .137%22(6 . (.FA 1$%C-2+3. ?$%2+,2=- 4-$-;-C--

2+3 ur1 H ur2 H 0,4 ;;, uG1 H uG2 H 15,2 ;;, uz1 H uz2 H 5 ;;. N0-.F +20-&.= 1 

+ 2 1=0-/3A' 4-$-;-C-2+3, .(('1-'.'18AC+- /-1(;8 + 4$%1(;8 '($-

<8. ?$%2+,2=- 8./(1+3 2% /-1(; + 4$%1(; '($<%5 ('0-/F2()( .-&'($% 

0/3 &(;4(2-2' 4-$-;-C-2+6 4$+2+;%/+.F 1 1+0- k kjj
u u  (j = 1,2). 

J% $+.. 10 4(&%7%2= 8$(12+ 4-$-;-C-2+3 2% 0-*($;+$(1%22(6 

*($;- ;(0-/+ (4-$-;-C-2+3 81-/+,-2= 1 5 $%7). I$(*+/F +;--' 4-$--

)+>= 1 2+B2-6 ,%.'+ /(4%.'+ (2+B- >%20%B2(6 4(/&+). S'( 31/3-'.3 

./-0.'1+-; ()$%2+,-2+3 4-$-;-C-2+3 4( $%0+8.8. 

G%..;('$+; 0-'%/F2( (>/%.'F &(2<-2'$%<++ 2%4$3B-2+6.  1-/+-

,+; $%71-$'&8 8$(12-6 0( 100F340 LI% + 1=4(/2+; 7(20+$(1%2+- 

72%,-2+6 1 ('0-/F2=5 '(,&%5 (>/%.'+ ($+.. 11, 12). 
 

  

G+.. 11. T2'-2.+12(.'F 2%4$3B-2+6 G+.. 12. L%&.+;%/F2(-  

)/%12(- 2%4$3B-2+- 

J%+>(/F9+- 2%4$3B-2+3 $%71+1%A'.3 1 /-1(; 8)/8 1=$-7%. 

T5 72%,-2+3 0i
max

 = 553 LI% + 01
max

 = 616 LI% .(4(.'%1+;= . 4$-0--

/(; '-&8,-.'+ '+'%2(1()( .4/%1% 0'
Ti

 = 937 LI%. J%4$3B-2+3 1 (.2(-

1%2++ /(4%'&+ .8C-.'1-22( 2+B-, (02%&( 1 ('0-/F2=5 '(,&%5 4$-1(.-

5(03' 4$-0-/ '-&8,-.'+ %/A;+2+-1()( .4/%1% 0'
Al

 = 69 LI%. 

U('3 2% (.2(1%2++ 72%,-2+6 2%4$3B-2+6 1 ('0-/F2=5 87/%5 

2-/F73 0-/%'F 1=1(0 ( 1(72+&2(1-2++ 7(2 $%7$89-2+3, (>2%$8B-2-

2=- 7(2= &(2<-2'$%<++ 2%4$3B-2+6 31/3A'.3 4('-2<+%/F2( (4%.-

2=;+ . '(,&+ 7$-2+3 ;%/(<+&/(1(6 8.'%/(.'+ (0/3 4(/-'2()( <+&-

/% 2%)$8B-2+3). T../-0(1%2+- 2%4$3B-22()( .(.'(32+3 1 :'+5 7(-

2%5 2% (.2(1- &$+'-$+-1 ;2()((.2()( 8.'%/(.'2()( $%7$89-2+3 

4(71(/+' (<-2+'F 0(/)(1-,2(.'F $%..;%'$+1%-;()( :/-;-2'% &(2-

.'$8&<++ ?@!.  
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