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 !" 624.04 

 . . !"#$%&'"()*+,, -. . ./$01%#+2 

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

34563457869:4; 3<=6>? =7@437869:<A< 

!< 6=6@7; :<@95-B:C7D @4 <9@< 6 

@7E:<3<=B>?@FG 3456-74><  

 "&.)+3-$3 #,-!#,-&2!$%,3 #)+!45 +&/,#&2!$%)() 6).!+!/&3 & "!7*45-,-0 +&/,#&2!-

$%)() ,/,4&7, %)/$-"*%8&' /, )$/).! /&7%)#)+*45/01 #,-!"&,4).. 9,+,2, "!:!/, #!-)+)# %)-

/!2/01 ;4!#!/-). (<=>) /, ?,7! .,"&,8&)//)() 6)+1)+,.  "&.)+3-$3 "!7*45-,-0 &$$4!+).,/&3 

6")+)45/01 %)4!?,/&' +.*1$4)'/)() $-!"@/3 $ *2!-)# .37%)*6"*(&1 $.)'$-. #,-!"&,4)..  ")-

.!+!/ ,/,4&7 .4&3/&3 6,",#!-"). %)#64!%$/)() )6!",-)", /, +&/,#&2!$%&! 1,",%-!"&$-&%& 

.37%)*6"*()' %)/$-"*%8&&. A ",$2!-,1 *2&-0.,!-$3 7,.&$&#)$-5 %)#64!%$/)() #)+*43 *6"*()$-& 

)- 2,$-)-0 /,("*@!/&3. 

 

:$H2I#JI )$%#": #,-!#,-&2!$%,3 #)+!45, +&/,#&2!$%)! 6).!+!/&!, /&7%)#)+*45/0! 

#,-!"&,40, #!-)+ %)/!2/01 ;4!#!/-)., .,"&,8&)//0' 6"&/8&6, .37%)*6"*(&! $.)'$-.,, $)?$--

.!//0! 2,$-)-0, %);BB&8&!/- +!#6B&").,/&3 %)4!?,/&'. 

 

#$%&'()*+ ,-./0*'+ /1'-2'3'&*4 05-/6/( &$7'%&/-8* 6/&-89,6-

:*( 40.4'8-4 &'/1;/7*+/-8< &$947, - /153&5+* =6-2.,$8$:*/&&5+* &$-

>9,?6$+* (8'+2'9$8,9$, 7$0.'&*', +$--/05' -*.5 * 79.) ,3*850$8< 29* 

29/'68*9/0$&** * 7'(-80*' &'-8$:*/&$9&5; &$>9,?/6. @9*+'9$+* 8$6*; 

&$>9,?/6 40.4A8-4 05;/7 9$6'8&/>/ 70*>$8'.4 &$ 9'%*+, 7'(-80*' /-'05; 

2'9'>9,?/6, 0-89'3$AB*;-4, &$29*+'9, 0 -*-8'+$; ?$.2/0/>/ />&4 *.* 0 

29/8*0/>9$7/05; 9$6'8$;, * 8.7. # =8/+ -.,3$' +/>,8 *+'8< +'-8/ 496/ 

059$%'&&5' ,3$-86* &'-8$:*/&$9&/-8*. # -04?* - ,6$?$&&5+ 0/?&*6$'8 

&'/1;/7*+/-8< 29/0'7'&*4 7*&$+*3'-6/>/ $&$.*?$ 6/&-89,6:*( 29* 7'(-

-80** 9$?.*3&5; &'-8$:*/&$9&5; &$>9,?/6. 

!.4 9')'&*4 ?$7$3* *-2/.<?,'8-4 -.'7,AB*( 0$9*$:*/&&5( 

29*&:*2: -9'7* 0-'; 7/2,-8*+5; ?&$3'&*( 2'9'+'B'&*( C$68*3'-6* 

-,B'-80,AB*' /29'7'.4A8-4 0$9*$:*/&&5+ ,9$0&'&*'+ [1], 6/8/9/' 

?$2*-50$'8-4 0 -.'7,AB'+ 0*7': 
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8#$ $ '% &) ) ( ) )+9- .$ $/ 0 +'2:
5  (1) 

>7' n – 6/.*3'-80/ 6/&'3&5; =.'+'&8/0; 

V  – /1E'+ 6/&'3&/>/ =.'+'&8$; 

S  – 2./B$7< 6/&'3&/>/ =.'+'&8$; 

D – 2/-8/4&&$4 F4+', 
1 2µ

D ;
2

(
  

xu , yu , zu  – 2'9'+'B'&*4 07/.< /-'( 6//97*&$8; 

x, y, z – 6//97*&$85; 

E  – +/7,.< ,29,>/-8* +$8'9*$.$; 

µ  – 6/=CC*:*'&8 @,$--/&$ +$8'9*$.$; 

xP , yP , zP  – 2/0'9;&/-8&5' -*.5 07/.< /-'( 6//97*&$8. 

@9* 9')'&** ?$7$3* 6/&-89,6:*4 9$?1*0$'8-4 &$ 6/&'3&5' =.'-

+'&85. # ?$0*-*+/-8* /8 9')$'+/( ?$7$3* +/>,8 *-2/.<?/0$8<-4 /7-

&/+'9&5' *.* 2./-6*' 6/&'3&5' =.'+'&85 - 9$?.*3&/( -8'2'&<A $2-

29/6-*+$:** *-6/+/( C,&6:**. !.4 /29'7'.'&*4 &$294%'&&/-

7'C/9+*9/0$&&/>/ -/-8/4&*4 (G!H) 6/&-89,6:*( %'.$8'.<&/ *-2/.<-

?/0$&*' 05-/6/8/3&5; 6/&'3&5; =.'+'&8/0, 8$6 6$6 *-2/.<?/0$&*' 

=.'+'&8/0 - .*&'(&5+ ?$6/&/+ *?+'&'&*4 2'9'+'B'&*( &$294%'&*4 

/8 =.'+'&8$ 6 =.'+'&8, *?+'&4A8-4 -8,2'&3$8/. I8/ 29*0/7*8 6 8/+,, 

38/ 0 /1.$-8* ?&$3*8'.<&5; >9$7*'&8/0 &$294%'&*( &'/1;/7*+/ *--

2/.<?/0$8< 1/.'' +'.6,A -'86, 6/&'3&5; =.'+'&8/0. !.4 2/.,3'&*4 

7/-8$8/3&/ 8/3&5; 9'?,.<8$8/0 89'1,'8-4 9$?1*0$8< /1.$-8< &$ 7/-

0/.<&/ 1/.<)/' 3*-./ =.'+'&8/0. "$6 29$0*./, ,-./%&'&*' =.'+'&8$ 

29* ?$7$&&/( -8'2'&* 8/3&/-8* 29*0/7*8 6 ,+'&<)'&*A 3*-.$ &'*?-

0'-8&5;. @/=8/+, 7.4 2/05)'&*4 8/3&/-8* 9')'&*4 ?$7$3* /29'7'.'-

&*4 G!H 6/&-89,6:*( &'/1;/7*+/ *-2/.<?/0$8< 05-/6/8/3&5' =.'-

+'&85, &$29*+'9, 60$79$8*3&5' 89',>/.<&5' *.* 3'859';,>/.<&5' 

=.'+'&85 *.* =9+*8/05' 89',>/.<&5' 6/&'3&5' =.'+'&85. !.4 /29'-

7'.'&*4 -/1-80'&&5; 3$-8/8 * C/9+ 6/.'1$&*( 0 1/.<)*&-80' -.,3$'0 

7/-8$8/3&/ *-2/.<?/0$&*' 6/&'3&5; =.'+'&8/0 - .*&'(&/( $229/6-*-

+$:*'( *-6/+/( C,&6:**. 
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 9$0&'&*' 9$0&/0'-*4 -*-8'+5 6/&'3&5; =.'+'&8/0, &$;/74B'(-

-4 0 -/-8/4&** 70*%'&*4, *+''8 0*7 

 ; < ; <
..

{J} {J} { ( )},M K R t)   (2) 

>7' ][K  – +$89*:$ %'-86/-8* 6/&-89,6:**; 

][M  – +$89*:$ +$-- 6/&-89,6:**; 

= >J  – 0'68/9 &'*?0'-8&5; (2'9'+'B'&*( * *; 29/*?0/7&5;); 

..

{J} – 0'68/9 ,?./05; ,-6/9'&*(; 

)}({ tR  – 0'68/9 &$>9,?6* 0 +/+'&8 09'+'&* t . 

K$8'+$8*3'-6* ,9$0&'&*' (2) 29'7-8$0.4'8 -/1/( -*-8'+, .*-

&'(&5; 7*CC'9'&:*$.<&5; ,9$0&'&*( 08/9/>/ 2/9476$, * 0 29*&:*2' 

'' 9')'&*' +/%'8 158< 2/.,3'&/ - 2/+/B<A -8$&7$98&5; 29/:'7,9 

9')'&*4 7*CC'9'&:*$.<&5; ,9$0&'&*( - 2/-8/4&&5+* 6/=CC*:*'&-

8$+*. L7&$6/ =8* 29/:'7,95 -8$&/048-4 &'=CC'68*0&5+* 29* 1/.<-

)*; 2/9476$; +$89*:. K'8/75, *-2/.<?,'+5' 7.4 9')'&*4 ,9$0&'&*4 

(2), 7'.48-4 &$ 70' >9,225: 294+/>/ *&8'>9*9/0$&*4 * 9$?./%'&*4 2/ 

-/1-80'&&5+ C/9+$+ [2]. 

@9* 294+/+ *&8'>9*9/0$&** ,9$0&'&*4 (2) *-2/.<?,'8-4 3*-.'&-

&$4 2/)$>/0$4 29/:'7,9$. M'9+*& «294+/'» /?&$3$'8, 38/ 2'9'7 *&8'>-

9*9/0$&*'+ &' 29/*?0/7*8-4 &*6$6*; 29'/19$?/0$&*( ,9$0&'&*(. 

@94+/' *&8'>9*9/0$&*' /-&/0$&/ &$ 70,; *7'4;. #/-2'905;, ,7/0.'-

80/9'&*' ,-./0*( 9$0&/0'-*4 (2) 89'1,'8-4 &' 0 .A1/( +/+'&8 09'+'-

&* t , $ 8/.<6/ &$ /87'.<&5; 6/9/86*; /89'?6$; 09'+'&* t? . I8/ /?&$-

3$'8, 38/ 9$0&/0'-*' - ,3'8/+ -*. *&'9:** 9$--+$89*0$'8-4 0 7*-69'8-

&5; 8/36$; 09'+'&&/>/ *&8'90$.$. H.'7/0$8'.<&/, -8$&/0*8-4 

0/?+/%&5+ =CC'68*0&/' *-2/.<?/0$&*' 0 +'8/7$; 294+/>/ *&8'>9*-

9/0$&*4 0-'>/ 053*-.*8'.<&/>/ $22$9$8$ -8$8*-8*3'-6/>/ $&$.*?$. #/-

08/95;, ,3*850$'8-4 *?+'&'&*' 2'9'+'B'&*(, -6/9/-8'( * ,-6/9'&*( 

0&,89* 6$%7/>/ 09'+'&&/>/ *&8'90$.$ t? . N+'&&/ -2/-/1 ,3'8$ =8*; 

*?+'&'&*( /29'7'.4'8 8/3&/-8<, ,-8/(3*0/-8< * =6/&/+*3&/-8< 29/-

:'7,95 9')'&*4. 

N-2/.<?/0$&*' 294+/>/ *&8'>9*9/0$&*4 =CC'68*0&/, '-.* 89'1,-

'8-4 &$(8* 9'$6:*A -*-8'+5 &$ -9$0&*8'.<&/ 69$86/09'+'&&/' 0/?-

7'(-80*' (8.'. ?$ &'-6/.<6/ 09'+'&&5; )$>/0). L7&$6/ 29* 1/.<)/+ 

6/.*3'-80' )$>/0 +/%'8 /6$?$8<-4 1/.'' =CC'68*0&5+ 2'90/&$3$.<-
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&/' 29'/19$?/0$&*' ,9$0&'&*( 9$0&/0'-*4 (2) 6 0*7,, 29* 6/8/9/+ 2/-

)$>/0/' 9')'&*' 2/89'1,'8 &$*+'&<)*; ?$89$8. @9* 9$?./%'&** 2'-

9'+'B'&*( 2/ -/1-80'&&5+ C/9+$+ 6/.'1$&*( ,9$0&'&*' 9$0&/0'-*4 

(2) 29*0/7*8-4 6 n /87'.<&5+ ,9$0&'&*4+ 0*7$ 

 
..

2( ) O ( ) ( ),i i i ix t x t r t)   (3) 

>7' ( ) P ( )T

i ir t R t ; 

i=1, 2, …, n; 

Pi  – 0'68/9 i-( -/1-80'&&/( C/9+5; 

Oi  – i-4 -/1-80'&&$4 3$-8/8$ 6/.'1$&*(. 

H//8&/)'&*' (3) – ,9$0&'&*' 9$0&/0'-*4 -*-8'+5 - /7&/( -8'2'-

&<A -0/1/75 - '7*&*3&/( +$--/( * %'-86/-8<A 2Oi . 

Q')'&*' 6$%7/>/ ,9$0&'&*4 (3) +/%&/ 2/.,3*8< - 2/+/B<A *&-

8'>9$.$ !A$+'.4 [3]: 

0

1
( ) (R)sinO ( R) R.

O

t

i i i

i

x t r t d (5  

N&8'>9$. !A$+'.4 7/.%'& 0 /1B'+ -.,3$' 053*-.48<-4 3*-.'&-

&/. !.4 2/.,3'&*4 2/.&/( 9'$6:** -*-8'+5 &'/1;/7*+/ &$(8* 9')'-

&*4 0-'; n ,9$0&'&*( (3). @'9'+'B'&*4 ,?./05; 8/3'6 2/.,3$A8-4 -,-

2'92/?*:*'( 9'$6:*( -*-8'+5 2/ 0-'+ C/9+$+: 

 
1

J( ) P ( ).
n

i i

i

t x t
 

 4  (4) 

M$6*+ /19$?/+, 7.4 2/.,3'&*4 9'$6:** -*-8'+5 +'8/7/+ 9$?./-

%'&*4 2/ -/1-80'&&5+ C/9+$+ 89'1,'8-4, 0/-2'905;, 053*-.*8< -/1-

-80'&&5' ?&$3'&*4 * -/1-80'&&5' 0'68/95 -*-8'+5 (2), ?$8'+ 9')*8< 

,9$0&'&*4 9$0&/0'-*4 (3) *, &$6/&':, -./%*8< 9'$6:** 2/ 6$%7/( -/1-

-80'&&/( C/9+' 0 -//80'8-80** - (4). 

N? +'8/7/0 294+/>/ *&8'>9*9/0$&*4 &$*1/.<)'' 9$-29/-89$&'-

&*' &$).* +'8/75 :'&89$.<&5; 9$?&/-8'(, +'8/7 S$1/.8$, T-+'8/7 

#*.-/&$ * +'8/7 G<A+$96$ [2]. # 7$&&/( -8$8<' *-2/.<?,'8-4 +'8/7 

G<A+$96$ 6$6 +'8/7, /1.$7$AB*( .,3)*+* ;$9$68'9*-8*6$+* 8/3&/-

-8* * ,-8/(3*0/-8*. 
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#'-<+$ -,B'-80'&&5+ 29* 2/-89/'&** 7*&$+*3'-6*; +/7'.'( 

40.4'8-4 051/9 +'8/7$ /2*-$&*4 04?6/,29,>*; -0/(-80 +$8'9*$./0. 

N?0'-8&/, 38/ 29* 60$?*-8$8*3'-6/+ &$>9,%'&** =8* -0/(-80$ &$*1/-

.'' $7'60$8&/ /2*-50$A8-4 479$+* 9'.$6-$:** *.* 2/.?,3'-8*. L7&$-

6/ 8$6/( 2/7;/7 0 7*&$+*6' 29*0/7*8 6 *&8'>9/7*CC'9'&:*$.<&5+ 

,9$0&'&*4+ #/.<8'99$ 08/9/>/ 9/7$, 38/ ?$89,7&4'8 6/.*3'-80'&&5( 

$&$.*?, 6/>7$ 7.4 6/&69'8&/>/ 0*7$ 8/2.*0$ &'/1;/7*+/ ?&$8< 2$9$-

+'895 479$. U/.'' 29/-85+ * &$7'%&5+ - 8/36* ?9'&*4 9$-3'8$ 40.4-

'8-4 29*+'&'&*' 7.4 /2*-$&*4 04?6/,29,>*; -0/(-80 +$8'9*$./0 6/+-

2.'6-&/>/ +/7,.4 ,29,>/-8* ( O) :E i  

 *( O) (cosP sinP )E EE i E i )  (5) 

>7' *E  – 7*&$+*3'-6*( +/7,.< ,29,>/-8*; 

PE  – ,>/. -70*>$ C$? +'%7, 29/7/.<&/( 7'C/9+$:*'( * &$294-

%'&*'+ 0 /19$?:' 29* >$9+/&*3'-6/+ &$>9,%'&** 3$-8/8/( @. 

#-' 2$9$+'895 0 059$%'&** (5) ?$0*-48 /8 3$-8/85 &$>9,%'&*4 * 

8'+2'9$8,95.  -8$&/0.'&/ 8$6%', 38/ =8* ;$9$68'9*-8*6* ?$0*-48 /8 

,9/0&4 -8$8*3'-6/( 7'C/9+$:** * 3$-8*3&/ /8 $+2.*8,75 7'C/9+$-

:**, 38/ 29*0/7*8 6 &'.*&'(&5+ +/7'.4+ 29* /:'&6' 7*&$+*3'-6/>/ 

-/-8/4&*4 04?6/,29,>/( 6/&-89,6:**. Q'?,.<8$85 *-258$&*( &*?6/+/-

7,.<&5; +$8'9*$./0 2/6$?50$A8, 38/ 7*&$+*3'-6*( +/7,.< ,29,>/-8* 
*E  -*.<&/ ?$0*-*8 /8 3$-8/85 * 8'+2'9$8,95, 2/=8/+, 0 7*&$+*3'-6*; 

9$-3'8$; &'/1;/7*+/ =8/ ,3*850$8<. L-/1'&&/ 0$%&5+ 29* 2/-89/'-

&** +$8'+$8*3'-6*; +/7'.'( 7*&$+*3'-6/>/ 2/0'7'&*4 6/&-89,6:*( 

40.4'8-4 ,-8$&/0.'&&5( =6-2'9*+'&8$.<&/ C$68 2/05)'&*4 -%*+$'-

+/-8* &*?6/+/7,.<&5; +$8'9*$./0 - 9/-8/+ 3$-8/85 * 2/&*%'&*'+ 

8'+2'9$8,95, 38/ 2/?0/.4'8 29*+'&48< ,29,>*' +/7'.* 7.4 -%*+$'-

+5; 8'.. 

M$6*+ /19$?/+, 04?6/,29,>/' 9')'&*' 0 =8/+ -.,3$' 2/.,3$'8-4 - 

*-2/.<?/0$&*'+ 29*&:*2$ -//80'8-80*4 [4], 8.'. ?$+'&/( 0 059$%'&*4; 

(1–4) ,29,>/( 6/&-8$&85 E  &$ 6/+2.'6-&,A 0 -//80'8-80** - ?$0*-*-

+/-8<A (5). !*&$+*3'-6*( +/7,.< *E  * ,>/. -70*>$ C$? +'%7, &$294-

%'&*'+ * 7'C/9+$:*'( PE  /2*-50$A8-4 2/.*&/+*$.<&5+* +/7'.4+*, 

2/.,3'&&5+* =6-2'9*+'&8$.<&/ +'8/7$+* *7'&8*C*6$:** [5]. N-6/-

+5' 2$9$+'895 (2'9'+'B'&*4 ,?./0, 7'C/9+$:** * &$294%'&*4) 8$6%' 

-8$&/048-4 6/+2.'6-&5+* 0'.*3*&$+*. 



 

 92

!.4 $&$.*?$ 7*&$+*3'-6/>/ 2/0'7'&*4 6/&-89,6:*( &'/1;/7*+/ 

8$6%' ?&$8< 9'?/&$&-&5' 3$-8/85, 6/8/95' +/%&/ /29'7'.*8< *? $+-

2.*8,7&/-3$-8/8&/( ;$9$68'9*-8*6* (VWS) 0 *--.'7,'+/+ 7*$2$?/&' 

3$-8/8 29* 29/0'7'&** >$9+/&*3'-6/>/ $&$.*?$. L7&$6/ 2/-89/'&*' 

VWS – =8/ 89,7/'+6*( 29/:'--, 2/=8/+, 7.4 /29'7'.'&*4 9'?/&$&-&5; 

3$-8/8 &'/1;/7*+/ 9')$8< -/1-80'&&,A ?$7$3,. X$7$3* / -/1-80'&&5; 

6/.'1$&*4; *+'A8 0$%&/' ?&$3'&*' 7.4 $&$.*?$ 2/0'7'&*4 6/&-89,6-

:*( 29* 7*&$+*3'-6*; &$>9,?6$;. @9/:'7,9$ K"I -0/7*8 ?$7$3, /1 

/29'7'.'&** -/1-80'&&5; ?&$3'&*( 6 $.>'19$*3'-6/( 29/1.'+' &$;/-

%7'&*4 &'&,.'05; 9')'&*( -.'7,AB'( -*-8'+5 .*&'(&5; $.>'19$*-

3'-6*; ,9$0&'&*(: 

 ; < ; <6 7= >D J 0,K M(   (6) 

>7' 2D O ;  

O  – -/1-80'&&$4 3$-8/8$ 6/&-89,6:**. 

!.4 &$;/%7'&*4 6/+2.'6-&5; -/1-80'&&5; ?&$3'&*( *-2/.<?,-

'8-4 $.>/9*8+ +'8/7$ KA..'9$ 7.4 053*-.'&*4 6/9&'( &'.*&'(&/>/ 

,9$0&'&*4 [6], /-&/0$&&/>/ &$ 2$9$1/.*3'-6/( *&8'92/.4:**. 

#53*-.'&&/' -/1-80'&&/' ?&$3'&*' 04?6/,29,>/( ?$7$3* 1,7'8 

6/+2.'6-&5+, 8.'. 

1 2O O O ,i )  

>7' 1O  – 7'(-80*8'.<&$4 3$-8< 6/+2.'6-&/( -/1-80'&&/( 3$-8/85; 

2O  – +&*+$4 3$-8< 6/+2.'6-&/( -/1-80'&&/( 3$-8/85. 

"/=CC*:*'&8 7'+2C*9/0$&*4 6/.'1$&*(, 40.4AB*(-4 &$947, - 

-/1-80'&&/( 3$-8/8/( 0$%&'()'( 7*&$+*3'-6/( ;$9$68'9*-8*6/( 6/&-

-89,6:**, /29'7'.4'8-4 *? -//8&/)'&*4 [3]: 

2

1

O
Y .

O
  

@9*&:*2*$.<&/' 29'*+,B'-80/ 9$--+$89*0$'+/>/ $.>/9*8+$ ?$-

6.A3$'8-4 0 8/+, 38/ 6$%7$4 -/1-80'&&$4 2$9$ 2/.,3$'8-4 &'?$0*-*+/ 

/8 9$&'' 053*-.'&&5;. L)*16* /29'7'.'&*4 -/1-80'&&5; 2$9 &' 

0.*4A8 &$ 8/3&/-8< 053*-.'&*4 2/-.'7,AB*; -/1-80'&&5; ?&$3'&*( 

* 0'68/9/0. 
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#$%&5+ 29'*+,B'-80/+ =8/>/ +'8/7$ 40.4'8-4 8$6%' * 8/, 38/ 

/& 9$1/8$'8 &'2/-9'7-80'&&/ - *-;/7&5+* +$89*:$+* ][K  * ][M , &' 

89'1,4 29'70$9*8'.<&/>/ 29'/19$?/0$&*4 ?$7$3* 6 -8$&7$98&/+, 0*7,, 

2/-6/.<6, 8$6/' 29'/19$?/0$&*' +/%'8 ,;,7)*8< /1,-./0.'&&/-8< ?$-

7$3* *.* 05?0$8< ,0'.*3'&*' )*9*&5 .'&85 29'/19$?/0$&&/( +$89*-

:5. "9/+' =8/>/, $.>/9*8+ 2/?0/.4'8 ,3*850$8< -*++'89*A * .'&8/3-

&,A -89,68,9, +$89*:5 %'-86/-8* * +$89*:5 +$--. 

# -//80'8-80** - *?./%'&&5+ $.>/9*8+/+ 9')'&*4 ?$7$3* 9$?-

9$1/8$& 2$6'8 29*6.$7&5; 29/>9$++ 7.4 *--.'7/0$&*4 7*&$+*3'-6/-

>/ 2/0'7'&*4 6/&-89,6:*( &$ /-&/0' &*?6/+/7,.<&5; +$8'9*$./0 - 

,3'8/+ ?$0*-*+/-8* 6/+2.'6-&/>/ +/7,.4 ,29,>/-8* /8 3$-8/85 &$-

>9,%'&*4. 

G*%' 29*0'7'&5 9'?,.<8$85 *--.'7/0$&*4 0.*4&*4 7*&$+*3'-

-6/>/ +/7,.4 * ,>.$ -70*>$ C$? &$ -/1-80'&&5' 3$-8/85 * 6/=CC*:*-

'&85 7'+2C*9/0$&*4 6/.'1$&*( 04?6/,29,>/( 6/&-89,6:**. !.4 $&$-

.*?$ *-2/.<?,'8-4 70,;-./(&5( -8'9%'&< 69,>./>/ -'3'&*4 (&*?6/+/-

7,.<&5( +$8'9*$., ?$6.A3'&&5( 0 +'8$..*3'-6,A :*.*&79*3'-6,A 

/1/./36,), 29'7-8$0.'&&5( &$ 9*-. 1 * 6/&-/.<&/ ?$69'2.'&&5( - /7-

&/( -8/9/&5. 

 
Q*-. 1. !0,;-./(&5( -8'9%'&< 

G$ 9*-. 2 29'7-8$0.'&$ ?$0*-*+/-8< 2'90/( -/1-80'&&/( 3$-8/-

85 29/7/.<&5; 6/.'1$&*( 70,;-./(&/>/ -8'9%&4 6 7O / 2Zf   /8 +/-

7,.4 ,29,>/-8* &*?6/+/7,.<&/>/ +$8'9*$.$. N? 9*-,&6$ 0*7&/, 38/ 

29* *?+'&'&** +/7,.4 ,29,>/-8* /8 10 7/ 100 K@$ -/1-80'&&$4 3$--

8/8$ 29$68*3'-6* &' *?+'&4'8-4 * 0 /-&/0&/+ /29'7'.4'8-4 29/7/.<-

&/( -/1-80'&&/( 3$-8/8/( +'8$..*3'-6/( /1/./36*, 9$0&/( 312 [:. 

@9* ,0'.*3'&** +/7,.4 ,29,>/-8* /8 100 7/ 1000 K@$ 2'90$4 3$-8/-

8$ 29/7/.<&5; 6/.'1$&*( 70,;-./(&/>/ -8'9%&4 ,0'.*3*0$'8-4 /8 

318 7/ 362 [:. 
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G$ 9*-. 3 29'7-8$0.'&$ ?$0*-*+/-8< 6/=CC*:*'&8$ 7'+2C*9/0$-

&*4 6/.'1$&*( 70,;-./(&/>/ -8'9%&4 /8 +/7,.4 ,29,>/-8* &*?6/+/-

7,.<&/>/ +$8'9*$.$.  >/. -70*>$ C$? +'%7, &$294%'&*'+ * 7'C/9+$-

:*'( &*?6/+/7,.<&/>/ +$8'9*$.$ 29*&*+$.-4 9$0&5+ 0,2. K/7,.< ,2-

9,>/-8* &*?6/+/7,.<&/>/ +$8'9*$.$ *?+'&4.-4 /8 10 7/ 1000 K@$. N? 

9*-,&6$ 0*7&/, 38/ 29* &'1/.<)*; ?&$3'&*4; +/7,.4 ,29,>/-8* 7'+2-

C*9/0$&*' 0 6/&-89,6:** 1,7'8 29$68*3'-6* /8-,8-80/0$8<. @9* 

1000 E  K@$ 6/=CC*:*'&8 7'+2C*9/0$&*4 -/-8$0.4'8 0,026. 

 
 

Q*-. 2. X$0*-*+/-8< -/1-80'&&/(  

3$-8/85 6/.'1$&*( /8 +/7,.4 ,29,>/-8* 

Q*-. 3. X$0*-*+/-8< 6/=CC*:*'&8$  

7'+2C*9/0$&*4 6/.'1$&*( /8 +/7,.4  

,29,>/-8* 

G$ 9*-. 4 29'7-8$0.'&$ ?$0*-*+/-8< 6/=CC*:*'&8$ 7'+2C*9/0$-

&*4 6/.'1$&*( 70,;-./(&/>/ -8'9%&4 /8 ,>.$ -70*>$ C$? +'%7, &$-

294%'&*'+ * 7'C/9+$:*'( 7.4 70,; ?&$3'&*( 7*&$+*3'-6/>/ +/7,.4 

,29,>/-8* &*?6/+/7,.<&/>/ +$8'9*$.$ 100 * 1000 K@$. N? 9*-,&6$ 

0*7&/, 38/ =8$ ?$0*-*+/-8< 0 /1/*; -.,3$4; 40.4'8-4 .*&'(&/(. 

G$ 9*-. 5 2/6$?$&/ *?+'&'&*' 6/=CC*:*'&8$ ,-*.'&*4 6/.'1$&*( 

\  0 /1.$-8* 2'90/( -/1-80'&&/( 3$-8/85 04?6/,29,>/( 6/&-89,6:** 

7.4 9$?.*3&5; ?&$3'&*( 6/=CC*:*'&8$ 7'+2C*9/0$&*4. N? =8*; 69*-

05; 0*7&/, 38/ 0 /1.$-8*, 6/>7$ 3$-8/8$ 0/?+,B$AB'( -*.5 +$.$ 2/ 

-9$0&'&*A - 2'90/( -/1-80'&&/( 3$-8/8/(, 6/=CC*:*'&8 ,-*.'&*4 &'-

?&$3*8'.<&/ /8.*3$'8-4 /8 '7*&*:5, $ 2'9'+'B'&*4 40.4A8-4 8$6*+* 

%', 6$6 0 -.,3$' -8$8*3'-6/>/ 7'(-80*4 -*.5 sinOP t . @/-.' 29/;/%-

7'&*4 2'90/>/ 9'?/&$&-$ 0'.*3*&$ 6/=CC*:*'&8$ ,-*.'&*4 29*1.*%$-

Y 
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'8-4 6 &,.A &'?$0*-*+/ /8 6/=CC*:*'&8$ 7'+2C*9/0$&*4 6/.'1$&*(. 

M$6*+ /19$?/+, 0.*4&*' 6/=CC*:*'&8$ 7'+2C*9/0$&*4 &'/1;/7*+/ 

,3*850$8< 8/.<6/ 0 /6/./9'?/&$&-&/( /1.$-8*. 

Q*-. 4. X$0*-*+/-8< 6/=CC*:*'&8$ 

7'+2C*9/0$&*4 6/.'1$&*( /8 ,>.$ 

-70*>$ PE : 1 – E* = 100 K@$;  

2 – E* = 100 K@$ 
 

Q*-. 5. N?+'&'&*' 6/=CC*:*'&8$ ,-*.'&*4  

6/.'1$&*( 0 /1.$-8* 2'90/( -/1-80'&&/(  

3$-8/85 29* 9$?.*3&5; ?&$3'&*4;  

6/=CC*:*'&8$ 7'+2C*9/0$&*4 6/&-89,6:**:  

1 – A = 0,02; 2 – A = 0,05; 3 – A = 0,10 

 

M$6*+ /19$?/+, - *-2/.<?/0$&*'+ 0$9*$:*/&&/>/ 2/7;/7$ * +'-

8/7$ -//80'8-80*4 9$?9$1/8$&$ +$8'+$8*3'-6$4 +/7'.< 7*&$+*3'-6/>/ 

2/0'7'&*4 04?6/,29,>/( 6/&-89,6:**. K$8'+$8*3'-6$4 +/7'.< 2/?0/-

.4'8 ,3'-8< 9'$.<&5' C*?*6/-+';$&*3'-6*' -0/(-80$ &*?6/+/7,.<&5; 

+$8'9*$./0 - 2/+/B<A 2/.*&/+*$.<&5; +/7'.'(, /2*-50$AB*; ?$0*-

-*+/-8< 2$9$+'89/0 6/+2.'6-&/>/ +/7,.4 ,29,>/-8* /8 3$-8/85 &$-

>9,%'&*4. K$8'+$8*3'-6$4 +/7'.< 9')'&*4 29/1.'+5 -/1-80'&&5; 

?&$3'&*( 2/?0/.4'8 /29'7'.48< 6/+2.'6-&5' -/1-80'&&5' 3$-8/85 * 

-/1-80'&&5' C/9+5 6/.'1$&*( 04?6/,29,>/( 6/&-89,6:** * ,3'-8< 

0 /8.*3*' /8 *?0'-8&5; 9')'&*( ?$0*-*+/-8< 7*&$+*3'-6*; -0/(-80 

&*?6/+/7,.<&5; +$8'9*$./0 /8 3$-8/85 * 8'+2'9$8,95. 

Q$1/8$ 052/.&'&$ 29* C*&$&-/0/( 2/77'9%6' ]^@ «N--.'7/0$-

&*4 * 9$?9$1/86* 2/ 29*/9*8'8&5+ &$29$0.'&*4+ 9$?0*8*4 &$,3&/-

8';&*3'-6/>/ 6/+2.'6-$ Q/--** &$ 2007–2012 >/75» (>/-6/&89$68  

_ 02.518.11.7135). 

Y 

PE 

\ 

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

1. @9/3&/-8<, ,-8/(3*0/-8<, 6/.'1$&*4: -29$0/3&*6. M. 1 / 2/7 

9'7. N.V. U*9>'9$ * `.[. @$&/06/. – K.:K$)*&/-89/'&*', 1968. – 831 -. 

2. U$8' "., #*.-/& a. W*-.'&&5' +'8/75 $&$.*?$ * +'8/7 6/&'3-

&5; =.'+'&8/0. – K.: H89/(*?7$8, 1982. – 448 -. 

3. M*+/)'&6/ H.@., `&> !.S.,  *0'9  . "/.'1$&*4 0 *&%'&'9&/+ 

7'.'. – K.: K$)*&/-89/'&*', 1985. – 472 -. 

4. U.'&7 !. M'/9*4 .*&'(&/( 04?6/,29,>/-8*. – K.: K*9, 1965. – 

230 -. 

5. U,.<1/0*3 Q.#., @$.<3*6/0-6*( #.[., @$0./>9$7-6*( #.#. K'-

8/7 /29'7'.'&*4 7*&$+*3'-6*; 7'C/9+$:*/&&5; -0/(-80 +4>6*; 04?-

6/,29,>*; +$8'9*$./0 //G$,6$-29/*?0/7-80,. – K.: #*9$%-^'&89, 

1999. – _ 12 (25). – H. 14–18. 

6. "/9& [., "/9& M. H29$0/3&*6 2/ +$8'+$8*6'. – K.: G$,6$, 

1973. – 832 -. 
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