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 !" 532.2:519.7 

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

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

/01023+ 4 15++06240 738*9:2;  /3<3=3   

<6>0?3!3 !585, @ 4<41375223!3 <3A0A2;   

4+<3A24=3  

345 #)+!4&").,/&5 6!"!/)$, & ",$$!5/&5 .014)6/01 (,7). ,.-)#)8&49/)() -",/$6)"-, 

&$6)497*!-$5 $&$-!#, +&::!"!/;&,49/0! *",./!/&5 <'4!", (/!",7"0./)$-&, +.&=!/&5, >/!"-

(&& & $)$-)5/&5) . 2,$-/01 6")&7.)+/01 $ $))-.!-$-.*?@&#& %",!.0#& *$4).&5#&. A&$4!//)! 

"!B!/&! 6)$-,.4!//)' 7,+,2& )$/).,/) /, #!-)+! %"*6/01 2,$-&; (#!-)+! 3,.0+).,). C2!- 

64,.*2!$-& )-",8)-,//01 (,7). .!+!-$5 . ",#%,1 6"&84&=!/&5 D*$$&/!$%,. 

 

=-BCD)ED F-#),: (,7).,5 +&/,#&%,, 2&$4!//0! #!-)+0, 6"&84&=!/&! D*$$&/!$%,. 

 

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

1 &$()3 $45,6$- -/4&$($- $)&'4$)'**/0 7'%$- 2-+7'),8,9 '-)$6$-

4+8:*$7$ )&'*(.$&)'. !8; $<,*1+ 3&$-*; %'7&;%*,*+; ')6$(=,&*$7$ 

-$%230' $)&'4$)'**/6+ 7'%'6+ *'2 ),&&+)$&+,9 ($-&,6,**$7$ 7$&$2' 

)&,43,)(; &,>+): &;2 (-;%'**/0 6,?23 ($4$9 %'2'@. 

# *'()$;A,9 &'4$), &'((6')&+-',)(; %'2'@' $ 2-+?,*++ '-)$6$-

4+8;, 6$2,8+&3,6$7$ 1'1 )$@,@*/9 +()$@*+1, B6+)+&3CA+9 .$)$1 7'-

%' ( +*),*(+-*$():C m  + 6$A*$():C  , ($2,&?'A+9 %'7&;%*;CA3C 

-$%230 .'((+-*3C 7'%$-3C .&+6,(: ( 0,1q m! " , )$ ,(): 10 % B6+)+&3,-

6$9 6'((/). D,>,*+, )'1$9 %'2'@+ $43(8$-8,*$ *,$40$2+6$():C +(-

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

.$&)*/0 (&,2()-, 6$2,8+&3,6$7$ 1'1 6*$?,()-$ $)2,8:*/0 .$2-+?-

*/0 )$@,@*/0 +()$@*+1$- %'7&;%*;CA,9 .&+6,(+ &'%8+@*$9 

+*),*(+-*$()+ - .&$+%-$8:*$9 .&$()&'*()-,**$9 $48'()+ ($ (8$?*$9 

7,$6,)&+,9. 

E(.$8:%$-'*+, @+(8,**/0 6,)$2$- - *'()$;A,, -&,6; ;-8;,)(; 

$(*$-*/6 (.$($4$6 .$()&$,*+; &,>,*+9 1&',-/0 %'2'@ 7'%$-$9 2+*'-

6+1+. F&+ +((8,2$-'*++ .$2$4*/0 %'2'@ 4$8:>,, -*+6'*+, 32,8;,)(; 

1$*,@*$-&'%*$()*/6 6,)$2'6 [1–4], )&,43CA+6 $)*$(+),8:*$ 6'8/0 

-/@+(8+),8:*/0 &,(3&($-. G*'@+),8:*/9 +*),&,( -/%/-'C) (0,6/ 

='1)$&+%'<++ B-$8C<+$**/0 2+==,&,*<+'8:*/0 3&'-*,*+9 [5, 6], .$-
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%-$8;CA+, «&'(A,.8;):» 6*$7$6,&*/, %'2'@+ *' .$(8,2$-'),8:*$()+ 

$2*$6,&*/0 %'2'@, @)$ .&+-$2+) 1 (3A,()-,**$63 .$-/>,*+C B==,1-

)+-*$()+ -/@+(8+),8:*/0 '87$&+)6$-. # &;2, +((8,2$-'*+9 [7–13] 

28; &,>,*+; %'2'@ 2-+?,*+; (.8$>*$9 (&,2/ +(.$8:%3C)(; 6,)$2/ 

1$*,@*/0 + 7&'*+@*/0 B8,6,*)$- ( &'%8+@*/6+ -+2'6+ '..&$1(+6'-

<++ .$8,9 (1$&$()+, .,&,6,A,*+;, .8$)*$()+, 2'-8,*+;, ),6.,&')3&/ 

+ 2&37+0 0'&'1),&+()+1.  

!8; &,>,*+; .&+18'2*/0 %'2'@ 6,0'*+1+ (.8$>*/0 (&,2 +*),*-

(+-*$ &'%-+-',)(; + 3(.,>*$ .&+6,*;,)(; 6,)$2 1&3.*/0 @'()+< (6,-

)$2 !'-/2$-'), .$%-$8;CA+9 -/.$8*;): &'(@,)/ -+0&,-/0 ()&31)3& ( 

3@,)$6 $)&/-*/0 ;-8,*+9, +((8,2$-'): =+8:)&'<+$**/, + ()&39*/, 

[14] ),@,*+;, 7'%$- + 7+2&$2+*'6+@,(1+, .$)$1+ ( 4$8:>+6+ .,&,6,-

A,*+;6+ + ($32'&;CA+6+(; .$-,&0*$();6+ &'%2,8', 2-+?,*+, 6*$-

7$1$6.$*,*)*/0 [15, 16], (/.3@+0 + 2,=$&6+&3,6/0 (&,2 [17], ),@,-

*+; (1-$%: .&$*+<',6/, $45,1)/ [18] + 6*$7+, 2&37+, .&$<,((/. 

H +(.$8:%$-'*+,6 (+(),6/ 3&'-*,*+9 I98,&' .$()&$,*/ )&,06,&*/, 

-/@+(8+),8:*/, 6$2,8+ -%'+6$2,9()-+; ()&39 ( .$.,&,@*/6+ .$)$-

1'6+ [19, 20], +(),@,*+; 7'%' +% $)-,&()+9 + 1'*'8$- [21, 22], -$%2,9()-

-+; 32'&*/0 -$8* *' .&,.;)()-+; + 7&'*+</ &'%2,8' (&,2 [23, 24, 25], 

-8+;*+; 8$1'8+%$-'**/0 +()$@*+1$- B*,&7++ + 6'((/ *' 7'%$2+*'6+-

@,(1+, 0'&'1),&+()+1+ 7'%$-/0 .$)$1$- [26, 27].  

!8; 6$2,8+&$-'*+; 2-+?,*+; 7'%$-$%23>*$9 (6,(+ +(.$8:%3,)(; 

(+(),6' 2+==,&,*<+'8:*/0 3&'-*,*+9  I98,&' (- 2+-,&7,*)*$9 =$&6, 

[17, 18, 29]), $.+(/-'CA'; 2-+?,*+, (.8$>*$9 (&,2/ - &'((6')&+-',6$9 

$48'()+, -18C@'CA'; B-$8C<+$**/, 3&'-*,*+; *,&'%&/-*$()+ 

 # $ # $Sq
t

%&
'( & ! )

%
V r , (1) 

2-+?,*+; 

 
# $ # $ # $q SP g q

t

% &
'( & '( ! & ' )

%

V
VV V r , (2) 

.$8*$9 32,8:*$9 B*,&7++ 

 
# $ # $ # $ 0

U
U P

t

% &
'( & '( !

%
V V , (3) 

($()$;*+; ('2+'4')+@,(1+9 .&$<,(() 

 # $# $1 2 0k U P& * * + * !V V  (4) 



 

 74

+ 1$*<,*)&'<++ (- &'61'0 2+==,&,*<+'8:*$7$ .&+48+?,*+; [28]) 

 # $ # $ # $
2CO S

C
C C q

t

%
'( ! ( ,( ' )

%
V r . (5) 

G2,(: & – .8$)*$(): 7'%$-$%23>*$9 (6,(+; V – -,1)$& (1$&$()+ .$)$1' 

( 1$6.$*,*)'6+ xV , yV , zV ; U – .$8*'; 32,8:*'; B*,&7+;; P – 2'-8,-

*+,;   – 1$*<,*)&'<+; %'7&;%*;CA,9 .&+6,(+; k – .$1'%'),8: '2+'4'-

)/; )() – 2,8:)'-=3*1<+; !+&'1'; rS  – &'2+3(--,1)$& .$8$?,*+; )$-

@,@*$7$ +()$@*+1'; , – 1$B==+<+,*) 2+==3%++; q  – +*),*(+-*$(): 

-/4&$(' (6,(+ $)&'4$)'**/0 7'%$-; 
2COq  – +*),*(+-*$(): -/4&$(' 2+-

$1(+2' 378,&$2'; qV  – (1$&$(): -/4&$(' (6,(+ $)&'4$)'**/0 7'%$- +% 

-/08$.*$9 )&34/.  

J$@,@*/9 +()$@*+1 ( 1$$&2+*')'6+ , ,S S Sx y z  6$2,8+&3,) .$8$-

?,*+, $)-,&()+; -/08$.*$9 )&34/ '-)$6$4+8; - &'(@,)*$9 $48'()+ G  

(&+(. 1).  

 

D+(. 1. H0,6' &'(@,)*$9 $48'()+ + $4$%*'@,*+; ,, 7&'*+< 

# *'@'8:*/9 6$6,*) -&,6,*+ - $48'()+ G +%-,()*/ &'(.&,2,8,-

*+; 1$6.$*,*) -,1)$&' (1$&$()+, .8$)*$()+, B*,&7++, 1$*<,*)&'<++ 

+ 2'-8,*+;:  

# $ 00, , ,xV x y z V! , # $0, , , 0yV x y z ! , # $0, , , 0zV x y z ! , # $0, , , 0C x y z ! , 

# $ 00, , ,x y z& ! & , # $ 00, , ,U x y z U! , # $ 00, , ,P x y z P!  , ,x y z G- . 

K&'*+@*/, 3(8$-+; +6,C) (8,23CA+9 -+2: 
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0xV ! , 0yV ! , 0zV ! , 0z%& % ! , 0U z% % ! , 0C z% % ! , 1, ,x y z G-% ; 

0xV z% % ! , 0yV z% % ! , 0zV z% % ! , 0z%& % ! , 0U z% % ! , 

 0C z% % ! , 2, ,x y z G-% ; (6)
 

0xV V! , 0yV x% % ! , 0zV x% % ! , 0& ! & , 0U U! , 0C ! , 3, ,x y z G-% ; 

0xV x% % ! , 0yV x% % ! , 0zV x% % ! , 0x%& % ! , 

0U x% % ! , 0C z% % ! , 4, ,x y z G-% ; 

0xV y% % ! , 0yV ! , 0zV y% % ! , 0y%& % ! , 

0U y% % ! , 0C z% % ! , 5, ,x y z G-% ; 

0xV y% % ! , 0yV y% % ! , 0zV y% % ! , 0y%& % ! , 

0U y% % ! , 0C z% % ! , 6, ,x y z G-% . 

!8; 3@,)' .8'-3@,()+ %'7&;%*;CA,9 7'%$-$9 .&+6,(+ +(.$8:%3-

,)(; .&+48+?,*+, L3((+*,(1' [0], ($78'(*$ 1$)$&$63 - .&,2.$8$?,-

*++ $ 6'8$()+ 1$*<,*)&'<++ C +(.$8:%3,)(; .&,2()'-8,*+, .8$)*$()+ 

7'%$-$%23>*$9 (6,(+ - -+2,  

 # $ # $ # $# $0 0 0 0CC C C C C C.& ! & '& * ! & '/ , (7) 

72, # $0 0C& ! & ; # $0C C./ ! &  – 1$*<,*)&'<+$**/9 1$B==+<+,*) .8$)-

*$()+; *'@'8:*'; 1$*<,*)&'<+; %'7&;%*;CA,9 .&+6,(+ $)(3)()-3,), )$ 

,(): 0 0C ! . 

F3(): - *,1$)$&$6 $45,6, M ($2,&?')(; -$%230, +6,CA+9 .8$)-

*$(): 0& , + .'((+-*'; 7'%$-'; .&+6,(: ( .8$)*$():C .& , %'*+6'CA'; 

$45,6 M.. N'((/ -$%230' + .&+6,(+ ($$)-,)()-,**$ &'-*/ 

# $0 0 .m ! & 0*0  + . . .m ! & 0 . F8$)*$(): 7'%$-$%23>*$9 (6,(+ 

- &'((6')&+-',6$6 $45,6, M $.&,2,8;,)(; -/&'?,*+,6  

# $0 .0 . 0. . . .
0

.

m m
C

& 0*0' && 0 & 0
& ! ! ' ! & * ' !

0 0 0 & 0
 

0 0
0 0

. .

1C C C
1 2& &

! & * ' ! & ' *3 4& &5 6
, 

72,   – 1$*<,*)&'<+; .&+6,(+ - $45,6, M. H&'-*,*+, .$83@,**$7$ 

-/&'?,*+; + ($$)*$>,*+; (7) .$%-$8;,) $.&,2,8+): -,8+@+*3 1$*<,*-

)&'<+$**$7$ 1$B==+<+,*)'  .8$)*$()+: 
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0

F

1
&

/ ! *
&

. 

!8; 1$&&,1)*$7$ 3@,)' (1$&$()*/0 7&'*+@*/0 3(8$-+9 <,8,($-

$4&'%*$ .$8*$, 2'-8,*+, 7'%$--$%23>*$9 (6,(+ ! - 3&'-*,*+;0 (2)–(4) 

.&,2()'-+): - -+2, (366/ 7+2&$()')+@,(1$7$ 2'-8,*+; P7 + $)18$*,-

*+; p  2'-8,*+; $) 7+2&$()')+@,(1$7$, 

 7P P p! ' , (8) 

.&+@,6 7 0P P gz! *& , 0P  – 2'-8,*+, -$%230' *' 3&$-*, .$-,&0*$()+ 

%,68+; g – 3(1$&,*+, (-$4$2*$7$ .'2,*+;. 

H 3@,)$6 .&+48+?,*+; -/&'?,*+9 (7) + (8) 3&'-*,*+; 2-+?,*+; 

(2), .$8*$9 32,8:*$9 B*,&7++ (3) + ($()$;*+; (4) .&+*+6'C) -+2 

 
# $ # $ # $q Sp Cg q

t

% &
'( & '( ! / ' )

%

V
VV V r , (9) 

 
# $ # $ # $ # $7

U
U p P

t

% &
'( & '( ! *(

%
V V V , (10) 

 # $# $ 71 2k U p P& * * + * !V V . (11) 

# ($$)-,)()-++ ( +2,,9 6,)$2' 1&3.*/0 @'()+< (+(),6' 3&'-*,-

*+9 (1), (5), (9)–(11) &'(A,.8;,)(; .$ =+%+@,(1+6 .&$<,(('6. D'(@,) 

1'?2$7$ -&,6,**$7$ (8$; &'%4+-',)(; *' )&+ B)'.'. !8; &,'8+%'<++ 

.,&-$7$ (B98,&$-') B)'.' (@+)',)(;, @)$ +%6,*;C)(; 8+>: -,8+@+*/, 

$)*$(;A+,(; 1 ;@,91, - <,8$6, ' (.8$>*'; (&,2' .&,2.$8'7',)(; %'-

)$&6$?,**$9. H+(),6' 3&'-*,*+9 (1), (3), (5) + (11) .&,2()'-8;,)(; 

- -+2, 

# $

# $ # $ 7

const,

const,

,

( ).

C

p Cg
t

U p P
t

& !7
8 !8
8 %8

& '( ! /9
%8

8 %8 & '( ! *(
%8:

V

V V

 

 &'-*,*+; B)$9 (+(),6/ %'.+(/-'C)(; - -+2, ;-*/0 1$*,@*$-

&'%*$()*/0 (0,6: 
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# $1/2 1/2xijk xijk i jk i jk ijk xV V p p t h' *! * * ; & , 

# $1/2 1/2yijk yijk ij k ij k ijk yV V p p t h' *! * * ; & , 

# $1/2 1/2zijk zijk ijk ijk ijk z ijk ijkV V p p t h C g t' *! * * ; & */ ; & , 

# $ # $< # $ # $1/2 1/2 1/2 1/2ijk ijk x x x y y yi jk i jk ij k ij k
U U t pV pV h pV pV h' * ' *

= >= >! * ; * ' * '? @? @A B A B
  

# $ # $ # $ # $K K1/2 1/2 1/2 1/2z z z x x xijk ijk i jk i jk
pV pV h P V P V h

' * ' *
= >= >' * ' * '? @A B A B

 

# $ # $ # $ # $ CK K K K1/2 1/21/2 1/2
.y y y z z z ijkijk ijkij k ij k

P V P V h P V P V h
' *' *

= > = >' * ' * &? @ A BA B
 

# .&+-,2,**/0 ($$)*$>,*+;0 -,8+@+*/ ( 2&$4*/6+ +*2,1('6+ 

$.&,2,8;C)(; 1'1 

# $1/2 1 2i jk ijk i jkD DE F E 'E , # $1/2 1 2ij k ijk ij kD DE F E 'E , 

# $1/2 1 2ijk ijk ijkD DE F E 'E , 

72, E .&+*+6',) %*'@,*+; 7 7 7, , , , ,x y z x y zp pV pV pV P V PV PV . 

O' -)$&$6 (8'7&'*?,-$6) B)'., -/@+(8;C)(; B==,1)/ .,&,*$(', 

3@+)/-'CA+, $46,* 6,?23 ;@,91'6+ .&+ +0 .,&,()&$91, *' .&,?*CC 

B98,&$-3 (,)13. P.&,2,8;C)(; .$)$1+ 6'((/ %' -&,6; ;t @,&,% 7&'*+-

</ B98,&$-/0 ;@,,1. !8; 3@,)' *'.&'-8,*+; 2-+?,*+; (.8$>*$9 (&,-

2/ .$)$1+ 6'((/, +6.38:(' + .$8*$9 32,8:*$9 B*,&7++ $.&,2,8;C)(; 

-/&'?,*+;6+ 

# $ 1/2 1/2

1/2
1 1/2 1/2

, 0,

, 0;

ijk xi jk xi jk

x i jk
i jk xi jk xi jk

V V
V

V V

' '

'
' ' '

7E G8
E ! 9

E H8:

  

 

  
 

# $ 1 1/2 1/2

1/2
1/2 1/2

, 0,

, 0;

i jk xi jk xi jk

x i jk
ijk xi jk xi jk

V V
V

V V

* * *

*
* *

7E G8
E ! 9

E H8:

  

 

  
 

# $ 1/2 1/2

1/2
1 1/2 1/2

, 0,

, 0;

ijk yij k yij k

y ij k
ij k yij k yij k

V V
V

V V

' '

'
' ' '

7E G8
E ! 9

E H8:

  

 

  
 

# $ 1 1/2 1/2

1/2
1/2 1/2

, 0,

, 0;

ij k yij k yij k

y ij k
ijk yij k yij k

V V
V

V V

* * *

*
* *

7E G8
E ! 9

E H8:

  

 

  
 



 

 78

# $ 1/2 1/2

1/2
1 1/2 1/2

, 0,

, 0;

ijk zijk zijk

z ijk
ijk zijk zijk

V V
V

V V

' '

'
' ' '

7E G8
E ! 9

E H8:

  

 

  
 

# $ 1 1/2 1/2

1/2
1/2 1/2

, 0,

, 0.

ij k zijk zijk

z ijk
ijk zijk zijk

V V
V

V V

* * *

*
* *

7E G8
E ! 9

E H8:

  

 

  
 

# B)+0 -/&'?,*+;0 E .&+*+6',) %*'@,*+; , , , ,x y zV V V U& & & & &    , 

, , ,x y zC CV CV CV   . 

O' )&,):,6, %'18C@+),8:*$6, B)'., $1$*@'),8:*/, %*'@,*+; 6'(-

(/, +6.38:(' + B*,&7++ - 6$6,*) -&,6,*+ t̂ t t! ' ;  $.&,2,8;C)(; %'-

1$*'6+ ($0&'*,*+; 6'((/, +6.38:(' + B*,&7++, %'.+('**/6+ ( 3@,)$6 

.&$6,?3)$@*/0 %*'@,*+9 .'&'6,)&$- .$)$1': 

# $

# $ # $

# $ # $

# $ # $

0,

,

0,

.

t

t

U U
t

C
C C

t

%&7 '( & !8 %
8
8 %

& '( & !8
%8

9
%8 & '( & !8%

8
8%

'( ! ( ,(8
%:

 

   

   

V

V VV 0

V

V

 

D'%*$()*'; '..&$1(+6'<+; 3&'-*,*+9 .&+-$2+) 1 (+(),6, &'%-

&,>'CA+0 ($$)*$>,*+9 

# $ # $
1 2 1 2

ˆ
ijk ijk x x xi jk i jk

t V V h
' *

78= >& ! & *; & * & '9? @A B8:

   

# $ # $ # $ # $
1 2 1 21 2 1 2y y y z z zijk ijkij k ij k

V V h V V h
' *' *

I8= > = >' & * & ' & * & J? @? @ A BA B 8K

    , 

# $ # $
1 2 1 2

ˆ ˆ ˆ
xijk xijk ijk ijk x x x x ijk xi jk i jk

V V t V V V V h
' *

78= >! & & *; & * & & '9? @A B8:
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# $ # $ # $ # $
1 2 1 21 2 1 2

ˆ ˆx y x y ijk y x z x z ijk zijk ijkij k ij k
V V V V h V V V V h

' *' *

I
8= > = >' & * & & ' & * & & J? @ ? @A BA B 8K

        , 

# $ # $
1 2 1 2

ˆ ˆ ˆ
yijk yijk ijk ijk y x y x ijk xi jk i jk

V V t V V V V h
' *

78= >! & & *; & * & & '9? @A B8:

      

# $ # $ # $ # $
1 2 1 2 1 2 1 2

ˆ ˆy y y y ijk y y z y z ijk zij k ij k ijk ijk
V V V V h V V V V h

' * ' *

I
8= > = >' & * & & ' & * & & J? @ ? @A B A B 8K

        , 

# $ # $
1 2 1 2

ˆ ˆ ˆ
zijk zijk ijk ijk z x z x ijk xi jk i jk

V V t V V V V h
' *

78= >! & & *; & * & & '9? @A B8:

      

# $ # $ # $ # $
1 2 1 21 2 1 2

ˆ ˆz y z y ijk y z z z z ijk zijk ijkij k ij k
V V V V h V V V V h

' *' *

I
8= > = >' & * & & ' & * & & J? @ ? @A BA B 8K

        , 

# $ # $
1 2 1 2

ˆ ˆ ˆ
ijk ijk ijk ijk x x ijk xi jk i jk

U U t UV UV h
' *

78= >! & & *; & * & & '9? @A B8:

      

# $ # $ # $ # $
1 2 1 21 2 1 2

ˆ ˆy y ijk y z z ijk zijk ijkij k ij k
UV UV h UV UV h

' *' *

I
8= > = >' & * & & ' & * & & J? @ ? @A BA B 8K

        . 

# $ # $ # $ # $
1 2 1 2 1 2 1 2

ˆ
ijk ijk x x x y y yi jk i jk ij k ij k

C C t CV CV h CV CV h
' * ' *

7
8 = >= >! * ; * ' * '9 ? @? @A B A B8:

     

# $ # $ # $ # $
1 2 1 21 2 1 2z z z xi jk i jkijk ijk

CV CV h t C C h
' *' *

I 78 8= > = >' * ' ; ,( * ,( 'J 9? @ A BA B 8 8:K

   

# $ # $ # $ # $1 2 1 2 1 2 1 2y zi jk i jk i jk i jk
C C h C C h' * ' *

I
8= > = >' ,( * ,( ' ,( * ,( J? @ ? @A B A B 8K

. 

# .$(8,2*,6 -/&'?,*++ +(.$8:%$-'*/ $4$%*'@,*+; 

# $ # $# $1 11 2
2i jk ijk i jk ijk xi jk

C C C h' ''
,( ! , ' , * , 

# $ # $# $1 11 2
2ijk i jk ijk i jk xi jk

C C C h* **
,( ! , ' , * , 
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# $ # $# $1 11/2
2i jk ijk i jk ijk yij k

C C C h' ''
,( ! , ' , * , 

# $ # $# $1 11/2
2ijk i jk ijk i jk yij k

C C C h* **
,( ! , ' , * , 

# $ # $# $1 11/2
2i jk ijk i jk ijk zijk

C C C h' ''
,( ! , ' , * , 

# $ # $# $1 11/2
2ijk i jk ijk i jk zijk

C C C h* **
,( ! , ' , * . 

F$8, 2'-8,*+; -/@+(8;,)(; +% 3&'-*,*+; ($()$;*+; (11) 

# $ < 2 2 2ˆ ˆ ˆ ˆˆ1 0,5ijk ijk ijk xijk yijk zijkp k U V V V! * & * ' ' '  

# $ # $ # $2 2 2

7
ˆ ˆ ˆ ˆ

ijk xijk xijk yijk yijk zijk xzjk ijkV V V V V V P
I= >'& * ' * ' * & *J? @A B K

   . 

F$ $1$*@'*++ )&,):,7$ B)'.' - ;@,91,, 72, &'(.$8$?,* )$@,@*/9 

+()$@*+1, - ($$)-,)()-++ ( 3&'-*,*+;6+ (1), (5) + (10) .,&,(@+)/-'C)-

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

8+@+* q , 
2COq + Vq: 

# $ ˆˆ
xijk xijk qx ijk x y zV t V qV t h h h! ' ; & , # $ˆ ˆ

ijk ijk x y zt q t h h h& ! & ' ; , 

# $
2CO

ˆˆ
ijk ijk x y zC t C q t h h h! ' ; . 

H +(.$8:%$-'*+,6 $.+('**$7$ '87$&+)6' &'%&'4$)'* 1$6.8,1( 

.&$7&'66 28; @+(8,**$7$ +((8,2$-'*+; .&$()&'*()-,**$7$ .,&,*$(' + 

&'((,;*+; .&+6,(,9, -/4&'(/-',6/0 )$@,@*/6 +()$@*+1$6. J,()+&$-

-'*+, .&$7&'66*$7$ 1$6.8,1(' -/.$8*,*$ ( +(.$8:%$-'*+,6 )$@*$7$ 

&,>,*+; @'()*$9 %'2'@+ $4 B6+((++ (?+6',6$7$ 7'%' )$@,@*/6 +()$@-

*+1$6 [31]. 

!8; -/.$8*,*+; -/@+(8+),8:*/0 B1(.,&+6,*)$- .&+*;)$: +*-

),*(+-*$(): +()$@*+1' $)&'4$)'**/0 7'%$- q = 1,2 7/(; +*),*(+-*$(): 

B6+((++ 2+$1(+2' 378,&$2' 
2COq = 0,12 7/(; (1$&$(): Vq = 10 6/(; .$1'-

%'),8: '2+'4')/ k = 1,67; .8$)*$(): -$%230' &0 = 1,29 17/6
3
, .8$)*$(): 

2+$1(+2' 378,&$2' (($2,&?'*+, - $)&'4$)'**/0 7'%'0 '-)$)&'*(.$&)' 

2$()+7',) 10 %, [0]) &. = 1,98 17/6
3
. #/@+(8+),8:*/9 B1(.,&+6,*) -/-

.$8*;8(; ( 3@,)$6 -,)&', +%6,*;CA,7$(; .$ -/($), &'((6')&+-',6$9 

$48'()+ 8+*,9*$ $) 0 2$ 1 6/( ((6. &+(. 1). 
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"  

 
#  

 
$  

 
% 

D+(. 2. D'(.&,2,8,*+, 1$*<,*)&'<++ 2+$1(+2' 378,&$2' (7/63)  

- .8$(1$()+ y = 0,5 6 .$(8, 1,0 ( ("), 1,25 ( (#), 1,5 ( ($) + 1,75 ( (%) 
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O' &+(. 2 .$1'%'*/ &'(.&,2,8,*+; 1$*<,*)&'<++ %'7&;%*;CA,7$ 

-,A,()-' - .8$(1$()+ 0,5y ! 6 .$(8, 1, 1,25, 1,5 + 1,75 (,13*2 .$(8, 

*'@'8' &'((6')&+-',6$7$ .&$<,(('. F&+-,2,**/, *' &+(3*1, &'(.&,-

2,8,*+; 1$*<,*)&'<+9 .$1'%/-'C), @)$ %' (@,) (+8/ );?,()+ $)*$(+-

),8:*$ );?,8'; .&+6,(: 2+$1(+2' 378,&$2' $.3(1',)(; -*+%, *'&3>'; 

(+66,)&+@*$, .,&-$*'@'8:*$, &'(.&,2,8,*+, %'7&;%*;CA,7$ -,A,()-

-' - ($()'-, $)&'4$)'**/0 7'%$- '-)$6$4+8:*$7$ )&'*(.$&)'. 

F$83@,*$ @+(8,**$, &,>,*+, %'2'@+ $ .,&,*$(, + &'((,;*++ - 

)&,06,&*$9 $48'()+ );?,8$7$ 7'%', B6+)+&3,6$7$ .$2-+?*/6 )$@,@-

*/6 +()$@*+1$6 (*' .&+6,&, 2+$1(+2' 378,&$2'). !8; +*),7&+&$-'*+; 

(+(),6/ 3&'-*,*+9 I98,&' +(.$8:%$-'* 6$2+=+<+&$-'**/9 -'&+'*) 

6,)$2 !'-/2$-' (6,)$2' 1&3.*/0 @'()+<), 3@+)/-'CA+9 .8'-3@,(): 

7'%' ( .$6$A:C .&+48+?,*+; L3((+*,(1'. #/@+(8+),8:*/9 B1(.,&+-

6,*) .$%-$8+8 $.&,2,8+): .$8; (1$&$()+, .8$)*$()+, 1$*<,*)&'<++, 

2'-8,*+; + 32,8:*$9 -*3)&,**,9 B*,&7++ 28; 1'?2$7$ 6$6,*)' -&,6,-

*+ &'((6')&+-',6$7$ .&$<,(('. D'(.&,2,8,*+, 1$*<,*)&'<+9 .$1'%/-

-',) $.3(1'*+, $)*$(+),8:*$ );?,8$9 7'%$-$9 .&+6,(+ .$2 2,9()-+,6 

(+8/ );?,()+. 
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