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 !" 614.86:531.3-043.61 

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

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

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

+ ,-./ " + 0./+1! 2!34.536  !/101738.9

21 ,/18:51!.536 "+3 21+1451-/+ 5,"1+/5;<

"+13,=.,/!36<

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

"%*23/*+$/-0 /$ +"$4,! '(-+*,0% 3 *,/*5/!#/&) +&+*,!). 6%* "+05!/*

" *%"7%"%+-$) ,*"%*+$(/*8 -/9*()!:-- * 5/!#$/-01 5!%(!% ;/$(4--

/! ,$9*()!:-< !+%*)*=-2>/&1 ,$%!2$8, ! %!3.$ -/9*()!:-- * /!-

'(!+2$/-- 7,!(/*4* -)'72>"!.  !"")!%(-+!$%"0 "'*"*= (!"#$%! '!(!-

)$%(*+ ,+-.$/-0 !+%*)*=-20, /$ %($=7<?-8 ++*,! 5/!#$/-8 3*;99--

:-$/%! +*""%!/*+2$/-0 - /!'(!+2$/-0 7,!(/*4* -)'72>"!.

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

+!, ;/$(4-- /! ,$9*()!:--, 7,!(/&8 -)'72>".

!#$ %&'&()$ *+,+- +./0/&1()-&2304 5326&%/)*7, 2.$*+((71 2 60-

)2308 *(+-&()4 6+%+8&/%0. ,.)9&()$ /%+(260%/(71 2%&,2/. (:;) 6%)

,0%09(0-/%+(260%/(71 6%0)2'&2/.)$1 (!:<) 2 30278 20=,+%&()&8,

80>=/ ?7/@ )260#@*0.+(7 %+*#)-(7& 8&/0,)3). A0,&#), )260#@*=&87&

. 8&/0,)3+1, )8&B/ %+*(=B 2/&6&(@ 2#09(02/). C+)?0#&& 6%02/7& )*

()1 [2] 602/%0&(7 60 0?D)8 6%)(E)6+8 5#&8&(/+%(04 /&0%)) =,+%+,

>,& 02(0.= 80,&#) 202/+.#$&/ =%+.(&()&, 06)27.+BD&& *+30( 201%+(&-

()$ )86=#@2+ /.&%,0>0 /&#+. <%) 5/08 (& ?&%&/2$ .0 .()8+()& 2=D&2/-

.0.+()& 808&(/+ )86=#@2+, 30/0%74 .0*()3+&/ 6%) .(&E&(/%&((71 20-

=,+%&()$1. :+39& 6%) (&)*.&2/(71 .&#)-)(+1 *+/%+/ 5(&%>)) =,+%+ (+

,&F0%8+E)B =*#0. ) ,&/+#&4 +./080?)#&4 %&308&(,=&/2$ 6%)()8+/@

*(+-&()& 305FF)E)&(/+ .022/+(0.#&()$, %+.(0& &,)()E&. G/0 2=D&2/-

.&((0 0?#&>-+&/ %+?0/= 5326&%/+: /%&?=&/2$ 8)()8+#@(0& 30#)-&2/.0

)210,(71 ,+((71 ,#$ %+2-&/+. H,(+30 (+2/0$D)& ,06=D&()$ ,&#+B/

%+2-&/7 6%)?#)*)/&#@(78). I0#&& /0>0, 60,0?(7& 80,&#) %+2-&/+, 3+3

6%+.)#0, 80>=/ ?7/@ 6%)8&(&(7 /0#@30 ,#$ -+2/(71 2#=-+&. 20=,+%&-

()4 – . 6%0/).(08 2#=-+& .0*809(0 2)#@(0& %+2109,&()& F+3/)-&23)1

) %+2-&/(71 *(+-&()4 6+%+8&/%0..
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J260#@*0.+()& 8&/0,)3, )8&BD)1 . 2.0&8 202/+.& ?0#&& 2#09-

(7& 80,&#), 3+3 6%+.)#0, 60*.0#$B/ 2=D&2/.&((0 60.72)/@ /0-(02/@

%&*=#@/+/0.. C0 . 5/08 2#=-+& 02/+&/2$ 6%0?#&8+ )23+9&()$ %+2-&/0.

6%) (&.&%(08 .7?0%& )210,(71 ,+((71: (+6%+.#&()$ ,&42/.)$ =,+%-

(0>0 )86=#@2+, 305FF)E)&(/+ .022/+(0.#&()$ ) ,%. "+3 6%+.)#0, 532-

6&%/ 6%) %+22#&,0.+()) 0?2/0$/&#@2/. !:< %+260#+>+&/ 8)()8+#@(78

30#)-&2/.08 )210,(71 ,+((71, + )(F0%8+E)$ 0 (+6%+.#&()$1 ,&42/-

.)$ =,+%(71 )86=#@20. ) 305FF)E)&(/& .022/+(0.#&()$ 0/2=/2/.=&/.

G/0 .7(=9,+&/ )22#&,0.+/&#$ 6%)()8+/@ %&'&()$ )210,$ )* +(+#)*+

#)?0 60#=-+/@ )2308=B )(F0%8+E)B, )260#@*=$ /+?#)-(7& ,+((7&

)#) 586)%)-&23)& %+2-&/7. K #B?08 2#=-+& ,+9& 6%)?#)*)/&#@(0& 20-

0/.&/2/.)& .7?%+((71 *(+-&()4 %&+#@(78 6+%+8&/%+8 8+#0.&%0$/(0,

+ 2#&,0.+/&#@(0, =2#09(&((7& 8&/0,)3), (&280/%$ (+ 60/&(E)+#@(7&

.0*809(02/), /+39& (& .2&>,+ 60*.0#$B/ ,0?)/@2$ 60#=-&()$ 0?L&3-

/).(71 %&*=#@/+/0..

M&#@B (+2/0$D&4 %+?0/7 $.#$&/2$ +(+#)* 6#02304 80,&#) 3020>0

20=,+%&()$ /%+(260%/(71 2%&,2/. ) 60)23 6=/&4 %&'&()$ *+,+-)

2/0#3(0.&()$ 2 )260#@*0.+()&8 8)()8+#@(0>0 30#)-&2/.+ )210,(71

,+((71, )2/)((0& *(+-&()& 30/0%71 809&/ ?7/@ ,060,#)((0 =2/+(0.-

#&(0 2 =-&/08 2=D&2/.=BD&4 6%+3/)3) 2?0%+ ) =-&/+ 6&%.)-(04 )(-

F0%8+E)) 0 !:<.

<#023+$ 80,&#@ 2/0#3(0.&()$ (& 809&/ >+%+(/)%0.+/@ 2/06%0-

E&(/(0& 200/.&/2/.)& %&+#@(08= 60.&,&()B /%+(260%/(71 2%&,2/..

H,(+30, =-)/7.+$ /0/ F+3/, -/0 (+ %+?0/= 2)# ,&86F)%0.+()$ . 60,-

.&23& =10,)/ (&*(+-)/&#@(+$ ,0#$ 5(&%>)) ,.)9&()$ +./080?)#$, 6#0-

23+$ 80,&#@ 809&/ 2-)/+/@2$ +,&3.+/(04 ) ,02/+/0-(04.

C+ %)2. 1 6%).&,&(+ %+2-&/(+$ 21&8+-80,&#@ 2/0#3(0.&()$ ,.=1

:;: 6=2/@ 2/+#3).+B/2$ ,.+ :; %+*#)-(04 8+227 60, (&30/0%78 =>#08

0/(02)/&#@(0 ,%=> ,%=>+. :+30& 2/0#3(0.&()& 809(0 01+%+3/&%)*0.+/@

3+3 /$:$/%(!2>/*$ 3*"*$ "*7,!($/-$.

<%&,#+>+&8+$ 80,&#@ ?=,&/ )8&/@ %$, ,06=D&()4, 30/0%7&, ?&*-

=2#0.(0, 60.#)$B/ (+ /0-(02/@ 30(&-(0>0 %&*=#@/+/+, 0,(+30 5/0 60-

*.0#)/ =6%02/)/@ %&'&()&:

1) =,+% 6%0)210,)/ 8>(0.&((0;

2) 2)#7 /%&()$ . /0-3& 20=,+%&()$ 6%&(&?%&9)/&#@(0 8+#7;

3) =,+%(74 )86=#@2 ,&42/.=&/ .,0#@ #)()) – (0%8+#) 3 /0-3&

=,+%+.
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N)2. 1. N+2-&/(+$ 21&8+ 6%0E&22+ 20=,+%&()$

K 02(0.& %&'&()$ *+,+-) 0 20=,+%&()) ,.=1 /&# #&9)/ *+30( 20-

1%+(&()$ 5(&%>)) ) )86=#@2+.

K 2#=-+&, 30>,+ %+228+/%).+&/2$ (&602%&,2/.&((0 6%0E&22 2/0#3-

(0.&()$, ,)22)6+E)$ (60/&%$) 5(&%>)) =10,)/ (+ ,&F0%8+E)B 3=*0.+.

 %+.(&()& )*8&(&()$ 5(&%>&/)-&230>0 ?+#+(2+ . %&*=#@/+/& 2/0#3(0-

.&()$ 6%)()8+&/ .),

2 2 2 2 2 2 2 2

1 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2
,&F0%8

2 2 2 2 2 2 2 2

m v m v J J mV m V J J
A

ω ω Ω Ω
+ + + = + + + + ,  (1) 

>,& ()9()& )(,&327 2)8.0#0. . =%+.(&()) 0*(+-+B/ (08&% /%+(2-

60%/(0>0 2%&,2/.+; vi – 230%02/@ i->0 :; ,0 =,+%+; Vi – 230%02/@ i->0 :;

602#& =,+%+; Ji – 808&(/ )(&%E)) i->0 :;; Oi – =>#0.+$ 230%02/@ .%+D&-

()$ i->0 :; ,0 =,+%+ .03%=> .&%/)3+#@(04 02); Pi – =>#0.+$ 230%02/@

.%+D&()$ i->0 :; 602#& =,+%+ .03%=> .&%/)3+#@(04 02).

Q+30( 201%+(&()$ 5(&%>)) . =%+.(&()) (2) $.#$&/2$ 02(0.04 >)-

60/&*7 C@B/0(+: 0/(0'&()& 80,=#$ (0%8+#@(04 202/+.#$BD&4 0/(0-

2)/&#@(04 230%02/) /0-3) 30(/+3/+ /&# 602#& =,+%+ 3 &>0 *(+-&()B ,0
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=,+%+ &2/@ (&30/0%+$ F)*)-&23+$ 602/0$((+$ (3*;99-:-$/% +*""%!-

/*+2$/-0), 1+%+3/&%)*=BD+$ F)*)-&23)& 2.042/.+ 20=,+%$BD)12$ /&#,

(0 (& *+.)2$D+$ 0/ )1 8+227 ) 0/(02)/&#@(04 230%02/):

1 1 2 2 1 1 2 2( )U n U n u n u n× + × = −ε × + ×
  

      

,  (2) 

>,& Ui, ui – 0/(02)/&#@(7& 230%02/) /0-&3 . 8&2/& 20=,+%&()$ /&# 602#&

) ,0 =,+%+; R – 305FF)E)&(/ .022/+(0.#&()$.

H/(02)/&#@(7& 230%02/) /0-&3 =,+%+ ,#$ :; S1 ) S2

i i i i
U V r= + Ω ×
   

 

,
i i i i

u v r= + ω × .

N&')/@ *+,+-= 2/0#3(0.&()$ (&.0*809(0, )260#@*=$ #)'@ F0%-

8=#= (2). :%&?=&/2$ 202/+.)/@ 2)2/&8= =%+.(&()4, >,& -)2#0 (&)*.&2/-

(71 ?=,&/ 200/.&/2/.0.+/@ -)2#= =%+.(&()4.

Q+30( 201%+(&()$ )86=#@2+ (-+2/(+$ )(/&%6%&/+E)$ *+30(+ 20-

1%+(&()$ 5(&%>))) 60809&/ 202/+.)/@ (&0?10,)80& -)2#0 =%+.(&()4:

1) ,#$ #)(&4(0>0 6&%&8&D&()$ E&(/%+ 8+22 +./080?)#$

1 1 2 2 1 1 2 2m v m v mV m V+ = +
  

  

;  (3) 

2) ,#$ .%+D+/&#@(0>0 ,.)9&()$ :; .03%=> E&(/%+ 8+22

1 1 2 2 1 1 2 2J J J Jω + ω = Ω + Ω
  

  

.  (4) 

T0%8=#7 (3) ) (4) 80>=/ ?7/@ *+6)2+(7 . )(08 .),&:

1 1 1 1 2 2 2 2mV m v m V m v− = −
  

  

)#) 1 1 1 2 2 2( ) ( )m V v m V v− = −
  

  

;  (3+)

1 1 1 1 2 2 1 1J J J JΩ − ω = Ω − ω
  

  

)#) 1 1 1 2 2 1( ) ( )J JΩ − ω = Ω − ω
  

  

.  (4+)

U&.+$ ) 6%+.+$ -+2/) =%+.(&()$ (3+) 6%&,2/+.#$B/ 20?04 =,+%-

(74 )86=#@2 . /0-3& 20=,+%&()$, ,&42/.=BD)4 0,)(+30.0 (+ :; S 1 

) S 2: 

1 1 1 2 1( )m V v S n− =
 

  

; 2 2 2 2 2( )m V v S n− =
 

  

,  (3?)

>,& Si – =,+%(74 )86=#@2, ,&42/.=BD)4 (+ i-& :;; ni – &,)()-(74 .&3-

/0%, (+6%+.#&((74 60 (0%8+#) (#)()) =,+%+). V,)()-(74 .&3/0% 603+-

*7.+&/ (+6%+.#&()& ,&42/.)$ =,+%(0>0 )86=#@2+ Si. H-&.),(0, -/0 60

80,=#B .&3/0% 1S
 

%+.&( .&3/0%= 2S
 

: 1 2S S S= =
  

.
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!#$ =%+.(&()$ (4+) /+39& ?=,&/ 26%+.&,#).+ *+6)2@

1 1 1 1 1( ) ( )J S r nΩ − ω = ×
 

   

;
2 2 2 2 2( ) ( )J S r nΩ − ω = ×

 

   

,  (4?)

>,& ri – %+,)=2-.&3/0%, )8&BD)4 (+-+#0 . /0-3& E&(/%+ 8+22, 30(&E – .

/0-3& 6%)#09&()$ =,+%(0>0 )86=#@2+ i->0 :;.

<0#@*=$2@ =%+.(&()$8) (2), (3?), (4?), (& 2#09(0 (+4/) 2#&,=B-

D=B *+.)2)802/@:

1 1 2 2

1
1

( )S U n U n
D

+
ε

= × + ×
  

  

,  (5) 

>,& D – 305FF)E)&(/, =-)/7.+BD)4 8+220>+?+%)/(7& 1+%+3/&%)2/)3)

:;,

2 2

1 1 2 21 2

1 2 1 2

( ) ( )r n r nm m
D

m m J J

× ×+
= + +

    

. (6) 

:+3)8 0?%+*08, 602/+.#&((+$ *+,+-+ 2.0,)/2$ 3 %&'&()B 2)2/&-

87 6$/) =%+.(&()4:

1 1 1 1 1( ) ,m V v S n− =
 

  

2 2 2 2 2( ) ,m V v S n− =
 

  

1 1 1 1 1 1( ) ( ),J S r nΩ − ω = ×
 

   

  (7) 

2 2 2 2 2 2( ) ( ),J S r nΩ − ω = ×
 

   

1 1 2 2

1
1

( ).S U n U n
D

+
ε

= × + ×
  

  

 -)/7.+$ %+(&& 6%)($/7& ,06=D&()$, )8&&8 6$/@ (&)*.&2/(71

.&#)-)(: v1, v2, S, O1, O2, 30/0%7& 80>=/ ?7/@ (+4,&(7 %&'&()&8 2)2-

/&87, 6%) =2#0.)), -/0 )*.&2/(0 60#09&()& #)()) =,+%+ ) 305FF)E)-

&(/ .022/+(0.#&()$, – *+,+-+ (& 809&/ ?7/@ %&'&(+ ?&* ,060#()/&#@-

(71 )210,(71 ,+((71.

W(+#)* 6%0E&220. 20=,+%&()4 6%) ?0#@')(2/.& !:< 603+*7.+&/,

-/0 (+ 808&(/ 20=,+%&()$ +./080?)#) ,.)9=/2$ 6%$80#)(&4(0, (&

.%+D+$2@. :+3)8 0?%+*08, 2#&,=&/ 2-)/+/@ )*.&2/(78) *(+-&()$ 230-
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%02/&4 .%+D&()$ :; . 808&(/ 6&%&, 2/0#3(0.&()&8: 1 2 0ω = ω = .

K 5/08 2#=-+& 2/+(0.)/2$ .0*809(78 06%&,&#&()& 0%)&(/+E)) #)())

=,+%+ 0/(02)/&#@(0 :; S 1 ) S 2. 

Q(+$, -/0 =,+%(74 )86=#@2 0,)(+30.0 .0*,&42/.=&/ (+ /%+(2-

60%/(7& 2%&,2/.+, =%+.(&()$ (4?) 809(0 2.&2/) 3 0,(08=:

1 1 1 2 2 2

1 1 2 2

( ) ( )

( ) ( )

J J

r n r n

Ω − ω Ω − ω
=

× ×

  

  

    

,

)#), 602#& 6%&0?%+*0.+()4,

1 1 1 1 1

2 22 2 2

.
J r n

r nJ

Ω − ω ×
=

×Ω − ω

 

 

  

 

  
 

  (8) 

K&3/0%(0& 6%0)*.&,&()& ( )
i i

r n×
  

)8&&/ 2.04 >&08&/%)-&23)4 2872#

. =%+.(&()$1 (4?): 80,=#@ 6%0)*.&,&()$ -)2#&((0 %+.&( 3%+/-+4'&8=

%+22/0$())B 0/ E&(/%+ 8+22 i->0 :; ,0 #)()) ,&42/.)$ =,+%(0>0 )86=#@-

2+ (28. (+ %)2. 1 0/%&*3) hi).  8(09+$ 80,=#@ 60#=-&((0>0 6%0)*.&,&()$

(+ 23+#$% )86=#@2+ S, 60#=-+&8 808&(/ )86=#@2+, -/0 200/.&/2/.=&/ -)2-

#&((08= *(+-&()B #&.04 -+2/) =%+.(&()$ – ( )
i i i

J Ω − ω
 

 

.

;-)/+$ 1 2 0ω = ω = , #&>30 (+4/) 200/(0'&()&

1 1 1 1 1

2 2 22 2

J r n h

r n hJ

Ω ×
= =

×Ω

 

  

 

  

,

+ *(+-)/, ) 60#09&()& #)()) =,+%+.

<0#09&()& #)()) ,&42/.)$ =,+%(0>0 )86=#@2+ 0/(02)/&#@(0

2/+#3).+BD)12$ /%+(260%/(71 2%&,2/. 809&/ ?7/@ (+4,&(0 ,#$ .2&1

2#=-+&. 3020>0 20=,+%&()$, 30>,+ )*.&2/(0, -/0 (+ 808&(/ 20=,+%&()$

+./080?)#) (& 20.&%'+#) .%+D+/&#@(0>0 ,.)9&()$ .03%=> .&%/)3+#@-

(04 02) (,.)>+#)2@ #)(&4(0).

<0#09&()& #)()) =,+%+ 06%&,&#$&/ (+6%+.#&()& ,&42/.)$ =,+%-

(0>0 )86=#@2+. H,(+30 $.#$&/2$ #) 5/0 ,02/+/0-(78 ,#$ %&'&()$ 2)2-

/&87 =%+.(&()4 (7)? Q(+-&()& )86=#@2+ S 809&/ ?7/@ (+4,&(0 )* =2-

#0.)$, -/0 )*.&2/(0 *(+-&()& 305FF)E)&(/+ .022/+(0.#&()$, 0,(+30

5326&%/ (& 809&/ %+260#+>+/@ /+3)8) ,+((78). :+3)8 0?%+*08, (+
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,+((08 5/+6& 0-&%&,(04 *+,+-&4 2/+(0.)/2$ )22#&,0.+()& .0*809(0-

2/) 06%&,&#&()$ 230%02/&4 ,.)9&()$ /%+(260%/(71 2%&,2/. (+ 808&(/

20=,+%&()$ ?&* ..&,&()$ )(F0%8+E)) 0 305FF)E)&(/& .022/+(0.#&()$.

K ?0#@')(2/.& 2#=-+&. 6%) +(+#)*& ,0%09(0-/%+(260%/(71 6%0-

)2'&2/.)4 .0*809(0 06%&,&#)/@ (+6%+.#&()$ ,.)9&()4 /%+(260%/(71

2%&,2/. (+ 808&(/ 20=,+%&()$. "%08& /0>0, >+%+(/)&4 6%+.)#@(02/)

%&'&()$ $.#$&/2$ 20?#B,&()& %+.&(2/.+ (2) – 5/0 ,02/+/0-(0& =2#0.)&

,#$ %&'&()$ 2)2/&87 =%+.(&()4 (7) ?&* ..0,+ *(+-&()4 305FF)E)&(/+

.022/+(0.#&()$ . 3+-&2/.& )210,(71 ,+((71.

N&'&()& 602/+.#&((04 *+,+-) . %+83+1 06)2+((71 =2#0.)4 6%&,-

#+>+&/2$ %&+#)*0.+/@ -)2#&((78 8&/0,08.

;=D(02/@ -)2#&((0>0 8&/0,+ 2.0,)/2$ 3 %+2-&/= 8+22).+ *(+-&-

()4 .&3/0%0. 230%02/&4 ,0 2/0#3(0.&()$ ) .7?0%= 6+% .&3/0%0., =,0.-

#&/.0%$BD)1 %+.&(2/.= (2). !#$ 5/0>0 (+ #)()) =,+%+ (&0?10,)80 60-

0-&%&,(0 0/3#+,7.+/@ .&3/0%+ 230%02/&4 =,+%(0>0 )86=#@2+ 1Sn
 

) 2Sn
 

0/ 8)()8+#@(0 .0*809(0>0 ,0 8+32)8+#@(0>0 *(+-&()4 2 .7?%+((78

'+>08 )/&%+E)4 (8)()8+#@(0& *(+-&()& – (=#@; 8+32)8+#@(0& *(+-&-

()& .&3/0%+ ,0#9(0 200/.&/2/.0.+/@ (+)8&(@'&8= )* 80,=#&4 1V
 

) 2V
 

). 

"+9,74 )* .&3/0%0. =,+%(0>0 )86=#@2+ &2/@ (& -/0 )(0&, 3+3 6%0)*.&-

,&()& 8+227 (+ 230%02/@ 0/,&#@(0 .*$/0>0 /%+(260%/(0>0 2%&,2/.+,

2#&,0.+/&#@(0, 1 2
1 2

1 2

,
S S

Sn Sn
v v

m m
= =

  

 
!

, >,& 1S
v
 

) 2S
v
 

 – .&3/0%7 230%02/&4

0/ =,+%(0>0 )86=#@2+, 20(+6%+.#&((7& 2 1n
 

) 2n
 

200/.&/2/.&((0. !#$

3+9,0>0 .7?%+((0>0 1S i
v
 

) 2S i
v
 

(+ 0-&%&,(08 i-8 '+>& (&2#09(0 0/7-

23+/@ /+30& 60#09&()& 1V
 

) 2V
 

, 30>,+ ?=,&/ 20?#B,+/@2$ %+.&(2/.0

1 1 1S i i i
v v V+ =

 

  

,
2 2 2S i i i

v v V+ =
 

  

.  (9) 

!+((7& =%+.(&()$ %&'+B/2$ )* =2#0.)4 1 1i
V V=
  

, 2 2i
V V=
  

;

1i
v
 

) 2i
v
 

)8&B/ (&)*8&((7& 200/.&/2/.=BD)& (+6%+.#&()$ ((+ %)2. 2,!

.&3/0%7 1i
v
 

) 2i
v
 

(+6%+.#&(7 .,0#@ '/%)10.71 #)()4). X&08&/%)-&-

23)4 2872# %&'&()$ 2.0,)/2$ 3 202/+.#&()B 6+%+##&#0>%+880. .&3/0-

%0.: 0/#09). (+ 2)2/&8& 300%,)(+/ .&3/0%7 11S
v
 

, 21S
v
 

, =3+*+. (+6%+.-

#&()$ .&3/0%0. v1, v2, 809(0 (+4/) )23087& 80,=#) v11, v21 (%)2. 2,=).
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N+22-)/+. v11, v21, 809(0 6%)2/=6+/@ 3 2#&,=BD&8= '+>= E)3#+ – 

%+2-&/= v12, v22. !#$ 5/0>0 60/%&?=B/2$ (0.7& ,+((7& – ./0%7& 5#&8&(-

/7 8+22).0. 12S
v
 

, 22S
v
 

. J260#@*=$ 06)2+((74 .7'& +#>0%)/8, %+22-)-

/7.+&8 v12, v22.

W(+#0>)-(78 0?%+*08 (+10,)8 v1i, v2i, >,& i – 60%$,30.74 (08&%

5#&8&(/0. 8+22).0. v1, v2, 202/0$D)1 )* n 5#&8&(/0. 3+9,74 (' – 30-

#)-&2/.0 *+,+((71 E)3#0.).

!                                                                               =

N)2. 2. ;1&8+ %+2-&/+ .&3/0%0. 230%02/&4 ,.)9&()$ +./080?)#&4

. 808&(/ 6&%&, 2/0#3(0.&()&8

"+3 %&*=#@/+/, . 30(&-(08 )/0>& ?=,&8 )8&/@ 8+22).7

v1 = {v11, v12, v13, …, v1n}; v2 = {v21, v22, v23, …, v2n}.

Q+.&%'+BD)8 5/+608 60)23+ *(+-&()4 230%02/&4 . 808&(/ 6&%&,

=,+%08 ?=,&/ $.#$/@2$ .7?0% 6+%7 5#&8&(/0. 8+22).0., )8&BD)1 0,)-

(+30.74 60%$,30.74 (08&% . 8+22).&, 30/0%74 ?=,&/ =,0.#&/.0%$/@

%+.&(2/.= (2). 

<0,.0,$ )/0>), 809(0 .7,&#)/@ 02(0.(7& 5/+67 ,02/)9&()$ 60-

2/+.#&((04 E&#) – 5/+67, 30/0%7& . /&*)2(04 F0%8& 06)27.+B/ +#>0-

%)/8 %+2-&/+ . 200/.&/2/.)) 2 %+*%+?0/+((04 80,&#@B:

1) 06%&,&#&()& 80,=#&4 #)(&4(71 230%02/&4 /%+(260%/(71

2%&,2/. 602#& =,+%+; =>#0.71 230%02/&4 602#& =,+%+, 2?0% )(F0%8+E))

0 8+220>+?+%)/(71 1+%+3/&%)2/)3+1 :;;

2) 06%&,&#&()& .*+)8(0>0 %+260#09&()$ /%+(260%/(71 2%&,2/.

. 808&(/ 20=,+%&()$; %+22/0$()4 0/ E&(/%0. 8+22 ,0 /0-3) 20=,+%&()$

. 808&(/ =,+%+;
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3) 06%&,&#&()& 60#09&()$ #)()) =,+%+;

4) .7-)2#&()& 5#&8&(/0. ,.=1 8+22).0. (6%0>%+88(74 E)3#): 

0,)( )* 5#&8&(/0. 3+9,0>0 8+22).+ ?=,&/ $.#$/@2$ %&'&()&8;

5) 06%&,&#&()& 6+%7 5#&8&(/0. )* 200/.&/2/.=BD)1 8+22).0.,

(+)?0#&& 60#(0 =,0.#&/.0%$BD)1 %+.&(2/.= (-)2#&((74 )#) >%+F)-&-

23)4 26020?).

W(+#)* 0?D)1 *+30(08&%(02/&4 6%0E&22+ 20=,+%&()$ ,.=1 +./0-

80?)#&4 ) .0*809(02/&4 6#02304 80,&#) 3020>0 20=,+%&()$ ,.=1 /&#,

06)2+((04 2 6080D@B 02(0.(71 60#09&()4 3#+22)-&2304 /&0%)) =,+-

%+, 60*.0#)# .7$.)/@ 26020?7 %+2-&/+ 6+%+8&/%0. ,.)9&()$ /%+(2-

60%/(71 2%&,2/. . 808&(/ ,0 2/0#3(0.&()$ ?&* ..0,+ )(F0%8+E))

0 *(+-&()) 305FF)E)&(/+ .022/+(0.#&()$ ) 60#09&()) #)()) =,+%(0-

>0 )86=#@2+. <02/+.#&((+$ E&#@ ,02/)>(=/+: ,#$ %+2-&/+ 230%02/&4

,.)9&()$ +./080?)#&4 ,0 =,+%+ /%&?=B/2$ )210,(7& ,+((7&, 30/0%7&

80>=/ ?7/@ 60#=-&(7 5326&%/08 )* +(+#)*+ 0?2/0$/&#@2/. !:< ) /&1-

()-&23)1 1+%+3/&%)2/)3 /%+(260%/(71 2%&,2/..
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