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ɸʙʨʝʛʦʚ ʄ.ʍ.
1
, ʂʘʥʯʫʢʦʝʚ ɺ.ɿ.

1
, ʐʘʨʜʘʥʦʚʘ ʄ.ɸ.

2
 

1
ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,  

2
ʘʩʧʠʨʘʥʪ, 

ʌɻɹʆʋ ɺʇʆ çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘè 

ʂʈɸɽɺɸʗ ɿɸɼɸʏɸ ʇɽʈɺʆɻʆ ʈʆɼɸ ɼʃʗ ʃʀʅɽʁʅʆɻʆ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ 

ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ ʉ ʆʊʂʃʆʅʗʖʑʀʄʉʗ ɸʈɻʋʄɽʅʊʆʄ ʅɸ ʉʀʄʄɽʊʈʀʏʅʆʄ ʆʊʈɽɿʂɽ 

ɸʥʥʦʪʘʮʠʷ 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʜʨʫʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ ʘʨʛʫʤʝʥʪʦʤ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʦʜʥʦʟʥʘʯʥʫʶ ʨʘʟʨʝʰʠʤʦʩʪʴ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ ʘʨʛʫʤʝʥʪʦʤ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʤ ʦʪʨʝʟʢʝ. ʀʩʧʦʣʴʟʫʷ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʦʪʨʝʟʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʝʰʘʝʪʩʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʨʝʰʝʥʠʝ ʠʱʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʯʝʪʥʦʡ ʠ ʥʝʯʝʪʥʦʡ 

ʬʫʥʢʮʠʠ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʨʝʰʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʧʨʦʩʘ ʨʘʟʨʝʰʠʤʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʜʣʷ ʯʝʪʥʦʡ ʠʣʠ ʥʝʯʝʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʫʩʣʦʚʠʝ ʦʜʥʦʟʥʘʯʥʦʡ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʉʚʦʡʩʪʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʩʧʝʢʪʨ  

ʠʩʩʣʝʜʫʝʤʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʷ ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ ʘʨʛʫʤʝʥʪʦʤ, ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʩʠʤʤʝʪʨʠʯʥʳʡ ʦʪʨʝʟʦʢ, ʯʝʪʥʘʷ ʠʣʠ 

ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʠ, ʦʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ, ʩʧʝʢʪʨ. 
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VALUE PROBLEM FOR THE FIRST KIND OF LINEAR SECOND ORDER DIFFERENTIAL EQUATIONS 

WITH DEVIATING ARGUMENT ON BALANCED SEGMENT  

Abstract 
Modelling of engineering and economic, biological, and medical and other applications makes it necessary to study 

problems for ordinary differential equations and partial differential equations.We study the unique solvability of the boundary 

value problem for first order ordinary linear second-order differential equation with deviating argument on a symmetric 

interval. Using the symmetry of the segment, which solved the boundary value problem, the solution is sought in the form of a 

sum of even and odd functions. With this approach, the solution is reduced to the study of the question of solvability of 

classical boundary value problems for even or odd components of unknown function that allows you to set conditions for the 

unique solvability depending on the input data. Properties auxiliary task allowed to establish spectrum investigated boundary 

value problem. 

 

ʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ ʘʨʛʫʤʝʥʪʦʤ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʝ, 

ʵʢʦʥʦʤʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [1,3-5]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʤ ʦʪʨʝʟʢʝ [ ]ll ,-  ʙʫʜʝʤ ʠʟʫʯʘʪʴ ʥʘ ʦʜʥʦʟʥʘʯʥʫʶ ʨʘʟʨʝʰʠʤʦʩʪʴ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ 

 () ( ) () lxlxfxuxu <<--=-Ö+¡¡ ,l ,                                  (1) 

 ( ) () ,0,0 ==- lulu                                                              (2) 

ʛʜʝ -l  ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ, ʥʝ ʨʘʚʥʦʝ ʥʫʣʶ.   

 ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ()-xf ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ [ ]ll ,-  ʬʫʥʢʮʠʷ ʠ ʚʳʧʦʣʥʝʥʦ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ: 

ʘ) ,...3,1,
4

,0
2

22

=¸> n
l

np
ll   

 ʙ) ,...,4,2,
4

,0
2

22

=-̧< n
l

np
ll                                   (3) 

ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1),(2) ʩʫʱʝʩʪʚʫʝʪ, ʝʜʠʥʩʪʚʝʥʥʦ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ [ ]llC ,2 - . 

 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (1),(2) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ  

 () () ()xvxpxu += ,                                                          (4) 

ʛʜʝ ()-xp ʯʝʪʥʘʷ, ()-xv  ʥʝʯʝʪʥʘʷ, ʜʚʘʞʜʳ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʥʘ ʦʪʨʝʟʢʝ [ ]ll ,-  ʬʫʥʢʮʠʠ. ɺʚʝʜʝʤ 

ʦʙʦʟʥʘʯʝʥʠʷ: 

 () () ( )( )xfxfx -+= 5.0a ,         

 () () ( )( )xfxfx --= 5.0b .                                               (5) 

ʆʯʝʚʠʜʥʦ, ()-xa ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ, ()-xb ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʷ ʠ 

ʈ 
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 () () ()xfxx =+ba .  

 ʇʦʜʩʪʘʚʣʷʷ (4) ʚ (1), ʠ ʠʩʧʦʣʴʟʫʷ ʦʙʦʟʥʘʯʝʥʠʷ (5), ʧʦʣʫʯʘʝʤ: 

() () ( ) ( ) () ()xxxvxpxvxp ball --=-Ö+-Ö+¡¡+¡¡ . 

ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ( ) () ( ) ()xvxvxpxp -=-=- , , ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ 

() () () () () ()xxxvxvxpxp ball --=Ö-¡¡+Ö+¡¡ . 

ɺʳʙʝʨʝʤ ʬʫʥʢʮʠʶ ()xv  ʚ (4), ʢʘʢ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

 
() () ()

( ) () ,0,0

,

==-

-=-¡¡

lvlv

xxvxv bl
  (6) 

ʘ ʬʫʥʢʮʠʶ ()xp  - ʢʘʢ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

 
() () ()

( ) () .0,0

,

==-

-=+¡¡

lplp

xxpxp al
   (7) 

ʇʫʩʪʴ ʚʳʧʦʣʥʝʥ ʧʫʥʢʪ ʘ) ʫʩʣʦʚʠʷ 3). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ (6) ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʘ [2,6] ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ 

[ ]llC ,2 - . ʇʦʣʫʯʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʯʝʨʝʟ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʯʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ()xv  ʧʨʝʜʩʪʘʚʠʤʦ 

ʚ ʚʠʜʝ 

 () () (),0 xVxvxv +=   (8) 

ʛʜʝ ()xv0  ï  ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6), ʘ ()xV  ï ʢʘʢʦʝ-ʣʠʙʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (6). ʌʫʥʢʮʠʷ ()xv0
 ʠʤʝʝʪ ʚʠʜ  

 () xx
ececxv

ll -
+= 210 ,  (9) 

ʛʜʝ 1c  ʠ 2c  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (6) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ 

 () () () xx excexcxV
ll -

+= 21 ,  (10) 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʩʣʦʚʠʶ ʥʝʯʝʪʥʦʩʪʠ ( ) ()xVxV -=-  ʥʘ [ ].,ll-  

ʌʫʥʢʮʠʠ ()xc1  ʠ ()xc2  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʝ: 

 
() ()

() () ()îí

î
ì
ë

-=¡-¡

=¡+¡

-

-

.

,0

21

21

xexcexc

excexc

xx

xx

bll ll

ll

  (11) 

ʆʯʝʚʠʜʥʦ, ʦʧʨʝʜʝʣʠʪʝʣʴ ʩʠʩʪʝʤʳ (11) ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ, ʝʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ:  

 

() ()

() ().
2

1

,
2

1

2

1

xexc

xexc

x

x

b
l

b
l

l

l

=¡

-=¡ -

  (12) 

ʀʥʪʝʛʨʠʨʫʷ (12) ʧʨʠ ʫʩʣʦʚʠʷʭ ʧʨʠ ʫʩʣʦʚʠʷʭ () () ,00,00 21 == cc  ʥʘʭʦʜʠʤ: 

 

() ()

() ()ñ

ñ

=

-= -

x
t

x
t

dttexc

dttexc

0

2

0

1

.
2

1

,
2

1

b
l

b
l

l

l

    (13) 

ʇʦʜʩʪʘʚʣʷʷ (13) ʚ (10), ʧʦʣʫʯʘʝʤ: 

() () () =+-= ñ ñ
----

x x
txtx dttedttexV

0 0

)()(

2

1

2

1
b

l
b

l

ll
 

() .))((
1

0

ñ -=
x

dttxtsh bl
l
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ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʥʝʯʝʪʥʦʩʪʠ ʬʫʥʢʮʠʠ ()xV . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) ʠʤʝʝʪ ʚʠʜ: 

 () ( )( )() .
1

0

21 dttxtshececxv
x

xx bl
l

ll -++= ñ
-

  (14) 

ʇʦʜʩʪʘʚʣʷʷ (14) ʚ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ (6), ʧʨʠʭʦʜʠʤ ʢ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

1c  ʠ 2c : 

( )( )()

( )( )()
î
î

í

î
î

ì

ë

=+++

=-++

ñ

ñ

-

-

-

l

ll

l

ll

dttltshecec

dttltshecec

0

21

0

21

,0
1

,0
1

bl
l

bl
l

ll

ll

 

ʠʟ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʤ: 

( )
( )( )()ñ -Ö-=

l

dttltsh
lsh

c
0

1 ,
2

11
bl

ll
 

( )
( )( )()ñ -Ö=

l

dttltsh
lsh

c
0

2 .
2

11
bl

ll
 

ʇʦʜʩʪʘʚʣʷʷ 1c  ʠ 2c  ʚ (14), ʧʦʣʫʯʘʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (6) ʯʝʨʝʟ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

 ()
( )
( )

( )( )() ( )( )()
ö
ö

÷

õ

æ
æ

ç

å
-+-Ö-= ñ ñ

l x

dttxtshdttltsh
lsh

xsh
xv

0 0

1
blbl

l

l

l
.       (15) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (7) ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ  

 () () ()xPxpxp += 0 ,  (16) 

ʛʜʝ ()xp0  - ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (7), ʘ ()xP  - ʢʘʢʦʝ-ʣʠʙʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (7). ʌʫʥʢʮʠʷ ()xp0
 ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ  

 () ,sincos 210 xcxcxp ll +=   (17) 

ʛʜʝ 1c  ʠ 2c  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. ʌʫʥʢʮʠʶ ()xP  ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ  

 () () () xxcxxcxP ll sincos 21 += ,  (18) 

ʧʨʠʯʝʤ ʙʫʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʦʚʘʪʴ ʜʣʷ ʥʝʝ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʯʝʪʥʦʩʪʠ ( ) ()xPxP =- . 

ʌʫʥʢʮʠʠ ()xc1  ʠ ()xc2  ʚ (18) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ: 

 
() ()

() () ()îí

î
ì
ë

-=¡+¡-

=¡+¡

.cossin

,0sincos

21

21

xxxcxxc

xxcxxc

allll

ll
  (19) 

ʆʧʨʝʜʝʣʠʪʝʣʴ  ʩʠʩʪʝʤʳ (19) ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ, ʦʥʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ: 

 

() ()

() () .cos
1

,sin
1

2

1

xxxc

xxxc

la
l

la
l

-=¡

=¡

  (20) 

ʀʥʪʝʛʨʠʨʫʷ ʨʘʚʝʥʩʪʚʘ (20) ʧʨʠ ʫʩʣʦʚʠʷʭ () () 00,00 21 == cc , ʥʘʭʦʜʠʤ: 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 5 ǐ ʄʘʡ 
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() ()

() () .cos
1

,sin
1

0

2

0

1

ñ

ñ

-=

=

x

x

dttxxc

dtttxc

la
l

la
l

  (21) 

ʇʦʜʩʪʘʚʣʷʷ (21) ʚ (18), ʧʦʣʫʯʘʝʤ:  

() ( )()=Ö-Ö= ñ
x

tdtxtxxP
0

cossinsincos
1

llll
l

 

 () ( )( ) .sin
1

0

ñ -=
x

dtxtt la
l

  (22) 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʜʩʪʘʥʦʚʢʦʡ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʯʝʪʥʦʩʪʠ ( ) ()xPxP =- . ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (7) ʠʤʝʝʪ ʚʠʜ: 

() () ( )( )ñ -++=
x

dtxttxcxcxp
0

21 sin
1

sincos la
l

ll .      (23) 

ʀʟ ʪʨʝʙʦʚʘʥʠʷ ʯʝʪʥʦʩʪʠ ʬʫʥʢʮʠʠ (23) ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʝ 02=c . ʂʦʵʬʬʠʮʠʝʥʪ 1c  ʥʘʭʦʜʠʤ, 

ʠʩʧʦʣʴʟʫʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ (7), ʠʟ ʫʨʘʚʥʝʥʠʷ  

() ( )( ) ,0sin
1

cos
0

1 =-+ ñ
l

dtlttlc la
l

l   

ʢʦʪʦʨʦʝ ʨʘʟʨʝʰʠʤʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ 0cos ¸ll ,  

ʪ.ʝ. ʧʨʠ ....,5,3,1,
4 2

22

=¸ n
l

np
l . ɺ ʵʪʦʤ ʩʣʫʯʘʝ  

 

 () () ( )( ) () ( )( )
ö
ö

÷

õ

æ
æ

ç

å
---Ö-= ñ ñ

l x

dtxttdtltt
l

x
xp

0 0

sinsin
cos

cos1
lala

l

l

l
.      (24) 

ʇʦʢʘʞʝʤ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʵʪʦʛʦ ʨʝʰʝʥʠʷ. 

 ʇʫʩʪʴ ()xu1  ʠ ()-xu2 ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1),(2). ʌʫʥʢʮʠʷ () () ()xuxuxz 21 -=  ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ  

 () ( ) 0=-Ö+¡¡ xzxz l , ( ) ()0,0 ==- lzlz .                             (25)  

ʇʨʝʜʩʪʘʚʠʤ ()xz  ʚ ʚʠʜʝ () () ()xvxpxz += , ʛʜʝ ()-xp ʯʝʪʥʘʷ, ʘ ()-xv ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʠ ʥʘ [ ]ll ,- . 

ʇʦʜʩʪʘʚʣʷʷ  ()xz  ʚ ʫʨʘʚʥʝʥʠʝ (1) ʠ ʫʯʠʪʳʚʘʷ ʯʝʪʥʦʩʪʴ ()xp  ʠ ʥʝʯʝʪʥʦʩʪʴ ()xv , ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ  

() () () () 0=Ö-¡¡+Ö+¡¡ xvxvxpxp ll . 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʨʘʚʝʥʩʪʚʘ ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʘ ʥʫʣʶ, ʘ ʝʝ ʯʝʪʥʘʷ ʠ ʥʝʯʝʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʘʢʞʝ ʨʘʚʥʳ 

ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ()xp  ʠ ()xv  ʙʫʜʫʪ ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯ: 

 () () ( ) ()0,0,0 ==-=Ö+¡¡ lplpxpxp l ,                              (26) 

 () () ( ) () 0,0,0 ==-=Ö-¡¡ lvlvxvxv l ,                                (27) 

ʢʦʪʦʨʳʝ ʧʨʠ ,...,3,1,
4 2

22

=¸ n
l

np
l   ʠʤʝʶʪ ʪʦʣʴʢʦ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,() () 021 =- xuxu , 

ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1),(2). 

ʇʫʩʪʴ ʚʳʧʦʣʥʝʥ ʧʫʥʢʪ ʙ) ʫʩʣʦʚʠʷ 3). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ (7) ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʘ ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʝʡ 

[ ]llʉ ,2 - , ʝʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

 ()
( )
( )

() ( )( ) () ( )( ) .
1

0 0
ö
ö

÷

õ

æ
æ

ç

å
-----Ö

-

-

-
-= ñ ñ

l x

dtxtshtdtltsht
lsh

xsh
xp lala

l

l

l
 (28) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (6) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ  
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10 

 

 () () (),0 xVxvxv +=   (29) 

ʛʜʝ ()xv0  - ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

 () ,sincos 210 xcxcxv ll -+-=   (30) 

ʛʜʝ 1c  ʠ 2c  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. ʏʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ()xV  ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) ʠʱʝʤ ʤʝʪʦʜʦʤ 

ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʪʨʝʙʦʚʘʥʠʠ ʥʝʯʝʪʥʦʩʪʠ ʵʪʦʡ ʬʫʥʢʮʠʠ ʥʘ [ ]ll ,-  ʚ ʚʠʜʝ 

 () () .sin)(cos 21 xxcxxcxV ll -+=   (31) 

ʀʟ ʩʠʩʪʝʤʳ 

() ()

() () ()îí

î
ì
ë

-=-¡-+-¡--

=-¡+-¡

,cossin

.0sincos

21

21

xxxcxxc

xxcxxc

bllll

ll
 

ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: () () 00,00 21 == cc , ʥʘʭʦʜʠʤ: 

() () ( )

() () ( )ñ

ñ

l-b
l-

-=

l-b
l-

=

x

x

dtttxc

dtttxc

0

2

0

1

.cos
1

,sin
1

 

ʇʦʜʩʪʘʚʣʷʷ ()xc1  ʠ ()xc2  ʚ (31), ʧʦʣʫʯʘʝʤ: 

() ()( )()

() ( )( ).sin
1

cossinsincos
1

0

0

ñ

ñ

--
-

=

=----Ö-=

x

x

dtxtt

tdtxtxtxV

lb
l

llllb
l

 

ʅʝʪʨʫʜʥʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ( ) ().xVxV -=-  ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) ʠʤʝʝʪ ʚʠʜ: 

 () () ( )( )dtxttxcxcxv
x

ñ --
-

+-+-=
0

21 sin
1

sincos lb
l

ll  (32) 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (32) ʠ ʪʨʝʙʦʚʘʥʠʷ ʥʝʯʝʪʥʦʩʪʠ ʬʫʥʢʮʠʠ ()xv  ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʣʝʜʫʝʪ, ʯʪʦ 01=c . 

ʇʦʜʩʪʘʚʣʷʷ (32) ʚ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ (6), ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 2c : 

( ) () ( )( ) ,0sin
1

sin
0

2 =--
-

+- ñ dtlttlc
l

lb
l

l  

ʢʦʪʦʨʦʝ ʨʘʟʨʝʰʠʤʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ( ) 0sin ¸- ll , ʪʦ ʝʩʪʴ ʧʨʠ  

,...4,2,
4 2

22

=-̧ n
l

np
l . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ (6) ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʘ ʠ ʝʸ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ: 

 ()
( )
( )

() ( )( ) () ( )( )dtxttdtltt
l

x
xv

xl

ññ --æ
æ
ç

å
---Ö

-

-

-
-=

00

sinsin
sin

sin1
lblb

l

l

l
.   (33)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʫʥʢʪʘ ʙ) ʫʩʣʦʚʠʷ (3)  ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1),(2) ʩʫʱʝʩʪʚʫʝʪ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

(4), ʛʜʝ ()xp  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (28), ʘ ()xv - ʧʦ ʬʦʨʤʫʣʝ  (33).  

ʆʜʥʦʟʥʘʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1),(2)  ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʫʥʢʪʘ ʙ) ʫʩʣʦʚʠʷ (3) ʜʦʢʘʟʳʚʘʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ  ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʫʥʢʪʘ ʘ).  
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ɸʙʨʝʛʦʚ ʄ.ʍ.
1
, ʂʘʥʯʫʢʦʝʚ ɺ.ɿ.

1
, ʐʘʨʜʘʥʦʚʘ ʄ.ɸ.

2
 

1
ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

2
ʘʩʧʠʨʘʥʪ, 

ʌɻɹʆʋ ɺʇʆ çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘè 

ʏʀʉʃɽʅʅʓʁ ʄɽʊʆɼ ʈɽʐɽʅʀʗ ʂʈɸɽɺʆʁ ɿɸɼɸʏʀ ʇɽʈɺʆɻʆ ʈʆɼɸ ɼʃʗ ʃʀʅɽʁʅʆɻʆ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ  ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ ʉ ʆʊʂʃʆʅʗʖʑʀʄʉʗ ɸʈɻʋʄɽʅʊʆʄ 

ʅɸ ʉʀʄʄɽʊʈʀʏʅʆʄ ʆʊʈɽɿʂɽ 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʧʝʨʚʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ ʘʨʛʫʤʝʥʪʦʤ. ʇʦʩʪʨʦʝʥʘ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ 

ʩʭʝʤʘ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʟʘʜʘʯʫ ʩ ʪʦʯʥʦʩʪʴʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʰʘʛʫ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ. ʀʟ 

ʧʦʣʫʯʝʥʥʦʡ ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ ʨʝʰʝʥʠʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʩʣʝʜʫʝʪ ʝʝ ʩʭʦʜʠʤʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʘ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ, ʩʦʩʪʦʷʱʠʡ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʝʝ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʩʝʪʦʯʥʳʭ ʬʫʥʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʟʘʜʘʯʠ, 

ʠʤʝʶʱʝʡ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʷ ʝʝ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ ʘʨʛʫʤʝʥʪʦʤ, ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ, ʜʚʫʭʪʦʯʝʯʥʘʷ ʢʨʘʝʚʘʷ 

ʟʘʜʘʯʘ, ʩʠʤʤʝʪʨʠʯʥʳʡ ʦʪʨʝʟʦʢ, ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ, ʘʧʨʠʦʨʥʘʷ ʦʮʝʥʢʘ, ʩʭʦʜʠʤʦʩʪʴ. 
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Abstract 
In the developed numerical method for solving the first boundary value problem for a model second-order ordinary 

differential equation with deviating argument. Built finite-difference scheme that approximates the differential problem with 

the accuracy of second order in step a uniform grid. From the resulting a priori estimates of the solution finite difference 

scheme implies its convergence under certain conditions to the input parameters of the problem. The method of 

implementation of the finite scheme consisting in the presentation of its solutions in the form of a sum of two grid functions, 

each of which is a solution of the classical boundary value problem for a differential equation of second order. Conducted 

computing experiments confirm the theoretical results obtained in this work. The work is an example of the problem, which has 

countless solutions due to violations of the conditions for its unique solvability. 

Keywords: equation with deviating argument, numerical solution method, two-point boundary value problem, symmetric 
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ʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʩʣʫʞʠʣʦ ʤʦʱʥʳʤ ʪʦʣʯʢʦʤ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʤʥʦʛʠʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʪʝʣʝʤʝʭʘʥʠʢʠ, ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʢʠʙʝʨʥʝʪʠʢʠ ʠ ʜʨʫʛʠʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʠ ʫʨʘʚʥʝʥʠʷʭ ʩ ʯʘʩʪʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ ʘʨʛʫʤʝʥʪʦʤ [1-4]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʝʤ ʠʟʫʯʘʪʴ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ  

 () ( ) () ., lxlxfxbuxu <<--=-+¡¡                               (1)  

( ) () ,0,0 ==- lulu
                                                           (2) 

ʈ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 5 ǐ ʄʘʡ 
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ʛʜʝ  () ]1,0[Cxf Í , -b  ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ. 

ɺ ʥʘʯʘʣʝ ʫʩʪʘʥʦʚʠʤ ʫʩʣʦʚʠʷ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ (1), (2). ʀʤʝʝʪ ʤʝʩʪʦ  

ʊʝʦʨʝʤʘ 1.  ʇʫʩʪʴ  () ],[ llCxf -Í  ʠ ʚʳʧʦʣʥʝʥʦ  ʫʩʣʦʚʠʝ 

                  .
1
2l

b <                                                                 (3) 

ʊʦʛʜʘ  ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1)-(2) ʠʤʝʝʪ ʤʝʩʪʦ  ʘʧʨʠʦʨʥʘʷ ʦʮʝʥʢʘ ʯʝʨʝʟ ʧʨʘʚʫʶ ʯʘʩʪʴ 
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f
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l
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2

2

1
 .                                                     (4) 

ʇʨʠ ʵʪʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʫʝʪ ʠ ʝʜʠʥʩʪʚʝʥʥʦ ʚ ʢʣʘʩʩʝ ],[2 llC - . 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (1) ʥʘ )(xu  ʠ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ [ ].,ll-  

 ()() ( )() ()()ñ ñ ñ
- - -

---=¡¡
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l

l

l

l

dxxuxfdxxuxubdxxuxu .                            (5) 
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ʪʦ ʠʟ (5), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ (2), ʧʦʣʫʯʘʝʤ 

CCC
ufllubu Ö+Ö¢¡ 22

22
, 

ʦʪʢʫʜʘ, ʩ ʫʯʝʪʦʤ ʦʮʝʥʢʠ 
222

uu
l C

¡¢ , ʥʘʭʦʜʠʤ: 

 
CCCC

uflulbu
l

Ö+ÖÖ¢ 22
2 22

                                              (6) 

ʠʣʠ  

( )
CC

flubl Ö¢Ö- 221 . 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʠ (3) ʠʟ (6) ʧʦʣʫʯʘʝʤ ʘʧʨʠʦʨʥʫʶ ʦʮʝʥʢʫ (4). ʀʟ ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ (4) ʩʣʝʜʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1),(2).  

ɼʦʢʘʞʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1),(2).  ɹʫʜʝʤ ʠʩʢʘʪʴ ʝʝ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ  

 () () ()xvxpxu += ,                                                   (7) 

ʛʜʝ ()-xp ʯʝʪʥʘʷ, ()-xv  ʥʝʯʝʪʥʘʷ ʥʘ [ ]ll ,- ,  ʜʚʘʞʜʳ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ, ʨʘʚʥʳʝ ʥʫʣʶ ʚ ʪʦʯʢʘʭ 

lx -=  ʠ lx= . ʇʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ  

 () () (),xxxf ba +=                                                       (8) 

ʛʜʝ                                                      

() () ( )( )xfxfx -+= 5.0a ,  

() () ( )( )xfxfx --= 5.0b . 

ʆʯʝʚʠʜʥʦ, ()-xa ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ, ()-xb ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʠ.  

ʇʦʜʩʪʘʚʣʷʷ  (7) ʚ ʫʨʘʚʥʝʥʠʝ (1),  ʠ ʫʯʠʪʳʚʘʷ (8), ʧʦʣʫʯʠʤ: 

 () () ( ) ( ) () ()xxxvbxpbxvxp ba --=-Ö+-Ö+¡¡+¡¡ .                 (9) 

ʀʩʧʦʣʴʟʫʷ ʨʘʚʝʥʩʪʚʘ 

( ) ),()(),( xvxvxpxp -=-=-  

ʧʝʨʝʧʠʰʝʤ (9) ʚ ʚʠʜʝ  

() () () () () ()xxxvbxpbxvxp ba --=-+¡¡+¡¡ . 

ʇʫʩʪʴ )(xp - ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ  

 
() () ()

( ) () ,0,0

,

==-

-=Ö+¡¡

lplp

xxpbxp a
                                          (10) 

ʘ )(xv -ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ  

 
() () ()

( ) () .0,0

,

==-

-=Ö-¡¡

lvlv

xxvbxv b
                                           (11) 
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ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (3) ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʟʥʘʯʥʫʶ ʨʘʟʨʝʰʠʤʦʩʪʴ ʵʪʠʭ ʟʘʜʘʯ ʚ ʢʣʘʩʩʝ [ ]llC ,2 - . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʫʥʢʮʠʷ  ()xu  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (7), ʛʜʝ )(xp  ʠ )(xv - ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʜʘʯ (10) ʠ (11), ʙʫʜʝʪ 

ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (1), (2).  

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1), (2) ʥʘ ʦʪʨʝʟʢʝ [ ]ll ,-  ʚʚʝʜʝʤ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ 

{ }.;,...,1,0,1,...,1,, lhNNNNiihxih =---===w  

ʅʘ ʵʪʦʡ ʩʝʪʢʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʟʘʜʘʯʫ (1),(2) ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʦʡ 

 ,1,1,, --=-=+ - NNibyy iiixx j                                 (12) 

 ,0,0 ==- NN yy                                                                   (13) 

ʛʜʝ  

()ii
iiii

ixx xf
h

yy

h

yy

h
y =ù

ú

ø
é
ê

è -
-

-
= -+ j,

1 11
,
C . 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʣʦʞʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ ʊʝʡʣʦʨʘ ʥʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ (12),(13) 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʟʘʜʘʯʫ (1),(2) ʩ ʪʦʯʥʦʩʪʴʶ ().2hO  

ʇʦʣʫʯʠʤ ʘʧʨʠʦʨʥʫʶ ʦʮʝʥʢʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (12),(13). ʉ ʵʪʦʡ ʮʝʣʴʶ ʫʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (12) ʥʘ hyi  ʠ 

ʧʨʦʩʫʤʤʠʨʫʝʤ ʚ ʧʨʝʜʝʣʘʭ ʦʪ Ni -=1  ʜʦ .1-N  

ʇʦʣʫʯʠʤ 

 ää ä
+

-=

-
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iixx hyhyybyhy
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.j                               (14) 

ʀʩʧʦʣʴʟʫʷ ʧʝʨʚʫʶ ʨʘʟʥʦʩʪʥʫʶ ʬʦʨʤʫʣʫ ɻʨʠʥʘ [5] 

 

( ) ( ]xxxx yyyy ,, -= , 

(14) ʧʝʨʝʧʠʩʳʚʘʝʤ ʚ ʚʠʜʝ 

 ( ] ää
-

-=

-

-=

- Ö+Ö=
1

1

1

1

,
N

Ni

ii

N

Ni

iixx hyhyybyy j .                                (15) 
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2
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y
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y ¢ , 

ʠʟ (15) ʧʦʣʫʯʘʝʤ: 

 
( ) ( ) ( )

( ).2
2 22

hhh CCcC
yybly

l www
j Ö+ÖÖ¢ .                               (16) 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʠ (3) ʠʟ (16) ʧʦʣʫʯʘʝʤ ʘʧʨʠʦʨʥʫʶ ʦʮʝʥʢʫ 

 
CC bl

l
y jÖ

-
¢

2

2

1
.                                                 (17) 

ʀʟ ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ (17) ʩʣʝʜʫʝʪ 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ  () ],[2 llCxf -Í  ʠ ʚʳʧʦʣʥʝʥʦ  ʫʩʣʦʚʠʝ (3). ʊʦʛʜʘ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ (12), (13) 

ʩʭʦʜʠʪʩʷ ʧʨʠ 0­h  ʢ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (1), (2) ʩ ʪʦʯʥʦʩʪʴʶ ()2hO . 

ʇʝʨʝʡʜʝʤ ʢ ʘʣʛʦʨʠʪʤʫ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (12),(13). ɹʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (12),(13) ʚ ʚʠʜʝ  

 ,iii VPy +=                                                          (18) 

ʛʜʝ ʩʝʪʦʯʥʳʝ ʬʫʥʢʮʠʠ P  ʠ V  ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ  

  .,,, NNiVVPP iiii -=-== --  .                                (19) 

ʇʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (8) ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʚʠʜʝ  

 ,iii jjj +=                                                               (20) 

ʛʜʝ  

 
( )

( ).5.0

,5.0

iii

iii

-

-

-Ö=

+Ö=

jjj

jjj
                                                    (21) 

ʆʪʤʝʪʠʤ, ʯʪʦ 

iiii -- -== jjjj ,  . 
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ʇʦʜʩʪʘʚʠʚ (18) ʚ ʫʨʘʚʥʝʥʠʝ (12) ʠ ʠʩʧʦʣʴʟʫʷ (19), ʧʦʣʫʯʘʝʤ:  

 iiiiixxixx VbPbVP jj--=Ö+Ö++ ---,, .                            (22) 

ʋʨʘʚʥʝʥʠʝ (22) ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ: 

iiiixxiixx VbVPbP jj--=Ö-+Ö+ ,, . 

ʇʦʣʦʞʠʤ  

.0,0,0,0 ==== -- NNNN VPVP  

ʊʦʛʜʘ ʩʝʪʦʯʥʘʷ ʬʫʥʢʮʠʷ iP  ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 
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- NN

iiixx
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ʘ iV  - ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 

 

.0,0

,,

==

-=Ö-

- NN

iiixx

VV

VbV j
                                                      (24) 

ɿʘʜʘʯʠ (23) ʠ (24), ʢʘʢ ʠʟʚʝʩʪʥʦ [5,6], ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (3). ʀʭ ʨʝʰʝʥʠʷ ʤʦʞʥʦ 

ʥʘʡʪʠ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ (23) ʠ (24) ʩʭʦʜʷʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ()2hO   ʢ ʨʝʰʝʥʠʷʤ ʟʘʜʘʯ (10) ʠ (11) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

ʉʝʪʦʯʥʘʷ ʬʫʥʢʮʠʷ (18) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (12) ʠ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ (13). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (12),(13) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ (23) ʠ (24) ʠ ʧʦʜʩʪʘʥʦʚʢʝ ʠʭ ʨʝʰʝʥʠʡ ʚ (18). 

ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ b, ʙʣʠʟʢʠʭ   ʢ ʵʣʝʤʝʥʪʘʤ ʩʧʝʢʪʨʘ ʟʘʜʘʯʠ (10),  ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ b , 

ʙʣʠʟʢʠʭ ʢ ʵʣʝʤʝʥʪʘʤ ʩʧʝʢʪʨʘ ʟʘʜʘʯʠ (11), ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1), (2). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ (12), (13) ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ɺʳʭʦʜ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ 

ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʧʦʚʳʰʝʥʥʦʛʦ ʧʦʨʷʜʢʘ. ʉʣʝʜʫʷ [5], ʧʦʚʳʩʠʤ ʧʦʨʷʜʦʢ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʭʝʤʳ (12), (13) ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʰʘʙʣʦʥʘ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ  

],[)( 4 llCxf -Í . 

ʇʫʩʪʴ )(xu - ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1), (2). ʈʘʩʩʤʦʪʨʠ ʥʝʚʷʟʢʫ ʚ ʪʦʯʢʝ ixx= : 

., iiixxi ubu jy ++= -  

ʇʦʜʩʪʘʚʠʤ ʩʶʜʘ 

)()(
12

)( 2)4(
2

''
, hOxu

h
xuu iiixx ++=  

ʠ ʫʯʪʝʤ ʨʘʚʝʥʩʪʚʦ 

)()()('' iii xfxbuxu ---= . 

ʇʦʣʫʯʠʤ: 

).()()(
12

)()( 4)4(
2

hOxbuxu
h

xfxbu iiiiii ++-++---= jy  

ɺ ʩʠʣʫ ʨʘʚʝʥʩʪʚʘ 
iixf j=)( , ʦʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ 

 ).()(
12

4)4(
2

hOxu
h

ii +=y                                             (25) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠ ixx= , ʧʦʣʫʯʘʝʤ: 
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).()()(

)()()(

)())()(()()()(

2
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2

4

hOfxfbxub
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         (26) 

ʀʟ (25) ʠ (26) ʩʣʝʜʫʝʪ, ʯʪʦ 
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4
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2
2

hOfxbfxub
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ʠʣʠ 
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xubu ixxiiiiixx +--+=+-+ j  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʨʘʚʝʥʩʪʚʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ 

 ,
121212

2

,

2
2

2

, iixxiiiixx fb
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f
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yb
h

yby -- +--=-+ j                        (27) 

 ,0,0 ==- NN yy                                               (28) 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (1), (2) ʩ ʪʦʯʥʦʩʪʴʶ ).( 4hO  

ʈʝʰʘʷ ʟʘʜʘʯʫ (27), (28) ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ, ʯʪʦ ʠ (12), (13), ʧʨʠʭʦʜʠʤ ʢ ʜʚʫʤ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʟʘʜʘʯʘʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʪʦʯʥʳʭ ʬʫʥʢʮʠʡ P  ʠ  V : 
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ʠ 

 
( )

,0,0

,1,1,
1212

1 ,

22

,

==

--=---=ö
ö
÷

õ
æ
æ
ç

å
-+

-

-

NN

iixxiiixx

VV

NNifbf
h

Vb
h

bV j
           (30) 

ʛʜʝ ( ) ( )iiiiii ffffff --=+= 5,0,5,0 . 

ɿʘʜʘʯʠ (29) ʠ  (30) ʨʝʰʘʶʪʩʷ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ, ʪʦʯʥʦʩʪʴ ʠʭ ʨʝʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ).( 4hO   ʇʦʜʩʪʘʚʣʷʷ P  ʠ V  ʚ 

ʬʦʨʤʫʣʫ (18), ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1), (2) ʩ ʪʦʯʥʦʩʪʴʶ ).( 4hO  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʟʘʤʝʪʠʤ, ʥʝʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʷ (3) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ 

ʟʘʜʘʯʠ (1) , (2), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʩʧʝʢʪʨʘ ʫ ʟʘʜʘʯ (10), (11). ʅʘʧʨʠʤʝʨ, ʚ  ʟʘʜʘʯʝ   
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 ʛʜʝ 
2

,1
p
== lb ,  ʦʯʝʚʠʜʥʦ 

2

1

l
b > , ʪʦ ʝʩʪʴ ʥʘʨʫʰʝʥʦ ʫʩʣʦʚʠʝ (3). ʆʥʘ ʠʤʝʝʪ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ 

() xcxu cosÖ= , ʛʜʝ -c ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ.  
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1
ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

2
ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʀ.ɻʝʨʮʝʥʘ 

ʅʀɿʂʆʏɸʉʊʆʊʅɸʗ ɼʀʕʃɽʂʊʈʀʏɽʉʂɸʗ ʈɽʃɸʂʉɸʎʀʗ ɺ ʉʃʆʗʍ ʉʊɽɸʈɸʊɸ ʉɽʈɽɹʈɸ 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʘ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʝʣʘʢʩʘʮʠʷ ʚ ʪʦʥʢʠʭ ʩʣʦʷʭ ʩʪʝʘʨʘʪʘ ʩʝʨʝʙʨʘ. ʈʦʩʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʜʠʧʦʣʴʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɼʠʩʧʝʨʩʠʷ ʬʘʢʪʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʩʚʷʟʘʥʘ, 

ʚʝʨʦʷʪʥʦ, ʩ ʚʢʣʘʜʦʤ ʤʝʭʘʥʠʟʤʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʀʟ ʜʠʘʛʨʘʤʤʳ ʂʦʫʣʘ-ʂʦʫʣʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʪʝʘʨʘʪ ʩʝʨʝʙʨʘ ʷʚʣʷʝʪʩʷ ʥʝʜʝʙʘʝʚʩʢʠʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʨʝʣʘʢʩʘʪʦʨʦʚ ʧʦ ʚʨʝʤʝʥʘʤ ʨʝʣʘʢʩʘʮʠʠ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʂʦʫʣʘ-ʂʦʫʣʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʘʨʘʪ ʩʝʨʝʙʨʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʝʣʘʢʩʘʮʠʷ. 
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LOW -FREQUENCY DIELECTRIC RELAXATION IN SILVER STEARATE LAYERS  

Abstract  

The low-frequency dielectric relaxation process in silver stearate layers was studied. The increasing of dielectric 

permittivity with frequency decreasing and temperature increasing in studied sample are associated with the dipole-relaxation 

polarization mechanisms. The dispersion of loss factor could be connected with the contribution of relaxation mechanism and 

conductivity. The shape of the Cole-Cole diagram shows that silver stearate is a non-Debye dielectric material characterized 

by a wide distribution of relaxators, according to the Cole-Cole relaxation model. 

Keywords: silver stearate, dielectric spectroscopy, dielectric relaxation. 

 

ntroduction   
Photothermographic materials based on compositions of silver halides and of fatty acids salts, in particular, silver 

stearate, are widely applied for efficient registration of optical images [1]. During the manufacturing of the photosensitive 

composition, silver halide is synthesized on the surface of the particles of fatty acids salts (silver stearate) [2, 3]. Spectral 

sensitization of photothermographic materials is performed by using different dye-sensitizers introduced into such heat-

developable composition. Consequently spectral sensitization is possible in a wide optical band (from blue to near-infrared) 

[3]. Silver stearate participates in the processes of sensitization and latent image development. [3-5]. Therefore, the study of 

electrical and optical properties, as well as the identification of structural features of this material represents an actual task. The 

objective of this work was the investigation specific features of dielectric relaxation and charge transport processes in the silver 

stearate layers and this relationship to structural features of the material. It is known that structural features of the disorder 

systems are caused by existence of the defect electronic or impurity centers [6, 7]. The assessment of influence of such centers 

on electrophysical properties of materials allows to reveal the nature of the processes proceeding in them and to broaden areas 

of their practical application. 

Experimental details  
Silver stearate is produced by the exchange reaction of sodium substitution under the excess concentration of silver nitrate 

particles of about one micron. Thus, in electrophysical research monolithic samples of this substance are used, press-formed 

into a tablet shape. Films with thickness of 0.5 mm and diameter of 10 mm were used. Specific features of the dielectric 

relaxation processes were studied by the dielectric spectroscopy method with ñConcept 81ò system (Novocontrol 

Technologies). This method has been applied successfully in the recent studies of electronic processes in systems of varying 

structural disorder [8-10]. Spectra of the complex dielectric permittivity were calculated from the impedance data. The 

temperature and frequency dependences of dielectric parameters were measured in a wide frequency range (10
-2
é10

2
 Hz) and 

temperature band (273- 353 K). The operating voltage was 1.0 V. The error of measurements and calculations of physical 

parameters did not exceed 3%. 

Results and discussion 

Figure 1 shows the frequency dependence of the real part of complex conductivity at different temperatures. The behavior 

pattern of this dependence reveals that the conductivity in silver stearate layers increases with frequency, by the law ů(ɤ)åɸɤ
s
, 

where A is a constant, ɤ ï circular frequency, s ï the exponent. 

I  
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Fig.1 ï Frequency dependence of the silver stearate conductivity at different temperatures 

 

Figure 2 shows the temperature dependence of the exponent s, which takes values s = 0.30...0.90. This diagram has two 

areas, the weak (T=273...303 K) and the strong dependence (T=313...353 K). The observed patterns reveal of the possible 

hopping mechanism of conductivity in silver stearate layers. 

According to the Austin-Mott model [11], the alternating current conductivity in disordered systems is determined by the 

electron jumps between the pairs of localized states at the Fermi level. 

 
Fig. 2 ï Temperature dependence of the exponent s 

 

The model with random hopping energy [12] assumes that the elementary polarization act represents an over-barrier 

transition of one electron from one state to another and the activation energy of the center is determined by the Coulomb 

interaction. In this case, the value of the exponent s lies within the range 0.90-0.30 at room temperature and decreases with the 

increase in temperature. As is known, the conductivity is linked with the density of localized states N(EF) at the Fermi level by 

the ratio: 
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where Ŭ is the attenuation parameter of wave functions of the localized states, nph ï the phononic frequency. By taking 

Hzph

1210=n , 
01 10A=-a , at frequency Hz210-=w  and the temperature T=293K, we obtain the density value for the 

localized states at the Fermi level, 
311610*38.3)( --= cmeVEN F . 

According to the temperature dependence of the conductivity ů', we can conclude that the charge transport in the studied 

structures is a thermally activated process. We have also detected the exponential temperature dependence in ů', with two sites 

with activation energy ɽʘ1=0.10 eV and ɽʘ2=0.48 eV, respectively. 
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The frequency dependence of dielectric permittivity Ů' is characterized by the presence of weak dispersion, which becomes 

more noticeable in the lower frequency range (fig. 3). Considering the structural features of silver stearate and the presence of 

quasi-dipole formations in the form of carboxyl tails there, we can conclude that the dipole-relaxation polarization represents 

the determining polarization mechanism in the studied frequency range [13]. The increase in dielectric permittivity constant 

along with the rising temperature can be explained by the connection of the dipole polarization mechanism with thermal 

motion of the molecules. Consequently, the dipoles are weakly oriented at low temperatures. In our case, a sharp increase in Ů' 

values was observed with the increase in temperature, starting from T = 303 K. 

 
Fig. 3 ï Frequency dependence of dielectric permittivity Ů' of silver stearate layers at different temperatures 

 

The existence of a certain temperature value, which changes the nature of temperature and frequency dependences of 

conductivity and dielectric permittivity, indicates either the possible existence of a low-temperature phase transition, or the 

onset of the temperature area associated with the first high-temperature transition (at T=398 K [14]). This factor requires more 

research including structural methods for studying materials, such as DSC, AFM, SEM, etc. 

The observed dispersion of the loss factor Ů" (fig. 4) is more likely associated with the manifestation of the relaxation loss 

mechanism. The increase in dielectric loss with temperature can be explained by the increasing contribution of conductivity 

losses. 

In many dielectric materials relaxation processes are associated with the existence of a set of relaxation times, rather than a 

single relaxation time. In this case, we are dealing with the distribution of the relaxation time and, therefore, the activation 

energy. This distribution can be associated with the manifestation of relaxation processes of different nature or with the 

distribution of the dipole concentration in the structure. In the case of ion hopping processes, we assume that the potential 

energy is changed after each jump and some time is needed for getting round to the minimum potential energy. When the 

contribution of a large number of mobile defects is considered, we obtain a set of relaxation times [11]. 

The deviation from the classical Debye model of relaxation for the case of single relaxation time can be studied using the 

Cole-Cole or the Cole-Davidson model representations for the cases of symmetric and asymmetric distribution of relaxation 

times, respectively. From Cole ï Cole diagram (Ů
ôô
=f(Ů

ô
) dependence), the existence of the relaxation time distribution will be 

manifested by the deviation from hemispherical dependence with the radius of the hemisphere (Ůs-ŮÐ)/2       (Fig. 5).  

 
Fig. 4 ï Frequency dependence of dielectric loss factor Ů" in silver stearate layers at different temperatures 
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Fig. 5 ï Cole-Cole diagram for silver stearate samples at temperature T=273 K 

 

The existence of the non-Debye relaxation mechanism is confirmed when estimating the values of parameters in the two-

parameter Havriliak - Negami empirical function (HN) [13]. The results of measuring dielectric spectra were approximated 

using Winfit 3.3 software (Novocontrol Technologies GmbH)    (Fig. 6). Based on this approximation, locations of the 

dielectric loss maxima and the area of conductivity contribution were highlighted and the HN parameters for the studied 

polarization processes were determined, by the expression:  
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where ŮÐ is the high-frequency limit of the real part of dielectric permittivity, ȹŮï the dielectric increment (the difference 

between the low-frequency and high-frequency limits), ɤ=2ˊf, ŬHN and ɓHN ï shape parameters describing, respectively, the 

symmetric (ɓ=1.00 ï the Cole-Cole distribution) and asymmetric (Ŭ=1.00 ï the Cole-Davidson distribution) expansion of the 

relaxation function. Taking into account the error of approximation, we can conclude that in the studied range of frequencies 

and temperatures in silver stearate layers, the Debye oscillation process is observed with the distribution of relaxation times, in 

concordance with the Cole-Cole model. The relaxation times distribution function G(Ű) calculated for the studied silver stearate 

samples is shown in figure 7. 

 
Fig. 6 ï Approximation of the experimental dependence of the loss factor Ů

ôô
 from frequency function (HN) for the 

temperature T=303 K. 
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Fig. 7 ï Relaxation times distribution function G(Ű) calculated for the studied silver stearate samples at two different 

temperatures, ʊ. 1 ï 283 ʂ, 2 ï 303 ʂ. 

 

Conclusions  

Frequency dependence of the real part of the conductivity has the form
sAws=  that reveals the existence of a hopping 

mechanism of conduction in localized states. The temperature dependence ů is characterized by the presence of two areas with 

different activation energy. 

The increase in dielectric permittivity along with decreasing frequency and increasing temperature, as well as the 

increase in the magnitude of dielectric losses with temperature are most likely associated with the manifestation of the 

dipole-relaxation polarization and conduction mechanisms. The shape of the Cole-Cole diagram shows that silver stearate 

is a non-Debye dielectric material characterized by a wide distribution of relaxators, according to the Cole-Cole relaxation 

model. 
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1
ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 

2
ɸʩʧʠʨʘʥʪ, 

ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻʘʛʘʨʠʥʘ ʖ. ɸ. 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʇʆʊɽʈʗ ʋʉʊʆʁʏʀɺʆʉʊʀ ʇʈɽɼɺɸʈʀʊɽʃʔʅʆ ʅɸɻʈʋɾɽʅʅʆʁ 

ʎʀʃʀʅɼʈʀʏɽʉʂʆʁ ʆɹʆʃʆʏʂʀ ʇʈʀ ɼɽʁʉʊɺʀʀ ʅɽʈɸɺʅʆʄɽʈʅʆɻʆ ɺʅɽʐʅɽɻʆ ɼɸɺʃɽʅʀʗ 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʟʘʤʢʥʫʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʧʣʦʱʘʜʢʠ 

ʥʘʛʨʫʞʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʣʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʪʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ 

ʪʝʦʨʠʠ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʚ ʩʤʝʰʘʥʥʦʡ ʬʦʨʤʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ. ʉʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ 

ʘʣʛʦʨʠʪʤʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜ ɹʫʙʥʦʚʘ ʚ ʚʳʩʰʠʭ ʧʨʠʙʣʠʞʝʥʠʷʭ, ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ ʠ 

ʤʝʪʦʜ ʧʨʦʜʦʣʞʝʥʠʷ ʨʝʰʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ. ʏʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ɹʫʙʥʦʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ, ʤʝʪʦʜ ɹʫʙʥʦʚʘ, ʤʝʪʦʜ ʧʨʦʜʦʣʞʝʥʠʷ ʨʝʰʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ, ʧʦʪʝʨʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʛʨʫʞʝʥʠʝ. 
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ʚʝʜʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʤʢʥʫʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʠ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʧʦʩʚʷʱʝʥʳ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ 

[1-9]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʫʨʦʚʥʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʤ ʚʥʝʰʥʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʣʦʯʢʠ. 

Ä1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʤʢʥʫʪʘʷ ʛʠʙʢʘʷ ʢʨʫʛʦʚʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ὰ, 
ʨʘʜʠʫʩʘ Ὑ, ʪʦʣʱʠʥʳ Ὤ ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʥʘʷ ʧʦ ʪʦʨʮʘʤ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʦʙʦʣʦʯʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʚʥʝʰʥʠʤ ʜʘʚʣʝʥʠʝʤ, ʧʨʠʣʦʞʝʥʥʳʤ ʧʦ 

ʧʣʦʱʘʜʢʝ: 
ὰ

ς
‍ὰὼ

ὰ

ς
‍ὰȟ‌Ὑ ώ ‌ὙȢ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʣʦʯʢʠ ʠʩʧʦʣʴʟʫʝʤ ʥʝʣʠʥʝʡʥʳʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʪʘʪʠʢʠ ʛʠʙʢʠʭ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʚ ʩʤʝʰʘʥʥʦʡ ʬʦʨʤʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʂʠʨʭʛʦʬʘ-ʃʷʚʘ [10]: 
Ὀ

Ὤ
ᶯύ ὒύȟ‰ ᶯ‰

ή

Ὤ
ȟ 

ρ

Ὁ
ᶯ‰

ρ

ς
ὒύȟύ ᶯύȢ 

(1.1) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 

ɺ 
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ύ πȟ
‬ύ

‬ὼ
πȟ‰ πȟ

‬‰

‬ὼ
πȟ ʧʨʠ ὼ π ʠ ὼ ὰȢ (1.2) 

ɿʜʝʩʴ 

ᶯ
‬

‬ὼ
ς
‬

‬ὼώ

‬

‬ώ
ȟɳ ὑ

‬

‬ὼ
ȟὈ

ὉὬ

ρςρ ’
ȟ 

ὒύȟ‰
‬ύ

‬ὼ
Ͻ
‬‰

‬ώ
ς
‬ύ

‬ὼ‬ώ

‬‰

‬ὼ‬ώ

‬‰

‬ὼ
Ͻ
‬ύ

‬ώ
ȟ 

ὒύȟύ ς
‬ύ

‬ὼ
Ͻ
‬ύ

‬ώ

‬ύ

‬ὼ‬ώ
Ƞ 

ὼ, ώ ï ʧʨʦʜʦʣʴʥʘʷ ʠ ʦʢʨʫʞʥʘʷ ʢʦʦʨʜʠʥʘʪʳ; ή ï ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ; Ὁ ʠ ’ ï ʤʦʜʫʣʴ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; 

ύ ʠ ‰ ï ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ʧʨʦʛʠʙʘ ʠ ʫʩʠʣʠʡ; ὑ  ï ʢʨʠʚʠʟʥʘ ʦʙʦʣʦʯʢʠ. 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʚʝʜʝʥʳ ʧʦ ʬʦʨʤʫʣʘʤ: 

ὼ ὰὼӶȟώ Ὑώȟύ Ὤύȟ‰ ὉὬ‰ȟ 

ὑ ὑ
Ὤ

Ὑ
ȟ‗

ὰ

Ὑ
ȟή

ὉὬ

ὰὙ
ήȟή ήὑȢ 

(1.3) 

ʇʣʦʱʘʜʢʘ ʥʘʛʨʫʞʝʥʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ 

πȢυ ‍ ὼӶ πȢυ ‍ȟ‌ ώ ‌Ȣ (1.4) 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʫʞʝʥʥʦʡ ʦʙʦʣʦʯʢʠ ʠʩʭʦʜʥʦʡ ʷʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʛʠʙʢʠʭ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʚ ʩʤʝʰʘʥʥʦʡ ʬʦʨʤʝ [11]: 

Ὀ

Ὤ
ᶯύ ὒύȟ‰ ᶯ‰

ή

Ὤ

‎Ὤ

Ὣ

‬ύ

Ὠὸ
‐
‬ύ

‬ὸ
ȟ 

ρ

Ὁ
ᶯ‰

ρ

ς
ὒύȟύ  ɳ ύȢ 

(1.5) 

ɿʜʝʩʴ ‎ ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʤʘʪʝʨʠʘʣʘ; Ὣ ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ; ὸ ï ʚʨʝʤʷ; ‐ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 
ʩʨʝʜʳ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 

ύ ύȟ ‰ ‰ȟ 
‬ύ

‬ὸ
π ʧʨʠ ὸ πȢ (1.6) 

ʛʜʝ ύ , ‰  ï ʧʨʦʛʠʙ ʠ ʬʫʥʢʮʠʷ ʫʩʠʣʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1.1) ï (1.2). 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ (1.2). 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ (1.3) ʚʚʦʜʷʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

ὸ
ὰὙ

Ὤ

‎

ὉὫ
ὸӶȟ‐

Ὤ

ὰὙ

ὉὫ

‎
‐Ӷ Ȣ (1.7) 

Ä2. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ. ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1.1) ï (1.2) ʠʱʝʤ ʚ ʚʠʜʝ 

ύȟ‰ ὃȟὄ ÓÉÎὭ“ὼӶÃÏÓὮώȢ (2.1) 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ (1.1) ï (1.2) ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ɹʫʙʥʦʚʘ. ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ςὔὓ ρ 

ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὃ , ὄ  ʩ ʧʘʨʘʤʝʪʨʦʤ ή. ɼʣʷ 

ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʧʨʦʜʦʣʞʝʥʠʷ ʨʝʰʝʥʠʷ ʧʦ 

ʧʘʨʘʤʝʪʨʫ [12]. 

ʇʫʩʪʴ ά ςὔὓ ρ. ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ 

Ὂὃ ȟὃ ȟȣȟὃ ȟὄ ȟὄ ȟȣȟὄ ȟή πȟ 
 Ὥ ρȟςȟȣȟάȢ 

(2.2) 

ɺʚʝʜʝʤ ʧʘʨʘʤʝʪʨ †, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʘʨʘʤʝʪʨʘ ʟʘʜʘʯʠ ή ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʜʦʣʞʝʥʠʷ.  

ʆʙʦʟʥʘʯʠʤ ὢ ὃ ȟὃ ȟȣȟὃ ȟὄ ȟὄ ȟȣȟὄ ȟή . ʂʦʤʧʦʥʝʥʪʳ ὢ Ὦ ρȟςȟȣȟά ρ ʚʝʢʪʦʨʘ ὢᶰὙ  

ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʘʨʘʤʝʪʨʘ ʧʨʦʜʦʣʞʝʥʠʷ †. 
ὢ ὢ †ȟ 

Ὦ ρȟςȟȣȟά ρȢ 
(2.3) 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʨʦʜʦʣʞʝʥʠʷ † ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʜʚʠʞʝʥʠʶ ʚʜʦʣʴ ʢʨʠʚʦʡ ὒ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2.2) ʚ Ὑ . 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ (2.2) ʧʦ †. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ά ʣʠʥʝʡʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ά ρ 

ʥʝʠʟʚʝʩʪʥʳʭ . 

Ὂȟ
Ὠὢ

Ὠ†
πȟ 

Ὥ ρȟςȟȣȟάȢ 

(2.4) 

ɺ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʵʪʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ 

ὐϽ
Ὠὢ

Ὠ†
πȟὐ Ὂȟ

‬Ὂ

‬ὢ
 

Ὥ ρȟςȟȣȟάȠὮ ρȟςȟȣȟά ρȢ 

(2.5) 
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ʇʫʩʪʴ ὢ  ʥʝʢʦʪʦʨʦʝ ʠʟʚʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (2.2). ʇʨʠʥʠʤʘʝʤ, ʯʪʦ ʵʪʦʤʫ ʠʟʚʝʩʪʥʦʤʫ ʨʝʰʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ † π. 

ὢπ ὢȢ (2.6) 

ʋʨʘʚʥʝʥʠʝ (2.5) ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ (2.6) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʷʚʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʟʘʜʘʯʫ ʂʦʰʠ ʧʦ 

ʧʘʨʘʤʝʪʨʫ  †. ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.5) ʥʘʡʪʠ ʚʝʢʪʦʨ  

Ὠὢ

Ὠ†

Ὠὢ

Ὠ†
ȟ
Ὠὢ

Ὠ†
ȟȣȟ
Ὠὢ

Ὠ†
 

ʇʨʠʤʝʥʠʤ ʤʝʪʦʜ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʠ ɻʨʘʤʘ-ʐʤʠʜʪʘ, ʦʧʠʩʘʥʥʳʡ ʚ [12], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʴ ʩʠʩʪʝʤʫ  

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ (2.5) ʜʦ ʷʚʥʦʡ ʟʘʜʘʯʠ ʂʦʰʠ ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ (2.6). ʆʙʦʟʥʘʯʠʤ  ʯʝʨʝʟ ὑ 

ʩʪʨʦʢʫ ʤʘʪʨʠʮʳ ὐ: 

ὑ ὊȟȟȣȟὊȟ  (2.7) 

ʉʠʩʪʝʤʫ (2.5) ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ: 

ὑȟ
Ὠὢ

Ὠ†
πȟ   Ὥ ρȟςȟȣȟάȢ (2.8) 

ʇʦʩʪʨʦʠʤ ʠʟ ʙʘʟʠʩʘ ὑ, Ὥ ρȟȣȟά ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʘ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʠ ɻʨʘʤʘ-

ʐʤʠʜʪʘ. 

ʇʫʩʪʴ Ὗ, Ὥ ρȟȣȟά ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʙʘʟʠʩ, ʘ ὠ, Ὥ ρȟȣȟά ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Ὗ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ. 

ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʠʩʦʚ Ὗ ʠ ὠ ʧʦ ɻʨʘʤʫ-ʐʤʠʜʪʫ ʠʤʝʝʪ ʚʠʜ:  

Ὗ ὑȟὠ
ᴁ ᴁ

; 

Ὗ ὑ В ὑȟὠ Ͻὠȟ   ὠ
ᴁ ᴁ

; 

Ὧ ςȟȣȟά. 

(2.9) 

ʂʦʛʜʘ ʠʟʚʝʩʪʝʥ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ ὠ, Ὥ ρȟȣȟά ʪʦ ʦʪʳʩʢʘʥʠʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2.8) ʩʚʦʜʠʪʩʷ ʢ 

ʥʘʭʦʞʜʝʥʠʶ ʦʨʪʘ ὠ  ʦʨʪʦʛʦʥʘʣʴʥʦ ʜʦʧʦʣʥʷʶʱʝʛʦ ὠ, Ὥ ρȟȣȟά ʜʦ ʙʘʟʠʩʘ Ὑ . ɼʣʷ ʵʪʦʛʦ ʟʘʜʘʝʤ ʥʝʢʦʪʦʨʳʡ 

ʚʝʢʪʦʨ ὗ, ʠʤʝʶʱʠʡ ʥʝʥʫʣʝʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ Ὗ  ʠ ʧʦʵʪʦʤʫ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʡ ʩ ʚʝʢʪʦʨʘʤʠ ὠ, Ὥ ρȟȣȟά. 

Ὗ ὗ В ὗȟὠ Ͻὠ; 

ὠ
ᴁ ᴁ

. 
(2.10) 

ʉʣʝʜʫʷ [12] ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ÏÒÔὐȟὗ  ʦʧʝʨʘʮʠʶ (2.9), (2.10) ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʪʘ ὠ  ʧʦ ʟʘʜʘʥʥʳʤ ʚʝʢʪʦʨʘʤ ὑ ʠ 

ʚʝʢʪʦʨʫ ὗ, ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʦʤʫ ʩ ὑ. ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ (2.5), (2.8) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

Ὠὢ

Ὠ†
ÏÒÔὐȟὗȢ (2.11) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.11) ʚʤʝʩʪʝ ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ (2.6) ʚ ʦʪʣʠʯʠʝ ʦʪ (2.5) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʷʚʥʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʜʘʯʠ ʂʦʰʠ ʧʦ ʧʘʨʘʤʝʪʨʫ †. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ (2.11) ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.2), ʥʘʯʠʥʘʷ ʦʪ ʪʦʯʢʠ ὢ   ʠ ʜʚʠʛʘʷʩʴ ʚʜʦʣʴ ʢʨʠʚʦʡ ὒ. 
ʉʠʩʪʝʤʫ (2.11) ʨʝʰʘʝʤ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʛʠʙ-ʥʘʛʨʫʟʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʨʝʰʝʥʠʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1.1) ï (1.2). ɿʜʝʩʴ 

ʪʦʯʢʘ ὃ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, B ï ʚʝʨʭʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʉ ï ʥʠʞʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, 

D ï ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ὑ ρρςȢυȟ‗ ρȢυȟ‌ πȢσȟ‍ πȢςȟ’ πȢσȟὼȠώ

πȢυȠπȟὔ τȟὓ ρςȢ 

 
ʈʠʩ. 2. 
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ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʬʦʨʤʳ ʠʟʛʠʙʘ ʦʙʦʣʦʯʢʠ ʧʨʠ ʫʨʦʚʥʷʭ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʤ 

A,B,C,D ʥʘ ʨʠʩ. 2. 

 

A) ɼʦʢʨʠʪʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ 

 ή=0.1015 

B) ɺʝʨʭʥʷʷ ʢʨʠʪʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ή=0.1278 

C) ʅʠʞʥʷʷ ʢʨʠʪʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ή=0.1025 

D) ɿʘʢʨʠʪʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ 

 ή=0.13 

    
ʈʠʩ. 3. 

 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1.5), (1.2), (1.6) ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʘʭ ɹʫʙʥʦʚʘ ʠ ʈʫʥʛʝ-ʂʫʪʪʘ. ʈʝʰʝʥʠʝ 

ʠʱʝʪʩʷ ʚ ʚʠʜʝ 

ύȟ‰ ὃ ὸӶȟὄ ὸӶÓÉÎὭ“ὼӶÃÏÓὮώȢ (2.3) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ɹʫʙʥʦʚʘ ʢ (1.5) ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ὔὓ  ρ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ 2-ʛʦ ʧʦʨʷʜʢʘ ʠ ὔὓ ρ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὃ ὸӶ, ὄ ὸӶ.   

ʂʦʵʬʬʠʮʠʝʥʪʳ ὄ ὸӶ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ὃ ὸӶ. ʉʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ὃ ὸӶ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ 4-ʛʦ ʧʦʨʷʜʢʘ. 

ʏʠʩʣʝʥʥʦ ʠʩʩʣʝʜʫʝʤ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ɹʫʙʥʦʚʘ ʧʨʠ ʨʝʰʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʧʨʠ ὑ ρρςȢυȟ‗ ρȢυȟ‌ πȢσȟ‍ πȢςȟ’ πȢσȟὼȠώ πȢυȠπȟὔ τȟὓ ρςȢ 

ʅʘ ʨʠʩ. 4 ʠ 5 ʧʦʢʘʟʘʥʘ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ɹʫʙʥʦʚʘ ʚ ʟʘʜʘʯʝ ʩʪʘʪʠʢʠ ʧʦ ὓ ʠ ὔ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 5. 

ʅʘ ʨʠʩ. 6 ʠ 7 ʧʦʢʘʟʘʥʘ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ɹʫʙʥʦʚʘ ʚ ʟʘʜʘʯʝ ʜʠʥʘʤʠʢʠ ʧʦ ὓ ʠ ὔ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩ. 6. 
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Ä3. ʄʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʦʙʦʣʦʯʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʟʘʜʘʥʠʝʤ 

ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὃ , ὄ , ʚʟʪ̫ʳʭ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʥʘʛʨʫʟʢʠ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʩʪʘʪʠʢʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʫʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʪʦʡ ʞʝ ʧʣʦʱʘʜʢʝ, ʯʪʦ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʦʙʦʣʦʯʢʠ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʦʙʦʣʦʯʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʢʨʠʪʝʨʠʶ ʐʠʦ, ʉʫʥʛ ʠ ʈʦʪʘ [13]. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ 

ʢʨʠʪʝʨʠʶ ʜʠʥʘʤʠʯʝʩʢʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ύὸ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ή. 

ɺʥʘʯʘʣʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ, ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʢʨʠʚʦʡ ύὸ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ή ʧʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʢʨʠʚʦʡ ύὸ ʥʘʯʠʥʘʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʨʘʥʴʰʝ ʧʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʟʥʘʯʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʢʨʠʪʝʨʠʶ [13] ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩ. 8 ʠ 9. 
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ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ή
ʜʢ

 ʦʪ ʫʨʦʚʥʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʣʦʞʝʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 10. 

 
ʈʠʩ. 10. 

 

ʅʘ ʨʠʩ. 11 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʜʣʠʥʳ ʧʣʦʱʘʜʢʠ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ‌ πȢσ. 

 
ʈʠʩ. 11. 

 

ʅʘ ʨʠʩ. 12 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (ʢʨʠʚʳʝ 1, 2) ʦʪ  ʰʠʨʠʥʳ ʧʣʦʱʘʜʢʠ 

ʥʘʛʨʫʞʝʥʠʷ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʫʞʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʯʝʩʢʦʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʰʠʨʠʥʳ ʧʣʦʱʘʜʢʠ ʥʘʛʨʫʞʝʥʠʷ (ʢʨʠʚʘʷ 3). 
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ɿʘʢʣʶʯʝʥʠʝ. ɼʣʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʠʧʘ ʦʙʦʣʦʯʝʢ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʩ ʨʘʟʥʦʛʦ ʨʦʜʘ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʪʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʚ ʩʤʝʰʘʥʥʦʡ ʬʦʨʤʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʂʠʨʭʛʦʬʘ-ʃʷʚʘ, ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʚʥʝʰʥʝʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʟʘʤʢʥʫʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. 
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ʃʝʦʥʦʚ ʖ.ɺ. 

ʏʘʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʏʘʩʪʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʉɺɽʈʍʄʆʑʅʆɽ ʇʆʃʋɼʀʇʆʃʔʅʆɽ ʉɺʏ ʄɸɻʅʀʊʅʆɽ ʇʆʃɽ ʂʆʄʇɸʂʊʅʆʁ ʌʆʈʄʓ 

ɺ ʉɺɽʈʍʄɸʃʆʄ ʆɹʒɪʄɽ ʇʈʆʉʊʈɸʅʉʊɺɸ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʣʫ ʜʠʧʦʣʴʥʦʛʦ ʉɺʏ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʨʘʙʦʪʝ 

ʩʦ ʩʚʝʨʭ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʠ ʢʦʪʦʨʦʝ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦ ʵʬʬʝʢʪʠʚʥʳʭ, ʩʚʝʨʭ 

ʤʦʱʥʳʭ ʠ ʩʚʝʨʭ ʢʦʤʧʘʢʪʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ-ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʠʭ ʚʝʩʴʤʘ 

ʩʢʨʦʤʥʳʭ ʛʘʙʘʨʠʪʘʭ, ʠ ʧʨʠ ʠʭ ʤʘʣʳʭ ʠʥʜʫʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʘ ʪʘʢ ʞʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ.. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉɺʏ (ʩʚʝʨʭ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ), ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʜʠʧʦʣʴ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ, 

ʚʟʘʠʤʦʠʥʜʫʢʮʠʷ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʘʤʦʠʥʜʫʢʮʠʷ, ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʢʦʤʧʘʢʪʥʦʩʪʴ, 
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COMPACT SUPER-POWERFUL AND SEMI -DIPOLE SHF MAGNET IC FIELD  

IN ULTRA -SMALL SPACE VOLUME  

Abstract 

The article describes the physical model of the semi-dipole SHF magnetic field that has been developed while working 

with super high frequencies. Such field will allow to use highly efficient, super-powerful and ultra-compact electrical 

components that are the sources of magnetic field. It should be noted, that these components are rather small in size and have 

low inductive properties. Also, the field makes it possible to apply new methods of controlling resonance processes within the 

specific oscillating circuit.  

Keywords: SHF (super high frequency), magnetic field, dipole, electromagnetic induction, interinduction, inductance, 

inductive resistance, self-induction, alternate current, compactness, miniaturization. 

 

 ʧʨʦʰʣʦʡ ʩʪʘʪʴʝ çʌʀɿʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʀʅɼʋʂʊʀɺʅʆʉʊʀè ʚ çʄʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʞʫʨʥʘʣʝè [ɺʳʧʫʩʢ ˉ11(42) ¶ 2015 ¶ʏʘʩʪʴ 3 ¶ ɼʝʢʘʙʨʴ (ʩʪʨ. 18) ï ʕʣʝʢʪʨʦʥʥʳʡ 

ɸʨʭʠʚ ʥʦʤʝʨʦʚ: 5015 ɼʝʢʘʙʨʴ 11-3(42)], ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʝʸ 

ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ɹʝʟʫʩʣʦʚʥʦ, ʧʦʣʫʯʝʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʜʘʣʘ ʦʯʝʥʴ ʤʥʦʛʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʜʨʫʛʠʭ ʩʦʧʨʷʞʸʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʪʘʢ ʞʝ, ʦʥʘ ʝʱʸ ʠ ʧʦʟʚʦʣʠʣʘ ʚʳʡʪʠ, ʥʘ ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ,  ʩʦʣʝʥʦʠʜ 
1
, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʫʣʠʨʦʚʘʣʘʩʴ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

                                                                 
1ʉʦʣʝʥʦʠʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʢʘʪʫʰʢʠ, ʦʙʤʦʪʢʠ ʠ ʜʨʫʛʠʝ, ʚ ʦʩʥʦʚʝ 

ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ, ʣʝʞʠʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ.  

ɺ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 5 ǐ ʄʘʡ 
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ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ, ʪʝʧʝʨʴ ʫʞʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʷʟʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʦʝ ʦʥ ʛʝʥʝʨʠʨʫʝʪ, ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʝʛʦé 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʦʣʝʥʦʠʜʳ ʛʝʥʝʨʠʨʫʶʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʘʢʦʡ ʬʦʨʤʳ, ʢʘʢʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1.  

 

 
ʈʠʩ.1 ï ʉʭʝʤʘ ʥʘʧʨʘʚʣʝʥʠʡ ʤʘʛʥʠʪʥʳʡ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʆʙʦʟʥʘʯʠʤ ʜʘʥʥʫʶ ʬʦʨʤʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʜʠʧʦʣʴʥʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʙʣʠʞʝ ʵʪʫ ʬʦʨʤʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɼʘʥʥʦʝ ʜʠʧʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʩʭʝʤʫ ʥʘʧʨʘʚʣʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʝʛʦ ʚʦ ʤʥʦʞʝʩʪʚʝ ʧʣʦʩʢʦʩʪʝʡ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʆʩʠ ʧʦʣʶʩʦʚ
2
 ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʆʩʴʶ 

ʧʦʣʶʩʦʚ ʵʪʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʦʙʦʟʥʘʯʠʤ ʵʪʠ ʧʣʦʩʢʦʩʪʠ, ʢʘʢ ʆʩʝʚʳʝ ʧʣʦʩʢʦʩʪʠ
3
. ɺʦʟʴʤʸʤ ʣʶʙʫʶ ʆʩʝʚʫʶ 

ʧʣʦʩʢʦʩʪʴ ʠʟ ʤʥʦʞʝʩʪʚʘ ʆʩʝʚʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʠ ʦʙʦʟʥʘʯʠʤ ʝʸ ï ʆʩʝʚʘʷ ʧʣʦʩʢʦʩʪʴ ʄ. ʈʘʩʩʝʯʸʤ ʵʪʫ ʆʩʝʚʫʶ ʧʣʦʩʢʦʩʪʴ 

ʄ, ʣʶʙʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʉʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʴʶ ʉ, ʩʪʨʦʛʦ ʧʦ ʆʩʠ ʧʦʣʶʩʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʟʜʝʣʝʥʠʷ ʆʩʝʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʄ, ʩʪʘʥʝʪ ʧʦʣʫʯʝʥʠʝ ʜʚʫʭ ʇʦʣʫʧʣʦʩʢʦʩʪʝʡ ʆʩʝʚʦʡ ʧʣʦʩʢʦʩʪʠ ʄ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʦʟʥʘʯʠʤ, ʢʘʢ 

ʇʦʣʫʧʣʦʩʢʦʩʪʴ ɸ ʠ ʇʦʣʫʧʣʦʩʢʦʩʪʴ ɺ. ʊʝʧʝʨʴ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʇʦʣʫʧʣʦʩʢʦʩʪʷʭ ɸ ʠ ɺ, ʠʤʝʶʪ ʨʘʟʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʪʦ ʝʩʪʴ, ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʥʘʧʨʘʚʣʝʥʳ ʧʦ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʚ ʇʦʣʫʧʣʦʩʢʦʩʪʠ ɸ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚ ʇʦʣʫʧʣʦʩʢʦʩʪʠ ɺ 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʤʝʥʥʦ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ, ʫ 

ʩʦʣʝʥʦʠʜʘ-ʠʩʪʦʯʥʠʢʘ ʵʪʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ çʠʥʜʫʢʪʠʚʥʦʩʪʴè, ʩʦ 

ʚʩʝʤʠ, ʧʨʠʩʫʱʠʤʠ ʝʡ, ʧʨʠʟʥʘʢʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ  ʧʦʜʨʦʙʥʦ, ʙʳʣʠ ʦʧʠʩʘʥʳ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʨʦʰʣʦʡ ʩʪʘʪʴʝ 

çʌʀɿʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʀʅɼʋʂʊʀɺʅʆʉʊʀè. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 
2 ʇʦʜ ʦʩʴʶ ʧʦʣʶʩʦʚ ʟʜʝʩʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʦʦʙʨʘʞʘʝʤʘʷ ʣʠʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʩʝʚʝʨʥʳʤ çNè ʠ ʶʞʥʳʤ 

çSè ʧʦʣʶʩʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʩʝʚʝʨʥʳʤ çNè ʠ ʶʞʥʳʤ çSè ʧʦʣʶʩʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢ 

ʞʝ ʩʦʝʜʠʥʷʶʱʘʷ ʩʝʚʝʨʥʳʡ çNè ʠ ʶʞʥʳʡ çSè ʧʦʣʶʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʣʠ ʚʦʦʙʨʘʞʘʝʤʘʷ ʣʠʥʠʷ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʦʩʴʶ ʥʘʤʦʪʢʠ 

ʩʦʣʝʥʦʠʜʘ. 
3 ʇʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʆʩʠ ʧʦʣʶʩʦʚ ʠ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʆʩʴʶ ʧʦʣʶʩʦʚ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 5 ǐ ʄʘʡ 
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ 

 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʬʦʨʤʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ʚ ʨʠʩ.2. 

 

 
ʈʠʩ.2 ï ʉʭʝʤʘ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ 

 

ɽʩʣʠ ʪʝʧʝʨʴ ʩʨʘʚʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ ʚ ʇʦʣʫʧʣʦʩʢʦʩʪʠ ɸ ʥʘ 

ʨʠʩ. 1, ʠ ʩʪʨʫʢʪʫʨʫ ʩʠʣʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʣʠʥʠʡ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ʥʘ ʨʠʩ.2, ʪʦ ʩʪʘʥʝʪ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʳʤ ʪʦ, 

ʯʪʦ ʦʥʠ ʩʦʚʝʨʰʝʥʥʦ ʠʜʝʥʪʠʯʥʳ (ʩʤ. ʨʠʩ.3). 

 
ʈʠʩ.3 ï ʉʨʘʚʥʝʥʠʝ ʩʭʝʤʳ ʥʘʧʨʘʚʣʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ 

 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ, ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʥʠʯʝʤ ʠʥʳʤ, ʢʘʢ ʧʦʣʦʚʠʥʦʡ 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ, ʪʦ ʦʙʦʟʥʘʯʠʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ, ʢʘʢ 

ʧʦʣʫʜʠʧʦʣʴʥʦʝ. 

 

ɺʟʘʠʤʦʩʚʷʟʴ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʩʦʣʝʥʦʠʜʝ, ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ  ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʀʪʘʢ, ʝʩʪʴ ʣʠ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ, ʩ ʯʘʩʪʦʪʦʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʦʥ ʨʘʙʦʪʘʝʪ? ɹʝʟʫʩʣʦʚʥʦ, ʝʩʪʴ. ɼʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʫʙʝʜʠʪʩʷ ʚ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʩʧʦʤʥʠʪʴ ʠʟ ʧʨʦʰʣʦʡ ʩʪʘʪʴʠ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʩʦʣʝʥʦʠʜʝ (ʩʤ. ʩʪʘʪʴʶ çʌʀɿʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 

ʀʅɼʋʂʊʀɺʅʆʉʊʀè, ʚ ʪ.ʯ. ʨʠʩ. 2 ʠ ʨʠʩ. 3). ɼʘʣʝʝ, ʯʪʦ ʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʩʦʣʝʥʦʠʜ ʛʝʥʝʨʠʨʫʝʪ ʜʠʧʦʣʴʥʫʶ ʬʦʨʤʫ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝʦʙʭʦʜʠʤʦ, ʩ ʫʯʸʪʦʤ ʤʘʪʝʨʠʘʣʘ ʧʨʦʰʣʦʡ ʩʪʘʪʴʠ, ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʜʠʥ, ʢʘʟʘʣʦʩʴ ʙʳ, 

ʥʝʩʢʦʣʴʢʦ ʥʝʧʨʠʤʝʪʥʳʡ ʬʘʢʪʦʨ ï ʝʩʣʠ ʩʦʦʪʥʝʩʪʠ ʯʘʩʪʦʪʫ, ʥʘ ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ ʨʘʙʦʪʘʶʪ ʩʦʣʝʥʦʠʜʳ (ʚ ʛʦʪʦʚʳʭ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 5 ǐ ʄʘʡ 
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ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ, ʚ ʚʠʜʝ, ʫʞʝ ʛʦʪʦʚʳʭ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ), ʩ ʵʢʚʠʚʘʣʝʥʪʥʦʡ
4
 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï ʕʄɺ), ʪʦ ʩʦʚʩʝʤ ʥʝ ʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʠʥʘ, ʠʣʠ 

ʚʩʝʛʦ ʧʨʦʚʦʜʥʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʥʦʛʦʚʠʪʢʦʚʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʠʣʠ ʧʨʦʚʦʜʥʠʢʘ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʚʠʪʢʘ
5
 

ʦʜʥʦʚʠʪʢʦʚʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʚ ʩʚʦʸʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʚʳʨʘʞʝʥʠʠ, ʥʝ ʧʨʦʩʪʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʧʦʣʥʦʡ (ʧʦʣʥʦʛʦ 

ʧʝʨʠʦʜʘ) ɚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʄɺ, ʘ ʜʘʞʝ ʥʘ ʤʥʦʛʦ ʤʝʥʴʰʝ İ (ʦʜʥʦʛʦ ʧʦʣʫʧʝʨʠʦʜʘ) ʜʣʠʥʳ ʧʦʣʥʦʡ ɚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʕʄɺ. ʀʤʝʥʥʦ ʵʪʦʪ, ʚʨʦʜʝ ʙʳ, ʥʝʩʫʱʝʩʪʚʝʥʥʳʡ ʬʘʢʪʦʨ, ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʣʝʥʦʠʜʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ, ʜʠʧʦʣʴʥʦʡ ʬʦʨʤʳ, ʘ ʟʥʘʯʠʪ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠ ʥʘʣʠʯʠʝ ʚ ʵʪʦʤ ʩʦʣʝʥʦʠʜʝ, ʚʩʝʭ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʊʝʧʝʨʴ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʫʩʣʦʚʠʝ ʨʘʙʦʪʳ ʩʦʣʝʥʦʠʜʘ, ʢʦʛʜʘ ʦʥ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʜʠʧʦʣʴʥʫʶ ʬʦʨʤʫ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʤ. ʨʠʩ. 1), ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʜʣʠʥʫ ʧʨʦʚʦʜʥʠʢʘ ʩʦʣʝʥʦʠʜʘ (ʩʤ. ʩʪʘʪʴʶ çʌʀɿʀʏɽʉʂɸʗ 

ʄʆɼɽʃʔ ʀʅɼʋʂʊʀɺʅʆʉʊʀè, ʚ ʪ.ʯ. ʨʠʩ. 2 ʠ ʨʠʩ. 3) ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʜʣʠʥʫ ɚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ  ʕʄɺ, ʚ ʜʚʫʭ 

ʚʳʨʘʞʝʥʠʷʭ, ʢʦʛʜʘ ʜʣʠʥʘ ɚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʄɺ, ʙʫʜʝʪ ʙʦʣʴʰʝ, ʠʣʠ ʜʣʠʥʳ l ʧʨʦʚʦʜʥʠʢʘ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʚʠʪʢʘ 

ʦʜʥʦʚʠʪʢʦʚʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʠʣʠ ʜʣʠʥʳ l ʇʆʃʅ ʚʩʝʛʦ ʧʨʦʚʦʜʥʠʢʘ ʤʥʦʛʦʚʠʪʢʦʚʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʚ ʜʚʘ ʨʘʟʘ ʠ ʙʦʣʝʝ: 

ʘ ï ʜʣʷ ʩʣʫʯʘʷ ʩ ʦʜʥʦʚʠʪʢʦʚʳʤ ʩʦʣʝʥʦʠʜʦʤ ï 

 ɚʕʂɺ = l *2* n (ʧʨʠ ʕʂɺf = ACf ) (1.1) 

 

ʚ ï ʜʣʷ ʩʣʫʯʘʷ ʩ ʤʥʦʛʦʚʠʪʢʦʚʳʤ ʩʦʣʝʥʦʠʜʘ, ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʠʪʢʘʤʠ ï 

 ɚʕʂɺ = l ʇʆʃʅ*2* n (ʧʨʠ ʕʂɺf = ACf )                  (1.2) 

 

ʛʜʝ: 

ACf ï ʯʘʩʪʦʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʩʦʣʝʥʦʠʜ; 

ʕʂɺf  ï ʯʘʩʪʦʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʄɺ; 

ɚʕʂɺ ï ʜʣʠʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʄɺ; 

l ï ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʚʠʪʢʘ ʦʜʥʦʚʠʪʢʦʚʦʛʦ ʩʦʣʝʥʦʠʜʘ; 

 l ʇʆʃʅ ï ʧʦʣʥʘʷ ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʚʩʝ ʚʠʪʢʠ ʤʥʦʛʦʚʠʪʢʦʚʦʛʦ ʩʦʣʝʥʦʠʜʘ; 

n ï ʣʶʙʦʝ ʯʠʩʣʦ, ʠʟ ʤʥʦʞʝʩʪʚʘ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ ; 

2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʫʧʝʨʠʦʜʘ ï ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʝ, ʯʪʦ ʧʦʣʥʘʷ ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʚʠʪʢʘ 

ʦʜʥʦʚʠʪʢʦʚʦʛʦ ʩʦʣʝʥʦʠʜʘ ʠʣʠ ʧʦʣʥʘʷ ʜʣʠʥʘ ʚʩʝʛʦ ʧʨʦʚʦʜʥʠʢʘ ʤʥʦʛʦʚʠʪʢʦʚʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʤʝʥʴʰʝ 

ʠʣʠ ʨʘʚʥʘ İ ɚ ï ʪʦ ʝʩʪʴ, ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʘ ʦʜʥʦʤʫ ʧʦʣʫʧʝʨʠʦʜʫ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʄɺ; 

 

ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʠʧʦʣʴʥʦʡ ʬʦʨʤʳ ʩʦʣʝʥʦʠʜʦʤ, ʠ ʥʘʣʠʯʠʝ ʫ ʥʝʛʦ 

ʚʩʝʭ ʧʨʠʟʥʘʢʦʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 

ʊʝʧʝʨʴ, ʨʘʩʩʤʦʪʨʠʤ ʠ ʩʬʦʨʤʫʣʠʨʫʝʤ ʫʩʣʦʚʠʝ, ʢʦʛʜʘ ʜʣʠʥʘ ɚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʄɺ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʘʚʥʘ ʜʣʠʥʝ 

ʧʨʦʚʦʜʥʠʢʘ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʚʠʪʢʘ ɺ-1 ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʣʝʥʦʠʜʘ (ʩʤ. ʨʠʩ. 4, ʨʠʩ. 5, ʨʠʩ. 6 ʠ ʨʠʩ. 7): 

 ɚʕʂɺ =l (ʧʨʠ ʕʂɺf = ACf )                                (2) 

ʛʜʝ: 

ACf ï ʯʘʩʪʦʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʦʭʦʜʷʱʝʛʦ, ʯʝʨʝʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʦʣʝʥʦʠʜ; 

ʕʂɺf  ï ʯʘʩʪʦʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʄɺ; 

ɚʕʂɺ ï ʜʣʠʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʄɺ; 

l ï ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʚʠʪʢʘ ɺ-1 ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʣʝʥʦʠʜʘ; 

  

ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ ʌʦʨʤʫʣʳ 2, ʘ ʪʘʢ ʞʝ, ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʠ ʧʨʠʥʮʠʧʘʤ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʠ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ (ʢʦʪʦʨʳʝ ʟʜʝʩʴ ʨʘʙʦʪʘʶʪ, ʫʞʝ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʣʝʥʦʠʜʘ), ʢʘʨʪʠʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʦʣʝʥʦʠʜʝ, ʪʝʧʝʨʴ ʫʞʝ ʙʫʜʝʪ ʪʘʢʘʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4 ʠ ʨʠʩ. 5.  

                                                                 
4 ʊʦ ʝʩʪʴ, ʪʘʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʡ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʨʘʙʦʪʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʦʣʝʥʦʠʜ; 
5 ʊʦ ʝʩʪʴ, ʢʦʛʜʘ, ʛʣʷʜʷ ʥʘ ʵʪʦʪ ʚʠʪʦʢ ʚʜʦʣʴ ʦʩʠ ʥʘʤʦʪʢʠ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʪʦʯʢʘ ʥʘʯʘʣʘ ʵʪʦʛʦ ʚʠʪʢʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʢʦʥʮʘ 

ʵʪʦʛʦ ʚʠʪʢʘ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 5 ǐ ʄʘʡ 
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ʈʠʩ. 4 ï ʅʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ, ʠ ʥʘʯʘʣʦ ʧʝʨʝʩʪʨʦʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʦʜʥʦʤ ʧʦʣʥʦʤ ʚʠʪʢʝ 

ɺ-1 ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʧʨʠ ʯʘʩʪʦʪʝ ʧʝʨʝʤʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʵʪʦʪ ʩʦʣʝʥʦʠʜ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʌʦʨʤʫʣʝ 2 (3D) 

 

 
 

ʈʠʩ. 5 ï ʅʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ, ʠ ʥʘʯʘʣʦ ʧʝʨʝʩʪʨʦʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʦʜʥʦʤ ʧʦʣʥʦʤ ʚʠʪʢʝ 

ɺ-1 ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʧʨʠ ʯʘʩʪʦʪʝ ʧʝʨʝʤʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʵʪʦʪ ʩʦʣʝʥʦʠʜ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʌʦʨʤʫʣʝ 2 (ʩʝʯʝʥʠʝ) 

 

 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 5 ǐ ʄʘʡ 
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ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʞʝ ʚʠʜ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʦʣʝʥʦʠʜʝ, ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʫʩʣʦʚʠʷ ʌʦʨʤʫʣʳ 2, ʙʫʜʝʪ ʪʘʢʠʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6 ʠ ʨʠʩ. 7. 

 

 

ʈʠʩ. 6 ï ʌʦʨʤʫʣʘ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ, ʚ ʦʜʥʦʤ ʧʦʣʥʦʤ 
ʚʠʪʢʝ ɺ-1 ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʧʨʠ ʯʘʩʪʦʪʝ ʧʝʨʝʤʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʵʪʦʪ ʩʦʣʝʥʦʠʜ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʌʦʨʤʫʣʝ 2 (3D) 

 

 

ʈʠʩ. 7 ï ʌʦʨʤʘ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ, ʚ ʦʜʥʦʤ ʧʦʣʥʦʤ 

ʚʠʪʢʝ ɺ-1 ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʧʨʠ ʯʘʩʪʦʪʝ ʧʝʨʝʤʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʵʪʦʪ ʩʦʣʝʥʦʠʜ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʌʦʨʤʫʣʝ 2 (ʩʝʯʝʥʠʝ) 

 

ʇʦʜʦʙʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʩʠʩʪʝʤʝ çʉɺʏ ʧʝʨʝʜʘʪʯʠʢ-ʧʨʠʸʤʥʠʢè, ʛʜʝ ʧʝʨʝʜʘʪʯʠʢʦʤ ʙʳʣ 

ʤʘʛʥʝʪʨʦʥ, ʘ ʧʨʠʸʤʥʠʢʦʤ ʙʳʣ ʤʘʣʦʚʠʪʢʦʚʦʡ ʩʦʣʝʥʦʠʜ ʩ ʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʦʡ (ʩʤ. ʨʠʩ. 8).  
















































































































































































































































































































