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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: ɻʫʣʠʥ ɸ.ʀ. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ:  
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ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ɻʫʢʘʣʦʚʘ ʀʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ð ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʜʦʮ. ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʜʦʮ. ʢʘʬʝʜʨʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 
ʠ ʩʦʮʠʘʣʴʥʦʡ ʛʝʦʛʨʘʬʠʠ ʂʠʝʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʊ. ʐʝʚʯʝʥʢʦ; 

ɼʘʥʠʣʦʚ  ɺʠʢʪʦʨ  ʇʘʚʣʦʚʠʯ ï ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ, ʟʘʤ. ʜʠʨ. ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 

ʉʠʙʅʀʀ ʢʦʨʤʦʚ ʉʆ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ; 
ɽʣʠʩʝʝʚ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ð ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʙʠʟʥʝʩ-ʢʦʥʩʫʣʴʪʘʥʪ 

ɸʢʘʜʝʤʠʠ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʨʳʥʢʘ, ʚʝʜʫʱʠʡ ʢʦʥʩʫʣʴʪʘʥʪ ʧʦ ʩʪʨʘʪʝʛʠʠ ʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘʤ, çʂʦʥʩʘʣʪʠʥʛʦʚʘʷ ʬʠʨʤʘ çʇʘʨʪʥʝʨʳ ʠ ɹʦʨʦʚʢʦʚè; 
ɿʝʣʝʥʩʢʘʷ ʊʘʪʴʷʥʘ ɽʚʛʝʥʴʝʚʥʘ ð ʢʘʥʜ. ʬʠʟ.-ʤʘʪ, ʜʦʮ. ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ 

ʤʘʪʝʤʘʪʠʢʠ ʖʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

ʈʦʤʘʥʦʚʘ ɸʣʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ð ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ 
ʬʠʟʠʢʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

ʈʳʤʢʝʚʠʯ ʇʘʚʝʣ ʇʘʚʣʦʚʠʯ ð ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮ., ʧʨʦʬ. ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ 
ɺʦʝʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ ʠʤ. ɸ.ʌ. ʄʦʞʘʡʩʢʦʛʦ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʯʣ.-ʢʦʨ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʵʢʦʣʦʛʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ, ʯʣʝʥ 

ʕʢʩʧʝʨʪʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ; 
ʉϮʣʝʡʤʝʥ ɽʨʣʘʥ ʄʵʣʩϰʣʳ ð ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, PhD, ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʡ 

ʭʠʤʠʠ ʧʨʠ ɽʚʨʘʟʠʡʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ; 

ʍʘʨʯʝʥʢʦ ɺʠʢʪʦʨʠʷ ɽʚʛʝʥʴʝʚʥʘ ð ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮ. ʃʫʛʘʥʩʢʦʛʦ 
ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

ʗʢʦʚʠʰʠʥʘ ʊʘʪʴʷʥʘ ʌʝʜʦʨʦʚʥʘ ð ʢʘʥʜ. ʩ.-ʭʦʟ. ʥʘʫʢ, ʜʦʮ., ʟʘʤʝʩʪʠʪʝʣʴ 

ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʵʢʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇʨʠʜʥʝʧʨʦʚʩʢʦʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʯʣʝʥ ɺʩʝʫʢʨʘʠʥʩʢʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʃʠʛʠ. 
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ɸʅʅʆʊɸʎʀʗ 
ɺ ʨʘʙʦʪʝ, ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʌʫʨʴʝ, ʠʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ 

ʘʨʛʫʤʝʥʪʦʤ.  

ABSTRACT 

In this paper on the basis of the Fourier method, we investigate 

the question of the existence of a regular solution of the classical boundary 

value problem for partial differential equations of the second order 

with deviating argument. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ; ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ; ʦʪʢʣʦʥʷʶʱʠʡʩʷ ʘʨʛʫʤʝʥʪ; ʤʝʪʦʜ ʌʫʨʴʝ. 

Keywords: boundary value problem; partial differential equation; 

divergent argument; Fourier method. 

 

ɺʚʝʜʝʥʠʝ. ʂʨʘʝʚʳʝ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʪʘʣʠ ʠʟʫʯʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʇʨʠ ʵʪʦʤ, ʫʨʘʚʥʝʥʠʷʤ 

ʩ ʜʠʩʢʨʝʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʘʨʛʫʤʝʥʪʘ ʧʦʩʚʷʱʝʥʦ ʥʝʤʥʦʛʦ ʨʘʙʦʪ 

(ʥʘʧʨʠʤʝʨ [1ð3, 6, 7]). ʆʜʥʘʢʦ, ʚʦ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʘʨʛʫʤʝʥʪʘ ʚ ʤʣʘʜʰʠʭ ʯʣʝʥʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʨʘʟʨʝʰʠʤʦʩʪʠ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʘʨʛʫʤʝʥʪʘ ʧʨʠ ʩʪʘʨʰʝʡ 

ʧʨʦʠʟʚʦʜʥʦʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʦʙʣʘʩʪʠ ( ){ }, :0 ,x t x l td dW= < < - < < ʨʘʩʩʤʦʪʨʠʤ 

ʫʨʘʚʥʝʥʠʝ 

 

( ) ( ) ( ) 0,,, =-++ txUtxUtxU ttttxx gba ,                    (1) 

 

ʛʜʝ , , , ,ld a b g ï ʟʘʜʘʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʧʨʠʯʝʤ 0>-gb . 

ɼʣʷ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʦʙʣʘʩʪʠ Ý ʠʩʩʣʝʜʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ 

ɿʘʜʘʯʘ ɸ. ɺ ʦʙʣʘʩʪʠ { }\ 0tW = , ʥʘʡʪʠ ʨʝʰʝʥʠʝ ( ),U x t  

ʫʨʘʚʥʝʥʠʷ (1) ʠʟ ʢʣʘʩʩʘ () ()1 2C CW W, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ: 

 

0,0
0

==
== lxx

UU ,                                   (2) 

() ()0 1,
t t

U x U x
d d
j j

=- =
= = ,                          (3) 
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ʛʜʝ: () ()0 1,x xj j  ð ʟʘʜʘʥʥʳʝ, ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ, 

ʧʨʠʯʝʤ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ: 

() () () ()0 0 1 10 0 0l lj j j j= = = =. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ ɸ 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ ɸ ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ 

ʌʫʨʴʝ, ʪ.ʝ. ʙʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

 

( ) ()()tTxXtxU =, .                                     (4) 

 

ʇʦʜʩʪʘʚʣʷʷ (4) ʚ (1), ʧʦʣʫʯʠʤ 

 

()

()

() ( )

()

X x T t T t

X x T t

b g
l

a

¡¡ ¡¡ ¡¡- - -
= =-.                    (5) 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (2), ʦʪʥʦʩʠʪʝʣʴʥʦ ()X x  ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ ʐʪʫʨʤʘ-ʃʠʫʚʠʣʣʷ: 

 

() () 0X x X xl¡¡+ =, 

() ()0 0X X l= =. 

 

ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

 

,...3,2,1,

2

=ö
÷

õ
æ
ç

å
= n

l

n
n

p
l                             (6) 

 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ 

 

() ö
÷

õ
æ
ç

å
= x

l

n
xXn

p
sin .                                      (7) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʪʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʘʥʘʣʦʛ ʧʝʨʚʦʡ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 
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() ( ) () 0T t T t T tb g la¡¡ ¡¡- - - + =,                      (8) 

 

ʛʜʝ nll= . 

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (8) ʩ ʦʪʢʣʦʥʷʶʱʠʤʩʷ ʘʨʛʫʤʝʥʪʦʤ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʠʧʘ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ [4]: 

 

() kt ktT t ae be-= + ,                                (9) 

 

ʛʜʝ: , ,k a b ð ʥʝʠʟʚʝʩʪʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʧʨʠʯʝʤ 0ab¸ . 

ʇʦʜʩʪʘʚʣʷʷ (9) ʚ (8), ʧʦʣʫʯʠʤ 

 

 
 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ 

 

0,

0,

a k b k a

b k a k b

b g la

b g la

+ - =ë
ì

+ - =í
, 
( )

( )

0,

0.

a k b k

a k b k

b la g

g b la

ë - + =
ì

+ - =í
 (10) 

 

ʊʘʢ ʢʘʢ 0̧ab , ʪʦ 

 

0
k k

k k

b la g

g b la

-
=

-
.                   (11) 

 

ʈʘʟʨʝʰʘʷ (11) ʦʪʥʦʩʠʪʝʣʴʥʦ Ὧ, ʥʘʭʦʜʠʤ  

 

1 2,k k
al al

b g b g
= =
- +

. 

 

ɺ ʩʣʫʯʘʝ 2k  ʫʨʘʚʥʝʥʠʝ (8) ʠʤʝʝʪ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʩʣʫʯʘʝ 1k . 

ʇʦʜʩʪʘʚʣʷʷ 1k  ʚ (9), ʧʦʣʫʯʠʤ: 
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()
t t

T t a e e

al al

b g b g
-

- -
å õ
æ ö= + =
æ ö
ç ÷

2 cosa t
al

b g

å õ
æ ö

-ç ÷

, 

 

ʛʜʝ a

 

ʠ b

 

ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

1

1

1, .
a k

a b
b k

al
g

g b g

b al al
b al
b g

-
- -

= = = Ý =
- å õ

-æ ö
-ç ÷

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ɸ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ: 

 

( ) () (), cos sinn n n n

nx
U x t X x T t A t

l

al p

b g

å õå õ
= = æ öæ ö

- ç ÷ç ÷
, 

 

ʛʜʝ A  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʨʷʜ 

 

( )
1

, cos sinn

n

nx
U x t A t

l

al p

b g

¤

=

å õå õ
= æ öæ ö

- ç ÷ç ÷
ä  

 

ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʠʪʩʷ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʦ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ [5]. 
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2.1. ʉʀʉʊɽʄʅʓʁ ɸʅɸʃʀɿ, ʋʇʈɸɺʃɽʅʀɽ  

ʀ ʆɹʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʀ 
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ɺ ʂɸʏɽʉʊɺɽ ʅɸɹʃʖɼɸʊɽʃʗ ɺ ʆɼʅʆʆʉʅʆʄ 

ɻʀʈʆʉʂʆʇʀʏɽʉʂʆʄ ʉʊɸɹʀʃʀɿɸʊʆʈɽ 

ɸʥʠʩʠʤʦʚ ʗʥ ʆʣʝʛʦʚʠʯ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʇʨʠʙʦʨʦʩʪʨʦʝʥʠ ̫ 
ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ (ʅʀʋ),  

ʈʌ, ʛ. ʏʝʣʷʙʠʥʩʢ 
E-mail: yan@yanchick.org 

 

DETERMINE THE OPTIMU M PARAMETERS  

OF A NEURAL NETWORK USED AS AN OBSERVER  

IN UNIAXIAL GYRO STA BILIZERS  

Yan Anisimov 

senior lector of South Ural State University(NRI),  
Russia, Chelyabinsk 

 

ɸʅʅʆʊɸʎʀʗ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʥʘʙʣʶʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʛʠʨʦʩʪʘ-

ʙʠʣʠʟʘʪʦʨʘ. ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ, ʚʠʜʘ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ ʧʘʤʷʪʠ ʥʘ ʚʭʦʜʝ. 

mailto:yan@yanchick.org
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ABSTRACT  
The paper deals with the issue of determining the optimal neural 

network estimator. The problem of stability depending on the number 

of neurons in the hidden layer activation function type and quantity 

of memory cells at the inlet. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; ʥʘʙʣʶʜʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

Keywords: neural network; estimator. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝ ʰʠʨʝ ʥʘʯʠʥʘʶʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʆʥʠ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ 

ʦʙʫʯʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ çʚʭʦʜ-ʚʳʭʦʜè, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʩʥʦʚʥʳʤ 

ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ. 

ʆʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʙʦʨʘ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʚʦʟʣʦʞʝʥʥʳʝ 

ʥʘ ʥʝʸ ʟʘʜʘʯʠ.  

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʚʳʙʨʘʥ ʦʜʥʦʦʩʥʳʡ ʩʠʣʦʚʦʡ 

ʛʠʨʦʩʪʘʙʠʣʠʟʘʪʦʨ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ 

ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ [1]:  
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(1) 

ʛʜʝ: H ð ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʛʠʨʦʙʣʦʢʘ,  
Að ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʛʠʨʦʧʣʘʪʬʦʨʤʳ,  
Bð ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʛʠʨʦʙʣʦʢʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʪʘʙʠʣʠʟʘʪʦʨʘ,  
h ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ.  

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʠʶ ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʫʛʦʣ ʧʨʝʮʝʩʩʠʠ 

ʛʠʨʦʩʢʦʧʘ ɓ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʝʥʠʷ 
Mʚʦʟʤ, 
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ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦ ʦʩʠ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʙʫʜʝʤ ʧʦʜʘʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ 
u=īPx  ʥʘ ʜʚʠʛʘʪʝʣʴ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴ 

ʤʦʤʝʥʪ, ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʡ ʚʥʝʰʥʝʝ ʚʦʟʤʫʱʝʥʠʝ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ u=īP⅞x  ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʝʩʴ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ x

ʠ ʠʤʝʪʴ ʨʘʩʩʯʠʪʘʥʥʳʡ ʨʝʛʫʣʷʪʦʨ P . ʊʘʢ ʢʘʢ ʥʘʤ ʜʦʩʪʫʧʥʘ ʣʠʰʴ ʦʜʥʘ 
ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʚʩʝʛʦ 

ʚʝʢʪʦʨʘ x . ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʧʦʣʥʷʶʱʝʝ ʧʦʜʦʙʥʫʶ ʦʮʝʥʢʫ, 
ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ [3].  

ɺ ʭʦʜʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʩʧʦʩʦʙʥʘ ʚʳʧʦʣʥʷʪʴ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

çʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥè, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʤʠʤʦ ʪʝʢʫʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʦʩʪʦʷʥʠʷ ʧʦʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ. ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ 

ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʂ ʵʪʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

1. ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʝʪʠ;  

2. ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ;  

3. ʚʠʜ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʢʘʞʜʦʛʦ ʥʝʡʨʦʥʘ.  

ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʩʚʷʟʝʡ çʚʭʦʜ-

ʚʳʭʦʜè, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. 

ʀʟʚʝʩʪʥʦ [4], ʯʪʦ ʣʶʙʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʩʝʪʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʦʜʠʥ ʩʢʨʳʪʳʡ ʩʣʦʡ ʥʝʡʨʦʥʦʚ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʘʢʪʠʚʘʮʠʠ ʠ ʚʳʭʦʜʥʦʡ ʩʣʦʡ ʩ ʣʠʥʝʡʥʳʤʠ ʘʢʪʠʚʘʮʠʦʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʧʦʚʳʰʘʶʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ ʦ ʯʠʩʣʝ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ 

ʠ ʢʦʣʠʯʝʩʪʚʝ ʟʘʧʦʤʥʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ɺ ʦʙʱʝʤ 

ʚʠʜʝ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʫʢʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʨʝʰʝʥʘ. ʆʜʥʘʢʦ 

ʚ ʨʘʙʦʪʝ [2] ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʢʘʢ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʠʜʘ. ɺ ʦʙʳʯʥʦʡ 

ʧʨʘʢʪʠʢʝ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ:  

1. ʚʩʝ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʦʜʘʶʪʩʷ ʚʩʝʤ ʥʝʡʨʦʥʘʤ;  

2. ʚʘʨʠʘʥʪ ʪʦʧʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʳʭ 

ʟʥʘʥʠʡ ʦ ʟʘʜʘʯʝ.  

ɺ ʨʘʙʦʪʝ [5] ʧʨʠʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʝʩʦʚ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ:  
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N y N p

1+ log2 N p

ÒN w< N y(
N p

N x

+1)( Nx+N y+1)+ N y

 

(2) 

ʛʜʝ: 
Nw ð ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʦʚ ʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ,  

N xð ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʜʘʥʥʳʭ,  

N y ð ʨʘʟʤʝʨʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ,  

N p  ð ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʘʥʥʳʝ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 20  ́ʩʝʢʫʥʜ, ʩ ʰʘʛʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 0,01 ʩʝʢʫʥʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʤʝʝʤ 6284 ʦʪʩʯʝʪʘ 

ʧʦ ʢʘʞʜʦʤʫ ʠʟ 3-ʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ. ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʝ 

(2) ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʦʚ ʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʥʝʨʘʚʝʥʩʪʚʦʤ: 
1384ÒNw<94266

. ʊ. ʢ. ʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ 

ʟʥʘʯʠʪʝʣʴʥʳʡ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʳʜʫʱʠʭ ʟʘʧʦʤʥʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʜʠʘʧʘʟʦʥʘ ʦʪ 1 

ʜʦ 10. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʦʚ ʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʙʫʜʝʪ 

ʩʦʩʪʘʚʣʷʪʴ 
5ÒN w<10

. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʳʙʝʨʝʤ 

ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʨʠʠ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ 10 ʦʧʳʪʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ:  

4. ʩʠʛʤʦʠʜʘʣʴʥʘʷ;  

5. ʣʦʛʠʩʪʠʯʝʩʢʘʷ;  

6. ʣʠʥʝʡʥʘʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʪʘʙʣʠʮʫ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ʚ ʩʢʨʳʪʦʤ ʥʝʡʨʦʥʝ (ʊʘʙʣʠʮʘ 1). ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ 10 

ʠʟ 10 ʫʜʘʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʧʦʣʫʯʠʤ ʧʨʠ ʛʣʫʙʠʥʝ ʨʝʛʨʝʩʩʠʠ 

ʚ 2 ʵʣʝʤʝʥʪʘ ʠ 1 ʥʝʡʨʦʥʝ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʯʠʩʣʦ 

ʚʝʩʦʚ ʨʘʚʥʦ 6.  

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʪʘʙʣʠʮʫ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ (ʊʘʙʣʠʮʘ 2). ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʜʘʯʥʳʭ ʠʩʭʦʜʦʚ ʨʘʚʥʷʝʪʩʷ 9, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʩʠʛʤʦʠʜʘʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ. ʆʜʥʘʢʦ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ 

ʧʨʠ ʪʘʢʦʡ ʞʝ ʩʪʨʫʢʪʫʨʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ 

ʘʢʪʠʚʘʮʠʠ.  
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ʊʘʙʣʠʮʘ 1. 

ʂʦʣʠʯʝʩʪʚʦ ʫʜʘʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ 

 ʂʦʣ-ʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ 

 1 2 3 4 5 6 7 8 9 10 

ʂ
ʦ
ʣ-ʚ
ʦ
 
ʵ
ʣ
ʝ
ʤ
ʝ
ʥ
ʪ
ʦ
ʚ
 
ʧ
ʘ
ʤ
ʷ
ʪ
ʠ

 

1 0 0 0 0 0 0 0 0 0 0 

2 10 5 4 7 5 6 5 3 4 6 

3 0 8 6 3 4 5 3 3 4 5 

4 0 2 6 9 5 7 3 v 5 4 

5 0 5 6 5 7 3 8 6 4 3 

6 0 7 3 4 4 2 2 2 5 2 

7 0 5 3 4 4 2 1 5 6 2 

8 0 0 4 3 2 0 3 0 5 3 

9 0 1 2 2 0 4 4 0 3 2 

10 0 1 2 1 2 1 1 2 0 2 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʪʘʙʣʠʮʫ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 

ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ (ʊʘʙʣʠʮʘ 3). ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʯʥʳʭ 

ʠʩʭʦʜʦʚ ʨʘʚʥʷʝʪʩʷ 8 ʧʨʠ 2 ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʝʪʠ: ʛʣʫʙʠʥʝ 

ʨʝʛʨʝʩʩʠʠ ʚ 3 ʵʣʝʤʝʥʪʘ ʠ 3 ʥʝʡʨʦʥʘʭ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ; ʛʣʫʙʠʥʝ 

ʨʝʛʨʝʩʩʠʠ ʚ 2 ʵʣʝʤʝʥʪʘ ʠ 5 ʥʝʡʨʦʥʘʭ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ. ʇʝʨʚʘʷ ʩʪʨʫʢʪʫʨʘ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ.  

ʊʘʙʣʠʮʘ 2. 

ʂʦʣʠʯʝʩʪʚʦ ʫʜʘʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ 

 ʂʦʣ-ʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ 

 1 2 3 4 5 6 7 8 9 10 

ʂ
ʦ
ʣ-ʚ
ʦ
 
ʵ
ʣ
ʝ
ʤ
ʝ
ʥ
ʪ
ʦ
ʚ
 
ʧ
ʘ
ʤ
ʷ
ʪ
ʠ

 

1 0 0 0 0 0 0 0 0 0 0 

2 9 6 5 7 6 6 7 6 2 7 

3 0 8 8 8 8 6 5 5 4 5 

4 0 5 6 6 6 3 4 7 4 7 

5 0 2 7 3 4 7 3 6 5 7 

6 0 6 6 6 3 6 6 7 4 6 

7 0 6 6 4 4 1 2 6 3 6 

8 0 3 4 1 2 2 3 4 5 5 

9 0 1 0 3 5 4 2 4 3 3 

10 0 1 0 1 3 4 2 3 1 5 
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ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʦʤʥʝʥʥʳʭ ʧʨʝʜʳʜʫʱʠʭ ʩʦʩʪʦʷʥʠʡ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, 

ʢʘʢ ʧʦʢʘʟʘʣʠ ʦʧʳʪʳ, ʦʧʪʠʤʘʣʴʥʳʤ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ ʥʘ ʚʭʦʜʝ ʧʨʠ ʩʠʛʤʦʠʜʘʣʴʥʦʡ 

ʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ. ɺ ʚʦʧʨʦʩʝ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ 

ʪʝʥʜʝʥʮʠʷ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʦʡʯʠʚʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ 

ʩʣʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʳʜʫʱʠʭ 

ʟʘʧʦʤʥʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʙʦʣʴʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʢ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ.  

ʊʘʙʣʠʮʘ 3. 

ʂʦʣʠʯʝʩʪʚʦ ʫʜʘʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ 

 ʂʦʣ-ʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ 

 1 2 3 4 5 6 7 8 9 10 

ʂ
ʦ
ʣ-ʚ
ʦ
 
ʵ
ʣ
ʝ
ʤ
ʝ
ʥ
ʪ
ʦ
ʚ

 ʧ
ʘ
ʤ
ʷ
ʪ
ʠ

 

1 0 5 2 2 5 2 3 1 0 3 

2 0 6 4 6 8 3 5 1 3 3 

3 0 7 8 4 4 3 4 3 4 3 

4 0 5 4 3 5 1 3 1 0 0 

5 0 4 4 0 0 3 2 1 2 3 

6 0 7 4 3 2 0 1 0 5 4 

7 0 2 2 1 2 1 1 0 3 1 

8 0 5 2 2 5 2 3 1 0 3 

9 0 6 4 6 7 3 5 1 3 3 

10 0 7 7 4 4 3 4 3 4 3 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʪʘʙʣʠʮ ʚʠʜʥʦ, ʯʪʦ ʜʘʞʝ ʜʣʷ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʦʡ ʘʢʪʠʚʘʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ ʚ ʩʦʩʪʘʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʠʤ 

ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʫʜʘʯʥʦʛʦ ʠʩʭʦʜʘ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʩʧʦʩʦʙʥʦʡ ʚʳʧʦʣʥʷʪʴ ʚʦʟʣʦ-

ʞʝʥʥʳʝ ʥʘ ʥʝʝ ʬʫʥʢʮʠʠ, ʧʨʠ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʷʭ ʘʢʪʠʚʘʮʠʠ, 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʩʦʚ ʚ ʩʦʩʪʘʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: ʦʪ 6 

ʜʦ 30. ʇʨʠ ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʠ ʧʨʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 

ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʝʪʠ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 2 ʵʣʝʤʝʥʪʘ 

ʧʘʤʷʪʠ, ʦʜʥʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʥʘ ʚʭʦʜʝ ʠ 1 ʩʢʨʳʪʳʡ ʥʝʡʨʦʥ.  
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ɸʅʅʆʊɸʎʀʗ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʢʝʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

MATLAB  ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ABSTRACT 

Use package of mathematical modeling the MATLAB for analysis 

of economic processes. 

  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʢʘ; ʜʠʥʘʤʠʢʘ; MATLAB; ʧʨʦʮʝʩʩ; 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

Keyword:  economics; dynamics; MATLAB; a process modeling. 

 

ɺ ʵʢʦʥʦʤʠʢʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʦʧʨʝʜʝʣʷʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ, ʬʦʨʤʠʨʦʚʘʪʴ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʨʦʛʥʦʟ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʵʢʦʥʦʤʠʢʝ ð ʵʪʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ, ʤʘʣʳʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʬʦʨʤʘʭ, ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ɻ ʢʦʥʦʤʠʢʝ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʠʩʘʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. ʎʝʣʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʬʝʨʝ ʵʢʦʥʦʤʠʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ (ʦʪʨʘʩʣʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʠ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʢʠ) ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʤʥʦʛʦʟʚʝʥʥʳʤʠ ʦʧʝʨʘʪʦʨʥʳʤʠ ʟʚʝʥʴʷʤʠ. ʐʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʦʜ ʛʨʘʬʦʘʥʘʣʠʪʠ-

ʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ 

çʜʠʥʘʤʠʯʝʩʢʠʭ ʟʚʝʥʴʝʚè ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ, 

ʦʧʠʩʳʚʘʝʤʦʡ ʢʘʢ ʣʠʥʝʡʥʳʤʠ, ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, 

ʠ ʩ ʫʩʧʝʭʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ [3, 4]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʝʪʦʜʘ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʨʛʦʚʦ-ʟʘʢʫʧʦʯʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʭʥʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ MATLAB. 

ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʠ ʧʦʪʨʝʙʦʚʘʣʘ ʚʚʝʜʝʥʠʷ 

ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʚʝʥʘ çʧʘʤʷʪʠè, ʧʦʟʚʦʣʷʶʱʝʛʦ ʟʘʧʦʤʠʥʘʪʴ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʥʘ ʩʚʦʝʤ ʚʭʦʜʝ ʧʦ ʢʦʤʘʥʜʝ ʠʟʚʥʝ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʤʘʥʜʳ 

ʟʚʝʥʦ ʩʦʭʨʘʥʷʝʪ ʥʘ ʩʚʦʝʤ ʚʳʭʦʜʝ ʨʘʥʝʝ ʟʘʧʦʤʥʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

(ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1. ɿʚʝʥʦ ʧʘʤʷʪʠ 

 

ɺʝʨʭʥʝʝ ʧʦ ʩʭʝʤʝ ʩʦʩʪʦʷʥʠʝ ʢʣʶʯʘ ñSwitchò (ʥʘ ʨʠʩ. 1) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ ʟʘʧʦʤʠʥʘʥʠʷ ʫʨʦʚʥʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ñInò. 

ʇʨʠ ʥʠʞʥʝʤ ʩʦʩʪʦʷʥʠʠ ʢʣʶʯʘ ñSwitchò ʥʘ ʚʭʦʜ ʟʚʝʥʘ ñTransfer Fcnò 

ʧʦʜʘʥ ʥʫʣʝʚʦʡ ʩʠʛʥʘʣ, ʘ ʝʛʦ ʚʳʭʦʜ ñOutò ʦʩʪʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʟʘʧʦʤʥʝʥʥʦʤʫ ʨʘʥʝʝ ʟʥʘʯʝʥʠʶ. ʋʧʨʘʚʣʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʘʯʠ ʣʦʛʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜ 

ñLoadò. ʉʦʩʪʦʷʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ñ0ò ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ ʭʨʘʥʝʥʠʷ 
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ʜʘʥʥʳʭ, ʣʦʛʠʯʝʩʢʘʷ ñ1ò ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ ʟʘʧʦʤʠʥʘʥʠʷ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ. 

ʉʦʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʥʘʯʥʝʤ ʩ ʬʫʥʢʮʠʠ ʟʘʢʫʧʢʠ ʪʦʚʘʨʘ (ʨʠʩ. 2). 

 

 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʟʘʢʫʧʢʠ ʪʦʚʘʨʘ 

 

ʅʘ ʚʭʦʜ ʩʭʝʤʳ ʧʦʩʪʫʧʘʝʪ ʧʦʪʦʢ ʩʨʝʜʩʪʚ ʜʣʷ ʟʘʢʫʧʢʠ ʪʦʚʘʨʦʚ. 

ɹʣʦʢ ñDividerò ʚʳʯʠʩʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʫʧʘʝʤʳʭ ʪʦʚʘʨʦʚ. ʇʦʪʦʢ 

ʟʘʢʘʟʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʋʤʥʦʞʠʚ ʧʦʪʦʢ ʟʘʢʘʟʦʚ 

ʥʘ ʮʝʥʫ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ ʚʳʨʫʯʢʠ, ʘ ʚʳʯʠʪʘʷ 

ʧʦʪʦʢ ʟʘʢʘʟʦʚ ʠʟ ʦʙʲʝʤʘ ʟʘʢʫʧʢʠ, ʧʦʣʫʯʠʤ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʢʘ 

ʪʦʚʘʨʘ ʥʘ ʩʢʣʘʜʝ. ʀʟ ʧʦʪʦʢʘ ʧʦʣʫʯʝʥʥʦʡ ʚʳʨʫʯʢʠ ʚʳʯʪʝʤ ʩʨʝʜʩʪʚʘ 

ʥʘ ʫʧʣʘʪʫ ʥʘʣʦʛʦʚ ʠ ʦʧʣʘʪʫ ʪʨʫʜʘ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʉʬʦʨʤʠʨʫʝʤ ʧʦʪʦʢ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ 

ʩʦʪʨʫʜʥʠʢʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 136 ʊʂ ʈʌ [2] ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ 

ʜʦʣʞʥʘ ʚʳʧʣʘʯʠʚʘʪʴʩʷ ʥʝ ʤʝʥʝʝ 2 ʨʘʟ ʚ ʤʝʩʷʮ, ʧʦʵʪʦʤʫ ʩʬʦʨʤʠʨʫʝʤ 

ʜʚʘ ʧʦʪʦʢʘ ʩʨʝʜʩʪʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʚʘʥʩʫ (20 ʯʠʩʣʘ ʤʝʩʷʮʘ) 

ʠ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ (5 ʯʠʩʣʦ). ʊʘʢ ʢʘʢ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʦʜʠʥʘʢʦʚʳʭ ʚʝʪʚʝʡ, ʨʘʩʩʤʦʪʨʠʤ ʝʝ ʨʘʙʦʪʫ ʥʘ ʧʨʠʤʝʨʝ ʚʝʨʭʥʝʡ ʚʝʪʚʠ. 

ɹʣʦʢ ñCounter Limitedò ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʯʝʪʯʠʢʘ ʢʘʣʝʥʜʘʨʥʳʭ 

ʜʥʝʡ ʤʝʩʷʮʘ. ʅʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ ñCompare to Constantò 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʣʦʛʠʯʝʩʢʦʡ ç1è ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1 ʩʝʢ. (1 ʨʘʙʦʯʠʡ 

ʜʝʥʴ) ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʧʦʢʘʟʘʥʠʷ ʩʯʝʪʯʠʢʘ ñCounter Limitedò 

ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʥʩʪʘʥʪʦʡ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʯʝʨʝʟ ʢʣʶʯ 

ñSwitchò ʥʘ ʚʭʦʜ ʠʥʪʝʛʨʘʪʦʨʘ çIntegrator1è ʥʘ 1 ʩʝʢʫʥʜʫ ʧʦʜʘʝʪʩʷ 

ʩʠʛʥʘʣ, ʨʘʚʥʳʡ ʩʫʤʤʝ ʝʞʝʤʝʩʷʯʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʠʥʪʝʛʨʘʪʦʨʘ çIntegrator1è ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʚʝʥ: 

 

Ù̉̎ Ô̓ Ù̉̎ Ô̓ ᷿σπππ ÄÔÙ̉̎ Ô̓ σπππ              (1) 
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ʉʣʦʞʠʚ ʧʦʪʦʢ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʟʘʨʧʣʘʪʫ ʠ ʚʳʧʣʘʪʫ 

ʘʚʘʥʩʘ, ʧʦʣʫʯʠʤ ʩʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʩʨʝʜʩʪʚ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ 

ʩʦʪʨʫʜʥʠʢʦʚ (ʨʠʩ. 3). 

 

 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʠ  

ʦʧʣʘʪʳ ʪʨʫʜʘ ʩʦʪʨʫʜʥʠʢʦʚ 

 

ʈʘʩʩʯʠʪʘʝʤ ʩʫʤʤʫ ʝʜʠʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʚʟʥʦʩʦʚ, ʫʧʣʘʯʠʚʘʝʤʳʭ 

ʩ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʩʦʪʨʫʜʥʠʢʦʚ. ʉʦʛʣʘʩʥʦ ʧ. 3 ʩʪ. 243 ʅʂ ʈʌ [1] 

ʫʧʣʘʪʘ ʝʜʠʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʚʟʥʦʩʦʚ (ɽʉɺ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʨʦʢ  

ʜʦ 15 ʯʠʩʣʘ ʤʝʩʷʮʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʨʘʩʯʝʪʥʳʤ. ɿʘʬʠʢʩʠʨʫʝʤ ʩ ʧʦʤʦʱʴʶ 

ʩʫʙʩʠʩʪʝʤʳ ñMemoryò ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʘ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 15 ʯʠʩʣʦ ʤʝʩʷʮʘ. ʋʤʥʦʞʠʚ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʥʘ ʩʫʤʤʘʨʥʫʶ ʩʪʘʚʢʫ ʥʘʣʦʛʘ (ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 30 %), ʧʦʣʫʯʠʤ 

ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʘ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʫʧʣʘʪʫ ɽʉɺ (ʨʠʩ. 4). 

 

 

ʈʠʩʫʥʦʢ 4. ʇʦʪʦʢ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʫʧʣʘʪʫ ɽʉɺ 

 

ʉʤʦʜʝʣʠʨʫʝʤ ʤʝʭʘʥʠʟʤ ʥʘʯʠʩʣʝʥʠʷ ʠ ʫʧʣʘʪʳ ʥʘʣʦʛʘ 

ʥʘ ʜʦʙʘʚʣʝʥʥʫʶ ʩʪʦʠʤʦʩʪʴ. ʉʦʛʣʘʩʥʦ ʩʪ. 146 ʅʂ ʈʌ ʫʧʣʘʪʘ ʅɼʉ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʪʦʛʘʤ ʢʘʞʜʦʛʦ ʥʘʣʦʛʦʚʦʛʦ ʧʝʨʠʦʜʘ ʠʩʭʦʜʷ 

ʠʟ ʬʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʦʚʘʨʦʚ ʟʘ ʠʩʪʝʢʰʠʡ ʥʘʣʦʛʦʚʳʡ ʧʝʨʠʦʜ 

ʨʘʚʥʳʤʠ ʜʦʣʷʤʠ ʥʝ ʧʦʟʜʥʝʝ 20-ʛʦ ʯʠʩʣʘ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʤʝʩʷʮʝʚ, 

ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʠʩʪʝʢʰʠʤ ʥʘʣʦʛʦʚʳʤ ʧʝʨʠʦʜʦʤ. ʉʦʛʣʘʩʥʦ ʯ. 2 ʩʪ. 171 
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ʅʂ ʈʌ ʚʳʯʝʪʘʤ ʧʦ ʅɼʉ ʧʦʜʣʝʞʘʪ ʩʫʤʤʳ ʥʘʣʦʛʘ, ʧʨʝʜʲʷʚʣʝʥʥʳʝ 

ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʫ ʧʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ ʪʦʚʘʨʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʪʦʚʘʨʦʚ, 

ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʜʣʷ ʧʝʨʝʧʨʦʜʘʞʠ. ʄʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʦʧʠʩʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʥʘʯʠʩʣʝʥʠʷ ʥʘʣʦʛʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. 

 
ʈʠʩʫʥʦʢ 5. ʄʦʜʝʣʴ ʥʘʯʠʩʣʝʥʠʷ ʠ ʫʧʣʘʪʳ ʥʘʣʦʛʘ ʥʘ 

ʜʦʙʘʚʣʝʥʥʫʶ ʩʪʦʠʤʦʩʪʴ 

 

ɹʣʦʢʠ ñGainò ʠ çGain1è ʚʳʜʝʣʷʶʪ ʩʫʤʤʫ ʅɼʉ ʠʟ ʩʫʤʤʳ ʚʳʨʫʯʢʠ 

ʠ ʟʘʪʨʘʪ ʥʘ ʟʘʢʫʧʢʫ ʪʦʚʘʨʦʚ ʧʦ ʩʪʘʚʢʝ 18/118. ʉʭʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʙʣʦʢʘʭ ʧʘʤʷʪʠ ñMemory7ò ʠ ñMemory4ò ʠ ʢʘʣʝʥʜʘʨʝ ñCounter 

Limited6ò ʩ ʧʝʨʠʦʜʦʤ ʨʘʚʥʳʤ 90 ʜʥʝʡ, ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʥʘʯʠʩʣʝʥʥʦʝ ʟʘ ʢʚʘʨʪʘʣ ʅɼʉ. ʀʥʪʝʛʨʘʪʦʨ ñIntegrator3ò ʩʦʚʤʝʩʪʥʦ 

ʩ ʙʣʦʢʘʤʠ ñSwitch3ò, ñGain4ò ʠ ʢʘʣʝʥʜʘʨʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʙʣʦʢʝ 

ñCounter Limited6ò ʩ ʧʝʨʠʦʜʦʤ 30 ʜʥʝʡ, ʬʦʨʤʠʨʫʝʪ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʳʝ 

ʩʫʤʤʘʤ, ʧʦʜʣʝʞʘʱʠʤ ʝʞʝʤʝʩʷʯʥʦʡ ʫʧʣʘʪʝ ʨʘʚʥʳʤʠ ʜʦʣʷʤʠ ʚ ʪʝʯʝʥʠʠ 

ʥʘʣʦʛʦʚʦʛʦ ʧʝʨʠʦʜʘ. ʉʦʩʪʘʚʠʤ ʤʦʜʝʣʴ ʥʘʯʠʩʣʝʥʠʷ ʠ ʫʧʣʘʪʳ ʥʘʣʦʛʘ 

ʥʘ ʧʨʠʙʳʣʴ (ʨʠʩ. 6). 

 

 

ʈʠʩʫʥʦʢ 6. ʄʦʜʝʣʴ ʥʘʯʠʩʣʝʥʠʷ ʠ ʫʧʣʘʪʳ ʥʘʣʦʛʘ ʥʘ ʧʨʠʙʳʣʴ 

 

ɺʭʦʜʥʳʝ ʩʫʤʤʘʪʦʨʳ ʨʝʘʣʠʟʫʶʪ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʣʦʛʦʚʦʡ ʙʘʟʳ ʧʦ ʥʘʣʦʛʫ ʥʘ ʧʨʠʙʳʣʴ. ʂ ʚʳʯʝʪʫ ʧʦ ʥʘʣʦʛʫ ʥʘ ʧʨʠʙʳʣʴ 

ʧʨʠʥʠʤʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʪʦʚʘʨʦʚ, ʧʨʠʦʙʨʝʪʘʝʤʳʭ 

ʜʣʷ ʧʝʨʝʧʨʦʜʘʞʠ (ʩʪ. 252 ʅʂ ʈʌ), ʨʘʩʭʦʜʳ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ, ʨʘʩʭʦʜʳ 
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ʥʘ ʫʧʣʘʪʫ ɽʉɺ (ʩʪ. 255 ʅʂ ʈʌ). ʉʭʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʙʣʦʢʘʭ ʧʘʤʷʪʠ 

ñMemory1ò ʠ ñMemory2ò, ʬʦʨʤʠʨʫʝʪ ʥʘ ʩʚʦʝʤ ʚʳʭʦʜʝ ʟʥʘʯʝʥʠʝ, 

ʨʘʚʥʦʝ ʩʫʤʤʝ ʥʘʣʦʛʦʚʦʡ ʙʘʟʳ, ʠʩʯʠʩʣʝʥʥʦʡ ʟʘ ʧʝʨʠʦʜ ʩ 1 ʧʦ 30 ʯʠʩʣʦ 

ʤʝʩʷʮʘ. ʅʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʘ ñMemoryò ʩʦʙʨʘʥ ʫʟʝʣ, ʨʝʘʣʠʟʫʶʱʠʡ 

ʬʫʥʢʮʠʶ ʫʧʣʘʪʳ ʥʘʣʦʛʘ ʥʘ ʧʨʠʙʳʣʴ 28 ʯʠʩʣʘ ʤʝʩʷʮʘ, ʩʣʝʜʫʶʱʝʛʦ 

ʟʘ ʨʘʩʯʝʪʥʳʤ. ʂʦʵʬʬʠʮʠʝʥʪ ñGain2ò ʨʘʚʝʥ ʩʪʘʚʢʝ ʥʘʣʦʛʘ 20 %. ʄʦʜʝʣʴ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʫʧʢʘʤʠ ʪʦʚʘʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7. 

 

 

ʈʠʩʫʥʦʢ 7. ʄʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʫʧʢʘʤʠ ʪʦʚʘʨʘ 

 

ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ, ʥʘʧʨʘʚʣʷʝʤʳʤʠ 

ʝʞʝʥʝʜʝʣʴʥʦ ʥʘ ʟʘʢʫʧʢʫ ʪʦʚʘʨʘ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʥʦʡ ʝʤʢʦʩʪʠ ʩʢʣʘʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 8. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʧʨʠʥʷʪʦ çʥʫʣʝʚʦʝè ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ð ʢʘʧʠʪʘʣʦ-

ʚʣʦʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʦʙʦʨʦʪʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʧʦʢʫʧʢʫ ʪʦʚʘʨʘ 

ʧʦʩʪʫʧʘʶʪ ʪʦʣʴʢʦ ʦʪ ʧʦʢʫʧʘʪʝʣʝʡ (ʧʨʝʜʦʧʣʘʪʘ ʟʘ ʪʦʚʘʨ).  

ɺʝʨʭʥʠʡ ʛʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʤʤʫ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʩʯʝʪʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʩʣʝ ʚʳʯʝʪʘ ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʣʘʪʝʞʝʡ. ʅʘ ʥʠʞʥʝʤ 

ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʦʚ ʥʘ ʩʢʣʘʜʝ ʟʘ ʚʳʯʝʪʦʤ ʫʞʝ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʪʦʚʘʨʦʚ. ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 8. 

ʛʨʘʬʠʢʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: 

ʘ. ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʩʦʢ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʢʘʩʩʦʚʳʭ ʨʘʟʨʳʚʦʚè ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʦʙʦʨʦʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʧʦʛʘʰʝʥʠʝ ʪʝʢʫʱʝʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ; 

ʙ. ʚ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
ʤʦʜʝʣʠ ʩʫʤʤʘ ʟʘʢʘʟʦʚ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʦ ʟʘʢʫʧʢʝ ʪʦʚʘʨʘ, ʧʦʵʪʦʤʫ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʥʝʪ ʟʘʜʝʨʞʢʘ ʧʦʩʪʘʚʦʢ 

ʪʦʚʘʨʘ ʧʦʢʫʧʘʪʝʣʷʤ;  

ʚ. ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʟʘʢʘʟʦʚ ʚ ʪʝʯʝʥʠʝ 
ʧʝʨʚʳʭ 200 ʜʥʝʡ ʩʨʝʜʩʪʚʘ ʙʫʜʫʪ ʥʘʧʨʘʚʣʷʪʴʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʦʨʦʪʘ 

ʨʝʘʣʠʟʘʮʠʠ, ʘ ʜʘʣʝʝ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʚʘʨʦʚ ʧʦʨʦʛʘ 

ʝʤʢʦʩʪʠ ʩʢʣʘʜʘ, ʧʨʝʜʧʨʠʷʪʠʝ ʥʘʯʥʝʪ ʧʦʣʫʯʘʪʴ ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ.  
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ʈʠʩʫʥʦʢ 8. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʅʘ ʨʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ (ʧʦʢʘʟʘʥ 

ʩʠʥʠʤ ʮʚʝʪʦʤ), ʦʪʯʠʩʣʝʥʠʡ ʥʘ ɽʉɺ (ʢʨʘʩʥʳʡ), ʅɼʉ (ʞʝʣʪʳʡ), ʥʘʣʦʛʘ 

ʥʘ ʧʨʠʙʳʣʴ (ʬʠʦʣʝʪʦʚʳʡ). 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʟʘʪʨʘʪ 

ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʶʪ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʘʚʣʷʝʤʳʝ 

ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ. ʆʙʨʘʪʠʚ ʚʥʠʤʘʥʠʝ ʥʘ ʬʠʦʣʝʪʦʚʳʡ ʛʨʘʬʠʢ, ʚʠʜʠʤ, 

ʯʪʦ ʙʘʟʘ ʧʦ ʥʘʣʦʛʫ ʥʘ ʧʨʠʙʳʣʴ ʯʘʩʪʦ ʙʫʜʝʪ ʥʫʣʝʚʦʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʚ ʥʘʯʘʣʝ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʝʨʚʳʝ 3 ʤʝʩʷʮʘ), ʪ. ʝ. ʧʨʝʜʧʨʠʷʪʠʝ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʛʨʘʥʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 9. ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʛʨʘʬʠʢʠ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʥʷʪʳʭ ʫʧʨʦʱʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩ ʫʯʝʪʦʤ ʧʦʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʠ. ʄʦʜʝʣʴ 

ʤʘʩʰʪʘʙʠʨʫʝʤʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʤʦʜʫʣʷʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ 

ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʪʦʣʴʢʦ ʪʦʨʛʦʚʦ-

ʟʘʢʫʧʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʢʦʥʩʘʣʪʠʥʛʦʚʳʭ 

ʠ ʜʨ.  
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ʦʪ 20.04.2014). 
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4. ʎʘʨʴʢʦʚ ɺ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʧʨʝʜʧʨʠʷʪʠʷ 

(ɼʘʡʜʞʝʩʪ çɸʫʜʠʪ ʠ ʬʠʥʘʥʩʦʚʳʡ ʘʥʘʣʠʟè ˉ 2, 2011 ʛ.). 
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2.2. ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʀ ʋʇʈɸɺʃɽʅʀɽ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄʀ ʇʈʆʎɽʉʉɸʄʀ  

ʀ ʇʈʆʀɿɺʆɼʉʊɺɸʄʀ 

 

ɹɸʅʂʆɺʉʂʀʁ ʕʂɺɸʁʈʀʅɻ ʋʉʃʋɻ ɾʂʍ 

ɿʚʝʨʝʚʘ ɼʘʨʴʷ ʉʝʨʛʝʝʚʥʘ 

ʩʪʫʜʝʥʪ 4 ʢʫʨʩʘ, ʢʘʬʝʜʨʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ  
ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ɺʣɻʋ ʠʤ. ɸ.ɻ. ʠ ʅ.ɻ. ʉʪʦʣʝʪʦʚʳʭ,  

ʈʌ, ʛ. ɺʣʘʜʠʤʠʨ 
E-mail: daria_zvereva@mail.ru 

ʋʣʘʥʦʚ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʘʩʧʠʨʘʥʪ, ʢʘʬʝʜʨʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ 
ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ɺʣɻʋ ʠʤ. ɸ.ɻ. ʠ ʅ.ɻ. ʉʪʦʣʝʪʦʚʳʭ,  

ʈʌ, ʛ. ɺʣʘʜʠʤʠʨ 
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ʠ ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ɺʣɻʋ ʠʤ. ɸ.ɻ. ʠ ʅ.ɻ. ʉʪʦʣʝʪʦʚʳʭ,  
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʘʥʢʦʚʩʢʠʡ ʵʢʚʘʡʨʠʥʛ ʫʩʣʫʛ ɾʂʍ, 

ʪʝʭʥʦʣʦʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ ʙʘʥʢʘ ʩ ʠʥʪʝʨʥʝʪ-

ʩʘʡʪʦʤ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ. ʇʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʣʘʪʝʞʥʦʛʦ ʰʣʶʟʘ, ʧʨʦʮʝʩʩʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʙʘʥʢʘ ʠ ʩʝʨʚʝʨʘ Internet-

ʩʘʡʪʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

ABSTRACT 

The article is considered the bank acquiring of housing and communal 

services, technology of interaction of bank processing center with internet 

service provider, the scheme of interaction of payment gateway, processing 

system and the bank's server of Internet-site. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʥʢʦʚʩʢʠʡ ʵʢʚʘʡʨʠʥʛ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ; 

ʀʥʪʝʨʥʝʪ-ʵʢʚʘʡʨʠʥʛ; ʧʨʦʮʝʩʩʠʥʛʦʚʘʷ ʩʠʩʪʝʤʘ; ʧʣʘʪʝʞʥʳʡ ʰʣʶʟ. 

Keywords: bank acquiring of utilities; Internet acquiring; processing 

system; payment gateway. 

 

ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʩʠʩʪʝʤ ʧʨʠʝʤʘ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʘʪʝʞʝʡ 

ʠ ʫʜʘʣʝʥʥʦʛʦ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʝʪ 

ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʚʳʰʝʥʥʳʤ 

ʫʜʦʙʩʪʚʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʢʘʢ ʜʣʷ ʧʣʘʪʝʣʴʱʠʢʦʚ, 

ʪʘʢ ʠ ʜʣʷ ʧʦʣʫʯʘʪʝʣʝʡ ʧʣʘʪʝʞʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʣʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʤʠʨʘ, ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʣʘʶʪ ʜʘʥʥʳʡ 

ʚʠʜ ʨʘʩʯʝʪʦʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʘ ʦʧʣʘʪʫ ʧʦ ʢʘʨʪʝ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʞʠʟʥʠ.  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʞʠʚʘʝʪ 

ʦʢʦʣʦ ʪʨʝʭʩʦʪ ʩʦʨʦʢʘ ʪʳʩʷʯ ʯʝʣʦʚʝʢ, ʠʟ ʥʠʭ ʙʦʣʝʝ ʜʚʫʭʩʦʪ ʪʳʩʷʯ 

ʠʤʝʶʪ ʧʣʘʩʪʠʢʦʚʳʝ ʢʘʨʪʳ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʯʝʤ, 

ʝʞʝʜʥʝʚʥʦ ʯʠʩʣʦ ʚʳʧʫʱʝʥʥʳʭ ʢʘʨʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʘʢ ʟʘ ʩʯʝʪ 

ʚʳʧʫʩʢʘ ʜʝʙʝʪʦʚʳʭ ʟʘʨʧʣʘʪʥʳʭ ʢʘʨʪ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ 

(ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 30 ʙʘʥʢʦʚ ʵʤʠʪʠʨʫʶʪ ʧʣʘʩʪʠʢʦʚʳʝ ʢʘʨʪʳ).  

ʆʧʣʘʪʫ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʞʠʪʝʣʠ ʨʝʛʠʦʥʘ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʥʘʣʠʯʥʳʤʠ ʯʝʨʝʟ ʙʘʥʢ ʠʣʠ ʯʝʨʝʟ ʧʦʯʪʦʚʦʝ ʦʪʜʝʣʝʥʠʝ; 

¶ ʯʝʨʝʟ ʧʣʘʪʝʞʥʳʡ ʪʝʨʤʠʥʘʣ; 

¶ ʯʝʨʝʟ ʫʜʘʣʝʥʥʳʝ ʢʘʥʘʣʳ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

¶ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʘʪʝʞʝʡ (ʥʘʧʨʠʤʝʨ, www.a-3.ru). 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʦʧʣʘʪʳ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʥʘʣʠʯʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʯʝʨʝʟ ʙʘʥʢ ʠʣʠ ʧʦʯʪʦʚʦʝ ʦʪʜʝʣʝʥʠʝ ʩʚʷʟʘʥʳ ʩ ʮʝʣʳʤ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʥʝʫʜʦʙʩʪʚʦ ʩʪʦʷʥʠʷ ʚ ʦʯʝʨʝʜʷʭ, ʧʦʪʝʨʷ ʚʨʝʤʝʥʠ 

ʠ ʪ. ʧ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʣʘʪʝʣʴʱʠʢʠ ʚʩʝ ʯʘʱʝ ʚʳʙʠʨʘʶʪ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʧʦʩʦʙʳ ʦʧʣʘʪʳ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʦʩʦʙʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚ ʪʦʤ ʚʠʜʝ, 

ʚ ʢʘʢʦʤ ʦʥʠ ʩʫʱʝʩʪʚʫʶʪ ʩʝʡʯʘʩ, ʥʝ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʚ ʙʘʟʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ 

ʚʦʟʤʦʞʥʳʭ ʧʦʣʫʯʘʪʝʣʝʡ ʧʣʘʪʝʞʝʡ (ʩʧʠʩʦʢ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ɽʈʂʎ ʆɸʆ 

çɺʂʉè ʠ ʆʆʆ çɻʘʟʧʨʦʤ ʤʝʞʨʝʛʠʦʥʛʘʟ ɺʣʘʜʠʤʠʨè), ʧʨʠ ʵʪʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʣʘʪʫ 

ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʊʉɾ ʠ ɾʉʂ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʥʢʦʚʩʢʠʡ ʵʢʚʘʡʨʠʥʛ ʚ ʩʬʝʨʝ ʦʧʣʘʪʳ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʠʤʝʝʪ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʡ ʫʩʣʫʛʠ ʥʘ ʩʘʡʪʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʣʶʯʠʪʴ ʜʦʛʦʚʦʨ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩ ʙʘʥʢʦʤ-ʵʢʚʘʡʝʨʦʤ.  

ɹʘʥʢ-ʵʢʚʘʡʝʨ ð ʵʪʦ ʢʨʝʜʠʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʦʨʛʘʥʠʟʫʶʱʘʷ ʪʦʯʢʠ 

ʧʨʠʝʤʘ ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ (ʪʝʨʤʠʥʘʣʳ, ʙʘʥʢʦʤʘʪʳ) ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ 

ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʬʠʥʘʥʩʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʨʘʩʯʝʪʦʚ ʠ ʧʣʘʪʝʞʝʡ ʧʦ ʙʘʥʢʦʚʩʢʠʤ ʢʘʨʪʘʤ [1]. 

ʂʣʶʯʝʚʳʤ ʧʦʥʷʪʠʝʤ ʵʢʚʘʡʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʠʥʛʦʚʳʡ ʮʝʥʪʨ. 

ʇʨʦʮʝʩʩʠʥʦʛʦʚʳʡ ʮʝʥʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ 

ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʩ ʢʘʨʪ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪ ʨʘʩʯʝʪʳ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ 

ʪʨʘʥʟʘʢʮʠʠ [2]. 

http://www.banki.ru/wikibank/%C1%E0%ED%EA%EE%E2%F1%EA%E0%FF+%EA%E0%F0%F2%E0/
http://www.banki.ru/wikibank/%C1%E0%ED%EA%EE%EC%E0%F2/
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ʊʝʭʥʦʣʦʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ ʙʘʥʢʘ 

ʩ ʠʥʪʝʨʥʝʪ-ʩʘʡʪʦʤ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ 

ʤʦʜʫʣʝ Payment Gateway ʧʨʦʮʝʩʩʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ 

ʧʣʘʪʝʞʥʳʡ ʰʣʶʟ), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤ ʠ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʘ 

ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʠ ʧʦ ʙʘʥʢʦʚʩʢʠʤ ʢʘʨʪʘʤ ʯʝʨʝʟ ʩʝʪʴ Internet. 

ʇʣʘʪʝʞʥʳʡ ʰʣʶʟ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʨʬʝʡʩ ʩ ʧʨʦʮʝʩʩʠʥʛʦʚʦʡ 

ʩʠʩʪʝʤʦʡ ʙʘʥʢʘ, ʦʨʛʘʥʠʟʫʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʬʫʥʢʮʠʡ ʮʠʢʣʘ ʧʣʘʪʝʞʝʡ 

(ʦʧʝʨʘʮʠʷ ʧʣʘʪʝʞʘ, ʦʪʤʝʥʘ ʦʧʝʨʘʮʠʠ, ʚʦʟʚʨʘʪ ʪʦʚʘʨʘ, ʩʚʝʨʢʘ ʠʪʦʛʦʚ). 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʣʘʪʝʞʝʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʝʢʦʤʝʥʜʫʝʤʳʝ 

ʧʣʘʪʝʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʪʦʢʦʣʳ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ð VISA 

3-D Secure ʠ MasterCard Secure Code. 

ʇʣʘʪʝʞʥʳʡ ʰʣʶʟ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʬʦʨʤʠʨʦʚʘʪʴ 

ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ ʦ ʬʘʢʪʝ ʩʦʚʝʨʰʝʥʠʷ ʦʧʝʨʘʮʠʠ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʷ, 

ʪʘʢ ʠ ʚʣʘʜʝʣʴʮʘ ʢʘʨʪʳ. ʐʘʙʣʦʥʳ E-mail ʩʦʦʙʱʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʩʪʨʦʝʥʳ ʢʘʢ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠʙʳʣʠ, ʪʘʢ ʠ ʜʣʷ ʛʨʫʧʧ 

ʧʦʣʫʯʘʪʝʣʝʡ. 

ʊʝʭʥʦʣʦʛʠʷ 3-D Secure ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʪʢʘʟ ʦʪ ʧʨʦʚʝʜʝʥʥʦʡ ʪʨʘʥʟʘʢʮʠʠ 

ʧʝʨʝʥʦʩʠʪʩʷ ʩ Internet-ʩʘʡʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʙʘʥʢ-ʵʤʠʪʝʥʪ ʢʘʨʪʳ, 

ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʢʣʘʜʳʚʘʝʪ ʝʸ ʥʘ ʜʝʨʞʘʪʝʣʷ ʢʨʝʜʠʪʥʦʡ 

ʢʘʨʪʳ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʧʦ 3-D Secure ʪʨʘʥʟʘʢʮʠʠ 

ʩʦʚʝʨʰʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʘʨʦʣʷ, ʢʦʪʦʨʳʡ 

ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʧʦʢʫʧʘʪʝʣʶ (ʜʝʨʞʘʪʝʣʶ ʙʘʥʢʦʚʩʢʦʡ ʢʘʨʪʳ) ʠ ʙʘʥʢʫ-

ʵʤʠʪʝʥʪʫ ʢʘʨʪʳ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ 

ʚʣʘʜʝʣʴʮʝʚ ʢʘʨʪ ʦʪ ʩʦʚʝʨʰʝʥʠʷ ʠʤʠ ʪʨʘʥʟʘʢʮʠʡ ʯʝʨʝʟ Internet 

ʠ ʧʦʥʠʞʘʶʪʩʷ ʨʠʩʢʠ Internet-ʩʘʡʪʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʘʪʝʞʥʦʛʦ ʰʣʶʟʘ, 

ʧʨʦʮʝʩʩʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ɹʘʥʢʘ ʠ ʩʝʨʚʝʨʘ Internet-ʩʘʡʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʘʪʝʞʥʦʛʦ ʰʣʶʟʘ, 

ʧʨʦʮʝʩʩʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʙʘʥʢʘ ʠ ʩʝʨʚʝʨʘ Internet-ʩʘʡʪʘ 

 

ʉʝʨʚʝʨ Internet-ʩʘʡʪʘ (Merchant) ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩ ʚ ʧʣʘʪʝʞʥʳʡ 

ʰʣʶʟ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʢʘʟʘ ʩ ʫʢʘʟʘʥʠʝʤ ʘʪʨʠʙʫʪʦʚ 

ʟʘʢʘʟʘ (ʩʫʤʤʘ, ʚʘʣʶʪʘ, ʷʟʳʢ ʠʥʪʝʨʬʝʡʩʘ, ʦʧʠʩʘʥʠʝ ʟʘʢʘʟʘ, ʠ ʪʨʠ 

ʚʦʟʤʦʞʥʳʭ ʦʪʚʝʪʘ ʧʦ ʦʧʝʨʘʮʠʠ ð ʦʜʦʙʨʝʥʥʘʷ ʦʧʝʨʘʮʠʷ, ʦʪʢʣʦʥʝʥʥʘʷ 

ʦʧʝʨʘʮʠʷ, ʦʪʤʝʥʝʥʥʘʷ ʦʧʝʨʘʮʠʷ). 

ɺ ʦʪʚʝʪ Internet-ʩʘʡʪ ʧʦʣʫʯʘʝʪ ʫʥʠʢʘʣʴʥʳʡ ʥʦʤʝʨ ʟʘʢʘʟʘ, 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʝʩʩʠʠ ʠ ʩʩʳʣʢʫ ʥʘ ʧʣʘʪʝʞʥʳʡ ʰʣʶʟ, ʥʘ ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʢʣʠʝʥʪʘ. ʂʣʠʝʥʪ ʧʝʨʝʭʦʜʠʪ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʩʳʣʢʫ ʧʣʘʪʝʞʥʦʛʦ ʰʣʶʟʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʜʝʡʩʪʚʠʷ ʧʦ ʚʚʦʜʫ ʥʦʤʝʨʘ ʢʘʨʪʳ, ʝʝ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ, CVV/CVC2. 

ʇʣʘʪʝʞʥʳʡ ʰʣʶʟ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ʧʦ ʧʨʦʪʦʢʦʣʫ 3-D Secure. ɽʩʣʠ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʝʝʪʩʷ (ʝʩʣʠ ʙʘʥʢ-

ʵʤʠʪʝʥʪ ʢʘʨʪʳ ʧʣʘʪʝʣʴʱʠʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ) ð 

ʧʨʦʚʦʜʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʦʮʝʜʫʨʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʥʘʧʨʘʚʣʷʝʪ 

ʟʘʧʨʦʩ ʚ ʧʨʦʮʝʩʩʠʥʛʦʚʫʶ ʩʠʩʪʝʤʫ. ʇʦʣʫʯʠʚ ʦʪʚʝʪ ʦʪ ʧʨʦʮʝʩʩʠʥʛʦʚʦʡ 

ʩʠʩʪʝʤʳ, ʧʣʘʪʝʞʥʳʡ ʰʣʶʟ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ ʢʣʠʝʥʪʘ 

ʥʘ ʩʩʳʣʢʫ, ʫʢʘʟʘʥʥʫʶ ʧʨʠ ʩʦʟʜʘʥʠʠ ʟʘʢʘʟʘ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʩʩʳʣʢʫ ʟʘʢʘʟʘ ʩʝʨʚʝʨʘ Internet-ʩʘʡʪʘ 

ʠʣʠ ʧʦ ʠʩʪʝʯʝʥʠʠ ʪʘʡʤʘʫʪʘ (ʝʩʣʠ ʢʣʠʝʥʪ ʥʝ ʧʝʨʝʰʝʣ ʥʘ ʜʘʥʥʫʶ 

ʩʩʳʣʢʫ), ʩʝʨʚʝʨ Internet-ʩʘʡʪʘ ʜʝʣʘʝʪ ʟʘʧʨʦʩ ʦ ʩʪʘʪʫʩʝ ʟʘʢʘʟʘ 

ʚ ʧʣʘʪʝʞʥʳʡ ʰʣʶʟ, ʠ ʧʦʣʫʯʘʶʪ ʦʪʚʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʩʪʘʪʫʩ ʟʘʢʘʟʘ. 

ʇʦ ʢʘʥʘʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʘ ʧʝʨʝʜʘʯʘ 



34 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʦʧʝʨʘʮʠʡ (ʦʪʤʝʥʘ ʦʧʝʨʘʮʠʠ, ʚʦʟʚʨʘʪ ʪʦʚʘʨʘ, ʩʚʝʨʢʘ 

ʠʪʦʛʦʚ ʠ ʪ. ʜ. ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʥʦʤʝʨ ʟʘʢʘʟʘ ʠ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʩʝʩʩʠʠ).  

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʢʦʤ-

ʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ 

ʙʝʟʦʧʘʩʥʳʡ ʧʨʦʮʝʩʩ ʦʧʣʘʪʳ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʧʦ ʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʥʝʪ-

ʩʘʡʪʦʚ, ʘ ʙʘʥʢʦʚʩʢʠʡ ʵʢʚʘʡʨʠʥʛ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʩʣʫʛ ʙʘʥʢʦʚʩʢʦʛʦ ʙʠʟʥʝʩʘ ʚ ʈʦʩʩʠʠ. 

ʇʦʪʝʥʮʠʘʣ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʵʢʚʘʡʨʠʥʛʘ ʦʛʨʦʤʝʥ, ʚʩʝ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʠʝʥʪʦʚ ʧʨʝʜʧʦʯʠʪʘʶʪ ʦʧʣʘʯʠʚʘʪʴ ʫʩʣʫʛʠ ɾʂʍ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʪʝʨʥʝʪ-ʩʘʡʪʦʚ, ʚʳʙʠʨʘʷ ʫʜʦʙʩʪʚʦ ʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʀʥʪʝʨʥʝʪ-ʵʢʚʘʡʨʠʥʛ // ʊʨʠʙʫʥʘ: [cʘʡʪ]. [2014]. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ. ð URL: http://www.tribuna.ru/publications/internet-

iekvairing.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 02.05.14). 

2. ʕʢʚʘʡʨʠʥʛ // ʄʦʩʢʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʙʘʥʢ: [cʘʡʪ]. [2014]. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ. ð URL: 

https://www.minbank.ru/list/351/81069/l (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 02.05.14). 
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2.3. ʋʇʈɸɺʃɽʅʀɽ ɺ ʉʆʎʀɸʃʔʅʓʍ  

ʀ ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 

 

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ʂɸʏɽʉʊɺɽʅʅʓʍ  

ʇʆʂɸɿɸʊɽʃɽʁ ʀ ʋʏɽʊ ʉɽɿʆʅʅʓʍ ʂʆʃɽɹɸʅʀʁ  

ɺ ʕʂʆʅʆʄɽʊʈʀʏɽʉʂʀʍ ʄʆɼɽʃʗʍ ʅɸ ʄʀʂʈʆ  

ʀ ʄɸʂʈʆ ʋʈʆɺʅɽ 

ʅʝʩʢʦʨʦʜʝʚʘ ʊʘʪʴʷʥʘ ɺʘʩʠʣʴʝʚʥʘ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  
ɼʦʥʝʮʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʋʢʨʘʠʥʘ, ʛ. ɼʦʥʝʮʢ 
E-mail: tvneskorodeva@mail.ru 

ʈʷʙʯʝʥʢʦ ɸʣʝʢʩʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ ʋʯʝʪʥʦ-ʬʠʥʘʥʩʦʚʦʛʦ ʬʘʢʫʣʴʪʝʪʘ  
ɼʦʥʝʮʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʋʢʨʘʠʥʘ, ʛ. ɼʦʥʝʮʢ 
E-mail: ya.ya.ya.pas@yandex.ua 
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ɸʅʅʆʊɸʎʀʗ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲʝʢʪʦʚ ʥʘ ʤʠʢʨʦ ʠ ʤʘʢʨʦ ʫʨʦʚʥʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠ ʩʝʟʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ABSTRACT 

The aim of this work was to analyze the activity of economic agents 

at the micro and macro level, in which there is the need to assess the impact 

of quality indicators and seasonal factors on the resultant figure to improve 

the quality of decisions. For the calculation of the indicators used 

by the least squares method. Results of the analysis on the basis 

of the constructed models can improve the quality and validity of decisions 

in the management of the analyzed indices. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʜʠʢʘʪʠʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ; ʤʝʪʦʜ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ; ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ.  

Keywords: indicative variables; least squares method; forecasting; 

quality indicators. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲʝʢʪʦʚ ʥʘ ʤʠʢʨʦ 

ʠ ʤʘʢʨʦ ʫʨʦʚʥʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʝʟʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʳ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʘʭ 

ʜʘʥʥʳʭ, ʢʘʢ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʪʘʢ ʠ ʚ ʦʬʠʮʠʘʣʴʥʳʭ ʦʨʛʘʥʘʭ ʩʪʘʪʠʩʪʠʢʠ 

ʋʢʨʘʠʥʳ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʥʘʣʠʟʘ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩ ʠʥʜʠʢʘʪʠʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʦʮʝʥʢʘ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

(ʄʅʂ) [1]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʄʅʂ ʤʦʜʝʣʠ ʘʜʝʢʚʘʪʥʦʡ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʙʲʝʤ 

ʚʳʙʦʨʢʠ ʧʦ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ ʯʠʩʣʘ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 7 ʨʘʟ. ʊʘʢʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʣʫʯʘʡʥʳʡ ʯʣʝʥ ʚ ʤʦʜʝʣʠ 

ʠʤʝʣ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʵʪʠ ʫʩʣʦʚʠʷ 

ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦ ʠʣʠ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ 
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ʠʣʠ ʧʨʠʤʝʥʠʪʴ ʦʙʦʙʱʝʥʥʳʡ ʄʅʂ. ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʘʭ 

(ʥʘ ʤʠʢʨʦ ʠ ʤʘʢʨʦ ʫʨʦʚʥʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʇʨʠʤʝʨ 1 (ʇʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩ ʠʥʜʠʢʘʪʠʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ). ɺʳʙʦʨ 

ʧʦʩʪʘʚʱʠʢʘ ʪʝʭʥʠʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ [3]. 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʢʣʫʙ ʚ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʣʝʪ ʟʘʢʫʧʘʣ 

ʪʝʭʥʠʢʫ ʪʨʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ GFD ,, . ʄʝʥʝʜʞʝʨ ʢʣʫʙʘ ʨʝʰʠʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʪʝʭʥʠʢʠ. ɼʣʷ ʵʪʦʛʦ ʦʥ 

ʩʦʙʨʘʣ ʜʘʥʥʳʝ ʦ ʚʦʟʨʘʩʪʝ ʪʝʭʥʠʢʠ m ʚ ʤʝʩʷʮʘʭ ʠ ʚʨʝʤʝʥʠ h  

(ʚ ʯʘʩʘʭ) ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʜʦ ʧʦʩʣʝʜʥʝʡ ʧʦʣʦʤʢʠ ʧʦ 40 ʝʜʠʥʠʮʘʤ 

ʪʝʭʥʠʢʠ. ʄʝʥʝʜʞʝʨʫ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʠʦʨʠʪʝʪʳ ʧʨʠ 

ʟʘʢʫʧʢʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʝʩʣʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʝʝ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ. 

ʋʨʘʚʥʝʥʠʝ ʚʳʙʦʨʦʯʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ h  

ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʦʪ ʚʦʟʨʘʩʪʘ m ʠ ʬʠʨʤʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʤʝʝʪ ʚʠʜ [1, ʩ. 207]: 

 

fdmh 24,4461,6234,354,260Ĕ ++-=              (1) 
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ʝʩʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʬʠʨʤʘ ,D  

ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 
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ʝʩʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʬʠʨʤʘ ,F  

ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ 0,94942=R . ʇʨʠ ʵʪʦʤ ʚʩʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʠ ʤʦʜʝʣʴ (1) ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤʠ ʧʨʠ ʫʨʦʚʥʝ 05,0=a  ʠ ʧʨʝʜʧʦʩʳʣʢʠ ʄʅʂ 

ʚʳʧʦʣʥʷʶʪʩʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠ (1) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʦʨʠʪʝʪʳ 

ʧʨʠ ʟʘʢʫʧʢʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʣʝʜʫʶʱʠʝ: ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʧʦʢʫʧʘʪʴ ʪʝʭʥʠʢʫ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʷ D, ʚʦ ʚʪʦʨʫʶ ð ʧʨʦʠʟʚʦʜʠʪʝʣʷ F  ʠ ʚ ʧʦʩʣʝʜʥʶʶ ð 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ G .  

ʇʨʠʤʝʨ 2. (ʇʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩ ʠʥʜʠʢʘʪʠʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ). ɸʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʚ ʋʢʨʘʠʥʝ ʧʦ ʚʠʜʘʤ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʧʦ 6-ʪʠ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʘʙʣ. 1) ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʦ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ ʚ ʋʢʨʘʠʥʝ [2] ʟʘ ʧʝʨʠʦʜ 1995ð2011 ʛʛ. ʤʝʪʦʜʘʤʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʠʥʜʠʢʘʪʠʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ.  

ʊʘʙʣʠʮʘ 1. 

ɺʠʜʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ˉ ɺʠʜ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

1 ɼʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

2 ʇʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

3 ʍʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

4 
ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʪʦʚʳʭ ʤʝʪʘʣʣ. 

ʠʟʜʝʣʠʡ 

5 ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

6 ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʛʘʟʘ ʠ ʚʦʜʳ 

 

ʄʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʩ ʫʯʝʪʦʤ ʚʠʜʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʪ ʚʠʜ: 

 

54321 18,22871,12600,8141,18424243,18535,585 pppppty -+--++-= , 

(2) 

ʛʜʝ: t  ð ʥʦʤʝʨ ʧʝʨʠʦʜʘ (1=t  ʜʣʷ 1995), 
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ɸʥʘʣʠʟʠʨʫʷ ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ (2) ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʝʞʝʛʦʜʥʦ 

ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʟʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚʦʟʨʘʩʪʘʣʘ 

ʚ ʩʨʝʜʥʝʤ ʥʘ 185,43 ʛʨʥ ʧʦ 6-ʪʠ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʘʤʳʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʥʘʙʣʶʜʘʣʩʷ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ (ʥʘ 228,18 ʛʨʥ. ʥʠʞʝ 

ʩʨʝʜʥʝʛʦ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ), ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʚ ʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʥʘ 242 ʛʨʥ. ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ). 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʧʦ 10-ʪʠ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʘʙʣ. 2) ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [2] 

ʟʘ ʧʝʨʠʦʜ 1995ð2011 ʛʛ. ʤʝʪʦʜʘʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʩ ʠʥʜʠʢʘʪʠʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ.  

ʄʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʩ ʫʯʝʪʦʤ ʚʠʜʘ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʪ ʚʠʜ: 

 

98765

4321

78,18055,7102,33927,103027,326

55,2051,728,24484,24732,15864,674

ddddd

ddddty

--+++

+-++-+-=

,(3) 

 

ʛʜʝ: t  ð ʥʦʤʝʨ ʧʝʨʠʦʜʘ (1=t  ʜʣʷ 1995), 

ʊʘʙʣʠʮʘ 2. 

ɺʠʜʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ˉ ɺʠʜ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

1 ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʦʭʦʪʘ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʫʩʣʫʛʠ 

2 ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ 

3 ʉʪʨʦʠʪʝʣʴʩʪʚʦ 

4 
ʊʦʨʛʦʚʣʷ; ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʝʡ, ʙʳʪʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʧʨʝʜʤʝʪʦʚ 

ʣʠʯʥʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ 

5 ɼʝʷʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʚʷʟʠ 

6 ʌʠʥʘʥʩʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

7 ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 
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8 ʆʙʨʘʟʦʚʘʥʠʝ 

9 ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʧʦʤʦʱʠ 

10 
ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʩʣʫʛ; 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ 
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ɸʥʘʣʠʟʠʨʫʷ ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ, ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʝʞʝʛʦʜʥʦ 

ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʟʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚʦʟʨʘʩʪʘʣʘ 

ʚ ʩʨʝʜʥʝʤ ʥʘ 158,32 ʛʨʥ ʧʦ 10-ʪʠ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʘʤʳʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʥʘʙʣʶʜʘʣʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (ʥʘ 247,84 ʛʨʥ. ʥʠʞʝ ʩʨʝʜʥʝʛʦ 

ʧʦ ʵʢʦʥʦʤʠʢʝ), ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʚ ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʥʘ 1030,27 ʛʨʥ. ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʧʦ ʵʢʦʥʦʤʠʢʝ). 
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ʇʨʠʤʝʨ 3. ɸʥʘʣʠʟ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʬʠʥʘʥʩʦʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɺʳʷʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʠʟʤʝʥʝʥʠʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʩʝʟʦʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, 

ʤʦʜʝʣʴ ʩʧʨʦʩʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʢʨʝʜʠʪʳ ʠʣʠ ʜʨʫʛʠʝ ʬʠʥʘʥʩʦʚʳʝ 

ʫʩʣʫʛʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ:  

 

0 1 1 2 2 3 3,y b b x b x b x= + + +                        (4) 
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ʜʣʷ ʚʝʩʝʥʥʠʭ ʤʝʩʷʮʝʚ, 

ʠʥʘʯʝ, 
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0
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ʜʣʷ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ, 

ʠʥʘʯʝ. 

 

ʄʦʜʝʣʠ ʩʧʨʦʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʟʦʥʦʚ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

 

0y b=  ʜʣʷ ʦʩʝʥʥʠʭ ʤʝʩʷʮʝʚ; 

0 1y b b= + ʜʣʷ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ; 

0 2y b b= +  ʜʣʷ ʚʝʩʝʥʥʠʭ ʤʝʩʷʮʝʚ; 

0 3y b b= +  ʜʣʷ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ. 

 

ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʢʠ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʙʫʜʝʪ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ, ʥʘʧʨʠʤʝʨ ʢʦʵʬʬʠʮʠʝʥʪ 3b  ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤ, ʪ. ʝ. 3 0,b =  ʪʦ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʝʞʜʫ ʣʝʪʥʠʤʠ ʠ ʦʩʝʥʥʠʤʠ 

ʩʝʟʦʥʘʤʠ ʨʘʟʣʠʯʠʝ ʚ ʩʧʨʦʩʝ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ɽʩʣʠ 1 2b b= , 

ʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʧʨʦʩʦʤ ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʢʨʝʜʠʪʳ 

ʟʠʤʦʡ, ʚʝʩʥʦʡ ʠ ʪ. ʜ. 
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ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʝʜʧʦʩʳʣʦʢ ʄʅʂ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ 

ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʠʘʛʥʦʩ-

ʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʝʥʠʝʤ ʙʶʜʞʝʪʘ ʥʘ ʙʘʟʝ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʙʦʨʛ-ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ ʙʶʜʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʦʞʥʳʡ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʦʙʲʝʢʪ (ʢʦʙʦʨʛ). ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʩʰʠʭ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʣʶʙʦʛʦ ʫʨʦʚʥʷ (ʧʨʝʜʧʨʠʷʪʠʷ, 

ʭʦʣʜʠʥʛʠ, ʢʦʨʧʦʨʘʮʠʠ, ʢʦʥʮʝʨʥʳ ʠ ʧʨ.), ʘ ʪʘʢʞʝ ʚʳʩʰʠʭ ʜʦʣʞʥʦʩʪʥʳʭ 

ʣʠʮ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʠ ʫʨʦʚʥʷ (ʦʨʛʘʥʠʟʘʮʠʠ, ʤʠʥʠʩʪʝʨʩʪʚʘ, ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ). 

ABSTRACT 

The paper presents the basic concept and the results 

of the development of intelligent system diagnosis and management 

of budget execution based on the application of Coborg- technology. 

When this budget is considered as complicated organized object (Coborg). 

The system is designed for senior business executives at all levels 

(company, holdings, corporations, corporations, etc.), as well as senior 

officials of the state government for various purposes and the level 

(organizations, ministries, municipal and regional). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ; ʢʦʙʦʨʛ-

ʪʝʭʥʦʣʦʛʠʷ; ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ. 

Keywords: intelligent systems; coborg-technology; diagnosis. 

 

ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʘʷ ʩʫʱʥʦʩʪʴ ʢʦʙʦʨʛ-ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

(A complicated organized objects-Coborgs), ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʙʶʜʞʝʪʥʘʷ 

ʩʠʩʪʝʤʘ, ʙʳʣʘ ʦʩʚʝʱʝʥʘ ʚ [1, 4, 5]. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʢʘʢ ʥʝʢʦʪʦʨʦʛʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʝʜʠʥʩʪʚʘ ʚʩʝʭ 

ʩʦʛʣʘʩʦʚʘʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʨʛʘʥʦʚ, ʩʠʩʪʝʤ 

ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʞʠʚʦʪʥʦʤʫ 

ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʦʤʫ ʤʠʨʫ, ʥʦ ʦʙʣʘʜʘʶʱʠʝ ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʇʦ ʩʫʪʠ, ʵʪʦ ʢʦʥʢʨʝʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʦ ʦʙʲʷʩʥʷʝʪ ʩʤʳʩʣ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʪʝʨʤʠʥʘ çʦʨʛʘʥʠʟʤè 

ʚʦ ʚʩʝʭ çʥʝʞʠʚʳʭè ʧʨʠʣʦʞʝʥʠʷʭ.  

ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʙʦʨʛʘ ʷʚʣʷʶʪʩʷ: 

1. ʅʘʣʠʯʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʦʨʛʘʥʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʭ 

ʧʨʦʠʩʭʦʜʷʱʠʭ.  
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2. ʅʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ (ɺʇʉ) ʦʨʛʘʥʦʚ 
ʠ ʢʦʙʦʨʛʘ ʚ ʮʝʣʦʤ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʥʦʨʤʘʪʠʚʦʚ, 

ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠ ʪʨʘʝʢʪʦʨʠʡ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʤʠʥʠʤʘʣʴʥʳʭ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʦʨʤʘʣʴʥʦʝ 

(ʟʘʜʘʥʥʦʝ) ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʠ ʢʦʙʦʨʛʘ ʚ ʮʝʣʦʤ;  

3. ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʩʪʫʧʘʶʱʫʶ 

ʥʘ ʝʛʦ ʚʭʦʜʳ ʠʥʬʦʨʤʘʮʠʶ ʚ ʨʝʘʣʴʥʦʤ ʠʣʠ ʧʩʝʚʜʦʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

4. ɺʦʩʧʨʠʥʠʤʘʪʴ, ʭʨʘʥʠʪʴ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʥʘʥʠʷ 

ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ.  

5. ʉʧʦʩʦʙʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʦʚ ʠ ʢʦʙʦʨʛʘ ʚ ʮʝʣʦʤ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ 

ʥʘʤʝʯʘʶʱʠʝʩʷ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠ ʟʘʙʦʣʝʚʘʥʠʷ.  

6. ɺʳʷʚʣʷʪʴ ʧʨʠʯʠʥʳ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠʣʠ ʟʘʙʦʣʝʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʦʨʛʘʥʦʚ ʠ ʢʦʙʦʨʛʘ ʚ ʮʝʣʦʤ. 

7. ʌʦʨʤʠʨʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʣʠʢʚʠʜʘʮʠʠ 

ʥʘʤʝʯʘʶʱʝʛʦʩʷ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠʣʠ ʟʘʙʦʣʝʚʘʥʠʷ ʢʦʙʦʨʛʘ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ ʢʦʙʦʨʛ-ʪʝʭʥʦʣʦʛʠʠ, ʥʘʟʳʚʘʶʪʩʷ 

ʉʤʘʨʪʂʦʙʦʨʛʉʠʩʪʝʤʘʤʠ (SmartCoborgSystems).  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʆʧʝʨʘʪʠʚʥʦʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ çʨʘʩʩʤʘʪʨʠʚʘʪʴ ʯʝʨʝʟ ʘʥʘʣʠʟ ʜʝʣʦʚʳʭ ʦʧʝʨʘʮʠʡ 

(ʪʨʘʥʟʘʢʮʠʡ), ʚʦ-ʧʝʨʚʳʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʜʝʥʝʞʥʳʝ 

ʩʨʝʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʜʦʛʦʚʦʨʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚè [3]. ʇʦʜ ʩʧʠʩʢʦʤ ʦʧʝʨʘʮʠʡ ʧʦʜʨʘʟʫʤʝ-

ʚʘʶʪʩʷ: ʘ) ʜʦʛʦʚʦʨʥʳʝ ʜʦʭʦʜʳ ʠ ʨʘʩʭʦʜʳ; ʙ) ʧʦʩʪʫʧʣʝʥʠʷ ʥʘʣʠʯʥʦʩʪʠ 

ʠ ʧʣʘʪʝʞʠ ʠ ʚ) ʩʯʝʪ ʜʦʭʦʜʦʚ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʥʦʚʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʙʶʜʞʝʪʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʘʤʠ ʢʘʢ ʥʝʢʘʷ ʩʣʦʞʥʘʷ 

ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ (ʦʙʲʝʢʪ) ʬʠʥʘʥʩʦʚʦʡ ʦʙʣʘʩʪʠ, ʦʪʚʝʯʘʶʱʘʷ 

ʚʩʝʤ ʧʨʠʟʥʘʢʘʤ ʢʦʙʦʨʛʘ. ʆʩʥʦʚʥʳʤʠ ʦʨʛʘʥʘʤʠ ʪʘʢʦʛʦ ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ 

ʷʚʣʷʶʪʩʷ: ʘ) ʧʨʠʭʦʜ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚ); ʙ) ʨʘʩʭʦʜ; 

ʚ) ʦʪʛʨʫʟʢʘ ʪʦʚʘʨʦʚ (ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ); ʛ) ʧʦʩʪʫʧʣʝʥʠʝ ʧʣʘʪʝʞʝʡ 

ʟʘ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ. ʇʦʜ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʙʶʜʞʝʪ-

ʢʦʙʦʨʛʝ, ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʜʝʣʦʚʳʝ ʦʧʝʨʘʮʠʠ (ʪʨʘʥʟʘʢʮʠʠ) ʩ ʜʝʥʝʞʥʳʤʠ 

ʘʢʪʠʚʘʤʠ. ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʦʨʛʘʥʘ ʙʶʜʞʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ (ɺʇʉ) ʢʘʞʜʦʛʦ ʦʨʛʘʥʘ 

ʙʶʜʞʝʪʘ. ʊʘʢ ʜʣʷ ʦʨʛʘʥʦʚ ʙʶʜʞʝʪʘ çʈɸʉʍʆɼè 

ʠ çʆɹʗɿɸʊɽʃʔʉʊɺɸè ɺʇʉ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʮʝʣʝʚʳʝ ʩʪʘʪʴʠ ʨʘʩʭʦʜʦʚ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʙʷʟʘʪʝʣʴʩʪʚ (ʨʘʩʭʦʜʳ ʥʘ ʟʘʢʫʧʢʠ ʠ ʩʙʳʪ 

ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʨʘʩʭʦʜʳ, ʫʩʣʫʛʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʨʘʩʭʦʜʳ, 
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ʨʘʩʭʦʜʳ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ 

ʨʘʩʭʦʜʳ). ɼʣʷ ʦʨʛʘʥʘ çʆʊɻʈʋɿʂɸè ʚʥʫʪʨʝʥʥʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ 

ʦʧʠʩʳʚʘʶʪʩʷ ʦʪʛʨʫʟʢʦʡ ʠ/ʠʣʠ ʫʩʣʫʛʘʤʠ: ʘ) ʚʩʝʛʦ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ, 

ʙ) ʚʩʝʛʦ ʥʘ ʵʢʩʧʦʨʪ. ɼʣʷ ʦʨʛʘʥʘ çʇʆʉʊʋʇʃɽʅʀɽè ɺʇʉ ʦʧʠʩʳʚʘʶʪʩʷ 

ʢʘʢ: ʘ) ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʚʩʝʛʦ ʚ ʦʧʣʘʪʫ ʧʨʦʜʫʢʮʠʠ ʠ/ʠʣʠ ʫʩʣʫʛ ʥʘ 

ʚʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ, ʙ) ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʚʩʝʛʦ ʚ ʦʧʣʘʪʫ ʧʨʦʜʫʢʮʠʠ 

ʠ/ʠʣʠ ʫʩʣʫʛ ʥʘ ʚʥʝʰʥʠʡ ʨʳʥʦʢ.  

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ 

 

ʇʦʜ ʟʘʜʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ 

ʥʘʭʦʞʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʦʚ 

ʙʶʜʞʝʪʘ ʚ ʟʘʜʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ (ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʦʨʛʘʥʦʚ 

ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ). ɿʘʤʝʪʠʤ, ʯʪʦ ʦʮʝʥʢʫ ʢʨʝʜʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ 

ʧʦʢʫʧʦʢ ʠ ʧʨʦʜʘʞ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʟʥʘʢʫ ʧʨʠʨʘʱʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʘʣʴʜʦ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʝʨʠʦʜ.  

ʇʦʜ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʨʘʩʩʪʨʦʡʩʪʚʦʤ ʠʣʠ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʥʘʨʫʰʝʥʠʝ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʨʛʘʥʘ ʠʣʠ ʢʘʢʦʡ-ʣʠʙʦ 

ʩʠʩʪʝʤʳ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʵʪʦʛʦ ʢʦʙʦʨʛʘ, ʥʦʩʷʱʝʝ ʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʠʣʠ ʧʦʩʪʦʷʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʘʢ ʧʨʘʚʠʣʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʩʩʪʨʦʡʩʪʚʦ 

ʢʦʙʦʨʛʘ ʩʚʷʟʘʥʦ ʩ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʩʠʤʧʪʦʤʦʚ 

ʨʘʩʩʪʨʦʡʩʪʚʘ ʠʣʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʫʩʪʦʡʯʠʚʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ 

(ɺʇʉ) ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʦʪ ʟʘʜʘʥʥʳʭ ʙʶʜʞʝʪʦʤ ʜʠʘʧʘʟʦʥʦʚ. 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʟʘʜʘʶʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʧʨʦʝʢʪʥʳʭ ʥʦʨʤʘʪʠʚʦʚ, ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠ ʪʨʘʝʢʪʦʨʠʡ, 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʤʠʥʠʤʘʣʴʥʳʭ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ, 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʠʥʩʪʨʫʢʮʠʡ, ʩʪʘʥʜʘʨʪʦʚ, 

ʪʠʧʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʨʘʚʠʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʙʦʨʛʘ. 

ʉʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪ ʚʳʷʚʣʝʥʠʝ ʠ ʦʮʝʥʢʫ 

ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʛʦ ʦʨʛʘʥʘ ʠʣʠ ʧʨʦʮʝʩʩʘ ʧʦ ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ ʠ ʪʨʝʥʜʫ 

ʢʨʠʚʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʘʩʩʪʨʦʡʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʮʝʜʫʨʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʥʠʡ ʚ ʬʠʥʘʥʩʦʚʦʡ ʦʙʣʘʩʪʠ. ɿʘʪʝʤ 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʢʫʱʝʛʦ ʩʪʦʷʥʠʷ ʙʶʜʞʝʪ-

ʢʦʙʦʨʛʘ ʠ ʝʛʦ ʦʨʛʘʥʦʚ ʢ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʥʝʯʝʪʢʦʤʫ ʪʝʨʤʫ 

ʩʦʩʪʦʷʥʠʷ ʪʠʧʘ: çʥʦʨʤʘʣʴʥʦʝè, çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝè, çʥʝʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦʝè, çʢʨʠʟʠʩʥʦʝè. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʢʘʢ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ çʟʜʦʨʦʚʴʷè ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʦʙʦʨʛʘ, ʢʘʢ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʝʛʦ 

ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʝ ʠʤʝʶʱʠʭ ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʨʘʩʩʪʨʦʡʩʪʚ ʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʵʪʠ ʧʨʠʝʤʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʧʨʠ ʦʧʝʨʘʪʠʚʥʦʤ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʦʩʪʘʶʪʩʷ ʧʦʢʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ.  

ʂʘʞʜʦʝ ʠʟ ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʢʦʙʦʨʛ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʚʦʜʘ CF̔ , ʧʨʠʥʠʤʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟ ʠʥʪʝʨʚʘʣʘ [-1,1]. 

ʇʨʠ ʵʪʦʤ CF̔ , ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʢ ʠʥʪʝʨʚʘʣʫ (0,1], ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ 

CF̔ , ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʢ ʠʥʪʝʨʚʘʣʫ [-1,0), ð ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʩʫʪʩʪʚʠʷ 

ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʠʟ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʳʚʦʜʘ ʦ ʨʘʟʚʠʪʠʠ ʨʘʩʩʪʨʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʙʦʨʛʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʦʮʝʜʫʨʘʤ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ MYCIN [2]:  

1. ʇʨʠ ʩʚʷʟʠ ʣʦʛʠʯʝʩʢʦʛʦ ʀ: 

CF[A] = CF[X ʠ Y, .] = min{CF[X, .], CF[Y,.Ӥ]}  

2. ʇʨʠ ʩʚʷʟʠ ʣʦʛʠʯʝʩʢʦʛʦ ʀʃʀ: 

CF[A] = CF[X ʠʣʠ Y, .] = max {CF[X, .], CF[Y,.Ӥ]}  

3. ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ ʂʆʄɹ (ʀ - ʀʃʀ): 

a). CF[A,(X,Y)] = +1, ʝʩʣʠ CF[A,X] =1 ʠʣʠ CF[F,Y] =1; 

b). CF[A,(X,Y)] = CF[A,X] + CF[A,Y] ï CF[A,X] Å CF[A,Y],  

 ʝʩʣʠ CF[A,X ] > 0 ʠ CF[A,Y ] > 0;  

c). CF[A,(X,Y)] = CF[A,X] + CF[A,Y], ʝʩʣʠ CF[A,X] = Ñ1 ʠ 

CF[A,Y] Í Ñ1, ʘ CF[A,X] Å CF[A,Y] Ò 0; 

d). CF[A,(X,Y)] =CF[A,X] + CF[A,Y] + CF[A,X] Å CF[A,Y], 

ʝʩʣʠ CF[A,X] < 0 ʠ CF[A,Y] < 0; 

e). CF[A,(X,Y)] = ï1, ʝʩʣʠ CF[A,X ] = ï1 ʠʣʠ CF[A,Y ] = ï1, 
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ʛʜʝ CF[A,X], CF[A,Y] ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʚʝʨʝʥʥʦʩʪʠ ʚʳʚʦʜʘ 

ʨʘʟʚʠʪʠʷ ʨʘʩʩʪʨʦʡʩʪʚʘ ɸ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʵʢʩʧʝʨʪʥʳʤʠ ʟʥʘʥʠʷʤʠ ʠʣʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʥʘ ʥʝʧʨʝʨʳʚʥʦʤ 

ʠʥʪʝʨʚʘʣʝ [ī1 +1] ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʤʧʪʦʤʦʚ x ʠ y, ʧʦʷʚʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʂʦʵʬʬʠʮʠʝʥʪ CF̔ , 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʪʨʝʭ ʠ ʙʦʣʝʝ ʥʝʟʘʚʠʩʠʤʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʚʳʚʦʜʠʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʫʷ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʬʦʨʤʫʣʳ. ɹʘʟʘ ʟʥʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʨʦʜʫʢʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʯʝʪʘʪʴ 

ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʠ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʚʝʨʝʥʥʦʩʪʠ CF̔ . ʆʥʘ 

ʠʤʝʝʪ ʤʥʦʛʦʩʣʦʡʥʫʶ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʩʣʦʡʥʦ ʚʢʣʶʯʘʶʱʘʷ 

"ʀ", "ʀʃʀ" ʠ "ʂʆʄɹ" ʧʨʘʚʠʣʘ. ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʚʦʤ ʩʣʦʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ CF̔  ʜʣʷ ʢʘʞʜʦʛʦ ɺʇʉ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʢɻʩʧʝʨʪʦʤ, ʠʩʭʦʜʷ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʶʜʞʝʪʘ ʥʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʩʣʦʷʭ 

ʜʝʨʝʚʘ ʙʘʟʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʳʚʦʜʦʚ CF̔ . ʅʘ ʨʠʩ. 2. ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʩʝʪʠ ʙʘʟʳ ʟʥʘʥʠʡ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ 

ʚʳʰʝ ʧʨʦʮʝʜʫʨʝ MYCIN:  

 

 

ʈʠʩʫʥʦʢ 2. ʌʨʘʛʤʝʥʪ ʩʝʪʠ ʙʘʟʳ ʟʥʘʥʠʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ 

 

ʇʝʨʚʳʡ (ʥʠʞʥʠʡ) ʩʣʦʡ ʦʙʨʘʟʫʶʪ N ʙʣʦʢʦʚ ʚʳʭʦʜʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ð ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ (x
J
1), ʧʨʠʯʝʤ x

J
1 ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ. ʂʘʞʜʳʡ ʙʣʦʢ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʯʠʪʳʚʘʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢʦʛʦïʣʠʙʦ ʦʨʛʘʥʘ 

ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʛʨʫʧʧʘ xĭ=(xĭI), ʽ=1,é6 ʩʣʫʞʠʪ 
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ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʩʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ xĭ1 

ʟʘʜʘʝʪ ʜʠʘʧʘʟʦʥ ʠʭ ʠʟʤʝʥʝʥʠʷ, ʘ x
1
2 ð ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʷ.  

xĭ1 ð ʜʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥʳ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʩʭʦʜʦʚ ʠʤʝʝʪ ʪʨʠ 

ʘʣʴʪʝʨʥʘʪʠʚʳ: ʘ) ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ; ʙ) ʚʳʰʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ: 

ʚ) ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

xĭ2 ð ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʨʘʩʭʦʜʦʚ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʘ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ; 

ʙ) ʫʤʝʥʴʰʘʝʪʩʷ; ʚ) ʥʝ ʤʝʥʷʝʪʩʷ. 

ɺʪʦʨʦʡ ʩʣʦʡ ʦʙʨʘʟʫʶʪ ʙʣʦʢʠ ʧʨʦʜʫʢʮʠʡ P
i
j ʚʠʜʘ : 

IF ûʫʩʣʦʚʠʝü THEN u
i 
= a ELSE

 
u

i
 = 0. 

ɺ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʜʠʢʘʪʳ ʚʠʜʘ u
i
j =< 

ʟʥʘʯʝʥʠʝ>, ʦʙʲʝʜʠʥʝʥʥʳʝ ʣʦʛʠʯʝʩʢʠʤ "ʀ". ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ, ʠʤʝʶʱʝʝ ʩʤʳʩʣ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʚʦʜʘ. ʕʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʧʝʨʪʦʤ ʧʨʠ ʚʚʦʜʝ ʧʨʘʚʠʣ ʚ ʙʘʟʫ 

ʟʥʘʥʠʡ. ʂ-ʪʳʡ ʙʣʦʢ ʦʙʨʘʟʫʶʪ ʧʨʦʜʫʢʮʠʠ, ʚ ʫʩʣʦʚʠʷʭ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ ʠʟ ʂ-ʪʦʛʦ ʙʣʦʢʘ ʧʝʨʝʤʝʥʥʳʭ. ʌʘʢʪʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ j-ʪʦʛʦ ʙʣʦʢʘ ʧʨʦʜʫʢʮʠʡ ʦʧʠʩʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ j-ʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʨʦʮʝʩʩ ʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ. 

ʊʨʝʪʠʡ ʩʣʦʡ ʦʙʨʘʟʫʶʪ ʙʣʦʢʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ OR-ʧʨʘʚʠʣ. ʕʪʠ 

ʧʨʘʚʠʣʘ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ. ʇʫʩʪʴ s1 Å Å Å Å Å sn ð 

ʚʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ OR-ʧʨʘʚʠʣʘ, ʘ s ð ʚʳʭʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ. ʊʦʛʜʘ:  

1. ʝʩʣʠ ʚʩʝ si = 0, ʪʦ s = 0. 

2. ʝʩʣʠ si Ò 0, ʪʦ ʚ ʢʘʯʝʩʪʚʝ s ʧʨʠʥʠʤʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ si.. 

3. ʝʩʣʠ si ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʥʫʣʝʚʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʪʦ s = max si.. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2 OR-ʧʨʘʚʠʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ. ʏʝʪʚʝʨʪʳʡ 

ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʩʣʦʠ ʦʙʨʘʟʫʶʪ ʙʣʦʢʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ COMB-ʧʨʘʚʠʣ. 

ʕʪʠ ʧʨʘʚʠʣʘ (3, ʘ, b, c, d, e) ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ 

MYCIN. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʂʦʙʦʨʛ-ɹʶʜʞʝʪ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ 

ʙʘʟʫ ʟʥʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʨʠʯʠʥ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ. 

ʆʥʘ ʪʘʢʞʝ ʢʘʢ ʠ ʙʘʟʘ ʟʥʘʥʠʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʜʨʝʚʦʚʠʜʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʊʘʢ, ʧʨʠ ʥʘʤʝʯʘʶʱʝʤʩʷ ʨʘʩʩʪʨʦʡʩʪʚʝ ʦʨʛʘʥʘ "ʈɸʉʍʆɼ" 

ʩʠʩʪʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʢʨʳʚʘʝʪ ʧʨʝʜʤʝʪʥʳʝ ʩʪʘʪʴʠ, ʧʦʜʩʪʘʪʴʠ 

ʩ ʚʳʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʘʩʭʦʜʦʚ, ʠʤʝʶʱʠʭ ʦʪʢʣʦʥʝʥʠʷ 

ʦʪ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ: ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ 

ʨʘʩʭʦʜʳ Ÿ ʦʙʱʝʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʩʭʦʜʳ Ÿ ʘʨʝʥʜʘŸ ʘʨʝʥʜʘ 

ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ). ʇʨʠ ʨʘʩʩʪʨʦʡʩʪʚʝ ʦʨʛʘʥʘ "ʇʆʉʊʋʇʃɽʅʀɽ" 
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ʩʠʩʪʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʢʨʳʚʘʝʪ ʧʨʝʜʤʝʪʥʳʝ ʛʨʫʧʧʳ, ʧʦʜʛʨʫʧʧʳ 

ʠ ʵʣʝʤʝʥʪʳ ʧʦʩʪʫʧʣʝʥʠʡ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ,ʠʤʝʶʱʠʭ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ: ʧʣʘʪʝʞʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ Ÿ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʦʧʣʘʪʫ 

ʧʨʦʜʫʢʮʠʠ (ʫʩʣʫʛ) ʦʨʛʘʥʠʟʘʮʠʠ Ÿ ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʣʘʪʝʣʴʱʠʢʦʚ Ÿ 

ʚʝʢʩʝʣʷ ʙʘʥʢʦʚ. ʇʨʠ ʨʘʩʩʪʨʦʡʩʪʚʝ ʦʨʛʘʥʘ "ʆʊɻʈʋɿʂɸ" ʩʠʩʪʝʤʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʢʨʳʚʘʝʪ ʩʪʘʪʴʠ ʠ ʧʦʜʩʪʘʪʴʠ ʩʪʦʠʤʦʩʪʠ 

ʦʪʧʨʘʚʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ /ʠʣʠ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ. ʅʘʧʨʠʤʝʨ: 

ʦʪʛʨʫʟʢʘ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ Ÿ ʟʘ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ 

ʠʣʠ ʧʦ ʛʘʰʝʥʠʶ ʚʝʢʩʝʣʝʡ ʠʣʠ ʟʘ ʮʝʥʥʳʝ ʙʫʤʘʛʠ ʧʨʦʯʠʭ ʵʤʠʪʝʥʪʦʚ. 

ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʳʷʚʣʝʥʥʳʭ ʧʨʠʯʠʥʘʭ ʨʘʩʩʪʨʦʡʩʪʚʘ 

ʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ ʨʘʩʢʨʳʚʘʝʪʩʷ ʧʦ ʟʘʧʨʦʩʘʤ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʢʨʳʚʘʝʤʳʭ ʦʢʦʥ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʙʶʜʞʝʪ-ʢʦʙʦʨʛ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʠʪ: ʘ) ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ; ʙ) ʧʨʦʮʝʩʩʦʨ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ; 

ʚ) ʙʘʟʳ ʟʥʘʥʠʡ ʨʘʩʩʪʨʦʡʩʪʚ (ʟʘʙʦʣʝʚʘʥʠʡ) ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ; ʛ) ʙʘʟʳ 

ʟʥʘʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʧʨʠʯʠʥ ʨʘʩʩʪʨʦʡʩʪʚʘ (ʟʘʙʦʣʝʚʘʥʠʷ) 

ʙʶʜʞʝʪ-ʢʦʙʦʨʛʘ; ʜ) ʤʦʜʫʣʴ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩ-

ʪʠʨʦʚʘʥʠʷ ʠ ʚʳʷʚʣʝʥʥʳʭ ʧʨʠʯʠʥ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ; 

ʝ) ʤʦʜʫʣʴ ʨʘʟʚʠʪʠʷ ʠ ʢʦʨʨʝʢʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʚʦʜʘ CFi ʧʦʨʦʞʜʘʶʱʠʭ 

ʧʨʘʚʠʣ. ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʶʜʞʝʪ - ʢʦʙʦʨʛʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3. 
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ʈʠʩʫʥʦʢ 3. ɼʠʘʛʨʘʤʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ  

ʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ 

 
ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʟʜʘʥʥʘʷ ʥʘ ʙʘʟʝ ʢʦʙʦʨʛ-ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʢʦʙʦʨʛ-

ʩʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʥʝʥʠʷ ʙʶʜʞʝʪʘ 

ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʰʠʡ ʨʫʢʦʚʦʜʷʱʠʡ ʧʝʨʩʦʥʘʣ 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ.  
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ABSTRACT 

The problem of oil production by means of non-piston water 

displacement is considered. The numerical model for twoīphase 

incompressible fluid filtration is designed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʣʴʪʨʘʮʠʷ; ʥʝʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴ; ʤʦʜʝʣʴ 

ɹʘʢʣʝʷ-ʃʝʚʝʨʝʪʪʘ. 

Keywords: filtration; non-piston water; Bakly-Leveretta model. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʠʩʴ 

ʤʘʩʰʪʘʙʳ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺ ʨʘʟʨʘʙʦʪʢʫ ʚʚʦʜʷʪʩʷ ʥʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦ ʩʣʦʞʥʳʤʠ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʈʝʰʘʝʪʩʷ ʚʘʞʥʝʡʰʘʷ ʧʨʦʙʣʝʤʘ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʥʦʪʳ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ 

ʠʟ ʥʝʜʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʟʥʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘʫʯʥʳʭ ʦʩʥʦʚ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ 

ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʠʭ ʟʥʘʥʠʡ ʚʳʩʪʫʧʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɼʦʙʳʯʘ ʥʝʬʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʚʳʪʝʩʥʝʥʠʠ ʝʝ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚʦʜʦʡ 

ʠʣʠ ʛʘʟʦʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʝʞʠʤʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʝʪʦʜʘʭ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʟʘʚʦʜʥʝʥʠʝʤ ʠʣʠ ʥʘʛʥʝʪʘʥʠʝʤ ʛʘʟʘ. ʊʝʦʨʠʷ ʤʥʦʛʦʬʘʟʥʦʡ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʪʘʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [6; 1ð2)] [4]. 

ʆʜʥʦ ʠ ʜʚʫʭʤʝʨʥʳʝ ʟʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʤʥʦʛʦʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. ɼʣʷ ʥʠʭ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʠ ʩʭʝʤʳ ʨʘʩʯʝʪʘ [6]. 

ʉ ʫʯʝʪʦʤ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʷʚʠʣʠʩʴ ʦʩʦʙʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʣʛʦʨʠʪʤʘʤ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʤʘʩh ʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʈʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʦʜʥʦʤʫ ʠʟ ʧʦʜʭʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʬʠʣʴʪʨʘʮʠʠ ʜʚʫʭʬʘʟʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 
ʈʘʩʩʤʦʪʨʠʤ ʬʠʣʴʪʨʘʮʠʶ ʜʚʫʭʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʥʝʬʪʠ (ʥ) ʠ ʚʦʜʳ (ʚ), ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʚ ʚʦʜʦʥʘʧʦʨʥʦʤ ʨʝʞʠʤʝ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦʢʨʳʪʦ ʩʝʪʴʶ ʩʢʚʘʞʠʥ ʜʚʫʭ ʪʠʧʦʚ: ʚʦʜʦʥʘʛʥʝʪʘ-

ʶʱʠʭ ʠ ʧʨʦʜʫʢʪʠʚʥʳʭ. ʉʭʝʤʳ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤʠ. ʅʝʬʪʝʥʦʩʥʳʡ ʧʣʘʩʪ ʩʯʠʪʘʝʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ, 
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ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ, ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ ð ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ, 

ʦʪʥʦʰʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢ ʧʦʣʥʦʤʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ 

ʧʘʜʝʥʠʶ ʜʘʚʣʝʥʠʷ ʤʘʣʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʜʘʯʫ, 

ʧʦʜʯʠʥʷʶʱʫʶʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɹʘʢʣʠ-ʃʝʚʝʨʝʪʪʘ:  

 
* * * *

* * * *

( ) ( )

H B H B

H B H B

H B H B B
B B

H B H B

K K K KP P
KH KH Fp

x x y y

K K K KP P
f KH f KH mH F

x x y y t

m m m m

s
s s s

m m m m

è ø è øå õ å õµ µ µ µ
+ + + =é ù é ùæ ö æ ö

µ µ µ µç ÷ ç ÷ê ú ê ú

è ø è øå õ å õ µµ µ µ µ
+ + + = +é ù é ùæ ö æ ö

µ µ µ µ µç ÷ ç ÷ê ú ê ú

(1) 

 

ʛʜʝ: ( , , )B x y ts  ð ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴ,  

* ( )H BK s  ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʥʝʬʪʠ,  

* ( )B BK s  ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʚʦʜʳ,  

( , , )P x y t  ð ʜʘʚʣʝʥʠʝ,  

( , , )K x y  ð ʧʨʦʥʠʮʘʝʤʦʩʪʴ,  

( , )H x y  ð ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ,  

( )Bf s  ð ʬʫʥʢʮʠʷ ɹʘʢʣʝʷ-ʃʝʚʝʨʝʪʪʘ,  

( , )m x y  ð ʧʦʨʠʩʪʦʩʪʴ ʧʣʘʩʪʘ,  

Hm  ð ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ,  

Bm  ð ʚʷʟʢʦʩʪʴ ʚʦʜʳ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ʜʘʚʣʝʥʠʷ 

p, ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ s, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʝ (1). 

ʇʨʝʜʧʦʣʦʞʠʤ, ʠʤʝʝʪʩʷ ʪʦʥʢʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʥʝʬʪʷʥʦʡ ʧʣʘʩʪ, 

ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ. ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʝʩʤʝʰʠʚʘʝʤʳʭ ʥʝʩʞʠʤʘʝʤʳʭ 

ʞʠʜʢʦʩʪʝʡ. ɺʚʝʜʝʤ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

 

( , ,0)B B x ys s= ,                                          (2) 

0, 0

D DÃ Ã

P P

n n

µ µ
= =

µ µ
 ,                                    (3) 
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ʛʜʝ: Dɻ  ð ʛʨʘʥʠʮʘ ʥʝʬʪʝʚʦʜʦʥʦʩʪʥʦʛʦ ʧʣʘʩʪʘ ʩ çʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡè, 

 

( , , ), ( , , )
se se

B BÃ Ã
P P x y t x y ts s= = ,                  (4) 

 

ʛʜʝ: seɻ  ð ʛʨʘʥʠʮʘ ʩʢʚʘʞʠʥʳ ʩ ʥʝʬʪʝʚʦʜʦʥʦʩʥʳʤ ʧʣʘʪʦʤ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 
ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʜʘʚʣʝʥʠʷ 
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i j i j i j i j
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(5) 

 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ 

 

 
 

ʛʜʝ: 
*

,

, , * *

, ,

( )
( )

( ) ( )

B i j H

i j i j

B i j H H i j B

K
f f

K K

s m
s

s m s m
= =

+
 ð ʬʫʥʢʮʠʷ 

ɹʘʢʣʝʷ-ʃʝʚʝʨʝʪʪʘ, 
3

* 0.9
( )

0.8
HK

s
s

-å õ
=æ ö
ç ÷

 ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʜʣʷ ʥʝʬʪʠ, 
3

* 0.1
( )

0.9
BK

s
s

-å õ
=æ ö
ç ÷

 ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʜʣʷ ʚʦʜʳ, 

 

, ,( , ), ( , )i j i j i j i jm m x y H H x y= =  

{ }(1 ), 1,2,3,4q q qy y- += - Í  
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, 1,

1

1, 0

0,ʠʥʘʯʝ

i j i jP P
y

-+
- >ë

=ì
í

 , 
1, ,

3

1, 0

0,ʠʥʘʯʝ

i j i jP P
y

++
- >ë

=ì
í

 

, , 1

2

1, 0

0,ʠʥʘʯʝ

i j i jP P
y

-+
- >ë

=ì
í

 , 
, 1 ,

4

1, 0

0,ʠʥʘʯʝ

i j i jP P
y

++
- >ë

=ì
í

 

1
1 1

* * * *

1, 1, , ,

1
,

1, 1, , ,2

( ) ( ) ( ) ( )1 1 1 1

2

H i j B i j H i j B i j

i j
x i j i j H B i j i j H B

K K K K
B

h K H K H

s s s s

m m m m

-
- -

+ +

+
+ +

è øå õå õ å õ
é ùæ ö= Ö + + +æ ö æ öæ ö æ öé ùæ öç ÷ ç ÷ç ÷ê ú

 (7) 

, ( , )i j i jK K x y=  

 

ʇʫʩʪʴ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ G  ð ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʦʙʣʘʩʪʴ, 

ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ.
 
ɺ ʦʙʣʘʩʪʠ ʚʚʝʜʝʤ 

ʨʘʚʥʦʤʝʨʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʝʪʢʫ ʩ ʰʘʛʦʤ ʪʘʢ, ʯʪʦʙʳ ʩʢʚʘʞʠʥʳ 

ʧʦʧʘʜʘʣʠ ʚ ʦʜʠʥ ʠʟ ʫʛʣʦʚ ʩʝʪʢʠ ʠ ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʚʨʝʤʝʥʥʫʶ ʩʝʪʢʫ. 

 

 
 

ʈʠʩʫʥʦʢ 1. 

 

ɽʩʣʠ ( ), 3x y ɻÍ , ʪʦʛʜʘ 0
P P

n x

µ µ
= =

µ µ
. 

ʊʦʛʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

 

, 1, , 1 , , , 1

1 1 1 ,2 2 2
, , ,

2 2 2

2 x x

x

N j N j i j i j i j i j

i j
N j i j i j

x y y

P P P P P P
B B B Fp

h h h

- + -

- + -

- - -
- + - =  (8) 
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ɽʩʣʠ ( ), 1x y ɻÍ , ʪʦʛʜʘ 0
P P

n x

µ µ
= =

µ µ
. 

ʊʦʛʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

 

1, 0, , 1 , , , 1

1 1 1 ,2 2 2
, , ,

2 2 2

2
j j i j i j i j i j

i j
j i j i j

x y y

P P P P P P
B B B Fp

h h h

+ -

+ -

- - -
+ - =  

(9) 

 

ɿʘʧʠʰʝʤ ʦʙʱʠʡ ʚʠʜ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) 

ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ 0
P

n

µ
=

µ
: 

 

( ) ( )

( ) ( )

( ) ( )

( )

1, , , 1,

3 1 3 1 1 1 3 12 2
, ,

2 2

, 1 , , , 1

4 2 4 1 2 2 4 1 ,2 2
, ,

2 2

1, ,

3 1 3 1 3 , 3 1,2
,

2

, 1,

1 1 3 1
,

2

, ,

, , ,

,

,

i j i j i j i j

i j i j
x x

i j i j i j i j

i j
i j i j

y y

i j i j

i j i j
i j

x

i j i

i j

P P P P
q q q B q q q B

h h

P P P P
q q q B q q q B Fp

h h

P P
q q q B f f

h

P P
q q q B

x x

x x

x y y

x

+ -

+ -

+ -

+ -

+ - +

+
+

-

-

- -
- +

- -
+ - =

-
+ -

-
- ( )

( ) ( )

( ) ( )

1 1, 1 ,2

, 1 ,

4 2 4 1 4 , 4 , 12
,

2

1

, , 1 , ,

2 2 4 1 2 , 1 2 , , , ,2
,

2

,

,

j

i j i j

x

i j i j

i j i j
i j

y

n n

i j i j i j i j

i j i j i j i j i j
i j

y t

f f
h

P P
q q q B f f

h

P P
q q q B f f m H F

h h

y y

x y y

s s
x y y s

- +

-

+ - +

+
+

+

- - +

-
-

+ +

-
+ + -

- -
- + - =

(10) 

 

ʛʜʝ: 

( )
1

0,ʝʩʣʠ , 1

1,ʠʥʘʯʝ

x y ɻ
q

Íë
=ì
í

, ( )
2

0,ʝʩʣʠ , 2

1,ʠʥʘʯʝ

x y ɻ
q

Íë
=ì
í

, 

( )
3

0,ʝʩʣʠ , 3

1,ʠʥʘʯʝ

x y ɻ
q

Íë
=ì
í

, ( )
4

0,ʝʩʣʠ , 4

1,ʠʥʘʯʝ

x y ɻ
q

Íë
=ì
í

. 
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0, 0.

( , ) 1, 2,

2, 1;

a b

a b a b

a b

x

+ =ë
î
= + =ì
î + =í

 

î
í

î
ì

ë

--

--

-

=

.ʩʢʚʘʞʠʥʝʠʦʥʥʦʡʵʢʩʧʣʫʘʪʘʮʥʘʥʘʭʦʜʠʪʩʷʫʟʝʣʝʩʣʠ,

,ʩʢʚʘʞʠʥʝʡʥʘʛʥʝʪʘʶʱʝʥʘʥʘʭʦʜʠʪʩʷʫʟʝʣʝʩʣʠ

,ʩʢʚʘʞʠʥʳʚʥʝʫʟʝʣʝʩʣʠ0

,

,,

Ecji

Ncjiji

PP

PPFp
 

( )
( )î

í

î
ì

ë

--

--

-

=

.ʩʢʚʘʞʠʥʝʠʦʥʥʦʡʵʢʩʧʣʫʘʪʘʮʥʘʥʘʭʦʜʠʪʩʷʫʟʝʣʝʩʣʠ,

,ʩʢʚʘʞʠʥʝʡʥʘʛʥʝʪʘʶʱʝʥʘʥʘʭʦʜʠʪʩʷʫʟʝʣʝʩʣʠ,

,ʩʢʚʘʞʠʥʳʚʥʝʫʟʝʣʝʩʣʠ0

,,

,,,

Ecjiji

Ncjijiji

PPf

PPfFs
 

ʀʤʝʝʤ:  

x  ð ʤʝʪʨʳ, y  ð ʤʝʪʨʳ, H  ð ʤʝʪʨʳ, t  ð ʪʝʢʫʱʠʡ ʜʝʥʴ,  

T  ð ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ (ʜʥʠ), ,x yh h  ð ʰʘʛ ʧʦ ʨʝʘʣʴʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʤʝʪʨʳ), ,x yL L  ð ʨʘʟʤʝʨ ʨʝʘʣʴʥʦʡ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʤʝʪʨʳ).  

x
x

x

L
h

N
=  ð ʰʘʛ ʤʝʞʜʫ ʫʟʘʤʠ ʩʝʪʢʠ (ʤʝʪʨʳ), ʛʜʝ xN  ð ʯʠʩʣʦ 

ʫʟʣʦʚ ʧʦ ʦʩʠ x . 

y

y

y

L
h

N
=  ð ʰʘʛ ʤʝʞʜʫ ʫʟʘʤʠ ʩʝʪʢʠ (ʤʝʪʨʳ), ʛʜʝ yN  ð 

ʯʠʩʣʦ ʫʟʣʦʚ ʧʦ ʦʩʠ y . 

t

t

T
h

N
=  ð ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ (ʜʥʠ), ʛʜʝ tN  ð ʧʣʘʥʠʨʫʝʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʩʠʩʪʝʤʳ (10). 

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ 

 

x

x
x

L
=  , 

y

y
y

L
= , 

t
t

T
= , ʛʜʝ ( )[ ], , 0;1x y t Í . 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʦʚʳʝ ʰʘʛʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʧʦ ʚʨʝʤʝʥʠ ʙʫʜʫʪ 
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[ ]
()

0;1
max

1
x

x x

x

h
N N

= = , 
1

y

y

h
N
=  , 

1
t

t

h
N
= . 

 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʦʙʦʟʥʘʯʝʥʠʡ: 

 

1

x x

P P dx P x P

x x dx x x L x L

å õµ µ µ µ µ
¹ Ö = Ö = Öæ ö

µ µ µ µ µç ÷

. 

 

ɿʘʤʝʥʠʤ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʠʩʪʝʤʳ (1). ʆʙʦʟʥʘʯʠʤ  

 

( )
* *

, H B

H B

K K
B x y KH

m m

å õ
= +æ ö
ç ÷

. 

 

ʇʦʣʫʯʠʤ: 

 

( ) ( )

( ) ( )2 2

1 1 1 1
, ,

1 1
, ,

x y x y

x x y y

x y x y

x y

P P
B xL yL B xL yL Fp

x x L L y y L L

P P
B xL yL B xL yL Fp

L x x L y y

è øè øµ µ µ µ
Ö + Ö = Ýé ùé ù

µ µ µ µé ùê ú ê ú

è øµ µ µ µè ø
+ =é ùé ùµ µ µ µê ú ê ú

  (11) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ( ),x yB xL yL  ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʪʘʢʞʝ 

ʧʦ ʬʦʨʤʫʣʝ (7), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ xh  ʙʫʜʝʪ ʟʘʤʝʥʝʥ ʥʘ xh . 

 
1

1 1
* * * *

1, 1, , ,

1
,

1, 1, , ,2

( ) ( ) ( ) ( )1 1 1 1

2

H i j B i j H i j B i j

i j
x i j i j H B i j i j H B

K K K K
B

h K H K H

s s s s

m m m m

-
- -

+ +

+
+ +

è øå õå õ å õ
é ùæ ö= Ö + + +æ ö æ öæ ö æ öé ùæ öç ÷ ç ÷ç ÷ê ú

(12) 

 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ ʚʨʝʤʝʥʠ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (1) 
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1dt t

t t dt t t T t T

s s s sµ µ µ µ µå õ
¹ Ö = Ö = Öæ ö

µ µ µ µ µç ÷
, 

 

ʇʦʣʫʯʠʤ 

 

( ) ( )2 2

1 1 1
( ) , ( ) , B

B x y B x y

x y

P P
f B xL yL f B xL yL mH F

L x x L y y t T

s
s s s

è ø µµ µ µ µè ø
+ = +é ùé ùµ µ µ µ µê ú ê ú

  (13) 

 

ɿʘʧʠʰʝʤ ʘʥʘʣʦʛ ʩʠʩʪʝʤʳ (10) ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (11), (13). 

ʇʦʣʫʯʠʤ 

 

( ) ( )

( ) ( )

( ) ( )

1, , , 1,

3 1 3 1 1 1 3 12 2 2 2
, ,

2 2

, 1 , , , 1

4 2 4 1 2 2 4 1 ,2 2 2 2
, ,

2 2

1, ,

3 1 3 1 3 , 3 1,2 2
,

2

1 1

1 1
, ,

1 1
, , ,

1
,

i j i j i j i j

i j i j
x x x x

i j i j i j i j

i j
i j i j

y y y y

i j i j

i j i j
i j

x x

P P P P
q q q B q q q B

L h L h

P P P P
q q q B q q q B Fp

L h L h

P P
q q q B f f

L h

q q

x x

x x

x y y

x

+ -

+ -

+ -

+ -

+ - +

+
+

- -
- +

- -
+ - =

-
+ -

- ( ) ( )

( ) ( )

( ) ( )

, 1,

3 1 1 1, 1 ,2 2
,

2

, 1 ,

4 2 4 1 4 , 4 , 12 2
,

2

1

, , 1 , ,

2 2 4 1 2 , 1 2 , , , ,2 2
,

2

1
,

1
,

1 1
,

i j i j

i j i j
i j

x x

i j i j

i j i j
i j

y y

n n

i j i j i j i j

i j i j i j i j i j
i j

y y t

P P
q B f f

L h

P P
q q q B f f

L h

P P
q q q B f f m H F

L h T h

y y

x y y

s s
x y y s

- - +

-
-

+ - +

+
+

+

- - +

-
-

-
+ +

-
+ + -

- -
- + - =  

(14) 

 

ʉʭʝʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʯʣʝʥʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʴʰʝʤʫ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʦʜʘ 

ʨʝʰʝʥʠʷ, ʯʝʤ ʜʣʷ ʩʭʝʤ, ʚʢʣʶʯʘʶʱʠʭ ʮʝʥʪʨʘʣʴʥʳʝ ʨʘʟʥʦʩʪʠ [3]. ʉʠʩʪʝʤʘ 

ʷʚʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʜʦ ʤʠʥʠʤʫʤʘ 

ʨʘʟʤʘʟʳʚʘʥʠʝ ʬʨʦʥʪʘ ʩʢʘʯʢʘ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ.  
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 ʇʨʠ ʟʘʤʝʥʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1) 

ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʦʡ ʚʦʟʥʠʢʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʉʭʝʤʘ 

ʠʤʝʝʪ ʚʪʦʨʦʡ ʧʦʨʷʜʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
2( )Ot  ʜʣʷ ʚʨʝʤʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠ 
2( )O h  ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ, ʪʦ ʝʩʪʴ ʦʮʝʥʢʘ 

ʧʦʛʨʝʰʥʦʩʪʠ 
2 2( )O h t+ . 

 ʇʨʠ ʟʘʜʘʥʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ 

ʧʦʷʚʣʷʶʪʩʷ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʢʨʫʛʣʝʥʠʝʤ, ʧʦʵʪʦʤʫ ʦʜʥʠʤ 

ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʏʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʨʷʜʦʤ ʘʚʪʦʨʦʚ, ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ, ʝʩʣʠ ʰʘʛ ʚ ʩʠʩʪʝʤʝ ʷʚʥʳʭ 

ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʙʠʨʘʪʴ ʠʟ ʫʩʣʦʚʠʷ  
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ʉʭʝʤʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʟʘʪʝʤ 

ʥʘʭʦʜʠʪʩʷ ʜʘʚʣʝʥʠʝ ʥʘ ʪʝʢʫʱʝʤ ʩʣʦʝ ʩ ʫʯʝʪʦʤ ʥʘʡʜʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ, ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʚʨʝʤʝʥʥʦʤʫ ʰʘʛʫ. ɼʣʷ ʩʭʦʜʠʤʦʩʪʠ ʠʪʝʨʘʮʠʡ ʥʝʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ 

ʩʭʝʤʳ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʚʝʨʭʥʝʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ. 

ɿʘʢʣʶʯʝʥʠʝ

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʬʠʣʴʪʨʘʮʠʠ ʜʚʫʭʬʘʟʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʩʪʘʚʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɹʘʢʣʠ-ʃʝʚʝʨʝʪʪʘ, ʩʦʩʪʘʚʣʝʥʳ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (6). ʇʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ 

ʢ ʜʘʣʴʥʝʡʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʷʤʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ 

ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

ʠ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ. 

ʇʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʡ ʠ ʠʭ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ. 

ABSTRACT 

The work focuses on the direct problem of determining oscillation 

frequencies of a mechanical system with three degrees of freedom  

mailto:safinagf@mail.ru


63 

and the inverse problem of diagnosing mass characteristics of the system. 

The algorithms of solutions and their programme implementations are provided.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʷʤʘʷ ʟʘʜʘʯʘ; ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ; ʯʘʩʪʦʪʥʦʝ 

ʫʨʘʚʥʝʥʠʝ; ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ; ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

ʘʣʛʦʨʠʪʤʳ. 

Keywords: direct task; frequencies of fluctuations; frequency 

equation; return task; diagnosing of characteristics; algorithms. 

 

ʇʨʷʤʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʜʘʯʠ ʧʦ ʩʚʦʙʦʜʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʦ ʤʥʦʛʠʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʨʫʜʘʭ ʧʦ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ 

ʀ.ɸ. ɹʠʨʛʝʨʘ, ʗ.ɻ. ʇʘʥʦʚʢʦ, ʉ.ʇ. ʊʠʤʦʰʝʥʢʦ [2], [4]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ, ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʧʨʷʤʦʡ ʟʘʜʘʯʝ ʧʦ ʩʚʦʙʦʜʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʨʝʰʝʥʠʷ. ʉʪʘʚʠʪʩʷ ʠ ʨʝʰʘʝʪʩʷ 

ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʩʧʝʢʪʨʘ 

ʯʘʩʪʦʪ ʠʭ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥʘ ʜʣʷ ʩʠʩʪʝʤ 

ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ʨʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʩ ʪʨʝʤʷ ʛʨʫʟʘʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʨʫʞʠʥʘʤʠ [5, ʩ. 68] (ʨʠʩʫʥʦʢ 1). 

 

 

ʈʠʩʫʥʦʢ 1. ʄʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ  

ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 
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ɻʨʫʟʳ ʤʘʩʩʘʤʠ 1m , 2m  ʠ 3m  ʤʦʛʫʪ ʙʝʟ ʪʨʝʥʠʷ ʩʢʦʣʴʟʠʪʴ ʚʜʦʣʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ x  ʠ ʩʚʷʟʘʥʳ ʧʨʫʞʠʥʘʤʠ, ʠʤʝʶʱʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʝʡ 1k , 2k  ʠ 3k . ɿʘ ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʧʨʠʤʝʤ ʧʝʨʝʤʝʱʝʥʠʷ 1x , 2x  ʠ 3x  ʵʪʠʭ ʤʘʩʩ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʩʫʪʩʪʚʠʶ ʥʘʧʨʷʞʝʥʠʡ 

ʚ ʧʨʫʞʠʥʘʭ [1, ʩ. 264].  

ʊʦʛʜʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʜʝʡʩʪʚʠʝ ʧʨʫʞʠʥ ʥʘ ʤʘʩʩʳ ʙʫʜʝʪ ʪʘʢʠʤ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ (ʨʠʩʫʥʢʝ 1ʙ), ʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʣʷ ʛʨʫʟʦʚ ʤʘʩʩ 

1m , 2m  ʠ 3m  ʧʨʠʤʫʪ ʚʠʜ: 

 

 

( )

( )

( )î
í

î
ì

ë

--=

-+--=

-+-=

.

),(

,

23333

23312222

1221111

xxkxm

xxkxxkxm

xxkxkxm

##

##

##

                   (1) 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʊʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ, ʪʦ ʧʨʠʥʠʤʘʝʤ 

ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ (1) ʚ ʚʠʜʝ: 

 

 

( )

( )
î
í

î
ì

ë

+=

+=

+=

).sin(

,sin

,sin

33

22

11

al

al

al

ptx

ptx

ptx

                                    (2) 

 

ɿʜʝʩʴ p  ð ʯʘʩʪʦʪʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, 1l, 2l, 3lð ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ʇʦʜʩʪʘʚʣʷʷ ʬʫʥʢʮʠʠ 

(2) ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʩʠʩʪʝʤʫ (1), ʧʦʣʫʯʠʤ: 

 

 
 

ʈʝʰʝʥʠʷ (2) ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʷʤ (1) ʜʣʷ ʚʩʝʭ 

ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ t, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 



65 

 

( )
( )
( )î

í

î
ì

ë

=-+-

=--++-

=-+--

.0

,0

,0

2

33332

33

2

232221

222

2

111

pmkk

kpmkkk

kkpmk

ll

lll

ll

                  (3) 

 

ʈʝʰʝʥʠʝ 0321 === lll  ʫʨʘʚʥʝʥʠʡ (3) ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʅʘʡʜʝʤ ʪʝʧʝʨʴ ʥʝʥʫʣʝʚʳʝ 

ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ [3, ʩ. 34].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ (3) ʤʦʛʫʪ ʜʘʪʴ ʜʣʷ 1l, 2l ʠ 3l 

ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ ʨʝʰʝʥʠʷ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʚʝʥ ʥʫʣʶ 

ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʵʪʦʡ ʩʠʩʪʝʤʳ: 
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ʆʪʢʫʜʘ  

 

 (4) 

 

ʋʨʘʚʥʝʥʠʝ (4) ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʟ ʵʪʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʤʘʩʩʘʭ ʛʨʫʟʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʝʡ 

ʧʨʫʞʠʥ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʡʜʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4). ʇʨʝʜʩʪʘʚʠʤ ʝʛʦ 

ʚ ʚʠʜʝ: 

 

.0246 =++- CBpApp  

 

ɿʜʝʩʴ  
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ʉʜʝʣʘʚ ʟʘʤʝʥʫ tp =2
, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʢʫʙʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ  

 

.023 =++- CBtAtt  

 

ʉ ʧʦʤʦʱʴʶ ʧʦʜʩʪʘʥʦʚʢʠ 
3

A
yt -=  ʧʨʠʚʝʜʝʤ ʧʦʩʣʝʜʥʝʝ 

ʫʨʘʚʥʝʥʠʝ ʢ çʥʝʧʦʣʥʦʤʫè ʚʠʜʫ: 
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ʂʦʨʥʠ ,1y  ,2y  3y  çʥʝʧʦʣʥʦʛʦè ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (5) 

ʨʘʚʥʳ: 
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ʇʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ a  ʠ b  ʙʝʨʝʤ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ ʢʫʙʠʯʥʳʭ 

ʢʦʨʥʝʡ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʶ .
3

p
ab -=  ɽʩʣʠ ʫʨʘʚʥʝʥʠʝ (5) ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʪʦ (ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʦ ʚʦʟʤʦʞʥʦ) ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʢʦʨʥʝʡ. ɽʩʣʠ ʢʫʙʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 
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ʪʦ ʦʥʦ ʠʤʝʝʪ ʠʣʠ ʦʜʠʥ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʠ ʜʚʘ ʩʦʧʨʷʞʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʨʥʷ, ʠʣʠ ʪʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 

ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʨʘʚʥʳ, ʠʣʠ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʙʫʜʝʪ ʣʠ Q  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʨʘʚʥʦ ʥʫʣʶ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦ. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢʦ ʚʩʝʤ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʟʘʤʝʥʘʤ, ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʨʥʝʡ ʯʘʩʪʦʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(4): 
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ.  

ʇʨʠʤʝʨ 1. ʅʘʡʪʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʩ ʪʨʝʤʷ ʛʨʫʟʘʤʠ, 

ʜʣʷ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 1m =2 ʢʛ, 

2m =3 ʢʛ, 3m =1 ʢʛ, 1k =4 ʤʢʅÖ , 2k =2 ʤʢʅÖ , 3k =1 ʤʢʅÖ . 

ʈʝʰʝʥʠʝ. ʇʦʜʩʪʘʚʠʤ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩ ʛʨʫʟʦʚ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʝʡ ʧʨʫʞʠʥ ʚ ʫʨʘʚʥʝʥʠʝ (4) ʠ ʥʘʡʜʝʤ ʢʦʨʥʠ 

ʩ ʧʦʤʦʱʴʶ ʕɺʄ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʚ ʧʘʢʝʪʝ Maple: 
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ɿʥʘʯʠʪ, ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʩʣʝʜʫʶʱʠʝ: 1p =0,536
1-ʩ , 2p =1,185

1-ʩ , 3p =1,819
1-ʩ . ɿʘʤʝʪʠʤ, ʯʪʦ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʧʦʣʫʯʘʶʪʩʷ ʧʦ 

ʥʘʡʜʝʥʥʳʤ ʚʳʰʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ.  

ʇʦʩʪʘʚʠʤ ʪʝʧʝʨʴ ʢ ʧʨʷʤʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʜʘʯʝ ʦʙʨʘʪʥʫʶ ð 

ʟʘʜʘʯʫ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʦ ʠʟʚʝʩʪʥʳʤ ʯʘʩʪʦʪʘʤ ʝʛʦ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʂ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʥʝʩʝʤ, ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʝʡ 

ʧʨʫʞʠʥ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

(4). ʇʨʝʦʙʨʘʟʫʝʤ ʝʛʦ ʢ ʚʠʜʫ: 

 

 
(6) 

 

ʚ ʢʦʪʦʨʦʤ  
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() ;6

3211 pmmmpf -=  () ;4

322 pmmpf =  

() ( ) ;4

32313 pmmmmpf +=  () ( ) ;4

31214 pmmmmpf +=  

() ;2

35 pmpf -=  () ( ) ;2

326 pmmpf --=  

() ( ) ;2

3217 pmmmpf ---=  

 

 ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʪʨʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 1p , 2p  ʠ 3p , ʪʦ ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ ʫʨʘʚʥʝʥʠʝ (6), 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ:  

 

 
 

ʀʟ ʩʠʩʪʝʤʳ (7) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠʤʝʨ 2. ʀʟʚʝʩʪʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 1p =0,536
1-ʩ , 2p

=1,185
1-ʩ , 3p =1,819

1-ʩ  ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʪʨʝʤʷ 

ʛʨʫʟʘʤʠ, ʤʘʩʩʳ ʢʦʪʦʨʳʭ 1m =2ʢʛ, 2m =3ʢʛ, 3m =1ʢʛ. ʆʧʨʝʜʝʣʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʝʡ 1k , 2k  ʠ 3k  ʧʨʫʞʠʥ, 

ʩʦʝʜʠʥʷʶʱʠʭ ʛʨʫʟʳ. 

ʈʝʰʝʥʠʝ. ʇʦʜʩʪʘʚʠʤ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʠ ʤʘʩʩ 

ʛʨʫʟʦʚ ʚ ʩʠʩʪʝʤʫ (7), ʧʦʣʫʯʠʤ: 
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ʀʟ ʧʦʩʣʝʜʥʝʡ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʕɺʄ ʥʘʡʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʞʝʩʪʢʦʩʪʝʡ ʧʨʫʞʠʥ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʚ ʧʘʢʝʪʝ Maple: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʝʡ 

ʧʨʫʞʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʥʥʳʤ ʯʘʩʪʦʪʘʤ ʢʦʣʝʙʘʥʠʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʣʝʜʫʶʱʠʝ: 41 =k
ʤ

H , 22 =k
ʤ

H , 13 =k
ʤ

H . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʝʡ ʧʨʫʞʠʥ ʦʧʨʝʜʝʣʝʥʳ 

ʚʝʨʥʦ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʞʝʩʪʢʦʩʪʷʭ ʠ ʟʘʜʘʥʥʳʭ ʤʘʩʩʘʭ 

ʛʨʫʟʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʘʶʪʩʷ ʠʩʭʦʜʥʳʝ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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ɸʅʅʆʊɸʎʀʗ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʘʣʴʥʦʩʪʷʭ, ʟʚʫʢʦʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ 

ʚ ʚʦʟʜʫʭʝ. ʇʨʦʠʟʚʦʜʷʪʩʷ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʠʟʤʝʨʝʥʠʷ ʟʚʫʢʦʚʦʛʦ 

ʧʦʣʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩ ʰʘʛʦʤ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʚʦʣʥʳ. ʅʘ ʦʩʥʦʚʝ 

ʠʟʤʝʨʝʥʥʦʛʦ ʧʦʣʷ ʤʝʪʦʜʦʤ ʬʦʢʫʩʠʨʦʚʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʟʚʫʢʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ. ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʧʦʟʚʦʣʷʝʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʨʘʟʣʠʯʠʪʴ ʟʚʫʢʦʠʟʣʫʯʘʶʱʠʝ ʦʙʲʝʢʪʳ ʥʘ ʨʘʟʥʳʭ 

ʜʘʣɹʥʦʩʪʷʭ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ABSTRACT 

The purpose of this study is to develop a method for visualizing 

distributed at different distances, sound source objects in the air. Ultra wide 

band measurements are made of the sound field in the plane with step less 

than half a wavelength. Based on the measured field the sources distribution 

is restored by focusing on individual sound frequencies. Combining the results 

of the recovery of sources at different frequencies allows to visualize 

and distinguish sound source objects at different distances. The results 

of numerical and experimental studies. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʚʫʢʦʚʠʜʝʥʠʝ; ʩʠʥʪʝʟ ʘʧʝʨʪʫʨʳ; ʬʦʢʫʩʠʨʦʚʢʘ; 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ. 

Keywords: sound vision; synthetic aperture; focusing; vibrodiagnostics. 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʪʦʤʦʛʨʘʬʠʷ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʜʝʬʝʢʪʦʩʢʦʧʠʠ [1]. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ, ʘ ʝʛʦ ʧʦʣʦʞʝʥʠʝ 

ʠ ʩʠʛʥʘʣ ʘʧʨʠʦʨʥʦ ʠʟʚʝʩʪʥʳ [7]. ɽʩʣʠ ʩʘʤ ʦʙʲʝʢʪ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʟʚʫʢʘ, ʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʘʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʟʚʫʢʦʚʦʡ 

ʪʦʤʦʛʨʘʬʠʠ [5, 2]. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʟʚʫʢʦʠʟʣʫ-

ʯʘʶʱʝʛʦ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʙʲʝʢʪʘ ʚ ʥʝʢʦʪʦʨʦʡ ʧʣʦʩʢʦʡ ʦʙʣʘʩʪʠ ʠʣʠ ʟʘʜʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ [4]. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʣʷ [5, 3] ʠʣʠ ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʟʚʫʢʦʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ [6]. 

ʇʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʙʨʘʙʦʪʢʫ ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ 

ʠ ʬʦʢʫʩʠʨʦʚʢʫ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɽʩʣʠ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ʦʮʠʬʨʦʚʳʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʦ ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʥʦʤ ʧʦʣʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʬʦʢʫʩʠʨʦʚʢʫ ʙʝʟ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʬʘʟʳ ʩ ʠʩʪʦʯʥʠʢʦʤ. 
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ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʠʛʥʘʣʘʤ, ʥʘʣʠʯʠʝ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʧʨʝʜʝʣʠʪʴ ʜʘʣʴʥʦʩʪʴ ʜʦ ʦʙʲʝʢʪʘ 

ʠ ʧʦʣʫʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʜʘʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʠʝ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʬʘʟʳ ʩ ʠʩʪʦʯʥʠʢʦʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʘʣʴʥʦʩʪʴ 

ʜʦ ʟʚʫʢʦʠʟʣʫʯʘʶʱʝʛʦ ʦʙʲʝʢʪʘ ʧʦ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʟʚʫʢʦʠʟʣʫ-

ʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʘʣʴʥʦʩʪʷʭ ʙʝʟ ʠʭ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʧʨʠʸʤʥʠʢʦʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʜʚʫʭ ʧʣʦʩʢʠʭ ʟʚʫʢʦʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ 

ʚ ʚʦʟʜʫʭʝ ʨʘʟʤʝʱʸʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʦʡ ʜʘʣʴʥʦʩʪʠ (ʨʠʩ. 1). ɹʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʲʝʢʪʳ ʠʟʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʠʛʥʘʣʳ ʠ ʥʝ ʩʠʥʭʨʦʥʠ-

ʟʠʨʦʚʘʥʳ. ɹʣʠʟʣʝʞʘʱʠʡ ʦʙʲʝʢʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʜʘʣʴʥʦʩʪʠ 
1

h , 

ʘ ʜʘʣʴʥʠʡ ʦʙʲʝʢʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʜʘʣʴʥʦʩʪʠ 
2

h . ʇʨʠʯʸʤ 

ʙʣʠʟʣʝʞʘʱʠʡ ʦʙʲʝʢʪ ʥʝʧʨʦʥʠʮʘʝʤ ʜʣʷ ʟʚʫʢʘ, ʠ ʧʦʵʪʦʤʫ ʚʦʣʥʳ 

ʦʪ ʜʘʣʴʥʝʛʦ ʦʙʲʝʢʪʘ ʜʠʬʨʘʛʠʨʫʶʪ ʥʘ ʥʸʤ. ʉʠʛʥʘʣʳ, ʠʟʣʫʯʘʝʤʳʝ 

ʦʙʲʝʢʪʘʤʠ, ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ ʠ ʠʭ ʬʦʨʤʘ ʟʘʨʘʥʝʝ 

ʥʝ ʠʟʚʝʩʪʥʘ. ɺ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʨʘʟʤʝʱʘʝʪʩʷ ʤʘʪʨʠʮʘ ʤʠʢʨʦʬʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʶʪ ʧʨʠʭʦʜʷʱʠʝ ʩʠʛʥʘʣʳ. ʆʮʠʬʨʦʚʢʘ 

ʥʘ ʚʳʭʦʜʝ ʤʠʢʨʦʬʦʥʦʚ ʚʝʜʸʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʚʜʚʦʝ ʚʳʰʝ ʯʘʩʪʦʪʳ ʩʘʤʦʡ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʦʚ. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ 

 

ʉʠʛʥʘʣʳ ʦʪ ʟʚʫʢʦʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʨʘʟʣʦʞʠʤ ʚ ʩʧʝʢʪʨ 

ʌʫʨʴʝ, ʠ ʜʘʣʝʝ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ ʢʘʞʜʫʶ ʯʘʩʪʦʪʥʫʶ 

ʢʦʤʧʦʥʝʥʪʫ. ʊʦ ʝʩʪʴ ʩʚʝʜʸʤ ʟʘʜʘʯʫ ʢ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʘʤ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ. ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ 
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ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʦʪʳ, ʧʫʪʸʤ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʠʛʥʘʣʳ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʚʦʟʜʫʭʝ ʙʫʜʝʤ 

ʦʧʠʩʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʦʞʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʚ ʩʧʝʢʪʨ ʧʣʦʩʢʠʭ 

ʚʦʣʥ. ɼʠʬʨʘʢʮʠʶ ʥʘ ʙʣʠʟʣʝʞʘʱʝʤ ʦʙʲʝʢʪʝ ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ 

ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʂʠʨʭʛʦʬʘ, ʪʦ ʝʩʪʴ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʣʝ ʚ ʪʝʥʝʚʦʡ 

ʦʙʣʘʩʪʠ, ʩʨʘʟʫ ʟʘ ʦʙʲʝʢʪʦʤ ʨʘʚʥʦ ʥʫʣʶ, ʘ ʚʥʝ ʪʝʥʝʚʦʡ ʦʙʣʘʩʪʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʝʤ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ.  

ʇʦʣʝ ʥʘ ʜʘʣʴʥʦʩʪʠ 
1

h , ʩʦʟʜʘʚʘʝʤʦʝ ʜʘʣʴʥʠʤ ʦʙʲʝʢʪʦʤ ʟʘʧʠʰʝʤ 
ʚ ʚʠʜʝ: 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʧʦʣʷ ʜʘʣʴʥʝʛʦ ʠʟʣʫʯʘʪʝʣʷ,  

( )yxP ,
1

 ð ʧʦʣʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʙʣʠʟʠ ʜʘʣʴʥʝʛʦ 

ʠʟʣʫʯʘʪʝʣʷ, 
222

yxz
kkkk --= . 

ɼʘʣʝʝ ʧʦʣʝ ( )yxU ,
1

 ʜʠʬʨʘʛʠʨʫʝʪ ʯʝʨʝʟ ʙʣʠʟʣʝʞʘʱʠʡ ʦʙʲʝʢʪ, 

ʯʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ: 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʧʦʣʷ ʜʘʣʴʥʝʛʦ ʦʙʲʝʢʪʘ ʩʨʘʟʫ 

ʟʘ ʙʣʠʟʣʝʞʘʱʠʤ ʦʙʲʝʢʪʦʤ,  

( )yxM ,  ð ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʶʱʘʷ ʙʣʠʟʣʝʞʘʱʠʡ ʦʙʲʝʢʪ, 

ʨʘʚʥʘʷ 0 ʚ ʦʙʣʘʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ, ʠ ʨʘʚʥʘʷ 1 ʚ ʚʦʟʜʫʭʝ.  

ʇʦʣʝ ʩʦʟʜʘʚʘʝʤʦʝ ʙʣʠʟʣʝʞʘʱʠʤ ʦʙʲʝʢʪʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʩʪʦ 

ʢʘʢ ʧʦʣʝ ʠʟʣʫʯʘʪʝʣʷ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ: 
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, ( )yxP ,
2

 ð ʧʦʣʝ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʙʣʠʟʠ ʙʣʠʞʥʝʛʦ ʠʟʣʫʯʘʪʝʣʷ. 

ʇʦʣʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʙʫʜʝʪ ʩʫʤʤʦʡ ʧʦʣʝʡ ʜʘʣʴʥʝʛʦ 

ʠ ʙʣʠʞʥʝʛʦ ʠʩʪʦʯʥʠʢʦʚ: 

 

( ) ( ) ( )yxWyxWyxW ,,,
21

+=
                     

(4) 

 

ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʝʪʦʜʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ [6] ʥʘ ʢʘʞʜʦʡ ʯʘʩʪʦʪʝ. 

ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʫʤʤʠʨʦʚʘʪʴ ʠʭ ʧʦ ʘʤʧʣʠʪʫʜʝ. ʉʫʤʤʠʨʦʚʘʥʠʝ 

ʧʦ ʘʤʧʣʠʪʫʜʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʫʯʠʪʳʚʘʪʴ ʬʘʟʫ ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʝʡ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʝʩʴ ʦʙʲʝʢʪ, ʘ ʥʝ ʪʦʣʴʢʦ 

ʪʦʯʢʫ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʝʩʣʠ ʙʳ ʦʪʯʸʪ ʬʘʟʳ ʚʝʣʩʷ 

ʦʪ ʠʩʪʦʯʥʠʢʘ).  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʤʝʪʦʜʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ: 
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ʛʜʝ: ( )yx,Q  ð ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʝ, 

ck /w= . 

ɼʘʣʝʝ ʩʫʤʤʠʨʫʝʤ ʘʤʧʣʠʪʫʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ: 
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ʛʜʝ: 
n
w  ð ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʦʪ ʠʟʤʝʨʝʥʥʦʛʦ ʩʠʛʥʘʣʘ,  
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N  ð ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʦʪ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʜʚʫʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʩʤ ʠ 20 ʩʤ. 

ʋʯʠʪʳʚʘʣʩʷ ʵʬʬʝʢʪ ʜʠʬʨʘʢʮʠʠ ʥʘ ʙʣʠʟʣʝʞʘʱʝʡ ʧʣʘʩʪʠʥʢʝ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʧʣʘʩʪʠʥʳ ʚʠʙʨʠʨʫʶʪ ʩ ʝʜʠʥʠʯʥʦʡ ʘʤʧʣʠʪʫʜʦʡ, 

ʥʦ ʩʦ ʩʣʫʯʘʡʥʦʡ ʬʘʟʦʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ, ʬʘʟʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʤʝʨʥʦ 

ʦʪ 0 ʜʦ p2 . ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ (ʨʠʩ. 2 ʘ). ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 

(5ð6) ʙʳʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʡ ʙʣʠʟʣʝʞʘʱʝʛʦ ʦʙʲʝʢʪʘ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʩʤ (ʨʠʩ. 2ʙ) ʠ ʜʘʣʴʥʝʛʦ ʦʙʲʝʢʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʩʤ 

(ʨʠʩ. 2ʚ). 

 

 

ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʠ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ  

(ʘ ð ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ,  

ʙ ð ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʘʣʴʥʦʩʪʠ 10 ʩʤ,  

ʚ ð ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʘʣʴʥʦʩʪʠ 20 ʩʤ) 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʟʚʫʢʦʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 3) ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʛʦ 

ʩʢʘʥʝʨʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʥʘ ʥʸʤ ʤʠʢʨʦʬʦʥʦʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʟʚʫʢʦʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʚʳʩʪʫʧʘʣʠ ʜʚʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ 

ʠʟ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʪʦʣʱʠʥʦʡ 1 ʤʤ. ʆʜʥʘ ʧʣʘʩʪʠʥʘ ʨʘʟʤʝʨʘʤʠ 12 ʩʤ 

ʥʘ 12 ʩʤ ʙʳʣʘ ʨʘʟʤʝʱʝʥʘ ʥʘ ʜʘʣʴʥʦʩʪʠ 10 ʩʤ, ʘ ʜʨʫʛʘʷ ʧʣʘʩʪʠʥʘ 

ʨʘʟʤʝʨʘʤʠ 12 ʩʤ ʥʘ 12 ʩʤ ʙʳʣʘ ʨʘʟʤʝʱʝʥʘ ʥʘ ʜʘʣʴʥʦʩʪʠ 24 ʩʤ. 

ʅʘ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʢʝ ʙʳʣ ʟʘʢʨʝʧʣʸʥ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʜʠʥʘʤʠʢ, 

ʠʟʣʫʯʘʶʱʠʡ ʟʚʫʢ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 20 ʢɻʮ ʜʦ 40 ʢɻʮ. ʄʠʢʨʦʬʦʥ 

ʥʘ ʩʢʘʥʝʨʝ ʧʝʨʝʤʝʱʘʣʩʷ ʥʘ ʦʙʣʘʩʪʠ 42 ʩʤ ʥʘ 42 ʩʤ ʩ ʰʘʛʦʤ 5 ʤʤ. 

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʦʞʝʥʠʷ ʤʠʢʨʦʬʦʥʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʠʬʨʦʚʢʘ 

ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʦʡ 96 ʢɻʮ. ʀʟ ʠʟʤʝʨʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠʟʚʣʝʢʘʣʠʩʴ 
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ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘ 32 ʯʘʩʪʦʪʘʭ ʦʪ 20 ʢɻʮ ʜʦ 40 ʢɻʮ. 

ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʠʛʥʘʣ ʠʟʣʫʯʘʪʝʣʝʡ ʙʳʣ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ 

ʩ ɸʎʇ, ʠ ʧʦʵʪʦʤʫ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʡ ʩʦʭʨʘʥʷʣʘʩʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ. 

 

 
 

ʈʠʩʫʥʦʢ 3. ʌʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʉ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʧʦ ʬʦʨʤʫʣʘʤ (5ð6) ʙʳʣʠ ʚʦʩʩʣʘʥʦʚʣʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʜʘʣʴʥʦʩʪʷʭ 10 ʩʤ ʠ 24 ʩʤ (ʨʠʩ. 4.) 

 

 

ʈʠʩʫʥʦʢ 4. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ  

ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ (ʘ ð ʥʘ ʜʘʣʴʥʦʩʪʠ 10 ʩʤ;  

ʙ ð ʥʘ ʜʘʣʴʥʦʩʪʠ 24 ʩʤ) 



80 

ʇʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʥʪʫʨʳ 

ʦʙʲʝʢʪʦʚ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ, ʧʨʠ ʵʪʦʤ, ʦʜʠʥ ʦʙʲʝʢʪ ʧʦʯʪʠ ʥʝ ʠʩʢʘʞʘʝʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʜʨʫʛʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʟʨʝʰʝʥʠʠ ʧʦ ʜʘʣʴʥʦʩʪʠ. 

ɺ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʷʨʢʠʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʯʢʘʤ ʚʦʟʜʝʡʩʪʚʠʷ ʜʠʥʘʤʠʢʘ ʥʘ ʧʣʘʩʪʠʥʫ. 

ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚ ʦʙʲʸʤʝ ʟʚʫʢʦʠʟʣʫʯʘʶʱʠʭ 

ʦʙʲʝʢʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʠʪʴ ʦʙʲʝʢʪʳ ʧʦ ʜʘʣʴʥʦʩʪʠ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ɸʅʅʆʊɸʎʀʗ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʙʳʩʪʨʳʡ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʸʭʤʝʨʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʩʢʨʳʪʳʭ ʧʦʜ ʥʝʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ 

ʩʨʝʜ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ (ʉʐʇ) ʣʦʢʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʜʠʦʣʦʢʘʪʦʨ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʜ ʩʨʝʜʦʡ ʠ ʧʨʦʠʟʚʦʜʠʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʉʐʇ 

ʠʟʤʝʨʝʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʰʘʛʦʤ. ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʧʨʠʙʣʠʞʝʥʠʠ 
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ʬʘʟʦʚʦʛʦ ʵʢʨʘʥʘ ʜʣʷ ʥʝʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɸʣʛʦʨʠʪʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʜʠʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʩʨʝʜʝ ʩʚʦʜʠʪʩʷ 

ʢ ʪʨʸʭʤʝʨʥʦʤʫ ʙʳʩʪʨʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʌʫʨʴʝ.  

ABSTRACT 

A fast method for reconstructing of three-dimensional images 

of hidden objects under the non-planar surface between two media, which is 

based on ultra-wideband (UWB) radar measurements. It is assumed that 

the radar moves in the plane above the medium and produces UWB radar 

measurements in fixed steps. The inverse problem solved in single-scattering 

approximation and the approximation of the phase screen for a non-planar 

surface. Radio image reconstruction algorithm of heterogeneities in the medium 

is reduced to a three-dimensional fast Fourier transform.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʪʦʤʦʛʨʘʬʠʷ; ʨʘʜʠʛʦʣʦʛʨʘʬʠʷ; ʩʠʥʪʝʟ 

ʘʧʝʨʪʫʨʳ; ʬʦʢʫʩʠʨʦʚʢʘ; ʨʘʜʘʨ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

Keywords: radiotomography; radioholography; synthetic aperture; 

focusing; ground penetrating radar. 

 

ɺ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʜʠʦʪʦʤʦʛʨʘʬʠʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʜʠʦʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ ʯʝʨʝʟ ʥʝʨʦʚʥʫʶ 

ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩʨʝʜ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʙʦʪʘʶʪ 

ʚ ʧʨʠʙʣʠʞʝʥʠʠ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʧʣʦʩʢʘʷ [6ð7]. 

ʇʨʠ ʙʝʩʢʦʥʪʘʢʪʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ʜʣʷ ʫʯʸʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʧʣʦʩʢʦʡ 

ʛʨʘʥʠʮʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʉʥʝʣʣʠʫʩʘ [2]. 

ɼʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʴʥʳʭ ʩʮʝʥ ʪʘʢʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ [1]. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʤʠʛʨʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʤʝʪʦʜ ʉʪʦʣʪʘ [3] ʠ ʜʨʫʛʠʝ [8, 4]. ʆʜʥʘʢʦ ʝʩʣʠ ʥʝʨʦʚʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʨʘʚʥʠʤʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, 

ʪʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʘʶʪʩʷ. ʊʦ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝʨʦʚʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. ʉʘʤʫ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʨʠ 

ʙʝʩʢʦʥʪʘʢʪʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʩʚʝʨʭ-

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʨʘʜʠʦʪʦʤʦʛʨʘʬʠʠ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ [5]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʟʚʝʩʪʥʦʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʸʭʤʝʨʥʳʭ 

ʨʘʜʠʦʠʟʦʙʨʘʞʝʥʠʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʩʢʨʳʪʳʭ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ 

ʩ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠ ʙʝʩʢʦʥʪʘʢʪʥʦʤ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʠ, 

ʢʦʛʜʘ ʤʦʥʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʜʠʦʣʦʢʘʪʦʨ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʚʝʩʪʥʘ 

ʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʬʦʥʦʚʦʡ ʩʨʝʜʳ ʠʟʚʝʩʪʝʥ. 
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ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ ʀ ʈɽʐɽʅʀɽ ʇʈʗʄʆʁ ɿɸɼɸʏʀ 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʭʝʤʫ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 1. 

ʉʯʠʪʘʝʤ, ʯʪʦ ʠʟʣʫʯʘʶʱʘʷ ʠ ʧʨʠʸʤʥʘʷ ʘʥʪʝʥʥʳ ʥʘʭʦʜʷʪʩʷ ʥʘʩʪʦʣʴʢʦ 

ʙʣʠʟʢʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʀʟʣʫʯʘʪʝʣʴ 

ʠ ʧʨʠʸʤʥʠʢ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ h 

ʥʘʜ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʨʝʜ. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʨʘʟʙʨʦʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʥʝʨʦʚʥʦʩʪʠ ʦʙʦʟʥʘʯʠʤ d. ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚʝʨʭʥʝʡ ʩʨʝʜʳ ʦʙʦʟʥʘʯʠʤ 
1

n , ʘ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʥʠʞʥʝʡ ʩʨʝʜʳ 
2

n . ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʣʫʯʘʪʝʣʴ ʠʟʣʫʯʘʝʪ 

ʩʬʝʨʠʯʝʩʢʠʝ ʚʦʣʥʳ. ʅʝʨʦʚʥʫʶ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩʨʝʜ ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ 

ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʬʘʟʦʚʦʛʦ ʵʢʨʘʥʘ, ʪʦ ʝʩʪʴ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʦʣʥʳ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʥʝʨʦʚʥʦʡ ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʦʩʠ z 

ʠ ʧʨʠʦʙʨʝʪʘʶʪ ʬʘʟʦʚʳʡ ʥʘʙʝʛ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʝʡ. 

ɼʘʣʝʝ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ 
2

n . ʇʦʩʣʝ ʧʘʜʝʥʠʷ ʚʦʣʥʳ ʥʘ ʨʘʩʩʝʠʚʘʶʱʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʷʚʣʷʝʪʩʷ ʚʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʦʙʨʘʪʥʦ 

ʧʦ ʪʦʡ ʞʝ ʪʨʘʝʢʪʦʨʠʠ, ʚ ʧʨʠʸʤʥʫʶ ʘʥʪʝʥʥʫ.  

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ 

 

ʇʦ ʠʟʤʝʨʝʥʥʦʤʫ ʧʦʣʶ ʚ ʧʨʠʸʤʥʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʠʟʦʙʨʘʞʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʩʨʝʜʝ. ʇʨʠ ʵʪʦʤ ʫʯʪʸʤ, 

ʯʪʦ ʠʟʤʝʨʷʝʪʩʷ ʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷ. ɿʘ ʩʯʸʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʧʨʷʤʦʡ ʚʦʣʥʳ (ʦʧʦʨʥʘʷ ʚʦʣʥʘ) ʦʪ ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʠʸʤʥʠʢ ʠ ʚʦʣʥʳ 

ʨʘʩʩʝʷʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ (ʧʨʝʜʤʝʪʥʘʷ ʚʦʣʥʘ) ʚʦʟʤʦʞʥʦ 

ʠʟʚʣʝʯʝʥʠʝ ʬʘʟʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ.  
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ɿʘʧʠʰʝʤ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʚ ʩʢʘʣʷʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʵʢʨʘʥʘ. ʇʦʣʝ ʚ ʧʨʠʸʤʥʦʡ ʘʥʪʝʥʥʝ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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 ð ʬʫʥʢʮʠʷ ɻʨʠʥʘ,  

()srP  - ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʝʠʚʘʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ,  

011 knk =  ð ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʚʝʨʭʥʝʡ ʩʨʝʜʝ,  

022 knk =  ð ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʥʠʞʥʝʡ ʩʨʝʜʝ,  

ck /
0
w=  ð ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ,  

0r  ð ʢʦʦʨʜʠʥʘʪʘ ʠʟʣʫʯʘʪʝʣʷ,  

sr  ð ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ, ʟʜʝʩʴ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʯʪʦ 10 rr º . 

ʉʦʛʣʘʩʥʦ (1) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʦʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʭ 

ʥʘ ʨʠʩ. 2 ʜʣʷ ʥʝʨʦʚʥʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 3. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1 ʜʦ 10 ɻɻʮ 

ʜʣʷ ʨʘʟʤʝʨʘ ʘʧʝʨʪʫʨʳ 2 ʤ, 11=n , 5,12=n , 0z =20 ʩʤ. 
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ʈʠʩʫʥʦʢ 2. ʀʟʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ 

 

 

ʈʠʩʫʥʦʢ 3. ʌʦʨʤʘ ʤʦʜʝʣʠʨʫʝʤʦʡ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʣʝ 

ʥʘ ʚʳʩʦʪʝ 0=z , ʪʦ ʝʩʪʴ ( )0,,U =zyx . ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 4. ʇʦʣʝ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʟʦʰʣʦ ʠʩʢʘʞʝʥʠʝ ʧʦʣʷ, 

ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʷʤ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʤʝʪʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʧʣʦʩʢʦʡ.  

ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʅɽʆɼʅʆʈʆɼ 

ʅʆʉʊɽʁ ɿɸ ʅɽʈʆɺʅʆʁ ʇʆɺɽʈʍʅʆʉʊʔʖ ʉ ʋʏɪʊʆʄ 

ɽɪ ʌʆʈʄʓ 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʠʩʢʨʠʚʣʸʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʩʨʝʜʥʝʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʚʦʣʥʳ, 

ʪʦ ʝ yʥʝʚʦʟʤʦʞʥʦ ʧʨʠʙʣʠʞʸʥʥʦ ʩʯʠʪʘʪʴ ʧʣʦʩʢʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʜʠʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʫʯʸʪʦʤ ʢʦʥʢʨʝʪʥʦʡ ʬʦʨʤʳ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʢʘʢ ʠ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʬʘʟʦʚʦʛʦ ʵʢʨʘʥʘ. ʊʦ ʝʩʪʴ 

ʥʝʨʦʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʜʝʪ ʟʘʤʝʥʝʥʘ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʡ ʬʘʟʦʚʳʡ 

ʵʢʨʘʥ. ʊʘʢ ʞʝ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʤʦʥʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʩʩʝʷʥʥʳʝ ʨʘʜʠʦʚʦʣʥʳ ʢʘʢ ʧʦʣʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʦʯʢʘʭ ʨʘʩʩʝʠʚʘʪʝʣʝʡ 

ʠ ʠʟʣʫʯʘʶʱʠʭ ʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ. ʊʦ ʝʩʪʴ, ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, 

ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʦʙʥʘʨʫʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʩʠʥʬʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʧʦʣʷ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʙʫʜʝʪ ʫʯʝʩʪʴ 

ʧʨʦʭʦʞʜʝʥʠʝ ʚʦʣʥ ʯʝʨʝʟ ʥʝʨʦʚʥʫʶ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩʨʝʜ 

ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʬʘʟʦʚʦʛʦ ʵʢʨʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʨʝʰʝʥʠʷ 


