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The synthesized algorithm permits to perform the suboptimal in the local quadratic criteria iden-
tification in the real time functioning of the system observed with noise. The algorithm takes ac-
count of the uncorrectness of the identification problem. 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘ-
ʤʝʪʨʘʤʠ: 

( ))t(p;t,xfx =" ;      00 x)t(x = ,        (1) 
ʛʜʝ x (xÍR n ) – ʝʝ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ; t – 

ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʚʨʝʤʷ);  f – ʠʟ-
ʚʝʩʪʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ, ʩʦʜʝʨ-
ʞʘʱʘʷ ʥʝʠʟʚʝʩʪʥʫʶ ʦʛʨʘʥʠʯʝʥʥʫʶ ʚʝʢʪʦʨ-
ʬʫʥʢʮʠʶ p(t), ʢʦʤʧʦʥʝʥʪʳ p 

j
 (t) 

( )m,...,,j 21=  ʢʦʪʦʨʦʡ ʥʝʧʨʝʨʳʚʥʳ ʚʩʶʜʫ 
ʥʘ [ ]kt,tt 0Í , ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʢʦʨʨʝʢʪ-
ʥʦʩʪʴ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɸʣʛʦʨʠʪʤ ʧʦ-
ʟʚʦʣʷʝʪ ʧʦ ʪʝʢʫʱʠʤ ʠʟʤʝʨʝʥʠʷʤ 

( )
t

p;t,xhz x+= ,                                 (2) 

ʛʜʝ z (zÍR q ) – ʚʝʢʪʦʨ ʥʘʙʣʶʜʝʥʠʡ; h –
ʠʟʚʝʩʪʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ; x t  
– ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜ-
ʥʠʤ ʠ ʤʘʪʨʠʮʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ D x(t) d(t-t),  
ʚʳʧʦʣʥʠʪʴ ʧʦʠʩʢ ʬʫʥʢʮʠʠ p(t) ʚ ʨʝʘʣʴʥʦʤ 
ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦ-
ʜʝʣʠ (1). ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʝʛʦ 
ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜ-
ʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʠʟʚʝʩʪʥʦʛʦ ʙʘʟʦʚʦʛʦ 
ʨʝʰʝʥʠʷ  x*(t,p*)  ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʦ-
ʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ p* ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʛʦ 
ʚʝʢʪʦʨʘ.  

ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʝʢʪʦʨ-
ʬʫʥʢʮʠʠ p(t) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 
ʤʠʥʠʤʫʤʘ ʣʦʢʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢ-
ʮʠʦʥʘʣʘ : 

( ){ } ( ){ }ñ --= -
t

t
dtp;t,xh)t(zDp;t,xh)t(z)p(J

0

1ʪ
x .                  (3) 

ɿʘʤʝʥʘ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 
ʥʘ ʪʝʢʫʱʝʝ ʚʨʝʤʷ t ʜʣʷ ʜʘʥʥʦʡ ʬʦʨʤʳ ʬʫʥʢ-

ʮʠʦʥʘʣʘ ʜʦʧʫʩʪʠʤʘ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝ-
ʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ 
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[3, 4]. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʪʝʤ, ʯʪʦ ʚ ʩʠʣʫ ʥʝʦʪ-
ʨʠʮʘʪʝʣʴʥʦʩʪʠ ʧʦʩʪʨʦʝʥʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ 
ʬʦʨʤʳ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʫʤʘ ʚ ʣʶʙʦʡ ʪʝ-
ʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  [ ]kt,tt 0Í   ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʠ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʫʤ ʦʧʨʝʜʝʣʝʥ-
ʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʥʘ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝ-
ʤʝʥʠ. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʠʟʚʝʩʪʥʳ ʥʦʤʠʥʘʣʴʥʳʝ 
ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ  

const*pi =  ( m,i 1= ), ʧʦʣʫʯʝʥʥʳʝ, ʥʘʧʨʠ-
ʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʳʜʫʱʠʭ 
ʧʨʦʮʝʜʫʨ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ p(t) 
ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( )m,...,,i,)t(p*p)t(p iii 21=+= D , 
ʛʜʝ Dp i (t) – ʦʪʢʣʦʥʝʥʠʷ ʨʝʘʣʴʥʳʭ ʪʝʢʫʱʠʭ 
ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ 
ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʧʨʝʜʩʪʘʚʣʷ-
ʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ x ʦʪ ʚʝʢ-
ʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ p ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( ) ( )p*p,txp,tx D+º .                         (4) 
ɼʘʣʝʝ, ʩʣʝʜʫʷ [5], ʩʪʨʦʠʤ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 
( ) ( ) ptMptxpptx x D+=D+ )(*,* *, ,         (5) 

ʛʜʝ ʤʘʪʨʠʮʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ Mx(t) ʷʚʣʷʝʪ-
ʩʷ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ n³m ʤʘʪʨʠʯʥʦʛʦ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  
 

( ) ( )
p

*p;t*,xf)t(M
*x

*p;t*,xf
dt

dM
x

x

µ
µ

+
µ

µ
=  ʧʨʠ  *pp = ,  00 =)t(M x ,                   (4) 

ʘ ʙʘʟʦʚʳʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ x*(t,p*) ʦʧʨʝʜʝ-
ʣʷʝʪʩʷ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ (1) ʧʨʠ 
ʥʦʤʠʥʘʣʴʥʦʤ ʚʝʢʪʦʨʝ ʧʘʨʘʤʝʪʨʦʚ p*: 

( )*p;t*,xf*x =" , 00 x)t(*x = .        (6) 
ʊʦʛʜʘ ʬʫʥʢʮʠʦʥʘʣ (3) ʧʨʝʜʩʪʘʚʠʤ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:   

( ) ( ){ } ( ) ( ) ( ){ }ñ --= -
t

t
xx dtp;t,M*,p*,xhtztDp;t,M*,p*,xhtzJ

0

1ʪ DD x .                          (7) 

ʊʘʢ ʢʘʢ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʟʘʜʘʯʘ ʠʜʝʥ-
ʪʠʬʠʢʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʦʙʨʘʪʥʳʭ ʟʘ-
ʜʘʯ ʜʠʥʘʤʠʢʠ ʠ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦ-
ʩʪʘʚʣʝʥʥʦʡ,  ʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ  (ʥʘ-
ʧʨʠʤʝʨ, ʧʨʠ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ 
ʚ ʢʘʥʘʣʝ ʥʘʙʣʶʜʝʥʠʡ)  ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝ-
ʥʦ ʫʩʣʦʚʠʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʩʪʠ [1, 5]. ʇʦ-
ʵʪʦʤʫ ʨʝʰʝʥʠʝ ʧʦʣʫʯʠʤ ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʣʝ-
ʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʜʦʧʫʱʝʥʠʷ ʦ ʙʣʠʟʦʩʪʠ ʠʩ-
ʢʦʤʦʡ ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ p(t) ʢ  ʥʦʤʠʥʘʣʴʥʳʤ 
ʟʥʘʯʝʥʠʷʤ p*. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʟʠʪʴ ʤʥʦʞʝ-
ʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʠ, ʪʝʤ ʩʘʤʳʤ, 
ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʢʫʱʝʛʦ ʨʝʰʝʥʠʷ 
ʢ ʧʦʤʝʭʘʤ ʚ ʢʘʥʘʣʝ ʥʘʙʣʶʜʝʥʠʡ. ʊʦʛʜʘ ʚʠʜ 
ʪʝʢʫʱʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠʩʢʦʤʳʭ 

ʦʮʝʥʦʢ ʚʝʢʪʦʨʘ p(t) ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ p*, ʙʫ-
ʜʝʪ ʩʣʝʜʫʶʱʠʤ: 

ñ=
t

t
c dt)t(pM)t(pJ

0

ʤ
ʪ DD ,                (8) 

ʛʜʝ Mʤ  – ʟʘʜʘʥʥʘʷ ʜʠʘʛʦʥʘʣʴʥʘʷ m³m ʤʘʪ-
ʨʠʮʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʟ-
ʤʝʨʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ Dp(t). ʊʘʢ ʢʘʢ 
ʥʘ ʪʝʢʫʱʝʤ ʠʥʪʝʨʚʘʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʮʝʥ-
ʢʘ ʧʦʤʝʭ ʚ ʢʘʥʘʣʝ ʥʘʙʣʶʜʝʥʠʡ  ʚ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝ L2[t 0 , t] ʠʟʚʝʩʪʥʘ ʩʚʝʨʭʫ: 

( ) 22

2 xsx ¢Lt , 

ʛʜʝ sx2 – ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ, ʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦ 
ʬʫʥʢʮʠʦʥʘʣ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

( ) ( ){ } ( ) ( ) ( ){ } =+--= ñ - )t(dtp;t,M*,p*,xhtztDp;t,M*,p*,xhtzJ c

t

t
xx ʩ

1ʪ J
0

aDD x  

{ } ( ) { }( )ñ +--= -
t

t
c dtpMphztDhz

0

ʤ
ʪ1ʪ DDax ,    (9) 

ʛʜʝ aʩ = a ʩ (sx) > 0 – ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘ-
ʮʠʠ, [ ]10,c Ía . 

ʀʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʣʦʚʠʷ ʥʘʣʠʯʠʷ ʵʢʩ-
ʪʨʝʤʫʤʘ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʚʝʢʪʦʨʥʦʝ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʪʝʢʫʱʝʡ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ  Dp(t) ʧʦ ʪʝʢʫʱʠʤ 
ʥʘʙʣʶʜʝʥʠʷʤ z (t): 
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( ) ( ) ( ) ( )( ) 0ʤ
1

ʪ

=+-
µ

µ
- - )t(pMp;t,M*,p*,xhtztD

p
p;t,M*,p*,xh

ʩx
x DaD

D
D

x .                 (10) 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʠʟ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʬʫʥʢʮʠʠ ʥʘʙʣʶʜʝʥʠʷ h, 
ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʠ, 
ʪʘʢ ʠ ʯʠʩʣʝʥʥʳʤʠ, ʧʨʠ ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦ-
ʩʪʠ h  ʦʪ  Dp, ʤʝʪʦʜʘʤʠ. ʈʘʟʤʝʨʥʦʩʪʴ ʠʥʪʝʛ-
ʨʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 
ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʘ (n m + n), ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʚ  
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ʨʘʟ ʤʝʥʴʰʝ ʨʘʟʤʝʨʥʦʩʪʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝ-
ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʙʦʙʱʝʥʥʦʛʦ 
ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ  (ʜʣʷ ʧʨʠʤʝʨʦʚ ʠʟ ʚʚʝʜʝ-
ʥʠʷ – ʤʝʥʴʰʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ  º 4 ʨʘʟʘ ʠ ʚ  
º17 ʨʘʟ). ʂʨʦʤʝ ʪʦʛʦ, (1.4) ʠ (1.5) ʤʦʛʫʪ ʠʥ-
ʪʝʛʨʠʨʦʚʘʪʴʩʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ, ʜʦ ʚʳʧʦʣ-
ʥʝʥʠʷ  ʧʨʦʮʝʜʫʨʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘ  Mx(t)  ʠ  
x*(t) – ʭʨʘʥʠʪʴʩʷ ʚ ʙʦʨʪʦʚʳʭ  ʟʘʧʦʤʠʥʘʶ-
ʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ (ɿʋ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʨʝʙʫʝʤʳʡ ʦʙʲʝʤ 
ɿʋ, ʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʰʝʥʠʝ ʫʨʘʚʥʝ-
ʥʠʷ (1.9) ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʩʦ-
ʚʨʝʤʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʷʤʠ ʚ ʨʝʘʣʴʥʦʤ 
ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʝʥʠʡ z 

(t). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫ-
ʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʫʙʦʧ-

ʪʠʤʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢ-
ʮʠʠ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝ-
ʤʝʥʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʦʙʲʝʢʪʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʩ ʰʫʤʦʤ. ʆʛʨʘʥʠʯʝ-
ʥʠʷʤʠ ʥʘ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʦ ʥʘʣʠʯʠʠ ʠʟʚʝʩʪʥʦʛʦ ʙʘ-
ʟʦʚʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʦʤʠ-
ʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʛʦ ʚʝʢ-
ʪʦʨʘ.  
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Keywords: data networks, protocols, quality and correctness. 
The approach to assessing the quality characteristics of protocols of digitalcommunication net-

works, based on analyzing the properties of the correctness of the model protocol. Determined by 
the objective function evaluation criterion QualityProtocol, taking into account the importance of 
private quality criteria softwareimplementing the protocol. 

 
ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫ-
ʣʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦ-
ʪʦʢʦʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʠʞʝʥʠʝ 
ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩʚʦʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦ-
ʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ 
ʛʦʚʦʨʠʪʴ ʦ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦ-
ʪʦʢʦʣʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʩʪʨʦʝʥʥʳʡ ʧʨʦʪʦ-
ʢʦʣ ʦʙʝʩʧʝʯʠʚʘʣ ʧʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʨʝ-
ʟʫʣʴʪʘʪʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʝʛʦ ʩʪʨʫʢʪʫʨʘ 
ʦʪʚʝʯʘʣʘ ʪʨʝʙʦʚʘʥʠʶ ʢʦʨʨʝʢʪʥʦʩʪʠ [1]. ʆʪ-
ʩʫʪʩʪʚʠʝ ʚ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʦʯʥʦʛʦ 
ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʪʦʢʦʣʘ ʠ ʪʦʪ ʬʘʢʪ, 
ʯʪʦ ʬʫʥʢʮʠʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʧʨʦʪʦʢʦʣʦʤ, ʧʨʠ 
ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʣʦʚʠʷ ʝʛʦ ʢʦʨʨʝʢʪʥʦʛʦ ʠʩ-
ʧʦʣʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ 
ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ (ʨʘʟʨʫʰʝʥʠʝ, ʧʦʪʝʨʠ, 
ʜʫʙʣʠʨʦʚʘʥʠʝ ʠ ʥʘʨʫʰʝʥʠʝ ʦʯʝʨʝʜʥʦʩʪʠ ʧʦ-
ʣʫʯʝʥʠʷ ʧʘʢʝʪʦʚ), ʚʳʟʳʚʘʝʤʳʭ ʢʦʤʤʫʥʠʢʘ-
ʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊ.ʝ. ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 
ʧʦʢʘ ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʦʪʦʢʦʣ, 
ʧʨʦʜʦʣʞʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʦʨʨʝʢʪʥʦ, 
ʦʰʠʙʢʠ ʧʝʨʝʩʳʣʢʠ ʯʝʨʝʟ ʥʝʥʘʜʝʞʥʫʶ ʩʨʝʜʫ 
(ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʫʩʣʫʛ ʩʚʷ-
ʟʠ) ʥʝ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʘʚʠʣʴʥʦʝ ʧʦʣʫʯʝ-
ʥʠʝ ʜʘʥʥʳʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʦʩʪʘʣʴʥʳʭ ʢʨʠʪʝʨʠʘʣʴʥʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʘʯʝʩʪʚʦ ʫʩ-
ʣʫʛ ʩʚʷʟʠ  ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʩʝʨʚʠʩʦʤ (ʦʧʝ-
ʨʘʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ), ʨʝʘʣʠʟʫʝʤʳʤ  
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ, ʪʨʝʙʦʚʘ-
ʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʵʪʘʧʝ 
ʩʦʩʪʘʚʣʝʥʠʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 
ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʪʦʢʦʣ. ɺʳʧʦʣʥʝʥʠʝ 
ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ 
ʫʩʣʦʚʠʠ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʪʦʢʦ-
ʣʦʤ ʩʚʦʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʘ-
ʯʝʩʪʚʦ ʧʨʦʪʦʢʦʣʘ ʢʘʢ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 
ʩʚʦʡʩʪʚʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʝʛʦ ʢʦʨʨʝʢʪ-
ʥʦʩʪʴ. ʂ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ [2]: 

1. ʆʪʩʫʪʩʪʚʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʙʣʦʢʠʨʦʚʦʢ, 
ʦʟʥʘʯʘʶʱʝʝ, ʯʪʦ ʚ ʧʨʦʪʦʢʦʣʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 
ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʥʘʙʦʨʘ ʩʦʩʪʦʷʥʠʡ, ʠʟ 

ʢʦʪʦʨʳʭ ʥʝ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʚ ʜʨʫʛʠʝ ʩʦ-
ʩʪʦʷʥʠʷ. 

2. ʇʦʣʥʦʪʘ, ʪ. ʝ. ʧʨʦʪʦʢʦʣ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʨʝʘʢʮʠʶ ʥʘ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʭʦʜʥʳʝ ʩʦʦʙ-
ʱʝʥʠʷ (ʦʪʩʫʪʩʪʚʫʶʪ ʦʰʠʙʢʠ ʥʝʩʧʝʮʠʬʠʮʠ-
ʨʦʚʘʥʥʳʭ ʧʨʠʝʤʦʚ). 

3. ʆʜʥʦʟʥʘʯʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʩʪʦʷ-
ʥʠʡ, ʪ. ʝ. ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʧʨʦʪʦʢʦʣʴʥʳʭ 
ʦʙʲʝʢʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ 
ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʣʠʯʥʳʤʠ 
ʩʦʩʪʦʷʥʠʷʤʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʨʫʛʦʛʦ ʦʙʲʝʢʪʘ. 

4. ʆʪʩʫʪʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʪ. ʝ. ʚ ʩʧʝ-
ʮʠʬʠʢʘʮʠʠ ʧʨʦʪʦʢʦʣʘ ʥʝʪ ʥʝʧʦʩʪʫʧʘʶʱʠʭ 
ʩʦʦʙʱʝʥʠʡ ʠ ʥʝʚʳʧʦʣʥʷʝʤʳʭ ʜʝʡʩʪʚʠʡ. 

5. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʚʦ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʘ ʯʠʩ-
ʣʦ ʩʦʦʙʱʝʥʠʡ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʤʝʞʜʫ ʧʨʦ-
ʪʦʢʦʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʧʨʝ-
ʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʟʳʚʘʝʤʦʛʦ ʝʤʢʦʩʪʴʶ 
ʢʘʥʘʣʘ. 

6. ʆʪʩʫʪʩʪʚʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʠʨʦʚʦʢ. 
ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʧʨʦʪʦʢʦʣʝ ʦʪʩʫʪʩʪʚʫʝʪ 
ʙʝʩʢʦʥʝʯʥʳʡ ʮʠʢʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʝʟʥʘʷ ʨʘʙʦʪʘ. 
ʈʘʟʣʠʯʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʙʣʦʢʠʨʦʚʢʠ, ʚʳ-
ʭʦʜ ʠʟ ʢʦʪʦʨʳʭ ʣʦʛʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ 
(ʩʚʦʡʩʪʚʦ 6ʘ), ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʙʣʦʢʠʨʦʚʢʠ, 
ʷʚʣʷʶʱʠʝʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʨʝ-
ʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʢʦʣʘ, ʥʘʧʨʠʤʝʨ 
ʪʝʤʧʘ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ (ʩʚʦʡʩʪʚʦ 6ʙ). 

7. ɿʘʚʝʨʰʘʝʤʦʩʪʴ (ʨʘʟʚʠʪʠʝ), ʪ. ʝ. ʧʨʦʪʦ-
ʢʦʣ ʚʩʝʛʜʘ ʜʦʩʪʠʛʘʝʪ ʢʦʥʝʯʥʦʛʦ (ʪʝʨʤʠʥʘʣʴ-
ʥʦʛʦ) ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦ-
ʣʦʚ ʵʪʦ ʩʚʦʡʩʪʚʦ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ. 
ʕʪʠ ʧʨʦʪʦʢʦʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʦʤ 
ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʪʦ-
ʢʦʣ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

8. ʉʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʷ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 
ʧʦʩʣʝ ʥʝʥʦʨʤʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ). ʕʪʦ ʩʚʦʡʩʪ-
ʚʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʥʝʥʦʨʤʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʥʝʯ-
ʥʦʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʠʪ ʩʚʦʝ ʢʦʨʨʝʢʪʥʦʝ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. 

ɺʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ 
ʩʚʦʡʩʪʚ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʦʪʦʢʦʣʦʚ, ʚʥʫʪʨʠ 
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ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʪʦʢʦʣ ʨʘʩʩʤʘʪʨʠʚʘ-
ʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɺ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʢʘʞʜʘʷ ʠʟ ʛʨʫʧʧ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʢʘʪʝʛʦʨʠʠ.  

ʉʠʥʪʘʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʣʦ-
ʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ 
(ʩʚʦʡʩʪʚʘ 1 – 5). ʉʝʤʘʥʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʩʚʷʟʘʥʳ ʩʦ ʩʤʳʩʣʦʚʦʡ ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʧʨʦ-
ʮʝʩʩʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʘ. ʈʘʟʣʠ-
ʯʘʶʪ ʩʚʦʡʩʪʚʘ ʩʣʘʙʦʡ ʩʝʤʘʥʪʠʢʠ, ʢʦʪʦʨʳʝ 
ʩʚʷʟʘʥʳ ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʨʦʪʦ-
ʢʦʣʘ (ʩʚʦʡʩʪʚʦ 7), ʠ ʩʚʦʡʩʪʚʘ ʩʪʨʦʛʦʡ ʩʝ-
ʤʘʥʪʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʢʨʝʪʥʳʤ ʥʘʟʥʘʯʝ-
ʥʠʝʤ ʧʨʦʪʦʢʦʣʘ (ʩʚʦʡʩʪʚʦ 8). 

ʂ ʩʪʘʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ 
ʩʚʦʡʩʪʚʘ 1 – 6ʘ, ʘ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘ 
6ʙ – 8. 

ʏʘʩʪʠʯʥʘʷ ʢʦʨʨʝʢʪʥʦʩʪʴ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʧʨʦʪʦʢʦʣ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤ ʥʘʙʦʨʦʤ ʪʨʝ-
ʙʫʝʤʳʭ ʩʚʦʡʩʪʚ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʧʨʦʮʝʩ-
ʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʥ ʜʦʩʪʠʛʘʝʪ ʟʘʜʘʥ-
ʥʦʛʦ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʠʣʠ ʥʘʯʘʣʴ-
ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʣʫʯʘʝ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦ-
ʪʦʢʦʣʦʚ). ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʟʥʘʯʘʝʪ  ʣʠʰʴ ʫʩ-
ʣʦʚʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʫʝ-
ʤʳʭ ʩʚʦʡʩʪʚ. ʇʦʣʥʘʷ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʦʪʦ-
ʢʦʣʘ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 
ʩʚʦʡʩʪʚʘ 7. 

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʧʨʦʪʦʢʦʣʦʚ [3], 
ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʦʮʝʥʢʝ 
ʩʚʦʡʩʪʚ ʜʦʩʪʠʞʠʤʦʩʪʠ, ʞʠʚʦʩʪʠ, ʦʛʨʘʥʠ-
ʯʝʥʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ 
ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʧʨʦʪʦʢʦʣʦʚ. 

1. ɼʦʩʪʠʞʠʤʦʩʪʴ. 
ɼʣʷ ʩʝʪʠ EN ʩ ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʨʘʟ-

ʤʝʪʢʦʡ M0 ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʚʦʧʨʦʩ, ʜʦʩʪʠ-
ʞʠʤʘ ʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʢʦʪʦʨʘʷ ʨʘʟʤʝʪʢʘ 
MÍR(EN) ʠʟ M0, ʛʜʝ R(EN) –  ʤʥʦʞʝʩʪʚʦ 
ʚʩʝʭ ʜʦʩʪʠʞʠʤʳʭ ʚ EN ʨʘʟʤʝʪʦʢ. ɺ ʧʨʠʣʦ-
ʞʝʥʠʠ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʪʦʢʦʣʦʚ ʵʪʦ 
ʩʚʦʡʩʪʚʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ 
ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʪʦʢʦʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʦʧʨʝ-
ʜʝʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

2. ɾʠʚʦʩʪʴ. 
ʇʦʜ ʞʠʚʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 

ʧʦʥʠʤʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 
ʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠ ʣʶʙʦʡ ʜʦʩʪʠʞʠʤʦʡ ʠʟ 
M0 ʨʘʟʤʝʪʢʝ: 

" M Í R(EN), $ M' Í R(EN): M'(ʈ1(t))² 
I(t), 

(ʧʨʠ M' ʢʘʞʜʦʝ ʚʭʦʜʥʦʝ ʤʝʩʪʦ ʧʝʨʝʭʦʜʘ t 
ʠʤʝʝʪ ʨʘʟʤʝʪʢʫ ʥʝ ʤʝʥʴʰʫʶ, ʯʝʤ ʢʨʘʪʥʦʩʪʴ 
ʜʫʛʠ, ʩʦʝʜʠʥʷʶʱʝʡ p ʠ t). EN ʷʚʣʷʝʪʩʷ ʞʠ-

ʚʦʡ, ʝʩʣʠ ʚʩʝ ʝʝ ʧʝʨʝʭʦʜʳ ʞʠʚʳ. ʉʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʘʥʘʣʠʟ ʥʘ ʞʠʚʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʚʳ-
ʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʠ ʥʝʚʦʟʤʦʞʥʳʝ ʩʦʙʳʪʠʷ 
ʧʨʦʪʦʢʦʣʘ. 

3. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
ʇʦʟʠʮʠʷ pi ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ, ʝʩʣʠ 

ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʮʝʣʦʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ 
ʯʠʩʣʦ ki, ʯʪʦ ʧʨʠ ʣʶʙʦʡ ʨʘʟʤʝʪʢʝ ʢʦʣʠʯʝʩʪ-
ʚʦ ʤʝʪʦʢ ʚ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ki: 

" ʨi Í ʈ(EN), $ ki > 0: M(pi) ¢ ki. 
ʉʝʪʴ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚ ʩʣʫʯʘʝ, ʢʦ-

ʛʜʘ ʚʩʝ ʧʦʟʠʮʠʠ ʦʛʨʘʥʠʯʝʥʳ, ʝʩʣʠ ʚʩʝ ki=1, 
ʪʦ ʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʥʘʟʳʚʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʡ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʦʡʩʪʚʦ ʦʛʨʘʥʠʯʝʥ-
ʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ  ʚʳʪʝʢʘʝʪ ʠʟ ʩʘʤʦʛʦ 
ʦʧʨʝʜʝʣʝʥʠʷ ɽ-ʩʝʪʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʘʥʘʣʠʟ 
ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʧʨʦʪʦʢʦʣʘ ʥʘ ʦʩʥʦʚʝ ʘʧʧʘ-
ʨʘʪʘ EN, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʝʪʷ-
ʤʠ ʇʝʪʨʠ.  

ɸʥʘʣʠʟ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ (ʙʝʟʦʧʘʩʥʦʩʪʴ) 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦ-
ʥʠʨʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʚ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ, 
ʥʝ ʚʳʭʦʜʷ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʛʨʘʥʠʮʳ.  

4. ʂʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ. 
ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʦʟʥʘʯʘʝʪ ʥʝʠʟʤʝʥʥʦʩʪʴ 

ʩʫʤʤʳ ʤʝʪʦʢ ʧʨʠ ʣʶʙʦʡ ʤʘʨʢʠʨʦʚʢʝ ʩʝʪʝ-
ʚʦʡ ʤʦʜʝʣʠ: 

" M1, M2 Í R(EN): S M1(p) = S M2(p). 
ʂʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʤʦʜʝʣʠ ʧʨʦʪʦʢʦʣʘ ʧʦ-

ʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʝʠʟʤʝʥʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶ-
ʱʠʭ ʨʝʩʫʨʩʦʚ.  

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʨʠʪʝʨʠʘʣʴ-
ʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʪʦʢʦʣʘ ʦʧʨʝʜʝ-
ʣʝʥʘ [4] ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ FPR : 

n

k
F

n

i
i

PR

ä
== 1 ,                                           (1) 

ʛʜʝ - K = {k1, k2, k3, k4, k5, k6.1, k6.2, k7, k8} - 
ʥʘʙʦʨ ʦʙʱʠʭ ʩʚʦʡʩʪʚ ʧʨʦʪʦʢʦʣʘ;  

FPR – ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 
ʧʨʦʪʦʢʦʣʘ ʈR ʧʦ ʤʥʦʞʝʩʪʚʫ K; 

ni ,1=  – ʩʚʦʡʩʪʚʘ, ʫʯʠʪʳʚʘʝʤʳʝ ʧʨʠ 
ʦʮʝʥʢʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ ʈR.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 
ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (1) ʨʘʟʨʘʙʦʪʘʥʳ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ  
ʦʮʝʥʢʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʧʨʦʪʦʢʦʣʦʚ. 

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʪʦʢʦ-
ʣʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʘʧ ʨʝʘʣʠʟʘʮʠʠ, 
ʪ.ʢ. ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʚʦʟʤʦʞʥʦ ʚʥʝʩʝʥʠʝ ʦʰʠ-
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ʙʦʢ ʚ ʢʦʥʝʯʥʫʶ ʨʝʘʣʠʟʘʮʠʶ, ʟʘ ʩʯʝʪ ʧʨʝʦʙ-
ʨʘʟʦʚʘʥʠʷ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʥʫʶ 
ʠʣʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʫʱʝʥʠʷ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 
ʪʘʢʠʭ ʦʰʠʙʦʢ ʚʥʦʩʠʪ ʥʝʪʦʯʥʦʩʪʴ ʚ ʦʮʝʥʢʫ 
ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 
ʚʚʝʜʝʤ ʚ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʦʮʝʥʢʠ ʧʨʦʪʦ-
ʢʦʣʦʚ ʯʘʩʪʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʧʨʦ-
ʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ – ʂʈ. 

n

k
F

n

i
i

PR

ä
== 1  ʂʈ,                                      (2) 

ʆʧʨʝʜʝʣʠʤ ʂʈ ʯʝʨʝʟ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʰʠ-
ʙʦʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʧʨʦʪʦʢʦʣʘ 
ʚ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʤ-
ʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 
ʤʠʥʠʤʘʣʴʥʳʡ ʧʨʦʮʝʥʪ ʜʦʣʠ ʨʫʯʥʦʛʦ ʧʨʦ-
ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʝʪ 
56% (4500 ʩʪʨʦʢ ʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʦ ʘʚʪʦ-
ʤʘʪʠʯʝʩʢʠ, 5700 ʚʨʫʯʥʫʶ) [5]. ʉ ʫʯʝʪʦʤ ʪʦ-

ʛʦ, ʯʪʦ ʧʨʦʮʝʥʪ ʚʥʝʩʝʥʠʷ ʦʰʠʙʦʢ ʚ ʧʨʦ-
ʛʨʘʤʤʥʳʡ ʢʦʜ ʧʨʠ ʨʫʯʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-
ʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1% [70] (ʦʪʥʦʰʝ-
ʥʠʝ ʯʠʩʣʘ ʦʰʠʙʦʢ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʢʦʤʘʥʜ 
10 ʢ 1000). ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ çʨʫʯʥʦʤè 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ 
ʈʦʰ.ʧʨ = 0.01.  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 
ʚʝʨʦʷʪʥʦʩʪʴ ʚʥʝʩʝʥʠʷ ʦʰʠʙʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʦʙʱʝʛʦ ʨʘʟʤʝʨʘ ʧʨʦʛʨʘʤʤʳ. ʈʘʩʩʯʠʪʘʝʤ ʵʪʦʪ 
ʧʦʢʘʟʘʪʝʣʴ (Rʦʪʥ.ʦʰ) ʢʘʢ ʧʨʦʮʝʥʪʥʦʝ ʦʪʥʦʰʝ-
ʥʠʝ ʦʰʠʙʦʯʥʳʭ ʩʪʨʦʢ Vʦʰ ʢ ʦʙʱʝʤʫ ʦʙʲʝʤʫ 
ʧʨʦʛʨʘʤʤʳ ʚ ʩʪʨʦʢʘʭ Vʦʙʱ  

ɼʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʵʪʦʪ ʧʦʢʘʟʘ-
ʪʝʣʴ Rʦʪʥ.ʦʰ = 0,56. 

ɼʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ Rʦʪʥ.ʦʰ = 
0,19, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʦʤ ʵʢʩʧʝ-
ʨʠʤʝʥʪʝ.  ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʢʦʥʝʯʥʦʛʦ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʢʦʜʘ  ʩʦʩʪʘʚʣʷʝʪ 9237, ʠʟ ʥʠʭ 
çʚʨʫʯʥʫʶè ʥʘʧʠʩʘʥʦ 1755 ʩʪʨʦʢ, 7482 – ʘʚ-
ʪʦʤʘʪʠʯʝʩʢʠ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ 
ʨʫʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 
ʩʪʨʦʢ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. 

 
DR – ʜʦʣʷ ʨʫʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ; 

NSTR – ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʧʨʦʛʨʘʤʤʳ 
 

ʈʠʩ. 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʜʦʣʠ 
ʨʫʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ɿʜʝʩʴ: 
1. ʇʦʣʥʦʩʪʴʶ çʨʫʯʥʘʷè ʨʝʘʣʠʟʘʮʠʷ ʧʨʦ-

ʪʦʢʦʣʘ. 
2. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʢʦʤ-
ʧʣʝʢʩʝ ʅɹʉ. 

3. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ, ʥʘ ʦʩʥʦʚʝ ʤʝʪʦ-
ʜʠʢʠ ʪʨʘʥʩʣʷʮʠʠ ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʧʨʦʪʦʢʦ-
ʣʦʚ ʚ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʠ 

ʊʘʢ ʢʘʢ ʢʘʯʝʩʪʚʦ ʧʨʦʪʦʢʦʣʘ ʧʦʚʳʰʘʝʪʩʷ 
ʧʨʠ ʙʝʟʦʰʠʙʦʯʥʦʡ  ʨʝʘʣʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʠʤ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʙʝʟʦʰʠʙʦʯʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ  (Rʦʪʥ.ʙʦʰ) ʢʘʢ: Rʦʪʥ.ʙʦʰ = 1 - 
Rʦʪʥ.ʦʰ. 

ʊʦʛʜʘ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ Rʦʪʥ.ʙʦʰ 
= 0,44. 

ɼʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ Rʦʪʥ.ʙʦʰ = 
0,81. 

ʇʨʦʚʝʜʝʤ ʚʳʙʦʨ ʜʠʘʧʘʟʦʥʘ ʯʠʩʣʝʥʥʳʭ 
ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʂʈ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʝʟ-
ʦʰʠʙʦʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʪʦʢʦʣʘ ʥʝ 
ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʠ, 
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ʩʣʝʜʦʚʘʪʝʣʴʥʦ max ʂʈ = 1. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦ-
ʥʳ – ʧʦʣʥʦʩʪʴʶ çʨʫʯʥʘʷè ʨʝʘʣʠʟʘʮʠʷ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʪʦʢʦʣʘ ʥʝ ʤʦʞʝʪ 
ʧʨʠʚʝʩʪʠ ʢ 99-ʪʠ ʧʨʦʮʝʥʪʥʦʤʫ ʩʥʠʞʝʥʠʶ 
ʢʘʯʝʩʪʚʘ ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʪʘʢ ʢʘʢ 
ʚʥʦʩʠʤʳʝ ʥʘ ʵʪʘʧʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
ʦʰʠʙʢʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦ-
ʩʣʝʜʩʪʚʠʷʤ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʟʥʘ-
ʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʳ-
ʙʦʨʘ ʤʝʪʦʜʘ ʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 
ʜʘʥʥʳʤʠ ʠʟ ʦ ʪʦʤ, ʯʪʦ ʦʰʠʙʢʠ ʧʨʦʛʨʘʤʤʠ-
ʨʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪ-
ʚʠʷʤ (ʩʙʦʶ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ) ʚ 50% ʩʣʫʯʘ-
ʝʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪ-
ʚʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʙʫ-
ʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ:  

2
1. +

= ʙʦʰʦʪʥ
ʈ

Rʂ .                                 (3) 

ʊʦʛʜʘ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʂʈ = 
0,72. 

ɼʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʂʈ = 0,905. 
ɼʣʷ ʧʦʣʥʦʩʪʴʶ çʨʫʯʥʦʡè ʨʝʘʣʠʟʘʮʠʠ ʂʈ 

= 0,5. 
ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
ʧʨʦʪʦʢʦʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʥʦʨʤʠʨʦ-
ʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (1) ʩ 
ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʯʘʩʪʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪ-
ʚʘ ʨʝʘʣʠʟʘʮʠʠ  

ʅʘ ʨʠʩ 2. ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʨʝ-
ʜʝʣʷʶʱʠʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (2) 
ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘ-
ʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ. ɿʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ 
ʬʫʥʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯ-

ʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɿʥʘʯʝʥʠʝ ä
=

n

1i
ik ʧʨʠʥʷʪʦ 

ʨʘʚʥʳʤ 1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʨʨʝʢʪʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ ʥʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ 
ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. 

 
ʂʈ – ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ; 

NSTR – ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʧʨʦʛʨʘʤʤʳ 
 

ʈʠʩ. 2. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʢʘʯʝʩʪʚʘ 
ʨʝʘʣʠʟʘʮʠʠ 

ɿʜʝʩʴ: 
1. ʇʦʣʥʦʩʪʴʶ çʨʫʯʥʘʷè ʨʝʘʣʠʟʘʮʠʷ ʧʨʦ-

ʪʦʢʦʣʘ. 
2. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʢʦʤ-
ʧʣʝʢʩʝ ʅɹʉ. 

3. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ, ʥʘ ʦʩʥʦʚʝ ʤʝʪʦ-
ʜʠʢʠ ʪʨʘʥʩʣʷʮʠʠ ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʧʨʦʪʦʢʦ-
ʣʦʚ ʚ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 
ʪʨʘʥʩʣʷʮʠʠ ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʧʨʦʪʦʢʦʣʦʚ ʚ 
ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳ-
ʩʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʢʦ-
ʣʦʚ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠ-

ʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ  FPR. ʚ 
1,81 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʨʫʯʥʦʛʦ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʚ 1,26 ʨʘʟ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘ-
ʪʠʟʠʨʦʚʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ. 
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ɸʃɻʆʈʀʊʄ ʆɹʅɸʈʋɾɽʅʀʗ ʉʊʋʇɽʅʏɸʊʓʍ ʀɿʄɽʅɽʅʀʁ 
ʀʅʊɽʅʉʀɺʅʆʉʊɽʁ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʇʆʊʆʂʆɺ ɺ ʏʈɽɿɺʓʏɸʁʅʓʍ 

ʉʀʊʋɸʎʀʗʍ 
 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ, ʜʠʩʢʨʝʪʥʳʡ ʤʘʨʢʦʚʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʜʚʫʤʷ  ʩʦʩʪʦʷʥʠʷʤʠ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ. 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʣʝʢʦʤʤʫʥʠʢʮʠʦʥʥʳʭ ʩʝʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟ-

ʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʈʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʢʘʯʢʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʭ ʧʦʪʦʢʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʝʪʠ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ. 
 

A.S. Meleshin, M.V. Khutortseva 
 

DETECTION OF STEP-LIKE  INTENSITIES VARIATIONS  FOR  INFORMATION 
FLOWS AT EMERGENCY SITUATIONS 

 
North-Caucasian branch of the Moscow technical university relationship and informatics, 

Rostov-on-Don 

The Keywords: monitoring, discrete markov process with two conditions, information  flows. 
This work consider the system of telecommunication networks monitoring  at the emergency sit-

uation. The  problem of the syntheses for asymptotically optimum algorithm of the joint finding 
step-like  intensities variation (the changes means network errors )  of the information flow is 
solved. The example is brought. 

 
ʅʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʘʩ-

ʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠ-
ʪʫʘʮʠʡ (ʏʉ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙ-
ʥʳʭ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʳʯʥʦ ʥʘʨʫʰʘʝʪʩʷ 
ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 
ʟʦʥʳ ʏʉ. ʇʣʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʟʦʥʝ ʏʉ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʤʦʙʠʣʴ-
ʥʳʭ ʨʘʜʠʦʩʝʪʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʪʝʣʝ-
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 
ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ 

ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʨʘʥ-
ʢʠʥʛʦʚʘʷ ʨʘʜʠʦʩʝʪʴ. ʊʘʢʠʝ ʩʝʪʠ, ʢʘʢ ʧʨʘʚʠ-
ʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʣʫʞʙʘʤʠ 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʴʶ ʣʦʢʘʣʴʥʳʭ ʟʦʥ, ʪʘ-
ʢʠʭ ʢʘʢ ʚʦʢʟʘʣʳ, ʘʵʨʦʧʦʨʪʳ, ʘ ʪʘʢʞʝ ʜʣʷ 
ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʨʘʜʠʦʩʝʪʝʡ ʚ 
ʟʦʥʘʭ ʏʉ. 

ɿʜʝʩʴ ɹʉ – ʙʘʟʦʚʘʷ ʩʪʘʥʮʠʷ; ʅʉ – ʥʦʩʠ-
ʤʘʷ ʩʪʘʥʮʠʷ; f – ʯʘʩʪʦʪʳ. 
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 ɺ ʫʩʣʦʚʠʷʭ ʏʉ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 
ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʚʳʙʳʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 
ʩʪʘʥʮʠʡ ʩʝʪʠ ʠʣʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʪʨʦʷ. ʊʘ-
ʢʠʝ ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʝʪʠ ʚʣʝʢʫʪ 
ʟʘ ʩʦʙʦʡ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʦʙʱʝʡ 
ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʜʘʯʠ 
ʩʦʦʙʱʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 
ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʫʧʝʥʯʘʪʳʭ ʠʟʤʝʥʝʥʠʡ ʠʥ-
ʪʝʥʩʠʚʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 

ɺʳʷʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦʟʚʦʣʷ-
ʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʩʝʪʠ ʩʚʷʟʠ ʠ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʚ ʮʝʣʦʤ. 

ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʩʪʫʧʝʥʯʘ-
ʪʳʭ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʨʘʟ-
ʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ [7,8] ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 
ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʜʦ ʢʦʥʮʘ ʫʯʠ-
ʪʳʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʩʧʝʮʠʬʠʢʫ ʧʨʦʮʝʩ-
ʩʦʚ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. 

 

 
ʇʨʠʤʝʨ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʢʠʥʛʦʚʦʡ ʨʘʜʠʦʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ʆʨʛʘʥʠʟʘʮʠʷ ʪʨʘʥʢʠʥʛʦʚʦʡ ʨʘʜʠʦʩʝʪʠ. 
ɸʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʴʶ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ 

ʧʘʢʝʪʦʚ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʠʩ-
ʢʨʝʪʥʳʡ ʤʘʨʢʦʚʩʢʠʡ ʧʨʦʮʝʩʩ )(th  ʩ ʜʚʫʤʷ 
ʩʦʩʪʦʷʥʠʷʤʠ  

1)( =th    - ʢʘʥʘʣ ʟʘʥʷʪ, 

0)( =th    - ʢʘʥʘʣ ʩʚʦʙʦʜʝʥ. 
ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʚʠʜ: 

ɹʉ 

ɹʉ ɹʉ 

ɹʉ ɹʉ 

ɹʉ 

ɹʉ 

ʅʉ 

ʅʉ ʅʉ 

ʅʉ ʅʉ 

ʅʉ ʅʉ 

f1 

f1 

f1 

f1 

f2 

f2 

f2 

f2 

f2 

f1 

f2 

f2 

f2 

f2 

f1 

f1 

f1 

f1 

f3 

f5 

f5 f7 

f5 

f3 

f3 f6 

f6 

f4 

f4 

f8 

f4 

f6 

f2 
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               ,1}0)(/1)({ 0001 pphh -====D+ tTtP                                  (1) 
               ,1}1)(/0)({ 1110 pphh -====D+ tTtP                                  (2)  
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hhp                (3) 

,e~~
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}1)(/1)({ )~(
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ttTtP D+-
+

+
+

===D+= ba
ba
b
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a

hhp                   (4) 

ɻʜʝ 0>b  - ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʧʝʨʝʜʘʚʘʝʤʳʭ 
ʧʘʢʝʪʦʚ, ʧʦʣʘʛʘʝʤʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ; 

0~ >a  - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝ-
ʪʦʚ; .1<<Dt  

ʆʧʨʝʜʝʣʠʤ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ],0[ T  
ʜʚʝ ʛʠʧʦʪʝʟʳ: 

-Í"= ],0[    ,  ~:0 Ttth aa                  (5) 
- ʛʠʧʦʪʝʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʪʩʫʪʩʪʚʠʶ 

ʩʢʘʯʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʧʦʪʦʢʘ; 

-
í
ì
ë

<¢D+
<¢

=
ʊt

t
h

ʀ

ʀ
qaa

qa
a

 ʧʨʠ       , 
 0 ʧʨʠ                , ~:1 (6) 

- ʛʠʧʦʪʝʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʣʠʯʠʶ ʪʘ-
ʢʦʛʦ ʩʢʘʯʢʘ. 

ɿʜʝʩʴ ʀq  - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʩ ʘʧʨʠ-
ʦʨʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʝʨʦʷʪʥʦʩʪʠ 

)./()( 11 hww pr
h
pr qq =                           (7) 

ɿʘʜʘʜʠʤ ʜʣʷ ʢʘʞʜʦʡ ʛʠʧʦʪʝʟʳ ʘʧʨʠʦʨʥʫʶ 
ʚʝʨʦʷʪʥʦʩʪʴ 

]},0[{
0

TPp ʀh Î= q ,                         (8) 

]}.,0[{
1

TPp ʀh Í= q                           (9) 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʩʠʥʪʝʟʘ ʘʣʛʦʨʠʪʤʘ 
ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ 1h  ʧʨʦʪʠʚ ʘʣʴʪʝʨʥʘʪʠʚʳ  

0h  ʠ ʚ ʩʣʫʯʘʝ ʧʨʠʥʷʪʠʷ 1h  – ʦʮʝʥʠʚʘʥʠʷ 
ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʀq  ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʢʘʯʢʘ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ (6) ʧʨʦʮʝʩʩʘ ).(th      

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: it  - ʤʦ-
ʤʝʥʪ ʧʦʷʚʣʝʥʠʷ -i ʛʦ ʧʘʢʝʪʘ, it - ʤʦʤʝʥʪ 

ʟʘʚʝʨʰʝʥʠʷ ʝʛʦ ʧʝʨʝʜʘʯʠ. ɿʜʝʩʴ ,,1 ki =   
ʧʨʠʯʝʤ 

....22110 Tttttttt kk =<<<<<<<  ɼʘ-
ʣʝʝ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ .00 =t  

ʈʘʩʩʤʦʪʨʠʤ ʛʠʧʦʪʝʟʫ ]).,0[(0 Th ʀ Îq  
ʌʫʥʢʮʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ],,[ 10 tt  ʛʜʝ 

ʇTtt 101 =- - ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʡ ʧʘʫʟʳ, 
ʠʤʝʝʪ ʚʠʜ [10] 

),(e 11 tta a ʆP ʇT
ʇ += -                   (10) 

ʛʜʝ -<<1t  ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦ-
ʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ  .1t  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ, 
ʩʚʷʟʘʥʥʦʤʫ ʩ ʧʝʨʝʜʘʯʝʡ ʧʝʨʚʦʛʦ ʧʘʢʝʪʘ 

],,( 11 tt  ʛʜʝ CTtt 111 =- , ʧʦʣʫʯʘʝʤ 

).(e 1C-
ʉ1 ttb b OP T +=                     (11) 

ʉ ʫʯʝʪʦʤ (10), (11) ʬʫʥʢʮʠʦʥʘʣ ʧʨʘʚʜʦ-
ʧʦʜʦʙʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʠʧʦʪʝʟʝ 0h  
ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

).(e)( 22
-
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1ʇ1C

0
kk
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h OP
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i ttab
ab

+=
ä ä-
= =                 (12) 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʛʠʧʦʪʝʟʫ ,1h  ʩʚʷʟʘʥ-

ʥʫʶ ʩ ʥʘʣʠʯʠʝʤ ʥʘ ʠʥʪʝʨʚʘʣʝ ],0[ T  ʩʪʫʧʝʥ-
ʯʘʪʦʡ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʧʝʨʝ-
ʜʘʚʘʝʤʳʭ ʧʘʢʝʪʦʚ ʩʦʦʙʱʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʫ-
ʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ  

í
ì
ë

<¢D+
<¢

=
,    ʧʨʠ       , 
 ,0   ʧʨʠ                , ~
ʊt

t
qaa

qa
a  (13)  

ʛʜʝ q   - ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʘʨʘʤʝʪʨ, 
ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʦʟʤʦʞʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
ʩʪʫʧʝʥʯʘʪʦʡ ʚʘʨʠʘʮʠʠ. 

ʇʨʠʤʝʥʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʩʫʞʜʝ-
ʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʫʶ ʧʨʠ ʚʳʚʦʜʝ (12), ʦʧʨʝ-
ʜʝʣʠʤ ʬʫʥʢʮʠʦʥʘʣ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʛʠʧʦ-
ʪʝʟʳ :1h  
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ʛʜʝ 21,kk  - ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ ʥʘ ],0[ q  ʠ ];,( Tq .21 kkk =+  

ʀʟ (12), (14) ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʪ-
ʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʝʛʦ ʣʦʛʘʨʠʬʤʘ 
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ɿʜʝʩʴ ʧʦʜ )(tm  ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʯʝʪʘ 
ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʘʢʝʪʦʚ, ʧʨʠʯʝʤ 

.)()(,)( 21 kTk =-= qmmqm  
ʇʨʠʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ (15), (16) ʥʘ 

ʧʨʘʢʪʠʢʝ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ 
ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʬʠʢʩʘʮʠʠ ʠʥʪʝʨ-

ʚʘʣʦʚ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʫʟʘʤ 
ʤʝʞʜʫ ʧʝʨʝʜʘʚʘʝʤʳʤʠ ʧʘʢʝʪʘʤʠ. 

ɿʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʝ-
ʥʘ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ, ʥʘʧʨʠ-
ʤʝʨ, ʚ  
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ʛʜʝ   ,iʉiʇi TTT +=    .0>e  ʀʟ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ (17) ʜʣʷ 

(15), (16) ʩʣʝʜʫʶʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʘʚʝʥ-
ʩʪʚʘ 
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).,(ln),( qql tt ʘʘ L=                                                                                                              (19) 
ʉʦʦʪʥʦʰʝʥʠʷ (18), (19) ʤʦʛʫʪ ʙʳʪʴ ʠʥ-

ʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʜʣʷ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ ʧʫ-
ʪʝʤ ʟʘʤʝʥʳ tT    ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

.t¢q  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʧʨʠʥʷʪʠʷ ʨʝ-
ʰʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʩʢʘʯʢʘ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠ-
ʝʤ 

             

î
î
í

îî
ì

ë

¢

>
L=

=
ñ

.ln

,ln
)(),(ˆ

0
1

0

1
1

0

0

1

h
p
p

h
p
p

dwtnl
Tt

h
pr

t
ʘʘ qqql                           (20)  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʮʝʥʢʠ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʡ 
ʩʪʨʫʢʪʫʨʝ ʘʧʨʠʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(1 qh

prw ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʧʦ ʢʨʠʪʝ-

ʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

                         { }.],0[,),,(maxarg)(* Ttttt ʘ Í¢= qqlq
q

                            (21)         

ɺ ʩʨʝʜʝ MathCAD ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩ-
ʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʣ-
ʛʦʨʠʪʤʦʚ (20), (21). ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʧʝʨʝ-

ʜʘʯʘ 1000=N  ʧʘʢʝʪʦʚ, ʧʨʠ ʵʪʦʤ ʠʥʪʝʨʚʘʣ 
ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʣʩʷ ʚʨʝʤʝʥʝʤ ʟʘʚʝʨʰʝʥʠʷ 
ʧʝʨʝʜʘʯʠ ʧʦʩʣʝʜʥʝʛʦ ʧʘʢʝʪʘ .NtT =  ʈʝʰʝ-
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ʥʠʝ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ 

ʚʨʝʤʝʥʠ 
Nt
tt =  ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʙʝʟʨʘʟ-

ʤʝʨʥʦʡ ʚʝʣʠʯʠʥʝ 
N
ʀ

ʀ t
qq =  ʩ ʨʘʚʥʦʤʝʨʥʦʡ 

ʥʘ ]1,0[  ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
ɿʥʘʯʝʥʠʝ ʀq  ʧʨʠʚʷʟʳʚʘʣʦʩʴ ʢ ʥʦʤʝʨʫ 

m  ʧʘʢʝʪʘ, ʩ ʢʦʪʦʨʦʛʦ ʚʚʦʜʠʣʦʩʴ ʠʟʤʝʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ pNʀ t=q , ʛʜʝ .
N
mp =  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʤʘʨʢʦʚ-
ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʛʝʥʝ-
ʨʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʩ ʵʢʩʧʦʥʝʥʮʠ-
ʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʧʨʦʮʝʩʩʘ ʩʯʝʪʘ )(tm  ʧʨʠ 
,10,4.0 Ntp == a  

,15,100 NN tt =D= ab  ʛʜʝ  aba D,,  - 
ʧʨʠʚʝʜʝʥʥʳʝ ʢ  ]1,0[  ʧʘʨʘʤʝʪʨʳ, ʧʨʝʜʩʪʘʚ-
ʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 

 ʆʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʠ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝʪʦʚ ʚ 2.5 ʨʘʟʘ ʚ ʤʦ-
ʤʝʥʪ ʚʨʝʤʝʥʠ .400tʀ =q  

ʕʚʦʣʶʮʠʷ ʚʦ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ 

),( ql tʘ  ʜʣʷ 
,    ,0 7.0 Ntt = 1  ,85.0 =NN tt  ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.  

 
ʈʠʩʫʥʦʢ 3 

ʆʥʘ ʦʪʨʘʞʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨ-
ʤʠʨʦʚʘʥʠʷ ʵʢʩʪʨʝʤʫʤʘ ʣʦʛʘʨʠʬʤʘ ʘʩʠʤʧʪʦ-
ʪʠʯʝʩʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʣʝ-
ʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ (21). 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʣʦʛʘʨʠʬʤʘ ʫʩʨʝʜʥʝʥʥʦ-
ʛʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦ-
ʜʦʙʠʷ (20).  

 
ʈʠʩʫʥʦʢ 4 

ʇʨʝʚʳʰʝʥʠʝ ʥʫʣʝʚʦʛʦ ʧʦʨʦʛʘ, ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʝʛʦ ʩʣʫʯʘʶ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʛʠʧʦʪʝʟ, 
ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ,6255.0ʧʦʨ @t  ʯʪʦ ʧʨʠ-

ʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʶ ʧʦʩʣʝ 
ʩʢʘʯʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 14@Dm  ʧʘʢʝʪʦʚ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʮʝʥʢʠ *q  ʤʦʤʝʥʪʘ ʩʪʫʧʝʥ-
ʯʘʪʦʡ ʚʘʨʠʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦ-
ʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.  

 
ʈʠʩʫʥʦʢ 5 

ɿʥʘʯʝʥʠʝ )(* tq  ʧʦʩʣʝ ʧʦʨtt =  ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʜʣʷ ʢʦʥʮʘ ʠʥʪʝʨʚʘʣʘ 

ʘʥʘʣʠʟʘ .619.0)(* =Ntq  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 
ʦʙʥʘʨʫʞʝʥʠʷ ʩʪʫʧʝʥʯʘʪʳʭ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʦʙʱʝʥʠʡ ʠ ʦʮʝʥʠʚʘʥʠʷ 
ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʝʛʦ ʥʘʩʪʫʧʣʝʥʠʷ. ɽʛʦ ʨʝʘ-
ʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʧʦʩʪʨʦ-
ʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ (15), (16) ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ 
ʢ ʥʝʧʨʝʨʳʚʥʦʡ ʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʠ ʦʪ-
ʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʜʣʠ-
ʪʝʣʴʥʦʩʪʠ ʧʘʫʟ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ. 
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ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʨʘʙʦ-
ʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 
ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʜʘʯʘʭ 
ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʚ ʟʦʥʘʭ ʏʉ. 
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ɸʃɻʆʈʀʊʄ ʄʆʅʀʊʆʈʀʅɻɸ ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʆʁ ʉɽʊʀ  
ʉʇɽʎʀɸʃʔʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ ʀ ʄɽʊʆɼʀʂɸ ɽɻʆ ɺʓɹʆʈɸ 

 
ʌɻʋʇ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪè ʈʫʙʠʥè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ, ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʪʝʣʝ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ,  ʘʣʛʦʨʠʪʤ ʤʦʥʠʪʦʨʠʥʛʘ. 
ʆʧʠʩʳʚʘʝʪʩʷ ʦʙʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʨʘʮʠʦʥʘʣʴʥʦʛʦ) ʘʣʛʦ-

ʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʊʂʉ ʉʅ). 
ʇʨʠʚʦʜʷʪʩʷ ʤʝʪʦʜʳ  ʬʦʨʤʠʨʦʚʘʥʠʷ  ʠ ʚʘʨʠʘʥʪ ʘʣʛʦʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʊʂʉ ʉʅ ʜʣʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 
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Keywords: management, decision support system, monitoring the telecommunications network, 
algorithm for monitoring. 

Describes the general sequence of selecting the optimal (rational) algorithm for monitoring the 
telecommunications network of special purpose (TCR CH). The methods used in the process of 
monitoring algorithm TKS CH. Present an algorithm for monitoring CH TCS for use in decision 
support systems. 

 
ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʨʝʰʝ-

ʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ  
ʩʝʪʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʊʂʉ ʉʅ) 
ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ (ʉʇʇʈ), ʩʧʦʩʦʙʥʘʷ ʥʘ 
ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ  
ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʊʂʉ, ʧʨʝʜʣʦʞʠʪʴ ʣʠʮʫ ʧʨʠʥʠʤʘʶʱʝʤʫ ʨʝ-
ʰʝʥʠʝ (ʃʇʈ)   ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ 
ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʊʂʉ ʠ ʝʝ  ʣʝ-
ʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ  ʥʝ-
ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʉʇʇʈ ʜʦʣʞʥʘ 

ʙʳʪʴ ʩʧʦʩʦʙʥʘ ʧʨʝʜʣʦʞʠʪʴ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ 
ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʩʦʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʂʉ ʉʅ, ʪʦ ʝʩʪʴ ʦʩʥʦ-
ʚʳʚʘʷʩʴ ʥʘ ʩʦʭʨʘʥʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʥʠ-
ʪʦʨʠʥʛʘ ʠ ʠʭ ʦʙʨʘʙʦʪʢʝ. ʌʘʢʪʠʯʝʩʢʠ ʉʇʇʈ 
ʚʤʝʩʪʝ ʩ ʧʦʜʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ  ʤʦʞʝʪ 
ʚʭʦʜʠʪʴ  ʚ ʩʦʩʪʘʚ ɸʉʋʉ ʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘ-
ʙʦʪʳ ʧʦʜʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʙʫʜʫʪ ʠʩ-
ʧʦʣʴʟʫʶʪʩʷ ʃʇʈ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʯʪʦ ʧʦ-
ʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴ-
ʪʘʪʦʚ  ʢʦʥʪʨʦʣʷ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʄʝʩʪʦ ʧʦʜʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ  ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ. 

ʇʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʪʝʣʝʢʦʤʤʫʥʠ-
ʢʘʮʠʦʥʥʦʡ ʩʝʪʠ (ʊʂʉ), ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʢʣʶ-
ʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʵʣʝʤʝʥʪʦʚ ʊʂʉ ʩ ʪʨʝʙʫʝʤʳʤ ʠ ʚʢʣʶʯʘʝʪ ʚ 
ʩʝʙʷ  ʜʚʘ ʵʪʘʧʘ - ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʟ. ʅʘ 
ʧʨʘʢʪʠʢʝ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʊʂʉ ʨʝʘʣʠ-
ʟʫʝʪʩʷ ʪʨʠ ʚʠʜʘ ʢʦʥʪʨʦʣʷ: ʥʝʧʨʝʨʳʚʥʳʡ, ʧʝ-
ʨʠʦʜʠʯʝʩʢʠʡ ʠ ʵʧʠʟʦʜʠʯʝʩʢʠʡ. 

ʄʦʥʠʪʦʨʠʥʛ – ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ 
ʩʦʩʪʦʷʥʠʠ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠ-
ʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʊʂʉ, ʥʘ ʦʩʥʦ-
ʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʦʡ 
ʫʧʨʘʚʣʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ 
ʚʦʟʜʝʡʩʪʚʠʷ.  

ɸʥʘʣʠʟ – ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʦʪʢʣʦʥʝʥʠʡ 
ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʵʣʝ-
ʤʝʥʪʦʚ ʊʂʉ ʦʪ ʪʨʝʙʫʝʤʳʭ.  

ʇʨʠ ʵʪʦʤ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʊʂʉ ʭʘ-
ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ:  

çʥʦʨʤʘè – ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥ-
ʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝ-
ʣʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʦʧʫʩʢʦʚ;  

çʧʨʝʜʫʧʨʝʞʜʝʥʠʝè – ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦ-
ʪʦʨʦʤ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪ-
ʨʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
ʜʦʧʫʩʢʦʚ, ʥʦ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʢʘ-
ʟʳʚʘʶʪ ʥʘ ʧʦʚʳʰʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘ-
ʟʘ;  

 çʘʚʘʨʠʷè – ʩʦʩʪʦʷʥʠʝ ʥʘʨʫʰʝʥʠʷ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʠʣʠ ʚʳʧʦʣ-
ʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ (ɸʄ) 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 
ʜʝʷʪʝʣʴʥʦʩʪʴ, ʪʨʝʙʫʶʱʫʶ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟ-
ʣʠʯʥʳʭ ʟʘʜʘʯ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ 
ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚ-
ʥʳʭ ʤʝʪʦʜʦʚ. ɸʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ 
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ʘʣʛʦʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩ-
ʪʷʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 
ʦʥʠ ʨʝʘʣʠʟʫʶʪ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 
ʠʣʠ ʵʪʘʧʳ, ʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʝʜʠʥʳʡ ʢʦʤ-
ʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʲʝʜʠʥʠʪʴ 
ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ, 
ʬʫʥʢʮʠʡ ʠ ʟʘʜʘʯ ʚʩʝʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʦʵʪʦʤʫ ʢʣʶʯʝʚʳʤ ʚʦʧʨʦʩʦʤ ʩʦʟʜʘʥʠʷ 
ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ  ʩʝʪʠ ʩʚʷʟʠ ʩʧʝʮʠ-
ʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʠʟʘ-
ʮʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ɸʄ, ʠʩʧʦʣʴʟʫʝʤʳʭ 
ʤʝʪʦʜʦʚ ʠ ʧʦʜʟʘʜʘʯ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʙʱʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ 
ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. 

 

 
ʈʠʩ. 2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ. 

 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟ-

ʨʘʙʦʪʢʠ ɸʄ ʩʦʩʪʦʠʪ ʚ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶ-
ʱʠʭ ʟʘʜʘʯ: 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʱʝʛʦ ʥʘʙʦʨʘ ʧʨʦʮʝʩʩʦʚ, 
ʬʫʥʢʮʠʡ, ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ɸʄ ʠ ʤʝʪʦʜʦʚ ʠʭ 
ʨʝʘʣʠʟʘʮʠʠ;  

 ʚʳʜʝʣʝʥʠʠ ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪ-
ʥʳʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ɸʄ ʤʝʪʦʜʦʚ, ʟʥʘʥʠʡ ʠ 
ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ; 

 ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ɸʄ 
ʚ ʚʠʜʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʥ-
ʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʬʫʥʢʮʠʡ, ʟʘʜʘʯ ʠ ʨʝʘʣʠ-
ʟʫʶʱʠʭ ʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʦʚ, ʤʝʪʦʜʠʢ ʠ ʘʣ-
ʛʦʨʠʪʤʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʨʘʙʦʪʢʠ ʘʣ-
ʛʦʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥ-
ʥʦʡ ʩʝʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʡ ʧʦʟʚʦʣʷ-
ʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʪʝʣʝʢʦʤʤʫ-
ʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʩʦʟʜʘʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦ-
ʨʳʡ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʪʝʣʝ-
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘ-
ʟʥʘʯʝʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝ-
ʤʝʥʠ. 

ʇʦʵʪʦʤʫ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ 
ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦ-

ʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʨʘʙʦʪʫ ʊʂʉ ʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʦ. ʀʩʭʦʜʷ ʠʟ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ, 
ʧʨʝʜʣʘʛʘʝʪʩʷ  ʘʣʛʦʨʠʪʤ ʤʦʥʠʪʦʨʠʥʛʘ ʊʂʉ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 3. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ 
ʩʝʪʠ  (çʥʦʨʤʘè, çʧʨʝʜʫʧʨʝʞʜʝʥʠʝè, çʘʚʘ-
ʨʠʷè) ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʤʥʦʞʝʩʪ-
ʚʘ ʠʟ ʦʙʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʚ 
ʩʣʫʯʘʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘ-
ʪʠʩʪʠʢʠ ʠ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ, ʭʨʘʥʷʱʠʝʩʷ ʚ 
ʙʘʟʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  

{Aʇʨ} Í  {Aʅʤ}, {Aɸʚ} Í  {Aʅʤ},             (1) 
ʛʜʝ  - {Aʅʤ} – ʛʨʫʧʧʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʛʜʘ 

ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ çʥʦʨʤʘè; 
-  {AAʚ} – ʛʨʫʧʧʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʛʜʘ ʩʦ-

ʩʪʦʷʥʠʝ ʩʝʪʠ çʘʚʘʨʠʷè; 
- {Aʇʨ} – ʛʨʫʧʧʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʛʜʘ ʩʦ-

ʩʪʦʷʥʠʝ ʩʝʪʠ çʧʨʝʜʫʧʨʝʞʜʝʥʠʝè; 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʨʘʙʦʪʘʝʪ ʚ ʠʥ-
ʪʝʨʝʩʘʭ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-
ʥʠʡ.  ʉʧʦʩʦʙʳ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʠʣʠʱʘ ʜʘʥ-
ʥʳʭ ʠ ʙʘʟ ʜʘʥʥʳʭ ʉʇʇʈ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʧʦʜ-
ʨʦʙʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 
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ʈʠʩ.3. ɺʘʨʠʘʥʪ ʘʣʛʦʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʚ ʩʦʩʪʘʚʝ ʉʇʇʈ 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɻʆʉʊ 19.002-80. ʉʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʨʦʛʨʘʤʤ. ʇʨʘʚʠʣʘ ʚʳʧʦʣʥʝʥʠʷ. 
2. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘ-
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We consider the task of ensuring the security of extended objects and the need to automate the 

selection and placement of technical means of detection. Consider problems encountered when the 
design of security systems of extended objects. 

 
ʉʨʝʜʠ ʦʛʨʦʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʟʘʜʘʯ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ 
ʩʘʤʘʷ ʩʣʦʞʥʘʷ ʠ ʚʘʞʥʘʷ — ʟʘʱʠʪʘ ʧʝʨʠʤʝʪ-
ʨʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʝʨʚʳʤ ʨʫʙʝʞʦʤ ʦʭʨʘʥʳ. ɺ 
ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦ-
ʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ 
ʧʝʨʠʤʝʪʨ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʟʘʱʠʪʥʦʝ 
ʩʦʦʨʫʞʝʥʠʝ, ʦʥ ʥʝʩʝʪ ʚ ʩʝʙʝ ʝʱʝ ʬʫʥʢʮʠʠ 
ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʘʜʝʥʠʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ 
ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʨʠʣʝʛʘʶʱʠʭ 
ʟʦʥ.  

ɿʘʱʠʪʘ ʧʝʨʠʤʝʪʨʘ ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʟʘʜʘʯʫ. ʕʬʬʝʢʪʠʚʥʦʝ ʝʝ 
ʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʯʝ-
ʪʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʟʘʪʨʫʜ-
ʥʷʶʱʠʭ ʠ ʟʘʤʝʜʣʷʶʱʠʭ ʜʝʡʩʪʚʠʷ ʥʘʨʫʰʠ-
ʪʝʣʷ, ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʦʙʝʩʧʝ-
ʯʠʚʘʶʱʠʤʠ ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ 
ʬʘʢʪʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʩʠʩʪʝʤʘʤʠ ʦʪʦʙʨʘʞʝ-
ʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʚʦʟ-
ʣʦʞʝʥʥʳʝ ʟʘʜʘʯʠ, ʧʝʨʠʤʝʪʨʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 
ʦʭʨʘʥʳ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʥʘʙʦʨ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ:  

- ʧʦʣʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʣʠʥʠʠ ʧʝʨʠʤʝʪʨʘ, 
ʚʢʣʶʯʘʷ ʤʝʩʪʘ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ; 

- ʥʘʜʝʞʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʧʳʪʦʢ ʥʝ-
ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʝʨʝʟ 
ʦʭʨʘʥʷʝʤʫʶ ʟʦʥʫ;  

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʩʪʨʫʢʪʫʨʠʨʫʶʱʠʤ 
ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 
ʭʘʨʘʢʪʝʨʘ, ʘ ʪʘʢʞʝ ʢ ʧʦʤʝʭʘʤ, ʩʦʟʜʘʚʘʝʤʳʤ 
ʠʤʠ; 

- ʥʘʣʠʯʠʝ ʜʫʙʣʠʨʫʶʱʠʭ ʢʘʥʘʣʦʚ ʢʦʥʪʨʦ-
ʣʷ ʦʙʩʪʘʥʦʚʢʠ. 

ʇʝʨʚʠʯʥʘʷ ʟʘʱʠʪʘ ʣʶʙʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʭ ʨʝʩʫʨʩʦʚ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 
ʩʯʸʪ ʨʝʘʣʠʟʫʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ ʬʠ-
ʟʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʦʙʲʝʢʪʘʤ ʟʘʱʠʪʳ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠ-
ʪʳ (ʉʌɿ) ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-
ʥʠʶ, ʪ.ʝ. ʦʙʝʩʧʝʯʝʥʠʶ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 
ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, 
ʜʦʣʞʥʘ ʟʘʢʣʘʜʳʚʘʪʴʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʝʱʝ 
ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠ ʢʦʨʨʝʢ-
ʪʠʨʦʚʘʪʴʩʷ ʥʘ ʦʩʪʘʣʴʥʳʭ ʵʪʘʧʘʭ ʝʝ ʞʠʟʥʝʥ-
ʥʦʛʦ ʮʠʢʣʘ (ʵʢʩʧʣʫʘʪʘʮʠʷ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ 
ʪ.ʜ.). ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝ-
ʯʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʧʨʠʥʮʠʧʘ ʧʨʝʚʝʥʪʠʚʥʦʩʪʠ: 
ʯʝʤ ʨʘʥʴʰʝ ʠ ʜʦʩʪʦʚʝʨʥʝʝ ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥ 
ʠʩʪʦʯʥʠʢ ʫʛʨʦʟ ʠʣʠ ʧʦʧʳʪʢʘ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʠ 
ʦʮʝʥʝʥ ʝʝ ʤʘʩʰʪʘʙ, ʪʝʤ ʫʩʧʝʰʥʝʝ ʦʢʘʞʝʪʩʷ 



 

ʊʨʫʜʳ ʉʂʌ ʄʊʋʉʀ  2011                                28  

ʦʪʨʘʞʝʥʠʝ ʠʣʠ ʣʦʢʘʣʠʟʘʮʠʷ ʵʪʦʡ ʫʛʨʦʟʳ, ʪʦ 
ʝʩʪʴ ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʙʫʜʝʪ ʉʌɿ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʜʩʠʩʪʝʤʳ 
ʦʙʥʘʨʫʞʝʥʠʷ ʉʌɿ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʘʢʩʠ-
ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝ-
ʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ (ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ), ʷʚʣʷʝʪʩʷ ʥʝ-
ʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦ-
ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʠ-
ʤʝʪʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʜʩʠʩʪʝ-
ʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ: 

- ʢʦʤʧʣʝʢʪʘʮʠʶ ʦʙʲʝʢʪʘ ʪʝʭʥʠʯʝʩʢʠʤʠ 
ʩʨʝʜʩʪʚʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ (ʊʉʆ) ʦʧʨʝʜʝʣʝʥ-
ʥʳʭ ʪʠʧʦʚ, ʪ.ʝ. ʧʦʜʙʦʨ ʩʦʩʪʘʚʘ ʩʨʝʜʩʪʚ ʜʣʷ 
ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʫʯʝʪʦʤ ʝʛʦ ʩʧʝʮʠʬʠ-
ʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʨʘʩʯʝʪ ʠʭ ʪʨʝʙʫʝʤʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ; 

- ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʤʝʱʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʨʝʜʩʪʚ ʥʘ ʦʙʲʝʢʪʝ ʟʘʱʠʪʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫ-
ʤʝʥʪʦʚ, ʝʜʠʥʦʡ ʩʠʩʪʝʤʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢ-
ʪʠʨʦʚʘʥʠʷ ʉʌɿ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʩʠʩʪʝʤ 
ʦʙʥʘʨʫʞʝʥʠʷ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʭʦʪʷ ʠʤʝʥʥʦ 
ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʦʩ-
ʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦ ʚʘʨʠ-
ʘʥʪʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘ-
ʚʠʩʠʪ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 
ʨʝʰʝʥʠʡ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʝʝ ʙʫʜʫʱʝʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʢʦʣʠʯʝʩʪ-
ʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭ-
ʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʟʘʱʠʪʳ. 
ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝ-
ʥʠʶ ʵʪʠʭ ʟʘʜʘʯ ʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ-
ʣʫʯʠʚʰʠʭʩʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʦ-
ʛʦ ʦʧʳʪʘ ʦʪʜʝʣʴʥʳʭ ʣʠʮ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʫʙʲʝʢʪʠʚʠʟʤʘ, ʯʪʦ ʟʘ-
ʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʚ ʬʫʥʢʮʠʦʥʠ-
ʨʦʚʘʥʠʠ ʪʘʢʦʛʦ ʨʦʜʘ ʉʌɿ. ʇʦʵʪʦʤʫ ʧʦʣʥʦ-
ʮʝʥʥʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʟʘ-
ʜʘʯ ʚʦʟʤʦʞʥʦ ʩ ʧʦʟʠʮʠʡ ʝʜʠʥʦʛʦ ʩʠʩʪʝʤʥʦ-
ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʜʩʠʩʪʝʤʳ 
ʦʙʥʘʨʫʞʝʥʠʷ ʉʌɿ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʘʢʩʠ-
ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʦʙʥʘʨʫʞʠʪʝʣʴʥʫʶ ʩʧʦ-
ʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘ-
ʥʠʯʝʥʠʷʭ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 
ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʡ 
ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ 
ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʉʌɿ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʫʢʘ-
ʟʘʥʥʫʶ ʬʫʥʢʮʠʶ. 

ʌʫʥʢʮʠʷ ʜʝʪʝʢʮʠʠ ʫʛʨʦʟ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 
ʉʌɿ ʩʨʝʜʩʪʚʘʤʠ ʧʦʜʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ, 
ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʥʘʨʫ-
ʞʝʥʠʷ, ʩʠʛʥʘʣʠʟʘʮʠʦʥʥʳʭ ʰʣʝʡʬʦʚ ʠ ʚʩʧʦ-
ʤʦʛʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʨʠʝʤʥʦ-
ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠ ʪ.ʜ.). ʆʙʨʘʙʦʪʢʘ 
ʩʠʛʥʘʣʦʚ ʪʨʝʚʦʛʠ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʊʉʆ, ʠ 
ʚʳʨʘʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘʜʝʢ-
ʚʘʪʥʳʭ ʦʙʥʘʨʫʞʝʥʥʦʡ ʫʛʨʦʟʝ, ʦʩʫʱʝʩʪʚʣʷ-
ʝʪʩʷ ʧʦʜʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʉʌɿ ʟʘʜʘʯʠ 
ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʜʩʠʩʪʝʤʳ ʦʙ-
ʥʘʨʫʞʝʥʠʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 
ʥʘ ʩʪʘʜʠʠ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʣʠʙʦ ʢʦʨʨʝʢ-
ʪʠʨʫʝʪʩʷ ʥʘ ʦʩʪʘʣʴʥʳʭ ʵʪʘʧʘʭ ʝʝ ʞʠʟʥʝʥʥʦʛʦ 
ʮʠʢʣʘ - ʚʥʝʜʨʝʥʠʝ (ʨʝʘʣʠʟʘʮʠʷ)/ʥʘʩʪʨʦʡʢʘ, 
ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʤʦʜʝʨʥʠʟʘʮʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʠ 
ʠ/ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝ-
ʥʠʷ ʉʌɿ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶ-
ʱʠʭ ʟʘʜʘʯ: 

- ʘʥʘʣʠʟ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ (ʆɿ), ʚʳʷʚʣʝʥʠʝ 
ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʚ ʪʦʤ 
ʯʠʩʣʝ, ʘʥʘʣʠʟ ʧʦʜʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʩʫ-
ʱʝʩʪʚʫʶʱʝʡ ʉʌɿ, ʝʩʣʠ ʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ). 
ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝ-
ʥʠʷ/ʦʙʥʘʨʫʞʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʉʌɿ; 

- ʧʦʜʙʦʨ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʜʭʦʜʷʱʝ-
ʛʦ ʩʦʩʪʘʚʘ ʊʉʆ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʠ ʦʧ-
ʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ 
ʦʙʥʘʨʫʞʝʥʠʷ ʫʛʨʦʟ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʢʦʨʨʝʢʪʥʦ 
ʚʳʙʨʘʥʥʳʤ ʧʦʥʠʤʘʝʪʩʷ ʩʦʩʪʘʚ ʊʉʆ, ʤʘʢʩʠ-
ʤʘʣʴʥʦ ʫʯʠʪʳʚʘʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʆɿ ʠ ʧʨʠ 
ʵʪʦʤ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ, ʦʙʣʘʜʘʶʱʠʡ ʤʠʥʠ-
ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʮʝʥʦʡ; 

- ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʧʦʜʦʙʨʘʥʥʳʭ 
ʊʉʆ ʥʘ ʆɿ, ʢʦʪʦʨʦʝ ʩʯʠʪʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 
ʚ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʙʥʘ-
ʨʫʞʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʉʌɿ, ʠʩʢʣʶʯʝʥʠʷ 
çʤʝʨʪʚʳʭè ʟʦʥ ʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʊʉʆ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪ-
ʚʝʥʥʦ ʉʌɿ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʝ 
ʩʦʩʪʘʚ, ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ; 
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- ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ 
ʠʩʢʣʶʯʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ 
ʨʝʰʝʥʠʠ ʟʘʜʘʯ 1-3, ʪ.ʝ. ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦ-
ʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ 
ʉʌɿ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʦʩ-
ʣʦʞʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʘʤʠ: 

- ʦʪʩʫʪʩʪʚʠʝ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ; 

- ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʭ ʧʦ-
ʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ; 

- ʩʫʙʲʝʢʪʠʚʥʦʝ ʤʥʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. 
ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʦʜʙʦʨ ʠ ʨʘʟʤʝʱʝʥʠʝ 

ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙ-
ʥʘʨʫʞʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʠ ʠʭ 
ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʊʊʍ) 
ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ. 

ʆʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ 
ʊʉʆ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʦʩʥʦʚʳʚʘʝʪʩʷ 
ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʠ ʝʛʦ ʊʊʍ ʫʩʣʦʚʠ-
ʷʤ ʧʨʠʤʝʥʝʥʠʷ, ʥʦ ʠ ʝʛʦ ʩʪʦʠʤʦʩʪʠ (ʠʣʠ 
ʬʠʥʘʥʩʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ). 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʘʟʨʝʰʝʥʠʷ 
ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʩʠʩ-
ʪʝʤ ʦʭʨʘʥʳ ʧʝʨʠʤʝʪʨʘ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 
ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʪʠʤʘʣʴʥʦ ʨʘʩ-
ʩʯʠʪʳʚʘʪʴ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʊʉʆ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʜʙʦʨʘ ʠ ʨʘʟ-
ʤʝʱʝʥʠʷ ʩʦʩʪʘʚʘ ʊʉʆ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲ-
ʝʢʪʘ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʦʰʠʙʢʘʤʠ ʯʝʣʦʚʝʢʘ.  

ʇʨʠ ʵʪʦʤ ʧʦʜ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʦʙʨʘʥʥʳʤ 
ʧʦʥʠʤʘʝʪʩʷ ʩʦʩʪʘʚ ʊʉʆ, ʤʘʢʩʠʤʘʣʴʥʦ ʫʯʠ-
ʪʳʚʘʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʆɿ ʠ ʧʨʠ ʵʪʦʤ, ʯʪʦ 
ʥʝʤʘʣʦʚʘʞʥʦ, ʦʙʣʘʜʘʶʱʠʡ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʮʝʥʦʡ. ʈʘʟʤʝʱʝʥʠʝ ʧʦʜʦʙʨʘʥʥʳʭ 
ʊʉʆ ʥʘ ʦʙʲʝʢʪʝ ʩʯʠʪʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʚ 
ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʙʥʘʨʫ-
ʞʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʉʌɿ (ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ), ʠʩʢʣʶʯʝʥʠʷ çʤʝʨʪʚʳʭè 
ʟʦʥ ʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʊʉʆ. 

ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩ-
ʩʦʚ, ʠʩʢʣʶʯʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʘ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʉʌɿ 
ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʩʣʦʞ-
ʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʜʙʦ-
ʨʘ ʠ ʨʘʟʤʝʱʝʥʠʷ ʩʦʩʪʘʚʘ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʨʝʜʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʦʙʲʝʢʪʝ ʟʘʱʠʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʜʝʷ ʧʨʦʮʝʜʫʨʳ ʧʦʜʙʦʨʘ 
ʠ ʨʘʟʤʝʱʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʧʨʦʮʝʩʩʦʚ ʧʦʜʙʦʨʘ ʪʠʧʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-
ʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʱʝʥʠʷ ʊʉʆ ʥʘ ʆɿ ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʤʘʢʩʠʤʘʣʴ-
ʥʳʡ ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʦʛ-
ʨʘʥʠʯʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʥʝʜʨʝʥʠʷ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: LTE, MRC, MIMO, ʤʦʙʠʣʴʥʳʝ ʩʝʪʠ, ʙʝʩʧʨʦʚʦʜʥʳʝ  ʮʠʬʨʦʚʳʝ ʢʦʤʤʫʥʠ-
ʢʘʮʠʠ. 

ʇʨʠʚʝʜʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ, ʩʪʘʥʜʘʨʪʳ ʩʚʷʟʠ, ʠʩʪʦʨʠʷ ʠʭ ʧʦʷʚʣʝʥʠʷ ʥʘ 
ʨʳʥʢʝ, ʨʦʣʴ ʚ ʢʦʤʤʫʥʠʢʘʮʠʷʭ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʠ MIMO ʚ ʤʦʙʠʣʴʥʳʭ 
ʩʝʪʷʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʪʝʭʥʦʣʦʛʠʠ. 

 
I.V. Fedorenko, A.A. Nersesyanc  

 
THE ANALYSIS OF TECHNOLOGY MIMO IN MOBILE NETWORKS OF NEW 

GENERATION 
 

North-Caucasian branch of the Moscow technical university relationship and informatics, 
Rostov-on-Don 

 
Keywords: LTE, MRC, MIMO, mobile networks, wireless digital communications. 
Modern wireless networks, communication standards, history of their occurrence in the market, a 

role in communications are resulted. Principles of work of technology MIMO in mobile networks of 
new generation, substantive provisions, problems and technology prospects are described. 

 
ɹʝʩʧʨʦʚʦʜʥʳʝ ʮʠʬʨʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʙʫʨʥʦ ʩʪʘʨʪʦʚʘʚ, ʧʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ 
ʯʨʝʟʚʳʯʘʡʥʦ ʙʳʩʪʨʦ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʥʝʫʢʣʦʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, 
ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʫʩʢʘʪʴ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 
(ʠ ʧʨʠ ʵʪʦʤ ʚʩʝ ʙʦʣʝʝ ʜʝʰʝʚʳʝ) ʩʨʝʜʩʪʚʘ 
ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. ɹʫʤ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, 
ʩʨʘʚʥʠʤʳʡ ʣʠʰʴ ʩ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʨʘʟʚʠʪʠʝʤ 
ʀʥʪʝʨʥʝʪʘ, ʥʝ ʟʘʤʝʜʣʷʝʪʩʷ ʫʞʝ ʯʝʪʚʝʨʪʴ ʚʝ-
ʢʘ. ʄʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʚʦ ʚʩʝʤ ʤʠʨʝ ʫʞʝ 
ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʦʙʳʯʥʳʭ ʧʨʦʚʦʜ-
ʥʳʭ ʪʝʣʝʬʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɹʳʩʪʨʳʤʠ ʪʝʤ-
ʧʘʤʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʝʨʩʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴ-
ʥʳʝ ʩʝʪʠ, ʰʠʨʦʢʦ ʚʥʝʜʨʷʶʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʝ 
ʩʝʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʅʠʟʢʘʷ ʩʪʦʠ-
ʤʦʩʪʴ, ʙʳʩʪʨʦʪʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʰʠʨʦʢʠʝ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʝʨʝʜʘʯʝ 
ʜʘʥʥʳʭ, ʪʝʣʝʬʦʥʠʠ, ʚʠʜʝʦʧʦʪʦʢʦʚ ʜʝʣʘʶʪ 
ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘ-
ʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 
ʠʥʜʫʩʪʨʠʠ. 

ʈʘʟʚʠʪʠʝ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩʦʧʨʦʚʦʞ-
ʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʩʤʝʥʦʡ ʪʝʭʥʦʣʦʛʠʡ, ʚ 
ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʩʪʘʥʜʘʨʪʳ ʩʦʪʦʚʦʡ 
ʩʚʷʟʠ GSM ʠ CDMA, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʳ ʩʠʩ-
ʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ IEEE 802. ʀʩʪʦʨʠʯʝ-
ʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʨʘʟʚʠ-

ʚʘʣʠʩʴ ʧʦ ʜʚʫʤ ʥʝʟʘʚʠʩʠʤʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 
– ʩʠʩʪʝʤʳ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ (ʩʦʪʦʚʘʷ ʩʚʷʟʴ) 
ʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (Wi-Fi, 
WiMAX). ʅʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪ-
ʩʷ ʷʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʣʠʷʥʠʶ ʵʪʠʭ ʬʫʥʢ-
ʮʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʦʙʲʝʤ ʧʘʢʝʪʥʳʭ ʜʘʥʥʳʭ ʚ 
ʩʝʪʷʭ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ (3G) 
ʫʞʝ ʧʨʝʚʳʰʘʝʪ ʦʙʲʝʤ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʠʢʘ, 
ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ HSPA. 
ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʦʙʷʟʘʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘ-
ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ (QoS) ʜʣʷ 
ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ. ʈʝʘʣʠʟʫʝʪʩʷ ʧʦʜ-
ʜʝʨʞʢʘ ʧʨʠʦʨʠʪʝʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʪʦʢʦʚ 
ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʯʝʤ ʢʘʢ ʥʘ ʩʝʪʝ-
ʚʦʤ/ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʷʭ (ʥʘ ʫʨʦʚʥʝ 
TCP/IP), ʪʘʢ ʠ ʥʘ ʄɸʉ-ʫʨʦʚʥʝ (ʩʪʘʥʜʘʨʪʳ 
IEEE 802.16). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʠʭ ʜʣʷ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ, ʧʝ-
ʨʝʜʘʯʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪ.ʧ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʘʤʦ ʧʦʥʷʪʠʝ ʩʝʪʝʡ ʩʣʝ-
ʜʫʶʱʝʛʦ, ʯʝʪʚʝʨʪʦʛʦ, ʧʦʢʦʣʝʥʠʷ (4G) ʥʝʨʘʟ-
ʨʳʚʥʦ ʩʚʷʟʘʥʦ (ʝʩʣʠ ʥʝ ʩʠʥʦʥʠʤʠʯʥʦ) ʩ ʩʦʟ-
ʜʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʦʙʠʣʴʥʳʭ ʤʫʣʴʪʠ-
ʤʝʜʠʡʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʉʝ-
ʛʦʜʥʷ ʜʚʝ ʛʨʫʧʧʳ ʪʝʭʥʦʣʦʛʠʡ ʷʚʥʦ ʥʘʮʝʣʝʥʳ 
ʥʘ ʦʢʘʟʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʫʩʣʫʛ ʩʚʷʟʠ. ʕʪʦ 
WiMAX (ʢʘʢ ʨʘʟʚʠʪʠʝ ʣʠʥʠʠ IEEE 802) ʠ 
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ʪʝʭʥʦʣʦʛʠʠ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʧʦʢʦʣʝʥʠʡ "cʫʧʝʨ 
3G". ʇʨʠʯʝʤ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʟʘʥʠʤʘʝʪ ʩʚʦʶ 
ʥʠʰʫ ʥʘ ʦʙʰʠʨʥʦʤ ʨʳʥʢʝ ʙʝʩʧʨʦʚʦʜʥʦʡ 
ʩʚʷʟʠ.  

ʊʝʭʥʦʣʦʛʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ WiMAX 
(IEEE 802.16-2004) ʥʝ ʦʧʨʘʚʜʘʣʘ ʚʦʟʣʘʛʘʚ-
ʰʠʭʩʷ ʥʘ ʥʝʝ ʥʘʜʝʞʜ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, 
ʦʙʲʝʤʫ ʟʦʥʳ ʧʦʢʨʳʪʠʷ ʠ ʮʝʥʦʚʳʤ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘʤ. ʅʦ ʦʧʝʨʘʪʦʨʳ ʩʧʨʘʚʝʜʣʠʚʦ ʦʞʠ-
ʜʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʨʳʚʘ ʦʪ ʤʦʙʠʣʴʥʦʛʦ 
WiMAX (IEEE 802.16e), ʢʦʪʦʨʳʡ ʫʞʝ ʥʘʯʘʣ 
ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴʩʷ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, 
ʚʢʣʶʯʘʷ ʈʦʩʩʠʶ.  

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ LTE ʢʘʢ ʩʪʘʥʜʘʨʪʘ 
ʦʬʠʮʠʘʣʴʥʦ ʥʘʯʘʣʘʩʴ ʚ ʢʦʥʮʝ 2004 ʛʦʜʘ. ʆʩ-
ʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʘʯʘʣʴʥʦʤ 
ʵʪʘʧʝ ʙʳʣ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 
ʫʨʦʚʥʷ, ʢʦʪʦʨʘʷ ʩʤʦʛʣʘ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳ-
ʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪ-
ʚʝ ʦʩʥʦʚʥʳʭ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʚʘʨʠʘʥ-
ʪʘ: ʨʘʟʚʠʪʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʨʘʜʠʦʠʥʪʝʨ-
ʬʝʡʩʘ W-CDMA (ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ HSPA) ʠ 
ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 
OFDM. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʦʜʭʦʜʷʱʝʡ ʪʝʭʥʦʣʦ-
ʛʠʝʡ ʦʢʘʟʘʣʘʩʴ OFDM, ʠ ʚ ʤʘʝ 2006 ʛʦʜʘ ʚ 
3GPP ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʝʨʚʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʥʘ 
ʨʘʜʠʦʠʥʪʝʨʬʝʡʩ Evolved UMTS Terrestrial 
Radio Access (E-UTRA). ʇʝʨʚʳʝ, ʧʨʝʜʚʘʨʠ-
ʪʝʣʴʥʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ LTE ʩʦʟʜʘʚʘʣʠʩʴ ʚ 
ʨʘʤʢʘʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 3GPP Release 7. ɸ ʚ 
ʜʝʢʘʙʨʝ 2008 ʛʦʜʘ ʫʪʚʝʨʞʜʝʥʘ ʚʝʨʩʠʷ ʩʪʘʥ-
ʜʘʨʪʦʚ 3GPP (Release 8), ʬʠʢʩʠʨʫʶʱʘʷ ʘʨ-
ʭʠʪʝʢʪʫʨʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 
ʢ ʩʠʩʪʝʤʘʤ LTE. ɺ ʩʝʨʝʜʠʥʝ 2009 ʛʦʜʘ ʦʞʠ-
ʜʘʝʪʩʷ ʚʳʭʦʜ ʚ ʩʚʝʪ ʧʝʨʚʳʭ ʦʧʳʪʥʳʭ ʩʠʩʪʝʤ 
ʥʘ ʦʩʥʦʚʝ LTE, ʘ ʚ 2010 – ʧʝʨʚʳʭ ʢʦʤʤʝʨʯʝ-
ʩʢʠʭ ʩʝʪʝʡ.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ 
ʩʠʩʪʝʤʘʤʠ 3G, ʨʘʜʠʦʠʥʪʝʨʬʝʡʩ LTE ʦʙʝʩʧʝ-
ʯʠʪ ʫʣʫʯʰʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ LTE ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦ-
ʧʫʩʢʘʥʠʷ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 1,4 ʜʦ 20 

ʄɻʮ (ʧʦ ʙʦʣʝʝ ʨʘʥʥʠʤ ʠʩʪʦʯʥʠʢʘʤ – ʦʪ 1,25 
ʄɻʮ), ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙ-
ʥʦʩʪʷʤ ʨʘʟʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ, ʦʙʣʘʜʘʶ-
ʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʨʦʧʫʩʢʘʥʠʷ. 
ʇʨʠ ʵʪʦʤ ʦʙʦʨʫʜʦʚʘʥʠʝ LTE ʜʦʣʞʥʦ ʦʜʥʦ-
ʚʨʝʤʝʥʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝ ʤʝʥʝʝ 200 ʘʢʪʠʚ-
ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʪ.ʝ. 200 ʪʝʣʝʬʦʥʥʳʭ ʟʚʦʥ-
ʢʦʚ) ʥʘ ʢʘʞʜʫʶ 5-ʄɻʮ ʷʯʝʡʢʫ. ʊʘʢʞʝ ʦʞʠ-
ʜʘʝʪʩʷ, ʯʪʦ LTE ʫʣʫʯʰʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʪ.ʝ. 
ʚʦʟʨʘʩʪʝʪ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ 
ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. LTE ʧʦʟʚʦʣʠʪ 
ʜʦʩʪʠʯʴ ʚʥʫʰʠʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʢʦʨʦ-
ʩʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ – ʜʦ 50 ʄʙʠʪ/ʩ ʜʣʷ 
ʚʦʩʭʦʜʷʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʦʪ ʘʙʦʥʝʥʪʘ ʜʦ 
ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ) ʠ ʜʦ 100 ʄʙʠʪ/ʩ ʜʣʷ ʥʠʩ-
ʭʦʜʷʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʦʪ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʢ 
ʘʙʦʥʝʥʪʫ) (ʚ ʧʦʣʦʩʝ 20 ʄɻʮ). ʇʨʠ ʵʪʦʤ 
ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʦʜʜʝʨʞʢʘ ʩʦʝʜʠʥʝ-
ʥʠʡ ʜʣʷ ʘʙʦʥʝʥʪʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ ʜʦ 350 ʢʤ/ʯ. ɿʦʥʘ ʧʦʢʨʳʪʠʷ ʦʜʥʦʡ ɹʉ – 
ʜʦ 30 ʢʤ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ, ʥʦ ʚʦʟʤʦʞʥʘ 
ʨʘʙʦʪʘ ʩ ʷʯʝʡʢʘʤʠ ʨʘʜʠʫʩʦʤ ʙʦʣʝʝ 100 ʢʤ. 
ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʤʥʦʛʦʘʥʪʝʥʥʳʝ ʩʠʩʪʝʤʳ 
MIMO.  

ɺ ʩʠʩʪʝʤʘʭ LTE ʥʘ PHY ʫʨʦʚʥʝ, ʢʘʢ ʥʘ 
ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ, ʪʘʢ ʠ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ 
ʪʝʨʤʠʥʘʣʝ (UE) ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡ-
ʯʠʚʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʘʥʥʳʭ ʚ 
ʧʨʷʤʦʤ ʢʘʥʘʣʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝʩʢʦʣʴ-
ʢʦ ʪʨʘʥʩʠʚʝʨʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʪʷʞʝ-
ʣʳʭ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠ ʥʠʟʢʦʤ 
ʫʨʦʚʥʝ ʩʠʛʥʘʣʘ, ʢʦʛʜʘ ʫʩʣʦʚʠʷ ʤʥʦʛʦʣʫʯʝʚʦ-
ʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʙʫʶʪ ʫʚʝʣʠʯʝʥʠʷ ʧʝ-
ʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʥʘ ʧʨʠʝʤʝ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʤʝʪʦʜ ʩʫʤʤʠʨʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 
ʦʪʥʦʰʝʥʠʷ (MRC). 

ʆʩʥʦʚʥʦʡ ʞʝ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ-
ʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʠʩʪʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʘʥ-
ʥʳʭ, -ʵʪʦ MIMO. ɼʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʢʦʥ-
ʩʪʨʫʢʮʠʶ ʪʝʨʤʠʥʘʣʘ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʧʦ 
ʢʨʘʡʥʝʡ ʤʝʨʝ, ʝʱʝ ʦʜʠʥ ʪʨʘʥʩʠʚʝʨ ʠ ʘʥʪʝʥ-
ʥʫ. 
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ɺ ʧʨʦʮʝʩʩʦʨʝ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ (baseband) 
ʚʚʦʜʠʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʠ-
ʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʝʞʜʝ ʯʝʤ ʦʥʠ ʙʫʜʫʪ 
ʧʨʦʩʫʤʤʠʨʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 
ʇʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʧʦ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ 

ʧʨʠʥʠʤʘʝʤʳʝ ʩʠʛʥʘʣʳ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʧʨʦ-
ʮʝʩʩʦʨʝ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʢʦʛʝʨʝʥʪʥʦ. ʊʝʧ-

ʣʦʚʳʝ ʞʝ ʰʫʤʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʨʘʥʩʠʚʝʨʦʚ 
ʷʚʣʷʶʪʩʷ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ. ʊʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʣʠʥʝʡʥʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʥʩʠ-
ʨʦʚʘʥʥʳʭ ʧʦ ʬʘʟʝ ʠ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʦʚ ʚ 

ʧʨʦʮʝʩʩʦʨʝ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʨʠʚʦʜʠʪ ʚ 
ʜʚʫʭʢʘʥʘʣʴʥʦʤ ʧʨʠʝʤʥʠʢʝ MRC ʚ ʫʩʣʦʚʠʷʭ 
ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʰʫʤʘ ʢ ʫʚʝʣʠʯʝʥʠʶ SNR ʥʝ 
ʤʝʥʝʝ ʯʝʤ ʥʘ 3 ʜɹ. 

 
ʂʨʦʤʝ ʫʣʫʯʰʝʥʠʷ SNR ʟʘ ʩʯʝʪ ʩʫʤʤʠʨʦ-

ʚʘʥʠʷ, ʧʨʠʝʤʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʤʝʪʦʜʫ 
MRC, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʯʘʩʪʦʪʥʦ-
ʩʝʣʝʢʪʠʚʥʳʤ ʬʝʜʠʥʛʘʤ. ɽʱʝ ʨʘʟ ʧʦʜʯʝʨʢ-
ʥʝʤ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʨʘʟʜʝʣʴʥʦʩʪʴ 
ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʠʶ ʠʤ-
ʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ. 
ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʟʘ-
ʤʠʨʘʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ 
ʜʘʥʥʘʷ ʧʦʜʥʝʩʫʱʘʷ ʙʫʜʝʪ ʠʩʧʳʪʳʚʘʪʴ ʛʣʫ-
ʙʦʢʠʝ ʟʘʤʠʨʘʥʠʷ ʩʨʘʟʫ ʚ ʦʙʦʠʭ ʢʘʥʘʣʘʭ 
ʧʨʠʝʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʛʣʫʙʦ-
ʢʠʭ ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʬʝʜʠʥʛʦʚ ʚ 
ʩʫʤʤʘʨʥʦʤ ʩʠʛʥʘʣʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘ-
ʝʪʩʷ. 

ʄʝʪʦʜ MRC ʫʣʫʯʰʘʝʪ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦ-
ʩʪʠ (ʛʦʪʦʚʥʦʩʪʠ) ʣʠʥʠʠ ʩʚʷʟʠ, ʥʦ ʥʝ ʧʦʟʚʦ-
ʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʥʦʤʠʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʘʥ-

ʥʳʭ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ MRC ʜʘʥ-
ʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʦʜʥʦʡ ʘʥʪʝʥʥʦʡ, ʘ ʧʨʠʥʠ-
ʤʘʶʪʩʷ ʜʚʫʤʷ ʠʣʠ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʨʠʝʤ-
ʥʠʢʦʚ, ʧʦʵʪʦʤʫ MRC - ʵʪʦ ʩʢʦʨʝʝ ʤʝʪʦʜ ʨʘʟ-
ʜʝʣʝʥʥʦʛʦ ʧʨʠʝʤʘ, ʪ. ʝ. ʦʙʳʯʥʳʡ ʤʝʪʦʜ An-
tenna Diversity. ʀ ʥʘʦʙʦʨʦʪ, ʪʝʭʥʦʣʦʛʠʷ 
MIMO ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʠʩʪʝʤʥʫʶ ʩʢʦ-
ʨʦʩʪʴ ʜʘʥʥʳʭ. ʊʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ 
ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʘʥʪʝʥʥ, 
ʢʘʢ ʥʘ ʩʪʦʨʦʥʝ ʧʨʠʝʤʘ, ʪʘʢ ʠ ʥʘ ʩʪʦʨʦʥʝ ʧʝ-
ʨʝʜʘʯʠ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʧʦ ʪʝʭ-
ʥʦʣʦʛʠʠ MIMO, ʧʨʠʝʤʥʠʢ ʜʦʣʞʝʥ ʦʧʨʝʜʝ-
ʣʠʪʴ ʠʤʧʫʣʴʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʥʘʣʘ 
ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʜʘʶʱʠʭ ʘʥʪʝʥʥ. ɺ ʩʠʩ-
ʪʝʤʝ LTɽ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘ-
ʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ɻʣʫʙʦʢʠʝ ɻʣʫʙʦʢʠʝ ʟʘʤʠʨʘʥʠʷ ʟʘʤʠʨʘʥʠʷ 

SNR ʜʣʷ ʚʩʝʭ ʧʦʜʥʝʩʫʱʠʭ ʫʣʫʯʰʝʥ ʚ 

ʢʦʤʧʦʟʠʪʥʦʤ ʩʠʛʥʘʣʝ MRC 

ʈʠʩʫʥʦʢ 1. ʄʝʪʦʜ MRC ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ AWGN ʠ ʯʘʩʪʦʪʥʦʠʟ-
ʙʠʨʘʪʝʣʴʥʳʭ ʟʘʤʠʨʘʥʠʡ. 
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ʧʝʨʝʜʘʯʠ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʜʘʶʱʠʭ ʘʥʪʝʥʥ ʠʟ-
ʚʝʩʪʥʳʭ ʦʧʦʨʥʳʭ ʩʠʛʥʘʣʦʚ. 

ɼʣʷ ʩʠʩʪʝʤʳ 2x2 MIMO ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʦʜʥʘ ʦʙʱʘʷ ʠʣʠ ʯʝʪʳʨʝ ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʣʴ-
ʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (Ci, C2, C3 
ʠ C4). ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʢʘ ʦʜʥʘ ʧʝʨʝʜʘʶʱʘʷ 
ʘʥʪʝʥʥʘ ʧʝʨʝʜʘʝʪ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ, ʜʨʫʛʘʷ ʥʝ 
ʠʩʧʦʣʴʟʫʝʪʩʷ. ʂʘʢ ʪʦʣʴʢʦ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ, ʥʘʯʥʝʪ-
ʩʷ ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʙʝʠʤʠ ʘʥ-
ʪʝʥʥʘʤʠ. ʃʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʧʦʪʦ-
ʢʦʚ ʜʘʥʥʳʭ ʥʘ ʜʚʫʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥʘʭ 
ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʝ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʩ 
ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ, ʨʝʰʠʪʴ ʢʦʪʦʨʫʶ ʥʝ-
ʚʦʟʤʦʞʥʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʦ-
ʪʦʢʦʚ ʜʘʥʥʳʭ. 

ʇʫʩʪʴ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ ʚ ʩʭʝʤʝ ʉʉʉ – 
MIMO, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 3, ʩʦʩʪʦʷʪ ʠʟ 
N ʧʝʨʝʜʘʶʱʠʭ  ʠ ʄ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, 
ʩʚʷʟʘʥʥʳʭ ʥʝʢʦʪʦʨʳʤ ʯʠʩʣʦʤ ʨʘʜʠʦʢʘʥʘʣʦʚ. 
ʅʘ ʚʭʦʜ n-ʛʦ ʵʣʝʤʝʥʪʘ ʧʝʨʝʜʘʶʱʝʡ ɸʈ, ʠʟʦ-
ʣʠʨʦʚʘʥʥʦʛʦ ʦʪ ʦʩʪʘʣʴʥʳʭ, ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ 
ʩ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʥʘʧʨʷʞʝʥʠʷ 

n
ʇU . ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʷʩʴ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʨʘʜʠʦʢʘ-

ʥʘʣʘʤ), ʚʳʟʦʚʫʪ ʧʦʷʚʣʝʥʠʝ ʥʘ m ʚʭʦʜʝ ʠʟʦ-
ʣʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʝʤʥʦʡ ɸʈ ʦʪʨʘ-
ʞʝʥʥʦʛʦ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʤʫ ʚʭʦʜʫ) ʩʠʛ-
ʥʘʣʘ ʩ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʥʘʧʨʷ-
ʞʝʥʠʷ 0

mU . ʇʦʣʥʘʷ ʢʘʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 

( ),H B A  ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʵʣʝʤʝʥʪʦʚ 

( ) ( )
( )

0,
m

m
mn m n n

ʇ n

U b
h b a

U a
=  ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ:  

( )
( ) ( )

( ) ( )

11 1 1 1 1

1 1

, ,
,

, ,

N N

M M MN M N

h b a h b a
H B A

h b a h b a

è ø
é ù= é ù
é ùê ú

?
? ? ?

?
,     (1) 

ʛʜʝ A = ( 1a ,… Na ), B = ( 1b ,… Mb ) - ʥʝʢʦʪʦ-
ʨʳʝ ʩʝʯʝʥʠʷ (ʚʭʦʜʳ) ʚ ʬʠʜʝʨʥʳʭ ʣʠʥʠʷʭ 
ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ɸʈ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦ-
ʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘ-
ʜʠʦʚʦʣʥ  ʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʵʣʝʤʝʥʪʳ 
ʧʨʠʝʤʥʦʡ ɸʈ ʠʜʝʘʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʧʨʠ-
ʝʤʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʥʘʣʴ-
ʥʘʷ ʤʘʪʨʠʮʘ ( )H B,A  ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ɸʈ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ 
ʯʝʨʝʟ ʘʥʘʣʦʛʠʯʥʫʶ ʤʘʪʨʠʮʫ ( ),ʀɼH B A  ʙʝʟ 
ʫʯʝʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

 

( ) ( )( ) ( ) ( )( )11 11, ,= - -ʇʈʄ ʀɼ ʇʈɼH B A E S B H B A E S A

ʛʜʝ: ( )11
ʇʈɼS A - ʤʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ ʧʝʨʝʜʘʶ-

ʱʝʡ ɸʈ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʚʭʦʜʦʚ ɸ, ʩʚʷʟʳ-
ʚʘʶʱʘʷ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠ-
ʪʫʜʳ ʥʘʧʨʷʞʝʥʠʡ ʧʘʜʘʶʱʠʭ ( )ʇU A  ʠ ʦʪ-

ʨʘʞʝʥʥʳʭ ( )OU A  ʚʦʣʥ: 

( ) ( ) ( )11
ʇʈɼ

O ʇU A S A U A= ;                        (3) 

 ( )11
ʇʈʄS B  - ʤʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ ʧʨʠʝʤʥʦʡ 

ɸʈ; E – ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ.  

ʈʠʩʫʥʦʢ 2. ʆʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʙʦʪʫ MIMO ʦʧʦʨʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨ·͔ ͔͔ͨͪ͒͊ΌͭͫΎ ͔͍ͨͦͫ͒ͦ͊͡π
͔ͭ͡Έͤͦ ͒͡Ύ ͍·;͙͔͙ͫͤ͡Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍͊ͤ͊ͦ͟͡Φ 
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1
ʇU  

n
ʇU  

N
ʇU  

1
0U  

0
mU  

0
MU

1a  

na  

Na  

1b  

mb  

Mb  

 
 
 
 
 
 ʈʘʜʠʦʢʘʥʘʣʳ

 

B=(b1,…,bm,…,bM)A=(a1,…,an,…,aN)

1          2          3          4          5          6          7          8          9        10

7

6

5

4

3

2

1

0
ʙʠ
ʪ/
ʩ/
ɻʮ

maxg

M¡

4

5

3

2
1

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ   ʩʭʝʤʘ   ʉʉʉ   ʩ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤʠ ʘʥʪʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ   ʈʠʩ. 4. ɿʘʚʠ-
ʩʠʤʦʩʪʴ ʚʳʠʛʨʳʰʘ maxg  ʦʪ  ʯʠʩʣʘ ʢʘʥʘʣʦʚ M¡  ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

2

1r m : -10ʜɹ (1);0ʜɹ 

(2);10ʜɹ (3);20ʜɹ (4);30ʜɹ (5) 
ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ (2) ʩʣʝʜʫʝʪ, ʯʪʦ 
ʫʯʝʪ ʵʬʬʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ 
ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ɸʈ ʧʨʠʚʦʜʠʪ ʢ ʠʟ-
ʤʝʥʝʥʠʶ ʢʘʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ( ),H B A . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʨʠʥʠ-
ʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʦʥ ʷʚʣʷ-
ʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤ, ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ɸʈ 
ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʵʥʝʨʛʝʪʠ-
ʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʚʠʜʘ 

( ) ( ) ( )*, , ,= tW B ɸ H B ɸ H B ɸ , ʵʣʝʤʝʥʪʳ ʢʦ-

ʪʦʨʦʡ ʠ ʦʧʨʝʜʝʣʷʶʪ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ 
ʈʉ(ɺ) ʚ ʩʝʯʝʥʠʷʭ bm ʬʠʜʝʨʥʳʭ ʣʠʥʠʡ ʵʣʝ-
ʤʝʥʪʦʚ ʧʨʠʝʤʥʦʡ ɸʈ:  

( ) ( ) ( ) ( ) ( ) ( )* *
0 0 ,ʉ ʇ ʇʈ B U B U B U ɸ W B ɸ U ɸ= = .                                                          (4) 

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
ʤʘʪʨʠʮʳ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʘʤ ʧʦʟʚʦ-
ʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘ-
ʥʘʣʦʚ:  

{ } { }2* * *mm m= =t tW T T T T ,                 (5) 

ʛʜʝ: ʊ – ʤʘʪʨʠʮʘ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦʙʩʪ-
ʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʤʘʪʨʠʮʳ W; 

{ }2m  -  ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ 2 2 2
1 2,m m m> M , ʦʧʨʝʜʝ-

ʣʷʝʤʳʭ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

( )( )
{ }

2

2

det , 0,

.

W B ɸ E

WT T

m

m

ë - =î
ì

=î
í

                      (6) 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠʝʤʥʦʡ ʠ 
ʧʝʨʝʜʘʶʱʝʡ ɸʈ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ  
ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʭ 
ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ 

( ),W B ɸ . 

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʤʳ ʐʝʥʥʦʥʘ ʜʣʷ ʢʘʥʘʣʘ ʩ 
çʙʝʣʳʤè ʰʫʤʦʤ  ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

1
maxC  ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʉʉ - 

SISO ʩ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʩʭʝʤʦʡ ʧʦʩʪʨʦʝʥʠʷ 
ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ (7). ɺ ʩʣʫ-
ʯʘʝ ʞʝ ʦʨʛʘʥʠʟʘʮʠʠ M¡  ʥʝʟʘʚʠʩʠʤʳʭ ʨʘ-
ʜʠʦʢʘʥʘʣʦʚ ʩʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʉʉʉ – MIMO ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 

( )21 SISO
max max 2 j max

C C log 1 r m= = + ,     ʛʜʝ:  
2

j max
max

ʈʩ(ɺ)
ʈʩ(ɸ)

m
å õ

= æ ö
ç ÷

;   ʈʩ(ɸ)
ʈʰ(ɺ)

r = .  (7) 

2 2

max max 2 2
1 1

1log
M M

m mM MIMO

m k k

C C
M M

m m
r

m

¡ ¡
¡

= =

å õ
æ ö= = +
æ ö¡ ¡
ç ÷

ä ä .    (8) 
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ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʩʧʝʢ-
ʪʨʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʘʪ-
ʨʠʮʳ ( ),W B ɸ  ʠ ʧʦʠʩʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʉʉ - 
MIMO ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝ-
ʥʠʷ (ʈʉ(ɸ)=const). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʢʘʥʘʣʘ ʚʳʨʘʞʝʥʠʝ (8) ʧʝʨʝ-
ʭʦʜʠʪ ʚ ʚʳʨʘʞʝʥʠʝ (7), ʘ ʚ ʩʣʫʯʘʝ M¡  ʢʘʥʘ-
ʣʦʚ ʩ ʨʘʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

1m = m , m 1,...,Mm ¡= - ʚ ʠʟʚʝʩʪʥʦʝ ʚʳʨʘʞʝ-

ʥʠʝ. 

( )
2

1
max max max 2max log 1M MC C M
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m
r¡ ¡

å õ
æ ö¡= = +
æ ö¡
ç ÷

.                                            (11) 

ʊʦʛʜʘ ʚʳʠʛʨʳʰ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʉʉʉ - MIMO ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ M¡  

ʢʘʥʘʣʦʚ ʩ ʨʘʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 
2

im  ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʉʉʉ - SISO ʙʫʜʝʪ ʨʘʚʝʥ: 
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M
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å õ
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+
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦ-
ʛʦʣʫʯʝʚʦʡ ʨʘʜʠʦʪʨʘʩʩʳ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫ-
ʣʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ MIMO ʚ ʧʝʨʩʧʝʢ-
ʪʠʚʥʳʭ ʉʉʉ: 

- ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʉʉʉ - MIMO ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʨʘʚʝʥʩʪʚʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘ-
ʥʘʣʦʚ; 

- ʚ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʨʘʚʥʦʟʥʘʯʥʳʭ 
ʢʘʥʘʣʦʚ ʦʧʪʠʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ MIMO (ʧʦ 

ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʠʟʘʮʠʠ ʉʕ) ʪʨʘʥʩʬʦʨ-
ʤʠʨʫʝʪʩʷ ʚ ʌɸʈ ʩ ʘʜʘʧʪʘʮʠʝʡ ʢ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠ-
ʭʦʜʘ ʧʦʤʝʭʘʤ; 

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ɸʈ ʠʟʤʝʥʷʝʪ 
ʚʝʣʠʯʠʥʫ ʢʘʥʘʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʫ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʢʘʥʘʣʘ; 

- ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ɸʈ, 
ʧʨʠ 

ʢʦʪʦʨʦʤ ʉʕ ʢʘʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʤʘʣʳʭ ʟʥʘ-
ʯʝʥʠʡ 

ʈʩ/(ʈʰ+ʈʧʦʤ); 
- ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʉʕ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʦʜʥʦʢʘʥʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦʤ ʧʨʝʚʳʰʝʥʠʠ ʈʩ/(ʈʰ+ʈʧʦʤ) >>1; 
- ʩʫʱʝʩʪʚʝʥʥʘʷ ʥʝʨʘʚʥʦʟʥʘʯʥʦʩʪʴ ʢʘʥʘʣʦʚ 

ʠ ʥʘʣʠʯʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠ-
ʷʤ ʧʨʠʭʦʜʘ ʧʦʤʝʭ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʧʘʜʝ-
ʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ CʉC; 

- ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʥʘʣʦʚ ʩʫʱʝʩʪ-
ʚʝʥʥʦ ʠ ʧʦ-ʨʘʟʥʦʤʫ ʟʘʚʠʩʷʪ ʦʪ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʠ ʘʙʦ-
ʥʝʥʪʩʢʦʛʦ ʪʝʨʤʠʥʘʣʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ CʉC - MIMO, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʜʚʠʞʝʥʠʠ ʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʨʘʩʩʪʦʷʥʠʷ. 
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INVESTIGATION OF THE PROPERTIES OF THE TRANSMISSION CONTROL 
PROTOCOL FOR THE SUPERVISORY CONSOLE OF AUTOMATED DIGITAL 

COMMUNICATION SYSTEM OF SPECIAL DESIGNATION 
 

North-Caucasian branch of the Moscow technical university relationship and informatics, 
Rostov -on-Don 

 
Keywords: communication protocol, communication system, simulation, E-net model of logi-

cal structure. 
In the report the investigation results of the properties of the transmission control protocol 

from the alphabetic-digital input device to the supervisory console of automated digital communica-
tion system of special designation are suggested on the basis of the synthesis and analysis of its 
model of formal description. 

 
ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ 

ʢ ʧʫʣʴʪʫ ʜʠʩʧʝʪʯʝʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʪʦʢʦʣ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʙʤʝʥ ʫʧʨʘʚʣʷʶʱʠʤʠ ʢʦ-
ʤʘʥʜʘʤʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜʘʯʫ ʜʘʥ-
ʥʳʭ.  

ʋʩʣʦʚʥʦ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ 
ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ (ʋɺ)  ʢ ʧʫʣʴʪʫ ʜʠʩʧʝʪʯʝʨʘ 
(ʇɼ) ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʵʪʘʧʘ: 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʠʝʤ-
ʥʠʢʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ; 

- ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ; 
- ʦʢʦʥʯʘʥʠʝ ʩʚʷʟʠ. 
ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝ-

ʨʝʜʘʯʝʡ ʢʦʤʘʥʜʳ ʟʘʧʨʦʩʘ ʦʪ ʋɺ ʥʘ ʥʘʯʘʣʦ 
ʦʙʤʝʥʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʧʨʦʪʦʢʦʣʘ ʧʝʨʝʜʘ-
ʯʠ ʠ ʧʦʣʫʯʝʥʠʝʤ ʦʪ ʇɼ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʧʝʨʝ-
ʜʘʯʫ. 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ-
ʜʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ. ʅʘ ʢʘʞʜʳʡ ʧʨʠʥʷʪʳʡ 
ʙʣʦʢ ʧʨʠʝʤʥʠʢ ʦʪʚʝʯʘʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 
ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʠʝʤʘ ʠʣʠ ʥʘʣʠʯʠʷ ʦʰʠʙʢʠ. 
ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʰʠʙʢʠ ʧʝʨʝʜʘʯʘ ʙʣʦʢʘ 
ʧʦʚʪʦʨʷʝʪʩʷ. ʎʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʦʢʦʥʯʘ-
ʥʠʷ ʧʝʨʝʜʘʯʠ ʚʩʝʭ ʙʣʦʢʦʚ ʜʘʥʥʳʭ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʜʘʯʠ ʚʩʝʭ ʙʣʦʢʦʚ 
ʜʘʥʥʳʭ ʋɺ ʧʦʩʳʣʘʝʪ ʧʨʠʟʥʘʢ ʦʢʦʥʯʘʥʠʷ 
ʜʘʥʥʳʭ. ɺ ʦʪʚʝʪ ʧʨʠʝʤʥʠʢ ʚʳʜʘʝʪ ʩʦʦʙʱʝ-
ʥʠʝ ʦʙ ʦʢʦʥʯʘʥʠʠ ʩʚʷʟʠ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʥʦʚʦ-

ʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʟʘʥʦʚʦ ʨʝʘ-
ʣʠʟʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ. 

ɹʦʣʴʰʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʠ ʧʨʦʪʦʢʦʣʦʚ ʜʘʝʪ ʘʧʧʘʨʘʪ ɽ-ʩʝʪʝʡ. ɺʦ-
ʧʝʨʚʳʭ, ɽ-ʩʝʪʴ ʩʣʫʞʠʪ ʩʨʝʜʩʪʚʦʤ ʟʘʜʘʥʠʷ 
ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 
ʧʨʦʪʦʢʦʣʘ, ʜʘʶʱʠʤ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝ-
ʥʠʝ ʦʙ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʘʭ ʚ ʩʠʩʪʝʤʝ. 
ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ɽ-
ʩʝʪʝʚʳʭ ʤʦʜʫʣʝʡ ʫʧʨʦʱʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 
ʨʘʟʨʘʙʦʪʢʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠʨʫʶʱʠʭ 
ʧʨʦʛʨʘʤʤ. ʃʶʙʘʷ ʤʦʜʝʣʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ 
ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ɽ-ʩʝʪʝʡ, ʦʧʠʩʳʚʘʝʪʩʷ ʰʝʩ-
ʪʝʨʢʦʡ [4]: 

GMQITPEN ,,,,,=  
ʛʜʝ ʈ={ʨ1, ʨ2,é,ʨn, q1, q2,…, qm, r1, r2,…,rk } 

– ʢʦʥʝʯʥʦʝ ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʟʠʮʠʡ, 
ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʦʜʤʥʦʞʝʩʪʚ ʧʨʦʩʪʳʭ ʧʦʟʠʮʠʡ 
ʨ, ʧʦʟʠʮʠʡ-ʦʯʝʨʝʜʝʡ q  ʠ ʨʘʟʨʝʰʘʶʱʠʭ ʧʦ-
ʟʠʮʠʡ r. 

T = {t1, t2,…, tl } – ʢʦʥʝʯʥʦʝ ʥʝʧʫʩʪʦʝ 
ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ. 

I: ʈ³ʊ – ʚʭʦʜʥʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʜʣʷ 
ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ ʟʘʜʘʝʪ ʝʛʦ ʤʥʦʞʝʩʪʚʦ 
ʚʭʦʜʥʳʭ ʧʦʟʠʮʠʡ. 

Q: ʊ³ʈ – ʚʳʭʦʜʥʘʷ ʬʫʥʢʮʠʷ, ʟʘʜʘʶʱʘʷ 
ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ ʝʛʦ ʤʥʦʞʝʩʪʚʦ ʚʳ-
ʭʦʜʥʳʭ ʧʦʟʠʮʠʡ. 
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ʄ: {ʈ 0,1,2,…} – ʬʫʥʢʮʠʷ ʨʘʟʤʝʪʢʠ ʩʝ-
ʪʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʘʨʢʠʨʦʚʢʫ ʧʦʟʠʮʠʡ ʚ 
ʬʦʨʤʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʮʝʣʳʭ ʯʠʩʝʣ. 

G: PY – ʬʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ, ʦʧʠ-
ʩʳʚʘʶʱʘʷ ʩʦʩʪʦʷʥʠʝ ʚʝʢʪʦʨʦʚ ʷʯʝʝʢ ʧʘʤʷʪʠ 
ʩʝʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʟʤʝʪʢʠ, ʯʝʨʝʟ 
ʚʝʢʪʦʨʘ ʧʘʤʷʪʠ ʧʦʟʠʮʠʡ, ʟʘʥʷʪʳʭ ʤʝʪʢʘʤʠ ʩ 
ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ.  

ʂ ʦʩʥʦʚʥʳʤ ʵʪʘʧʘʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʪʦʢʦ-
ʣʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʦʷʥʠʡ 
ʠ ʜʝʡʩʪʚʠʡ ʧʨʦʪʦʢʦʣʘ. 

2. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʦʢʦʣʘ. 

3. ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʣʦʛʠʯʝ-
ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʢʦʣʘ. 

4. ɸʥʘʣʠʟ ʤʦʜʝʣʠ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫ-
ʨʳ ʧʨʦʪʦʢʦʣʘ ʥʘ ʥʘʣʠʯʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 
ʩʚʦʡʩʪʚ. 

5. ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦ-
ʢʦʣʘ. 

6. ɸʥʘʣʠʟ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-
ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘ-
ʜʘʥʥʳʤ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘʤ ʧʨʦʪʦʢʦʣʘ. 

7. ɺʳʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʣʫʯ-
ʰʝʥʠʶ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʢʦ-
ʣʘ. 

8. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʢʦ-
ʣʘ.  

ʇʦʜ ʤʦʜʝʣʴʶ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 
(ʄʃʉ) ʧʨʦʪʦʢʦʣʘ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʤʦʜʝʣʴ 
ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘ-
ʥʠʯʝʥʠʷ: 

1) ɺʩʝ ʧʨʦʪʦʢʦʣʴʥʳʝ ʧʨʠʤʠʪʠʚʳ, ʜʣʷ 
ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʛʦʪʦʚʥʦʩʪʠ 
ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʩʦʩʪʦʷʥʠʠ ʤʦʜʝʣʠ, ʚʳ-
ʧʦʣʥʷʶʪʩʷ ʤʛʥʦʚʝʥʥʦ. 

2) ɺʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 
ʧʨʠʤʠʪʠʚʘ ʨʘʚʥʘ ʥʫʣʶ. 

3) ɺʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝ-
ʥʠʷ ʣʶʙʦʛʦ ʧʨʦʪʦʢʦʣʴʥʦʛʦ ʧʨʠʤʠʪʠʚʘ, ʨʘʚ-
ʥʦ ʦʜʥʦʤʫ ʪʘʢʪʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫ-
ʨʳ ʧʨʦʪʦʢʦʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦ-
ʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʪʦʢʦʣʴʥʳʭ ʧʨʠ-
ʤʠʪʠʚʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ 
ʘʧʧʘʨʘʪʘ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. 

ʄʦʜʝʣʴ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʢʦʣʘ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʦʢʦ-
ʣʘ ʥʘ ʥʘʣʠʯʠʝ ʫ ʥʝʛʦ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʪʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ. ʂ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʨʦʪʦʢʦ-
ʣʦʚ ʦʪʥʦʩʷʪʩʷ: 

- ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʙʣʦʢʠʨʦʚʦʢ; 
- ʧʦʣʥʦʪʘ ʩʦʩʪʦʷʥʠʡ ʧʨʦʪʦʢʦʣʘ; 
- ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʩʪʦʷ-

ʥʠʡ; 
- ʦʪʩʫʪʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʩʪʠ; 
- ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ; 
- ʦʪʩʫʪʩʪʚʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʠʨʦ-

ʚʦʢ, ʚʳʭʦʜ ʠʟ ʢʦʪʦʨʳʭ ʣʦʛʠʯʝʩʢʠ ʥʝ ʚʦʟʤʦ-
ʞʝʥ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1  ʄʃʉ ʧʨʦʪʦʢʦ-
ʣʘ ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ 
ʨʝʘʣʠʟʘʮʠʝʡ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʠʟ ʫʢʘʟʘʥʥʳʭ 
ʵʪʘʧʦʚ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ 
ʩʪʘʪʠʯʝʩʢʠʭ ʙʣʦʢʠʨʦʚʦʢ ʚ ʧʨʦʪʦʢʦʣʝ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʞʠʚʦ-
ʩʪʠ ʩʝʪʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ en(t)pp, ʪʦ  
( ) ( ) ( )( ) ( )tItPMENRMENRM ²¡Í¡$Í" 1:,

, 
ʪ.ʝ. ʚ ʩʝʪʠ EN ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʤʝʪʢʘ ʄ¡ 

ʧʨʠ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʉ ʩʨʘʙʘ-
ʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʘ ʩʝʪʠ t, ʠʣʠ ʜʣʷ ʨʨ ʚʩʝʛʜʘ 
ʩʫʱʝʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʝ si ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩ-
ʭʦʜʠʪ ʧʝʨʝʭʦʜ ʧʨʦʪʦʢʦʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʚ 
ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ si+1. 

ʇʦʣʥʦʪʘ ʧʨʦʪʦʢʦʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳ-
ʧʦʣʥʝʥʠʝʤ ʜʚʫʭ ʫʩʣʦʚʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙ-
ʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʠ ʦʜʥʘ ʩʠʪʫʘʮʠʷ, ʫʢʘʟʘʥʥʘʷ 
ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦʪʦʢʦʣʘ, ʥʝ ʦʩʪʘʣʘʩʴ ʥʝ 
ʦʪʦʙʨʘʞʝʥʥʦʡ ʚ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. ɺʦ-ʚʪʦʨʳʭ, 
ʚʩʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʪʦʢʦʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʩʠʪʫʘʮʠʷʤ, ʜʦʣʞʥʳ ʙʳʪʴ 
ʜʦʩʪʠʞʠʤʳ ʠʟ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʝʨʚʦʝ 
ʫʩʣʦʚʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʥʘ ʵʪʘʧʝ 
ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʦʜʥʦʟʥʘʯ-
ʥʦʩʪʠ ʪʦʣʢʦʚʘʥʠʷ ʧʨʠʤʠʪʠʚʦʚ ʚʟʘʠʤʦʜʝʡʩʪ-
ʚʠʷ ʧʨʦʪʦʢʦʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʪʝʨʤʠʥʘʭ ʘʧ-
ʧʘʨʘʪʘ EN. 

ɺʪʦʨʦʝ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʚʦʡʩʪ-
ʚʦʤ ʞʠʚʦʩʪʠ ʩʝʪʠ EN, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, 
ʯʪʦ ʚ ʞʠʚʦʡ ʩʝʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ  ʩʫ-
ʱʝʩʪʚʫʝʪ ʤʘʨʢʠʨʦʚʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥ ʩʨʘ-
ʙʦʪʘʝʪ: 

 ( ) ( ).,:, ENRMMtMENRMTt Í¡¡Í$Í"  

ʆʜʥʦʟʥʘʯʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʩʪʦʷʥʠʡ 
ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʚ ʩʚʦʡʩʪʚʦ ʜʦʩʪʠʞʠʤʦʩʪʠ 
EN, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥ-
ʢʨʝʪʥʦʡ ʪʝʨʤʠʥʘʣʴʥʦʡ ʨʘʟʤʝʪʢʠ, ʦʪʦʙʨʘ-
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ʞʘʶʱʝʡ ʥʫʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʪʦʢʦʣʴʥʦʛʦ 
ʦʙʲʝʢʪʘ: 

.;...;;: 2110 kik MtMMtMMtMM"  

ʆʪʩʫʪʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʵʪʘʧʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦ-
ʪʦʢʦʣʘ, ʪʘʢ ʢʘʢ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʄʃʉ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʣʠʰʴ ʪʝʭ 
ʜʝʡʩʪʚʠʡ ʧʨʦʪʦʢʦʣʘ ʠ ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʢʦʣʴ-
ʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʧʝ-
ʮʠʬʠʢʘʮʠʝʡ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʨʦʪʦʢʦʣʘ ʧʦʣʥʦʩʪʴʶ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡʩʪʚʫ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʩʝ-
ʪʝʚʦʡ ʤʦʜʝʣʠ ʢʣʘʩʩʘ EN: 

( ) ( ) .:0, iiii kpMkENPp ¢>$Í"  
ʆʪʩʫʪʩʪʚʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʠʨʦʚʦʢ 

ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʥʝʧʨʝʜʫʩʤʦʪʨʝʥʥʘʷ ʩʧʝʮʠ-
ʬʠʢʘʮʠʝʡ ʙʝʩʢʦʥʝʯʥʦ ʧʦʚʪʦʨʷʶʱʘʷʩʷ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ, ʠʟ ʢʦʪʦʨʦʡ ʧʨʦ-
ʪʦʢʦʣʴʥʳʡ ʦʙʲʝʢʪ ʥʝ ʤʦʞʝʪ ʚʳʡʪʠ ʙʝʟ ʧʦ-
ʩʪʦʨʦʥʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʪʝʨʤʠʥʘʭ EN ʵʪʦ 
ʦʟʥʘʯʘʝʪ ʙʝʩʢʦʥʝʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʩʨʘʙʘʪʳʚʘʥʠʡ s, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʩʨʘʙʘ-
ʪʳʚʘʶʱʠʡ ʧʝʨʝʭʦʜ t ʤʘʨʢʠʨʫʝʪ ʣʠʰʴ ʪʝ ʧʦ-
ʟʠʮʠʠ ʨ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ ʪʦʣʴ-
ʢʦ ʜʣʷ ʧʝʨʝʭʦʜʦʚ ʠʟ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦʩʪʠ s ( ) ( )( ),12 ss ÍÌÍ jj tPtP  ʥʝ ʩʦʜʝʨʞʘ-
ʱʝʡ ʚʩʝʭ ʧʝʨʝʭʦʜʦʚ EN(TËS). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʀʟ ʪʝʦʨʠʠ ʩʝʪʝʡ ʇʝʪʨʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʞʠ-

ʚʘʷ ʩʝʪʴ ʥʝ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʠʤ ʊ-ʠʥʚʘʨʠʘʥʪʦʤ, ʪʘʢ ʢʘʢ ʝʛʦ ʥʘʣʠʯʠʝ 
ʦʟʥʘʯʘʣʦ ʙʳ ʥʝʞʠʚʦʩʪʴ ʥʝ ʚʦʰʝʜʰʠʭ ʚ ʊËS  
ʧʝʨʝʭʦʜʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʜʠ-
ʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʠʨʦʚʦʢ, ʚʳʭʦʜ ʠʟ ʢʦʪʦʨʳʭ 

ʣʦʛʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ, ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʩʚʦʡ-
ʩʪʚʦʤ ʞʠʚʦʩʪʠ EN. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʜʣʷ ʜʦʢʘʟʘ-
ʪʝʣʴʩʪʚʘ ʥʘʣʠʯʠʷ ʞʝʣʘʪʝʣʴʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʫ ʧʨʦʪʦʢʦʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʢʘʟʘʪʴ 
ʥʘʣʠʯʠʝ ʩʚʦʡʩʪʚ ʞʠʚʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠ 
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ʜʦʩʪʠʞʠʤʦʩʪʠ ʫ ʝʛʦ ʄʃʉ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ 
ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ  EN. 

ʉʚʦʡʩʪʚʦ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʨʠʩʫʱʝ ʣʶ-
ʙʦʡ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 
ʘʧʧʘʨʘʪʘ EN. ʊʦ ʝʩʪʴ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝ-
ʰʝʥʠʶ ʟʘʜʘʯʠ ʜʦʩʪʠʞʠʤʦʩʪʠ ʜʣʷ ʧʦʩʪʨʦʝʥ-
ʥʦʡ ʩʝʪʠ EN ʩ ʮʝʣʴʶ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʞʠʚʦ-
ʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʝʝ ʧʝʨʝʭʦʜʦʚ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʜʦʩʪʠʞʠʤʦʩʪʠ ʜʣʷ 
ʦʧʠʩʘʥʥʦʡ ʚ ʩʪʘʪʴʝ ʤʦʜʝʣʠ ʧʨʦʪʦʢʦʣʘ ʧʝʨʝ-
ʜʘʯʠ ʜʘʥʥʳʭ ʙʳʣ ʧʨʠʤʝʥʝʥ ʘʣʛʦʨʠʪʤ ʢʣʶ-
ʯʝʚʦʛʦ ʧʝʨʝʙʦʨʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʦʩʪʠ-
ʞʠʤʦʩʪʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʪ-
ʚʝʨʞʜʝʥʠʷ: 

1) ɼʣʷ ʚʩʷʢʦʛʦ ʧʝʨʝʭʦʜʘ ʩʝʪʠ ti Í T 
ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʤʝʪʢʘ ʩʝʪʠ ʄi Í M , ʧʨʠ ʢʦ-
ʪʦʨʦʡ ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʝ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠ-
ʤʳʝ ʜʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʘ ti. 

2) ʇʨʠ ʣʶʙʦʡ ʨʘʟʤʝʪʢʝ ʩʝʪʠ ʄi Í M 
ʜʣʷ ʚʩʝʭ ʧʦʟʠʮʠʡ ʩʝʪʠ pi Í P ʚʳʧʦʣʥʷʝʪʩʷ 
ʫʩʣʦʚʠʝ M(pi)¢1. 

ʇʝʨʚʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘ-
ʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʘʷ ʩʝʪʝʚʘʷ ʤʦ-
ʜʝʣʴ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʞʠʚʦʩʪʠ, ʚʪʦʨʦʝ – 
ʩʚʦʡʩʪʚʦʤ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʫʪ-
ʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʪʦʢʦʣ ʧʝʨʝ-
ʜʘʯʠ ʜʘʥʥʳʭ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ 
ʩʪʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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Keywords: Control and supervision of remote objects, dynamic IP-address fixed and mobile re-

mote objects, in real time. 
The paper describes a problem of controlling and supervising remote objects operation using 

communication networks in real time. A system of cellular operators IP-addressing enabling to set-
tle this problem is proposed. 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠ-

ʙʦʨʳ, ʫʩʪʨʦʡʩʪʚʘ, ʢʦʤʧʣʝʢʩʳ ʠ ʦʙʲʝʢʪʳ 
ʪʨʝʙʫʶʪ ʢʘʢ ʧʨʘʚʠʣʦ,  ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʝʨʠʦ-
ʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʩʚʦʠʤ ʩʦʩʪʦʷʥʠʝʤ ʠ 
ʧʨʦʮʝʩʩʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 
ʯʝʣʦʚʝʢʘ (ʦʧʝʨʘʪʦʨʘ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘ-
ʝʚ ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪ-
ʚʣʝʥʠʷ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʬʦʨʤʝ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʦʧʝʨʘʪʦʨʘ ʩ ʢʦʥʪʨʦʣʠ-
ʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫ-
ʪʝʡ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ-
ʤʝʥʝʥʠʝ ʉʠʩʪʝʤʳ ɼʠʩʪʘʥʮʠʦʥʥʦʛʦ ʋʧʨʘʚ-
ʣʝʥʠʷ ʠ ʂʦʥʪʨʦʣʷ (ʉɼʋʂ), ʧʦʟʚʦʣʷʶʱʝʛʦ 
ʫʜʘʣʝʥʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʦʚ ʠ 
ʫʧʨʘʚʣʷʪʴ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ. 

 
ʈʠʩ.1 ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʉɼʋʂ 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝ-
ʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ 
ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪ, ʢʘʢ ʧʨʘʚʠ-
ʣʦ, ʜʚʘ ʪʠʧʘ ʢʘʥʘʣʦʚ: ʧʨʦʚʦʜʥʳʝ (ʦʧʪʦʚʦʣʦ-
ʢʦʥʥʳʝ) ʠ ʨʘʜʠʦʢʘʥʘʣʳ. ʈʘʜʠʦʢʘʥʘʣʳ ʤʦʛʫʪ 
ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʢʘʢ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʥʘ-
ʧʨʘʚʣʝʥʠʷʤ, ʪʘʢ ʠ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ, ʥʘ-
ʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʡ ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦ-
ʨʦʚ. ʆʨʛʘʥʠʟʘʮʠʷ ʚʳʜʝʣʝʥʥʳʭ ʨʘʜʠʦʢʘʥʘʣʦʚ 
ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ (ʉɼʋʂ) ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʠʪʴ ʥʘʜʝʞʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝ-
ʪʠ ʜʣʷ ʦʙʤʝʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦ-
ʩʪʴʶ ʪʨʘʬʠʢʘ. ʆʜʥʘʢʦ, ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ 
ʩʝʪʝʡ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʚʦʥʘʯʘʣʴ-
ʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʦʥʪʘʞ, ʧʫʩ-
ʢʦʥʘʣʘʜʢʫ ʠ ʪ.ʜ. ʇʨʠʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶ-
ʱʠʭ ʨʘʜʠʦʩʝʪʝʡ ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʢʘʯʝ-
ʩʪʚʝ ʦʩʥʦʚʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʉɼʋʂ, ʥʘ-
ʧʨʦʪʠʚ, ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʩʫʱʝʩʪʚʝʥ-
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ʥʳʭ ʥʘʯʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ, ʥʦ ʠʤʝʝʪ ʜʨʫʛʦʡ 
ʥʝʜʦʩʪʘʪʦʢ: ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʪʨʘʬʠʢʘ, 
ʢʘʢ ʧʨʠ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʨʝʯʝʚʦʤ ʢʘ-
ʥʘʣʝ, ʪʘʢ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʫʞʙʳ ʢʦ-
ʨʦʪʢʠʭ ʩʦʦʙʱʝʥʠʡ (SMS). ʆʜʥʠʤ ʠʟ ʚʦʟ-
ʤʦʞʥʳʭ ʚʳʭʦʜʦʚ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪ-
ʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʚʠʩʘ GPRS 
(EDGE)ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʬʠʢ ʉɼʋʂ 
ʟʘ ʩʯʝʪ ʦʙʤʝʥʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘ-
ʮʠʝʡ ʤʝʞʜʫ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ 
ʜʠʩʧʝʪʯʝʨʩʢʠʤ ʧʫʥʢʪʦʤ. ʊʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ 
ʠʤʝʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠ ʪʨʝ-
ʙʫʝʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝ-
ʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʤʦʙʠʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʜʣʷ 
ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʉɼʋʂ, ʢʘʞʜʦʤʫ ʦʙʲʝʢʪʫ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʨʚʠʩʘ GPRS (EDGE) 
ʪʨʝʙʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʩʪʘʪʠʯʝʩʢʠʡ IP ʘʜ-
ʨʝʩ, ʧʨʠʩʚʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʝʤ-
ʢʦʩʪʠ ʠ ʧʦʨʷʜʢʝ ʠʭ ʥʘʟʥʘʯʝʥʠʷ ʫ ʩʦʪʦʚʳʭ 
ʦʧʝʨʘʪʦʨʦʚ.ɸʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩ-
ʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʫʜʘʣʝʥʥʳʤ 

ʦʙʲʝʢʪʦʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʙʩʪ-
ʚʝʥʥʦʛʦ ʨʘʜʠʦʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ, ʩ ʪʦʯʢʠ ʟʨʝ-
ʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ, 
ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦ-
ʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʚʝʨʪʳ-
ʚʘʥʠʝ ʪʘʢʦʡ ʉɼʋʂ, ʦʧʨʘʚʜʳʚʘʶʪʩʷ ʭʘʨʘʢʪʝ-
ʨʦʤ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ʊʝʭʥʦʣʦʛʠʠ Bluetooth, 
Wi-Fi ʠ Wi-Max ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʚʝʨʥʫʪʴ 
ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʫʶ ʉɼʋʂ, ʧʨʝʜʥʘʟʥʘʯʝʥ-
ʥʫʶ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 
ʪʝʨʨʠʪʦʨʠʷʭ.ʉʪʘʥʜʘʨʪ CDMA ʥʝ ʧʦʣʫʯʠʣ, 
ʧʦʢʘ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʠ 
ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʢʨʳʪʠʷ, ʥʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝ-
ʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
ʉɼʋʂ ʙʳʣ ʚʳʙʨʘʥ ʩʪʘʥʜʘʨʪ GSM. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʫʩʪ-
ʨʦʡʩʪʚ ʉɼʋʂ, ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʥʢʪʘ ʥʘ ʦʩ-
ʥʦʚʝ ʇʕɺʄ ʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʦʨʛʘʥʠʟʦʚʘʥ-
ʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʨʚʠʩʘGPRS (EDGE) 
ʩʦʪʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʋʩʪʨʦʡʩʪʚʦ –
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ 
ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʦʥʪʨʦʣʣʝ-
ʨʘ,ʢʦʤʘʥʜʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, GSM ʧʨʠʝʤʦ-
ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʙʦ-
ʥʝʥʪʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

  

ʈʠʩ.3 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʙʦʥʝʥʪʩʢʦʛʦ ʤʦʜʫʣʷ ʉɼʋʂ 
 

ʂʦʥʪʨʦʣʣʝʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʦʩʘ ʩʦ-
ʩʪʦʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʧʦ ʜʚʫʤ ʪʠʧʘʤ 
ʚʭʦʜʦʚ: ʨʝʣʝʡʥʳʤ ʠ ʘʥʘʣʦʛʦʚʳʤ, ʧʦ ʢʦʪʦ-
ʨʳʤ ʬʦʨʤʠʨʫʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʣʦʛʠʯʝ-
ʩʢʘʷ (çʜʘè - çʥʝʪè) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ (ʢʦ-
ʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ) ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦ-
ʜʦʛʨʘʤʤʳ, ʧʝʨʝʜʘʚʘʝʤʦʡ GSM ʧʨʠʝʤʦ-
ʧʝʨʝʜʘʪʯʠʢʦʤ ʩ ʦʙʲʝʢʪʘ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʠʡ 

ʧʫʣʴʪ. ʂʦʤʘʥʜʥʳʡ ʧʨʦʮʝʩʩʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ 
ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦʡ GSM ʧʨʠʝʤʦ-
ʧʝʨʝʜʘʪʯʠʢʦʤ ʩ ʧʫʣʴʪʘ ʜʠʩʧʝʪʯʝʨʘ ʠʥʬʦʨ-
ʤʘʮʠʠ ʠ ʚʳʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʘʥʜ 
ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʨʘʚ-
ʣʝʥʠʷ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ ʚʢʣʶʯʘʝʪ ʘʙʦʥʝʥʪʩʢʫʶ ʯʘʩʪʴ, 
ʨʝʘʣʠʟʫʝʤʫʶ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʉɼʋʂ, ʠ ʙʘʟʦ-

GSM
ʧʨʠʝʤʦʧʝʨʝ
ʜʘʪʯʠʢ

ʋʩʪʨʦʡʩʪʚʦ 
ʫʧʨʘʚʣʝʥʠʷ

ʀʥʪʝʨʬʝʡʩ 
ʧʦʣʴʟʦʚʘʪʝ

ʣʷʎʇ ʇɿʋ ʆɿʋ
ɹʣʦʢ 

ʠʥʜʠʢʘʮʠʠ

ɹʣʦʢ 
ʫʧʨʘʚʣʝʥʠʷ

ʂʦʥʪʨʦʣʣʝʨ 
ʚʭʦʜʦʚ -
ʚʳʭʦʜʦʚ

ɹʣʦʢ ʩʦʛʣʘʩʫʶʱʠʭ 
ʫʩʪʨʦʡʩʪʚ

ʋʧʨʘʚʣʷ
ʶʱʠʝ 
ʚʳʭʦʜʳ

ʈʝʣʝʡ
ʥʳʝ 
ʚʭʦʜʳ

ɸʥʘʣʦʛ
ʦʚʳʝ 
ʚʭʦʜʳ
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ʚʫʶ ʯʘʩʪʴ, ʠʩʧʦʣʥʷʝʤʫʶ ʜʠʩʧʝʪʯʝʨʩʢʠʤ 
ʧʫʥʢʪʦʤ ʉɼʋʂ. ʆʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʨ-
ʛʘʥʠʟʘʮʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ GPRS 
(EDGE) ʩʦʝʜʠʥʝʥʠʷ ʚ GSM ʢʘʥʘʣʝ ʥʘ ʦʩʥʦʚʝ 
ʜʠʥʘʤʠʯʝʩʢʠ ʚʳʜʝʣʷʝʤʳʭ IP ʘʜʨʝʩʦʚ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝ-
ʩʫʨʩʘʤ ʦʧʝʨʘʪʦʨʘ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝ-
ʩʢʫʶ ʪʦʧʦʣʦʛʠʶ ʩʠʩʪʝʤʳ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʘʣ-
ʛʦʨʠʪʤʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʫʶ ʚʨʝʤʝʥʥʫʶ 
ʩʪʨʫʢʪʫʨʫ ʢʦʥʪʨʦʣʷ ʦʙʲʝʢʪʦʚ. ʆʙʤʝʥ ʬʦʨ-
ʤʘʣʠʟʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʧʦʤʦʱʴʶ 
ʪʝʭʥʦʣʦʛʠʠ EDGE ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʧʝʨʘʪʦ-
ʨʘʤʠ ʩʪʘʥʜʘʨʪʘ GSM, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜ-
ʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʉɼʋʂ ʩ ʪʦʯ-
ʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʦ 
ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ. ʇʨʠ ʨʝʛʠ-
ʩʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʉɼʋʂ ʚ ʩʝʪʠ ʠ ʟʘʧʫʩʢʝ 
ʪʝʭʥʦʣʦʛʠʠ EDGE ʦʧʝʨʘʪʦʨ ʚʳʜʝʣʷʝʪ ʢʘʞ-
ʜʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʜʠʥʘʤʠʯʝʩʢʠʡ IP ʘʜʨʝʩ, 
ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʥʦʚʦʤ ʚʭʦ-
ʜʝ ʚ ʩʝʪʴ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʧʨʦʩ ʧʦʩʪʨʦʝ-
ʥʠʷ ʩʚʷʟʥʦʡ ʩʪʨʫʢʪʫʨʳ ʉɼʋʂ ʷʚʣʷʝʪʩʷ 
ʦʯʝʥʴ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 
ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʚ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʙʳʣ ʨʘʟ-
ʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʣʝʤʝʥʪʘʤ 
ʉɼʋʂ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʝʜʠʥʝ-
ʥʠʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʜʝʣʝʥʥʦʛʦ ʠʤ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ IP ʘʜʨʝʩʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ 
ʷʚʣʷʶʪʩʷ ʦʧʝʨʘʮʠʠ çʀʜʝʥʪʠʬʠʢʘʮʠʠè ʠ 
çʋʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷè ʠʩʧʦʣʴʟʫʶʱʠʝ 
ʚʥʝʰʥʠʡ ʨʝʩʫʨʩ ʩʠʩʪʝʤʳ ʜʦʤʝʥʥʳʭ ʠʤʝʥ 
TCP/IP. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ -ʵʪʦ ʩʣʫʞʙʘ ʤʦʥʠʪʦ-
ʨʠʥʛʘ ʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʙʠ-
ʨʘʝʪ, ʧʝʨʝʜʘʝʪ, ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ, ʘ 
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conditions, modeling, a vector, accuracy, time scale, expenses. 
The algorithm of calculation of the module of an analytical signal is offered, I represent-shchy 

itself iterative procedure for performance of operation of "turn" of a vector on a plane. The wide 
range of variations of accuracy of algorithm allows to expand optimization possibilities 
ʢʦʤʧʨʦʤʠʩʥʳʭ decisions on set of such parameters as speed of calculations, their accuracy and 
complexity of realization with results comprehensible to engineering practice. 

 
ɺʳʯʠʩʣʝʥʠʝ ʤʦʜʫʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦ-
ʚʘʥʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʫʶ ʧʨʠ  ʮʠʬʨʦʚʦʡ ʦʙʨʘ-
ʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʥʫʞʥʦ ʨʝʰʘʪʴ ʚ ʨʝʘʣʴʥʦʤ 
ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 
ʆʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʟʘ-
ʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ CORDIC-ʘʣʛʦʨʠʪʤʝ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʡ ʠʪʝʨʘʮʠʦʥʥʫʶ ʧʨʦ-
ʮʝʜʫʨʫ  ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ çʧʦʚʦʨʦ-
ʪʘè ʚʝʢʪʦʨʘ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦ-
ʟʚʦʣʷʝʪ  ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚʳʯʠʩʣʝ-
ʥʠʡ ʤʦʜʫʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʩ ʚʳʩʦʢʦʡ 
ʪʦʯʥʦʩʪʴʶ ʠ ʫʧʨʦʩʪʠʪʴ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦ-
ʘʧʧʘʨʘʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʘ-
ʟʦʚʳʝ  CORDIC- ʦʧʝʨʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 
ʢʦʦʨʜʠʥʘʪ ʭ  ʠ ʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝ-
ʥʠʷʤʠ 

xi +1 =  Ki [xi –  ůi yi tgű]                            (1) 
 y i +1 = Ki  [yi +  ůi xi tgű , 
ʛʜʝ  i ʰʘʛ ʠʪʝʨʘʮʠʠ (i = 0, 1, …n), ʘ tgű = 

±2-i ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʝʛʦ ʣʠʰʴ ʦʧʝʨʘ-
ʮʠʶ ʩʜʚʠʛʘ ʥʘ i ʨʘʟʨʷʜʦʚ ʚ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝ-
ʤʝ ʩʯʠʩʣʝʥʠʷ, Ki – ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʱʠʡ ʜʝʬʦʨʤʘʮʠʶ ʚʝʢʪʦʨʘ ʥʘ i - ʰʘʛʝ  ůi.  

ɺ ʦʙʱʝʤ ʚʠʜʝ CORDIC-ʘʣʛʦʨʠʪʤ ʧʦ ʯʠʩ-
ʣʫ ʦʧʝʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ ʠ 
ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʫʣʷ ʢʦʤ-
ʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʝʛʦ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ. 
ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʚ ʚʠʜʝ 
ʚʝʢʪʦʨʘ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʟʚʦʣʷ-
ʝʪ ʫʪʦʯʥʠʪʴ ʥʘʯʘʣʴʥʳʝ ʠ ʟʘʚʝʨʰʘʶʱʠʝ ʧʨʠ-
ʙʣʠʞʝʥʠʷ ʢ ʠʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ  ʠʩʢʦʤʦʛʦ 
ʚʝʢʪʦʨʘ. ʊʘʢ,   ʚʦʟʤʦʞʥʦ  ʦʛʨʘʥʠʯʠʪʴ ʥʝʦʧ-
ʨʝʜʝʣʝʥʥʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʝʢʪʦ-
ʨʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʝʢʪʦʨʦʤ ʫʛʣʦʚ 450  ʧʫʪʝʤ 
ʧʨʠʩʚʦʝʥʠʷ ʙʦʣʴʰʝʡ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʢʦ-
ʦʨʜʠʥʘʪʝ, ʢ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩʪʷ-
ʛʠʚʘʥʠʝ ʚʝʢʪʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢ-

ʪʦʨʦʤ ʠ ʝʛʦ ʙʦʣʴʰʝʡ ʧʨʦʝʢʮʠʝʡ ʚʩʝʛʜʘ 
ʤʝʥʴʰʝ 45 ʛʨʘʜʫʩʦʚ. ɼʘʣʝʝ, ʤʦʞʥʦ ʦʛʨʘʥʠ-
ʯʠʪʴ ʨʘʟʤʝʱʝʥʠʝ ʵʪʦʛʦ ʩʝʢʪʦʨʘ ʚ ʙʦʣʝʝ 
ʫʜʦʙʥʦʤ ʧʝʨʚʦʤ ʢʚʘʜʨʘʥʪʦʤ ʧʣʦʩʢʦʩʪʠ. ʕʪʦ 
ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʧʨʠʩʚʦʝʥʠʷ  ʢʦʦʨʜʠʥʘʪʝ 
ʍ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʝʡ ʧʨʦʝʢ-
ʮʠʠ, ʘ ʢʦʦʨʜʠʥʘʪʝ ʋ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝ-
ʥʠʷ ʤʝʥʴʰʝʡ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ʪʘʢ, ʢʘʢ 
ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʢʦʚ ʘʙʩʦ-
ʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʝʛʦ ʧʨʦʝʢʮʠʡ ʥʘ ʢʦʦʨʜʠ-
ʥʘʪʥʳʝ ʦʩʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʫʪʝʤ ʧʨʠʩʚʦʝʥʠʷ 
ʧʦʣʫʯʝʥʥʦʤʫ ʧʦʩʣʝ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʟʥʘʯʝ-
ʥʠʶ ʢʦʦʨʜʠʥʘʪʳ ʋ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʢʘ 
ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʦʧʝʨʘʮʠʠ ʧʦ  ʧʨʠʥʷʪʠʶ 
ʨʝʰʝʥʠʷ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʦʨʦʪʘ ʚ ʧʦʩʣʝ-
ʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ. ʇʨʠʩʚʦʝʥʠʝ ʚʝʣʠʯʠʥʝ ʋ 
ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ  ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʧʝʨʝʚʦʜʠʪ ʚʝʢʪʦʨ ʚ ʠʟʥʘʯʘʣʴʥʳʡ ʧʝʨʚʳʡ 
ʢʚʘʜʨʘʥʪ, ʚ ʢʦʪʦʨʦʤ  ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʩʣʝ-
ʜʫʶʱʝʛʦ ʝʛʦ ʧʦʚʦʨʦʪʘ ʢ ʦʩʠ ʍ  ʜʣʷ ʣʶʙʦʡ 
ʠʪʝʨʘʮʠʠ ʦʜʠʥʘʢʦʚʦʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʳʤʠ  ʫʪʦʯʥʝʥʠʷ-
ʤʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶ-
ʯʘʝʪʩʷ  ʠʟ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʥʘʯʘʣʴʥʳʡ 
ʰʘʛ ʧʦʚʦʨʦʪʘ ʚʝʢʪʦʨʘ ʥʘ 450 ʠ ʩʦʢʨʘʱʘʝʪʩʷ 
ʢʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʦʧʨʝʜʝ-
ʣʝʥʠʶ ʢʚʘʜʨʘʥʪʘ ʨʘʟʤʝʱʝʥʠʷ ʚʝʢʪʦʨʘ, ʘ 
ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʧʦʚʦʨʦʪʘ ʧʨʠ ʢʘʞʜʦʡ 
ʠʪʝʨʘʮʠʠ.  

ʇʦʩʢʦʣʴʢʫ ʠʪʝʨʘʮʠʦʥʥʳʝ ʰʘʛʠ ʦʜʥʦʪʠʧ-
ʥʳ, ʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ  
ʮʠʢʣʘ ʘʣʛʦʨʠʪʤʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴ ʢʦʥʚʝʡʝʨʥʫʶ ʩʭʝʤʫ. ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳ-
ʚʘʷ, ʯʪʦ ʂi -ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʚʝʢ-
ʪʦʨʘ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʝʛʦ ʫʛʣʘ ʧʦʚʦ-
ʨʦʪʘ, ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʘʪʦʯʥʦ ʫʯʝʩʪʴ 
ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʚ ʧʦʩʣʝʜʥʝʡ ʠʪʝʨʘʮʠʠ. 
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ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, 
ʠʪʝʨʘʮʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʧʨʠʚʦʜʷʪʩʷ 
ʢ ʙʦʣʝʝ ʧʨʦʩʪʦʤʫ ʚʠʜʫ: 

xi +1 =  [xi +  ůi yi (2-i)]                               (2) 
y i +1 =   [yi -  ůi xi (2-i)]   ,  
ʛʜʝ  i = 1,2, …n. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʣʝʜʥʝʡ ʠʪʝʨʘʮʠʠ N= i  

ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ C ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  
|C| = xN  K , 
ʛʜʝ K =  K1 K2… KN - ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (2) ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʠʧʦ-
ʚʦʡ ʠʪʝʨʘʮʠʠ ʩʚʝʜʝʥʘ ʢ ʜʚʫʤ ʧʨʦʩʪʳʤ ʦʧʝ-
ʨʘʮʠʷʤ – ʩʣʦʞʝʥʠʶ ʠ ʩʜʚʠʛʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ ʜʦ 
ʜʝʩʷʪʢʘ ʥʩ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʦ - ʘʧʧʘʨʘʪʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 
ʪʦʯʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʥʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠ-
ʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʤʝʨʝ 
ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 3 ʠʪʝʨʘʮʠʡ ʦʰʠʙʢʘ 
ʚʳʯʠʩʣʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1%, ʘ ʧʨʠ 8 
ʠʪʝʨʘʮʠʷʭ ʦʥʘ ʧʘʜʘʝʪ ʜʦ ʜʝʩʷʪʠʪʳʩʷʯʥʳʭ  
ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. ʇʨʠ ʵʪʦʤ, ʩʣʦʞʥʦʩʪʴ 
ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚʳʨʘʞʘʝʪʩʷ ʚ 
ʥʘʨʘʱʠʚʘʥʠʠ ʧʨʦʩʪʳʭ ʠʜʝʥʪʠʯʥʳʭ 
ʠʪʝʨʘʮʠʦʥʥʳʭ ʟʚʝʥʴʝʚ. ʉ ʜʨʫʛʦʡ ʞʝ 
ʩʪʦʨʦʥʳ, ʩʪʦʣʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ 

ʪʦʯʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʧʨʝʮʝʟʠʦʥʥʫʶ, ʧʦʟʚʦʣʷʝʪ 
ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ 
ʢʦʤʧʨʦʤʠʩʥʳʭ ʨʝʰʝʥʠʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, 
ʠʭ ʪʦʯʥʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩ 
ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ 
ʨʝʟʫʣʴʪʘʪʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʢʘʟʘʥʥʳʝ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʨʘʩʰʠʨʷʶʪ 
ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʯʠʩʣʝʥʠʡ 
ʤʦʜʫʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʚ ʨʝʘʣʴʥʦʤ 
ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ 
ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ. 
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Analysis of functioning threats for civil consumers equipment of global satellite radio navigating 

systems and analysis of possible ways of protection is made 
 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʥʦʛʠʝ ʛʦʩʫʜʘʨʩʪʚʘ 

ʚ ʤʠʨʝ ʚ ʯʠʩʣʝ ʩʚʦʠʭ ʮʝʣʝʡ ʩʪʘʚʷʪ ʦʙʣʘʜʘʥʠʝ 
ʩʦʙʩʪʚʝʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠ-
ʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʛʣʦʙʘʣʴʥʦʛʦ ʠʣʠ ʨʝʛʠʦ-
ʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʠʣʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩ-
ʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʦʨʨʝʢʮʠʠ ʜʘʥ-
ʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʫʶʪ 
ʜʚʝ ʛʣʦʙʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʨʘʜʠʦʥʘʚʠʛʘ-
ʮʠʦʥʥʳʭ ʩʠʩʪʝʤʳ (ʉʈʅʉ): ʨʦʩʩʠʡʩʢʘʷ ɻʣʦ-
ʥʘʩʩ ʠ ʘʤʝʨʠʢʘʥʩʢʘʷ Navstar GPS. ɽʚʨʦʩʦʶʟ 
ʠ ʂʠʪʘʡ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʣʘʥʠʨʫʶʪ ʨʘʟ-
ʚʸʨʪʳʚʘʥʠʝ ʩʚʦʠʭ ʛʣʦʙʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 
ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: Galileo ʠ 
Compass ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ ʨʷʜ 
ʛʦʩʫʜʘʨʩʪʚ ʦʙʣʘʜʘʝʪ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʩʧʫʪ-
ʥʠʢʦʚʳʤʠ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘ-
ʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʜʚʫʭ-ʧʷʪʠ ʩʧʫʪʥʠʢʦʚ ʥʘ 
ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʦʨʙʠʪʘʭ. ʊʘʢʞʝ ʚ ʨʘʟʣʠʯ-
ʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʨʘʟʚʸʨʥʫʪʳ ʩʧʫʪʥʠʢʦʚʳʝ 
ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʦʨʨʝʢʮʠʠ 
(SBAS).  

ɺʦ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʚ ʉʈʅʉ ɻʣʦʥʘʩʩ, ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʜʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 
ʩʠʛʥʘʣʦʚ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ. ʉʪʨʫʢʪʫʨʘ 
ʩʠʛʥʘʣʦʚ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ ʚ 
ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞʘ 
ʠ ʠʤʝʝʪ ʚʠʜ: 

( ) ( ) ( ) ( )jp += LtsintDtAQtS ii 2 , [ ]ʢʘn,i 1Í ,  (1) 
ʛʜʝ A – ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ; Qi(t) – ʤʘʥʠʧʫ-
ʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 
ʨʘʩʰʠʨʷʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ; Di(t) – 
ʤʘʥʠʧʫʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 
ʩʦʙʦʡ ʧʝʨʝʜʘʚʘʝʤʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ; 
L – ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ; ű – ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ 
ʩʠʛʥʘʣʘ; i – ʥʦʤʝʨ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ 
ʩʠʩʪʝʤʝ; nʢʘ – ʦʙʱʝʝ ʯʠʩʣʦ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧ-
ʧʘʨʘʪʦʚ ʚ ʩʠʩʪʝʤʝ. 

ʊʝʭʥʦʣʦʛʠʠ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʨʝʤʝʥʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦ-
ʥʘʚʠʛʘʮʠʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʸ ʙʦʣʝʝ ʠʥʪʝʛ-
ʨʠʨʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝ-
ʤʳ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʣʘʩʩ ʢʨʠ-
ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦ-
ʚʘʥʠʷ ʢʦʪʦʨʳʭ ʟʘʯʘʩʪʫʶ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫʛ-
ʨʦʟʫ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʵʢʦʣʦʛʠʯʝ-
ʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʙʣʘʛʦʩʦʩ-
ʪʦʷʥʠʶ ʨʝʛʠʦʥʘ. ʂ ʪʘʢʠʤ ʢʨʠʪʠʯʝʩʢʠʤ ʩʠʩ-

ʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʪʦʯʥʦʡ 
ʧʦʩʘʜʢʠ ʩʘʤʦʣʸʪʦʚ ʠ ʩʠʩʪʝʤʳ ʤʘʥʝʚʨʠʨʦʚʘ-
ʥʠʷ ʩʫʜʦʚ ʚ ʟʦʥʝ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʧʦʨʪʦʚ 
ʧʦ ʩʠʛʥʘʣʘʤ ʉʈʅʉ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʤʦ-
ʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩʫʜʘʤʠ ʚ ʘʚ-
ʪʦʤʘʪʠʯʝʩʢʦʤ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠ-
ʤʘʭ, ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤ ʦʪʚʦʜʠʪʩʷ 
ʨʦʣʴ ʨʝʟʝʨʚʥʳʭ ʩʠʩʪʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʧʨʠʯʠʥʝ ʫʷʟʚʠʤʦʩʪʠ ʘʧʧʘʨʘ-
ʪʫʨʳ ʛʨʘʞʜʘʥʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ (ɸɻʇ) 
ʉʈʅʉ ʧʝʨʝʜ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʘʪʘʢ. 

ʉʨʝʜʠ ʚʠʜʦʚ ʚʦʟʤʦʞʥʳʭ ʘʪʘʢ ʥʘ ɸɻʇ 
ʉʈʅʉ ʦʩʦʙʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 
ʜʚʘ: 

- ʧʦʜʘʚʣʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʨʘʜʠʦʩʠʛ-
ʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʦʧʦʤʝʭ 
(jamming); 

- ʥʘʚʷʟʳʚʘʥʠʝ ʣʦʞʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 
ʩʠʛʥʘʣʦʚ ʦʪ ʧʩʝʚʜʦʩʧʫʪʥʠʢʦʚ (spoofing). 

ʎʝʣʴʶ ʘʪʘʢʠ ʧʦʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʣʦʢʠ-
ʨʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ ʢʦʪʦʨʦʛʦ ɸɻʇ ʉʈʅʉ ʫʪʨʘʯʠʚʘʝʪ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠ ʦʩʫʱʝ-
ʩʪʚʣʷʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʦʡ 
ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʉʈʅʉ. ɺ ʩʣʫʯʘʝ ʧʦ-
ʪʝʨʠ ʩʠʛʥʘʣʘ ʦʪ ʉʈʅʉ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ 
ʥʘ ʜʨʫʛʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʠʣʠ ʚʨʝ-
ʤʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɽʩʣʠ ʞʝ ʥʘʚʠʛʘʮʠʦʥ-
ʥʘʷ ʧʦʜʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʉʈʅʉ, ʨʘʙʦ-
ʪʘʝʪ ʥʦʨʤʘʣʴʥʦ, ʪʦ ʟʘʯʘʩʪʫʶ ʧʦʣʘʛʘʶʪʩʷ 
ʪʦʣʴʢʦ ʥʘ ʝʸ ʜʘʥʥʳʝ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʙʦʣʝʝ 
ʦʧʘʩʥʦʡ ʷʚʣʷʝʪʩʷ ʘʪʘʢʘ ʥʘʚʷʟʳʚʘʥʠʷ ʣʦʞʥʳʭ 
ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ 
ʷʚʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʦʙʲʝʢʪʘ ʦʪ ʪʨʝʙʫʝʤʦʛʦ 
ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʚʠʛʘ-
ʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ, ʠ ʧʝʨʝʭʦʜ 
ʥʘ ʨʝʟʝʨʚʥʫʶ ʩʠʩʪʝʤʫ ʥʝ ʧʨʦʠʟʦʡʜʸʪ. ʅʦ 
ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʘ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ-
ʚʝʨʥʦ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʤʦʞʝʪ ʩʪʘʪʴ ʢʨʫʰʝ-
ʥʠʝ ʩʫʜʥʘ. ʅʘʚʷʟʳʚʘʥʠʝ ʣʦʞʥʦʛʦ ʥʘʚʠʛʘʮʠ-
ʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʧʦʜʦʙʥʦʡ 
ʨʘʜʠʦʧʦʤʝʭʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʢʘʞʜʳʡ ʪʠʧ ʘʪʘʢʠ. 
ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚ-
ʣʝʥʠʷ (ʈʕʇ) ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʧʦʤʝʭʘʤʠ 
ɸɻʇ ʉʈʅʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʛʜʝ 
ɸɻʇ – ʘʧʧʘʨʘʪʫʨʘ ʛʨʘʞʜʘʥʩʢʠʭ ʧʦʪʨʝʙʠʪʝ-
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ʣʝʡ, ʇʈʄ – ʧʦʜʩʠʩʪʝʤʘ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ, 
ʇʇ – ʧʦʩʪʘʥʦʚʱʠʢ ʧʦʤʝʭ, ʂʈʕʇ – ʢʦʤʧʣʝʢʩ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

 
ʈʠʩ. 1 - ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ɸɻʇ ʉʈʅʉ 

ɼʣʷ ʈʕʇ ɸɻʇ ʉʈʅʉ ʧʨʠʛʦʜʥʳ ʘʢʪʠʚʥʳʝ 
ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʧʦʤʝʭʠ, ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ 
ʤʘʩʢʠʨʫʶʱʠʝ ʠ ʠʤʠʪʠʨʫʶʱʠʝ. ɸʢʪʠʚʥʳʝ 
ʤʘʩʢʠʨʫʶʱʠʝ ʧʦʤʝʭʠ ʩʦʟʜʘʶʪ ʥʘ ʚʭʦʜʝ 
ɸɻʇ ʬʦʥ, ʢʦʪʦʨʳʡ ʟʘʪʨʫʜʥʷʝʪ ʦʙʥʘʨʫʞʝʥʠʝ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʦʮʝʥʠʚʘʥʠʝ ʠʭ 
ʧʘʨʘʤʝʪʨʦʚ. ʄʘʩʢʠʨʫʶʱʠʝ ʧʦʤʝʭʠ ʜʝʣʷʪʩʷ 
ʥʘ ʥʝʧʨʝʨʳʚʥʳʝ ʰʫʤʦʚʳʝ ʧʦʤʝʭʠ, ʭʘʦʪʠʯʝ-
ʩʢʠʝ ʠʤʧʫʣʴʩʥʳʝ ʧʦʤʝʭʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦʩʪʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛ-
ʥʘʣʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʩʢʠʨʫʶʱʠʭ ʧʦʤʝʭ 
ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʨʝʤʝʥʥʳʭ, ʩʧʝʢ-
ʪʨʘʣʴʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ, ʘ ʪʘʢʞʝ ʦʪ ʦʪʥʦʰʝʥʠʷ 
ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʥʘ ʚʭʦʜʝ ɸɻʇ. ɺ ʢʘʯʝʩʪʚʝ 
ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʤʝʭ ʧʨʠ ʈʕʇ 
ɸɻʇ ʉʈʅʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʧʦʜʘʚʣʝʥʠʷ: 

ʈɼSBp PP=h ; 161052 -Ö= ,PSB  ɺʪ, (2) 
ʛʜʝ PSB – ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʞʠʜʘʝʤʳʡ ʫʨʦʚʝʥʴ 
ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ɸʇ; Pʈɼ – ʫʨʦʚʝʥʴ ʧʦʤʝʭʠ 
P(t) – ʥʘ ʚʭʦʜʝ ɸɻʇ, ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʥʘʨʫ-
ʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ʧʝʨʚʠʯ-
ʥʦʡ ʦʙʨʘʙʦʪʢʠ ɸɻʇ. 

ɼʣʷ ʈʕʇ ɸɻʇ ʉʈʅʉ ʠʟ ʤʘʩʢʠʨʫʶʱʠʭ 
ʧʦʤʝʭ ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʳ ʧʨʠʮʝʣʴʥʳʝ ʠ ʟʘ-
ʛʨʘʜʠʪʝʣʴʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʰʫʤʦʚʳʝ ʧʦʤʝ-
ʭʠ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʚʘʟʠʙʝ-

ʣʦʛʦ ʰʫʤʘ (ʐʇ) ʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ (ɻʇ). ɸʢʪʠʚʥʳʝ ʠʤʠʪʠʨʫʶʱʠʝ ʧʦʤʝʭʠ 
ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʥʝʩʝʥʠʷ ʣʦʞʥʦʡ ʠʥ-
ʬʦʨʤʘʮʠʠ ʚ ɸɻʇ ʠ ʧʝʨʝʛʨʫʟʢʠ ʢʘʥʘʣʦʚ ʧʝʨ-
ʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʏʪʦʙʳ ʟʘ-
ʪʨʫʜʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʠʤʠʪʠ-
ʨʫʶʱʝʡ ʧʦʤʝʭʠ, ʦʥʘ ʜʦʣʞʥʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 
ʧʨʦʮʝʩʩʦʤ, ʩʭʦʜʥʳʤ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʩʠʛ-
ʥʘʣʦʤ. ʀʤʠʪʠʨʫʶʱʠʝ ʧʦʤʝʭʠ, ʩʦʟʜʘʥʥʳʝ 
ʛʝʥʝʨʘʪʦʨʥʳʤ ʤʝʪʦʜʦʤ, ʪʘʢʞʝ ʥʘʟʳʚʘʶʪʩʷ 
ʩʠʛʥʘʣʦʧʦʜʦʙʥʳʤʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ 
çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭè ʧʦʤʝʭ. ʉʠʛʥʘʣʦʧʦʜʦʙ-
ʥʳʝ ʧʦʤʝʭʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʠʮʝʣʴʥʳʝ, 
ʩʣʝʜʷʱʠʝ ʠ ʟʘʛʨʘʜʠʪʝʣʴʥʳʝ (ɿʉʇ). ʂ ʥʝʜʦʩ-
ʪʘʪʢʘʤ ʩʣʝʜʷʱʝʡ ʠ ʧʨʠʮʝʣʴʥʦʡ ʩʠʛʥʘʣʦʧʦ-
ʜʦʙʥʳʭ ʧʦʤʝʭ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ 
ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʮʝʣʝʫʢʘʟʘʥʠʡ. ɹʦʣʝʝ ʧʨʦʩʪʦʡ ʚ ʨʝʘʣʠʟʘ-
ʮʠʠ ʷʚʣʷʝʪʩʷ ʟʘʛʨʘʜʠʪʝʣʴʥʘʷ ʩʠʛʥʘʣʦʧʦʜʦʙ-
ʥʘʷ ʧʦʤʝʭʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʝ ʪʨʝʙʫʝʪ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʮʝʣʝʫʢʘ-
ʟʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʕʇ ʢʘʥʘ-
ʣʦʚ ɸɻʇ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʫʤʦʚʦʡ, ʛʘʨ-
ʤʦʥʠʯʝʩʢʦʡ ʠ ʟʘʛʨʘʜʠʪʝʣʴʥʦʡ ʩʠʛʥʘʣʦʧʦ-
ʜʦʙʥʦʡ ʧʦʤʝʭ ʜʣʷ ʩʣʫʯʘʷ ʰʪʘʪʥʦʛʦ ʘʚʪʦ-
ʥʦʤʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸɻʇ ʧʨʠʚʝʜʝ-
ʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʊʘʙʣʠʮʘ 2 – ʇʦʢʘʟʘʪʝʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʤʝʭ ʥʘ ɸɻʇ ʉʈʅʉ 

ʂʘʥʘʣ ɸʇ ʊʠʧ 
ʧʦʤʝʭʠ 

ɺʝʨʦʷʪ-
ʥʦʩʪʴ ʈʕʇ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 
ʧʦʪʝʥʮʠʘʣ PnGn 
(ʜɹɺʪ) 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʦʜʘʚʣʝʥʠʷ ɖp 

ʂʘʥʘʣ ʦʙʥʘʨʫ-
ʞʝʥʠʷ 

ʐʇ 
ɻʇ 

Pʈʇ1 = 0,5 
Pʈʇ1 = 0,5 

8,5 
8,5 

ɖp11 = 1,5 · 10-3 

ɖp12 = 1,5 · 10-3 
ɿʉʇ Pʈʇ1 = 0,67 - 9,5 ɖp13 = 5 · 10-2 
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-3,6 ɖp13 = 10-1 
ʂʘʥʘʣ ʩʣʝʞʝʥʠʷ 
ʟʘ ʯʘʩʪʦʪʦʡ 

ʐʇ 
ɻʇ 

Pʈʇ2 = 0,32 
Pʈʇ2 = 0,32 

19,5 
24,4 

ɖp21 = 2,5 · 10-3 
ɖp22 = 4,17 · 10-3 

ʂʘʥʘʣ ʩʣʝʞʝʥʠʷ 
ʟʘ ʟʘʜʝʨʞʢʦʡ 

ʐʇ 
ɻʇ 

Pʈʇ3 = 0,5 
Pʈʇ3 = 0,5 

10,4 
54 

36
31 101034 --ÖÍ ;,h

710
32 101034 --ÖÍ ;,h  

ɿʉʇ Pʈʇ3 = 0,67 - 9,5 
-3,6 

ɖp33 = 5 · 10-3 

ɖp33 = 10-1 
ʂʘʥʘʣ ʜʝʤʦʜʫ-
ʣʷʮʠʠ 

ʐʇ 
ɻʇ 

Pʈʇ4 = 0,1 
Pʈʇ4 = 0,1 

18,7 
18,7 

ɖp41 = 8,3 · 10-4 
ɖp42 = 2,5 · 10-5 

 
ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘ-
ʮʠʠ ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʧʦʜʦʙʥʳʭ ʧʦ-
ʤʝʭ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ ʨʘʚʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ 
ʤʦʱʥʦʩʪʠ ʂʈʕʇ ʬʦʨʤʠʨʫʝʤʳʝ ɿʉʇ ʙʫʜʫʪ 
ʵʬʬʝʢʪʠʚʥʳ ʥʘ ʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ, ʥʝʞʝ-
ʣʠ ɻʇ ʠ ʐʇ. 

ʇʨʠ ʧʦʜʘʚʣʝʥʠʠ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ 
ʩʠʛʥʘʣʦʚ ʉʈʅʉ ʦʧʦʨʥʳʝ ʩʪʘʥʮʠʠ ʩʧʫʪʥʠʢʦ-
ʚʳʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʦʨʨʝʢʮʠʠ 
ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʬʦʨʤʠʨʦ-
ʚʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʧʦʧʨʘʚʢʫ ʚ ʩʣʫʯʘʝ 
ʥʘʭʦʞʜʝʥʠʷ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʂʈʕʇ. ɼʘʞʝ 
ʝʩʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʧʦʧʨʘʚʢʘ ʙʫʜʝʪ 
ʩʬʦʨʤʠʨʦʚʘʥʘ, ʝʸ ʧʝʨʝʜʘʯʘ ɸɻʇ ʤʦʞʝʪ ʦʢʘ-
ʟʘʪʴʩʷ ʥʝʚʦʟʤʦʞʥʦʡ ʚ ʩʠʣʫ ʧʦʜʘʚʣʝʥʠʷ 
ʂʈʕʇ ʠ ʵʪʦʛʦ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʩʣʫ-
ʯʘʝ ʫʩʧʝʰʥʦʛʦ ʧʨʠʸʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 
ʧʦʧʨʘʚʢʠ ʦʥʘ ʦʢʘʞʝʪʩʷ ʙʝʩʧʦʣʝʟʥʦʡ ʧʨʠ ʧʦ-
ʜʘʚʣʝʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʘʭ ʉʈʅʉ. 

ɺʦʟʤʦʞʥʳʤʠ ʧʫʪʷʤʠ ʧʦʚʳʰʝʥʠʷ ʟʘʱʠ-
ʱʸʥʥʦʩʪʠ ɸɻʇ ʉʈʅʉ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ɻʇ ʠ 
ʐʇ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠ 
ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘ-
ʣʘ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʤʝʨ ʦʛʨʘʥʠ-
ʯʠʚʘʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʜʦʛʦʚʦʨʸʥʥʦ-
ʩʪʷʤʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ 
ʨʝʩʫʨʩʘ. ʂʨʦʤʝ ʪʦʛʦ ʜʘʥʥʳʝ ʤʝʨʳ ʙʫʜʫʪ ʤʝ-
ʥʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ɿʉʇ. ɺʦʟʤʦʞʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʟʘ-
ʱʠʱʸʥʥʦʩʪʠ ɸɻʇ ʉʈʅʉ ʦʪ ɿʉʇ ʤʦʞʝʪ 
ʩʣʫʞʠʪʴ ʧʦʚʳʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦ-
ʩʪʠ ʉʈʅʉ ʧʫʪʸʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʥʝʧʦʚʪʦʨʷʶʱʠʭʩʷ ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴ-
ʥʳʭ ʢʦʜʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʢʘʯʝʩʪ-
ʚʝ Qi(t) ʚ (1). 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʚʪʦʨʦʡ ʪʠʧʘ ʘʪʘʢ ʥʘ 
ɸɻʇ ʉʈʅʉ – ʥʘʚʷʟʳʚʘʥʠʝ ʣʦʞʥʳʭ ʥʘʚʠʛʘ-
ʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʧʩʝʚʜʦʩʧʫʪʥʠʢʦʚ. ʅʘ 
ʨʳʥʢʝ ʠʤʝʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ 
ʠʤʠʪʠʨʦʚʘʪʴ ʩʠʛʥʘʣʳ ʉʈʅʉ. ʆʥʠ ʩʧʦʩʦʙʥʳ 
ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʪʦʯʥʳʝ ʢʦʧʠʠ ʩʠʛʥʘʣʦʚ, 

ʪʨʘʥʩʣʠʨʫʝʤʳʭ ʩʧʫʪʥʠʢʘʤʠ, ʠʤʠʪʠʨʦʚʘʪʴ 
ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʤʝʭ ʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʟʘ-
ʜʝʨʞʝʢ ʩʠʛʥʘʣʦʚ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʷ-
ʶʪʩʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠ-
ʸʤʥʠʢʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴ-
ʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʩʝʚʜʦʩʧʫʪʥʠʢʦʚ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸɻʇ ʉʈʅʉ 
ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ 
ʦʪ ʩʧʫʪʥʠʢʦʚ ʟʘʪʨʫʜʥʝʥʦ. ɼʦʩʪʫʧʥʦʩʪʴ ʧʦ-
ʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 
ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʨʝʘʣʠʟʘʮʠʠ ʘʪʘʢʠ ʪʠʧʘ çʩʧʫʬʠʥʛè. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠ-
ʦʥʥʦʡ ʟʘʜʘʯʠ ɸɻʇ ʉʇʈʅ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʝʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʜʠʩʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝ-
ʤʝʥʠ ʪʨʝʙʫʝʪʩʷ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 
ʚʠʜʘ: 

( ) ( ) ( ) [ ]( )
( ) ( ) ( ) [ ]( )
( ) ( ) ( ) [ ]( )
( ) ( ) ( ) [ ]( )24

2
4

2
4

2
4

2
3

2
3

2
3

2
3

2
2

2
2

2
2

2
2

2
1

2
1

2
1

2
1

ctbtzzyyxx
ctbtzzyyxx
ctbtzzyyxx
ctbtzzyyxx

r

r

r

r

-+=-+-+-
-+=-+-+-
-+=-+-+-
-+=-+-+-

,(3) 

ʛʜʝ x, y, z – ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʸʤʥʠʢʘ; tr – ʚʨʝ-
ʤʷ ʧʨʠʸʤʥʠʢʘ; b ʠ c – ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, 
ʧʦʨʦʞʜʘʝʤʳʝ ʟʘʜʝʨʞʢʦʡ ʩʠʛʥʘʣʦʚ ʚ ʩʨʝʜʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ; xi, yi, zi, ti - ʜʘʥʥʳʝ, ʧʝʨʝ-
ʜʘʚʘʝʤʳʝ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʤ ʩʦʦʙʱʝʥʠʠ (ʢʦ-
ʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʷ ʩʧʫʪʥʠʢʘ). ʄʘʥʠʧʫʣʠʨʦ-
ʚʘʥʠʝ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʚʝʜʸʪ ʢ ʥʝʚʝʨʥʦʤʫ ʦʧ-
ʨʝʜʝʣʝʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ  ʠ ʧʦʟʚʦʣʷʝʪ 
ʬʦʨʤʠʨʦʚʘʪʴ ʣʦʞʥʳʡ ʢʫʨʩ ʩʣʝʜʦʚʘʥʠʷ ʧʦʜ-
ʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʠ ʥʘʚʷʟʳʚʘʥʠʠ ʣʦʞʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 
ʩʠʛʥʘʣʦʚ ʉʈʅʉ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 
ʢʦʨʨʝʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʘʚʣʝʥʳ ʦʨʛʘʥʠʟʦ-
ʚʘʥʥʳʤʠ ʧʦʤʝʭʘʤʠ ʠʣʠ ʠʭ ʩʠʛʥʘʣʳ ʪʘʢʞʝ 
ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʤʝʥʝʥʳ ʣʦʞʥʳʤʠ. ɼʘʞʝ ʚ 
ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʙʦʪʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʦʨʨʝʢʮʠʠ ʥʝ ʙʫʜʝʪ ʫʯ-
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ʪʝʥʘ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʘʪʘʢʠ çʩʧʫʬʠʥʛè, ʦʥʘ 
ʦʢʘʞʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʣʠʰʴ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʝʪʨʘ, 
ʥʦ ʥʝ ʧʦʤʝʰʘʝʪ ʦʩʥʦʚʥʦʡ ʮʝʣʠ ʘʪʘʢʠ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʟʘʱʠʪʳ ʦʪ 
ʥʘʚʷʟʳʚʘʥʠʷ ʣʦʞʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘ-
ʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʰʠʬʨʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥ-
ʥʳʭ ʩʦʦʙʱʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʪʨʝʙʫʝʪʩʷ ʦʨ-
ʛʘʥʠʟʘʮʠʷ ʨʝʞʠʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ 
ʩʨʝʜʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ 
ʢʣʶʯʝʡ ʧʨʠ ʠʭ ʢʦʤʧʨʦʤʝʪʘʮʠʠ, ʯʪʦ ʧʦʪʨʝ-
ʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʤʝʞʜʫ 
ɸɻʇ ʠ ʩʝʛʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʉʈʅʉ. ɺ ʩʠʣʫ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʨʘʥʩʣʷʮʠʠ ʥʘʚʠ-
ʛʘʮʠʦʥʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʝʛʦ 
ʧʨʠʸʤʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘ-
ʝʪʩʷ ʟʘʜʘʯʘ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ʐʠʬʨʦʚʘʥʠʝ ʥʘ-
ʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 
ʟʘʱʠʱʸʥʥʦʩʪʴ ʩʠʛʥʘʣʘ ʪʦʣʴʢʦ ʦʪ ʥʘʚʷʟʳʚʘ-
ʥʠʷ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʦʢʘʞʝʪ ʚʣʠʷʥʠʷ ʥʘ 
ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʤʝʭ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʫʪʸʤ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘ-
ʱʠʪʳ ɸɻʇ ʉʈʅʉ, ʢʘʢ ʦʪ ʥʘʚʷʟʳʚʘʥʠʷ ʣʦʞ-
ʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʠ ʦʪ ʦʨʛʘ-
ʥʠʟʦʚʘʥʥʳʭ ʨʘʜʠʦʧʦʤʝʭ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʦ-
ʚʳʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʥʘʚʠʛʘ-
ʮʠʦʥʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪ-
ʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʣʦʞʥʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ɿʉʇ, ʪʘʢ ʢʘʢ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 
ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʉʈʅʉ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ 
ʩʣʫʯʘʝ, ʝʩʣʠ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʥʠ-
ʧʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ Qi(t) ʥʝ ʙʫʜʝʪ ʨʘʩ-
ʢʨʳʪ ʩʠʩʪʝʤʦʡ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʢʦʣʠʯʝ-
ʩʪʚʦ ʩʘʤʠʭ ʤʘʥʠʧʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʙʫ-
ʜʝʪ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʠʤ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʠʭ ʙʝʟ ʧʦʚʪʦʨʝʥʠʷ ʚ ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʊ, ʪʦ 
ʉʈʅʉ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʟʘʱʠʱʸʥʥʦʡ ʦʪ ʨʘʩ-
ʩʤʦʪʨʝʥʥʳʭ ʪʠʧʦʚ ʘʪʘʢ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʊ. 

 
 
 
 

ɼ.ɺ. ɹʝʣʠʥʩʢʠʡ  
 

ɸʅɸʃʀɿ ʊʀʇʆɺʓʍ ʆʐʀɹʆʂ ɺ ʂɸʅɸʃɸʍ ʉɺʗɿʀ 
 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ, 
ʛ.ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʤʝʭʠ, ʤʦʜʝʣʴ ʧʦʤʝʭ, ʢʘʥʘʣ ʩʚʷʟʠ, ʜʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ, ʤʦʜʝʣʴ ʦʰʠʙʦʢ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʧʦʤʝʭʠ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʠ ʦʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʠʝʤʝ ʩʦʦʙʱʝʥʠʡ. 

ʇʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʤʝʭ ʠ ʠʭ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ. ʇʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʦʰʠʙʦʢ ʚ ʜʠʩ-
ʢʨʝʪʥʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ. 
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messages. At-vedena classification of interference and their various models.A model of error in a 
discrete communication channel. 

 
ʆʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʠʝʤʝ ʩʦʦʙ-

ʱʝʥʠʡ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʚʠʜʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʤʝʭ, ʜʝʡʩʪʚʫʶ-
ʱʠʭ ʚ ʢʘʥʘʣʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʥʘʭʦ-
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ʞʜʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦʤʝʭ ʨʘʟʣʠʯʘʶʪ ʚʥʫʪ-
ʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʧʦʤʝʭʠ. ɺʥʫʪʨʝʥʥʠʝ ʧʦ-
ʤʝʭʠ ʚʦʟʥʠʢʘʶʪ ʚ ʩʘʤʦʡ ʩʠʩʪʝʤʝ. ʂ ʥʠʤ ʦʪ-
ʥʦʩʷʪʩʷ ʰʫʤʳ ʫʩʪʨʦʡʩʪʚ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 
ʜʘʥʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʧʦʧʘʜʘʶ-
ʱʠʝ ʚ ʧʨʠʝʤʥʠʢ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʮʝʧʷʤ 
ʚʩʣʝʜʩʪʚʠʝ ʧʣʦʭʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠʣʠ ʨʘʟ-
ʚʷʟʢʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʦʩʣʝʜʥʠʡ ʚʠʜ 
ʧʦʤʝʭ ʩʚʷʟʘʥ ʩ ʦʰʠʙʢʘʤʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 
ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʨʘʥʝʥ. ɺʥʫʪʨʝʥʥʠʡ ʰʫʤ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʭʘʦʪʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʝʤ ʥʦ-
ʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʫʩʪʨʘ-
ʥʠʤ, ʭʦʪʷ ʤʦʞʝʪ ʙʳʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-
ʧʝʥʠ ʦʩʣʘʙʣʝʥ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ 
ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝʤ ʨʘʙʦʯʝʡ 
ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʘʟʣʠʯʘʶʪ ʪʝʧʣʦʚʦʡ ʠ ʜʨʦʙʦʚʳʡ ʰʫʤʳ. 
ʊʝʧʣʦʚʦʡ ʰʫʤ ʦʙʫʩʣʦʚʣʝʥ ʪʝʧʣʦʚʳʤ ʜʚʠ-
ʞʝʥʠʝʤ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʧʨʠʚʦʜʷʱʠʤ ʢ 
ʧʦʷʚʣʝʥʠʶ ʩʣʫʯʘʡʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘ-
ʣʦʚ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʘʫʩʩʦʚʩʢʠʡ 

ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ 
ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ: 

 
ʛʜʝ h=6,66Ö10-34 ɼʞÖʩ – ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥ-

ʢʘ, 
k=1,38Ö10-23 ɼʞ/ʛʨʘʜ – ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮ-

ʤʘʥʘ, 
T0 – ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ 

ʰʫʤʘ, 
f    - ʯʘʩʪʦʪʘ.  
ʐʫʤʳ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʠʩʪʝʤ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ (ʜʨʦʙʦʚʳʝ ʰʫʤʳ) ʦʙʫʩʣʦʚʣʝʥʳ 
ʜʠʩʢʨʝʪʥʦʡ ʧʨʠʨʦʜʦʡ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. 
ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʦʙʦʚʦʛʦ 
ʰʫʤʘ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʫ ʪʝʧʣʦʚʦʛʦ. 

ɺʥʝʰʥʠʝ ʧʦʤʝʭʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʨʘʟ-
ʣʠʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦ-
ʠʩʭʦʜʷʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ, ʠʦʥʦʩʬʝʨʝ, ʢʦʩʤʠ-
ʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʠʟʣʫʯʝʥʠʷ 
ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʦʤʝʭʠ). 
ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʩʦʟʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 
ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʤʝʜʠʮʠʥ-
ʩʢʦʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʚʠʛʘʪʝ-
ʣʷʤʠ ʠ ʪ.ʧ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʧʘʟʦʥʘ ʯʘʩ-
ʪʦʪ ʠ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʝʪ ʉʇʀ, 
ʧʨʝʦʙʣʘʜʘʝʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʠʜ ʧʦʤʝʭ.  

ɸʪʤʦʩʬʝʨʥʳʝ ʧʦʤʝʭʠ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ. 
ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʶʪʩʷ 
ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʨʦʤʦʚʳʝ ʨʘʟʨʷʜʳ, ʢʦʪʦʨʳʝ 
ʧʨʠʚʦʜʷʪ ʢ ʠʟʣʫʯʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 
ʵʥʝʨʛʠʠ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʦʤʝʭʠ ʩʦʟʜʘʶʪʩʷ ʨʘʟ-
ʣʠʯʥʳʤ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʦʤʳʰ-
ʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʨʘʥʩʧʦʨʪʘ, ʣʠʥʠʷʤʠ 
ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠ ʜʨʫʛʠʤʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚ-
ʢʘʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʧʨʝʜʩʪʘʚ-
ʣʷʶʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 
ʩ ʧʦʩʪʦʷʥʥʳʤ ʠʣʠ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʠʦʜʦʤ 
ʩʣʝʜʦʚʘʥʠʷ. 

ʋʧʨʦʱʝʥʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʙʨʘ-
ʟʦʚʘʥʠʷ ʧʦʤʝʭ ʧʨʠ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʝ ʢʘʥʘʣʘ  
ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 
ʚʢʣʶʯʝʥʥʳʭ ʛʝʥʝʨʘʪʦʨʘ ʙʝʣʦʛʦ ʰʫʤʘ ʠ 
ʬʠʣʴʪʨʘ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ 
ʩʣʫʯʘʡʥʦʤʫ ʟʘʢʦʥʫ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʦʡ. 

ʉʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʧʦ-
ʤʝʭ N(f, t) ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ 
ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʣʦʪʥʦ-
ʩʪʴʶ ʚʝʨʦʷʪʥʦʩʪʠ wt,f (N) ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳ-
ʤʠ ʬʫʥʢʮʠʷʤʠ ʬʣʫʢʪʫʘʮʠʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʠ 
ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʷʭ RN(t) ʠ RN(v). ʇʘʨʘ-
ʤʝʪʨʘʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ 
ʠʥʪʝʨʚʘʣ ʢʦʨʨʝʣʷʮʠʠ ʚʦ ʚʨʝʤʝʥʠ tk ʠ ʠʥʪʝʨ-
ʚʘʣ ʢʦʨʨʝʣʷʮʠʠ ʧʦ ʯʘʩʪʦʪʝ Fk. 

ɽʩʣʠ ʯʠʩʣʦ ʧʦʤʝʭ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʧʦʣʦʩʫ 
ʩʠʛʥʘʣʘ, ʦʪʨʘʥʠʯʝʥʥʦ, ʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦ-
ʜʝʣʴ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʧʦʩʪʫʧʘʶʱʫʶ ʥʘ ʚʭʦʜ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩʠʩ-
ʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʤʝʩʴ ʧʨʠʭʦʜʠʪʩʷ 
ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʧʦʣʝʟʥʦʛʦ ʩʠʛ-
ʥʘʣʘ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʘʜʜʠʪʠʚʥʳʭ 
ʧʦʤʝʭ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠʣʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʩʪʘ-
ʪʠʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʛʜʝ  
ʆʛʠʙʘʶʱʘʷ Ai(t) ʠ ʬʘʟʘ Qi(t) ʧʦʤʝʭʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʢʘʢ ʩʣʫʯʘʡʥʳʤʠ, ʪʘʢ ʠ ʜʝʪʝʨʤʠʥʠ-
ʨʦʚʘʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʠʩʢʨʝʪʥʳʡ 
ʢʘʥʘʣ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʜʝʣʴ ʦʰʠʙʦʢ ʚ 
ʪʘʢʦʤ ʢʘʥʘʣʝ. 

ɼʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʠʤʝʝʪ ʜʠʩʢʨʝʪʥʳʡ 
ʚʭʦʜ ʠ ʜʠʩʢʨʝʪʥʳʡ ʚʳʭʦʜ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ 
ʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ ʢʘʥʘʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʦʚʦ-
ʢʫʧʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʝʞʜʫ ʚʳ-
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ʭʦʜʦʤ ʢʦʜʝʨʘ ʢʘʥʘʣʘ ʠ ʚʳʭʦʜʦʤ ʜʝʤʦʜʫʣʷ-
ʪʦʨʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʥʝ-
ʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʘʣʬʘʚʠʪ ʚʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ 
xr, r=1, …, m, ʠʭ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 
p(xr), ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ ʥʘ ʚʳʭʦʜʝ 
ʢʘʥʘʣʘ yj, j=1, …, n, ʠ ʟʥʘʯʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 
ʚʝʨʦʷʪʥʦʩʪʝʡ p(yj/xr), j=1, …, n; r=1, …, m, 
ʧʦʷʚʣʝʥʠʷ ʩʠʤʚʦʣʘ yj ʧʨʠ ʫʩʣʦʚʠʠ ʧʝʨʝʜʘʯʠ 
ʩʠʤʚʦʣʘ xr. 

ʇʝʨʚʳʝ ʜʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪ-
ʩʷ ʩʚʦʡʩʪʚʘʤʠ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʡ, ʩʢʦ-
ʨʦʩʪʴ v – ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦ-
ʛʦ ʢʘʥʘʣʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʜʠʩʢʨʝʪʥʦʛʦ 
ʢʘʥʘʣʘ, ʦʙʲʝʤ ʘʣʬʘʚʠʪʘ ʚʳʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ 
– ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʨʝʰʘʶʱʝʡ ʩʭʝʤʳ, ʧʝ-
ʨʝʭʦʜʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ p(yj/xr) –  ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘʤʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʘʥʘʣʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʜʠʩʢʨʝʪ-
ʥʦʤ ʢʘʥʘʣʝ ʦʙʲʝʤʳ ʘʣʬʘʚʠʪʦʚ ʚʭʦʜʥʳʭ ʠ 
ʚʳʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ ʥʝ ʩʦʚʧʘʜʘʶʪ. ʇʨʠʤʝ-
ʨʦʤ  ʤʦʞʝʪ ʙʳʪʴ ʢʘʥʘʣ ʩʦ ʩʪʠʨʘʥʠʝʤ. ɸʣʬʘ-
ʚʠʪ ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʜʦʙʘʚʦʯ-
ʥʳʡ ʩʠʤʚʦʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʬʘʚʠʪʦʤ ʥʘ 
ʚʭʦʜʝ. ʕʪʦʪ ʜʦʙʘʚʦʯʥʳʡ ʩʠʤʚʦʣ (ʩʠʤʚʦʣ 
ʩʪʠʨʘʥʠʷ) ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ ʪʦ-
ʛʜʘ, ʢʦʛʜʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʠʛʥʘʣ ʥʝʣʴʟʷ ʩ 
ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʪʦʞʜʝʩʪʚʠʪʴ ʥʠ ʩ 
ʦʜʥʠʤ ʠʟ ʩʠʤʚʦʣʦʚ ʚʭʦʜʥʦʛʦ ʘʣʬʘʚʠʪʘ. ʉʪʠ-
ʨʘʥʠʝ ʩʠʤʚʦʣʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʝʛʦ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʘ ʧʦʟʚʦʣʷʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɿʥʘʷ ʚʝʨʦʷʪʥʦʩʪʠ p(xr)  ʠ  p(yj/xr), 
r=1,2,…m,  j=1, 2,……n,  ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 
ʘʧʦʩʪʝʨʠʦʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ  

ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʨʠʥʷʪʦʤ ʩʠʤʚʦʣʝ yj ʙʳʣ 

ʧʝʨʝʜʘʥ ʩʠʤʚʦʣ  xr. ɺʝʨʦʷʪʥʦʩʪʠ p(xr)  ʠ  
p(yj/xr) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʥʫʶ ʚʝʨʦ-
ʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚ ʢʘʥʘʣʝ (ʠʣʠ ʧʦʣʥʫʶ ʚʝʨʦ-
ʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʝʤʘ) ʠ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ. 

ɼʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʮʠʦ-
ʥʘʨʥʳʤ, ʝʩʣʠ ʧʝʨʝʭʦʜʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ   
p(yj/xr), r=1,2,…m,  j=1, 2,……n, ʥʝ ʟʘʚʠʩʷʪ 
ʦʪ ʚʨʝʤʝʥʠ, ɼʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʥʘʟʳʚʘʝʪʩʷ 
ʢʘʥʘʣʦʤ ʙʝʟ ʧʘʤʷʪʠ, ʝʩʣʠ ʧʝʨʝʭʦʜʥʳʝ ʚʝʨʦ-
ʷʪʥʦʩʪʠ p(yj/xr), r=1,2,…m,  j=1, 2,……n, ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʨʘʥʝʝ ʧʝʨʝʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʳʭ 
ʩʠʤʚʦʣʦʚ. 

ɽʩʣʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʜʠʩʢʨʝʪʥʦʤ ʢʘʥʘʣʝ 
ʘʣʬʘʚʠʪʳ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʩʦʚʧʘʜʘʶʪ ʠ 
ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ: 

 Pʦʰ                    ʜʣʷ ʚʩʝʭ j¸ r, 
P(y/x)= 1-(m-1)pʦʰ  ʜʣʷ j= r , 
ʪʦ ʪʘʢʦʡ ʢʘʥʘʣ ʥʘʟʳʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯ-

ʥʳʤ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʦʩ-
ʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ ʦʰʠʙʦʢ. ʂ 
ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚ ʧʨʠʝ-
ʤʝ ʩʠʤʚʦʣʘ Pʦʰ ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦ-
ʩʪʝʡ Pn(r) ʧʦʷʚʣʝʥʠʷ  r ʦʰʠʙʦʢ ʚ ʙʣʦʢʝ ʜʣʠ-
ʥʳ n ; ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞ-
ʜʫ ʩʦʩʝʜʥʠʤʠ ʦʰʠʙʢʘʤʠ; ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʜʣʠʥ ʩʝʨʠʡ ʦʰʠʙʦʢ ʠ ʪ.ʧ. 

ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʦʡ 
ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʘ 
ʜʦʣʞʥʘ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʪʴ ʨʝʘʣʴ-
ʥʳʡ ʢʘʥʘʣ, ʪ.ʝ. ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪ-
ʚʝʪʩʪʚʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 
ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʩʪʘʮʠʦ-
ʥʘʨʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʘʥʘʣʘ ʙʝʟ ʧʘʤʷʪʠ. 
ɺ ʪʘʢʦʤ ʢʘʥʘʣʝ ʦʰʠʙʢʠ ʚʦʟʥʠʢʘʶʪ ʥʝʟʘʚʠ-
ʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪ.ʝ. ʤʝʞʜʫ ʦʰʠʙʢʘʤʠ 
ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʷʟʠ. ɺʝʨʦʷʪ-
ʥʦʩʪʴ ʦʰʠʙʢʠ Pʦʰ  ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʶʙʦʛʦ 
ʩʠʤʚʦʣʘ ʦʜʠʥʘʢʦʚʘ ʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝ-
ʥʠ. ʉʪʘʮʠʦʥʘʨʥʳʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʘʥʘʣ ʙʝʟ 
ʧʘʤʷʪʠ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦ-
ʩʪʴʶ Pʦʰ . ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʰʠʙʦʢ ʚ ʥʝʤ 

ʧʦʜʯʠʥʷʝʪʩʷ ʙʠʥʦʤʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: n - ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ ʚ ʙʣʦʢʝ, 
r - ʯʠʩʣʦ ʦʰʠʙʦʯʥʳʭ ʩʠʤʚʦʣʦʚ. 

ɿʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ Pʦʰ ʠ ʠʩʧʦʣʴʟʫʷ 
ʚʳʨʘʞʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ, ʤʦʞʥʦ ʥʘʡ-
ʪʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʯʘ-
ʩʪʥʦʩʪʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʝʤʘ 
ʙʣʦʢʘ ʠʟ  n ʩʠʤʚʦʣʦʚʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʝʤʘ 
ʙʣʦʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʭʦʪʷ ʙʳ ʦʜʥʫ ʦʰʠʙʢʫ-
ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚ ʙʣʦʢʝ l ʠ ʙʦʣʝʝ 
ʦʰʠʙʦʢ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠʤʝʶʪ 
çʧʘʤʷʪʴè, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚ ʩʠʤʚʦʣʝ ʟʘʚʠʩʠʪ ʦʪ 
ʪʦʛʦ, ʢʘʢʠʝ ʩʠʤʚʦʣʳ ʧʝʨʝʜʘʚʘʣʠʩʴ ʜʦ ʥʝʛʦ ʠ 
ʢʘʢ ʦʥʠ ʙʳʣʠ ʧʨʠʥʷʪʳ. ʇʝʨʚʳʡ ʬʘʢʪ ʦʙʫ-
ʩʣʦʚʣʝʥ ʤʝʞʩʠʤʚʦʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, 
ʷʚʣʷʶʱʠʤʠʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʩʝʷʥʠʷ ʩʠʛʥʘ-
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ʣʦʚ ʚ ʢʘʥʘʣʝ, ʘ ʚʪʦʨʦʡ – ʠʟʤʝʥʝʥʠʝʤ ʦʪʥʦ-
ʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ʚ ʢʘʥʘʣʝ ʠʣʠ ʭʘʨʘʢʪʝʨʘ 
ʧʦʤʝʭ. 

 
 

 x1   p(y1/x1)    y1 
 
      p(y1/x2) 
        p(y1/xn) 
  p(yn/x1) 
       p(y2/x1) 
 x2  p(y2/x2)     y2 
 
 
                     p(yn/x2) 
 
  
   p(y2/xn) 
 
 xn   p(yn/xn)    yn 
 

ʈʠʩ.1. ʄʦʜʝʣʴ ʢʘʥʘʣʘ ʩ ʦʰʠʙʢʘʤʠ. 
 
 
 
 

 
ʇʨʠ ʨʘʩʩʝʷʥʠʠ ʩʠʛʥʘʣʘ ʧʨʠʭʦʜʷʱʘʷ ʥʘ 

ʚʳʭʦʜ ʧʨʠʝʤʥʠʢʘ ʧʦʩʳʣʢʘ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ 
ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʧʨʝʜʳʜʫʱʠʭ ʧʦʩʳʣʦʢ ʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥ-
ʪʘʤʠ. ʇʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚ ʧʦʩʣʝ-
ʜʫʶʱʝʤ ʩʠʤʚʦʣʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʭʘʨʘʢʪʝ-
ʨʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʚʨʝʤʷ ʨʘʩ-
ʩʝʷʥʠʷ ʩʠʛʥʘʣʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ 
ʧʦʩʳʣʦʢ ʨʘʟʥʳʭ ʯʘʩʪʦʪ, ʦʰʠʙʢʘ ʙʫʜʝʪ 
ʙʦʣʴʰʝ, ʯʝʤ ʚʥʫʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 
ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʳʣʦʢ ʦʜʥʦʡ ʯʘʩʪʦʪʳ. ɽʩʣʠ 
ʤʝʥʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʤʝʰʘʶ-
ʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʦʙʱʠʭ ʟʘʤʠʨʘʥʠʡ ʩʠʛʥʘʣʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ 
ʫʨʦʚʥʷ ʧʦʤʝʭ, ʪʦ ʦʰʠʙʢʠ ʙʫʜʫʪ ʛʨʫʧʧʠʨʦ-
ʚʘʪʴʩʷ ʚ ʧʘʯʢʠ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʨʠ 
ʧʨʠʝʤʝ ʩʠʤʚʦʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʦʪ 
ʪʦʛʦ, ʙʳʣʘ ʦʰʠʙʢʘ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʠʤʚʦʣʝ 
ʠʣʠ ʥʝʪ. ʇʨʦʩʪʦʡ ʤʦʜʝʣʴʶ ʜʚʦʠʯʥʦʛʦ ʩʠʤ-
ʤʝʪʨʠʯʥʦʛʦ ʢʘʥʘʣʘ ʩ ʧʘʤʷʪʴʶ ʷʚʣʷʝʪʩʷ ʢʘ-
ʥʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ 
ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ:  d=0   ʠ   d=1. ɺ ʦʙʦʠʭ ʩʦ-
ʩʪʦʷʥʠʷʭ ʚʦʟʤʦʞʥʳ ʥʝʟʘʚʠʩʠʤʳʝ ʦʰʠʙʢʠ ʩ 
ʚʝʨʦʷʪʥʦʩʪʷʤʠ   p0    ʠ    p1,  ʛʜʝ ʥʠʞʥʠʝ ʠʥ-
ʜʝʢʩʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʢʘʥʘʣʘ. 

ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 
ʦʧʠʩʘʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʩ ʧʘʤʷʪʴʶ, 
ʩʚʷʟʘʥʥʦʡ ʩ ʤʝʞʩʠʤʚʦʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, 
ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ ʮʝʧʝʡ 
ʄʘʨʢʦʚʘ (ʧʦʩʠʤʚʦʣʴʥʦʝ ʦʧʠʩʘʥʠʝ). ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʜʚʦ-
ʠʯʥʦʛʦ ʢʘʥʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʢʘʢ   N–
ʩʚʷʟʥʘʷ ʜʚʦʠʯʥʘʷ ʮʝʧʴ ʄʘʨʢʦʚʘ, ʘ ʟʥʘʯʝʥʠʷ 
ʩʠʤʚʦʣʦʚ ʥʘ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ – ʢʘʢ ʩʦʩʪʦʷ-
ʥʠʝ ʮʝʧʠ, ʛʜʝ N – ʯʠʩʣʦ ʩʠʤʚʦʣʦʚ, ʥʘ ʢʦʪʦ-
ʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʘʤʷʪʴ ʢʘʥʘʣʘ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʢʘʥʘʣ ʠ ʤʦ-
ʜʝʣʴ ʦʰʠʙʦʢ ʚ ʪʘʢʦʤ ʢʘʥʘʣʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʠ ʩʠʥ-
ʪʝʟʝ ʫʩʪʨʦʡʩʪʚ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʜʠʩ-
ʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
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FUNCTION OF EXPONENTIAL TYPE 
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The optimal approximation method of a given probabilities distribution by a simplified exponen-

tial distribution is proved, the convergence analysis of received approximation is performed. 
 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘ-
ʜʠʦʪʝʭʥʠʢʠ , ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʛʘʫʩʩʦʚʩʢʠʤʠ 
ʚʭʦʜʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ , ʠʥʦʛʜʘ ʚʦʟʥʠʢʘʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʦʧʠʩʘʥʠʠ 
ʧʦʤʝʭʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʩʪʳʤʠ ʘʥʘʣʠʪʠʯʝ-
ʩʠʤʠ ʬʫʥʢʮʠʷʤʠ. ʊʘʢʠʝ ʟʘʜʘʯʠ ʚʦʟʥʠʢʘʶʪ 
,ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʠʸʤʥʳʭ ʫʩʪ-
ʨʦʡʩʪʚ , ʘʜʘʧʪʠʚʥʳʭ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʝʛʘ-
ʫʩʩʦʚʩʢʠʭ ʧʦʤʝʭ , ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʚʭʦʜʝ 
ʧʨʠʸʤʥʠʢʘ . 

ʀʩʯʝʨʧʳʚʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʝʛʘ-
ʫʩʩʦʚʩʢʦʡ ʧʦʤʝʭʠ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʚʳʙʦ-
ʨʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʤʝʨʥʘʷ 
ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ (ʇɺ) (x)w1  . ʇʦʤʠ-
ʤʦ ʵʪʦʡ ʬʫʥʢʮʠʠ , ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠ-
ʚʘʪʴ ʩʚʷʟʘʥʥʫʶ ʩ ʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ 
ʬʫʥʢʮʠʶ )(Q1 u  – ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦ ʌʫ-
ʨʴʝ ʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʆʧʠʩʘʥʠʝ ʧʦʤʝʭʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦ-
ʱʴʶ ʬʫʥʢʮʠʡ (x)w1 , )(Q1 u  ʭʘʨʘʢʪʝʨʥʦ 
ʜʣʷ ʥʝʛʘʫʩʩʦʚʩʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ 
ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʧʝʢʪʨʦʤ . ɽʩʣʠ ʧʦʤʝʭʦ-
ʚʦʝ ʢʦʣʝʙʘʥʠʝ ʷʚʣʷʝʪʩʷ ʫʟʢʦʧʦʣʦʩʥʳʤ ʩʣʫ-

ʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʋʉʇ) , ʪʦ ʚʤʝʩʪʦ ʵʪʠʭ 
ʬʫʥʢʮʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʜʘʚʘʪʴ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʝ ʦʛʠʙʘʶʱʝʡ W(A), A Ó 0, ʩʚʷʟʘʥʥʦʝ ʩ 

ʬʫʥʢʮʠʝʡ )(Q1 u  ʠʥʪʝʛʨʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝ-
ʥʠʝʤ ʚʠʜʘ :  

,ɡ)ɡdɡ(Aɡ)J(QW(A)/A 0
0

1 Öñ=
¤

(1) 

ʛʜʝ (z)J0 - ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʥʫʣʝʚʦʛʦ ʧʦ-
ʨʷʜʢʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ W(A) ʜʣʷ  ʙʦʣʴʰʠʥʩʪʚʘ 
ʧʦʤʝʭʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʦʞ-
ʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ , ʟʘʚʠʩʷʱʝʡ ʦʪ 
ʥʝʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ . ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠ-
ʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʘʜʘʧʪʠʚʥʦʛʦ ʢ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʶ ʧʦʤʝʭʦʚʦʛʦ ʩʠʛʥʘʣʘ , ʪʨʝʙʫʝʪʩʷ ʘʧ-
ʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʨʝʘʣʴʥʫʶ ʇɺ ʥʝʢʦʪʦʨʦʡ 
ʧʨʦʩʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ (A)Wʘ , 
ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢ-
ʮʠʠ . ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ , ʢʦ-
ʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʘʣʴʥʳʭ ʨʘʜʠʦʧʦʤʝʭ 
ʥʝʠʟʚʝʩʪʥʦ , ʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʸʤʘ ʪʨʝʙʫʝʪʩʷ 
ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʥʝʠʟʚʝʩʪʥʫʶ ʇɺ ʩ ʧʦʤʦ-



 

ʊʨʫʜʳ ʉʂʌ ʄʊʋʉʀ  2011                                53  

ʱʴʶ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ , ʧʦʣʫʯʘʝʤʳʭ 
ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʚʳʙʦʨʢʠ .  

ʎʝʣʴ ʨʘʙʦʪʳ - ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧ-
ʪʠʤʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʜʘʥʥʦʛʦ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʩʪʝʡʰʠʤ ʧʦʢʘ-
ʟʘʪʝʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ; ʘʥʘʣʠʟ ʩʭʦʜʠ-
ʤʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʠʤʝʥʠ-
ʪʝʣʴʥʦ ʢ ʥʝʛʘʫʩʩʦʚʩʢʠʤ ʧʦʤʝʭʘʤ ʩʠʥʫʩʦʠ-
ʜʘʣʴʥʦʛʦ ʪʠʧʘ ;  ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 
ʜʚʫʭ ʚʠʜʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-
ʝʤ ʇɺ (x)w1 ʠ W(A) .  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ , ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʦʡ ʥʝʛʘʫʩʩʦʚʩʢʦʛʦ ʋʉʇ ʷʚʣʷʝʪʩʷ 
ʬʫʥʢʮʠʷ W(A) . ɹʫʜʝʤ ʩʯʠʪʘʪʴ , ʯʪʦ ʵʪʘ 
ʬʫʥʢʮʠʷ ʥʝʧʨʝʨʳʚʥʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʥʘ 
ʚʩʝʡ ʯʠʩʣʦʚʦʡ ʦʩʠ (AÓ0) . ʕʪʠʤ ʫʩʣʦʚʠʷʤ 
ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʘʣʴʥʳʭ ʨʘ-
ʜʠʦʧʦʤʝʭ . 

ɺ ʩʠʣʫ ʘʥʘʣʠʪʠʯʥʦʩʪʠ ʟʘʜʘʥʥʦʛʦ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ ʝʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ  
ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ : 

,)A
k
aexp(CW(A)/A k

1k

k
1 ä-=

¤

=
 (2) 

 
ʛʜʝ 0ʉ1 >  – ʥʦʨʤʠʨʦʚʦʯʥʘʷ ʢʦʥʩʪʘʥʪʘ ; 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 
: 

,
A

W(A)ln
dA
d

1)!(k
1a k

k

k ùú
ø

éê
è

-
-= (3) 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ , 
ʘʜʘʧʪʠʚʥʦʛʦ ʢ ʇɺ W(A) , ʞʝʣʘʪʝʣʴʥʦ ʦʛʨʘ-
ʥʠʯʠʪʴ ʩʫʤʤʫ ʚ ʧʦʢʘʟʘʪʝʣʝ (2). ʈʘʩʧʨʝʜʝʣʝ-
ʥʠʝ ʚʠʜʘ  

,)A
k
bexp(C(A)/AW

n

1k

kk
aa ä-=

=
 (4) 

ʛʜʝ n Ó 1 - ʮʝʣʦʝ ʯʠʩʣʦ ; aC  – ʥʦʨʤʠʨʦ-

ʚʦʯʥʘʷ ʢʦʥʩʪʘʥʪʘ ; ʧʨʠ kk ab =  ʚ ʦʙʱʝʤ 
ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ 
(2) . ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

*
kk bb = , ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʱʠʝ ʩ 

ka , ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (4) ʥʘʠ-
ʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ (2). ʅʘʡ-
ʜʸʤ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ *

kb ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
(2) . 

ɿʘ ʢʨʠʪʝʨʠʡ ʥʘʠʣʫʯʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 
(A)Wa  ʢ W(A) ʧʨʠʤʝʤ ʫʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ 

ʦʰʠʙʦʢ ʧʨʠʸʤʘ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡ-

ʩʪʚʫ , ʦʧʪʠʤʘʣʴʥʦʤʫ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ  
(A)Wa , ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʤʝʭʠ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ W(A) . ɼʣʷ ʩʣʫʯʘʷ ʦʙʥʘʨʫ-
ʞʝʥʠʷ ʩʣʘʙʳʭ ʩʠʛʥʘʣʦʚ ʚ ʢʦʛʝʨʝʥʪʥʦʤ ʧʦʣʦ-
ʩʦʚʦʤ ʪʨʘʢʪʝ ʚʳʙʨʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʩʦʚʧʘʜʘ-
ʝʪ ʩ ʫʩʣʦʚʠʝʤ ʤʘʢʩʠʤʫʤʘ ʧʘʨʘʤʝʪʨʘ: 

,
(A)g

dA
(A)dg

A
(A)g

m
2
1?

2
a

2
aa

2a

+
=

    
(5) 

ʛʜʝ 

;
A
(A)W

ln
dA
dg a

a ùú
ø

éê
è-=                  (6) 

2m - ʜʠʩʧʝʨʩʠʷ ʧʦʤʝʭʠ ; ʫʛʣʦʚʳʝ ʩʢʦʙʢʠ 
<¶ > - ʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʫʩʨʝʜʥʝʥʠʝ 
ʩ ʫʯʸʪʦʤ ʬʫʥʢʮʠʠ W(A) . 

ʂʦʵʬʬʠʮʠʝʥʪ a?  ʠʟ (5) ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘ-
ʤʝʪʨʦʚ )b,...,b,(b n21  ʘʧʧʨʦʢʩʠʤʘʮʠʠ (4) ʠ 

ʦʪ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (2) . ʆʧʨʝʜʝʣʠʤ 
ʧʘʨʘʤʝʪʨʳ *

kk bb = , ʧʨʠ ʢʦʪʦʨʳʭ ʢʦʵʬʬʠ-
ʮʠʝʥʪ (5) ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 
. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ (5) ʩ 
ʫʯʸʪʦʤ (4) ,(6) ʚ ʪʘʢʦʤ ʚʠʜʝ : 

,
Mbb

Mkb
M

4
1? n

1mk,
2mkmk

2n

1k
2kk

2a

ä

ö
÷
õæ

ç
åä

=

=
-+

=
-

         

(7) 

ʛʜʝ 

ñ=
¤

0

k
k W(A)dAAM  – (8) 

ʥʘʯʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ W(A) 
ʠ ʧʨʠ ʵʪʦʤ 22 2mM = . 

ʀʟ ʬʦʨʤʫʣʳ (7) ʚʳʪʝʢʘʝʪ ʯʪʦ ʧʘʨʘʤʝʪʨ 
)M,b(??

aa
dd

=  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʝʢʪʦʨʘ 

)b,...,b,(bb n21=
d

ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʠ ʠ ʚʝʢʪʦʨʘ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  
W(A) :  )M,...,M,M,M,(MM 2n2101 --=

d
. 

ʆʧʪʠʤʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ  ʘʧʧʨʦʢʩʠ-

ʤʘʮʠʠ ,)*b,...,*b,*(b
n21

 ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʫʩʣʦʚʠʶ 

)*b,...,*b,*(b?max)*b,...,*b,*(b?
n21an21a

=
,  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ : 

,0B,(k)ɡdetB*b rlk >Ö=
      

(9) 
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ʛʜʝ 

îí

î
ì
ë

=
¸

=
-

-+

,kl,rM
,kl,M

(k)ɡ
2r

2lr
rl                     (10)  

(r , l , k = 1 , 2 , 3 ,…, n) 
ɺʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ (7) ʧʨʠ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ (9) ʘʧʧʨʦʢ-
ʩʠʤʘʮʠʠ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ :  

,M*kb
4D
M*b,...,*b,*(b??max

n

1k 2kk
n

2
n21aa ä==

= -

 (11)  
ʛʜʝ nD - ʦʧʨʝʜʝʣʠʪʝʣʴ n-ʛʦ ʧʦʨʷʜʢʘ , ʩʦ-

ʩʪʘʚʣʝʥʥʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚʠʜʘ 
2lrrl M -+=ʠ , ( r,l = 1 , 2 ,…, n). 

 ʆʪʤʝʪʠʤ , ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ *bk  ʘʧʧʨʦʢʩʠʤʘʮʠʠ (4) ʤʦ-
ʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʦʧʨʝʜʝʣʠʪʝʣʷ nD ʧʫ-
ʪʸʤ ʟʘʤʝʥʳ ʚ ʥʸʤ k-ʛʦ ʩʪʦʣʙʮʘ ʟʥʘʯʝʥʠʷʤʠ 
{ }2n101 nM,...,,3M,2MM -- ʠʟ (10) ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (9) .ʇʘʨʘʤʝʪʨʳ 

*bk ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ (9) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʝ-
ʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ B . ʉ ʮʝʣʴʶ 
ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ B ʤʦʞʥʦ ʦʧ-
ʨʝʜʝʣʠʪʴ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʢʘʢʠʭ-ʣʠʙʦ 
ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ , ʥʘʧʨʠʤʝʨ, ʠʭ 
ʜʠʩʧʝʨʩʠʡ: 

ñ =
ö
ö

÷

õ

æ
æ

ç

å
ä-

¤

=0
2

n

1k

k3
a mdAkA

k

*bexpAC
2
1

. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʧʪʠʤʘʣʴ-
ʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʬʫʥʢʮʠʝʡ (4) ʧʨʠ n=2 . 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ 
ʧʨʠʤʝʪ ʚʠʜ  

.)Ab
2
1Abexp(CW(A)/A 2*

2
*
1a --=

ʆʧʪʠʤʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ *
1b , *

2b  
ʬʫʥʢʮʠʠ (12) ʥʘ ʦʩʥʦʚʘʥʠʠ (9) ʨʘʚʥʳ: 

,
)MMB(2Mb

)M2MMB(Mb

11
2
0

*
2

1021-
*
1

ý
ü
û

-=
-=

-    
(13) 

ʛʜʝ ʚʝʣʠʯʠʥʘ 1M0 = ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩ-
ʥʦʚʘʥʠʠ (8) . ɼʣʷ ʟʘʧʠʩʠ ʢʦʵʬʬʠʮʠʝʥʪʘ (11) 
ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʧʠʰʝʤ ʩʥʘʯʘʣʘ ʚʳʨʘʞʝʥʠʝ 
ʦʧʨʝʜʝʣʠʪʝʣʷ  

.MM
MM
MM

D 2
12

21

10
2 -== (14)  

ʉ ʫʯʸʪʦʤ (13) , (14)  , ʢʦʵʬʬʠʮʠʝʥʪ (11) 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ : 

( ) ./ 2
2
12

2
111

*
2

*
1aa MM1MM

4
1MM1)b,(b??max -ö

÷
õ

æ
ç
å +-== --

ʊʘʢʠʤ ʦʙʨʘʟʦʤ , ʚʝʣʠʯʠʥʘ (15) ʯʠʩʣʝʥʥʦ ʦʧ-
ʨʝʜʝʣʷʝʪ ʤʝʨʫ ʦʪʣʠʯʠʷ ʬʫʥʢʮʠʠ (A)Wa ʚʠ-
ʜʘ (4) ʦʪ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ W(A) ʧʨʠ n=2. 

ɿʥʘʯʝʥʠʝ (15) ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʘʥʘʣʦʛʠʯʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ, ʧʦʣʫʯʝʥʥʦʤʫ 
ʚ ʨʘʙʦʪʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠ-
ʤʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙ-
ʨʘʟʦʚʘʥʠʷ ʚ ʩʭʝʤʝ ʘʤʧʣʠʪʫʜʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 
ʥʝʛʘʫʩʩʦʚʩʢʦʡ ʧʦʤʝʭʠ ʩʦ ʩʧʝʢʪʨʦʤ ʧʦʣʦʩʦ-
ʚʦʛʦ ʪʠʧʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
(4) ʧʨʠ *

kk bb =  ʥʘ ʧʨʠʤʝʨʘʭ . ɼʣʷ ʛʘʫʩʩʦʚ-
ʩʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠ-
ʝʤ ʦʛʠʙʘʶʱʝʡ ʧʦ ʟʘʢʦʥʫ ʈʝʣʝʷ [1]  

)
2ů
Aexp(

ů
AW(A) 2

2

2 -=  

ʠʟ (9), (10) ʧʦʣʫʯʘʝʤ 
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ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ W(A)(A)Wa =  ʧʨʠ 
ʚʩʝʭ A. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʨʘʞʝʥʠʷ 
ʜʣʷ ʤʦʤʝʥʪʦʚ ʨʝʣʝʝʚʩʢʦʛʦ ʟʘʢʦʥʘ 

,M;/M;/M 2
21

1
1 222 sspsp === -
-  
ʩ ʧʦʤʦʱʴʶ (15) ʥʘʭʦʜʠʤ 1== Bmax am , 

ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 
am ʧʨʠ W(A)(A)Wa = . 
ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ 

ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʚʝ-
ʨʦʷʪʥʦʩʪʠ ʚʠʜʘ 

ɸ)
ů
3ɸexp(

ů
3W(A) 2 -= , 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʚ ʨʘʙʦʪʝ [3] ʢʘʢ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʪʠʧʘ. ɼʘʥʥʘʷ ʇɺ 
ʥʘʟʚʘʥʘ ʧʨʝʜʝʣʴʥʦʡ ʪʘʢ ʢʘʢ ʜʣʷ ʵʪʦʡ ʧʣʦʪ-
ʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘ-
ʟʦʚʘʪʝʣʷ ʚ ʩʭʝʤʝ ʘʤʧʣʠʪʫʜʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 
[2] ʚʳʨʦʞʜʘʝʪʩʷ ʚ çʞʝʩʪʢʠʡè ʦʛʨʘʥʠʯʠʪʝʣʴ. 
ɺʳʧʦʣʥʷʷ ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩ ʧʨʠ-
ʤʝʥʝʥʠʝʤ (9), (10), ʧʦʣʫʯʘʝʤ 
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ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ W(A)(A)Wa =  
ʧʨʠ ʚʩʝʭ A. ʉ ʧʦʤʦʱʴʶ (15) ʥʘʭʦʜʠʤ 

3/2?max a = , ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʝʜʝʣʴʥʳʤ 
ʟʥʘʯʝʥʠʝʤ  ʧʨʠ W(A)(A)Wa = . ʆʪʤʝʪʠʤ, 
ʯʪʦ ʦʙʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʤʝʨʘ ʚʭʦʜʷʪ ʚ 
ʩʦʩʪʘʚ ʧʨʦʩʪʝʡʰʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (12) ʧʨʠ 
n=2. ɼʣʷ ʜʨʫʛʠʭ ʥʝʛʘʫʩʩʦʚʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʡ ʨʘʚʝʥʩʪʚʦ W(A)(A)Wa = ʥʝ ʚʳʧʦʣʥʷ-
ʝʪʩʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʙʦʣʝʝ 
ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʝ ʦʛʠʙʘʶʱʝʡ ʩʫʤʤʳ ʏʄ – ʧʨʦʮʝʩʩʘ ʠ ʛʘ-
ʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʝ ʦʛʠʙʘʶʱʝʡ ʧʦʜʯʠʥʷʝʪʩʷ ʦʙʦʙʱʝʥʥʦ-
ʤʫ ʟʘʢʦʥʫ ʈʝʣʝʷ ʠ ʠʤʝʝʪ ʚʠʜ [1]:  

( )[ ] ( ),21A-Aexp2W(A) 2 AI 0 aaa +=  (16) 
ʛʜʝ Ŭ- ʧʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ , ʨʘʚʥʳʡ 

ʦʪʥʦʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʏʄ – ʧʨʦʮʝʩʩʘ ʢ 
ʤʦʱʥʦʩʪʠ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ; (z)Ik - ʤʦ-
ʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʦʨʷʜʢʘ 
k.  

ɼʣʷ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ a?max  ʧʦ 
ʬʦʨʤʫʣʝ (15) ʟʘʧʠʰʝʤ ʪʨʝʙʫʝʤʳʝ ʚʳʨʘʞʝ-
ʥʠʷ ʤʦʤʝʥʪʥʳʭ ʬʫʥʢʮʠʡ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
(16)  
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ʅʘ ʨʠʩʫʥʢʝ 1 ʜʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ 
ʢʘʯʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ a?max  ʦʪ ʧʘʨʘ-
ʤʝʪʨʘ Ŭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (16) . ʇʫʥʢʪʠʨʥʦʡ 
ʢʨʠʚʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʴ-
ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ (5) ʧʨʠ 

W(A)(A)Wa = . ʕʪʠ ʜʘʥʥʳʝ ʨʘʩʩʯʠʪʳʚʘ-
ʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ [2]  
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ʩ ʫʯʸʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (16). 
ʉʧʣʦʰʥʘʷ ʢʨʠʚʘʷ  ʥʘ ʨʠʩ. 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ (4) ʧʨʠ n=2 . 
ɼʘʥʥʳʝ ʵʪʦʡ ʢʨʠʚʦʡ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ 
ʬʦʨʤʫʣʝ (15) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʤʝʥʪʥʳʭ 
ʬʫʥʢʮʠʡ (17). ɻʨʘʬʠʢʠ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ 
ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ 
ʪʦʯʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʝ-
ʘʣʴʥʳʭ ʨʘʜʠʦʧʦʤʝʭ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ (4) 
ʧʨʠ ʜʚʫʭ ʯʣʝʥʘʭ ʚ ʧʦʢʘʟʘʪʝʣʝ (A)Wa . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ʈʠʩ. 1. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʧʦʤʝʭʠ 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞ-

ʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʧʦʥʝʥʮʠ-
ʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ  ʜʣʷ ʬʫʥʢʮʠʠ W(A) 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʞʝ 
ʧʨʠ ʜʚʫʭ ʯʣʝʥʘʭ ʩʫʤʤʳ ʚ ʧʦʢʘʟʘʪʝʣʝ. ɼʘʥ-
ʥʘʷ ʜʚʫʭʯʣʝʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʦʧʠʩʳʚʘʪʴ ʨʝʘʣʴʥʳʝ 
ʬʫʥʢʮʠʠ W(A), ʯʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʧʨʠ ʘʥʘʣʠ-

ʟʝ ʢʘʥʘʣʦʚ ʘʤʧʣʠʪʫʜʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ, ʨʘʙʦ-
ʪʘʶʱʠʭ ʚ ʘʜʘʧʪʠʚʥʦʤ ʨʝʞʠʤʝ. 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴ-
ʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘ-
ʮʠʠ ʜʣʷ ʬʫʥʢʮʠʡ (x)w1  ʠ W(A).  ʇʦʢʘʟʘʥʦ, 
ʯʪʦ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʣʷ W(A) ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʣʫʯʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʠ ʷʚʣʷʝʪʩʷ 
ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ ʜʣʷ ʤʥʦʛʠʭ ʨʝʘʣʴʥʳʭ ʩʠ-
ʪʫʘʮʠʡ. 
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WAY OF INCREASING TO STRUCTURED SECRETIVENESS OF THE SYSTEM OF 

THE ISSUE TO INFORMATION WITH CODE DIVISION CHANNEL 
 

Stavropol, Stavropol state university 
 

Keywords: orthogonal signals, system of the issue to information with code division channel, 
structured secretiveness, base of the signal 

In article is considered way of the shaping the systems orthogonal signal and is produced com-
parative estimation on parameter of the structured secretiveness proposed signal with the known 
system orthogonal signal, used in system of the issue to information with code division channel. 

 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟ-

ʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʥʘʰʝʡ ʩʪʨʘʥʳ ʫʚʝʣʠʯʠʣʦʩʴ ʟʥʘʯʝʥʠʝ ʩʠʩʪʝʤ 
ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘ-
ʣʘʤ ʨʘʜʠʦʩʚʷʟʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 
ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʦʜʦʚʳʤ 
ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ (ʉʇʀ ʂʈʂ) ʥʘ ʦʩʥʦʚʝ 
ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʞʝʩʪʚʝʥ-
ʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘ-
ʣʦʚ. 

ʆʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʦʚ ʧʝʨʝʜʘ-
ʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʉʇʀ ʂʈʂ, ʘʢʪʫʘʣʴʥʦʡ 
ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʝʝ ʟʘʱʠʪʳ. 

ʉʦʛʣʘʩʥʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 
ʩʦʦʙʱʝʥʠʡ ʧʦ ʨʘʜʠʦʢʘʥʘʣʘʤ ʤʦʞʝʪ ʙʳʪʴ 
ʜʦʩʪʠʛʥʫʪʘ ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ: 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʢʨʳʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ-
ʧʝʨʝʥʦʩʯʠʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʟʘʪʨʘʪʘʤʠ 
(ʚʨʝʤʝʥʥʳʤʠ ʠ ʘʧʧʘʨʘʪʥʳʤʠ) ʥʘ ʝʛʦ ʦʙʥʘ-
ʨʫʞʝʥʠʝ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʙʝʟ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʦʨʤʝ, ʩʪʨʫʢ-
ʪʫʨʝ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ʉʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ-
ʧʝʨʝʥʦʩʯʠʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʟʘʪʨʘʪʘʤʠ 
(ʚʨʝʤʝʥʠ, ʩʨʝʜʩʪʚ), ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʚʳ-
ʷʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ (ʩʪʨʫʢʪʫʨʳ ʩʠʛ-
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ʥʘʣʘ) ʚ ʢʦʪʦʨʦʤ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʜʘʥʥʳʡ ʤʦ-
ʤʝʥʪ ʚʨʝʤʝʥʠ ʩ ʟʘʜʘʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʩʦʦʙʱʝ-
ʥʠʷ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ 
ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʤʝʨʘʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʨʘʩ-
ʢʨʳʪʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʠʛʥʘ-
ʣʝ (ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ). 

ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝ-
ʥʠʷ ʉʇʀ ʩ ʂʈʂ ʩʝʢʨʝʪʥʦʩʪʴ ʧʘʨʦʣʝʡ ʠ ʢʦ-
ʜʦʚ ʜʦʩʪʫʧʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʡ 
ʟʘʱʠʪʳ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, 
ʧʨʠ ʢʦʪʦʨʳʭ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʨʝʜʩʪʚ ʥʘ ʠʭ ʩʘʤʳʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦ-
ʠʩʢ ʙʳʣʠ ʙʳ ʩʪʦʣʴ ʚʝʣʠʢʠ, ʯʪʦ ʪʘʢʠʝ ʟʘʜʘʯʠ 
ʩʪʘʣʠ ʙʳ ʪʨʫʜʥʦ ʜʦʩʪʠʞʠʤʳʤʠ. ɺ ʩʚʷʟʠ ʩ 
ʵʪʠʤ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 
ʜʝʥʴ ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʩʠʛ-
ʥʘʣʦʚ ʧʝʨʝʥʦʩʯʠʢʦʚ . 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ, ʧʦʚʳʰʝʥʠʝ 
ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʰʠ-
ʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝ-
ʥʠʝʤ ʢʘʥʘʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʩʧʦʩʦ-
ʙʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʉʇʀ ʂʈʂ ʩ ʧʦ-
ʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦ-
ʩʪʠ, ʘ ʠʤʝʥʥʦ: 

1. ʉʧʦʩʦʙ ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ 
ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ, ʛʜʝ ʨʘʩʰʠ-
ʨʝʥʠʝ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩ-
ʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 64 ʚʠʜʦʚ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʟʘʢʦʥʫ 
ʬʫʥʢʮʠʡ ʋʦʣʰʘ. 

2. ʉʧʦʩʦʙ ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ 
ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ, ʚʢʣʶʯʘʶ-
ʱʠʡ ʦʧʝʨʘʮʠʶ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ 
ʩʣʦʞʥʳʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩ-
ʥʦʚʝ ʥʝʣʠʥʝʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʝ 
ɹʨʝʡʥʘ ʩʦ ʩʤʝʥʦʡ ʬʦʨʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-
ʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʦʪ ʦʜʥʦ-
ʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ ʢ ʜʨʫʛʦʤʫ.  

3. ʉʧʦʩʦʙ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʦʜʦ-
ʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ, ʚ ʢʦʪʦʨʦʡ ʠʩ-
ʧʦʣʴʟʫʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʠʛʥʘʣʳ, ʬʦʨ-
ʤʠʨʫʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʦʨʪʦʛʦ-
ʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʠʛʥʘʣʦʚ. 

ʆʜʥʘʢʦ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʩʧʦʩʦʙʳ 
ʠʤʝʶʪ ʦʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ - ʢʦʣʠʯʝʩʪʚʦ 
ʩʪʨʫʢʪʫʨ ʜʠʩʢʨʝʪʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘ-
ʣʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʩʧʦʩʦ-

ʙʘʤʠ, ʢʦʥʝʯʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʩ ʨʦʩʪʦʤ ʦʙʲʝ-
ʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 
ʨʘʩʢʨʳʪʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʦʚ-
ʧʝʨʝʥʦʩʯʠʢʦʚ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦʚʳʰʝ-
ʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʝʨʝ-
ʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʝʭʥʦʣʦ-
ʛʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʢʦʜʦʚʳʤ 
ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʡ, ʟʘʢʣʶʯʘʝʪʩʷ 
ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ, ʩʤʝʥʷʝ-
ʤʳʭ ʦʪ ʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ ʢ 
ʜʨʫʛʦʤʫ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʬʦʨ-
ʤʠʨʦʚʘʥʥʳʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʦʨʪʦ-
ʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʠʛʥʘʣʦʚ, ʦʧʠʩʳʚʘʝʤʳʝ 
ʩʦʙʩʪʚʝʥʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʜʠʘʛʦʥʘʣʴʥʳʭ ʧʦ-
ʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʝʩʢʠʭ 
ʤʘʪʨʠʮ ʨʘʟʤʝʨʥʦʩʪʴʶ N. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴ-
ʟʫʝʪʩʷ ʩʚʦʡʩʪʚʦ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥ-
ʥʳʭ ʚʝʢʪʦʨʦʚ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʨʘʟʣʠʯʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʦʨ-
ʤʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʧʦʧʘʨʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʷʢʠʡ ʥʝʥʫʣʝʚʦʡ ʚʝʢʪʦʨ x  
ʥʘʟʳʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʦʤ ʤʘʪʨʠʮʳ 
ɸ , ʝʩʣʠ ʥʘʡʜʝʪʩʷ ʪʘʢʦʝ ʯʠʩʣʦ l , ʯʪʦ ʙʫʜʝʪ 
ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʚʝʥʩʪʚʦ: 

.xxA Ö=Ö l  (1) 
ʕʪʦ ʯʠʩʣʦ l  ʥʘʟʳʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʤʘʪʨʠʮʳ ɸ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 
ʩʦʙʩʪʚʝʥʥʦʤʫ ʚʝʢʪʦʨʫ x . 

ɽʩʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʙʨʘʥ ʦʧʨʝʜʝʣʝʥ-
ʥʳʡ ʙʘʟʠʩ, ʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʜʣʷ ʩʦʙʩʪʚʝʥ-
ʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʣʠ-
ʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 
ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 

.XXA Ö=Ö l  (2) 
ɺʩʷʢʠʡ ʥʝʥʫʣʝʚʦʡ ʩʪʦʣʙʝʮ X , ʜʣʷ ʢʦʪʦ-

ʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ (2), ʥʘʟʳʚʘʝʪʩʷ 
ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʦʤ ʤʘʪʨʠʮʳ ɸ , ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʠʤ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ l . 

ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʤʘʪʨʠʮʳ ɸ  - ʵʪʦ 
ʩʪʦʣʙʝʮ ʚʠʜʘ (3) ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʢʦʦʨʜʠʥʘʪ 
ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ),...,,( 21 Nxxxx =  ʣʠ-
ʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ xAy Ö=  ʚ ʚʳʙʨʘʥ-
ʥʦʤ ʙʘʟʠʩʝ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʚʝʱʝʩʪʚʝʥʥʦʡ ʜʠʘ-
ʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, ʦʪʚʝ-
ʯʘʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠ-
ʷʤ, ʦʨʪʦʛʦʥʘʣʴʥʳ, ʪ.ʝ. ʠʭ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟ-
ʚʝʜʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ. 



 

ʊʨʫʜʳ ʉʂʌ ʄʊʋʉʀ  2011                                58  

î
î
î
î

ý

îî
î
î

ü

û

î
î
î
î

í

îî
î
î

ì

ë

=

Nx

x
x

X

.

.

.
2

1

. (3) 

ʀʟ ʚʩʝʛʦ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 
ʜʣʷ ʣʶʙʦʡ ʚʝʱʝʩʪʚʝʥʥʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ 
ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ɸ  ʩʦʦʪʥʦʰʝʥʠʝ 
(4) ʩʫʱʝʩʪʚʫʝʪ ʥʘʙʦʨ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

{ }Nllll ,...,, 21=  ʠ ʢʘʞʜʦʤʫ ʩʦʙʩʪ-
ʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʙʩʪʚʝʥ-
ʥʳʡ ʚʝʢʪʦʨ X , ʢʦʪʦʨʳʡ ʧʦʧʘʨʥʦ ʦʨʪʦʛʦʥʘ-
ʣʝʥ ʩ ʣʶʙʳʤ ʠʟ ʚʝʢʪʦʨ ʚ ʘʥʩʘʤʙʣʷ. 
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ʇʨʠ ʵʪʦʤ ʨʘʩʰʠʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʯʪʦ, ʝʩʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ, ʨʘ-
ʚʝʥ ʝʜʠʥʠʮʝ ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʡ 
ʩʠʛʥʘʣ ʠʥʚʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʝʩʣʠ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʳʡ ʙʠʪ, ʨʘʚʝʥ ʥʫʣʶ, ʪʦ ʠʩʧʦʣʴʟʫʝʪ-
ʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʩʠʛʥʘʣ ʧʨʷʤʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʅʝʣʠʥʝʡʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨ 
ʩʠʛʥʘʣʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʥʘ 
ʢʘʞʜʦʤ ʪʘʢʪʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩ-
ʰʠʨʷʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʚʠʜʝ ʦʜʥʦ-
ʛʦ ʠʟ ʩʠʛʥʘʣʦʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʠʛ-
ʥʘʣʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʩʦʙʩʪʚʝʥʥʳʤʠ ʚʝʢʪʦ-
ʨʘʤʠ ʜʠʘʛʦʥʘʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝ-
ʣʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʤʘʪʨʠʮ, ʬʦʨʤʠʨʫ-
ʝʪʩʷ ʧʫʪʝʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʥʘʙʦʨʘ 
ʜʠʘʛʦʥʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʦʞʠʪʝʣʴ-
ʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ  ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ 

ɸ  (ʚʠʜʘ 4), ʛʝʥʝʨʘʪʦʨʦʤ ʩʣʫʯʘʡʥʳʭ ʧʦʣʦ-
ʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘ-
ʣʦʚ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʩʪʨʫʢ-
ʪʫʨʥʫʶ ʩʢʨʳʪʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʟʘʪʨʘʪʳ 
ʥʘ ʚʳʷʚʣʝʥʠʝ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʜʦʩ-
ʪʦʚʝʨʥʦʩʪʴʶ (ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʘʚʠʣʴʥʦʛʦ 
ʨʝʰʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʧʦʜ ʩʪʨʫʢʪʫʨʥʦʡ 
ʩʢʨʳʪʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʘʨʩʝʥʘʣʴʥʘʷ 
ʩʢʨʳʪʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴʶ A  
(ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ) ʤʥʦʞʝʩʪʚʘ X  ʚʦʟʤʦʞ-
ʥʳʭ ʩʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ, ʚ ʯʘʩʪʥʦ-
ʩʪʠ ʚʘʨʠʘʥʪʦʚ ʢʦʜʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʈʘʙʦʯʠʝ 
ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚʳʙʠʨʘ-
ʶʪʩʷ ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʣʫʯʘʡʥʦ. 

ʇʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

T
F 1
= . (5) 

TF
F
FA == . (6) 

)TF(logAlog)A/(logS 222 1 ==-= . (7) 
ʇʨʠ ʙʘʟʝ ʧʝʨʝʜʘʪʯʠʢʘ TFB =  ʚʦʟʤʦʞ-

ʥʦʝ ʯʠʩʣʦ ʥʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʦ ʯʘʩʪʦʪʝ 
ʠʣʠ ʬʦʨʤʝ ʢʘʥʘʣʦʚ (ʠʭ ʘʨʩʝʥʘʣ) ʨʘʚʥʦ: 

ʇʨʠ ʫʩʣʦʚʠʠ ʪʦʛʦ, ʯʪʦ ʨʘʙʦʯʠʡ ʩʠʛʥʘʣ ix , 
Ai ,1= , ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʘʨʩʝʥʘʣʘ 

ʩ ʨʘʚʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ Api /1=  ʩʪʨʫʢ-

ʪʫʨʥʘʷ ʩʢʨʳʪʥʦʩʪʴ ʩʠʛʥʘʣʦʚ S  ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʚʳʨʘʞʝʥʠʝʤ: 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (7) ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ 
ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠ ʩʧʦʩʦʙʘ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 
ʜʝ ɹʨʝʡʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 ʚ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʙʘʟʳ ʩʠʛʥʘʣʘ. 

ʊʘʙʣʠʮʘ 2 – ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 
ʉʇʀ ʂʈʂ 

ɹʘʟʘ ʩʠʛʥʘʣʘ 
N 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʉʧʦʩʦʙ ʜʝ ɹʨʝʡʥʘ 
ʉʪʨʫʢʪʫʨʥʘʷ ʩʢʨʳʪʥʦʩʪʴ SM ,ʜʠʟ ʉʪʨʫʢʪʫʨʥʘʷ ʩʢʨʳʪʥʦʩʪʴ SQ , ʜʠʟ 

16 23.1613 3.5850 
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32 31.2608 8.1699 
64 39.3313 15.0768 
128 47.3716 31.4756 
256 59.9322 58.9057 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʉʇʀ 
ʂʈʂ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ (ʢʨʠʚʘʷ 
1) ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʝ 
ɹʨʝʡʥʘ (ʢʨʠʚʘʷ 2) ʦʪ ʙʘʟʳ ʩʠʛʥʘʣʘ. 

 

 
ʈʠʩ. 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʨʳʪʥʦʩʪʠ ʉʇʀ ʂʈʂ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ (ʢʨʠʚʘʷ 1) ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʝ 

ɹʨʝʡʥʘ (ʢʨʠʚʘʷ 2) ʦʪ ʙʘʟʳ ʩʠʛʥʘʣʘ 
ʀʟ ʪʘʙʣʠʮʳ 2 ʠ ʨʠʩʫʥʢʘ 1 ʤʦʞʥʦ ʫʚʠʜʝʪʴ, 

ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ (ʢʨʠʚʘʷ 1) 
ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʩʢʨʳʪ-
ʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʦʩʦʙ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʛʥʘ-
ʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʝ ɹʨʝʡ-
ʥʘ (ʢʨʠʚʘʷ 2) ʧʨʠ ʨʘʟʤʝʨʥʦʩʪʠ ʙʘʟʳ ʩʠʛʥʘʣʘ 

16=B  ʥʘ 57,19 ʜʠʟ, 32=B  ʥʘ 09,23 ʜʠʟ, 
64=B  ʥʘ 25,24 ʜʠʟ, 128=B  ʥʘ 89,15 ʜʠʟ, 

ʧʨʠ 256=B  ʥʘ 02,1 ʜʠʟ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦ-

ʩʦʙʘ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ 
ʩʢʨʳʪʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘ-
ʣʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʨʘʟ-
ʣʠʯʥʦʛʦ ʬʦʨʤʘʪʘ (ʨʝʯʴ, ʬʘʢʩ, ʤʫʟʳʢʘ, ʠʥ-

ʪʝʨʥʝʪ) ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʢʦʥʬʠʜʝʥ-
ʮʠʘʣʴʥʦʩʪʴʶ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʙʝʩʧʨʦʚʦʜʥʳʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʜʦʩ-
ʪʫʧ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 
ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʨʳʥʢʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʪʝʭʥʦʣʦʛʠʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ  ʜʦʩʪʫʧʘ   ʠ ʚʳʙʦʨ 
ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
ʪʝʭʥʦʣʦʛʠʠ LTE ʥʘ ʩʝʣʴʩʢʠʭ ʩʝʪʷʭ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ 

  
D.V. Konovalov, A.S. Meleshin  

 
APPLICATION LTE TECHNOLOGY FOR COUNTRYSIDE ACCESS NETWORKS 

 
North-Caucasian branch of the Moscow technical university relationship and informatics, 

Rostov -on-Don 
 

Keywords:  infocommunication system, wireless broadband. 
 On the basis of criteria was developed by a comparative analysis offered in the 

telecommunications market of broadband access technologies and the choice of advanced 
technology services. The conclusion about the possibility of using LTE technology for rural 
broadband access networks. 

 
ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴ-

ʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʡ ʦʭʚʘʪ 
ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʫʩʣʫʛʘʤʠ ʩʝʣʴ-
ʩʢʠʭ ʨʘʡʦʥʦʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʣʦʞ-
ʥʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥ-
ʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʰʝʥʠʝ ʵʪʦʡ 
ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʛʦʪʦʚʳʭ 
ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ. ʇʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ 
ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪʩʷ ʛʣʫ-
ʙʦʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʚʦʧʨʦʩʦʚ. 
ʆʜʥʠʤ, ʠʟ ʪʘʢʠʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘ-
ʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʨʳʥʢʝ 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʪʝʭʥʦʣʦʛʠʡ ʰʠʨʦʢʦʧʦ-
ʣʦʩʥʦʛʦ  ʜʦʩʪʫʧʘ   ʠ ʚʳʙʦʨ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ. ɺʘʨʠʘʥ-
ʪʦʤ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ 
ʙʳʪʴ ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʙʝʩʧʨʦʚʦʜ-
ʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʠʨʤʳ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 
ʧʨʝʜʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʪʝʭʥʦʣʦʛʠʡ  

ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ: EDGE, UMTS, 
HSDPA, HSUPA, HSPA, WiMax, LTE. 

ɼʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʚʠʜʘ 
ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʐʇɼ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʟ-
ʚʝʨʪʳʚʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ ʥʝʦʙʭʦ-
ʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 
ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʪʝʨʝʩʘʭ ʨʝʰʝʥʠʷ 
ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦ-
ʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʣʝ-
ʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʠʝʚ: 
1) ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ; 
2) ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʠʘʧʘʟʦʥʳ ʯʘʩʪʦʪ; 
3) ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʢʘʥʘʣʘ; 
4) ʄʝʪʦʜʘ ʜʦʩʪʫʧʘ; 
5) ɺʠʜ ʤʦʜʫʣʷʮʠʠ; 
6) ʄʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ; 
7) ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʸʤʥʠʢʘ; 
8) ɿʘʜʝʨʞʢʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʘʢʝʪʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 
ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʩʠʩʪʝʤʘ-
ʪʠʟʠʨʦʚʘʥ ʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 
 
ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʐʇɼ 

 

EDGE HSPA(3G
PP Release 6) 

HSPA+ 
(3GPP Re-

lease 8) 

WiMax 
(Release 

1) 

 
LTE (3GPP 
Release 8) 

 

ʉʢʦʨʦʩʪʴ ʧʝ-
ʨʝʜʘʯʠ DL/UL 

384/69,2 
ʢʙʠʪ/ʩ 

14,4/5,7  
ʄʙʠʪ/ʩʝʢ 

42/12 
ʄʙʠʪ/ʩʝʢ 

8/12    
ʄʙʠʪ/ʩ 

 
326,4/173,8    
ʄʙʠʪ/ʩ 

 

ʂʨʠʪʝʨʠʠ 

ʊʝʭʥʦʣʦʛʠʠ 
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ʀʩʧʦʣʴʟʫʝʤʳʝ 
ʜʠʘʧʘʟʦʥʳ ʯʘʩ-

ʪʦʪ, ɻɻʮ 

0,45; 0,9; 
1,8 

0,85; 1,9; 
2,1 

0,85; 1,9; 
2,1 

2,3; 2,5; 
,5 

0,7; 0,8; 
0,85; 0,9; 1,8; 
1,9; 2,1; 2,3; 

2,6 
 

ʐʠʨʠʥʘ ʧʦʣʦ-
ʩʳ ʢʘʥʘʣʘ, ʄɻʮ 0,2 5 5 5 – 20 1,5 – 20 

ʄʝʪʦʜ  ʜʦʩʪʫ-
ʧʘ TDMA FDD FDD FDD/T

DD FDD/TDD 

ɺʠʜ 
ʤʦʜʫʣʷʮʠʠ 

8PSK/GM
SK 

BPSK/QP
SK /16QAM 

16QAM/ 
64QAM 

QPSK/ 
16QAM

/ 
64QAM 

QPSK/16 
QAM/64 

QAM 
 

ʄʦʱʥʦʩʪʴ ʧʝ-
ʨʝʜʘʪʯʠʢʘ BS, 

ʜɹʤ 

55(0,9ɻɻʮ
), 
20 

(1,8ɻɻʮ) 

20 (2,1 
ɻɻʮ) 

20 (2,1    
ɻɻʮ) 

18 
(2,3   

ɻɻʮ) 

18 (2,3 
ɻɻʮ) 

ʏʫʚʩʪʚʠʪʝʣʴ-
ʥʦʩʪʴ ʧʨʠʸʤʥʠʢʘ, 

ʜɹʤ 
-102 -102 -102 -106,3 -111,9 

ɿʘʜʝʨʞʢʘ ʥʘ 
ʦʙʨʘʙʦʪʢʫ ʧʘʢʝ-

ʪʦʚ 
50 ʤʩ 30 ʤʩ 30 ʤʩ 30 ʤʩ 10 ʤʩ 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ 
ʧʘʨʘʤʝʪʨʦʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘ 
ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 
WiMax ʠ  LTE.  

ɼʣʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʦʣʝʝ 
ʜʝʪʘʣʴʥʳʡ  ʘʥʘʣʠʟ. ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚʘʨʠʘʥʪʳ ʪʝʭʥʦʣʦ-
ʛʠʡ WiMax Rel. 1.0  ʠ LTE Rel.8. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʧʝʨʝʯʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Wimax Rel. 1.0 ʠ LTE 
Rel.8 ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʝ 2 - ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʧʝʨʝʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Wimax Rel. 1.0 ʠ 
 LTE Rel.8. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
 

LTE 
 

WiMax ɺʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʫ 

ʄʥʦʛʦʩʪʘʥʮʠʥ-
ʥʳʡ 
ʜʦʩʪʫʧ 

OFDMA ʥʘ 
DL, SC-FDMA 

ʥʘ UL 

OFDMA 
ʥʘ DL ʠ UL 

SC-FDMA: ʩʥʠʞʘʝʪʩʷ 
ʧʠʢ-ʬʘʢʪʦʨ, ʫʧʨʦʱʘʝʪʩʷ 

ʪʝʨʤʠʥʘʣ, ʧʦʚʳʰʘʝʪʩʷ ʂʇɼ 
 

ɼʠʩʧʝʪʯʝʨʠʟʘ-
ʮʠʷ 

ʯʘʩʪʦʪʥʳʭ 
ʨʝʩʫʨʩʦʚ 

ʉʝʣʝʢʪʠʚʥʘʷ ʈʘʥʜʦʤʠʟʠʨʦ-
ʚʘʥʥʘʷ 

ʏʘʩʪʦʪʥʘʷ ʩʝʣʝʢʪʠʚʥʘʷ     
ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ –  ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʚʳʠʛʨʳʰ 
 

ʉʭʝʤʳ MIMO 
CL-MIMO, 

ʧʘʨʘʣʣʝʣʴʥʦʝ 
ʢʦʜʠʨʦʚʘʥʠʝ 

MIMO ʙʝʟ ʦʙ-
ʨʘʪʥʦʡ ʩʚʷʟʠ, 
ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʝ  ʢʦʜʠʨʦʚʘʥʠʝ 

ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ, MIMO c 
ʧʨʝʢʦʜʠʨʦʚʘʥʠʝʤ, ʧʨʠʝʤʥʠʢ 
SIC – ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ 
 

ɸʜʘʧʪʘʮʠʷ ʩʠʩ-
ʪʝʤʳ ʢ ʢʘʥʘʣʫ 

ɺʳʩʦʢʘʷ      
ʪʦʯʥʦʩʪʴ 

ɻʨʫʙʘʷ ʥʘʩʪʨʦʡ-
ʢʘ 

ɸʜʘʧʪʘʮʠʷ ʩʠʩʪʝʤʳ ʩ        
ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ - 



 

           ʊʨʫʜʳ ʉʂʌ ʄʊʋʉʀ  2011                                     62 

(1 - 2 ʜɹ) (2 - 3ʜɹ) ʧʦʚʳʰʘʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ    
ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

 

ʋʧʨʘʚʣʝʥʠʝ        
ʤʦʱʥʦʩʪʴʶ 

ʏʘʩʪʠʯʥʦʝ 
ʫʧʨʘʚʣʝʥʠʝ 
ʤʦʱʥʦʩʪʴʶ 

ʂʣʘʩʩʠʯʝʩʢʠʡ 
ʘʣʛʦʨʠʪʤ 

ʏʘʩʪʠʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 
ʤʦʱʥʦʩʪʴʶ  – ʢʦʤʧʨʦʤʠʩʩ 
ʤʝʞʜʫ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙ-
ʥʦʩʪʴʶ ʥʘ ʢʨʘʶ ʠ ʚ ʩʫʤʤʝ ʧʦ 

ʩʦʪʝ 
 

ʇʝʨʝʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ 
ʯʘʩʪʦʪ 

ʂʦʵʬʬʠʮʠ-
ʝʥʪ 1 ʂʦʵʬʬʠʮʠʝʥʪ 3 

ʄʝʥʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ, 
ʚʳʰʝ ʩʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ 
 

ɿʘʛʦʣʦʚʢʠ /    
ʩʣʫʞʝʙʥʘʷ     ʠʥ-

ʬʦʨʤʘʮʠʷ 

ʉʨʘʚʥʠʪʝʣʴ-
ʥʦ    ʤʘʣʳʝ    
ʟʘʛʦʣʦʚʢʠ 

ɼʦʩʪʘʪʦʯʥʦ 
ʙʦʣʴʰʠʝ ʟʘʛʦʣʦʚʢʠ 

ʉʥʠʞʝʥʠʝ ʟʘʛʦʣʦʚʢʦʚ      
ʧʦʚʳʰʘʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ  

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʪʝʭʥʦʣʦ-
ʛʠʠ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʠ ʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʝ-
ʠʤʫʱʝʩʪʚʘ ʥʠ ʦʜʥʦʡ ʠʟ ʥʠʭ ʥʝʪ, ʦʜʥʘʢʦ, 
ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ LTE ʙʳʣʘ 
ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʥʘ ʜʚʘ  ʛʦʜʘ  ʧʦʟʞʝ WiMax, 
ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʭʥʦʣʦʛʠʠ 
LTE ʣʫʯʰʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʙʦʣʝʝ 
ʨʘʥʥʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɿʘ ʜʚʘ ʛʦʜʘ, ʙʳʣʠ ʨʘʟʨʘ-
ʙʦʪʘʥʳ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙ-
ʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦ-
ʚʘʪʴ ʚ LTE ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 
ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʮʝʣʝʡ ʨʘʟʚʠʪʠʷ ʙʝʩʧʨʦʚʦʜʥʦ-
ʛʦ ʐʇɼ ʚ ʟʦʥʘʭ, ʥʝ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʨʘʜʠʦ-
ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 
LTE 

ɺ ʨʘʡʦʥʘʭ ʦʪʜʘʣʝʥʥʳʭ ʦʪ ʢʨʫʧʥʳʭ ʛʦʨʦ-
ʜʦʚ, ʥʘʧʨʠʤʝʨ ʥʘ ʩʝʚʝʨʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩ-
ʪʠ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʩʝʣʴʩʢʦʝ ʥʘʩʝʣʝʥʠʝ, 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʩʚʦ-

ʝʥʥʳʡ ʜʠʘʧʘʟʦʥ 800-900ʄɻʮ, ʯʪʦ ʧʦʟʚʦʣʠʪ 
ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʫʶ ʟʦʥʫ ʨʘʜʠʦʧʦʢʨʳʪʠʷ 
ʧʨʠ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʚʳʩʦ-
ʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʛʨʫʟʢʠ ʵʪʠʭ ʜʠʘʧʘʟʦʥʦʚ ʚ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʡʦʥʘʭ ʈʦʩʪʦʚʩʢʦʡ ʦʙ-
ʣʘʩʪʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʪʝʭʥʦʣʦʛʠʷ LTE ʤʦʞʝʪ ʩʪʘʪʴ ʙʘʟʦʚʦʡ ʪʝʭʥʦ-
ʣʦʛʠʝʡ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʝʣʴʩʢʦʡ ʩʝʪʠ 
ʜʦʩʪʫʧʘ ʨʝʘʣʠʟʫʶʱʘʷ ʢʦʥʮʝʧʮʠʶ NGN. 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥ-

ʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ) ʟʘʚʠʩʠʪ 
ʦʪ ʢʘʯʝʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʝʝ ʢʦʥʪʨʦʣʷ. ʄʝʪʦ-
ʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʨʦʣʷ ʤʦʞ-
ʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʚʳʨʘʙʦʪʢʠ ʨʝʰʝʥʠʷ, 
ʧʨʠʥʷʪʳʭ ʚ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ: ʦʧ-
ʨʝʜʝʣʸʥʥʦʩʪʠ, ʨʠʩʢʘ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, 
ʩʚʷʟʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʥʘʣʠʯʠʝʤ ʦʧʨʝ-
ʜʝʣʸʥʥʳʭ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠ ʥʝʦʧʨʝʜʝʣʸʥ-
ʥʳʭ ʬʘʢʪʦʨʦʚ.  

ʅʦʨʤʘʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʀʉ 
ʩʚʷʟʘʥ ʩ ʜʝʡʩʪʚʠʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʫʯʘʡʥʳʭ 
ʬʘʢʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʦʧʠʩʘ-
ʥʠʝ. ʆʜʥʘʢʦ ʧʝʨʠʦʜʳ ʧʨʠʨʘʙʦʪʢʠ ʠ ʩʪʘʨʝʥʠʷ 
ʀʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝ-
ʥʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʢʘʟʦʚ ȿ(t), ʢʦʪʦʨʳʝ 
ʥʦʩʷʪ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥ-
ʪʨʦʣʷ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʟʘʜʘʯʘʤ ʧʨʠʥʷʪʠʷ 
ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʄʝ-
ʪʦʜʳ ʨʝʰʝʥʠʷ ʨʷʜʘ ʪʘʢʠʭ ʟʘʜʘʯ ʨʘʟʨʘʙʘʪʳ-
ʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʠʛʨ. ɺ ʨʘʩʩʤʦʪʨʝʥʳ 
ʚʦʧʨʦʩʳ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 
ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʨʦʣʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ 
ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʠʛʨ, 
ʧʦʟʚʦʣʷʶʱʝʡ ʫʯʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʝʦʧ-
ʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ, 
ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʠʩʢʦʤ ʠ ʫʩʪʨʘʥʝʥʠʝʤ ʥʝʠʩ-
ʧʨʘʚʥʦʩʪʝʡ ʀʉ. ʆʜʥʘʢʦ ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʤʦʜʝʣʷʭ ʦʪʩʫʪʩʪʚʫʝʪ ʫʯʸʪ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦ-
ʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʦʛʨʘʥʠʯʝʥʠʡ ʚ 
ʚʠʜʝ, ʢʘʢ ʨʘʚʝʥʩʪʚ, ʪʘʢ ʠ ʥʝʨʘʚʝʥʩʪʚ. ʆʪʤʝ-
ʪʠʤ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫ-
ʩʣʦʚʣʝʥʳ ʢʘʢ ʩʧʝʮʠʬʠʢʦʡ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ 
ʢʦʥʪʨʦʣʷ, ʪʘʢ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʠ ʤʝ-
ʪʦʜʦʚ ʢʦʥʪʨʦʣʷ. ʊʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʷʟʘʥʳ 
ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʨʷʜʘ ʥʝʠʩʧʨʘʚʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʪʨʝ-
ʙʦʚʘʥʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 
ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥ-
ʪʨʦʣʷ. ʇʨʠ ʵʪʦʤ ʫʯʸʪ ʩʣʫʯʘʡʥʦʛʦ ʬʘʢʪʦʨʘ ʚ 
ʤʦʜʝʣʠ ʟʘʜʘʯʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʢʣʶʯʝʥʠʝ 
ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʠʜʝ ʨʘʚʝʥʩʪʚʘ, ʘ ʫʯʸʪ ʥʝʦʧ-
ʨʝʜʝʣʸʥʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʪʦ-
ʭʘʩʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ – ʚʚʝʜʝʥʠʝ ʚ ʦʙʱʝʤ 
ʩʣʫʯʘʝ ʦʛʨʘʥʠʯʝʥʠʡ-ʥʝʨʘʚʝʥʩʪʚ. ʊʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʦʚ ʧʦʩʪʨʦʝʥʠʷ 
ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʳʭ ʤʦʜʝʣʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʷ-
ʤʠ-ʥʝʨʘʚʝʥʩʪʚʘʤʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦ-
ʨʠʪʤʦʚ ʢʦʥʪʨʦʣʷ ʚ ʫʩʣʦʚʠʷʭ ʩʦʯʝʪʘʥʠʷ ʩʣʫ-
ʯʘʡʥʳʭ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪ-
ʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʫʩʪʴ ɸ – ʤʘʪʨʠʮʘ ʦʙʦʙʱʸʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 
ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ija , ni ,1= , mj ,1= , ʟʘʜʘʶʱʘʷ ʤʦʜʝʣʴ ʤʘʪ-
ʨʠʯʥʦʡ ʠʛʨʳ. ʇʫʩʪʴ ʟʘʜʘʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘ-
ʭʦʞʜʝʥʠʷ ʀʉ ʚ ʨʷʜʝ ʩʦʩʪʦʷʥʠʡ (ʪ.ʝ. ʟʘʜʘʥʦ 
ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʦʧʠʩʘʥʠʝ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦ-
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ʨʦʚ), ʦʙʣʘʩʪʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚʝʨʦʷʪʥʦ-
ʩʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʡʥʳʭ ʬʘʢ-
ʪʦʨʦʚ ʠ ʪʨʝʙʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʨʷʜʘ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʨʦʣʷ. ɹʝʟ 
ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ  

ʛʨ
jj ɖɖ ¢ , mmj ¡¡+¡= ,1 , ʛʨ

jj ɖɖ = , mmj ,1+¡¡= , mm ¡¡¢¡ ,                              (1) 
ʛʨ
ii ɝɝ = , nni ,1+¡= ,                                                             (2) 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʣʷ 
ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʜʝʣʠ ʪʘʢʠʭ 
ʵʣʝʤʝʥʪʦʚ ʩʤʝʰʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ *ɖɖ jj = , 

mj ¡¡= ,1 , mm ¢¡¡ , *
ii xx = , ni ¡= ,1 , nn ¢¡ , ʢʦ-

ʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 

ääää
= =¡=¡¡=

= =
¡¡=¡=

=
n

i
j

m

j
iji

nimj

n

i
j

m

j
iji

mjni

aa
ijji 1 1,1
,

,1
,1 1

,1
,

,1
,

minmaxmaxmin hxhx
xhhx

,                                     (3) 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ (1), (2) ʠ 

1
1

=ä
=

i
n

i
x , 0²xi , ni ¡= ,1 ,                                                          (4) 

1
1

=ä
=

j
m

j
h , 0²h j , mj ¡¡= ,1 .                                                        (5) 

ʇʦʩʪʨʦʠʤ ʜʚʦʡʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦ-
ʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ  (1) – (5). 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʜʭʦʜʦʤ, ʨʘʩ-
ʩʤʦʪʨʝʥʥʳʤ ʚ ʩʬʦʨʤʠʨʫʝʤ ʜʚʦʡʩʪʚʝʥʥʳʝ 

ʟʘʜʘʯʠ, ʠʤʝʶʱʠʝ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʦʧ-
ʪʠʤʠʟʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʸʤ 
ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ  

öö
÷

õ
ææ
ç

å
=

232221

131211
AAA
AAA

A , 
TTT XXX ö
÷
õ

æ
ç
å= ~ , ( )TTTT YYYY ~= , 

ʛʜʝ T
nX )...(~

1 ¡= xx , T
nnX )...( 1 xx +¡= ,  T

mY )...(~
1 ¡= hh , T

mmY )...( 1 ¡¡+¡= hh , 
T

mmY )...( 1 hh +¡¡= , mnA ¡³¡=11dim , )(dim 12 mmnA ¡-¡¡³¡= , )(dim 13 mmnA ¡¡-³¡= , 
mnnA ¡³¡-= )(dim 21 , )()(dim 22 mmnnA ¡-¡¡³¡-= , )()(dim 23 mmnnA ¡¡-³¡-= , 

ʧʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʷ (1), (2), (3), (4), ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ ʛʨXX = , ʛʨYY ¢ , ʛʨYY = , 

1~
=+ ¡-¡

ʛʨT
nn

T
n XEXE , 

ʛʨT
mm

T
mm

T
m YEYEYE ¡¡-¡-¡¡¡ -=+ 1~ , Tʛʨ

n
ʛʨ
n

ʛʨX )...( 1 xx +¡= , Tʛʨ
m

ʛʨ
m

ʛʨY )...( 1 ¡¡+¡= hh , 
Tʛʨ

m
ʛʨ
m

ʛʨY )...( hh ¡¡= . 
ʊʦʛʜʘ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ ʜʣʷ ʧʦʠʩʢʘ ʩʤʝʰʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʤʦʛʫʪ 
ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ: 

- ʜʣʷ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ: ʥʘʡʪʠ 

( )
ý
ü
û

í
ì
ë +++- ¡¡-

ʛʨTʛʨTTʛʨʛʨT
mm

Xss
YAXYAXsYsYE 23130~,,

~1min
0

,                           (6) 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ  
ʛʨTT

m XAXAsE 21110
~
²-¡ , ʛʨTT

mm XAXAssE 22120
~
²-+¡-¡¡ ,                             (7) 

ʛʨT
nn

T
n XEXE ¡-¡ -=1~ , nX ¡² 0~ ,   mms ¡-¡¡² 0 ,                                        (8) 

ʛʜʝ gE  – ʚʝʢʪʦʨ ʩ ʝʜʠʥʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘ-
ʤʠ, gEg =dim , p0 – ʚʝʢʪʦʨ ʩ ʥʫʣʝʚʳʤʠ ʵʣʝ-
ʤʝʥʪʘʤʠ, pp =0dim ;  

- ʜʣʷ ʚʪʦʨʦʛʦ ʠʛʨʦʢʘ: ʥʘʡʪʠ 

( )
ý
ü
û

í
ì
ë +++- ¡-

ʛʨTʛʨTʛʨTʛʨʛʨT
nn

YYq
YAXYAXYAXqXE 232221

,~,

~1max ,                   (9) 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ 
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ʛʨ
n YAYAYAqE 131211

~
¢--¡ ,                                                   (10) 

ʛʨT
mm

T
mm

T
m YEYEYE ¡¡-¡-¡¡¡ -=+ 1~ ,                                               (11) 

ʛʨYY ¢ , mY ¡² 0~ , mmY ¡-¡¡² 0 .                                                (12)   

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ʇʫʩʪʴ ʟʘʜʘʥʘ ʤʘʪʨʠʮʘ ʦʙʦʙʱʸʥʥʳʭ ʟʘʪʨʘʪ  

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

=

49
53
64
75

54
88
48
65

23
59
72
84

48
73
28
39

65
85
35
65

64
46
37
46

A , 

ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʢʦʪʦʨʳʭ 2=¡=¡ mn , 4=¡¡m , ( )TTʛʨX 2,02,0= , ( )TTʛʨY 1,01,0= , 

( )TTʛʨY 2,01,0= . 

ʊʦʛʜʘ ʟʘʜʘʯʠ (6) – (8) ʠ (9) – (12) ʙʫʜʫʪ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ: 

ʥʘʡʪʠ  

{ }92,66,175,211,01,07,0min),,,,( 21210,,,,21210
*

1
21210

+++++= xxxx
xx

ssssssf
sss

,                        (13) 

ʧʨʠ 223746 210 ²-- xxs , 303565 210 ²-- xxs , 
2,242839 2110 ²--+ xxss , 4,167284 2120 ²--+ xxss , 

6,021 =+xx , 0,,, 2121 ²xxss , 
ʠ ʥʘʡʪʠ   

{ }92,64,162,2430226,0max),,,,( 4321,,,,4321
*

2
4321

+++++= hhhhhhhh
hhhh

qqf
q

 ,           (14) 

ʧʨʠ 5,2184396546 4321 ¢---- hhhhq , 6,1772283537 4321 ¢---- hhhhq , 
7,04321 =+++ hhhh , 1,03 ¢h , 1,04 ¢h , 0,,, 4321 ²hhhh . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʣʫʯʠʤ: 0,54),,,,(),,,,( 4321
*
24321

*
1 == hhhhhhhh qfqf , 0,510 =s , 

0,01 =s , 6,82 =s , ( )TTX 6,00,0*~
= , q = 45,8, ( )TTY 6,00,0*~

= , ( )TTY 1,00,0* = , ʛʜʝ ʥʘʡʜʝʥʥʳʝ 

ʩʤʝʰʘʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʦʧʨʝʜʝʣʷʶʪ ʩʠʪʫʘʮʠʶ ʨʘʚʥʦʚʝʩʠʷ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ( )TTʛʨY 11= , ʪ.ʝ. ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 
ʠʥʪʝʨʚʘʣʘʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʩʪʦʭʘʩʪʠʯʝ-

ʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ 
ʧʦʣʫʯʠʤ: 

2,59),,,,(),,,,( 4321
*
24321

*
1 == hhhhhhhh qfqf , 6,590 =s , 0,021 == ss , ( )TTX 6,00,0*~

= , q=68, 

( )TTY 0,00,0*~
= , ( )TTY 7,00,0* = .  

ʊ.ʝ. ʟʥʘʯʝʥʠʝ ʠʛʨʳ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 54,0 ʜʦ 
59,2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʦʛʨʘʥʠʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʦʝ ʦʞʠʜʘʥʠʝ ʦʙʦʙʱʸʥʥʳʭ ʟʘʪʨʘʪ ʚ ʫʩʣʦ-
ʚʠʷʭ ʧʨʠʤʝʨʘ ʥʘ 9%, ʘ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ 
ʤʘʪʨʠʯʥʦʡ ʠʛʨʳ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦʣʥʦ-
ʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʠ 
ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʷʤ ʩʠʪʫʘʮʠʠ ʨʘʚʥʦʚʝ-
ʩʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ-
ʤʝʥʝʥʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʢʦʥʪʨʦ-
ʣʷ ʀʉ ʚ ʫʩʣʦʚʠʷʭ ʩʦʯʝʪʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʠ 
ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʬʘʢʪʦʨʦʚ. 
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ʂ.ɽ. ʃʝʛʢʦʚ  
 

ʉʊɸʅɼɸʈʊ IEEE 802.16: ʋʇʈɸɺʃɽʅʀɽ ʂɸʏɽʉʊɺʆʄ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ 
ʆɹʄɽʅɸ ɺ ʉʀʉʊɽʄɸʍ ʉʇɽʎʀɸʃʔʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ 

 
ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʢʠ,  

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʫʩʣʫʛʘʤʠ,  ʫʩʣʫʛʘ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʙʝʩʧʨʦʚʦʜʥʳʡ ʜʦʩʪʫʧ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʛʦʨʦʜʩʢʦʛʦ ʤʘʩʰʪʘʙʘ, ʦʩʥʦʚʘʥ-

ʥʳʝ ʥʘ ʩʪʘʥʜʘʨʪʝ IEEE 802.16, ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘ-
ʟʥʘʯʝʥʠʷ. ɼʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʬʠʢʘ ʨʘʟ-
ʣʠʯʥʦʛʦ ʚʠʜʘ. ʂʘʢ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʦʙʤʝʥʘ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʪʚʝʪ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʠ ʨʘʩʢʨʳʪ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ. 
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Currently, wireless access citywide, based on the standard IEEE 802.16, are used in 

communication systems for special applications. This standard applies to transfer a large amount of 
traffic of various kinds. How to effectively manage the quality of information exchange in these 
systems. The answer to these questions and uncovered in this article. 

 
ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʘʥʘʣʠʟʫ 

ʩʪʨʫʢʪʫʨʳ ʪʨʘʬʠʢʘ ʩʝʪʝʡ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 
ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʚʳʷʚʠʣʠ, ʯʪʦ ʠʩ-
ʩʣʝʜʫʝʤʳʡ ʪʨʘʬʠʢ ʠʤʝʝʪ ʦʪʯʝʪʣʠʚʫʶ ʩʪʨʫʢ-
ʪʫʨʫ VBR (variable bit rate) ʪʠʧʘ, ʪʦ ʝʩʪʴ ʠʥ-
ʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʯʝʛʦ ʪʨʘʬʠʢ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʘʯʝʯʥʦʩʪʴ. ʂʘʢ 
ʩʣʝʜʩʪʚʠʝ, ʩʪʘʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ (ʤʝʪʦʜʳ ʪʠʧʘ ʰʝʡʧʠʥʛʘ 
ʠ ʧʦʣʠʩʠʥʛʘ), ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 
ʘʧʧʘʨʘʪʫʨʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠ-
ʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʠʥʬʦʨʤʘʮʠʠ ʠ 
ʥʠʟʢʦʡ ʫʪʠʣʠʟʘʮʠʠ ʢʘʥʘʣʘ. ʇʝʨʚʦʝ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ ʫʭʫʜʰʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ 
ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʚʪʦʨʦʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʝ-
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʢʘ-
ʥʘʣʘ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝ-
ʨʝʜʘʯʠ ʧʘʢʝʪʦʚ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʦʛʥʦʟʠʨʦ-
ʚʘʥʠʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʢʦ-
ʪʦʨʳʡ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-
ʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, 
ʢʘʩʘʶʱʠʭʩʷ ʧʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʘ-
ʤʦʧʦʜʦʙʥʦʛʦ ʪʝʣʝʪʨʘʬʠʢʘ. ʆʜʥʘʢʦ ʜʦ ʥʘ-
ʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʚʦʜʠ-
ʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ 
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ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʜʘʧʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦ-
ʟʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʘʤʦʧʦʜʦʙʥʦʤʫ 
ʪʝʣʝʪʨʘʬʠʢʫ ʙʝʩʧʨʦʚʦʜʥʳʭ ʰʠʨʦʢʦʧʦʣʦʩ-
ʥʳʭ ʩʝʪʝʡ ʜʦʩʪʫʧʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝ-
ʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʤʝ-
ʥʝʥʠʷ ʩʭʝʤʳ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʨʘʩʩʤʦʪ-
ʨʠʤ ʧʨʦʩʪʦʡ ʯʘʩʪʥʳʡ ʧʨʠʤʝʨ: ʜʣʷ ʬʠʟʠʯʝ-
ʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ 
ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ CS  ʦʨʛʘʥʠʟʦʚʘʥʦ 

ʜʚʘ ʣʦʛʠʯʝʩʢʠʭ (ʚʠʨʪʫʘʣʴʥʳʭ) ʢʘʥʘʣʘ VC 
(virtual channels) ʩʦ ʩʪʘʪʠʯʝʩʢʠ ʟʘʜʘʥʥʳʤʠ 
ʧʨʦʧʫʩʢʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʉ1 ʠ ʉ2 ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ 1 2C C CS = + (ʩʤ. ʨʠʩ. 
1). ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʧʝʨʝʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ 
ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʢ ʟʘ-
ʜʝʨʞʢʘʤ ʠ ʧʦʪʝʨʷʤ (ʜʣʷ ʩʠʩʪʝʤʳ ʚʠʜʝʦʢʦʥ-
ʬʝʨʝʥʮʩʚʷʟʠ, ʥʘʧʨʠʤʝʨ), ʘ ʚʦ ʚʪʦʨʦʤ - ʚʪʦ-
ʨʦʩʪʝʧʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʜʘʥʥʳʝ www, ftp 
ʠ ʜʨʫʛʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʢ 
ʟʘʜʝʨʞʢʘʤ ʠ ʧʦʪʝʨʷʤ). 

 
ʈʠʩ. 1. ʉʪʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʣʦʛʠʯʝʩʢʠʤʠ 
ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʧʦʩʦʙʘ ʨʘʟʜʝʣʝʥʠʷ ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦ-
ʩʦʙʥʦʩʪʠ CS  ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ 
ʜʚʫʤʷ ʣʦʛʠʯʝʩʢʠʤʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʧʝʨʚʦʤ 
ʚʠʨʪʫʘʣʴʥʦʤ ʢʘʥʘʣʝ ʧʝʨʝʜʘʝʪʩʷ ʢʨʠʪʠʯʥʘʷ ʢ 
ʧʦʪʝʨʷʤ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠ-
ʚʘʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʉ1 ʵʪʦʛʦ ʢʘ-
ʥʘʣʘ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʝʛʦ 
ʫʪʠʣʠʟʘʮʠʷ ʠ ʜʦʩʪʫʧʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʜʣʷ ʚʪʦʨʦʛʦ ʢʘʥʘʣʘ, ʧʦʩʢʦʣʴʢʫ 

2 1C C CS= - . ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʩʫʨʩʳ ʬʠʟʠ-
ʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʨʘʩʭʦʜʫʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ. 

ɹʦʣʝʝ ʪʦʛʦ, ʯʝʤ ʚʳʰʝ ʧʘʯʝʯʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ 
ʧʝʨʚʦʤ ʢʘʥʘʣʝ, ʪʝʤ ʥʠʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʩʠʩʪʝʤʳ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʩʭʝʤʘ ʩ ʧʨʦʛʥʦʟʠʨʦ-
ʚʘʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ. ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʩʢʘʟʘʪʝʣʷ ʩʠʩʪʝʤʘ 
ʟʘʨʘʥʝʝ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʨʝʙʦʚʘʥʠ-
ʷʭ ʢ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʩ ʧʨʠ-
ʦʨʠʪʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (ʧʝʨʚʦʛʦ ʢʘʥʘʣʘ) ʚ 
ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʚ ʙʣʠʞʘʡʰʝʤ 
ʙʫʜʫʱʝʤ. 

 
ʈʠʩ. 2. ɼʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʣʦʛʠʯʝʩʢʠʤʠ 
ʇʦʵʪʦʤʫ ʢ ʥʘʩʪʫʧʣʝʥʠʶ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 

t ʩʠʩʪʝʤʘ ʚʳʜʝʣʷʝʪ ʜʣʷ ʧʝʨʚʦʛʦ ʢʘʥʘʣʘ ʪʨʝ-
ʙʫʝʤʳʡ ʨʝʩʫʨʩ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʉ1, 
ʨʘʩʧʨʝʜʝʣʠʚ ʧʨʠ ʵʪʦʤ ʚʪʦʨʦʤʫ ʢʘʥʘʣʫ ʚʩʶ 
ʦʩʪʘʚʰʫʶʩʷ ʜʦʩʪʫʧʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦ-
ʩʦʙʥʦʩʪʴ / /

2 1C C CS= - . ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ 
ʠʟ ʨʠʩ. 2 ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘ-
ʯʠ ʧʘʢʝʪʦʚ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʫʚʝʣʠʯʠʚʘʝʪ 
ʫʪʠʣʠʟʘʮʠʶ ʚ ʧʝʨʚʦʤ ʢʘʥʘʣʝ ʠ ʧʨʝʜʦʩʪʘʚʣʷ-
ʝʪ ʙʦʣʴʰʝ ʨʝʩʫʨʩʦʚ ʜʣʷ ʚʪʦʨʦʛʦ ʢʘʥʘʣʘ.  

ʀʜʝʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʤʦ-
ʜʠʬʠʢʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ (ʧʦʣʠʩʠʥʛʘ ʠ ʰʝʡʧʠʥ-
ʛʘ), ʩʣʫʞʘʱʠʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ 
ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙ-
ʤʝʥʘ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʤʦʜʫʣʷ, ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʥʘ ʥʝʢʦʪʦʨʦʝ 
ʚʨʝʤʷ ʚʧʝʨʝʜ ʥʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ Bc ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ-
ʩʪʫʧʘʶʱʠʭ ʧʘʢʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʦʧʫʩʢʥʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ 
ʧʨʦʬʠʣʴ ʪʨʘʬʠʢʘ, ʫʤʝʥʴʰʘʷ ʧʨʠ ʵʪʦʤ ʧʦʪʝ-
ʨʠ ʠ ʫʚʝʣʠʯʠʚʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʜʝʣʝʥʥʳʭ 
ʨʝʩʫʨʩʦʚ, ʘ ʥʝ ʪʨʘʬʠʢ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʧʦʜ 
ʟʘʜʘʥʥʳʡ ʥʘʧʝʨʝʜ ʧʨʦʬʠʣʴ. 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝ-
ʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʭʘʥʠʟʤʝ çʢʦʨʟʠʥʘ ʤʘʨʢʝ-
ʨʦʚè, ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 3. 

;ʩʭʝʤʘD

( )? 1x n +
( )? 1C n +

( )? 1c cB C n T= + Ö
ʫʩʪʘʥʦʚʢʘ ʥʘ ʚʨʝʤʷ ʚʧʝʨʝʜD

ʘʛʨʝʛʠʨʦʚʘʥʠʷ

( )c

c

B ʙʠʪ ʤʘʨʢʝʨʦʚ
ʯʝʨʝʟ ʢʘʞʜʳʝ T

 
ʈʠʩ. 3. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʩʭʝʤʳ ʚʭʦʜʷʱʠʡ ʧʦʪʦʢ 
ʧʘʢʝʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ 
ʩʠʩʪʝʤʫ ʧʦʧʘʜʘʝʪ ʥʘ ʩʭʝʤʫ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʦ 
ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ æ. ʇʦʩʣʝ ʯʝʛʦ n ʧʦ-
ʩʣʝʜʥʠʭ ʦʪʩʯʝʪʦʚ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʚʨʝʤʝʥʥʦ-
ʛʦ ʨʷʜʘ ʧʦʩʪʫʧʘʶʪ ʥʘ ʧʨʝʜʩʢʘʟʘʪʝʣʴ, ʢʦʪʦ-
ʨʳʡ ʚʳʜʘʝʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʩʣʝ-
ʜʫʶʱʝʛʦ ʦʪʩʯʝʪʘ ?( 1)x n +  ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ 
ʨʷʜʘ x ʥʘ ʚʨʝʤʷ æ ʚʧʝʨʝʜ. ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʦ-
ʚʘʥʠʡ ʢ ʚʝʣʠʯʠʥʝ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ, ʦʮʝʥʠ-
ʚʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ 
?( 1)C n + . ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, 
ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʦʞʝʪ ʫʯʠʪʳ-
ʚʘʪʴʩʷ ʩʪʘʪʠʩʪʠʢʘ ʧʦʪʝʨʷʥʥʳʭ ʧʘʢʝʪʦʚ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʝʨ ʙʫʬʝʨʘ ʤʘʨʢʝʨʦʚ ʫʩʪʘʥʘʚ-
ʣʠʚʘʝʪʩʷ ?( 1)cB C n= +  ʥʘ ʚʨʝʤʷ æ ʚʧʝʨʝʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ Bc (ʘ ʚʤʝʩʪʝ ʩ 
ʥʠʤ ʠ CIR) ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʢʘʞʜʳʡ ʠʥʪʝʨʚʘʣ 
æ, ʦʪʩʣʝʞʠʚʘʷ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ. ʇʨʠ ʪʦʡ ʞʝ ʩʘʤʦʡ (ʚ 
ʩʨʝʜʥʝʤ) ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ, 
ʚ ʨʝʞʠʤʝ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘ-
ʢʝʪʦʚ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʧʦʪʝʨʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʤ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠ-
ʟʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʣʠʩʠʥʛʘ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʚʚʝ-
ʜʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʤʦʜʫʣʷ ʤʦʞʥʦ ʤʦ-
ʜʠʬʠʮʠʨʦʚʘʪʴ ʤʝʪʦʜ ʰʝʡʧʠʥʛʘ. ʇʨʠ ʵʪʦʤ 
ʦʪʙʨʦʩ ʧʘʢʝʪʦʚ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʧʨʝʜ-

ʩʢʘʟʘʪʝʣʷ ʙʫʜʝʪ ʩʥʠʞʝʥ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 
ʟʘʜʝʨʞʝʢ. ʉʭʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ 
ʤʝʪʦʜʘ ʬʘʢʪʠʯʝʩʢʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 
ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 3, ʚ ʢʦʪʦʨʫʶ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦ ʚʚʝʜʝʥ ʙʫʬʝʨ ʜʣʷ ʧʦʩʪʫʧʘʶʱʠʭ ʚ 
ʩʠʩʪʝʤʫ ʧʘʢʝʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞ-
ʥʦʩʪʝʡ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ 
ʧʘʢʝʪʦʚ ʧʨʦʚʝʜʝʤ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ 
ʘʣʛʦʨʠʪʤʘ (ʨʠʩ.4): 

ʚ ʠʩʭʦʜʥʦʤ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʥʦʤ ʨʷʜʝ 
( )x k , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʪʨʘʬʠʢʫ ʚʳʜʝʣʠʤ 

ʫʯʘʩʪʦʢ ʊ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ LT; 
ʠʟʫʯʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʘ ʥʘ ʜʘʥʥʦʤ 

ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʫʯʘʩʪʢʝ (ʦʮʝʥʠʚʘʷ ʧʘʨʘʤʝʪ-
ʨʳ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ), ʬʦʨʤʠʨʫʝʤ 
ʧʨʦʛʥʦʟ ?( )C i  (ʥʘ ʦʜʠʥ ʰʘʛ ʚʧʝʨʝʜ) i-ʛʦ ʟʥʘ-
ʯʝʥʠʷ ʨʷʜʘ ( )x k , ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʢʦʥʮʦʤ 
ʫʯʘʩʪʢʘ; 

ʬʠʢʩʠʨʫʝʤ ʧʦʣʫʯʠʚʰʫʶʩʷ ʘʙʩʦʣʶʪʥʫʶ 
ʦʰʠʙʢʫ ʧʨʦʛʥʦʟʘ ( )e i ; 

ʩʜʚʠʛʘʝʤ ʫʯʘʩʪʦʢ T ʜʣʠʥʳ LT ʥʘ ʦʜʠʥ ʰʘʛ 
ʚʧʝʨʝʜ, ʩʯʠʪʘʷ, ʯʪʦ ʢ ʥʘʩʪʫʧʠʚʰʝʤʫ ʤʦʤʝʥ-
ʪʫ ʚʨʝʤʝʥʠ ʥʘʤ ʫʞʝ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʜʝʡʩʪʚʠ-
ʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ, ʯʪʦ ʩʧʨʦʛʥʦʟʠʨʦ-
ʚʘʥʥʦʛʦ ʦʪʩʯʝʪʘ i; 

ʦʩʫʱʝʩʪʚʣʷʝʤ ʧʨʦʛʥʦʟ ʩʣʝʜʫʶʱʝʛʦ ʟʥʘ-
ʯʝʥʠʷ ʠ ʪ.ʜ. 
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ʈʠʩ.4. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʪʨʘʬʠʢʘ 

 
ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʳʠʛʨʳʰ ʦʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝ-
ʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʪʠʯʝ-
ʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦ-
ʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʩʧʦʩʦʙʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʨʘʩʩʤʦʪʨʠʤ ʦʮʝʥʢʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙ-
ʩʣʫʞʠʚʘʥʠʷ: 

( ) ( ) ( )iDiDiAdvD st
+++ -= forecastforecast ,   (1) 

( ) ( ) ( )iDiDiAdvD st
--- -= forecastforecast ,   (2) 

ʢʦʪʦʨʳʝ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʮʝʥʢʘ-
ʤʠ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 
ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝ-
ʨʝʜʘʯʠ ʧʘʢʝʪʦʚ. ʇʨʠ ʵʪʦʤ, ʯʝʤ ʚʳʰʝ ʟʥʘʯʝ-
ʥʠʷ ʦʮʝʥʦʢ (1 – 3), ʪʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʚʳʠʛ-

ʨʳʰʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʚʳʙʨʘʥ-
ʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ 
ʧʘʢʝʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʦʜʫ ʩʪʘʪʠʯʝʩʢʦ-
ʛʦ ʟʘʜʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʳʠʛʨʳʰʠ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 
ʥʝʜʦʦʮʝʥʢʠ (1) ʠ ʧʝʨʝʦʮʝʥʢʠ (2) ʜʣʷ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʬʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʙʫʜʝʤ 
ʠʟʫʯʘʪʴ ʣʠʰʴ ʦʜʥʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (1). ɺʩʝ 
ʦʮʝʥʢʠ ʚʳʠʛʨʳʰʘ ʙʦʣʴʰʝ ʥʫʣʷ, ʯʪʦ ʦʟʥʘʯʘ-
ʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘ-
ʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ 
ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ bs ʚʳʠʛʨʳʰ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ 
ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. 

 
ʈʠʩ. 5. ʆʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ 
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ʈʠʩ. 6. ʆʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʧʨʦʧʫʩʢʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʩ ʧʨʦʩʪʳʤ ʧʨʝʜʩʢʘʟʘʪʝʣʝʤ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʣʫʯʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥ-
ʪʦʚ D+ ʠ D– ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫ-
ʯʘʶʪʩʷ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ 
ʧʨʦʩʪʦʛʦ ʧʨʝʜʩʢʘʟʘʪʝʣʷ, ʪʘʢ ʧʨʠ ʩʪʘʪʠʯʝ-
ʩʢʦʤ ʩʧʦʩʦʙʝ ʟʘʜʘʥʠʷ ʧʦʣʦʩʳ ʚ ʪʦʯʢʝ 
bs_norm = 1 ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʜʦʦʮʝʥʢʠ 

0.2433stD+ º . ʕʪʦ ʦʟʥʘʯʘʝʪ ʧʦʪʝʨʶ 24.33% 
ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʥʦʩʠʤʦʡ ʪʨʘʬʠʢʦʤ 
x(k). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʛʦ 
ʧʨʝʜʩʢʘʟʘʪʝʣʷ (ʨʠʩ. 6) (ʧʨʠ ʪʦʤ ʞʝ ʩʘʤʦʤ 
ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ?C , 
ʪʦ ʝʩʪʴ ʧʨʠ bs_norm=1) ʧʦʪʝʨʠ ʥʝʜʦʦʮʝʥʢʠ  
ʫʜʘʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ʜʦ 6.4%  
( 0.064naiveD+ º ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʠʛʨʳʰ ʚ D+ ʠ D– ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʦʛʦ ʧʨʝʜʩʢʘʟʘʪʝʣʷ (ʚ 
ʪʦʯʢʝ bs_norm=1) ʩʦʩʪʘʚʠʣ ~18% ʦʪ ʚʩʝʛʦ 
ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ (ʩʤ. ʨʠʩ. 6). ɺ ʪʦ ʞʝ 
ʚʨʝʤʷ ʚʳʠʛʨʳʰ ʚ ʧʦʢʘʟʘʪʝʣʝ SNR-1 ʜʣʷ ʧʨʦ-
ʩʪʦʛʦ ʧʨʝʜʩʢʘʟʘʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ~54%. 

ʆʮʝʥʠʤ ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘ-
ʟʘʪʝʣʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʠʜʝʦʢʦʥʬʝ-
ʨʝʥʮʩʚʷʟʠ, ʥʘʧʨʠʤʝʨ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʝʣʠ-
ʯʠʥʘ ʧʦʪʝʨʴ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 1-2 % ʦʪ 
ʚʩʝʛʦ ʦʙʲʝʤʘ ʪʨʘʥʩʣʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
ʇʦ ʛʨʘʬʠʢʫ ʥʘ ʨʠʩ. 6, ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʩ ʧʨʦ-
ʩʪʳʤ ʧʨʝʜʩʢʘʟʘʪʝʣʝʤ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ 
ʪʘʢʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠ-
ʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʫʨʦʚ-
ʥʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʟʥʘʯʝʥʠʶ 3 < bs_norm 
< 4.5. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦ-
ʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʩʨʝʜʥʝ-
ʤʫ ʟʥʘʯʝʥʠʶ ʪʨʘʬʠʢʘ (ʥʘ ʠʟʫʯʘʝʤʦʤ ʫʯʘʩʪ-
ʢʝ, ʪ.ʝ. ʥʘ ʫʯʘʩʪʢʝ F), ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ ʢʦ-
ʵʬʬʠʮʠʝʥʪ 3 - 4,5. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʜʦʩ-
ʪʠʞʝʥʠʷ ʪʘʢʦʛʦ ʞʝ ʵʬʬʝʢʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦ-
ʩʦʙʥʦʩʪʠ, ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʚʦʟʨʘʩʪʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 7 - 9 
(ʩʤ. ʨʠʩ. 5). ʆʯʝʚʠʜʥʦ, ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪ-
ʚʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʢʘʥʘʣʘ ʧʨʠʤʝʨʥʦ 
ʚ 2 ʨʘʟʘ. 

 
ʈʠʩ. 7. ɺʳʠʛʨʳʰ ʚ ʢʦʵʬʬʠʮʠʝʥʪʝ SNR-1 ʧʨʠ ʤʝʪʦʜʝ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʇʝʨʝʭʦʜʷ ʜʘʣʝʝ ʢ ʠʟʫʯʝʥʠʶ ʨʠʩ. 6, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʳʠʛʨʳʰ ʚ ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ D+ ʠ D– ʧʨʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝ-
ʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʣʫʯʘʷ 
ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʠ (ʧʨʠ 3 < bs_norm < 
4.5) ʩʦʩʪʘʚʠʪ ʦʪ 4% ʜʦ 8%. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩ-
ʚʷʟʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʤ ʢ 
ʚʝʣʠʯʠʥʝ ʧʦʪʝʨʴ ʩʝʨʚʠʩʦʤ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, 
ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʩʝʨ-
ʚʠʩʦʚ, ʚʝʣʠʯʠʥʘ ʚʳʠʛʨʳʰʘ ʤʦʞʝʪ ʙʳʪʴ 
ʙʦʣʴʰʝ ~10% (ʩʤ. ʨʠʩ. 6). 

ɺʳʠʛʨʳʰ ʚ ʩʪʘʪʠʩʪʠʢʝ SNR-1 (ʢʦʪʦʨʘʷ, 
ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʦʪʚʝʯʘʝʪ ʟʘ ʜʞʠʪ-
ʪʝʨ) ʩʦʩʪʘʚʣʷʝʪ ~54% (ʩʤ. ʨʠʩ.7). ʉ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʳ, ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʵʪʘ 
ʚʝʣʠʯʠʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 
~59%. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʧʨʝʜ-
ʩʢʘʟʘʪʝʣʝʡ ʠ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʣʦʞʥʝʥʠʝ 
ʤʦʜʝʣʠ ʜʘʝʪ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʜʦʩʪʘʪʦʯʥʦ ʥʝ-
ʙʦʣʴʰʦʝ ʫʣʫʯʰʝʥʠʝ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ SNR-1 
(ʘ ʠʤʝʥʥʦ, ʚʳʠʛʨʳʰ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
ʩ 54% ʜʦ 59%) ʥʘ ʬʦʥʝ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴ-
ʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ D+ ʠ D– [7]. 
ʇʦʵʪʦʤʫ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘ-
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ʮʠʠ, ʤʝʥʴʰʝʡ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʠ ʪʨʝʙʦʚʘ-
ʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʣʫʯʰʠʭ 
ʧʦʢʘʟʘʪʝʣʷʭ ʧʦʪʝʨʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨ-
ʩʦʚ ʢʘʥʘʣʘ (D+ ʠ D–) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʤʝʪʦʜʝ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝ-
ʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 
ʧʨʠʤʝʥʷʝʤ ʧʨʦʩʪʦʡ ʧʨʝʜʩʢʘʟʘʪʝʣʴ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʘʭ ʙʝʩ-
ʧʨʦʚʦʜʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʩʧʝ-
ʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠ ʠʟʤʝʥʷʶʱʠʭʩʷ 
ʚʥʝʰʥʠʭ (ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦ-
ʚʦʣʥ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʠ 
ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ, ʩʚʷʟʴ ʚ ʜʚʠʞʝʥʠʠ) ʠ 
ʚʥʫʪʨʝʥʥʠʭ (ʚʝʣʠʯʠʥʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʘ-
ʬʠʢʘ ʚ ʩʝʪʠ, ʩʦʩʪʘʚ ʠ ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ, ʪʝʭʥʠ-
ʯʝʩʢʠʝ ʦʪʢʘʟʳ ʠ ʪ.ʧ.) ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠ-
ʨʦʚʘʥʠʷ, ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 
ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʩʦʚʤʝʩʪ-
ʥʦ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʕʄɺʆʉ ʠʩʭʦʜʷ ʠʟ ʝʜʠ-
ʥʦʛʦ ʢʨʠʪʝʨʠʷ. 

ʊʘʢʠʤ ʢʨʠʪʝʨʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʤʘʢʩʠʤʠ-
ʟʘʮʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ 
ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝ-
ʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʢʨʠʪʝ-
ʨʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 
ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʦʨʠ-

ʪʝʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʤʘʢʩʠʤʠʟʘʮʠʠ 
ʢʦʣʠʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʥʝʧʨʠʦʨʠʪʝʪʥʳʭ 
ʘʙʦʥʝʥʪʦʚ ʠ ʜʨ. ɺʧʨʦʯʝʤ, ʚʳʙʦʨ ʢʨʠʪʝʨʠʷ 
ʪʘʢʞʝ ʤʦʞʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠ ʩʣʦʞʠʚʰʠʭʩʷ ʥʘ ʜʘʥ-
ʥʳʡ ʤʦʤʝʥʪ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʩʠʩʪʝʤʳ. ɸ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʘʩʧʨʝʜʝʣʷʪʴ 
çʫʩʠʣʠʷè ʧʦ ʘʜʘʧʪʘʮʠʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʜʣʷ 
ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʮʝʣʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 
ʨʘʥʝʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-
ʛʨʘʤʤʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜ ʦ ʧʦʚʳʰʝʥʠʠ 
ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝ-
ʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʩʪʘʪʠʯʝʩʢʦʛʦ 
ʟʘʜʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʟʜʝʣʝ-
ʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʩ ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʰʠʨʦʢʦ-
ʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 8. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, 
ʯʪʦ ʢʘʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ 
ʩʠʩʪʝʤʝ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 
ʜʦʩʪʫʧʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ 
ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘ-
ʥʠʝʤ ʟʘʤʝʪʥʦ ʚʳʰʝ (10-15 %) ʧʨʠ ʪʦʤ ʞʝ 
ʩʘʤʦʤ ʦʙʲʝʤʝ ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʩʠʩʪʝʤʝ ʠʥ-
ʬʦʨʤʘʮʠʠ. 
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ʈʠʩ. 8. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʟʘʜʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʩ ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʥʠʝʤ 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ 
ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʣʫʯʘʷʤʠ, 
ʢʦʛʜʘ ʚʦʟʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʪʨʘʬʠʢ ʥʘ ʜʚʝ ʢʘ-
ʪʝʛʦʨʠʠ: ʧʨʠʦʨʠʪʝʪʥʳʡ ʠ ʥʝʧʨʠʦʨʠʪʝʪʥʳʡ, ʘ 
ʪʘʢʞʝ ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʠʢʘ ʚʠʨʪʫ-
ʘʣʴʥʳʭ ʢʘʥʘʣʦʚ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʩʪʠʯʝ-
ʩʢʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ). ʇʨʠ 
ʵʪʦʤ ʝʩʣʠ ʧʨʠʦʨʠʪʝʪʥʳʡ ʪʨʘʬʠʢ ʦʢʘʟʳʚʘʝʪ-
ʩʷ ʩʘʤʦʧʦʜʦʙʥʳʤ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʢʦ-
ʵʬʬʠʮʠʝʥʪʦʤ ʧʘʯʝʯʥʦʩʪʠ, ʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 
ʤʝʪʦʜ ʪʘʢʞʝ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʝʥ. ɺ ʧʨʦʪʠʚ-
ʥʦʤ ʩʣʫʯʘʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʘʞʝʪʩʷ ʥʝ 

ʭʫʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʩʪʘʪʠʯʝʩʢʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ 
ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ 
ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʩʪʦʛʦ ʧʨʝʜʩʢʘʟʘʪʝʣʷ ʧʨʠ 
ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝ-
ʣʠ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʧʦ-
ʨʷʜʦʢ ʝʛʦ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʘʭ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 
ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘ-
ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʩʥʦʚ-
ʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 
ʢʘʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʢʦʪʦ-
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ʨʫʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ: 

1. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙ-
ʤʝʥʘ ʚ ʩʠʩʪʝʤʘʭ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʚʦ-
ʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘ-
ʟʘʪʝʣʷ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʦʙ-
ʤʝʥʘ.  

ä
=

Ö=
n

j
jiz KAQ

1                                      (4) 
ʛʜʝ iA  - ʢʦʵʬʬʠʮʠʝʥʪ, ʯʠʩʣʦ ʟʥʘʯʝʥʠʡ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʫʨʦʚʥʝʡ ʂʀʆ 
m , 1i m= + ; 

iK  - ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶ-
ʱʠʡ ʟʥʘʯʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʂʀʆ. 

n  - ʯʠʩʣʦ ʧʦʢʘʟʘʪʝʣʝʡ ʂʀʆ. 
2. ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘ-
ʯʝʥʠʷ: 

{ }ʪʨW Q Q²
(6) 

ʛʜʝ 1
ʪʨ

QW
Q

= ²   – ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʝʩʧʨʦ-
ʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʙʝʩ-
ʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʛʦ ʦʙʤʝʥʘ ʜʣʷ ʚʩʝʭ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʩʠʩʪʝ-
ʤʳ. 

Q  – ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʂʀʆ ʧʦʣʫʯʝʥ-
ʥʦʝ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʠʢʝ; 

ʪʨQ - ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʂʀʆ ʚ ʩʠʩʪʝʤʝ. 
3. ʇʨʠ W<1 ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʝ ʙʝʩʧʨʦʚʦʜʥʦ-
ʛʦ ʜʦʩʪʫʧʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʥʦ-
ʟʠʨʦʚʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ 
ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

4. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʘʣʴ-
ʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʥʝʝ ʨʘʟʨʘʙʦ-
ʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʷ ʚʳʜʝʣʝʥʥʦʛʦ ʜʣʷ ʩʠʩʪʝʤʳ ʯʘʩʪʦʪʥʦʛʦ 
ʨʝʩʫʨʩʘ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ (ʠʟʤʝʥʝʥʠʝ 
ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ), ʚ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠ ʩʣʦʞʠʚʰʠʭʩʷ ʥʘ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ: 

ʜʣʷ ʥʝʧʨʠʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

ʩʦʛʣʘʩʥʦ ʧʨʠʦʨʠʪʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʢʘʥʘʣʦʚ ʦʜʠʥʘʢʦʚʦʡ 

ʰʠʨʠʥʳ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʣʠʙʦ ʦʙʝʩʧʝʯʝ-
ʥʠʝ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʚ ʧʦʜʢʘ-
ʥʘʣʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʦ-
ʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦ-
ʜʠʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʧʦʢʘʟʘʥʘ ʠʭ ʥʝ-
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʝʪʷʭ ʙʝʩ-
ʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝ-
ʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘ-
ʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʢʦʪʦʨʘʷ 
ʚʚʠʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʳ ʠ ʧʨʠ ʜʦʩʪʘ-
ʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʤʝ-
ʥʷʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʰʠʨʦʢʦ-
ʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝ-
ʥʠʷ. 
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ʇʦʜ ʟʘʜʘʯʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʢʦʥʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠ-
ʯʠʥʳ ʧʦʥʠʤʘʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʪʘʢʦʛʦ ʟʘʢʦʥʘ, 
ʢʦʪʦʨʳʡ ʙʳ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʥʝ 
ʧʨʦʪʠʚʦʨʝʯʠʣ ʠʤʝʶʱʠʤʩʷ ʥʘʙʣʶʜʝʥʠʷʤ. 
ʇʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦ-
ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʰʠʙʦʢ 
ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, ʢʘʢ ʚʳʷʩʥʷʝʪʩʷ [1, 5], ʥʝ 

ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʘ. ɺ ʦʩʥʦʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 
ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ ʣʝʞʘʪ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠ-
ʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ, ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝ-
ʨʝʥʠʡ ʠ ʨʘʟʣʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʨʠ-
ʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 
ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʣʠʷʥʠʷ ʤʥʦʞʝʩʪʚʘ 
ʬʘʢʪʦʨʦʚ, ʩʣʫʯʘʡʥʦʛʦ ʠ ʥʝʩʣʫʯʘʡʥʦʛʦ ʭʘ-
ʨʘʢʪʝʨʘ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʦʩʪʦʷʥʥʦ ʠʣʠ ʵʧʠ-



 

           ʊʨʫʜʳ ʉʂʌ ʄʊʋʉʀ  2011                                     74 

ʟʦʜʠʯʝʩʢʠ. ʇʦʵʪʦʤʫ ʧʦʥʷʪʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʠ 
ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ 
(ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ) ʧʦʛʨʝʰʥʦʩʪʠ 
ʠʟʤʝʨʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ 
ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘ-
ʪʦʚ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʠʜʝʥ-
ʪʠʬʠʢʘʮʠʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ 
ʚʝʣʠʯʠʥ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʨʝʰʘʝʪʩʷ ʩ ʧʨʠʤʝ-
ʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ 
ʇʠʨʩʦʥʘ, ʂʦʣʤʦʛʦʨʦʚʘ, ʂʦʣʤʦʛʦʨʦʚʘ-
ʉʤʠʨʥʦʚʘ, ʦʤʝʛʘ-ʢʚʘʜʨʘʪ. ɿʘʜʘʯʘ ʚʳʙʦʨʘ 
ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ 
ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʨʝʰʘʝʪʩʷ ʚ 
ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʢ ʟʘʜʘʯʘ ʧʨʠʙʣʠʞʝʥʠʷ ʬʫʥʢ-
ʮʠʠ ʥʘ ʟʘʜʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʢʦʥʘʭ 
ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʢʦ-
ʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷ-
ʥʠʠ (ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳ-
ʙʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʇʠʨʩʦʥʘ, ʂʦʣʤʦʛʦʨʦʚʘ ʠ 
ʜʨ.) ʦʪ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʳ-
ʙʦʨʢʝ. ɺʳʙʦʨ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʦʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘ-
ʙʦʪʢʠ ʚʩʝʭ ʜʘʥʥʳʭ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚʳʙʦʨʢʠ 
ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʧʘʨʘʤʝʪʨʳ 
ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʠʥʦʡ ʚʳʙʦʨʢʝ ʟʥʘ-
ʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 
ʚʳʰʝ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʦ 
ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʤʧʠʨʠʯʝ-
ʩʢʠ. ʊʦ ʝʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦ ʚʠʜʫ 
ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪ-
ʥʦʩʪʝʡ – ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʷ ʠʣʠ ʛʠʩʪʦʛʨʘʤʤʳ, ʠʩʭʦʜʷ ʠʟ ʩʚʦʝʛʦ 
ʦʧʳʪʘ, ʦʧʨʝʜʝʣʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʟʘʢʦʥ, ʢʦ-
ʪʦʨʳʤ ʦʥʘ ʦʧʠʩʳʚʘʝʪʩʷ. 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪ-

ʢʘ ʢʫʤʫʣʷʥʪʥʦʛʦ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠ-
ʜʘ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʙʘʟʝ ʘʥʘʣʠʟʘ ʨʝ-
ʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʘ-
ʚʠʣʴʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʩ 
ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʥʘʧʨʠʤʝʨ 
ʂʦʣʤʦʛʦʨʦʚʘ ʠʣʠ ʉʪʴʶʜʝʥʪʘ. 

1. ʂʫʤʫʣʷʥʪʥʳʡ ʘʥʘʣʠʟ 
ʂʫʤʫʣʷʥʪʥʦʝ ʦʧʠʩʘʥʠʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠ-

ʯʠʥ ʜʘʝʪ ʩʪʦʣʴ ʞʝ ʧʦʣʥʦʝ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʩʢʦʣʴ ʠ ʤʦʤʝʥʪʥʦʝ, ʦʥʦ ʦʙ-
ʣʘʜʘʝʪ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʚʘʞʥʳʤʠ ʠ ʧʨʠʚʣʝʢʘ-
ʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ [3]. ʇʝʨʚʦʝ ʧʨʝ-
ʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʫʤʫʣʷʥ-

ʪʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʤʝʥʪʦʚ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳ-
ʨʘʞʝʥʥʳʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 
ʩʤʳʩʣ ʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʩʪʝʧʝʥʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʷʚʣʷʷʩʴ ʚ 
ʵʪʦʤ ʧʣʘʥʝ ʥʝʢʦʪʦʨʳʤʠ çʥʦʨʤʘʣʴʥʳʤʠ ʢʦ-
ʦʨʜʠʥʘʪʘʤʠè ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ. ʕʪʦ 
ʧʨʠʚʦʜʠʪ, ʥʘʧʨʠʤʝʨ, ʢ ʪʦʤʫ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ çʚʳʭʦʜʦʚè ʥʝʣʠʥʝʡ-
ʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʳʨʘʞʘʶʪʩʷ ʧʨʦʩʪʳʤ 
ʦʙʨʘʟʦʤ ʠʤʝʥʥʦ ʯʝʨʝʟ ʢʫʤʫʣʷʥʪʳ çʚʭʦʜʥʳʭè 
ʧʝʨʝʤʝʥʥʳʭ [3, 5]. 

ɺʪʦʨʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʫʤʫʣʷʥʪʦʚ ʩʚʷʟʘʥʦ 
ʩ ʪʝʤ, ʯʪʦ ʫʯʝʪ ʠʭ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʧʦʟʚʦʣʷʝʪ 
ʧʨʦʩʪʦ ʦʧʠʩʘʪʴ ʣʶʙʫʶ ʩʪʝʧʝʥʴ ʥʝʛʘʫʩʩʦʚʦ-
ʩʪʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 
ʦʩʥʦʚʥʫʶ ʮʝʥʥʦʩʪʴ ʢʫʤʫʣʷʥʪʥʦʝ ʦʧʠʩʘʥʠʝ 
ʠʤʝʝʪ ʠʤʝʥʥʦ ʜʣʷ ʥʝʛʘʫʩʩʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 
[2,5]. 

ʊʨʝʪʴʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʫʤʫʣʷʥʪʥʦʛʦ ʦʧʠ-
ʩʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, 
ʯʪʦ ʢʦʥʝʯʥʦʤʫ ʥʘʙʦʨʫ ʢʫʤʫʣʷʥʪʦʚ ʚʩʝʛʜʘ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʚʝʱʝʩʪʚʝʥʥʘʷ 
ʬʫʥʢʮʠʷ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʚʝʨʦʷʪʥʦʩʪʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠʤʝʝʪ 
ʦʩʦʙʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨʠʙʣʠʞʝʥʥʦʤ 
ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʡ ʪʝʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʜʣʷ ʢʦʪʦʨʳʭ 
ʤʦʞʥʦ ʦʪʳʩʢʘʪʴ ʣʠʰʴ ʢʦʥʝʯʥʳʝ ʥʘʙʦʨʳ ʢʫ-
ʤʫʣʷʥʪʦʚ [5]. 

2. ʂʫʤʫʣʷʥʪʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴ-
ʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʩʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝ-
ʪʦʜʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ 
ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ))(exp()(Ū uɓu = , ʛʜʝ, ʦʯʝ-
ʚʠʜʥʦ, ʜʦʣʞʥʦ ʙʳʪʴ 0)0( =ɓ  ʈʘʟʣʦʞʠʤ 
ʬʫʥʢʮʠʶ )(ub  ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ [3]: 

( ) k

k

k ju
k

uu )(
!

)(ln
1
ä
¤

=
=Q=

c
b . (1) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʪʦʛʦ ʨʷʜʘ: 
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è Q
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k
kkk

k
du

udjj bc ;(2) 

ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʦʤʝʥʪʳ, ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʢʫ-
ʤʫʣʷʥʪʦʚ ʠʣʠ ʩʝʤʠʠʥʚʘʨʠʘʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ù
ú

ø

é
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è
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.              (3) 
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ʂʫʤʫʣʷʥʪʳ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʩʣʫ-
ʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ, ʝʩʣʠ ʨʷʜ (3) ʩʭʦʜʠʪʩʷ ʜʣʷ 
ʚʩʝʭ u . ʇʦʵʪʦʤʫ ʥʘʙʦʨ ʢʫʤʫʣʷʥʪʦʚ 

,,, 321 ccc  …, sc , ʪʘʢʞʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʪʦʞʜʝʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʟʘʢʦʥʘ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ. 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʤʦʤʝʥʪʳ i
ja , ʪʦ ʢʫʤʫʣʷʥʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦ-
ʰʝʥʠʡ [4,5]: 

mŬɢ ii == 11 ;     DŬŬɢ iii =-= 2
122 )( ;      3

12133 )2(3 iiiii ŬŬŬŬɢ +-= ; 
4

12
2

131
2

244 )(6)(124)(3 iiiiiiii ŬŬŬŬŬŬŬɢ -+--= ; 
5

12
3

1
2

213
2

1324155 )(24)(60)(30)(20105 iiiiiiiiiiiii ŬŬŬŬŬŬŬŬŬŬŬŬɢ +-++--= ; 

.)(120)(360)()(270)(30)(120

120)(10)(30156
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2

2
1

3
23
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1
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2

34
2

1425166
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iiiiiiiiiiii

ŬŬŬŬŬŬŬŬ

ŬŬŬŬŬŬŬŬŬŬŬɢ

-+-+-

-+-+--=
                             (4) 

ɺʝʨʭʥʠʤ ʠʥʜʝʢʩʦʤ i  ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫ-
ʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʤʦʤʝʥʪʦʚ ʠ 
ʢʫʤʫʣʷʥʪʦʚ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʶ. ɺ ʚʳʨʘʞʝʥʠʠ (4) ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʪʦʣʴʢʦ ʰʝʩʪʴ ʧʝʨʚʳʭ ʢʫʤʫʣʷʥʪʦʚ. ʕʪʦ ʩʚʷ-
ʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ 
ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳ-
ʙʦʨʢʘʭ, ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʫʤʫʣʷʥʪʦʚ ʜʦʩ-
ʪʘʪʦʯʥʦ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʩʫʱʥʦʩʪʠ ʧʨʝʜʣʦ-
ʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʆʜʥʘʢʦ ʧʨʠ ʘʣʛʦʨʠʪʤʠʯʝ-
ʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 
ʯʠʩʣʦ ʢʫʤʫʣʷʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ.  

ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʤʦʤʝʥʪʳ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʯʝʨʝʟ ʧʨʦ-
ʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ. ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʧʨʠ-
ʤʝʨʘ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʦʤʝʥʪʦʚ ʛʘʫʩʩʦʚʩʢʦʛʦ, 
ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʦʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʚʳʨʘʞʝ-
ʥʠʷ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʧʦʜʩʪʘʥʦʚʢʠ ʚ (4) ʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʢʫʤʫʣʷʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ X ʩ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ )(xP . ʊʦʛʜʘ ʝʸ ʧʨʦʠʟʚʦʜʷ-

ʱʝʡ ʬʫʥʢʮʠʝʡ ʤʦʤʝʥʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢ-
ʮʠʷ, ʠʤʝʶʱʘʷ ʚʠʜ: 

ñ
¤

¤-

=ùú
ø

éê
è= dxtxexPtxetXM )(Ⱥ)( ,             (5) 

ʛʜʝ E[*] – ʦʧʝʨʘʪʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʦʞʠʜʘʥʠʷ. 

ʄʦʤʝʥʪʳ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʚʳʯʠʩʣʷ-
ʶʪʩʷ ʯʝʨʝʟ ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ ʩʣʝ-
ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [4]: 

[ ] .)( 0==E tXn

n
n tM

dt
dX                         (6) 

ɼʣʷ ʟʘʢʦʥʘ ɻʘʫʩʩʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

)
2ů

?)(xexp(
2ˊů

1)( 2

2--=xP ,                            (7) 

ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ ʤʦʤʝʥʪʦʚ ʙʫʜʝʪ 
ʠʤʝʪʴ ʚʠʜ: 

)
2

exp()(
22tttM X

sm += .                     (8) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ 
ʚʳʯʠʩʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 
ʚʳʨʘʞʝʥʠʷʤʠ: 

ma == mʛ
1 ; 22

2 +Õ sa =ʛ ; 23
3 3+Õ msa =ʛ ; 4224

4 3+6Õ ssma +=ʛ ; 
4235

5 15+10Õ mssma +=ʛ ; .15+4515Õ 642246
6 ssmsma ++=ʛ                                      (9) 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ ʩ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʝʤ  
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)(
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bxaabxP  (10) 

ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ ʤʦʤʝʥʪʦʚ ʙʫʜʝʪ 
ʠʤʝʪʴ ʚʠʜ: 

         ),()( )(
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abtX eetM -= - [ ] ä
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ 
ʥʘʡʜʝʥʳ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ: 

)(
2
1

1 bamʨ +==a ;  )(
3
1 22

2 babaʨ ++=a ;  )(
4
1 3223

3 babbaaʨ +++=a ; 
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)(
5
1 432234

4 babbabaaʨ ++++=a ; )(
6
1 54322345

5 babbababaaʨ +++++=a ; 

)(
7
1 6542332456

6 babbabababaaʨ ++++++=a .                                                           (12) 

ɼʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʩ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʝʤ xɚeɚxP -=)(                               (13) 

ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ ʤʦʤʝʥʪʦʚ ʙʫʜʝʪ 
ʠʤʝʪʴ ʚʠʜ: 

.)1()( 1--=
l
ttM X                               (14) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ 
ʥʘʡʜʝʥʳ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ:  

1
1

-== la mʝ ; 22
2
l

a =ʝ ; 33
6
l

a =ʝ ; 44
24
l

a =ʝ ; 55
120
l

a =ʝ ; 66
720
l

a =ʝ .                                     (15) 

ɼʣʷ ʥʘʙʦʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʳʯʠʩʣʷʶʪ-
ʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʡ (4), (9), 
(12), (15) ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʢʫʤʫ-
ʣʷʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʦ, ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʣʠʰʴ ʨʘʤʢʘʤʠ ʨʝʰʘʝʤʦʡ ʧʨʠ ʵʪʦʤ ʤʝʪʨʦ-
ʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ.  

ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

mY . ʕʤʧʠʨʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ i
ja  ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʡʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜ-
ʥʦʡ ʨʝʘʣʠʟʘʮʠʠ: 
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Ŭ ,                                                                               (16) 

ʛʜʝ: l - ʨʘʟʤʝʨʥʦʩʪʴ ʚʳʙʦʨʢʠ, jʵiŬ  - ʵʤ-
ʧʠʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ j -ʛʦ ʧʦʨʷʜʢʘ i -ʛʦ ʟʘ-
ʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʇʦ ʥʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 
(4) ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 
ʢʫʤʫʣʷʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩ-
ʧʝʯʠʪʴ ʥʦʨʤʠʨʦʚʢʫ ʧʦ ʚʪʦʨʦʤʫ ʢʫʤʫʣʷʥ-
ʪʫ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʠʪʝʨʠʝʤ çʙʣʠʟʦʩʪʠè 
ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢ ʪʦʤʫ ʠʣʠ 
ʠʥʦʤʫ ʚʠʜʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʣʝʜʫʶʱʝʝ 
ʚʳʨʘʞʝʥʠʝ: 

,)(min
6

1

2ä
=

-=
j

ʕi
j

i
j

i
iS cc                (17) 

ʛʜʝ: i - ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, i=1, 2, 3, i
jc - 

ʢʫʤʫʣʷʥʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠ, 
ʕi
jc  - ʢʫʤʫʣʷʥʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʵʤʧʠʨʠ-

ʯʝʩʢʠ. 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘ-

ʣʠʟʦʚʘʥ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. 1-ʙʣʦʢ ʚʳʯʠʩʣʝʥʠʷ ʵʤʧʠʨʠʯʝ-

ʩʢʠʭ ʟʥʘʯʝʥʠʡ ʢʫʤʫʣʷʥʪʦʚ;  
2 – ʙʣʦʢ ʚʳʯʠʩʣʝʥʠʷ  ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ 

S;   3- ʙʣʦʢ ʘʥʘʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʟʘ-
ʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ;   4- ʙʣʦʢ ʚʳʯʠʩʣʝʥʠʷ 
(ʭʨʘʥʝʥʠʷ)  ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʢʫʤʫ-
ʣʷʥʪʦʚ. 

3. ʇʨʠʤʝʨ 
ɼʣʷ ʧʨʦʚʝʨʢʠ ʤʝʪʦʜʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʇʨʠ ʵʪʦʤ ʠʩ-
ʧʦʣʴʟʦʚʘʣʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʘʢʝʪ Mathcad 
14. ʉʫʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶ-
ʱʝʤ: ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 
ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʯʠ-
ʩʝʣ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʛʘʫʩʩʦʚʩʢʦʤʫ, ʨʘʚ-
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ʥʦʤʝʨʥʦʤʫ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʘʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠ-
ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ ʙʳʣ 

172=l . ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʷʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 
ʟʥʘʯʝʥʠʷ ʢʫʤʫʣʷʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳ-
ʨʘʞʝʥʠʷʤʠ (4), (9), (12), (15) ʇʨʠ ʵʪʦʤ ʚ 
ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: ʜʣʷ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 
,0=m  ʜʠʩʧʝʨʩʠʷ ,1=D  ʜʣʷ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ .1=l  ɿʘʪʝʤ 
ʚʳʯʠʩʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦ-
ʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (16), 
ʠ ʟʥʘʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʫʤʫʣʷʥʪʦʚ ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (4). ʈʝʟʫʣʴʪʘʪʳ 
ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʢʫʤʫʣʷʥʪʦʚ.  
ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

1c  2c  3c  4c  5c  6c  

ɻʘʫʩʩʦʚʩʢʠʡ 
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ 01 =ʛc  12 =
ʛc 03 =

ʛc
 

04 =
ʛc

 
05 =

ʛc
 

06 =
ʛc

 
ʕʤʧʠʨʠʯʝʩʢʠʝ =ʛʵ

1c
0,00071-  

=ʛʵ
2c

1,0011 
=ʛʵ

3c  
-0,011 

=ʛʵ
4c  

0,00082 
=ʛʵ

5c  
-0,0069 

=ʛʵ
6c  

-0,047 

ʈʘʚʥʦʤʝʨʥʳʡ 
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ 01 =ʨc  12 =ʨc
 

03 =ʨc
 

=ʨ
4c  

-1,2 
05 =ʨc

 
=ʨ

6c  
6,88 

ʕʤʧʠʨʠʯʝʩʢʠʝ =ʨʵ
1c  

-0,00074 
=ʨʵ

2c
1,011 

=ʨʵ
3c

0,0021 
=ʨʵ

4c  
-1,2 

=ʨʵ
5c  

-0,013 
=ʨʵ

6c  
6,86 

ʕʢʩʧʦʥʝʥʮʠʘʣɹ ʥr ʡ 
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ 11 =
ʝc  12 =

ʝc
 

23 =
ʝc  64 =

ʝc  245 =
ʝc

 
1206 =

ʝc
 

ʕʤʧʠʨʠʯʝʩʢʠʝ =ʝʵ
1c  

0,99 
=ʝʵ

2c  
0,99 

=ʝʵ
3c  

2,011 
=ʝʵ

4c  
6,11 

=ʝʵ
5c  

25,024 
=ʝʵ

6c  
121,69 

 
ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʤ-

ʧʠʨʠʯʝʩʢʠʭ ʢʫʤʫʣʷʥʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (17) 
ʚʳʯʠʩʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ Si , ʢʦʪʦʨʳʝ 
ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2.  

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ Si ʜʣʷ 
ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ S1 S2 S3 
ɻʘʫʩʩʘ S1ʛ=0,0024 S2ʛ=0,55 S3ʛ=15028,65 

ʈʘʚʥʦʤʝʨʥʦʝ S1ʨ=48,54 S2ʨ=0,0006 S3ʨ=13433,7 

ʕʢʩʧʦʥʝʥʮʠʘʣɹ ʥʦʝ S1ʝ=15477,09 S2ʝ=15417,43 S3ʝ=3,99 
ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʧʝʨʚʦʡ ʩʪʨʦʢʠ ʪʘʙʣʠʮʳ 2. ʂʘʞʜʘʷ ʩʪʨʦʢʘ 
ʪʘʙʣʠʮʳ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-
ʟʦʤ. ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ ʚʳ-
ʙʦʨʢʫ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʫʶ ʜʘʪʯʠʢʦʤ ʩʣʫʯʘʡ-
ʥʳʭ ʯʠʩʝʣ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʛʘʫʩʩʦʚʩʢʦʤʫ 
ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʈʘʩʯʝʪ ʚʝʜʝʤ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ, ʧʨʠ 
ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʦʨʝ-
ʪʠʯʝʩʢʠʭ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʢʫʤʫ-
ʣʷʥʪʦʚ ʜʣʷ ʛʘʫʩʩʦʚʩʢʦʛʦ, ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʠʟ ʪʘʙʣʠʮʳ 1. 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʩʯʠʪʘʥʳ ʦʩ-
ʪʘʣʴʥʳʝ ʩʪʨʦʢʠ ʪʘʙʣʠʮʳ 2. ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ 
ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ ʯʪʦ, ʜʣʷ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ S1ʛ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɻʘʫʩʩʘ. ɼʣʷ 
ʚʪʦʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 
ʢʨʠʪʝʨʠʷ S2ʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʜʣʷ ʪʨʝʪʴʝʛʦ - ʥʘʠʤʝʥʴʰʠʝ 
ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ S3ʵ - ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʦʚʝʜʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (4), 

(9), (12), (15), (17) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʠʜ 
ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʤ ʦʧʠʩʳʚʘʝʪʩʷ 
ʚʳʙʦʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ mY . ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʢʫʤʫʣʷʥʪʥʳʡ 
ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠ-
ʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʟʘʢʦʥʘ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʇʨʘ-
ʚʠʣʴʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʢʨʠʪʝʨʠ-
ʝʚ, ʥʘʧʨʠʤʝʨ ʂʦʣʤʦʛʦʨʦʚʘ ʠʣʠ ʉʪʴʶʜʝʥʪʘ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢ-
ʪʘ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʮʝʣʝʚʦʡ 
ʧʨʦʛʨʘʤʤʝ çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
ʚʳʩʰʝʡ ʰʢʦʣʳ (2009-2010 ʛʦʜʳ)è ʥʘ 2009 
ʛʦʜ, ʧʦʜʨʘʟʜʝʣ 2.1.2 çʇʨʦʚʝʜʝʥʠʝ ʬʫʥʜʘ-
ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠ-
ʯʝʩʢʠʭ ʥʘʫʢè, ʧʨʦʝʢʪ: çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦ-

ʚʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ – ʠʜʝʥʪʠʬʠ-
ʢʘʮʠʠ – ʦʮʝʥʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʝʥʥʦ-
ʛʦ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘè. 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɸʣʝʰʢʠʥ ɸ.ʅ., ʃʘʙʫʪʠʥ ʉ.ɸ. ʀʜʝʥʪʠ-

ʬʠʢʘʮʠʷ ʬʦʨʤʳ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫ-
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INFOCOMMUNICATION USAGE TECHNOLOGIES IN THE CURRICULUM IN THE 
INFORMATIZATION EDUCATION CONDITIONS  
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education, programs, computers. 
In this article the problem of infocommunication technologies in education informatization is de-

scribed. An example of various software packages implementation for the   realization of the educa-
tional process in the Stavropol State Agrarian University is given. 

 
ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ – ʧʨʦʮʝʩʩ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʬʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʦʨʠʡ ʠ 
ʧʨʘʢʪʠʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭ-
ʥʦʣʦʛʠʡ (ʀʂʊ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʝʘʣʠ-
ʟʘʮʠʶ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʠʭ ʮʝʣʝʡ ʦʙʫ-
ʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ,- ʧʨʠʥʘʜʣʝʞʠʪ  ʢ ʯʠʩʣʫ 
ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘ-
ʪʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 

 ʉʦʚʨʝʤʝʥʥʳʤ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ 
ʪʝʭʥʦʣʦʛʠʷʤ ʦʪʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ 
ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʀʤʝʥʥʦ ʩ ʥʠʤʠ 
ʩʚʷʟʳʚʘʶʪ ʩʝʛʦʜʥʷ ʨʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʦʩʪʨʦʝʥʠʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, 
ʠʟʤʝʥʝʥʠʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʟʥʘ-
ʥʠʡ, ʫʩʠʣʝʥʠʝ ʣʠʯʥʦʩʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 
ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚʢʣʶʯʘʝʪ 
ʨʷʜ ʵʪʘʧʦʚ: ʘʜʘʧʪʘʮʠʶ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳ-
ʢʦʚ ʚʢʣʶʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘ-
ʣʦʚ ʠ ʠʭ ʪʚʦʨʯʝʩʢʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. ʌʦʨʤʠ-
ʨʦʚʘʥʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʣʠʯʥʦʩʪʥʦ -
ʤʦʪʠʚʘʮʠʦʥʥʦʡ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ, ʦʧʝʨʘ-
ʮʠʦʥʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʳʭ 
ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʝ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 
ʩʚʦʡʩʪʚ ʤʳʰʣʝʥʠʷ: ʦʙʦʙʱʝʥʥʦʩʪʠ, ʦʩʦʟʥʘʥ-
ʥʦʩʪʠ, ʛʠʙʢʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦʩʪʠ.  

ɺʥʝʜʨʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʠʥʬʦ-
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʘʝʪ 
ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʩʠʣʠʚʘ-
ʝʪ ʤʦʪʠʚʘʮʠʶ ʦʙʫʯʝʥʠʷ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ 
ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠ-
ʚʘʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʩʦʩʪʦʷʥʠʠ ʪʚʦʨʯʝʩʢʦʛʦ 
ʧʦʠʩʢʘ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʥʦʚʘʮʠʡ. ʂʦʤʧʴʶʪʝ-
ʨʳ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʶʪʩʷ 
ʠʟ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʨʝʧʦʜʘʚʘʥʠʷ ʢʫʨʩʘ ʠʥ-
ʬʦʨʤʘʪʠʢʠ ʚ ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʨʘʟʚʠʪʠʷ ʚʩʝ-

ʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩ-
ʩʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘ-
ʬʝʜʨʦʡ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʉʪʘʚʨʦ-
ʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠ-
ʚʝʨʩʠʪʝʪʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 
ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ – ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʜʦʩʪʫʧʥʳʝ (ʪʝʢʩʪʦʚʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʜʘʢ-
ʪʦʨʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, 
ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʙʦʪʳ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʦʤʧʴʶ-
ʪʝʨʥʳʭ ʧʨʝʟʝʥʪʘʮʠʡ), ʪʘʢ ʠ ʩʣʦʞʥʳʝ, ʧʦʜʯʘʩ 
ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ (ʩʠʩʪʝʤʳ ʧʨʦ-
ʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʘʢʝʪʳ ʩʠʤʚʦʣʴʥʦʡ ʠ ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ). 

ʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʜʣʷ ʫʯʝʙʥʦʛʦ 
ʧʨʦʮʝʩʩʘ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʵʣʝʢʪʨʦʥʥʳʝ ʚʘʨʠʘʥʪʳ ʩʣʝʜʫʶʱʠʭ ʫʯʝʙʥʦ – 
ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʢʦʤʧʴʶʪʝʨʥʳʝ 
ʧʨʝʟʝʥʪʘʮʠʠ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 
ʵʣʝʢʪʨʦʥʥʳʝ ʩʣʦʚʘʨʠ, ʩʧʨʘʚʦʯʥʠʢʠ ʠ ʫʯʝʙ-
ʥʠʢʠ; ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʨʘʢʪʠʢʫʤʳ ʩ ʚʦʟʤʦʞ-
ʥʦʩʪʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ; 
ʧʨʦʛʨʘʤʤʳ – ʪʨʝʥʘʞʝʨʳ; ʪʝʩʪʦʚʳʝ ʧʨʦ-
ʛʨʘʤʤʳ; ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʠʢʠ. 

ʇʦʷʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʥʦʚʳʭ ʧʦʢʦʣʝ-
ʥʠʡ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʜʘʣʴʥʝʡʰʫʶ ʢʦʤʧʴʶʪʝ-
ʨʠʟʘʮʠʶ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ, ʙʘʟʠʨʫʶʱʠʭʩʷ 
ʥʘ ʨʘʙʦʪʘʭ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-
ʣʝʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʦʨʠʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩ-
ʪʝʤ – ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤ, ʤʘʥʠʧʫʣʠʨʫʶʱʠʭ 
ʩʧʝʮʠʘʣʴʥʳʤʠ ʵʢʩʧʝʨʪʥʳʤʠ ʟʥʘʥʠʷʤʠ ʚ 
ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʦʙʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳ – 
ʵʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʩʦʙʝʥ-
ʥʦʩʪʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠ-
ʯʝʩʢʠ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʙʘʟʳ ʟʥʘʥʠʡ; ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʠʡ ʧʦʜʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ 
ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʫʯʘʝʤʦʛʦ, ʘʚʪʦʤʘ-
ʪʠʟʠʨʦʚʘʥʥʳʡ ʫʯʝʪ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦ-
ʩʪʫʧʘʶʱʝʡ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. 
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ʋʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʠʩ-
ʧʦʣʴʟʫʶʱʠʝ ʛʨʘʬʠʢʫ (ʨʠʩʫʥʢʠ, ʩʭʝʤʳ, ʜʠʘ-
ʛʨʘʤʤʳ, ʯʝʨʪʝʞʠ, ʢʘʨʪʳ) ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟ-
ʚʠʪʠʶ ʠʥʪʫʠʮʠʠ, ʦʙʨʘʟʥʦʛʦ ʤʳʰʣʝʥʠʷ ʫʯʘ-
ʱʠʭʩʷ.  

ɺʦʟʨʦʩʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʨʩʦ-
ʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʧʦʟʚʦʣʠʣʘ ʜʦʩʪʘʪʦʯ-
ʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʦʣʦʛʠʠ  ʤʫʣʴʪʠ-
ʤʝʜʠʘ ʠ ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 
ɺʳʧʦʣʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʛʠʧʝʨʪʝʢʩʪʦʚʳʭ, 
ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʨʘʙʦʪ (ʨʝʬʝʨʘʪʦʚ, ʢʫʨʩʦ-
ʚʳʭ, ʜʠʧʣʦʤʥʳʭ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʚʦʨʯʝʩʢʦʤʫ 
ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ ʩʪʫʜʝʥʪʦʚ. ʇʨʠ ʥʘʧʠʩʘʥʠʠ 
ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʚʦʩ-
ʧʦʣʴʟʦʚʘʪʴʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʙʠʙʣʠʦʪʝʯʥʳʤ 
ʢʘʪʘʣʦʛʦʤ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʘʥ-
ʥʳʭ. ɸʨʭʠʪʝʢʪʫʨʘ ʵʣʝʢʪʨʦʥʥʳʭ ʨʘʙʦʪ ʜʦʣʞ-
ʥʘ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ HTML - ʬʘʡʣʘ, 
ʩʦʩʪʦʷʱʝʛʦ ʬʨʘʛʤʝʥʪʦʚ ʪʝʢʩʪʘ ʩ ʵʣʝʤʝʥʪʘʤʠ 
ʛʨʘʬʠʢʠ, ʤʫʣʴʪʠʤʝʜʠʘ-ʧʨʠʣʦʞʝʥʠʡ, ʩʦʝʜʠ-
ʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʛʠʧʝʨʩʚʷ-
ʟʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝ-
ʪʝʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ ʠʩ-
ʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʤʠʨʥʦʡ ʧʘʫʪʠʥʳ 
World Wide Web: ʙʘʟʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 
ʩʝʨʚʝʨʘʭ ʩʝʪʠ; ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʷ, 
ʧʝʨʝʩʳʣʘʝʤʦʡ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ; ʢ ʨʘʟ-
ʥʦʦʙʨʘʟʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ ʚʝʜʫʱʠʭ ʙʠʙʣʠʦ-
ʪʝʢ, ʥʘʫʯʥʳʭ ʠ ʫʯʝʙʥʳʭ ʮʝʥʪʨʦʚ. 

ʉʨʝʜʩʪʚʘ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʢ ʢʦʪʦʨʳʤ ʦʪ-
ʥʦʩʷʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ, ʛʣʦʙʘʣʴʥʘʷ, ʨʝ-
ʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʧʨʝʜʦʩʪʘʚʣʷ-
ʶʪ ʜʣʷ ʦʙʫʯʝʥʠʷ ʰʠʨʦʯʘʡʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 
ʦʧʝʨʘʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʥʘ ʨʘʟʥʳʝ ʨʘʩʩʪʦʷ-
ʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʣʶʙʦʛʦ ʦʙʲʝʤʘ ʠ ʚʠʜʘ; ʠʥ-
ʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʫʶ ʦʙʨʘʪʥʫʶ 
ʩʚʷʟʴ; ʦʨʛʘʥʠʟʘʮʠʶ ʩʦʚʤʝʩʪʥʳʭ ʪʝʣʝʢʦʤʤʫ-
ʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ; ʟʘʧʨʦʩ ʧʦ ʣʶʙʦʤʫ 
ʚʦʧʨʦʩʫ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʥʬʝ-
ʨʝʥʮʠʡ ʠ ʪ.ʜ. 

ʉʦʯʝʪʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʢʦʥʪʨʦʣʷ 
ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʩ ʥʦʚʳʤʠ ʚʠʜʘ-
ʤʠ ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʦʧʝʨʘʪʠʚʥʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ 
ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ, ʚʳʷʚʣʝʥʠʶ ʪʝʥʜʝʥʮʠʠ 
ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʣʠ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʫʩ-
ʚʦʝʥʠʷ ʟʥʘʥʠʡ, ʧʨʠʥʷʪʠʶ ʦʧʝʨʘʪʠʚʥʳʭ ʤʝʨ 
ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘ-
ʣʠʩʪʦʚ, ʧʦʚʳʰʝʥʠʶ ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʢ 
ʦʚʣʘʜʝʥʠʶ ʩʧʝʮʠʘʣʴʥʦʩʪʴʶ. 

ʂʦʥʢʨʝʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 
ʩʨʝʜʩʪʚʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʝʯʠʩʣʝʥʥʳʤ 
ʪʝʭʥʦʣʦʛʠʷʤ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙ-
ʥʦʤ ʧʨʦʮʝʩʩʝ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪ-
ʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʆʧʨʝʜʝ-
ʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʨʝ-
ʤʝʥʥʳʭ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʩʘʤʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 
ʥʘʜ ʥʘʫʯʥʦ - ʤʝʪʦʜʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 
ʩʚʦʠʭ ʟʘʥʷʪʠʡ ʩʦ ʩʪʫʜʝʥʪʘʤʠ. ʕʪʘ ʧʦʜʛʦʪʦʚ-
ʢʘ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʚʦʧʨʦʩʦʚ: 
ʦʪʙʦʨ ʩʦʜʝʨʞʘʥʠʷ ʦʙʫʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩ ʜʠʜʘʢʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʦʟʤʦʞʥʦ-
ʩʪʷʤʠ ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ; 
ʚʳʙʦʨ ʩʧʦʩʦʙʦʚ ʩʦʯʝʪʘʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʠ 
ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʨʘ-
ʜʠʮʠʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʙʫʯʝʥʠʷ; ʦʙʝʩʧʝ-
ʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʫʩ-
ʣʦʚʠʡ ʦʙʫʯʝʥʠʷ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʯʝʙʥʳʭ 
ʛʨʫʧʧ, ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʥʷ-
ʪʠʡ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ). 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʥʦʚʘʥ-
ʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʥʪʝʥʩʠʬʠ-
ʢʘʮʠʶ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-
ʥʠʝ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ 
ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʭʦʜ ʦʪ ʤʝ-
ʭʘʥʠʯʝʩʢʦʛʦ ʫʩʚʦʝʥʠʷ ʬʘʢʪʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘ-
ʥʠʡ ʢ ʚʣʘʜʝʥʠʶ ʫʤʝʥʠʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 
ʧʨʠʦʙʨʝʪʘʪʴ ʟʥʘʥʠʷ, ʧʨʠʤʝʥʷʪʴ ʠʭ ʥʘ ʧʨʘʢ-
ʪʠʢʝ. 
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ʅɸ ɹɸɿɽ ʊɽʍʅʆʃʆɻʀʀ HFC 
 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʙʝʣʴʥʘʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʝʪʴ, ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛ-

ʥʘʣ/ʰʫʤ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʚʝʪʚʠʪʝʣʴ. 
ʆʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʜʦʩʪʫʧʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ çʧʦʩʣʝʜʥʝʡ ʤʠʣʠè ʢʘʙʝʣʴʥʫʶ ʨʘʩ-
ʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʝʪʴ. 
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The paper describes some features of using specialized software products for designing access 

networks employing a cable distributive network as the “last mile”. 
 
ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʩʝʪʠ ʢʘʙʝʣʴʥʦʛʦ 

ʪʝʣʝʚʠʜʝʥʠʷ (ʉʂʊ) ʷʚʣʷʶʪʩʷ, ʧʦ ʩʫʱʝʩʪʚʫ, 
ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʝʪʝʡ ʜʦʩʪʫʧʘ. ɺ ʦʪʣʠ-
ʯʠʝ ʦʪ çʪʨʘʜʠʮʠʦʥʥʳʭè ʉʂʊ, ʚ ʪʘʢʠʭ ʩʝʪʷʭ 
ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʢʘʢ ʚ ʧʨʷʤʦʤ (Down-Link), 
ʪʘʢ ʠ ʚ ʦʙʨʘʪʥʦʤ (Up-Link) ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʪʦʢʦʤ ʚ ʧʨʷʤʦʤ ʥʘ-
ʧʨʘʚʣʝʥʠʠ ʥʘʟʳʚʘʶʪ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ, ʧʦ-
ʩʪʫʧʘʶʱʠʡ ʦʪ ʛʦʣʦʚʥʦʡ ʩʪʘʥʮʠʠ (ɻʉ) ʢ ʘʙʦ-
ʥʝʥʪʘʤ, ʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʪʦʢʦʤ ʚ ʦʙ-
ʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ — ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ 
ʦʪ ʘʙʦʥʝʥʪʦʚ ʢ ɻʉ. ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʢʦʪʦ-
ʨʳʡ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘʟʳ-
ʚʘʶʪ ʢʘʥʘʣʦʤ ʧʨʷʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʯʘʩʪʦ 
ʝʛʦ ʥʘʟʳʚʘʶʪ ʧʨʷʤʳʤ ʢʘʥʘʣʦʤ), ʘ ʜʠʘʧʘʟʦʥ 
ʯʘʩʪʦʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦ-
ʪʦʢʘ ʦʪ ʘʙʦʥʝʥʪʘ — ʦʙʨʘʪʥʳʤ ʢʘʥʘʣʦʤ. ɼʣʷ 
ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʘ-
ʧʘʟʦʥ ʯʘʩʪʦʪ 40...862 ʄɻʮ, ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ 
ʢʘʥʘʣʦʚ ʪʝʣʝʚʠʜʝʥʠʷ — ʜʠʘʧʘʟʦʥ 40...550 

ʄɻʮ, ʘ ʜʣʷ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʪʝʣʝʚʠʜʝʥʠʷ, 
ʪʝʣʝʬʦʥʠʠ, ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʀʥʪʝʨʥʝʪʘ — 
ʜʠʘʧʘʟʦʥ 550...862 ʄɻʮ [1,2]. 

ʆʙʨʘʪʥʳʡ ʢʘʥʘʣ ʩ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ 
5...30 ʄɻʮ (ʩʦʛʣʘʩʥʦ [3]) ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʨʘʩʰʠʨʝʥʠʷ ʜʦ 65 ʄɻʮ (ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʟʘ-
ʨʫʙʝʞʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ [4]) ʧʨʠʤʝʥʷʝʪʩʷ 
ʜʣʷ ʪʝʣʝʬʦʥʠʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘ-
ʢʠʭ ʩʝʪʝʡ – ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʫʨʦʚʥʝʡ 
ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʘʙʦʥʝʥʪʩʢʠʭ ʨʦʟʝʪʦʢ. ɺ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ [1] ʫʨʦʚʝʥʴ 
ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʜʦʣʞʝʥ ʣʝʞʘʪʴ ʚ 
ʜʠʘʧʘʟʦʥʝ 60é80 ʜɹʤʢɺ, ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛ-
ʥʘʣ/ʰʫʤ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 43 ʜɹ. ʅʦʨ-
ʤʠʨʫʶʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ – 
ʧʝʨʝʭʦʜʥʳʝ ʟʘʪʫʭʘʥʠʷ ʤʝʞʜʫ ʚʳʭʦʜʘʤʠ 
ʘʙʦʥʝʥʪʩʢʠʭ ʨʦʟʝʪʦʢ, ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʩʠʛ-
ʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʦʚ, ʠ ʪ.ʜ.  

ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʨʘʩʯʝʪʘ ʢʘʙʝʣʴʥʦʡ 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʩʦʩʪʦʠʪ ʚ ʯʘʩʪʦʪʥʦ-
ʟʘʚʠʩʠʤʦʤ ʭʘʨʘʢʪʝʨʝ ʟʘʪʫʭʘʥʠʷ, ʚʥʦʩʠʤʦʛʦ 
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ʢʦʘʢʩʠʘʣʴʥʳʤ ʢʘʙʝʣʝʤ. ʇʨʝʜʧʦʣʦʞʠʤ, ʥʝ-
ʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʝʪʴ ʜʣʷ ʜʝʚʷʪʠʵʪʘʞ-
ʥʦʛʦ ʪʨʝʭʧʦʜʲʝʟʜʥʦʛʦ ʜʦʤʘ, ʥʘ ʢʘʞʜʦʡ ʣʝ-
ʩʪʥʠʯʥʦʡ ʧʣʦʱʘʜʢʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʧʦ 
ʯʝʪʳʨʝ ʢʚʘʨʪʠʨʳ. ʏʠʩʣʦ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʚ 
ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʠʪ 108 (ʯʠʩʣʦ ʢʚʘʨʪʠʨ ʚ 
ʜʦʤʝ). ɺ ʢʘʞʜʦʡ ʠʟ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʥʝʦʙ-
ʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʫʨʦʚʝʥʴ ʧʨʠʥʠʤʘʝʤʦʛʦ 
ʩʠʛʥʘʣʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʢʘ-
ʞʜʦʛʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʠʤʝʨʘ, ʨʘʩʩʤʦʪʨʝʥʥʦ-
ʛʦ ʚʳʰʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʚ ʢʘʞʜʦʡ 
ʠʟ ʩʪʘ ʚʦʩʴʤʠ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʧʘʨʘʤʝʪʨʳ 
ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʪʠ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘ-
ʣʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦ-
ʣʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʠʤ ʜʘʞʝ ʜʣʷ 
ʦʜʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʙʝ-
ʣʷ, ʝʛʦ ʜʣʠʥʫ, ʠ ʪ.ʜ. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴ-
ʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 
ʧʨʦʜʫʢʪʳ. ʈʘʩʩʤʦʪʨʠʤ ʟʜʝʩʴ ʦʪʝʯʝʩʪʚʝʥʥʫʶ 

ʧʨʦʛʨʘʤʤʫ PlaNet, ʚʝʨʩʠʷ 1.4. ʇʨʦʛʨʘʤʤʘ 
ʩʦʜʝʨʞʠʪ ʥʝʦʙʭʦʜʠʤʫʶ ʙʘʟʫ ʵʣʝʤʝʥʪʦʚ ʢʘ-
ʙʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ – ʛʝʥʝʨʘ-
ʪʦʨʳ, ʬʠʣʴʪʨʳ, ʘʪʪʝʥʶʘʪʦʨʳ, ʨʘʟʚʝʪʚʠʪʝʣʠ, 
ʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪʚʝʪʚʠʪʝʣʠ, ʢʦʘʢʩʠʘʣʴʥʳʡ 
ʢʘʙʝʣʴ, ʠ ʪ.ʜ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʵʣʝʤʝʥʪʦʚ ʧʨʦ-
ʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʘʙʝʣʴʥʫʶ 
ʩʝʪʴ, ʫʩʪʘʥʦʚʠʪʴ ʯʘʩʪʦʪʥʳʝ ʢʘʥʘʣʳ, ʥʘ ʢʦʪʦ-
ʨʳʭ ʚʝʜʝʪʩʷ ʪʨʘʥʩʣʷʮʠʷ, ʠ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩ-
ʯʝʪ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ. 

ʉʘʤʘ ʩʭʝʤʘ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʵʢʩʧʦʨʪʠʨʦ-
ʚʘʥʘ ʚ MS Visio, ʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ – ʚ 
MS Excel. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʝʥ ʚʳʚʦʜ ʥʘ 
ʵʢʨʘʥ ɸʏʍ ʣʶʙʦʡ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ ʧʨʦʝʢ-
ʪʠʨʫʝʤʦʡ ʩʝʪʠ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨ-
ʬʝʡʩ ʧʨʦʛʨʘʤʤʳ PlaNet ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠ-
ʩʫʥʢʝ 1. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʧʦʩʪʨʦʝʥʥʘʷ 
ʩʝʪʴ ʯʝʪʳʨʥʘʜʮʘʪʠʵʪʘʞʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʩ 
ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʘ ʥʘ ʦʜʥʦʤ ʠʟ ʯʘʩʪʦʪʥʳʭ 
ʢʘʥʘʣʦʚ. 

 
ʈʠʩ. 1 – ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ PlaNet 

 
ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʠʤʝʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʩʧʨʦʝʢʪʠʨʦ-
ʚʘʥʥʦʡ ʩʝʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ 
ʪʘʢʞʝ ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʚ MS Excel. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʧʨʦʜʫʢʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʢʘʙʝʣʴʥʳʝ 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʝʪʠ ʞʠʣʳʭ ʜʦʤʦʚ ʠ 
ʦʬʠʩʥʳʭ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ ʦʭ-
ʚʘʪʠʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʴʶ ʢʘʙʝʣʴʥʦʛʦ ʪʝ-
ʣʝʚʠʜʝʥʠʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩ-
ʩʤʦʪʨʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ – ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ 
ʚʘʨʠʘʥʪ, ʩʫʱʝʩʪʚʫʶʪ ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ 
(ʥʘʧʨʠʤʝʨ, TV Designer), ʢʦʪʦʨʳʝ, ʠʤʝʷ 
ʘʥʘʣʦʛʠʯʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʟʘʤʝʪʥʦ 
ʜʦʨʦʞʝ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʩ 
ʫʩʧʝʭʦʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʫʯʝʙʥʦʤ 
ʧʨʦʮʝʩʩʝ ʉʂʌ ʄʊʋʉʀ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʤʢʘʭ 
ʠʟʫʯʘʝʤʦʡ ʩʪʫʜʝʥʪʘʤʠ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʉʝʪʠ 
ʩʚʷʟʠ ʠ ʩʠʩʪʝʤʳ ʢʦʤʤʫʪʘʮʠʠè ʜʠʩʮʠʧʣʠʥʳ 
çʄʫʣʴʪʠʩʝʨʚʠʩʥʳʝ ʩʝʪʠ ʩʚʷʟʠè, ʘ ʪʘʢʞʝ ʧʨʠ 
ʜʠʧʣʦʤʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 
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RESEARCH OF DATA TRANSMISSION PROCESS IN AN INFORMATION 

NETWORK 
 

North-Caucasian branch of the Moscow technical university relationship and informatics, 
Rostov-on-Don 

 
Keywords: GPSS, modeling, information processes, data transmission, data, a package. 

The work study the features of construction of information process models and their practical 
realization using GPSS. It researches the probability and time characteristics of the data transmis-
sion network operating by the method of imitation modeling. 

 
ɼʘʥʥʳʝ – ʵʪʦ ʬʘʢʪʳ ʠ (ʠʣʠ) ʧʦʥʷʪʠʷ, ʦʧʠ-

ʩʘʥʥʳʝ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ. ɺ ʀɺʉ 
ʨʘʟʣʠʯʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ (ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʳʝ) ʠ ʫʧʨʘʚʣʷʶʱʠʝ (ʩʣʫʞʝʙʥʳʝ) ʜʘʥʥʳʝ. 
ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʘʥʥʳʝ – ʵʪʦ ʜʘʥʥʳʝ, 
ʚʚʦʜʠʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ ʀɺʉ ʠʣʠ ʧʦʣʫ-
ʯʘʝʤʳʝ ʠʤʠ ʠʟ ʩʝʪʠ. ʋʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ – 
ʵʪʦ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 
ʨʘʙʦʪʦʡ ʀɺʉ. 

ʉʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 
ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ. 
ɺʳʜʝʣʷʶʪ ʤʘʛʠʩʪʨʘʣʴʥʫʶ (ʙʘʟʦʚʫʶ) ʠ ʪʝʨ-
ʤʠʥʘʣʴʥʫʶ (ʘʙʦʥʝʥʪʩʢʫʶ) ʯʘʩʪʠ ʀɺʉ. ʄʘ-
ʛʠʩʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʀɺʉ ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ 
ʜʘʥʥʳʭ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʢʦʤʧʣʝʢ-
ʩʘʤʠ, ʨʝʩʫʨʩʳ ʢʦʪʦʨʳʭ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʦʣʴ-
ʟʦʚʘʪʝʣʝʡ ʩʝʪʠ, ʠ ʚʢʣʶʯʘʝʪ ʫʟʣʳ ʢʦʤʤʫʪʘ-

ʮʠʠ (ʋʂ) ʠ ʩʦʝʜʠʥʷʶʱʠʝ ʠʭ ʢʘʥʘʣʳ ʩʚʷʟʠ 
(ʂʉ). ʋʟʝʣ ʢʦʤʤʫʪʘʮʠʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ 
ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʧʝʨʝʜʘʯʠ ʠ ʢʦʤʤʫʪʘʮʠʠ 
ʜʘʥʥʳʭ ʠ ʠʤʝʝʪ ʜʣʷ ʵʪʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ. ʂʘʥʘʣ 
ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭ-
ʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 
ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʚʢʫ ʜʘʥʥʳʭ ʚ 
ʪʨʝʙʫʝʤʫʶ ʪʦʯʢʫ ʩʝʪʠ. 

ʊʝʨʤʠʥʘʣʴʥʘʷ ʯʘʩʪʴ ʀɺʉ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʠʙʦ ʯʝ-
ʨʝʟ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʥʘʛʨʫʟʢʠ ʘʙʦʥʝʥʪʩʢʠʭ 
ʧʫʥʢʪʦʚ ʠ ʪʝʨʤʠʥʘʣʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʦʥ-
ʮʝʥʪʨʘʪʦʨ – ʫʩʪʨʦʡʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 
ʩʦʧʨʷʞʝʥʠʝ ʚʭʦʜʥʳʭ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘ-
ʥʘʣʦʚ ʩʚʷʟʠ ʩ ʚʳʭʦʜʥʳʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ 
ʢʘʥʘʣʦʤ ʩʚʷʟʠ. ɸʙʦʥʝʥʪʩʢʠʝ ʧʫʥʢʪʳ ʦʙʦʨʫ-
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ʜʫʶʪʩʷ ʘʧʧʘʨʘʪʫʨʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʫʩʪ-
ʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʪ. ʝ. ʪʝʨʤʠʥʘʣʘʤʠ, 
ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝ-
ʩʫʨʩʘʤ ʠ ʙʘʟʘʤ ʜʘʥʥʳʭ ʩʝʪʠ. ʆʙʳʯʥʦ ʪʝʨʤʠ-
ʥʘʣʳ ʛʨʫʧʧʠʨʫʶʪʩʷ ʠ ʧʦʜʩʦʝʜʠʥʷʶʪʩʷ ʢ 
ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʦʚ 
ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʨʦʩʪʝʡʰʠʝ 
ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ (ʪʝʣʝʪʘʡʧʳ, ʜʠʩ-
ʧʣʝʠ ʠ ʪ. ʧ.), ʪʘʢ ʠ ʧʝʨʩʦʥʘʣʴʥʳʝ (ʠʥʪʝʣʣʝʢ-
ʪʫʘʣʴʥʳʝ) ʪʝʨʤʠʥʘʣʳ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʀɺʉ ʨʝʘʣʠʟʦʚʘʥ ʨʝ-
ʞʠʤ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ, ʧʦʜʩʪʘʚʣʷʶʱʠʡ 
ʪʘʢʦʡ ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʥʥʳʝ 
ʠʟ ʩʦʦʙʱʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ 
ʦʪʜʝʣʴʥʳʝ ʧʘʢʝʪʳ. ʄʘʨʰʨʫʪʳ ʧʝʨʝʜʘʯʠ ʧʘ-
ʢʝʪʦʚ ʚ ʩʝʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʧʦʣʫʯʘʪʝʣʶ ʦʧ-
ʨʝʜʝʣʷʶʪʩʷ ʚ ʢʘʞʜʦʤ ʋʂ, ʢʫʜʘ ʦʥʠ ʧʦʩʪʫ-
ʧʘʶʪ. ʇʦʜ ʩʦʦʙʱʝʥʠʷʤʠ ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʝʯ-
ʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ, ʠʤʝʶʱʘʷ 
ʩʤʳʩʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ. ʇʘʢʝʪ – ʵʪʦ ʙʣʦʢ 
ʜʘʥʥʳʭ ʩ ʟʘʛʦʣʦʚʢʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʫʩ-
ʪʘʥʦʚʣʝʥʥʦʤ ʬʦʨʤʘʪʝ ʠ ʠʤʝʶʱʠʡ ʦʛʨʘʥʠ-
ʯʝʥʥʫʶ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ. ʆʙʳʯʥʦ ʚ 
ʀɺʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʢʝʪʳ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠ-
ʥʳ; ʩʦʜʝʨʞʘʱʠʝ ʦʪ 500 ʜʦ 2000 ʜʚʦʠʯʥʳʭ 
ʟʥʘʢʦʚ (ʙʠʪ). ʆʪʤʝʪʠʤ, ʯʪʦ ʀɺʉ ʩ ʢʦʤʤʫʪʘ-
ʮʠʝʡ ʧʘʢʝʪʦʚ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʡ ʧʝ-
ʨʝʩʪʨʦʡʢʠ ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʤʘʨʰʨʫ-
ʪʠʟʘʮʠʠ) ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʝʨʝʛʨʫʟʦʢ ʠ 
ʧʦʚʨʝʞʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʀɺʉ. ʕʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʀɺʉ 
ʠ ʝʝ ʬʨʘʛʤʝʥʪʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʩʨʝʜʥʠʤʠ ʚʨʝ-
ʤʝʥʘʤʠ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠ 
ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʦʪʢʘʟʘ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚ ʜʘʥ-
ʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʴʟʦʚʘ-
ʪʝʣʶ ʩʦʝʜʠʥʝʥʠʷ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʘʢʠʭ ʧʦʢʘ-
ʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀɺʉ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 
ʝʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘʤʠ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
(ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʧ-
ʨʦʱʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʠʤʝʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʝʛʦ ʦʙʦʟʨʠʤʦʩʪʠ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, 
ʫʤʝʥʴʰʝʥʠʷ ʤʘʰʠʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʝʛʦ ʨʝʘʣʠ-
ʟʘʮʠʶ) ʨʘʩʩʤʦʪʨʠʤ ʬʨʘʛʤʝʥʪ ʀɺʉ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʱʠʡ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ 
ʩʦʩʝʜʥʠʭ ʋʂ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʠʤ ʋʂ1 
ʠ ʋʂ2. ʕʪʠ ʫʟʣʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 
ʜʫʧʣʝʢʩʥʳʤ ʜʠʩʢʨʝʪʥʳʤ ʢʘʥʘʣʦʤ ʩʚʷʟʠ 
(ɼʂʉ), ʧʦʟʚʦʣʷʶʱʠʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘ-

ʚʘʪʴ ʜʘʥʥʳʝ ʚʦ ʚʩʪʨʝʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪ. 
ʝ. ʠʤʝʝʪʩʷ ʜʚʘ ʘʚʪʦʥʦʤʥʳʭ ʦʜʥʦʥʘʧʨʘʚʣʝʥ-
ʥʳʭ ɼʂʉ: ʂ1 ʠ ʂ2. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʘʨʠʘʥʪʘ ʋʂ ʧʨʝʜ-
ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʛʜʝ ɺʭɹʅ ʠ ɺʳʭɹʅ – 
ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʙʫʬʝʨʥʳʝ ʥʘʢʦʧʠʪʝʣʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʂ – ʢʦʤʤʫʪʘʪʦʨʳ; ʎʇ – 
ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ. ɼʘʥʥʳʡ ʋʂ ʬʫʥʢ-
ʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʩʣʝ ʧʦ-
ʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʘ ʠʟ ʦʜʥʦʛʦ ʠʟ ʚʭʦʜʥʳʭ ʂʉ 
ʫʟʣʘ ʦʥ ʧʦʤʝʱʘʝʪʩʷ ʚ ɺʭɹʅ. ɿʘʪʝʤ ʎʇ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ ʠ ʭʨʘʥʠʤʦʡ ʚ 
ʋʂ ʤʘʨʰʨʫʪʥʦʡ ʪʘʙʣʠʮʳ ʦʧʨʝʜʝʣʷʝʪ ʪʨʝ-
ʙʫʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʜʘʯʠ 
ʧʘʢʝʪʘ ʠ ʧʦʤʝʱʘʝʪ ʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
ɺʳʭɹʅ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʠ ʧʦ ʚʳ-
ʭʦʜʥʦʤʫ ʂʉ. 

 
ʈʠʩ.1 – ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʘʨʠʘʥʪʘ ʫʟʣʘ 

ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ. 
ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʘʨʠʘʥʪʘ ɼʂʉ ʩ ʨʝ-

ʰʘʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 
2, ʛʜʝ ʂʋ ʠ ɼʂʋ – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʜʠ-
ʨʫʶʱʝʝ ʠ ʜʝʢʦʜʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʘ; ʋʋʂ – 
ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʦʤ; ʂɸ – ʢʘʥʘ-
ʣʦʦʙʨʘʟʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ. ʅʘ ʧʝʨʝʜʘʶʱʝʡ 
ʩʪʦʨʦʥʝ ʧʘʢʝʪ ʠʟ ɺʳʭɹʅ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ 
ʧʦʧʘʜʘʝʪ ʚ ʂʋ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʜʠʨʦʚʘ-
ʥʠʝ, ʪ. ʝ. ʚʥʝʩʝʥʠʝ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʥʝʦʙʭʦʜʠ-
ʤʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʡ ʧʝ-
ʨʝʜʘʯʠ ʧʦ ʂʉ. ʉʦʛʣʘʩʦʚʘʥʠʝ ʩ ʢʦʥʢʨʝʪʥʦʡ 
ʩʨʝʜʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʂɸ 
(ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ 
ʨʘʜʠʦʢʘʥʘʣʘ ʯʝʨʝʟ ʩʧʫʪʥʠʢ – ʨʝʪʨʘʥʩʣʷʪʦʨ 
ʜʣʷ ʉʇɼ ʠʣʠ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʜʘ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʉʇɼ). ʅʘ 
ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʠʟ ʂɸ ʧʘʢʝʪ ʧʦʧʘʜʘʝʪ ʚ 
ɼʂʋ, ʢʦʪʦʨʦʝ ʥʘʩʪʨʦʝʥʦ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ 
ʠʣʠ ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ. ɺʩʝ ʬʫʥʢʮʠʠ 
ʫʧʨʘʚʣʝʥʠʷ ʂʋ, ɼʂʋ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠʥʷ-
ʪʠʝ ʨʝʰʝʥʠʡ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ 
ʧʝʨʝʩʧʨʦʩʘ ʢʦʧʠʠ ʧʘʢʝʪʘ ʩ ʧʝʨʝʜʘʶʱʝʛʦ 
ʋʂ) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ 
ʫʟʣʘ ʨʝʘʣʠʟʫʝʪʩʷ ʋʂʂ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʣʠ-
ʙʦ ʘʚʪʦʥʦʤʥʳʤ, ʣʠʙʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʯʘʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʚʳʧʦʣʥʷʝʤʳʭ ʎʇ ʫʟʣʘ. 
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ʈʠʩ. 2 – ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʘʨʠʘʥʪʘ ʜʠʩ-

ʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. 
ʇʨʦʮʝʩʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇɼ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʘʢʝʪʳ ʜʘʥʥʳʭ ʧʦʩʪʫ-
ʧʘʶʪ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʬʨʘʛʤʝʥʪ ʧʦ ʣʠʥʠʠ 
ʩʚʷʟʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʤʦ-
ʤʝʥʪʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʵʢʩ-
ʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ 
ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʦʥʠ ʧʦʩʪʫʧʘʶʪ ʚ 
ʚʳʭʦʜʥʦʡ ʥʘʢʦʧʠʪʝʣʴ. ɼʘʣʝʝ ʚ ʧʦʨʷʜʢʝ ʦʯʝ-
ʨʝʜʠ ʢʦʧʠʷ ʧʘʢʝʪʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʜʠʩʢʨʝʪ-
ʥʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ ʠ ʧʦʩʪʫʧʘʝʪ ʚʦ ʚʭʦʜʥʦʡ 
ʥʘʢʦʧʠʪʝʣʴ ʚʪʦʨʦʛʦ ʫʟʣʘ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ 
ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʚʪʦʨʦʛʦ ʫʟʣʘ ʧʘʢʝʪ 
ʜʘʥʥʳʭ ʧʝʨʝʜʘʝʪʩʷ ʚ ʚʳʭʦʜʥʫʶ ʣʠʥʠʶ (3 
ʠʣʠ 4) ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʠʝ-
ʤʘ, ʢʦʪʦʨʦʝ ʚ ʚʠʜʝ ʢʦʨʦʪʢʦʛʦ ʧʘʢʝʪʘ ʧʦʩʪʫ-
ʧʘʝʪ ʚ ʚʳʭʦʜʥʦʡ ʥʘʢʦʧʠʪʝʣʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚ 
ʠʩʭʦʜʥʳʡ ʫʟʝʣ. ʇʦʩʣʝ ʧʨʠʝʤʘ ʧʦʜʪʚʝʨʞʜʝ-
ʥʠʷ ʚ ʠʩʭʦʜʥʦʤ ʫʟʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʥʠʯ-
ʪʦʞʝʥʠʝ ʧʘʢʝʪʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʬʨʘʛʤʝʥʪ ʉʇɼ, ʧʨʝʜʩʪʘʚ-
ʣʝʥʥʳʡ ʚ ʚʠʜʝ ʢʦʤʧʦʟʠʮʠʠ Q-ʩʭʝʤ, ʧʨʠʚʝ-
ʜʝʥ ʥʘ ʨʠʩ. 3, ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʪ ʚʚʝʜʝʥʥʳʤ ʨʘʥʝʝ. 

 
ʈʠʩ. 3 – ʂʦʤʧʦʟʠʮʠʷ Q-ʩʭʝʤ ʠʩʩʣʝʜʫʝʤʦ-

ʛʦ ʬʨʘʛʤʝʥʪʘ ʉʇɼ. 
ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 
o ʩʨʝʜʥʠʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ 

ʜʘʥʥʳʭ – 25 ʝʜ. ʚʨ.; 
o ʝʤʢʦʩʪʠ ʥʘʢʦʧʠʪʝʣʝʡ – 20; 
o ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʧʦ 

ɼʂʉ – 20 ʝʜ. ʚʨ.; 
o ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦ 

ɼʂʉ – I ʝʜ. ʚʨ.; 

o ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʘ ʚ ʎʇ – 2 ʝʜ. 
ʚʨ. 

ʊʝʢʩʪ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥ ʥʠ-
ʞʝ, ʛʜʝ CPUJ – ʦʙʦʟʥʘʯʝʥʠʝ i-ʛʦ ʮʝʥʪʨʘʣʴʥʦ-
ʛʦ ʧʨʦʮʝʩʩʦʨʘ, DCHL – ʦʙʦʟʥʘʯʝʥʠʝ L-ʛʦ 
ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦ-
ʙʘʚʠʪʴ ʢ ʪʝʢʩʪʫ ʠʩʭʦʜʥʦʡ GʈSS-ʧʨʦʛʨʘʤʤʳ 
ʦʧʝʨʘʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʠ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 
ʉʇɼ ʩʣʝʜʫʶʱʝʝ: 

1)  ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʩʦʦʙʱʝʥʠʡ ʤʝʞ-
ʜʫ ʋʂ; 

2)  ʧʦʣʫʯʝʥʠʝ ʛʨʘʬʠʢʦʚ ʟʘʛʨʫʟʢʠ ʚʳʭʦʜ-
ʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ; 

3)  ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʧʦʣʥʝ-
ʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ; 

4)  ʧʦʣʫʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʧʘʢʝʪʦʚ ʠ 
ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʚʦ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʥʘ-
ʢʦʧʠʪʝʣʷʭ; 

5)  ʧʦʣʫʯʝʥʠʝ ʛʨʘʬʠʢʘ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ 
ʦʯʝʨʝʜʠ ʧʘʢʝʪʦʚ ʚ ʚʳʭʦʜʥʦʤ ʥʘʢʦʧʠʪʝʣʝ; 

6)  ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʤʝʞʜʫ 
ʋʂ; 

7)  ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʧʘ-
ʢʝʪʦʚ ʠʟ ʚʳʭʦʜʥʦʡ ʦʯʝʨʝʜʠ ʚʦ ʚʭʦʜʥʫʶ ʧʨʠ 
ʧʝʨʝʧʦʣʥʝʥʠʠ ʚʳʭʦʜʥʦʡ ʦʯʝʨʝʜʠ; 

8)  ʧʦʣʫʯʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʘʢʝʪʦʤ  
ʚ ʚʳʭʦʜʥʦʡ ʦʯʝʨʝʜʠ. 

ʉ ʧʨʦʛʨʘʤʤʦʡ, ʨʝʘʣʠʟʫʶʱʫʶ ʧʨʝʜʩʪʘʚ-
ʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ 
ʧʦʩʦʙʠʠ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ [1]. ʊʘʢ ʞʝ ʧʨʦ-
ʛʨʘʤʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʣʘʙʦʨʘʪʦʨ-
ʥʦʡ ʨʘʙʦʪʳ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʤʦʜʝʣʠʨʦʚʘ-
ʥʠʝè. 
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Mastering the principles of modeling of information processes in real-time distributed systems, 
methods of study of the characteristics of ways of random access to mono-based computer model of 
a computer local network. Objects of modeling language GPSS is used to carry on computer expe-
riments with models of statistical categories systems. 

 
ʇʦʪʨʝʙʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʫʩʣʦʚʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʨʘʩ-
ʩʨʝʜʦʪʦʯʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢ-
ʩʦʚ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʦʪ 
ʜʝʩʷʪʢʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʘʙʦʥʝʥʪʦʚ 
(ʇʕɺʄ, ʪʝʨʤʠʥʘʣʦʚ, ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ ʠ 
ʪ.ʜ.), ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʩʨʘʚʥʠ-
ʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. 

ɹʣʘʛʦʜʘʨʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʥʦʩʪʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʢʘʞʜʦʤʫ ʋɺɺ 
ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʜʘʥ ʦʪʜʝʣʴʥʳʡ ʤʠʢʨʦʧʨʦ-
ʮʝʩʩʦʨ, ʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ 
ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ ʨʝʛʫʣʷʨʥʦʡ ʤʥʦʛʦ-
ʜʦʩʪʫʧʥʦʡ ʩʝʪʠ ʩʚʷʟʠ - ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩʚʷʟʠ 
(ʃʉʉ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʦʩʪʫʶ ʩʪʨʫʢʪʫʨʫ 
ʩʚʷʟʠ ʘʙʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢ-
ʩʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʱʝʡ ʜʣʠʥʝ ʩʦʝʜʠʥʝ-
ʥʠʡ [2]. 

ʍʘʨʘʢʪʝʨ ʢʘʥʘʣʦʚ ʃʉʉ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟ-
ʣʠʯʥʳʤ, ʥʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ 
ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʩ ʦʙʱʠʤ ʢʘʥʘʣʦʤ ʠʣʠ ʤʦʥʦ-

ʢʘʥʘʣʦʤ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʯʘ ʤʝʞʜʫ ʘʙʦʥʝʥ-
ʪʘʤʠ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ:  

¶ ʣʠʙʦ ʯʝʨʝʟ ʧʘʨʫ ʜʝʰʝʚʳʭ ʵʣʝʢʪʨʦ-
ʧʨʦʚʦʜʦʚ,  

¶ ʣʠʙʦ ʯʝʨʝʟ ʚʳʩʦʢʦʩʦʨʪʥʳʝ, ʥʦ ʙʦʣʝʝ 
ʜʦʨʦʛʠʝ ʢʦʘʢʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ,  

¶ ʣʠʙʦ ʯʝʨʝʟ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-
ʥʳʝ ʠ ʝʱʝ ʙʦʣʝʝ ʜʦʨʦʛʠʝ ʚʦʣʦʢʦʥʥʦ-
ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ, 

¶ ʣʠʙʦ ʯʝʨʝʟ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ʨʘ-
ʜʠʦʢʘʥʘʣ.  

ʋʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʃʉʉ ʩ n ʘʙʦʥʝʥ-
ʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1 – ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʦʢʘʣʴʥʦʡ ʩʝ-

ʪʠ 
ʂʘʞʜʳʡ ʘʙʦʥʝʥʪ ʠʤʝʝʪ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ 

ʘʜʨʝʩ (ʥʘ ʨʠʩ. ʘʜʨʝʩ ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʤʝʨʦʤ 
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ʘʙʦʥʝʥʪʘ). ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʚ ʩʝʪʠ ʦʩʫʱʝʩʪʚ-
ʣʷʝʪʩʷ ʙʣʦʢʘʤʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʨʤʘʪʘ - 
ʢʘʜʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʩʝʙʝ ʢʘʢ ʩʦʙʩʪʚʝʥ-
ʥʦ ʠʥʬʦʨʤʘʮʠʶ ʘʙʦʥʝʥʪʘ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 
ʧʘʢʝʪ), ʪʘʢ ʠ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʘʜʨʝʩ 
ʧʦʣʫʯʘʪʝʣʷ, ʦʪʧʨʘʚʠʪʝʣʷ, ʧʨʦʚʝʨʦʯʥʫʶ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʧʨ.). ʉʪʨʫʢʪʫʨʘ ʢʘʜʨʘ 
ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ. 2 – ʉʪʨʫʢʪʫʨʘ ʢʘʜʨʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 
ʂʘʜʨ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʤʦʥʦʢʘʥʘʣʝ 

ʘʜʘʧʪʝʨʦʤ ʣʶʙʦʛʦ ʘʙʦʥʝʥʪʘ, ʧʨʠ ʵʪʦʤ ʘʜʘʧ-
ʪʝʨʳ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʘʙʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚ-
ʣʷʶʪ ʝʛʦ ʧʨʠʝʤ. ɺ ʩʣʫʯʘʝ ʩʦʚʧʘʜʝʥʠʷ ʩʦ-
ʜʝʨʞʘʱʝʛʦʩʷ ʚ ʧʦʣʝ "ɸʜʨʝʩ ʧʦʣʫʯʘʪʝʣʷ" ʘʜ-
ʨʝʩʘ ʢʘʜʨʘ ʩ ʘʜʨʝʩʦʤ ʘʙʦʥʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷ-
ʝʪʩʷ ʘʥʘʣʠʟ ʢʘʜʨʘ ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʦʰʠʙʦʢ 
ʠ ʚʳʜʘʯʘ ʧʘʢʝʪʘ ʘʙʦʥʝʥʪʫ, ʚ ʩʣʫʯʘʝ ʥʝʩʦʚʧʘ-
ʜʝʥʠʷ ʘʜʨʝʩʦʚ ʧʦʣʫʯʝʥʥʳʡ ʢʘʜʨ ʫʥʠʯʪʦʞʘ-
ʝʪʩʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʙʱʝʛʦ ʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ 
ʪʦ, ʯʪʦ ʚ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʯʝ-
ʨʝʟ ʥʝʛʦ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 
ʪʦʣʴʢʦ ʦʜʠʥ ʘʙʦʥʝʥʪ ʃʉʉ. ʇʦʵʪʦʤʫ ʚʦʟʥʠ-
ʢʘʝʪ ʧʨʦʙʣʝʤʘ ʨʘʟʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʢʘʥʘʣʘ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʄʠʥʠʤʫʤ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʘʢ-
ʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʤʦʥʦʢʘʥʘʣʫ 
ʧʨʠ ʤʘʣʳʭ ʧʦʪʦʢʘʭ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠ-
ʚʘʶʪ ʤʝʪʦʜʳ ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʤʦʥʦʢʘ-
ʥʘʣʫ. ʇʦʵʪʦʤʫ ʤʝʪʦʜʳ ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ 
ʘʙʦʥʝʥʪʦʚ ʚ ʢʘʥʘʣ ʥʘʭʦʜʷʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦ-
ʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ.  

ʇʝʨʚʦʡ ʚʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ 
ʃʉʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 
ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ ʦʪ ʘʙʦʥʝʥʪʘ-
ʠʩʪʦʯʥʠʢʘ ʢ ʘʙʦʥʝʥʪʫ-ʧʨʠʝʤʥʠʢʫ. ɺ ʦʙʱʝʤ 
ʩʣʫʯʘʝ ʵʪʦ ʚʨʝʤʷ ʙʫʜʝʪ: 

321 tttT ++=                                            (1) 
ʛʜʝ, t1 - ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʨʘʙʦʪ-

ʢʠ (ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʘ, ʧʨʦʚʝʨʦʯʥʦʡ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ) ʧʘʢʝʪʘ ʘʜʘʧʪʝʨʦʤ ʧʝʨʝ-
ʜʘʶʱʝʛʦ ʘʙʦʥʝʥʪʘ; 

t2 - ʚʨʝʤʷ ʜʦʩʪʫʧʘ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘ-
ʮʠʠ ʧʦ ʤʦʥʦʢʘʥʘʣʫ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʩʧʦʩʦʙʘ 
ʜʦʩʪʫʧʘ, ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ ʠ 
ʧʨ.;  

t3 - ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 
ʧʘʢʝʪʘ ʧʨʠʝʤʥʳʤ ʘʜʘʧʪʝʨʦʤ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷ-
ʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʦʩʦʙʦʚ ʜʦʩʪʫʧʘ ʢ ʤʦ-
ʥʦʢʘʥʘʣʫ ʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ 
ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʜʘʧʪʝʨʘ ʥʝ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʪʩʷ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʚ ʥʝʤ, ʦʙʫ-
ʩʣʦʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʝʦʙʨʘ-
ʟʦʚʘʪʝʣʝʡ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʚʨʝʤʷ 
ʜʦʩʪʘʚʢʠ T ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʨʝʤʝʥʝʤ t2, 
ʘ ʚʨʝʤʝʥʘ ʦʙʨʘʙʦʪʢʠ t1 ʠ t3 ʩʯʠʪʘʶʪʩʷ ʨʘʚ-
ʥʳʤʠ ʥʫʣʶ. ʕʪʦ ʫʧʨʦʱʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʘʢʝʪ 
ʦʪʦʞʜʝʩʪʚʠʪʴ ʩ ʢʘʜʨʦʤ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʘʙʦʥʝʥʪʳ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʠ ʧʦʣʫʯʘʪʝʣʠ ʢʘʜ-
ʨʦʚ. ʇʨʠ ʧʦʜʩʯʝʪʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʨʝʤʷ ʜʦʩ-
ʪʫʧʘ ʠ ʧʝʨʝʜʘʯʘ ʪʦʣʴʢʦ ʪʝʭ ʢʘʜʨʦʚ, ʢʦʪʦʨʳʝ 
ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʙʝʟ ʦʰʠʙʦʢ ʠ ʝʩʣʠ ʘʙʦʥʝʥ-
ʪʦʤ - ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥ ʢʘʜʨ - ʧʦʜʪʚʝʨ-
ʞʜʝʥʠʝ ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʜʦ-
ʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʢʘʜʨʦʚ ʚ 
ʃʉʉ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ 
ʧʦʧʳʪʦʢ ʝʛʦ ʧʝʨʝʜʘʯʠ. ɽʩʣʠ ʚʩʝ ʧʦʧʳʪʢʠ 
ʠʩʯʝʨʧʘʥʳ, ʪʦ ʢʘʜʨ ʩʯʠʪʘʝʪʩʷ ʧʦʪʝʨʷʥʥʳʤ. 
ʇʦʵʪʦʤʫ ʚʪʦʨʦʡ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 
ʃʉʉ ʷʚʣʷʝʪʩʷ ʜʦʣʷ ʧʦʪʝʨʴ, ʚʳʯʠʩʣʷʝʤʘʷ ʢʘʢ 
ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʃʉʉ ʧʘʢʝ-
ʪʦʚ ʢ ʯʠʩʣʫ ʧʝʨʝʜʘʥʥʳʭ ʧʘʢʝʪʦʚ. 

ʊʨʝʪʴʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ 
ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 
ʩʧʦʩʦʙʘ ʜʦʩʪʫʧʘ, ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʤʦʥʦʢʘʥʘʣʘ KOEFF, ʚʳʯʠʩʣʷʝ-
ʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʫʜʘʯʥʦ ʧʝʨʝʜʘʥ-
ʥʳʭ ʢʘʜʨʦʚ N ʢ ʯʠʩʣʫ ʢʘʜʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛ-
ʣʠ ʙʳ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 
ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ T: 

nTNKOEFF =                                       (2) 
ʛʜʝ, n - ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ, 

ʢʘʜʨ/ʩ. 
ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

(ʀʄ) ʃʉʉ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 
ʂʘʜʨ, ʧʦʩʪʫʧʠʚʰʠʡ ʦʪ ʘʙʦʥʝʥʪʘ-

ʠʩʪʦʯʥʠʢʘ, ʧʝʨʝʜʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʙʝ 
ʩʪʦʨʦʥʳ ʦʪ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʘʙʦʥʝʥʪʘ ʢ 
ʤʦʥʦʢʘʥʘʣʫ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʩʪʦʪʳ ʤʦʜʝʣʠ 
ʢʘʞʜʳʡ ʦʪʨʝʟʦʢ ʤʦʥʦʢʘʥʘʣʘ ʤʝʞʜʫ ʜʚʫʤʷ 
ʩʦʩʝʜʥʠʤʠ ʘʙʦʥʝʥʪʘʤʠ, ʥʘʟʳʚʘʝʤʳʡ ʜʘʣʝʝ 
ʟʚʝʥʦʤ ʤʦʥʦʢʘʥʘʣʘ ʠʣʠ ʧʨʦʩʪʦ ʢʘʥʘʣʦʤ, ʤʦ-
ʜʝʣʠʨʫʝʪʩʷ ʜʚʫʤʷ ʙʣʦʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʧʦ ʜʚʫʤ ʚʦʟʤʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʝʨʝʜʘʯʠ 
ʧʦ ʢʘʥʘʣʫ - ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʩʧʨʘʚʘ ʥʘʣʝʚʦ. 
ʄʦʜʝʣʴ ʘʙʦʥʝʥʪʘ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʪ-
ʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʯʘʩʪʝʡ: ʤʦʜʝʣʝʡ, 
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ʠʤʠʪʠʨʫʶʱʠʭ ʧʦʩʪʫʧʣʝʥʠʝ ʢʘʜʨʦʚ ʠ ʦʙʨʘ-
ʙʦʪʢʫ ʢʘʜʨʘ ʧʨʠ ʝʛʦ ʧʦʣʫʯʝʥʠʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʩʦʩʝʜ-
ʥʠʤʠ ʘʙʦʥʝʥʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʜʝʨʞ-
ʢʦʡ ʪʨʘʥʟʘʢʪʦʚ (ʢʘʜʨʦʚ). ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʟʘ-
ʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʟʚʝʥʫ 
ʤʦʥʦʢʘʥʘʣʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʜʣʠʥʦʡ ʵʪʦʛʦ 
ʟʚʝʥʘ ʠ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, 
ʠ ʟʘʜʝʨʞʢʠ ʚʳʜʘʯʠ ʢʘʜʨʘ ʘʙʦʥʝʥʪʫ, ʦʧʨʝʜʝ-
ʣʷʝʤʦʡ ʜʣʠʥʦʡ ʢʘʜʨʘ ʠ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʥʦʢʘʥʘʣʝ. 

 
ʈʠʩ. 3 – ʉʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ. 

ʇʦʜʨʦʙʥʳʡ ʧʨʠʤʝʨ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤ-
ʧʣʝʢʩ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʥʦʢʘʥʘʣʘ ʤʦʞʥʦ 
ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʧʦʩʦʙʠʝ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 
ʧʨʘʢʪʠʢʫʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩ-
ʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʉʂʌ 
ʄʊʋʉʀ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢʪʠʢʫʤʘ ʧʦ 
ʜʠʩʮʠʧʣʠʥʝ ç ʄʦʜʝʣʠʨʦʚʘʥʠʝ è.  
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Frequency-territorial planning of networks of special purpose mobile communication provides 
a choice of the network structure, a parking lot of mobile base stations, a choice of type, heights 
and orientations of aerials, distributions of frequencies between base stations. 

 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʝ-

ʥʠʷ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʨ-
ʪʳʚʘʥʠʝ ʟʦʥʦʚʳʭ ʩʠʩʪʝʤ ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦ-
ʩʚʷʟʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ. 
ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʧʦʩʣʝ-
ʜʫʶʱʝʤ ʦʧʝʨʘʪʠʚʥʦʤ  ʫʧʨʘʚʣʝʥʠʠ  ʥʝʦʙʭʦ-
ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦ-
ʦʙʨʘʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ 
ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ  ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, 
ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʝʪʠ ʠ ʟʘʜʘʯʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʚ ʭʦʜʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɸʚ-
ʪʦʤʘʪʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʫʚʝʣʠʯʠʚʘ-
ʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʘʜʝʢ-
ʚʘʪʥʦʩʪʴ ʨʝʰʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚ-
ʣʝʥʠʠ ʠʣʠ ʧʝʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ. ʉʧʝʮʠ-
ʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ  ʘʚʪʦʤʘʪʠ-
ʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʯʘʩʪʦʪʥʦ - ʪʝʨʨʠʪʦʨʠ-
ʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʧʦʜʚʠʞʥʦʡ ʨʘ-
ʜʠʦʩʚʷʟʠ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʘʧʘ ʧʦʜʛʦʪʦʚ-
ʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʩʥʦʚ-
ʥʳʝ ʵʣʝʤʝʥʪʳ ʵʪʘʧʘ ʩʠʥʪʝʟʘ ʠʩʭʦʜʥʦʡ ʩʝʪʠ ʠ 
ʵʪʘʧ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʩʝʪʠ.  

ʏʘʩʪʦʪʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 
ʩʝʪʝʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʢʠʥʛʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ 
ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ  ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 
ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ (ʢʦʥʬʠʛʫʨʘʮʠʠ) ʩʝʪʠ, ʤʝʩ-
ʪʘ ʩʪʦʷʥʢʠ ʧʦʜʚʠʞʥʳʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ, 
ʚʳʙʦʨ ʪʠʧʘ, ʚʳʩʦʪʳ ʠ ʦʨʠʝʥʪʘʮʠʠ ʘʥʪʝʥʥ, 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ ʤʝʞʜʫ ʙʘʟʦʚʳʤʠ 
ʩʪʘʥʮʠʷʤʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʨʘʙʦʪʳ ʩʝʪʠ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʦʧʪʠ-
ʤʠʟʘʮʠʷ ʯʘʩʪʦʪʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʘ, 
ʪ.ʝ. ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʣʘʥ, ʦʙʝʩ-
ʧʝʯʠʚʘʶʱʠʡ ʟʘʜʘʥʥʫʶ ʟʦʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ, 
ʝʤʢʦʩʪʴ ʩʝʪʠ, ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠ-
ʚʘʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʯʠʩʣʝ ʙʘʟʦʚʳʭ 
ʩʪʘʥʮʠʡ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʘʩʪʦʪ. 

ɺ ʦʙʱʝʤ, ʘʣʛʦʨʠʪʤ ʯʘʩʪʦʪʥʦ - ʪʝʨʨʠʪʦʨʠ-
ʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʧʦʜʚʠʞʥʦʡ ʨʘ-
ʜʠʦʩʚʷʟʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ. ɺ ʢʘʯʝʩʪʚʝ 
ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʚʳʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʝʪʠ: 
ʨʝʣʴʝʬʘ, ʪʠʧʘ ʟʘʩʪʨʦʡʢʠ ʤʝʩʪʥʦʩʪʠ, ʧʨʦʛʥʦ-
ʟʘ ʯʠʩʣʘ ʤʦʙʠʣʴʥʳʭ ʩʪʘʥʮʠʡ (ʄʉ), ʚʝʨʦʷʪ-
ʥʦʝ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʪʨʝʙʦ-
ʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʩʚʷʟʠ, ʚʝʨʦʷʪʥʦʩʪʠ ʙʣʦʢʠ-

ʨʦʚʢʠ, ʫʯʘʩʪʢʦʚ ʧʨʠʛʦʜʥʳʭ ʢ ʨʘʟʤʝʱʝʥʠʶ 
ɹʉ, ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʘʥʪʝʥʥ, ʠʤʝʶ-
ʱʠʭʩʷ ʧʦʣʦʩ ʯʘʩʪʦʪ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʦ-
ʚʘʪʴ ʣʠʥʠʠ ʧʨʠʚʷʟʢʠ ɹʉ, ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʦ-
ʚʤʝʩʪʠʤʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ɺʪʦʨʦʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ 
ʠʩʭʦʜʥʦʡ  ʩʝʪʠ N: ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʨʘʟʤʝ-
ʱʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ɹʉ, ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 
ʯʘʩʪʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ 
ʧʣʦʪʥʦʩʪʠ ʪʨʘʬʠʢʘ ʠ ʭʘʨʘʢʪʝʨʘ ʤʝʩʪʥʦʩʪʠ. 
ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʩʨʝʜʥʠʝ 
ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ Emax(b,x) ʜʣʷ ʢʘʞʜʦʛʦ 
ʧʝʨʝʜʘʪʯʠʢʘ ɹʉ ʚ ʪʦʯʢʘʭ ʝʛʦ ʟʦʥʳ ʦʙʩʣʫʞʠ-
ʚʘʥʠʷ ʠ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʦʥ ʤʦʞʝʪ ʩʦʟʜʘʪʴ 
ʧʦʤʝʭʠ ʜʨʫʛʠʤ ʩʪʘʥʮʠʷʤ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 
ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʠʩʧʦʣʴʟʫʷ ʩʪʘʪʠʩʪʠ-
ʯʝʩʢʫʶ ʤʦʜʝʣʴ Okamura-Hata (ʤʦʜʝʣʴ 1). ʅʘ 
ʵʪʦʤ ʵʪʘʧʝ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʧʨʦʬʠʣʴ ʤʝʩʪʥʦ-
ʩʪʠ ʤʝʞʜʫ ɹʉ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ x, ʚʳʩʦʪʳ 
ʧʦʜʲʝʤʘ ʠ ʚʳʙʦʨ ʘʥʪʝʥʥ ɹʉ ʠ ʄʉ, ʯʘʩʪʦʪʳ, 
ʤʦʱʥʦʩʪʠ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʨʠʪʝ-
ʨʠʝʤ ʩʣʫʞʠʪ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ: ʦʪʣʠʯʥʦʝ ʧʨʠ 
ʚʝʨʦʷʪʥʦʩʪʠ ʜʚʫʭ ʩʪʦʨʦʥʥʝʡ ʩʚʷʟʠ 0,9 (ʦʞʠ-
ʜʘʥʠʝʤ ʧʨʝʚʳʰʝʥʠʷ  ʩʠʛʥʘʣʦʤ ʫʨʦʚʥʷ ʯʫʚ-
ʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ 95% ʤʝʩʪ ʠ 95% ʚʨʝʤʝʥʠ) ʠ 
ʜʣʷ ʭʦʨʦʰʝʛʦ ʣʠʙʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 
ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʚʫʭʩʪʦʨʦʥ-
ʥʝʡ ʩʚʷʟʠ 0,8. 

ʈʘʩʩʯʠʪʳʚʘʷ ʟʦʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʝʦʙʭʦ-
ʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʟʣʫʯʘʝʤʫʶ 
ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ. 
ʅʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤ-
ʥʦʡ ʘʥʪʝʥʥʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʚʝʨʝʥʥʦʛʦ 
ʧʨʠʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 
ʚʳʨʘʞʝʥʠʷ: 

Pɸ ʇʈ  = ʈʇʈ  – Gɸ ʇʈ  + Bʇʈ  +D ,              (1) 
ʛʜʝ ʈʇʈ - ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ, Gɸ 

ʇʈ  - ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʠʝʤʥʦʡ ʘʥ-
ʪʝʥʥʳ, Bʇʈ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚ ʮʝʧʷʭ 
ʤʝʞʜʫ ʘʥʪʝʥʥʦʡ ʠ ʧʨʠʝʤʥʠʢʦʤ, D - ʧʦʧʨʘ-
ʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʚʚʦʜʠʤʳʡ ʜʣʷ ʦʙʝʩ-
ʧʝʯʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ  ʧʨʝʚʳ-
ʰʝʥʠʷ  ʤʦʱʥʦʩʪʴʶ  ʩʠʛʥʘʣʘ  ʥʘ ʚʭʦʜʝ  ʘʥ-
ʪʝʥʥʳ  ʧʨʠʝʤʥʠʢʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʄʦʞ-
ʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠ D  = 0 ʚ 50% 
ʩʣʫʯʘʝʚ ʩʠʛʥʘʣ ʥʠʞʝ ʫʨʦʚʥʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-
ʩʪʠ ʧʨʠʝʤʥʠʢʘ, ʘ ʚ 50% - ʚʳʰʝ. ɺ ʤʦʜʝʣʠ 1 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ 
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ʧʦʜʯʠʥʷʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ-ʥʦʨʤʘʣʴʥʦʤʫ 
ʟʘʢʦʥʫ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʘʤ ʩʚʷʟʠ ʩʪʘʥ-
ʜʘʨʪʘ TETRA, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜ-
ʜʠʘʧʘʟʦʥʦʚ ʚʳʜʝʣʝʥʳ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 410-
430/450-470 ʄɻʮ ʚʝʣʠʯʠʥʘ D  ʜʣʷ ʧʨʠʛʦʨʦʜʘ 
ʨʘʚʥʘ 9,75 ʜɹ, ʘ ʜʣʷ ʛʦʨʦʜʘ 7,3 ʜɹ. ʋʯʠʪʳʚʘʷ 
ʨʝʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʦʚ ɹʉ 
ʠ ʄʉ ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟ-
ʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʫʩʠʣʝʥʠʷ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʪ 
ɹʉ ʠ ʄʉ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʪʝʨʠ  ʚ ʬʠʜʝʨʘʭ 
ʧʨʠʝʤʥʠʢʦʚ ʄʉ, ɹʉ ʠ ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ ʚʳ-
ʨʘʞʝʥʠʝ (1),  ʜʣʷ ʩʣʫʯʘʷ ʧʝʨʝʜʘʯʠ ʚ ʫʩʣʦʚʠ-
ʷʭ ʧʨʠʛʦʨʦʜʘ  ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʪ ɹʉ ʢ ʄʉ ʟʥʘ-
ʯʝʥʠʝ ʤʦʱʥʦʩʪʠ Pɸ ʇʈ  = -91,25 ʜɹʤ, ʘ ʜʣʷ 
ʩʣʫʯʘʷ ʧʝʨʝʜʘʯʠ ʦʪ ʄʉ ʢ ɹʉ -93,25 ʜɹʤ. ɼʣʷ 
ʫʩʣʦʚʠʡ ʛʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 
ʙʫʜʫʪ ʨʘʚʥʳ -93,2 ʜɹʤ ʠ -96,3 ʜɹʤ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ 
ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʝʪʠ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʚʷʟʠ ʨʘʩ-
ʯʝʪ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ɹʉ ʤʦʞʥʦ ʫʪʦʯʥʠʪʴ, 
ʠʩʧʦʣʴʟʫʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʥʘ-
ʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʩʠʛʥʘʣʘ. 

ʆʩʥʦʚʦʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 
ʨʘʩʯʝʪʘ ʟʦʥ ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ 
ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ. ɺ ʥʠʭ 
ʫʯʠʪʳʚʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝ, ʦʪʨʘʞʝʥʠʝ ʦʪ ʤʝʩʪʥʳʭ ʦʙʲʝʢʪʦʚ, 
ʜʠʬʨʘʢʮʠʷ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷʭ, ʧʦʛʣʦʱʝʥʠʝ, 
ʧʨʝʣʦʤʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʈʘʩ-
ʯʝʪʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʤʥʦʛʦʣʫʯʝʚʦʡ ʤʦʜʝ-
ʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 
ʚʦʣʥ.  

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʝʪʠ 
ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝ-
ʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
(ʉʇʆ), ʚʢʣʶʯʘʶʱʝʛʦ  ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ 
ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ (ʉɻʀʉ). ɹʘʟʦ-
ʚʳʤ ʵʣʝʤʝʥʪʦʤ ʉɻʀʉ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ 
ʢʘʨʪʘ ʤʝʩʪʥʦʩʪʠ (ʎʂʄ). ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 
ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʝʪʠ ʨʘʜʠʦʩʚʷʟʠ ʉɻʀʉ ʜʦʣʞ-
ʥʘ ʧʦʟʚʦʣʷʪʴ ʨʝʰʘʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ ʢʘʢ ʚʳʙʦʨ 
ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ɹʉ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝ-
ʪʳ ʠʥʪʝʨʚʘʣʦʚ ʩʚʷʟʠ, ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ ɹʉ, 
ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʪʯʘʡʰʠʭ ʤʘʨʰʨʫʪʦʚ ʧʨʠ 
ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʘʨʰʘ ʥʘ ʠʭ ʨʘʟʚʝʨʪʳʚʘʥʠʝ.  
ʉʇʆ ʜʦʣʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʬʫʥʢʮʠʠ ʦʮʝʥʢʠ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʷ ʩʝʪʝʚʳʭ 
ʵʣʝʤʝʥʪʦʚ, ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, 
ʦʮʝʥʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʘʥʘʣʠʟʘ ʵʣʝʢ-
ʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʦʮʝʥʢʠ ʧʨʦ-
ʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʠʥʪʝ-

ʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʝʪʠ ʪʨʘʥʢʠʥʛʦʚʦʡ ʨʘʜʠʦ-
ʩʚʷʟʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʉɻʀʉ ʤʦʞʝʪ ʩʦʩʪʦ-
ʷʪʴ ʠʟ ʜʚʫʭ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥ-
ʪʦʚ: ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ. 
ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʜʦʣʞʝʥ ʩʦ-
ʜʝʨʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʩʯʝʪ-
ʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ, ʨʘʟʨʘʙʦʪʢʝ 
ʚʳʭʦʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ (ʨʘʩʧʦʨʷʞʝʥʠʡ). ʆʩ-
ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʷʚʣʷ-
ʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 
ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥ-
ʥʳʭ ʜʘʥʥʳʭ. ʂ ʧʦʩʪʦʷʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ 
ʦʪʥʝʩʪʠ ʊʊʍ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ, ʤʝʰʘʶʱʠʭ 
ʩʨʝʜʩʪʚ, ʙʠʙʣʠʦʪʝʢʫ ʛʨʘʬʠʯʝʩʢʠʭ ʟʥʘʢʦʚ ʜʣʷ 
ʦʪʦʙʨʘʞʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦ-
ʩʚʷʟʠ. ʂ ʧʝʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ ʦʪʥʦʩʷʪʩʷ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʪʠ ʩʚʷʟʠ, ʦʧʝʨʘʪʠʚʥʳʝ ʩʚʝ-
ʜʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ 
ʩʚʷʟʠ, ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥ-
ʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʨʝʟʫʣʴʪʘʪʳ 
ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ 
ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦ-
ʩʚʷʟʠ, ʎʂʄ ʥʘ ʪʨʝʙʫʝʤʳʝ ʨʘʡʦʥʳ ʤʝʩʪʥʦ-
ʩʪʠ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʦʥʝʥʪ ʉɻʀʉ ʜʦʣʞʝʥ 
ʧʦʟʚʦʣʷʪʴ ʨʘʙʦʪʘʪʴ ʩ ʮʠʬʨʦʚʳʤʠ ʢʘʨʪʘʤʠ 
ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ: ʚʝʢʪʦʨʥʳʤʠ, ʤʘʪʨʠʯ-
ʥʳʤʠ ʠ ʨʘʩʪʨʦʚʳʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝ-
ʰʘʝʤʳʭ ʟʘʜʘʯ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ ʥʝʦʙ-
ʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ 
ʨʘʡʦʥʝ ʚ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ ʟʦʥʳ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ 
ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʝʡ  ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠ-
ʯʠʷ ʚʨʝʤʝʥʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʚʦʟ-
ʤʦʞʥʦʩʪʝʡ.   

ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʦʪ ʚʘʞʥʦ ʦʧʨʝʜʝ-
ʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʪʦʨʦʚ ʚ ʩʦʪʝ (ʦʜʠʥ, ʪʨʠ, 
ʰʝʩʪʴ). ʇʨʠ ʪʨʝʭ ʩʝʢʪʦʨʘʭ ʚ ʷʯʝʡʢʝ ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʯʘʩʪʦʪ, ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʘʥʪʝʥʥ ʩ ʪʨʝʭʩʝʢʪʦʨʥʳʤʠ ʟʦ-
ʥʘʤʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʦʚ 
9.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝ-
ʥʠʷ ʩʝʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥ-
ʥʳʝ ʦʙ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʤ ʨʘʟʤʝʨʝ ʟʦʥ ʦʙ-
ʩʣʫʞʠʚʘʥʠʷ ʠ ʯʠʩʣʝ ʢʘʥʘʣʦʚ ʙʘʟʦʚʳʭ ʩʪʘʥ-
ʮʠʡ, ʠʩʭʦʜʷ ʠʟ ʦʞʠʜʘʝʤʦʡ ʘʙʦʥʝʥʪʩʢʦʡ ʥʘ-
ʛʨʫʟʢʠ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʘʩ-
ʩʯʠʪʳʚʘʝʤʦʡ ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ 
ʪʝʦʨʠʠ ʪʝʣʝʪʨʘʬʠʢʘ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʯʘʩʪʦʪʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 
ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʩʠʥ-
ʪʝʟʘ ʩʝʪʠ ʪʨʘʥʢʠʥʛʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ N. ʈʝ-
ʟʫʣʴʪʘʪʦʤ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʯʘʩʪʦʪʥʦ-
ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ 
ʙʳʪʴ ʯʘʩʪʦʪʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʧʣʘʥ ʪʨʘʥ-
ʢʠʥʛʦʚʦʡ ʩʝʪʠ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ, ʢʦʪʦʨʳʡ 
ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪ-
ʚʘ ʩʠʩʪʝʤʳ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʣʴʥʝʡʰʝʡ ʟʘʜʘʯʠ 
ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʠ.   

ʊʨʝʪʠʡ ʵʪʘʧ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʦʩʫʱʝʩʪ-
ʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʪʝʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ. 
ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʵʪʘʧʘ, ʜʦʣʞʥʘ ʙʳʪʴ ʦʧ-
ʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʝʪʴ N`, ʩ ʫʪʦʯʥʝʥʥʳʤʠ ʤʝ-
ʩʪʦʧʦʣʦʞʝʥʠʷʤʠ ɹʉ, ʪʠʧʦʚ, ʚʳʩʦʪ ʠ ʦʨʠʝʥ-
ʪʘʮʠʠ ʘʥʪʝʥʥ, ʫʪʦʯʥʝʥʠʝ ʫʯʘʩʪʢʦʚ ʟʘʪʝʥʝʥʠʷ 
ʚ ʟʦʥʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ɹʉ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʩʝʪʴ 
N`, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠʩʭʦʜʥʳʤ ʪʨʝʙʦ-
ʚʘʥʠʷʤ ʠ ʦʙʣʘʜʘʝʪ ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝʤ ʩʦ-
ʚʦʢʫʧʥʦʩʪʠ (ʚʝʢʪʦʨʘ) ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

)(NQ ` , ʥʘʠʣʫʯʰʠʤ ʚ ʩʤʳʩʣʝ ʚ ʩʤʳʩʣʝ ʙʝʟ-
ʫʩʣʦʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʝʜʧʦʯʪʝʥʠʷ ʠ ʠʤʝʝʪ 
ʚʠʜ: 

)()( ` NQNQ ¢                                           (2) 
ɽʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (4),  ʪʦ ʢʘʞ-

ʜʳʡ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ qi(N`) i= m,1  
ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʝʪʠ N` ʥʝ ʭʫʞʝ ʯʝʤ ʫ 
ʩʝʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʢʘʯʝʩʪʚʘ ʣʫʯʰʝ ʯʝʤ ʫ ʩʝʪʠ N. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʪʘʢʞʝ ʨʘʩʩʯʠ-
ʪʳʚʘʝʪʩʷ ʚʥʫʪʨʠʩʠʩʪʝʤʥʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-
ʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʥʫʪ-
ʨʠʩʠʩʪʝʤʥʦʡ ʕʄʉ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʯʘʩʪʦʪ 
ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 
ʋʩʣʦʚʠʝʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʘʨʳ ʩʦʪ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʩʝʯʝʥʠʷ 
ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʟʦʥʳ ʧʦʤʝʭ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʨʘ-
ʜʠʦʩʚʷʟʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʝʪ 
ʷʚʣʷʪʴʩʷ ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷ  ʩʧʣʦʰʥʦʛʦ 
ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʦʥʘʤʠ ʦʙ-
ʩʣʫʞʠʚʘʥʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʟʦʥʝ ʦʙʩʣʫʞʠ-
ʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʧʝʨʘʪʠʚʥʳʭ 
ʟʘʜʘʯ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʬʠʛʫʨʘ-
ʮʠʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʨʝʣʴʝʬʘ ʤʝʩʪʥʦ-
ʩʪʠ, ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ, ʚʦʟ-
ʤʦʞʥʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʄʉ. ʊʦʧʦʛʨʘʬʠʯʝ-
ʩʢʘʷ ʧʨʠʚʷʟʢʘ ʤʦʙʠʣʴʥʳʭ ɹʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 
ʫʯʝʪʦʤ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʪ. ʂʦʥʬʠʛʫʨʘ-
ʮʠʷ ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝ-
ʥʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʦʚ, ʚʳʩʦʪ ʠ 
ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥ. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥ-
ʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ 
ʵʪʘʧʝ ʯʘʩʪʦʪʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦ-
ʚʘʥʠʷ. 

ɼʣʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʯʘʩ-
ʪʦʪʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝ-
ʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ 
ʠʜʝʘʣʠʟʘʮʠʝʡ ʩʝʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʥʘʢʦ-
ʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʤ ʦʧʳʪʦʤ. 
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INTEGRATED APPROACH TO CONSTRUCTION OF COUNTRYSIDE 
NETWORK ACCESS (FOR EXAMPLE KASHARSKY DISTRICT) 

 
North-Caucasian branch of the Moscow technical university relationship and informatics, 

Rostov-on-Don 
 

Keywords: Infocommunication System, Countryside Access Network, wireless broadband 
Access. 

Extremely uneven distribution of population density Kasharsky district does not allow the use of 
one-dimensional solutions for the deployment of broadband access network. The possibility of an 
integrated approach, combining the capabilities of multi-service optical access networks and 
wireless broadband access are considered. 

 
ʆʩʦʙʝʥʥʦʩʪʴʶ ʂʘʰʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩ-

ʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 
ʫʩʣʫʛ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʧʣʦʪ-
ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʝʜʧʨʠ-
ʷʪʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. ʕʪʘ ʩʠ-
ʪʫʘʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦʤʝʨ-
ʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʣʠʙʦ ʧʨʦʚʦʜʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʩʝʪʠ ʜʦʩ-
ʪʫʧʘ ʣʠʙʦ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʐʇɼ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʧʦʣʥʘʷ  ʤʦ-
ʜʝʨʥʠʟʘʮʠʷ ʫʟʣʦʚ ʩʚʷʟʠ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 
ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʫʩʣʫʛ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 
ʥʦʚʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʦʣʴ-
ʰʦʛʦ ʯʠʩʣʘ ʚʳʥʦʩʦʚ ʢ ʤʘʣʦʥʘʩʝʣʝʥʥʳʤ 
ʩʝʣʴʩʢʠʤ ʧʦʩʝʣʝʥʠʷʤ. ʅʝʦʭʚʘʯʝʥʥʳʤʠ ʚ 
ʵʪʦʤ ʩʣʫʯʘʝ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜʚʠʞʥʳʝ ʧʘʩʪ-
ʙʠʱʥʳʝ ʩʪʦʷʥʢʠ, ʛʜʝ ʚ ʧʘʩʪʙʠʱʥʳʡ ʩʝʟʦʥ 
ʧʨʦʞʠʚʘʶʪ ʦʙʳʯʥʦ ʥʝʩʢʦʣʴʢʦ ʩʝʤʝʡ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʮʝʣʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 
ʢʦʤʧʣʝʢʩʘ ʫʩʣʫʛ ʚ ʪʨʫʜʥʦ ʜʦʩʷʛʘʝʤʳʭ ʨʘʡ-
ʦʥʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʣʥʦʤʘʩ-

ʰʪʘʙʥʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʝʪʠ ʨʘʜʠʦʜʦʩ-
ʪʫʧʘ ʩ ʧʨʠʚʷʟʢʦʡ ʣʠʙʦ ʢ ʩʝʪʠ ʜʨʫʛʦʛʦ ʨʘʡ-
ʦʥʘ, ʣʠʙʦ ʢ ʪʦʯʢʝ ʜʦʩʪʫʧʘ ʚʥʫʪʨʠʟʦʥʦʚʦʡ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ  ʨʘʩʩʤʦʪ-
ʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 
ʩʦʯʝʪʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʫʣʴʪʠʩʝʨʚʠʩ-
ʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʜʦʩʪʫʧʘ ʠ ʙʝʩʧʨʦʚʦʜ-
ʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ. 

ʂʦʥʮʝʧʮʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʥʘ ʨʠʩʫʥʢʝ 1. 

ʄʝʞʜʫ ʩʝʣʴʩʢʠʤʠ ʧʦʩʝʣʝʥʠʷʤʠ ʩ ʜʦʩʪʘ-
ʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ʨʘʟ-
ʚʝʨʪʳʚʘʝʪʩʷ ʢʦʣʴʮʝʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʝʪʴ ʧʝ-
ʨʝʥʦʩʘ ʩ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ ʢ ʚʥʫʪʨʠʟʦʥʦʚʦʡ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʚ ʨʘʡʦʥʥʦʤ ʮʝʥʪʨʝ ʩʣʦ-
ʙʦʜʝ ʂʘʰʘʨʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʥʦʚʥʳʤ ʪʨʘʥʩ-
ʧʦʨʪʥʳʤ ʢʦʣʴʮʦʤ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 
ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʝʡ ʤʘʛʠʩʪʨʘʣʴʶ. ɺ ʥʘʩʝ-
ʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʦʭʚʘʪʳʚʘʝʤʳʭ ʦʧʪʠʯʝʩʢʦʡ 
ʩʝʪʴʶ ʧʝʨʝʥʦʩʘ, ʨʘʟʤʝʱʘʶʪʩʷ ʙʘʟʦʚʳʝ ʩʪʘʥ-
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ʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʜʠʦʧʦʢʨʳʪʠʝ ʩʦʦʪ- ʚʝʪʩʪʚʫʶʱʝʡ ʟʦʥʳ ʨʘʜʠʦʜʦʩʪʫʧʘ.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 1- ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ  ʠ ʨʘʜʠʦʜʦʩʪʫʧʘ ʯʘʩʪʠ ʂʘʰʘʨʩʢʦʛʦ ʨʘʡʦʥʘ  
ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʘʷ ʩʝʪʴ ʜʦʩʪʫʧʘ, ʧʦ-
ʟʚʦʣʷʶʱʘʷ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦ-
ʣʦʛʠʠ NGN. 

ʆʩʥʦʚʥʦʝ ʫʩʣʦʚʠʝ,  ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʠ ʨʘʟ-
ʚʝʨʪʳʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ 
ʩʝʪʠ ʜʦʩʪʫʧʘ, ʩʦʩʪʦʠʪ ʚ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʩʢʦ-
ʨʦʩʪʥʦʡ ʦʧʦʨʥʦʡ ʩʝʪʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʤʫʣʴʪʠʩʝʨʚʠʩ-
ʥʦʡ ʩʝʪʠ ʪʨʝʙʫʝʪ ʧʨʦʨʘʙʦʪʢʫ ʨʷʜʘ ʚʦʧʨʦʩʦʚ, 
ʪʘʢʠʭ ʢʘʢ: 

- ʠʥʪʝʛʨʘʮʠʶ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʝʪʴ ʦʧʝ-
ʨʘʪʦʨʘ, ʧʦʜʜʝʨʞʢʘ ʥʝ ʪʦʣʴʢʦ ʥʦʚʦʡ ʪʨʘʥʩ-
ʧʦʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʧʨʠʚʳʯʥʦʡ ʤʦʜʝ-
ʣʠ ʫʧʨʘʚʣʝʥʠʷ; 

- ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʤʦʜʫʣʴʥʦʡ  ʘʨʭʠ-
ʪʝʢʪʫʨʳ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦ-
ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʫʪʝʤ ʧʨʠʦʙʨʝʪʝʥʠʷ ʣʠ-
ʮʝʥʟʠʡ ʠ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʩʝʨʚʝʨʦʚ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ 
ʫʩʣʫʛ ʚ ʤʠʥʠʤʘʣʴʥʳʝ ʩʨʦʢʠ; 

- ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʦʜʘ-
ʪʝʣʴʩʪʚʘ ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ ʩʝʪʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ 
ʠʤʝʝʪʩʷ ʢʘʢ ʚ ʦʧʪʠʯʝʩʢʦʤ ʩʝʛʤʝʥʪʝ (STM. 
ATM. Ethernet) ʪʘʢ ʠ ʙʝʩʧʨʦʚʦʜʥʦʤ ʩʝʛʤʝʥʪʝ  
ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ (LTE), ʯʪʦ ʧʦʟʚʦ-
ʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʵʪʘʧʫ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘ-
ʮʠʠ. 
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