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ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʦʪʨʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʦʙ ʠʟʛʠʙʝ ʪʨʝʭʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥ ʩ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʤʷʛʢʠʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʟʘʜʘʯʘ 
ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʪʦʞʜʝʩʪʚʘ, ʧʦʨʦʞʜʘʶʱʝʛʦ ʦʧʝʨʘʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ 
ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʉʦʙʦʣʝʚʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʧʨʦʠʟʚʦʜʥʦʡ ʌʨʝʰʝ ʦʧʝʨʘʪʦʨʘ, ʜʘʥʘ 
ʧʦʩʪʘʥʦʚʢʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʜʘʯʠ ʩ ʥʝʣʠʥʝʡʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 
ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʝʢ ʙʠʬʫʨʢʘʮʠʠ ʨʝʰʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʭʩʣʦʡʥʘʷ ʧʣʘʩʪʠʥʘ, ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʤʷʛʢʠʡ ʟʘʧʦʣʥʠʪʝʣʴ, 
ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʥʘʷ ʌʨʝʰʝ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʟʘʜʘʯʘ.  

 
Abstract 
The geometrically nonlinear problem of the sandwich plates bending with a transversally 

soft core in a one-dimensional formulation is considered. Mathematically, the problem is 
formulated as an integral identity generating an operator equation in the Sobolev space. The 
properties of the Fr®chet derivative of the operator are investigated, a statement of the spectral 
problem with a nonlinear parameter occurrence is given. This spectral problem can be used to 
find the bifurcation points of the solution. 

Keywords: sandwich plate, transversally soft core, geometric nonlinearity, Fr®chet 
derivative, spectral problem. 

 
ɺʚʝʜʝʥʠʝ 
ʉʣʦʠʩʪʳʝ (ʤʥʦʛʦʩʣʦʡʥʳʝ) ʢʦʥʩʪʨʫʢʮʠʠ ï ʧʣʘʩʪʠʥʳ ʠ ʦʙʦʣʦʯʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʦʚʘʥʠʝ ʥʘʠʤʝʥʴʰʝʡ 
ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ 
ʞʝʩʪʢʦʩʪʠ. ʇʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʜʘʣʴʥʝʡʰʠʡ 
ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩʣʦʠʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 
ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʦʚ ʠʭ ʨʘʩʯʝʪʘ [1ï9].  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ [10ï20] ʠ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ 
ʧʨʦʠʟʚʦʜʥʦʡ ʌʨʝʰʝ [21] ʦʧʝʨʘʪʦʨʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʦʙ ʠʟʛʠʙʝ 
ʪʨʝʭʩʣʦʡʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʤʷʛʢʠʤ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʚʠʜʝ 
ʦʧʝʨʘʪʦʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʉʦʙʦʣʝʚʘ. ʈʘʥʝʝ ʚ [22] ʙʳʣʘ ʥʘʡʜʝʥʘ ʧʨʦʠʟʚʦʜʥʘʷ 
ɻʘʪʦ ʦʧʝʨʘʪʦʨʘ. ɺ [23] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʦʧʝʨʘʪʦʨʦʤ, ʘ ʟʥʘʯʠʪ, 
ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʠʟʚʦʜʥʦʡ ʌʨʝʰʝ. ʆʙʦʙʱʝʥʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ ʠ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [24ï30]. ʅʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʤʷʛʢʠʭ 
ʩʝʪʯʘʪʳʭ ʦʙʦʣʦʯʝʢ ʠʟʫʯʝʥʳ ʚ [31ï44]. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ 
ʟʘʜʘʯ ʧʨʦʚʝʜʝʥʦ ʚ [45ï53]. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 
ʀʟʫʯʘʶʪʩʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʙʝʩʢʦʥʝʯʥʦ ʰʠʨʦʢʠʭ ʪʨʝʭʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥ ʩ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʤʷʛʢʠʤ ʟʘʧʦʣʥʠʪʝʣʝʤ. 

ɼʣʠʥʘ ʧʣʘʩʪʠʥʳ ʨʘʚʥʘ a, ʪʦʣʱʠʥʘ ʟʘʧʦʣʥʠʪʝʣʷ 2t, ʪʦʣʱʠʥʳ ʥʝʩʫʱʠʭ ʩʣʦʝʚ ʝʩʪʴ )(2 kt
, 



ð 6 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

2,1=k
, ï ʥʦʤʝʨ ʩʣʦʷ. ʇʫʩʪʴ ),0(

)(

2 aWV
k

o

k =  ï ʧʨʦʩʪʨʘʥʩʪʚʘ ʉʦʙʦʣʝʚʘ [54] ʩʦ 

ʩʢʘʣʷʨʥʳʤʠ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ 
ñ=
a

k

k

k

k

k dx
dx

d

dx

ud
u

0

),(
h

h

, k=1, 2, 11122 VVVVVV ³³³³=
. 

ɹʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚ V ʯʝʨʝʟ V),( ÖÖ
. ʆʙʦʟʥʘʯʠʤ 

),,,,( )2()1()2()1( quuwwU =
, ʛʜʝ 

)(kw  ʠ 
)(ku  ï ʧʨʦʛʠʙʳ ʠ ʦʩʝʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ 

ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ k-ʛʦ ʩʣʦʷ, 
q

 ï ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʧʦʣʥʠʪʝʣʝ. ʉʯʠʪʘʝʤ, 
ʯʪʦ ʢʨʘʷ ʧʣʘʩʪʠʥʳ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ, ʘʜʛʝʟʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʟʘʧʦʣʥʠʪʝʣʷ ʩ 
ʜʠʘʬʨʘʛʤʘʤʠ ʥʘ ʢʦʥʮʘʭ ʧʣʘʩʪʠʥʳ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʯʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

0)()( =xu k

, 
0)()( =xw k

, 
0/)( =dxwd k

, 
0)( =xq

 ʧʨʠ 0=x , 0=x . ʉʣʝʜʫʷ [12, 16, 20], 
ʧʦʜ ʨʝʰʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʡ  ʟʘʜʘʯʠ ʦʙ ʠʟʛʠʙʝ ʪʨʝʭʩʣʦʡʥʦʡ ʧʣʘʩʪʠʥʳ ʩ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʤʷʛʢʠʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʬʫʥʢʮʠʶ VUÍ , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ 
VyzzZ Í= ),,,,( )2()1()2()1( hh

 
ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʪʦʞʜʝʩʪʚʫ  

VZZfZUb Í"= )(),(
,    (1) 

ʛʜʝ ʬʦʨʤʘ 
),( ÖÖb
 ʠ ʬʫʥʢʮʠʦʥʘʣ 

f
, ʟʘʜʘʥʥʳʝ  ʥʘ VV³  ʠ V, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

ñäñä ++
ö
ö

÷

õ

æ
æ

ç

å
+=

==

a

k

k

k

a

k

kkk

k dx
dx

zd
Mdx

dx

dz

dx

dw

dx

d
TZUb

0

2

1
2

)(2
11

)(

0

2

1

)()()(
11

)(),(
h

 

+-++--+ ñäñ
=

a

k

k

k

a

qdx
dx

zd
Hdxzzwwc

0

2

1

)1()2(
)(

)(

0

)1()2()1()2(
3 }{ )())(( hh

 

,)( ][][ 2

0

1

0

2

1

)1()2(
)(

)( dx
dx

yd

dx

qd
ʩqyʩydxuu

dx

wd
H

aa

k

k

k ññä -+-++

=  

dxzX
dx

zd
MXZf k

k

a

k

k

k
k

k ][)( )(3
)(

0

2

1

)(
1

)(
)(1

)(ñä
=

++= h

, 

ʛʜʝ 

1
)(kX
, 

3
)(kX
 ï ʢʦʤʧʦʥʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʩʨʝʜʠʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ k-ʛʦ ʩʣʦʷ, 
)( 2)()(

)(
11

)( )/(5.0/ dxwddxudBT kk
kk +=

, 
2)(2

)(
11

)( / dxudDM k
kk =  ï ʤʝʤʙʨʘʥʥʳʝ ʫʩʠʣʠʷ ʠ ʚʥʫʪʨʝʥʥʠʝ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚ k-

ʤ ʩʣʦʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
)1/(2

)(
21

)(
12

)(
)()(

kkk
kk EtB nn-=

 ï ʞʝʩʪʢʦʩʪʴ k-ʛʦ ʩʣʦʷ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝïʩʞʘʪʠʝ, 
)(kE  ʠ 

)(
12

kn
, 

)(
21

kn
 ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 1-ʛʦ ʨʦʜʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ k-ʛʦ ʩʣʦʷ, 
3/2

)()()( kkk hBD =
 ï ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ k-ʛʦ ʩʣʦʷ, 13G

, 

3E
 ï ʤʦʜʫʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʠ ʦʙʞʘʪʠʷ ʟʘʧʦʣʥʠʪʝʣʷ, 131 /2 Gtc =

, 
)3(/ 3

3
2 Etc =

, 

)2(/33 tEc =
, 

1
)(kM
 ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʩʨʝʜʠʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ k-ʛʦ ʩʣʦʷ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 7 ð   

 

ɺ [11, 12] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʘ 
),( ÖÖb
 ʧʦʨʦʞʜʘʝʪ ʦʧʝʨʘʪʦʨ VVA : , ʘ 

ʬʫʥʢʮʠʦʥʘʣ 
f

 ï ʵʣʝʤʝʥʪ VFÍ , ʦʧʨʝʜʝʣʷʝʤʳʝ ʬʦʨʤʫʣʘʤʠ  VZAUZUb ),(),( =
, 

VZFZf ),()( =
, ʪʘʢ ʯʪʦ  (1) ʵʢʚʠʚʘʣʝʥʪʥʦ ʦʧʝʨʘʪʦʨʥʦʤʫ ʫʨʘʚʥʝʥʠʶ  

FAU= .      (2) 
2. ʇʨʦʠʟʚʦʜʥʳʝ ɻʘʪʦ ʠ ʌʨʝʰʝ ʦʧʝʨʘʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʆʙʦʟʥʘʯʠʤ 
)Ĕ,Ĕ,Ĕ,Ĕ,Ĕ(Ĕ )2()1()2()1( quuwwU =
. ɺ [22] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʝʨʘʪʦʨ A 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ ɻʘʪʦ, ʝʛʦ ʧʨʦʠʟʚʦʜʥʘʷ ɻʘʪʦ A¡ ʚ ʪʦʯʢʝ U  ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʦʦʪʥʦʰʝʥʠʝʤ  
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ʇʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʦʜʥʘʷ ɻʘʪʦ )(UA¡  ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ U  [23], ʪʦ ʦʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʠʟʚʦʜʥʦʡ ʌʨʝʰʝ (ʪʝʦʨʝʤʘ 2.1 [21]).  

ʊʝʦʨʝʤʘ 1. ʆʧʝʨʘʪʦʨ 
)(UA¡
 ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʤ ʚ ʣʶʙʦʡ ʪʦʯʢʝ U, ʪ.ʝ.  

.,Ĕ)Ĕ,)((),Ĕ)(( VZUUZUAZUUA VV Í"¡=¡
 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʟ (3), ʤʝʥʷʷ ʤʝʩʪʘʤʠ UĔ ʠ Z, ʠʤʝʝʤ  
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4. ɿʘʢʣʶʯʝʥʠʝ. 
ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʌʨʝʰʝ ʦʧʝʨʘʪʦʨʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʦʙ 

ʠʟʛʠʙʝ ʪʨʝʭʩʣʦʡʥʦʡ ʧʣʘʩʪʠʥʳ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʤ ʦʧʝʨʘʪʦʨʦʤ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 
ʩʧʝʢʪʨʘʣʴʥʘʷ ʟʘʜʘʯʘ ʩ ʥʝʣʠʥʝʡʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ. ʕʪʘ ʟʘʜʘʯʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ 
ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʩʪʠʥʳ ʠ ʥʘʭʦʞʜʝʥʠʷ 
ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʩʪʫʧʘʝʪ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʦʣʦʯʢʠ.. ɹʫʜʫʪ 
ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 
ʚ [55ï70] ʧʦʜʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʜʘʯʠ ʩ ʥʝʣʠʥʝʡʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ [71ï76], ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. [77, 78]. 
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ɸʥʥʦʪʘʮʠʷ 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʚʝʨʦʷʪʥʳʭ ʠ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ 
ʤʘʩʩʠʚʦʚ ʜʠʩʢʨʝʪʥʳʭ ʦʧʳʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʠʩʭʦʜʦʚ ʜʠʩʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳ 
ʥʘ ʦʩʥʦʚʝ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɹʝʨʥʫʣʣʠ. ʆʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʧʦʷʚʣʝʥʠʡ 
ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʚʳʯʠʩʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʧʳʪʘ 

ʜʠʩʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳ.  ʇʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʮʝʥʦʢ ʩʨʝʜʥʝʛʦ p
H
ʠ ʘʥʘʣʦʛʘ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ p
u
ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʭʦʜʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʪʫʘʮʠʦʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʜʠʩʢʨʝʪʥʘʷ ʚʝʣʠʯʠʥʘ, 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʠʧʘ ɺ, ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʭʦʜʘ. 

 
Abstract 
The article is devoted to the consideration of statistical models for estimating the 

accuracy of probable and equally probable measurement results in the comparative analysis of 
arrays of discrete experiments. The models of estimation of discrete quantity outcomes on the 
basis of Bernoulli distribution are investigated. The dependence of occurrences of equally likely 
uniformly distributed values. A method for calculating the deviations of the discrete quantity 

experiment is proposed. The dependences of the estimates of the mean p
H

and the analogue of the 

mean square deviation of the probabilities p
u

of outcomes are given. 
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ʀʟʤʝʨʝʥʠʝ ʝʩʪʴ ʧʨʦʮʝʜʫʨʘ ʩʨʘʚʥʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʳ ʩ ʠʟʚʝʩʪʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʠ ʚʳʨʘʞʝʥʠʝ ʧʝʨʚʦʡ ʯʝʨʝʟ ʚʪʦʨʫʶ ʚ ʯʘʩʪʷʭ ʠʣʠ ʚ ʢʨʘʪʥʦʤ ʦʪʥʦʰʝʥʠʠ. 
ʇʨʦʮʝʜʫʨʘ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʝʡ (ʦʪʢʣʦʥʝʥʠʡ), 
ʠʩʢʘʞʘʶʱʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʠʟʤʝʨʷʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 
ʧʦʚʪʦʨʷʝʤʳʝ ʠ ʦʜʥʦʢʨʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʦʜʝʨʞʘʪ ʩʣʫʯʘʡʥʫʶ ʠ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʭ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ï ʚʝʨʦʷʪʥʦʛʦ ʠʣʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦʛʦ. ʇʨʠ ʵʪʦʤ ʧʨʦʙʣʝʤʘ 
ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʪʦʯʥʦʩʪʠ ʦʙʫʩʣʦʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 
ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 
ɺʚʝʜʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʦʪʢʣʦʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʩʭʦʜʦʚ ʠʟʤʝʨʝʥʠʡ 
ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ, ʠʥʪʝʛʨʘʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʟʘʢʦʥʦʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ.  ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ 
ʦʮʝʥʢʝ ʦʪʢʣʦʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʘ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ɸ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ  ʩʣʫʯʘʡʥʳʭ 
ʚʝʣʠʯʠʥ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. 
ɸʧʦʩʪʝʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ n, ʧʦʣʫʯʝʥʥʦʛʦ 
ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 
Q, p(Q). ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ, ʥʦ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ 
ʤʝʨʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ɸ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʮʝʥʢʫ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 
ʦʪʢʣʦʥʝʥʠʷ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ sQ , ʦʧʨʝʜʝʣʷʝʤʦʝ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

.
ĔĔ

2

2

nnQ QQs -=
 

ɿʜʝʩʴ nQ
Ĕ

 - ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ; 
2Ĕ

nQ
 -  ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʘʪʦʚ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ. 

 ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ɸ, 
ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʘʩʩʝʷʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ, ʘ ʩʧʦʩʦʙ ʝʸ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʧʝʥʢʠ ʵʪʦʡ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʈʘʚʥʦʚʝʨʦʷʪʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʢʣʘʩʩ ʟʘʜʘʯ, ʚ 
ʢʦʪʦʨʳʭ ʧʨʠ ʜʝʬʠʮʠʪʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʠʥʪʝʨʚʘʣʦʤ ʟʥʘʯʝʥʠʡ. ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ 
ʠʥʪʝʨʚʘʣʝ ʦʪ Q1 ʜʦ Q2 ʨʘʚʥʦʚʝʨʦʷʪʥʳ ʠ ʩʨʝʜʠ ʥʠʭ ʥʝʪ ʜʦʤʠʥʘʥʪʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʪʘʢʫʶ 
ʩʠʪʫʘʮʠʶ ʧʨʠʥʷʪʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʤʦʜʝʣʴʶ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʦʡ ʚʝʣʠʯʠʥʳ. ɼʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ 
ʠʜʝʘʣʠʟʘʮʠʝʡ ʦʧʠʩʘʥʠʷ (ʧʨʝʜʩʪʘʚʣʝʥʠʷ) ʠʟʤʝʨʷʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʚ ʠʥʪʝʨʚʘʣʝ 
ʨʘʚʥʦʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ. ʊʘʢʘʷ ʠʜʝʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 
ʦʮʝʥʢʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ɺ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʚ 
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. ʄʝʨʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʥʷʪʦʡ ʩʠʪʫʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 
ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛ ʜʠʩʧʝʨʩʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʯʝʨʝʟ 
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 15 ð   

 

ʇʨʠʤʝʤ ʦʙʦʟʥʘʯʝʥʠʷ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʦʛ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ Qu
 (ʩʪʘʥʜʘʨʪʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʠʧʘ ɺ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʫʯʘʡʥʦʡ 

ʨʘʚʥʦʚʝʨʦʷʪʥʦʡ ʚʝʣʠʯʠʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʠʥʪʝʨʚʘʣʝ QQ ¢¢- 0 . ʇʨʠ ʵʪʦʤ ʘʥʘʣʦʛ 
ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʚ ʠʥʪʝʨʚʘʣʝ 
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ɸʥʘʣʦʛ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 
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ɸʥʘʣʦʛ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʤʦʜʝʣʠʨʫʝʤʳʡ 

çʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʸ ʚʝʨʦʷʪʥʦʩʪʠè, ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ɺ ʵʪʦʡ 
ʚʝʣʠʯʠʥʳ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʪʫʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 
ʵʪʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʨʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʩʣʫʞʠʪ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ 
ʦʪʢʣʦʥʝʥʠʝ, ʚʤʝʩʪʦ ʢʦʪʦʨʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʳʯʠʩʣʷʶʪʩʷ ʣʠʙʦ ʝʛʦ ʦʮʝʥʢʘ - ʩʧʦʩʦʙʦʤ "ɸ", 
ʣʠʙʦ ʝʛʦ ʘʥʘʣʦʛ - ʩʧʦʩʦʙʦʤ "ɺ". 

ʅʘʨʷʜʫ ʩ ʚʝʨʦʷʪʥʳʤʠ, ʨʘʚʥʦʚʝʨʦʷʪʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 
ʥʝʦʙʭʦʜʠʤʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʨʦʷʪʥʳʭ ʠʩʭʦʜʦʚ ʠ ʠʭ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚ ʤʘʩʩʠʚʘʭ 
ʜʠʩʢʨʝʪʥʳʭ ʚʝʣʠʯʠʥ. ʇʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʘʶʪ ʦʪʚʝʪ ʥʘ ʧʨʦʷʚʣʝʥʠʝ 
ʦʙʲʝʢʪʠʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʩʪʫʧʠʪʴ ʠʣʠ ʥʝ 
ʥʘʩʪʫʧʠʪʴ. ɺʝʨʦʷʪʥʦʩʪʥʳʝ ʟʘʢʦʥʳ ʩʣʫʞʘʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʩʪʘʪʠʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ. ɺ 
ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʠʩʢʨʝʪʥʳʭ ʩʦʙʳʪʠʡ ʚʘʞʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʗ. 
ɹʝʨʥʫʣʣʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʗ. ɹʝʨʥʫʣʣʠ ʚʳʧʦʣʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʟʘʜʘʯʠ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʣʫʯʘʡʥʳʭ ʠʩʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ 
ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʝʥʳ n ʨʘʟ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʙʨʘʩʳʚʘʥʠʠ 
ʤʦʥʝʪʳ ʠʩʭʦʜ çʨʝʰʝʪʢʘè ʟʘʬʠʢʩʠʨʦʚʘʥ m ʨʘʟ ʠʟ n ʦʧʳʪʦʚ, ʪʦ ʥʝʠʟʚʝʩʪʥʦʡ ʷʚʣʷʝʪʩʷ 
ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʧʦʷʚʣʝʥʠʷ P(ʭ = m).  

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʩʣʫʯʘʡʥʦʡ 
ʚʝʣʠʯʠʥʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɹʝʨʥʫʣʣʠ ʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʩʧʝʭʘ ʠʣʠ ʥʝʫʜʘʯʠ (ʩʦʙʳʪʠʡ çʛʦʜʥʳʡè ʠʣʠ 
çʙʨʘʢè ʠ ʜʨ.). ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʭ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɹʝʨʥʫʣʣʠ, ʝʩʣʠ ʦʥʘ 
ʧʨʠʥʠʤʘʝʪ ʚʩʝʛʦ ʜʚʘ ʟʥʘʯʝʥʠʷ 1 (ʫʩʧʝʭ) ʠ 0 (ʥʝʫʜʘʯʘ) ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ p ʠ q = 1 - p. 

ʊʝʦʨʝʤʘ ɹʝʨʥʫʣʣʠ.  ɽʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ p ʧʦʷʚʣʝʥʠʷ ʩʦʙʳʪʠʷ, ʥʘʧʨʠʤʝʨ çʫʩʧʝʭè, ʚ 

ʢʘʞʜʦʤ ʦʧʳʪʝ ʧʦʩʪʦʷʥʥʘ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 
m

nP
ʪʦʛʦ, ʯʪʦ ʵʪʦ ʩʦʙʳʪʠʝ ʥʘʩʪʫʧʠʪ m ʨʘʟ ʚ n 

ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʧʳʪʘʥʠʷʭ, ʨʘʚʥʘ 
mnmm

n

m

n qpCP -=
. 

 ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʦʚʫʶ ʠ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʬʦʨʤʫʣʳ ɹʝʨʥʫʣʣʠ. 
ʄʦʞʥʦ ʪʦʯʥʦ ʧʦʜʩʯʠʪʘʪʴ ʯʠʩʣʦ (ʧʦʣʝʟʥʳʭ) ʢʦʤʙʠʥʘʮʠʡ ʠʩʭʦʜʦʚ ʠʩʧʳʪʘʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ 
(ʧʦʣʝʟʥʦʝ) ʩʦʙʳʪʠʝ { \displaystyle A} ʥʘʩʪʫʧʘʝʪ {\displaystyle k}m ʨʘʟ ʚ { \displaystyle 



ð 16 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

n}n ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʠʩʧʳʪʘʥʠʷʭ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʩʦʯʝʪʘʥʠʡ 

m

nC
 ʠʟ n ʧʦ 

m. ʇʦʩʢʦʣʴʢʫ ʧʦ ʫʩʣʦʚʠʶ ʪʝʦʨʝʤʳ ʚʩʝ ʠʩʧʳʪʘʥʠʷ ʥʝʟʘʚʠʩʠʤʳ ʠ ʠʭ ʠʩʭʦʜʳ ʥʝʩʦʚʤʝʩʪʠʤʳ 
(ʩʦʙʳʪʠʝ ʠʣʠ {\displaystyle A}ʝʩʪʴ, ʠʣʠ ʥʝʪ), ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ (ʧʦʣʝʟʥʦʡ) 

ʢʦʤʙʠʥʘʮʠʠ ʨʘʚʥʘ 
mnmqp -

{ \displaystyle p^{k}q^{n-k}}.  
ʇʨʠʤʝʨ. ɺʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʪʠʪʫʣʴʥʦʛʦ 

ʧʨʦʝʢʪʘ p = 0,8 ʛʨʫʧʧʦʡ ʩʦʪʨʫʜʥʠʢʦʚ ʠʟ n = 50 ʯʝʣʦʚʝʢ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 
ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʛʨʫʧʧʝ m ʩʦʪʨʫʜʥʠʢʦʚ ʩʧʨʘʚʷʪʩʷ ʩʦ ʩʚʦʠʤʠ ʟʘʜʘʥʠʷʤʠ. ɿʘʜʘʯʫ 
ʨʘʩʩʯʠʪʘʪʴ ʜʣʷ ʠʩʭʦʜʦʚ m = 20, 25, 30, 35, 40, 45, 50. ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ 
ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʪ ʧʝʨʩʦʥʘʣʴʥʦʝ ʟʘʜʘʥʠʝ ʠ ʵʪʦ ʩʦʙʳʪʠʝ 
ʧʦʚʪʦʨʠʪʩʷ m ʨʘʟ. ʉʦʙʳʪʠʶ çʚʳʧʦʣʥʠʣè ʩ p = 0,8  ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʩʦʙʳʪʠʝ çʥʝ 
ʚʳʧʦʣʥʠʣè ʩ q = 0,2. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʛʨʫʧʧʳ ʩʦʪʨʫʜʥʠʢʦʚ 
(m = 20, 25, 30, 35, 40, 45, 50) ʩʧʨʘʚʷʪʩʷ ʩ ʟʘʜʘʥʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ, 
ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ ɹʝʨʥʫʣʣʠ, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 
m 20 25 30 35 40 45 50 

p 5.83e-10 1.60e-6 6.12e-4 0.03 0.14 0.03 1.43e-5 

p
H

 0,07 

pu
 

0,04 

 
ɻʨʘʬʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 
ʯʠʩʣʘ ʠʩʭʦʜʦʚ mi ʠ ʚʝʨʦʷʪʥʦʩʪʝʡ pi. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʭʦʜʦʚ 
ʜʠʩʢʨʝʪʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ pi ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʭʝʤʝ ɹʝʨʥʫʣʣʠ. ʆʩʦʙʝʥʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʝʤʳ ɹʝʨʥʫʣʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʳʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 
ʥʝʠʟʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ n ʦʧʳʪʦʚ ʥʝʟʘʚʠʩʠʤʦʛʦ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʩ 
ʠʟʚʝʩʪʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ p ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠ ʥʝ ʥʘʩʪʫʧʘʝʪ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ q. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʩʢʨʝʪʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʩʩʠʚʘʤʠ 
ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʦʧʳʪʦʚ. ʆʙʫʩʣʦʚʣʝʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ɹʝʨʥʫʣʣʠ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 
ʠʩʭʦʜʦʚ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʳʪʘ. ɽʩʪʝʩʪʚʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʀʩʭʦʜʷ ʠʟ 
ʩʠʪʫʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ɺ, ʩ ʵʪʦʡ ʮʝʣʴʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ 

ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ p
H
ʠ ʘʥʘʣʦʛʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ pu

. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʦʮʝʥʦʢ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʝʟʥʦʡ ʧʨʠ 
ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʤʘʩʰʪʘʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʳʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʧʝʢʪʨʦʚ 

ʜʚʫʭʯʘʩʪʠʯʥʳʭ ʘʪʦʤʦʚ ʚ ʢʚʘʥʪʦʚʦʧʦʣʝʚʦʤ ʧʦʜʭʦʜʝ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ 
ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʥʪʦʚʦʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 
ʧʦʧʨʘʚʢʘʤ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʷʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʜʚʠʛ, ʩʚʝʨʭʪʦʥʢʠʡ ʩʜʚʠʛ, 
ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ, ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʢʚʘʟʠʧʦʪʝʥʮʠʘʣ, ʪʦʥʢʠʡ ʩʜʚʠʛ, 
ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʚʢʣʘʜ. 

 

Abstract 
The quasipotential used to describe the spectra of two-particle atoms in the quantum-field 

approach is analyzed. The interrelation of expressions for the scattering amplitude corresponding 
to quantum-electrodynamic corrections of various orders is traced. 

Keywords: bound state, energy shift, hyperfine shift, scattering amplitudes, 
quasipotential approach, quasipotential, fine shift, logarithmic contribution. 

 
ɿʘʜʘʯʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʜʚʠʛʦʚ  ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʨʦʚʥʝʡ ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʳʭ  ʠ ʵʢʟʦʪʠʯʝʩʢʠʭ ʘʪʦʤʦʚ ʧʨʠʦʙʨʝʣʠ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʦʝ, ʥʦ ʠ 
ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʏʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʚʝʣʠʯʠʥ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʥʘʜʦ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʥʦʩʪʴʶ ʵʥʝʨʛʠʡ ʠ 
ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ.  

ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʦʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʝʜʠʥʠʮʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 
ʧʦʤʦʱʴʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʩʚʷʟʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ. 
ʇʨʠ ʵʪʦʤ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ ʪʦʯʥʦʩʪʠ ʟʥʘʯʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ 
ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʞʝ ʚʳʩʦʢʦʪʦʯʥʳʤʠ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʚʤʝʩʪʥʫʶ  
ʦʙʨʘʙʦʪʢʫ ʠ ʢʦʨʨʝʣʷʮʠʶ ʨʘʟʥʦʨʦʜʥʳʭ  ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʠ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ [1]. ʇʨʦʛʨʝʩʩ, 
ʜʦʩʪʠʛʥʫʪʳʡ ʚ ʧʦʩʣʝʜʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʣʘʟʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʪʘʚʠʪ ʧʝʨʝʜ ʪʝʦʨʠʝʡ 
ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ ʘʪʦʤʘʭ. 

ʉʠʩʪʝʤʘ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʯʘʩʪʠʮ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ 
ʤʘʩʩ. ʋʨʘʚʥʝʥʠʝ  ɹʝʪʝïʉʦʣʧʠʪʝʨʘ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ð 18 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʆʧʝʨʘʪʦʨ 
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 ʥʝ ʠʤʝʝʪ ʦʙʨʘʪʥʦʛʦ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʝʨʘʮʠʶ 
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ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ [2]:  
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ʛʜʝ E  ï ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ, j ï ʦʧʠʩʳʚʘʶʱʘʷ ʩʠʩʪʝʤʫ ʚʦʣʥʦʚʘʷ 
ʬʫʥʢʮʠʷ. ʂʚʘʟʠʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʠʩʪʝʤʳ ʜʚʫʭ ʬʝʨʤʠʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
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ʆʧʨʝʜʝʣʝʥʠʝ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʘ ʫʧʨʦʱʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ 
ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʥʫʣʝʚʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʠʤʧʫʣʴʩʦʚ. ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 
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ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ [3ï5], ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʜʚʫʭʯʘʩʪʠʯʥʳʭ 

ʘʪʦʤʦʚ ʩ ʪʦʯʥʦʩʪʴʶ 
5a  ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʝʨʚʳʤ ʯʣʝʥʦʤ ʩʫʤʤʳ ʚ ʚʳʨʘʞʝʥʠʠ 

(12), ʪʦ ʝʩʪʴ ʧʦʣʦʞʠʪʴ    
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ɺ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʤʘʩʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʫʭʬʦʪʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʪʦʯʥʦʩʪʴʶ 
5a  ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʠ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʭʦʜ 
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ɺ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʚʠʨʪʫʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʵʣʝʤʝʥʪʳ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʥʦ ʦʪʥʝʩʝʥʳ ʢ ʤʘʩʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʚʳʯʠʩʣʝʥʳ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

0@ºqp
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, 21 mmE +@ . ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʠʥʬʨʘʢʨʘʩʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʫʩʪʨʘʥʷʶʪʩʷ ʚʚʝʜʝʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ e@mink . 
ʂʦʥʢʨʝʪʥʘʷ ʚʝʣʠʯʠʥʘ e ʥʝʩʫʱʝʩʪʚʝʥʥʘ, ʪʘʢ ʢʘʢ ʚ ʩʫʤʤʝ ʜʠʘʛʨʘʤʤ ʠʥʬʨʘʢʨʘʩʥʳʝ 
ʨʘʩʭʦʜʠʤʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʤʝʥʘ 
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+ .     (13) 
ɺ ʨʘʙʦʪʘʭ [6, 7] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ 

ʧʦʨʷʜʢʘ 
16 ln -aa  ʚ ʩʚʝʨʭʪʦʥʢʠʡ ʩʜʚʠʛ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʘ  ʯʝʨʝʟ ʘʤʧʣʠʪʫʜʫ 0t.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʥʘ ʩʚʷʟʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʘ. ʀʭ ʚʟʘʠʤʦʩʚʷʟʴ 
ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʠ 
ʩʭʝʤʘʪʠʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 
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0 0000 + +++t
.    (14) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʪʦʥʢʦʛʦ ʩʜʚʠʛʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 
ʢʦʥʩʪʘʥʪʝ  ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʘ [3, 

4]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʥʝʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ , 
ʥʠʟʢʦï  ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺʦ ʚʪʦʨʦʤ 
ʩʧʦʩʦʙʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 
ʠʤʧʫʣʴʩʳ ï ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠʩʪʝʤʫ ʜʚʫʭ ʯʘʩʪʠʮ. ʊʝʦʨʠʷ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮ ʚ 
ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʩʪʝʧʝʥʝʡ .  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ  ʠ ʠʤʧʫʣʴʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 
ʯʘʩʪʠʮ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ. ʊʦʛʜʘ  ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʥʘʨʷʜʫ ʩ 
ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʧʦ  ʧʦʧʨʘʚʢʘʤʠ ʧʦʣʫʯʘʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ [8]. ʆʜʥʘʢʦ, 
ʯʘʩʪʴ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ, ʘ ʯʘʩʪʴ 
ʚʭʦʜʠʪʴ ʚ ʢʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʘʥʝʝ ʩʧʦʩʦʙ ʫʩʪʨʘʥʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʚʝʜʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ʦʙʨʝʟʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʪʦʣʴʢʦ ʩ ʪʦʯʥʦʩʪʴʶ . 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ  ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ 
ʪʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ ʦʪ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 
ʯʘʩʪʠʮ. 
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ð 20 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʚ ʢʫʨʩ ʬʠʟʠʢʠ ʤʘʪʝʨʠʘʣʘ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ.  ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʢʠ ʥʘ ʦʩʥʦʚʝ  
ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʥʮʠʧ, ʬʠʟʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʤʝʪʦʜ, ʚʟʘʠʤʦʩʚʷʟʴ, 
ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʦʥʷʪʠʝ. 

 

Abstract 
The article analyzes the feasibility of including in the course of physics material 

biochemical content. The principles of teaching physics on the basis of biophysical and 
chemical-physical educational material are considered. 

Keywords: principle, physical information, method, relationship, physical process, 
concept. 

 
ʂʫʨʩ ʬʠʟʠʢʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʬʘʢʫʣʴʪʝʪʘ ʙʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ, ʯʠʪʘʝʤʳʡ ʭʠʤʠʢʘʤ ʠ 

ʙʠʦʣʦʛʘʤ, ʩʦʜʝʨʞʠʪ ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ 
ʬʠʟʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʳ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʩʣʝʜʩʪʚʠʷ. 

ʂʫʨʩ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʬʠʟʠʢʝ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 
ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʮʠʢʣʫ ʦʙʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʜʣʷ 
ʩʪʫʜʝʥʪʦʚ ʥʝʬʠʟʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʥʘ ʫʨʦʚʥʝ çʦʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʬʠʟʠʢʝè. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʢʫʨʩʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ. ɸ ʟʘʜʘʯʝʡ - ʦʙʝʩʧʝʯʠʪʴ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 
ʩʪʫʜʝʥʪʘʤ: 

- ʵʬʬʝʢʪʠʚʥʦ ʦʩʚʘʠʚʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ 
ʢʦʤʧʦʥʝʥʪ ʦʙʫʯʝʥʠʷ); 

- ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʚʟʛʣʷʜ ʥʘ ʤʠʨ (ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʠʡ 
ʢʦʤʧʦʥʝʥʪ ʦʙʫʯʝʥʠʷ). 

ʇʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʷ (ʧʦʣʝ ʠ ʚʝʱʝʩʪʚʦ), ʘ ʪʘʢʞʝ ʦʙʱʠʝ 
ʬʦʨʤʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ. ʅʝʩʦʤʥʝʥʥʦ, ʬʠʟʠʢʘ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʦʡ, 
ʧʦʩʢʦʣʴʢʫ ʜʨʫʛʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ (ʙʠʦʣʦʛʠʷ, ʭʠʤʠʷ, ʵʢʦʣʦʛʠʷ) ʦʧʠʩʳʚʘʶʪ ʣʠʰʴ 
ʢʦʥʢʨʝʪʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ.   

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ 
ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʴ ʬʠʟʠʢʠ ʩ ʙʠʦʣʦʛʠʝʡ ʠ ʭʠʤʠʝʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ 
ʧʨʦʮʝʩʩ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʫʯʘʡʥʳʭ ʧʨʠʤʝʨʦʚ ʠʣʠ ʬʘʢʪʦʚ, ʘ 
ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʩʚʷʟʠ ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 
ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʩʚʷʟʝʡ ʠ ʘʥʘʣʦʛʠʡ. 

ʈʝʘʣʠʟʘʮʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ 
ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʚʣʘʜʝʝʪ ʠ ʩʧʦʩʦʙʝʥ ʧʦʜʛʦʪʦʚʠʪʴ ʜʠʜʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 
ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʢʨʳʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʬʠʟʠʢʠ ʩ ʙʠʦʣʦʛʠʝʡ, 
ʬʠʟʠʢʠ ʩ ʭʠʤʠʝʡ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʩʠʩʪʝʤʫ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʟʥʘʥʠʡ 
ʠ ʧʨʝʜʣʘʛʘʪʴʩʷ ʩʪʫʜʝʥʪʘʤ ʥʘ ʟʘʥʷʪʠʷʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 21 ð   

 
ʅʘʧʨʠʤʝʨ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ  ʨʦʣʠ ʚʟʘʠʤʦʩʚʷʟʠ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʰʠʙʦʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤ ʜʚʠʞʝʥʠʷ 
ʤʘʪʝʨʠʠ, ʥʝʢʦʪʦʨʦʤʫ ʬʦʨʤʘʣʠʟʤʫ ʟʥʘʥʠʡ ʠ ʦʪʦʨʚʘʥʥʦʩʪʠ ʠʭ ʦʪ ʚʦʩʧʨʠʷʪʠʷ ʦʢʨʫʞʘʶʱʝʡ 
ʞʠʟʥʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʚʣʝʯʝʥʥʦʩʪʴ ʠʤʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʜʘʣʝʥʠʝ ʦʪ ʮʝʣʠ 
ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʧʦʤʝʰʘʪʴ ʨʘʩʢʨʳʪʠʶ ʨʦʣʠ 
ʬʠʟʠʢʠ ʢʘʢ ʦʩʥʦʚʳ ʪʝʭʥʠʢʠ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʥʘʚʳʢʘʭ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠ ʪ.ʧ. 

ʇʨʠ ʨʘʙʦʪʝ ʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʬʠʟʠʢʠ ʩ 
ʙʠʦʣʦʛʠʝʡ, ʚʳʜʝʣʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʥʮʠʧʦʚ: 

1. ɹʠʦʬʠʟʠʯʝʩʢʠʡ ʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʣʘʛʘʝʤʳʡ 
ʩʪʫʜʝʥʪʘʤ, ʜʦʣʞʝʥ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʨʦʛʨʘʤʤʦʡ ʢʫʨʩʘ ʬʠʟʠʢʠ.  

ʂʘʢ ʣʶʙʘʷ ʫʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʬʠʟʠʢʘ ʠ ʙʠʦʣʦʛʠʷ ʦʙʲʷʩʥʷʶʪ ʚ ʦʢʨʫʞʘʶʱʠʭ 
ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʷʭ ʠ ʚʝʱʘʭ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʨʫʧʧʳ ʩʚʦʡʩʪʚ. ʀ ʵʪʠ ʩʚʦʡʩʪʚʘ 
ʷʚʣʷʶʪʩʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʫʢ. 
ʄʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʩʫʱʠ 
ʚʩʝʤ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ ʠ ʪʝʣʘʤ ʧʨʠʨʦʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʠʦʬʠʟʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 
ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʩʝʭ ʨʘʟʜʝʣʦʚ ʢʫʨʩʘ ʬʠʟʠʢʠ. 
ʅʘʧʨʠʤʝʨ, ʚ ʨʘʟʜʝʣʝ çʄʝʭʘʥʠʢʘè ʤʦʞʥʦ ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʠʥʘʤʠʢʝ ʜʚʠʞʝʥʠʷ 
ʞʠʚʦʪʥʳʭ. ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʷʜ ʟʘʥʠʤʘʪʝʣʴʥʳʭ ʬʘʢʪʦʚ, ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 
ʨʘʩʪʝʥʠʡ, ʧʝʨʝʜʚʠʞʝʥʠʷ ʞʠʚʦʪʥʳʭ. ʅʘʧʨʠʤʝʨ: ʩʢʦʨʦʩʪʴ ʤʝʯ - ʨʳʙʳ ʜʦʩʪʠʛʘʝʪ 130 ʢʤ/ʯ - 
ʢʘʢ ʩʢʦʨʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦ, ʧʝʨʝʣʝʪʥʳʝ ʛʫʩʠ ï ʜʦ 80 ʢʤ/ʯ, ʛʝʧʘʨʜʘ - 110 ʢʤ/ʯ, ʘ 
ʫʣʠʪʢʠ ʚʩʝʛʦ 5 ʤ/ʯ.  ɺ ʨʘʟʜʝʣʝ çʆʩʥʦʚʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠè ʩʣʝʜʫʝʪ ʦʟʥʘʢʦʤʠʪʴ ʩʪʫʜʝʥʪʦʚ 
ʩ ʦʩʥʦʚʘʤʠ ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʪ.ʧ. ʄʝʭʘʥʠʟʤ ʚʩʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
ʤʦʞʥʦ ʧʦʥʷʪʴ ʪʦʣʴʢʦ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. ʀ ʟʜʝʩʴ ʙʠʦʣʦʛʘʤ ʥʝ 
ʦʙʦʡʪʠʩʴ ʙʝʟ ʟʥʘʥʠʷ ʬʠʟʠʢʠ ʠ ʙʝʟ ʬʠʟʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʘʧʨʠʤʝʨ ʵʣʝʢʪʨʦʥʥʳʭ 
ʤʠʢʨʦʩʢʦʧʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʪʢʨʳʪʘ ʩʪʨʫʢʪʫʨʘ ɼʅʂ. ɸ ʩʣʦʞʥʝʡʰʠʝ 
ʧʨʦʮʝʩʩʳ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ? ʇʦ ʩʫʪʠ ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʫʨʩʳ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ ʪʘʢ ʞʝ ʠʤʝʶʪ ʦʙʱʫʶ ʧʨʝʜʤʝʪʥʫʶ 
ʦʙʣʘʩʪʴ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʤʦʛʫʪ ʥʘʡʪʠ ʚʢʣʶʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 
ʠʟʫʯʝʥʠʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ ʢʫʨʩʘ ʬʠʟʠʢʠ ï çʄʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘè ʠ çʂʚʘʥʪʦʚʘʷ 
ʤʝʭʘʥʠʢʘè. ʌʠʟʠʢʘ ʠ ʭʠʤʠʷ ʠʤʝʶʪ ʦʙʱʫʶ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ - ʘʪʦʤʥʳʡ ʠ 
ʤʦʣʝʢʫʣʷʨʥʳʡ ʫʨʦʚʥʠ ʤʘʪʝʨʠʠ. ʀ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʠ  ʠʩʧʦʣʴʟʫʶʪ 
ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʝʦʨʠʶ ï ʢʚʘʥʪʦʚʫʶ ʤʝʭʘʥʠʢʫ, ʘ ʪʘʢ ʞʝ ʦʜʥʠ ʠ ʪʝ ʞʝ ʤʝʪʦʜʳ ʧʦʟʥʘʥʠʷ 
(ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʜʨ.). ɺ 
ʨʘʟʜʝʣʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʭʠʤʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ 
ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ. ɼʘʥʳ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʩʪʨʦʝʥʠʷ 
ʘʪʦʤʘ, ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʷʜʨʘ, ʜʦʚʦʣʴʥʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʷʚʣʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ 
(ʧʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʨʘʩʧʘʜʘ ʨʘʩʩʤʦʪʨʝʥ ʠ ʢʣʘʩʪʝʨʥʳʡ ʨʘʩʧʘʜ), ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʮʝʧʦʯʝʢ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ 
ʨʘʜʠʦʥʫʢʣʠʜʦʚ. 

ɺ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʘʢʦʛʦ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʣʦʛʠʢʘ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʢʫʨʩʘ ʬʠʟʠʢʠ. ʇʦʵʪʦʤʫ ʙʠʦʣʦʛʠʯʝʩʢʠʡ  ʠʣʠ 
ʭʠʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ  ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʯʣʝʥʠʪʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʤʘʤ ʨʘʟʜʝʣʦʚ ʬʠʟʠʢʠ. 

2. ʄʘʪʝʨʠʘʣ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 
ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʝʥ ʦʪʨʘʞʘʪʴ ʦʙʱʝʧʨʠʟʥʘʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʝʦʨʠʠ ʠ 
ʧʦʣʦʞʝʥʠʷ. ɺ ʦʩʥʦʚʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʜʝʪʘʣʠ ʠ ʬʘʢʪʳ, ʘ 
ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʪʨʘʞʝʥʠʝ ʚ  ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʷʭ ʠ ʧʨʦʮʝʩʩʘʭ. ʇʨʠ ʜʦʚʝʜʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ 
ʧʨʘʚʠʣʴʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʪʦʯʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ. ʅʘ ʟʘʥʷʪʠʷʭ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʨʤʠʥʳ ʜʦʣʞʥʳ ʙʳʪʴ 
ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʚ ʣʶʙʦʡ ʜʠʩʮʠʧʣʠʥʝ ʠ ʟʥʘʢʦʤʳ ʩʪʫʜʝʥʪʘʤ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʤʘʪʝʨʠʘʣʘ ʩʣʝʜʫʝʪ ʥʝ ʥʘʢʘʧʣʠʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʠʣʠ ʬʘʢʪʳ, ʘ ʩʪʨʝʤʠʪʴʩʷ ʢ 
ʦʙʫʯʝʥʠʶ  ʩʪʫʜʝʥʪʦʚ  ʥʘʫʯʥʦʤʫ ʤʝʪʦʜʫ. 



ð 22 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
3. ʌʘʢʪʳ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ (ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ) ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʘʚʦʤʝʨʥʳ, ʢʘʢ ʩ ʬʠʟʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ (ʭʠʤʠʯʝʩʢʦʡ) ʪʦʯʝʢ ʟʨʝʥʠʷ.  ɼʣʷ 
ʙʠʦʣʦʛʦʚ ʩʣʝʜʫʝʪ ʦʮʝʥʠʪʴ ʥʘ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʥʘ 
ʞʠʚʫʶ ʧʨʠʨʦʜʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʢʘʟʘʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʝʨʝʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʠʨʦʜʝ 
ʚ ʮʝʣʦʤ ʠ ʝʝ ʦʙʲʝʢʪʘʤ. ɼʣʷ ʭʠʤʠʢʦʚ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʜʦʥʝʩʝʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʦʪʚʦʜʠʪʩʷ ʨʘʩʢʨʳʪʠʶ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ 
ʚʝʱʝʩʪʚʘ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʠ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟʳ ʠ ʪ.ʧ. 

4. ʉʣʝʜʩʪʚʠʝʤ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʥʮʠʧʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 
ʨʘʟʚʠʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʫʯʥʦʝ 
ʤʠʨʦʚʦʟʟʨʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʦ ʝʜʠʥʩʪʚʝ ʦʢʨʫʞʘʶʱʝʛʦ ʠʭ ʤʠʨʘ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʠ 
ʠʟʫʯʘʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʟʥʘʥʠʡ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʠ 
ʷʚʣʝʥʠʷʤʠ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʙʠʦʬʠʟʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʙʳʪʴ 
ʥʘʧʨʘʚʣʝʥ ʥʘ  ʢʦʥʢʨʝʪʠʟʘʮʠʶ ʠ ʦʙʦʙʱʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʧʦʥʷʪʠʡ. ɺ ʬʠʟʠʢʝ 
ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʦʥʷʪʠʡ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʠʦʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ, ʚʝʱʝʩʪʚʦ, 
ʧʦʣʝ, ʤʘʩʩʘ, ʜʚʠʞʝʥʠʝ, ʵʥʝʨʛʠʷ ʠ ʜʨ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʫʨʩʝ ʬʠʟʠʢʠ ʵʪʠ ʧʦʥʷʪʠʷ 
ʬʦʨʤʠʨʫʶʪʩʷ ʙʝʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʫʨʩʝ ʙʠʦʣʦʛʠʠ, ʠ, ʥʘʦʙʦʨʦʪ, ʚ ʢʫʨʩʝ 
ʙʠʦʣʦʛʠʠ ʵʪʠ ʧʦʥʷʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʝʟ ʠʭ ʘʥʘʣʦʛʠʠ ʚ ʬʠʟʠʢʝ. ʅʝʩʦʤʥʝʥʥʦ, ʵʪʦ ʚʳʟʳʚʘʝʪ 
ʟʘʪʨʫʜʥʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʫʛʣʫʙʣʝʥʠʷ ʪʘʢʠʭ ʧʦʥʷʪʠʡ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 
ʨʘʟʜʝʣʷʝʪ ʠʭ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʧʦʜʙʦʨʫ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʫʨʩʘ 
ʬʠʟʠʢʠ, ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʙʳ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʥʷʪʠʡ ʬʠʟʠʢʠ ʠ 
ʩʧʝʮʠʬʠʢʫ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʣʦʛʠʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʨʝʤʠʪʴʩʷ ʢ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʠ 
ʦʙʦʙʱʝʥʠʶ ʵʪʠʭ ʧʦʥʷʪʠʡ. ʆʙʷʟʘʪʝʣʴʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʨʷʜ ʧʦʥʷʪʠʡ, 
ʬʦʨʤʫʣʠʨʫʝʤʳʭ ʚ ʬʠʟʠʢʝ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʠʤʠʝʡ. ʅʘʧʨʠʤʝʨ, ʢ ʪʘʢʠʤ ʧʦʥʷʪʠʷʤ 
ʦʪʥʦʩʷʪʩʷ: ʚʝʱʝʩʪʚʦ, ʘʪʦʤ, ʤʦʣʝʢʫʣʘ, ʤʘʩʩʘ, ʟʘʨʷʜ, ʤʦʣʴ, ʵʥʝʨʛʠʷ ʠ ʜʨ. ʆʜʥʘʢʦ ʩʤʳʩʣʦʚʘʷ 
ʥʘʛʨʫʟʢʘ ʵʪʠʭ ʧʦʥʷʪʠʡ ʚ ʢʫʨʩʝ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ʅʘʧʨʠʤʝʨ, ʟʘʨʷʜ 
ʧʨʦʪʦʥʘ ʚ ʢʫʨʩʝ ʬʠʟʠʢʝ ʨʘʚʝʥ 1,6Ŀ10-19 ʂʣ, ʘ ʚ ʢʫʨʩʝ ʭʠʤʠʠ ʨʘʚʝʥ + 1. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ 
ʬʠʟʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ, ʘ ʚ ʭʠʤʠʠ ï ʢʨʘʪʥʦʩʪʴ ʤʦʜʫʣʶ 
ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʘʨʷʜʘ. ʇʨʠ ʧʨʝʧʦʜʘʚʘʥʠʠ ʢʫʨʩʘ ʬʠʟʠʢʠ ʭʠʤʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʳʚʘʪʴ 
ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʨʷʜʘ ʧʦʥʷʪʠʡ ʠ ʠʭ ʩʧʝʮʠʬʠʢʫ ʚ ʭʠʤʠʠ. ʕʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʙʫʜʝʪ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʶ ʧʦʥʷʪʠʡʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʪʫʜʝʥʪʦʚ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʦʪʦʙʨʘʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʥʘ ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʦʧʨʦʩʘʤʠ 
ʧʨʦʛʨʘʤʤʳ ʢʫʨʩʘ ʬʠʟʠʢʠ, ʩ ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʦʡ ʨʘʟʜʝʣʘ ʬʠʟʠʢʠ. ʂʘʞʜʳʡ ʬʨʘʛʤʝʥʪ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʠʥʠʤʫʤ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 
ʥʝʚʦʟʤʦʞʥʳʤ ʙʝʟ ʫʱʝʨʙʘ ʩʤʳʩʣʦʚʦʤʫ ʠ ʮʝʣʝʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʬʨʘʛʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ 
ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʣʦʛʠʯʝʩʢʠ 
ʫʚʷʟʳʚʘʝʪʩʷ ʩ ʥʦʚʦʡ ʪʝʤʦʡ ʢʫʨʩʘ ʬʠʟʠʢʠ ʠʣʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 
ʧʨʝʜʳʜʫʱʝʡ, ʠʣʠ ʨʘʩʰʠʨʷʝʪ ʝʝ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ  ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 
ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 
ʠ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, 
ʢʦʪʦʨʳʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʫʨʩʝ ʬʠʟʠʢʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʧʦʜʘʚʘʥʠʷ 
ʬʠʟʠʢʠ ʩʪʫʜʝʥʪʘʤ ʥʝʬʠʟʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʧʨʦʯʥʦʩʪʠ 

ʪʚʝʨʜʳʭ ʪʝʣ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ. ʇʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ ʠ 
ʦʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʯʥʦʩʪʴ ʪʚʝʨʜʳʭ ʪʝʣ, ʤʝʭʘʥʠʢʘ ʨʘʟʨʫʰʝʥʠʷ. 
 
Abstract 
In the article is considered the application of termofluktuacion theory of strength of solids 

to solving problems of mechanics of fracture. The graphs are distribution specific internal energy 
in the neighborhood of a vertex normal crack detachment and identify areas for further research. 

Keywords: solid strength, fracture mechanics. 
 
ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 
ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʝʰʝʥʥʳʭ ʟʘʜʘʯ. 
ɺ ʯʘʩʪʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ 
ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʨʘʙʦʪʘʭ [1,2] ʨʘʟʨʘʙʦʪʘʥʘ 
ʪʝʨʤʦʬʣʫʢʪʫʘʮʠʦʥʥʘʷ ʪʝʦʨʠʷ ʧʨʦʯʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 
ʨʘʟʨʫʰʝʥʠʷ ʤʘʢʨʦʯʘʩʪʠʮʳ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ 
ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ.  

ɺ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʡ ʪʝʨʤʦʫʧʨʫʛʠʭ ʠʟʦʪʨʦʧʥʳʭ ʪʝʣ 
ʫʜʝʣʴʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ [3]: 
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 (2) 

ʛʜʝ r  ʠ q - ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ 
ʥʘʢʣʦʥʥʦʡ ʪʨʝʱʠʥʳ;  

Ik
 ʠ II

k
 - ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ.   



ð 24 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 
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ʈʠʩʫʥʦʢ 1. ʅʘʢʣʦʥʥʘʷ ʪʨʝʱʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 25 ð   

 
ʇʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʷ (4) ʫʯʪʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 
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. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ (4) ʩʦʜʝʨʞʠʪ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠ 0=r , ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ 
ʪʨʝʱʠʥʳ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʨʘʟʨʝʟʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ 

ʪʨʝʱʠʥʳ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ 
A90=b  (ʨʠʩ. 2-3). ɺʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʜʣʷ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: 73600=ɽ ʄʇʘ; 
7104,5 -Ö=ta

1/ʛʨʘʜ; 14,0=n ; 
A293=T ; 

10=ʨ
 ʄʇʘ.  

 
ʈʠʩʫʥʦʢ 2. ʇʣʦʩʢʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

 

 
ʈʠʩʫʥʦʢ 3. ʇʣʦʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ 

  
ʅʘ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ 
cr

 ʦʪ 0,1 ʜʦ 1,0 ʩ ʰʘʛʦʤ 0,1. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʩʠʤʤʝʪʨʠʯʥʳ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʪʨʝʱʠʥʳ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʫʛʣʝ 
A0=q , ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ 



ð 26 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʨʠ ʨʘʩʪʷʞʝʥʠʠ ʙʝʩʢʦʥʝʯʥʦʡ ʧʦʣʦʩʳ ʪʨʝʱʠʥʘ 
ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʠʭ 
ʥʘʧʨʷʞʝʥʠʡ.  

 
ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʚʝʨʰʠʥʳ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʨʝʟʢʦ ʫʙʳʚʘʝʪ (ʨʠʩ. 4). 

ɺʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʚʥʝʰʥʠʭ 
ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 
ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʜʣʷ ʩʣʫʯʘʝʚ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜʦʙʥʳ.  ɺ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʪʦʯʢʘʭ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʵʥʝʨʛʠʷ ʧʨʠ ʧʣʦʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ ʧʨʠ ʧʣʦʩʢʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 
ʧʨʝʜʝʣʘʭ ʦʪ 4% ʜʦ 14%.  

ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 
ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 
ʣʦʢʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʨʘʟʨʫʰʝʥʠʷ ʪʝʣʘ ʩ ʤʘʢʨʦʪʨʝʱʠʥʦʡ; 

2. ɼʣʷ ʥʘʢʣʦʥʥʳʭ ʩʢʚʦʟʥʳʭ ʜʝʬʝʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʧʦʣʦʩʝ, 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʫʛʦʣ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ, ʢʘʢ ʜʣʷ 
ʩʣʫʯʘʷ ʨʘʩʪʷʞʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʩʣʫʯʘʷ ʩʞʘʪʠʷ; 

3. ʀʩʧʦʣʴʟʫʷ ʥʝʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʧʫʱʝʥʠʷ, ʧʦʷʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ 
ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʥʘʩʪʦʷʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʙʱʝʥʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ, ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʠʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʛʣʠʮʠʥʘ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʝʚ ï d(I) ʠ d(II). 

ʉʣʦʡ ʪʦʣʱʠʥʦʡ ʧʨʠ h=d ʥʘʟʚʘʥ ʩʣʦʝʤ (I), ʘ ʩʣʦʡ ʧʨʠ hå10d ï ʩʣʦʝʤ (II) ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʦʛʦ 

ʢʨʠʩʪʘʣʣʘ. ʇʨʠ hå10d ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʨʘʟʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ. ʇʨʠ h=d ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʪʨʦʚʢʦʚʳʭ 

ʧʣʝʥʦʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ d(I) ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʠʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï ʘʪʦʤʥʳʤ ʦʙʲʝʤʦʤ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʘʙʣʠʮʝʡ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʛʣʠʮʠʥ, 

ʘʪʦʤʥʳʡ ʦʙʲʝʤ, ʨʘʟʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. 

 

Abstract 

This paper summarizes the model of the surface layer of atomically smooth metals 

proposed by us on the example of organic ferroelectric glycine. The surface layer of an 

atomically smooth crystal consists of two layers, d (I) and d (II). A layer with a thickness at h = d 

is called a layer (I), and a layer at hå10d is called a layer (II) of an atomically smooth crystal. At 

hå10d, the size dependence of the physical properties of the material begins to appear. When h = 

d, a phase transition occurs in the surface layer. It is shown that surface tension plays an 

important role in the crystallization of island films. It is shown that the thickness of the surface 

layer d (I) is determined by one fundamental parameter ð the atomic volume of the element, 

which periodically changes in accordance with the table D.I. Mendeleev. 

Keywords: surface tension, surface layer, glycine, atomic volume, size dependence. 

 

ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [1-3]. 

ɻʣʠʮʠʥ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʠ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ɓ-ʬʘʟʝ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʘ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ [3]. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʛʣʠʮʠʥ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʦʨʬʥʳʝ ʬʘʟʳ: Ŭ, ɓ ʠ ɔ [4], 

ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʮʚʠʪʪʝʨ-ʠʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ɼʚʝ ʧʦʣʠʤʦʨʬʥʳʝ ʬʘʟʳ ʛʣʠʮʠʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʛʨʫʧʧʝ 

ʩʠʤʤʝʪʨʠʠ (Ŭ ï P21/n; ɓ ï P21), ʦʜʥʘ ï ʢ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʦʙʨʘʟʫʶʪ ʜʚʦʡʥʳʝ 

ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʝ ʩʣʦʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʠʣ. ɺ ɓ-ʬʘʟʝ ʦʜʠʥʦʯʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʦʣʷʨʥʳʝ ʩʣʦʠ, 

ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʬʦʨʤʠʨʫʶʪ ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʴ. ɺ ɔ-ʬʘʟʝ 

ʮʚʠʪʪʝʨ-ʠʦʥʳ ʦʙʨʘʟʫʶʪ ʧʦʣʷʨʥʳʝ ʩʧʠʨʘʣʠ, ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʪʨʝʭʤʝʨʥʫʶ 

ʧʦʣʷʨʥʫʶ ʩʝʪʴ [3]. 

ʆʩʪʨʦʚʢʦʚʳʝ ʧʣʝʥʢʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʥʝʩʪʘʙʠʣʴʥʳʭ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʩʪʨʦʚʢʠ. ɺʦʧʨʦʩ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʷʚʣʷʝʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ [3, 5, 6]. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʢʨʝʧʣʝʥʳ, ʧʨʠ 

ʚʳʩʳʭʘʥʠʠ ʝʝ ʚʳʩʦʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʘʧʣʷ ʥʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʦʥʢʫʶ 



ð 28 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʧʣʝʥʢʫ. ɽʩʣʠ ʵʥʝʨʛʠʷ ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʦʜʣʦʞʢʠ, ʪʘʢʠʝ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʪʝʨʷʶʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. ʇʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʨʘʟʨʳʚ ʧʣʝʥʢʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ [3]. 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʢʘʧʝʣʴ, ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʝ, 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʨʘʩʧʣʘʚʘ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʧʦʨʘʭ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʦʙʨʘʥʥʳʭ ʧʦʜʣʦʞʝʢ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ [1]. 

ʉʦʟʜʘʥʠʝ ʦʩʪʨʦʚʢʦʚʳʭ ʧʣʝʥʦʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ [7], ʥʘʥʦʪʨʫʙʦʢ ʠ ʥʘʥʦʧʨʦʚʦʜʦʚ [8], ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ [9].  

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ ʢʘʢ ʦʧʨʝʜʝʣʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʛʣʠʮʠʥʘ ʠ 

ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʛʨʠʮʠʥʘ 

ɻʠʙʙʩ [10] ʨʘʩʩʤʘʪʨʠʚʘʣ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ, ʥʝ ʠʤʝʶʱʝʡ 

ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʷʚʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʭʦʜ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ɻʫʛʛʝʥʛʝʡʤʘ, ʈʫʩʘʥʦʚʘ, ʚ ʢʦʪʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʩʣʦʡ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ [11]. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [12] ʧʦʜ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʧʦʥʠʤʘʶʪ ʩʚʝʨʭʪʦʥʢʫʶ ʧʣʝʥʢʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ 

ʦʪʣʠʯʥʳ ʦʪ ʦʙʲʝʤʥʳʭ.  

ɺ ʨʘʙʦʪʝ [13] ʦʙʦʙʱʝʥʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ, ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʠʭ ʤʝʪʘʣʣʦʚ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʵʪʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 

ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʝʚ ï d(I) ʠ d(II). 

ʉʣʦʡ ʪʦʣʱʠʥʦʡ ʧʨʠ h=d ʥʘʟʚʘʥ ʩʣʦʝʤ (I), ʘ ʩʣʦʡ ʧʨʠ hå10d ï ʩʣʦʝʤ (II) ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʦʛʦ 

ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

 

ʇʨʠ hå10d ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʨʘʟʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ. ʇʨʠ h=d ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. ʆʥ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʧʨʷʤʦʡ ʵʬʬʝʢʪ 

ʍʦʣʣʘ-ʇʝʪʯʘ ʤʝʥʷʝʪʩʷ ʥʘ ʦʙʨʘʪʥʳʡ [13], ʧʨʦʠʩʭʦʜʠʪ ʨʝʣʘʢʩʘʮʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ [12] ʠ ʪ.ʜ. ɿʥʘʯʝʥʠʷ ʩʣʦʷ d(I) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 

ʚ ʨʘʙʦʪʝ [13].  

ʊʘʙʣʠʮʘ 1 

ʊʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (I) ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ [13] 
ʄ d, ʥʤ ʄ d, ʥʤ ʄ d, ʥʤ ʄ d, ʥʤ ʄ d, ʥʤ ʄ d, ʥʤ 

Li  0,7 Sr 5,8 Sn 1,4 Cd 1,3 Fe 2.2 Gd 5.3 

Na 1,5 Ba 6,2 Pb 1,8 Hg 0,6 Co 2,0 Tb 5,3 

K 2,6 Al  1,5 Se 1,3 Cr 2,7 Ni 1,9 Dy 5,3 

Rb 2,9 Ga 0,6 Te 2,5 Mo 4,6 Ce 3,8 Ho 5,5 

Cs 3,6 In 1,1 Cu 1,6 W 5,8 Pr 4,2 Er 5,5 

Be 1,3 Tl 1,9 Ag 2,2 Mn 2,0 Nd 4,5 Tm 5,2 

Mg 2,2 Si 3,4 Au 2,3 Tc 3,6 Sm 4,4 Yb 4,6 

Ca 4,9 Ge 2,8 Zn 1,1 Re 4,6 Eu 5,8 Lu 5,7 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 29 ð   

 

ɸʥʘʣʠʟ ʦʢʨʫʛʣʝʥʥʳʭ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʠʩʣʦ ʤʦʥʦʩʣʦʝʚ ʚ ʩʣʦʝ 

d(I) ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 2-10 ʥʤ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ 

ʤʦʣʠʙʜʝʥ, ʚʦʣʴʬʨʘʤ, ʨʝʥʠʡ ʠ ʈɿʕ-ʤʝʪʘʣʣʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʦʣʱʠʥʫ d(I) ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʦʤ ʩʢʦʣʴʟʷʱʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ. ʊʘʢ ʜʣʷ ʟʦʣʦʪʘ ʠ ʢʨʝʤʥʠʷ 

ʧʦʣʫʯʝʥʦ [14] d(I) = 2.4 ʠ 3.4 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʙʣ. 1.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʟʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ A(r):
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ʇʘʨʘʤʝʪʨ d ʩʚʷʟʘʥ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ ů ʬʦʨʤʫʣʦʡ: 
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ɿʜʝʩʴ ůïʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʤʘʩʩʠʚʥʦʛʦ ʦʙʨʘʟʮʘ; ɡïʦʙʲʝʤ ʦʜʥʦʛʦ ʤʦʣʷ; Rï

ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; ʊïʪʝʤʧʝʨʘʪʫʨʘ. 

ɺ ʨʘʙʦʪʝ [13], ʘ ʪʘʢʞʝ [15], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ: 

,T107.0
m

3ÖÖ=s -

     (3) 

ʛʜʝ Tm ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʂ).  

ʉʦʦʪʥʦʰʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʢʦʦʨʜʠʥʘʪʘʭ A(r)/A0 ~ 1/r ʧʦʣʫʯʘʝʪʩʷ ʧʨʷʤʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ (1), ʪʘʥʛʝʥʩ 

ʢʦʪʦʨʦʡ ʜʘʝʪ d. 

ɹʝʨʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʛʣʠʮʠʥʘ ʊm = 508 ʂ [1], ʧʦ ʫʨʘʚʥʝʥʠʶ (3) 

ʧʦʣʫʯʠʤ ů = 0.356 ɼʞ/ʤ2 (ů = 0.210 ɼʞ/ʤ2 ʧʨʠ T = 300 ʂ). ʉʨʘʚʥʠʤ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʦʜʣʦʞʝʢ: 
ʊʘʙʣʠʮʘ 2 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ (T = 300 ʂ) [16] 
ʂʨʠʩʪʘʣʣ ů, ɼʞ/ʤ2 ʂʨʠʩʪʘʣʣ ů, ɼʞ/ʤ2 ʂʨʠʩʪʘʣʣ ů, ɼʞ/ʤ2 

LiCl  0,205 Fe2O3 0,707 SnS 0,126 

NaCl 0,158 SiO2 0,655 SiS2 0,519 

 

ɺʳʰʝ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ LiCl-, NaCl- ʠ SnS-ʧʦʜʣʦʞʢʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʨʘʟʨʳʚ ʧʣʝʥʢʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʪʨʦʚʢʦʚʳʭ ʧʣʝʥʦʢ. 

ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʦʨʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʚʟʘʠʤʦʩʚʷʟʴ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʵʪʠ 

ʩʚʦʡʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʪʨʘʞʘʶʱʘʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩ ʧʣʦʪʥʦʩʪʴʶ ʠ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ ʚʝʱʝʩʪʚʘ (ʬʦʨʤʫʣʘ ʉ.ʅ. 

ɿʘʜʫʤʢʠʥʘ [17]): ů = Ŭɟ/ʄ, ʛʜʝ ɟ - ʧʣʦʪʥʦʩʪʴ, ʄ - ʘʪʦʤʥʘʷ ʤʘʩʩʘ, Ŭ - ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 

7,87Ŀ10-3 ʤɼʞ/ʤ2. ʋʨʘʚʥʝʥʠʝ (2) ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ: 

u

a
=

u

ÖÖ
=s

2

TRd

.      (4) 

ʋʨʘʚʥʝʥʠʝ (4) ʬʦʨʤʘʣʴʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʫʣʦʡ ʉ.ʅ. ɿʘʜʫʤʢʠʥʘ: ů = Ŭ/ɡ, ʥʦ ʦʥʘ 

ʜʘʝʪ ʟʘʥʠʞʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʛʣʠʮʠʥʘ 

ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ (3) ʚ (2), ʪʦ ʧʨʠ T = Tm ʧʦʣʫʯʠʤ: 

uÖ= -31017.0)I(d
.     (5) 



ð 30 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʋʨʘʚʥʝʥʠʝ (5) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ d(I) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʜʥʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï ʘʪʦʤʥʳʤ ʦʙʲʝʤʦʤ ʵʣʝʤʝʥʪʘ (ɡ = ʄ/ɟ, ʄ ï 

ʤʦʣʷʨʥʘʷ ʤʘʩʩ (ʛ/ʤʦʣʴ), ɟ ï ʧʣʦʪʥʦʩʪʴ (ʛ/ʩʤ3)), ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʘʙʣʠʮʝʡ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ɼʣʷ ʛʣʠʮʠʥʘ ʬʦʨʤʫʣʘ (1) ʜʘʝʪ: d(I) = 8 ʥʤ. 

ʀʩʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [3] ʧʨʦʩʯʠʪʘʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʥʦʩʣʦʝʚ R ʚ ʩʣʦʝ ʛʣʠʮʠʥʘ d(I).  

ʊʘʙʣʠʮʘ 3 - ʂʦʣʠʯʝʩʪʚʦ ʤʦʥʦʩʣʦʝʚ R ʚ ʩʣʦʝ ʛʣʠʮʠʥʘ d(I) 

 
ɻʨʫʧʧʘ 
ʩʠʤʤʝʪʨʠʠ 

a, ԅ b, ԅ c, ԅ 
ʏʠʩʣʦ ʘʪʦʤʦʚ, 

R 

Ŭ-ʛʣʠʮʠʥ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/n 
5.1047 11.9720 5.4631 a/b/c/ = 16/4/14 

ɓ-ʛʣʠʮʠʥ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21 
5.0932 6,2723 5.3852 

a/b/c/ = 
16/13/15 

ɔ-ʛʣʠʮʠʥ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

P31 
7.0383 7.0383 5.4813 

a/b/c/ = 
11/11/15 

 

ʀʟ ʪʘʙʣʠʮʳ 3 ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʦʩʣʦʝʚ R ʚ ʩʣʦʝ ʛʣʠʮʠʥʘ d(I) ʩʦʩʪʘʚʣʷʝʪ ~ 

11 ï 15 ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʦʢ. ʊʦʣʱʠʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ, 

ʠʟʤʝʨʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ [3], ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʢʠ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʪʦʣʱʠʥʘ ʜʦʤʝʥʥʦʡ ʩʪʝʥʢʠ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ ʩʦʪʥʠ ʧʦʩʪʦʷʥʥʳʭ 

ʨʝʰʝʪʢʠ [18]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʙʣʠʟʠ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ 

ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳ [19]. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ ʢʘʢ ʦʧʨʝʜʝʣʷʪʴ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʛʣʠʮʠʥʘ (ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ) ʠ ʠʭ ʪʦʣʱʠʥʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ: 

,T107.0
m

3ÖÖ=s -

 ʛʜʝ Tm ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʂ). ʇʨʠʚʝʜʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ d(I) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʜʥʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï ʘʪʦʤʥʳʤ ʦʙʲʝʤʦʤ ʵʣʝʤʝʥʪʘ: 
uÖ= -31017.0)I(d

 

(ɡ = ʄ/ɟ, ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩ (ʛ/ʤʦʣʴ), ɟ ï ʧʣʦʪʥʦʩʪʴ (ʛ/ʩʤ3)), ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʘʙʣʠʮʝʡ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʛʨʘʤʤʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ. ɻʨʘʥʪʳ ˉ0118ʈʂ000063 ʠ ˉʌ.0781. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ (PON), 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʡ GPON ʠ 10G-EPON. ʊʘʢ ʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʯʠʥʳ 
ʚʦʟʨʦʩʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʠ GPON ʩʨʝʜʠ ʧʨʦʚʘʡʜʝʨʦʚ.  
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Abstract 
The paper considers various technologies of passive optical networks (PON) and 
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ʊʝʭʥʦʣʦʛʠʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠʟʦ ʜʥʷ ʚ ʜʝʥʴ, ʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ, ʧʨʠʦʨʠʪʝʪ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ. 
ɼʣʷ ʵʪʦʛʦ ʠ ʧʨʦʚʦʜʷʪ ʢʦʥʬʝʨʝʥʮʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʭ ʚʥʝʜʨʝʥʠʷ. PON 
ʪʝʭʥʦʣʦʛʠʶ ʵʪʦʪ ʵʪʘʧ ʥʝ ʦʙʦʰʝʣ ʩʪʦʨʦʥʦʡ. ʊʘʢ, ʚ 2003 ʛʦʜʫ ʥʘ 6-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
ʚʳʩʪʘʚʢʝ ʚʝʜʦʤʩʪʚʝʥʥʳʭ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʝʪʝʡ ʠ ʩʚʷʟʝʡ 
(ɺʂʉʉ-2003) ʢʦʤʧʘʥʠʷ çʊʝʣʝʢʦʤ ʊʨʘʥʩʧʦʨʪè ʧʨʝʜʩʪʘʚʠʣʘ ʦʙʦʨʫʜʦʚʘʥʠʝ PON, ʤʘʰʠʥʫ 
ʜʣʷ ʥʘʚʠʚʢʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʥʘ ʥʠʟʢʦʚʦʣʴʪʥʳʝ ʃʕʇ. ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ 
ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʤʦʩʢʦʚʩʢʠʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ ʦʩʪʘʥʦʚʠʣʠ ʩʚʦʡ ʚʳʙʦʨ 
ʥʘ ʪʝʭʥʦʣʦʛʠʠ PON ʬʠʨʤʳ Terawave Communications. ʊʘʢ ʪʝʭʥʦʣʦʛʠʷ PON ʥʘʯʘʣʘ 
ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʈʦʩʩʠʠ.  

ʉʘʤʘ PON ʪʝʭʥʦʣʦʛʠʷ ʟʘʨʦʜʠʣʘʩʴ ʝʱʝ ʚ 1995 ʛʦʜʫ, ʢʦʛʜʘ ʩʦʟʜʘʣʠ ʢʦʥʩʦʨʮʠʫʤ ʜʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʧʦ ʦʜʥʦʤʫ ʚʦʣʦʢʥʫ. ɽʝ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʫʟʣʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʜʢʣʶʯʝʥʠʝ ʢ 
ʤʘʛʠʩʪʨʘʣʠ (SDH/ATM), ʠ ʘʙʦʥʝʥʪʩʢʠʤʠ ʫʟʣʘʤʠ ʙʣʘʛʦʜʘʨʷ ʧʦʣʥʦʩʪʴʶ ʧʘʩʩʠʚʥʦʡ 
ʦʧʪʠʯʝʩʢʦʡ ʩʝʪʠ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʟʣʘʭ ʥʘʭʦʜʷʪʩʷ ʨʘʟʚʝʪʚʠʪʝʣʠ (ʩʧʣʠʪʪʝʨʳ), ʥʝ 
ʪʨʝʙʫʶʱʠʝ ʧʠʪʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺ 1998 ʛʦʜʫ ʧʨʠʥʷʣʠ ʩʧʝʮʠʬʠʢʘʮʠʶ APON (ATM 
PON). ʆʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʧʝʨʝʜʘʯʫ ʚ ʩʝʪʠ PON ʷʯʝʝʢ ɸʊʄ ʩʦ ʩʢʦʨʦʩʪʴʶ 155 ʄʙʠʪ/c ʚ 
ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʯʝʥʴ ʩʢʦʨʦ ʝʛʦ ʚʳʪʝʩʥʠʣ BPON (broadband PON), ʩʢʦʨʦʩʪʴ 
ʧʝʨʝʜʘʯʠ ʢʦʪʦʨʦʛʦ ʫʞʝ ʩʦʩʪʘʚʣʷʣʘ 622 ʄʙʠʪ/ʩ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ 
ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʝʨʚʠʩʳ, ʜʦʩʪʫʧ ʧʦ Ethernet ʠ ʚʠʜʝʦ. 

ɺ ʩʚʷʟʠ c ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ Ethernet ʚ 2004 ʛʦʜʫ ʙʳʣ ʧʨʠʥʷʪ ʩʪʘʥʜʘʨʪ EPON 
(Ethernet Passive Optical Network). ɽʛʦ ʩʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʦʛ ï 10G-EPON (10 Gigabit 
Ethernet Passive Optical Network), ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʠʥʷʪʘ ʚ 2009 ʛʦʜʫ. ʀʭ 
ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʦʪʦʢʦʣʝ MPCP (Multi-Point Control Protocol). 

ɺ 2003 ʛʦʜʫ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʧʝʨʚʦʝ ʦʧʠʩʘʥʠʝ GPON ʪʝʭʥʦʣʦʛʠʠ. GPON ʷʚʣʷʝʪʩʷ 
ʨʘʟʚʠʪʠʝʤ ʩʪʘʥʜʘʨʪʘ BPON. ʂʘʢ ʠ ʪʝʭʥʦʣʦʛʠʷ BPON (APON), GPON ʠʩʧʦʣʴʟʫʝʪ ATM 
ʷʯʝʡʢʠ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ 10G-EPON. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ PON ʚ 
ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʦʜʝʣʠʣʘʩʴ ʥʘ ʜʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʣʠʩʴ, ʠ ʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʤʳ ʧʦʣʫʯʠʣʠ 10G-EPON ʠ GPON.   

ɺ 10G-EPON ʪʝʭʥʦʣʦʛʠʠ ʝʩʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ: OLT (optical line 
termination) ʠ ONU (optical network unit). OLT-ʢʦʤʤʫʪʘʪʦʨ ï ʵʪʦ ñʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘò ʩʝʪʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 33 ð   

 
ʢʘʢ ʜʣʷ 10G-EPON, ʪʘʢ ʠ ʜʣʷ GPON.  ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ 
ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʘʙʦʥʝʥʪʩʢʠʝ ʪʝʨʤʠʥʘʣʳ ʠ ʧʨʠʝʤ ʦʙʨʘʪʥʳʭ ʧʘʢʝʪʦʚ ʦʪ ʥʠʭ, ʘʛʨʝʛʘʮʠʶ ʠ 
ʢʦʤʤʫʪʘʮʠʶ ʪʨʘʬʠʢʘ. ɽʛʦ ʬʫʥʢʮʠʦʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʠʪʯʫ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. ONU ï ʵʪʦ 
ʦʧʪʠʯʝʩʢʠʡ ʩʝʪʝʚʦʡ ʙʣʦʢ. ʆʥ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ʘʙʦʥʝʥʪʘ. ɺ ʝʛʦ ʟʘʜʘʯʠ ʚʭʦʜʷʪ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʦʪʧʨʘʚʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʩʠʛʥʘʣʘ ʦʪʜʝʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʊʘʢ ʞʝ ONU ʩʦʙʠʨʘʝʪ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 
ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠ ʦʪʧʨʘʚʣʷʝʪ ʠʭ ʚ OLT. ʇʨʦʮʝʩʩʳ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 
ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʧʦʪʦʢʘ ʜʘʥʥʳʭ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ONU, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʠʭ ʜʦʩʪʘʚʢʘ, ʥʘʟʳʚʘʶʪʩʷ Grooming (ʯʠʩʪʢʘ). OLT ʧʦʜʜʝʨʞʠʚʘʝʪ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʜʦʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝ ʚ 
OLT ʦʪ ʢʣʠʝʥʪʘ. ONU ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʚʠʜʦʚ ʢʘʙʝʣʝʡ, ʦʪ 
ʤʝʜʥʦʡ ʚʠʪʦʡ ʧʘʨʳ, ʜʦ Wi-Fi. 

10G-EPON, ʙʣʘʛʦʜʘʨʷ ONU, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʦʜʠʥ OLT-ʢʦʤʤʫʪʘʪʦʨ 
ʥʘ 64 ʘʙʦʥʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 20 ʢʤ. ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ, 
ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ï ʩʠʤʤʝʪʨʠʯʥʳʡ ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʡ. ɺ 
ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʜʘʥʥʳʭ (ʦʪ OLT ʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ) 
ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 10ɻʙʠʪ/ʩ, ʘ ʚʦʩʭʦʜʷʱʠʝ ʧʦʪʦʢʠ (ʦʪ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ ʢ ʛʣʘʚʥʦʡ 
ʩʪʘʥʮʠʠ) ʧʦʜʘʶʪʩʷ ʩ ʦʙʱʝʡ ʩʢʦʨʦʩʪʴʶ 1ɻʙʠʪ/ʩ. ɸ ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ ʦʙʘ ʧʦʪʦʢʘ ʠʤʝʶʪ 
ʩʢʦʨʦʩʪʴ 10ɻʙʠʪ/ʩ. 10G-EPON ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʚ ʧʘʢʝʪʘʭ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ ʜʦ 1518 
ʙʘʡʪʦʚ. ʕʪʠ ʧʘʢʝʪʳ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ IP-ʪʨʘʬʠʢʘ, ʯʝʤ 53-ʙʘʡʪʦʚʳʝ ʩʦʬʪʳ 
ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʨʫʛʠʤʠ ʧʘʩʩʠʚʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ, ʪʘʢʠʤʠ 
ʢʘʢ GPON. ʂ ʧʨʠʤʝʨʫ, ʪʠʧʠʯʥʳʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ GPON ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 
13,22%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 10G-EPON ʧʨʠʤʝʨʥʦ 7,42%. ɺʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ ʜʘʥʥʳʭ ʢ 
ʩʣʫʞʝʙʥʳʤ ʜʘʥʥʳʤ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʩ ʥʠʟʢʦ-ʟʘʪʨʘʪʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ.  

 

 
ʉʭʝʤʘ ʨʘʙʦʪʳ OLT-ONU ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ 10G-EPON ʪʝʭʥʦʣʦʛʠʠ 

 
ɺ GPON ʪʘʢ ʞʝ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ OLT ʠ ONU ʠʣʠ OLT ʠ ONT. ONT 

(optical network termination) ʚʳʧʦʣʥʷʝʪ ʪʝ ʞʝ ʟʘʜʘʯʠ, ʯʪʦ ʠ ONU. ʉʦʚʨʝʤʝʥʥʳʝ OLT ʠ 
ONT/ONU ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʫʣʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ triple-play ʫʩʣʫʛ GPON. ʊʦ 
ʝʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦ ʦʜʥʦʤʫ ʢʘʙʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʫʩʣʫʛʠ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ, 
ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʠʥʪʝʨʥʝʪ. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, 
ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ, ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ OLT-ONT ï 2,4 ɻʙʠʪ/ʩ ʚʭʦʜʷʱʝʛʦ ʠ 1,2 
ɻʙʠʪ/ʩ ʠʩʭʦʜʷʱʝʛʦ ʪʨʘʬʠʢʘ. OLT ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʦ 128 ʧʦʜʢʣʶʯʝʥʠʡ ONT ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ 
(TDMA).  

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, 10G-EPON ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʫʩʪʫʧʘʝʪ 
GPON. ʅʦ ʪʝʥʜʝʥʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʪʝʤʧʦʤ ʘʙʦʥʝʥʪʘʤ ʥʘʚʷʟʳʚʘʶʪ 
ʪʝʭʥʦʣʦʛʠʶ GPON. ɺʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʣʠʝʥʪʦʚ ʥʘ ʦʜʠʥ OLT ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʪʦ 
ʧʦʤʦʛʘʝʪ ʵʢʦʥʦʤʠʪʴ ʥʘ ʠʭ ʢʦʣʠʯʝʩʪʚʝ, ʪʘʢʞʝ ONU, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 10G-EPON, ʧʦʟʚʦʣʷʝʪ 
ʧʝʨʝʜʘʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʣʠʙʦ 1 ɻʙʠʪ/c, ʣʠʙʦ 10 ɻʙʠʪ/ʩ, ʪʦʛʜʘ ʢʘʢ ʧʨʦʚʘʡʜʝʨʘʤ ʚʳʛʦʜʥʦ 
ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʩ ʜʨʫʛʠʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʘʨʠʬʘ ʘʙʦʥʝʥʪʘ. ʀʤʝʥʥʦ 



ð 34 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʧʦʵʪʦʤʫ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʧʘʩʩʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ, GPON ʪʝʭʥʦʣʦʛʠʷ 
ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʠ ʫʞʝ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʤʦʞʥʦ ʥʘʡʪʠ ʧʨʦʚʘʡʜʝʨʘ, 
ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʘʥʥʫʶ ʫʩʣʫʛʫ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʘʫʜʠʨʦʚʘʥʠʶ ʧʨʠ ʨʘʙʦʪʝ ʩʦ 

ʩʪʫʜʝʥʪʘʤʠ ʥʝʷʟʳʢʦʚʳʭ ʬʘʢʫʣʴʪʝʪʦʚ ʚʫʟʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʠʢʝ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʠ ʘʥʛʣʦʷʟʳʯʥʦʤʫ 

ʘʫʜʠʨʦʚʘʥʠʶ ʚ ʚʫʟʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʜʠʨʦʚʘʥʠʝ; ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʚʠʜʝʦʬʠʣʴʤ; 

ʘʫʜʠʦʢʥʠʛʘ; ʀʥʪʝʨʥʝʪ; ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ; ʘʫʜʠʦʪʝʢʩʪ 

 

Abstract 

The article is about teaching listening for the bachelors of non-linguistic universities. 

Particular attention is paid to the method of the rational use of information technology in 

teaching English-language listening at universities. 

Keywords: listening; information technology; video; audiobook; Internet; foreign 

language; audiotext 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʥʠʝ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʥʘʰʝʡ ʞʠʟʥʠ.  ʇʦʩʢʦʣʴʢʫ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʩʯʠʪʘʝʪʩʷ ʷʟʳʢʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʥʠʷ, 
ʧʨʝʧʦʜʘʚʘʥʠʶ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥʳ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠ ʚ ʥʝʷʟʳʢʦʚʳʭ ʚʫʟʘʭ.   

ʂʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ. ʉʪʫʜʝʥʪʘʤ-
ʙʘʢʘʣʘʚʨʘʤ ʧʨʝʧʦʜʘʝʪʩʷ ʫʤʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʷʟʳʢʝ, ʢʘʩʘʪʝʣʴʥʦ ʠʭ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʦ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʘʰʠʤ 
ʚʳʧʫʩʢʥʠʢʘʤ ʥʘʜʦ ʫʤʝʪʴ ʧʦʥʠʤʘʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʳʩʢʘʟʳʚʘʥʠʷ ʥʦʩʠʪʝʣʝʡ ʷʟʳʢʘ ʠʣʠ 
ʠʥʦʩʪʨʘʥʮʝʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ ʢʘʢ ʤʝʞʜʫʥʘʨʦʜʥʳʡ. ʇʦʜʦʙʥʦʝ ʦʙʱʝʥʠʝ 
ʧʨʦʠʩʭʦʜʠʪ ʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʫʩʪʥʦʡ ʨʝʯʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ, ʠ ʚ ʨʝʞʠʤʝ 
ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʧʨʠ ʦʙʤʝʥʝ ʟʥʘʥʠʷʤʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ 
ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʥʝʷʟʳʢʦʚʳʭ ʬʘʢʫʣʴʪʝʪʦʚ ʚʫʟʦʚ ʧʨʠʭʦʜʷʪ ʥʘ 
ʦʙʫʯʝʥʠʝ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʷʟʳʢʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ. ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʯʘʩʪʴ ʩʪʫʜʝʥʪʦʚ ʩ 
ʪʨʫʜʦʤ ʩʤʦʛʫʪ ʚ ʥʘʯʘʣʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʧʨʠʥʠʤʘʪʴ ʘʥʛʣʦʷʟʳʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 
ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʫʜʫʪ ʪʘʢʠʝ ʩʪʫʜʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʧʦʥʷʪʴ 
ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ. 

ʄʝʪʦʜʠʢʝ ʦʙʫʯʝʥʠʷ ʘʫʜʠʨʦʚʘʥʠʶ ʚ ʚʫʟʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ɽʱʸ 
ʥʝʜʘʚʥʦ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʦʩʧʨʠʷʪʠʝ ʨʝʯʠ ʥʘ ʩʣʫʭ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʤ ʫʤʝʥʠʝʤ. ʊʘʢ 
ʞʝ ʙʳʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʤʥʝʥʠʝ, ʯʪʦ, ʝʩʣʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʫʩʪʥʦʡ ʨʝʯʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 35 ð   

 
ʫʜʝʣʠʪ ʚʩʸ ʚʥʠʤʘʥʠʝ ʛʦʚʦʨʝʥʠʶ,  ʪʦ ʫʯʘʱʠʝʩʷ ʩʤʦʛʫʪ ʧʦʥʠʤʘʪʴ ʨʝʯʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 
ʧʦʜʛʦʪʦʚʢʠ. ʅʦ ʩʦ ʚʨʝʤʝʥʝʤ  ʥʘ ʧʨʘʢʪʠʢʝ ʤʳ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʵʪʦ ʤʥʝʥʠʝ ʥʝ ʩʦʩʪʦʷʪʝʣʴʥʦ.   

ʍʦʪʷ ʫʤʝʥʠʷ ʛʦʚʦʨʝʥʠʷ ʠ ʘʫʜʠʨʦʚʘʥʠʷ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʜʦʙʠʪʴʩʷ ʨʘʟʚʠʪʠʷ 
ʧʦʥʠʤʘʥʠʷ ʠʤʝʥʥʦ ʫʩʪʥʦʡ ʨʝʯʠ ʤʦʞʥʦ ʣʠʰʴ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ 
ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

ʉʦʛʣʘʩʥʦ ʥʝʢʦʪʦʨʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʜʘʞʝ ʣʶʜʠ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʚʣʘʜʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ, ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʦʥʠʤʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʨʝʯʠ ʥʦʩʠʪʝʣʝʡ ʷʟʳʢʘ. ʇʩʠʭʦʣʦʛʠ ʪʘʢ ʞʝ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʦʩʧʨʠʷʪʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʫʩʥʦʡ 
ʨʝʯʠ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʫʜʠʨʦʚʘʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʚʠʜʦʚ ʨʝʯʝʚʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʦʣʞʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʥʘʨʘʚʥʝ ʩ ʜʨʫʛʠʤʠ ʫʤʝʥʠʷʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʣʫʞʠʪ ʨʷʜ ʨʘʙʦʪ ʧʦ ʤʝʪʦʜʠʢʝ 
ʧʨʝʧʦʜʘʚʘʥʠʷ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʚ ʚʫʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʈ.ʄʠʣʴʨʫʜ, ɽ.ʇʦʣʘʪ, ʇ.ʉʝʨʜʶʢʦʚʘ, ʅ. ɽʣʫʭʠʥʦʡ). 

ɸʫʜʠʨʦʚʘʥʠʝ - ʵʪʦ ʧʦʥʠʤʘʥʠʝ ʚʦʩʧʨʠʥʷʪʦʡ ʥʘ ʩʣʫʭ ʨʝʯʠ. ɺ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʠ 
ʘʫʜʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʝʨʮʝʧʪʠʚʥʘʷ ʫʤʩʪʚʝʥʥʘʷ ʤʥʝʤʠʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 
ʇʝʨʮʝʧʪʠʚʥʘʷ ï ʠʟ-ʟʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ/ʨʝʮʝʧʮʠʠ/ʧʝʨʮʝʧʮʠʠ; ʫʤʩʪʚʝʥʥʘʷ ï ʠʟ-ʟʘ 
ʩʚʷʟʠ ʩ ʦʩʥʦʚʥʳʤʠ ʫʤʩʪʚʝʥʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ: ʘʥʘʣʠʟʦʤ, ʩʠʥʪʝʟʦʤ, ʢʦʥʢʨʝʪʠʟʘʮʠʝʡ, 
ʠʥʜʫʢʮʠʝʡ, ʜʝʜʫʢʮʠʝʡ, ʩʨʘʚʥʝʥʠʝʤ; ʤʥʝʤʠʯʥʘʷ- ʪ.ʢ. ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʫʩʚʦʝʥʠʝ 
ʧʨʠʟʥʘʢʦʚ ʷʟʳʢʦʚʳʭ ʠ ʨʝʯʝʚʳʭ ʝʜʠʥʠʮ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʪʘʣʦʥʦʤ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 
ʧʘʤʷʪʠ. [5, c. 25] 

ɸʫʜʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʯʝʚʦʡ ʫʤʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʆʥʦ 
ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʧʦ ʤʝʨʝ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ. 

ʄʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʘʫʜʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʫʜʠʦʪʝʢʩʪ. ʂʘʢ ʠ ʚʩʷʢʠʡ ʪʝʢʩʪ, ʦʥ 
ʠʤʝʝʪ ʩʚʦʶ ʢʦʤʧʦʟʠʮʠʶ, ʩʪʨʫʢʪʫʨʫ ʠ ʩʤʳʩʣʦʚʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʧʠʩʴʤʝʥʥʦʛʦ ʪʝʢʩʪʘ ʦʥ ʠʥʪʦʥʘʮʠʦʥʥʦ ʦʬʦʨʤʣʝʥ, ʘ ʝʛʦ ʚʦʩʩʦʟʜʘʥʠʝ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʝʤʧʦʤ, ʦʜʥʦʢʨʘʪʥʦʩʪʴʶ ʠ ʥʝʦʙʨʘʪʠʤʦʩʪʴʶ ʚʦʩʧʨʠʷʪʠʷ, 
ʢʦʥʪʘʢʪʥʦʩʪʴʶ ʢʦʤʤʫʥʠʢʘʥʪʦʚ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʦʙʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 
ʧʘʨʘʣʠʥʛʚʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. [4, c. 39] 

ʂʘʢʦʚʳ ʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʫʜʠʦʪʝʢʩʪʦʚ ʚ ʨʘʙʦʪʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʥʝʷʟʳʢʦʚʳʭ 
ʬʘʢʫʣʴʪʝʪʦʚ? ʀʩʭʦʜʷ ʠʟ ʩʧʝʮʠʬʠʢʠ ʠʟʫʯʝʥʠʷ ʷʟʳʢʘ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ,   ʚʘʞʥʦ ʨʘʟʜʝʣʷʪʴ 
ʪʝʢʩʪʳ ʠ ʜʠʘʣʦʛʠ ʧʦ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʪʝʤʘʪʠʢʝ. ʅʘ ʧʝʨʚʦʤ ʢʫʨʩʝ ʚ 
ʠʜʝʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʟʜʝʣʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʧʦ ʫʨʦʚʥʷʤ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 
ʫʨʦʚʥʷ, ʧʦʜʙʠʨʘʪʴ ʘʫʜʠʦʢʫʨʩʳ ʥʘ ʩʦʮʠʦʢʫʣʴʪʫʨʥʫʶ ʠ ʩʪʨʘʥʦʚʝʜʯʝʩʢʫʶ ʪʝʤʘʪʠʢʫ. 
ʍʦʨʦʰʠʤ ʘʫʜʠʦʢʫʨʩʦʤ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ, ʢ ʧʨʠʤʝʨʫ, ʫʯʝʙʥʠʢ çFace-to-faceè ʠʟʜʘʪʝʣʴʩʪʚʘ 
Cambridge University Press  ʠ ʧʦʩʦʙʠʝ çLaserè ʠʟʜʘʪʝʣʴʩʪʚʘ Macmillan. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʪʫʜʝʥʪʦʚ ʚʪʦʨʦʛʦ ʢʫʨʩʘ, ʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ-
ʙʠʦʣʦʛʘʤʠ, ʤʘʪʝʤʘʪʠʢʘʤʠ ʠ ʬʠʟʠʢʘʤʠ ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʫʜʠʦʢʫʨʩ ʫʯʝʙʥʠʢʘ 
çGuide to scienceè ʠʟʜʘʪʝʣʴʩʪʚʘ Macmillan. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʘʫʜʠʦʪʝʢʩʪʘʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 
ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʠ.  ʇʨʦʚʝʩʪʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʶʪʩʷ 
ʷʟʳʢʦʚʳʝ ʪʨʫʜʥʦʩʪʠ, ʪʝʤʘ ʧʨʦʩʣʫʰʠʚʘʥʠʷ, ʣʝʢʩʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʦʩʦʙʝʥʥʦʩʪʠ 
ʧʨʦʠʟʥʦʰʝʥʠʷ ʛʦʚʦʨʷʱʝʛʦ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 1 ʢʫʨʩʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 
ʧʨʦʩʣʫʰʠʚʘʪʴ ʛʦʚʦʨʷʱʝʛʦ, ʦʙʣʘʜʘʶʱʝʛʦ Received Pronunciation, ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ 
ʙʨʠʪʘʥʩʢʠʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʠʟʥʦʰʝʥʠʷ. ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʛʣʠʡʩʢʫʶ ʨʝʯʴ 
ʠʥʦʩʪʨʘʥʮʘ ʠʟ ʝʚʨʦʧʝʡʩʢʦʡ ʩʪʨʘʥʳ. 

ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪ ʩʣʫʰʘʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 2 ʨʘʟ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʩʫʞʜʝʥʠʝʤ ʠ 
ʨʘʟʙʦʨʦʤ ʧʨʦʩʣʫʰʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʩ ʥʘʤʝʨʝʥʥʳʤʠ ʦʩʪʘʥʦʚʢʘʤʠ 
ʘʫʜʠʦʤʘʪʝʨʠʘʣʘ ʠ ʦʙʲʷʩʥʝʥʠʷʤʠ ʠ  ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ɺ ʢʦʥʮʝ ʤʦʞʥʦ 
ʧʨʝʜʣʦʞʠʪʴ ʩʪʫʜʝʥʪʘʤ ʧʨʦʩʣʫʰʘʪʴ ʪʝʢʩʪ ʝʱʝ ʨʘʟ ʜʣʷ ʧʦʜʚʝʜʝʥʠʷ ʠʪʦʛʦʚ ʨʘʟʙʦʨʘ 
ʘʫʜʠʦʪʝʢʩʪʘ.  

ʇʨʠ ʨʘʙʦʪʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ-ʚʪʦʨʦʢʫʨʩʥʠʢʘʤʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, 
ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʙʝʛʣʦʡ ʨʝʯʠ ʙʨʠʪʘʥʮʝʚ ʠʣʠ ʞʠʪʝʣʝʡ ʜʨʫʛʠʭ ʯʘʩʪʝʡ 



ð 36 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʣʝʢʩʠʢʝ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʳ ʦʙʱʝʥʠʷ, ʟʘʨʘʥʝʝ ʧʨʦʠʟʥʝʩʪʠ ʝʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ, ʦʙʩʫʜʠʪʴ 
ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʧʨʦʠʟʥʦʰʝʥʠʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ ʮʠʬʨʦʚʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʘʫʜʠʦʪʝʢʩʪʦʚ. ʕʪʦ ʠ  ʛʘʜʞʝʪʳ, ʠ ʢʦʤʧʴʶʪʝʨ, ʠ ʉD 
ʧʨʦʠʛʨʳʚʘʪʝʣʴ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʫʯʝʥʠʠ  ʀʗ ʚ ʚʫʟʝ ʠʤʝʶʪ ʨʘʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

- ʩʪʫʜʝʥʪʘʤʠ ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʠ ʟʘʧʦʤʠʥʘʝʪʩʷ ʤʘʪʝʨʠʘʣ; 

- ʵʢʦʥʦʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʨʝʤʝʥʠ; 

- ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʦʙʫʯʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥʳ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʫʩʚʦʝʥʠʷ, ʪʝʤʧʘ ʨʘʙʦʪʳ; 

- ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʦʪʠʚʘʮʠʠ. 
ʅʝʤʥʦʛʦ ʦ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʫʜʠʨʦʚʘʥʠʷ. ʇʨʦʩʤʦʪʨ 

ʚʠʜʝʦʬʠʣʴʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʚʥʠʤʘʥʠʷ ʠ ʧʘʤʷʪʠ ʫʯʘʱʠʭʩʷ. ɺʦ ʚʨʝʤʷ ʧʨʦʩʤʦʪʨʘ ʚ 
ʘʫʜʠʪʦʨʠʠ ʚʦʟʥʠʢʘʝʪ ʘʪʤʦʩʬʝʨʘ ʢʦʣʣʝʢʪʠʚʥʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ɺʠʜʝʦʟʘʥʷʪʠʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʦʙʫʯʝʥʠʶ ʘʫʜʠʨʦʚʘʥʠʶ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʘʫʜʠʦʢʥʠʛʠ ʪʘʢʞʝ ʧʦʧʫʣʷʨʥʦ ʩʨʝʜʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ.  ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʚʘʞʥʦʡ ʨʦʣʠ 
ʘʫʜʠʦʢʥʠʛʠ ʚ ʦʙʫʯʝʥʠʠ ʯʪʝʥʠʶ ʠ ʘʫʜʠʨʦʚʘʥʠʶ ʩʣʫʞʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʝʛʦʜʥʷ ʤʥʦʛʠʝ 
ʘʚʪʦʨʠʪʝʪʥʳʝ ʟʘʨʫʙʝʞʥʳʝ ʘʥʛʣʦʷʟʳʯʥʳʝ ʠʟʜʘʪʝʣʴʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ Oxford University Press, 
Penguin, Cambridge University Press, Express Publishing, Longman ʘʢʪʠʚʥʦ ʚʳʧʫʩʢʘʶʪ 
ʘʫʜʠʦʢʥʠʛʠ. 

Foren ʠʣʠ UseNet (ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʠ) - ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʣʶʙʦʡ ʪʝʤʳ ʠʣʠ 
ʧʨʦʙʣʝʤʳ-ʘʩʠʥʭʨʦʥʥʦʝ ʧʠʩʴʤʝʥʥʦʝ ʦʙʱʝʥʠʝ ʚ ʬʦʨʤʝ ʜʠʩʢʫʩʩʠʠ. ɺʦʟʤʦʞʥʦʩʪʴ 
ʦʙʩʫʞʜʝʥʠʷ ʪʝʤ ʠ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ. 

Chatrooms ʠʣʠ IRC (ʨʘʟʛʦʚʦʨʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ) ï ʫʯʘʩʪʠʝ ʚ ʦʙʱʝʥʠʠ (ʚ ʬʦʨʤʝ 
ʜʠʘʣʦʛʘ ʠʣʠ ʜʠʩʢʫʩʩʘ). ʉʠʥʭʨʦʥʥʦʝ ʧʠʩʴʤʝʥʥʦʝ ʠ ʫʩʪʥʦʝ ʦʙʱʝʥʠʝ. ɺʦʟʤʦʞʥʦʩʪʴ 
ʚʟʘʠʤʦʦʙʫʯʝʥʠʷ.[7, c.20] 

ʇʦʜʚʦʜʷ ʠʪʦʛ,  ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʚʫʟʘ 
ʥʫʞʥʦ ʟʥʘʪʴ ʠ ʫʤʝʪʴ ʨʘʙʦʪʘʪʴ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʠʜʪʠ ʚ ʥʦʛʫ ʩ 
ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʚʷʟʠ, ʜʦʩʪʫʧʥʳʤʠ ʩʪʫʜʝʥʪʘʤ, ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʪʝʭ 
ʚʦʟʤʦʞʥʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʛʘʜʞʝʪʳ ʠ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʚ ʮʝʣʷʭ ʘʫʜʠʨʦʚʘʥʠʷ  ʠ 
ʦʙʤʝʥʘ ʫʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʂʦʥʝʯʥʦ, ʵʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʥʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʛʣʘʚʥʳʤ 
ʩʨʝʜʩʪʚʦʤ ʜʦʩʪʫʧʘ ʢ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʘʩʧʝʢʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ  ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʠʥʪʝʟʘʪʦʨʦʚ ʯʘʩʪʦʪ ʩ ʠʤʧʫʣʴʩʥʳʤ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʳʤ 
ʜʝʪʝʢʪʦʨʦʤ ʠ ʟʘʧʦʤʠʥʘʥʠʝʤ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʘʩʪʘʪʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ. ʄʝʪʦʜʠʢʘ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʬʘʟʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʥʦʩʪʠ 
ʩʯʝʪʯʠʢʘ ʠ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ  ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʪʝʟʘʪʦʨ ʯʘʩʪʦʪʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʜʠʥʘʤʠʢʘ 
ʩʠʩʪʝʤʳ, ʤʝʪʦʜ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ. 

 
Abstract 
In current work the main points of methods of mathematical models construction for 

frequency synthesizers with pulse frequency-phase detector and control signal storage on astatic 
capacitance. Modeling methods use occupation counter degree as phase coordinate and take into 
account piecewise-constant character in time of phase detector output signal. 

Key words: frequency synthesizer, mathematical model, system dynamics, point 
mappings method.  

 
ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʩʭʝʤʘʭ ʩʠʥʪʝʟʘʪʦʨʦʚ ʯʘʩʪʦʪ (ʉʏ) ʬʘʟʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ (ʌɼ), ʨʝʘʣʠʟʫʶʱʠʭ ʥʘ ʩʚʦʝʤ 
ʚʳʭʦʜʝ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʫʶ ʬʦʨʤʫ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠ ʷʚʣʷʶʱʫʶʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 
ʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʩʠʛʥʘʣʘ ʵʪʘʣʦʥʥʦʛʦ 
ʛʝʥʝʨʘʪʦʨʘ (ʕɻ) ʠ ʚʳʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʝʢʘʜʥʦʛʦ ʩʯʝʪʯʠʢʘ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ 
ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʣʝʥʠʷ (ɼʇʂɼ) [1]. ʉʣʦʞʥʦʩʪʴ ʩʭʝʤ ʉʏ ʩ ʪʘʢʠʤʠ ʌɼ ʚʳʥʫʞʜʘʝʪ ʜʦ ʩʠʭ 
ʧʦʨ ʧʨʠ ʘʥʘʣʠʟʝ ʠʭ ʜʠʥʘʤʠʢʠ ʦʙʨʘʱʘʪʴʩʷ, ʢʘʢ ʢ ʚʳʥʫʞʜʝʥʥʦʡ ʤʝʨʝ, ʢ ʨʘʟʣʠʯʥʳʤ 
ʧʨʠʙʣʠʞʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [2] ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʩʪʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʌɼ [3]. ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ 
ʪʘʢʠʭ ʉʏ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʣʦʤ, ʥʦ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʉʏ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʯʘʩʪʦʪʳ ʧʦ ʜʠʘʧʘʟʦʥʫ.  

ɺ ʮʝʣʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʉʏ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʄʄ) ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ, 
ʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʤ ʠʝʨʘʨʭʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ [2]. ɽʩʣʠ 
ʩʣʦʞʥʦʩʪʴ ʄʄ ʩʚʷʟʘʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʟʘʜʘʯʠ ʠ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʩʦʩʪʦʷʥʠʡ [4], ʪʦ  ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʄʄ ʜʠʢʪʫʝʪʩʷ ʩʦʦʙʨʘʞʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʨʦʩʪʦʪʦʡ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʠ 
ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʣʫʯʘʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʚʳʜʝʣʠʪʴ ʤʝʪʦʜ ʪʦʯʝʯʥʳʭ 
ʦʪʦʙʨʘʞʝʥʠʡ (ʄʊʆ), ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʨʛʘʥʠʯʝʩʢʠ ʦʙʲʝʜʠʥʷʝʪ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʠ ʩʧʝʮʠʬʠʢʫ 
ʄʄ, ʠ ʩʚʦʡʩʪʚʘ ʧʦʚʝʜʝʥʠʷ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʢʘʢ ʚ ʣʦʢʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʦʤ 
ʧʣʘʥʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʊʆ ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʳʩʪʫʧʘʶʪ ʚ 
ʨʦʣʠ ʨʘʟʣʠʯʥʳʭ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʪʨʘʝʢʪʦʨʠʡ [5]. 



ð 38 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʏ 

ʩ ʠʤʧʫʣʴʩʥʳʤ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʀʏʌɼ) ʠ ʘʩʪʘʪʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʴʶ, 
ʨʝʘʣʠʟʫʶʱʝʡ ʵʪʘʧʳ ʟʘʧʦʤʠʥʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʄʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 
ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʬʘʟʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʥʦʩʪʠ ʩʯʝʪʯʠʢʘ (ɼʇʂɼ) ʠ 
ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʘʟʦʚʦʛʦ 
ʜʝʪʝʢʪʦʨʘ (ʌɼ) [6,7]. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʤʘʣʦʛʦ 
ʟʥʘʯʝʥʠʷ ʘʩʪʘʪʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʉʏ ʩʚʦʜʠʪʩʷ ʢ ʠʟʫʯʝʥʠʶ 
ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʷʤʦʡ ʚ ʧʨʷʤʫʶ [6,8]. ɺ ʩʣʫʯʘʝ ʫʯʝʪʘ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 
ʘʩʪʘʪʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʨʘʟʤʝʨʥʦʩʪʴ 
ʦʪʦʙʨʘʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ.  ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ ʄʄ ʠ ʩʧʦʩʦʙʝ ʩʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢ ʠʟʫʯʝʥʠʶ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ.  

ʇʨʠ ʫʯʝʪʝ ʥʝʠʜʝʘʣʴʥʦʩʪʠ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʨʚʘʣʘʭ 
ʧʦʩʪʦʷʥʩʪʚʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʌɼ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʫʨʘʚʥʝʥʠʝʤ [1] 

)t(i
R

V

dt

dV
C ʜ=+

,     (1) 
ʚ ʢʦʪʦʨʦʤ R ï ʚʢʣʶʯʝʥʥʦʝ ʧʘʨʘʣʣʝʣʴʥʦ ʟʘʧʦʤʠʥʘʶʱʝʡ ʝʤʢʦʩʪʠ ʉ ʵʢʚʠʚʘʣʝʥʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ, 
(t)iʜ  ï ʚʳʭʦʜʥʦʡ ʪʦʢ ʀʏʌɼ, ʚʳʧʦʣʥʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʪʨʠʛʛʝʨʦʚ ʠ ʩʭʝʤʳ ʀïʀʃʀ ʠ ʧʨʠʥʠʤʘʶʱʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʦʜʥʦ ʠʟ ʪʨʝʭ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʜ I,0,I -+
. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʥʘʙʝʛʘ ʬʘʟʳ ű ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʇɻ) ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ ʬʦʨʤʝ 
[6] 

)v(gf2
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d
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f
=

, 

ʛʜʝ 0f  ï ʯʘʩʪʦʪʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, g(v) ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʝʜʠʥʠʮʫ ʤʦʥʦʪʦʥʥʦ 
ʚʦʟʨʘʩʪʘʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇɻ, ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʬʘʟʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ 

ʪʨʘʢʪʘ ʇɻïɼʇʂɼ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʥʦʩʪʠ ʩʯʝʪʯʠʢʘ q,  ʧʝʨʝʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ  

)v(g
N

f

dt

d 0=
q

 )10( ¢¢q ,   (2) 
ʚ ʢʦʪʦʨʦʤ N ï ʧʦʢʘʟʘʪʝʣʴ ɼʇʂɼ. 

ʋʨʘʚʥʝʥʠʷ (1), (2) ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʄʄ ʉʏ. ʉ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʚ ʄʄ ʉʏ ʧʝʨʝʡʜʝʤ ʚ (1), (2) ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʨʝʤʝʥʠ 0t/T=t
, 

ʛʜʝ 0T
 ï ʧʝʨʠʦʜ ʩʠʛʥʘʣʘ ʵʪʘʣʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʕɻ), ʧʦʢʘʟʘʪʝʣʶ ʩʯʝʪʯʠʢʘ 00Tf/N=a

, ʙʝʟʨʘʟʤʝʨʥʳʤ: ʥʘʧʨʷʞʝʥʠʶ ʥv/vx=
, ʛʜʝ ʥʦʨʤʠʨʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 

C/ITv ʜ0ʥ= , 

ʧʘʨʘʤʝʪʨʫ ʜʠʩʩʠʧʘʮʠʠ 
RC/T0=m  ʠ ʫʧʨʘʚʣʝʥʠʶ ʜʜ(t)/Iiu=

. 
ʊʦʛʜʘ ʙʝʟʨʘʟʤʝʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʄ ʉʏ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʝʨʠʦʜʝ ʕɻ ʧʨʠʥʠʤʘʶʪ 

ʚʠʜ 

)),g(x(

),u(xx

tqa

tm

=

=+

#

#

 10( ¢¢q , )10 ¢¢t ,   (3) 

ʛʜʝ ʪʦʯʢʦʡ ʦʙʦʟʥʘʯʝʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ t. 
ʇʝʨʝʭʦʜʷ ʢ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʄʄ ʉʏ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ (3) ʫʧʨʘʚʣʝʥʠʝ 

)u(t  ʷʚʣʷʝʪʩʷ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ ʠ ʧʦʵʪʦʤʫ, ʘʥʘʣʦʛʠʯʥʦ ʩʠʩʪʝʤʘʤ ʩ 
ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʄʄ ʉʏ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʨʝʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ 1P , 2P  ʠ 3P , ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʪʝʤ, ʯʪʦ ʚ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 39 ð   

 

ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʫʧʨʘʚʣʝʥʠʝ )u(t  ʧʨʠʥʠʤʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ +1, 0, -
1 [6]. ʇʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʷʭ ʄʄ ʉʏ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʪʩʷ 
ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʪʨʘʝʢʪʦʨʠʡ ʚ ʢʘʞʜʦʤ ʠʟ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ ʠ ʭʘʨʘʢʪʝʨʘ 
ʧʝʨʝʭʦʜʘ ʪʨʘʝʢʪʦʨʠʡ ʠʟ ʦʜʥʦʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʨʫʛʦʝ [9]. 

ʉʦʛʣʘʩʥʦ ʣʦʛʠʢʝ ʨʘʙʦʪʳ ʀʏʌɼ ʧʨʠʭʦʜ ʚ 1P  ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʩʝʯʝʥʠʝ t=1 ʦʟʥʘʯʘʝʪ 
ʧʦʷʚʣʝʥʠʝ ʠʤʧʫʣʴʩʘ ʕɻ, ʪ. ʝ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʝʨʞʘʥʠʶ ʀʏʌɼ ʚ ʨʝʞʠʤʝ u=+1. ʇʦʩʢʦʣʴʢʫ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʦʨʜʠʥʘʪʳ x ʠ ɗ ʥʘ ʠʟʤʝʥʷʶʪ ʩʚʦʠʭ ʚʝʣʠʯʠʥ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʥʦʩ 

ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʥʘ ʩʝʯʝʥʠʝ t=0 ʵʪʦʛʦ ʞʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ x ʠ ɗ. ɽʩʣʠ ʚ 1P  ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʭʦʜʠʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʥʘ ʩʝʯʝʥʠʝ ɗ=1, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʯʝʪʯʠʢʘ ʫʧʨʘʚʣʷʶʱʝʛʦ 
ʠʤʧʫʣʴʩʘ, ʠ ʧʦʵʪʦʤʫ ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ ʜʚʠʞʝʥʠʷ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʚʝʣʠʯʠʥʳ x ʌʅʏ ʩʢʘʯʢʦʤ ʧʝʨʝʚʦʜʠʪʩʷ ʚ 2P , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʀʏʌɼ ʚ ʨʝʞʠʤ 

ʟʘʧʦʤʠʥʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʦ ʧʝʨʝʭʦʜʘʤ ʚ 1P  ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʳ ʠʟ 

2P  ʠ 3P . ʊʦ ʝʩʪʴ  ʨʝʘʣʠʟʘʮʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʠʟ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 
ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ 
ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚ ʢʘʞʜʦʤ ʠʟ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʚ ʫʨʘʚʥʝʥʠʷʭ ʄʄ ʉʏ ʢʦʦʨʜʠʥʘʪʳ ʩʯʝʪʯʠʢʘ ʧʦʟʚʦʣʷʝʪ 
ʩʚʝʩʪʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʢ ʠʟʫʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʯʥʳʭ 
ʦʪʦʙʨʘʞʝʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʛʥʘʣʘ 
ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

Sx1g(x) +=   ))S/1(x( ->  
ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʫʝʤʳʭ ʬʘʟʦʚʳʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʝʯʝʥʠʷʤʠ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ 1P , 2P  ʠ 3P , ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʉʏ ʩʚʦʜʠʪʩʷ 
ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʯʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʤʝʤ ʜʣʷ ʩʝʯʝʥʠʡ ijʉ  ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ iP  

ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ lnijk,ʊ
 ʠ ʦʙʣʘʩʪʝʡ ijkG

 ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 
ʠʥʜʝʢʩʦʚ: i ï ʥʦʤʝʨ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ; j=1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʦʙʨʘʞʝʥʠʶ 

ʩʝʯʝʥʠʷ ɗ=0, j=2 ï ʦʪʦʙʨʘʞʝʥʠʶ ʩʝʯʝʥʠʷ t=0; k=1 ʠ 2 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʟʜʝʣʝʥʠʝ 
ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʯʘʩʪʠ; l ï ʥʦʤʝʨ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʝ ʧʦʧʘʜʘʝʪ 

ʦʪʦʙʨʘʞʘʝʤʘʷ ʪʦʯʢʘ; n=1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʯʝʥʠʶ ɗ=0 ʠ n=2 ï ʪ. ʝ. ʩ ʥʦʤʝʨʦʤ ʠʥʜʝʢʩʘ l. 
ʊʦʛʜʘ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʄʄ ʉʏ ʚ ʢʘʞʜʦʤ ʠʟ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ 
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ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  

ʚʝʣʠʯʠʥʳ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʯʘʩʪʦʪʳ, ʪ. ʝ. ʦʪ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ a, ʠ ʟʥʘʯʝʥʠʡ ʦʩʪʘʣʴʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ. ʊʘʢ 
ʧʨʠ  

-1S11 ma +¢¢      (6) 
ʦʩʥʦʚʥʦʡ ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʠʟʚʝʜʝʥʠʶ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ 
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, ʠ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ 211G
 ʠʤʝʝʪ ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ *)*,x( t  ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ 
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ʅʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ *)*,x( t  ʫʩʪʦʡʯʠʚʘ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʦʙʣʘʩʪʠ ʩʚʦʝʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ (6) ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ a, S ʧʨʠ ʟʥʘʯʝʥʠʷʭ S, ʣʝʞʘʱʠʭ ʧʦʜ 

ʛʨʘʥʠʮʝʡ -N
 ʫʩʪʦʡʯʠʚʦʩʪʠ [5] 

-N
: a=a( -N

)= )](gS)e1(ln[S1 1-2 mmm m +-- --

  (a>1),  (7) 
ʛʜʝ 

12- ))e1(2)(e4e(1)g( --- +-+= mmmm . 
ʇʨʠ 

1S1 -1 ¢¢- am      (8) 
ʦʩʥʦʚʥʦʡ ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʠʟʚʝʜʝʥʠʶ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ 

222,31ʊ
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, ʠ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ 222G
 ʠʤʝʝʪ ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ *)*,x( q  ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ 
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ʛʜʝ 

-1S)1(1* -+= amt . 

ʅʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ *)*,x( q  ʫʩʪʦʡʯʠʚʘ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 
ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʝʨʘʚʝʥʩʪʚʦʤ (8) ʧʨʠ ʟʥʘʯʝʥʠʷʭ S, ʣʝʞʘʱʠʭ ʧʦʜ 

ʛʨʘʥʠʮʝʡ -N
 ʫʩʪʦʡʯʠʚʦʩʪʠ, ʛʜʝ  

-N
:a= ( -N

)= ]))e1(2)(ee4(S)1e(ln[S1 11-2 ---- --++-- mmmmm . (9) 

ʇʨʠ a=1 ʛʨʘʥʠʮʘ ʫʩʪʦʡʯʠʚʦʩʪʠ (7) ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʛʨʘʥʠʮʫ (9), 
ʧʨʝʪʝʨʧʝʚʘʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʢʘʯʦʢ  ʥʘʢʣʦʥʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ a.  

ʋʯʝʪ ʤʝʭʘʥʠʟʤʘ ʜʠʩʩʠʧʘʮʠʠ (m>0) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ 

ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʧʦ ʜʠʘʧʘʟʦʥʫ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤʠ: ʧʨʠ a<1 

ʪʦʣʴʢʦ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʚʢʣʶʯʝʥʠʠ u(t)=ï1, ʘ ʧʨʠ a>1 ï ʪʦʣʴʢʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ u(t

)=+1. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʣʠʯʠʥʦʡ ʧʘʨʘʤʝʪʨʘ m, ʧʝʨʝʢʣʶʯʝʥʠʷʭ a ʧʦ 
ʜʠʘʧʘʟʦʥʫ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʥʘ ʧʝʨʚʳʭ 
ʵʪʘʧʘʭ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ, ʘ ʦʢʦʥʯʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʠʥʪʝʟʘ ʨʘʟʨʳʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʩʢʦʣʴʟʷʱʝʤ 

ʨʝʞʠʤʝ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʪʝʨʤʠʥʘʣʴʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ 
ʚʦʟʤʫʱʝʥʠʷʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʛʣʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʧʫʩʢʘʝʤʦʛʦ 
ʢʦʩʤʠʯʝʩʢʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʂʃɸ). ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 
ʧʦʣʫʯʝʥʥʦʤ ʨʘʟʨʳʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʠ ʣʠʥʝʡʥʦʤ, ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʤʠʥʠʤʫʤʫ ʠʥʪʝʛʨʘʣʘ ʦʪ 
ʢʚʘʜʨʘʪʘ ʦʰʠʙʢʠ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʦʣʴʟʷʱʠʡ ʨʝʞʠʤ, ʨʘʟʨʳʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʪʝʨʤʠʥʘʣʴʥʘʷ 
ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ, ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 
Abstract 
The article deals with the problem of synthesis of discontinuous control on a sliding 

mode with guaranteed terminal invariance to indefinite perturbations at the origin to solve the 
problem of angular stabilization of a descending spacecraft (CLA). A comparison was made of 
the processes with the obtained discontinuous control and a linear optimal with respect to the 
minimum of the integral of the square of the error. Numerical modeling was carried out, 
conclusions were made. 

Keywords: sliding mode, discontinuous control, terminal invariance, indefinite 
perturbations, modeling. 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʩʤʠʯʝʩʢʠʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ (ʂʃɸ) ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ 

(ʨʠʩ. 1), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 
ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʄʂʉ). ɼʘʥʥʳʡ ʂʃɸ ʠʤʝʝʪ ʤʘʩʩʫ 500 ʢʛ, ʜʣʠʥʫ l =2,1 ʤ, ʜʠʘʤʝʪʨ 
ʜʥʠʱʘ 0,9 ʤ ʠ ʩʥʘʙʞʝʥ ʜʚʫʤʷ ʨʘʢʝʪʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʤʘʣʦʡ ʪʷʛʠ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʩ 
ʩʠʣʘʤʠ ʪʷʛʠ, ʧʨʠʣʦʞʝʥʥʳʤʠ ʩ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ (ʚʪʦʨʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ 
ʩʠʣʘ ʥʘ ʨʠʩ. 1 ʥʝ ʧʦʢʘʟʘʥʘ). ɼʣʷ ʩʦʚʝʨʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʢʦʩʤʦʩʝ ʠ ʚ 
ʘʪʤʦʩʬʝʨʝ ʂʃɸ ʩʥʘʙʞʝʥ ʜʚʫʤʷ ʧʘʨʘʤʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʤʘʣʦʡ ʩʠʣʦʡ ʪʷʛʠ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʂʃɸ (ʥʘ ʨʠʩ. 1 ʥʝ 
ʧʦʢʘʟʘʥʳ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʨʘʱʝʥʠʝ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. ʇʦʩʣʝ 
ʛʘʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩ ʚʳʭʦʜʦʤ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʂʃɸ ʩ ʚʳʩʦʪʳ 
ʦʢʦʣʦ 10 ʢʤ ʩʦʚʝʨʰʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʘʜʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 100 ʤ/ʩ. 
ʇʨʠʟʝʤʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʘʜʦʯʥʦʛʦ ʧʘʨʘʰʶʪʘ ʩ ʚʳʩʦʪʳ 1000-2000 ʤ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 43 ð   

 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂʃɸ 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʨʦʜʦʣʴʥʦʤ 
ʜʚʠʞʝʥʠʠ ʂʃɸ, ʛʜʝ /ØÙÚ ï ʩʚʷʟʘʥʥʘʷ ʩ ʂʃɸ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ 
ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʝ ʤʘʩʩ, ɻ - ʫʛʦʣ ʘʪʘʢʠ, ג - ʫʛʦʣ ʪʘʥʛʘʞʘ, ʃ - ʫʛʦʣ ʥʘʢʣʦʥʘ ʚʝʢʪʦʨʘ 
ʩʢʦʨʦʩʪʠ 6 ʢ ʣʠʥʠʠ ʤʝʩʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, 9 ʠ 8 - ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʠ ʩʠʣʘ 
ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʳʝ ʚ ʮʝʥʪʨʝ ʜʘʚʣʝʥʠʷ Ä, Ñ ʍ6Ⱦς - ʩʢʦʨʦʩʪʥʦʡ 
ʥʘʧʦʨ, ʍ - ʧʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ, 3 - ʭʘʨʘʢʪʝʨʥʘʷ ʧʣʦʱʘʜʴ ʂʃɸ (ʧʣʦʱʘʜʴ ʤʠʜʝʣʝʚʦʛʦ 
ʩʝʯʝʥʠʷ), 0 - ʩʠʣʘ ʨʝʘʢʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʪʷʛʠ. ɼʣʷ ʩʪʘʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʂʃɸ ʩʠʣʘ 
ʪʷʛʠ 0 ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦʜʲʸʤʥʦʡ ʩʠʣʝ ʠ ʪʦʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʦʚ), ØȟØȟØ - ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʥʦʩʢʘ ʂʃɸ ʜʦ 

ʮʝʥʪʨʘ ʤʘʩʩ, ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʠ ʮʝʥʪʨʘ ʩʦʧʣʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʨʠʩʫʥʢʫ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ Õ Õ̐ Ô̑ ʥʘʭʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ 

ʧʨʦʛʨʘʤʤʥʦʡ ʪʷʛʠ 0̐ ,̑ ʥʘʭʦʜʠʤʦʡ ʩʦʛʣʘʩʥʦ ʨʠʩ. 1 ʠʟ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ 
ʨʘʚʥʦʚʝʩʠʷ: 

0̐̑Ø Ø # ɻ̐ ̑Ñ3Ø Ø ÃÏÓɻ̐ .̑ 

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʜʦʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂʃɸ 
(ʚʤʝʩʪʝ ʩ ʫʛʣʦʚʳʤ) ʚ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʩʪʚʘ 
ʩʢʦʨʦʩʪʠ ʥʘ ʤʘʣʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʚ  ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʤ ʨʘʚʥʦʚʝʩʠʠ ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ [1, 2, 4]: 

Ø ! Ô Ў!ÔØ Â Ô ЎÂÔÕ $ Ô Ў$Ô&Ô,  (1) 

ʛʜʝ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚʝʢʪʦʨʘ Ø ØȟØȟØȟØ  ʷʚʣʷʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ: 

Ø Ўג ג̐ ̑ ȟØג ЎגȟØ Ўʃ Ўʃ̐ ̑ ʃȟØ Ў( (̐ ̑ (, 

ʘ ʤʘʪʨʠʮʳ !ÔȟÂÔ ̉ $Ô ʠʤʝʶʪ ʠʟʚʝʩʪʥʳʝ ʥʦʤʠʥʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ ʠʥʜʝʢʩʦʤ "0" 
ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ ʠʥʜʝʢʩʦʤ "Ў". 

ʉʠʣʘ ʪʷʛʠ 0 ʜʚʫʭ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʢʣʘʜʳʚʘʝʤʘʷ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʂʃɸ ʚ ʪʦʯʢʝ Ð (ʨʠʩ. 1) ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ, 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʧʨʘʚʣʷʶʱʝʤʫ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ Õ. 

ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ ʪʷʛʠ 0S ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ: ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʣʳ ʪʷʛʠ 
0̐̑ Ë̐ Õ̑̐ ,̑ ʛʜʝ Õ̐  ̑ - ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʣʝ ʪʷʛʠ 0̐ ,̑ ʥʘʭʦʜʠʤʦʡ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 
0̐̑ ωυπ ̊  ʠ ʠʩʢʦʤʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʪʷʛʠ 0 ËÕ, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʷʝʪ ʫʛʣʦʚʦʝ 
ʜʚʠʞʝʥʠʝ ʂʃɸ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ 0 υπ ̊ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂʃɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʤʘʩʩ (1) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚʝʢʪʦʨʝ ʩʢʦʨʦʩʪʠ 6 ʠ ʧʨʠ ʤʘʣʦʤ ʦʪʢʣʦʥʝʥʠʠ ЎʃÔ ʫʛʣʘ ʥʘʢʣʦʥʘ 
ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢ ʣʠʥʠʠ ʛʦʨʠʟʦʥʪʘ ʃÔ ʦʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʟʥʘʯʝʥʠʷ ʃ̐ Ô̑ ʟʘ ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʚʥʝʰʥʠʭ & Ô (ʚʝʪʨʦʚʳʭ ʠ 
ʚʳʟʳʚʘʝʤʳʭ ʦʪʢʣʦʥʝʥʠʷʤʠ ʧʣʦʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʚʝʣʠʯʠʥʳ) ʠ 



ð 44 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ЎÁ ȟЎÁ ȟЎÂ (ʚʳʟʳʚʘʝʤʳʭ ʨʘʟʙʨʦʩʦʤ ʧʘʨʘʤʝʪʨʦʚ ʂʃɸ ʦʪ ʠʟʜʝʣʠʷ ʢ 
ʠʟʜʝʣʠʶ) ʚʦʟʤʫʱʝʥʠʷʭ ʩ ʫʯʝʪʦʤ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 
ʤʘʣʦʡ ʪʷʛʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ ʨʘʩʭʦʜʘ 
ʪʦʧʣʠʚʘ, ʧʨʠʤʝʪ ʚʠʜ [1, 2, 4]: 
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ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ Õ ʥʘ ʢʘʞʜʳʡ ʠʟ ʜʚʫʭ 
ʜʚʠʛʘʪʝʣʝʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʭ ʩʫʤʤʘʨʥʦʡ ʪʷʛʠ 0 0 0. 

ʉʠʥʪʝʟ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʝʜʝʤ ʧʦ ʤʝʪʦʜʫ, ʠʟʣʦʞʝʥʥʦʤʫ ʚ [5]. ʇʦʣʫʯʠʤ ʬʫʥʢʮʠʠ 
ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʚʠʜʝ: 
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ʉ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʟʥʘʯʝʥʠʡ (5) ʧʘʨʘʤʝʪʨʦʚ kȟk  ʟʘʜʘʜʠʤ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ kЎȡ 
kЎ ψȟπσȟkЎ ψȟπσȟkЎ ψȟπσȟkЎ ψȟπσȢ 

Õ k
k
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ʛʜʝ k ÉÎÆȟ ȟ  ʠ ʫʯʪʝʥʦ, ʯʪʦ Ў$ḳπ; ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ȿ&ȿ ʠ ȿʀȿ 

ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ k ςȟπρ. 
ʇʨʦʚʝʜʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʟʨʳʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (5), (6), (7) ʠ 

ʣʠʥʝʡʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ ʤʠʥʠʤʫʤʫ ʠʥʪʝʛʨʘʣʘ ʦʪ ʢʚʘʜʨʘʪʘ ʦʰʠʙʢʠ [3], ʜʣʷ 
ʩʠʩʪʝʤʳ (2) ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʦʜʠʥʘʢʦʚʦʤ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ 
ʧʨʦʮʝʩʩʘ, ʨʘʚʥʦʤ 1,6 ʩ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʧʨʦʚʝʜʝʥʦ ʚ ʧʘʢʝʪʝ MATLAB. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 45 ð   
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ʈʠʩ. 2. ʇʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʫʛʣʫ ʪʘʥʛʘʞʘ ὼ: ʘ) ʧʨʠ ʣʠʥʝʡʥʦʤ ʫʧʨʘʚʣʝʥʠʠ; ʙ) ʧʨʠ ʨʘʟʨʳʚʥʦʤ 
ʫʧʨʘʚʣʝʥʠʠʠ 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 2) ʧʦʢʘʟʘʣʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʚʨʝʤʝʥʠ 
ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʳʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (4) ʚ ʨʝʞʠʤʝ 
ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʤʠʥʠʤʫʤʫ 
ʠʥʪʝʛʨʘʣʘ ʦʪ ʢʚʘʜʨʘʪʘ ʦʰʠʙʢʠ [3]: 

- ʥʫʣʝʚʦʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚ 
17,34%; 

- ʯʠʩʣʦ ʢʦʣʝʙʘʥʠʡ ʟʘ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʚʥʦʝ ʥʫʣʶ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ; 

- ʥʫʣʝʚʘʷ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʦʰʠʙʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʰʠʙʢʦʡ, ʨʘʚʥʦʡ 0,022 
ʨʘʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʂʃɸ ʩ 
ʧʨʝʜʣʘʛʘʝʤʳʤ ʨʘʟʨʳʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʨʝʙʫʝʤʳʝ ʧʨʷʤʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʢʘʯʝʩʪʚʘ. ʇʨʠ ʙʦʣʝʝ ʪʦʯʥʦʡ ʤʦʜʝʣʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʦʣʫʯʘʝʤʦʡ ʙʝʟ ʜʦʧʫʱʝʥʠʡ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʩ ʫʯʝʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʣʦʚʳʭ 
ʜʘʥʥʳʭ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʠ ʧʦ ʚʦʟʤʫʱʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 
ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʳ ʠ ʚ ʢʘʯʝʩʪʚʝ ʙʦʨʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʝʥʜ ʜʣʷ ʭʦʣʦʜʥʦʡ ʩʪʘʪʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʢʘʪʢʠ 

ʜʚʠʛʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʙʦʣʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ. ʉʫʱʥʦʩʪʴ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʝʥʜʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʚʠʞʥʳʭ ʩʪʦʝʢ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʢʘʪʢʠ ʙʦʣʝʝ 



ð 46 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʦʚʝʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʩʭʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʠʢʦ; ʜʠʥʘʤʠʢ; ʦʙʢʘʪʢʘ; ʧʨʠʨʘʙʦʪʢʘ; ʜʚʠʛʘʪʝʣʴ. 
 
Abstract 
The article presents a stand for cold static-dynamic run-in of engines, which allows more 

qualitative processing of children. The essence of the modernization of the stand in the 
development of mobile racks for the possibility of running a wider range of engines. The 
necessary calculations are carried out and schemes are presented. 

Key words: static; speaker, running-in; burn-in; engine. 
 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʠ 

ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢʘʯʝʩʪʚʦ ʠʭ 
ʨʝʤʦʥʪʘ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦ ʚʳʧʦʣʥʝʥʥʘʷ ʧʨʠʨʘʙʦʪʢʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʟʘʚʝʨʰʘʶʱʘʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʧʨʦʮʝʩʩʘ ʨʝʤʦʥʪʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ɼɺʉ, ʯʘʩʪʠʯʥʦ ʧʨʦʚʦʜʠʪʩʷ 
ʥʘ ʨʝʤʦʥʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʘ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  ʆʙʢʘʪʢʘ ʪʨʘʢʪʦʨʥʳʭ 
ɼɺʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʝ (ʠʣʠ 
ʥʦʚʳʝ) ɼɺʉ ʧʨʦʭʦʜʷʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʙʢʘʪʢʫ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʟʘʚʦʜʘʭ-
ʠʟʛʦʪʦʚʠʪʝʣʷʭ ʠʣʠ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʡ ʦʙʢʘʪʢʠ ʥʝ 
ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ (1,5é3 ʯ.), ʦʜʥʘʢʦ ʝʸ ʨʦʣʴ, ʧʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ, ʪʘʢ ʢʘʢ ʚ ʝʸ ʧʨʦʮʝʩʩʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 
ʧʨʠʨʘʙʦʪʢʘ ʩʦʧʨʷʞʝʥʠʡ ɼɺʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʛʦʪʦʚʠʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 
ʪʨʝʥʠʷ ʜʝʪʘʣʝʡ ʢ ʚʦʩʧʨʠʷʪʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ; ʚʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ 
ʦʪʢʘʟʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʦʪʢʣʦʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʚ ʪʝʭʥʦʣʦʛʠʠ 
ʨʝʤʦʥʪʘ ʜʝʪʘʣʝʡ, ʩʙʦʨʢʠ ʩʦʧʨʷʞʝʥʠʡ ʠ ʫʟʣʦʚ ɼɺʉ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʚʩʶ ʝʛʦ 
ʧʦʩʣʝʜʫʶʱʫʶ ʨʘʙʦʪʫ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʙʢʘʪʢʘ ɼɺʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʠ 
ʩʢʦʨʦʩʪʷʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ 50é100 % ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠ ʵʪʦʤ ɼɺʉ ʠʣʠ ʥʝ 
ʜʦʩʪʠʛʘʶʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʠʣʠ ʨʘʙʦʪʘʶʪ ʧʨʠ ʥʝʡ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ʅʝʩʦʙʣʶʜʝʥʠʝ 
ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʘʚʠʣ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʢʘʪʢʠ ɼɺʉ, ʘ ʪʘʢʞʝ ʥʝʧʨʘʚʠʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 
ʨʝʞʠʤʦʚ ʜʣʷ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ɼɺʉ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʟʢʦʤʫ ʫʭʫʜʰʝʥʠʶ 
ʧʨʠʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʠʟʥʦʩʫ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ 
ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʨʝʩʫʨʩʘ ɼɺʉ.  

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʯʘʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʦʙʢʘʪʢʘ ɼɺʉ ʚ 
ʩʦʩʪʘʚʝ ʤʘʰʠʥ, ʥʘ ʢʦʪʦʨʳʭ ʦʥ ʫʩʪʘʥʦʚʣʝʥ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʦʙʢʘʪʢʠ ɼɺʉ ʩʦʩʪʘʚʣʷʝʪ 30...60 ʤʦʪʦ. ʯʘʩʦʚ.  

ʅʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʦʙʢʘʪʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ 400...600 ʤʦʪʦ. ʯʘʩʦʚ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʠʨʘʙʦʪʢʠ ʠ ʩʥʠʞʝʥʠʝ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʠʟʥʦʩʘ. 

ʅʘʟʥʘʯʝʥʠʝ, ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʙʢʘʪʦʯʥʦʛʦ ʩʪʝʥʜʘ. ʉʪʝʥʜ ʜʣʷ 
ʭʦʣʦʜʥʦʡ ʦʙʢʘʪʢʠ ʜʠʟʝʣʝʡ ʩʦ ʩʪʘʪʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʞʝʥʠʝʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 
ʭʦʣʦʜʥʦʡ ʧʨʠʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ).  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʧʨʠʨʘʙʦʪʢʠ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ,  
ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʠʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ - ʨʠʩʫʥʦʢ 1. ʠ  ʯʝʨʪʝʞ 
ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʭʦʣʦʜʥʦʡ ʩʪʘʪʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʢʘʪʢʠ ʜʚʠʛʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 
ʨʠʩʫʥʢʝ 2., ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʜ ʵʪʘʧʦʤ ʭʦʣʦʜʥʦʡ ʦʙʢʘʪʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪ 
ʮʠʢʣʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʧʫʪʝʤ ʧʦʜʘʯʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʪ 
ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʥʝʨʘʙʦʪʘʶʱʠʝ ʮʠʣʠʥʜʨʳ ʜʚʠʛʘʪʝʣʷ, 
ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ ʢʦʪʦʨʦʛʦ ʚʨʘʱʘʝʪʩʷ ʩʦ ʩʚʝʨʭʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ, ʧʨʠʯʝʤ ʚ 
ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʩʣʦ. ʇʦʜʘʯʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʮʠʣʠʥʜʨʳ 
ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʫʣʴʩʠʨʫʶʱʝʤ ʜʘʚʣʝʥʠʠ, ʧʨʠ ʵʪʦʤ ʧʦʜʘʯʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʚ ʮʠʣʠʥʜʨ ʜʚʠʛʘʪʝʣʷ ʩ ʜʘʚʣʝʥʠʝʤ, ʨʘʚʥʳʤ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʥʘ 
ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ɼɺʉ ʜʘʥʥʦʡ ʤʘʨʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘʯʠ 
ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʮʠʣʠʥʜʨʳ ʜʚʠʛʘʪʝʣʷ (å 8 ʄʇʘ) ʧʨʠʚʦʜʠʪ ʢ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 47 ð   

 
ʧʫʣʴʩʠʨʫʶʱʠʤ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʩʦʧʨʷʞʝʥʠʷ ɼɺʉ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʫʧʨʦʯʥʝʥʠʝ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʜʝʪʘʣʝʡ, ʧʫʪʝʤ ʥʘʢʣʝʧʘ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʛʝʦʤʝʪʨʠʠ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʥʝ 
ʫʜʘʣʷʝʪʩʷ, ʘ ʦʩʪʘʝʪʩʷ ʥʘ ʥʝʡ, ʪʘʢ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʧʣʘʩʪʠʯʝʩʢʠʭ 
ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ, 
ʜʝʬʦʨʤʠʨʫʶʱʠʝ ʚʳʩʪʫʧʳ ʥʝʨʦʚʥʦʩʪʝʡ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʳʝ 
ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʘ ʥʝ ʙʦʢʦʚʳʝ, ʚʳʟʚʘʥʥʳʝ ʚʨʘʱʝʥʠʝʤ ʦʜʥʦʡ ʜʝʪʘʣʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ. ɺʨʘʱʝʥʠʝ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʩʦ ʩʚʝʨʭʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ  
ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʠʣʳ ʪʨʝʥʠʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʠ ʫʩʠʣʠʝ ʩʨʝʟʘ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ 
ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʮʘʤ ʤʝʪʘʣʣʘ ʥʝ ʚʳʨʳʚʘʪʴʩʷ ʩ 
ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʘ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʧʨʘʚʣʝʥʠʶ 
ʤʘʢʨʦ- ʠ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʶ ʧʨʠʨʘʙʦʪʦʯʥʦʛʦ ʠʟʥʦʩʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 
ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʪʘʢ ʠ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ. 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʠʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʭʦʣʦʜʥʦʡ ʧʨʠʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʩʥʦʚʥʳʭ 
ʵʪʘʧʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 
ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ  ʠʟʥʦʩ. ʅʄ - ʥʘʩʦʩ-ʤʦʪʦʨ; ʄʈ ï ʤʦʪʦʨ- ʨʝʜʫʢʪʦʨ; ʌ - ʬʠʣʴʪʨ; ɼɺʉ -
ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ;   ɹʋ -ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; ʐ ï ʰʪʫʮʝʨ; ʈɺɼ ï ʨʝʛʫʣʷʪʦʨ   
ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; ʈʅɼ ï ʨʝʛʫʣʷʪʦʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ; ʕʂ1- ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ; ʕʂ2 ï ʩʙʨʦʩʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ; ʋʕ ï ʫʧʨʫʛʠʡ 
ʵʣʝʤʝʥʪ; ʇʏɺ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ; ʌ ï ʬʠʣʴʪʨ; ʉʆ ï ʩʣʠʚʥʦʝ ʦʪʚʝʨʩʪʠʝ; 
ʉʉʉɼʅ ï ʩʠʩʪʝʤʘ ʩʦʟʜʘʥʠʷ ʩʪʘʪʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

 
ʈʠʩ. 2. ʏʝʨʪʝʞ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʭʦʣʦʜʥʦʡ ʩʪʘʪʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʝʡ. ɸ ï ʙʣʦʢ ʚʠʥʪʘ 

ʩʪʦʡʢʠ ʢʨʝʧʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ; ɹ ï ʫʟʝʣ ʢʨʝʧʣʝʥʠʷ ʩʪʦʡʢʠ ʩʪʦʣʘ ʧʨʠʚʦʜʘ. 3; 4; 7 ï ʩʪʦʡʢʠ ʢʨʝʧʣʝʥʠʷ ʥʦʞʝʢ 

ʫʩʪʘʥʦʚʢʠ;  8 ïʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʄʈʏ; 9 ï ʥʘʩʦʩ-ʤʦʪʦʨ ʅʄʐɻ; 10-ʤʫʬʪʘ; 11 ïʨʘʤʘ ʫʩʪʘʥʦʚʢʠ; 12 ï 

ʧʝʨʝʜʚʠʞʥʘʷ ʩʪʦʡʢʘ ʢʨʝʧʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ; 13 ï ʩʪʦʡʢʘ ʩʪʦʣʘ ʧʨʠʚʦʜʘ ʫʩʪʘʥʦʚʢʠ; 14 ï ʥʦʞʢʘ ʩʪʦʣʘ 

ʧʨʠʚʦʜʘ ʫʩʪʘʥʦʚʢʠ; 15 ï ʢʘʨʜʘʥʥʘʷ ʧʝʨʝʜʘʯʘ ʧʨʠʚʦʜʘ; 16 ï ʧʣʘʪʬʦʨʤʘ ʢʨʝʧʣʝʥʠʷ. 
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ð 48 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʠʨʘʙʦʪʢʠ ɼɺʉ ʩʦʜʝʨʞʠʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ɼɺʉ; ʩʠʩʪʝʤʫ 

ʩʦʟʜʘʥʠʷ ʩʪʘʪʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (ʉʉʉɼʅ), ʚʢʣʶʯʘʶʱʫʶ ʥʘʩʦʩ-ʤʦʪʦʨ (ʅʄ), 
ʨʝʛʫʣʷʪʦʨʳ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʈɺɼ ʠ ʈʅɼ), ʰʪʫʮʝʨ (ʐ), ʠʤʝʶʱʠʡ ʚ ʩʦʩʪʘʚʝ 
ʜʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʘ (ʕʂ1 ʠ ʕʂ2), ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 
ʢʣʘʧʘʥʘʤʠ (ɹʋ); ʤʝʭʘʥʠʟʤ ʧʦʚʦʨʦʪʘ, ʚʢʣʶʯʘʶʱʠʡ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ (ʄʈ), ʫʧʨʫʛʠʡ 
ʵʣʝʤʝʥʪ (ʋʕ) ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʇʏɺ).  ɼʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ 
ʩʛʦʨʘʥʠʷ ʤʘʭʦʚʠʢʦʤ ʯʝʨʝʟ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ (ʋʕ)  ʩʦʝʜʠʥʝʥ ʩ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ ʤʦʪʦʨ-
ʨʝʜʫʢʪʦʨʘ (ʄʈ). ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 
ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʇʏɺ). ʄʝʭʘʥʠʟʤ ʧʨʠʚʦʜʘ ʧʦʟʚʦʣʷʝʪ 
ʜʦʩʪʠʯʴ ʩʚʝʨʭʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ. ʅʘʣʠʯʠʝ ʯʝʨʚʷʯʥʦʛʦ 
ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ (ʄʈ) ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʝ ʚ ʤʝʭʘʥʠʟʤʝ ʧʨʠʚʦʜʘ. 
ʃʠʥʠʷ ʧʦʜʘʯʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʩʦʜʝʨʞʠʪ ʥʘʩʦʩ-ʤʦʪʦʨ (ʅʐʄ-12-25-10/10), ʧʨʠ ʧʦʤʦʱʠ 
ʢʦʪʦʨʦʛʦ ʨʘʙʦʯʝʝ ʪʝʣʦ (ʜʠʟʝʣʴʥʦʝ ʤʘʩʣʦ ʄ10-2ɻ) ʟʘʙʠʨʘʝʪʩʷ ʯʝʨʝʟ ʩʣʠʚʥʦʝ ʦʪʚʝʨʩʪʠʝ 
ʧʦʜʜʦʥʘ ʢʘʨʪʝʨʘ ɼɺʉ ʠ ʯʝʨʝʟ ʤʘʩʣʷʥʳʡ ʬʠʣʴʪʨ ʧʦʜʘʝʪʩʷ ʢ ʨʝʛʫʣʷʪʦʨʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 
(ʢʣʘʧʘʥ ʤʘʨʢʠ ɻɸ-76070), ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʜʘʚʣʝʥʠʝ ʤʘʩʣʘ ʥʘ ʜʘʚʣʝʥʠʝ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʚ ʮʠʣʠʥʜʨʝ ɼɺʉ, ʠ ʧʦʜʘʝʪ ʝʛʦ 
ʢ ʰʪʫʮʝʨʫ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʪʦʨʫ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ  (ʢʣʘʧʘʥ ʂʇ 16.2.5.000), ʦʪʢʫʜʘ ʨʘʙʦʯʝʝ 
ʪʝʣʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʘʚʣʝʥʠʶ ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ ɼɺʉ, ʧʦʩʪʫʧʘʝʪ ʚ 
ʛʣʘʚʥʫʶ ʤʘʩʣʷʥʫʶ ʤʘʛʠʩʪʨʘʣʴ (ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʤʘʟʢʠ ʜʝʪʘʣʝʡ 
ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ), ʠ ʚʦ ʚʩʘʩʳʚʘʶʱʫʶ ʧʦʣʦʩʪʴ ʥʘʩʦʩ-ʤʦʪʦʨʘ. ʐʪʫʮʝʨ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʧʫʩ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 
ʢʣʘʧʘʥ (ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʟʘʪʚʦʨʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ ʕɻʌ) ʠ 
ʩʙʨʦʩʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ (ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 
ʨʘʟʛʨʫʞʝʥʥʳʡ ʢʣʘʧʘʥ ʕɻʌ). ʐʪʫʮʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʪʚʝʨʩʪʠʝ ʧʦʜ 
ʬʦʨʩʫʥʢʠ. ʋʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ. ʃʠʥʠʷ ʧʦʜʘʯʠ ʠ ʩʣʠʚʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ  ʚʩʘʩʳʚʘʶʱʘʷ ʤʘʛʠʩʪʨʘʣʴ ʥʘʩʦʩ-
ʤʦʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʛʠʙʢʠʭ ʨʫʢʘʚʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʤʘʨʢʠ ʅ 036.83.010-160), 
ʩʦʝʜʠʥʝʥʥʳʭ ʰʪʫʮʝʨʘʤʠ. ʈʘʙʦʪʘ ʩʪʝʥʜʘ ʜʣʷ ʭʦʣʦʜʥʦʡ ʧʨʠʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʢʘʯʢʘ ʩʠʩʪʝʤʳ ʥʘʛʨʫʞʝʥʠʷ (ʜʣʷ ʫʜʘʣʝʥʠʷ 
ʚʦʟʜʫʭʘ). ʉ ʵʪʦʡ ʮʝʣʴʶ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʘʩʣʦ ʟʘʣʠʚʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ ʚ 
ʧʦʜʜʦʥ ʢʘʨʪʝʨʘ ɼɺʉ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʥʘʩʦʩ-ʤʦʪʦʨʘ (ʅʄ) ʤʘʩʣʦ ʟʘʙʠʨʘʝʪʩʷ ʠʟ ʧʦʜʜʦʥʘ 
ʢʘʨʪʝʨʘ ʯʝʨʝʟ ʩʣʠʚʥʦʝ ʦʪʚʝʨʩʪʠʝ (ʉʆ), ʬʠʣʴʪʨ (ʌ) ʠ ʧʦʜʘʝʪʩʷ ʥʘʩʦʩ-ʤʦʪʦʨʦʤ ʯʝʨʝʟ 
ʨʝʛʫʣʷʪʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʢ ʰʪʫʮʝʨʫ, ʧʨʠʯʝʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʢʘʯʢʠ ʩʙʨʦʩʥʦʡ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ (ʕʂ2) ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʆ ʟʘʚʝʨʰʝʥʠʠ 
ʧʨʦʢʘʯʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʣʷʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʠʜʠʤʦʡ ʯʝʨʝʟ 
ʧʨʦʟʨʘʯʥʫʶ ʚʩʪʘʚʢʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʘ ʚʳʭʦʜʝ ʩʙʨʦʩʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʣʘʧʘʥʘ. 
ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʢʘʯʢʠ ʩʠʩʪʝʤʳ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 
ʥʝʦʙʭʦʜʠʤʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ (ʄʈ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʘʥʥʦʡ 
ʤʦʜʝʣʠ ɼɺʉ.  ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʨʘʙʦʪʢʠ ʤʘʩʣʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʜʘʝʪʩʷ ʥʘʩʦʩ-ʤʦʪʦʨʦʤ (ʅʄ) 
ʢ ʨʝʛʫʣʷʪʦʨʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʈɺɼ), ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪ ʤʘʩʣʦ ʢ ʰʪʫʮʝʨʫ (ʐ) (ʢ 
ʥʘʛʥʝʪʘʪʝʣʴʥʦʤʫ ʢʣʘʧʘʥʫ) ʠ ʢ ʨʝʛʫʣʷʪʦʨʫ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʈʅɼ). ʈʝʛʫʣʷʪʦʨ ʥʠʟʢʦʛʦ 
ʜʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪ ʤʘʩʣʦ ʚ ʛʣʘʚʥʫʶ ʤʘʩʣʷʥʫʶ ʤʘʛʠʩʪʨʘʣʴ (ɻʄʄ) ɼɺʉ ʠ ʚʦ 
ʚʩʘʩʳʚʘʶʱʠʡ ʪʨʫʙʦʧʨʦʚʦʜ ʥʘʩʦʩ-ʤʦʪʦʨʘ (ʅʄ).  ʇʨʠ ʦʪʢʨʳʪʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
ʢʣʘʧʘʥʘ ʤʘʩʣʦ ʧʦʜʘʝʪʩʷ ʚ ʥʘʜʧʦʨʰʥʝʚʫʶ ʧʦʣʦʩʪʴ ʮʠʣʠʥʜʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʘʚʣʝʥʠʶ ʪʘʢʪʘ ʩʞʘʪʠʷ (8é10 ʄʇʘ). ʇʦʩʣʝ ʧʦʜʘʯʠ ʤʘʩʣʘ ʚ ʮʠʣʠʥʜʨ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ ʟʘʢʨʳʚʘʝʪʩʷ ʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʚ ʪʘʢʦʤ ʧʦʣʦʞʝʥʠʠ ʟʘʜʘʥʥʳʡ 
ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʧʨʠ ʟʘʢʨʳʪʦʤ ʩʙʨʦʩʥʦʤ ʢʣʘʧʘʥʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʙʨʦʩʥʦʡ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ ʦʪʢʨʳʚʘʝʪʩʷ, ʜʘʚʣʝʥʠʝ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʜʘʝʪ ʠ 
ʤʘʩʣʦ ʯʝʨʝʟ ʩʙʨʦʩʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ (ʕʂ2) ʧʦʩʪʫʧʘʝʪ ʚ ʟʘʣʠʚʥʫʶ ʛʦʨʣʦʚʠʥʫ 
ɼɺʉ. ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʫʞʝʥʠʝ ʚ ʮʠʣʠʥʜʨʝ ʜʚʠʛʘʪʝʣʷ, 
ʨʘʙʦʯʝʝ ʪʝʣʦ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʧʦʨʰʝʥʴ ʩ ʧʫʣʴʩʠʨʫʶʱʠʤ ʜʘʚʣʝʥʠʝʤ, ʩʦʟʜʘʝʪ 
ʧʫʣʴʩʠʨʫʶʱʫʶ ʫʜʘʨʥʫʶ ʥʘʛʨʫʟʢʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ ʜʚʠʛʘʪʝʣʷ ʧʳʪʘʝʪʩʷ 
ʧʦʚʝʨʥʫʪʴʩʷ ʚ ʦʙʨʘʪʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʩʪʦʨʦʥʫ, ʘ ʚ ʧʝʨʠʦʜʳ ʨʘʟʛʨʫʟʢʠ 
ʵʣʘʩʪʠʯʥʘʷ ʤʫʬʪʘ ʙʫʜʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 49 ð   

 
ɺʦʟʜʝʡʩʪʚʫʷ ʥʘ ʧʦʨʰʝʥʴ, ʨʘʙʦʯʝʝ ʪʝʣʦ ʩ ʧʫʣʴʩʠʨʫʶʱʠʤ ʜʘʚʣʝʥʠʝʤ ʩʦʟʜʘʝʪ 

ʧʫʣʴʩʠʨʫʶʱʫʶ ʫʜʘʨʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʦʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʧʨʦʠʟʚʦʜʷ ʫʧʨʦʯʥʝʥʠʝ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʧʫʪʝʤ ʥʘʢʣʝʧʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʛʣʘʞʠʚʘʥʠʝ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʩʦʧʨʷʞʝʥʠʡ ʙʝʟ ʧʦʪʝʨʠ 
ʤʝʪʘʣʣʘ. ɺʩʝ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʯʘʣʴʥʳʡ (ʧʨʠʨʘʙʦʪʦʯʥʳʡ) ʠʟʥʦʩ ʠ 
ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ, ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʩʦʧʨʷʞʝʥʠʡ, ʪʘʢ ʠ ʚʩʝʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ. 
ʉʦʩʪʦʷʥʠʝ ʧʨʠʨʘʙʦʪʦʥʥʦʩʪʠ ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʚʝʣʠʯʠʥʘʤ 
ʜʘʚʣʝʥʠʡ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ ʧʨʠ 600 ʤʠʥ

-1
 ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʩʣʘ ʜʚʠʛʘʪʝʣʷ 75é80 Áʉ. 

ɼʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʢʦʤʧʨʝʩʩʦʤʝʪʨʦʤ. ʉʦʩʪʦʷʥʠʝ ʧʦʜʰʠʧʥʠʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʝʣʠʯʠʥʦʡ ʜʘʚʣʝʥʠ ̫ʤʘʩʣʘ. 

ɺʳʙʦʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʣʷ ʧʨʠʚʦʜʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ɼɺʉ. 

ʄʦʱʥʦʩʪʴ ʥʘ ʢʦʣʝʥʯʘʪʦʤ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ , ɺʪ: 

       (1) 

ʛʜʝ ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʫʱʝʤ ʚʘʣʫ,  ʅĿʤ; 

ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʘ, ʩ. 

,      (2) 

ʛʜʝ - ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, ʤʠʥ; ʤʠʥ, 

ʩ , ʪʦʛʜʘ ʈʢʚ = 680 Ā 0,06 = 40,8 ɺʪ. 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ , ʤʠʥ[2]: 

,       (3) 

ʛʜʝ  ï ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ; ʧʨʠʥʠʤʘʝʤ ;; 

ʤʠʥ. 
ɺʨʘʱʘʶʱʠʝ ʤʦʤʝʥʪʳ ʥʘ ʚʘʣʫ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ, ʅĿʤ [2]: 

,      (4) 

ʛʜʝ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʧʨʠʥʠʤʘʝʤ [2]: ; 

; ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʤʫʬʪʳ, ʧʨʠʥʠʤʘʝʤ 

[2]: . 

. 

 
ʈʠʩ. 3 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ɼɺʉ. 1 ï ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ; 

2ï ʜʚʠʛʘʪʝʣʴ 
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ð 50 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ, ɺʪ [2]: 

     (5) 

 
ʉ ʫʯʝʪʦʤ ʧʫʩʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʚ 3é4 ʨʘʟʘ. 
ʊʘʢ ʢʘʢ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʠʟʢʘʷ, ʧʨʠʥʠʤʘʝʤ ʩʝʨʠʡʥʦ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʡ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ 1ʄʇʟ2-31,5 c ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ 

ʤʠʥ[2].  

ʈʘʩʯʝʪ ʨʝʟʴʙʳ ʩʪʦʡʢʠ ʩʪʝʥʜʘ. ʅʘʟʥʘʯʘʝʤ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʠʥʪʘ ï ʩʪʘʣʴ 20 ʠ ʛʘʡʢʠ 
ï ʩʪʘʣʴ 20. ʇʨʠʤʝʤ ʢʚʘʜʨʘʪʥʫʶ ʦʜʥʦʟʘʭʦʜʥʫʶ ʧʨʘʚʫʶ ʨʝʟʴʙʫ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ 
ʜʠʘʤʝʪʨʘ ʨʝʟʴʙʳ ʚʠʥʪʘ ʠ ʛʘʡʢʠ d2 ʠʟ ʨʘʩʯʸʪʘ ʨʝʟʴʙʳ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠʤʝʤ 
ʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪʳ ʛʘʡʢʠ ʢ ʩʨʝʜʥʝʤʫ ʜʠʘʤʝʪʨʫ ʨʝʟʴʙʳ  

k = H /d2 =1,6 ʠ ʜʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʜʣʷ ʨʝʟʴʙʳ . ɺʝʩ ʜʚʠʛʘʪʝʣʷ 

ʗʄɿ-236 ʩʦʩʪʘʚʣʷʝʪ 820 ʢʛ. ʊʘʢ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʪʝʥʜʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʯʝʪʳʨʝ ʩʪʦʡʢʠ 
ʧʦʜ ʜʚʠʛʘʪʝʣʴ, ʪʦ ʥʘʛʨʫʟʢʘ ʥʘ ʦʜʥʫ ʩʪʦʡʢʫ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ: F = 2,05 ʢʅ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 
ʩʪʦʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 4 ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʪʦʡʢʠ. 1- ʛʘʡʢʘ; 2 ï ʚʠʥʪ; 3 ï ʨʫʢʦʷʪʢʘ 

 

ʀʟ ʫʩʣʦʚʠʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʥʘʰʠʚʘʥʠʶ ʦʧʨʝʜʝʣʷʝʤ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ 
[3]: 

d2=       (6) 

d2= = = 17ʤʤ. 
ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ. 
ɺʳʩʦʪʘ ʧʨʦʬʠʣʷ ʨʝʟʴʙʳ [3]: 

h = 0,1Ād2       (7) 
h =0,1Ād2 = 0,1Ā17 =1,7 ʤʤ. 

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ [3]: 
d = d2 + h,     (8) 

d =d2 + h =17 + 1,7 =18,7 ʤʤ. 
ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ [3]: 

d1 = d2 ï h,     (9) 
d1 = d2 ï h =17 - 1,7 =15,3ʤʤ. 

ʐʘʛ ʨʝʟʴʙʳ [3]: 
P = 2Āh,      (10) 

P = 2Āh = 2Ā1,7 = 3,4 ʤʤ. 
ʍʦʜ ʨʝʟʴʙʳ Ph (ʯʠʩʣʦ ʟʘʭʦʜʦʚ ʨʝʟʴʙʳ n = 1):  

. . . .
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 51 ð   

 
Ph = nĀP,      (11) 

Ph = nĀP = 1Ā3,4 = 3,4 ʤʤ. 
ʋʛʦʣ ʧʦʜʲʝʤʘ ʨʝʟʴʙʳ [3]: 

tg      (12) 

tg 3,4/(3,14Ā17) = 0,064, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣ ʧʦʜʲʸʤʘ ʨʝʟʴʙʳ 3040ô. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʪʘʣʠ ʧʦ ʩʪʘʣʠ ʧʨʠ ʩʣʘʙʦʡ ʩʤʘʟʢʝ ʧʨʠʤʝʤ f = 0,1. ɿʥʘʯʠʪ,  

tg f = 0,1 ʠ ʫʛʦʣ ʪʨʝʥʠʷ  5
0 
 50, . ʋʩʣʦʚʠʝ ʩʘʤʦʪʦʨʤʦʞʝʥʠʷ ʚʠʥʪʘ ʦʙʝʩʧʝʯʝʥʦ, ʪʘʢ 

ʢʘʢ  (30
40ô < 5

0
50ô). 

ʇʨʦʚʝʨʠʤ ʚʠʥʪ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʦʧʘʩʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ 

ʚʠʥʪʘ ʜʦʤʢʨʘʪʘ (ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʛʘʡʢʠ ʜʦ ʨʫʢʦʷʪʢʠ) [3] 

ʊ = 0,5 Ā d2 ĀĀF Ā tg ( ,    (13) 

ʊ = 0,5 Ā 0,017 Ā 2050 Ā 0,17 = 2,96 ʅĀʤ. 

ɼʣʷ ʩʪʘʣʠ 20 ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʧʦ ɻʆʉʊ 1050-80  ɼʦʧʫʩʢʘʝʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʞʘʪʠʝ ʜʣʷ ʚʠʥʪʘ [3]: 

     (14) 

 = 250/3= 83,3 ʄʇʘ. 

ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ [3]: 

   (15) 

= 49,8 ʄʇʘ. 

49,8 ʄʇʘ < 83,3 ʄʇʘ. 

<       (16) 
ʪ.ʝ. ʧʨʦʯʥʦʩʪʴ ʚʠʥʪʘ ʜʘʞʝ ʚʳʰʝ ʪʨʝʙʫʝʤʦʡ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠʚʝʜʝʥʠʷ ʜʣʠʥʳ ʚʠʥʪʘ, ʪʘʢ ʢʘʢ ʚʠʥʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʩʪʦʡʢʦʡ ʩ ʥʠʞʥʠʤ ʟʘʱʝʤʣʸʥʥʳʤ ʢʦʥʮʦʤ. ʇʨʠʚʝʜʸʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ 
ʩʝʯʝʥʠʷ ʚʠʥʪʘ [3]: 

I = (    (17) 

I =( ( +(0,4+0,6Ā18,7/15,3)=2,69Ā10
3 
ʤʤ

4
 

ʈʘʜʠʫʩ ʠʥʝʨʮʠʠ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʚʠʥʪʘ [3]: 

i =       (18) 

i = = 3,9 ʤʤ. 

ɻʠʙʢʦʩʪʴ ʚʠʥʪʘ ɚ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ [3]: . 
ʂʨʠʪʠʯʝʩʢʘʷ ʩʠʣʘ: 

Fʢʨ= ˊ2 EĀI (ɛĀl)2,     (19) 
(ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʠʥʪ ʢʘʢ ʩʪʝʨʞʝʥʴ ʩ ʦʜʥʠʤ ʞʸʩʪʢʦ ʟʘʢʨʝʧʣʸʥʥʳʤ ʠ ʜʨʫʛʠʤ ʩʚʦʙʦʜʥʳʤ 
ʢʦʥʮʦʤ); Fʢʨ= 3,142Ā2,1Ā105Ā2,69Ā103/(2Ā200)2 = 34,8 ʢʅ. 

ɼʦʧʫʩʢʘʝʤʘʷ ʩʠʣʘ [3]: 

      (20) 

ʛʜʝ [S y] -  ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ   [3].  

[F] = 34,8 / 2,5 = 13,92 ʢʅ. 
ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʠʥʪʘ ʦʙʝʩʧʝʯʝʥʘ, ʪʘʢ ʢʘʢ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʦʜʥʫ ʩʪʦʡʢʫ, F = 

2,05 ʢʅ ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʦʡ  

2/ ( ),hP dj p=

2/ ( )hP dj p= =

=j

 y= j=

y jà

)y j+

250 ʄʇʘ.ʊs =
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ð 52 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʝʨʝʡʜʸʤ ʢ ʨʘʩʯʸʪʫ ʛʘʡʢʠ. ʇʨʠʤʝʤ ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʛʘʡʢʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʠ ʩʤʷʪʠʝ ʥʘ ʩʨʝʟ  

ɺʳʩʦʪʘ ʛʘʡʢʠ [3]: kĀd2 = 1,6 Ā 17 = 27,2 ʤʤ. 
ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʛʘʡʢʠ [3]: 

    (21) 

 

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʬʣʘʥʮʘ ʛʘʡʢʠ [3]: 

 
ʊʦʣʱʠʥʘ ʬʣʘʥʮʘ [3]: 2,05 Ā10

3
/(3,14Ā8,4Ā22,5) = 1,5 ʤʤ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ: ʈʘʩʯʝʪ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɼʣʷ ʚʩʝʭ ʣʠʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʛʠʙʢʠʝ ʘʨʤʠʨʦʚʘʥʥʳʝ ʜʚʫʭʦʧʣʝʪʦʯʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʧʦ ɻʆʉʊ 8737-77. ʉʦʝʜʠʥʝʥʠʝ 
ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʛʠʜʨʦʘʧʧʘʨʘʪʫʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʰʪʫʮʝʨʘʤʠ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ [4]: 

     (22) 
ʛʜʝ QH = 190Ŀ10-6 ʤ3/ʩ ï ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜ;  
V - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʤ/ʩ. 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ:  - ʜʣʷ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ V = 1 
ʤ/ʩ; - ʜʣʷ ʩʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ V = 2 ʤ/ʩ; - ʜʣʷ ʥʘʧʦʨʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ V = 4 ʤ/ʩ. 

ʊʦʛʜʘ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʤ: 

- ʚʩʘʩʳʚʘʶʱʝʛʦ;  

- ʩʣʠʚʥʦʛʦ;  

- ʥʘʧʦʨʥʦʛʦ;  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 16516-80 ʚʳʙʠʨʘʝʤ ʩʪʘʥʜʘʨʪʥʳʝ ʜʠʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 
[4]. ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ: dʥ = 10 ʤʤ, dc = 12 ʤʤ, dʚ = 16 ʤʤ. 

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ: dʥ = 22 ʤʤ, dʩ = 25ʤʤ, dʚ = 29 ʤʤ. 
 ʊʦʛʜʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ [4]: 

      (23) 

- ʚ ʥʘʧʦʨʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ;  

- ʚ ʩʣʠʚʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ;  

- ʚʦ ʚʩʘʩʳʚʘʶʱʝʤ;  

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʘʩʳʚʘʶʱʝʤ ʪʨʫʙʦʧʨʦʚʦʜʝ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 
ʢʘʚʠʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʮʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ ʤʝʥʴʰʝ 
0,06 ʄʇʘ. ʕʪʦ ʜʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ [4] 

   (24) 

[ ] 40 ʄʇʘ,ʨ ʩʤs sè ø= =ê ú
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 53 ð   

 

ʛʜʝ ʈʦ = 101,325 ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʇʘ;    r = 890 ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ3; g = 
9,81 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ2; h = 0,14 ï ʚʳʩʦʪʘ ʚʩʘʩʳʚʘʥʠʷ, ʤ; V = Vʚʩ = 
0,95 ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʤ/ʩ; ɝ = 1,45 ï ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʳʭ 
ʩʦʧʨʦʪʠʚʣʝʥʠʡ; b ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ 
ʞʠʜʢʦʩʪʠ ʥʘ ʤʝʩʪʥʳʝ ʧʦʪʝʨʠ; ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ; l 
= 0,32 ï ʜʣʠʥʘ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ; d=0,016 ʤ ï ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ 
ʈʝʡʥʦʣʴʜʩʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤ ʩʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ: 

      (25) 

ʛʜʝ n = 50Ā10-6 ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʤ2/ʩ. 

ʪʦʛʜʘ .  
ʇʦʪʦʢ ʣʘʤʠʥʘʨʥʳʡ, ʪ.ʢ. Re = 304 < 2200. 

ʊʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ  
ʇʦ ʛʨʘʬʠʢʫ ʦʧʨʝʜʝʣʷʝʤ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ b = 3 [4].  ɼʘʚʣʝʥʠʝ ʚʦ 

ʚʩʘʩʳʚʘʶʱʝʤ ʪʨʫʙʦʧʨʦʚʦʜʝ: 

ʈɺ = 0,1 ʄʇʘ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʜʘʥʥʦʤʫ ʚʳʰʝ ʫʩʣʦʚʠʶ. 
ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ʥʘʧʦʨʥʦʡ ʠ ʩʣʠʚʥʦʡ ʛʠʜʨʦʣʠʥʠʷʭ. ʆʙʱʠʝ ʧʫʪʝʚʳʝ 

ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

     (26) 
ʛʜʝ æʈʧʥ, æʈʧʩ ï ʧʫʪʝʚʳʝ ʧʦʪʝʨʠ ʚ ʥʘʧʦʨʥʦʡ ʠ ʩʣʠʚʥʦʡ ʛʠʜʨʦʣʠʥʠʷʭ, ʥʘʭʦʜʠʤ ʧʦ 
ʬʦʨʤʫʣʝ [4]. 

     (27) 

     (28) 
ʀʟ ʧʨʝʜʳʜʫʱʠʭ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʷʝʤ Re: 

- ʚ ʥʘʧʦʨʥʦʡ;  

- ʚ ʩʣʠʚʥʦʡ;  

ʊʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦ ʩʪʝʥʢʠ: 

- ʚ ʥʘʧʦʨʥʦʡ;  

- ʚ ʩʣʠʚʥʦʡ  

ʆʙʱʠʝ ʧʫʪʝʚʳʝ ʧʦʪʝʨʠ:  

 
ʄʝʩʪʥʳʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʘʭʦʜʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ [4]: 

  (29) 
ʛʜʝ æʈʤʥ, æʈʤʩ ï ʤʝʩʪʥʳʝ ʧʦʪʝʨʠ ʚ ʥʘʧʦʨʥʦʡ ʠ ʩʣʠʚʥʦʡ ʛʠʜʨʦʣʠʥʠʷʭ; 
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ɝʥ = 7 ï ʢʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʥʘʧʦʨʥʦʡ ʛʠʜʨʦʣʠʥʠʠ; 
ɝʩ = 5,8 ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʩʣʠʚʥʦʡ ʛʠʜʨʦʣʠʥʠʠ; 
bʥ = 1,8; bc=1,9. 

ʆʙʱʠʝ ʤʝʩʪʥʳʝ ʧʦʪʝʨʠ [4]: 

     (30) 

 
ʆʙʱʠʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ [4]: 

 
ʆʙʱʠʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 10 % ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʘʩʦʩʦʤ (10 

ʄʇʘ). 
ɺʳʚʦʜ. ʇʨʠʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʧʦʩʦʙʦʚ ʦʙʢʘʪʢʠ ʜʚʠʛʘʪʝʣʝʡ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʨʘʙʦʪʢʠ, ʩʥʠʞʝʥʠʷ ʠʟʥʦʩʘ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʠʨʘʙʦʪʢʠ ʚ ʮʠʣʠʥʜʨʘʭ 
ʜʚʠʛʘʪʝʣʷ, ʠʩʢʣʶʯʝʥʠʷ ʦʙʣʘʩʪʝʡ ʩʭʚʘʪʳʚʘʥʠʷ ʤʝʪʘʣʣʘ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʩʪʠ ʤʘʢʨʦ- ʠ 
ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʢʘʪʢʠ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ 
ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʢʘʪʢʘ ʩʦ ʩʪʘʪʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʠʤ 
ʥʘʛʨʫʞʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʯʘʩʪʠʯʥʦ ʫʩʪʨʘʥʠʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ɼʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʢʘʪʢʠ ʜʚʠʛʘʪʝʣʝʡ ʩʦ ʩʪʘʪʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʞʝʥʠʝʤ 
ʨʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ ʜʣʷ ʭʦʣʦʜʥʦʡ ʦʙʢʘʪʢʠ, ʧʨʦʚʝʜʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ 
ʨʘʩʯʝʪʳ ʩʪʝʥʜʘ. 

Conclusion. The use of existing technologies and methods of engine running does not 
allow to provide sufficient burn-in efficiency, reduce the wear of friction surfaces in the initial 
period, uniform burn-in in the engine cylinders, exclude areas of metal setting due to the 
irregularity of macro-and microgeometry. Therefore, to improve the efficiency of running-in of 
automotive internal combustion engines, it is proposed to run-in with static-dynamic loading, 
which allows to partially eliminate the above disadvantages. To implement the technology of 
running-in of engines with static-dynamic loading, a stand for cold running was developed, 
technological and strength calculations of the stand were carried out.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʣʝʞʢʘ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʩʪʫʧʠʮ ʢʦʣʝʩ 

ʪʨʘʢʪʦʨʦʚ ʠ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ ʧʨʦʚʝʩʪʠ ʤʦʥʪʘʞ ʠ ʜʝʤʦʥʪʘʞ ʩʪʫʧʠʮ, ʫʩʪʨʘʥʠʪʴ 
ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʥʫ ʠʣʠ ʨʝʤʦʥʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʣʝʞʢʘ; ʪʨʘʢʪʦʨ; ʘʚʪʦʤʦʙʠʣʴ; ʩʪʫʧʠʮʘ. 
 
Abstract 
The article presents the developed trolley for removal and installation of wheel hubs of 

tractors and cars in their technical service and repair, which allows high quality and in a short 
time to carry out the installation and dismantling of hubs, to eliminate the detected faults and 
make a change or repair. 

Key words: truck; tractor; car; hub. 
 
ʆʙʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʢʪʦʨʦʚ ʠ 

ʘʚʪʦʤʦʙʠʣʝʡ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʩʧʨʘʚʥʦʩʪʴ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ. ʆʪ ʝʝ ʥʘʜʝʞʥʦʩʪʠ 
ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʙʝʟʘʚʘʨʠʡʥʦʝ ʵʢʩʧʣʫʘʪʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʘ.  ʉʦʩʪʦʷʥʠʝ ʪʦʨʤʦʟʥʦʡ 
ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʢ ʊʆ-1, ʪʘʢ ʠ ʊʆ-2. ʂʨʦʤʝ ʪʦʛʦ, ʯʝʨʝʟ ʦʜʥʦ ʊʆ-
2 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʦʧʝʨʘʮʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 
ʩʥʷʪʠʝ ʩʪʫʧʠʮ ʧʝʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ ʢʦʣʝʩ ʚ ʩʙʦʨʝ ʩ ʪʦʨʤʦʟʥʳʤʠ ʙʘʨʘʙʘʥʘʤʠ, ʦʯʠʩʪʢʘ ʚʩʝʭ 
ʚʠʜʦʚ ʜʝʪʘʣʝʡ ʠ ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʥʘʢʣʘʜʦʢ, ʩʪʷʞʥʳʭ ʧʨʫʞʠʥ, 
ʪʦʨʤʦʟʥʳʭ ʮʠʣʠʥʜʨʦʚ ʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʩʪʫʧʠʮ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 
ʟʘʤʝʥʘ ʧʨʫʞʠʥ, ʤʘʥʞʝʪʦʚ ʮʠʣʠʥʜʨʦʚ, ʟʘʤʝʥʘ ʥʘʢʣʘʜʦʢ, ʨʘʟʣʠʯʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʪʦʨʤʦʟʦʚ: 
ʧʦʣʥʘʷ, ʯʘʩʪʠʯʥʘʷ; ʨʘʩʪʦʯʢʘ ʪʦʨʤʦʟʥʳʭ ʙʘʨʘʙʘʥʦʚ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦ ʩʥʷʪʠʶ 
ʠ ʫʩʪʘʥʦʚʢʠ ʪʦʨʤʦʟʥʳʭ ʙʘʨʘʙʘʥʦʚ ʚ ʩʙʦʨʝ ʩʦ ʩʪʫʧʠʮʝʡ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʚʣʝʢʘʪʴ ʥʝ ʤʝʥʝʝ 
ʜʚʫʭ ʨʘʙʦʯʠʭ, ʪʘʢ ʢʘʢ ʩʥʷʪʴ, ʘ ʪʝʤ ʙʦʣʝʝ ʫʩʪʘʥʦʚʠʪʴ ʩʪʫʧʠʮʫ ʚ ʩʙʦʨʝ ʩ ʪʦʨʤʦʟʥʳʤ 
ʙʘʨʘʙʘʥʦʤ ʦʜʥʦʤʫ ʨʘʙʦʯʝʤʫ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠ ʩʥʷʪʠʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʩʙʦʨʦʯʥʳʭ 
ʝʜʠʥʠʮ ʠ ʜʝʪʘʣʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʬʠʟʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʠʣʠ 
ʥʝʫʜʦʙʩʪʚʘʤʠ ʚ ʨʘʙʦʪʝ, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʣʝʛʢʦʩʪʴ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ.  ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 
ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʣʝʞʢʠ ʜʣʷ ʩʥʷʪʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʫʩʪʘʥʦʚʢʠ ʪʦʨʤʦʟʥʳʭ ʙʘʨʘʙʘʥʦʚ ʚ 
ʩʙʦʨʝ ʩʦ ʩʪʫʧʠʮʝʡ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʆʧʠʩʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʝʣʝʞʢʘ ʜʣʷ ʩʥʷʪʠʷ, 
ʫʩʪʘʥʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʪʫʧʠʮ ʚ ʩʙʦʨʝ ʩ ʪʦʨʤʦʟʥʳʤ ʙʘʨʘʙʘʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 
ʣʠʩʪʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʩʪʦʠʪ ʠʟ: ʨʘʤʳ, ʩʚʘʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; ʜʚʫʭ 
ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ; ʛʠʜʨʦʥʘʩʦʩʘ; ʧʣʘʪʬʦʨʤʳ; ʜʚʫʭ ʦʧʦʨ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʫʢʣʘʜʢʠ 
ʩʪʫʧʠʮ; ʜʚʫʭ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩ ʠ ʦʜʥʦʛʦ ʟʘʜʥʝʛʦ ʟʘʧʨʘʚʣʷʝʤʦʛʦ ʢʦʣʝʩʘ. ʂ ʦʙʱʝʡ ʨʘʤʝ 
ʧʨʠʚʘʨʝʥʳ ʨʫʢʦʷʪʢʠ ʩ ʧʦʧʝʨʝʯʠʥʦʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʝʣʝʞʢʠ. ʆʧʦʨʳ ʠʤʝʶʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʧʦ ʚʳʩʦʪʝ ʚ ʧʨʝʜʝʣʘʭ 130 ʤʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 
ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʪʫʧʠʮʳ ʩ ʦʩʴʶ ʧʦʚʦʨʦʪʥʦʡ ʮʘʧʬʳ ʧʨʠ ʝʸ ʫʩʪʘʥʦʚʢʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 
ʩʭʝʤʘ ʪʝʣʝʞʢʠ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʩʪʫʧʠʮ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʦʜʲʝʤ ʠ 
ʦʧʫʩʢʘʥʠʝ ʧʣʘʪʬʦʨʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ 
ʛʠʜʨʦʥʘʩʦʩʦʤ, ʠ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʨʘʤʝ ʪʝʣʝʞʢʠ. ɼʣʷ ʬʠʢʩʠʨʦʚʘʥʠʷ 
ʩʪʫʧʠʮʳ ʢʦʣʝʩʘ ʥʘ ʨʘʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʝ ʬʠʢʩʠʨʫʶʱʠʝ ʦʧʦʨʳ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ 
ʧʘʜʝʥʠʝ ʩʪʫʧʠʮʳ ʩ ʪʝʣʝʞʢʠ. ʇʝʨʝʜʥʠʝ ʢʦʣʝʩʘ ʩʤʦʥʪʠʨʦʚʘʥʳ ʥʘ ʜʚʫʭ ʦʩʷʭ, ʧʨʠʢʨʫʯʝʥʥʳʭ 
ʢ ʥʘʢʣʘʜʢʘʤ ʨʘʤʳ ʛʘʡʢʘʤʠ. ɿʘʜʥʝʝ ʢʦʣʝʩʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʳʧʦʣʥʝʥʦ ʫʧʨʘʚʣʷʝʤʳʤ. ʆʥʦ 
ʩʤʦʥʪʠʨʦʚʘʥʦ ʥʘ ʧʦʚʦʨʦʪʥʦʤ ʧʘʣʴʮʝ, ʢʦʪʦʨʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 



ð 56 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʢʨʝʧʠʪʩʷ ʢ ʢʨʦʥʰʪʝʡʥʫ, ʧʨʠʚʘʨʝʥʥʦʤʫ ʢ ʨʘʤʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ. ɺʳʚʝʰʠʚʘʝʪʩʷ ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ʘʚʪʦʤʦʙʠʣʷ, ʦʪʚʦʨʘʯʠʚʘʶʪʩʷ ʛʘʡʢʠ ʢʨʝʧʣʝʥʠʷ 
ʩʪʫʧʠʮʳ ʢ ʦʩʠ.  

 
ʈʠʩ. 1 ʊʝʣʝʞʢʘ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʩʪʫʧʠʮ 

 

ʇʦʜ ʩʪʫʧʠʮʫ ʧʦʜʢʘʪʳʚʘʝʪʩʷ ʪʝʣʝʞʢʘ. ʄʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ ʧʦʜʚʦʜʠʤ ʦʧʦʨʳ ʧʦʜ 
ʥʘʨʫʞʥʫʶ ʯʘʩʪʴ ʩʪʫʧʠʮʳ ʘʚʪʦʤʦʙʠʣʷ. ʉʪʫʧʠʮʳ ʚ ʩʙʦʨʝ ʩ ʪʦʨʤʦʟʥʳʤ ʙʘʨʘʙʘʥʦʤ 
ʩʥʠʤʘʶʪʩʷ ʩ ʦʩʠ ʚʨʫʯʥʫʶ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʲʝʤʥʠʢʦʚ. ɼʘʣʝʝ ʩʪʫʧʠʮʫ ʧʦʜʚʝʨʛʘʶʪ ʨʝʤʦʥʪʫ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʣʦʱʘʜʢʝ ʠʣʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʚ ʤʘʩʪʝʨʩʢʫʶ, ʛʜʝ ʧʨʦʠʟʚʦʜʷʪ 
ʥʝʦʙʭʦʜʠʤʳʡ ʨʝʤʦʥʪ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʩʪʫʧʠʮʳ ʝʸ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʮʝʥʪʨʠʨʫʶʪ 
ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ ʠ ʫʩʪʘʥʦʚʦʯʥʦʡ ʦʩʴʶ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʢʘʪʳʚʘʶʪ ʥʘ ʪʝʣʝʞʢʝ ʥʘ ʦʩʴ 
ʧʦʚʦʨʦʪʥʦʡ ʮʘʧʬʳ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʪʫʧʠʮʳ ʥʘ ʤʝʩʪʦ ʪʝʣʝʞʢʘ ʫʙʠʨʘʝʪʩʷ, 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʫʩʪʠʚ ʦʧʦʨʳ. ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʦʧʝʨʘʮʠʠ ʧʦ ʢʨʝʧʣʝʥʠʶ ʩʪʫʧʠʮʳ 
ʥʘ ʦʩʠ ʮʘʧʬʳ. 

ʈʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 
ʈʘʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʝʤʘ. ʋʩʠʣʠʝ ʥʘ ʰʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʤʦʤʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ [1]: 
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Ö Ö  ʢʅ,    (1) 

ʛʜʝ Gʛ = 0,073 ï ʤʘʩʩʘ ʛʨʫʟʘ (ʩʪʫʧʠʮʘ ʘʚʪʦʤʦʙʠʣʷ ʂʘʤɸɿ ʚ ʩʙʦʨʝ ʩ ʪʦʨʤʦʟʥʳʤ 

ʙʘʨʘʙʘʥʦʤ), ʪ; Gʩ = 0,058  ï ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʧʦʜʲʝʤʥʦʡ ʠ ʧʦʜʚʠʞʥʳʭ ʧʣʘʪʬʦʨʤ, ʪ;  L 

=0,78 ïʜʣʠʥʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʩʣʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʤ; b ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʢ ʨʘʤʝ ʜʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ, ʤ; ʩ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʢ ʨʘʤʝ ʜʦ ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʷ ʰʪʦʢʘ 

ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʤ; n - ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, ʰʪ. 

 
ʈʠʩ. 2 ʄʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘ ʪʝʣʝʞʢʠ. 1- ʧʣʘʪʬʦʨʤʘ ʧʦʜʲʝʤʥʘʷ; 2- ʧʣʘʪʬʦʨʤʘ ʧʦʜʚʠʞʥʘʷ; 3- ʨʘʤʘ; 4- 

ʛʠʜʨʦʮʠʣʠʥʜʨ 












































































