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Abstract. The nonlocal boundary value problem with integral condition for the system of partial differential 

equations of second order is considered. Sufficient coefficients conditions of well-posed solvability of the problem are 

obtained by the parameterization method as well as algorithm of finding solution is offered. 

Keywords: integral condition, nonlocal boundary value problem, hyperbolic equation, Friedrichs, algorithm. 

 

We consider the following boundary value problem on ( ){ }Tttxttx ¢¢+¢¢=W 0,:, w , 0>T , 

0>w  with integral condition for the system of partial differential equations 
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( ) () [ ]Tttttu ,0,, 1 ÍY= ,      (3) 
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Here ( ) ( ) ( ) ( )( )txutxutxucoltxu n ,,...,,,,, 21=  is an unknown function;
xt

D
µ

µ
+

µ

µ
= ; ( )nn³  are ma-

trices ( )txɸ , , ( )txS , , ( )txK , , n  is vector-function ( )txf , , ( )nn³  are matrices ()xB , ()xC , n  is vector-

function ()xd  continued on W, [ ]w,0 , respectively. The n -vector-function ()t1Y  is continuously differentiable and 

n -vector-function ()t2Y  is continued on [ ]T,0 . 

Let ( )nRC ,W  be a space of functions 
nRu W: , are continuous on W, with norm  

 

( )
( )txuu

tx
,max

,0 WÍ
= ; 

( )
( )

( )
( )ä

=
=WÍWÍ

==
n

j

ij
nitxtx

txatxAA
1

,1,,
,maxmax,max , 

[ ]
()xdd

x w,01
max
Í

= , 

[ ]
()ti

Tt
i Y=Y

Í ,02
max , 2,1=i . 

 

In the present work are investigated a questions of well-posed solvability to wide extent of the nonlocal bound-

ary value problem (1)-(4).  

Nonlocal problem with integral conditions arises in mathematical modelling of various physical phenomena. 

Nonlocal boundary value problems with integral conditions for partial differential equations began to be studied rela-

tively recently, some classes of problems and a bibliography can be found in [4-5]. In [2] a nonlocal boundary value 

problem is considered with integral condition for a time variable for the system of hyperbolic equations with a mixed 

derivative. 

                                                           
É Abdikalikova G.A. / ɸʙʜʠʢʘʣʠʢʦʚʘ ɻ.ɸ., 2016 
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Used the workôs idea [1] we introduce new unknown functions ( ) ( )tx
x

u
txv ,,
µ

µ
= , ( ) Dutxw =,  and inves-

tigation problem is reduced to the equivalent problem for the system of hyperbolic first-order equations 

 

( ) ( ) ( ) ( )WÍ++= txtxfutxSvtxADv ,,,,, ,    (5) 

 

()( )[ ] ()( )[ ] ( )( ) ()xddssxvsxKTxvxCxvxB

T

xx =++ ñ+TTÍÍ ,,,0,
0

,,0 ww ,    (6) 

 

( ) () ( ) [ ]Ttdtvttxu

x

t

,0,,, 1 Í+Y= ñ hh ,     (7) 

 

( ) () ( ) [ ]TtdtDvttxw

x

t

,0,,, 2 Í+Y= ñ hh .    (8) 

 

A triple ( )( ) ( )( )txwtxutxv ,,,,,  of continuous functions on W is called a solution to problem (5)-(8) to 

wide extent of Friedrichs if the function ( ) ( )nRCtxv ,, WÍ  has a continuous derivative with respect to t  along char-

acteristic and satisfies family of ordinary differential equations, and condition (6), in which the functions ( )txu ,
 
and 

( )txw ,  are related to ( )txv ,
 
and ( )txDv ,  by the functional relations (7)-(8). 

Using method of the characteristic received in the ( ){ }T¢¢¢¢=H twxtx 0,0:, , 0>T , 0>w : 

 

( ) ( )( ) ( ),,
~

,~,
~~,

~~
txtxtxtx

t
fuSvA

v
++=

µ

µ
 [ ]T,0Ít ,    (9) 

 

()( ) ()( ) ( )( ) () [ ]wxxttxtxxxxx ,0,
~

,~,
~

,~~
0,~~

0

Í=++ ñ ddvKTvCvB

T

,   (10) 

 

( ) () ( ) [ ]Tdvu ,0,,~,~
1 Í+Y= ñ

+

tVtVttx
tx

t

,    (11) 

 

( ) () ( ) [ ]Td
v

w ,0,,
~

,~
2 Í

µ

µ
+Y= ñ
+

tVtV
t

ttx
tx

t

,    (12) 

 

where ( ) ( )ttxtx ,,~ +=vv , ( ) ( )ttxtx ,,~ +=uu , ( ) ( )ttxtx ,,~ +=ww , ( ) ( )ttxtx ,,
~

+=AA , 

( ) ( )ttxtx ,,
~

+=SS , ( ) ( )ttxtx ,,
~

+=KK , ( ) ( )ttxtx ,,
~

+=ff ; the ( )nn³  matrices ( ),,
~
txA  

( )tx,
~
S , ( )tx,

~
K , n -vector-function ( )tx,

~
f  is continuous on H; ( )nn³  are matrices ()xB

~
, ()xC

~
, n -vector-

function ()xd
~

 is continuous on [ ]w,0 , and n -vector-function ()t1Y  is continuously differentiable and n -vector-

function ()t2Y  is continuous on [ ]T,0 . 

Let ( )nRHC ,  be the space of continuous functions 
nRHv :~
on H with norm  

 

[ ] [ ]
( )txn

twx
,~maxmax~

,0,00
v

TÍÍ
= . 

 

The continuous functions ( )tx,~v  on H  are called a solution to problem (9)-(12) if the function 
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( ) ( )nRHCv ,,~ Ítx  has a continuous derivative with respect to t and satisfies family of boundary value problem 

for the system of ordinary differential equations, and condition (10), in which the functions ( )tx,~u
 
and ( )tx,~w  are 

related to ( )tx,~v
 
and ( )tx

t
,

~

µ

µv
 by the functional relations (11)-(12). 

The continuous functions ( ) ( )ttxutxu ,~, -=
 
on W are called a solution to wide extent of boundary value 

problem for the system of partial differential equations (1) with nonlocal integral conditions (2)-(4). 

For the finding solution of boundary value problem (9)-(12), an algorithm is offered. 

Step 0: in (9) accepting ( ) ()ttx 1,~ Y=u , and solved two-point boundary value problem (9)-(10) we shall de-

fine initial approach 
()( )tx,~ 0v . Using the ( ) ()( )txtx ,~,~ 0vv = , 

()

tt µ

µ
=

µ

µ 0~~ vv
 from correlation (11)-(12) finding 

()( )tx,~ 0u  and
()( )tx,~ 0w , respectively. 

Step 1: we shall take in right part (9)( ) ()( )txtx ,~,~ 0uu = , and solving boundary value problem (9)-(10) we 

shall define initial approximation
()( )tx,~ 1v . Substituting in (11)-(12) the function 

()( )tx,~ 1v  is found, as well as 

()

( )tx
t

,
~ 1

µ

µv
 finding 

()( )tx,~ 1u  and 
()( )tx,~ 1w . And so on.  

On stepk : continuing this process we shall get 
()( ) ()( ) ()( )( )txtxtx ,~,,~,,~ kkk wuv . 

By fixed ( )tx,~u , [ ]wx ,0Í  the problem (9)-(10) will be family of two pointôs problem for equations 

 

( ) ( ),,
~~,

~~
txtx

t
GvA

v
+=

µ

µ [ ]T,0Ít .     (13) 

 

The continuous function 
nRHv :~

 that has a continuous derivative with respect to t on H is called a 

solution of the family two point boundary value problems (13), (10) if it satisfies system (13) and condition (10) for all 

( )HÍtx,  and [ ]wx ,0Í , respectively. 

Definition 1. A family of two point boundary value problem (13), (10) is said to be well-posed solvable if it 

has a unique solution ( ) ( )nRHʉv ,,~ Ítx  for any functions ( )tx,
~
G

 
and ()xd

~
 
and this solution satisfies the esti-

mate 

 

[ ]
( ) ()

[ ]
( ) ö

÷
õæ

ç
å¢
ÍÍ 1,0,0

~
,,

~
maxmax

~
,~max dGKv

TT
txxtx

tt
, 

 

where ()xK
~

 is a continuous function on [ ]w,0  independent on ( )tx,
~
G and

 
()xd

~
. 

Definition 2. The boundary value problem (1)-(4) is said to be well-posed solvable if it has a unique solution 

( ) ( )nRʉtxu ,, WÍ*
 for any functions ( )txf , , ()xd , ()t1Y  and ()t2Y  and this solution satisfies the estimate  

 

( )
222110

0
0

,,,max,max YY¢öö
÷

õ
ææ
ç

å

µ

µ
dfK

x

u
u , 

 

where constK =  independent on ( )txf , , ()xd , ()t1Y  and ()t2Y . 

To family two points of boundary value problem for the ordinary differential equations using the parameteriza-

tion method [3]. 

Sufficient conditions are obtained for the unique and well-posed solvability of the problem in the terms of in-

vertibility of the matrix, and boundary condition.  

Theorem 1. Let for some TNhh => :0  and ,...,2,1, =nn  ( )nNnN³  ï matrix ( )hQ ,xn  invertible 

for all [ ]wx ,0Í  and are satisfied: 
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(i) ( )[ ] ();,
1

hhQ nn gx ¢
-

 

 

(ii) ( ) () (){ } () ()
()( )

³ù
ú

ø
é
ê

è
----=

n

xa

nn
n

xa
xaxgx

!
...1

~
,1max,

h
heChhhq h

 

( )
( )

( ) 1,,
~

max
1

<¢³ñ
-

sttxtx dvK

rh

hr

, 

 

where ()
[ ]

( )txxa
t

,
~

max
,0

A
TÍ

= , const=s . 

Then following approximate 
()( ) ()( ) ()( )( )txtxtx ,~,,~,,~ kkk wuv  converges to the unique solution of the prob-

lem (9)-(12). 

At proof of the theorem scheme proof theorems 1 [3, p. 54] and theorems [1] are used. 

Theorem 2. Let the fulfilment of conditions theorem 1. Then nonlocal boundary value problem (1)-(4) has the 

unique solution ( ) ( )nRCtxu ,, WÍ*
. 

From theorem 1 follows, that problem (9)-(12) is uniquely solvable. Since problem (9)-(12) to equivalent prob-

lem (5)-(8), as well as boundary value problem (5)-(8) and (1)-(4) equivalent, find that the nonlocal boundary value 

problem with integral condition for the system of partial differential equations of the second order (1)-(4) has the unique 

solution ( ) ( )nRCtxu ,, WÍ*
. 

Theorem 3. Let be family of two pointôs boundary value problem (13), (10) for the differential equations of the 

well-posed solvability. Then following approximate 
()( ) ()( ) ()( )( )txtxtx ,~,,~,,~ kkk wuv  converges to the unique solu-

tion of the problem (9)-(12) and nonlocal boundary value problem (1)-(4) there is well-posed solvability to the wide 

extent. 

If solution built in the wide extent, continuously differentiable with respect to x  and t , that function ( )txu ,  

has continuous partial derivatives 
t

u

µ

µ ,
x

u

µ

µ , 
ù
ú

ø
é
ê

è

µ

µ

x

u
D  and satisfies equation (1) for all ( )WÍtx,  and conditions (2)-(4) is 

and classical solution nonlocal boundary value problem (1)-(4).  
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ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 07.04.16. 

 

 

ʆ ʅɽʃʆʂɸʃʔʅʆʁ ʂʈɸɽɺʆʁ ɿɸɼɸʏɽ ʉ ʀʅʊɽɻʈɸʃʔʅʓʄ 

ʋʉʃʆɺʀɽʄ ɼʃʗ ʋʈɸɺʅɽʅʀʁ ɺ ʏɸʉʊʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ 
 

ɻ.ɸ. ɸʙʜʠʢʘʣʠʢʦʚʘ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʣʦʢʘʣʴʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʄʝʪʦʜʦʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʥʳʝ 

ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, ʥʝʣʦʢʘʣʴʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʌʨʠ-

ʜʨʠʭʩ, ʘʣʛʦʨʠʪʤ. 
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ʋɼʂ 529.539 

 

ɼɺʀɾɽʅʀɽ ɾʀɼʂʆʉʊʀ ɺ ʆɹʆʃʆʏʂɽ ʉ ʋʏɽʊʆʄ ɾɽʉʊʂʆʉʊʀ ɺʅɽʐʅɽʁ ʉʈɽɼʓ* 
 

 ɸ.ɹ. ɸʣʠʝʚ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʫʤʝʨʥʘʷ ʟʘʜʘʯʘ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ ʚ ʠʜʝ-

ʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʫʧʨʫʛʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʙʦʣʦʯʢʝ ʧʦʩʪʦʷʥʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʩʝʯʝʥʠʷ. 

ʋʯʠʪʳʚʘʝʪʩʷ ʞʝʩʪʢʦʩʪʴ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʦʣʫʯʝʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʜʝʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʫʧʨʫʛʘʷ ʦʙʦʣʦʯʢʘ, ʚʦʣʥʳ, ʟʘʪʫʭʘʥʠʝ. 

 

1. ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
ɺ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʦʙʦʣʦʯʢʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʞʠʜʢʦʩʪʴ, ʚʭʦʜʷʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʦʣʦʯʢʠ ʠ ʞʠʜʢʦʩʪʠ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʠ ʠ ʦʙʦʣʦʯʢʠ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʠ ʥʘ ʦʩʠ ʦʙʦʣʦʯʢʠ.  

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʦʣʦʯʢʠ. ʇʫʩʪʴ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʘʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʢʨʫʛʦʚʘʷ 

ʦʙʦʣʦʯʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʠʤʝʶʱʝʛʦ ʨʘʜʠʫʩ R, ʧʣʦʪʥʦʩʪʴ *r  ʠ ʪʦʣʱʠʥʫ h2 . ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ),,( rxq  ʠ ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʚʦʟʤʫʱʝʥʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʠʩʢʣʶʯʘʝʪʩʷ ʢʨʫʪʠʣʴʥʘʷ ʚʦʣʥʘ ʚ ʦʙʦʣʦʯʢʝ. ʇʨʝʜʧʦʣʘʛʘʷ ʦʙʦʣʦʯʢʫ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʜʣʷ ʦʩʝʚʦʡ x  ʠ 

ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ r  ʠʤʝʝʤ 

 

,0 +¤<¢x  Rr ¢¢0  

 

ʊʝʧʝʨʴ ʙʝʟʤʦʤʝʥʪʥʳʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʦʣʦʯʢʠ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ [1, 3]. 
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      (1) 

 

ʉʦʦʪʥʦʰʝʥʠʷ ʫʧʨʫʛʦʩʪʠ. ʃʠʥʝʡʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 1T  ʠ 2T  ʩ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ u
C

 ʠ w
C

 ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ ʦʙʦʣʦʯʝʢ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [3].  
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ɿʜʝʩʴ -E ʤʦʜʫʣʴ ʖʥʛʘ, ʘ -n ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ʅʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʙʦʣʦʯʢʫ. ʅʘ ʩʪʝʥʫ ʦʙʦʣʦʯʢʠ ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʥʘʧʨʷʞʝʥʠʡ. 1. ɻʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʩʦ ʩʪʦʨʦʥʳ ʞʠʜʢʦʩʪʠ ʠ ʨʘʚʥʦʝ -p  ʛʜʝ ʚʦʟʤʫʱʝʥʠʝ ʜʘʚʣʝʥʠʷ ʞʠʜ-

ʢʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ r . ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʩʪʝʥʢʝ [4] ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʚʥʦʩʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ ʨʘʚʝʥʩʪʚʘ  
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ʚ ʢʦʪʦʨʳʭ 1G  ʠ -2G ʟʘʜʘʚʘʝʤʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

                                                           
É ɸʣʠʝʚ ɸ.ɹ. / Aliyev A.B., 2016 
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ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʢʦʥʪʘʢʪʥʦʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʜʢʦʩʪʠ. ɾʠʜʢʦʩʪʴ ʧʨʠʥʠʤʘʝʤ 

ʠʜʝʘʣʴʥʦʡ, ʦʜʥʦʨʦʜʥʦʡ ʠ ʥʝʩʞʠʤʘʝʤʦʡ (ʩ ʧʣʦʪʥʦʩʪʴʶ fr ). ʊʝʯʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʚʦʟʤʫʱʝʥʠʠ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʙʝʟʚʠʭʨʝʚʳʤ. ʊʦʛʜʘ, ʙʝʟ ʫʯʝʪʘ ʤʘʩʩʦʚʳʭ ʩʠʣ (ʩʠʣʳ ʪʷʞʝʩʪʠ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ 

j, ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ  
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ʉʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ V
C
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʦʟʤʫʱʝʥʠʶ, ʩʚʷʟʘʥʘ ʩ ʧʦʪʝʥʮʠʘʣʦʤ j ʨʘʚʝʥʩʪʚʦʤ  

 

jgradV =
C

           (6) 

 

ʋʯʠʪʳʚʘʷ ʨʘʚʝʥʩʪʚʦ (6), ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʝ ʢʦʥʪʘʢʪʥʦʝ ʫʩʣʦʚʠʝ ʝʩʪʴ  
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 ʧʨʠ Rr = .       (7) 

 

ʅʘ ʦʩʠ ʪʨʫʙʢʠ 0=r  ʧʦʪʝʥʮʠʘʣ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ. 

2. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʊʝʧʝʨʴ ʟʘʜʘʯʘ ʧʦʣʥʦʩʪʴʶ ʧʦʩʪʘʚʣʝʥʘ. ʉʚʝʜʝʤ ʝʝ ʢ ʨʝʰʝʥʠʶ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʌʫʨʴʝ (ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ). ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʩʥʘʯʘʣʘ ʠʩʢʘʪʴ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4), ʥʝ ʨʘʚʥʳʝ ʪʦʞʜʝʩʪʚʝʥʥʦ ʥʫʣʶ, ʚ 

ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ  

 

)()()( 11* rxtA jjj=        (8) 

 

ʛʜʝ -)(* tA  ʧʦʢʘ ʝʱʝ ʥʝ ʦʧʨʝʜʝʣʝʥʥʘʷ ʬʫʥʢʮʠʷ . ʇʦʜʩʪʘʚʣʷʷ (8) ʚ ʫʨʘʚʥʝʥʠʝ (4), ʧʦʣʫʯʠʤ  
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ʇʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ, ʣʝʚʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ x, ʘ ʧʨʘʚʘʷ ï ʪʦʣʴʢʦ ʦʪ r , ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʝ ʯʘʩʪʠ ʥʝ ʟʘʚʠʩʷʪ ʥʠ ʦʪ x, ʥʠ ʦʪ r , ʪ. ʝ. ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʧʦʩʪʦʷʥʥʫʶ . 

ʆʙʦʟʥʘʯʠʤ ʵʪʫ ʧʦʩʪʦʷʥʥʫʶ ʯʝʨʝʟ 
2g . ʕʪʘ ʢʦʥʩʪʘʥʪʘ ʨʘʟʜʝʣʝʥʠʷ, ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʦʪʦʨʦʡ ʢʚʘʜʨʘʪ ʚʦʣʥʦʚʦʛʦ 

ʯʠʩʣʘ. ʊʦʛʜʘ ʠʟ ʨʘʚʝʥʩʪʚʘ (8¡) ʧʦʣʫʯʠʤ ʜʚʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ  
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ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (9) ʠʤʝʝʪ ʚʠʜ  
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ʛʜʝ 1A  ʠ 
¡

1A  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʆʩʪʘʚʣʷʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʣʴʢʦ ʚʦʣʥʫ, ʙʝʛʫʱʫʶ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x  ( 0=¡A ), ʜʣʷ ʬʫʥʢʮʠʠ 1j ʟʘʧʠʰʝʤ  

 
xieA gj -= 11

       (11) 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (10) ʚʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʫʶ ʧʝʨʝʤʝʥʥʫʶ riz g= . ʕʪʦ ʩʚʦʜʠʪ (10) ʢ ʫʨʘʚʥʝʥʠʶ 
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ɽʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ  
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¡

+=  

 

ɿʜʝʩʴ -)(0 riJ g ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ, ʘ -0Y  ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʚʪʦʨʦʛʦ ʨʦ-

ʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ . ʊʘʢ ʢʘʢ ¤)(0 riY g  ʧʨʠ 0r , ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ 02 =
¡

A . ʕʪʦ ʫʩʣʦʚʠʝ ʜʘʝʪ  

 

)(022 riJA gj=             (12) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (11) ʠ (12) ʚ (8) ʠ ʧʨʠʥʠʤʘʷ 21* )()( AAtAtA = , ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʟʘʧʠʰʝʤ  

 

)exp()()( 0 xiriJtA ggj -=       (13) 

 

3. ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠʚʝʜʝʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʦʣʦʯʢʠ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʷ ʚ ʜʚʫʭ ʫʨʘʚʥʝʥʠʷʭ (1) ʨʘʚʝʥʩʪʚʘ (2) ʠ (3),  
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ʛʜʝ, ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʟʘʧʠʩʠ, ʚʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ  
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ʧʨʠʯʝʤ ʚ ʩʠʣʫ ʪʦʥʢʦʩʪʝʥʥʦʩʪʠ 1>>x . ɼʘʣʝʝ ʧʦʣʦʞʠʤ, ʯʪʦ  

 

)exp()()( xitwtw g-=
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       (15) 

 

)exp()()( xitutu g-=
C

       (16) 
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ɿʜʝʩʴ )(tw  ʠ -)(tu ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ. ʆʪʩʶʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʪʝʢʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʴʟʫʷʩʴ ʚʳʨʘʞʝʥʠʝʤ (5), ʟʘʢʣʶʯʘʝʤ, ʯʪʦ  
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ɼʘʣʴʥʝʡʰʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʬʦʨʤʫʣ (15)-(17) ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (14) ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʝ 
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ʇʦʩʣʝ ʧʦʩʪʘʥʦʚʢʠ 
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ʇʦʩʣʝʜʫʶʱʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʬʦʨʤʫʣ (19) ʚ (18) ʜʘʝʪ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
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ɼʚʘ ʫʨʘʚʥʝʥʠʷ (20) ʠʤʝʶʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʤʝʝʤ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʝʝ 

ʦʧʨʝʜʝʣʠʪʝʣʷ 
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ʫʨʘʚʥʝʥʠʝ  

 

{ }
0)1(

)()(1)(

2

21

2

12

2

1

2

2

24

=-+-++

++++-

nxxxd

dxddxwdw

gggigi

iMgiiMgiiM
    (22) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʥʝʰʥʝʡ ʞʝʩʪʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ ʟʘʪʫʭʘʥʠʷ 

ʥʝʩʤʦʪʨʷ ʥʘ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ çʦʙʦʣʦʯʢʝ-ʞʠʜʢʦʩʪʴè. 

 

* ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚʦʛʦ ʧʨʦʝʢʪʘ ˉ18 ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʅʝʬʪʷʥʦʡ ʢʦʤʧʘʥʠʠ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʅɸʅɸ ʥʘ ʪʝʤʫ 

çʂʦʤʧʣʝʢʩ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʧʨʦʙʣʝʤ ʛʝʦʤʝʭʘʥʠʢʠè. 
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TO HARDNESS OF EXTERNAL ENVIRONMENT  
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Abstract. The paper studies two-dimensional problem of small amplitude wave propagation in incompressible 

ideal fluid, flowing in elastically isotropic shell with fixed circular cross-section. The hardness of external environment 

is taken into the account. Dispersion equation is received. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʉɽɼʀʄɽʅʊɸʎʀʀ 

ʀ ʌʀʃʔʊʈɸʎʀʀ ɺ ɼʀʉʇɽʈʉʅʆʁ ʉʄɽʉʀ 
 

 ʊ. ɸʤʘʥʙʘʝʚ1, ɹ. ʊʫʣʝʛʝʥʦʚʘ2, ɻ. ʊʠʣʝʫʦʚ3, ʄ. ʉʘʣʳʭʘʥ4, ɸ. ɸʡʞʘʥʦʚʘ5 
1 ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 2 ʜʦʢʪʦʨ PhD, 3 ʤʘʛʠʩʪʨ, 4, 5 ʩʪʫʜʝʥʪ 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʩ ʫʯʝʪʦʤ ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ ʠ 

ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʩʝʜʠʤʝʥʪʠʨʫʶʱʠʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʫʩʧʝʥʟʠʠ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʩʤʝʩʠ, ʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ 

ʩʣʦʡ ʦʩʘʜʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʟʘʢʦʥʝ ɼʘʨʩʠ. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʭʘʨʘʢ-

ʪʝʨʥʳʭ ʚʨʝʤʝʥ ʩʝʜʠʤʝʥʪʘʮʠʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʧʝʨʩʥʘʷ ʩʤʝʩʴ, ʩʝʜʠʤʝʥʪʘʮʠʷ, ʬʠʣʴʪʨʘʮʠʷ. 

 

ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʬʠʣʴʪʨʘʮʠʶ ʩʫʩʧʝʥʟʠʠ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ ʩʣʦʡ [1ï

5]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ, ʩʝʜʠʤʝʥʪʘʮʠʠ ʯʘʩʪʠʮ ʠ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʯʘʩʪʠʮʳ ʦʩʘʞʜʘʶʪʩʷ, ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ ʜʠʩʧʝʨʩ-

ʥʦʡ ʩʤʝʩʠ: ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʦʩʫʜʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʯʠʩʪʘʷ ʞʠʜʢʦʩʪʴ, ʘ ʚʥʠʟʫ ï ʦʩʘʜʦʢ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʩʦ ʚʨʝ-

ʤʝʥʝʤ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ. ʉʣʦʡ ʦʩʘʜʢʘ ʧʨʠʤʝʤ ʢʘʢ ʦʜʥʦʨʦʜʥʫʶ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ. ɿʘʜʘʯʫ ʨʘʩ-

ʩʤʦʪʨʠʤ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʇʘʨʘʤʝʪʨʳ ʞʠʜʢʦʡ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟ ʦʪʤʝʯʝʥʳ ʥʠʞʥʠʤʠ ʠʥʜʝʢʩʘʤʠ 1 ʠ 2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʚʥʝ ʧʦʨʠʩʪʦʛʦ ʦʩʘʜʢʘ ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ [2] 
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                            111 Ŭɟɟ A= ,  222 arr A= , 121 =+aa .                                                  (3) 

  

ɿʜʝʩʴ 1v , 2v , 
A
1r, 

A
2r ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʦʨʦʩʪʠ, ʠʩʪʠʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʥʝʩʫʱʝʡ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟ; p 

ï ʜʘʚʣʝʥʠʝ; g ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ; t ï ʚʨʝʤʷ. ʋʨʘʚʥʝʥʠʷ (1) ʵʪʦ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, (2) ï ʫʨʘʚʥʝʥʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʬʘʟ, ʛʜʝ ʩʠʣʘ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʜʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʉʪʦʢʩʘ [2]. 

ʇʣʦʪʥʦʩʪʠ ʠ ʦʙʲʝʤʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (3). 

ʉʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ u ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (ʟʘʢʦʥ ɼʘʨʩʠ) [4] 
 

CaHCu -=-= grad ,    mr= /1gkC A
. 

 

ɿʜʝʩʴ C ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ, k ï ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ.  

ʀʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʜʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʡ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟ ʩʫʩʧʝʥʟʠʠ  
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ɼʣʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʢʘ ʠʤʝʝʤ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ  
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ʛʜʝ *a2  ï ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʚ ʦʩʘʜʢʝ. 

                                                           
É ɸʤʘʥʙʘʝʚ ʊ., ʊʫʣʝʛʝʥʦʚʘ ɹ., ʊʠʣʝʫʦʚ ɻ., ʉʘʣʳʭʘʥ ʄ., ɸʡʞʘʥʦʚʘ ɸ. / Amanbaev T., Tulegenova B., Tylleuov G., Salykhan M., 

Aijanova A., 2016 
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ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ, ʩʫʩʧʝʥ-

ʟʠʠ ʠ ʦʩʘʜʢʘ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝ-

ʣʘ ʚʦ ʚʨʝʤʝʥʠ  

 

) , ,( sds hhhU
dt

dh
= ,    ) , ,( sdss

s hhhV
dt

dh
= ,    ) , ,( sdssd

sd hhhV
dt

dh
= , 

      

 

ɿʜʝʩʴ ,  ï ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʦʩʘʜʦʢ ʠ ʬʠʣʴʪʨʘʮʠʠ, 

ʧʨʠʯʝʤ Ftt <*  (ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ  ʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), T ï ʚʨʝʤʷ ʧʦʣʥʦ-

ʛʦ ʚʳʪʝʢʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʩʫʩʧʝʥʟʠʠ, ʚʢʣʶʯʘʷ ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʧʦʨʠʩʪʦʛʦ ʦʩʘʜʢʘ (ʫʩʪʘʥʘʚʣʠʚʘʝʪ-

ʩʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ h=0).  

ʌʦʨʤʫʣʘ ʜʣʷ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʬʠʣʴʪʨʘʮʠʠ ʩʫʩʧʝʥʟʠʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠʟ-ʟʘ 

ʬʠʣʴʪʨʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʦʩʘʜʢʘ (ʪ.ʝ. ʚʳʧʦʣʥʠʪʩʷ ʫʩʣʦʚʠʝ  ) ʠʤʝʝʪ ʚʠʜ 

 

. 

 

ʇʦʣʫʯʝʥʥʘʷ ʬʦʨʤʫʣʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʚʨʝʤʷ ʧʦʣʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʫʩʧʝʥʟʠʠ Ft  ʯʝʨʝʟ ʚʨʝʤʷ ʧʦʣ-

ʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ *t  (ʠʣʠ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ ). 
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Abstract. The model of the suspension behavior taking into account the liquid filtration and sediment for-

mation processes by sediment dispersed particles is suggested. For describing the dynamics of suspension we use an 

equations system of two-phase mixture motion, and for the description of fluid motion through the porous layer of sedi-

ment we applied filtering equation based on Darcy's law. The formulas for the time characteristic of sediment formation 

and liquid filtration were revealed. 
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ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼʆɺ ʊɽʆʈʀʀ ʂɸʏɽʉʊɺ ʇʈʀ ʈɽʐɽʅʀʀ ʆɹʈɸʊʅʓʍ ɿɸɼɸʏ 
 

 ʅ.ɺ. ɸʩʘʥʦʚʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʌɻɹʆʋ ɺʆ çɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʣʫʯʰʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʢʘʯʝʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʢʦʨʨʝʢʪʥʳʝ ʟʘʜʘʯʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ, ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ, ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʂʦʣʤʦʛʦʨʦʚʘ-ʅʘʛʫʤʦ, ʪʝʦʨʠʷ ʢʘʯʝʩʪʚ. 
 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ [1], ʧʣʦʭʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʙʲʝʢ-

ʪʠʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʧʦʣʥʝʥ ʵʢʩʧʝʨʪʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠ-

ʷʤʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚʤʝʩʪʦ ʦʪʳʩʢʘʥʠʷ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ, ʧʦ-

ʨʦʞʜʘʝʤʦʛʦ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʨʘʟʳʩʢʠʚʘʝʪʩʷ ʵʢʩʪʨʝʤʫʤ ʙʦʣʝʝ ʦʙʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʚ ʢʦʪʦʨʳʡ 

ʩʪʘʥʜʘʨʪʥʘʷ ʤʝʨʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʚʭʦʜʠʪ ʥʘʨʷʜʫ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʘʧʨʠʦʨʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʣʠʙʦ ʢʦʩʚʝʥʥʦʡ, ʣʠʙʦ ʵʤʧʠʨʠʯʝʩʢʦʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤ ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙ-

ʨʘʙʦʪʢʠ. ɼʣʷ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʢʘʯʝʩʪʚ ɹʨʳʟʛʘʣʠʥʘ ɻ. ʀ. [4]. 

ʆʩʥʦʚʥʘʷ ʩʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʢʘʞʜʦʛʦ ʩʚʦʡʩʪʚʘ ʠʣʠ ʧʘʨʘʤʝʪʨʘ pi 

ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʝʧʝʥʴ ʝʛʦ ʧʨʠʝʤʣʝʤʦʩʪʠ qi, ʥʘʟʳʚʘʝʤʘʷ ʟʥʘʯʝʥʠʝʤ ʯʘʩʪʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʜʘʥʥʦʤʫ ʩʚʦʡʩʪʚʫ. ʉʚʦʡʩʪʚʘ ʠʟʤʝʨʷʶʪʩʷ ʢʘʞʜʦʝ ʚ ʩʚʦʝʡ ʰʢʘʣʝ, ʘ ʚʩʝ ʯʘʩʪʥʳʝ ʠ ʝʜʠʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʤʝ-

ʨʷʶʪʩʷ ʚ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʰʢʘʣʝ ʢʘʯʝʩʪʚ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʘ ʥʦʨʤʠʨʦʚʢʘ ʩʚʦʡʩʪʚ (ʧʨʠʚʝʜʝʥʠʝ ʧʨʠʝʤʣʝʤʦʩʪʠ ʠʭ ʟʥʘʯʝʥʠʡ ʢ ʝʜʠʥʦʡ ʰʢʘʣʝ ʢʘ-

ʯʝʩʪʚ), ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʨʘʚʥʠʚʘʪʴ ʧʦ ʩʪʝʧʝʥʠ ʧʨʠʝʤʣʝʤʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʩʚʦʡʩʪʚʘ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʥʦ ʠ ʟʥʘʯʝʥʠʷ ʨʘʟʥʳʭ ʩʚʦʡʩʪʚ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʰʢʘʣʝ ʢʘʯʝʩʪʚ. ʇʦʠʩʢ ʩʠʩʪʝʤʳ ʢʦʤʧʨʦʤʠʩʩʦʚ, ʩʦʛʣʘʩʦʚʘʥʥʦ ʫʯʠʪʳʚʘʶ-

ʱʝʡ ʠʛʨʫ ʯʘʩʪʥʳʭ ʢʘʯʝʩʪʚ, ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʢʘʣʷʨʥʦʡ ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʝʜʠʥʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʲʝʢʪʘ: 
 

q = q (q1, q2, ..., qn),      (1) 
 

ʩ ʦʙʣʘʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚ n-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʯʝʩʪʚ. 

ɿʘʚʝʨʰʠʚ ʧʦʩʪʨʦʝʥʠʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ ʝʜʠʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʚʦʡʩʪʚ: 
 

q = q (q1(p1), q2(p2), ..., qn(pn))           (2) 
 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʝʤ ʠ ʢʘʢ ʦʥʠ ʢʦʥʢʨʝʪʥʦ ʦʧʨʝʜʝʣʝʥʳ, ʬʫʥʢʮʠʠ (1), (2) ʩʣʫʞʘʪ ʬʦʨʤʘʣʴʥʦʡ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʩʠʩʪʝʤʳ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʜʙʦʨʘ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʦʨʝʤʦʡ: ʧʫʩʪʴ ʬʫʥʢʮʠʠ 

f f fn1 2, ,...,  ʦʧʨʝʜʝʣʝʥʳ, ʥʝʧʨʝʨʳʚʥʳ ʠ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʥʘ ʠʥʪʝʨʚʘʣʝ W RÌ . ʊʦʛʜʘ ʥʝʷʚʥʘʷ 

ʬʫʥʢʮʠʷ q, ʟʘʜʘʚʘʝʤʘʷ ʫʨʘʚʥʝʥʠʝʤ: 
 

ä ä
= =

=
n

k

n

k
kkk qfqf

1 1

)()(           (3) 

 

ʩʫʱʝʩʪʚʫʝʪ, ʝʜʠʥʩʪʚʝʥʥʘ, ʥʝʧʨʝʨʳʚʥʘ ʠ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʥʘ ʦʙʣʘʩʪʠ W n
. ʂʣʘʩʩ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʢʣʘʩʩʘ ʩʨʝʜʥʠʭ ʂʦʣʤʦʛʦʨʦʚʘ-ʅʘʛʫʤʦ, ʦʪʣʠʯʘʷʩʴ ʦʪ ʧʦʩʣʝʜʥʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʙʦʨʘ ʬʫʥʢʮʠʡ fk. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʪʫ ʧʦʜʙʠʨʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ çʚʝʩʘè ʜʣʷ ʢʘʞʜʦʛʦ ʯʘʩʪʥʦʛʦ ʢʘʯʝʩʪʚʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʢʦʥʝʯʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʚʚʦʜʠʤʳʭ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ ʠ ʧʦʪʦʤʫ ʪʨʝʙʫʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ. ʕʪʦ ʥʝ ʫʤʝʥʴʰʘʝʪ ʮʝʥʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʧʦʜʭʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʤʦʛʫʪ ʣʝʛʢʦ ʫʪʦʯʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ. ɺ ʠʪʦʛʝ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ ʠʟ ʩʝʨʠʠ çʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭè ʨʝʰʝʥʠʡ, ʥʘʠʙʦʣʝʝ ʧʨʘʚ-

ʜʦʧʦʜʦʙʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʫʶ ʨʝʘʣʴʥʫʶ ʩʠʪʫʘʮʠʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʯʘʱʝ ʚʩʝʛʦ ʚʳʩʪʫʧʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʘʥʪ ʧʨʦ-

ʮʝʩʩʘ ʠ ʪ.ʜ. ɽʜʠʥʦʝ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʨʝʜʥʝʛʦ (46). ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʨʝʜʥʷʶʱʝʡ ʬʫʥʢʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʣʠʙʦ ln(x), ʣʠʙʦ ex, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʱʝʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʚ ʚʠʜʝ: 
 

))(/1ln( 21 nqqq
eeenq
---

+++-= 2               (4) 

ʠʣʠ: 
 

                                                           
É ɸʩʘʥʦʚʘ ʅ.ɺ. / Asanova N.V., 2016 
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)))ln()ln()(ln(/1exp( 21 nqqqnq +++= 2                           (5) 
 

ɺʳʙʦʨ ʵʪʠʭ ʜʚʫʭ ʦʩʨʝʜʥʝʥʠʡ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʠʟʤʝʥʝ-

ʥʠʶ ʯʘʩʪʥʳʭ ʢʘʯʝʩʪʚ, ʯʝʤ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ. ʊʘʢ, ʚ ʩʣʫʯʘʝ (4) ʫʚʝʣʠʯʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʯʘʩʪʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʯʨʝʟʤʝʨʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʝʜʠʥʦʛʦ ʢʘʯʝʩʪʚʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ (5) ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ 

ʜʝʣʘʝʪʩʷ ʥʘ ʪʦ, ʯʪʦ ʩʠʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦ ʣʶʙʦʤʫ ʦʜʥʦʤʫ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʪʘʩʪʨʦʬʠ-

ʯʝʩʢʦʤʫ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʢʘʢʠʭ-ʪʦ ʢʨʠ-

ʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʮʝʣʦʤ ʞʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʦʩʨʝʜʥʝʥʠʷʤʠ ʥʝ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʥʝʤʫ ʪʨʝʙʦʚʘʥʠʡ ʠʥʦʛʜʘ ʨʘʟʫʤʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʜʨʫʛʠʝ ʦʩʨʝʜʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, arctg(x), ʝʩʣʠ ʚ ʯʘʩʪʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ 

ʫʭʫʜʰʝʥʠʝ ʢʘʢʠʭ-ʪʦ ʢʘʯʝʩʪʚ ʩʠʩʪʝʤʳ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʦʙʱʝʛʦ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ. 

ʊʝʧʝʨʴ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʠʟ ʦʙʣʘʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʧʦʢʘʞʝʤ, ʯʪʦ ʦʙʱʠʡ ʬʫʥʢʮʠʦʥʘʣ, ʧʦ-

ʩʪʨʦʝʥʥʳʡ ʢʘʢ ʝʜʠʥʦʝ ʢʘʯʝʩʪʚʦ, ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴʶ, ʯʝʤ ʬʫʥʢʮʠʦʥʘʣ, ʧʦʨʦʞʜʘʝʤʳʡ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʠʟ ʩʪʘʪʴʠ [1] ï ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʧʝʨ-

ʚʦʛʦ ʧʦʨʷʜʢʘ, ʠ ʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʘ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʜʘʥ-

ʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ. 

ʇʝʨʝʬʦʨʤʫʣʠʨʫʝʤ ʵʪʫ ʟʘʜʘʯʫ, ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʢʩʧʝʨʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ 

ʢʘʯʝʩʪʚ. ʕʢʩʧʝʨʪʘʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ (ʪʘʙʣʠʮʘ 1), ʢʦʪʦʨʳʤ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʬʫʥʢʮʠʠ ʯʘʩʪʥʦʛʦ ʢʘʯʝʩʪʚʘ. 
 

ʊʘʙʣʠʮʘ 1 

ʉʠʩʪʝʤʘ ʯʘʩʪʥʳʭ ʢʘʯʝʩʪʚ 
ʉʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʅʝʧʨʠʝʤʣʝʤʳʝ ʟʥʘʯʝʥʠʷ ʇʨʠʝʤʣʝʤʳʝ ʟʥʘʯʝʥʠʷ ʌʫʥʢʮʠʷ ʯʘʩʪʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʅʦʨʤʘʣʴʥʦ ʇʨʝʚʦʩʭʦʜʥʦ 

ɼʠʩʧʝʨʩʠʷ ʙʦʣʝʝ 
6101 -Ö  [ ]67 101,101 -- ÖÖ  ʤʝʥʝʝ 1Ŀ10-7 ),(1 211 kkSSq -=  

ʆʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʷ 1k  

ʤʝʥʝʝ 0 

ʠ 

ʙʦʣʝʝ 1 

[ ]15.0,0  

ʠ 

[ ]3.0,25.0  

)25.0,15.0(  1
4

2 1 kq -=  

çɹʣʠʟʦʩʪʴè ʢʦʥ-

ʩʪʘʥʪ 
ʤʝʥʝʝ 0.3 ʠ ʙʦʣʝʝ 3 [ ]8.0,3.0  ʠ ]2,5.1[  )5.1,8.0(  2

123 )(1 kkq --=  

 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʨʝʜʥʷʶʱʝʛʦ ʙʳʣ ʚʳʙʨʘʥ ʬʫʥʢʮʠʦʥʘʣ ʚʠʜʘ: 
 

)))ln()ln()(ln(/1exp(),( 32121 qqqnkkq ++Ö=                              (6) 
 

ʆʮʝʥʢʦʡ ʚʝʢʪʦʨʘ ʢʦʥʩʪʘʥʪ )
~

,
~

( 21 kkK =  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ K¡, ʯʪʦ: 
 

),(sup 21 kkqArgK
qqWÍ

=¡      (7) 

 

ɼʣʷ ʦʮʝʥʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʟʘʜʘʯʠ (6) ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ. ʊʘʢ ʢʘʢ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 1k  ʠ 2k , ʪʦ ʠ ʯʠʩʣʦ ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʩʪʠ Cond  ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʵʪʠʭ ʢʦʥʩʪʘʥʪ. 
 

 
 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Cond  ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʜʣʷ ʟʘʜʘʯʠ (6) ʦʪ 1k  ʠ 2k  
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ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʵʢʩʪʨʝʤʫʤʘ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ Cond  ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ ʟʘʜʘʯʠ ʙʣʠʟʢʦ ʢ ʝʜʠʥʠʮʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʦʯʢʝ ʵʢʩʪʨʝʤʫʤʘ 09.1)21.0,2.0( =Cond . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʭʦʨʦʰʦ ʦʙʫʩʣʦʚʣʝʥʘ. 

ʃʠʥʠʠ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʘ ʦʙʱʝʛʦ ʢʘʯʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2. ʃʠʥʠʠ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʘ ʦʙʱʝʛʦ ʢʘʯʝʩʪʚʘ 

 

ɹʝʟʫʩʣʦʚʥʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʭʦʨʦʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ [2, 3]. 
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ʆʎɽʅʂɸ ʋʇʈʋɻʆʁ ʂʆʅʉʆʃʔʅʆʁ ʇʃɸʉʊʀʅʓ ʇʆɼ ɼɽʁʉʊɺʀɽʄ 

ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ɺɼʆʃʔ ʅɽɽ ʅɸɻʈʋɿʂʀ ɺ ʈɸʄʂɸʍ ʊʈɽʍʄɽʈʅʆʁ ʊɽʆʈʀʀ* 
 

 ɻ.ɸ. ɾʫʨʘʚʣʝʚ1, ʃ.ʇ. ʆʙʨʝʟʢʦʚ2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 2 ʘʩʧʠʨʘʥʪ 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʭʘʥʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʠʤ. ʀ.ʀ. ɺʦʨʦʚʠʯʘ, 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʦʣʫʯʝʥʳ (ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜ) ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦ ʧʝʨʝʤʝʱʝʥʠʠ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʡ ʫʧʨʫʛʦʡ ʢʦʥʩʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ (ʞʝʩʪʢʦ ʟʘʱʝʤʣʸʥʥʦʡ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʝʸ ʜʣʠʥʥʳʭ ʩʪʦʨʦʥ) ʧʦʩʪʦʷʥʥʦʡ ʪʦʣ-

ʱʠʥʳ ʠ ʧʦʩʪʦʷʥʥʦʡ ʰʠʨʠʥʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ, ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ 

ʟʘʢʦʥʫ ʚʜʦʣʴ ʣʠʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʣʠʥʠʠ ʟʘʜʝʣʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʫʤʝʨʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʘ-

ʚʠʣʴʥʦ ʦʪʨʘʞʘʝʪ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ ʠ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʣʴʥʦʡ ʧʣʘ-

ʩʪʠʥʳ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ) ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʞʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ, ʪʝʦʨʠʷ ʧʣʘʩʪʠʥ, ʢʦʥʩʦʣʴʥʘʷ ʧʣʘʩʪʠʥʘ, ʠʟʛʠʙ, ʧʦʧʝʨʝʯʥʘʷ ʥʘʛʨʫʟʢʘ. 
 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʫʧʨʫʛʦʡ ʢʦʥʩʦʣʴʥʦʡ (ʞʝʩʪʢʦ 

ʟʘʱʝʤʣʸʥʥʦʡ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʝʸ ʜʣʠʥʥʳʭ ʩʪʦʨʦʥ) ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʠ ʧʦʩʪʦʷʥʥʦʡ 

ʰʠʨʠʥʳ ʙʳʣʠ ʨʘʥʝʝ ʦʧʠʩʘʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʷʭ [3, 4]. ɺ ʩʪʘʪʴʝ [4] ʠʟʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʜʣʷ ʧʣʘ-

ʩʪʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ. ɸ ʚ ʩʪʘʪʴʝ [3] ʜʘʥʳ ʨʝʰʝʥʠʷ (ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ 

[4]) ʜʣʷ ʧʣʘʩʪʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʟʥʦʛʦ ʪʠʧʘ (ʢʘʢ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ, ʪʘʢ ʠ ʨʘʩʧʨʝʜʝʣʸʥ-

ʥʦʡ) ʠ ʚʥʝʩʝʥʳ ʫʪʦʯʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [4]. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ 

ʧʣʘʩʪʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ [3] ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʧʨʫʛʠʭ ʪʝʣ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ ʥʘʛʨʫʞʝʥʥʳʤʠ ʚʳʩʪʫʧʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʨʝʜʝʣʝ-

ʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʟʛʠʙʥʦ-ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʬʠʟʠ-

ʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥ-

ʥʠʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ï ʚ ʦʮʝʥʢʘʭ ʢʦʥʪʘʢʪʥʳʭ ʷʚʣʝʥʠʡ [1, 5, 6].  

ʆʜʥʘʢʦ, ʩʬʝʨʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʝʨʝʤʝʱʝʥʠʡ ʢʦʥʩʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩ-

ʧʨʝʜʝʣʸʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ [3] ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʡ. ʊʘʢ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʪʘ ʩʬʝʨʘ 

ʦʛʨʘʥʠʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʦʪʝʟ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ (ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʦʚ [3, 4]), ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦ-

ʨʳʭ ʧʦʟʚʦʣʠʣʦ ʫʧʨʦʩʪʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʩʣʫʯʘʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ. ʅʦ ʧʘʨʘʤʝʪʨʳ ʙʝʩ-

ʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʩʘʤʠ ʵʪʠ ʛʠʧʦʪʝʟʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ ʫʧʨʫʛʠʤ 

ʪʝʣʘʤ (ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʠ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ), ʤʦʜʝʣʠʨʫʝʤʳʤ ʢʦʥʩʦʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʘʢʪʦʨʦʚ (ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʞʝʥʠʷ ʧʣʘʩʪʠʥʳ, ʝʸ ʪʦʣ-

ʱʠʥʳ, ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ) ʥʘ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ [3]. ʆʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦ ʛʨʘʥʠʮʘʭ ʧʨʠʤʝʥʠ-

ʤʦʩʪʠ ʤʝʪʦʜʘ [3] ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʬʝʨʫ ʝʛʦ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ (ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ [3] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜ) ʦ 

ʧʝʨʝʤʝʱʝʥʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʫʧʨʫʛʦʡ ʢʦʥʩʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʠ ʜʘʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ [3] 

(ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʣʱʠʥʳ ʠ ʜʣʠʥʳ ʧʣʘʩʪʠʥʳ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʩʣʫʯʘʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʧʨʝʜʝʣʴʥʦ ʤʘʣʦʤʫ ʫʯʘʩʪʢʫ (ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟ-

ʢʠ) ʠ ʚʜʦʣʴ ʣʠʥʠʠ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʣʠʥʠʠ ʟʘʜʝʣʢʠ ʧʣʘʩʪʠʥʳ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ 

(ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘʛʨʫʟʢʠ) ʚ ʚʠʜʝ ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʨʝʰʝ-

ʥʠʝ ʵʪʠʭ ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Maple 11. ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʚʝʨʠ-

ʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʝʭʤʝʨʥʳʡ ʄʂʕ ANSYS 11.0.  

ɺ ʩʪʘʪʴʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 ï ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ; 

 ï ʰʠʨʠʥʘ ʧʣʘʩʪʠʥʳ; 

 ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ; 

 ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʦʡ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʣʠʥʠʝʡ ʟʘʜʝʣʢʠ; 

ʉ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʠʥʠʠ ʟʘʜʝʣʢʠ ʜʦ ʮʝʥʪʨʘ ʟʘʛʨʫʞʝʥʥʦʡ ʦʙʣʘʩʪʠ;  

 ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ;  

 ï ʤʦʜʫʣʴ ʖʥʛʘ; 

 ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʧʣʘʩʪʠʥʳ; 

 ï ʧʝʨʝʤʝʱʝʥʠʝ; 

 ï ʚʝʣʠʯʠʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʠ; 
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 ï ʚʝʣʠʯʠʥʘ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʦʪ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʛʨʫʟʢʠ; 

 ï ʧʦʣʫʜʣʠʥʘ ʦʪʨʝʟʢʘ ʜʝʡʩʪʚʠʷ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʛʨʫʟʢʠ; 

L ï ʜʣʠʥʘ ʧʣʘʩʪʠʥʳ. 
 

1. ʇɽʈɽʄɽʑɽʅʀɽ ʇʃɸʉʊʀʅʓ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʅɸɻʈʋɿʂʀ, 

ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ʇʆ ʇʈɽɼɽʃʔʅʆ ʄɸʃʆʄʋ ʆʊʈɽɿʂʋ ʃʀʅʀʀ 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ, ʟʘʱʝʤʣʸʥʥʫʶ ʧʦ ʦʜʥʦʡ ʠʟ ʝʸ ʜʣʠʥʥʳʭ ʩʪʦʨʦʥ, ʙʝʩʢʦʥʝʯʥʦ 

ʜʣʠʥʥʫʶ ʧʣʘʩʪʠʥʫ (ʨʠʩʫʥʦʢ 1), ʥʘ ʢʦʪʦʨʫʶ ʜʝʡʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʧʦ ʧʨʝʜʝʣʴʥʦ ʤʘʣʦʤʫ ʦʪʨʝʟʢʫ ʣʠʥʠʠ (ʵʢ-

ʚʠʚʘʣʝʥʪʥʦ-ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ) ʥʘʛʨʫʟʢʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ . ɺʚʝʜʸʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ  ʪʘʢ, ʯʪʦʙʳ ʧʣʦʩʢʦʩʪʴ  ʩʦʚʧʘʜʘʣʘ ʩʦ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʧʣʘʩʪʠʥʳ, ʦʩʴ  ʩʦʚʧʘʣʘ ʩ ʝʸ 

ʟʘʢʨʝʧʣʸʥʥʦʡ ʩʪʦʨʦʥʦʡ, ʘ ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ  (ʠʣʠ ʮʝʥʪʨ ʦʙʣʘʩʪʠ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʩʧʨʝ-

ʜʝʣʸʥʥʦʡ ʥʘʛʨʫʟʢʠ) ʦʢʘʟʘʣʘʩʴ ʙʳ ʚ ʧʣʦʩʢʦʩʪʠ . 
 

 
 

ʈʠʩ. 1. ʇʣʘʩʪʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʢʚʠʚʘʣʝʥʪʥʦ-ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 
 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʝʰʝʥʠʷ ʧʣʘʩʪʠʥʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʯʘʩʪʠ ʧʣʦʩʢʦʩʪʴʶ . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ ʜʚʝ ʬʫʥʢ-

ʮʠʠ ʜʣʷ ʧʨʦʛʠʙʘ ʧʣʘʩʪʠʥʳ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʘ ʦʙʣʘʩʪʷʭ  ʠ . ɺʚʝʜʝʤ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʙʦʪʦʡ [4]) ʜʣʷ 

ʵʪʠʭ ʬʫʥʢʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʠʞʥʠʝ ʠʥʜʝʢʩʳ  ʠ . ɽʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʤʘʩʩʫ ʧʣʘʩʪʠʥʳ, ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ 

ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʷʤ [4]. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚʦ ʚʩʝʭ 

ʪʦʯʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʣʘʩʪʝʡ, ʢʨʦʤʝ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ [4]: 
 

,     (1) 

 

ʛʜʝ:  
 

.    (2) 

 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʪʨʘʞʘʝʪ ʩʠʤʤʝʪʨʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ, ʘ ʬʫʥʢʮʠʠ 

 ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʋʨʘʚʥʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʨʝʟʳʚʘʶʱʠʭ ʩʠʣ, ʠʟʛʠʙʘʶʱʠʭ ʠ ʩʢʨʫʯʠʚʘʶʱʠʭ ʤʦʤʝʥ-

ʪʦʚ, ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʤʠ: 
 

 
     (3) 

 
 

ʋʯʠʪʳʚʘʷ ʫʨʘʚʥʝʥʠʷ (3), ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

╕ ʚʜʦʣʴ ʟʘʢʨʝʧʣʸʥʥʦʛʦ ʢʨʘʷ  
 

;     (4) 
 

╕ ʚʜʦʣʴ ʩʚʦʙʦʜʥʦʛʦ ʢʨʘʷ   
 

; 

(5) 

. 
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ʋʨʘʚʥʝʥʠʷ (5) ʠʩʭʦʜʷʪ ʠʟ ʫʩʣʦʚʠʷ  

ʇʝʨʝʭʦʜʥʳʝ ʫʩʣʦʚʠʷ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 
 

 
      (6) 

 
 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʩʣʝʜʥʝʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ, ʫʯʪʸʤ, ʯʪʦ ʧʝʨʝʨʝʟʳ-

ʚʘʶʱʘʷ ʩʠʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʚʜʦʣʴ ʣʠʥʠʠ ï ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟ-

ʢʠ, ʚ ʢʦʪʦʨʦʡ ʵʪʘ ʩʠʣʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʘʟʨʳʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦ ʦʧʠʩʘʪʴ ʧʝʨʝʭʦʜʥʦʝ ʫʩʣʦʚʠʝ, 

ʟʘʤʝʥʠʚ ʩʦʩʨʝʜʦʪʦʯʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʩʠʣʦʚʦʡ ʬʫʥʢʮʠʝʡ , ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʢ 
 

,  ; 

(7) 

, , 
 

ʛʜʝ  ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʝʭʦʜʝ ʢ ʧʨʝʜʝʣʫ . ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʌʫʨʴʝ ʬʫʥʢ-

ʮʠʠ , ʥʝʦʙʭʦʜʠʤʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  
 

  (8) 

 

ʇʦʜʩʪʘʚʣʷʷ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʠ (2) ʚ ʫʩʣʦʚʠʷ (3), (4), (5), (6), (7), (8) ʠ ʧʨʠʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʬʫʥʢʮʠʷʭ ʦʪ  ʥʫʣʶ, ʧʦʣʫʯʘʝʤ: 
 

 

 
     (9) 

; 

 

 

 
 

ʀʟ ʫʩʣʦʚʠʡ (9) ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ .  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʙʳʣʠ ʨʝʰʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ 

Maple 11. ʏʪʦʙʳ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʝʜʝʥʠʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʧʣʘʩʪʠʥʳ ʚ Maple11 ʠ 3-ʭ ʤʝʨʥʦʡ ʧʣʘ-

ʩʪʠʥʳ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʜʣʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʟʘʜʘʯʠ (ʚ ANSYS 11.0) ʙʳʣʘ ʚʟʷʪʘ ʧʣʘʩʪʠʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-

ʰʦʡ ʜʣʠʥʳ L ï ʙʦʣʝʝ ʯʝʤ ʚ 15 ʨʘʟ, ʙʦʣʴʰʝ ʝʝ ʰʠʨʠʥʳ A. 
 

2. ʇɽʈɽʄɽʑɽʅʀɽ ʇʃɸʉʊʀʅʓ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʅɸɻʈʋɿʂʀ, ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ 

ʇʆ ʇɸʈɸɹʆʃʀʏɽʉʂʆʄʋ ɿɸʂʆʅʋ ɺɼʆʃʔ ʃʀʅʀʀ, ʇɸʈɸʃʃɽʃʔʅʆʁ ʃʀʅʀʀ ɿɸɼɽʃʂʀ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ, ʟʘʱʝʤʣʝʥʥʫʶ ʧʦ ʦʜʥʦʡ ʠʟ ʝʸ ʜʣʠʥʥʳʭ ʩʪʦʨʦʥ, ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʫʶ ʧʣʘ-

ʩʪʠʥʫ (ʨʠʩʫʥʦʢ 2), ʥʘ ʢʦʪʦʨʫʶ ʜʝʡʩʪʚʫʝʪ ʥʘʛʨʫʟʢʘ (ʩ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ), ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʚʜʦʣʴ ʣʠʥʠʠ ʧʦ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. ʃʠʥʠʷ ʥʘʛʨʫʞʝʥʠʷ (ʜʣʠʥʦʡ ) ʧʘʨʘʣʣʝʣʴʥʘ ʣʠʥʠʠ ʟʘʜʝʣʢʠ. 
 

 
 

ʈʠʩ. 2. ʇʣʘʩʪʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʜʦʣʴ ʣʠʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʣʠʥʠʠ ʟʘʜʝʣʢʠ 
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ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʣʘʩʪʠʥʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʯʘʩʪʠ ʧʣʦʩʢʦʩʪʴʶ . ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʜʚʝ ʬʫʥʢʮʠʠ ʜʣʷ ʧʨʦʛʠʙʘ ʧʣʘʩʪʠʥʳ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʘ ʦʙʣʘʩʪʷʭ  ʠ  ï 

ʵʪʠʤ ʬʫʥʢʮʠʷʤ ʚʚʝʜʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʜʝʢʩʳ  ʠ . ɽʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʤʘʩʩʫ ʧʣʘʩʪʠʥʳ, ʬʫʥʢʮʠʠ ʧʝʨʝʤʝ-

ʱʝʥʠʡ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʷʤ . ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʘʥʘʣʦ-

ʛʠʯʝʥ (1)ï(9), ʥʦ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʤ ʜʘʚʘʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ. ʇʫʩʪʴ  
 

, ɔ=      (10) 

 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʛʠʙʘ ʦʪ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʛʨʫʟʢʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ [3] ï ʥʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʥʘʛʨʫʟʢʘ ʟʘʜʘʥʘ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʣʠʥʠʷ ʝʸ ʧʨʠʣʦʞʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʘ ʣʠʥʠʠ ʟʘʜʝʣʢʠ: 
 

     (11) 

 

ʠ ʜʣʷ ʥʘʛʨʫʟʢʠ, ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ: 
 

    (12) 

 

ɻʜʝ 
 

    (13) 
 

   (14) 
 

; 

 

 

 
             (15) 

 

 

 

 

 
 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (15) ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʙʳʣʠ ʨʝʰʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʳ Maple11, ʘ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʛʠʙʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ AN-

SYS 11.0 ʚ ʪʨʸʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʏʪʦʙʳ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʝʜʝʥʠʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʧʣʘʩʪʠʥʳ ʚ Maple11 ʩ 3-

ʭ ʤʝʨʥʦʡ ʧʣʘʩʪʠʥʦʡ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚ ANSYS 11.0, ʜʣʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʚʟʷʪʘ ʧʣʘʩʪʠʥʘ (ʩ ʦʜʠʥʘʢʦ-

ʚʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ L/2 ʢʨʘʝʚʳʭ ʩʝʯʝʥʠʡ ʧʣʘʩʪʠʥʳ ʦʪ ʪʦʯʢʠ D) ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʣʠʥʳ L ï ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ 15 ʨʘʟ, 

ʙʦʣʴʰʝ ʝʝ ʰʠʨʠʥʳ A, ʠ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ 3,5 ʨʘʟ, ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ  ʣʠʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʊʘʢʞʝ ʩʨʘʚ-

ʥʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ (ʜʣʷ ʥʘʛʨʫʟʢʠ, ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ), ʧʦʣʫʯʝʥʥʳʝ ʚ Maple11, ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʦʨʤʫʣ [3]. ʆʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ (ʧʨʠʥʷʪ 

ʠʟ ʨʘʙʦʪʳ [3]), ʛʜʝʧʨʠ ,  ʧʨʠ ʇʨʦʛʠʙ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʪʦʯʢʝ . 
 

         (16) 

 

ʛʜʝ  
 

      (17) 
 

ʛʜʝ  
 

          (18) 

 

ʛʜʝ . 
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ [3] ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ ANSYS 11.0 ʧʦʢʘʟʘʣʦ ʙʦʣʴʰʦʝ ʠʭ ʨʘʩ-

ʭʦʞʜʝʥʠʝ (ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʝʸ ʟʥʘʯʝʥʠʡ, ʥʦ ʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ï 

ʚ ʜʨʫʛʦʡ ʦʙʣʘʩʪʠ ʝʝ ʟʥʘʯʝʥʠʡ) ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʥʘʢʘ ʦʰʠʙʢʠ (ʨʠʩʫʥʦʢ 3).  
 

 
 

ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʯʠʥ ʧʝʨʝʤʝʱʝʥʠʷ ʧʣʘʩʪʠʥʳ ʚ ʪʦʯʢʝ ʧʨʠʣʦʞʝʥʠʷ 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ ʧʨʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [3] ʠ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ANSYS 11.0-3D: 

a- ; 

b- ; 

c- . 
 

ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ çʩʨʝʜʥʷʷè ʟʦʥʘ, ʥʘʧʨʠʤʝʨ ï ʜʣʷ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ 

 ʤ ʩ ʚʳʩʪʫʧʦʤ  ʤ, ʩ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʦʰʠʙʢʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 5 %. ʈʦʩʪ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʦʰʠʙʢʠ (ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ ʩʚʝʨʭ 0.0023 ʤ) ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ ʙʦʣʴʰʠʤ ʥʝʩʦ-

ʦʪʚʝʪʩʪʚʠʝʤ ʛʠʧʦʪʝʟ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ ʧʘʨʘʤʝʪʨʘʤ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʧʣʘʩʪʠʥʳ, ʯʝʤ ʙʦʣʴʰʝ, ʥʘʧʨʠʤʝʨ, ʝʸ ʪʦʣʱʠʥʘ.  

ʇʦʛʨʝʰʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚʦʟʨʘʩʪʘʶʪ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ (ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʫʯʪʝʥʘ ʣʠʰʴ ʚ ʪʨʸʭʤʝʨʥʦʡ ʪʝʦʨʠʠ) ʠ ʪʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠ-

ʥʳ ʧʣʘʩʪʠʥʳ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʧʦʪʝʟ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʧʨʦʱʝʥʠʷʤʠ (ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʥʢʘʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʘʷ ʧʣʘʩʪʠʥʘ) ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʤʝʪʦʜʦʤ 

ANSYS 11.0-3D ʥʝʪ ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ï ʟʘʜʘʝʪʩʷ ʧʣʘʩʪʠʥʘ ʣʶʙʦʡ ʪʦʣʱʠʥʳ ʠ ʨʝʘʣʴʥʦʡ (ʢʦʥʝʯʥʦʡ) ʜʣʠʥʳ. 

ʍʦʪʷ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʥʝʢʦʪʦʨʘʷ ʚʝʩʴʤʘ ʫʟʢʘʷ ʦʙʣʘʩʪʴ (ʨʠʩʫʥʦʢ 3) ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʘʯʝʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 4) ʦʥʠ ʧʨʘʚʠʣʴʥʦ ʦʪʨʘʞʘʶʪ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ 

ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ ʠ ʙʝʟ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ) ʚʣʠʷʥʠʝ ʭʘʨʘʢ-

ʪʝʨʘ ʥʘʛʨʫʞʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʥʘ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ. 
 

 
 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʦʚ ʧʣʘʩʪʠʥʳ ʦʪ ʝʝ ʪʦʣʱʠʥʳ ʚ ʪʦʯʢʝ ʧʨʠʣʦʞʝʥʠʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ ʧʨʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ (ʠʣʠ ʯʠʩʣʝʥʥʳʤ) ʜʚʫʤʝʨʥʳʤ ʤʝʪʦʜʦʤ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʪʨʝʭʤʝʨʥʳʤ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ANSYS 11.0-3D 

(ʢʨʫʛʠ), ʛʜʝ  
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ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ (ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʛʦ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ) ʤʝʪʦʜʘ [3] ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʝʰʝʥʠʷʭ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʧʨʫʛʠʭ ʪʝʣ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ ʥʘʛʨʫʞʝʥʥʳʤʠ ʚʳʩʪʫʧʘʤʠ.  

 

ɺʓɺʆɼʓ 

1. ʉ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜ ʜʘʥʳ ʨʝʰʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʩʦʣʴʥʦʡ (ʞʝʩʪʢʦ 
ʟʘʱʝʤʣʸʥʥʦʡ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʝʸ ʜʣʠʥʥʳʭ ʩʪʦʨʦʥ) ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʫʧʨʫʛʦʡ ʧʣʘʩʪʠʥʳ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ʰʠʨʠʥʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ (ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ï ʚʜʦʣʴ ʣʠʥʠʠ 

ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʣʠʥʠʠ ʟʘʜʝʣʢʠ) ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ.  

2. ɼʘʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ [3], ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʜʚʫʤʝʨʥʦʡ ʪʝʦʨʠʠ (ʨʝʰʝʥʠʝ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʬʦʨʤʝ, ʧʦʣʫʯʝʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜ Maple11), ʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʘʟʠʨʫʶʱʠʭ-

ʩʷ ʥʘ ʪʨʸʭʤʝʨʥʦʤ ʯʠʩʣʝʥʥʦʤ ʤʝʪʦʜʝ ANSYS 11.0.  

3. ʇʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʷʜʘ ʛʝʦʤʝʪʨʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʦʣʱʠʥʳ, ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ) ʧʣʘʩʪʠʥʳ ʠ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʥʘʛʨʫʞʝʥʠʷ. 

4. ʇʦʛʨʝʰʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʧʦʪʝʟ ʂʠʨʭʛʦʬʘ-

ʃʷʚʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʧʨʦʱʝʥʠʷʤʠ (ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʥʢʘʷ ʙʝʩʢʦʥʝʯʥʦ-ʜʣʠʥʥʘʷ ʧʣʘʩʪʠʥʘ) ʨʝʰʘʝʤʦʡ 

ʟʘʜʘʯʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʝʪʩʷ ʧʣʘʩʪʠʥʘ ʣʶʙʦʡ ʪʦʣʱʠʥʳ ʠ ʨʝʘʣʴʥʦʡ (ʢʦʥʝʯʥʦʡ) ʜʣʠʥʳ. 

ʍʦʪʷ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʥʝʢʦʪʦʨʘʷ ʚʝʩʴʤʘ ʫʟʢʘʷ ʦʙʣʘʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʢʘʯʝʩʪʚʝʥʥʦ ʦʥʠ ʧʨʘʚʠʣʴʥʦ ʦʪʨʘʞʘʶʪ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ ʠ ʧʦʪʝʨʠ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ) ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʞʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʢʦʥʩʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ. 

 

* ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ˉ 213.01.-2014/03ʚʛ).  
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ɺʀʍʈɽɺʓɽ ʄʆɼɽʃʀ ʃɽɻʂʀʍ ʗɼɽʈ 
 

 ɸ.ʉ. ʍʦʣʤʘʥʩʢʠʡ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʌɻɹʅʋ ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʈɸʅ (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʠʟʠʢʠ ʵʬʠʨʘ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʣʝʛʢʠʤ ʷʜ-

ʨʘʤ, ʨʘʩʩʯʠʪʘʣʠ ʠʭ ʚʠʭʨʝʚʳʝ ʤʦʜʝʣʠ. ʊʦʧʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ 

ʨʘʩʩʝʷʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʷʜʨʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʠʨ, ʚʠʭʨʴ, ʥʫʢʣʦʥʳ, ʷʜʨʘ, ʭʠʨʘʣʴʥʦʩʪʴ. 

 

ɺ ʨʘʤʢʘʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʠʟʠʢʠ ʵʬʠʨʘ (ʕʌʕ) [6] ʧʦʩʪʨʦʝʥʳ ʚʠʭʨʝʚʳʝ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨ ʥʫʢʣʦʥʦʚ (nu), 

ʵʣʝʢʪʨʦʥʘ [8] ʠ ʬʦʪʦʥʘ [6]. ʈʘʟʤʝʨʳ nu ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʚʠʭʨʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʬʦ-

ʪʦʥʘ, ʚ ʧʨʠʥʮʠʧʝ, ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʝʛʦ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ. 

ʕʌʕ ʨʘʟʚʠʚʘʝʪ ʠʜʝʠ ʈ. ɼʝʢʘʨʪʘ ʠ ɼʞ. ʄʘʢʩʚʝʣʣʘ ʦ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʠ ʠ ʤʝʭʘʥʠʟʤʝ ʢʦʥʜʝʥʩʘʮʠʠ 

ʥʘʯʘʣʴʥʳʭ ʚʠʭʨʝʡ (ʵʥʝʨʛʦʬʦʨʤ) ʚ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʠ ʷʜʨʘ. çɼʚʠʞʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʤʘʪʝʨʠʠ, ʧʦ ɼʝʢʘʨʪʫ, 

ʢʘʢ ʢʦʣʴʮʝʦʙʨʘʟʥʳʝ, ʜʦʣʞʥʳ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʪʴʩʷ ʚ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʠʭʨʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʠ ʤʦʛʣʠ 

ʚʩʘʩʳʚʘʪʴ ʚ ʩʝʙʷ ʜʨʫʛʠʝ ʠ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʦʙʲʝʤʝè [4]. ʀʜʝʠ ɼʝʢʘʨʪʘ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʧʦʧʳʪʢʘʭ ɻ. ɻʝʣʴʤ-

ʛʦʣʴʮʘ ʠ ʋ. ʊʦʤʩʦʥʘ (ʣʦʨʜ ʂʝʣʴʚʠʥ) ʧʨʝʜʩʪʘʚʠʪʴ ʘʪʦʤʳ ʚʠʭʨʝʚʳʤʠ ʢʦʣʴʮʘʤʠ ʵʬʠʨʘ, ʥʘʜʝʣʷʷ ʝʛʦ ʩʚʦʡʩʪʚʦʤ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʂʝʣʴʚʠʥ ʧʨʠʚʣʝʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʡ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʚʠʭʨʝʚʳʤʠ ʘʪʦʤʘʤʠ ʠ ʚʚʝʣ ʪʝʨʤʠʥ çʭʠʨʘʣʴʥʦʩʪʴè ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʨʠʝʥʪʘʮʠʠ ʚʠʭʨʝʡ (çʦʚʘʣʳ ʂʝʣʴʚʠʥʘè) [3, 5]. 

ʇʦʩʢʦʣʴʢʫ ʵʬʠʨ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʠ ʛʥʦʩʝʦʣʦʛʠʯʝʩʢʠ ʪʦʞʜʝʩʪʚʝʥʝʥ ʜʫʭʫ [6, 9], ʪʦ ʩ ʚʦʮʘʨʝʥʠʝʤ ʚ ʍʍ ʚʝʢʝ 

ʘʥʪʠʜʫʭʦʚʥʦʡ (ʜʴʷʚʦʣʴʩʢʦʡ) ʧʘʨʘʜʠʛʤʳ ʧʦʪʨʝʙʠʪʝʣʴʩʪʚʘ ʵʬʠʨ ʚ ʬʠʟʠʢʝ ʙʳʣ ʚʳʪʝʩʥʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʭʠ-

ʤʝʨʘʤʠ: ʚʥʠʤʘʶʱʝ ʠʫʜʝʡʩʢʠʤ ʙʘʩʥʝʤ, éʟʘʧʦʚʝʜʝʤ ʯʝʣʦʚʝʢ ʦʪʚʨʘʱʘʶʱʠʭʩʷ ʦʪ ʠʩʪʠʥʳ (ʊʠʪ 1.14); çɺ 

ʛʦʣʦʚʝ ʠʥʦʛʦ ʬʠʟʠʢʘ ʚʤʝʩʪʦ ʢʦʥʢʨʝʪʥʳʭ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʥʝʟʜʷʪʩʷ ʚʲʝʜʣʠʚʳʝ ʭʠʤʝʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʫʧʧ. éʙʨʘʟʜʳ ʧʨʘʚʣʝʥʠʷ ʚ ʥʘʫʢʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʫʢʘʭ ʠʤʝʥʥʦ ʵʪʠʭ ʩʣʫʛ ʜʴʷʚʦʣʘè [2]. ʇʨʠʤʝʨʘʤʠ 

ʭʠʤʝʨ ʪʝʦʨʝʪʠʢʦʚ ʩʣʫʞʘʪ çʤʝʰʢʠ ʢʚʘʨʢʦʚè ʚ ʩʦʩʪʘʚʝ nu [3], ʪʦʯʝʯʥʳʝ ʣʝʧʪʦʥʳ ʠ ʷʜʨʘ, ʥʘʰʧʠʛʦʚʘʥʥʳʝ ʰʘʨʠʢʘ-

ʤʠ nu ʪʘʢ, ʯʪʦ ʧʨʠ ʨʘʜʠʫʩʝ nu ~1 ʌʤ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʦʢʘʟʳʚʘʝʪʩʷ ~1,8 ʌʤ [7]. ʈʘʜʠʫʩʳ ʷʜʝʨ 

ʦʮʝʥʠʚʘʶʪ ʧʦ ʤʠʩʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ R~A1/3, ʛʜʝ ɸ ï ʯʠʩʣʦ ʥʫʢʣʦʥʦʚ. ʇʨʠʟʥʘʚʘʷ [7], ʯʪʦ çʩʘʤʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʥʫʢʣʦʥʘʭ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʜʨʘ ʩʪʘʥʦʚʠʪʩʷ ʩʦʤʥʠʪʝʣʴʥʳʤè, ʪʝʦʨʝʪʠʢʠ ʦʧʨʘʚʜʳʚʘʶʪ ʩʚʦʠ ʭʠʤʝʨʳ ʠʟʲʷʥʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ: çʨʘʟʤʝʨ ʘʜʨʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʤ ʦʥ ʠʟʤʝʨʷʝʪʩʷè. ɺ ʠʪʦʛʝ ʷʜʝʨʥʘʷ 

ʬʠʟʠʢʘ ʢ ʍʍI ʚʝʢʫ ʚʳʨʦʜʠʣʘʩʴ ʚ çʬʠʟʠʢʫ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡè ʩ ʝʝ ʙʦʤʙʘʤʠ ʠ ɹɸʂʘʤʠ [10], çʛʣʶʦʥʥʦ-ʧʠʦʥʥʦ-

ʙʦʟʦʥʥʳʤʠ ʧʦʣʷʤʠè ʠ ʥʝʘʜʝʢʚʘʪʥʳʤʠ ʤʦʜʝʣʷʤʠ ʷʜʝʨ ʠ nu [1, 7]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʕʌʕ ʧʦʩʪʨʦʠʣʠ ʚʠʭʨʝʚʳʝ ʤʦʜʝʣʠ ʷʜʝʨ ʠ ʨʘʩʩʯʠʪʘʣʠ ʠʭ ʧʘʨʘʤʝʪʨʳ, ʠʩ-

ʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʷʜʨʘʤ: ʤʘʩʩʫ (m), ʩʧʠʥ (S), ʟʘʨʷʜ (q), ʤʘʛʥʠʪʥʳʡ (m) 

ʠ ʢʚʘʜʨʫʧʦʣʴʥʳʡ (Q) ʤʦʤʝʥʪʳ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʠʭʨʝʚʳʭ ʤʦʜʝʣʝʡ ʦʧʠʨʘʣʠʩʴ ʥʘ ʧʦʣʦʞʝʥʠʷ ʕʌʕ [6], ʚʠʭʨʝʚʦʡ 

ʜʠʥʘʤʠʢʠ [5, 8, 9] ʠ ʫʯʠʪʳʚʘʣʠ ʥʝʢʦʪʦʨʳʝ ʠʜʝʠ ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʠ ʷʜʨʘ ʠ ʤʦʜʝʣʠ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ [1]. 

ʆʙʦʣʦʯʢʠ ʷʜʝʨ ʩʣʦʠʩʪʳ, ʠ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʦʯʝʨʝʜʥʦʡ ʟʘʢʨʳʪʦʡ ʦʙʦʣʦʯʢʠ ʦʙʨʘʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʷʜʨʘ (ʢʣʘʩʪʝʨ). ʇʨʦʪʦʥʳ (ʨ) ʠ ʥʝʡʪʨʦʥʳ (n) ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʟʥʘʢʘʤʠ ʤʦʤʝʥʪʦʚ ʠʤʧʫʣʴʩʘ (L) ʜʘʶʪ ʢʦʨʨʝ-

ʣʠʨʦʚʘʥʥʳʝ ʧʘʨʳ {ʨʨ*} ʠ {nn*}, ʦʙʨʘʟʫʷ ʩʚʝʨʭʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ (ʵʬʠʨʘ). ʉʦʛʣʘʩʥʦ ʕʌʕ, 

ʩʪʨʫʢʪʫʨʳ ʷʜʝʨ ʠ nu ʠʟʦʤʦʨʬʥʳ, ʩʪʨʦʷʪʩʷ ʠʟ ʩʦʦʩʥʳʭ ʦʙʦʣʦʯʝʢ (L = Ñ1/2) ʠ ʦʨʙʠʪʘʣʝʡ (L = Ñ1), ʠʤʝʶʱʠʭ ʟʘʨʷ-

ʜʳ (q) Ñ1/3ʝ ʠʣʠ Ñ2/3ʝ (ʝ ï ʝʜʠʥʠʯʥʳʡ ʟʘʨʷʜ). ʆʨʙʠʪʘʣʠ ʩʦʩʪʦʷʪ ʠʟ ʟʘʨʷʜʦʚʦ-ʤʘʩʩʦʚʳʭ ʧʘʨ ʵʥʝʨʛʦʬʦʨʤ [5, 6] ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʨʘʜʠʫʩʦʤ, ʘ ʨʘʜʠʫʩʳ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʧʘʨ, ʦʙʨʘʟʫʶʱʠʭ ʦʙʦʣʦʯʢʫ, ʤʝʥʷʶʪʩʷ ʧʦ ʢʚʘʜʨʘʪʠʯʥʦʤʫ 

ʟʘʢʦʥʫ. 

ʈʘʩʯʝʪʳ ʩʪʨʫʢʪʫʨ nu ʠ ʷʜʝʨ ʧʨʦʠʟʚʦʜʠʣʠ, ʨʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʷʜʨʦ ʢʘʢ ʝʜʠʥʳʡ 

ʚʠʭʨʴ ʵʬʠʨʘ [9]. ɺ ʥʝʤ ʦʙʦʣʦʯʢʘ ʠ ʦʨʙʠʪʘʣʠ ʩʦʩʪʘʚʣʷʣʠ çʩʢʝʣʝʪè ʚʠʭʨʷ, ʘ ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʤʠ ʧʦʪʦʢʠ ʵʬʠʨʘ ʦʙ-

ʨʘʟʦʚʳʚʘʣʠ ʦʚʘʣ ʂʝʣʴʚʠʥʘ [5]. ʇʨʠ ʵʪʦʤ ʧʦʣʘʛʘʣʠ ʨʘʚʥʳʤʠ ʤʦʜʫʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (w) ʦʙʦʣʦʯʢʠ (wsh) ʠ ʩʦ-

ʨʘʟʤʝʨʥʦʡ ʩ ʥʝʡ ʚʥʫʪʨʝʥʥʝʡ ʦʨʙʠʪʘʣʠ (win), ʘ ʪʘʢʞʝ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʝʡ (winrin) ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ (wexrex) 

ʦʨʙʠʪʘʣʝʡ. ʄʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ (m) ʵʣʝʤʝʥʪʦʚ ʷʜʝʨ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: m=L|q|/2mC, ʛʜʝ m ï ʤʘʩʩʘ ʵʣʝʤʝʥʪʘ 

ʷʜʨʘ. ɿʥʘʢ m ʦʧʨʝʜʝʣʷʣʩʷ ʟʥʘʢʦʤ L. ʉʫʤʤʫ m ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʨʘʚʥʠʚʘʣʠ ʵʤʧʠʨʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʝ m ̫ʜʨʘ, ʘ 

ʫʪʨʦʝʥʥʫʶ ʚʨʘʱʘʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʵʣʝʤʝʥʪʦʚ (WJ=İLw) ʧʦʣʘʛʘʣʠ ʨʘʚʥʦʡ ʵʥʝʨʛʠʠ ʤʘʩʩʳ ʧʦʢʦʷ ʷʜʨʘ (mC2). 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʷʜʝʨ ʜʝʣʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ʨʘʩʯʝʪʫ nu [9, 10], ʠ ʤʦʜʝʣʠ ʷʜʝʨ ʙʳʣʠ ʠʟʦʤʦʨʬʥʳ ʚʠʭʨʝʚʳʤ ʤʦʜʝ-

ʣʷʤ nu (ʈʠʩ. 1). 

 

                                                           
É ʍʦʣʤʘʥʩʢʠʡ ɸ.ʉ. / Kholmanskiy A.S., 2016 
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ʈʠʩ. 1. ɺʠʭʨʝʚʳʝ ʤʦʜʝʣʠ ʧʨʦʪʦʥʘ (ʘ) ʠ ʜʝʡʪʨʦʥʘ ʚ ʪʨʠʧʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, Sd = 1, ű = 60ʦ (ʙ). ʇʫʥʢʪʠʨʦʤ ʠ ʩʪʨʝʣʢʘʤʠ 

ʧʦʢʘʟʘʥʳ ʧʦʪʦʢʠ ʚʠʭʨʝʡ ʵʬʠʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪʩʷ ʦʚʘʣ ʂʝʣʴʚʠʥʘ. 
 

ɼɽʁʊʈʆʅ (d). ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: d=p+n, md å 2mnu qd=2e, Qd=0,286 ʌʤ2, Sd=0 ʠ  ˂(ʈʠʩ. 1, 2), Õd = 

0,86Õʚ (Õʚ ï ʷʜʝʨʥʳʡ ʤʘʛʥʝʪʦʥ ɹʦʨʘ, ʨʘʚʥʳʡ ʝ˂/(2mnuC) å ʝ˂/mdC). ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ Õd å ÕpïÕn=(2,79ï1,91)Õʚ, 

ʦʧʨʝʜʝʣʠʣʠ ʟʥʘʢʠ ʠ ʚʝʣʠʯʠʥʳ L ʠ q ʵʣʝʤʝʥʪʦʚ d. ɼʣʷ d ʚʦʟʤʦʞʥʳ ʪʨʠ ʩʧʦʩʦʙʘ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʦʙʦʣʦʯʝʢ ʠ ʦʨ-

ʙʠʪʘʣʝʡ p ʠ n. ʄʦʜʝʣʠ ʘ) ʠ b) ʠʤʝʶʪ Sd=0, ʘ ʚ ʤʦʜʝʣʠ ʩ) Sd= .˂ ɺʦ ʚʩʝʭ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʦʙʦʣʦʯʢʘ d ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʧʦʜʦʙʦʣʦʯʝʢ ʤʘʩʩʦʡ İmsh ʠ ʠʤʝʝʪ dLsh=(İ+İ)=˂ .˂ ɺ ʘ-ʤʦʜʝʣʠ dL in= pLex= ,˂ dLex= nLex+ pL in=(ï1ï1)˂ =ï2 .˂ 

ɺ b-ʤʦʜʝʣʠ 
dL in= nLex+ pL in= ï2  ˂ʠ dLex= pLex= .˂ ɿʘʨʷʜʳ ʵʣʝʤʝʥʪʦʚ ʘ-ʤʦʜʝʣʠ ʨʘʚʥʳ: dqsh= nqsh + pqsh = (ӏ+ӏ)e, 

dqin= pqex =ӏʝ, dqʝʭ= pqin + nqex =(ïӎïӏ)ʝ; ʘ ʚ b-ʤʦʜʝʣʠ: dqsh=4/3; dqin= pqin + nqex= ï1; dqʝʭ= pqex =ӏʝ. ɼʣʷ ʘ-ʤʦʜʝʣʠ 

ʢʚʘʥʪʦʚʘʥʠʝ L ʵʣʝʤʝʥʪʦʚ ʠ ʩʫʤʤʘ ʠʭ Õ ʜʘʶʪ 4 ʫʨʘʚʥʝʥʠʷ: 

2/3(İmsh rsh
2 wsh) = ˂ /2, (1); min rin

2 win = ˂ , (2); İmex rex
2 |wex| =˂ , (3). 

0,86e˂ /(mdC) = 4/3˂ e/(2mshC) + 2/3˂ e/(2minC) ï 2 e˂/(2mexC), (4). 

ʀʟ (1) ï (3) ʩ ʫʯʝʪʦʤ wshrsh=winrin=|wex|rex ʧʦʣʫʯʠʤ: min=ӏmsh; mex=mdï5/3msh ʠ ʧʨʝʦʙʨʘʟʫʝʤ (4) ʢ ʚʠʜʫ: 

1,72 = 2,33ʭ ï 2ʭ/(ʭï1,67), (4*). ʈʝʰʝʥʠʝ (4*) ʭ=md/msh=2,83 ʜʘʝʪ: msh=0,35md; min=0,24md; mex=0,41md; 

rex=1,17rin; wex=ï0,85wsh. ʀʟ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʥʝʨʛʠʠ: 3/2(w˂sh+ w˂in +2 w˂ex) = mdC2, (5), ʩʣʝʜʫʝʪ wsh=5,1Ā1023 ʩï1 ʠ 

ʩ ʫʯʝʪʦʤ (2) ʧʦʣʫʯʘʝʤ: r sh= r in =0,51 ʠ rex=0,59 ʌʤ. 

ɼʣʷ b-ʤʦʜʝʣʠ (1) ʥʝ ʤʝʥʷʝʪʩʷ, ʘ (2), (3), (4*) ʠ (5) ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ: İminrin
2|win|= ;˂ mexrex

2wex= ;˂ 1,72=ï

0,17ʭ+0,67ʭ/(ʭï2,33), 3/2(˂wsh+ 2 w˂in+ w˂ex) = mdC2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʘʨʘʤʝʪʨʳ b-ʤʦʜʝʣʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ 

ʭ=md/msh=3,29; msh = 0,30md; min =0,40md; mex= 0,30md; wsh=5,1Ā1023, wʝʭ = ï3,8Ā1023 ʩï1; r sh=0,56 ʠ rex=0,74 ʌʤ. 

ʩ-ʄʦʜʝʣʴ d ʩ Sd = 1 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘ-ʤʦʜʝʣʠ ʧʦʚʦʨʦʪʦʤ ʧʣʦʩʢʦʩʪʠ ʚʥʝʰʥʝʡ ʦʨʙʠʪʘʣʠ ʥʘ 60ʦ (ʈʠʩ. 1). ʉ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʦʝʢʮʠʷ dLex ʥʘ ʦʩʴ ʨʘʚʥʘ ï˂ , (4*) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 1,72 = 2,33ʭ ï ʭ/(ʭï1,67). ɽʛʦ ʨʝʰʝʥʠʝ 

ʭ=2,30 ʜʘʝʪ: msh=0,43md; min=0,29md; mex=0,28md; wsh=6,4Ā1023 ʠ wʝʭ=ï3,1Ā1023 ʩï1; r sh= r in= 0,41 ʠ rex=0,85 ʌʤ. 

ʊʦʧʦʣʦʛʠʷ ʤʦʜʝʣʠ d ʩ Sd= 1 (ʈʠʩ. 1ʙ) ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ Qd ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʟʘʨʷʜʘ ʚ d [7] (ʈʠʩ 2). ʊʦʧʦʣʦʛʠʠ ʤʦʜʝʣʠ d ʩ Sd= 0 ʠʟʦʤʦʨʬʥʳ ʤʦʜʝʣʠ p (ʈʠʩ. 1ʘ) ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʨʷʜʘ (ʈʠʩ. 2ʙ). 
 

 
 

ʈʠʩ. 2. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ (ʘ, ʙ) ʠ ʟʘʨʷʜʘ (ʚ) [7] ʜʝʡʪʨʦʥʘ 

ʚ ʪʨʠʧʣʝʪʥʦʤ (a, ʚ) ʠ ʩʠʥʛʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʷʭ (ʙ) 
 

ʊʈʀʊʆʅ (t): t=p+2n, Õt = 2,98Õʚ (Õʚå1,5ʝ˂/mtC), St= /˂2, qt= e, mtå3mnu. ʈʘʚʝʥʩʪʚʫ Õt å Õp ʦʪʚʝʯʘʝʪ ʤʦʜʝʣʴ 

ʩ ʧʘʨʦʡ {nn*}, ʚ ʢʦʪʦʨʦʡ ʫ ʨʦʜʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʥʘʢʠ L  ʨʘʟʣʠʯʥʳ, ʘ ʟʥʘʢʠ ʟʘʨʷʜʦʚ ʦʜʠʥʘʢʦʚʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 
tLsh=(İ+İïİ)˂= /˂2, tqsh= pqsh+2nqsh=3(ӏ)e =2e; tLin= pLin= ï˂ , tqin= ïe/3; tLex= nLexï nLex+ pLex=(ï1+1+1)˂ ; tqex=pqexï

2nqex= ïӏe. ʋʨʘʚʥʝʥʠʷ (1) ï (3), (4*) ʠ (5) ʜʣʷ t ʠʤʝʶʪ ʚʠʜ: ӏ (ӎmsh rsh
2 wsh) = /˂2; min rin

2 |win| = ˂ ; ӎmexrex
2wex = ;˂ 

8,94=0,25ʭ + 2ʭ/(ʭï1,44), 3/2˂ (3/2wsh+win+3wex) = mtC2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʭ ʨʝʰʝʥʠʷ ʧʨʠ ʭ=1,88 ʜʘʶʪ: msh=0,53mt, 

min=0,24mt, mex=0,23mt; wsh=8,1Ā1023 ʠ wʝʭ= 2,8Ā1023 ʩï1; r sh= 0,33 ʠ rex=0,97 ʌʤ. ʉʪʨʫʢʪʫʨʘ t ʷʚʣʷʝʪʩʷ ʨ-ʧʦʜʦʙʥʦʡ. 

ɻɽʃʀʆʅ (h): h=2p+n, Õt= ï2,13Õʚ (Õʚå1,5ʝ˂/mtC), Sh= ï˂ /2, qt=e, mtå3mnu. ʈʘʚʝʥʩʪʚʦ Õh å Õn ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʜʚʘ ʨ ʚ ʩʪʨʫʢʪʫʨʝ h ʦʙʨʘʟʫʶʪ ʧʘʨʫ {pp*}. ʇʨʠ ʵʪʦʤ hLsh=(İïİïİ)˂ = ï˂ /2, hqsh= nqsh+2pqsh=3(ӏ)e =2e; hL in= 
pL inïpL in=0, hqin= ïӏe; hLex= nLexï pLex+ pLex=(ï1ï1+1)˂ = ï˂ , hqex=2pqex+nqex=(4/3ïӏ)e= ӏe. ʀʟ (1) ï (3), (4*) ʠ (5) 
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ʜʣʷ h ʧʦ ʘʥʘʣʦʛʠʠ ʩ t ʧʦʣʫʯʘʝʤ: ʭ=2,43; msh=0,41mh, min=0,36mh, mex=0,23mh; wsh=7,5Ā1023 ʠ wʝʭ= ï3,2Ā1023 ʩï1; 

r sh=r in=0,39 ʠ rex=0,93 ʌʤ. ʉʪʨʫʢʪʫʨʘ h ʷʚʣʷʝʪʩʷ n-ʧʦʜʦʙʥʦʡ. 

ʗɼʈʆ ɻɽʃʀʗ (Ŭ): Ŭ =2p+2n, ÕŬ = 0, SŬ = 0, qŬ = 2e, mŬå4mnu. ʄʦʜʝʣʴ Ŭ-ʯʘʩʪʠʮʳ ʩʦʩʪʦʠʪ ʠʟ ʧʘʨ {pp*}  ʠ 

{ nn*}, ʠ ʚʥʝʰʥʷʷ ʦʨʙʠʪʘʣʴ ʩʢʦʥʜʝʥʩʠʨʦʚʘʣʘ ʥʘ ʦʙʦʣʦʯʢʫ [9], ʪʦ ʝʩʪʴ rsh=rin=rex. ʇʨʠ ʵʪʦʤ: ŬLsh= ŬL in = ŬLʝʭ = 0; 
Ŭqsh=8/3e, Ŭqin=ï2/3e, Ŭqex=0, ʘ ʫʨʘʚʥʝʥʠʷ (1) ï (3) ʠ (5) ʠʤʝʶʪ ʚʠʜ: 2/3(1/4msh rsh

2 wsh) = /˂2; İmin rin
2|win| = ;˂ 

1/4mex rex
2 wex = ;˂ 3/2˂ (2wsh+ 2win +4wex) = mŬC2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʭ ʨʝʰʝʥʠʝ ʜʘʝʪ: msh=0,33mh, min=0,23mh, 

mex=0,44mh; wsh= |win| = wex = 4,8Ā1023 ʩï1; r sh=r in=rex=0,54 ʌʤ. 

ɻʘʙʘʨʠʪʳ ʩʢʝʣʝʪʘ ʚʠʭʨʝʚʳʭ ʤʦʜʝʣʝʡ ʷʜʝʨ ʠ nu ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘʤʠ rex, ʢʦʪʦʨʳʝ ʙʣʠʟʢʠ ʢ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʨʘʜʠʫʩʘ ʨ, ʨʘʚʥʦʡ 0,86 ʌʤ [7]. ʇʘʨʘʤʝʪʨʳ Ŭ-ʯʘʩʪʠʮʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʩʚʦʡʩʪʚʘʤ 

2ʅʝ4. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʢʝʣʝʪʳ ʚʠʭʨʝʚʳʭ ʤʦʜʝʣʝʡ nu ʠ ʷʜʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʛʦʣʳʤ ʩʦʩʪʦʷʥʠʷʤ, ʣʠʰʝʥʥʳʤ ʤʝ-

ʟʦʥʥʳʭ ʧʦʣʝʡ [7]. ʊʦʧʦʣʦʛʠʷ ʠ ʜʠʥʘʤʠʢʘ ʧʦʪʦʢʦʚ ʵʬʠʨʘ, ʦʙʨʘʟʫʶʱʠʭ ʦʚʘʣ ʂʝʣʴʚʠʥʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʠʨʘʣʴʥʦʩʪʴʶ ʟʘ-

ʨʷʜʦʚʦ-ʤʘʩʩʦʚʳʭ ʧʘʨ [6, 9] ʚ ʩʦʩʪʘʚʝ ʦʙʦʣʦʯʢʠ ʠ ʦʨʙʠʪʘʣʝʡ. ɺʭʦʜʳ ʦʙʦʣʦʯʝʢ nu ʠ ʷʜʝʨ ʷʚʣʷʶʪʩʷ ʧʨʘʚʳʤʠ ʚʦʨʦʥʢʘʤʠ ʠ 

ʟʘʪʷʛʠʚʘʶʪ ʚ ʦʙʦʣʦʯʢʫ ʚʠʭʨʠ ʵʬʠʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʭʠʨʘʣʴʥʦʩʪʠ (ʈʠʩ. 1ʘ). ʕʪʦʪ ʧʨʦʮʝʩʩ ʫʩʠʣʠʚʘʝʪ ʚʥʫʪʨʝʥʥʷʷ ʦʨʙʠ-

ʪʘʣʴ, ʩʥʠʞʘʷ ʧʣʦʪʥʦʩʪʴ ʚʠʭʨʝʡ ʵʬʠʨʘ ʚʥʫʪʨʠ ʦʙʦʣʦʯʢʠ ʧʫʪʝʤ ʠʭ ʠʥʞʝʢʮʠʠ ʯʝʨʝʟ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʱʝʣʴ (ʈʠʩ. 1ʘ). ɺʭʦ-

ʜʳ ʚ ʦʙʦʣʦʯʢʫ ʵʣʝʢʪʨʦʥʘ ʷʚʣʷʶʪʩʷ ʣʝʚʳʤʠ ʚʦʨʦʥʢʘʤʠ [8, 9]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʧʨʦʪʦʥʦʤ ʠ ʵʣʝʢʪʨʦʥʦʤ ʧʦ-

ʪʦʢʦʚ ʚʠʭʨʝʡ ʵʬʠʨʘ ʠʥʚʝʨʩʥʦʡ ʭʠʨʘʣʴʥʦʩʪʠ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʠʭ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʲʷʩʥʷʝʪ ʧʨʠʨʦʜʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ʆʪʩʫʪʩʪʚʠʝ ʚʥʫʪʨʝʥʥʝʡ ʦʨʙʠʪʘʣʠ ʫ n ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʧʦʪʦʢʦʚ 

ʵʬʠʨʘ ʯʝʨʝʟ ʦʙʦʣʦʯʢʫ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪʩʫʪʩʪʚʠʝ ʫ n ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʥʦ ʠ ʝʛʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʊʦʧʦʣʦʛʠʝʡ ʧʦʪʦʢʦʚ ʵʬʠʨʘ ʚ ʦʚʘʣʝ ʂʝʣʴʚʠʥʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʪʝʨʝʦʭʠʤʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʝʨ ʩ 

ʵʣʝʢʪʨʦʥʘʤʠ. ɺ ʩʣʫʯʘʝ ʨ ʠ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ ʠ ʛʝʣʠʷ ʦʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ [9]. ʉʦ-

ʛʣʘʩʥʦ ʕʌʕ, ʵʥʝʨʛʠʷ ʧʦʪʦʢʦʚ ʵʬʠʨʘ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʠʭʨʝʚʳʤ ʩʢʝʣʝʪʦʤ ʷʜʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ (ɽɜ) ʠ ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʘ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʠʠ ʤʘʩʩʳ ʧʦʢʦʷ ʷʜʨʘ. ɺʝʣʠʯʠʥʘ ɽɜ = N C˂/rɜ [6], ʛʜʝ N 

ʝʩʪʴ ʯʠʩʣʦ ʢʦʣʴʮʝʚʳʭ ʧʦʪʦʢʦʚ ʵʬʠʨʘ ʨʘʜʠʫʩʘ rɜ, ʦʙʨʘʟʫʶʱʠʭ ʦʚʘʣ. ɺʟʷʚ ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʪʦʧʦʣʦʛʠʠ ʦʚʘʣʘ ʧʨʦʪʦ-

ʥʘ rɜ ~ 10 ʌʤ, ʠʟ ʫʨʘʚʥʝʥʠʷ NC˂/rɜ = mʨC2 ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ: N = (rɜmʨC)/˂  ~ 50. ʀʟʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ 

ʚʠʭʨʷ ʵʬʠʨʘ ʨʘʜʠʫʩʘ rɜ ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʘʚʠʣʫ C˂/rɜ = N C˂/Rɜ [6], ʛʜʝ Rɜ = Nrɜ ʨʘʜʠʫʩ ʚʠʪʢʘ ʟʘʤʢʥʫʪʦʛʦ ʚʠʭʨʷ-

ʩʦʣʝʥʦʠʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ N ʚʠʪʢʦʚ. ʅʘʧʨʠʤʝʨ, ʨʘʩʢʨʫʪʢʘ ʦʜʥʦʛʦ ʚʠʭʨʷ ʩ rɜ ~ 10 ʌʤ ʠʟ ʦʚʘʣʘ ʧʨʦʪʦʥʘ ʚ ʘʪʦʤʝ ʚʦ-

ʜʦʨʦʜʘ ʜʘʝʪ 5 103 ʚʠʪʢʦʚ ʩ ʨʘʜʠʫʩʦʤ 5 10ï9 ʩʤ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʭʨʝ-ʩʦʣʝʥʦʠʜʝ, ʧʦ ʦʩʠ ʢʦʪʦʨʦʛʦ ʠ ʜʚʠʞʝʪʩʷ ʵʣʝʢʪʨʦʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪʳ ʩʢʝʣʝʪʘ ʷʜʝʨ ʠ ʥʫʢʣʦʥʦʚ, ʚ ʧʨʠʥʮʠʧʝ, ʧʦʟʚʦʣʷʶʪ ʟʘʤʝʥʠʪʴ ʢʚʘʨʢʠ ɼʞʦʡʩʘ, ʘ ʧʦʪʦʢʠ 

ʚʠʭʨʝʡ ʵʬʠʨʘ ʚ ʦʚʘʣʝ ʂʝʣʴʚʠʥʘ, ʧʦ ʩʫʪʠ, ʟʘʤʝʥʷʶʪ ʤʝʟʦʥʥʳʝ ʧʦʣʷ. ʇʨʠʨʦʜʫ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩ ʧʨʠʨʦʜʦʡ ʭʠʨʘʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʢʝʣʝʪʘ ̫ ʜʨʘ ʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʢʠ ʦʙʦʩʥʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚ ʪʦʧʦʣʦʛʠʠ ʦʚʘʣʘ ʷʜʝʨ ʛʠʙʨʠʜʥʳʭ ʧʦʪʦʢʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʪʝʨʝʦʭʠʤʠʶ ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʷʜʨʘ ʠʟ ʚʠʭʨʝʡ ʵʬʠʨʘ ʫʥʠʚʝʨʩʘʣʴʥʘ ʠ ʜʝʡʩʪʚʝʥʥʘ ʚʧʣʦʪʴ ʜʦ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 
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ʉʀʉʊɽʄɸʊʀʂɸ ʀ ʇɸʈɸʄɽʊʈʓ 

ɺʆɿɹʋɾɼɽʅʅʓʍ ʉʆʉʊʆʗʅʀʁ ʕʃɽʄɽʅʊɸʈʅʓʍ ʏɸʉʊʀʎ 
 

 ɸ.ʉ. ʍʦʣʤʘʥʩʢʠʡ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʌɻɹʅʋ ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʤʢʘʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʠʟʠʢʠ ʵʬʠʨʘ ʨʘʩʩʯʠʪʘʣʠ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʠ ʚʦʟʙʫʞʜʝʥʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʥʝʡʪʨʦʥʘ, ʧʨʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ. ʈʘʩʩʯʠʪʘʣʠ ʪʘʢʞʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ 

ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʵʣʝʢʪʨʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʙʫʞʜʝʥʠʝ, ʚʠʭʨʴ, ʥʫʢʣʦʥʳ, ʵʣʝʢʪʨʦʥ, ʥʝʡʪʨʠʥʦ. 
 

ʄʠʨ ʦʙʨʘʟʦʚʘʥ ʠʟ ʥʝʡʪʨʦʥʘ (N), ʧʨʦʪʦʥʘ (ʈ) ʠ ʵʣʝʢʪʨʦʥʘ (ʝ) ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʜʝʡʩʪʚʠʶ ʵʥʝʨʛʠʠ 

ʜʚʫʭ ʜʨʫʛʠʭ ʯʘʩʪʠʮ ï ʬʦʪʦʥʘ (ɔ) ʠ ʥʝʡʪʨʠʥʦ (ɜ). ɺʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ 5 ʯʘʩʪʠʮ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪ-

ʩʪʚʫʶʪ ʚ ʙʠʦʩʬʝʨʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ɸʥʪʨʦʧʥʦʛʦ ʧʨʠʥʮʠʧʘ. ʇʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʯʘʩʪʠʮʳ 

ʦʪʥʦʩʠʪʩʷ ʢ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʦ ʝʩʪʴ ʬʠʟʠʢʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʫʩʢʦʨʠʪʝʣʝʡ. ʊʦʣʴ-

ʢʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʚʦʟʤʫʱʝʥʠʝ ʩʪʨʫʢʪʫʨ N, P, e, ɔ ʠ ɜ. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʩʪʨʫʢ-

ʪʫʨʳ ʯʘʩʪʠʮ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨʦʤ ʠʟ ~200 ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʯʘʩʪʠʮ, ʨʘʟʥʝʩʝʥʥʳʭ ʪʝʦʨʝʪʠʢʘʤʠ ʧʦ ʤʠʩʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ [3, 4]: çʀʟʦʙʠʣʠʝ ʯʘʩʪʠʮ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʫʩʧʝʭʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ, ʥʝ ʨʘʜʦʚʘʣʦ, ʘ ʪʦʣʴʢʦ ʦʟʘʜʘʯʠʚʘʣʦ ʪʝʦʨʝʪʠʢʦʚ. 

ʅʘʯʘʣʠʩʴ ʧʦʧʳʪʢʠ ʥʘʡʪʠ ʧʨʘʤʘʪʝʨʠʶ ʠʣʠ ʧʨʘʯʘʩʪʠʮʳ, ʩ ʪʝʤ, ʯʪʦʙʳ ʚʩʝ ʦʙʠʣʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʯʘʩʪʠʮ ʧʦʣʫ-

ʯʘʣʦʩʴ ʙʳ ʠʟ ʢʦʤʙʠʥʘʮʠʡ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ, ʠʣʠ, ʛʦʚʦʨʷ ʦʩʪʦʨʦʞʥʝʝ, ʙʦʣʝʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮè [2]. 

ʇʨʘʯʘʩʪʠʮʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʠʭʨʠ ʵʬʠʨʘ (ʵʥʝʨʛʦʬʦʨʤʳ) [6, 8]. ʉʦʛʣʘʩʦʚʘʥʥʳʝ ʩ ʜʠʘʣʝʢ-

ʪʠʢʦʡ ʠ ʭʠʨʘʣʴʥʦʩʪʴʶ ʤʠʨʘ ʧʨʘʚʠʣʘ ʢʦʤʙʠʥʘʮʠʡ ʵʥʝʨʛʦʬʦʨʤ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ 

ʩʪʨʫʢʪʫʨ ʯʘʩʪʠʮ ʚ ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [4, 5]. ɺ ʨʘʤʢʘʭ ʚʠʭʨʝʚʦʡ ʤʦʜʝʣʠ ʩʢʝʣʝʪ ʯʘʩʪʠʮʳ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʩʪʦʷʱʠʤ ʠʟ ʦʙʦʣʦʯʢʠ (sh) ʠ ʜʚʫʭ ʦʨʙʠʪʘʣʝʡ ï ʚʥʫʪʨʝʥʥʝʡ (in) ʠ ʚʥʝʰʥʝʡ (ex). ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʧʦʟʚʦʣʷʝʪ ʩʦʛʣʘʩʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʝʝ ʩʪʨʫʢʪʫʨʳ ï ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ (L), ʟʘʨʷʜ (q) ʠ ʤʘʩʩʫ (m) ʩ ʵʤʧʠ-

ʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʯʘʩʪʠʮʝ ï ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ (ɛ), ʩʧʠʥʫ (S) ʠ ʤʘʩʩʝ (ʠʟ [3]). ʄʝʪʦʜ ʫʩʧʝʰʥʦ ʙʳʣ ʧʨʠ-

ʤʝʥʝʥ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ N, ʈ, ʝ [5] ʠ ʣʝʛʢʠʭ ʷʜʝʨ [4]. ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʨʘʩʯʝʪʘ ʚʦʟʙʫʞʜʝʥ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮ ʫʯʣʠ ʠʭ ʚʨʝʤʷ ʞʠʟʥʠ (t) ʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʫʶ ʨʝʘʢʮʠʶ ʝʝ ʨʘʩʧʘʜʘ (ʨʝʣʘʢʩʘʮʠʷ ʢ ʦʩʥʦʚ-

ʥʦʤʫ ʩʦʩʪʦʷʥʠʶ). ɺ ʧʨʦʜʫʢʪʘʭ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʠʛʫʨʠʨʫʝʪ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʙʫʞʜʝʥʥʦʡ ʯʘ-

ʩʪʠʮʳ ʠ ʯʘʩʪʠʮʘ, ʩʳʛʨʘʚʰʘʷ ʨʦʣʴ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ.  

ʇʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʨʝʘʢʮʠʷ ɓ-ʨʘʩʧʘʜʘ: N(ï˂ /2) = ʈ(˂/2)+ʝ(ï˂ /2)+ ɜʝ(ï˂ /2), ɜʝ ï ʵʣʝʢʪʨʦʥʥʦʝ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʚ 

ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ S ʯʘʩʪʠʮ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʦʙʨʘʪʠʤʘ [9], ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ N ʝʩʪʴ ʥʝʩʪʘʙʠʣʴʥʦʝ 

(t~900 c) ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʈ, ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʠʤ ʝ ʠ ɜʝ. ʅʝʡʪʨʠʥʦ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʫʯʘʩʪ-

ʚʫʝʪ ʚ ʢʘʯʝʩʪʚʝ çʭʠʨʘʣʴʥʦʡ ʦʪʤʳʯʢʠè, ʪʦ ʝʩʪʴ ʝʛʦ ʚʠʭʨʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʛʣʘʩʫʝʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩʢʝʣʝʪʦʚ 

ʥʘ ʫʨʦʚʥʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʭʠʨʘʣʴʥʳʭ ʚʠʭʨʝʡ. ɺʦʟʙʫʜʠʪʝʣʷʤʠ ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ɔ-ʬʦʪʦʥ ʠ ʝ ʚ ʦʩʥʦʚʥʦʤ ʠ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ɛ- ʠ ˊ-ʤʝʟʦʥʳ). ɺʦʟʙʫʜʠʪʝʣʷʤʠ ʷʜʝʨ ʤʦʛʫʪ ʙʳʪʴ ʥʫʢʣʦʥʳ, Ŭ-ʯʘʩʪʠʮʘ ʠ ʜʨʫʛʠʝ ʣʝʛʢʠʝ ʷʜʨʘ.  

ɿʘ ʠʤʧʫʣʴʩ ɔ-ʬʦʪʦʥʘ ʦʪʚʝʯʘʶʪ ʩʘʤʦʜʚʠʞʫʱʠʝʩʷ ʧʘʨʳ ʵʥʝʨʛʦʬʦʨʤ ʩ L=0 [8]. ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ɔ-ʬʦʪʦʥʘ 

ʦʙʦʣʦʯʢʘ ʯʘʩʪʠʮʳ ʘʩʩʠʤʠʣʠʨʫʝʪ ʝʛʦ ʚʠʭʨʠ ʠ ʚ ʦʚʘʣʝ ʂʝʣʴʚʠʥʘ ʯʘʩʪʠʮʳ ʚʦʟʥʠʢʘʶʪ ʧʦʪʦʢʠ ʚʠʭʨʝʡ ʵʬʠʨʘ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʯʘʩʪʠʮʫ ʚ ʜʚʠʞʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʥʝʩʪʘʙʠʣʴʥʦʡ, ʢʦʨʦʪʢʦʞʠʚʫʱʝʡ ʯʘʩʪʠʮʳ ʜʘʥʥʳʝ ʧʦʪʦʢʠ ʢʘʢ ʙʳ ʢʘʧʩʫʣʠ-

ʨʫʶʪ ʯʘʩʪʠʮʫ, ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʚʨʝʤʷ ʞʠʟʥʠ. ʈʝʣʷʪʠʚʠʩʪʩʢʠʝ ʯʘʩʪʠʮʳ ʚ ʫʩʢʦʨʠʪʝʣʷʭ ʧʨʠ ʵʪʦʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʤʝʰ-

ʢʠ ʬʦʪʦʥʦʚ [7]. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤ N, ʈ ʠ ʝ ʠʟ [3].  

ɼʣʷ ʨʘʩʯʝʪʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ [5], ʚʢʣʶʯʘʶʱʫʶ: 1) ʧʨʘʚʠʣʦ 

ʢʚʘʥʪʦʚʘʥʠʷ L ʵʣʝʤʝʥʪʦʚ ʯʘʩʪʠʮ (|L| = mr2ɤ = k˂, k = Ñ1/2, Ñ3/2, Ñ1, Ñ2é); 2) ʫʩʣʦʚʠʷ ʮʝʣʴʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʩʢʝʣʝʪʘ 

ʯʘʩʪʠʮʳ (ɤr=const); 3) ʚʳʨʘʞʝʥʠʝ ɛ ʯʘʩʪʠʮʳ ʯʝʨʝʟ ɛ ʵʣʝʤʝʥʪʦʚ: ×Li|qi|/(2miC); 4) ʩʦʦʪʥʝʩʝʥʠʝ ʫʪʨʦʝʥʥʦʡ ʚʨʘʱʘ-

ʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʵʣʝʤʝʥʪʦʚ ʯʘʩʪʠʮʳ 3/2× |L i ɤ i| ʩ ʵʥʝʨʛʠʝʡ ʤʘʩʩʳ ʧʦʢʦʷ ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʘʩʩʳ ʯʘʩʪʠʮʳ (mg). 
 

ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ɔ, ʝ, N ʠ ʈ 
 

ʏʘʩʪʠʮʘ 

ɺʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʉʧʠʥ 

( )˂ 

ʄʘʩʩʘ 

Ā1024 (ʛ) 

ɺʨʝʤʷ ʞʠʟʥʠ (ʩ) 

ʋʨʦʚʥʠ ʆʙʦʟʥʘʯʝʥʠʷ 

(ʚʝʨʦʷʪʥʳʡ ʨʘʩʧʘʜ) 

ʌʦʪʦʥ 

(ɔ) 

1 ˊo (ɔɔ) 0 0,24 8,3 10-17 

2 ɖ (ɔɔ, 3ˊo) 0 0,97 - 

 

ʕʣʝʢʪʨʦʥ (ʝ) 

1 m- (ʝ ɜ) -1/2 0,19 2,2 10-6 

2 ˊ- (m- ɜ) -1 0,25 2,6 10-8 

3 t- (m- ɜ) -1/2 3,17 3,1 10-13 

4 ʂ- (m- ɜ; -́ ˊo) -1 0,86 1,2 10-8 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 
 

ʏʘʩʪʠʮʘ 

ɺʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʉʧʠʥ 

( )˂ 

ʄʘʩʩʘ 

Ā1024 (ʛ) 

ɺʨʝʤʷ ʞʠʟʥʠ (ʩ) 

ʋʨʦʚʥʠ ʆʙʦʟʥʘʯʝʥʠʷ 

(ʚʝʨʦʷʪʥʳʡ ʨʘʩʧʘʜ) 

 

ʅʝʡʪʨʦʥ 

 

(N) 

 

1 L (ʨ -́; n ˊo) -1/2 2,06 2,6 10-10 

2 So (Lɔ) -1/2 2,12 5,8 10-20 

3 S- (n ˊ-) -1/2 2,13 1,5 10-10 

4 Xo (Ĺ o) -1/2 2,34 2,9 10-10 

5 X- (L ˊ-) -1/2 2,92 1,6 10-10 

ʇʨʦʪʦʥ (P) 1 S+ (p ˊo; nˊ+) 1/2 2,17 0,8 10-10 

 

ʇʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ɼʣʷ ʧʨʠʤʝʨʘ ʧʦʢʘʞʝʤ ʩʭʝʤʫ ʨʘʩʯʝʪʘ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʝ ʠ ɜʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʝʨʚʳʤ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ɜʝ 

ʷʚʣʷʝʪʩʷ ʤʶʦʥʥʦʝ ʥʝʡʪʨʠʥʦ [3]. ʇʘʨʘʤʝʪʨʳ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʠ ʧʦʢʦʷʱʝʛʦʩʷ ʝ ʩʦʚʧʘʜʘʶʪ (ʪʘʙʣʠʮʘ 2). ɺʠʜ ʫʨʘʚ-

ʥʝʥʠʷ 3) ʪʦʞʝ ʥʝ ʠʟʤʝʥʠʪʩʷ: ï1/me = ï5/6 (1/msh) + 1/3[1/(me ï 7/3msh), ʘ ʚ ʫʨʘʚʥʝʥʠʝ 4) ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʨʝʣʷʪʠ-

ʚʠʩʪʩʢʫʶ ʤʘʩʩʫ ʝ: mv = m[1 ï (V/C)2]ï1/2 å m(2Ŭ) ï1/2, ʟʜʝʩʴ Ŭ = 1 ï V/C ᾽᾽ 1. ʀʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚʝʣʠʯʠʥʳ w ʚʦʟʨʘʩʪʫʪ ʚ (2Ŭ)ï1/2 ʨʘʟ, ʘ ʨʘʜʠʫʩʳ ʫʤʝʥʴʰʘʪʩʷ ʚ (2Ŭ)1/4 ʨʘʟ. ʅʘʧʨʠʤʝʨ, ʧʨʠ Ŭ = 0,01 (V=0,99C) ʧʦʣʫ-

ʯʠʤ rex= (0,02) 1/4 2,0 Ā10-10 = 7,5 Ā10-11 ʩʤ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʩʨʘʚʥʠʤʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ (ɚ) ʠ ʂʦʤʧʪʦʥʘ: ɚ = 

(2Ŭ)1/2(h/mC) = 3,4Ā10-11 ʩʤ.  

ɺ ʦʧʳʪʘʭ ʧʦ ʨʘʩʩʝʷʥʠʶ ʧʨʠʤʝʥʷʶʪ ʝ ʩ ʵʥʝʨʛʠʝʡ (ɽ) ʧʦʨʷʜʢʘ ɻʵɺ (~1 ʵʨʛ). ɼʣʷ ʪʘʢʦʛʦ ʝ (2Ŭ)1/2 = (mC2) / 

ɽ = 82Ā10ï8, ʘ ʝʛʦ ʨʘʜʠʫʩ r*= (2Ŭ)1/4rex = 9Ā10ï4 Ā2Ā10ï10 = 1,8 ʌʤ, ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʟʦʥʜʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷ-

ʜʦʚ ʚ ʥʫʢʣʦʥʘʭ. ʏʠʩʣʦ ɔ-ʬʦʪʦʥʦʚ (n), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʠʠ ʝ ʚ 1 ɻʵʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

(n C˂)/ɚɔ = 1 [8]: n~3Ā10ï10 /310ï17 = 107. ɺ ʤʝʰʢʘʭ ʬʦʪʦʥʦʚ ʯʘʩʪʠʮ, ʫʩʢʦʨʝʥʥʳʭ ʚ ɹɸʂ ʯʠʩʣʦ n ʥʘ ʜʚʘ ʪʨʠ ʧʦʨʷʜ-

ʢʘ ʙʦʣʴʰʝ ʯʠʩʣʘ ɸʚʦʛʘʜʨʦ [7]. 

 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʦʩʥʦʚʥʳʭ ʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮ 
ʏʘʩʪʠʮʘ, ʩʦʩʪʦʷʥʠʝ, ʵʣʝʤʝʥʪʳ L (˂) q (ʝʜ. ʝ) M (ʜʦʣʷ) wĀ10-23 c-1  r, ʌʤ 

ɜʝ 0 Sh 1/2 2/3 0,33 2,3 10-3 1,22 103 

Ex -1 -2/3 0,67 -3,5 10-3 0,81 103 

 

 

 

 

 

 

 

ʝ 

 

0 

Sh -1/2 -2/3 0,33 -2,6 10-3 1,0 103 

In -1 -2/3 0,44 -2,6 10-3 1,0 103 

Ex 1 1/3 0,23 1,3 10-3 2,0 103 

1 

m- 

Sh -1/2 -2/3 0,16 -0,24 10,6 

In -2 -2/3 0,42 -0,24 10,6 

Ex 2 1/3 0,42 0,24 10,7 

2 

ˊ- 

Sh -1 -2/3 0,39 -0,42 6,3 

In -2 -2/3 0,51 -0,42 6,3 

Ex 2 1/3 0,10 0,08 31,0 

3 

t- 

Sh -1/2 -2/3 0,15 -3,8 0,66 

In -3 -2/3 0,60 -3,8 0,66 

Ex 3 1/3 0,25 1,6 1,59 

4 

ʂ- 

Sh -1 -2/3 0,27 -5,0 1,15 

In -3 -2/3 0,54 -5,0 1,15 

Ex 3 1/3 0,19 1,8 3,30 

 

 

 

 

 

 

N 

0 Sh 1/2 2/3 0,72 12 0,24 

Ex -1 -2/3 0,28 -35 0,80 

1 

L 

Sh 1/2 2/3 0,51 3,2 0,84 

Ex -2 -2/3 0,49 -3,5  0,78 

3 

S- 

Sh 3/2 2/3 0,45 2,9 0,93 

Ex -2 -2/3 0,55 -3,9 0,68 

4 

Xo 

Sh 5/2 2/3 0,57 2,5 1,09 

Ex -2 -2/3 0,43 -2,4 1,16 

5 

X- 

Sh 5/2 2/3 0,18 0,85 3,00 

Ex -3 -5/3 0,82 -4,8 0,52 

 

 

ʈ 

 

0 

Sh 1/2 2/3 0,32 4,5 0,58 

In -1 -2/3 0,42 -4,5 0,58 

Ex -1 1/3 0,28 2,8 0,93 

1 

S+ 

Sh 1/2 2/3 0,19 12,4 0,39 

In -2 -2/3 0,50 -12,4 0,39 

Ex -2 1/3 0,31 7,7 0,63 
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ʇʨʠ ʨʘʩʯʝʪʝ ɜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: S = -˂ /2, m = q = 0 ʠ ʧʦʣʘʛʘʣʠ, ʯʪʦ ɜʝ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ ʉ. ɺʠʭʨʝʚʘʷ ʤʦʜʝʣʴ ɜʝ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ 1, ʘ ʝʝ ʧʘʨʘʤʝʪʨʳ ʚ ʊʘʙʣʠʮʝ 2. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʝ ʫʨʘʚʥʝʥʠʷ 3) ʠ 4) ʜʣʷ ɜʝ ʠʤʝʣʠ ʚʠʜ: 1/(3mʦʙ) ï 2/[3(mg ï mʦʙ)] = 0; 3/2˂  (wʦʙ/2 + wʝʭ) = mgʉ2, ʛʜʝ mg = ɽ/ʉ2, ɽ ï 

ʵʥʝʨʛʠʷ ɜʝ. ʀʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʶʪ ʩʦʦʪʥʦʰʝʥʠʷ rex = (27)1/2 /˂(2mgʉ2) ʠ wʦʙ = 3/2 wʝʭ = mgʉ2/(3 )˂. 
 

 
 

ʈʠʩ. 1. ɺʠʭʨʝʚʳʝ ʤʦʜʝʣʠ ʩʘʤʦʜʚʠʞʫʱʝʛʦʩʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʪʠʥʝʡʪʨʠʥʦ (ʘ) ʠ ʧʦʢʦʷʱʝʛʦʩʷ ʵʣʝʢʪʨʦʥʘ (ʙ).  

ʇʫʥʢʪʠʨʦʤ ʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʚʠʭʨʝʚʳʝ ʧʦʪʦʢʠ ʵʬʠʨʘ, ʦʙʨʘʟʫʶʱʠʝ ʘʪʤʦʩʬʝʨʫ ʯʘʩʪʠʮ (ʦʚʘʣ ʂʝʣʴʚʠʥʘ). 

ɿʘʰʪʨʠʭʦʚʘʥʳ ʣʝʚʦʩʧʠʨʘʣʴʥʳʝ ʵʥʝʨʛʦʬʦʨʤʳ. 
 

ʉʦʣʥʮʝ ʠʟʣʫʯʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʦʝ ʥʝʡʪʨʠʥʦ ʩ ɽ = 0,42 ʄʵɺ [9] (mg = 7,4Ā10ï28 ʛ). ɽʛʦ rʦʙ ʠ wʦʙ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʝ (ʪʘʙʣʠʮʘ 2). ɺʠʭʨʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ɜʝ ʠʟʦʤʦʨʬʥʘ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ɜ/g-ʚʠʭʨʶ 

[6, 8] ʠ ʜʚʫʤ ʵʣʝʤʝʥʪʘʤ ʝ (ʨʠʩʫʥʦʢ 1) ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʦʣʴʶ ʥʝʡʪʨʠʥʦ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʠ ʛʠʧʦʪʝʟʦʡ ʦ ʥʝ-

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʥʝʡʪʨʠʥʦ [6, 9]. ʇʦʣʘʛʘʶʪ, ʯʪʦ ʦʥʦ ʨʘʩʧʘʜʘʝʪʩʷ (ʨʘʩʩʝʠʚʘʝʪʩʷ) ʧʦ ʚʳʭʦʜʫ ʠʟ ʉʦʣʥʮʘ 

ʥʘ 6Ā1023 ʵʣʝʤʝʥʪʘʨʥʳʭ ɜ/g-ʚʠʭʨʝʡ, ʠʤʝʶʱʠʭ ʵʥʝʨʛʠʶ ~1,1Ā10ï30 ʵʨʛ ʠ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʜʠʫʩ ~7,3Ā1013 ʩʤ, ʨʘʚʥʳʡ 

ʨʘʜʠʫʩʫ ʦʨʙʠʪʳ ʖʧʠʪʝʨʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʠʧʦʪʝʟʫ ʦʙ ʫʯʘʩʪʠʠ ʥʝʡʪʨʠʥʥʳʭ ɜ/g-ʚʠʭʨʝʡ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʝʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʚʧʦʣʥʝ ʫʤʝʩʪʥʫʶ ʮʠʪʘʪʫ ʬʠʟʠʢʘ-ʪʝʦʨʝʪʠʢʘ: çʨʘʙʦʪʳ, ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘ-

ʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʧʨʠʥʷʪʳʭ ʤʦʜʝʣʝʡ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʫʯʥʦʡ ʨʝʚʦʣʶʮʠʠ. ɼʘʞʝ ʥʝʟʘʢʦʥʯʝʥʥʳʝ ʨʘ-

ʙʦʪʳ ʪʘʢʦʛʦ ʨʦʜʘ ʚʳʟʳʚʘʶʪ ʜʠʩʢʫʩʩʠʠ ʠ ʧʦʙʫʞʜʘʶʪ ʢ ʜʘʣʴʥʝʡʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤè [1]. 
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ʈɽʐɽʅʀɽ ʆɹʆɹʑɽʅʅʆɻʆ ʅɽʃʀʅɽʁʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 
 

 ʊ.ɿ. ʏʦʯʠʝʚ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʖʞʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɺʣʘʜʠʢʘʚʢʘʟʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ ï ɸʣʘʥʠʷ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ [1] ʠʟʫʯʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʣʠ-

ʥʝʡʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʫʜʘʣʦʩʴ ʦʙʦʙʱʠʪʴ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠ ʧʨʠʤʝʥʠʪʴ ʢ ʥʝʤʫ 

ʪʦʪ ʞʝ ʩʧʦʩʦʙ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʯʪʦ ʢ ʫʧʦʤʷʥʫʪʦʤʫ ʥʝʣʠʥʝʡʥʦʤʫ ʫʨʘʚʥʝʥʠʶ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʯʪʦ ʝʛʦ ʨʝʰʝ-

ʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʫʧʝʨʧʦʟʠʮʠʠ ʜʚʫʭ ʨʝʰʝʥʠʡ: ʨʝʰʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʠʟ ʦʙʱʝʛʦ ʥʝʣʠ-

ʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ, ʥʝʣʠʥʝʡʥʦʝ, ʣʠʥʝʡʥʦʝ, ʚʳʧʦʣʥʠʤʦʩʪʴ, ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ, ʢʣʘʩʩ ʈʠʢʢʘʪʠ. 

 

ʇ. 1. ʅʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ɺʳʰʝʫʧʦʤʷʥʫʪʦʝ ʦʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 

    (1.1) 

 

ʛʜʝ  ʜʦʧʫʩʢʘʝʪ ʧʨʦʠʟʚʦʜʥʫʶ ʜʦ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ;  ʠ  ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ ʜʦ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ;  ï ʥʝʧʨʝʨʳʚʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ, ʘ  ï ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ;  ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ  

ʩʚʷʟʘʥ ʨʘʚʝʥʩʪʚʦʤ . 

ʉ ʢʣʘʩʩʦʤ ʫʨʘʚʥʝʥʠʡ (1.1) ʩʚʷʟʘʥʳ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ [1]. ʇʦʵʪʦʤʫ ʝʛʦ 

ʠʟʫʯʝʥʠʝ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʤʳʩʣ. 

ɼʦʢʘʞʝʤ ʪʝʦʨʝʤʫ. 

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʝ ʨʘʚʝʥʩʪʚ: 

 

     (1.2) 

 

ʪʦ ʫʨʘʚʥʝʥʠʝ (1.1) ʜʦʧʫʩʢʘʝʪ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 

 

   (1.3) 

 

ʧʨʠʯʝʤ , 

 

   (1.4) 

 

ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʚ (1.1) ʢʦʵʬʬʠʮʠʝʥʪʳ  ʟʘʤʝʥʷʝʤ ʩʚʦʠʤʠ ʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʚʳʨʘʞʝ-

ʥʠʷ (1.2), ʪʦʛʜʘ ʧʦʩʣʝ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦʣʫʯʠʤ (1.3). ʅʘʧʦʤʠʥʘʝʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʦʝ ʚ ʨʘʙʦʪʝ [1] ʥʝʣʠʥʝʡʥʦʝ 

ʫʨʘʚʥʝʥʠʝ: 

 

  (I) 

 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ (1.1), ʜʦʧʫʩʢʘʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʠʜʘ: 

 

                                                           
É ʏʦʯʠʝʚ ʊ.ɿ. / Chochiev T.Z., 2016 
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     (II ) 

 

ɹʫʜʝʤ ʩʣʝʜʦʚʘʪʴ ʤʝʪʦʜʫ (II), ʧʨʠʤʝʥʝʥʥʦʤʫ ʚ ʨʘʙʦʪʘʭ [1 ï 3]. 

(1.3) ʧʝʨʝʧʠʩʳʚʘʝʤ ʙʝʟ ʧʨʘʚʦʡ ʯʘʩʪʠ 

 

     (1.5) 

 

ʋʤʥʦʞʘʝʤ ʝʛʦ ʥʘ , ʛʜʝ ; ʣʝʛʢʦ ʩʦʦʙʨʘʟʠʪʴ, ʯʪʦ: 

 

 
 

ʣʝʚʘʷ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ ʝʩʪʴ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʧʨʦʠʟʚʝʜʝʥʠʷ: 

 

    (1.5)1 

 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ: 

 

 
 

ʛʜʝ  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʀʣʠ: 

 

 
 

ʅʦ ʵʪʦ ʝʩʪʴ ʣʠʥʝʡʥʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ  

 

          (1.6) 

 

ʢʦʪʦʨʦʝ, ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʝ: 

 

    (1.7) 

 

ʛʜʝ  

ʇʦʜʦʙʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘʤʠ ʠʟʫʯʝʥʦ ʚ [2, 4], ʠ ʝʛʦ ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʢʣʘʩʩʘ ʈʠʢʢʘʪʠ [2]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʤ, ʯʪʦ: 

 

           (1.7)1 

 

ʛʜʝ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ: 

 

         (1.8.) 

 

ʇʦʩʢʦʣʴʢʫ  ï ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ (ʩʤ. (1.7) ʠ (1.4)), ʪʦ, ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ [1, 2],  ʤʦʞʝʤ ʩʯʠʪʘʪʴ 

ʠʟʚʝʩʪʥʳʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʫʯʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ , 
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ʠʣʠ, ʧʦʩʣʝ ʛʨʫʧʧʠʨʦʚʢʠ: 

 

 
 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʦʢ ʠʤʝʝʤ ʣʠʥʝʡʥʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʠʟ ʢʦʪʦ-

ʨʦʛʦ: 

 

 
 

ʆʪʩʶʜʘ ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʠʤʝʝʤ: 

 

   (1.9) 

 

ʆʥʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (1.7) ʠʣʠ ʫʨʘʚʥʝʥʠʶ (1.6), ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʠʟ ʫʨʘʚʥʝʥʠʷ (1.5). ʅʦ 

ʫʨʘʚʥʝʥʠʝ (1.5) ʧʦʣʫʯʝʥʦ ʠʟ (1.3) ʜʦʧʫʱʝʥʠʝʤ ʝʛʦ ʧʨʘʚʦʡ ʯʘʩʪʠ  

 

ʇ. 2. ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.3) 

ɺʝʨʥʝʤʩʷ ʢ ʫʨʘʚʥʝʥʠʶ (1.3); ʚ ʧʝʨʝʤʝʥʥʦʡ  ï ʦʥʦ ʜʦʧʫʩʢʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʠʜʘ: 

 

 
 

ʠʣʠ: 

 

       (2.1) 

 

ʅʦ, ʧʦʩʢʦʣʴʢʫ ʠʟ : 

 

    (2.2) 

 

ʝʩʪʴ ʪʦʞʜʝʩʪʚʦ, ʪʦ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦʩʪʦʷʥʥʫʶ  (ʩʦʛʣʘʩʥʦ ʠʜʝʝ ʃʘʛʨʘʥʞʘ), ʟʘʤʝʥʠʚ ʬʫʥʢʮʠʝʡ , ʧʦ-

ʣʫʯʘʝʤ: 

 

 
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

 

   (2.3) 

 

ʛʜʝ  ï ʧʦʩʪʦʷʥʥʘʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, (2.2), ʩ ʫʯʝʪʦʤ (2.3), ʝʩʪʴ: 

 

   (2.4) 

 

ʠ ʦʙʨʘʱʘʝʪ (2.1) ʚ ʪʦʞʜʝʩʪʚʦ. 

ʀʪʘʢ, ʨʘʚʝʥʩʪʚʦ: 
 

 



ISSN 2308-4804. Science and world. 2016. ˉ 5 (33). Vol. I. 

 

 

39 

 

 

ʝʩʪʴ ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ (1.5), ʠʣʠ ; ʥʦ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ (2.2): 

 

 
 

ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʦ. 

ʈʘʚʝʥʩʪʚʦ (2.1) ʝʩʪʴ ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ (1.3). ʅʦ (2.1) ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʦ, ʝʩʣʠ ʚ (2.1) ʧʦʜʩʪʘ-

ʚʠʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ ʬʦʨʤʫʣʳ: 

 

 
 

ʈʘʟ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʝ (2.1), ʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠ ʫʨʘʚʥʝʥʠʝ (1.3); ʧʦʩʢʦʣʴʢʫ ʚ ʩʠʣʫ (1.4) ʩʠʩʪʝʤʘ 

ʨʘʚʝʥʩʪʚ (1.2) ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʫʨʘʚʥʝʥʠʷ (1.1) ʠ (1.3) ʪʦʞʜʝʩʪʚʝʥʥʳʝ, ʠ ʠʟ ʚʳʧʦʣʥʠʤʦʩʪʠ (1.3) ʩʣʝʜʫʝʪ ʫʜʦʚʣʝ-

ʪʚʦʨʝʥʠʝ (1.1). 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʏʦʯʠʝʚ, ʊ. ɿ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ / ʊ. ɿ. ʏʦʯʠʝʚ // ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʝʩʪʝʩʪʚʝʥ-

ʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, II ʄʅʂ: ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ï ʀʎʈʆʅ, ɺʦʣʛʦʛʨʘʜ. ï 2015. ï ʉ. 12ï18. 

2. ʏʦʯʠʝʚ, ʊ. ɿ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ / ʊ. ɿ. ʏʦʯʠʝʚ // XȽȽ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʆʪʝʯʝʩʪʚʝʥʥʘʷ ʥʘʫʢʘ ʚ ʵʧʦʭʫ ʠʟʤʝʥʝʥʠʡ: ʧʦʩʪʫʣʘʪʳ ʧʨʦʰʣʦʛʦ ʠ ʪʝʦʨʠʠ ʥʦʚʦʛʦ ʚʨʝʤʝʥʠè, ʯʘʩʪʴ 

3. ISSN 3385-8879. ï ʅɸʋ: ɽʢʘʪʝʨʠʥʙʫʨʛ. ï 2015. ï C. 18ï24. 

3. ʏʦʯʠʝʚ, ʊ. ɿ. ʆʙ ʦʜʥʦʤ ʚʘʨʠʘʥʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ / ʊ. ɿ. ʏʦʯʠʝʚ // East European Scientific 

Journal Wschodnioeuropeiskie Czasopismo Naukowe. ï Volume 32 (2). ï Polska. ï ʉ. 61ï66. 

4. ʏʦʯʠʝʚ, ʊ. ɿ. ʆʙ ʦʜʥʦʤ ʚʘʨʠʘʥʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ / ʊ. ɿ. ʏʦʯʠʝʚ // çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤè, ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ: ʩʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʠʪʦʛʘʤ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2015. ï ʉ. 10ï13. 
 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 19.04.16. 

 

 

A SOLUTION TO GEN ERALIZED NONLINEAR EQUATION OF SECOND ORDER  
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Abstract. In the study [1] a nonlinear equation of second order corresponding to linear equation of third order 

is considered. In the present study we managed to extend this equation and apply to it the same method of consideration 

as to the nonlinear equation mentioned above. It has been found that its solution consists of the presupposition of two 

solutions: the solution of second-order linear equation and that of the general nonlinear Riccati equation. 
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SOME PROPERTIES OF NETWORKS 
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Abstract. In this paper, we investigate the following: (1) the product of cs-networks is cs-network, the product 

of cs*-networks is cs*-network, the image of cs-network by sequence-covering map is cs-network, the image of cs*-

network by 1-sequence-covering map is cs*-network, the product of k-networks is a k-network, the image of k-network 

by compact-covering map is a k-network. 

Keywords: cs-network, cs*-network, k-network, sequence-covering map, compact-covering map. 
 

1. INTRODUCTION  

To determine preserving topological properties of topological spaces by product and continuous map is one of the cen-

tral questions of general topology. The networks (cs, cs*, k) are characterized by important properties of topological spaces. 

Some properties of networks (cs, cs*, k) and of covering maps (sequence, 1-sequence, compact) are discussed in [1, 3-12]. 

2. MAIN RESULTS  

Let X  be a 
1T  topological space and { : }P P Xa= ËP  be a family with x PaÍ . 

Definition 2.1. [12]. A sequence { }nx  in X  is called eventually in P  if { }nx  converges to x , and there ex-

ists m NÍ  such that { } { : }nx x n m P² Ë . 

Definition 2.2. [12]. The family P  is called a network at point x XÍ  if for each neighborhood of x  there 

exists PÍP  such that P UË . 

Definition 2.3. [12].The family P  is called a cs-network at point x XÍ  if for any sequence { }nx  converg-

ing to x  and a neighborhood U  of x , there exists PÍP  such that P UË  and { }nx  is eventually in P . 

Definition 2.4. [12]. The family P  is called a cs*-network at a point x XÍ  if whenever { }nx  is a se-

quence converging to a point x UÍ  with U  open in X , then { : }
inx i N P UÍ Ë Ë  for some subsequence { }

inx  

of { }nx  and some PÍP . 

Proposition 2.5. If the families P  and T  are cs-networks respectively at points x XÍ  and y YÍ , then 

the family ³P T  is cs-network too at point ( , )x y X YÍ ³ . 

Proof. Let G  be a neighborhood of point ( , )x y  and { }nx , { }ny  are some sequences converging to points 

x  and y  respectively. It is easy to see that there exist neighborhoods U , V  of points x  and y  respectively, such 

that U V G³ Ë . Moreover, there exist PÍP , TÍT  and 
0n NÍ , 

0m NÍ  that { }nx P UË Ë  and 

{ }ky T VË Ë  for each 
0n n> , 

0k m> . We take 
0 0( , )m max n m= , then {( , )}n nx y P T GË ³ Ë for each 

n m> . Hence, ³P T  is cs-network at point ( , )x y . 

Corollary 2.6. The families , 1,i i n=P  are cs-networks at points 
i ix XÍ

 
respectively, then their product 

1

n

i

i=

ÔP  is a cs-network too at point 
1 2

1

( , ,..., )
n

n i

i

x x x X
=

ÍÔ
. 

Example 2.7. Let [ 3,3]X = -  be space. It is easy to see the family 1 1
{ (1 ,1 )}

n n
= - +ÇP  is a cs-network at 

point 1x=  and 1 1
{ (2 ,2 )}

n n
= - +ÇT  is a cs-network at point 2y= , where n NÍ . For each neighborhood G  of 

point ( , )A x y  we take min{ ( , )}
B G

r d A B
Íµ

= , where d  is metric in X . Next we take 
(1 ,1 )

3 3

r r
U = - +

, (2 ,2 )
3 3

r r
V= - +, 

then U V G³ Ë . We can find 
0n NÍ  such that for 

0 0

1 1
(1 ,1 )P

n n
= - +

, 

0 0

1 1
(2 ,2 )T

n n
= - +

 this attitude 

P T U V G³ Ë ³ Ë is understandable. Therefore, ³P T  is a cs-network too. 
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Proposition 2.8. If the families P  and T  are cs*-networks respectively at points x XÍ , y YÍ  then a 

family ³P T  is cs*-network too at point ( , )x y X YÍ ³ . 

Proof. In this case again let G  be a neighborhood of point ( , )x y  and { }nx  and { }ny  are some sequences con-

verging to points x  and y  respectively and is known there exists neighborhoods U , V  of points x  and y  respectively, 

such that U V G³ Ë . Moreover, by definition of cs*-network there exist PÍP , TÍT  and subsequences 

{ : }
inx i NÍ  and { : }

jny j NÍ  of sequences { }nx  and { }ny  respectively, such that { : }
inx i N P UÍ Ë Ë  and 

{ : }
jny j N T VÍ Ë Ë  . Afterward we re-numbered subsequences and we have {( , ) : }

k kn nx y k N P T GÍ Ë ³ Ë. 

Hence, ³P T  is a cs*-network at the point ( , )x y  and we have proved the proposition 2.8. 

Corollary 2.9. The families , 1,i i n=P  are cs*-networks respectively at points 

i ix XÍ , then their product 

1

n

i

i=

ÔP  is a cs*-network at the point 
1 2

1

( , ,..., )
n

n i

i

x x x X
=

ÍÔ . 

Definition 2.10. [8]. Let :f X Y  be a map continuous and onto 

(1) f  is a sequence-covering map if each convergent sequence (includes its limit point) of Y  is the image of 

some convergent sequence of X . 

(2) f  is a 1-sequence-covering map if for each y YÍ , there is 
1( )x f y-Í  such that whenever { }ny  is a 

sequence converging to y  in Y  there is sequence { }nx  converging to x  in X  with each 
1( )n nx f y-Í . 

Remark 2.11. 1-sequence-covering mapÝ  sequence-covering map. 

Proposition 2.12. If :f X Y  is sequence-covering map and P  is a cs-network at point 
0x XÍ , then 

( ) { ( ) : }f f P P= ÍP P  is a cs-network at the point 
0 0( )y f x= . 

Proof. By definition of continuous map for each neighborhood V  of point 
0y  there exists a neighborhood U  of 

point 
0x  such that ( )f U VË . Since the family P  is cs-network at the point 

0x , there exists PÍP  such that P UË . 

Therefore, there exists ( ) ( )T f P f= Í P  such that T VË . Now we will show that for each sequence { }ny  converging 

to 
0y  there is m NÍ  such that { }ny TË  for every n m> . We have that f  is sequence-covering map, so the sequence 

{ }ny  is the image of some sequence { }nx  of X  converging to 
0x . Then there exists m NÍ  such that { }nx PË  for 

every n m> , so { ( )} { } ( )n nf x y f P T= Ë = for every n m> . So ( )f P  is cs-network at point 
0y . 

Proposition 2.13. If :f X Y  1-sequence converging map and P  is a cs*-network at point 
0x XÍ , 

then ( ) { ( ) : }f f P P= ÍP P  is cs*-network at point 
0 0( )y f x= . 

Proof. Us sufficient show that for every sequence { }ny  converging to point 
0y VÍ  with V  open in Y  there exists 

subsequence { : }
iny i NÍ  and ( )T fÍ P  such that . We have that  is 1-sequence converging 

map. Therefore, there exist  and  such that  is a converging sequence to . We assume 

that . Then  is not converging to , because,  is a continuous map, so . In addition,  is a 

-network at a point , so there exists subsequence  of  and  such that , therefore, 

. Hence,  is -network at the point . 

Definition 2.14. [8].  is called k-network if whenever  with  compact and  open in , then 

 for some finite . 

Let  be a map continuous and onto. 

Definition 2.15. [8]. The map  is called compact-covering map if each compact subset of  is the image of 

some compact subset of . 

Proposition 2.16. If the families  and  are k-networks respectively in  and , then the family 

 is k-network in . 


