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 Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 
 

ʋɼʂ 531.36:534.1 

 

ʆ ɼɺʀɾɽʅʀʀ ʉɺʗɿʂʀ ʊɽʃ ɺ ʎɽʅʊʈɸʃʔʅʆʄ ʇʆʃɽ ʉʀʃ 
 

 
ɸ.ʇ. ɹʣʠʥʦʚ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʧʣʦʩʢʦʤ ʜʚʠʞʝʥʠʠ ʪʨʝʭ ʪʝʣ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʩ ʨʘʚ-

ʥʳʤʠ ʤʘʩʩʘʤʠ, ʩʚʷʟʘʥʥʳʭ ʥʝʚʝʩʦʤʳʤʠ ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʥʠʪʷʤʠ ʚ ʬʦʨʤʝ ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʢʦʛʜʘ ʝʛʦ 

ʮʝʥʪʨ ʥʘʭʦʜʠʪʩʷ ʙʣʠʟʢʦ ʦʪ ʧʨʠʪʷʛʠʚʘʶʱʝʛʦ ʮʝʥʪʨʘ ʠʣʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʩʣʝʜʥʠʤ. ʇʨʠʚʦʜʠʪʩʷ ʟʘʜʘʯʘ ʦ ʜʚʠʞʝ-

ʥʠʠ ʮʝʥʪʨʘ ʩʚʷʟʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʕʪʦ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʜʨʝʡʬ ʮʝʥʪʨʘ ʩʚʷʟʢʠ 

ʠʟ ʧʨʠʪʷʛʠʚʘʶʱʝʛʦ ʮʝʥʪʨʘ. ɺ ʩʣʫʯʘʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩʚʷʟʢʠ ʫʯʠʪʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʩʚʷʟʫʶʱʠʭ ʥʠ-

ʪʝʡ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʬʦʨʤʘ ʠ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʷʟʢʘ ʪʝʣ, ʥʠʪʴ, ʧʦʣʝ ʩʠʣ, ʜʨʝʡʬ, ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ. 
 

1. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʚʷʟʢʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʘ ʩʚʷʟʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 11 ʢʥʠʛʠ [1]. ɺ ʥʝʡ ʨʘʩʩʤʦʪʨʝ-

ʥʘ ʜʠʥʘʤʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʠʣʠ ʫʧʨʫʛʠʤʠ ʪʨʦʩʘʤʠ. ʉʦʩʪʘʚ-

ʣʝʥʳ ʠ ʨʝʰʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʘ ʚ ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ. ʇʦʢʘʟʘʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦ-

ʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʢʦʣʴʮʘ ʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʪʦʛʦ ʚʨʘʱʝʥʠʷ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʪʷʞʝʥʠʝʤ ʪʨʦʩʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʪʨʝʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ (ʯʘʩʪʠʮ) ʩ ʤʘʩʩʘʤʠ m, ʩʚʷʟʘʥʥʳʭ ʥʝʚʝʩʦʤʳʤʠ ʥʝʨʘʩ-

ʪʷʞʠʤʳʤʠ ʥʠʪʷʤʠ ʚ ʬʦʨʤʝ ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʚ ʧʣʦʩʢʦʩʪʠ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʢʦʛʜʘ ʥʝʧʦʜʚʠʞʥʳʡ ʧʨʠʪʷʛʠ-

ʚʘʶʱʠʡ ʮʝʥʪʨ ʥʘʭʦʜʠʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʵʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʠʪʠ ʚʩʝʛʜʘ ʥʘʪʷʥʫʪʳ. 

ɺ ʧʣʦʩʢʦʩʪʠ ʜʚʠʞʝʥʠʷ ʟʘʬʠʢʩʠʨʫʝʤ ʥʝʧʦʜʚʠʞʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 0ʭʫ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ 

ʮʝʥʪʨʦʤ ʧʨʠʪʷʞʝʥʠʷ (ʌʠʛ.1). 

ʇʫʩʪʴ r ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʠʪʷʛʠʚʘʶʱʝʛʦ ʮʝʥʪʨʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩʩ ʩʚʷʟʢʠ, Ŭ ï ʧʦʣʷʨʥʳʡ ʫʛʦʣ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘ r, ű ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʣʫʯʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʮʝʥʪʨʘ ʤʘʩʩ ʩʚʷʟʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʦʜʥʦʡ ʠʟ ʯʘʩʪʠʮ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʨʘʜʠʫʩʘ r, à  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʜʦ ʯʘʩʪʠʮʳ, ɛ ï ʧʦʩʪʦʷʥʥʘʷ ʪʷʛʦʪʝʥʠʷ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠ ʩʠʣʦʚʘʷ ʬʫʥʢʮʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ. 
 

                                                   ʊ = 
2

3
m[ r#2

 + (r
2 
+ à 2

)a#2
 ï 2à 2a#j# + à 2j#2

]                                                 (1.1) 

                                                                           U = ɛm(1/f1 + 1/f2 + 1/f3)                                                                     (1.2) 

f1 = (à 2
 + r

2
 + 2à  r cosű)

İ 

f2,3 = [ à 2
 + r

2
 ï à  r(cosű @ 3  sinű)]

 İ
 , ( r#= dr/dt). 

 
 

ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʘʣ ʧʣʦʱʘʜʝʡ 
 

                                                      b = ÖL/Öa#= 3m[- à 2j#+ (r
2 
+ à 2

) a#],  (L = T + U) ,                                         (1.3) 

 

ʟʘʧʠʰʝʤ ʬʫʥʢʮʠʶ ʈʘʫʩʘ: 
 

                                  R = 
2

3
m( r#2

 + 
22

22

ra

ra

+
j# 2

) - 
22

2

ra

ba

+
j# + U1,  U1 = 

)(6 22

2

ram

b

+

-
+ U.                     (1.4) 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʩʚʷʟʢʠ ʚʙʣʠʟʠ ʦʪ ʧʨʠʪʷʛʠʚʘʶʱʝʛʦ ʮʝʥʪʨʘ, ʢʦʛʜʘ r << à. ɺʚʝʜʷ ʙʝʟʨʘʟʤʝʨʥʫʶ 

ʢʦʦʨʜʠʥʘʪʫ ɟ = r/ à  (ɟ << 1) ʠ ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ t3amt= , ʟʘʧʠʰʝʤ ʬʫʥʢʮʠʶ ʈʘʫʩʘ (1.4) ʪʘʢʞʝ ʚ ʙʝʟʨʘʟ-

ʤʝʨʥʦʤ ʚʠʜʝ, ʫʤʥʦʞʠʚ ʝʝ ʥʘ ( )mma 32 . 

                                                           
 É ɹʣʠʥʦʚ ɸ.ʇ. / Blinov A.P., 2014 
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                                                           R*= 

( )

2

2

2
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2
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1 3 1
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U
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r
r j j

r m r
+ +*
+ +

-
                                              (1.5) 

                    U*= [ ]{ 2/1
22/12 )sin3cos(1)cos21(2

-
- +-+++++ jjrrjrr  +  

                        + [ ] }2/1
2 sin3(cos1

-

+-+ jjrr  - 

)1(9 22

2

rm +am

b ,  tr ddp=#  

 

ɺʳʨʘʞʝʥʠʷ à /f i ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʷʱʠʝ ʬʫʥʢʮʠʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʤʥʦʛʦʯʣʝʥʦʚ ʃʝ-

ʞʘʥʜʨʘ [2] (1-2zɟ+ɟ
2
)
-İ
, ʝʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʘʛʘʪʴ z = z1=-cosű,  z = z2=

2

1
(cosű - 3  sinű),  z = z3=

2

1
(cosű 

+ 3  sinű), ʪʦ ʝʩʪʴ  

à /f i = ä
¤

=0

)(
n

n
in zP r , ʛʜʝ ʈ0(zi)=1,  P1(zi)=zi,  P2(z)=

2

1
(3zi

2
 ï 1), é ï  ʧʦʣʠʥʦʤʳ ʃʝʞʘʥʜʨʘ.  

ʈʷʜʳ ʩʭʦʜʷʪʩʷ ʧʨʠ ɟ < 2  ï 1  ʠ ʩʫʤʤʘ, ʟʘʢʣʶʯʝʥʥʘʷ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ ʚʳʨʘʞʝʥʠʷ U*, ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚ ʚʠʜʝ: 

     à  (1/f1 + 1/f2 + 1/f3) = 3+( z1+z2+z3)ɟ+
2

1
[(3z1

2
-1)+( 3z2

2
-1)+( 3z3

2
-1)] ɟ

2
 +  

                 +
2

1
[5( z1

3
+z2

3
+z3

3
) - 3( z1+z2+z3)] ɟ

3
 + o(ɟ

3
). 

 

ʆʢʘʟʳʚʘʝʪʩʷ, ʚ ʵʪʦʤ ʨʘʟʣʦʞʝʥʠʠ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ɟ
 
ʫʛʦʣ ű ʦʪʩʫʪʩʪʚʫʝʪ. 

(ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʚʷʟʢʠ ʚ ʚʠʜʝ ʧʨʘʚʠʣʴʥʦʛʦ n ï ʫʛʦʣʴʥʠʢʘ (n>3) ʚ ʨʘʟʣʦʞʝʥʠʠ ʫʛʦʣ ű ʙʫʜʝʪ ʦʪʩʫʪ-

ʩʪʚʦʚʘʪʴ ʚ ʩʣʘʛʘʝʤʳʭ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ.) ʌʫʥʢʮʠʷ ʈʘʫʩʘ, ʚʳʧʠʩʘʥʥʘʷ ʩ ʪʘʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʤʝʝʪ ʚʠʜ: 
 

                                          

2 2
2 2

2 2 2 2

2

* 0
2

1 3 (1 ) 9 (1 )

1
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4

b b
R

m m a
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r r m r
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+ - - +
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º =     ,                        (1.6) 

 

ɼʣʷ ʥʝʝ ʢʦʦʨʜʠʥʘʪʘ ű ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ. 
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ʇʝʨʝʡʜʝʤ ʢ ʥʦʚʦʡ ʬʫʥʢʮʠʠ ʈʘʫʩʘ 
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2

31
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( 2

2
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22

22

02 rr
rm

r o
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ʀʥʪʝʛʨʘʣ ʵʥʝʨʛʠʠ ʪʘʢʦʡ ʫʩʝʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ: 
 

                                                             ʅ= 2

2

22

2

3
r

r
r -+

b
# ,   b2=

49

2

0

2

2 b

am

b
-
m

                                                      (1.9) 

 

(b2Ó0, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʨʠ ʤʘʣʦʤ ɟ). 
 

ʅʘ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ h0 ʠʤʝʝʤ 

                                                                                
32 2 2

/
0 22

h br r r= + - .                                                    (1.10) 
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ʆʩʦʙʝʥʥʦʩʪʴ ʚ ʥʫʣʝ ʟʜʝʩʴ ʥʝ ʩʫʱʝʩʪʚʝʥʥʘ, ʪʘʢ ʢʘʢ ʧʨʠ ɟ(0)= ɟ0=0 ʠʤʝʝʤ b2=0. 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ 

( ) ( )4 2 2 4
2 0 2 23 2 3 2 3 2d d b h b br r r r r r r r r=° + + - =° +  

ʩʣʝʜʫʝʪ, ʯʪʦ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʩʝʢʘʶʪ ʦʩʴ ɟ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ, ʘ ʦʩʠ r ʦʥʠ (ʧʨʠ rÍ 0) ʢʘʩʘ-

ʶʪʩʷ.  ʇʨʠ ʟʥʘʯʝʥʠʷʭ ɟ ʙʣʠʟʢʠʭ ʢ ʥʫʣʶ 
22 0d dr r< .  

ʌʘʟʦʚʳʝ ʪʦʯʢʠ ʚ ʥʠʞʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ, ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʦʩʴ rʩ ʥʝʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʴʶ r(-0), ʧʨʦʭʦ-

ʜʷʪ ʮʝʥʪʨ ʧʨʠʪʷʞʝʥʠʷ, ʠʟʤʝʥʷʷ ʮʠʢʣʠʯʝʩʢʠʡ ʫʛʦʣ Ŭ ʥʘ ʚʝʣʠʯʠʥʫ ˊ ʩʢʘʯʢʦʤ, ʪ.ʝ. ʧʦʧʘʜʘʶʪ ʚ ʪʦʯʢʫ r(+0) ʩʠʤ-

ʤʝʪʨʠʯʥʫʶ ʢ r(-0) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ɟ. ɺ ʯʘʩʪʥʦʩʪʠ, ʬʘʟʦʚʘʷ ʪʦʯʢʘ, ʧʦʧʘʚʰʘʷ ʚ ʧʨʠʪʷʛʠʚʘʶʱʠʡ ʮʝʥʪʨ ʩ ʥʫʣʝ-

ʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʪʘʤ ʠ ʦʩʪʘʝʪʩʷ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ. 

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.10) ʥʘʯʠʥʘʶʱʠʝʩʷ ʧʨʠ ɟ =0,r Ó 0 ʠʤʝʶʪ ʚʠʜ: 

 

                                                              )23(
11

tshb=r ,   32
01

hb = .                                              (1.11) 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ() 00 =r# , ʪʦ h0=0 ʠ ɟ = 0. 

ʇʨʠ ɟ0>0 ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ 
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b4=
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2 20 1 0 1 0 3b b br r r+ + + -,   32
23

bb =   .  

 

ʈʘʟʨʝʰʘʷ (1.12) ʦʪʥʦʩʠʪʝʣʴʥʦ ɟ, ʧʦʣʫʯʠʤ 
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ʈʝʰʝʥʠʷ (1.11), (1.13) ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʭʦʜ ʮʝʥʪʨʘ ʩʚʷʟʢʠ ʦʪ ʧʨʠʪʷʛʠʚʘʶʱʝʛʦ ʮʝʥʪʨʘ. 

ʇʦʜʩʪʘʚʣʷʷ ʥʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ɟ ʚ (1.7), ʦʧʨʝʜʝʣʠʤ j#. ʇʦʩʣʝ ʯʝʛʦ ʠʟ ʠʥʪʝʛʨʘʣʘ (1.3) ʦʧʨʝʜʝ-

ʣʠʤa#. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʣʳ ű ʠ Ŭ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʚʘʜʨʘʪʫʨʘʤʠ. 

ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʜʚʠʞʝʥʠʠ ʥʠʪʠ ʙʫʜʫʪ ʥʘʪʷʥʫʪʳ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ j# ʙʫʜʝʪ ʙʦʣʴʰʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʯʘ-

ʩʪʠʮʳ ʙʝʟ ʩʚʷʟʝʡ ʥʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʨʘʜʠʫʩʘ à . 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʣʦ ʚ ʩʚʷʟʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʥʘ ʝʛʦ ʙʦʨʪʫ ʚʦʟʥʠʢʘʝʪ ʧʦʣʝʟʥʳʡ ʜʣʷ 

ʝʛʦ ʦʙʠʪʘʪʝʣʝʡ ʵʬʬʝʢʪ çʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʠʣʳ ʪʷʞʝʩʪʠè. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥʘ ʥʘ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ ʩʚʷʟʢʠ ʠʟ n ʪʝʣ ʩ ʨʘʚʥʳʤʠ ʤʘʩʩʘʤʠ ʚ 

ʬʦʨʤʝ ʧʨʘʚʠʣʴʥʦʛʦ n-ʫʛʦʣʴʥʠʢʘ. 

2. ʆ ʬʦʨʤʝ ʩʚʷʟʫʶʱʠʭ ʥʠʪʝʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʚʨʘʱʝʥʠʠ ʧʨʠ ʫʯʝʪʝ ʠʭ ʧʦʛʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʇʫʩʪʴ 0ɝɖ ï ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʠʪʷʛʠʚʘʶʱʝʤ ʮʝʥʪʨʝ ʚʨʘʱʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ 

ʩʚʷʟʢʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ j#= 0w =const ʪʘʢ, ʯʪʦ ʦʜʥʘ ʠʟ ʪʨʝʭ ʯʘʩʪʠʮ ʣʝʞʠʪ ʥʘ ʦʩʠ ɝ (ʌʠʛ.3.), ʘ q ʠ ɗ ï 

ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʥʠʪʝʡ ʥʝʧʦʜʚʠʞʥʳ ʚ ʩʠʩʪʝʤʝ 0ɝɖ ʧʨʠ ʣʶʙʦʤ ʥʘʪʷʞʝʥʠʠ. ɼʣʷ ʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫ ʥʠʪʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʪʦʯʢʠ ɸ ʠ ɺ (ʌʠʛ.3). 

ʉʠʣʫ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ Ɋ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʠ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ [3] 

                                                                              
2

0kq q hmY= - +,                                                            (2.1) 

 

ʛʜʝ  k ï ʧʦʛʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʠʪʠ, ʫʤʥʦʞʝʥʥʘʷ ʥʘ 0w
2
, ɛ ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʠʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ  



ISSN 2308-4804. Science and world . 2014. ˉ 1 (5). 

 

 

23 

 

                                                                          Ū= ʉ

( )
2

2 2
0

q

q

dr

r kr hr r Cm*

ñ

+ - -

.                                                 (2.2)   

  

ʀʟ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ ʥʠʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ɝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ q ʧʦ ɗ ʧʨʠ ɗ=0 ʨʘʚʥʘ ʥʫʣʶ. 

ʇʦʵʪʦʤʫ ʧʦʩʪʦʷʥʥʫʶ ʉ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ h ʠ q* = q(0) ʩʦʦʪʥʦʰʝʥʠʝʤ 
 

                                                                               
2
* * 0 *C kq hq qm= + - .                                                                                            (2.3) 

 

ɼʨʫʛʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ q( /́3) = Ŭ ʠʣʠ 
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à
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                                            (2.4) 

 

ʠ ʫʩʣʦʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʚʷʟʢʠ, ʩʦʩʪʦʷʱʝʝ ʚ ʪʦʤ, ʯʪʦ ʫʜʚʦʝʥʥʘʷ ʧʨʦʝʢʮʠʷ ʩʠʣʳ ʥʘʪʷʞʝ-

ʥʠʷ ʥʠʪʠ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʯʘʩʪʠʮʳ ɸ ʜʦʣʞʥʘ ʨʘʚʥʷʪʴʩʷ ʨʘʟʥʦʩʪʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʠ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ, ʧʨʠ-

ʣʦʞʝʥʥʦʡ ʢ ʯʘʩʪʠʮʝ, ʪ.ʝ. 
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ʛʜʝ ɔ ï ʫʛʦʣ ʤʝʞʜʫ ʦʢʨʫʞʥʦʩʪʴʶ q = a ʠ ʥʠʪʴʶ ʚ ʪʦʯʢʘʭ ɸ ʠ ɺ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (2.1)      
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ʊʦʛʜʘ 
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ʀʩʢʣʶʯʘʷ ʠʟ ʚʳʨʘʞʝʥʠʡ (2.6) ʠ (2.8) ʫʛʦʣ ɔ, ʧʦʣʫʯʠʤ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ h 
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ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʜʚʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʨʥʷ ʨʘʟʥʳʭ ʟʥʘʢʦʚ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʩʣʝʜʫʝʪ ʦʪʙʨʦʩʠʪʴ, ʪ.ʢ. ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʜʘʞʝ ʧʨʠ ʥʫʣʝʚʦʡ ʧʦʛʦʥʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʥʠʪʠ, ʝʸ ʥʘʪʷʞʝʥʠʝ ʩʦʛʣʘʩʥʦ (2.7) ʙʳʣʦ ʙʳ ʦʪʨʠʮʘʪʝʣʴʥʳʤ.  

ʇʦ ʥʘʡʜʝʥʥʦʤʫ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʢʦʨʥʶ ()
*

qhh= ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʉ ʠʟ ʚʳʨʘʞʝʥʠʷ (2.3) 

()
*

qCC=  ʠ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ (2.4) ʧʦʣʫʯʘʝʪʩʷ  ʫʨʘʚʥʝʥʠʝ ʩ ʦʜʥʠʤ ʥʝʠʟʚʝʩʪʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ q*  
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ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷ: 

1. ʄʘʩʩʘ ʪʝʣ ʥʫʣʝʚʘʷ, ʪ.ʝ. m = 0. ʊʦʛʜʘ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.5) ʩʣʝʜʫʝʪ, ʯʪʦ ɔ = 0. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʪʴ ʦʙ-

ʨʘʟʫʝʪ ʦʢʨʫʞʥʦʩʪʴ ʠ q* = ʘ. 

2. ʄʘʩʩʘ ʪʝʣ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ¤­ö
÷

õ
æ
ç

å
Y

3

p
. ʊʦʛʜʘ ʠ ¤­h  (ʧʦʩʣʝʜʥʝʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʙʦʨ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʨʥʷ ʫʨʘʚʥʝʥʠʷ (2.9).) ʠ ¤­C  ʇʦʵʪʦʤʫ ʠʥʪʝʛʨʘʣ (2.4) ʩʪʨʝʤʠʪʩʷ ʢ 

ʚʝʣʠʯʠʥʝ 
*arccos

2 2 2 3
*

q qdr
C

aq r h r C

p
= =ñ

-

. ʉʣʝʜʦʚʘʪʝʣʴʥʦ 2
*

aq ­ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʦʥʝʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩ ʪʝʣ ʢʦʨʝʥʴ q*  ʜʦʣʞʝʥ ʣʝʞʘʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ( )aa ,2 , ʠ ʜʣʷ 

ʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʧʦʣʦʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷ. ʇʨʠ 

ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʙʦʨʝ q*  ʠʥʪʝʛʨʘʣ  (2.10) ʚʳʯʠʩʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʠʡ. ʅʠʞʝ ʥʘ ʯʠʩʣʦʚʦʤ 

ʧʨʠʤʝʨʝ ʙʫʜʝʪ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ q*  ʟʘʢʣʶʯʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ( )aa ,2 . 

ɼʣʠʥʘ ʪʷʞʝʣʦʡ ʥʠʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ 
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ʇʨʠʤʝʨ. ʇʫʩʪʴ 17
1 5 10m = Ö ʢʛ ʤʘʩʩʘ ʤʘʣʦʡ ʧʣʘʥʝʪʳ ʨʘʜʠʫʩʘ 50 ʢʤ, 

3
5 10m= Ö  ï ʤʘʩʩʘ ʣʶʙʦʛʦ ʠʟ ʪʝʣ 

(ʂɸ) ʩʚʷʟʢʠ 51,1 10a= Ö  ʤ, 
2

0 1,6 10 1ñåêw -= Ö  (8 ʦʙʦʨʦʪʦʚ  ʚ ʯʘʩ). 3,5 ʤʤ ï ʜʠʘʤʝʪʨ ʩʚʷʟʫʶʱʝʛʦ ʩʪʘʣʴʥʦ-

ʛʦ ʪʨʦʩʘ, ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ 0,07 ʢʛ/ʤ. ʊʦʛʜʘ ʩʠʣʘ ʛʨʘʚʠʪʘʮʠʠ ʠ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʂɸ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ HFHF
ãã

41014,15 Öºº  (ʜʘʣʝʝ ʨʘʟʤʝʨʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʦʧʫʱʝʥʳ). 

ʊʘʢ ʢʘʢ ʩʠʣʘ ʛʨʘʚʠʪʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, ʪʦ ʧʦʣʦʞʠʤ  0 0m= . 

ʇʨʠ ʵʪʦʤ ʠʥʪʝʛʨʘʣ (2.3). ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʱʘʝʪʩʷ, ʠ ʪʘʢ ʢʘʢ ʧʨʠ r = q* ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʦʙʨʘʱʘʝʪ-

ʩʷ ʚ ʥʫʣʴ, ʝʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
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> , ʢʦʵʬʬʠʮʠʝʥʪʳ g2, g1, g0 ï ʧʦʣʦʞʠʪʝʣʴʥʳ ʠ ʤʥʦʛʦʯʣʝʥ  
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3 grgrgr +++  

ʧʨʠ r Ó q* ʧʦʣʦʞʠʪʝʣʝʥ ʠ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʠʥʪʝʛʨʘʣ ʜʘʝʪ ʦʢʨʝʩʪʥʦʩʪʴ ʪʦʯʢʠ 

r = q* , ʠ ʨʝʰʝʥʠʶ (2.2) ʤʦʞʥʦ ʜʘʪʴ ʜʚʫʩʪʦʨʦʥʥʶʶ ʦʮʝʥʢʫ 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (2.10) ʠʤʝʝʪ ʚʠʜ 
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ɽʩʣʠ ʚ ʧʦʩʣʝʜʥʝʤ ʫʨʘʚʥʝʥʠʠ ʟʘʤʝʥʠʤ ʠʥʪʝʛʨʘʣ ʝʛʦ ʦʮʝʥʢʦʡ ʩʥʠʟʫ ʠʟ (2.13), ʧʦʣʦʞʠʚ ʚ ʥʝʡ q  = ʘ ʠ 

*1 2q a=  (q*1 ï ʧʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ q* ), ʪ.ʝ. ʧʨʝʜʩʪʘʚʠʤ ʣʝʚʫʶ ʯʘʩʪʴ (2.14) ʚ ʚʠʜʝ 
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ʪʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʚʳʰʝ ʧʘʨʘʤʝʪʨʘʭ ʧʦʣʫʯʠʤ h = 7Ŀ10
4 
, ʠ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʨʘʚʥʦ 4,6Ŀ10

-12 
. ʆʮʝʥʢʘ 

ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʣʝʚʦʡ ʯʘʩʪʠ (2.14) ʙʫʜʝʪ ʥʝ ʤʝʥʴʰʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ. ɽʩʣʠ 

ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚʟʷʪʴ q*1  = ʘ, ʪʦ ʣʝʚʘʷ ʯʘʩʪʴ (2.14) ʧʨʠʤʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʚʥʫʪʨʠ ʠʥʪʝʨʚʘʣʘ( )aa ,2  ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ q*. ɸ ʪ.ʢ. ʣʝʚʘʷ ʯʘʩʪʴ 

(2.14) ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ q*1   ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ, ʪʦ ʨʝʰʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦ. 

 

 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɹʝʣʝʮʢʠʡ, ɺ.ɺ., ʃʝʚʠʥ ɽ.ʄ. ɼʠʥʘʤʠʢʘ ʪʨʦʩʦʚʳʭ ʩʠʩʪʝʤ / ɺ.ɺ. ɹʝʣʝʮʢʠʡ, ɽ.ʄ. ʃʝʚʠʥ. ï ʄ. : ʅʘʫʢʘ, 1990. ï 336 ʩ. 

2. ʉʫʝʪʠʥ, ʇ.ʂ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʤʥʦʛʦʯʣʝʥʳ / ʇ.ʂ. ʉʫʝʪʠʥ. ï ʄ. : ʅʘʫʢʘ, 1976. ï 327 ʩ. 

3. ɸʧʧʝʣʴ, ʇ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ: ʊ. I, II. / ʇ. ɸʧʧʝʣʴ. ï ʄ. : ʌʠʟʤʘʪʛʠʟ, 1960. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 02.12.13. 

 

 

ABOUT MOTION OF CONNECTED BODIES IN A CENTRAL FIELD OF FORCES  
 

A.P. Blinov, Candidate of Physical and Mathematical Sciences, Associate Professor 

Russian State Agrarian University ï Moscow Agricultural Academy named after K.A. Timiryazev, Russia 

 

Abstract. The problem of plane motion of three bodies as material points with equal masses, connected by the 

weightless inextensible cords shaped like a regular triangle when its center is close to the attracting center or coincides 

with the last is considered. The task of the motion of connected bodies center was put for the solution of a single nonlin-

ear equation. This solution determines the drift of connected bodies center away from the attracting center. In case of 

steady rotation of the connected bodies center, the density of connecting threads should be taken into account. Their 

configuration and tension force are defined. 

Keywords: connected bodies, thread, force field, drift, configuration of surface. 
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ʉʃɸɹʆʆɺɸʃʔʅʆʗ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂɸʗ ʃʀʅɿɸ  

ʉ ʌʆʂʋʉʀʈʋʖʑʀʄʀ ʉɺʆʁʉʊɺɸʄʀ 
 

 
ʊ.ɼ. ɼʘʫʤʝʥʦʚ

1
, ʄ.ɸ. ʍʠʟʠʨʦʚʘ

2 

1
 ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ, 

2
 ʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠ.̫ ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʣʘʙʦʦʚʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʣʠʥʟʳ. ʆʙ-

ʩʫʞʜʘʶʪʩʷ ʬʦʢʫʩʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʣʘʙʦʦʚʘʣʴʥʦʡ ʣʠʥʟʳ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʕʆʉ); ʬʦʢʫʩʠʨʦʚʢʘ; ʩʣʘʙʦʦʚʘʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘ-

ʪʠʯʝʩʢʦʡ ʣʠʥʟʳ; ʚʘʨʠʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ; ʧʨʠʦʩʝʚʦʡ ʘʩʪʠʛʤʘʪʠʟʤ; ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʠ ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴʥʳʝ ʕʆʉ. 

 

ʇʦʩʪʨʦʝʥʠʝ ʪʝʦʨʠʠ ʬʦʢʫʩʠʨʦʚʢʠ ʣʶʙʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʕʆʉ) ʚʩʝʛʜʘ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʫʧʨʦʱʘʶʱʠʝ ʨʘʩʯʝʪʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝ ʕʆʉ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʙʣʘʜʘʶʪ 

ʩʠʤʤʝʪʨʠʝʡ ʚʨʘʱʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʕʆʉ ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʥʘʧʨʠʤʝʨ, ʚ ʫʩʪʨʘʥʝʥʠʠ ʧʨʠʦʩʝʚʦʛʦ ʘʩʪʠʛʤʘʪʠʟʤʘ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ [1,ʩ. 251].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʬʦʢʫʩʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʣʘʙʦʦʚʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʣʠʥʟʳ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʜʚʠʞʝʥʠʷ ʟʘ-

ʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʧʘʨʘʢʩʠʘʣʴʥʦʩʪʠ, ʪ.ʝ. ʤʘʣʦʩʪʴ ʫʜʘʣʝʥʠʷ ʟʘʨʷʞʝʥ-

ʥʳʭ ʯʘʩʪʠʮ ʦʪ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ )1,( <<yx , ʤʘʣʦʩʪʴ ʥʘʢʣʦʥʦʚ ʪʨʘʝʢʪʦʨʠʡ ʢ ʵʪʦʡ ʦʩʠ )1,( <<¡¡yx , ʘ ʪʘʢ-

ʞʝ ʤʘʣʦʩʪʴ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ( )je<<  ʯʘʩʪʠʮ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ [2, 3, 4]. 

ʋʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʣʠʥʟʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʨʠʘʮʠʦʥʥʦʡ ʧʨʦʙʣʝʤʳ  

 

                                                                  ñ =¡+¡++ 01 22 dzyxejd                                                 (1) 

 

ɿʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʰʪʨʠʭʠ ʦʙʦʟʥʘʯʘʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ z. ʇʦ-
ʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʣʠʥʟʘ ʩ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʚʩʝʛʜʘ ʦʨʪʦʛʦʥʘʣʴʥʘ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʤʘʣʦʝ ʥʘʨʫʰʝʥʠʝ ʵʪʦʡ ʩʠʤʤʝʪʨʠʠ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʩʣʘʙʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ. ʕʣʣʠʧʪʠʯʥʦʩʪʴ ()z¿  ʪʘʢʦʡ ʩʣʘʙʦʦʚʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʣʠʥʟʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ʛʜʝ a  ʠ b ï ʜʣʠʥʳ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʘ ʥʘ ʧʣʦʩʢʦʩʪʠ z = const, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʌ¡¡ 
ʠ ʵQ  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɽʩʣʠ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʧʦʣʝ ʜʚʫʤʝʨʥʦ, ʪʦ ʚʝʣʠʯʠʥʘ ()z¿  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪʳ z. ʇʨʠ ʪʨʝʭ-

ʤʝʨʥʦʩʪʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʧʦʣʷ, ʚʝʣʠʯʠʥʘ ¿ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʤʘʣʳʡ ʯʠʩʣʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ ( )Q z  ʜʦʣʞʥʘ ʤʝʥʷʪʴʩʷ ʩ ʢʦʦʨʜʠʥʘʪʦʡ z  ʩʪʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʩʝʚʦ-

ʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ( )z¡¡F . 

ʊʨʝʭʤʝʨʥʦʝ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʧʦʣʝ ʢʘʢ ʩʠʩʪʝʤʘ ʯʝʪʳʨʝʭ ʩʬʝʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʧʦ-

ʪʝʥʮʠʘʣʘʤʠ 
0 0,U UF + F - ʠʤʝʝʪ ʚʠʜ: 

                                                           
É ɼʘʫʤʝʥʦʚ ʊ.ɼ., ʍʠʟʠʨʦʚʘ ʄ.ɸ. / Daumenov T.D., Khizirova M.A., 2014 
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                                                                ( ) ( ) ( )
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0, , 3ʢʚx y z c dU c z x yj
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=F + + -,                                (6) 

 

ʛʜʝ 
0F -ʧʦʩʪʦʷʥʥʘʷ, ʩ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʩʠʩʪʝʤʳ ʜʦ ʩʬʝʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʨʘʜʠʫʩʘ d  

( )d c<<. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʢʚʘʜʨʫʧʦʣʷ, ʨʘʚʥʦʫʜʘʣʝʥʥʳʝ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ b ʠ ʧʦʚʝʨʥʫʪʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʫʛʦʣ 

2

p. ʇʦʣʝ ʪʘʢʦʛʦ ʜʫʧʣʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ:  
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ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ,z c cb<< << ʬʦʨʤʫʣʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  

 

                                                                       )( 22

0 yxCzkv -+F=j ,                                                             (8) 

ʛʜʝ  

                                                                           
5
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U d
C z
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bÖ
=-                                                                    (9) 

 

ɺʙʣʠʟʠ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʬʫʥʢʮʠʷ 
zC  ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪʳ z, ʧʨʦʭʦ-

ʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ʀʤʝʥʥʦ ʪʘʢ ʚʝʜʝʪ ʩʝʙʷ ʬʫʥʢʮʠʷ ( )z¡¡F  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 0z= . ʌʫʥʢʮʠʷ 

zC  ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʩʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʩ ʩʠʤʤʝʪʨʠʝʡ 

ʚʨʘʱʝʥʠʷ ʠ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ z  ʠ b.   

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʚʝʜʝʤ ʚʝʣʠʯʠʥʫ )(zl , ʩʚʷʟʘʥʥʫʶ ʩ ʵʣʣʠʧʪʠʯʥʦʩʪʴʶ ʧʦʣʷ ʚʳʨʘʞʝʥʠʝʤ  

 

                                                                              () ()2zz ¿=l ,                                                                   (10) 

 

ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (2) ï (6) ʩʣʘʙʦʦʚʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʣʠʥʟʘ ʚ ʧʘʨʘʢʩʠʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ:  
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)(),,( 2222 +--+¡¡-= yxyxzʌzʌzyx lj                     (11) 

 

ɺʘʨʠʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 
)2(L ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (1) ï (7) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʷʜʘ 
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ʊʨʘʝʢʪʦʨʠʷ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚ ʩʣʘʙʦʦʚʘʣʴʥʦʡ ʣʠʥʟʝ ʚʙʣʠʟʠ 0=l  ʦʧʠʩʳʚʘʝʪʩʷ  ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 
 

          () () () ()() () () () ()().2
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ʇʨʠ ʵʪʦʤ ʧʝʨʚʦʝ ʠʟ ʫʨʘʚʥʝʥʠʡ (13) ʩʪʘʥʦʚʠʪʩʷ ʟʘʚʠʩʠʤʳʤ ʪʦʣʴʢʦ ʦʪ x, ʘ ʚʪʦʨʦʝ ï ʪʦʣʴʢʦ ʦʪ y. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʣ ʚ ʨʘʟʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʩʠʤʤʝʪʨʠʠ )(xz  ʠ )(yz , ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ 

ʘʩʪʠʛʤʘʪʠʯʝʩʢʠʤ ʧʫʯʢʦʤ. ʇʫʩʪʴ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ()zhzg ),(  ʫʨʘʚʥʝʥʠʡ (13) ʙʝʟ ʧʨʘ-

ʚʦʡ ʯʘʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ 
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ʊʦʛʜʘ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʨʦʜʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ: 
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ʛʜʝ 
DD yxyx ,  ʠ  , 00

 ï ʧʦʩʪʦʷʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʘʯʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʤʝʪʘ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʪʨʘʝʢʪʦʨʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʜʠʘʬʨʘʛʤʳ. ʇʨʠʯʝʤ ʬʫʥʢʮʠʠ )(  ),( zhzg  ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ. ʊʦʛʜʘ ʜʣʷ ʪʨʘʝʢʪʦʨʠʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ l ʠ 

ʙʫʜʝʤ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 
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ɺʝʣʠʯʠʥʳ )(zs  ʠ )(zt , ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʦʟʤʫʱʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʣʝʜʫʶʱʠʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ: 
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ʇʦʣʦʞʠʤ, ʯʪʦ 
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ʊʦʛʜʘ ʨʝʰʝʥʠʷ (16), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ɺ ʚʳʨʘʞʝʥʠʷʭ (18) ʠ (19) ʫʯʪʝʥʳ ʫʩʣʦʚʠʷ 
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ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʬʦʨʤʫʣ ʚʦʟʤʫʱʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʨʠʦʩʝʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʧʝʨʧʦʟʠʮʠʷ ʧʦʣʷ ʩ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠ ʪʨʝʭʤʝʨʥʳʭ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʧʦʣʝʡ 

ʦʙʨʘʟʫʝʪ ʩʣʘʙʦʦʚʘʣʴʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʣʠʥʟʫ ʧʨʠ ʫʩʣʦʚʠʠ ʤʘʣʦʩʪʠ ʚʝʣʠʯʠʥʳ c. ʆʪʤʝʪʠʤ ʜʚʘ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷ, 

ʧʝʨʚʳʡ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ l ʨʘʚʥʘ ʥʫʣʶ, ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʩ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʘ 

ʚʪʦʨʦʡ ʩʣʫʯʘʡ, 
1

4
l= -ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤʫ ʧʦʣʶ. ʆʨʠʛʠʥʘʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩʫʥʦʢ 1) ʧʨʝʜ-

ʣʘʛʘʝʤʦʡ ʩʣʘʙʦʦʚʘʣʴʥʦʡ ʣʠʥʟʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʥʥʫʶ ʶʩʪʠʨʦʚʢʫ. ʊʘʢʘʷ ʣʠʥʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʠʦʩʝʚʦʛʦ ʘʩʪʠʛʤʘʪʠʟʤʘ ʚ ʵʣʝʢ-

ʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʢʘʟʘʥʥʫʶ ʩʣʘʙʦʦʚʘʣʴʥʫʶ ʣʠʥʟʫ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʣʠ ʵʣʝʢʪʨʦʥ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʚ ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴʥʫʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʫʶ ʣʠʥʟʫ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʫʶ ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʦʡ a: 

                                   ( ) () () ( )2 2 2 21
, , 2 ...
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x y z z z x y x y xyj l laè ø¡¡=F - F + - - - +

ê ú
        (26) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʧʨʠ ʠʩʯʝʟʥʦʚʝʥʠʠ ʦʚʘʣʴʥʦʩʪʠ ʧʦʣʷ ʠʩʯʝʟʘʝʪ ʪʘʢʞʝ ʢʚʘʟʠʦʨʪʦʛʦ-

ʥʘʣʴʥʦʩʪʴ ʣʠʥʟʳ.  ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʨʝʰʠʚ ʫʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʚʠʜʘ (26), ʦʧʨʝʜʝʣʠʚ ʘʙʝʨ-

ʨʘʮʠʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʩʬʝʨʠʯʝʩʢʫʶ ʘʙʝʨʨʘʮʠʶ ʢʚʘʟʠʦʨʪʦʛʦ-

ʥʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʣʠʥʟʳ [5].  
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Abstract. The way of obtaining weakly oval electrostatic lens is described in the article. The focusing proper-
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PU ʉʆʃʅɽʏʅʆɻʆ ɿɸʊʄɽʅʀʗ 
 

 
ʇ.ʄ. ʄʘʟʫʨʢʠʥ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸɽ ʠ ʈɸɽʅ, 

ʯʣʝʥ ɽʚʨʦʧʝʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ɽʩʪʝʩʪʚʦʟʥʘʥʠʷ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʁʦʰʢʘʨ-ʆʣʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʯʝʨʝʟ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʩ 09.03.2005 ʧʦ 

22.04.2005 ʧʦʢʘʟʘʥ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʫ ʦʙʨʘʟʮʘ ʧʣʫʪʦʥʠʷ 
239

Pu ʚ ʥʘ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʝ 

ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥ ʫʪʦʯʥʝʥʥʳʡ ʧʝʨʠʦʜ ʤʘʢʩʠʤʫʤʘ ʠ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉʦʣʥʮʘ, ʃʫʥʳ ʠ ɿʝʤʣʠ ʚ ʣʘʤʠʥʘʨʥʦʤ ʵʪʘʧʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʩʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ, ʣʘʤʠʥʘʨʥʳʡ ʵʪʘʧ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʜʦʣʞʠʤ ʘʥʘʣʠʟ ʤʘʩʩʠʚʘ r040309.dat ʧʦ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘ-

ʪʤʝʥʠʷ [5], ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚʠʜʠʤʳʡ ʤʘʢʩʠʤʫʤ ʧʝʨʝʢʨʳʪʠʷ ʜʠʩʢʦʤ ʃʫʥʳ ʜʠʩʢʘ ʉʦʣʥʮʘ. ʕʪʦ ʤʘʩʩʠʚ 

ʧʦʣʫʯʝʥ ʝʞʝʩʝʢʫʥʜʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ 
239

Pu [7]. ʇʨʠʤʝʤ ʟʘ ʥʘʯʘʣʦ ʩʫʪʦʢ 5 ʯ. ʫʪʨʘ. 

ʊʦʛʜʘ ʮʝʣʳʝ ʩʫʪʢʠ ʥʘʯʠʥʘʶʪʩʷ ʩ 10.03.2005 ʚ 5 ʯ. ʫʪʨʘ. ʊʘʙʣʠʮʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʘʥʘ ʚ [2], ʘ ʤʝʪʦʜʠʢʘ 

ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʘ ʚ [1, 4].  ʇʦʩʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʠʟʣʦʞʝʥʘ ʚ ʩʪʘʪʴʷʭ [3, 5].  

ʃʘʤʠʥʘʨʥʘʷ ʬʘʟʘ ʟʘʪʤʝʥʠʷ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʉʥʦʚʘ ʠʟ-

ʤʝʥʠʤ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʧʦʩʪʘʚʠʤ ʫʩʣʦʚʠʝ 0=t  ʜʣʷ 10-11 ʯʘʩʦʚ 7 ʘʧʨʝʣʷ 2005 ʛ. (29=ct ).  

 

ʊʘʙʣʠʮʘ 4  

ʏʘʩʦʚʳʝ ʧʨʠʨʘʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʩʦʣʥʝʯʥʦʤ ʟʘʪʤʝʥʠʠ ʧʨʠ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʝ 

ʏʘʩʳ 

ʩʫʪʦʢ 

ɺʨʝʤʷ 

ʩʫʪʦʢ, 

ʯ 

29 (07.04) 30 (08.04) 31 (09.04) 32 (10.04) 
ʏʘʩʳ 

ʩʫʪʦʢ 

ɺʨʝʤʷ 

ʩʫʪʦʢ, 

ʯ 

29 (07.04) 30 (08.04) 31 (09.04) 32 (10.04) 

t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. 

05-06 1   19 11134 43 11248 67 12076 17-18 13 7 10557 31 13490 55 12177 79 11342 

06-07 2   20 11506 44 10509 68 11426 18-19 14 8 10754 32 11827 56 12301 80 11219 

07-08 3   21 10707 45 11951 69 13213 19-20 15 9 10946 33 12111 57 12547 81 10749 

08-09 4   22 11866 46 13387 70 12039 20-21 16 10 11809 34 10609 58 10227 82 11644 

09-10 5   23 12106 47 12568 71 12032 21-22 17 11 12063 35 10550 59 10863 83 11234 

10-11 6 0 8281 24 11983 48 12015 72 11841 22-23 18 12 9743 36 12438 60 12057 84 12274 

11-12 7 1 10680 25 12856 49 11504 73 10349 23-24 19 13 11259 37 10640 61 14034 85 9639 

12-13 8 2 10612 26 11510 50 12870 74 11424 24-01 20 14 9915 38 10644 62 9731   

13-14 9 3 10929 27 12582 51 11075 75 10831 01-02 21 15 10098 39 12760 63 12307   

14-15 10 4 10199 28 10953 52 11005 76 10071 02-03 22 16 11711 40 10977 64 10995   

15-16 11 5 9843 29 11886 53 11864 77 11811 03-04 23 17 11762 41 11523 65 11965   

16-17 12 6 10195 30 11776 54 12144 78 12952 04-05 24 18 9943 42 11043 66 12204   

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʣʘʤʠʥʘʨʥʘʷ ʬʘʟʘ ʩʘʤʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʚʭʦʞʜʝʥʠʝ 

ʚ ʟʘʪʤʝʥʠʝ ʩ 10-11 ʯʘʩʘ 7 ʘʧʨʝʣʷ ʜʦ 22-23 ʯʘʩʘ ʵʪʠʭ ʞʝ ʩʫʪʦʢ; ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʘʪʤʝʥʠʷ ʩ 22-23 ʯʘʩʘ 7 ʘʧʨʝʣʷ ʜʦ 

24-01 ʯʘʩʘ 9 ʘʧʨʝʣʷ; ʟʘʚʝʨʰʝʥʠʝ ʟʘʪʤʝʥʠʷ ʩ 24-01 ʯʘʩʘ 9 ʘʧʨʝʣʷ ʜʦ 23-24 ʯʘʩʘ 10 ʘʧʨʝʣʷ 2005 ʛʦʜʘ. ʇʨʠ ʵʪʦʤ 

ʚʭʦʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʜʚʘ ʧʝʨʠʦʜʘ, ʩʘʤʦ ʟʘʪʤʝʥʠʝ ʪʨʠ ʧʝʨʠʦʜʘ, ʘ ʟʘʚʝʨʰʝʥʠʝ ïʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ.  

ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ (ʨʠʩ. 3) ʯʝʪʳʨʝʭʯʣʝʥʥʘʷ (ʧʦ ʧʨʝʜʝʣʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʳ ʪʠʧʘ CurveExpert [6]) ʬʦʨʤʫʣʘ ʚʠʜʘ 

 

                                                                             4321 ʯʯʯʯʯ IIIII +++= ,                                                                        (1) 

 

)0019756,0exp(8035,84371 tIʯ -= , )0051704,0exp(7543,1152 00173,139071,0

2 ttIʯ -= , )10468,0/cos( 113 -= ptAIʯ p , 

)00044783,0exp(37760,3091 tA = , 
05567,2

1 00040662,049584,13 tp -= , )25439,5/cos( 224 -= ptAIʯ p , 

)032055,0exp(24347,7502 tA --= , 
89556,0

2 16944,038703,2 tp += , 

 

ʛʜʝ t  ï ʚʨʝʤʷ ʚ ʯʘʩʘʭ, ʥʘʯʠʥʘʷ ʦʪ 10-11 ʯʘʩʦʚ 07 ʘʧʨʝʣʷ 2005 ʛʦʜʘ, ʯI  ï ʯʘʩʦʚʳʝ ʧʨʝʚʳʰʝʥʠʷ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ,  1ʯI , 

2ʯI , 3ʯI  ʠ 4ʯI  ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʜʝʣʠ (1), 1A  ʠ 2A  ï ʘʤʧʣʠʪʫʜʳ (ʧʦʣʦʚʠʥʘ) ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟ-

ʤʫʱʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ, 1p  ʠ 2p  ï ʧʦʣʫʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʦʙʨʘʟʮʘ 
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Pu.  

ɺ ʬʦʨʤʫʣʝ (1) ʠʟʤʝʥʠʣʠʩʴ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʦʙʦʠʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʫʩʣʦʚʠʷ 

                                                           
 É ʄʘʟʫʨʢʠʥ ʇ.ʄ. / Mazurkin P.M., 2014 



ISSN 2308-4804. Science and world . 2014. ˉ 1 (5). 

 

 

31 

 

0=t  ʧʦ [5] ʧʦʣʫʯʠʣʠ 01=A ʠ 02­A ʧʨʠ ʚʭʦʜʝ ʚ ʪʫʨʙʫʣʝʥʪʥʫʶ ʬʘʟʫ, ʘ ʧʦ ʬʦʨʤʫʣʝ (1) ʜʣʷ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʳ 

ʠʤʝʝʤ: 4,3091=A ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʦʩʪʦʤ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʠ 2,7502 -=A ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʩʧʘʜʘ ʧʦ ʟʘʢʦʥʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʛʠʙʝʣʠ.  

ʅʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥ 2³13,50 ʠ 2³2,39 ʯ, ʪʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʷ: ʚʦʟʨʘʩʪʘʶʱʘʷ ʫ ʧʝʨʚʦʛʦ ʢʦʣʝʙʘʥʠʷ ʦʪ 1 / 27,00 ʯ
-1
, ʘ ʫ ʚʪʦʨʦʡ ʚʦʣʥʳ ʫʙʳʚʘʶʱʘʷ ʦʪ 1 / 4,78 ʯ

-1
.  
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ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 
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ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

S = 861.60059580
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X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.57705.70

8856.30

10006.90

11157.50

12308.10

13458.70

14609.30

 

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5
-2310.00

-1434.29

-558.58

317.14

1192.85

2068.56

2944.27

 
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (20) 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʨʠ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ 

 

ɼʘʣʝʝ ʜʘʜʠʤ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʧʦʯʘʩʦʚʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ. 

ɺʝʡʚʣʝʪ-ʘʥʘʣʠʟ. ɺʥʘʯʘʣʝ ʧʦʢʘʞʝʤ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ [1], ʘ ʟʘʪʝʤ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪ ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʦ ʛʨʫʧʧʠʨʦʚʢʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʤʦʜʝʣʠ (1). ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʠʤ ʬʦʨʤʫʣʫ ʚʝʡʣʚʝʪ-ʩʠʛʥʘʣʘ 

 

                                                       )/cos( 8iiiiʯ
aptAI -= p , )exp( 42

31
ii a

i

a

ii tataA -= , ia

iii taap 7

65 += ,                      (2) 

 

ʛʜʝ iA  ï ʘʤʧʣʠʪʫʜʘ (ʧʦʣʦʚʠʥʘ) ʚʝʡʚʣʝʪʘ (ʦʩʴ ʦʨʜʠʥʘʪ), ip  ï ʧʦʣʫʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ (ʦʩʴ ʘʙʩʮʠʩʩ). 

ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʪʠʧʘ (2) ʧʦʜʦʙʥʘ (ʨʠʩ. 2), ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ, ʩʘʤʦʡ ʩʝʙʝ. ʇʦʵʪʦʤʫ ʚʩʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ (ʪʨʝʥʜʳ) ʠ ʚʦʣʥʦʚʳʝ (ʚʝʡʚʣʝʪʳ) ʩʦʩʪʘʚʣʷʶʱʠʝ ʷʚʣʷʶʪʩʷ 

ʬʨʘʢʪʘʣʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ (2).  

ɺ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʞʜʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (2) ʷʚʣʷʝʪʩʷ ʬʨʘʢʪʘʣʦʤ ʩ ʯʠʩʣʦʤ ʛʨʫʧʧ m  ʧʨʠ ʫʩʣʦ-

ʚʠʠ mi ,1= . ɿʘʪʝʤ ʤʦʞʥʦ ʠʩʢʘʪʴ ʪʝʩʥʦʝ ʩʭʦʜʩʪʚʦ ʧʦ ʬʦʨʤʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʛʨʘʬʠʢʫ) ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʠ 

ʩʦʩʪʘʚʣʷʪʴ ʬʨʘʢʪʘʣʴʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʯʠʩʣʘ ʯʣʝʥʦʚ ʚ ʬʨʘʢʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ.   

ʇʦ ʫʨʘʚʥʝʥʠʶ (2) ʤʦʞʥʦ ʜʘʪʴ ʟʘʧʠʩʴ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ (ʪʘʙʣ. 2), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʢʦʤʧʘʢʪʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʠʩʴʶ ʬʦʨʤʫʣʳ ʚʠʜʘ (1). 
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ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʳ ʉʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ 

ˉ 

i  

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ (1) ʇʦʣʫʧʝʨʠʦʜ ʠ ʩʜʚʠʛ ʢʦʣʝʙʘʥʠʷ (1) 
ʂʦʵʬʬ. 

ʢʦʨʨʝʣ. 
ia1  ia2  ia3  ia4  ia5  ia6  ia7  ia8  

1 8437,8035 0 0,0019756 1 0 0 0 0 

0,6109 
2 1152,7543 0,39071 0,0051704 1,00173 0 0 0 0 

3 309,37760 0 -0,00044783 1 13,49584 -0,00040662 2,05567 0,10468 

4 -750,24347 0 0,038055 1 2,38703 0,16944 0,89556 5,25439 

5 28606280,0 97,79236 159,40862 0,23141 0,95377 0 0 0,11262 0,3447 

6 1,32942e-20 14,56249 0,13162 1,01763 33,08052 -0,29026 1,00215 -1,20233 0,3216 

7 3,38229 2,21836 0,078008 1 -3,90243 6,24856 0,045032 3,94520 0,3939 

8 0,73348 2,22399 0,027035 1,13026 2,66372 -0,00045508 1,39773 6,04961 0,3815 

9 0,34249 23,48728 17,04604 0,43626 0,010742 0,16565 0,53584 5,39436 0,3931 

10 6,22681e-62 60,36231 0,46303 1,34248 1,00000 0 0 1,57079 0.3153 

11 68754155,0 42,38007 69,51199 0,23936 1,75345 0 0 1,20079 0,5323 

12 -2,55435e-8 6,86917 0,095052 0,98336 2,62793 -0,0019719 1,20065 -2,97152 0,2419 

13 1,05169e8 30,40885 53,80358 0,22858 1,12272 0 0 -4,88618 0,3691 

14 5,45434e7 10,43691 23,67672 0,20416 1,37475 0 0 0,24465 0,5634 

15 0,0010960 4,08508 0,066181 1 1,49457 -3,21202e-5 1 0,76427 0,5785 

16 -3,02067e-15 13,45432 0,27188 0,99912 1,21686 0,00021824 1,13386 0,47713 0,3992 

17 0,12183 2,87957 0,091127 1,00085 7,13063 2,25193e-5 1,84889 1,43863 0,2529 

18 -3,30210e-70 51,42165 0,40099 1,14940 1,66332 0,0014960 1,38578 -0,60049 0,5902 

19 6,37655e-6 24,87028 13,43073 0,48185 0,89249 0,069971 0,33558 0,28715 0,4441 

20 -0,00077323 12,91043 1,71488 1 1,89075 0 0 -4,71890 0,3411 

21 -1943,1623 0 0,76611 1 1,12895 0 0 -1,53171 0,3354 

22 10,44010 0 -0,082785 0,81228 133,86935 -0,92031 1,03745 -3,26652 0,4755 

23 3,95419e-12 8,57977 0,045539 1,13298 1,20536 0 0 -0,84737 0,3273 

24 2,01369e-12 10,72062 0,15292 1,06189 4,43181 0,00016276 1,75441 0,81610 0,6154 

25 2,59347 0,97535 0,00018838 2,03498 24,76879 -0,049752 1,21989 0,23536 0,3822 

 

ʂʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʚʩʝʛʜʘ ʧʨʝʚʳʰʘʝʪ 3000=I  ʩ
-1
. ʧʦʵʪʦʤʫ ʜʣʷ ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʚʚʝʜʝʤ 

ʫʨʦʚʥʠ 0/ IIU ʦʩʪ

ʯ= . ʅʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʙʫʜʝʪ ʨʘʚʝʥ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʯʘʩʦʚʳʭ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʴʩʦʚ 

ʘʣʴʬʘ-ʨʘʩʧʘʜʘ 
239

Pu 14034 ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1, ʜʝʣʝʥʥʦʤʫ ʥʘ 300, ʪ.ʝ. 8,46300/14034/ 0

max

0 === IIU ʯ . ʇʝʨ-

ʚʳʡ ʫʨʦʚʝʥʴ ʧʦ ʬʦʨʤʫʣʝ (1) ʙʫʜʝʪ ʨʘʚʝʥ 91=U  (ʨʠʩ. 1).  

ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʧʨʠ 72 =U  ʧʦʢʘʟʘʥ ʘʥ ʨʠʩʫʥʢʝ 2. 
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ʇʷʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʐʝʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 
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ʉʝʜʴʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɺʦʩʴʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘ ̫
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ɼʝʚʷʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 10-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʨʠ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʝ ʚʪʦʨʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʫʧʧʳ 

 

ʄʝʞʜʫ ʬʨʘʢʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ ʚ ʟʥʘʯʝʥʠʷʭ ʯʘʩʦʚʳʭ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʩʦʚ. ʇʦ-

ʵʪʦʤʫ ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʧʦ ʦʩʪʘʪʢʘʤ ʧʦʣʫʯʠʣʘ ʫʨʦʚʝʥʴ 43=U  ʩ ʪʨʝʤʷ ʚʝʡʚʣʝʪʘʤʠ (11, 12 ʠ 13). ɸ ʩʦʩʪʘʚʣʷʶʱʘʷ ˉ 

14 ʦʙʨʘʟʦʚʘʣʘ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʩ ʫʨʦʚʥʝʤ 7,34 =U  (ʨʠʩ. 3).  

 
S = 455.89815525

r = 0.53227590

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-1436.40

-911.33

-386.25

138.83

663.91

1188.98

1714.06
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11-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 12-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 
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S = 339.62733183
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-560.51

-140.07

280.37

700.82

1121.26

1541.70

 
13-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 14-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʪʨʝʪʴʝʡ (11, 12, 13) ʠ ʯʝʪʚʝʨʪʦʡ (14) ʬʨʘʢʪʘʣʴʥʳʭ ʛʨʫʧʧ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥʘʭ ʤʝʞʜʫ ʪʨʝʤʷ ʥʝʙʝʩʥʳʤʠ ʪʝʣʘʤʠ (ʉʦʣʥʮʝʤ, ɿʝʤʣʝʡ ʠ ʃʫʥʦʡ) 

ʚ ʧʝʨʠʦʜ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʳ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʚʧʦʣʥʝ ʤʦʞʥʦ 

ʫʣʦʚʠʪʴ ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʯʘʩʦʚʳʭ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʦʪ ʦʙʨʘʟʮʘ 
239

Pu. 

ʉʨʘʚʥʝʥʠʝ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʥʷʪʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʦ ʪʘʙʣʠʮʝ 1 ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʳʤ. ʄʦʞʥʦ ʠ ʜʘʣʴʰʝ ʩʫʞʠʚʘʪʴ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʛʦ ʥʘʠʙʦʣʴʰʝʛʦ 

ʤʘʢʩʠʤʫʤʘ. ʕʪʦ ʚʠʜʥʦ ʭʦʪʷ ʙʳ ʠʟ ʪʦʛʦ, ʯʪʦ ʛʨʘʬʠʢʠ ʥʘ ʨʠʩʫʥʢʝ 2  ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʢʦʥʮʘʤ ʧʨʠʥʷʪʦʛʦ ʠʥʪʝʨʚʘ-

ʣʘ ʚʨʝʤʝʥʠ, ʘ ʛʨʘʬʠʢʠ ʥʘ ʨʠʩʫʥʢʝ 3 - ʥʘ ʧʨʘʚʦʡ ʩʪʦʨʦʥʝ ʵʪʦʛʦ ʞʝ ʧʨʦʤʝʞʫʪʢʘ.  

ʇʨʦʜʦʣʞʠʤ ʜʘʣʴʰʝ ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 25 ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2.  ʅʘ ʨʠʩʫʥʢʝ 4 ʜʘʥʳ ʪʨʠ ʯʣʝʥʘ ʦʙʱʝʡ ʤʦʜʝʣʠ ʪʠʧʘ (2) ʧʦʜ ʥʦʤʝʨʘʤʠ 15, 16 ʠ 17 ʯʣʝʥʦʚ 

ʠʟ ʦʙʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʦʚ (2). ɼʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʚʝʡʚʣʝʪʦʚ 2,25=U . 

ʀʟ ʥʠʭ ʯʝʪʢʦ ʚʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʦʩʪʘʪʢʦʚ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʢʣʘʩʪʝʨʘ ʪʦʯʝʢ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʧʝʨʝʰʝʝʢ. ʕʪʦʪ ʧʝʨʝʰʝʝʢ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʦʤʝʨʘ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘ, 

ʩʪʘʥʦʚʠʪʩʷ ʪʦʥʴʰʝ ʠ ʵʪʦʪ ʬʘʢʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʫʞʥʦ ʜʘʥʥʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʚʳʙʦʨʢʫ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʷʜʘ ),( 10 ttfI c =  ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʙʦʩʦʙʣʝʥʥʳʝ ʯʘʩʪʠ.  

ɺ ʰʝʩʪʫʶ ʬʨʘʢʪʘʣʴʥʫʶ ʛʨʫʧʧʫ ʩ  ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ 18-23 (ʨʠʩ. 5) ʩ 3,16 =U .  
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S = 278.76768765

r = 0.57846804

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-1113.72

-720.23

-326.74

66.74

460.23

853.72

1247.20

 

S = 257.19619032

r = 0.39921097

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-968.00

-669.33

-370.67

-72.01

226.66

525.32

823.98

 
15-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 16-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

S = 248.79988086

r = 0.25293026

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-659.17

-435.63

-212.09

11.46

235.00

458.54

682.08

 

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-581.92

-364.41

-146.89

70.63

288.14

505.66

723.18

 
17-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʆʩʪʘʪʢʠ ʧʦʩʣʝ 17-ʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

 

ʈʠʩ. 4. ɼʠʥʘʤʠʢʘ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʷʪʦʡ (15, 16 ʠ 17) ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʫʧʧʳ 

 
S = 200.80205166

r = 0.59023293

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-581.92

-364.41

-146.89

70.63

288.14

505.66

723.18

 

S = 179.85754918

r = 0.44414358

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-508.76

-351.31

-193.86

-36.41

121.05

278.50

435.95

 
18-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 19-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

S = 165.85155544

r = 0.34108338

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-508.76

-351.31

-193.86

-36.41

121.05

278.50

435.95

 

S = 155.22969174

r = 0.33543681

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-508.76

-351.31

-193.86

-36.41

121.05

278.50

435.95

 
20-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘ ̫ 21-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

S = 139.09906988

r = 0.47545808

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-508.76

-351.31

-193.86

-36.41

121.05

278.50

435.95

 

S = 130.61251825

r = 0.32730623

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-438.14

-297.63

-157.12

-16.62

123.89

264.40

404.90

 
22-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 23-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

 

ʈʠʩ. 5. ɼʠʥʘʤʠʢʘ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʰʝʩʪʦʡ (ˉ 18-23) ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʫʧʧʳ 
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ʇʦʩʣʝʜʥʷʷ ʩʝʜʴʤʘʷ ʛʨʫʧʧʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠ 0,17 =U  ʚʢʣʶʯʘʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʨʠʩ. 6). 

 
 

S = 104.26329993

r = 0.61538996

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-336.64

-213.90

-91.16

31.57

154.31

277.05

399.79

 

S = 96.34353656

r = 0.38223328

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 15.6 31.2 46.8 62.3 77.9 93.5-283.89

-181.77

-79.65

22.47

124.59

226.71

328.83

 

24-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 25-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

 
ʈʠʩ. 6. ɼʠʥʘʤʠʢʘ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʩʝʜʴʤʦʡ (24, 25) ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʫʧʧʳ 

 

ɸʥʘʣʠʟ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʠ ʜʘʣʴʰʝ. ʆʜʥʘʢʦ ʚʥʘʯʘʣʝ ʥʫʞʥʦ ʥʘʡʪʠ ʧʨʝʜʝʣʴʥʦ ʤʠʥʠ-

ʤʘʣʴʥʫʶ ʜʣʠʥʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʢʦʪʦʨʫʶ ʥʝʣʴʟʷ ʜʘʣʴʰʝ ʫʧʨʦʩʪʠʪʴ ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ. 
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THE WAVELET ANALYSIS OF ALPHA ACTIVITY 
239

PU OF THE SOLAR ECLIPSE 
 

P.M. Mazurkin,  Doctor of Engineering Science, Professor, Academician of RANS, member of EANS 

Volga Region State Technological University, Russia 

 

Abstract. According to measurements every second solar eclipse 09.03.2005 on 22.04.2005 shows the wavelet 

analysis of the dynamics of radioactivity from plutonium 
239

Pu in the sample on the laminar phase of a solar eclipse. 

Specified maximum period considered and identified new physical and mathematical patterns in the interaction of the 

Sun, Moon and Earth in a laminar phase of a solar eclipse. 

Keywords: radioactivity, a solar eclipse, the laminar stage, patterns. 
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ʋɼʂ 530.1 
 

ʉʂʆʈʆʉʊʔ ʉɺɽʊɸ ɺ ɺɸʂʋʋʄɽ ɼɺʀɾʋʑɽʁʉʗ  

ʀʅɽʈʎʀɸʃʔʅʆʁ ʉʀʉʊɽʄʓ ʆʊʉʏɽʊɸ 
 

 
ɸ.ɺ. ʄʘʤʘʝʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʯʘʣʴʥʠʢ ʙʶʨʦ 

ʅʇʆ çʃʠʘʥʦʟʦʚʩʢʠʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʚʦʜè (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺʚʦʜʠʪʩʷ ʥʦʚʦʝ ʧʦʥʷʪʠʝ ï çʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝ-

ʤʳ ʦʪʩʯʝʪʘ (ʀʉʆ)è. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʡ ʯʝʪʚʝʨʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 4-ʩʢʦʨʦʩʪʠ ʀʉʆ, ʜʚʠʞʫʱʝʡʩʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ çʧʦʢʦʷʱʝʡʩʷè ʀʉʆ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʢ ʩʚʝʪʦʚʳʤ ʯʘʩʘʤ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʣʶʯʝʥʠʶ ʠʟ ʬʠ-

ʟʠʢʠ ʵʬʬʝʢʪʘ ʦʪʩʪʘʚʘʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʦʪ ʧʦʢʦʷʱʠʭʩʷ ʯʘʩʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʯʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʘʤʠ ʝʜʠʥʠʮʝ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʢʦʷʱʠʤʠʩʷ ʯʘʩʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʧʦʢʦʷʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ, ʵʬʬʝʢʪ  

ʟʘʤʝʜʣʝʥʠʷ ʚʨʝʤʝʥʠ, ʛʘʣʠʣʝʝʚʩʢʘʷ ʩʢʦʨʦʩʪʴ, ʣʦʨʝʥʮʝʚʩʢʘʷ ʩʢʦʨʦʩʪʴ. 
 

ɸʣʴʙʝʨʪʫ ʕʡʥʰʪʝʡʥʫ, ʦʜʥʦʤʫ ʠʟ ʩʦʟʜʘʪʝʣʝʡ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ) [1], ʧʨʠʧʠʩʳ-

ʚʘʶʪ ʩʣʦʚʘ [2]: çʉʤʦʞʝʪʝ ʣʠ ʚʳ ʥʘʙʣʶʜʘʪʴ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʪʝʦʨʠʝʡ ʚʳ ʧʦʣʴʟʫʝʪʝʩʴ. 

ʊʝʦʨʠʷ ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴè. ɸ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʠʩʪʦʨʠʷ, ʚʩʝ ʪʝʦʨʠʠ ʠ ʥʘʫʢʠ ʨʘʟʚʠʚʘʶʪʩʷ 

ʪʘʢ, ʯʪʦ ʠʩʪʠʥʳ, ʚʠʜʠʤʳʝ ʛʣʘʟʫ (ʦʯʝʚʠʜʥʳʝ ʠʩʪʠʥʳ), ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʶʪʩʷ ʥʘ ʠʩʪʠʥʳ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʫʤʦʤ. 

ʅʘʧʨʠʤʝʨ, ʜʚʠʞʝʥʠʝ ʉʦʣʥʮʘ ʠ ʜʘʣʝʢʠʭ ʟʚʝʟʜ ʠ ʥʝʧʦʜʚʠʞʥʦʩʪʴ ɿʝʤʣʠ, ʚʠʜʠʤʳʝ ʛʣʘʟʘʤ ʇʪʦʣʝʤʝʷ, ʙʳʣʠ ʯʝʨʝʟ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʟʘʤʝʥʝʥʳ ʜʚʠʞʝʥʠʝʤ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʚʠʜʠʤʳʤ ʨʘʟʫʤʫ ʂʦʧʝʨʥʠʢʘ. 

ʀʟ ʧʩʠʭʦʣʦʛʠʠ ʪʚʦʨʯʝʩʪʚʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ [2], ʯʪʦ ʧʨʝʞʜʝ ʯʝʤ ʦʙʥʘʨʫʞʠʪʴ ʯʪʦ-ʥʠʙʫʜʴ ʥʦʚʦʝ, ʥʝ ʟʘʤʝ-

ʯʘʝʤʦʝ ʜʨʫʛʠʤʠ ʥʘʙʣʶʜʘʪʝʣʷʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʦʚʦʝ ʧʦʥʷ-

ʪʠʝ ʠ ʜʘʪʴ ʵʪʦʤʫ ʥʦʚʦʤʫ ʧʦʥʷʪʠʶ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʉʬʦʨʤʠʨʫʝʤ ʩʥʘʯʘʣʘ ʥʦʚʦʝ ʧʦʥʷʪʠʝ çʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪ-

ʩʯʝʪʘ (ʀʉʆ)è. ɼʘʥʥʦʝ ʧʦʥʷʪʠʝ ʚʨʷʜ ʣʠ ʠʤʝʣʦ ʢʘʢʦʡ-ʣʠʙʦ ʩʤʳʩʣ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ 

ʵʪʦʤʫ ʧʦʥʷʪʠʶ ʧʦʥʷʪʠʝ çʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ çʧʦʢʦʷʱʝʡʩʷè ʀʉʆè ʙʳʣʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ 

ʚʭʦʜʠʣʦ ʚʦ ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ) [1, ʩʪʨ. 10]: 

çʂʘʞʜʳʡ ʣʫʯ ʩʚʝʪʘ ʜʚʠʞʝʪʩʷ ʚ çʧʦʢʦʷʱʝʡʩʷè ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V
1
 ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʪʦʛʦ, ʠʩʧʫʩʢʘʝʪʩʷ ʣʠ ʵʪʦʪ ʣʫʯ ʩʚʝʪʘ ʧʦʢʦʷʱʠʤʩʷ ʠʣʠ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤè. 

ʉʦʜʝʨʞʘʥʠʝ ʉʊʆ ʢʘʢ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʚʧʝʨʚʳʝ ʦʪʯʝʪʣʠʚʦ 

ʙʳʣʦ ʚʩʢʨʳʪʦ ɻʝʨʤʘʥʦʤ ʄʠʥʢʦʚʩʢʠʤ [3]. ɿʘʪʝʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ çC ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʠʩʪʠʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʤʦʛʫʪ ʠʤʝʪʴ ʣʠʰʴ ʯʝʪʳʨʝʭʤʝʨʥʦ-ʢʦʚʘʨʠʘʥʪʥʳʝ ʚʝʣʠʯʠʥʳ. ɺ 

ʤʝʭʘʥʠʢʝ ʪʦʯʢʠ ʪʘʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʩʢʘʣʷʨ ï ʩʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ ʄ ʠ ʯʝʪʳʨʝʭʤʝʨʥʳʝ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ Uk, ʫʩʢʦʨʝʥʠʷ d(Uk)/d(t), ʠʤʧʫʣʴʩʘ Pk" [4]. 

ʅʘʩ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʪʝʨʝʩʫʝʪ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ Uk. ʆʥ ʚʚʦʜʠʪʩʷ ʪʘʢ [5]. 

ʇʦʩʪʨʦʝʥʠʝ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ (4-ʚʝʢʪʦʨʘ) ʩʢʦʨʦʩʪʠ ʤʳ ʙʫʜʝʤ ʚʝʩʪʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʝʭʤʝʨʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʛʜʝ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ ʟʘʜʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʤ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ , ʘ ʪʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ (3-

ʚʝʢʪʦʨ) ʩʢʦʨʦʩʪʠ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʪʨʝʭʤʝʨʥʦʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʧʦ ʚʨʝʤʝʥʠ . 

ʆʧʨʝʜʝʣʠʪʴ 4-ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʢʘʢ ʧʨʦʠʟʚʦʜʥʫʶ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ   ʧʦ ʚʨʝʤʝʥʠ ʥʝʣʴʟʷ. 

ʅʘʤ ʥʫʞʝʥ 4-ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, ʘ ʜʣʷ ʵʪʦʛʦ 4-ʚʝʢʪʦʨ ʧʨʠʨʘʱʝʥʠʷ, ʪ.ʝ. , ʤʦʞʥʦ ʜʝʣʠʪʴ ʪʦʣʴʢʦ ʥʘ ʩʢʘʣʷʨ (ʠʥ-

ʚʘʨʠʘʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ). ʆʜʥʘʢʦ, ʥʠ ʩʘʤʦ ʚʨʝʤʷ, ʥʠ ʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣ ʠʥʚʘʨʠʘʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʃʦʨʝʥʮʘ (ʩʢʘʣʷʨʦʤ) ʥʝ ʷʚʣʷʶʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʚʘʨʠʘʥʪʥʦʡ ʚʝʣʠʯʠʥʳ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʚʟʷʪʴ ʠʥ-

ʪʝʨʚʘʣ, ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʯʘʩʪʠʮʳ. 

ʇʫʩʪʴ ʚ ʀʉʆ ʂ ʢʦʦʨʜʠʥʘʪʳ x, y, z ʯʘʩʪʠʮʳ ʟʘ ʚʨʝʤʷ dt ʠʟʤʝʥʠʣʠʩʴ ʥʘ dx, dy, dz, ʘ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠʮʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ . 

ʈʘʩʩʤʦʪʨʠʤ ʤʛʥʦʚʝʥʥʦ-ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʯʘʩʪʠʮʝ ʀʉʆ K' (ʤʛʥʦʚʝʥʥʦ-ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʯʘʩʪʠʮʝ ʠʥʝʨʮʠ-

ʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʦʪʩʯʝʪʘ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʘʷ ʀʉʆ, ʧʦʩʪʦʷʥʥʘʷ ʩʢʦʨʦʩʪʴ V ʢʦʪʦʨʦʡ ʨʘʚʥʘ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʯʘʩʪʠʮʳ). ɺ ʀʉʆ K' ʟʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ dt' ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮʳ ʥʝ ʤʝʥʷʶʪʩʷ: dx' = dy' 

= dz' = 0 (ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʠʮʘ ʧʦʢʦʠʪʩʷ ʚ ʤʛʥʦʚʝʥʥʦ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʀʉʆ). ʀʤʝʷ ʚ ʚʠʜʫ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʠʥʪʝʨ-

ʚʘʣʘ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ, ʟʘʧʠʰʝʤ 

                                                                                        .                                                                        (1) 

ʛʜʝ 
0

C = 299 792 458 ʤ/c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ çʧʦʢʦʷʱʝʡʩʷè ʀʉʆ. 
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ɺ ʀʉʆ ʂ' ʧʨʦʤʝʞʫʪʦʢ dt' ï ʵʪʦ ʧʨʦʤʝʞʫʪʦʢ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʘʚʘʡʪʝ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʧʨʦʤʝ-

ʞʫʪʦʢ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ dt' ʯʝʨʝʟ dt. ʊʦʛʜʘ ʠʟ ʨʘʚʝʥʩʪʚʘ (1) ʠʤʝʝʤ  
 

                                                                                                                                                                                                       (2) 
 

ʛʜʝ  ʝʩʪʴ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʬʘʢʪʦʨ; V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ.  

ʀʪʘʢ, ʚʚʝʜʝʤ 4-ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ 

                                                                                                                                                                        (3) 

 

ʇʦʩʢʦʣʴʢʫ ʚ ʬʦʨʤʫʣʝ (3) dt ʝʩʪʴ ʠʥʚʘʨʠʘʥʪ, ʘ  ʝʩʪʴ 4-ʚʝʢʪʦʨ, ʪʦ 4-ʚʝʢʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ 4-ʩʢʦʨʦʩʪʠ  

ʩʦʤʥʝʥʠʡ ʥʝ ʚʳʟʳʚʘʝʪ. ɺ ʢʦʦʨʜʠʥʘʪʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʵʪʦʪ 4-ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ  ʟʘʧʠʰʝʪʩʷ ʪʘʢ 
 

                                                                                     ,                                                                                    (4) 

 

ʛʜʝ i = 1, 2, 3, 4. 

ʈʘʩʢʨʦʝʤ ʩʤʳʩʣ ʧʝʨʚʳʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ 4-ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠʟ ʚʳʨʘʞʝʥʠʷ (4) 

 

       ʧʨʠʯʝʤ  ,                              (5) 

 

ʛʜʝ , ï ʢʦʤʧʦʥʝʥʪʳ ʦʙʳʯʥʦʡ 3-ʩʢʦʨʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ ʥʫʣʷ ʜʦ 
0

C , ʧʨʠʯʝʤ 

 

    
 

ʊʦʛʜʘ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ, ʧʦ ʩʣʦʚʘʤ ʗ. ʇ. ʊʝʨʣʝʮʢʦʛʦ çʠʩʪʠʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʤʦʛʫʪ ʠʤʝʪʴ 

ʣʠʰʴ ʯʝʪʳʨʝʭʤʝʨʥʦ-ʢʦʚʘʨʠʘʥʪʥʳʝ ʚʝʣʠʯʠʥʳè [4], ʧʝʨʚʳʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ, ʦʧʨʝʜʝʣʷ-

ʝʤʳʝ ʨʘʚʝʥʩʪʚʘʤʠ (5), ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʦʙʳʯʥʦʡ 3-ʩʢʦʨʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ ʥʫʣʷ ʜʦ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʉʢʦʨʦʩʪʴ, ʠʟʤʝʥʷʶʱʫʶʩʷ ʦʪ ʥʫʣʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʟʜʝʩʴ ʛʘʣʠʣʝʝʚʩʢʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʠ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʦʡ u, ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʦʨʝʥʮʝʚʩʢʦʡ ʩʢʦʨʦʩʪʠ (ʢʦʪʦʨʫʶ ʤʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʟʜʝʩʴ ʙʫʢʚʦʡ 

V), ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ ʥʫʣʷ ʜʦ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ
0

C . ʇʨʠ ʵʪʦʤ ʩʚʷʟʴ ʤʝʞʜʫ ʣʦʨʝʥʮʝʚʩʢʦʡ ʠ ʛʘʣʠʣʝʝʚʩʢʦʡ 

ʩʢʦʨʦʩʪʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ [6]  

                                                                          .                                                                       (6) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ , ʘ ʪʘʢʞʝ ʨʘʚʝʥʩʪʚʦ (2), ʥʘʡʜʝʤ ʯʝʪʚʝʨʪʫʶ ʢʦʤʧʦʥʝʥʪʫ 4-ʩʢʦʨʦʩʪʠ: 

 

                                                                                                                                            (7) 

 

ʇʦʩʢʦʣʴʢʫ ʠʟ (2) ʠ (6) ʚʳʪʝʢʘʝʪ, ʯʪʦ 

                                                                             ,                                                                  (8) 
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ʪʦ ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ (ʧʨʠ V = 0, g = 1) ʠʟ (7) ʧʦʣʫʯʠʤ , ʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ (ʧʨʠ V Í 0, g Í 1) 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʫ  

                                                                                                                                  (9) 

 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʝʪʚʝʨʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 4-ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ, ʦʧʨʝʜʝʣʷʝʤ 

ʢʘʢ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ. 

ʌʠʟʠʯʝʩʢʠ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 
u

C  ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʨʘʚʥʘ 
0

C  ʧʦʪʦʤʫ, ʯʪʦ ʚʩʣʝʜ-

ʩʪʚʠʝ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ (ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ) ʨʘʟʤʝʨʦʚ ʜʚʠʞʫʱʠʭʩʷ ʚʘʢʫʫʤʥʳʭ ʦʙʲʝʤʦʚ ʠʟʤʝ-

ʥʷʶʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʚʠʞʫʱʠʭʩʷ ʚʘʢʫʫʤʥʳʭ ʦʙʲʝʤʦʚ.  

ʊʝʧʝʨʴ (ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ 4-ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ) ʨʘʩʩʤʦʪʨʠʤ 

ʩʚʝʪʦʚʳʝ ʯʘʩʳ ï ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʝʨʢʘʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L0 ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʚ ʪʦʡ ʀʉʆ, ʛʜʝ ʯʘʩʳ ʧʦʢʦʷʪʩʷ), 
ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ, ʧʦʧʝʨʝʤʝʥʥʦ ʦʪʨʘʞʘʷʩʴ, ʮʠʨʢʫʣʠʨʫʝʪ ʩʚʝʪʦʚʦʡ ʠʤʧʫʣʴʩ, ʥʘ ʦʜʥʦʤ ʠʟ ʟʝʨʢʘʣ ʨʘʩʧʦʣʦʞʝʥʳ 

ʠʤʧʫʣʴʩʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʬʦʪʦʜʠʦʜ,  ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ ʠ ʮʠʬʝʨʙʣʘʪ.  

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʵʪʠʭ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ, ʧʦʢʦʷʱʠʭʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʀʉʆ, ʙʫʜʝʪ ʨʘʚʥʘ  
 

                                                                              .                                                                           (10) 
 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʪʠ ʩʚʝʪʦʚʳʝ ʯʘʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʭ 

ʜʚʠʞʝʥʠʷ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 1 (ʧʣʦʩʢʦʩʪʠ ʟʝʨʢʘʣ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ ʧʘʨʘʣʣʝʣʴʥʳ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ). 

ʇʫʩʪʴ B0 ʝʩʪʴ ʥʘʯʘʣʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ B, A0 ʝʩʪʴ 

ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ. ʇʫʩʪʴ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʧʦʢʦʷʱʠʡʩʷ ʚ ʪʦʯʢʝ B0, ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t' = 0 ʧʦʩʳʣʘʝʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ y', ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʠʥʝʨ-

ʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɺ.  

ʇʫʩʪʴ ʥʘ ʦʩʠ y' ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ B ʥʘ ʨʘʩʩʪʦʷʥʠʠ L0 = y0' = y0 ʦʪ ʪʦʯʢʠ B0 ʫʩʪʘʥʦʚʣʝʥʦ ʟʝʨʢʘʣʦ B1, ʦʪ 

ʢʦʪʦʨʦʛʦ ʵʪʦʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʦʪʨʘʞʘʝʪʩʷ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʪʦʯʢʫ B0. ʊʦʛʜʘ (ʧʦʩʢʦʣʴʢʫ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠ ʟʝʨʢʘ-

ʣʦ ʧʦʢʦʷʪʩʷ ʚ ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B) ʵʪʦʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ B ʩʦ ʩʢʦʨʦʩʪʴʶ 
0

C  ʢʘʢ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʠʟ ʪʦʯʢʠ B0 ʢ ʟʝʨʢʘʣʫ B1, ʪʘʢ ʠ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʦʪ ʟʝʨʢʘʣʘ 

B1 ʢ ʪʦʯʢʝ B0, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 b). 
 

 
 

ʈʠʩ. 1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʠ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ 

ʘ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ A ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ B, 

b ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ɺ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʝʡ (ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ɺ) 

 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʧʦʩʣʝ ʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ ʪʦʯʢʠ B0  ʚʝʨʥʝʪʩʷ ʚ ʪʦʯʢʫ B0 ʯʝʨʝʟ ʧʨʦʤʝʞʫ-

ʪʦʢ ʚʨʝʤʝʥʠ, ʨʘʚʥʳʡ ʚʝʣʠʯʠʥʝ  
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                                                                                                                                                                    (11) 
 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ ʞʝ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ A ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʧʦʢʦʷʱʝʛʦʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʀʉʆ B. ʇʨʠ ʵʪʦʤ ʀʉʆ A ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʀʉʆ B ʚʣʝʚʦ ʩ ʛʘʣʠʣʝʝʚʩʢʦʡ ʩʢʦʨʦʩʪʴʶ u, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʘ). 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t' = 0 ʪʦʯʢʠ B0 ʠ A0 ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʦʵʪʦʤʫ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪ-

ʩʯʝʪʘ ɸ ʠʟʣʫʯʝʥʠʝ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʪʦʯʢʠ A0. ɿʘ ʪʦ ʚʨʝʤʷ, ʧʦʢʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʜʚʠʞʝʪʩʷ 

ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʠʟ ʪʦʯʢʠ B0 ʢ ʟʝʨʢʘʣʫ B1, ʩʘʤʘ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ɸ, ʜʚʠʛʘʷʩʴ ʩ ʛʘʣʠʣʝʝʚʩʢʦʡ ʩʢʦʨʦʩʪʴʶ u ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɺ, ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʇʦʵʪʦʤʫ ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʘ ʦʪ ʟʝʨʢʘʣʘ 

B1 ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʧʨʦʠʟʦʡʜʝʪ ʚ ʪʦʯʢʝ N ʥʘ ʨʠʩ. 1 ʘ). ɿʘ ʪʦ ʚʨʝʤʷ, ʧʦʢʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʜʚʠ-

ʞʝʪʩʷ ʚ ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʦʪ ʟʝʨʢʘʣʘ B1 ʚ ʪʦʯʢʫ B0, ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ɸ ʪʦʞʝ ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʦʧʨʝ-

ʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʚ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʧʨʠʜʝʪ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʚ ʪʦʯʢʫ B0, 

ʪʦʯʢʘ B0 ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ B ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʪʦʯʢʦʡ ʄ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ A0N = NM. ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ ʠ ʪʦ, ʯʪʦ ʧʫʪʴ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪ-

ʩʯʝʪʘ ɸ (ʨʘʚʥʳʡ ʩʫʤʤʝ ʜʣʠʥ ʧʨʷʤʳʭ ʣʠʥʠʡ A0N ʠ NM) ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʧʫʪʴ ʵʪʦʛʦ ʞʝ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʧʦʢʦʷʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B (ʨʘʚʥʳʡ ʫʜʚʦʝʥʥʦʡ ʜʣʠʥʝ ʣʠʥʠʠ B0B1 = L0). 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ Dt ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʪʦʯʢʠ 

A0 ʠ ʤʦʤʝʥʪʦʤ ʧʨʠʝʤʘ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʄ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ, ʪʦ ʧʫʪʴ, ʧʨʦʭʦʜʠʤʳʡ 

ʩʚʝʪʦʚʳʤ ʩʠʛʥʘʣʦʤ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʦʪ ʪʦʯʢʠ A0 ʜʦ ʪʦʯʢʠ ʄ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ 
 

                                                                                                                                                         (12) 
 

ʅʦ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ɸ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʚ ʪʦʯʢʝ ɺ0, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʨʢʘʣʘ ɺ1 ʩʦ 
ʩʢʦʨʦʩʪʴʶ u (ʛʘʣʠʣʝʝʚʩʢʦʡ). ʇʦʵʪʦʤʫ ʤʳ ʜʦʣʞʥʳ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ 

ʚ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʚʜʦʣʴ ʧʨʷʤʳʭ ʣʠʥʠʡ A0N ʠ NM ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

0u cc g= , (ʪʦ ʝʩʪʴ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ Dt 

ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ A0 ʠ ʤʦʤʝʥʪʦʤ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʄ ʚ ʜʚʠʞʫʱʝʡʩʷ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʨʘʟʜʝʣʠʚ ʩʚʝʪʦʚʦʡ ʧʫʪʴ S, ʦʧʨʝʜʝʣʷʝʤʳʡ ʫʨʘʚʥʝʥʠʝʤ (12), ʥʘ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ɸ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʳʨʘʞʝʥʠʝʤ. ʇʦʣʫʯʠʤ  
 

                                                                                                                                                     (13) 
 

ʆʧʨʝʜʝʣʷʷ ʚʝʣʠʯʠʥʫ  ʠʟ ʫʨʘʚʥʝʥʠʷ (13), ʧʦʣʫʯʠʤ 
 

                                                                                                                                                                (14) 
 

ʉ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ (8) ʚʳʨʘʞʝʥʠʝ (14) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

                                                                                                                                                                       (15) 
 

ʌʦʨʤʫʣʘ (15) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʢʠʤʠ-ʣʠʙʦ ʩʦʙʳʪʠʷʤʠ ʚ ʜʚʠʞʫʱʝʡʩʷ 

ʀʉʆ ɸ ʨʘʚʝʥ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʵʪʠʤʠ ʞʝ ʩʦʙʳʪʠʷʤʠ ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ɺ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʚʝʪʦ-

ʚʳʝ ʯʘʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ (ʧʦʩʢʦʣʴʢʫ ʧʨʘʚʘʷ ʯʘʩʪʴ ʬʦʨʤʫʣʳ (15) 

ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʬʦʨʤʫʣʳ (11). ɺ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʧʨʠʥʷʪʦʛʦ ʟʘ ʝʜʠʥʠʮʫ ʠʟʤʝ-

ʨʝʥʠʷ ʚʨʝʤʝʥʠ. 

ʇʫʩʪʴ ʪʝʧʝʨʴ ʵʪʠ ʩʚʝʪʦʚʳʝ ʯʘʩʳ ʜʚʠʞʫʪʩʷ ʪʘʢ, ʯʪʦ ʧʣʦʩʢʦʩʪʠ ʦʙʦʠʭ ʟʝʨʢʘʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʜʚʠʞʝʥʠʷ ʯʘʩʦʚ. ʂʘʢ ʤʳ ʫʩʪʘʥʦʚʠʣʠ ʚʳʰʝ, ʩʤ. ʨʘʚʝʥʩʪʚʦ (9), ʩʚʝʪ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 
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ʛʜʝ 
0

C  ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ; g ʝʩʪʴ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʤʥʦʞʠʪʝʣʴ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʳ-

ʨʘʞʝʥʠʷʤʠ (8).  

ʊʦʛʜʘ ʧʦʩʣʝ ʠʩʧʫʩʢʘʥʠʷ ʩʚʝʪʘ ʠʩʪʦʯʥʠʢʦʤ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʩʷ ʥʘ ʟʘʜʥʝʤ ʟʝʨʢʘʣʝ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ, ʩʢʦ-

ʨʦʩʪʴ ʩʙʣʠʞʝʥʠʷ ʩʚʝʪʘ ʩ ʧʝʨʝʜʥʠʤ ʟʝʨʢʘʣʦʤ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ ʙʫʜʝʪ ʨʘʚʥʘ . ʉʢʦʨʦʩʪʴ ʩʙʣʠʞʝʥʠʷ ʩʚʝʪʘ ʩ 

ʟʘʜʥʠʤ ʟʝʨʢʘʣʦʤ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ, ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʦʪ ʧʝʨʝʜʥʝʛʦ ʟʝʨʢʘʣʘ, ʙʫʜʝʪ ʨʘʚʥʘ , ʛʜʝ 
u

C  

ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ, u ï ʛʘʣʠʣʝʝʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ. ɺʩʣʝʜ-

ʩʪʚʠʝ ʵʪʦʛʦ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

                                                                                                                                                (17) 

ʛʜʝ  ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ ʜʚʠʞʫʱʠʭʩʷ ʩʚʝʪʦʚʳʭ ʯʘʩʦʚ, ʠʟʤʝʨʝʥʥʦʝ ʠʟ ʪʦʡ ʀʉʆ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʵʪʠ ʩʚʝʪʦʚʳʝ ʯʘʩʳ ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u.  

ʇʦʜʩʪʘʚʠʚ ʚ ʬʦʨʤʫʣʫ (17) ʟʥʘʯʝʥʠʷ ,  ʠ , ʧʦʣʫʯʠʤ, ʯʪʦ  
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ʊʦ ʝʩʪʴ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʢʦʷʱʠʭʩʷ 

ʯʘʩʦʚ (ʬʦʨʤʫʣʘ (18) ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʫʣʦʡ (10)). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ çʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆè ʠʩʢʣʶʯʘʝʪ ʠʟ ʉʊʆ 

ʪʘʢʦʡ ʵʬʬʝʢʪ ʢʘʢ ʦʪʩʪʘʚʘʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʦʪ ʧʦʢʦʷʱʠʭʩʷ ʯʘʩʦʚ (ʟʘʤʝʜʣʝʥʠʝ ʚʨʝʤʝʥʠ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ) 

ʠ ʧʨʝʚʨʘʱʘʝʪ ʚ ʥʝʥʘʫʯʥʫʶ ʬʘʥʪʘʩʪʠʢʫ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʫʪʝʰʝʩʪʚʠʷ ʚ ʙʫʜʫʱʝʝ ɿʝʤʣʠ ʟʘ ʩʯʝʪ ʜʣʠ-

ʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʢʦʩʤʦʩʝ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ (ʙʣʠʟʢʦʡ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ). 

ʆʜʥʘʢʦ ʞʝ ʵʪʦ ʙʫʜʝʪ ʥʝ ʉʊʆ, ʘ ʫʞʝ ʜʨʫʛʘʷ ï ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʪʝʦʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ï ʥʦʚʘʷ ʨʝ-

ʣʷʪʠʚʠʩʪʩʢʘʷ ʪʝʦʨʠʷ (ʧʦʢʘ ʝʱʝ ʛʠʧʦʪʝʟʘ) ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ [7]. 
 

ʇʨʠʤʝʯʘʥʠʝ 
1 ʕʪʫ ʢʦʥʩʪʘʥʪʫ ʤʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʦʡ C c ʥʠʞʥʠʤ ʠʥʜʝʢʩʦʤ ʥʦʣʴ: ʉ0. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʕʡʥʰʪʝʡʥ, ɸ.ʂ. ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ, ʇʉʉ. ï ʄ. :  ʅʘʫʢʘ, 1965. ï ʪ. 1. ï  ʩ. 7 - 85. 

2. ʉʝʨʘʚʠʥ, ɸ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʚʦʨʯʝʩʪʚʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʦʨʯʝʩʪʚʘ. http://azps.ru/polpsy/lib/ seravin 

tvor/3.html 

3. ʄʠʥʢʦʚʩʢʠʡ, ɻ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ. ɺ cʙ. çʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʩʦʩʪʘʚʠʪʝʣʴ ɸ. ɸ. ʊʷʧʢʠʥ. ï ʄ. : 

ɸʪʦʤʠʟʜʘʪ. ï 1973. ï ʉ. 167-182. 

4. ʊʝʨʣʝʮʢʠʡ, ʗ.ʇ. ʇʘʨʘʜʦʢʩʳ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ï ʄ. : ʅʘʫʢʘ,1966. ï ʩ. 53. 

5. ʋʛʘʨʦʚ, ɺ.ɸ. ʉʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʄ. : ʅʘʫʢʘ, 1977. ï ʩ. 128. 

6. ʌʝʜʦʨʦʚ, ʌ.ʀ. ɻʨʫʧʧʘ ʃʦʨʝʥʮʘ, ʄ. : ʅʘʫʢʘ, 1979. ï ʩ. 167. 

7. ʄʘʤʘʝʚ, ɸ.ɺ. ñʉʫɦʥʦʩʪɹ  ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʫʪʦʯʥ̫ʶɦʝʡ ʩʧʝʮʠʘʣɹʥʫʁ  ʪʝʦʨʠʁ  ʦʪʥʦʩʠʪʝʣɹ -

ʥʦʩʪʠò, ʈʦʩʩʠ̫, ʊʫʣʘ: ʊɺɸʀʋ. ï 1990. ï76 ʩ. // ɼʝʧ. ɺ ɺʀʅʀʊʀ 03.09.1990, ̄  4861-ɺ90. 
 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 02.12.13. 

 

 

SPEED OF LIGHT IN VACUUM OF MOVING INERTIAL REFERENCE FRAME  
 

A.V. Mamaev, Candidate of Technical Sciences, Bureau Chief 

Research and Production Corporation Lianozovo Electromechanical Plant (Moscow), Russia 
 

Abstract. ñSpeed of light in vacuum of a moving inertial reference frame (IRF)ò is introduced as a new concept. It is 

defined as a value equal to the fourth component of the four-dimensional speed of IRF, moving relatively to a resting IRF. 

Application of this concept to light propagation in moving and resting light clocks leads to elimination from physics of time 

dilation effect for moving IRF owing to exact equality of a moving light clock time unit to a resting light clock time unit. 

Keywords: special relativity theory, speed of light in a resting inertial reference frame, speed of light in a 

moving inertial reference frame, proper time, time dilation effect, Galilean speed, Lorentz speed. 

http://azps.ru/polpsy/lib/%20seravin%20tvor/3.html
http://azps.ru/polpsy/lib/%20seravin%20tvor/3.html


ISSN 2308-4804. Science and world . 2014. ˉ 1 (5). 

 

 

41 

 

ʋɼʂ 533.7(045) 
 

ʊɽʆʈɽʄʓ ɸɼʀɸɹɸʊʅʆɻʆ ʇʈʆʎɽʉʉɸ ɺ ʈɸʄʂɸʍ ʄʆʃɽʂʋʃʗʈʅʆ-ʂʀʅɽʊʀʏɽʉʂʆʁ 

ʊɽʆʈʀʀ ʀɼɽɸʃʔʅʆɻʆ ɻɸɿɸ 
 

 
ɸ.ʉ. ʅʝʛʨʘʰ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʧʝʮʠʘʣʠʩʪ 

ʋʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʛ. ʃʦʙʥʷ, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʤʢʘʭ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʜʦʢʘʟʳʚʘʶʪʩʷ ʪʝʦʨʝʤʳ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʙʦʪʘ ʘʜʨʝʩʦʚʘʥʘ ʫʯʝʥʠʢʘʤ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ ʰʢʦʣ, ʩʪʫʜʝʥʪʘʤ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʤʝʪʦʜʠʩʪʘʤ, ʘ ʪʘʢʞʝ ʚʩʝʤ, ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʬʠʟʠʢʦʡ.     

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʜʝʘʣʴʥʳʡ ʛʘʟ, ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʩʬʝʨʠʯʝʩʢʠʡ ʩʦ-

ʩʫʜ, ʘʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ, ʪʝʦʨʝʤʳ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ 
 

ʄʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (ʜʘʣʝʝ ʄʂʊ ʠ ʊɼʅ ʀɻ) ï ʦʜʠʥ ʠʟ 

ʪʨʫʜʥʳʭ ʜʣʷ ʫʩʚʦʝʥʠʷ ʫʯʘʱʠʤʠʩʷ ʩʨʝʜʥʝʡ (ʠ ʚʳʩʰʝʡ) ʰʢʦʣʳ ʨʘʟʜʝʣʦʚ ʬʠʟʠʢʠ. ʋʯʘʱʠʤʩʷ ʥʝ ʧʨʦʩʪʦ ʚʦʩʧʨʠʥʠ-

ʤʘʪʴ ʩʚʷʟʴ ʟʘʢʦʥʦʚ ʤʝʭʘʥʠʢʠ ʠ ʟʘʢʦʥʦʚ, ʚʳʨʘʞʘʶʱʠʭ ʠʟʦʧʨʦʮʝʩʩʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ.  

ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʟʣʦʞʝʥʠʷ ʄʂʊ ʠ ʊɼʅ ʀɻ ʚ ʨʘʙʦʪʝ /1/ ʧʨʝʜʣʦʞʝʥʘ ʘʢʩʠ-

ʦʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʄʂʊ ʀɻ (ʜʘʣʝʝ ɸʉ ʄʂʊ ʀɻ). ʆʥʘ ʥʝ ʩʦʜʝʨʞʠʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʯʠʩʣʫ ʤʦʣʝʢʫʣ. ʇʦʥʷʪʠʝ 

ʠʜʝʘʣʴʥʦʛʦ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʛʘʟʘ (ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʜʥʫ ʤʦʣʝʢʫʣʫ) ʠʤʝʝʪ ʩʤʳʩʣ. ʉʦʩʫʜ ʠʤʝʝʪ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ɸʉ ʄʂʊ ʀɻ ʜʦʢʘʟʳʚʘʶʪʩʷ ʪʝʦʨʝʤʳ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʜʥʦʘʪʦʤʥʦʛʦ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ. 

ʉʦʢʨʘʱʝʥʠʷ 

ʄʂʊ ʀɻ ï ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, 

ʊʅɼ ʀɻ ï ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, 

ɸʇ (ʘʧ) ï ʘʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ, 

ʀɻ ï ʠʜʝʘʣʴʥʳʡ ʛʘʟ. 

I. ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

ʆʙʲʝʤ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʫʤʝʥʴʰʠʣʩʷ ʚ 8 ʨʘʟ. ʅʘʡʪʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʘ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʮʝʩʩ ʩʯʠʪʘʪʴ ʘʜʠʘʙʘʪʥʳʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʣʘ 300Áʉ. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʝʤʳ 

ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

II. ʈɽʐɽʅʀɽ 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʜʦʢʘʞʝʤ ʦʜʠʥʥʘʜʮʘʪʴ ʪʝʦʨʝʤ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʩʧʨʘʚʝʜʣʠʚʳʭ 

ʜʣʷ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʌʦʨʤʫʣʳ, ʚʳʨʘʞʘʶʱʠʝ ʵʪʠ ʪʝʦʨʝʤʳ, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

1. ʇɽʈɺʆɽ ʅɸʏɸʃʆ ʊɽʈʄʆɼʀʅɸʄʀʂʀ ɼʃʗ ɸɼʀɸɹɸʊʅʆɻʆ ʇʈʆʎɽʉʉɸ 

ʇʦʩʢʦʣʴʢʫ ʪʝʧʣʦʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʠʟ ʠʟʚʝʩʪʥʦʡ ʚ ʤʝʭʘʥʠʢʝ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝ-

ʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʚ ʄʂʊ ʠ ʊɼʅ ʀɻ ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ çʧʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠè) ʩʣʝʜʫʝʪ 
 

                                                                                                                                                      (1) 
 

ʛʜʝ A' ï ʨʘʙʦʪʘ ʩʦʩʫʜʘ ʥʘʜ ʛʘʟʦʤ, 

ȹU = ȹɽ ï ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʀɻ (ʠʣʠ ʩʫʤʤʘʨʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ ʀɻ) ʚ 

ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʠʟʣʦʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʜʥʦʤʦʣʝʢʫʣʥʳʡ ʦʜʥʦʘʪʦʤʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟ: ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (i) ʨʘʚʥʦ ʪʨʝʤ.  

ʇʦʩʢʦʣʴʢʫ ʜʘʚʣʝʥʠʝ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʀɻ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʝʛʦ ʤʦʣʝʢʫʣʳ [3], ʪʦ 

ʜʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʜʚʠʞʝʪʩʷ ʧʦ ʢʦʥʪʫʨʫ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʀɻ ʩ ʩʦʩʫʜʦʤ (ʠʣʠ ʩʦʩʫʜʘ ʩ ʀɻ) ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ.  
 

 
 

ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ  ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʩ ʩʦʩʫʜʦʤ 
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2. ʊɽʆʈɽʄʓ ɸɼʀɸɹɸʊʅʆɻʆ ʇʈʆʎɽʉʉɸ 

ʆʧʨʝʜʝʣʝʥʠʝ. ʆʙʲʝʤ ʛʘʟʘ ʵʪʦ ʦʙʲʝʤ ʩʦʩʫʜʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʛʘʟ. 

ʊʝʦʨʝʤʘ ɸʇ1. ʆʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (n) ʤʦʣʝʢʫʣ ʚ ʩʦʩʫʜʝ ʚ ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ 

ʇʨʠ (ʘʜʠʘʙʘʪʥʦʤ) ʩʞʘʪʠʠ (ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ ʀɻ) ʚ Ů ʨʘʟ (Ů = ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚ ʩʦʩʫʜʝ ʚʦʟ-

ʨʘʩʪʘʝʪ ʚ Ů ʨʘʟ.Ů ï ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʀɻ (ʠʣʠ ʩʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʩʦʩʫʜʘ). 

 

                                                                                               Ů =     .                                                                             (2) 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʊ. ʢ. ʤʦʣʝʢʫʣʳ ʥʝ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʩʢʚʦʟʴ ʩʪʝʥʢʠ ʩʦʩʫʜʘ, ʪʦ ʯʠʩʣʦ () ʤʦʣʝʢʫʣ ʚ ʥʝʤ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʊ. ʝ.  
 

                                                                               V0 V1 .                                                           (3) 

 

ʀʟ (3) ʩʣʝʜʫʝʪ ʪʦ, ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ: 
 

                                                                                                                                                            (4)  
 

ʊʝʦʨʝʤʘ ɸʇ2. ʆʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʦʚ ʩʦʩʫʜʘ ʚ ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ 

ʇʨʠ (ʘʜʠʘʙʘʪʥʦʤ) ʩʞʘʪʠʠ (ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ ʀɻ) ʚ Ů ʨʘʟ (Ů = ) ʨʘʜʠʫʩ ʩʦʩʫʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʢʦʨʝʥʴ 

ʢʫʙʠʯʝʩʢʠʡ ʠʟ Ů ʨʘʟ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ʦʙʲʝʤ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ ʚ ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ ʫʤʝʥʴʰʠʣʩʷ ʚ Ů ʨʘʟ: 

 

                                                                                               Ů =                                                                                   (5) 

 

ʇʦʩʢʦʣʴʢʫ ʦʙʲʝʤ ʰʘʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʫʙʫ ʝʛʦ ʨʘʜʠʫʩʘ, ʪʦ (5) ʧʨʠʤʝʪ ʚʠʜ 

 

    .                                        (6) 

 

ʀʟ (6) ʩʣʝʜʫʝʪ ʪʦ, ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ: 

                                                                                                                                                 (7) 
 

ʇʨʠʤʝʯʘʥʠʝ. ʊʝʦʨʝʤʳ ɸʇ1 ʠ ɸʇ2 ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʣʶʙʦʛʦ ʛʘʟʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʦʩʷʪ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʊʝʦʨʝʤʘ ɸʇ3. ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʠʥʚʘʨʠʘʥʪ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʇʨʠ ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ  ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʜʠʫʩʘ ʩʬʝ-

ʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ (ʧʦ ʢʦʥʪʫʨʫ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ) ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ. ʊ. ʝ. 

 

                                                                                                                                                  (8) 

                                                                                                        v = ɤ r,                                                                      (9) 

 

ʛʜʝ ɤ ï ʩʨʝʜʥʷʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʫʜʘ, 

r ï ʨʘʜʠʫʩ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʩʦʩʫʜʘ, 

constʘʧ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

rv ï ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʠʥʚʘʨʠʘʥʪ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʚʥʳʡ constʘʧ. 
ʌʦʨʤʫʣʝ (8) ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʚʠʜ: 
 

                                                                                                             (8.1) 
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ʌʦʨʤʫʣʘ (8.1) ʚʳʨʘʞʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʪʝʦʨʝʤʳ ɸʇ3. ɺʩʝ ʩʪʝʧʝʥʥʳʝ ʦʜʥʦʯʣʝʥʳ ʵʪʦʡ 

ʬʦʨʤʫʣʳ ʝʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠʥʚʘʨʠʘʥʪʳ ʦʜʥʦʘʪʦʤʥʦʛʦ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʀɻ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʧʨʠ 

ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣʳ ʩ ʩʦʩʫʜʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʧʦʪʝʨʠ ʢʠʥʝ-

ʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ. ɽʜʠʥʩʪʚʝʥʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʤʦʣʝʢʫʣʫ ʩʦ ʩʪʦʨʦʥʳ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʦʩʫʜʘ, ʵʪʦ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʘʷ ʩʠʣʘ. ʇʦʩʢʦʣʴʢʫ ʤʦʤʝʥʪ ʵʪʦʡ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʬʝʨʳ ʨʘʚʝʥ ʥʫ-

ʣʶ, ʪʦ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ: 

 

                                                                                          mvr = const                                                                           (10) 

 

ʊ. ʝ.  

                                                                                         mv0r0 = mv1r1                                                                         (11) 

 

ʀʟ (11) ʩʣʝʜʫʝʪ:  

 

                                                                                    v0r0 = v1r1 = constʘʧ,                                                                   (12) 

ʠʣʠ 

 

                                                                                      rv = constʘʧ.                                                                              (13) 

 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʫʣʘ (8.1) ʝʩʪʴ ʘʥʘʣʦʛ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʂʝʧʣʝʨʘ ʜʣʷ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ. 

ʊʝʦʨʝʤʘ ɸʇ4. ʆʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʤʦʣʝʢʫʣ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʘʜʠʘʙʘʪʥʦʤ 

ʧʨʦʮʝʩʩʝ 

ʆʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʤʦʣʝʢʫʣ ʚ ʢʦʥʮʝ ʠ ʚ ʥʘʯʘʣʝ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʛʘʟʘ ʚ ʩʬʝ-

ʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʨʘʚʥʦ ʢʫʙʠʯʝʩʢʦʤʫ ʢʦʨʥʶ ʠʟ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʦʜʩʪʘʚʣʷʷ (7) ʚ (12), ʧʦʣʫʯʠʤ 

 

                                                                                       v0r0 = v1r0  / ,                                                                       (14) 

 

ʠʣʠ 

                                                                                         v1 = v0 ,                                                                               (15) 

 

ʠʣʠ 

                                                                                                                                                                (16) 
 

ʌʦʨʤʫʣʘ (16) ʚʳʨʘʞʘʝʪ ʪʝʦʨʝʤʫ ɸʇ4. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʤʘ ɸʇ4 ʚʳʨʘʞʘʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ (ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʤʦʣʝʢʫʣʳ ʚ 

ʢʦʥʮʝ ʠ ʚ ʥʘʯʘʣʝ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ) ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ (ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ï ).  

ʌʦʨʤʫʣʳ, ʚʳʨʘʞʘʶʱʠʝ ʵʪʠ ʠ ʦʩʪʘʣʴʥʳʝ ʪʝʦʨʝʤʳ ɸʇ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1
1
. ɺ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ 

ʪʘʙʣʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʮʝʩʩ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɸʇ1.  

ʇʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʀɻ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2
2
. 

 

III. ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʠʟʣʦʞʝʥʠʷ ʪʝʤʳ çɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩè ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ 

ʪʝʤ çʄʝʭʘʥʠʢʘè ʠ çʄʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘè. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʷʚʣʝʥʠʶ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʩʤʳʩʣʘ ʧʦʥʷʪʠʡ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʷʚʣʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠ ʪʝʨʤʦʜʠʥʘ-

ʤʠʢʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 
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KINETIC THEORY OF PERFECT GA S 
 

A.S. Negrash, Candidate of Technical Sciences, Expert 

Education Department of the Administration of Lobnya town, Russia 

 

Abstract. The theorems of adiabatic process are proved within the framework of axiomatic structure of the mo-

lecular-kinetic theory of perfect gas. The work is directed towards senior pupils, students of higher educational institu-

tions, teachers, materials developers, and also those who are interested in physics.     

Keywords: perfect gas, molecular-kinetic theory, thermodynamics, spherical vessel, adiabatic process, theo-

rems of adiabatic process. 
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ɺʃʀʗʅʀɽ ʇʀʈʀɼʀʅɸ ʅɸ ʂʀʅɽʊʀʏɽʉʂʀɽ ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʈɽɸʂʎʀʀ 

ɺʓɼɽʃɽʅʀʗ ɺʆɼʆʈʆɼɸ ʅɸ ɾɽʃɽɿɽ ɺ ʂʀʉʃʓʍ ʍʃʆʈʀɼʅʓʍ ʉʈɽɼɸʍ 
 

 
ɼ.ɺ. ɹʘʣʳʙʠʥ

1
, ɽ.ʖ. ʂʘʣʠʥʫʰʢʠʥʘ

2
, ɽ.ɼ. ʇʦʧʦʚʘ

3
 

1 
ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

2
 ʘʩʧʠʨʘʥʪ 1 ʢʫʨʩʘ, ʢʘʬʝʜʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

3
 ʩʪʫʜʝʥʪ 4 ʢʫʨʩʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʭʠʤʠʷè 

ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʈ. ɼʝʨʞʘʚʠʥʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʨʠʜʠʥʘ (0,5-10,0 ʤM) ʚ ʩʦ-

ʣʷʥʦʢʠʩʣʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʟʘʤʝʜʣʝʥʥʦʡ ʩʪʘʜʠʠ ʢ ʜʨʫʛʦʡ ʩʦʛʣʘʩʥʦ ʨʷʜʫ: ʟʘʤʝʜ-

ʣʝʥʥʳʡ ʨʘʟʨʷʜ Ÿ ʟʘʤʝʜʣʝʥʥʘʷ ʣʘʪʝʨʘʣʴʥʘʷ ʜʠʬʬʫʟʠʷ Ÿ ʟʘʤʝʜʣʝʥʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ Ÿ ʟʘʤʝʜʣʝʥʥʳʡ ʨʘʟʨʷʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʦ, ʠʦʥʳ ʚʦʜʦʨʦʜʘ, ʨʘʟʨʷʜ, ʧʠʨʠʜʠʥ, ʟʘʤʝʜʣʝʥʥʘʷ ʩʪʘʜʠʷ. 

 

ʂʘʪʦʜʥʘʷ ʨʝʘʢʮʠʷ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ (ʈɺɺ) ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʷʚʣʷʣʘʩʴ ʩʚʦʝʦʙʨʘʟʥʳʤ ʧʨʦʙʥʳʤ ʢʘʤ-

ʥʝʤ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʝʨʷʣʠʩʴ ʠ ʫʪʦʯʥʷʣʠʩʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ. ɹʦʣʝʝ ʪʦʛʦ, 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʥʷʪʠʡ ʠ ʪʝʦʨʠʡ ʵʣʝʢʪʨʦʜʥʦʡ ʢʠʥʝʪʠʢʠ ʙʳʣʘ ʨʘʟʚʠʪʘ ʠʤʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʈɺɺ [6-8]. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʈɺɺ ʧʨʦʚʝʜʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʤʝʪʘʣʣʘʭ 

ʛʨʫʧʧʳ ʞʝʣʝʟʘ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [11-13].  

ɸʜʩʦʨʙʮʠʷ ʠʥʛʠʙʠʪʦʨʘ ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʩ 

ʚʦʜʦʨʦʜʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ [5]. ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝ-

ʥʠʶ ʧʨʠʨʦʜʳ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ. ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʠʥʛʠʙʠʪʦʨʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʦʙʫ-

ʩʣʦʚʣʝʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʝʨʠʠ ʨʘʙʦʪ [1-4, 9-10, 14-

15] ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʤʝʥʷʷ ʩʦʩʪʘʚ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʫʘʥʠʜʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʤʦʞ-

ʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʠʨʦʜʦʡ ʟʘʤʝʜʣʝʥʥʦʡ ʩʪʘʜʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʧʠʨʠʜʠʥʘ (ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʫʣʘ ʉ5ʅ5N) ʥʘ ʢʠʥʝʪʠʢʫ ʠ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʢʘʪʦʜʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ 

ʞʝʣʝʟʝ ʚ ʢʠʩʣʳʭ ʭʣʦʨʠʜʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʝʛʦ ʪʚʝʨʜʦʬʘʟʥʫʶ ʜʠʬʬʫʟʠʶ ʯʝʨʝʟ ʩʪʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ ʚ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʩʦʩʪʘʚʦʤ ʵʣʝʢʪʨʦʣʠʪʘ ʭ ʄ ʅʉl+ (1 ï ʭ) ʄ LiCl, ʧʦʣʫ-

ʯʝʥʥʳʭ ʥʘʩʳʱʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩʫʭʠʤ ʭʣʦʨʠʩʪʳʤ ʚʦʜʦʨʦʜʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʙʘʚʣʝʥʠʝʤ ʠʤʠ 

ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦ ʟʘʜʘʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʚʚʝʜʝʥʠʝʤ ʚʳʩʫʰʝʥʥʦʛʦ ʧʨʠ 107°5Áʉ ʭʣʦʨʠʜʘ ʣʠʪʠʷ. ʂʠʥʝ-

ʪʠʢʫ ʈɺɺ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʞʝʣʝʟʝ ʘʨʤʢʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʪʝʥʮʠʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʩʢʦʨʦʩʪʴ ʨʘʟʚʸʨʪʢʠ 

0,66 ʤɺ/ʩ, ʧʦʪʝʥʮʠʦʩʪʘʪ Solartron 1255), ʚʦʜʦʨʦʜʥʘʷ ʘʪʤʦʩʬʝʨʘ, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʪʝʥʮʠʘʣʳ ʧʝʨʝʩʯʠ-

ʪʘʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʰʢʘʣʝ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʝʨʠʷʭ: ʚ ʦʜʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʩʳʱʝʥʥʳʡ ʚʦʜʥʳʡ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ, ʚʦ ʚʪʦʨʦʡ ï ʨʘʚʥʦ-

ʚʝʩʥʳʡ ʚʦʜʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ ʚ ʪʦʤ ʞʝ ʨʘʙʦʯʝʤ ʨʘʩʪʚʦʨʝ. ʈʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ʩ ʚʠʜʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 1 ʩʤ
2
 ʘʨ-

ʤʠʨʦʚʘʣʠ ʚ ʦʧʨʘʚʫ ʠʟ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ, ʦʪʚʝʨʞʜʝʥʥʦʡ ʧʦʣʠʵʪʠʣʝʥʧʦʣʠʘʤʠʥʦʤ, ʟʘʯʠʱʘʣʠ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ 

ʨʘʟʥʳʭ ʥʦʤʝʨʦʚ, ʦʙʝʟʞʠʨʠʚʘʣʠ ʘʮʝʪʦʥʦʤ, ʧʨʦʤʳʚʘʣʠ ʙʠʜʠʩʪʠʣʣʷʪʦʤ ʠ ʩʫʰʠʣʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʘ ʪʨʝʭʵʣʝʢʪʨʦʜʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʩ ʨʘʟʜʝʣʝʥʥʳʤ ʰʣʠʬʦʤ ʘʥʦʜʥʳʤ ʠ ʢʘʪʦʜʥʳʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘʤʠ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ï ʛʣʘʜʢʘʷ ʧʣʘʪʠʥʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʩʣʘʙʳʭ ʦʩʥʦʚʘʥʠʡ ʧʦʜʦʙʥʳʭ ʧʠʨʠʜʠʥʫ ʧʦʣʦʞʝʥʠʝ ʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ 

ʢʠʩʣʦʪʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʠʦʥʠʟʘʮʠʠ. ʉʣʝʜʫʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʠʟʫʯʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) ʧʨʦʪʝ-

ʢʘʝʪ ʨʝʘʢʮʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

 

                                                                                ʉ5ʅ5N + ʅ
+
 ­ ʉ5ʅ5Nʅ

+
,                                                             (1) 

 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʢʘʪʠʦʥ ʧʠʨʠʜʠʥʠʷ. 
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ʇʦʵʪʦʤʫ: 

                                                                            ʂʘ = [ʉ5ʅ5N] [ʅ
+
] / [ʉ5ʅ5Nʅ

+
]                                                        (2) 

 

ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʨʂʘ ʧʠʨʠʜʠʥʘ (20
0 
ʉ) ʨʘʚʥʘ 5,23, ʩʦʛʣʘʩʥʦ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ, ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ  

 

                                                                           1/ʂʘ = [ʉ5ʅ5Nʅ
+
] / [ʉ5ʅ5N] [ʅ

+
],                                                    (3) 

 

ʦʪʢʫʜʘ 

 

                                                                  [ʉ5ʅ5Nʅ
+
] / [ʉ5ʅ5N] = 1,7Ö10

5
 [ʅ

+
]                                                       (4) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉʅ+ ʚ ʧʨʝʜʝʣʘʭ 1,0-10
-2
 ʤʦʣʴ/ʣ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʧʠʨʠ-

ʜʠʥʠʷ ʢ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʧʠʨʠʜʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 1,7Ö10
5
-1,7Ö10

3
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʥʠʭ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʬʦʨʤʘ ʉ5ʅ5N ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʛʜʝ ʥʘ ʞʝʣʝʟʝ ʟʘʤʝʜʣʝʥʘ ʩʪʘʜʠʷ ʨʘʟʨʷʜʘ (ʪʘʙʣʠʮʘ 1), ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘ-

ʥʠʷ ʧʠʨʠʜʠʥʘ ʥʘ ʢʠʥʝʪʠʢʫ ʈɺɺ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ HCl (0,05; 0,10; 0,50 ʠ 0,99) ʙʳ-

ʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʨʠʜʠʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 0,5-10,0 ʤʤʦʣʴ/ʣ.  

 

ʊʘʙʣʠʮʘ 1 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʈɺɺ ʥʘ ʞʝʣʝʟʝ ʚ ʨʘʩʪʚʦʨʘʭ ʩʠʩʪʝʤʳ ʅ2ʆ ï ʅʉl ï ʉ5ʅ5N ʩ ʩʦʩʪʘʚʦʤ ʵʣʝʢʪʨʦʣʠʪʘ 

ʭ ʄ ʅʉ1 + (1-ʭ) ʄ LiCl  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ (ʚʦʜʦʨʦʜʥʘʷ ʘʪʤʦʩʬʝʨʘ, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ). 

ʉʧʠʨʠʜʠʥʘ, 
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0 0,115 0,068 0,85 0,115 0,060 0,50 

0,5 0,125 0,088 0,75 0,125 0,050 0,25 

1,0 0,130 0,100 0,75 0,130 0,045 0,25 

5,0 0,120 0,100 0,55 0,120 0 0 

10,0 0,125 0,120 0,80 0,125 0,060 0,50 

 

ʇʨʠ ʚʚʝʜʝʥʠʠ 0,5 ʤʄ ʧʠʨʠʜʠʥʘ (ʪʘʙʣʠʮʘ 1) ʚʝʣʠʯʠʥʳ ( )
EHK

Clgilg +µµ  ʠ ( )
h

+µµ
HK

clgilg  ʩʪʘʥʦ-

ʚʷʪʩʷ ʨʘʚʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,75 ʠ 0,25 (ʪʘʙʣʠʮʘ 1). ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ5ʅ5N ʜʦ 1 ʤʄ ʥʝ ʚʣʠʷʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʈɺɺ, ʟʘʤʝʜʣʝʥʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʣʘʪʝʨʘʣʴʥʘʷ ʜʠʬʬʫʟʠʷ ʘʪʦʤʘʨʥʦʛʦ ʘʜ-

ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 5 ʤʄ ʜʦʙʘʚʢʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʟʘʤʝʜʣʝʥʥʦʡ ʨʝʘʢʮʠʠ ʊʘʬʝʣʷ (ʪʘʙʣʠʮʘ 1). ɺ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʫʯʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (10 ʤʄ) 

ʜʦʙʘʚʢʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʥʦʚʴ, ʢʘʢ ʠ ʚ ʬʦʥʦʚʳʭ ʨʘʩʪʚʦʨʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʤʝʜʣʝʥʥʦʡ ʨʝʘʢʮʠʠ ʨʘʟʨʷ-

ʜʘ (ʪʘʙʣʠʮʘ 1).  

ɺ ʮʝʣʦʤ, ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦ ʤʝʨʝ ʚʚʝʜʝʥʠʷ ʠ ʚʦʟʨʘʩʪʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʨʠʜʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝ-

ʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʟʘʤʝʜʣʝʥʥʦʡ ʩʪʘʜʠʠ ʢ ʜʨʫʛʦʡ ʩʦʛʣʘʩʥʦ ʨʷʜʫ: ʟʘʤʝʜʣʝʥʥʳʡ ʨʘʟʨʷʜ Ÿ ʟʘʤʝʜʣʝʥʥʘʷ ʣʘʪʝʨʘʣʴʥʘʷ 

ʜʠʬʬʫʟʠʷ Ÿ ʟʘʤʝʜʣʝʥʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ Ÿ ʟʘʤʝʜʣʝʥʥʳʡ ʨʘʟʨʷʜ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʤʝʥʘ ʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʩʪʘʜʠʠ 

ʈɺɺ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ (ɸʎ) ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʯʘʩʪʠʮʘʤʠ ʘʜʩʦʨʙʘ-

ʪʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ: Hʘʜʩ, ʤʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʚʦʜʠʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʣʠʙʦ ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʨʝʚʨʘʱʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦ-

ʩʦʙʥʳ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʝʜʠʥʳʭ ɸʎ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

 

                                                                                  ɗi = ɗʘʜʩ + ɗsolv + ɗʇɸɺ,                                                                   (5) 

 

ʛʜʝ ɗi ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ, ʤʦʣʝʢʫ-

ʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʯʘʩʪʠʮʘʤʠ ʚʚʦʜʠʤʦʛʦ ʚʝʱʝʩʪʚʘ (ʧʠʨʠʜʠʥ) ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʉ5ʅ5Nʅ
+
 ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ). ʇʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʠʥʪʝʨʚʘʣʦʤ ʵʥʝʨʛʠʡ ʘʜʩʦʨʙʮʠʠ ʘʪʦʤʦʚ ʅ, ʤʦʥʦʩʣʦʡʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʦʜʥʦʡ ʪʘʢʦʡ ʛʨʫʧʧʳ 

ɸʎ ʤʦʞʝʪ ʦʙʫʩʣʦʚʠʪʴ ʧʦʷʚʣʝʥʠʝ ʥʘ ʥʝʡ ʅʘʜʩ ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ ʙʝʟ ʟʘʧʦʣʥʝʥʠʷ ʠʣʠ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʘʢʪʠʚʥʳʭ 
ʮʝʥʪʨʦʚ ʜʨʫʛʠʭ ʛʨʫʧʧ. ʊʘʢʘʷ ʢʦʥʮʝʧʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʱʫʶ ʪʝʦʨʠʶ ʈɺɺ ʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʤʝʪʘʣ-

ʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʯʪʦ ʜʘʩʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʘʢʪʠʢʝ. 
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Abstract. It is shown that at occurrence and increase of pyridine concentration (0,5-10,0 mM) at chloride wa-

ter environments the transition is observed from one slow stage to another according to the row: slow discharge Ÿ 

slow lateral diffusion Ÿ slow combination Ÿ slow discharge. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʅɺɽʂʊʀɺʅʓʍ ʇʆʊʆʂʆɺ ʈɸʉʇʃɸɺɸ ɺ ʆɹʒɽʄɽ ʊʀɻʃʗ ʀ 

ɺɹʃʀɿʀ ʌʈʆʅʊɸ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ɺ ʅɸʏɸʃʔʅʓʍ ʉʊɸɼʀʗʍ ʈʆʉʊɸ 

ʄʆʅʆʂʈʀʉʊɸʃʃɸ ʉɸʇʌʀʈɸ 
 

 
ɼ.ʊ. ɼʟʠʦʚ, ʘʩʧʠʨʘʥʪ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʪʘʚʨʦʧʦʣʴ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʚʳʨʘʱʠʚʘ-

ʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʘʧʬʠʨʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʳ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʘ ʟʘʚʠʩʠʤʦʩʪʴ  

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʦʪ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʧʫʢʣʳʡ ʬʨʦʥʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʨʘʩʧʣʘʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʪʝʩʥʝʥʠʝ ʧʫʟʳʨʝʡ ʦʪ ʚʩʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʡʢʦʩʘʧʬʠʨ, ʤʝʪʦʜ ʂʠʨʦʧʫʣʦʩʘ, ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʨʦʩʪʘ, ʢʦʥʚʝʢʮʠʦʥʥʳʝ ʧʦʪʦʢʠ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʫʧʥʦʛʘ-

ʙʘʨʠʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʘʧʬʠʨʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʳ 

ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʩʚʷʟʘʥʘ ʢʘʢ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʠʟʜʝʨʞʝʢ ʥʘ ʠʩʧʳʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʚʦʛʦ 

ʫʟʣʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʠʟ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʤʦʣʠʙʜʝʥ, ʚʦʣʴʬʨʘʤ, ʦʢʩʠʜ ʮʠʨʢʦʥʠʷ ʠ 

ʪ.ʜ.), ʪʘʢ ʠ ʩ ʵʢʦʥʦʤʠʝʡ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʨʦʝʯʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʩʘʧʬʠʨʘ ʧʨʝʜʣʘʛʘʝʪ-

ʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʫʶ ʤʝʪʦʜʠʢʫ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʥʘ ʩʪʘʜʠʠ ʟʘʪʨʘʚʣʠʚʘʥʠʷ ʠ ʨʘʟʨʘʱʠʚʘʥʠʷ 

ʜʠʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʘ. 

ʅʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ CGSim (ʆʆʆ çʉʦʬʪ-ʀʤʧʘʢʪè, ʛ. ʉ.-ʇʝʪʝʨʙʫʨʛ) ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʘʧʬʠʨʘ ʤʝʪʦʜʦʤ ʂʠʨʦʧʫʣʦʩʘ. ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ CGSim ʨʘʟʨʘʙʦʪʘʥ 

ʆʆʆ çʉʦʬʪ-ʀʤʧʘʢʪè (ʛ. ʉ.-ʇʝʪʝʨʙʫʨʛ), ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʨʘ-

ʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʦʚ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ [1-3]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʘ ʚ ʪʠʛʣʝ ʠ ʚʙʣʠʟʠ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʨʘʱʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʦʩʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʦʩʥʦʚʥʫʶ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʚʩʪʨʝʯʥʳʭ 

ʚʠʭʨʝʡ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʠʛʣʷ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ 

ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʘ ʥʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʡ 

ʦʙʲʝʤ ʞʠʜʢʦʡ ʬʘʟʳ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʚʙʣʠʟʠ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʘʤʝʪʥʦʝ 

ʨʘʟʣʠʯʠʝ ʚ ʠʭ ʢʘʨʪʠʥʝ ʜʣʷ ʤʘʣʳʭ (ʥʝ ʙʦʣʝʝ 25 ʤʤ) ʠ ʙʦʣʴʰʠʭ (ʙʦʣʝʝ 25 ʤʤ) ʟʥʘʯʝʥʠʡ ʜʣʠʥʳ ʢʨʠʩʪʘʣʣʘ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʜ ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʨʘʩʧʣʘʚʘ, ʧʨʦʪʝʢʘʶʱʠʡ ʦʪ 

ʦʩʠ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ (ʈʠʩ. 2, ʘ), ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ (ʈʠʩ. 2, ʙ). ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ 

ʪʝʧʣʘ ʠʟ ʙʦʣʝʝ ʛʦʨʷʯʝʡ ʦʙʣʘʩʪʠ ʨʘʩʧʣʘʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʨʘʚʥʠʚʘʥʠʶ ʬʦʨʤʳ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʧʫʢʣʦʡ ʚ ʢʨʠʩʪʘʣʣ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʢʨʠʩʪʘʣʣʘ ʙʦʣʝ 25 ʤʤ, ʚʙʣʠʟʠ ʪʨʦʡʥʦʡ ʪʦʯʢʠ (ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣ-

ʨʘʩʧʣʘʚ-ʘʪʤʦʩʬʝʨʘ) ʦʙʨʘʟʫʝʪʩʷ ʚʩʪʨʝʯʥʳʡ ʥʠʩʭʦʜʷʱʠʡ ʚʠʭʨʴ ʨʘʩʧʣʘʚʘ, ʚʥʦʩʷʱʠʡ ʧʦʜ ʢʦʥʫʩ ʢʨʠʩʪʘʣʣʘ ʙʦʣʝʝ 

ʭʦʣʦʜʥʳʡ ʨʘʩʧʣʘʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʣʘʙʣʝʥʠʶ ʜʘʥʥʦʛʦ 

ʚʠʭʨʷ, ʦʜʥʘʢʦ ʦʥ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 20 ʦʙ/ʤʠʥ. ʅʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʚʠʭʨʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ. 
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ʈʠʩʫʥʦʢ 1. ʈʘʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʢʦʥʚʝʢʮʠʠ ʨʘʩʧʣʘʚʘ ʠ ʧʦʣʫʧʨʦʟʨʘʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. 

 ɺʳʩʦʪʘ ʢʨʠʩʪʘʣʣʘ ï 8 ʤʤ (ʘ, ʙ) ʠ 32 (ʚ, ʛ) ʤʤ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ 0 (ʘ, ʚ), 15 (ʛ) ʠ 30 (ʙ) ʦʙ/ʤʠʥ. 

 

 
 


