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ɋɌȿɇȾɈȼȺə ɋȿɄɐɂə 

 

ɉɨɞɫɟɤɰɢɹ 1: Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

 

 

 

ɆȿɌɈȾ ɈɉɌɂɆȺɅɖɇɈȽɈ ȾȿɆɉɎɂɊɈȼȺɇɂə 
ɄɈɅȿȻȺɇɂɃ ɉɊɂ Ⱦȼɂɀȿɇɂɂ ɄɈɋɆɂɑȿɋɄɈȽɈ 

ȺɉɉȺɊȺɌȺ ȼ ȺɌɆɈɋɎȿɊȿ 

 
ɘ.Ɇ. Ɂɚɛɨɥɨɬɧɨɜ, Ⱥ.Ⱥ. Ʌɨɛɚɧɤɨɜ 

 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ 
(ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 

 
ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ  ɦɟɬɨɞ  ɪɚɫɱɟɬɚ  ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɞɜɢɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɦɚɫɫ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɚɬɦɨɫɮɟɪɟ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɜɢɠɟɧɢɟ 
ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɩɨ ɮɨɪɦɟ ɛɥɢɡɨɤ ɤ ɬɟɥɭ ɜɪɚщɟɧɢɹ. Ɇɟɬɨɞ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɨɜɦɟɫɬɧɨɦ ɩɪɢɦɟɧɟɧɢɢ 
ɩɪɢɧɰɢɩɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Ȼɟɥɥɦɚɧɚ ɢ ɦɟɬɨɞɚ ɭɫɪɟɞɧɟɧɢɹ. ɋɢɧɬɟɡ ɪɟɝɭɥɹɬɨɪɚ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɦɚɥɵɯ ɭɝɥɨɜ ɚɬɚɤɢ, ɬɨ ɟɫɬɶ ɧɟɜɨɡɦɭщɟɧɧɚɹ ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɢɧɟɣɧɭɸ 
ɫɢɫɬɟɦɭ ɫ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɱɥɟɧɚɦɢ. ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɤ ɧɨɪɦɚɥɶɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɫɢɧɬɟɡ 
ɭɩɪɚɜɥɟɧɢɹ ɨɫɭщɟɫɬɜɥɹɟɬɫɹ ɩɨ ɤɜɚɞɪɚɬɢɱɧɨɦɭ ɤɪɢɬɟɪɢɸ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɧɚ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɛɨɥɶɲɨɦ 
ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ. Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬ ɩɨɡɜɨɥɹɟɬ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɪɟɝɭɥɹɬɨɪɚ ɜ 
ɢɫɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ, ɬɟɦ ɫɚɦɵɦ, ɪɟɲɢɬɶ ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ. 
 

Ⱦɜɢɠɟɧɢɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ (ɄȺ) ɜɨɤɪɭɝ ɰɟɧɬɪɚ ɦɚɫɫ ɜ ɚɬɦɨɫɮɟɪɟ 
ɨɩɢɫɵɜɚɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɗɣɥɟɪɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɪɚɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ CX Y Z    (ɪɢɫ.1). ɂɦɟɹ ɜ ɜɢɞɭ ɫɢɧɬɟɡ 
ɭɩɪɚɜɥɟɧɢɹ, ɫɬɚɛɢɥɢɡɢɪɭɸщɟɝɨ ɞɜɢɠɟɧɢɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɢɱɟɫɤɢ 
ɭɫɬɨɣɱɢɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ, ɨɩɪɟɞɟɥɢɦ ɭɝɥɵ ɗɣɥɟɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɫɬɟɦɵ 
ɤɨɨɪɞɢɧɚɬ CX Y Z    ɬɚɤ, ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.1, ɝɞɟ ߰, ߙ ɢ � - ɭɝɥɵ ɩɪɟɰɟɫɫɢɢ, ɭɝɥɚ 
ɚɬɚɤɢ ɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɪɚщɟɧɢɹ; ܼܻܺܥ  - ɫɜɹɡɚɧɧɚɹ ɫ ɄȺ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ. 
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Ɋɢɫɭɧɨɤ 1 – ɋɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɚɬɦɨɫɮɟɪɟ 
ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ Д1Ж 
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dt m
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     
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sin
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dt
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dt R H





,                                                          (4) 

ɝɞɟ V  - ɫɤɨɪɨɫɬɶ,   - ɭɝɨɥ ɧɚɤɥɨɧɚ ɬɪɚɟɤɬɨɪɢɢ,  L  - ɩɪɨɞɨɥɶɧɚɹ ɞɚɥɶɧɨɫɬɶ ɩɨɥɟɬɚ, H  - 

ɜɵɫɨɬɚ, 3R  - ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ Ɂɟɦɥɢ, m  - ɦɚɫɫɚ ɄȺ, 
2

3
0

3

R
g g

R H

 
   

 - ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ 

ɭɫɤɨɪɟɧɢɟ, 0g  - ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɭɫɤɨɪɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ, xvC  - ɤɨɷɮɮɢɰɢɟɧɬ 

ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɄȺ, 2 / 2q V  - ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ,  0
H

e
    - ɩɥɨɬɧɨɫɬɶ 

ɚɬɦɨɫɮɟɪɵ, 0  - ɩɥɨɬɧɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ, 11/ 7000 ɦ  . 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɫɬɚɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɨɝɨ ɩɨɥɨɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ (ɬɨ ɟɫɬɶ ɩɪɢ ɦɚɥɵɯ ɭɝɥɚɯ ɚɬɚɤɢ) ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɭɞɨɛɧɨ ɡɚɩɢɫɚɬɶ ɜ ɤɨɦɩɥɟɤɫɧɨɣ 
ɮɨɪɦɟ. Ɍɨɝɞɚ, ɢɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ДβЖ, ɩɨɥɭɱɢɦ 

2
2

2
- ( ) , , , ,z z z

d d d
i J r F r

dt dtdt

           
 

,      (5) 

 , , ,z
z

d
f r

dt

     ,        (6) 

,z

d d
R

dt dt

       
 

,        (7) 

ɝɞɟ i
e
  , 2 1i   , r  - ɜɟɤɬɨɪ ɦɟɞɥɟɧɧɨ ɢɡɦɟɧɹɸщɢɯɫɹ ɩɟɪɟɦɟɧɧɵɯ, 

 2( ) /ar zR r J   ,   / 2x yJ J J  ; 0z   - ɤɨɨɪɞɢɧɚɬɚ, ɨɩɪɟɞɟɥɹɸщɚɹ ɩɨɥɨɠɟɧɢɟ 
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ɰɟɧɬɪɚ ɦɚɫɫ ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɩɨɞɜɢɠɧɨɣ ɬɨɱɤɢ; , ,x y zJ J J  - ɨɫɟɜɵɟ ɦɨɦɟɧɬɵ 

ɢɧɟɪɰɢɢ ɄȺ; /z zJ J J ;      ; , , , ,z

d
F r

dt

    
 

,  , , ,zf r    , 

,
d

R
dt

  
 
 

 - ɢɡɜɟɫɬɧɵɟ ɮɭɧɤɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸщɢɟ ɞɟɣɫɬɜɢɟ ɦɚɥɵɯ ɜɨɡɦɭщɟɧɢɣ ДβЖ, 

 aR r  - ɫɢɥɚ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ.  Ⱦɥɹ ɭɩɪɨщɟɧɢɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɫɟ 
ɜɨɡɦɭщɚɸщɢɟ ɮɭɧɤɰɢɢ ɦɚɫɲɬɚɛɢɪɭɸɬɫɹ ɨɞɧɢɦ ɦɚɥɵɦ ɩɚɪɚɦɟɬɪɨɦ  . 

ɇɟɜɨɡɦɭщɟɧɧɨɟ  ɞɜɢɠɟɧɢɟ ɄȺ ɨɩɢɫɵɜɚɟɬɫɹ  ɫɥɟɞɭɸщɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ 
2

2
2

- ( ) 0z z
d d

i J r
dtdt

     ,     (8) 

z

d

dt


 ,      
z const  ,   r const .    (9) 

 Ɋɟɲɟɧɢɟ ɧɟɜɨɡɦɭщɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (8) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

  1 2
1 2

i i
a e a e

    ,       (10) 

ɝɞɟ 1a  ɢ 2a  - ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ (ɜɟщɟɫɬɜɟɧɧɵɟ ɜɟɥɢɱɢɧɵ), 1 1 1(0)t     ɢ 

2 2 2(0)t     - ɮɚɡɵ; 1 2(0), (0)   - ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɮɚɡ; 1,2 / 2z zJ      - 

ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ; 2 2 2/ 4z zJ    . 

Ɋɟɡɨɧɚɧɫɧɵɟ ɫɥɭɱɚɢ ɞɜɢɠɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɤɨɝɞɚ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 1,2z   ɜ 
ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ, ɬɚɤ ɤɚɤ ɬɪɟɛɭɸɬ ɨɫɨɛɨɝɨ ɚɧɚɥɢɡɚ. 

ɋ ɭɱɟɬɨɦ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ u , 

ɨɛɟɫɩɟɱɢɜɚɸщɟɝɨ ɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɜɢɠɟɧɢɹ ɄȺ ɢɫɯɨɞɹ ɢɡ ɦɢɧɢɦɭɦɚ 
ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ДγЖ  

    1 2
0

, , ,
T

I W a a u u dt   ,     (11) 

ɝɞɟ    2 2 2 2
1 2 1 1 2 2, , ,W a a u u b a b a c u u       , 1 2, , 0b b c   - ɜɟɫɨɜɵɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ. ɉɪɢɱɟɦ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɫɢɥɭ ɜɨɡɦɭщɟɧɧɨɣ 

ɫɢɫɬɟɦɵ ɢ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɹɦ ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ  1 2, 0
da da

dt dt
  

ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 
ɉɨɫɥɟ ɩɟɪɟɯɨɞɚ ɤ ɩɟɪɟɦɟɧɧɵɦ «ɚɦɩɥɢɬɭɞɵ-ɮɚɡɵ» ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɯɨɞɢɦ ɤ ɭɪɚɜɧɟɧɢɸ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ Ƚɚɦɢɥɶɬɨɧɚ – əɤɨɛɢ – 
Ȼɟɥɥɦɚɧɚ Д4Ж 

     
2

2

1

, , , , 0k k
k

V V V V dr
X a r Y a r r b a U

a r dt
     

  

   
         

   
 ,(12) 

Ɂɞɟɫɶ  dr
O

dt
 ,       2 2

o o
U c u u       

.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ Ƚɚɦɢɥɶɬɨɧɚ – əɤɨɛɢ – 
Ȼɟɥɥɦɚɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɭɫɪɟɞɧɟɧɢɹ. ɉɨɫɥɟ ɭɫɪɟɞɧɟɧɢɹ ɩɨɥɭɱɚɟɦ 
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     2
2 20

1

, , ... 0k k
k

V
X a r b a U O

a
   




     


 ,  (13) 

ɝɞɟ   - ɫɬɚɧɞɚɪɬɧɵɣ ɨɩɟɪɚɬɨɪ ɭɫɪɟɞɧɟɧɢɹ ɩɨ ɮɚɡɚɦ,  
2 2

0 0
2

1 216

V V
U

a ac 




                 

. 

ɍɫɪɟɞɧɟɧɢɟ  ɮɭɧɤɰɢɣ  , ,X a r , ɜɯɨɞɹщɢɯ ɜ ɭɪɚɜɧɟɧɢɟ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 
(1γ) ɩɪɢ ɧɚɥɢɱɢɢ ɥɢɧɟɣɧɵɯ ɜɨɡɦɭщɚɸщɢɯ ɮɭɧɤɰɢɣ 

, , z z

d d
F r i

dt dt

              
   

, ɞɚɟɬ   

  1 1

2 2

1
, ,

2

a
X a r

a





 

  
 

,     (14) 

ɝɞɟ 1 1z z     , 2 2z z      , z  ɢ   - ɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸщɢɟ 
ɞɟɣɫɬɜɭɸщɢɟ ɜɨɡɦɭщɟɧɢɹ. 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (1γ) ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɬɪɭɞɧɨ ɧɚɣɬɢ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ 

ɧɟɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Ɍɨɝɞɚ, ɨɩɪɟɞɟɥɹɹ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ 
2

2
0

1
k k

k

V B a


  , 

ɩɨɞɫɬɚɜɥɹɹ ɟɝɨ ɜ (1γ) ɢ ɩɪɢɪɚɜɧɢɜɚɹ ɤ ɧɭɥɸ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ  2
1a  ɢ  2

2a , ɩɨɥɭɱɢɦ 

2 22k k k kB c c ɫЛ       
, 1,2.k     (15) 

Ɍɨɝɞɚ ɮɭɧɤɰɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɦɭɬ ɜɢɞ 

 
2

0 1

1

1
1 cos sin

4

ko
k k

k k k k

V V
u

c a a




 
 

  
     

 ,    (16) 

 
2 1 0 1

1

1
1 sin cos

4

ko
k k

k k k k

V V
u

c a a




 
 





  
     

 .   (17) 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (16-17) ɜ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɚɦɩɥɢɬɭɞ ɢ 
ɭɫɪɟɞɧɟɧɢɹ ɩɨ ɮɚɡɚɦ, ɩɨɥɭɱɢɦ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɟɬɨɞɚ ɭɫɪɟɞɧɟɧɢɹ   

1,2 1,2 2
1,2 1,2 /

2

da a
b c

dt 





   .     (18) 

ɍɫɥɨɜɢɟ 1,2 / 0da dt  , ɤɨɬɨɪɨɟ ɫɥɟɞɭɟɬ ɢɡ ɜɵɪɚɠɟɧɢɹ (18), ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɚɬɦɨɫɮɟɪɟ.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɱɟɬɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɥɭɱɚɣ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɄȺ ɩɪɢ ɫɥɟɞɭɸщɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯμ  

12m ɤɝ , 0.4L ɦ , 2 / 4S L , xvC SqL

J
 
 , 1xvC  , 0.02  , 

21

10
J mL , 

0.5zJ  , 0 7.7 /V ɤɦ М , 0 110H ɤɦ , 0 1.5ɝɪɚɞ   , ɝɞɟ 
0V , 

0H , 
0  - ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 

ɞɜɢɠɟɧɢɹ ɄȺ ɩɪɢ ɜɯɨɞɟ ɜ ɚɬɦɨɫɮɟɪɭ. 
 
ɇɚ ɪɢɫ.β ɩɨɤɚɡɚɧ ɩɪɨɰɟɫɫ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɦɚɫɫ ɄȺ 

ɫ ɩɨɦɨщɶɸ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ 
ɢɫɯɨɞɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ. 
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