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ɈȻ ɂɇɌȿȽɊɂɊɍȿɆɈɋɌɂ ɈȾɇɈȽɈ 
ȼɈɅɇɈȼɈȽɈ ɍɊȺȼɇȿɇɂə 

 
Ⱥ.ɘ. ɋɟɧɢɰɤɢɣ, ɇ.ɇ.ȿɜɞɨɤɢɦɨɜɚ 

 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛщɟɧɢɹ 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɫɥɭɱɚɢ ɢɧɬɟɝɪɢɪɭɟɦɨɫɬɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫ ɩɟɪɟɦɟɧɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɜ ɫɨɱɟɬɚɧɢɢ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɡɨɛɪɚɠɟɧɢɣ.  ɋ ɩɨɦɨщɶɸ ɜɜɟɞɟɧɧɵɯ ɩɪɢ ɷɬɨɦ 
ɩɪɨɢɡɜɨɥɶɧɵɯ ɮɭɧɤɰɢɣ ɫɬɪɨɹɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɡɚɦɤɧɭɬɵɯ ɪɟɲɟɧɢɣ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɲɟɧɢɹ 
ɨɬɫɭɬɫɬɜɭɸɬ ɜ ɢɡɜɟɫɬɧɵɯ ɫɩɪɚɜɨɱɧɵɯ ɪɭɤɨɜɨɞɫɬɜɚɯ ɩɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɹɦ. 
 

ȼ ɧɚɫɬɨɹщɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɩɪɨɰɟɞɭɪɚ ɩɨɫɬɪɨɟɧɢɹ ɨɛщɟɝɨ ɪɟɲɟɧɢɹ 
ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɛщɟɝɨ ɜɢɞɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɨɣ ɧɚɪɹɞɭ ɫ 
ɩɪɢɟɦɚɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɭɪɚɜɧɟɧɢɣ ɢɫɩɨɥɶɡɭɸщɢɯ ɝɪɭɩɩɨɜɨɣ ɚɧɚɥɢɡ  Д1,βЖ ɢ ɦɟɬɨɞɵ 
ɮɚɤɬɨɪɢɡɚɰɢɢ Дγ,4Ж. 

ȼ ɨɛɥɚɫɬɢ  ɪɚɫɫɦɨɬɪɟɧɨ ɫɥɟɞɭɸщɟɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 
ɭɪɚɜɧɟɧɢɟμ 

,                          (1) 

ɝɞɟ . 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɮɭɧɤɰɢɹ  ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ Ⱦɢɪɢɯɥɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɟ 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɢɧɬɟɝɪɚɥɨɦ Ɏɭɪɶɟ, ɡɚɩɢɫɵɜɚɟɦɵɯ ɜ ɜɢɞɟ ɮɨɪɦɭɥμ 

        (2) 

        (3) 

ɋɱɢɬɚɹ, ɱɬɨ , ɩɪɢɦɟɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ  (β) ɤ (1). Ɍɨɝɞɚ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸщɟɟ ɭɪɚɜɧɟɧɢɟμ 

.     (4) 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɮɨɪɦɟμ 
,        (5) 

ɝɞɟ  - ɞɜɚɠɞɵ ɧɟɩɪɟɪɵɜɧɨ-ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɵɟ ɮɭɧɤɰɢɢ ɫɜɨɢɯ 
ɚɪɝɭɦɟɧɬɨɜ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɬɚɧɨɜɤɢ (5) ɜ (4) ɩɨɥɭɱɚɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ  

, (6)  

ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɭɞɨɜɥɟɬɜɨɪɟɧɨ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. ȼ ɪɚɛɨɬɚɯ  Д4,5Ж ɩɨɥɭɱɟɧɵ 

ɡɚɦɤɧɭɬɵɟ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (1), ɫɨɞɟɪɠɚщɢɟ ɜɨɥɧɨɜɵɟ ɮɭɧɤɰɢɢ. Ɋɚɫɫɦɨɬɪɢɦ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɜɚɪɢɚɧɬ ɩɨɫɬɪɨɟɧɢɹ ɨɛщɟɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (1), ɧɟ ɫɨɞɟɪɠɚщɢɣ 
ɜɨɥɧɨɜɵɟ ɮɭɧɤɰɢɢ. ɉɨɥɚɝɚɹ, ɱɬɨ , ɬ.ɟ.  

                                                         .      (7) 

 

ɋɥɭɱɚɣ 1. 
ɉɭɫɬɶ ɢɦɟɸɬ ɦɟɫɬɨ ɫɥɟɞɭɸщɢɟ ɪɚɜɟɧɫɬɜɚμ 
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      (8) 

     (9) 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɜɟɧɫɬɜɨ (6) ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɤ ɫɥɟɞɭɸщɟɦɭ ɜɢɞɭ 

. 

Ɉɛщɟɟ ɪɟɲɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸщɢɦ ɨɛɪɚɡɨɦ Д6Жμ 

.     (10) 

ȼɵɩɨɥɧɹɹ ɨɛɪɚщɟɧɢɟ ɪɚɜɟɧɫɬɜ (5), (10), ɧɚɯɨɞɢɦ 

  

 (11) 

ɂɡ ɫɨɨɬɧɨɲɟɧɢɹ (8) ɨɩɪɟɞɟɥɹɟɦ 

.        

 (12) 

ɇɚɤɨɧɟɰ ɢɡ ɭɪɚɜɧɟɧɢɹ (λ) ɩɨɥɭɱɚɟɦ 

.       

 (13) 

Ɍɟɨɪɟɦɚ 1.  
ȿɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (1) ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɫɨɨɬɧɨɲɟɧɢɸ (1γ) , ɬɨ ɜɵɪɚɠɟɧɢɹ 

(11), (1β) ɹɜɥɹɸɬɫɹ ɟɝɨ ɨɛщɢɦ ɪɟɲɟɧɢɟɦ. 
ɋɥɭɱɚɣ β. 
ɉɭɫɬɶ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ (7) ɢ ɫɩɪɚɜɟɞɥɢɜɵ ɫɥɟɞɭɸщɢɟ ɫɨɨɬɧɨɲɟɧɢɹμ 

     

 (14) 

 

    (15) 

ɝɞɟ . 

Ɍɨɝɞɚ (6) ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɭɪɚɜɧɟɧɢɟ Ȼɟɫɫɟɥɹ, ɬ.ɟ. 

. 

ȿɝɨ ɪɟɲɟɧɢɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ 

.       

 (16) 

Ɂɞɟɫɶ   - ɮɭɧɤɰɢɢ Ȼɟɫɫɟɥɹ  " "- ɝɨ ɩɨɪɹɞɤɚ I-ɝɨ ɢ II-ɝɨ ɪɨɞɚ. 
ȼɵɩɨɥɧɹɹ ɨɛɪɚщɟɧɢɟ ɜɵɪɚɠɟɧɢɹ (5), ɫ ɭɱɟɬɨɦ (16) ɨɩɪɟɞɟɥɹɟɦ . ɂɦɟɟɦ 

.     

 (17) 

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ (7), ɢɡ (14) ɧɚɯɨɞɢɦ ɮɭɧɤɰɢɸ 

;0
)('

)()(

)(')(

)()(
2

)]('[

)()(''
2










r

rrA

rr

r'r

r

rr










  ;6)()()()()('
)](')[(

)(
2

2

 rrBr'rAr'
rr

r 




0)()6(
)( 2

2

2
2  sGs

ds

sGd
s







  )(sin[)

3
1()](cos[

3
)()( 2221 pCs

s
pCs

s
pCsG

.)(sin[)
3

1()](cos[
3

)(
2

)(
),(

0

2221








  dpepCs

s
pCs

s
pC

r
trU

ipt




 ])(
2

1
exp[)( drrAr





 

2

2 24
)()('2

4

1
)(

r
rArArB

;1
)(')(

)()(
2

)('

)()(

)]('[

)()(''
2










rr

r'r

r

rrA

r

rr










  ;)()()()()('
)](')[(

)( 2

2

2





 rrBr'rAr'

rr

r

R

0)()(
)()( 22

2

2
2  sGs

ds

sdG
s

ds

sGd
s 

)()()()()( 21 sYpCsIpCsG  

)(),( sYsI  
),( trU

 



0

21 )()()()(
2

)(
),( dpesYpCsIpC

r
trU

ipt






 

299 

.        (18) 

Ⱦɚɥɟɟ ɢɡ (15) ɫɥɟɞɭɟɬ, ɱɬɨ  

 .       (19) 

Ɍɟɨɪɟɦɚ β.  
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ (1λ) ɜɵɪɚɠɟɧɢɟ (17) ɹɜɥɹɟɬɫɹ ɡɚɦɤɧɭɬɵɦ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ 
(1). 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1.Ɂɚɣɰɟɜ ȼ.Ɏ., ɉɨɥɹɧɢɧ Ⱥ.Ⱦ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɧɟɥɢɧɟɣɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɹɦ. Ɇμ 

ɇɚɭɤɚ, 1λλγ. 46βɫ. 
β.Ɂɚɣɰɟɜ ȼ.Ɏ. Ⱦɢɫɤɪɟɬɧɨ-ɝɪɭɩɩɨɜɨɣ ɚɧɚɥɢɡ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

//Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ. 1λ8λ. Ɍ.β5. №γ.ɋ.γ7λ-387. 

γ.Ȼɟɪɤɨɜɢɱ Ʌ.Ɇ. Ɏɚɤɬɨɪɢɡɚɰɢɹ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ./ 
ɉɨɞ ɪɟɞ. ɇ.Х.Ɋɨɡɨɜɚ. ɋɚɪɚɬɨɜμ ɂɡɞ-ɜɨ ɋɚɪɚɬ. ɭɧ-ɬɚ, 1λ8λ. 1λβ ɫ. 

4.ɋɟɧɢɰɤɢɣ Ⱥ.ɘ. Ɉɛ ɢɧɬɟɝɪɢɪɭɟɦɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫ ɩɟɪɟɦɟɧɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ.//ɂɡɜɟɫɬɢɹ ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ. Ɇɚɬɟɦɚɬɢɤɚ.-1λλ8. №7-ɋ.γλ-46. 

5.ȿɜɞɨɤɢɦɨɜɚ ɇ.ɇ., ɋɟɧɢɰɤɢɣ Ⱥ.ɘ., Хɚɪɶɤɨɜɫɤɢɣ ɋ.ɂ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɨɥɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɛɟɫɤɨɧɟɱɧɵɯ ɚɧɢɡɨɬɪɨɩɧɵɯ ɫɪɟɞɚɯ.// Ɇɟɠɞ.ɧɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɦɚɬɟɦɚɬɢɤɢ, 
ɦɟɯɚɧɢɤɢ, ɢɧɮɨɪɦɚɬɢɤɢ». Ɇɚɬɟɪɢɚɥɵ ɤɨɧɮɟɪɟɧɰɢɢ. Ɍɭɥɚμ ɌȽɍ,β007.ɋ.145-147. 

6.Ʉɚɦɤɟ ɗ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɨɛɵɤɧɨɜɟɧɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɹɦ. γ-ɟ 
ɢɡɞ.Ɇ.μɇɚɭɤɚ,1λ65.70γɫ. 
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