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ȼɿɧɧɢɰɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, ɦ. ȼɿɧɧɢɰɹ 

 

ɆȿɌɈȾ ȱɇȼȺɊȱȺɇɌɇɈȽɈ ɉɈȽɅɂȻɅȿɇɇə ȾɅə ȱȾȿɇɌɂɎȱɄȺɐȱȲ ɊɈɌɈɊɇɂɏ 
ɉȺɊȺɆȿɌɊȱȼ ȺɋɂɇɏɊɈɇɇɂɏ ȾȼɂȽɍɇȱȼ 

 

ȼ ɫɬɚɬɬɿ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɟɥɟɦɟɧɬɿɜ ɬɟɨɪɿʀ ɿɧɜɚɪɿɚɧɬɧɨɝɨ ɩɨɝɥɢɛɥɟɧɧɹ ɞɥɹ 
ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɜɧɭɬɪɿɲɧɿɯ ɩɚɪɚɦɟɬɪɿɜ ɬɪɢɮɚɡɧɢɯ ɤɨɪɨɬɤɨɡɚɦɤɧɟɧɢɯ ɚɫɢɧɯɪɨɧɧɢɯ ɞɜɢɝɭɧɿɜ, ɹɤɿ 
ɧɟɦɨɠɥɢɜɨ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜɢɦɿɪɹɬɢ. Ⱥɧɚɥɿɬɢɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɢɫɬɟɦɭ ɧɟɥɿɧɿɣɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ 
ɪɿɜɧɹɧɶ ɡɚ ɇ. Ⱦɿɫɬɟɮɚɧɨ, ɱɢɫɟɥɶɧɢɣ ɪɨɡɜ'ɹɡɨɤ ɹɤɢɯ ɞɨɡɜɨɥɹє ɨɬɪɢɦɚɬɢ ɡɧɚɱɟɧɧɹ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɿɜ ɹɤ 
ɚɤɬɢɜɧɢɣ ɨɩɿɪ ɬɚ ɿɧɞɭɤɬɢɜɧɿɫɬɶ ɨɛɦɨɬɨɤ ɪɨɬɨɪɚ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɦɟɬɨɞ ɿɧɜɚɪɿɚɧɬɧɨɝɨ ɩɨɝɥɢɛɥɟɧɧɹ, ɿɞɟɧɬɢɮɿɤɚɰɿɹ ɜɧɭɬɪɿɲɧɿɯ ɩɚɪɚɦɟɬɪɿɜ, 

ɚɫɢɧɯɪɨɧɧɢɣ ɞɜɢɝɭɧ, ɧɟɥɿɧɿɣɧɿ ɞɢɮɟɪɟɧɰɿɚɥɶɧɿ ɪɿɜɧɹɧɧɹ, ɱɢɫɟɥɶɧɢɣ ɪɨɡɜ'ɹɡɨɤ. 

 

ȼɫɬɭɩ 

Ɍɪɢɮɚɡɧɿ ɤɨɪɨɬɤɨɡɚɦɤɧɟɧɿ ɚɫɢɧɯɪɨɧɧɿ 
ɞɜɢɝɭɧɢ (ȺȾ) ɡɚɝɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ є 
ɧɚɣɛɿɥɶɲ ɦɚɫɨɜɨɸ ɩɪɨɞɭɤɰɿєɸ 
ɟɥɟɤɬɪɨɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ. Ⱥɫɢɧɯɪɨɧɧɿ 
ɟɥɟɤɬɪɨɩɪɢɜɨɞɢ ɫɤɥɚɞɚɸɬɶ ɛɥɢɡɶɤɨ 95% 
ɡɚɝɚɥɶɧɨʀ ɤɿɥɶɤɨɫɬɿ ɟɥɟɤɬɪɨɩɪɢɜɨɞɿɜ, ɚ ȺȾ 
ɫɩɨɠɢɜɚɸɬɶ ɛɿɥɶɲɟ ɩɨɥɨɜɢɧɢ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɳɨ 
ɜɢɪɨɛɥɹєɬɶɫɹ ɭ ɧɚɲɿɣ ɤɪɚʀɧɿ. Ɍɨɦɭ ɟɮɟɤɬɢɜɧɚ 
ɨɰɿɧɤɚ ɩɨɤɚɡɧɢɤɿɜ ɹɤɨɫɬɿ ɰɢɯ ɞɜɢɝɭɧɿɜ ɜ ɩɪɨɰɟɫɿ 
ɜɢɪɨɛɧɢɰɬɜɚ ɿ ɩɿɫɥɹ ʀɯ ɜɢɝɨɬɨɜɥɟɧɧɹ 
(ɩɪɢɣɦɚɥɶɧɨ-ɡɞɚɜɚɥɶɧɿ ɜɢɩɪɨɛɭɜɚɧɧɹ), ɫɜɨєɱɚɫɧɚ 
ɞɿɚɝɧɨɫɬɢɤɚ ɩɪɢɱɢɧ ɪɨɡɥɚɞɭ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ 
ɩɪɨɰɟɫɭ є ɚɤɬɭɚɥɶɧɢɦ ɡɚɜɞɚɧɧɹɦ. 

 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɬɚ ɩɭɛɥɿɤɚɰɿɣ 

ɉɪɢ ɜɢɩɪɨɛɨɜɭɜɚɧɧɹɯ ȺȾ ɧɟɦɨɠɥɢɜɨ 
ɩɪɨɜɟɫɬɢ ɩɪɹɦɟ ɜɢɦɿɪɸɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
ɪɨɬɨɪɧɨɝɨ ɤɨɥɚ (ɚɤɬɢɜɧɢɣ ɨɩɿɪ ɨɛɦɨɬɨɤ ɪɨɬɨɪɭ 
Rr, ɿɧɞɭɤɬɢɜɧɿɫɬɶ ɨɛɦɨɬɨɤ ɪɨɬɨɪɭ Lr, ɜɡɚєɦɧɚ 
ɿɧɞɭɤɬɢɜɧɿɫɬɶ ɦɿɠ ɨɛɦɨɬɤɚɦɢ ɫɬɚɬɨɪɚ ɿ ɪɨɬɨɪɚ 
Lm). Ɍɨɦɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɰɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɤɨɪɢɫɬɭɸɬɶɫɹ ɦɟɬɨɞɚɦɢ ɿɞɟɧɬɢɮɿɤɚɰɿʀ. Ⱦɨ ɰɢɯ 
ɦɟɬɨɞɿɜ ɜɿɞɧɨɫɹɬɶɫɹ ɦɟɬɨɞɢ ɡɚɬɭɯɚɧɧɹ ɩɨɫɬɿɣɧɨɝɨ 
ɫɬɪɭɦɭ ɜ ɫɬɚɬɨɪɧɨɦɭ ɤɨɥɿ ɿ ɝɚɪɦɨɧɿɱɧɢɯ 
ɤɨɥɢɜɚɧɶ, ɹɤɿ ɜɢɤɨɧɭɸɬɶɫɹ ɧɚ ɧɟɪɭɯɨɦɿɣ ɦɚɲɢɧɿ, 
ɚ ɬɚɤɨɠ ɦɟɬɨɞɢ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɪɟɠɢɦɢ 
ɩɭɫɤɭ ɬɚ ɫɚɦɨɝɚɥɶɦɭɜɚɧɧɹ ȺȾ. ȱɫɧɭɸɱɿ ɦɟɬɨɞɢ 
[1-6Ж ɦɚɸɬɶ ɪɹɞ ɧɟɞɨɥɿɤɿɜ, ɡɜ’ɹɡɚɧɢɯ ɿɡ 
ɬɪɭɞɧɨɳɚɦɢ ɜɪɚɯɭɜɚɧɧɹ ɜɩɥɢɜɭ ɩɪɢɫɤɨɪɟɧɧɹ, 
ɜɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɦɭɥɶɬɢɦɨɞɚɥɶɧɨɫɬɿ ɰɿɥɶɨɜɨʀ 
ɮɭɧɤɰɿʀ ɿɞɟɧɬɢɮɿɤɚɰɿʀ, ɫɤɥɚɞɧɿɫɬɸ ɪɟɚɥɿɡɚɰɿʀ ɬɚ 
ɿɧɲɢɦɢ ɮɚɤɬɨɪɚɦɢ. 

 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

ȼ ɞɚɧɿɣ ɪɨɛɨɬɿ ɧɚɜɨɞɹɬɶɫɹ ɨɫɧɨɜɧɿ 
ɪɟɡɭɥɶɬɚɬɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɭ ɿɧɜɚɪɿɚɧɬɧɨɝɨ 
ɩɨɝɥɢɛɥɟɧɧɹ ɩɪɢ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɩɚɪɚɦɟɬɪɿɜ 
ɪɨɬɨɪɧɨɝɨ ɤɨɥɚ ɤɨɪɨɬɤɨɡɚɦɤɧɟɧɢɯ ȺȾ. 

 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ 

ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɩɪɨɜɟɞɟɧɿ ɫɩɨɫɬɟɪɟɠɟɧɧɹ 
ɨɞɧɨʀ ɱɢ ɤɿɥɶɤɨɯ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɭ ɫɬɚɧɭ ȱ 
ɩɪɨɬɹɝɨɦ ɱɚɫɭ Ɍ, ɹɤɿ ɜɦɿɳɭɸɬɶ ɩɨɯɢɛɤɢ. Ⱦɥɹ ɰɢɯ 
ɫɩɨɫɬɟɪɟɠɟɧɶ ɿ ɞɢɧɚɦɿɱɧɢɯ ɪɿɜɧɹɧɶ ɩɪɨɰɟɫɭ 

       II
g=

dT

d
.   (1) 

Ɂɝɿɞɧɨ ɇ. Ⱦɿɫɬɟɮɚɧɨ Д1Ж, ɜɢɡɧɚɱɢɦɨ 
ɨɩɬɢɦɚɥɶɧɭ ɨɰɿɧɤɭ ɫɬɚɧɭ ɜ ɱɚɫ t, ɩɨɥɿɩɲɟɧɧɹ ɰɿєʀ 
ɨɰɿɧɤɢ ɜ ɦɿɪɭ ɡɛɿɥɶɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ 
ɫɩɨɫɬɟɪɟɠɟɧɶ. 

əɤɳɨ T<t , ɬɨ ɡɚɞɚɱɚ ɧɚɡɢɜɚєɬɶɫɹ 
ɿɧɬɟɪɩɨɥɹɰɿєɸ ɚɛɨ ɡɝɥɚɞɠɭɜɚɧɧɹɦ. ɉɪɢ T=t  

ɜɨɧɚ ɧɚɡɢɜɚєɬɶɫɹ ɡɚɞɚɱɟɸ ɮɿɥɶɬɪɭɜɚɧɧɹ, ɚ ɤɨɥɢ  
T>t  – ɡɚɞɚɱɟɸ ɩɟɪɟɞɛɚɱɟɧɧɹ. 
ȼ ɡɚɞɚɱɚɯ ɿɞɟɧɬɢɮɿɤɚɰɿʀ, ɞɟ ɨɫɧɨɜɧɚ ɦɟɬɚ 

ɩɨɥɹɝɚє ɭ ɜɢɡɧɚɱɟɧɧɿ ɧɚɛɨɪɭ ɤɨɧɫɬɚɧɬ ia , ɡɪɭɱɧɨ 
ɨɩɟɪɭɜɚɬɢ ɡ ɰɢɦɢ ɤɨɧɫɬɚɧɬɚɦɢ ɹɤ ɡ ɞɨɞɚɬɤɨɜɢɦɢ 
ɤɨɨɪɞɢɧɚɬɚɦɢ ɫɬɚɧɭ, ɹɤɿ ɡɚɞɨɜɨɥɶɧɹɸɬɶ 
ɨɱɟɜɢɞɧɢɦ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦ ɪɿɜɧɹɧɧɹɦ 

k,=i=
dt

da
i 2,1,0, .  (2) 

Ɍɨɞɿ ɤɨɧɫɬɚɧɬɢ ia  ɦɨɠɧɚ ɜɤɥɸɱɢɬɢ ɜ 
ɪɨɡɲɢɪɟɧɢɣ ɜɟɤɬɨɪ ɫɬɚɧɭ. əɫɧɨ, ɳɨ ɮɿɥɶɬɪ 
ɪɨɡɲɢɪɟɧɨɝɨ ɜɟɤɬɨɪɭ ɫɬɚɧɭ ɞɚє ɧɟ ɬɿɥɶɤɢ 
ɨɩɬɢɦɚɥɶɧɭ ɨɰɿɧɤɭ ɜɟɤɬɨɪɭ ɫɬɚɧɭ, ɚ ɣ 
ɨɩɬɢɦɚɥɶɧɭ ɨɰɿɧɤɭ ɜɟɤɬɨɪɭ a  – ɨɫɧɨɜɧɭ ɦɟɬɭ 
ɿɞɟɧɬɢɮɿɤɚɰɿʀ. Ɂɝɿɞɧɨ Ȼɟɥɥɦɚɧɭ Д2Ж, ɜɢɪɿɲɭєɬɶɫɹ 
ɡɚɞɚɱɚ ɮɿɥɶɬɪɭɜɚɧɧɹ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɿɞɟʀ 
ɿɧɜɚɪɿɚɧɬɧɨɝɨ ɩɨɝɥɢɛɥɟɧɧɹ. ȼɢɡɧɚɱɢɦɨ ɜɟɤɬɨɪ 
ɫɩɨɫɬɟɪɟɠɟɧɶ Γа  

 
  ,;;;

;;;
4321

ηΓI

w

+=ωiii

=wwww=

T

rCBA

T


  (3) 

ɞɟ Γ  - ɩɪɹɦɨɤɭɬɧɚ ɦɚɬɪɢɰɹ ɩɨɜɧɨɝɨ ɪɚɧɝɭ; η  - 

ɜɟɤɬɨɪ ɩɨɯɢɛɨɤ ɫɩɨɫɬɟɪɟɠɟɧɶ. 
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ɇɚ ɨɫɧɨɜɿ ɰɢɯ ɫɩɨɫɬɟɪɟɠɟɧɶ ɜ ɿɧɬɟɪɜɚɥɿ 
 T,0  ɜɢɡɧɚɱɚєɬɶɫɹ ɨɩɬɢɦɚɥɶɧɚ ɨɰɿɧɤɚ ɜɟɤɬɨɪɭ 
ɫɬɚɧɭ ȱ ɩɪɢ t=T ɬɚɤɚ, ɳɨɛ ɦɿɧɿɦɿɡɭɜɚɬɢ ɮɭɧɤɰɿɸ 
ɤɜɚɞɪɚɬɢɱɧɨʀ ɩɨɯɢɛɤɢ   TTf ,I , ɡɚɞɚɧɭ ɭ 
ɜɢɝɥɹɞɿ 

    

     ,+

+dtww=TTf
T

bIΛbI

ΓIΓII




0,0

,,
0  (4) 

ɞɟ b  - ɧɚɣɤɪɚɳɚ ɚɩɪɿɨɪɧɚ ɨɰɿɧɤɚ  0I ; Λ  - 

ɧɟɜɢɪɨɞɠɟɧɚ ɦɚɬɪɢɰɹ, ɹɤɚ ɜɫɬɚɧɨɜɥɸє ɦɿɪɭ 
ɜɩɟɜɧɟɧɨɫɬɿ ɭ ɞɚɧɿɣ ɨɰɿɧɰɿ. 

Ɂɝɿɞɧɨ Д1Ж, ɦɿɧɿɦɿɡɚɰɿɹ (4) ɞɨɫɹɝɚєɬɶɫɹ ɩɪɢ 
ɜɢɪɿɲɟɧɧɿ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɟɥɿɧɿɣɧɨɝɨ ɮɿɥɶɬɪɭ 

        ,0; beΓОwΓQeg
e

=T+=
dT

d T     (5) 

ɚ ɦɚɬɪɢɰɹ ɤɨɪɢɝɭɸɱɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ (T)Q  

ɡɚɞɨɜɨɥɶɧɹє ɪɿɜɧɹɧɧɸ 

   

.=)(

;+=
dT

d TT

1
0


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ΛQ

ΓQQΓeQgQeg
Q

cc
   (6) 

Ɍɭɬ ɞɥɹ ɫɩɪɨɳɟɧɧɹ ɡɚɩɢɫɭ ɡɨɛɪɚɠɟɧɨ 
 T= Ic ;  T,f= ce argmin ;  eg

c
 - ɹɤɨɛɿɚɧ 

 eg  ɩɨ ɫ; “Ɍ ɡɜɟɪɯɭ” – ɡɧɚɤ ɬɪɚɧɫɩɨɧɭɜɚɧɧɹ. 
Ɂɚɞɚɱɚ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɡɚ ɇ. Ⱦɿɫɬɟɮɚɧɨ 

ɡɜɨɞɢɬɶɫɹ ɞɨ ɜɢɪɿɲɟɧɧɹ ɫɢɫɬɟɦɢ ɿɡ ɞɜɨɯ 
ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ (5) ɿ (6). 

ȼ Д3Ж ɜɢɜɟɞɟɧɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɩɨɯɢɛɤɢ 
ɮɿɥɶɬɪɚ ɇ. Ⱦɿɫɬɟɮɚɧɨ. ɉɨɡɧɚɱɢɦɨ ɱɟɪɟɡ eII =

~
 

ɩɨɯɢɛɤɭ ɨɰɿɧɤɢ ɮɿɥɶɬɪɚ. Ɍɨɞɿ ɩɨɯɢɛɤɚ ɨɰɿɧɤɢ 
ɮɿɥɶɬɪɚ I

~  ɦɚє ɬɚɤɢɣ ɜɢɞ 

        
T

T
dT=

~

0

1
,SSηΓSQSXXI         (7) 

ɞɟ  TX  - ɪɨɡɜ‘ɹɡɨɤ ɪɿɜɧɹɧɧɹ 

        TT=
dT

Td T XegΓΓQ
X

c
 . (8) 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚɞɚɱɚ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɡ 
ɨɞɧɨɱɚɫɧɢɦ ɡɧɚɯɨɞɠɟɧɧɹɦ ɩɨɯɢɛɤɢ 
ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɡɚ ɇ. Ⱦɿɫɬɟɮɚɧɨ ɩɨɥɹɝɚє ɭ 
ɜɢɪɿɲɟɧɧɿ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ (5) – (7). 

ȱɞɟɧɬɢɮɿɤɚɰɿɸ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ 
ɿɧɜɚɪɿɚɧɬɧɨɝɨ ɩɨɝɥɢɛɥɟɧɧɹ ɛɭɞɟɦɨ ɩɪɨɜɨɞɢɬɢ 
ɞɥɹ  ɚɤɬɢɜɧɨɝɨ ɨɩɨɪɭ Rr ɬɚ ɿɧɞɭɤɬɢɜɧɨɫɬɿ Lr 

ɪɨɬɨɪɚ; ɜɡɚєɦɧɚ ɿɧɞɭɤɬɢɜɧɿɫɬɶ ɦɿɠ ɫɬɚɬɨɪɨɦ ɿ 
ɪɨɬɨɪɨɦ Lm ɞɨɛɪɟ ɿɞɟɧɬɢɮɿɤɭєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɦɟɬɨɞɿɜ ɬɟɨɪɿʀ ɱɭɬɥɢɜɨɫɬɿ Д4Ж. 

ɉɪɟɞɫɬɚɜɢɦɨ ɩɟɪɲɿ ɱɨɬɢɪɢ ɪɿɜɧɹɧɧɹ 
ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ȺȾ Д5Ж ɭ ɮɨɪɦɿ Ʉɨɲɿ 
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 T
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Ɂɜɨɪɨɬɧɚ ɦɚɬɪɢɰɹ 1
A  ɦɚɬɢɦɟ ɜɢɝɥɹɞ 

 















































22

22

22

22

1

00

00

00

00

mrs

r

mrs

m

mrs

r

mrs

m

mrs

m

mrs

r

mrs

m

mrs

r

LLL

L

LLL

L

LLL

L

LLL

L

LLL

L

LLL

L

LLL

L

LLL

L

=A
. (10) 
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Ⱦɥɹ ɤɨɪɨɬɤɨɡɚɦɤɧɟɧɨɝɨ ȺȾ 0=u=u
rβrα . 
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Ɋɨɡɲɢɪɢɦɨ ɜɟɤɬɨɪ ɫɬɚɧɭ u  ɩ’ɹɬɢɦ 
ɪɿɜɧɹɧɧɹɦ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ȺȾ Д5Ж ɬɚ 
ɩɚɪɚɦɟɬɪɚɦɢ Rr i Lr 
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Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚɞɚɱɚ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ ɿɧɜɚɪɿɚɧɬɧɨɝɨ ɩɨɝɥɢɛɥɟɧɧɹ ɇ. 
Ⱦɿɫɬɟɮɚɧɨ ɡɜɨɞɢɬɶɫɹ ɞɨ ɜɢɪɿɲɟɧɧɹ ɫɢɫɬɟɦɢ ɿɡ 
ɬɪɶɨɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ (5), (6), (7). Ⱥɥɟ 
ɰɿ ɪɿɜɧɹɧɧɹ ɦɚɸɬɶ ɫɤɥɚɞɧɢɣ ɦɚɬɪɢɱɧɢɣ ɜɢɝɥɹɞ, 
ɳɨ ɪɨɛɢɬɶ ɩɪɚɤɬɢɱɧɨ ɧɟɦɨɠɥɢɜɢɦ ʀɯ ɫɩɪɨɳɟɧɧɹ. 

Ɋɿɲɟɧɧɹ ɫɢɫɬɟɦɢ (5), (6), (7) ɦɨɠɟ 
ɡɞɿɣɫɧɸɜɚɬɢɫɹ ɦɟɬɨɞɨɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɱɟɬɜɟɪɬɨɝɨ 
ɩɨɪɹɞɤɭ ɡ ɩɨɫɬɿɣɧɢɦ ɤɪɨɤɨɦ h. 

Ⱦɥɹ ɱɢɫɟɥɶɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɚɥɝɨɪɢɬɦɭ 
ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɜɢɛɪɚɧɨ ȺȾ 4Ⱥ71Ⱥ4 ɿɡ 
ɩɚɪɚɦɟɬɪɚɦɢ ɪ=2, m=3, Rs=16,39 Ɉɦ, 
Rr=15,08 Ɉɦ, Ls=0,663 Ƚɧ, Lr=0,7015 Ƚɧ, Lm=0,624 

Ƚɧ, J=0,011 ɤȽɦ2. ɒɭɦ η  ɦɨɞɟɥɸєɬɶɫɹ 
ɜɢɩɚɞɤɨɜɨɸ ɜɟɥɢɱɢɧɨɸ ɡ ɧɨɪɦɚɥɶɧɢɦ ɡɚɤɨɧɨɦ 

ɪɨɡɩɨɞɿɥɭ. ɉɪɢɤɥɚɞ ɪɨɛɨɬɢ ɦɟɬɨɞɭ ɿɞɟɧɬɢɮɿɤɚɰɿʀ 
ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 1 – 3. 
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Ɋɢɫɭɧɨɤ 1 - ȱɞɟɧɬɢɮɿɤɚɰɿɹ ɚɤɬɢɜɧɨɝɨ ɨɩɨɪɭ Rr 
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Ɋɢɫɭɧɨɤ 2 - ȱɞɟɧɬɢɮɿɤɚɰɿɹ ɿɧɞɭɤɬɢɜɧɨɫɬɿ Lr 
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Ɋɢɫɭɧɨɤ 3 - Ɂɚɝɚɥɶɧɚ ɩɨɯɢɛɤɚ ɿɞɟɧɬɢɮɿɤɚɰɿʀ 
 

 

ȼɢɫɧɨɜɤɢ 
Ⱥɧɚɥɿɡ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɞɚє ɡɦɨɝɭ 

ɞɿɣɬɢ ɜɢɫɧɨɜɤɭ, ɳɨ ɞɚɧɢɣ ɚɥɝɨɪɢɬɦ ɿɞɟɧɬɢɮɿɤɚɰɿʀ 
ɡɚɛɟɡɩɟɱɭє ɡɛɿɠɧɿɫɬɶ ɿ ɞɨɫɬɚɬɧɸ ɬɨɱɧɿɫɬɶ ɞɥɹ 
ɞɨɫɢɬɶ ɲɢɪɨɤɨɝɨ ɞɿɚɩɚɡɨɧɭ ɩɨɱɚɬɤɨɜɢɯ ɡɧɚɱɟɧɶ 
ɩɚɪɚɦɟɬɪɿɜ ɪɨɬɨɪɚ. Ⱥɥɟ ɞɥɹ ɣɨɝɨ ɭɫɩɿɲɧɨʀ ɪɨɛɨɬɢ 
ɧɟɨɛɯɿɞɧɢɣ ɞɨɫɢɬɶ ɦɚɥɢɣ ɤɪɨɤ ɞɢɫɤɪɟɬɢɡɚɰɿʀ ɩɨ 
ɱɚɫɭ. Ɂɛɿɠɧɿɫɬɶ ɚɥɝɨɪɢɬɦɭ ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɢɛɨɪɭ 
ɩɨɱɚɬɤɨɜɢɯ ɡɧɚɱɟɧɶ. ɐɟ ɫɩɪɢɱɢɧɸєɬɶɫɹ ɬɢɦ, ɳɨ 
ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ȺȾ ɤɥɚɫɢɮɿɤɭєɬɶɫɹ ɹɤ 
ɠɨɪɫɬɤɚ ɫɢɫɬɟɦɚ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ. 
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ɆȿɌɈȾ ɂɇȼȺɊɂȺɇɌɇɈȽɈ ɉɈȽɊɍɀȿɇɂə ȾɅə ɂȾȿɇɌɂɎɂɄȺɐɂɂ ɊɈɌɈɊɇɕɏ 
ɉȺɊȺɆȿɌɊɈȼ ȺɋɂɇɏɊɈɇɇɕɏ ȾȼɂȽȺɌȿɅȿɃ 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɬɟɨɪɢɢ ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɩɨɝɪɭɠɟɧɢɹ ɞɥɹ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɧɭɬɪɟɧɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɯɮɚɡɧɵɯ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɯ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, 
ɤɨɬɨɪɵɟ ɧɟɜɨɡɦɨɠɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡɦɟɪɢɬɶ. Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ ɧɟɥɢɧɟɣɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɇ. Ⱦɢɫɬɟɮɚɧɨ, ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɡɧɚɱɟɧɢɹ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɚɤ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɛɦɨɬɨɤ ɪɨɬɨɪɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɟɬɨɞ ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɩɨɝɪɭɠɟɧɢɹ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɜɧɭɬɪɟɧɧɢɯ ɩɚɪɚɦɟɬɪɨɜ, 

ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɧɟɥɢɧɟɣɧɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ. 
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INVARIANT EMBEDDING IDENTIFICATION METHOD OF ASYNCHRONOUS MOTORS 

ROTOR PARAMETERS 

 
The article discusses the use of the theory of invariant imbedding to identify the internal parameters of 

three-phase squirrel cage induction motors, which can not be directly measured. Analytically presents a 

system of nonlinear differential equations N. Distefano, the numerical solution which allows to obtain the 

values of parameters such as resistance and inductance of the rotor windings. 

Keywords: invariant embedding identification method, identifying the internal parameters, asynchronous 

motors, nonlinear differential equations, numerical solution.
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