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ɑȺɋɌɖ 1  
ɈȻɓɂȿ ȼɈɉɊɈɋɕ ɂɇɎɈɄɈɆɆɍɇɂɄȺɐɂɃ 

 

 

ɆȿɌɈȾɈɅɈȽɂɑȿɋɄȺə ȻȺɁȺ ɉɈɋɌɊɈȿɇɂə ȺɅȽɈɊɂɌɆɈȼ 
ɄɈɇɌɊɈɅə ȻɂɌɈȼɈɃ ɋɄɈɊɈɋɌɂ ȼɂȾȿɈɉɈɌɈɄȺ ɋ 

ɈȻȿɋɉȿɑȿɇɂȿɆ ɌɊȿȻɍȿɆɕɏ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɄȺɑȿɋɌȼȺ 

Ȼɚɪɚɧɧɢɤ ȼ.ȼ., Ɍɜɟɪɞɨɯɥɟɛ ȼ.ȼ., ɏɚɯɚɧɨɜɚ Ⱥ.ȼ., ɏɚɪɱɟɧɤɨ  ɇ.Ⱥ. 
 

ȼɜɟɞɟɧɢɟ 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɬɪɟɦɢɬɟɥɶɧɵɦ ɪɨɫɬɨɦ ɨɛɴɟɦɚ ɩɟɪɟɞɚɜɚɟɦɵɯ 
ɜɢɞɟɨɞɚɧɧɵɯ. Ɍɚɤ ɠɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɨɹɧɧɵɣ ɪɨɫɬ ɱɢɫɥɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ 
ɫɢɫɬɟɦ ɜɢɞɟɨɤɨɧɮɟɪɟɧɰɢɣ ɢ ɫɟɪɜɢɫɨɜ ɬɪɚɧɫɥɹɰɢɢ ɩɨɬɨɤɨɜɨɝɨ ɜɢɞɟɨ.  
Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ, ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɨɜ 
ɡɚɩɚɡɞɵɜɚɟɬ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɱɚɫɬɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɟɬɟɣ.  

ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɜɨɡɦɨɠɧɨɫɬɶ ɚɞɚɩɬɢɪɭɟɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɜɢɞɟɨɩɨɬɨɤɚ ɤ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ.  

Ⱦɚɧɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɩɨɫɨɛɧɚ ɨɛɟɫɩɟɱɢɬɶ ɷɮɮɟɤɬɢɜɧɭɸ ɩɟɪɟɞɚɱɭ 
ɜɢɞɟɨɩɨɬɨɤɚ, ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɨɬɟɪɶ ɢ ɡɚɞɟɪɠɟɤ ɩɟɪɟɞɚɱɢ 
ɜɢɞɟɨɞɚɧɧɵɯ.  

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɦɟɬɨɞɢɤɢ 
ɭɩɪɚɜɥɟɧɢɹ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɜɢɞɟɨɩɨɬɨɤɚ ɫ ɰɟɥɶɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɟɟ 
ɜɟɥɢɱɢɧɵ ɫ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤɚɧɚɥɚ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ 
ɫɟɬɢ.  

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɩɨɫɬɪɨɟɧɢɹ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɤɨɧɬɪɨɥɹ 
ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɹɜɥɹɸɬɫɹ: ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɢɣ ɷɮɮɟɤɬɢɜɧɨɣ ɩɟɪɟɞɚɱɢ 
ɜɢɞɟɨɩɨɬɨɤɚ ɧɚ ɮɨɧɟ ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɚ, 
ɩɨɫɬɪɨɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɭɩɪɚɜɥɟɧɢɹ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɜɢɞɟɨɩɨɬɨɤɚ ɢ 
ɤɨɧɬɪɨɥɹ ɭɪɨɜɧɹ ɨɲɢɛɤɢ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ 
ɦɟɯɚɧɢɡɦɚ ɭɩɪɚɜɥɟɧɢɹ. 

 
1. ɍɫɥɨɜɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɩɟɪɟɞɚɱɢ ɜɢɞɟɨɩɨɬɨɤɚ 

ɗɮɮɟɤɬɢɜɧɨɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɬɚɤɭɸ ɩɟɪɟɞɚɱɭ ɜɢɞɟɨɩɨɬɨɤɚ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 

– ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɪɟɛɨɜɚɧɢɹɦ QoS ɤɚɫɚɬɟɥɶɧɨ ɜɟɥɢɱɢɧ ɡɚɞɟɪɠɤɢ ɢ 
ɩɨɬɟɪɶ ɞɚɧɧɵɯ; 

– ɩɨɞɞɟɪɠɚɧɢɟ ɭɪɨɜɧɹ ɨɲɢɛɤɢ, ɧɟ ɩɪɟɜɵɲɚɟɸɳɟɝɨ ɡɚɞɚɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ; 

– ɨɛɟɫɩɟɱɟɧɢɟ ɜɢɡɭɚɥɶɧɨ ɩɪɢɟɦɥɢɦɨɝɨ ɤɚɱɟɫɬɜɚ ɜɢɞɟɨ ɧɚ ɩɪɢɟɦɟ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɪɹɞɭ ɫ ɭɩɪɚɜɥɟɧɢɟɦ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɶɸ R , 

ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɬɶ ɡɧɚɱɟɧɢɟ ɨɲɢɛɤɢ,  ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɣ ɛɭɞɟɦ 
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ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɭɪɨɜɟɧɶ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧɢɹ, ɧɚ ɬɪɟɛɭɟɦɨɦ 
ɭɪɨɜɧɟ [1].  

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ ɩɪɨɢɡɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ 
ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɫɩɨɫɨɛɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ ɦɢɧɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ 
ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɨɲɢɛɤɢ.  

Ɍɨɝɞɚ ɭɫɥɨɜɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɩɟɪɟɞɚɱɢ ɜɢɞɟɨɩɨɬɨɤɚ ɩɪɢ 
ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɚ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  








.dd

min;R

min

                                                 (1) 

ɉɪɢ ɩɨɥɭɱɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɷɮɮɟɤɬɢɜɧɨɣ ɩɟɪɟɞɚɱɢ ɜɢɞɟɨɩɨɬɨɤɚ, 
ɪɚɫɫɦɨɬɪɢɦ ɫɩɨɫɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɞɚɧɧɵɯ, ɞɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɦɟɬɨɞɚ.   

 
2. ɋɭɬɶ ɦɟɬɨɞɚ ɤɨɧɬɪɨɥɹ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɂɫɯɨɞɧɵɣ ɜɢɞɟɨɤɚɞɪ F , ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ȾɄɉ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɰɜɟɬɨɜɨɣ ɦɨɞɟɥɢ RGB ɜ ɦɨɞɟɥɶ YCbCr, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɦɧɨɠɟɫɬɜɨ Ɋ  
ɬɪɚɧɫɮɨɪɦɚɧɬ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  





Q

1p

ɪYɊ ,                                                (2) 

ɝɞɟ Yp  – ɹp  ɬɪɚɧɫɮɨɪɦɚɧɬɚ ɤɚɞɪɚ.  

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɤɚɠɞɚɹ ɬɪɚɧɫɮɨɪɦɚɧɬɚ Yp  ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɫɨɜɨɤɭɩɧɨɫɬɶɸ (h;w) ɯ ɤɨɦɩɨɧɟɧɬ  ɪyY hwp  . 

Ʉɚɠɞɚɹ ɤɨɦɩɨɧɟɧɬɚ  ɪy hw ɬɪɚɧɫɮɨɪɦɚɧɬɵ Yp  ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ 

ɞɜɨɢɱɧɨɦ ɜɢɞɟ, ɧɚ ɨɫɧɨɜɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ α(p) )(
hw
  ɛɢɬ (ɪɢɫ.1). ɗɬɨ 

ɷɤɜɢɜɚɥɟɧɬɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ: 

α(p)α(p)α(p)α(p)y(p) (0)
hw

(m)
hw

1)(
hw

)(
hw ......,

T

hw
 ,            (3)  

   ,0,1α(p) )(
hw 
  ;0,7h   ;0,7w   ,0,7   

ɝɞɟ α(p) )(
hw
  – ɣ  ɛɢɬ ɞɜɨɢɱɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɣw)(h;   ɤɨɦɩɨɧɟɧɬɵ ɣp  

ɬɪɚɧɫɮɨɪɦɚɧɬɵ. 
Ɇɧɨɠɟɫɬɜɨ ɜɫɟɯ ɛɢɬ ɝɨ ɪɚɡɪɹɞɚ ɣp  ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɫɨɫɬɚɜɥɹɟɬ 

ɛɢɬɨɜɭɸ ɩɥɨɫɤɨɫɬɶ )pY(  .  

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɨɜɨɤɭɩɧɨɫɬɶ ɞɜɨɢɱɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɜɫɟɯ 
ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ Yp  ɫɨɫɬɚɜɥɹɟɬ ɛɢɬɨɜɵɣ ɤɭɛ Y d)(3

p , ɩɪɢɦɟɪ ɤɨɬɨɪɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.  
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ɉɪɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɩɨɫɨɛɟ ɨɪɝɚɧɢɡɚɰɢɢ ɞɚɧɧɵɯ, ɜɟɪɯɧɢɣ ɫɥɨɣ 
ɞɚɧɧɨɝɨ ɤɭɛɚ ɨɛɪɚɡɭɸɬ ɫɬɚɪɲɢɟ ɛɢɬɵ α(p) )(

hw
  ɞɜɨɢɱɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ. 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɧɬɵ Yp  ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ ɨɬɞɟɥɶɧɵɦɢ ɛɢɬɨɜɵɦɢ 
ɩɥɨɫɤɨɫɬɹɦɢ, ɚɧɚɥɨɝɢɱɧɨ ɩɨɞɯɨɞɭ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ Progressive JPEG [2].  
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɨɛɴɟɦ 

ɩɟɪɟɞɚɜɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɣ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Bw  ɤɚɧɚɥɚ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɝɨ ɨɛɴɟɦɚ ɛɢɬ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɤɚɞɪɚ, 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɥɢɛɨ ɜɫɟ n  ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ )pY(   ɬɪɚɧɫɮɨɪɦɚɧɬɵ Yp , 

ɥɢɛɨ ɬɨɥɶɤɨ )n(   ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɛɢɬɨɜɭɸ 
ɫɤɨɪɨɫɬɶ RF  ɤɚɞɪɚ ɧɚ ɭɪɨɜɧɟ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɦ ɧɟɤɨɬɨɪɨɟ ɬɪɟɛɭɟɦɨɟ 
ɡɧɚɱɟɧɢɟ.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Ɋɢɫ. 1. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɧɬɵ Yp  ɜ ɜɢɞɟ ɛɢɬɨɜɨɝɨ ɤɭɛɚ Y d)(3
p  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɤɨɦɩɪɟɫɫɢɟɣ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ 
ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɛɚɡɟ ɬɟɯɧɨɥɨɝɢɢ Progressive 
JPEG ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

1. Ⱦɚɧɧɵɟ ɨ ɜɟɥɢɱɢɧɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɚ ɩɨɫɬɭɩɚɸɬ 
ɤɨɞɟɪɭ. 

n 

h
 

w
 

y(p)k 

α(p) )(
k





α(p) )1(
k





α(p) (2)
k

α(p) )3(
k

α(p) )0(
k

Y(p)
 

y(p)k

Y(p)
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2. ɂɫɯɨɞɹ ɢɡ ɤɨɥɢɱɟɫɬɜɚ ɤɚɞɪɨɜ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɞɚɬɶ ɜ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɚ ɬɚɤɠɟ ɢɯ ɫɭɦɦɚɪɧɨɣ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ, ɤɨɞɟɪ 
ɨɰɟɧɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɤɚɞɪɨɜ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. 

3. ȼɵɱɢɫɥɹɟɬɫɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɮɚɤɬɢɱɟɫɤɨɣ ɢ ɬɪɟɛɭɟɦɨɣ 
ɛɢɬɨɜɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɫɟɪɢɢ ɤɚɞɪɨɜ.  

4. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɬɪɟɛɭɟɦɚɹ ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɞɥɹ ɤɚɠɞɨɝɨ ɤɚɞɪɚ. 
5. ȼɵɱɢɫɥɹɟɬɫɹ ɬɪɟɛɭɟɦɚɹ ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɧɬ ɤɚɞɪɚ. 

ȿɫɥɢ ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɩɪɟɜɵɲɚɟɬ ɬɪɟɛɭɟɦɭɸ, ɱɚɫɬɶ 
ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ ɢɫɤɥɸɱɚɸɬɫɹ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ. 

6. Ɏɨɪɦɢɪɭɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɨɥɢɱɟɫɬɜɚ ɤɚɞɪɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ 
ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɬɪɚɧɫɮɨɪɦɚɧɬ ɫ ɛɢɬɨɜɵɦɢ ɫɤɨɪɨɫɬɹɦɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦɢ 
ɬɪɟɛɭɟɦɵɟ ɡɧɚɱɟɧɢɹ. 

ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t0  ɛɭɮɟɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɨɬɩɪɚɜɥɹɟɬ ɜ 
ɤɚɧɚɥ ɬɟɫɬɨɜɵɟ ɩɚɤɟɬ Rstart  ɫ ɢɡɜɟɫɬɧɨɣ ɜɟɥɢɱɢɧɵ.  

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ ɞɜɭɫɬɨɪɨɧɧɟɣ ɡɚɞɟɪɠɤɢ RTT , 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ Bw  ɜ ɦɨɦɟɧɬ t0 : 

RTT

R
B

start
w  .                                                     (4) 

Ɍɚɤɠɟ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɟ RTT , ɜɵɱɢɫɥɹɟɬɫɹ ɮɚɤɬɢɱɟɫɤɨɟ ɱɢɫɥɨ 
ɤɚɞɪɨɜ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɟɫɬɢɬɶ ɜ ɛɭɮɟɪ: 

 RTT)t( 0  .                                                (5)  

ɉɪɢ ɩɨɥɭɱɟɧɧɨɦ ɡɧɚɱɟɧɢɢ )t( 0 , ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɤɚɞɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɨɰɟɧɤɚ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ Rpȝ  ɢ ɜɟɥɢɱɢɧɵ ɨɲɢɛɤɢ 
dpȝ ɩɨ ɜɫɟɦ ɛɢɬɨɜɵɦ ɩɥɨɫɤɨɫɬɹɦ ɤɚɠɞɨɣ ɢɡ ɬɪɚɧɫɮɨɪɦɚɧɬ ɤɚɞɪɚ.  

ɇɚ ɷɬɚɩɟ, ɩɪɟɞɲɟɫɬɜɭɸɳɟɦ ɧɚɯɨɠɞɟɧɢɸ Rpȝ  ɢ dpȝ  ɛɢɬɨɜɵɯ 
ɩɥɨɫɤɨɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɧɬ, ɜɵɩɨɥɧɹɟɬɫɹ ɨɰɟɧɤɚ ɧɚɫɵɳɟɧɧɨɫɬɢ ɇɑ-
ɨɛɥɚɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɧɬ [3], ɤɚɤ ɩɨɤɚɡɚɧɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ: 

))p(y(log
L

1 1
2n,m 






 ,                                       (6) 

ɝɞɟ  ɤɨɥɢɱɟɫɬɜɨ ɞɢɚɝɨɧɚɥɟɣ ɇɑ-ɨɛɥɚɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬɵ,  ɱɢɫɥɨ 
ɷɥɟɦɟɧɬɨɜ ɞɢɚɝɨɧɚɥɢ, )p(y , ɹ ɤɨɦɩɨɧɟɧɬɚ ɇɑ-ɨɛɥɚɫɬɢ 
ɬɪɚɧɫɮɨɪɦɚɧɬɵ. 

Ⱦɥɹ ɤɚɞɪɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ nm  ɬɪɚɧɫɮɨɪɦɚɧɬ, ɜɟɥɢɱɢɧɵ χ nm,  

ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɜɫɟɦ ɫɬɪɨɤɚɦ.  
ȿɫɥɢ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ χ,χ nm,1m,  ɜɵɹɜɥɟɧɵ ɡɧɚɱɟɧɢɹ 

ɧɚɫɵɳɟɧɧɨɫɬɟɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɪɚɡɧɨɫɬɶ χχΔχ 1km,km,   ɢɦɟɟɬ 
ɧɟɫɭɳɟɫɬɜɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ɢ ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ 
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 1k,mk,m1,m ... , ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɫɨɫɬɚɜɥɹɸɬ ɜɟɤɬɨɪ 
ɫɬɚɛɢɥɢɡɚɰɢɢ S j, . ɂɧɞɟɤɫ j  ɩɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɹɟɬ ɩɨɡɢɰɢɸ ɬɪɚɧɫɮɨɪɦɚɧɬɵ 
ɜ ɤɚɞɪɟ, ɚ  - ɤɨɥɢɱɟɫɬɜɨ ɜɯɨɞɹɳɢɯ ɜ ɧɟɝɨ ɬɪɚɧɫɮɨɪɦɚɧɬ. 

ȼ ɩɪɟɞɟɥɚɯ ɜɟɤɬɨɪɚ ɫɬɚɛɢɥɢɡɚɰɢɢ S j, , ɢɫɩɨɥɶɡɭɹ ɩɨɞɨɛɢɟ ɦɟɠɞɭ 
ɬɪɚɧɫɮɨɪɦɚɧɬɚɦɢ, ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɤɪɚɬɢɬɶ ɤɨɥɢɱɟɫɬɜɨ 
ɜɵɩɨɥɧɹɟɦɵɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɧɬ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɱɚɫɬɶ ɡɧɚɱɟɧɢɣ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ Rpȝ  ɢ dpȝ  ɛɢɬɨɜɵɯ 
ɩɥɨɫɤɨɫɬɟɣ ɨɞɧɨɝɨ ɪɚɡɪɹɞɚ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɧɬ ɜɟɤɬɨɪɚ S j,  ɦɨɠɟɬ ɛɵɬɶ 
ɢɧɬɟɪɩɨɥɢɪɨɜɚɧɨ.  

ɂɧɬɟɪɩɨɥɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ Rɢɧɬ
ȝp,  

ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɨɪɦɭɥɨɣ: 

)R,R,R(R ,mp,1p,1p
ɢɧɬ

,p   ,                                  (7) 

ɝɞɟ R,R ,1p,1p   ɢ R ,mp  - ɡɧɚɱɟɧɢɹ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

Y ),1p(  ,  Y ),p(   ɢ Y ),mp(   ɛɢɬɨɜɵɦ ɩɥɨɫɤɨɫɬɹɦ,   
ɂɧɬɟɪɩɨɥɹɰɢɹ ɡɧɚɱɟɧɢɣ dɢɧɬȝp,  ɩɪɢ ɷɬɨɦ ɚɧɚɥɨɝɢɱɧɚ (7) ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɵɪɚɠɟɧɢɟɦ: 
 )d,d,d(d ,mp,1p,1p

ɢɧɬ
,p   ,                                  (8) 

ɝɞɟ d,d ,1p,1p   ɢ d ,mp  - ɡɧɚɱɟɧɢɹ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɞɥɹ  Y ),1p(  ,  

Y ),p(   ɢ Y ),mp(   ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ.   
ɂɬɨɝɨɜɚɹ ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢ ɋɄɈ ɞɥɹ ɫɟɪɢɢ ɢɡ )t( 0  ɤɚɞɪɨɜ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ: 




 


1i

Q

1ɪ
i,p,seq RR      



 


1i

Q

1ɪ
i,p,seq dd ,                             (9,10) 

ɝɞɟ 


n

1ȝ
pȝip, RR ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ p ɣ ɬɪɚɧɫɮɨɪɦɚɧɬɵ i ɝɨ ɤɚɞɪɚ, 




n

1ȝ
pȝip, dd ɭɪɨɜɟɧɶ ɋɄɈ p ɣ ɬɪɚɧɫɮɨɪɦɚɧɬɵ i ɝɨ ɤɚɞɪɚ 

ɉɪɢ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ Rseq  ɢ dseq  ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
)t( 0  ɤɚɞɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ RBΔR seqw   ɦɟɠɞɭ ɫɭɦɦɚɪɧɨɣ 

ɮɚɤɬɢɱɟɫɤɨɣ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɤɚɞɪɨɜ ɫɟɪɢɢ ɢ ɬɪɟɛɭɟɦɨɣ ɛɢɬɨɜɨɣ 
ɫɤɨɪɨɫɬɶɸ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɪɚɜɧɚ BR w

ɬɪɟɛ
seq   [4].  

ȿɫɥɢ 0ΔR  , ɬɨ ɜɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ )t( 0  ɩɟɪɟɞɚɟɬɫɹ ɜ ɛɭɮɟɪ 
ɩɟɪɟɞɚɬɱɢɤɚ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ.  
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ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ 0ΔR  , ɛɢɬɨɜɭɸ ɫɤɨɪɨɫɬɶ Rseq  ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɡɢɬɶ 
ɧɚ ɜɟɥɢɱɢɧɭ ΔR  ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ Rɬɪɟɛ

seq  

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɚɞɪɨɜ )t( 0 .  

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɬɪɟɛɭɟɦɨɣ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ,Rɬɪɟɛ  

ɫɨɨɬɧɨɲɟɧɢɟ (1) ɦɨɠɟɦ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 








.dd

;RR

min

ɬɪɟɛ
                                                 (11) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ΔR  ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ:  







)0(

1i

i

t

ΔRΔR ,                                                 (12) 

ɝɞɟ ΔRi ɜɟɥɢɱɢɧɚ, ɧɚ ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɡɢɬɶ ɛɢɬɨɜɭɸ ɫɤɨɪɨɫɬɶ 
ɤɚɠɞɨɝɨ ɤɚɞɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  )t( 0 . 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɜ ɫɟɪɢɢ )t( 0  

ɤɚɞɪɨɜ ɢɦɟɟɬ ɧɟɪɚɜɧɨɦɟɪɧɵɣ ɯɚɪɚɤɬɟɪ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɟɪɢɹ )t( 0  ɫɨɫɬɨɢɬ 
ɢɡ ɤɚɞɪɨɜ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ - I , ȼ  ɢ Ɋ , ɩɪɢ ɷɬɨɦ ɦɚɤɫɢɦɭɦ ɛɢɬɨɜɵɯ 
ɫɤɨɪɨɫɬɟɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ I  ɢ Ɋ  ɤɚɞɪɚɦ.  

Ⱦɥɹ ɬɚɤɨɝɨ ɫɥɭɱɚɹ, ɫɧɢɠɟɧɢɟ ɜɟɥɢɱɢɧɵ ΔR  ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ 
ɭɦɟɧɶɲɟɧɢɹ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ȼ ɤɚɞɪɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
Ɉɛɭɫɥɨɜɥɟɧɨ ɷɬɨ ɬɟɦ, ɱɬɨ ɩɨɬɟɪɹ ɱɚɫɬɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɤɚɞɪɚɯ ɞɚɧɧɨɝɨ ɬɢɩɚ 
ɜɧɟɫɟɬ ɦɢɧɢɦɚɥɶɧɭɸ ɨɲɢɛɤɭ ɜ ɫɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ ɋɄɈ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡ )t( 0  ɤɚɞɪɨɜ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ. 

ȼɟɥɢɱɢɧɚ ΔRi , ɧɚ ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɡɢɬɶ ɛɢɬɨɜɭɸ ɫɤɨɪɨɫɬɶ 
ɤɚɠɞɨɝɨ ɢɡ ɜɯɨɞɹɳɢɯ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ȼ ɤɚɞɪɨɜ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ: 

j,1i

,
)t(

ΔR
ΔR

0
i





                                              (13) 

ɝɞɟ j ɤɨɥɢɱɟɫɬɜɨ ȼ ɤɚɞɪɨɜ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɚɞɪɨɜ ɜ ɧɚɱɚɥɟ ɜɢɞɟɨɩɨɬɨɤɚ, ɚ 
ɬɚɤɠɟ ɫɰɟɧɵ ɫ ɜɵɫɨɤɨɣ ɞɢɧɚɦɢɤɨɣ, ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɬɨɥɶɤɨ I ɤɚɞɪɵ, 
ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ, ɥɢɛɨ ɫɨɜɨɤɭɩɧɨɫɬɶ I  ɢ Ɋ  ɤɚɞɪɨɜ.  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɱɢɫɥɟɧɢɟ ɜɟɥɢɱɢɧɵ ΔRi  ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɟɥɢɱɢɧɚɦ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɤɚɠɞɨɝɨ ɤɚɞɪɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ )t( 0 , ɤɚɤ ɩɨɤɚɡɚɧɨ ɜɵɪɚɠɟɧɢɟɦ: 

,
R

RΔR
R

RΔR
ΔR

seq

i

ɫɪ

i
i 


                                     (14) 

ɝɞɟ  )t( 0 ɱɢɫɥɨ ɤɚɞɪɨɜ ɜ ɫɟɪɢɢ, Ri ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ i ɝɨ ɤɚɞɪɚ,  
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



)t(

R
R

0

seq
ɫɪ ɫɪɟɞɧɹɹ ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɤɚɞɪɚ ɜ ɫɟɪɢɢ. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɪɟɛɭɟɦɚɹ ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɤɚɞɪɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ )t( 0  ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ: 

RRR ii
ɬɪɟɛ
i  .                                         (15) 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜɟɥɢɱɢɧɚ Rɬɪɟɛ
i  ɞɥɹ i ɝɨ ɤɚɞɪɚ ɧɚɣɞɟɧɚ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɬɪɟɛɭɟɦɵɯ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɟɣ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɧɬ 
ɤɚɞɪɚ, ɜ ɫɭɦɦɟ ɞɚɸɳɢɯ ɜɟɥɢɱɢɧɭ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɤɚɞɪɚ, ɪɚɜɧɭɸ 

RRR ɬɪɟɛ
i

Q

1ɪ

ɬɪɟɛ
pi 



. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɬɪɟɛɭɟɦɨɣ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɤɚɞɪɚ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɨɞɯɨɞɵ. 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜ ɩɪɟɞɟɥɚɯ ɤɚɞɪɚ ɜɟɥɢɱɢɧɵ χ nm,  ɞɥɹ ɜɫɟɯ 
ɬɪɚɧɫɮɨɪɦɚɧɬ ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɞɯɨɞ, 
ɢɫɩɨɥɶɡɭɸɳɢɣ ɭɫɪɟɞɧɟɧɢɟ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɨ ɤɚɞɪɭ:  

Q

R
R

ɬɪɟɛ
iɬɪ

p  ,                                              (16) 

ɝɞɟ Q  ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɧɬ ɜ ɤɚɞɪɟ. 
Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɭɱɟɬɚ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬ ɜ ɩɪɟɞɟɥɚɯ 

ɤɚɞɪɚ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɯɨɞ, ɭɱɢɬɵɜɚɸɳɢɣ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜ ɤɚɞɪɟ: 

γ
Q

R
R p

ɬɪɟɛ
iɬɪɟɛ

ɪ  ,                                            (17) 

ɝɞɟ γp ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɬɟɩɟɧɢ ɧɚɫɵɳɟɧɧɨɫɬɢ p ɣ 
ɬɪɚɧɫɮɨɪɦɚɧɬɵ. 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɞɥɹ ɤɚɠɞɨɣ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɤɚɞɪɚ ɧɚɣɞɟɧɵ ɜɟɥɢɱɢɧɵ 
Rɬɪɟɛ
ɪ , ɨɩɪɟɞɟɥɹɸɬɫɹ ɛɢɬɨɜɵɟ ɩɥɨɫɤɨɫɬɢ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɢɫɤɥɸɱɟɧɵ, ɱɬɨɛɵ 

ɨɛɟɫɩɟɱɢɬɶ ɡɧɚɱɟɧɢɹ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɚɦɢ (16, 
17).  

Ⱦɥɹ ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɧɬ, ɛɢɬɨɜɵɟ ɫɤɨɪɨɫɬɢ ɤɨɬɨɪɵɯ 
ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɡɢɬɶ ɞɨ ɜɟɥɢɱɢɧɵ Rɬɪɟɛ

ɪ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɪɹɞɨɤ 
ɪɚɧɠɢɪɨɜɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɟɪɜɵɦɢ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɛɢɬɨɜɵɟ ɩɥɨɫɤɨɫɬɢ 
Y ȝ)(p, , ɜɧɨɫɹɳɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ d pȝ  ɜ ɨɛɳɟɟ ɋɄɈ 
ɬɪɚɧɫɮɨɪɦɚɧɬɵ.  

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ ɫɬɚɪɲɢɦ ɛɢɬɨɜɵɦ ɩɥɨɫɤɨɫɬɹɦ 
Y ȝ)(p, . Ⱦɚɥɟɟ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɛɢɬɨɜɵɟ ɩɥɨɫɤɨɫɬɢ ɜ ɩɨɪɹɞɤɟ ɫɧɢɠɟɧɢɹ 
ɜɟɥɢɱɢɧ dpȝ , ɜɧɨɫɢɦɵɯ ɢɦɢ ɜ ɨɛɳɟɟ ɋɄɈ.  
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ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɧɠɢɪɨɜɚɧɢɹ ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ, ɧɚ ɤɚɠɞɨɦ 
ɪ ɦ ɲɚɝɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ ɫɭɦɦɚɪɧɵɯ ɡɧɚɱɟɧɢɣ ɋɄɈ ɢ ɛɢɬɨɜɨɣ 

ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬ  Y ȝ
p  ɢ  Y ȝ

1p , ɩɭɬɟɦ ɫɥɨɠɟɧɢɹ ɡɧɚɱɟɧɢɣ R ȝp,  ɢ 

R ȝ1,p  ɚ ɬɚɤɠɟ d ȝp,  ɢ d ȝ1,p .  

ɋɥɨɠɟɧɢɟ ɡɧɚɱɟɧɢɣ ɋɄɈ ɢ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɧɬ  Y ȝ
p  ɢ 

 Y 1p

  ɩɪɨɢɫɯɨɞɢɬ ɩɨɩɚɪɧɨ, ɫ ɭɱɟɬɨɦ ɩɨɪɹɞɤɚ ɨɛɪɚɛɨɬɤɢ. ɋɭɦɦɢɪɭɸɬɫɹ ɩɪɢ 

ɷɬɨɦ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɵ, ɢɦɟɸɳɢɟ ɨɞɢɧɚɤɨɜɵɟ ɢɧɞɟɤɫɵ ɪɚɧɠɢɪɨɜɚɧɢɹ.   
ɇɚ ɤɚɠɞɨɦ p ɦ ɲɚɝɟ ɜɵɱɢɫɥɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɧɨ-ɨɩɬɢɦɚɥɶɧɨɟ R*
pF,  ɡɧɚɱɟɧɢɟ ɛɢɬɨɜɨɣ 

ɫɤɨɪɨɫɬɢ ɤɚɞɪɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ p ɬɪɚɧɫɮɨɪɦɚɧɬ, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ: 
 







.mind

;RR|RR

pi,

ɬɪɟɛ
ppi,

*
pi,

*
pi,

                                       (18) 

ȼɟɥɢɱɢɧɚ R 1ɪF,   ɞɥɹ ɤɚɞɪɚ F  ɧɚ 1p ɦ ɲɚɝɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ 
ɨɩɪɟɞɟɥɹɬɶɫɹ ɫɥɟɞɭɸɳɢɦ ɫɩɨɫɨɛɨɦ: 







 

n

1u

ui,

1p

pi

1ɪF, RR ,                                          (19) 

ɝɞɟ u ɢɧɞɟɤɫ ɨɱɟɪɟɞɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɛɢɬɨɜɨɣ ɩɥɨɫɤɨɫɬɢ, R u,i ɛɢɬɨɜɚɹ 
ɫɤɨɪɨɫɬɶ u ɣ ɛɢɬɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɜ ɩɨɪɹɞɤɟ ɫɧɢɠɟɧɢɹ 
ɜɧɨɫɢɦɨɝɨ ɭɪɨɜɧɹ ɋɄɈ, 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɋɄɈ ɧɚ 1p ɦ ɲɚɝɟ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ 
ɜɵɪɚɠɟɧɢɟɦ: 







 

n

1u

ui,

1p

pi

1ɪF, Rd ,                                           (20) 

ɝɞɟ d ui, ɛɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ u ɣ ɛɢɬɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬɵ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɥɨɠɟɧɢɹ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɢ ɋɄɈ ɩɨ 

ɬɪɚɧɫɮɨɪɦɚɧɬɚɦ  Yp
  ɢ  Y 1p


  ɧɚ 1p   ɲɚɝɟ, ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɪɹɞɨɤ 

ɨɛɯɨɞɚ ɩɨɥɭɱɟɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɫɭɦɦɚɪɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɋɄɈ ɩɨ ɭɦɟɧɶɲɟɧɢɸ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2. 

ɉɪɢ ɬɚɤɨɦ ɫɩɨɫɨɛɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ, ɤɪɚɣɧɢɦɢ ɜ 
ɤɨɞɨɝɪɚɦɦɟ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɛɢɬɨɜɵɟ ɩɥɨɫɤɨɫɬɢ, ɜɧɨɫɹɳɢɯ 
ɦɢɧɢɦɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ɋɄɈ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɧɬɵ.  

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɤɨɪɪɟɤɰɢɸ ɛɢɬɨɜɨɣ 
ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬ, ɢɫɤɥɸɱɚɹ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɛɢɬɨɜɵɯ 
ɩɥɨɫɤɨɫɬɟɣ ɞɥɹ ɫɧɢɠɟɧɢɹ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬɵ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɨɩɟɪɚɰɢɹɦ.  
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Ⱦɟɣɫɬɜɢɹ, ɨɩɢɫɚɧɧɵɟ ɜɵɪɚɠɟɧɢɹɦɢ (16-20), ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɤɚɠɞɨɦ 
ɢɡ Q  ɲɚɝɨɜ ɞɥɹ ɜɫɟɯ )t( 0  ɤɚɞɪɨɜ ɫɟɪɢɢ. Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɛɢɬɨɜɚɹ 
ɫɤɨɪɨɫɬɶ Rseq  ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɚɞɪɨɜ, ɩɨɞɥɟɠɚɳɢɯ ɩɟɪɟɞɚɱɟ ɩɪɢ ɷɬɨɦ 
ɛɭɞɟɬ ɷɤɜɢɜɚɥɟɧɬɧɚ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

Qvɬɪɟɛ ɬɪɟɛ
seq ɿ,ɪ

i=1ɪ=1
=R R  ,                                          (21)  

ɝɞɟ ɬɪɟɛ
p,ɿ -R ɩɨɥɭɱɟɧɧɨɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (16, 17) ɡɧɚɱɟɧɢɟ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɪ-ɣ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɿ- ɝɨ ɤɚɞɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
 
 
 
 
 
 
 
 
 
 

 

 

Ɋɢɫ. 2. ɉɨɪɹɞɨɤ ɨɛɯɨɞɚ ɨɬɞɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɧɬ  Yp
  ɢ  Y ȝ

1p  ɚ 
ɬɚɤɠɟ ɢɯ ɫɭɦɦɚɪɧɨɝɨ ɦɧɨɠɟɫɬɜɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧ ɋɄɈ ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ 

 
ȼɵɛɨɪ ɧɚ ɤɚɠɞɨɦ p ɦ ɲɚɝɟ ɜɵɱɢɫɥɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɛɢɬɨɜɨɣ 

ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɹɦɢ (18) ɝɚɪɚɧɬɢɪɭɟɬ, ɱɬɨ 
ɭɪɨɜɟɧɶ ɋɄɈ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡ )t( 0  

ɤɚɞɪɨɜ, ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t0 . 

Ⱦɚɥɟɟ, ɫɮɨɪɦɢɪɨɜɚɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ )t( 0  ɤɚɞɪɨɜ, 
ɩɨɦɟɳɚɟɬɫɹ ɜ ɜɵɯɨɞɧɨɣ ɛɭɮɟɪ, ɪɚɡɦɟɪ ɤɨɬɨɪɨɝɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɨɝɥɚɫɧɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ:  

RTTRR ɫɪɛɭɮ  .                                           (22) 

ɉɨɫɥɟ ɩɨɦɟɳɟɧɢɹ )t( 0  ɤɚɞɪɨɜ ɜ ɛɭɮɟɪ ɩɪɨɢɫɯɨɞɢɬ ɨɬɩɪɚɜɤɚ ɜɫɟɣ 
ɫɟɪɢɢ ɤɚɞɪɨɜ ɜ ɤɚɧɚɥ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɟɥɢɱɢɧɵ RTT , ɩɨ ɜɟɥɢɱɢɧɟ 
ɤɨɬɨɪɨɣ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ Bw  ɜ ɦɨɦɟɧɬ t1, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (4), ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ )t( 1 , ɢɡ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ 
ɫɨɫɬɨɹɬɶ ɩɟɪɟɞɚɱɚ ɜ ɦɨɦɟɧɬ 1t . 

ɉɨɜɵɲɟɧɢɸ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ 
ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɱɟɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɹ 
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ɋɄɈ ɜ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɣ ɬɪɚɧɫɮɨɪɦɚɧɬɵ. ȼɟɥɢɱɢɧɚ ɨɲɢɛɤɢ ɜ ɩɪɟɞɟɥɚɯ 
ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɫɬɚɪɲɢɦ ɛɢɬɨɜɵɦ 
ɩɥɨɫɤɨɫɬɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ dp  [5]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɦɟɠɞɭ ɛɢɬɨɜɵɦɢ ɩɥɨɫɤɨɫɬɹɦɢ ɜ 
ɬɪɚɧɫɮɨɪɦɚɧɬɟ ɢɦɟɟɬ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ. Ⱦɚɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ:                                 








 varR

d...ddd

p,

n,p3,p2,p1,p
.                                    (22) 

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ Rp  ɢ dp , ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɧɬɵ 
 Yp
 , ɚ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɶ (21), ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɧɬɵ  Yp

  ɦɨɝɭɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɵ ɛɢɬɨɜɵɟ ɩɥɨɫɤɨɫɬɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɤɥɸɱɟɧɵ ɟɳɟ ɧɚ 
ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɪɚɛɨɬɵ ɦɟɬɨɞɚ. Ɍɚɤɢɦɢ ɹɜɥɹɸɬɫɹ ɛɢɬɨɜɵɟ 

ɩɥɨɫɤɨɫɬɢ Y ),p(  , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹɦ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ, 

ɫɬɪɟɦɹɳɢɯɫɹ ɤ Rmax
p , ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧɚɯ ɋɄɈ.  

ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɧɬɵ  Yp
  ɜɵɹɜɥɟɧɵ ɛɢɬɨɜɵɟ 

ɩɥɨɫɤɨɫɬɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɤɥɸɱɟɧɵ, ɨɬɛɪɚɫɵɜɚɸɬɫɹ ɬɚɤɠɟ ɛɢɬɨɜɵɟ 
ɩɥɨɫɤɨɫɬɢ ɫɨɫɟɞɧɢɯ ɬɪɚɧɫɮɨɪɦɚɧɬ ɜɟɤɬɨɪɚ S m,i , ɢɦɟɸɳɢɯ ɨɞɢɧɚɤɨɜɵɟ 
ɢɧɞɟɤɫɵ ɪɚɡɪɹɞɧɨɫɬɢ, ɟɫɥɢ ɢɯ ɢɧɬɟɪɩɨɥɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ Rp  ɢ dp  

ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɜɟɥɢɱɢɧ Rp  ɢ dp  ɧɟɡɧɚɱɢɬɟɥɶɧɨ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɧɨɠɟɫɬɜɚ  Y 'ȝ
p  ɨɬɫɟɤɚɟɦɵɯ Ȼɉ ɬɪɚɧɫɮɨɪɦɚɧɬɵ  Y ȝ

p  

ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ ɜɵɪɚɠɟɧɢɟɦ: 
   

   dmind,RmaxR

dd,RR|YY

ȝp,
min
pȝp,

max
p

min
pȝp,

max
pȝp,

ȝ)(p,'ȝ
p




,                     (23) 

ɝɞɟ Rmax
p ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɛɢɬɨɜɨɣ ɩɥɨɫɤɨɫɬɢ 

ɬɪɚɧɫɮɨɪɦɚɧɬɵ  Y ȝ
p , dmin

p ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɋɄɈ ɛɢɬɨɜɨɣ 
ɩɥɨɫɤɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬɵ  Y ȝ

p . 

Ʉɪɨɦɟ ɩɨɞɯɨɞɚ, ɡɚɤɥɸɱɚɸɳɟɝɨɫɹ ɜ ɭɫɟɱɟɧɢɟ ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ 
ɨɞɧɨɝɨ ɪɚɡɪɹɞɚ, ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɨɬɥɢɱɢɢ ɢɯ ɢɧɬɟɪɩɨɥɢɪɨɜɚɧɧɵɯ 
ɜɟɥɢɱɢɧ Rpȝ  ɢ dpȝ , ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɜɵɱɢɫɥɟɧɢɣ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɨɞɨɛɢɟ ɦɟɠɞɭ ɬɪɚɧɫɮɨɪɦɚɧɬɚɦɢ. 

ɋɭɬɶ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ȿɫɥɢ ɞɥɹ 
ɢɧɬɟɪɩɨɥɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɋɄɈ ɢ ɛɢɬɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɩɨ ɜɫɟɦ ɛɢɬɨɜɵɦ 
ɩɥɨɫɤɨɫɬɹɦ ɬɪɚɧɫɮɨɪɦɚɧɬ  Y ȝ

1p ,  Y ȝ
p  ɢ  Y ȝ

mp  ɜɟɤɬɨɪɚ S mj,  ɫɩɪɚɜɟɞɥɢɜɨ: 
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n,1,ȝ
ddd

RRR

ȝg,m...ȝ1,mȝm,

ȝg,m...ȝ1,mȝm,










,                                    (24) 

ɝɞɟ m ɢɧɞɟɤɫ ɬɪɚɧɫɮɨɪɦɚɧɬɵ ɜ ɜɟɤɬɨɪɟ S mj, , ɬɨ ɜɵɱɢɫɥɟɧɢɣ ɫɨɱɟɬɚɧɢɣ 
ɛɢɬɨɜɵɯ ɩɥɨɫɤɨɫɬɟɣ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɧɬ  Y ȝ

p  ɢ  Y ȝ
mp  ɜɟɤɬɨɪɚ S mj,  ɧɟ 

ɩɪɨɢɡɜɨɞɢɬɫɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɜɦɟɫɬɨ ɨɛɪɚɛɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɧɬ ɧɚ ɪ ɦ ɢ 
 gɪ ɦ ɲɚɝɚɯ, ɤɨɞɟɪɭ ɫɨɨɛɳɚɟɬɫɹ ɩɪɢɡɧɚɤ ɩɨɞɨɛɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɣ 

ɫɬɪɚɬɟɝɢɸ ɨɛɪɚɛɨɬɤɢ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɧɬɚɦ.  
 
ȼɵɜɨɞɵ 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɚɹ ɛɚɡɚ ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬɦɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɢɞɟɨɩɨɬɨɤɚ, 
ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɚɞɚɩɬɚɰɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɪɚɧɫɥɢɪɭɟɦɨɝɨ ɜɢɞɟɨ ɤ 
ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɚ. 

ɍɩɪɚɜɥɹɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜɢɞɟɨɩɨɬɨɤɚ ɩɪɢ ɷɬɨɦ ɹɜɥɹɸɬɫɹ 
ɛɢɬɨɜɵɟ ɩɥɨɫɤɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬ ɤɚɞɪɚ, ɚ ɢɦɟɧɧɨ – ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɢ 
ɩɨɡɢɰɢɹ ɜ ɬɪɚɧɫɮɨɪɦɚɧɬɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɬɪɟɛɭɟɦɨɣ ɛɢɬɨɜɨɣ 
ɫɤɨɪɨɫɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɚɞɪɨɜ, ɬɪɚɧɫɥɢɪɭɟɦɵɯ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ.  

ɍɱɟɬ ɫɬɟɩɟɧɢ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɧɬ ɜ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ 
ɤɚɞɪɚ ɩɟɪɟɞɚɜɚɟɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɢɩɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 
ɤɚɞɪɚ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɜɧɨɫɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ, 
ɦɢɧɢɦɢɡɢɪɭɹ ɟɟ. 

Ɋɚɫɫɦɨɬɪɟɧɵ ɭɫɥɨɜɢɹ ɢ ɫɩɨɫɨɛɵ ɨɛɟɫɩɟɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɩɟɪɟɞɚɱɢ 
ɜɢɞɟɨɩɨɬɨɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɦɟɬɨɞɢɤɢ. ɋ ɰɟɥɶɸ 
ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɦɟɬɨɞɚ, ɩɪɟɞɥɨɠɟɧɵ ɩɭɬɢ 
ɩɨɜɵɲɟɧɢɹ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɫɧɢɠɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ 
ɢɧɮɨɪɦɚɰɢɢ, ɩɨɞɥɟɠɚɳɟɣ ɨɛɪɚɛɨɬɤɟ, ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ 
ɧɚɢɦɟɧɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɧɬ ɤɚɞɪɨɜ, ɞɚɸɳɢɯ 
ɦɢɧɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɋɄɈ ɧɚ ɫɬɨɪɨɧɟ ɩɪɢɟɦɚ.  
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