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ɂɋɋɅȿȾɈȼȺɇɂə ɆȿɌɈȾȺ ȺɌɆɈɋɎȿɊɇɈɃ ɄɈɊɊȿɄɐɂɂ 
ɈɋɇɈȼȺɇɇɈȽɈ ɇȺ ɉɊɂȻɅɂɀЁɇɇɈɆ Ɋȿɒȿɇɂɂ 

ɍɊȺȼɇȿɇɂə ɉȿɊȿɇɈɋȺ MODTRAN 

 
Ⱥ.Ɇ. Ȼɟɥɨɜ, ȼ.ȼ. Ɇɹɫɧɢɤɨɜ 

 

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

ɂɧɫɬɢɬɭɬ ɫɢɫɬɟɦ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɊȺɇ 
 

 
ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɩɪɢɦɟɧɢɦɨɫɬɢ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɦɟɬɨɞɚ 
ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ ɝɢɩɟɪɫɩɟɤɬɪɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɤɨɫɦɢɱɟɫɤɨɣ ɫɴёɦɤɢ. 
Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɛɥɢɠёɧɧɨɦ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɦɨɞɟɥɢ MODTRAN ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɨɜɦɟɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢ ɢɞɟɚɥɶɧɨɝɨ ɝɢɩɟɪɫɩɟɤɬɪɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɨɞɧɨɣ ɢ ɬɨɣ 
ɠɟ ɦɟɫɬɧɨɫɬɢ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɚɱɟɫɬɜɚ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ ɫ 
ɩɨɦɨɳɶɸ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɜ ɭɫɥɨɜɢɹɯ ɢɦɢɬɢɪɭɸɳɢɯ ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ. 
 

1. ȼȼȿȾȿɇɂȿ 

Ⱥɬɦɨɫɮɟɪɧɚɹ ɤɨɪɪɟɤɰɢɹ ɞɚɧɧɵɯ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɡɟɦɥɢ (ȾɁɁ) 
ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɷɬɚɩɨɜ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. Ɉɬɥɢɱɢɹ 
ɞɟɬɟɤɬɢɪɭɟɦɨɣ ɧɚ ɛɨɪɬɭ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ (ɄȺ) ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ 
ɢɫɬɢɧɧɨɣ, ɡɚɜɢɫɹɬ ɨɬ ɦɧɨɠɟɫɬɜɚ ɮɚɤɬɨɪɨɜ: ɭɝɨɥ ɫɤɥɨɧɟɧɢɹ ɫɨɥɧɰɚ, ɩɨɥɨɠɟɧɢɟ ɢ ɭɝɨɥ 
ɫɴёɦɤɢ ɄȺ, ɫɨɫɬɚɜ ɢ ɜɥɚɠɧɨɫɬɶ ɚɬɦɨɫɮɟɪɵ ɢ.ɬ.ɞ. ȼɫɟ ɷɬɢ ɮɚɤɬɨɪɵ ɦɨɝɭɬ ɛɵɬɶ ɭɱɬɟɧɵ ɜ 
ɨɛɨɛɳёɧɧɨɦ ɭɪɚɜɧɟɧɢɢ ɩɟɪɟɧɨɫɚ Д1Ж. Ɉɞɧɚɤɨ, ɞɚɠɟ ɢɫɩɨɥɶɡɭɹ ɫɬɨɥɶ ɞɟɬɚɥɶɧɭɸ ɦɨɞɟɥɶ 
ɚɬɦɨɫɮɟɪɵ, ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ ɬɨɱɧɨ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ, ɜɜɢɞɭ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɬɪɟɛɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɱɢɫɥɚ ɧɚɡɟɦɧɵɯ ɢ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɧɚɛɥɸɞɚɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɟ ɹɜɥɹɟɬɫɹ ɥɚɦɛɟɪɬɨɜɨɣ, ɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɪɚɠɚɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɬɚɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɞɜɭɧɚɩɪɚɜɥɟɧɧɨɣ ɮɭɧɤɰɢɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɪɚɠɟɧɢɹ, ɱɬɨ ɬɚɤɠɟ ɬɪɟɛɭɟɬ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɪɭɤɬɭɪɧɵɯ ɢ 
ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ Д1Ж. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɚɹ ɩɪɢɦɟɧɢɦɨɫɬɶ ɦɟɬɨɞɚ ɩɪɨɜɟɞɟɧɢɹ 
ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ ɝɢɩɟɪɫɩɟɤɬɪɚɥɶɧɵɯ ȾɁɁ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɛɥɢɠёɧɧɨɣ ɨɰɟɧɤɟ 
ɩɚɪɚɦɟɬɪɨɜ ɭɩɪɨɳɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɦɨɞɟɥɢ MODTRAN Д2Ж. Ɍɚɤɨɣ ɩɨɞɯɨɞ 
ɢɫɤɥɸɱɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɹɜɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɯɨɠɞɟɧɢɹ ɫɜɟɬɚ ɱɟɪɟɡ ɚɬɦɨɫɮɟɪɭ, 
ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɧɟɢɡɜɟɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ. Ɉɞɧɚɤɨ, ɞɥɹ 
ɬɚɤɨɝɨ ɪɟɲɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɢɞɟɚɥɶɧɨɟ (ɬ.ɟ. ɫɜɨɛɨɞɧɨɟ ɨɬ ɚɬɦɨɫɮɟɪɧɵɯ ɢɫɤɚɠɟɧɢɣ) 
ɢɡɨɛɪɚɠɟɧɢɟ ɬɨɣ ɠɟ ɦɟɫɬɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɝɢɩɟɪɫɩɟɤɬɪɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ (Ƚɋɂ), ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɫɴёɦɤɢ ɫ ɧɢɡɤɨɥɟɬɹɳɢɯ 
ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ (ɅȺ) ɢɥɢ ɫɨ ɫɬɚɰɢɨɧɚɪɧɵɯ ɝɢɩɟɪɫɩɟɤɬɪɨɦɟɬɪɨɜ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ 
ɬɚɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɢɞɟɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɛɭɞɟɬ 
ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 
Ʉɪɨɦɟ ɬɨɝɨ ɦɨɡɚɢɤɚ, ɫɨɛɪɚɧɧɚɹ ɢɡ ɢɞɟɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɦɨɠɟɬ ɧɟ ɩɨɥɧɨɫɬɶɸ 
ɩɨɤɪɵɜɚɬɶ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. 
 

2. ɄɊȺɌɄɈȿ ɈɉɂɋȺɇɂȿ ɆȿɌɈȾȺ 

ȼ ɦɨɞɟɥɢ ɚɬɦɨɫɮɟɪɵ MODTRAN ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɭɩɪɨɳɟɧɢɟ ɭɪɚɜɧɟɧɢɹ 
ɩɟɪɟɧɨɫɚ Д4Ж: 
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ɝɞɟ NjMi  1,1   ɤɨɨɪɞɢɧɚɬɵ ɜ ɩɥɨɫɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ, ),( jiL  – ɞɟɬɟɤɬɢɪɭɟɦɚɹ 
ɨɫɜɟɳёɧɧɨɫɬɶ,   ,,),( jiji  – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɞɥɹ ɩɢɤɫɟɥɹ ɡɚɞɚɧɧɨɝɨ ɤɚɧɚɥɚ, 

),( jie  – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɞɥɹ ɩɢɤɫɟɥɹ ɢ ɟɝɨ ɛɥɢɠɚɣɲɟɣ ɨɛɥɚɫɬɢ, aL  – 

ɹɪɤɨɫɬɶ ɪɚɫɫɟɹɧɧɚɹ ɚɬɦɨɫɮɟɪɨɣ ɧɚɡɚɞ, BA,  – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ 
ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɣ, S  – ɫɮɟɪɢɱɟɫɤɨɟ ɚɥɶɛɟɞɨ ɚɬɦɨɫɮɟɪɵ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɹ aLSBA ,,,  ɜɵɱɢɫɥɹɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɦɨɞɟɥɢ MODTRAN 
Д3Ж, ɨɞɧɚɤɨ, ɞɥɹ ɬɨɱɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɦɨɞɟɥɶ 
ɚɬɦɨɫɮɟɪɵ ɫɨɝɥɚɫɨɜɚɧɧɭɸ ɫ ɦɟɫɬɨɦ, ɜɪɟɦɟɧɟɦ ɢ ɩɨɝɨɞɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɫɴёɦɤɢ. ɉɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɚɬɦɨɫɮɟɪɵ ɜɵɩɨɥɧɢɬɶ ɚɬɦɨɫɮɟɪɧɭɸ 
ɤɨɪɪɟɤɰɢɸ ɦɨɠɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɛɥɢɠёɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (1).  

ɉɨ ɬɨɱɤɚɦ ɢɞɟɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ  ji,  ɢ  jie , . ɉɨ ɬɨɱɤɚɦ 
ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ  jiL , . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɱɟɬɵɪɟ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɚ: aLSBA ,,, . ɍɪɚɜɧɟɧɢɟ (2) ɹɜɥɹɟɬɫɹ 
ɤɜɚɞɪɚɬɢɱɧɵɦ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ɉɞɧɚɤɨ, ɡɚɮɢɤɫɢɪɨɜɚɜ ɧɟɤɨɬɨɪɨɟ 
ɡɧɚɱɟɧɢɟ *

aa LL  , ɦɨɠɧɨ ɩɟɪɟɣɬɢ ɤ ɥɢɧɟɣɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɢɡɜɟɫɬɧɵɯ 
SBA ,, . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɩɢɫɚɜ ɭɪɚɜɧɟɧɢɟ (2) ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɨɱɟɤ 

ɢɞɟɚɥɶɧɨɝɨ ɢ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɨɥɭɱɢɦ ɩɟɪɟɨɩɪɟɞɟɥёɧɧɭɸ ɫɢɫɬɟɦɭ 
ɢɡ MN  ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɬɪɟɦɹ ɧɟɢɡɜɟɫɬɧɵɦɢ SBA ,, . 
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






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
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
 






 






 

*,*,,,,

*2,1*2,12,12,12,1

*1,1*1,11,11,11,1

aLNMLaLNMLNMeSNMeBNMA

aLLaLLeSeBA

aLLaLLeSeBA


. (2) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɨɞɨɦ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ.  

Ɏɢɤɫɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ *
aa LL   ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ 

ɨɧɨ ɩɪɢɧɚɞɥɟɠɢɬ ɞɢɚɩɚɡɨɧɭ  ),(min,0 jiLa . ɉɪɢ ɩɟɪɟɛɨɪɟ ɡɧɚɱɟɧɢɣ ɢɧɬɟɪɜɚɥɚ, ɫ 

ɧɟɤɨɬɨɪɵɦ ɲɚɝɨɦ aL , ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ  kLkL aa ,*
 ɧɚɯɨɞɢɬɫɹ ɪɟɲɟɧɢɟ 

 SBAx *
 ɫɢɫɬɟɦɵ (2) ɢ ɜɵɛɢɪɚɟɬɫɹ ɬɨ ɪɟɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɦɢɧɢɦɚɥɶɧɭɸ ɨɲɢɛɤɭ.  
Ʉɨɪɪɟɤɰɢɹ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ 

[4]: 

 

      

  SLjiLBA

jiLjiL
B

A
LjiL

ae

ea






,

,,,

, (3) 

ɝɞɟ  jiLe ,  - ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɭɫɪɟɞɧɟɧɢɟ ɧɚɛɥɸɞɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ, ɚ ɫɦɵɫɥ 
ɨɫɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɚɧɚɥɨɝɢɱɟɧ ɭɪɚɜɧɟɧɢɸ (1).  

ɉɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ *
aL  ɢ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ  SBAx  , 

ɩɨ ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɧɚɛɨɪɭ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɤɨɪɪɟɤɰɢɸ ɩɪɨɢɡɜɨɥɶɧɨɝɨ 
ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫɧɹɬɨɝɨ ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɫɨɝɥɚɫɧɨ 
ɭɪɚɜɧɟɧɢɸ (3). 
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3. ɄɊɂɌȿɊɂɃ ɄȺɑȿɋɌȼȺ ȺɌɆɈɋɎȿɊɇɈɃ ɄɈɊɊȿɄɐɂɂ 

ȼ ɨɩɢɫɚɧɧɵɯ ɞɚɥɟɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɪɢɦɟɧɹɟɬɫɹ ɤɪɢɬɟɪɢɣ 
ɤɚɱɟɫɬɜɚ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɢɞɟɚɥɶɧɨɝɨ ɢ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ Ƚɋɂ.  

ɉɭɫɬɶ I
~

 - ɢɞɟɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɚ Î - ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɪɚɡɦɟɪɵ 
ɢɡɨɛɪɚɠɟɧɢɣ NM   ɢ ɤɚɠɞɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢɦɟɟɬ K  ɫɩɟɤɬɪɚɥɶɧɵɯ ɤɚɧɚɥɨɜ, ɬɨɝɞɚ 
ɤɪɢɬɟɪɢɟɦ ɤɚɱɟɫɬɜɚ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ ɞɥɹ ɤɚɧɚɥɚ k  ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ k , 

ɨɩɪɟɞɟɥɹɟɦɭɸ ɩɨ ɮɨɪɦɭɥɟ: 
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Ɉɛɳɢɦ ɤɪɢɬɟɪɢɟɦ ɤɚɱɟɫɬɜɚ ɞɥɹ ɩɚɪɵ ɢɡɨɛɪɚɠɟɧɢɣ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ  : 

 



K

k

k
K 1

1
,  

ɉɨ ɫɭɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɪɟɞɧɟɧɧɨɟ ɩɨ ɤɚɧɚɥɚɦ 
ɩɨɩɚɪɧɨɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɦɟɠɞɭ ɤɚɧɚɥɚɦɢ ɢɞɟɚɥɶɧɨɝɨ ɢ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ Ƚɋɂ, ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ ɤɚɧɚɥɚ 
«ɢɞɟɚɥɶɧɨɝɨ» ɢɡɨɛɪɚɠɟɧɢɹ. 
 

4. ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕȿ ɂɋɋɅȿȾɈȼȺɇɂə 

ȼ ɢɫɯɨɞɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɢɞɟɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɝɭɬ 
ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɢɡ ɞɪɭɝɨɝɨ ɢɫɬɨɱɧɢɤɚ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɢ ɷɬɢ ɢɡɨɛɪɚɠɟɧɢɹ 
ɦɨɝɭɬ ɧɟ ɩɨɥɧɨɫɬɶɸ ɩɨɤɪɵɜɚɬɶ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɦɢɬɢɪɭɸɳɢɟ ɩɪɨɜɟɞɟɧɢɟ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ ɜ 
ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ. ȼ ɤɚɱɟɫɬɜɟ ɚɬɦɨɫɮɟɪɧɨ ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ Ƚɋɂ 
JasperRidge98av.tif, ɩɨɥɭɱɟɧɧɨɟ ɫ ɅȺ Aviris. ȼ ɤɚɱɟɫɬɜɟ ɢɞɟɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 
ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɚɬɦɨɫɮɟɪɧɨ ɢɫɤɚɠёɧɧɨɝɨ Ƚɋɂ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɟ ɚɥɝɨɪɢɬɦɨɦ FLAASH. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɢ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 
ɪɚɡɥɢɱɧɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

ɂɡ ɢɫɯɨɞɧɨɝɨ ɢɞɟɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɛɵɥ ɜɵɪɟɡɚɧ ɮɪɚɝɦɟɧɬ ɪɚɡɦɟɪɨɦ 256*256 
ɨɬɫɱёɬɨɜ. ɉɨɥɭɱɟɧɧɵɣ ɮɪɚɝɦɟɧɬ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɢɡɦɟɧɟɧɢɸ ɪɚɡɪɟɲɟɧɢɹ ɩɨ ɨɛɨɢɦ 
ɢɡɦɟɪɟɧɢɹɦ ɜ 2, 3 ɢ 4 ɪɚɡɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɚɫɬɹɠɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɨɜɨɞɢɥɨɫɶ 
ɩɨɫɪɟɞɫɬɜɨɦ ɞɭɛɥɢɪɨɜɚɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɟɧɧɵɣ ɮɪɚɝɦɟɧɬ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ 
ɫɠɚɬɢɸ 2 ɢ 4 ɪɚɡɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɠɚɬɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɭɫɪɟɞɧɟɧɢɹ 
ɡɧɚɱɟɧɢɣ ɫɨɫɟɞɧɢɯ ɨɬɫɱёɬɨɜ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɮɪɚɝɦɟɧɬɚɦ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ 
ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ. ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɧɚɛɨɪɚɦ ɩɚɪɚɦɟɬɪɨɜ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɤɨɪɪɟɤɰɢɹ 
ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. Ɂɚɬɟɦ, ɞɥɹ ɩɨɥɭɱɟɧɧɵɯ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ  . ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ   ɨɬ ɩɚɪɚɦɟɬɪɚ ɢɡɦɟɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ E , ɞɥɹ 
ɫɥɭɱɚɟɜ ɪɚɫɬɹɠɟɧɢɹ ɢ ɫɠɚɬɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɝɪɚɮɢɤɚɦ ɜɢɞɧɨ, ɱɬɨ ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɦɟɧɹɟɬɫɹ, ɞɥɹ ɫɥɭɱɚɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɬёɬ, 
ɞɥɹ ɫɥɭɱɚɹ ɭɦɟɧɶɲɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɱɟɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ 
ɪɚɡɪɟɲɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɲɟ, ɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɪɟɲɟɧɢɟ 
ɢɫɤɚɠɟɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ – ɞɨɩɭɫɬɢɦɨ, ɢ ɧɟɠɟɥɚɬɟɥɶɧɨ ɜ ɨɛɪɚɬɧɨɦ ɫɥɭɱɚɟ. 
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ɚ ɛ 
Ɋɢɫɭɧɨɤ 1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ   ɨɬ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɦɟɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 

ɪɚɡɪɟɲɟɧɢɹ ȿ ɢɞɟɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɚ) ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɹ, ɛ) ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɪɟɲɟɧɢɹ. 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɩɪɨɰɟɧɬɚ ɩɟɪɟɤɪɵɬɢɹ ɢɫɤɚɠёɧɧɨɝɨ ɢ ɢɞɟɚɥɶɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɣ S  ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

ɂɫɯɨɞɧɨɟ ɢɞɟɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɵɥɨ ɧɚɪɟɡɚɧɨ ɧɚ ɮɪɚɝɦɟɧɬɵ, ɩɨɤɪɵɜɚɸɳɢɟ ɨɬ 
90 ɞɨ 10 % ɢɫɯɨɞɧɨɝɨ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ (ɫɥɟɜɚ 
ɧɚɩɪɚɜɨ) ɢ ɩɨ ɜɟɪɬɢɤɚɥɢ (ɫɜɟɪɯɭ ɜɧɢɡ). Ⱦɚɥɟɟ ɩɨ ɷɬɢɦ ɮɪɚɝɦɟɧɬɚɦ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 
ɩɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ. ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɧɚɛɨɪɚɦ ɩɚɪɚɦɟɬɪɨɜ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ 
ɤɨɪɪɟɤɰɢɹ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. Ɂɚɬɟɦ, ɞɥɹ ɩɨɥɭɱɟɧɧɵɯ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ  . ɇɚ ɪɢɫɭɧɤɟ 2 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ   ɨɬ ɩɪɨɰɟɧɬɚ ɩɨɤɪɵɬɢɹ S  ɢɫɯɨɞɧɨɝɨ 
ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɞɥɹ ɨɛɨɢɯ ɫɥɭɱɚɟɜ. 
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Ɋɢɫɭɧɨɤ 2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ   ɨɬ ɩɪɨɰɟɧɬɚ ɩɨɤɪɵɬɢɹ S  ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɚ) ɧɚɪɟɡɤɚ ɮɪɚɝɦɟɧɬɨɜ ɫɜɟɪɯɭ ɜɧɢɡ, ɛ) ɧɚɪɟɡɤɚ ɮɪɚɝɦɟɧɬɨɜ ɫɩɪɚɜɚ ɧɚɥɟɜɨ. 

 

Ɋɟɡɤɢɣ ɪɨɫɬ ɤɚɱɟɫɬɜɚ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ ɧɚ 20 ɢ 10% ɨɤɚɡɚɥɫɹ ɧɟɫɤɨɥɶɤɨ 
ɧɟɨɠɢɞɚɧɧɵɦ ɜ ɫɜɹɡɢ, ɫ ɱɟɦ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ȼɵɥɚ 
ɢɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɢɬɟɪɢɹ k  ɨɬ ɩɪɨɰɟɧɬɚ ɩɨɤɪɵɬɢɹ ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ ɤɚɠɞɨɦɭ ɫɩɟɤɬɪɚɥɶɧɨɦɭ ɤɚɧɚɥɭ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. ɉɪɢɦɟɪɵ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɚɤɨɣ ɫɩɚɞ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ k  

ɩɪɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ S  ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɤɚɧɚɥɨɜ 144-224, ɞɥɹ ɤɚɧɚɥɨɜ 1-143 ɡɚɜɢɫɢɦɨɫɬɶ 
ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ k  ɨɬ ɩɪɨɰɟɧɬɚ ɩɨɤɪɵɬɢɹ S  ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚɟɬ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢɞɟɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɚɧɚɥɵ 144-224 

ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɜɵɛɪɨɫɨɜ, ɱɬɨ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, 
ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ ɚɥɝɨɪɢɬɦɚ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ FLAASH. ɗɬɢɦ ɢ ɨɛɴɹɫɧɹɟɬɫɹ 
ɬɨ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɜɵɛɨɪɤɢ ɩɨɥɭɱɚɟɬɫɹ ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ. ȼ ɩɟɪɫɩɟɤɬɢɜɟ ɷɬɭ 
ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲɢɬɶ, ɞɨɩɨɥɧɢɜ ɚɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ 
ɦɟɬɨɞɨɦ ɭɫɬɪɚɧɟɧɢɹ ɜɵɛɪɨɫɨɜ. 
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Ɋɢɫɭɧɨɤ 3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ k  ɨɬ ɩɪɨɰɟɧɬɚ ɩɨɤɪɵɬɢɹ S  ɚɬɦɨɫɮɟɪɧɨ-ɢɫɤɚɠёɧɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɫɥɭɱɚɹ ɧɚɪɟɡɤɢ ɮɪɚɝɦɟɧɬɨɜ ɫɜɟɪɯɭ ɜɧɢɡ ɚ) ɫɩɟɤɬɪɚɥɶɧɵɣ ɤɚɧɚɥ 20, ɛ) ɫɩɟɤɬɪɚɥɶɧɵɣ ɤɚɧɚɥ 

180. 

 

5. ɁȺɄɅɘɑȿɇɂȿ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɜɬɨɪɚɦɢ ɦɟɬɨɞ 
ɩɪɢɦɟɧɢɦ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɟɤɰɢɢ ɝɢɩɟɪɫɩɟɤɬɪɚɥɶɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ. Ɋɚɡɥɢɱɢɹ ɡɧɚɱɟɧɢɣ ɨɬɪɚɠɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɚ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɦ ɢ 
ɢɞɟɚɥɶɧɨɦ Ƚɋɂ ɞɥɹ ɱɚɫɬɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɤɚɧɚɥɨɜ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɦɟɬɨɞ ɬɪɟɛɭɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɞɨɪɚɛɨɬɤɢ ɜ ɱɚɫɬɢ ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫ 
ɰɟɥɶɸ ɭɫɬɪɚɧɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɜɵɛɪɨɫɨɜ 
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