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Ɇɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ 

ɞɨ ɜɢɤɨɧɚɧɧɹ ɥɚɛɨɪɚɬɨɪɧɢɯ ɬɚ ɤɨɧɬɪɨɥɶɧɢɯ ɪɨɛɿɬ 
ɞɥɹ ɫɬɭɞɟɧɬɿɜ ɫɩɟɰɿɚɥɶɧɨɫɬɟɣ 080403  

«ɉɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɯ ɫɢɫɬɟɦ», 
080404 «ȱɧɬɟɥɟɤɬɭɚɥɶɧɿ ɫɢɫɬɟɦɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ» 

ɞɟɧɧɨʀ ɬɚ ɡɚɨɱɧɨʀ ɮɨɪɦ ɧɚɜɱɚɧɧɹ 
 

 

 

 

 

 

 

 

 

ɍɬɜɟɪɠɞɟɧɨ ɧɚ ɡɚɫɟɞɚɧɢɢ ɍɱɟɧɨɝɨ ɋɨɜɟɬɚ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɧɮɨɪɦɚɬɢɤɢ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ,  

ɩɪɨɬɨɤɨɥ № 2  ɨɬ 27.09.2010 
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ɍȾɄ 004.932 

 

 

Ɋɟɰɟɧɡɟɧɬ: 
Ʉɚɧɞɢɞɚɬ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɢ  

ɉɪɨɝɪɚɦɧɟ ɡɚɛɟɫɩɟɱɟɧɧɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ ɫɢɫɬɟɦ ȾɨɧȾȱɒȱ 
І. ɋ. Гɪɭнɫɶɤиɣ 

 

 
ɍɤɥɚɞɚɱ:     ɚɫ. Ⱦ.Ɇ. Ȼɨɱɚɪɨɜ,  ɚɫ. Ɉ.Ⱦ. Ɋɚɞɡɿɜɿɥɸɤ, ɚɫ. Ɉ.Ɇ. Ɍɟɦɧɢɤ 

 

 

Ɇɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ ɞɨ ɜɢɤɨɧɚɧɧɹ ɥɚɛɨɪɚɬɨɪɧɢɯ ɬɚ ɤɨɧɬɪɨɥɶɧɢɯ ɪɨɛɿɬ ɡ ɤɭɪɫɭ 
«Ɋɨɡɩɿɡɧɚɜɚɧɧɹ ɡɨɛɪɚɠɟɧɶ»: ɇɚɜɱɚɥɶɧɢɣ ɩɨɫɿɛɧɢɤ. - Ⱦɨɧɟɰɶɤ: ȾɨɧȾȱɒȱ «ɇɚɭɤɚ ɿ ɨɫɜɿɬɚ», 2010. - 

34 ɫ. 
 

ȼɢɤɥɚɞɟɧɿ ɬɟɨɪɟɬɢɱɧɿ ɨɫɧɨɜɢ ɡɚ ɧɚɫɬɭɩɧɢɦɢ ɪɨɡɞɿɥɚɦɢ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɡɨɛɪɚɠɟɧɶ: 
ɝɧɿɬɸɱɚ ɲɭɦ ɮɿɥɶɬɪɚɰɿɹ ɡɨɛɪɚɠɟɧɶ, ɫɟɝɦɟɧɬɚɰɿɹ ɬɚ ɨɤɨɧɬɭɪɢɜɚɧɧɹ ɡɨɛɪɚɠɟɧɶ, ɜɢɞɿɥɟɧɧɹ 
ɝɪɚɧɢɰɶ ɧɚ ɡɨɛɪɚɠɟɧɧɹɯ. Ɇɿɫɬɹɬɶɫɹ ɪɟɤɨɦɟɧɞɚɰɿʀ ɞɨ ɜɢɜɱɟɧɧɹ ɬɟɨɪɟɬɢɱɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, 
ɤɨɧɬɪɨɥɶɧɿ ɩɢɬɚɧɧɹ, ɪɟɤɨɦɟɧɞɨɜɚɧɚ ɥɿɬɟɪɚɬɭɪɚ, ɡɚɜɞɚɧɧɹ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɢɯ ɬɚ 
ɤɨɧɬɪɨɥɶɧɢɯ ɪɨɛɿɬ. 

Ⱦɥɹ ɫɬɭɞɟɧɬɿɜ ɫɩɟɰɿɚɥɶɧɨɫɬɟɣ 080403 "ɉɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɯ ɫɢɫɬɟɦ" 
ɬɚ 080404 "ȱɧɬɟɥɟɤɬɭɚɥɶɧɿ ɫɢɫɬɟɦɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ" ɞɟɧɧɨʀ ɬɚ  ɡɚɨɱɧɨʀ ɮɨɪɦ ɧɚɜɱɚɧɧɹ. 
 

 

 

ɍȾɄ 004.932 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
Ɋаɫɫɦɨɬɪенɨ и ɨɞɨɛɪенɨ на ɡаɫеɞании ɤаɮеɞɪɵ «ɉɪɨɝɪаɦɦнɨе ɨɛеɫɩечение инɬеɥɥеɤɬɭаɥɶнɵɯ 
ɫиɫɬеɦ» (ɩɪɨɬɨɤɨɥ №2 ɨɬ 16.09.2010)  
 

 

Уɬɜеɪɠɞенɨ на ɡаɫеɞании Ученɨɝɨ ɋɨɜеɬа Гɨɫɭɞаɪɫɬɜеннɨɝɨ ɭниɜеɪɫиɬеɬа инɮɨɪɦаɬиɤи и 
иɫɤɭɫɫɬɜеннɨɝɨ инɬеɥɥеɤɬа (ɩɪɨɬɨɤɨɥ №  2 ɨɬ 27.09.2010). 
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ȼȼȿȾȿɇɂȿ 

 

ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɞɧɟɜɧɨɣ 
ɮɨɪɦɵ ɨɛɭɱɟɧɢɹ ɢ ɞɜɭɯ ɤɨɧɬɪɨɥɶɧɵɯ ɞɥɹ ɫɬɭɞɟɧɬɨɜ-ɡɚɨɱɧɢɤɨɜ. Ⱦɚɧɧɵɟ ɥɚɛɨɪɚɬɨɪɧɵɟ ɢ 
ɤɨɧɬɪɨɥɶɧɵɟ ɫɨɞɟɪɠɚɬ ɜɚɪɢɚɧɬɵ ɡɚɞɚɧɢɣ ɢ ɦɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɤ ɢɯ ɜɵɩɨɥɧɟɧɢɸ ɩɨ 
ɬɚɤɢɦ ɪɚɡɞɟɥɚɦ ɤɭɪɫɚ “Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ” ɤɚɤ: ɲɭɦɨɩɨɞɚɜɥɹɸɳɚɹ 
ɮɢɥɶɬɪɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ, ɫɟɝɦɟɧɬɚɰɢɹ ɢ ɨɤɨɧɬɭɪɢɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ, ɜɵɞɟɥɟɧɢɟ 
ɝɪɚɧɢɰ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ. 

ɉɟɪɜɚɹ ɥɚɛɨɪɚɬɨɪɧɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɧɟɤɨɣ ɩɪɨɫɬɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɫɨɡɞɚɜɚɟɦɨɣ ɩɨɫɬɟɩɟɧɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ 
ɨɫɬɚɥɶɧɵɯ ɪɚɛɨɬ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɫɬɭɞɟɧɬɚɦ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɚɧɟɟ 
ɧɚɜɵɤɢ ɢ ɡɧɚɧɢɹ ɢɡ ɞɢɫɰɢɩɥɢɧ “Ɉɫɧɨɜɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɟ 
ɹɡɵɤɢ”, “Ɉɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ”, “ɉɪɢɤɥɚɞɧɚɹ ɫɬɚɬɢɫɬɢɤɚ”, 
“Ɍɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɢ”. 

ȼɬɨɪɚɹ ɥɚɛɨɪɚɬɨɪɧɚɹ ɩɨɫɜɹɳɟɧɚ ɬɚɤɨɦɭ ɪɚɡɞɟɥɭ ɤɭɪɫɚ, ɤɚɤ 
“ɒɭɦɨɩɨɞɚɜɥɹɸɳɚɹ ɮɢɥɶɬɪɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ” ɢ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ 
ɫɬɭɞɟɧɬɚɦɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɩɪɢɦɟɧɟɧɢɹ ɥɢɧɟɣɧɵɯ ɢ ɧɟɥɢɧɟɣɧɵɯ ɮɢɥɶɬɪɨɜ 
ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɚɞɞɢɬɢɜɧɨɝɨ ɢ ɢɦɩɭɥɶɫɧɨɝɨ ɲɭɦɨɜ.  

ȼ ɬɪɟɬɶɟɣ ɢ ɱɟɬɜɟɪɬɚɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬɚɯ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɨɧɚɥɶɧɵɣ ɢ ɝɪɚɧɢɱɧɵɣ ɩɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɫɟɝɦɟɧɬɚɰɢɢ 

ɢɡɨɛɪɚɠɟɧɢɣ. ɋɟɝɦɟɧɬɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ - ɨɞɢɧ ɢɡ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɧɨɝɢɯ ɫɢɫɬɟɦ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. Ʌɸɛɚɹ ɫɢɫɬɟɦɚ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɞɨɥɠɧɚ ɫɧɚɱɚɥɚ ɜɵɞɟɥɢɬɶ ɨɛɥɚɫɬɶ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɫɜɹɡɚɧɧɭɸ ɫ ɨɛɴɟɤɬɨɦ, ɢ ɬɨɥɶɤɨ ɩɨɫɥɟ ɷɬɨɝɨ ɩɪɢɫɬɭɩɢɬɶ ɤ ɢɡɦɟɪɟɧɢɸ 
ɫɜɨɣɫɬɜ ɢ ɜɵɞɟɥɟɧɢɸ ɩɪɢɡɧɚɤɨɜ ɞɚɧɧɨɝɨ ɨɛɴɟɤɬɚ. 

ɉɹɬɚɹ ɥɚɛɨɪɚɬɨɪɧɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɫɬɭɞɟɧɬɚɦɢ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɧɚɜɵɤɨɜ ɨɩɢɫɚɧɢɹ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɢ ɩɨɦɨɳɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 
ɩɪɹɦɵɦɢ ɥɢɧɢɹɦɢ. 

Ʉɨɧɬɪɨɥɶɧɚɹ ɪɚɛɨɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɡɚɨɱɧɨɣ ɮɨɪɦɵ ɨɛɭɱɟɧɢɹ. 
Ⱦɚɧɧɚɹ ɤɨɧɬɪɨɥɶɧɚɹ ɪɚɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɴɟɞɢɧɟɧɢɟ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ №5 ɢ 
ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɨɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ №3.  
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1 ɆȿɌɈȾɂɑȿɋɄɂȿ ɍɄȺɁȺɇɂə ɉɈ ɋɌȺɌɂɋɌɂɑȿɋɄɂɆ ɏȺɊȺɄɌȿɊɂɋɌɂɄȺɆ 
ɂɁɈȻɊȺɀȿɇɂɃ 

 

1.1 ɂɡɨɛɪɚɠɟɧɢɟ ɤɚɤ ɞɜɭɦɟɪɧɨɟ ɫɥɭɱɚɣɧɨɟ ɩɨɥɟ 

 

ȼ ɡɚɞɚɱɚɯ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨɫɥɟɞɧɢɟ ɧɟɪɟɞɤɨ ɢɧɬɟɪɩɪɟɬɢɪɭɸɬɫɹ ɤɚɤ 
ɫɥɭɱɚɣɧɵɟ ɩɪɨɰɟɫɫɵ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ, ɬ.ɟ. ɤɚɤ ɫɥɭɱɚɣɧɵɟ ɩɨɥɹ. ɗɬɨ ɨɩɪɚɜɞɚɧɨ ɯɨɬɹ ɛɵ 
ɩɨɬɨɦɭ, ɱɬɨ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɢɦɟɸɬɫɹ ɲɭɦɵ. 
ɋɥɟɞɫɬɜɢɟɦ ɭɤɚɡɚɧɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɦɨɝɭɬ, 
ɢ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɭɫɩɟɲɧɨ, ɩɪɢɦɟɧɹɬɶɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, 
ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɵɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɟɤɨɬɨɪɵɯ ɩɪɨɰɟɞɭɪ 
ɨɛɪɚɛɨɬɤɢ ɛɢɧɚɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ. 

 

 

1.2 Ɂɚɞɚɱɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

 

ɉɪɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɢɫɤɪɟɬɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ 
ɪɟɚɥɢɡɚɰɢɢ ɫɥɭɱɚɣɧɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɨɦɭ ɩɪɢɫɭɳɢ ɬɟ ɢɥɢ ɢɧɵɟ ɜɟɪɨɹɬɧɨɫɬɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɗɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɨɜɦɟɫɬɧɵɣ ɞɜɭɦɟɪɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɜɟɪɨɹɬɧɨɫɬɟɣ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ⱦɥɹ ɡɚɞɚɱ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɟɧ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɢɦɟɟɬɫɹ 
ɤɨɧɤɪɟɬɧɚɹ ɪɟɚɥɢɡɚɰɢɹ | |A| | ij  ɞɢɫɤɪɟɬɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɚ ɫɨɜɦɟɫɬɧɵɣ ɞɜɭɦɟɪɧɵɣ ɡɚɤɨɧ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɧɟɢɡɜɟɫɬɟɧ. ȼ ɪɹɞɟ ɡɚɞɚɱ ɭɤɚɡɚɧɧɵɣ ɡɚɤɨɧ ɧɟɨɛɯɨɞɢɦɨ 
ɨɰɟɧɢɬɶ ɩɨ ɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ɍɚɤɚɹ ɨɰɟɧɤɚ ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ ɝɢɫɬɨɝɪɚɦɦɧɵɯ 
ɩɪɢɡɧɚɤɨɜ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 

ɑɚɫɬɨ ɞɢɫɤɪɟɬɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɫɩɟɰɢɮɢɱɟɫɤɨɟ (ɚ ɢɦɟɧɧɨ, 
ɞɜɭɦɟɪɧɨɟ) ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɥɭɱɚɣɧɨɝɨ ɨɞɧɨɦɟɪɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɨ ɞɚɧɧɵɦ ɤɨɬɨɪɨɝɨ ɢ 
ɩɪɨɢɡɜɨɞɹɬ ɨɰɟɧɢɜɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɗɬɨ ɨɰɟɧɢɜɚɧɢɟ 
ɨɞɧɨɦɟɪɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ (ɩɨɥɭɱɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ), ɢɧɨɝɞɚ 
ɧɚɡɵɜɚɟɦɨɟ ɝɢɫɬɨɝɪɚɦɦɧɵɦ ɩɪɢɡɧɚɤɨɦ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. ɗɬɨ ɬɚɤɠɟ ɨɰɟɧɢɜɚɧɢɟ 
ɪɚɡɥɢɱɧɵɯ ɦɨɦɟɧɬɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɩɪɢɱɟɦ 
ɨɰɟɧɢɜɚɧɢɟ ɭɤɚɡɚɧɧɵɯ ɦɨɦɟɧɬɨɜ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɤɚɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ 
ɢɦɟɸɳɟɣɫɹ ɪɟɚɥɢɡɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɬɚɤ ɢ ɫ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɨɣ ɝɢɫɬɨɝɪɚɦɦɵ. ɂ, 
ɧɚɤɨɧɟɰ, ɦɨɝɭɬ ɛɵɬɶ ɨɰɟɧɟɧɵ ɡɧɚɱɟɧɢɹ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɫɬɚɬɢɫɬɢɤ (ɦɢɧɢɦɭɦ, ɦɚɤɫɢɦɭɦ), 
ɪɚɡɦɚɯ ɢ ɷɧɬɪɨɩɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɫɫɢɜɚ. ɗɧɬɪɨɩɢɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɤɚɤ 
ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ ɞɥɹ ɜɜɟɞɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɪ ɤɨɥɢɱɟɫɬɜɚ ɢɧɮɨɪɦɚɰɢɢ ɜ ɢɡɨɛɪɚɠɟɧɢɹɯ, 
ɥɢɛɨ ɤɚɤ ɦɟɪɚ «ɯɚɨɬɢɱɧɨɫɬɢ» ɞɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

 

 

1.3 Ƚɢɫɬɨɝɪɚɦɦɚ 

 

Ʉɨɝɞɚ ɧɚ ɩɪɚɤɬɢɤɟ ɢɦɟɸɬ ɞɟɥɨ ɫ ɤɚɤɢɦ-ɥɢɛɨ ɢɡɨɛɪɚɠɟɧɢɟɦ, ɧɟ ɢɡɜɟɫɬɧɨ ɬɨɱɧɨ ɧɢ 
ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɪɤɨɫɬɢ, ɧɢ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɭ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɧɟ ɡɚɜɢɫɹɳɭɸ ɨɬ ɡɧɚɧɢɣ ɜɢɞɚ ɡɚɤɨɧɚ ɢ 
ɩɚɪɚɦɟɬɪɨɜ. Ɉɰɟɧɤɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɝɢɫɬɨɝɪɚɦɦɚ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɝɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɨɣ ɩɨ ɪɟɚɥɶɧɵɦ ɞɚɧɧɵɦ 
ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɫɬɪɨɢɬɶ ɝɢɫɬɨɝɪɚɦɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɪɤɨɫɬɟɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, 
ɧɚɞɨ ɪɚɡɞɟɥɢɬɶ ɜɫɸ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɢ ɧɚ ɢɧɬɟɪɜɚɥɵ ɢ ɪɚɫɫɱɢɬɚɬɶ 
ɞɨɥɸ ɬɨɱɟɤ, ɢɦɟɸɳɢɯ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ, ɩɨɩɚɞɚɸɳɢɟ ɜ ɤɚɠɞɵɣ ɢɡ ɢɧɬɟɪɜɚɥɨɜ. Ɂɚɬɟɦ 
ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ, ɧɚ ɤɨɬɨɪɨɦ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɢɧɬɟɪɜɚɥɵ, ɢ ɧɚ 
ɤɚɠɞɨɦ ɢɡ ɧɢɯ ɤɚɤ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɬɪɨɢɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɢɤ, ɩɥɨɳɚɞɶ ɤɨɬɨɪɨɝɨ ɪɚɜɧɚ ɞɨɥɟ 
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ɬɨɱɟɤ, ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɤɨɬɨɪɵɯ ɩɨɩɚɞɚɟɬ ɜ ɷɬɨɬ ɢɧɬɟɪɜɚɥ. ɉɨɥɭɱɢɬɫɹ ɧɟɱɬɨ ɩɨɞɨɛɧɨɟ 
ɪɢɫɭɧɤɭ 1.1. 

 
Ɋɢɫɭɧɨɤ 1.1 – Ƚɢɫɬɨɝɪɚɦɦɚ 

 

ɑɟɦ ɦɟɧɶɲɟ ɛɭɞɟɬ ɲɢɪɢɧɚ ɢɧɬɟɪɜɚɥɚ, ɬɟɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɛɭɞɟɬ 
ɩɨɥɭɱɟɧɚ. ɇɨ ɡɞɟɫɶ ɜɚɠɧɨ ɧɟ ɩɟɪɟɭɫɟɪɞɫɬɜɨɜɚɬɶ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɷɬɨɣ ɲɢɪɢɧɵ. ȼɨ-ɩɟɪɜɵɯ, 
ɤɨɝɞɚ ɧɚ ɢɧɬɟɪɜɚɥ ɩɪɢɯɨɞɢɬɫɹ ɦɚɥɨ ɬɨɱɟɤ, ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɰɟɧɤɢ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɷɬɨɝɨ ɢɧɬɟɪɜɚɥɚ ɛɭɞɟɬ ɦɚɥɚ. ȼɨ-ɜɬɨɪɵɯ, ɡɚɱɚɫɬɭɸ ɢɡɨɛɪɚɠɟɧɢɹ 
ɫɨɞɟɪɠɚɬ ɧɟ ɜɫɟ ɞɨɩɭɫɬɢɦɵɟ ɭɪɨɜɧɢ ɹɪɤɨɫɬɢ, ɚ ɫ ɩɪɨɩɭɫɤɚɦɢ. ɇɚɩɪɢɦɟɪ, ɟɫɬɶ ɬɨɱɤɢ ɫ 
ɹɪɤɨɫɬɹɦɢ ɪɚɜɧɵɦɢ 0, 4, 8, 16, 32 ɢ ɬ.ɞ., ɚ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ (1, 2, 3, 5, 6, 7, ...) ɧɟɬ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɝɢɫɬɨɝɪɚɦɦɚ, ɩɨɫɬɪɨɟɧɧɚɹ ɫ ɢɧɬɟɪɜɚɥɨɦ ɲɢɪɢɧɨɣ 1 ɢɥɢ 2 ɭɪɨɜɧɹ ɹɪɤɨɫɬɢ, 
ɛɭɞɟɬ ɪɜɚɧɨɣ. 

 

 

1.4 ɑɢɫɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɨɛɪɚɠɟɧɢɣ  
 

Ʉɚɤ ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ, ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɪɟɚɥɢɡɚɰɢɢ 
ɧɟɤɨɬɨɪɨɝɨ ɫɥɭɱɚɣɧɨɝɨ ɞɜɭɦɟɪɧɨɝɨ ɩɨɥɹ, ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ ɚɩɪɢɨɪɧɨ ɨɛɵɱɧɨ ɧɟɢɡɜɟɫɬɧɵ. 
ɐɟɥɶɸ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ, ɢɥɢ, ɤɚɤ ɩɪɢɧɹɬɨ 
ɝɨɜɨɪɢɬɶ, ɩɨɥɭɱɟɧɢɟ ɨɰɟɧɨɤ ɭɤɚɡɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɚɩɩɚɪɚɬ ɯɨɪɨɲɨ 
ɪɚɡɪɚɛɨɬɚɧ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɟ ɢ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ. ȼ ɞɚɧɧɵɯ ɦɟɬɨɞɢɱɟɫɤɢɯ 
ɭɤɚɡɚɧɢɹɯ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɱɢɬɚɬɟɥɶ ɡɧɚɤɨɦ ɫ ɨɫɧɨɜɧɵɦɢ ɩɨɥɨɠɟɧɢɹɦɢ ɧɚɡɜɚɧɧɵɯ 
ɞɢɫɰɢɩɥɢɧ. ɇɨ ɧɚ ɜɫɹɤɢɣ ɫɥɭɱɚɣ, ɧɚɩɨɦɧɢɦ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɢɡɨɛɪɚɠɟɧɢɹɦ. 

ɋɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ ɦɨɝɭɬ ɛɵɬɶ ɞɢɫɤɪɟɬɧɵɦɢ ɢ ɦɨɝɭɬ ɛɵɬɶ ɧɟɩɪɟɪɵɜɧɵɦɢ. 
Ⱦɢɫɤɪɟɬɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɹ ɢɡ ɧɟɤɨɬɨɪɨɝɨ 
ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɧɚɛɨɪɚ. ɗɬɢ ɡɧɚɱɟɧɢɹ ɨɬɞɚɥɟɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɢ ɢɯ ɦɨɠɧɨ 
ɩɟɪɟɧɭɦɟɪɨɜɚɬɶ. ɗɬɨ, ɧɚɩɪɢɦɟɪ, ɰɟɥɵɟ ɱɢɫɥɚ. ȼɨɡɦɨɠɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɧɟɩɪɟɪɵɜɧɨ ɡɚɩɨɥɧɹɟɬ ɡɚɞɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɢɫɤɪɟɬɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɭɦɦɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɜ ɫɥɭɱɚɟ ɧɟɩɪɟɪɵɜɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɧɚɞɨ ɡɚɦɟɧɢɬɶ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ. ɂɡɨɛɪɚɠɟɧɢɹ ɜ ɤɨɦɩɶɸɬɟɪɟ ɞɢɫɤɪɟɬɧɵ, ɩɨɷɬɨɦɭ ɞɚɥɟɟ ɛɭɞɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɭɦɦɵ. 

ɋɪɟɞɢ ɦɧɨɠɟɫɬɜɚ ɱɢɫɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɨɛɪɚɠɟɧɢɣ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɚɤ 
ɪɟɚɥɢɡɚɰɢɢ ɫɥɭɱɚɣɧɨɝɨ ɩɨɥɹ, ɜɵɞɟɥɢɦ ɧɟɫɤɨɥɶɤɨ ɧɚɢɛɨɥɟɟ ɭɩɨɬɪɟɛɢɬɟɥɶɧɵɯ: 

- ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ; 
- ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ; 
- ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɫɢɦɦɟɬɪɢɢ ɢ ɷɤɫɰɟɫɫɚ; 
- ɷɧɬɪɨɩɢɹ; 
- ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɨɜ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɩɨɥɹ; 
- ɪɚɡɦɚɯ (ɞɢɚɩɚɡɨɧ ɭɪɨɜɧɟɣ); 
- ɦɨɞɵ. 
ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɜɫɟ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ ɞɥɹ ɜɫɟɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɬɚɤ ɢ ɞɥɹ ɥɸɛɨɣ ɟɝɨ ɱɚɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɨɠɧɨ ɷɦɩɢɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɬɶ ɧɟ ɫɚɦɢ 
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ɩɚɪɚɦɟɬɪɵ, ɚ ɢɯ ɨɰɟɧɤɢ, ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɤɨɬɨɪɵɯ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɨɱɟɤ ɢɡɨɛɪɚɠɟɧɢɹ ɭɱɚɫɬɜɨɜɚɥɨ ɜ ɪɚɫɱɟɬɟ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɫɥɨɜɨ "ɨɰɟɧɤɚ" ɛɭɞɟɬ 
ɨɩɭɫɤɚɬɶɫɹ, ɧɨ ɧɟ ɡɚɛɵɜɚɣɬɟ, ɱɬɨ, ɤɨɝɞɚ ɦɵ ɝɨɜɨɪɢɦ ɨ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ, ɪɟɱɶ ɢɞɟɬ 
ɢɦɟɧɧɨ ɨɛ ɨɰɟɧɤɚɯ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɱɧɟɦ ɫ ɜɵɱɢɫɥɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɢ 
ɰɟɧɬɪɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ. Ɇɨɦɟɧɬ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ, 
ɧɚɡɵɜɚɟɬɫɹ ɧɚɱɚɥɶɧɵɦ, ɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ – ɰɟɧɬɪɚɥɶɧɵɦ. 

 

 

1.4.1 ɇɚɱɚɥɶɧɵɟ ɦɨɦɟɧɬɵ 

 

ȼ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɧɚɱɚɥɶɧɵɟ ɦɨɦɟɧɬɵ k-ɝɨ ɩɨɪɹɞɤɚ (
km ) ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ 

ɨɛɳɟɣ ɮɨɪɦɭɥɟ 

 


i

i

k

ik pxm ,                                                      (1.1) 

ɝɞɟ 
ix  - ɧɟɤɨɬɨɪɨɟ ɡɧɚɱɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɞɢɫɤɪɟɬɧɨɣ ɜɟɥɢɱɢɧɵ ɏ,  

ii xXPp   - ɜɟɪɨɹɬɧɨɫɬɶ, ɫ ɤɨɬɨɪɨɣ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɏ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ 

ix . 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɫɬɚɬɢɫɬɢɤɚ ɨɩɟɪɢɪɭɟɬ ɫ ɨɰɟɧɤɚɦɢ ɭɤɚɡɚɧɧɵɯ ɦɨɦɟɧɬɨɜ. 
ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɚɧɚɥɢɡɭ ɢɡɨɛɪɚɠɟɧɢɹ | |A| | ij  ɪɚɡɦɟɪɨɦ ji NN   ɷɥɟɦɟɧɬɨɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɮɨɪɦɭɥɚ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ: 

                                          
  i jN

i

N

j

k

ij

ji

k A
NN

m
1 1

1

.                                                      (1.2) 

 

ȼ ɬɟɪɦɢɧɚɯ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ  ɦɧɨɠɟɫɬɜɨ ɩɢɤɫɟɥɟɣ ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 
ɢɡɨɛɪɚɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪɤɨɣ. Ʉɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɞɥɹ ɚɧɚɥɢɡɚ ɩɢɤɫɟɥɟɣ ɛɭɞɟɦ 
ɧɚɡɵɜɚɬɶ ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ. 

Ɉɬɦɟɬɢɦ ɟɳɟ ɪɚɡ, ɱɬɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ (ɜɵɱɢɫɥɟɧɢɟ ɦɨɦɟɧɬɨɜ, 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɝɢɫɬɨɝɪɚɦɦ ɢ ɬ.ɩ.) ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɜɫɟɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɧɨ  ɢ ɞɥɹ ɥɸɛɨɝɨ ɡɚɞɚɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ. ɋɭɳɟɫɬɜɭɸɬ ɢ ɛɨɥɟɟ ɢɡɨɳɪɟɧɧɵɟ ɩɪɢɟɦɵ. Ɍɚɤ, ɜ 
ɪɹɞɟ ɫɥɭɱɚɟɜ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɚɧɚɥɢɡ ɩɨ ɦɚɫɤɟ», ɤɨɝɞɚ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ 
ɷɥɟɦɟɧɬɵ ɩɨɥɹ, ɨɛɪɚɡɭɸɳɢɟ ɡɚɞɚɧɧɭɸ ɦɚɫɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɸ. Ⱥɧɚɥɢɡ ɩɨ ɦɚɫɤɟ ɩɨɡɜɨɥɹɟɬ 
ɨɩɪɟɞɟɥɹɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɬɞɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɢɡɨɛɪɚɠɟɧɢɹ, ɜɵɞɟɥɟɧɧɵɯ 
ɢɡɜɟɫɬɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɥɶɧɨ ɡɚɞɚɧɧɵɯ ɨɛɥɚɫɬɟɣ.  

ɍɱɢɬɵɜɚɹ ɫɤɚɡɚɧɧɨɟ, ɜɵɪɚɠɟɧɢɟ (1.2) ɩɟɪɟɩɢɫɵɜɚɟɬɫɹ ɛɟɡ ɭɤɚɡɚɧɢɹ ɹɜɧɨ ɝɪɚɧɢɰɵ 
ɫɭɦɦɢɪɨɜɚɧɢɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

                                               


ji

k

ijk A
sum

m
,

1
,                                                             (1.3) 

ɝɞɟ sum- ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɢɤɫɟɥɟɣ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ (ɜ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ - ji NN  ). 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɫɚɦɨ 
ɢɡɨɛɪɚɠɟɧɢɟ, ɧɨ ɢ ɟɝɨ ɝɢɫɬɨɝɪɚɦɦɭ. Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɲɢɪɢɧɚ ɢɧɬɟɪɜɚɥɨɜ 
ɝɢɫɬɨɝɪɚɦɦɵ ɪɚɜɧɚ ɟɞɢɧɢɰɟ ɢ ɤɚɠɞɨɦɭ ɭɪɨɜɧɸ ɩɨɥɹ (ɚ ɢɯ, ɤɚɤ ɩɪɚɜɢɥɨ, 256) 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɣ ɫɬɨɥɛɟɰ ɝɢɫɬɨɝɪɚɦɦɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ, 
ɹɜɥɹɸɳɚɹɫɹ ɚɧɚɥɨɝɨɦ (1.1) 

 max

0

1 h

h

h

k

k Gh
sum

m ,                                                         (1.4) 

ɝɞɟ h - ɬɟɤɭɳɢɣ ɭɪɨɜɟɧɶ ɷɥɟɦɟɧɬɨɜ ɩɨɥɹ,  
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maxh - ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɩɨɥɹ,  

hG  - ɜɵɫɨɬɚ ɫɬɨɥɛɰɚ ɝɢɫɬɨɝɪɚɦɦɵ, ɬ.ɟ. ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɢɦɟɸɳɢɯ ɭɪɨɜɟɧɶ h ,  

sum - ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɢɫɬɨɝɪɚɦɦɵ (ɨɛɴɟɦ 
ɜɵɛɨɪɤɢ). 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ  

      

 max

0

h

h

hGsum .                                                             (1.5) 

Ƚɢɫɬɨɝɪɚɦɦɚ ɫ ɟɞɢɧɢɱɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɫɨɯɪɚɧɹɟɬ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɨɦɟɧɬɚɯ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɩɨɷɬɨɦɭ ɨɰɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (1.3) ɢ (1.4), ɫɨɜɩɚɞɚɸɬ (ɟɫɥɢ, 
ɤɨɧɟɱɧɨ, ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɭɱɚɫɬɨɤ). 

ȿɫɥɢ ɲɢɪɢɧɚ ɢɧɬɟɪɜɚɥɨɜ ɝɢɫɬɨɝɪɚɦɦɵ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ 
ɝɪɭɩɩɢɪɨɜɤɚ ɢ ɜ ɨɞɢɧ ɢɧɬɟɪɜɚɥ "ɫɥɢɜɚɸɬɫɹ" ɧɟɫɤɨɥɶɤɨ ɭɪɨɜɧɟɣ ɩɨɥɹ. ɉɨ ɬɚɤɨɣ 
ɝɢɫɬɨɝɪɚɦɦɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ ɩɪɢɛɥɢɠɟɧɧɭɸ ɨɰɟɧɤɭ ɦɨɦɟɧɬɨɜ. 

ɇɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 1m  ɧɚɡɵɜɚɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ, 
ɢɥɢ ɫɪɟɞɧɢɦ; ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 2m - ɫɪɟɞɧɢɦ ɤɜɚɞɪɚɬɨɦ. 

 

 

1.4.2 ɐɟɧɬɪɚɥɶɧɵɟ ɦɨɦɟɧɬɵ 

 

ɐɟɧɬɪɚɥɶɧɵɟ ɦɨɦɟɧɬɵ 
k  ɜ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

  

 
i

i

k

1ik P)mx( .                                                  (1.6) 

ɉɨɧɹɬɧɨ, ɱɬɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɮɨɪɦɭɥɵ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɰɟɧɢɬɶ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 1m . ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɜ ɩɪɨɝɪɚɦɦɟ 
ɬɪɟɛɭɟɬɫɹ ɞɜɚɠɞɵ ɩɟɪɟɛɢɪɚɬɶ ɜ ɰɢɤɥɟ ɷɥɟɦɟɧɬɵ ɩɨɥɹ – ɩɟɪɜɵɣ ɪɚɡ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɫɪɟɞɧɟɝɨ, ɜɬɨɪɨɣ ɪɚɡ – ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɰɟɧɬɪɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɰɟɧɬɪɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɥɭɱɲɟ ɜɧɚɱɚɥɟ ɜɵɱɢɫɥɢɬɶ 
ɧɚɱɚɥɶɧɵɟ ɦɨɦɟɧɬɵ ɩɨ ɨɞɧɨɣ ɢɡ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ, ɚ ɡɚɬɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɢɡɜɟɫɬɧɵɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɜ ɰɟɧɬɪɚɥɶɧɵɟ: 

.m3mm6mm4m

;m2mm3m

;mm

4

12

2

13144

3

12133

2

122






 

                     (1.7)  

Ɇɨɦɟɧɬɵ ɬɪɟɬɶɟɝɨ ɢ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ  ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɩɢɫɚɧɧɵɯ 
ɧɢɠɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɫɢɦɦɟɬɪɢɢ ɢ ɷɤɫɰɟɫɫɚ. 

 

 

1.4.3 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ  
 

Ʉɚɤ ɦɵ ɭɠɟ ɝɨɜɨɪɢɥɢ, ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 1m  ɧɚɡɵɜɚɟɬɫɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ, ɢɥɢ ɫɪɟɞɧɢɦ. 

ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɜɫɟɯ ɬɨɱɟɤ ɜ ɫɭɦɦɟ ɪɚɜɧɨɩɪɚɜɧɵ. ɂɧɨɝɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɜɡɜɟɲɟɧɧɨɟ ɫɪɟɞɧɟɟ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ ɹɪɤɨɫɬɢ ɤɚɠɞɨɣ ɬɨɱɤɢ ɜɯɨɞɢɬ ɜ ɫɭɦɦɭ ɫɨ ɫɜɨɢɦ 
"ɜɟɫɨɦ" – ɤɨɷɮɮɢɰɢɟɧɬɨɦ I(x,y), ɨɩɪɟɞɟɥɹɸɳɢɦ ɜɚɠɧɨɫɬɶ ɷɬɨɣ ɬɨɱɤɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, 
ɜɟɥɢɱɢɧɚ ɫɭɦɦɵ ɹɪɤɨɫɬɟɣ ɞɟɥɢɬɫɹ ɧɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ, ɚ ɧɚ ɫɭɦɦɭ ɢɯ ɜɟɫɨɜ: 

  ),(/1 yxINM .                                                       (1.8) 
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1.4.4 Ⱦɢɫɩɟɪɫɢɹ 

 

ɐɟɧɬɪɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 
2  ɧɚɡɵɜɚɟɬɫɹ ɞɢɫɩɟɪɫɢɟɣ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɡɜɟɲɟɧɧɭɸ ɞɢɫɩɟɪɫɢɸ: 

     D M a x y I x y M
N

a x y I x y M   ( , ) ( , ) ( , ) ( , )
2 21

.  (1.9) 

ɑɚɫɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɢɫɩɨɥɶɡɭɸɬ ɤɜɚɞɪɚɬɧɵɣ ɤɨɪɟɧɶ ɢɡ ɞɢɫɩɟɪɫɢɢ, ɧɚɡɵɜɚɟɦɵɣ 
ɫɪɟɞɧɢɦ ɤɜɚɞɪɚɬɢɱɟɫɤɢɦ ɨɬɤɥɨɧɟɧɢɟɦ: 

2D  ,     (1.10) 

ɢɦɟɸɳɢɣ ɪɚɡɦɟɪɧɨɫɬɶ ɹɪɤɨɫɬɢ. ɗɬɚ ɜɟɥɢɱɢɧɚ ɫɨɤɪɚɳɟɧɧɨ ɧɚɡɵɜɚɟɬɫɹ ɋɄɈ. 

Ⱦɢɫɩɟɪɫɢɹ ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɪɚɫɫɟɹɧɢɟ ɹɪɤɨɫɬɢ 
ɜɨɤɪɭɝ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ. 
 

 

1.4.5 Ʉɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ 

 

ɋ ɰɟɧɬɪɚɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ 
3  ɫɜɹɡɚɧ ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ 

As, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ "ɫɤɨɲɟɧɧɨɫɬɶ" ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ: 

                                              
3

3As 
  .                                                               (1.11) 

Ⱦɥɹ ɫɢɦɦɟɬɪɢɱɧɨɝɨ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ) ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ ɪɚɜɟɧ ɧɭɥɸ. ȿɫɥɢ ɨɧ ɩɨɥɨɠɢɬɟɥɟɧ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɹɪɤɨɫɬɢ 
ɛɨɥɟɟ ɩɨɥɨɝɨɟ ɜ ɨɛɥɚɫɬɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ, ɟɫɥɢ ɨɬɪɢɰɚɬɟɥɟɧ - ɦɟɧɶɲɢɯ. 
 

 

1.4.6 Ʉɨɷɮɮɢɰɢɟɧɬ ɷɤɫɰɟɫɫɚ 

 

ɋ ɰɟɧɬɪɚɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ
 4  ɫɜɹɡɚɧ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɫɰɟɫɫɚ Ex, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ "ɤɪɭɬɨɫɬɶ" ɪɚɫɩɪɟɞɟɥɟɧɢɹ: 

                                                                 3Ex
4

4 
 .                                                           (1.12) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɤɫɰɟɫɫɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɬɥɢɱɢɟ ɮɨɪɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬ 
ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ, ɬ.ɟ. ɧɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɤɫɰɟɫɫɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ. ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɚɤɨɟ ɟɝɨ ɫɜɨɣɫɬɜɨ, ɜ ɮɨɪɦɭɥɟ (1.12) ɢ 
ɜɵɱɢɬɚɟɬɫɹ ɬɪɨɣɤɚ. ȿɫɥɢ ɤɪɢɜɚɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢɦɟɟɬ ɛɨɥɟɟ ɨɫɬɪɭɸ ɢ ɜɵɫɨɤɭɸ 
ɜɟɪɲɢɧɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɨɪɦɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɬɨ ɷɤɫɰɟɫɫ ɩɨɥɨɠɢɬɟɥɟɧ; ɟɫɥɢ 
ɛɨɥɟɟ ɧɢɡɤɭɸ  ɢ ɩɨɥɨɝɭɸ – ɨɬɪɢɰɚɬɟɥɟɧ. 
 

 

1.4.7 ɗɧɬɪɨɩɢɹ 

 

ɍɞɨɛɧɨɣ ɦɟɪɨɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɩɨɜɟɞɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ (ɱɟɪɟɡ ɟɟ ɡɚɤɨɧ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ) ɨɬ ɫɬɪɨɝɨɣ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɫɬɢ ɞɨ ɩɨɥɧɨɣ "ɯɚɨɬɢɱɧɨɫɬɢ", ɹɜɥɹɟɬɫɹ 
ɷɧɬɪɨɩɢɹ. ȿɟ ɩɪɢɦɟɧɟɧɢɟ ɨɫɨɛɟɧɧɨ ɩɨɥɟɡɧɨ ɜ ɫɥɭɱɚɹɯ ɚɫɢɦɦɟɬɪɢɱɧɵɯ ɢ/ɢɥɢ 
ɦɧɨɝɨɜɟɪɲɢɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ, ɤɨɝɞɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɱɢɫɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɚɤ 
ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ, ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɢ ɦɨɦɟɧɬɵ ɜɵɫɲɢɯ ɩɨɪɹɞɤɨɜ, ɬɟɪɹɟɬ 

ɜɫɹɤɭɸ ɧɚɝɥɹɞɧɨɫɬɶ. 
ɗɧɬɪɨɩɢɹ ɫɥɭɱɚɣɧɨɣ ɞɢɫɤɪɟɬɧɨɣ ɜɟɥɢɱɢɧɵ, ɨɧɚ ɠɟ ɫɪɟɞɧɹɹ ɫɨɛɫɬɜɟɧɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦ ɢɡ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ ɜɵɪɚɠɟɧɢɟɦ: 
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
i

ii ppI 2log ,                                                  (1.13) 

ɝɞɟ 
ip  - ɤɚɤ ɢ ɪɚɧɶɲɟ, ɜɟɪɨɹɬɧɨɫɬɶ, ɫ ɤɨɬɨɪɨɣ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɏ ɩɪɢɧɢɦɚɟɬ 

ɡɧɚɱɟɧɢɟ 
ix . 

ɗɧɬɪɨɩɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɭɪɨɜɧɟɣ, ɚ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɱɢɫɥɟ 
ɭɪɨɜɧɟɣ - ɨɬ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɡɚɤɨɧɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɩɨɥɧɚɹ 
«ɯɚɨɬɢɱɧɨɫɬɶ») ɷɧɬɪɨɩɢɹ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
ɭɪɨɜɧɟɣ:  1log minmax20  hhI .                                             (1.14) 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɷɧɬɪɨɩɢɹ ɢɡɨɛɪɚɠɟɧɢɹ, ɢɦɟɸɳɟɝɨ ɭɪɨɜɧɢ ɨɬ 0 ɞɨ 255, ɧɟ ɦɨɠɟɬ 
ɩɪɟɜɵɲɚɬɶ 8. 

ɋɬɟɩɟɧɶ ɛɥɢɡɨɫɬɢ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤ ɪɚɜɧɨɦɟɪɧɨɦɭ ɭɞɨɛɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɧɬɪɨɩɢɟɣ 
0I

I
 ɢɥɢ ɜɟɥɢɱɢɧɨɣ 

 
0I

I
D  ,                                                            (1.15) 

ɤɨɬɨɪɚɹ ɜ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɧɚɡɵɜɚɟɬɫɹ ɢɡɛɵɬɨɱɧɨɫɬɶɸ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɬɨɪɨɟ ɩɨɧɹɬɢɟ. ɉɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɡɚɤɨɧɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɡɛɵɬɨɱɧɨɫɬɶ 
ɪɚɜɧɚ 0. 

ɗɧɬɪɨɩɢɸ ɭɞɨɛɧɟɟ ɜɫɟɝɨ ɜɵɱɢɫɥɹɬɶ ɫ ɩɨɦɨɳɶɸ ɝɢɫɬɨɝɪɚɦɦɵ. ɉɨɞɫɬɚɜɥɹɹ ɜ (1.13) 

ɜɦɟɫɬɨ ɜɟɪɨɹɬɧɨɫɬɢ 
ip  ɟɟ ɨɰɟɧɤɭ 

sum

Gh  ɢ ɩɪɨɜɨɞɹ ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɥɭɱɚɟɦ 

 max

0

22 log
1

log
h

h

hh GG
sum

sumI . 

Ɍɚɤ ɤɚɤ ɫɪɟɞɢ ɫɬɚɧɞɚɪɬɧɵɯ ɮɭɧɤɰɢɣ ɛɨɥɶɲɢɧɫɬɜɚ ɛɢɛɥɢɨɬɟɤ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɧɟɬ ɞɜɨɢɱɧɵɯ ɥɨɝɚɪɢɮɦɨɜ, ɩɟɪɟɯɨɞɢɦ ɤ ɧɚɬɭɪɚɥɶɧɵɦ. Ɋɚɫɱɟɬɧɚɹ 
ɮɨɪɦɭɥɚ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ 




  
max

0

ln
1

ln
2ln

1
h

h

hh GG
sum

sumI  .                               (1.16) 

 

 

1.4.8 Ɇɨɞɚ 

 

ȿɳɟ ɨɞɢɧ ɩɪɨɫɬɨɣ, ɧɨ ɜɚɠɧɵɣ ɩɚɪɚɦɟɬɪ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ 
ɦɨɞɵ. Ɇɨɞɚ - ɷɬɨ ɬɨɱɤɚ, ɜ ɤɨɬɨɪɨɣ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɟɪɨɹɬɧɨɫɬɶ 
(ɢɦɟɟɬɫɹ ɜ ɜɢɞɭ ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ). Ʉɚɤ ɢɡɜɟɫɬɧɨ ɥɨɤɚɥɶɧɵɯ ɦɚɤɫɢɦɭɦɨɜ ɦɨɠɟɬ ɛɵɬɶ 
ɧɟɫɤɨɥɶɤɨ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɢɦɟɸɳɢɟ ɨɞɢɧ, ɞɜɚ ɢɥɢ ɛɨɥɟɟ ɦɚɤɫɢɦɭɦɨɜ, 
ɧɚɡɵɜɚɸɬɫɹ ɨɞɧɨɦɨɞɚɥɶɧɵɦɢ, ɞɜɭɯɦɨɞɚɥɶɧɵɦɢ ɢɥɢ ɦɧɨɝɨɦɨɞɚɥɶɧɵɦɢ. 
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2 ɅȺȻɈɊȺɌɈɊɇȺə ɊȺȻɈɌȺ №1 

 

2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɍɟɦɚ: Ɉɛɪɚɛɨɬɤɚ ɞɢɫɤɪɟɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɪɚɫɱɟɬ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɉɨɥɭɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɨɛɪɚɛɨɬɤɢ ɞɢɫɤɪɟɬɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɪɚɫɱɟɬ ɢɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ.  
 

Ɂɚɞɚɧɢɟ.  
Ɋɟɚɥɢɡɨɜɚɬɶ ɧɚ ɹɡɵɤɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɫɢɫɬɟɦɭ ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɜɵɩɨɥɧɹɸɳɭɸ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: 
1) ɡɚɝɪɭɡɤɚ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ ɮɚɣɥɚ ɜ ɮɨɪɦɚɬɟ BMP; 

2) ɫɨɯɪɚɧɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɮɚɣɥɟ ɜ ɮɨɪɦɚɬɟ BMP; 

3) ɜɵɞɟɥɟɧɢɟ (ɢ ɫɧɹɬɢɟ ɜɵɞɟɥɟɧɢɹ) ɮɪɚɝɦɟɧɬɚ ɢɡɨɛɪɚɠɟɧɢɹ; 
4) ɤɨɩɢɪɨɜɚɧɢɟ ɢ ɜɵɪɟɡɚɧɢɟ ɜɵɞɟɥɟɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɢɡɨɛɪɚɠɟɧɢɹ; 
5) ɩɨɜɨɪɨɬ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ 90°, 180°, 270°; 
6) ɩɨɥɭɱɟɧɢɟ ɫɟɪɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ ɢɫɯɨɞɧɨɝɨ; 
7) ɩɨɫɬɪɨɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ ɢɡɨɛɪɚɠɟɧɢɹ; 
8) ɢɡɦɟɪɟɧɢɟ: 

- ɹɪɤɨɫɬɢ ɬɨɱɟɤ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ; 
- ɦɚɬ.ɨɠɢɞɚɧɢɹ, ɞɢɫɩɟɪɫɢɢ, ɋɄɈ ɹɪɤɨɫɬɢ ɜɫɟɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɜɵɞɟɥɟɧɧɨɝɨ 

ɮɪɚɝɦɟɧɬɚ; 
- ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɞɜɭɦɹ ɩɢɤɫɟɥɚɦɢ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɬɪёɯ 

ɮɭɧɤɰɢɣ: 

 

 

2.2 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɪɚɛɨɬɟ 

 

Ɋɟɚɥɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɞɧɨɦ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɹɡɵɤɨɜ ɜ ɜɢɞɟ MDI-

ɩɪɢɥɨɠɟɧɢɹ: 
- Borland Pascal; 

- Borland C ++; 

- Borland Delphi; 

- Borland C++ Builder; 

- Microsoft Visual C++. 

 

 
2.3 ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

 

Ɉɬɱɟɬ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɡɞɟɥɵ: 
- ɬɢɬɭɥɶɧɵɣ ɥɢɫɬ; 
- ɡɚɞɚɧɢɟ ɤ ɪɚɛɨɬɟ; 
- ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɪɟɚɥɢɡɨɜɚɧɧɵɦ ɮɭɧɤɰɢɹɦ; 
- ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɜ ɜɢɞɟ ɷɤɪɚɧɧɵɯ ɮɨɪɦ; 
- ɥɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ. 

;)()( 2

21

2

211 yyxxd 

).,max( 21213 yyxxd 
;21212 yyxxd 
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3 ɆȿɌɈȾɂɑȿɋɄɂȿ ɍɄȺɁȺɇɂə ɉɈ ɒɍɆɈɉɈȾȺȼɅəɘɓȿɃ ɎɂɅɖɌɊȺɐɂɂ 
ɂɁɈȻɊȺɀȿɇɂɃ 

 

3.1 ɒɭɦ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 

 

ɂɡɨɛɪɚɠɟɧɢɹ ɪɟɞɤɨ ɛɵɜɚɸɬ ɢɞɟɚɥɶɧɨɝɨ ɤɚɱɟɫɬɜɚ. ɑɚɳɟ ɜɫɟɝɨ, ɤɪɨɦɟ ɫɨɛɫɬɜɟɧɧɨ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɨɧɢ ɫɨɞɟɪɠɚɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ "ɲɭɦ". ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɤɚɠɟɧɢɟ ɰɜɟɬɚ ɢɥɢ 
ɹɪɤɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɝɪɭɩɩ ɩɢɤɫɟɥɨɜ, ɢɥɢ ɠɟ ɫɨɜɟɪɲɟɧɧɨ ɧɟɩɪɚɜɢɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɩɢɤɫɟɥɨɜ ɧɢɤɚɤ ɧɟ ɫɜɹɡɚɧɧɵɟ ɫ ɢɯ ɢɫɬɢɧɧɵɦ ɰɜɟɬɨɦ.  

ɉɨ ɫɩɨɫɨɛɭ ɢɫɤɚɠɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɲɭɦ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ 
ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ: 

- ɚɞɞɢɬɢɜɧɵɣ ɲɭɦ - ɤ ɡɧɚɱɟɧɢɸ ɰɜɟɬɚ ɢɥɢ ɹɪɤɨɫɬɢ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɚ ɞɨɛɚɜɥɹɟɬɫɹ 
ɧɟɤɨɬɨɪɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɣ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɪɚɡɥɢɱɧɵ; 

- ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɵɣ ɲɭɦ - ɡɧɚɱɟɧɢɟ ɰɜɟɬɚ ɢɥɢ ɹɪɤɨɫɬɢ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɚ 
ɭɦɧɨɠɚɟɬɫɹ ɧɚ ɧɟɤɨɬɨɪɭɸ ɫɥɭɱɚɣɧɭɸ ɜɟɥɢɱɢɧɭ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɣ ɛɥɢɡɤɢ ɤ ɟɞɢɧɢɰɟ ɢ ɜ 
ɤɚɠɞɨɣ ɬɨɱɤɟ ɪɚɡɥɢɱɧɵ;  

- ɢɦɩɭɥɶɫɧɵɣ ɲɭɦ - ɡɧɚɱɟɧɢɹ ɰɜɟɬɚ ɢɥɢ ɹɪɤɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɨɬɞɟɥɶɧɵɯ ɩɢɤɫɟɥɨɜ 
ɢɫɤɚɠɚɸɬɫɹ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɬɟɪɹɸɬ ɜɫɹɤɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɯ ɧɟɢɫɤɚɠɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ. 

 

 

3.2 Ʌɢɧɟɣɧɵɟ ɚɥɝɨɪɢɬɦɵ 

 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɟ ɚɥɝɨɪɢɬɦɵ ɩɨɞɚɜɥɟɧɢɹ ɲɭɦɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ - ɥɢɧɟɣɧɵɟ. ɗɬɨ 
ɡɧɚɱɢɬ, ɱɬɨ ɤɚɠɞɵɣ ɩɢɤɫɟɥ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɥɢɧɟɣɧɨɣ 
ɤɨɦɛɢɧɚɰɢɟɣ ɧɟɫɤɨɥɶɤɢɯ ɩɢɤɫɟɥɨɜ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɥɢɧɟɣɧɚɹ 
ɤɨɦɛɢɧɚɰɢɹ ɥɸɛɵɯ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɷɬɢɯ ɜɟɥɢɱɢɧ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 
ɭɦɧɨɠɟɧɚ ɧɚ ɫɜɨɣ ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɩɢɤɫɟɥɚ J 

ɨɩɪɟɞɟɥɢɬɫɹ ɱɟɪɟɡ ɫɬɚɪɵɟ ɡɧɚɱɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɨɜ I: 


  

l,k
kl

l,k
lj,kikl

ij
c

Ic

J . 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ckl ɧɚɡɵɜɚɸɬɫɹ ɜɟɫɚɦɢ ɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɩɨɥɨɠɟɧɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 
ɬɨɱɤɢ (i,j) ɢ ɡɧɚɱɟɧɢɣ ɩɢɤɫɟɥɨɜ Iij. Ⱦɟɥɟɧɢɟ ɧɚ ɫɭɦɦɭ ɜɫɟɯ ɜɟɫɨɜ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɬɨɝɨ, 
ɱɬɨɛɵ ɩɪɨɰɟɞɭɪɚ ɩɨɞɚɜɥɟɧɢɹ ɲɭɦɚ ɧɟ ɜɵɡɵɜɚɥɚ ɫɦɟɳɟɧɢɹ ɫɪɟɞɧɟɣ ɹɪɤɨɫɬɢ 
ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ɉɛɥɚɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ckl ɢ ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɫɭɦɦɢɪɨɜɚɧɢɟ, ɧɚɡɵɜɚɟɬɫɹ ɦɚɫɤɨɣ ɢɥɢ ɚɩɟɪɬɭɪɨɣ. Ɉɛɵɱɧɨ ɦɚɫɤɚ ɢɦɟɟɬ ɮɨɪɦɭ ɤɜɚɞɪɚɬɚ, 
ɢ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɜɢɞɟ ɦɚɬɪɢɰɵ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɱɚɫɬɨ 
ɜɫɬɪɟɱɚɸɳɟɣɫɹ ɤɜɚɞɪɚɬɧɨɣ ɦɚɫɤɢ ɪɚɡɦɟɪɨɦ 3 ɧɚ 3 ɩɢɤɫɟɥɚ ɦɚɬɪɢɰɚ ɜɟɫɨɜɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɦɟɟɬ ɜɢɞ: 

c1,-1 c1,0 c1,1 

c0,-1 c0,0 c0,1                      (3.1) 

c-1,-1 c-1,0 c-1,1 . 

 

ɋɚɦɵɣ ɩɪɨɫɬɨɣ ɦɟɬɨɞ ɫɧɢɠɟɧɢɹ ɲɭɦɚ, ɩɪɢɲɟɞɲɢɣ ɢɡ ɨɛɥɚɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɨɞɧɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ, - ɨɫɪɟɞɧɟɧɢɟ ɫɤɨɥɶɡɹɳɢɦ ɨɤɧɨɦ. Ɂɧɚɱɟɧɢɟ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɚ 
ɡɚɦɟɧɹɟɬɫɹ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ, ɬ.ɟ. ɜɫɟ ckl ɪɚɜɧɵ ɟɞɢɧɢɰɟ. Ɉɞɧɚɤɨ 
ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɨɝɨ ɩɪɨɫɬɨɝɨ ɮɢɥɶɬɪɚ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɫɬɪɭɤɬɭɪ, 
ɢɦɟɸɳɢɯ ɮɨɪɦɭ ɨɤɧɚ, ɤɨɬɨɪɨɟ ɱɚɳɟ ɜɫɟɝɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɜɚɞɪɚɬ. Ɉɫɪɟɞɧɟɧɢɟ 
ɫɤɨɥɶɡɹɳɢɦ ɨɤɧɨɦ ɫɢɥɶɧɨ ɪɚɡɦɚɡɵɜɚɟɬ ɝɪɚɧɢɰɵ ɤɨɧɬɪɚɫɬɧɵɯ ɨɛɥɚɫɬɟɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɢ 
ɭɧɢɱɬɨɠɚɟɬ ɥɢɛɨ ɫɭɳɟɫɬɜɟɧɧɨ ɢɫɤɚɠɚɟɬ ɦɟɥɤɢɟ ɞɟɬɚɥɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 
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Ⱦɚɥɶɧɟɣɲɢɦ ɪɚɡɜɢɬɢɟɦ ɮɢɥɶɬɪɚ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ ɫɬɚɥ ɦɟɬɨɞ ɫɜɟɪɬɤɢ ɫ 
ɦɚɫɤɨɣ, ɜ ɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɹɦ ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɨɜ ɩɪɢɞɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɟɫɚ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɦɚɤɫɢɦɚɥɶɧɵɟ ɜ ɰɟɧɬɪɟ ɢ ɭɦɟɧɶɲɚɸɳɢɟɫɹ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɧɟɝɨ. ɉɪɨɫɬɟɣɲɢɣ ɬɚɤɨɣ 
ɮɢɥɶɬɪ ɢɦɟɟɬ ɦɚɫɤɭ ɪɚɡɦɟɪɨɦ 3ɯ3 ɬɨɱɤɢ: 

1 2 1 

2 4 2                        (3.2) 

1 2 1 , 

ɤɨɬɨɪɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɤɨ ɜɫɟɦ ɬɨɱɤɚɦ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɟɫɬɟɫɬɜɟɧɧɨ, ɫ ɞɟɥɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɚ ɧɚ ɫɭɦɦɭ ɜɫɟɯ ɞɟɜɹɬɢ ɦɧɨɠɢɬɟɥɟɣ (ɪɚɜɧɭɸ 16) ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɟɞɢɧɢɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɞɚɱɢ, ɱɬɨɛɵ ɩɪɨɰɟɞɭɪɚ ɩɨɞɚɜɥɟɧɢɹ ɲɭɦɚ ɧɟ 
ɜɵɡɵɜɚɥɚ ɫɦɟɳɟɧɢɹ ɫɪɟɞɧɟɣ ɹɪɤɨɫɬɢ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ.  

Ɋɚɡɧɨɜɢɞɧɨɫɬɶɸ ɬɚɤɨɝɨ ɮɢɥɶɬɪɚ ɹɜɥɹɟɬɫɹ ɝɚɭɫɫɨɜɫɤɢɣ ɮɢɥɶɬɪ, ɜ ɤɨɬɨɪɨɦ ɜɟɫɚ 
ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ ɝɚɭɫɫɨɜɫɤɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ: 
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
,          (3.3) 

ɝɞɟ 0r


- ɰɟɧɬɪɚɥɶɧɚɹ ɬɨɱɤɚ (ɬɚ, ɞɥɹ ɤɨɬɨɪɨɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ);  
r


 - ɬɟɤɭɳɚɹ ɬɨɱɤɚ;  
)r,r(c 0


- ɜɟɫ, ɩɪɢɞɚɜɚɟɦɵɣ ɬɨɱɤɟ r


 ɩɪɢ ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɹ ɬɨɱɤɢ 0r


;  

0rr
   - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɱɤɢ r


 ɞɨ ɬɨɱɤɢ 0r


;  

t - ɲɢɪɢɧɚ ɝɚɭɫɫɨɜɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ.  
Ɂɚɦɟɬɢɦ, ɱɬɨ ɦɚɫɤɚ (3.2) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɚɭɫɫɨɜɫɤɨɦɭ ɮɢɥɶɬɪɭ 3б3 ɩɪɢ t =1.2. 

Ʌɢɧɟɣɧɵɟ ɮɢɥɶɬɪɵ, ɤɚɤ ɫ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɤɨɣ, ɬɚɤ ɢ ɝɚɭɫɫɨɜɫɤɢɟ ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ 
ɪɚɡɦɚɡɵɜɚɬɶ ɛɨɥɶɲɟ ɩɨɞɪɨɛɧɨɫɬɟɣ ɢɡɨɛɪɚɠɟɧɢɹ, ɱɟɦ ɛɨɥɶɲɢɧɫɬɜɨ ɧɟɥɢɧɟɣɧɵɯ ɮɢɥɶɬɪɨɜ. 
ɍɜɟɥɢɱɟɧɢɟ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɫɝɥɚɠɢɜɚɧɢɹ ɲɭɦɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɷɮɮɟɤɬɚ 
ɪɚɡɦɚɡɵɜɚɧɢɹ. ɉɪɢɦɟɪɵ ɪɚɛɨɬɵ ɨɩɢɫɚɧɧɵɯ ɮɢɥɶɬɪɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

 

 

3.3 Ɋɚɧɝɨɜɵɟ ɚɥɝɨɪɢɬɦɵ 

 

Ɉɱɟɧɶ ɦɧɨɝɨ ɧɟɥɢɧɟɣɧɵɯ ɮɢɥɶɬɪɨɜ ɨɬɧɨɫɹɬɫɹ ɤ ɤɚɬɟɝɨɪɢɢ ɨɩɟɪɚɬɨɪɨɜ ɪɚɧɝɨɜɨɣ 
ɢɥɢ ɩɨɪɹɞɤɨɜɨɣ ɫɬɚɬɢɫɬɢɤɢ ɫɨɫɟɞɟɣ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɛɥɢɠɚɣɲɢɟ ɫɨɫɟɞɢ ɫɨɪɬɢɪɭɸɬɫɹ ɜ 
ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ ɢɯ ɡɧɚɱɟɧɢɣ, ɢ ɹɪɤɨɫɬɶ ɩɢɤɫɟɥɚ ɨɬɮɢɥɶɬɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 
ɩɨɥɭɱɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɷɬɨɝɨ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɩɢɫɤɚ. 

ɋɚɦɵɣ ɩɪɨɫɬɨɣ ɨɩɟɪɚɬɨɪ ɩɨɪɹɞɤɨɜɨɣ ɫɬɚɬɢɫɬɢɤɢ - ɦɟɞɢɚɧɚ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ 
ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɰɟɧɬɪɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɭɩɨɪɹɞɨɱɟɧɧɨɦ ɫɩɢɫɤɟ 
ɟɝɨ ɫɨɫɟɞɟɣ. Ɇɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ ɡɧɚɱɢɬɟɥɶɧɨ ɥɭɱɲɟ ɫɨɯɪɚɧɹɟɬ ɩɪɚɜɢɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ 
ɝɪɚɧɢɰ, ɱɟɦ ɝɚɭɫɫɨɜɫɤɨɟ ɫɝɥɚɠɢɜɚɧɢɟ, ɧɨ ɟɫɥɢ ɝɪɚɧɢɰɚ ɢɡɨɝɧɭɬɚ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɟɪɹ 
ɞɚɧɧɵɯ. ɇɚ ɞɜɭɦɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɹɯ ɬɢɩɚ ɭɝɥɨɜ ɢɥɢ ɬɨɧɤɢɯ ɥɢɧɢɣ ɦɟɞɢɚɧɚ ɩɥɨɯɨ 
ɫɨɯɪɚɧɹɟɬ ɫɬɪɭɤɬɭɪɭ. Ɇɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ ɯɨɪɨɲ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɢɦɩɭɥɶɫɧɨɝɨ ɲɭɦɚ, 
ɤɨɝɞɚ ɩɢɤɫɟɥɵ ɲɭɦɚ ɧɟ ɫɨɞɟɪɠɚɬ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɯ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ. 

ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɦɟɞɢɚɧɧɨɝɨ ɮɢɥɶɬɪɚ. ɇɚɩɪɢɦɟɪ, 
ɜɡɜɟɲɟɧɧɵɣ ɦɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ, ɤɨɬɨɪɵɣ ɜɵɛɨɪɨɱɧɨ ɜɤɥɸɱɚɟɬ ɧɟɤɨɬɨɪɵɟ ɩɢɤɫɟɥɵ 
(ɨɛɵɱɧɨ ɰɟɧɬɪɚɥɶɧɵɟ) ɜ ɭɩɨɪɹɞɨɱɟɧɧɵɣ ɫɩɢɫɨɤ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɢɥɢ ɩɪɢɞɚɟɬ ɩɢɤɫɟɥɭ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɜɟɫ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɢ. 
Ɏɢɥɶɬɪ, ɤɨɬɨɪɵɣ ɞɚɟɬ ɰɟɧɬɪɚɥɶɧɨɦɭ ɩɢɤɫɟɥɭ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɜɟɫ, ɥɭɱɲɟ ɫɨɯɪɚɧɹɟɬ ɭɝɥɵ, 
ɧɨ ɢɦɟɟɬ ɦɟɧɶɲɢɣ ɷɮɮɟɤɬ ɫɝɥɚɠɢɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɥɝɨɪɢɬɦ, ɤɨɬɨɪɵɣ ɞɚɟɬ ɨɞɢɧɚɤɨɜɵɣ 
ɜɟɫ ɩɢɤɫɟɥɚɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɧɚ ɪɚɜɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ, ɧɟ ɭɱɢɬɵɜɚɟɬ 
ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɱɬɨ ɦɨɠɟɬ ɡɚɬɪɭɞɧɢɬɶ ɨɛɪɚɛɨɬɤɭ ɥɢɧɟɣɧɵɯ ɞɟɬɚɥɟɣ 
ɢɡɨɛɪɚɠɟɧɢɹ. 
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ȿɳɟ ɨɞɢɧ ɪɚɧɝɨɜɵɣ ɦɟɬɨɞ - ɨɰɟɧɤɚ ɫɟɪɟɞɢɧɵ ɞɢɚɩɚɡɨɧɚ. ɇɨɜɨɟ ɡɧɚɱɟɧɢɟ ɹɪɤɨɫɬɢ 
ɩɢɤɫɟɥɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɵɦ ɫɟɪɟɞɢɧɟ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɢ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɹɪɤɨɫɬɢ ɟɝɨ ɫɨɫɟɞɟɣ. ȿɫɥɢ ɫɪɟɞɢ ɫɨɫɟɞɟɣ ɧɚɯɨɞɢɬɫɹ ɢɦɩɭɥɶɫ, ɬɨ ɟɝɨ 
ɧɟɩɪɚɜɢɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɟɚɞɟɤɜɚɬɧɨ ɩɨɜɥɢɹɟɬ ɧɚ ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɩɢɤɫɟɥɚ. 

ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɧɟɥɢɧɟɣɧɵɯ ɮɢɥɶɬɪɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɛɨɥɟɟ 
ɫɥɨɠɧɵɯ ɨɩɟɪɚɬɨɪɚɯ ɩɨɪɹɞɤɨɜɨɣ ɫɬɚɬɢɫɬɢɤɢ, ɱɟɦ ɦɟɞɢɚɧɚ ɢɥɢ ɫɟɪɟɞɢɧɚ ɞɢɚɩɚɡɨɧɚ. 
Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ. 

Ɉɩɟɪɚɬɨɪ K-ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɩɪɨɜɨɞɢɬ ɨɫɪɟɞɧɟɧɢɟ ɬɨɥɶɤɨ ɩɨ K ɛɥɢɠɚɣɲɢɦ ɩɨ 
ɜɟɥɢɱɢɧɟ ɫɨɫɟɞɹɦ ɤ ɰɟɧɬɪɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɢɡ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɩɢɫɤɚ. Ɂɧɚɱɟɧɢɟ K 

ɨɛɵɱɧɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɚɤɢɦ (5 ɢɥɢ 6, ɞɥɹ ɦɚɫɤɢ 3ɯ3), ɱɬɨ ɭɝɥɵ ɢ ɬɨɧɤɢɟ ɥɢɧɢɢ ɫɢɥɶɧɨ 
ɪɚɡɪɭɲɚɸɬɫɹ. Ʉɨɧɟɱɧɨ, ɷɬɨ ɞɟɥɚɟɬɫɹ ɧɟ ɫɩɟɰɢɚɥɶɧɨ, ɧɨ ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɛɭɞɭɬ ɩɥɨɯɨ 
ɛɨɪɨɬɶɫɹ ɫ ɲɭɦɨɦ. 

Ɉɩɟɪɚɬɨɪ -ɭɫɟɱɟɧɧɵɯ ɫɪɟɞɧɢɯ ɛɟɪɟɬ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɢɡ ɨɫɬɚɸɳɢɯɫɹ ·N 

ɡɧɚɱɟɧɢɣ ɜ ɭɩɨɪɹɞɨɱɟɧɧɨɦ ɫɩɢɫɤɟ, ɟɫɥɢ ɩɟɪɜɵɟ ɢ ɩɨɫɥɟɞɧɢɟ ɜɯɨɞɵ ɜ ɫɩɢɫɨɤ 
(ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɫɨɞɟɪɠɚɳɢɣ N ɡɧɚɱɟɧɢɣ) ɨɬɛɪɨɲɟɧɵ. ɗɬɨ ɬɨ ɠɟ, ɱɬɨ ɢ ɨɩɟɪɚɬɨɪ K 

ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɩɪɢ K=·N. 

ɋɢɝɦɚ-ɮɢɥɶɬɪ ɨɫɪɟɞɧɹɟɬ ɡɧɚɱɟɧɢɹ ɬɨɥɶɤɨ ɬɟɯ ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɨɜ, ɱɶɢ ɡɧɚɱɟɧɢɹ 
ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ C· ɨɬ ɡɧɚɱɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɜ ɨɤɧɟ, ɝɞɟ C - ɧɟɤɨɬɨɪɚɹ 
ɤɨɧɫɬɚɧɬɚ, ɚ ɞɢɫɩɟɪɫɢɹ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɢ 2

 ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɞɢɧ ɪɚɡ ɞɥɹ ɜɫɟɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 
ɗɬɨɬ ɦɟɬɨɞ ɫɬɪɟɦɢɬɫɹ ɨɫɪɟɞɧɹɬɶ ɩɢɤɫɟɥ ɬɨɥɶɤɨ ɫ ɬɟɦɢ ɫɨɫɟɞɹɦɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɡɧɚɱɟɧɢɹ 
"ɛɥɢɡɤɢɟ" ɤ ɧɟɦɭ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ ɲɭɦɚ ɢɡɨɛɪɚɠɟɧɢɹ. 
Ɂɚɦɟɬɶɬɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɜɭɯ ɩɪɟɞɵɞɭɳɢɯ ɮɢɥɶɬɪɨɜ ɨɩɨɪɧɵɦ ɫɥɭɠɢɬ ɰɟɧɬɪɚɥɶɧɵɣ ɩɢɤɫɟɥ 
ɜ ɨɤɧɟ, ɚ ɧɟ ɜ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɜɵɛɨɪɤɟ. Ɍɚɤɨɣ ɮɢɥɶɬɪ ɧɟ ɫɦɨɠɟɬ ɭɫɬɪɚɧɢɬɶ ɢɦɩɭɥɶɫɧɵɣ 
ɲɭɦ, ɡɚɬɨ ɨɧ ɫɨɯɪɚɧɹɟɬ ɦɟɥɤɢɟ ɞɟɬɚɥɢ ɢ ɬɨɧɤɢɟ ɥɢɧɢɢ. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɨɛɪɟɡɚɸɳɢɣ ɮɢɥɶɬɪ (MTM - Modified Trimmed Mean)  
ɢɫɩɨɥɶɡɭɟɬ ɞɥɹ ɨɫɪɟɞɧɟɧɢɹ ɬɨɥɶɤɨ ɬɟɯ ɢɡ ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɨɜ, ɱɶɢ ɡɧɚɱɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ C· ɨɬ ɡɧɚɱɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɜ ɭɩɨɪɹɞɨɱɟɧɧɨɦ ɫɩɢɫɤɟ ɩɢɤɫɟɥɚ. ɗɬɨɬ ɦɟɬɨɞ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɱɬɨ ɫɪɟɞɧɟɟ ɦɟɠɞɭ ɮɢɥɶɬɪɨɦ -ɭɫɟɱɟɧɧɵɯ ɫɪɟɞɧɢɯ ɢ ɫɢɝɦɚ-

ɮɢɥɶɬɪɨɦ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɤɚɤ ɢ ɜ ɫɢɝɦɚ-ɮɢɥɶɬɪɟ, ɨɫɪɟɞɧɹɸɬɫɹ ɩɢɤɫɟɥɵ, ɢɦɟɸɳɢɟ 
ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɧɟ ɛɨɥɟɟ, ɱɟɦ ɧɚ C·, ɧɨ ɧɟ ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɜ ɨɤɧɟ, 
ɚ ɨɬ ɦɟɞɢɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɜɵɛɨɪɤɟ, ɤɚɤ ɢ ɜ ɮɢɥɶɬɪɟ -ɭɫɟɱɟɧɧɵɯ ɫɪɟɞɧɢɯ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɨɬ ɮɢɥɶɬɪɚ -ɭɫɟɱɟɧɧɵɯ ɫɪɟɞɧɢɯ MTM ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ 
ɨɫɪɟɞɧɹɟɦɵɯ ɩɢɤɫɟɥɨɜ ɧɟ ɡɚɞɚɧɨ ɠɟɫɬɤɨ, ɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɢɡɨɛɪɚɠɟɧɢɹ (ɟɝɨ 
ɞɢɫɩɟɪɫɢɟɣ). 

ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɪɚɧɝɨɜɵɟ ɮɢɥɶɬɪɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ stick-

ɬɟɯɧɢɤɟ (stick - ɩɚɥɤɚ, ɩɪɭɬ). ɑɟɪɟɡ ɤɚɠɞɭɸ ɬɨɱɤɭ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɧɟɫɤɨɥɶɤɨ 
ɨɬɪɟɡɤɨɜ ɩɪɹɦɨɣ ɩɨɞ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɧɚɛɨɪ ɩɨɪɹɞɤɨɜɵɯ ɫɬɚɬɢɫɬɢɤ ɹɪɤɨɫɬɢ 
(ɥɢɛɨ ɦɟɞɢɚɧɚ, ɥɢɛɨ ɫɟɪɟɞɢɧɚ ɞɢɚɩɚɡɨɧɚ) ɞɥɹ ɜɫɟɯ ɨɬɪɟɡɤɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɡɧɚɱɟɧɢɹ 
ɹɪɤɨɫɬɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɦɨɠɟɬ ɜɵɛɢɪɚɬɶɫɹ ɥɢɛɨ ɛɥɢɠɚɣɲɟɟ ɤ ɰɟɧɬɪɚɥɶɧɨɦɭ 
ɩɢɤɫɟɥɭ ɡɧɚɱɟɧɢɟ, ɥɢɛɨ ɬɨ, ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɤɨɬɨɪɨɝɨ ɪɚɡɛɪɨɫ ɦɢɧɢɦɚɥɶɧɵɣ. Ɍɚɤɢɟ ɦɟɬɨɞɵ 
ɫɩɨɫɨɛɧɵ ɫɨɯɪɚɧɹɬɶ ɥɢɧɟɣɧɵɟ ɞɟɬɚɥɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 
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4 ɅȺȻɈɊȺɌɈɊɇȺə ɊȺȻɈɌȺ №2 

 

4.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɍɟɦɚ: Ɋɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɨɜ ɥɢɧɟɣɧɨɣ ɢ ɧɟɥɢɧɟɣɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ. 
 

ɐɟɥɶ ɪɚɛɨɬɵ: ɉɨɥɭɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɢɧɟɣɧɵɯ ɢ 
ɧɟɥɢɧɟɣɧɵɯ ɮɢɥɶɬɪɨɜ ɞɥɹ ɭɞɚɥɟɧɢɹ ɲɭɦɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɢ ɚɧɚɥɢɡ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

 

Ɂɚɞɚɧɢɟ.  
ȼ ɩɪɨɝɪɚɦɦɭ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ №1, ɞɨɛɚɜɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɮɭɧɤɰɢɢ: 
- ɡɚɲɭɦɥɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢɦɩɭɥɶɫɧɵɦ ɢ ɚɞɞɢɬɢɜɧɵɦ ɲɭɦɨɦ; 
- ɮɢɥɶɬɪɚɰɢɸ ɢɡɨɛɪɚɠɟɧɢɹ ɮɢɥɶɬɪɚɦɢ:  

1) ɨɫɪɟɞɧɟɧɢɹ ɫɤɨɥɶɡɹɳɢɦ ɨɤɧɨɦ, ɫɜёɪɬɤɚ ɫ ɦɚɫɤɨɣ, ɦɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ; 
2) 1 ɜɚɪɢɚɧɬ (ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɫ ɧɟɱɟɬɧɵɦɢ ɧɨɦɟɪɚɦɢ ɩɨ ɠɭɪɧɚɥɭ): 
ɜɡɜɟɲɟɧɧɵɣ ɦɟɞɢɚɧɧɵɣ ɮɢɥɶɬɪ, ɮɢɥɶɬɪ ɨɰɟɧɤɢ ɫɟɪɟɞɢɧɵ ɞɢɚɩɚɡɨɧɚ, 
ɮɢɥɶɬɪ MTM; 

3) 2 ɜɚɪɢɚɧɬ (ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɫ ɱɟɬɧɵɦɢ ɧɨɦɟɪɚɦɢ ɩɨ ɠɭɪɧɚɥɭ): ɮɢɥɶɬɪ 
Ƚɚɭɫɫɚ, ɨɩɟɪɚɬɨɪ Ʉ-ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ, ɫɢɝɦɚ-ɮɢɥɶɬɪ. 

 

ɋɪɚɜɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɨɪɶɛɵ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɮɢɥɶɬɪɨɜ ɫ ɢɦɩɭɥɶɫɧɵɦ ɢ 
ɚɞɞɢɬɢɜɧɵɦ ɲɭɦɨɦ. ȼɵɹɫɧɢɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɪɚɛɨɬɭ ɮɢɥɶɬɪɨɜ. ɉɨɞɨɛɪɚɬɶ 
ɬɟɫɬɨɜɵɟ ɩɪɢɦɟɪɵ, ɤɨɬɨɪɵɟ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɢɥɥɸɫɬɪɢɪɭɸɬ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ 
ɮɢɥɶɬɪɨɜ. 
 

 

4.2 ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

 

Ɉɬɱɟɬ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɡɞɟɥɵ: 
- ɬɢɬɭɥɶɧɵɣ ɥɢɫɬ; 
- ɡɚɞɚɧɢɟ ɤ ɪɚɛɨɬɟ; 
- ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɪɟɚɥɢɡɨɜɚɧɧɵɦ ɮɢɥɶɬɪɚɦ; 
- ɜɵɜɨɞɵ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɛɨɪɶɛɵ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɮɢɥɶɬɪɨɜ ɫ ɢɦɩɭɥɶɫɧɵɦ ɢ 

ɚɞɞɢɬɢɜɧɵɦ ɲɭɦɨɦ; 
- ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɜ ɜɢɞɟ ɷɤɪɚɧɧɵɯ ɮɨɪɦ; 
- ɥɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ. 
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5 ɆȿɌɈȾɂɑȿɋɄɂȿ ɍɄȺɁȺɇɂə ɉɈ ɋȿȽɆȿɇɌȺɐɂɂ ɂɁɈȻɊȺɀȿɇɂɃ 

 

ɋɟɝɦɟɧɬɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ - ɨɞɢɧ ɢɡ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɧɨɝɢɯ ɫɢɫɬɟɦ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. Ʌɸɛɚɹ ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɜɵɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɫɜɹɡɚɧɧɭɸ ɫ ɨɛɴɟɤɬɨɦ, ɩɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɢɡɦɟɪɟɧɢɣ ɫɜɨɣɫɬɜ ɷɬɨɝɨ ɨɛɴɟɤɬɚ, ɬɚɤɢɯ ɤɚɤ 
ɪɚɡɦɟɪ, ɮɨɪɦɚ, ɩɨɥɨɠɟɧɢɟ, ɨɪɢɟɧɬɚɰɢɹ ɢ ɬ.ɩ. 

ɉɨɞ ɬɟɪɦɢɧɨɦ "ɫɟɝɦɟɧɬɚɰɢɹ" ɩɨɧɢɦɚɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɧɟɫɤɨɥɶɤɨ 
ɨɛɥɚɫɬɟɣ ɢɥɢ ɡɨɧ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɷɥɟɦɟɧɬɚɪɧɵɦɢ ɩɪɢɡɧɚɤɚɦɢ, ɬɚɤɢɦɢ 
ɤɚɤ ɹɪɤɨɫɬɶ, ɰɜɟɬ, ɬɟɤɫɬɭɪɚ, ɮɨɪɦɚ. ɋɟɝɦɟɧɬɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɭɱɚɫɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɨɞɧɨɪɨɞɧɵɟ. 

Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɨɛɳɢɯ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɫɟɝɦɟɧɬɚɰɢɢ: 
1) ɡɨɧɚɥɶɧɵɣ ɩɨɞɯɨɞ - ɩɪɹɦɨɟ ɜɵɞɟɥɟɧɢɟ ɡɨɧ ɧɚ ɨɫɧɨɜɟ ɨɛɴɟɞɢɧɟɧɢɹ ɩɨɞɯɨɞɹɳɢɯ 

ɩɢɤɫɟɥɨɜ ɢɡɨɛɪɚɠɟɧɢɹ; 
2) ɝɪɚɧɢɱɧɵɣ ɩɨɞɯɨɞ - ɨɫɧɨɜɚɧ ɧɚ ɨɛɧɚɪɭɠɟɧɢɢ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ. 

 

 

5.1 Ɂɨɧɚɥɶɧɵɣ ɩɨɞɯɨɞ 

 

5.1.1 ɉɨɪɨɝɨɜɚɹ ɫɟɝɦɟɧɬɚɰɢɹ 

 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɦɟɬɨɞ ɫɟɝɦɟɧɬɚɰɢɢ - ɪɚɡɞɟɥɟɧɢɟ ɩɨ ɩɨɪɨɝɭ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ 
ɹɪɤɨɫɬɢ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɚ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɧɟɤɨɬɨɪɵɦ ɩɨɪɨɝɨɦ, ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɟɡɭɥɶɬɚɬɚ ɫɪɚɜɧɟɧɢɹ ɷɬɨɬ ɩɢɤɫɟɥ ɨɬɧɨɫɢɬɫɹ ɤ ɨɞɧɨɣ ɢɡ ɞɜɭɯ ɝɪɭɩɩ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɪɨɝɚ ɜ 
ɬɚɤɢɯ ɚɥɝɨɪɢɬɦɚɯ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɨɣ ɡɚɞɚɱɟɣ. ɋɨɛɫɬɜɟɧɧɨ, ɛɨɥɶɲɟ ɧɢɱɟɝɨ ɢ ɧɟ ɧɚɞɨ - 

ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɪɨɝɚ ɡɚɞɚɱɚ ɫɬɚɧɨɜɢɬɫɹ ɬɪɢɜɢɚɥɶɧɨɣ. 
 ɑɚɫɬɨ ɩɨɪɨɝ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɵɦ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ ɹɪɤɨɫɬɢ. Ⱦɥɹ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɤɨɬɨɪɨɟ ɢɫɯɨɞɧɨ ɹɜɥɹɟɬɫɹ ɞɜɭɯɭɪɨɜɧɟɜɵɦ (ɧɚɩɪɢɦɟɪ, ɬɟɤɫɬ), ɬɚɤɨɣ ɩɨɪɨɝ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɪɢɟɦɥɟɦɨɟ ɤɚɱɟɫɬɜɨ ɫɟɝɦɟɧɬɚɰɢɢ. Ⱦɥɹ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɢɬɭɚɰɢɣ ɩɨɪɨɝ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɝɢɫɬɨɝɪɚɦɦɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɪɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢɦɟɟɬ ɞɜɚ ɩɢɤɚ. ɉɨɪɨɝ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɦɢɧɢɦɭɦɭ ɝɢɫɬɨɝɪɚɦɦɵ, ɧɚɯɨɞɹɳɟɦɭɫɹ ɦɟɠɞɭ ɷɬɢɦɢ 
ɩɢɤɚɦɢ. ɉɪɢɦɟɪɵ ɫɟɝɦɟɧɬɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɩɨɪɨɝɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɩɨ 
ɦɢɧɢɦɭɦɭ ɝɢɫɬɨɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5.1. 

 
a) 

 

 
ɛ)  

ɜ) 
 

Ɋɢɫɭɧɨɤ 5.1 - ɉɪɢɦɟɪ ɩɨɪɨɝɨɜɨɣ ɫɟɝɦɟɧɬɚɰɢɢ: К) ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, 
ɛ) ɝɢɫɬɨɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɪɤɨɫɬɢ, ɜ) ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 

 

 Ɉɞɧɚɤɨ, ɨɩɪɟɞɟɥɟɧɢɸ ɩɨɪɨɝɚ ɩɨ ɦɢɧɢɦɭɦɭ ɝɢɫɬɨɝɪɚɦɦɵ ɩɪɢɫɭɳɢ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɧɟɞɨɫɬɚɬɤɢ. ȼɨ-ɩɟɪɜɵɯ, ɦɢɧɢɦɭɦɨɜ ɦɨɠɟɬ ɛɵɬɶ ɧɟɫɤɨɥɶɤɨ (ɞɚɠɟ ɩɪɢ ɞɜɭɯ ɱɟɬɤɨ 
ɜɵɪɚɠɟɧɧɵɯ ɩɢɤɚɯ). ȼɨ-ɜɬɨɪɵɯ, ɫɚɦɨ ɩɨɥɨɠɟɧɢɟ ɦɢɧɢɦɭɦɚ ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɲɚɝɚ ɝɢɫɬɨɝɪɚɦɦɵ.  Ɍɪɟɬɢɣ ɧɟɞɨɫɬɚɬɨɤ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɪɨɝɚ ɩɨ ɦɢɧɢɦɭɦɭ ɝɢɫɬɨɝɪɚɦɦɵ 
ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɩɨɥɨɠɟɧɢɟ ɦɢɧɢɦɭɦɚ ɜɨɜɫɟ ɧɟ ɨɛɹɡɚɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɟɚɥɶɧɨɦɭ 
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ɭɪɨɜɧɸ, ɪɚɡɞɟɥɹɸɳɟɦɭ ɨɛɴɟɤɬɵ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. Ɋɚɫɫɦɨɬɪɢɦ ɪɢɫɭɧɨɤ 5.2, ɧɚ ɤɨɬɨɪɨɦ 
ɩɪɢɜɟɞɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ, ɩɨɥɭɱɟɧɧɚɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɞɜɭɯ ɧɨɪɦɚɥɶɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ. 
ɉɭɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ I (ɫɥɟɜɚ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɨɧɭ, ɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ II (ɫɩɪɚɜɚ) - ɨɛɴɟɤɬɭ. 
ȿɫɥɢ ɩɨɪɨɝ ɭɫɬɚɧɨɜɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɦɢɧɢɦɭɦɭ ɝɢɫɬɨɝɪɚɦɦɵ (ɜɟɪɬɢɤɚɥɶɧɚɹ ɥɢɧɢɹ), 
ɬɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɛɴɟɤɬɚ (ɡɚɲɬɪɢɯɨɜɚɧɧɚɹ ɱɚɫɬɶ ɫɥɟɜɚ ɨɬ ɩɨɪɨɝɚ) ɛɭɞɟɬ ɨɲɢɛɨɱɧɨ 
ɩɪɢɡɧɚɧɚ ɮɨɧɨɦ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɮɨɧ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɛɭɞɟɬ ɩɪɢɫɨɟɞɢɧɟɧ ɤ ɨɛɴɟɤɬɭ 
(ɡɚɲɬɪɢɯɨɜɚɧɧɚɹ ɱɚɫɬɶ ɫɩɪɚɜɚ ɨɬ ɩɨɪɨɝɚ ɩɨɤɚɡɵɜɚɟɬ ɞɨɥɸ ɬɚɤɢɯ ɨɲɢɛɨɤ). Ɍ.ɟ. ɜɟɪɨɹɬɧɨɫɬɶ 
ɩɪɨɩɭɫɤɚ ɰɟɥɢ ɧɚɦɧɨɝɨ ɩɪɟɜɵɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ 
ɫɭɦɦɚɪɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɫɥɢɲɤɨɦ ɜɟɥɢɤɚ. 
 

 
Ɋɢɫɭɧɨɤ 5.2 - ɋɭɦɦɚ ɞɜɭɯ ɧɨɪɦɚɥɶɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 

 

 ɉɨɪɨɝ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɞɜɭɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ, ɨɛɟɫɩɟɱɢɬ 
ɦɢɧɢɦɚɥɶɧɭɸ ɫɭɦɦɚɪɧɭɸ ɨɲɢɛɤɭ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɪɨɝɚ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɝɢɫɬɨɝɪɚɦɦɚ ɹɪɤɨɫɬɢ ɫɨɞɟɪɠɢɬ ɞɜɚ 
ɝɚɭɫɫɨɜɫɤɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛɴɟɤɬɭ ɢ ɮɨɧɭ. ɉɨɪɨɝ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɞɨɫɬɢɱɶ ɧɚɢɥɭɱɲɟɝɨ ɪɚɡɞɟɥɟɧɢɹ ɷɬɢɯ ɞɜɭɯ ɤɥɚɫɫɨɜ ɢ 
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɨɲɢɛɤɭ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. 
 ȿɫɬɟɫɬɜɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞɚ ɪɚɡɞɟɥɟɧɢɹ ɩɨ ɩɨɪɨɝɭ - ɜɜɟɞɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 
ɩɨɪɨɝɨɜ, ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɞɟɥɟɧɢɟ ɨɛɴɟɤɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɟɫɤɨɥɶɤɢɦ 
ɞɢɚɩɚɡɨɧɚɦ ɹɪɤɨɫɬɢ. ȼ ɫɥɭɱɚɟ ɦɧɨɝɨɦɨɞɚɥɶɧɨɣ ɝɢɫɬɨɝɪɚɦɦɵ ɩɨɪɨɝɢ, ɤɚɤ ɢ ɞɥɹ 
ɞɜɭɯɭɪɨɜɧɟɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɥɢɛɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɦɢɧɢɦɭɦɚɦ ɝɢɫɬɨɝɪɚɦɦɵ, ɥɢɛɨ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. 
 ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɪɨɝɚ - ɡɚɞɚɱɚ ɧɟɬɪɢɜɢɚɥɶɧɚɹ. 
ɇɚɥɢɱɢɟ ɱɟɬɤɢɯ ɩɢɤɨɜ ɧɚ ɝɢɫɬɨɝɪɚɦɦɟ - ɞɚɥɟɤɨ ɧɟ ɪɹɞɨɜɨɣ ɫɥɭɱɚɣ. Ƚɨɪɚɡɞɨ ɱɚɳɟ ɩɢɤ ɥɢɛɨ 
ɨɞɢɧ, ɥɢɛɨ ɩɨɛɨɱɧɵɟ ɩɢɤɢ ɨɱɟɧɶ ɫɥɚɛɨ ɜɵɪɚɠɟɧɵ, ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɞɯɨɞɹɳɢɯ ɩɨɪɨɝɨɜ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɬɪɭɞɧɨɫɬɶ. 
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6.1.2 ɇɚɪɚɳɢɜɚɧɢɟ ɨɛɥɚɫɬɟɣ 

 

 Ɇɟɬɨɞɵ ɜɵɞɟɥɟɧɢɹ ɨɛɥɚɫɬɟɣ ɩɭɬɟɦ ɧɚɪɚɳɢɜɚɧɢɹ ɨɫɧɨɜɚɧɵ ɧɚ ɩɨɢɫɤɟ ɝɪɭɩɩ 
ɩɢɤɫɟɥɨɜ ɫ ɛɥɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɹɪɤɨɫɬɢ. ȼ ɩɪɨɫɬɟɣɲɟɦ ɜɚɪɢɚɧɬɟ ɬɚɤɨɣ ɦɟɬɨɞ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ ɩɢɤɫɟɥɚ, ɩɪɨɫɦɨɬɪɟ ɟɝɨ ɫɨɫɟɞɟɣ ɧɚ ɩɪɟɞɦɟɬ ɛɥɢɡɨɫɬɢ ɡɧɚɱɟɧɢɣ 
ɹɪɤɨɫɬɢ ɢ ɜɤɥɸɱɟɧɢɢ ɛɥɢɡɤɢɯ ɩɨ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɨɜ ɜ ɮɨɪɦɢɪɭɸɳɭɸɫɹ ɨɛɥɚɫɬɶ. 
 ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɤɪɢɬɟɪɢɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɨɛɥɚɫɬɢ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɨɰɟɧɤɟ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɨɬɞɟɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɢ ɫɪɟɞɧɟɣ ɹɪɤɨɫɬɢ 
ɮɨɪɦɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ. Ɍɚɤɨɣ ɤɪɢɬɟɪɢɣ ɛɭɞɟɬ ɧɚɞɟɠɧɨ ɪɚɛɨɬɚɬɶ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ 
ɪɚɡɦɟɪ ɨɛɥɚɫɬɢ ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ, ɱɬɨɛɵ ɨɰɟɧɤɚ ɫɪɟɞɧɟɣ ɹɪɤɨɫɬɢ ɛɵɥɚ 
ɞɨɫɬɨɜɟɪɧɨɣ. 
 ȼ ɚɥɝɨɪɢɬɦɟ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɟɪɜɢɱɧɨɣ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜ 
ɪɚɛɨɬɟ Xuan и ɞɪ., ɜ ɮɨɪɦɢɪɭɸɳɭɸɫɹ ɨɛɥɚɫɬɶ ɜɤɥɸɱɚɸɬɫɹ ɫɨɫɟɞɧɢɟ (ɜ ɫɦɵɫɥɟ 4-ɯ 
ɫɜɹɡɧɨɫɬɢ) ɬɨɱɤɢ, ɹɪɤɨɫɬɶ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɹɪɤɨɫɬɢ ɬɨɱɤɢ, ɭɠɟ ɜɤɥɸɱɟɧɧɨɣ ɜ 
ɨɛɥɚɫɬɶ, ɧɟ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɡɚɞɚɧɧɵɣ ɩɨɪɨɝ: 
 

       | Ip-Iq|   ,                      (5.1) 

 

ɝɞɟ Ip ɢ Iq - ɹɪɤɨɫɬɢ ɫɨɫɟɞɧɢɯ ɬɨɱɟɤ;  - ɩɨɪɨɝ. 
 Wang & Bhattacharya  ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɧɚɥɨɝɢɱɧɵɣ ɚɥɝɨɪɢɬɦ, ɧɨ ɞɨɩɨɥɧɟɧɧɵɣ 
ɭɫɥɨɜɢɟɦ: 

                maxS-minS  ,           (5.2) 

 

ɝɞɟ maxS ɢ minS - ɦɚɤɫɢɦɚɥɶɧɨɟ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɜ 
ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɨɛɥɚɫɬɢ;   - ɩɨɪɨɝ   ɢ ɫɨɫɟɞɢ ɩɨɧɢɦɚɸɬɫɹ ɜ ɫɦɵɫɥɟ 8-ɦɢ ɫɜɹɡɧɨɫɬɢ. 

 ɉɟɪɜɢɱɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɟɛɨɥɶɲɢɯ ɨɛɥɚɫɬɟɣ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɤɚɤ ɨɞɧɢɦ ɢɡ 
ɦɟɬɨɞɨɜ ɞɨɛɚɜɥɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɩɢɤɫɟɥɨɜ, ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɱɭɬɶ ɪɚɧɶɲɟ, ɬɚɤ ɢ ɪɚɡɛɢɟɧɢɟɦ 
ɜɫɟɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɩɪɨɢɡɜɨɥɶɧɵɟ ɨɛɥɚɫɬɢ (ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɨɞɧɨɪɨɞɧɵɟ), ɤɚɠɞɚɹ ɢɡ 
ɤɨɬɨɪɵɯ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɨɞɧɨɪɨɞɧɨɫɬɶ, ɢ ɟɫɥɢ ɪɟɡɭɥɶɬɚɬ ɩɪɨɜɟɪɤɢ ɨɤɚɡɵɜɚɟɬɫɹ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦ, ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɛɨɥɟɟ ɦɟɥɤɢɟ ɭɱɚɫɬɤɢ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ 
ɩɨɪ, ɩɨɤɚ ɜɫɟ ɨɛɥɚɫɬɢ ɧɟ ɨɤɚɠɭɬɫɹ ɨɞɧɨɪɨɞɧɵɦɢ. 
 ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ Xuan и ɞɪ. ɫɥɢɹɧɢɟ ɩɟɪɜɢɱɧɨ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɥɚɫɬɟɣ 
ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɦɚɥɨɫɬɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɚɹ ɫɬɪɨɢɬɫɹ ɢɡ ɬɪɟɯ ɤɪɢɬɟɪɢɟɜ, 
ɭɱɢɬɵɜɚɸɳɢɯ ɩɨɞɨɛɢɟ ɹɪɤɨɫɬɢ ɞɜɭɯ ɨɛɥɚɫɬɟɣ, ɢɯ ɪɚɡɦɟɪɵ ɢ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɞɥɢɧɭ 
ɨɛɳɟɝɨ ɭɱɚɫɬɤɚ ɝɪɚɧɢɰɵ: 
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Ɂɞɟɫɶ x ɢ x - ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɹɪɤɨɫɬɢ ɨɛɥɚɫɬɢ 
X; Nx ɢ Lx - ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɜ ɨɛɥɚɫɬɢ X ɢ ɞɥɢɧɚ ɟɟ ɝɪɚɧɢɰɵ; Lxy - ɞɥɢɧɚ ɨɛɳɟɝɨ ɭɱɚɫɬɤɚ 
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ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɨɛɥɚɫɬɹɦɢ X ɢ Y; k - ɨɠɢɞɚɟɦɨɟ ɬɢɩɢɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɜ ɨɞɧɨɣ 
ɨɛɥɚɫɬɢ. 

 

 

5.1.3 Ɇɟɬɨɞ ɜɨɞɨɪɚɡɞɟɥɚ 

 

Ɉɞɧɢɦ ɢɡ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɫɟɝɦɟɧɬɚɰɢɢ, ɫɨɟɞɢɧɹɸɳɢɦ ɜ ɫɟɛɟ ɱɟɪɬɵ 
ɚɥɝɨɪɢɬɦɨɜ ɧɚɪɚɳɢɜɚɧɢɹ ɨɛɥɚɫɬɟɣ ɢ ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɨɛɧɚɪɭɠɟɧɢɢ ɝɪɚɧɢɰ (ɫɦ 
ɩɭɧɤɬ 5.2) ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɜɨɞɨɪɚɡɞɟɥɚ (ɩɨ ɚɧɝɥɢɣɫɤɢ - Watershed). ɗɬɨɬ ɩɨɞɯɨɞ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɹɪɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ. ȿɫɥɢ 
ɩɪɟɞɫɬɚɜɢɬɶ ɟɝɨ, ɤɚɤ ɪɟɥɶɟɮ, ɬɨ ɧɢɡɦɟɧɧɨɫɬɢ (ɦɚɥɵɟ ɡɧɚɱɟɧɢɹ ɝɪɚɞɢɟɧɬɚ) ɛɭɞɭɬ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɨɞɧɨɪɨɞɧɵɦ ɭɱɚɫɬɤɚɦ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɚ ɯɪɟɛɬɵ (ɛɨɥɶɲɢɟ 
ɡɧɚɱɟɧɢɹ ɝɪɚɞɢɟɧɬɚ) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɛɥɚɫɬɹɦ ɫɢɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ, ɬ.ɟ. ɝɪɚɧɢɰɚɦ 
ɧɚ ɢɫɯɨɞɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ. Ɍɚɤɚɹ ɚɧɚɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɞɧɨɪɨɞɧɵɟ ɨɛɥɚɫɬɢ 
ɤɚɤ ɜɨɞɨɫɛɨɪɧɵɟ ɛɚɫɫɟɣɧɵ, ɚ ɝɪɚɧɢɰɵ ɤɚɤ ɜɨɞɨɪɚɡɞɟɥɵ. ɉɪɢɱɟɦ ɜɨɞɨɪɚɡɞɟɥɵ, ɩɨ 
ɨɩɪɟɞɟɥɟɧɢɸ, ɨɛɹɡɚɬɟɥɶɧɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɡɚɦɤɧɭɬɵɟ ɥɢɧɢɢ, ɬ.ɤ. ɨɧɢ ɨɝɪɚɧɢɱɢɜɚɸɬ 
ɜɨɞɨɫɛɨɪɧɵɟ ɛɚɫɫɟɣɧɵ. 
 ɉɪɢɜɟɞɟɧɧɚɹ ɜɵɲɟ ɚɧɚɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɚɥɝɨɪɢɬɦ ɫɟɝɦɟɧɬɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɧɚɯɨɠɞɟɧɢɟɦ ɥɢɧɢɣ ɜɨɞɨɪɚɡɞɟɥɚ. Ɋɟɥɶɟɮɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɫɬɟɩɟɧɧɨ 
ɩɨɝɪɭɠɚɟɬɫɹ ɜ ɜɨɞɭ. ɇɚ ɤɚɠɞɨɦ ɲɚɝɟ ɡɚɬɚɩɥɢɜɚɸɬɫɹ ɬɨɱɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɨɜɨɦɭ 
ɭɪɨɜɧɸ ɝɪɚɞɢɟɧɬɚ. ɇɚɱɢɧɚɹ ɫ ɫɚɦɵɯ ɧɢɡɤɢɯ ɦɢɧɢɦɭɦɨɜ ɜɨɞɚ ɡɚɩɨɥɧɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɪɚɡɥɢɱɧɵɟ ɛɚɫɫɟɣɧɵ ɢɡɨɛɪɚɠɟɧɢɹ. Ɍɚɦ ɝɞɟ ɜɫɬɪɟɱɚɸɬɫɹ ɜɨɞɵ ɪɚɡɥɢɱɧɵɯ ɛɚɫɫɟɣɧɨɜ, ɤɚɤ 
ɛɵ ɜɨɡɜɨɞɢɬɫɹ "ɩɥɨɬɢɧɚ". ȼ ɤɨɧɰɟ ɤɨɧɰɨɜ, ɤɨɝɞɚ ɪɟɥɶɟɮ ɩɨɥɧɨɫɬɶɸ ɩɨɝɪɭɠɟɧ, ɤɚɠɞɵɣ 
ɦɢɧɢɦɭɦ ɜɦɟɫɬɟ ɫɨ ɫɜɨɢɦ ɜɨɞɨɫɛɨɪɧɵɦ ɛɚɫɫɟɣɧɨɦ ɨɤɪɭɠɟɧ ɩɥɨɬɢɧɚɦɢ, ɤɨɬɨɪɵɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɥɢɧɢɹɦ ɜɨɞɨɪɚɡɞɟɥɚ. 
 ɉɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɨɬɫɥɟɠɢɜɚɬɶ ɝɪɚɧɢɰɵ, ɧɨ ɢ 
ɱɚɫɬɢɱɧɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɮɪɚɝɦɟɧɬɵ. 
 Ɉɞɧɚɤɨ ɩɪɹɦɨɟ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɜɨɞɨɪɚɡɞɟɥɚ ɞɥɹ ɫɟɝɦɟɧɬɚɰɢɢ ɪɟɚɥɶɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ, ɫɜɟɪɯɫɟɝɦɟɧɬɚɰɢɢ, ɤɨɝɞɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 
ɩɨɹɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɦɟɥɤɢɯ ɨɛɥɚɫɬɟɣ. Ɉɞɢɧ ɢɡ ɩɭɬɟɣ ɭɫɬɪɚɧɟɧɢɹ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ - 

ɜɜɟɞɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɝɥɭɛɢɧɵ ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ. ɋɦɵɫɥ ɷɬɨɝɨ 
ɨɝɪɚɧɢɱɟɧɢɹ ɫɥɟɞɭɸɳɢɣ: ɤɨɝɞɚ ɜɫɬɪɟɱɚɸɬɫɹ ɜɨɞɵ ɞɜɭɯ ɛɚɫɫɟɣɧɨɜ, ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɢɯ 
ɝɥɭɛɢɧɵ, ɢ, ɟɫɥɢ ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ ɧɢɯ ɦɟɥɶɱɟ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɝɨ ɩɨɪɨɝɚ, ɨɧɢ 
ɨɛɴɟɞɢɧɹɸɬɫɹ. Ⱦɪɭɝɨɣ ɩɭɬɶ - ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɫɝɥɚɠɢɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɨɟ 
ɭɫɬɪɚɧɹɟɬ ɦɟɥɤɢɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɢ ɧɟ ɞɚɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɦɟɥɤɢɦ ɛɚɫɫɟɣɧɚɦ. 
ɋɥɟɞɭɸɳɢɣ ɩɭɬɶ - ɭɦɟɧɶɲɟɧɢɟ ɱɢɫɥɚ ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɹɪɤɨɫɬɢ ɢɫɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɴɟɞɢɧɹɟɬɫɹ ɩɢɤɫɟɥɵ ɫ ɛɥɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɹɪɤɨɫɬɢ. ȿɳɟ 
ɨɞɢɧ ɩɭɬɶ - ɭɦɟɧɶɲɟɧɢɟ ɫɬɟɩɟɧɢ ɞɟɬɚɥɢɡɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɭɦɟɧɶɲɚɟɬɫɹ 
ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɜ ɢɡɨɛɪɚɠɟɧɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ. 

 

 

5.2 Ƚɪɚɧɢɱɧɵɣ ɩɨɞɯɨɞ 

 

Ƚɪɚɧɢɰɚ - ɨɫɧɨɜɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɪɢɡɧɚɤɨɜ ɢ ɝɪɚɦɦɚɬɢɤ ɩɪɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɢɡɨɛɪɚɠɟɧɢɣ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɨɛɧɚɪɭɠɟɧɢɸ 
ɝɪɚɧɢɰ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɢ ɩɨɫɬɨɹɧɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɧɨɜɵɟ. Ɉɧɢ ɜɵɡɵɜɚɸɬ ɫɬɨɥɶ 
ɲɢɪɨɤɢɣ ɢɧɬɟɪɟɫ ɛɥɚɝɨɞɚɪɹ ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɩɪɢɤɥɚɞɧɵɯ ɫɢɫɬɟɦ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɡɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɝɪɚɧɢɰɵ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɨɜ ɬɚɤ ɢɥɢ ɢɧɚɱɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɯɨɬɹ 
ɜɫɬɪɟɱɚɸɬɫɹ ɢ ɚɥɝɨɪɢɬɦɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɢɧɵɯ ɩɪɢɧɰɢɩɚɯ. 
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5.2.1 Ƚɪɚɞɢɟɧɬɧɵɟ ɦɟɬɨɞɵ 

 

Ɋɚɡɥɢɱɧɵɦ ɨɛɴɟɤɬɚɦ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɛɥɚɫɬɢ ɫ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ 
ɨɞɢɧɚɤɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɹɪɤɨɫɬɢ. ɇɚ ɝɪɚɧɢɰɚɯ ɠɟ ɹɪɤɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɟɬɫɹ. Ʉɚɤ 
ɢɡɜɟɫɬɧɨ, ɦɟɪɨɣ ɢɡɦɟɧɟɧɢɹ ɧɟɤɨɬɨɪɨɣ ɜɟɥɢɱɢɧɵ ɹɜɥɹɟɬɫɹ ɟɟ ɩɪɨɢɡɜɨɞɧɚɹ. ɇɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɜɟɥɢɱɢɧɚ ɹɪɤɨɫɬɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 
ɩɪɨɢɡɜɨɞɧɚɹ - ɷɬɨ ɝɪɚɞɢɟɧɬ, ɤɨɬɨɪɵɣ ɤɪɨɦɟ ɜɟɥɢɱɢɧɵ ɢɦɟɟɬ ɟɳɟ ɢ ɧɚɩɪɚɜɥɟɧɢɟ, ɬ.ɟ. 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ. 

ȼɟɥɢɱɢɧɚ ɢɥɢ ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ ɝɪɚɞɢɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬ "ɫɢɥɭ" ɝɪɚɧɢɰɵ, ɬ.ɟ. ɧɚɫɤɨɥɶɤɨ 
ɨɬɥɢɱɚɸɬɫɹ ɹɪɤɨɫɬɢ ɨɛɴɟɤɬɚ ɢ ɟɝɨ ɨɤɪɭɠɟɧɢɹ (ɮɨɧɚ) ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɝɪɚɧɢɰɵ. 
ɇɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ɝɪɚɞɢɟɧɬɚ ɩɨɤɚɡɵɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɧɚɢɛɨɥɶɲɟɝɨ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ, 
ɬ.ɟ. ɷɬɨɬ ɜɟɤɬɨɪ ɧɚɩɪɚɜɥɟɧ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɝɪɚɧɢɰɟ. Ɂɚɱɚɫɬɭɸ ɧɚɩɪɚɜɥɟɧɢɟ ɝɪɚɧɢɰɵ ɧɟ 
ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ, ɢ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɞɨɫɬɚɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɭ ɦɨɞɭɥɹ 
ɝɪɚɞɢɟɧɬɚ. Ʉɨɝɞɚ ɠɟ ɷɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɹɬɶ 
ɩɨɥɧɵɣ ɜɟɤɬɨɪ ɝɪɚɞɢɟɧɬɚ. 

ȼ ɞɜɭɦɟɪɧɨɦ ɫɥɭɱɚɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜɟɤɬɨɪ ɝɪɚɞɢɟɧɬɚ ɹɪɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
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 , 

ɝɞɟ i

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

 - ɟɞɢɧɢɱɧɵɟ ɜɟɤɬɨɪɚ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɜɞɨɥɶ ɨɫɟɣ OX ɢ OY, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
ɇɚ ɞɢɫɤɪɟɬɧɨɣ ɫɟɬɤɟ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɝɪɚɞɢɟɧɬɚ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ 

ɤɨɧɟɱɧɵɦɢ ɪɚɡɧɨɫɬɹɦɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ: 

 

Gh(i,j) =  I(i,j) - I(i+ 1,j), 

Gv(i,j) =  I(i,j) - I(i,j+ 1), 

 

ɝɞɟ Gv ɢ Gh - ɜɟɪɬɢɤɚɥɶɧɚɹ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɝɪɚɞɢɟɧɬɚ. 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɱɚɫɬɤɚɦ ɧɚɢɛɨɥɶɲɟɝɨ 

ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ. ɇɚ ɢɡɨɛɪɚɠɟɧɢɹɯ, ɫɨɞɟɪɠɚɳɢɯ ɫɬɪɨɝɨ ɨɞɧɨɪɨɞɧɵɟ ɨɛɥɚɫɬɢ, 
ɧɟɧɭɥɟɜɵɟ ɡɧɚɱɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɛɭɞɭɬ ɢɦɟɬɶ ɦɟɫɬɨ ɬɨɥɶɤɨ ɧɚ ɝɪɚɧɢɰɚɯ ɨɛɥɚɫɬɟɣ. ɇɚ 
ɪɟɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɟɤ ɝɪɚɧɢɰɵ ɩɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ 
ɧɟɨɛɯɨɞɢɦɚ ɩɪɨɰɟɞɭɪɚ ɪɚɡɞɟɥɟɧɢɹ ɩɨ ɩɨɪɨɝɭ. 

Ⱦɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɮɭɧɤɰɢɢ ɹɪɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɵɱɧɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɦɚɫɤɢ ɫɜɟɪɬɤɢ ɜɢɞɚ: 

 

1 0 -1  

ɫ 0 -c                                                           (5.3a) 

1 0 -1  

 

ɢ 

 

-1 -ɫ -1  

0 0 0                                                          (5.3b) 

1 ɫ 1 . 

 

ɉɟɪɜɚɹ ɦɚɫɤɚ ɭɱɢɬɵɜɚɟɬ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɚ 
ɜɬɨɪɚɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ. Ɂɧɚɱɟɧɢɟ ɫ ɨɛɵɱɧɨ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɵɦ 1 ɢɥɢ 2. Ɇɚɫɤɚ, 
ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɬɚɤɢɦ ɫɜɨɣɫɬɜɨɦ: ɫɭɦɦɚ ɜɫɟɯ 
ɷɥɟɦɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɬɪɢɰɵ ɪɚɜɧɚ 0. 
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Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɮɨɪɦɭɥ ɨɫɧɨɜɚɧɵ ɧɚ ɩɪɢɦɟɧɟɧɢɢ 
ɦɚɫɨɤ ɪɚɡɦɟɪɨɦ 33. Ɉɫɧɨɜɧɵɦɢ ɹɜɥɹɸɬɫɹ ɨɩɟɪɚɬɨɪɵ Ɋɨɛɟɪɬɫɚ, ɋɨɛɟɥɚ, ɉɪɟɜɢɬɬɚ, Ʉɢɪɲɚ 
ɢ ɪɚɡɧɨɫɬɧɵɣ ɨɩɟɪɚɬɨɪ, ɢɦɟɸɳɢɟ ɨɛɳɢɣ ɜɢɞ: 

)j,i(d),j,i(d)j,i(G 21 ; 

11 H*B)j,i(d  ;  

22 H*B)j,i(d  , 

ɝɞɟ  
 1q

)1q(n,m

qj,iq )1nj,1mi(B)nq,mq(H)H*B( . 

 

Ⱦɥɹ ɨɩɟɪɚɬɨɪɚ Ɋɨɛɟɪɬɫɚ 

 














100

010

000

H 1
, 











010

100

000

H 2
; 

 

ɞɥɹ ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɚ 

 
















101

202

101

H 1 , 








 


121

000

121

H 2 ; 

 

ɞɥɹ ɨɩɟɪɚɬɨɪɚ ɉɪɟɜɢɬɬɚ 

 
















101

101

101

H 1 , 












111

000

111

H 2 ; 

 

ɞɥɹ ɨɩɟɪɚɬɨɪɚ Ʉɢɪɲɚ 

 














333

303

555

H 1 , 














335

305

335

H 2 ; 

 

ɞɥɹ ɪɚɡɧɨɫɬɧɨɝɨ ɨɩɟɪɚɬɨɪɚ 

 














110

110

000

H 1 , 










110

110

000

H 2 . 

ȼɫɟ ɷɬɢ ɦɚɫɤɢ ɨɬɜɟɱɚɸɬ ɞɜɭɦɟɪɧɨɦɭ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɸ.  
Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɨɪɦɵ )j,i(d),j,i(d)j,i(G 21  ɩɪɢɦɟɧɹɟɬɫɹ ɥɸɛɚɹ ɢɡ 

ɫɥɟɞɭɸɳɢɯ ɮɨɪɦɭɥ: 
2

2

2

121 dd)d,d(  ;  
2121 d,dmax)d,d(  ; 
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2121 dd)d,d(  . 

 

 

5.2.2 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 

 

Ⱦɥɹ ɩɨɞɱɟɪɤɢɜɚɧɢɹ ɩɟɪɟɩɚɞɨɜ ɹɪɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɬɨɪɵɟ 
ɩɪɨɢɡɜɨɞɧɵɟ. Ⱦɜɭɦɟɪɧɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɨɩɟɪɚɬɨɪ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɨɩɟɪɚɬɨɪɚ 

Ʌɚɩɥɚɫɚ ɢɥɢ ɥɚɩɥɚɫɢɚɧɚ ɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 

2

2

2

2

2

y

)y,x(I

x

)y,x(I
)y,x(I 


 ,          (5.4) 

 

ȼɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ, ɜɯɨɞɹɳɢɟ ɜ (5.4), ɦɨɝɭɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɜɬɨɪɵɦɢ 
ɤɨɧɟɱɧɵɦɢ ɪɚɡɧɨɫɬɹɦɢ: 

 

)]j,i(I)j,1i(I[)]j,1i(I)j,i(I[
x

)j,i(I
2

2 


, 

)]j,i(I)1j,i(I[)]1j,i(I)j,i(I[
y

)j,i(I
2

2 


, 

 

ɩɨɞɫɬɚɜɢɜ ɤɨɬɨɪɵɟ ɜ (5.4), ɩɨɥɭɱɢɦ: 
)1j,i(I)1j,i(I)j,1i(I)j,1i(I)j,i(I4)j,i(I

2  . 

Ɍ.ɟ. ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɨɩɟɪɚɬɨɪɚ ɤ ɢɡɨɛɪɚɠɟɧɢɸ I(Т,У) ɫɜɨɞɢɬɫɹ ɤ ɫɜɟɪɬɤɟ 
ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɦɚɫɤɨɣ ɜɢɞɚ: 

0 -1 0 

-1 4 -1 

0 -1 0 

Ⱦɪɭɝɢɟ ɦɚɫɤɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɨɩɟɪɚɬɨɪɚ Ʌɚɩɥɚɫɚ, ɢɦɟɸɬ ɜɢɞ 2Ж: 
-1 -1 -1 

-1 8 -1 

-1 -1 -1 

ɢ 

1 -2 1 

-2 4 -2 

1 -2 1. 

 

ȼɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɝɪɚɞɢɟɧɬɚ, ɧɟ ɞɟɬɟɤɬɢɪɭɸɬ, ɚ ɩɨɞɱɟɪɤɢɜɚɸɬ 
ɩɟɪɟɩɚɞ ɹɪɤɨɫɬɢ.  

ȼ ɤɚɱɟɫɬɜɟ ɧɟɞɨɫɬɚɬɤɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɟɪɚɬɨɪɚ Ʌɚɩɥɚɫɚ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɝɪɚɞɢɟɧɬɚ, ɥɚɩɥɚɫɢɚɧ - ɫɤɚɥɹɪɧɚɹ, ɚ ɧɟ ɜɟɤɬɨɪɧɚɹ ɜɟɥɢɱɢɧɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫ 
ɟɝɨ ɩɨɦɨɳɶɸ ɧɟɥɶɡɹ ɩɨɥɭɱɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɝɪɚɧɢɰɵ.  

 

 

5.2.3 Ɉɛɴɟɞɢɧɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɢ ɫɝɥɚɠɢɜɚɸɳɢɯ ɨɩɟɪɚɬɨɪɨɜ 

 

Ɉɩɟɪɚɬɨɪɵ Ƚɚɭɫɫɚ ɢ Ʌɚɩɥɚɫɚ ɥɢɧɟɣɧɵ, ɚ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɧɢ ɤɨɦɦɭɬɚɬɢɜɧɵ, ɢ ɢɯ 
ɦɨɠɧɨ ɨɛɴɟɞɢɧɢɬɶ ɜ ɨɞɢɧ, ɢɡɦɟɧɢɜ ɩɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ: 

L * (G * I) =  (L*G) * I =  LoG * I. 

Ɂɞɟɫɶ * - ɨɡɧɚɱɚɟɬ ɫɜɟɪɬɤɭ. ȼɦɟɫɬɨ ɬɨɝɨ, ɱɬɨɛɵ ɫɧɚɱɚɥɚ ɫɝɥɚɞɢɬɶ ɢɡɨɛɪɚɠɟɧɢɟ, ɚ 
ɩɨɬɨɦ ɜɡɹɬɶ ɥɚɩɥɚɫɢɚɧ ɨɬ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɫɧɚɱɚɥɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫɜɟɪɬɤɚ 
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ɨɛɨɢɯ ɨɩɟɪɚɬɨɪɨɜ, ɚ ɡɚɬɟɦ ɩɨɥɭɱɟɧɧɵɣ ɨɩɟɪɚɬɨɪ ɩɪɢɦɟɧɹɟɬɫɹ ɤ ɢɡɨɛɪɚɠɟɧɢɸ. ɋɜɟɪɬɤɚ 
ɨɩɟɪɚɬɨɪɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɨɞɢɧ ɪɚɡ ɜ ɫɚɦɨɦ ɧɚɱɚɥɟ, ɢ ɢɡɨɛɪɚɠɟɧɢɟ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɨɞɢɧ 
ɪɚɡ. ɉɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɝɥɚɠɢɜɚɧɢɢ ɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɨɧɨ 
ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɞɜɚɠɞɵ. ɉɨɥɭɱɟɧɧɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɩɟɪɚɬɨɪ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ 
ɥɚɩɥɚɫɢɚɧɚ ɝɚɭɫɫɢɚɧɚ (LoG - Laplacian of a Gaussian). 

Ⱦɜɭɦɟɪɧɵɣ ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ ɨɩɪɟɞɟɥɟɧ ɜ (6.4), ɚ ɞɜɭɦɟɪɧɵɣ ɨɩɟɪɚɬɨɪ Ƚɚɭɫɫɚ, 
ɧɚɩɨɦɧɸ, ɢɦɟɟɬ ɜɢɞ: 

2
t2

2
y

2
x

eG

 . 

ɂɯ ɫɜɟɪɬɤɚ, ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɡɚɩɢɲɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

4

2222 )2(
*

2

22

t

tyxe
GLLoG

t

yx 


. 

ɗɬɚ ɮɨɪɦɭɥɚ ɩɨɪɨɠɞɚɟɬ ɦɚɫɤɭ, ɫ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɨ ɫɜɟɪɬɵɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɟ. 
ɇɚɩɪɢɦɟɪ, ɬɚɤɭɸ (ɩɪɢ 2t

2
= 1.44): 

 

1 4 6 4 1 

4 5 -8 5 4 

6 -8 -52 -8 6 

4 5 -8 5 4 

1 4 6 4 1 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɧɚɦɢ ɨɩɟɪɚɬɨɪɵ ɝɪɚɞɢɟɧɬɚ ɢ Ʌɚɩɥɚɫɚ ɧɟɧɚɩɪɚɜɥɟɧɧɵɟ, ɨɬɤɭɞɚ ɢ 
ɫɥɟɞɭɸɬ ɧɟɞɨɫɬɚɬɤɢ ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɢɯ ɨɫɧɨɜɟ ɞɟɬɟɤɬɨɪɨɜ ɝɪɚɧɢɰ. ȼɦɟɫɬɟ ɫ ɩɨɥɟɡɧɵɦ 
ɨɬɤɥɢɤɨɦ ɝɪɚɧɢɰɵ ɜ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɤ ɧɟɣ ɧɚɩɪɚɜɥɟɧɢɢ, ɢɡɦɟɪɹɟɬɫɹ ɬɚɤɠɟ ɨɬɤɥɢɤ ɜ 
ɩɚɪɚɥɥɟɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ 
ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɩɪɢɦɟɧɹɸɬ ɧɚɩɪɚɜɥɟɧɧɵɟ ɩɟɪɜɵɟ ɢ ɜɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ. 

 

 

5.2.4 Ⱥɥɝɨɪɢɬɦ SUSAN 

 
Ɉɞɢɧ ɢɡ ɧɨɜɟɣɲɢɯ ɚɥɝɨɪɢɬɦɨɜ ɞɟɬɟɤɬɨɪɚ ɝɪɚɧɢɰ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɜɬɨɪɚɦɢ ɢɡ 

ɨɛɨɪɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɚɝɟɧɬɫɬɜɚ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ ɜ 1995 ɝɨɞɭ  ɢ ɨɩɭɛɥɢɤɨɜɚɧ ɜ 
1996. ȿɝɨ ɧɚɡɜɚɧɢɟ - SUSAN ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɛɛɪɟɜɢɚɬɭɪɭ ɚɧɝɥɢɣɫɤɢɯ ɫɥɨɜ Smallest 

UЧТЯКХЮО SОРЦОЧЭ AЬЬТЦТХКЭТЧР ІЮМХОЮЬ (ɧɚɢɦɟɧɶɲɢɣ ɨɞɧɨɪɨɞɧɵɣ ɫɟɝɦɟɧɬ, 
ɚɫɫɢɦɢɥɢɪɭɟɦɵɣ ɹɞɪɨɦ) ɢ ɩɨ ɤɚɤɨɣ-ɬɨ ɧɟɨɛɴɹɫɧɢɦɨɣ ɩɪɢɱɢɧɟ ɫɨɜɩɚɞɚɟɬ ɫ ɢɦɟɧɟɦ ɠɟɧɵ 
ɋɬɟɮɚɧɚ ɋɦɢɬɚ - ɨɞɧɨɝɨ ɢɡ ɚɜɬɨɪɨɜ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Smith & Brady ɨɛɪɚɬɢɥɢ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɫɨɫɟɞɢ ɤɚɠɞɨɣ ɬɨɱɤɢ ɜ ɨɞɧɨɪɨɞɧɨɣ 
ɨɛɥɚɫɬɢ ɢɦɟɸɬ ɛɥɢɡɤɭɸ ɤ ɧɟɣ ɹɪɤɨɫɬɶ, ɚ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɱɢɫɥɨ ɫɨɫɟɞɟɣ ɫ ɨɞɢɧɚɤɨɜɨɣ 
ɹɪɤɨɫɬɶɸ ɭɦɟɧɶɲɚɟɬɫɹ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɤɨɣ ɬɪɚɤɬɨɜɤɨɣ ɝɪɚɧɢɰɵ ɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ 
ɚɥɝɨɪɢɬɦ ɞɟɬɟɤɬɨɪɚ ɝɪɚɧɢɰ SUSAІ. Ʉɪɨɦɟ ɝɪɚɧɢɰ ɷɬɨɬ ɦɟɬɨɞ ɨɛɧɚɪɭɠɢɜɚɟɬ ɢ ɞɪɭɝɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ (ɭɝɥɵ, ɬɨɧɤɢɟ ɥɢɧɢɢ ɢ ɬ.ɩ.). 

ȼɨɤɪɭɝ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɚ ɢɡɨɛɪɚɠɟɧɢɹ ɫɬɪɨɢɬɫɹ ɦɚɫɤɚ, ɰɟɧɬɪɚɥɶɧɵɣ ɩɢɤɫɟɥ ɤɨɬɨɪɨɣ 
ɧɚɡɵɜɚɟɬɫɹ ɹɞɪɨɦ (ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɪɭɝɥɚɹ ɦɚɫɤɚ ɫ ɪɚɞɢɭɫɨɦ 3.4 ɩɢɤɫɟɥɚ, ɤɨɬɨɪɚɹ 
ɜɤɥɸɱɚɟɬ 37 ɩɢɤɫɟɥɨɜ ɢ ɬɪɚɞɢɰɢɨɧɧɚɹ ɤɜɚɞɪɚɬɧɚɹ ɦɚɫɤɚ 3б3). ɉɢɤɫɟɥɵ ɜ ɩɪɟɞɟɥɚɯ ɦɚɫɤɢ, 
ɢɦɟɸɳɢɟ ɫɪɚɜɧɢɦɭɸ ɫ ɹɞɪɨɦ ɹɪɤɨɫɬɶ, ɨɛɪɚɡɭɸɬ ɨɛɥɚɫɬɶ USAN (Univalue Segment 

Assimilating Nucleus - ɨɞɧɨɪɨɞɧɵɣ ɫɟɝɦɟɧɬ, ɚɫɫɢɦɢɥɢɪɭɟɦɵɣ ɹɞɪɨɦ). Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 
ɞɜɭɦɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɝɪɚɧɢɰ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɦɟɪ, ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɢ ɜɬɨɪɵɟ 
ɦɨɦɟɧɬɵ USAІ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɢɡɜɟɫɬɧɵɯ 
ɦɟɬɨɞɨɜ ɬɟɦ, ɱɬɨ ɧɟ ɢɫɩɨɥɶɡɭɟɬ ɩɪɨɢɡɜɨɞɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɩɨɞɚɜɥɟɧɢɢ ɲɭɦɚ. 

ɉɥɨɳɚɞɶ USAІ ɦɚɤɫɢɦɚɥɶɧɚ, ɤɨɝɞɚ ɹɞɪɨ ɧɚɯɨɞɢɬɫɹ ɜ ɨɞɧɨɪɨɞɧɨɣ (ɢɥɢ ɩɨɱɬɢ 
ɨɞɧɨɪɨɞɧɨɣ) ɨɛɥɚɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɨɧɚ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɩɨɥɨɜɢɧɵ ɷɬɨɝɨ ɦɚɤɫɢɦɭɦɚ 
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ɜɛɥɢɡɢ ɩɪɹɦɨɣ ɝɪɚɧɢɰɵ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɟɳɟ ɛɨɥɶɲɟ ɜɛɥɢɡɢ ɭɝɥɚ ɢ ɞɨɫɬɢɝɚɟɬ ɥɨɤɚɥɶɧɵɯ 
ɦɢɧɢɦɭɦɨɜ ɬɨɱɧɨ ɧɚ ɝɪɚɧɢɰɟ ɢ ɜ ɭɝɥɚɯ (ɪɢɫ.5.3). ɗɬɨ ɫɜɨɣɫɬɜɨ ɩɥɨɳɚɞɢ USAІ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɝɥɚɜɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɢɫɭɬɫɬɜɢɹ ɝɪɚɧɢɰ ɢ ɞɜɭɦɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. 

əɪɤɨɫɬɶ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɚ ɜ ɩɪɟɞɟɥɚɯ ɦɚɫɤɢ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɹɪɤɨɫɬɶɸ ɹɞɪɚ (ɫɪɟɞɧɟɣ 
ɬɨɱɤɢ) ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ: 
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ɫ - ɪɟɡɭɥɶɬɚɬ ɫɪɚɜɧɟɧɢɹ.  
Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɞɥɹ ɜɫɟɯ ɩɢɤɫɟɥɨɜ ɜ ɩɪɟɞɟɥɚɯ ɦɚɫɤɢ ɫɭɦɦɢɪɭɸɬɫɹ:  r 00 )r,r(c)r(n 


. 

ɉɨɥɭɱɟɧɧɚɹ ɫɭɦɦɚ n ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɢɫɥɨ ɩɢɤɫɟɥɨɜ ɜ USAІ, ɬ.ɟ. ɟɟ ɩɥɨɳɚɞɶ. 
 

 
Ɋɢɫɭɧɨɤ 5.3 - Ɉɛɥɚɫɬɢ USAІ 

 

Ɂɚɬɟɦ, n ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɨɪɨɝɨɦ g. ɉɪɢ 
ɨɛɧɚɪɭɠɟɧɢɢ ɝɪɚɧɢɰ ɜ ɨɬɫɭɬɫɬɜɢɢ ɲɭɦɚ, ɷɬɨɬ ɩɨɪɨɝ ɧɟ ɧɭɠɟɧ. Ɉɞɧɚɤɨ, ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɫɬɪɚɧɟɧɢɹ ɲɭɦɚ g ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɵɦ 3nmax/4, ɝɞɟ nmax - ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ 
ɡɧɚɱɟɧɢɟ n. ɇɚɱɚɥɶɧɵɣ ɨɬɤɥɢɤ ɝɪɚɧɢɰɵ ɨɛɪɚɡɭɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɚɜɢɥɭ: 
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ɬ.ɟ., ɱɟɦ ɦɟɧɶɲɟ ɩɥɨɳɚɞɶ USAІ, ɬɟɦ ɛɨɥɶɲɟ ɨɬɤɥɢɤ ɝɪɚɧɢɰɵ. ɉɨɫɥɟ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɟɪɜɢɱɧɨɣ ɤɚɪɬɵ ɝɪɚɧɢɰ, ɬ.ɟ. ɬɨɱɟɤ, ɜ ɤɨɬɨɪɵɯ R ɧɟ ɪɚɜɧɨ ɧɭɥɸ, ɭɞɚɥɹɬɫɹ 
ɬɨɱɤɢ, ɢɦɟɸɳɢɯ ɧɟɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ R. 

Ⱥɥɝɨɪɢɬɦ ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ SUSAІ ɫɚɦ ɩɨ ɫɟɛɟ ɧɟ ɞɚɟɬ ɧɚɩɪɚɜɥɟɧɢɹ ɝɪɚɧɢɰ, 
ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɧɟ ɧɭɠɧɵ ɞɥɹ ɟɝɨ ɪɚɛɨɬɵ. 
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6 ɅȺȻɈɊȺɌɈɊɇȺə ɊȺȻɈɌȺ №3 

 

6.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɍɟɦɚ: Ⱥɥɝɨɪɢɬɦɵ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ. 
 

ɐɟɥɶ ɪɚɛɨɬɵ: ɂɡɭɱɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɪɟɚɥɢɡɚɰɢɹ ɢɯ ɧɚ 
ɹɡɵɤɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ. 

 

Ɂɚɞɚɧɢɟ. 
ȼ ɫɢɫɬɟɦɭ ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɜ ɩɪɟɞɵɞɭɳɢɯ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬɚɯ, ɞɨɛɚɜɢɬɶ ɮɭɧɤɰɢɸ ɩɨɪɨɝɨɜɨɣ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢ 
ɚɥɝɨɪɢɬɦ ɜɨɞɨɪɚɡɞɟɥɚ. ɉɨɞɨɛɪɚɬɶ ɬɟɫɬɨɜɵɟ ɩɪɢɦɟɪɵ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɞɨɫɬɨɢɧɫɬɜɚ ɢ 
ɧɟɞɨɫɬɚɬɤɢ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ. 

 

 

6.2 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɪɚɛɨɬɟ 

 

ȼ ɫɢɫɬɟɦɟ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɫɥɟɞɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ: 
1) ɢɡɦɟɧɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɡɧɚɱɟɧɢɹ ɩɨɪɨɝɚ; 
2) ɜɵɱɢɫɥɟɧɢɟ ɩɥɨɳɚɞɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ; 
3) ɜɵɞɟɥɟɧɢɟ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɨɛɴɟɤɬɚ. 

 

 

6.3 ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

 

Ɉɬɱɟɬ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɡɞɟɥɵ: 
- ɬɢɬɭɥɶɧɵɣ ɥɢɫɬ; 
- ɡɚɞɚɧɢɟ ɤ ɪɚɛɨɬɟ; 
- ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɪɟɚɥɢɡɨɜɚɧɧɵɦ ɦɟɬɨɞɚɦ ɫɟɝɦɟɧɬɚɰɢɢ ɫ ɨɩɢɫɚɧɢɟɦ 
ɢɯ ɞɨɫɬɨɢɧɫɬɜ ɢ ɧɟɞɨɫɬɚɬɤɨɜ; 
- ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɜ ɜɢɞɟ ɷɤɪɚɧɧɵɯ ɮɨɪɦ; 
- ɥɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ. 
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7 ɅȺȻɈɊȺɌɈɊɇȺə ɊȺȻɈɌȺ №4 

 

7.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɍɟɦɚ: Ⱥɥɝɨɪɢɬɦɵ ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 
 

ɐɟɥɶ ɪɚɛɨɬɵ: ɂɡɭɱɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɢ 
ɪɟɚɥɢɡɚɰɢɹ ɢɯ ɧɚ ɹɡɵɤɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ. 

 

Ɂɚɞɚɧɢɟ.  
ȼ ɫɢɫɬɟɦɭ ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɜ ɩɪɟɞɵɞɭɳɢɯ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬɚɯ, ɞɨɛɚɜɢɬɶ  ɮɭɧɤɰɢɸ ɨɤɨɧɬɭɪɢɜɚɧɢɹ ɨɛɴɟɤɬɨɜ, ɢɫɩɨɥɶɡɭɸɳɭɸ: 
- 1 ɜɚɪɢɚɧɬ (ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɫ ɧɟɱɟɬɧɵɦɢ ɧɨɦɟɪɚɦɢ ɩɨ ɠɭɪɧɚɥɭ): ɨɩɟɪɚɬɨɪ Ɋɨɛɟɪɬɫɚ, 

ɨɩɟɪɚɬɨɪ ɋɨɛɟɥɚ, ɪɚɡɧɨɫɬɧɵɣ ɨɩɟɪɚɬɨɪ; 
- 2 ɜɚɪɢɚɧɬ (ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɫ ɱɟɬɧɵɦɢ ɧɨɦɟɪɚɦɢ ɩɨ ɠɭɪɧɚɥɭ): ɨɩɟɪɚɬɨɪ ɉɪɟɜɢɬɬɚ, 

ɨɩɟɪɚɬɨɪ Ʉɢɪɲɚ, ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ. 
 

 

7.2 ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

 

Ɉɬɱɟɬ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɡɞɟɥɵ: 
- ɬɢɬɭɥɶɧɵɣ ɥɢɫɬ; 
- ɡɚɞɚɧɢɟ ɤ ɪɚɛɨɬɟ; 
- ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɪɟɚɥɢɡɨɜɚɧɧɵɦ ɦɟɬɨɞɚɦ ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ; 
- ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɜ ɜɢɞɟ ɷɤɪɚɧɧɵɯ ɮɨɪɦ; 
- ɥɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ. 
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8 ɆȿɌɈȾɂɑȿɋɄɂȿ ɍɄȺɁȺɇɂə ɉɈ ɈɉɂɋȺɇɂɘ ɅɂɇɂɃ 
 

Ɉɛɳɢɣ ɩɨɞɯɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɨɛɴɟɤɬ ɨɞɧɨɣ ɢɥɢ 
ɦɧɨɝɢɦɢ ɩɪɹɦɵɦɢ ɥɢɧɢɹɦɢ (ɢɥɢ ɤɪɢɜɵɦɢ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬɫɹ ɦɧɨɝɨɱɥɟɧɚɦɢ). Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɢɦɟɸɬɫɹ ɞɜɟ ɡɚɞɚɱɢ: ɤɚɤ ɪɚɡɛɢɬɶ ɢɫɯɨɞɧɵɣ ɨɛɴɟɤɬ ɧɚ ɫɟɝɦɟɧɬɵ ɢ ɤɚɤ ɩɨɞɨɛɪɚɬɶ 
ɥɢɧɢɸ ɞɥɹ ɤɚɠɞɨɝɨ ɫɟɝɦɟɧɬɚ. 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɡɚɞɚɱɚ ɪɚɡɛɢɟɧɢɹ ɨɛɴɟɤɬɚ ɧɚ ɩɨɞɦɧɨɠɟɫɬɜɚ ɦɨɠɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɡɚɞɚɱɚ ɫɟɝɦɟɧɬɚɰɢɢ. Ɇɵ, ɧɚɩɪɢɦɟɪ, ɢɦɟɟɦ ɨɫɧɨɜɚɧɢɹ ɨɠɢɞɚɬɶ, ɱɬɨ 
ɬɨɱɤɢ ɨɛɴɟɤɬɚ ɫɤɨɪɟɟ ɥɟɠɚɬ ɧɚ ɤɚɤɢɯ-ɬɨ (ɜɨɡɦɨɠɧɨ, ɫɥɨɠɧɵɯ) ɤɪɢɜɵɯ, ɱɟɦ ɧɚ ɫɥɭɱɚɣɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɥɢɧɟɣɧɵɯ ɫɟɝɦɟɧɬɚɯ. ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɟɫɬɟɫɬɜɟɧɧɨ ɩɨɢɫɤɚɬɶ ɦɟɬɨɞɵ ɞɥɹ 
ɪɚɡɛɢɟɧɢɹ ɫɨɜɨɤɭɩɧɨɫɬɢ ɬɨɱɟɤ ɨɛɴɟɤɬɚ, ɬ.ɟ. ɤɪɢɜɨɣ, ɧɚ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɥɢɧɟɣɧɵɯ ɫɟɝɦɟɧɬɨɜ, ɬɚɤɢɯ, ɱɬɨ ɤɚɠɞɵɣ ɢɡ ɧɢɯ ɦɨɠɟɬ ɛɵɬɶ ɯɨɪɨɲɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧ 
ɨɬɪɟɡɤɨɦ ɩɪɹɦɨɣ. 

ȼɟɫɶɦɚ ɭɞɨɛɧɵɣ ɦɟɬɨɞ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɤɪɢɜɨɣ ɢɡɜɟɫɬɟɧ ɩɨɞ 
ɧɚɡɜɚɧɢɟɦ ɰɟɩɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɤɪɢɜɚɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɡɚɞɚɧɚ ɜ ɜɢɞɟ 
ɞɜɭɯɝɪɚɞɚɰɢɨɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɧɟɤɜɚɧɬɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɢ ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɤɚɤɢɦ-ɬɨ 
ɨɛɪɚɡɨɦ ɩɪɟɞɫɬɚɜɢɬɶ ɟɟ ɜ ɰɢɮɪɨɜɨɣ ɮɨɪɦɟ. 

ɇɚ ɚɧɚɥɨɝɨɜɭɸ ɤɚɪɬɢɧɤɭ ɧɚɧɨɫɢɬɫɹ ɫɟɬɤɚ ɢ ɮɢɤɫɢɪɭɸɬɫɹ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ ɤɪɢɜɚɹ 
ɩɟɪɟɫɟɤɚɟɬ ɥɢɧɢɢ ɫɟɬɤɢ. Ⱦɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɤɪɢɜɨɣ ɨɬɛɢɪɚɸɬɫɹ ɭɡɥɵ ɫɟɬɤɢ, ɛɥɢɠɚɣɲɢɟ ɤ 
ɤɚɠɞɨɦɭ ɩɟɪɟɫɟɱɟɧɢɸ. Ɋɢɫɭɧɨɤ 8.1,ɚ) ɩɨɤɚɡɵɜɚɟɬ ɜɵɞɟɥɟɧɧɵɟ ɭɡɥɵ ɞɥɹ ɞɚɧɧɨɣ ɤɪɢɜɨɣ. 
Ɂɚɬɟɦ ɤɨɞɢɪɭɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɭɡɥɨɜ ɜɨɫɶɦɟɪɢɱɧɵɦɢ ɱɢɫɥɚɦɢ, ɨɛɨɡɧɚɱɚɹ 
ɧɚɩɪɚɜɥɟɧɢɹ ɨɬ ɨɞɧɨɝɨ ɭɡɥɚ ɤ ɞɪɭɝɨɦɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɞɚɦɢ, ɩɨɤɚɡɚɧɧɵɦɢ ɧɚ 
ɪɢɫ.8.1,ɛ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 8.1 - ɐɟɩɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ 

 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɰɟɩɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɞɚɧɧɨɣ ɤɪɢɜɨɣ ɧɚɱɢɧɚɹ ɫ ɤɪɚɣɧɟɣ ɧɢɠɧɟɣ 
ɬɨɱɤɢ ɞɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 1, 1, 2, 1, 0.  

ɐɟɩɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɨɫɨɛɟɧɧɨ ɭɞɨɛɧɨ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɮɨɪɦɵ ɞɜɭɯ ɤɪɢɜɵɯ. 
Ɉɛɨɡɧɚɱɢɦ ɰɟɩɢ ɱɟɪɟɡ a=a1...an ɢ b=b1...bn . Ɉɩɪɟɞɟɥɢɦ ɰɟɩɧɭɸ ɜɡɚɢɦɧɨ-ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ 
ɮɭɧɤɰɢɸ abC  ɞɜɭɯ ɤɪɢɜɵɯ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ: 

 n

1i

iiab ba
n

1
C , 

ɝɞɟ )bacos(ba iiii  . 

ȿɫɥɢ, ɟɫɥɢ ɞɜɟ ɤɪɢɜɵɟ ɢɞɟɧɬɢɱɧɵ, ɢɯ ɰɟɩɧɚɹ ɮɭɧɤɰɢɹ ɜɡɚɢɦɧɨɣ ɤɨɪɪɟɥɹɰɢɢ 
ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ 1. 

 

 3             2            

 5             6            

0 4 

ɛ ɚ 
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9 ɅȺȻɈɊȺɌɈɊɇȺə ɊȺȻɈɌȺ №5 
 

9.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɍɟɦɚ: Ɉɩɢɫɚɧɢɟ ɥɢɧɢɣ. 
 

ɐɟɥɶ ɪɚɛɨɬɵ: ɩɨɥɭɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɨɩɢɫɚɧɢɹ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɢ ɩɨɦɨɳɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɪɹɦɵɦɢ ɥɢɧɢɹɦɢ. 

 

Ɂɚɞɚɧɢɟ. 
ȼ ɫɢɫɬɟɦɭ ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɜ ɩɪɟɞɵɞɭɳɢɯ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬɚɯ, ɞɨɛɚɜɢɬɶ  ɮɭɧɤɰɢɸ ɨɩɢɫɚɧɢɹ ɜɵɞɟɥɟɧɧɨɝɨ ɤɨɧɬɭɪɚ ɨɛɴɟɤɬɚ 
ɦɟɬɨɞɨɦ ɰɟɩɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ. 

 

 

9.2 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɪɚɛɨɬɟ. 
 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɵ ɧɚ ɥɸɛɨɦ ɹɡɵɤɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɜ ɜɢɞɟ MDI-ɩɪɢɥɨɠɟɧɢɹ. 
 

 

9.3 ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

 

Ɉɬɱɟɬ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɡɞɟɥɵ: 
- ɬɢɬɭɥɶɧɵɣ ɥɢɫɬ; 
- ɡɚɞɚɧɢɟ ɤ ɪɚɛɨɬɟ; 
- ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɪɟɚɥɢɡɨɜɚɧɧɵɦ ɮɭɧɤɰɢɹɦ; 
- ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɜ ɜɢɞɟ ɷɤɪɚɧɧɵɯ ɮɨɪɦ; 
- ɥɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ. 
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10 ɄɈɇɌɊɈɅɖɇȺə ɊȺȻɈɌȺ 

(ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɡɚɨɱɧɨɝɨ ɨɬɞɟɥɟɧɢɹ) 
 

10.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɍɟɦɚ: Ɉɩɢɫɚɧɢɟ ɥɢɧɢɣ. 
 

ɐɟɥɶ ɪɚɛɨɬɵ: ɩɨɥɭɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɨɩɢɫɚɧɢɹ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɢ ɩɨɦɨɳɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɪɹɦɵɦɢ ɥɢɧɢɹɦɢ. 

 

Ɂɚɞɚɧɢɟ.  
ȼɵɞɟɥɢɬɶ ɧɚ ɢɫɯɨɞɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɤɨɧɬɭɪ ɨɛɴɟɤɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɚɞɚɧɧɨɝɨ ɩɨ 

ɜɚɪɢɚɧɬɭ ɨɩɟɪɚɬɨɪɚ (ɬɚɛɥɢɰɚ 1). Ɉɩɢɫɚɬɶ ɤɨɧɬɭɪ ɦɟɬɨɞɨɦ ɰɟɩɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ. 
ȼɚɪɢɚɧɬ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ:  

№ɜɚɪɢɚɧɬɚ = (№ɩɨИɠɭɪɧɚɥɭ mod 6) +1. 

 

Ɍɚɛɥɢɰɚ 10.1 – ȼɚɪɢɚɧɬɵ ɨɩɟɪɚɬɨɪɨɜ 

№ ɜɚɪɢɚɧɬɚ Ɉɩɟɪɚɬɨɪ 

1 Ɋɨɛɟɪɬɫɚ 

2 ɋɨɛɟɥɚ 

3 ɉɪɟɜɢɬɬɚ 

4 Ʉɢɪɲɚ 

5 Ɋɚɡɧɨɫɬɧɵɣ 

6 Ʌɚɩɥɚɫɚ 

  

 

10.2 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɪɚɛɨɬɟ. 
 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɵ ɧɚ ɥɸɛɨɦ ɹɡɵɤɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɜ ɜɢɞɟ MDI-ɩɪɢɥɨɠɟɧɢɹ. 
 

 

10.3 ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ. 
 

Ɉɬɱɟɬ ɩɨ ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɡɞɟɥɵ: 
- ɬɢɬɭɥɶɧɵɣ ɥɢɫɬ; 
- ɡɚɞɚɧɢɟ ɤ ɪɚɛɨɬɟ; 
- ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɪɟɚɥɢɡɨɜɚɧɧɵɦ ɮɭɧɤɰɢɹɦ; 
- ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɜ ɜɢɞɟ ɷɤɪɚɧɧɵɯ ɮɨɪɦ; 
- ɥɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ. 

ɉɪɨɝɪɚɦɦɚ ɫɞɚɟɬɫɹ ɧɚ ɩɨɞɩɢɫɚɧɧɨɣ ɞɢɫɤɟɬɟ ɜɦɟɫɬɟ ɫ ɨɬɱɟɬɨɦ ɜ ɜɢɞɟ ɮɚɣɥɚ *.rtf. 
ɇɚɞɩɢɫɶ ɧɚ ɞɢɫɤɟɬɟ: ɩɪɟɞɦɟɬ ("Ɋɂ"), ɧɨɦɟɪ ɤɨɧɬɪɨɥɶɧɨɣ, ɎɂɈ, ɝɪɭɩɩɚ, ɝɨɞ ɫɞɚɱɢ. 
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ɅɂɌȿɊȺɌɍɊȺ 
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ɉɪɢɥɨɠɟɧɢɟ Ⱥ 

 

ɉɊɂɆȿɊɕ ɎɂɅɖɌɊȺɐɂɂ ɂɁɈȻɊȺɀȿɇɂə 
 

Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɮɢɥɶɬɪɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɩɭɧɤɬɚɯ 3.2 ɢ 3.3, ɪɚɫɫɦɨɬɪɢɦ  
ɫɥɟɞɭɸɳɟɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɡɦɟɪɨɦ 3x3 ɩɢɤɫɟɥɚ. 

 

11 12 10 

11 10 12 

13 10 9 

 

ɉɪɢ ɨɫɪɟɞɧɟɧɢɢ ɫɤɨɥɶɡɹɳɢɦ ɨɤɧɨɦ ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ 
ɞɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

11!8,10
9

98

9

91013121011101211 
. 

 

ɂɫɩɨɥɶɡɭɹ ɫɜɟɪɬɤɭ ɫ ɦɚɫɤɨɣ (3.2) ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɩɨɥɭɱɚɟɦ 

ɪɚɜɧɵɦ 11625,10
16

170

121242121

91102131122104112101122111 


. 

 

ȼ ɮɢɥɶɬɪɟ Ƚɚɭɫɫɚ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ )r,r(c 0


 

ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.3). Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɷɬɚ ɦɚɬɪɢɰɚ ɢɦɟɟɬ 
ɜɢɞ: 

0,499 0,062 1 

0,499 1 0,062 

0,002 1 0,499 

 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɭɸ ɦɚɬɪɢɰɭ ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɩɨɥɭɱɚɟɦ 
ɪɚɜɧɵɦ 




0,49910020062010,499106200,499

90,499101130020120620101110,499101120620110,499

,,,

,,,
 

1010,163
4,624

46,997  . 

 

ɉɪɢ ɮɢɥɶɬɪɚɰɢɢ ɦɟɞɢɚɧɧɵɦ ɮɢɥɶɬɪɨɦ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɢ 
ɟɝɨ 8 ɫɨɫɟɞɟɣ ɫɨɪɬɢɪɭɸɬɫɹ ɜ ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ: 9, 10, 10, 10, 11, 11, 12, 12, 13. Ɂɚɬɟɦ ɜ 
ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɢɡ ɞɚɧɧɨɝɨ 
ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɩɢɫɤɚ ɰɟɧɬɪɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ (9, 10, 10, 10, 11, 11, 12, 12, 13), ɬ.ɟ. 11.  

 

ȼɨ ɜɡɜɟɲɟɧɧɨɦ ɦɟɞɢɚɧɧɨɦ ɮɢɥɶɬɪɟ ɢɫɩɨɥɶɡɭɟɦ ɦɚɬɪɢɰɭ ɜɟɫɨɜ ɜɢɞɚ: 
 

1 2 1 

2 3 2 

1 2 1 

 

Ɍɨɝɞɚ ɷɥɟɦɟɧɬɵ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɤɥɸɱɚɸɬɫɹ ɜ ɫɨɪɬɢɪɭɟɦɵɣ ɫɩɢɫɨɤ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 11 ɜɤɥɸɱɚɟɬɫɹ ɜ ɫɩɢɫɨɤ 1 ɪɚɡ, 12 – 2 ɪɚɡɚ, 10 – 1 ɪɚɡ, 11 – 2 ɪɚɡɚ, 10 – 

3 ɪɚɡɚ, 12 – 2 ɪɚɡɚ, 13 – 1 ɪɚɡ, 10 – 2 ɪɚɡɚ ɢ 9 – 1 ɪɚɡ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɬɫɹ ɫɩɢɫɨɤ ɜɢɞɚ: 
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9, 10, 10, 10, 10, 10, 10, 11, 11, 11, 12, 12, 12, 12, 13,  ɰɟɧɬɪɚɥɶɧɵɣ ɷɥɟɦɟɧɬ ɤɨɬɨɪɨɝɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ. 

ȼ ɮɢɥɶɬɪɟ ɨɰɟɧɤɢ ɫɟɪɟɞɢɧɵ ɞɢɚɩɚɡɨɧɚ ɜɵɛɢɪɚɸɬɫɹ ɦɢɧɢɦɚɥɶɧɵɣ ɢ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɷɥɟɦɟɧɬɵ ɢɡɨɛɪɚɠɟɧɢɹ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 9 ɢ 13) ɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɦɟɠɞɭ 

ɧɢɦɢ ɛɟɪɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɞɥɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ, ɬ.ɟ. 11
2

22

2

139 
. 

 

Ⱦɥɹ ɮɢɥɶɬɪɚ Ʉ-ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɬɚɤɠɟ ɫɨɪɬɢɪɭɟɦ ɷɥɟɦɟɧɬɵ ɢɡɨɛɪɚɠɟɧɢɹ (9, 
10, 10, 10, 11, 11, 12, 12, 13) ɢ ɛɟɪɟɦ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ K=5. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɨɜɨɝɨ 
ɡɧɚɱɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɜɵɛɢɪɚɟɦ ɢɡ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɩɢɫɤɚ 5 ɷɥɟɦɟɧɬɨɜ 
(ɰɟɧɬɪɚɥɶɧɵɣ ɢ ɞɜɚ ɟɝɨ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɚ): 10, 10, 11, 11, 12. ɗɬɢ ɷɥɟɦɟɧɬɵ ɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɫɪɟɞɧɟɧɢɹ: 118,10
5

54

5

1211111010 
. 

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɢɝɦɚ-ɮɢɥɶɬɪɚ (-ɮɢɥɶɬɪɚ) ɜɵɱɢɫɥɹɟɬɫɹ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɹɪɤɨɫɬɢ (ɫɦ. ɩɭɧɤɬɵ 1.4.1-1.4.4) ɢɫɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ (ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɢɦɟɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɋɄɈ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨ 1,27). Ɂɚɬɟɦ 
ɞɥɹ ɭɫɪɟɞɧɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɡɧɚɱɟɧɢɹ ɬɟɯ ɩɢɤɫɟɥɟɣ ɢɡ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɩɢɫɤɚ (9, 10, 10, 
10, 11, 11, 12, 12, 13), ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ C·ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ 
ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 10). ɉɭɫɬɶ  C=1, ɬɨɝɞɚ 11C   ɢ 
ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɞɥɹ ɭɫɪɟɞɧɟɧɢɹ ɪɚɜɟɧ 10±1, ɬ.ɟ. ɷɬɨ: 9, 10, 10, 10, 11, 11. ɇɨɜɨɟ 

ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ ɪɚɜɧɵɦ 10!16,10
6

61

6

11111010109 
. 

 

MTM-ɮɢɥɶɬɪ ɚɧɚɥɨɝɢɱɟɧ -ɮɢɥɶɬɪɭ, ɬɨɥɶɤɨ ɞɢɚɩɚɡɨɧ ɭɫɪɟɞɧɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ C·ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɜ ɨɬɫɨɪɬɢɪɨɜɚɧɧɨɦ ɫɩɢɫɤɟ, ɬ.ɟ.11±1. ɇɨɜɨɟ 

ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 1185,10
7

76

7

12121111101010 
. 

 

ɉɪɢ ɮɢɥɶɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ stick-ɮɢɥɶɬɪɨɦ ɜɵɛɢɪɚɟɦ ɫɥɟɞɭɸɳɢɟ ɨɬɪɟɡɤɢ 
ɩɪɹɦɵɯ: ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ (ɪɢɫ. Ⱥ.1, а) - 

11, 10, 12; ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ (ɪɢɫ. Ⱥ.1, ɛ) - 12, 10, 10; ɢ ɞɜɚ ɞɢɚɝɨɧɚɥɶɧɵɯ (ɪɢɫ. 
Ⱥ.1, ɜ ɢ ɝ): 13, 10, 10 ɢ 11, 10, 9. 

ɚ)   ɛ)    ɜ)   ɝ) 
Ɋɢɫɭɧɨɤ Ⱥ.1 - Ⱦɨɩɭɫɬɢɦɵɟ stick-ɧɚɩɪɚɜɥɟɧɢɹ ɞɥɹ ɚɩɟɪɬɭɪɵ 3x3: ɚ) ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ; ɛ) 

ɜɟɪɬɢɤɚɥɶɧɨɟ; ɜ) ɢ ɝ) ɞɢɚɝɨɧɚɥɶɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨ ɭɝɥɨɦ 45º   
 

Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜɵɱɢɫɥɹɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɫɟɪɟɞɢɧɵ ɞɢɚɩɚɡɨɧɨɜ: ɞɥɹ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 11
2

22

2

1210 
, ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 11

2

22

2

1210 
, ɞɥɹ 

ɞɢɚɝɨɧɚɥɶɧɵɯ 12511
2

23

2

1310 
,  ɢ 10

2

20

2

119 
. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɛɢɪɚɟɬɫɹ ɛɥɢɠɚɣɲɟɟ ɤ ɰɟɧɬɪɚɥɶɧɨɦɭ ɩɢɤɫɟɥɭ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɬ.ɟ. 10. 

 

11 12 10  11 12 10  11 12 10  11 12 10 

11 10 12  11 10 12  11 10 12  11 10 12 

13 10 9  13 10 9  13 10 9  13 10 9 
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