
ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 29, 2011 71

ɍȾɄ 62.50.23:517.8 

 

 

ɎɈɊɆɍɅɘȼȺɇɇə ɆȺɌȿɆȺɌɂɑɇɈȲ ɆɈȾȿɅȱ ȻȺȽȺɌɈɄɊɂɌȿɊȱȺɅɖɇɈȽɈ 

ȼɂȻɈɊɍ ȼȱɃɋɖɄɈȼɈȲ ɌȿɏɇȱɄɂ ɌȺ ɊȿɁɍɅɖɌȺɌȱȼ ɈɐȱɇɄɂ ɌɈɑɇɈɋɌȱ 
ɊɈɁȼ’əɁȺɇɇə ɁȺȾȺɑȱ ȻȺȽȺɌɈȼȿɄɌɈɊɇɈȲ ɈɉɌɂɆȱɁȺɐȱȲ 

 

ɘ.ȯ. Ɉɜɱɚɪɟɧɤɨ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ɏɇȺȾɍ 
 

Ⱥɧɨɬɚɰɿɹ. ɋɮɨɪɦɭɥɶɨɜɚɧɨ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨɝɨ ɜɢɛɨɪɭ ɜɿɣɫɶɤɨɜɨʀ  
ɬɟɯɧɿɤɢ. 
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɚ ɬɟɯɧɿɤɚ, ɰɿɥɶɨɜɟ ɩɪɢɡɧɚɱɟɧɧɹ, ɫɢɫɬɟɦɚ «ɜɿɣɫɶɤɨɜɚ ɬɟɯ-
ɧɿɤɚ – ɫɟɪɟɞɨɜɢɳɟ ɡɚɫɬɨɫɭɜɚɧɧɹ», ɜɟɤɬɨɪ ɭɦɨɜ ɡɚɫɬɨɫɭɜɚɧɧɹ. 
 

ɎɈɊɆɍɅɂɊɈȼȺɇɂȿ ɆȺɌȿɆȺɌɂɑȿɋɄɈɃ ɆɈȾȿɅɂ  

ɆɇɈȽɈɄɊɂɌȿɊɂȺɅɖɇɈȽɈ ȼɂȻɈɊȺ ȼɈȿɇɇɈɃ ɌȿɏɇɂɄɂ ɂ 

ɊȿɁɍɅɖɌȺɌɈȼ ɈɐȿɇɄɂ ɌɈɑɇɈɋɌɂ Ɋȿɒȿɇɂə ɁȺȾȺɑɂ 

ɆɇɈȽɈȼȿɄɌɈɊɇɈɃ ɈɉɌɂɆɂɁȺɐɂɂ 
 

ɘ.ȿ. Ɉɜɱɚɪɟɧɤɨ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ɏɇȺȾɍ 
 

Ⱥɧɧɨɬɚɰɢɹ. ɋɮɨɪɦɭɥɢɪɨɜɚɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɝɨ ɜɵɛɨɪɚ ɜɨɟɧɧɨɣ 
ɬɟɯɧɢɤɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɨɨɪɭɠɟɧɢɟ ɢ ɜɨɟɧɧɚɹ ɬɟɯɧɢɤɚ, ɰɟɥɟɜɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ, ɫɢɫɬɟɦɚ «ɜɨɟɧɧɚɹ 
ɬɟɯɧɢɤɚ – ɫɪɟɞɚ ɩɪɢɦɟɧɟɧɢɹ», ɜɟɤɬɨɪ ɭɫɥɨɜɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

 

FORMATION OF MATHEMATICAL MODEL FOR MULTICRITERION CHOICE 

OF MILITARY EQUIPMENT AND ESTIMATION RESULTS OF MULTIVECTOR 

OPTIMIZATION PROBLEM SOLVING PRECISION 

 

Yu. Ovcharenco, Associate Professor, Candidate of Technical Science, KhNAHU 

 

Abstract. The mathematical model of multicriterion choice of military equipment is expounded.  

 

Key words: armament and military  equipment, goal assignment, theme «military equipment – area of 

application», vector of application conditions.  

 

 

 

ȼɫɬɭɩ 

 

ȼɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɧɹ ɩɨɪɿɜɧɹɥɶɧɨʀ ɨɰɿɧɤɢ 

ɨɡɛɪɨɽɧɧɹ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ ɽ ɜ ɨɫɧɨɜɿ  
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɳɨɞɨ ʀɯ ɡɚɦɿɧɢ, ɩɪɢɣɧɹɬ-
ɬɹ ɧɚ ɨɡɛɪɨɽɧɧɹ ɬɚ ɩɨɜ’ɹɡɚɧɟ ɡ ɨɛ’ɽɤɬɢɜɧɨ 

ɿɫɧɭɸɱɢɦɢ ɮɚɤɬɨɪɚɦɢ ɚɩɪɿɨɪɧɨʀ ɧɟɜɢɡɧɚɱɟ-
ɧɨɫɬɿ ɛɨɣɨɜɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɜ ɥɚɧɰɿ ɜɢɩɚɞ-

ɤɨɜɢɯ ɡɛɭɪɟɧɶ. 
 

Ɂɚ ɰɢɯ ɭɦɨɜ ɫɥɿɞ ɝɨɜɨɪɢɬɢ ɧɟ ɬɿɥɶɤɢ ɩɪɨ  

ɡɚɜɞɚɧɧɹ ɨɩɬɢɦɚɥɶɧɨɝɨ, ɜ ɩɥɚɧɿ ɦɧɨɠɢɧɢ 

ɩɨɤɚɡɧɢɤɿɜ ɜɢɛɨɪɭ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɨʀ 
ɬɟɯɧɿɤɢ, ɚ ɣ ɨɩɬɢɦɚɥɶɧɨɝɨ, ɡɧɨɜɭ ɠ ɬɚɤɢ ɜ 

ɩɥɚɧɿ ɜɟɤɬɨɪɚ ɭɦɨɜ ɡɚɫɬɨɫɭɜɚɧɧɹ, ɨɛ’ɽɤɬɚ ɜ 
ɪɚɦɤɚɯ ɫɬɨɯɚɫɬɢɱɧɨʀ ɫɢɫɬɟɦɢ «ɜɿɣɫɶɤɨɜɚ ɬɟɯ-
ɧɿɤɚ – ɫɟɪɟɞɨɜɢɳɟ ɡɚɫɬɨɫɭɜɚɧɧɹ».  

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

 

Ɂ ɱɚɫɨɦ ɚɜɬɨɦɨɛɿɥɶ ɫɬɚɽ ɜɫɟ ɛɿɥɶɲ ɭɧɿɜɟɪɫɚ-
ɥɶɧɢɦ ɡɚɫɨɛɨɦ ɿ ɝɪɿɡɧɨɸ ɡɛɪɨɽɸ. ɋɶɨɝɨɞɧɿ ɧɟ 
ɦɨɠɧɚ ɜɟɫɬɢ ɪɨɡɦɨɜɭ ɩɪɨ ɩɪɨɞɨɜɠɟɧɧɹ ɫɬɪɨ-
ɤɭ ɣɨɝɨ ɩɟɪɟɛɭɜɚɧɧɹ ɧɚ ɨɡɛɪɨɽɧɧɿ ɹɤɨɦɨɝɚ 
ɞɨɜɲɟ, ɚ ɣɞɟɬɶɫɹ ɩɪɨ ɧɟɨɛɯɿɞɧɿɫɬɶ ɩɟɪɟɯɨɞɭ 
ɜɿɞ ɩɨɫɬɭɩɨɜɨɝɨ «ɟɜɨɥɸɰɿɣɧɨɝɨ» ɲɥɹɯɭ ɪɿ-
ɲɟɧɧɹ ɩɪɨɛɥɟɦ ɜɢɪɨɛɧɢɰɬɜɚ ɨɛ’ɽɤɬɿɜ ɜɿɣɫɶ-
ɤɨɜɨʀ ɚɜɬɨɦɨɛɿɥɶɧɨʀ ɬɟɯɧɿɤɢ ɞɨ «ɪɟɜɨɥɸɰɿɣ-
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ɧɢɯ» ɪɿɲɟɧɶ, ɩɪɨɪɢɜɧɢɯ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɲɥɹ-
ɯɿɜ ɜɢɯɨɞɭ ɧɚ ɧɨɜɢɣ ɪɿɜɟɧɶ ɿ ɧɨɜɭ ɹɤɿɫɬɶ ɫɭ-

ɤɭɩɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɿɣɫɶɤɨɜɨʀ ɚɜɬɨɦɨɛɿ-
ɥɶɧɨʀ ɬɟɯɧɿɤɢ. əɫɧɨ, ɳɨ ɡɚɜɞɚɧɧɧɹ ɰɟ – ɧɟ 
ɜɭɡɶɤɨɫɩɟɰɿɚɥɿɡɨɜɚɧɟ, ɧɟ ɫɭɬɨ ɜɿɣɫɶɤɨɜɟ. ȼɨ-
ɧɨ – ɡɚɝɚɥɶɧɟ, ɬɚɤɟ, ɳɨ ɜɢɦɚɝɚɽ ɤɨɧɫɨɥɿɞɨɜɚ-
ɧɨʀ, ɫɩɿɥɶɧɨʀ ɪɨɛɨɬɢ ɡɚɤɨɧɨɞɚɜɱɨʀ ɿ ɜɢɤɨɧɚɜ-
ɱɨʀ ɜɥɚɞɢ, ɫɢɥɨɜɢɯ ɜɿɞɨɦɫɬɜ, ɧɚɭɤɨɜɨ-
ɞɨɫɥɿɞɧɢɯ ɨɪɝɚɧɿɡɚɰɿɣ, ɭɫɿɯ ɛɟɡ ɜɢɤɥɸɱɟɧɧɹ 
ɩɿɞɩɪɢɽɦɫɬɜ ɚɜɬɨɦɨɛɿɥɶɧɨʀ ɩɪɨɦɢɫɥɨɜɨɫɬɿ ɿ 
ɫɭɦɿɠɧɢɯ ɝɚɥɭɡɟɣ [1–3].  
 

Ɇɟɬɚ ɬɚ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
 

ȼ ɭɦɨɜɚɯ ɪɨɡɜɢɬɤɭ Ɂɛɪɨɣɧɢɯ ɋɢɥ ɍɤɪɚʀɧɢ 

ɪɿɡɤɨ ɡɪɨɫɥɚ ɧɟɨɛɯɿɞɧɿɫɬɶ ɜ ɩɪɢɣɧɹɬɬɿ ɨɛʉɪɭ-

ɧɬɨɜɚɧɢɯ ɪɿɲɟɧɶ ɡ ɜɢɛɨɪɭ ɨɛ’ɽɤɬɿɜ ɜɿɣɫɶɤɨɜɨʀ 
ɚɜɬɨɦɨɛɿɥɶɧɨʀ ɬɟɯɧɿɤɢ ɬɚ ɜɿɣɫɶɤɨɜɢɯ ɝɭɫɟɧɢ-

ɱɧɢɯ ɦɚɲɢɧ, ɳɨ ɩɨɪɨɞɠɭɽ ɩɨɬɪɟɛɭ ɜ ɦɟɬɨ-
ɞɢɤɚɯ ɬɚ ɤɟɪɿɜɧɢɰɬɜɚɯ ɳɨɞɨ ɩɪɢɣɧɹɬɬɹ ɪɿ-
ɲɟɧɶ, ɹɤɿ ɛ ɫɩɪɨɳɭɜɚɥɢ ɰɟɣ ɩɪɨɰɟɫ ɬɚ 
ɧɚɞɚɜɚɥɢ ɪɿɲɟɧɧɹɦ ɛɿɥɶɲɨʀ ɧɚɞɿɣɧɨɫɬɿ. 
 

ɉɪɨɜɟɞɟɧɢɣ ɚɧɚɥɿɡ ɦɟɬɨɞɿɜ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚ-
ɥɶɧɨʀ ɨɰɿɧɤɢ ɞɨɡɜɨɥɹɽ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɤɢ, ɳɨ 
ɥɢɲɟ ɞɟɹɤɿ ɡ ɧɢɯ ɞɨɜɟɞɟɧɿ ɞɨ ɪɿɜɧɹ ɦɟɬɨɞɢɱ-
ɧɢɯ ɪɟɤɨɦɟɧɞɚɰɿɣ. Ⱥɥɝɨɪɢɬɦɿɡɚɰɿɹ ɪɿɲɟɧɶ 
ɡɞɿɣɫɧɸɽɬɶɫɹ ɡɚ ɪɚɯɭɧɨɤ ɡɧɚɧɶ ɫɩɟɰɿɚɥɿɫɬɿɜ, 
ɟɤɫɩɟɪɬɧɢɯ ɦɟɬɨɞɿɜ ɬɚ ɧɚɤɨɩɢɱɟɧɨʀ ɩɚɪɚɦɟɬ-
ɪɢɱɧɨʀ ɫɬɚɬɢɫɬɢɤɢ ɩɪɨ ɬɪɚɧɫɩɨɪɬɧɿ ɡɚɫɨɛɢ, 

ɳɨ ɞɨɫɥɿɞɠɭɸɬɶɫɹ. 
 

Ɍɨɦɭ ɧɟɨɛɯɿɞɧɨ: 
– ɪɨɡɪɨɛɢɬɢ ɧɚɭɤɨɜɨ-ɦɟɬɨɞɢɱɧɢɣ ɚɩɚɪɚɬ ɭ 

ɫɟɪɟɞɨɜɢɳɿ ɨɛ’ɽɤɬɧɨ-ɨɪɿɽɧɬɨɜɚɧɨɝɨ ɩɪɨɝɪɚ-
ɦɭɜɚɧɧɹ ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɨɞɟ-
ɥɟɣ ɿ ɦɟɬɨɞɢɤ ɨɰɿɧɤɢ ɪɟɚɥɶɧɢɯ ɩɨɤɚɡɧɢɤɿɜ 
ɬɟɯɧɿɱɧɨɝɨ ɪɿɜɧɹ ɜɿɣɫɶɤɨɜɨʀ ɚɜɬɨɦɨɛɿɥɶɧɨʀ 
ɬɟɯɧɿɤɢ ɬɚ ɜɿɣɫɶɤɨɜɢɯ ɝɭɫɟɧɢɱɧɢɯ ɦɚɲɢɧ ɿ 
ɩɪɨɜɟɫɬɢ ʀɯ ɦɨɧɿɬɨɪɢɧɝ; 
 

– ɭ ɪɚɦɤɚɯ ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɫɢɫɬɟɦɢ «ɜɿɣɫɶɤɨɜɚ 
ɬɟɯɧɿɤɚ – ɡɨɜɧɿɲɧɽ ɫɟɪɟɞɨɜɢɳɟ» ɿɞɟɧɬɢɮɿɤɭ-

ɜɚɬɢ ɬɚ ɞɨɫɥɿɞɢɬɢ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɥɨɤɚ-
ɥɶɧɢɯ ɤɪɢɬɟɪɿʀɜ-ɪɟɩɪɟɡɟɧɬɚɧɬɿɜ ɨɰɿɧɤɢ ɩɨɜ-
ɧɨɝɨ ɫɩɟɤɬɪɭ ɹɤɨɫɬɟɣ ɡɪɚɡɤɿɜ ɚɪɦɿɣɫɶɤɢɯ 

ɚɜɬɨɦɨɛɿɥɿɜ ɿ ɜɿɣɫɶɤɨɜɢɯ ɝɭɫɟɧɢɱɧɢɯ ɦɚɲɢɧ 

ɞɥɹ ɩɨɞɚɥɶɲɨʀ ʀɯ ɦɨɞɟɪɧɿɡɚɰɿʀ; 
 

– ɨɛʉɪɭɧɬɭɜɚɬɢ ɬɚ ɫɢɧɬɟɡɭɜɚɬɢ ɦɨɞɟɥɶɧɨ-
ɤɨɦɩɨɧɟɧɬɧɢɣ ɫɤɥɚɞ ɜɟɤɬɨɪɧɢɯ ɤɪɢɬɟɪɿʀɜ 
ɨɰɿɧɤɢ ɬɟɯɧɿɱɧɢɯ ɬɚ ɟɪɝɨɧɨɦɿɱɧɢɯ ɹɤɨɫɬɟɣ 

ɬɢɩɚɠɧɨɝɨ ɪɹɞɭ ɜɿɣɫɶɤɨɜɨʀ ɚɜɬɨɦɨɛɿɥɶɧɨʀ 
ɬɟɯɧɿɤɢ ɬɚ ɜɿɣɫɶɤɨɜɢɯ ɝɭɫɟɧɢɱɧɢɯ ɦɚɲɢɧ, 

ɨɩɬɢɦɚɥɶɧɨɝɨ, ɡ ɩɨɝɥɹɞɭ ɡɚɞɚɧɢɯ ɤɥɚɫɿɜ ɧɚ-
ɞɿɣɧɨɫɬɿ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ, ɧɨɪɦɨɜɚɧɢɯ 

ɩɪɚɤɬɢɤɨɸ ɪɨɡɪɨɛɤɢ ɡɪɚɡɤɿɜ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯ-
ɧɿɤɢ; 

 

– ɨɰɿɧɢɬɢ ɪɟɡɭɥɶɬɚɬɢ ɜɢɤɨɧɚɧɧɹ ɩɪɨɝɪɚɦ ɦɨ-
ɞɟɪɧɿɡɚɰɿʀ ɜɿɣɫɶɤɨɜɢɯ ɝɭɫɟɧɢɱɧɢɯ ɦɚɲɢɧ ɿ 
ɜɿɞɩɪɚɰɸɜɚɬɢ ɪɟɤɨɦɟɧɞɚɰɿʀ ɳɨɞɨ: ʀɯ ɜɩɪɨɜɚ-
ɞɠɟɧɧɹ ɜ ɪɨɛɨɬɭ ɤɨɧɫɬɪɭɤɬɨɪɫɶɤɢɯ ɛɸɪɨ, ɳɨ 
ɡɚɣɦɚɸɬɶɫɹ ɩɢɬɚɧɧɹɦɢ ɪɨɡɪɨɛɤɢ ɨɡɛɪɨɽɧɧɹ 
ɬɚ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ; ɪɟɚɥɿɡɚɰɿʀ ɪɟɡɭɥɶɬɚɬɿɜ 
ɞɨɫɥɿɞɠɟɧɧɹ ɞɥɹ ɩɨɞɜɿɣɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ. 
 

Ɋɨɡɝɥɹɧɟɦɨ ɨɛɦɟɠɟɧɭ ɨɛɱɢɫɥɸɜɚɥɶɧɭ ɤɿɥɶ-
ɤɿɫɬɶ ɨɛ’ɽɤɬɿɜ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ [4–7] 

 

{ }1 2, ,..., ,nX x x x=   (1) 

 

ɞɟ ,ix X∀ ∈  1,i n=  ɦɚɽ ɨɞɧɚɤɨɜɟ ɰɿɥɶɨɜɟ ɩɪɢ-

ɡɧɚɱɟɧɧɹ, ɚ ɜɫɟɛɿɱɧɭ ɨɰɿɧɤɭ ɨɛ’ɽɤɬɚ ɫɯɚɪɚɤ-
ɬɟɪɢɡɭɽɦɨ ɨɞɧɢɦ ɧɚɛɨɪɨɦ ɥɨɤɚɥɶɧɢɯ ɤɪɢɬɟ-
ɪɿʀɜ 
 

{ }1 2, ,..., mI I I I= .                    (2) 

 

Ʉɪɢɬɟɪɿʀ , 1,iI i m=  ɦɨɠɭɬɶ ɩɪɢɣɦɚɬɢ ɡɧɚ-
ɱɟɧɧɹ ɿɡ ɦɧɨɠɢɧɢ iI R⊂ , ɞɟ R – ɦɧɨɠɢɧɚ 
ɞɿɣɫɧɢɯ ɱɢɫɟɥ. Ɍɨɞɿ ɩɟɪɲɢɣ ɞɨɛɭɬɨɤ 

1 2 ...n
mI I I I= × × ×  – m  – ɦɿɪɧɢɣ ɟɜɤɥɿɞɨɜɢɣ 

ɩɪɨɫɬɿɪ, ɳɨ ɹɜɥɹɽ ɫɨɛɨɸ ɩɪɨɫɬɿɪ ɤɪɢɬɟɪɿʀɜ 
ɨɰɿɧɤɢ ɹɤɨɫɬɿ ɡɪɚɡɤɚ ɬɟɯɧɿɤɢ, ɞɟ ,ix X∀ ∈  

1,i n= , ɹɤɢɣ ɜɢɡɧɚɱɚɽ ɨɛ’ɽɤɬ, ɨɞɧɨɡɧɚɱɧɨ 
ɫɩɿɜɫɬɚɜɥɟɧɢɣ ɜɟɤɬɨɪ iI . ɍ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ 

ɩɟɪɟɞɛɚɱɚɽɦɨ, ɳɨ ɜɿɞɨɛɪɚɠɟɧɧɹ 
 

: nf X I→    (3) 

 

ɽ ɿɡɨɦɨɪɮɿɡɦɨɦ ɜɿɞɧɨɲɟɧɶ ɩɟɪɟɜɚɝɢ ɫɟɪɟɞ 

ɩɨɪɿɜɧɸɜɚɧɢɯ ɨɛ’ɽɤɬɿɜ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨ-
ɜɨʀ ɬɟɯɧɿɤɢ, ɳɨ ɞɚɽ ɩɿɞɫɬɚɜɭ ɧɟ ɪɨɛɢɬɢ ɪɨɡɪɿ-
ɡɧɟɧɨɫɬɿ ɦɿɠ ɪɟɚɥɶɧɢɦɢ ɡɪɚɡɤɚɦɢ ɨɛ’ɽɤɬɿɜ ɬɚ 
ʀɯ ɚɛɫɬɪɚɤɬɧɢɦ ɜɟɤɬɨɪɧɢɦ ɭɹɜɥɟɧɧɹɦ ɭ ɜɢ-

ɝɥɹɞɿ , 1,n
iI I i n∈ = . 

 

Ɇɟɠɿ ɫɢɫɬɟɦɢ «ɜɿɣɫɶɤɨɜɚ ɬɟɯɧɿɤɚ – ɫɟɪɟɞɨ-
ɜɢɳɟ ɡɚɫɬɨɫɭɜɚɧɧɹ» ɡɚɞɚɧɨ ɜɟɤɬɨɪɨɦ 

 

{ }1 2, ,... pY y y y= ,  (4) 

 

ɤɨɦɩɨɧɟɧɬɢ ɹɤɨɝɨ ɩɚɪɚɦɟɬɪɢɱɧɨ ɜɢɞɿɥɹɸɬɶ 
ɭɦɨɜɢ, ɜ ɹɤɢɯ ɩɟɪɟɞɛɚɱɚɽɬɶɫɹ ɮɭɧɤɰɿɨɧɭɜɚɧ-

ɧɹ ɨɛ’ɽɤɬɚ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ, ɿ ɹɤɿ ɮɚɤɬɨɪɢ-

ɡɭɸɬɶ ɫɟɝɦɟɧɬɢ ɬɚɤɨɝɨ, ɳɨ ɫɢɧɬɟɡɭɽɬɶɫɹ,  
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ɬɢɩɚɠɧɨɝɨ ɪɹɞɭ ɨɛ’ɽɤɬɿɜ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶ-
ɤɨɜɨʀ ɬɟɯɧɿɤɢ. ɋɭɬɶ ɬɚ ɩɨɜɟɞɿɧɤɚ ɨɛ’ɽɤɬɚ 
ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ ɿɧɬɟɝɪɚɥɶɧɨ 

ɨɰɿɧɸɽɬɶɫɹ ɜɟɤɬɨɪɨɦ (2). 

 

Ɍɨɞɿ ɜ ɪɚɦɤɚɯ ɫɢɫɬɟɦɧɨɝɨ ɩɿɞɯɨɞɭ ɡɚɜɞɚɧɧɹ 
ɜɢɛɨɪɭ ɫɮɨɪɦɭɽɦɨ ɧɚ ɤɪɢɬɟɪɿɚɥɶɧɿɣ ɦɨɜɿ, ɹɤ 
ɛɿɜɟɤɬɨɪɧɨ-ɨɩɬɢɦɿɡɚɰɿɣɧɟ: ɿɡ ɞɟɹɤɨʀ ɨɛɦɟɠɟ-
ɧɨʀ ɦɧɨɠɢɧɢ ɨɛ’ɽɤɬɿɜ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨ-
ɜɨʀ ɬɟɯɧɿɤɢ  

 

{ }1 2, ,... nX x x x= =  ∅ 

 

ɧɟɨɛɯɿɞɧɨ ɨɛɪɚɬɢ ɫɢɫɬɟɦɭ ɨɛ’ɽɤɬɿɜ x̂ X∈ , ɹɤɿ 
ɨɩɬɢɦɚɥɶɧɿ ɜ ɩɥɚɧɿ ɜɟɤɬɨɪɚ (2) ɬɚ ɡɚɞɚɧɢɯ 
ɭɦɨɜ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ (4). 

 

Ɍɚɤɨɦɭ ɮɨɪɦɭɥɸɜɚɧɧɸ ɜɿɞɩɨɜɿɞɚɽ ɦɨɞɟɥɶ 
ɛɿɜɟɤɬɨɪɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ 

 

     [ ]1ˆ ( ) ,x f optI x−=             (5) 

 

ɞɟ m pI R R∈ × ; opt  – ɨɩɟɪɚɬɨɪ ɨɩɬɢɦɿɡɚɰɿʀ, 
ɹɤɢɣ ɜɢɡɧɚɱɚɽ ɩɪɢɧɰɢɩɢ ɨɩɬɢɦɚɥɶɧɨɫɬɿ; 

1f − – ɡɜɨɪɨɬɧɟ ɜɿɞɨɛɪɚɠɟɧɧɹ 1( ).I x f I−→ =  

 

Ȼɿɜɟɤɬɨɪɧɿɫɬɶ ɪɿɲɟɧɧɹ ɡɚɜɞɚɧɧɹ ɜɢɛɨɪɭ 
ɨɛ’ɽɤɬɚ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ ɜɢ-

ɡɧɚɱɚɽ ɧɟɨɛɯɿɞɧɿɫɬɶ ɞɜɿɱɿ ɨɛɢɪɚɬɢ ɩɪɢɧɰɢɩ 

ɨɩɬɢɦɚɥɶɧɨɫɬɿ, ɨɞɢɧ ɪɚɡ ɧɚ ɩɪɨɫɬɨɪɿ ɤɪɢɬɟɪɿ-
ʀɜ, ɚ ɿɧɲɢɣ – ɧɚ ɩɪɨɫɬɨɪɿ ɭɦɨɜ. ȿɮɟɤɬɢɜɧɿɫɬɶ 
ɪɿɲɟɧɧɹ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɨɝɨ, ɧɚɫɤɿɥɶɤɢ ɨɛɱɢɫ-
ɥɸɜɚɥɶɧɚ ɩɪɨɰɟɞɭɪɚ ɛɚɝɚɬɨɜɟɤɬɨɪɧɨʀ ɨɩɬɢɦɿ-
ɡɚɰɿʀ ɽ ɬɨɱɧɢɦ ɩɪɨɞɨɜɠɟɧɧɹɦ ɫɮɨɪɦɭɥɶɨɜɚ-
ɧɨʀ ɩɪɨɛɥɟɦɢ ɨɩɬɢɦɿɡɚɰɿʀ ɡɚɤɨɧɿɜ 
ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɨɛ’ɽɤɬɿɜ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶ-
ɤɨɜɨʀ ɬɟɯɧɿɤɢ, ɹɤ ɫɤɥɚɞɧɨʀ ɫɬɨɯɚɫɬɢɱɧɨʀ ɫɢɫ-
ɬɟɦɢ. Ɂ ɰɿɽʀ ɩɪɢɱɢɧɢ ɧɚ ɰɟɣ ɱɚɫ ɧɟ ɜɞɚɽɬɶɫɹ 
ɡɧɚɣɬɢ ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɪɿɲɟɧɶ, ɩɪɢɞɚɬɧɢɯ ɞɥɹ 
ɛɚɝɚɬɨɩɥɚɧɨɜɢɯ ɡɚɜɞɚɧɶ ɜɟɤɬɨɪɧɨʀ ɨɩɬɢɦɿɡɚ-
ɰɿʀ. ɍ ɰɢɯ ɭɦɨɜɚɯ ɨɫɧɨɜɧɿ ɩɟɪɟɲɤɨɞɢ 

ɩɨɜ’ɹɡɚɧɿ ɡ ɚɞɟɤɜɚɬɧɢɦ ɭɹɜɥɟɧɧɹɦ ɬɚɤɨʀ, ɳɨ 
ɚɧɚɥɿɡɭɽɬɶɫɹ, ɫɢɫɬɟɦɢ «ɜɿɣɫɶɤɨɜɚ ɬɟɯɧɿɤɚ – 

ɫɟɪɟɞɨɜɢɳɟ ɡɚɫɬɨɫɭɜɚɧɧɹ» ɜɢɯɿɞɧɨɸ ɦɨɞɟɥ-
ɥɸ ɬɚ ɩɟɪɟɬɜɨɪɟɧɧɹɦ ʀʀ ɞɨ ɜɢɝɥɹɞɭ, ɳɨ ɡɪɭɱ-
ɧɢɣ, ɹɤ ɭ ɩɥɚɧɿ ɜɢɛɨɪɭ ɩɪɢɧɰɢɩɭ ɨɩɬɢɦɿɡɚɰɿʀ, 
ɬɚɤ ɿ ɭ ɩɥɚɧɿ ɩɨɞɨɥɚɧɧɹ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɩɟ-
ɪɟɲɤɨɞ ɜ ɩɪɨɰɟɫɿ ɩɪɢɣɧɹɬɬɹ ɪɚɰɿɨɧɚɥɶɧɨɝɨ 
ɪɿɲɟɧɧɹ [8].  

 
ɇɟɡɚɥɟɠɧɨ ɜɿɞ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɚ ɡɚɜɞɚɧɶ, ɜɢ-
ɪɿɲɭɜɚɧɢɯ ɨɛ’ɽɤɬɨɦ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɨʀ 
ɬɟɯɧɿɤɢ, ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɬɚɤɿ ɤɨɧɰɟɩɬɭɚɥɶɧɿ 
ɩɪɨɛɥɟɦɢ, ɜɿɞ ɹɤɢɯ ɡɚɧɚɞɬɨ ɡɚɥɟɠɢɬɶ ɹɤɿɫɬɶ 

ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɪɿɲɟɧɧɹ. ɐɟ ɜɢɛɿɪ ɩɪɢɧɰɢɩɭ 
ɨɩɬɢɦɿɡɚɰɿʀ ɡɚ ɜɜɟɞɟɧɢɦɢ ɜɟɤɬɨɪɧɢɦɢ ɤɪɢɬɟ-
ɪɿɹɦɢ, ɤɭɞɢ ɜɿɞɧɟɫɟɦɨ ɣ ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɩɨɫ-
ɥɿɞɨɜɧɨɫɬɿ ɩɪɨɰɟɞɭɪ ɨɩɬɢɦɿɡɚɰɿʀ ɡɚ ɜɟɤɬɨɪ-
ɧɢɦɢ ɤɪɢɬɟɪɿɹɦɢ (2)≺ (4) ɚɛɨ (4)≺ (2). ɐɟ 
ɜɢɛɿɪ ɩɪɢɧɰɢɩɭ ɫɬ’ɸɞɟɧɬɢɡɚɰɿʀ ɥɨɤɚɥɶɧɢɯ 
ɤɪɢɬɟɪɿʀɜ, ɳɨ ɞɨɡɜɨɥɹɽ ɩɪɢɜɟɫɬɢ ɨɫɬɚɧɧɿ ɞɨ 
ɽɞɢɧɨɝɨ ɦɚɫɲɬɚɛɭ ɜɢɦɿɪɸɜɚɧɧɹ ɿ ɩɪɨɜɨɞɢɬɢ 
ɩɨɪɿɜɧɹɥɶɧɭ ɨɰɿɧɤɭ ɹɤɨɫɬɟɣ ɨɛ’ɽɤɬɿɜ ɨɡɛɪɨ-
ɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ. Ⱥ ɬɚɤɨɠ – ɰɟ ɜɢ-
ɛɿɪ ɩɪɢɧɰɢɩɭ ɨɰɿɧɤɢ ɩɪɿɨɪɢɬɟɬɭ, ɳɨ ɞɨɡɜɨɥɹɽ 
ɨɰɿɧɢɬɢ ɩɟɪɟɜɚɝɭ ɥɨɤɚɥɶɧɢɯ ɤɪɢɬɟɪɿʀɜ ɬɚ 
ɫɮɨɪɦɭɜɚɬɢ ɫɯɟɦɭ ɤɨɦɩɪɨɦɿɫɭ. 
 
Ⱦɥɹ ɪɿɲɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨɝɨ ɛɿɜɟɤɬɨɪɧɨɝɨ ɡɚɜ-
ɞɚɧɧɹ ɜɢɛɨɪɭ ɧɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɫɮɨɪɦɭɥɸɽ-
ɦɨ ɫɬɨɯɚɫɬɢɱɧɭ ɦɚɬɪɢɰɸ ( ), 1, , 1, ,ijI i n j m= =  

ɪɹɞɤɚɦɢ ɹɤɨʀ ɜɢɫɬɭɩɚɸɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɿ 
ɨɛ’ɽɤɬɢ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ, ɚ 
ɫɬɨɜɩɰɹɦɢ – ɡɧɚɱɟɧɧɹ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɧɨɝɨ 
ɤɪɢɬɟɪɿɸ (1.2) ɨɰɿɧɤɢ ɬɟɯɧɿɱɧɢɯ ɹɤɨɫɬɟɣ 
ɨɫɬɚɧɧɿɯ. ɉɪɢ ɰɶɨɦɭ ɩɟɪɟɞɛɚɱɚɽɦɨ, ɳɨ ɟɥɟ-
ɦɟɧɬɚɦɢ ɦɚɬɪɢɰɿ ( )ijI  ɽ ɜɢɩɚɞɤɨɜɿ ɜɟɥɢɱɢɧɢ, 

ɪɨɡɩɨɞɿɥ ɹɤɢɯ ɡɚɥɟɠɢɬɶ ɜɿɞ ɱɚɫɭ t  ɿ ɩɟɪɲɿ 
ɞɜɚ ɦɨɦɟɧɬɢ ɜɢɩɚɞɤɨɜɨɝɨ ɜɟɤɬɨɪɚ (2) ɿɫɧɭ-
ɸɬɶ. Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ ɜɢɛɿɪɤɨɜɚ ɮɭɧ-
ɤɰɿɹ ɪɨɡɩɨɞɿɥɭ ɿɡ ɡɪɨɫɬɚɧɧɹɦ ɤɿɥɶɤɨɫɬɿ ɬɚɤɢɯ, 
ɳɨ ɚɧɚɥɿɡɭɸɬɶɫɹ, ɨɛ’ɽɤɬɿɜ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣ-
ɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ ɦɚɽ ɫɤɿɥɶɤɢ ɡɚɜɝɨɞɧɨ ɦɚɥɭ 
ɪɿɡɧɢɰɸ ɡ ɿɫɬɢɧɧɨɸ ɮɭɧɤɰɿɽɸ ɪɨɡɩɨɞɿɥɭ ɬɚ 
ɣɦɨɜɿɪɧɿɫɬɸ, ɳɨ ɛɥɢɡɶɤɚ ɞɨ ɨɞɢɧɢɰɿ, ɨɛɟɪɟ-
ɦɨ n , ɩɪɢ ɹɤɨɦɭ ɜɢɛɿɪɤɨɜɿ ɬɚ ɿɫɬɢɧɧɿ ɦɨɦɟɧ-

ɬɢ ɛɥɢɡɶɤɿ. 
 

Ɋɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɫɬ’ɸɞɟɧɬɢɡɚɰɿʀ ɤɨɦɩɨɧɟɧɬ 
ɜɟɤɬɨɪɚ (2) ɡɞɿɣɫɧɢɦɨ ɡɚ ɡɚɥɟɠɧɨɫɬɹɦɢ 
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ɞɟ ,j jI δ  – ɨɰɿɧɤɚ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɨɱɿɤɭɜɚɧɧɹ 
ɬɚ ɫɬɚɧɞɚɪɬ j -ɝɨ ɥɨɤɚɥɶɧɨɝɨ ɤɪɢɬɟɪɿɸ ɹɤɨɫɬɿ 
ɜɟɤɬɨɪɚ (2). 
 

Ⱦɚɥɿ ɩɨɫɬɚɜɢɦɨ ɭ ɜɿɞɩɨɜɿɞɧɿɫɬɶ ɦɚɬɪɢɰɿ ( )ijI  

ɧɨɪɦɨɜɚɧɭ ɤɨɪɟɥɹɰɿɣɧɭ ɦɚɬɪɢɰɸ  
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ɞɟ kr A  – ɤɨɟɮɿɰɿɽɧɬ ɥɿɧɿɣɧɨʀ ɤɨɪɟɥɹɰɿʀ ɦɿɠ 

ɥɨɤɚɥɶɧɢɦɢ ɤɪɢɬɟɪɿɹɦɢ kI  ɬɚ lI , ɳɨ ɨɛɱɢɫ-
ɥɟɧɿ ɧɚ ɦɨɦɟɧɬ ɱɚɫɭ t . 

 

ɍ ɫɢɥɭ ɧɨɪɦɭɜɚɧɧɹ ɞɥɹ ɦɚɬɪɢɰɿ (9) ɦɚɽɦɨ 

0, 1k kZ Z= = δ = δ =A A . 

 

Ɂ ɦɟɬɨɸ ɫɩɪɨɳɟɧɧɹ ɚɥɝɨɪɢɬɦɭ ɪɟɚɥɿɡɚɰɿʀ 
ɩɪɢɧɰɢɩɭ ɨɰɿɧɤɢ ɩɪɿɨɪɢɬɟɬɭ ɜɢɪɿɲɭɽɦɨ  
ɡɚɜɞɚɧɧɹ ɪɟɞɭɤɰɿʀ ɿɧɮɨɪɦɚɰɿʀ ɹɤ ɜɿɞɨɛɪɚɠɟɧ-

ɧɹ ɦɧɨɠɢɧɢ ɬɨɱɨɤ, ɳɨ ɡɚɞɚɧɿ ɦɚɬɪɢɰɟɸ (1.9), 

ɜ ɩɪɨɫɬɿɪ ɦɟɧɲɨʀ ɪɨɡɦɿɪɧɨɫɬɿ. ɐɟ ɡɚɜɞɚɧɧɹ 
ɪɨɡɝɥɹɞɚɽɦɨ ɹɤ ɨɩɬɢɦɿɡɚɰɿɣɧɟ ɡɚ ɤɪɢɬɟɪɿɽɦ 

ɦɿɧɿɦɿɡɚɰɿʀ ɜɬɪɚɬ ɿɧɮɨɪɦɚɰɿʀ ɜ ɯɨɞɿ ʀʀ ɪɟɞɭɤɰɿʀ. 
ɉɪɢ ɬɚɤɨɦɭ ɩɿɞɯɨɞɿ ɡɚɜɞɚɧɧɹ ɦɨɠɟ ɛɭɬɢ ɿɧ-

ɬɟɪɩɪɟɬɨɜɚɧɟ ɹɤ ɩɟɪɟɯɿɞ ɜɿɞ ɛɿɥɶɲɨɝɨ ɱɢɫɥɚ 
m -ɤɨɪɟɥɶɨɜɚɧɢɯ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ (2) ɞɨ ʀɯ 
ɧɨɜɢɯ ɥɿɧɿɣɧɢɯ ɤɨɦɛɿɧɚɰɿɣ, ɱɢɫɥɨ ɹɤɢɯ s  

ɡɧɚɱɧɨ ɦɟɧɲɟ m .  

 

ȼɢɛɿɪ s  ɡɞɿɣɫɧɢɦɨ ɡɚ ɤɪɢɬɟɪɿɽɦ ɩɨɜɧɨɬɢ ɜɢ-

ɱɟɪɩɚɧɧɹ ɜɚɪɿɚɛɟɥɶɧɨɫɬɿ ɤɨɦɩɨɧɟɧɬ ɜɢɯɿɞɧɨ-
ɝɨ ɜɟɤɬɨɪɚ (2). ɐɟɣ ɜɢɛɿɪ ɩɪɨɜɟɞɟɧɢɣ ɜ ɦɟɠɚɯ 
ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɩɪɨɰɟɞɭɪɢ ɦɟɬɨɞɭ ɝɨɥɨɜɧɢɯ 

ɤɨɦɩɨɧɟɧɬ [4], ɳɨ ɞɨɡɜɨɥɢɥɨ ɨɰɿɧɢɬɢ ɱɭɬɥɢ-

ɜɿɫɬɶ ɟɥɟɦɟɧɬɿɜ ɨɛ’ɽɤɬɿɜ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ, 

ɬɚɤɢɯ, ɳɨ ɫɢɧɬɟɡɭɸɬɶɫɹ, ɫɟɝɦɟɧɬɿɜ ɬɢɩɚɠɧɨ-
ɝɨ ɪɹɞɭ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ ɞɨ ɲɜɢɞɤɨɫɬɿ 
ɜɬɪɚɬɢ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɹɤɿɫɬɶ ɨɫɬɚɧɧɿɯ, ɜ ɯɨɞɿ 
ɞɢɧɚɦɿɤɢ ɪɨɡɜɢɬɤɭ ɨɡɛɪɨɽɧɶ ɬɚ ɜɿɣɫɶɤɨɜɨʀ 
ɬɟɯɧɿɤɢ ɧɚ ɟɬɚɩɿ ɞɨɫɥɿɞɠɟɧɧɹ ɬɚ ɩɪɢɣɧɹɬɬɹ 
ɪɿɲɟɧɧɹ ɳɨɞɨ ʀɯ ɡɚɦɿɧɢ ɚɛɨ ɦɨɞɟɪɧɿɡɚɰɿʀ. 
 

Ɉɰɿɧɤɭ ɫɭɬɬɽɜɨɫɬɿ ɝɨɥɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬ ɡɞɿɣ-

ɫɧɸɽɦɨ ɡɚ F – ɤɪɢɬɟɪɿɽɦ Ɏɿɲɟɪɚ, ɳɨ ɞɨɡɜɨ-
ɥɹɽ ɡɚɫɬɨɫɭɜɚɬɢ ɨɞɟɪɠɚɧɿ ɨɞɧɨɡɧɚɱɧɿ ɬɚ ɤɿɥɶ-
ɤɿɫɧɨ ɜɢɡɧɚɱɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɪɨɛɨɬɢ ɨɫɿɛ, 

ɳɨ ɩɪɢɣɦɚɸɬɶ ɪɿɲɟɧɧɹ, ɧɚ ɩɥɨɳɢɧɿ ɚɛɨ ɜ 
ɩɪɨɫɬɨɪɿ, ɜ ɭɦɨɜɚɯ ɤɨɧɬɪɨɥɶɨɜɚɧɨʀ ɜɬɪɚɬɢ 

ɿɧɮɨɪɦɚɰɿʀ ɜ ɩɪɨɰɟɫɿ ʀʀ ɪɟɞɭɤɰɿʀ. 
 

Ⱦɥɹ ɜɫɿɯ ɨɰɿɧɸɜɚɧɢɯ ɫɟɝɦɟɧɬɿɜ ɬɢɩɚɠɧɨɝɨ 

ɪɹɞɭ ɨɛ’ɽɤɬɿɜ ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ 

ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɩɨɜɧɨɬɢ ɤɜɚɡɿɨɩɬɢɦɚɥɶɧɨʀ ɪɟ-
ɞɭɤɰɿʀ ɿɧɮɨɪɦɚɰɿʀ, ɜɢɞɿɥɹɽɦɨ ɨɛɥɚɫɬɶ ɚɥɶɬɟɪ-
ɧɚɬɢɜ, ɨɩɬɢɦɚɥɶɧɢɯ ɡɚ ɉɚɪɟɬɨ { }ˆx̂ X= , ɞɥɹ 

ɹɤɢɯ ɫɟɪɟɞɨɜɢɳɟ ɜɫɿɯ ɦɨɠɥɢɜɢɯ x X∈  ɧɟ 
ɿɫɧɭɽ ɬɚɤɢɦ, ɳɨ ˆ( ) ( )i iI x I x≤  ɞɥɹ ɜɫɿɯ 1,i m=  

ɬɚ ˆ( ) ( )i iI x I x≠  ɯɨɱɚ ɛ ɞɥɹ ɠɨɞɧɨɝɨ i . ȼɢɞɿ-

ɥɟɧɧɹɦ ɩɿɞɦɧɨɠɢɧɢ x̂  ɫɟɝɦɟɧɬɭ ɬɢɩɚɠɧɨɝɨ 
ɪɹɞɭ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ ɡɚɤɿɧɱɭɽɬɶɫɹ ɩɟɪɲɢɣ 

ɟɬɚɩ ɪɿɲɟɧɧɹ ɛɿɜɟɤɬɨɪɧɨɝɨ ɡɚɜɞɚɧɧɹ ɜɢɛɨɪɭ. 
 

ɐɟɣ ɪɟɡɭɥɶɬɚɬ ɹɜɥɹɽɬɶɫɹ ɜɢɯɿɞɧɢɦ ɞɥɹ ɡɞɿɣɫ-
ɧɟɧɧɹ ɞɪɭɝɨɝɨ ɟɬɚɩɭ – ɨɩɬɢɦɿɡɚɰɿʀ ɩɨ ɜɟɤɬɨɪɭ 
ɭɦɨɜ (4). Ⱥɥɝɨɪɢɬɦɿɱɧɨ ɣɨɝɨ ɩɪɨɜɟɞɟɧɧɹ ɡɚ-
ɥɢɲɚɽɬɶɫɹ ɚɧɚɥɨɝɿɱɧɢɦ ɬɨɦɭ, ɳɨ ɧɚɞɚɧɨ ɜɢ-

ɳɟ, ɚɥɟ ɩɪɨɛɥɟɦɚɬɢɤɚ ɟɬɚɩɭ ɦɚɽ ɪɿɡɧɢɰɸ. ɐɹ 
ɪɿɡɧɢɰɹ ɜɢɡɧɚɱɚɽɬɶɫɹ ɫɭɬɧɿɫɬɸ ɥɨɤɚɥɶɧɢɯ 

ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ (4) ɬɚ ɣɨɝɨ ɪɨɡɦɿɪɧɿɫɬɸ, 

ɩɨɬɭɠɧɿɫɬɸ ɜɢɯɿɞɧɨʀ ɦɧɨɠɢɧɢ 
ˆ̂

X , ɬɨɛɬɨ, 

ɞɢɫɤɪɢɦɿɧɭɸɱɢɦɢ ɮɚɤɬɨɪɚɦɢ ɜɢɫɬɭɩɚɸɬɶ 
ɦɟɠɿ ɩɿɞɫɢɫɬɟɦɢ «ɫɟɪɟɞɨɜɢɳɟ ɡɚɫɬɨɫɭɜɚɧɧɹ» 

ɬɚ ʀʀ ɮɨɪɦɚɥɿɡɚɰɿʀ ɜ ɫɢɫɬɟɦɿ «ɜɿɣɫɶɤɨɜɚ ɬɟɯɧɿ-
ɤɚ-ɫɟɪɟɞɨɜɢɳɟ ɡɚɫɬɨɫɭɜɚɧɧɹ». ɍ ɜɢɩɚɞɤɭ ɡɚ-
ɫɬɨɫɭɜɚɧɧɹ ɤɪɢɬɟɪɿɚɥɶɧɨʀ ɦɨɜɢ ɦɚɽɦɨ ɬɪɭɞ-

ɧɨɳɿ, ɚɞɟɤɜɚɬɧɿ ɬɢɦ, ɳɨ ɪɨɡɝɥɹɧɭɬɿ ɧɚ 
ɩɟɪɲɨɦɭ ɟɬɚɩɿ. Ȳɯ ɩɨɞɨɥɚɧɧɹ ɞɨɡɜɨɥɹɽ ɡɧɚɣɬɢ 

ɧɨɜɭ ɦɧɨɠɢɧɭ ˆ̂
X  ɨɛ’ɽɤɬɿɜ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ.  

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɢɣɧɹɬɬɹ ɨɩɬɢɦɚɥɶɧɨɝɨ, ɜ 
ɩɥɚɧɿ ɜɟɤɬɨɪɿɜ (2) ɬɚ (4), ɪɿɲɟɧɧɹ ɩɪɨ ɨɛ’ɽɤɬ 
ɨɡɛɪɨɽɧɧɹ ɬɚ ɜɿɣɫɶɤɨɜɨʀ ɬɟɯɧɿɤɢ ɡɧɚɯɨɞɢɦɨ 
ɧɚ ɨɫɧɨɜɿ ɜɢɛɨɪɭ ɨɞɧɿɽʀ ɚɛɨ ɞɟɤɿɥɶɤɨɯ ɚɥɶ-
ɬɟɪɧɚɬɢɜ 
 

               ˆx x
•
= ∩ ˆ̂x ,                     (10) 

 

ɹɤɿ ɦɨɠɭɬɶ ɧɟ ɛɭɬɢ ɨɩɬɢɦɚɥɶɧɢɦɢ ɚɧɿ ɞɥɹ 
ɠɨɞɧɨɝɨ ɡ ɥɨɤɚɥɶɧɢɯ ɤɪɢɬɟɪɿʀɜ, ɚɥɟ ɛɭɬɢ ɧɚɣ-

ɛɿɥɶɲ ɩɟɪɟɜɚɠɧɢɦɢ ɞɥɹ ʀɯ ɫɭɤɭɩɧɨɫɬɿ, ɳɨ 
ɡɚɞɚɧɨ ɜ ɡɚɜɞɚɧɧɿ ɛɿɜɟɤɬɨɪɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ. 

 

ȼɢɫɧɨɜɤɢ 

 

Ɂɦɿɧɢ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɜ ɟɤɨɧɨɦɿɰɿ ɤɪɚʀɧɢ, 

ɫɤɨɪɨɱɟɧɧɹ ɜɿɣɫɶɤɨɜɢɯ ɜɢɬɪɚɬ ɜɢɤɥɢɤɚɸɬɶ 
ɧɟɨɛɯɿɞɧɿɫɬɶ ɩɨɲɭɤɭ ɲɥɹɯɿɜ ɟɤɨɧɨɦɿʀ ɦɚɬɟɪɿ-
ɚɥɶɧɢɯ, ɮɿɧɚɧɫɨɜɢɯ ɿ ɥɸɞɫɶɤɢɯ ɪɟɫɭɪɫɿɜ. ȼ 

ɭɦɨɜɚɯ ɪɟɚɥɿɡɚɰɿʀ ɩɨɥɨɠɟɧɶ ɋɬɪɚɬɟɝɿɱɧɨɝɨ 
ɨɛɨɪɨɧɧɨɝɨ ɛɸɥɟɬɟɧɸ ɍɤɪɚʀɧɢ, ɩɟɪɟɯɨɞɭ ɞɨ 
ɩɪɢɧɰɢɩɿɜ ɪɨɡɭɦɧɨʀ ɞɨɫɬɚɬɧɨɫɬɿ ɨɫɨɛɥɢɜɨʀ 
ɭɜɚɝɢ ɧɟɨɛɯɿɞɧɨ ɧɚɞɚɜɚɬɢ ɨɛʉɪɭɧɬɨɜɚɧɨɫɬɿ 
ɫɯɜɚɥɸɜɚɧɢɯ ɪɿɲɟɧɶ, ɚ ɩɪɿɨɪɢɬɟɬɧɢɦ ɡɚɜɞɚɧ-

ɧɹɦ ɜɿɣɫɶɤɨɜɨ-ɬɟɯɧɿɱɧɨʀ ɩɨɥɿɬɢɤɢ ɜ ɱɚɫɬɢɧɿ 
ɪɨɡɜɢɬɤɭ ɜɿɣɫɶɤɨɜɨʀ ɚɜɬɨɦɨɛɿɥɶɧɨʀ ɬɟɯɧɿɤɢ ɜ 
ɨɫɹɠɧɿɣ ɩɟɪɫɩɟɤɬɢɜɿ ɽ ɜɫɟɛɿɱɧɟ ɡɚɞɨɜɨɥɟɧɧɹ 
ɩɨɬɪɟɛ ɜɢɞɿɜ ɡɛɪɨɣɧɢɯ ɫɢɥ, ɪɨɞɿɜ ɜɿɣɫɶɤ ɿ 
ɫɥɭɠɛ ɦɿɧɿɦɚɥɶɧɨɸ ɤɿɥɶɤɿɫɬɸ ɬɢɩɿɜ ɿ ɦɚɪɨɤ 
ɚɜɬɨɦɨɛɿɥɶɧɢɯ ɛɚɡɨɜɢɯ ɲɚɫɿ ɩɿɞ ɦɨɧɬɚɠ ɿɫ-
ɧɭɸɱɢɯ ɿ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɨɡɛɪɨɽɧɶ ɿ ɜɿɣɫɶɤɨ-
ɜɨʀ ɬɟɯɧɿɤɢ, ɿɫɬɨɬɧɟ ɫɤɨɪɨɱɟɧɧɹ ɜɢɬɪɚɬ ɧɚ 
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ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɧɹ ɜɿɣɫɶɤɨɜɨʀ ɚɜɬɨɦɨɛɿɥɶɧɨʀ 
ɬɟɯɧɿɤɢ ɭ ɜɿɣɫɶɤɚɯ.  
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