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ɉɪɟɞɥɨɠɟɧɚ ɩɪɨɰɟɞɭɪɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɫɜɹɡɢ ɦɟɠɞɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɩɪɨɞɭɤɰɢɢ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɫɭɛɴɟɤɬɢɜɧɨɫɬɢ ɨɰɟɧɨɤ ɷɤɫɩɟɪɬɨɜ ɩɪɢ ɨɛɟɫ-
ɩɟɱɟɧɢɢ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɢɡɝɨɬɨɜɢɬɟɥɹ ɩɪɨɞɭɤ-
ɰɢɢ ɦɟɬɨɞɨɦ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ ɮɭɧɤɰɢɢ ɤɚɱɟɫɬɜɚ (ɋɎɄ).  

ɋɌɊɍɄɌɍɊɂɊɈȼȺɇɂȿ ɎɍɇɄɐɂɂ ɄȺɑȿɋɌȼȺ, ɂɇɀȿɇȿɊɇȺə ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ, ɉɈɌɊȿȻɂɌȿɅɖɋɄɈȿ 
ɌɊȿȻɈȼȺɇɂȿ, ɊȺɇɀɂɊɈȼȺɇɂȿ, ɗɄɋɉȿɊɌɇɕȿ ɈɐȿɇɄɂ. 

 

The quantitative assessment procedure of impact of relation between product characteristics was 

submitted in the article, which is needed to reduce the level of expert subjective judgment in 

providing balance between customer requirements and producer possibilities by Quality Function 

Deployment (QFD).  

QUALITY FUNCTION DEPLOYMENT, ENGINEERING CHARACTERISTICS, CUSTOMER REQUIREMENTS, 

RANKING, EXPERT JUDGMENT. 

 

ɉɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɮɢɪɦɵ-

ɢɡɝɨɬɨɜɢɬɟɥɹ ɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɜɨɡɧɢɤɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ Д1Ж.  

ɗɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨ-
ɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ (ɪɚɡɜɟɪɬɵ-
ɜɚɧɢɟ) ɮɭɧɤɰɢɢ ɤɚɱɟɫɬɜɚ – Quality function 

deployment (ɋɎɄ (ɊɎɄ), QFD). 
Ɍɪɚɞɢɰɢɨɧɧɨ ɫɦɵɫɥ ɋɎɄ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 

ɱɬɨ ɜ ɮɨɪɦɟ «ɞɨɦɚ ɤɚɱɟɫɬɜɚ», ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ 
ɜ nɚɛɥɢɰɟ 1, ɫɬɪɨɢɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɚɛɥɢɰ, 
ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɚɹ «ɦɚɬɪɢɰɟɣ ɋɎɄ».  

ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢ ɡɚɬɪɭɞɧɟɧɢɢ 
ɜɵɛɨɪɚ ɰɟɥɟɜɵɯ ɡɧɚɱɟɧɢɣ ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɩɪɨɞɭɤɰɢɢ ɢɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 
ɫɜɹɡɟɣ ɦɟɠɞɭ ɢɧɠɟɧɟɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɩɪɨɞɭɤɬɚ ɩɪɨɜɨɞɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɵɱɢɫ-
ɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɠɧɨɫɬɢ ɢ ɧɚɩɪɚɜɥɟɧɢɹ 
ɢɡɦɟɧɟɧɢɹ ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɋɎɄ 
ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɨɞɧɨɣ ɢɧɠɟɧɟɪɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ. Ɉɞɧɚ-
ɤɨ ɟɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɢɜɟɞɟɬ ɤ ɭɯɭɞɲɟɧɢɸ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɞɪɭɝɢɯ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɟɪɟɞ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ ɩɨ-
ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɫɛɚɥɚɧɫɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɣ 
ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ 
ɬɪɟɛɨɜɚɧɢɣ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɨɝɪɚ-
ɧɢɱɟɧɧɵɯ ɪɟɫɭɪɫɚɯ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 

ɉɨɞɨɛɧɵɣ ɜɚɪɢɚɧɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ  ɢɦɟɟɬ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɬɟɫ-
ɧɨɬɭ ɫɜɹɡɢ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ  ɢ . ɉɪɢ 
ɷɬɨɦ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɧɚɩɪɚɜɥɟɧɵ 
ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟɧɢɣ ɜɫɟɯ ɬɪɟɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ. ɇɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɷɬɢ ɬɪɟɛɨɜɚɧɢɹ ɢɡɝɨɬɨ-
ɜɢɬɟɥɶ ɜɵɩɨɥɧɢɬɶ ɧɟ ɦɨɠɟɬ.  

ɇɚ ɩɪɚɤɬɢɤɟ ɫɢɬɭɚɰɢɹ ɛɵɜɚɟɬ ɧɚɦɧɨɝɨ 
ɫɥɨɠɧɟɟ ɩɨɤɚɡɚɧɧɨɝɨ ɩɪɢɦɟɪɚ, ɬɚɤ ɤɚɤ ɬɟɫɧɨɬɚ 
ɫɜɹɡɢ ɦɟɠɞɭ ɢɧɠɟɧɟɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɧɵɟ ɡɧɚɱɟɧɢɹ, ɚ ɨɞɧɚ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚ ɦɨɠɟɬ ɢɦɟɬɶ ɦɧɨɠɟɫɬɜɨ ɫɜɹɡɟɣ – ɢ 
ɨɬɪɢɰɚɬɟɥɶɧɵɯ, ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ. ɂ ɜɫɟ ɷɬɢ 
ɫɢɬɭɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɩɪɢ ɜɵɛɨɪɟ 
ɨɤɨɧɱɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ.  

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɬɚɤɢɯ 
ɡɚɞɚɱ. ȼ ɩɟɪɜɨɦ ɫɨɝɥɚɫɧɨ Дβ, γЖ ɷɤɫɩɟɪɬɵ ɩɪɢ-
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ɧɢɦɚɸɬ ɪɟɲɟɧɢɹ ɢɫɯɨɞɹ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢɣ ɨ ɩɨɤɚɡɚɧɧɵɯ ɜ ɦɚɬɪɢɰɟ ɋɎɄ ɡɧɚ-
ɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɫɧɨɬɵ ɫɜɹɡɢ ɦɟɠɞɭ 
ɢɧɠɟɧɟɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɫɬɚɪɚɹɫɶ 
ɫɛɚɥɚɧɫɢɪɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɢɡɜɟɫɬ-
ɧɵɯ ɨɝɪɚɧɢɱɟɧɧɵɯ ɪɟɫɭɪɫɨɜ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 
ȼɨ ɜɬɨɪɨɦ ɫɨɝɥɚɫɧɨ Д4Ж ɞɥɹ ɪɚɡɪɟɲɟɧɢɹ ɜɨɡɧɢ-
ɤɚɸɳɢɯ ɩɪɨɬɢɜɨɪɟɱɢɣ ɢɫɩɨɥɶɡɭɸɬɫɹ «ɬɜɨɪɱɟ-
ɫɤɢɟ» ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ. Ɉɞɧɚɤɨ ɨɛɚ 
ɷɬɢɯ ɩɪɢɟɦɚ ɬɪɟɛɭɸɬ ɡɚɬɪɚɬ ɜɪɟɦɟɧɢ. 

ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɞɯɨɞ, ɤɨɬɨɪɵɣ ɩɨ-
ɡɜɨɥɹɟɬ ɷɤɫɩɟɪɬɚɦ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ ɨ ɫɜɹɡɢ ɦɟɠɞɭ 
ɢɧɠɟɧɟɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɧɨ ɢ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɩɪɨɰɟɞɭɪɭ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ 
ɜɥɢɹɧɢɹ ɷɬɨɣ ɫɜɹɡɢ. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɟɫɬɶ ɬɚɤɚɹ ɢɧɠɟɧɟɪɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ m, ɭ ɤɨɬɨɪɨɣ ɜɫɟ ɡɧɚɱɟɧɢɹ 

tmj= 1 (ɬɨ ɟɫɬɶ ɨɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɜɫɟ 
ɢɧɠɟɧɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ), ɚ ɡɧɚɱɟɧɢɟ ɜɫɟɯ ௝ܾ ൒ 0. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɷɬɨ ɜɨɡɦɨɠɧɨ ɢ ɨɡɧɚɱɚɥɨ 
ɛɵ, ɱɬɨ ɦɚɤɫɢɦɢɡɚɰɢɹ ɡɧɚɱɟɧɢɹ ɷɬɨɣ ɢɧɠɟɧɟɪ-
ɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɥɟɤɥɚ ɛɵ ɦɚɤɫɢɦɢɡɚɰɢɸ 
ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɞɪɭɝɢɯ ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɬɟɩɟɧɢ ɭɞɨɜɥɟɬɜɨɪɟ-
ɧɢɹ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ. ȿɫɥɢ ɛɵ 
ɬɚɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɭɳɟɫɬɜɨɜɚ-
ɥɚ, ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɨ ɛɵɥɚ ɛɵ ɫɚɦɚɹ ɜɚɠɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɚɧɧɨɣ ɩɪɨɞɭɤɰɢɢ.  

ȿɫɥɢ ɟɫɬɶ ɬɚɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɚ Ц, ɭ ɤɨɬɨɪɨɣ ɜɫɟ ɡɧɚɱɟɧɢɹ tmj= 0, ɤɪɨɦɟ 
tmm= 1, ɬɨ ɬɚɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɟ 
ɢɦɟɟɬ ɜɥɢɹɧɢɹ ɧɚ ɞɪɭɝɢɟ ɢɧɠɟɧɟɪɧɵɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ, ɬɨ ɟɫɬɶ ɟɟ ɢɡɦɟɧɟɧɢɟ ɢɦɟɟɬ ɬɨɥɶɤɨ 
ɩɪɹɦɨɟ ɜɥɢɹɧɢɟ (bm) ɧɚ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ 
ɫɬɟɩɟɧɢ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ 
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ɝɞɟ i – ɧɨɦɟɪ ɩɨɬɪɟɛɢɬɟɥɶɫɤɨɝɨ ɬɪɟɛɨɜɚɧɢɹ (i =1, 2, … N); vi – ɜɟɫ i-ɝɨ ɩɨɬɪɟɛɢɬɟɥɶɫɤɨɝɨ ɬɪɟɛɨɜɚɧɢɹ; j, d – ɧɨɦɟɪ ɢɧɠɟɧɟɪɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (j,d =1, 2, … M); rij - ɬɟɫɧɨɬɚ ɫɜɹɡɢ rij ɦɟɠɞɭ i-ɦ ɬɪɟɛɨɜɚɧɢɟɦ ɩɨɬɪɟɛɢɬɟɥɹ ɢ j-ɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɪɨɞɭɤɰɢɢ; bj - 

ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɫɧɨɬɵ ɫɜɹɡɢ ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ j ɫɨ ɜɫɟɦɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɦɢ ɬɪɟɛɨɜɚ-
ɧɢɹɦɢ; tjd - ɬɟɫɧɨɬɚ ɫɜɹɡɢ ɦɟɠɞɭ j-ɨɣ ɢ d-ɨɣ ɢɧɠɟɧɟɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɨɞɭɤɬɚ 
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Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɂɧɧɨɜɚɬɢɤɢ 

ɬɪɟɛɨɜɚɧɢɣ. 
Ɉɞɧɚɤɨ ɟɫɥɢ ɟɫɬɶ ɬɚɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɚ m, ɭ ɤɨɬɨɪɨɣ ɜɫɟ ɡɧɚɱɟɧɢɹ tmj=1, ɧɨ 
ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ −1 ൑ ௝ܾ ൑ 1 (ɧɟɤɨɬɨɪɵɟ 
ɢɧɠɟɧɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɞɭɤɰɢɢ ɧɟɨɛ-
ɯɨɞɢɦɨ ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ, ɚ ɧɟɤɨɬɨɪɵɟ ɦɢɧɢ-
ɦɢɡɢɪɨɜɚɬɶ), ɬɨ ɦɚɤɫɢɦɢɡɚɰɢɹ ɡɧɚɱɟɧɢɹ ɷɬɨɣ 
ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɥɟɤɥɚ ɛɵ ɦɚɤɫɢ-
ɦɢɡɚɰɢɸ ɡɧɚɱɟɧɢɣ ɜɫɟɯ ɞɪɭɝɢɯ ɢɧɠɟɧɟɪɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡɦɟɧɟɧɢɟ 
ɫɬɟɩɟɧɢ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ 
ɬɪɟɛɨɜɚɧɢɣ, ɡɚɜɢɫɹɳɟɟ ɨɬ ∑ b௝M௝=଴ .  

 
Ɋɢɫ. 1. Ʉɨɧɮɥɢɤɬ ɦɟɠɞɭ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɦɢ ɬɪɟɛɨ-

ɜɚɧɢɹɦɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɤɨɪɪɟɥɹɰɢɢ  
ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɡɧɚɱɟɧɢɟ ∑ ௝ܾ = 0
ெ௝=ଵ , ɬɨ 

ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɥɢɛɨ ɜɫɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟ 
ɜɚɠɧɵ (ɜɫɟ ௝ܾ=0), ɥɢɛɨ ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ 
ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ bj  ɤɨɦɩɟɧɫɢɪɭɸɬ 
ɞɪɭɝ ɞɪɭɝɚ. ɉɪɢɱɟɦ, ɬɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ∑ ௝ܾ = ∑ ௝ܾ௕ೕஸ଴௕ೕஹ଴ , ɬɨ ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ ɭɞɨɜ-
ɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɧɟ 
ɢɡɦɟɧɢɬɫɹ ɩɪɢ ɥɸɛɨɦ ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ 
ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ц (ɬɚɤ ɤɚɤ ɧɟɤɨ-
ɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɭɬ 
ɩɪɢɛɥɢɠɚɬɶ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɤ ɬɪɟɛɭɟɦɨɦɭ ɩɨ-
ɬɪɟɛɢɬɟɥɟɦ, ɚ ɞɪɭɝɢɟ, ɧɚɨɛɨɪɨɬ, ɨɬɞɚɥɹɬɶ).  

ȿɫɥɢ ɡɧɚɱɟɧɢɟ ∑ ௝ܾ > 0
ெ௝=ଵ , ɬɨ ɷɬɨ ɨɡɧɚɱɚɟɬ, 

ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɟ ɢɧɠɟɧɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɜ ɞɚɧɧɨɣ ɫɢɬɭɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɦɚɤɫɢ-
ɦɢɡɢɪɨɜɚɬɶ, ɱɬɨɛɵ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɩɨɬɪɟɛɢ-
ɬɟɥɶɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ.  

ɉɨɫɤɨɥɶɤɭ ЭЦУ=1, ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɬɟɩɟɧɢ 
ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɜ 

ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ 
ɡɧɚɱɟɧɢɟ Ц ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

ȼ ɫɥɭɱɚɟ ɟɫɥɢ ∑ ௝ܾ < 0
ெ௝=ଵ , ɧɟɨɛɯɨɞɢɦɨ ɦɢ-

ɧɢɦɢɡɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɟ ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ. 

Ɉɞɧɚɤɨ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɜɫɟ ɡɧɚɱɟɧɢɹ tmj=1 

ɢɥɢ tmj=0, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɧɹɬɧɨ ɤɚɤ ɢɡɦɟ-
ɧɹɬɶ ɡɧɚɱɟɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, 
ɛɵɜɚɸɬ ɨɱɟɧɶ ɪɟɞɤɨ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 

ɜɜɟɫɬɢ ɬɚɤɨɣ ɜɟɤɬɨɪ k, ɫɨɫɬɚɜɥɹɸɳɚɹ kd ɤɨɬɨ-
ɪɨɝɨ ɩɨɤɚɡɵɜɚɥɚ ɛɵ ɜɚɠɧɨɫɬɶ ɢ ɧɚɩɪɚɜɥɟɧɢɟ 
ɢɡɦɟɧɟɧɢɹ d-ɣ ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫ 
ɭɱɟɬɨɦ ɬɟɫɧɨɬɵ ɟɟ ɫɜɹɡɢ ɫ ɞɪɭɝɢɦɢ ɢɧɠɟɧɟɪ-
ɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɚ ɬɚɤɠɟ ɜɚɠɧɨɫɬɢ 
ɩɨɫɥɟɞɧɢɯ. Ⱦɥɹ ɟɟ ɪɚɫɱɟɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɭ 

 ݇ௗ=∑ ௝ܾ × ௝ௗMݐ
j=1 . 

 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɫɟ tmj=1, ݇ௗ=∑ ௝ܾM
j=1 . ɑɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɜɵɲɟ ɫɥɭɱɚɹɦ. 
ɉɪɢ ɡɧɚɱɟɧɢɢ tmj=0 (ɤɪɨɦɟ tmm=1), ݇ௗ=ܾ௠ ௠௠ݐ× = ܾ௠. Ɍɨ ɟɫɬɶ ɬɚɤɠɟ ɨɬɪɚɠɚɟɬ ɪɚɫɫɦɨɬ-

ɪɟɧɧɵɟ ɜɵɲɟ ɫɥɭɱɚɢ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɟɥɢɱɢɧɵ kd ɢɧɠɟɧɟɪɧɵɟ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɧɠɢɪɭɸɬ ɩɨ ɜɚɠɧɨɫɬɢ ɢ ɨɩɪɟ-
ɞɟɥɹɸɬ ɧɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɤɚɠɞɨɣ ɢɡ ɧɢɯ. 
ɉɪɢ ɷɬɨɦ ɫɚɦɨɣ ɜɚɠɧɨɣ ɛɭɞɟɬ ɢɧɠɟɧɟɪɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɡɧɚɱɟɧɢɟ kd ɤɨɬɨɪɨɣ ɩɨ ɦɨɞɭ-
ɥɸ ɧɚɢɛɨɥɶɲɟɟ, ɚ ɡɧɚɤ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɛɭɞɟɬ 
ɩɨɤɚɡɵɜɚɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ 
(ɜ ɫɥɭɱɚɟ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ) ɢɥɢ ɦɢ-
ɧɢɦɢɡɢɪɨɜɚɬɶ (ɜ ɫɥɭɱɚɟ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɜɟɥɢ-
ɱɢɧɵ) ɡɧɚɱɟɧɢɟ d-ɣ ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɢ. ɉɪɢɨɪɢɬɟɬ ɢɡɦɟɧɟɧɢɹ ɢɦɟɸɬ ɢɧɠɟɧɟɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫ ɧɚɢɛɨɥɶɲɢɦ ɪɚɧɝɨɦ. 

ɋɭɳɟɫɬɜɟɧɧɨ, ɱɬɨ ɞɥɹ ɪɚɫɱɟɬɚ ɜɟɥɢɱɢɧɵ kd 

ɧɟ ɬɪɟɛɭɟɬɫɹ ɫɛɨɪ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚ-
ɰɢɢ – ɜɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɫɨɛɢɪɚɟɬ-
ɫɹ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɚɥɝɨɪɢɬɦɟ ɋɎɄ. 

Ⱥɩɪɨɛɚɰɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥɚ 
ɩɪɨɢɡɜɟɞɟɧɚ ɧɚ ɩɪɢɦɟɪɟ ɩɨɪɬɚɬɢɜɧɨɝɨ ɚɩɩɚɪɚ-
ɬɚ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɜɟɧɬɢɥɹɰɢɢ ɥɟɝɤɢɯ (ɂȼɅ), 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɤɭɫɫɬɜɟɧ-
ɧɨɣ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɜɟɧɬɢɥɹɰɢɢ ɥёɝɤɢɯ ɢ 
ɨɤɫɢɝɟɧɨɬɟɪɚɩɢɢ ɤɢɫɥɨɪɨɞɨɦ ɢ ɤɢɫɥɨɪɨɞɧɨ-

ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɶɸ ɜ ɭɫɥɨɜɢɹɯ ɜɵɟɡɞɧɨɣ ɫɥɭɠ-
ɛɵ ɢɧɬɟɧɫɢɜɧɨɣ ɬɟɪɚɩɢɢ ɢ ɪɟɚɧɢɦɚɰɢɢ. ɂɬɨ-
ɝɨɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɧɝɨɜ ɢɧɠɟɧɟɪɧɵɯ ɯɚ-
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ɪɚɤɬɟɪɢɫɬɢɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ, ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɤɨɬɨɪɨɣ ɢɞɟɬ ɪɚɧɠɢɪɨɜɚɧɢɟ, ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. 

ɂɫɯɨɞɹ ɢɡ ɪɢɫ. 2 ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɨɛ-
ɳɚɹ ɬɟɧɞɟɧɰɢɹ ɪɚɧɠɢɪɨɜɚɧɢɹ ɢɧɠɟɧɟɪɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɨɛɟɢɦ ɜɟɥɢɱɢɧɚɦ ɜ ɛɨɥɶ-
ɲɢɧɫɬɜɟ ɬɨɱɟɤ ɫɨɯɪɚɧɹɟɬɫɹ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɩɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɧɟ ɞɚɟɬ ɤɚɪɞɢɧɚɥɶɧɨ 
ɧɨɜɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɚɧɠɢɪɨɜɚɧɢɸ ɜ ɦɟɬɨɞɟ 
ɋɎɄ, ɚ ɥɢɲɶ ɞɨɩɨɥɧɹɟɬ ɢ ɭɬɨɱɧɹɟɬ ɨɬɞɟɥɶɧɵɟ 
ɫɥɭɱɚɢ ɧɟɜɧɢɦɚɧɢɹ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɪɨɞɭɤɰɢɢ 
ɤ ɜɡɚɢɦɨɜɥɢɹɧɢɸ ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, 
ɭɦɟɧɶɲɚɹ ɩɪɢ ɷɬɨɦ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 
ɡɚɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ ɋɎɄ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Дβ 

– 10Ж, ɤɥɸɱɟɜɵɦ ɷɬɚɩɨɦ ɚɧɚɥɢɡɚ ɩɨ ɦɟɬɨɞɭ 
ɋɎɄ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ bj, ɤɨɬɨɪɨɟ ɨɩɪɟ-
ɞɟɥɹɟɬ ɜɚɠɧɨɫɬɶ ɢɧɠɟɧɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɟ ɫɜɹɡɢ ɫ ɩɨɬɪɟɛɢɬɟɥɶ-

ɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɢ ɢɯ ɜɚɠɧɨɫɬɢ ɞɥɹ ɩɨ-
ɬɪɟɛɢɬɟɥɹ, ɬɨ ɜ ɩɪɟɞɥɚɝɚɟɦɨɦ ɦɟɬɨɞɟ ɤɪɨɦɟ 
ɜɵɲɟɧɚɡɜɚɧɧɵɯ ɜɟɥɢɱɢɧ ɭɱɢɬɵɜɚɟɬɫɹ ɟɳɟ ɢ 
ɜɥɢɹɧɢɟ ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɪɭɝ ɧɚ 
ɞɪɭɝɚ.  

ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɡɧɚɱɟɧɢɣ 
ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ 
ɩɪɨɞɭɤɰɢɢ ɭɱɢɬɵɜɚɟɬ ɢ ɬɪɟɛɨɜɚɧɢɹ ɩɨɬɪɟɛɢ-
ɬɟɥɟɣ, ɢ ɬɟɫɧɨɬɭ ɫɜɹɡɟɣ ɦɟɠɞɭ ɢɧɠɟɧɟɪɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫ ɩɨɦɨɳɶɸ ɧɟɫɥɨɠɧɵɯ 
ɜɵɱɢɫɥɟɧɢɣ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɟɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟ ɬɪɟ-
ɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɦɧɨɠɟɫɬɜɚ ɢɬɟɪɚɰɢɣ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɨɬ ɦɟɬɨɞ ɧɟ ɬɨɥɶɤɨ ɫɨɤɪɚ-
ɳɚɟɬ ɜɪɟɦɹ ɡɚɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ ɋɎɄ, ɧɨ ɢ 
ɭɦɟɧɶɲɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɲɢɛɤɢ ɜɫɥɟɞɫɬɜɢɟ 
ɜɥɢɹɧɢɹ ɫɭɛɴɟɤɬɢɜɧɨɫɬɢ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤ-
ɬɨɪɚ ɩɪɢ ɜɵɛɨɪɟ ɡɧɚɱɟɧɢɣ ɢɧɠɟɧɟɪɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ. 
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