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ȼɂɄɈɊɂɋɌȺɇɇə ȺɅȽɈɊɂɌɆɍ ɐɍɄȺɆɈɌɈ ȾɅə ɇȿɑȱɌɄɈȲ 
ɄɅȺɋɂɎȱɄȺɐȱȲ ɉɈɆɂɅɈɄ ɍ ɌȿɋɌɍȼȺɇɇȱ ɉɊɈȽɊȺɆ 
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ɍ ɩɪɨɰɟɫɿ ɠɢɬɬєɜɨɝɨ ɰɢɤɥɚ ɪɨɡɪɨɛɤɢ ɩɪɨɝɪɚɦ ɪɨɥɶ ɬɟɫɬɭɜɚɧɧɹ ɞɭɠɟ ɡɧɚɱɧɚ. ɉɨɲɭɤ ɩɨɦɢɥɨɤ ɭ 
ɩɪɨɝɪɚɦɚɯ ɬɚ ʀɯ ɤɥɚɫɢɮɚɤɚɰɿɹ є ɧɚɣɜɚɠɥɢɜɿɲɨɸ ɡɚɞɚɱɟɸ. ɇɟɜɿɪɧɨ ɤɥɚɫɢɮɿɤɨɜɚɧɿ ɩɨɦɢɥɤɢ 
ɧɟɝɚɬɢɜɧɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɩɨɞɚɥɶɲɢɣ ɰɢɤɥ ʀʀ ɪɨɡɪɨɛɤɢ. ɍ ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɤɨɧɭɜɚɬɢ 
ɤɥɚɫɢɮɿɤɚɰɿɸ ɩɨɦɢɥɨɤ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɚɩɚɪɚɬɭ ɧɟɱɿɬɤɨʀ ɥɨɝɿɤɢ, ɚ ɫɚɦɟ, ɧɚ 
ɨɫɧɨɜɿ ɚɥɝɨɪɢɬɦɭ ɐɭɤɚɦɨɬɨ. ɐɟ ɞɨɡɜɨɥɢɥɨ ɩɿɞɜɢɳɢɬɢ ɜɢɪɨɝɿɞɧɿɫɬɶ ɤɥɚɫɢɮɿɤɚɰɿʀ. 
 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɬɟɫɬɭɜɚɧɧɹ, ɧɟɱɿɬɤɚ ɤɥɚɫɢɮɿɤɚɰɿɹ, ɩɪɨɝɪɚɦɢ.  
 

ȼɫɬɭɩ: ȼ ɞɚɧɢɣ ɱɚɫ ɜ ɨɛɥɚɫɬɿ ɪɨɡɪɨɛɤɢ ɩɪɨɝɪɚɦ ɜɿɞɛɭɜɫɹ ɩɟɪɟɯɿɞ ɜɿɞ ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ 
ɬɟɫɬɭɜɚɧɧɹ ɞɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɹɤɨɫɬɿ, ɳɨ ɨɯɨɩɥɸє ɰɢɤɥ ɪɨɡɪɨɛɤɢ ɜ ɰɿɥɨɦɭ. ȼɿɪɧɚ ɤɥɚɫɢɮɿɤɚɰɿɹ 
ɩɨɦɢɥɨɤ ɡɚ ɫɬɭɩɟɧɟɦ ʀɯ ɤɪɢɬɢɱɧɨɫɬɿ Д1Ж, ɿɫɬɨɬɧɨ ɜɩɥɢɜɚє ɧɚ ɩɨɞɚɥɶɲɢɣ ʀɯɧɿɣ ɠɢɬɬєɜɢɣ ɰɢɤɥ, ɚ 
ɬɚɤɨɠ ɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ ɜ ɰɿɥɨɦɭ. Ɋɿɲɟɧɧɹ ɞɚɧɨʀ ɡɚɞɚɱɿ ɜɢɦɚɝɚє ɡɧɚɧɶ, ɥɨɝɿɱɧɢɯ 
ɦɿɪɤɭɜɚɧɶ, ɞɨɫɜɿɞɭ ɿɧɠɟɧɟɪɚ ɡ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ, ɬɨɛɬɨ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɩɥɨɳɢɧɿ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ 
ɪɨɛɨɬɢ ɥɸɞɢɧɢ. Ʉɿɥɶɤɿɫɬɶ ɩɨɦɢɥɨɤ ɦɨɠɟ ɛɭɬɢ ɧɚɫɬɿɥɶɤɢ ɜɟɥɢɤɚ, ɳɨ ɧɟ ɡɚɜɠɞɢ ɛɭɜɚє ɦɨɠɥɢɜɢɦ 
ɜɿɪɧɨ ɜɢɤɨɧɚɬɢ ɤɥɚɫɢɮɿɤɚɰɿɸ ɩɨɦɢɥɨɤ ɡɚ ɫɬɭɩɟɧɟɦ ʀɯ ɤɪɢɬɢɱɧɨɫɬɿ. Ɍɨɦɭ ɡɚɜɞɚɧɧɹ ɪɨɡɪɨɛɤɢ 
ɚɥɝɨɪɢɬɦɭ ɤɥɚɫɢɮɿɤɚɰɿʀ ɩɨɦɢɥɨɤ ɭ ɬɟɫɬɭɜɚɧɧɿ ɩɪɨɝɪɚɦ ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɤɥɚɫɢɮɿɤɚɰɿʀ  
є ɚɤɬɭɚɥɶɧɨɸ. Ⱦɥɹ ʀʀ ɜɢɪɿɲɟɧɧɹ ɩɪɨɩɨɧɭєɬɶɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɦɚɬɟɦɚɬɢɱɧɢɣ ɚɩɚɪɚɬ ɧɟɱɿɬɤɨʀ 
ɥɨɝɿɤɢ, ɹɤ ɨɞɧɨɝɨ ɡ ɧɚɩɪɹɦɤɿɜ ɞɨɫɥɿɞɠɟɧɶ ɜ ɝɚɥɭɡɿ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ, ɳɨ ɞɨɡɜɨɥɹє ɡɧɚɯɨɞɢɬɢ 
ɪɿɲɟɧɧɹ ɬɪɭɞɧɨɮɨɪɦɚɥɿɡɨɜɚɧɢɯ ɡɚɜɞɚɧɶ, ɚ ɫɚɦɟ ɡɚɞɚɱ ɤɥɚɫɢɮɿɤɚɰɿʀ. 

Ɉɫɧɨɜɧɚ ɱɚɫɬɢɧɚ: Ʉɥɚɫɢɮɿɤɚɰɿɹ ɩɨɦɢɥɤɢ ɭ ɩɪɨɰɟɫɿ ɬɟɫɬɭɜɚɧɧɹ ɩɪɨɝɪɚɦ ɩɟɪɟɞɛɚɱɚє 
ɧɚɞɚɧɧɹ ʀɣ ɫɬɭɩɟɧɹ ɤɪɢɬɢɱɧɨɫɬɿ. ȼɢɯɨɞɹɱɢ ɡ ɰɢɯ ɨɬɪɢɦɚɧɢɯ ɞɚɧɢɯ, ɩɨɦɢɥɤɚ ɨɬɪɢɦɭє ɩɪɿɨɪɢɬɟɬ 
ɞɥɹ ɩɨɞɚɥɶɲɨʀ ɪɨɛɨɬɢ ɧɚɞ ʀʀ ɜɢɩɪɚɜɥɟɧɧɹɦ. ɋɬɭɩɟɧɿ ɤɪɢɬɢɱɧɨɫɬɿ ɬɚ ɩɪɿɨɪɢɬɟɬ ɩɨɦɢɥɤɢ ɦɨɠɭɬɶ 
ɩɨ ɪɿɡɧɨɦɭ ɩɨɡɧɚɱɚɬɢɫɹ, ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɛɚɝ-ɬɪɟɤɿɧɝɨɜɨʀ ɫɢɫɬɟɦɢ, ɜ ɹɤɿɣ ɩɪɚɰɸє ɜɢɤɨɧɚɜɟɰɶ 

Д2Ж. ɇɚɩɪɢɤɥɚɞ, ɜ ɛɚɝ-ɬɪɟɤɿɧɝɨɜɨʀ ɫɢɫɬɟɦɿ BЮРzТХХК ɩɪɿɨɪɢɬɟɬ ɩɨɦɢɥɤɢ ɩɨɡɧɚɱɚєɬɶɫɹ ɜɿɞ P1 
(ɧɚɣɛɿɥɶɲ ɜɚɠɥɢɜɿ) ɞɨ P2(ɧɚɣɦɟɧɲ ɜɚɠɥɢɜɿ), ɬɚɤɨɠ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɚɤɿ ɫɬɭɩɟɧɿ 
ɤɪɢɬɢɱɧɨɫɬɿ: 

– ɧɚɞɡɜɢɱɚɣɧɚ. Ȼɥɨɤɭє ɩɨɞɚɥɶɲɭ ɪɨɛɨɬɭ ɡ ɪɨɡɪɨɛɤɢ ɬɚ/ɚɛɨ ɬɟɫɬɭɜɚɧɧɸ; 
– ɤɪɢɬɢɱɧɚ.  Ⱥɜɚɪɿɹ ɩɪɨɝɪɚɦɢ, ɜɬɪɚɬɚ ɞɚɧɢɯ, ɫɟɪɣɨɡɧɢɣ ɜɢɬɿɤ ɪɟɫɭɪɫɿɜ; 
– ɫɟɪɣɨɡɧɚ. ȼɟɥɢɤɚ ɜɬɪɚɬɚ ɮɭɧɤɰɿɨɧɚɥɶɧɨɫɬɿ; 
– ɫɭɬɬєɜɚ. Ɂɜɢɱɚɣɧɚ ɩɪɨɛɥɟɦɚ, ɞɟɹɤɚ ɜɬɪɚɬɚ ɮɭɧɤɰɿɨɧɚɥɶɧɨɫɬɿ ɩɪɢ ɩɟɜɧɢɯ ɨɛɫɬɚɜɢɧɚɯ; 
– ɧɟɡɧɚɱɧɚ. ɇɟɫɭɬɬєɜɚ ɜɬɪɚɬɚ ɮɭɧɤɰɿɨɧɚɥɶɧɨɫɬɿ ɚɛɨ ɜɿɞɨɦɨ ɧɟɫɤɥɚɞɧɟ ɪɿɲɟɧɧɹ, ɹɤɟ ɦɨɠɧɚ 

ɨɛɿɣɬɢ; 
– ɬɪɢɜɿɚɥɶɧɚ. Ʉɨɫɦɟɬɢɱɧɿ ɞɟɮɟɤɬɢ: ɨɩɟɱɚɬɤɚ, ɪɨɡɬɚɲɭɜɚɧɧɹ ɧɚ ɟɤɪɚɧɿ, ɨɮɨɪɦɥɟɧɧɹ ɿ ɬ. ɞ. 
ɍ ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɤɨɧɭɜɚɬɢ ɤɥɚɫɢɮɿɤɚɰɿɸ ɩɨɦɢɥɨɤ ɡɚ ɫɬɭɩɟɧɟɦ ʀɯ ɤɪɢɬɢɱɧɨɫɬɿ ɧɚ  

ɛɚɡɿ ɚɥɝɨɪɢɬɦɭ ɐɭɤɚɦɨɬɨ Д3Ж. Ⱥɥɝɨɪɢɬɦ ɜɤɥɸɱɚє ɬɚɤɿ ɤɪɨɤɢ: 
1) Ɏɨɪɦɭɜɚɧɧɹ ɛɚɡɢ ɩɪɚɜɢɥ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ ɜɢɜɟɞɟɧɧɹ ɡɞɿɣɫɧɸєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ 

ɭɩɨɪɹɞɤɨɜɚɧɨɝɨ ɭɡɝɨɞɠɟɧɨɝɨ ɫɩɢɫɤɭ ɧɟɱɿɬɤɢɯ ɩɪɨɞɭɤɰɿɣɧɢɯ ɩɪɚɜɢɥ ɭ ɜɢɝɥɹɞɿ «IF A THEІ B», ɞɟ 
ɚɧɬɟɰɟɞɟɧɬɢ ɹɞɟɪ ɩɪɚɜɢɥ ɧɟɱɿɬɤɨʀ ɩɪɨɞɭɤɰɿʀ ɩɨɛɭɞɨɜɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɥɨɝɿɱɧɢɯ ɡɜ'ɹɡɨɤ «ȱ», ɚ 
ɤɨɧɫɢɤɜɟɧɬɢ ɹɞɟɪ ɩɪɚɜɢɥ ɧɟɱɿɬɤɨʀ ɩɪɨɞɭɤɰɿʀ ɩɪɨɫɬɿ; 

2) Ɏɚɡɢɮɿɤɚɰɿʀ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ ɡɞɿɣɫɧɸєɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɚɥɝɨɪɢɬɦɭ Ɇɚɦɞɚɧɿ Д4Ж; 
3) Ⱥɝɪɟɝɭɜɚɧɧɹ ɩɿɞɭɦɨɜ ɩɪɚɜɢɥ ɧɟɱɿɬɤɨʀ ɩɪɨɞɭɤɰɿʀ ɡɞɿɣɫɧɸєɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɚɥɝɨɪɢɬɦɭ 

Ɇɚɦɞɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɥɚɫɢɱɧɨʀ ɧɟɱɿɬɤɨʀ ɥɨɝɿɱɧɨʀ ɨɩɟɪɚɰɿʀ «ȱ» ɞɜɨɯ ɟɥɟɦɟɧɬɚɪɧɢɯ 
ɜɢɫɥɨɜɥɸɜɚɧɶ; 
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4) Ⱥɤɬɢɜɿɡɚɰɿɹ ɩɿɞɜɢɫɧɨɜɤɿɜ ɩɪɚɜɢɥ ɧɟɱɿɬɤɨʀ ɩɪɨɞɭɤɰɿʀ ɩɪɨɜɨɞɢɬɶɫɹ ɜ ɞɜɚ ɟɬɚɩɢ. ɇɚ 
ɩɟɪɲɨɦɭ ɟɬɚɩɿ, ɫɬɭɩɟɧɿ ɿɫɬɢɧɧɨɫɬɿ ɜɢɫɧɨɜɤɿɜ (ɤɨɧɫɢɤɜɟɧɬɢ) ɧɟɱɿɬɤɢɯ ɩɪɨɞɭɤɰɿɣɧɢɯ ɩɪɚɜɢɥ 
ɡɧɚɯɨɞɹɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɚɥɝɨɪɢɬɦɭ Ɇɚɦɞɚɧɿ, ɹɤ ɚɥɝɟɛɪɚʀɱɧɢɣ ɞɨɛɭɬɨɤ ɜɚɝɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ ɿ 
ɫɬɭɩɟɧɹ ɿɫɬɢɧɧɨɫɬɿ ɚɧɬɟɰɟɞɟɧɬɚ ɞɚɧɨɝɨ ɧɟɱɿɬɤɨɝɨ ɩɪɨɞɭɤɰɿɣɧɨɝɨ ɩɪɚɜɢɥɚ. ɇɚ ɞɪɭɝɨɦɭ ɟɬɚɩɿ, ɧɚ 
ɜɿɞɦɿɧɭ ɜɿɞ ɚɥɝɨɪɢɬɦɭ Ɇɚɦɞɚɧɿ, ɞɥɹ ɤɨɠɧɨɝɨ ɡ ɩɪɨɞɭɤɰɿɣɧɢɯ ɩɪɚɜɢɥ ɡɚɦɿɫɬɶ ɩɨɛɭɞɨɜɢ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɩɿɞɜɢɫɧɨɜɤɿɜ ɜɢɪɿɲɭєɬɶɫɹ ɪɿɜɧɹɧɧɹ cx  )(  ɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɱɿɬɤɟ ɡɧɚɱɟɧɧɹ  

ɜɢɯɿɞɧɨʀ   ɥɿɧɝɜɿɫɬɢɱɧɨʀ ɡɦɿɧɧɨʀ, ɞɟ cx  ɿ )( – ɜɿɞɩɨɜɿɞɧɨ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɬɟɪɦɿɜ 
ɥɿɧɝɜɿɫɬɢɱɧɢɯ ɡɦɿɧɧɢɯ ɿ ɫɬɭɩɟɧɹ ɿɫɬɢɧɧɨɫɬɿ ɧɟɱɿɬɤɢɯ ɜɢɫɥɨɜɥɸɜɚɧɶ, ɳɨ ɭɬɜɨɪɸɸɬɶ ɜɿɞɩɨɜɿɞɧɿ 
ɫɥɿɞɫɬɜɚ (ɤɨɧɫɢɤɜɟɧɬɢ) ɹɞɟɪ ɧɟɱɿɬɤɢɯ ɩɪɨɞɭɤɰɿɣɧɢɯ ɩɪɚɜɢɥ; 

5) Ⱥɤɭɦɭɥɹɰɿɹ ɜɢɫɧɨɜɤɿɜ ɩɪɚɜɢɥ ɧɟɱɿɬɤɨʀ ɩɪɨɞɭɤɰɿʀ ɧɟ ɩɪɨɜɨɞɢɬɶɫɹ, ɨɫɤɿɥɶɤɢ ɧɚ ɟɬɚɩɿ 
ɚɤɬɢɜɿɡɚɰɿʀ ɜɠɟ ɨɬɪɢɦɚɧɿ ɞɢɫɤɪɟɬɧɿ ɦɧɨɠɢɧɢ ɱɿɬɤɢɯ ɡɧɚɱɟɧɶ ɞɥɹ ɤɨɠɧɨʀ ɡ ɜɢɯɿɞɧɢɯ ɥɿɧɝɜɿɫɬɢɱɧɢɯ 
ɡɦɿɧɧɢɯ. 

6) ɇɚ ɟɬɚɩɿ ɞɟɮɚɡɡɿɮɿɤɚɰɿʀ ɞɥɹ ɤɨɠɧɨʀ ɥɿɧɝɜɿɫɬɢɱɧɨʀ ɡɦɿɧɧɨʀ ɡɞɿɣɫɧɸєɬɶɫɹ ɩɟɪɟɯɿɞ ɜɿɞ 
ɞɢɫɤɪɟɬɧɨʀ ɦɧɨɠɢɧɢ ɱɿɬɤɢɯ ɡɧɚɱɟɧɶ },...,{ 1 nww  ɞɨ єɞɢɧɨɝɨ ɱɿɬɤɨɝɨ ɡɧɚɱɟɧɧɹɦ ɡɝɿɞɧɨ 
ɞɢɫɤɪɟɬɧɨɝɨ ɚɧɚɥɨɝɭ ɦɟɬɨɞɭ ɰɟɧɬɪɭ ɬɹɠɿɧɧɹ 
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 ɞɟ n  – ɤɿɥɶɤɿɫɬɶ ɩɪɚɜɢɥ ɧɟɱɿɬɤɨʀ ɩɪɨɞɭɤɰɿʀ, ɜ ɩɿɞɜɢɫɧɨɜɤɚɯ ɹɤɨʀ ɮɿɝɭɪɭє ɞɚɧɚ ɥɿɧɝɜɿɫɬɢɱɧɚ 
ɡɦɿɧɧɚ, ic  – ɫɬɭɩɿɧɶ ɿɫɬɢɧɧɨɫɬɿ ɩɿɞɜɢɫɧɨɜɤɚ ɩɪɨɞɭɤɰɿɣɧɨɝɨ ɩɪɚɜɢɥɚ, iw  – ɱɿɬɤɟ ɡɧɚɱɟɧɧɹ ɞɚɧɨʀ 
ɥɿɧɝɜɿɫɬɢɱɧɨʀ ɡɦɿɧɧɨʀ, ɨɬɪɢɦɚɧɟ ɧɚ ɫɬɚɞɿʀ ɚɤɬɢɜɿɡɚɰɿʀ ɲɥɹɯɨɦ ɜɢɪɿɲɟɧɧɹ ɪɿɜɧɹɧɧɹ  

 

                                 icx  )(  , ɬɨɛɬɨ ii cw  )( ,                                            (2) 
 

 ɚ )(x  – ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɿɞɩɨɜɿɞɧɨɝɨ ɬɟɪɦɚ ɥɿɧɝɜɿɫɬɢɱɧɨʀ ɡɦɿɧɧɨʀ. 
ȼɢɫɧɨɜɤɢ: ɍ ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɡɚɫɬɨɫɭɜɚɬɢ ɚɥɝɨɪɢɬɦ ɐɭɤɚɦɨɬɨ ɞɥɹ ɧɟɱɿɬɤɨʀ 

ɤɥɚɫɢɮɿɤɚɰɿʀ ɩɨɦɢɥɨɤ ɭ ɬɟɫɬɭɜɚɧɧɿ ɩɪɨɝɪɚɦ. ȿɤɫɩɟɪɢɦɟɧɬɢ ɩɨɤɚɡɚɥɢ ɩɿɞɜɢɳɟɧɧɹ ɞɨɫɬɨɜɿɪɧɨɫɬɿ 
ɤɥɚɫɢɮɿɤɚɰɿʀ ɩɨɦɢɥɨɤ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɥɚɫɢɮɿɤɚɰɿʀ, ɜɢɤɨɧɚɧɨʀ ɮɚɯɿɜɰɹɦɢ ɡ ɤɨɧɬɪɨɥɸ 
ɹɤɨɫɬɿ ɜ ɫɟɪɟɞɧɶɨɦɭ ɞɨ 1,4 ɪɚɡ. Ⱦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɲɢɪɨɤɨɝɨ 
ɤɨɥɚ ɡɚɞɚɱ ɤɥɚɫɢɮɿɤɚɰɿʀ, ɳɨ ɪɨɡɜ’ɹɡɭɸɬɶɫɹ ɜ ɨɛɥɚɫɬɿ ɪɨɡɪɨɛɤɢ ɬɚ ɬɟɫɬɭɜɚɧɧɹ ɩɪɨɝɪɚɦ. 
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Kozina Y.Y., Tkachenko O.V., Kozin A.A.  
Usage of Tsukamoto Algorithm for Fuzzy Classification of Defects in Software Testing 

The software testing role is very important during the programs development lifecycle. Search for defects 

and their classification is an important task. Incorrect classified defects adversely affect for future cycle of 

development. On this thesis the classification of defects to perform is offered using the mathematical 

apparatus of fuzzy logic, namely, on the basis of the Tsukamoto algorithm. Applying of this algorithm 

leads to increase of classification reliability. 

Keywords: testing, fuzzy classification, programs. 

 

 

V   ɍɤɪɚʀɧɫɶɤɨ ɧɿɦɟɰɶɤɚ ɤɨɧɮɟɪɟɧɰɿя «Іɧɮɨɪɦɚɬɢɤɚ. Кɭɥɶɬɭɪɚ. Ɍɟɯɧɿɤɚ

Ɉɞɟɫɚ, 22.05 26.05., 2017                                                      

ȺɇȺɅɂɁ ȽȿɈȽɊȺɎɂɑȿɋɄɂɏ ȺɋɉȿɄɌɈȼ ɌɊɍȾɈɍɋɌɊɈɃɋɌȼȺ 
ȼɕɉɍɋɄɇɂɄɈȼ ȼɍɁɈȼ ɇȺ ɈɋɇɈȼȿ ȾȺɇɇɕɏ ɋɈɐɂȺɅɖɇɕɏ 

ɋȿɌȿɃ
ȿɦɟɥɶɹɧɨɜ ɋ.Ⱦ., ɋɬɟɩɚɧɟɧɤɨ Ⱥ.Ⱦ., ɉɪɨɜɨɬɨɪɨɜ ȼ.ȼ.,

ɞ.ɬ.ɧ., ɞɨɰɟɧɬ, ɩɪɨɮɟɫɫɨɪ Ʌɸɛɱɟɧɤɨ ȼ.ȼ.

Ɉɞɟɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
ɍɤɪɚɢɧɚ, Ɉɞɟɫɫɚ

ШЩЮ@ШЩЮ.ЮК

Ɋɚɛɨɬɚ ɮɨɤɭɫɢɪɭɟɬɫɹ ɧɚ ɪɚɡɪɚɛɨɬɤɟ ɪɟɲɟɧɢɹ ɞɥɹ ɚɧɚɥɢɡɚ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɚɫɩɟɤɬɨɜ 
ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɫɨɰɢɚɥɶɧɵɯ ɫɟɬɟɣ. ɉɪɟɞɥɨɠɟɧɧɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɢ ɩɪɟɞɫɬɚɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɝɪɚɮɢɱɟɫɤɢ

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɧɚɥɢɡ ɞɚɧɧɵɯ, ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɨ, ɫɨɰɢɚɥɶɧɚɹ ɫɟɬɶ, ɚɜɬɨɦɚɬɢɡɚɰɢɹ 
 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɨɛɥɟɦ ɜɵɩɭɫɤɧɢɤɨɜ ȼɍɁɨɜ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɩɨɢɫɤɚ ɪɚɛɨɬɵ ɢ 
ɞɚɥɶɧɟɣɲɟɝɨ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ. Ȼɨɥɶɲɢɧɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɪɟɣɬɢɧɝɨɜ ɤɨɦɩɚɧɢɣ, ɧɚ ɤɨɬɨɪɵɟ ɦɨɠɧɨ 
ɛɵɥɨ ɛɵ ɩɨɥɨɠɢɬɶɫɹ ɩɪɢ ɩɨɢɫɤɟ ɜɚɤɚɧɫɢɣ, ɡɚɱɚɫɬɭɸ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɞɨɫɬɢɠɟɧɢɹɯ ɤɨɦɩɚɧɢɢ, ɚ ɧɟ 
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɜ ɧɟɣ. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɤ 
ɚɝɪɟɝɢɪɨɜɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɨɬɤɪɵɬɵɯ ɢɫɬɨɱɧɢɤɚɯ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢɦɟɸɬɫɹ ɜ ɢɡɛɵɬɤɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɫɛɨɪɚ 
ɪɟɥɟɜɚɧɬɧɵɯ ɞɚɧɧɵɯ, ɞɚɥɶɧɟɣɲɟɣ ɢɯ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɭɤɚɡɵɜɚɥɢ ɛɵ 
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ȼɍɁɨɜ ɢ ɤɨɦɩɚɧɢɣ ɞɥɹ ɫɬɭɞɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɩɪɟɞɩɨɱɬɟɧɢɹ ɫɬɭɞɟɧɬɨɜ ɜ ɜɵɛɨɪɟ 
ɫɬɪɚɧ, ɝɨɪɨɞɨɜ ɢ ɤɨɦɩɚɧɢɣ ɩɪɢ ɩɨɢɫɤɟ ɪɚɛɨɬɵ.

ɐɟɥɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 
ɝɟɨɝɪɚɮɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ ɜɵɩɭɫɤɧɢɤɨɜ ȼɍɁɨɜ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɢɡ ɫɨɰɢɚɥɶɧɵɯ 
ɫɟɬɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɬɟɧɞɟɧɰɢɣ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ ɜɵɩɭɫɤɧɢɤɨɜ ȼɍɁɨɜ.

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɸɬ ɪɟɣɬɢɧɝɢ ȼɍɁɨɜ ɩɨ ɍɤɪɚɢɧɟ ɢ ɨɛɥɚɫɬɹɦ, ɧɨ ɧɢ ɨɞɢɧ ɢɡ ɧɢɯ 
ɧɟ ɭɱɢɬɵɜɚɟɬ ɜɨɩɪɨɫ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɨɛɭɱɟɧɢɹ. Ɉɞɧɢɦ ɢɡ ɢɫɬɨɱɧɢɤɨɜ, ɤɨɬɨɪɵɣ 
ɡɚɬɪɚɝɢɜɚɥ ɷɬɭ ɬɟɦɭ, ɛɵɥ ɪɟɣɬɢɧɝ ɭɤɪɚɢɧɫɤɢɯ ȼɍɁɨɜ «Ʉɨɦɩɚɫ», ɝɞɟ ɛɵɥɚ ɩɪɟɞɨɫɬɚɜɥɟɧɚ ɨɰɟɧɤɚ 
ɤɨɦɩɚɧɢɣ ɢ ɷɤɫɩɟɪɬɨɜ ɨ ɤɚɠɞɨɦ ȼɍɁɟ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨ ɟɝɨ ɜɵɩɭɫɤɧɢɤɚɯ ɢ ɝɨɬɨɜɧɨɫɬɢ ɩɪɢɧɹɬɶ 
ɢɯ ɧɚ ɪɚɛɨɬɭ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɷɬɨ ɜɫɹ ɞɨɫɬɭɩɧɚɹ ɢɧɮɨɪɦɚɰɢɹ, ɚ ɩɨɫɥɟɞɧɢɣ ɩɨɞɨɛɧɵɣ ɪɟɣɬɢɧɝ ɛɵɥ 
ɫɨɫɬɚɜɥɟɧ ɜ 2012 ɝɨɞɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɹɜɧɨ ɫɬɚɥɤɢɜɚɟɦɫɹ ɫ ɩɪɨɛɥɟɦɨɣ ɧɟɞɨɫɬɚɬɨɱɧɨɣ 
ɢɧɮɨɪɦɢɪɨɜɚɧɧɨɫɬɢ.

ɇɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɢɡɜɥɟɱɟɧɚ ɢɡ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɪɚɡɥɢɱɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ. ɉɟɪɜɢɱɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɥɢɱɧɵɟ ɨɩɪɨɫɵ ɫɬɭɞɟɧɬɨɜ ɢ ɧɟɞɚɜɧɨ 
ɬɪɭɞɨɭɫɬɪɨɢɜɲɢɯɫɹ ɜɵɩɭɫɤɧɢɤɨɜ ɨɛ ɢɯ ɩɪɟɞɩɨɱɬɟɧɢɹɯ ɜ ɜɵɛɨɪɟ ɦɟɫɬɚ ɩɪɨɮɟɫɫɢɢ ɢ 
ɩɨɥɭɱɟɧɧɨɦ ɨɩɵɬɟ. ȼɬɨɪɢɱɧɵɦɢ ɠɟ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɛɭɞɟɬ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɫɬɚɬɟɣ ɋɆɂ, 
ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɚɤɬɭɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɯ ɢɥɢ ɢɧɵɯ ɤɨɦɩɚɧɢɣ, ɚ ɬɚɤɠɟ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ 
ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ ɜ ɷɬɢ ɤɨɦɩɚɧɢɢ. Ɉɛɚ ɩɨɞɯɨɞɚ ɢɦɟɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ.

ɇɚɲ ɩɨɞɯɨɞ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɰɢɚɥɶɧɵɯ ɫɟɬɟɣ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ 
ɞɚɧɧɵɯ, ɬ.ɤ. ɨɧɢ ɫɟɣɱɚɫ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɠɢɡɧɢ ɥɸɞɟɣ, ɚ ɡɧɚɱɢɬ ɱɢɫɥɨ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɞɨɛɪɨɜɨɥɶɧɨ ɜɵɤɥɚɞɵɜɚɸɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɟɛɟ ɜ ɨɬɤɪɵɬɵɣ ɞɨɫɬɭɩ, 
ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ. ɗɬɭ ɢɧɮɨɪɦɚɰɢɸ ɦɨɠɧɨ ɫɨɛɢɪɚɬɶ, ɚ ɩɨɬɨɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 
ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ Д1Ж. 

ɇɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɣ ɫɨɰɢɚɥɶɧɨɣ ɫɟɬɶɸ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ 
ȼɄɨɧɬɚɤɬɟ. ɋɨɰɢɚɥɶɧɚɹ ɫɟɬɶ ȼɄɨɧɬɚɤɬɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɜ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɦ 
ɜɢɞɟ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬ ɷɬɚɩ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɞɚɧɧɵɯ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ.  Ɂɚ 
ɟɞɢɧɢɰɭ ɞɚɧɧɵɯ ɛɭɞɟɦ ɩɪɢɧɢɦɚɬɶ ɩɪɨɮɢɥɶ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɫɨɞɟɪɠɚɳɢɣ ɫɥɟɞɭɸɳɭɸ 
ɢɧɮɨɪɦɚɰɢɸ: ɞɚɧɧɵɟ ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ, ɞɚɧɧɵɟ ɨ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɟ, ɞɚɬɚ ɪɨɠɞɟɧɢɹ ɢ 
ɝɟɨɝɪɚɮɢɱɟɫɤɭɸ ɥɨɤɚɰɢɸ ɩɨɥɶɡɨɜɚɬɟɥɹ.

ɇɚ ɷɬɚɩɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɬɢɯ ɞɚɧɧɵɯ ɩɨɡɜɨɥɢɬ ɜɵɹɜɢɬɶ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ ɜɵɩɭɫɤɧɢɤɨɜ ȼɍɁɨɜ. Ʉ ɬɚɤɢɦ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɢ ɩɪɨɰɟɧɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 


