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ȼ.Ⱥ. Ɍɭɪɱɢɧɚ, Ⱦ.Ɉ. Ɍɚɧɚɫɿєɧɤɨ 
Ⱦɧɿɩɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ 

 

ɁȺɋɌɈɋɍȼȺɇɇə ȽȿɇȿɌɂɑɇɈȽɈ ȺɅȽɈɊɂɌɆɍ  
ȾɈ ɁȺȾȺɑȱ ɋɄɅȺȾȺɇɇə ɇȺȼɑȺɅɖɇɈȽɈ ɊɈɁɄɅȺȾɍ 

 

Ɋɨɡɝɥɹɧɭɬɨ ɨɞɢɧ ɡ ɜɿɞɨɦɢɯ ɩɿɞɯɨɞɿɜ, ɹɤɢɣ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɢ ɫɤɥɚɞɚɧɧɿ 
ɧɚɜɱɚɥɶɧɨɝɨ ɪɨɡɤɥɚɞɭ. Ɂɚɩɪɨɩɨɧɨɜɚɧɚ ɫɯɟɦɚ ɝɟɧɟɬɢɱɧɨɝɨ ɚɥɝɨɪɢɬɦɭ, ɪɟɡɭɥɶɬɚɬɨɦ 
ɪɨɛɨɬɢ ɹɤɨʀ є ɨɬɪɢɦɚɧɧɹ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɫɤɥɚɞɚɧɧɹ ɪɨɡɤɥɚɞɭ ɡ 
ɧɟɨɛɯɿɞɧɿɫɬɸ ɩɨɞɚɥɶɲɨɝɨ ɣɨɝɨ ɩɨɤɪɚɳɟɧɧɹ ɿɧɲɢɦɢ ɟɜɪɢɫɬɢɱɧɢɦɢ ɦɟɬɨɞɚɦɢ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɝɟɧɟɬɢɱɧɢɣ ɚɥɝɨɪɢɬɦ, ɧɚɜɱɚɥɶɧɢɣ ɪɨɡɤɥɚɞ, ɟɜɪɢɫɬɢɱɧɿ ɦɟɬɨɞɢ. 
 

Ɋɚɫɫɦɨɬɪɟɧ ɨɞɢɧ ɢɡ ɢɡɜɟɫɬɧɵɯ ɩɨɞɯɨɞɨɜ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ 
ɫɨɫɬɚɜɥɟɧɢɢ ɭɱɟɛɧɨɝɨ ɪɚɫɩɢɫɚɧɢɹ. ɉɪɟɞɥɨɠɟɧɧɚ ɫɯɟɦɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, 
ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɫɨɫɬɚɜɥɟɧɢɹ ɪɚɫɩɢɫɚɧɢɹ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɟɝɨ ɭɥɭɱɲɟɧɢɹ ɞɪɭɝɢɦɢ 
ɷɜɪɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ, ɭɱɟɛɧɨɟ ɪɚɫɩɢɫɚɧɢɟ, ɷɜɪɢɫɬɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ. 

 

One of the main tasks in organizing the educational process in higher education is the 

drawing up of a schedule of classes. It reflects the weekly student and faculty load. At the 

same time, when compiling, there are a number of necessary conditions and a number of 

desirable. The paper considers seven required and four desirable conditions. In this paper, 

one of the well-known approaches that can be used in drawing up a curriculum is consid-

ered. The proposed scheme of the genetic algorithm, the result of which is to obtain an ap-

proximate solution to the problem of scheduling with the need to further improve it by oth-

er heuristic methods. 

To solve the problem, an island model of the genetic algorithm was selected and its ad-

vantages were considered. In the paper, the author's own structure of the individual, which 

includes chromosomes in the form of educational groups and genes as a lesson at a certain 

time, is presented and justified. The author presents his own implementations of the genetic 

algorithms. During the work, many variants of operators were tested, but they were reject-

ed due to their inefficiency. The biggest problem was to maintain the consistency of infor-

mation encoded in chromosomes. Also, two post-steps were added: to try to reduce the 

number of teacher conflict conflicts and to normalize the schedule - to remove windows 

from the schedule. The fitness function is calculated according to the following principles: 

if some desired or desired property is present in the individual, then a certain number is 

deducted from the individual's assessment, if there is a negative property, then a certain 

number is added to the assessment. Each criterion has its weight, so the size of the fine or 

rewards may be different. In this work, fines were charged for non-fulfillment of mandato-

ry conditions, and rewards for fulfilling the desired. 

Keywords: genetic algorithm, educational schedule, heuristic methods. 
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ȼɫɬɭɩ. Ɇɚɬɟɦɚɬɢɰɿ ɡɚɜɠɞɢ ɛɭɥɨ ɩɪɢɬɚɦɚɧɧɟ ɩɪɚɝɧɟɧɧɹ ɪɨɡɪɨɛɥɹɬɢ 
ɟɮɟɤɬɢɜɧɿ ɦɟɬɨɞɢ ɪɨɡɜ’ɹɡɚɧɧɹ ɹɤɨɦɨɝɚ ɲɢɪɲɢɯ ɤɥɚɫɿɜ ɡɚɞɚɱ. Ȼɚɝɚɬɨɪɿɱɧɢɣ 
ɞɨɫɜɿɞ ɪɨɡɜɢɬɤɭ ɬɟɨɪɿʀ ɞɢɫɤɪɟɬɧɢɯ ɿ ɤɨɦɛɿɧɚɬɨɪɧɢɯ ɡɚɞɚɱ ɬɚ ɩɪɚɤɬɢɤɚ ʀɯ  

 

ɪɨɡɜ’ɹɡɚɧɧɹ ɩɨɤɚɡɚɥɢ, ɳɨ ɰɿ ɞɜɿ ɫɬɨɪɨɧɢ – ɡɚɝɚɥɶɧɿɫɬɶ ɦɟɬɨɞɚ ɿ ɣɨɝɨ 
ɟɮɟɤɬɢɜɧɿɫɬɶ – ɡɧɚɯɨɞɹɬɶɫɹ ɭ ɜɿɞɨɦɨɦɭ ɚɧɬɚɝɨɧɿɡɦɿ. Ɋɚɡɨɦ ɡ ɬɢɦ, ɞɭɠɟ 
ɜɚɠɥɢɜɨ ɡɧɚɬɢ, ɿ ɨɫɨɛɥɢɜɨ ɰɟ ɫɬɨɫɭєɬɶɫɹ ɡɚɞɚɱ ɞɢɫɤɪɟɬɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ, ɳɨ 
ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ NP-ɫɤɥɚɞɧɢɯ [1], ɱɢ ɦɨɠɧɚ ɜ ɩɪɢɧɰɢɩɿ ɫɩɨɞɿɜɚɬɢɫɹ ɧɚ 
ɫɬɜɨɪɟɧɧɹ ɞɨɫɢɬɶ ɡɚɝɚɥɶɧɢɯ ɿ ɟɮɟɤɬɢɜɧɢɯ ɦɟɬɨɞɿɜ ɚɛɨ ɬɪɟɛɚ ɫɜɿɞɨɦɨ ɣɬɢ 
ɲɥɹɯɨɦ ɪɨɡɛɢɬɬɹ ɡɚɞɚɱ ɧɚ ɜɫɟ ɛɿɥɶɲ ɜɭɡɶɤɿ ɤɥɚɫɢ ɿ, ɤɨɪɢɫɬɭɸɱɢɫɶ ʀɯ 
ɫɩɟɰɢɮɿɤɨɸ, ɪɨɡɪɨɛɥɹɬɢ ɞɥɹ ɧɢɯ ɟɮɟɤɬɢɜɧɿ (ɯɨɪɨɲɿ) ɚɥɝɨɪɢɬɦɢ. 

ɍ ɜɢɩɚɞɤɚɯ, ɤɨɥɢ ɬɨɱɧɿ ɦɟɬɨɞɢ ɦɚɸɬɶ ɟɤɫɩɨɧɟɧɰɿɣɧɭ ɫɤɥɚɞɧɿɫɬɶ, ɞɨɰɿɥɶɧɨ 
ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɧɚɛɥɢɠɟɧɿ ɚɥɝɨɪɢɬɦɢ. Ɉɞɧɢɦ ɿɡ ɩɿɞɯɨɞɿɜ, ɳɨ ɞɨɫɢɬɶ ɟɮɟɤɬɢɜɧɨ 
ɡɚɪɟɤɨɦɟɧɞɭɜɚɜ ɫɟɛɟ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɧɚɛɥɢɠɟɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ, є ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɝɟɧɟɬɢɱɧɢɯ ɚɥɝɨɪɢɬɦɿɜ. ɋɚɦɟ ɰɟɣ ɩɿɞɯɿɞ ɿ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ. Ɉɞɧɿєɸ ɡ ɨɫɧɨɜɧɢɯ ɡɚɞɚɱ ɩɪɢ ɨɪɝɚɧɿɡɚɰɿʀ ɧɚɜɱɚɥɶɧɨɝɨ 
ɩɪɨɰɟɫɭ ɭ ɁȼɈ є ɫɤɥɚɞɚɧɧɹ ɪɨɡɤɥɚɞɭ ɡɚɧɹɬɶ. ȼɿɧ ɜɿɞɨɛɪɚɠɚє ɬɢɠɧɟɜɟ 
ɚɭɞɢɬɨɪɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɫɬɭɞɟɧɬɿɜ ɬɚ ɜɢɤɥɚɞɚɱɿɜ. ɉɪɢ ɰɶɨɦɭ, ɩɪɢ ɫɤɥɚɞɚɧɧɿ 
ɪɨɡɤɥɚɞɭ ɡɚɧɹɬɶ  є ɪɹɞ ɧɟɨɛɯɿɞɧɢɯ ɭɦɨɜ ɬɚ ɪɹɞ ɛɚɠɚɧɢɯ. Ⱦɨ ɧɟɨɛɯɿɞɧɢɯ ɭɦɨɜ, 

ɡɨɤɪɟɦɚ, ɜɿɞɧɨɫɹɬɶɫɹ ɧɚɫɬɭɩɧɿ: 
• ɨɛɫɹɝ ɚɭɞɢɬɨɪɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɫɬɭɞɟɧɬɚ ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚɜɱɚɥɶɧɢɦ 

ɩɥɚɧɨɦ ɩɿɞɝɨɬɨɜɤɢ ɫɩɟɰɿɚɥɿɫɬɿɜ ɬɚ ɜɿɞɩɨɜɿɞɧɢɦ ɪɨɛɨɱɢɦ ɧɚɜɱɚɥɶɧɢɦ ɩɥɚɧɨɦ, 

ɹɤɢɣ ɫɬɨɫɭєɬɶɫɹ ɤɨɧɤɪɟɬɧɨɝɨ ɪɨɤɭ. Ɂɚɡɜɢɱɚɣ ɬɢɠɧɟɜɟ ɚɭɞɢɬɨɪɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ 
ɡɦɿɧɸєɬɶɫɹ ɜ ɞɿɚɩɚɡɨɧɿ 18-22 ɝɨɞ; 
• ɜ ɨɞɢɧ ɞɟɧɶ ɧɟ ɦɨɠɧɚ ɩɥɚɧɭɜɚɬɢ ɛɿɥɶɲɟ 8 ɝɨɞ; 
• ɧɟ ɩɨɜɢɧɧɨ ɛɭɬɢ “ɜɿɤɨɧ”, ɬɨɛɬɨ, ɧɟ ɩɨɜɢɧɧɨ ɛɭɬɢ ɩɟɪɟɪɜ, ɛɿɥɶɲɢɯ ɡɚ 20 

ɯɜɢɥɢɧ; 
• ɞɟɹɤɿ ɡɚɧɹɬɬɹ ɩɨɜɢɧɧɿ ɩɪɨɜɨɞɢɬɢɫɶ ɜ ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɤɥɚɫɚɯ; 
• ɨɞɢɧ ɜɢɤɥɚɞɚɱ ɧɟ ɦɨɠɟ ɩɪɨɜɨɞɢɬɢ ɨɞɧɨɱɚɫɧɨ ɡɚɧɹɬɬɹ ɜ ɞɜɨɯ ɚɭɞɢɬɨɪɿɹɯ; 
• ɜɢɤɥɚɞɚɧɧɹ ɞɟɹɤɢɯ ɞɢɫɰɢɩɥɿɧ ɩɥɚɧɭєɬɶɫɹ ɨɞɧɨɱɚɫɧɨ ɞɥɹ ɪɿɡɧɢɯ 

ɫɩɟɰɿɚɥɶɧɨɫɬɟɣ; 
• ɡɚɧɹɬɬɹ ɩɨɜɢɧɧɿ ɩɨɱɢɧɚɬɢɫɶ ɿ ɡɚɤɿɧɱɭɜɚɬɢɫɶ ɭ ɜɿɞɜɟɞɟɧɢɣ ɱɚɫɨɜɢɣ 

ɩɪɨɦɿɠɨɤ. 

Ɋɨɡɤɥɚɞ, ɳɨ ɡɚɞɨɜɨɥɶɧɹє ɧɚɜɟɞɟɧɢɦ ɜɢɦɨɝɚɦ, ɛɭɞɟɦɨ ɜɜɚɠɚɬɢ ɞɨɩɭɫɬɢɦɢɦ. 
Ʉɪɿɦ ɨɛɨɜ’ɹɡɤɨɜɢɯ, ɛɚɠɚɧɢɦ є ɜɢɤɨɧɚɧɧɹ ɿ ɧɚɫɬɭɩɧɢɯ ɜɢɦɨɝ: 
• ɧɟ ɩɥɚɧɭɜɚɬɢ ɧɚ ɜɢɤɥɚɞɚɱɚ ɜ ɨɞɢɧ ɞɟɧɶ ɨɛɫɹɝ ɡɚɧɹɬɶ ɛɿɥɶɲɟ ɜɫɬɚɧɨɜɥɟɧɨʀ 

ɧɨɪɦɢ; 
• ɧɟ ɩɥɚɧɭɜɚɬɢ ɧɚ ɫɬɭɞɟɧɬɿɜ ɜ ɨɞɢɧ ɞɟɧɶ ɨɛɫɹɝ ɥɟɤɰɿɣɧɢɯ ɡɚɧɹɬɶ ɛɿɥɶɲɟ 

ɜɫɬɚɧɨɜɥɟɧɨʀ ɧɨɪɦɢ; 
• ɧɟ ɩɥɚɧɭɜɚɬɢ ɧɚ ɨɞɢɧ ɞɟɧɶ ɡɚɧɹɬɬɹ, ɳɨ ɩɪɨɜɨɞɹɬɶɫɹ ɜ ɪɿɡɧɢɯ ɤɨɪɩɭɫɚɯ; 
• ɧɚɹɜɧɿɫɬɶ ɞɧɹ ɫɚɦɨɫɬɿɣɧɨʀ ɪɨɛɨɬɢ. 

Ɋɨɡɤɥɚɞ, ɹɤɢɣ ɡɚɞɨɜɨɥɶɧɹє ɧɟɨɛɯɿɞɧɢɦ ɬɚ ɛɚɠɚɧɢɦ ɭɦɨɜɚɦ, ɛɭɞɟɦ ɜɜɚɠɚɬɢ 
ɞɨɩɭɫɬɢɦɢɦ. 
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ȼ ɞɚɧɿɣ ɪɨɛɨɬɿ ɧɟ ɜɪɚɯɨɜɭɸɬɶɫɹ ɧɚɫɬɭɩɧɿ ɮɚɤɬɨɪɢ: 
• ɞɨɫɬɭɩɧɿɫɬɶ ɚɭɞɢɬɨɪɿɣ ɬɚ ʀɯ ɬɢɩ (ɥɟɤɰɿɣɧɚ, ɩɪɚɤɬɢɱɧɚ, ɥɚɛɨɪɚɬɨɪɿɹ); 
• ɧɟɩɨɜɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ (ɡɚɧɹɬɬɹ ɡɚ ɩɪɟɞɦɟɬɨɦ ɡɚɤɿɧɱɭɸɬɶɫɹ 

(ɩɨɱɢɧɚɸɬɶɫɹ) ɪɚɧɿɲɟ, ɧɿɠ ɡɚɤɿɧɱɭєɬɶɫɹ (ɩɨɱɢɧɚєɬɶɫɹ) ɫɟɦɟɫɬɪ). 
ȼɢɛɿɪ ɝɟɧɟɬɢɱɧɨɝɨ ɚɥɝɨɪɢɬɦɭ.Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ ɛɭɥɨ 

ɨɛɪɚɧɨ ɨɫɬɪɿɜɧɭ ɦɨɞɟɥɶ ɝɟɧɟɬɢɱɧɨɝɨ ɚɥɝɨɪɢɬɦɭ. ɐɟɣ ɜɢɛɿɪ ɦɨɬɢɜɨɜɚɧɨ 
ɧɚɫɬɭɩɧɢɦɢ ɣɨɝɨ ɩɟɪɟɜɚɝɚɦɢ: 
• Ⱥɫɢɧɯɪɨɧɧɿɫɬɶ. Ʉɨɠɟɧ ɨɫɬɪɿɜ ɦɨɠɟ ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɿɧɲɢɯ ɜɢɤɨɧɭɜɚɬɢ 

ɪɨɡɪɚɯɭɧɤɢ. ȼɪɚɯɨɜɭɸɱɢ ɛɚɝɚɬɨ ɩɨɬɨɱɧɿɫɬɶ ɫɭɱɚɫɧɢɯ CPU (ɬɚɤɨɠ, ɦɨɠɧɚ 
ɡɚɫɬɨɫɨɜɭɜɚɬɢ GPU), ɰɟɣ ɮɚɤɬ ɞɚє ɜɟɥɢɤɭ ɩɟɪɟɜɚɝɭ, ɛɨ ɡɚ ɨɞɧɭ ɨɞɢɧɢɰɸ ɱɚɫɭ 
ɜɢɤɨɧɭєɬɶɫɹ ɛɿɥɶɲɟ ɪɨɛɨɬɢ, ɱɢɦ ɿɧɲɿ ɧɟɩɚɪɚɥɟɥɶɧɿ ȽȺ. ɐɟ ɞɚє ɛɿɥɶɲɭ 
ɜɿɪɨɝɿɞɧɿɫɬɶ, ɳɨ ɪɟɡɭɥɶɬɚɬ є ɧɚɣɤɪɚɳɢɦ (ɚɛɨ ɛɥɢɡɶɤɢɣ ɞɨ ɧɶɨɝɨ). 
• Ɋɿɡɧɨɦɚɧɿɬɧɿɫɬɶ ɚɥɝɨɪɢɬɦɿɜ ɤɨɠɧɨɝɨ ɨɫɬɪɨɜɭ. Ʉɨɠɧɢɣ ɨɫɬɪɿɜ ɦɨɠɟ 

ɦɚɬɢ ɩɟɜɧɭ «ɫɩɟɰɿɚɥɿɡɚɰɿɸ» – ɫɩɟɰɿɚɥɶɧɨ ɩɿɞɿɛɪɚɧɿ ɨɩɟɪɚɬɨɪɢ ɝɟɧɟɬɢɱɧɨɝɨ 
ɚɥɝɨɪɢɬɦɭ, ɹɤɿ ɜɢɤɨɧɭɸɬɶ ɩɟɜɧɭ ɡɚɞɚɱɭ (ɲɢɪɨɤɢɣ ɩɨɲɭɤ ɩɨ ɜɫɶɨɦɭ ɩɪɨɫɬɨɪɭ 
«ɞɨɛɪɢɯ» ɿɧɞɢɜɿɞɿɜ ɚɛɨ ɩɨɤɪɚɳɟɧɧɹ ɿɫɧɭɸɱɨɝɨ ɝɟɧɨɬɢɩɭ, ɩɪɹɦɭɜɚɧɧɹ ɞɨ 
ɥɨɤɚɥɶɧɨɝɨ (ɚ ɦɨɠɥɢɜɨ ɿ ɝɥɨɛɚɥɶɧɨɝɨ) ɟɤɫɬɪɟɦɭɦɭ). 
• Ɇɿɝɪɚɰɿʀ ɦɿɠ ɨɫɬɪɨɜɚɦɢ. ɐɟɣ ɩɪɨɰɟɫ ɞɨɡɜɨɥɹє ɩɨɩɭɥɹɰɿɹɦ ɡ ɪɿɡɧɢɯ 

ɨɫɬɪɨɜɿɜ ɨɬɪɢɦɭɜɚɬɢ ɝɟɧɨɬɢɩɢ, ɹɤɢɯ ɪɚɧɿɲɟ ɜɨɧɢ ɧɟ ɦɚɥɢ ɚɛɨ ɧɟ ɦɨɝɥɢ 
ɡɝɟɧɟɪɭɜɚɬɢ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɧɚɹɜɧɿ ɨɩɟɪɚɬɨɪɢ ɜɿɞɛɨɪɭ. 

Ɍɭɬ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɚɤɿ ɜɿɞɨɦɿ ɩɨɧɹɬɬɹ: 
• ɨɫɬɪɿɜ – ɟɥɟɦɟɧɬ ɚɥɝɨɪɢɬɦɭ, ɹɤɢɣ ɜɦɿɳɭє ɜ ɫɟɛɟ ɩɨɩɭɥɹɰɿɸ ɬɚ ɨɩɟɪɚɬɨɪɢ 

ȽȺ ɞɥɹ ɪɨɛɨɬɢ ɧɚɞ ɧɟɸ; 

• ɟɩɨɯɚ – ɱɚɫ (ɚɛɨ ɤɪɨɤ ɚɥɝɨɪɢɬɦɭ), ɡɚ ɹɤɢɣ ɡ ɩɨɩɭɥɹɰɿєɸ ɧɚ ɨɫɬɪɨɜɿ 
ɜɿɞɛɭɜɚɸɬɶɫɹ ɡɦɿɧɢ (ɡ’ɹɜɥɹɸɬɶɫɹ ɧɨɜɿ ɬɚ ɜɦɢɪɚɸɬɶ ɿɧɞɢɜɿɞɢ); 
• GPU (ɚɧɝɥ. Graphics Proccesing Unit, GPU) — ɨɤɪɟɦɢɣ ɩɪɢɫɬɪɿɣ 

ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩ’ɸɬɟɪɚ ɚɛɨ ɿɝɪɨɜɨʀ ɩɪɢɫɬɚɜɤɢ, ɜɢɤɨɧɭє ɝɪɚɮɿɱɧɢɣ  
ɪɟɧɞɟɪɢɧɝ; 

• CPU(ɚɧɝɥ. Centralprocessingunit, CPU) — ɮɭɧɤɰɿɨɧɚɥɶɧɚ ɱɚɫɬɢɧɚ 
ɤɨɦɩ’ɸɬɟɪɚ, ɳɨ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹɿɧɬɟɪɩɪɟɬɚɰɿʀɤɨɦɚɧɞ. 

 

Ɉɩɢɫ ɨɫɧɨɜɧɢɯ ɟɥɟɦɟɧɬɿɜ ȽȺ. Ɋɨɡɝɥɹɧɟɦɨ ɦɨɞɟɥɶ ɩɨ ɫɩɚɞɧɨɦɭ ɩɪɢɧɰɢɩɭ. 
ɉɨɧɹɬɬɹ ɿɧɞɢɜɿɞ (ɪɢɫ. 1) ɨɬɨɬɨɠɧɢɦɨ ɡ ɪɨɡɤɥɚɞɨɦ ɧɚ ɬɢɠɞɟɧɶ. Ɍɚɤɢɣ ɜɚɪɿɚɧɬ 
ɨɛɪɚɧɨ, ɬɚɤ ɹɤ ɜ ɧɚɜɱɚɥɶɧɢɯ ɡɚɤɥɚɞɚɯ ɪɨɡɤɥɚɞɢ ɜ ɩɟɪɟɜɚɠɧɿɣ 
ɛɿɥɶɲɨɫɬɿɫɤɥɚɞɚɸɬɶɫɹ ɧɚ ɬɢɠɞɟɧɶ.  

ɇɚɫɬɭɩɧɢɦ ɟɥɟɦɟɧɬɨɦ ɞɟɬɚɥɿɡɚɰɿʀ є ɯɪɨɦɨɫɨɦɢ. Ʉɨɠɧɚ ɯɪɨɦɨɫɨɦɚ 
ɜɿɞɩɨɜɿɞɚє ɪɨɡɤɥɚɞɭ ɨɞɧɿєʀ ɝɪɭɩɢ ɧɚ ɬɢɠɞɟɧɶ. Ɍɨɛɬɨ, ɤɨɠɟɧ ɿɧɞɢɜɿɞ 
ɫɤɥɚɞɚєɬɶɫɹ ɡ n ɯɪɨɦɨɫɨɦ (ɝɪɭɩ). ɇɚɫɬɭɩɧɚ ɫɬɪɭɤɬɭɪɚ ɯɪɨɦɨɫɨɦɢ (ɪɢɫ. 1) 
ɜɢɹɜɢɥɚɫɶ ɧɚɣɛɿɥɶɲ ɜɞɚɥɢɦ ɜɚɪɿɚɧɬɨɦ. ɉɟɪɟɞ ɧɟɸ ɜɢɩɪɨɛɭɜɚɧɨ ɞɟɤɿɥɶɤɚ 
ɜɚɪɿɚɧɬɿɜ, ɹɤɿ ɛɭɥɢ ɜɿɞɤɢɧɭɬɿ ɭ ɡɜ’ɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɞɥɹ ɧɢɯ ɧɚɞɬɨ ɜɚɠɤɨ, ɚɛɨ 
ɜɡɚɝɚɥɿ ɧɟɦɨɠɥɢɜɨ, ɩɨɛɭɞɭɜɚɬɢ ɝɟɧɟɬɢɱɧɿ ɨɩɟɪɚɬɨɪɢ, ɹɤɿ ɛ ɧɟ ɜɢɪɨɞɠɭɜɚɥɢ 

ɿɧɮɨɪɦɚɰɿɣɧɭ ɫɬɪɭɤɬɭɪɭ ɿɧɞɢɜɿɞɭɭɦɚ. 
Ʉɨɠɧɚ ɯɪɨɦɨɫɨɦɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɝɟɧɿɜ. Ʉɨɠɟɧ ɝɟɧ ɩɪɟɞɫɬɚɜɥɹє ɫɨɛɨɸ 
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ɩɚɪɭ{Task, Timepoint}. ɉɪɢɱɨɦɭ,  ɹɤɳɨTask (ɪɢɫ. 2)– є ɡɚɜɞɚɧɧɹɦ ɧɚ 2 
ɚɤɚɞɟɦɿɱɧɿ ɝɨɞɢɧɢ, ɬɨTimepointɦɨɠɟ ɩɪɢɣɦɚɬɢ ɥɢɲɟ ɩɚɪɧɿ ɡɧɚɱɟɧɧɹ. Ɍɚɤɨɠ ɰɟ 
ɨɡɧɚɱɚє, ɳɨ ɡɚɜɞɚɧɧɹ ɩɪɢɫɭɬɧє ɹɤ ɿ ɡɚ ɱɢɫɟɥɶɧɢɤɨɦ, ɬɚɤ ɿ ɡɚ ɡɧɚɦɟɧɧɢɤɨɦ. 

ȼɯɿɞɧɿ ɞɚɧɿ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɧɚɪɹɞɢ ɧɚ ɪɨɡɤɥɚɞ, ɹɤɿ ɜɠɟ ɦɚɸɬɶ ɩɟɜɧɭ 
ɫɬɪɭɤɬɭɪɭ. Ⱥ ɫɚɦɟ, ɜ ɧɶɨɦɭ ɜɤɚɡɭєɬɶɫɹ ɹɤɢɣ ɜɢɤɥɚɞɚɱ (ɜɢɤɥɚɞɚɱɿ), ɜ ɹɤɿɣ ɝɪɭɩɿ, 
ɫɤɿɥɶɤɢ ɚɤɚɞɟɦɿɱɧɢɯ ɝɨɞɢɧ ɛɭɞɟ ɜɟɫɬɢ ɤɨɧɤɪɟɬɧɢɣ ɩɪɟɞɦɟɬ (ɩɪɚɤɬɢɱɧɿ ɱɢ 
ɥɟɤɰɿɣɧɿ ɡɚɧɹɬɬɹ). 

Ɉɩɢɫ ɞɟɹɤɢɯ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɨɩɟɪɚɬɨɪɿɜ ɝɟɧɟɬɢɱɧɨɝɨ ɚɥɝɨɪɢɬɦɭ. 

Ɉɩɟɪɚɬɨɪ ɜɿɞɛɨɪɭ ɛɚɬɶɤɿɜ. Ɍɭɬ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɡɜɢɱɚɣɧɿ ɨɩɟɪɚɬɨɪɢ [2]: 

• ɩɚɧɦɿɤɫɿɹ; 
• ɟɥɿɬɚɪɧɢɣ; 
• ɪɭɥɟɬɨɱɧɢɣ ɜɿɞɛɿɪ. 
Ɉɩɟɪɚɬɨɪ ɤɪɨɫɫɨɜɟɪɭ. Ɍɭɬ ɡɚɞɚɱɚ ɛɭɥɚ ɫɤɥɚɞɧɿɲɨɸ, ɚɞɠɟ ɜɢɝɥɹɞ ɿɧɞɢɜɿɞɚ є 

ɧɟɬɢɩɨɜɢɦ ɞɥɹ ȽȺ. ȼ ɯɨɞɿ ɪɨɛɨɬɢ ɜɢɩɪɨɛɭɜɚɧɨ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ ɜɚɪɿɚɧɬɿɜ 
ɨɩɟɪɚɬɨɪɭ, ɚɥɟ ɜɨɧɢ ɛɭɥɢ ɜɿɞɤɢɧɭɬɿ ɭ ɡɜ’ɹɡɤɭ ɡɿ ɫɜɨєɸ ɧɟɟɮɟɤɬɢɜɧɿɫɬɸ. 

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɿɧɞɢɜɿɞɚ ɬɚ ɯɪɨɦɨɫɨɦ 

 

Ɉɩɟɪɚɬɨɪ ɤɪɨɫɫɨɜɟɪɭ. Ɍɭɬ ɡɚɞɚɱɚ ɛɭɥɚ ɫɤɥɚɞɧɿɲɨɸ, ɚɞɠɟ ɜɢɝɥɹɞ ɿɧɞɢɜɿɞɚ є 
ɧɟɬɢɩɨɜɢɦ ɞɥɹ ȽȺ. ȼ ɯɨɞɿ ɪɨɛɨɬɢ ɜɢɩɪɨɛɭɜɚɧɨ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ ɜɚɪɿɚɧɬɿɜ 
ɨɩɟɪɚɬɨɪɭ, ɚɥɟ ɜɨɧɢ ɛɭɥɢ ɜɿɞɤɢɧɭɬɿ ɭ ɡɜ’ɹɡɤɭ ɡɿ ɫɜɨєɸ ɧɟɟɮɟɤɬɢɜɧɿɫɬɸ. 
ɇɚɣɛɿɥɶɲɨɸ ɩɪɨɛɥɟɦɨɸ ɛɭɥɨ ɡɛɟɪɟɠɟɧɧɹ ɧɟɫɭɩɟɪɟɱɥɢɜɨɫɬɿ ɿɧɮɨɪɦɚɰɿʀ 
ɡɚɤɨɞɨɜɚɧɨʀ ɜ ɯɪɨɦɨɫɨɦɚɯ. ɇɚɩɪɢɤɥɚɞ, ɹɤɳɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɨɫɬɢɣ ɨɛɦɿɧ 
ɝɟɧɚɦɢ – ɨɞɧɨɬɨɱɤɨɜɢɣ ɤɪɨɫɫɨɜɟɪ, ɬɨ ɡ ɜɟɥɢɤɨɸ ɣɦɨɜɿɪɧɿɫɬɸ ɧɚ ɨɞɢɧ ɿ ɬɨɣ ɠɟ 
ɱɚɫ ɧɚɡɧɚɱɚɥɨɫɹ ɞɜɚ ɡɚɜɞɚɧɧɹ. 
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Ɋɢɫ. 2. ɋɯɟɦɚ Task 

 

Ɍɨɦɭ ɭ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɧɚɫɬɭɩɧɢɣ ɜɚɪɿɚɧɬ ɤɪɨɫɫɨɜɟɪɭ: ɹɤɳɨ ɧɚ 
ɨɞɢɧ ɿ ɬɨɣ ɠɟ ɱɚɫ ɩɪɢɩɚɞɚɥɨ ɞɜɿ ɡɚɞɚɱɿ, ɬɨ ɱɚɫ ɜɿɞɞɚɜɚɜɫɹ ɝɟɧɭ ɩɟɪɲɨɝɨ ɛɚɬɶɤɚ, 
ɭ ɜɫɿɯ ɿɧɲɢɯ ɜɢɩɚɞɤɚɯ – ɝɟɧɭ ɞɪɭɝɨɝɨ ɛɚɬɶɤɚ. ɇɚ ɫɩɪɨɳɟɧɿɣ ɫɯɟɦɿ ɰɟ ɜɢɝɥɹɞɚє 
ɬɚɤ: 

 
Ɋɢɫ. 3. ɋɯɟɦɚ ɪɨɛɨɬɢ ɤɪɨɫɫɨɜɟɪɭ 

 

ɉɪɢ ɦɭɬɚɰɿʀ ɞɥɹ ɤɨɠɧɨʀ ɯɪɨɦɨɫɨɦɢ ɿɧɞɢɜɿɞɚ ɡɦɿɧɸɸɬɶɫɹ ɞɟɹɤɿ ɡɧɚɱɟɧɧɹ 
ɝɟɧɿɜ. Ɂɦɿɧɚ ɦɨɠɟ ɛɭɬɢ ɧɚɫɬɭɩɧɚ: ɚɛɨ ɨɛɦɿɧ ɱɚɫɨɦ ɡ ɿɧɲɢɦ ɝɟɧɨɦ, ɚɛɨ 
ɩɟɪɟɧɟɫɬɢ ɧɚ ɛɭɞɶ-ɹɤɢɣ ɿɧɲɢɣ ɞɨɫɬɭɩɧɢɣ ɱɚɫ. ɐɟ ɜɿɞɛɭɜɚєɬɶɫɹ ɬɚɤ: 

ɜɢɛɢɪɚєɬɶɫɹ ɜɢɩɚɞɤɨɜɿɣ ɱɚɫ, ɹɤɳɨ ɰɟɣ ɱɚɫ ɡɚɣɧɹɬɢɣ ɿɧɲɢɦ ɝɟɧɨɦ, ɬɨ 
ɨɛɦɿɧɸєɦɨ ɦɿɫɰɹɦɢ ɱɚɫ. əɤɳɨ ɧɿ – ɬɨ ɱɚɫ ɜɫɬɚɧɨɜɥɸєɦɨ ɜɿɞɩɨɜɿɞɧɨ 
ɨɬɪɢɦɚɧɨɦɭ ɜɢɩɚɞɤɨɜɨɦɭ ɡɧɚɱɟɧɧɸ. 

Ɍɚɤɨɠ ɛɭɥɨ ɞɨɛɚɜɥɟɧɨ ɞɜɚ ɩɨɫɬ-ɤɪɨɤɢ: 
1) ɫɩɪɨɛɭɜɚɬɢ ɡɦɟɧɲɢɬɢ ɤɿɥɶɤɿɫɬɶ ɤɨɧɮɥɿɤɬɿɜ ɡɚɣɧɹɬɨɫɬɿ ɜɢɤɥɚɞɚɱɚ; 
2) ɧɨɪɦɚɥɿɡɭɜɚɬɢ ɪɨɡɤɥɚɞ, ɬɨɛɬɨ ɜɢɞɚɥɢɬɢ «ɜɿɤɧɚ» ɡ ɪɨɡɤɥɚɞɭ. 
ɉɨɫɬ-ɤɪɨɤɢ ɛɭɥɢ ɜɜɟɞɟɧɿ ɭ ɡɜ’ɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɞɿɹ ɨɩɟɪɚɬɨɪɭ ɤɪɨɫɫɨɜɟɪɭ ɬɚ 

ɦɭɬɚɰɿʀ ɦɚɣɠɟ ɨɞɪɚɡɭ ɫɬɜɨɪɸɜɚɥɚ ɿɧɞɢɜɿɞɿɜ, ɡ ɜɟɥɢɤɨɸ ɮɭɧɤɰɿєɸ ɮɿɬɧɟɫɭ – 
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ɿɧɞɢɜɿɞɢ ɛɭɥɢ ɞɚɥɟɤɿ ɜɿɞ ɞɨɩɭɫɬɢɦɨʀ ɦɧɨɠɢɧɢ. Ⱥɥɟ ɡɚɝɚɥɶɧɢɣ ɝɟɧɟɬɢɱɧɢɣ 
ɚɥɝɨɪɢɬɦ, ɧɟ ɩɟɪɟɞɛɚɱɚє ɬɚɤɿ ɤɪɨɤɢ. Ɍɨɦɭ ɞɨɜɤɨɥɚ ɨɩɟɪɚɬɨɪɚ ɦɭɬɚɰɿʀ ɛɭɥɨ 
ɫɬɜɨɪɟɧɨ wrapper, ɹɤɢɣ ɦɚɫɤɭєɬɶɫɹ ɩɿɞ ɨɩɟɪɚɬɨɪɚ ɤɪɨɫɫɨɜɟɪɭ ɬɚ ɜɠɟ ɜɫɟɪɟɞɢɧɿ 
ɫɟɛɟ ɜɢɤɥɢɤɚє ɩɨɬɪɿɛɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɿ ɪɨɛɢɬɶ ɧɟɨɛɯɿɞɧɿ ɞɨɞɚɬɤɨɜɿ ɞɿʀ.  

Ⱦɥɹ ɡɦɟɧɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɤɨɧɮɥɿɤɬɿɜ ɡɚɣɧɹɬɨɫɬɿ ɜɢɤɥɚɞɚɱɚ ɡɧɚɯɨɞɹɬɶɫɹ ɜɫɿ 
ɝɟɧɢ, ɜ ɹɤɢɯ ɨɞɧɿ ɿ ɬɿ ɠ ɜɢɤɥɚɞɚɱɿ, ɩɪɢɡɧɚɱɟɧɿ ɧɚ ɨɞɢɧ ɿ ɬɨɣ ɫɚɦɢɣ ɱɚɫ, ɬɚ 
ɜɢɩɚɞɤɨɜɢɦ ɱɢɧɨɦ ɪɨɡɩɨɞɿɥɹɸɬɶɫɹ ɩɨ ɪɨɡɤɥɚɞɭ. ɏɨɱ ɰɟ ɿ ɧɟ ɝɚɪɚɧɬɭє, ɳɨ 
ɤɨɧɮɥɿɤɬɢ ɡɧɨɜɭ ɧɟ ɛɭɞɭɬɶ ɫɬɜɨɪɟɧɿ, ɚɥɟ ɬɚɤɢɣ ɦɟɬɨɞ ɲɜɢɞɤɢɣ ɿ ɧɟ ɫɭɩɟɪɟɱɢɬɶ 
ɩɪɢɧɰɢɩɚɦ ȽȺ. 

Ⱦɥɹ ɧɨɪɦɚɥɿɡɚɰɿʀ ɪɨɡɤɥɚɞɭ ɧɟɨɛɯɿɞɧɨ ɜ ɦɟɠɚɯ ɤɨɠɧɨɝɨ ɞɧɹ ɡɦɿɧɢɬɢ 
ɡɧɚɱɟɧɧɹ ɱɚɫɭ ɜ ɝɟɧɚɯ ɬɚɤ, ɳɨɛ ɧɟ ɛɭɥɨ «ɜɿɤɨɧ». ɐɟ ɪɨɛɢɬɶɫɹ ɧɚɫɬɭɩɧɢɦ 
ɱɢɧɨɦ: ɡɧɚɯɨɞɹɬɶɫɹ ɜɫɿ ɝɟɧɢ ɞɥɹ ɩɟɜɧɨɝɨ ɞɧɹ, ɫɨɪɬɭɸɬɶɫɹ ɜ ɩɨɪɹɞɤɭ 
ɫɥɿɞɭɜɚɧɧɹ ɬɚ ɱɚɫ ɤɨɠɧɨɝɨ ɝɟɧɚ ɡɞɜɢɝɚєɬɶɫɹ ɜ ɧɚɩɪɹɦɤɭ ɩɟɪɲɨɝɨ. 

Ɏɭɧɤɰɿɹ ɮɿɬɧɟɫɭ [3]ɪɨɡɪɚɯɨɜɭєɬɶɫɹ ɡɚ ɧɚɫɬɭɩɧɢɦɢ ɩɪɢɧɰɢɩɚɦɢ: ɹɤɳɨ ɞɟɹɤɚ 
ɧɟɨɛɯɿɞɧɚ ɚɛɨ ɛɚɠɚɧɚ ɜɥɚɫɬɢɜɿɫɬɶ ɩɪɢɫɭɬɧɹ ɭ ɿɧɞɢɜɿɞɚ, ɬɨ ɜɿɞ ɨɰɿɧɤɢ ɿɧɞɢɜɿɞɚ 
ɜɿɞɧɿɦɚєɬɶɫɹ ɩɟɜɧɟ ɱɢɫɥɨ, ɹɤɳɨ ɠ ɩɪɢɫɭɬɧɹ ɧɟɝɚɬɢɜɧɚ ɜɥɚɫɬɢɜɿɫɬɶ, ɬɨ ɩɟɜɧɟ 
ɱɢɫɥɨ ɞɨɞɚєɬɶɫɹ ɞɨ ɨɰɿɧɤɢ. Ʉɨɠɟɧ ɤɪɢɬɟɪɿɣ ɦɚє ɫɜɨɸ ɜɚɝɭ, ɬɨɦɭ ɪɨɡɦɿɪ 
ɲɬɪɚɮɭ ɚɛɨ ɜɢɧɚɝɨɪɨɞɢ ɦɨɠɭɬɶ ɛɭɬɢ ɪɿɡɧɢɦɢ. ȼ ɞɚɧɿɣ ɪɨɛɨɬɿ ɲɬɪɚɮɢ 
ɧɚɪɚɯɨɜɭɜɚɥɢɫɹ ɡɚ ɧɟɜɢɤɨɧɚɧɧɹ ɨɛɨɜ’ɹɡɤɨɜɢɯ ɭɦɨɜ, ɚ ɜɢɧɚɝɨɪɨɞɢ ɡɚ 
ɜɢɤɨɧɚɧɧɹ ɛɚɠɚɧɢɯ. əɤ ɦɨɠɧɚ ɛɚɱɢɬɢ, ɰɟ ɡɚɞɚɱɚ ɦɿɧɿɦɿɡɚɰɿʀ ɰɿɥɶɨɜɨʀ ɮɭɧɤɰɿʀ. 

Ƚɨɬɨɜɢɣ ɿɧɞɢɜɿɞ ɦɚє ɬɚɤɭ ɫɬɪɭɤɬɭɪɭ: 
• 24 ɯɪɨɦɨɫɨɦɢ, ɬɨɛɬɨ ɧɚ ɮɚɤɭɥɶɬɟɬɿ ɧɚɜɱɚɸɬɶɫɹ 24 ɝɪɭɩɢ;  
• ɜ ɫɟɪɟɞɧɶɨɦɭ, ɤɿɥɶɤɿɫɬɶ ɝɟɧɿɜ ɞɨɪɿɜɧɸɜɚɥɚ 10, ɬɚɤ ɹɤ ɝɟɧɢ ɝɟɧɟɪɭɸɬɶɫɹ 

ɜɢɩɚɞɤɨɜɢɦ ɱɢɧɨɦ, ɚɥɟ ɬɚɤ, ɳɨɛ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɪɭɩɭ, ɹɤɿɣ ɜɿɞɩɨɜɿɞɚє 
ɯɪɨɦɨɫɨɦɚ, ɛɭɥɚ ɜ ɦɟɠɚɯ ɜɿɞ 18 ɞɨ 22 ɝɨɞɢɧ. 

ɉɪɨɝɪɚɦɧɚ ɪɟɚɥɿɡɚɰɿɹ ɜɿɞɩɨɜɿɞɚє ɩɪɢɧɰɢɩɚɦ ɡɚɤɥɚɞɟɧɢɦ ɜ [4]. 

ȼɢɫɧɨɜɤɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɚɥɝɨɪɢɬɦ ɞɨɡɜɨɥɹє ɡɧɚɯɨɞɢɬɢ ɜɿɞɧɨɫɧɨ 
ɧɟɩɨɝɚɧɿ ɧɚɛɥɢɠɟɧɿɪɨɡɜ’ɹɡɤɢ. Ⱦɥɹ ɩɨɞɚɥɶɲɨɝɨ ɩɨɤɪɚɳɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ 
ɩɨɬɪɿɛɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɤɥɚɫɢɱɧɿ ɚɥɝɨɪɢɬɦɢ ɤɨɦɛɿɧɚɬɨɪɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ. Ⱦɥɹ 
ɩɨɜɧɨɝɨ ɡɚɜɟɪɲɟɧɧɹ ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɧɟɨɛɯɿɞɧɨ ɞɨɞɚɬɢ ɦɨɞɭɥɶ 
ɤɥɚɫɢɱɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ, ɭɬɜɨɪɢɜɲɢ ɤɨɧɜɟєɪ. Ɍɚɤɨɠ ɦɨɠɧɚ ɡɚɭɜɚɠɢɬɢ, ɳɨ 
ɪɨɡɪɨɛɥɟɧɢɣ ȽȺ ɲɜɢɞɤɨ ɡɛɿɝɚєɬɶɫɹ, ɬɨɦɭ ɧɟ ɫɥɿɞ ɡɚɞɚɜɚɬɢ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ 
ɟɩɨɯ. 
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